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PROCESS FOR PRODUCING LAYERED MEMBER 
AND LAYERED MEMBER 

TECHNICAL FIELD 

[0001] The present invention relates to a layered member 
and a manufacturing method for a layered member com 
prising a layer formed by a nitride type semiconductor 
material. 

BACKGROUND ART 

[0002] An example of a layered member comprising a 
layer formed by a nitride type semiconductor material is a 
photoelectric surface comprising a GaN layer as an active 
layer (for instance, see cited patent l). 

[0003] Cited patent 1: Japanese Patent Application Laid 
open No. Hl0-24l554. 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE 
INVENTION 

[0004] With a conventional photoelectric surface, the 
quantum ef?ciency When an excited photoelectron is emitted 
by light entering a nitride semiconductor crystalline layer as 
a light absorbing layer has been increasing, but even higher 
quantum ef?ciency and loWer cost are being demanded for 
photoelectric surfaces. 

[0005] An object of the present invention is to provide a 
layered member and a manufacturing method for a layered 
member Which can further increase quantum ef?ciency and 
achieved loWer costs. 

MEANS FOR SOLVING THE PROBLEMS 

[0006] In order to achieve the aforementioned object, the 
present inventors have performed evaluations from many 
aspects. For material costs and productivity, sapphire sub 
strates have a high material cost, and an extremely long time 
is required When mechanically processing so the price 
becomes even higher. In contrast, silicon substrates With 
high quality are supplied at loW cost in large sheets. Fur 
thermore, using a glass bonding method, the productivity of 
the photoelectric surface process is excellent compared to 
sapphire substrates. Recently, the market has been demand 
ing loWer prices as Well as demanding higher performance. 
From this point of vieW, there is demand to satisfy both of 
these requirements. Therefore the present inventors ?rst 
focused attention to the polarization of nitride type semi 
conductor materials. Nitride type semiconductor materials 
have material speci?c polarization properties Which include 
spontaneous polarization along the c axis of the crystal and 
piezo polarization. To illustrate, if these polarization prop 
erties are used in a photoelectric surface such as a photo 
electron multiplier tube or the like, the positive charge Will 
increase above the surface level because of polarization, and 
therefore strong band bending Will occur at the surface. 
Therefore the quantum ef?ciency of the active layer is 
increased by utilizing the surface emission of the photoelec 
trons. Furthermore, by Widening the depleted layer, a built 
in ?eld and active layer Will be formed and the diffusion 
length Will be extended. 
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[0007] HoWever, in order to utilize this polarization, the 
topmost layer of the photoelectric surface must be a —c 
surface (surface in the negative c polar direction, N surface 
direction) and a very smooth surface must be achieved. 
HoWever, With the MOCVD groWth method used for normal 
sapphire substrates (surface orientation of main surface is 
(0001)c), the +c plane (plane in the positive c polar direc 
tion, plane in the Group III element surface direction) Will 
be the groWth direction. With this crystal groWth method, the 
groWth of the —c surface is dif?cult to control and a highly 
smooth surface can not be obtained. 

[0008] As a result of further investigations into this point 
by the present inventors, the folloWing ?nding Was made. 
Namely, When a Wafer is obtained using this crystal groWth 
method, the surface on the opposite side of the +c polar 
direction (hereinafter, +c surface) is the —c polar direction 
surface (hereinafter, —c surface). Furthermore, it Was dis 
covered that the plane orientation of the crystal groWth 
substrate used to groW the nitride type semiconductor mate 
rial also has an effect of achieving a smooth surface. The 
present invention Was achieved based on these ?ndings. 

[0009] The manufacturing method of the layered member 
of the present invention comprises the steps of: preparing a 
substrate for crystal groWth Which is a crystalline substance 
With the main surface in the (111) plane orientation; forming 
a buffer layer along the main surface of the substrate for 
crystal groWth; forming a nitride semiconductor crystal layer 
on the buffer layer by crystal groWth in the Group III 
element surface (positive c polar) direction using a nitride 
type semiconductor material; forming an adhesive layer on 
the nitride semiconductor crystal layer; adhesively ?xing the 
substrates onto the adhesive layer; and removing the sub 
strate for crystal groWth to obtain the buffer layer With a 
negative c polar surface. 

[0010] With the layered member manufacturing method of 
the present invention, the plane orientation is (111) for the 
main surface of the substrate for crystal groWth Which forms 
a nitride semiconductor crystal layer by crystal groWth 
through a buffer layer, so the surface of the substrate side for 
groWing crystals of the nitride type semiconductor material 
can be the —c layer. Furthermore, the substrate for groWing 
crystals is removed after the nitride semiconductor crystal 
layer and the substrate are adhesively ?xed together by an 
adhesive layer so the —c surface of the buffer layer can be the 
topmost surface layer. 

[0011] Furthermore, the layered member manufacturing 
method of the present invention preferably further com 
prises, after the step of removing the substrate for crystal 
groWth, a step of removing the buffer layer to obtain a nitride 
semiconductor crystal layer Which has a negative c polar 
surface. The buffer layer is removed, so the —c layer of the 
nitride semiconductor crystal layer can be the topmost 
surface layer. 

[0012] Furthermore, the layered member manufacturing 
method of the present invention preferably further com 
prises, after the step of removing the substrate for crystal 
groWth, a step of causing crystal groWth of the semiconduc 
tor material on the negative c polar surface of the buffer 
layer. Crystal groWth Will occur on the negative c polar 
surface so favorable crystal groWth is possible. 

[0013] Furthermore, the layered member manufacturing 
method of the present invention preferably further com 
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prises, after the step of removing the buffer layer, a step of 
causing crystal growth of the semiconductor material on the 
negative c polar surface of the nitride semiconductor crystal 
layer. Crystal groWth Will occur on the negative c polar 
surface so favorable crystal groWth is possible. 

[0014] Furthermore, the layered member manufacturing 
method of the present invention preferably further com 
prises, prior to the step of removing the substrate for crystal 
groWth, a step of forming a protective layer Which covers at 
least the periphery of the substrate. The periphery of the 
substrate Will be covered by a protective layer, and therefore, 
When removing the buffer layer and the substrate for forming 
crystals by etching, for instance, erosion of the substrate can 
be reduced. 

[0015] The layered member of the present invention is 
comprising a nitride semiconductor crystal layer Which is a 
crystalline layer formed by a nitride type semiconductor 
material and in Which the direction from the ?rst surface 
thereof to the second surface thereof is the N surface 
(negative c polar) direction of the crystal; an adhesive layer 
formed along the ?rst surface of the nitride semiconductor 
crystal layer; and a substrate Which is adhesively ?xed to the 
adhesive layer such that the adhesive layer is located 
betWeen the substrates and the nitride semiconductor crystal 
layer. 
[0016] With the layered member of the present invention, 
the direction from the ?rst surface to the second surface of 
the nitride semiconductor crystal layer is the negative c polar 
direction, so the second surface Will be the —c surface. 

[0017] Furthermore, With the layered member of the 
present invention, the ?rst surface is an incidence plane 
Where the light enters, the second surface is an emission 
plane Which emits the photoelectron, and the substrate is a 
glass substrate formed to transmit light, and the layered 
member is preferably used as a photoelectric surface mem 
ber Which emits photoelectrons Which have been excited by 
incident light. The second surface is the emission plane, so 
the emission plane of the photoelectric surface member can 
be the —c surface. 

[0018] With the present invention, a layered member can 
be produced Where the topmost layer is the —c surface. 
Therefore, a layered member and a manufacturing method 
for a layered member Which can have even higher quantum 
ef?ciency can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a diagram for describing the manufactur 
ing method of a photoelectric surface member Which is an 
embodiment of the present invention; 

[0020] FIG. 2 is a diagram for describing the manufactur 
ing method of a photoelectric surface member Which is an 
embodiment of the present invention; 

[0021] FIG. 3 is a diagram for describing the materials 
used in manufacturing the photoelectric surface member 
Which is an embodiment of the present invention; 

[0022] FIG. 4 is a diagram for describing the effect of the 
photoelectric surface member Which is an embodiment of 
the present invention; and 

[0023] FIG. 5 shoWs the energy distribution properties for 
p type +c and —c GaN. 

Dec. 27, 2007 

DESCRIPTION OF THE SYMBOLS 

[0024] laiphotoelectric surface member, 10initride 
semiconductor crystal layer, 12iadhesive layer, 14iglass 
substrate, 16icathode electrode, 184Cs4O layer. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0025] The ?ndings of the present invention can easily be 
understood by considering the folloWing detailed descrip 
tion While referring to the attached draWings Which are 
shoWn only as examples. Continuing, the best mode for 
carrying out the present invention Will be described While 
referring to the attached draWings. Where possible, the same 
code has been attached to the same parts and duplicate 
descriptions have been omitted. Furthermore, the scale of 
the dimensions in the draWings do not necessarily match that 
of the descriptions. 

[0026] The manufacturing method of the photoelectric 
surface material Which is an embodiment of the present 
invention Will be described While referring to FIG. 1A-E and 
FIG. 2A-E. FIG. 1A-E and FIG. 2 A-E are cross-section 
diagrams for describing the manufacturing steps of the 
photoelectric surface member. 

[0027] First, a silicon (111) substrate Was prepared as the 
substrate 50 for crystal groWth (see FIG. 1A). The substrate 
50 for crystal groWth Which is a silicon (111) substrate is a 
crystalline material and the surface orientation of the main 
surface 501 is (111). AlXGal_XN (0<X§ l) is groWn to 
approximately several tens of nanometers, and buffer layer 
52 is formed on the main surface 501 of the silicon (111) 
substrate 50 (see FIG. 1B). 

[0028] A nitride semiconductor crystal layer 10 With a 
thickness of approximately several hundred nanometers is 
formed on the main surface 521 of the buffer layer 52 by 
epitaxial groWth using a Group III-V nitride semiconductor 
gas material comprising Ga and N (see FIG. 1C). The nitride 
semiconductor crystal layer 10 is doped With magnesium to 
a level betWeen approximately E19 and E20. As has already 
been described, the surface orientation of the main surface 
501 of the substrate 50 for crystal groWth is (111), so the ?rst 
surface 101 of the nitride semiconductor crystal layer 10 is 
the +c surface, and the second surface 102 is the —c surface. 

[0029] A layer of silicon dioxide Was overlaid With a 
thickness of betWeen 100 and 200 nm on to the ?rst surface 
101 of the nitride semiconductor crystal layer 10 using the 
CVD method to form the adhesive layer 12 (see FIG. 1D). 
Next, the glass substrate 14 Was prepared. The glass sub 
strate 14 preferably has a thermal expansion coef?cient 
similar to the thermal expansion coef?cient of the substrate 
50 for crystal groWth, and preferably contains prescribed 
alkali ion elements. Corning’s 9741 and Schott’s 8337B are 
examples of these types of glass substrates 14. 

[0030] After cleaning the glass substrate 14, the glass 
substrate 14 and a multilayered sheet With the con?guration 
shoWn in FIG. 1D (substrate 50 for crystal groWth, buffer 
layer 52, nitride semiconductor crystal layer 10, and adhe 
sive layer 12 successively overlaid) Were rapidly heated to 
the glass softening point While the main surface 121 of the 
adhesive layer 12 Was brought into contact With the glass 
substrate 14. At this time, a prescribed loading Was applied, 
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and the multilayered sheet and the glass substrate 14 Were 
thermocompression bonded through the adhesive layer 12 
(see FIG. 1E). 
[0031] In the condition shoWn in FIG. 1E, at least the glass 
substrate 14 Was covered by an adhesive Te?on sheet 54 (see 
FIG. 2A). Next, etching Was performed at room temperature 
using (1 HF+l HNO3+l CH3COOH) as the etchant. The 
substrate 50 for crystal groWth Was etched by this etching 
process, and the etching Was stopped by the buffer layer 52 
(see FIG. 2B). Therefore, the buffer layer 52 acted as the 
stopping layer. 
[0032] Next, etching Was performed using (1 KOH+10 
H2O+0.0l H202) as the etchant to remove the buffer layer 52 
(see FIG. 2C). Normally, the etching speed of +c surface 
AlN and GaN is extremely sloW, but With this embodiment, 
the —c surface side is etched so etching can be performed 
using the aforementioned etchants. Note, the timing to 
complete the etching of the buffer layer 52 is determined by 
the elapsed time, the con?rmation results of the ?atness of 
the second surface 102 of the nitride semiconductor crystal 
layer 10, and the transmissivity or the like of the nitride 
semiconductor crystal layer 10. 

[0033] When etching of the buffer layer 52 Was complete, 
the adhesive Te?on sheet 54 Was removed. Next, a cathode 
electrode 16 Was formed by the vapor deposition from the 
glass substrate 14 to the second surface 102 of the nitride 
semiconductor crystal layer 10 (see FIG. 2D). Cr, Al, and Ni 
or the like may be used as the material of the cathode 
electrode. 

[0034] Finally, after cleaning the second surface 102 of the 
nitride semiconductor crystal layer 10, a Cs4O layer 18 Was 
formed on the second layer 102 to obtain a photoelectric 
surface member 111 (FIG. 2E). Note, any one or combination 
of CsiI, CsiTe, or SbiCs or the like may be used as a 
layer containing alkali metal in place of the Cs4O layer 18. 

[0035] In the aforementioned process, the buffer layer 52 
surface obtained by removing the substrate 50 for crystal 
groWth Was a ?at —c polar surface. Using this —c polar 
surface as a substrate for crystal groWth (re-groWth sub 
strate), various devices With excellent characteristics Which 
use semiconductor materials can be manufactured by groW 
ing one or more layers of high quality semiconductor 
crystals such as AlXGal_XN (02X; 1) on the buffer layer 52. 

[0036] Furthermore, the surface of the nitride semicon 
ductor crystal layer 10 obtained after removing the buffer 
layer 52 has a ?at —c polar surface. The aforementioned 
manufacturing process Was described as a process for manu 
facturing a photoelectric surface, but if this nitride semicon 
ductor crystal layer 10 is used as a substrate for crystal 
groWth (regroWth substrate), various devices With excellent 
characteristics Which use semiconductor materials can be 
manufactured by groWing one or more layers of high quality 
semiconductor crystals such as AlXGal_XN (02X; 1) or InN 
or the like. 

[0037] Note, the materials used for the layers and sub 
strates are not restricted to those described above. FIG. 3 
shoWs an example of a material Which enables nitride 
semiconductor crystal layer 10+c surface groWth and ?at 
tening of the nitride semiconductor crystal layer 10 second 
surface 102. In the example shoWn in FIG. 3, if the material 
of the substrate 50 for crystal groWth is silicon and the 
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surface orientation is (111), AIN or AlN/GaN superlattice is 
preferably used as the buffer layer 52 material, and GaN, 
AlGaN, or InGaN is preferably used as the material of the 
nitride semiconductor crystal layer 10. Furthermore, if the 
material of the substrate 50 for crystal groWth is GaAs and 
the surface orientation is (111)A, InGaAsN is preferably 
used as the material of the buffer layer 52, and GaN, AlGaN, 
or InGaN is preferably used as the material for the nitride 
semiconductor crystal layer 10. Furthermore, if the material 
of the substrate 50 for crystal groWth is GaP and the surface 
orientation is (111)A, InGaPN is preferably used as the 
material for the buffer layer 52 and GaN, AlGaN, or InGaN 
is preferably used as the material for the nitride semicon 
ductor crystal layer 10. Furthermore, in order to increase the 
quantum e?iciency of the photoelectron surface for any of 
these cases, a step of forming an electron stopping layer 10 
With a larger bandgap after the step of forming the crystal 
layer is preferable. This is because a potential barrier is 
formed on the opposite side to the vacuum surface of the 
nitride semiconductor crystal layer, and, of the photoelec 
trons generated, the photoelectrons moving toWards the 
opposite direction to the vacuum escape surface direction 
are repelled to the opposite direction, and therefore photo 
electrons move toWards the vacuum escape surface direc 
tion. The material in this case is preferably AlN, AlGaN, or 
BGaN. 

[0038] The effect of this embodiment Will be described. 
With the manufacturing method of this embodiment, the 
surface orientation Will be (111) for the main surface 501 of 
the substrate 50 for crystal groWth for forming a nitride 
semiconductor crystal layer 10 using crystal groWth through 
a buffer layer 52, and therefore the surface of the substrate 
50 for crystal groWth side of the nitride semiconductor 
crystal layer 10 can be a —c surface. Furthermore, after 
adhesively ?xing the nitride semiconductor crystal layer 10 
and the glass substrate 14 through the adhesive layer 12, the 
substrate 50 for crystal groWth and the buffer layer 52 are 
removed, so the —c surface of the nitride semiconductor 
crystal layer 10 can be the second surface 102 Which is the 
topmost layer. 
[0039] The effect of making the topmost layer of the 
nitride semiconductor crystal layer 10 or in other Words the 
second surface 102 (surface Which emits photoelectrons) to 
be the —c surface Will be described While referring to FIG. 
4 and FIG. 5. FIG. 4 is a bandgap diagram for a photoelectric 
surface, and the broken line shoWs the case Where the 
topmost layer is the +c surface, and the solid line shoWs the 
case Where the topmost layer is the —c surface. Generally, the 
surface energy band of a p type semiconductor curve doWn 
Ward. To this is added the effect of spontaneous polarization 
and pieZo polariZation. This polariZation effect is reversed 
depending on Whether the surface is the +c surface or the —c 
surface, and the latter case acts e?fectively. In other Words, 
if the N surface (—c surface) is the electron emission plane, 
the polarity direction Will change from bulk toWards the 
emission plane With both polariZations (spontaneous polar 
iZation and pieZo polarization) (?xed electric charge of the 
polarity but the emission plane side is positive). In order to 
block this, the density of the acceptors Which undergo 
electron disassociation near the surface is increased, the 
depletion layer is Widened, and the doWnWard facing curve 
effect will increase as shoWn by the solid line in FIG. 4. As 
a result, the vacuum level Will be loWered by that amount so 
the photoelectrons can more easily escape and the quantum 
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ef?ciency of the photoelectric surface Will be increased. 
Furthermore, because of the Widening of the depletion layer, 
a built-in ?eld Will be formed in the nitride semiconductor 
crystal layer, and the diffusion length Will increase (dl and d2 
in FIG. 4). Therefore, electrons in the deep location can 
reach the surface and escape. As shoWn in FIG. 5, the energy 
distribution properties determined from the relationship of 
the electron current to the applied voltage shoW that the 
high-energy component of the —cGaN is higher than that of 
+cGaN, and the acceleration effect due to polariZation is also 
shoWn. As a result, electrons Which have energy above the 
vacuum level (V.L.) of the surface are increased, and the 
number of photoelectrons Which can escape Will be higher. 

1. A layered member manufacturing method, comprising 
the steps of: 

preparing a substrate for crystal groWth Which is a crys 
talline substance With the main surface in the (111) 
plane orientation; 

forming a buffer layer along the main surface of said 
substrate for crystal groWth; 

forming a nitride semiconductor crystal layer on said 
buffer layer by crystal groWth in the Group III element 
surface (positive c polar) direction using a nitride type 
semiconductor material; 

forming an adhesive layer on said nitride semiconductor 
crystal layer; 

adhesively ?xing the substrates onto said adhesive layer; 
and 

removing said substrate for crystal groWth to obtain said 
buffer layer With a negative c polar surface. 

2. The manufacturing method according to claim 1, fur 
ther comprising, after the step of removing said substrate for 
crystal groWth, a step of removing said buffer layer to obtain 
said nitride semiconductor crystal layer With a negative c 
polar surface. 

3. The manufacturing method according to claim 1, fur 
ther comprising, after the step of removing the substrate for 
crystal groWth, a step of causing crystal groWth of the 
semiconductor material on the negative c polar surface of 
said buffer layer. 

4. The manufacturing method according to claim 2, fur 
ther comprising, after the step of removing the buffer layer, 
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a step of causing crystal groWth of the semiconductor 
material on the negative c polar surface of said nitride 
semiconductor crystal layer. 

5. The manufacturing method according to claim 1, fur 
ther comprising, prior to the step of removing the substrate 
for crystal groWth, a step of forming a protective layer Which 
covers at least the periphery of said substrate. 

6. (canceled) 
7. (canceled) 
8. The manufacturing method according to claim 2, fur 

ther comprising, prior to the step of removing the substrate 
for crystal groWth, a step of forming a protective layer Which 
covers at least the periphery of said substrate. 

9. The manufacturing method according to claim 3, fur 
ther comprising, prior to the step of removing the substrate 
for crystal groWth, a step of forming a protective layer Which 
covers at least the periphery of said substrate. 

10. The manufacturing method according to claim 4, 
further comprising, prior to the step of removing the sub 
strate for crystal groWth, a step of forming a protective layer 
Which covers at least the periphery of said substrate. 

11. A layered member, comprising: 

a nitride semiconductor crystal layer Which is a crystalline 
layer formed by a nitride type semiconductor material 
and in Which the direction from the ?rst surface thereof 
to the second surface thereof is the N surface (negative 
c polar) direction of the crystal; 

an adhesive layer formed along the ?rst surface of said 
nitride semiconductor crystal layer; and 

a substrate Which is adhesively ?xed to said adhesive 
layer such that said adhesive layer is located betWeen 
the substrate and said nitride semiconductor crystal 
layer. 

12. The layered member according to claim 11, Wherein 
said layered member is used as a photoelectric surface 
member for forming a photoelectric surface Which emits a 
photoelectron Which has been excited by incident light, said 
?rst surface is an incidence plane Where said light enters, 
and said second surface is an emission plane Which emits 
said photoelectrons, and said substrate is a glass substrate 
formed to transmit said light. 

* * * * * 


