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1. Introduction
2. Experimental setup
3. Result - HCI deposition onto Cu 200 mm wafer
» Relative Humidity (RH<1%, RH 40% and RH 70%)
» Airborne concentration (range of 20 — 400 ppbv)
4. XPS characterization of contaminated Cu surfaces
5. HCI - Cu mathematical model

6. Conclusion
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INTRODUCTION o

Entegris
P
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Covalent bond
(strong)

o &

Intermolecular

TM A attraction (weak)
HBr

NO, HsS v o NMP |

H,S0, BF, 2~2 AsH. Amines

Airborne molecular contaminations (AMCs)

IPA
BHT 0, TEP AsH,
DOP DBP B,H,
PH,

- TMB Siloxanes BF

dopants

% Cleaning: IPA, acetone, ethanol, terpenes
HCI, HNO,, NH,OH, etc.

% Plasma etching gases/etched materials: :
(CL/CCl, + Ar), HCl gas (36%) for Al @ vield losses
% Silicon vapor-phase epitaxy — HCI gas . Limit AMCs effect
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INTRODUCTION o
Entegris

0 — 400 ppbv

Deposition

0 — 100 hours " HCl on Cu
0-70% RH '

@® Fundamental research deposition HCI on Cu surface (200mm wafer)

FOUP contamination Contaminant outgassing Contamination transfer
by wafer outgassing FOUP - air up to equilibrium FOUP - Air > Wafer

= Qutgassing phase from wafer FOUPs outgassing contaminants FOUPs outgassing
FOUPs sorbed contaminants = Transfer conta. on new wafers

@ Knowledge of [C,] in airborne = minimizing defect
@ Predicting storage time
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EXPERIMENTAL SETUP El'%e)gris

_.N_ ppbv range 20 — 400 ppbv

Dilution air Inlet: 1180 mL/min, 21°C and 1 atm
(Controlled RH %)

>

> Qutlet

NN \v\v\ﬂ\v\v

Cu wafer — 100 nm PVD
200 mm Reactor

HCl gas
1ppm

o Copper wafers: Physical Vapor Deposition (PVD) - 100nm copper
o Stored Cu wafer in polypropylene box (PVD process - HCI deposition)
1St o Diluted HCI gas by clean air
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EXPERIMENTAL SETUP Entegris

N,

4 N
Liquid Phase Extraction
(LPE process)

Collect DI water on Cu wafer
\_ J

LPE- DI water

Cu wafer (PVD)
confined inert atmosphere (N,)

C——1
Quantify ion CI- by
lonic Chromatography (I1C)

l

[ Cl-ion deposition on Cu wafer J

Efficiency of LPE-IC
* Collection by LPE is > 90% at first extraction(LPE1)
« LLD for Chloride: < 1.0 x 10™ ion/cm?2 (0.05 ppbw)

2nd

. s 58
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RES-l.JLT - _HCL_ DEPOSITION ON CU WAFEF_e Entegris
HCI Deposition Kinetic on Cu at 20 ppbv, varying RH

O

1.4E+16 e RH <1%0RH 40% ORH 70%

__1.2E+16
S 1.0E+16 _ 1A
Eg R OE+15 RH 0% 74H _A_RH 70% 65H _J
O 6.0E+15 > .
g RH <1% and 40%
= 4 0E+15 = Linear kinetic
5 OE+15 = Same slope )
OE+ SN e S e
eI T BETS ion/cm? (RH 70% (<25h) h
0.0E+00 \ = Linear kinetic up to
0 40 60 80 100) 120 140 160 180 | Shme siope < 18 fonver

Time (h

[CI'T hai@20ppby = ©-3E13*[Time] + [HCI],,

O Deposition HCI independent on RH (<40%)
O Threshold 1.5E15 ion/cm? (RH 70%) (monolayer)
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3000
——Cu Reference
——Cu HCI 65.5H RH 70%
2500 | —CuHCI65.5H RH 70% LPE
Ny
=
]
g 1500
= 1000 |
Q
500 After LPE — No CI- signa
O T T I T
190 195 200 205 210 215
Binding energy (eV)

O Collection by LPE is > 95%
O Confirm by XPS (Before LPE — After LPE)
= Before LPE: CI2p peaks — double peak
= After LPE: No CI2p signal
O After LPE: No CI2p detected signal - different
spots of Cu wafer

Saturation level measured by IC is accurate

Normalized Intensity
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RESULT - XPS ANALYSIS - EFFICIENCY OF LPE-IC

O

Entegris

Cuz2p

Cu LMM

Ols\

Cl2s
C 1s l

" HCI 20ppb 65.5H RH 70% |

Before LPE .

Cl

!

N

2p 1

Cu3s |
u3p -

17:7
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r r r
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HCI 20ppb 65.5H RH 70% LPE

Cu LMM After LPE

wel | |
- W |
WM KW O1ls
No CI- d

P
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Cls

Z

12p
Cu3s

Wf% :
I

Cu3p

0

(no artifact measurement due to an insoluble ClI- species)

1000

800 600 400
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200
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P48 RESULT - HCL DEPOSITION ON CU WAFER o
e “ntegris

HCI Deposition on Cu for 2h vs. HCI Airborne Concentration

RH <1% and 40%
= Linear behavior

4.0E+15 = Slope difference not

3 SE415 e RH <1% ®RH 40% ®RH 70% signifiant > 250 ppbv
cfg 3 0E+15 . 4 RH =70% (< threshold)\
) » Linear behavior
Eo 2.5E+15 R = Same slope as
;‘? 2.0E+15 ion/cm? \\ e J
(-g) 1.5E+15 ? : f RH<19% 400-ppbv\
= 1.0E+15

5.0E+14

0.0E+00 \—

0 100 200 300 400 500 RH 70% 400ppbv
Concentration HCI (pbbv) | ‘

[CHats,ime = 6.9E12¥Cyic] + [HC, ,

\ &

SPCC 2018 CEA/LETI-ENTEGRIS |9

HCI threshold concentration showed at 1.5E15 ion/cm?2 (monolayer)




RESULT - XPS ANALYSIS O

Entegris
4000
Cl 2p (3/2 &1/2) —Cu Reference
3500 —RH <1%
- RH 40% —RH 40%
RH 40% <3000 RH 70%
i . S
L
C, ¢ ClI2 §2500 A
5T My 1 22000 -
Cl =
i | G1s00
Cl2s Cu3s 1000
CU3 D s il ‘,\.,,';;_‘-_.r__:‘__.‘.\‘ Dkt aenbil:
1- Ols j f 500 e | | |
m?’d 190 195 200 205 210 215
0 L [ i [ [

1000 800 600 400 200 0
Binding Energy (eV)

Bmdlng energy (eV)

Cu contaminated at 20 ppbv, 24h, varying RH
- IC measurement showed 1.5E15 Cl-/cm?2 whatever RH%

O XPS before LPE
- Bonding nature of CI- on Cu surface

= RH <1%: HCl, adsorption and CI- as CuCl

* RH 40%: CI- as CuCl

- New Cu compounds
= RH 70%: CI as CuCl , P

Color change) RH <1% RH 40% RH 70% : |10




RESULT - XPS ANALYSIS
XPS results Cu-HCI — Extended exposure time: 24h vs. 66h

2500 —Cu Reference 42000
2300 C|2p (3/2 &1/2) 24 RH <1% 37000 Cu2p
2100 - —24H RH 70% (3/2)
2 —-—65.5H RH <1% = 32000 -
5 1900 | —65.5H RH 70% S
§ 1700 - §27000 .
- ;-4 ]
& 1500 &22000 —Cu Reference
= 1300 = i —24h RH <1%
§ 1100 § 17000 —24h RH 70%
O O 12000 —65.5h RH<1% J
900 —65.5h RH 70%
700 | A VA P Ml 7000 . - ——
500 | | ‘ | 2000 ‘ ‘ | ‘ ‘
190 195 200 205 210 215 925 930 935 940 945 950 955
Binding energy (eV) Binding energy (eV)
10000 O RH 70%: CI ~1.5E15 ion/cm? (by IC measurement)
9000 Cu Reference U Extended exposure time
Cu = RH >1%: CI as CuCl (65.5h), possibly HCI
2 8000 | cCu,0 (AP=1849.2 : gas
S 2000 o petote s cuo = RH 70%: CI as CuCl (65.5h)
Z s L, cuco,
3 6000 = Color
2 5000 o RH 70%-> Strong color change (multiple colors)
3 - new Cu compound (CucCl,,Cu,O, Cu,CO,, Cu(OH),, etc.
© 4000 .
o RH>1% - slight color change (mostly CuCl)
3000 = Oxidation state
2000 o XPS showed only Cu, Cu* peak (RH<1% and RH 70%)
925 930 935 940 945 950 955 while Cu Ref. has Cu, Cu* and Cu*?
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X P S A NA LYS | S w Cu2p3/2 mCls m O1s m Cl2p Entegrls
0%
42000 4000 = Cu CuCO,
—CuRefe —Cu Reference
37000 | CUZP A RH 1 3500 —24HRH <1% Cu,0 Cu(OH),
2 32000 (3/ 2) —24h RH 40% 2 3000 —24h RH 40% No Cl-
2 52600 —24h RH 70% s —24H RH 70%
2 —65.5h RH<1% 22500 —65.5H RH <1%
g 22000 Cu —65.5h RH 70% g —65.5H RH 70% T, Oh
£ 17000 cwocuco, | g% | HCI
S 12000 S 1500 In% T 24h Dry =—p— Wet
1000 SR I S, Cu Cu  Cu0
2000 500 L 0 CuCl HCI Cu,CO, CuOH
925 930 935 940 945 950 955 190 195 200 205 210 a1s 12O ges | CUC 2-=3
Binding energy (eV) » Binding energy (eV) ¥ Cu2p3/2 W Cls M O1s m Cl2p " Cu2p3/2 m Cls = O1s m Cl2p
| | ' 1% 11% 23%
3000 o Ret 5000 6%
1 ——Cu Reference ——Cu Reference
2500 C S —24h RH <1% 4500 OlS CUO —24h RH <1%
g C-O —24h RH 40% 540001 cy,0 d |l —2nrua0
S 2000 \ —24h RH 70% § 3500 —24h RH 70%
2 —65.5h RH<1% 23000 —65h RH<1% RH 40%
g 1500 | C-C —65.5nRHT0% 5 2500 —65h RH 70% # Cu2p3/2 W Cls m O1s m Cl2p
E = 2000 o~
31000 2 1500
500 1000 ]
500
0 0
278 283 288 293 298 523 528 533 338 3 T 65h H 70%
Binding energy (eV) _ Binding energy (eV)
Cu Cu Cu,O
Dry condition: RH<1% Cu | Cu,O - Cu| CuCl 1% O  cucCl HCly| cucl Cu,CO, CuoH
= HCI, CI rep|aced Oxygen on Cu surface ¥ Cu2p3/2 m Cls m Ols W Cl2p " Cu2p3/2 m Cls m Ols W Cl2p
. 9% 14%
(Cu, CuCl, HCI, C-C organic); only Cu (1) 7% 12%
Wet condition: RH = 40% Cu| Cu,O - Cu| CuCl| Cu, 0| Cu,CO;,, etc.

= HCI, CI reacts CuO & Cu,0; mainly Cu (I | H 70%
(Cu, Cu,0, CuCl, CuOH, Cu,CO4, possibly CuCl,” (complex)) Time |12




RESULT — HCL DEPOSITION ON CU WAFER

Entegris
Linear mathematical model [CI] [Cl)gurt
Predict HCI deposition on Cu wafer , surf A
[Clsurs = f(IRH], [Chcil, [Time]) 5
[Cl]s, iINdependent [RH] N
On the range [0 — 70%] RH *
up to 1.5E15 at/cm? _ > 1C
> [Time] > | HCI]
[CF20pppy=5-3E13*[Time] + [CI], [C|']zh:?-951_2,*[Cch] + [CH],
K'20 ppbv=Kc*20pppy K'5n = Ky*2h
. _ _ o K= 2.65E12
Linear model: Cq s = K.Cyt, with K = + 20% K, = 3.45E12
(Ot = K CclTime] + [T, ey 3.05E12 2 20%
atom/cm?.h.ppbv
With K., = 3.05E12 + 20%

d For RH [0 — 70%] Linear model up to 1.5E15 Cl-/cm?

d RH <40% : valid up to few E16 at/cm?
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APPLICATION LINEAR MODEL HCL - CU D
Entegris

HCI transfer kinetic to Cu-coated wafer after
FOUPs intentional contamination and purge step [*]

8.0E+14 PC: linear
70E+14 | ©PC ¢ EBMCNT we PCCP EBMCNT: linear

r”g 6.0E+14

2 508414 4 PC245h 163 ppby

< 4.0E+14 L

S 30E+14 PCCP 24h |- 5.4 ppbv

: ;% 2.0E+14 ,} _____ U
W O LOE+14 | & WQI.EMEI\/ICNT U -
FOUPs outgassing 0.0E+00 = PR
—» Transfer conta. on Cu wafers 0 1o 20 3040 30

Time [h]

[*] F. Herran et al. Micro electronic Engineering 169 (2017) 34 - 38

O Example 1: Storage Cu wafer in different FOUPs (PC, PEI, PEEK, EBMCNT, etc.)
= Known the [CI] amount transferred on Cu wafer at given time
- Estimate the average HCI airborne concentration in FOUPs

[CI_]surf = k*[CHCI]*[Tirne] + [Cl_o]

O Example 2: ITRS 2016 — limit CI- on Cu surface E13 Cl/cm?
= Known the [C,] outgassing in certain FOUPs
- Estimate the maximum storage time
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CONCLUSIONS

. [CI_]surf Qoo
HCI deposition on Cu surface A \ef/b‘
= Linear law versus [HCI],,, Time <
= No dependent on RH% [0-70%] up to 1.5E15 atom /cm? |....... f RH 70%

1.5E15 atom /cm?

[CI_]surf = k*[CHCI]*[Time] + [Cl_o] -
With k = 3.05E12 (Cl/cm2.h.ppbv) + 20% > [Cyal t

Oxidation state of Cu after HCI exposition is mostly Cu*

Dry condition: RH <1%
= HCI, CI replaced Oxygen on Cu surface
(Cu, CuCl, HCI, C-C organic); only Cu (I)

Wet condition: RH = 40%
= HCI, CI reacts CuO & Cu,O; mainly Cu (1)
(Cu, Cu,0, CuCl, CuOH, Cu,COs4, possibly CuCl,” (complex))

Not recommend to store Cu wafer in high humidity (RH 70%)

Model can be used as industrial tool to predict and to limit the yield losses caused

by HCI in cleanroom conditions
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