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Maximally Flat Response: H(n)(0)=0  for n=1,2,---N
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Gradual Skirt & Group Delay Characteristics

N-th Order Butterworth Filter
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1||)coshcosh(
1||)coscos(

)(
1

1

xxN
xxN

xTN

N-th Order Chebyshev Filter

Good Skirt but Bad Group Delay Characteristics

Chebyshev polynomial



7 Element T-type Butterworth LPF

R=50
f=1MHz

Various 
values
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R0=50=1%, fc=100MHz



Q=100 for 
Parallel-LInfinite Q

Round Left 
Shoulder

Increased Insertion Loss

Q=100 for 
Series-L

Round Right 
Shoulder



M

L2L1

M

L2-ML1-M

Influence of Mutual L

)()(

)()(

21
2

2
2

2
1

2

21
1

1
21

11

II
dt
dM

dt
dIML

dt
dIL

dt
dIMV

II
dt
dM

dt
dIML

dt
dIM

dt
dILV







Null Generation!

Equivalent to L4
& L6 Coupling

Equivalent to L1
& L3 Coupling
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When <c Imag., Zi & Zo Real  Passband

=jn /c=sin(n

When >c Real, Zi & Zo Imag.  Rejection band

Zero Insertion Loss
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Steep Skirt and Good Out-Band Rejection

-3

-2

-1

0

0 0.2 0.4 0.6 0.8 1 1.2 1.4
-100
-80
-60
-40
-20

0

0 0.5 1 1.5 2 2.5 3 3.5 4
Relative frequency

H
(d

B
)

m=0.9
m=0.8
m=0.7
m=0.6

Relative frequency

H
(d

B
)

m=1

mC

mL 2L

2C

2L mL

mC

(m-1-m)L

C

(m-1-m)L

C Combination of 
Derived m and 

Constant K Filters



• Basic Filter Design
• Ladder Type Filter Design
• Lattice Filter Design
• Stacked Resonator Filter Design
• Coupled Resonator Filter Design

Contents



Ladder-Type Filter

• Fabrication of Multiple Resonators on a Chip
• Low Loss
• High Power Durability
• Moderate Out-of-Band Rejection

Configuration (Resonator-Based Constant K Filter)



Performance of Ladder-Type SAW Filter
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Passband When -1<Yp/Ys<0 (Either Ys or Yp Inductive)
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Bandwidth

Out-of-Band Rejection
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TN(x)=cosh(Ncosh-1x): Chebyshev Polynomial

sp CCr 00 /where

where

N Influences IL and OoB Rejection

r Influences IL, Bandwidth and OoB Rejection
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Design of Ladder-type Filters
• Resonator Limits Achievable Band Width
• For IL Minimization, r

2C0
pC0

sRS
21

• For Wide bandwidth, r
s should be a little larger 

than a
p

• With smaller r=  C0
p/C0

s, IL and Band Width 
Improved but OoB Rejection Deteriorated.

• With N, OoB Rejection Improved but IL Increases
• IL is Very Sensitive to Motional Resistance of Ys

• Very Sensitive to Parasitics
• Q Influences IL and Shoulder Characteristics
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Stacked FBAR Filter

Equivalent Circuit for 
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•Good OoB Rejection
•Moderate IL
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Response of Stacked Resonator Filter
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Cascaded Stacked Resonator Filters
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Transversally Coupled Double-Mode Filter
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2Ye=2(Yme+jC0) 2Yo=2(Ymo+jC0)
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Design Principle of Wideband DMS Filters

Employing More Resonances Results 
in More Bandwidths
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ZnO (L=1.6 m, 
S=220220 m2)

Coupled Resonator Filter (CRF)
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Cascaded CRF

ZnO (L=1.6 m, 
S=220220 m2)

Coupler 2 GRayls, 0.18 -100
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] ZnO (L=1.6 m, 
S=160160 m2)

Coupler 1 MRayls, 0.1 
Extremely soft

Extremely hard



Design of Coupled Resonator Filters
• Band Width Governed by 
• For Loss Minimization, rC0RS1
• Coupling Layer Should be Designed to Adjust 

Multiple Poles to Coincide with Nulls (But Very 
Critical!)

• Slight Difference Between Poles & Nulls Effective
• Cascade-Connection is Effective
• IL is Sensitive to Motional Resistances & Parasitics


