DESCRIPTION ELECTRONIC APPARATUS 5 Technical Field The present invention relates to an
electronic apparatus and a thermal conversion apparatus, and, more particularly, to an electronic
apparatus and a thermal conversion apparatus, having a thermoelectric conversion element. 10
Background Art A thermoelectric conversion element is used to convert thermal energy into electric
energy using Seebeck effect. Japanese Unexamined Patent Publication No. 2000-244023 15
discloses a thermoelectric conversion apparatus using Seebeck effect of a semiconductor. Disclosure
Technical Problem 20There is a need for an electronic apparatus wherein a

DESCRIPTION

ELECTRONIC APPARATUS

5 Technical Field
The present invention relates to an electronic apparatus
and a thermal conversion apparatus, and, more particularly, to
an electronic apparatus and a thermal conversion apparatus,

having a thermoelectric conversion element.

Background Art
A thermecelectric conversion element is used to convert
thermal energy into electric energy using Seebeck eiffect.
Japanese  Unexamined Fatent Publication No. 2000-244023
15 discloses a thermoelectric conversion apparatus using Seebeck

effect of a semiconductor.

Disclosure
Technical Prcblem

20 There iz a need for an electronic apparatus wherein a
thermcelectric conversion element and at least one of a
photoelectric conversion element and a transistor or a diode
are integrated. However, because monolithic integration of
the thermoelectric conversion element and at least one of the

25 photoelectric conversion element and the transistor or the



thermoelectric conversion element and at least one of a photoelectric conversion element and a
transistor or a diode are integrated. However, because monolithic integration of the thermoelectric
conversion element and at least one of the 25 photoelectric conversion element and the transistor or
the diode is difficult, hybrid integration thereof has been carried out to date. In the case where a
thermoelectric conversion apparatus includes a p-type thermoelectric conversion unit including a 5
p-type semiconductor layer responsible for thermoelectric conversion and an n-type thermoelectric
conversion unit including an n-type semiconductor layer responsible for thermoelectric conversion, the
p-type thermoelectric conversion unit may interfere with the n-type thermoelectric W conversion unit.

R T e N R s G T e b
of a thermagilegtrisconyersiondo-element and at least one of a photoelectric conversion element and
a transistor or a diode or which prevents the interference between a p-type thermoelectric conversion
unit and an n-typelthefifiel6efe cohvERsIcGh (HIE ZO°FeeRicarSslatios Thepre SeREiRvERTON
‘”vaesE”R%E?%%%@F%f?gﬁ@yge thermoelectric conversion unit including a
5 p-type semiconductor layer responsible for thermeelectric
conversion and an n-type thermoelectric conversion unit
including an n-type semiceonductor layer responsible for
thermoelectric conversiocn, the p-type thermoelectric
conversion unit may interfere with the n-type thermoelectric
10 conversion unit.
Accordingly, the present invention has been made keeping
in mind the above problems, and an object of the present
invention is to provide an electronic apparatus, which enables
the monolithic integration of a thermecelectric conversion
15 element and at least one of a photogelectric conversion element
and a transistor or a digde or which prevents the interference

between a p-type thermoelectric conversion unit and an n-type

thermoelectric conversion unit.

20 Technical Solution
The present invention provides an electronic apparatus,
comprising a thermoelectric conversion element including a
semiceonductor layer which performs thermoelectric conversion,
anad at least one of a photoelectric conversion element in

23 which at least a portion of the semiconductor layer performs



comprising a thermoelectric conversion element including a semiconductor layer which performs
thermoelectric conversion, and at least one of a photoelectric conversion element in 25 which at least
a portion of the semiconductor layer performs photoelectric conversion and a transistor or a diode
having at least a portion of the semiconductor layer as an operating layer. According to the present
invention, the thermoelectric conversion element and at least one of the photoelectric 5 conversion
element and the transistor or the diode may be monolithically integrated. The present invention
provides an electronic apparatus, comprising a thermoelectric conversion element including a
semiconductor layer which performs thermoelectric conversion 10 using Seebeck effect, and at least

one of a phq;l%%lec&?c conversion element |n1_\{vcj'1|%h Qt least atportlon of tr&e sgglgonductor layer

performs pﬁotoe?gc Tic conversion and & transistor of a diode ﬁé:viﬁlé at I65st a poﬁ%lr\ng*f fhe

semiconductoydayes ag.aptaperating layer, wherein the db.semicgnductos layer hasbandgap energy
corresponding to UV (Ultraviolet) light, the thermoelectric conversion element has an IR (InfraRed)

absorption parewhichralssorBs IR rags alnel corresistthenyiend heat, anttattieashtvel pottiohcof the
semiconductor Ialéer, of the eohotoe ectricﬁ%onverséf)n element 205 rforms ph toelgeritric conversion of
&

s
UV light. ASEOHding to this Tonatruction. the photaéidtric cBriversion E%neﬁ hich- &lectS uV light
and thesthexmoelectric conversion-element which.detectsdR-rays,may be monolithically integrated.

monolithically integrated.

The present invention provides an electronic apparatus,
comprising a thermcelectric conversion element including a
semiconductor layer which performs thermoelectric conversion

10 using Seebeck effect, and at least one of 2z photoelectric
conversion element 1in which at least a portion of the
semiconductor layer performs photoelectric conversion and a
transistor or a diode having at least a portion of the
semiconductor layer as an operating layer, wherein the

15 semicenductor layer has bandgap energy corresponding to UV
{UltraViclet) light, the thermoelectric conversion selement has
an IR (InfraRed) absorpticn part which absorbs IR rays and
converts them intc heat, and at least the portion of the
semiconductor layer of the photoelectric conversion element

20 performs photoelectric conversion of UV light. According to
this construction, the photoelectric conversion element which
detects UV light and the thermoelectric conversion element
which detects IR rays may be menolithically integrated.

The present invention provides an electronic apparatus,

25 comprising a thermoelectric conversion element including a

LS



The present invention provides an electronic apparatus, 25 comprising a thermoelectric conversion
element including a semiconductor layer which performs thermoelectric conversion using Seebeck
effect, and at least one of a photoelectric conversion element in which at least a portion of the
semiconductor layer performs photoelectric conversion and a 5 transistor or a diode having at least a
portion of the semiconductor layer as an operating layer, wherein the semiconductor layer has
bandgap energy corresponding to IR rays, the thermoelectric conversion element has an IR absorption
part which absorbs IR rays and converts them into heat, and at least the portion of the semiconductor
layer of the photoelectric conversion element performs photoelectric conversion of IR rays. According
to this construrﬁionhggJ%Eherm?Eeileé:tric onvgrsion §Ierpn%nt %}i%%deaect%%de-rangg IlR rays and the
photoelectrlscecor?\(/)ersmn 8lemient which detects TR 15 rays co?resggngl%g t6the Banaggp energy of

the semicondueter layermay besnenelithigally integrated+  olnthe abaye gpnstodction; the
semiconductor layer may include a p-type semiconductor layer and an n-type semiconductor layer

which are stackesd; s thesthrirgioelectric 28corversion element nay ipelideca p-type themoelectric
conversion unit,wherein the p-type semiconductor | eggggorms thermoelectric converéiorja and an n

-type thermoslactiEconversionanitherstian typs © -semitontdtictoriayer S1on an
performstherragelestricconyersion. 25,Aecording tg thig.constrction, thermoslegtric.gonyersion may

semiconducter layer as an operating layer, wherein the
semiconductor layer has bpandgap energy corresponding to IR
rays, the thermoelectric conversion element has an IR
absorption part which absorbs IR rays and converts them into

10 heat, and at least the portion of the semiconductor layer of
the photoelectric conversion element performs photoelectric
conversion of IR rays. According to this construction, the
thermoelectric conversicn element which detects wide-range IR
rays and the photoelectric conversion element which detects IR

15 ravs corresponding to the bandgap energy of the semiconductor
laver may be monolithically integrated.

In the above construction, the semiconductor layer may
include & p-type semiconductor layer and an n-type
semlconductor layer which are stacked, and the thermcelectric

20 conversion element may include a p-type thermoelectric
conversion unit  whereln the p-Type semiconductor layer
performs thermoelectric conversion and an n-type
thermoelectric conversion unit wherein the n—typse
semiconductor layer performs thermoelectric conversion.

25 According to this construction, thermocelectric conversion may



be carried out at high sensitivity. The present invention provides an electronic apparatus,
comprising a thermoelectric conversion element including a semiconductor layer which performs
thermoelectric conversion 5 using Seebeck effect, and at least one of a photoelectric conversion
element in which at least a portion of the semiconductor layer performs photoelectric conversion and a
transistor or a diode having at least a portion of the semiconductor layer as an operating layer, wherein
the 10 semiconductor layer includes a p-type semiconductor layer and an n-type semiconductor layer
which are stacked, the thermoelectric conversion element includes a p-type thermoelectric conversion
unit wherein the p-type semiconductor layer performs thermoelectric conversion and an n-type
thermoelec‘%ric conversg)n ugit v&hehreirhthe n-type semiconductor layer performs thermoelectric
conversion, &ndthe %)%otgéllecﬁlc co erg%rﬁsélé%nveln isa photodiode that uses the p-type
semiconductor laygsandthedhtype semiconductonlayerAcearding ta-this constpiction, monolithic
integration 20 of the thermoelectric conversion element and the photoelectric conversion element
becomes nitghtmbse fgasible L Irethrecaleve constraction,ran isolatdreparttmay e pravidedsbetween
the p-type thermoelectric con\sﬁgrsion unit and the :ﬁ%/ e thermoelectric conversion unit sp as to 25

Hecﬂmaﬂyﬁﬁmﬁ%QH%ﬂgﬁﬁé ?ﬁﬁgndﬁgﬁﬁqaﬁﬁr 5o clermoelectric conversion

5 using Seebeck effect, and at least one of a photoelectric
conversion element 1in which at least a portion of the
semiconductor layer performs photoelectric conversion and a
transister or a dicde having at least a portion of the
semiconductor layer as an operating layer, wherein the

10 semiconductor layer includes a p-type semiconductor layer and

an n-type semiconductor layer which are  stacked, the
thermeoelectric conversion element includes a p-type
thermoelectric conversion unit wherein the p-type

semiconductor layer performs thermoelectric conversion and an

15 n-type thermoelectric conversion unit wherein the n-type

semiconductor layer performs thermoelectric conversion, and

the photoelectric conversion element is a photodicde that uses

the p-type semiconductor layer and the n~type semiconductor

layer. According to this construction, monolithic integration

200 of the thermoelectric conversion element and the photcelectric
conversion element becomes much more feasible.

In the above c¢onstruction, an isclation part may be

provided betwesen the p-type thermoelectric conversicn unit and

the n-type thermoelectric conversien unit sc  as  to

25 electrically 1lsolate the p-type semiconductor layer and the n-



type semiconductor layer.According to this construction, interference between the p-type
semiconductor layer and the n-type semiconductor layer may be prevented. In the above construction,
an ohmic electrode formed on 5 the semiconductor layer disposed at an upper position among the
p-type semiconductor layer and the n-type semiconductor layer may be a non-alloy ohmic electrode,
and an ohmic electrode formed on the semiconductor layer disposed at a lower position among the
p-type semiconductor layer and the n- W type semiconductor layer may be an alloy ohmic electrode.
According to this construction, the ohmic electrode formed on the semiconductor layer at the upper
position may be prevented from being electrically connected to the ohmic electrode formed on the

semiconducto ayer.at the IcngetrOQ:osiiign. In ;Ee 898\/% ontsg_;)rucct'}%)ng the ser@icon uctor layer may
have a mo§ﬁ’l§éon oﬁe gtrﬁgture. Acc %ihg to tclg conjétrﬁction, both desﬁ?erassgﬁlﬁt%\ﬁ?f and
detectability of #he Hhermeeleetricseanversiop-element sray-be obtained: the abeve-eenstruction, the
thermoelectric conversion 20 element and the photoelectric conversion element may be provided in
plural numbérss idirthat tie phiralidcofthefnbeletie evavéRion elements and the plurality of
photoelectric convgr&gg elements are arranged. in a matrix shape, and a selection part may be

. n e ve [e)a} Al O (=3
provided so as to Select at feast 6ne among thie blure?llty of thermoelectric conversion

5 the semiconductor layer disposed at an upper position among
the p-type semiconducter layer and the n~type semicconductor
layer may be a non-alloy ochmic electrode, and an ohmic
electrode formed on the semiconductor layer dispcosed at a
lower position among the p-type semiconductor layer and the n-

10 type semiconductcr layer may be an alloy ohmic electrode.
According to this construction, the ohmic electrode formed on
the semiconductor layer at the upper position may be prevented
from Dbeing electrically connected to the ohmic electrode
formed on the semiconductor layer at the lower position.

15 In the above censtruction, the semiconductor layer may
have a modulation doped structure. According to this
construction, both desired sensitivity and detectability of
the thermoelectric conversion element may be obtained.

In the above construction, the thermcelectric conversion

20 element and the photoelectric conversion element may be
provided in plural numbers such that the plurality of
thermoelectric conversion elements and the plurality of
photoelectric conversion elements are arranged in a matrix
shape, and a selectlion part may be provided sc as to select at

25 least one among the plurality of thermoelectric conversion



elements and the plurality of photoelectric conversion elements and may include the transistor. The
presentinvention providesa thermoelectric conversion apparatus,comprising a semiconductor layer 5
including a p-type semiconductor layer and an n-type semiconductor layer which are stacked, a first
thermoelectric conversion element including a first n-type thermoelectric conversion unit wherein the
n-type semiconductor layer performs thermoelectric conversion and a first p-type W thermoelectric
conversion unit wherein the p-type semiconductor layer performs thermoelectric conversion, a second
thermoelectric conversion element including a second n-type thermoelectric conversion unit wherein
the n-type semiconductor layer performs thermoelectric conversion and a 15 second p-type
thermoelectr'ic con\éersion uﬁpit v%kkllerein t‘l[lelp-iypte semigondu{g:tgcr Ia‘yer ger.forms thermoelectric
conversion?a?fps?trbg’am e uding the f‘l)rsfln-atyﬁeBEherPnoele% fic conversion unitand the s&tond p-type
thermoelectriccrpversianunit,a secondbeana includingthe first p-type 20 thermoelectric conversion
unit and the second n-type thermoelectric conversion unit, and a central region to which the first beam

and the second b&ara arereorsected ahdwehichdncludesafirdeisolation pattéorelettricatlydsolating at
least one of the p-type semiconductor layer and the n-%/é)e 25 semiconductorlag/er between

thefirsttherMBiactric “ConverdiGH aletient aftthe setdrd thRrmdetBetic €onvarsion eldfent, wherein
the firstthermoeleetric; conversion element apd the-seqond thermeelectric gonversion, element are

connected in a series so that the first n-type thermoelectric conversion 5 unit and the second p-type
thermoelectriercomversiomunif. age conected .sAxecosdimgktadhe preSent invemtionpelentricalc

interference between the first thermoelectric conversion element and the second thermoelectric
conversion%‘i’&%@ﬁ?ﬁ% b@lﬁa@@gﬁte&_ncludlng a first n-type thermoelectric

conversion unit wherein the n-type semiccenductor layer
performs  thermoelectric conversion and a first p-type
10 thermoslectric conversion unit wherein the p-type
semiconductor layer performs thermcelectric conversion, a
second thermoelectric conversicn element including a second n-
type thermoelectric conversion unit wherein the n-type
semiconductor layer performs thermoelectric conversion and a
15 second p-type thermoelectric conversion unit wherein the p-
tvpe semiconductcr layer performs thermcoelectric conversion, a
first beam including the first n-type thermcoelectric
conversion unit and  the second  p-type thermeelectric
conversion unit, a second beam including the first p-type
20 thermcelectric conversion unit and the second n-type
thermoelectric conversion unit, and a central region to which
The first beam and the second beam are connected and which
includes a first isolation part for electrically isolating at
least one of the p-type semicconductor layer and the n-type

25  semiconductor layer between the first thermcoelectric



In the above construction, the first beam may include a second isolation part for electrically isolating
the first n-type thermoelectric conversion unit and the second p-type thermoelectric conversion unit,
and the second beam may include a third isolation part for electrically isolating the 15 first p-type
thermoelectric conversion unit and the second n-type thermoelectric conversion unit. According to this
construction, electrical interference between the first thermoelectric conversion element and the
second thermoelectric conversion element may be further prevented. Advantageous Effects
According to the present invention, a thermoelectric conversion element and at least one of a
photoelectric conversion element and a transistor or a diode can be 25 monolithically integrated.
Descriptionc%anrawip S 1FIG. JS:is a %o -sectional \C/jf'evycﬁhowin@glan telectronic z\a}pparatus
according to a first em od?mglﬁﬂt(? ey (Zé-’-e 2(g)egpencross-ggg}?onaef(\:/lé:v;\}g sh%%n%rasﬁf)oncess of

manufacturingadhermaelectsic,conrersionelement 100z 1 . iS.3 shaws the bandgap.energy with
respect to the lattice constant of a variety of semiconductors;
and the second thermoelectric conversion element are connscted

in a series so that the first n-type thermoelectric conversion

5 unit and the second p-type thermcelectric conversion unit are
connected. According to the present invention, electrical
interference between the first thermoelectric convarsion
element and the second thermoelectric conversicon element may
bhe prevented.

10 In the above construction, the first beam may include a
second isolation part for electrically isolating the first n-
type thermoelectric conversion unit and the second p-type
thermoelectric conversion wunit, and the second Dbeam may
include a third isolation part for electrically isclating the

15 first p-type thermoelectric conversion unit and the second n-

type thermoelectric conversion unit. According tTo this
construction, electrical interference Dbetween the first
thermoelectric conversion element and the second

thermoelectric conversion element may be further prevented.

Advantageous Effects

According to the present invention, a tThermoelectric
conversicn element and at least ocone of a photoelectric
conversicon element and a transister or & diode can be

25 monolithically integrated.



FIG. 4 is a cross-sectional view showing a modification of the first embodiment; FIG. 5 is a
cross-sectional view showing a thermoelectric conversion apparatus according to a second
embodiment; FIG. 6 is a top plan view showing the thermoelectric 15 conversion apparatus; FIGS. 7(a)
and 7(b)are top plan views showing modifications of the second embodiment; FIGS. 8(a) to 8(c)
are top plan views showing the other modifications of the second embodiment; 20FIG. 9(a) shows the
sensitivity R of a thermoelectric conversion apparatus using AlGaN/GaN with respect to changes in L
and W, and FIG. 9(b) shows the detectability D and the response time T with respect to changes in L
and W; FIG. 10(a) shows the sensitivity R of a theLmoelectric 25 conversion apparatus using
MgZnO/ZnO with respect to changes

Description of Drawings
FIG. 1 1is a cross—sectional view showing an electronic
apparatus according to a first embodiment;

5 FIGS. 2{a) ~ 2{d) are cross-secticnal wviews showing a
process of manufacturing a thermoelectric conversion element
100;

FIG. 3 shows the bandgap energy with respect to the
lattice constant cof a variety of semiconductors;

10 FIG. 4 is a crocss—-sectional view showing a modificaticon
of the first embodiment;

FIG. 5 is a cross-sectional view showing a thermoelectric
conversion apparatus according to a second embodiment;
FIG. 6 1is a top plan view showing the thermoelectric

I5 conversion apparatus:

FIGS. J(a) and 7{b) are top plan views showing
modifications of the second embodiment;

FIGS. 8(a) to 8(c) are top plan views showing the other
modifications of the second embodiment;

20 FIG. Y{a) shows the sensitivity R of a thermoelectric
conversicn apparatus using AlGaN/GaN with respect to changes
in L and W, and FIG. 9(b) shows the detectability D and the
respense time T with respect to changes in L and W;

FIG. 10{a) shows the sensitivity R of a thermoelectric

25 conversion apparatus using MgZnC/Zn0O with respect to changes



in L and W, and FIG. 10(b) shows the detectability D and the response time T with respect to changes
inLand W, FIG. 11(a) shows the sensitivity R of a thermoelectric conversion apparatus using
AlGaAs/InGaAs with respect to 5 changes in L and W, and FIG. 11(b) shows the detectability D and
the response time T with respect to changes in L and W; and FIG. 12 is a block diagram showing a
fourth embodiment. <Description of the Reference Numerals in the Drawings> 10: substrate 12: cavity
20: n-type semiconductor layer 30: p-type semiconductor layer 42: isolation part 48: absorption part
60: column selection part 62: row selection part 64: selective transistor 70a: first beam 70b: second
beam 72: central region 90: n-type thermoelectric conversion unit

in L and W, and FIG. 10(b) shows the detectability D and the
response time T with respect to changes in 1. and W;
FIG. 1l(a) shows the sensitivity R of a thermoelectric
conversion apparatus using AlGaAs/InGaAs with respect to
5 changes in L and W, and FIG. 11l(b) shows the detectability D
and the response time T with respect to changes in L and W;
and
FIG. 12 is a pblock diagram showing a fourth embodiment.
<Description of the Reference Numerals in the Drawings>
10 10: substrate 12: cavity
20: n-type semiconductor layer
30: p-~type semiconductor layer
42: isolation part 48: absorption part
60: column selecticon part 62: row selection part
15 64: selective transistor 70a: first beam
70b: second beam 72: central region
90: n-type thermoelectric conversion unit
92: p-type thermoelectric conversion unit
100: thermcelectric conversion element.

20 102: photoelectric conversion element 104: transistor

Best Mode

Hereinafter, embodiments of the present invention are
described with reference to the drawings.

25 {(First Embodiment)

10



92: p-type thermoelectric conversion unit 100: thermoelectric conversion element 20102: photoelectric
conversion element 104: transistor Best Mode Hereinafter, embodiments of the present invention
are described with reference to the drawings. (First Embodiment) FIG. 1 is a cross-sectional view
showing an electronic apparatus according to a first embodiment. A thetmoelectric conversion element
100, a photoelectric conversion element 102 and a transistor 104 are fanned on a substrate 10. 5
Sequentially placed on the substrate 10 made of Si are an etching stop layer 14, an n-type
semiconductor layer 20, an electrical isolation layer 28 and a p-type semiconductor layer 30. A
semiconductor layer 38 includes the n-type semiconductor layer 20, the electrical isolation layer 28

and M the p-typecﬁﬁgl_lcoPdticgoralayer 30.&'Iéhe(:£hermclele&£rlc conversion elemerit 100 includes a

p-type thermoelectric conversion unit 82 and an %?ff/%e thermoelectric conversion %%ﬁréﬁ?%e

semicondugigsdayen:38 betwaen the thermoeteetsic conversionglement, 100 thephateelectric 15
conversion element 102 and the transistor 104 is isolated by means of an isolation part 42 that is

formed up theEuppersiase bt theléichingestoblayert4 iThepaypesion element 102

and a transistor 104 are formed on a substrate 10,

5 Seqguentially placed on the substrate 10 made of $Si are an

etching stop layer 14, an n-type semiconductor layer 20, an

electrical isclation layer 28 and a p-type semiconductor layer

30, A semiconductor layer 38 includes the n-type

semiconductor layer 20, the electrical isolation layer 28 and

10 the p-type semiconductor layer 30. The thermoslectric

conversion element 100 includes a p-type thermoelectric

conversion unit 92 and an n-type thermoelectric conversion

unit 90. The semiconductor layer 38 between the

thermoelectric conversion element 100, the photoelectric

15 conversion element 102 and the transistor 104 is isolated by

means of an isolation part 42 that 1s formed up to the upper

surface o¢of the eitching stop layer 14. The p-Type

thermoelectric conversion unit 92 and the n-type

thermoelectric conversion unit 90 are isclated by means of an

20 isolation part 42 that is formed up tce the upper surface of
the etching stop laver 14.

In the p-type thermcelectric conversion unit 92, p-type

chmic electrodes 46 are formed at both sides on the p-type

semiconductor layer 30. A passivation layer 40 is formed on

25 the p-type semiconductor layer 30 Dbetween the p-type ochmic

11



thermoelectricconversionunit92andthen-type thermoelectric conversion unit 90 are isolated by means
of an 20 isolation part 42 that is formed up to the upper surface of the etching stop layer 14. In the
p-type thermoelectric conversion unit 92, p-type ohmic electrodes 46 are formed at both sides on the
p-type semiconductor layer 30. A passivation layer 40 is formed on 25 the p-type semiconductor layer
30 between the p-type ohmic electrodes 46.In the n-type thermoelectric conversion unit 90, the p-type
semiconductor layer 30 and the electrical isolation layer 28 are removed, and n-type ohmic electrodes
44 are fotmed at both sides on the n-type semiconductor layer 20. 5 A passivation layer 40 is formed
on the n-type semiconductor layer 20 between the n-type ohmic electrodes 44. An absorption part 48

is provided on.one pstype mic electrode 46.and one_n-type ohmic electrode 44 at a position where
the p-type t%e?r%%]é éjc%él)c f:%lﬁver;gn Lﬁ%ﬁ 92 J:%EF l%eLn-?ﬁl)){é%t%g?ﬁ%léfecctr?coggr?\}fg’rﬁ%% Uhit 90 are in

contact. Codah pads20 are respectively formed omrthe ather p-type ahmic electrede. 46.andithe other

n-type ohmic electrode 44. Furthermore, a cavity 12 is formed on the substrate 10 under the p-type
thermoelectf®eGiversiorr it 92%mitherrtppedb thermbeledifc conversiphegnit9des 44

are formed at both sides on the n-type semiconductor layer 20.
5 A passivation layer 40 is formed on the n-type semiconductor
layer 20 between the n-type ohmic electrodes 44. An
abscrpticon part 48 is provided on one p-type chmic electrode
46 and one n-type ohmic electrode 44 at a position where the
p-type thermcelectric conversion unit 92 and the n-type
10 thermoelectric conversion unit 20 are in contact. Cold pads
5C are respectively formed on the other p-type chmic electrode
46 and the other n-type ohmic electrode 44. Furthermore, a
cavity 12 1is formed on the substrate 10 under the p-type
thermoelectric conversion unit 92 and the n-type
15 thermoelectric conversion unit 80.
In the photoelectric conversion element 10Z, p-type ohmic
electrodes 52 are formed on the p-type semiconductor layer 30.
A passivation layer 40 is formed on the p-type semiconductor
layer 30 on which the p-type ohmic electrodes 52 are nob
20 formed. The passivation laver 40 may ke formed of a material
that permits light to pass therethrough at a wavelength at
which the photoelectric conversion element 102 performs
photoelectric conversion.
In the transistor 104, the p-type semiconductor layer 30

25 and the electrical isclation layer 28 are removed, and n-type

12



In the photoelectric conversion element 102, p-type ohmic electrodes 52 are formed on the p-type
semiconductor layer 30. A passivation layer 40 is formed on the p-type semiconductor layer 30 on
which the p-type ohmic electrodes 52 are not 20 formed. The passivation layer 40 may be formed of a
material that permits light to pass therethrough at a wavelength at which the photoelectric conversion
element 102 performs photoelectric conversion. In the transistor 104, the p-type semiconductor
layer 30 25 and the electrical isolation layer 28 are removed, and n-type ohmic electrodes 54 (e.g. a
source electrode and a drain electrode) and a gate electrode 56 are provided on the n-type
semiconductor layer 20. Furthermore, a passivation layer 40 is foilELed on the n-type semiconductor
layer 20 between the n- 5 t ohmic electrodes 54 and the gate electrode 56. The layers ranging
from the etéﬁl}rﬁé’ %to%]ﬁ)(/:sérly ﬁﬁ% t?é%p-t 56 %émi%onsd%%foc?efayg;f 35hay e fBrmed usitig fot example

MOCVD (Metal-Orgapic ChemigabYaporDepesition). skhesgishing stopdayer14 mayinelide for
example a 200 nm thick undoped 10 AlxGal,N layer (e.g. x=0.6). The n-type semiconductor layer 20

includes ansgRdopedihfgiepuriiytayera?, an Raypesdopacteleetraresupply tayer 2dalyaving @ bandgap
greater than the high-purity layer 22, and an ohmic contact layer 26. The high-purity layer 22 may
include for é)%a%ﬁfg“g%ooﬁm ek 5 dRdop&dca nT%Vefr@fhé%Yeecﬁro%os@%ﬁy‘?’?ﬁér%emﬁy include for

example a 19Qanaihick AlxGal Nolayer (8 .0-x30:45) doped with Siat1x1038 cm-3. The ohmic contact
layer 26 may Include for example a 30 nil] thick GaN layer doped with Si at 4X1018 cm-3. The

high-purity layer 22rend. tiieeslectronsupplytayer 24<20:=forinia gosutaticregeped structutéeand a
two-dimensional electrongas having high mobi{%y is formed in the high-purity layer 22. The

electrical isBlatiditlay&F'28 thay fdiide orExample R 165 mitFRECuntiogsd GaN 187eFPhe p-type

semicondugffyp (Metal Organic Chemical Vapor Depositiocn). The etching

stop layer 14 may include for example a 200 mm thick undoped

10 Al.Ga- ;N layer (e.g. x=0.6). The n-type semiconductor layer

20 includes an undoped high-purity layer 22, an n-type doped

electron supply layer 24 having a bandgap greater than the

high-purity layer 22, and an ohmic contact layer 26. The

high-purity layer 22 may include for example a 10 mm thick

15 undoped GaN layer. The electron supply laver 24 may include

for example a 100 mm thick Al,Ga;N layer (e.g. x=0.25) doped

with Si at 1x10' ™. The ohmic contact layer 26 may include

for example a 30 mm thick GaN laver doped with Si at 4X10%® m”

. The high-purity layer 22 and the electron supply layer 24

20 form a medulation doped structure, and & two-dimensional

electron gas having high meobility is formed in the high-purity
layer 22.

The electrical isclation layer 28 may include for example

a 100 mm thick undoped GaN layer. The p-type semiconductor

25 layer 30 includes an undoped high-purity layer 32 and a p-type



25 layer 30 includes an undoped high-purity layer 32 and a p-type doped hole supply layer 34 having
a bandgap greater than the high-purity layer 32. The high-purity layer 32 may include for example a 10
rim thick undoped GaN layer. The hole supply layer 34 may include for example a 100 rim thick
AlxGaN layer 5 (e.g. x=0.25) doped with Mg at 1x1019 cm* The high-purity layer 32 and the hole
supply layer 34 form a modulation doped structure, and a two-dimensional hole gas having high
mobility is formed in the high-purity layer 32. The isolation part 42 may be formed using for example
the M following method. Portions of the layers ranging from the p- type semiconductor layer 30 to the
layer formed on the etching stop layer 14 are removed using etching to form a recess up to the upper

race o U SIS e ) oL ok, S0 AT s R SpL D S SIN o ON

high-purity layer 3Z. The high-purity layer 32 may include
for example a 10 mm thick undoped GaN layer. The hole supply
layer 34 may incluce for example a 100 mm thick Al.Ga;..N layer
5 (e.g. %=0.25) doped with Mg at 1xX10*® ™. The high-purity
layer 32 and the hole supply layer 34 form a modulation doped
structure, and a two-dimensional hole gas having high mobility

is formed in the high-purity laver 32,
The isolation part 42 may be formed using for example the
10 fellowing methed. Portions of the layers ranging from the p-
type semiconductor layer 30 to the layer formed on the etching
stop layer 14 are removed using etching to form a recess up to
- the upper surface of the etching stop layer 14. For example,
a 500 mm thick insulator such as SiN or SiON is formed using
15 CVD to f£ill the recess. Thereby, the isclation part 42 is
formed. Also, the 1isclation part 42 may be formed by
implanting i1ons to the semiceonductor layer 38. Such ion
implantation may be carried out for example using boron or

oxygen under conditicns of energy at 80 keV and a dose of

20 5X10% om’l, The abscrption part 48 may include porous BAu
formed using vapor deposition. The cold pads 50 may include
for example CrAu formed using vapor deposition. The

passivation layer 40 may include for example a silicon oxide

film or a silicon nitride film.

25 The p-type ohmic electrodes 46 and the p-type ohmic

14



formed.Also, the isolation part 42 may be formed by implanting ions to the semiconductor layer
38.Such ion implantation may be carried out for example using boron or oxygen under conditions of
energy at 80 key and a dose of 20 5><101-5 011-3. The absorption part 48 may include porous Au
formed using vapor deposition. The cold pads 50 may include for example CrAu formed using vapor
deposition. The passivation layer 40 may include for example a silicon oxide film or a silicon nitride
film. The p-type ohmic electrodes 46 and the p-type ohmic electrodes 52 may include for example
non-alloy ohmic electrodes made by forming a Ni layer on the p-type semiconductor layer 30 and an Al
layer on the Ni layer using vapor deposition. The n-type ohmic electrodes 44 and the n- 5 type ohmic

electrodes 24 may include for example alloy ohmic electrodes made by forming a Ti Ia&% on the

n-type semlconduc?orelayer 0, and'an ,&Inlayer on the Ti Ia?éirau |n"§ vapor depog‘l}fion and then

performing éhexmaldreatmeniithe pate elgetrede 56 mayinclude for examplera Pt layer feumed W
using vapor deposition. FIGS. 2(a) - 2(d) are cross-sectional views showing a process of
manufacturfiifectéaioalectAt eonvérsiitelément 10883 skowir e FIG. 2(a)dayersfram the

etching stop layer 14 to the p-type semiconductor layer 30 ar forme% on the substrate 10 using for
example MGCVD. THE FSOI06K part 437 Tormie, THE'L 6-VRE SehticsRd bioryer 36 afd the

electrical isplationdayar-2& carrespopding fo the region whererthe nstypgthermoelestricgonversion
unit 90 is to be formed are removed. As such, the p-type semiconductor layer
electrodes made by forming a Ti layer on the n-type
semiconductor layer 20, and an Al laver on the Ti layer using
vapor deposition and then performing thermal treatment. The
gate electrode 56 may include for example a Pt layer formed
10 using vapor depositicn.

FIGS. 2Z{a) ~ 2(d) are cross—sectional views showing a
process of manufacturing the thermoelectric conversion element
100. As shown in FIG. Z(a), layers from the etching stop
layer 14 to the p-type semiconductor layer 30 are formed on

15 the substrate 10 using for example MOCVD. The isclation part
472 is formed. The p-type semiconducter layer 30 and the
electrical isclation layer 28 corresponding to the region
where the n-type thermoelectric conversion unit 90 is to be
formed are removed. As such, the p-type semiconductor layer

200 30 and the electrical isclation layer 28 corresponding to the
region where the transistcor is to be formed are removed. The
passivation layer 40 i1is formed so as to cover the p-type
semiconductor layer 30 and the electrical isolation layer 28.

As shown in FIG. 2{b}, portions of the passivation layer

25 40 are removed to form the p-type ohmic electrodes 46, As

15



20 30 and the electrical isolation layer 28 corresponding to the region where the transistor is to be
formed are removed. The passivation layer 40 is formed so as to cover the p-type semiconductor layer
30 and the electrical isolation layer 28. As shown in FIG. 2(b), portions of the passivation layer 25 40
are removed to form the p-type ohmic electrodes 46.As such, the p-type ohmic electrodes 52 of the
photoelectric conversion element 102 are formed. Portions of the passivation layer 40 are removed to
form the n-type ohmic electrodes 44. As such, the n-type ohmic electrodes 54 of the 5 transistor 104
are formed. As shown in FIG. 2(c), the cold pads 50 are respectively formed so as to come into
contact with the p-type ohmic electrode 46 and the n-type ohmic electrode 44. The absorption part 48

is formed sg as to come into contact with M the 1ep-t)épedogmigzelegtrrodt 46 and t@geli-t e ohmic

electrode 42-As &hovwin in %Iéyg?d),%g%%vit?/ 73 Fs formed o the substrate 10 usmgee cﬁrcfg.ln this

case, etchingotHe dotypesemisenductor layer-20 may-he-preventegdiyneans otthe etghing stop
layer 14. The isolation part 42 and the passivation layer 40 are formed as shown in FIG. 2(a) and

then the cawity 32vigtormedlayshowh? in FI6. 2(dyav s way, thersbysreventingrganiagel o the
igr}‘;“"”d“%‘?éc';aé’reéd?’e%dﬁf% o the farnnation,of the cavity 12, Inparficular, the foration gf the cavity
5 transistor 104 are formed.

As shown in FIG. 2Z2{c), the cold pads 50 are respectively
formed so0 as to come into contact with the p-type ohmic
electrode 46 and the n-type ohmic electrode 44, The
absorption part 48 is formed so as to come into contact with

10 the p-type ohmic electrode 46 and the n~type ohmic electrode
44, As shown in FIG. 2(d), the cavity 12 is formed on the
substrate 10 using etching. In this case, etching of the n-
type semiconductor layer 20 may be prevented by means of the
etching stop layer 14.

15 The isclation part 42 and the passivation layver 40 are
formed as shown in FIG. Z(a} and then the cavity 12 i1s formed

as shown in FIG. Z(d}) in this way, thereby preventing damage

to the semiconducter layer 38 due to the formation of the

cavity 12. In particular, the formation of the cavity 12 is

26 performed after the procedures of FIGE. Z{a) ~ Z(c), whereby
the procedures of FIGS. Z({a) ~ 2{c) may be carried out
unhindered.

As shown in FIG. Z({(b), it is preferred that any one type
of the p-type ohmic electrodes 46 and the n-type ohmic

25 electrodes 44 1s formed using a non-alloy process (a non—
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20 performed after the procedures of FIGS. 2(a) - 2(c), whereby the procedures of FIGS. 2(a) - 2(c)
may be carried out unhindered. As shown in FIG. 2(b), it is preferred that any one type of the p-type
ohmic electrodes 46 and the n-type ohmic 25 electrodes 44 is formed using a non-alloy process (a
non- thermal treatment process) and the other type thereof is formed using an alloy process (a
thermal treatment process for alloying). This is because the formation of the p-type ohmic electrodes
46 and the n-type ohmic electrodes 44 using an 5 alloy process causes the alloy of one type of ohmic
electrodes (thermal treatment for alloying) to break the alloy region of the other type of ohmic
electrodes. Particularly in the case where the n-type semiconductor layer 20 and the p-type

semiconductor layer 30 are stacked, it is preferred that ohmic M electrodes that come into. ohmic
g%}rﬁgi. r aﬁ CP % other é;

contact with the Samiconductor layeriocated at an UppeF position amorg e ntype Semicbhductor

layer 20 anddhgdtypeisemiconsuctoy layer-3@ are noarallay-ohmicelegitades,and that ehmic
electrodes that come into ohmic contact with the semiconductor layer located 15 at a lower position
are alloy olimhiccelestodes. Thike dlsmicssleetredés on thersemiconductoniayer-atvthe upperposition

are formed using an alloy process, the alloy region is isgributed up to the semiconductor layer at the
lower positi%l%a%gﬁ SR § % g trgﬂ%ef‘)ntﬂ)u 6Flayer st 20 e upper posiith i§the p-type

US%iR’the Gas? Wherdthe'se

semicoradugtpxJﬁye;sﬁs);@%orgmggt%t%@rsa@E&?O%@e@ﬁéh%Bpge/psﬁoimé&@egﬁgé%%@e%f e
preferably formed using a non-alloy process, and the n-type ohmic electrodes 44 are preferably folmed
using an alloyprovess. Alse intne cdse whete themitype sensednductor:25 dgyer igyplacedon the
pﬁypeSemgﬁgdg%Eg}&%?ﬁgnzg¢§%%ic electrodes. Particularly in the case
where the n-type semiconductor layer 20 and the p-type
semiconductor layer 30 are stacked, it is preferred that ohmic
10 electrodes that come into chmic contact with the semiconductor
layer located at an upper position among the n-type
semiconducter layer 20 and the p-type semiconducter layer 30
are non-alloy ohmic electrodes, and that cohmic electrodes that
come inte ohmic contact with the semiconductor layer located
15§ at a lower position are alloy ohmic electrodes. If the chmic
electrodes on the semiconductor layer at the upper position
are formed wusing an alloy process, the alloy region 1is
distributed up to the semiconductor layer at the lower
positien. Thus, in the case where the semiconductor layer at
20 the wupper position 1s the p-type semiconductor layer 30
according to the first embodiment, the p-type ohmic electrodes
46 are preferably formed using a non-alloy process, and the n-
type ohmic electrodes 44 are preferably formed using an alloy

process. Also in the case where the n-type semiconductor

25 layer 1s placed on the p-type semiconductor layer, the n-type
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ohmic electrodes are preferably formed using a non-alloy process and the p-type ohmic electrodes are
preferably formed using an alloy process. Thereby, the ohmic electrodes formed on the semiconductor
layer at the upper position may be 5 prevented from being electrically connected to the semiconductor
layer at the lower position. With reference to FIG. 1, the thermoelectric conversion element 100 is
described below. When the absorption part 48 absorbs for example IR rays, the temperature of the
absorption W part 48 increases. Because of the temperature difference between the absorption part
48 and the cold pads 50, there may occur thermoelectric conversion due to Seebeck effect in the
semiconductor layer of the p-type thermoelectric conversion unit 92 and the n-type thermoelectric

conversion uér}ljntiQO. %ﬁ}gggre%/ésan elrectromot'%ve f%grie is %gzrgerated between the p-type ohmic
electrodes 46 in the p-type thermoefectric Ronversion tinit' 02 Ard b&fvesh the nd§pe shnfié

electrodes 44 dn-thesn-fype tharmoslestric conversion-upit 99. g sensitivity R (AWV)s detectability D
(on(Hz)1/2/W) and response 20 time T (sec) of the thermoelectric conversion element 100 are
respectively:rapresemted yeBquations i, 2, 3belosEquationchRaNSRihtEquation 2 rmed
on the semiconductor layer at the upper position may be
5 prevented from being electrically connected to the
semiconductor layer at the lower position.
With reference to FIG. 1, the thermoelectric conversion
element 100 is described below. When the absorption part 48
absorbs for example IR rays, the temperature of the absorption
10 part 48 increases. Because of the temperature difference
between the absorption part 48 and the cold pads 50, there may
occur thermoelectric conversion due to Seebeck effect in the
semiconductor layer of the p-type thermoelectric conversion
unit 92 and the n-type thermoelectric conversion unit 90.
15 Therepby, an electromotive force is generated between the p-
type ohmic electrodes 46 in the p-type thermoelectric
conversion unit 92, and between the n-type ohmic electrodes 44
in the n-type thermcelectric conversion unit 90. The
sensitivity R (V/W), detectability D (an(Hz)*?/W) and response
20 time T (sec) of the thermoelectric conversion element 100 are
respectively represented by Eguations 1, 2, 2 below.
Equation 1
R=a-N-S-R,

Equation 2
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D =12(44 Af/(4lc/3 T Rd))1/2 Equation 3 r = Rill C wherein a is the thermal absorption coefficient, N
is a 5 logarithm when a pair of the p-type thermoelectric conversion unit 92 and the n-type
thermoelectric conversion unit 90 are connected in a series (which will be described in detail later), S
is the Seebeck coefficient, Rth is the thermal resistance of the semiconductor layer, A is the area of
the JO absorption part 48, A f is the bandwidth, kB is the Boltzmann coefficient, T is the absolute
temperature, Rel is the electrical resistance of the semiconductor layer, and C is the heat capacity of
the thermoelectric conversion unit. In Equation 1, thermal resistance Rth of the semiconductor
layer should be increased to increase the sensitivity R. Hence, the semiconductor layer of the p-type
thermoelectric conversion unit 92 and the n-type thermoelectric conversion unit 90 is thinned and
provided in the forfh R4 besfvi(4ard tie Bavity 12 is formed on the substrate 10, thereby increasing 20
the thermal resistance Rth of the semiconductor layer. However, when the p-type thermoelectric
conversion unit 9Zandthem-type thermoelectric conversion unit 90 are thinned and provided in the
form of beam, the electrical resistance Eel of the semiconductor layer may increase. Thereby, the
detectability D decfréa@es‘.g\ccordingly,the n-type semiconductor layer 20 and the p-type semiconductor

layer L . o .
ayer 30 wherein o 1s the thermal absorption coefficient, N 1s a

5 logarithm when a pair of the p-type thermoelectric conversion
unit %2 and the n-type thermcelectric conversion unit %0 are
connected in a series (which will be described in detail
latery, S is the 3eebeck coefficient, R, 1is the thermal
resistance of the semiconductor layer, A is the area of the

10 absorpticn part 48, Af is the bandwidth, Xz is the Boltzmann
coefficient, T 1is the absoclute temperature, Re 18 the
electrical resistance cof the semiconductor layer, and C is the
heat capacity of the thermoelectric conversion unit.

In Equation 1, thermal resistance Ry of the semiconductor

15 layer shculd be increased to increase the sensitivity R.
Hence, the semiconductor layer of the p-iype thermoelectric
conversion unit 92 and the n-type thermoelectric conversion
unit 80 is thinned and provided in the form cof a besam, and the
cavity 12 1is formed on the substrate 10, thereby increasing

20 the thermal resistance Ry of  the semiconductor  laver.
However, when the p-type thermoelectric conversion unit 92 and
the n-type thermoelectric conversion unit 90 are thinned and
provided in the form of beam, the electrical resistance R. of

the semiconductor layer may increase. Thereby, the



include a modulation doped structure, so that two-dimensional electrons and two-dimensional holes,
having high mobility, are 5 formed. Thus, the electrical resistance Rel of the n-type semiconductor
layer 20 and the p-type semiconductor layer 30 may decrease. Thereby, both desired sensitivity R and
detectability D may be obtained. Also with reference to FIG. 1, the photoelectric W conversion element
102 is described below. The photoelectric conversion element 102 has a PIN structure comprising the
p-type semiconductor layer 30, the electrical isolation layer 28 and the n-type semiconductor layer 20.
The PIN structure enables the photoelectric conversion of irradiated light. Also with reference to
FIG. 1, the transistor 104 is described below. The transistor 104 has a HEMT (High Electron Mobility

Transistor) t@cé%rgbq?/ilg a two-dimensional electron 9as cgragnel Eormed !&tge modulation doped

structure of the 1- ype senticon ucto??é:y%eraﬁe.siﬁ this way,c {he n-jfﬁ)qe 30 semlcondu%totrsfgﬁer 20

which is a pegtioppidhesemicendyctoriayer38-mayheysed asanopeiating layes.Jathe transistor
104, the p-type semiconductor layer 30 may be used as an operating layer. Also in the transistor 104,

the gate eléctrodE!s6 ds abldubadct@s afranedes andtherrtypedhihie 25telectidtes Sicarelable to act

as a cathode, so that the transistor 104 may function as a diode. According to the first
o Doamo R T B Gl LB SRt LB B HSE T R Bt rayBF 38 that
performs thermaelectric-gonversione Indhe photeglecttiess stance R, of the n-type

semiconductor layer 20 and the p-type semiconducter layer 30
may decrease. Thereby, both desired sensitivity R and
detectability D may be obtained.

Also with reference to FIG. 1, the photoelectric

10 conversion element 102 1is described below. The photoelectric
conversion element 102 has a PIN structure comprising the p-
type semiconductor layer 30, the electrical iscolation layer 28
and the n-type semiconductor layer 20. The PIN structure
enables the photoelectric conversion cof irradiated light.

15 Also with reference to FIG. 1, the transister 104 1is
described below. The transistor 104 has a HEMT (High Electron
Mcbility Transistor) structure having a two-dimensional
electron gas channel formed in the modulation doped structure
of the n-type semiconductor laver 20. In this way, the n-tvpe

20 semiconductor layer 20 which is a porticn of the semiconductor
layer 38 may be used as an operating layer. In The transistor
104, the p~type semiconductor layer 30 may be used as an
operating layer. Also in the transistor 104, the gate
electrode 56 iz able to act as an ancde and the n-type ohmic

25 electrodes 54 are able tc act as a cathode, so that the

20



5 conversion element 102, at least a portion of the semiconductor layer 38 performs photoelectric
conversion. Thus, when the photoelectric conversion element 102 performs photoelectric conversion
using at least the portion of the semiconductor layer 38 that performs thermoelectric conversion 10 in
this way, the thermoelectric conversion element 100 and the photoelectric conversion element 102
may be monolithically integrated. The thermoelectric conversion element 100 enables the detection of
light in a wide range from far IR to near IR. Meanwhile, the photoelectric conversion element 102
detects 15 light in a narrow range corresponding to the bandgap of the semiconductor layer. Thus,
monolithic integration of a wide-range detector and a narrow-range detector is possible. Also in the
transistor 1% at Ileatst a ri%rgion of t?le}ge iconductorcliaéloeé 38 may be used as an operating layer. 20

Thereby, the't Srmoelectfic conversion efement 108 ard the transistor 104 may be monolithically

integrated. Alternatively-nstead of thertransistor: foaxample-a diode maay bewtiizets oo i  AS
mentioned above, the thermoelectric conversion element 25 100, and at least one of the photoelectric

conversion @ment 1102 antbthenttansistor 104lmdy be nionolikicatipintegtated. Miternativ@ly instead
of the transj[srtlor, for example a diode %}Saé/sbe used. Furthermore, the semiconductor layer 38 includes
r

a layer 5 haviig barbyap &hergy Conesponding o OVATgHt (i the HistetbBairvéit a-Gakayer, an
AlGaN layer),and-at;least adnertion.of thegsemicopductor layer 38, of the photoelectric copyersion

element 102 performs the photoelectric conversion of UV light. Hence, the photoelectric conversion
element 102aNimaycactiasra UMagetectottfor detettingsUV dight. cEeabsarptiondgpart: 48:afrthe
thermoelectric conversion element 100 may act as an IR absorption part that absorbs IR rays and

converts theMifito HESE: HeNGe RA8 tHEMoEethic EORRTSIOR EISTHERET00 My detaS AR detector

for detectinglR@¥$Sectric conversion using at least the portion of the

semiconductor layver 38 that performs thermoelectric conversion

10 in this way, the thermoelectric conversion element 100 and the

photoelectric conversion element 102 may be monolithically

integrated. The thermoelectric conversion element 100 enables

the detection of light in a wide range from far IR to near IR.

Meanwhile, the photoelectric conversion element 102 detects

15 light in a narrow range corresponding to the bandgap of the

semiconductor layer. Thus, monolithic integration of a wide=-
range detecter and a narrow-range detector is possible.

Also in the transistor 104, at least a portion of the

semicenducter layer 38 may be used as an operating layer.

20 Thereby, the thermoelectric conversion element 100 and the

transistor 104 may be monolithically integrated.

Alternatively instead of the transistor, for example a dicde

may be utilized.
As mentioned above, the thermoelectric conversion element

25 100, and at least one of the photoelectric conversion element
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15 Thereby, the UV detector and the IR detector may be monolithically integrated. FIG. 3 shows
the bandgap energy with respect to the lattice constant of a variety of semiconductors. The
semiconductor layer having a bandgap corresponding to UV light 20 may include a semiconductor
layer 38 made of GaN or a mixture of crystals of AIN and GaN as illustrated in the first embodiment.
Alternatively a semiconductor layer containing ZnO may be used. For example, ZnO or a mixture of
crystals of ZnO and MgO may be used for the semiconductor layer. Also, 25 ZnS, ZnSe, MgS or MgSe
may be used. The semiconductor layer 38 includes the p-type semiconductor layer 30 and the
n-type semiconductor layer 20 which are stacked. The thermoelectric conversion element 100 includes

the p-type t#gémoelgct{ig cogversmn nit 9% vghereln the R r}/C!olel%%m|(:(ﬁg]6yctor la#fh%o gerforms

thermoelectric conversion, an e n- ype thermoerec I‘IC conversion uni wl%erel e n- type

semicondugtor dayert2Q-perforns thermaskectiic canvarsion: Therebyr thermaslectric conyversion may
be carried out at high sensitivity. 10Also, the photoelectric conversion element 102 is a photodiode that

uses the pfyjie seémitsiiductor layer 30 and the n-type semiconductor layer 20. Thereby, monolithic
integration of the thermoelectric con erS|on eleme 41t 100 and the p toelec {blc conver ion element 102
0

becomes much méres T8 TEASHR. “ AISS e TE51atGH pa %ﬁef% vﬁ’iga %qﬁ/%eﬁt &EPtype
the moglqugggggv%@%gﬁlt&g@@t%@f&%m%%el%gng@ow%@pn unit 90 sosas-to-electrically

isolate the p-type semiconductor layer 30 and the n-type

empodiment, a GaN layer, an AlGaN layer), and at least =a
portion of the semiconductor layer 38 of the photoelectric
conversion element 102 performs the photoelectric convarsion
of UV light. Hence, the photecelectric conversion element 102

10 may act as a UV detector for detecting UV light. The
abscrption part 48 of the thermoelectric conversion element
100 may act as an IR absorption part that absorbs IR rays and
converts them into heat. Hence, the thermoelectric conversion
element 100 may act as an IR detector for detecting IR rays.

15 Thereby, the UV detector and the IR detector may be
monolithically integrated.

FIG. 3 shows the bandgap energy with respect to the
lattice constant of a variety of semiconducters. The
semiconductor layer having a bandgap corresponding to UV light

20 may include a semiconductor layver 38 made of GaN or a mixture
of crystals of AIN and GaN as iliustrated 1in the first
embodinent. Alternatively a semiconductor laver containing
Z2n0 may be used. For example, Zn0 or a mixture of crystals of
Zn0 and Mg0 may be used for the semiconductor laysr. Also,

25 ZnS, ZnSe, MgS or MgSe may be used.

22



20 semiconductor layer 20. Thereby, interference between the p-type semiconductor layer 30 and the
n-type semiconductor layer 20 may be prevented. FIG. 4 is a cross-sectional view showing a
modification of the first embodiment. As shown in FIG. 4, a cavity 12a may 25 also be formed on the
substrate 10 under the photoelectric conversion element 102. When the cavity 12a is formed on the
substrate 10 under the photoelectric conversion element 102 in this way, noise caused by the
absorption of light due to photoelectric effects may be suppressed in the substrate 10 5 made of for
example Si. (Second Embodiment) According to a second embodiment, there is provided a
thermoelectric conversion apparatus.FIG. 5 is a cross- 10 sectional view showing the thermoelectric
conversion apparaitgg accordingoto the seconc&embodi gt. As SQ%"&QQ F_IC;; 5, the tblglrmoelectric

conversion apparatus is cso%xﬁburéléi %ﬁ%ﬁlfhat a fitst thermoelectic convarsion %?eme%t G and a

second theguagelestiie copyersigreelement 480k as dgserjbed inthe A first embodiment arg
connected in a series. Also, a first n-type thermoelectric conversion unit 90a and a first p-type
thermoelectiic-ebnversion @it 92a of iHesfirshtheraoetettric conversion efements180d; ahdla second
n-type thermogleciic conyersion unit 0 and g second Pype NEMOLIECYIC 52 wnerein

5 the p-type semiconductor layer 30 performs thermoelectric
conversion, and the n-type thermoelectric conversion unit 90
whersin the n-type semiconductor layer 20 performs
thermoelectric conversion. Thereby, thermoelectric conversion
may be carried out at high sensitivity.

10 Also, the photoelectric conversion element 102 is a
photediode that uses the p-type semiconductcr layer 30 and the
n-type semiconductor layer 20. Thereby, monolithic
integraticn of the thermcelectric conversion element 100 and
the photcelectric conversion element 102 becomes much more

15 feasible.

Also, the isolation part 42 is provided between the p-
type thermoelectric conversion unit 92 and the n~type
thermoelectric conversicn unit 90 so as to electrically
isclate the p-type semiconductor layer 30 and the n-type

20 semiconductor layer 20. Thereby, interference between the p-
type semiconductcr layer 30 and the n-type semiconductor layer
20 may be prevented.

FIG. 4 is a cross-secticnal view showing a modification

of the first embodiment. As shown in FIG. 4, a cavity 1Z2a may

25 also be formed con the substrate 10 under the photoslectric



20 conversion unit 92b of the second thermoelectric conversion element 100b are connected in a
series. FIG. 6 is a top plan view showing the thermoelectric conversion apparatus according to the
second embodiment. The thermoelectric conversion apparatus includes a central region 25 72, a first
beam 70a and a second beam 70b. The first beam 70a and the second beam 70b are separated
from the substrate 10 by means of cavities 12 as shown in FIG. 5. One end of each of the first beam
70a and the second beam 70b is mechanically connected to the central region 72. The other 5 end of
each of the first beam 70a and the second beam 70b is mechanically connected to an external support
74. The first beam 70a is provided with the first n-type thermoelectric conversion unit 90a of the first

thermaeleciric sanuersion.elgment 1002 andjfhe seeend o byne thesmosleciic.ganversion W unit 925
of the second thermoelectric conversion element 100b. The semiconductorlayer between the first

n-type thermaedectte conversior Lnitr@0a-and e seeend pdypedhermeelectigeanversionrunit 92b is
electrically isolated by means of a second isolation part 42a. The second beam 70b is 15 provided with
the secondtitiype tiermobfettfic corversiorPinitgoh of BfCsEEsId thedmokiatific cbifversion element

100b and th(?1 };' st ﬁ@@&@g@@%‘g%@c conve%éon unit 92a of ?e.fgstgggrmo%%%mc con\i%rsmn

element 1004, The semiconddctor ayer Petivedn the SBEohd s yple thefmocﬁgctric%%onversion unit
90b and the fikst pstype-thesmoglectric conversion unit 92a is electrically isolated by means of a third

isolation part 42b.
(Second Embodiment)
According to a second embodiment, there 1is provided a
thermoelectric conversion apparatus. FIG. 5 1s a cross-
10 sectiocnal view showing the thermoelectric conversion apparatus
according to the second embodiment. As shown in FIG. 5, the
thermeoelectric conversion apparatus 1is configured such that a
first thermcelectric ceonversion element 100a and a second
thermoelectric conversicon element 100b as described in the
15 first embodiment are connected in a series. Also, a first n-
type thermeoelectric conversion unit 90a and a first p-type
thermoelectric conversion unit 9Za of the first thermoelectric
conversion element 100a, and & second n-type thermoelectric
conversion wunit 9%0b and a seccnd pr-type thermoelectric
20 conversion unit 22k of the second thermoelectric conversion
element 100b are connected in a series.
FIG. b6 i1s a top plan view showing the thermoelectric
conversion apparatus according to the second embodiment. The
thermoelectric conversion apparatus includes a central region

25 72, a first beam 70a and a second beam 70b. The first beam
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Provided at the center of the central region 72 is an absorption part 48. Also provided around the
central region 25 72 is a first wire 45a that connects n- type ohmic electrodes 44 of the first n-type
thermoelectric conversion unit 90a and p-type ohmic electrodes 46 of the first p-type thermoelectric
conversion unit 92a. Furthermore, a second wire 45b is provided, which connects n-type ohmic
electrodes 44 of the 5 second n-type thermoelectric conversion unit 90b and p-type ohmic electrodes
46 of the second p-type thermoelectric conversion unit 92b. Moreover, a first isolation part 42c of the
central region 72 is provided between the absorption part 48 and the first wire 45a and between the
absorption part 48 10 and the second wire 45b, and functions to electrically isolate the first

thermoelectric conversion element.100a and the second_thermoelectric conversion.element 100b.
Mo, the s B I o r ot O o AEA et
and the upper styfage of thefirst-15isalation park 42¢isthermally=gennested tothe absprption part 48.
The first isolation part 42c underneath the p-type ohmic electrode 46 is represented by a dashed line.
Also, the pays&ohdic dléétrodé Zeiunlieaieati the abisdrptidn pafes8isirepresentéd by a dashed
line. The other end of each of the 20 first Qear‘r% and the second beam_70 rovided with the

col pad SO THEGEEad Rol8bl DA 323 the (e GOl por26 and he A Todiao part 42¢
functiorto glegtrically isolatgthe semiconducioriayen3ds gndhe eiching siep laysr 14 @s indhe
isolation part 42 according to 25 the first embodiment.The width and length of each of the
mechanically connected to an external support 74. The first
beam 70a is provided with the first n-type thermcelectric
conversion unit 90a of the first thermcelectric conversion
element 100a and the second p-type thermoelectric conversion
10 unit 292b of the second thermcoelectric conversion element 100b.
The semiconductor layer between the first n-type
thermeelectric conversion unit 90a and the second p-type
thermcoelectric conversion unit 92b is electrically isolated by
means ¢f a second isclation part 4Za. The second beam 70k is
15 provided with the second n-type thermoelectric conversion unit
90b of the second thermoelectric conversion element 100b and
the first p=-type thermoelectric conversion unit 92a of the
first thermoelectric conversion element 100a. The
semicconductor layer between the second n-type tharmeoelectric
20 conversicon unit 90b and the first p-type thermoelectric
conversion unit 9Za is electrically isolated by means of =z
third isolatiocn part 42b.
Provided at the center of the central region 72 is an
abscrption part 48. Also provided around the central region

25 72 1s a first wire 45a that connects n-type ohmic electrodes



first beam 70a and the second beam 70b may be for example 6 on and 152 on, respectively. Each
side of the central region 72 is for example 52 gm. According to the second embodiment, the first
beam 70a 5 and the second beam 70b are provided with the thermoelectric conversion units, thereby
greatly increasing thermal resistance and sensitivity.The first thermoelectric conversion element 100a
and the second thermoelectric conversion element 100b are connected in a series so that the M first
p-type thermoelectric conversion unit 92a and the second n-type thermoelectric conversion unit 90b
are connected to the support 74 at the left lower position of FIG. 6. The first n-type the moelectric
conversion unit 90a and the second p-type thermoelectric conversion unit 92b are provided to the first

15 beam 70, The seqon 0-ype heymoelgelic sonversiqn unlt 30b.a1d the, st peype thermoelectri

conversion unit 92a are provi o the second beam hereby, ogarlthm N of Equation 1 may

be set to 2 dhuspreatiyinereasing theisensitivibe 2042 theieeniral regios ZZhtorwhichethefirst beam
70a and the second beam 70b are connected, the first isolation part 42c is further provided, which
electrically &vlatesatd8astdné of 1ha p-type seEhficoHiucor layer Sorand the Hegpedob 18

provided, which c¢onnects n-type ohmic electrodes 44 of the
5 second n-type thermoelectric conversion unit 90b and p-type
ohmic electrodes 46 of the second p-type thermoelectric
conversion unit 92b. Moreover, a first isclation part 4dZc of
the central region 72 is provided between the absorption part
48 and the first wire 4b5a and between the absorption part 48
10 and the second wire 45k, and functions to electrically isolate
the first thermoelectric conversion element 100a and the
second thermoelectric conversion element 100b. Also, the p-
type ohmic electrode 46 positioned betwesen the lower surface
of tThe absorption part 48 and the upper surface of the first
15 isolation part 42c is thermally connected to the absorption
part 48. The first isclation part 42c undernsath the p-Lvpe
ohmic electrode 46 is represented by a dashed line. Also, the
p-type ohmic electrode 46 underneath the absorption part 48 is
represented by a dashed line. The other end of each of the
20 first bkeam 70a and the second beam 70b is provided with the
cold pad 50. The second isolation part 42a, the third
isolation part 42b and the first iscolation part 42c function
to electrically isclate the semiconductor layer 38 on the
etching stop laver 14 as in the isolation part 42 according to

25 the first embodiment. The width and length of each of the

26



semiconductor layer 20 between the first thermoelectric 25 conversion element 100a and the second
thermoelectric conversion element 100b. In the case where the central region 72 includes at least one
of the p-type semiconductor layer 30 and the n-type semiconductor layer 20, the first thermoelectric
conversion element 100a and the second 5 thermoelectric conversion element 100b may electrically
interfere due to the semiconductor layer at the central region 72. Hence, the first isolation part 42c
electrically isolates at least one of the p-type semiconductor layer 30 and the n-type semiconductor
layer 20. Thereby, electrical interference M between the first thermoelectric conversion element 100a
and the second thermoelectric conversion element 100b may be prevented. Particularly in the case

where at least Qne of the PAype o&nmic electrodes 46 and7t n-g/ ebohrFic electrodfs 44 is formed
) Irst Beam 70 .a? th secoEQSb?am %H§F e oq exa%P = 6.gn
using an alloy process, electrical interference between the first thermoelectric ¢conversion element

100a and the.second thermeaipetricicanversionelementit0Qr mayde-aciitated:dug ntheyconductive
semiconductor layer corresponding to the ohmic electrode formed using an alloy process. Accordingly,
it is preferréd thattheisr26 iselatin part 42c of the central region 72 electrically isolates the

conductive semicqnductar. layer_corresponding to the ohmic electrode formed. using an process.
Also, the first bea%c‘?gg%%g%ra ?y |E% Udés (gemgeceor%b g%%%eﬁ’pagﬁ&a th]é%gle%t%ﬁ:%l@yi%%lates the

first n-type 254heHeelestisreprnyession upit 90a anesthesacond prtypeethermpetectre conversion unit
92b, and the second beam 70b preferably includes the third isolation part 42b that electrically isolates
the first p-tyise Hetedcslectriefconversiof tmficd2a and hé séond hypeahentioeleenicmal

resistance and sensitivity. The first thermoelectric
conversion element 100a and the second thermeelectric
conversion element 100b are connected in a series so that the

10 first p~-type thermoelectric conversion unit 92a and the second
n-type thermoelectric conversion unit 90b are connected to the
support 74 at the left lower position of FIG. 6. The first n-
type thermoelectric conversion unit 350a and the second p-type
thermoelectric conversion unit 9%2b are provided to the first

15 beam 70Ca. The second n-type thermoelectric conversion unit
90b and the first p-type thermcelectric conversion unit 92a
are provided to the seccnd beam 70b. Thersby, the logarithm N
of Equation 1 may be set to 2, thus greatly increasing the
sensitivity.

20 In the central region 72 to which the first beam 70a and
the second beam 70b are connected, the first isclation part
47c is further provided, which electrically isolates at least
one o©of the p-type semiconductor layer 30 and the n-type
semiconducteor layer 20 Dbetween the first thermoelectric

25 conversion element 100a and the second thermoelectric
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5 conversion unit 90b. Thereby, electrical interference between the first thermoelectric conversion
element 100a and the second thermoelectric conversion element 100b in the first beam 70a and the
second beam 70b may be further prevented. FIGS. 7(a)and 7(b) are top plan views showing M
modifications of the second embodiment.As shown in FIG. 7(a), the photoelectric conversion element
102 may be provided in the central region 72. As shown in FIG. 7(b), both the photoelectric conversion
element 102 and the absorption part 48 may be provided in the central region 72. ISFIGS. 8(a) - 8(c)
are top plan views showing the other modifications of the second embodiment.As shown in FIG. 8(a),
the first isolation part 42c of the central region 72 may be provided so as to cross the absorption part

48. The first jsqlation part 42¢ under. absarpti art 48 is 20 represented dotted line. As
Shown n I B0 Aot S on DR 420 B e Stk LahanG MDac s batt 8 A the wire

45b, and may notdesprevided hetweendhe alisorplion-paryds anghthewire4ba: Assshownin FIG. 8(c),
the first isolation part 42c is provided between the 25 absorption part 48 and the wire 45a, and may not
be formed &and  the  n-type semiconductor layer 20, the first
thermoelectric conversion element 100a and the second
5 thermoelectric conversicon element 100b may electrically
interfere due to the semiconductor layer at the central region
72. Hence, the first isolation part 42¢ electrically isolates
at least one of the p-type semiconductor layer 30 and the n-
type semiconductor laysr 20. Thereby, electrical interference
10 between the first thermoelectric conversion element 100a and
the second thermoelectric conversion element 100b may be
prevented. Particularly in the case where at least one of the
p-type ohmic electrodes 46 and the n-type ohmic electrodes 44
is formed using an alloy process, elactrical interference
15 between the first thermoelectric conversion element 100a and
the second thermoelectric conversion element 100k may be
facilitated due to the conductive semiconductor layer
corresponding to the ochmic electrode formed using an alloy
Process. Accordingly, 1t is preferred that the first
20 isolation part 42c of the central region 72 electrically
isclates the conductive semiconductor layer corresponding to
the ohmic electrode formed using an alloy process.
Alsc, the first beam 70a preferably includes the second
isolation part 42a that electrically isclates the first n-type

25 thermoelectric conversion unit 90a and the second p-type
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between the absorption part 48 and the wire 45b. In this way, the first isolation part 42c may be
provided so as to electrically isolate the first thermoelectric conversion element 100a and the second
thermoelectric conversion element 5 100b. In particular, the first isolation part 42c is provided so that
there is no spacing between the first thermoelectric conversion element 100a and the second
thermoelectric conversion element 100b, whereby the first thermoelectric conversion element 100a
and the second thermoelectric W conversion element 100b may be completely electrically isolated.
The sensitivity R and the detectability O of the thermoelectric conversion apparatus using GaN and
AlGaN are calculated.First, the sensitivity R is calculated using 15 Equation 1.It is supposed that the

thermal abs@rption coefficient a is 1 the.logarith. N is,2 and ttie ebeck coefficient S fa%aN is 1500
v :
gV/K. The t‘h%%%??ese,'ig%nlcce Rth'is caiculated ?r% t%sécwegl’engaﬂ%1 o%ge%cﬁ%? néﬁl%? Bgan(z a and the

second beameAQh: dbe widthnWi oleach afitbe ptiypeL0 thernaetestiic ganversianiinit 92:and the
n-type thermoelectric conversion unit 90, and the thicknesses tp, tn of the semiconductor layer of the
p-type therfodtdctrige cohversioAUMTSZ and the n-type Hermdetéstie corversiopalmic90iFor

tefi(:r;eprﬁi’ts/tl tc);"/rgv]ésré gghW En]i‘? 9@25) =a%g5 %@625 gggcg?zc? O'r:i)’—A't%%eRtht Se%frﬁéé gc /\r/\g;'CAS such,

5 conversion unit 90b. Thereby, electrical interference between
the first thermoelectric conversion element 100a and the
second thermoelectric conversion element 100b in the first
beam 70a and the second beam 70b may be further prevented.

FIGS. T{a) and 7{b) are top plan views showing

10 modifications of the second embodiment. As shown in FIG.
7(a), the photoelectric conversion element 102 may be provided
in the central region 72. As shown in FIG. 7{(b), both the
photoelectric conversion element 102 and the absorption part
48 may be provided in the central region 72.

15 FIGS. 8{a) ~ Bic) are top plan views showing the other
modifications of the second embodiment. As shown 1in FIG.
8(a), the first isclation part 42c¢ of the central region 72
may be provided so as to cross the absorption part 48. The
first isclation part 42c under the absorption part 48 is

20 represented by a dotted line. As shown in FIG. 8{b), the
first 1solation part 42c¢ is provided between the absorption
part 48 and the wire 45b, and may not be provided between the
absorption part 48 and the wire 45a. As shown in FIG. B{(c),
the first 1isolation part 42c is provided between the

25 absorption part 48 and the wire 45a, and may not be formed
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R is 2000 V/W. FIG. 9(a) shows the sensitivity R with respect to changes in L and W of the
thermoelectric conversion apparatus using AlGaN/GaN. As shown in FIG. 9(a), the sensitivity R
increases 5 in proportion to an increase in L and to a decrease in W.  The detectability D is
calculated using Equation 2. On the assumption of bandwidth Af - 1 and the absolute temperature T =
300K, the area A of the absorption part 48 is supposed to be in proportion to L as shown in FIG. 9(a).
The 10 electrical resistance Re 2 is calculated from L and W.For example, at the area A = 52x52 pe, L
=137 gmand W = 1.5 gm, Rd is 320 k2.As such, the detectability D is 7x108 an(Hz)1/2/W.On the
assumption that the heat capacity C is 4K10-9 J/K, the response time T is 1.3 ms. FIG. 9(b) shows

the detect é%ge%“%%e Jetel %?Ds&gm 'gg\gth kespect 1q.| (éhqul%ees ipch. and . @g sémwgn in FIG. 9(b),

the detectabllity D increases in p oportlo to an increase In L and to a decrease in W. As g FIGS. 9(a)

and 9(b), thensengitivity R apedtheion part 42c may be provided so as to
electrically isolate the first thermoelectric conversion

element 100a and the second thermoelectric conversion element

5 100b. In particular, the first isclation part 42c is provided

so that there is no spacing between the first thermoelectric

conversicn element 100a and the =second thermcelectric

conversicon element 100b, whereby +the first thermcelectric

conversion element 100a and the second thermoelectric

10 conversion element 100b may be completely electrically
isclated.

The sensitivity R and the detectability D of the
thermeoelectric conversion apparatus using GaN and AlGaN are
calculated. First, the sensitivity R 1is calculated using

15 Eguation 1. It is supposed that the thermal absorption
coefficient o is 1, the logarithm N i1s 2 and the Sesbeck
coefficient S of GaN is 1500 WV/X. The thermal resistance Ruy,

is calculated from the length L of each of the first beam 70a
and the second beam 70b, the width W of each of the p-type
20 thermoelectric conversion unit 92 and the n-type
thermoelactric conversion unit 90, and the thicknesses tp, tn
of the semiconductor layer of the p-type thermoelectric
conversion unit 92 and the n-type thermcelectric conversion
unit 90. For example, at L = 137 mm, W = 1.5 m, tp = 0.55 m

25 and tn = 0.34 um, Ry is 3.4%10° K/W. As such, the sensitivity
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20 detectability D of the theLmoeiectric conversion apparatus using ZnO and ZnMgO0 are calculated.
First, the sensitivity R is calculated using Equation 1. It is supposed that the theal absorption
coefficient a is 1, the logarithm N is 2, and the Seebeck coefficient S of ZnO is 1140 0/K. As in FIG. 25
9(a), the thermal resistance Rth is calculated from L, W, tp and tn. For example, at L = 137 on, W =
1.5 gm, tp = 0.55 gm and tn = 0.34 gm, Rth is 1.75x106 K/W. As such, the sensitivity R is 8000 V/W.
FIG. 10(a) shows the sensitivity R with respect to 5 changes in L and W. As shown in FIG. 10(a), R
increases in proportion to an increase in L and to a decrease in W. The detectability D is calculated
using Equation 2. On the assumption of bandwidth Af = 1 and the absolute temperature T = 300K, the
area A of t ats)s rpti t 48 is 10 supposed to be in proportion to L as shown in FIG. 10(a). The
electrical resistance ,1is calculated from L and W. For example, at the area A - 52X52 0112, L = 137

onand W = 1.5 faftyRel ;310 kg2.As sueh dbedeatectabjlity Dist8x QSemiHd 2} 42 Hpdhe
assumption that the heat capacity C is
in L and W of the thermcelectric conversion apparatus using
AlGaN/GaN. As shown in FIG. 9(a), the sensitivity R increases

5 1in preopertion to an increase in L and to a decrease in W.

The detectabilility D is calculated using Eguation 2. On
the assumption of bandwidth Af = 1 and the absolute
temperature T = 300K, the area A of the absorption part 48 is
suppcosed to be in proportion to I as shown in FIG. 9(a). The

10 electrical resistance R,y 1s calculated from L and W. For
example, at the area A = 52X52 m°, L = 137 m and W = 1.5 m,
Ra is 320 kQ. As such, the detectability D is 7x10°
cm (Hz)?/W.  ©On the assumption that the heat capacity C is
4x107° J/K, the response time T is 1.3 ms.

15 FIG. 9{b) shows the detectability D and the response time
T with respect to changes in 1L and W. As shown in FIG. 9(b},
the detectability D increases in proportion to an increase in
L and to a decrease in W.

As 1in FIGS. 9(a) and 9(b), the sensitivity R and the

20 detectability D of the thermoelectric conversicon apparatus
using Zn0 and ZnMgC are calculated. First, the sensitivity R
is calculated using Eguation 1. It is supposed that the
thermal abscrption coefficient o is 1, the logarithm N is 2,
and the Seebeck coefficient 5 of Zn0 is 1140 #V/K. As in PFIG.

25 9{a), the thermal resistance Rq is calculated from L, W, tp

3]



5.3x1079 IT/K, the response time T is 9.2 ms. FIG. 10(b) shows the detectability D and the
response time T with respect to changes in L and W. As shown in FIG. 10(b), the detectability D
increases in proportion to an increase in L and to a decrease in W. 20As shown in FIGS. 9(a) - 10(b), it
is preferred that the beam length L is 100 OR or more.Particularly in the AlIGaN/GaN modulation
doped structure or in the ZnO/MgZnO modulation doped structure, the beam length L may be 100 gm
or more. 25The thermoelectric conversion apparatus according to the second embodiment, and at
least one of the photoelectric conversion element and the transistor according to the first embodiment
may be monolithically integrated. 5 Mode for Invention (Third Embodiment) According to a third

embodiment, there is provided a photoelectric con ion element.that detects IR r s shown in
FIG. 1acc§rla|n§tf6'the IrSt éarﬁ%%m}rﬁént?&efeféh%%gs i, " b Aty th = %y%f‘mﬂ
and tn = 0.34 mm, Rg is 1.75X10° K/W. As such, the

sensitivity R is 8000 V/W.

FIG. 10(z) shows the sensitivity R with respect to

5 c¢hanges in L and W. As shown in FIG, 10(a), R incrsases in
proportion to an increase in L and to a decrease in W.

The detectability D is calculated using Eguation 2. On
the assumption of bandwidth 4&f = 1 and the absolute
temperature T = 300K, the area A of the absorption part 48 is

10 supposed to be in propertion tc L as shown in FIG. 1C{a}. The
electrical resistance R, 1is calculated from L and W. For
example, at the area A = 52X52 i, L= 137 m and W = 1.5 L,
Rey 1is 310 k@. As such, the detectability D 1is 8X10°
cn (Hz)'?/W.  On the assumption that the heat capacity C is

15 5.3%X107° J/K, the response time T is 9.2 ms.

FIG. 10(b) shows the detectability D and the response
time T with respect to changes in L and W. As shown in FIG.
10{b), the detectability D increases 1in proportion tTo an
increase in L and to a decrease in W.

20 As shown in FIGS. 9(z) ~ 10(b}, it is preferred that the
beam length 1 1s 100 m or more. Particularly in the
AlGaN/GaN modulation doped structure or in the Zn0/MgZnC
modulation doped structure, the beam length L may be 100 mm or
more.

23 The thermoelectric conversion apparatus according to the



10 stop layer 14 may include for example a 200 nm thick undoped AlGal"Aa layer (e.g. x=0.6). The
high-purity layer 22 may include for example a 10 mu thick undoped InxGal,,As layer (e.g. x=0.25).
The electron supply layer 24 may include for example a 100 nm thick AlxGal,As layer (e.g. x=0.25)
doped with Si at 15 1 X1018 al-3. The ohmic contact layer 26 may include for example a 30 nm thick
GaAs layer doped with Si at 4x1018 01f3. The electrical isolation layer 28 may include for example
a 100 nut thick undoped GaAs layer. The high-purity layer 32 may include for example a 10 nn thick
undoped InxGal"As layer 20 (e.g. x=0.25). The hole supply layer 34 may include for example a 100 nm
thick AImGaL,As layer (e.g. x=0.25) doped with Zn at 1x1019 cm-3. The p-type ohmic electrodes 46

and the p-type. olymic glectrodes, 52 may {nclyde for example.non-allay.ohmig, 25 glectrogas made by

forming a Ti layer on the p-type semiconductor layer 30, and an Au layer on the Ti layer using vapor
deposition.cbheratypeohaiertecirodes 44randidhersiype-ehmiccelectrades:b4 may imclude for
example alloy ohmic electrodes made b _foLming an AuGe layer on the n-type 5 semiconductor layer,
and a Ni lafEFR6R e At Ge lave? d@ﬂﬁ@géﬁﬁllGépéé’ltiéﬁtd%fﬂrﬁ]%%dperforming thermal treatment.

The sensitivity R and the detectability D of the same thermoelectric conversion apparatus as in the
second embodiment are calculated. First, the sensitivity R is

5 Mode for Invention

(Third Embodiment)

According to a third embodiment, there is provided a
photeoelectric conversion element that detects IR rays. As
shown in FIG. 1 according to the first embodiment, the etching

10 stop layer 14 may include for example a 200 mm thick undoped
Al.GaAa layer (e.g. x=0.06). The high-purity layer 22 may
include for example a 10 mm thick undoped InGa:;.As layer (e.q.
x=0.25}). The electron supply laver 24 may include for example
a 100 mm thick Al.Ga;..As laver (e.g. x=0.25) doped with S8i at

15 1x10'% oo, The ohmic contact layer 26 may include for
example a 30 mn thick GalAs layer doped with Si at 4x10*® an™.

The electricai isolation layer 28 may include for example
a 100 mm thick undoped Galds layer. The high-purity layer 32
may include for example a 10 Mm@ thick undoped InGa-As laver

20 (e.g. x=0.25). The hcle supply layer 34 may include for
example a 100 m thick Al.Ga;.As laver (e.g. x=0.25) doped with
Zn at 1X10Y ™.

The p-type ohmic electrodes 46 and the p-type ohmic
electrodes 52 may include for example non-alloy ohmic

25 electrodes made by forming a Ti layer on the p-type



M calculated using Equation 1. It is supposed that the the al absorption coefficient a is 1, the logarithm
N is 2 and the Seebeck coefficient S of GaN is 1250 gV/K. For example, at L = 137 gm, W = 1.5 gm, tp
=0.55gm and tn = 0.34 g111, Rth is 3.6x106 K/W. As such, the sensitivity R is 1800 V/W. FIG.
11(a) shows the sensitivity R with respect to changes in L and W. As shown in FIG. 11(a), R increases
in proportion to an Increase in L and to a decrease in W. The detectability D is calculated using
Equation 2. On the assumption of bandwidth Af - 1 and the absolute 20 temperature T = 300K, the
area A of the absorption part 48 is supposed to be in proportion to L as shown in FIG. 11(a). The
electrical resistance Re | is calculated from L and W. For example, at the area A = 52x52 fate, L = 137

e o e A o b D B e A

t
assumption that the heat capaci iS 3.5x JIK, the response time T'is S.
shows the getestability & anddhe respansetimed withiespectioehargesin Lzaad YWheAs:shown in

FIG. 11(b), the detectability D increases in proportion to an 5 increase in L and to a decrease in W.
As shown i 6 SOOTE)- EIYBY HATHE Tasé whitfe IHEtHE M oS rRy et sioh &lemehtisFormed
3212%3;';%%%%29%1%%tlsg{%énclggfmgfg%yi%%|n g}le SECe ed eﬂki%drlme(glrg, th&%en%g\g%g and the

5 semiconductor layer, and a Ni layer on the AuGe laver using
vapor deposition and then performing thermal treatment.

The sensitivity R and the detectability D of the same
thermoelectric conversicon apparatus as 1in  the  second
empodiment are calculated. First, the sensitivity R is

10 calculated using Equation 1. It is suppesed that the thermal
absorption coefficient a is 1, the logarithm N is 2 and the
Seeback coefficient S of GaN is 1250 /N/K. For example, at L
= 137 m, W = 1.5 m, ftp = 0.55 m and tn = 0.34 mm, Ry is
3.6X10° K/W. As such, the sensitivity R is 1800 V/W.

15 FIG. 1li(a) shows the sensitivity R with respect to
changes in L and W. As shown in FIG. 1li(a), R increases in
proportion to an increase in L and to a decrease in W.

The detectability D is calculated using Eguation 2. On
the assumption of bandwidth 4Af = 1 and the absolute

20 temperature T = 300K, the area A of the absorption part 48 is
suppesed to be in propertion to L as shown in FIG, 1l{a). The
electrical resistance Rg 1s calculated from L and W. For
example, at the area A = 52X52 mn’, L = 137 mm and W = 1.5 um,

R., 1s 420 kQ. As such, the detectability D is 2.27%10°

25 om(lz)¥?/W. On the assumption that the heat capacity C is



10 the thermoelectric conversion element including GaAs according to the third embodiment, but the
response time T may be faster. According to the third embodiment, the sensitivity R and the
detectability D of the thermoelectric conversion element including GaAs may increase. 15According to
the third embodiment, the semiconductor layer 38 includes a layer (e.g. InGaAS) having bandgap
energy corresponding to IF rays. In the photoelectric conversion element 102, at least a portion of the
semiconductor layer converts IF rays into an electrical signal. Thereby, the 20 thermoelectric
conversion element 100 may detect IF rays in the wide range from far IF to near IR. On the other
hand, the photoelectric conversion element 102 may detect IF rays corresponding to the bandgap of
the semicond lgyer, Thus, the wide-range IF detector_(which is a far IF detector 95 at a
wavelengthgmg gbgobut 1§/gKrh)L§38 the %%%Sﬁ-r%%%% IF Getectory (Which is a near IR detector at a

wavelength of abqutd. gm):may berpepolithisalydntegrated: The thirdsmbaodimentdsayhe-applied to

for example an image sensor for detecting both the wide-range IR rays and the narrow-range IR rays.

5 (Forth EntBodiment} th Aesoreliig toca fdurtiyembodinent)ithele is grovidedwan ibmagel$ensor

comprising fhermoelegric cgnversiop elements, 100, and photoelectric gonversion elements102 which
5 increase in L and to a decrease in W.

As shown in FIGS. 9(a} ~ 11(b), in the case where the
thermoelectric conversion element 1s formed using the
semiconductor layer including GaN as in the second embodiment,
the sensitivity R and the detectability D are lower than in

10 the thermoelectric conversion element including GaAs according
to the third embodiment, but the response time 7T may be
faster. According to the third embodiment, the sensitivity R
and the detectability D of the thermoelectric conversion
element including GaAs may increase.

15 According fto the third embodiment, the semiconductor
layer 38 includes a layer (e.g. InGaAS) having bandgap energy
corresponding to IR rays. In the photoelectric conversion
element 102, at least a portion of the semiconductor laver
cocnverts IR rays into an electrical signal. Thereby, the

20 thermoelectric conversion element 100 may detect IR rays in
the wide range from far IR to near IR. ©Cn the other hand, the
photoelectric conversion element 102 may detect IR rays
corresponaing to the bandgap of the semiconductor layer.

Thus, tThe wide-range IR detector (which is a far IR detector

25 at a wavelength of about 10 m) and the narrow-range IR
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10 integrated.FIG. 12 is a block diagram showing the fourth embodiment. Here, the thermoelectric
conversion elements 100 and the photoelectric conversion elements 102 are arranged in the shape of
a matrix. As these theritoelectric conversion elements 100 and photoelectric conversion elements 102,
the 15 thermoelectric conversion element 100 and the photoelectric conversion element 102 illustrated
according to the first to third embodiments may be used. Each of the thermoelectric conversion
elements 100 and the photoelectric conversion elements 102 is disposed between the source and the
grand of a 20 selective transistor 64. The gate of the selective transistor 64 is connected to a row
selection line 68, and the drain is connected to a column selection line 66. A row selection part 62 and

a column SS%%CQS{‘Q%M( 80:slectine f%’a%e'?ﬁti%%%@&a%dct@ %%H@”e%‘%’?ﬁ“% ”%&ﬁ?c thus
outputting a

5 signal from predetermined thermoelectric conversion element 100 and photoelectric

conversionelementdf2pe rbecarding tathefournephediment @ showndn E¥god2mapiurality of
thermoelectric conversion elements 100 and a plurality of photoelectric conversion elements 102 are 5

arranged inthe Strapest el fratrbC THhe e REHBR Farte. g- 1 Sel 6B FansiStoF 84S fHel Fsiv selection
part 62 anqoth&c%lgénn ction par QO)ﬁglelsecctﬁsﬂ gt_;:ek%ates‘,t one Iaorpd(%g%the pHaIities of thermoelectric

selec %
conversion elements 100 and’ Sﬂ' foelectric conversion elements Wﬁereby{:i}ﬁg Signal of 10 the

selected one among the pluralities of thermoelectric conversion elements 100 and photoelectric
conversion elements 102 may be output. In the fourth embodiment, a transistor 04 is used as the
selective transistof 164r the ¥FoWwadiagion part 62 and the

According to a feourth embodiment, there is provided an

image sensor comprising thermoelectric conversion elements 100
and photoelectric conversion elements 102 which are

10 integrated. FIG. 12 is a block diagram showing the fourth
enbodiment . Here, the thermoelectric conversion elements 100
and the photoelectric conversion elements 102 are arranged in
the shape of a matrix. As these thermecelectric conversion
elements 100 and photoelectric conversion elements 102, the

15 thermcelectric conversion element 100 and the photoelectric
conversion element 102 i1llustrated according to the first to
third embodiments may ke used. Each o0f the thermcelectric
conversion elements 100 and the photoelectric conversion
elements 102 is disposed between the scurce and the grand of a

20 selective transistor ©4. The gate of the selective transistor
64 is connected to a row selection line €8, and the drain is
connected to a column selection line €6. A row selection part

62 and a coclumn selection part 60 select the row selection
line 68 and the column selecticon line 66, thus outputting a

25 signal from predetermined thermcelectric conversion element
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15 column selection part 60.Briefly, the selection part includes the transistor 104.Thereby, the
thermoelectric conversion elements 100 and the photoelectric conversion elements 102 of the image
sensor may be monolithically integrated.Exemplary is an image sensor comprising 20 integrated IR
detector and UV detector. Also exemplary is an image sensor comprising integrated far IR detector
and near IR detector. According to the first to third embodiments, the semiconductor layer 38 may
include for example AlGaN, GaN, 25 ZnO, MgZnO, AlGaAs, InGaAs, and additionally for example, In?,
InAIAs, GaAs, InGaP, InAs, InGaN, SiC, ZnCdO, CdO, MgO, CdO, ZnMgS, ZnS, ZnSe, MgS, MgSe,
Si, SiGe and combinations thereof.

100 and photoelectric conversion element 102.
According to the fourth embodiment, as shown in FIG. 12,
a plurality of thermoelectric conversicn elements 100 and a
plurality of photoelectric conversion elements 102 are
5 arranged in the shape of a matrix. The selection part (e.qg.
the selective transistor 64, the row selection part 62 and the
column selection part 60) selects at least one among the
pluralities of thermoelectric conversion elements 100 and
photoelectric conversicn elements 102. Thereby, the signal of
10 the selected one among the pluralities of thermoelectric
conversion elements 100 and photoelectric conversion elements
102 may be output.
In the fourth embodiment, a transistor 104 is used as the
selective transistor 64, the row selection part €2 and the
15 column selection part 60. Briefly, the selection part
includes the transistor 104. Thereby, the thermocelectric
conversion elements 100 and the photoelectric conversion
elements 102 of the imags sensor may be monolithically
integrated. Exemplary 1s an image sensor comprising
20 integrated IR detector and UV detector. Alsc exemplary is an
image sensor comprising integrated far IR detector and near IR
detector.
According tec  the first tc  third embodiments, the
semiconductor layer 38 may include for example AlGaN, GaNl,

25 Zn0O, MgZnC, AlGahAs, InGaAs, and additionally for example, InP,
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The modulationdoped structureinthen-type 5 semiconductor layer 20 and the p-type semiconductor
layer 30 may include for example, AIGaN/GaN, MgZnO/ZnO and AlGaAs/InGaAs, and additionally for
example, InP/InGaAs, InAlAs/InP, InAlAs/InGaAs, AlGaAs/AlGaAs, AlGaAs/GaAs,
AlGas/InAs,InGaP/InGaAs,InGaP/AlGaAs,InGaP/GaAs, W InGaN/InAs, AlGaN/AlGaN, AlGaN/InGaN,
AlInN/InGaN, AlGaN/SiC, GaN/SiC, GaN/InGaN, ZnMg0/ZnCdO, ZnCdO/CdO, Mg0/ZnCdO,
Mg0/Zn0O, ZnO/CdO, CdMgO/CdO, ZnMgS/ZnS, ZnS/ZnSe, MgS/MgSe, MgSe/ZnSe, MgS/ZnS, and
Si/SiGe. The substrate 10 may include, depending on the type of IS the semiconductor layer 38, a Si
substrate, and additionally for example a Si substrate having a B-doped Si epitaxial layer formed

thereon, a %hﬁlﬁl%tratg C_Q?Svingtig(g%@s’ irr}pnlggt’edlggé%to, % :§é sutz%t&%&g'?r?gismzr#?ig e’ufé(i@@ layer of

silicon oxide or silicon nitride formed’théreon’, a s 'substrate, an aN substrate,

a SiC subsizate; |, ZnOnsybstraigea sapphire subsyrpte,sa sapphire subsirateawing aniipsylating layer
of silicon oxide, silicon nitride or aluminum nitride formed thereon, or a glass substrate. Although the
first to thirdé1fiB68iments describe the 25 absorption of IR rays by means of the absorption part 48,
the absorption pa,ftndé8 ma %Bio_ar@i%tger elggtlgmagnsectic waves, such as micro waves, etc. The
absorption part absorbing Re micro waves mgy %e provfﬂ%ﬁ Wit for ejx%mplg n ant@n%‘a’?ﬁat receives

micro wavessand-arigsister-ona diodefor converting p-type semiconductor layer 30
may include for example, AlGaN/GaN, MgzZnO/Zns and
AlGaAs/InGahAs, and additionally for example, InP/InGaAs,
InAlAs/InP, InAlAs/InGaks, Ll1GaAs/AlGals, AlGalAs/Gals,
AlGas/InAs, InGaP/InGaAs, InGaP/AlGaAs, InGaP/GaAs,

10 InGaN/InAs, AlGaN/AlGaN, AlGaN/InGaN, AlInN/InGaN, AlGaN/SiC,
GaN/SicC, GaN/InGaN, ZnMg0/ZnCdo, ZnCdo/Cdo, MgO/ZnCdo,
MgO/ZnC, Zn0O/CdO, CdMgO/CdO, ZnMgS/ZnS, 7ZnS/ZnSe, MgS/MgSe,
MgSe/ZnSe, MgS/ZnS, and $Si/SiGe.

The substrate 10 may include, depending on the type of

i5 the semiconductcr layer 38, a Si substrate, and additionally
for example a $1 substrate having a B-doped Si epitaxial laver
formed therecn, a 51 substrate having B ions implanted
thereto, a Si substrate having an insulating layer of silicon
oxide or silicon nitride formed thereon, a GalAs substrate, an

20 InP substrate, & GaN substrats, a S$SiC substrate, a 2Znd
substrate, a sapphire substrate, a sapphire substrate having
an insulating layer of silicon oxide, silicon nitride or
aluminum nitride formed thereon, or a glass substrate.

Although the first to third embodiments describe the

25 absorption of IR rays by means of the absorption part 48, the
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5 power of the micro waves received by the antenna into heat. Although the preferred
embodiments of the present invention have been disclosed for illustrative purposes, the present
invention is not limited to such specific embodiments, and various modifications and variations are
possible, without W departing from the scope and spirit of the invention as disclosed in the
accompanying claims. CLAIMS I. An electronic apparatus, comprising: a thermoelectric conversion
elementincluding a 5 semiconductor layer which performs thermoelectric conversion using Seebeck
effect, and at least one of a photoelectric conversion element in which at least a portion of the
semiconductor layer performs photoelectric conversion and a transistor or a diode having at M least a

portion of the, sgmicepductorlayes @s an opefigtinglaystn o - Wherein the, ssmicondugtorlayer has
bandgap energy corresponding to UV light,
such as micro waves, etc. The absorpticn part abscrbing the
micro waves may be provided with for example an antenna that
receives micro waves and a resistor or a diode for cenverting
5 power of the micro waves received by the antenna into heat.
Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, the
present invention is not limited to such specific embodiments,
and various mecdifications and varlations are possible, without

10 departing from the scope and spirit of the invention as

disclosed in the accompanying claims.
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the thermoelectric conversion element has an IR 15 absorption part which absorbs IR rays and
converts them into heat, and at least the portion of the semiconductor layer of the photoelectric
conversion element performs photoelectric conversion of UV light. 20 2. An electronic apparatus,
comprising: athetioelectricconversion elementincluding a semiconductor layer which performs
thermoelectric conversion using Seebeck effect, and 25at least one of a photoelectric conversion
element in which at least a portion of the semiconductor layer performs photoelectric conversion and
a transistor or a diode having at least a portion of the semiconductor layer as an operating layer,
5wherein the semiconductor layer has bandgap energy corresponding to IR rays,

CLAIMS

1. An electronic apparatus, comprising:
a thermcelectric conversion element including a
5  semiconductor layer which performs thermcelectric conversion
using Seebeck effect, and
at least one of a photoelectric conversion element in
which at least a portion cf the semiconductor layer performs
photoelectric conversion and a transistor or a diode having at
10 least a portion of the semiconductor layer as an operating
laver,
wherein the semiconductor layer has bandgap energy
corresponding to UV light,
the  thermoelectric conversion element has an IR
15 absorption part which absorbs IR rays and converte them into
heat, and
at least the portion of the semiconductor layer of the
photoelectric conversion  element performs photoelectric
conversicon of UV light.
20
2. An electronic apparatus, comprising:
a thermoelectric conversion element including a
semiconductor layer which performs thermoelectric conversion
using Seebeck effect, and

25 at least one of a photoelectric conversion element in
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the thermoelectric conversion element has an IR absorption part which absorbs IR rays and converts
them into heat, and at least the portion of the semiconductor layer of the photoelectric conversion

element performs photoelectric conversion of IR rays. 3. The electronic apparatus of claim 1 or 2,
wherein the 15 semiconductor layer includes a p-type semiconductor layer and an n-type
semiconductor layer which are stacked, and the thermoelectric conversion element includes a

p-type theLntoelectric conversion unit wherein the p-type semiconductor layer performs thermoelectric
conversion and an 20 n-type thermoelectric conversion unit wherein the n-type semiconductor layer
performs thermoelectric conversion. 4. An electronic apparatus, comprising:

athermoeleghicgonuersionelementinglyding 28 semicondyctor ayer which performs ermpelectric
conversion using Seebeck effect, and at [east one of a photoeléectric conversibh efement in which
at least a ppHiarvef thersemicondustorilayer parfarms phetoelestrieconversior angka ftansistor or a

diode having at

least a portion of the semiconductor layer as an operating
layer,

5 wherein the semiconductor layer has bandgap energy
corresponding to IR rays,

the  thermoelectric conversion element has an IR

abscrption part which absorbs IR rays and converts them into
heat, and

10 at least the portion of the semiconductor layer of the

photoelectric conversion element performs photoelectric

conversion of TR rays.

3. The electronic apparatus of claim 1 or Z, wherein the

I5 semiconductor layer includes a p-type semiconductor laver and
an n-type semiconductcor layer which are stacked, and

the thermoelectric conversion element includes a p-type

thermoelectric conversion unit wherein the p-typs

semiconductor layer performs thermoelectric conversion and an

20 n-type thermoelectric conversion unit wherein the n-type

semiconductor layer performs thermoelectric conversion,
4. An electronic apparatus, comprising:

a thermoslectric conversion element including a

25 semiconductor layer which performs thermoelectric conversion

41



5 least a portion of the semiconductor layer as an operating layer, wherein the semiconductor layer
includes a p-type semiconductor layer and an n-type semiconductor layer which are stacked, the
thermoelectric conversion element includes a p-type thermoelectric conversion unit wherein the p-type
semiconductor layer performs thermoelectric conversion and an n-type thermoelectric conversion unit
wherein the n-type semiconductor layer performs thermoelectric conversion, and the photoelectric
conversion element is a photodiode that uses the p-type semiconductor layer and the n-type
semiconductor layer. 5. An electronic apparatus, comprising:
20athermoelectricconversionelementincludinga semiconductor layer which performs thermoelectric
conversion&g'i ngggggg}gf@g%e%%d at Jeast one of a photoelectric conversion element in which at
least a portion of the semiconductor layer performs 25 photoelectric conversion and a transistor or a
diode having at at least one of a photoelectric conversion element in

which at least a portion of the semiconductor layer performs
phnotoelectric conversion and a transistor or a diode having at

5 least & portion of the semiconductor layer as an operating
lavyer,

wherein the semiconductor layer includes a p-type
semiconductor layer and an n-type semiconductor layer which
are stacked,

10 the thermoelectric conversion element includes a p-type
thermoelectric conversion unit wherein the p-type
semiconductor layer performs thermoelectric conversion and an
n-type thermoelectric conversion unit wherein the n-type
semiconductor layer performs thermoelectric conversion, and

15 the photoelectric conversion element is a photodiode that
uses the p-type  semiconductor layer and the n-type

semiconducteor layer.

5. An electronic apparatus, comprising:

20 a thermoelectric conversion element including a
semiconductor layer which performs thermoelectric conversion
using Seebeck effect, and

at least one o©f a photoelectric conversion element in
which at least a porticn of the semiconductor layer performs

25 photoelectric conversion and a transistor or a diode having at
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least a portion of the semiconductor layer as an operating layer, wherein the semiconductor layer
includes a p-type semiconductor layer and an n-type semiconductor layer which 5 are stacked, the
thermoelectric conversion element includes a p-type thermoelectric conversion unit wherein the p-type
semiconductor layer performs thermoelectric conversion and an n-type thermoelectric conversion unit
wherein the n-type M semiconductor layer performs thermoelectric conversion, and  an isolation part
is provided between the p-type thermoelectric conversion unit and the n-type thermoelectric
conversion unit so as to electrically isolate the p-type semiconductor layer and the n-type
semiconductor layer. 15 6. An electronic apparatus, comprising: athermoelectric

conversioneletuentinolging:  sericopsiuctarayeLuiNE Berorma bermoelge

ctri %%v&rgiﬁn using
Seebeck effect, and 20at least one of a photoelectric conversion element in which at least a portion of

the semiconduetor layer performs photoelectric conversion and a transistor or a diode having at least a
portion of the semiconductor layer as an operating layer,

wherein the semiconductor layer includes a p-type
semiconductor layer and an n-~type semiconductor layer which

5 are stacked,

the thermcelectric conversion element includes a p-type
thermoelectric conversion unit wherein the p-type
semiconductor layer performs thermoelectric conversion and an
n-type thermcelectric c¢onversion unit wherein the n-type

10 semiconductor layver performs thermoelectric conversion, and

an isolaticon part is provided Dbetween the p-type
thermoelectric conversion unit and the n-type thermoelectric
conversion unit so as to electrically isclate the p-type
semiconductor layer and the n-type semiconductor layer.

15

6. An electronic apparatus, comprising:

a thermceleciric conversion element including a
semiconductor layer which performs thermcelectric conversion
using Seebeck effect, and

20 at least one of a photoelectric conversion element in
which at least a porticn of the semiconductor layer performs
photoelectric conversion and a transistor or a diode having at
least a portion of the semiconductor layer as an operating
layer,

25 wherein the semiconducter laver includes a p-type
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25wherein the semiconductor layer includes a p-type semiconductor layer and an n-type
semiconductor layer which are stacked, the thermoelectric conversion element includes a p-type
thermoelectricconversionunitwhereinthep-type 5 semiconductor layer performs thermoelectric
conversion and an n-type thermoelectric conversion unit wherein the n-type semiconductor layer
performs thermoelectric conversion, and an ohmic electrode formed on the semiconductor layer
disposed at an upper position among the p-type semiconductor W layer and the n-type semiconductor
layer is a non-alloy ohmic electrode, and an ohmic electrode foimed on the semiconductor layer
disposed at a lower position among the p-type semiconductor layer and the n-type semiconductor

layer is an gligy a0 Sladtiode, 1a 740 elecranicapparlis comptsing: 3 iarmoglectile
conversionelement including a sgmlcon uctor layer which pe%rmst ermoelectfic conversion using
Seebeck effeet, andcked,

the thermoelectric conversion element includes a p-type

thermoelectric conversion unit wherein the p-type
3 semiconductor layer performs thermoelectric conversion and an

n-type thermoelectric conversion unit wherein the n-type

semiconductor layer performs thermoelectric conversion, and

an ohmic electrode formed on the semiconductor layer
dispecsed at an upper position among the p-type semiconductor

10 layer and the n-type semiconductor layer is a non-alloy ohmic
electrode, and an ohmic electrode formed on the semiconductor
layer disposed at a lower position among the p-type
semiconductor layer and the n-type semiconductor layer is an
alloy chmic electrode.

Is

7. An electronic apparatus, comprising:

a thermoelectric conversion element including a
semiconductor layer which performs thermoelectric conversion
using Seebeck effect, and

20 at least one of a photoelectric conversion element in
which at least a portion of the semiconductor layer performs
photoelectric conversion and a transistor or a diode having at
least a portion of the semiconductor laver as an operating
layer,

25 wherein the semiconductor layer has a modulation doped
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20at least one of a photoelectric conversion element in which at least a portion of the semiconductor
layer performs photoelectric conversion and a transistor or a diode having at least a portion of the
semiconductor layer as an operating layer, wherein the semiconductor layer has a modulation doped
structure. 8. The electronic apparatus of any one of claims 1 to 7, wherein the thermoelectric
conversion element and the 5 photoelectric conversion element are provided in plural numbers such
that the plurality of thermoelectric conversion elements and the plurality of photoelectric conversion
elements are arranged in a matrix shape, and a selection part is provided so as to select at least one
among the plurality W of thermoelectric conversion elements and the plurality of photoelectric

conversionseggg@gﬁg_nd includes the transistor. 9. The electronic apparatus of claim 1 or 2,
wherein the semiconductor layer includes a p-type semiconductor layer and 15 an n-type
semiconductor layer which are stacked, and the thermoelectric conversion element comprises:

8. The electronic apparatus of any one of clilaims 1 to 7,

wherein the thermoelectric conversion element and the

5 photoelectric conversion element are provided in plural
numbers such that the plurality of thermcelectric conversion
elements and the plurality of photoelectric conversion
elements are arranged in a matrix shape, and & selecticn part

is provided so as to select at least one among the plurality

10 of thermoelectric conversion elements and the plurality of

photecelectric conversion elements and includes the transistor.

¢, The electronic apparatus of claim 1 or 2, wherein the

semiconductor laver includes a p-type semiconductor layer and
15 an n-type semiconductor layer which are stacked, and

the thermoelectric conversion element comprises:

a first thermoelectric conversion element including a
first n-type thermoelectric conversion unit wherein the n-type
semiconductor laver performs thermoelectric conversion and a

20 first p-type thermoelectric conversion unit wherein the p-type
semiconductor layer performs thermocelectric conversion,

a second thermoelectric conversion element including a
second n-type thermoelectric conversion unit wherein the n-
type semiconductor layer performs thermoelectric conversion

25 and a second p-tvpe thermcelectric conversion unit wherein the
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a first thermoelectric conversion element including a first n-type thermoelectric conversion unit wherein
the n-type semiconductor layer performs thermoelectric conversion and a 20 first p-type thermoelectric
conversion unit wherein the p-type semiconductor layer performs thermoelectric conversion, a
second thermoelectric conversion element including a second n-type thermoelectric conversion unit
wherein the n-type semiconductor layer performs thermoelectric conversion 25 and a second p-type
thermoelectric conversion unit wherein the p-type semiconductor layer performs thermoelectric
conversion, a first beam including the first n-type thermoelectric conversion unit and the second
p-type thermoelectric conversion unit, 5a second beam including the first p-type thermoelectric

conversionunitaad (e, sesand fpe herpoglaside ponvaisian.unllcand o oggenitalfpgion to

which the f am and the second beam are connected and which includes a first isolation part 10
for electrically isolating atleasteme afrthepitype senaicaniduector fayefmnd the mmtypessemiconductor

layer between the first thermoelectric conversion element and the second thermoelectric conversion
element, conversion unit and the second p-type thermoelectric
conversion unit,

5 a second beam including the first p-type thermoelectric
conversion unit and the second n-type thermoelectric
conversion unit, and

a central region to which the first beam and the second
beam are connected and which includes a first iscolation part

160 for electrically isclating at least one of the p-type
semiconductor layer and the n-type semiconducter layer between
the first thermoelectric conversion element and the second
Thermoelectric conversion element,

wherein the first thermoelectric conversion element and

15 the second thermoelectric conversion element are connected in
a series so that the first n-type thermoelectric conversion
unit and the second p-type thermcelectric conversion unit are

connected.

20 10. The electronic apparatus of c¢laim 9, wherein the
first beam includes a second isclation part for electrically
isolating the first n-type thermcelectric conversion unit and
the second p-type thermcelectric conversion unit, and the
second beam includes a third isolation part for electrically

25 isclating the first p-type thermoelectric conversion unit and
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wherein the first thermoelectric conversion element and 15 the second thermoelectric conversion
element are connected in a series so that the first n-type thermoelectric conversion unit and the
second p-type thermoelectric conversion unit are connected. 2010. The electronic apparatus of claim
9, wherein the first beam includes a second isolation part for electrically isolating the first n-type
thermoelectric conversion unit and the second p-type thermoelectric conversion unit, and the second
beam includes a third isolation part for electrically 25 isolating the first p-type thermoelectric
conversion unit and the second n-type theLmoelectric conversion unit.

the seccnd n-type thermcelectric conversion unit.
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