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o Introduction 45 nm 32/28 nm 22/20 nm 16/14 nm 10 nm

Manufacturing/Development

o Issues/objectives
o Experimental protocol
o Results
 Contaminant sorption by the FOUPs

 Contaminant outgassing from the FOUPs

e Contaminant transfer to wafers

o Conclusions
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FOUP/WAFER MOLECULAR CONTAMINATION

= Demonstration of a cross-contamination chain between FOUP & wafers
FOUP equilibration
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FOUP contamination Transfer FOUP to wafers _

="FOUPs must protect the wafer environment from AMCs
=Cross-molecular contamination: AMCs - FOUP -> Wafer

_— T

[ Sorption of AMCs from CR air, released from J [ Sensitive subsequent outgassing, transfer }

stored wafers, equipment connection... to wafers (promoting defectivity) .
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INTRODUCTION: AMC

oAirborne molecular contamination (AMC) may be responsible for severe yield losses

oAmong AMCs, HX are well known as root cause of defectiveness

T N
acids .

\ Corrosion of a Cu
® s € @)

NO, s HBf il «—— Allines corrosion
H.SO, BF, ASH. Amines
No classification
BHT TEP AsH, TiF, crystal
DOP DBP B.H, growth on
PH, .
TMB Siloxanes BEs TiN ;
| conensabes .
- Many sources of ammonia in fabs:
o Fabs feedback concerning ammonia * Staff members
o Photolithography (T-topping) e Surface functionalization from priming age
o Crystal growth un photomask e Cleaners
o Time dependent Haze * Polishing slurries materials
o Post CMP

4 SPCC2018 Cbentegris




GOALS

cCompare critical NH; molecular contamination behavior in two Entegris FOUP models, in terms of:
o Contaminant, sorption and subsequent release
o Contaminant cross-contamination on stored wafers

V1 SPECTRA PC
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Polycarbonate EBM/C-nanotubes
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EXPERIMENTAL PROTOCOL

0) FOUP CONDITIONING 1) INTENTIONAL CONTAMINATION
Clean room equilibration
(21°C 40% RH) 7days e G IaplEE 2hl

2) PURGE
(N2 gun) 5 min

S ], [ =y

HF 2.0% 11.2ppm
HCI 3.7% 11.6ppm
NH3 2,9% 14.7ppm
& 0.29% 1.47ppm

"

QR e
3) STORAGE of Cu-WAFERS, LPE-IC 3) OUTGASSING MONITORING

IMPINGER-IC
IC = lon Chromatography, LPE = Liquid Phase Extraction
Test carried by twice (once per day) 8 days
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SORPTION/OUTGASSING BY PC FOUPs

Contamination Outgassing
9000 phase phase
so00  Affinity to polymer Outgassing Steric effect
7000 NH; < HC|400< HF NH; > HCI > HF
%6000 - ' _ . O
E 5000 w0 J
54000 220 NH;:22,86 A3 HCl:22,45 A3 HF: 15,77A3
g NH, NH
3000 0 3 * Immediate Strong
000 o0 HCI outgassing after purge,
HF followed of a
1000 —— concentration equilibrium
0 e — = RN e Solubility is the outgassing
0 50 100 150 200 250 300 350 driving force
T(h) NH, < HCI < HF
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SORPTION/OUTGASSING BY EBMCNT FOUPs

Affinity to
Contamination Outgassing phase polymer
phase NH; < HCI < HF
9000 280
8000 | | .
Outgassing
o NH, > HCI > HF
26000
= NH 0 » Strong outgassing for HC| and
5000 “ NH, after purge, followed of a
§4ooo concentration equilibrium
IS HCI 30  No detectable outgassing in HF
73000 o = - . - — - -~ case LLD (low limit detection)
for F- 0.62ppbv
2000 * In the NH; case, in respect to

1000 HF PC material the maximum

outgassing is detected some
hours later after purge

0 20 40 60 80 T(h) 100 120 140 160

—-F- EBMCNT -@-CI-EBMCNT -e—NH4+ EBMCNT

DEBMCNT < DPC
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COMPARATIVE SORPTION/OUTGASSING FOUPs ABILITY
HF HCI NH;

8000 = —e—F- EBMCNT C’ jggg —e—Cl- EBMCNT —e—NH4+ EBMCNT
7000 _o F- PC co0s R—*Cl-PC -e—NH4+ PC
6000 >
. . ]
Contamination -gsooo g 5000
) = = 4000
[outgassing T 4000 2
T 3000 3000
5000 2000
1000 1000
° 0e
T(Ahe)'— 50 100 150 200
T(h)
- 350 | 350
300 300 300
250
Outgassing >25° 2 i l
2 200 2
2700 oy > 500
zoom s 5 g
™ 1 =
¥ 150 T 150 150 »
100 100 100 -
50 M 50 50
0 o — 0 —eo—o o ® d
24 74 124 174 24 74 124 174 24 74 124 174

Contaminant affinity to polymer PC > EBMCNT Outgassing PC > EBMICNT
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VEHICLE TEST FOR CONTAMINATION TRANSFER EVALUATION

Need of a proper vehicle test for ammonia cross contamination

e Affinity to contaminant
 Knowledge of a kinetic model

ACIDS (HF, HCI) BASES (NH,)

o Cu wafers —Cu-wafers—

o AICu wafers —AlCu-wafers—
~Stwafers——
o Cr wafers

 Cu wafers not suitable: NH,*

[F] = [F,]*(1-exp(-k’t) [1] analysis not available
K=f(RH%, [HF]), F ...~f(RH%) e Surface AICu is not very
sensitive to NH;
[Cl] = (k*[Cycd)*[t] + [Cl;] [2] * Si surfaces no sensitive to NH,
K= kinetic constant contamination

Langmuir deposition model — Cr-NH,
C = Chax — (Cmax_co)e_kadscgt [3]

ammonium ions /cm?

20E+14
16E+14

———t

12e+1a 11
8 0E+13 - r/ + experimental data (~20 ppbv)
‘1} —— adsorption model
40E+13 §
ﬂ,{]E‘H}D I I 1 1 I L] 1 I I I I
0 4 8 12 16 20 24
time (hours)
C, =1.5E11 (ion/cm?)
C,..x = 1.9E14 (ion/cm?)
RH =40%

[1] F. Herran, H. Fontaine, P. Gonzalez-Aguirre, C. Beitia, J. Ohlsen, J. Lundgren. A mathematical model forecasting HF adsorption onto Cu-coated wafers as a function of airborne concentration and moisture, Solid State

Phenomena (2016), 255-323

[2] M-P Tran, P Gonzalez-Aguirre, C Beitia, J Lundgren, S- Moon, H Fontaine' Deposition of volatile chlorohydric acid on copper wafer depending on humidity and HCl airborne concentration, SPCC2018

[3 ] H. Fontaine; G. Demenet; V. Enyedi; S. Cetre. Study of the airborne SO2 and NH3 contamination on Cr, MoSi and quartz surfaces of photomasks, Photomasks Technology 2010, Vol 7823, pp28
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CONTAMINATION TRANSFER FOUP TO WAFER

. . e . . ) ;‘\ .
HF vs HCl kinetic deposition on Cu wafer Outgassing phase in a empty <&
& equivalent average HX concentration 140 FOUP
H2E 70 peby HF 120 (static condition)
---------------- HF Pl
5 9.0E+14 - —— HCI e 100
1 P d —
g -7 PC %. 80
(%] P d o
S 6.0E+14 - Phd B =
= 6.3 ppbv HCl T 60
c
S 3.0e+14 - 40
< EBMCNT 1.5 ppbv HCI
20
0.5 ppbv HF
0.0E+00 T T
0 5 10 15 20 25 0 :._H
Time [h] 24 74 124 174

International Roadmap for Devices and Systems (IRDS 2013)
oHF 1E14 e HCI 1E13

e HX transfer to Cu-coated wafers: HF > HCI
* Large FOUP outgassing rates depend on HX reservoir and diffusion kinetics, and then FOUPs exhibits a strong
HCl outgassing but low transfer to copper wafers

SHCI < SHF

DEBMCNT < DPC
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contaminant conc (ppbv)

AMMONIA SORPTION/OUTGASSING OF FOUPs

Initial contamination concentration 14.7 ppmv vs 1.47ppmv
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12 SPCC2018

60 \

—@- [ow NH4+ EBMCNT

Immediately
after purge!

42

=@=- [ow NH4+ PC

Strong outgassing after
purge, followed of a
concentration equilibrium
Given the poor NH; polymer
affinity (comparing with HF,
HCI)

Solubility: NH; < HCI < HF
Contaminant concentration
located mainly in the
surface

Dyhs: Dpc > Degvient

NH; kinetic deposition on Cr wafer

ppb air Time to 90%
saturation

2 26.7h
10 5.4h

24 2.3h

73 42 min
270 12 min

C... = 1.9E14 (NH,*/cm?
COEntegris i




CONTAMINATION TRANSFER FOUP TO WAFER

NH, deposition on Cr wafer after 40min Cr wafer
L1 €Xposure & [NH;] required to rich this transfer

Csat Cr
80 [ 1.7E14 (NH,*/cm?)
1.0E+14 . )
22.5ppbv 701y 1.5E14 (NH,*/cm?)
60 | \
8.0E+13 i} N s e — e - _
S 50 \Ng ~-— "
= T <
6.0E+13 a0 |/ S~a_
11ppbv - / S ~-a
30 = - -
8.6E+13 [ - - } -
4.0E+13 el 0 1
9.6E13 (NH,*/cm?)
48413 10 95.2£13 (NH,*/cm?)
2.0E+13 3.9E+13
0
24 30 36 42 48
0.0E+00 Blank Blank Time (h)
After purge 24h after purge

B PC EHEBMCNT HBLANK

* Consequence of the NH; Immediate PC strong outgassing respect to the belated NH; outgassing
in EBMCNT the low transfer to Cr wafers (as in HCl case) is due to a low NH; solubility
* This transfer is in agreement to the assumption Dggpyient < Dpc
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PC & NH; REACTION

PC and EBMCNT compatibility with NH, solution (TGA characterization)

3 il 9 o
wo—c—OQ?Oo—c—OO?OOM .
CH; CH, +—— EBMCNT NH3 10%
8--- EBMCNT Neat
| -0 ) )
CH;
e i ¢

P W ey W

CH, 40

200 400 600 800
NH; g--- PCNeat

0 CHS Temperature (°C)
I | *—— PC NH3 Gas (800ppbv)
moT _OO?OOH 100 +— PCNH3 10%
CH; PC degradation o
~

i
l € by NH,

H,N” NH,
40

i

HO C OH CO, + NH,
| . TtH-——a--——g--8--—-B-——-
CH, ] o : —

K. Hatakeyama et al. Chemical recycling of polycarbonate in dilute aqueous

1004

804

60

Weight (%)

[

0 -

60

Weight (%)

ammonia solution under hydrothermal conditions, J. Mater. Cyces Waste Manag. ) 20 20 b b0 pra 1300 1200
16 (2014) 124-130 Temperature (°C) Universal V4.5A TA Instruments
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SUMMARY

— Contaminant FOUP affinity : NH; < HCI < HIE, FOUP contamination f (S,D) & PC > EBMCNT

— Contaminant outgassing after purge: I§|H3 > HCI| > HF, mainly f(solubility) & & PC > EBMCNT

—Contaminant acid transfer to wafer: HCI < HI::, mainly f(diffusivity) & PC > EBMCNT

—Assuming same vehicle test the expected contaminant transfer to wafers will follow:
NH; < HCl < HF & PC > EBMCNT

— PC use is not suitable in NH; environments due it’s reactivity

Among the tested FOUPs, EBM/CNT is the most efficient to limit
NH;, HF & HCI contamination transfer to wafers - reduced wafer
defectiveness is expected
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RESULTS ANALYSIS

From literature:

* NH; D in PFA are greater than HCl .
* HCIDin PCis greater than HF .

Sin PC & EBMCNT follows NH; < HCI < HF
D & S are lower in EBMCNT than PC*

e HCISinPCislower than HF

We postulate:

Contamination
A A
[Hx]pulymer [Hx]air
""""""""""""" t,
i [Cont];
_________________________ ty
{3 HX flow
>

[Cont],, increases and penetrates the X
polymer membrane

[Cont],,; is defined by Solubility
Penetrant’s flow governed by diffusivity
FOUP’s contamination f (D, S)

| Outgassing Cross contamination to wafer
A A [HX] A
[(HX]polymer [HX], polvmer [HXLai
)
o  \ f V] €]
Z |
o \L [Cont],; ' [Cont],; l
___________________________ 2
HX flow
<Z:> HX flow S —
= >
| . [Cont],,. increases until [Cont],, , reach the X - Any contaminant molecule released  x

equilibrium solubility will be retained by the wafer

- Outgoing diffusion continues: [Cont], is - [Contl,; >0 (c;nt affinity to wafer)
progressively reduced = [Cont],, is pulled then [Cont];,; = 0 as well
down - Dy >> Dygiymer 2 Cont transfer to Cu

- [Cont],, is mainly solubility-dependent mainly governed by Dyojymer

M Cualfield, C.W Extrand, S.I Moon, Estimating Hydrochloric acid and Ammonium Hydroxide Loss, Controlled Environments Magazine, 2011

T.Q Nguyen PhD Thesis (2012)

P. Gonzalez-Aguirre, H. Fontaine, R. Pastorello, C. Beitia, J. Ohlsen, J. Lundgren HF transport coefficients in polymers used for microelectronic applications. Defect and Diffusion Forum (2016), 68-76

* Public soon
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