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Abstract

The Na low temperature gettering in SiO,/PSG/SiO,/Al-1%Si and SiO,/TEOS/SiO,/Al-1%Si multilevel thin
films was investigated using dynamic SIMS(secondary ion mass spectrometry) analysis. DC magnetron sputter,
APCVD and PECVD techniques were utilized for the deposition of Al-1%Si thin films, SiO,/PSG/SiO, and
SiO,/TEOS/SiO, passivations, respectively. Heat treatment was carried out at 300°C for 5h in air. SIMS
depth profiling was used to determine the distribution of Na, Al, Si and other elements throughout the SiO,/
PSG/Si0,/Al-1%Si and SiO,/TEOS/Si0,/Al-1%Si multilevel thin films. XPS was used to analyze chemical
states of Si and O elements in SiO, passivation layers. Na peaks were observed throughout the PSG/SiO,
and TEOS/SiO, passivation layers on the Al-1%Si thin films and especially at the interfaces. Na low tem-
perature gettering in SiO,/PSG/Si0,/Al-1%Si and SiO,/TEOS/Si0,/Al-1%Si multilevel thin films is considered
to be caused by a segregation type of gettering.
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1. M = g1 238l (resolution)] ofell HA|X] Foh= HA

ojth [1]. AP dvtzoz £33 A

(relaxation  type  gettering)>} HAE  AEHH

23R4 32 7edr BLE AEHEY = 27 (segregation type gettering) > & FE3F 4= gt} [1].

g gA o] g5t #3t B2 ATol= Al 2ksld AE 2 1000°C ©]de] =2 2EA] o]
1% W7} F(gettering mechanism)> ©}&] 74| = FolAls Aoz dHA dow, ANY AHHS
Bk WelRA] 3 Ak AEE w7Se] B HZ AW T 23S A"HE AEE 500°C ©]ste
3 S fM e vFeE EAcke BeEE A2 ME A Eo] o] FofR]= Zlo] Sl
o v 34 9 EvE AT 949 sehy Z9 olol #AgF B A7 M= Ut [1-6]. AE
A 58 BAEE o] 9F PR Ao Ba ol 3t A<= internal gettering?} HAF 243}
A Gl A3 AEo] F2 HHUTh AL AH
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= 5ol tist A2 AEH [2-4], H. Zhu et al.2 p
%@ Czochralski H2]ZA YElUY= Fe == 7
HE [5] ol Ra=Een, 2 Ads 4443
(grown-in defects) &°] AlEld AEH=Z 283} U
= Z0E RIS ETEES] AP
Aol B33t S AYES 2 ASE vA A
Azt A wlg- Fostttal & ¢ /lomn, ol 9
g AEE w7Ee] Bt FHo] a7ETh
B Ao A= SiO,/PSG/SiO,/Al-1%Si H SiOy/
TEOS/SiOy/Al-1%Si 2% Bt A] Na E<-89] A
< AlEl" (low temperature gettering)oll st A
Sttt A% AA LA oA Na & &2 ETES
7 kol Es To= Q3 AL FoEE wA A
bart 4% Astel AWAL 29102 Agele
Aoz dHA At} [6]. Si0,, PSG(phosphosilicate
glass) ¥ TEOS(tetraethyl ortho-silicate) X & %+
=& det oA F s o =R O] Attt §
A A, e 9xF g5 ofg 1He] He
3} a8l 4] EeE AEHE 5 5EoE ol
AREEOIA DL AT [7,8]. Al-1%Si Bk A2
WA A we AREA QB
AREEIAL QAT [8]. Al-1%Si ¥FERe A3EY Ho
2, Si0, PSG H& 32 7t CVD 28|32 TEOS
Houso FEk=vl CVD Yoz 74zt F3 sl
Azt o, dx2]= 300°CAA 5A17F F<F S
th B5E 3 9 EhA W F-9] Na, AL Si 5 A4
T AEEY BEE §F ool HATRFEAI
(dynamic SIMS)E ©] &3t Z o] E 5% (depth
profiling) #-41S &3l gl o, XA 3
217](XPS, X-ray Photoelectron Spectroscopy)E A&
3t Si, O 5 AR 9459 AfauAE £43)
of slekA] A dElE ERIFOEHA Si0/PSG/SIOy/
Al-1%Si 2 SiO,/TEOS/SiOy/Al-1%Si X Hhato) A
Na EE9 A= Ag o] dste] Attt
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A Akl 2" Si0./p-Si(100) 713 $1°] 700 nm
Al-1%Si B9S2 ¥EYMRC  920M  D.C.
Magnetron Sputter)S ©]-8-3t] F2at oM, SiO,,
PSG H3&49 F2 APCVD(atmospheric pressure
chemical vapor deposition) ZZ2]3. TEOS H &4 F-
PECVD(plasma enhanced chemical vapor deposition))
WO ® 747t 300 nm FAE FAEte] Az
A2 AEES 913 A 2l= Na AlE|de] dojut
710 STt AE = 300°ColA] 5AIZE Bt
7] Sl skt

Table 1. Measured secondary ions and analytical
conditions of dynamic SIMS. (for O," primary ion
beam)

Primary ion beam 0,
Measured secondary ions I(’I%S;,tifl,ig?)s
Impact energy 7.5 keV
Beam current 40 nA
Raster size 50 um x 50 um
Measured area 33 um (®)

54 o]xto] A# H47](dynamic SIMS, IMS
6F from CAMECA)E A3l SiO,/PSG/SiO, %
SiOy/TEOS/SiO, B35 Zo| A& Al-1%Si 94t
WH7EA19] Na, Al Si 5 4% H4EC]
O] FEZ74(depth profiling) 4
dynamic SIMSE ©]&3+ Zlo|i
Fo E-E T Ao 9y AREE
WHORE o] ol o3 AdY o 3
Aol gHCRRE WEEE AW
ojztel & HEstel FH T [1]. FHl
H& o]x}e]2 A& (secondary ion yieldy> A}
He ol2de FRel we vE 4 o 2
ToME olxtel BHES Fistelr] flsk
220120, )& AHE-SEATE [9]. AbA o] W2
HEH O 2 Na, Al 53 22 ¥4 4L 929
Apol & AAES Fole Wl aHFQ Ao=m Iy
A ATk [9]. A ol 2W ] £ YA 33 um(D),
raster size 50 x 50 um® ©]} 2™ ¥ 19 dynamic
SIMS 4] =71E& YERHATE XPS(SIGMA
PROBE, Thermo VG Scientific)E ©]-&3s}o] %W
Si0, RET oM Si, 0 5 AE d&xE9 2
FollFUA & EA st 3}ed At FEE 216k
o} XPS 4= Al-Ka ©@3H X-ray Source
(I5KV, 100W, 400 pm)E AFE3I9S ™, pass
energy 20 eV, step size 0.1 eVE Z} A& I42E9]
AR & A k3T
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Fig. 1. Al and Si SIMS depth profile of SiO,/PSG/SiO./
Al-1%Si mutilevel thin films.

abundance)’} 7F¢ X9 A 27 Al(100.0%) 5 i
Al QR AAaES yHEte A7 30 SiE Add st
AZE B89 [10]. 0, o] &Ho] 23 H 29
Bl S (sputter rate)> SiO,(300 nm)/PSG(300 nm)/SiO,
(300nm) E&H9 Zo|A °F 3nm/sec I3 Al-
1%Si(700 nm) BF2F Zol4] F 0.7 nm/sec A== Y
Ebtth. SiOy/PSG/SIO, 59 2= 2 Al-1%Si 2Het
9 FAe AT F AeH, Si0/PSG/SIO, X
BE A&y AaE FAARCR 7 RS

2 S7ke] AW 19 19] Si 94l AR X
g5 FEEo] YERHA] &S HoFErh
Al-1%Si BFeF 2= 3HE Si0, & AksbuE oA Al
ek ZhAhe Al AR Sio, & 4t

=0 29| A% I k(interdiffusion)ol] 23 7o)
oYL, dynamic SIMS Zo|REZZH FAox o]
of ost 2¥E o % A4 T A

A

1o wcteEr

= vhato A A= 23 sodium(Na)t A 27 &5
(Al AR Y49 dold mE FEEXE B
o=tk Nae Al-1%Si 2etujde] A F Hoet
PSG/SiO A AME T4o2 YeRter, PSG K
S AR Si0, R A = Na 371 HAEHA
xo Aow FAGHETH 19 3 PSG HIET AL
#H Si0, R =43k Nals core level XPS
2HER] B4 A2 H oFgt 3352 XPS 4
AHe] noise®Z ATHEW PSG HE Y AR Si0, H
THA Na BETES HEHA &2 302 A8
Hoh wEb 300°C Aol SAIZE FoF ti7] =
ol Ax12)3t Si0,/PSG/SiO/Al-1%Si 2% viato]]
A Na B AEHHLS dynamic SIMS #4 A3}
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Fig. 2. Al and Na SIMS depth profile of SiO.,/PSG/
SiO,/Al-1%Si mutilevel thin films.
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Fig. 3. Nals core level XPS spectra of the surface
SiO, passivation layer.

T2 Al-1%Si 9rehjid el 4 PSGSIO, 7 BB
o Afole] AAS FAORE o]RoX|= ZoE H
It} o] g SiOy/PSG/SIO/AI-1%Si A3 BFato
Al Na BE A AHES 94F AEAA 9
& Zow AREY. H4Y AE P 500°C ©] st
A2 ME TES] dojd T den, =2 AHI
A4 A3 (grown-in defects) 5] AEH AH=Z B
o] dojup= Zom HIHI U} [1-5].

a9 49t TZ4b)= PSG BT AR ¥
Si0, Bz 9to|A] =A% Si2p ¥ Ols core level
XPS =HEY 74 A2ZH AgeuA] 102.72 eV
o] Si2p core level T =9} At UA] 532.24eV]
Ols core level ¥3E ZF7t Yepdth, 3 XPS &
FEA A Sigl 0 A YAg] YA} Tk (atomic
concentration) &2 28.42%%} 50.7%% ZH2t el
stk ol Sio, EaEr o] Sigk O A& 949
Si0, 3teh4] Adeids vekith [11]. SiO/PSG/
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Fig. 4. (a) Si2p and (b) O1s core level XPS spectra of the surface SiO, passivation layer.

Al-1%Si 2 oA Na 93&= AEHA &
L o7 ATEW o]= PSG/SIO, HEHol 2|3k
AEE &3 y&E2l Aoz AFHT Al-1%Si v
2w do A Na & 949l st 3352 SIMS
B9 noiseZ AMEE™, Na AE I=Z7} Al-
1%Si 9 ZolA ehwket 74 Yehgs A
dynamic SIMS EAJol|A] o]&H e &gt A~TE 9
A, 249 28y xETE 5 9l 719ddk A

o2 AtgH} vA AZE AAARF A ZTA oA

Si0,/PSG/SiO, ¥.& 7
&2y Eweo] HE Al
A

Y a3E Foted vA

ARpzbe] 54 34E 8] AEE AR AR
A=

a9 5= 0, o]2W 9gt dynamic SIMS Z°]

BE¥=3 BX4324% Si0/TEOS/Si0/Al-1%Si #

Z dhetol A SiO,/TEOS/SiO, H&u &= 2 Al-

—

1%Si 2Ht & UjFe] A& 27 dFrjw Al dF
30 AEIE(Si) HE 94| Zold mE AEEEE
HoJETh SiO/TEOS/SIO, BER = 2 Al-1%Si BF
u Zo] P& RIS & 9lom, Si0,/PSG/SiO, K
Fut Zo|A 9} up7IA 2 SiO,/TEOS/SIO, H. 59t
T AT AT FAAReR 7 BEvt
AHLE Si Pae] AR BExoAe HIs]
o] JehA] 93-S HoFET)h 0, o]y ¢
&t Hi AWE &2 Si0,(300 nm)/TEOS(300 nm)/
Si0,(300 nm) KBE% Zo|A °F 24 nm/sec L&A
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Fig. 5. Al and Si SIMS depth profile of SiO./TEOS/
SiO,/AlI-1%Si mutilevel thin films.

Al-1%8i(700 nm) e} Fo4] F 0.7 nm/sec HEZ
e T

I8 62 0O, o]2Wll &gk dynamic SIMS Zlo]
=7 B A3EH Si0,/TEOS/SiOy/Al-1%Si Z
uhato| A A& 23 sodium(Na)e} 2 27 &4+
(Al A dAe] Zold mE FEREE Y
ERATH Na: Al-1%Si BFepajxle] A & H5e
TEOS/SiO0 A AS T4z F Heur
A YeEPEo ™, Si0,/PSG/SIO/Al-1%Si 2% 4}
o e} mE7IAE TEOS HE9 A Si0, H&
oAM= Na I Z7F AESHA &2 302 detdr).
29 29] SiOy/PSG/SIO/Al-1%Si 2% Bbatol A B
T} Na peak intensity= A YERES Y o= SIMS
#A4179] background peak intensity X}olol] gk A
o2 AlgET webA 300°C Aol 5A17F Fot
7] FollA E318l3k Si0,/TEOS/SiOy/Al-1%Si 2]
Z B4 Na ETE AlH P2 dynamic SIMS
B4 Az F2 Al-1%Si gt A el A TEOS/

o M
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Fig. 6. Al and Na SIMS depth profile of SiO./TEOS/
SiO,/AlI-1%Si mutilevel thin films.

SiO, B3 AWHS FASE F HEHo|A o]F
A= AR ALRETh Al-1%Si B ol A
Na ¥3e ASHA & Ao Ay o=
TEOS/SiO, HE 7oA ] Na B AEFH 9
Ao 2 ALEHETE H|Fe] EAlo|E Na & &%
ETEES &4 Aol 4TS A ol &
TEES 2AEAAFYNAN AAS] S8 Az
A N g A &3 o] Fasitiar gt

Si0,/PSG/SiOy/Al-1%Si = SiO,/TEOS/SiO,/Al-
1%Si A% ¥2hie] Na Bv& A2 AHES
dynamic SIMS 4 ZA¥} F A3 8@t BFE Al
1%Si BFetuj A o] AL PSG/SiO, 2 TEOS/SIO, X
SHoM F= A 5 A% AE" AlEE 500°C
o]al A LA o]FoxE= HAE AE H (segregation
type gettering)oll <3 oz FAET} internal
gettering?} 7+ $4313 A E] F(relaxation type
gettering)> AWFH OS2 1000°C °]d2] £ &%
A o]FoiR= Aoz LHA Utk [6]. AEHH

oo

Mk Ee e #Re SlEdE Hges E4)
St BaEse 2AE W, BE 54 2 ¥
S P An S AP 52 e

4

(resolutlon)O] ]Oﬂ HIXA] Fsks Aot [1]. A
E}aloﬂ B3 AFE F=2 nternal gettering?} ¥H

H ekt Ao #3 ol HiEgle
o, #9438 AP FZ 500 °c o]a} Ao A Al

W AAAT 5 A% A" A Aol
Aoz Aol %l

SA e @7t olfeinT
A A2 B A
2 a2} o] A9

= = = o3
- O = o o —
A FIdEFE A= 7/12?._ dH % Na & &2
o] #e dye UEd Zlo] BA il At

F9TH6]. SiO/PSG/SiO/Al-1%Si 2 SiO,/TEOS/
Si0/Al-1%Si % Htehile] Na B8 A2 AlE
Hol| #3t B A3yt HE: uH AxpiaA 233 H
32 7AiM AHY A ol&] 2 AHE w7
= 7ol =8o] 2 Aoz g}

44 E

Al 22 2 10N EEE ALY 5
AABYGoIN e BB B B AT
Mo Edsh BoEEY w54

=i - -
25 WA § ol%= AEHY HAIEL bR
HEe] welx|A] ¥ e Aotk ¥ o=z ¢

313 AlE] ¥ (relaxation type gettering)> 1000°C ©|/¢
o] & LA olFojAH, HAMY AEH
(segregation type getteringq> A 5 ATS AHH
AEIZ 500°C ol3te] A&elx] o] Fojx= Ao
= SRIFHA B A7 8= STt Sio/PSG/
SiO/Al-1%Si 2 SiO,/TEOS/SiO/Al-1%Si %& Hut
o] Na E-E A2 dynamic SIMS 4 A3}
PSG/SiO, ® TEOS/SIO, &+ Ho9oA 2 AH 5
Ars AYE AR A2oA o]FofR= HA3
A1 ¥ (segregation type gettering)ol] 2Jgk Aoz ot
Ht} Si0,/PSG/SiO, ¥ SiO/TEOS/SIO, + A%
suke ux oxjsl §]_b‘]—7<—] ZA =} ﬁzﬂ-:llz_g_ ZF
uem Hour 7k 3 ¢ks)t 9 o] il
g AYE 235 Fste] vl dxpazte] §4
S Sl AR Zom AlgEY Alx Y Ee
RS =F A L9E T UE ETESS _,_X}
G GAA AAsE AEE 5400 #3 olsli=
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