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(57) ABSTRACT 
A stacked material free from a degraded quality of crystal; 
formed With a precise periodicity; and fabricated Without 
relying on the vapor phase groWth method is provided. An 
optical function device using the stacked material is also 
provided. A starting stacked material composed of tWo 
alternate layers (A); (B) having different refractive indexes 
is stacked over tWo periods or more by a substrate bonding 
method to provide a multi-periodic stacked structure. 
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OPTICAL FUNCTION DEVICE WITH PHOTONIC 
BAND GAP AND/OR FILTERING 

CHARACTERISTICS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a stacked material 
Which exhibits a photonic band gap characteristic or a 
?ltering characteristic and a light emitting characteristic, and 
an optical function device using the stacked material. 

[0003] 2. Description of the Related Art 

[0004] The photonic band gap is a function for limiting the 
transmittance of light at a particular Wavelength by periodi 
cally stacking tWo kinds of materials (A), (B) having dif 
ferent refractive indexes over tWo or more periods. For 
example, as illustrated in FIG. 1, the photonic band gap can 
be realiZed by periodically stacking a starting stacked struc 
ture composed of tWo layers (A), (B) having different 
refractive indexes over tWo or more periods on a substrate 

(C) 
[0005] The ?ltering characteristic, on the other hand, is 
realiZed by inserting a layer region (D) having a different 
thickness from that of the layer (A) or the layer (B) into a 
portion of the stacked structure of the photonic band gap, for 
example, as illustrated in FIG. 3. This layer (D) is referred 
to as a “defective layer.” 

[0006] Since the energy Width of the photonic band gap is 
proportional to a difference betWeen refractive indexes of 
the layer (A) and the layer (B), it is important to stack 
materials Which present a large difference betWeen refractive 
indexes thereof, such as a semiconductor material (for 
example, a silicon layer or the like) and an insulating 
material (for example, a silicon oxide ?lm, a silicon nitride 
?lm, an air layer or the like). 

[0007] In general, a vapor phase groWth method is used in 
many cases as a method of fabricating a stacked structure. 
The vapor phase groWth method is most suitable also for 
groWing a layer having a structure conforming to the crystal 
structure of the substrate HoWever, a stacked structure 
exhibiting the photonic band gap characteristic is composed 
of tWo layers having different crystal structures such as a 
semiconductor material and an insulating material or crystal 
and amorphous, so that it has been dif?cult to fabricate such 
a stacked structure by the vapor phase groWth method While 
maintaining the planarity of the interface and the integrity of 
crystal structures. 

[0008] As a speci?c example, the groWth of a photonic 
band gap structure With a periodic stacked structure com 
posed of tWo layers consisting of amorphous silicon and a 
silicon oxide ?lm (amorphous) has been reported. The 
amorphous material, hoWever, is not used in semiconductor 
devices except for solar cells. Therefore, this method may 
cause a problem When crystal silicon is required. 

[0009] There is also a report on a photonic band gap 
structure Which is composed of tWo compound semiconduc 
tor layers stacked over four periods. The compound semi 
conductor layers are each prepared by etching a surface of 
an epitaxially groWn layer in a striped pattern to form 
periodically striping trapeZoids. The tWo layers are rotated 
by 90 degrees With respect to each other and bonded. This 
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structure yields a difference betWeen refractive indexes of 
the atmosphere and the semiconductor stacked structure. 
HoWever, since a heat treatment is used for bonding, the 
quality of crystal may be problematic. While several other 
examples have also been reported, all of them still leave 
unsolved problems of the quality of stacked crystal, the 
uniformity of periodic structure and so on. 

OBJECT AND SUMMARY OF THE INVENTION 

[0010] The present invention has been made in vieW of the 
problems inherent to the prior art stacked material, and its 
object is to provide a stacked material Which is formed With 
a precise periodicity and fabricated Without relying on the 
vapor phase groWth method, and an optical function device 
using the stacking material. 

[0011] To solve the problems mentioned above, a stacked 
material in accordance With the present invention is char 
acteriZed by comprising a multi-periodic stacked structure 
fabricated by periodically stacking a starting stacked mate 
rial composed of tWo alternate layers (A), (B) having 
different refractive indexes over tWo or more periods by a 
substrate bonding method. The stacked material of this 
structure has a photonic band gap characteristic in the 
thickness direction. The multi-periodic stacked structure is 
stacked on a substrate 

[0012] By including a non-periodic structure in the multi 
periodic stacked structure, a stacked material having a 
?ltering characteristic in the thickness direction can be 
provided. 
[0013] The use of a smart cut method as the substrate 
bonding method is advantageous in that the stacked material 
can be more ef?ciently and more accurately fabricated. 

[0014] By providing at least one layer of the multi 
periodic stacked structure With a periodicity of different 
refractive indexes, for example, With a sequence of holes 
formed therethrough, a stacked material having a three 
dimensional photonic band gap characteristic can be pro 
vided. 

[0015] By partly including a non-periodic portion in the 
periodicity, for example, partly forming holes of the hole 
sequence at irregular intervals in the foregoing example, a 
stacking material having a three-dimensional ?ltering char 
acteristic can be provided. 

[0016] It is preferable to employ a structure in Which the 
layer (A) is a silicon oxide ?lm, the layer (B) is a silicon 
layer, and the substrate (C) is a silicon substrate. 

[0017] It is also possible to employ a structure in Which the 
layer (A) is a silicon layer, the layer (B) is a silicon oxide 
?lm, and the substrate (C) is a quartZ substrate. 

[0018] A silicon nitride ?lm may be formed instead of the 
silicon oxide ?lm. 

[0019] A compound semiconductor layer may be formed 
instead of the silicon layer. 

[0020] An optical function device can be fabricated using 
any of the stacked materials having a three-dimensional 
photonic band gap characteristic or a ?ltering characteristic 
as mentioned above. The optical function device may be a 
Waveguide, an optical communication modulator, a photo 
detector and so on. 
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[0021] By providing the non-periodic structure portion 
With a light emitting ability, for example, forming a region 
doped With a rare metal such as erbium (Er) or the like 
betWeen a p-region and an n-region in a silicon layer, light 
emission is provided. It is therefore possible to provide an 
optical function device Which extracts the light thus emitted 
as a laser. 

[0022] A method of bonding substrates applied to the 
present invention can fabricate any stacked structure com 
posed of not only a semiconductor layer and a semiconduc 
tor layer but also all substrates (for example, synthetic quartZ 
and silicon or the like), as long as they have a good surface 
planarity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a cross-sectional vieW illustrating an 
example of a photonic band gap stacked structure in the 
thickness direction in accordance With the present invention; 

[0024] FIG. 2 is a top plan vieW illustrating a three 
dimensional photonic band gap stacked structure fabricated 
by regularly forming a plurality of holes in a grid form 
arrangement through the photonic band gap stacked struc 
ture of FIG. 1; 

[0025] FIG. 3 is a cross-sectional vieW illustrating an 
example of a stacked structure having a ?ltering character 
istic in the thickness direction; 

[0026] FIG. 4 is a top plan vieW illustrating a stacked 
structure having a three-dimensional ?ltering characteristic 
Which is fabricated by regularly forming a plurality of holes 
in a grid form arrangement through the photonic band gap 
stacked structure having a ?ltering characteristic of FIG. 3 
and including partly an irregular portion in the grid form 
arrangement; 

[0027] FIG. 5 is a perspective vieW illustrating an 
example of a Waveguide structure Which is formed by 
fabricating a layer (A) and a layer (B) on a substrate (C), 
forming a plurality of holes through the layer (B) in one 
direction, and including an irregular portion in a sequence of 
holes; 
[0028] FIG. 6 is a top plan vieW illustrating a structure 
formed by fabricating a layer (B) on a layer (A), forming the 
layer (B) With a plurality of holes in tWo directions, and 
including partly an irregular portion; 

[0029] FIG. 7 is a top plan vieW illustrating an example of 
an optical function device in accordance With the present 
invention; 
[0030] FIG. 8 is an enlarged and partly cross-sectional 
vieW illustrating a portion of FIG. 7; 

[0031] FIG. 9 is a How diagram illustrating a procedure of 
fabricating a stacked structure in accordance With a smart 
cut method; 

[0032] FIG. 10 is a How diagram illustrating a procedure 
of fabricating a stacked structure in accordance With a 
substrate bonding method; and 

[0033] FIG. 11 is a graph illustrating the infrared spec 
trum of a stacked structure fabricated in Example 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] The present invention Will hereinafter be described 
in conjunction With its preferred embodiments With refer 
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ence to the accompanying draWings. It goes Without saying 
that the embodiments only shoWs preferred modes of the 
present invention and the present invention is not at all 
limited to such speci?c embodiments. 

[0035] Referring speci?cally to FIG. 1, there is shoWn a 
photonic band gap stacked structure, generally designated 
by reference numeral 10, in the thickness direction in a 
stacked material in accordance With the present invention. 
The stacked structure 10 has a substrate (C) on Which tWo 
alternate layers (A), (B), having different refractive indexes 
from each other, are periodically stacked With a predeter 
mined period (P) over tWo or more periods (?ve periods in 
the illustrated example). 

[0036] Referring next to FIG. 2, a three-dimensional 
photonic band gap stacked structure, generally designated 
by reference numeral 10a, in the stacked material in accor 
dance With the present invention is fabricated by periodi 
cally and regularly forming a plurality of holes 12 in a grid 
form arrangement through the photonic band gap stacked 
structure 10 in the thickness direction illustrated in FIG. 1. 
The holes 12 also may be formed from the surface of the 
stacked structure 10 to the middle thereof or only inside 
thereof. 

[0037] Referring next to FIG. 3, a stacked structure, 
generally designated by reference numeral 11, has a ?ltering 
characteristic in the thickness direction in the stacked mate 
rial in accordance With the present invention. The stacked 
structure 11 has a substrate (C) on Which tWo alternate layers 
(A), (B), having different refractive indexes from each other, 
are periodically stacked With a predetermined period (P) 
over tWo or more periods, as is the case of the aforemen 
tioned stacked structure 10. The stacked structure 11, hoW 
ever, differs from the stacked structure 10 in that a layer (D) 
having a thickness different from that of the layer (A) or the 
layer (B) is inserted in a portion of the stacked structure 11, 
and that a nonperiodicity is partly included in the stacked 
structure 11. 

[0038] Referring next to FIG. 4, a stacked structure, 
generally designated by reference numeral 11a, has a three 
dimensional ?ltering characteristic in the stacked material in 
accordance With the present invention. For fabricating the 
stacked structure 11a, a plurality of holes 12 are periodically 
and regularly formed in a grid form arrangement through the 
stacked structure 11 having the ?lter structure in the thick 
ness direction illustrated in FIG. 3 and a non-periodic 
portion or an irregular portion (a portion Without holes 
Which is referred to as a “cavity”) 14 is included in a portion 
of the grid form arrangement. The holes 12 also may be 
formed from the surface of the stacked structure 11 to the 
middle thereof or only inside thereof. 

[0039] The foregoing structures result in the formation of 
a device Which has non-periodicity respectively in the 
longitudinal direction and the lateral direction in FIG. 4 
Which provides a tWo-dimensional ?ltering action for trans 
mitting light at a particular Wavelength in both directions 
that is added to a ?ltering action in the thickness direction (a 
direction normal to the sheet) of light to achieve a three 
dimensional ?lter action. 

[0040] The stacked structure having the ?ltering charac 
teristic Will be described in greater detail With reference to 
FIGS. 5 and 6. A stacked structure illustrated in FIG. 5 is 
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formed by fabricating a layer (A) and a layer (B) alternately 
on a substrate (C) and periodically forming a plurality of 
holes 12 through the layer (B) in one direction With a 
non-periodic portion or an irregular portion (a portion With 
out holes, i.e., a cavity) 14. In this case, light of a particular 
Wavelength only is permitted to transmit the layer (B) in the 
one direction. 

[0041] When the layer (B) is formed With a plurality of 
periodically arranged holes 12 in tWo directions With a 
non-periodic portion or an irregular portion (a portion With 
out holes, i.e., a cavity) 14, as illustrated in FIG. 6, light of 
a particular Wavelength only is permitted to transmit the 
layer (B) in the tWo directions. 

[0042] Taking advantage of this phenomenon, the forego 
ing structure is useful as a Waveguide and provides a ?ltering 
effect Which only transmits light of a particular Wavelength. 

[0043] Referring next to FIG. 7, the layer (B) (more 
speci?cally, a non-periodic structure portion (cavity) of the 
silicon layer) is doped With a rare metal such as erbium (Er) 
to form a pin (p-i-n) junction structure in the longitudinal 
direction. Then, a voltage applied in the longitudinal direc 
tion causes emission of light Which may be extracted as a 
laser, for example, in a direction indicated by the arroW in 
FIG. 7. 

[0044] Although this structure provides only for a light 
emitting feature, a light receiving feature is required for 
achieving optical communications. For this reason, SiGe 
crystal may be formed in a circuit for a light receiving area 
by selective epitaxial groWth to provide a feature for trans 
ducing an optical signal to an electrical signal. 

[0045] By incorporating the features providing the fore 
going actions into a current LSI chip, distribution of optical 
communications to and interactive communications With 
users (homes) can be implemented With a one-chip device, 
as a ?rst application. In addition, since the foregoing fea 
tures solve a delay in signal propagation due to metal Wiring 
Which is the largest limitation of current LSIs, the present 
invention provides inestimable effects. 

[0046] Further, the use of optical coupling in a conven 
tional IC chip Will result in faster performance and reduction 
in siZe, as Well as afford right angle bending Which does not 
require a curvature for bending light, leading to distribution 
of light over a Wide angle and an improved reliability. The 
present invention can be applied to devices such as an 
optical communication modulator, a ?lter light detector, a 
laser, and so on, other than the aforementioned Waveguide. 

[0047] While any materials presenting a large difference 
betWeen refractive indexes thereof may be used for the 
layers (A), (B), the folloWing combinations may be prefer 
ably used: (1) a silicon oxide ?lm for the layer (A), a silicon 
layer for the layer (B), and a silicon substrate for the 
substrate (C); or (2) a silicon layer for the layer (A), a silicon 
oxide ?lm for the layer (B), and a quartZ substrate for the 
substrate A silicon nitride ?lm may be used instead of 
the silicon oxide ?lm, While a compound semiconductor 
layer may be used instead of the silicon layer, so that a 
variety of stacking materials can be provided by combining 
these materials. 

[0048] For forming a variety of stacked structures men 
tioned above, a substrate bonding method may be applied. A 
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procedure of the substrate bonding method Will be described 
beloW for an exemplary case Where a silicon single crystal 
Wafer is used as a substrate. 

[0049] First, an oxide ?lm is formed on a ?at surface of a 
silicon single crystal Wafer, and then another ?at silicon 
single crystal Wafer is brought into contact With the former 
Wafer such that the surfaces thereof face each other. This 
causes Van der Waals’ forces to act betWeen the tWo sub 
strates to completely bond them. 

[0050] In this event, by heating the substrates, for 
example, to 800° C.-1100° C., the bonding can be promoted. 
Subsequently, the silicon substrate (A) is mechanically pol 
ished to a thickness of approximately 0.5 pm (etching may 
also be performed as required). Then, the polished surface is 
bonded to the substrate (B), and the substrate (B) is polished 
(and etched as required) to a required thickness. In this Way, 
one period of the stacked structure is completed. 

[0051] Subsequently, the foregoing steps are repeated to 
form the alternate layers (A), (B) until a required number of 
periods (P) is reached. In this Way, layers having different 
refractive indexes can be bonded in the thickness direction 
over a required number of periods to complete the stacked 
structure 10 that has a photonic band gap characteristic (see 
FIG. 1). A heat treatment(s) may be added as required to 
improve the bonding strength. 
[0052] Alternatively, after stacked structures each com 
prising several layers are separately formed, the tWo stacked 
structures may be bonded to form a predetermined periodic 
structure. 

[0053] Furthermore, the three-dimensional photonic band 
gap stacked structure 10a may be fabricated by regularly 
forming a plurality of holes 12 in a grid form arrangement 
through this stacked structure, so that the refractive index is 
periodically changed betWeen the Si layer and an air layer 
even Within the Si layer (FIG. 2). 

[0054] The stacked structure 11 having the ?ltering char 
acteristic can be realiZed by changing the thickness of the 
layer (A) or (B) at need in the vicinity of one half of the total 
number of periods in a process of stacking the alternate 
layers (A), (B) in a similar manner. This layer (D), having 
the changed thickness different from the thickness of the 
layer (A) or (B), is referred to as a “defective layer” since it 
disturbs the periodicity (FIG. 3). 
[0055] The stacked structure 11a (FIG. 4) having a three 
dimensional ?ltering characteristic can be fabricated by 
regularly forming a plurality of holes 12 in a grid form 
arrangement through the stacked structure 11, and including 
partly an irregular portion (a portion Without holes, i.e., a 
cavity) 14 in the grid form arrangement of holes. 

[0056] In addition, it is also possible to provide a ?ltering 
characteristic in plane (tWo-dimensional) directions for a 
particular layer, for example, by regularly forming holes in 
the layer (A) in the second period of the stacked structure, 
as illustrated in FIG. 4, forming a cavity in a portion thereof, 
and then repeating the next bonding process. 

[0057] The use of a smart cut method as a substrate 
bonding method in the present invention provides for elimi 
nation of the step of removing the substrate by polishing and 
a signi?cant improvement in the thickness of the layer and 
the uniformity thereof, thereby making it possible to realiZe 
a highly accurate device. 
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[0058] The smart cut method refers to a method disclosed 
in Japanese Patent Laid-open Publication No. 5-211128 or 
US. Pat. No. 5,374,564 Which can be applied to manufac 
turing of a thin ?lm made of a semiconductor material. More 
speci?cally, this is a method of manufacturing a thin ?lm 
made of a semiconductor material, Which is characteriZed by 
processing, in the following three steps, a semiconductor 
material Wafer Which has a surface substantially parallel 
With a main crystal face of a semiconductor material When 
it is perfectly monocrystalline, and slightly inclined With 
respect to a main crystal face of the same index for all grains 
When the semiconductor material is polycrystalline: (a) a 
?rst step of implanting to form a layer of micro-bubbles for 
con?ning a loWer area constituting a substrate bulk and an 
upper area constituting a thin ?lm in the Wafer bulk into a 
depth thereof close to an average penetration depth of ions 
through bombardment into a surface of the Wafer performed 
by ions, Wherein the ions are selected from hydrogen gas 
ions or rare gas ions and the temperature of the Wafer during 
the implantation is maintained loWer than a temperature 
Which a gas produced by the ion implantation can emit from 
the semiconductor through diffusion; (b) a second step of 
closely contacting the ?at surface of the Wafer to a reinforc 
ing member made of at least one rigid material; and (c) a 
third step of heat treating an assembly of the Wafer and the 
reinforcing member at a temperature higher than the tem 
perature of the ion bombardment and suitable for separating 
(splitting, destacking) the thin ?lm and the substrate bulk 
through a rearrangement action of crystal Within the Wafer 
and a pressure action Within the micro-bubbles While main 
taining the close contact betWeen the reinforcing member 
and the ?at surface of the Wafer during this step. 

[0059] A procedure of fabricating a stacked structure in 
accordance With the substrate bonding using the smart cut 
method Will be described beloW With reference to FIG. 9 
Which illustrates the steps involved in the procedure (see 
“Science of Silicon” edited by UCS Ultra Clean Society, and 
published by Kabushiki Kaisha RealiZe on Jun. 28, 1996, 
pp459-466 “Bonded SOI Substrate”, pp465 “Section 3.2 
Smart Cut Technology” and FIG. 12 Written by Kiyoshi 
Mitani). Before bonding, light element ions (hydrogen ions 
or the like) are ion implanted into a bond Wafer 18 having 
an oxide ?lm (A) formed on a surface due to thermal 
oxidiZation, and the bond Wafer 18 is bonded to a base Wafer 
16 at a room temperature. In a subsequent bonding anneal 
step, the Wafer is split due to distortion from a portion 20 
into Which the ion Was implanted to form a layer (A) (a 
silicon oxide ?lm) and a layer (B) (a silicon layer) on a 
substrate (C) (the base Wafer 16). 

[0060] In this Way, one period of the stacked structure is 
completed. While the surface of the layer (B) needs to be 
slightly polished, the thickness of the layer (B) depends 
upon the depth of the ion implantation, so that the thickness 
can be freely set. Since the other piece 18‘ of the bond Wafer 
18 peeled off during the anneal can be reused as the base 
Wafer 16, the manufacturing cost can be reduced. After 
completing the one period of stacked structure, the afore 
mentioned steps are repeated until a required number of 
periods of the alternate layers (A), (B) is reached. 

[0061] Thus, layers having different refractive indexes can 
be bonded in the thickness direction, as is the case of the 
aforementioned substrate bonding method, thereby making 
it possible to fabricate the photonic band gap stacked 

Oct. 25, 2001 

structures 10, 10a and the stacked structures 11, 11a having 
the ?ltering characteristic in a similar manner. 

[0062] Other than the method described above, a method 
illustrated in FIG. 10 may be employed as a substrate 
bonding method applicable to the present invention (see 
“Science of Silicon” edited by UCS Ultra Clean Society, and 
published by Kabushiki Kaisha RealiZe on Jun. 28, 1996, 
pp459-466, “Bonded SOI Substrate”, pp459-469“1. Manu 
facturing Method” and FIG. 1 Written by Kiyoshi Mitani). 
Referring speci?cally to FIG. 10, ?rst an unoxidiZed silicon 
Wafer is provided as a substrate Wafer (base Wafer) 16 and 
is bonded to a Wafer (bond Wafer) 18 Which has been 
oxidiZed in a required thickness at a room temperature. 

[0063] After bonding, the Wafers are annealed at a tem 
perature equal to or higher than 800° C. for ensuring a higher 
bonding strength. Generally, the anneal is performed at 
1100° C. for tWo hours in an oxygen atmosphere. The 
oxidiZed portion of the bond Wafer 18 is thinned to a 
predetermined thickness through lapping and polishing. 
Thus, one period of a stacked structure is completed. 

[0064] Subsequently, the foregoing steps are repeated until 
a required number of periods of the alternate layers (A), (B) 
is reached. In addition, a PACE (Plasma Assisted Chemical 
Etching) method may also be applied to improve the uni 
formity of the thickness. This method involves chemical 
etching of silicon, and a speci?c procedure of the PACE 
method is described in Japanese Patent No. 2565617 or US. 
Pat. No. 5,254,830. 

[0065] More speci?cally, the PACE method is directed to 
a system for removing a material from a semiconductor 
Wafer, Which comprises means for determining thickness 
pro?le data for a semiconductor Wafer, means for generating 
a dWell time versus position map derived from the thickness 
pro?le data, and means for removing a material from the 
semiconductor Wafer, Where the material removing means is 
controlled in accordance With the dWell time versus position 
map, and includes a plasma chemical etching chamber 
having a platform for accepting the semiconductor Wafer, 
means for producing in the chamber a con?ned plasma 
having a smaller etching footprint than a thickness changing 
region to be removed, and means for controlling a dWell 
time and position of the plasma in accordance With the dWell 
time versus position map (see Japanese Patent No. 2565617 
and “Science of Silicon” edited by UCS Ultra Clean Society, 
and published by Kabushiki Kaisha RealiZe on Jun. 28, 
1996, pp459-466, “Bonded SOI Substrate” and pp463-465 
“3.1 PACE Technology” Written by Kiyoshi Mitani). 

[0066] Next, the present invention Will be described in 
more speci?c manner With reference to practical examples. 
It goes Without saying that these examples only illustrate 
preferred speci?c implementation of the present invention, 
and it should not be construed that the present invention is 
limited to these speci?c examples. 

EXAMPLE 1 

[0067] A 150 mm-diameter normal p-type silicon Wafer 
(having a thickness of 625 pm and a resistivity of 10 Qcm12 
Qcm) Was used. First, this silicon Wafer Was oxidiZed to 
form an oxide ?lm in thickness of 400 nm on the surface and 
Was used as a bond Wafer. 

[0068] The bond Wafer Was implanted With a hydrogen ion 
at an accelerating voltage of 60 keV (doping amount is 
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5x1016/cm2). The position that exhibits the highest concen 
tration of the hydrogen ion implanted through the 400 nm 
oxide ?lm is located at 220 nm from the interface betWeen 
the silicon and the oxide ?lm. This bond Wafer Was bonded 
to a silicon Wafer (base Wafer) of a similar speci?cations 
Without oxide ?lm at a room temperature, and thermally 
treated at 500° C. for 30 minutes, causing the 400 nm oxide 
?lm and 220 nm silicon layer to be transferred to the base 
Wafer due to destacking. 

[0069] Since the destacked surface Was rough in a micro 
scopic vieW, it Was planariZed by RTA (rapid thermal 
anneal). HoWever, since large periodic roughness still 
remained, touch polish Was subsequently performed in a 
range of 0.03 to 0.05 pm. The ?rst stacking Was completed 
at this time. AfterWard, the foregoing operations Were 
repeated tWo times to form a three-layer structure. 

[0070] It Was con?rmed through an infrared spectrum 
analysis Whether a PBG (photonic band gap) phenomenon 
had occurred in the stacked structure composed of three 
repetitions of the tWo layers. FIG. 11 illustrates the result. 
As is apparent from FIG. 11, it can con?rm that the PBG 
phenomenon has occurred. 

EXAMPLES 2-4 

[0071] An insulating layer (A) and a silicon layer (B) Were 
stacked alternately on a silicon substrate (C) several times to 
fabricate a photonic band gap structure in the thickness 
direction. 

[0072] The silicon layer had a thickness of 400 nm, While 
the insulating layer also had a thickness of 400 nm, and these 
alternate layers Were stacked ?ve times, i.e., the number of 
periods Was ?ve. A silicon oxide ?lm (Example 2) or a 
silicon nitride ?lm (Example 3) Was used as the insulating 
layer. When light Was directed to the stacked structure from 
a direction perpendicular thereto to measure a transmission 
characteristic, the stacked structure exhibited the transmit 
tance of Zero over a Wavelength band ranging from one to 
tWo microns, With the silicon oxide ?lm (example 2), thus 
con?rming that a photonic band gap structure is provided. 

[0073] It Was also con?rmed that With the silicon nitride 
?lm (Example 3), the photonic band gap characteristic Was 
exhibited over substantially a similar Wavelength range. 
Similarly, it Was con?rmed that a structure composed of a 
quartZ substrate (C), silicon layers (A) and insulating layers 
(B) (Example 4) also exhibited the same characteristic. 

EXAMPLES 5 and 6 

[0074] An insulating layer (A) and a compound semicon 
ductor layer (B) Were stacked alternately on a silicon sub 
strate (C) several times to fabricate a photonic band gap 
structure in the thickness direction. 

[0075] The compound semiconductor layer had a thick 
ness of 400 nm, While the insulating layer also had a 
thickness of 400 nm, and these alternate layers Were stacked 
?ve times, i.e., the number of periods Was ?ve. GaAs Was 
used as the compound semiconductor layer. A silicon oxide 
?lm (Example 5) or a silicon nitride ?lm (Example 6) Was 
used as the insulating layer. It Was con?rmed that the stacked 
structure exhibited the transmittance of Zero over a Wave 

length band ranging from one to tWo microns, When the 
silicon oxide ?lm Was used (Example 5), and accordingly a 
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photonic band gap structure Was provided. It Was also 
con?rmed that With the silicon nitride ?lm (Example 6), the 
photonic band gap characteristic Was exhibited over sub 
stantially a similar Wavelength range. 

EXAMPLES 7-11 

[0076] Holes Were formed at regular intervals through 
each of the stacked structures described above in Examples 
2-6. The holes had a diameter of 400 nm and Were formed 
at intervals of 800 nm. It Was con?rmed that the transmit 
tance Was Zero over a Wavelength band ranging from one to 
tWo microns With respect to the light transmission charac 
teristic in the in-plane direction of the stacked structure. As 
a result, a three-dimensional photonic band gap can be 
realiZed in the stacked structure Which exhibits the trans 
mittance of Zero over this Wavelength band When light is 
incident on the stacked structure from any direction. 

[0077] As described above, the stacked material in accor 
dance With the present invention is advantageous in that it is 
free from a degraded quality of crystal, formed With a 
precise periodicity, fabricated Without relying on the vapor 
phase groWth method, and utiliZed as an optical function 
device. Also advantageously, the optical function device in 
accordance With the present invention is highly usefully 
applied to a Waveguide, an optical communication modula 
tor, a light detector, a laser and so on. 

[0078] Obviously various minor changes and modi?ca 
tions of the present invention are possible in the light of the 
above teaching. It is therefore to be understood that Within 
the scope of the appended claims the invention may be 
practiced otherWise than as speci?cally described. 

What is claimed is: 
1. A stacked material comprising a multi-periodic stacked 

structure fabricated by stacking a starting stacked material 
composed of tWo alternate layers (A), (B) having different 
refractive indexes over tWo or more periods by a substrate 
bonding method. 

2. A stacked material according to claim 1 Wherein said 
multi-periodic stacked structure is stacked on a substrate 

(C). 
3. A stacked material according to claim 1, Wherein said 

multi-periodic stacked structure includes a non-periodic 
structure portion. 

4. A stacked material according to claim 1, Wherein said 
substrate bonding method is a smart cut method. 

5. A stacked material according to claim 1, Wherein at 
least one layer in said multi-periodic stacked structure has a 
periodicity of different refractive indexes. 

6. A stacked material according to claim 5, Wherein said 
at least one layer having a periodicity includes a non 
periodic portion. 

7. A stacked material according to claim 5, Wherein a 
periodic structure in said at least one layer is formed of a 
sequence of holes. 

8. A stacked material according to claim 7, Wherein said 
sequence of holes in said periodic structure includes a 
non-periodic portion. 

9. A stacked material according to claim 3, Wherein said 
nonperiodic portion is provided With a light emitting ability. 

10. A stacked material according to claim 9, Wherein said 
light emitting ability is realiZed by doping said at least one 
layer With a rare metal element. 
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11. Astacked material according to claim 10, wherein said 
rare metal element is erbium. 

12. A stacked material according to claim 1, Wherein said 
layer (A) is a silicon oXide ?lm and said layer (B) is a silicon 
layer. 

13. A stacked material according to claim 1, Wherein said 
layer (A) is a silicon layer and said layer (B) is a silicon 
oXide ?lm. 

14. A stacked material according to claim 12, Wherein a 
silicon nitride ?lm is formed instead of said silicon oXide 
?lm. 

15. A stacked material according to claim 13, Wherein a 
silicon nitride ?lm is formed instead of said silicon oXide 
?lm. 

16. A stacked material according to claim 12, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

17. A stacked material according to claim 13, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

18. A stacked material according to claim 14, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

19. A stacked material according to claim 15, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

20. A stacked material according to claim 2, Wherein said 
layer (A) is a silicon oXide ?lm, said layer (B) is a silicon 
layer, and said substrate (C) is a silicon substrate. 

21. A stacked material according to claim 2, Wherein said 
layer (A) is a silicon layer, said layer (B) is a silicon oXide 
?lm, and said substrate (C) is a quartZ substrate. 

22. A stacked material according to claim 20, Wherein a 
silicon nitride ?lm is formed instead of said silicon oXide 
?lm. 

23. A stacked material according to claim 21, Wherein a 
silicon nitride ?lm is formed instead of said silicon oXide 
?lm. 

Oct. 25, 2001 

24. A stacked material according to claim 20, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

25. A stacked material according to claim 21, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

26. A stacked material according to claim 22, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

27. A stacked material according to claim 23, Wherein a 
compound semiconductor layer is formed instead of said 
silicon layer. 

28. A stacked material according to claim 1, Wherein said 
stacked material has a photonic band gap characteristic in a 
thickness direction. 

29. A stacked material according to claim 5, Wherein said 
stacked material has a three-dimensional photonic band gap 
characteristic. 

30. A stacked material according to claim 3, Wherein said 
stacked material has a ?ltering characteristic in a thickness 
direction. 

31. A stacked material according to claim 6, Wherein said 
stacked material has a three-dimensional ?ltering character 
istic. 

32. An optical function device fabricated by using a 
stacked material according to claim 28. 

33. An optical function device according to claim 32, 
Wherein said optical function device is a Waveguide, an 
optical communication modulator or a light detector. 

34. An optical function device having a light emitting 
ability fabricated by using a stacked material according to 
claim 9. 


