Means fof Inproving In Incorporation in the MOCVD G owt h of InGaN

Field of the Invention This invention rel ates the manufacture of
sem conductor light-emtting devices. In particular, the invention is
directed towards inproving |ight extractlion fromsuch devices.

BACKGROUND OF THE | NVENTI ON Goup Ill- nitride conpounds have
wavel ength emi ssions in the green and bl ue range of visible |ight. Because
single crystals of galliumnitride are difficult to grow, conmercial GaN

substrates are unayail able for the epitaxial N b d devi ces.
Currently, nost ngiaﬁ%tg’é Pﬁoﬁmﬁ%ﬁﬁc?‘%ﬁﬂo‘am%@%gﬁ%ﬁ@@ axially

grown on a sapphire substrate. The difference in lattice constants between
t he sapphire substrate and the GaN-based seni conductors nakes it difficult
to grow a high quality GaN based dield akihallnveatienr on t he sapphire substrate.

Furthernore, a highly conductive p-type GaN seni conductor is nearly
| npossi ble to obtain due to conbinations of high n-type background

concentration and phnPerdidbRSelates the manufacture of semiconductor light-emitting

devices. In particular, the invention is directed towards improving light extraction

from such devices.
BACKGROUND OF THE INVENTION

Group ITI- nitride compounds have wavelength emissions in the green and
blue range of visible light. Because single crystals of gallium nitride are difficult to
grow, commercial GaN substrates are unavailable for the epitaxial growth of GaN-
based devices. Currently, most GaN-based light emitting devices (LEDs) are
epitaxially grown on a sapphire substrate. The difference in lattice constants
between the sapphire substrate and the GaN-based semiconductors makes it difficult
to grow a high quality GaN-based epitaxial layer on the sapphire substrate.
Furthermore, a highly conductive p-type GaN semiconductor is nearly impossible to
obtain due to combinations of high n-type background concentration and low p-type
doping activity. Although the basic heterojunction device concepts have been well
understood for many years, these difficulties stymied the development of efficient
heterojunction lasers and LEDs emitting green or bhue light using an AlGalnN
material system.

During the late 1980s, a highly efficient GaN-based LED became a
possibility when researchers discovered the importance of growing GaN or AIN
buffer layers at low temperatures. Growing a buffer layer on a sapphire substrate at
low temperatures improves the morphology of the subsequently grown GaN layer
and reduces the n-type background concentration of the GaN materials. This |

coupled with post-growth thermal annealing or low energy electron beam irradiation



doping attivity. Although the basic heterojunction device concepts have
been wel |l understood for nmany years, these difficulties stymed the

devel opnent of efficient heterojunction |asers and LEDs emtting green or
blue I'ight using an Al GalnN material sy@&em During the |late 1980s,
a highly efficient GaN-based LED becane a possibility when researchers

di scovered the inportance of growing GaN or AIN buffer layers at |ow
tenperatures. Growing a buffer |layer on a sapphire substrate at |ow
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occurs. The im’ﬂﬁ%wgﬂb&?‘ﬁﬂwhé‘tg@bigﬁo *R STCIONBPU B er at ur e
i ncreases. Thy A S e I Feall i essure
of Norr]. Sof ol e dowe sHAME AR, RO Bttt G ol

decreases as the temperature increases. This problem can be reduced by providing a

high vapor pressure of N,. Secondly, premature trimethylindium decomposition can
happen when the gas phase temperature is high. This can result in the formation of

indium droplets on the substrate surface.



happen when the gas phase tenperature is high. This can result in the
formation of indiumdroplets on the substrate surface.

3 SUMMARY OF THE | NVENTI ON The invention
uses Nl err] as an anbient and/or alkyl @arrier gas to provide a high Nerr] .
vapor pressure and | ow gas phase tenperature to pronote the growth of

InGaN. A low tenperature grown GaN buffer |ayer is deposited on the
sapphire substrate. A 1-4 [err]m.Si-doped GaN is fornmed directly on the | ow
tenperature buffer layer. A 30A InGaN layer is forned directly on the

Si -doped GaN | ayer in a gr owSUMMARYIOH EHEINVENTION ni trogen as the

anbi ent gas and/or al kyl carrier gas. A conparatively thick My-doped GaN

| ayer is formed over the InGN | ayer.

4 The invention uses N, as an ambient and/or alkyl carrier gas to provide a high
N, vapor pressure and low gas phase temperature to promote the growth of InGaN.
A low temperature grown GaN buffer layer is deposited on the sapphire substrate. A
1-4 pm Si-doped GaN is formed directly on the low temperature buffer layer. A
30A InGaN layer is formed directly on the Si-doped GaN layer in a growth
atmosphere containing nitrogen as the ambient gas and/or alkyl carrier gas. A

comparatively thick Mg-doped GaN layer is formed over the InGaN layer.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 illustrates a |ight
emtting device having a quantum wel | structure. Figure 2
illustrates a characterization structure for measuring indi um conposition
in the quantum wel | . Figure 3 illdustrates a process flow chart
corresponding to the device shown in Figure 1.

5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Fi gure
1l illustrates a light emtting device 10 having a quantum wel |l structure. A
| ow tenperature grown GaN buffer |ayer 12 is deposited on a sapphire
substrate 14. A thick Iayé}MEFDﬁSQi%BWMHéEthWM& directly on the

| ow tenperature buffer layer 12. Athin InGaN layer 18 is fornmed directly
on the Si- doped GaN | ayer 16 in a growh atnosphere containing nitrogen as -
the ambi ent gas arFigare lallgtiatesanigheémidtag: defice haviag aiquatti vidlli sthacivge. doped
GaN | ayer 20 is forned over the InGaN | ayer 18.

Figure 2 illustrates a characterization structure for measuring indium
composition in the quantum well.
Figure 3 illustrates a process flow chart corresponding to the device shown in

Figure 1.



Figure 2*illustrates a characterization structure for neasuring the indium
The structure is the sanme as
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illustrates a process flow chart that fd grow ng the device shown in
step 30, a 200 Athick GaN layer is first forned directly on
the c-face sapphire substrate at a tenperature between 500 - 550C. In step
is formed directly on the thick GaN | ayer at a
vary

Figure 1. In
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directly on the Si-doped GaN | ayer at growth tenperatures at approximately
800C, while the thickness is kept at about 30A. Nitrogen is introduced into
t he growt h at nosplEigereddltasratesatlighbaminting devicall R hhviag a quaentwgaeeldur i ng t he
growh of the InGN |ayer. In step 60, _the t /

ribcR A lonetempezatyre grpsm GaN buffer layee §2 15 depesited 9ay: sapPhiECoWN

i | L. i h
PP YA, ATRICE HhEF OB, S 161 BT BN B bl Pl ar
beam epi t axy teMBEDatur@ Befferdares €2 MBEhinEOYET)aye18 RYekimedalinadpon aBie epit axy

InGN | ayers may or nmay not have the sane chem cal conposition
(i.e., same ﬂ%ﬂﬁﬂl\ﬁ/

growt h tempe
between 1 [e

| ayer is for
usi ng one of
epi taxy (OW

(HVPE). The

of the thin InGaN quantum wel | .
ept the last layer 20" is undoped. Figure 3

ratur

comparatively thick

lgyard) in a growth atmosphere containing nitrogen as the ambient gas
and/or alkyl carrier gas. A comparatively thick Mg-doped GaN layer 20 is formed
over the InGaN layer 18.

Figure 2 illustrates a characterization structure for measuring the indium
composition of the thin InGaN quantum well. The structure is the same as Figure 1
except the last layer 20’ is undoped.

Figure 3 illustrates a process flow chart that for growing the device shown in
Figure 1. In step 30, a 200 A thick GaN layer is first formed directly on the c-face
sapphire substrate at a temperature between 500 - 550C. In step 40, the Si-doped
GaN layer is formed directly on the thick GaN layer at a growth temperature at
approximately 1050C, while the thickness may vary between 1 pm, to 4um. In step
50, the thin InGaN layer is formed directly on the Si-doped GaN layer at growth
temperatures at approximately 800C, while the thickness is kept at about 30A.
Nitrogen is introduced into the growth atmosphere as ambient gas and/or alkyl
carrier gas during the growth of the InGaN layer. In step 60, the comparatively thick
Mg-doped GaN layer is formed over the InGaN layer.

These layers may be grown using one of many available techniques such as
organometallic vapor phase epitaxy (OMVPE), metal-organic chemical vapor
deposition (MOCVD), molecular beam epitaxy (MBE), gas source MBE (GSMBE),
or hydride vapor phase epitaxy (HVPE). The InGaN layers may or may not have the

same chemical composition (i.e., same x molar ratio).

doped GaN



CLAIMS *1 claim 1. Anethod for creating a light emtting device
conprising the steps of: growi ng a Si-doped GaN-layer on a sapphire
substrate (30, 40); growing a thin quantumwel | actjve er of InGaN -
over the Si-doped GaN | ayer, in a grow te at mosphere conteH‘;: ﬂ [ ,gﬂﬂl[‘
(50); and growi ng a My-doped p-type GaN | ayer overy ¥ g s milm
wel | active |ayer (60). 2. A nethod, as defined in claiml,
wherein the growt h atnosphere includes nitrogen as a carrier gas.

3. A nethod, as defined in claim1, wherein growth atnosphere includes

ni trogen as the anbient gas. A@LAMSet hod, as defined in claim3,
wherein the growth atnosphere includes nitrogen as the carrier gas.

3
-

I claim:

1. A method for creating a light emitting device comprising the steps of:

growing a Si-doped GaN layer on a sapphire substrate (30,40);

growing a thin quantum well active layer of InGaN over the Si-doped GaN
layer, in a growth atmosphere éontaining nitrogen (50); and

growing a Mg-doped p-type GaN layer over the thin quantum well active
layer (60).

2. A method, as defined in claim 1, wherein the growth atmosphere includes

nitrogen as a carrier gas.

3. A method, as defined in claim 1, wherein growth atmosphere includes

nitrogen as the ambient gas.

4. A method, as defined in claim 3, wherein the growth atmosphere includes

nitrogen as the carrier gas.



