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ABSTRACT

ABSTRACT

In recent years, the applications of the ocean detection such as oil spill are in
urgent need of a UV detector which probes >365nm wavelength. But this is beyond
the wavelength range of AlGaN UV detector. Therefore, searching for new III - V
compound material is imminent. The bandwidth of InGaN is in the range of 0.7eVV
(InN) to 3.4eV (GaN). Its corresponding wavelength can vary from the ultraviolet
part (365 nm) to the near-infrared part (1770 nm), almost covering the entire solar
spectrum. To dectect different light wavelengths, we can adjust the bandwidth of
InxGa;xN by changing In component. Besides, the InGaN material has many
characteristics such as high absorption coefficient, high mechanical strength, good
thermal conductivity, strong ability to resist radiation and so on. The
GaN/IngpeGago1N epitaxial layer is grown on sapphire substrate (0001) with the
method of MOCVD. By optimizing individual process such as the etching,
passivation, annealing, various ultraviolet detectors were successfully fabricated.
The research tested and analysed the electrical and optical properties of the devices,
having important guiding significance for the study of the UV focal plane detector.

The theories of metal-semiconductor contact, the transmission line model of
thin film materials, heterojunction two-dimensional electron gas are introduced to
aim at the p electrode ohmic contact. The researches and analyses of P type material
ohmic contact were from three aspects of annealing process, surface treatment, the
electrode structure. Experiments showed that the zero bias resistance was lowest
when the sample was annealed at 550 degrees Celsius for 5 minutes due to the
existence of i-InGaN. After dealing with KOH solution, ohmic contact performance
of the sample was greatly improved. The p-package electrode can be effectively
improved the contact characteristics, and performance of materials was highly
affected by the annealing conditions.

According to the requirement of InGaN ultraviolet detector, the cause of
generating leakage current was studied and related etching process was optimized.
The research was done mainly from the different etching power, different passivation
materials, wet chemical etching process. The results were analyzed with the data of |
- V characteristic curve and the response spectrum. Research showed that the device
side damage became smaller when the etching power of ICP dry etching was greater.
KOH solution wet processing and growth of silicon dioxide passivation layer can
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ABSTRACT

reduce the surface leakage current.

The fabrication and characterization of InGaN p-i-n ultraviolet photodetector
were reported in this work. InGaN multilayers were grown in metal-organic
chemical vapor deposition (MOCVD). Material etching, passivation, metal contact
and other techniques were used in the manufacture of unit front-illuminated InGaN
detector. The current-voltage (I-V) curve showed that current at zero bias was
3.70<10™3A and the resistance was 4.53x10*° Q. A flat band spectral response was
achieved in the 360nm~390nm. The detector displayed an unbiased response of
0.22A/W at 378 nm, corresponding to an internal quantum efficiency of 88%. RoA

2

values up to 1.3x10%Q-cm® was obtained corresponding to D'=1.97x10%

Y2 W, The photolithography masks of long linear device were designed.

cm Hz
InGaN 800>8 UV long linear focal plane detector was completed successfully with a
set of process flow.

The design of the InGaN schottky device structure was done and a thin layer of
transparent electrode was grown on i layer InGaN. Through the continuous
improvement of process flow, we got InGaN schottky diodes successfully and tested
I-V and C-V characteristics of the device. Based on schottky devices I-V curve
fitting, the effective barrier height of InGaN schottky device was 0.63 eV and ideal
factor was 3.4 both of which were calculated. Comparing with the C - V curves of
schottky devices under the conditions of light and no light, we analysed the reasons

of the induction effect and peak of capacitance.

Keywords: InGaN, ultraviolet detector, ohmic contact, etching, passivation,
Schottky diodes
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1.1 InGaN # -5 R

BME (GaN) FEFE2EH 1 SR NS AL IMRINES MR, 78S R EAM R
AR B L2 5] T A2 I N DR BT 2R 58 B R, vk
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AR D6 FE MO, TeV (InN) E3. 4eV (GaN) ZESE AT [5], ot N AR IS B 98 K
2 AM5) (365nm) ] LA— BAEH R UL 204N 7 (1770nm) , JUF- 58 88 o6 18 A
KFEOGHE . H AT InGaNARHE 2 A ROGEAT A IR R AT 5, 72 SRR
B3 R- R AR LED (Light Emitting Diode) F1 Tl FH FIOG 251D (Laser
Diode) &40 T 28T V2 RL A, A 7E K BH B8 HL it U ) A 72 8 A Kk #4. InGaN
AR5 R BAGIE VT AC R &, 1 e B HEMAIS1. GaAsEE K H HL it A4
BRI 06]: —, BT InGaNZ BB REAMEL, Wk &5, ArbiInGaN
K PH E AT DA B . R AR, e EE e R R BH L A N R S,
HIETA4 T A =, HTInNfIGaN W FIERRE S, KKbTES, fif
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BN, REEIR BT EAR A S AL, S AR T S A R AR . R
AU SN InGaNA R A FIRFPE ORI 70 EU AR, LT 10 1AL 1. 275 . (B2,
FE] N AP0 InGaNAA B E R I 25 B FH A8 KT 78 L 2D, 38 A 25T In,Ga, N
il £ 51 A S 1t RE IR 3R 40 56 £ T AL

1.1.1 InGaN #R}HIAEK 7]

InGaN MEHFAKLL GaN MBI AEKEMEIRZ, HT InN 5 GaN Z[AfR
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FINRCRZ L E S FAEK S IR E . . SR megm, Fiks
B K S A 2L
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PR TNV B AEAR AR P B B T v

7 — a— 1200 — | — 7
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A * Spinodal ™. " ]l ~ 8cop interface -
o 1200 , y P < perpendicular .
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Figl.1 the InGaN alloy phase diagram in the state of relaxation(a) and stress(b)
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Figl.3 The typical photoluminescence spectra of GaN and InGaN
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Y& FEmMIEEAT TR T Hall BE( & 1.1), Hall MEB/RE Ga Ao
(1) InGaN & & H-FIREMRAC, 1M HBEE InGaN &40 Ga Hor /b, THE
KIE ETbe Ga & & RECIME S S R TR, AT H 556 8o 408,
TR I,

% 1.1 A[FE In 44 InGaN ¥ 51 Hall Mtgs

Figl.1 Hall test results of InGaN with different In component
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1.1.3 F X InGaN #HE K —E R SH
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InGa, N AT EFZ4L .
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% 1.2 GaN, TnN fl In,Ga N IR E 25

Tabl.2 the material parameters of GaN,InN and In,Ga; «N

Parameter Symbol GaN InN In,Ga,. N
i (eV) E, 3.507¢ 1.994* 3.507(1-x) +1.994x-3.2x( 1-x)
2 3.189° 3.545¢ 3.189( 1-x) 43.545x
i B oA
c 5185 5703 5.185(1-x) +5.703x
e . & -049° -0.57 -049(1-x)-0.57x
He HL K 5L o
& 0.73 0.97 0.73( 1- x) 40.97x
W Cy 1.4 9.4¢ 11.4(1-x)49.4x
( 10"dyn/cnr) C; 38.1° 20.0¢ 3810 1-x1420.0x
RN € 8.9 15.% 8.9(1-x)+15.3x
fi 4 A m, 0.20r 0.12 0.20( 1- x)40.12x
LA L € 57 84! 5.711-x) +84x
AR (O P, -0.029" -0.032" -0.029(1-x) -0.032x

e @ SCHR[L3], SCik[14],° SCiER[15],¢ SCRR[16],° SCRR[17]," SCHk[18).

T InGaN =R A4, LT In &8 x 7£ 0~1 1Ak, (i3 E 7F
0.7eV~3.4eV [H2EAL . FrLARIEZSAF TAR B RR 22, % In 45y, Hl&HE
BRI AR 2 S AR R . Osamura[19]55 A\ 7E B4 BE SR 2H 433 Bl Y X InyGag <N
CH:AR x O InN I EEZR 293 ) () B4R 90 JE AT 7 RS B &, I HLAE
7 58 BEBE INN 453 X TR A0 I i 129 2 1 50 R

E, =@-X)E,(InN) + xE, (GaN) —bx(1-x) (1.1

He, b REMARE, b=1.0eV, HLUGAFERFE X th RECH A R B
1E. GaN. InN. AIN Rz HA G250 v B 2 i A2 A0 2 Varshni 2250 24 1
aT?
(B+T)
Horr B, (0) NAEXT RN FZET T8, B & SIEFFIREA R LRE, o N
PRI B 2228 dE,/dT.

(1.2)

E,(T)=E,(0)-

1.2 GaN ZZ /MR 23

1.2.1 GaN ZZSMRNFRHI 2K 5 HERE

IR, GaN FEERAMRIMEE RN AW BNL . BTGl 52
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FATRIN L R B 38 TR sk [20-21], B AR v i S A (BRI P i,
% [H X 2] HH MSM. F 4522 < p—1—n SEANRI Z5 H 1) GaN 2 50 HMR I 25 [22-26 ],
Fialg AlGaN HE RAMRNSAEE WA 2 Z N . T GaN F- SRR R
R PRI B R AEO R UURR . A RIRSBSETHAER
KIS AT, B PARCKRHES) T GaN BRI SRR K JE,  [R]I 4
LR IR SRR T RBF IR LA

P A BRI AR A AR U] LR e iR A8 (R 411
ADCIRGRN A (L5 a0 SEH T SRR SR LERL, Wik 1. 3 Frr.

1.3 Je i 3 SRR & 1 He ik

Tab 1.3 The comparison of photoconductive and photovoltaic detector

FERP NS FREREE
BRER (1) & HERIER (shot) i

B RS | TCEMRERIE , SRS |

BEX. ¢
Molky BREETS , SRRl P HE | Motk o EEER , SHp AT |
HE. » o v
D*EUP "J‘P I::I:*:EGLIP' jtﬁﬁﬂ

BHE T AR, i BET 282, fAE- |
Yo SRR TR , 8F | FRIEMEERIE 54E, #5H |

AP e
PSR , B | = P Lo BRI |

PR ASHRETNCAEH | e, SEAAEm SR |




1 515

JEHL A E AR B AT LN GaN SRAMARM &8, i — B SRR K DA BRI %
i BB ALK . REER KT 48 T8 L AN T BRI, e 1. 2R
BHE SN, XRGHE SIA TAEREE, BRGSO X T AR
SRUL, T RNCE N, AN E OGRS, SRS NS R A AE
R IR R, 225 L 3 BB 23 1 32 L g SR AN R R 2 271 B
R BRI 45 1) e 5 7 6 BEAE S ARAR I 45 (28]

JEARTIIRI Fe A FH A 348 p—n SRR E RO A, FEALL
gy pon SOCH AR, W L7 PR. TARJEEROGRURI, pn £50K
Wi K EEAS L E A R S 7 A B OO, N B A - RO O
EOCEREN S, WHEIH S AR R/PR, = pn G, 74
Hi. “ARE A JCRATE IRN AOR 2 Rp ik, WnlEl 1.8 B, ARGE N A IE
JRIEESS 4, JERERINAR XA 7308 p-n &5, p-i-n 4, HRFES 2200 MSM 454
FH WO R IRBLER I 2 32 24T H R R ADCARIRI 22 A0 p-i—n D
PRI 25 PR o

HEE
N —
g i
= “\ o 1| nm /ﬁﬂifﬂ%
5Ny o
#ien 45 "

L7 SGARALERIN G LA A

Fig 1.7 The geometry mode of photovoltaic detector

LIGHT
\/\‘ Isc
SATURATION J
CURRENT L

VOLTAGE
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INCREASING

LIGHT LEVEL
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1.8 IO AOEHE@. @F p—n G5 RS R
Fig 1.8 the i-v characteristics of p-n junction in the conditions of no light@and light@.
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56 SRR SRAHEL, pn S5 RIRI ARGl B 5 NS 24 TER R,
i EL AT WO HIvEL, TAFRSAR, SARDTE, HHEEAR S-S ETmL
MR . p-i-n JGH TARERAE pn GGH T IRE SR BRSO
A BGR TAEFER X PN T N T A, FERIXATRERIL 1 & TRCR,
BILAE p B n B2 RN —BEALGER 1 2, DS ER R, e 1 &
PERIDL TR T RoAS Wi B A AT B 12005 [29-30] o p—i—n PRI & A HLUf
) FRABREANINS R) A 82, ] DA 2 i i M B, 38 1) e R ) £ 1
e, DI p-i—n B GaN JEECAMRI S B Z AATIRIE. Lk, HAMEH =
P IR A BB T p-i-n BUG A AR I

H AR A — AR IE WA F R R AR — S RO Ak . AR B2
SO e R B e E AL SN RO T, B MRS 2RO . T
Rp A A 2 [B] LT XA - SRR, 30 7 pn AT p-i-n SFHRERCE T
ROREEARI31-32], Jir DL R BE SR (M RT3, AMRIA S 3ANR . 1
T R 92 A8 P AR AR T AT O HL R A o L rP A W T i 1 ' S
S 2 PR B R S KR 8, T R AT AR, AR B 28 AT 28 S R i
RIS TR] o it LNSRAG DU S S as i, ERB A TR MM F Rk s, fEE B
JECJZ AR RR A A

1.2.2 InGaN 2N RN ZR KI5 T BERR

ik In 2531 InGaN TR FH Tl BN W I X PR 5 S #5 A m] Eldie
Akl (HJ2, AHEL GaN, InN MIZESEE S, &ff InGaN A&+ In A%
ik FTCMEXMEAERKESSRKE In AR %R InGaN A4 . EFERIE
In #4531 InGaN &E&HIRTIR 2, HAEEKE ARG TR KR, H
& In 453 1) InGaN & & BV AT 75 2k — D 7, —Sep s S AR
i InN F GaN AP HIFE Y B S HOHAT LRV B, Wil BoR/ . imA& 24
SRR R . AU ES . XML E FE InGaN VB S EOA S HER, fi
InGaN &4 1) H & BN ESHOH DU T 22 7 . InGaN & 42 I 1) f s K ke
TIE RA S G220 VR 2 AR K SRR R AR K, AR KRS E RN R B 2 38
InGaN £ 4 WAL f 4 01 B 7= AR AR KK [33] o i &= A InGaN APRHE 45 5
FERRERR B TN InGaN 28 AMRMI 8 i 2% 1 B R FEAS .

InGaN 17 %EYEFEA 0. TeV (InN) F| 3.4eV (GaN), 2002 4, InN B
FE (R AR5 55 B, WRABIT N 0. TeV 2245 [34-36], TMHLATIANAE 1. 9eVI37]. Hixt
7 PR PR AT S 1) 9 K D6 47049 ( 36 5nm) TI] LA — B ZEAH 33T 21 #0343 (1770nm),
JUFse 85 56 TN R RE [38], JE TRk R R 886 A K, &

10



1 515

SRR SE AT B 2 N T LU 2 In 5K IH%E InGar N BARHT)
e, SEEUAS KGRI . 1T H InGaN EA W RE0E « HLGRE & .
SRR PURR T RE T R AL A

InGaN /EA—M B AR KR AT S B AR R RL, 721 SR R -
KM% LED (Light Emitting Diode) . #)%:%% LD (Laser Diode) . KFHfAE
i (solar cell) FEAURBIH T ARH KR, IR, B S R g A IR 7 T
R AMRIN T SRAEIE LS BT, FEWPE IR T SRAMRIITE K, 32 S R T
M BRI AT Dl 0 T R AR B DL ST PG DL AT E & i
SE5E, FRB DT WG B AT SR . B SR R R H I SR AR AR B
TERAN UV-AL UV-B B4z UV-C ik B . MWIRAENEOLE, B NI BA AH
IR BT B T TR 35 A2 0% O T 7 SR B R AR . H2 HHTHAIA InGaN 2EAME
N % KA O RV WL (CDOM,  SUFRN“ B R ) I o AR 40 T
InGaN 5 ZhRM 28 i A 58 1 GaN e TTI-V IR 2% i R FH R K JE Hl o InGaN
FEERLE SR AR 2 E ARSI FAE | N AMERIR D, BB ARG B
[F12¢ T InGaN FRM#514 RE IR 78 o [ Py A3 AN A Y R 25 (1) 1 e 5 L A L
BOLRAIRKIZEIE . ik — D R IR TR 3R, 77 20 B SN EAR
MZFFEATHEFT, FIH InGaN SEAMNE TR 23 5T CDOM HIHF FEta i v] LR N — MR
HFHIVIN R FrEL, InGaN SEAMNEFEZRIN &R HOR 1B FU AR BT .

1.3 RN B R HE

VEAER,  H TV T S R I B R R R, 18 ) 75— B B > 365nm
FERAMARIIES , T T ALGaN 28 A/MRIIN 5 1k K YE H (200nm~365nm) « [A]
Uk, SHBTIL-V iR &M BHATEJE . BT InGaN i B (W IO 1S 19
MEHNH Sy (365nm) AT PL— B ZERBIUT A 454> (1770nm) , InGaN 28 #M R
AP IR 7 GaN B TTT-V IR E N G Bl . ST MOCVD 7792
FEWE A (0001) FHE EA KR GaN/Ing GaooN #MEE T #4517 1E 18 5
p—i—n Z5HIE AR ES, HRrEE SR SR ES A 800 X 8 T 48 A 4 41| £k Y- THI 4RI
7o

PR, AR T Z 2R InGaN MORHISE R 65 DL H St o 0 7 AR 5
M. 55 A RMIB KT E. R, HERER =T p BURIER
DAY S5 400, A p AR BRI i K OR D  . 3F =B XS 7 A e
IR L T2 D ARG RS i3 AT 7R AT, 8 3G K 2l Th 2 | ik AL AR
MR 2 R i AL B4 T2 MU T B, FRAK T I mds i S =4 7 4R
PER G BETE DL S 2% T2, il T2 WM MMt $ET InGaN IEH
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p—i—n HLICEAMRN AR HE 800 X 8 JLE /ML LA M~ FIHAR I &5, KA 1-V 4§
P g 2 AT T T RS R RS . B8 LB RIS T InGaN 4L ge ik,
BN T-V A C-V 45k, TMEA R EREER 2 MEERE T, HU T AH
R T H RIS, SN T R,
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2 p B GaN PRI RRIBHEAREF I BAS

2158

p—GaN # R TR EA 7. 5eV, 1R HEFH4K D) bR KO UL P 1) < a8 B 42 S I IR
Befih. HATESGE MR TIRE MR, — SR SR8 B e vk, 7+
MHZ EEe T 29I p-GaN KA Ad, 5 I 48 R R a5
Ni. Ni/Au. Ni/Au/Ni/Au. Pd. Ni/Pd/Au. Pt. Ni/Pt/Au %:[39-42]. H+h,
DA Ni/Au BB Oy 2ERl, p-GaN HI& K HRZEE E &G Bl K R IE . 1999
, BFEIRIE T Ni/Au FARAEMON L (AR R, FRTE AR R 1 R AR )
S Ni-0-Ga & @ AHF Au @k ) Z5-51E FH, 500°C I8 KGR E T FLAR I B B fi H
BH 4. 0X 10°Q cm’, Fd 28 Ni0 i GaN RE A B 2 /AL, M Efih
Ak [43]. 2000 4F, Jung O Song S&F NRGHFT | p-GaN [#) Ni/Au 4 F MK dEHE
fuledE, XPEET NiL Aus Ni/Aus NiO/Au HEARAER R KIREE R T-V #eik,
WL T Ni/Au A 2 <@ TR T BB K SR AR B 2%, H Ni/Au (20nm /
20nm) AR TE 500°C 2= S HIR K 3min Ja (I EAm L FE D 2 X107°Q em’[44] . 2001
4, T E G Chi-Sen Lee A (NH) S, VAR 4T p-GaN #H4T R 1AL FE, ¥4 Ni/Au
HLRE 2SS 750°CHREHGE K 30min, WUl EL B2 A L BH N 4. 5X10°Q
cm’[45]. 2006 4F, f¥FEARIE T p-GaN HME - Ni/Au/TiB,/Ti/Au B AR iR RR 4R
Fefi, UL TiByz AENFHTSZBGE 7 MBI #ARE M, 800 CHUMHGIR K 60s fE 1
Eb 32l HBL B9 2 X 107°Q em’[46] .

KEHINATEE LS (&) B MM, HE T
[F) 22 T AL BRSO p BURRERZ A A S2 00, Bl JS 43 B 17 AN [FR K S o B b2 fi
IRGETE 0L, BJa X p-GaN/A1GaN 7 it 45 1) —4E 2 /AT THESE,  HA T AN
AL R F AL, FHXTAFEEZ SR p BT T8 K585

2.2 )R-V PRI R R AR SR

2.2.1 BROBHEAMTY R

R AR i A 22 7 2 LR A BRI BELT, = S R A )P A 8 IR BEAS A
AL, AR R A ER AR AR Ak ) 5 A L BEL LG S SRR AR /D, AR
LI, R A 7 FE Y F S 328 /N T i B AR B R T B, DA G RO e Ak A
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SN A R P A F T AR, BIVRE Ot 1 BE B P AR 2 e o FL R FRU R
FL AL I < e FL AR N B PR, X SR R AN~ AR TR R MR i R
o USRS, & W<V, wEM N RESARME RS HEZ, &
PR R BT B, e AT R A AT B Ak ) ey B 2.1 Plros. (]
i, ARV, BT LA ftE AT . [, >
WoRF, <A p AL SRR St RE T U B )

é(}:) w,,[ . ” s R E 2 B
e = 7-Wa | WW,
H E.
I T (Ep)s e
2B
E,
----------------------------- RO ED)
(a)  Hefihz wy (b) #efh 2 5 b TP ds

K 2.1 BAEG R AN n BY 2 SR E Al R K (W.<W,)

Fig 2.1 the energy band diagram of ideal metal and n type semiconductor

HI ERIAD, RS SR AR REAS BRI ek . (2, —SH IR
MR 0 Gey Siy Gads, EAINRIESEEAIRGE. F2EMES &R
it 22, Toiks2 n BMELE R p BUAPEL, RIS 280 5 )8 DR B0k &
AR R FARP B — A BEE BRIAES, R - RN kE
AN, A, LI B R AR KRS WO 2 Ak ) VR AT AN IR
F R SIS 0 AR 2 ik = 2 M P B T RO A~ S A B P, SRR B
PErEE MBS RIKIE G, B2 XH) 9 AR, H T REE RN,
L o i B A A B AL, PP AR, AR B R S AL T
RO LA E By, BEIE FUAL S A, e R AR /N, BN
BRaEfl . BTLL, (e SUEESERNEL T, E5 &R RT LT oy E A
IR, X 8T L2 R BB AT R AR Z

2.2.2 fEEAE R
izl L BH o, & RAEMKIHZ A PE A S &, 2 N
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0J -1 2
=(— Q-cm 2.0
pe = () " o (Q-0m?)

B B ASE T A < R — 2 P AR ) sk o FLREL o AR D R i ) 7 LR, B2
futB B SERr ERTEEZENER . X - RbeEz. & 5FSEAmm
PRGNS A A BRI SN . BT, I b i e B AR
AR JFEANE, HOREIEE R AR, A S I, SRS H
BH, SRJRHZ A R AR, S B £ S e AP, e m SRAFELa%
fioh FELRELAE o AR SC30E I8 T AT i (R AR A AR A CTLMD BIF 7 p—Ga TR (1 IR 4
BREFE

Wk 2.2 fros, RS RAAR BRI S AR ik, JFH
fif > S ARRDRES ] BB 26 2%, 73 S AEAN R B B R 2 AR TR 1E R L T
AR V, £35S HBE R

R, RyL: Ryl

R =¥ =2R + o _pRalr Rl p )
| W wow

W, L =p, IRy MRS, ROGHMEHFL, Ro A R 5351 o Befii 7 1 A
SRR e, AR Amaein, O E A £ R
B L R A — RAIR R R, TR SOEE AN 2.3 s —2cHE, H
LR IRRR LA Ra/W, £ x BlAT y Rl A 20 502 LA 2R, H L=2L, [47] . 5k,
bt fi L BH AT LA 550

RAW?  RAW?
pc = L—?— Rsk ~ Rsk R—52h= Rsh (2.3
L1 L& L3
= ! Q O [»]

K 2.2 At T SE AL

Fig 2.2 Top view of the vertical transmission line model
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K 2.3 ARAm AR R S5 T I B LS e R TR B R &

Fig 2.3 An example of a plot of total resistance as a function of TLM pad spacing

2.3 REAIENT p-GaN BRI Al itk i1 g2

p—GaN F4RFH 2 Fa 72 2 I R4S, mh & AR IR — 2 E ) .
WEFERM, ) DU IR B ok 25 Bk J= B A A ). BILFE BB 3t 1) 25 B g 1
SRR I PP K SRR B R 559 s ) S5 R i A% 20 10min Ao, XA
A DA BRAR T AR S8 R, 8 P R 2 3 2 v BE BRAIR, JFAAL R T . D998 B SR m Foldk
BT 200 R 2 B R 0 (48], BIF T K ERIBIEIE, AT USR] HPE L 2A
[, AR RSB B BR AR AN A, R B R p-GaN 2R i AR RE L A 22
5, A3 p-GaN fifid LB R AR ZZ 1R K [48-49] 0 p-GaN P RHKER A A 1
55 HK e I ) D R S A B p—GaN A RH 2 R BEAT R Ab, IE AT p-GaN A4 k)& i
W E VI B W AMNF 20T 70N LB IR 3R i AL 3, ke ah R T 3 S
AR, SRAG TARBEAE ) p R A2 A

2.3.1 BIEFE

FERAARAT, FoZORFEARIRUE T, EBRRIAIEL, RO
war P RE T, AAHI BRI 2 SOV R T Z BUE SR BB . GaN #4K
HIfLAERERS R, A UHIE —BIN A G, ERZME—ZE 1-2nm KR
W=, AR 2% . ST AR I 2.5 s, @ i & i —
ST — N —WRTE e . BRED AL, BUSBEIE A& AR IR (1: 1) T
10 73%h, HEBETRME 1 28k, HRAESRT, FOVERRAC B M.
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dn A2, B BRI UL G 7R BB I 1 K IR 10 208, F 2 3 7oKk 1 208,
HEAESRT, FONEKEPIRE M Fef A3, BUFYERE HRE & 72 65 ) KOH
(56%) R 10 708, MImgis ST, ARy KOH AREERE M . FEdh A4,
B Ui B i AE W Y (NHL) S ¥V R 10 20, 253 1K Pk 1 708k
M ESRE, Ry (NH) (S, ACBERE i o BT W3R 2. 1o R PO B AL B
&, KA p AR, b p BHROY Ni/Au (20nm/20nm)

2.1 VURpR T AL FR IO S

Tab2.1 the samples with different surface treatment

Al LR ALEE 10min
A2 % 7K 10min
A3 KOH 4E3% 10min
Ad (NH4) 2S &i‘ﬂ 10min

2.3.2 IV MRRE R o9

B 2. 4 9V AN R 2 AL B (0 H - F R RS PR T 2 o 3% 2. 2 D DU i Ak 2
IR AR Al K 2 8. MR 2.4 TR 2.2 AT LA, 48 KOH W& VAL B R i R
BT

T T T T T
1.5%107 - -
HCl

Tk .
5.0x10° 4 KoH -

1 T MH .S 1
£ 010 4 / _

-1.0x107 A 4

1.0x10™

)
[am)
|
1

Current (A)

150107 4 -
-20x107™ -

-2 A0 -

3010 ; | ; | ; | . . . | .
] 2 4 B

0
Vaoltage (W)

2. 4 R AC P DR i ) R
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Fig2.4 the current voltage characteristic of the samples after surface treatment

R 2.2 VUARhR T AC 2 (A WA 2 i 1) 24

Tab2.2 The parameters of ohmic contact with different surface treatment

e RS TR Q) 0V B (A) -5V BEHIR(A)
Al: TEFREEER

1.10X 10’ 3.95X10™" -5.36X10°

A2 EK 1.42X10° | 1.66X10™ | -6.75%X10°
A3: KOH 3.60X10° | 8.49X10° | -2.51X10"
Ad: (NH,),S

1.15X 10’ 4.76X10™ -4.76X10°

DA b DU b AL 38 7 200 T BRIBHE A A — ek, R 2 538807 AE QBB
F, A HILABMER .. SRECEAZORFEARmAL2EE. Rk
REZL AL R AT o B, A B K AR GaN Fiifi I 1E H-F (postitron)
SRR, REWE S BUURZ BT EoKAAEESRT, W] LAERRER A,
SETCKRER BT R BIE BN, BIKT TS RIEN p-GaN k%
[50]. it (NH4) .SALEE, 5 p-GaN & LS SR TS, S
KIARE T I A0, 25eVI K [51], BRSNS JBIEANS] p-GaN HYR 4
EE52] . HERACFERIFRMALL, OH AbFEAIFRI 92K AE 2 i 1L 4% 2
1. 0eV, fFH A LG A BE (3R /NS 2 IR T 35 22 = B (53]« ARG ikis vk T
22 F40% FINaOHIE e, (H A AT L 3% B FHKOHIE P I 3 SR B 47 [54] o %44 [55]
SR F XG40 Fa T R 1 (XPS) FIAR K HL 7 BE 1 (AES) S5 3R TH 2 HT - B p-GaN At
BERHEAT 708, AERESN R HIVE TN/ AuB I HEAT 7 I-VER IR . S256
gE IR IARE R TS Z T R (Ga/N) FIR /N L C, O4% 535 2 i 2 AT L
50 FE R () KRR B A M B 32 9 S [56 ] AR T Ab B 5 b 3 R R IR BRI,
FHgEie: ARG B S, BT DAE/D RS0, AT 2R T BE 7 25 s/,
Bk 7R 22 S
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2.4 B KX p Bk M-S Bfilbe i RIRF 5T

2.4.1 p B AR KK

BT p-GaN M BRI S TE R —ZE MY, K P EARET R R SRR TR
[TALEE, WLAEBRBH M ENE, BICH R RS2 5. PR, Ni 5%
AR AE K p B N0, R T R G R i fi, By DLAE 2
SR K EAE N, R B [57-60], B EANA R TIR K, HTHEARZE, Ni
HASAMRMAER—ZEENAE, X280 E ST, HAS Au
98k, AT AT RR A AR 22 . LA, SEEGY 5 7 RE S 7E RTP500 PRIE #uR
KIPHGR K, B KGFEIAT R 124581k, BEINAMET p BRI fi (1) SOk
RIEAEME, Hodr, $ Ni/Au ARy p BIBRGR KIS, 58 1) e R 3R T Y [
29 500°C~600°C, FfEiR KIS 3min~6min[61-65]. ATLL, EHEMIIR k%
3519 550°C /3min (BE sy 1), 550°C/4min (B 2D, 550°C/5min (BEf 3D,
550°C/6min (FEfh 4),  600°C/3min (FES 5.

Bf[E]
331# i)
p-GaN~0.15um 3 4 5 6
me (%)

i-InGaN~0.22um

n-GaN~2.0um 550 1 2 3 4

(BEGaNmZE (B ) 600 5

2.5 InGaN #sfFpPRlE e 7w 2.6 p HLBRIIR KR
Fig2.5 Material structure of InGaN device Fig2.6 P electrode annealing conditions

2.4.2 SLEMR KR br

H AT, p B GaN J8E A5 (10422 fi rELUAT 32 R FH D R B0 = 1) 4 8 I L 2 J2 450
Ni/Au 1k 276 K JE AR NiO[66] & Au-Ni-Ga—0 &4xAH, AT LA 25k /I S i 4
%2, AR 2 FUR 04T o Ni/Au 4R 2R I B IR KGR BEAL T 500-600°C 3 [l A
BACEEAFRT N0 AE&MER, 2R E RN, Ni 25 p-GaN AR
NiGas, AFIT AT IR A (671 B 2. 7 2 4% 5 A 20 1 Fi BEL B 3B iR
FUR KIS AR AL, MBI LLE 2, 18 KHT, FEM1 H RSO, 2004 2V,
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FhE AR 2. 03X10°Q o IBKJG, FEmI R RN, HAuR ks
5 550°C /bmin FE i B E R /N, 2008 0.3V, 1 Y B EKIR K E],  F
it B B2 T B, B A1 (0 22 0 & FRLBELZE 550°C 3B K bmin 3K, 9 1. 90 X 10°Q),
i — DA IR R FE B KR K TR], e s FRFE A P B, B 2.8 2 5 A FE
it 114 22 i s F BEL B 3 2K L P RT OB KR TR) 1 AR AR B, I8 KR 2 e R BE N
2.03X10'Q, AR KE, FiwH EFE/NMZ 550°C /5min 514,
FEA% T 2 NMEESL, M 600°C/3min 24 FRIHFRZ, N 1.52X10'Q, Hi
KL P B AR S

B.0x10 —o—unannealéd ' ! '
: —o=5501C f3min
coaes]  —2—550C Mmin -
—w—"5501C /5min
1 —= 5501 /6min
2.0%10% - —=—B00TC 3min ]

Yo F T R

Current{A)
|

S2.0x107 5 .
~4.0x107 S .
SB.0x107 o .
T [ T [ T [ [ [
-G -4 iy 1] Z 4 G
Woltage( V)

Kl 2.7 ARBERKSEAET Ni/Au e i) T-V 2k
Fig2.7 I-V characterization for Ni/Au contacts on GaN under different annealing

temperature/time
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1.6x10" A -

1.4x107

1.2x107

1.0x10" A -
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Zero bias resistors
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0.0 . " = |
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1 ' I ' I ' I ' I
55013 550/4 55075 550/6 600/3
Temperature/Time('C /min)

P 2. 8 AN[RJIR KA A 12 Fi BHL

Fig2.8 The zero bias resistance of different annealing conditions

K 2.9 NAEER K& NI G, afLLEH, 1Bk %N 550°C /5min
B, A AL B R Bk, 2908 0. 17A/W. TR K464 550°C /3min A1 600°C /3min
e, WM RR BN, 208 0. 12A/W,

0.18 A -

R ——550°C /3min i

0.14 - ——550°C /4min !
] ——550°C /5min

0.12 4 ——550C /6min .

—— B600°C /3min

o
=5
o
|

Responsivity(A/W)
|

T ¥ T ¥ T 4 T ¥ T
250 300 350 400 450
Wavelength({nm)

B 2. 9 ANFNR KA T B R

Fig2.9 The response spectrum of different annealing conditions
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Fig2.10 The transmission line model under the microscope
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Fig2.11 The I-V curve of transmission line model after annealing
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Fig2.16 The transmission line model of three different cap layer structures
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Tab2.3 The annealing experiments of cap layer structure
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Fig2.17 The I-V curve of each cap layer structure before annealing
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Fig2.18 The resistance of no cap layer structure under different annealing conditions.
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Fig2.19 The I-V curve of each cap layer structure after annealing
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Fig3.7 The I-V curve of samples with and without wet chemical etching process
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Fig3.9 The I-V curve of the p-i-n device with different passivation
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Fig3.10 The response spectrum of the p-i-n device with different passivation
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Fig 4.2 Transmission spectra of the sample
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-3.52X10"'A/cm’s JEIIXT HRFEE AR -V fIZRHE, THEAFE] InGaN B RFHE
WA A 22 SN 0.63eV, HAHRF TN 3. 4. BRI T E R
FEBTE C-V 2R, 43 7 C-V 2 H B R 0 A PR A T R ) SR AL
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6 ZRERE

6.1 45ig

BME (GaN) F:FE2EH 1 SR NS = REIMRINES, s EM R4
Ko BT ZEAIRAR T T ARZ WA R BT 5K widkib ey
PEWZE . WA S, PrARRE TR PR E S 2R, GaN Ak
RO £ 2 SR BB I E AR . ARSI HIPEREIL R 1K) InGaN p-i-n 5
TCER MR ER T K, St p BRI A Itk 58, dnfT s 1CP
2 oA 43 46 ) LR T ol T2 B4k, DN T PERE R A S B2 ) InGaN
p—i—n JeIRE . BEAL, EIhHI4E T InGaN B4SFEEELE, A M2
FEFIDLIR R 7o BeJa, SERLT 800X 8 JLKELH InGaN 48 A1 T BRI 45 FI
fille WIS F B R WT
(D Al MK T2, R, BREE M =7 T p B0 Rk RR R 2 fil
B Wt e 5. B TREHG 1 22 InGaN, &R R In 226 p—-GaN Z9 8%,
125 n EXREEH—Z p-GaN/GaN 5 F 4k o LA RHE RTP500 i Hui <k
P s S5 R 550°CAR K Bmin B, 7530 ) 2 0 He AL FH B /)y, BB KRR L RHL
FEAR T 2 MER . MM ARBBERIAEE, BRI, KOH ik
BTG (Ga/N) BLE C, 0 5T & 5 R K98, TS R T et 25 i ik
/N, AR T ST 22 v B, D5 F AN ) R AR Ak 1 R o ) p—GaN = 5 p-AlGaN
VLB () S o 4 4 OB TR AR A, R TV BRI RN, A
HLRR ] DA S0 A R AR, AR T2 AR
(2) Ext = A 28 FR ) T 2 L AR T AT TR, EE AN [FZI D)
. ANFREAE BIEE R A RS T TH T S50 45 AR B R ) vt
M EE A AR B B S, M s R I 2 AD 22 PE . InGaN oo It 75y
I Gz h. RIS XL, BIEH RS T Z7 T 8E . 27 H
15W A1 750W P DhZ 2 G By, DB TCP T2 b i 21 T oy 2 38R T 88 44U
TN s Zih s 57 BO B KOH ¥y v A BRI, A DA S5 [ 9 HL 8 KK B
fi%; R AR RMESIAL 2 188 48 LR B R B Z I 280 IR Al R
MEL— N E .

(3) 751 F A 4 i b AR MOCVD J5 i 2E K1 p-GaN/ Tno. osGao, oiN/n—GaN 5 F4#%4

Kl @ TZmBEN At HIE T IERY p-i-n SAMRIE, RIEE R

NEA 600um L. HETERMR TZREM L, Bk A r s iBESm
68



6 g5 RE

HLRK T 2ot i, X ER AT T R REIIR, THEHT T InGaN p—i—n HGiRER
PR R R AR . X BRI S R I R R MES S I R F
i N S B Loy WEAEL IR B 26 DL Ko RGBS . Gk AT 43 A s 7R 5K 4b
360nm-390nm X IR I 7 REF MR, WEAE M SR 378nm, WA i K. 2
0. 22A/W, XF M HI T 20% N 88%. FIE T, HEHRN 3. 7X 10 VA, By
BEREN 132X 10 A cem®, R R T RA=1. 3X 10°Q «cm’, $RIAS A H: B
R, A 3490Q , 7E 378nm B &4 AIFRMIZ D'=1. 97X 10"cm » Hz"* « W's 5ERL T
AHNEA R B BT Sl 4 T — Bl & KA ST 1) T2 AE, Hil4 1 800
X 8 TLHIET M5 InGaN 2 AMEIIE A .

(4) KH MOCVD J7y:E7E 3 A TR A (0001) [ _EAMEAK T InGaN/GaN 5
R gh —4EH < (2DEG) AL, SRA M THRZK —)= Au (10nm) /E 433 W HLHK o
Wit T InGaN B4FIESMF4ER, B T ERMANAKSGE, M4 T InGaN
HRFEE . F Agilent B1500A AXFMIA 1 #3421 BE, 53 I-V F C-V
k. =N, FWEERFEPRCSR NIRRT R BEER 1.5V, i EwHEE
HFHZ) A 8.02X10'Q , WEHIR N 4.36 X 10 "°A, XN HFZEE N 1.54X
10"°A/em’s 7E-5V i T HL A -9. 95 X 107A, X B [ B 37 25 i -3, 52 X
107A/em’s JEIEXT B REEARAE T-V fIZ6PLG, VAR E] InGaN B REHE AR AR
HRHAREEN 0.63eV, FAR TN 3. 4. HWEH TICIEEAT NI M R 28k
[ C-V ik, AT T C-V lgk BB R S UG F R I R S AL

6.2 BH

GRS TAERAS T FR A FURCER , (5 BT 308K UL R B B A2 AE
PIE IR Z 05 EASAES Ja i — B 7t .
(1) BEIR5EH T InGaN 800X 8 Ju AMK L HI£E-F 4RI 25 1l 2%, (Ha2 T
LAV ISR, AREE S22 5] AR s i @) 1=V REE . e Rk
. H AR 800 X 8 Juk Hl ik Y HE S TAERAETERMK, BT LATCVEAS 211471 35
PERE S R R N 2, BTE, WRANSINE, IR BIRINRESE . bl
F A58 AT 800 X 8 TLLR A B 1 BE I 43T o
(2) BIhHE T InGaN HRFEEERAE, WS 7 EAF0) I-V H C-V Rk (HEZM R
B S R AR e N0, LA AR AR AR AL IO, &2 R R 7
S H A, BT RIS AR AR (1004 ) Aw), IS5 B REIE Al = R AR,
BT CAEAE B R A B Bl (Cr/Aw) BHTARY. (ER B ATREKINEHH
W T78 72 Ar B ARG, RIS IE () B -t 2o B RR IR el ™ AR RO, e
FLr R g, MO B I AR R R A IR e R
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