. . Review of Smith Chart
Chapter 5 Impedance Matching and Tuning

P Matching Load Constant-|I'| circles Unit circle
0 network Z
—ee | i Cpa
Constant-r circles

Constant-r circles

The matching network is ideally lossless, and is usually
designed so that the impedance seen looking into the matching
network is Zo.

Only if Re[Z:] # 0, a matching network can always be found.
The quarter-wave impedance transformer is for read load.

z,=2,12,
* Important factors in selecting matching networks: =r, +jx;
(1)complexity, (2)bandwidth, (3)implementation, (4)adjustability.
5.1 Lumped Element Matching (L-networks) Analytical Solutions (7 >1)

L-type or L-network matching is the simplest matching network. “When r, > 1,16t Z, = R, +jX, and 2z, = Z, / Z, = r, + jx,

— T 4 e KLl Z,=JjX+ 4
7 iB Z B z B+——
0 Jl lL .ll |L J RL N jXL
X(1-BX,)=BZ,R, - X, Zor B Z,
(1)z, = ZUZois inside the /=1 (1) z, = ZUZo i outside the /=1 x,+ R R Xz R L o]
circle (r. > 1). circle (rz < 1). B= Z, in (a)
= R>+X,
(2) Zv is shunt with jB, then (2) Zv is series with jB, then | X7 7
series with jX. shunt with jX. X =—42L%0 7o
B R, BR,

* Note that when r, > 1, the square root in B has real results.




Analytical Solutions (7 <I)

When r;<l,letZ, =R, +jX, andz, =2,/ Z,=r, +jx;

1 1 1
—=]B+ =—
Zii’l RL+](X+XL) ZO

. .
BZ,(X+X,)=Z,~R, z [

j Z
(X +X,)=BZ,R, [ "l‘g k
Bzi\/(ZO_RL)/RL | zZ, (b

= Z

0

X ==X, i\/RL(ZO_RL)

* Two analytical solutions are physically realizable.

¢ One of the two solutions may result in smaller reactive elements, and
may have better matching, bandwidth, or better SWR on the line.

Example 5.1 L-Section Impedance Matching

Z1=200-100 Q, Zo= 100 Q,
=500 MHz, z, = Z1/Z0 = 2-j1, /I_°_ Mutching Load

r, =2 >1 inside the » =1 circle. =] i “
Exact solutions:
X, + /%\/RLZ +X,-R,Z,
B = - 2 2
R°+X,
~100++/24/200° +100° ~100x200 _ [2.899x10° Q"
200” +100” 6.899x10°Q""

oL X2, z, _[122470
B R, BR, [-12247Q

Example 5.1 L-Section Impedance Matching

The two solutions:

_3 Z”
wooBo 28900 o
o 27x500x10

"7'1!?
p=X- 1297 35080y
o 27x500%x10
I
p
@ c=-L - : Z, L
Xo 122.47x271x500%10° r
=2.599 pF |
1 1 Zn

" Bw  6.899x10° x 27 x500x10°
— 46.14 nH

Example 5.1 L-Section Impedance Matching

The two solutions:

N8 nH [ <
~,
N
\\
L= 100 £ 0.92 pF 2y =200-7100Q 0.75 1
T .
1 Solution
Solution | 1 2
Irl osp \
\ Solution
2.61pF \ |
- It \
L 0.25 ‘\ —————
-
Zy= 100 £ 46.1 nH Z;=200-100 € #
O (1] |
Solution 2 0 0.25 0.5 0.75 I
(b JIGHxz)

{c)




Lumped Elements for
Microwave Integrated Circuits (MICs)

5.2 Single-Stub Tuning

Shunt-stub tuning Series-stub tuning

i:\l'lill.ll_’\‘ ) E r K
o
Lossy film P |
Lossy film j g ‘2; l A l :
Planar resistor Chip resistor Loop inductor Spiral inductor * No lumped element is required. Convenient for MIC fabrication.
* Characteristic impedances of the lines and the stub can be different.
Dielectric * Keep the matching stub as close as possible to the load.
‘ ' * Solution procedure for shunt-stub and series-stub tunings.
EZI:I,\:. & (1) Locate z, (v,) on the Smith Chart.
Interdigital Metal-insulator- Chip capacitor (2) Move along the const-I" circle with 2d/A wavelengths to
fZap capacior metal capacitor reaCh the g — 1 (}" — 1) CirCle.
(3) Shunt with a susceptance or series with a reactance to
cancel the imaginary part. "
Shunt-Stub Tuning Analytical Solution Shunt-Stub Tuning Analytical Solution
| _z Z, +jZt AR X, +Z0) 1 IR, #Z, 2 s Ot
hosun =20 7 S Yz — X+ jRit G+ B, Xz, + (X, Z,) = Z,(R, = Z,)(R, Z, - R,> = X,?) E;]
Zo (RL - Zo)
R (1+1%) _y Rt—(Z,—= X, )(Zt+X,)

"TRER (X, +Zg) ) " RIA(X, 4 Zy1)
G, =Y, = Z,R,(1+t*)=R>+(X, +Zt)" real part

IfR, =Z,, and t = tan fd = — X,

11

XL + \/(?)2[(RL - Zo)z + XLz] el

RL _Zo

Let the stub susceptance Bsub (or Bs) = -Bin,
(a) open-stub: Z,,=-jZ,/t and Y , =+jYt=jB,, =jB,

stub T
li = Ltan71 (i) = —Ltan71 ﬁ
A 2 Y, 2z f

(b) Short-stub: Z, , = jZt and Y , =—jY, /t=jB,, =
/ 1

<= ——tan"(i) L
A 2z B~ 2r B,

in

If lb <0 or /s <0, A/2 must be added to have a realistic result.

JB,

12




Example 5.2 Shunt Single-Stub Tuning

Match Zr =15 + 10 Q to a 50-Q line. Use a shunt open-stub.
Sol: Rz # Zo,

R
X, + |22 (R, -Z,) + X2
¢ \/ZO) (& =2, ¢ ]__10J_r\/397.5

=

R -Z, 35
= _10+43975 _ d :L(ﬁ +tan™'£,) = 0.387
35 A 2z

=B, N ‘
A V4 Y, ) !

(o NORITS _d o
35 A 2z
=B, = :>l—”:—itan’l i
A 27 Y,
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Example 5.2 Shunt Single-Stub Tuning (Cont’d)

Use a shunt open-stub to match Zr = 15 + ;10 Q line.

Solution 1: Solution 2:

d=0.044 7. d=0.387 %

- — L — —

150 150
5094 00 éo,?gan 5094 S0 ;0.?96nH
2 2
/(=047 [ (=0353
1.00

Solution 2

T\

Solution 1

0.75
| 0.50

0.25

0.00 L L
1.0 15 20 25 30

Frequency (GHz)
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5.3 Double-Stub Tuning — Analytical Solution
* In single-stub tuning, the length d is not tunable.

« [f this causes difficulty in circuit implementation, use double-stub tuning.

KK
<~ d ~—fib —
Y, /o ¥ Y,
/ .iBj v _;Bj

short or open stubs Y,

YL:YOYL'+jY(:tanﬁb
Y, +jY, tan b

=G, +jB,

15

5.3 Double-Stub Tuning — Analytical Solution

E:s ﬁ
— fd—S—fih —> 0<4£’(Y, - B,t—-Bt)y’ <Y’ (1+¢)
Y, 2
Y / / v, e <yttt _ %
AR _\Hjj 0=G. <%, 2t sin® Bd

4o \" / {" G, has an upper limit.
},F.

shortor open stubs Y, Given d, one can obtain:

Y,=G, +j(B, +B) L0 )G Y, -Gl

B =-B,
G, +j(B, +B +Y1) t

Y, =Y, - - ——, t=tanfd
Y, + jt(G, + jB, + jB,) y G, £J(1+7)G,Y, -G
Re[Y,]=Y,, Im[Y,]=-B, 1—70 ¢t
1+7° Y, — B t—Bt)* ¢ 1 B
GLZ_YE) - GL+( 0 L2 l) =0 _():_tanfl —1, B:BI,BZ
t t A 2z o
1+7 42(Y, — Bt — Bt)* Y.
G, =Y, 2 1+, 1- o Lz 2 i) E_Sthan% =21, B=B,B,
t Y,(1+¢7) A 2z B

16




Example 5.4 Double-Stub Tuning - Performance

Use double-stub matching scheme to match Zr = 60 —j80Q at 2.0 GHz to a
50-Q line.

Solution 1 Solution 2

«— /8 — «~ /g —

60 Q 60 Q
50;/509/ % 9/50::/ %
0.995 pF & ¢ 0.995 pF
./04 e 0?"
1.00

0.75

] 0.50 Solution 2
0.25 -
O'001.0 1.I5 20 2.l5 3.0

Frequency (GHz) 17

5.4 The Quarter-Wave Transformer

* A single-section transformer may suffice for a narrow-band
impedance matching.

* Single-section quarter-wave impedance matching A= Ao/ 4 at the
desired frequency. (See Chap 2)

P [FREEEY TS NEN I
. 0.3
Z, 7, R, .
™ 01
‘z=—}.f4 z=0 ) ) )
Z T [ 1 2 3 4 5 6 sIf

» Multisection quarter-wave transformer designs can be synthesized to
yield optimum matching characteristics over a broad bandwith.

18

Review

2.5 The Quarter-Wave Transformer

A quarter-wave transformer is an impedance matching circuit

r
= A4 >
Zl) Zl RL
le\
_, R +jZ tan Bl z}
in =S o s a7 =
Z, + jR, tan Bl P R,
— Zin _ZO
" Z+Z,

IfT", =0 is required, Z,, = Z,, then Z, = \|Z R,

19

Estimate the Bandwidth of
a Single-Section Impedance Transformer

-— /fr_‘ —
Z, =27,

Z,+jZ , ,
2, =2,229%0 tan pr = tan 0 z, Z,
Z+jZ,t l—»
Z,+jit [
_Z,-7,_'Z+jzp " Z(Z,-Z)+ J(Z 22 7, T
Z,+Z, ZM 7 ZI(ZL+ZU)+j(ZIZ+ZOZL)t
"Z+jzt
— ZL_.Z() = |F|: |ZL_Z()| _ 1
Z,+Z,+j2\7,2, JZ, +2,) +4r7,2, J1+ 42,7, .,
2
(ZL_ 0
z | ~Z|
When 0~ =, [~ |c0s6?|
2 V L 0

Set a max ‘F‘ =T, ,orl, =

20




Bandwidth of the Matching Transformer
AO=2(r/2-6,)

|
0,: Lz =1 +—4Z°ZL > sec’ 0, '
ry@-2) T_
T Via 26 '
ez—i’ Hm:_ﬁ’ fm: m.f()
2 £, 2 f, T
r N VAV 3 r 8
cosd, = 2 L
J1-1,7 12,-2,)
Fractional bandwidth :
& _2Ah-1)_, 4,
Jo Jo a
YN YAVA
_o- A cost| L L
2 \/1—Fm2 |Zo _ZL| G

Example 5.5

Single-Section Quarter-Wave Transformer Bandwidth

Z1=10Q,Z0=100Q, SWR=1.2 e
Sol:

Z,=.2,Z, =31.6Q

2y = 10,0

m=SWR_1:(),1
SWR+1
A /o £
Ve Vo =Vo 1-T .
YN VAVA
M _, 4 cos™| Lz 0L
fi o J1-1,7 12~ 2]

4 0.1 2x31.6 6

=2—"|cos'| —— =2-——=9%
;,[ [\/0.99 90 D z
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5.5 Theory of Small Reflections

* For applications requiring more bandwidth than that a single quarter-
wave section can provide, multi-section transformers can be used.

(1) Single-Section Transformer

«~— =0 —

Z,—7
I = : 1:_[‘2
Z,+7,
r}ZZL ZZ
Z, +Z,
27
2 1
27
TIZ_HFZZZ +IZ
2 1

23

5.5 Theory of Small Reflections

(1) Multi-Reflections

1—ﬂ»‘_‘=0—b

r r /i)

_j26 2 - j4b
=0 +1,0, e + 1,1, 0, Te ™ +.. 1

— il

=T, + T, T, Te 7 (1+T,T,e 2 +(T,T, ) e/ + )1, —

=T+ T12T21r3e*f'2‘9§:(r3r2 ) e

n=0
_j20 ~j260 2
T+ I,T,1 e _I'+Te >

=T e 14T e’

o If |F1F3| is small, T~T, + T,

* '~ the reflection from the initial discontinuity between Z1 and Z + the

first reflection from the discontinuity between Z2 and Zt.

24




Multisection Transformer

- - > - ——>»
e O O—
Zy <b 7 2 e
o o o—
Lo r I

¢ N commensurate (equal-length) sections of transmission lines. Let
the total reflection be T

¢ Assume that all Z» increase or decrease monotonically, Zt is real,
and “The theory of small reflections” holds.

¢ It can be validated that
YAV Z,—7 YAV Z, -7
0: 1 0’ 1-*1: 2 1, 1-* _ 3 2 1-* _ L N
Z,+Z, Z,+Z, Z,+7Z,

= 5 ees N =

Z,+7Z,

Multisection Transformer

- - | —— - —

O—
Zy <D Zy 4 e Zy %ZL
O—

-— ) T | )
r r r, Iy

T+’ +T,e/* +. . +T,e "
= e ™, (™ +e M)+, (" +e/V™) 4 ] (if symmetry)

=g /N [FO cosNO+T, COS(N_2)0+"‘+FN/2 ) N =even

(n-12 COS 9] , N=odd

response as a function of frequency
or 6, by properly choosing the I'»’s and enough number of sections M.

¢ The most commonly used passband responses are:
(1) Binomial or maximally flat response, and
(2) Chebyshev or equal-ripple response. 2%

[FO cos NO+T' cos(N—-2)0+...+T

How to Find the Corresponding Reflection?

Theory of Samll Reflection:
[(@)~T,+Te’* +T,e’* +.+T,e /"

Binomial Multi-Section Transformer;
I (49) =A(1+ e’z-"g)N

Chebyshev Multi-Section Transformer:
I'(0)=AT,(sec, cos )

5.6 Binomial Multisection Matching Transformer

* Maximally flat response: the response is as flat as possible near the design
frequency. Also called Binomial matching transformer.

* Let (0)=4(1+e?")" < Assumed artificially
|F(0)| =2"|4||cos H|N

Z -7 I'(0
r(o):zNA=—ZL+Z° = A= 2(N)
L 0
( ) A(1+e—219 ZcN —Jj2n6 , n N'
n=0 (N_n)'n'
=T+’ +T,e/* +..+T e’
F(O) IN ! ("enn factorial®) :

[,=A4CY = cy

“F our factorial" is written as "4!”,

Properly configure the impedances to synthesize the needed

reflections I', .

28




Binomial Multisection Matching Transformer

H — # -
o O O—
7y -(Jr /I X! * ¥
O O—
- - )
r, r I
Z,.,~Z, 1. Z -1
e TR IV e D [0 g BN | DY
zZ . +Z, 2 Z, x+1
1n@zzrn =24CY =%C:]MZLNC:II’1£
Z, YN 7,42, 2 Z,

cY 2N
n+l [ZL j
Zn ZO

« Exact results for Zn-1 / Zo for N =2 thru 6 are given in Table 5.1.

w0

Binomial Transformer Design Table 5.1

TABLE 5.1 Binomial Transformer Design

N 2 N ' I i)
| — | — —_— |
Fe | ARV ZfZn AV Zaf 2 FAYrS Zifén o f & fda Zaf &
— ! — — M .
(K1} 1 0000 L0000 L0000 L0000 |
1. 17 1.2247 1.4259
20 ! 118972 14142 |
3.0 1161 |
401 1.4142
1.5651
8.0 | 16818
1.0 B |
| V=
7 o ol 2 7o I 7 o AN Y A o
S — ] L
! LMK LORMD LOG00 10000 l LOGK 0000 LOGGG L0000 LOdan a0
LAOTZE 10790 124 1.3902 1.0k 1.0454 L14%  L3dS 1.434¢ 145405
| o220 11391 1.7558 LONID L0790 12693 15757 | 1.9782
1.400354 2.4390) 10176 11285 | 450 20549 26570
10452 301781 1 1. 1661 1612 24800 14302
1.059¢ 4.2639 1. 1.221 1.8573 3.2305 49104
10703 1 4870 5.3800 . 1.2640 20539 3,.8950
10789 1.5541 64346 | | 1.2982 1215

23 2687
| |

29 30
Example Binomial Transformer Design
NS Example Binomial Transformer Design Z, /Z, <1

Z[/ZO Z1 /Zo Zg /Zo Zj/Zo Z4/Zo Z 5/Zg

1.0 10000 | 1.0000 | 1.0000 | 1.0000 | 1.0000

1.5 10128 | 1.0790 | 12247 | 13902 | 1.4810 N=5

2.0 10220 | 11391 | 14142 | 17558 | 1.9569 ZilZy Zi1Zy | ZlZy | ZlZy | ZidZy | ZslZ

30 | 10354 | 12300 | 17321 | 243%0 | 2.8974 60000 | 10596 | 14055 | 24495 | 42689 | 5.6625

40 10452 | 12995 | 20000 | 3.0781 | 3.8270

60 10596 | 14055 | 22295 | 42689 | 5.6625 0.1667 | 09438 | 07115 | 04082 | 02343 | 0.1766

8.0 10703 | 14870 | 2.8284 | 53800 | 7.4745

10.0 10789 | 15541 | 3.1623 | 6.4346 | 9.2687 o

i i * A 5% order binomial transformer for Z. = Zo /6
* A 5t order binomial transformer for Z. = 6Z
e—2./4 — 4 s— /4 O 7 Yy — —l w4 i ——e— ) —e— ) —>
- - E Z 7 7 7z 7
Z4 Zs Zn Zy Zs ; 1 2 3 4 5 . )
Z, |0.94387 0.7115Z, 0.40827, 0.23437_ 0.17667, |Z.| 0.1667Z,
Z, [1.05967,1.40557, 2.44957, 4.26897, 566257, 9 o : 5 €
6 6
« Also note that =1.0596, =1.4055
5.6625 4.2689 3 2




Fm

Bandwidth of the Binomial Transformer

rm

over the passband.

=2"4cos" 8, i.e, tolerable max

e i)

Y _Ah—tw) 2—ﬂ:2—icos’1 LWL, "
£ £ 7 7 2\ |4

Example 5.6 N=3, Zt =27Z0= 100 Q, find the BW for I'» = 0.05.
Sol:  From Table 5.1, the required impedance Z» can be found to be

=54.5Q, Z,=70.7Q, Z;=91.7Q
1100-50

——=0.4167
8100+50

A=2""1r0)=

N, 4 (005) 0%
fo T 2°0.4167

33

Binomial Transformer’s Frequency Response

0.1 - %

5/3

1/3 I
Hfy

Reflection coefficient magnitude versus frequency for multisection
binomial matching transformer of Ex. 5.6 with Zr =270 =100 Q and

34

DIY

Example (2" Midterm)

Design a Butterworth transformer of N =2 for Z, = 4Z,. Let [, I, and I, be

respectively the reflection coefficients at the Z, - Z,, Z,

junctions, and [, =
I, terms of 19, I and 6. (b) If I, =0 and 4|, | /6 =0 are required when 0

=1/4, find a and b.
r, =~ ‘1"0 +he _*_1—267/49‘ =[2I, cos 20 +T|

2

ar.|

—Z,and Z, -
I';. (a) Based on the “theory of small reflection,” find the

m

I, c05(2x£)+1"1 =0=T, =2I,
2

=4I sin20 =0
00

Azl A= iab—4—b—da+4—ab—b=>ab—4
a+l 4+b

boa_ya7l b ib—a=2ab+d’—b-a)=>d’ 7§a +:a 4=0

b+a a+1

r:l —ﬁ+12 +——=1.9273,
2727

11 q=4_1/9=3i=0.4321

9 81
The “exact” solution in Table 5.1 is a =

60 9

VraNg*+r? =15707, {r—ygq"+r* ==02751 | 4145 and b =2.8285. The error is from

the approximation used in the “theory of

a= é+1.5707 —0.2751=1.4067
small reflection.” 35

b=4/a=2.8435

5.7 Chebyshev Multisection Matching Transformers

Recurrence formula:

Chebyshev polynomials:
To(x) =1 L T0=2T,(0)-T,,x) 22
T(x)=x T,(x)=4x" -3x
T,(x)=8x"—8x" +1
T,(x)=2x7—1 L) =8 -8x 54 3
T,(x) :
4r : 2
: n=1
5 ’ > 4 é) 15
" | X
< passband ————|
—al !




5.7 Chebyshev Multisection Matching Transformers

Magnitude of Chebyshev Polynomials

(1) <1, |T,)[<1  mapped to passband . 54 3
Let x = cosd), it can be shown that 7, (cosd) = cosné ' sf |T,(x)] .
(2) [x[z1, |T,(x)[=1  outside the passband ' o :
(3) In general, Tn(x) =cos(n cos™! X) ‘x‘ <1 ' .'.
= cosh(ncosh™ x) ‘x‘ 21 :' H :. 2
543 =. | ;
T(x) : . ¢
4t . sl
: 2 n=1
2 n:l . - > ;‘ " 2 ’
“‘ P S i = 1o Tos 05' 1§o 135
S = ,‘1.'? 13 E X
. L x ;
<« passband ————! < passband ————!
—al i i
37 38
Chebyshev Responses Mapping of Passband and Stopband
T | . n=4 ;.— passband |
=3 EE 'Jf'"[x]l L6 ! n=4
n=2 | ! n=3
| n=2
n=1 i
i n=1
- + x \ { _ cost
—15 15 r— 0, ) . f;m 15 . cosd,
lower edge 72 upper edge
B Define x=cos@/cos@, = [x|<1  is mapped to passband
«——— passband ———— 0,=>x=1, the upper passband edge
T ) =4 -0, =x=-1, the lower passband edge
b n=
e b=3 T (x)=cosn[cos ' (cos @/ cos B, )] =T, (sech, cosO)
n=2 T (sec@, cos @) =secH, cosl
5= T,(sec @, cos @) =sec’ 6, (1+cos20)—1
| o L0s0 T,(secO, cos ) = sec’ 6, (cos 30 +3cos ) —3secd, cos &
T= ”ur Q.u 1.5 - COS(J,,,

lower edge w2 upper edge

39

T,(secO, cos @) =sec’ 0, (cos40+4cos20+3)—4sec’ 6, (1+cos20)+1




Design of Chebyshev Transformer Table 5.2 Chebyshev Transformer Design

I & a
— /4 —e— /4 — «— 4 —

Lo 10000 1.0000 | 1.0000 1.0000 | 1.0000 1.0000 1.0000 | 1.0O0D0D 1.0000 1.0000
15 11347 13219 | 12247 12247 | 11029 12247 13601 | 1.2247 12247 1.2247

’{u ) ZI ’{2 ‘{.\'
11475 14142 1.7429 1.2855 1.4142 1.5558

4? ‘j 1—:} ‘j 20 1.2193 16402 1.3161 1.5197
1'0 I 1‘2 I 30 1.3494  2.2232 1.4565 2.0598 12171  1.7321 24649 13743 1.7321 2.1829°
1 N

N=2 ) N=3
T, =005 T =020 T'm =005 T =020

Zif%a ZifZe Zafia 2o 7 Zyfiy ZafZa FafZo Zifte ZLldy i

40 14500 27585 | 15651 2.5558 | 12662 2.0000 3.1591 | 1.4333 2.0000 2.7908
6.0 16047 37380 | 17321 34641 | 13383 24495 44833 | 15193 24495 39492
. 3.0 1.7244 4.6393 1.8612 4.2983 1.3944 28284 57372 1.5766 2.8284 50742
1“(0):26””9[1"O cos NG +T, cos(N—2)6?+...+Fn cos(N—2n)0+...] 10.0 18233 54845 | 19680 SO0813 | 14385 L1623 69517 | 16415 3.i623 6.0920
Z, -7 1 Z, -7 N_4
)= ﬁ = AT, (sech,) = A= 7 J ZL ZO T = 0.05 T, — 020
+ sec +
L= v n) 21+ 2, TelZo | Ziffa ZaZe falZe Zi7a | ZijZo ZalZe DrfZs ZefZo.
FmZ‘AHTN(COS@m secd,) Z‘A‘ 10 | 1.0000 10000 10000 10000 | 10000 1.0000 1.0000 1.0000
15 10802 11742 12775 13772 | 12247 12247 12247 12247
20 11201 1.2970 15409+ 17855 | 12727 13634 14669 1.5715
T (SGCH )—lZL_ZO — 1 ‘ZL_ZO‘ secd =cosh LCOSh% 1 ZL_ZO 1.0 1.1586 14876 20167 25893 | 1.4879 1.5819 1.8965 2.0163
N m/ AZ +7 _F 7 +7 ’ m N r |z +7 4.0 1.1906 16414 24360 33507 13692 17490 22870 2.9214
L 0 m L 0 m L 0 6.0 1.2290 1.8773 3.1961 48820 1.4415 20231 29657 4.1623
8.0 12583 2.0657 38728 63578 | 1.4014 22428 35670 5.3641
Af -2 40m 10.0 12832 22268 4.4907 7.7930 | 15163 24210 4.1305 65950
Jo 7[ 41 2

Example 5.6 Example 5.6

Design a Chebyshev transformer of N=3 for Z; = 2Z,= 100 Q Design a Chebyshev transformer of N=3
with I' = 0.05.

Sol: T'(0)=2¢"*’[T",cos30+T, cosd]
= Ae”*T,(sec, cos )

1z, -z,

= Asec’ 0, (cos30+3cos @) —3Asech, cosO
1 .

secd, =cosh| —cosh™ | —|———~
N r,|Z,+Z,

A=T, =0.05
=cosh [l cosh™ (ﬁﬂ =1.408
3 3
2T, = Asec’ 0, =TI, =0.0698=T,
2T, =3A4(sec’ 0, —secd, ) =T, =0.1037 =T,
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