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REVIEW OF SCATTERING MATRIX 
& COMPONENTS

1) Scattering Matrix
a. Definition
b. Properties

2) Components
a. Two ports (attenuators, filters, amplifiers)
b. Three ports (dividers, circulators)
c. Four ports (directional couplers)

Scattering-Matrix 
Definition and Properties
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Voltage waves
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N-Port
Network

ai = incident waves
bi = reflected waves

Z0i = Transmission Line Characteristic Impedance
Tipically Z0i = 50 

Vi = ai + bi Ii = (ai – bi)/Z0i

Voltage waves
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Scattering matrix for a 
N-Port Network
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For linear networks 
holds the 
superposition principle

Matched Load

𝑎1 = 
𝑉1+𝑍0𝐼1

2
= 0

𝑉1 =−𝑍0𝐼1

𝑉1

𝐼1

Z0

When a network is closed on an matched load
(50 ) the wave reflected by the load and incident on the port (a1) is 
equal to zero
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Why scattering parameters ?

• Scattering parameters can be measured at microwave 
frequencies as they require the network to be closed on 
50 Ohm and this kind of loads are "relatively" easy to realize

Why scattering parameters ?
• At microwave frequencies, voltages and currents are hard to 

measure and the open and short circuits necessary to 
measure impedance and admittance parameters can cause 
the destruction of active devices

• The scattering parameters are defined for all two-port 
networks while the admittance and impedance parameters 
are not defined in some cases. For example, for a series 
impedance the impedance parameters are not defined 
because the currents at the two ports are not independent
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Scattering matrix
for 1 Port Network

the square modules of the scattering
Parameters are ratios between powers

E = Incoming
I = Incident
R = Reflected V1

I1
a1

b1

𝑃1 = 𝑃𝐸 = 𝑃𝐼 - 𝑃𝑅 = 𝑃𝐼 1 −
𝑃𝑅
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Scattering matrix
for 2 Port Network
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Reciprocal two port network

   TZZ     TSS 

(Absence of saturated ferrites or controlled generators
in the component under test)

if [S] is defined starting
from voltage waves, this is true
if all the Z0i are equal

s21 = s12

Symmetrical two port network

A two port network is symmetrical if its input impedance 
is equal to its output impedance 

Symmetrical networks are also physically symmetrical

S11 = S22
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Lossless two port network
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Raised components
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Parameters of two-port
passive structures

2

11

10

E

I
10RdB

S1

1
log10

P

P
log10A




2

21

2

11
10

O

E
10DdB

S

S1
log10

P

P
log10A




DdBRdB2

21

10

O

I
10dB AA

S

1
log10

P

P
log10A 

2

11

10RdB
S

1
log10L 

Reflection attenuation
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Components

Microstrip Filters

Band pass 17-19 GHz

Low pass 6 GHz
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Waveguide and Coaxial Cable Filters

Pass band 19.73-21.1 GHz

Ceramic

Pass band 2.2-2.3 GHz

20
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50 Ohm

Open

Loads
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Coaxial cable Attenuators

Pin diode attenuators
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Three port passive structures
(dividers and circulators)

BOCCA 1

BOCCA 2

BOCCA 3

50 
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Zc=50

R=100 
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AD Parameters
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Microstrip 90° DC (Branch Coupler)
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Microstrip Distributed DC
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Amplifiers
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