Lecture 7
2025/2026

Microwave Devices and Circuits

for Radiocommunications




2025/2026

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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Impedance matching and tuning
Directional couplers

Power dividers >
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Microwave filters

Vil Leni )
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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



Power dividers and directional
couplers
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Power dividers and couplers

Desired functionality:
division
combining

of signal power

DiVider = P2 = aP] P] - P2 + P3 DiVider <_P2

Py > or E or
coupler f——m9 Py=(1-a)P, coupler -~

(a) (b)

Figure 7.1
© John Wiley & Sons, Inc. All rights reserved.



Power division of the T-junction

if the lines are lossless, the network is reciprocal,
so it cannot be matched at all ports

simultaneously

there may be fringing fields and
higher order modes associated
with the discontinuity at such a
junction
the stored energy can be
accounted for by a lumped
susceptance: B
Designing the power divider
targets matching to the input
line Z,
outputs (unmatched, Z, and
Z,) can be, if needed,
matchedto Z, (A/4,
binomial, Chebyshev)



Resistive Divider

If a three-port divider contains lossy components,
it can be made to be:

reciprocal
matched at all ports

Bortd p, Theimpedance Z, seenlookinginto the

Zo/3 resistor followed by a terminated
output line:

Z 47
Zy/3 Z=—"rtZy=—>
Port | R '\/\0/\/\/ 3 3
i + The input line will be terminated with a
P 2 ™% re Zo[3 resistor in series with two such
© lines Z in parallel
7
n Z 1 4Z
Zin =—" T "= ZO
3 2 3

so it will be matched: §;, =0

from symmetry: S;; =8, =85, =0



The Wilkinson power divider

one input line
two A/4 transformers
one resistor between the output lines

Zy
/ ”
, V22, Z
0 A Zy 27,
S 27,
O
/— 22—/
Zy

(a) (b)

Figure 7.8
© John Wiley & Sons, Inc. All rights reserved.



The Wilkinson power divider




Directional couplers




Directional Coupler

Input @ @ Through

2

> \ > . ‘Slz‘ :052:]—,32
. - S ‘2 2
Isolated @ @ Coupled ‘ 13] IB

Coupling
B
Input ® @ Through ~ C =10log I =-20- log(,b’) [dB]
- > 3
>< Directivity
?solated @ @ Couple; P3 ,B
D= IOIOgF =20-log m [dB]
i B, f 14
Isolation

I =10log 2 = ~20. log|S,,| [dB]

[=D+C, |dB] 2



Directional Couplers

Laboratory no. 2




The cuadrature (90°) hybrid

@ (Output)

@ (Output)

C[d ] =—-20-log,, 0.5/, £ 1.5,




The 180° ring hybrid

C [dB]=-20-log,,(,) 0.5f fo 1.5

Figure 7.46




Coupled Line Coupler

10
A .
740 wo T C
Input Through . ;‘ 20 | | |
Q
2 30
2 - ]
ZceZco = ZO %D 40 —
=
= -
‘ﬁ‘_zce_zco 8 50 D
Zce T Zco ﬂ/ \
C[dB]ZO] Zce_ZCO6O|||l|||||||||||||||
= 010 7 7. 1.0 24 3.0 4.0 2.0
Frequency (GHz)

Figure 7.34
© John Wiley & Sons, Inc. All rights reserved.



Impedance Matching

The Smith Chart
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The Smith Chart

Z, +7Z, z;+I1

_ L, -2, _ Y, -V, _ -y,

_ZL+ZO _YO+YL _1+yL

—

—




Traditional usage

transmission line
1002 characteristic impedance

0.3\ length
Z| = 40Q+j-70Q) load
| Zin=? L 7 7 L +j-Zy-tan -1
' in 0 .
| Zy+j-Z,-tan -1
|
I Z =36.5340Q—j-61.11900
:Zln ZO ZL
I
|
|
|




Traditional usage

transmission line 0105 -
100Q) impedance '
0.3A length
Z, = 40Q+j-70Q load

movement with 0.3\ oA
a line withZ_ =1000Q
(circle)

from z, (0.105A)
to z,, (0.405A) 4

s
SR
e s i
]

. — S KPHT Z
z, #036—j-06=—"—7"—-—" e

I
o
)

(5]



The Smith Chart

aT0
1i0

RESISTANCE COMPOMNENT (R /2o, OR CONDUCTANCE COMPONEMNT (Cj ol

02

il
0

[l

g Mo Dat 0

ol

05
i o5,



The Smith Chart

+1 M Im[
e M=1
"
O=arg +1
1

Re [




afd
|
(o]
o -
U
o
y et
&
Vp)
()
o
TI

Rel

t-t--t-r-
!

\AImF

|
4=t =4 =4
|

~-1-Fq1-r1
d—d =] =-1-4
[

A




The Smith Chart

EA Imr r:ZL_ZO:ZL_II‘F"ejH
Z,+7Z, z;+I1

M=1
/ ZL YL _ ZO

Zp = Y =

] 2R
normalization Z, = z, allows using the
same chart for any reference impedance

O=a rg N +1 Z, (the plot becomes independent of the
> chosenZ,)
Re I r=T+;T
B 1+‘F‘-ej0 B _
ST
. Q+ij:@+R)hﬁE::LJf—E2+j. 2-T,
~— (1-r)-;-T. (-T.y+1? ~ (1-IL)+I?




The Smith Chart

+1 4 ImTl

I

O=arg

1-T?-T7

A (

1-T. ) +T;
2-T

X, =

+1 R

>

Re [
k=

l+7,

@;—02+[

1-T F +T?
1-T.)+T,

earranged

2 1 2
1+7

1Y (1Y
XL XL




The Smith Chart

[ (=vy) x—x02 _yo)zsz
b MMTEY) o P4




The Smith Chart

O=arg

+1

Rel,

Circlesinthe (I',, T")
complex plane

(x=x0 ) +(y=3,)" = R



The Smith Chart, resistance

rL
2 2 X, =
r- vy +Fi2: 1 l+7
1+7, 1+7, Y, =
1
2 2
(x=x) +(y=yo) =R* R:1+r
L

The locus (the set of all points whose location satisfies one or more
specified conditions) of the points generated by all impedances having
normalized resistance r _is a circle which:

have its center on the horizontal axis (y =0) . 2 1 ?
]——= +0=
+7, l+7

passes through the point x=1,y=0, whatever x_,r,

have its radius between oand 1
tends to o forlarger,

2 2
tends to 1 for small r, r 1
whenr  is 1 passes also through origin 0— = =1

. o 1+7 1+r
for any pozitive r, radius is <1 L L




The Smith Chart, resistance

A Im I
+
- small r,

=1

large r,

-1 +1

>
\ Re [




The Smith Chart, reactance

2 2 —
. i i x, =1
(C.-1) +| T, —— | =| — 1
X; X; 1Yo =—
2 2 2 1
(x=x) +(y=20) =R R=—
\ x|
The locus of the points generated by all impedances having
normalized resistance x_ is a circle which:
have its center on a line parallel with the vertical axis (x_=1)
passes through x=1,y=0 point, whatever x_,x_

have its radius between o and o (1 _1)2 N (0 _LT B (LT

tends to o for large |x||
XL XL
tends to oo for small |x|

when x_ is o transforms itself in the horizontal axis
if x_ > o the circle is above the horizontal axis, otherwise is bellow it




The Smith Chart, reactance

+1 X >0

X
-~

N

O




The Smith Chart, impedance




The Smith Chart, reflection coefficient,

Cartesian coordinate system

A IMD

+1
— o
IF|=1 T5=08sin60°=0693 N1 =0.8260" pr_p 4 ;1

7 r=["
", e
! PRENT, . T=[r|zee
| [,=08-cos60°=04 | *1  Re [ T'=0.8-60°

(cos@+ j-sinB)

I =0.8-cos60°=0.4
[ =0.8-sm60°=0.693
['=0.8£60°=0.4+ j-0.693




The Smith Chart, reflection coefficient,

Polar coordinate system

IlM=1 —
o ['=0.8£60°
135 4.5° L=r.+j-T,
|r F=|F|-(cos(9+j-sin<9)
6 1l 0
' I —|F| e
180° Vi .
0.2/ 0.4/ 0.6/ 0.8 1.0 0 1_‘:|F|ZHO
['=0.8£60°
I =0.8-c0s60°=0.4
225° 315° I, =0.8-sin 60°=0.693

270°



The Smith Chart, reflection

coefficient, impedance
90°

IlM=1 —
o I'=0.8260° .
135 450 FZ‘F‘Z@

0 I =0.8.60°
Ir

' 0 F:ZL—ZO:ZL—I
180° y 0° Z,+7Z, z;+1

0. 0.4/ 0.6/ 0.8 1.0

-Irf-e”

1+T  1+0.8260°
1-T" 1-0.8260°
2, =0.429+ j-1.65

1+T 1+0.8./60°
225° 315° 41 =20 T =20 Tos 600

Z, =21.429Q + j-82.479Q2

Z; =

270°



Equivalence

reflection coefficient << impedance

X, =+1.65

['=0.8£60°=0.4+ ;-0.693

Z, -2y z;-1

Z, +Z, z;+I1

I+ 1+0.8£60°
1-I" 1-0.8£60°
z; =0.429+ j-1.65

r =0.429

180°

Zr

(whateverZ))

270°



The Smith Chart, reflection

coefficient < impedance

(o]
M=1 22
o I'=0.8£60
135 450 (\
X, =+1.65
180° 0°
z, =0.429+ j-1.65
(whateverZ))
2260 r =0.429

270°



The Smith Chart, reflection

coefficient, matching

IM=1
135°

180°

900 — —

225°

I, =0.8£60° 2 L

o MatchingZ loadtoZ source.
We normalize Z, overZ,

Z, =21.429Q + j-82.479Q2
z; =0.429+ j-1.65
I, =0.8£60°
We must move the point denoting
the reflection coefficient in the area
3150 where with a Z_ source we have:
[, =0 perfectmatch @

270o ‘Fo‘ <TI’, “goodenough” match



Example

ADS
m2 m1 m3
freq—1 4536Hz freq=2.301GHz freq—4 548GHz
mag(S )=0.100] |mag(S(1,1))=0.099 mag(S )=0.100
05
-~ 0.3—:
73 ] —~
| TR -
£ ] 5 =
] 2 O © ® N O U W N
0.1
e0 | I T 1 T T 1 1
05 10 945 20 25 30 35 40 4} 50 55
freq, GHz

freq (500.0MHz to 5.500GHz)

T,|<T,



Example

Laboratory a1

m2 m1 m3
freq—1 453GHz freq=2.301GHz freq —4 548GHz
mag(S )=0.100] |mag(S(1,1))=0.099 mag(S )=0.100
05 \\
0.4 \\
= 03
5 7 |
\g) 02 ] 1 \
S @é j
0.1 ) /
] /
] m4 /
o8 T I A T S freq=4.548GHz

S(1.1y=0.100/-53.045 -/
impedance = Z0 * (1. 113/10 180)

05 10 §5 20 25 30 35 40 4} 50 55
freq, GHz

e
-
\\\-— //

—

freq (500.0MHz to 5.500GHz)

T,|<T,



The Smith Chart,
iImpedance/reflection coefficient

Z; =10Q2+ j-10Q2
z; =02+7-0.2
I, =T, =0.678£156.5




The Smith Chart, series reactance

0° Z, =R, +j-X; =10Q+ j-10
zp=r+j-x;, =02+ ;-0.2

T, =0.678£156.5°

jx=joL/Z,>0




ADS, Smith Chart, series reactance

AN

- g 3

R — iy

R W
lem . = /1 1 em. .
Temi ~ C < |Tem2
Num=1 C1 Num=2

| Z=50 Ohm~ [C=TpF {t} 1 | Z=10+*10

AN

oms L
Num=3 L1 - '
| z=50 Ofim ,

| Z=10+4j"10

+ 4 e :
< [Temd
Num=4

* Param
talll

SP1
Freq=1.0 GHz

o ‘;;‘3}‘ S-PARAMETERS I

| fems
Num=5
| z=50 ohm
-1 i i i i

. Tune Parameters

Simulate

While Slider Moves v

Parameters
Include Opt Params
Enable/Disable...
[C] pisplay Full Name
[T] snap Slider to Step
Traces and Values
Store... Recall...

Trace Visibility...

Reset Values
Close Unassocdiated Data Displays
Update Schematic

Close Help

adaptare_LC_lib:X_S:schematic

L1l
(nH)
0.895

|40

- [a]

vl

0.5
{0t

Lin v

= rrm

| Term©6

Num=6

| Z=10+*10

X |




ADS, Smith Chart, series reactance

freq (1.000GHz to 1.000GHz)



The Smith Chart, series resistance

0° Z, =R, +j-X; =10Q+ j-10

z, =1, +j-x;,=02+;-0.2
I, =0.678£156.5°

L, =2, +R :(RL +Rl)+j'XL

Zp =ZpTH :(’"L+’”1)+]"xL

r,=r +R/Z,



ADS, Smith Chart, series resistance

e T T

\\\
ADS \\
m1
freq=1.000GHz \
S(3,3)=0.678 / 156.501

/ impedance =20 * (0.200 + j0.2Q0)
\

\
\
|
|
/

J

\ 5/

““H-E_._.———"“/

freq (1.000GHz to 1.000GHz)



The Smith Chart, series
transmission line, Z

Tl =T

0° Z, =R, +j-X; =10Q+ j-10
z, =1, +j-x;,=02+;-0.2

T, =0.678£156.5°
Zin — ZO |

1+T, -e 2P
1-T, -e 27

L, =1} e

arg(T;, )= arg(l,)-2- 8



ADS, Smith Chart, series
transmission line

-

. % Term |
1< | Term1
Num=1

Z=50 Ohm

T ST e e
+

.. 2 Term . .
- § Term2

1

50.0 Ohm |

Num=2

oTmmN o

Z=10+*10

Term.

Term3

AMATT

i AR I
Z=50 Ohm

1 _Term . .
1< |Term4
Num=4

Z=10+j"10

gfji}) | S-PARAMETERS

S_Param
SP1

Freq=1.0 GHz



ADS, Smith Chart, series
transmission line

m71 - [m1
' freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

m?2

freq=1.000GHz

S(1,1)=0.678/ 176,501
impedance =70 * (0.192 +]0.029)

freq (1.000GHz to 1.000GHz)



ADS, Smith Chart, series
transmission line, E=90°

PSS o e B K

0
ADS
© o
Q
)]
)

Q

m1

freq=1.000GHz
S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

impedance =270 * (2500 -j2.500)

m?2
freq=1.000GHz
S(1,1)=0.678/ -23.499

freq (1.000GHz to 1.000GHz)



ADS, Smith Chart, series
transmission line, E=180°

m2 - [m1
' freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

)y Q

m?2

freq=1.000GHz

S(1,1)=0.678/ 156,501
impedance =70 * (0.200 +]0.200)

freq (1.000GHz to 1.000GHz)



ADS, Smith Chart, series

transmission line, Z=25Q=Z

ADS mi
freq=1.000GHz
S(3,3)=0.678 1 156.501
impedance =Z0 *(0:200 + j0.200) \
@ < o)

[0 .
& " m 2 5]
- ) S '

m2
\ freq=1.000GHz
S(1,1)=0.419// -99.926
\mpedance = 70*(0.625 - j0.625)
v

\M.._,__,_._.-——-"'/

freq (1.000GHz to 1.000GHz)




The Admittance Smith Chart

L, —7 Z;
1“: L 0 F jo
/|F|=1 Z, +7, zL+1 =IT-e
r F=T +,T,
O=arg +1 R 1+|[]-e/? »
Zr = — =7 X
Re T 1l
1\1“\ " 1 =g, +7-b
Yi 1+‘F‘ /0 rL+j-xL_gL e
: (1 F) j-T;
_ b i
= §17/70L = (1+T. )+ j-T,




The Admittance Smith Chart

2 2
w1 M0 -x) +-p) =R, 1= =L
(1+T. ) +T7

N /|F|=1 b, = —2-T

(1+T.) +T7
Rearrangec

+1 ? [ | ?
| s LF,,+ 5L ] +T7 = ]
1+g, \1+gL

(T, +1)° +£r,. +i\2 = [sz

b, )
Circlesinthe (I, ;) complex plane

(x=x0 ) +(y=3,)" = R




The Smith Chart, conductance

-1 +1




The Smith Chart, susceptance

| A IMmT
b, <0 +1

&),

/‘ Rel




The Smith Chart, reflection

coefficient & admittance

['=0.8£60°

o Z, =21.429Q + j-82.479Q2
3o 2z, =0.429+ j-1.65
I =0.8260° |

y; =—=0.148—;-0.568
9
OO

.| 1.0

' / g, =0.148
y, =0.148+ j-0.568

315° (whateverZ)




The Smith Chart, reflection
coefficient < admittance

Z,=50Q,Y,=0.028
Z; =125Q+ j-125€
z; =2.5+j-2.5

I, =1,=0.678£23.5°

= 1 =0.0045 — j-0.004

Z;

y= =t 0502

z; X

=<
|




The Smith Chart, shunt susceptance

OO

gin :gL

Z, =50Q,Y, =0.02S
I, =0.678.£23.5°

Y, =G, + j-B, =0.004S + j-0.004
yi=g, +jb,=02-j-02
Y, =Y +j B =G, +; (B, +B)
Vin =81+ (b, +b))



ADS, shunt susceptance
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ADS, shunt susceptance
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The Smith Chart, shunt conductance

Z, =50Q,Y, =0.02S
0° I, =0.678.£23.5°

Y, =G, +j-B, =0.004S + j-0.004
V=g + /b, =02-j02
Y, =Y, +G :(GL+G1)+j'BL
vu=(g, +g)+Jjb,

bin :bL g =810 %




ADS, shunt conductance

freq (1.000GHz to 1.000GHz)



Constant VSWR circles

Certain applications may require a certain ratio
between maximum [ minimum line voltage
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Constant Q circles
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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
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The Smith Chart, reflection

coefficient, impedance matching

IM=1
135°

I, =0.8£60° 2 L

o MatchingZ loadtoZ source.
We normalize Z, overZ,

Z, =21.429Q+ j-82.479Q)
z; =0.429+;j-1.65
T, =0.82£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‘ <TI’, “goodenough” match



The Smith Chart, series reactance

0° Z, =R, +j-X; =10Q+ j-10
zp=r+j-x;, =02+ ;-0.2

T, =0.678£156.5°

jx=joL/Z,>0




The Smith Chart, series resistance

0° Z, =R, +j-X; =10Q+ j-10

z, =1, +j-x;,=02+;-0.2
I, =0.678£156.5°

L, =2, +R :(RL +Rl)+j'XL

Zp =ZpTH :(’"L+’”1)+]"xL

r,=r +R/Z,



The Smith Chart, series
transmission line, Z

Tl =T

0° Z, =R, +j-X; =10Q+ j-10
z, =1, +j-x;,=02+;-0.2

T, =0.678£156.5°
Zin — ZO |

1+T, -e 2P
1-T, -e 27

L, =1} e

arg(T;, )= arg(l,)-2- 8



The Smith Chart, shunt susceptance
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Z, =50Q,Y, =0.02S
I, =0.678.£23.5°

Y, =G, + j-B, =0.004S + j-0.004
yi=g, +jb,=02-j-02
Y, =Y +j B =G, +; (B, +B)
Vin =81+ (b, +b))



The Smith Chart, shunt conductance

Z, =50Q,Y, =0.02S
0° I, =0.678.£23.5°

Y, =G, +j-B, =0.004S + j-0.004
V=g + /b, =02-j02
Y, =Y, +G :(GL+G1)+j'BL
vu=(g, +g)+Jjb,

bin :bL g =810 %




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



Matching, series reactance

Ziy :”L+j'(xL+x1)

rin:rL

Match can be obtained if
andonly ifr =1

we compensate the
reactive part of the load

Jr X ==X




Matching, shunt susceptance

OO

Vin :gL+j'(bL —|—b1)
gin — gL

Match can be obtained if
andonlyifg, =1

we compensate the
reactive part of the load

Jby=—j-by




Smith chart, r=1 and g=1
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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
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series L, shunt L /[ shunt L, series L
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L2 Zz L1 22




series L, shunt C/shunt C, series L
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Matching with 2 reactive elements

(L Networks)

Forany ', there are at least 2 possible L
networks to achieve match (L+C)

For some starting areas on the Smith Chart
there are 4 possibilities (+2 C+C/L+L networks)
We choose the network that requires
components with existent/practically realizable
values

By adding the resistive elements, we can
supplement the number of networks but with
loss of signal power (not recommended)



Matching with resistive elements

In microwave frequencies active circuits work
very near to the transition frequency f;

Any “waste" of signal power is not
recommended

Sometimes such an action might be necessary

to insure device stability
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Matching with 2 reactive elements

(L Networks)

Two step matching

for starting reflection coefficient inside the r, = 1 circle
we must use first schematic

for starting reflection coefficient outside ther =1
circle we must use second schematic



Matching with 2 reactive elements
(L Networks)

XLi\/RL/ZO'\/Rz+X§_ZO'RL X=l+XL.ZO— Zo
b= > o3 B R, B-R,
Ry + X,

the argument of the second square root is always positive for:
R, > Z,
two physically realizable solutions are possible for B and X



Matching with 2 reactive elements
(L Networks)

J.B ZL B‘Zo'(X+XL):Zo_RL
i (X+X,)=B-Zy R,
Z.—R, )R
X:i\/RL.(ZO_RL)_XL B:i\/( OZL)/ L
0
the argument of the square root is always positive for:

R, <Z,
two physically realizable solutions are possible for B and X



Example

38.8 nH

o Y o
Zy=100 Q 092 pF =—
Solution 1
2.61pF
O [| ~
Zp=100 Q 46.1 nH

Solution 2

Z; =200-j100 Q

Z; =200 — 100 Q

0.75

0]

f(GHz)



Example
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Constant Q circles

Quality factorQ

= — =const
B

X _G
R

Q




Quality factor - bandwidth

High quality factor is equivalent with narrow

bandwid’gh
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Match bandwidth

[ gain_plot* [S_parameters]:0
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Match bandwidth

[#5 gain_plot* [S_parameters]:0
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Match bandwidth

[#5 gain_plot* [S_parameters]:0
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Practical realization of lumped

elements for microwave frequencies

Air

bridge

Lossy film

[ [ ];//I/ @ | @ |

Planar resistor Chip resistor Loop inductor Spiral inductor

Dielectric .‘

“EE

Interdigital Metal-insulator- Chip capacitor
gap capacitor metal capacitor




Contact

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