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Insertion Loss

3

𝐿𝐼 = 10 log10
𝑃𝐿 Τw o network

𝑃𝐿 w/ network
= 10 log10

𝐴𝑍𝐿 + 𝐵 + 𝐶𝑍𝑠𝑍𝐿 + 𝐷𝑍𝑠
𝑍𝑠 + 𝑍𝐿
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Quantifies how much less power is delivered to the load due to inserting the 
network between the source and load.

We can invert this to calculate insertion gain

𝐿𝐼 = 10 log10
𝑃𝐿 w/ network

𝑃𝐿 w/o network
= 10 log10

𝑍𝑠 + 𝑍𝐿
𝐴𝑍𝐿 + 𝐵 + 𝐶𝑍𝑠𝑍𝐿 + 𝐷𝑍𝑠

2
(~relative 
to reality)



Insertion Phase

4

𝜃𝐼 = 𝜃𝑎𝑓𝑡𝑒𝑟 − 𝜃𝑏𝑒𝑓𝑜𝑟𝑒 = tan−1
Im 𝐴𝑍𝐿 + 𝐵 + 𝐶𝑍𝑠𝑍𝐿 + 𝐷𝑍𝑠
Re 𝐴𝑍𝐿 + 𝐵 + 𝐶𝑍𝑠𝑍𝐿 + 𝐷𝑍𝑠

Quantifies how much the phase changes at the load when the network is inserted 
between the source and the load

(~relative 
to reality)



Transducer Loss
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𝐿𝑇 = 10 log10
𝑃𝐴
𝑃𝐿

= 10 log10
𝐴𝑍𝐿 + 𝐵 + 𝐶𝑍𝑠𝑍𝐿 + 𝐷𝑍𝑠

2

4𝑅𝑠𝑅𝐿

The network (or transducer) can perform impedance matching and actually 
increase the power delivered to the load. Despite this, the transducer probably 
also dissipates energy and therefore is responsible for some loss.

(~relative 
to ideal)

We can invert this to calculate transducer gain.

𝐺𝑇 = 10 log10
𝑃𝐿
𝑃𝐴

= 10 log10
4𝑅𝑠𝑅𝐿

𝐴𝑍𝐿 + 𝐵 + 𝐶𝑍𝑠𝑍𝐿 + 𝐷𝑍𝑠
2

𝐺𝑇 =
𝑃𝐿

𝑃𝑠,𝑚𝑎𝑥
=

𝑆21
2 1 − Γ𝑠

2 1 − Γ𝐿
2

1 − 𝑆22Γ𝐿
2 1 − Γ𝑠Γ𝑖𝑛

2



Transducer Loss
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𝐺 =
𝑃𝐿
𝑃𝑖𝑛

=
𝑆21

2 1 − Γ𝑠
2 1 − Γ𝐿

2

1 − 𝑆22Γ𝐿
2 1 − Γ𝑠Γin

2

Note that 𝐿𝐼 = 𝐿𝑇 when 𝑍𝑠 = 𝑍𝐿.

𝐺 ≤ 1 for passive
networks

The actual power gain through the network is 

The maximum gain available from the network is then

𝐺𝐴 =
𝑃𝐿,𝑚𝑎𝑥

𝑃𝑠,𝑚𝑎𝑥
=

𝑆21
2 1 − Γ𝑠

2

1 − 𝑆11Γ𝑠
2 1 − |Γout|

2



Mismatch Loss
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Mismatch loss is how much less power is delivered to the load due 
to reflection.

𝐿𝑀 = 10 log10
1

1 − Γ𝑖𝑛
2



Dissipative Loss
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The overall loss from source to load is the transducer loss. The power loss either 
reflects back to the source (𝐿𝑀) or is dissipated as heat inside the network or
transducer (𝐿𝜎)

𝐿𝑇 = 𝐿𝑀 + 𝐿𝜎



Special Case: Conjugate Matched System
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When both the input and output ports are matched, we have

𝑃𝐴 =
𝑉𝑠

2

8𝑍0
𝑃𝑖𝑛 =

𝑉𝑠
2

8𝑍0
1 − 𝑆11

2

Γ𝑠 = Γ𝐿 = 0 (local reflection)

Γ𝑖𝑛 = 𝑆11 (global reflection)

Γ𝑜𝑢𝑡 = 𝑆22 (global reflection)

𝑃𝐿 =
𝑉𝑠

2

8𝑍0
𝑆21

2

𝑃𝐿,max =
𝑉𝑠

2

8𝑍0

𝑆21
2

1 − 𝑆11
2𝐺 =

𝑆21
2

1 − 𝑆11
2

𝐺𝑇 = 𝑆21
2


