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Introduction

In the design of alow noise amplifier, LNA, or mixer driver stage there exists an optima source source impedance to
provide the maximum power transfer into the trangstor and thus the maximum gain. There aso exists an optimal source
impedance, Zyopt, to provide the minimum noise figure for the dircuit. At the maximum power source impedance,
Zpopt, the input is matched to the source impedance and no reflections occur. Thisis desirable, because thefilters
attached to designed for the LNA or mixer, are desgned for amatched load impedance, but can tolerate a certain
amount of deviation from it's desired impedance. The amount of acceptable deviation is usudly specified by the
maximum return loss, or Sy4, thefilter can handle. The routine below finds the source impedance to the LNA or mixer,
which will provide the lowest noise figure and mximum gain, while maintaining adesired S11 specification

The cdculation is performed by drawing a straight line between the optima noise and power source impedances
and finding where it intersects the desired S11 contour. This line intersects the contour at two points, so the point must
be chosen, which is closet to the optimal noise source impedance. Sometimes, the desired S11 specification is
acheived at the optimal noise source impedance. In this case the optimal noise source impedance is chosen over the
intersecting point. This calculaion is not optima in the truest sense, because the noise and power gain circles are not
coencentric, but it serves as an excdlent estimate to meet design criteria.

A few important notes. 1. The optima source impedance for minimum noise figure should be calculated with
estimates of ALL back-end noise components (mixers, PGA's, filters, A/Ds). Doing so will push the noise match much
closer to the power match. 2. Simultaneous input-output match of a device (i.e optimum power match) may be
unstable, which will push the desired source impedance closer to the noise match



Derivation

Zg =1+ X r=Re(zg  x=Imzg) Desired Source Impedane
Zn=t+ %  m=Re(Zy) X =1mZzy) Optimal Noise Source Impedance
Zp=tp+ % rp=Re(zp) % =1m(zp) Optimal Power Source |mpedance
Zin=2, i=Re(Zin) % =Im(Zin) Input Impedance
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P~ 'n and Power |mpedance
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Inserting equation number of x into equation number two for x
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Inputs |
St1goddB = - 10dB Desired S;; vdue

Zp = (21 + 10§)ohm Optima Source Impedance for Maximum Gain
Zn:= (10 + j40)ohm Optima Source Impedance for Minimum Noise Figure



Calculation

SllgoaJdB
20
S11goa = 10 S11goa = 0.316
Zin=2, Zin=21- 10iohm
ri = Re(Zin) X = In(Zin)
pi=ReZp) = Im(Zp)
M:= Re(Zn) X = In(Zn)
Zin- Zn | O

S11n=2040gC | ———— | =

11n Ogj Zin+ Zn|

2
- 1+ S11god

2
1- S11g0a
- X
m::X10
- n
a=1+ m2

b:=2{x + X - mp)m- 2fpg

=124 (5 + 0 - morg)’

ri:= —1>(b + \/ b2 - 4>a>c)

" (29)
X = m>(r1 - rn) X

dq = (rl - rn)2 + (xl - xn)2

ry: 1 >(b- Jb?- 4>a>c)

X = m>(r2 - rn) X
do = (r2 - rn)2 + (x2 - xn)2

r:= if(dl < d2,r1,r2)
X:= if(dl < d2,X1,X2)

Zg:= if(siln < St11goddB: Zn. T + \/_1’9()

r, = 21lohm
= 21ohm

Iy = 10ohm
S11n =-899

g = 9.807 ms 2

a=1

b =-51.3330hm
c= 4410hm2

r1 = 10.909ohm

X1 = 100hm

\/d1 = 09090hm
ro = 40.424ohm

Xo = 100hm
\[d2 = 30.4240hm

r = 10.909o0hm

x=100hm

Zg=10.909 + 10i ohm

¥ = -100hm
Xp = 10ohm

Xn = 100hm

Outputs

Check Resaults:

Zg=10.909 + 10i ohm
7
Zin- Zs| O
S11:=2040gC |———— | = S$S11 =-10dB




Function

S1lgoa| dB

20
ZSsll(ZpZn,SilgoaldB) = | S11goa ~ 10

—.
Zin=- Zp
ri - Re(Zin)
% = Im(Zip)
p Re(Z

X = Im(Zp)

©
~—

~.
Zin- Zn
S11n = 2040gC
&l Zint Zn
2
1+ S1190a
2
1- S1190a
X~ X
-

2
a- 1+m

8

(%)

g—1

m-

b= 2{x + ¥ - mm)m- 2fpg
2 2

Co T+ (% + X - ey

- _—1>(b+\/b2- 4>a>c)
(24)

XL - m>(f1-fn)+><n

dq - (rl - rn)2 + (xl - xn)2

fyo — 1 >(b- Jb%- 4>a>c)
(29)

X2 = m>(f2- rn) + X

dp - (fz - rn)2 + (Xz - Xn)2

r= if(dg < dp,ry,ro)

X if(dl < d2,x1,x2)

Zsans ™ if(Slln < S11goddB: Zn. T + \/‘_1>9<)

Z3ans




Example

S11goads = - 15dB
Zp = (50 + j40)ohm
Zpn = (90 + j¥0)ohm

Gmax := 15dB

~.
Zin:: Zp Zin:m' lOIOhm

Zg= ZSsll(Zp Zn, Sil_lgoddB)

Zin- Zg| 6
S11:= 20>{ogc < S$S11=-15dB

ﬂ

Zg= 71629 + 10i ohm

if(S11n < St1goads. Zn. T *+ V- 1% = 10909 + 10iohm

Plots

num:= 100
i:=1..num
Re(Zn) + Re(Zp)
Rsave =
2
Rsav
Rsgtart = 5 = Rsstop = Rsave’®
-1
Rs = Rsgart + . 1>(RSstop - RSstart)
Im(Zp) |m(zp

Xg = W{RS Re(Zp) ) +1m(Zp)
ZSI = RSI + j><)(5I

NF(Zg) = NFin + | Re(z9)? + In{(z9)?
Gan(Z9) = G + | Re(z9)? + 1m{29)?

400

NF(ZS,)
|
- 200
Gai n(Z s.)
I

Zs |



Other Equations and Calculations

2
DR Gs- G o
F(Gs, Fmin, RN Gopt) = Fiin + ZN ;. ( Sz.‘ o) . Noise Figure
: (‘GS‘) EﬂlJ'Gopt‘)
Gr(Gs,GL.9) = ‘GL‘ ﬂ ) ‘GSD Transducer Gain (Available
Power Gain)

E‘(l Sz,z’G'-Hl' S1,1’(55) TP,

Feys(Gg) = F(Gs, Fiin, R, Gopt) + ———— FL isthe backend noise figure
Gr(Gs GL,9) (mixer + etc.) which isnot in dB.
ZS' 50o0hm Zin' 500hm ZS' Z|n
Gs=Z—F—— Gn=c———— S11=
Zs+ 50o0hm Zin + 500hm Zg+ Zip
Gs+ 1 Gin+ 1 Gs- Gi
Zg= SOmhmM Zin= 500hm( n*+3) $1(Gs, Gin) = ——
(1- Gy (1- Gip) 1- GgGin

Copyright and Trademark Notice

All software and other materidsincluded in this document are protected by copyright, and are owned or
controlled by Circuit Sage.

The routines are protected by copyright as a collective work and/or compilation, pursuant to federa copyright
laws, internationa conventions, and other copyright laws. Any reproduction, modification, publication, transmisson,
trandfer, sde, digtribution, performance, display or exploitation of any of the routines, whether in whole or in part,
without the express written permission of Circuit Sage is prohibited.



