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Process and Applications

Student Hsueh-Hsiu Yang Advisor Dr. Chia-Fu Chen

Program of Semiconductor Material and Process Equipment
National Chiao Tung University

ABSTRACT
Due to the driving force of the manufacturing cost and device

performance in the semiconductor industry, the transistor density has been
continuously doubled in every year. Consequentially the transistor is also
constantly down scaling. Therefore, looking for the material of gate dielectric
with high dielectric constant (high k) to reduce the leak current and metal gate to
decrease the effective oxide thickness (EOT) for high performance transistor are
always the priority for semiconductor.industry.

Oxynitride is popularly used-as‘gate dielectric in complementary metal
oxide semiconductor (CMQOS) process ‘for device scaling before high K and
metal gate being commercialized in semiconductor industry. One of the
important technics to grow oxynitride is decoupled plasma Nitridation (DPN).

For DPN process, the most important process parameter is the
concentration of nitrogen in SiO2. However two major issues are introduced by
cluster. One is that once the nitrogen concentration is out of expectation there is
no way to decouple which chamber is the root cause. In other words, there is no
in-situ monitoring techanic in place for DPN process. The other is that currently
technic used to quantify nitrogen concentration is to use re-oxidation. However
re-oxidation is more complicate and not cost effective.

In this thesis, 5 band pass filters with different wave length are used to



detect the spectrum intensity of species in DPN chamber. 5 of them are 337.03

nm ~ 357.38 nm ~ 391.28 nm ~ 590.43 nm and 601.31 nm respectively. Thereafter

the intensity of optical emission spectroscopy (OES) is used to correlate the
Nitrogen concentration that measured by XPS. The results successfully
demonstrate that the specific wavelength of 337.03 nm in the spectrum has the
highest sensitivity and the best correlation to nitrogen concentration. Therefore it
is also believed that the nitrogen concentration is dominated by this specific
species. Furthermore, the result is extended and applied for optimization of the
device performance from OES intensity. Results turning out show that some
electrical properties of device correlate to OES intensity including equivalent
oxide thickness, saturated drain current and threshold voltage. In other words,
OES could be used to optimize device performance qualitatively. Finally this is

an in-situ and simple methodology.
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ARF A BFtw i el B RESER LT &ER > %A

4o @] 3-3 1o o

J

# 3-3 PR CKLASTencor SFX-100)

313 % iﬁiﬁ‘ PHEAEXA

Bl 3-4 & 4 AR fx &% (Applied Materials Centura 4.0)
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&y ]Tg: F C WS A EF R H4 Centura Integrated Gate tool e & 7%
Fe o - BREDRIEEEE AL URELS Z 2 BAEHIR:

1. =& Z&K¥ % (baseoxide)

2. & ]T*: % v %42 (plasma nitridation )

3. {8 % ivw X (post nitridation anneal )

4. % B ¥ W& (poly gate)

Bl 3-424 31 Bw iz Famfimiad i LA WaEER S HEER

. S E R AF 2.?%%“@&

3. {5 F fw ok (S >\ 4. % B W iR
SOJ ‘g
E‘M‘ =_— -""f,:ffl :: 1‘—.'
:‘, _:-{; . {.3;:%.‘- ::
{J &
OUT : IN 7§

@&5?%%“%%@@&%&%%@
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#3-1 B A3 Rl & Qipde f & i

BAME | OBRA R ek
FREE g (scem)
(°C/Watt) (mTorr) | (s) (Angstrom)
1 A&y ik 900 20,000 15 02=10,000 12.5
2. % :ch F i 500 10 35 N2=300 N/A
o N2=20,000
3. gy ftw At 1000 0.5 45 16
02=5,000
4. 5 K R 720 275,000 | 60 SiH4= 40 1,000
3131 AAKF it B &
o Fler BE Vool rFapfss At 4w H Gy v 24 -
F1°0 0 B3-6 50 F ikt n i Bl e
« H
o 0 Starting Base Oxide
® Si
¢ N

Si0,

Si

19




3132 T 4§ WA

e FE O F S MEEDPN F RAEY o B § 6 R

AFHSF S RBAEFRIATRNLY RIAAAFF T R3T S

H
SD After DPN

| N introduced, some bonds broken

Bl 3-7 %55 faest s & FI[32]

G § 4Rk A A 2 Rs4E(dangling bond) 0 T AR R G - iEw LAk
BARITE A e 1 F VAR FA BRI (- ) R A F F s

WO CRBRRMFAF FaL (2 ) LE FFURPEMEFF 4 W
fim 4% (vacancy ) 4% it Kne B 3-8 22 3-9 B B 4 77 R ixsE2 &= 4

™ E’f”_’f;&,i—!ir'fi‘ﬁ@%; j; L U ﬁlﬁij\@ﬂﬁ .
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e H
© 0 After N, PNA >975°C >15s
: ii (tie up broken bonds)

B 3-8 15§ v w kBRI THES T L BI[32]

« H

o 0O After O, PNA

® Si O only goes to interface
& N

ER SRR
T

NP },i L
o Y

b\FSZ

Sio,

Si

B 3-9 6 i“w VEARBHR A G T 4T X B[32]
314 R R
o [f] 7 i end 4 S Bip)i® (Wafer Acceptance Test, WAT ) €2 % # 4

LER S EA T RE R 0 KA Ao B 3-10 47T o
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iide Thickness, EOT)
3. §=h % & (Threshold Voltage, Vt)

4. A tg4rfeS%d T 50 (drain current in saturation, Idsat )

vd
Vit (Vth)




3141 Bi&iE = i
dnEF gl mAE G e GERAEY T OB LRI kB Y
O iR T K d 2T E 4R F % (direct tunneling) s 0 WiRE Y K 7 oAk
MG - FRENTIEREGHE T c BT F T NIRRT EFEEH A
B B TR DT FRER s A e Rl A 2
FAIRA 23 it g BE P EIAPATRE T A
BT BN REFF SRR RS TSR fosgd T
Fobdest 3-1 o
T fo AU F Bz e i Vg/ldsat 5% (3-1)
Vg: Rifeek 7o
Idsat: & t&trfrspd T i
TR PR LM R T B R e oSk T o KGN 322 3 34
o e feRd T BRBATEERSF L T2 0 WEORE
TR BRGNS R
Idsat Cox 3(3-2)
Cox=E0KA/t 3% (3-3)

Idsat 1/t ;%(3-4)



LA 3
A %5

t "R 5R

RAT Y 7 LHMW2 @A (inter-connection) 2 & & & > H ¢ B §E
daRkesd g HWARKETEY ML LF: #Y (switch) @ % o 1%
A BRHAOT LW R IZERETBRESTEN - @ 407 3R EAcR]
3-11 #7751 » & B HRE R T £ RiF47_ 3 - B 4 5 %] (enhancement
mode) i NMOS(PMOS)~ 4@ % » v chBE M R R 5 & B(f &) 5 Bk T
BoTRR T ROMELE AT 2P URLEE BRESEL L o A5
g enfilf2¢ > NMOS = & (PMOS/Z &)erieft 7 /& 49 & 0.8V 3] 1.0V(-1.0V
7]-0.8V) -

MOSFET s §f & & 1 &'d Bl 4w 30 ¢ 414 ch# S8 (work function )
.1@ﬁiﬂ%%iyﬁﬂé%ﬁyiﬁjéywwgw%u?u%éﬁﬁz
Fiafteage ke »# Sfce { RN > 7S S o oA T PRl
e 2 i M (bandgap) 4pF > F]pt A% 1 PMOS & 2 NMOS &9 7
BT Y ERABE D SRE ST R R R £ /M
chF ST A oL ERERE B e o 4ot — kB %% K MOSFET (hieft 7
@ﬁ%@wﬁﬂﬁoﬁf%%ﬁ%k%%%PMﬁ%ﬂW@Sﬁﬁ%?@’

TR g faru i BisdR f#3rflfex £ - B e
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3144 HiEb T
feF it — T RM ot 3-5 9T B R RS P (geometry )~ 4+ B
# % (carrier mobility) ~ &7 RE A TR M
hw=%QmeMf £ (3-5)

W R & %R

L Wi &

Vgt R R
Vt: B iefeh © &
3.2 MOSFET & Fl:# & enflliE
P REERTR AR AR D T BRHI LY
Lo & Flik
2. #mEF i K (padoxide) = &
3. FUrEEAE
4. X A% %A% (shallow trench isolation )
5. 2R kR
6. Hr+iw »

7. MARATE S E

25



8. s nFRiESL

9. N i&4 %]

10. % i*# B M & (spacer) = &
11. & B3k i

12, % £ B4 T A

13. 4445 % (Tungten plug) 4 % 2w

[ B VRl - PREOS Sl FWell - X105 Subsivaie

B 3-12 MOSFET & % iv2] 5 B
3.3 R B AL
4o 3-13 0 BB R SR AGE Ty kAR B0 B OES Bokx &
ERARF BT o ZORETFRES AT SN WARE LA D g

P AR TN AP KB T TR o BT ki~ 4 B P %
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RIE

J;Lz«:@"ﬁr

F L feF RisF EARSE BV HF RBiEFAY OES

Poen A ] REBIS NS AT G AR B o Bfd ot W s e

W0 e® OBS kgt~ chfhanb b i« RS FRERF R ® v- &

Bl 3-13 F % Zadlinie
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i
*‘ﬂ
1%
-\
el
B

4.1 *F £ 2

4 L 10mte ¥ F 5 500 % 0 F F 5 300scem fopE L 35 fehik
R ATIE T 5 K 250 nm F| 650 nm 2k HdR R Bl i 0 kiR
502 & 0 £ BT A%Jg k48 (Band pass filter)i g iz F k£ 0 £

FEFMUOES am B Hfeif 2 T R § ER TAAM A 17 B 4-1

gL A2 oh £ 250 nm 3 850 nm A B chBliEo £ 4-1 % iE Tehk i

ETIRS

7

W

o

5000

4500

4000 -

3500

3000

2500

Intensity (a.u.)

2000

1500

1000

500

337.03nm

391.28nm

A

// 427.73nm
357.38nm s /

380.31nm S/ /
/

/ e
315.66nm s 419.76nm

295.31nm 399.53nm)

|

537.08nm

'

590.43nm

601.31nm

l

aoo0 50 400 450 500
Wavelength (nm)

R 4-1

28

550

TR AT B R R 2R R

G600




F 4-1 SeFgk £ iE T

357.38 Nitrogen Radical

590.43 Nitrogen Radical

42 R BEAFLK

-

LRSS B S5 T %l SR S

koo B EART AR R BLEE N F UL

sid OES 4K » (v 47
SR o Y T PR R il -
Process Environment
-~ @ UV Protected
Wafer User Viewport
ESC
LR Fiber Optic Splitter
jﬁﬁﬁhﬁﬂimal Cable Transmits
Data to Software
Fiber Optic
Cable OES assembly
Bl 4-2 A% KT R B
4340 M flAe 2 fR M
d 3B LA R 2 & ﬁbﬂﬁﬁ ? P AR LR R
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Fo 7 AKRF MK ARGy e VRS SRR AR AR
FRHREE IR D EULTREE AN ER T AT & (T
FEan e # 4-28 3% 4-3 ~ W 5 R *fifs U R AR & e (s 4p Bl AR eniE 2 2
WAiggsomd gl PS5 BEUAE LS RE &R (Wafer to Wafer,
WtW) 7 353 1+ (Non-Uniformity, NU) ¥ ic £ 3|/ 3 1%iR % L 7 4~

Lo

2425 R B RRA D @AM Razenik

BR/HF | RS |ER| 2
FRE 8 (sccm)
(°C/Watt) | (mTorr) [ (s) (Angstrom)
AAE R 900 20,0001715 02=10,000 12.5
N2=20,000
g twk 1 L 4 ’ 1
fo ¥ i 000 0.5 5 025,000 6
PR R R 720 275 60 SiH4= 40 1,000

\

#4-3 LIF R AARA DA UL R

Zti:k}%; TL}% f8g itw L ?’Bﬂsf‘/’mﬁ’i
iy
Slot | "% (Angstrom) | NU 16% NU 16% |"%% (Angstrom)| NUlc%
(Angstrom)
1 12.62 0.23 16.04 0.34 1007 0.76
2 12.82 0.18 16.03 0.25 998 0.97
12 12.71 0.22 16.22 0.45 1002 0.91
13 12.64 0.25 16.18 0.48 1001 0.88
24 12.78 0.23 16.16 0.28 989 0.71
25 12.63 0.32 16.05 0.24 993 0.84
WtW
0.70% N/A 0.84% N/A 0.65% N/A
U%
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4.4 %M B T

%ﬁaﬁéwa%njifﬁ*“ﬂﬁﬁﬂﬁﬁﬁﬂ¢ﬁﬁ%wwwﬂ%$

¥

43 4

Fleh LR sla R L 1t S LK AL

Ltk L o W)

T IR R R R o A -4 R L B e &

G RART WG PR 10 B H gt

OES intensity

® Channel 1 =337.03nm @ Channel 2 =357.38nm

OES Intensity Stability

O Channel 3 =391.28nm Channel 4 =590.41nm

4000 ® Channel 5 = 601.31nm
3500 7WWWM
3000 - oo socse o

2500 -

2000 -

1500 | gossescoseonsasessocsssesssoseoesssesssscetssossssessosssossssstesssssosssoss

1000

Run#

Bl 4-3 KM ELE R fE T
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FoA4-4~ PR EARLE R E

1 337.03 9
2 357.38 8
3 391.28 1
4 590.43 10
5 601.31 4

4.5 kst ke - §F e kY §F kAR R

LB L9 B g J&Etﬁﬂ\zﬂ RIEE R R RARR L B
4z & F) e OES %%%i%ﬁ)if’t‘&\ﬁ @]4-4 Pl 4-8 A ul 4w b E 2 BT -
K 4-DHEAERES ,;L&)im;fp % l“* (correlatlon) 21 AT R (sensitivity )
AT ) ¥ Ao Channel#l—Channel#3 % + %t 0.5 ¢ Rsquare
Channel#4-Channel#5 s Rsquare #& £ » ¥ | 3% 0.4 - ﬁ%‘ufﬁ?‘ré‘z)ﬁ Mo
Channel#l * 7 ¥ &3 A & 214 ¥ = 2> H = § )k & 0% it > Channel#1

3 B 10BS FUELE 1 o 2 218 3 el

Rl
ol
S

%_» Channel#] 7 ¥ % k& & 47
Pl TR BATR N o BdRTT R oo AR P B R TE S T

B i 1 gy i
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Channel 1 (W.L.=337.03nm)

Nitrogen atomic %

Bl 4-5 Sk-2zidsk ¥ Channel#2 22 § kB PB4

33

3750
o
3700 -
y =213.8x + 1219.4
R?=0.9756
> 3650 - ®
= A
7]
c ()
9
= 3600
0
O 3550 | ®
(]
()
3504 @
3450 T T T T T
10.6 10.8 11 11.2 11.4 11.6 11.8
Nitrogen atomic %
B 4-4 ki k¥ Channel#l &2 § kB hbd (%
Channel 2 (W.L.=357.38nm)
3080
([
3070
y = 65.055x + 2313
2 _
3060 R%=0.9395
> [ ) ’ .
*='3050 o
(7]
C
9
= 3040 |
%)
LUl 3030 - @
o [ ]
3020
Y (]
3010 L]
3000 T T T T T
10.6 10.8 11 11.2 11.4 11.6 11.8



Channel 3 (W.L.=391.28nm)

Nitrogen atomic %

Bl 4-7 Sk-2zhdsk ¥ Channel#d 22 § kB PB4

34

503.0
y =-0.0949x + 503.3
R*=0.7126
502.5
>
2
= s e O _
@ ' = ® * o o ®
c
2
£ 502.0 1
n
m
@)
501.5
501.0 : ‘
10.6 10.8 11 11.2 11.4 11.6 11.8
Nitrogen atomic %
B 4-6 kit k¥ Channel#3 &7 § k& hbd %
Channel 4 (W:L.=590.43nm)
1613.0
y =-0.0935x + 1613.3
R®=0.3695
>16125 -
2
a
g . S ® a ©
= ( (]
n
L
O 1612.0
1611.5 : : ‘ ‘
10.6 10.8 11 11.2 11.4 11.6 11.8



Channel 5 (W.L.=601.31nm)

1450
1440 L ®
1430 -
> y = -25.866x + 1698.6
= o~
@ 140 | R? = 0.1689
g
£
o 1410 -
]
@)
1400
1390 -
e ©
1380 ‘ ‘ ‘ : ‘
10.6 10.8 11 11.2 11.4 11.6 11.8
Nitrogen atomic %
# 4-5
Channel# ; Rﬂﬂ Te Correlatlon Slop| Sensitivity
e |8

Excellent

4.6 sk R & T bl 4
MEFMFELSHBBATER F AL ENY OEREHT WO TR
SEER AR AERBEE AT B OTRR TR EkF KRRV Al
Eq AT “,ft“i“ P F F R YRR R R B A BRBET N
$8:8 ¥ (channel) * FAR (carrier) =84 & (mobility ) [28][29] - ~ j&_4-5
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St @ Pl enih KRR FER T F A BN %o LA
Rehdiim ™ o RSk RLRZE A 2 TG F R AR L dp
ko A HAAE 47 B 0§ 3-12 #57 ¢ MOSFET # e 5n fg.ch s 145 4
A ulfc & NMOS &2 PMOS # T 4 dicdfts - & 8 & T 4§ 1 W WAzpF OES
ATl D e B B TR B A 4T 0 L B IR AR K TRE o RS-
4t WAT T %87 FAZB T § 5% (30145 M & i OBS LT -
d 4-4 & k317 oo channel#l (A& 337.03) 2§ kAT RGBS &
Aot o A1 ¥R M ans 7 AP A channel#] K TTRE B0 (8 I i e
B o
4.6.1 kbt sk 3 £ o g Atk e s Reange B 14

B 4-10 2B 4-11 chh F @5 OBS B $ocf L kB ARG ¥ 24
UM B T2 1 Rsquare + 3% 0.8 ok 1L ernff T2 o ARG E S 6 0 S 4-1
$ EOT cha % 5 B 4-10 22 B 4-11 5 i7 § ost el % o

d
74 (4-1)

EOT =

d : 4 1@ & & (physical thickness)
k: % 4% ¥ &
FEORRARF ¥ M R GEHESION ARFRITSHNgG o d & 4-6 7
o SN Si0, 7 B eKiE » AT AR B ehF kR € (F DA% PEOT o % &

4-4 5-OES22 § )k B M t2eniEsh > B 4-10 2 B 4-11 #7517 > EOT& OES&3
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Boo kvl

OES Intensity

OES Intensity

%

4%

e F4-1 R TR0 o

Channel 1 Nitrogen (W.L.=337.03nm)

3800 = = —
S5 &
3700 “ ®
: 00 &g :
: o0 : ’g
3600 - ‘ L Y
D y=-1928.7x + 5567.3  Teeo
. R?=0.8396 . [
3500 - §e
3400 A : :
234 : : ®
: : o
3300 : ‘ :
0.900 0.950 1.000 1.050 1.100
EOT NMOS - Normalized
Bl 4-9 ko ko 5ok B A ejp B 12 -NMOS
Channel“1 Nitrogen (W.L.=337.03nm)
3800 : :
| %o 0 :
3700 . :
: \‘Q' r—
3600 : ——0Q —
: °q &
: e
3500 — : N\~
- — X
I y=-2745.4x + 63637 \‘.‘
: R?=0.9169 : @
3400 . :
- s
o0
3300 - : :
0.900 0.950 1.000 1.050 1.100
EOT PMOS - Normalized
Bl 4-10 skacbdk e 02§ i K B A& co4p B 12-PMOS
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% 4-6  Si0,22 Si;NyengF (vt i

Properties SiO, SisN,
Structure Amorphous Amorphous
Density (g/cm’) 2.2 3.1
Refractive Index 1.46 2.05
Dielectric Constant 3.9 7.5
Dielectric Strength (V/cm) 10’ 10’
Energy Gap at 300K (eV) 9 approx. 5.0

4.6.2 ke itk ¥ B TRt TR hip b 1L
Teh LREEMOE KA T 0 LMOSFET # # 5 (well) 2= & #

b

(Inversion layer ) #7F ch TR & HeBI4-12 #777 c 2 n 3] L H48 5 &) %

7.‘3\"\

BT BBANTRRER ERAKX pRA L EMANAEE S nd > P
ERE T AR AL ENE oy VYRR TSIy -

i RRF CEUREOMEATE ST § AP AREFRATE S
% A5 = Donor like 7 fixed charge[30] - d ** NMOS % p Alen¥ % » g =
ek & BRE M o @ d 3 PMOS 5 n 30 % i 2 iR TR e o 3
T2 A% F kAR Mg 2 NMOS & PMOS hfefh & R 4 Bl > &3 4 -
A A4 KR E SRR M Gngd o Bl 412 2B 413 5 P Sh

R AT 1 TR o
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J _Inversion lave :
Source n+ - on laver X Drain n+

Bl 4-11 MOSFET *® i # & 71 &, B

Channel 1 Nitrogen (W.L.=337.03nm)

Vt NMOS - Normalized

] 4-12 sk dd ook 2 gt 2R hAp B 2-NMOS

39

3800 :
I~ pe——— Y —
3700 - :‘-’.\ SO N : F
a8 SSERR Ul = :
> 3 2 - :
‘n , wh | : : .
@ 3600 A o \..% : 53]
9 y =°2340.6x + 59406 . - o@ :
£ - - R%2=0.9408 " o:
) 3500 - £ i g .
L :
@] : .\
3400 - N °® o
C X
3300 ; ; ;
0.900 0.950 1.000 1.050

1.100



Channel 1 Nitrogen (W.L.=337.03nm)

3800
: 0@ i ®
3700 - : D e— }
. @@ . -
2 . .
= 3600 - : : -
c . _ N
o) ) y=3397.2x +202.82
£ : S R? = 0.9155
0 3500 | - &6®
L 5 O
© &
3400 - .
' :§
o
3300 : : :
0.900 0.950 1.000 1.050 1.100

Vt PMOS - Normalized

Bl 4-13 kst X0 Rt & sp B 12-PMOS
4.6.3 kbt k3 21 AR APSOR i iR B Y

MOSFET i i 7 e fhbe fof one 4% 8 4.2 k& 57 o

W .
s = Coutt(Vy =V)* 35 (4-2)[30]

|
W' % &
L: Mzt R
Cox: 3 itET%
p B

Vg : M &T &R
Vt=f & 7&h 7 &

He F it g3 Coxr 7843 ki o
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cOx:ng% & (4-3) [30]

ox 1 ¥ KT F
At s F=R1ET R X BiEE R

d A2 Ha e T ARG FREMOB R G R

o R fe R ind (VW) Bt Cox o B4 58 43 7 0018 5|5 4-4
IR o
(Vg _Vt)2

st CTTEQT X (4-4)

JE4.6.1 deniEikher N 4-3 7 4o § § R R A 4 pF NMOS &2 PMOS 9
EOT &R > 5 % J4.62 & 0lshif duif § Ik & ] 4o B w3 &
NMOS 7 Vt -5 2 PMOS ¢ Vi 4 o 115 4-4 214+ kA 455 fpbefod
o I F dr o 5 NMOS @ 2§ kR e b Bsd = B R AE fo R TR e 4
,TfLPMOS MR AFRE 0 AR BOT 82 (V,-V,)° eh& it et blm 2o
i §] 4-14 & §) 4-15 #777 (R S 55 % > NMOS &2 POMOS x4 47 {0 T i 37

“EF OES il jLlf e d % > L HmAnfd & o
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OES Intensity

OES Intensity

Channel 1 Nitrogen (W.L.=337.03nm)

3800 .
: © § @:
| : ) :
3700 : :
. @) .
: e 8 o e % ®
. @ .
3600 : %% o
‘@ @
: @
3500 +—— K —0-0 ® -
D y = 2533.5x + 1066.5
(&) R*=0.7012 :
3400 +—— g : # o m
.b | ]
3300 - : . -
0.900 0.950 1.000 1.050 kL 1100
Idsat NMOS - Normalized
Bl 4-14 ko sk S0 ey 10 T Ui chp BE 12 -NMOS
Channel 1 Nitrogen (W.L.=337.03nm)
3800
° © O OGE (0)
3700 : o oo %
: 00 009 ol
. @) .
3600 e © 08 é) .
© gmd © y =£2286.4x + 1313.6
© * R?=0.1551
3500 | e : o (0) .
. o @
: ° —
3400 - - (@) o -
: @ © :
3300 +—— ; . L7
0.90 L4 0.95 1.00 1.05 10
Idsat PMOS - Normalized
Bl 4-15  Sexdd k¥ & sk e fo T 5 4R B H2-NMOS
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4.6.4 btk o R RIA T codp ML

HH;E/%?,,,. # MOSFET =~ ¢ ¢ i< fj"r-"’ v ;\1 4-5 % &£ 7 o

2 2md
‘Jg o exp(————— ph) exp(— 2

phVox) 3 (4-5)[30]

DT R

Il

Ma: 5 3% 8

ot BB AT B R

Vox: wﬁ%"/} /%]Pm

5845 T el R T MO T s R G M o 6 46 @
Si3N4 e & (band gap ) # SiO2 ] #7140 % § Jk B 3 4e Prob B > 5 e §_
BRI 4168 417 £ A A Tldep b % > B RAFRFERR BTSSR

M2 A T BRIBR LR M o
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OES Intensity

Channel 1 Nitrogen (W.L.=337.03nm)

3800 5
® O °:
| . o O - —— I
3700 E o OO(@ : —
y = $887.4x + 1707 e
R?=0.3613 . o)
3600 : o — OQQ L

6]
030508

3500 | ®
o¢ ©
£ : ©
3400 - o (@)
°o®
3300 : ‘ ‘
0.900 0.950 1.000 1.050 1.100
Jg NMOS - Normalized
Bl 4-16 -k cipsk ¥ B4 R T U AR M [2-NMOS
Channel 1 Nitrogen (W.L.:337.03nm)
3800 :
i eg®
3700 i'—‘j‘.
y = 1221.1x + 2378.9 [ o0 :
2 R = .1365 . _ o
3] : L") e Py
IS . . [ )
% 3500 - o ‘ ..
)
3400 4 __ Q ® T}
® ( :
3300 +— : - -
0.90¢ gg 0.950 1.000 1.050 L 100

Jg PMOS - Normalized

B 4-17 kst k¥ fHiE T v c4p B 12-PMOS
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7RE b

4846154648 OES$ 2 T AMMEBEAESH S LT HE
B CMOS & FI R pFor2ge 3 (942 F T 5% ] » A 4] * OES ¢
MEBRREAB N EFUBRFT 2 467N A A HrEEEET » 234
S BB B R R o

% 4-T7 OES 'p‘%%’iﬁ@if Cil e ’;Qﬁ;:mfﬁg MY R E R

NMOS PMOS
Index Optimized OES Optimized OES
Rsquare intensity Range Rsquare | intensity Range
EOT 0.84 3590~3700 0.92 3460~3710
Vit 0.94 3466~3713 0.92 3425~3770
Idsat 0.70 3473~3727 0.16 N/A
Jg 0.36 N/A 0.14 N/A
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A4
* I

2l 3
S S -fn

el

iﬁ';' ~iEfiieE (v %]#,:‘zg‘-r % %2 2nm o .Qrv,—:i\aéc {F e g 21 v (4 3

PEeiee B 5 A URRE P RO AL ARG 4T VKA

TREEERRBRETG FEL 3 LA F hE A0, 5 xfii e ML
3 k2 - SAlBEF B RMHRE UK o il RRipl Eony AR
I EF SRR R RENFEERM FOHT TN TR T G 2T e
#lR AT e TRF HlAed R G E LRI S HEELLS 2
P HE W hRidEE § CHT Ao A MRS I A G B E %L

(q.ka

SR A OES i i k B 247 Pl 7 1\35 P r BT > - %
L gy B dlfed LBy EE T g
1. B & 337.03nm R M5 E § ER T FhiFafph Lo
2. MEfEay ERJAPIRZL & J A E 337.03nm Nitrogen radical #7
TR -

3. kRFEAERRET

\\\xr

i ongy VK ER 0 iRt {osRmE TN
Tl T RG SR B Ao

4, KA EBEBRAE S TS

\\Xr

Bet R R L B AL i
/EIJ o

5. LTI A S AL S AP R > Bl Al R

46



47



[1]

2]

[3]

[4]

[5]

[6]

[7]

[&]

[9]

[10]

37 2

Nouri, F. Kher, S. Narwankar, P. Sharangpani, R. Muthukrishnan, S. Kraus, P.
Ahmed, K. Olsen, C. Thai Cheng Chua Cruse, “Trends in gate stack
engineering”. Integrated Circuit Design and Technology, pp. 275-281, 2004.
G. Higashi, T. Lill, “Challenge from 90nm Front End of Line”, EETimes,
2003.
International Technology Roadmap for Semiconductors, Front End Processes,
pp. 70-71, 2005.
J. H. Lee, Y. S. Suh, H. Lazar, R. Jha, J. Gurganus, Y. Lin, V. Misra,
“Compatibility of dual metal gate electrodes with high-k dielectrics for
CMOS”», IEDM, 2003.
R. B. Beck, A. Jakubowski, “Ultrathin oxynitride films for CMOS
technology”, Journal of Telecommunications and Information Technology,
pp.62-69, 2004.
AR RS S o fRg ot eRg A (EOT=1.6nm) & i Rii&¥ i

£ 27 B d BRI ENRIRES AN 2T
FHERGE” 2 FEAFLETE 5w o pp. 6-10, X W4 L - & o
E. Ibok, K. Ahmed, M. Y. Hao,B. Ogle, J. J. Wortman, and J. R. Hauser,
"Gate quality ultrathin (2.5 nm) PECVD deposited oxynitride and nitrided
oxide dielectrics", IEEE Electron Device Lett., vol. 201, no. 9, pp. 442-444,
Sept. 1999.
C. H. Chen, Y. K. Fang, C. W. Yang, S. F. Ting, Y. S. Tsair, M. C. Yu, T. H.
Hou, M. F. Wang, S. C. Chen, C. H. Yu, and M. S. Liang,
"Thermally-enhanced remote plasma nitrided ultrathin (1.65 nm) gate oxide
with excellent performances in reduction of leakage current and boron
diffusion", IEEE Electron Device Lett., vol. 22, pp. 378-380, Aug. 2001.
Y. Wu, Y. M. Lee, and G. Lucovsky, "1.6 nm oxide equivalent gate dielectrics
using nitride/oxide (N/O) composites prepared by RPECVD/oxidation
process", IEEE Electron Device Lett., vol. 21, no. 3, pp. 116-118, Mar. 2000.
N. Kimizuka, K. Yamaguchi, K. Imai, T.lizuka, C. T. Liu, R. C. Keller, and T.

Horiuchi, "NBTI enhancement by nitrogen incorporation into ultrathin gate

48



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

oxide for 0.1-um gate CMOS generation", VLSI Tech. Dig., pp. 92-93, 2000.
H. S. Momose, T. Morimoto, Y. Ozawa, K. Yamabe, and H. Iwai, "Electrical
characteristics of rapid thermal nitrided-oxide gate n- and p-MOSFET's with
less than 1 Atom% nitrogen concentration", IEEE Trans. Electron Devices,
vol. 41, no. 4, pp. 546-552, April, 1994.

H.-H. Tseng, Y. Jeon, P. Abramowitz, T. Luo, L. Hebert, J. J. Lee, J. Jiang, P.
J. Tobin, G. C. F. Yeap, M. Moosa, J. Alvis, S. G. H. Anderson, N. Cave, T.
C. Chua, A. Hegedus, G. Miner, J. Jeon, and A. Sultan, "Ultra-thin decoupled
plasma nitridation (DPN) oxynitride gate dielectric for 80-nm advanced
technology," IEEE Electron Device Lett., vol. 23, no. 12, pp. 704-706, Dec.
2002.

K. C. Chen, H. H. Shih, C. Hsueh, H. Chung, S. Pam, C.Y. Lu, C.W. Chou
and S. S. Chen, "Cycle Time and Process Improvement by Single Wafer
Thermal Processing in Production’Environment," presented at the 10th
International Conference on Advanced Thermal Processing of
Semiconductors RTP 2002, :September 2002.

P.A. Kraus, et. al, "Low-energy nitrogen plasmas for 65-nm node oxynitride
gate dielectrics: a correlation of plasma characteristics and device
parameters", Symposium on VLSI Technology, 2003.

Hegedus Andy, OLSEN Chris S. ,KUAN Nolan, Madok John, “Clustering of
plasma nitridation and post anneal steps to improve threshold voltage
repeatability”, IEEE Transaction on Semiconductor Manufacture, vol. 16,
pp-165-169, 2003.

Edwin T. Carlen and Carlos H. Mastrangelo, “Statistical Model for Spatial
Correlation in Thin Film Deposition and Reactive Growth”, IEEE
Transactions on Semiconductor Manufacturing, vol. 11, no. 3, Aug. 1998.

A. M. Acevedo, G. Francisco, “On the Thermal Re-Oxidation of Silicon
Oxynitride”, Material Research Society, pp. 22-28, 1998.

MR 0 % jﬁ‘-"’i’ B e LS, AR, e g4 o

5 R BT 0 SO o, “T %zﬁﬂ@ﬂlﬁ’f@’* 2 hg” P
%‘-Hmj,.&',\%:gp , E'\EE],L.J-I:&Q- B,

49



[20]

[21]

[22]
[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

M. A. Lieberman and A. J. Lichtenberg, “Principles of Plasma Discharges

and Materials Processing”, John Wiley & Sons, 1994.

G. L. Weissler, “photoelectric emission from solids”, Handbuch der physic,
21, pp. 342-382, 1956.

Hamamatsu Photonics K. K., “Photomultiplier Tube Handbook™, Feb. 2006.
H. Bruining, “Physics and Application of secondary electron emission”,
1954.

A. Velosol, FN Cubaynes, A. Rothschild, S. Mertensl, R. Degraevel, R.
O’Connor, “Ultra-thin Oxynitride Gate Dielectrics DPN for 65nm”,
Extended Abstracts of International Workshop on Gate Insulator, pp.140-145,
2003.

EFEA VX EBH RS ERT , AR, LT EA P o

H. H. Tseng, Y. Jeon, P. Abramowitz, T. Y. Luo, L. Hebert, J. J. Lee, J. Jiang,
P. J. Tobin, G. C. F. Yeap, M. Moosa, J. Alvis, S. Anderson, N. Cave, T. C.
Chua, A. Hegedus, G. Miner, J:Jeon,sand A. Sultan, “Ultra-thin decoupled
plasma nitridation” (DPN) oxynitride gate-dielectric for 80-nm advanced
technology," IEEE Electron Device Lett., vol. 23, no. 12, pp. 704-706, Dec.
2002.

V M Donnelly, M V Malyshev, M Schabel, A Kornblit, W Tai, I P Herman
and N C M Fuller, “Optical plasma emission spectroscopy of plasma used in
Si-Based semiconductor processing”, Plasma Sources Sci. Technology 11, pp.
26-30, 2002.

P.A. Kraus, et. al, "Low-energy nitrogen plasmas for 65-nm node oxynitride
gate dielectrics: a correlation of plasma characteristics and device
parameters", Symposium on VLSI Technology, 2003.

C. H. Chen, Y. K. Fang, C. W. Yang, "Thermally-enhanced remote plasma
nitrided ultrathin (1.65 nm) gate oxide with excellent performances in
reduction of leakage current and boron diffusion," IEEE, pp. 124-128, 2003.
C. Diaz, et. al., "Application-Dependent Scaling Tradeoffs and Optimization
in the SoC Era", IEEE, pp. 475-478, Jun 2002.

S.M. Sze, “Semiconductor Device Physics and Technology 2™ Edition”,
2001.

50



[32] Applied Material DPN process manual rev. 3, pp.36-42, 2004.

51



A i

K f AR B e RS SR 4 BAEE A b

FIRAMGF IIFBAT RA S G o My e d e AR R i
EHRFF RERE R F o

LERA T BLGRL  hf

«—a»
‘ﬂk
rm
T
prisy
—
&
Tk
s
I

53 58 o d MBS ENET > NN R A S REOBEREEN

a‘\
S
.h_\
-\

S ABE L bR g o

>
i}
S\
o
)
1%
I
a\

)
BRTRErAREAFIFREIERF AFLED c R BPTRLITEF R

BERFEDERE S R eiRenipi,y AA AR FE 00 g0 LR

Materials) ~ % § #ATA S B R F Lo d WP HR AT > B F Renz

PEEFFRABA AN BeE > » PRF i B E ok F X

52



	Using OES to Predict Nitrogen Concentration for Plasma Nitri
	Master of Science
	封面
	Using OES to Predict Nitrogen Concentration for Plasma Nitri




