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Abstract

This paper proposes a novel wafer level packaging for integrated circuits (IC) and
microelectromechanical system (MEMS) devices. In this method, two wafers were
bounded by resistance welding with simultaneously through-silicon-via (TSV)
connection and cavity sealing. In general, bonding techniques require two bonding
surfaces to be flat to have intimate contact for bonding. If the surface is rough, it needs
to be conditioned. Otherwise, the bonding temperature needs to be high to soften the

bonding material, which could damage the device materials such as aluminum in
circuits. In a word, the surface roughness of the bonding surface is not preferred and
extra care/cost should/be paid for that. The proposed IC-MEMS packaging method has
the following advantages. First, it does not require flat surface for -bonding. Instead, it
makes use of the surface roughness of TSV for resistance welding, which achieves
transient liquid phase (TLP) for wafer bonding. Second, it is a local heating process but
does not require pre-patterned micro-heaters. Thus, high-temperature bonding materials
can be used for better bonding properties and no extra area is needed for the deployment
of micro-heaters. Third, it can achieve wafer-level testing. This fabrication/bonding
process is briefly described as follows. The thickness of bottom wafer is 525 um and
formed through wafer trenches. The TSV is formed by the Nickel electroplating which
completely refilled those trenches and is used as an electrical interconnect between two
sides of the bottom wafer. Both on the top and bottom wafers, Sum-Ni /2um-Sn

standouts are created and patterned as a bonding ring for bonding two wafers together
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later on. Note that, those Ni/Sn films can be fabricated by cheap fabrication processes
because the surface roughness is not critical. After that, two wafers are brought together
and a constant voltage is applied to two contact pads, which can be accessed at the
bottom side of the bottom wafer. The surface roughness introduces a large contact
resistance to the circuit and completes the current loop. Thus, it creates a local heater at
contact points. When the temperature of these contact points reach 300°C, the Ni-Sn
TLP bonding happens, which seals the gap for bonding two wafers together and
complete the electrical interconnects between two wafers simultaneously. The Ni-Sn
bonding took place at several contact points-but many voids existed. The existence of
voids was likely because we did not operate this bonding process under vacuum. More

experiments are on the way to calibrate the performance of this fabrication process.
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Cheng-Yu Ting B Fj #74¢ 1} e 38 4v #4(Localized Heating)$% & = 3% > 5 %[ T 5 4o
o BB S Lp ARG T5 4B BB 1.6) 0 ¥ Al (2 um)/Si (0.5 pm) 22 3 38

it R4 # > 1LAE (7 fidedE £ (Fusion Bonding) » M. X. Chen BIFf #7774 iff
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T in(Eddy Current)f 372 4e# 3107 § snfR i & 1 a0 lg] 5 b ik 3 e

R ,Tgrg.;g

$3
&
Ny

4
e
g
ol

BTG oM AP TR NS 2 R R
FI* 2 G el it s HIA R R E A E TREERDRTE D 4
B-2 BRHe 02 TFES FlEd R ILER T BRIV AE > BT
B /% 4P 3% & (Transient Liquid Phase bonding) » ¥ #. 2 ¥ {7 ® iFfigse 1 B > ¥ < %
BHRFFEUF 0 N FRFRE R R e SR R g
FUREBE RGN AT AR AREREHAER Y U 0 A A
AR AR E A G RALT B IR R B A o

Flot o AP AL TSR - BB iRApdE AL TSV 2 N ERITL - 24T

¢ MEMS-IC 413 i o

1.6 3 o2 p %

BT W AT S R A TG RIS EE b e R E L
Flt K3 - 2 AT MEMS-IC & P af X SaZe 3 8 & B oav i ds [ & 47 31 K g%
AL ARTERIDFR > T2 24 D ARe Y PR SR
EHAPRADN AN S R 0 TRFRT T A A R gt F T RLFE

HET Y o
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¥R ATS RS R RIERT
AR SRR AR Y PR T - e A4 S TSR R A
B enRT & BFY 972 % ¢ TLP(transient Liauid Phase)#% & = 5% » &3t % = 3%

b e R B AR W AR RS o

2.1 TrEARRIERY

EAARMTIE 7 AL &Y WHLI > LD e RAT LS Sna
£ B FETIPEG B PR T e B 0 ST L

SR E[18] 4o 2.1 — 4K fiiho B IE4E E - fE B ok~ TR B

Y FRAZ B ERIV, £ B G RRE  ¥ AR SR R
RS  pBROT EARERY o HY DT EELE AT ES

1 Eehi g R RYE R BERXFATEIR A2 RETFEG M
BRERY AL FRDIE RFENO)T T § LD TS EF RS
Q = I?Rt =V?t/R (6)
EFTIEALET AL BIAE FALSTERIFE Sy DR RFA
1A ?‘f@%&ﬁ% CREFU G TR SRR DR A @ TR

A2 EAHA RHATAGR BRR IS SRY AFEERBE D LR
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AT AR L B DML R M RS N AR FBE RS

1‘1\14

Seghen R F AN - AR RR Y ¥R R ARG RIZ B 3 £ HE
fm et m 3 TS Fpt AR 0 % € ) 3F BRG] 0 hip ikt BT

LB g F o 34550 (6) ~ (7)

P=I’R=1V (7)

FHLT TR A AFBERY TEESS AR ERY §02 1B

ot g 6 S £ R G RARIE R R IR 0 o
ﬂ Push ?l
£ Sthall resistance
v ] T v £ Contact resistance
Heatmg
£ Small resistance
Q ﬂ Push
B2.1 . % FE4E % R 19 R B
22 BHRFEMERP

d % &b {1 & s (wafer level packaging, WLP)™ it % » mim H_IC ~ 2 & &_
MEMS ~ i > B4 R RER > TEARERRS > TG R FNBEN

TR BT R R AR L UBLE /e o A - e g 0 RLTE RIS

2

mp
o

» FR

ey

—N

LN

S PR AT 0 T SR o I - A T4

‘F_*

HRE S
ERSF7H R S AF o PR G TR R E LA
%18 4 fe AR 4 > 4 av X 0 Nasiri Fabrication ; 71 X, — ] R A u - 1C
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At MEMS ~ i & f 35S B AT TR RAROAELLE > 2 A5 R
g ooom AL AR E N B NP HFFIN(TSV)IF: 23 M, v gy
LBl ¥R ASFELAFE 4 w4 IC &l MEMS &
Fagitdds gL REFLFFEL  FEMI E A
221 FRBETHET 2R
AR EHRART AR E ST LR 22 AARRY R HEHES 2Rk
RS 0 W - RRBHGCR 23) #gritka it e fGrp o F AT HY Y

£ 1C & F122 MEMS & FIFF ch g il sl ? 5 -

| e dnsg g X sa |00 (srmis 7 e

<| BbANEEERE AR

3

SEESREH

pob B EARSR

B 22 A HRE R

$k\1kATU2kANi

>

5 um plated Ni
1 kA Ti/2kA Cu

3 um plated Sn
B um p

plated Ni TSV

H (a)
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Interconnection pad

Bondin

TSV pad

(b)

B123 *F5S%EHESHETR QR BlE (b) 4.8

222 v fdd B R A F R L R 2k
BN AFHRLOLRFNLEET FREF R R IC LRI R ST
RE N EFHREFTHRFHES Lo 27 U REZAIEL (A AFHRE T

w3t TSV B ek » VL8 R (4ofl 2.4) 0 = B VTR %P

)

NR &G SRTRE A MRS & MEMS S %6 R A EETE 0 T R

.

FF BEE THEA 2K (dr W 2.5)
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e A AL

Bl 24 kwstdE 557 3R

Z LBl IF & 44
A L
B & E ¥ @SR
® HEAEK(TALETE)
® FEKAEFK(THAATE)

B12.5 b @RS f moke TREE 2 %% 5 s T4 Bl



2.3 F B iARK

YL A4 g IC-MEMS 3 55 en@ (5 A2( 1 2.6 ) > A7 5) dehi AR B AR i AT ik

DA > BT AT A g TS AT RS T A2 A % gk e

MEMS wafer

¥

Pad

(1) 12— %weqd Si
8 [l 75 5 MEMS
]}ﬂ » pboB IF‘]:,F;;J- A '@l
et £ ~ 23

=4

(2) ;{ﬁé DRIE #:
HEELF TSV im 5w
X 5:1 -

(3) MHg R
FOEm TSV % 3%
g kAR S T 4R
Sk aEE A[16]

27

=T

e

drens koo

4 *RRPFed
T2 % (Pad) > #* Pad
ARSI
Ti/Cu it = f5+ 4 >
R
1% o



Ti/Cu

23

(5) &L 6 T
ENERER LT

SREP VPSS
PRI i R A

Ti/Cu

OREEEE-3
RS IC & &
MEMS & I 7%
Mg i ¥
VLT e B B

(1) EnggeE=x
S ITRE B R
LG A %] Ve 4 2

}é?l o

4y

¥
ok



#-MEMS & F]
9) o
( IC & [Fl ¥+ 2 d
'% -'J‘—
= = ﬁg?*gt’ fﬁ— )
%/\—,EV;F T 3N
fo [F]

MS & |
ME .

{F“t'\?/n : i‘b
%dbmﬁw%_L
e .
lg Rt A
EES

%‘I’gé?‘!ﬁ_& °
)34 B
-“j
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Y% RHEaEIT
A L7 L AL
3.1 TSV 4 it
*tw e & {1+ @1 TSV (Through Silicon Via ) » i 42 B 4o @) 3.1 £ & {1+ 12
WCB 25 um I R FE AZA4620 ¥k 4k %IV Bk o 0t R R IR IE L oy PR 0 £
EAR RIS L T kAT 4y kit DRIE 417 TSV A9 5% 3 35 % 4 20 7k

%,fig ¢ R R S 4

R

TRau kst STS #p & Pl 4 > LirE s
100 pm s TSV » SF ot 3 105 S0 s 1o &t i€ 8 f 4p i (PECVD) ™ 5
Awl ki B B 2500A 8105 ¥7 2500 A SisNg (T T MIEIE ; H R RIgE T T

F AN AR R e e S8t ek 3] 0 @ B32 A AL TSV pl2 & B o

/ 25 um AZ4620

¥
EEEEEE

2500 A SiO, / 2500 A

B 3.1 TSV ®fzi-42H
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%31 Bt TR e b st s il S

IR iR E 0~1000 W
T T iR E 0~300W
RF T RAR 5 13.56MHz
A L ¥ % % % 4 47 (backside helium cooling )
2% §F 8 SFs 130 sccm
C4Fs 85 sccm
B WA g A8 O, ~ Ar

B 3.2 TSV R3] % SEM R
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32 474
AFE G B T gEe V4 & B3 TSV(Through Silicon Via)z. # » 17 4 4t

K RRIMEMS ~ 2 il > AR TR (BRI 27 AT R

X
>
6”34

RAERILE T AR R T o

Ni 42(F5 1)

(4R )

2+

T AR (R L4 Ni Ni(R 4877 1 )

B33 & T 44K T LB
T AT A L R Tag Rk A BT

MRy N PR B L Be BRI RTRG - TR
NPT FIT 3B RS N Tt EEmd 45 a8 Bied I NiTH 2
P &2 NI e ABEA B A T R
IEAE(4E ) NiTT+2e -Ni (4 F )
2H +e —H21 (7] F i)
B E(442): NioNiP +2e (4 F 1)
40H — 2H,0 + O, + 4e (%] F &)
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34
s
i
=
=
e

3

PFE G TR RA C BREAR WS N2 R ALY .

RFROA D PETHEA DRI B E DR - AT

\EL,/” ?}itrg s ﬁ_,ﬁ}—:é] /wﬁ:t { y e #El_ﬂ-ik r],;bﬁéxff ’ ,:‘!'é,'—ﬂﬁg‘aﬁii{i"\i%‘?\:
THER A G R R TR ARAEA  REEUT AR FTE ¢

FHR G AL A TR N THERICHFE RPN BEERA 2T
R R S i o
TINBAE N 4T
R 6 (Axmin) = G240 3 5 4§ (dm )t fiiad S (AXmin jom)x 2 455 & (um)
i~ T B (A=t & o (dm2)<F i%® & (A/dm?)
ASD : 5% A(AMm) & dm  DERGH TS 24 1A T E(ER)
322 AERER

BBt RUnARS e RO R AR B A RS R R S Mk G R

fd

B i RiEA L TR BB T EE G (60°C 11 )@ A R4 ks )
P SRR TTRE 0 AT AR B IR B B EAF B 40~50T -
323 SN

THERFE I NT L KBS §F B2 BRI EREZFL B
EFFENTHRRERSIAT > T R4 L DT BRI
324 RAEREREE

pH B3t 4 55 B iF 0 Jisd > pH Mt 3 EFseF Bl S pH 33T S 3 R

« 2 5 B (180~450HV) » *E A4 BN i+ 2 2% o
28



325 B2 WAL
RBEEERY A LV AMEKRE
LR R mfﬁ“*’ﬂ Heng Baps o B - ﬁ £ 5

# (anode basket)r - &R i B R & CRE R

BB R A WM& BB fE > XA B IEHE L0 R BER AR 0 T 5

EUREE AL v

MR R TR ALY A

£EST RAGRE B

B g R Fla i

Bie o &% LB e g o GFEMRIET M B AR MBS ER - H

beF P ER M MPpH AR BFBHBEFTIARRE o a Bl g iR R SED

@Jli‘a%\g %ﬁ“{‘& btiéji% ’Fﬁ’ ) [;1

F e 10% HaSOuaq) » HAFE &} e § iy o

326 MKimigit

32 BT HERI A 4

o R R4S T rds FEUR R LA R ) R 1B 18

i LR e 4% 500 ml/L
F 4% 4 g/L
FRFL 45 g/L
BT A MA 1 ml/L

29




3 33 HTAEEITIER A

i St # % B 0E 12
BT %R 1~10 A/dm? 2~5 A/dm®
B % i 1~5 A/dm® 3 A/dm’

Gieis iR 38~55C 40~48°C

pH i 3.5~4.4 4.0

i RS 2 IS R L

3.3 47
¥+ MEMS-IC ~ i § ¥ CHEREE- FREEAR S FREFERR

CFE R RSB AR E 2 A 0 1 W EIF BHE

Jrr]TS]),,*

“
m{
121 v

AT D AT A AH TSV B it s=aE T4 L i@ 1945 N T
Nguyen ¥ A #7f7 9 %[ 16 |- H A% ZARFFH- 2007 & |2 > Zapfd+ 4
(seed layer)*t & [Fl % 20um~30pum s v FEA=H] 3.4> = & i T 454 & 10 um £

Bk BEARIGF 224 R E (O Nguyen @ * 4F 5 TAEMK ) RENFOEE LR

nﬁ:

SRR TS MR AR LA BV R AET I L T iR
i e R & i

Cu evaporation

\ | Cu
10" mbar \ "'\ [ ]

-"' = Tu

Cu source

B34 Mgt FUivar A2 7 LR[16]
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BOAFTE RIS RO R B e AR AR S SRR
FlaA g 0 ICP g iTen TSV 3L 2 2 <1 4 100 pm> 5 7T 454 B+ K & & & Jf 4o
B3 50 um b A i 2E IR 0 e FIEIUERY 0 T E AT R
BREMA & It p B AR A RBET A RE > RURICTHS > TSV 3

WA Raire THENHI A > RS- B EEZTE o AB 350

2500 A SiO,

/2500 A Si.N,
| TN

\ 4

Ti 500.A/Ni 1500.A

Electroplated Ni

25.08kV

(b)
B 3.5 T 484 fc(a) 7 2 F(b) SEM )25 M
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Flpteedr * | T.Nguyen N[ 16 [<h¥ — B (7% » 4[] 3.6 #771 » ¥ b B
© Ak & BT KNS 0 TR - Kok e e Bl iE TSV St
Bl P AR RFES AR MR R - X TERE
NFI s ke > L RER DN R > F L RN ATEBR

R AR BB TR TSV § RS LS

photoresist

Electroplated Ni

B 3.6 £ fH4E% &2 bottom-up #H it > % T & B
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M a8 BT 2 2 B-TSVEG ; R FF RFRIL . BRI F A 150 @
THEHTFEETFTTELB S LPBFRTELS €13 TSV e ik ch TSV 7
RER O BRAFHLATHET AR A LY 225 ASDA/MMY) > 5T e E T AR

FR

FBRETHES T B ETR[ 19 F T 8 AT B 4o

PR R 2~2.5ASD -

£

G ff (4o B 3.7) 0 RAFLR T F %

Yk

P
)
2

Seedlayer (Ti/Cu)

w e gy {REF R R

B3.7 TSV T4z 7 Wit 1 LMW

33



34 7
BT HRF O N NGELETHR > AE BB IR A RS

R ARMAATAR R E R I BT [ AL SR Y 4
1

jul

THERBAFTHR BT TSEFEN0 > THEFAG ¢ B kA H

B (EARAT{r B B & RPIRMN BAR > THRE RS Sdoi . o

3.4 BT RS L BT REE

P ¥k @ ]
L ACR D) 20 g/l 15~30 g/L
RamTech 47 il k 457 (70%) 170 ml/L 150~200 ml/L
RamTech Sn B14 WA 14 & ;27| 70 ml/L 60~100 ml/L
RamTech Sn B14 BR14 % 2 i 3 ml/L 2~5ml/L
RamTech Sn B14 WX14 3r & 3 ml/L 2~5 ml/L
RamTech Sn SB" %% & #| 5ml/L 2~10 ml/L
TR R 5’ASD 2~10 ASD
BR 15°C 12~18°C
4B/ 4B 5 fE 4 7 <3:1

O | L 2 um/min
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3.5 TLP (Transient Liquid Phase)#: & £2 £ 3% 4¢ #t (localized heating)
1245 W.C. Welch III # K. Najafi[ 20 ]85 43 41 » H 3@ * Ni/Sn & 300°C ™
deg 1.5hr > T ¢h4e 100 kPa 7R 4 3t {1 F (H K3 300 um Bendp ik i) H &

f% B+ 5MPa> 1% TLP 4 & 3+ % (4- 8 3.8)

IkA Cr/2.5kA Au

5 um plated Nickel —*

2 pm spullerenj

Titanium getter

3 um plated Tin —

3 um plated Tin" —» ;

5 umplated Nickel .
IkACH) 2.5 kA AT

Silicon Dévice Wafer

] 3.8 Ni/Sn # & £ S Rl RI[ 20 ]

fOAFE Y gk & HO R B R 3 N 2 e BB R TLPR S
B dRAvghen g2 o FA1F - BEREEY R DR IEARORIT SEASHEFT
PR LA G e R RE R LG (4oB) 3.9) 0 T A H £ G fe ks 2k

EEehd 5 (4oB) 3.10) 0 4245 2 55 () B 4

> f(x)dx
Ra=——— ®)

B @I LA 6 T R =128 um o AR 5L 2 NG kG

35



— Sum

AL A
ﬂl”" | V IR Y’ /

unsg "o

B 3.9 2454 4 9 42 R B

F.3.10 7 4548 24 SEM.B]

AT AR RED FIRA L ] nR TR N At
EERRB TR D EE AL BHHED > Aol Bl e E S
@;Tawﬁﬁ»ﬁjfﬁﬁgﬁwbiug%éiéw{@?%ﬁ’ﬁﬁéﬁ
A v 4cR] 311 P UEERTAEEFTOFLEATREETATR DRI

@?Jﬂ: R , el J—‘: §€f,., g_;};";%‘;%“z‘, l1hr '?,56}%5;{'&\?]%] 3.12 -
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S04 T e A |

B 3.12 5 %4 (£ L W
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Fr¥ RHRBREHEG
4.1 TSV &2 FmE 0¥
d ITRC & 1 #F i A TSVo 3442 4 ) 4 100 pmo = v4 £ & [ B & 525 um >
12 bottom-up 77 45 i WUET A RES B AR T RPN T om0 e T skic g
THTHE S PO PR E S4B 4.1 5 1 Angilent 34405A Digital
Multimeter 5.5 "% £ ] 20 B 7/ 44 € 4 TSV S chT 12 8> T 3597 [2 5=0.2563 ohm>
fi %+ 0.228~0.291 ohm > m Multimeter & ¥ e & 4ppi#7i8 F FL & 5 0.178 ohm > 4p

B2 157 Aot TSV £ 3 5V HARF 1L %% 0.078 ohm> % 7 #5777 #r il (7 TSV

T

DA A H S B

TSV

B 4.1TSV T &= = F

38



42 gtz &

EREF RS DERY > HERETRSHFENTRIT N > B H TR I
oo MBI &R TP R 4P £ (TLP bonding) » B 4.2 P E_A =t & 2 e 5%
el HETINERILES ’37%])‘ RISV aEFE- o R VA g
FE A= 4B 5 5 0.85-0.96Q e Adap W4 X 1.2-1.1Q> 2 (Sefk (FprFp 7 12
AL 1L1Q 2+ - BhHF A REERAE 22C FEHR R
DR LR R E SRS F T E B S § TLP
bonding 4 552 = X g F A knds » RITE € T 'E 0 R FH IR L DT BT 0 1Y
2 R EAAEELES RPnE T (Pad) ) iRl SFHReR L B4 5 5 0.501 ohm

0.571 ohm ~ 0.401 ohm-~ 0.338 ohm %2 0.358 ohm ° T 2% e i@ 50.434 ohm °

49 - — (Exp.1 Amp) 40
] —— (Exp.2 A '

4.0 - bonstant voltage:3:5V EE;I; 1 O;Erlg 4.0

38 1] ——— (Exp.2 Ohm) - 3.8
= —_
g =
= z
E ©
48] [+
5 -
© |

1.2 4 - 1.2 &‘3

1.0 4 1.0

0.8 . , . , . , . , . , . , . —- 08

0 500 1000 1500 2000 2500 3000 3500

Time (second)

Bl 42TLP 4% & F S Tin/T I g % 1 ]
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# 0 AR S TR Y F £ (probe) £t & R AL E ¥ (pad) LT R TR~ 0 B
TREEEFEEFERLL LT A3 T
Bk g R (T)

V=IR )

@43usma&%ﬁ@@wwwa@,?ﬁmﬁgaﬂéﬁﬁéﬁﬁﬁr’

PR F SR A F ang e i A Renat g e

Ni-Sn bonding

B 4.3 TLP 4 & ¢ SEM #]2] % B

BE P L EDS 2 A 47 0 AcBl 44 F A S L AP Bz £58 0 Ris

A

ThFAESLSZEEIER > 2 RS EEM o d 07 ol £ 24k 8 il
B¢ e S PIRAT BHEA AR RAEL A RAS LA RIS TH R

ZF A4 Na)EFZR* 74U A= 40 daP)E s (Pd)= » L FZ3F
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38 SEM #0208 & 48 54 & TR R0 RO F ORI LTS s o §

(O)+ v - §F it phex 1t o

Ni(wt%) | Sn(wt2o)

69.24% /| 30.76%

76:44% | 23.56%

89.04% | 10.96%

93.24% 6.76%

Mmoo w| e

95.46% | 4.74%

i8] 4.4 Bonding Layer = 4 4~ 47 [

MEA6T > e BERATEERCRAPFERLIIEZR KRB ES A R
BEFAZHAR B4 D ARLBEHEMTA L AR > d T HPIAF T e
B S Rt R TR AR BLEARAF AL L AFT L WD
e R R e & TR EH 200 pm ~ 250 pm &2 300 um v T % X AT R4 R A R

Fieipdz & (4o B 4.5)
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@D E A

I

A
A0 st
Befit Pd-L" Pd-L" Pt-L" Pt-L"
- Befit Mi-L" Ma-K* _Ma-K"
Filter Fit Msthod
Chi—sgd = 13,52 Livetime = 41.0 Sec.
Standardless fnalysis
200 Element  Relative Errar Errar
k=ratio (1-51gmal El:u'lh H.-Slgﬂ
L =K — -— A0EL &4-
0 =K —_ —= 1864 +/-
il Ha Mi-L == == BEAT /- 1:'?
Ki MNa-K —_ — 1656 #f= F2
Si-H e — 10663 +/- 170
B0 Pd-L — 1286 +/- 136
Ni-H Q. ?3131 = 0 31545 9588 +/- 6
Wi Pt-L 408 +i- 96
Sm-L o EHH +f- 0. MH 10497 #f- 357
S00
PROZA Correction fec.VWolt.= 15 k¥  Teke—of F fingle=30.00 deg
Mumber of Iterations = 4
405
Elemenl k-ratin fAF  Atom ¥ Element MWt T Frr.
{calc.) HL T (1-Sigma)d
T Ni-K 07221 0,959 81.98  69.24 +/- 1.56
a Sn-L B.2653 1.160 18.02 30.76 /= 1.05
Total 100.00 100,00
200
100 ll
S 17 i8 18 =
1000 st
Na
Ni
200
Errar
(1-51gmad
+f- 58
500 i +f- 95
= 134
+f- 128
+/- 179
e - 1B2
+/- 285
35 +f= 107
(0] +f- 428
o =4~ = 15 k¥ Take-of f Angle=30.00 deg
IAF  Ntom T Element MWt I Err.
400 Ht T ﬂ.—ﬁlrﬂ
0.969 BE.77 TE.d44 +r- 1.17
ol 0.BOF 1175 13.23 2356 - 071
0 Total 100,00 10000
300
200 ML
'
100
.
1 2 7 8 % 10 11 12 13 14 15 18 17 18 19 20

Energy (ke¥}

(B)
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1004

Pt

Refit Pd-L” Pd-L" Pt-L" Pt-L”
Refit C -H" Ni-L" _Ma-K" _Ma-K~

Filter Fit Method
Chi-sgd = 15.940 Livetise = 45.0 Sec,
Standardless Aralysis

-]

Element Relative Error Mt Error
k-ratio {1-S1gmal Counts (1-Sigma)
e = [ - - 1689 +/- 52
oK - = 2201 +/- B8
Hi-L = - LETL +4- 13
[ - — 2020 +/- B0
700 S1-K — . 9826 +r- 170
Pd-L = == 1382 +f- 145
Wi-® 090822 +/- 00160 1375+~ 242
. Pi-L --- - ThO 4/~ 101
. Sn-l 0.09178 +/- 000688 4195 w30
o
- PROZA Correcticn Acc.Valt.= 15 kV  Take-of f fingle=30.00 deg
': Musber of Tterations = 3
~ o Element k-ratic ZAF Atom T Elesent Wt 3 Err,
(calc.} Ht 3 (1 ¥
Mi-K 0.5030 0906 4.6 B9.04 - 1.567
Sn-L 00013 1,202 5.7  10.9 of= 0,82
300 Tatal 100,00 100.00
200
100
i 2 17 18 1%
16040 dit
0
Error
s {1-Sigsal
00 e +- =2
- Eial
2 4= 244
M «+f- 168
o0 1881 «/- 17
172 +/- 240
10942 +/- 217
B78 #f= 04
Lo 1937 +/- 269
5040 Nalt.= 15 kY Take-of f Angle=20.00 deg
gnm =
400 Element k-ratic  ZAF  fAtom 3 Element Ht T Err.
(cale.} Ht T {1-Sigma)
Mi-¥  0.9402 0,932 96.54 S s/- 1,85
Sl 0.0559 1.210 346 E.TE  e/- 0.594
300 Tatal 10000 100.09
2ol P
Hi
100
2 B H T 12 13 14 15 16 ir 18 -18

Energy (ke¥)

(D)
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1000 L

HHa
Filter Fit Method
Chi-sqd = 18.60 Livetime = 40.0 Sec.
a0 Stendardless fnalysis
Element Rzlative Errar Mai Frrer
k-ratia {1-Sigma) Counts {1-Sigmal
C -H —— = 1628 +/ 60
i 0 ¥ - ap02 44~ 08
Ni Hi-L = 15356 +/ 244
Pt X —- 1712 +7- 1M
100 51 | S1-K == — 7387 +/- 163
Pd-1 e 1610 +/ 250
Hi-K 0. 96082 +/- 0. 016594 13497 +/- 234
[ Pe-1 1031 +/- 165
e ~ [ Sn-L 0.08918 +/- 000669 1641 +/- 280
o
U o0 PROZA Correction foc.Wolt.= 15 kV  Take-off Angle=00.00 deg
:‘ | Husber of Tierations = 3
8 Element hk-ratlo TAF fiiom T Element MWt T Err.
400 (eale.) Mt & {1-Sigwa)
Mi-¥ 0.9580 ©0.994 OF7.E0 O5.0% af= 1,68
| Sn-L 0.0391  1.214 2.40 4.7 - 0,81
300 [ ‘ Total 10000 100,00
1] |
L
200 | 'y 5n |
| |J l \ JI t | | i
100 | ¥ #'{hlm‘u‘llu 1
| I 1Y ||
| i MI (T
I7 (T -
all a

1 2 2 4 5 [ T & B 10 T R ] 13 A4 15 16 17 18 13 20

Frigy Lea¥) (E)

Bl 45 #E K 7 b g R EDS = 44 1708

47 * FEREBBELERDTLP EEFE (2 )200um (% ) 250um () 300 um
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