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Abstract

Electronic recombination losses at the wafer surface significantly reduce the efficiency of Si solar
cells. Surface passivation using a suitable thin dielectric layer can minimize the recombination losses.
Herein advanced passivation using simple materials (Al203, HfO2) and their compounds
H(HH)A(AI)O deposited by atomic layer deposition (ALD) was investigated. The chemical composition
of Hf and Al oxide films were determined by X-ray photoelectron spectroscopy (XPS). The XPS depth
profiles exhibit continuous uniform dense layers. The ALD-AI203 film has been found to provide
negative fixed charge (_6.4_1011cm_2), whereas HfO2 film provides positive fixed charge

(3.2_1012cm_2). The effective lifetimes can be improved after oxygen gas annealing for 1min. I-V
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dielectric materials[J]. Applied Physics Letters, 2014, 105(12):042112.



characteristics of Si solar cells with high-j dielectric materials as passivation layers indicate that the
performance is significantly improved, and ALD-HfO2 film would provide better passivation
properties than that of the ALD-AI203 film in this research work.
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and their compounds H(Hf)A(AI)O deposited by atomic layer deposition (ALD)
was investigated.
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The chemical composition of Hf and Al oxide films were determined by X-ray
photoelectron spectroscopy (XPS).
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The ALD-AI203 film has been found to provide negative fixed charge
(06.4_1011cm_2), whereas HfO2 film provides positive fixed charge

(3.2_1012cm_2). The effective lifetimes can be improved after oxygen gas

annealing for 1min. I-V characteristics of Si solar cells with high-j dielectric
materials as passivation layers indicate that the performance is significantly
improved, and ALD-HfO2 film would provide better passivation properties than
that of the ALD-AI203 film in this research work.

B TR MEE, BITEER, ATERLZEMERRSZRIARNETAGH, TIRE
ik, AR AR ERENEARLEN,

BEENES]:

%43 ETHNBERBUOTERE WhatWhyHow BE—T: BEAERFELD—T, RRF
SM—TRXAERH L8, BHXRE. EEEEATHEIBERNS,



fE (AR ™ -

W, R A% (EBL) B A & 095095 &, e 4] & LA AR R 69 % & @i (SAW) 3
o —APR A EBL AR & BT AR S 6B A BRAR 49 SAW 1R 2
8 77 &8 A EBL /& & 24 & b 3R AF A5 #eht 25 (ID T) A9 & F i i) B 155 2%
BERFBLLHFESRIDT B, @FARL A EA4R 3 5 BHEAE B, FI4E 69
X AF A — B, WA AT, AT FEZSIE, HBIEEET
WA R K BRI . ZHARAFRARIER THEE B AREN & THEME
SAW 25 189 )& 324 7 fRIT 891842,

M GEFLERBEHE) -
Electronic recombination losses at the wafter

surface s\ﬁn‘\@\can’rlﬁ reduce the e@\c\er\cg of Si

solar cels, Surface passivation usmﬁ a suitable thin

dielectric lauer can minimize the recombination
J

losse s,

why

THH-TXEEFNES. XENEETIARNAT:

0 S ML
0.1  why? JfFAZfH?
0.2  who. when & where? H A4 NFEX Z A T AT A 4752
0.3  what? &45— FERAEX R P Tk

| eI
1.2 JiiE CEAMED
1.3 FIME CEAMFD

I ZER58
21 HiR
22 ik

TXULER, XIH, 25, & BRFEER. (2010). Ebl #il&H T A MG 1 saw R /7%, (F
BL5EF) 32(3), 340-342.



I i

RREMBIEXHBFEE, EXHEFAZTIRTIEZNTISEL, AXEARF—
MirT. BEAENARZESEE, REMRRIESREE. ASELEECNEAN, 8MAEE
MARINAE, BEYE, ELEERERREMIASH. FEXLEEFLEZEEMBERE, WTH
REARHEZENZRRHIES.

B5E XK THE

1. #iE: HENEXRETA
IRAE, AESWTIREHTHRENG, ti1LBEDEEN. FRIBNRE.

BMNIUEBMAELT 0 RN, FREZTFEHNE, BHE7RFLET (BR) (Nature) .
(#=) (Science) « PNAS X=ATRLHAT, EAEHHEMIREE LI LT,

HORfh, RAIFEBNERRGHE, BAREZRARTAREFHETA, BERZHRR
RIF. REFIBERESALEHEA—ST, SRAFRLET.
MARPHAH 2 LETHRARNEAR, D2EIRINGE. HTECUREXUNARA—EBNX
—iEitd, SARBHINES, WIEEEREN. AENfRELIE—HF, RNERBEE
A, LEEBRFNNAA. FURGHRITFLER—EBMRLT.

i, HRXBEHZ, RMNHBIME TEETVINILI. —MUBBEAFT, MRRHAH
&M, FHRELT. KGRI/, MEXREEAHF—ESFHMST: REFR
TSN EHE. AREMBHLXE, BBHF. REXLEZRELRHN.

2. BAME: IRIEEROATE—HERET

AHPHFEARLERPHT, WNAE! RNAIoE AT TRAEKF ZIRHTH A DA H
ko “BIRRBERBENE=ZEG/EE! 7 “RREWROIEAERNET ! 7008, BNEX
FEHEEERE. NFEMRR, MOSERCRFTE-HERBT. ERREX—HER
Mo RTBEIEMBATERLE, RASEN, ENF XBL2E. BB AXNIE

. HIFRNIZBA—NEE. RUREMIEXEELMERRITESEM. RKF! D




B —EECURMEIE A 16, M@ FRIHMER S, (R, EFEEiRIE ek, 74 7
G, A THEE, XA EEERSC AN E ], A&, EEAAIR. ALY ISR
B EREIE A MIRENEFTIEEIESC, WO E AT SEhR A i R ), AR AR
€, XA R SCE PR A AT S A T2 Ak

NFEE, AR TARET S, 205 ok, AeZitfMBANERREERAEREEACHEKTE, A
JE, BB — AR, AR TARE T — KW, o Eags), n UEEARIARTIRAHE, AR
A FARHEAE S, I MR AV E L

TENEIESCH A, ARE, Bl s, SRR — BB IR ML, ORI MRS —2, A2
BRI . RN — RGBT R R BRI

SHESSWEETE: AR, W gy R RAIE AL R . S = EE -7, ATk
UK - 22 0] LUA RO IR 8 N A B ARV 0 Wb e IR FRAT LU AR v 0] R AV IR R 120
HALAEET A=W PR R MUGZ B80T T K SEe . SKIRE RO R 7 @ BERY A, Bk . A
N X HEAE IR LS AR AR B S R R E R (AR TS X R
ZHENEEL, FAMDRAEARIA NN TARIFRENRARII T fli, B AR
PRI T XS A S B T e 28 T WU R Bl o
;%?Amgﬁﬁ&:ﬁz%&%ﬁ%,%Eﬁﬁ%TOQf%EMﬁ@KE,iﬁ,%iﬁ@ﬁ?ﬁﬁ
e

AR EL e S

BE MR R X T ARSI E DL R T RS

o SE TR IRBE R L RB I BERK 1 7 X RR - S 1) 2E ek Y S L R AE

o RS T SRR AN TR L RS RS PR AR - R 5 I

FpurE | 3T Navier—Stokes/Fourier/Fick SR PEMK Fibferh gl g . g FUR (G
B A SIVRRENUME &S R S vk, M R

R, DA YT 2235 — BUKIE AN S SRR 1 K i R

fifl -+ A= Bl i8S
B, Yok TR E SO AR

2 RRIPR T BRI R T

B BRELES . DR IR IR VR RR S I R AR
SRPAEL | QU Rk AL VERR TR RO —— DASIR IR
IR VAR RS TR A DA R ek e M o 22 3

=

<

AT LB

S AR
A PVN S
SE R TR
s — R ER T ik



KTA—HEE, B—244, TUERNRRTE —HEHAEREHEAR
ik, —METEEAMTRRTE, EHNEZYSE, ~AHE, FEH
HIRSEAETE, EHRENEE, BS. B TEAN, MZFERXPXHR
o U AT LU B A, AT LM — D E ks TN, ZRE ERE

S L S UNEIRIPE

BEFARFGA —RSCEEM AR (T, sk 7= —0r)

FHEASHRA, KT IEFEEARNE Y ER LB H =+t
H') https://www.marxists.org/chinese/maozedong/marxist.org-chinese-
mao-19570227. htm

TEEANRA, KT IEFCE N RN BB (JH5RE)  (—JLi-EF
—HZ+tH)
https://www.marxists.org/chinese/maozedong/marxist.org-chinese-
mao-19570227AA.htm

T3 AN HAt ) — PSRN — LR 4 5%

FESRAE I TS, MORERIESE
https://www.marxists.org/chinese/maozedong/marxist.org-chinese-
mao-19560830.htm

HAERRANAE, —MREDEE, —METSEE. ESAEE, HNEA,
RN AR A2 BIAEW o ARITMAE T SSNENEIR, EE A LR ARITE R
A2 ZHHE, G GR Bk, LRGN, LS M7,
FR N AL, dAG e, o T, BRI CBRRE” o https://
www.marxists.org/chinese/maozedong/marxist.org-chinese-mao-195600925.htm

FUAE, AEmE— T ZHE WY, RRAGRRCHHT, A UTE
HOiE AR . I ERIA R, PREMRIAR AP B LRYE
BWERM TR, BILWENJLE, /MR, TBROERET,
REAZIMLE ? TRPAV T AR E | =804 182/
1, B TIERA, BoERE R R AR NERGELE T,
SRR PGEENER] 1o JEoke, R IRUFIF IR AE, 2o E 7 2csE, b1
KW T, CHIERE T o AERFRHA D BUE, AR, I
FIFTRT, aERETCIt, rTEAMEATHIE 1o XFERA, BRSO, T4
3k, ATk, FERIZY, W https://www.marxists.org/chinese/
maozedong/marxist.org-chinese-mao-19561115.htm



2019/7/20 KT EMAIEAN RN EFER R JHERD (—RLIBE-A =+t

EFIIE_"J ﬁl@\iﬂj&_ -> %i%/?\

XTFTEMULCIEARAIBFEN O (HFiE
%)

(—WEBEt&FZB=+tH)

BRSNS
XA ;@ ...

TNEBEAMA
(S,

LLI A 5 IR,

t B HRAEN)

https://www.marxists.org/chinese/maozedong/marxist.org-chinese-mao-19570227AA.htm

1/31


https://www.marxists.org/chinese/index.html
https://www.marxists.org/chinese/maozedong/index.htm
MyPC
高亮


2019/7/20

KT IEHAAEEANRAMFERRE JHER (b= H =8

EE—% ., 1=5 , PEIJGRE=. O H
FitRIZA |, EFINITEESR.

TUHREESHE— , RIDIEENBEARSSIAER. %
BELAR, EHAXREL  BE  UAEREHERNGE , 5.
B, RAOHCHL. BT, BT, RIUAREHHINZ RS X E1
LI—AMEEE. BRENL— , BAZAHEESZ T, HERESZN
+RETW , ESZHUBTURRE, BFRUGHRANAS , L2%E
SRS RIBEIR , FRHEOR, XEENIE  REREOTIREAR
B HEHRER. ETWNTHEAlT ? ETWTHHER T,
R, THREX/UZA , HPERZERR, BIE—NEFHIRN
b~ SUTIESRE LI — | HHET | BECRRNL—4 2 ETH , &
R—, BRMNBETW\ (BRE: RERL, RS &) , %8R,
N ERWEBR ML FIEERER—T , REXMNUIE N AFTIEE

EB—T, M2, BT, RiEhRREREE, BT , RINXFEA

FEAZR—IEA , IRERWESEETI , fBRTIVRLRER

: A &, BTIWEARS O
7. BETWEARMTKRE  BBATHE—ERN% , XBA/N, BBBR A
—4 B, ETIIALS . BEFRINER , 2ELLHEIERE TR
ERERMR—E, BEXE—LE , RMR—LE , WERLBHFHEPLL
HERMILATRELL R —BE. BEEAS , —1+—5F , WA+ AME, 7
LrEAR LA REI—F/\EAM , AJeEEmTSAM , QN5RT(IREGFA]

MERBRIXAN A8, Ei—R , EEEEEZSHEETE , FRERHE ,

EREEWED , BTUNETEN , XE7HH , ETWEHME ™
5 WEIERE™S , REE™H | KFIREZERN , WiE™n BT

BT, RIVHBHRIERERESR, EAESHFHERFE MR, 1T

TUEBER , XBE—MNE. EIEHANNE ? BEARIAREEMA
11 IREREET(INE. —+—FR5EEE , —NLhofF , 1+
LB EoF , F=TAFiHHE—

https://www.marxists.org/chinese/maozedong/marxist.org-chinese-mao-19570227AA.htm

29/31



fHER Sh AR
(BB R 7)



2019/7/20 KT IEHAE BN R A 7P & i RS (— L B4 = H —-EH)

PR RENIE > BER

X TIEMAIE AR R ERF & RY 6] &

—NELEZB=+ER)
FHEEZhRZ

*XREFRETERSESSNE TR (TX) 2
LERYHIE. BRREBFRFERBICRINLAZE | (F7E T+
7t —NATFARBTBE (ARBHKR) &3,

ATIERGMEARARFENER , XE—MEE. AT RS
&, oATAVNEE., BXE , EEREEETERNEDRE , BRERRE
WIS ARRERRIF BRI,

https://www.marxists.org/chinese/maozedong/marxist.org-chinese-mao-19570227.htm

127


https://www.marxists.org/chinese/index.html
https://www.marxists.org/chinese/maozedong/index.htm

2019/7/20

KT IERAL A R A #BF JE A RS (— LB = B H)

+= SBETIVERYER

XEFTARITIMERERIEE , EEEEET . ETIFIRIATAR
FEXRREE, KENZFERZUETIAFL , X—ROAEE. BE

R RFE DR R Tk,

BER— M ARVE , AAOGEEAONERZ/\TLULE  &KE

Tkt RRIERSFHE , T ABRMMMS , Z B 8e/9E#L
SEARETAURBRZHNHEE. 0iE , BTAFIRI

#, gaR , giggEITI, ETWELURIAETEHZX—R , B
HIERBEAMIEEREE. BREERIARASEERLKRE Kk
IR | ARIARSHOTUR. IBEL, KRR, BOEIR. T
iR, RANE. REEFVRSFEARIES  ETWLKIVAER
BRI BB T HAMNMIFER. EB-NAFHINE=1"10%F
THRIERE) | ANSRBAIRIRIEEEEEARNAR | (R TIENEEES
AR XN TEMNERESFEEIFE. KRR TIAREY , BTk
BTmS , B78E , CHsERibAR. XiF , Bk TICASEE
UFE—L , BRLIFEARIE  EBRMAUER—E. 2I=1"1HF
itk SEBS LA, RERNT BN SRR RIRSE
B B NE=Fmt+Z5W , KEE_FAm , 8EFEE—R. X
¥ o \REEREIRNX.

https://www.marxists.org/chinese/maozedong/marxist.org-chinese-mao-19570227.htm

26/27



*FEIEXNA—=8%
BE: OB, E—XEFEAR
NI R REE T E—iE, (B2
RIF—HEBERES, FNENERINIE
B Jlﬂﬁ%ﬁ LU T2V ER X,

A—ERl= ; N =~ tzgggﬁému

1 BUER/ESR

bR AA E’ﬂ]ﬁﬁ?lJSZﬁﬁ_JZﬁﬁ—T—vﬁW
WEEBT ( 3B S | FIRER 2RI
e ), BREEEME, BE,
Introducﬂonﬂ’]f—ﬁz, WMEVE,
FREZ (MERPFEZ—HF) , X
AN EE—E, IERER.

2 1IN SN 5

EA— IR 2abstract-
2Introduction<3experiment-
Qresults &disscussion-
BconclusionszZ1245R), B2
LR EERN R E RS Y
experiment ( ELpl@sL0iRSH,
EXTEE ORI, ANEEMNT ) , &
EREECHEFEEEMINERD, —
figabstractss5 5

III




=

N H BERAERER B EhT
IRIEYFRE . FUE I8R5 5 e
=, AEFEMERD, MEtas
. BEXKR LEE=M: #8 for
2%, (eq. planar carbon
nanotube-graphene hybrid
films for high-performance
broadband photodetectors )
{4 based on #1# ( eg. Highly
sensitive and ultrafast humidity
sensors based on CNT/
graphene hybrids )

H4FERY2R(4 enhanced by 444

R E AR

4 REBEEERNEERAS

Zw, PMTARHX T IE (FEF
5E, BETFaE5{ExER “HFu
B8 REREENE "YES

T’ ) B ITEBREIAYRR (12
M- However,ZF0iedisstBx< T
1) ; X714 (SHEEUHT
=) ; BRAITHAGERE ( BEREEIRY
sE2H0ehr ) , = —9EXEE
NEeXHIHREN (FE “YES
I X—=/EEES MR~ )

B -

ST
N

Iml




Introduction: E.SLR 2@ /93 7
IR, IXHERD RIAERE B IETE NE
SCIGAEER, (B “JE By
ABRRAREE DRE1C=X, 1HE
FISCEGZEER ) NEVEERS | SAE
2N CEBFIRIEI R ERA~—AE, PR
LL, XRED EARAFERIZS
results&disscussionsLAM.
conclusions; g BEENERS, FiiH

SR
LAY

C{r

R AORR R A ST

RS, DERNEIMIEHSHM

15 A B RERIE?
SIhEEECHEEEIT, TEEK

SImFE3

3, SIheE—EXKER

FieRfEs 1EH, iR 2EmE2FA(]
Ho o cIETWEENE . Bl JIE
XER, BlaRh. EIIE,
BREFIESLIE TR, (B2
HRRE R, CESEMAE SHIENR
BEIIREN, BEFE, BEENRE
BH.May odds be ever in our
favor.naha...




FEAR

55 2B A A 227741 4 4_http://km2000.us/1/graduatestudy.pdf

JURENE €0l e SN KR o= VTN ORI R X0k

el 7 LUE T4

—H R
AR =L = REEE MV + 3 — > TAE+ N T http://km2000.us/1/g.pdf
el 1 FH I ZE AR A, fef it A — 58T B 403K http://km2000.us/1/

read.htm [ 8 SCHR RHZSCHRATE Z N5 1M hitp://xueshu.baidu.com/
how to write a ppt /how to present (say) a ppt: http://km2000.us/1/


http://km2000.us/1/graduatestudy.pdf

EHS?

(R ER ]
THNA-TRBEXNE R, BEREHOT, —RBRBRXEMIEXE, HHUTILRH

0 RIS %L

01 why ? ATAZEM Y

0.2 who. when & where ? BT A ANFEX Z R T T AR 7
0.3 what ? RE—THNEXBELENTHR

| LI
12 7% (&
13 FIE (K

NG
2ZME)

I ER 5518
21 #R
22 118

Il #5186

XEERBIXHNEAEREE, PXHNEAAZTEBATIEZNTYSE L, BEpxxd, X&E
IR EHA SWIH & why what how, T who, when, where ZEfEE. BTIHERE . B4 (4H
4) BEEALEALT .. AAINFERIEREILCER why what how 575 . W TARERREF
Y, IRESRMERNAFEMAE, LN TEDENRE IR, SIEERRAERL (NAE
BEAZAEGRZZRATEMNALRAEERZZHT] (Cell Research) H—RELE") , WX
FEFENIEASEEEINANADRERNL (GE @ RERSARRH B F R ERE AT
(EEEFN) TG0 ERFE?) . #52, SPENBFEEEELER GWIH F
What) , MEFENIRZEAENELGHNADIREDE (SWIH F 8 How) o

TS RIE

[FREFHHE]

" Gong X, Nieng Yan, et al. Structure of the WD40 domain of SCAP from fission yeast reveals the molecular basis
for SREBP recognition[J]. Cell Research, 2015, 25(4):401.
TAER, BA, 4ERR, &FAFIR. (2010). Eol 1 B FSAEREERHY saw IEREMNTTE. /£ B 5FL, 543), 340-
342.

1/4



—mek TR Wﬁﬂﬁ% o, XEIH BRI XHNREZNES, BAMMNIAMAEE
%E%E% B~ —E ﬁ%ﬁﬂmm RAX AN BB OERERE. NZREN
XIS H, X Ia$%,wmtww,mWﬁmE

—MNHHBEE, BiAEE T what why how =Ny, ERIRENIZ @ 1iBEEHAM T4
A 7 2. REBEIBHE, BRETREK, XEBEX—NMFHREMNGF

> "Advanced passivation techniques for Si solar cells with high-j dielectric materials’”s
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» What: Advanced passivation techniques
» Why: for Sisolar cells
» How: with high-j dielectric materials
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THXREZMUSERIXE (Advanced passivation techniques for Si solar cells with high-x dielectric
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Abstract

Electronic recombination losses at the wafer surface significantly reduce the efficiency of Si solar cells. Surface

passivation using a suitable thin dielectric layer can minimize the recombination losses. Herein advanced
passivation using simple materials (AI203, HfO2) and their compounds H(Hf)A(AI)O deposited by atomic layer
deposition (ALD) was investigated. The chemical composition of Hf and Al oxide films were determined by X-ray

photoelectron spectroscopy (XPS). The XPS depth profiles exhibit continuous uniform dense layers. The ALD-
Al203 film has been found to provide negative fixed charge (_6.4_1011cm_2), whereas HfO2 film provides

‘Geng H, Lin T, Letha A J, et al. Advanced passivation techniques for Si solar cells with high-k dielectric materials[J].
Applied Physics Letters, 2014, 105(12):042112.
‘Geng H, Lin T, Letha A J, et al. Advanced passivation techniques for Si solar cells with high-k dielectric materials[J].
Applied Physics Letters, 2014, 105(12):042112.
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positive fixed charge (3.2_1012cm_2). The effective lifetimes can be improved after oxygen gas annealing for
Imin. |-V characteristics of Si solar cells with high-j dielectric materials as passivation layers indicate that the
performance is significantly improved, and ALD-HfO2 film would provide better passivation properties than that
of the ALD-AI203 film in this research work.
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=, DL Herein {EAS3], DT PMFE T What 1 How ((BBRRHAFHIERSY)

o What . Herein, advanced passivation using simple materials (AI203, HfO2) and their compoundsH(H)A(AI)O
deposited by atomic layer deposition (ALD) was investigated.

o How : Herein advanced passivation using simple materials (AI203, HfO2) and their compounds H(H)A(ANO
deposited by atomic layer deposition (ALD) was investigated.

XETHREAFHHTE T —T How AR

The chemicalcomposition of Hf and Al oxide films were determined by X-ray photoelectron spectroscopy
(XPS).

ANTHEFER, AREATHNFECCEZRN, RENRE T XRXENFELE R (what)
(BEBERMEFED) .

The ALD-AI203 film has been found to provide negative fixed charge whereas HfO2 film providespositive
fixed charge. The effective lifetimes can be improved after oxygengas annealing for 1min. |-V characteristics of Si
solar cells with high-j dielectric materials aspassivation layers indicate that the performance is significantly

improved, and ALD-HfO2 filmwould provide better passivation properties than that of the ALD-AI203 film in
this research work.
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Before you try...

Before you try to solve a problem, define it.

Before you try to control a process, understand it.

Before trying to control everything, find out what is important.

Start by picturing the process.

---- John T.Burr, Quality Program (June 1990), p.64
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