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Motivation
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 Increasing number of communication bands
« Additional wireless services, e.g. GPS, WIMAX
 Demand for reconfigurable front-end solutions
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Ferroelectric Materials - BST
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Ferroelectric Thin-Film Varactors
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Ferroelectric Thin-Film Varactors
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Analytical Filter Design — Lowpass

0
Port 1 L Ls L Port 2
C : Ch E _20' ’ ’
E i
Q :
== == g -30 -l'
s [
_ _ i = !
A B 1 Z S -40p
]\’IL'ZLBVJ — O D — O l
A Bl [1 0] |
Mia=10 p| =y, 1
| R -60

0 05 1 - 15 (éGH )2?5 3 3.5
. ; ; . reguenc 4
Myp=M; -~ M, - M, e

[

_ - i\/Q(,-*L;:,(—QLng — 213+ Z3CLy + a)
* Chebyshev lowpass filter =~ 20T L
. V2CLy(=2Ly Ly — 2L3 + Z3C' Ly — a)
23 = W3 =

« Analytical formulas for 2L L,
zero locations 0 =\ —ALI3Z3C + ALY + AL L, Z3C + L3Z4C*

$IEEE _—




Frequency Agile Lowpass
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« Assumed tunabllity of 60% for BST varactors
* Multiband tuning from 1.5 — 2.3 GHz
« Changing C results in shifted zero locations
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Analytical Filter Design — Notch Filter
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Frequency Agile Notch Filter
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« Assumed tunabllity of 60% for BST varactors
* Multiband tuning from 1.7 — 2.7 GHz
« Changing C results in shifted zeros and poles
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Analytical Filter Design — Combline Filter
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N4 Based Microwave Circuits
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Equivalent A/4 Segments — Distributed Lowpass
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Frequency Agile A/4 Segments
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Reduced Size Tunable Wilkinson Divider
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Reduced Size Branch-Line Coupler
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Reduced Size Tunable Branch-Line Coupler
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Prototype Implementation & Assembly
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Tunable Lowpass (1)
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Tunable Lowpas
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Tunable Notch Filter (1)
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Tunable Notch Filt
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Tunable Combline Filter (1)
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Tunable Combline Filter (2)
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Tunable Wilkinson Divider (2)
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Tunable Branch-Line Coupler (1)

 Size reduction 50%

* Lowpass filtering at all
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 Attenuation > 30dB at - L
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Tunable Branch-Line Coupler (2)
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Tunable Branch-Line Coupler (3)
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System Considerations — Modulated Signals

/Arbitrary Modulated Signal
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System — Balanced Ampllfler
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System — Reconfigurable Balanced Amplifier (1)
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System — Reconfigurable Balanced Ampllfler (2)
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Tunable coupler with 3 cascaded varactors
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Verification — Tunable Branch-Line Coupler
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Conclusion & Outlook
Conclusion

Potential of ferroelectrics in tunable front-end
Reliable modeling and characterization
Candidates for tunable microwave circuits

— Frequency agile filters

— Reduced size tunable dividers and couplers
Prototype implementation & results

Overall good agreement to simulation

Outlook
* Integration of tunable subsystems into front-end
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