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Microwave and Optoelectronics Laboratory

We are enlisted in the Telecommunications Department of the Electronics, Telecommunication and Information Technology Faculty (ETTI) from the "Gh. Asachi" Technical University (TUIASI) in Iasi, Romania
We currently cover inside ETTI the fields related to:

Microwave Circuits and Devices
Optoelectronics
Information Technology
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received by email
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Radu-Florin Damian At k@ Subject °  Correspondents

me, POPESCU ~ < mportant message from RF-OPTO > =p POPESCU GOPO ION
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ettituiasi.ro> W

Me <rdamian@

Laboratorul de Microunde si Optoelectronica Important message from RF-OPTO
Faculta

Univers

de Electronica, Telecomunicatii si Tehnologia Informatiei

tatea Tehnica "Gh. Asachi” Iasi Me <rdamian@etti.tuiasi.ro> #

Laboratorul de Microunde si Optoelectronica
Facultatea de Electronica, Telecomunicatii si Tehnologia Informatiei
Universitatea Tehnica "Gh. Asachi" lasi
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Parola pentru a accesa examenele pe server-ul rf-opto este
Parole. QD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare In atentia: POPESCU GOPO ION

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara Parola pentru a accesa examenele pe server-ul rf-opto este

Parole: RSN

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare.

Attention: POPESCU GOPO ION

2 - i Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara
The password to access the exams on the rf-opto server is

Password

Login to the server, with this password, as soon as possible, for confirmation .
Attention: POPESCU GOPO ION

Save this message in a safe place for later use
The password to access the exams on the rf-opto server is

Password: (D

Login to the server, with this password, as soon as possible, for confirmation.
4 Reply 4~ Reply all ®» Forward 5 E R

Save this message in a safe place for later use



Online exam manual

The online exam app used for:
lectyres{attendance)

aboratory

project
.

Materials

Other data

Manual examen on-line (pdf, 2.6
Simulare Examen (video) (mp4, 6

B, ro, 1)
2 MB, ro, 11)

Microwave Devices and Circuits (Enalis



Examen online

[\

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

\ext timeframe in:

[ D05m43s

Refresh now

Announcement Support material
SN Y0Py )  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)

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



Impedance Matching

Impedance Matching with
Stubs



Smith chart, r=1 and g=1

Re [




Analytical solutions

Exam /[ Project




Case 1, Shunt Stub

Shunt Stub
.-:‘ d )hn
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“7Z \
A ‘ |

Open or
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Analytical solution, usage

cos(p+20) =T O, = -1 =tan

Iy =0.593./46.85°
[,|=0593; ¢=46.85° cos(p+20)=-0.593= (p+26)=+126.35°

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

“+" solution — 2|1
(46.85°+20)=+126.35° 6=+39.7°  Im y, = 2L

0,, =tan*(Imy, )= —55.8°(+180°) —» 0, =124.2° 1-r |

“." solution
(46 85°+260)=-126.35° O =-86.6°(+180°)— # =93.4°

2tz ‘FS‘ =+1.472 6, =tan*(Imy,)=55.8°

=-1.472




Analytical solution, usage

>
+126.35°  (39.7° ~1.472 —~55.8°+180° =124.2°
(p+26)= 0 = Im[y, (8)]= 0, =
~126.35° ~ |93.4° +1.472 +55.8°
>

We choose one of the two possible solutions

The sign (+/-) chosen for the series line equation

imposes the sign used for the shunt stub equation
39.7°

|, = -A4=0.110- 1 | = 93401 0.259. 4

' 360° L 3p0°

l, 2124'2 -1=0.345-1 |, = 20.8 ‘A =0.155-4
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To  E%0 .
F=2 GHz . 2 GHz
7=50.0 Ohin 1 L

Z= 500£h
E=124

E=56 -
Ref F=2 GHz Ref F=2 GHz




Case 2, Series Stub

Series Stub
difficult to realize in single conductor line
technologies (microstrip)
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Matching, series line + series
reactance




Analytical solution, usage

F2-|L]

cos(¢p +26) = T] 6, =p-1=cot™ \/_2
1-|T]

I, =0.555£ —29.92°
Ty|=0555 ¢=-29.92° cos(p+260)=0.555= (p+20)=156.28°

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

“+"” solution =, I
(-29.92°+20)=+56.28° 6 =43.1° Imz, = 2
O, = —COt_l(Im Zg ) = —36.8°(+1800) — 0, =143.2° \/1_‘—FS‘
“-"" solution

(-29.92°+26)="56.28° 6§ =-13.2°(+180°) > 0 =166.8°

~N _2.r
Imz, = | =-1.335 6,, =—cot*(Imz, )=36.8°

Vi-Irf

=+1.335




Analytical solution, usage

>
+56.28° 43.1° +1.335 —36.8°+180° =143.2°
<¢+ze>={ e:{ um[zsw)]:{ e{
—56.28° 166.8° —1.335 +36.8°

We choose one of the two possible solutions
The sign (+/-) chosen for the series line equation
imposes the sign used for the series stub equation

431 01202 166.8°

>

l, = | =
1 -1 =0.463- 1
360° 1
~143.2° 3366go
I -4 =0.398-1 . ="~ .1=0.102-4
2~ 3600 2 o '
360
) | e B
Lunqg : |j TL5ﬂ 23100 Oh ) t?G 37 nH IIlurrI::2 . |j 'VI'L4‘ 22/1\(::;,% th 37 nH
7=50 Ohm ) e R= 7=50 Ohm gononm R=
__i_ ’:’LG Fr2chz —L _—l— +L3 e ——L
= 7=50.0 Ohm = = Z=50.0 Ohm =
E=143 E=365

F=2 GHz F=2 GHz



Stub, observations

adding or subtracting 180° (A/2) doesn’'t change

the result (full rotation around the Smith Chart)

E=p-1=x=180° I:k-%,VkeN

if the lines/stubs result with negative “length”/

“electrical length” we add A/2 [ 180° to obtain
physically realizable lines

adding or subtracting 90° (A/4) change the stub

impedance:
Linw=1Zytanp-l < Z,  =-]-Z,-cotp-l

in,g

for the stub we can add or subtract 9o° (A/4) while in
the same time changing open-circuit < short-circuit



Microwave Amplifiers



Power [ Matching

Two ports in which matching influences the
power transfer

Ejn
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F)avL PL
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e $ .

1L"L]L




Two-Port Power Gains

Available power gain

A R i =t
AT p 2 2
avs ‘1_822'11‘ '(]-_‘Fout‘ )

Transducer power gain

2 2 2
P _[Suf - - ) o1 (r,)
5 5 in IN\* L

I:)avS ‘1_FS°Fin‘ "1—822'11‘

Gy =

Unilateral transducer power gain
1- | , 1-|r [
1-Sy, T =S, .|

/ \ Input and output can be
treated independently

S, =0 T, =S,

In

GTu :‘521‘2'




Amplifier as two-port

]_x 1_1 n l_;:l ut rf’_

O |

For an amplifier two-port we are interested in:
stability
power gain
noise (sometimes — small signals)
linearity (sometimes — large signals)



Amplifier as two-port

]_x 1_1 n l_;:l ut rf’_

O |

For an amplifier two-port we are interested in:
stability
power gain
noise (sometimes — small signals)
linearity (sometimes — large signals)



Amplifier as two-port

Vi< (Z)

IR

EH][

O |

I

For an amplifier two-port we are interested in:

stability
power gain

noise (sometimes — small signals)
linearity (sometimes — large signals)



Microwave Filters




Filter synthesis

Filter is designed with lumped elements (L/C)
followed by implementation with distributed
elements (transmission lines)

general

analytical relationships easy to implement on the
computer

efficient
The preferred procedure is insertion loss
method



Insertion loss method

P _ 1
P 1- ‘F(a))‘z

I:)LR -

IM(w)|? is an even function of w

ow)? — M(a)z)
ol =\ en?)

M |?
P =1+~E—;
R N |@?

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)

Low-pass

Prototype e
design

Filter
specifications

Scaling and

: =3 Implementation
conversion




Filter specifications

Attenuation
in passband
in stopband

most often in 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

P = [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
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‘g -1 Attenuation versus normalized frequency for
maximally flat filter prototypes
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Prototype Filters
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Maximally Flat LPF Prototype

Formulas for filter parameters

o =1
Ok = 2-Sin{(2.k_1).ﬂ} , k=1 N
2-N

gN+1 =1




Maximally Flat LPF Prototype

TABLE 8.3 Element Values for Maximally Flat Low-Pass Filter Prototypes (g¢ =1,
we = 1, N =11t010)

N g 82 23 84 g5 86 27 gs g9 810 g11
1 2.0000 1.0000

2 14142 14142 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 0.5176 1.4142 19318 1.9318 1.4142 0.5176 1.0000

7 0.4450 1.2470 1.8019 2.0000 1.8019 1.2470 0.4450 1.0000

8 0.3902 1.1111 1.6629 1.9615 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 lakhrm Wilaw 0. Canne lnsr Al vicnkhéte vacoarisa - |



Continue



LPF Prototype

0.5dB equal-ripple table or design formulas:
Jd1=1.5963 = L1/C3,
g2 =1.0967 = C2/L4,
g3 =1.5963 = L3/Cs,

oYY . O VY
g4:1_000 =RL + ¥ Te L T
Term1 L1 @2 153 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— 2V
Term e (@ L t C +¥ Term
Term3 C3 L4 C5 § 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 L 4
i i m1
10— 105 freq=159.0mHz
— o] dB(S(2.1))=-0.492
S o S 0
S -0 — S a0
0] lindep(m2)=0.999 P~
1 lplot vs(dB(S(2.1)), 2*pi*freq)=-0.492 1
-60 ll[ll|||ll||||l[|||l[||||l||l|||l '60 | | | [ | I | I
0 1 2 3 4 5 6 0.0 0.2 0.4 06 08 10

2*pi*freq freq, Hz



Impedance and Frequency Scaling

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

connected to a source with R =1Q
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

Py r A

Py A Pyr 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

@
0 —




Frequency Scaling

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

®
O ¢ —
a)C

Equivalent to the widening of the power loss
filter response

Pla(®)= P(jj]

C

: . @ . ,
X =1—L=J0L j-Bk:j-ﬁ-Ck:j-a)-C{(

0
C c



Frequency Scaling LPF = LPF

New element values for frequency scaling:

a)C a)C

Ly

When both impedance and frequency scaling
are required:

:RO'Lk CILZ Ck

!
L, -
5 0" W



Low-pass to high-pass

transformation LPF > HPF

Variable substitution for LPF 2 HPF:

a)C
O ——=
®

‘DLR

Prr A

—

B\ |

—,.

x\*
A‘y(u




High-pass transformation LPF - HPF

Variable substitution for LPF 2 HPF :

oy —
)
: . @ 1 1
J X =—]— L =- , |-B :—'-&-C =
Impedance scaling can be included
r l Lr _ RO
k — k —
RO°a)c°|—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 D0 (a)_a)()]:i[a)_a)oj
W, -\ W, o Alwy, o

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

A== _ Joro,
Wy =/ Wy - Wy

Wy



Bandpass Transformation LPF - BPF

e st @ @) Loy @) 1o @y |,
= = = = —, =
Ao, o Z&>>a%) @, Al o, @,
1| o o 1 of —f
w=0, > —— 2 |==| 22 |=-1
1| o o 1( 0l —wf
w=0, >~ ———2|==| 2—2|=1
PLR

(a) (b)



Bandpass Transformation LPF - BPF

A series inductor in the prototype filter is

transformed to a series LC circuit in series
, A
A- @y - Ly

A shunt capacitor in the prototype filter is
transformed to a shunt LC circuit in parallel
A C,

L, = -
‘ Cy - @y “ gy - A




Bandstop Transformation LPF - BSF

(a) (c)



Bandstop Transformation LPF - BSF

-1
a)<——A-[ a) _a)oj
Wy O
A series inductor in the prototype filter is

transformed to a shunt LC circuit in series
. AL
A shunt capacitor in the prototype filter is
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
| 1
1 L LA |
pdy 4 A LA L
L - w(.L “o (O T a)oLA
A
L
! ' J
I I
1 A C g 1
- I 1 . N i CA
T & w,.C wyC T oA =3
L CA
T o
O (L 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).

o 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/L4,
g3 =1.5963 = L3/Cs,

oYY . O VY
g4:1_000 =RL + ¥ Te L T
Term1 L1 @2 153 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— 2V
Term e (@ L t C +¥ Term
Term3 C3 L4 C5 § 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 L 4
i i m1
10— 105 freq=159.0mHz
— o] dB(S(2.1))=-0.492
S o S 0
S -0 — S a0
0] lindep(m2)=0.999 P~
1 lplot vs(dB(S(2.1)), 2*pi*freq)=-0.492 1
-60 ll[ll|||ll||||l[|||l[||||l||l|||l '60 | | | [ | I | I
0 1 2 3 4 5 6 0.0 0.2 0.4 06 08 10

2*pi*freq freq, Hz



Bandpass Transformation / BPF

Aw  Af
—2.7-1GHz=6.283-10°rad /s A:ww:f 01 R,=50Q
0 0
g1=1.5963=L1, g3 =1.5963 =13,
g2 =1.0967=C2, gd4=1.000 =R
L;—Li Ry _127.0nH C! = A 0199 pF
A- @, @, L R,
. AR,
L, = =0.726nH C, = C2  _3am pF
@, -C, A-w,-R,
L =3 LR 197,004 C! = A 0199 pF
A- o, Ly R,



ADS

v (A | N— W N
st AL O T ST - - L
e RN -TE 1L .icg_ o e
2=50 Ohm ' #70 1 C=0.199 pF :;‘:0-726 EF== CSodatips ;127.0 nH c=0199 pF 7=50 Ohm
R S T 4
m1 m2
freq=951.0MHz m1 m2 freq=1.052GHz
. dB(S(2,1))=-0.596 vV dB(S(2,1))=-0.581
_20_
% 40
mn |
’e
-60 —
L | | | | |
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 L5 oSS Scaling and
— | PIOLOLYPEC e 8¢ 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,

P .ZL+j-ZO-tan,8-l
m— "0z +j-Z, -tanB -

We prefer the load impedance to be:
open circuit (Z, =o0)  Zinoc =—J Zo"cotf 1
short circuit (Z, = 0) Zinsc =JZo-tanp -1

Input impedance is:
capacitive  Zinoc =J - Xc =
inductive

1

ZOHE tanf -l o w
JBc

Zinsc =] X Zoe L tanf-le w



Richards’ Transformation

Variable substitution
Q=tanpf -l = tan<ﬂ>

Vp

With this variable substitution we define:

reactance of an inductor
j.Xsz.Q.sz.L.tanﬁ.l

susceptance of a capacitor
j Bc=j-Q-C=j-C-tanf -l
The equivalent filter in Q has a cutoff frequency

at: T y)
Q=1=tanf -l - ﬁ-lzZ - l:§



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)

& A/8 at w,
jXp => L X = S.C.
O 7 ZO — L
© A/8 at w,
jB, => —=r jB.=> 0.C.
1
C Z() — 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
long .
2

= f-l== = tanf:-l-
an supplemental attenuation pole will occur
at 2-w_ (LPF):
inductances (usually in series)  Zinsc=j-Zo tang 1> oo
capacitances (usually shunt)  Zinoc=—j-Zo-cotp-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(a + ) = tana

w1 4-w.) -1
B . l = z = ¢ = z — = ( C)
Zip(w)=Z,,(w+4 -w.) = Pr(w) = Prlw+4- w)

P r(4- w;) = Pg(0) Pr(3 - we) = Pr(—w,) P r(5-w.) =Prlw,)



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 = L3

g4 = 0.7654 = C4

gs =1 (does not need supplemental impedance

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




LPF Prototype

| A

n/ oYY - I n/ 2 ) - I
Term L T . C. L T
Term1 L1 | C2 L3 | Cc4
Num=1 L=0.7654H ~~ C=1.8478 F L=1.8478 H ~~ C=0.7654 F
Z=1 OhmR= R=
o L
20 _ _
. m1 m1
0— freq=159.0mHz
. 4 dB(S(2,1))=-2.994
. 20—
N _
0))]
o 40—
-O =
_60_
=00 | | |

freq, Hz

1.0

Term

+%
i

Term2
Num=2
Z=1 Ohm



Lumped elements

w, =2 -m-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
Ry L4 C,
1 = ——" = 1523nH ) = = 1470pF
Ry Lj Cy
L, = — 3.676nH c — 0.609pF

W¢ RO " We



Lumped elements — ADS

g Term L T C L e =
Ter‘lm1 L1 co L3 é4 Lirrrnnfz |
Num=1 L=1523nH =~ C=1.470pF L=3.676 nH ~_ C=0.609 pF 7250 Ohm
Z=50 Ohm R= R= __L

1 e i =

m1
0
_ 2 m1
10— m freq=4.000GHz
. dB(S(2,1))=-3.008
— ] m2 |
& 30— freq=6.000GHz
= - dB(S(2,1))=-14.251
T -40—
50
'60 I I I I I I I I | I | I | I I I
0 4 6 8 10 12 14 16 18 20

freq, GHz



Richards’ Transformation

LPF Prototype parameters:
g1=0.7654 =11
g2=1.8478=C2
g3 =1.8478 = L3

g4 =0.7654=C4
Normalized line impedances

71 = 0.7654 = series [ short circuit

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

z3 = 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



Richards’ Transformation — ADS

] ]

. .
i Term TLSC + TLOC NS + TLOC t i’ Term
erm TL1 L3 erm
§ o T 1 b oz soom L] Mksyonn % i
Z=50 OhmE=45 [~ E=45 E=45 [ E=45 Z=50 Ohm
_i_ F=4 GHz _:_Ref F=4 GHz F=4 GHz _—:Ref F=4 GHz __L_
m1
0 | =
_1 0_
~ -20—
¥ | 2 m1
5 30— freq=4.000GHz
el 40 ] dB(S(2,1))=-3.010
'O - —
3 m2
-50— freq=6.000GHz
] 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 ™
10— |
_ < Richards’
s =20 commensurate
2(: i lines
o
%% -40— lumped
I / elements
-50—
i L s Lt L B
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

IN+1 +#1->R+# RO (SOQ)



Observation: even order equal-ripple

Same filter, 3dB equal-ripple
3dB equal-ripple tables or formulas:
g1=3.4389=L1
g2 =0.7483 =02
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 *’ Term TLSC TLOC TLSC T TLOC
erm TL1 iES
% Ilum=11 Z=171.95 OhnT':| ;I;§6.82 Ohn¥Z=217.36 Ohm —E ;SB‘4.46 Ohm
Z=50 OhmE=45 E=45 E=45 E=45
__+_ F=4 GHz Ref F=4 GHz F=4 GHz Ref F=4 GHz
0
10—
e 20—
) = .
a5 . 7 3dB equal-ripple
2 (4t ord.)
om0
T T -40-
_50__ maximum flat
i (4 ord)
_60 I | | | I | I | I | I | | | I | I | I
0 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 5oQ) for precise results.

Example:
0

10—
ety ~20—
"0_‘_. i
OAN 35 — R, =295.480
B D 30 ! L= 295.4
S5 40—

-50— R_ =500

_60 | | I | I | I | | | I I | | | | [ | I

0

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



Contact

Microwave and Optoelectronics Laboratory
http://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro
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