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SEMICONDUCTOR LIGHT-EMITTING DEVICE 
AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to nitride 
based semiconductor light-emitting devices and particularly 
to those formed on a Si substrate. 

[0003] 2. Description of the Background Art 

[0004] Conventionally, quarternary AlGaInN compounds 
are used to fabricate on a sapphire substrate, a GaN substrate 
or a SiC substrate a light-emitting device using InXGa1_XN 
epitaXial ?lms as a light emitting layer. 

[0005] A Si substrate is inexpensive, has high quality and 
also can provide a substrate of a large area and using the Si 
substrate alloWs the semiconductor light-emitting device to 
be fabricated at a cost loWer than When a conventional 
substrate is used. 

[0006] As a technique used to fabricate a nitride on a Si 
substrate, Japanese Patent Laying-Open No. 5-343741 dis 
closes that AlN is used as an intermediate layer and thereon 
the nitride-based semiconductor is groWn. 

[0007] HoWever, the intermediate layer of AlN has high 
resistance, and inspite that the conductive substrate of Si is 
used, electric current cannot be introduced from under the 
substrate through the intermediate layer into the nitride 
based semiconductor. 

[0008] Accordingly the present inventors tried to use an 
intermediate layer of AlGaN to provide a level of resistance 
loWer than AlN. Doping an AlGaN layer With Si and 
groWing the same at a high temperature of no less than 1000° 
C. alloWed the groWn intermediate layer to have a loW 
resistance. GroWing the layer at the high temperature of no 
less than 1000° C., hoWever, results in the Si substrate 
having a surface With nitride ?lm formed thereon. This 
nitride ?lm has high resistance and it is thus still dif?cult to 
introduce electric current from under the Si substrate into the 
nitride-based semiconductor. 

[0009] Furthermore, to further reduce the AlGaN layer in 
resistance the layer needs to have a higher Ga content, 
although if AlGaN With a large Ga content is provided 
directly on a Si substrate, at a high temperature Si and Ga 
react With each other and the Si substrate Would have an 
interface etched, and ?at and satisfactory ?lm for semicon 
ductor light-emitting devices can hardly be obtained. 

[0010] Accordingly the present inventors tried to groW an 
intermediate layer of AlGaN at loW temperature to prevent 
nitri?cation of the interface. For an intermediate layer of 
AlGaN formed at a loW temperature of no more than 950° 
C., semiconductor ?lm formed thereon Was hardly ?at. 

[0011] Thus, if an AlGaN layer is used as an intermediate 
layer, for high-temperature groWth the Si substrate Would 
have a nitrided interface and for loW-temperature groWth the 
issue of planarity is concerned. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made to overcome 
the disadvantages described above. More speci?cally the 
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present invention contemplates a nitride-based semiconduc 
tor device of high quality fabricated on a Si substrate and 
capable of electrical conduction from the Si substrate. 

[0013] The present invention provides a semiconductor 
light-emitting device including: a Si substrate, a nitride 
based semiconductor of a ?rst conductivity type formed 
successively on the Si substrate, a light emitting layer 
formed successively on the nitride-based semiconductor of 
the ?rst conductivity type, and a nitride-based semiconduc 
tor of a second conductivity type formed successively on the 
light emitting layer, Wherein betWeen the Si substrate and the 
nitride semiconductor of the ?rst conductivity type there 
eXists an intermediate layer formed of AlXGa InZN, Wherein 
X+y+Z=1, 0§y§0.5, and 5/95éz/xé40/60. 

[0014] In the present device the intermediate layer is of 
N-type conductivity. 
[0015] In the present device the intermediate layer is 
doped With Si. 

[0016] In the present device the intermediate layer has an 
Al content X increased toWard the Si substrate. 

[0017] In the present device the Si substrate has a ?rst 
electrode receiving electric current in turn passed through 
the intermediate layer and thus introduced into the light 
emitting layer to provide light emission. 

[0018] In the present device the intermediate layer has a 
thickness in a range of 5 nm to 26 nm. 

[0019] The present invention provides a method of manu 
facturing a semiconductor light-emitting device, including 
the steps of: groWing an intermediate layer formed of 
AlXGayInZN on a Si substrate, Wherein X+y+Z=1, 0§y§0.5, 
and 5/95 éZ/Xé40/60; and groWing a nitride-based semi 
conductor on the intermediate layer. 

[0020] In the present method the intermediate layer is 
formed at a temperature of 400° C. to 950° C. 

[0021] In the present method the intermediate layer is 
doped With Si When the intermediate layer is being groWn. 

[0022] In the present method the intermediate layer is 
groWn at a rate in a range of 10 nm/hour to 1000 nm/hour. 

[0023] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 
[0025] FIG. 1 is a cross section of a light emitting device 
of an embodiment of the present invention; 

[0026] FIG. 2 is a cross section of a light emitting device 
of a ?rst embodiment of the present invention; 

In the draWings: 

[0027] FIG. 3 represents a relationship of components of 
an intermediate layer of AlXGayInZN; 

[0028] FIG. 4 represents a relationship betWeen a thick 
ness of an intermediate layer and a number of cracks; and 

[0029] FIG. 5 represents a relationship betWeen a groWth 
rate of an intermediate layer and a number of cracks. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] The present invention Will noW be described by 
describing embodiments of the present invention. 

[0031] With reference to FIG. 1, the present embodiment 
provides a nitridebased semiconductor light-emitting device 
including a Si-doped intermediate layer 10 of n-AlInN, a 
?rst clad layer 2 of n-GaInN, a multire?ection layer 6, a light 
emitting layer 3 of InXGa1_XN, a carrier block layer 4 of 
p-AlGaInN, and a second clad layer 5 of p-GaInN Wherein 
they are successively stacked on a Si (silicon) substrate 1. 
Furthermore, the Si substrate has a bottom surface provided 
With an electrode 15 and the second clad layer 5 has an upper 
surface provided With a transparent electrode 16. Abonding 
electrode 17 is formed on a part of an upper surface of the 
transparent electrode 16. 

[0032] Light emitting layer 3 of InXGa1_XN can have a 
content X varying to alloW an inter-band light emission 
Wavelength to provide light emission ranging from ultravio 
let to red. In the present embodiment, light emission is 
provided at blue broad band emission. 

[0033] The magnesium-doped, p-type conductivity second 
clad layer 5 has large resistance. As such, introducing 
electric current (holes) simply from bonding electrode 17 to 
one end of the second clad layer 5 may not provide uniform 
current density throughout light emitting layer 3 of InXGa1_ 
XN. Accordingly, betWeen bonding electrode 17 and the 
second clad layer 5 transparent electrode 16 is provided to 
in the form of thin ?lm extending on substantially the 
entirety of a surface of the second clad layer 5 to obtain more 
light emission therefrom. Electrode 15 connected on the Si 
substrate of n-type conductivity is only required to be 
formed of metal, desirably containing any of aluminum (Al), 
titanium (Ti), Zirconium (Zr), hafnium (Hf), vanadium (V), 
and niobium Transparent electrode 16 connected to the 
second clad later 5 of p-GaInN is only required to be formed 
metal of no more than 20 nm in thickness, desirably con 
taining any of tantalum (Ta), cobalt (Co), rhodium (Rh), 
nickel (Ni) palladium (Pd), platinum (Pt), copper (Cu), 
silver (Ag) and gold (Au). The bonding electrode is prefer 
ably formed of Au or A1. 

[0034] The light emitting device of the present embodi 
ment is fabricated by a method as described beloW: 

[0035] Etched in HFzHzO, rinsed and dried Si substrate 1 
is loaded into a metal organic chemical vapor deposition 
(MOCVD) equipment and it is cleaned in an ambient of 
hydrogen (H2) at a high temperature of approximately 1100° 
C. 

[0036] Subsequently, a carrier gas of nitrogen (N2) is 
introduced at a rate of 10 l/min. and meanWhile at 800° C., 
NH3, trimethylaluminum (TMA) and trimethylindium 
(TMI) are introduced at rates of 5 l/min., 10 pmol/min, and 
17 pmol/min, respectively, and SiH4 gas is further intro 
duced to groW intermediate layer 10 of AlO_85InO_15N having 
a thickness of approximately 20 nm and doped With Si. 

[0037] While intermediate layer 10 of AlInN Was formed 
on Si substrate 1 With a uniform indium (In) content in the 
depth direction, it may have a region With a high Al content 
in a vicinity of its interface With the Si substrate. For 
example, the intermediate layer of AlO_85InO_15N having a 
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loWer portion provided With a layer having a higher molar 
fraction of Al, an AlO_95InO_O5N layer of 20 nm in thickness, 
alloWed a resultant Wafer to have a device structure having 
a larger area With more satisfactory surface morphology. 
Furthermore, rather than such a stepWise variation in con 
centration as described above, a gradual variation in con 
centration Was also similarly effective. 

[0038] Then at the same temperature the introduction of 
TMA is stopped and trimethylgallium (TMG) and TMI are 
introduced at rates of approximately 20 pmol/min. and 100 
pmol/min, respectively, to groW the ?rst clad layer 2 of 
Ga0_92InO_O8N having a thickness of approximately 300 nm 
and doped With Si. 

[0039] After intermediate layer 10 of AlInN Was deposited 
the temperature for groWth may be increased to a high 
temperature and the ?rst clad layer 2 may be formed of GaN, 
although, as in the present invention, using the ?rst clad 
layer containing In and excluding Al, i.e., the ?rst clad layer 
of GaInN can eliminate the necessity of increasing a tem 
perature for groWth to a high temperature and thus alloW 
loW-temperature groWth to reduce cracks to approximately 
half the conventional. 

[0040] Then, at the same temperature for groWth as 800° 
C, NH3, TMA and TMI Were introduced at rates of 5 l/min., 
10 pmol/min. and 17 pmol/min, respectively, to groW an 
AlInN layer of 38 nm in thickness and a source gas of TMG 
Was introduced at a rate of 20 pmol/min. simultaneously into 
the reactor to groW an AlGaInN layer of 45 nm in thickness. 
Again the introduction of TMG is stopped and the AlInN 
layer is thus alloWed to be groWn to have a thickness of 38 
nm. 

[0041] The gases are sWitched as described above repeat 
edly to fabricate multire?ection layer 6 of (AlInN/AlGaInN) 
structured periodically in 10 pairs. 

[0042] Then the introduction of TMA, TMI, TMG is 
stopped and the substrate’s temperature is decreased to 760° 
C. and an indium source material or TMI and TMG are 

introduced at rates of 6.5 pmol/min. and 2.8 pmol/min, 
respectively, to groW a Well layer formed of InO_15GaO_82N 
and having a thickness of 3 nm. Then again the temperature 
is increased to 850° C. and TMG is introduced at a rate of 
14 pmol/min. to groW a barrier layer of GaN. Well and 
barrier layers are similarly, repeatedly groWn to groW a total 
of ?ve Well layers and a total of ?ve barrier layers sand 
Wiched betWeen Well layers and arranged as a top layer to 
provide light emitting, multiquantum Well (MOW) layer 3. 

[0043] After the light emitting layer is completely groWn, 
then at the same temperature as the last barrier layer TMG 
at 11 pmol/min, TMA at 1.1 pmol/min, TMI at 40 pmol/ 
min. and a p-type, gaseous doping source material, bis 
cyclopentadienyl magnesium (CpZMg) at 10 nmol/min. are 
introduced to groW p-type AlO_2OGaO_75InO_O5N carrier block 
layer 4. When carrier block layer 4 is completely groWn, 
then at the same temperature for groWth the introduction of 
TMA is stopped and the p-type second clad layer 5 of 
Ga0_9InO_1N is thus groWn to have a thickness of 80 nm. 

[0044] Thus a light emitting diode (LED) structure is 
completely groWn and then the introduction of TMG, TMI 
and CPZMg is stopped and the temperature is then reduced 
to a room temperature and the device is then ejected from the 
MOCVD equipment. Then, transparent electrode 16 is 
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formed on a top surface of the second clad layer formed of 
a p-type GaO_9InO_1N layer and bonding layer 17 is formed 
thereon at a portion, and electrode 15 is formed on a bottom 
surface of the Si substrate, to complete the LED of the 
present embodiment. 

[0045] The LEDs thus manufactured had electrical char 
acteristic as folloWs: With the highly conductive Si substrate, 
for a forWard current of 20 mA its drive voltage Was 4.0V, 
Which is loWer than a conventional LED’s drive voltage of 
6.0V and thus alloWs a device to be fabricated With a loWer 
drive voltage. 

[0046] Thus, if nitride-based semiconductor ?lm (AlInN 
?lm) formed of AlN ?lm containing In is groWn as an 
intermediate layer directly on a Si substrate, it can be groWn 
at a temperature loWer than a temperature for groWth of an 
intermediate layer of AlGaN and it can be groWn to have loW 
resistance, and if With that intermediate layer interposed, 
GaN nitride-based semiconductor ?lm is formed on the Si 
substrate, the resultant light emitting, nitride-based semi 
conductor device can have an interface free of nitride-based 
?lm and it can also be suf?ciently ?at. 

[0047] Furthermore, the intermediate layer Was doped 
With Si and an electrode Was formed on a bottom portion of 
the Si substrate and a top portion of the GaN ?lm and the 
LED thus had its electrical characteristics measured and it 
Was found to achieve a further reduced drive voltage of 3.0V. 
Different n-type dopant, germanium (Ge), oxygen (O) Was 
not effective as Si and a drive voltage of 4.0V Was provided, 
Which is a value close to a case With the intermediate layer 
free of dopant impurity. 

[0048] The intermediate layer is groWn under conditions, 
as described beloW: 

[0049] By introducing TMI, the present inventors have 
succeeded in groWing an intermediate layer providing a 
satisfactory epitaxial ?lm on Si, at a temperature signi? 
cantly loWer than When the intermediate layer is conven 
tionally formed of AlN. 

[0050] For the intermediate AlInN layer having an Al 
content higher than x:Z=95:5, Wherein X and Z represent Al 
and In contents, respectively, With a large amount of In and 
a large band gap, if Si is introduced as dopant it Was still 
dif?cult to obtain of a ?lm exhibiting n-type conductivity 
and having loW resistance and it Was thus dif?cult to How 
electric current from Si. For an Al content loWer than 
x:Z=60:40, possibly because the ?lm deteriorated in crys 
tallinity, using the intermediate layer to producer nitride 
based semiconductor ?lm failed to provide ?at ?lm and a 
semiconductor device structure thus fabricated also did not 
exhibit satisfactory characteristics. It has thus been found 
that if a device structure uses an intermediate layer of AlInN 
satisfying a relationship 40/60ZZ/XZ5/95 it can be a satis 
factory device capable of introduction of electric current 
from the Si substrate. 

[0051] Furthermore, in attempting to enhance conductiv 
ity, Ga Was introduced into the intermediate layer of AlInN. 
For a Ga content of a large amount, exceeding 50% (y=0.5), 
a reaction attributed to etching occurred at an interface With 
Si and the resultant nitride semiconductor ?lm Was not ?at, 
and a light emitting semiconductor device thus fabricated 
Was also not a ?at ?lm to exhibit satisfactory characteristics. 
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[0052] FIG. 3 represents the above-described relationship 
of the intermediate layer of AlGaInN. With reference to 
FIG. 3, the hatched portion corresponds to a composition 
alloWing a device to have satisfactory characteristics. In the 
?gure the three solid lines are a line for a Ga content of 50% 
(y=0.5), a line for x:Z=60:40, and a line for x:Z=95:5. The 
broken line is a line for a Ga content of 20% (y=0.2). Asolid 
?lled circle (C) represents a composition providing a sig 
ni?cantly high yield and a solid ?lled triangle (A) represents 
a composition slightly inferior in yield. 

[0053] When the intermediate layer Was groWn at a tem 
perature at least 950° C., In could hardly be added thereto 
and the ?lm had a high Al content and high resistance. 

[0054] If the intermediate ?lm is groWn at 400° C. or 
therebeloW, it Would have poor crystallinity and a nitride 
based semiconductor layer thereon serving as an epitaxial 
layer ?lm failed to obtain a mirror-surface ?lm. 

[0055] Another embodiment of the present invention Will 
noW be described. 

[0056] The above embodiment does not include a multi 
re?ection layer betWeen an active layer and a top transparent 
electrode. A re?ection ?lm, as described hereinafter, 
betWeen a carrier block layer and a second clad layer, as 
shoWn in FIG. 2, facilitated vertical, multire?ection of light 
to extract light further more efficiently. Note, hoWever, that 
a top semiconductor re?ection ?lm betWeen the second clad 
layer and the transparent electrode also provided the same 
result. 

[0057] The LED is fabricated by a method, as folloWs: on 
the light emitting layer as described in the previous embodi 
ment, p-type AlGaInN carrier block layer 4 is groWn and 
subsequently NH3, TMA and TMI are introduced at rates of 
5 l/min., 10 pmol/min. and 17 pmol/min, respectively, 
simultaneously With CpZMg, to groW a Mg-doped AlInN 
layer having a thickness of 38 nm and a gaseous source 
material of TMG is then introduced at a rate of 20 pmol/min. 
simultaneously into the reactor to groW a Mg-doped 
AlGaInN layer having a thickness of 45 nm. 

[0058] The gases are thus sWitched repeatedly to manu 
facture multire?ection layer 7 of Mg-doped (AlInN/Al 
GaInN) periodically structured in ?ve pairs and furthermore 
the second clad layer 5 of p-type GaO_9InO_1N is groWn to 
have a thickness of 80 nm to complete the groWth of a light 
emitting device structure. 

[0059] It should be noted, hoWever, that While upper 
multire?ection layer 7 extracts light upWard and also serves 
as a p-type ?lm, it has high resistance and its periodical 
structure is increased the device is accordingly increased in 
resistance. Unlike loWer multire?ection layer 6, by reducing 
the number of the periodical pairs of upper multire?ection 
layer 7 the device can be fabricated to be brighter than 
conventional, Without an increased drive voltage. 

[0060] While in the above embodiment the intermediate 
layer of AlGaInN is 200 nm thick, the present inventors have 
conducted a number of experiments and found that changing 
the thickness of the intermediate layer can enhance crystal 
linity and thus reduce the number of cracks in the ?lm. 

[0061] FIG. 4 represents a relationship betWeen the thick 
ness of the intermediate AlInN layer and the number of 
cracks introduced per unit length. As is apparent from the 
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?gure, for the intermediate layer of 5 nm to 26 nm in 
thickness, 200 cracks/cm resulted, Which is a signi?cantly 
smaller value than conventional. If a LED by nitride-based 
semiconductor has 200 cracks/cm, i.e., an average distance 
of no less than 50 pm betWeen cracks, normally With a light 
emission region having a siZe of a 200 pm><200 pm square, 
it can thus have the light emission region With no more than 
several cracks, Which, as has been found by the present 
inventors, does not have a negative effect on the longevity 
of the device. Thus providing the intermediate layer having 
a thickness limited in this range succeeded in providing a 
LED With an increased longevity. 

[0062] Furthermore, the intermediate layer Was groWn 
under various conditions to ?nd an optimal condition. FIG. 
5 represents the groWth rate of the intermediate layer of 
AlInN and the number of cracks introduced per unit length. 
As is apparent from the ?gure, groWing the intermediate 
AlInN layer at a rate of 10 nm/hour to 1000 nm/hour resulted 
in 200 cracks/cm, Which is a signi?cantly smaller value than 
conventional. If the intermediate layer is groWn at a rate 
loWer than 10 nm/hour to 1000 nm/hour, a Si surface is 
nitrided While it is being groWn and satisfactory epitaXial 
nitride ?lm cannot be obtained. A groWth rate no less than 
1000 nm/hour resulted in an increased number of cracks and 
also gradually failed to provide satisfactory epitaXial groWth 
to provide ?at ?lm. 

[0063] At the groWth rate of 10 nm/hour to 1000 nm/hour, 
an effect similar to that shoWn in FIG. 4 Was achieved to 
provide a LED having an increased longevity. 

[0064] While in the above embodiment the intermediate 
layer is doped With Si, an intermediate layer doped With Ge 
provides a similar result. 

[0065] Furthermore, While in the above embodiment a 
LED is formed on an n-type substrate, it may be formed on 
a p-type substrate, Wherein the intermediate layer is better 
doped With Mg. 

[0066] In accordance With the present invention for a LED 
by nitride-based semiconductor formed on a Si substrate an 
intermediate AlGaInN layer at least containing Al and In and 
doped With Si can be groWn at a loW temperature to alloW 
electric current to be passed directly from the Si substrate. 

[0067] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and eXample only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention. 
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What is claimed is: 

1. A semiconductor light-emitting device comprising a Si 
substrate, a nitride-based semiconductor of a ?rst conduc 
tivity type formed on said Si substrate, a light emitting layer 
formed on said nitride-based semiconductor of said ?rst 
conductivity type, and a nitride-based semiconductor of a 
second conductivity type formed on said light emitting layer, 
Wherein betWeen said Si substrate and said nitride-based 
semiconductor of said ?rst conductivity type there eXists an 
intermediate layer formed of AlXGayInZN, Wherein X+y+Z= 
1, 0§y§0.5, and 5/95§Z/X<40/60. 

2. The semiconductor light-emitting device according to 
claim 1, Wherein said intermediate layer is of n-type con 
ductivity. 

3. The semiconductor light-emitting device according to 
claim 1, Wherein said intermediate layer is doped With Si. 

4. The semiconductor light-emitting device according to 
claim 1, Wherein said intermediate layer has an Al content X 
increased toWard said Si substrate. 

5. The semiconductor light-emitting device according to 
claim 1, Wherein said Si substrate has a ?rst electrode 
receiving electric current in turn passed through said inter 
mediate layer and thus introduced into said light emitting 
layer to provide light emission. 

6. The semiconductor light-emitting device according to 
claim 5, Wherein said intermediate layer has a thickness in 
a range of 5 nm to 26 nm. 

7. A method of manufacturing a semiconductor light 
emitting device, comprising the steps of: groWing an inter 
mediate layer formed of AlXGayInZN on a Si substrate, 
Wherein X+y+Z=1, 0§y§0.5, and 5/95éz/xé40/60; and 
groWing a nitride-based semiconductor on said intermediate 
layer. 

8. The method of manufacturing the semiconductor light 
emitting device according to claim 7, Wherein said interme 
diate layer is formed at a temperature of no less than 400° 
C. and no more than 950° C. 

9. The method of manufacturing the semiconductor light 
emitting device according to claim 7, Wherein said interme 
diate layer being groWn is doped With Si. 

10. The method of manufacturing the semiconductor 
light-emitting device according to claim 7, Wherein said 
intermediate layer is groWn at a rate in a range of 10 nm/hour 
to 1000 nm/hour. 


