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ABSTRACT

With the shortage of energy of the world, people are inclining to use reusable
energy, and solar energy is becoming the first choice. Recently, almost every country
is taking measures to develop and use solar energy. Nowadays, the price of silicon is
very high, so, what we‘have to do now is to reduce the usage of silicon to popularize
solar energy. But every coin has two sides, once we reduce the thickness of silicon;
There are a lot of questions.

Here, we discuss about the bow of silicon solar cell. As the silicon solar cell
goes thinner, the wafers are susceptible to bow caused by the influence of the
metallization on the front and rear side. In out work, from aspects of deformation
and strain, we study the effect of Al print thickness and silicon thickness on bow of
the solar cell. After firing, the thicker the Al print is, or the thinner the silicon is, the
higher cell bows. At the same time, we use silicon solar cells which are 6 inches,
thinner than 200um to validate this thought, and give suggestion to eliminate the
bow.

The problem of strain was also discussed, which comes from the process of
eliminating the bow by cooling. During this process, the deformation was analyzed
by measuring strains at different places of a solar cell. Then, Some Phenomena were
got by comparing strain caused by cooling and heating respectively.

At last, The life of minorities were analyzed before and after cooling, it is found
that after coming back to room temperature ,the average life of minorities decrease a

little, the EQE and IQE are almost the same.

Keywords: solar cell, bow, cool
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1.1 fIRE=

RO RIS R A SR A SR )RR B P 28 R, SEAEOR, SR 4% [ SE M St T
FERBMARBUR", KBRARRZFARAZ FBMaTELLE, B
ARANEEROFEREZ — KBEREILRREIVEEZEE. T
B, BAPRE— T —EEXURRSRELREK A DR

AZEAMBRZRENSE, REARSKEED, BrEHREREARE
KRR, B 1974 FRENT TE—A “BAKTRI7, 1987 EXHITT “H
Hitl”, 1993 FEFFUHLHE “HIHAIR7, DARRIRE., FELE. WS —
BEAEXEER B, AFATRIMRERNS R UEFERESE. W
FERKBN, M 1999 KR B fH= Bl TXENE RS —
A, %2003 EHAMARAM=RILTEYL T HAF BN —%.

BREAFE 1997 FRRT BN “BEHMAKR: TTHERE" MR E R 5175
BE . REALHA 15 MEK, ADK 37512, HEBIRET 2010 AL
RRFOCRAH AL 10V , BNRAT BEEEE 36W. 3 2020 4, APHRABAE M
RIEF- B EF] 546N, BB 276TWh, X 10 ZADEMtmH, KMER
ML Ak A X 3] 230 TN BEKFEER /D CO HEME 16 1204, B
2010 £ h, BRERIENKPRAERRERE L] 30K,

# “WEBES” BT, 1997 4 6 A 26 LB BARHKTAERSE
AEEREWEEAEHE “BHAMEETH” HiFRE 2010 £E4LH
MHEE. FK. BLBEFMBHRDARER L3 100 FEAHEER,
ARG Rt R B KA B 3025MW, P24 e M 24 T3 3-5 MR K T,
fE£ 2003 SR E R MR A4 A BT 0. 400, Fit7E 2010 48, %E
R 2N 30%-38%. LUGRBEIMIM, 2010-2020 SERIEMKEH 26%,
3 2020 FE Bt 2R A AMAMAR 366V, HERE 7. 268, 3 2030 £ Bt
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THRAPA A M A B KX T 2006W, LUSEEZRSE 196W. 2030 4E26 E APHEE
REEKA 3600 1Z kWh, B85 3400 J7 P KEEFEH, JER AR SR E
B SIKE.

HEROER R BT 20 2 70 4, 7 20 2K, RE KA AR
RIS A =R b T E AN B . RITTHEA 21 4D, S8R 7 AMA
MEHCR A=, SR BB RIEA = N 4. 5MW A4, Kb, %
eRREERRICD 2. 5MW, FEREERMA oMW, EEREHABRELENDRER,
BITHENT HE. FLLUR, EEFRENFRGE. KHFFEF BH s
BARBENBRAET, REAMERBOTRANFREARMRT %, €4
FEREARBEAREROEAT, SRHFREEFRKAET KFHELRER
NI B E R EE, RELE 20054 3 BIERXMAHT “hEARLANE
AEAERRIRVE » HT 2006 EFFHLHE. XBUERIHE, BEARE KM
REBFUKKKRE, EAFHERRRBEEAD—NEHRATE, SEAME
KRN A REFEZ LI ALKAR: ERTHHRK, RE—ELSRYHR
AP RE A = i — AN E B A MUK BE e LA R B K B - ZE R SR B 20~30 4E
A, BEK PV TV HEE - MANEE. RERERENRBEABLESS
EHMERKR BTN, LREE ST, 32010 4PV B % EHE
) 0.56W, 2020 45X 36w, 2030 ZEik 30Gw; IZMEE Hixfhit, 32010 4E PV
BRI BIX 0. 6GW, 2020 £EiAF) TGW, ) 2030 4343 80GW .

1.2 KMHEeH#R

1.2.1 F—RK KPR

1954 5, REJURLRETIHILE LS KMEEmM, FHETRALX
FRER IR TE. fTAMEERNE SR, ARLKRER, YHIER
FHABBITHE. 20 L 70 FR, dTFAM/H, BEAMIR F Al B A LR A
MR, KFEERBEEATRERBOBME.
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B, B—AKPHEE ML & KA L™= S 780 86 %!, E—L A
R ETRHAREMZ E, FTEXRHARARE. £REER GaAs I,
LB E LR 24%-25%.

BABAKBEAR T EFENENRFRAE. B G RA R 7RG T
WAL, R SEEE A, A ERAUKEERN RS, HiER
BR9UTT 1 R Bk KRR R LR ( B S EER M E 2 2215 5 100~150 mm™), F
KR E KR REIARARBEBRANGERRLESE—R, TUBLER
Ef R aREE, ERARE. B, EFAABEAETERESNNERES
9, B, SRAERA B 3 B0 B p i A R A it AR 3 R RE R B B A0
KR ATH—DRBAFEEAREE, EERKIRBEILABTE,
FEHRHBHUREHRHT8LE. SR TEANEMR BT Z50,

FREMHEKEIEZREMRBEEREHEIE. ERARERERM
BHEM R PERSE, SRR LTS8 T MR SR RERES
WRUNE IR BT, AE B S MRS LB R Rk, BAERE
AL MR A R USRS, % HEH R R 7 FERE Uik
it BRMERRITIZMREEHIL. KRS, SRR FTRERE B85
SRR AL R, MSBOLARERNERRT AR AR, 5
— PR T HIOR R A £ SRR A REECUREE ). REER NS R RE
FEHEAKHR, TURDIROER, HEA 100~200 »m. HETHE RS
B BIFE AR BE B 5 1A FRID MR BRVA (Edge—Defined—Film—Fed Growth). 4 #
BRAMAIE(WEB). 0% AE(ESP). MIEHRAEKE., SRR SR RE
HEWES, RPURGRBEEARB AR, RABBEENSBER PR
HEAREE, FRERZCEIZRLA A K BERM, BT HSESE 10om
(10 EmAREPREE, REABAEE 300 nm. 4T £ REEAMHBMEERFRE,
SAEEBRBEL B REEAME, EBRATHEE. &iERAREsEnE
MK BRKERRRERARE, hit—PRERE, ETHBEEARNE AKX
PResmme LT HEEE.
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1.2.2 FEXKFABER

FAKMRERMERETHEBEARZ FH—M KGRt EMEAmE,
RERERM BB ER R L, RHEA T R340 B EFEGERE R 1
pm), WESEAEMEAF=CLRTEFA B AR BBRTEREK 100 ),
MR K HB PSR T AKPHAE MBI A . TBLKPRAE A B R BEE £ ikt
(Multicrytalline silicon). JEdhff(a—Si). MLH(CdTe)Ld K& CIS(Copper Indium

Diselenide).

£ SRR K PE B AR AR B AR ORI R B/R K% KR AE AR
BTN R Rt T T KBIR. BAiE Rt KA T EH B
ShAEE . REALESHRUTEE. RIS SHITIEE. AR
% FBRTHRBRAZRTRE. BREELEEITRE. BHREENX
BEAREES. BRAMARKEE ERRT KRERRKORERER, BRH
FRE, ERRN, BAMEHFBR/REAE (UNSW) AP OERR
K P BE R Tt A B o PRI BT T T S B T R, XTSRRI — A (R
RYE) Tl FIRARRK 1.25 BOKEA#B AR KA 1050 KK
MEEARE T 16 £, BAREHANBNNEBRRRHET 13-15%; R
AL B RO RE R AR R B KOl 1200 K BEMIBE B RRT 715 BT #—
PREAREBMAERERYE, SELETFHPTAMH BB ERR
Mg RBUAVIE, JFFEMER RN TR=AKHERBAES.

1.2.3 F=HKMHzERH

PR B 3% e pl LR AR SRR IR AR AT LAA B 95% 1Y), T B sldavi KFA gL
B R HE B 33%, X U AR B OKFH A R I R BB B R R KHIZE ).
ATH—PREKARBROFRNE, FEpURLREN KHERBTER
FRMERAT THR,

B 1 ChRGAREBERRANEREE. BPOARSR: ON@A P
—N ZREMBEREK; @R T-ZRGEERABK.
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HFERRITERER. EFU LS, MARHTMERS RS TES/A
FEEFRMARES, LR, BAiB=ARAMA R EETERTRAAG SR
ﬁ%o%Eﬁkﬁ%%ﬂi%ﬁﬁﬁiﬁ@%mMmﬂmm‘%%%%M

FHiith(Hot Carrier Cells)HI i & F1L AR AEA (XY B F A it Quantum
Dot Solar Cells)Z,

AR BRI A R B R R T A BRI T el — A, X
RESAEAZ BAMREAN . SERBMASERR, BB 0HLET
BEAE, TR KR
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WA 1.3 Fix.

REICRSE) | ; BT @]
LU DI ey & T i CATEL Y RRE
RHL T T B AL TE DT 1

B 1.33 GEH ARIRE b

B 13 T, RAEGERIETHREET L B FRRBR A EE,
MNRABFAT XFEATFHRR. T, 3 Se AR i f 4 R R BT Llis
Bl 632%, BEEREEMMA, HRETUE SRS, KMATBREEMH
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RIFEHRAE, ZRAMEE FHRET ARt)KNE. #9r, KA
BF NP B A B T2 O AR R 3 o 85.9%,

PR F Ht(Hot Carrier Cells)IU 2 R A& %t 4L B R TR IEHMEREIER
FAKBDEERHITIA, EIHREUENEN, HRBRELN 86.8%. #X
BH it 0 2 R D A SR YR AE AR PR O, X PP TR AR O] A 85.4% .

1.3 AP A HL pb b A SR 4

R EBE, BT B SRR ERE SR BUN,  #F0T LA M KRR F bt B Al
e, BImESLESARMBE AR AV SEKHEEREAE: SR
VAR REYAHERBHEESE, BUTLAERE, FR
RIAMEHERENA T ELrhr B RS . F—EMEMBRERORG, g
RE. BRTIBERE, EF—Lbbp 5% iR B b B iR A E KK,
BoR—EMERRANEIE B, XABKHBBHERENRAE. £=
RA LR ALK AR & MR R A KE. ZEIXEEE, B, X
it E RSB E L. £ RENTES). BERME(E AR
MR, EaRREEED). IV BALEWESBHE(B1E GaAs, InP %), =&Y
¥R EME(CIGS 7). FHEREHR. FrlBbk AR R R4 KR H
.

BET, KRR AR, KR AT AR, SRR 90%
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B, EMEAEZXEGEKAEMATOSEE, WARERTIHSE
EX;

B2, BEXMAMMHESEEARBRMR, MELETRES;

B=, MR, SRR R ) 0 A P R it 6 R AL

E8E, Bl tREAMBMNSREERFUNES 247%", RLBRFRL
AR GaAs" IR RE. Bl THEH &R, BRGIET
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ERF, XERMRARATSRE, it HENR L,

S0, A% TREMBORP . A HURP IR R UK i, BEK
it aF, Hm/h, mitFaaiisl 20 44,

B TR R ROTNIRE . PR & MR SUE, AR

PR AR BT T M, AR ACPE LIt AR A4 NI T B2, 1ARE KB BIIZE 2> 10
FRITHLTFH R,

4 1.4 PERL Wsith 45 #y

HAldREEAP b I ERE R M AEN 24.7%, KL A 1.4 5z,
R 1 Jianhua Zhao®'#% A BF % i f9 4 M PERL(passivated emitter, rear
locally-diffused)fJ i itl, ShFLBA I ARTEL Y P BIX 15 88 BRE(FZ-Si ), BEE
A 400 m. BHEMKEERAFAEMERL, EKEUETEER, FEL
PHRHE, FHERASFTERMBEBREE. BR5FA MgF, #l ZnS M
BERRSEH, fMERR TN ERAMEREBE, MAEBAKENX
PMABRKREFRMLAE, FEARTBEEAR RS KHEHEBRE. PERL #
A ETZMER, BARE, FESMELER. BT, TWEr MR
REAKPH M5 HI 2 PERL BB HIM B R, BEH il p HEEA HER{R
MR, Base), REBIHY BIBAEN n BRI, Emitter), K P-N
4. R4 L EA— B MRS B(Anti reflection Layer), #AJ5 L 2 i Al (fL55
ErgAML). R REOREEMEREBEMMGEE), hTEBAE
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OEHRIE, FREEREY. BHEREERHETHESE, NTERELX
R. WH, HTERESHUIBEERBERTMITS, DEDBRAD, TR
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R T B A R R A B L TR
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R BHMERKEEE, R GRS LR M Rt R m e
ZR. S.Kim ZPNCHEREEFOAN A BREHR X, FFRT
AEHBER, XMERFMATIHERORMF, AXAEEE A 1
BH#E . EERIEH, SESMBAMEPROFEMAN BB EHEEH.
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Epr ape EAUKHIVERIE, o REMBIKARL. ZABAGER T i Tl 14
AL B . AR P PR TR O LRI B R A, Pl i 222k
Rt o, A LR KK R

=L+£0 (2)
A

€9=-§ (3)

1.C (4)
p B
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A=AT{E/t}a, +E}tla, + E Et,t K}
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B=E;t) +Ejt} +2E,E t,1, (217 +31,t, +2t2)
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HEETTUEHERSE, SR8, Qb AKKIBN, BREHK
2, SHimEHR RN B HKSRERNE.

3.4 SERIOUE

F 10 i CZ, A1 P-Type, &R (100) FJ 125X 125mm? (A it B 1k
AAANER, MBEAFRNHEEENRARANSEEENLMGT, Btk ot
MEE, FEERHERME. £RuE1

#1 dithHASENTRRE

Cell Si thickness ¢, Al thickness Bow J (mm) Bow 6.(mm) Error (mm)
(um) 2, (um) (theory) (experiment)
1 175 43 4.330 3.88 0.450
2 175 44 4.440 4.27 0.170
3 181 40 3.700 3.66 0.040
4 182 30 2.640 3.05 0.410
5 190 32 2.590 3.06 0.470
6 138 33 5.611 5.99 0379
7 139 42 7.324 7.34 0.016
8 140 39 6.608 7.08 0.472
9 140 40 6.807 6.48 0.327
10 138 2 7.440 6.97 0.470

MU ESE AL LR HUIR 5B R BURHZEE 0.5mm 2 W, EBRER
R, ETEEFPEREZBEBAEERGOENERNRE, TLEREE
RRLERFEH.
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TR L MEERLAKENREEREENEN. YXRAELEK
A L+ALR, EERA, HEHAS HRRERELE, dLARANSE,
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BERSTREERD 10 P/ WANEUELE199994 ¢, HHEH1
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5.2 XfHAME FREKE M

BF RSN HA R KPR PR AR A . KPR AR I RF
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Kl 5.5 7-SCSpec Il 7 71 KPH g ta it il 1 ik iR R 40

EREFKAWT AL

1.71LT250/71PT250(250W X447 St ¥R K 2 I5)

F 5.1 K RERBENEASH

71LT250 B #5%) g 71LT250 B 95k g
HeiEE 300-2500nm e R AC220V +10%/50HZ
JeRE 9000Im WET)E 250W
*J ¥ FF ¢34 300h 2R AT e 9.5-10.5A
TS HLX64657 RSB +0. 1%/h
AHER Ry

2. SR540 k%, =HIE

SR540 K EME Stanford 2747, ALK RENEHA L ESERARFE
ERMBMZRNES, ETUEEE—MFRLE, XESTECHHES .

3. 71SW303(FE3)N H O =X 6iE 50

71SW303 ERAIEXFRAKE I8, 85T 23e 5 B 85 e A P Kk BV

BRREMBK, EREEMNK, EHEMTR, RANEEHNTREIHE.
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B HERE +0. 2nm o 5%x10*
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RAAHRY | 70 10pm BERY, B btz 1 WY 2 140mm
10pum-3mm FEEXF A
¥: & 3mm

4. TIW6(IEXHE)
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FIRGIRE, BHER, BEENKHERMHASETREREEW.
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