ETRI HRSASEEAM K253 M25 20104 4
= = . G’
E-bandE °|83 Multi-Gbps
o AL 7|E 53
O
T4 A R
Multi—-Gbps Wireless Transmission Technology Trends in the E-band
= 0iTo] AltHE olB0
HISEMSE S E7 224 (B.S. Kim)  L20|EIP|SSTE M7
42 (K.S. Kim) Y2|o[Enty |aH7E MAUHATH
2842 (M.S. Kang)  ZZ|C|HO [&HTE MUAT
HRZI(W.J. Byun)  ZE|0lEim @7 &
Y (M.S. Song)  UXIRMAHTE MAHATY
2 it
. ME
Il . Gopsg LHSH AAH & o
Il . Gbpsg LHEM AAH 7|& 58
V. St 78 2E Tl s
A=t « 2 QAT A AA R W KEITY IT #A71 &7/ Alede] Ygto @ 23 6} H2.
[2008-F-013-03, 2= &7 F3t 4 Ye|u|ejojf Hujated o]-& 7] 7|

z| ol 3.5G, 4G ©l5 84!, WiMax & thgh il 24l djo|g] Ajn|A9] Wido] &
=8 g wet 7|2]=5 fIgt FA4 W2 HELE0 AR 2ot A3 Fopd
Ao R ey F Wit AR ¢ UYEE g FEAUI LI Last
Mile' 73]l et FAAH] SAIW &HIF @7 Qi 2 JoME HAxHoer
Gbpsd % 2wt 7Q12HE AZSAY, Gbpsd AMIEAY & 3o 0] 3 4
%1 E-band ©]-& Multi-Gbps& 278 AtHH T4 A 283 $4417] A 24 =2

Y 7le N 5L AolstLA) je,

© 2010 BTHRIEAHT ﬂ



) TXSAUSHEA X257 H25 2010 42

1. HE |

2 2ol 3.5G, 4G o584l WiMax 5 cjokgh
24 BA o[ Au|A] Wdo] FEEF ZIE]
2 glom, olg Qlel th87/34 Ethernet ol
thet #9271 F43] Fdi=lo] 7k Yok oA g
/14 Ethernet & 1/d3ks o E: de
nejahs ol gshe W, FA FEAUFSO)(1], 2

83k Wo] glct. FSO
ool A, /=
23}7) olg]e WA

o FEE =] b= Aol QxR dxlshe o) W
2 X7t v 8ol E= o] Qltt. BiHo|, Wen]
E|gtE o] 83t B4 AL 1~2km Hre] 24
HAE Pt A& RlofA =] A Zko v g &
HollA §4 FEA R & o] 9, 21 ¥
59 o3 Hojlil= FSO BHet fefsiches Aol
et ol o] f= 22 Weln|Euts o83t 1%
& A 74 FAlof oist ilo] kst ¢t
14 AYH(point-to-point) T4 EAL M2
HolA 9= F IAHE x| FA Y2 E o8
sto] ARE F01 Wb FA WA et o]
g A 7 FAlof| o]& Jhed Fubes

18GHz, 38GHz, 60GHz, 70/80GHz, 92GHz thed
Eo] Qi}[2]. Z&ut, 18GHzU 38GHz thed2 o]
§ 7P 4 el Zo] 44 Mz HER 37)

ol Gbpsg A4 $EE $FX17])E Hlol= 3t
AZE UAH3]. o|& Qlsle] Fut4 AgEr) o
50GHz o}/de] thdofx Z83] 4
Sro 2 v|uA 7igel £4417
Gbpsg¢] Hlolg| & H4& 4 9
£ Hitoll thgh il o] Z7ls%et

50GHztl o|i}e| b4 thed Fups- Rufjo] 7
©, u]3 FCCE 19989 57~64GHz t<-& Haljs}
Fom, U 59~66GHz YL BufslgicH4].
gt 200640 &% 2P o0& 57~64GHz tf
& 2ofetglct E3h vl s, 432 2005
Hojl 71~76GHz, 81~86GHz, 1281 92~95GHz
HEE 1 Ao FAlgo® Bufsiglon], 33
= 20079e]l, 1811 3h=te 20094o]] 71~76GHz,
81~86GHz Y& 114 M| FAlg o2 B}
Foib]. (2 D& 28 27152l 70/80/90GHz
e Fatsy ol g HojFEoh

S7~64GHz -2 v|HE| Ful4 &x 2 Hul
SReng o] Iytof|a Fupg oo upE
Hl-§ Reto| gl7] miRo) 24 1A Huhd §A1L
o2 HE7|E 5k SF|9F 60GHz the2 o
7] &9 Ataol oJgt 77} ui¢ 27] wj o] Al¢)
BA2 FA8ole Asta] ofx WPANZ} Z-e
10m o|tjo] FAl g o2 &ael7 Qlct. gHA, 71~
76GHz, 81~86GHz & Atxof o5t ZF2)7}
lkm & 0.5dB ©|3}2 v - 2fobx] A7) A g
Zof Asict. (28 2)= dW2jnjela} Dol 1

Hr
>
w
"

FE | 7172 737475 76 ~ 8182 83 84 85 86 ~ 92 93 94 95GHz Wz
, )= FCC 05-45
NEY . 2005 3¢ 714
et 7fek DGTP-001-05
2005 99 Hu)
#4: ECC/REC [05] 07
s 20064 109 2]
e 4= Ofcom
200611 119 £
o of o 5% ACMA RAU FX20
=5 e &y 2007 129 )
@ WEe] 1A
B 2009-36
20001 129 5y

(T2 1) £ Z7te| 70/80/90GHz FIK Sl S5t

© 2010 S=TIRISLIGTH



ZE4 Q| / E—bandZ OI23 Multi-Gbps M X4 7l =

Average atmospheric absorption of millimeter-waves
100

H,O  HO,
E 10}
z
Z 1k Honzontal{)ropagatlo
at sea leve {\

8
T
&
< 001 Horizontal propagation at 9150m

1 1 1 1 1 11 1) 1 1

10 20 30 4050 100 200 400

Frequency (GHz)
(O3 2) Y2jo|e{ot cHEef th2] 24| £

o] 7] EXS WeiZri6]. E-band= 60~90GHz
& ofujst=tl, £3] 70/80GHz 95 o]-&gt
A A FAL A AR Alm AR 2ApE]
Visant Strategicrb= 2014712 d84 S
0] 125% AL = 710 & o|&5} 9)

& oM #A 53| HAlo] XEHQ U
70/80GHz ¥-& 0] 83t Multi-Ghpsg 24 &ty
A B A AE9) -2 Hopel Al A= 1l MMIC, ¢F
Hu S 22 S5 A A REY 7l e
TS Aot} gt

I. Gbpsg ZAFAl A|2H] $-4 o

70/80GHz tjed 1A AiA Al A|AHL C}
3} 7o 214 dloje] Ho| gt gt
£ ool A& 753tk

1719 ¢ st AT 4540
£33 71501 ofet ol vici2, 234,
ol 5k 5 7% Be 8| dlojelo} WES
22 51 gk (28 d)ojlA Hefzj= 7414 2, }
LEo] HEE o] &3t ol iAo ® 2Pt 5
g PAsh= Aol golsix|at o7 HES ol&
3= ASolli= 2 A E Abolofl AU e R gt
dz] w]go] AA F7igtel 53], WS drhsl= A
< o w2l v]&-E 2| E3lof ot AL
wHgsHA "ot 70/80GHz Fatpte o) 49 o] &

© 2010 SI2EXISLIHT

02

Point to Point
Access X

7Hst Fulkg tedZo] 10GHz A= o|B & 2 Ghps
o A4 AA” 1Ho| 753t 7kt of v
Aztez whg 4 4 Sl wiEe] 2] vl
o) =gk, Qtefut B Zof - Fopr|(2feet QHH|
o] A9 3dB W Fo| L& o]ty & Heby S

A 4 Gl Aol irk

2, HDTV %48 SAl

A A HAH ez HDTVo| g o] gt
3] o] Fo)2|aL gl o, ofof gisof HDTV &
7ldb ) 1 AR shibs] o) Rojz|m Q)
HDTVE] B4 At |tz 2 Qe 4%—3}
¢ %4 1.485Gbps?) £%7} @ =) 7|&
A o] gato] B|glZ o8 RS HE3H 7

ook

rlr

goll EAsh= *‘lﬁkol H5 A4 L%’ﬂé °ol-&
[Zsto] dgsliof st ol
*%Oﬂ o oHd dskel Ay 21
of &% 471 A% 22 Azt
o] 2|grIZo] AF 4+ Qlrt
7 49} 7o) 70/80GHz o
AlE olgsto] Firetel 14
A @Eo) 7Hs st o

0] Pge] A FY 4

4o do

oI'
-

_,d
0 m]o

J_, jf_)‘ O )l{l
M oL
r re
?Il. o_>|"_, _{O —_— 0.9. oﬂ,
o 4y E ox ox
=2 Mo
>

[e]
ox
- 2

¥2 o

-



g NMAISMEEENM M5 M2s 20103 48

(O3 4) HDTV WEE S4Y

(322 5) At =S S

4. ¥jt]e A& FAT

52 AFjoPY 73S S8l g 9% Fhelet
o] oigto] Fehslm gick 2ol W WET. 77

oo

3t
O -
B/ 7l 20]an it #y
te 7|&E 7|& opd2 oA 2ueHE fAE

Y7E= WAt glon, o2 Q&) wHe
& magroR welshs Wio] &7EHIL Y

R O H 2 2 T as
APAA o2 mehd Y2 x-ray QAfeld U5
ghate] a2l MRl 944 52 Aol 7Hs3leh
o] 24 715 AgollA Hrt wiE S5=2217} 7Hsdl
7 gzto] et gapAQl 227t 7hssixich

© 2010 EFTRSHATH



. Gbpsd LA FA A&
NE 5%

70/80G EHOE‘,—?: 60GHz thedof ulahA] th7]zt
© ZFAL nlashy TA EALOF

(E

2= 9l /E-bandS 025t Muli-Gbps =41 &4 7|2 S8t

SGHz o|749) o) hgwfo] Qirt. Ht thE 5
7h ot e toldAs 7] HeRME Fajs
ARE-27T AEEPHA] 7| 2AQ] BEAl 2o gt &
= TS & oA of2 vl Gbpss o]
A g A 2"le "*%6}71 I3 71 Hdo] 2y
ol FolA SI7]. o & Ao 17| flate] dxf A}
A

9

]-0]1

e

59 714 423t urh WE 15 9l A7
SHe 714 S st sk

jﬂo[n&l'—{tl

P
et

44 Gbpsg He|u|gu} A A8 53

70/80GHz2 o] &3 1.25GbpsF Waju|e]s} 4
A A AHL d@ | HBE Gigabeam, Bridge-
wave 5 92| Zrtol|a AEAEO R EAl5tT 3
ch }J{L"ﬂ% 7|20 Je Futy tjd S g8k
ASKUEFSKe} 7H-2 ot & 7 vhal o] ¥ 2 HEAlofjA]

S48 70/80GHz &8 &4l Al -

Comotech
TE1000C
www.comotech.com

Bridgewave Rayawave
ARBOX Airebeam 70~1250
www.loeacom.com www.bridgewave.com WWW.rayawave.com

i é‘ \)} :

1.25Gbps Full duplex

71~76GHz

+ 17dBm(50mW)

+17dBm(50mW)

ASK

7HIE1])

ELVA-LINK
PPC-1000
www.elva—1.com

Flexwave MMW
www.adc.com

1.5Gbps Full duplex 1.0Gbps Full duplex 1.25Ghps Full duplex
71~76 & 81~86GHz 72.5 & 82.5GHz 71.125~75.875GHz
- +17dBm(50mW)
OOK ASK
7= e EEIM
Gigabeam G4 Networks
G1.25/24 MMW-70-GE
www.gigabeam.com www.G4.co.uk

1.25Gbps Full duplex

71~76/81~86GHz

+10dBm(10mW)

DQPSK

dal=s

1.25Gbps Full duplex 1.25Gbps Full duplex 1.25Gbps Full duplex
71~76/81~86GHz 71~76/81~86GHz 71~76GHz
20dBm + 17dBm(G0mW)
BPSK ASK
siEa) i S

BITERIEATE ﬂ



B FAEAMSEEA H26F K25 20104 42

AHEEAL o2 A EarzlEely 1Gbps/100Mbps
2 ol wjzt Ag&E WAl 7hsslAl sk 5
TR T2 A A2 7)o HEE AEFSol U
Bl ok AR Ade A% 2ols Elv:
HAE AHUE F2 ARSI glon] S2olut A
272k AR S-S HRlh Sjofa = Z2E
ofjx] 71~76GHz thE-& AF&3H ASK ®HA19] 1.25
Ghpse g Al28E 7iEste] wufsial gick of
2 712] A& AARI BAJS <& 1> A2ste
H] w3}t

2. Multi-Gbpsg A|2¥ /¢ 53

10Gbpsw 4 & HIEH 2 Hgo] Fofufx
_‘?__

A S ARl29 &571 FoR| wet 2

backhaul-§2 2 283}7| $J5to] 4~ Gbpsg A%
o] 7Fs3t A|ARIQ] Ate] o] vix] HEfR o] T
o211 ¢}

weju|gat $4-407] BE Aztoz 2 el
n]-¢] Endwaverl= 13} HZ 9kAg 2|Ys)r]

(33 8) EndwaveAl2] Smart T/R 28]

E Sub-harmoric up—converter
multiplexer
Digital —»] »
data q —» N »> BPF >
input |__-p| channels | J.__ >
4 LNA
Data de- Modulator RF A i
multiplexing f LO N -
Ref. — | : > iplexer
clockC;> Rx <
[— A 1 Antenna
Digital > N : LNA
data «--1{ channels (- T
output <] channels > p—
Data De- IF de-
multiplexing - modulator multiplexer Sub-harmonic down-converter
Digital modem IF module Mm-wave transceiver

@) A% A 72

Integrated mm-—
wave front end

6Ghps link at the test range I

) AE A=F =9] A

(38 9) &F CSIROS| HE|7|7HH|E Tk AAE

© 2010 B=HXISUATH



P

At wpol2E HEE=7} WAE Smart
T/R 2Eoletx Hud deln|ela} $54017] BE

£ st o] 252 100GHz the7tx] 24
7 ]”—0}1 Afojoj A gl 2o Aol £ AEe
762 o83 }@l RE &xte] MgS BAgsh: &
S /s THE]. (I3 8)2 EndwaveAte] Smart
T/R 252 o5 R §)

339] CSIROE 80GHz thdollA thsafd ut
Al o] &3t 6Gbpsg T}k X—l!ﬁxlﬁul-‘% AR5},
S A AL Aot 9]. 2.5GH9)

709 A2 e ek 885 #0)7] $i8
8PSK ¥ ZHMAE 2231 o RF 4404 7 29]
H A S BAS] Hf; uoﬂxu =Rl xH‘—"

l

Transmit array

<@ €-
@%@ @%@ e

@

R

e 2 / E-band& 0188t Multi-Gbps £

rx
ol
o
~
i
of
0o

e}
o]=2] Univ. of California Santa BarbaraojjA}
= MIMO 7]&& #-8sto] 2|tf 40Gbpse] H4o]
7Fedt AlAE AR E :rLs]"’d‘:} 10]. LOS 34
011*15 g 2lol| Al 43t et} Ao o] A
FAAA 7 J El%ﬁ} oj5o] 7| == 5}
e A gath (32 108 A1) 9 s
oA Aqkgt A 2] ‘auleiwr MIMO #2& &

AR B2 QLA ME 70~95GHz to)
A

AHA AEHAL ALsle] 10GbpsE #H4s
(o]
=

SESIATH11]. (29 1D

Receive array

@ Receive array has N elements,
each of which is a subarray

(T 10) MIMO 7|&2

—>

0[Z3t 40GbpsE & AlAH

Transmitter(Tx) Receiver(Rx) Millimeter-wave wavelet
RF transmitter AN RF receiver
= fep o Detector
YAntennaY =
=
ng‘ Low-noise Limiting =
;;) Optical Optical amplifier amphﬁer . g
g signal_..-..._signal — , g
= ot Rebwscbanduit |
Fiber network
(10Ghps)

(2) QJEx k2] WelnEls} A28 Fz

0[E3t 10GbpsE TSAIAH

© 2010 BRERSAHRY @



TXSASEREA XM25® M2s 20109 48

i

iting SE712 7/d=o] ek B3 &4 E
3] GaAs HEMT Hr} £E9} wo]2 EXJo] £&
InP HEMTE AHg3}e] A1 7idstgitt

21 g7H2] Ao £ uiet 2ol AAH o2 Hlo|5H

[e)

=3 gk o] ¢ ETRIE 16QAM H2UAE
AHEEE O F Al A4 wAE AHEste] 70/80GHz
thell Zkzke] 5GHz 71 thY-& o]&3ted 10Gbps
o tlo|HE & o]F 3t WA o ® HEate Al A
7} QL RF, IF 25 Y MMIC 7|&& 7Hdsa

V. £33 74 LE 7% 5Y |
RF

28 W FYREORE AL

Al
ZZ7|(LNA), HZE7|(PA), WA (Mixer), QHeLt
Zolld = &zl A7 Zr=tof| A A
SHL 9l InP, GaAs, GaN 5 552212 o] &3t
RF 4441 MMICE3} A A819] 2]Ftho]] )3t
+ ¢V 71E i d8 2 AE5E 24 24

0

H|ES0] ZFHE o|F1 9) o Hittite(F Velocium)
A}, GotmicAtol|4 = GaAs HEMT 348 0|85}
NF7} 5dB AEQl RESL sprakelon], HRLA
oM+ InP HEMT 34& ol83te] NF 4o
3dB) A &S 7stcH12]-[14]. T3} Fujitsu
Apl|A= 2009 European Microwave Integrated
Circuits Conference®j]4] GaN HEMT FA& o]
8slo] Za2|4(NF) 3.8dB9] LNAE Hx33ich
[15]. <E 2>= 4% AL Z87]9] 52 A2

APER u]ugk Zo|ot.

2. A9

olN

Z7](PA MMIC)

PAL &9 HA(PTP) LAY oA EA A
25 2sle 585 14 2E 59 shtolct &
Al Hittite(7+ Velocium)A}, GotmicAlol| A& GaAs
HEMTE o] 83}e P1dB7} #tf| 20dBme] Z =]
AEES s, HRLAPA = GaN HFET
5785 ol83to P1dB 24dBme] A|ES s}l
©o[16], FujitsurtellA = 20091 EuMICoj|A GaN
HEMT 348 0]&3F P1dB 25.4dBm¢e] PAE |t
HIG) <E DL A A 2710 452 Az

APER B3k Zo]ch.

(E 3) MMIC PA
W Gh P
A}%gés 71~76 13 20 }?EaﬁST Hittite
A}ﬁﬁgé , 8186 12 19 }({}Eal\[}I’SI‘ Hittite
- 71-82 15 %4 }%aéfr HRL
- 7686 11 24 P?FagT HRL
- 70~100 - 254 H%?\TT Fujitsu
3. Mixer MMIC

5 @) @m P
oéﬁ%n 70~83 5 13 el Gotnic
oé%i%z 75~89 5 24 82 }?EaﬁsT Gotmic
A}Sgg(;s T-86 45 13 7 %S e
A}Sﬁg&g -8 5 M 7 %S Hitie
Lo -0 03 29 - o HRL

- 75~110 38 25 ol Fujitsu

i

IF XA5E5 RF A5 2 ¥slsh= 7|52 1= Mixer

= GaAs HEMT 34 o83 %0 7.8 o]

© 2010 BIRFRISAIGTH



US4 2/ E-bandZ 0188 Multi-Gbps 24 & 71s 59

(& 4) MMIC Mixer

REALO IF CL.

=8 e G @y FE A
e, T0-90 DC-18 12 S Hiite
MDREO 70~05 De-12 11 S48 Gotmic
VRO 60~05 De-12 8 N Gomic
EXKZ/IZG 72%:1%/ DC-15 11 - Endwave
Fee BB peets 11 - Endweve

3 9o ZE single/double balanced HE]E
HittiteA}2} GotmicAfol|A] 7HE]|9) o, 12 End-
waveAto]| 4] Sub~harmonic Mixer 29| 2|7}
NLEGTHIT] <H 4> 48 29 des Az
AP vlagh Ziolﬂ}-

4. Antenna

WHhoz gt gejdos 2 Ae &
Ze47t oAl A¢ B Ee) o 2o o
Zfopzlch. mhekx] E-band AJARZ 217
QHEUt ARgStE 2tE 3dB ¥l Ho] 0.5=2 nfe-
F2 WS €& 4 ek o= Qlste] A2
7to} 7ol A9 glof 517 HakE AtdsHAl & 4
ek o]of 22 S 7] Slste] (3 12)0014
Hoyzl= A E FCCE qHEUe] 24 o] 5 43dB;,
Z )] £ 1.2:=9] )3t F3io

2 Y olsR FL M F B I
Ellutol] ARt 2 ZHAIZEIQ] HEARE QFE o)
o, HAl g AES Ae 25 7] Hha
QFEE ARgsta 9

vl 7hA| 2] BhAb QHvs SRR
Telo|o 2 AJZ} ulgo| ulwy Rujzt ojHs| 2
whgol gt} ol5 FB3ly] 9Ystel B et
TAEE ﬂz—‘ﬂ*} & FHY v 222 iHEh|
A3t AL E S35k it (78 13)2 94GHz of
oJofjA] %%.*6}% FHY v

7 Qe L2 Bejct,

0

b

o J

© 2010 E=2TRISLTH

(=]

: ‘ —71GHz — 76GHz
S0 - 1o ||~ 81GHz -~ 86GH:z
ro ‘ ~ Spect USA-FCC 2007

Relative Antenna Gain (dB)
&

ol ‘
-180 - 1)0 1%90 60 30 O 30 60 90120100180
Off Bore Sight Angle (°)
(3= 12) 70/80GHz HEARE OHE||LIS| E—plane EA}
mEot FCC #2[18]

(33 13) 94GHz HHH HiApTH ©

CHE|LE19]
A 7|ho] Tho] 2717} ohe

_;L_)__‘x_ Wz 2 FAE ) Z} & ojz]e] AL &
5% x|l Hhats]
= e 2 A k)
k. H] A -‘—“01] 45]' Qe & A
7} tx]-]s]—;(]‘:‘l_l' Azt 7HA 3} QteLte] Bu) S nas)

© O OF A
NS % 4 ek

EL

3 Hixloke

-

V.ZE

T E | E3] TAlo] ZUE T 9=
70/80GHz j-g o] -85t Multi-Ghps & 14 )
A EA 2R 88 %om A28 2! MMIC, o

Mk 53 2 $441 W T4 BE) T4 A
53] skl Ao{ugich

70/80GHz 114 HjAd &
2 7] ulg EE AL o ul ol nls) W 4



By MXISASSIEA FR5H X2S 20104 4Y

He R §A F Bl WEvte A AR
4 Stk uletA MIEH T 2o Al B4 541
o] 7|21 27k SAIE 913 backhaul H Fof &
7o g e, 5 A Hido] glojA =2

MRS B 707 o2y

E3h 14 Ao 541 A28 dloje] W4 &
T #al) 1.25GhpsE £-2o)|t ¢to 2 25Ghps
% 10GbpsFoE 2713 7lo]7] wfjRof| o]¢} #al
g A 7]% Sl uf e Zashcty & 4 gl

aejog AA ARl AIEY A% 2lejele
=0]7] $I5te] Multi-GbpsE Hjo]E] A4 7|&, A|
28 24 BE A U Az 7)&, £54 25O
FA 22 MMIC A4 Y Az 714 5o A
vt Al gs] 2753 9l

o= glste] 4t- 3t A S| 7|Ho| s
Pz3tT 7)4 ZEUS T30 o2 sutoz &
A 7)4 SRE Y3k H2ke SAsHE Aol wje F

1=
astrkn g 4 ek

o20dl4Mde

22|0IE1F 30~300GHz el Fuj~2 LUoIH, It
Aol 20101 oL &Z S8l A8 ks8Il CHIIL
220 elof 225l SHCZE dEHE I HWS

8 =(backhaul): GIOIEHE O WMEH SEHHHLE &
A 2EUD| o] SAE0 2EIt Ot 22 EoH
HIESA H0IEE Bll= 22 2&
DX HYE(PTP: Point-To—Point) Eb&I: ME ZOA
= F NEE AXN0NA 26 HAE 0|20 FEE

H= SAI BRA

O™

nc
|'||'

o] 33

ASK Amplitude Shift Keying

BPSK Binary Phase Shift Keying

CMOS Complementary Metal Oxide Semiconductor

CSIRO Commonwealth Scientific and Industrial
Research Organization

FCC Federal Communication Committee

FSK Frequency Shift Keying

FSO Free Space Optic

GaAs Gallium Arsenide

GaN Gallium Nitride

HDTV High Definition TV

HEMT High Electron Mobility Transistor

InP Indium Phosphide

LOS Line-Of-Sight

MIMO Multi-Input Multi-Output

MMIC Microwave Monolithic Integrated Circuit

MRI Magnetic Resonance Imaging
QAM Quadrature Amplitude Modulation

QPSK Quadrature Phase Shift Keying

WPAN Wireless Personal Area Network
= o =
FrEWQ

[1] T. Kamalakis et al., “Hybrid Free Space Opti~
cal/Millimeter Wave Outdoor Links for Broad-
band Wireless Access Networks,” 7he 18th An—
nual IEEE Symp. on PIMRC, 2007.

[2] H. Izadpanah, “A Millimeter-wave Broadband
Wireless Access Technology Demonstrator for
the Next—Generation Internet Network Reach
Extension,” JEEE Commun. Magazine, Sep. 2001,
pp.140-145.

[3] W.J. Byun et al., “A 40GHz Vertical Transi-
tion Having a Dual Mode Cavity for a Low
Temperature Co-Fired Ceramic Transceiver
Module,” ETRI Jowrnal Vol.32, No.4, Apr. 2010.,
pp.195-203.

[4] C. Doan et al., “Millimeter-wave CMOS De-
sign,” JEEE Journal of SSC, Vol.40, Jan. 2005,
pp.144-155.

[5] M.S. Kang et al., “Wireless PtP System in E-
band for Gigabit Ethernet,” ICACT2010, Feb.
2010.

[6]1 ITU-R P.676-7, “Attenuation by Atmospheric
Gases,” 2007.

[7] Jonathan Wells, “Multigigabit Wireless Tech—
nology at 70GHz, 80GHz and 90GHz,” RF De-
sign, May 2006.

[8] http://www.endwave.com/smart-tr-modules.cfm

[9] Val Dyadyuk, John D. Bunton, Joseph Pathi-
kulangara, Rodney Kendall, Oya Sevimli, Leigh
Stokes, and David A. Abbott, “A Multigigabit

© 2010 S=TRISAGTH



2= 9| / E-bandE 0123 Muli-Gbps 24 g5 718 S

Millimeter-Wave Communication System with
Improved Spectral Efficiency,” /EEE Trans. on
Microwave Theory and Technigues, Vol.55, No.
12, Dec. 2007.

[10] E. Torkildson, B. Ananthasubramariam, U, Mad-
how, and M. Rodwell, “Milimeter-wave MIMO:
Wireless Links at Optical Speeds,” (Invited
Faper) Proc. of 44th Allerton Conf. on Com~—
mun., Contr. and Comput., Monticello, lllinois,
Sep. 2006.

[11] httpr//www fujitsu.com/global/news/pr/archiv—
es/month/2009/20090611~02.html

[12] http://www.hittite.com

[13] http://www.gotmic.se

© 2010 S=ERISLATH

0Ok

[14] http://www.hrl.com

[15] S. Masuda et al., “GaN MMIC Amplifiers for
W-band Transceivers,” Froc. of the 4th EuMiC,
Sep. 2009, pp.443-446,

[16] www kiss.caltech.edu/workshops/mmic2008/
presentation/micovic.pdf

[17] www.endwave.com

[18] D. Lockie and D. Peck, “High—~data~rate Mil~
limeter-wave Radios,” [EEE Microwave Maga~
zine, Vol. 10, Issue 5, Aug. 2009, pp.75-83.

[19]1 J. Lanteri et al., “Reflectarray Using an Off-
set Prolate Feed at 94Hz,” IEEE Antenna and
Propag. Symp., July 2008.



