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Best results at 300°C - 350°C, t = 3hrs Ref : Akira Miyazaki, Poster, SRF 2025 H. Ito, KEK, SRF2021
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M. Wenskat | TTC Meeting @ CERN 2020

Cut a cavity and look

Thanks to HZB

AT MK

0 50 100 150 200 250 300
Angle ¢

Heating zone => due to the formation of
carbides on the surface

Carbide (Nb2C)

« carbides can degrade the
performance of cavities? »

0 b Université
universite | pessciENces ?
PARIS-SACLAY | D'ORSAY de Paris

The origin of carbon causing these carbides is still not
identified:

* from residual gas during heat treatment
* from chemical processes
* from the bulk

What are their formation conditions?

Why Nb samples ?

It is important to study the Mid-T baking process under controlled
conditions.

Study with Nb samples by XPS, SEM and SIMS at TRIUMF and [JCLab :

*Measurements: Carbides growth and Nb interactions with impurities after
baking.
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Laboratoire de Physique Aims at TRIUMF :

S Produce Nb samples ( 50 samples)
Perform heat treatments with TRIUMF induction furnace => Analysis at [JCLab and Western University

Vacuum : 107 to 108 Torr
1000 -

800 r

= Niobium samples waterjet cut out of
RRR fine grain sheet
= Bulk BCP for 100um (on all samples)

a)yeg wnnoep

)
= 800°C 3hrs (on all samples) 2 600
= 10um follow up BCP 5
g £ i
= heat treatments (RT - 8oo °C), venting g
with N,. 200 |
D ki 1
0 1 2 3 4 5 6 7 8
Time (hours)
200C 250C 300C 350C 400C
450 C 500C 550C 600C 800C

Heat treatment : 100°C to 800°C (3 hrs)

All results will be with TRIUMF samples!

Nb sample Niobium Samples box.

C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF), J.Keir (TRIUMF)
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C. Boutelaa

SEM results

Sorel A » lers Dele 29 Now 204
Mag= 1555KX &.Jg_‘ﬁ

Ref : Chahinez Boutelaa, Poster, SRF conference 2025
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Sgrel A = i o 3 » ' Bgnw A » nLeny
Mag» 490KX e .22 Mag= 1049KX

S A s e Do 29 Now 2004 ‘)C e g S s Date. 24 Out 204
Mag» 1416KX e s Mag= BOIKX




e | FACULTE

. : %
‘ & Université

niversi | DES SCIENCES A

w L b ‘ yARlsgAcs:LtS | D'ORSAY de Paris

Iréne Joliot-Curie
Laboratoire de Physique

es 2 Infini . .
ST Mid-T Baking :
= 025 fy
—— . N
2 - \
16000 T r * r =~ rr 1 1T 7T °°7T1° — § o : Il.
1| = Stripping level 0 : 0s |:| No carbides - Bos VO e
140004 | * Stripping level 1 : 155 A - : _ w1 .
1| & Stripping level 2 - 30s Growth ¢ o1 b .
12000 4 | ¥ Stripping level 3: 455 I:I Reduction S gost ;' "« 1 Quantification of carbides by SIMS
— | | * Stripping level 4 : 60s 3 ] R : ~! as a function of temperature for
@ 100004 155 = 0.9 nm - i O e am we w0 = sw  mo  aw different level of ion etching..
E A Bake Tamp (C)
§ ) ] [ 0s 208 408 = = =603 803 1003
= 8000 5 : i -
E 1 . v - Philipp Kolb, TTC 2025, Korea
5 60001 .« v . - . .
S 1 . 4 H Discussion :
4000 - adtve " i
2000 ) . ¥ ie - | * Ogxide layer protect until 250°C, increases progressively up
] A . L to 500 °C.
04 » mewn i * Reduction of carbides formation after 500°C
0 100 200 300 400 500 600 700 800 900 *  We don't see carbide formation for 800°C !
Température (°C)  This results are confirmed by SIMS.

Quantification of carbides by XPS as a function of temperature for different level of
ion etching..

C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF), D.longuvergne (1JCLab), G.Sattonnay (IJCLab)



% CuL.

iréne Joliot-Curie

.® | FACULTE - o
universite | pessciences Université

PARIS-SACLAY | D'ORSAY de Paris

o3 Infinks o yae Why we don’t have carbides for 800°C with TRIUMF furnace ?

Hypothesis: Desorption?

-
S
[+

10—9 L

CarbonDioxide (Torr, Logscale)

_ CarbonDioxide Pressure vs Time for Bake Temperatures

0 1 2 3 4 5

Time (hours)
200C 250C 300C 350 C 400C
450C 500 C 550 C 800 C
1um EHT = 5.00 kV Signal A = InLens Date: 24 Oct 2024 >
= WD = 2.9 mm Mag= 8.03KX m!,g,&?}i
SEM pictures of Nb samples at 800°C during 3h. Carbon dioxide pressure vs time.

C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF)

“Its disappearance during

A.Dacca ,Proceedings of the 1997
Workshop on RF Superconductivity,
Abano Terme (Padova), Italy

the heating phase is due to _‘ s
the desorption of CO or =
» 3
CO, ®
>

“we observe that the thermal
treatment in UHYV at 1000°C allows to
obtain a surface fkee of contaminants
(oxygen and carbon) ”

A.Dacca ,Proceedings of the 1997 Workshop on
RF Superconductivity, Abano Terme (Padova), Italy
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— Discussion :
__Profile of carbides without Flash BCP 12000 ~——r———r—————————————
7000 - W Noflash BCEP. Stripping - 08 B No Flash BCPStripping - 158 ] .
. ¢ | X Noriamsce stippng. 30 o FlashBCP Stipping 155 o - There are less carbides when
6000 - 3 Nofash BOP, Strpping 608 10000~ 1 flash BCP is skipped.
5000 - A 3 - fan“ 8000 - 4
2 oo ‘ ] £ - Is that a proof that BCP is a
5 . S 6000- . 1  source of carbon ?
O 3000- . _ "
] he
2 4000+ .
2000 - ¢ . -g - . => PI‘Obably
1 - O 1
1000 - 2000 - 4
| £}
0_ I'l 1 v ? v T ! 1 v 1 v T v 1 v I; v u . C b 1 1 1 1 f
o 200 300 40 540 0 7o0 Bo0 900 04 = = = . « (Carbon signal 1s weakest for an
Temperature (°C) S e S . A anodized surface, intermediate
f carbides (T r  Temperature (°C) for a furnace cleaned surfaces and
Quantification of carbides ( No flash BCP e . ) strongest after chemical
by XPS as a function of temperature for Quantification of carb%des (No flash BCP vs flash % ) ¢
different level of ion etching. !3CP) by°XPS as a function of temperature for 15s of reatments. »
ion etching.
Article of the 1980 on SURFACE STUDIES AND
ELECTRON EMISSIONS, A. SEPTIER, Paris-Sud
Bulk BCP o 200°C to University
800°C 3h Hash BCP .
100 UM 800°C 3h
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300 nm EHT = 5.00 kV Signal A = InLens Date: 17 Feb 2025
WD = 2.3mm Mag= 35.92KX

SEM pictures of Nb samples at 800°C (Supratech) during 3h.

Cycle :

- Exposed directly in furnace
(not in Niobium box)

- 800°C during 3 h under vacuum
( 105 mbar)

- Cooling down to 40°C under
vacuum.

C. Boutelaa, D.longuergne (1JCLab), G.Sattonnay (1JCLab)

Discussion:

B 2K_Cavl_BCP+HT650+HPR @ 2K_Cav2_BCP+HT650+HPR
294 290 286 282

Binding Energy (eV)
Etch Time =0's, Eich Level =0

@ 2K_Cav2_BCP+HT650+BCP+HPR -=--0.5W

1.E+11
---10W

o 2T THOUT F
.“Gf ' .‘ - WITHOUT FLASH BCP

WITHOUT FLASH BCP

Qo

® oo o ,II ® ® ..

' ,,'IWITH FLASH BCP : ] % B
1.E+10 na L — —r®
, o =
@
8
(]
3um %T:;;:};V Sii/r;;;A: In;.z’;KX Date: 17 Feb 2025 :.,,,,.c.*la?lﬂ - ! \
° ° Eacc (k?lv/m) ® %
SEM pictures of Nb samples at 600°C (Supratech) during 10h.
Cycle : * Bestresults at IJClab for 650°C 10hrs.
- Exposed in Niobium box Ouestions
- 600°C during 10 h under vacuum < ’
( 105 mbar)
- Cooling down to 40°C under * SEM results confirm good Qo test, but we
vacuum. observe Nb-C by XPS!

« Issues only with the structure of carbides
(Nb2C) ? => YES



Contamination study of mid-T

- Perform heat treatments with KEK furnace ( 300°C-3h) for Nb samples

=> Analysis at [JCLab ( XPS and SEM)

s 10" e

=]
C

510"
4°10"
3710

27 10" M- F

1
(=]
o

10|0.

5°10°H
. a9l
4’10 00G 3h baking (R-8 16th VT)

3710%H ¥ 000C 3nbaking (R-4 12 VT)
4 B0OC 3h baking (R-8c 5 VT)

X-ray [nmBv/h]

210°H

o 1 Nb sample

H. Ito, KEK, SRF2021

Qualified furnace for Mid-T

bake!

Ence [MV/m]

KEK furnace + Cavity + Nb samples

© KE@

Sample preparation at TRIUMF :

BCP bulk ( 100pum)

Samples were annealed at 800°C 3h
No flash BCP

Mid-T bake conditions at KEK :

- Cavity and samples were annealed at
300°C 3h with :

Before (26°C): <3.2e-6 Pa = <3.2e-8 mbar
During (300°C): 8.2e-5 Pa
After (35°C): 2.5e-6 Pa

- Purge with Argon at 50°C




Contamination study of mid

10 um

EHT = 2.00 kV
WD = 3.3mm

Signal A = InLens
Mag= 813X

Date: 13 Oct 2025 > 4pum EHT 2.00 kV Signal A = InLens
J)Cuob | : A
Iréfie Joliot-Curle WD = 3.3mm Mag= 245KX

SEM shows no carbide (Stars) formation on the surface.
SEM shows white marks across the entire surface !

Date: 13 Oct 2025 S

Iréne Joliot-Curle

White point

@Vide et surface Plateform

15




M Contamination study for

XPS survey of Nb sample at []CLab : — EtchTime =0, EtchLevel =0
i Y —— EtchTime = 15.021 5, EtchLevel =1
—— EichTime = 30.036 5, BichLevel =2

—— EichTime = 45.048 5, BEtchlLevel =3

1200 Fr—r——Tr 7 N . —— EtchTime = 60.067 s, EtchLevel = 4
e . _ Presence of : C 1s (No flash) , C 1s (Flash) SRR
5~ j C-C C-Nb \ C-C C-Nb
= 1 1 1 1
: - | o
b 1 1 1 1 1
2 4000 1 No flash ClsScan 1 | flash C1s Scan L
8 | | | E _ ,"I : '1 DDEE - C1s Sean . |4| :
2000 - I(E ] BDUDD ] o oo III:| : ) 70000 4 ||:| :
. T, o0 |:'| ! 9.00ed{ 2 [
" 800001z [ 1 1 g 6000 | |I 1
0+ et ! e o S 60000 i 1 w < f [ 1 | 1
LI B B A LA R B R B B o 1 /: Il : | : - BDDE&_ e /AJ/I | : | :
O 100 200 300 400 500 600 700 g0 900 & FOO004 L~ b o - s w o m o mom |
Temperature (°C) 5 I e B S 7.00e4 R Sl ."I : |I :
EDUDD n Etch Time = 0's, Etch Level =0 [ : I : | : :
Quantification of carbides (No flash BCP vs © 4 I-’ o “ 6 00ed fon !
flash BCP) by XPS as a function of temperature 50000 4 '
for 15s of ion etching. = 5 ODed Lo T, N
L : e LN
e More carbides are 298 294 290 286 282 298 294 290 286 282
observed with flash Binding Energy (V) Binding Energy (V)
BCP ( KEK furnace)
* Confirms the results * Low presence of carbides afterabrasionup . |, presence of carbides after abrasion up
with TRIUMF baking. to 2 nm for the sample without flash BCP. to 1 nm for the sample with flash BCP.
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Summary

=> The aim of the present work is to investigate the consequences of thermal treatments in the
range 30 — 800°C on the surface chemical composition of niobium by XPS, SEM and SIMS.

— The formation of carbides begins at 250 °C and increases progressively up to 500 °C. Beyond this
temperature, their formation decreases until it completely disappears around 8oo °C.

= Does this dynamic depend solely on the sample or also on the furnace environment ??

— Results different for 800°C (Samples) between TRIUMF and Supratech Furnace.

Outlook

= In-situ XPS study of Nb surface during mid-T bake with plasma treatment ( TTC SRF 2026)
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Thank you for your attention

Chahinez.boutelaa@ijclab.in2p3.fr -



. 2 FACULTE
w Cl ' universite |
PARIS-SACLAY | D’ORSAY

Iréne Joliot-Curie
Laboratoire de Physique
des 2 Infinis

* All the department, groups and people that help with this experiment.

* MAVERICS Team, [JCLAB

« SRF team, TRIUMF

* Vide et Surface plateform, [JCLAB

* International Research Laboratory (IRL) beetween TRIUMF and CNRS
* ANR-21-ESRE-0049
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Nb-RT-BCP-2024

ounts / s
Counts / s

-
b

) 294 290 286 282
280 286 . Binding Energy (eV)
Binding Energy (e\)

C

EHT = 5.00 kV Signal A = InLens Date: 28 Nov 2024 'ﬁ ) C : EHT = 10.00 kV Signal A = InLens Date: 5 May 2025
WD = 3.8 mm Mag= 7.05KX $ySlab | . — WD = 5.7 mm Mag= 4.69KX

Iréne Joliot-Curle
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Fls Scan

Counts /s

698 B4 690 686 632 G678
Binding Energy (eV)

RT - flash

Counts /s

F1s Scan

698 694 690 686 682

Binding Energy (eV)

300°C-no flash-KEK

Counts / s

Université
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F1s Scan

698 694 690 686 682 678
Binding Energy (eV)

300°C-flash-KEK
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pet N Please use this plot in your experiments

Nommalized (to Bulk) NbC Counts vs Bake Temperature

0.25

=
[h8]
T
|

=
=i
n
T
[

Counts (Normalized to Bulk)

i
o1l _.rj\ I,Jl '-.Illlllr J' 1I1I \.\ |
f" %‘\4\ N ""f"l ) AN
FooTeN R Y AN N
f"’ J A A o
0.05} LT N UL
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s--'.'_'.___ % f:'i’ - ‘Jﬁ' T S
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0 100 200 300 400 500 600 700 800
Bake Temp (C)
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% Contamination study o
/ @ KEK Analysis at [JCLab by XPS : X-Ray spectroscopies
XPS Survey X-rays

N Photoeclactons

Surface

Counts /' s

XPS survey of Nb sample at [JClLab :

Mb 3p1

- Presenceof: Nb, C,OandF

Mb 3s

Cis

[RE=R LI

Mk

—F KL

- KLY
O KL3
T—u KLz

Trua
FF L2

T T T T T T T
800 G00 400 200

Binding Energy (eV) @Vide et surface Plateform

g

T
200

Y




Contamination study of mid-T Bake with KEK furnace

Aims at KEK : ) )
Perform heat treatments with KEK furnace Cavity preparation :
(300°C-3h) for elliptical cavities ( 1.3 GHz)+ Nb sample => Analysis at 1) bulk EP at CEA
[JCLab ( XPS and SEM) 2) 600C annealing at [JCLab
300°C-3h 3) flash EP at CEA
4) Test at CEA (2024)
o | - 5) 300C 3h baking at [JCLab
T 10" 1_95_3 '.'...3__9"!? 2_ K.@...KE__K s P 3h" s 6) Test at KEK in 2024
"""" baking at KEK | 7) 800C annealing to reset mid-T without
_________ ; i' . Bo— ' ' . / [ —
. e 8) Test at KEK in 2025

3000 3h ;
baking at 1JCLab |

9) 300C 3h baking at KEK
10) Test at KEK in 2025 ( same results as 6)

Mid-T bake conditions at KEK :

- Cavity and samples were annealed at
300°C 3h with :

PRI TSN T ST T T

0 5 10 15 20 25 30

Eacc MV/m]
\(‘i) KEK

Before (26°C): <3.2e-6 Pa = <3.2e-8 mbar
During (300°C): 8.2e-5 Pa
After (35°C): 2.5e-6 Pa

- Purge with Argon at 50°C

26
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Counts (Mormalized)

Baseline Sample: O, Fragment Counts
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- Profiles don't seem to exhibit classic diffusion profiles straightforwardly
- Qualitatively: as bake temp goes up, O2- profile as we move past peak morphs from linear to two-sloped
Could be evidence of diffusion of oxygen deeper into samples? Unsure
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000 U IOor 10N with supratechn rurnace (IND

sample + cavit

3um EHT = 5.00 kV
f { WD = 2.9mm

Signal A = InLens
Mag= 2.88KX

Date: 17 Feb 2025 4 )

Iréfie Joliot-Curle

Culsb

. SEM pictures of Nb samples at 600°C during 10h.
600°C for 10h with Supratech furnace P P 5

B 2K_Cavl_BCP+HT650+HPR @ 2K_Cav2_BCP+HT650+HPR

@ 2K_Cav2_BCP+HT650+BCP+HPR ---0.5W
1.E+11

---10W

’!‘l' , . ~*" WITHOUT FLASH BCP
a T rYeg

Qo

WITHOUT FLASH BCP
e® o0 0 o ® o o8

7 ®
,* WITH FLASH BCP Vs a

1E+10 2 e T

MYRRHA Simple e :

Nb sample ’ /
Spoke Cavity ! o

1.E+09 e
0 5 10 15 20
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Discussion:

* Best results at IJClab for 650°C 10hrs.

Questions :

SEM results confirm good Qo test, but we

observe Nb-C by XPS !
Issues only with the structure of carbides?
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