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[#] useful functions and identities

[#] Units
[¥] Constants
Inputs
Z| :=2000hm- j»600hm Load impedance
Zg:= 500hm+ j250hm Source impedance
frmin := 900MHz Lower edge of band frequency
fmax := 900MHz Upper edge of band frequency



Calculations

The L matching network is only designed to provide maximum power transfer & one frequency. In other
wordsit isanarrow band matching network. Given aband of input frequencies, we set design the maiching network
for the center of the band.

~ fmin + fmax

fom——F—  fo=900MHz

fi=fc We = 2048 w:=2p4
The firgt step in synthesizing an impedance matching network is to deimbedd the source and load reactances.
Because the matching network consists of ainductor in series with the source, the source impedance is converted into
an equivalent series resstance and inductance. The equivaent series inductance and resistance of source impedance
are:

Rs:= Re(Zg) Rs = 500hm
Im(z

Lg:= mize Ls=4421nH
w

Deimbedding the load reactance is alittle more difficult, because theimpedanceisin parale. The cdculaionis
easy to perform by converting the input impedance to an admittance with a complex math processor, such as Mathcad,
but is performed here assuming only area processor isavailable. The equivaent parale capacitance and resistance of
load impedance are:

Im(z,)

QL:=- @ QL =025

R =Re(z )B1+ Q%) R =21250hm

CL — & CL = 0.208pF
Y 208p

With the source and |load reactances deimbedded, we can synthesize the matching network using the real part
of the source and the load. Our goa hereisto size the L and the C such that source and the load sees the conjugate of
it'simpedance looking into the network. A matched network diced anywhere in the network will have a conjugate
impedance looking in ether direction —
Z\gft = Zyight

The right Sde of the matching network consists of aparale resstance and reactance. This can be expressed in
asmplified form with the pardld resstance and the Q of the source.

1 _ 1 _ Rp
1,1 GtiBign (1+ iQrign)
Rrignt  I*Lrignt

The left Sde of the matching network consists of a series resistance and reactance. This can be expressed ina

amplified form with the series resstance and the Q of the load.

Ziight =

—. 1 . .
Z)eft = Rieft + - =Rs+ gt = Ro(1- 1Qet)
PQeft
Because the |eft and right resistances must be equa, and the reactances conjugates of each other, the Q's of the
left and right sides must be equal.  Setting the eft impedance and right conjugate equal to each other, and setting the
Q'sequd givesthefalowing equdlity.

=RX{1- |
1+ 50 X1- Q)

Solving this expresson gives a generd expression for the Q of matching network. Note the Q vaue isfixed by
the source and load impedance for the L matching network. For higher order networks, and for equal source and load
resistance, the Q of the network may be chosen
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=[—-1 Q= 1803

This Q will serve as alower bound for pi and T matching networks, and as an upper bound for cascaded L
matching networks. Note the difference between network Q and component Q. Network Q isusualy on the order of
zero to three, to reduce sengtivity of the network. Component Q is much higher, typicaly 10 to 100, to

Given the Q of the left and right haf sides of the network, and the effective source and |oad impedances, we
can find the matching network inductance and capacitance without source inductance deembedded

QRs
Lt =—— Lt = 1594nH
W
Cr:= —Q Ct =15pF
WX

The find impedance network is found by substracting the source inductance from the matching inductance and
the load capacitance from the matching capacitance.

U=ty - Ls
c=or-q

Asacheck of the matching network, we caculate the input and output impedance of the network to seeif they
are the conjgate of the source and the load.

Zi= oL+ 7, | B9 Z,=50- 25i0hm 75 =50+ 25W
epwCg
Zo:=(zs+ jpwd) L9 Zo =200+ 50iochm  Z =200- SGiW
epwCg
Outputs
C=1292pF Load Capacitance (in pardld with load)
L = 11.519nH Source Inductance (in series with source)

Copyright Information

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 permisson of Circuit Sageis prohibited.



