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Investigation of Trimethylindium Flow Rate on

Electro-Optical and Chemical Properties of InN
Epilayer Grown on GaN/Al,O; Substrate
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[I-nitride is important material for high power light emitting diode (LED) devices. Specially, InN has attracted the
most attention among the III-V nitrides because of its noticeable narrow band gap (0.65 eV), small effective mass
and high electron mobility. Due to most InN films were prepared by MOCVD. However, metal-organic precursor
often included carbon, hydrogen and oxygen. Therefore, we discussed the chemical and electro-optical properties of
InN films grown on MOCVD-GaN lyaer with different trimethylindium flow rate. The InN films were characterized
by secondary ion mass spectrometry, X-ray photoelectron spectroscopy photoluminescence and Hall effect. InN

films were grown on MOCVD-GaN/Al,O5 substrate by plasma-assisted metal-organic molecular beam epitaxy.
Secondary ion mass spectrometry and X-ray photoelectron spectroscopy results showed that carbon and hydrogen
of trimethylindium precursor were incorporated during InN films growth. Also, the C and H concentrations increase
with increasing trimethylindium flow rate. On the other hand, the oxygen concentration decreases with increasing
trimethylindium flow rate. A relatively high C, H and O concentration exists near the surface of the InN film.

Therefore, before etching, the film exhibits the high carrier concentration of 5.57 X 10" cm™ and low mobility of
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192 cm*/V-s. After etching, the etched InN film exhibited a decreased carrier concentration of 3.31 X 10" cm™ ,

3

increased electron mobility of 335 cm?/V-s. Optical properties showed that the PL spectra exhibited blue-shift with

increasing V/III flow ratio due to the Burstein-Moss effect. However, high carrier concentration was measured

probably due to nitrogen vacancies and impurity contributed. Therefore, blue shift of the optical absortion is caused

by high carrier concentration.
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4400 L Optical emission spectrum of nitrogen RF-plasma
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Binding Energy (eV)

A A ZRTH B — AR BH B S T ERAR - RERE Ry 284
eV ' Fy C HEHSE - FEZE MBI A A - B EE R
B2 284.6 eV » fEELE R ATAIE Sy C-C B C-H #
GO o RPLATDARAN - C ZHEFETE InN A - i &
BENRE C-C 8 C-H # - HER{E InN fEfg - Bl
DA C JRF171E - BnTHERr - K2 8E9 C R A
A In B¢ N IMLE » FIREF R In-C B C-N ##
MR LEY) « FTLAADUABETE InN REE SRE
Py E LR TGR - BLAS SR SIMS FrfS BIAfSE R —

ZRHEPRAVRAE - BRIILH)

i PL JEEEETE 10 K THETHOLERERR Z & -

9 FsFrH InN F AR 10 K NArERIEIHY

Binding Energy (eV)

7.

XPS #F & F TMIn
REPTOLAZ InN #
B2 4t R AL B Z Ols
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FLEaR o A HIRYEERR Ry TMIn & 0.55 scem
[+ BEEIZIERY 0.716 eV ~ TMIn i & 0.45 scem
BF > #EIIERR 0.748 eV » TMIn Jii & 0.35 scem
F - ZE IR IERY 0.783 eV B TMIn Jiif& 0.25 sccm
BF - #ECIRIERY 0.787 eV - il H.H & m HH BEE 22 3]
LR RIEE TMIn Ji &R MEERE (blue-shift) -
HIF AR E B RS R E SR (5B eE
7 (conduction band) HYEHL 2B KGERER » KHIE
SEHE R S IR BRHE#  TR 2 5 RAYREE A REE A
RERE B ARIMLE - RILEERER S - B S n]
ﬁﬁﬁ%*ﬂﬁﬁiﬂ—gﬁﬁ (Burstein-Moss) #XfEC" - if;

C1s i TMIn ~ 0.55 sccm

[ 1
....,‘A.‘.ﬁ- 1000 nm
I

800 nm
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Binding Energy (eV)
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W 294 nm
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Binding Energy (eV)
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#&HH Burstein-Moss XUERZE4: T b S B
TEEARY -
& TMIn JiE=LE 0.55 scem Ff > InN JH R #7 &
HIB| HZ I EAE 0.716 eV > FHEEEHH KR E
I AREE A E 2 InN EIEAERE (0.65—0.7 eV)
7B ARy InN IR E 1 ZEFTE K Moss-
Burstein XX & » {H2 0] DIMERIRZ R PRI Z
InN 7 ds o B (B G ELA AR R » 2RI - R BOEH
P 1 L RO R N B RS S AN SRR - B
EAE InN M RHYE KEGERE (fermi level) S {EEHT
EFEZ B ERHEREOEFEE R

C1s TMin ~ 0.35 sccm
1
1
ot gy 850 M
1
1
; 1 700 nm
— 1
1S I
&
- “"iﬂh-\ A 550 nm
o 1
@ |
a
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1
250 nm
Surface

275 280 285 290 295 300 305
Binding Energy (eV)

C1s TMIn ~ 0.25 sccm
1
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1
I
- : 584 nm
1S 1
S
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- 1
[
o I
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A L A
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Binding Energy (eV)

8. XPS #a = 1~ ] TMIn 7 & Pt A2 InN 2 £ 48084 B2 Cls sk ifg -
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— o — TMin flow rate ~ 0.25 sccm
— & = TMin flow rate ~ 0.35 sccm
TMin flow rate ~ 0.45 sccm

— © — TMin flow rate ~ 0.55 sccm

Intensity (a.u.)

Blue shift

@10K

0.4 0.5 0.6

0.7 0.8 0.9

Energy (eV)

9. A TMIn R ZFrit#a = InN B 10 K 8] & 64 PL 3¢ -

15 InN 89 PL P RN EIIR - 1R E R ER R —
BEAE R DR 3t 2 TR SRR M s B P i« TATIRLE
InN 2 PL IR IERI AR Rl DA il 87 2
fEfFFEF (degenerate electrons) EfETF .2 AETFE
i (photo-generated holes) [ % 2 [E LA free-to-bound
recombination HJTT BRIt o HAAJEERR - HEL2RE
b Y B EH T B B P SRR 2 1R
HIfG Er3E o MH PL JEEE ERFEEIZ InN L
iGN SR - AR TR InN 7E 10 K MATE &
HIFE LR - ARBELAT A (1) #E—F 547 InN 2
PL #EHP

[(hw) ~[ho— Ec(m)V" f(ho - E¢(n)— Er) (1)

b fOREK - KB AR EL (Fermi-
Dirac function) * Eg(n) FeEldl 1= EHR 2 GEFE
(n—0) B8 2 F4 - I HFE DN HEH
BTSN - £, B OHEE T2 BokAE
o

10(a) FTE B UL InN #8240 (1) #E

&% PLOGEEHE - BT ES®RIDEGEDAFREOE
R o HEFATAD RS RIS SR E R
MWERE LB EEEHIRAAE TMIn fiEFT
£ Z InN RS H /2O R - HEuEH 5
B Near band edge #& ¥ HEHIEL Free to bound A%
K - — i DUE K REFS 227K © Near band edge #
et e SR ERYE T AIER LAY RS & R
¥ HEEEMENRREREER - HrelaER ) - K
] DAHEET Near band edge B35 CEEHI AR & BT FA
InN 2 H#ERERR 5 B it & B RRERE it
G » FRor E HH R O R 28 T e B oK
RERE » BESE KEERS L HIEE T FIET LAY E RS
B - BREFRSEEBOR - A 10(b) AT ©
G R e - fAH A RE LR
a8 2 B/ NGERE IR fs Near band edge ; %
38 2 W RKEERE Ry Free to bound » Al ] IS EIE
TMIn & 0.55 scem Ff > BEFES 0.692 eV : TMIn
g 0.45 scem [ > HEFE By 0.696 eV 5 TMIn i &
0.35 scem [f » BEFER 0.73 eV 5 TMIn Jii&= 0.25
scem [ BEFE Ry 0.735 eV » HHILAJFFRGER » &
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(@) TMIn ~ 0.55 scom  Er E,~ 0.692 &V
Er ~ E, + 23.9 meV

=0.716 eV

Er ~ Eg+ 52.7 meV
=0.748 eV

o .4 Er~E,+53mev]
=0.783 eV

Normolize Intensity (a.u.)

TMIn ~ 0.25 scem Er  E,~0.735eV
Er~Eg+52meV|
Y =0.787 eV

0.5 0.6 0.7 0.8 0.9 1.0

Band Gap (eV)

Fermi level

(b)

Conduction band

-------

Valence band

10. () PiA TMIn R E4&F T A0 InN B> 10 K €0 #1488 42 PL b:EE - (b) InN & 78 & R4

TMIn Jii& 0.55 sccm B » FrPlFEZ InN F5 5E
PEIT B S 2 InN I (0.67 e V)0
H—HH  fEEYHEVERBR AN BE
JRFAD &P B FEAERY InN AR - AlEE
I EENERS (donor) HYAE - KRILEES THHE
THIRE - 11 XPS Mt trthagii - InN &g
& In-O MRS - LRI DA SRR FIREE
FINE HETIRE - I AR B K reis 3
WHIERAE — © FEid Wu F AW BUFEERETR - B
FEENR 100 F 10" em™ » InN GEFEIEAZ F( 5
2 ESIEEESE 10" om” I HEEEDERSE
#112eV e [t - FEiE F 3 B PL AERRELE
SRIEEH > HEPEIREEREZE TMIn RERD
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g0 - R IR S R AR M R
IG5EEEH B OC R R S A SR - THAH R
£ Z InN HifiE » HEZRZEEHZ Free to bound
Fra AL -

£ InN IR BE I3 AT - %50 FE /2 5 7Y
& B ot A 17 H A IR BB L R B B 45 7 -
BB TIRENEEAARS BF - /226 (nitrogen
vacancy) s AR TIEBR AN T E SRR
(hydrogen incorporation) B (5B &R FHI EHE
% o MRS SIMS £ XPS #5535 0] DAFEF » FrH InN
HIBRALTESR AR 5— 10 nm B2 SR E R El & 4
B o s B WA G s B E R R SR
FHIA InN Z&EARE F n-type HHE T KE5 2



% 3. &KX VNI B TFEST PL 943528 bk R A AT EEHAZ -

Band-to-Band Fermi level
T™I
nflow rate | iy ow ratio FWHM(meV FWHM(meV) | Oxygen (cm-3
yg
(sccm) eV eV
Integral area Integral area
72 55 0
0.55 1.81 0.692 0.716 2.34 x 10
0.0148 0.05134
36.4 27.1 -
0.45 2.22 0.696 0.748 3.2x10
0.0259 0.02497
64.3 52.1
0.35 2.86 0.73 0.783 8.9 x 10"
0.0409 0.04422
88 74.8 20
0.25 4 0.735 0.787 3.26 X 10
0.0276 0.06578
1.2 x 10%
L @ Without etching
«')g 1.0x 102 8 @ HCI Etched for 80 sec
‘C’ L
-% 08x10" L [
< L
8 0.6 x10"°
S - e ° 9
3 F
S 04x10"h
© I Qo
0.2 X 1019 i 1 i 1 i 1 i 1 i | L 1 i 1 L
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60
TMIn Flow rate (sccm)
400
§ @ Without etching
350
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»
< 300 -
NE -
o 250 =
= B ]
=
o) 200
W
= | o °
150 = °
100 i 9 L l i l i l L l i ' i l L
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

B 11.InN & o & k%] AT ek 2] 5 2 (a) R TFEZ M E X TMIn AEZ

TMiIn Flow rate (sccm)
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PR Ry 2 dit ot 12 HR R B R 22 R T =K+ (B2
OIS FRIMFCEER InN REWETIEEZEAR
g NEREEE FIREE - RLEN R R B AT HERR L 52
(surface Electron accumulation) * 1125 n-type
InN AYJE A2 —Y o Kk T R IE S Baa A
InN HYEEFFE - fEETEIEMTET » JekraRHE
FrizRfdE 37% HCL £ 80 sec » EFRFEHEIEHT 10—
15 nm £ o [@ 11 F InN HIREAE AR % HTEL Al %0 %
HUEE [ e - BRZIET - TR InN B EUR HE
TEBEREE TMIn FE R TR 5 1708 A
2 AIZBRFTE R InN LR T 8858 R
B[R T8 IRE - HoOm&iE > 5k 123335
cm?/V-s B2 9.91—3.31 x 10" cm™ - I H 84
BRI — 2 - PUAS RO I PRAS ST & -
LA DU & IR B B R PR B R 3 -
REERY TMIn Fi & GrfAHE F Rt 2 RIR
T (H2HRER TMI &2 SE S =S
7 R EERRBEEEZ V IEKIRT
WA VN K2 WS TMIn REZSREEE
AR - RIFLRHE T8 IREE < 21 - BRI
EER A2 BURAE TMIn Ji &=L 0.35 scom 22
K 0 TMIn Ji&Efy 0.25 scom B2 SREHU)N »
JHER AT DAHEET 2 EH A TMIn V&= =R 0.35 scem
I FEE S AR o) = N - R E R IR
HIHEEIREE TMIn 2R 0.25 scem R - #A]
DIBIZE SRR 52 -

& TMIn JiE ks 0.55 scem HilY - BEREZMGEIE
N2 InN IR B i 2 OB SR 335 em’/
V-s » [HEHRER RF-MBE &l E InN 2
R HFRTFEEEZHEAT IR - f &R
RF-MBE #ffipl &z InN £ 1—2 {EffE - 55Nt
/& n-type InN HUAREBRFEELE VN » (0 LB EFHIAE
# N FEEXEN - ASEFRERN VN 25
—IEJE A o (i TMIn FifE by 0.45 scom [+ H
BIERER TMIn Ji&E R 0.55 scem » BIERN
NGRS IR TG R © 1% TMIn Ji&E ks 0.35
scem [ - HEHAYEMEASREL TMIn JiEfy 0.25
scem AR » RIHIRER A & &8 L TMIn Ji gy
0.25 scem FHE » {H XRD #&5 0] DS EIRZ R T H
feiin R i - R BB A+ B R R A
o R L B B - 3 H Wang YO feH - B4
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BERAY T 2= PR BB N » IR B e s
TIREHEFEEFEBER - & TMIn fi&EF 0.25
scem I > BUREZIRME T2 InN B BR(IEE T8
B REESEFIRE AR - HFEERE K TMIn Ji
B 0 & RS > [AF Himmerlich % A %Y
#HH - C B A InN g8 hnHEE R B EN
C B O 7£ InN HEF s s W F2 1 -
HE C B O REREN - TEgRaHE T IREMm
EE SR -

AN fRIE XRD b » AL EeA duih 8
B TMIn Vi 2GR ARHIMHRNE » BRI EEE 2
BB VRS —THE BRI - Sugita® EdJanotti”
WiIEHE T RBEFREZE O B AR N
e MFRFS SRR E O B H RGBT N
ZeiR % 2 DU #E Y A g 0 InN HER H BE T
IR o FEPIRYRS SR H A DIFE MOCVD Al InN 1
SRR

&m

I - #55m

AE ORI RE-MOMBE DAVHfE AN R 2
TMIn Ji &R InN HER GaN fEE g [ - WEH#
VUTE R [E R p AT InN S SR E R
FERETEFIE  SEEEREIE S DIHETT S T B RS

InN REFEEEEEFEE TMIn Ji 2500058
e HYESRREEN R 1.4—1.9 m/h - K2R
FHEETH] > InN EESEER IR ZFEE TMIn &
HIRERMEER - MG {25 IR S8R - & TMIn
MER 0.55 [ » InN A R(ENGSLE - W HA]
A1 InN 2B 5L GBS B GaN & 2 & LRafR - A
H PL #W REE B ESH R 0.716 eV H
335 cm?/V-s °

SH—F51 - #EH SIMS B XPS AL - Af
HemIE R B TR E R EE 2R E =
FHELERATREY) - I BB KRENIREE G HERETE InN
WERME - MEEE N BEFHEgPRD &
9 In-O B O-H ##4S < FLAL - TMIn HIEEYIHIE L
£ InN Z #2255 TMIn R ZE % YR EL (CH;)
REFEGREMBAC » H TR 2T - N &S
FUTEGERE T IRENEI - & TMIn &R
0.35 scem & » InN BRFAZEE RS © Wang %A Y
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