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ABSTRACT

The organization of this paper as follow: The development situation and applications
and professional foreground are described in section one. The principle of TPV cell that
can produce power under near infrared light rays is studied in section two. Ge and GaSb
are selected, two kinds of narrow gap semiconductors, to produce homo-junction TPV with
the heat diffusion. The manufacture processes and crafts are described, including substrate
preparation, superficial cleaning, forming of junctions by diffusion process, peripheral
corrosion, design and manufacture of electrode, making lithograph plates. Finally, some
parameters of semiconductors and finished battery are tested.

Making process and testing methods of TPV cell are studied in this paper, especially
some practical experimental approaches, which is the foundation of the advanced research.
Some valuable experimental data of Ge and GaSb TPV cell with the heat diffusion have
been achieved. At the same time, hetero-junction thermal infrared photon-cell is studied,
which are made by growing InGaAs on InP base through Molecular beam epitaxy. The
experimental results show that the opening-circuit voltage can reach 0.25V and the voltage
is stable. This paper is an opening point of the “11th Five-Year Plan”, some methods and
concepts of which require much more research and improvements.

TPV cell can supply power for satellite by series-parallel connection, provide portable
power for small military equipments and charge up storage batteries as well as generate
electricity for jumping-offs. With the reduction of the cost and the development of modern
technology, TPV cell is promised to play more critical and important roles in applications
and widen fields.
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(2) #BKLE | ,

LT RE SN TR, IR RARTAT 2 — 85 T RS Ly
HETFREMS . EANETORRRT RS LEFREET RO, BB
RPETURK SR E R RTRM, % RVR—FRFINER — FRETA . XH3|
BHRER—FHERRY, EHRSHEALSHAURAGE . BEXHH 25
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FRTFAELTERLE, FRRGRAT, RFRNEGEEN. BXE, THR
RETHASRERTORBUR, NTEMERZEEA, MR EEEN.

3.4 BEWS
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%5, RESLHE, |

32



Wi AR BT

Q)VHEZE LFIME, HEZEHT0Torr 2J5, ST HFEBALHK, M
BEY BERIfE.
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3.5.4 AEMBNEENLRERNE
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i BASEX I AR FERR FRERE R ERTL . A2 JFE R
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R &R S B RIHER
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Ino.s3 Gao.47As  200nm Sj:1%10'°

Tno.s3 Gao, 47As 500nm Si:5+1018

InP subs nt 2-4x1p!8
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KNTHBHT, FHBECLER0.25V, MREMIFHREPRR, Ktk
MR : 800 — 1700 nm, Al ARTI AN e B R LB R/, HARRKTLUESIF-F 20.73.

3.10 X/

AEIEMNATHCREBAOBETZNGELE. FEQEMAEEEFE
. ERNREHER. § 8%, REMS. ETRENRTEE,. XX, B
TZURGRKEHETE, RN ERR/ AR eabd T e d. ER
NMETHRT BHENRENTE, NETFEABREARBMT HRMRR. B LR
SRR FHEEEERE R, RERBS - MERRFHIGER B, -2,
G MENEXTH
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FIFFRR IR, JEREEM. FHRNFE. BHEEHE. AREAHFS Y, XESHTUE
BCRBIMEEERIRS, HRERMENHEK,

4.1 3 By BR 2 005 S s B A S I
4. 1.1 MEBREMNE

(1) RERE

PRI B SR, UEH SR SHEGEDEMNERESH. BRA
LR REE, ARG B IIReT . BN _ R F Ry oT DUH A R TRRE, KRN
B J BREr, BIBER] AR . EHE K2R E—&HL L, /RPN BREH,
PIEER b ERS, HREMAS. YEERMEEH, AERAEER, EXBESR
W, TUERERMAREBHE.
@ HEZRHHE

WS4 a B, XX/NMEEMAN TR BIRERTHRAFELRA, Wi
HE—HL L BRERS, SRR EEM. BRMASLIRA, M4, W
& 4.1 Fix. | : |

SEEBEEEN, ME4 25K, —REHEXSBREHRMT A K, |Hd
BWEHEN, THA AR . FRETH, HEMEARE, 20 r WEUEERA
'z, REHEERGIN, BI=1/2t"7.

4] P |1
i I,

& 4.1 DEHHRE ' B 4.2 BEEATRGHD A

Q&ﬁﬁﬁﬂﬁﬁ%ﬁnﬂﬁﬂ%%ﬁﬁﬁ:
E=Jo=12t’r0=1p/2*x. @.1n
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#Ftig3 FXEAR sB A IR OT

Bk, BE R T AL AL R

V=lp/2x, . | “42)
MREBFREMNF AT IR, BRIR, W BB
V=—1p/27, ‘ (4.3)

£ LREAE b, BHEINHRE R, B 4.1 FUR, BHH 11EA, A 4HH,
¥ SRS KEATHNHRE 1 704 S BRI RAEZS EREM, Bt 2 ABi
A UER:

Vy =1p(l/sy -V/s,)/27 - (4.4)
REEREE 3 ERTRB T B ’

V; =lo(lfsy —1fsy)/27 (4.5)
M4REL 2 53 ZAMEAER:

V=V, -V, =1p(fsy +1/s3.— 155 —V/s53,)[27 ' (4.6)

A (4. 6) B T Ret iR BB AKX, AHEHHE, s, =5, =5, =5,
LATTEEA p =2V /T . HAERTHRBLEIRH WRIEERAT 4s BEX
T sspitain. EEFRBRAMERZ—&M4F, WLABE. REKXHA p=2nV/IC, A
T CHBIEET.

@ FHRwEMAE

7 n BERFE LY HE p BRFEAR po je—28 —
4, BTRMA pn GHRBER, TRTEET
HEMHEEEERR, B bRy 8
23k V=L:N

—HRHFEMAEEELTK I, RETH

BREHS. MBSHENEN a, BEHb, B~ 8 3
B, W 4.3 R, CHARMR=fba, Mima | — “% '
o, FENENE, ERASH Ro=p/b, KK T
FHRAHE, 60 U0, BEEKEX. M43

Lhe L, Y HBEP, RESHEFNS. RERTY BEIRES A BN EK,
HEE o Y BRE x MR, Mox)=qNKx), NRAFEELEHANTYES
.

)=—1-I (X)dx @
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Wi KA LB 5T

Ll Ro:
RO= p/x; =lqu qu(x)dx (4.8
0

R4 P ABRNIARFNERAINE A MHEFRMER EASBRE, RERER
R EENEEER. ¥ 82 GHE RANFHENE.

REFH GBI R RET B8R, URREFREFR[REBOT, ERREH r
KSR A

J= I/Zm( iT ' 4.9)

g TR r RSB K x, BUEVRETE (RN 60T TR T 30 R 27,
r AR R IREE R

E(r)=J/oc =IRQ2tx (4.10)

B At iy by

V(r)=- [E(r)dr = InrIRTY27 + ¥ 2 @.11)

R FEHHBABAERRE. FERARLRE, MEELRER S,
ANGS AR, BFAMNRE 1 RN, ARE 4 L, BAGHHERRAIRN:

V(r) = RO(lnr, - Inn)/27 + B %K (4.12)

A (4. 12)F, . AR TEFS 1 A4 9IEE. (412 ARRETRERTHRE
BIBEESZ ML ro/ry. ZA8REHHEEEE s B, M FHE 2 WA n=2sri=s, HBALR:

V, =ROIn2/27 + ¥ | (4.13)
RIEN &4 3, Kbk

V, =R0In(l/2)/27 + ¥ ¥ (“.19)

LR B RERLRE 2. 3MWBAMIEV=V,-V,= 2ROz, BTLIATHREM:

RO=2V/IIn2 = 4.532V/I - (4.15)

® FHHaHEEAYEE X .
ERIF AL AT, BERNRFREZ BHXRDT:
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0
QN ~ (4.16)
EAU 16T, REZRTRACLENLH, FUEFEFTHREATHORETA
FRBRERR . M T RERRG, Y #807RLELRNRFRERTHEER, 5K
CLEF RE BRI ERAEE. WRRAFHEGHRSN, N B2 TFaE

REPRRBRE LR, RES LAMUHREX, BF:

o= quN(x) '(BY)!
BRI A RD= p/x; RETH

RO=2-__1 (4.18)
x;  quN(x)x,

1
p=—
g

K (4. 18) B N(xx, W AU ERT HEAMSARLE. ARTR, HEAMRO52
iz F T AR P BV 2 5 B ARG B« R /2 PR (Ot R e BE) B K N EL IR R
BT AESFAROFRREROS D, WEBHEB/N, FRT A% EEER
FRERE, RZ, FALBENSRALERHIV,
(2) R

EFER SDY-5 BIPUHREIRY, W
4.4 7R« SDY-5 B PUSREHRHRA0R PURERE
HR—FEREMNER, FHU—-ENENE
HEWEERMRESREL, RS 1. 4 EE
LB T(mA), R4 2. 3 (AR —EHH
E V(nV). SR HEEFRENETRAH
- G RSERR, 7T L4 I3 B F R R BT
M, B 4. 4 SDY-5 Z4PIR4 RiA X
4.1.2 BBEHE

RE PR T ENBUERME SRR RERM T RAME, 950 T I &
RRT SRR A R PR A BUS RO REBE. HWWR 4.1 FiR. 0 RARTHGEE
WEE, 2 RRRTHENER

R4.1 EEFHGHRABMHMZE

A

pE2-an)(1)

Ro(S/oX(1)

Ro({Y/D)(2)

$# (Ge)

9. 4684

0. 4953

18. 8477

LI (Gasb)

0.1349

0. 0091

0.1932
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BEMER OGS YORE: Avae . BRI A 4.6 Fim. M BER
HEHAEES ., BALTHEHOFHEH,

Ave }

AVo

B
lav
e
ERR s
i
4.5 4.6 HEXEHEBEE

2) MBF

ERRR DSY- 1 B8 B 5 A UR 6502 7R 2. ME 4.7 BiR. SEFaRRNY
HTFHMEE. SaRNIEFES>EERTED, AMBRBERERLEHTLIHE,
THROFER A REEAENNSHEANRARRERNRETRELR. BB
DGR SR EWR .
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B 4.7 DSY-II B8 & & ) F0 6502 R 2%
L 3) FRAHAE
NBHREFEEIEN LT, REAPE n B, MAOTFATR, HFEMr =1 5ps.

4.3 FObR R T iR K A I o R A 3 I A 4R

REMZEANREBORTIESZY, CHERBRE BEREHIIE. AR EM
AIEASMEPRBH T, RRBLSTEHARR pn SN BEHETHSHRE.

4.3.1 p—n SRR

HHRBMTFEENRERET, Bk pn ZNEAFERBREE. —RAE
EMERHENTZE REEENEARERESZCABRM L, ERUESBENS
R, HkwE 4.8 fin. MATRBEERHEFEL FRANNENREGRS
HORSEARRST. %0 AT RIS AR s R A E B T B R A R

~-=n AR

B4.8 SMNERRERENEBRAZGHEBREE
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MBIT R R, A REMT png L, MLERENTEEMEE. Bt
BEEEMRAE R BREERN TR BENXRME, ZHRT SBKBMAER p-n 154
gk, HTHBREASEWEBAEE, MEENEIESERV, KERE, Bl
hEREERS L. '

4.3.2 HOLREM AR

RFHAREMETLI/ RN, B pn GHERES R RBENHE.
BEAARRIX AN, NS REIERRANRRBITIT K, 5 s o e R
B EATUA R WA RRER, FEHKHEmE 4.9 Fix, ZEF A8
R, RERBETHR-MRUBHROMFRE, £RRMIREEERRE: Bt
WA BATEANERBIET K, BrolSGERBTTERE, &R E BN LA HE
MR FEEMARE, BARSREMEE, b T FANE TR, FTLUCRA BT R8N
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JSC

WERSE
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0 i1 FF (aV)
E4.9 R EA

4.3.3 SBIEEE MR

TERHOE RS, AR E RSB ERERIT, B aMERRRIT, KRN
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i
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(4-22)

.

50



Bt RO AT

V+IR,

KHRTFRBBEV—0M, RA-21ATLIAN: T~L, - , B

InL, -i"_zl,, -EV—, EULEV—~00f, VA HRIFORMLR. B ERMNHA

sh sh

dl 1 | aj " . P
(8] w31 o e armeman

KHFR, RATLUABROLRBBHMR,, .

ELRUEF, TEIVHEN V=0 £EF—TWEELE, HFANELTE
ALV RS AW X ARBITHE. BB -V B8, BT REBHAR, NS iHS
WER, . ATRERDOUEBIEREBAERFELNRE, TUEEENEETHE
WRAS RMBHMTE REE -V JUEHTREEALE, AUEERYE NNA

HBMBMR, H. BEGEHAERERUE, BB IV REZBECTRIENTT
[10.24]

4. 3.4 #IEARBRL B TFBE B A BR L L

BT AR REARTH AR AR EM, Biataie g, fotiksa
e~ RENBE, PARE—NRENRE, RAEHNE 411 Fix.

Yy MRt
B THRBRIIR
O FETFIBRILI IR
B 4. 11 #CRBREABELSE

HeRgIIR. R AR NFRERTR AT, FRBEAEHERRERN
B, BRAZMROAN; AEHBENCEERRBLNIABHAERM KRR, £
BAGEST R AR, HEA NS 5 E HEE WIS AR RN
S, 3T 8 U ROGAR s b TE X AR5 A CRAE RAR DL T 3L T B o I AR B A TR A0 3K
L2 54, 9.

HTHRARERERBEN T IE, MEIEZEREERK, ERERNRFER

51



Btidx  ARREmEBTS

i, ERCREBRF-—ENEELE. NREEITH, FEXUTHER:

(OmBAEHEL. BE, HERERILR ARG,

Q) ETHERBRERAERBEN, DRARBB TN REEIH, &R
ATUEFXSEAT L, B HEREEEKXTIIRR VKA REELESBENT
i, BAEZEHR p-n FHHRG, PERABRKHEEXFHFET LE SEHEHTL
Fpns, FEYHEBMIIE, BESHBMAEE.

4.4 #ERBUPRBRE
MR BBEBRETERMCREES, ERMAGEREE). AWEHE
BUIRPHE_HREFRAR, WA 4. 12 FiR,.

EE_RT

Pt

1|

i
iy

S
w ok
B
e

8

T__.Imll

B 4.12 #eRaR B RSN IER

1} #R RS

PR BT RIE S G B R BUR  E, RER TN 2B M IS
.

2 R B RS AR ST AR E R MR AR B BT, — R B B R
A o A P e R R SRR AL A SR b 0 SR BB L BRL A Y B e o
B, Sl s— e e REGERNE DT, PRRKEER. Hk
R b BT N A2 B 8 F AN MO AR s el 4 HE B R R . ZE B SBSTRSTRY, #4
FeR AR FYRS G, FIRHR A — S g7 AT B R,

BOLAR B EER ThE, WERBEARS S ONES B, B BIMRHE S
WU R T R R A TR .

2) Hmg

B mA R HOLR B S A B R HIEH AT, B AR st S,
BH S EE G AR, FOtRAEREFIT R R AT EENSME,
KRB BB LT,

M%ﬁﬁﬁ%ﬁﬁﬁﬁiwﬁmﬁﬁﬁﬁ,%ﬁ%%¢7u$%&%ﬁ§i,ﬁ

52



B ek s T

St AR B — 2 A0 o FE A PRV SE Pk AR st B T 4 e 4R
3) BEHHIB -

APLHE G FRBEAARRSAR. THER. SERRARETREE, N
RRHERENDEERNEERERRE.

A 50 52 R B R A 2 B T 3 T AR B T 5 JLAME R

(1) LB B i, TLRERAHIGRE, RPEat;

C(2) BB AR 01 i PR B e R

(3) LT N, AR, LS, LRERRER T

(4) MEER EERR, LB SN, _

BELE = AR 1) FE 308 S 4 R B T BE 51 R % e o 14 B 4 5 P A e b B
FOEREMR R, TEEERRTRI S DEAH. EREHAT IS RHB,
A EMREREN, RARHRHTED,

B RS T HEOLR R T LU SR 6L, TLERA R R BB
o BRI, LA LR HEEMREATRMTE. PR amnT
RAMRRGE, BHBIEENTURALLRBNHERST, RAMBEOSEH, &
BT, R HNE,

Hitm, FTLMERIEIFE 34 A BB AL R B S MEBER, BMBLEHE
REMMER TS KBETTLIAT 0.36V, 34X0.36=12, 24=12(V), SBEHK
BEEAEY 12V, SLEAEREMAET S T, TLURE 0.5A AR, H2
| HZI R B A BT DS 12V AR B, ETLAS 12V Bz A, [
BAR BERTHEE KM 12X 0. 5=6 (W) B3,

4.5 K gy

AEEEBA T AR AB— AL ORI, LSRN IR
B, BEENAR, ¥FEOTFHREGOIRL, UK TRERBBARISGEN
R H KO . BEREMEREBUNREREMRT —MIERNE, F
FBHALHE RS B R A AOER R A .

53



FALwX ﬁ)‘tﬁ@lﬂﬂ@ﬁfﬂ
% i

AXHEMLRT AXREREREROAR, ERSRRES, A REBBRR
HEMEERBAEHBE—SEMMA; EARRHAREBMRITREETRE,
BREEFREEE. T HEE. ETREARTREHE. IR TZNEE, HiEH
BB LE ¥ SAH R AT RO EREEROLR R RETIAITIZAN
R B B o A BT B

ELWEZHOHOEZRT, $%&Iﬁﬂmﬁiﬂl¢$§&%%?ﬂ¢ﬁ [

1) BRSO E R SRR EHSE RO i,

2) $ 0K v it FURR T AR e R AT P AR R ER

3) Wit F RS B R SE A SR SR A T E S

D EFE BB EAAT BRSHIZRERT

8) PEAR ettt HR M BRI R A

EHRAT BHEEORN, REATHEF R E AN ST RINEMBE)
REN InP MK ESMEEK InGaas #il & Stk BB TN, SRRBRY
- HR, FrEREAUER 025V,

EEIMHATERY, AT EHESNEMERRREFEENEM, BT HRE
BRTARIRIFFEAA, MR TERRS, FREERRETFRERE Y
#. 23 —ENSH, HIEHBRNANCERSGEE, RE-LNENAR. IR
THEBFE-SEARZL, FERT BHGHLHES, RIELRIE, REERT
FHENTREEBESTER; AXREMMREREH TEKRILES, FENE
FHRE, WBRHAMRE. AEREFHEE. HERERN TERRE, TESL
— AR .

54



Bt AR AT

xH @

BT RX R, RECHNESENEOE SRR RRERHHEE. S
SRXHART A FAAENERBEL T TRERNEARYNES. RHR
PR FE AR  ABOAR KB R R R A W B X, BRAE T R SRR SERK,
R EROBRFIREHMLETFHIGE T RANES. RUBNE— SRGE
5T HROROIRSARITN, KT R RE S WFHE.

WICHIE], MAZMEFANLRTESL T TREHEE, ELRRELEWH! B
WIRE. Titk. BH. BEXRFRFEELINFALETS FRRLAHEE)!

55, BERFHBHRAOXE. FAEETEHEREUSELNRLAER.

Flnf, UHLEAERE. Ko, XHFLROZM. MAMRENRRERL
i !

Bja, REBG T2 P A # R F R

55



WX IR QB AR

2% 30k

1. RER, W% KRamEXNE. btx:. EpFIJdHKst, 1985

3

=°s=°.-1:==w:>s»=

10,

11.
.Donald A Neamen¥, B35 SE L MBER SR X FHYRERMEFEIN 1

12

13.

14.
15,
16.
17.
18.

0. D. BEWE. FIF4, w/hik, HmXiE. ﬁl‘-%%iﬁ#li?ﬂi e
7 T R, 1987
B8, kS4yEELasE. k. B TR R, 2005
XIBE. REHAA. JR. MEdiRd, 1989
X, WS LFABAFYR R BT INVHRE, 2004
BEE L amEE LBEHBSRAMS, 2005
FRIE LR AR ER. asb bR, FERERRBERL, 2005
EHRME LB ALERE. bR H¥EHRHE, 1980

MURBSERE, BEEE. LSEPHTH. JbR: BEHRE, 1964
WO B FERBTHRESRE. BREIREEXERMIERE
WL, e EfPrEEE. bR FEHRH, 1991

IsaasR. ERAISTH. KMk S AR FRE. EERESARITKLRE
#t. 1984. 2 -
FTRE. HL. 8FRESHERSIVRARESRE. BRBEIXF, 2006

g, KRR R ARG TR bR T XFEHR. 2001, 12, 43~T70
EM%, #R RREARMNERIR. TEAERKR, 2005(3):68~69

FRTERE, B0, HARKE. HOERBARMATER. BIREER, 2005, 29(1) :57~61
BE, AR R. SRR ARAFERSHAME. S35 6H, 2006, 27(4) :

" 353~358

19.
20.

21.
22,

23.
24.

25.

FNES kupERRENA AAHEDR, 11 (3), 26~27

L. IR SAE AR B ATE T X @R K. sk, 2005, 35 (3),
196~198 ‘ A
Bk (M AFEFERALRE]. RRERGBEFTRE. KHEE, 2004, 76(1~
3): 34~38

N &, otk et o TR ERESYESFEERESLI, FO5,
385~386

G, WRE RRRERSEMAHT. TEEERE. 127 1, 2006.3, 6~18
BES. RiER. ERA. ER. xﬁﬂﬁ“%a‘m%ﬁ%ﬁﬂm—ﬂmﬁﬁﬁ
¥ Sk¥e, F19%F4H, 1998, 227228

TR AR (TPY) . BRAZ-TRZ- LR FHEE#MFER. 1~5

56



R : AR BMBBFT

26. ¥ BABRAM am—Mﬁ@mwaﬂ%%arﬁ@ YEXH ﬂ 27354,
2005, 701~719

27. B, FEHN BE, §. BHRXRETHBESTHR. Rl '513’27& 2004
3(3) :261~266

28. V. S. Sundaram and P. E. Gruenbaum, “Zinc Diffusion in GaSb”, American Institute of
Physics, 1993, PP.3787~3789

29. A W Bett and O V Sulima, “GaSb Photovoltaic Cells for Applications in TPV
Generators”, Semiconductor Science and Technology , 0268-1242/03, 2003, PP.184~
190

30. Michaelg. Mauk, Zanea.Shellenbargejree, Freya.Cox, Anthonyn,Tata,
Tammieg. Warden and Louisc.Dinetta, “Advances in Low-Bandgap InAsSbP/InAs
And GalnAsSb/GaSb Thermophotovoltaics”, IEEE, 0-7803-5772-8/00/,2000,
PP.1028~1031 ‘ ,

31.MGMauk and V M Andreev, “GaSb-related materials for TPV cells”, [OP Publishing
14d,2003, PP.191~201

32.V.M.Andreev, V.P.Khvostikov, E.V.Paleeva, S.V.Sorokina and M.Z.Shvarts, “GaAs
and GaSb Based Solar Cells for Concentrator and Thermophotovoltaic Applications” ,
IEEE,25th PVSC, May 13-17, 1996, PP.143~146

33. Oleg V. Sulima, Andreas W. Bett. Pardha S. Dutta, Michael G. Mauk. Robert L.
Muelier, “GaSb-, InGaAsSb-, InGaSb-, InAsSCP- and Ge-TPV Cells with Diffused
Emitters”, IEEE, 0-7803-7471 -1, 2002, PP.892~895

34 Matthias Zenker, Andreas Heinzel, Gunther Stollwerck, Jorg Ferber, and Joachun
Luther, “Efficiency and Power Density Potential of Combustion-Driven
Thermophotovoltaic Systems. Using GaSb Photovoltaic Cells”, IEEE ,Transactions on
Electron Devices, VOL. 48, NO. 2, February 2001, PP.367~376

35.B. Xu, V.S. Sundaram, M.D. Morgan and W_E. Homne, “Integrated Bandpass Filter
Contacts for GaSb Thermophotovoltaic Cells”, IEEE ,0-7803-8707-4,2 005, PP.774~
777

36.Viacheslav Andrew, Viadimir Khvostikov, Olga Khvostikova, Nikolay Kaluzhniy,
Eduard Oliva, “Low-Bandgap PV and Thermophotovoltaic Cells”, 3rd World
Conference on Pholovolroic Energv Conversion May 11-18.2003 Osaka, Japan,
PP.15~18

37. V. P. Khvostikov, V. D. Rumyantsev. O. A. Khvostikova. P. Y.Gazaryan,“Photovoltaic
Cells for Solar Powered TPV Systems”, IEEE,0-7803-8707-4/05 ,2005. PP.656~658

38.Z.A. Shellenbarger, M.G. Mauk, and L.C. DiNetta,” Recent Progress in
' 57



Bt RN

InGaAsSb/GaSb TPV Devices”, IEEE, 25th PVSC, May 13-17, 1996, PP.81—~88

39. V.M.Andreev, V.P.Khvostikov, V.D.Rumyantsev, S.V.Sorokina, M.Z.Shvarts,
“Single-Junction GaSb and Tandem GaSb/InGaAsSb & AlGaAsSb/GaSb
Thermophotovoltaic Cells™, IEEE, 0-7803-5772-8,2000, PP.1265—~1268

40. V.M.Andreev, V.P.Khvosﬁkov, V.R.Larionov, V.D.Rumyantsev, S.V.Sorokina,
M.Z.Shvarts, V.1.Vasil'ev, A.S.Vlasov, “Tandem GaSb/InGaAsSb Thermophotovoltaic
Cells”, IEEE, 26th PVSC, Sept. 30-0ct. 3, 1997, PP.935~938

41. DaleR.Burger and Robert L.Mueller, “Thermophotovoltaic System Parametric
Modelling”, IEEE, First WCPEC, Dec. 5-9, 1994, PP.1863—1866

42. Thomas M. Regan and José G, Martin, “Multi-source thermophotovoltaic energy
conversion”, SPIE Vol. 2532, PP.458—~462 _

43 Nicolas Cordero, Ravine Ginige, Brian Corbett and Kevin Kennedy, “Thermal
Modelling of TPV Systems”, IEEE, 2002 Inter Society Conference on Thermal
Phenomena, PP.605~609 '

44, Dan Dye and Byard Wood, “Infrared Transmission Efficiency of Refractive and
Reflective Non-Imaging Devices for a Full-Spectrum Solar Energy System™, SPIE, Vol.
5185, 2004, PP.166~172 _

45.Wenming Yang, Siaw Kiang Chou, Chang Shu, Hong Xue, and Zhiwang Li, “Design,
Fabrication, and Testing of a Prototype Microthermophotovoltaic System”, IEEE,
1057-7157/04, 2004, PP.851~856

46.Hiroo YUGAMI, Hitoshi SAI, Kazuya NAKAMURA, Narihito NAKAGAWA, and
Hideki OHTSUBO, “Solar thermophotovoltaic Using AI>O3/ Er;AlsQOy2 Eutectic
Composite Selective Emitter”, IEEE, 0-7803-5772-8/00, 2000, PP.1214~1217

58



	文摘
	英文文摘
	声明
	1绪论
	   1.1课题背景
	   1.2国外研究概况
	   1.3国内研究概况
	   1.4未来展望
	   1.5基本原理和热光伏系统的简介
	   1.6论文内容概述
	2热光伏电池的基本原理
	   2.1光电池的分类
	      2.1.1按结构分类
	      2.1.2按材料分类
	   2.2热光伏电池的物理基础
	      2.2.1原子的能级
	      2.2.2晶体结构
	      2.2.3固体的能带理论
	      2.2.4本征半导体和掺杂半导体
	      2.2.5载流子浓度和费米能级
	      2.2.6电子和空穴的输运
	      2.2.7产生与复合
	   2.3光电池材料的光学性质
	      2.3.1光在半导体薄片上的反射、折射和透射
	      2.3.2半导体对光的吸收
	   2.4同质结光电池
	      2.4.1 p-n结的形成及内建电场
	      2.4.2反偏和正偏
	      2.4.3光电池的等效电路、输出功率、填充因数
	      2.4.4光电池的效率
	   2.5异质结光电池
	   2.6本章小结
	3热光伏电池的制作过程和制作工艺
	   3.1半导体材料的选择
	   3.2半导体薄片的表面准备
	   3.3制结
	   3.4除去背结
	   3.5制作上电极
	   3.6光刻
	   3.7制作下电极
	   3.8制版
	   3.9铟镓砷/铟磷异质结光电池的研究
	   3.10本章小结
	4热光伏电池的电性能的测量和探讨
	结论
	致谢
	参考文献



