20/09/2021

Fr kA RQ

institut

Airliquide

DEVELOPMENT OF A CONTINUOUS NUC‘I‘__I
DEMAGNETISATION REFRIGERATOR (CNC

European Research Council



OUTLINE

- Overview

- Thermal resistance issue
- Contact / Welding / Heat Switch issue

- Summary of resistance measurements =
so far |

- Heat Switch thermal characterization:
normal and SC states

- Test of the Heat Switch with a single
NDS

- Conclusion
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FEL OVERVIEW

institut

Goal is to achieve 1 mK continuously

Serial configuration is preferred to parallel (
» Twice fewer heat switches

 More compact

« Second stage (Nuclear |

Exp.

platform |

MXC shield
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VEEL THERMAL RESISTANCE ISSUE
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FEL PRELIMINARY BUDGET

institut

Towards 10 mK plate Towards 1 mK plate
(Dilution Refrigerator) (Experimental platform)
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VEEL PRELIMINARY BUDGET
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NDS to Cu wires “n 10 wires => 50 nQ) per wire allowed
For 10 Wires ¢1.5 mm - L=8 cm - RRR 2500
Cu wires to Cu block Welded nn 10 wires => 50 nQ) per wire allowed

Cublocks connection _|Pressed| 10 | 2 |Goal |
Cublockto AlheatHS |Pressed| 10 | 2 |Goal |
oraL | Jws| |

0 UGA neel.cnrs.fr 6




V771 CONTACT ISSUE
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- Is it possible to make a Cu-Cu or Cu-Al joint with &
nQ range ?

100 000
¢ Berman (1956)

© Manninen et al (1877)
EDeutsch {1978)
# Lau and Zimmermann (1878)
0 Salemo (1984)

| Okamoto (1920)

® Gmelin (1209)

£
e
.
-§

A Belleville and no grease
4 Grease and no Belleville
AGrease and Belleville

A No grease and no Belleville
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EEL CONTACT ISSUE A

Goal: dismountable Cu-Cu joint
Simple design for preliminary tests

Parameters:
Rough Polish (RP < P800) or
Coating (Ag or Au) o
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CONTACT ISSUE

Notes: A
- Use of high RRR bulk Cu is mandat | |
- 4 wire measurements can be tri

Resistance ladder network

HE Bl
e =

R bulk/R interface

0 UGA neel.cnrs.fr 9
o e



FEL CONTACT ISSUE
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Results:

 Supe [ RatdK | Sumple | RatdK _
Cu-Cu RP 7.5 kN | 435 £ 7 nf) AuDalicP 5.5 £ 8.4 nf)

AuDalic RP__ [ 3001 n0 || AuBvap P [ 13.7£8.7 nl2_
AgDalicRP [ 5256 n8) || Cu-CuRP | 44%9n
Bleptralesn g BE L Si=Smt ] [

- Extra con

neel.cnrs.fr




V774
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CONTACT ISSUE

Impact of multiple connections / disconnections

RP AuDalic | RP AgDalic | P AuDalic

Dismounted+0
09/12/20
Dismounted+2
10/06/21
Dismounted+3
18/06/21
Dismounted+0
23/06/21
Dismounted+1
*air 30/07/21

3.9 & 61}
8.9 + 3.9n0)
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FEL WELDING ISSUE
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FEL WELDING ISSUE
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After Annealing & Heat treatment
Sample Resistance at 4K for 1 weld [nf))] 4-wire

weld weld weld weld resistance

n°l n°2 n°3 n°4 (€]
CuCuWeldT 5O4+8 | 69+£7 | 39+17 | 524+ 17 | 13.1+£3.6
CuCuWeldS 3.
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HEAT SWITCH ISSUE

|dea (inspired from Shigematsu): chemical etching followed by plasma
etching + e-beam Au deposition (evaporation)

- Preliminary tests on a basic Al to Cu assembly:
- Different configurations tested (cf. article)

S. Trigueneaux et al.,
Journ. Low Temp. Phys.
203, 345 (2021)
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V774 SUMMARY

|||||||||

Towards 10 mK plate Towards 1 mK plate
(Dilution Refrigerator) (Experimental platform)
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V774 SUMMARY
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NDStoCuwires  |Brazed | 5 | 2 |Sameasini
Cuwires  [Buk | 30 | 2 |Sameasini
Cuwiresto Cublock |Welded| 5 | 2 |Measured (~50 n per weld)
Cu block (dismountable) [Bulk | 2 | 2 |Measured

Cublocks connection _|Pressed| 5 | 2 |Measured
Cublock (HSassembly) |Bulk | 3 | 2 |Measured |

CublocktoAlheatHS |Pressed| 1 | 2 |Measured
Al HS Bulk n Measured (3 nQ equivalent R)
OTAL  Jsvy |

0 UGA neel.cnrs.fr 16
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TEST OF HS + NDS

Further step = HS combined to a single NDS:

Carbon R

@) Heat
switch

il

SQUID Th. I

Existing PrNi; stage (Parpia)
PrNis; thermalized onto an Ag rod via cadmium soldering
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Once mounted onto Andrew’s (Bluefors) DR:
SN

100 mK plate
NDS Coil
HS Coil
' 10 mK plate NDS
HS i‘ 1 mK plate

Thermal link
(not critical)

SQUID
Thermometer

Thermal link
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V774 TEST OF HS + NDS
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Results- = MFFT_11-08-2021 —MFFT_12-08-2021 - MFFT_16-08-2021 ——MFFT_18-08-2021 ——MFFT_03-09-2021
1,0E-02

9,0E-03
8,0E-03
7,0E-03
6,0E-03

5,0E-03

Temperature (K)

4,0E-03

3,0E-03

2,0E-03

1,0E-03

0,0E+00
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7
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Results:

3,0E-02
2,5E-02
_ 2,0E-02

1,5E-02

Temperature (K

1,0E-02

0,0E+00

TEST OF HS + NDS

Hypothesis: SQUID noise thermometer saturates at ~1.45mK

50nW heat applied to MFFT_18: Time axis is expanded by factor 12 for MFFT_18
MFFT_18is adjusted downwards by 1,5mK to account for T offset caused by heat flow

— MFFT_16-08-2021 =——MFFT_18-08-2021

—MIFT 11063021 ——MSTT 12.08.2021 —
1,00 02

9,08 0%
a0
IALS L
g 86,0608
5,060

A8 0%
[

1,08 0%

2,000

LE0%

SOnW UK +0
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FEL TEST OF HS + NDS
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feer fm wd S weeaan 1 Tevge wos dusasvrert » g

Results:

Hypothesis: SQUID noise thermometer saturates at ~1.45mK

50nW heat applied to MFFT_18: Time axis is expanded by factor 12 for MFFT_18 ¢
MFFT_18is adjusted downwards by 1,5mK to account for T offset caused by heat flow

—— MFFT_16-08-2021 ——MFFT_18-08-2021

3,0E-02
—_ .6—'1' — ) x;r] ’,Y T
2,56-02 e : PrNi5 3%? mx
x " : i . .
R SQUID Therm. behavior is

_ 20602 5 | &AL e under Analysis
é 1,5E-02 “‘-:.' : o g—re————— —
g 0 & < Wi "— 2T ~_~::__--“A—-_T‘ -
o 0 0s 10 15 20 25 -
= T [mK]

1,0€-02

Plateau at 1.4 mK not in agreement s
i

5,0£-03 with heat capacity data of PrNi;

&y "
R RLEY e® (=]
U,UE'HJU _— ........lllllll.llll ------ -l--ln-ll-lllll"'----
Time (s)
'E.‘al ' 1 J 0 .
1§ 11 €2 1£.3 e $.5
1y
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FEL CONCLUSION
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with an NDS

We believe that
PrNi; stage wi
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FEL CONCLUSION
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NDS

- Manufacturing issue for PrNi
- Thermal contact issue (
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