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The main learning outcome of the course is to
create readiness to work in microwave
engineering related tasks and projects and
enable further studies and continuous learning
In microwave engineering.




Topic 1: Learning outcomes and content

The student can
— explain the wave propagation of a radio-frequency signal in transmission lines (such as
signal propagation, attenuation, reflection),

— calculate and simulate (AWR) related circuit parameters (such as voltage, current, power,
characteristic impedance, loss, reflection coefficient) related to transmission lines,

— design transmission lines (such as microstrip lines) with calculations and AWR simulations.

Wave propagation along a transmission line and characteristic impedance (2.1, 2.7)

Transmission line model, wave equations and its solution (Pozar Chapter 2.1) g WEEl
AGD

Connection of the transmission line theory and EM field theory (2.2)
Microstrip line (3.8)
Voltage reflection from an impedance discontinuity and standing wave along a transmission line

(2.3) ToDAY

These lecture slides and notes are not designed for self-study.
Please, use the course book chapters 2 and 3 for self-study.




Recap of the last week session on one slide
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Previous in-class task: the power decays as e along the line

P(z) = %Re{u(z) - 2)}= %R{que_yz (ite™ %)}

) .
u+e_yz.(%> (e_yz{% aa < |al

1 1 . . \
P(z) ==-Re {u+(u+)*_e—aze—azke—]ﬁze+];82} %Z%{(S _#

2 ——————— ZO*L/-\/_/ ~—

lut)” P\’ﬁ; 1

.

1 1 1 Re{Z,)
)2 — _ |yt Z:R cp—2AZ_ |, F]|2 . p—2az

-
Po = P(2 <0)

1
P(Z) = ER@




1 Np = 8.6859 dB

- MW - ?(2=1‘”‘) - - Lot
P(2:= 7&) = Poe_ L L(JBL -1o \O?]lo &S - |D|03 c
)
P(2<0) =& 102w |02\'°€ = A - WDw- \og e

/“)Io - 6352 db

L(dB) = o[zl 66859 dB (4£)



Q1: What does the given power P mean physically?

,strum.Q
forward reverse
wave wave 7\
: : u®)?
I 1
> < P = 57
U" _ U
Zy=— U* l U Zy=— .
/ =) Z, assumed real number.
- Z U= pesle wtays
O7* 1. Totalloss power due to the resistive losses on the line. Ueng = Ut

+7. 2. Peak power of the wave propagating in the positive +z direction.

é%”/@ Average power flow of a wave propagating in the positive +z direction. ‘/ .
[3/, 4. Instantaneous power propagating in the positive +z direction when z = 0.
107/, 5.  Net power flow (= forward power - reverse power) on the line. ?(1\,“; u(t)alt)

0/, 6. Reflected power from the mismatched load impedance (Z, # Z,).

instantane ows PDW
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Wave travelling in the +z direction with constant
magnitude

® = C\now‘ﬂQ, ( Q/I ec;I(VOV\ ) impedance-
matched load

red colour = 005"4_‘\’% POW“R - no reflection!
’\Qa aj"lve ?Owo\p LALLM

blue colour =

u(t,z) = u* cos(wt — fz)

Animation Source: https://physics.stackexchange.com



Standing wave is a superposition (interference)
of two opposite-travelling waves
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Forward propagating wave in a 50-£)
microstrip line - matched load impedance

éi_d'-imp
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matched
load

e-field (f;Z.S) [1]1

Frequency 2.5 GHz
= electric field strength vector (red = strong, blue = weak)
Cutplane at X -2.000 mm

mrmoreeren xzove | jllustrated at the centre (x = 0) of the line
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electric field strength vector (red = strong, blue

illustrated for the cross section of the line
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Stationary standing wave in a 50-Q) microstrip
line - short circuit as the load impedance
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e-field &T;Z.S) [1] : - A

Freguency 2.5 GHz EEae iy
Ei;j;lim-f; EW electric field strength vector (red = strong, blue = weak)

Maximum on Plane (Plot] &773.61 V/m

nemn e aeave | illustrated at the centre (x = 0) of the line




Q2. What is the value u™ of the reverse-propagating voltage wave
when u™=+1V?

6.

-2

[ don’'t know

+1V

—+

Al
g
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V u(2=0)=0
7 u(V)
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Q3. Interface of two unequal characteristic impedances at z = 0.
What kind of wave takes place in the region z < 0?

uv) u(z <0) =ute 1Bz e tiBz

il transmitted voltage
A ,, N AANAN ; :

T8 E T u(z > 0) =@e—iﬁz

Voltage (V)

z<0
z = 0 (interface)

(37.1. A pure forward (to positive z) propagating wave -i.e,u” =0 V.
D /.2. Apure reverse (to negative z) propagating wave - i.e, ut =0V.
|>/.3. A stationary standing wave - i.e., the net power flow is zero, [u™| = |[u™]

?’/‘I- A partial standing wave - i.e., net power flow forward (to positive z), [u™| > |[u~|.

3Y.5. Idon’t know



Partial standing wave in a 50-Q microstrip line
- 150 Q as the load impedance

éi_d'-imp

lo

efi?m_?@_- e —_-'_:__dui_e_lécﬁ*'rt"subs_t'};ai;c_e_ e

3DEAPFFUENCE
2500 —
2000
1500
1000
500

e-field (fF=2.5) [1] 3 &

Freguency 2.5 GHz

fruse o electric field strength vector (red = strong, blue = weak)

Cutplane at X -2.000 mm

vammenene e sassve | IlIUStrated at the centre (x = 0) of the line '

Maximum (Solver) 5297.85 V/m




Voltage reflection coefficient I is defined as the

ratio of the reflected and incident waves
-2 U (V)
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Q4. u*=+1 V. What is the voltage reflection coefficient I
atz =07

+1V
A /\[ u(z < 0) =@_jﬁz 4 y—etiBz
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Voltage and current are continuous in the interface (z = 0)
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Voltage and current are continuous in the interface (z = 0)
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Q5: ' =-0.6 and V* =1 V. What is the maximum instantaneous voltage
of the standing wave in z < 07?
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Voltage (V)

—0.6V

—Z
forw. rev. : forw.
+ - uf
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u(z<0)=1V.e B2 06V .ethz
u(z>0)=04V-e bz



Envelope of the standing wave has a A/2 periodicity
0
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In-class task

T =
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+

@U=2V

z=0 z=1
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Determine the numerical values of the

1)
2)
3)

4)
5)

voltage of the forward-propagating wave u™,

transmitted voltage amplitude u” = u(z = l) inregionz > ],
total voltage u(z = 0) and total current i(z = 0),

u(z=0)
i(z=0)
Answer the question: why the input impedance Z(z = 0) + Z;?

input impedance Z(z = 0) = looking into +z direction.

The teachers will be circleing in the breakout rooms for help.

u(z) =ute Pz 4y etibz

+ _—
I(Z) = —e_j.B'Z —_ _e+].8 Z
A A
R A
 Zy+2Z4

Return your effort in the return box in MyCourses at the end of the session, latest at 12:30 pm.




Determine the numerical values of the

In-class task

1) voltage of the forward-propagating wave u™,

z=0 z=1 2) transmitted voltage amplitude u” = u(z = 1)

Z,=10Q : 5 1=2/2 o in region z > |,

': _ 1' | vee 3) totalvoltage u(z = 0) and total current

| , i(z=0),
4§ II : 72200 4) inputimpedance Z(z = 0) = l,t(zzo) looking

@ ot : oy SO | S into +z direction Hz=0)

& : (lossless) . (semi-infinite-long) '

! ! 5) Answer the question: why the input

- g S impedance Z(z = 0) # Z;?

|

1)

2)

3)

4)
5)

At z = 0, the forward-propagating wave sees only the impedance Z; of the first transmission line. Hence, we have a voltage division of U between

. . « . . . L ” Z
Z, and Z,. See further details in Chapter 2.8 (“Transients of transmission lines”). u* = Uﬁ =1V
0 1

u~etiBl u_e+j27'% uet™  uT(-1) u-  Z,-Z 1
First, we determine the value of the voltage reflection coefficientatz=I: T = — = — = — = =—=22"1=_

ute-iBl u+e-j7n.5 ute I? ut(-1) ut Zr+7Z4 3

.21 A 21T A
_2mA _ 42T . - 1 4 4
Then we can calculate the voltage u” = u(z =2) =ute 22 +u"e™ 22 = ute ™ + rute™ = u* (—1 -3 1) = —§u+ =—-2V
. . 4

Total voltageatz=0,u(z=0) =ute 0 +ue =yt + Tut =ut(1+7) = 5V

. . + 1
Total currentatz =0, i(z = 0) = Le 0 L p#io —u% _pu? — % (1 _ ) = A
1

Z1 Z; Zy Zy Z
: : o : : u(z=0) =V
The input impedance looking into +z direction Z(z = 0) = =) = 3 N 20 Q.
= s

The total input impedance is affected by the reflected wave, too. This is more discussed in the next lecture on 27.1.



