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4 BRE2E5LDE

AR50 HEERT B SN =TT TH SR E 25:E p-GaN/N-InGaN/N-GaN
Double—Heterostructure Blue—Light-Emitting Diodes]IZ[&. L FDEEE; I H 5.
(7) “P-GaN/n-InGaN/n—-GaN double—heterostructure (DH) blue-light—emitting
diodes(LEDs) were fabricated successfully for the first time.” (LB B Z #1117~ 21T, 0
R:TP—GaN/n—InGaN/ n—GaN—_EATOEE(DH)ZHTHFBENLFT 14— (L
ED) DI THEKLMELbNT=, 1)

(1) “A wide—band—gap semiconductor,(In,Ga,Al)N,a IlI-V compound system, was proposed
by Matsuoka et al. Utilizing this system, a band—gap energy from 2 to 6.2 eV can be chosen.
For high—performance optical devices, a double heterostructure (DH) is indispensable. This
material enables DH construction.” (L8 B 24 ~291T, IR : DA KN\ FFvy T DIl
—VILEMTHS (In, Ga, A)NEWHEA, MEASICEVIBESNI-, COESWTIE, 2~
6. 2eVDN\URF vy TIRIILXERIRENTED, BHAERAEFRFOE=HIZIX. FTIL



ATOEE (DH) DR AIRTHD, COMBHZENIXDHIBEEMNTES, J)

(r2) “If the InGaN semiconductor compound is used as an active layer in the DH, a
GaN/InGaN/GaN DH can be considered for blue—emitting devices.” (LSEZEW%E]-F‘I 31T~TF
1017, fIER: THLINGaNF BRI EYADHDEMERB EL THRASN S, GaN/InGa
N/ GaN DHMOERBRFENAEEBLLTEREINSZENTE D, 1)

(T)“the substrate temperature was lowered to 510°C to grow the GaN buffer layer---Next,
the substrate temperature was elevated to 1020°C to grow GaN films:--the temperature
was decreased to 800°C, and Si—doped InGaN film was grown for 7 minutes--the
temperature was increased to 1020°C to grow Mg—doped p—type GaN film.---After the
growth, low—energy electron—beam irradiation (LEEBI) treatment was performed to obtain a
highly p—type GaN layer---Next, an Au contact was evaporated onto the p—type GaN
layer---The structure of an InGaN/GaN DH LED is shown in Fig.1.” (LR G##291T~L9K
EH2917, MER:T510°CIZTFIF T, GaNNYITTEBEHMKRT D, -+ (FABE) - - - RIZ, 102
OCIZEIFT, GaNEEZ AR T D, -+ (HBE) - -800°CICFIF T, SiF—TInGaN&E[EZE
TR T %, - (RBR) - - - EiREEZ1020°CIC L IF T, MgF—Tp ! GaNiE IR % X
R9%, () - -FHEZ. SUYUEL R GaNEEZFL O, BEIRILXEFHFEHN
1 (LEEBD #1795, *+* (B&) -+ - R, pEGaNEB D LICAUOVBYNERET S, - (h
B&) - -E11XInGaN.”GaN DH LEDD#iE%RL TS, I)

(#) “this blue emission can be assumed to result from recombination between the
electrons injected into the conduction band and holes irjected into the valence band of the
InGaN active layer.” (LOE G117~ 1517, MR [COFRBEXISEEFANITEASH
E?i%ln@.)aNiﬁ'l‘iE@ﬁﬁ%?%Wl:ii)\a"«‘nf:IE?L&(DFaﬁ@ﬁ%ﬂﬁébﬁh\bitét
J[AXY o J

(Z_J)Figure 1.(L8E TH1;p—GaN./n—InGaN/n—GaN_EATOEEEFRLEDDE
=, |

(F)Figure 1.1&. XRDEDTHD,

v HREISIADELH
AFFFOHEERTI SR SN I=TIITY TH SR E3FELE GaN, AN, and InN:A review ][
(L. AT OEHLH D,

“The most efficient blue laser designs will call for strained InGaN QWs in the active region _
and AlGaN cladding.” (126 1BAM T 1917~ N 1717, MIfR. [RILMNBHLEFRL —F —8%
I FERPFDUVT AInGaNEFHF RUPAIGaNIZYTAV T ZBERT S, 1)
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4 BESSIDEEE

A O HFERTICEREIN-FIITY THLFESTIE (FFTF2—2294755 /) I
(X. UTDEREILHS,
(7)) TRTEE SR ER LIS FRBALTHRERLEIN, Ga AN (x+y+2z=1, HD, 0=x,
%/Fﬁ zéé) %;ﬂﬁw'ym&%—lghﬁﬁifnrtié:téﬁ@i&'y‘é#ﬁ%%%%ﬁ (2BEET
#5~81T
()13 (001) A LEDEFERENFF v TIRILFEDEFRERT  INN—Ga
NEEZUINN—AINBEIDR—A L T IRFA=FE TNENXIR(2) RV (3)I2LDH, COE
M5HBHESI, INN, GaNRUAINASES =TT, =Jt. RWDMIETERFEERADILEIC
SY . ERIBFEESLTNAVRTy YT IRILTDELGAIMB DO EEIBEBEE KT HIEN
TZE5, |(2EETHH12~191T)
(NDTHEIRIAEBDEIDEEHIZEHRBIT O THY . RFOMEETY . AHRFILL
—HTHL, ERMBEITTINATOEEZE THEORAHAL—HTHY., Al,MgO,F
17, EES5 u mODSNKF—FnEInGaAINYSYKEE18, JEE0. 1 um®D /> F—TInGaN
EMHE19. BE2 4 mDZNnRF—TpHEInGaAINISYRE 20, ZnK—TpHInGaAINIE S A
#E21. SnE—TnInGaAINIE®HIAFHE22, pe IS VKRB DA —Iv 7 EME23, nf 05
YRB DA IV BWB2AMOH L, - VIVFBRUIEDAHBEFERBED/ NV X vy
TIRILFTEDIO. 3eveEbES(Z, InGaAINYSYREBDBEE 13N SEAL, | (BE
ETHETIIT~6EELEH71T)

(D) Ef=. pBEBOA =SV VIBERETIFA=OIZ, pH VI VB EBBEDMICIRER
[ZHY SOV Ry T DIENINGaAINB DpfieBE T vy T BELT—RBANTERLY, |
(6EHLEHEH15~191T)

() FEREFE13EIC(E, LE (N DESY, (001)EEDINN—GaN—AIN—InNE D& F
FBHMENREF vy TIRILFEDOBEFENAREINTINS,

(D FE13HIE, XDEDTHS,
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AT OHRERTI A SNTIITH THSIRECTILGaN pniEAF R - BN FEALY
AA—FIZIE L TOEELH D,
(7) &k, bh{’)ﬂli?ﬁs*:/"?la (Mg) F—7 &5 $1.GaN (GaN: Mg) (:%%ﬁ’éﬁ@%ﬁﬁ"
HEBETHIFMENELL, HIERH+ Q -cmIEEDpRERELDHLEEZRINVEL Iz, SBIC
NEHALT, 3. pniEESDORERIZEMO THRIILT=, J(163EHGH8~121T)
(NTLEDDER A EIZDVNTRT , Y770V EMRLEICAINGZEE (FBiRE TAINIDFRE
EROND)EHEDER, nBGaNZEHB umERLT - (FBE) - - -GaN:MgZ%#J0. 5 um
BRLEOL, RENEFREFNET D, - - - (FE) - - - pBOEBIELE (Au) [TLYF
— LM EMERRT S, (1658 EMH241T~A1H101T)

T RE7TSHORH

AR O HRERNICERSN=TIITHTHLS R E 7S (1RSS5 1 —25086 5204k (<
[T AT DEHELHS
(PITEI1RETISL—YEBEELTHoN DT TIATORSEEIHFERL—FRE
DERERT — BRI RMER T, (1)[EGaAsER, (2)[EFE 1D GaAlAsfE. (3)[EnE!DGaAs
JE. (DIEFE2MGaAIASFE T, F1MDGaAlAs[E(2), F2MDGaAlAsE(4)FZNENGaAsE(3) &
YEEWERFEMZERL, GaAsEiR() LICIERERSN=E D THS, BEICHoD=[E
X, BB TRI KIICHRFOpREAMYN., EAEZDIT DM THIHIN., ENENp
DR (2p), (3p), (AP)ZEMEL. ZD55 (3p), (3n) Dp—nixEEMNFIERG)ZR K
¥ B, - (6a), (6b)[FEBTHD, I1HEEM181T~HME121T)
(NTRERZITNATOESGL - THEODN TERIITA —LEMERIFLET H-0(C
BERBREICAMEN TV -GaAsBEVELLLGVENHITOND, CDGaAsE(E, 51
[SRUFFEEBIZHNTIE, BREADEER L ZDREHZEEBL TSN, F2DGaAlAsE(4)E
BAB(6a) EDBAMBME T IFH-HICEITONDIDTHY, ---LdIZ, COFEBAICKY
LREDFA—SvIA I D=0 DGaASE TR ELLY o T, E2MGaAlAsE4)H1
BEELTHIENTESO HETRENEEEGD, ICEETHE171T~ATH#1217)

(NFIHE. RDEDTH S
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B3z BRIt 1(2HE LH3~101T)
(MNTFENTEDLICERUF VI TORACADBELGDPE DA ) ) L-TILI =) L- MR
(Gaq_,ALAS) B7ZHERESE D, - - RIZHI DL -TILZZVL-MEBRETOLIZ, PRD

7Y L -3 (GaAs) BBEMALT . —cDEBIEIZDEREEEICKITAEBONERES
—IVYFAVEINERBT B0 DHLDTHS, BBIIXPE YD L - EESEEICaY
FOMFHDT, FDAVEIMERIE+HMEL, | (2EE LT~ ETH101T)

(NF1EIE. RDELEDTHSBo
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AT OHERTICHEASN-TIITY THLSREISE FFHE54—93380510#k) I
(X, LTDEHELHD,
(PITAFBRL, HAHANTOBEDHFERL—HFITRITEH - F1RDEEIRIE, K5
BA—EflzRETHHEEDTEGARTHS, |1 EGHEE~91T)
(NI (B ERAFMIELF S VIILRRZEZERAL TnE GaAlIASTER N OEH VT YRE4A, G
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O BE16BINEH

'32%%%%2@ HRERTIC AR SN =TT CTHLHRE 16 SiEGaNFELEDIIZIE, LT D
READD,

(P ITREZDSEHIMer—TGaNIREZERFER P Tr=—) I LIz, BRERE
DREFMELTRTICTY , 7=—U I FHIEFRRET200/LI-, D LSIZTEEA00°C
HIY M BBITERENREDL TS, CDEIITTZ— 0T DA TEEFHRES EREE
[CIEIERPEGaNRE{DHEN TED, (41 B T9T~TF34T)

(OE7IE. RDBLDTHD,

Y BHE175EEDEEE

RGO HFERICERSIN=FITY THSHF 5 1 755 Thermal Annealing Effects on
P-Type Mg-Doped GaN Films]IZ[&. L TFTDEEH I H 5,
(7) “Therefore, the temperature dependence was measured to determine the mechanism
of the thermal annealing effects on the p—type conductivity of Mg—doped GaN films. Figure
3 shows the annealing temperature dependence of the intensity of the blue emissions in PL
measurements. Between room temperature and 400°C, the intensity of blue emissions is
almost constant. When the temperature exceeds 400°C, this intensity strengthens gradually
and shows a maximum at 700°C” (L140HE AT 1917~ T 1017, fER: [>T REK
FHEEMeNF—TEN-GaNIEDpRURBEICHE (TR T=—) I DHRERTET 51
HITAESNT=, HB[FPLAIEICEITATRRELBEDT =)V REKRFEEZTT,
EREA00COMICHENTIE, EERAREE—ETHS, BEMNL00CEHEZLHE. D
BEXR R I1Z58<AY, 700°CTREEEZTT . 1)
(A )Figure 3.l&. RDEDTHD,

L BE18EIIMEEE
AT O HRERTICAER SN =FIITH TH S R 5 18 F Ak Activation of Zn and Cd
acceptors in InP grown by metalorganic vapor phase epitaxy JIZI&£. L FDEEH I H D,



(7) “We have investigated the activation by post—deposition annealing of Zn and Cd

acceptors incorporated in InP during epitaxial growth using metalorganic vapor phase

epitaxy." (2411 EEFIME1T~21T. IR (K23, B BSHMEER-IESFS

&)#%fq:():InPl:ﬁ)&ém‘:zn&UCd?btj’awiﬁﬁ?&o)?:—')*/7 [C&BiEMEIEZE
FlT=, |

(1) “Post—epitaxial annealing in a N, atmosphere at temperatures in the range of 370-
2

470°C leads to complete activation of the acceptors.”(2411 HEMHH4{T~61T, FER: I3
70~470°CHORE&HBE TN, FERIZEFTEIEFIXIVILEDT=—)VJIET7IET4H
DEEEFEIEZL-5L=, 1)

(r2) “Further investigation revealed that in most cases a considerable amount of hydrogen
is contained in those samples. It appears likely that hydrogen plays an important role in the
deactivation phenomenon. Full activation of the acceptor can be obtained by post—epitaxial
annealing in N».”(2411 B EM91T~ 1317, IR [ELGEHMEICLY. FEALEDZEIZEH
WT.AEYDEDKZRENLEDY U TILIZEEN TSI ENHIBAL, BASAIZ, KFE
NRERHIERRIZBVTEELGRIZEREZLTVD LI NGB TOIEAF SV ILEDT
——)UFIZ&Y, TOETEADOEEEEEIELFONS, 1)

(I) “Post—epitaxial annealing was carried out at temperatures between 370 and 470°C in a
N, atmosphere.” (2411 BEEM T 24T~ K17, MR TERF v ILEDT=—) T I,
N, BHESFIZHIVT370~470°CHRETETINT =, 1)

R BE19BIDELE

AR O HRERTICERSN=FITY THLIRE 195 FHATF2—-111016 5 42)
[ZIX. LT DRELAHD.
(P)TKFREBEMICRE, FFEF—/ VDI EMH D LI4EE, LI=A > TIESMITIE
WEREREZATOFERNERSND, |(BEALMBIT~111T)
(DIAEDT I LT IRIERF —F % FEARPISZLGAS , MIEKFERREICPRS
BTOHAENMONTLND, PIZIE. A—RETEIR—/\UrDHANDILHDEEIZLEA
THHDNLDKFDLBERENA DI ERCT DITTREREICHHEMRATHIL
A TED, $3100~500°C, L o5, FFELLIFKI150~450°COREL—RICHITH
5. RBEDIFELWEEL. FRATIBREDEIF—N\UIMEZEL SR FISKEFT D,
KEDBWDBEEICEY, KFR[E, ENIYBBEDENE 1 F—/ UM FERRNIZED
SEMNTEDISITLEALIRLTH A, I(BRATHT8T~6RE LiR41T)

+ HE205INEE
AT O HRERTIZAER SN =FITH TH S R 2055k Neutralization of Shallow
Acceptor Levels in Silicon by Atomic HydrogenlIZI&. L TDEEH I H D,

(7) “This experiment consisted in measuring the change in resistivity of a B—doped Si single
crystal after exposure to atomic hydrogen at various temperatures for about 1h.”(2224E‘
481597~ 1817, K13 : [ DEERIL. £91 BRISES TR E COKEFEFISSSNBA
F—T SN I-SiEERDEIRDELEETRITHIEN LD, 1)

(1) “Heating a treated sample at 500°C for 1h [to dehydrogenate it (Ref. 9 and 10) ]
resulted in the recovery of a flat resistivity profile at nearly the initial bulk value, thus
confirming that the change in resistivity is due to the resence of hydrogen.”(2224 E 5 1#7
~111T, FER: T KFZBRL=D(RefORU10) ILEIN - H > T )LES500°CT1 BFEIM
BL-HER. RPOO/NIILVEICIFITEVMEVEREZEEL . JoTERIEDEEIEK
FOHFEEIZEDIIDTHAHIETRETELT=, 1)

(2)BE1SEIZEEEH SN - FET

AR (D T7ICTENIX, BFE1SEEICITIUTORBANEHINTLNDELDERDHLND,
[ 5 FHE O LLE R /NS NWBAE T D L RIEEYMFER (Al Gaq JyIng_yN:0=
x =1, 0=y’ =1, BLx =y’ =1FEFFLEL) Mo DEZE . HHEICEGIFHRERVE R
AR —XIFEGY ., BB IS L TEHHFRO LR REVWELLAYVLRIEEYMFE
X ((ALGa4 —yIn — N:0=x=1, O=Sy=1, x#x RU /" XlFy#y ) opibpBIEE
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() MZ T, FRBICInGaNEE BB A, A4S O H RIS SN =B E2~5
FEEHZREBSINTOAZEICBOLTEH (FE 25D EREIf the InGaN semiconductor
compound is used as an active layer in the DHI(EEE (1) (D)) . BEIBEEDEEEThe
most efficient blue laser designs will call for strained InGaN QWs in the active region | (k&
(1)), RSN HEIR (LR (1) T) AoHTENS GalnN:O nBEEAE20]. K
U, BESSIDGENEEO. 1 umD /U RF—TInGaNiEHEEB191(EE (1) A (D)5
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