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1.1 JB4FE DB D HH

1990 FFRSE R LIED -4 v 2 —3 v P, BHEKELZEITHEILVWREZZ T C
iz, NV AVRAY— T AV REDA v E -3y MEEESES 1 A1 BUEFOIRY
W L7z b, SNS CHEEEr— R0 MAELdMHE->CT, A vX—Fv FFTv 2
ZEERIBE Y T & ISR L Tw 3. Figl-1 3RBARITOHAENICE T2 X
vvyu—Froey 70 ERLTEY, 2018 25 2019 0 1 £ DT 15%HIA0 L
T3 [1-1]. 2hIEHIET 2 X KBERBIEZHEL T2 HEY AT A ERI L TW» 3,
SIS RS 2 BRI L — RN 7 7 4 %, REFBRLEBBTONE 2, &
W REBELDEKITIGZ 2 7 DI K~ OEFREAN T4 LY A A TThb T & 72, Jd
fFICHW LN ZHIFICITRE L - —F— FEIfEASkd b TH D, 1960 FicttFyoL
—FRIRL AL —L—FRREINL-DEKIC, F7r~TulELH W
GaAs/AlGaAs O PR L —FIC X 2 BIEFRAIR S, 7 7 A SN CERBRRERSE O
% 1.5pm 5D GalnAsP/InP % DO¥8E R L — 4, InGaN/GaN i X 2 F a8k L —F D ¥
IR 7e LR A e RL - R RAR TR ER L — P ORRFESEA 72 [1-2~1-5]. & — FFRHEOSEED
20D MAE L Cid, HIRBWAE TR TG B T % 96 FE S (DFB :
Distributed Feedback) L — 4%, K% I [MHTH& 11 % HLY A7z 504 )42 (DBR :
Distributed Bragg Reflector) L — %, &b T 2 HAN L —F R EBRE S Nz [1-6,1-7]. F
=AM IR 2 DFB L —% 7 L A4, MEMS 7 & Z W2 R A& L — ¥ OBiF3, EiE
TV 2 —LOEEI R+ DEECHKERES HEHBEE~OBHICERL T\ 5([1-8,1-9]. Kl
BECHEDER A S L7 7 4 3% 1970 £ ICFEBH X 1L C LUK, (BB DK Z (L 033 4.,
BYETIZ 0.1dB/km 4 — X —DEIEL 7 7 A "APBEHL T 5 [1-10]. TAETEARE
HECHTZerFaT 774 NOEREBELEED TE Y, Thit~Pbit/s D KAFENI:
ERE I N TWB[1-11,1-12]. 20 X5 eFkEz & OLaE i HEETR ciEt L
T3, A vE2—%v FIAG 2L 5GICBITLO2OH Y, T/ AV EZ—3v F DELS
IoT(Internet of Things) 5% & HICAE 2 L PHE NS, WM EEZ XL L L ATAH
REH AT (AL Artificial Intelligence) 13 [oT 7 & D 4 v X — 3 v b+ Hiffi & oL E L, #
B b EHZED TW B9 CH 5. Alindex 2018 Report [1-13]ic X % &, Fig.1-
2 DEM D ALICBEY 2 3 SCRITEDR T X 5 12 2000 /2 5 2017 £ TORIC Al i
B 2 s 2ic R LT 3. FrichECl 2007 425 2017 0 10 FERB o<
FCEUX 15 fEE ML T3,

ZOWRRERED S &, HAEPNTIZ Society 5.0 [1-14] 23820 X h, £ v & —3 v b Edfr
ZIEH L2 X EREEPEE I LTS, Society5.0 LI Al ZHWCTE Yy 7T =27 LD
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WRAET — 2B L, FNE2HDLRL ICWTHIEHATE 2 X 5 by 27 L % 5y
?5:&?,%E%ﬁ%%mClé%ﬁ%%%&<L%yﬁw—y7&ﬁ%%5%?am
FBDTHL. COMEHEEEIT 27200 EERHE 725 DN BT 256
FTHD, L—FRIILDE LA THOEINILEAEFECEY: - HE - ANV F - EKRkA &
ST CICHINIEMNITH L., 242 2322018 A bEES A 16 HEEEET "8 w»
IRLRHICT B2 L WHRIER L7z X 5 IcHRIIC HEHE A\ [1-15]. Society 5.0 23HE4H
T 20O hcRic L — FHEMAER 2 Eo w3 0EIE, HEREEREI E v — I TR
ffichz. ABNEIAEHT2ICIT vy TR LZERE Yy 7 7 — X TFFT L, BRFRIC
T4 —=F Ny 7T ERERDY, mlE - KREE>OFRHhEEAREIC R 2 & b 5G 7«
LTIXDOHRISECH L. FlL— ML D Al & OB, S TILEM
DB IFBEATL CH o7 A% ALICK By I aL— a Vi ko CHED RSt ©
L—HMLTEZXHIChs. InbDBERED SO HEREILCN T8 IC I 2 HapHifii
HHL—FICBET 252, KEREECECCREERETCH L 13005, BED
NEDO % ZU®» & LT, L—¥FZWEMAET 270 DIEBER T vy =7 F LRV THE
EIhTEh, %< OB b L —FoEtkiLrwHhE T35 ([1-16]. LA L E—2L4d
BRSP4 X, HWEEN A CHEIZSCERINTE Y, LY RFoE MR IR AL
EOFRMD-D I IIREEHETH 3.

(Gbps)14,000 . ) -
ENEOTO—F/AF
12,650 LghE OBy O0—K
12000 \2,055‘(,,4 . FSEwA2) ()
1076 / 1%%0/0 12,650Gbps (HE{E)
) 10, 254‘/ 123.3%
10,000 7 : #n
B‘E[lﬂ"___ 1
823 4/ /]
8,000 8027
6,840 A
6,000 —~ I
5457
4‘449/ EAEOTO—F/IUF
4,000 2560 ZHEOKRTvIO—F
2089 FSEuHCD (304
2293i_“f' - 1,571Gbps (EEE)
2,000 p—— 1455_ 1305, 40“T— 1,571 12.1%
eaa 1.0541,08 060 7]450 n 1100 o '/';""'f_‘ i
=y — *« 25" 0/,
e e e IR 7& QJ%* ._ s, 4% 1073 155%
R R B hisPo
,@&@'&& \Q"*%‘“i‘&b’?’ S S SRS *2*%“i*%@&\“n&&ﬁ*& St " j?;; e F%ff@
S ,190 & B:F’Q@ ST S @N’L\'\ S g m\@" P ‘P«‘\ S T g® z;é.ln][‘_z‘}(.';f?“ 7

Fig.1-1 Changes in Internet Traffic (Source: Ministry of Internal Affairs and
Communications) [1-1]
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Fig.1-2 Changes in the number of papers on Artificial Intelligence (Source: Al index
2018 report [1-13])

1.2 H BERR Al

HEREIR T o L~ v i3 Table.1-1 12/”"3 & 51, KE SAE(Society of Automotive
Engineers International) iIC X > CTL L 0~5 £ TR IF I NTWE[1-17]. L)L 0 1358
B FEREIR, L ~v 1~3 35 EREE HEML X & 2 HEEIR S R 7 L, L)L 4~5 (3
F 7 AN—DEERAE LR HEEIR CH 5. HAREICHEWTIE 2025 FFF TlTL v 4
DEHRZHIEL T [1-18]. o HENEL% 7x L5 % 720 0 BRI, WikzRmT 5
DX v, ZOMEERBESE L O DN T A TY XA TH S, HEEERICH
WHNEEYFIEIAKRN R DL LTIVHEL—X, HIR - 2714727, LDAR 2'%
5.

YKL —XIZEED mm BALOEKE VS & YT, %I i FMCW (Frequency
Modulated Continuous Wave) & M- (ZL 5 X TR v v v 7 %175, FMCW AR, JEBE
FX¥ — TR OBREEEL, PR TRF I W ESroe— MEE ML, 2% FFT
fEtr 9% 2 & TR S CORRREICH Y 3 2 JEBER & PR O3 I Y 3 2 R K
TEMTEB[1-19~1-22]. 3 VL — X OFRFIL, Ptk ol & H L % [FIRFICHRAIT X %
e, WERPEXRBET CTOHHTE 2 2 L B3BFON5. — RO EYEL/NE
VRO DPREETH D E W) T A Y v b xFFO.

HIRAAZICX 22y v v Z7IREREFHO T L) XL MDA AT 1 5 CTHEZTT
Z57®, I A MATIHFEICENTD 5. HIRA A 7 2 EELETRIc, &£ 7Y =
7 P REET L L TREBT B TFEN-23]0, h T — 7 4 M X B CHIROIET A b
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ZHIE ST 2 Fik[1-24], IBIRET A R=2A 2 -V~ F Vv 7% HuiF v "=T L — &
E DX FZF#[1-25] 70 &, kA R EHGIEREAM AR T T . YA DFRERICBI L TidE
WIEE AR 02, HEEEEICowCTi o vy XV b9 5. hATE 2 EHVWEATL
AHATHRCK o CTHEERE ZSGET 22 LB TE, 2000 A 7OHEE RO T~y F
vIEREAT S L TEVWEIBEAS ORI L WO HEDH B[1-26]. LLAATE
v 2 58 EELEICIHCE VI T XY v b 23H 5,

LiDAR (% Light Detection and Ranging D g Tz 900nm f3E DRI D L — 350 % Pk
B L, KN T 4 727 2R > T 2 L CORfZFHIIT 2 2 & TP colf
Bt HIE 5. Z4Z Time of Flight(ToF) ik & I iEh, 13 & A & D LIDAR IR ST hTw
5 Fi#E[1-27]C, 2 O % Fig.1-3 ISR 3. SHE» O RPNV 2zt L, SO
W BT BT 2 2 & CHIEZIT Y 25, oW RIc 3B ToF i & M
ToF kD 2 MM H 5. EHE ToF BRI T NT7 vy 274 &4 4 — Fixg & CREHEE Sk
L, M X X250 +2 Tl 4 2. [H$E ToF EI RS2 EBOZETTZHEL,
FZNFTFOEMF ¥ ) 7IC X 0 @2 M 9 2. LIDAR ORI < b HgE2s "] HE T,
TR0 KRG ) A ROFE BT 5 B8 TE 5[1-28]. 72 I VL
— XX BPFERPEI L2 ITHE 20, BOERSHEE D, /NS uPtkoiticat L <
f7iCH 5. F7- LIDAR O REEIZNIREI DO L —F DIEREIC X o TR E 2 729, fRESEED
mW L —FORFEIC K 5 C LIDAR OHREZ M L3 €2 2 AT 5. HEEIROFER L L
Ti%, Velodyne ft:2* & I3 @EMRERE T 360° 2D A A=Y v 7% A[fgic 3 % LIDAR %
FEHL T3 [1-29]. 72 LIDAR ZH W7z )Gt L L Ci, LIDAR 2268 b Nz it T
— 2Ry 7R L, BEIES A, BHiZHE%Z LIDAR O A Tl 3 2 & w5 iiges
fibhTEY, BouRvFv—sR3HohzeMELTWwW5A[1-30]. 2o X 9 i LiIDAR X
HEREIEH 2 v o h O RICTEHINTWL AR TH 245, L—FHIIMA Lic X 3 H
FRERICTH 72D ERBE T TRMEL L2720, T VL —KiIcH_XTax FAE WA
EOBENRDH D, IO VI SERN - EAS L -0, HELERE A ERT 5 7201CiE
N 1 DD VITEMTEE VI L IIRL, 2V 72—V av I Bl LD 5.
ZD7D%t v FIFEREOH EOKRE LT, HESA X a X MR L S HEE 5.



Table. 1-1 Summary of levels of driving automation for on-road vehicles [1-17]

Level | Name Definition

0 FB)ER N7 AN —5lln 2 2 TIT 9

1 SR R - O 72 IRt W Ik v AT LT D

2 Bl HEER H B | DI - RGE R e SEROE LR & R T ADMT D

3 SEMEERB L | £ TOEIEE v 2T AT, BRIEE TR 74 3=28
BIET 2

4 e B SE I H B L FROETHENIC B W T Y AT AR TOEILZ TV, P74
N — LEERICB S L n

5 prece il INSEOL |4 ETOERRE ¥ AT LAHT

d

Object

A

\4

Laser emitter ‘ Transmit pulse

A\

Reflection pulse

cXt
a=%"]

Receiver

2

Fig.1-3 Schematic of Time of Flight method

1.3 iRIa g

Hit 27 v a v CEPAL 72 & 5 ic, BIfE AR o EHIC T T4 & v BT o
WEBITON T2, ZDOHRTHERISEE V5 LIDAR I3 EEKRL —FDIGHE L LT
BB LEED T3, LIDAR ~GH T 2 720 ICHIRICRK D & 4 2 FR IR AR, B
PREE, RF v Vil FEIAXTH D, BREBE I —LDRAEAEZIL Y fTH o 7
T, BV EIAFFICE WDREETRAF ¥ v CE BRI L 2ERT . RIAMBLVE 15
FCTHL DAL RN AN—TE 5720, BESF A XOHIFIC R . LIR30 AP/NI W EE
PRt /NS WIRICH L Ch B s rIREIC 7 5. MR & R v VBRI YIER R RRAT L
Thb, 2O E OEZRE %S 2 720 I EEIC AR 2, HERERIC B\ CLEE 2 i Bk
DfgfE L LT TTC(Time to collision) [1-31]23H 3. T v+ 23WMEEZ R L To b,
ZoOYERICERET 2 CcoOlRMTH 5. HiFE R TTC R AERE>Twawv, KIC




100km/h CTHETHOHEED TTC % 575 L3 2 &, 140m OMBHEEALEICR S, 20
TTC DRMEA 7 VT T 237-20ICEmEE — L2 F v v EFOu AL AR TERI NS, K

Kt 7 v ay 12 TR X5 IFBRko BEREIDO 72010 id 2 v 3 7 2 — Y a Y BRAE[KR
Ths. ZDED 121 D20REFA X%/NUULT 2L ELD 5.

LiDAR ~DH K % jii 72 3720 DR DT 70 —F I 3L b 023 H 5. HiRAds
IR E o TR & IR @ 2 T I B S B O IR A ER o (R H1 13 Fig.1-
AQICRTIHIICRKI TV IT— AN I 57— EHICHEEX T — L2535
R TH2[1-32,1-33]. EAXORE RIS VWRERREEREONE L THDE. L
LIRGRESE kHz AT &L, $A2 317 %08 3720022 EHT 57209
B A XHBKEL 2D, Z07O/NIFERCHEERF v v 2 KB T 5 720 1 13IEHEM K
DFHBEE L,

FEREA T Fig.1-4(b) D & 51 I 7 —v[BhER 3 A DR M1gR ©, /NP FH R + v
vEARICT 5. REMAPFEGIE LT, EO R ~—EEKEHW7Z 72— FT7 L4
[1-34], EErREY 7IHESRTHCG) 2 AWz 7 2 —X F 7L A4[1-35,1-58], MEMS ##
iE[1-36], KTN #dh & w72 eRmae [1-37,1-38] 72 £ 235 5. Wb /NUFEL ) O%H
kHz O E#E Y — L8523 F[HETH 5 25, AR 1A EUERREL L 2Bl 70\ 72 8 1 IR REL
#1952 L pREECH D, 20k 5 T L IEBM A O R IRR 2 BEItR & 7o T
%. Lo LRI b MBS A B O N RASRALDbONTRTEY, 74
b=y ZEESERIRIC X 5T 270 DRARESN[1-39], TV RXAL Vv XEHVWE LT
+20° , fREREE4,000 HLLED 2 RITTE — LR F ¥ VRREIN TS [1-40]. Lo Lo
v TEEX TR o IICHERD 5.

Deflection beam

P ——
d@ﬂ 3
on
Input light 6"“} bea,,,
InpUt Ilght top-DBR (28 pairs)
- confinement layer
P0|yg0n mirror Coupling region (8 pairs DBR) substrate bottom-DBR (40 pairs)
(a) (b)

Fig.1-4 Schematic of beam steering device (a) mechanical and (b) non- mechanical

Kervavikiewde, LDARICER I N EREL, ST - @& F v v (EE
LiE, REPRRED, A ¥ v vEE, NULTH 5. B, TRl bicx xR
BT 77U —FHBTONTVER, BTRMET 2754 RAFEREFEL TR, £ 2T
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HETERE 7Y a VEBETHHT2HABNL —FE2HNT, b BREZi- 3 Etk
e R ER % HiE 7.

1.4 HFeL —¥

[HiF& L — 9 (VCSEL : Vertical-Cavity Surface-Emitting Laser) |3 850 T3 K 2> & FE
IN-pERL - 1 TH 3. VCSEL i3 1978 LIl THRE I n[1-41], 1979 i
¥ T L —FRIRPHER S 1[1-42], 1988 4EIC I HEFLENE 2 3K L 72[1-43, 1-44].
Z D IE MEMS I X 2 B RARTIFERE[1-45] R MAE L — 9 ([1-46] 72 & X & & & itk
Rex 9 5 VCSEL 28fFsa rz. T X 5 b Z#&<C, VCSEL ZBIfETlIHA v & —
AXTERT—RAL, L=HFTV VX L—FT 4 ATLA, vUR, EEESRLRL, L
WE xR I CORA BRI CIA b T 5 ([1-47]. Fig.1-5 ic VCSEL DX % /R 7,
VCSEL OF 3 EE T HICHIREBZIER L Cnwb 2 TH 2. 1 BONREEI N L/4 D
EAMEIZEET 2 2 L TRWKHIEERE 2 2 LA TE, fEkoimm g L — ik
TZOHREFEREIX 1/100 AT & WO IEF IR L —F 2K TE 5. Zolgnicdh, B
IPpHi—— FRAE, KL 2 WEER, KEAEITHE, £/ ) vy 7ER-IES, Lo
THEE R AR . Lo LIRS 2o BB mW itk ¥ E-oTn3, &
7y a v 11 Tili7z X 5 IGEFIZ LIDAR 213 Lo & L7z 3D v v 7 i o B E 1S E
¥oTCTETHY, KT VCSEL oEH b ~DHEE 58 < 7> T3, VCSEL O &)
b LTk flibhd T2 T L AL T[1-48~1-50], 5%x5® VCSEL 7L £ Tl
kW 7 7 2D @b ZER LT3, 7L A{ic X 317 VCSEL b k& 753 3 G b
nTHY, @mlHL—F 7Y v &2 [1-51] e MmAaE1-52] 2 LI )SH T 3.

20pm (0.02mm)

Fig.1-5 Schematic of Vertical-cavity surface-emitting laser

L2L VCSEL 7L 413121 2D VCSEL 225 it 2 2 e o ikl Z IEREICHTZ 2 2 & 28
WNEETH 2. Z2D-DFEVWE —LAMEZERINS LIDAR L —¥IMTICIOHT 572010
BloHiEcEE b T 2 0ERH 5.



1.5 ¥ L — IRiEES

Ba D7 —7 3@ - Be — LS E O A ATRE AR EIR & L CHFE L — I g
ZRRE L. o FEIL 2 BECHAT 2 23, AHIEER L Fig.1-6 IR0 7 7 v 7 K5
#(DBR : Distributed Bragg Reflector)iC & 2 2 v — 7 4 FEJREEAIL L o T 5, 2D
Aw—Z A4 MBS ILETE D VCSEL 7 = ~MOERIEHEE D A b 23 5 C & CfFfl X
Nizb DT, ZOEFKICHELREZHEAI 22— 4 PPERIN, AL v F[1-
53]% WSS(Wavelength Selective Switch)[1-54] 72 & & £ X ke 2 HBITE 5. T2
RRGIF2LTe—202F 2 VEIWEZITS T LB TE, MHEEE 1,000 Rz #Z 2 IF
%WﬁE—A%%?ﬂ4x%%ﬁLkU55.;®%ﬁ%m%@%ﬁéﬁ5zafﬁﬁ%ﬁ
B e R0 72 7 4 TEERATREIC T 3. Z DOIEER X VCSEL ¥ =~ FicfEfl+ 2 2 &
o, WalFC ﬂ%VQELﬁF“kﬁ&Tmé Fig.1-7 |3 1mm £ @ VCSEL BIE2s % /R
Lfmé.»wxmﬁizmeU5d CW @ FFP ® &' — L5723 0 i3/ T 0.08° 2

o7 [1-57]. VCSEL Migak iz oB{EFIE2 6, HWIEREZRCT 5L T HITk
mﬁ#%ML,t~Am#D%#&rméné.oiDERﬁVQEL%%%@%ﬁ:
TEhEE Y — AWE 2 WS 2RO e — A 2 F v F R EHCE ZAREN S H 5.

(a) (b)

Number of resolution-points N 0° 0
= 1

i

Divergence angle 8, i}\‘ B \ B J'L (FFP) e 989 nm 952 nm

{
I

<«—— Steering range 8, —>

\\?,““S

\W

Input light
\

12 devices

Coupling region

Fig.1-6 (a) Slow light waveguide with distributed Bragg reflector, (b) Non-
mechanical beam steering [1-53].
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800mA _ -

—~
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Input power (mW)

Coupling )

oo 40mA 200m

p-contact

(b)

Oxidation
confinement

al

n-contact _.03

(c) £ * 1
e 1mm 2029

(S : d .

[ ST Fou ey * o o
< [T T T Diffraction limit
O o \ \
4 0 50 100 150 200
Coupling region p-contact Current (mA)

Fig.1-7 1 mm long VCSEL amplifier [1-54,1-55]

1.6 AH7ED HIY

D EOWMRER LD, AFEOMIEEEHMITEH T - S — 4 8E 27 L 72 VCSEL v — A
BT ANAZRDOEHCTH S, cNE2EHT 00T TLRICENINS,

- B R VCSEL Heiigss o &l
- EfMRE ) — LR BERE o FEEE
Twv b7 RADOHE—F— FEHhEWEDEIE

1.7 G

KL DK % Fig.1-8 IC/R T

% 2% T3 VCSEL #IEM ORI 2R 2 & L bic, ER{LD 70D ASE TGS % %
AFL, EBIC XY ZzofaMEERT.
FHIBCTRRTRICIG U2 — LB W PRAE(LZERALL, oty —oaEEZR LI
% 7= DR 21T 9.
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FABECTERRBTFEHCEHMEEY — 2 2% ¥ VEHWEDEGEZ1T 9.

HH5ECTIIRERZFD CWHitks X0 22 R L, S hEfEL2 £+ 3.

HomTIIINFE COMEMBELIE 2, GHI - &Y — A58E %2 W13 5 % a3
%,

%7 E T3 VCSEL ilEgR DR E & L T, MfRiE K & 5% o HEE, VCSEL & o G,
2RIV AT Mick 3R, LIDAR H#IFEIC D WTib~ 3,

F1E Fw
|
FE2E VCSELBRESERRR{bDIZHD
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Fig.2-10 Schematic of calculation model (a) 980 nm band, (b) 850 nm band

3.5
345 r

w
Y
T

335

w
w

3.25

w
N
T

315

Refractive index of AlGaAs
w
(BN

3.05 r

A =850 nm

A =980 nm

0.5

0.6

Al composition of AIGaAs

0.7

0.8

Fig.2-11 Al composition dependence of the refractive index of AlGaAs

26



(a)

B

(b)

3.7

tu
~

+—

Top-DBR | Bottom-DBR

.

W
=
T

Refractive index
w
=

o
[#+]
T

p
w

»

(0)

=
(8]

=
T

=
co
T

(=)
T

Al: 0.3

o o

Normalized intensity
j-Y

e
P
T

Al: 0.7

o]

e

0o 2 4 6 8 10

Z [pm]

S oD P P NNW W
(%] (%] (%] (%]

Refractive index

A J

3.6
35
34
3.3
3.2
31

N
- &
]

S o
L= T =« T ]

Normalized intensity
=
~

=
ha

=

Al GaAs

,Al_GaAs

4 41 42 43 44

Ln

Ln

o PP NN W W s
(¥ g]
Refractive index

Ln

=

0 2 4 6 8 10
Z [um]
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Fig.2-13 Calculated optical confinement factor for guided mode and slow light mode, (a)
980 nm band, and (b) 850 nm band.
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Fig.2-14 Schematic of waveguide formation by ICP-RIE.
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Fig.2-15 Schematic of coupling region formation by wet etching.
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Polyimide

Fig.2-16 Schematic of polyimide coating.
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Fig.2-17 First evapolation of surface p-electrode.
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Fig.2-18 Top-view of the fabricated 3 mm long VCSEL amplifier

24 Bre—FAhvy P A 7ROHIE

2.4.1 B}t — F 0llE

7 a V22 CEtELZEKE—FYDh Y A7 %R T 572912 VCSEL 7 = D
2 5 B X 208 EZHE L 72, HIESTiEIE, Fig2-18 D X 5 72:{’??% L 7= 34 iEas O

32



ik ~ZFlT 52 & Cimm A HZEH I, ~EHERBICERTEAT S & Clinms» S o
B A BEE L 72, HE R OB % Fig.2-19 i< d. {EICE Yy b INTT N4 2 DEME
ICInGaAs D7 + b7 4 T 7 2 & WEL THAOZIE L7, ZOK;, 74 2T 4727 XZDHE
I 5mm T, T4 727 X EREHES L 2 ICEBROMO PR K 2D R VX ) ICRT
258 5mm B L 72 0LEICT 4 T 7 X &iE 2. Fig.2-20 28 2mm B O~ FlEKEZ & v
FLAZHESEETH B, HEIR 2 o VCSEL V2 ~ZHWTiTo7z. £b 6 %
In0.2GaAs/GaAs @ 3 HEE I F %2> 980nm 5 VCSEL 7 = T, K413 SCH EoD Al
A2 0.3 ofEkiiET, b5 —7F Al M2 0.7 oEFE—F %2 Ay bAT7ICTE S
VCSEL ¥ 2 ~TH %. HTE 1~3mm DO~ X BEH I o H T o [-L £t % Fig.2-21 1<
NY. kMG D VCSEL v = N IZR T O RIS - TR L 2. 2 Ek=E
—Fﬁﬂ&éﬂfw&v&%uﬁE#mﬁbfwé LERLTWS, —JCREMED 2
~3mm FEREE TG 2 O HE SN 2 05 13131 0mW TH - 72, Ul & 23 K
TN n) L FEFE—F 75>$L1m7::bm EERERT 570, BiE— FAEY)
CHY b ATZINTWREZ L ERT. F7- Fig2-22 36K D VCSEL ¥ = % Fluvs TR
L7 2mm REFKOHHHFOA~27 v RLCE Y, EitfEo EF > T ASE v
— 7 fHED AT PADRRABICT > T 5, BT — F ARG TR I NS o
R %, L—¥FRIEL T3, 2t Fig.2-5(b),(c) 0FERIRZHHEL T Y, FFAEHRK
ROFKNPE - NIc k28 chsr iy, —HEEE—FNOhy A 7HET
R D O BME T, A7 PARBIT B TE R r o7z, ZOMELD,
APERIC X o> T ASE A AKRICAR I LFICHIER 2 RRILTE 22 L2RE Nz,

. ~457"
x’/,x'—-—

Tilted emission

InGaAs PD CD Current
source

Edge emission 5 mm

Fig.2-19 Schematic of edge emission power measurement
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Fig.2-21 Edge emission power of the 1 to 3 mm long device for conventional VCSEL wafer
and proposed VCSEL wafer.
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Fig.2-22 Edge emission spectrum of 2 mm long conventional VCSEL wafer
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Device chip

Fig.2-23 NFP and FFP measurement setup
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L =3 mm (ASE cut off)

- /

A
Propagated light

Fig.2-24 Near-field pattern with coupled light of 950 nm wavelength and injection current
of 300 mA, (a) 1- and 3- mm long amplifiers of conventional VCSEL wafer, (b) 3 mm long

of ASE cut off structure.
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Fig.3-2 Diffraction limits of 840 nm and 950 nm, assuming the beam is emitted in the

direction of 40° from the vertical direction.
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Fig.3-3 (a) Relationship between injection current and beam divergence angle of 1 mm

long amplifier, (b) measurement device.
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Fig.3-4 Far-filed patterns for different amplifier length at A =953 nm under CW

operation. (a) — (d) 1, 2, 3, and 6 mm long amplifier respectively.
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Fig.3-5 FFP and its profile of 10 mm long amplifier. Injection current is 750 mA and

coupled wavelength is 949 nm.
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Fig.3-6 Calculation and measured results of FFP profile of 6 mm long amplifier.
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Fig.3-7 Schematic of the relationship between NFP and FFP.
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Fig.3-8 FFP and profile of 2 mm long amplifier. The wavelength of the coupled light was
850 nm, and the injection current was 250 mA and 500 mA, respectively. Beam splitting

was observed due to excessive current injection.
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Fig.3-9 The spectrum at the center of the amplifier. The current and the wavelength are

the same as in Fig. 3-6.
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Fig.3-10 Calculation of the beam splitting due to the index distribution. They show the
index, the wavenumber of light, and the field intensity in the waveguide as a function of
waveguide length, and the FFP beam profile. They are calculated under the condition that
the index change at peak is (a) 0, (b) 0.001, and (c) 0.003. [3-1]
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Fig.3-11 Measurement setup using stacked probe
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Fig.3-12 FFPs of 6 mm long amplifier on 850 nm band VCSEL wafer. A single probe (left)
and a stacked probe (right) were used at A = 850 nm.
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Fig.3-13 Schematic of wire bonding structure. (a) Cross section and (b) top view.
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Fig.3-14 Top view of fabricated 10 mm long amplifier with wire bonding.
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Fig.3-15 FFP of 10 mm long amplifier for different injection current from 0.6 A to 1 A in
0.1 A step when coupled input wavelength of 950 nm, (a) bonding device, (b) single probe

used.
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Fig.3-16 Measured beam divergence as a function of the amplifier length. Dashed line is

calculated diffraction limit.
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Fig.4-1 Schematic of beam steering principle
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Fig.4-2 Calculation of beam deflection angle when cutoff wavelength is 860 nm
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Fig.4-5 Beam scanning characteristics of 3 mm long amplifier when wavelength is

changed from 839 nm to 855.5 nm in 0.5 nm steps, (a) FFP overlay image, (b) profile
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Fig.4-6 Calculation and experiment result of the deflection angle as a function of the

input wavelength.
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Fig.4-9 Beam scanning characteristics of 6 mm long amplifier when wavelength is

changed from 837 nm to 843.5 nm in 0.5 nm steps, (a) FFP overlay image, (b) profile
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Fig.4-10 Calculation and experiment result of 6 mm long VCSEL amplifier
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Fig.4-11 Beam steering characteristics of 6 mm long amplifier
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Fig.5-3 Calculation of output power as a function of device length

Table 5-1 Structure of two types VCSEL wafer

Wafer A Wafer B
Cutoff wavelength 974 nm 855 nm
Top-DBR Alo16GaAs/Alo92GaAs X21 pairs  Alp.1sGaAs/AlooGaAs X 19 pairs
Bottom-DBR Alo16GaAs/Alo9oGaAs X 40 pairs  Alp.1sGaAs/AlooGaAs X 31 pairs
SCH Alo7GaAs AlossGaAs
QW Ino,GaAs/GaAs X3 pairs GaAs/Alp3GaAs X3 pairs
5.2 CW itk

T3 CW OERETEAL - & OMIERRE: 25 L 72, HIE R OWK % Fig.5-4 1O
T MBS 74 P T A T2 2 EHGTHIE L2, oA EEs TN B AE%E CCD
HATTCHERLZDL, 7574727 2 %R LCAEICHMETCTT N4 RTERES 7.
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Fig.5-5 I-L characteristics of 1 to 6 mm long device on wafer A under CW operation
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Fig.5-6 I-L characteristics of 2 to 10 mm long device on wafer B under CW operation
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Fig.5-9 I-L characteristics of 1 to 6 mm long device on wafer A under pulsed operation
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Fig.5-11 Spectrum of 6 mm long amplifier on wafer A for different injection pulse current
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Fig.5-12 Spectrum of 10 mm long amplifier on wafer B for different injection pulse current
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Fig.5-14 FFP profile of 6 mm long amplifier. Injection current is 3A and pulse width is 30
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CICE o TRFERRZ A EHIHT 2O TH L. FHEEHHT 2 -0 OFEKRS JEE
DOWIEE % Fig.6-1 IC/R 3. A% A DBR (Z 8K DBR & FkRIC, HEE XL /4 OFEHE
PrRbp CARSEIT R MR 2 R EICEE T 2 2 L CEVWREER2E 3 2 LR TE 5. —i%
ICHERDBR DT XY b RERJEFTEEEZ DT L LB TE L7290, DRV TEHTK
SR ZHIHC % 3 & v ) Fi2 F7o. Fig.6-1(a) 32T OFEMEMEIS L /4 ES ClES L
TWLLHkTERL TS, FER DBR LFRIKIC, oL 2 ZERICET 2 KK
fii5 720, BMOKFERIEONSE, T TRET IMEII(D)D X 51T, FEESERF I
17T HFEIBNL/2 DEE ANE L THE. ZOBEL/2)EXDFEEREE - 72
DOREHIL, A/4 JEEDfFDO G A KERT 5. 0% ) KBRS E I HE L &
72%, TOA2BEIOREIIRKNEEX T T 2@E %2325, KFETIEZDL/2)EX%FFD
HEARDBR X7 ZfiifHy 7 % LWL, AR ORE L Z DfitHY 7 X DECRLEN E %
FIHT 2 2 & CRERA =7 P AT 5 &5 b DTH S, Fig6-2 13 3 FHDFHHAE
DBR#i&E%Z R L T\ 5. EoRIIFHBEABEOMIEX, T ORIZKHEHERXZ b L O
MERS. (@IZETHEL/AEXDFEEKR DBR THEERINTEVMHY 7228 i
BTHD., TOHFRLERLL S ICECREEEZES. OIF 1 XTHETMMEY 7 2%
ANDEETH B, Z DA D Fig6-1 THAL 728 Y FFEAE O HOERE O KK O (H 23
REZE 2720, HORRMEDTIRD KFEISED 2. 22 TOD X I Ity 7 253
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MRS Z TR L 2856 %2E 2 5. 0L EFBEHROPTLIERE TR O ML TEL I

KERL T3 729, FIRED R 7T EHE L L CH KEFEIIZL v, —F THLERD
Ji Y O R RIS IC X o TREPRAMT 2. 22V QD FHART L 5, Hb
BRPEE S N EEMY 4 FORFERD LT OHML T &w I EHZ2RT. 0
BEIC X > TR RICT 4 v 72T 22 LR TE L. AKREDa v 7 MIZDT 4
v TR Y — 2 LB X5 & THIS R HENT 2 DTH B,

(@) (b)
Migh Now My nL Ny it
Incident Ilght
Reﬂected light
+—Pp
M4n Man,, Phase shifter A/2n,,

Fig.6-1 Principle of reflection by dielectric DBR. (a) Optical thickness of all layers is A /4.
(b) One layer has an A /2-thickness.

phase shifter n pairs

phase shifter 1 pair

—
|

— ]
| —
reﬂect]vlt)r dip
. w{c phase shifter
/—\ ’, -
: i 4

Reflectivity

wy/ phase shifter

Wavelength Wavelength ‘Wavelength

(b) c
Fig.6-2 Diagram of three types of dielectric structures and their reflectivity, (a) w/o phase
shifter, (b) 1 pair of phase shifter included, (c) n pairs of phase shifter included.
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6.2 MR

Rick 7 vav 6.1 THIALZHmZFAEAR DBR O P22 2 L TitHT 5.
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THDBR 2840 7 L WHHETH S, Av—7 4 PE—FDASE 3FHSETH/RLAZX
SRS TR SN2 720, EEEOFIEIIRID T IRNCHF 2 KA FEZ KD 5 BE D B
7%, GEEEHHEOLOEES DA EE Z THREEZT ).

Top DBR
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Qws
Bottom DBR
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Al, ,.GaAs / Al, 4,GaAs

Fig.6-3 980 nm band half VCSEL calculation model

FTPFHNAT 270 DFFERRT A RRD S 7201, BFHTOMEL Ini2GaAs
/GaAs DIFIER T0A LREL, KT X o THRHAIEERE FH5 L 72 [6-2]

mth (fc - ﬁz)(h/‘fin)dEch
M)—— mvaL < R% > (6.1)

emi+m;, ot EnntEg " (Ecp — hw)? + (h/7:3)?

ZTT, wl3ORBE, plT@EWR, «3FEFR X7 7 v 7 ER, <RE, >, 3E-1EAL
K OMARF-E— AV, milLE ?0)@%}]%\3, my X IEfLOARE &, E. ifK’;—rrﬁ@ CEm
filidE 7 O IEfLE OB = AV ¥ —, E(Ep)id n FHOE FEFL) o & FIEL, LwitE
TR, MIZE TN 1, 135 v FNEERIRER, £ (F,) (35385 (i 1-4#7) © Fermi-Dirac
DB E RS, ZCTEMHARTA R BLUVEAEZEET L0 D T XA =235
CHR[6-3] 2 ZF 1C L7z, MBI ER O HEAER % Fig.6-4 ICRT, 22Ty —FFx )
THEN=5.0x10" [cm?] A L & WML R 2582 KEL T, ZOFFRRT P AT
Hbxnd L) aifEAEEE 2L . 3, Fig6-4 XV FlIfRr—2EERBE XX
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977.5nm T 5720, FHEIKOHLBEE 977.50m & L CEHEIT o7, £ A TM
D5 FHEMAIL IR & L Ta:0s, (IR L LT SO, 2] L 72, HEHOH
% Fig.6-5 1" 3. Ta,05 & SiO DEITHRITZNEZ N 2.1, 145 L L(IF A /4B D
BIE<T, B)IF Ta0sDEE% 2f51cT 3 L Cfifls 72 L L7,

4000

3000 N=5,3,2,1,0

X 1018 [em3]
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0 /L
1 1.02

Material gain constant[cm™]

. ﬁ
-2000 . . .
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Wavelength[pum]
Fig.6-4 Material gain constant of Ing2GaAs/GaAs (w=70A)

(a) (b)
234 nm
168 nmI Sio, n=1.45 Sio,

Fig.6-5 Calculation model of (a) A /4-thickness dielectric DBR, and (b) phase shifter

%4 Fig.6-2 OFHEAM Y O L 2iHT 2 72010, FEEROADOKIEIHE, IO
it 7 2% 1 T AN GEDORFFEHELZITo 7. % O % Fig.6-6 ic/"d. Fig.6-
6(b) 1318 L 724k DBR ol %R LTWw3. Z il Fig.6-3 DatEEF 1 i Fig.6-
5(a) DFERDBR S 7 =7, %D LI Fig.6-5(b) Dty 7 2051 7 H B REEEKL T
VW3, EHERSE OIS 7 2 2 AN WA, FERIIANZBAER LTV, I
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7 X% AN WG, FUb O R ERIZH) 99.8% T, (iHY 7 Xk AL D T L TRATEDK
0.2% KK 32 Z & 23R TE 3.
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0.998 |
Phase shifter
Z 099 | 1 pair
>
3
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) Phase shifter AR S
0992 |! - without _.D.Ielec}‘_r.lc.DE!_R_._ .
‘ — with R 0 1 ||
- . . . I
092 0954 096 0098 1 1.02 1.04
Wavelength [um]
(b)

(a)

Fig.6-6 (a)Calculation of reflectivity of top mirror as function of wavelength, (b) Structure

of Dielectric DBR.

KNI > 7 2 O JEHRGE D B 2 56 DRIREZ1T o 72, Z OfEE% Fig.6-7 IR 3. I
F ORI Fig.6-6() DAY 7 2 %I v EORFEREZEX L TH Y, EIAHEY 7
£ DB A 1~7 £ CHBIS I L 2o KR 2R, LR D 977.5nm A3 E
SN, ZORLD RPN 72720, KHFRICT 4 v 7RI N5 & L BT X 7.
ZDORHFA~Z P d B gtER IR Tk 2

1 1
am = ZII’IE (62)
CZCLIIHRREEZRL T, HRBELAL =279nm & L7- L 2 ORGHEDEHEER %

Fig.6-8 I1C/R 3. X ORISR CIADIRETr % i 511 0.05 & B %, Fig6-4 D — b F
¥ V) 7 HE N=5.0X10"%[cm?] D & % DM EHFISER 2 # I 72ff%Z /R L T3, Fig6-8 X
D EIIRSIE D RTHA 5 T DL &, FFAR7 P LIEFIC BT 2BRERT &

DB,
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Fig.6-7 (a)Calculation of reflectivity with reflectivity with periodic structure of phase
shifter, (b) Structure of Dielectric DBR.
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Fig.6-8 Calculation of mirror loss. The solid lines are the loss when the phase shifter has 1
to 7 pairs, and each color corresponds to figure 6-7. The broken line shows the material

gain under the threshold condition.

FRNFIFFIET - g(0) —ap & L CRIRE 21T o 72, 2 OfR % Fig.6-9 IC/RF. Fig.6-8 TR
PB—HLTHWBI bbb a5 X HIC, n=5 ORICEHAEFHEIL I N, ZoREIx
20nm TH o7z, SEIF—HlE LTA/4 JEXOFER 7 =T LIChiffy 7 2 o E#E %
BRI, REHET 4 v T7OFR b LORKGFHIZ L /4)E S DFBIRO X TEIHKTET 5720,
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HEERRTEEZROEIET Ay 7R LORKFNEEZ T T2 B8 TES. ko CiFERK
DBR OR_T7H L FBARONFIEE, FMBEORTREFET 2 L TA%mT 4 v 7T
WEEOVHIT LD TE, CNEAHBAXZ PLOBIRE I EZLT, HLB D
VCSEL ¥ =~ icht L CHIfS oL 2T T L 3T & 5,

20

220 -

Gain [em™]
5

-100
0.92 0.94 0.96 0.98 1

Wavelength [pm]

Fig.6-9 Calculation results of effective gain which were obtained by subtracting the broken
line from the solid line in figure 6-8. An equalization of 20 nm was obtained when n = 5

(yellow line).

6.3 F1d A % EJa L 735 B RS D RET

€7 v av 6.2 TIIEETAICNT 3 RO EZIT o 7223, 4 D5 VCSEL HiE
2D ASE 3R v =74 Mol T s -oRomIcHs S b, Lzsio TEBED T NA R
TG 256 13RO AT T 2 R 2R ST 2 08 13 H 2. Ker v a vy TlIRd
HIETHd 2 RO FHE 2TV, EBSD ASE 227 P AF— 2%, fEEokits
19, ftHEET A E L CHESETHIE %17 - 72 wafer B OMIET — £ 23 %. Fig.6-10
IZ 10mm BFEFD SV ZAART M EIRT., ZHIEHACHEE 839nm, ~¥v Z0E 100ns T
18A DEWMAWML RO ARZ PATH S, FHAFEEZEAL WSS, ASE ICX 3902
Z 7 P AEEE 841lnm DfEICY — 27 2o Tnw3d, AFETFOY = EAh Y A T7EE
23 855nm TH 5728, REMAICHE T 2 &, |ETA2 S5 407 FHRICHEF S Tws L
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HETE . Lo TAHMEL 400 L LCHERZITAIZ V.
Bk DBR DA TORHFEDHE LTS, Fig6-11 ICHEE S 1AE X ORlD 40° JFiE D B
KD K% % 73, ASE Z=27 P LDV — 27 EETH 5 841nm 15E TH 99.5% D i\ »
KEHEZF->TWB DR TE S, ZOFDCKHEDOT 4 v 7%, Flffv—2%
i & 2 &% fEE ASE 2 RE X ¢ WilEDN R TE 3.
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Fig.6-10 Pulse spectrum of 10 mm long amplifier. The current was 18 A with a pulse width

of 100ns
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Fig.6-11 Reflectivity spectrum of top mirror for the vertical and 40°
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THEROBEZHRIET 57-01C Fig.6-12 O X 5 hiABEAFoNKEE 2 5. SR
400 HEICxH LCRHET 22 50,=40° & L7z & %, Ta,05 & SiO; D KR 841nm i
WLUTA/AI1C72 X5 hiFBEREEZE 2T X v, KFong,=2.1, ng=145 525 & X
FNVDFEA X D 0,=18" , 6;=26"° L73. o Tdp,=105nm, dg;=161nm & T, KK
A 84Inm/4 L 72 5. X o CiHEMAEKGNE Fig.6-13 0 Xk 51Kk 3.

8, ;
Air
Ta,0, d,,
Siol ] Ng; ds.

Fig.6-12 Optical path in dielectric DBR

() (b)

161 nmI Sio, n=1.45 Si0,

210 nm

Fig.6-13 Dielectric DBR design with center wavelength of 841 nm considering tilted
incidence, (a) A /4-thickness and (b) phase shifter

Z 2T Fig6-14 0 X5 &z MiEgRoa v 2 7 VELRICKET 2 2 2% 25, DY
A, A/4 JEOFEER DBR K ENAAHY 7 2 DRI Z T 2 & TT 4 v TR
2 2. Mty 7 & O G % 2 2 - RFO IKEPRFHE % Fig.6-15 IORd, 27 v 3 v
6.2 LFIfRDOMEIAD R S0, FPMED T HEEEL T &<, FLikRED 84Inm iCH 1T
% SR HRDEE L7 IRBE TR R O RSN HHBZAL L, T4 v 7%IEK L 7. Fig.6-16 I
ASE A7 P VERFIFER~T P LOFREERZERGDEZ. ZOMPRT LI ICHD
AFHTH LT b @b iciFEREE 2 %G T 2 2 & T, Fiv—2icabe - e REE %
T 22 B TE®,
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dielectric DBR

Phase shifter
n pairs

I Contact layer

Fig.6-14 Dielectric DBR structure deposited on contact layer.
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Fig.6-15 Reflectivity in the 40° direction including the dielectric DBR with phase
shifter.
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Fig.6-16 Wavelength dependence of ASE spectrum and reflectivity
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57 RS
7.1 B VCSEL Mg DM fRIE

Fig.7-1 IC AW 5 b 7- VCSEL #iggoRitto 7u v + &, Z oMiHiEEZ /N,
o BHNILFRIFEE ORI7-11 2 T HNFHEZ R L T Y, RTRICHHIL CHH
BN 2 2 & 2ERTE, ~SAZEIEB X CW OWHIEIEICT IW %82 2 &8k
LT, IHIEHIMbE 2 27-201ICid X DV EWEREE TR Y 7T 3081 H % 23,
2L AME 100ns OEECTIRFEEDOHEZIMZ NGk D, ZDDFEABRDOE SV R
L2175 L TS L O R 2 GECE 2 EEME S B 2. 25 6 Tl 72K
HIRHIHOERZEH+T 22 TR -4 FE—FDASE 21222 &R TES. Th
5 OHY FAIC X o T 100W o mH I % ERK T 2 AlAEM: 235 b, LiIDAR L — /I
THE~OEMBFCcE 2. £/, KholH: CW Bifff o E 7RI 2R/ E
— LRV AERLTVS, omm BECTlEEY — L4508 M2<2 2EK T2 2 LA TE .

FEALICER{LT 2L v — L2 EnHL L. ZFE3IETHRRE L 5 IC KB ITH
DEBELDEZLIGERL T3, 5, +ahmilEfEe 74 Y2 Hwiy 7~ v b

WA~DRY T 4 v 7o CTEAEREY LI NIE, S5 =030 Azfk4E{L T
& LA[HEED D 5.
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Fig.7-1 Prospects for higher power and higher beam quality
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KICAIFE D BRI X OIEREMOE RIS & o MERELLEL % Table.7-1 1 % & 72, AR5t
TIIEX 6mm ORRMIESROEEICHKIN L2720, /o v — L5280 A3 0.02° 283
IR — L3 G o N7z, T OIEEMIOL RS TIERK TE TR WETH
5. 7774 7EERIC PLIERICK o TRAADTIR I N TLE 5 720, 2 F ¥ VHiPHIZ
LSPCW 124 %78, Ty —LHH D B0 17T 1RITRAF ¥ v ick T 3R EEIZH 600
HEEWEDE O Nz, SRR & DR RH7-2] X v, HHEH LIDAR i 35k X
N5REREEIL 1,000 SLAEE INTEHEY, FEREELE L CZoBRE M5 mEER Y
—LAFX v FOEBESHOBEL T2, RIRMIEGRICE W TIZE — L4550 % BIHTRA
K HIGEDT NI R/RMAED 5720, FHI3IFETEm L7z L) I — L ME OUEICHY
oo TGS DM A RiA® 2. FFIC 10mm £ OHIES CRIFTRFUCI WV € — L2355
NITIED Y 13 0.01° AT &7 b, MEREE 1,000 JELEDT 727 4 7734 R 038t

Table. 7-1 Performance comparison of non-mechanical beam steering devices.

Phased array [1-%] KTN [1-37] LSPCW [1-40] This work
Divergence angle 0.04° - 0.06° 0.015°
Deflection range 56° x15° 5.6° +20° 11.3° (6mm)
27° (3mm)
Resolution points — 266 (1D) 597
4,256 (2D)
Wavelength 1.5 pm band 1.3 pm 1.5 pm band 850 nm, 980 nm

KICHHFH LIDAR KICHT 27200 h%2F 2 5. HEEMAEOEFEL Y, BkiE
200mW @ v — 27 11T 40m OHEIFEAER L T 3. EEETEEET 5 & 200m O
FREEA KD 5B [7-3]7-0, IS TE 2ENBERI NS, Yikr LTINS
He D7~ IZ RO 2 I KIEHIT A CIET 220, v— 2 1)) 5SW RRESLE
LEAND, FAETRLEZLIIC, BRAH—E—FTo5W M EogsHifbiziER T& <
Wiz, mETEATICET 3 v — L HUCERRE L £ 5. 2 ERIZRSRE O
YA S AT 2 BB H 5720, I HICE WA KRD 5 n 3. EAE LT3 LIDAR
DMEREE R % £, OSRAM Opto Semiconductors #:[7-4]ix v*— 2 1) 85W (1 =905nm,
Pulse width < 5ns) T 200m OHIFFAEK L TH v, HWEKFAEH v — 7 [7-5]Ti% 70W
D —27HHT 100m LA EDOHIEED RIAAZ N> T3, X o CRIFHEIE Z n[ggic 3 %
7212 100WiE < omtifksisko bz, LLEX Y koS %o B, (1)xaeH
—E—FTo7 v M@, (2)100W ke B BRI 2 mRE R, &k3.
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7.2 2 RyukEi&E i X 2 & ik

L4 2L S 5 VCSEL #ilgas I RRLIC X o CRMEREL T2 2 L 2R L7z Lo LER
Bem U EORRETZ 1 EMRRICES C EI3HENTRAL, ZETIVRREZTE2H
W 27013 Fig7-21Tn T X RV iBRLEESL T LALICc X 2 2000104 77 b i
BRI T2 B, RN — 7 TiE Fig.7-3 1IR3 X 5 41 R LRI X 2 @i b 23 K3
INTVE. AV RLIEEEDEE, ZNEFNOEFKEL S HH I N R TH LIV Y b
NE—VEBRT 505 == BRI ER D, £V REERITS T L Th 7D
F7ZTTHET v PoEHIHMESER I LT WS, 2 0t E I X s EmE b B ERT 572
HOPEE L THEABRDE—LL LY XEFEDBET OoN S, 2 0tHE0SE, TLAY
Y FRUCE U CTIRA R~ DIEREAA 5 720, FEABROYE—LIZEMRERK LY
TiChd, 200U R TANYRY T 4 v IIEERZEZ 208 R’H 5. T2 v XiCk D
EHET ORI, FEEKOBHNZE ATV A= FT2LERHY, v4 7YY
ANV Y RERWE 2 LY XZ0MKICRS. BXARY P ERD S0, #YRL v
AT ET 5.

AYA—FLUX

3 L‘ 3, ’)‘—Fl/’ . 4
P’ - <440 .
S SUDRYAL
N 2kmLATYR L X T LA
VCSELIEIE 3%

Z2O0—51 ME#kIZ&D
TA oAU

Fig.7-2 Two-dimensional layout structure of VCSEL amplifier
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Fig.7-3 VCSEL amplifier with folded path structure [7-6]

7.3 VCSEL & o #Ef&51L

AL TIIIRBAIR & FENCIR & L CEA L 7228, /ML @ 72 12 53Kk 12 VCSEL & @
ERENE 2L T 20 EMR D 5. ERLoBE L L <, VCSEL % b IEIRERICLE L 715
Ff G ZITI T TH D, MR AaTERT oME L LCFig7-4 1R $ X9, HERE
ICX > TVCSEL & SOA @71y b A 7R ICHEEDTT, —HAaflGrEHEE L)
FEAH Y, 40mW OH—T— FHAOZERL TS, v —LR5IH#EE LT, &F
2 — = v 2T X BRG] (Fig.7-5) % MEMS VCSEL & 0 ##51{L(Fig.7-6) 7 &b {T b T
W3, EFEREEEZHGETY v 2 I 20EHEIEILERTE TLR v, KBS CE
Ak L 72 &R VCSEL HiiEdRic 2h o o EfEME 2@ 3 5 2 & iRz dET& 5 1]
BEVED B 0, B/INHOEHT - EY — AWEBESTTHE A v — LR M2 EBICE 3.
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Fig.7-5 Lateral integration of VCSEL and SOA [7-7]
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Fig.7-6 Beam scanning by thermal tuning of VCSEL integrated amplifier [7-8]
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Fig.7-7 Beam steering device integrated with MEMS VCSEL [7-9]
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7.4 LiDAR HI|E

KN —7Clt 2mm EFEF % w7z LIDAR HIEfTh T3, Fig.7-8 i3 ToF % M
W7z LIDARBIEEZ /R L CTH Y, 40m LRI L CRWREcllfizfro w3, %
7= VCSEL #4igas i3 o IRAME W7 4 ve—20Rick 3 2 & 206, Fig7-9 IR T
EI9BANIT2F v —F 74 RO RF Y= v 0B IEHTE, @MOKE coOHlfiRE
AEENTWE, R CTHEIELZ LYV ERAFERTFEZEHAVEZ LTI VMK roEmti i o
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Fig.7-9 Non-mechanical structured light scanning [7-11]
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