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Generalized Chebychev response > O OO O O K

Inline Structures

* Finite Transmission Zeros ~ H
— Non-resonant nodes ‘ ;
— Frequency-variant coupling

— Cross-coupling
(various cross-coupled sections)
 T/s below the passband
— Negative cross-coupling!
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Degrees of freedom needed Triplet
Exploit alternative response
Constrain sign of cross-couplings
Simplify topology, if possible

Box section Y,
(order 6) M, 34

Source M 14 M 45
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e Alternative response:
Reduced Chebychev of order N
— TZs can be placed
— M complex reflection zeros can be placed
— Equiripple passband response obtained
— Other N-M RZs and N poles are computed
— QOut-of-band atten.: (N-M) -order filter

 2M real degrees of freedom available!
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* Given: N, passband RL,TZs
* Place 1 complex reflection zero

« Compute the Reduced
Chebychev response

* Synthesize the filter
* Verify sign of cross-coupling

 Sweep the position of the free
complex reflection zero (CRZ)

* Map cross-coupling vs CRZ
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* Given: N, passband RL,TZs For N=3
 Place 1 complex reflection zero

* Compute the Reduced M
Chebychev response * Extract the outer resonators

* The remainder has trans-admitt.: ¥, (s) = jr, +

* Synthesize the filter

" o §—]
. . * All positive or all negative if
* \Verify sign of cross-coupling P & .
r,, r;>0 (If all negative, can be reversed)
> Im(CRZ) below passband! gye s B fOrRIZ1SAB

-***************

« Sweep the position of the free Parsseraersrssrranes ]
complex reflection zero (CRZ)

*
*
*
*
*
*
*
*
*
*
*
*
*
* ¥
* %
* ¥
* ¥

* K K ¥ ¥
* K K ¥ ¥
* K K ¥ ¥
* Ok K ¥k
* K K x F
* kK ¥k
* K Kk ¥ ¥
* Kk % ¥
% % % ¥

« Map cross-coupling vs CRZ IR SRR S i
&2 | !

4

~

Kk K K RNE

i*****@\t\++‘
£k oK R K R R BG4
koK K Kk ok K K K Rt +
O
Kok K K K K K K K K X
oK K K K K K K K K K
oK K K K K K K K K K
oK K K K K K K K ¥ ¥
oK K K K K K K K ¥ %
KoK K K K K K K K ¥ %
KK K X K K K K K % %
KK K X K K Kk K % %
A
R EEEE
KoK K K K K K K K K
KoK Kk K K K K K K K

*
*
*
*
*
*
*
*
*
*
$l
1

|EEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY



onIMS Proposed Solution

Connecting Minds. Exchanging Ideas.

* Given: N, passband RL,TZs For N=3
 Place 1 complex reflection zero

* Compute the Reduced M
Chebychev response * Extract the outer resonators

« Synthesize the filter * The remainder has trans-admitt.:

* All positive or all negative if

r,, r;>0 (If all negative, can be reversed)
> Im(CRZ) below passband! Bpoe Sign(r,ry) for RL=15dB

* Sweep the position of the free «  On the boundary:
complex reflection zero (CRZ) r, r,=0

* Map cross-coupling vs CRZ Either M, or M;=0! 50_ CooolsriiiiiiiiiuL ]
- Degenerate triplet ar!

* Verify sign of cross-coupling
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* ¥
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* ¥ K ¥ ¥
* ¥ ¥ ¥ ¥
* ¥ ¥ ¥ ¥
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* ¥ K ¥ *
* ¥ k ¥ *
* ¥ k ¥ *
* ¥k ¥ ¥

3 resonators
1 finite TZs

2 imaginary RZs
1 complex RZ
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* Given: N, passband RL,TZs For N=4 M,
* Place 1 complex reflection zero M, M,

* Compute the Reduced M, L
Chebychev response * Extract the outer resonators
. . ° i - itt - I h )
. Synthesize the filter The remainder has trans-admitt.: v, (s)=jr, + ) + )
. . « Uniform signs: r_r,>0 “
* Verify sign of cross-coupling gns: I 1
» Degenerate topology (M,,=0): r;=—r,
; Sign(r,+r,) b ‘.S|gn(1l:,c lrJ]
« Sweep the position of the free PrrIIIIIIIIaiaan IIIIIITIIIIRIEI
complex reflection zero (CRZ) 250 iiiriiiiinl 25Nt
_ i S DD D S IR RPN SO SN ARSI
* Map cross-coupling vs CRZ S oof gy Bol 11l IR
5 resonators REPCtETEEEEEs SIS T I 2 ot
2 finite TZs SEEEEEEEEEEESEEESES s
3 imaginary RZS Y e A S el 5 * * . .
-5 -2.5 0 2.5 5 -5 -2.5 0 25 5
1 complex RZ Im(CRZ) Im(CRZ)
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 Given: N, passband RL,TZs For N=6
 Place 1 complex reflection zero
« Compute the Reduced

Chebychev response * Extract the outer resonators (1, 6) .
. n F, ¥, ¥,
+ Synthesize the filter + Theremainderhas: Yo = ot oA s T
. - . g 4
* Verify sign of cross-coupling Conditions:
— Uniform signs: ry r;>0 orry r,>0

. — Degenerate topology (M3,=0):  r{=—F,orr=—r3orr=-I,
 Sweep the position of the free "

complex reflection zero (CRZ)

— Depend on position of the two zeros

* Map cross-coupling vs CRZ 6 resonators

2 finite TZs
5 imaginary RZs
1 complex RZ
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The CRZ region for uniform signs depends on the position of the triplet

" 0 _

Synthesis: oRz= N

— Decide the topology (sequence of extractions) -100.9-2)_

— Place the CRZ and compute Reduced Chebychev response 20 R{\‘ |
— Extract everything else but the triplet )9-4.50 1S4l

— Check the condition on the residuals of trans-admittance 30r IS, | 1

. 21 |
— Sweep the CRZ and build the map a0l 4 refl.
Empirically: largest region when triplet on source or load minima
-50 - * ‘

Non-degenerate and degenerate topologies 115 “Normalized Frequency 2
N=5 1.21

RL=15dB 0.648 0.122 CRZ:].'ZJ 0.628 CRZ:09'158J

TZ=-1.1

1.351 1.313
@ 1.311 0.684 o 0.795 e 0.908 © @ 1 141 e 0.66 o 0.791 9 0907

1.079 0.16 -0.031 -0.037 0. 0.045 -0.038 -0.036
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 The CRZ region for uniform signs depends on the position of the quadruplet/box
N=8; RL=22dB; TZ=-1.45, -1.15; CRZ=1-2.83j N=6; RL=22dB; TZ=-1.45, -1.15; CRZ=1-2.99j

1.574 1.026 -0.133 -0.159 -0.066

0.362 0.644 o 0.88 1.055@
1.614 0.335 1.215 0.223
1.438 1.066 0.597 0.572 0.609 0.862 1.033 1.454 1.547 0.135
® 0209 :0—0 ® 4
1.442 -0.055 -0.063 -0.038 -0.027 -0.023 1.379 1.756 1.039
0 . 0 :
-10 r -10 ¢ N
S
20+ 20l | 21 |
S
-30 30t ﬁ ( | 11|
-40 -40 |
50F -50 ¢ 7
7 refl. 5 refl.
-60 r . -60 | TR
minima minima
_70 ! L L _70 1 1 1
-2 1 0 1 2 -2 1 0 1 2

Normalized Frequency Normalized Frequency
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* Filter manufactured and shown in a previous paper

* Was optimized to obtain 2 degenerate 6-box sections | £
5 i
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iLu.lL- rz

90000.0...0000:‘"'0
-80

oot bedes

100 Fit the response with a N=14 Reduced Chebychev
2500 3000 3500 4000 4500 5000 5500 response with 2 CRZ (initially corresponding with
Freduenty:(MH2) the spurious S21 peaks at 3200MHz)
* Can it be obtained by the new technique?

-50
-60
-70

Scattering parameters (dB)
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* Filter manufactured and shown in a previous paper % !
.. . . i S gl
* Was optimized to obtain 2 degenerate 6-box sections | COd
0 e“#:
) - ‘Bl vee
20+ 1 ' Line 'Q_OBE)." IN

o .
!

oooooooo..oooo.‘o

x B _ — L alPN s

40 |

-60 |

Scattering parameters (dB)

: 4240.4 4239 4190.7 42046  3563.8  3329.4
J h 0.157 0.161 0.165 0.032 0.062
-80 | 0.177 0.073 0.162 0.129
N - 14 0.305 0.255 0.054 0.137 0.161 0.186 0.269 0.312
L c—O 54 10, Q=20
100 1 SO RL=20dB 1 a1956 41934 34789 3206 42307 42225 41086 41694

Y 4Tz

120 ' ' | ‘ Fit the response with a N=14 Reduced Chebychev
000 00 leney MEz) 0 2% response with 2 CRZ: -1.987j, -0.025-1.687]

_ _ _ Synthesize - Indeed gives 2 degenerate 6-box!
* Can it be obtained by the new technique?  Simulate & Very good agreement!

* Yes, and it could be improved too (CRZs further below 7OOMHz)!
$IEEE EBY s 20
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Triplet
 Complex Reflection Zeros allow degrees of freedom: M y
12
— All positive coupling coefficients M, g
— Degenerate structures Source Load
Quadruplet
Box section oad
(order 6) M,, M, M
Source
S

 Maps to place CRZ
* Quidelines for simplified design
* Confirmed by several examples
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Triplet
 Complex Reflection Zeros allow degrees of freedom: M
12

— All positive coupling coefficients

— Degenerate structures
Quadruplet

Box section
(order 6)

O Source

Load

Maps to place CRZ
Guidelines for simplified design
Confirmed by several examples

We still have the other fears...
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Thank you!

Questions?

stefano.tamiazzo@commscope.com  giuseppe.macchiarella@polimi.it matteo.oldoni@polimi.it
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