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Online exam manual

The online exam app used for:
lectyres{attendance)

aboratory

project
.
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Other data

Manual examen on-line (pdf, 2.65XB, ro, 1)

, 2 MB, ro, 11)

Simulare Examen (video) (mp4, 6

Microwave Devices and Circuits (Enalis



Examen online

[\

always against a timetable
long period (lecture attendance/laboratory results)

\ext timeframe in:

Announcement Support material
23:59 (10/05/2020) 00:05 (11/05/2020)

Exam Topics Results End Confirmation
00:07 (11/05/2020) 00:10 (11/05/2020) 00:20 (15/05/2020) 00:20 (16/05/2020)

Refresh now

Announcement

This is a "fake" exam, introduced to familiarize you with the server interface and to perform the necessary actions during an exam: thesis scan, selfie, use email for cc

Server Time

the server's time zone (it may be different from local time). For reference time on the server is now:
10/05/2020 23:59:16
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Online results submission

many numerical values
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Online results submission

+ Quality of the submission
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General theory

Microwave Network Analysis




Scattering matrix-S

d
a, 2 |:bl:|:|:sll SIZ}.|:a1}
«— —> b, Sy S| &

S ‘2 _ PowerinZ, load
*''" Power from Z, source
D
a,b
information about signal power AND signal phase
S.

]
network effect (gain) over signal power including
phase information



Impedance Matching

The Smith Chart



The Smith Chart

+1 M Iml
/ M=1
Il
O=argl +1
1

Re [




Impedance matching

Impedance Matching with lumped
elements (L Networks)




Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Vil Leni >



The Smith Chart, reflection

coefficient, impedance matching

900 — —

I, =0.860° M1 o

IM=1
135°

o MatchingZ, loadtoZ,source.
We normalize Z, overZ,

Z, =21.429Q0+ |-82.479Q)
z, =0.429+ -1.65
I, =0.8.60°
We must move the point denoting
the reflection coefficient in the area
3150 where with a Z_ source we have:
[, =0 perfectmatch @

180°

225°

270o ‘Fo‘ <I}, “good enough” match



The Smith Chart, matching, Z,=Z_

Vv

o)

180°

o Thesource (eg. the transistor)
having Z, needs to see a certain
reflection coefficient ' towards
the load Z,

The matching circuit must move the

point denoting the reflection

coefficient in the area where foraZ,
load (I =0) we see towards it:

1
315 ['=I, perfectmatch @
270° ‘F - FL‘ <TI, “good enough” match

0.4/ 0.6/ 0.8 1.0




The Smith Chart, matching,

Z,#2Z,,7Z,=Z,

180°

225°

270°

315°

The matching sections
needed to move
[ inl,
[,inl,
are identical. They differ
only by the orderin
which the elements are
introduced into the
matching circuit
As a result, we can use in
match design the same:

methods
formulae



Impedance Matching

Impedance Matching with
Stubs



Smith chart, r=1 and g=1

Re [




Case 1, Shunt Stub

Shunt Stub
,:‘ d )‘n
= Yy
7 \
A ‘ |

Open or
shorted |
stub



Analytical solution, usage

cos(p+260) =T} 0, = B-1=tan

I, =0.593./46.85°
,|=0593; ¢=46.85° cos(p+20)=-0593= (p+20)=+126.35°

The sign (+/-) chosen for the series line equation
imposes the sign used for the shunt stub equation

“+" solution ~ 2.
(46.85°+26)=+126.35° 6=+39.7°  Imy, = m ~1.472
T

6, =tan*(Imy,)=-55.8°(+180°) — 6, =124.2°

“." solution
(46.85°+260)=-126.35° @ =-86.6%(+180°) » & =93.4°

212 | =+1.472 O, = tan*(Imy, )=55.8°

Imy. =
i




Microwave Amplifiers



Power [ Matching

Two ports in which matching influences the
power transfer

Ejn

[S]

Pav L PL
V3 ;
‘_r].ﬂ.[] B _‘_Vj . $ Z,
'|||||—- V,

1L‘IL]t




Microwave Filters




this structure is frequently encountered in
radiocommunication systems




Insertion loss method

Plr = i = .
R l—‘l"(a)]z

Il (w)]? is an even function of w

e\ — I\/I(a)z)
or =) N

M (w?
P :1+~E—;
LR N 0)2

Choosing M and N polynomials appropriately
leads to a filter with a completely specified
frequency response




Insertion loss method

We control the power loss ratio/attenuation
introduced by the filter:

in the passband (pass all frequencies)
in the stopband (reject all frequencies)

Filter - pass Scaling and
e Prototype g. =3 Implementation
specifications ‘ design conversion




Filter specifications

Attenuation
in passband
in stopband

most oftenin dB
Frequency range

passband
stopband

cutoff frequency w,
usually normalized

(=1)




Insertion loss method

We choose the right polynomials to design an
low-pass filter (prototype)

The low-pass prototype are then converted
to the desired other types of filters

low-pass, high-pass, bandpass, or bandstop

Low-pass
prototype
design

Scaling and
conversion

Filter

G s = [mplementation
specifications

Figure 8.23
© John Wiley & Sons, Inc. All rights reserved.



Maximally Flat/Equal ripple LPF

Prototype

Pir 4

Equal

Maximally
flat

0 0.5 1.0 1.5 wlo,



Maximally flat filter prototypes

e

//
X 3 / 4
?4 pd //
= T

/

\

\

AN

\
AN

.0 .0 3.0 5.0 7.0 10
‘g -1 Attenuation versus normalized frequency for
maximally flat filter prototypes

0.1 0.2 0.3 0.5 0.7




Prototype Filters

— CI:gl — C3:g3

Q

(b)

Q

©

@)

EN+1

EN+1



Prototype Filters

Prototype filters are:
Low-Pass Filters (LPF)
cutoff frequency w, =1 rad/s (f, = 0.159 Hz)
connected to a source with R =10
The number of reactive elements (L/C) is the
order of the filter (N)
Reactive elements are alternated: series L /
shunt C
There two prototypes with the same response, a
prototype beginning with a shunt C element,

and a prototype beginning with a series L
element



Maximally Flat LPF Prototype

TABLE 8.3 Element Values for Maximally Flat Low-Pass Filter Prototypes (go =1,
we = 1, N =1to10)

N g 82 g3 84 g5 g6 g7 gs g9 g0 81
1 2.0000 1.0000

2 14142 1.4142 1.0000

3 1.0000 2.0000 1.0000 1.0000

4 0.7654 1.8478 1.8478 0.7654 1.0000

5 0.6180 1.6180 2.0000 1.6180 0.6180 1.0000

6 05176 14142 1.9318 1.9318 1.4142 0.5176 1.0000

7 04450 1.2470 1.8019 2.0000 1.8019 1.2470 0.4450 1.0000

8 0.3902 1.1111 1.6629 19615 1.9615 1.6629 1.1111 0.3902 1.0000

9 0.3473 1.0000 1.5321 1.8794 2.0000 1.8794 1.5321 1.0000 0.3473 1.0000

10 0.3129 0.9080 1.4142 1.7820 1.9754 1.9754 1.7820 1.4142 0.9080 0.3129 1.0000

Source: Reprinted from G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave Filters, Impedance-Matching
Networks, and Coupling Structures, Artech House, Dedham, Mass., 1980, with permission.

Table 8.3

A lakhm Wilaw 0. Camne lnesr Al vicmkhéte vacars: ned



Design a 3rd order bandpass filter with 0.5
dB ripples in passband. Fhecenterfrequency
bandwidth-ofthe passband-sheould-be10%;
and-the impedance50Q.




LPF Prototype

0.5dB equal-ripple table or design formulas:
Jd1=1.5963 = L1/C3,
g2 =1.0967 =C2/Lg,

g3 =1.5963 = L3/Cg,

v oYY o~ / O VY
g4=1- OOO - RL ¥ Term L C ' il
Term1 L1 (52 L3 Term2
Num=1 L=1.5963 H C=1.0967 F L=1.5963 H Num=2
Z=10hm R= I R= Z=1 Ohm
w— VY
Term T C L + C ++  Term
Term3 C3 L4 =5 Term4
Num=3 >~ Cc=15963F L=1.0967 H >~ C=15963F Num=4
Z=1 Ohm R= Z=1 Ohm




LPF Prototype

w,=1rad/s (f,=w,/ 21 =0.159 Hz)

m2 m1
0 \ 4 0 A 4
] i m1
10— 10 freq=159.0mHz
I w0 dB(S(2.1))=-0.492
S S
S -0 — S 40
o] lindep(m2)=0.999 —
1 lplot vs(dB(S(2.1)), 2*pi*freq)=-0.492 ]
-60 llllllllllllllllllllllllllll]llll '60 [ | | I | I | I
0 1 2 3 4 5 6 0.0 0.2 0.4 06 0.8 10

2*pi*freq freq, Hz



Continue



Impedance and Frequency Scaling

After computing prototype filter’s elements:
Low-Pass Filters (LPF)
cutoff frequency w, =1rad/s (f, = 0.159 Hz)

connected to a source with R =10
component values can be scaled in terms of
impedance and frequency



Impedance and Frequency Scaling

LPF Prototype is only used as an intermediate
step

Low-Pass Filter (LPF)
cutoff frequency w, =1rad/s (f, = 0.159 Hz)
connected to a source with R =1Q

Low-pass
- Prototype
design

Filter
specifications

Scaling and

: Implementation
conversion

Figure 8.23
© John Wiley & Sons, Inc. All rights reserved.



Impedance Scaling

To design a filter which will work with a
source resistance of R, we multiplying all the
impedances of the prototype design by R
("'" denotes scaled values)



Frequency Scaling

changing the cutoff frequency — (fig. b)
changing the type (for example LPF - HPF —
fig. c) requires also conversion

PR A

Pir A Py r A

=\ I\

-w. U  w, W —w,. 0 w,. w

(b) (c)
scaling and conversion




Frequency Scaling

To change the cutoff frequency of a low-pass
prototype from unity to w_we apply a

variable substitution

O —

W

Prr A

(a) (b)



Frequency Scaling

To change the cutoff frequency of a low-pass
prototype we apply a variable substitution:

®
O —

W

Equivalent to the widening of the power loss
filter response

Pla()= P[j]

c

. . @ : ,
Xy =) —L =)0l j-Bk:j-2 -C, =] -w-C,

a
C C()C



Frequency Scaling LPF - LPF

New element values for frequency scaling:
_ L _ &

W W

Ly Cy

When both impedance and frequency scaling
are required:

L{(:RO°Lk



Low-pass to high-pass

transformation LPF = HPF

Variable substitution for LPF = HPF:

Pir A Py r A

I B\ | —w,. 0 W, (U

(1}




High-pass transformation LPF - HPF

Variable substitution for LPF 2 HPF:

a)C
0 < ——
),
: . @ 1 1
J'Xk:_J'_C'Lk: _ ’ i.B =—.°&°C _
Impedance scaling can be included
L= =0
RO'a)c'l—k a)c'Ck

In the schematic series inductors must be
replaced with series capacitors, and shunt
capacitors must be replaced with shunt inductors



Bandpass Transformation LPF - BPF

Variable substitution for LPF = BPF:
e (a)_a)ojzlﬂa)_a)oj
W, -\ Wy @ Alw, o

where we use the fractional bandwidth of the
passband and the center frequency

A_ 0)2_601
— C()O:z\/a)]_‘wz
),
0



Bandpass Transformation LPF - BPF

1 o o 1 o, 1 —w 0)
w:%—+————i—=——i—41:0 0 =—W, —> — 0__20 1=0
w, o) Alo, o, A\ @, @,
2 2
1 o o 1 of —w
= —>—| —- 9 || = 0 |=_1
L 7A A -
w, @ g -
2 2
1 o o 1 o5 —w
w=m, | L Q|2 "% |
2 A A -
w, @ Wy * Wy
PLR

(a) (b)



Bandpass Transformation LPF - BPF

A series inductor in the prototype filteris
transformed to a series LC circuit in series

A
L= G-
A~ g g - Ly

A shunt capacitor in the prototype filter s
transformed to a shunt LC circuit in parallel

: A C
C, -, wy - A




Bandstop Transformation LPF - BSF

(a) (c)



Bandstop Transformation LPF - BSF

-1
co(——A-( @ _a)o]
Wy @
A series inductor in the prototype filter is

transformed to a shunt LC circuit in series
. AL
A shunt capacitor in the prototype filter s
transformed to a series LC circuit in parallel
A‘a)o’Ck a)o

Ly




Summary of Prototype Filter

Transformations
Low-pass High-pass Bandpass Bandstop
I 1
| g L LA 1
. A LA L
L 25T 0 g T woLA
LA
T wyL
O O 0 é
| 1
1 A C g 1
- L . — CA
T % wCC woc T wOA .
L CA
T o
O & O "

Table 8.6
© John Wiley & Sons, Inc. All rights reserve



Design a 3rd order bandpass filter with 0.5 dB
ripples in passband. The center frequency of
the filter should be 1 GHz. The fractional
bandwidth of the passband should be 10%,
and the impedance 50Q).

@, 1GHz _6.283.10°rad /s

A=0.1




LPF Prototype

0.5dB equal-ripple table or design formulas:
Jd1=1.5963 = L1/C3,
g2 =1.0967 =C2/Lg,

g3 =1.5963 = L3/Cg,

v oYY o~ / O VY
g4=1- OOO - RL ¥ Term L C ' il
Term1 L1 (52 L3 Term2
Num=1 L=1.5963 H C=1.0967 F L=1.5963 H Num=2
Z=10hm R= I R= Z=1 Ohm
w— VY
Term T C L + C ++  Term
Term3 C3 L4 =5 Term4
Num=3 >~ Cc=15963F L=1.0967 H >~ C=15963F Num=4
Z=1 Ohm R= Z=1 Ohm




LPF Prototype

w,=1rad/s (f,=w,/ 21 =0.159 Hz)

m2 m1
0 \ 4 0 A 4
] i m1
10— 10 freq=159.0mHz
I w0 dB(S(2.1))=-0.492
S S
S -0 — S 40
o] lindep(m2)=0.999 —
1 lplot vs(dB(S(2.1)), 2*pi*freq)=-0.492 ]
-60 llllllllllllllllllllllllllll]llll '60 [ | | I | I | I
0 1 2 3 4 5 6 0.0 0.2 0.4 06 0.8 10

2*pi*freq freq, Hz



Bandpass Transformation / BPF

@, =2-7-1GHz =6.283-10°rad /s

Jd1=1.5963 = L1,

g2 =1.0967 = (2,
L, = LRo _197.0nH
A-w,
L, = ARy _0.726nH
@, - C,
L. = LR _197.0nH
A-w,

A=B2 A 51 R =500
2 fo

g3 =1.5963 = L3,

gd4=1.000 =R,

C/ = A =0.199 pF
@, L - Ry

C,= G, =34.91 pF
A-a,-R,

C,= A =0.199 pF

@, - L, - R,



ADS

VY 172 , : . O VY | 7 , ,
— {j{%" R i L S i;'r‘n'q'z_ |
% ;]:gnozéhmE_Qm”H | ?dmép# ' t20726”H G= 349‘1 pF ';12703 ig30.199pF % ;uggéhm,
+ o T oL
m1 m2
freq=951.0MHz m1 mo2 freq=1.052GHz
. dB(S(2,1))=-0.596 vV dB(S(2,1))=-0.581
-20_
% -40 —
el il
M
-60 —
e | | | | |
0.4 0.6 0.8 1.0 1.2 1.4 1.6

freq, GHz



Microwave Filters
Implementation




Microwave Filters Implementation

The lumped-element (L, C) filter design generally
works well only at low frequencies (RF):

lumped-element inductors and capacitors are generally
available only for a limited range of values, and can be
difficult to implement at microwave frequencies

difficulty to obtain the (very low) required tolerance for

elements
Filter LA (A5 Scaling and
— | PIOLOLYPC & ¢ Implementation
specifications design conversion

Figure 8.23
© John Wiley & Sons, Inc. All rights reserved.



Richards’ Transformation

Impedance seen at the input of a line loaded

with Z,

zZ :ZO.ZL+!'-ZO-tan,B-I

Z,+]-Z -tan g1

We prefer the load impedance to be:
open circuit (£, = oo) Zinoe=—1)"Zy-COtS-I
short circuit (Z, = 0) Z =12, tan Bl

Input impedance is:
capacitive  Z, =1 X =
inductive 5

1 Zo<—>1 tan £l & w
j'Bc C
=]- X, Z,<>L tanp-low

in,sc



Richards’ Transformation

Variable substitution
Q=tan g1l = tan[mj

Vi

With this variable substitution we define:

reactance of an inductor
j-X =j-QL=j-Ltang
susceptance of a capacitor
]'B.=]-Q-C=j-C-tan g1
The equivalent filter in Q has a cutoff frequency
at: y)

T
Q=1=tan g1 — J== 5 ==
p d 4 8



Richards’ Transformation

allows implementation of the inductors and capacitors
with lines after the transformation of the LPF prototype to
the required type (LPF/HPF/BPF/BSF)

o A/8 at w,
Xy = L X = S.C.
O 7 ZO - L
= A/8 at w,
B,/ = = By 0.C.
1
C ZO — E



Richards’ Transformation

By choosing the open-circuited or short-circuited lines
to be A/8 at the desired cutoff frequency (w_) and the
corresponding characteristic impedances (L/C from
LPF prototype) we will obtain at frequencies around
w,. a behavior similar to that of the prototype filter.
At frequencies far from w_the behavior of the filter will no
longer be identical to that of the prototype (in specific
situations the correct behavior must be verified)
Frequency scaling is simplified: choosing the appropriate
physical length of the line to have the electrical length A/8
at the desired cutoff frequency
All lines will have equal electrical lengths (A/8) and
thus comparable physical lengths, so the lines are
called commensurate lines



Richards’ Transformation

At the frequency w=2-w_the lines will be A/4

lon
J I:% = ,B-I:% = tanpg-l1->wx

an supplemental attenuation pole will occur

at 2-w_ (LPF):
inductances (usually in series) Z,, . =j-Z,-tan -1 >
capacitances (usually shunt)  Zioc=—1-Z,-Cotf-1-0



Richards’ Transformation

the periodicity of tan function implies the
periodicity of the filter implemented with lines

the filter response will be repeated every 4-w.

tan(c +7)=tan o

B,

_r 7
4 Y 4
Zin( ) Z, (a)+4 a)c) — PLR(C‘)):PLR(@+4'(0<:)

PLR(4 @ ) PLR(O) PLR(S'a)c): PLR(_a)c) PLR(S'C‘) ): PLR(a) )



Example

Low-pass filter 4t order, 4 GHz cutoff frequency,
maximally flat design (working with 5oQ source
and load)
maximally flat table or formulas:

g1=0.7654 =11

g2=1.8478=C2

g3=1.8478 =13

g4 =0.7654 = C4

gs =1 (does not need supplemental impedance

matching — required only for even order equal-ripple
filters)




LPF Prototype

oYY Y
i :

a Sy

= = T ? ’TQ; :
+* Term L _ I .G L I € 'T:ir::Z
| Term1 L1 | C2 L3 | Cc4 Nium=2
Num=1 L=0.7654H ~~ C=1.8478 F L=1.8478 H ~~ C=0.7654 F _
Z=1 Ohm
Z=1 OhmR= R= l
il 1 1 =
— . — —
~ m1 m1
0— freq=159.0mHz
. y dB(S(2,1))=-2.994
T, 20—
Q) i
7))}
o -40—
-O p—
60—
S0 I | |

1.0

freq, Hz



Lumped elements

o, =2-7-4GHz =2.5133-10""rad / s

g1= 0.7654 = L1, g3=1.8478 = L3,
g2 =1.8478 =C2, g4 =0.7654 = C4,
g5=1=RL
L = oLy 1 523nH C,= C: _1.470 pF
Q. RO KL
L = Ro-bs _3676nH C, = i _0.609 pF

@, R0 A,



Lumped elements — ADS

Ow\
< s

L
i

WA

freq, GHz

Term L ._I C L ._: C 5 Elrlr:2
Term1 L1 R L | C4 | % Num=2
Num=1 L=1.523nH =~ C=1.470pF L=3.676 nH ~~ C=0.609 pF 2250 Ohm
Z=50 Ohm R= R= l
L — =
m1
0
il 5 m1
10— 4. freq=4.000GHz
. dB(S(2,1))=-3.008
= ] m2 |
% 30 freq=6.000GHz
= . dB(S(2,1))=-14.251
T -40
=
-60 T I T I T I T | T | I | I I I



Richards’ Transformation

LPF Prototype parameters:
g1=0.7654 =L1
g2=1.8478=C2
g3=1.8478 =13

g4 =0.7654=C4
Normalized line impedances

z1 = 0.7654 = series | short circuit Lo =

z2 =1[1.8478 = 0.5412 = shunt / open circuit

73 = 1.8478 = series [ short circuit

z4 =1/ 0.7654 = 1.3065 = shunt / open circuit
Impedance scaling by multiplying with Zo = 50Q
All lines must have the length equal to A/8
(electrical length E = 45°) at 4GHz

L, <> L



Richards’ Transformation — ADS

0 0

L g
§) Term TLSC 4 TLOC TLSC ¥ TLOC 4 Term
% I rom ] 12 oz o T esaioni % e
- mE=45 — E= E=45 — E= =50 Ohm
_l_ Zmeoon F=4 GHz _:_Ref IE=:1‘5GH2 F=4 GHz ____Ref E=:5GHZ __i_ Zmoon
m1
0 | N
-10—
=5 p0—
= | 2 m1
& 30— freq=4.000GHz
o . dB(S(2,1))=-3.010
-O - —
B m2
-50— freq=6.000GHz
g dB(S(2,1))=-30.626
'60 [ | [ | I | [ | | | [ | I | [ | I | [

0 2 4 6 8 10 12 14 16 18 20
freq, GHz



Richards’ Transformation

Filters implemented with Richards’ Transformation
beneficiate from the supplemental pole at 2-w,

have the major disadvantage of frequency periodicity, a supplemental
non-periodic LPF must be inserted if needed

0 B
10— |
i - Richards’
s =20 commensurate
2: i lines
BD
%% -40— lumped
& / elements
-50—
e B S I L L IR I
0 2 4 6 8 10 12 14 16 18 20

freq, GHz



Equal-ripple prototype

For even N order of the filter(N=2, 4, 6, 8 ...)
equal-ripple filters must closed by a non-
standard load impedance g,, # 1

If the application doesn’t allow this,
supplemental impedance matchingis
required (quarter-wave transformer,
binomial ...)tog, =1

gy =1>R=R, (50Q)



Observation: even order equal-ripple

Same filter, 3dB equal-ripple
3dB equal-ripple tables or formulas:
g1=3.4389=1L1
g2=0.7483=C2
93 =4.3471=L3
g4 =0.5920 =C4
g5=5.8095=R,
Line impedances
Z1 =3.4389-50Q) = 171.945Q) = series [ short circuit
Z2 =50Q) [ 0.7483 = 66.818Q) = shunt / open circuit
Z3 = 4.3471-50Q) = 217.355Q) = series [ short circuit
Z4 =500 [0.5920 = 84.459Q) = shunt / open circuit
RL = 5.8095-50Q0 = 295.475Q) = load



Even order equal-ripple — ADS

] ]

g &
t 11' Term TLSC TLOC TLSC + TLOC
Term1 TL1 TL2 ihl=3 TL4
% Num=1 Z=171.95 Ohnﬂ:] Z=66.82 OhnZ=217.36 Ohm —|:] Z=84.46 Ohm 7
Z=50 OhmE=45 E=45 E=45 E=45 Z=295.48 Ohm
_+_ F=4 GHz Ref F=4 GHz F=4 GHz Ref F=4 GHz
0
10—
gozs <20
) = B .
<+ 20 3dB equal-ripple
DD B (4t ord.)
M om
T T -40-
50— maximum flat
i (4t ord)
_60 I I | | I | I I I | I | | I | | I | I

0O 2 4 6 8 10 12 14 16 18 20
freq, GHz



Observation: even order equal-ripple

Even order equal-ripple filters need output
matching towards 50Q) for precise results.
Example:

0

10—

20—

30—

40—

50—

-60

— R =295.48Q

R, =50Q

0

N I N D S Y N B B
2 4 6 8 10 12 14 16 18 20

freq, GHz



Kuroda’s Identities

Filters implemented with the Richards’ transformation
have certain disadvantages in terms of practical use
Kuroda’s Identities/ Transformations can eliminate
some of these disadvantages

We use additional line
sections to obtain ! !
systems that are easier to I I
implement in practice s830] |
The additional line

sections are called unit 50Q

elements and have o—=o ' " o—p—o—
lengths of A / 8 at the / 500
desired cutoff frequency /:, /: |

(w,) thus being
commensurate with the
stubs implementing the
inductors and capacitors.

o




Kuroda’s Identities

Kuroda’s Identities perform any of the
following operations:

Physically separate transmission line stubs

Transform series IS &0
stubs into shunt
stubs, or vice versa

Change impractical PR O
characteristic
impedances into

more realizable

values (~50Q2)

50Q

o




Kuroda’s Identities

4, circuit equivalents (a,b)

each box represents a unit element, or transmission
line, of the indicated characteristicimpedance and
length (A/8 at w_). The inductors and capacitors
represent short-circuit and open-circuit stubs 2

nZ

O 0 o Sm— NS A A @ S==——C
1 | Z
7 T Zy = =3
2 n
O O O O
(a)
Z
O—"Y Y Y —0 o — 'e)
2 1 1
Zz = n Zl —_— nzzz
O —0 O O

(b)



Kuroda’s Identities

4, circuit equivalents (c,d)

each box represents a unit element, or transmission
line, of the indicated characteristicimpedance and
length (A/8 at w_). The inductors and capacitors
represent short-circuit and open-circuit stubs

o N o—
7 - Z Z)
| -2 =1
2 2 2
o O o—

(c)

1
Zi n’Z,
1
1

(d)



Kuroda’s Identities

In all Kuroda’s Identities:

n: ,
n’=1+=2
L

1
The inductors and capacitors represent short-
circuit and open-circuit stubs resulted from
Richards’ transformation (A/8 at w,).

Each box represents a unit element, or
transmission line, of the indicated characteristic
impedance and length (A/8 at w,).



First Kuroda’s Identity

Zl
172
O 0 o Sm— _KWV\—O
A
ZLJ_ Zl = _; ‘
2 n-
O T e O (@ O
(a) ,l
SC. £ }
series
stub
Zn*| 1
v A 4
/ > -~ [ —>
O O Q @)
Z] = 22/112
QO O O O
Unit Unit

¢,
shunt

stub

element element

it =1 4Z 7

Figure 8.35
© John Wiley & Sons, Inc. All rights reserved.



First Kuroda’s Identity — Proof

: ol =1 1
7 — |
£ . Z,n
@ —
Ui @000 =/ T &
0.C. element
shunt
stub
ABCD matrices, L4
o l o o o)
v + 2.
0 I ® = ! =

A Bl |10 A B| | cosg-l J-Z,-sin G-
C D| |Y 1 C D| |j-Y,-sing-l cosp-l



First Kuroda’s Identity — Proof

- Q=tan S-I
7; 1 . Q
cos -1 = sin B-1 =
g ; V1+Q’° V1+Q?
c Unit 7
O, l : :
b element Zin,oc =—] .22 -COt,B-| =—j 62
stub
i 1 iz Q |
A B j.lg) O_ V1+Q? C 102
C D| .1 © 1
Z, J-—
| 7 1+ 0P 1+0? |




First Kuroda’s Identity — Proof

SC. & L s¢.
series T B T

[ < 5 1
/) 4
Unit
0.C. element
shunt
stub
Figure8.35
John Wiley & Sons, Inc. All rights reserved.

Ziln?

element

O O O Z51 %

22 /112
O O 0

Unit

element
O O o / pb—0
2y, ﬁ +

C: 7 ;O O O

A B| | cosg-l J-Z,-sin g1 A B| |1 Z
C D| [jYysing-l  cosp-l {C D}_{O 1}



First Kuroda’s Identity — Proof

S.C: I l
series Q= tanlg.|
stub 1 O
Zyn* | 1 cos f-1 = sin B-1 =
l V1+Q? V1+ Q2
-~ | —
O O o (7 j.Q.Z
— 1 _ 1
Zz/n2 Zin,sc - J(thanﬂl — n2
O O o)
Unit
—elementl j.Zz. O ]
A B 1+Q° n® J1+0? | |1 JQZ 4
C D i > Q0 1 0 nl
| 4 1+ 1+Q° | ] )
. Z . Q
1 Q.2 1 —\Z, +Z
{A B}_ 1 J n“||1 JQZ_; B 1 J n2 ( 1 T 2)
= 2 n | . 2
C D 1402 | 142N 1 0 1 1402 | 142N 1024
- Z, | | 4 Z, |




First Kuroda’s Identity — Proof

First circuit

A B| 1 11 5
S ol iafiad) vord
B Zl Zz Zz_

Second circuit

. Q
A B - 1 1 JF(ZI_FZZ)
C D] Jirg? [1QN 2 2
L ZZ ZZ _
Results are identical if we choose
/
n“=1+=-2
Zl

The other 3 identities can be proved in the same
way



(Same) Example

Low-pass filter 4t order, 4 GHz cutoff frequency,
maximally flat design (working with 5oQ source
and load)
maximally flat table or formulas:

g1=0.7654 =11

g2=1.8478=C2

g3=1.8478 =13

g4 =0.7654 = C4

gs =1 (does not need supplemental impedance

matching — required only for even order equal-ripple
filters)




Example

Apply Richards’s transformation

Problems:

the series stubs would be very
'S 'S difficult to implement in microstrip
line form

0.7654 | | 18478 1 in microstrip technology it is
preferable to have open-circuit

L | | stubs (short-circuit requires a via-
‘ ' hole to the ground plane)

1= the 4 stubs are physically connected
T at the same point, an
implementation that
eliminates/reduces the coupling
between these lines is impossible

not the case here, but sometimes
the normalized impedances are
much different from 1. Most circuit
technologies are designed for 50Q
lines




Example

In all 4 Kuroda’'s Identities we always have a circuit with a series line section
(not present in initial circuit):
we add unit elements (z = 1, | = A\/8) at the ends of the filter (these redundant
elements do not affect filter performance since they are matched to z =1, both
source and load)

we apply one of the Kuroda’s Identities at both ends and continue (add unit ...)

we can stop the procedure when we have a series line section between all the stubs
from Richards’ transformation

A A
0.7654] | 1.8478| !
1 1 1
—O O o ! v O o O O ]
@ > | > < | > 1
~ ~ O o ]
added unit added unit
element element




Example

Apply:
Kuroda 2 (L,Z known = C,Z) on the left side
Kuroda 1 (C,Z known = L,Z) on the right side




Example

We add another unit element on the right
side and apply Kuroda 2 twice

K 2 (b)

Z — ”’ ——————— RN /”’ \\\

2 2 Z1=1.8478 . . , .

n? =1+ ) - /, .

Zl ZZ=0'5667 /', 1 \\ / ‘; A ;> \“ / \

n2=1_3067 II/

| 1.8478) | N 104336 !
1.7654 N 05667 \ .
g \\ U \/ c 3 \;\ U \ c o
\

(o]
(o]
(o]

f I \\\\ < I > '\\ < I > l'
\\\‘ //II - N O /II
I I \\\ /,’ \\\\/ ,//K 2 (b)
/ \\\ /,// S . /,/ Zl=0-4336
2.3065 /0.5412 _
added unit

Z2=1
element n?=3.3063



L 17654 24145 14336

Impedance scaling (multiply by 50Q)

88.27Q 120.73Q 71.68Q

‘ / éA éA é l
/
,/ 115.33Q 27 06Q2 37 03Q 165 32Q

50Q



ldentities — ADS

Term . T

‘| Z=50 Ohm

dB(S(2,1))

. 1
o} o | |
Term1 Til5
| % v gy we L]
L

e — I
G — | I

TLOC IWI . . TLoc . . TLIN - . kel TLIN TLOC +'+'. T;f‘i;ﬂ:l :
st S I e e
é:l"155'33 Q"éiig.ﬂ Ohm éz.%:% ahr éjéo'n Oljl_ é=%.0_3 5 EZZ;'% one E=45 |’ | z=50 Ofim
CPdee e R Peewe G fR o mdee G, R Reee
) m1
N
_10_
20—
d 2 m1
30— freq=4.000GHz
I dB(S(2,1))=-3.010
40—
| m2
-50— freq=6.000GHz
: dB(S(2,1))=-30.621
-60 | I B L
0 2 4 6 8 10 12 14 16 18 20

freq, GHz



Examples

Figure 8.55
Courtesy of LNX Corporation, Salem, N.H.



Examples

Figure 8.55
Courtesy of LNX Corporation, Salem, N.H.
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