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Study of InN Nanocolumns on Ultra-thin
Si;N, Buffer Layer by RF Plasma Nitridation

Wei-Chun Chen, Tung-Yuan Yu
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InN is a potential material for various devices such as infrared light emitters and high
efficiency optoelectronic device because of it is high mobility (~3500 cm*/v-s) and narrow band
gap of 0.65—0.7 eV. Also, Al, Ga-doped InN alloys has band gap of wide range in the 0.65—6.2
eV. However, the InN is difficult to grow high-crystalline-quality InN owing to its low dissociation
temperature and the lack of lattice-matched substrates. Therefore, the various properties of InN
films have not been fully confirmed. In the study, the Si,N, thin films was grown on surface of
Si substrate for nitridation by RF-N, plasma exposure. And then the InN nanocolumns were
prepared on nitrided Si,N,/Si(111) via radio-frequency (RF) metal-organic molecular beam epitaxy
(MOMBE) with various substrate temperatures. We discussed the effect of various condition on
the chemical and structural properties of Si,N, ultra-thin film and InN nanocolumns. The surface
and interface chemical composition and surface morphology are investigated by using transmission
electron microscope (TEM), ellipsometer, X-ray photoelectron spectroscopy (XPS), and atomic
force microscopy (AFM). TEM image indicated that the Si,N, film shows relatively surface of
smooth with 1 sccm N, and 300 W of RF power. Based on X-ray diffraction analysis, highly
<0001> -oriented hexagonal InN nanocolumns were grown on the nitride Si(111) substrates.
Transmission electron microscopy analysis indicated that the InN nanocolumns were single-
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phase wurtzite crystals having preferred orientations along the c-axis. SEM images show that the
deviation angle of InN nanocolums was measured to evaluate the alignment of arrays. Also, the
XPS results indicated that the InN/Si,N, were measured at nearly chemical stoichiometric.
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TRAEIRCERBFEN RS — - HRERESGETREELEARELHES » FHE
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SRR S LR IE - EligtoE AVHF SRS HNIE - KEIZRE PSR ER HE
VRN E DR E(AIERE » SIMEUER P B 1R E 125 SRR EL B & & B B RY 7+
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PN RORS fH FR R B Y AR E A - DUBC & FR ot A BE R S iR (8 28 RS Ay B AR S
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BT Z Ry 740 ~ 820 and 860 nm 2B T EAVGHIRIE - RIHESERERYELHE - B
A DLRIE AR N, K805t 5T S e A B B R LY & S R P TR W & eI RN Pt
ARCARH A E L S ERT AR ENEAET - Fl2EE N, At Hs S bE
(N*) - S5—T71H » R T 1E =B 22 R ae sl (R BB I FEFRI[EINY - HEE EFRTEHEY)
MR N RBE R ES | A - KRR Leak valve SEHIFTERYIATE - 0 HLE 38 W Ik YRR
J17% » RISV B AR RS T 7R (0 FH & 58 (carrier gas)

2. B84 - Ak Si;N, EEEEH InN ESERILTE

ARWFFEEEA 2 I8 Si(111) BB - FRED (AT AR ERETOE R IE (RCA Clean) &
REN T - FERIZIEAREEM (BOE) 300 MLk B ALK SbE % L B 2215 535
B K% EE R B R (load lock chamber) 5 —#5 3t A B ELZ2fefs (~1 x
107 torr) SEITENREVEHE (~950 °C)—/NEFLDL_E ERREER S LG DA BN R AR TEH - 2
il A BRI EREATE LR (N*) - WHETELXE (Nitridation) © JUFE InN 2 TIT R 5
Fi = HE4H (Trimethylindium, In(CHs);, 99.999%) 5 V & 5 5 F 41 58 2 SR AR i 4
F (N,, 99.9999%) AfiE i A4 2 iELE (N*) ©

EESCEE AT - B Si ERERE R gAY Si,N, &EL Si BN KA E T-PEY R - [
I R S BRI P B L s B i SipN, I - ST Ze e T AL ERT » S
PRIRFEIIZAZE 950 °C AGHERF 2 /NFF - EZEReEBRIEF 2 S LWL Si RER TEMER 7
x 7 F5HE - PERETERARE - HRE(EFE T HEEMAE - RF IEEARRES
B o 7E 500 °C N AZVRIERIE L B A% Si MIF#E SiN, > FIRFHE ORI Si Bl
[HIHYJFET-RiHE « ARMEER N2 N* N2 - SIN AIESPRERE Ry 8/3 x 8/3 Al » K
TEEEERR EHE AR - KERBPREIEILZ SiN,  BUAAE 5 KB 3% E
HEFF 950 °C - FIF 300 £2 350 W FYRSR BRI IR 1 F 1.2 scem HIRRIMEHET—/NFZ
ERFEF(ER - FFEmR B ERBIFERZE 500 °C #1T InN HIEJIE - K& InN &
Al > e R R EHERF 2 500 °C I HAERRIRE T ETRAIFVER1076 - /IR =
% B N, sk 1—1.5 scem (1 scem ¥ EFEBERE Ik 1 X 107 Torr) JBHEL RF B -
BEENFA 500 °C YEfETT InN Z5ukE - IRERFFEAE 4 Fis o & SO R
TTHIE Yy B LB R M AT A ST
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FHAA MR A A BRI - QA S~ A 2 B B o 1 U P S 0 B 2 il IR Bl RS

B o BRI FFER AT HILL RF-MOMBE SAffi kR InN At HBIFZ IR FEKFY 500 °C HF -
InN SHEY(FEE RIS 5 (& B 500 °C B a] B2 S i8a 0 LA EE 2 InN HiE ;
TR A 540 °C BF » (0002) B2 (1012) & S HUE HIES BN - A1 R BAES2 BN
T B R L DUR S % 2 BEH B R (R BCN IR - 715 InN NI EE I BEE
B o (RIFEEE InN BEIEEE R E R 430—600 °C 2R » £ 5 EfE rh st fir sl 2 8w
& AR - SRR VI IR ESEE - FHEFDIEEE 300—2000 nm © 55— 7 ¢
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il » H InN ZYUREHR=R R ATE 1.9 ym/h
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BRI T B RSB ERERAE AR RWITER 2 w2 - Bt rH
300 £ 350 W YRR EATIRE 1~ 1.2 scem FERITELE 950 °C HETT 60 5382 FtFRiH
FALEHE - B 6 BR - EEMEERIEEERE 250—800 nm Z TGRS - EREGEG
TR AT A B H R NK (E#TRY Si,N, 2 NK {H - [H2{hEE &L Si,N, Fik
HER - BT E-THREER  FRRETIEMSETM R R R R R A
B—EEENFLA - NI 2 T NKH ; 55— 40 - BfElmE SRS sE S
HE&AH 0 Si,N, BIEEER 5—7 nm - W R T E SRR EIE A E BAEThE R 300
W I » BRI 350 W AT RLZ REASFE - H 3 um X 3 um FEIARYZR A B
(Ra) 73515 0.608 nm (RF : 300 W) &2 0.822 nm (RF : 350 W) » ZRHH# = BB AT =R AT RES [HEE:
L=

S—71H - M XPS E— S HERERAN R EEEE Si-N FUSIEEE - H Si2p B Nis
FAEAE (Binding Energy) REFFANE 7 BE/ - 7 Si2p RERY I HHFR S 3 S SRAS REIGE (E 43 B By
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RF: 300 W, N,~1 sccm, 60 min RF: 350w, N,~1.2 sccm, 60min
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— Base line — Base line
= 1000 — Si2p;, = 1000 | ——SiN
o . o .
; 800 ——Si2py, : 800 — Si2pg,
.*é ——8i-N ‘Z; —— Si2pyp,
S 600f B O-°HC S 600 F ——OSi-C
< < L
400 F 400 F
200 | 200 }
0 L 1 L 0 I ' L 1
96 98 100 102 104 106 108 110 96 98 100 102 104 106 108 110
Binding energy (eV) Binding energy (eV)
3500+ N1s ‘ 300 W, 1 sccm, 60 min 3500 F N1s ’ 350 W, 1.2 sccm, 60 min
3000} e 3000 | T
—e— Fitting line | —e— Fitting line
- Base line = Base line
S L ¢ S L
3 20 — s o 2007 o
> - >
£ 2000F % 2000
C c L
L 2
< 1500 < 1500
1000 1000
500 { B 'l 1 '} 1 1 500 1 1
388 390 392 394 396 398 400 402 404 406 388 390 392 394 396 398 400 402 404 406
Binding energy (eV) Binding energy (eV)

7. Si;N,/Si B AR XPS o #7&& R -
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8 Fy P iE A A AR BAR R (  ATAR 2 B #2737 U T8 (485 (transmission
electron microscope, TEM) fefef [l » 375 it 27375 20 FE - BE OB 73 B et S w17 ot e s el 3 B A
el BLECRR M o B 8(a) BFEAETHE 300 W E M FATEEZ SisN, © B TEM {5
Al BALA R BIEE AR 5 nm - BB B S R - PO T
BEH (fast Fourier transform, FFT) A DLE R Si;N, B Si Foff 2 #e %5 - 3 H 237 Si;N, £
Si B B REREE - EFK SiN, (0002) SEATHY Si FA (111) 5 HB—HH » FALAE
Z Si;N, M2 St GpBUR IR EE N - TEER BB S KEREITEESRIESE
8(b) ByEEAETHE 350 W FHEME TAREZ SisN, » FHECH 300 W FTER R Si;N, » ST
Y Si;N, BEUREK R HES » W HAE N HEIP R —EREA 32 nm £ 5% BE54) 20 nm = 5%
Z V RIELIRA - BUASSREL AFM A5 SRAHLL » [RIRFEHEATREY (bright-field) B2EEHES (dark-field) 5
BE A EEME R Si EWNEEREEE 7 nom 2 Si,N, HE - TEERBARRERITE
1.2 scom » R T B LAY RIR » IS EIR A RORRUIRT - R - @SR ERY R E
HEREREEEEGENESE —EFEENFLFE - R v BLIFLIRZ B R F 5 E 28R Z]
SHEERARE - PSR SOE_EAROY - S EIER v R R B R R B AR IR b
HENRE =" -

(a) RF: 300 W, 1 sccm, 60 min

Bright-field Dark-field

(b) RF: 350 W, 1.2 sccm, 60 min

8. B-Si;N,/Si &K ARZ TEM 5-Hr &R -

2. InN KA RNRCWEEE 25451 - R BEERA T
FEHTER A LBRR G (RF : 300 W FRE) AP REER(LR 2% - BIFIHEZER
(Nitride Si substrate) fE-NFEIRE NH#EST InN Z 5 E - HIE 9 Fx o alERE R ERH#EST
I3 BUHHERAE 2Q = 28.48° ~ 31.36° ~ 57° £l 65.64° 5 - i%&iH JCPDS &R} FLEH 7143 1 %
FEZE Si(111) » InN(0002), InN(10-13) EZ InN(0004) %&R5% - H A1 25.66° Fo Si(111) 2 X H K,
TESTERR 5 44.18° B 64.48° Fy X Jemedf AT EEEL s Z AR - iRIE XRD #EFAT4] - 11

72 FHEFTA 222 #7 109.3



AALHY Si(111) BIE FJPAE T EE <0001> HUAIRY/STT InN g5#8  F{UIY Feng 55 AHIAS SR
U9 e S3HN » InN [ EEHY ¢ Bl IS 2 BHCETETR 0.57 nm - BSCBATERE InN SRR L BE A0(E
—FUD o FEEEG InN GBS AE L R IR P B R AR FE D E SR o InN F5 S e E
X JHEREAUA] (X-ray rocking curve) EiH| InN(0002) Z #E5fIEH 5 R (H (FWHM) RI4 » 7F
500 °C NAEERIRGLAY FWHM {H 520 °C » 530 °C #1540 °C 735175 366 ~ 360 ~ 389 F1 480
arcmin * FHERFASCER » A &2 E & 7] DU R A Sk A B B AIFERE Z In-O {L&YI1E InN
g HH o BELE 500 °C NAERAY InN SLEEAELL - 78 520 °C TAERR InN BB &M 8
Al EREARE A IR E G AR LB E N - 55— 710 » InN RN RIERRE B39 EED
1Y (10-13) » HEZwes it g baE EaR B smid - RJeriEfE=m AFM £0SA] -
RALBRNERFRRZHAVE Vv B - AME InN BRRARZEEE - Bl tERSE - Jikt
G H R ERHE (10-13) -

* XRD sample stage

i(111)

Intensity (a.u.)
INN(0002)
3 3 INN(1073)
—- =% Si(222)
InN(0004)

Ky: Si(111)

(N\is40°C

A
‘ Ln‘

500 °C
il ol h L L R T AT
20 25 30 35 40 45 50 55 6

2 Theta (degree)
9. & KAtk P s K Z InN/B-SisN,/Si AR Z XRD 44748 R ©

b o \“muh |
0 65

70 75

10 B5FTH InN FORFERGRNEAL SiN, 2 SEM REHLEH G » 8x T InN 25
R LS B E RN REZRE - &AL FrA B TR Z InN ZREE &
<0001> Ak TFERE A - B2t GG RSB RE RS - WE
SARH DUEE AT H T 2T ECR: » TARHH 58 H G S (50 P AR SR » IRIEE AT InN S0k AT
2R SiN, fEEE ERIARZELIR R - W% E TMIn A1 RF ZR BT EE G
FAETLEN EA RN - RETEBZAEH] InN KA A E#HRE R 0.8 um/h » FHE
AJH] » RF-MOMBE FTERZ InN HYUEHEER S REH MBE 3241 « 5940 - B 5 R e g
0> InN ZKAE BN EZ KR BRI =4 (D) FrEdER - EAEIRIESH#ER
HIEFERREEFIER - B SEM REF TGS » 7 500 2 540 °C FEMRIRET » B
FHEE InN ZRAEE S A TR A BE (R SE AR | » HER%R 60 2 120 nm Z[H 5 7E 500
°C ~ 520 °C ~ 530 °CH1 540 °C FAERERY InN ZSKAE095 B o i 2 B A B FE BE N REAE - 43
A#T s 5.3 x 10" em?® ~ 4.8X10" em? ~ 3.7X 10" cm® #1 1.3 x 10" cm? » HIA InN Z5KFEH
B RIEIRGE IR In R FAIEERE - EAREEAVIIGREE » TMIn 57 In 1&iHE
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IR e e T R E B REER - BT HRERYY - B4 EERENEREBEET -
In B8 AEHERE - 15 InN S ERE - EEENE AEERRER A RERE
BN S L i A A RO R A TMIn SRR - RS RS IE - 7 B0 ALk R~ 8
K - HH SEM BT HE A& B AT 4] - & =0RE AT Z InN ZRAEE S BT 240 nm » [
FEEEMOREH 500 °C BEINE] 540 °C W - AlERHIE RAREERRE 60 nm=*5 % N2
1305 % nm » HH1 500 °C B 520 °C FryiiEZ InN ZKRFEE AL - 1 B AT DL R 4 25
KAERWSE ¢ BiAA HEE BERRST - IMEE s =R G E R E R ER B
SRR - BIRRSORER R R W g - HERMEE L (h/d) 535150 F 2.8 (530 °C)
Bl 1.8 (540 °C) - ILiEFR - ERAEGHE n K TS s imsacR e [F
WEEE In-N SRS FORE B IScE - R - FA6RY Si(111) BT E & 522 InN 25K
AR PR e R » R SAE IR A MBE £ & InN m%iéi&m%%m) °

De‘nsitﬂy:-'5.3><10»10 cm? : hid ratio~4

~60 nm
PN RS W Y IS e
' ~75° “ 240 nm

Si substrate

h/d ratio~4

~60 nm

e
~75,“ 240 nm

h/d ratio~2.8

~80 nm

o=
~80°’,3‘—f220 nm

TR M) "*’“":‘W P e W

Si substrate
1um
-
h/d ratio~1.8

~130 nm
*W‘y"‘fﬁ“\’f"/%‘}?w}‘ " \;”f MMO nm

Si substrate
1um
-

10. & XA T % K2 InN/SisN/Si 2 &k @B @H mas R -
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11 B[ 12 R 2B U T B TR IR - &3 XRD A& HIRYHSRASH] - 520 °C A
A Z InN FOREEAHEF ARG E - KILEE TEM 1T HEME AT - B 11 &3
TR EEIREY 5 PIIE B ERIE InN FORFEBLEAR IR 03 192208 - I HAE R
FEEMERI R AT E RS - (AP B = i AR E AR B ORI S TR - WA R R A
HENREPESHEEGATPEZ V BIFLAATRE > # XRD EHIFHR T (10-13) ZesiE -

(a) Bright-filed (b) Dark-filed

200 nm

11. 520 °C Ff st A Z InN/Nitride Si(111)1&4% % TEM FA AL 2 $L 1547, 57 [

12. 520 °C Pf s & ZInN/SisN,/Si & AR 2 TEM 5474 R o
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& 12 Ky InN FORFERCRNEALZ Si,N, AUREER TEM (XTEM) GUBAERE T - 8 12(a)
FRHYRE TSR AR TTESEATHY [-1-120] o JT00 > [TEE EESEATHR [0001] 1 /717 » XTEM [
W] InN M Si FEHRLZ A —(EER RS FUEFIEL 20 V BLFLIRE - ATREZ SiN,/Si(111) HEfT
RALBAERE W B AOE R R ARG - I BEF AR AT E R 28 InN g - 5390 0 & InN
RAMARLE V B EFE - e REg Iy LA R - sS4 R A E HBR
7 o MRBE SR T - MHAHY InN RS R ZRE Z R v B FLIFETT 9IHRY
FAEEGR - IRIBJCRTARFFEAE R T AT - InN Al IR IER, SiN, E®V - R - & InN RRTE
FACR TR EIEE - GAE T HENR 2 MR ILE M2 T &R - EmEER R
[ B8 R ) i e 1

12(b) —(d) R¥#5& InN #Y [-1-120] JFAH InN ZF AR & TEM 289507
(HRTEM) * HISZEAS AT - InN ZORMETHIR AR In 88 - 3780 In B2 N 1T TS8R
[ 5 3l B S g2 8 (lattice images) BIAHEIEZ FFT ERETI4D - InN 2RI T2
Bl ABAB HEE 53X HELEEE N [0001] A RHEE R RAVE AT A 0 B o S
MI¥EHT R 0.285 nm » BABEAS InN AH{L » Z0HH InN ZSRREAER R - H S EDE ST - It
FERE XRD fHIF &

I XPS HIE InN ZRAEAE 520 °C THYAERBVEBEE M FIRERE - HERE A
EHEIZEEFAL Si(111) LAY InN [EEREEERA0E 13 Fra o BEFRARZIA RE InN R E]
InN/Si(111) FLEAY C ~ N~ In 1 O B FLERE L - AR » WE B LW » [EHHEY
AR AT R IR E RS TR - TEARCEYIIAE LI BE 2 % » Wkl IR R R HAEXT 100
nm ZHREERPEE - A FERCEB AR O BAREHEZY SIS - b Bk
RSB A - EFA TR SR R SRR © Specht AP A 2004 £ 72
HAFEH MBE AR/ InN FREEENRE ARG R - FIRE  taaE 2 EARAT InN SR
A I 225 EERY - 75 S LB TEM 215 —3 - R0 - HATE SAD HIRH H K H A
e EMHRHEE (BIAIE L) PURess L - Rt O TER A AT RE(E Rt E SREGBIATRLE - BLAb
1E XPS YR InN  Z R R R BN (KRR - HoTseiR E AR P AU E, TMIn §i
B LR TR TR © BESN  Twao FE A £HHE PA-MOMBE 4 £Ef2 2 AWE By

= BERREMEZEEGHEEREENER T Co B Co, =T -
100
80 | InN : Si substrate

—— Si2p
60 ——C1s

—+— N1s

—— In3d5

—+— QO1s

Atomic (%)

20

2L

0 300 600 900 1200 1500
Etch time (s)

B 13.520 °C Ffa & InN/SisN,/Si AR 2 XPS #t Ry Ar &R -

L

0
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14 55 520 °C FTUlfEZ InN Z5K8 2 In3d MR E TREREE - HIEHERR 440 £
458 eV » B REREIE(EEH XPS peakdl #MUIFHEITHEEG 1T o IRIE XPS HFEFESE » In3d;s),
1 In3dy,, B FEEE (BE) 43 BITE 451.2 f1 443.6 eV > i H MR HTHIR - FERREIEEFRTS
FIH In3d,, B In3ds, 2 HIERERTEMER 353100 In3d,, I In3ds, HEHEHESEIER R
BEEEF 7.6 eV BEILR 4 1 3 HATPIETE » SR RESUR—2 - 540 - £ InN 5k
MRIZREWE AL 444.2 eV R —ERIEEL 444.6 eV BN —EHFE0BIE - 52710k
853 BRI In-N® 1 In, O, HIHFEAE (BE = 444.6 — 444.9 ¢V)?® » SEATHEEL InN (A [
O-H FHRAMLEERE (AI/KR (H,0)) TCEWIT AR - 7%#5HEH Specht AP 7 2004 AR 72
R HIEE MBE 4 RA9 InN BIRELUER o R0 - (ERE ] DU FRE e R m iR IR L e
In,O; FAAHEE S MR BAEE - IRER B R A ERIESLRE In-0 B » EMEEL In-N
E (B 14(b)) - F L] DU BT 2SR PRI ERE R AR S EFLIFRFTE R -

1.0x10°
In3d In3d 3
| 5/27.6 eV :3l2 In3d ] 4.0x10 !
8.0x10*F NN\ 1 0, InNi 1,0, ’
= n\ I Surface
S 6.0x10% Surface - Etch level 1
= S AN Etch level 2
2 4.0x10% Etg: :ZXZ: g - Etch level 3
%) - Etch level 4 Etch level 4
B Etchlevel 5 | MMWWWW\ Etch level 5
2.0x10* ) Etchlevel 6 1 1.5x10% F Etch level 6
. Etchlevel 7 | B S AN MY Etch level 7
ey Etch level 8 1.010% Py WMy i s A Etch level 8

0.0 L
440 445 450 455 460 465 470 393 396 399 402 405 408 411 414 417 420

(a) Binding energy (eV) (b) Binding energy (eV)
14. 520 °C Pf sk InN/Si;N,/Si 3482 In3d #2 N1s 478 R -

I - #5:R

AWFFeiE R EMHEE S RF-MOMBE AT InN/Nitride Si(111) FYRFZE - 6 F1| & 4%
TR SR E AL H IR B A i SigN, IR R BRI R RS IR InN 252K
i o Bl A A X B LB ESGR LT SIN B InN FORFERIRR » IHRET R R
EECAR S B InN ZoRAERVESRE - 3= BraE PR Rr R 2 - B A SRR Rk v]
Hl > E RF Ry 300 W » N, i AE 1scem [f » A pRGR H BN 4546 Sl HLAH ST SEEERY SigN, HEH
i - RN AR BEE TR n]gE & 5 [N R E A EBHHBG M R E MR E I - S34ME InN
#45r » B XRD B TEM f&5RIEH - EEMEETE 520 °C IF - EF®REZSALSE - ATE
DUREHA Nitride Si FEH_E2 InN GLEEE Y [0001] A aIHEB R EA S SEmEsiE - & c
e S 2 EHT Ry 0.57 nm 5 F HiEE SEM ¥ InN TR BRI 0 Al BIRTE Nitride
Si(111) EZ InN 2 & E S THEARZ Z0kE - I HIFE 85 MR ER F - R
B B 2 IE LRGSR - fELERAHRE T » H In3d B2 N1s HHERL T In-N BYHAE
AE » [FINFLE InN B2 Si N, FRHEREHHERER O & REIEARE In-O MR - M C &
=K - XPS HFRFER In-C B C-N FEHERAFASEE - KL% InN ZRAEIG AR TMIn B4
IR C TTRE -
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% DERELHRERER(EY TRRS X ENR - W ERmAE R —BEELEET
TR ALY SRS A ULEC R - FIASHFSEAT 3 2 Nitride Si(111) ZEMATEIHEST InN ZKAE
AR i H RS AT RESE A A AL AN UEECHY -V BB Z 52 » 20 GaN ~ AIN B
HEMEL BN 55 - [FIR R B8 AR RAUFORAG RO L BT B eI E A -
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