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Study on phased array antenna technology in millimeter wave region for quasi-geostationary
satellites
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Abstract

The aim of this study is to increase advantage of quasi-geostationary satellites by the use of phased array antennas
in millimeter wave region. System concepts of mobile satellite communications and necessary technologies were
studied. The required bandwidth of future mobile satellite communications was studied and necessity of satellite
communications system in millimeter wave region was clarified. As for antenna technologies, beam shaping
technique of a phased array antenna, upper side slot excited patch antennas, dielectric resonator antennas, and
broad band antennas were studied. To develop fabrication techniques of antennas in millimeter wave region, a
cavity backed patch antenna on a double-layer silicon wafer was fabricated and tested. A phase shifter based on
RF-MEMS process was designed and a MMIC phase shifter based on mHEMT process were fabricated and tested.
Comparison of these two models made clear the latter is superior in millimeter wave region at present. Low phase
noise oscillators were also investigated for the use as local oscillators. An experimental model using GaAs HBT
device showed a top level low phase noise characteristic in the world. MMIC high gain amplifiers based on mHEMT
process aiming small type and broadband type were fabricated and tested.

1. FAMNE

I REBEICR DT LWLEEIR S LT, bED
X9 7 R M i L 7 YRR IR A R L E SRR S,
BRI DTV D, RIFFECIIER EHED X 5128
T AHEOREEEZED DO SELERD T =2 —R
K7 b—7 7 ) FRJEEEEROMABEE b HE L, X
V(72— A RTL—T o7+ 2L 0BT VAT LB XL
OERHIFOW R E1T> T,

2. HERBRUBE
2.1 S RF Ltk

U RIEE 0BT, Bim, KOV AT AOMEE
REt L. 2010 FICIIBENIARRIERE T VN LER
AR THDHHFEER LT, IV EmlEEREEO RIS
FIFE VAT ARAERICVLERBRHGEICBSIT S I VK
HHEREERU AT A BEHERT V7 T8 L Ok
PO AR HOWDTHERT 21T - 7=,
2.2 TUTHERBMM
ERETHRDROENT o FF R E LT LA

v NRT 7T 4 TR FT T FEER L O
FRERA, FEBROIZHHMm L7z,

BRI T 7 & LC HIEEE B ILIRES T >
TFDOBE, IRV & LTHZEEEZTTV, VSWR
232 DLTICERT 2 et ddig i, UEfEHT C 28.8%, #AESE
AT 34.6% %187, 7 ux2ny NlRMAMESTEH BRI
w7 > 7T % L0 HIT, FHREFEEZ O THRE L, &
T YA FHFEICE L TE60° OFFAICIHSWT 3dB LL T D
HhEE MG DTz,

IRHHCIR T 7 F % FEBLT D 7o DI HCRIERI R & A
R—=NT T FHRY i A v B = AHIRIE O R
WAt Z1T -7z, TOFEE VSWR=2 (2B T HlLar g
123% (ZEBR T 105%) OBIEHART > 7 F %157, BT,
IDOFIIERIIR T A B— LT T F DR HORFE xR
HAR—NVT T FTORELIZEFELN EERL,
VSWR=2 2B\ T HHHEIE 120% (5T 130%) D&
SR T T T 15T,

RoFT T OO TEE L TERER T+
AB I F DB HECONTHRFHEIT>7-, VSWR=2 Dt
WA TG ER TN — O DHE 23.3%0, - R ES



TR ODEE 29% 03 b7,

MEMS iz w2 @) ar gy FT7 o7
FTEREL, HHLORIETM AT o 72, HH5E 4% CTXK
FH%#—10dB LLF, % 80% D7 v 7 FE KB L,
REHE L B —HT DR EH-,
2.3 = VREREUM

BRI HSOWTIZ. RF-MEMS %A v F, (X mHEMT
AR WA ERIELE (K 1), REDIYEX
Al RF-MEMS BAR# 0 THIEGE L . (K K7 InGaAs 7
NAATHD mHEMT b7 >V 2% %HWi-BMHEes
MMIC OFRIERGRA b U, BLROBEIEAER TI%, -8
RRBFRER DT, I, D OEIEEATH D LWV I FERE
Bz, 7217L. 2 A2 FOmETIE RF-MEMS 534 2D 5
ﬁﬁﬁt@éo

v

750 1 m

1 mHEMT % A7~ 44GHz fl 5 £ v M fH

TN FRME S S 3R 5813, 35GHz # > GaAs HBT &+ %
WT 4 A7 U — F3sIESR &R ME L, 100kHz Bt DAL AR
MEE-98dBe/Hz &\ H IR ko 7 L LR #4572 (K
2), T2, U EHCHEATLIRIEROME LT, ~A
A Yy PR A V- 44GHz B EER RS, ~
A7 ANy FHARE A 2 22GHz #7002 5 B
LERER. BLOT vy a7y v o RSO 3 MEORE
FHI ATV, BIRE NIRRT Y T ADBAICBNT T >
VaT v aNMELTHD Z ERNboT,

-98dBc/Hz |

I
| 285 1x Ji
-58 |8 4B rl

I
JARY

: el | e

‘ For

CENTE!
RBH 1

35.296408GHz

R SPAN 1. 0@aMHz
AkHz *UBMW 308Hz SWP 84Bms

2 35GHz HRELRDOH N ART R T 4

HAMEES L, IR WD Z & 2 4EE L, AR O Rk
B E G252 < 2 fFOBRMOMNAEZEZ T 2
R AIET 5. I VIEEREESREREBR L, &
7os RIARBEBLOWNLT U FFICHWD Z E2HEEL
72 mHEMT 7' = & 2 & Hv 72 S HIS SRR MMIC % 3X0F
L7,

FEAOFE R, E LA FE(X 3) Tk 22~44GHz 1%
WTHIFE 10dB 2 FEBLL, I U EH CEflEL EBLT 57
O OEIFEMER & EORFHREIZOW TR YL iR LT,

1.7mm

3 AL FED MMIC F v 75K

SCOPEF2EEREKE FThE

3. &IV

JRHRE & IR O R 2 R v 2 U R R 1
Fk, BZpEEE LR OEIHIKIChZY | i, KERED
WECB/IH « ALY — B R 2t 2 ERHIF S, b
EomEBRBELRICEROBWEDREE LZETHO
EEZD,

BRI U727 o T FHRIIEAN IR TH Y S VKT
V=T T FDEFTTFTELTORTRL, B, 8
WIEBI DB EAE TOIHANE Z b b, 2 U IREHZFIN
BAZEIC LD, S VEFTHOWD PEERT A 2L LTO
m-HEMT OF % & (KB REEE~D MEMS £
DN MEZ RS Z LN TE 2, 26 OFEM IR L2
P 2 U APAA OAH 72 59, ) IR LAN 72 &
ORAERKIA NI VEEY 2 —L~O@ANARETH
%,

[ELHfERUX L]

(1] vE%r, Py, BH, HH, &, HO, @R, BF, &
A, “RF-MEMS 7 A ZOHEFL”, BT HFHRBEFS
MEREV R T AR (KB (200543 A 23 H)

[2]Koga, Yoshida, Yamashita, Hamaguchi, Nishizawa,
Taguchi, Nishino, Miyashita, Makino, “Cavity-backed
MEMS patch antennas on double-layer silicon
wafers,” IEEE AP-S 2006, New Mexico. V&

(81 &I, /A, SR, Hl, “2 5 A & 7 3 Bk
BIEIZ LB 8T V ARBIRSR O @b OB T
FHmaEFETL 7 hu=J AV A =T 4 RE (fL
M) (200549 H 20 H)

4] Zm., K&, BB, A %o, 4. “FEH
Wk Z A R—7 T F DR, E%#HB).
vol.J88-B, No.12, pp.2398-2400(2005 4F 12 H).

(5] BEH. FoA, BIBE, /K, BEHE, 2P0 [l - ~o
JuANY y TREREN EE Ay NHET 77 ¢
TRy FT L—T27F" 2006 FEE T HFHEREFER
G K&, B-1-66,p66 (HI) (200643 H 25 A).
[EREEHEF) X F]

[1] w3, FPA. = . KiE. 1%, RF-MEMS 21 » 5
B KO RF-MEMS A A v FHEBEEER LT o7 )
L@ A, 2004 4E 2 H 27 A

(2] =, Mk, FEE, R, B, B2 b B, HH.
AR, BHEE., SEAKEAL y FHCICHEMEE, BAR
(PCT), 200443 H 26 H

(8] AU, HAs, ok, VEfE. AR, BUEE, /KB, BP0
WEH, 77 EAEE, AR, 200643 H 15 A

(4] /k¥B. B0, BB, AR, £, 40, XA F—LA
Ty, BAR, 200643 H 10 A

(6] &I, O, KEE. il HiERIE A4, 2005 4
11H4H
[ZEYXF]

(112 H., EYaIESGIER R CE., “2OFHT A F—
VT T T ORGHRE”, 200643 A 1 B.

[2I3REA, B A mAm ., “Mih - ~1 72 X
Y 7REHKEN EEH ATy NWHET 77 4 7Ry
FT7TF”, 20064E3 H 1 H.

[(BIF&H. B dblESGERwmSCE, “ VR ERRAR
FAIEAE—2T 7 F”, 200643 5 1 A.

4l BadbiESaE R, “MRER T2 A X
v 7 Lic/\y FT o7 T OERE X OBR5AA7, 2006
3 H18H.



