aniIiMmMSs

=0,
Connecting Minds. Exchanging Ideas. SAN DIEGO

We3F-1

Synthesis of Wideband Cross-Coupled Resonator
Filter for Direct Circuit Implementation Using
Lumped Elements

Bin Liul, Kun Li%, Xiong Chen?, Pei-Ling Chi?, Tao Yang?

V.
. —
I

LUniversity of Electronic Science and Technology of China, China
2National Chiao Tung University, Taiwan

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



aniMms :
Connecting Minds. Exchanging Ideas. O utl I n e

:‘é— @
SAN DIEGO (073

‘ Introduction
‘ Motivation
‘ Synthesis Method

‘ Results

‘ Conclusion

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



aniImMsS Introduction

20
Connecting Minds. Exchanging Ideas. SAN DIEGO

Interference BPF In\terference
RF signal l RE ?{gnal !:':
Frequency Frequency

[\ {>—I’\{§}IF Process

Wideband BPF | \p;qeband Receiver

Wideband filter in wideband receiver system

AMTT-S
|EEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



aniIMms Introduction

20
Connecting Minds. Exchanging Ideas. SAN DIEGO

Ref. Matrix elements Circuit implementation

Cameron’s [12] &C+B,B Es;r)rr(())\)l(vitr)r?:tcil(;) n at @, @
Amari’s [3] aoC- %’J—r % \Iilvézzl’[c)i?lg?;d uctance @
Wei Meng’'s [4] @ &C- a:}L’ a:l-L or -aC \(,)Vrll?ye I?]?irr]\(l; @
F.J.Chen[18]  @wC+B, wC+B Moderate bandwidth ()
Ul Erts C- a:}L a:}L and -aC \(’)\gir(cj:ﬁli[’)ca;rr:]drilement @

AMTT-S
|EEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



o2 1IMS Motivation

Connecting Minds. Exchanging Ideas.

A
S21 + +
=) 1 1
F?éclquency > S 09 L - oL’ ol @
A pou
1
w—ﬁ 0 9 © = a)L’_a)_ ol " ©
Frequency
9 G) 1 1 1 @
hml = o R R v
F S 0 9 D ol’ ol ol
requency

Transform the negative inductance to positive capacitance

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



o IMS Motivation

=0
Connecting Minds. Exchanging Ideas. SAN DIEGO

(S) V1 I—12 =V2 = 9%3 V3 (L)
. o N T —
Is M E-le E—le IC IC23
CDGS NeT £ L. .7 cT M3 §GL
Ly "2 L, 3 L3
E— = o
[ G, Mg, 0 0 0
R T = A A [Y]-[vVI=[i]
jo joL,, jol,, S S
. .2 vV, 0 g
0 -— joC,+—=—  -jwC,, 0 ||v,|=|0
loly, Jo v, 0 Sy _2\/G G [Y](N+2)1
0

AMTT-S
|EEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



aniIiMmMSs

Connecting Minds. Exchanging Ideas.

-] Mg, 0
1
My, &C;-
ol ol,,
1 1
A=| O @C,-
ol oL
1
0 @C,,
ol
0 0 0

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY

Motivation

0 0 |

L 0
ol
-&C,, 0

1
M

ol, 3L

M, -]

Admittance matrix

1.
M=—";

M=-aC

=0
SAN DIEGO

J inverters

Represent J_i

ol’
=) J=aC
Implement by
J 2[A](_Iil +2),1



Connecting Minds. Exchanging Ideas.
S 1 2 3
B Mg, 0 0 0 |
12
1 1
Mg, o- D1 , -— 0
@ oL, ol
1 ;> 1
A= O , o — —=2 , 0
oL, @ wl,,
1 1 o2
0 - . w-—— M aL
0] MR oL, @
i 0 0 o M, -f |

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY

S
1

2

Third-order wideband filter synthesis ==

Matrix similarity Transformation




aniIiMmMSs

Connecting Minds. Exchanging Ideas.

A, =
B mg, 0 o .. 0
12 : i
My ot , [Raum:RLS 0
@ oLy, \Lip Lis )0
2 e \q!
0 1, w- 22 Pm w+i(c,—1—Pm wfji: 0
@Ly, @ (N E A D |
(an- & ]1 Pm w+( s _Pm wf)i (Pm2 +c12)w+( °1 Pm—Pm2a>;2—c12a)‘;2+—Pm"ci]i c, My,
Li, L) 23 @ 23 23 )@
0 0 0 c, My, 9
Conditions: l Solve equations:
2
-Pm - @,"+c, /L, =0 c, 1 ,
Pm=—7=1>—, -1/L;, |-¢, <O
, , ‘ a)r L' 0)’ 2Lr L'
Pm/L;,-c,/L;; >0 2 L23 2 L1223

AMTT-S
|EEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY




@0 IMS  Third-order wideband filter synthesis =

Connecting Minds. Exchanging Ideas. SAN DIEGO

y Mé, 0 0 0 1 T,=diag(L,1/M{ \/C,.[1/(c;M4 )], 1)

AMTT-S
IEEE MICROWAVE THEORY &
7 TECHNOLOGY SOCIETY



o0 IMS Third-order synthe3|s example

SAN DIEGO

—j 1 0 0 01 Specifications:
M . J
arix | | 1| Passband:0.9-15 GHz;
Tl oL, ol,, TZ: 0.6 GHz; RL:20 dB
A;=| 0 = oC, — = -wC,, 0 —~ [
DLy, ol, % i
0 = @C,, @C, — = -1 %
@l ol = -
0 0 0 1 -l S S0 r — Synthesized lumped circuit
II ’L—vlvs\ n _63 . - Synthe5|zed matrix ]
. . =7
Circuit Ly Ly 00 05 10 15 20 25 30
Frequency (GHz)
So—- |—1 - 7 Cay | L Circuit ;
- <7 ircuit parameters:
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» To synthesize wideband cross coupled resonator filter;
» All negative inductive-coupling elements can be transformed
to positive capacitive coupling elements

» can fully represent the frequency-dependent characteristics
of the J-inverters and resonators
» Can be directly implemented using lumped element
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