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oste] A Al B thA AAEa Qo 2017 o]F FAES disdloy, A A=
Axl =4 2DQ)
Nondestructive evaluation(NDE), &A1, HSF JJoAlel Hgsax 7|& 58 NS =4
g, 1EY, A7t ew #- Vs A

FEHE AAY AAYS 2t e 49 7§5|’— WEE}L 55940“ bl 555 AEsta

ot THEEE= S AR A, o otd, HEtdEx
Bl &8 @ulole - vigd 8§



e APoR AR BE A P wol WolHE Rokg)
- nEE HEslEE Jl% ARE AEY Bl AUHE vk AR b 2 999

T 7l 2 A ATE A HEE= Hu 7EAR Q] ALNA T2 AE
& Foto] 20139 Aelol] FFo] ghuHo] Tl W s &8 MF wE T8 =

wol AAE= A3 gH

o deli w22 BE Aol WRES AAHAoY, A B, om, P4, AgE ]
S 54 Asgow 2z /& Axw Ade] S o] PR Bl A FE A

ol gdld Ao=m o
TAASQ Hesl2x Aol FAEA ol AFE Al o5 A5 ZEel ofEEo] Jou
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technologies and global markets®] W8S B, 2021d 5.7998 59 A% AL o=
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<3t 2-1> Global Market for Terahertz Radiation Devices and System,

By type of system, through 2021 (Source BCC Research)
($ Millions)

Type of THz CAGR CAGR
2010 2011 2016 2021
system (2011-2016) | (2016-2021)
Imaging 72.8 73.0 75.7 248.3 0.7 26.8
Spectroscopy 10.0 10.7 15.3 219 7.4 7.4
Other sensor 0.0 0.0 16.9 170.4 - 58.8
Communication 0.0 0.0 0.2 60.9 - 213.8
Computing 0.0 0.0 18.9 68.5 - 29.4
Total 82.3 83.7 127.0 570.0 8.7 35.0
Hatdl 2= 7] A R g5 2 24 @a o | FAS 3 AbEEe] o, oA
A§F A FE ASE 2L WA ols T 5 ok, FLF AL A HHEz )
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- 20161 IRMMW-THz 2016°14+= @9 23§ FRJE 77 54 7ol &3 Aldo] AU
— ETRIIA = izt Aah 340 283 Hepal2= vy 54 7]s A&o] 2017d AlA,
2018\ FE&AFE MES HaE JAYF
A Aol A aE= Aa, g solal, 7ol AH
o] 7Hsde TSR 5T 7 e



- 2016 Al o= AE7]AQ] MarketandMarketsol| A 23E3F  “Terahertz Technology Market by
Type” o] w=m 20161 93.3 #vkE 79 Aol CAGR 31.83%% w7d7dste] 2022+
489.8 WMRHE Ao PAE AoRE oAF

- 20161 FAE HgAE= A RE ISt VeRE 9, £, T4 wolal Aol A
A AL 66%, 20%, 14%E Afrstal e

-HaEE= g 9 23 dHE M Bol =Ye A ATgo=z A
A Bt 2= G F A 458 s AAGAIL, oo 23% ] u5& v, 1
a1 16% Gl = AgH7E AR e S

@S HA FAT 2 VI Hesl 2= F41 foke] CAGRO] 51.65%%
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22 AR gAE Y3 AAE RS FX5e] FFo s 20199 % HEHEE2 FE] AE
32 BHow A/ 2

<3 2-2> "Hgsl 2= 7] §8& FoF ¥ Al A% (MarketandMarkets 2016)

CAGR

T 4 0. 0.

ype 201 2015 2016 2018 2020 2021 2022 (2016-2022)
Terahertz Imaging 374 481 619 103.7 176.4 230.7 302.2 30.23%
Terahertz " o & # - ”
Spectroscopy 158 171 i85 217 258 281 30.7 8.85%
Terahertz = 0 9
Communication 21 65 129 344 76.0 110.0 156. 5165%
Total 55.3 L7 93.3 1599 2782 368.9 489.8 31.83%

Source: Experts’ Interview, Press Releases, Investor Presentations, and MarketsandMarkets Analysis
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<3E 2-4> "HgslEx 23] et AF

A T4 re SNR 9 E
HA i i System size
(om) FH 94 @300GHz (THz)
AL Two LTG- One DFB: 228 x 80
Topica 850 >80dB ~1.8
s} DFB GaAs x 80 mm3
Two-color diode
A& LTG-
Toptica 1550 " >70dB 1.2 laser 228 x 80 x
s} InGaAs
80 mm3
LTG- 767 x 533 x 600
TeraView ~800 " " >60dB 1.5
GaAs mm3
TX) ~ 200 x 100 x
ErAs:Ga 100 mm3 , RX) ~
Emcore 780 " " >60dB 2
As 127 x 100 x 100
mm3
comb
LTG-GaB
Advantest 1550 H fiber >60dB 4 430x540x330mm’
1As
laser
Menlo 780 HA | fiber LTG- >60dB 3 Optomechanical




setup: 920 x 460
laser GaAs
x 190 mm®
LTG-InG Optomechanical
Menlo 1560 HA " aAs >60dB 3 setup: 450 x 450
/InAlAs x 200 mm®
LTG- 267 x 159 x 70 mm’
Zemega 780 " " >70dB 4
GaAs 2014 A o
LTG- 445 x 500 x 178
Picometrix 780 " " >70dB 2 ,
GaAs mm®
freq.
SE
Microtech 780 BWO's | multipl 50dB 1.4
j}.
lers
LTG- One dual-mode
13 A&
ETRI DML InGaAs/ >80dB >1.2 laser: 30 x 13 x
10 3}
InAlAs 13 mm®
A LTG-
ETRI 850 " >80dB >2 -
s} GaAs
< 25> AALA AW HeEH 2 B9, FE7) AL A%
Type T3 Uy %9 (dBm)/°] 5 (dB) A&7 = s R A
I+ 247~263.5GH | 4.1 dBm (probe =4) 65nm CMOS | = of
z 2014
482GHz -7.9dBm (probe =7A) 65nm CMOS | =49 t)
2011
317GHz 5.2dBm (probe =74) 130nm SiGe | Zo], &EH,
61ull (A-r3-3F HAFTE HBT STMicroelctronics
=4) 2011
519~536GHz -11.3dBm (Af3-%F WA} | 130nm SiGe | Wuppertal University
3 =A) HBT IHP (Germany), 2014
321.6GHz 1.6dBm (probe =#) 130nm SiGe | &, 2015
HBT
276.4GHz 10dBm (probe 574) 250nm InP | 2o, 2017
HBT
487 .7GHz -8.9dBm (probe =4) 250nm InP | Teledyne, JPL,
HBT Caltech 2011
340GHz 270ul (probe S4) 35nm InP Northrop Grumman,
HEMT JPL, 2008
Z=2Z7] 200~230GHz 20dB 130nm SiGe | Wuppertal University
(LNA) HBT IHP, Infeneon, 2016
480GHz 11.7dB 30nm InP Northrop Grumman
HEMT 2010
670GHz 7dB, Packaged 30nm InP Northrop Grumman
HEMT 2011
850GHz 11.1dB 25nm InP Northrop Grumman
HuZ= 0.93ml HEMT 2015
1THz 9dB 25nm InP Northrop Grumman
HEMT 2015




ZZ 240GHz ¥3}=&9 7.5dBm 130nm SiGe | Wuppertal University
(Po HBT 2016
amp) 220~325GHz | 13.5dBn@301GHz 250nm InP | A7), ],
Linear Gain=13.4dB HBT Teledyne, 2015
580~680GHZ -0.7dBm@585GHz 130nm InP | Teledyne, 2013
Linear Gain=20dB HBT
338GHz 10dBm@338Glz Sub 50nm Northrop Grumman,
Linear Gain=15dB InP HEMT JPL, 2010
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Dualwavelength | Dual-mode laser | ECPD

laser * P, >15dBm + Screening effect
* P,y 14dBm « SMSR: >55dB s n=~10?

+ SMSR: >50dB * Tuning: 1THz * Array extendable

Photomixer
+ Low temperature
Grown GaAs/ML

-T:?_ps

Schottky barrier
diode

+ Zero biased

« NEP: 25pW/vHz

Arrayed SBD
* P 14dBm
* 1x60 ant.

Dual-mode laser Photomixer

integrated

Butterfly package
+ AS Lens, Isolator, mPD, TEC
+ Hermetic sealing

ECPD package

+ AS Lens, Si Lens
+ Flip chip bonding
+ SIOB

Photomixer
+ AS Lens, Si Lens
* Flip chip bonding

SBD WG package
* Horn Ant.
* CPW on Quartz

SBD package
* SMT

+ 20 frame

+ USB comm.

DML/DWL
Module board

Digital Lock-in
Amp. board

THz-FDS System
(v1.1)

Arrayed SBD
module

THz reflection
Imaging setup

Portable THz
Scanner system
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-

8% AN
1 1 .l._‘-
P R

o

At Sl 18

| A3 ETRI &34 28 54 Bla

Hictall 2= dIIkY

ETRI THz-Spectro v1.1

Type THz-FDS (CW)
I 02%-12THz
Dwnen 22x18x14em’, <2

=8 ~100 MHz
SNR 804BGO ITHz
L il "'"" h:-‘ --“\

~
i a7

~

| -
-/ O

ANAE ATKE JHE5HA

e Jl= Al

Ab

(]



- FZ0 2AXotl Y=e MEE F+= SALAS HdE2x= =8 HE AMLAES HAEIsHES

rr
Leal
P
Ja
0K
=
0z

- 20198 = & E3 ZAS Z2 HAWZ2= J1=2 UIIY datetel X
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- AK EEEEUE EEAAH (A1, WA 2 A 3)

CANON (JP)

SIETMELHATH (KR)
HAMAMATSU PHOTONICS (JP)
TICHIGI NIKON (JP)

TERAVIEW (JP)

SONY (P)

ADVANTEST (JP) |
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SOA % DMLY &A= 9 w2 Fx WAL 3] THz o|n|% 9 B A ~uS 93 ve Yoz theksti
AE bt 1EE vy F9d st} [4,5]. HE A3 SOAE v Ho=z Aoz A7tAst 2
28371 7V, &% UTC-PD 7H4] @ 3 T slojBg= A o 7|A = A% 7pss Aoz 7]
e SOAS] E8eds AdiAE 4 (DA &

9)%0] SOAY saturation output powers A A]AoF 3t
=3
_dw  hv Al
P, = T (1)

(P..;SOA saturation output power, d; active layer 7, w;active layer #, Tjoptical confinement, v;optical
frequency, a; differential gain, tscarrier lifetime)

=, A (DAA B F %o, Pus 57417171 #1814+ mode cross section (dw/I)< S7HAI71AY 45
differential gaine Z°]AY, carrier lifetimes o= WHo| At} Differential gain =5 carrier lifetime

o= ML DFB LD EAS A= 84022 UtA 02 mode cross sectione S7HA71&= HHE 5351
SOA9] EAS dA71t}. Mode cross sections 57FA7]17] 98-+ active layer® optical confinement (I)
S Zo|AY, active layerd T/ e 5 F7MA719 7Fssith SFA|EE active layer TS S7HA71A HW
optical confinement™ F7}elA Hof, oj'l Ao &A4F FA7F EASH Hrh. 28 3-1-194 & = o],
3l B35 FAE oA H4W, d/I7F S7F8HAl Hlo], mode cross section®] 5718 B 4= ¢

T »}]\

9]
=

cross-sectional view

1—optical field

@ | active layer

Small dT Large d/T’

<™ 1-1> &A= FA ©E mode cross section?] W3}

a9 3-1-2% 719 1.3 um SOA {4 DML (SOA-DML)el &4% x5 YeRIth 7 pair A

(multiple qunatum wel;MQW) ©l 2-step SCH (separated confinement heterostructure) TZE ARSI
=9 SOA 7%E Y& SCH +% Y9 well FAIE2 1453, well 50 WE AT 32 AAEASI D, 7 23
= a3 3-1-39] YerSith

% 3-1-3914 B F g%l well MG7F 2AEH d/Igke]l S718IR=E, 4 (DA & F %ol well M55
0] SOA9 E3=9FM7(Pu)E S7HIZ = Ak sA%E SOA o5& 2 (24 & 4 ol well 7157t
Aot e I Az Qs FoEA "k uehd, ¥& ¥3EHFA7IE A7) Y3l well NG5S EolA 4,
ol SOA o]5& HAEH] §13] SOA Holg T/ A A4 o|58 FA8l=S g} 3t}
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p-InP(5el7), 500A
105 SCH 850 A
1.1y SCH 400A

1.1Q SCH 4004
1.05Q) SCH 850 A
n-InF Buffer (1E18) 300 A

n-InP Buffer (1E18) 9200 A

<71¥ 3-1-2> 1.3 um SOA %4 DMLY A5 +%

3 4 5 6 7
Number of wells

<19 3-1-3> Well F9 W& d/I

G=exp[{' - a+ (N-No)-a} - L] 21(2)
(G;SOA ©|5, a; differential gain, N; Injected carrier density, No; transparent carrier density, a; internal
loss, L; SOA length)

a9 3-1-39] A 2AF A2 HEE, de well 157F 419 o 28ly]= A4S Holal 9oz well 74
E 71 TNA 4R eItk B3 SOA dole] Ao ' #AE st 71E9] well 57 T A
2o HA Zo|el 700 umelA 1500 ym= Z7HA Z T

SOAS] A& FAVE F7IA7IE T T2 3 7kA] WS A (Dol B 4= %ol SOAS A5 ==z
Z(w)S S7H171= Aol

BAE muge] 8 Z7MA7)9# %= DFB LDE spatial single mode® E%}slojof 322 SOAS] Z2] A
1%, DFB LD¢} etz HARE gafo] 7hgsles AAsilnh meh A2 b %5 2t 248 Jd
Fo A 98] adiabatic 317 R= W3] 7P ES tapering TIHS AAlel EsIoATh
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<71% 3-1-4> Tapering width 7-%2¢] SOA =3}lZo] )3t BPM A+ A} Ay}

1% 3-1-4°)+ tapering width 7%%5 7FA+= SOA =322] BPM (beam propagation method) Xt EAF A
= HERIT 9= %ﬂ%f DFB LD % 5% ZE3tze}l A4y = Fato]B& ) spatial single modes FA31E5
%S 1.2 ymE HE38191aL, tapering %3 Zol= Z4zF 4 pm 2 300 pymeolth 18 3-1-490A4 & 4 gl
width tapering®] W& 33 &4 FAjEwt 3 71 o2 eyt
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< 3-1-5> 1&¥ SOA-DML & ARl

3-1-5% AFE 159 SOA-DML 3 ARdelth. 3 #AA Zole 3.37 mm gLolty, 19 3-1-69] A2t
H 7]&9] 7 pair MQW X452 A3l SOA- DMLJ% 4 pair MQW 5“3%—% A5k MQWQ] output powers
A% A34E VeIt oW, DFB LD19] F94d#F+= 70 mA= 114stlal, SOAS +4H 600 mA 7}
HstA7IH E AE S48t a9 3-1-6914 = —’F %ol 7 pair MQW-4 =44 %‘-4 RO RS A
confinement factor’} 7] wWZo] SOA current’} W& W& 4 pair MQW R} 52 FA7|1E UrEM%I_! Ao}
2425 mAlA ZFA7I7 548 AaH A &9 7= 15, 48 dBmES UERARIE 4 pair MQWS] 7
T 600 mA 7H =9 FAZI7E AL Shske, A 33371 18.64 dBme HERRITE 4 pair MQW] 7
T 24T FE HelA glerm2 current densityZb 7 pair MQWel HlE] dA3] 7] wjfoR =2 FUYHF
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<19 3-1-7> 1%% SOA-DML =Y =4; Integrated sphere (line), lensed fiber (symbol)

a9 3-1-72 AZFE 1153 SOA-DML FHo &84 A|7|=E large area detector® 743+ 73} lensed fiberE
olgate] ¢ S UEhdth 1§ 3-1-794 & 4 Sl%ol, coupling loss= 1.3 dB AERE FRE A3}V
(SSC)7F 2 A==l dekar AzhElo] Ak SOA FYAF7F 500 mAY wl, lensed fiberol Agte #4717} 17.44
dBms YERATE

a3 3-1-89 AFE &= SOA-DML2] optical spectrume YERHATE F22AL SOA/DFB1/phase/
DFB29] &AL 350mA/50mA/-2.5V/70mA°ltt. %7] B8y 440 GHzA XA, power balance:™
0.1dBe]sto]t}. 7j3tsk FWM (four wave mixing) Y32 £ w, DFB LD1¥ DFB LD2 Aleld] =2 correlation
o] o]Fo] AL & & g} 13 3-1-9% SOA FYAF| wWE optical spectrums YWERAAT 13 1-90) 4
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<% 3-1-8> %% SOA-DML® optical spectrum;

SOA=350 mA, DFB LD1=50mA, phase=-2.5V, DFB LD2=70 mA
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<™ 3-1-9> 1%% SOA-DMLY SOA FYHFo| wE optical spectrum;
DFB LD1=50mA, phase=-2.5V, DFB LD2=70 mA

W) gy 92 14 Fdg rEYA BE HgsEx 3y UE

a9 3-1-102 b4 /s vedde] A9 ERY AAE Yepd Aoz, F HolA f, LE ¥
Fo] FIFo R FHAZIH F ugFYdo] uAd(mixing)F o] 231 -1)9F T+ )0l 3l
3= AA oAy o] d(electric field of beat Slgnal)ol WA A H=d), o]2 ZE2 A (photomixing)©|
ghal sty Y EUA S HggYdo] X EUAM S F5To F4E] A3 (f-f,, envelope)ol 9=

@ ARIE WA Sl o F GHhE Bl AFEGOR WA AL BAD FAFE )
A AAHE HAD S Ak [6).
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25H AEE R A1) 37 x5 UEd Ao®, 3717k 3.2umelw flobel/F- diA 1 Th
FAGE EE BEE 7RG
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<1% 3-1-11> UTC-PD /fx 2 Fujlo|HEHE YrlEE RE Alo]=

a8 3-1-12& 2A AF8¥ shallow ridge =32 7329 F9/¢ote] Re BE¥ S el 182
2, oA FuolHERE YJHEE RE] Ag F-9/Hokdl RETE il Bl Hlste] EutEe] RE
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matching 7% Z=5 25.5%

- | Z=10 27.5%

‘ Z=15 30%

Z=20 33%
Z=25 345%
Z2=30 35.2%
Z=35 354 %
Z=40 35.5736 %

Taper X 37} 7=0:5:40um
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o, A wEk 4~5ume] 77 Epi. o] ST AIN BE A A golve] HHo] §o]g diluted
T2 F2E AEsAY, 1pme Fgo] A& Epi. %I Fo Z& doln HHo] AQ3I shallow
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UTC-PD
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p-InGaAs(2€19), 0.1 um 590 °C Gar
electron p-InP (1E18), 0.02um (200A) .
eleCtmn p-InGaAs(2.5E17~5E18), 0.12 um 600°C < Zn
. - As »
i-InGaAs, 0.06 600A) H i
hole rineaRs, 595 um ‘ H H N,
hole i-1.24Q, 0.01 um (100A) i 1 owsi,
i-1.05Q, 001 um (1004) i i N,
-InP , 0.005um (50A) - N,
n-InP (2E17), 0.02um “ \\
n-InP (2E16), 0.12um % \\
N,
. n-InP (1E18), 0.005um (50A) 65 °C N,
p|n'PD n-124Q (> 1E18), 0.3 um \ ~
Graded Doping in Absorption Ldver
i-InP, 0.5um
i-1.05Q, 0.25 um
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1
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sl wgHA we

]

F%& 7K pin-PD A9, mgFde] FFEd AA-AF 4
(electron—hole pair)o] A3, WA FF3}p Azxb= e FolA Q7ke o Hgto=
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FEollA Aol B whA UrbA sk HW, o]® Qs < A v
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® Active A : 35 ym?

® Active B : 21.6 ym? \

<I1¥ 3-1-16> & WA o] th& UTC-PDSF 5449 dlolH

I3 3-1-162 o]g]3t AwtaA(trade-off) S 1Ly, AAAZE 9] FF FXR(Active A)E FL Z9
Taper :rLZ:(Active B)¢} AEsle], #e WA FFzoRL B9 7o A F S (Responsivity =
0.25)% 7HA == AAsIAT. o2 Za S35 WS 5x7=35um? (Active A)olA 21.6um? (Active
B)o= °F SS%E HarFon, o2 A M) 7Hh, 200~300GHz o] Hes|2 =3 &9
S 30~40% FEAA F AU
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1.389]1¢9 =9 S 9AE9 . 300GHzol A @Y UTC-PDY HEsl2= 92 275GHz 5040 2
300GHz 38uWtrsllon olF S35 UTC PDe] =¥ ¢F 50uW o]/do = 1=t H e 3
o] wkzl wpgo] 1.3me Afoli MEA FHU=F< 1.5m 715 Helel2xu 28 BE A ¥E F§

22 oS W vk
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=8 Fdol 7IdEH

) Hepsl2=a A& A Vs

THz, IR ™9 detector® A& EHE AXE FE thermal detector® photon detector 27FAE &5
sk 4= 2t} Thermal detectori= IR, THz 3 &5l 2|3t &% W3S FA3}= LAloly, FE3t o
Ux ZAo] 7FeslAuE ve E£ny) o] B oln A, BEAS AlL3s)7) Oiaﬂr Photon detector
+ MEA T B4 FaE ol AA-AITHS FA, o= s e AFE SAHsE Ao
t}. IR, THz 92| photon energyw "9~ ZH7] wiitell, ©]2]gk photon detector—g A2kl 7] 18] A
= "% 22 bandgap energyE Z= &8-S AREEoF sAN, AUAH R A Ve =dE S48
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St 2314 22 HJE7]oltk [8-10]. SBDv= w4 -HEA HAodelA Bt teles 5
LS 5 3 wgowvt AxEs Hdds} s ASE A, a5-wEA Jie
A G EAIZEO] g w2 7] UHTOﬂ a&F 2l fEdkal W turn on voltageE 7FA AL §lo] A
2to] 7hsslth. 4 %E A% = low pass filterE A loadoll dEHt}, oju SBD2] -~ e
+ THz AA7)ghe] aa4o= ‘ﬂoﬂ T s AE=Z waof gty wgbA] THz 540 AMEH &=
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2 Ao AR (Zero) vlolo]2 F#to] 7hsdk InGaAs SBDE THz #HE7]1& #l#sksitt. o9
%% Semi-imsulating InP:Fe(100) 7]¥9]e] 24 Z¥E (ohmic contact) =22 Al8E =3 F&%
1.25E18 cm-32 n+ InGaAsE 1.0um FAR AFd1, 1 9o &£E7] ZHE(Schottky contact) =
o= AMEHE %3 5% 1E17 cm-3% nt InGaAsE 0.2 ym FAE A4d Fxo|th At o=w 34
Aroll A1 Schottky layerES R.3317] 938te] InP capping layerE 0.1uym A3ttt Capping layers
o m=wet F2Ho] A A, RIE (reactive ion etching)E ©]-&3le] of:-E(anode) WAHmesa)ZS
WHE FHol 249l o E(Ohmic metal)S 5% ¥ RTA (rapid thermal annealing) 54& %3to] o4 &
HES FASIAT 1 F ot HES FHREY] 2EY] ZYHE(NE)E FASIT o]lF FH L&
=0°]7] ¢34 benzocyclobutene (BCB)E ©]&3}3lty. T AMFE F9|3l anode metalTte] 54
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<18 3-1-20> A7k SBDY [-VEA (a) linear scale, (b) log scale
a9 3-1-202 £0.5 Vo At HHelA A [-V e Zolt}, SBDO 293 £xo Fadh v
"B % slutel turn on voltage’} Pt, Ti, Ni 22} 0.24, 0.14, 0.14 VE Yegxton oju Rs:x zZ+zh

34, 46, 165 Q= YElwe ™ ideality factor

3z} = Fuk4oll A Noise spectral densityZS Responsivity & Y&

1.1 ~ 1.22 AXF 5

SBD9 o]z EAS 32135}7] ¢35} noise equivalent power (NEP)E =439t NEP= =4

groltk, 18 3-1-21&

Noise spectral density =8 93 =3 A9 Mot &S AFHe 93] MEZL probe station
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<1¥ 3-1-21> SBD9] Noise=A Ao Mdw

a3 3-1-22% 0.8 pm® anode size®t Pt, Ti, Ni®] anode metals AFE3F W log-spiral

antenna®t YA 3 SBDAALS] o= Zrolt}, =A A wo]=: Pt, Ni, Ti 202 g}l SBDO

o]z 542 metal®} RFEAIZF junction A&l #ATE o] AFo] ZAESFE o=k AopA| =

e WOtk EF TiZk Ni , Pt wth WEA, Si0p9h HE o] ol junctione] Btk P o

FolRoa & 4 otk o|F EAglE &3 SBDY rectifying 54°¢] FAHHA A3 wo]=E
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<71# 3-1-22> LNA9} ESAE o] &3 wo|=x =4

Noise spectral densityE T38}7] ¥ste] LA A SAHFH wo|=oA AujoA LAsE wo|=2E
W=t} Noise power spectrum< voltage noise density spectrum &% W3Ista, T8 e =
Pk o. 2 NEPE A4 st} 18 3-1-232 =359 W& Noise spectral density L]~ o]t} Noise
spectral density3t2 Ti, Ni, Pt Z+ZF 30, 60, 100 nV/AHzZE YEFSTE.
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<1¥ 3-1-24> Antenna ¥ Noise spectral density

¥ 3-1-2+ Pt, Ti, Ni®] 200 GHzolA Z+ZF NEP zkolth. AAt®E ke 100, 30, 60 pW/AHzE H
olaL ATt A I IIAE A 3lo] FS4= NEP/} 9HA ot AL delstgh. B Ao Az
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<3 3-1-2> Antenna®® noise spectral density



Metal (antenna) | Noise spectral density Responsivity NEP

Pt (Log-spiral) 100 nV/y/ Hz 1000 V/W 100 pW/y Hz
Ti (Log-spiral) 30 nV// Hz 1000 V/W 30 pW// Hz
Ni (Log-spiral) 60 nV// Hz 1000 V/W 60 pW/v/ Hz
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S34 0.09 % -30.66 dB S14 0.02 % -0.24 dB
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BCB
BPM
BWO
DFB
DML
FWM
GaAs
GND
GSG
HEMT
HDPE
InAlAs
InGaAs
InP
LD
LTG
MBE
MOCVD
MQW
MM
NEP
PCA
PL
QCL
RIE
RTA
SBD
SISP
SCH
SEM
SNR

Az
2
Bl

BenzoCycloButene

Beam Propagation Method

Back Wave Oscillator

Distributed FeedBack

Dual-mode Laser

Four—Wave Mixing

Gallium Arsenide

Ground

Ground-Signal-Ground

High Electron Mobility Transistor
High-Density PolyEthylene

Indium Aluminium Arsenide

Indium Gallium Arsenide

Indium Phosphide

Laser Diode

Low-Temperature Grown

Moleular Beam Epitaxy
Metal-Organic Chemical Vapor Deposition
Multiple Quantum Well

Metal-Metal

Noise Equivalent Power
Photo-Conductive Antenna
PhotoLuminescence

Quantum Cascade Laser

Reactive Ion Etching

Rapid Thermal Annealing

Schottky Barrier Diode
Semi-Insulating Surface Plasmon
Separate Confinement Heterostructure
Scanning electron microscopy

Signal-to-Noise Ratio



SOA Semiconductor Optical Amplifier
THz Terahertz

UTC-PD Uni-Traveling Carrier PhotoDiode
XRD X-Ray Diffraction
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