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Real-Time Monitoring Methodologies for Ammonia,
Amines and NMP in Semiconductor Industry
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Basic containing compounds such as ammonia, amines and NMP in cleanroom can cause T-topping,
wafer corrosion, haze developed on wafer surface and optical lens even in ppb level. These
compounds also classified as molecular bases by SEMI can also affect chemically amplified resist
stability. These defects also known as Kkiller defects will not only cause product defects, but also a
yield-limiting issue process-wise. Early detecting these pollutants is critical to resolve yield-
affecting problems. Several real-time, continuous monitoring methodologies commonly used in
detecting molecular bases will be introduced in this paper.

fiTEfEG (technology node) s S A H 38 FH A BIFE
o AR EFERY B3R (yield) > Jii%%%iﬁﬁrﬁ‘@

RS RIE RG> B 035 um ~ 025 um W TR R I BRSE - RIS B REE 3 6 S R
BURE > PudhEEE] 0.18 um/0.15 um #AE © HAT (Semiconductor Equipment and Materials Internatlonal,
FOKHR (< 0.1 um) BFIESZE ROR S £ R 22 SEMI) ¥ 2Tt (yield enhancement) HYES © i
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SR+ REREERTT » bR T SR B
Hh o BEREZ I SEREE T AR AR E R E A
B RRTTH - AENA]RIGHIREN: - SFERSH
A 2E B E ER FH #EEEZE (cleanroom) FYEXET ° LA
TR N BB AN ZE R PRLORYIRfEE AR
BEE N PEE R B R A8 73 T-15 V) (airborne
molecular contaminants, AMCs) £ @i g5
WA B2 G S Fe i B LR E E B A 3y - L2
Tl AMCs 175 440 AR HE R i P iR IR Y 75 4
B - SEMI k18 AMCs HUREE > #2575
o % (acids, MA) * GfEREL ~ BIEE -
Bk~ IRER -~ RS

o [ (bases, MB) : ELHE ~ HHEH4 (amines) ~ n-
methylpyrrolidone ~ hexamethyldisilazane :

o A[EERSY) (condensables, MC) © i EH{E 65 °C DL I
HIHEEY) ;

o 24 (dopants, MD) © fff ~ ik ~ fiff -

[ RF ST 7 B A S EE ZE UK AR Y 0 JESE AR 7
TEEE IR AMCs Y52 s s 17 He
MA-100 7 iR EE % 22 58 HER U A 5T IR By 100
pPIM » LB (R HAEHE -

SR A RN E (SEMATECH) £
1995 F#%5% 0.25 um BAZHY AMC FEHIEEEE - 120

G

RS R R AHR SO E R % - s
T B4 FE BT pre-gate oxidation ~ salicidation ~
contact formation A1 DUV photolithography Y AMC
TRIRIREEREAN R 27 FR o K0 AMC 3B R Ry E
FERE AT A 7252 » 41 MD ¥ pre-gate oxidation
BUFR R R 2 K > salicidation Al contact formation
HIIS MA 8RR > 1 DUV photolithography HIJ# 75
5% MB FUsZ 2 o

SEMATECH [FIFffr & AMCs $8fE B3R
HIREE » AIERR S s S R A M E R Al - &0
ARSI EIND SR R - RIEHE YR B
BIFNEE ~ @22 Y E 305 B 2R E A R AR
FEEY o 2 3 FEERTE AMCs ¥ ERE BT BRI
A - HRTFEREEE - Bl eris - Baiki
rAl AT E B =R AR ERETRIZEERET AMCs
HIES TR 35 0 RS L Bl e (wafer defects) 2
IR > (HXFE AMCs [BEF R R ENE
FERRM AT ER - Hf » A HKE
(amines) ¥f B %2 ~ BOE - L B2 5@ 6 [H
(chemically amplified resist) ZXRERYFZEE » A2
W TR ERE " > [FRE o 5 RYIRRE AR
HREE MR HEREM AR EE -

FHA BRI E — iR 8 AR E AR
IRFA2 - T i EE = BRI FP A R At B AR

AMC 435 PaK-EE S * 1. B )
1 10 100 1000 10000 SEMI # & £ AMC 4#8 °
173 MA-1 MA-10 MA-100 | MA-1000 | MA-10000
Hifz MB-1 MB-10 MB-100 MB-1000 | MB-10000
A &GRS MC-1 MC-10 MC-100 MC-1000 | MC-10000
B MD-1 MD-10 MD-100 | MD-1000 | MD-10000
81 5o FEH] AMC 1ZHE (pptM) * 2.
MA MB MC MD SEMATECH #} 0.25 um # 42
Pre-Gate Oxidation | 13000 (50) | 13000 (50) 1000 (75) 0.1 (90) 8y AMC FERAZE o
Salicidation 180 (50) | 13000 (25) 35000 (75) 1000 (75)
Contact Formation 5(50) | 13000 (25) 2000 (75) | 100000 (75)
DUV . 10000 (75) 1000 (90) | 100000 (50) 10000 (50)
Photolithography
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% 3. Acids & Bases

Condensables Dopants

» Fab Corrosion

AMCs #FSaedlifzag R £33

& oo * Etch Rate Shifts
* DUV Photoresist
T-topping
» Wafer and Optics
Hazing

* Uncontrolled B, P Dopants
e Threshold Voltage Shifts

¢ Adhesion Failure
e SiC Formation

* High Contact e Resistivity Shifts
Resistance * Nucleation Irregularities
* Gate Oxide Integrity * HEPA Filter Degradation
Degradation or Outgassing of Boron

e Ineffective Cleaning and Phosphurous

BN IR AR R > AferEAEE
SRR PP R P = TR R A Y R BB
DATEPR RS2 R A E - GRS A e LB
HEEA LA ] - R 2 R5 4
MRS < o EHIFR K -

1E BTt S @2 AA BTt > R
FHRFr B S AIBE T TE TS (lon chromatography,
IC) FI b2 ZE 7% (chemiluminescence, CL) > Bft &
UKEREEE (ion mobility spectrometry, IMS) Al FyiT4F
ARz U8 5 R IR - 252 IMS Hl CL & /i
FTHERE (real-time) TEREFNHET A ERFRE - L
AN o I BERAAT YN EEEE (Fourier transform
infrared spectrometry, FTIR) B B FEFIHH < ER
Bl o i it P S A B 28 2 SR R -

ARG EHE MB SR R R R 2 E
—REH - [FIRFS TAABE - RO RE A AT > A
Fb#2 1C ~ CL F1 IMS =/ /=5 -

% 4.1TRS #4238 352 AMC ZHAZE -

— ~EEZED AMCs 1REEK

HERERERITHI PR - SRR R
PRI B RS Bl R R Bt SN ] 20 -
HEFEEENERE G > 0.25—0.18 um BIFEAIREY
WER 248 nm > F 7 0.13 um SIFELUTFEE - (HHAY
BB R 193 nm #2157 nm o K LEE I o0
S PH 35 et P R BEE BRI B B I 5T
HHRNE R HENRN G - e D EE—H
HRHAYRIEE o Kinkead S AFE R A HER MB 244
£ 1 ppbv PAT » A RERECRILE2 G T H RS E T
FIREE™ - 2B B E %S (Semiconductor
Industry Association, SIA) 1£ 1999 /- E#E Y
FER i e FI SR IR R AMC B3R (& 4)7 - 1
0.13 um BFEFTHF - BRZI9T (lithography) 2
MB WEFETHIAE 750 pptM ©

EEIHEZFER AMC ST E =S (a5

Airborne Molecular Contaminants (pptM)

Year 1995 1999 2000
Tehnology Node 250 nm 180 nm

2001 2002 2003 2004 2005 2008 2011 2014

130 nm 100nm 70nm 50 nm 35 nm

Lithography-Bases

ot TEL) 1000 1000 1000 1000 750 750 750 750 <750 <750 <750
Gate-Metals (as Cu, E=2 x 10°) ? 03 03 025 02 02 015 01 007 <0.07 <007
Gate-Organics

(as molecular weight 1000 200 170 130 100 90 80 70 70 50 <50
>250,E=1x 10%)

Organics (as -CH,) — 3600 3000 2400 1800 1620 1440 1260 1260 900 <900
f;sl'é'l‘_ifgznlc;’“fgf;’a“ds 180/50 10 10 10 10 10 10 10 10 10 10
Salicidation contact-bases 13000 40 32 24 20 16 12 10 4 <4 <4
(asNH,E =1 x 10°)

Dopants (P or B, As Sb) 0.1°%* <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
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WHIEEE = TR E » AR BT EE VR ZER
o 5 80% HUEEREMIEL A (B3 NH,) FURELE
750—10,000 pptM ; HZHIRE HIlF A RR A i 8 g
W HEEIAE 100 pptM AT+ /2 NMP B > HI
H 90% HIFERERIESITE 100—750 pptM Z[H
HARESRAE 1 R

TiAbeERR L 2 e R il R OB RN S
F BRI E MR E E ARG R - BN AHES
S EEEE NI ZZ R & (ammonia) FYURFE AR
FF{E 1 ppb LUT (B 2) 3 ZEfA$% (ammonium) AR
RIS 4EHI7E | ug/m’ DUT ([ 3) -

= MB ¥ ERRFHTE

EEEE T MB HY AR IR AL HE BIAE (L B2 R
By MEEENR TAEAE ~ MEEEAVESEM R - £
YN Fe ] (make-up air handlers) W ARG HLN
% (outside air) » EERMEEFHNILBFEN
FERMENZAE NS (amines) ° Kishkovich Fl
Larson"” fEEARZRH#E - MEZET TEAENS
B RS BN SRR MB o fEMREEE ]
T AN BRI - Bx MB HYIEEH 80 ppb (Z214)
F] 3800 ppb (A HHIEEERISEE) 5 AHER B EE

100%

90%

80%

70%

60%

ENH3 (NH4 + by IC)

A mines by IC

SONANNANANANN

%Sites 50% EINMP by GC/MS
40%
30%
20%
10%
0% 1 1 1 1 _
<100 100 to 750 750 to 10,000 10,000 to 100,000 to 1
100,000 200,000 N
' ’ 2 b oiE g o & > 2 R
ENER A Ty il )
Range (pptM)
W pE AKX
0y IR 5
10.00
AMMONIA IN CLEAN ROOMS
9.00 - —
8.00
g 700t
e
- 6.00 | - _
il
S 500
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O 3.00
2.00
1.00 I I
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Fab C1
Fab D-1
Fab E-1
Fab G-1

£ £ w

(HEPA inlet)-2

Fab A P
Fab A P

Fab H(HEPA inlet)-1

MB I 100 ppb 1 850 ppb » fIEE ) MB &
JE RIS 2400 ppb Fl1 3400 ppb © MR FiH:-HIf) MB
TERERI 53 H s 40 ppb (Z14F) - FIHHIEER) 800 ppb
DLE -

MacDonald %" Z5 55 Fr B FAIRE 15 ppb
ZEHEIEEEE 15 SreE 0 B di#t 025 um B2
e RS AR E - Kishkovich HITRZEBER LIEl 2
FEAFENRET - B RREN RSB - hesk
SEIHERIG (AN 2 FE 3)"

4. %58/ 8—10 ppb R L 69 A HAEPT & R4 &
[ #21 e

10 REHAE_ 65— 938

Kishkovich Al Larson f£—5 ¥ EEEZE AT T
TENEMFLBFERTE ERE RIS 5% Gy B 38
s BER s BT - BB LA 250 nm ~ 260 nm
280 nm ~ 300 nm F1 320 nm ZFEAFERRE - AELHE
BRI BHTIEABKRBEERFEET —]
12 fEEEREE PRGNS RIREN R 2—4
ppb FYEEFET > 250 nm 1 260 nm HYFR & 7 A4 B
AP (killer defects) © [E 4 ZE[E 6 B/~ Kishkovich
1 Larson HIRFFEHE R -

I~ 252k

R SRR RO R A LR (R
BRRBRIE PR 22 R EIHI T 15 44 (AMCs) 8
TR » BBMS AN AT » AR @ Tam-F S
WHATEF JTRAYERI LGB 2257 AMCs A HEBIF2
5 HEH AMCs RYZRIFEEE M 25 - (e
AL TR A BB = A R » H B0
A E BRI EIA RS - RN
FEI1 (make-up air handler) FEIR[alE A HEEESE » #
EMEEER AMCs BYZRIE « KL EMEEE = Y
AMCs PR By > KL ZRITER AMCs
AR EEHI BT A N ERRE R

PRI > R @A I EL B &5 - B2
EHEEEARET - MR RSN E LUERAE



B 5. %% & 24 ppb 9 H #hix 11 > 4EE G T-
topping °

EE R BATRYEFE o Omnisens AR EE R G BIFE
HHELEIRFEE 4 ppb ZJEAMEEET » HE 10 5
Sk e A AL B EE Y T-topping HREG (B 7)" -

H#8 ITRS roadmap k2 SIA SEMATECH ¥f-f-&
BT # R EIRIE AMCs 2 IEHEEEE > [E%
BIFRHArA 025 pum EEHEE] 0.13 um EEFFORH
(< 100 nm) B » DUA/INE 10—30 A (107 meter) /Y
HYYRAE T 0 1F ppb E£E ppt FIREHE 2 LIS
S L B A R e« 2RI SRR R SR B ERL [
i AR ARG AR PR HY AMCs S BT F1TS 45
FhE# - MR RREH - fEARERE R EEER
ZERSERN > K ERE (real-time) ~ HAER AT
FfrthpcoRFE R B R i e U FR =K - [
R 2 B o P R Ak r S A 8 Y E B -

HETRA NS el - BHEHE -

6. 7 B4 ST & & TAEA B PT A& A 09 M le P
ﬁﬁiﬁ@a%ﬁk% °

HAEE I ThRE - H 6 Fs AU (8 8 BUE R F|
ITRS * SEMI EHEEERRITZ ppb IREEIEAE » ki
HAHTFEFEE IC ~ CL fl IMS" © IC Y53 1T38
T A PO BRI 5% 06 15 22 SR TS A Tk
Bk 1C T B © IC FiTnusReRatfimm i 2
FHETEEIH (impinger) #—{EERE IR (pump) © BLFE
ARER - IC MFRERAE S AR HIfERES - (Rfy IC ik
ETEAEST - — R EREE - T EIRE R R
RETTEH A58 - HETEGRS IC FREsMrsE =it
e LU R 1C BOFE R -

{HE2EE5E (chemiluminescence, CL) &K IE(LEE
[ FEMEEEHIREFE © CL £ili 4% 1960 FACAIHTE
EENEIRER) NO » REEHiTHIHZE I R .o % - HEl
FMERIZZ R ATE & 20 L&Y - SR %Y CL

10 minutes
No delay delay

20 minutes 40 minutes

delay delay

7. vk B & 5 4 ppb & I&3IL T 9 T-topping °
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S, ST
SRR Yy | mEE Ic MS L
e - B A % @Eﬁ} o (RHEHL | e o iy
{EETRSRPR 0.01 ppb 0.5 ppb 0.5 ppb
SN (=R 500 ppb 200 ppb 20,000 ppb
T4 & o &
5 EA i 7% =
GRS EER
; & —fHE Ry N
& IE 5 ez — PRI I;ﬁf{;é;tékun e e
R ATEREE ] H P P
5 e 20 55 ~ 158 ~ 1
i o Bl Bl
e TOLIE, I = &
R (EE] TR AT HEEER
B et \ L (T e
L R 2, Wi R BUFE |

{0l NO HUJFER TH#E F (NS (L NO, Aty
N ERERER T RRZAN S — (i g i
R NO » NO KR AL PR A S FEIE A R i AR 2R
AN REARAGZHNXIERELE NO, » FEH
NO, #ALAT#E A - gha] DIFESLEH NO 1
B o BRIV ERY T o IR R R AT
Hds Y E IR R Y E e - R ELR
ERZEERE IS R/0mEYEaEa - Al
I NMP © 2K CL BE PR EIE A L& 57 &
G HEZA NMP > HEERF 3 il S e M Fy MB ©
BEFEE OEEEE (ion mobility spectrometry,
IMS) &Iz t{ R ER S5 LB ~ BB (41b

BRI RIESE) RN L it (FFgk) S5 .
IMS & —fEEE{LRIFFRIFRST (time of flight) £
flif = 22T detk b BE LR R A RS e
AR ERIRIEY) > FTEFEET » RKIEVIFEH
FEAAE ("Ni & americium 241 © SSE T 3H) B+
etk > FIBE LAY TS Bk 3 T8 2 Rl T 22 4
BT LA AN IR e 2 St - BT Erys T
3 3E—(lE ion shutter Y A —{lE7FFEESHTARSE (drift
chamber) » {ESARZHEFHY S —b AIE A —FIEES 5
MR RS R - BT IRIBE A/ NIREE - T
BRI R G R R ey - BORAEE T H RS
(SR FE IS - (A1 HHER A R Rtk e - ALk 5

«— Dritt Gas
&)
@t ool )
Yoo Pt @ =@ ° °
o 0200 g 99, i -
— ) ° g D KO . L J °
msouce op 0 S0 (O ¢
‘.° N we. . ! °
o o gl -
L
Detect
Electric Field (E) —p»
(a)

1400
1200 =
1000 [~ 0

800 [~

Intensity

600 [~ ®

400 [~

200 |~

0 10 20 30 40 50

Drift Time (ms)

8.IMS & #7R3E -
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HYPRRE " @nE 8 AR  IMS {5/ iKY
FIEAER E SRR & e E - DA
NERISIEY) (reactant) ° IMS FIEHEFEE (mass
spectrometry, MS) Z i KHYZERILERS IMS LIBET
KANGEEREY) > T MS AIMREBAL &P E L
(mlz) °

& R &Y 34T 0 1C ~ CL
IMS fEEEE i EHmIET » & =R i A2 R A
BN 5 AR .

£ > I\Egﬁ

FHA B R MR EE = N E 22 R B D2
ELGEMAEMPER  ERIE RRER AR
TERF > BB AR 2 AR RER » TR LS Y
AAVIIEIR R EE LU TR o~ B AS EAI RIhet fifg 22 1
FEREC AMC RYEZENE - WAL - HESEAT
BAIFE K - HESE B R A L &Rt
HEHHE - EME - SERE BRI E
ar o BN SREE AR TEOHTE K - B
e R S - MEEHIY B — R i Y
SeE) & - MEEAARIREK » NHESHEE Eil
MALEYRIE Tl - B - HiF - BEF
OB R HR M W B2 2 > B ARG SEMI 5
9 EA AMCs » 411 MA ~ MC #1 MD » 52 2003
ITRS Roadmap TGN FH 753 F 1594 (surface
molecular contaminants, SMCs) FYEZ AT H i » 1
HORF A 11T B PR P R B P S B = BRI Y 22 R
o 0 Ll e E R E SRR K
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