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Abstract

This thesis is divided into two: parts.-The first part is the design of dual-band
printed antennas. This design utilizes the theory of pliers, which can reduce the size,
to propose a dual-pliers structure. By simulation and measurement, the advantages of
structure miniaturization and dual-band characteristics are demonstrated with the
dual-pliers structure. The antenna is more wideband if one of the dual-pliers is
properly arranged. The two operating bands of this antenna meet the standards of
|EEE 802.11a and 802.11b.

The second part is the design of GPS system-on-package module by LTCC. This
module integrates LNA, SAW filter, 1st IF filter, and RF front-end I1C. Furthermore,
the 1st IF filter and LNA consisting of buried components and surface-mounted

devices are designed by simulation.






21

211

212

213

22

2.3

3.1

311

312

3.2

321

322

3.3

331

332

34

341

34.2

35

3.6

55

R

R

42

42

46

48

48

46

45

42

a7

51



90

89




1-1 Bluetooth

2-1

31 LTCC

IEEES02.11a/b/lg e 3

Vi



2-4

2-5

2-6

2-7

2-8

2-9

2-10

2-11

2-12

2-13

2-16

2-15

2-16

2-17

2-18

2-19

2-20

2-21

2-22

2-23

2-24

[20]

[20]

IE3D

IE3D

2-13

(
(

)
)

(

vii



2-25

2-26

2-27

2-28

2-29

2-30

2-31

2-32

2-33

2-34

2-35

2-36

2-37

2-38

2-39

2-40

2-41

2-42

2-43

2-44

2-45

2-46

31

32

3-3

34

() 3.25mm L 24

O 25

HFSS () e 29
7L< c xR 30
TR PR 31
B.25GHZ o e e 32

S.7T5GHZ 33

5.25GHZ 35

245GHZ 37
SO0GHZ 38
5.25GHZ 39

ST75GHZ 40

GSM/ DCS/ PCS e 576 ]

2. 4GHZ e [...7.].....58



35 59

36 01 O 60
37 60
3O e 62
310 Butter worth 62
AL e 62
G L s 63
A3 e 63
314 s 64
A5 e 64
316 LTCC e 64
317 A g, e 65
318 000 R R e e 65
319 0 e BT e 65
320 i@l 66
321 L T CC e e 66
322 Ltcc L. 67
F23 67
F24 e ———— 68
325 K e 68
F20  TT e 69
328 LNA 69
329 1 - dB o 71
330 L INA 71
331 LNA 72
332 Tl e 73



3-33

334

3-35

3-36

3-37

3-38

3-39

3-40

341

342

3-43

344

3-45

3-46

347

3-48

3-49

3-50

3-51

3-52

3-53

354

3-55

3-56

HFSS



(Wireless LAN)

IEEE802.11  Bluetooth 802.11a 802.11b 802.11g
1-1
(Printed. monopol e antenna) F (Inverted-F
antenna) (Helical antenna) (Chip antenna)
2.45GHz
g =47 23.2mm
1-1
(GPS, globa

positioning system )

(PDA)



(LNA,
low noise amplifier) (Band select filter) (IFfilter)
(RF Front-end 1C)

(SOP, System on Package)




Operating Frequency Band

Operating Bandwidth

WLAN 802.11a 5.150 ~ 5.250 GHz ( U-NII lower band) 300 MHz
5.250 ~ 5.350 GHz ( U-NII middle band)
5.725 ~ 5.825 GHz ( U-NII upper band)
WLAN 802.11b 2.4000 ~ 2.4835 GHz ( ISM band ) 83.5MHz
WLAN 802.11g 2.4000 ~ 2.4835 GHz ( ISM band ) 83.5MHz
Bluetooth 2.400 ~ 2.500 GHz 100 MHz

ISM: Industrial, Scientific, and Medical

U-NII: Unlicensed National Information Infrastructure

1-1 Bluetooth |EEE802.11a/b/g
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XY-plane Measurement Radiation Pattern
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(GHz) (dBi ) (degijree) (dBi
245 XY 1.788 300 -1.788
2.45 XZ -0.147 37 -2.760
245 YZ 3.428 139 -0.361
5.00 XY 4.125 279 0.285
5.00 XZ 2.714 210 -0.615
5.00 YZ 4,216 234 0.528
5.25 XY 2.087 284 -1.475
5.25 XZ 0.928 322 -2.625
5.25 YZ 2.335 335 -0.351
5.775 XY 3.875 292 -0.459
5.775 XZ 1.560 341 -1.742
5.775 YZ 3.696 238 1.001
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3.1

(RF-IC)
(SOC, system on
chip)
(SOP, system on package) (LTCC, low temperature co-fired
ceramics)
3.1.1
(FR4) [3] 1GHz LTCC
FR4 LTCC FR-4
3-1 LTCC
(Thick Film)
1000
[4]
31 LTCC (MCM, Multi-chip Module)

[3]

42



()
°
()
LTCC
(filter) (diplexer) (balun)
LTCC
3.1.2
LTCC
GSM/DCS/PCS [6]
3-2 LTCC PCS
GSM/DCS (SAW _Filter)
(Direct-conversion) (wireless
LAN) 2.4GHz [7]
3-3 LTCC
(MMIC, monolithic microwave integrated circuits)
(PA, power amplifier) (Mixer) (LNA, low noise
amplifier) LTCC

LTCC

43



3.2

3.2.1
(GPS, Global positioning system) 24
24 20200
55 4 [8]
(CDMA, code division multiple access) (UTC, universal
time coordinate)
CDMA

(pseudo-random code)

GPS S
UHF GPS L (Baseband) 10.23MHz
(Carrier) L1 L2 154 120
L1=157542MHz
L2=1227.60MHz
GPS (SPS, standard positioning
service) (PPS, precise positioning service)
L1 C/IA
(Coarse/Acquisition Code) C/IA
L1 10 15
L1 L2 P (Precision Code)
L1



3.2.2

3-4

conversion) (dual-1F heterodyne receiver)

(double

(image-reject)

(channel selection)

(interference)[9] 35

LTCC

(Loop Filter) (VCO Tank)
(RF Front-End 1C)
L1
(Single' Balanced- Mixer)
(1st 1F)20.46MHz
(LC Filter)
(AGC, automatic gain control) 2
(ADC)
4.092MHz 3-6
2.2V
5.2mA 5mmx5mm [10]
3-8 LTCC
60

LTCC

LTCC (layout)

11.5mmx11.5mm

45

GPS

GPS

3.6V

19



(surface mount)

37 12
11.5mmx11.5mm
(shading case) 0.5mm LTCC
10.5mmx10.5mm
LTCC g =10 0.002
35um  70um (conductivity)
3.5x10’'S/m 15um 14 GPS
3.3
(Balanced filter)
39
500
12000 4800Q2
20.46MHz  3dB
2MHz  4MHz
3.3.1
[18] 3-10 Butterworth
311 LTCC
3-12 ADS

46



3-13 3dB 2.1IMHz

3-12 3-14
3-15
12000 48002
3.3.2
LTCC ( reference ground layer)
3-16 C
C, LTCC
(parasitic)
C=C,
3-17
LTCC
C,C C
Cyu=C+—"=C+> :§C (3-1)
C, +C, 2 c,-C 2
15
LTCC
3-18 LTCC
3-19 C, C,

C, G, 3-20

47



LTCC 3-21 LTCC

HFSS

3-22 ADS LTCC
HFSS

20.46dB 3dB 2.1MHz

3.4
(LNA, low noise amplifier)
LNA
(SNR, signal to noiseratio)
LNA
LNA
34.1
LNA (Gain)
(NF, noise figure) (matching)
(unconditional stability)
[13]
LNA LNA
1 ltotal < 3rnA
() Gain > 27dB
[ ) NF <2
[ S, <10dB
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LNA Philips BFG425W NPN
(BJT, bipolar junction transistor)[15] 900MHz
1900MHz [14],[16]

900MHz  1900MHz

[17]
3-23 Vg =2V lc =1.5mA |, =17uA
(Common Emitter) (Voltage feedback)
3-24(a) [12] Ly L (RF-Chock)
3V R.c =659 R; =70.6kQ (Lump

element) R, =68kQ R =680Q

(Scattering parameter) K (K

Factor) (32) (3-3) (3-3) K>1
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K<1 (potentially unstable)[12][17]

A= Slszz - 32521 (3'2)
1_ 2 _ 2 A 2
o LIS (o[ 4] @3
2|88,
3-25 3-24(a) K
4GHz
3-24(b) R. =100Q
4GHz K>1 3-24(b)
[1.
LNA
27dB (cascade)
|l =1.5mA LNA
3mA
-10dB[17]
4.3 LTCC
Tt 3-26 T
3-27 LNA
ADS 3-28

1. 575GHz

S,=3024dB S,=-11.32dB S,=-2021dB S, =-40.13dB

50



Noise Figure=1.92dB

1-dB (1-dB compression point) 3-29 -41dBm
3-27

V.

LNA (SMD, surface mounted
device) SMD

3-30 LNA 3-31(a)
S21 3.6dB
S11 —12.45dB —-8.46dB S22
5dB 3-31(b)
1.575GHz 3.05dB 4.54dB
1.5dB 3-31
SMD

3.4.2

LTCC

LTCC 3-27

51



LTCC

LTCC
3-7 GND
(cavity)
3-32 LTCC
326 ™ 3-33
T
) LTCC 1.85GHz  2.5GHz
L1 (self resonat e)
3-33
LTCC
3-33
(Vi a) 3-32
3-34
1.85GHz 3-35 2.5GHz
LTCC
LTCC
LTCC 3-36
3-37

LTCC
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HFSS 3-27

3-38 340 342

3-39 341 343

[4.17]
T
3-44 LTCC
In_Match_L QiL1 In_Mateh L
In_Match_Cl- In__Match .C2 Q1L1
QlL1_C Q1 _C,
Q1 (Base) QL1 _C,,
QlL1
3-45
Mid _Block Q2L1_C Mid _ Block
Ql Q2
Q2L1_C
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