ETRI

| MxisAE

e

%)
ARES:

| E}ﬂL?—Z

o
<A FAEA

Terahertz Technologies for Short—-Range Communication System Applications
Utilizing Terahertz Carrier Frequency
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2julelat 97} YA o) M(far infrared) T Apo]
o ZA15l= 100GHzol|A 10THz theje] Mz}t
2EEYO RN, 22t U ¥ F 5 B 7|&0] o)
el g9l ol h Fas thelolct. Higts)
=2 Hjels) st 371 5 objol 4ol 4
P F4EH, SetaE, g, %Ol, %7 5 Hlo|
23 gue E#o}“’ ol whtske 24g 7}
Z]aL Qi1

At 30%2 W) 2 Az}, 2A dloje &
E0) )54 e Pk 249 HEge
uf 1.5dmich 208 Z7ks) Shood, R AlHolA
104 ofuiell oF 15Gbps®] Hlole &&=7t o
Aog TohE, Z3& BEX7|&0) iAo g )
olf| A4L&EL o4 EXXAEIQ] Qakof A 25}
A BOPZLSAN $§ 52 93t 2
T4 gl a}o 4, 10Gbit Ethernet(lOGbE)

é A3 F sojw H|ES

‘;'—< ]EH Ultra—-HDTV 9] H]°*
% ultle Alzel BAA
= 5+ 94 %_‘%8 Ultra—HDTvg 20153
HE BEOE AR AES UFHH3]. o
Ultra-HD TV 3347} 214(7,680 % 4,320)¢] 5f
BEg Fha)u, Hl%’% Mt AEY HES st

o 24Gbpse] A4 &=} e3Hoh (18 De
PDAE B3t 211 nH.&ak AL 29 o2
Ehdc}4]

@ Hot Spot, Rental Video Shop File Server
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Al AARIY] THIES HE&EE
3] Yo Fubg 9Z(10GHz olD)-& 273}

© TR 2ol 882 Z o & 7|tigrt.

7]1%2] WLAN, WPAN % UWB A|AHl.
MHzol|X 4= GHz Ate]9] Fats tHZS A}
ch E}E}H, ol 52 o} 2 FAIRE qHES)
B3| =& HolH &=5 AlFd 4 glon,
A 2A2] BAYEH 2E 2t Hzel 22
a4 g o2 ol5d 7o dZH) g2k
z gL 7|z Wan|gajoA] 7183 BA T
AE Bt " YL HE2S gl £ 4 o
ot mjFAolrt. 300GHz o9l Fopa& dA|
FCCollq 24 =3 12| et

2 ol 100~1,000GHz Belol that szt
Hax oo Hut B4, Fup YE, 7ME gIHE
2 2] H=Hpropagation) g 2o ths}e] 7]
=31, ol¢} Bl Eof Hi2t| 22 e o] FAFAIA
}\E" 7HHI—£‘3]: RF _4\_1\1\]7] 6_1'4,}:”_?_% al MMIC_J
7167 58S Aqst A} s},

o 1T oro
—IN ol ofue St >
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S g =g

Hl2jsll 22ty o] Haf= EH7l°1l A3k At
O}t £37|(H0)0]| oJsli £2 F4=0 £ $
staol|x| ZHasFo| tiks] 2A| Vet (29 2)
= ITU-RP.676-7 2Y[5]-& o|-&3}o] gt 1=
oA 2|9 B4 7] del, & th7]%e] 1013hPa,

10° pressure: 1013hPa

o temp.: 15T H0O
10 | Water vapor: 7.5g/m’
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(7 1) o4 B 2 718 9=

T T T EE T Uy
1] (GHz) (GHz) (GHz)  (dB/km)
WR-8 90~140 50 115 1.05
WR-6 110~170 60 140 0.92
WR-5 140~220 36 156 1.31
28 206 2.46
WR-4 170~260 68 226 4.46
WR-3 220~325 90 265 3.38
48 299 4.90
WR-2 325~500 45 348 9.40
46 412 17.10
WR-15  500~750 66 665 56.40
WR-1  750~1000 85 851 52.50

o5 15C, £27] Wk 7.5g/m’o||A] 1~1,000GHz
o] Zuliof wWE(1GHz 717) AtAsh 22710 9
3t ZhAEHdB/km)-S& YHERH Folch Athe o3t
7L 71 2A wlEhs FabgE 60GHz the
oF zhalgre oF 15.5(dB/km)°]L, 71 0)9]e] g
2 A pF 7ol ofFt AR FAR A
2 gk AzE giy|(dry ainolds $57] 9k
AlEoly, F& Aka Y 7|6} 7hAo] 23t Zha7L
Aygiet. abg T fEg rjEo R Fups ¢

=9} 7183t g Z o <& 1>3} Pk

9] &AL ?J e, Heellzz g2 7
S0l o3t 7hA|7} ZA| WAfste] FAHE A 78
(availability) & #5}1]7]= QQlo & 2kesic) (T8
3L ITU-R P.838-3[6]9] B& L o] 8a}o) 43 =
o] A9 Fappo] FpE A F 7 imm/hr)
of) that 72 5/4(dB/km)-& vrepd Zlojch @ ofel

100

o

200mm/h

10 }

Rain Attenuation (dB/km)

120

110

Attenuation (dB)

100

90
100 300 500 700 900

Frequency (GHz)
(03 4) ot 2 7l OE KRS &4

7roeko] 0.25mm/hred wjo]i,
o %7}@-@% e Z71Ri) £ st

o] 4, 2 Wrjel 7o) & ZAIERE Btk
AF4-27ke] Aol nje Aot 2ABE o) 2

47D % B3 BAI 43 o4 2

a9 40716} 44071 219) A2l 2o 2748
o 7h4j2e 6dBY Z7kaic)

Hehll22 tidolx ] 2d B2 7|2 w2
wajojejs} tjele] thEAE NLOS shizhe )
23 oteUE AHESHE LOS $7golth thEA
2ol 23t Mub= A F7he] WH, A, v I
71 ol 2Jgh whatR qlsl LOS Alsef| wlsf =7
7} of 2obA] A mRlsel Olelolt:
(significant multipath) 2 2F-23}2] & Flojct.

TAFHY Qteuhe] 3dB ¥l Zo] 15%0[sto]H ths:
AR QRO £A7|0) Hul viskn} 7o ulgko 2 HE
2A07)0f| BT 7]. o] AS- thEAd2E $A7(2t
241790 41 % Ujola] LOSe} Hatet 0341 sl
Sajjof oJaf st ¥ wkxbE sKsingle reflection)@}

0.1
0

(H 2) 712 M=ol 2 " YIS, RLU(AB)7]
AEQRR  TE #®z ™ @i Max@TE Max@TM
10 100 1000 oa) 16 111 7.2 35.1
Frequency (GHz) 22 11.7 184 17.5 42.5
(O 3) =mpof I 2 ZHaE #Z3gE 5.7 125 8.9 36.7
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Hlztsl22 el S Hu} iﬂ‘ﬁiﬁlg 2t
37t A& £47 PDPRRE 38 £ 9k of7]4
593 sljujels B¢ 29 2@ RMS 2o et
(delay spread)o|c}, RMS 2| HAEHARL So]| T4 &
FhS ] FAIA A819] BER A58 2193

s 2ol Qjt 2| AX7HE Fullo] Batsla,
AUEe] 21l wie ekalel, whapske] 2]
ZE A 5] s A4 A wiafate] A= Zojo)
w2 ke YR Aig]o] Fubo] 3ol
B2 PDP B2 ulso] $F42 @™ 4 itk

I, THz FAFAIX2H (ﬂ;?_%ig:!

s RELEEOER

Hi2hll 22 tie o

(7% 5) THz O 018

AHI[9]
2]¢ CD Z#folole] H7 1SS HeEsl== Yo
2 qlzg s}oq 2| Im A7) Ageka, 14
e Qe Bato] tlng ¥ Aol A5E
Aol M Sohte 52 4 orkad 5
BE). £ 4B dztel2z SA5A X2 A
o] 27] wAol] ZskxIk 4 m Ao LOS FA4

>
ob~

7Fs 3 & Atk
Hlels|2 =2 B4 A-E A7) & Braunschweig
ofetel] Hizllez SAMFATCLIE Adsto]
17:11%{] ol Fof| 2kl 10]. 10Gbpsd o)Ak
o HE&EAM HDTV & i Hll"4° e

ol &fu|E Fa 3irt.

e

HE AYLE 2004% 549 Braunschweig tjgte]  $-& 582 AL 3 dAll = S FAES
A 2YEYHOL Ao ge] HER goj4 Ha 3t 2o BE U H8ly|Sof gt 37}1] ZAE
(femto-sec laser pulse)& GaAs Fe|Ago| ZA}st & S35t Qith o AFYL-L gz, Hgo)
o HgRlE2 AlSE ¥A7|(100GHz~1TH2), 8 EA 5 Higls|2 =2 Aujof] Q3L njx]= @
gostoM | L |FBASSinal FBAS Sigaal| - UHF 855+6MHz
T G koot Bec [
. | DVD~Player, TV-Card
P d=10m |
I !
TIRK g OiTMOP Go=ls® o a0 o
@L D ® 4,185+6MHz
Mini Circuits VDI VDI VDI VDI ANZAC
ZHL-42W WR2.8SHM Diagonalhorn \ PBE-Lens / Diﬁo}}xgﬂg())m WR2.8SHM MDC-166

(323 6) 300GHz 7HEIO1 FOHE 0l

g ofg 21 H|C|R METS

TV signal, transmitted over a distance of 10m

Al ALI[4]
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HEM o] Egf|o]4d(ray-tracing)

Hlﬁ .E_}\-Eoﬂ J}G}- 7 2z OZL_YLO]
i, ERE, EHEMI‘“ Fukp Jhofr] F2lshe
A7, $A7 2] 9 b spdold], wpajet
S 2 60GHz A S H 4R AR ndle siuksl T o] &
300GHz A Ael AR skaly }—‘5_ 7yojct, 300GHz
oA opd 27 vlr] e AS HEAHE 85}

o 10m #2jolls DVD Z#flofeie] opd2 T wit]

QAZE PC WA 35 TV 7Ieg A4 94e
st 6) #2111,
Qo] NTTL: 20054 W& eles|22 didd

of Zupiel 125GHz 2 o] gate] L2l
10Gbps HDTV #]tj© A5 H4 Aldg sy
(T= 7 =x), A4A2ls 200mEtt. z7)0 7H
WhE] A AELO A4 7]01] Pet7)4-S Aesiant 2

L s o
E oy o g Hpgaxo) sfzlo] A5
W YA17141, 10Ghps 9] Hlole Al a5 ASK Wz}

olzl #o] Zx(intensity) & H2Z3 5 & =
= i FAHIHO/E) S B3l ot

N
J
é‘é on

125GHz

(3 7) 125GHz tHI0iA] 10Gbps TIOJE| H&S
QB A7) THE(14]

Fibre backbone

Multibeam
access point
antennia

P

PC card
anterna

(213 8) THz Wireless LAN Application(ai)){[15]
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2] 7)1e w= AzpRAall electronic)
o7 Pl envelop HEWAH LR EXT)55
ghot 2, FAYAY] A7 B AAkazts
49 MMIC &8 Adsiaei{12]-{14]1

F29] CSIRO ICT &g+ 600GHz tf < oA
2 §40 LAN 22819 § *rL g A7fsksTh
[15]. Sollr] % stolu] wire] dzd of54
7 orgute} PC 7tE F M‘ 7re) Highel 22
Aoz A F7hol| Y2t PC 7H) HlE
g st Feoltk(Td 8) 2. HEA
5 OmO].Tl ;Sé?é(access point)2} St}
= Qbefube 16dBioje}. &9
jé,ﬂ% ImW(OdBm)OI.L A 22 Afefo] £
2H49] 6.7%) 40GHzo|m, Hx9AlL BPSKE
Fefgct P43 A A B0l Ak BERe] 1077
ol o} SmeflAle dloly &£ %7} 15Ghpsold, 10m
oA 4Gbps 9] Al 8ol AkE P9ich

IEEE 802.15 WPAN THz-1GoA &= 2008
[Gthz(Interest Group)& ZAAste] gelll22 o

() 7ol 42) ]‘7“"(1'1(>-terfu"ig) 22

(T2 9) &7 oilMe] 7I7HIE OIS UGhE) FHEM O
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o

oA FAEAY 75 (feasibility) & B3t
ol 2Tt 16]. IGthz?J AR 300~
600GHz e o] A A" S-8-5 flste] xhFabs
(fr)7} 3-86] & EqHR| 267} B2 ok Aefe] 7|
arEl Ao 2 ksl glon, o] & o 83 RF 2
o] 7HLE o] AL Muiof HgH Ao Fohs}
¥ 93, E3t gaks|ax Aule] 7|82 EXT}

Fupys Eafl Foll gt Bojo= FAE 7121 9L
ot (28 9& 371904 Hgtsl 2 xute) 8|7
EA& ol&%t 7I7HIE oleyl Al $89] dlE
LERHTH 17 ]

Hek 22 o] tA2](~10m) FA-5AIA]
2dlof tigh A= A Braunschweig el %
Aog o] 7Pt Eigt A1d e Hol1 §)
ot ol Fo] Adof WHT =79 ke SH §
Alr|25llo]| H-83}7) 917k H%E“‘ oA AE
9 T'ﬂ%‘:’ A Edold A7t 75 o] R ik
[18]-[23]. o}S¢] & ] Zubsit 300GHz U
350GHZ tH"ﬂolﬂﬁ o] oA 7}g3t HAYZL
47GHzZ Atslglct. £3], AUl th34 2 g7ol
A NLOSE FE3l7] fJste Hizkel22 u)g
(mirror)[24]1,[25]1& o]&3}o] Ao} HiHozH
B| ¥hAlE = “Directed NLOS” 7H-S A|¢Fslgich
(28 1002 Alo| Hizlell2 2 25 ajdshe 4¢
o] Btk o] &sh= NLOS B4l 7d=olch

I3 =59 9] Fraunhofer [AFoj|x+&= 200GHz o]
Apol|x] Sk} LNA, Mixer 5 RF 8141 MMICE
7Haksta 9icH261,[27]. o) RF MMICE-2 H|}3)]

\ \

(O3 10) M3 XITHA| THz 0|21 085t NLOS
S p=(4]

10 g

22 gjdofA] Flo]g], o|u|A], BAl Foll S&Hrh
A7) 7|EA2e Taja 2 o G-t (140~220
GHz) 2 H-td(220~325GHz)2] RF MMIC #44]
HZ 2 519 ofufjo] AHg3te o0& 7|EH, o]&
o 43 214(10GbpsF oY) TS Al2do]
N Zlo g Azbgicy.

b=/ \MMIC 7%

Eﬂﬂ}ﬁﬂiﬁ— o] Fubes RF SR04 B
Z ZHollME i Rotd LO A5 S
Alof| mheh Ak A (bottom—up)
top—do Wn) F 7|2 FEHHE
o2 7|EY W Hen|H
2Ry 1719} SE7| &S o83}
Sl =2 Fupee] A4
AR = P R G KSR L] e -
Futpof wet 10~30% $&o]ojA] HA9 LO ¢
ol 8T 112 AHE % 3]*— o] oA Aokl
F FoE HEHZ
hoto—rmxing)[lZ]— 14] 59| v}
o] gletel| 22 tieojjxl el &
&ut ASE ‘i!'%**lﬂ% Hog &8 Age 4
A uW HzolojA glels|22 okl FAl —8—
Lofl= RAZICHS]. (23 12)& A 7|&
FolM FHE £ Qs £417]9F £41719] 14%‘11‘{‘

/ \

—'Jr DH"“°ﬂ*1 7H
of H|uli7| (multiplier) &

Bottom-up Top-down
(electron transport devices) (optoelectronic devices)
mm-wave =THz THz s optical freq
+ InP Gunn diodes - Lasers(QCL)
- GaAs Schottky diodes + Photomixing
« II-V HEMT, HBT
- SiGe HBT
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JEHEL 2] / Hlefs

amplifier
DFRO and tripler
16.66GHz WR6.5X3
tripler

termination
monitor
port

signal
generator

crystal
oscillator

() 5417

amplifier
DPRO and tripler
16.38GHz, WR6.5%3(147.5GHz
tripler &
290GHz...310GHz

termination
monitor
port

5..15GHz

spectrum
analyser

crystal
oscillator
(b) 4171

(2 12) THz TR S47] Y 2407 45(11]

FAZo|cH11].

RF 3441 880 24 29240710, 2

(mixer), HHZZ7)(PA), H3-E5Z7|(LNA), T,
ML} Sojrh 2 oA & H A3 Zholl A 7
95l 9l HEMT, HBT & 552212 o] &3t
RF $4:-41 MMICS] 7t 38 0l 20 HL8 2}
A8

Hztal2 2 cjedolae] wa, Zaid Hul7| 5
O] RF HEL 2E7| tho|QEE o]gst AEHT
o] F5Z olof gou}, 22 HBT, HEMT §
o) SEA}R 7|&WHo| o] oj2| L 9lek. G-
H(140~220GHz) ¥ H-thE(220~325GH2)9] &
F227} Aol wet B7le] 54712 Alas)
7] E7Fs8H LNA, PA, LO 5] MMIC & 7
W= tHAlo]l o] 23t} RF MMIC A2 131 &
Saate] 293t aletn|els pohEoki(cutoff fre—
quency) &} Z{th F1 kg £ 0]k,

o]=+2] Northrop Grumman-2 50nm InP HEMT
Z::Z]-i fmax = 1THz o]/\}g Al-&]—c‘;]_Oﬂ ou:] o] /\1}

& °l83to] 340GHzol| A 15dB o] 52 ZH= LNA

© 2009 B=TRISHSTR

2 ffeio] RS 088 27fE] SUEL

(# 3) MHEMT #|0|E Zo[of| [E f;, f,,,,[26]

Gate Length 100nm 50nm 3bnm
f(GHz) 220 380 515
fra(GHz) 300 500 >700

2 35t 28]. £ 9] Fraunhofer IAF7} 7)
415t 50nm Metamorphic HEMT(MHEMT) A2}
= 1,9} f,7F 375GHz0| 1, o] o] &t 192~
235GHz tlj&dof|A 15dB o]E2] LNA MMICE 7}
WSt TH27]. E3E & )Tl 35nm MHEMT
2212 st 270~310GHz ol 2415
015 15dBE fglom, Ao|E Zojoff wp frot
e <E 3>3h 7T} 26],

T 7l

29 APHPTP) TAHYIo dubdoz
e 7H 2 dejste] 4 km AgjollA %’5}% Al
52 27) YaliM aadRgols Beor A7
2 Qg AR e, Suje] WPAN 4
2ol o] et 14 dlole] AE 4 U
he el ATHA LR 283t o] 58 Pz Flo]
Fag WHolch NLOS gdel|l 7)7hu| 3 dlo]

B &8 @Aeb| flste] 1hdet Ad =2 S A
B35 of ¢ o] 52 20dBi F=rt aHct

9]. Hizgkl| 22 o] AREE= QteL; el
B Zopd Y, BH Qe uHprinted plane),
& %{(on—chip) QtellU7} 9lon, &S 2| A3ls}
2 muh QU ARgstth

Guff FAlol] Ajlst A8 QteutE = 1] oo
Qe #3 & Qv £2 AFEEH, 100~
1,000GHz thdellA] Qe o] 52 afiz] ofefjo] <t
Hlus 16dB, & ohgus 20~26dBi Awo| 1
(301, 3dB W Z£2 10° Aot ojRr} =2 <l
L} o]5o] Hagt ALE o) ol Hzxs
Hakste] Hanl g ntEo] Fo 2 o] 5o FU &
e e £ ook (1112 2ol bem, 247 2]
12emq] Eejoddl A2E 14dBe] F7} o5&
Eibsl

r

el

-q
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3. LNA MMIC

Al S8S YR LNAY 52 Fe ke
(NF), =& ZZ&(gain) ¥ 10~20GHz &=
A BEgt o] 5 5448 shAok gttt 3z G-His
(140~220GHz)9} H-¥H=(220~325GHz) tf< e
LNA 7o) gis] 221E|1 glon], LNA A%-2
o5 15~20dB, #&x|4 5~8dB Axojc}. <3
4= JA FTEo] A ol A A4 H LNAS] A
L9 goksia),

ﬁ

(B 4) L= LNAS| 85 29

Full aGHz) Gain(dB) NF(dB). .~ 23535
180~220 16 48 [26]
110~170 15@160GHz 4.0 [31]
140~220 21@220GHz 80 [31]
270~310 15 - [26]
220~325 16@340GHz - [32]
216~238 18 8.3 [33]
180~200 16 4.8 [34]
192~235 15 - [27]

4, Mixer MMIC

Mixer?] #8 52 92 LO A ¢l @
2 W%k o|5(conversion gain) ¥ W& H-L2z]4
Solch FET 59 A28 AH3H: 20 7]
29 £E7] |2 E 58 ALgel #F Ao
el 22 HEkEAT HI2-INF) 45S BS
% 91 wat ohjet LOS| Qleeio] wobals 4

e 7RI HElEx thdola= 7]—“&“%
o] A (fundamental mixer) Eo}E A B3R Y 2l
(SHM)7} @02 o] AHET. o] L0 Y2
Fupp7t £7] wizoll ojoll thigh REg E9F7)

(B 5) HLE MEsIZEY 9N 85 2%

165~220 -10~-4.7 - [26]
265~400 -10~-8.0 9.95 [29]
170~260 -8.7~-8.0 7.35 [29]
180~210 -14~-8.5 - [35]
165~220 >-10 - {341

10y

$frolol, 23t MustEY B LO 5147} RF
Faj4pe] 1/20]ch £E7] clol £ AgaHE 4
5 HEstEy was WgeAe] of 1B HEE

=0 Holt}, <X 5>& A s Arstey 1)
Xe) H5-g aokstgict

5. PAMMIC

HEFE79] £ 452 FHA(~20GH2)l1 4
=9 A3 o]E{power gain)¥} =& & Ha(10
dBm)o| @75tk 2 20] 7ESFS Am R [nP

E 7Hto 2 st= AMelg HEMT Azjof tjst o
7} gbs| 221%) 1 oH 361

o] &2t a2 A&ol|A fr = 343GHz, frax =
600GHzo]c}. 94GHzol|A] AJo|E Zo|et Zof me}
~50mW &8 A&, 0]& 4~6dB, PAE 21~33%2]
AE At o] Ay T AxghE ARSI
< o 243 Falolc}. 8}, slejo] FupLrt
ZOOGHZ olxo 2 2alrld 10mW o]Ate] &8lg

ol S ok (3712 B 22 ARS8
2 EH 323~326GHz thdofjA] 235 0|52 4.8dB
+1dBo|1, 324GHzol|A] 4.8dB o]&& ). o
71A AFR3F A= 250nm InP DHBTS AH851
o fr = 3756GHz, fx = B50GHz$ 11, 34 €
£ 330GHzolA Py = 7mW(8.4dBm), PAE =
14.5%0]c}.
6. LO ¥ Ful4- Aul7|

LO Asiy7) e Fule gk Ul slabighs 9Ist
ejo] Ful 7|24 gAe] LO ZEOf| S E
Faotn, 8 4% metujee A8 Sohase
noise), Futp A= (ppm) ¥ &2 HH(dBm)o]
t}. 100GHz o}4+<] ‘;FEH\" o RHAo g
o 2t el 7] AU 2
28 HYE g FE7] BEE AHEste] Raip
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ASK Amplitude Shift Keying

BER Bit Error Rate

FCC Federal Communication Commission

HBT Hetero—junction Bipolar Transistor

HDTV High Definition TV

HEMT High Electron Mobility Transistor

hPa Hecto Pascal

ISI Inter-symbol Interference

ITU-R International Telecommunication Union—
Recommendation

LAN Local Area Network

LNA Low Noise Amplifier

LO Local Oscillator

LOS Light Of Sight

MHEMT  Metamorphic HEMT

MMIC Monolithic Microwave IC

NLOS Non Line Of Sight

O/E Optical to Electrical

PA Power Amplifier

PAE Power—Added Efficiency

PAN Personal Area Network

PDP Power Delay Profile

RMS Root Mean Square
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SAN Storage Area Network
UWB Ultra Wide Band
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