M EMPossible

Electromagnetics:
Microwave Engineering

Network Performance
Metrics



Network Performance Metrics

Ji
I 2 N w ﬁ
JO4s 1 4+ e
7 @ i Vl‘"- [S] - V;_
£ > Z LJ = | = 7 -}
|- . ;
O | | J
Performance Performance with
without network network

9 EMPossible



Insertion Loss

Quantifies how much less power is delivered to the load due to inserting the
network between the source and load.

AZ, +B+CZ.Z, + DZ,|°

I —10] P, w/o network) 101
L 0510 P, w/ network | 0510 Zo+ 7
We can invert this to calculate insertion gain
P, w/ network Ze+ 7, (~relative
LI — 1010g10 — 1010g10 .
P; w/o network AZ; +B+CZ,Z; + DZ; to reality)
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Insertion Phase

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

Im[AZ, + B+ CZ.Z; + DZS])

H = H — H =1 -1
1 = Caster = Upefore = tan (Re[AZL + B + CZsZ, + DZ]

(~relative
to reality)
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Transducer Loss

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.

|AZ, + B+ CZ,Z, + DZS|2> (~relative

P4
Ly = 10log, (P_> = 1010g10< AR.R, to ideal)

L

We can invert this to calculate transducer gain.

Gy = 101 L) 101 R
T = 0B\ p | T A0\ U B ¥ CZ.Z, + DZ,|?

P, 1571 = T2 = |1 1%)
Ps,max |1_522F[,2||1_F5Fin|2

GT=
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Transducer Loss

Note that L; = Ly when Z, = Z;.
The actual power gain through the network is

P, 1Sx17(1 = |55 (A = [ [?) G < 1 for passive
Py |1 =Sy, |2|1 — I Ty, |2 networks

The maximum gain available from the network is then

G, = PL,max _ |521|2(1 _ |Fs|2)
4 Ps,max |1 — 511FS|2(1 o |Fout|)2
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Mismatch Loss

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

to reflection.
1
L, = 101lo
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Dissipative Loss

The overall loss from source to load is the transducer loss. The power loss either
reflects back to the source (L;;) or is dissipated as heat inside the network or
transducer (L)

LT:LM+LO'
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Special Case: Conjugate Matched System

When both the input and output ports are matched, we have

[, =1, =0 (local reflection)
[i, = S11 (global reflection)
Cout = S22 (global reflection)
Vel 145 |Vl
P, = Py, = 1—15:1]° P, = S1]°
= o n =gz (1= 15 A
2 2 2
G = 521 P, = 14 5241 Gr = |5,4|?
1—|S514]7 ' 8Zp 1 — 81112
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