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A Study on Work Function Modulation of
Metal Nitrides
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National Chiao Tung University

ABSTRACT

This thesis investigated the work function modulation of metal nitrides,
MoN, and WNy films, and the electrical characteristics of metal nitrides
/HfO, structure. The metal nitride-films were deposited in a sputtering
system with different with:different Ar/N ratio. Gate dielectric of single
SO, and HfO,/SIO, stack were used.

For the molybdenum nitride films, the work function increases from
4.6eV to 5.1eV as the N/Mo ratio increases from 0 to 1.45. The MoN
with high work function is suitable for PMOS. The work function
modulation of MoNy is controlled by nitrogen atoms. When the nitrogen
atoms concentration approaches saturation, the work function tends to be
a fixed value. After thermal anneal up to 800C, MoN, does not react
with HfO, and remains the same phase and orientation. It means that the
MoN,/HfO, structure has good thermal stability. In addition, the MoN
aso shows good adhesion on HfO, film. Since the work functrion
modulation is independent of dielectric materials, it is believed that the
Fermi level pinning does not occursin the MoN,/HfO, system.

For the tungsten nitride films, the work function modulation is divided



into two steps as the N/W ratio increased from O to 0.8, a 0.51eV work
function increase is obtained. Hoever, when the N/W ratio increases from
0.8 to 1.57, a 0.15eV decrease is observed. Because the work function
modulation of WN, with various N/W ratio on HfO, is smaller than that
on SIO,, it is suspected that Fermi pinning effect occurs in the WN,/HfO,
system. More detailed investigation is required to make sure the actual
position of the pinned Firmi level. During thermal annealing, the
over-saturated nitrogen diffuses out if the temperature ramping rate is not
too high. Good adhesion between WN, and HfO, is still observed. All of
these observation indicates that WN is not suitable for the current high

temperature CMOS process.
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# 1-1 2003 ITRS Roadmap 1% 71| %

Year Units | 2003 2004 2005 2006
Technology Node
Physical Lgate nm |45 37 32 28
(high performance)
Equivalent Oxide nm |1.3 1.2 1.1 1.0
Thickness
Power supply Voltage |V 1.2 L2 1.1 1.1
Saturation Threshold |V 0.21 0.20 0.20 0.21
Voltage
Key Technology 2004-Enhance Mobility(90nm node)
2006-High-k gate(70nm node)
2007-Metal gate(65nm node)




12 v gt g ot SRR 2 11 [23]

Near Ec Mid Gap Near Ev
Nb 3.9-430 | Co 4.41-5.00 |Re 4.72-5.00
Al 4.06-4.20 | W 4.10-5.20 |Ir 5.00-5.70
Ta 4.12-4.60 | Os 4.70-4.83 | Pt 5.32-5.50
Mo 4.30-4.60 | Cr 4.50-4.60 | RuO, 4.90-5.20
Zr 3.9-405 |Ru 4.60-4.71 | TiN 4.70-4.90
\Y 4.12-4.30 | Rh 4.75-4.98 | MoNy 5.33
Ti 3.95-433 | Au 4.52-4.77 | WN 5
TaN 3.90-4.20 | Pd 4.80-5.22
Ni 4.50-5.30
3013 P A FF O per[34]
Table 1. Nitride Formation in Transition Metal Series*
I v \4 VI VIl VIII
ScN TiN VN CrN Mn,N FeN Co,N Ni,N
V,N Cr,N Mn,N Fe,N Co,N Ni,N,
YN ZIN NbN MoN TcN X X X
Nb,N, Mo,N
LaN HIN TaN WN Re,N b X X
Ta,N

*x—no nitride formation
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2.4 ** High-k£ § * K973 3 hT F R ARV HE > FlMt o RE
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R GEA R R e h AR o @ B A B P02 e
3.:2% High-x

B R 9B 18 i Sl £ (Ad, ) - R e gedp A
0.2eV T

T 5% EOT 3 4@ & ifx3 4r o 22 SiO, B B ehd S P 5
& BOT % %3 40nm %1%+ & | chAg, B4 SO, s e
2o Bl E AcTp 8P enig EOT R 4v @ Ag 5 B3 4o o

N
=

AL g AP R R BT Vil S B P H T
T RBAS (A Vi) frBp A v (5 F] > H P [B] 2-6]5 A mixitdr
(B 2-7]5 B e if i o o [B] 2-6]4 > % :¢ % SiO, & A& PF, A Vs
11 Qi so, %%’i"é Ao FAEEL P A oA H
EOT & &} 4 3

- B
TREER S
1 200nm 1 > = § i@ poenF ik T Quo ) it
B A8 Quao, © @ [B 2-5]%77% » & BOT B A& v fE pF - 4p§teh

TFES ] 0 V=Q/CT A b T H R E R
W3R

Vig %] Flt Ag, T Tuf B o B0t 4 B e SIO, 5 R FF o
z73 B Ro AT AE 2 5 AR A R e i High- £ P7id = R A
K o

d (B 2-6]% > & A" wee® Highin EREFE > % EAEXE >
Qn,Hfo2 0 Quaor X FiT# A4 S E < - & EOT B R 3 4e

o

20nm {4 » High- £ 9 Quo, %2}5&%; waei8 Qy Hfo, ]

S ”fmﬁﬂ ¥ High-rt 5 R /52% SO B R HT 4 T
BRBEA(AVep) B Bh ) THFHER SIO, B R F v 5% %7 o n/T» o
z_ ¢t » High- £ £ SiO, E”Kﬁ?lﬁﬁ((}it‘ Qr~ Qo> Qu)* H A imsr2 &
Yo FA ARG g BB

p g ) - Bs‘_']“i;fr, r?,?’rslk;b,]vi%fr§§;r;n 47 R
BA (AVep) 5 BFRAE ]

AR g ek oo
ik a[250 2-4]° > Ak oA addi 2 B EH N g,

|tso2 QH.gh,c’ff'anzﬂ"ﬁ%s SRS S ﬁé?ﬁ?ﬁ& ’ T%%Eﬁ

P - @K (orden) Bt FIRZ AT R BARE BB T R

UBAE BT ERRE A ) HY S B R ST A

.oz Nit,High_K o[ B 2-8]#7F o Fli High-k G R 7 2%k

F] 0 #102 Vg b 365 Nijpign T FRH i b f 02 o T4 i@
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BY B IERE B ERAg 4 v X Pl S e TH > HER TS
WORATR o d 3t High-k B AR %E Y £37 2 B AR F1et Ny ign o FE
10" 3] 10"/cn? > AV 4 #£_0.007V 3| 0.7V > dp 3t H 8 T fid & en
B8 Ny g 13 10 on? P B2BE T 12 fonk e o

2.5 % Qugre - AW 2-9]1977F o B Nipigno — 1% 0 & ngh Kk %

EI@& Niso, * 4-[B] 2-10]#75% o o [2 5% 2-4]7 7 3] Ny g0, = Viz
Yo BB R - AN A o TV b RAL S N o @
Ei%° Niiso, 'F 7 #e R A S X3 LY phen 5B 2712 ag, 30 HR
% Nygo, B8 e 2 @24 08 % Nigo **F 5x10% e 4
LR o Vpp G E R EoER T 3 VP LR
4.7 % Qqo, 1 e[ B 2-11]45% < da Ngo, 2 SiO, B A& & = =t s
BE %0 T Vg o ARG RER R Sem 5 0 BT Y B EE o
8 28 Noo, ik /& 24 15 > JR I A0 et ag, B+ & 01V =
Tt d - LER TR 0 Ag S TREE R € AR o

=

~

BERENSE S A PT LED T S

1. feeesid ¥ 223 K 5 & (EOT - effective oxide thickness) F >
F2_High-x 5 R/:2% SiO, 5 R » 3 27 NEDF T £ B 1BE
fe High- £ #8LT chdd it - & ¥ 11 % £ High-x HR P 8BRE 4
R A7 3 i o

2. B 2-1-3 AR AAEET o K A WA R T ag, i bt
0.1eV T o 4% B EE > 5 °SiO, 5 & 40-60nm ‘ﬁ:‘irg 7
Ag 0 T F AR SRS K 10nm 3] 100nm - & H ﬁi:g%l?]
Td B EAE R Njg. = 5x107 /on? Nit,goz < 5x10"

* 0 Qugne = 6x10™/em’ > Qg = 5x10'%/em’ -
3. e T FQuitag, MV RP R 2T ENLE QR <

\\\
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T QX)) i Ag B

A¢41g4{\—’\:};’1 ggog,;@
2K l’ftﬁfiﬁi}"“ﬁ; BFLAR -

L TR B R AR

aﬁ @z@

2-2 R TR

2-2-1 ¥ (control),,é PR EEHRAE

X 1 A f#@invi AR A PAE AR S b
we(100) RIEG#cE 15-25,Q0-cm > B2 r + & A(Boron)- 7 £ »
O RPAF DTGB Mo AP AT TR ED AR PR
i B 120keV > | £ (dose)5x10" = BF, £ % {4 35 & » (Backside
implant) > 2_ {5 & 1050°C ~ % F BT ~ 1S fyeapeid FE i o Bf P
518 RCA ®Aziedis » f1% B F EY% ¢ (LP furance) iz ¥ (dry
oxide)E B T £ = % F & E (40nm >~ 70nm ~ 100nm) == F b B E R
(SiO; film) » & ¥ 5 7 B2 L MP HRFAT AR > 27 k0
900C ~ § # BB T ~ 30 @ BT VRTA) - d 2 FHF W
o 7B 4 %) (wet etch) A B dpil AV B % der a 3¢ 4 4g (lift-off
process)’ e[ B] 2-12]#777 o L L ZF R W 22 dg % 7 (spin coatmg)
KR T g o 8% 19 B 5 (pattern) ek § R Sk o 2oy e
ok ek PR 1S 0 12 120°CH MRS R IR 0 U e SRR £ W R PF o0
BT o BRFRYBEAFOZAFLEAR L 60nm g W ARE
BT FRACE): REFIA ML A kLt chi BREE Y
So- HBRFRE PHTAPTE BRI EBE - ARBEEEFED
AR 5 B GE A - RenF RV ARIE A % E_400~500
600 ~ 700 ~ 800°C

2-2-2 £ % CHFFEMIST § HHUE

R SRR PR D F R D
- K= F ALHIO)E W o AP RBAF DD F > AL RS G
2x10° torr ~ ®A2/R 4 5 7.6x107 torr ~ ¢ * DC § /& B 3 # 100 W ~
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EFEF FinBEGeem)Ah B 244035 L BI(ANy) S 24/3 T 0
A& Snm HfO, W e 57 i = §F (PR Y R T 2 _%“é%
Mo AP 900C ~ F F RBET 30 0 RTA I - aiff &
LR G 0 AU 3 iR 4 0 49(Mo)frss (W) - ttg z
B4 %5 2x10° torr ~ WAER A L 4.5x107 torr~ @ * DC 7R B
25W ~ & # 2§ F in 8 v 5](Ar/Ny) 5 20/0 ~ 20/5 ~ 20/10 ~ 20/20 =& >
TR kAR E R 60nm g FF W Fa e RSk
é‘%ﬁ;\ ARATLEERIE - £ R BB THITLVEL- 485 400~
500 ~ 600 ~ 700 ~ 800°C - % i 2 5 WAz ho[4 2-1]#77F o

t\?ﬂ

2-3 AT &R

2-3-1 RBS & #7

SR EE A Z A G AITS Y P REART - A0 A
(Rutherford Back-scattering Spectrescopy * RBS) - RBS # % 1 & 12 ‘}%‘
X RALd R B eaye Wl BarAd en2-3 MeV 13 33 B RS
90°5; £ A PTG E (S > TEBRFIR S o ¥ A 83 3 ]
150-170°n % & 1> B 2 e r ¥ £ £ 5 L E 4 & B (surface
barrier semiconductor detector) » * 1z & 5 d kS irEta R aeng
B o RUEELRZENERE BEI % B~ R A 47 R (multiple
channel analyzer » fj £ MCA) ~ & I A § #o:8 (7 A~ 471 1% o &f A
AREREELSITAE S FEP A RBS MELE T pEdp o @
B A P AT 2 5 A5 ho[B 2-13] Flt A A 1 B KR
BAEBEWYT B AEFE Riom 3T 17 RBS A 490 d [B] 2-14]F 'JF‘I d
F UMD RBS UL AR T c ol g ~F VBRI G (Ash
24 Z o RBS B+ 5 £ B4 (Mo) 2 45 (W)t 5L » B fs %ﬁ T
/457 1018 3] MoNg f= WN, efiv & 1t o

2-3-21CP-MS 4 7
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R E B REERY HE kS PGToT ud B RS
e W‘fC B3 & 47 & ( Inductively coupled plams-mass spectrometer °
ICP-MS)/ 47 = A 47 R I 80 %8 53 %73 f2° oM (5 ft X BR)
hy Pk AN~ F TR fETRT S ppbe @ W R 2
REEG T FER 0 FI AF TR AT 0 AP FEH4 % (step etch)
380 Inm - Ko A E- EPERAF R e

L v iE T 0.2ppb (fEIT R -

WL F 4 (MONYSIO, & HIO# B4 0 & # B s
lem?> § & BB 5 Snme 2L % Jkampefri§ & 2 31R S
2 ",ért F 1449 °Si0, % “ B & * JER 0.5%: HF 3% (25ml)&. %] » & %

F % 0.lnm/mined ** HO, ¥ * B ¢ I VER T BEIFZ B> F
PE R 900°C @ * A ik B cn HE 53 % Bl %) 5 0 do[ £ 2-2] o [
2215 AR kR 49%:h HEGANR@omI) 4 2] » 4% % % Inm/min
B fS M3 25 1 K 0 25ml AR A S0ml X ix 2 s R o iF
ICP-MS &4 47 o

2-3-3 # & 447

ARPEER RIS £ F Y &% w (orientation) ¥ i +
it g(bond)iee fd F~ F &k iR £ & X %NS & (wild
angle X-ray diffraction » XRD » MAC Science MXP18 XRD w/ Cu Ka
2 btaR 0 20 5 207 5] 60)F 17 > & & de(grain)* o] Bd F AN T B
4 (transmission electron microscope * TEM)ii-%_o B rFrzn = % 5 (87 58
EAE R 0 W R B R FOF G & (Auger electron mass
spectrometer) & = =t 3t + B ¥ % (Secondary ion mass Spectrometer °
SIMS) o ¥t F 1 d &% E 4 PlE & Si(Adhesion tester)P:# o A & F_
EEBHENL G P ARG L ARRRIUR 0 e kY o JEd 4
T PR BARE B E D 4 R B R R AR
B R FEEVE o FRNERY P AF AL An Ao
WO R T EBENERAFFRESTEES oF K EERJ N&K

5t 33

\
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REEE m £ EERER Y ET4000 £ & 42 & & (surface roughness
detector) & {7 » § 1 4% &9 ViBAE € F § F ' (out-gas)Ih % o ¥ 12
* R RS K~ % g (NDL) e % v F R 2545 3% R(TDS) A 47 >
& 5T R S/N=5474 (at 50ppb O, in N, carrier gas) » 1 & F % ¥ f §* F 48
(carrier gas) W Bl % # ME. - £ BHE WA 4 g4 ¥4 NDL p )i 4
£ B & (thin-film stress) & ¥ %%f AFEEBIE T P S
Lo r 2V REF P RELT AR R AR T ES500C By f#T
S TR -2 L

TS w0 £ BB RE S F PR B (sheet resistance)d v ZLIE 4
(Four-point probes) % 328 17 > » 0% KT RI2 F & HF 5 &%
BTN o BIT F T R RBI(High frequency capacitance-voltage » HF
C-V)i¢ * Agilent 4284A (precision LCR meter) » A #f & 5 10KHz ~ 2
BRERF L 1§~ F S TR F R (per step of sweep voltage) 5
50mV ~ & B 5§ Bl +/-2V Sk 5 (inversion mode) B B A 05

(accumulation mode) i i+ F £ & o
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%02-1 £FF 4 MR MIS Bl (i

Az

LRCA § * jix

2EPF A

35nm, ¥ £ 5 4

3. LT 4 120keV,5x10"° BF,
4.3 BHEGEN 1050°C ,N,,15sec
5.3 R K B.O.E.4 %]

6.RCA clean

- = 4 BT g
A3 W E A

40nm,70nm,100nm

=

iy

B.REBIAIE - § V45

Wy

E R4 2x10%orr, WA2/R 4 7.6m torr,
DC 7 /& B 100W, § %4+ ] Ar/N,=24/3,
E & Snm

9. BEAHIV

900°C ,N»,30sec

10.FF B %

B /Z 420 umIf]

e

1A & B F 48

s

204 2x10%orr, ®A2/%& 4 4.5 m torr,
DC & AA® 25W, & E 5nm
548 v B ArN,=20/0,20/5,20/10,20/20

12. ¥4 3¢ @A

G AEES fa ke

13.% 8 £ a2

400,500,600,700,800°C ,N,,30sec

14. % 308 Z 4R T 12

500nm

% 2-2 % kR HF $ HfO, & %] ¢ ¥
STAE 1% & 1 Sputter, Ar/O,=24/3
Post-RTA=900°C, N,, 30sec

HF(49%) Smins | 10mins | 30mins | HF(1%) | 10mins | 30mins
Etch + (nm) 22.3 19.0 18.9 19.0 18.9
Etch 74 (nm) 17.5 9.8 0.4 18.2 19.2
Rate(nm/min) | 0.96 0.92 X 0.08 X
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e
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N wH Q) 5
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Bl 2-1 MIS & ap il 0 B 7 B

<= g Ay
5 @ S S ® @
4 ® @ ® © e
e @ e
3 (=) ) (=) o) (=) (@) (=) )
o
) @ @ o @
S @
1 e—e e e e—e
P-type T/ AY

B 2-2 #HBHT A F )

18

HTO02

S102



EOT 1 = & [“E5HT02
EOT T
EOT 2 = E [RS102
P-type fr/5 45
B 23 ()3 5 60 X Bk 22 B & 4 Hcth 7
A
QX)

HfO2

S102

EOT 1 EOT

Bl 2-3 (b)% A Kkt & e g e 50 oK
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Bl 2-4 ez ¥y WK B R L Vg ¥ EOT (1R A
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-
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A¢_ (meV)
I\ b\
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-200 A 1 A 1 A 1 A 1 A 1 A 1
0 20 40 60 80 100 120

EOT(nm)

Bl 2-5 teie®%-c§ K B A b ehag $ EOT 7

A =-:c % High- £ 5 & (EOT # # 5 5~100nm)/ ¥ Z_SiO, 5 /& (5nm)
B -% %_High- £ 5 & (Snm)/:z % SiO, 5 & (EOT %@ ®l % 1~300nm)
C 2-# High- /2% SiO, & & (EOT # F = 1~300nm)
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Flatband Voltage(V)

(meV)

ms

Ag

S o
ol O

1 1
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] 2-8 ()7 % N, o, ¥F Vip o 40 5

400 4
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P it,HfO,
-400 |- A §

L | L | L | L | L | L | L | L | L | L
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EOT(nm)

Bl 2-9 (b):c % Quo, £ Ag, R
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00 i — Q- =10"/em® | ]
05 %_ ——Q z=10181cm3 7
S I HfO,
a -1.0 | gy —Ar—qQ_=10"%em® |-
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(b) Aoy
% '1.5 _— ﬂﬂtl |
: '2-0 ~ ﬂt&& ]
@) - &&
> 25 \&& ]
T .20l ny ;
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Bl 2-9 (a)iz % QHfo2 ¥ Vg o ‘ﬁmg/f%@
400 r : . L | : ' |
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Flatband Voltage(V)

A¢_ (meV)
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(34}

10 - —a—N,___=10"/cm’
I —e—N___=10"/cm’
5 | |t,S|02 2 R
i —4— N, =5x10 “/cm
0 _§|ll n 2
5:%A e, lllll—ll-.-lllllll.... ]
- AA L2y ® . .
T4 b )
A0F % %o, ]
A L2 °
A\ ° e,
-15 _— A\A [ 3 . -
\
-20 A i
L \A\
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Bl 2-10 (a)zT % Ngsa ¥ Vgt S 58
400
200 - i
0
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0 20 40 60 80 100
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]%] 2-10 (b)EfE % Nit,SO2 :%‘J‘ A¢ms i p)- fg.
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Flatband Voltage(V)
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5% § Y4 B
31 i &

% i 4p(Molybdenum ntride > MoNy) & —~ FA %M e~ it § F B & 1§
1~ B 4 14 (corrosion-resistant) I F #F % ﬁ% 4 (thermal stability)
il o ipub R R FF b4t AL EHa ¥
- RN RE AL H S fkx 46V T
EF RS TARLIF@249eV) e Flidpets 3 Lo Sl
48eV > FIL k1 dp A LT 0 P AT KL BRES 4 K L
dAEF PR F R R LR i Bl 2 BB R
3y € B D TeR © R (threshold voltage) » 7 1441 #* :x % § k&
ZERAFEZ

Bip- F 0 A PRAR A A PR (ap chrt Sl R A
BT » JI* it A IR R R 40 3 Sl B A - i
btk BRI R G3i(sputter damage) IR % 0 4 € 2 12

= E ¥R gl 4 o

:\q&a
F_&

\vu

+ i
eI s e R e

32 % #3dm

3-2-1 § - 4pinfe IMaoFid

L IFB%ﬁd FPEFET It L ITRBS)EF R F Y4 F 4 B o 4o
(B 3-1]%77 > 2 =% F % § i ERBSBlod *»E | * 7 & A4 >
Flpt T L FEena s C~ § N~ 49 Mo a5 - 5 B RBS R+
Ve blenfEdr R < N E_0.050 2% ELS T N/Mo % % > MoN-1 »
MOoN-2 ~ MoN-3 4 & §_0.85 ~ 1.0 v 1.45 » MoN-0 & % & 4p -

[%] 3-2(a)-(c)] # MoN-1~>MoN-2~MoN-3 E#H 5 iE 7 g RiTL
(8o A% R &R X kEW Y R(XRD)A 15 & Moehdp % § e o 3N i
Y ’? 7. MoN-1 # 400°C  MoN(200)%2 MoOs;(110)s3u 5. » & ¥ 5F
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FIALUERAF » MoNQOO) b 55 7 3 < > Km0 5 & [k
4v 0 3 3% MoOs(110)30 BLR 4p ¥ 33 o 2 b > MoN-1 &
A AP oSy B AT o L MoN-1 fr MoN-2 » 5§ % § # V& b chdg

=3

B 0 £ 400°CiT LR B T > MoN(200)ssEbtis 3 ¥ 2 5 7 4 &
FZEHM A IS HEFMR D G L 2§y (amorphous) A A
4 02— Li¥VE RETD 600C > Mo-N 4% i &3 e frd 2k

% ° MoN(200) & & 4% SI‘-*C»F‘Q BARIK o FF F B BT
20/20 > MoN-3 22138 Vg & i 3] 800°C 4 7 P & <17 MoN(200)* &
(peak) o 7.20=23.34°:F 1 MoO3(110)3 85 » SRR A4 5 A2 D
FO4 o SRR RNV > §REF F VMW Aed G L S e o
ERENT T €7 A (stress)E 2 o do[B] 3-3]%7F o d BT A
P ALHEINE > §F it apend ¢ R IR 1.2Gpa 7%k 4 (tensile) o
B ERGREY R ERBRPIREE A S P AFER SIS A e 2t

3-2-2 § i“4peng oty

3-2-21 # R 2 & P

WP FF 2 £0F M 4E% SE2 FIVER LS MEF
i T NP EIE AR 3-4@)]s AKEIVEIRE FEAOTILGR
#ert 2 (B 3-400)]% # Bi®VER 400CH 800CT 2 k¥ 7 %

fv 48 4 @) ¥t 400°C T 4& 2 {* (normalize) 77 FE A #c % 1v o d [B] 3-4(a)]
FEFOF A AAA20102 15 R EEF PRS0 FLF
b4p @ § chg PR PR TR o [B] 3-4(b)]F Mg A 600C 2
=22 e

319 g mi‘a P iqdl‘,_l“ﬁi:‘m# T % B E {l;}j% XRD &
) 33 L /J‘?‘}i r§ I% i= ‘.=EBB'H—mi% 4 ”Ll'la ’:’\‘ ° 'Tﬁl; 3¢ RN /J‘i?‘}i = %/"\
TIGHERAA R 0 d A XRD P B R B E R AL
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Fol 4 X 4 E A B g § Aok G e foang
€5 L+_700CT%’2?i TG HIR R iR E R - A o

3-2-22 BEEG T L7

EERERFIFESE A PERE A ORENUREF ETR L
T g L EEEE O RTREF L Wo[B/ 3-5)]47 o R¥p K
Nakajima et. al 3| B4 & ERBFEFI: B L E LB TRFF I
Boxd = 4G T[42] - v [V 0 SR 3-5(b)] 0 % X B w4z
TR BEFT AL TP AP LI ET MM PR ZARER
ficte 2 ICP-MS &4 47 » B fRR4EPF 3§ & 03 B - [ 3-6] 5 ICP-MS
Atreng % AREIESZ 100X - F P i hkias T ER
#17 10%atom/cm’) > ¥ ¥ RFER L 2nm o F RAE L ST E P
hF kA G ATRITN4 RS RRe FET S o d 32 ICP-MS 4 {740
F ehf245 & 5 0.2ppb v B = RS kR 5°3x10"(atom/ cm’) 0 F]pt
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