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Abstract: Thin-film semiconductor materials in use and storage are subjected to natural and
induced environmental factors that cause degradation or even failure of the devices, thus affecting
the reliability of the devices or even the whole system. Current research methods for
environmental failure behavior are difficult to capture in-situ or quasi in-situ surface composition
and valence information, which makes it difficult to determine the behavior characteristics of early
failure and grasp the failure mechanism in depth. The use of quasi in-situ X-ray Photoelectron
Spectroscopy (XPS) analysis method can obtain the quasi in-situ surface composition and
chemical state information of thin film semiconductor materials, and analyze the characteristics
and failure mechanism of the early failure behavior more systematically, which is of great

significance the rational selection and design improvement of thin film semiconductor material



system in the process of equipment design and production, as well as to improve the
environmental adaptability and reliability of the electronic chips.
Keywords: quasi in-situ X-ray photoelectron spectroscopy; environmental failure; thin-film

semiconductor; surface analysis; diffusion mechanism

1 IS

T AR AR 7 o 1 T A AT ) T e AR B2, Bl 2 1A BOR ) vy i R
&, EfUR. M SRR KRG H AR 2, BInblgkimds, Hzhes, S
B SOR AT RE AN EEN M SR G R4, ZESREEEFZERME. ). M. 4
MU R AR, I LA G PR RE R AF AR, B B IO S DA R A T 2 R RFBR A
B R A BEE QUK EOR R s A J& LA A G AL TR SR 8 - < JR - S fAobp ey
VR RBERT DR THEGE . WiT BB X S RRIAE 5%, WEA R AR S PEREDLE T R TT 5
0 BT P R DA S ik T S . — ROk, A0 T P AN A RS R T B s A PR 2 D 1 B R
HEERFE GREZ. WE. %, MK, S8, PA%) MESHERE WUREE. K05
G FRSSRONAE) TSR A SR S NN AR, T A I AR AL
R, FECR T IUAMEAT A AR PSR RORRARE . DRIL, PR M T <R R Sk
FARE RS LU A AT S A P MR YA A 78 2 R L e a1 AT FE 1k AR okl
LR ]

BT FEl P A ST e AR 2k RIOHTL e Jg b 2R A7 4 RO I 9, AR AT SR ) 2 W
D750 2 F TR R RORAE SR 3T, XX R R PP T K 2215 B AE 5 WL 2 T
LR TR B B s R B R GRAD TIX DT AIAE, ERERR B T
MER MR AR, NI () TRZEFJIAGR (S8 TS HEWRERnE
PARARD. o AU PR ot DCIRBR T A0 o e T 22, LA AR o AR R ABE o X St v T BB A
(X-ray photoelectron spectroscopy, XPS) M 5T A4} 3 TH A1 FTH] A2 2H 1l S e L 25 1)
HEPPEARL =, WIREHIREY. T, @m. PSR RRTZ TR ENE.
SE AR B AR IRSSEE B RN, i s S HAb - A HoR BEAT DR dh e, T seil
R LA S ASE 53 A AT SR EBURA ek 2 T PR S I A SRR S, B AR AR MEAL BF 8 S 13- 31 72
GrRI, AEBRT5 KSE EX A R B R T A R S S AL R RO FE R A L
R IR N 2B



AALER GGG e R AL S IR U RN R G S AR R G, AR S AE AL XPS 73
PR, R HEEAERBRER GRE. "UR. B, ERAS) B E SRR S
TR > S50 A ZE S AR AU, 457 FL AR R S AR DL R R RO, 38 PPN AR
T B T S 0 AT OSP4 SRS 2 G5 AL PR o S ST S (AR SR S 2 A AR 2R 2K
TR TR T o 2RI RS NP = R SR R R e e R R .
B SR RHA R I 58 B AT AR B —E AR SR
2 MR RAARIH IR R

A AR KB ] g v el T PERERIR AL, R FELT R HARAEAK
BOWT 73 NIRRT R R R A BRI AL R A R A, AR IR B RRE K
RO UL K 2 R R A AR ST T, SR SRR 5 5 A ™ B A B S, it
SEGEREN AL, BT RG I BRI RGN ZaIE IS T, RN
AR SRR, B MR (R R, G ST R, JF
BUL BRI - f T Ioas 07 A2 N 77 1R AR TR U 2 Ak SR FE AR AR, 3K AT BESK B A5 T «
o BT IO ) AR BRI AE PRSI L AR A o G L TC e B A A P I IR AR
Ko M T X T Ieae AT 2 18 AR FE PR A 16 s R W T oe s PR AR B U Pl 4232 11
1 AR IE B AR L A I A7 1 R R ) SR ASRE T 3 BT Ie s A7 A — 5 BN A7 o [R]
I, BEE T Iuas RS AN BRI SN T A4 — L7 2 R AR AR A, v ) L A o
JE VAR xH I e P JR Bl P 58, T A A D PN AT th RE 1 SRR K Fe B 7 2R 34 ] O,
PRI TR SR S as PR R R AT, BABRIRE . MRRE. U BRA S IR A) i
XA T SEPE RSO, B TEHAOR R AR A R LB S AT S A Y A i TN, %o <6 v
R T AR () g oA 1 G 2 TR TSR MR R R AT R B R E AR

A5 R ROR P 05 25 25 2R R ) P e 2 0 2 B0 T A i 4 B B ik AT R i 7
ORI WUERFW, ORI, 134 LB R BE SRR S, BATH a1, XELL TR
R AR R BRI I 5 S B AR R . Wik TS5 SRR, MR IR A 5 4+
FHORTZ A K, M S5RIMAR LM 78 § SRR M A mIEA RS, $
Sk b, YIRS R A AR I AR R SRR L2 T 2 UK LRI,
M7 H AT A RO 7 52 5 T 2 S B 5 70 W7, e DAFE K BTG A AR K
SRR AT R S A . s b, X HEOb T aEE (XPS) | il 1 /g

B (AES) B4 HEHE ST T B (HRTEMD . BB 131 (FIB) LA A JE 1 7 S i (AFMD



S HEGIR PRI 3 T HoR A& vl BA T fRORLR L SR AL I Te R A« A s O b
PR ARG K 47 B AR R AT IR R AR ) e 2 3R T AR 2R RORE FE AN AR RO A3t AT 70
HrAIpEAR oL,

3 #EJRAL XPS 2 i 7 g Sr
3.1 #EEAL XPS AT HAR

X S0 H T BE S 7 M HOR W E AL A AR I 1 € To R L EIRES, T EECR 2
BEEYD, b < Ja B AR I SRS, TR R AR R B L, AT & s AR B AL o
R, BRI R EE R JRAMEIRAL XPS /M B RIS S 32 HEOR SE I B RE B
CRHFEFE b A E . RN AC IR E | PR RIERAARS) 5 X FEOt M TR A & =t
KT, BENE AT RIE E R B R G0 rh AT R 43T S R AT B AR AL R 25 o T SRR
AT GERIRFAE, R B G T B8 T TOAC T | W B i 7 AU S B v 2 0 M
T, BT AN R BB R IR, 258 AL MER AL XPS iR, fig
5 SR IR AR AORHE PR35 R RO 00 e R SEZ IR 7 S SR T oy A 2 A5 R,
RGBT R AT R I A LR R LR, BT R IT A  ARAI ) L R RS W g i
3.2 RALRAERAL XPS MR ARG HIHE 7

T 2R TR 54 M O iR R A7 e HE G XPS MR Ge & 28 T Thermofisher 2 ]
ESCALAB 250Xi ! X S 40 iy Re i G AT I ks, Herh R 24 1 IRADEIR RS 51k
JEAE il A OB R G (AN B B o BRADGHE R G b s O S AR S T
CF k= LN, AMER GRS BT A A DGR S A R TG O IR SR FRE T
KT G AT SEBL 175~400 nm B E Bl A6 IR R A s 83 AT LIRS 3L 360~2500 nm 357 < 1
PIOEHR;  [RIR AT CARE He A2 RS B, 8IS SMAQ05 2 [ H2 6 £F A ity AT SL I8 2 Kl
Bl (o LI R G D SRR R R A B8 AR AT IR
A LLSAZEEAT XPS 15X AT 35 S I ) 3 T8I By A a5 B

;SR TR NV e K i I AR K < S VA I E S N VA Skt I ST )
SRR BOLHRE IS RO, ATV B U E S DU AORAESE . Hodh, Ed
PRz AT SEELUR N = IR S 1200 K s CRESRSHER HITHEDE R, Hiw
AIIK 10 "C/min) 5 [R]INFAT 2 Js B2 2 P de B S A 1A U (il N SR (O2)
EJFAAE (CO BUH) + HARR AR (UMK EE Ho AR EE No) DR A S B A (A
KON BAT R R S5 . i fm i B BB AR 2 M i = A BEAT XPS I AT



BRIUAE SN (1R 10 70 B2 2515 o

FEREBRAL XPS MRS, TR SRR sl A SO s e s LI
Fers = XPS MTIES, 52t M S U R B R R I, IR I 2 o
2 H R ST RIS BONAR E MU H AR RT A R REE SARRRL, FEAR AN L A% s T <
A S R S R R A B B RN AE el A S N ffs = I S S AR R AN 7 AR AR S
A, MASRZBAIKRA AR, PRIIE T LRI 178 70 SN BL R 15 . 3 oh, itk
P SCIUAE Rl A S N 5 Y BN LU L O T RE % » IO S I fs 2 PAY PO it AT i o i
ATeE, WR I 3 R . IR A I ) PR S 2 G 5 NN B L R SO YR, R
el AR S B PR A G AR R AT Rl MR SN PR R I EAT LA A AR PR

B1 r&RIdAFESHNRAPD XPS RIEBRESERUSESEEN RS

A T5*8mm

-

2RI XPS S EFRTEEREY SF MR ESRBERT



3 ORIRAL XPS 47554 AT AR MR ER SRR AR R EE
3.3 HEJRAL XPS 43 HrHi ik IR L

SR FH R AR RE B A — PR 2R R0 — HH T A FH AU A B M 0 40 S BOR R 42
ST B AT B 8 PR <2 AT A DA 5k RO LB (B BT I S 2 S B ATl
AR ZE AR 5 L oA R I R K, LS BRAE 7 oh (R SRR S A E Dy 70 B v 42
FIFT LA b EE it XPS R 2 G5 5 v R il U 5 S 2R 0 4T 1A 858 2 3 R R Aol o
BT AL BAE SRR XPS XTFREE R AT MR R RO 0 A REESORA . R TIRES
HEAT SN TRV A 53 T LA SR BRI 7, AT MR T B TR Sy
JR L AT RGO, e SE R SRR SRR I 28 3R B A HE S B o)W 785, 4
Kl 4 B



| R SaMH |

v
| XPS 4 40 £ % —| XPSEREHBIAALEL |
! -
I
ETENEEETTY 2 |[AReAa|] mae | 38 B2FAR
I I

A

XHELETRENH | AomEasn H BT amEas]

v v
| kmmanah || kaedns | xeeshs | | A3y | | Ressss | [ Ross 4 |
I [ [ I |

|

[ sk dckREXPSo M 7ktots |

4 EERESEERM XPS HHF AR REE

3.4 BAPASRG)- R AR N ) RBAT ARHEIRAL XPS BF 5

LA AU/NI/CU/HTO, - AR RHE W SN R, 45 Gl A S N 2R G A FH HE iz
XPS S HTHEIA, 38 I H LA B 3 il N U BUTAL B T 5 A b AR R T A R AR A R
HZRIH O JTE . Cu JUER BAK Ni Ju 30 N A B iR LA 3= 280l Au TC R B FE LU B R
RANTR 1R WA R B H G R dh B R 2 0 5 B YL 5 AL 2B, JRAS
HF-2R0 O JuaR M€ B SO VE s JEHGE A Cu i im BB R d R T, 5 T 5 KR
MAA KRRARBL, XPS 2Bt SIGVERECH SR N 15 8. #EJRAL XPS 4 HT 7
TR RENS I3 M 2R T 70 3R SN B B B AN RS 15 U5 2 T R K v AT B B 40 v IR J 2 45 4
FISZMEAL, AT P e B L2

R 1 EFRAL XPS 4 AUNIICU/HIO? IR S EFRHRESATRALET MESBENXR

Concentration Ratio O/Au (at, %) Cu/Au (at, %) Ni/Au (at, %)
Environment 40min/ml Oz 40min/ml N2 40min/ml Oz 40min/mlI N2 40min/ml Oz  40min/ml N2
100 0.26 0.25 0.02 0.01 0.02 0.03
150 0.51 0.28 0.04 0.01 0.08 0.18
Temperature
200 1.05 0.29 0.19 0.04 0.19 0.21
[T
250 3.19 0.21 1.07 0.03 0.53 0.16
300 61.84 0.22 42.12 0.90 4.79 0.60
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