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Ef f i c i e n t  U H F  Tu n a b l e  Wave g u i d e  
T E 1 0  M o d e  F i l t e r
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ÅWhy

Å How Size and Operating Mode Influence Efficiency 

Å Cost of Efficiency

Å Average and Peak Power

Å Tunable Waveguide Filter
Å Design
Å Test Results
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1st Dual-Mode Filter for broadcast television, 1994
First speeding ticket for Karen

W hy  Tu n a b l e  Wave g u i d e  F i l t e r ?
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W hy  Tu n a b l e  Wave g u i d e  F i l t e r ?

Efficiency
Å Lowers operating cost 
Å Cooler operating temperature

Å Less heat load 
Å Lower loss under power

Re-pack logistics
Å Manufacture ŀ άƻƴŜ size fits ŀƭƭέ ŦƛƭǘŜǊ

Å Ease manufacturing burden
Å Lower's cost
Å Reduces delivery time

Å Consistent install footprint
Å Simplifies and reduces install time 
Å Minimizes install resources
Å No liquid cooling to worry about

Increase peak power capability
Å More voltage headroom for ATSC 3.0

/ƻǳƭŘƴΩǘ Develop a Tunable Dual-Mode Cavity
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Ef f i c i e n t  Tu n a b l e  Wave g u i d e  F i l t e r

Å Obtain highest theoretical Q
Å Reduce current/loss densities by distributing over a 

larger surface

Å Minimize surface protrusions
Å Tuning devices/resonator
Å Protrusions increase current/loss density

Å Construction  technique  that  aids removal  of  
heat
Å Radiation 
Å Convection
Å Conduction



6

C av i t y  S i ze  a n d  Ef f i c i e n c y

GPS 
(Inche

s)

Q
(600MHz)

L0

(dB)
Integrate

d
Loss (dB)

Eff.
(%)

2 4500 .72 .8 83.2
4 8300 .39 .43 90.5
6 11,500 .28 .32 93.0
8 15,300 .22 .24 94.7
10 18,900 .18 .19 95.7
12 22,900 .15 .16 96.4
TE10 32,200 .106 .11 97.4

TEM W/G

Coaxial, tunable Waveguide, fix tuned

Å Q generated from HFSS
Å Silver plated cavities
Å 600MHz
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L o s s ,  F i l t e r  O rd e r  a n d  Ef f i c i e n c y

Loss (dB)

6-pole

W/G Transitional

Qu 24K 17 K

fo .14 .20

Integrated (ATSC1.0)
+/- 2.69MHz

.16 .23

Integrated (ATSC3.0)
+/- 2.915MHz

.17 .24

Efficiency, ATSC 3.0 96.1 94.6

Losses at 20 C
605 MHz
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Ef f i c i e n c y  a n d  A n n u a l  $  L o s t
U s i n g  AT S C  3 . 0

.25 dB
(94.4%)

Filter loss
(Efficiency)

.20 dB
(95.5%)

.15 dB
(96.6%)

.10 dB
(97.7%)

Å Filter Loss Integrated
+/- 2.915MHz

Å TxAC/RF Efficiency
45%

Å Utility Cost
.15 $/kW hr

º$2700/yr
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A n n u a l  $  D i f f e r e n c e,  Tra n s i t i o n a l  v s  Wa v e g u i d e
U s i n g  A T S C  3 . 0

Å Filter Loss Integrated
+/- 2.915MHz

Å TxAC/RF Efficiency
45%

Å Utility Cost
.15 $/kW hr
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S u r f a c e  P r o t r u s i o n s  a n d  E f f i c i e n c y
E f f e c t  o n  S u r f a c e  L o s s  D e n s i t y

Transitional
Lower Q

Waveguide
High Q

Tunable coaxial/transitional mode  cavity
Å 11 inch GPS
Å Significant probe penetration
Å DIFFICULT TO TUNE AND LOCK DOWN
Å SUFFERS from MECHANICAL SHOCK

Reduced surface 
loss density

1nJ of Stored Energy

Fixed tuned waveguide cavity
Å Optimized waveguide cavity
Å .3 inch probe penetration
Å EASY TO TUNE AND LOCK, MORE STABLE
Å HANDLES MECHANICAL SHOCK

Reduce current density
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Pe a k  Po w e r

Peak power is limited by the breakdown of 
gas (air) molecules in the presence of high 
electric fields.  

Small gaps, rough surfaces and sharp edges 
increase the electric field density and 
become more susceptible to breakdown.  

Breakdown is also a function of air pressure, 
temperature, frequency and pulse length 
but will not be included in this paper.  

Accepted rule of thumb is to use 2.28 x 106

V/m as a breakdown threshold along with an 
appropriate safety factor. 
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