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Microwave Engineering (Fourth Edition), Pozar, Wiley, 2012, ISBN 978-0-470-63155-3.

Matching load using a single lumped element

e Assume we have a source matched to the characteristic impedance Z, of a lossless
transmission line (TL) of length / with a mismatched load Z; attached.

ZgZZO =< l >=

Vg Z,, v, Z,
— ]

Fins in FL

e We are seeking to match the load Z; to Z, as well, i.e., we want Z;, = Z.
e To avoid power losses, we will only use purely reactive components for matching.

e As can be seen on a Smith chart (normalized admittance or impedance), as we travel down
the TL toward the generator on an arc/circle of constant |I'| < 1, the arc/circle will intersect
the g =1 or r =1 circle at two locations, one above & one below the horizontal axis. These
locations, located a distance d; from the load Z;, are called the match points- normalized:
Vmi=1%£jby or z,, ;=1 £ jx,; un-normalized: Y,,;= Yo=£ jB,, ot Z,,;=Zo* jX,n.

match

point
g=1lor
r=1
circle

,/load
match
point
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e At the match points, a lumped element with the proper susceptance or reactance can be
added in parallel (to cancel = jB,,) or in series (to cancel = jX,,) resulting in a match.

Matching using a single Parallel Lumped Element

e Particularly well-suited for two-wire transmission lines.

1) Calculate z;,=Z;/Zy and plot on Smith chart.

2) Draw circle, centered on Smith chart, through z; point. This circle of constant |I'| includes
the locus of all possible zi, (and yi,) along the transmission line with this load.

3) Go A/4 around the circle of constant |I'| from z; point to y; point.

4) There are two points (i.e., match point points) on the circle of constant |I'| that intersect the
circle where the normalized conductance g = 1, i.e., ym; =1 £ jb,. In terms of input
admittance, this is where Y ;=Vm; Yo=ymi/Zo=Yox jBn=1/Zy £ jB.

5) Find the distance d; from y; to the match points using the “WAVELENGTHS TOWARD
GENERATOR” scale.

S [

z-7, | «——d —>
: ]
Vg Z()’ vp : ZL
—> —>. |—> [
O I O
1—‘in? in Ym,i: Y() i]‘Bm 1—‘L

6) Select one of the match points and add a discrete component (i.e., capacitor or inductor) in
parallel with a susceptance Y;= F jB,. To calculate the needed capacitance or inductance,

remember Y, = jowC and Ying=-j/@L.

7) Everywhere toward generator from this location will see a normalized admittance of yi, =
Ymi T va=(1=xjbn) F jb, =1 or normalized impedance zi,=1, 1.e., Yin= Yy &/or Zin= Zy.
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Example- Matching load using a parallel capacitor
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Matching using a single Series Lumped Element

e Particularly well-suited for microstrip transmission lines.

Steps
1) Calculate z;,=Z;/Z) and plot on Smith chart.

2) Draw circle, centered on Smith chart, through z; point. This circle of constant |I'| includes
the locus of all possible zi, (and yin) along the transmission line with this load.

3) There are two points (i.e., match point points) on the circle of constant |I'| that intersect the
circle where the normalized resistance r =1, i.e., zym;=1 £ jx,,. Interms of input impedance,
this is where Z,,;=Zp% j X,

4) Find the distance d; from z; to the match points using the “WAVELENGTHS TOWARD
GENERATOR” scale.

B ! >
Zg: 0 r < dz‘ -
MN o : o |
Vg Z()) u : ZL
— —>: r
O | O
Fm? Z Zm,i :ZO i.]Xm 1_‘L

5) Select one of the match points and add a discrete component (i.e., capacitor or inductor) in
series with a reactance Z;,= F jX,. To calculate the needed capacitance or inductance,

remember Zg,, = -j/@C and Zina=joL.

6) Now, everywhere toward the generator from this location will see a normalized input
impedance zi,= (1 £ jx,) F jxn =1, 1.€., Zin= Zy.

[ —
Z,=7, < d,
Z,=-I*] o |
Vg ZO, u ZL
> —— A
Zin :Z() Zin(Z):ZO Zml Z — X
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Example- Matching load using a series inductor
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- - - o o | - - - o o |
Z,=Z, Z.=7,
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Z.=2, Z.=Z,
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L-network Smith Chart solution for R; > Zy case

Use this L-network configuration-

"'—O—jX

o

o [z2=r+ix,
v | (r>2)

(o]
(o)

19/56

Normalize the load impedance z; = Z;/Zy= r; + jx; and plot
it on a Smith chart. Note that z; will be inside the r = 1

~
Il
—_

circle

(i.e., the locus of z= 1 +x) circle on the Smith chart as
shown.

&

Go A/4 (or 180°) around Smith chart on circle of constant
II'| to the location of the normalized load admittance y; =

g1 +jbr and plot it the Smith chart. Read and record value
OfyL = gL +ij.

Draw a rotated (by A/4 or 180°) » =1 or z=1+jx circle on
the Smith chart as shown. Note that y; is inside this circle.

yLo

rotated

./ r=1circle

[As an alternative, a combination Z-Y Smith chart will]}
already have this circle on it.]

\ 4
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Add jb (normalized jB parallel element of L-network) to y; to
move along the circle of constant g; to where it intersects the
rotated » = 1 or z= 1 +x circle on the Smith chart. As shown,
there are two potential match points, yi,c & yumz. To get to the
ym,c match point, you must add a capacitive jb (positive). To
get to the yuy: match point, you must add an inductive jb
(negative).

Why? On returning to normalized impedance z, the match
points are on the » =1 or z=1+jx circle. Add a series
impedance will get us to Zin = Zo!

g, circle

Select a match point based on whether you would prefer to use
a parallel capacitor (yu,c) or inductor (yu2). Read and record
the value of the selected match point, find needed jb, and
compute required parallel inductor L or capacitor C for the L-
network.

Capacitor: yyuc=gr+jbuc= gL+ j(br~+ beap)
= bcap = bMC - bL = a)CZO = C: bcap /(a)ZO), or

Inductor: ymr=gr+jbmr=gr+j(br+ bind)
= bina=byr-br=-Zo/(wl) = L=-Zo/(® bina)

From selected match point, yu,c or yu.z, g0 A/4 around Smith
chart on new circle of constant |I'| to position of corresponding
normalized impedance, zuy,c or zyz. Read & record value of
ZM,Cc O ZMm L.

» zuc= 1+ jxuc where xu,c < 0 is a normalized capacitive
reactance which will require the addition of a series
normalized inductive reactance for matching.

» zumr= 1+ jxmur where xyz > 0 is a normalized inductive
reactance which will require the addition of a series
normalized capacitive reactance for matching.

Add jx (normalized j X, series element on L-network) to zac
or zy,. to move along the » = 1 circle to the center of the
Smith chart where zin = 1 (i.e., Zin = Zo).

Inductor: zin=zuc+jxina=1+j(xsrc+ Xind) = 1
= Xind=-xmc=wL/Zy = L=XxindZo/w, or

Capacitor: zin=2zumr+ jXcap=1+j(XpL+ Xcap) =1
= xCap =-XML= - 1/(0)CZO) = C: '1/(0)ZOXCap)

r=1
circle
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> Gy, = 0.3-5046 = 0.3+5 (-0l b)

C bm&/"" —0.96-(-01) =-0,32¢
GL’ -~ Zo_ - 300
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Smith Chart 4=399"
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L-network Smith Chart solution for R; < Zy case

Use this L-network configuration-

- = o= O JX—O_I
: Z, =R+ jX,
Z/)J vp % ]B (RL<ZO)
- - - o’ O I
Zin:ZO

25/56

Normalize the load impedance z;, = Z;/Zy= r. +jx; and plot
it on a Smith chart. Note that z; will be outside the » =1

r=1
circle

(i.e., the locus of z= 1 +x) circle on the Smith chart as
shown.

21N,

Draw a rotated (by A/4 or 180°) g=1 or y=1+/b circle on
the Smith chart as shown. Note that z; could be inside or
outside this circle.

../ g=lcircle

rotated

[As an alternative, a combination Z-Y Smith chart will
already have this circle on it.]

Add jx (normalized jX, series element on the L-network)
to z; to move along the circle of constant ; to where it
intersects the rotated g =1 or y=1+b circle on the Smith
chart as shown. As shown, there are two potential match

M. to}
. / /’
. .
L4 -
.
N
,

r, circle

points, zaztop and Z bot.

Why? When we convert to normalized admittance y, we
will now be on the g =1 or y =1 + /b circle.
Adding a parallel admittance will get us to Yo!
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Select one of the two match points, zuwp and zazvot.

» From the location of z;, if you go CW on the circle of
constant 7, to get to a match point, you must add
inductive reactance (positive).

constant 7, to get to a match point, you must add
capacitive reactance (negative).

» From the location of zz, if you go CCW on the circle of \

or

ZMophott = V'L T jXm=zrHjx=r;+j(xr+x) = xm=x1+x

Determine the necessary series lumped element for the L-network. I.e.,

= X=Xm-XL

If x>0, it 1s inductive. x=wlL/Zy = L=xZi/w

If x <0, it is capacitive. x=-1/(wCZy) = C=-1/(wZox)

From selected match point, zuiop OF Zarbott, 20 A/4 around
Smith chart on new circle of constant || to position of
corresponding normalized admittance, yasop O Varbot, and
plot. Read & record value of yaziop OF Y bot.

> Ymop = 1+ jbaiop Where bariop < 0 is a normalized

normalized capacitive susceptance for matching.

» VYubott = 1 + jbyvorr Where byporr > 0 1s @ normalized
capacitive susceptance, requires addition of a parallel
normalized inductive susceptance for matching.

inductive susceptance, requires addition of a parallel |\

Add jb (normalized jB, parallel element of L-network) to
YMtop OF VMbott t0 move along the g = 1 circle to the center
of the Smith chart where yin =1 (1.e., Yin = Y0).
Inductor: yin = Yarvott +7bind =1 +j(Dagvort + bing) = 1
= bind=-bumvot=-Zo/wl. = L=-Zo/(wbing)
or
— bcap = ‘bMtop = a)CZO — C = bcap /(C()Zo)
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NAME TITLE DWG. NO.

SMITH CHART ‘FORM ZY-01-N| ANALOG INSTRUMENTS COMPANY, NEW PROVI WG

P

'

o

NORMALIZED IMPEDANCE AND ADMITTANCE COORDINATES

a2l
{

Zo=75n
£ = 'Z.L/éf/%

i s i B
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L-network Analytic Solution for R; > Zj case
Use this L-network configuration-

o

"'_o_]X I

]
;. 5| 2R

v — (RLTZO)

oY
- m om O

Zin :Z()

o

Using circuit theory, the input impedance is found and set equal to Zo-
1 -1
Z =| jB+——| +jX=2,.
R +;X

Doing the algebra and complex math to solve the real and imaginary parts of the Zi
equation for B and X, results in

+ R 1Z, R+ X} ~Z,R, X, + R, | Z, \[R,(R, ~Z,)+ X] (5:3a)

R +X; R+ X

and

X:l_i_XLZo_ Zo
B R, BR,

L

(5.3b)

for the susceptance of the parallel element and reactance of the series element
respectively.
Notes:

e From (5.3a), there are two possible solutions for 5.

e In turn, this implies that there are two possible solutions for X, depending on the
value of B selected.

e Note square root terms are always positive as R; > Zo> 0.

Capacitor Inductor
an :cha = _J = _J . .
I d ’ " wC 27fC Z ,=jX,  =JoL=j2rfL
mpedance _ -l = X, =wL=27fL>0
" wC 2xfC
- - _ _—J
. . . Y =jB =—L=
Adin Y, =jB,, =joC=j21fC ma =S = T R (L
mittance = B, =0C=21fC>0 R
™oL 27 fL
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EX. F:a/ Anroce /)/fr’c So/w%?u.ﬂ Yo Mnfaén'ny <o
/oa/ 2‘_ = 9001'J'300/\, > a 500 (Vf;d?c)
7‘—L~/4‘n-'w,’/e 7 L Mfl‘mj ér/afa//e/fn;/ucm

[

In  an L-’ﬂcﬁ«/af/c o/erufznj @ /2 G/’/Z,

ﬂ/ (5-30«) K"' XL Iﬂ/—; ’43,,(,_‘-3‘,;4
J =

VAR S
—
200 Im Yoo + 300 -3 00 (900)
Foot + 3oo?
_ 200 fd 3 ‘/AWW’
G00,000

= 6’.163?7225'/(/0-7 or —/,/7‘//‘?/7/(/0—3 S

C/zoofe; ne g a fee Sa/mﬁ'am Kor /Afa//e/ lrtluctvr

—L7x5 2 Z;J,‘L = [ = I.IIO&ZX/O'}/’{
/dfa//e/ -Z’tc/ucﬁ/ W
e ——
L X P
for (535, X= 077 "
- . ¥ 300/30_02 oo

] '/-/7‘/)(’0’3 9JO - _/.,?%(,0-?/900)
— —¢58.25F5F [Ca/ar«'ﬁ‘ve)

-1
2T §FC
{c/«'e}

c-wawfwgc;,,‘,; - 2.9 2k F 202891 pF

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya




ee481 581 Chapter 5 notes.docx 33/56
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L-network Analytic solution for R; < Z) case

Use this L-network configuration-

—XFe——
. 7R+ X,
SO U (R,<Z,)
- m = c c I
Zin:Z()

Using circuit theory, the input impedance is found and set equal to Zo-

-1
(RL+jXL)+jX} v

Doing the algebra and complex math to solve the real and imaginary parts of the Zi
equation for B and X, results in

X=-X,+R,(Z,-R,) (5.62)

_ \/(ZO_RL)/RL
Zo

Zin :|:.]B+

and

B (5.6b)

for the reactance of the series element and susceptance of the parallel element
respectively.
Notes:

e For (5.6a) and (5.6b), pair the solutions for X and B based on the sign of the ‘£’
term.

e This also implies there are two possible solutions.
e Note square root terms are always positive as Zo> R > 0.

Capacitor Inductor
an :cha = _] = _] . . .
I d ’ ' oC 2zfC Zig=JXng=JjoL=j27fL
mpedance _ e — X, =woL=27fL>0
@ wC 27fC
: -J_ —J
. } . Y =jB =—L =
Adimi Y, = jB., = joC=j2rfC na =S = L T 2 fL
mittance = B, =wC=27/C>0 R D B
"L 2xfL
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Matching load using a Single-Stub Tuning

e Assume we have a source matched to the characteristic impedance Zj of the
transmission line (TL).

Z,=7, L

o X

g —_> 0 |9

I O
r.Z r,

in? “in

e Again, we are seeking to match the load Z; to Zy as well, i.e., we want Z;, = Z.

e To avoid power losses, we will only use lossless (i.e., purely reactive)
components for matching.

e In this case, the lossless components will be open-circuit or short-circuit
terminated TL stubs.

e There are two configurations for single-stub tuning: shunt (parallel) or series.

Shunt Single-Stub

e To use a shunt stub, we need to place it at a location (i.e., a match point) where

the input admittance is Y, , =Y, + jB.
S 14
z,=7, r < d
- ' o
v .

g R Zy, , . Z,, vp|_> Z,

O : I O
1_‘inD in Ym,[: YO i.].B 1_‘L

e Then, we connect a shunt (parallel) stub with an open-circuit or short-circuit
termination of length selected so that the input admittance of the stub is

Y . =FJjB. The parallel combination results in an overall input admittance of
Y, =Y, +Y,=Y,tjBF¥ /B = VY, =Y, (matched).
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e E S
Zg = ZO |\ E< dl >
: Y - I
Vé Z 0 Vp : i ZO y Vp ZL
% '
. —> /N .

Z,=2, Y,=Y,= 1/Zo [ NDGH/ShOI’t
Kmb::':jB

Shunt (Parallel) Single-Stub Tuning Steps

1) Calculate the normalized impedance z; = Z;/Zy and plot on Smith chart.

2) Draw circle, centered on Smith chart, through z; point. This circle of constant
II'| includes the locus of all possible zi, (and yin) along the TL with this load.

3) Go A/4 around the circle of constant |I'| from zz point to yz point.

4) There are two points (i.e., match points) on the circle of constant |I'| that intersect
the circle where the normalized conductance g = 1, i.e., ym; = 1 £ jb. In terms
of input admittance, this is where Ym; = ym.i/Zo= Yo £jB = 1/Zy £ jB.

5) Find the distance d; from y; to the match points using the “WAVELENGTHS
TOWARD GENERATOR” scale.

N
I
N
7
N
W

O
7

p ZO’ Vp
— — .

P
A4

: I
r.Z Y, =Y, +jB T,

in? ““in

6) Find length ¢; of short-circuit or open-circuit terminated stubs (use same
transmission line) that will yield a normalized admittance of ysub; = F jb by
starting at either ysc — o or yoc = 0 and moving distance ¢; “WAVELENGTHS
TOWARD GENERATOR” to the F jb points.

7) Select one of the match points and the corresponding short-circuit or open-
circuit terminated stub.
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8) Everywhere along the TL from the stub location to the generator the normalized
input admittance will be yin = ym.i + Ystuvi = (1 £jb) F jb = yin = 1 or normalized

input impedance zi, = 1, 1.e., Yin = Yp and/or Zi, = Z).

£
z=7, | N—
: -
Vg ZO, v, Zy
> —> /N .
Z.=7, Y. =Y,=1/Z, [ open/short
)/stub::FjB
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Shunt Single-stub Tuning Notes/Comments:

Generally, shunt stubs are terminated with either open (Yoc = 0) or short (Ysc
— o0) circuits for economic as well as practical reasons, i.e., can fabricate good
open-circuit and short-circuit terminations with well defined locations.

While not required, the TL used for the stubs will typically have the same
characteristic impedance Zp as the main TL. Occasionally, a different
characteristic impedance Zpsuw may be chosen for the stub to make it
shorter/longer.

In theory, any purely reactive load (e.g., capacitor or inductor) could be used to
terminate a stub. This is seldom done as stubs are usually used to avoid the cost
and difficulty of placing discrete components.

Shunt single-stub tuners are inherently narrow-band matching solutions, both
the location and length of the single-stub tuner are in terms of wavelength A.
Picking stubs as short as possible helps increase usable bandwidth, i.e., stay on
relatively flat portions of the tan() and/or cot() functions.

Often, instead of using a single parallel stub with admittance ysuw = F jb, a pair

of stubs, each with an admittance ysup = F jb/2, are used. The overall input
admittance remains unchanged, 1.e.,

This works particularly well with microstrip where the stubs can be placed on
either side of the main microstrip (see below). Why? Better bandwidth with
shorter stubs, makes electric and magnetic fields more symmetric (good), less
obtrusive on circuit board, ...

Top view
JB, £ -
d iB/2,~0.5¢ d
Z, | Z,
(200d) B2, ~0.5¢

(better)
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Series Single-Stub

e To use a series stub, we need to place it at a location (i.e., a match point) where
the input impedance is Z, , =7, + jX.

le E
z=7, | «—d—>
-
Vg ZO, Vp , ZL
—> —> r
O : I O
rln’ Zln Zm,i - ZO i]X 1—‘L

e Then, we connect a series stub with an open-circuit or short-circuit termination
of length selected so that the input impedance of the stub 1s Z_, =FjX. The

series combination results in an overall input 1impedance of

Zin - Zin,m + Zstub = ZO + ]X 1 ]X = Zin = Z() (matChed)-
3 I4
Z,=7, r < d
o0——0 o |
%
g S Z, v, —Tjx Z,

ZIH:ZO Zln:ZO T T
open/
short

Series Single-Stub Tuning Steps

1) Calculate the normalized impedance z; = Z;/Zy and plot on Smith chart.
2) Draw circle, centered on Smith chart, through z; point. This circle of constant
II'| includes the locus of all possible zi, (and yin) along the TL with this load.

3) There are two points (i.e., match points) on the circle of constant |I'| that intersect
the circle where the normalized resistance » = 1, i.e., zm; = 1 £ jx. In terms of
input impedance, this is where Zn,; = zm,i Zo = Zo = j X.
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4) Find the distance d; from z; to the match points using the “WAVELENGTHS
TOWARD GENERATOR” scale.

(o

— ’ —>:

o

Fa
I A4

T Z, Z.=Z,%jX T,

mnd

5) Find length ¢; of the short-circuit or open-circuit terminated stubs (use same
transmission line) that will yield a normalized impedance of zgw; = F jx by
starting at either zgc = 0 or zoc — o and moving a distance ¢; “WAVELENGTHS
TOWARD GENERATOR” to the F jx points.

6) Select one of the match points and the corresponding short or open circuit
terminated stub.

7) Everywhere along the transmission line toward the generator from this location
will see a normalized input impedance of zin = zm,; + Zswb; = (1 £ jx) F jx =1,
i.G., le’l - ZO.

3 14
z-z, | «—d
, O . O O I
8 ZO’ \Z Zstu =FjX ZL
—, —
A Z,~7, ¢
open/
short

Series Single-stub Tuning Notes/Comments:

e Generally, series stubs are terminated with either open (Zoc — ) or short (Zsc
= 0) circuits for economic as well as practical reasons, i.e., can fabricate good
open-circuit and short-circuit terminations with well defined locations.

e While not required, the TL used for the stubs will typically be Z.
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e Intheory, any purely reactive load could be used to terminate a stub, but seldom
is done.
e Single-stub tuners are inherently narrow-band matching. Picking stubs as short
as possible helps increase bandwidth.
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2.5/5.4 The Quarter-Wave Transformer

Consider the following lossless transmission line (TL) circuit.

k——  £=A /4 —)

© |
Zl: Bl: }\41 ZL:RL
. rz
1_‘inﬂ Zin FL) ZL

We can determine the input impedance in two ways. First, using (2.61),

R +jZtan(5.0)| R /tan(80)+ jZ
Z,+ jR,tan(3,0)] ' Z,/tan(B,4) + jR,

Z, =72,

m

1

where in this case

B¢ = rh T
A4 2
which implies tan(3,¢)=tan(mw/2) —oco. Therefore, the input impedance
becomes
_ S| R oo+ jZ, _ Z_12
"N Z oo+ R, " R,
An alternate approach is to use reflection coefficients
r — ZL_ZI _ RL_ZI
L
ZL —I_ Zl RL + Zl
and
. -2 .
[L=Te”?=Te " =T’ = I, =-T,.
Now, the input impedance is
1— RL _ Zl
1+T, 1— R +Z z’
Zinzzl—i_—Fm:Zl L =Z, 14 = Zin:_l'
-1 1417, 1+RL—ZI R,
R, +7Z
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How can we use this result to match a load to a TL? That 1s, we desire to make Zi,
= 2.

Z,=Z,=" = Z,=\ZR,

By properly selecting the impedance Z; of a quarter-wave section (A1/4) of TL, we
can transform a load resistance of R; to an input impedance equal to Z, i.e., a
Quarter-Wave Transformer (QWT).

Concerns
1) What if Z; # R.?

If we plot the normalized load impedance z; on a Smith chart and draw a circle,
centered on Smith chart, through z;, the circle represents the locus of all
possible normalized input impedances zi, along a lossless Zp TL connected to
the load. Where the circle crosses the real axis, we have rmax and #min (1.€., Rmax
and Rmin). Therefore, we can create a resistive load Z;," = Rmax Or Z1" = Rmin
by introducing a length/section of Zy TL before the QWT.

2) We need a customized characteristic impedance Z; for the QWT.

With coaxial, twin-wire, and similar TLs, this is NOT a practical solution. It
is difficult to manufacture a custom TL with a Z; characteristic impedance as
well as attaching/connecting it to the desired TL with characteristic impedance
Zo. This typically limits QWTs to microstrip, planar, & stripline TL
applications where changing the characteristic impedance is simply a matter
of varying the width of the TLs.
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3) When we change characteristic impedance in a TL, it 1s not unusual for the
phase velocity and wavelength to change as well, i.e., A; # Ao for the Z; and
Zo TLs respectively.

4) From the very name, Quarter-Wave Transformer, we can expect the QWT

work perfectly only at the frequency where ¢ = A1/4. This typically limits the

usable bandwidth of a QWT to a narrow band of frequencies around the design
frequency fo.

In section 5.4 of the text, the author derives an approximate expression for the
fractional bandwidth that can be expected for a QWT to be

g ~D_ 4 -1 Fm 2\]ZORL

COS

Jo T J1-T |RL_ZO|

where ', 1s the maximum acceptable reflection coefficient magnitude and fj is
your center/design operating frequency.
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OQWT Design Steps

1) Calculate the normalized load impedance z; = Z;/Z) and plot on Smith chart.

2) Draw circle, centered on Smith chart, through z; point. This circle of constant

II'| includes the locus of all possible zi, along the transmission line with this
load.

3) Note the locations and values of 7min and rmax, 1.€., our match points.

4) Select one of the two match points. Compute Rmin = #min Z0 OF Rmax = "max Z0.
[Note: you can look ahead to step 6 to see if one choice is ‘better’.]

5) Determine, using the ‘WAVELENGTHS TOWARD GENERATOR’ scale,

the distance £min Or {max from the load z; to the selected match point along a
section of Zy transmission line.
6) Compute the characteristic impedance Z, =/Z,R . or Z, =./Z,R

.. of the
QWT. By definition, the length of the QWT 1s ¢ = A,/4.

7) After the QWT, attach any length of the desired Zj transmission line to get to
the generator. The load is matched!

k——2=2,/4 fe Cax OF £y —|

- - - ’o
2 %4

o o |
ZO, [30: xo S Zla Bp 7H —> ZOa Bo’ ko ZL :RL
? 2 o ]
Zin - ZO Zin = ZO Rmax or Rmm
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Example- Match a load of Z; = 10 +; 12 Q to a 50 Q microstrip transmission

line (A = 30 cm) using a quarter-wave transformer (QWT) and 50 Q
microstrip. Restriction- the match should be as short as possible.

1) Normalize Z; and plot on Smith chart
» Normalize z;, =71/ Zo=(10+,12)/50 = z:=0.2 +;0.24 Q/Q.
» Plot z; on Smith chart by finding intersection of »=0.2 circle & x=0.24 arc.

2) Find first point along 50 QQ microstrip where the impedance is real

» Use compass to draw arc of constant |I'| from z; point on Smith chart in the
“WAVELENGTHS TOWARD GENERATOR” direction until reaching the
horizontal/real axis to right of origin.

» Read 7max = 5.3 on Smith chart. This corresponds to Rmax = Rmax Zo=(5.3) 50
— Rmax =265 Q.

» Find distance from z; to rmax by drawing radial line from the center of Smith
chart through z; and the “WAVELENGTHS TOWARD GENERATOR”
scale, reading 0.0385 and noting rmax 1s at 0.25 on the scale. The distance

lmax=(0.25-0.0385)A=0.2115A = £wx=6.345cm.
k— £,..=6.345cm —)
e, O

|
Z,=50Q, A,=30cm |Z,=10+j12Q

O O

R, =265Q

m

» Now that we have a real impedance, use a QWT to match to 50 Q2 (next step).

3) Design QWT to match Ryax to 50Q
» Use equation to find characteristic impedance of QWT

Z,=\Z,R_ . =./50(265) = Z1=115.109 Q.
» By definition, a QWT has a length £ = A1/4. The wavelength A1 on 115.1 Q

microstrip will NOT be the same as Ao =30 cm for the 50 Q microstrip (Note:
wavelength for microstrip depends on circuit board material & thickness as
well as the microstrip width). For the sake of this example, assume A1 = 31

cm. Hence, £=A1/4="7.75cm.
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£, =6.345cm——)

k— £=L/4=7.75cm
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