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~ ~ Abstract

The first year, we setup and test the Hydride Vapor Phase Epitaxiy (HVPE) system,
and we made the GaN substrate successfully. The GaN thick-film with the thickness
more than 300 um and 1 and 1.5 inch diameters were grown by the mentioned above
HVPE system. The second year, we use temperament ramping technique to expitaxy
GaN substrate and the diameter of GaN substrate is 1.8 and 2 inch. We also use Nd:YAG
laser to setup the (Laser Lift-Off, LLO) ,which can lift off the GaN thickness from
sapphire to form the freestanding GaN substrate. We use the regrowth mention to make
the GaN thickness more thicker up to 420 um, which can be used good substrate.
Combine the HVPE and LLO techniques, free-standing GaN thick-film were separated
from original sapphire substrate. The X-Ray Diffraction (XRD) and Photoluminescence
(PL) measurements were used to check the quality of these thick-films. The Full Width
of Half Maximum (FWHM) of XRD rocking curve of (002) GaN is about 350 arcsec
before lift-off from sapphire substrate. The peak position of GaN thick-film of PL system
is 364 nm, and the FWHM of PL peak is 10 nm, showed the quality of free-standing
GaN thick-film is good. The electronic properties of carrier concentration and mobility
of GaN thick-film were measured by Hall measurement. The GaN thick-film were
grown with naturally n-type doped. The carrier concentration and mobility were
4.9x10Y/ecm3 and 300/V-s, respectively. The dislocation density was calculated by
Cathodluminescence (CL) image and Etch Pit Density (EPD), it showed that, the
dislocation density was in the order of 10° to 10”7 /cm?2. After the CMP process, the RMS

of roughness is about Inm, which can be used for the optical device.
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Table 5.1 GaN B33 & Rl %
Wafer Size 15 inch
Wafer Thickness 30 m
Crystal Orientation (001) c-axis
Crystal Structure Wurtzite
Growth Face Ga-Face
FWHM of XRD  -sacn 346 (GaN on Sapphire) arcsec
Resistivity 0.137 -cm
Carrier Type n-Type
Carrier Concentration 4.9 x 10" cm™®
Mobility 306 cm?/V-s

17




2. $1* temperature reamping =  GaN thick film
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HRXRD
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(a)

(b)

Fig 5.11 (a) 2+4E A 300 mm GaN on sapphire substrate * %3¢ (b).&:% LLO 2 Freestanding GaN
wafer » +i§ % %4113 2. sapphire( Cooperated with ITRI)
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MSYSLU Phys SEI 10,0k »200 100pm WD 15.8mm

Figh. 13 Cross section SEM image of freestanding GaN thick-film (% = R&#£¥% %)

SEI 100KV X5000  1uym WD 15.1mm

Figh. 14 Plane view SEM image of freestanding GaN thick-film (% ® ®%¥£2% %)
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Figh. 15 CL image plane view of freestanding GaN thick-film (3 ¥ R&K¥EFHZE)
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4. Laser Lift-off 3

% Laser Lift-Off ~ B sengtjis> 6 > AL RIFFanE R 225 7 2 4
% o qeid * p AL Y (self-separation) 2 vt > & * LLO e ;z % 3 GaN 5
o feA 2 (S H 0 fe R B o RAPTSF CMP el o AT * eh kA
Nd:YAG 355 nm 3 & > 3% GaN §e Sapphlre gL a3 od A H K #{-1‘? GaN s 1 s
Yere gt o 3 F 0t KeF B4 3 F stk 8] 5 % GaN Sapph1re A A 2 4tis & GaN
BB # 3l B B skfree‘;g%eagj—mﬁ SNV SRR IE % = cH I BNV S
fibeam size ki P& 4F s ek o Aok § b4 FiE < & beam Size i < % 4% 1 LLO
2 GaN 2 2 B ) o F FIF Sfehst 52 bean size FFE 5 2 L BH DA

i "".lr.'-'y.h.#ﬂ'l]'- gy

Fig 5.16 ¢ LLO ,x :%]3g2 1.5 inch Freestanding GaN (% & & &9 % %)
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Table 5.2 & LLO 5 st#)&2 1.5 inch Freestanding GaN £ (2 ¥ RKFEFTHT)

Wafer Size 1.5 to 2 inch

Wafer Thickness 250 to 350 pm

|Cr_vslal Orientation (001) c-axis

ICr}-'sull Structure Wurtzite

IGrowth Face Ga-Face

FVWHNMI of XRD w-sacn ~150 arcsec (free-standing GaN)
Resistivity [0.09 Q-cm

[Carrier Type [n-Type

ICarrier Concentration 1.60 x 1047 em?
Mobility 437 em?/V=s
{Surface roughness (RSM) 3.25 nm
Dislocation Density Hx10° to 1x107 em?

Fig 5.17 1.8 4 300um GaN &% d LLO ,% 3:4)32 1.8 inch Freestanding GaN
(3 RREERHE)
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5. GaN B’ Regrowth #£ 3¢
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e N MR ERhE B E o F AL E B {1 LL0 3 548 GaN
sapphire * %4t > = 5 free-standing 7 GaN zA » £ ¥ » HVPE ¥+ £ - otk » f&
Pre Fli ek AR T EH > R MR PEEDE L > T8 % K bowing Hfz
B oo JE_XRD endiedp v B L3 HP At o 3(002)w 5 FWHM=120. 85 arcsec ;
(102)® 7 FWHM=107. 57 arcsec » ¥ ‘* free standing &< % % /] °

Fig 5.19 # 1.5~} free standing GaN &+ } regrowth 1 =} eGaN 5% > 5 A& % 200 um 34 3 420 #m

28



Intensity (a.u.)

J L

FWHM=120.85 arcsec

-2000

T T T T T
-1500 -1000  -500 0 500 1000

w -scan (arcsec)
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6. CMP # 3¢
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Fig 5.24 1% CMP # B = e GaN 2L ¥ & 5% » RMS 3 (. 74nm

7. = & 37% ¢ 6 LED
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