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LAN: Local Area Network

WiMAX: Worldwide Interoperability for Microwave Access
HMIC: Hybrid Microwave Integrated Circuit
MMIC: Monolithic Microwave Integrated Circuit
PIN: P-intrinsic-N (PIN diode)

UWB: Ultra Wide Band

MEMS: Micro Electro Mechanical Systems

BST: Bai1xSr«TiOs

MIM: Metal-Insulator-Metal

CSD: Chemical Solution Deposition

PZT: Pb(Zr,Ti)Os

DRAM: Dynamic Random Access Memory
FeRAM: Ferroelectric Random Access Memory
SEM: Scanning Electron Microscope

EDS: Energy Dispersive X-ray Spectrometer
XPS: X-ray Photoelectron Spectrometer

XRD: X-ray diffraction

RTA: Rapid Thermal Annealing

ASTM: American Society for Testing and Materials
AFM: Atomic Force Microscope

TEM: Transmission Electron Microscope

TDDB: Time Dependent Dielectric Breakdown
TSC: Thermally Stimulated Current

SCLC: Space Charge Limited Current
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1.1

1.1.1
Bluetooth LAN(Local
Area Network)
[1-2]
WiMAX (Worldwide Interoperability for Microwave Access)
WiMAX
[3]
(Al203) [4]
IC
(HMIC Hybrid Microwave Integrated Circuit)
(5] GaAs Si
( )
(MMIC Monolithic Microwave Integrated Circuit)
[6-7]
MMIC
1-1 HMIC
MMIC
1-1 (8]

Product Type| Degree of Integration|Product Size Frequency Versatility]| Cost [ Development Time

Discrete Small Large Ku(12-18GHz) High Low Short

HMIC Middle Middle Ka(26-40GHz) [ Middle | Middle Middle
MMIC Large Small EHF >40GHz Low High Long




(3.2><6.4mm)

3264

HMIC

1-1

PIN

(0.6><0.3mm)
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1.1.2

LAN UWB Ultra Wide Band

S/N
( )
[o]
[10]
LC
Si  GaAs
PN
MEMS (Micro Electro Mechanical Systems) [11]
RF-MEMS [12-16] BST(Bai-xSrxTiO3)
[17-18]
-2
5GHz Si GaAs
Si
BST RF-MEMS BST
RF-MEMS
1-2 [10, 18]
GaAs BST MEMS
Tunability High (75%) Moderate (50-75%) Low (<50%)
RF Loss Moderate (Q<60) Moderate (Q<100) Good (Q<200)
Control Voltages <10V < 5-30V < 60V
Tuning Speed Fast Fast Slow
Power Handling Poor Excellent Excellent
Reliability Excellent Good Poor
Packaging Hermetic, flip, bump | Non-Hermetic, flip, bump Hermetic, vacuum
Cost High Low Low




1.1.3 BST

BST  SrTiOs
[19-20] 1960
[21] BST
SrTiOs
[22-23]
BST
BST DC
C-V (Capacitance — Voltage) 1-2
(=(Cmax-Cmin)/Cmax><100) (Tunability)
BST
BST [24]
[25]
400
350 | 7
H 4
=
+ 300 7
a |
(]
© 250 :
L 1
fd
§ 200 7
Q 1
O 150° -
100 T T T T T
-400 -200 0 200 400
Electric Field (kV/cm)
1-2 BST c-v
BST BaTiOs SrTiOs
1-3  BST A Ba Sr B Ti
1-4 BST
1-5 [26]
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1-6
(27] BST
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[30]

BST

[26]

BST
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m 1 I 1 T

5300 -

$000 |- BST 70030 -
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). Phys, D29, 132( (1996))
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1.1.4 BST
BST

MIMMetal-Insulator-Metal)

[18, 31]

Au(p=2.01puQ cm)

BST
MIM
(<50%)
500 700
Pt P 959uQ cm
BST
Pt
BST
Si
Si (102 104Qcm)
Substrate Electrode
—h
[ : ‘
[
BST thin film
(a)
1-  BST

1-7

100V

12V

BST Pt

pF

MIM

[17, 32]

Si

[33]

BST

Cu(p=1.55uQ cm) Pt

BST thin film Pt electrode
| - \ \‘/ . S|N
< | o]
| ¥
Substrate
(b) MIM



1.2

BST
BST
Si GaAs
Q
Q RF-MEMS
BST
BST
BST BST
BST MgO SrTiOs
BST [34-35]
BST
S102
BST
Si
BST
BST
BST CSD Chemical Solution Deposition (36-37]
BST Cubic Tetragonal
BST
CSD
BST Pt
Pt/BST/Pt



BST 1-3

BST
BST
1-3 BST
Tunability >50% (Control voltage: 0 12V)
Dielectric loss <0.02
Thickness <300nm
Temperature dependence of _ +=10%
dielectric constant (Operating temperature range: -25 +85 )
1.3
1
BST
CSD

BST BST

BST BST

BST
BST BST
BST
BST
BST
TEM-EDS



[1] , ”, MWE2007 Microwave Workshop Digest, pp.3-11
(2007)

[2] , “IT : NGN ”, MWE2007
Microwave Workshop Digest, pp.25 -28 (2007)

[3] , 7. MWE2007 Microwave Workshop
Digest, pp.13-23 (2007)

[4] , ¢ : , pp31-56 (1985)
[5] ¢ pp 306-314 (1992)

(6] , “MMIC 7, MWE2007 Microwave Workshop Digest, pp.451-458
(2007)

[7] , MMIC ?. MWEZ2007 Microwave

Workshop Digest, pp.75-80 (2007)

[8] Y. Hasegawa, “MMIC 7, MWEZ2007 Microwave Workshop Digest,
pp.459-462 (2007)

[9] Y. Yoshihara, H. Sugawara, H. Ito, K. Okada, and K. Masu, "Inductance-Tuned LC-VCO
for Reconfigurable RF Circuit Design", IEICE Electronics Express, Vol.1, No.7, pp.156-159,
(2004)

[10] , , , Vol.87 No.7
pp.577-582 (2004)

[11] N. setter, “Piezoelectric Materials in Devices”, Ceramics Laboratory, EPFL (2002)

[12] , , “ RF-MEMS » FUJITSU.56, 4, pp.333-339
(2005)

[13] , , “RF-MEMS , Vol.61 No.2 pp.27-30 (2006)
[14] , “RF MEMS ?. MWE2007 Microwave Workshop Digest,
pp.257-262 (2007)

[15] , , , , “RF MEMS
MWE2007 Microwave Workshop Digest, pp.269-274 (2007)

[16] : : : , - RF MEMS

MWZE2007 Microwave Workshop Digest, pp.275-280 (2007)

[17] G. Bhakdisongkhram, “Study on the Frequency-Tunable BaxSri«TiOs Films with
Emphasis on Deposition Substrate Type and Demonstration of Frequency Conversion by a
BaxSr1«Ti03 Capacitor”, (2007)

[18] Y. Liu, “MEMS and BST Technologies for Microwave Applications”, University of
California (Santa Barbara), Ph.D thesis, (2002)

10



[19] M. Cohn and A.F. Eikenberg, “Ferroelectric phase shifters for VHF and UHF”, IEEE
Trans. Microw. Theory Tech., pp.536-548 (1962)

[20] J. F. Scott, “Ferroelectric Memories”, Spring-Verlag, Heidelberg, Springer Series in
Advanced Microelectronics Vol. 3, Chap. 13, p. 179. (2000)

[21] .7 ,
Vol.12, No.7 (1999)

[22] F. S. Barnes, J. Price, A. Hermann, Z. Zhang, H.-D. Wu, D. Galt, and A. Naziripour, “Some
microwave applications of BaSrTiOs and high temperature superconductors”, Integrated
Ferroelectrics, 8, pp.171-184 (1995)

[23] D. Galt and J. C. Price, “Characterization of a tunable thin film microwave
YBasCusO7-«/SrTiOs coplanar capacitor”, Appl. Phys. Lett., Vol. 63, pp.3078 (1993)

[24] AJamil, T. S. Kalkur, and N. Cramer, “Tunable Ferroelectric Capacitor-Based
Voltage-Controlled Oscillator”, IEEE Trans. Ultrason. Ferroelectr. Freq. Control 54 pp.222
(2007)

[25] J. Nath, D. Ghosh, J-P. Maria, A. I. Kingon, W. Fathelbab, P. D. Franzon, and M. B. Steer,
“An  Electronically  Tunable  Microstrip  Bandpass  Filter = Using  Thin-Film
Barium-Strontium-Titanate”, IEEE Trans. Microwave Theory Tech. 53 pp. 2707 (2005)

[26] D. F. Rushman and M. A. Strivens, “The Permittivity of Polycrystals of the Perovskite
Type”, Trans. Faraday Soc., 42, pp. 231-238 (1946)

[27] R. A. York, A. S. Nagra, T. Taylor, and J. S. Speck, “Thin-Film Phase Shifters for
Low-Cost Phased Arrays”, URSI Conference, (2000)

[28] Y. Shimada, A. Inoue, T. Nasu, K. Arita, Y. Nagano, A. Matsuda, Y. Uemoto, E. Fujii, M.
Azuma, Y. Oishi, S. Hayashi, and T. Otsuki, “Temperature-Dependent Current-Voltage
Characteristics of Fully Processed Bao.7Sro.3Ti0s Capacitors Integrated in a Silicon Device”,
Jpn. J. Appl. Phys. 35 pp. 140-143 (1996)

[29] T. R. Taylor, P. J. Hansen, B. Acikel, N. Pervez, R. A. York, S. K. Streiffer, and J. S. Speck
“Impact of thermal strain on the dielectric constant of sputtered barium strontium titanate
thin films”, Appl. Phys. Lett. 80, pp.1978 (2002)

[30] B. Chen, H .Yang, J. Miao L. Zhao, L. X. Cao, B. Xu, X. G. Qiu, and B. R. Zhao, “Leakage
current of Pt/(Bao.7Sro.3)TiOs interface with dead layer”, Journal of Applied Physics 97
pp.024106 (2005)

[31] Y.-K. Yoon, J. S. Kenney, A. T. Hunt, and M. G. Allen “Low-loss microelectrodes fabricated
using reverse-side exposure for a tunable ferroelectric capacitor application”, J. Micromech.
Microeng. 16 pp. 225-234 (2006)

[32] H.-C. Ryu, S.-E. Moon, Y.-T. Kim, M.-H. Kwak, S.-J. Lee, K.-Y. Kang, and S.-O. Park““An

11



Active Module Using a Ferroelectric CPW Phase Shifter for a Ku-Band APAA System”, J.
Korean Phys. Soc. 48 pp.1637-1641 (2006)
[33] : : ;

", 91 XVI-91-413 (2005)
[34] S. Hyun, J. H. Lee, S. S. Kim, K. Char, S. J. Park, J. Sok, and H. E. Lee, “Anisotropic
tuning behavior in epitaxial Bao.5Sro.sTiOs thin films”, Appl. Phys. Lett. 77 pp.3084 (2000)
[35] G. Bhakdisongkhram, Y. Yamashita, T. Nishida, and T. Shiosaki, “Dependence of
Microwave Properties of BaxSrixTiOs Thin Films on Substrate”, Jpn. J. Appl. Phys., 44
pp.7098-7102. (2005)

[36] - 37 No.3
pp.152-160 (2002)
[37] , “ R Vol. 29 No. 4

pp.1-12 (1994)

12



BST

2.1
BST
Pb(Zr,Ti)Os (PZT)
(1-4) (5-6)
DRAM(Dynamic Random Access Memory)

Ferroelectric Random Access Memory) (7-10)

Pt/TiO2/SiO2/Si
Si

CSD CSD (11-13)

CSD

1)
2)
3)
4)
5)

CSD
BST

13

BST

(FERAM:

BST



2.2

2-1

SEM(Scanning Electron Microscope)

(16)

() 96%

2-1
(b) 99.5%
(d)

14

BST
1pm
( )
96% 99.5%

BST (14-15)
300nm

. (c)99.6%



(50pm

96

2-1
) 0.754W/m K

Glazed layer (50pam)

ot
< § -
= P s

w

‘polyc ryst_alIinetgﬁb/&Al'203(O.“38mm) "

™,

.

>

0

n e
2-2
2-1 an
Glazed layer 96% Alumina substrate
Glass Transition Temperature 685 -
Glass Softening Temperature 870 -
Coefficients of Linear Expansion 6.8><107%/ 7.2><10°%/
Thermal Conductivity 0.754W/m K 24W/m K
Volume Resistivity >10MQ cm >10Q cm
Dielectric Constant 8.7 (IMHz) 9.4 (1MHz)
Dielectric Loss 10><10"* (IMHz) 4>10™ (IMHz)
Surface Roughness <0.02pm 0.2-0.8pum

15



Cu Ni
SiN
50pm
2-3
2-1
BST ( 8.0x<10% ) Pt ( 9.1x=<10% )
Pt/BST/Pt MIM
Si (2.6><10% ) Pt
Pt (3.18)
BST
675 700 BST
600-800
2 A
10pm SEM 2-1(d)
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Pt (

100nm) Pt XPS
(X-ray Photoelectron Spectrometer) Pt (19-20) 2.5
Pt/ as-depo (800 /30 )
Pt 4172 0.5eV
PtO(72.2eV)
A Pt
Pb
(21)

50000 — —

45000 as-depo Pt 4f7/2 ]

40000 L— 800 /30min 136y ]

- 35000 | ]

S 30000} 7186V ]

g 25000 - ]

% 20000 | ]

= 15000 ]

10000 |- ]

5000 ]

0 T S— I
80 78 76 74 72 70 68
Binding energy (eV)
2-5 XPS Pt/
Pt 4f72
2-6 BST
Hpm 300nm
SiO2
1/10
2-7
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BST
(b) BST

2-6  99.5%

(@)AFM BST

,.\
&

100 [nm]

BST
(b) BST

(Q)AFM BST
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23 BST

23.1
Pt RF (SPF-210A, ANELVA)
IPA( ) 5
5 2-8  96%
Pt XRD(X-ray diffraction) 96% Pt
(200)
50pm
Pt (111)
BST
| Pt/glazed-Al203
)
c
>
= ~
A pa
— | Pt/96% Al203 E",
£ o
7]
[ e
©
=
i
| 96% Al203 Substrate
20 30 40 50 60
20 (deg.)
2-8 96% Pt
Pt (400 600 )
2-9 Pt
AFM 2-10 XRD
Pt
XRD
(111)

20

IPA

(111)

XRD

Pt

600

Pt



2-9 Pt
(a)400 , (b)450 , (c)500 |, (d)550 AFM

fr
g | )
S &
o
8 |
? _ Ak 600
§ 550
£ r 500

i 450

" L 1 1 40.0
30 35 40 45 50
20(deg.)

2-10 Pt XRD
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Pt

500
Pt 2-2
2-2 Pt
Target Pt
RF power 30w
Working pressure (Ar) 1.5Pa
Deposition time 10min
Thickness 200nm
Substrate temperature 500
232 CSD BST
BST
BST
Ba/Sr/Ti=50/50/100, 60/40/100, 70/30/100, 80/20/100, 7wt% 4
Ba/Sr
50/50 60/40 BST(60/40)
2-11 CSD BST Pt /
BST 500rpm/5 4500rpm/20
(250 /3 ) (350 /5 )
(RTA: Rapid Thermal Annealing)
(600-800 /5 )
TG-DTA
BST 600, 700, 800
140 280nm  BST 1
70nm
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glazed-Al,O, substrate

v
Bottom electrode Pt (sputtering)
v
Spin-coat of (Ba, Sr)TiO, solution
(500rpm>s + 4500rpm/20s)
v

Drying (HP/150 /3min)
v
Pyrolysis (HP/350 /5min)

v
Anneal (RTA/600-800 /5min/O,) +

v
Top electrode Pt (sputtering)

v
Post-anneal (400 /30min/Air)

Repeat

2-11 CSD BST
233
Pt Au RF BST
2-3 0.27mm
0.15mm MIM
BST
400 /30
2-3
Target Pt, Au
RF power 30W
Working pressure (Ar) 0.9Pa
Deposition time 4min
Thickness 150nm
Substrate temperature R.T
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24 BST
BST X (XRD: X'Pert-MRD, Philips)
ASTM(American Society for Testing and Materials)

BST Pt (FE-SEM:
JSM-6301F, JEOL)
EDS (SEM: JSM-6510A, JEOL)
FE-SEM BST Ra

(AFM: Atomic Force Microscope, SPI3800N/SPA400, Seiko

Instruments) Pt X
(XPS: KRATOS AXIS-165, ) BST
EDS (TEM: Transmission Electron Microscope,

JEM-3100FEF, JEOL)

25 BST
2-12
LCR (4284A, Agilent)
(4191A, Agilent) C tand (2-1)
S
C=¢¢—, (2-1)
d
C , Er , &o: (8.854><1012 F/m), d: , S
C-UCapacitance-Voltage) (2-2)
Tunability (%) _Ere-0) "ErEmay (2-2)
(E=0)
Er(E=0): (OkV/cm) , Er(E=max):
J-E(Leakage current density-Electric field)
(R8340A, Advantest) 0.1V,

20 J-E
TDDB(Time Dependent Dielectric Breakdown)
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