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Development of green material for mask of next generation lithography

Student : Cheng-San Wu Advisors - Dr. Fu-Hsiang Ko

Degree Program of Semiconductor Material and Process Equipment
College of Engineering
National Chiao Tung University

ABSTRACT

In this thesis, the environment friendly materials, silicon nitride was used
to replace general chromium film used for binary mask as well as to replace
molydium silicide embedded material for attenuating phase-shifting mask
(Att-PSM) in lithography. The optical properties of the nitride film was
controlled well by plasma enhanced chemical vapor deposition (PECVD). The
film stack with suitable optical properties (3.514, 0.803) and thickness 75.2nm
was deposited by PECVD under 50 sccm SiH,; with 5 sccm NHj gas flow rate
for i-line Att-PSM usage. The transmittance of the Att-PSM measured by
ultraviolet-visible spectroscopy is about 6%. Topography and roughness were
observed and determined by scanning electron microscope and atomic force
microscope that is result in 0.32 nm. The infrared absorption spectra of the
films were measured to chemical bond variation make sure film content
stability by Fouier transform infrared spectroscopy. The atom concentration

for silicon nitride obtained here is SiNj,, using X-ray photoelectron

il



spectroscopy calculation. The capability of resolution was evaluated by i-line
stepper exposure. The significant improvement was shown in 0.56pum dense
hole patterns more better than the 0.6um dense hole patterns exposed by
binary mask. The powerful proof of a green material for mask of next

generation lithography was demonstrated.
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MR e B AR A P o P BER RA E T - E AR
WEEE B2 — o §F AR FE T W AR A F k5 e R B AR
Mo 3 et gt RE R ILE Y o ¥ FE > T3 R R

*enkiRa R A BN G Bploc ki A e 3k | it

f FENR S Rt o 2 w5 R ;}iﬁm-“" 23
# (Direct Writing)s7= 5% » Flpt i A ¢ * 2 & > B BN T3 AP H
/H'El‘d ”S"ji/rh‘Fm E_#Bé iy ]' Jb_a’.ﬁl F% ; ’ }§ ‘ ;e :%’ y El E‘

%
FrenBE R BT I AT HE

2.2 247 & ¥ & ##5(Resolution Enhancement
Technologies, RET)

i B ﬁ ’H}ii‘éﬁ s B o —}Li,i\ xfaiﬁ—'—*f,!oé?;, ‘Ezd@lﬁia{i]ﬁ:ﬁ?
BAELR Sl B S AR ﬁ**‘r&*’%m% SEEY S 2 TARN
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BT & aa B Sl 1995 7 117 425% (Rayleigh's Equation) ¥ #-f247 & &2

ﬁ /;5‘%\ ﬁ"!‘l‘-"—r :

[ a
)
R=ka 1)
BiF
A
o @

R © f#45 & (Resolution)

DOF : & i#(Depth of Focus)

k; ~ ky -4 42 % #ix(Process factor)

At gk kiR Ak & (Wavelength)

NA © # @3 j5 (Numerical Aperture)

P X ErEERBIETR O BB AT ED o &
”F’Fﬁ”c»]c,}ﬁ,ﬁtv\(ﬂ,)ﬂ = L= e B IE"“ /2‘ ’é"" l@;" [z‘ e ,E,'Fjl,l;ﬁﬁfé * e
& Fkd g-line(A=436nm);#7 % % i-line (A=365nm)> £ :&— = DUV %
M4 R KIFO=2480m) 2 2 B i e ArF(A=193nm) %55+ i ik
AR R AREPE S EHR KRR O TAR R ARG Tt BT B
R Erig * 5 A ArF e ik ALY % B 4o FTenid s MR (4 fused
silica ~ CaF, %) > Mg k3 &7 B 5 > Al R AARAXE®Y - BRL A
G AR RAR S > BOEEH LT L Amip T aRkAxs [12])
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(13) iz RFFe g >k & Wag 2 Aifehs A A dgie s - ¥ - Bk
FRAATR DT E e S NA T £ 48 NA Eh B &7 2R {
AR LR o RARFEAR A X AARE > P PRI R . §AXE (14)

d P RREAONT B FAPY I R BREARE ) R
FrIERL T 0 A REA PG R EAPF G T § R Y ek
LR EE A NABEAFB > 2 B FBITARE < FH{ g L2
R F o Wl R IRE E RN A p o BRI R AL * 9 [15)
(16]

%nﬁﬁﬁi%ﬁwﬁ%%@ﬁ LNz s NA B% > ¥ - B
FF AR 0 BRI 2D kg 0 BT PR R A F

HHFARET) > i L5 4 ﬁf;i}u? ek B MRSk E (PSM) T £
B0 - B e Bt 2 R R S(OAD) ~ & B g3 22 s 12 & (OPC)
2 FiF 5+ (ARC)E [17) (18] - #A Wizt 4o

2.2.1 # ph e 54 (Off-Axis Illumination, OAI)

T3] PR S 0 BE L R AR~ BRI kA2 K h
%ﬁ“* Bl » SErU R R R R 0 RS P HI R 28 TR
m*%w?’ﬂﬂ* AR K R SRR 0 T
\L,gir%égrjl,lopffy N B B
FdhB P RS BT A ME R ERFIRT ek ) E T
TR & fl/ﬁwe g FIR (p< A/NA) > F] 5 fpt fiimpE s F
EEIRAIE AR AR R R Y A A AT 2 N AR %
pFo A Boek T AT R E g RFET R AR P
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PR € Y R B RN K E S BRI o - A
T - AP HREioh L F Rl (DRAM) ¢ e A s
(Word Line ) ¥7 =~ 4 (BitLine) » % # * i54& (Dipole) #ihpe
kR - AP B x4cifdF (Contact Hole) » Pi@ * » &
(Quadrupole ) i #h P8 &4 s 3 32 4 573 Bl % Pl %, (Annular)
o BB B KR L -

Boh o AT E Rod T HOEAE B OHIIE 0 Ghph PR B4k R e 2 A
2 H S RIRART R RBIR R F R Jhd ERK
2 18 o U * Yeetck B ouit (Diffraction Optical Element) % if = o

2.2.2 & 8 173t i3 & (Optical Proximity Correction, OPC)

% RE DR RERITEATIR AP 0 BTS¢ FIES R %7 A 2 P A
% B0 4o Bl 26 (Q)FT7 0 RAKE 3 AR & SRR kS
IR EES R EF TR EOPO)L LR A g2 48
izl o S P PREIT RIS AR R o TRk S B % ¢ R
ij%&jWﬁaﬁﬁmiwkﬁ26ﬂﬂ%ﬁlﬂ9]in%OM3%§¢g#

FRELTE 2 o BlAe S B AR R SRR AT SRR ey 0 @ F
Yerigplr Wivip st R en T8 > @ 37 5 R A7 g ARk I ko ehfit
+%%w?ﬁﬂé@ﬁ?(EC@%@%@%&%’%&zﬂaﬁﬂ
AREE A B R R A R A s Rk ken
FERBFETIREFBEEX 22 E2 3 F 5 OB ME L4
Fe et 3L B 2.7 5 4 4l W OPC 12 2 i 4e 7 e % | 0 OPC Wl %
o kY R R R R RS R AT EREGF 2R (19] - d
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BETUGD O ERNBAE A g3 SR AR K G B

RS
<:>

X B Rk i

(b) OPCk %

B 2.6 @ k¥ ¥ OPC £ ¥ 1Lk

Mask 1| _Printed Pattern

e

=
i
}ﬁ%
13
i P

2.7 it @ OPC 112 e 3 o+ | i1 OPC Bl % P »
Y A 2 R R AL S E R RSS2 ) (19)
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2.2.3 #uF 5 & (Anti-Reflective Coating, ARC)

T RFCEAY A AR SRS > 2o Bhe Rt T Lk
G2 & chF Stk g4 3 HF 4 6 0K k2 o chF Sk >
Bl G enF sk g SRt A 0 BB AT G ¢ g
Pl om Rl ek Bk g g S Bl R 2 W R C (notch) 2 17 o
2.8 2 WA~ SR FIL A G Az W& 58 2 Rpledost @ R
TRAFPEZEFERRE A g2 L RIZ WA TR E (20]) 0 iE
FEIR G g 4 ¢ i3 RfRFT R T ME 0 hdLE B (ARC)V LR S & [
LG hE B> A RS B T B A oW T R W Feik v I B

A2 o EREREER

[k o (notch)

B F 8tk Fo {1 % & Fo Fl % &
I ALY E A LB

Bl 2.8 )% chF hkid & B 5 2 o s o (notch)

2.2.4 4p 4% % % (PSM)

i s S MRS O A L R N ER i B LRl
WA RE DN G i RS W ET L AN s
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% ¥ (Alternating Phase Shifting Mask, Alt-PSM)% % 55 4p =45 £ &
(Attenuated Phase Shifting Mask, Att-PSM) > 7 B 4p 245 & & en3R (> 3%

v aA L%
_-_‘iﬁ: fb o

23 4p 45k} Hw

iRk ¥ s B % £.d Levenson ¥ A #rd d) o {8 kG &
gt AN ap A M P E R LB R o fp i
X e A wiRe it oh- 3k F He LR BT LR R R

i?l,{igﬁ’ét—g‘/;{:o

231 B LERE

ARk X {;ﬁ“‘i‘ ORI A 4 R AE D e a i FIH 4o B
3t SR 21T R P o B 2.9 £ 9 - RGNk ¥ (BIM)£ 4p i
AR 2 L] o R 2.9(b)d St A T AR AR A > i R AT A B
FRFHAEPRAF o X EE AP REIEET
B ek sy KR 330 Ft Sedp ok cadt LR (contrast) 0 @ 1 R A&
HERETR R ST TN K (21] o Ap B AT 5 R
TR T A B) kg gt h

- mA6O
2(n—n

3)

e )T

d:Ap =4k &R

m: % #%(m=1,3,517, -)

AL ~ERpE

7R R

n AR A R AT
Do * RBITHF > Aoz 7 RIS 1

-20-



P FHBT A2 180 BAp L 2 B BB PE o #-0=n -

£ K

T
m=1 % n,,=1 F » 2;Y3)7 F= :

F_k

A
d=
2(n—1) “)

HeAp R AL AT Ty o 2@ 0 T KW AL 180
BAp L2 AR Bk M enB ol B R Td, -

—_— T Y
N «——Chrome ——

Phase Shifter —

E at wafer - /\,\
J\/\/\/\,\ I at wafer /\/\/\/\.

(a) (b)

Bl29 Borkydipifiz it (s A58k > (b)fpif £l

232 % Rerdp 45 £ § AA%E

A kY ¥ LanfEag s ¢ 1L F V4 4k § (Alternating
Phase-Shifting Mask, Alt-PSM) - 2. ¢ 2 A] 4p = 4 & ¥ (Outrigger
Phase-Shifting Mask) (22 ] - 3. & 4%% ;% 4p =45 & & (Chrome-less
Phase-Shifting Mask) (23 ] > 4.:¥ % A]4p 4% % % (Rim Phase-Shifting

21-



Mask) (24) -5

F R V4P 4 & & (Attenuating Phase-Shifting Mask,

Att-PSM) (25) » 2217 §F Lefpiz k812 H g* o
%21 ¥reipinpkyapiz 2 g
(R w) i % 5% 2 gk
AP AR R Alt-PSM Dense Lines
Alternating PSM Levenson PSM Strong D S
ernating Strong PSM ense Spaces
P2EAAR A R R Sub-resolution
Outrlgger PSM Yt N Weak | Isolated Features
#44750554p 4% £ & | Phase-edge Chrome-less )
Chrome-less PSM 4 0S Strong | Narrow Lines
B A A L § Weak Contacts,
Rim PSM Isolated Features
Att-PSM
TR Al Half-tone PSM Weak Contacts
Attenuating PSM Leaky-chrome PSM Isolated Features
Embedded PSM
1. % ;%49 45 & ¥ (Alternating Phase-Shifting Mask, Alt-PSM)

AR A

k¥ L Levenson % X #rgp » 1 B AR %

(Chrome Feature) & ¢ » 4p i & (Shifter)H 4 » F5 d 4p =45 & 4L 12

Btk g 4 180 B ep =4

) BE M SRS AT 5 I 4o e e 0 % 1T
R SR L I RS Ry e
%%?}t{% JDF___ ,1\21;}“1‘;,7;;3':;’;

LHY - R S pfE N T

FAR AR 2

SR TR R AT B 2.10
AR A A A LS




4 FEQuartz) A > JI* FEAMER g RE T 4p 2k 4p

Ef e
Photoresist
Cr/CrOx Alignment &
exposure
Quartz
Exposure & Development
Development
Dry etch Dry etch
Resist Strip Wet etch
Resist coating Resist Strip

Bl 210 R FhApes kel 4 irz =2

2. ¢k 2 A 4p 4% % & (Outrigger Phase-Shifting Mask)
B 201 5 AP L ar LR > SR g b o
] % (Isolated Features) [20) -

<«—— Glass

i «—— Chrome
¥ Phase Shifter

B 2.11 *h 28 A4p =4 % ¥ o7 R B

23



3. #4250 4p =4 & ¥ (Chrome-less Phase-Shifting Mask)
BEEFAPEH Y DRI 2217540 28 K R P
Bk T AR ZHA S b d N E T ARk R %
£ m A AR =B A R ORI TR T JRAT IR >
é%*ﬁ%ﬁgﬁgﬁ—ﬁﬁﬁ%k—ﬁﬁﬁ%ﬁﬁﬁ—&wﬁzu
% ASML = 7 # ! 5 Chromeless Phase Lithography (CPL™ )3 i o

.~ Uhrome
Dff-axis Begin with high quality w— m-m- w—
illumination standard binary mask
CPL reticle Quartz Quartz plasma etch :
| hioime i Usechrome ashardmask
I crealy "mesa” :
B AR AR R R R R RERARRRREA R d
Resist
High MA lens Resist coat *
Expose and develop _ - —
Rerial Remave chrome
(" S I L W freeokef-eeeeee Resisttreshold | oy o ctch g strip resit || — fom'mesa
Resist pattern fr—
Wafer after dﬁmp Completed CPL mask

] 2.12 Chromeless Phase Lithography (CPL™ )$tj#(Courtesy of ASML)

4. %A 4p =45 % ¥ (Rim Phase-Shifting Mask)
Bl 213 2% Adp s Lk anm LB > MR Rk
(Contact Hole) 2 j = 18] 2 (Isolated Features) [20]) -

<«—— Glass

= «——— Chrome
Phase Shifter

B 2.13 @5 34p o £ X o7 2B



5. F 3V 4p =45 & ¥ (Attenuating Phase-Shifting Mask, Att-PSM)
T s AR A R R X FEE R AR =45k & & L i (Halftone) A
AP Ak > 4 & @ % 3N fF F (Contact Hole) (26]) ° & @& H A55¢
FALEE RS SR (27) (28) (29) 4o 2.14 fi o

PR Half Tone
ey BREGBELEEE <— Chrome
W <+«—— Phase Shifter
T <+«— Glass

H K 5 AN
» Half Tone S Multi Layer
Shiftes : ’ Shifter

«— Glass "+ Glass

Bl 2:14 % p S 4p A L & 2 FuE

P i B Rl ¥ o - KAk
(Shifter) » 48F i- 6 A F * 2 M e oA d 0k
LA R R g i S A R R A N
¥R P o B205 5 BAEE (BIM)y % 8 p=# k1§
(At-PSM) 2 1+ fic o b 37 § cnfy 0% 3 & )45 5f 6 2 RIFR
(Sidelobe) ¢ 7€ k3835 £ 2 4p =4 B IBE o i F H 2 RIFEAL A € 3
LA B AR L > XA FLRMEORET S FLY
2 pFRd e A 0 R R ESR X (30) o BRSAp SR Y §
FET PR BH(OAD M E | L FFenfa g 4 (31) - B 2.16 2 B

FR* R RS2 fivs 2.
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BIM Att-PSM

s GIass\

SIS T ovome " G
N Phase Shifter = N
VA VA

/ \
/ \ /
/ \ /

/ \ E at wafer / \

I at wafer

B 2.15 @30k § (BIM)S Rl 5 4P (45 & § (At-PSM)2 1 i

Photoresist
Cr/CrOx Resist coating
MoSiON Alignment exposure
Quartz
Exposure & Development
Development
Dry etch Wet etch
Resist Strip Resist Strip

B 2.16 P o § @ % g REAAp Y 2 HiF 2

26-



3FET P B33
I: ]E]B *\”\X—:ﬁ ﬁ L’f‘lég
Lt ‘“L*?*“' NS L2 N WP L =E R Y
WO R RERA LT A AP SR & 365mm £hi-line
FUA4p 45 2k X (Att-PSM) > 738 (7 & 8% 32 1 AE Lt ,H;%ﬁ— GRETCa

L N, WL IT AT - NI R

Btz R N4 Bk E (At-PSM)iE F @ * 4p7 (v & 4 5 4p =8
R o A AT A F F LR (SiNy) i Bk B R B SLE A o B iz R AR
AR X 2 AR A K EE W R BRdE 4%~12% i R 5o HE R & iy
BlF ik 7452 NPT EPEDBREMARE2Z F5L05 180 &2
A o dephd G @ EA RER  BAH BT R 7 R E e B
e ¥ FEFD G AT E T (Refractive Index, n) % " & % #c
(Extinction Coefficient, k)2_ #14L » 4 it 7% Tt & 4 -

I FRELRLEE oA EETYTT2ZERE nok BT

S

AR AU Y 2§ YR

RS

TREMNEZERE nokiE o RN

TFB'\:"JJ;%’EJ AEFEF el kER o

PalliEkY 2 BEXH LG F 54 5§ ¥ (Laser Writer)2 7 &

f R 5k 1% (E-beam Writer)® 48 » o 3t F S5 182 347 R AL - T >
FREAE X SR DI AREBRAUTRE - TFARLPEF
FRHERE I EFLFAFPOME Fpt > LY PR - R ETEY
UELTRABRGFS 0 F CpE AL 2 HT S TP AT

B L EN R - R AEREY S NIFLET R AT 2 KE
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Bdd )b BEER  gr Ak %] 2 5N o ARV A %] frig & 2 K7 (Under
Cut)yrcfts o B 3.1 5 ~F B2 T i 4p 48 L § ®Wiv/ndg o

G 6 AR B K L R o T g

UV-Vis k£FM 7 REFER > FP g H T FR L2755 {F

~~

i BT EFETE R EZ R J1* n&k Analyser ¥ 2 R E 2 n~k

PR

SiN,

Glass

Ni
SiN
_/ Glass

TR AL EER oy ok ERTEI R FEE

>

PR PR

Ni Ni

SiNy SiN,
_/ Glass _/ Glass

SiN,

X

___ / Glass

Bl 3.1 TRz 4p 48 R § R/ FR4R
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3.2 Bl
320 BN B KR AR A K PR £2 HPE R

1. 47+ 5 (Refraction Index, n)

EE R AT S i @ 7 4p 4% & (Shifter) s 3B 7 15 kAt
A4 180 Bz 4piz i o

2. i} & % #c(Extinction Coefficient, k)

ERGE YR G R TR AR TS kN R
FITNTHF o @ wufﬁ‘“#ﬁli%%v’okxifﬁwfﬂé]gi frgta
3F A%~12% B R 5 o @ P ek R VAP A8 kK angp 48

k38595 6% 18% - [32)

3. f A W pRE
bk h P ITE AR o R AR Y LG sk
e P AR d SR AT E AR R Y P - LR
R E AT AR TR FenivE > A kY ik
By R e N B s g o k¥ 2 AR K gkl JF
39 et PR 1 R Rk B i ddaipatdl @ # o
4. pli 93—é\;| % U‘/‘%’J\ﬁ;
B ARz e ¥al F s g AT T, RS
fT’aL/Flfi.*ﬂhﬁ R M N }~#:-2—'ﬁ%"qjij§4a.#¥ 1%
o R AT F R KRR A £ A
SRRl
EEH- f@i gl @ H nk A S92 Quartz/%ﬁj% 180 B &1
iAo X HREP DR FL FFEF DT EF P R H - A F D
Ba S pdpE s> A AP e - A ERES - A ERRAY

TAFRe s AXF LA A -
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3.2.2 dp A5 K B WCAH

Briz FRAPES LT (AU-PSM)E § @ * 4a5 - £ LA
Ko AL PE DR L SN ARd AEF SR S e iR
FUEESTR O B kB o AP FET gd WAR e gl n &k
B2 B R AT ERS R AR FE A £ R o

AR A A R R e F ARk S(PECVD) R A A
F 12 (SINy) & % > 3% 3K % Feag 5 Oxford » 315 5 100 PECVD
Cassette System » J'HJFL BACE g AR R 2 - e CVD 3
i e BF R I T e~ o WEET BRI BT A A
Q@WmarﬂmF@#m.-Eﬁﬂﬁﬁﬁ@$¢$4’ﬁfi
Ao FLaS BFEOM G RECFiBERE 0 A FF L
@7 e it FE RS o 7T R F A ks

Tt SR BT A o SR S AR &%{~ $ H

AR R R SRR RN E RGO Es A o T e 1 A
AFOERY ¥ 25 EPE RF o

—

&% PECVD = £F & BI85 7 5 A= (>2 iREk &
s i %ﬁfé LRSS ERAE > ok S L ~RF
Power~ R ~B4 Z BV X UAFEF Bo By gt 25k Bl
FoFARRERERT P Z 0 ALF BOSRS M URITT R
B ¥ #c2 SINGEW > Bom st ML v dp A R Y s o

% 3.1 5 ~F 5% PECVD @A S ¥cif 2> bl b T 5 5 &
fett > 2 SiNx 0.2 & &) 0 & & SiHYNH; v 55 10 : 50 » % i
SiNx 0.1 ~ SiNx_10 ¥ SiNx o0iz 3 2 F] 5 &R B 5 /£ F "4
B H4hE s up WREFLS 60scem » 7 5 B 5 WEet
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x5 ¥ e

LB R &K S

LA E ~ PECVD & J&ix#

BB oo gtk s A e PR B

R AR - Ac = N AR R iR 2 48
o g IRREE S 87 e eng Pl A F7 1T % o

% 3.1 5% PECVD %l 4% & #icif i

Gas Mass Flow (sccm)
% | SINx 0.1 | SiNx 0.2 | SiNx 0.5 | SiNx 1 | SiNx 2 | SiNx 5 | SiNx 10 | SiNx
SiHy 5 10 20 30 40 50 50 50
NH; 50 50 40 30 20 10 5 0
1. Recipe: PSM SiN 1000 A Si/N
2. Pressure: 850 mTorr ; APC: 38.6° - 38.8°
3. Time: 8 min
4. Temp: 300°C
5. RF Power: 20 W » R Power: 0 W

323 8T ERK EAH

gtk TR APRY T3 AR ABITRE TS F
BE A VTRE @TELTFARRARED 0 P S e

L
B BT ST R 0 A A R

(R g R Sy IR
BEF o TS AP ET kF Tk Y 4y e g E (Hard

Mask) o & =t #4544 05 B 5 S0A -
AXRHRDETEBERAFE T IR ERBEE
K % B 5 AST(Advanced System Technology Co., Ltd.) » 3] %L @ AST

,;li ,?fu(E-gun) ’

PEVA 6001« p' 6 5 % 3 4165 XA » Bx 2 me F 35 10
KW » fL & & 7 it # (Base Pressure)¥) = S5E-Ttorr » B FRF A

8E-6torre % + # £ B AE s PFRIAREF T RENT I A A
—1_|‘13Er§uj—§%§ s § ek ’?’\,@
L REEB GRS o

11\1.

LeiR FAER > F1 L A A B H W IAF
éﬁ?_,’:j‘ q\ﬂb E/E—-#
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33 EwmEge s EEM L

331 kEV¥HEER TR

n&k 4 17k (n & k Analyzer) > 2~ F 5 ¢ * % & p| &k & F
e ER > &RER 5 n&kTechnology » 452 % n &k 1500 o

FPREALRRBEA R OF B LR S RS N
FENERRE VIR o RREREIREFR R T
%5 5 190nm £ 1000 nm » &Pk ~ &tk & B 5 57 o

Pk R F 23k B s A # 5 Forouhi-Bloomer Formulation

(33) (34) [35) " BHhF SHFRETH T a2 2385

R = R[50 m@k D D WEpaisas] |~ O

BeH A kRO ErER ZEEER n(L) B2 k(1)
B AT AL Tl () B A) B PHT R S
gI’EgéEHKEE%EFé&Fﬁ’ Olé\z;{j/gnﬁﬁ\iﬁﬂfl’i}i’ Ozggﬂg“/

B 4B R -

R(1)

N

— 0y

Film: t, n( 1), k( 1), E,,

«— 0,

Substrate: n( 1), k(1)

B 3.2 n&k ~ 17 R E R R 2T £ B
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3325 F &P

¥ 0b-w Ak k2 R (Ultraviolet and Visible Spectroscopy ) *t A

Fad* REREFELTEF > RERW > SHIMADZU - 4] 5L 5
UV-2501PC -

PREBAZA Y M EEHTES BRSO —B 5 2F
ko ¥ - BRIFHRES VRIFEELBENFETEF - F
Pl B 5 200nm 3-1100nm o M EE & & A S o TEF T A7
YT
T:M

Ly (6)

Isample ﬁ*ir%?éz%éé)i ? Iref.é‘ 2/}%; ?ﬁ%ﬂé}i °

AR UFEEF TP EFRBES A ARD > FHE

S

gh’{
%
<l
—+|-

[N S L) Y s > v o2 AT K .
Jl;ﬁ",igc‘{fﬁ}; FOOE {r‘—’.‘}., ‘}\]F’ ?;‘*33_‘_’% 5@ 3 ‘/—E'—':H%'—fi’ I8 2

N

333 BB HERELER £

#F 4 V% 3 A iesr (Scanning Electron Microscope, SEM ) »% &
?%ﬁ?jj%Pﬁfé*Aﬁﬂ BUENCE R 0 R B R A FED A
5, % Nanolab NOVA600i °

PRELALNFZFIAMESAG AL DTS 0 R
I R R A TR A AR FhR&o o (36])-
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AR SRR ET RS L T
WHRETWERERT TWRHE TR LR Dok 0 F
(IR Y : S P < RS I

334 4 % ki £

Fa + 4 kg i (Atomic Force Microscope, AFM)»t A9 % ¢ * %k
A5 % D5000 -
| ¥E 4 (Tip) »v @ 5

23 # (Van Der

ERER Lo lekER 0 RBRM S Veeco
Pk B ) BAT (Cantilever) # =3 4
Lo ¥R FAASTORFERE LA RS
Waals' Forces ) iT% st AP A 4 24 » B 115 543k 1}
Bdom 28 BB ROT

IR A 15

£ B @R

3.3.5 1 B 4 A 4
= R R = vh sk 2F R ( Fourier Transform Infrared

Spectroscopy, FTIR) *® @ 2k P R 7 i 57 5 chit Fa4gld > o

AR ER I A A A > R BRM S ASTeX ¢ A% 5 PDS-17 -

LR EL L BRI AT > I I BT R g

77 PR B IFEIEF F purge &P

\

E SR & S
# 8 5 400cm™ T 4000 cm™
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3.3.6 WA A

X sk sk F 3 ¢ 3¥# % (X-ray Photoelectron Spectroscopy, XPS)¥#? &
#E + iv 3% % (Auger Electron Spectroscopy, AES) A F %@ * &
BT A A XS GBS REAT  RERW S VG
Scientific » A5 5 Microlab 310F o

X kLTI n#HRIENY X £ rHENE5 > 25 BT DT
Fae X ki BEMBPRFI AL LD TIEF G B %
dRIp 4 R F e E Bl A FT kT F hic £ R F AR o
R RS T o B A R K e E R A0 3
1000eV » & ch X Lk 5 Al e Ka(1486eV) »

AT SRR AA T 3keV g B EGT ALK TR
£ 2 10keV &+ r St G0 B DT R R A G ik RSP oD

Qﬁ/? 'Si> C~> N> Olf@fu—%‘f"-{%"ﬂ“‘ﬂ gi%ﬁib .

34§ giF
3.4.1 & § e dlae

R e %'fiif_'Jﬂﬁ@f’iﬁfﬂ%}35”Lr“r’ﬂ\—kﬁ%léq**kiﬁﬁj\i
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500 nm

d A e R T EE
Bl FL AR AFM kA m R BRI E 23 KPR E S &
g R BB R S 3x3 umz’fﬁiﬁﬁxm: 1.017 Hz » *t4p %
BRI N L PR S12x512 8 -

TR LS AFM 2R A 5 2 RE > B 4.10(a) 2 B (h)
#F/d SINk 0.1 T SiNx_ oo 37 L F¥AFHKH DTSR
By BRI RESHE L ARNECH)EXE LG 0 S5 ETE

410 () 30 WY T TP EF N ERERAR LR > ok T

P SRR i B > — B4 HEF SiHY/NH; bt b3 40 > fe bR T %

-52-
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Peak  Surface Area Summit

Digital Instruments NanoScope
scan si

Image Statistics

Img. Rms (Rq) 0.754 nm
Img. Ra 0.596 nm

Box Statistics

rRms (Rq)
Mean roughness (Ra)

O
/XJCWW“ e

Z 10.000 nm/div

B410. (4) TSiNk 0.1 AEM £i#l2 £ 5 ;2

Peak Surface Area Surmmi t

Roughness Analysis

Digital Tnstrunencs Nanoscon

| view angle

Image Statistics

Img. Rms (Rg) 0.586 nm
Img. Ra 0.459 nm

Box Statistics

Rms (Rg)
Mean roughness (Ra)

X 1.000 pm/div
z 10.000 rm/div
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Roughness Analysis

Digital Instruments NanaScope

Scan size 3.000 pm
Scan rate 1.017 Kz
Number of samples 512
Image Data Height
Data scale 10.00 nm

view angle

‘ 25 Tihe angle

/

Image Statistics

Img. Rms (RG)  0.318 nm
Img. Ra 0.246 rm

Box Statistics

rRms (Rg)
Mean roughness (Ra)

X 1.000 pm/div
z 10.000 nm/div . .
5in05_si.000

B 4.10 (¢) SiNx_0.5.07 AFM #ipl2 % & )5

Roughness Analysis

Digital Instruments NanoScope

Scan size 000 ym
scan rate 1.017 Hz
Number of samples 512
Image Data Height

pata scale 10.000 nm

T view angle

¥ light angle
‘ .

y

Image Statistics

Img. Rms (Rqg) 0.392 nm
Img. Ra 0.305 rm

Box Statistics

Rms (Rq)
Mean roughness (Rad

X 1.000 pn/div
Z 10,000 nm/div . .
sinl_si.000

Roughness Analysis

pigital Instruments Nanoscope

Scan size £000 m
Scan rate 1.017 Hz
Nurber 512
Inage Height
pata scale 10.00 rm
[0 view angle

X Night angle L
Image Statistics

Img. Rms (RqD 0.406 nm
Img. Ra 0.322 nm

Box Statistics

rms (Ra)
Mean roughness (Ra)

* 1.000 pm/div
2z 10.000 nm/div . .
sin2_si.000

Bl 4.10 (e) SiNx 2 12 AFM # Bz % & 255k
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Roughness Analysis

Digital Instruments NanoScope
Scan size 3.000 pm
Scan rate 1.017 Hz
Number of samples 512
Image Data Height
Data scale 10.000 nm

view angle

Tight angle
N Image Statistics

Img. Rms (Rq) 0.442 nm
Img. Ra 0.349 m

Box Statistics

Rms (Rq)
Mean roughness (Ra)

x1.000 pm/div
2 10.000 nm/div < +
sin5_si.000

B 4.10 (f) SiNx 512 AFM ¥ ]2 4 & ~

Roughness Analysis

Digital Instruments NanoScope
Scan size 3.000 pm
Scan rate 1,017 1z
Number of samples 512
Inage Data Height
Data scale 10.00 nm

view angle

ight angle
Image Statistics

Img. Rms (Rg) 0.516 nm

Img. Ra 0.402 rm
Box Statistics

Ol Rms (RQD
Mean roughness (Ra)
0o

X 1.000 pm/div
z 10.000 nm/div

Roughness Analysis

Digital Instruments NanoScope
Scan size 3.000 ym
Scan rate 0.9965 hz
Number of samples 512
Image Data Height
Data scale 10.000

[ view angle

Tight angle

Image Statistics

Img. Rms (RgD 0,926 nm
Img. Ra 0.710 nm

Box Statistics

Rms (Rq)
Mean roughness (Ra)

X 1.000 um/div
2 10.000 rm/div
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Roughness Analysis

Image Statistics

Img. Rms (Rq) 1.135 nm
Img. Ra 0.901 nm

Box Statistics

Rms (Rq)
ean r

£ 1,000 Bty
2z 10.000 nm/di

1 4.10 (1) T Cr it AEM B ipl2. 2 & 7 32
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Roughness Analysis

Digital Instruments NanoScope

Scan size 3.000 ym
Scan rate 0.9965 Hz
Number of samples 512

Image Data height
Data scale 10.000 rm

view angle

- Tight angle
Image Statistics

Img. Rms (RQ)  0.321 nm
Img. Ra 0.253 nm

Box Statistics

rRms (Rq)
Mean roughness (Ra)

X 1.000 um/div
2z 10.000 rm/div

m

Roughness Analysis

pigital Instruments NanoScope
Scan size 3.000 um

Scan rate 0.9965 Hz
Number of samples 512
Image Data Height

pata scale 10.000 nm

] view angle
L% Tight angle
' Image Statistics

Img. Rms (RqQ) 0.316 nm
Img. Ra 0.249 nm

Eox Statistics

rRms (RGD
Mean roughness (Ra)

/d

X 1.000 pm/div
z 10.000 nm/div

B 4.12 (b) SiNx 10 4% 210 512 AFM £ #|2- % & )

Roughness Analysis

Digital Instruments NanoScope

Scan size 3.000 pm
Scan rate 0.9965 Hz
Number of samples 512

Image Data Height
Data scale 10.00 nm

view angle

- 1ight angle
Image Statistics

Img. Rms (Rg) 0.330 nm
Img. Ra 0.260 nm

Box Statistics

rRms (Rq)
Mean roughness (Ra)

X 1.000 pm/div
Z 10.000 nm/div

5i1n240.003

Bl 4.12 (c) SiNx_10 74§ 240 )2 AFM £ i8]z % & 7}
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4.3.3 Fockt R o 47-18 2 ER A 2 B R(FTIR)
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¢ Si-H (2150 cm'' Stretching Vibration)« [36] » ATt 4 42 o

B 4.14 ¢ 7 25 3% % SiHy/NH; v 613 % » 2 s '8 2150 cm’!
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Nitride Test Absorption Band (Wavenumber)
=Si-Si 657 cm-1
=Si-N Stretch 840 cm-1
=N-H Bend 1150 cm-1
=Si-H Stretch 2150 cm-1
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