BEBRESER [ERUIERM]

#19% H5%% 20085 9K

L2|0E T 871

vl % o) R -
A% oA T

LM B

Pe)u)ejuhet 2 F7belAM F3427E 30 GHz ©]

300 GHz ©l&te] HAE, "B (mm) T4 9]
< 41}7]—42 o)ulgict, Pejv g B
o2 Fugrt &3] 12~
Hz 199 'EL/‘}% AAEA 3~95 GHz th 9}
Al ZAME glold, Matd §7 vabY £4
o] dA-rxo] ok I8y HT YUY I8
FEHAAM 1A= 7H4 Az 5"1Ee
3} 3l BWA(Broadband Wireless Access)®} %

24 LAN 2 &gk 5 A A 2" (Car Collision
S8 71&0] 4

rlo &L oZ:
3, o
gkn Nlo
) >h~
|o rir

oy

gLl

2:.

2 &
0$‘.£o

£ otrl

X

)’ rx o_._. o

Avoidance System) 5 T8 F-&9 §
A EeHi ok

2 uE s )L vlojAZ 3} tf el HlF A 2
AAo| 7t BEAE 7Y, Af 542 o o
g 7] 59 & £AY adh $20 # F55E Sha-
dow g d71% 7247t ¥in s 23 Clear A
oz FEED (2% 1] BevE 3 4] kmG
B2 FF E4E BoFy gl o3& 744
EXE ol &5td [I7 2]ol e el o] T4,
o8, A%, o|v]A, FAHE ALY F o Hof
A & 7ol G - AEHY Yok

vt el o] &g ¢18 ITU(International
Telecommunication Union)ol] 4= 30~275 GHz W<
o "enE g £ wA st dejvlE st
#E A7 - ML 71EE ey, 53] 60 GHz
e s A9 e AE F4 EHLE <

St Wev e st
A7} FA1E (MINT)

: wavelength {mm)
3020015 100 80 6050 40 30 20 15 10 08

40 R B60GHz
average atmospheric S
absorption of milimeter

10 waves
Pt
g
& 1
? 4 sea level
501
g o
2 08
B..ge
o1
W "}U < T Milimeter-wave spectrum )
2407 s 2025 30 a0 50 60708090100 150 200 250300 400
g ’ : frequency (GHz)

SEREEEEESEPESES

L
_Ray )

o AR h
 es \Ala:ﬂ)
YL R
REVRN),

(28 2) BuE 714 $& o

3, Ao gE ZM LAN 807 ¥F371 A
P At FWAME dejue st o tfg o] &
& A=A T Yol o Fuhg Fujrt ojFof
A Qleh 3] dejveg e F4 54 ALH
HA8 A - HEE V-band(50~75 GHz)* A Gbps +
A2 g F40E o] R Yt} AF FE U



N

77 GHz$} 94 GHz W19 & &85 3}
At doly £402 Ak oA &

=
z
2 g e A5d 1LF ALY ¥4 7]
&

N

L

L AR Aol A BAZRE AEE Y
ZuE a5 A8E AR v " oA
Zlol 42 Bt A R 98, AA #5402

53 Aok BvE S g A2E FHEE ¢
X 2elue g oA F2 §Ao] 58
I& & B ol o] &3 FF sfto] Mo
g &, A7tAse A e BEvE g &
AZE S el A AR Ay FFED 2I40
2 333 NA 55 AR ol AA g MIMIC
(Millimeter-wave Monolithic Integrated Circuits)®] 7H
o] o), wEtM & 7| elME A A
o] F#2 JYHT Y& BuEHZ B, o, F
ot && HokE UFo F -9 AT dFL &
sk, FE MIMIC #F M2 T3 o 4R &
£8 ARE FHLE Jlgstan @

I~N' 2 o o

o
-

2
3
[©)

B ve g 74 FA1L 57~64 GHz B 97t T3
 H)87F 9 ISM(Industrial Scientific Medical)
MEZ AR, dA 7 71E B 58 9t &
@3] AT ok R NICTIANE Loy
B E£8 AFE d3te o Yely FH SAE
dg ANSFG. (28 31& 30 GHz Y 7A
A & =24 3 km HE WA 1.2 Gbps F2
£ Yokosuka A& ZEES P-P(Point to Point) B
33 3, P-MP(Point to Multi-point) 3 Z 3|A}} 7}
ol 400 Mbps 522 B3] F= A" E 20049
To A S8agth [IY 4]9 P-MP A1AE & Q)
THA oY HELE E5f W o) &3 do]E g o}
BE | ot g 2uls) 33, oA 7 W
of e BuE Buf FAE o] &3ty thgdt

[13 4] NICT P-MP Ya|"Elg} &4

AA7) 71 1&02 doleg Ads Fe 4TS
g} (19 51 v IBM9 60 GHz 74 41 &
4 MEEo P Syo) dejmtiel A7 A
Z|3t2 HDTVY PC 5ol Fi g wlo]HE FHo

Adde “4°i o710 ALE-Ee P uEH T &

FA A EL RF CMOS 71&€ o] &3t 20063
T IBME 60 GHz 1 4 - 4 AX ¢} et



BEERKSEE $£19% $5% 2008% 98

& 4 9s Aoz datE
1] =<} Berkeley o 8ol A= BWRC(Berkeley Wire-

Centmitized _____
Base Stations ;

““ﬁg‘”“’i; - w less Research Center)E %4192 RF CMOSE o] &3
T = S 60 GHz A28 7Ae 2R okeju} ¥ AEjolgy 7
\;‘/ g z 2 gt el JEL xez Antl dq
e s E 60 GHz % - 4159} wlo| AT N5 X g

cak &7 A Zolth (27 7)3 [I7 8] Berkeley T
oA 782 Y Aod NEE AEE JE
< YeRAAT.

el A= 19999 =58 F= 8 MINT(Milli-

Roam
s 4 _3‘%&; s A wAd slom, duyst 973 a9

=1Y Y Y.Y

S,
[z

fwegrated
Differential Patch
Antenna

4-way phase Shifter v
(130 nfn, CMPS)

(28 6] IBMALY 60 GHz % - §A17] (O 8] Berkeley ™3t 60 GHz CMOS 3



S3-Yelolein S8 71

meter-wave INnovation Technology research center)oll
A GaAs 719H9] A BHEEEE o] 43t 60 GHz
S Wk & . A1 AJ2H prototype LS 4% A
TF7h Z3 5 o], Mixer, LNA, PA, Oscillator 5-& 12
3t 2, super-heterodyne 3 self-heterodyne 4] 2] A]
29 g Adstg oM (19 919 MINTOIA A9
g 74 3 ALY H A ANEE HES e
Atk olftele M-Estw e B AEl¥] ey
2 MIMICs, ETRI®] 60 GHz 4 F4 A28 Fo]
H7E 9\11;]18]'[91_

. Yefoleimt ofnld 7l

vy ooy 712 §F AAAA Yoe
2eug g g AYE ] Fo] FL U T
At R ES F7 WA WP et
By 7, WH, BlE TR Qs Alofrt SHH
A v RAME G343 & 5 e FH g ¥
7], AL, BHEo 2 ek Bopety & 4 gioh
InPU GaAs 719H9] & 7]¢ 22 E MIMIC LNA
o FFAF7E dobA o W g AEE 1A
& 5 A Bl g2t 2 5 oA J)e A7t
gts] AYPHT Qe FF olu AL XrayA Y Al

pe

LNA Mixer i TBPF Coupler |

@) V-band MIMICs 9 V-band MENMS

[38 9] MINT®) 60 GHz &+ 2%

k3
UL, T2 e AR Zlbt} -9} Tohoku
et A Hgd £ oA AMe & 1F
[29 10]°] Jeric, g2 2y uajg %1
ZrEH F& AgE €% 2l Ve 53 MIMIC
LNAZ Q71 3, to] L E UEE & 0] &3l A3
Hdg At FeZ oo E9h [T 1)oM 2
719 4% wet 29 on X7t HE gEA Y
E}‘;k"ftl Abge £ & e 2HER FF o)
€ 58 A4 7 UdEEe ¢ 7 U

U]%OUH—— Trex EnterprisesAtollA] a7 o &
& HQ AMEoE [OY 1219 22 AES EA3
o #rjsty fAnt

599 Fraunhofer Institute IAF A7 1§ 20023
ol 94 GHz th oA A 7|2 GaAs MIMIC 7]
Hke] FMCW(Frequency Modulation Continuous Wave)
gold +2E ol&stel A2 mm)olA [T1H 13]

|

-

SITIAGNS By

AR ) : o
Tapcred slot anterna SB0 gelecio
with corrugatec odacs MMIC arnolifie:

satd o sd quarty

[33 10] Tohoku th¥te) 4% o|u|d A|2H



BEBHLPEE B19% $H55% 2008F 9A

A ZaAF o]u A Al 2"-E 3 MIMIC LNA
ALE T vk HEH LNA FE-L 220 GHzol A

Immature Halt- maturity  Full maturity

e

B g T g
SRV TS

[23 12] Trex EnterprisesAte] 45 o|m] A AJAHE]

15 dB9] |53} 9.5 dBY FE A 54 /A,
[19 1] 25 2 1 54¢ Yehao
FU ol ME S8 MINTOIA 200195 o
4137 9& 9] Tohoku th3}3} 38 GHz o[ v Al2¥
S 3T ATHALH, o] F A& EES o] &3 %4
GHz ov|q A2® d7& AFaqel ™ (19
155 AR AZHeE Qe 48 LNA, HEH 28
Z AZ4 94 GHz o7 Alzfolt). 32 893

0 10 20 30 40 50 60

[23] 13} Fraunhofer Institute®] % o] A

gain

NF

80 190 200 210 220 230
Frequency [GHz

[23 14] Fraunhofer Institute®] LNA 2&



E4--dnjeg 8 7le

[12 15] MINTY| 94 GHz FF o|u|A A2

94 GHz % °lvA 2x%E (1 %i 16]91 Ve ATk
Aoy Ho 7 F&EL 7lE AL T $43 o]n

Iv. Lejojelm golH Jls

golHa A A2 AR A7)E gtEive) F7)
of #¢=Hed, ZelvE s 3o nlo] 22 vto|
B8] 7] g o] &Y Ho|dg 7EE 7 U= &
Ao} ik 2 Fobgrt Sehztel wha Aoy
& EAo] "olx)7] ol AR ALt FolAe
73gko| gith. wtA HeuH Holte FE &
E3 2E AU 2AMS 2AE BV 2E A
ok dE9 gojd M Al E B, 20080l
Fujitsurtoll A [2% 17]9] Bol& 76 GHz the b3
£ FMCW ot g et Agate A2
ol g o] 43t F3 Foll 4F A P2
A3 d FX BEF 59 NS FEE 7 WA

gtm, 53] <7l o} 2ol AAE Aokt FHHA &
T A%dAM FEe AHEE ALE d4En

A
o]
=9 9 Fraunhofer Institute IAF 97 18- 2002
A e MIMIC VCOE £33 v 3 g
4289 | mWH £8 A8& 72+ 94 GHz FMCW

o rE

oo

EYisible Imanes

[12 16] MINTS) 94 GHz % °]u|A

#olt] ZEL @7t k2 m AelA F& £

£ ZA e AT EAE 220 GHz ¥ o]
2 A3t JoH, MIMIC Mixer ¥ LNA
5& 2agn™™M 94 GHzoI A ALR FHold

ni
rf
LA

It



EEIEHRPEE B19% $55% 2008F 9A

glieC £ ¢ 52 ! 1 gl

" Transmitted Reflected
wave

by rarge " Tcaused by brequency
T velocitly 5%,
Gifference ¢ *® .;"*“'“"
ol Beat frequancy y waves
‘:.’ YO0 < and reflected
H ! ‘ td/ - :
v/ | Rangs oc (fusfd)
£¥ ange o

Veloerty oc (fu-fd)

(28 17] Fujitsurte] xk24 76 GHz FMCW #o|dl
EET 2 BES (29 18]9) Uehiolch &3 =
9] Rheinmetall DefenceAl= [ 1919} 7o) Hi
ng s Foly BES Teo] Al ZRES 7
A3 A BAE F e A5 Smart 1558 &
sz gt

ZY o) e 2008 =0l ETRIONA $413-¢ =4
# MIMIC LNAS MixerE& AHA| A #3813 TE3}8)
o 10 mWs &9 A& 2E 77 GHz FMCW #°]
tg Zusgdot? (23 20)e) 225 2 RES
el itk 2 8Z MINTIAE 20 mWE &
g A8 EAL 72HE 94 GHz FMCW #old A4 2

£ 2o A4 28 AZE MIMIC
A 2 LNA 5 A 2L 7|eZ2 ARGAL
o, @A vCoo A AR Adtele= A+ - A
uhg A8 Folt} (2 2119 94 GHz MIMIC ¥
olt] MM & #¥E Ef 71 Ui

Monolithically Integrated
84 GHz FMCW Radar Chip

Microstrip  Waveguide
Cireulator  Antenna

/’& i A\‘\ . \‘_q : 3 ) e
\\: ’,/ == 1/ : ‘ = F - e

VOO AMF

[13 18] Fraunhofer Institute®] FMCW #lo]d

[28 19] Rheinmetall DefenceAte] W2l m el g} Ho|u
£ 343 Nge



Jm
o

- LE|0[ET SE 7|E

T ar s M R d

Woroaky futeh
S btoeny

oy bawns

Wamdts fatah

[OZ 20] ETRIS] 77 GHz FEMCW d#eld

Mixer

W @’513 ;
One-chip

MEMS mixer

[J& 21] MINT9] 94 GHz MIMIC 2 #lo|t] AMEE

10

V.2 &
2 712dAMe gevEg 7led 2 5FE
S8 A2"E $40E 7]E39h 60 GHz $4
N2 e Ao ALs GAd TEsld 77k u)g
T 91—‘L ZoZ 7ldgc} Beln
2EE A V)& Al
AN A&l tinE A
439 °4¥ Aol B2 g Rold, 71g} At 54
Bolg sjAse o] L7HT 100~300 GHz
Atole) Fa4 oM dAl S& Al2E gl
ol Zgd, delvE s 55 &2 2 MIMIC 45
Ao 7198 wirt Atk gk FE S8 AL
g0 22 F3}¢71 100 GHz Y o] 4o 2 A
As WE SrHE A4 A MIMICY 35S
i}ifﬂ F 215% ZEe Ay 2 7 vle A7
Yo & oz AlEdh

[1] M. Marcus, B, Pattan, "Millimeter wave propaga-
tion; spectrum management implications", [EEE Mi-
crowave Magazine, vol. 6, no. 2, pp. 54-62, Aug.
2005.

[2] http://www.nict.go.jp

[3] http://www.research.ibm.com/mmwave

[4] B. Floyd, S. Reynolds, U. Pfeiffer, T. Beukema, J.
Grzyb, and C. Haymes, "A silicon 60 GHz receiver
and transmitter chipset for broadband communica-
tions", IEEE ISSCC Dig. Tech. Papers, pp. 184-
185, Feb. 2006.

[5] http://bwrc.eecs.berkeley.edu/Publications

[6] Mun-Kyo Lee, Dan-An, Tae-Sin Kang, Bok-Hyung
Lee, Sam-Dong Kim, Young-Hoh Kim, and Jin-Koo
Rhee, "V-band MIMIC chip sets for millimeter-wave



BEERIKEE H19% $5% 2008F 98

wireless transceiver system", Proceedings of Koreu
Japan Microwave Workshop, Oct. 2002.

[7} Dan An, Mun-Kyo Lee, Sang-Jin Lee, Du-Hyun

Ko, Jin-Man Jin, Sung-Chan Kim, Sam-Dong Kim,
Hyun-Chang Park, Hyung-Moo Park, and Jin-Koo
Rhee, "V-band self-heterodyne wireless transceiver
using MMIC modules", IEEK Journal of Semicon-
ductor Technology and Science, vol. 5, no. 3, pp.
210-219, Sep. 2005.

[8] Sanghyo Lee, Sangsub Song, Youngmin Kim, Jang-

soo Lee, Chang-Yul Cheon, Kwang-Seok Seo, and
Youngwoo Kwon, "A V-band beam-steering anten-
na on a thin-film substrate with a flip-chip inter-
connection”, IEEE Microwave and Wireless Com-
ponent Letters, vol. 18, no. 4, pp. 287-289, Apr.
2008.

[9] Kyung Ho Lee, Woo Jin Chang, Dong Min Kang,

Ju Yeon Hong, Sung Jin Kim, Jae Yeob Shin, Jin
Hee Lee, Hyung Sup Yoon, Mun Kyo Lee, Young-
Hoon Chun, Sam-Dong Kim, and Jin-Koo Rhee,
"Fabrication of up-converter MMIC's and their
modules for the application of 60 GHz mobile
broadband system", The Ilth Seoul International
Symposium on the Physics of Semiconductors and
Applications-2002, Cheju, Korea, Aug. 2002.

[10} Min-Kyoo Joung, Yusuke Suzuki, Kentaro Kanari,

Yoichi Suzuki, Soon-Koo Kim, Yukio Yamanaka,
Yoshihiko Wagatsuma, and Koji Mizuno, "Calibra-
tion of millimeter wave radiometers (Equivalent tem-
perature of objects)", Proceedings of Korea Japan
Microwave Workshop, Oct. 2002.

[11] http://www .trexenterprises.com
[12] A. Tessmann, S. Kudszus, T. Feltgen, M. Riessle,

C. Sklarczyk, and W. H. Haydl, "Compact single-
chip W-band FMCW radar modules for commer-

[owvt

cial high-resolution sensor applications", I[EEE Tran-
sactions on Microwave Theory and Technigues, vol.
50, mo. 12, pp. 2995-3001, Dec. 2002.

[13] A. Tessmann, A. Leuther, H. Massler, M. Riessle,

M. Kuri, M. Zink, and W. Reinert, "220 GHz low-
noise amplifier MMICs and modules based on a
high performance 50 nm metamorphic HEMT tech-
nology", Physica Status Solidi (c), vol. 4, no. 5, pp.
1667-1670, Apr. 2007,

AAA AeT, o535, oA, " v E st B
AHA ] S B el B3 A, e EEs
=EATC, vol. 43, no. 5, pp. 176-181, 2006'd 5<.
A7, AQA, o1, DY u e ;F o]
4 AM A, dghA kg 3 =7 4-TC, vol.
45, no. 2, pp. 1-7, 20081 34,

[16] http:/fwww fujitsu-ten.co.jp/
[17] S. E. Gunnarsson, N. Wadefalk, 1. Angelov, H. Zi-

rath, 1. Kallfass, and A. Leuther, "A 220 GHz (G-
Band) microstrip MMIC single-ended resistive mi-
xer", [EEE Microwave and Wireless Component Le-
tters, vol. 18, no. 3, pp. 215-217, Mar. 2008.

[18] http://www.rheinmetall-defence.com

[19] Dong Min Kang, Ju Yeon Hong, Hyung Sup Yoon,

Kyung Ho Lee, and Ik Guen Chot, "A transceiver
module for automotive radar sensors using W-band
monolithic microwave-integrated circuit one-chip set",
Microwave and Optical Technology Letters, vol.
50, no. 9, pp. 2371-2376, Jun. 2008.

ol X, YU, FAE, o7, IF2, AHA,
HEd, HeF, &9, J4F, AdE, 948y,
o], "Abuto]o] 71E 0|88 94 GHz MIMIC
UMEE AA Z AR 2008HE FA vlela
23 f duds sdeds =74, 2008d 59.

(21] Mun-Kyo Lee, Byeong-Ok Lim, Sang-Jin Lee, Dong-

Sik Ko, Sung-Woon Moon, Dan An, Yong-Hoh

11



Kim, Sam-Dong Kim, Hyun-Chang Park, and Jin-
Koo Rhee, "A novel 94-GHz MHMET-based diode
mixer using 3-dB tandem coupler,” IEEE Micro-

1986'd: M-Ethety Axpg st} (F8Ah

1989'A: W= Cornell University AR
= (3844

1993'd: |]= Conell University ZAHz-8t
3} (FEhAh

199313 ~1995'3: )= University of Vit-
ginia, Research Associate

19953 ~dA: =ty AA4Fstst vy

[F HAE0 MMIC, ey 3 A7l -8, 2350 W
ZA AR

-~

19993 24: wiA g x Ax}-38 3 (¥
EQ))

20019 8Y: sty AAFEH (F
8t AR

20023 99 ~3A: I x A3 &
o AR

[+ #alzol] PejmE st A4, MIMIC

12

wave and Wireless Component Letters, vol. 18, no.
9, pp. 626-628, Sep. 2008.

19853 2¢: Aeilgw (FEAAD

19939 19: "3 2AF=O 8y (38
HhAh

19933 ~2002'd: sl wieA 45

20029~ A FENR AAT ST

1=} 2=
Sl

(5 420 BeuEs 5 L 5%

&z R FAH, MMIC AA 2 A%

1969 29: FIFFUSGL AAFE
3 (FEAD

1975 2€: Mgy Argets (7
g4 Ah

19823 64 v} Oregon State University,
A7) - AAF e (Feheah

19903 7€~19919 84: = Univer-
sity of Michigan, Visiting Research Scientist

2005d: AT EY G

2008 #HEI&ES 54

19853 99 ~@A: Sty AAFTYH} we

T HHZOf ZLErEs &%, MIMIC




