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New generation process of single chip growth for vertical
light-emitting diode

Lee, Gang Seok

Electronic Materials Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The light-emitting diode manufacture to get the light from solid-state light
sources is mainly executed by epitaxial growth techniques such as a molecular
beam epitaxial, a metal organic chemical vapor deposition and a hydride
vapor phase epitaxy method. Here we make the light-emitting diode emitting
light in the visible spectral range by a new process of the advanced hydride
vapor phase epitaxy method with epoch-making subtraction of the steps for
a vertical-type light-emitting diode fabrication without a substrate different
from the existing hydride vapor phase epitaxy method. The new single chip-
growth process is completed by the only 4 steps including the photolithography
of the mask manufacture, the epitaxial layer growth, the sorting and the
metallization by using the our unique methods at each step, and all of the
epitaxial layers consisting a chip are grown consecutively using the multi-
boat system with the mixed-source materials in sequence in the each boat
by an advanced hydride vapor phase epitaxy method mingling both the in-
situ hydride vapor phase epitaxy technology of the vapor phase epitaxy
method and the sliding boat system of the liquid phase epitaxy method. These
vertical-type light-emitting diodes with the GaN and the AlxGal-xN active
layers, respectively, grown using the multi-boat system with the mixed-source
materials without a substrate provide a new concept in front of the solid-
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state light sources from the various measurements to proof the characteristics
of the light emitted.

KEY WORDS: MS-HVPE, LED chip process, GaN, AlxGal-xN, mixed-source, epitaxy
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Fig. 1 Difference between existing process and SCGP process
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Fig. 2 MS-HVPE system
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Fig. 3 Separate chip sorting process before electrode deposition
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Fig. 4 Single chip sorting and electrode formation
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E1E dIFe =4& AHYIIIY 2229 L5 900 ColH AH &Eo
5= 1090 €2 EA-43F InGaNe] A= 900 CTAA AH 3R n-
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PAFL n—cladding layer active layer p—cladding layer p—cap layer
Source/growth
900T /1090T 900T /1090T | 900T/1090T~900TC 900T/1090T 900T/1090T
temperature
AlGaN 2 min
Growth time 40~60 min 10~15min GaN 1 min 10 min 1~2 min
InGaN 3 min
Growth thickness 30~50xm 5~6pxm <0.0lgm 5~6um ~1lpgm
Growthrate 0.5~1.0#m/m 0.5 #m/h 0.005 £ m/min 0.5 ¢ m/min 0.5 ¢ m/min
Al(1%)
Al composition 0% 10~15% 10~15% 0%
In(y)
In composition - - 0~10% - -
Carrier concentration ~5x1017/cm3 ~5x1017/cm3 ~ ~5x1017/cm3 ~1x1018/cm3
V /1M ratio 40~90 40~90 40~90 40~90 40~90
HCI (sccm) 50~100 50~100 50~100 50~100 50~100
NH; (sccm) 4000~5000 4000~5000 4000~5000 4000~5000 4000~5000
Main N, (sccm) 2000~5000 2000~5000 2000~5000 2000~5000 2000~5000
100
CP2Mg o = - 100

Collection @ kmou

Table 1. GSCP epi-growth conditions
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2.2 APLE GaN vZFv|=F 4%

B A= uZFo GaN o35S MS-HVPE 7|Ho g ALz oz Aashy]

2.2.1 FM = HE A

vetre e wolaz Fr)e] ¥ waaE A7l Rt & 3%

% 2= 2HH 9% SiO9F AING| F2 =1S YeR it FZv= g
& SCGP HHHoA 71H =83 FAHoZ uAdAd & Ho] AxZ BEr=

z70] o] gQoA AH Ao Atk EF 1 yme] WS ZL HEL 2917 ]
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Si0= 2¥E Y Wl os] SEn. 54 AINS Atdpolof 7|@fldl F2F

< StAl Frh oW Z|F2=E 400 ColH, Ardk Np F%2 ZH2F 100 sccmt

30 sccme &2 20+ FE3th. AINS Apgto]o] Z]gio] o

o

ZFEo A A &
T AEE 3}7] Y3 bufferzo] 9L 314 Aot FA+= 250 A =)t
SiO= 7|H&Te A2oA F3dsH, Ardgt O, F%2 27 100 sccm3y 2

scemo.2 1008 FEstth 28 Si09] FAE 1500 A Fxoloh.
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O Si0, 34 O AINZA

= v & = U &
e 28T 742 % 400T
RF Power 120W RF Power 200W
Ar % 100scem Ar 7% 100scem
0, 7% 2scem N, % 30scem
THARAY 3.0mTorr SAAZY 4.3mTorr
T &AIZE 100min =2 A|ZE 20min

Table 2 Deposition conditions of SiO, and AIN by sputtering
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O GSCP3H O SAG3ZA
>4 v & >4 IR
- Aceton : Smin - Aceton : S5min
- IPA : 5min - IPA : 5min
Wafer Cleaning . Wafer Cleaning i
- DIW Rinse - DIW Rinse
- N2 Drying - N2 Drying
- AZ AD Promoter—K - AZ AD Promoter—K
HMDS Spin Coating HMDS Spin Coating
- 4000rpm - 4000rpm
Photo Resist " AZ1512 Photo Resist - AZ1512
Spin Coating ~ 4000rpm Spin Coating - 4000rpm
- 90T
i - 90T
Soft Baking - 10min Soft Baking
- 10min
- 280V - 280V
Expose Expose
- 10sec - 10sec
- AZ300MIF - AZ300MIF
Develope Develope
- 140sec - 140sec
- 110T - 110TC
Hard Baking i Hard Baking .
- 10min - 10min
- J.T.Baker - J.T.Baker
BOE Buffered Oxide Etch 6:1 BOE Buffered Oxide Etch 6:1
- 45~50sec - 60~70sec
- Aceton : 5min - Aceton: S5min
- IPA : S5min - IPA : 5min
Cleaning Cleaning
- DIW Rinse - DIW Rinse
- N2 Drying - N2 Drying

Table 3 Comparison of conditions between GSCP process and general selective

growth (SAG) process
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Photo &%
[J Photo 71
ABM Inc Mask Alignment

[J Photo Resist

O AZ1512

— GSCP(2um) Pattern §
O AZ5214

— SAG Metal Pattern &

[J Developer
O AZ300MIF
— PR AZ15128 Developer
O AZ500MIF
— PR AZ52148 Developer

[J HMDS
O AZPROMOTER - K
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O J].T.Baker
Buffered Oxide Etch6:1

Fig. 5 Equipment and materials necessary for GSCP photo process
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©

Fig. 6 Photomicrograph of sample which finished photo process
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CUET Tuantitative Results |
Element Wty At
MK 10.98 3%.0)
GaL #9.02 &1. 97

CI\EDAXIZ\GENE SIS\ CINMAYS. 53C

xXV:10.0 TAit: 0.0

Thoff:33.00 Reso:12%. 8% Asp.7: 6.4

3 : 2468 Liec : 58.6

Prst:6ec 12-0ct-2011

18:45:19

L)
]
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ST Tuantitative Results |
Element Wty Aty
MK 7.59 21.49
oK 9.89% U5
Gal T4.1) 426
Ak .30 11

skl Pt 1 10000x

CI\BDAXIZ\CENESIS\CENMAPS. 58C
XV:10.9 TAIL: 0. 00 Thoff:33.00 Reso 12%. % Asp.7:6. 4
s : 2021 Liec : 58.7 Prot:6oc 12-0ct -2011 19:48: 46
G
)
|
|
s ||
] £ 3
N A
il A
‘% 1
il -
0.9 1.7 2.% 3. 4.10 4.9 $.% 4.% .9 =

()

Fig. 7 FE-SEM images of pattern (a) EDS of inside (b) EDS of outside
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SEM HW: 5.0 KWV WND: 10.9% mm | MIRAT TESCAM
SEM MAG: 400 kx | Del: 5E

KMu

GEM HY: 5.0 kW WDO: 983 mm MiRAI TEGCAN
BEM MAG: 50.0 kx Det: BE
KMU

(b)
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SEM HY: 5.0 kY
SEM MAG: 5.00 kx

SEM HV: 10 kY
SEMMAG: 40.0kx |

Collection @ kmou
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Bl e |
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Fig. 8 Pyramid formation process
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o7 AARHA, [-110] FFo g Fzt A (merge)A . AAA o] ALH o
w2}, Si-doped GaN F& c-= [001] WS g5t v=m EZ e Si-
doped GaN o3 ZFo] AA= It} Si-doped GaN Bl =2 F7= thF 150~180

A

umE =459, 4F4ES oF 1.0-15 ym/min 0.2 BFr1ET. 9t e 44
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o] MAst] JHLEOA FoF A W7 Al Atgholo] J|R o B HE] o] F
ATz Ho] ApEHow Beses E4& & & Atk oA AAH Si-
doped GaN W && 34} free-standing GaN 7|2 &S 3HA HH, o] FH
Frxo BE dIFel AFd 5, W4T A ¢ Abgolo] 13} Si-doped
GaNZ o] dRZA T Apol= Qlete] ALz o= HolAA Ho 497 FH
T2y LEDY MZLE 7| 9&& stA Foh. AAH Si-doped GaN W3 F2
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SOM MV 100V wo unmw | ]
SEM MAG: 209 kx Oet t2 29 pon

SIM MV A
SEM MAG: 190 kx
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Fig. 9 Flatness after pyramid growth

SR MV 10 MY SR MV 10 kY
SEMIAAG: 50.0 bx . SEM IAAG 4.0 bx

VA W NS SR MV 10 MY
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SR MV 10NV wo:samm |,
SEMIAAG: M 0 hx Owt: 38 1

SEM MV 10 WY
SEMMAG: 500 &x

(b)

Fig. 10 Verify arm growth for planarization after pyramid growth
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EDS Quantitative Results
Element WwWt: Ats
NK 7.29 26.49
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+————200. Onm

C:\EDAX32\GENESIS\GENMAPS. SPC
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FS : 318 Lsec : 74.1 Prst :None 14-Nov-2011 13:35:26

|

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 kev

_45_

Collection @ kmou



Matrix: 512x400
Data Type: SE1(ADC)
Magnification: 80000x
Image Size: 0.0016x0. 001 3mm
kv: 10.0
Tilt: 0
SE1 +————200. Onm
C:\EDAX32\GENESIS\GENMAPS. SPC
xV:0.0 T11t:0.00 TKOLL:34.65 Reso:125.8 Amp.T:6.4
FS @ 307 LSec : 47.5 Prst :None 14-Nov-2011 13:46:28
Ga
o
N
1.00 2.00 3.00 4.00 5.00 7.00 8.00 8.00 kaV

()

Fig. 11 EDS of phyramid - arm (PA)
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7]1Ho = HE
2ol Qe
FLayer

MIRA3 TESCAN

KMU

Fig. 12 Space by phyramid — arm (PA) ( 0.1 ym space between
substrate and single chip)

_47_

Collection @ kmou



Z7] =4 [-1-10] 3 +448% [-110] Z&merge
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Fig. 13 Schematic of growth mechanism
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TERAFGE2 3D 1719.338
9a 3 a3 1.0816
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fad s 1589
12 24233 1389 71
I TE 87.40

Fig. 14 Spontaneous chip separation photos after growth process
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Fig. 15 Spontaneous chip separation photos about 100% yield
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Fig. 16 Metal shadow mask design
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(a) (b) (c)

(d) (e)

Fig. 17 (a) ~ (c) p-side pocket shadow mask (d) n-side pocket shadow
mask (e) single chip mounting process
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Layer Material Dep. Dep.

rate Thickne
ss
(A)
Cr 0.5 500
n, p metal Ni 0.2 250 350/5min
Au 1.0 1000
Ni 0.2 50
T.M. 450/5min
Au 0.2 50
Al 2.0 2000
Ti 0.2 50
Ni 0.2 50
Reflector =
Ti 0.2 50
Ni 02 5 \.\ \k\E
‘ SR\
A 0.1 10
: m

Fig. 18 Electrode deposition conditions
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Fig. 19 (a) heat treatment with mask (b) (c) appearance of single
chips after heat treatment (d) n-side pyramid array on the p-side is
observed through the microscope due to crystal transparency
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GaN:Mg (9.5 um)

AlGaN:Mg (4.0 pm)

AiGaN (0.4 ym)

AIGaN:Si (1.7 pm)

GaN:Si (165 pm)

SEM HV: 10 kV WD: 15.28 mm l 11 !

SEM MAG: 700 x Det: SE 50 pm
BI: 10.00 Date(m/dly): 11721112

Fig. 20 SEM image and AFM roughness of surface
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SEM NV 1650w
SEM MAG 519 xx
Oate(m/dy) 0&21/14

Fig. 21 Cross-sectional LED structure
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29 [0001] WaFol A [1010]F0.2 ¢F 15% Zt=2 =AHF planar view HR-
TEM Apzlo|th. 22%2& o dl-$3t a selected area electron diffraction
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Fig. 22 Cross-sectional HAADF-STEM by location
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(a) (P1)
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Fig. 23 Planar-view TEM by location and SAED pattern
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Fig. 24 Typical I-V characteristics of HVPE GSCP vertical LED
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Fig. 29 EL characteristics and energy diagram of active layer
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AE(eV)=E, - E, X Emitted
To -, .
From (acceptor) or (compositional | Light
P Ep - E, rate) Color
2.165<AE<2.21 0<x<0.045 Yellow
(VAl-ON)Z'/l‘ 2.218<AE<2.56 | 0.045<x<0.275 | Green
2.56<AE<2.59 0.275<x<0.3 Blue
CB V, 3-/2- 2.34<AE<2.56 0<x< 0.175 | Green
(3.44 eV) Al 2.56<AE<2.74 | 0.175<x<0.3 | Blue
2.34<AE<2.56 0<x< 0.03 Green
or
(Vo-Opn)170 | 2.56<AE<2.89 | 0.03<x<0.26 | Blue
(3 4i[5’ev) 2.89<AE<2.95 | 0.26<x<0.3 | Violet
Below CB VAIZ-/l- or | 2.56<AE<2.89 0<x< 0.1 Blue
V,-Cy 2.89<AE<3.10 | 0.1<x< 0.245 | Violet
20.)1/0 2.89<AE<3.10 O0<x< 0.175 Violet
(Vai-20n) 3.10<AE<3.29 | 0.175<x<0.3 | UV
Table. 4 Native defect levels
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Fig. 30 Optical properties of spontaneously substrate separated vertical
LED chips with AlxGal-xN active layers
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Fig. 31 Model of automation concept of HVPE GSCP vertical LED
proposed in this paper
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