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I. Title

Development of Near-Infrare Laser Diode

I. Purpose and Necessity of Research & Development (R & D)

Research on AlGaAs/GaAs laser diode in Korea has so far been
limited Lo a few lsboratories inspite of growing demand for supply of
such laser diode system as light source for optical communication,
compact disc,laser printer,and other experiments. Liquid phase epitaxy
(LPE) of AlGaAs/GaAs systems has been studied in several academic and
industrial l;boratories are involved in development of laser diode

using this system.

The main reasons beind this fact are as follows: (a) The first
problem is that growing of good epitaxy layers is not easy and Korean
technology at present has not reached to control thickness of aciive
layers, the most important factor in successful development of laser
diodes. Without such control, production of electronic elements re-
quiring excuisite technique would be impossible. (b) The second pro-
blem is the junction characteristics of bi-polar device as its basic
properties. there are too many unsolved problens including those of
potential barrier and interface. Hence, for production of AlGaAs/GaAs
heterostiructure device, these two problems must necessarily be studied

iogether with the basic physical properties of AlGaAs/GaAs systems.



(¢) The third problem is the packaging technology of chips. It is
more desirable for the industries be involved in this task than the

academia

H. Contents and scope of R and D

The initial purpose of present work is placed on growing repro-
ducibly and uniformly the active layer, which plays the most important
role in AlGaAs/GaAs four-layer heterostructure laser diode,with thick-
ness less than 0.1um following s careful study on effects of LPE
growth conditions such as substrate treatment, purity of environmental
hydrogen gas in the reaction tube, structure of growth boat, and con-
trol of growth temperature, etc. To this end, an LPE equipment has

been built and its performance turned out satisfactory.

Study of the electrical and optical characteristics of LPE growth
layers, SEM measurement of layer thickness for the four-layer samples
and identification of junction location via EBIC measurement using SEM
are made. Computer program for junction I-V characteristics study is
developed for data acquisition through Semiconductor Component Test
System (HP-40614) and digital oscilioscope (Nicolet-3091) so that cop-
putation and recording of forward resistance is possible with a PC
(HP-310).

For laser development, pulse oscillation is first identified for broad
~conlact type, then worked out for stripe-cqntact type of 5um width

and channeled-substrate type,



V. Results of R & D and suggestion for application

The LPE equipment built in this laboratory is designed with trans-
fer to industrial use in mind and can handle subsirate of size up
to 20 x 25 mm? or 30 ¥ 35 mm2. It is designed to control air lesk and
resulting contamination of LPE growth tube, to purify hydrogen gas
filling the growth tube, to control temperature of electric furnace

and to guarantee safety of growth boat,

In general, the most important factor in epitaxy growing of semi-
conductor crystals is surface morphology of growth crystal since it js
crucial for control of layer thickness, a necessity for making laser
diode. The epitaxy morphelogy depends on the temperature distribution
of growth furnace, purity of environmental hydrogen in reaction tube,
subsirate treatment, and structure of growth boal and this laboratory
has been able to control all of these factors and can reproducibly

grow the active layer of laser diode with thickness less than 0.1 ym,

The broad-contact type lasser diode is made and oscillation due
to pulse current is verified, then the stripe-contact type and channel
ed~-substrate type diodes are also made. The last one is made by grow-
ing four hetero epitaxy layers above the substrate with V-groove form-
ed by photo-etching. In this channeled-substrate laser system, there
is some problem associated with the oscillation threshold current and
several improvements are to be made for oscillation mode, Continued

support is requested for solving these problems and our sincere grati-



tude is expressed to Ministry of Science and Technology and experts in

the field for Lhe support given.
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Fig. 2 Photograph of the LPE system.
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Table 1. Cleaning

treatment process of GaAs substrate.

degrecasing ‘ . -
P Pt trichloreethylene off o4 nbailing ( 544 33 )
L
trichloroethylene Fofl#]2) 8.3 48 ( 54 )
[
A gas o 9& A=
|
aceton ol g 1oy HE (51)
I
aceton o ogl L} A
1
N.—gas o o3 ¢
l
etching chemical etching (T A 3~10%,
7 %

etchant [ H,80, : H,0, [ 1L,0=5:1:]

(_
e
FN

— |
DI-water o] o]st 4zl

|

oA N:—gasol 2j8 iz
I
iso—propyl aleohol of 2§ By
I
N:~gasol o# 7.z
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Fig.12 (a) Magnified by 100 times along the x-axis
and 1000 times along the y-axis,(b) magnified

by 1000times along x and y direction.
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Fig.13 Cross-sectional photographic view of photo-
etehed substrate:(a),(b) alongl017],

(c),(d) alongl011] direction.
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Fig. 14 Photograph of the GaAsg substrate surface
purged by non-filtrated N, gas.

(a):x2000, (b): x10,000
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Phorograph of the substrate surface

annealing at 850°C for 2 hours.
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Fig.17 Photograph of the substrate surface melt-
backed by undersaturating temperature 20°C,

Fig.18 Photograph of the substrate surface melt-
backed by another undersaturating temperature.
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Photograph of the substrate sur face melt-

backed by undersaturating temperature 37°C,
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Photograph of the chemical etched substrate

20

1g.

F

surface.



(b}

Photographs of (a) mal-chemical etched

substrate surface and (b) the surface of

epitaxial layer grown on (a}.
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Fig.22 Photograph of the surface grown on the

:.'

contaminated substrate.

2
ST,

St £

Flg.23 Photograph of the thermal etched substrate

surface.
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Fig.24 Photograph of the pin-hole formed in the
four epitaxial layers.

! ! EPILAYER t { t

(c)

Fig.25 Schematie drawing of the pin-hole formed
in the epitaxial layers.
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"(&;___

(b)
Fig.26 (a) Photograph of a meltbacked substrate

surface by undersaturating temperature
27°C , Ga-As solution.

(b) Photograph of a epitaxial layer
grown on substrate (a); a dotted line
around A’ B’ are superposed on black

line around A, B of (a).
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Fig. 27 Photograph of Si0y corpuscle grown on GaAS

substrate,

Fig. 28 Si02 emboied in GaAs

epitaxial layer.

77



Fig.29 Photograph of $i0, formed on the surface
epitaxial layer and its EPMA signal.

Fig.30 (a) Photograph of a X-ray mapping of SiO2
formed on the surface epitaxial layer (b)

its SEM image.
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Fig.31 Photograph of a epitaxial layer grown
on substrate.

(a) The middle dot is SiO, and the
white curve is Si profile.

(b) Photograph of a Si0, X-ray mapping.
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Gab = (Ra/Ra®™™) (SA°""F/84") (4)
Gp = {1+ (Ia(f)/1a(a))]-1 (5)
o] 7] ol) A

fu(x) : A H29 PhilibertE S5 R A A4

7t Ra : A ¥4 backscattering factor
Sa’ A VAo Wiy i¥AE2 Stopping Power
sAsamp: CisAi

In(f) : B Has ©Fodzio] 4% A 28 X-4 FE
a(a) : HAHA7IH AUZS 2% X- 4 ZE

o] o}, A7) A Ka = AMZE normalize®d K/, 9o & dU@d.

K’ a

H

Ka/(Ka * Kp) (6)
K's

Ka/(Ka * Kg) (1)

kool F& @& A WUstod M2, A3, AL ¥% AR
oW TeAl +PsA Ao,
@8 AAHNS Y4Z AW X-4 dHGAL Aol F G 3o

7} 9=d 71% Castaing
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Sao= (_' B (!‘i‘i ‘:\I t-_‘.“1 - ‘h [ (8 )

gt WA Reed =
Voowoe & L'_.,],()'??(.F_‘Ji_li A F[.,' ., (9)

o] g} &}, o 7] of] 4
z . X*’ﬂ %’g'ﬂ"ﬂ (Hﬂ]']
Eo PR AERA S AHY (kY

E T OSAHAAE YA Eg Lg e A4 energy (kV)

A DAY YAy
i AR E (g/em2)
Z D Hadz

ok, o]E 4532 wues] 9@ oAl Z A Asoll 25kVe] HA Mo Yagse
HE vl M ()Mo M 2z = 3 49um, (Aol M= 2. 4mz  A435.
-4 249 o HHAY AAE dwtHoen (8)AH (9)4 9 TLE
SR Heddd,  #d AL EYe 25 kv S (8) Aol & ALz
GaAs+= z = 2.5mY =7 Hy, wzgay CaAs o] T 717 | ymolakel 4 g2 g
AeAlA dF dgrge ggu AE dasiAoiaeen goeaag gu u

BASHEE A71E 4y 29 Adgye da gusag,



}. EPMA A4 ¥
EPNAR 42 98 54 X-42 3 g2d0a= YAHAMS Bx, 74
&, X-4 9 spectrometers 24, g9 EHSol HAsfek #Ho),
g FoAMNE YA AR FEE ZAG7] 9 a4 ANBEN o F+-AEF
AE A seE £ Qg 2 olRE S E Yo o
BAde dAAHeld. wgy YA A e
A=E AW FAHAk A0, $els Faraday cupe A2 A pico-ammeler

Bo2H of FHE gAY,

TLEE AR 2, AR # A 7F M3 WDS(wavelength
dispersive spectromeler) 2 Roland circled o geometry”t 22 x4 o
o ool H 4 9
e = % 7t7to] G AEE Y,

HREARY AP LolEI YA Ga AsE dRAYRA EF A5
£ 8o GadsE P M Hu), A 13 T4 28 yrRas
Ga:As = 0.46:0.540) % o o]o ZAF HAES & ZAFAE Ga:ds = 0.49:0.5]

tl, A& e X7 10 um 3w X- 4 FEZ AR A

s

o] ol o},

ol AR e YRP YL a4 A Aoz ARHS =z a3
o Ga,As9 X-4 FEE ZH4n, dooz AT Edo 307 43
He 248 98 472 u e Hb®uh, Ase A% Edel 440z
ZAUSH A W08 AE DA F95 Q0 ol ol T AL g g
B2 4¥3 9 S dole ymo) guiojof e 292 Rab7 oo
olvh. o2& AlGaAs/GaAs ®] epi-layer4 %o s 20 S 3
ol 4ol mpahA g},
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5-2 EBIC & 4

MEAR 239 p-nEYE LYo BE wulHo wHo gz |-y L
CVSAS ZAs: Add o)l WHo 28 22 axe a4 5
42 ¢ 2 AL F2Hd %S o 5 glon o Hs e 7y
HAEE o] SENo) 9% EBIC Zgelet & 4 25 Hojg td %A
AW (homojunction) ) A9, Y 902 Wihass gRsdegs Al 5 o
AL dHAA o gel W as Q9. a2y EBICH 3 9
ol#h AL FAo AN o] A HHeR 29 5 U,

Lo dAE AR BaEs g
HAZHE Z4stE A Y Yoz B ya g

EBICS A2 B3 wa £ oz yyroag, = dum Al 5. 2|
SFEEAd H4ANE FHAAL Y S42 w7 Yggg= % 32 ¢
(a) A" Aze Hawoe] $30z ugHs WAl Hg
TAYFSE line scanningdb:s woyol 1 dEdUYe HAY ARE L
EAs e A Z A 1% 329 (b)g 7e| Schotiky d = o FAE A8, xE5x

re

of]

(c)sh el p-n HT¥H N3 9o A4 445 raster scanningdbod o
2= EBICE %2319 SEM 2] CRTo) od 4 8tals Aoy,

Ly Y 328 (e)geR poa Huw AlEol Ay AaAH

e

HEAHE 2467 sJaldes 59 Az ohmicH %ol Holof stm, W
SEFH BTHAAY A 24099 BaA 9 g4ma
S AAAE Toste] QAAAPY A5 ALL 2HY Ua ) 2,
TH 32 (a) el AW ZHE Mg ARE 0.3y (0.3~2) mn?
7% FAYN FHGnH e Yol So o wE Al el 1Y A A
['VEAHE 2463 SEMo 2 A5 9 o EAEHE ARG A 98

EAs%el EBICE X3 sl EBIC Z4o) %A Y4HAN AFL &y



&7 Sisbol Faraday cup & AlEdol HELEd, dA4dAHS A4
doz ot eXE T28 o7 el AERd 2d FET A 0.3 mro
x 5 mm Zole F+HE FlM THENG.

QAHAH HEES FHEwWE point mede 2 A4 H 2 2o} Faraday
cup FHOoE $AH YAHEZ AEde AANE AT F AHE THd
HEE pico-ammeter® 3% ¢ AA WU A7 FI FAHHS
gugn Aoez Ay eAE AAGY dudd HA AHAF HAY
o ok, qAAAH HEE 0.2~1 nh ddolld oo wa ZAFFAI,
AAAe 7S HYS 10 kV oA 35 kV 7 A 5 kV ez ZAHIALD.
ZRHHA AR HMES AANY) S BF FHFANE AFAAY
A 42 BAFAJen, line scan mode = 235 EBIC 4% & SEM9 CRT
) 2alA sted A el AR FAHn dA FAAA( HP-4061 A) ol
dzdete B F AR,

E oo ALH A Fae SEM(ISMN-35C)elA®, o  HAH
dente 2 EBICEAS 77 old 7 sl N2 A¥E WA
2 22 2 (Semiconductor/Component Test System, HP-4061A) i o A 43
MR EE= 19330k, SEMe A4 AEW Aol scanningd = WH
o2 SEM® HAA scan modeE point modeE ¥ vIF AFHHUYA
(HP-4140B) 2} Va# -2 SENS S+ HHFIA Y FTFaAH 2 o] AU
zz oo o dAHez HHAAY FsHden HFAHLdY =24
9127 Wew v EBICE pico-ammeter 2 glol A compuier(KP-300) o .
NG AN EE St

oluwf, SEMS HAA ALEAGS wEudrdg SHYVERY TTAHG 1V
M7 ARH HEAY | ee] HFHEF AH) Yo, AFAY
= g 35 m7A s eA dd. FAAX AL nEdEe]l TS

F AL 0 tym, 23A F2ASAE H 0.5 HIAHANAM dgE2 £F
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T o5 A AEe = AT Holii biss HHUHeZE HUAA
(HP-4140 B)® Vb A HE Adstdr.

18 34% p3 GaAs 7A@l E&EL AMAGA 4 EFdeoz
Al 20 Gig v As3 S AFAY AR Mool AAHg Zaste EBICE
=xya Afdolrt. DA FHE $5T £71"H AL AR FHS
Zio] MolZ biasAYom B AGL 2 xue p-n HYd ddl sH¥
Hgolxm,H HYL Ay HYold. % 349 (a): bias HS W H

of wia EBICS WS linear scaled, (b2 ()& G &Y ¥ & bi

aso] thdl EBICS) M & semilog scale® 1 Aojrk, ™Ay ¢ F
9l o] EBICH 1078 ~ 107 & o Hee] d2x megdAA AU 54
T ¢+ AU

N Zzoe gEHenr BB U o Qdi=d e depletion F o
HAEPES oA A F Ded AFFe HallAls FAAX 7

BAAEer= §x 10 em o, A AFel Alo] 25x ¥ H o] Sleori
Algd ARe) AW gHdEdE ALE A9 H7AdA MR
AAd Aog FRw, 2 fxE p AT 22YUY depletion

22 JerdE= EBICHHe o gixg SENS Fals B WA €A

SEMoll © 3 EBICe ¥ #l% S FAZAHY Ao wet ch2ad 0.1 um
HAE stk o HES Pl SEM A HAA4H Es 600l
g4 vl ZeAut EBICH Aol ol 29 HE44 Erdd A &
47 H o

p-n A ol b Schoitky A dol da el Fda EBIC lect

lec = gN exp(-x/L) {10)

ojtf. od71A q&= A F, N AAM Foleg Ja BHAATG H YA

A4 A 24, xE HUAAE BH dAdel 243 A Ad,
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Ho
22
%

Le A4 ewae] $aAdold, AHFA dUAS ¥ 25
=

Rl

ot
o
fr

o HAAY Zdel: LAY 24 SitAe W AAY AA
s okst AUk, GaAsel A S L ol AF 25 keV o)A =W % R
FAY & 2T

o)t EAHL FPNo wEA Rl d@Ho g vt Add,
g Hao) Ao

]

Adez Ry A7E FL &4 A

X\

Bl 2o a2AH tj¥o] reabsorbed recombination radiation A 37

EAH Ay *éfaﬂn}
= A H ol 4 it e e AeAAM Fahef B,

PR Ze . 400

day 4 edAs FEAY

2 Az 4% »¥7
ol Wy A FAAAE Ln - 0.86 mm ol 2, n®  Al, 25Gag 7545 4
F2ol o FEe] FAAE Lp - 1.2 o, o7 pd 7] ¥
ARG AAL Lnol AR F& o] ZIHAAY 02 =73 x 1
0'" cn™ 2 A7) ¥ ol YA},

29 349 (c)olA ZTHe FAHEL biasHYe2 U3 EBIC 9
WEgFol wpAs #HAEA o] AL W bias AT veppx, 2 H 349
(b)oll 4 @ A Wg bias ol E deprba g, o/ fF2 A4S ¥
349 (a)olAl & o W% ¢4 o, EBIC £ bias HGolwat ZIFA

o, bias # <ol 0 o ofdefe] FAHXNE dds] HwW <+ EBIC

rr

__f":-_

e ofuddE AL ¢4 Un, ol HFol bias AYS AHeW B=
of o8l FHA AHs &+ EBIC & bias Aol =
2y

o o
0 ofFojA U7 WEG, @AM HFAA W@

o] 7]off HB AR F7 d=d, FAH AF I&
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22 FHAG., o7 o4 [s= depletiond 2] £ Af o) m ne ideality
factorol™, V& pissHG ol = Teexs A4 =201 o3 EBICe] o},
Ayl 4 | = 0dd, V=

nk¥ [e
P . In (- — + ) (12)
j -

E 549, ol HE2 e FHA A o] e MHZ (open circuit) d o+
Vocoll sigdg, °f A4S HAdd: wHoza, [-y 5 A ol 4

Is [ exp(qV/nkT) -1 Jo) B2 24 A biasAYE HolFAge 4
EBIC ol 4 lcc & & & of Al d g Axyg bias A4 g Hojg

dE e EBIC 344 18 3¢ An= M Rl o) ZHGEo oA
TS 4 & Y,

2% 35E py 71 o) GaAs/AlGaAs/GaAs TER 35 A% A7 Al 8. 9
IV S 4ot A2y p-p-p 222 SAREd, pYol: Nge dopant =

ALHUT ngo o} T Ax H7bstA At Ay mEe bias

AU SA40 dal gYyyo HAARE S %5 e, o& py ¢ H 9

depletion F o] oy 2eg dreidd. a21Y 362 g ARS8 EBIC E48

QLA R, bias HY 9 SAd WA e = FHAY A9 gAH

*5 Yo,

=4
fje

2" 379 (a): A F g EWALE (2SC 5154)9 F7 Ryse Zeh4
GHE ¥ OSEN A elw, (h)= SEN A EBIC 48 A He 2 o] 2

() EBIC ube] 4 o)r}, A7l N HI L emitter 9} collecltorol 2oz
4§ ol . |
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2% 389 (a)& HBHol Al A AFH  Sumitomo A pH Gahy
(Na~ 2 x 10'” em™) 719 (100)® o Schottky A€ RAAAXN =24
SEM 2} 24 HA Y deolm, (b)= ZL AAelAle EBICA I}, (a) oA
VHESLS &9 AYelotd 7t EdA BFoz g% 2TE9 4oln
AdE S3 2% Aoy}, ofoll ®¥ldtod, (b) dlME= MW@
¥5 vdguxz Uqg, o AL JF Fo BEEBeol LY REEFE B
T4 o FEH degd AAZ, FALdY FARNA W44

5]

of Reow dEHo okd YFS FUH YYE o R T
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{a)

Images of a commercial transistor (a) secon-
dary electron image (b) superposition photo-
grph of the secondary eleetron image and the

EBIC image (e) EBIC of the mid-section of
the commercial transistor.

Fig.37

98



e —

7. 09U JBUE!

Fig.38 The Sumitomo Ltd.s p-GaAs sample im-

ages from (a) secondary electron and

from (b) EBIC at the same position
taken for (a).
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61  @eld dole=s Bz

NFEA o)l F2E e Au e dFded DFBY S Ay uw
19823 ®A 455 % A=dn g

= delAd # =R2: $423 Ags Aol Wy Ee oy,
carrier S FHA PEF F2Addol AY B 2H o Sol i WA poded
FEAAN Astel 2F hetero P22 s Ao Uurgol o

T AT "ol HE T4 sy Zrdstm M Aol ol % broad-contact
BE MAto] pulse ATz W % A 7 o w2 stripe-contact,
2ER Zo ¥ channeled-subsirate &2 A s o599 Fzx:=

aE 399 Ao,

6-2 Broad-contact & 7 o] A

Holze S4S FolB7 4@ 127al M2 H broad-contact ] o] x
S A%RREd B S92 A% ARAt Rol4 WA nA  Hola s
B2 BH AFUES c% A¥E FoT A Y AYS 24 o £ A
4 g4 oo

SN 2 we o] TyUswrpz A 47 AaNE B43 9

na

TAE 0.2 um o]dtZ W} % 4o optical confinement 8 A& Yoz

71 Heted confinement faclor & 2A % Z2 Ad. AlGaAs/Gahs
DH @l o] Aol o] iy optical confinement & < 71 glalA Al
e 2o o Wy 7 &g dopant &2 laser 2 junclion =4, A
7149 %A confinement, ¢w g s Fdeted 2 Ao st o

T e FAE 2YY weA 9
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B oo ol = AlxGaAs/Gads DH & FZ2&F 49 &FHd&d d o
e AAS ¥ Gage 800 10 mg 2 ¥R, dopants nFlE
Sng, pomal GeE AEFrt. ol 59 HAgZE Snd AL
Kressei *2’, Panish>", Vassillief * 7 Zo 2 aE, Ge?] B$ =
Rosztoczyms), Vassillief ' S o 82 oLaldonl, AlxGal-xAs F

L3722 (343

5), Wiiiiams{sé), Miller , Vassillief = 2

o] Al % & Rosztoczy '
A 755 ol & . o] =9 Heg2 electronic balence (A & D Model
ER-182 A) & A g fed, viged Agd A M 10 vg 24 HHAWHER
2Rk, £ 3L AT A ¥ ool

Aard Az pajel A EHA AuZn (5 wix) F AFFH &% dau
2 dutstod Az SHAE 0.l en 45 SHAFEFnRA of drbdal AuGe
(12 wix) $For AT F e ofF 450 Az FR7dlA I AA
o] ohmic contact & A&, ool shEH 71T [011]
wgowz Xol 0.1 ma HA scribing st =dl olw A 8% scriber & ¥
A8 MAbg B gebo] B g Aol el

olE AHEEZ 0.15 0.6 nm o ZolzZ cleaving & o1& SEM 22 AHHF

i

29 EBIC 42 43z H/NY EMHE Zastdrd.

6-3 Stripe-contact % & of =]

Molde ETHAFE A 7% 71d LPE AF2 broad-contact ¥
# .

Azxd 7iwel Fdo] Si0, 2AdHS A7 AMA Si0 (Merck A} &
source & o 2000 -3000 N FAR AFZFAFAd=d FHE crucible
S 2% 403 o] AFAe] AFad. FTHYSY FAE angstroscope
A A Aol FAH gl

iy

2 239 d. % 20 v 2 photomask

photo lithography M e & stripe & #E 3 5 % HF 2 stripe o Hd 3
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Table 3. Data sheet for LPE growth.

sample No. : 216-2
layer 1 2 3 4
GaAs(mg) 4.1 50.6 45.4 53
Al (mg) 1.05 0.21 1.17 0,17
Sn (mg) 51 0 0 0
Ge (mg) 0 2.5 16,7 31.8
Growing time(sec) 240 10 30 60
Thickness(um) 1.7 0.14 0.23 0.6
* Ga 2 800 * 10mg ¢

103




*JdOAB] momm dYyl JOo uocrieviodeas
U3l J1oJ sr1gronio grg jo Buimeap o13jBWweyog Ov 317

o
ols— |

(fww)o)
WNTIVINYL

(tww -0 |99y ) /!y

73S LvaH

(dwwgo)
J¥IM NILSONNL—

144



AARG. elal HFS $E7 UF aAY Az Az A
2R Si0: #%F kU g AAE XA BB o]Se zmyo
BEI % M2 Ad. EA 3000 Lo Si0,o) A= 30 2] Al 7)o
AEFRAG. A4 B /WS photoresist £ A %

8 HaSO4 + 1 H,0, + 1 H08 Qo & §52% 0l Aeldds A3E& 38890,
I 9% HF YL broad-contactdyH} e ywwozm R -

6-4 Channeled-substrate 3 & o] x

h. M5 9 7z B4

Channeled-substrated #lo]ldo) Uojyy TEAE = V-groove o] A%
71 AL groove FH 2 blocking %o leak HE 2 HA g o) o
o, 29 418(a),(b)E o] RES MY Eye EdAN2E e Ao
= BAGAGD (¢)E 298 $ dRoln (d): 29 [-y S A4olo,

MA a2%ely Heutstge =dzgay G E496H9 Q.9 wolas
n-Gads FollA TFAZ BAHAZA LYY Pz A7 A Faso] #

BHE F7189 Q, 9 Hil°]»" 2 AL ek "ol Q& photo Ex 2 H
482 84 "o,

Q¢ FHE o Al o A:m Moot Al o FHEo domzg =2y
Bl iz 2042 welae AXG 2o}y Q.8 AF FHE 12 A9
X

T AG. oW 4B E 2 4 (a)2] xXE A2

A g o u} o] of £ 7}
Eohdd. AL FolHA wE AL 23y BHAFE A& Q.9
Hlol 2 HF I e s ;8 THHA L W2 AF 224 geqg o] 7
of A5 leak AE 7 Ho).

et ol e Jeak AFE o 4 a7 s g5 AL wolx 25
IR 24 Adodstn = FAags A Qo wlolx AFE g8

oty



nte . +Gals
n-» L 1 «-Al Ga,  As n—rq,"rr_ 11
p—=__ 17 0854, 2 '\Al,Gu... as v
LS Ga As
-y Q, Tr.
\GnAs 2
'p*-GaAs SUBSTRATE
W A A AT A SRSy e

(a) (b)

Current

2§19 o
0
V]

vwilo|ejap—o

@
o0
ol Q12 | O
@
P
I
'
[ ]
r-
1

B ° Veoltage VBO

(c) (d)

Fig.41 Schematic view of {(a) the current gener-
‘ation from the LD junection and (b), (e)

equvalent circuits and (d) I-V characte—
risties.
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He7t Uk, Gads o AT FAAYE: #HA F4AGgRg HE #7
AT §,8 WMol 8o #T 1 FAE AT BAAARG LA
oz FAe F42 A LYY HFel 27 4198 xE AW EF
Fs HuEd A oo o, o] A2 ol ol #HolA TIHOEH

B pyE o & Aol LubHold,

i

L}, AL % Az ( Photo - elching)
AF ANTEZ AaAAZ 7130l V- groove channel S HAA 77 &
A4 #PLE F 4% Hod.
PR maske 4 2R &E ahE A Kol &H717] A8 positive resist gl
AZ 816-% A&k, Spinner ol AIEE Y H PRE 74 ¥E BoEy
Az AAel) HAA T A spinner & H000rpme E 1027 HAHARG,
o]t coating ¥ PRe] F4 & 0.8-0.2 un k.  Photomask:s HF 5 um,
A3A 400 pun & AFHF 2 un, HAAH 400 un o] FFFE AZF WG, (100)
d 71 ol stripedE 78w 7I¢e A% Y ¥%ol G A4 s=) siripe
el gdaAEd 1 2 a1 429 #Fo. 2% 432 B A4

011) % [011] o= groovedE &4 A W2we] SEN AAojcp, &

~—

AP 2o V-groove channel & E 2 Z 7] sl Kol photomask ¢ 49
WES [011] Wakol A &Rt

A Azrel Reld wHA7re]l BW WAE Hol channel E o] A2,
How Wao % dsoz HA =B Moido. B AP UVH U
292 radiometer® 24y UHGA $A85 AA Sd. VAol
Zd A EE V-groove channel € WA Aol P2 A4S =
Azt SN 3,80, ¢ 1H,0, + tH,0 & 4 %W, A FHg 259 47
A 7ol wet chanmel s E 3 o], mofo] B ¥ AP HE 3,

90 22 Fdd. 2 49 (o)t A% 2 mE AFHA 602 FEAZ
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& Aol:, (b)x ZLE mask® AL M4 90 72x A28 Aolg. 19
(a) sk (b)oll elal 428 groove o &7} g2 olfE, ()= Zo
=ER APAND ()= HYx 2z o & of o},
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Table 4. Procedure of photoetching.

AFse mell AA A AH

v

photoresist (PR) coating : AZ-816, spinner 5000 rpm, 10 sec

v
soft baking : 100 ¢, 3 min
v
mask aligning ‘: A;ask A% 2 um, 5 um
v e e
exposure : UV lamp (ORIEL# Hg 100 W) 26 ~30 sec
v
d?:;iopment : NaOH 0.5%, 20 , 1 min
v
R;;d baking : .MiBOYT, I min
- .

structure etching : 3H,S04 + 1H20, + 1H,0, 3°C, 90 sec

A 4
PR A A 9 A Y
v
double etching : 3H2S04 + tH202 + 1H,0, 3°C, 30 sec
v

D.1.water & ¥
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Fig.43 (a) Photograph of a photoetching and
double eteching along [017]-axis.
(b} Photograph of a photoetching along
[011]-axis. |
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Fig.44 Photograph of a V-groove shape according
to (a) excess exposure and (b) proper

exposure. ( Using the 2um mask width.)
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Fig.45 Double etching rate along {011]-
axis.
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7-2 Laser spectrum ¥ 4 % A

Laser® w3 spectrung ZAH7IHE XY AsE+ 2§ 483 Ao,
04.7] off A}-% ¥ monochromatord Jarrell-Ashe] (Model 82-020,f=0.5m)M &
o] laser *% pulseZ M lock-in ampE triggering3t A & K.
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Fig.49 1I-V charateristies of the laser
diode.
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Fig.51 L-I characteristics of the Stripe-
contact type laser diode.
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Fig.52

Photograph of V-shaped laser diode;
(a) superposition photograph of the
secondary electron image and the

EBIC Y-modulated images (b) secon-

dary electron image.
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