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Research and Development of Growth Technology
of Novel Crystalline Materials

ZER - BRRE  EI9O0F AHF

Chu-An Li, Chenlong Chen, Cin-Huei Wang, Mitch M.C. Chou

WA E AR R B3I B R AT K BRI E RETREA AR ERARRAE TR
BRI EBRREKERERBZEVT LR TREZHERZE -  EEAHCARRAPLRXRERKRFARF MY
FHTF - P KRFERL T R3% B A6 8 5% £ (Taiwan Consortium of Emergent Crystalline Materials,
TCECM) > ZETE&RLMA RS & IABENESAHALBTEALETH LS JFELE  #HE
i AR SRYE - REGBABEA SR FRRAR - FERET 2MAREMERZGE LM
#o FE-—FHMBHETER  RALFFN - AR ATREFELRRSI N LATN - HPAGEF
NZBREMFERF O -

Growth of single crystals is an important approach to explore the novel materials. With the strong supports of
National Science Council and National Sun Yat-sen University, Taiwan Consortium of Emergent Crystalline
Materials (TCECM) was built on campus. Different growth furnaces are built to grow crystals which can be used
in laser, optics, high-temperature superconductivity, magnetic single crystal, biomedical science and technology,
high energy physics, piezoelectric crystal, and light emitting diode, etc. We do not only provide the single crystals
for academic researches but also transfer the technology to the industry. In the future, it is hoped that our laboratory
becomes one of the most well-known crystal growth institutes in the world and bring up the international popularity
of the crystal growth researches of Taiwan.

FERIRFSE TAE - 128 turn-key solution » HN 5%
Fam - A HGEE G E R SR B 5T 2 g

HAME—ER BRI EEREYE  [F B YR RO o B A B T A R B A O
2R B EER K - AEERE—H PEHS - B 2008 - - fEBIRFE H AR K R

—

— B

[l

RIEZEERATE SRR - SRS MERHEE HISZFF T RILRBECE T — A ERERITE
bR T REMEAERKE N BEYHE - L8 HIZE - EE SRR L% (Czochralski method,
ENTIER LR MR R B SR K B2 R AH R D Cz) (A& 1) ~ BHINENF & (resistance heating
wE LA EEF c HREAEEREHEBEHE floating zone, RHFZ) KBNARIAFE (lux growth)
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(ke 2) ~ A BN TR (bridgman method
with five heating zones) » fffiL7% (micro-pulling
method) + ELYIRAHE S (hydride vapor phase
epitaxy, HVPE) (A& 3) ~ 73T & &% (molecular
beam epitaxy, MBE) DAK /S E HFTAE R TR EHY
{LELRAEY IR i BT SMER = R AR R M (AR 4) -
FrRE LA R A - SR — BRSNS - Al
ST MR BT RNEARE A - A
RS AR R H EE EAt R SR B S B R A LS -
e JHE ERGH AEE - AEBREE LA RN
FEE B Ry {8 1A -
(1) 1=V # (GaN ~ InN and AIN) ~ 1I-VI #% (ZnO)
{bEYEEE RSN ¢ LiAlO, » LiGaOo, »

1.
2R X2+ (Czochralski, Cz) °

LiAl,Og K2 ScAIMgO, % »

(2) Pervoskite J spinel #51#EHYEE FLFEAR @ LaAlO;
SrTiO; ~ (Lag s, Sro;) (Alges, Tagss) O5 (LSAT)
o

(3) ETHELEE  Nd:Gd,Y, VO, * Ho:YLIiF, (YLF) K
Cr:Y;AL;0,, (YAG) °

(4) FEFRMEOLE 8 Nd and Yb:YCa,0(BO;);
(YCOB) * GdCa,0(BO,); (GACOB) % -

(5) FEEE &4H8 : La3Ga5SiO,, » Ca;NbGasSi0p,
La;GassTag 0,4 5 °

(6) POERALEE - SREY I R A BRI -

(7) BT84 (ion conductor) : La, Sr,.Ga, Mg O; s
(LSGM) ~ La,_,Nd,GaO; °

B 2.
TR v 2% Bk R B IR H A Kk
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3. @bk A48 & ab iiE HVPE ©

(8) FEAME (nonpolar) InN » GaN &z ZnO BJ&; -
(9) ZFLFA (porous) GaN B -

AN - R S L E A BBRE - 5 R
BB - MEFES R E - B4 R
BFFRIR B AR o RIHAHF R BB A 55—l o
EREA ST AR R RS - BTeRET R R A E
B o G R] B R R R A DA RSN
LS

—~ MRBE
1. SERIEHDE

SRIRIRRLE (Cz) BINVARRAERY - 2—HEAE
R YEEIIEES (melting point) B #E 2R3 Y1E
HYFLIESEE (congruent point) | » BY)EET S FE
FrHEY I B L L R AR R 5 v AT DATE R IRE R
WAERHARSY e B E iR o Kk Cz %
I E TSR FAEERS - NEAREBEH
AT EEERTTE - BRI #ERRE S EE O
(sapphire, Al,O3) * $AEZ#H (y-LiAlO,, LAO) ~ $5%$H
(B-LiGaO,, LGO) LR AL #E (scintillator) %5 B2 iy
A Feiidfn -

(N EERER

B O B RO E SR iR iR (light
emitting diode, LED) ZE ¥ - i A S EE T L XA
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FEEISMEL - B0 B AR ITEO RS - B 2010 4
#) » LED EiRELERMTZEn; - BB G B E R
TMHHEREEY - BN HREEREREREE L
LR ARG - 20 Cz 3% ~ W4 (Kyropoulos,
KY) DAR B0 A2 #A3F: (heat exchange method, HEM)
% Hrt KY K HEM JERY B3R R R R A I
= o H HEM A RREE OEREERET - HEH
IR - BAEAENIES] o A - KY K HEM
FrAE REE A TR A Bl FFJcus C fhink
e TI0 L » FRDARCAER S » 1 Cz LR B e
REmBEZ C MEBEE G AALENTEE - 78
Cz BHVAEREIEF - e el shbeig - A
A JETIRE - B 5(a) K (b) 2RI ERE=DL Cz
AT R 2 5FRD 3.5 ) C BHEE B B 5, - R
FE#RE 4—6 I REFARTEELRELER
Fefty - DA 2 LED MREAZE ST SRR -

(2) SEEASE K SREASTEE &

R $H R % TR £ B AL B H AT B I R
-V EALEYEERS (AIN ~ GaN » InN) DUE &AL
#£ (ZnO) ZMERM L —? - BEifEEBEHE
I ¥ 52 LED » GaN W& EREIEE L
EUR o FHELA LAO f LGO B4 - BB A AL I8N
o B HALER AR E MR imy » AT b 3 i it 5 57
PR - (HHRETLERE GaN 1Y A& K AR
EE (15%) "+ EE GaN Y% i B Fh 7 S #E Fh ]
ZALEEE [ ELMT (pattern sapphire substrate, PSS) LA

4 ACE B AR TAR B A AN SR R -



50 Cz AR 2 X T CHWHEFTLERL - (b)
CziEArR35Fk T CRHETLES -

SR E G (buffer layer) FEIFZK[FK GaN £ L g
IR ES » BB EARESIE - thoh - HAl
7t C MBS E H AN L& 5 GaN Bt (polar) C
J3ma e R R A S B AR Y E & E L GaN
o ESA E T RIEF 7 5% (quantum confined
Stark effect, QCSE)" » SR &\l B A FL ARl
(X LED HYZE R o By T MR LRI - =i
RER B R — R Z5E -

LAO K LGO EEfhEHE GaN Y fis L Bl =g /N
REEE G (LAO < 2% * LGO < 4%)>> 9 i F7E
LAO F LGO BGLEM FAERA GaN fRIZHIEIE
1% (nonpolar) Fi[Al » KILEEG EAFEFEH PSS
DUR 4% 7 g B2 B AT R GaN 7 i fEg N R i 72

& WERRETF(HIR L FEE - fih 0 LAO B
OB ERA ~ B R B DU BN TR A B R
BB 30—40 % - BRI RO EE A ERAE
Rt SR IERRE SRR 2 GaN LAY L
M e

LAO HEHAERE AN Li o) 5
T B LAO HfEAE R EREF RS Zw% -
HE R E T RERS ZHH (second phase) -
M LGO EE&EEENNEE R i E R (spiral
growth) DASL - S BV ERRBIY B AR K - &
A BE A B o DL A R R B PR R RE S f2
LAO K LGO HGgEMRAHEA D - REEREFER
S RIEAHRZRET 2SR I &R HFTREIK
AR A RIRE RS 5 EREe gLk
RIRE - BEIS A ZC B Pk B $2 4L 3 e e iy 7 B &
HARMEET Y A — SR AR N SN R T
F e BE R & - [E# 6(a) K (b) Bk
LAO F LGO #.f -

(3)IE ¥ Ef B B8 % i (Positron Emission
Tomography, PET) AY#ZUI 23 — B9 14 & a8

PO/ %8 (scintillator, Ce:Lu, ,Y,SiOs, L(Y)SO)
(W 7) FIFEF R B IR 2 B R ER ~ SEYIRRIR
A ~ B4R T RLMEHESREY
B B SR A S G PR AR R TR 2 TEE
W T BB MR e T g B il B0 Es - PET &
B SR R e RS RS TRV E E TR - PO
BRI A RIRE IR BEIH R TR - iff B
R TC SR R R - FEAE M R s it -
REMEFIA FPOMER RS - RIBLERTESE ~ H ~ B
VY E] B AL A Y AR R -

DL A RRRE - A ERBE =
NEHER R A R TR R PR B - FH DAAE R PO
fufe o [FIFF R T H R A Red g A S R
Fe BEIIRAR o BLAN » Ce W11 o5 e B 5 Bdze il
Ry PET SFEAMEREE S RIS - TMBZE T B4
(double doping) HY 7 A ES] Ce BETHIEE - 2
CIEREBEH - PIBEIERIBEE T RN
TR Z W) R AR - Bl BRI SE e & IR T Eh g
sl S RE VB R A TR R YME T2 B L ES
Al ENA T E R G BRI R -
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2. S LREERE

SALYIRARE B -V (L&Y E
(AIN * GaN » InN) FYEE L5 o A TV R
i EA S A AR AL # R (dissociation
pressure) FFIEY o DAL B DUGE AR AR RS A4 R iR
4R - BB MEEE AEANTEER -V B
ERS B R - M EA A R A (A0 - MBE -
MOCVD) * HVPE Z# faf B & 4 Kol R DL R ik
MBI e » (BRI S - REBEF]
FETHZE4 R LAO K LGO B &, - ik
T R TR R & S B - DL HVPE 5iRETT
GaN DLR InN % gL RBRHSE -

(1) SR RERER

GaN B {E B HIE 8 T I H E A A
R A2 e TR e R S e B Tl
1020 o MRS GaN B e DA R se iR &= TR R o2
By ERE 2 H AT GaN et EREI B A
7 MMBETHEHEE A INEER HVPE
FlE o WGEHE GaN IR, - E HVPE /O
EHH RIS AR G 9E - MU SR RIS R
HHRE G e - BAMIHTE LAO K LGO H&EMR
AR RARBRAR SR (free standing) FFEMR{E
6.(a) Cz k4 ko) 2 *F LiAlO, ¥ > (b) Cz % GaN H5, (A1E 8(a) M (b)) » 72 H A N E[E i

A Koy B AE 2.5 *F LiGaO, B d © S 4 5 B AR R IR M GaN B LA BAA 20

7.
Cz kA Kby P L e -
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(a)

(b)

B 8. (a) JEEtE m d (10-10) FALER GaN £ b [ » (b) JE4&RM a & (11-20) RALER GaN FE &

(2) IFEMALHERER

FEFTE -V SRR T - InN B &R/ N
FEF'E & (effective mass) * [FFE T B1%*% (electron
drift velocity) DLR fe/NGERT (band gap) * AL1E S
B RIEKETCHER L - BERRH#ERE
J3@2 e (HEENER InN HE RS - BT
By InN ZUFRIRE R =20+ e DU (R Sl Rl AR
RO InN AERBRRE I E - BHER
EBIEHBRLA S ECD - 1 HVPE /4R InN 1Y
Bt B A RAVE AR E R RLEERY GaN BARAIE] - B
TRRERY EREFESZERERENIEMNE - D

BRI InN HERPEESE O R 58 18
I E&ESIRPEREE - B S SEER InCl,
(18.5 um/hr)®>? FEL InCl (< 0.1 gm/hr)®" 325
é o

&SRR EE - B A7 R

EEBTOEN - HE InN A58 LR XK E;
25%“2) il LGO H A& AERAE ML HI-V R8s
SRS RE " - AN 9 - KILFEER B (100) LGO
DU (010) LGO et B 7] FHLAE & HIFH 1% InN -
H RS L BO RS E (100) LGO // (10-10) InN Ky
13.9% » (100) LGO // (10-10) InN 775y 13.9% - £

9.
LGO & #fni sz izt T 5 R -
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(d)

[ 10. (a) £ (100) LGO #Ar b4 K9 3E4RbE m & InN (10-10) B 4 XRD 44t E © (b) £ (100) LGO HAr £ A
Koy IEREME m & InN (10-10) #5 SEM %1% ° (c) £ (010) LGO AR L4 Koy IEEME a & InN (11-20)
¥ 4% XRD £4tE - (d) £ (010) LGO # AR B4 k64 3E4tk o & InN (11-20) ¥ 44 SEM #1%

INREE A - HATBEIEEMEAREHER (100) PUX
(010) LGO A RIEfMlE InN BT8R - [E 10(a) —(d)
FHIH HVPE J5iE53 BI4E (100) LGO LLK (010)
LGO AN EZ 4R InN By X SRS 9T (X-ray
diffraction, XRD) DL fmfi#i =\EE T BH 5% (scanning
electron microscope, SEM) 7341 o HiG R B #HRT{E
LGO EWR EARHA InN M IEMmM: - &S
o ) B B G R SR — 3 -

(3) ZFBERILIHESR
SR LEFRRBREEA - EEHREE
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(LR IEY - ORGSR R T (R 22 L Y
EHREHIES] RS MERN&ESE - £ LED
Hh o AL AR FLIRAS IR A T IR A AR s B
HIFEST » HHAD BESIE - EmEmNTET
HE - LRSS EREA L - SRR
BRI - ST FOERERY « MR
[E/51AHY LiGaO, (LGO) F:AELE A (NH,) 1=k
THETRAC RSB RE - T o BT AR R 2
FLFS GaN » (LER AT



SEI 10.0kV X 10,000 1xym WD 7.7 mm

GaN(10-10) LGO(200)

/
GaN(20-20)

) N%

LGO(400)

(b)

Intensity (a.u.)

20 30 40 50 60 70 80
(c) 2 Theta (degree)

(b)

3
&
2
‘@
c
9]
IS
(a)
1 i 1 i 1 i 1
400 500 600 700
(d) Raman shift (cm'1)

B 11.(a) %3LEALERH SEM 128 © (b) % ILEALER S TEM #1428 » () $ILEALE 8 XRD o471 > (d) %

:ftﬂ/ftlé\ﬁé/]#.l-xjoﬁa

& 11(a) B2 FLIE GaN 5L SEM [H - Bi{E
¢ MANAEAERRE - BRmEm 2 25 =4
AL - BEAlE—75mm - [ 11(b) 2R AL ey
TEM #1% » & SAD #E8S B 1541 » & zone axis =
(0001) ¥ » GaN B2 LGO EAH (100) LGO // (10-
10) GaN il (010) LGO//(11-20) GaN HY5[ARA R
FMEFEH GaN By HEIEEE (d-spacing) £ © d (10-
10) GaN = 0.28 nm £ & (11-20) GaN = 0.16 nm ;
LGO FEMAYELHEIE R © d (100) LGO = 0.54 nm
i d (010) LGO = 0.64 nm > PJEESGH{EARF S - [E
11(c) /& X-ray SEHIHEE - HIEHFTE R GaN
FEMEE m [H (10-10) °

s #S (a) ~ (b) & (c) B RJER T o

A& 50 Torr ~ 200 Torr & 400 Torr °

& 11(d) BREARLEREB TR S - 4
A A, (TO) * E, (TO) Hd E2 (high) =Y  E1
(TO) MY ANHAZE » B E, (high) & - J5 2K
FofR 2 E M LGO EME# K27l GaN - [fiJE
ERREE = (B a £ ¢) 1B
H = (I (B 5 4850 - LGO FEEMRAYIE([EFRERE 2 T
% - E, (high) B-FER s/ - DUBERER - 7
{IRBRY A BB AT HY © E, (high) 38 B LA
i EE ST - DLE={EE B E, (high) E(EE
KA 567 em™ » BREARRLNEFAE R EIES] - TH
DL c2 AN ERA - MIEEREET » JF
B REREE ST -

Pith A AT -
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