
Microwave Network Theory
Lumped circuit equivalent of Tx ant

Reflection coefficient

GammafracZTZ0ZTZ0
coprodZT

vgzg
N P

Some
TL
of20

0
rightarrow2

Near the port VV0ejbetazV0ejbetaz
and

fracV0V0tGammaRewrite as
thereforeV0GammaV0 incident

reflected given the symbol
a'giventhe symbolb'Thisis a simple 1 port network bSa

S is called the scattering matrix also
called S parameters

This can be generalized to 2 parameters

fraca1fracb1 beginmatrixa2overrightarrowb2endmatrixthereforeleftbeginmatrixb1b2endmatrixrightleftbeginmatrixS11S12S21S22endmatrixrightleftbeginmatrixa1a2endmatrixright
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or generalized to
mathbbN ports

a assume
these are
TLsof Z0

b1

a2cdotb2aN N

bN

Similarly giving leftbeginmatrixb1vdotsbendmatrixrightSleftbeginmatrixa1vdotsaNendmatrixright
So

Sijfracbiajak0kneqj
Means what I Excite post j ONLY with aj
Measure bi out of port i

Make sure otherports have an0 icdote

no power from other ports leaks in
How to do this Put matched loads
at these

ports.egI want to measure S13 3port
b1uparrownetworkMatchedOl

a3

S13fracb1a3
z0

G



3 properties of S params w o proof
For a reciprocal network no nonlinear
active devices etc same condsas the
Lorentz reciprocity them SST
For a lossless network S is aunitary
matrix i e SSHI identity

sum_jsijskjxdeltaik
Recall than a b are incl reflected voltages
eg anVnbnVn So the port
voltages will be VnVnVnz0 is

taken to be at the port Similarly the
port current will be InInIn

Infrac1Z0leftVnVnrightfracanbnZ0 Znatrix

vnanbn Othermatrices VZIIYZ

The above discussion holds true when Z
islosslessand there is a TL connected at each

port e g
v0Theta beginmatrixm0negIzgz2Vendmatrix

Here there is no voltage wave or TL i.e no Z0

So a generalization is power waves They
can be applied to the above case as well
as to regular TL

cases.Toget the intuition consider a regularport



with voltage V current I aTL dz0
VV0V0IleftV0V0rightZ0

Power PLfrac12ReleftVItimesrightfrac12Z0ReleftleftViright2leftV0right2right
V0V0timesV0V0times

purely imayPLfrac12Z0leftleftV0right2leftV0right2right
Now switch to the ckt above and let's try
to define power wave amplitudes like so

afracVZRI2sqrtRRbfracVZR0I2sqrtRR
where we define ZkRkjXR as a reference

impedance
Now calculate VI in terms of a b

VfraczazXbsqrtRRIfracabsqrtRR
RightarrowPLfrac12ReleftVIxrightfrac12leftleftaright2leftbright2right

Good similar to our result above when z01

Last bit what about reh between ask

postr



Use VZLI for the post

fracbaGammapfracVZXIVZRfracZLZRXZLZRX
Same as our usual lceil when Zp is real
Since Zp is arbitrary in our hand
common choices are fit ZRZLtimes or

liil ZRZg
chosen out of convenience depending on

apple.Wecan generalize this power wave defn for
n ports choosing ref impedances foreach port get a matrix bSpa

Aside another useful matrix is the ABCD
matrix I2z1

v1pm pmV2 leftbeginmatrixV1I1endmatrixrightleftbeginmatrixABCDendmatrixrightleftbeginmatrixV2I2endmatrixright00

This isgreat for cascading
I3I2xi Thus
V3V2V1

leftbeginmatrixV1I1endmatrixrightleftbeginmatrixA1B1C1D1endmatrixrightleftbeginmatrixA2B2C2D2endmatrixrightleftbeginmatrixV3I3endmatrixright so on

keep in mind the change in sign convention
for Ias I3

end aside



Lets connect the S parameters with EM fields
in the case of 2 antenna systems

R1
R2v

PsiRxa1 b2Tx

anfracVnZ0In2sqrtR0bfracVnZ0XIn2sqrtRu Reeal

a1rightarrowobjrightarrowb2S21fracb2a1Logicalflow
In more detail

prop sobj
leftharpoonupfspata1fracoverrightarrowe1R1overrightarrowE ins1

obj Z2Zvb2VocR2 Rx overrightarrowl2
z1z0

due toobject

I
At the t post

Assume a ref imp z0
need notbe real need
not be a TL

0zg z1VS V

0

a1fracV1Z0I12sqrtR0fracZ1I1Z0I12sqrtRvleftZ1Z0rightI1



Field emitted by the antenna landing on
the object farfield approx
overrightarrowEincleftR1rightjfracetak4piR1ejkR1I1l1 effictive

vector lengthofant

ecdotg Sind hattheta for Hertz

dipoleLet'smake it more general Insteadofjust
overrightarrowl1 lets

copol
xpol

write it as leftbeginmatrixl1xpl2endmatrixright
e8 antennagenerates

both hatthetahatphi
So overlineEi

7

n leftbeginmatrixEic0Eitimespendmatrixrightjfracetak4piR1ejkR1I1leftbeginmatrixd1omegal1endmatrixright 2times1
vector

How does the object react We model
it as a polarimetric scatterer

overlineEsc
rangle

at fracejkR2R2leftSobJrightoverlineE i

1

nsat object
2times2

matrix.wecan put into

overrightarrowEscat fracjeta4pifracejkleftRR2rightR1cdotR2I1Sobjleftbeginmatrixl1cl1xpendmatrixright
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Now we have to convert this Écat into eb2
I2

z2V2Rx ant ckt zLVoc
leftharpoonup

This VocoverlineE s
7

eat cdotoverrightarrowe2overrightarrowe2cdot lceil
s

leftharpoondown

cat
rceil

In our case Vocleftl2col2xpright
rightleftharpoons

s
7

cat

i e cross coupling can also contribute to Voc

thereforeVocfracjyk4pifracejkleftR1R2rightR1R2I1leftl2col2xprightSobjleftbeginmatrixl1timespl2endmatrixrightoverrightarrowl1

leftbeginmatrixwEstimespEsendmatrixright

overrightarrowl2T
tau

purely fr of Tx obj Rx geometry

leftKVLrightfrom the clet VocI2Z2V2

and V2ZLI2RightarrowI2nicefracVocz2ZL
Recall the conventionfor an bn had post V
I to be going into the port

Rightarrowa2fracV2Z1leftI2right2sqrtR0fracleftZLZ0rightI22sqrtR0
b2fracV2ZtimesleftI2right2sqrtR0fracleftZLZ0timesrightVoc2sqrtR0leftZ2ZLright

goinginto
theport
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Finally

T21fracb2a1fracleftzLz0inftyrightVoc2sqrtR0leftz2zLrighttimes2sqrtR0leftz0z1rightI1
T21fraczLz00leftz2zLrightleftz0z1rightfracVocI1

J21fracleftzLz0timesrightleftz2zLrightleftz0z1rightfracjetak4pifracejkleftR1R2rightR1R2tau
S21nicefracb2a1a20

Subtle distinctionbeth T2QS2

a20RightarrowzLz0 matched load Then

S21fracjx1k2pifracejkleftR1R2rightR1R2fracReleftz0rightleftz1z0rightleftz2z0rightl2TSobjoverrightarrowl1
Talpha1fracjetak4pifracejkleftR1R2rightleftz1z0rightcdotR1R2leftz1z0rightleftz2z1rightl2TSobjoverrightarrowl1

else


