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Abstract

Group III—nitride semiconductors have been recognized as very
important materials for optoelectronic devices. Gallium nitride (GaN)
has been one of the most promising materials for blue—ultraviolet

(UV) lasers, short wavelength radiation detectors and high—
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temperature electronic devices. Much of this attention is due to the

recent realization of high brightness blue and green light emitting

diodes (LEDs) and violet laser diodes (LDs). Almost the nitride

based structure and devices have been fabricated using the

metalorganic chemical vapor deposition (MOCVD) or hydride vapor

phase epitaxy (HVPE) or molecular beam epitaxy (MBE) method,

and other growth technique.

The HVPE technique is also useful and popular, because it has a

simple growth system and higher growth rate than MOCVD or MBE.

The conventional HVPE system is complex and expensive, but

mixed—source HVPE system has advantages of simple and economic

for the growth of doping GaN layer.

This was achieved successfully, as binary, ternary and quaternary

films are demonstrated. Successful n and p—type doping are also

demonstrated introducing Te and Mg.

We get a method of the growth of doping GaN layer compounded



from the chemical reaction between a NHj and a tellurium—gallium

chloride formed by HCI which is flown over metallic Ga mixed with

Te or Mg.

In the growth of n—type GaN layer, silane (SiH;) is commonly

used as a source material for n—type doping by MOCVD method.

Also, Si is commonly used as a source material for n—type doping

and Te is commonly used as the GaTe or PbTe sources. The

formation of p—type GaN layer is the key technology in developing

these emitting devices. The acceptor commonly used for p—type

doping of nitrides is Mg, which is characterized by a relatively large

thermal activation energy (120 ~ 200 meV). P—type conduction was

initially obtained in Gan:Mg films which were grown by using metal—

organic chemical vapor deposition (MOCVD) and which underwent a

post growth low—energy electron—beam irradiation or thermal

annealing treatment.

In this paper, the growth of the doping GaN layer is performed



using metallic Te or Mg by mixed—source HVPE as a new attempt.

We suggest that the mixed—source HVPE method is possible to be

one of the growth methods of [II—Nitride.
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a. Wurzite structure of GaN

b. Zinc blende structure of GaN



c. Rocksalt structure of GaN

a4 2.1.1 GaN 9] %



Parameters

Bandgap energy

GaN

AIN

InN

3.39 6.2 1.89
(eV at RT)
a=3.189 a=3.112 a = 3.548
Lattice constant (A)
c = 5.185 c = 4.982 c = 5.760
Thermal expansion a/a = 5.59 a/a = 5.59
Coefficient (10—6/K) Ac/c = 3.17 Ac/c = 3.17
Thermal conductivity
130 200
(W/mK)
Index of refraction 2.33 2.15
Dielectric constant e '=9.5 e ‘=85
Electron effective mass
0.20 0.11
(m °)
Melting point (C) > 2300 > 2800 > 1200
GaN / GaN /
SAW velocity (m/s) sapphire sapphire
5850 6170
¥ 2.1.1 AIN, GaN ¢} InN9] &35 A9 E4
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2.3 Mixed—source HVPE A3 A4
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7% 2.3.1.1 Mixed—source HVPE #8]2] AA] ALz
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3. Mixed—source HVPE o] 213 Te—doped

GaN 274 9] 433 54
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AlGaAselA Hok Atha BISFATH28]. MOCVDeA &= Te &XA7)
quartz reactor =<2 suscepter®] FF3}o] thS epi = Al Qo]
unintentional EHEZ Z&35F= memory effect’} 1O o] in—situ

o el 9sl sid staA x=gsta Atk R. G. Willson 52 MOCVDE

o] gsto] Abgtolo] 7] 9o GaNE A 3 F o]2F]] WHOE Te

53

ftlo

o
ol

A= Busta 9ot MOCVDe] 23 Te—doped GaN =

L
—a

flo

Te—AlGaN 59 ZAAA A HVPE e 93 Te—doped GaN,

Te—doped AlGaN 272 F5/4el the Te doping?® &7} g 2

21



B

[y

B
<0

—_—

1o

7
i

7}

t}. R. G. Willson 59 #

3.16 eV,

-
R

S+—implanted GaN 274 9] 79 S+2] activation energy

1.5 eV &

-
R

Te—implanted GaN A& 9 ¢ TeQ activation energy

ok Si¢] A& GaN Aol whebA

]

o

al

3

Hal

si= A

.

]

g =229 gz 30 meV AEZE HI HI Q

o} Si, Ge, Se, Te,

Sk
=

3

T

ul
=,

;oT

el

T olM g o]

ol A

)

—doped GaN A

ks
T

t Te

AFel A AHE

= X
RIS

% 3.1.2.2

a7 9siA] MOCVD=

a3tk Ga 20 g

2 A

bl Mo Fo

S

undoped—GaN& ¢F 2 mdE A%

22
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3.1.2 Te—doped GaN 9] Hall &4
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3.1.3 Te—doped GaN ¢ SEM, EDS &4

193.1.2.12 Te—doped GaN ¢ SEM (Scanning Electron
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18KV 9. .35KX 1.7V 08432

1%3.1.2.1 Te—doped GaN 2] ©d SEM ARzl
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NK 44.20
Tel 00.57
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3.1.4 Te—doped GaN ¢] PL &4

AAEl Te—doped GaN¢9 PL 54L& <dolxsity. PL
(Photoluminescence) & &4o] W& F58 & A2 34 Us U
T AR ol B9 F 5AS diske Pg g 2ol W
=9 stvoltt. PLESH ol AFE-® 342 325 nm He—Cd laser ©]t}. 1
¥3.1.3.1> 4% Te—doped GaN B} PL peak W35 54 2%
of wet ekl Zlojtt 10 K ~ 800 K7H4] 2=z F4ste] I 5 st
s YeRdtt. 2 A3, 8718 peak7b #F Hlow ths 33.1.3.1
o Z} peak wavelength 9} IdentityE YERH AT

1%3.1.3.12 Te—doped GaN T° PL 4 A3= dehdiglth 10
K ~ 300 K7H4] &= =2 Z7g3to] 8719 peak”} WEFRETE 359 nmof A
GaN peak’} ##EHA3 377 nmolA DAP (donor—acceptor pair
DAP)® Ho|i= peak® HTHETH35]. o= vtxA] o Ty sl oAlH
7F EAlel EAskH DAP Aol T8 AEdd #Hol ¥ B-B

(band to band, B—B) Y C—A (conduction band to acceptor, C—A) A
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ol w<w peak & A T8l o AAFe] FFoR HkEHL
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Peaks Peak Wavelength Peak Identity
P1 359 nm (3.45eV) GaN
P2 377 nm (3.28 eV ) DAP
P3 387 nm (3.20eV) Impurity relates
P4 398 nm (3.11eV) Impurity relates
P5 435 nm (2.85eV) Blue band emission
P6 463 nm ( 2.67 eV) -
pP7 519 nm (2.38 eV) Yellow band emission
P8 577 nm ( 2.14 eV ) -




3.1.5 Te—doped GaN ¢} XRD &4

#& XRD (X-ray diffraction) & SA4sISth A4 X—-A& HH 44
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o

193.1.4.12 1WA A3 Te—doped GaN #EFe] XRD AFE

= HERH Zolrt (0002) 9k (0004) 8] peak 7} #&E oW o= F

A 718 c—-F WdFoz oy AHo] HIlSS FUsST. (0002)
W Te—GaN =9 3|4 peak 7} 20=34.62° oA T},

FWHM (full width half maximum)< 260 arcsec ©]1 WHItF A& o] &

Jo] AAE ¢ e 5176 A & AL 4 AT (0004)We) A

ol

peak”7} 260 =72.83 " oA #&HE k. FWHM 551 arcsecol™ A=}

T oc w2 5188 A S & 4 AT 20=52.89 ° oA GayTesz peak

[t
Jo
=
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i om o]Z1 02 Te—doped GaN AZo|A Te o] =3H Ao

2 JdEg[37].
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WA 718 -5 WEFoR odel Hidws Fdadtt. (0002)

Mo Te—GaNZ=2] 34 peak 7} 260 =34.63° oA #&Z=tt, FWHM
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19H3.1.4.32 8HA A3 Te—doped GaN #He] XRD AHEH
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T193.1.4.62 AR el wet 543 Te—doped GaN H#e] XRD
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3.2 Te 9] Z7to] W2 oy =4

3.2.1 A8 A

Mixed—source HVPE WH o2 Te =3% GaN9o &S st
% Te <F9] Wigle] W oz SAe gt AFS skl 2 AFolA
Aga Easc n—type SAEZ ARES Teo FS 0.04 g oA
0.12 g7FA] WH3lste] dr}. ojw Tell AAEEL Ga 1 g 0.0143

oA 0.0144 o]t} AAS Yot £2A999 &= 900 TR 31 A%

Ea

e &%= 1090 T2z 2024 st o W] 7pa {2

T

NH; 500 sccm©]3l HCI2 10 sccm .2 3143t}

3.2.2 Te <9 W3}o] W& Hall 54

TI#3.2.2.12 Te 9 wWsglel] wE Hall 4435 dehfsith
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doped GaNT fo Ind=& FASIH. AFE A5 Te—doped
GaN9 FMgo] sEW37t 3.4x10Y oA 3.9x10" Jer & W3} 2L 0]
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[ 4 80
[ N m
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- 470
g 38E17 | \\\ 160 =
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3.2.3 Te %9 W3glo] o2 EDS &4

Te—doped GaN Al f-HH|ZHE GaNol| AAZ =3 % Tel

S~

S AAslgth. £3.2.3.19] atomic %+ EDSE =743t Te:Ga9l

atomic percent #toltk. Ted <Fo] 0.04 ~ 0.12 g F7Fge] weh

atomic %% 0.25 ~ 0.53 %= Z7} st 443 =34 FFo] Z7lof w

gf A AQRE oy e 2AvE dAsHA SUekA = skt T8y =

B Fobl ek 2k AR MRS 2 5 Ak
0.04 0.08 0.12

N (At%) 43.71 40.70 41.74

Te (At%) 0.25 0.30 0.53

Ga (At%) 56.03 57.55 56.12

¥3.2.3.1 Te &9 F7tel W& EDS &4 Az
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3.2.4. Te 99 W3lo] W& PL 54

i

Te—doped GaN °l|¥]59] #5435 dotr”] £ PL 4= 33

o). He—Cd laser (325 nm)E AFg3ste] 10 Kol F4skqicr. 19
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2= Yehdtk. 2H2F peak?t 2.99, 3.06, 2.92 eVE eSO T ®EX
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(FWHM) & 436.1, 327, 495.9 meVZ e Teo IApEgof et
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o 5740l FA YERTh
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2 AAAE7] el dre] A AFE A & ole Aol vk

194.1.2.2& Mg—doped GaN¢ H4 Ago] & 7.8x10° /o ©]

I o]lF X 91.8 an/Ves 22 FAHSITE p—type GaNg 7lglo] %

7F n—type GaN¢] 7o} wLrmt A SA4=HNOY olsrs =4 Y

ERStTE 71 olfr & Yol Fvt wow XS5 olF Frt webA A

dER e oBRE M Hrh 7£9 el wed MOCVD,

i

MBE el 93 p—type GaN ¢ A% Aol H27F < 4.1x107 /
of AER ZAAT45]. O olelzix wle] va) £F 44 HVPE W

How AAstslS u Mo s%7F 25 HoARA AT p—type GaN J%
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undoped—GaN = ¢l p—type GaN 7}
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4.1.3. Mg—doped GaN ¢ PL &4

194.1.3.1% Mg—doped GaN 59 PL 54 ZA3E dehligivh
365 nmeollA] GaN peak 7} ##E 33 380 ~ 400 nm <A A Hol=
PL native donor?! A3 (VN) 2} Mg2] olvx] & 7k Hojeof 7]
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nm °|A] blue emission ©] ¢F&}A vEFWTH21].

T T T T
P1 Mg-doped GaN

_
=2
-~

PL Intensity [ mV ]

n 1 n 1 n 1 n
300 400 500 600 700

Wavelenth [ nm |

1%4.1.3.1 Mg—doped GaN %9 PL =% Az
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4.1.4. Mg—doped GaN 2] XRD &4
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0.02 g 0.05¢g 0.08 g
N (At%) 47.75 40.42 40.53
O (At%) 04.21 02.68 01.27
Mg (At%) 00.85 01.61 01.63
Ga (At%) 47.18 55.30 56.57
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