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Optimized design of electrically tunable filter based on nonlinear dielectric film

WU Da-jun, HE Shi-ming, LIU Xing-zhao, LI Yan-rong
(National Key Laboratory of Electronic Thin Films and Integrated Devices,
University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract ; Excellent (001) StTiO, (STO) thin films were grown on (001) MgO substrates by pulsed
laser deposition (PLD) method. Interdigital capacitors (IDC) were fabricated on the STO films. When >
the electric field increases from 0 kV/cm to 40 kV/cm, the capacitance drops from 1. 75 pF to 1. 25 pF
at 77K and 10kHz. The permittivity &, of STO films were calculated by the conformal mapping — based
models. A three ~ pole bandpass filter based on the IDC was designed. Excellent performances of the
filter are achieved.
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Fig. 1 XRD spectrum of STO thin film deposited on MgO substrate
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Fig. 2 AFM image of STO thin film
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Fig. 3 Model of interdigital capacitor(a) top - view (b) cross

section
B3 XIERAERA(a) fRE; (b)HEmE
1.8 0.020
M. TIK, 10kHz
1.7 San
- 0.015
1.6 -—
°9 . <
S 15 - 0.010 g
1.4
- 0.005
1.34
- 0.000
1.2 T T T T T T T T T
-40 -20 0 20 40
Bias voltage/V

Fig. 4 Curves of capacitance and tand as functions of DC volt-
age for interdigital capacitor
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Toble I Comparison of the calculated and optimized values of the electrical parameters and physical sizes of the filter
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Fig.5 Schematic diagram of 3 - pole combline bandpass filter
HS SHRRASERNETER

0.00
1.72pF 1.26pF
-15.004
3
=
g -30.00
&
b=
4500
-50.00.
£ fa
F/GHz

Fig.6 Simulated results (S,;, S, ) of the 3 - pole combline
bandpass filter

B6 =& ERERIESR

TN LA R 8 E i A, AR A SRR A
1E# R AR, BB RA IR R W Z 3R,
SEIEAR B PO B L 3 R A B B, A T SE BRUE B
BRI, WA I A R INE 6 Prm. Y3
HLUA AR H 1. 72 pF J80/1NEY 1. 26 pF B, JRIAR A9
FOBRM £, BEHEL S, PORHAR Af 180
MHz, 35 E XA H R 13.50% , 11 H , £ A5
RBIHIBP, WAEARFERL DT RIMELS
dB, EIEHFEIS, | KT 12 dB, AXFH RN BIHE
4% ALK 4.17% A 5M0E R > 41 dB(FE f, +
100 MHz 4b) , Fr B 48 A R BT E R, REF TR
S ETUE B

5 458

SRR Bk v B UTER B 1 4%t T (001) Buya) (&5
MBS HEE R STO/MgO HfE, 7 77k .10 kHz
ZAFF , % Au/STO/ MgO 4544 B9 X 48 o8 2555
BE B ESMM 40 kV/em B W 5 1E A A, K5
328.5% ML AN BER, REL BN T LIEH
FRBATHAER 44 EDA 84, FE1HE T STO
R A B R, FE S E R T X A8 e AR
BRRTHHRSH, SWRAERML, RENT
1% , TESCHERE Fi&iT T =@ i ias  (FES R
T B A AR R, Ho A D aR R B AR XY
PR T 13.50%

BHE Wk :

[1] Felix A Miranda, Guru Subramanyam, Frederick W Van
Keuls, ez al. Design and Development of Ferroelectric Tuna-
ble Microwave Components for Ku — and K - Band Satellite
Communication Systems [ J]. IEEE Transactions on Mi-
crowave Theory and Techniques, 2000,48:1181 - 1189.

[2]Irina Vendik, Orest Vendik, Vladimir Pleskachev, et al.
Tunable Microwave Filters Usinig Ferroelectric Materials
[J]. IEEE Transactions on Applied Superconductivity,
2003,13.716 - 719.

[3]Vladimir Pleskachev, Irina Vendik. Figure of Merit of Tun-
able Ferroelectric Planar Filter [A]. 33rd European Micro-
wave Conference — Munich[ C]. 2003.191 -194.~_

[4]Spartak S Gevorgian, Torsten Martinsson, Peter L J, et al.
CAD models for multilayered substrate interdigital capacitors
[J]. IEEE Transactions on Microwave Theory and
Techniques, 1996, 44:896 —904.

[5]Peter Kr Petrov, Erik F Carlsson. Improved SiTiO; multi-
layers for microwave application: growth and properties
[J]. J Appl Phys, 1998,84.:3134 - 3140.

[6] Nobuyuki Sugii, Hiroji Yamada, Osamu Kagaya, et al.
High - frequency properties of SrTiO, thin - film capacitors
fabricated on polymer - coated alloy substrates [ J1. J Appl
Phys, 1998,72.261 - 263.

[7]Kozyrev A B, Samoilova T B, Golovkov A A, et al. Nonlinear
behavior of thin film SrTiO, capacitors at microwave frequen-
cies [J]. J Appl Phys,1998, 84,3326 -3332.

[8]1Kozyrev A, Ivanov A, Keis V,et al. Ferroelectric films:
nonlinear properties and applications in microwave devices
[J]1. IEEE MTT - S Digest, 1998 985 - 988.

(9] HA®K, 2% ARMBEBERNEH ST (M].
JER Rl AL, 1973.191 -197.



LT S, REBt AA 57
f4k:  http://www.edatop.com

R R 2R I —— RIS

Syl 55 Il (www.edatop.com) £ 44 0k B F0F R 55— 1 PR TR AR s, BUORE
T S REERHIER AAIIEEFE, 2 B A SR AR S IR R 2 Be vh N A B g Skt o
wUEATRGEI. RE A, EABEEZ KE NG A, PGS T AR TR, K
WRHE . A=l TFEZ KA X .

AT BB DRI AR BT IS N B R, A R R R4 o, VR R i D U A e v
JRER AN AERE, A SR AT TR SE b B vk N R AR, BT R BRI v BUSE AR 45
Ay TR I 45 R I e DI B8 1R e S TR RE o B A 75 B K 5 03 400 b B 4 1 SE2 o )
18 & I e DR I 28 R BE T

___m__,, s e R B T I R AL IR AR
AT o o :
— A A, EXRIWR, hICUHE, B S BEABER

At SRR \ SR U R AIRE, A (% ADS. CST. HFSS & 204047 T
'“ o }I FLISERBET R MR, 5 68 Bk 5B M B AR 3 52 ) 4R
HEE op e BT e B

WEMAE:  http://www.edatop.com/peixun/filter/

® HFSS {5t IRE
M4k http://www.edatop.com/peixun/hfss/

®  CST HTEI)IRE
M hk:  http://www.edatop.com/peixun/cst/

o XERITEIHINRE

M4k:  http://www.edatop.com/peixun/antenna/





