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Abstract: GaN has excellent material properties such as direct bandgap, high frequency, high power, and high elec-
tron mobility, making them have broad application prospects in fields such as power electronic devices and optoelectronic
devices. Si substrates have advantages such as large size, low cost, and good process compatibility, so the GaN-on-Si has
high research and commercial value. The crystal quality of GaN materials determines the performance of GaN based devic-
es, but the crystal quality of GaN-on-Si is poor. So, researchers have proposed various methods to improve the crystal quali-
ty of GaN, but all of them have problems such as complex processes or high costs. Therefore, this research proposes a sim-
ple and low-cost induced nucleation technique to obtain high-quality Si based GaN materials. After completing the same
dose of N ion implantation on Si substrate, rapid thermal annealing (RTA) treatment was carried out for different times, and
epitaxial growth was carried out using metal organic chemical vapor deposition (MOCVD) method. The results showed that
the sample with an annealing time of 6 minutes had the best crystal quality, surface morphology, and optical performance.
Compared with the control sample, the screw dislocation density decreased by 14.7%, the edge dislocation density de-
creased by 34.4%, the total dislocation density decreased by 26.1%, and the two-dimensional electron gas (2DEG) surface
density and electron mobility at the AIGaN/GaN heterojunction interface were improved, which improved the electrical per-

formance of the AlIGaN/GaN heterojunction.
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H. AIGaN/GaN S i 25 5t 11 7 15 Fh Bl A0 3800 7™ A 9 1o
FE BT R A —4E 8 7K (Two-Dimensional Electron
Gas,2DEG) , 3 i1 GaN £ H T3 8 % i /K8 (High
Electron Mobility Transistors, HEMTs ) 1E 2 A0 A K I R
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[Fi) s % B 5 35 2 ) A L B R B A PR R
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FIIE 4 N 5%10" em™, 30 KeV | 900 C, 8 min, N,
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PSS AR T TEART B AR LR KO 19 5
F 71 W15 (Atomic Force Microscope , AFM ) Il 2 2%
W 1R . P LUE A B A ZET, B IR AT
RSP . St B P A LS AR SR BT R4
By R WL B A SR s . TR T T
10 min i) RTA KBRS, by B 730 AT Z0RY i 45 7 4
TR . R, i 2 DB 3 09 28 A AT DL HY
B U B 52 23 X0 A IS 3 R R A5 4, 3 T LLAIE B
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I FIANE )2 22 (B O ST . SR, 76 1065 C R AE K —
JEZJEFE H 2.4 um 1Y GaN 2 . 7EAMEAE K52 GaN 25,
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A2 FH R 388 58 S5 5 445 22 () 0 W A 55007 0 AT FRL 7 52
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JEREL TR R, B2 ok, AR 1 040 CRUIREE T,
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AR IR A2 f P, BHL

BT 1~40 K 5 A B SN E 2548 43 S R B iy
1~FEAh 5,48 1 X Pert3 MRD A4 5 23 9% X SR A 5%
(High Resolution X-Ray Diffraction, HRXRD) #1713z ,

X GaN J22 ) i 4 5 1t 47 A ; 1 H] Horiba Jobin Yvon
LavRam HR800 % 5 1% 43 i 17 7 2 15 A6 BUE St
(PhotoLuminescence , PL)JIliz , 1 5F GaN Z 1 SR 2
FIGAFPERE s 6 ] Bruker ICON 5 AFM 35 45 % RE i 1 36
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TS TS I H A PERE
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3.1 HRXRD iz

T HRXRD 35 7 45 £ £ & 1~ 4 5 /9 GaN 7
(002) A1 (102) ff 10 Ao 2 422 il 2k (Rocking Curve, RC) n
P 3 s . R 1~ A 5 B (002) b THT A 2 5 5E
(Full Width at Half Maximum, FWHM) 435/ 420 arcsec |
407 arcsec 388 arcsec 405 arcsec 11424 arcsec, (102)
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695 arcsec 11 804 arcsec. FLHAE S 3 1 HRXRD 45 R 3%
W AME 1) Si 3 GaN HAT AR 5 (0 M R i ) ik ge 3%
B, (002) & 1] B9 FWHM 55 8307 55 5% BE A LE , (102) &
1] {1 FWHM 5 7] 048 2% 2 E L 1T H GaN J2 iy
{748 5 T2 A] DL A% & 72 HRXRD M3 38 75 1 RC 1)
FWHM #E47 3155, BASRR R

TD-D 4D FWHM,,  FWHMj,

screw edge = 2 2
2In2 - mhyyyy 2102 - whyy,,

(D), TD TR B HE % B 5 D, 27 SR 5 2 3
D, 1, 7R TVRLE B T 5 b 00 1 b1y, 3 1) 52 (002) i THI I
(102) & 11 B9 4% 7 2% 1 (Burgers Vector) , HE AN EUE 43
B11470.518 5 nm F10.318 9 nm, B4R T155 45 5 2 I 7E
Forh,

M2 AT LI Y, BE S 3 AT e /N B R DG
BHAZRE S 1 AR B R B . X e R B RE G 3 5 R kAT
BT K RTA B RE 5 1A EE W2 4 % [ A1
T 14.7% , Tl %5 B BRAIR T 34.4% , AV 4 %% B [ AIK
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K2 BERI~EERS5TE002)F1(102) A E I FWHM FArsk = &

we 002y | (102)y | IBfukh T 5 pstivea
arcsec | arcsec | B/ em™ B fem™ S fom™
R 1 420 778 3.54x10° 3.20x10° 3.26x10°
FEM2 | 407 697 3.32x10° | 2.56x10° | 2.91x10°
FEM3 | 388 630 3.02x10° | 2.10x10° | 2.41x10°
FEA4 | 405 695 3.29x10° 2.56x10° 2.89x10°
FEAS | 424 804 3.60x10° | 3.43x10° | 3.79x10°

T 26.1%. WEHIXT Si(111) 45K #4751 5 5%10" em™
[ N BT A6 min 900 “CHY RTA AbF GEMS A 85 A
GaN JZ AL EE 3 B 42T Si 4k GaN i A & . i 2
PR R B -1 A A B A IS R T A — W A
YrCBY S S 5245 ) , % 78 A TTAS B F0HC ] [ 26 i 2 4
HECEA B FREIR T Si-Si# T80 BEMS RN HLIRFE 1%
b (R IR L SN Ry A S 3G N T A A R IR BE S
V5T WU JZ HEAT R B A AR R B A P HES
TR T AL A5 A 7= A . X HURE S 1~FF & 5 A %0 7T LA
PR, I E] Y RTA Zb AT LUHE R GaN Y b iR i
E B ] B RTA Ab B 2 11 23 i 45 GaN 114 & 44 it
Ak, 33 S8 PR S I ) g RTA b 3K 52 T 446 R 2 50 v
AF 05 (L1 (e) ), FTHAF 1 20 B0 A B0 R e e

DA = A% 2 1 o
3.2 AFM g

R T G AT A ISR i O 1 6 GaN 2 THE S 1Y 5%
M, KRR S 1~ 5 S 3EAT T AFM 5, 0038 245 S1 5 B
FEE 47 FEG L~RRSD S IR T HVHLRE B (Root Mean
Square,RMS) 4% 9~ 0.514 nm. 0.410 nm. 0.323 nm.
0.363 nm F10.382 nm. S54£ 5 1 AH HLAS, BE o 2~AF 5 5
B T TE SRS 2 T ARG Ay el s, JF H RMS #BA T T
R . HIP AR 31 RMS s/, B e i R e S, an
E 4(e) s . IR G5 R I, ARWE5E Bt F 0 7 TR AN RE %
P GaN Y & A B i, 3 BE 05 A 50035 A i Y 36 T
e
3.3 hiESaESTik

T ST GaN JE I T RAS 7R Z R T (300 K) X
FESh I~FE S SHEAT TR0 28t WL RS 1
S R B EIE K R 633 nm AEOE e, W T 1547 2 &
TR IAERIS .

GaN 1E TG FPIRZS T (19 B, (high) 147 (LA JEF- i i
R 45 0 £ 0 T8 ) 2 F 567.5 em™, & 5 Hp 4T
RN . BShIRRe A BT 735 em™ 2241
GaN A, (LO)UEAT , 51 GaN J2 HA B i) i A i 12
M GaN )2 32 B0y F, o E, (high ) X0y A 0657 23 & A4t
B 25 2 B 5K N ) 23 1) 22 R HE AR , 5 32 B e v 77 U] )
AR M ASAE B 1~FE 5L 5 B9 GaN E, (high)
W 7 4y 9 A7 T 567.5 em™ . 567.5 em™ . 567.8 em™ .
567.8 cm Fl1 568.1 em™, & W AP E J2 57 ) 1) 1 g 1A
s TEV S, X R Y FWHM 43 5 9.8 em™ . 9.7 em™
8.9 em™.9.6 em™ Fl 10.1 em™. 1T GaN E, (high) £ 1)
FWHM 2 Fif i 1A S5 B 48 w80 1 sl /N 22 i LA 45 A
ALUE A RE B 1~FE & 5 1Y GaN 248 B A B 419 W S1Ik
A, 00] Ui B 2 fe /N FWHM O RE & 3 BB e 1)
m AR T, 72 4K Y 45 2R 56 IE T HRXRD #1433
ghEL
3.4 PLillik

h T RAE GaN JZ2HEEERE  fEEIR R R &G
WA R 325 nm BYSOGARAE R BRI IR A 1~ i 5 1
F37 PLIE, M3 AT A5 PL G 4 P 6 s

FE i 1~FE 0 5 19 GaN & 6% K 43014 364.8 nm .
364.8 nm.365.2 nm.364.4 nm Fl 364.8 nm, ¥ 7E GaN [y
AAE R IEPE A (365 nm) BT . I H & BUFE & 1~FF 4 5
Y & 5 BE 5 HRXRD A0 25 S 52 00 1 A )k 45, i
JEBE A RTA (1) 4 BB ] S5 14 I J5 B AR, L rh ke 5 3 5%
PR o 1 R GO SRR LA B, RO R e T
74.3%. %S R A 55 7E GaN HVE AR ST Aol
SECRCBORBEAR . TR, IR S A — A iE
BT RE 3 A AR T e A I R B T AR SR Y
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S RESY LA B, R 8 3 B TR R A 2DEG 1 % &
H A TR R, B E BH R IR B R AR, T B AR 5 9T SR
B 75 ¥ BE 5 A B3 5 2DEG TR %5 B M, 1T B % . 45
4 HRXRD Fl AFM 45 S 731 & 30, B & 3 76 2DEG
T2 BERE NG 00T, i B A A B4R &, X
A5 2 TR 22 R B TRRELRS 32 A B AIC, 0 T L 52
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P i R A fI S0 P L 45 J T R A AR A T S L U A
AHIFFE R F R 5 I AE Si 3 P (4008 EL A T [ 1 Bz
FHHT 5.

4 B4
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AT T XS Si R IR AT R AR K
Bl )7 i, Fl T R Si B GaN i i 4K i it . HRXRD
AFM P72 U DL K PLINR S5 SR W, %07 L BRI A 4L
REAR GaN SR E 2 Hh (Y (0 5% 82, 32155 GaN 1Y IR BT &
fill GaN ££(002) F1(102) R T FWHM 7351 i 420 arcsec
F1778 arcsec [ 2 388 arcsec Fll 630 arcsec , i {512 {37
i L AR 14.7% , TTE 55 55 PE A 34.4% , A 5 o
JEREAK 26.1%. 1) H. , 1% 07 136 REAR 4 Hb 055 GaN 14
A, 38 5 GaN 9 &G B . A /R K25 2 =2 1,
27 8 T LA BEE T 2DEG 11 1 %5 B RN GE RS % 1
W IZ 5 ¥k BE 16 Jl o £ & GaN 1 i 1A BT & Ok 4 S
AlGaN/GaN 5 BiZ5 L7 PERE . 0 H., 1A
PR 2 X5T Si Ao I 1 A T AR /N, B LB 1A
IR RERA S Si 4200 0 2R A2 B AT, R
HAB T AR T N7, HAT Z AR 7 IR
JL R E AR, MOCVD FIE 71 AR AR5,
AR pbrifE T2, BA B R G 28 Bk A ut
FEHEHE Y 7 TR 5 0 Si ik GaN A RHIME LR 8 g
Si F GaN A1l 2 S5 40k EL A T R 18 1 FH i 5
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