Supraconducteurs basse
température

B. PANNETIER

DRWBT 4994-1L



A= b0 TR




 DUPRACONOUCTEURS A BASSE TEMPERATURE

B. Pamuwelien | CRTAT Gremeohbla

e L wiodualion

o Bavn MmiuoswmpguLe
- Rpu&u suan B.C.S.
- TPosres do Coopex , E el Calfong

o C(omseuences oo 2 'oncstemce o 'un Qop
- couplayp emhi quascpacltewlia ok phowome
- JIulrscdion avee ‘e WKW

- iwuel

- ("mpwéh:s I'Quuu.q(u.u

o  Conwouamces ch fo  colanares ole. plha.te

. €E& Messven

- Qua caffon dla @eu/r,
i} t‘&ﬁd&. @w.%‘ou.%s L

- Propudlis wagualiques “ , Sypo IC
- EF&!& Sos-q:hoy‘ %P& ¢

. S..Lpro.cav\d.u.:km gm.iulo

Aussns  2-6 deceahve 9\



SUPRBCONDUCTIVITE

. Conduclion pu{{aih =0 ( holowalZ
. ddam%v.itfi.swuz_ R= © ( qromies
240 (mV) = 0.3 Tc- CK) ( daleeiTn a,u.‘um.

- -
=

. %o.‘a o'Cwngee
G ldance ol p&cue Y= ng et? [ Sguid

MATERLAUX SUPRACO NDUCTEULRS

E s T, £ 10 &

e iri "

L fBe Aublens It g wlslitd des B Jc In o [F [wne 4

Un astensgun imbigue us sement sunracondusteur scuwement en hlms

TUALES OU 3 RIUIE Prevsecsd JaBs un etlal orstalin normaienient nstable.
s . iwdapres B 1 Marrinasy
Na | Mg Al |sie fp S cl A
o Tempomiure de ransimion on K 1,180 - — . -
Champ magnetique cremue au 2810 absol en gauss 110 ~° T) 105

K Ca Sc Ti v Cr Mn § Fe Co Ni Cu Zn Ga Ge® ||l As Se* [ Br Kr

PP B . 039 §5.38 . _— - . os7stoor g . . f _f .
100 1420 53 51

Rb Sr ve 2 Nb Mo (| Tc Ru Rh Pd Ag Cd in Snef b [ Te® |1 Xe

= cmflowm f.—. 105460920 §032 8727 §oOsSL. PR /. - - 4056 {23 372§ el o | e f e
a7 1980 | 95 1310 § 70 30 293 309

Cs® [Ba® flaw: § Mt Ta w Re Os Ie Pt Ay Hg + | T Pb Bi® | Po At Rn

oo s 6,00 o 14,405 §0,002 1,608 § 0685 {044 § .o | .. 4133023907493 0 o e | o a
1100 830 (107 (:8 {65 19 412 {171 {803

Ce* || Pr Nd | Pm | Sm Eu G Tb Dy Ho Er Tm vb Lu

1368 1.4 [¢X-]
1.62

Cowpos&o Crlen MM&M@W To<23k

NbN \/ng; , N%Gg e .o =

" Supra comducess ot gty
Fanwcoe |ouds ((JPE‘B) , Orgomgpaes [C;»O>

Owydss N Rl

/



REPERES HISTORIQULES ( dibouvedes _,q_‘,p@.;ma;u>

4% puwods

1944 K. Owuwes Muowr T =%2k

493y Mecsswen | Lowdoy

19350 Gingbug  Lawmdaw

1953 Bardeen (ooper S h'é#,\ Thiouia M easeop gt
1961-62  Gcaver Jowph Son Cut Funuel

lwlpéﬁdodt

Applcitions Rehvoloscauss
ﬁ.u%«it‘ow;.mz,/ Bdowg‘n:nilsm/ da'bectron e me','xo(?o%k'a
wéwoues | cirunds \c%éwm/ afwoads , - - -

Prppleaaltvns o fa P’&';@W : (s?rew m&cﬁa)

Supeacdudtaate hown copblaa C'Kﬂ- fuwwedd Quowlioue,
WoooSoPeque | ek MaProconduclows | Mpuu&aqu .

.No\.\"w.‘n.w'n
A LS (MLJ&--)/ Phases o Chevnad , Huetzgfﬂnww.&)
Fel\.\mrmp &wuh , OVL%Q\M:QMO CC‘“)/ Wad_ﬂg , -



_ "
BRSES _M1CRE3COPIQUES

- ‘ui.(:'aiv.'m csudonlacia e ~ i=
Twleadion olfio.ciive. \/&N = 1\
e ‘_u.'.ﬁwﬁ'w vea phonms <
L'¢betion £ dc'{aum. b adtear : la polonsulion cwduite alfere Lehclin? |
Vit
Scmyr&‘sémﬂﬂ& YA - (h"p foer
Vo= = \' :wum;a:\ ‘ v

Instublile do Gooper.  (1956)

2 ehelirms + (N-2 eeclious d&ﬁ«m)
U =
2 Paiio Lz (AT -hl)  diuuge  2e = 26 -

Etat fondowmbal BCS (N -jacktenlss  (95F)

=

p - (A
Fouclion ol‘oude gewiraliven (T=0) . (> = q(%“‘i’* {c_';) loS
PC““’” 5“ Kee QP patre \Z:la %o.h.n. ':sc:'.m;iq.
N  nown gt:xe' (AN /N ~ l/\fﬁ) ”
@l ol voacolTounel BCS = 'L&k,'?r& ) Vi, = 1= e WAWE A
G
Lo deHtTCbulion olas o fels cla '{;-Q.L:t.ﬂ.a 1 N\
o 2tuld e 8% v A/t
| : Y A
CS. = ! =
A et & gop BCS lz_\ 2 Vi Y i |

T‘uﬁhdu{-m ~ 541 '@na,um mwb\ém §°=% VO

Phadnowi we Cnopemttf : B, >> Al

Emri d:.c;wdmftw G—E M AE :’—_kN‘oA‘z AD A A

K o
N £
Sole a)y A = Zhwy e WV ek Q'WQ. de. leacson de (o paine
)



A(v)

Te.wpémm eallugue A(°)‘
A Tso & Q0P A = zv“.,uu-(t-z‘D

s'oawnule pour

o s T |
Tc.—_ 4.13 93 e NV ¢

Rulakion BCS : ‘ ZAG) = 3.92 {LTG ! Cou plage (m“[,k N, \e

Prer ch T y Oy~ (L= "‘/Te)"L C chosup m%u\) :

G romdeuss canaclons Egue, ¢

< |3lo [to (1o ll20 | 23¢ | 39¢ | 29 | 89 |275 | 4wo

™ K |0.012 | 0.1y | 0.38 | 0.56 | .82 [4.18 | 3.4 |3.19|4a.2 | gs

20 m\( 0.15 | 0.24 | ©.3¢ | l.oS | 2.33 | .05 | 3o

(=]
go A oo 16000 | Lko | 830 |38 |k-3p




puw;d-.

ﬂwqﬂ@%&g i @ cenlion de pedies
DT - Touw  doms wn sewu.oxdudm

Seenfiudas :
boque dfabunplion  proumus de Ucsdnons m )

Defie

Exeitolfows clmudours BCS

R epretonhatton " pesus concliee Fertrs

Cooper o 2 quaspoticslos

Sewl = vs Supo cowduckeus

Supro.comdasel i,
L6 ~ L omeN
A Ll a8 Ee

A << ﬁﬁwmb
( Phrews 28 Ay W@m)
evdeusal” colaasut

E
2betion b supplénantenis i e/
supempotihim colhe rande /
lapy = uy |eheltm b+ | Aou - > \//
A ¢ SRR SN
: : N E'S 2 . -‘—1):- e K
&Spus(,m : Ek:: (Ek + A)”"’ € = E—- TEs ) .
b b b
A0 wlouste pos  dlexeliblion  df¢uusee CMFM.'wu. - A .
Lo denwte” d'chks presenti wm gap -
f & ; - . - e \
N (E’) = No m ‘ = % :t_.::g

Excifoncs olfuuw qap (&/€3> Ao @ ol quaa-

aefZve ki o Hia WL fo

Sevarconductena
%‘% ~ 4o/
@‘ Lee oue oomdes
g,,%ﬂi“csm &@ng;&

f—:% >> ’ﬁ‘%



2

RELAXATION DE (LENERGIE DANS VY SVPRACONDUCTELR.

Mcla) wowad : | b UM

e
-

EREe

P[&,-Q> ~ otF(2) x DOS ¥ (omupu;b:w) VT

|Morocaw | #] Se] No| Coumloge e-ph: L°FQ)n bOZ e
_Te  “lu@ [335 | 9.2 | Cleckms : L o T3 (mm b’“’;‘? (Bebyg
G ()" 438 | 23 | 0w Ce

| 2 P 20 [ wio Tez | Fhomems ‘z“;; ~T ()

Htof auprmcomductun

|

Hecowrswe doe Aufax alfon : Mecaudme do Qocombcnarsay:
E Lo 1—)% £ o LT
T H\T T
\_,e{/{”» - e
E-n \ v/ :., £
& 7
A lb.cmulx‘v\m.‘i‘an

v [0 Kaplax o

, < RRBLY , 485k (m:m))
Absaption 40 plonnts .
—&&T ! .
< — Lo Ssun dt Ppltadda
s e Tt S (s zad

- 5 \
;T:_ ;’ 1 /‘ "‘\1-



PROPRIETES THERMIQUES

Ewopce :
L' eudtopce doo thhcliows  da‘ceoilt claws
Lo phase cuproconduclice Covdonuds )
3 se vedact & o couditbens on dea quuascpeulicnt

S =--2.§.Z, el +Co=fyom(i-)
A UL VYN

%Mmufq}u. .

Doms €'chot wonwal

c T+ AT? Phlleps PR I13%, 385 (196%)
=y 1+

" Geo @ wm
Doss £ Unak W" Cp% Cn c&%@: " :
Tea - B - .
¢ =T "W sayT o kP T |
s T .
. M’va ACHE k
Somt  AC = L3 & T (4 ada) =
A% = L - A"
I " N
Cowduclivite MW ) T2
Ebt wonmal :
K = Ce QP\"
AT ¢ P §T +&
r;"wwmg -'7‘ A , L,‘_’\ﬂ S’\
| Cwe puasls; Lloctims D puse )

M“’Qw?mmuducm y
—~ &RT
QQ -
5 . e AR

Mrancws ‘:r:mj;‘vﬁ“&p.m,

=7




PROPRIETES MAGNéTQues

Conseguaces o (o cobsiace du cowdausat .

e
EMM&W BRCS A ansn C&,-k) m<
Etet (f4y, -6.+q) = %Q_‘.qh"’”) Gonsbalion w mI’-—-F%
Ev ominl : V= (¥ et o)
Z

N\

dom sl ot potss v = [y(* ST

mf
Ewn Presouate thfean JMMM-P Y\Lﬂ-gll-ﬂll:.v-lﬂ..‘

- » - "C* _*
'3;_nse.v-_ #(kﬂcp e./-\)

Co¥as: -  covaqud™ puscxm (V: o) .
- Twvaiuce ﬂéw-gﬂ- A--sA--b-‘Yf ({—:tp-i—_%f
~ Equafion du Lowdan mt::/‘:‘-ﬁk

b) Eﬁd’ Mecsswen

U "
Dea s res e R = By %P ~ = .
A
4 \ . e (oo A
N wguan de pewd ulkion Mo _w

 pemset {‘ﬁ&ﬁ.a 8%
¢) Qmuﬂgmnﬂw du e Vo g Fintan_ | :
¢ uwieluce > j(choLt: 2 N

Sur um  chawuy o T =0
‘V\ZnM = Q.Pfﬂd(

r@: N & i:z% qua wluw dn@wx 2.07 16w




e . F. k6
E‘uw;‘& ols Comdennation 2% /
—_ LN, 2 - He '
Bey = G -£, T-37 | ,
. _E - _t 2
E'm:}u. &lu E "“ - z/“oH
= euugu de comcltusalion z e H'= 5 N a*
N
Eungen d-rc’uhajam_ N-S = H.
L'z \§ YL:: ;4-—__-”_
— 4 H’- o~
A“Candmsaﬂm - E/k e § ) S5 3 N,
. ;
At v = = A
waguitgue W H s o e i domaries
k3
Ewtusce da Swpeo s = 5t (B (
/* ) o Eridiatn
- 2 =0.68 N/ Lewsle pvwve | X3
Punwt(&d;.&nﬁwg-la»dm K= % :/
' "\, =038 Me  Lwiterh ¥
(
2 \""&w de Supcacosduchuss K < © (‘.‘%‘;_ T (ﬁusym>
K >& - bl (verter)
Suypcocondu eheuns de %PQI (< -4-1_\, P4 N |
E&M ‘PUM ml Tw J Swv--- (ba_sT;) I H
H<He o Efpt Heosswn posfast \\f
Trowschon du 4% endae
’ Hyp N
» & Faks wabaska . Hg
- | o= b [T TN A
- Rerewd o lo condangetion He= W %{i S 3\‘
Q;Ma s Sivievewus T LS Tl AR mdx&@b Te T

( 2 walogue chosdee &L@a)



Suprocouductuus & bup 1T (R>'\7Lr>

a.m:aqml baut . (% v = Pd:.'.t-) M He, He,
2 champs edhogue, : / ¥
Hy = LHe Powabolio du flon
ch = Kk H Tramscliam ases fove "
%,
Etul mixbe : ol H d'Hc,_) \ N
&'W ole. %« M&q = Veuex vk
\
A Voguitifae Reveass o' frbvikosov %, —
Meagswia ~~
- Résestounce wnulle = 1: -
- dio wagulS we cneowplel- :
— Cownaut” eligue cowtiole par aauu,a,i,. ole, vmmy
( Hcrfoﬁﬁm._%‘. \
Cowaanls caihigue,
Lewste  obsolue LugH? = L* vt 3 e
/“0 2 ns : < /“EA&
( M~ 5 107 Afow® YBolO ~ 107 A /e )
Jowals olfecuwte wa profigu. - AT
r— d","'.‘;:.'.'
Desscpaliom : (1 -'r-"'0> = e o’
- dipdgeage din vorhk  pax fmue dilereny  F - Ixd
jo. disscpetton fsulle  dia Clctonduwnt don vodox V:.-‘izﬁ
( Flus ]g&w)
- Jpagage  pan  ochvelLo W.‘xw.o.
(Flur Cap )

FﬂzJ‘uo.\‘Z S



Thiowi do Gemgbwg, Lavdoue -~ (1450)
Thanie phavomeusloguqs |

o Slewtigre doms \ecode de o Hidouz des Bomsitions
do. phhose due §econd. ondie

o wa dfpeud pos do bo Yina WLLUOSLOPqR,

H%Eam-,

, ~ Excstence  dlum paawita  dlondaa P

| - \-l/ - O Ce e smaasnts” & la im&:ﬂv\

Vodode Ve | Vacs«-‘ua%e ds (o h“(w.k;h‘m | WS
pas Rop pren ( Tgwore kW flctuat o»\,.\)

I AT ¢ o30S -

- Exacle - NERR LI Y o YT (lLLC—Y(‘Ml‘:’ BD.C.8 (G'OHCOJ?
- V'Q-QILO‘QL_A'(U;%L(O.T ‘TC o ad

i « el woyen dedade oo cladd vimples

| DQ%WW\I" oo ¢ aangee XA

A¥ = §, -F, = o | A2 4 E? lq,l‘ﬁﬁ.é%(‘jiVa%@‘)L&» At:_j W

( ol v Tc:"“'@
| AF  vacvd wawa, poun G or B demnvg's ?M: CyF

S (-tv-2a) 4 = —m g - p\M"; } o
‘G"La &WQ ® L ,:*

Tz vob- W = % L%ﬁ’ (-ew 22 Ql) '+t cc)

Tolewtrqua o £ Equalion ds &im@@i&w%% Poue vana ponltend
wi = 2w ) ef= 2 (poss da %@p%} dovus L h@mw@@ Wbl

A



