Development of 4 inch x 11 (or 6 inch x 6) Multi-Wafer MOCVD System “UR25K”
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We have developed a mass-production MOCVD system (UR25K) with a capacity
of 4 inches by 11 (or 6 inches by 6) to meet the increasing demand of LED market
on high performance and low-cost production. In UR25K, the susceptor, on which
4 inch sapphire substrates by 11 were set, and the ceiling plate were automatically
transferred between the reactor and the pass-box. For the preliminary test of the
reactor, we have grown GaN, AlGaN and InGaN on 4 inch sapphire substrates at
atmospheric pressure by scaling the growth conditions of the smaller reactors such
as SR4000 (2 inch X 3 or 4 inch X 1) and SR23K (2 inch X 10 or 3 inch X 8) . FWHM
(full width half maximum) of XRC (X-ray rocking curve) of nondoped GaN for (0002)
and (10-12) were less than 200 arcsec and 300 arcsec respectively, even though
the growth rate of nondoped GaN was more than 10 pm/h. The distribution of Al
composition in the Aly;GayoN in a wafer for a growth rate of 1 pm/h was under A2 %.
These results showed that the gas phase reaction between NH; and metal-organic
materials was effectively suppressed. Both PL and EL characteristic on InGaN MQW
or LED structure were estimated at the same level as SR4000.
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Fig. 1 Current-injected photoemission of LED structure
grown on 6 inch sapphire by SR6000.
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Fig. 3 Concept of the transfer system of UR25K.



Table 1 Estimation of daily throughput of UR25K for the
typical LED structure.

Growth process of typical LED structure

Step Thickness | Growth rate |Require time
Heat 20min
Thermal cleaning 10min
Cool 10min
Buffer layer 1.7min
Heat 1 1min
GaN 3000nm | 3.75um/h 48min
n-GaN 4000nm | 3.75um/h 64min
Cool 25min
InGaN SLS (10 pairs) 50nm 26min
InGaN/GaN MQW (6 pairs)| 90nm ¢| 0.117 pm/h 46min
InGaN 20nm 10min
Heat 3.5min
p-AlGaN 10nm 1 pm/h 0.6min
p-GaN 100nm| 1.34pm/h 4.5min
p-GaN Snm| 0.1um/h 3min
Cool (under 200 degee C.) 35min

Subtotal| 318.3min

Transfer robot

Unloading a ceiling plate [Reactor — Passbox] 5min

Loading a ceiling plate with cleaning 5min
[Passbox — Reactor]

Unloading a susceptor [Reactor — Passbox] 3min

Loading a susceptor set new wafers 3min
[Table for exchange of wafers = Reactor]

Subtotal 16min

| Total | 334.3min |
L 7

[ Number of growths per day 4.31 times/day |
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Table 2 Evaluation items of various structures.

Material Item Method of evaluation
SEM
Thickness Optical interferometry
(RPM sigma S)
GaN |XRC FWHM XRD w scan

Surface morphology [Nomarski microscope
Elemental analysis |SIMS
Electrical property |Sheet Resistance (Lehighton)

Al content

AlGaN Thickness XRD w-2 6
. TEM
Thickness XRD 0-2 0
Photoluminescence
v Optical propert; (RPM sigma )
p property Electroluminescence

(TNSC original system)
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Fig. 4 Thickness mapping of GaN grown on 4 inch sap-
phire substrate (exclusion zone : 2mm) .
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Fig.5 X-ray rocking curve of GaN.
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Fig.6 Comparison of surface morphology of GaN
between 3.6 um/h and 10 um/h.
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Fig.7 XRC-FWHM of (a) wafer to wafer and (b) on wafer.
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Fig. 8 SIMS depth profile of GaN sample at growth rate
of 10 um/h. (Detection Limits - H; 8 X10"°cm™, C; 1 X
10%m>,0;1x%10"°cm™)
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Fig. 9 Al composition and thickness distribution of bulk
AlGaN (growth time : 6min) .
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Fig. 10 PL spectrum of InGaN/GaN MQW structure at
room temperature.
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Fig. 11 Schematic diagram and cross-sectional TEM
image of the LED structure.



KiEEHERER No.28 (2009)

[ [
1.487x10" =— —— Measured
r — Simulated
1.487x10° £
B 1487x107 £
\N/ [
2 1.487x102F
vl |-
8
2 148710 F ot
1.487%10% j" r \ 0
1.487x10° f S
FU . A L
T e I A
325 33 335 34 345 35 355 36
Angle (° )
Fig. 12 XRD w-2 6 scan of LED structure.
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Fig.13 Comparison of EL spectra of LED between UR25K
and SR4000.
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Table 3 Comparison of results of several materials

grown on 4 inch sapphire substrate between UR25K and
SR4000.

UR25K  SR4000
(4inch X11) (4inch X1)
nondoped GaN XRC-FWHM (0002)  162arcsec 185arcsec

XRC-FWHM (10-12)  252arcsec  345arcsec
Thickness uniformity 0=1.2%* 0=0.8%*

Material Item

AlGaN Al compotition 0.104 0.26
Al uniformity A18%  A3.6%
Thickness uniformity 4 3.4% 4 8.2%

InGaN/GaN  PL wavelength 456nm 463nm

MQW PL FWHM 22nm 24nm

Peak position uniformity ¢=0.9%* 0=0.5%*

% Exclusion zone : 2mm
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