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1  EPO 

Description 

The  invention  relates  to  a  device  comprising  a 
sensor  for  producing  a  temperature-dependent  elec- 
tric  signal. 

Such  a  device  may  be  used  for  measuring  and/or 
controlling  the  temperature  in  a  space.  It  is  the  object 
of  the  invention  to  provide  a  device  which  is  particu- 
larly  suitable  for  use  at  comparatively  low  temperat- 
ures  at  which  some  materials  are  superconductive. 

For  that  purpose  the  device  according  to  the 
invention  is  characterized  in  that  the  sensor  com- 
prises  a  thin  layer  of  a  superconductive  material  the 
composition  of  which  varies  gradually  over  the  layer 
thickness,  the  thickness  of  that  part  of  the  layer  that 
is  superconducting  being  dependent  on  temperature, 
which  layer  is  connected  electrically,  via  electrodes,  to 
an  electronic  circuit  for  measuring  the  critical  current 
in  the  layer  and  processing  the  signal  produced  by  the 
sensor.  Examples  of  superconductive  materials  which 
can  be  obtained  in  thin  layers  with  a  composition  vary- 
ing  gradually  over  the  layer  thickness  and  methods  of 
obtaining  such  materials  are  described  in  prior 
Netherlands  Patent  Application  8701788  (PHN 
12,209).  Since  the  composition  of  the  layer  varies 
over  its  thickness  the  layer  will  be  superconductive  at 
a  given  temperature  overa  part  of  its  thickness.  When 
the  temperature  further  drops  the  thickness  of  said 
superconductive  layer  increases.  Since  the  critical 
current  strength  at  which  the  superconductive  state  is 
removed  is  proportional  to  the  thickness  of  the  super- 
conductive  layer,  said  current  strength  is  a  measure 
of  the  temperatures  of  the  sensor.  The  device  accord- 
ing  to  the  invention  enables  the  measurement  of  the 
said  critical  current  strength  or  the  generation  of  a  sig- 
nal  depending  on  the  critical  current  strength  which 
controls  a  device  for  influencing  the  temperature. 

An  embodiment  of  the  device  according  to  the 
invention  with  which  the  temperature  of  the  sensor 
can  be  measured  is  characterized  in  that  the  elec- 
tronic  circuit  comprises  a  controllable  current  source 
as  well  as  a  measuring  circuit  for  measuring  the  elec- 
tric  voltage  between  the  sensor  electrodes  and  for 
supplying  a  control  signal  to  the  current  source,  all 
this  in  such  a  manner  that  the  current  supplied  by  the 
current  source  increases  when  the  measured  voltage 
is  equal  to  zero  and  decreases  when  the  measured 
voltage  exceeds  zero. 

An  embodiment  of  the  device  according  to  the 
invention  with  which  the  temperature  in  a  cooled 
space  can  be  maintained  at  a  predetermined  value  is 
characterized  in  that  the  electronic  circuit  comprises 
a  current  source  as  well  as  a  measuring  circuit  for 
measuring  the  electric  voltage  between  the  sensor 
electrodes  and  for  supplying  a  control  signal  to  a  heat- 
ing  circuit  which  comprises  a  heating  element  which 
is  accommodated  together  with  the  sensor  in  a  cooled 
space,  which  control  signal  ensures  that  an  electric 
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current  is  supplied  to  the  heating  element  when  the 
measured  voltage  is  equal  to  zero  and  that  the  heating 
element  is  switched  off  when  the  measured  voltage 
exceeds  zero.  A  cooled  space  is  to  be  understood  to 

5  mean  in  this  connection  a  space  which  is  in  thermal 
contact  with  a  system  which  withdraws  heat  from  the 
said  space. 

A  further  embodiment  in  which  no  separate  circuit 
is  necessary  to  produce  current  for  the  heating  ele- 

10  ment  is  characterized  in  that  the  heating  element  is 
connected  in  series  with  the  current  source  and  the 
sensor,  the  current  source  forming  part  of  both  the 
electronic  circuit  and  the  heating  circuit. 

The  invention  will  now  be  described  in  greater 
15  detail  with  reference  to  the  drawing,  in  which 

Fig.  1  is  a  cross-sectional  view  of  an  embodiment 
of  a  sensor  suitable  for  the  device  according  to 
the  invention, 
Fig.  2  shows  graphically  a  possible  variation  of 

20  the  material  composition  as  a  function  of  the 
place  in  a  layer  of  the  sensor  shown  in  Fig.  1, 
Fig.  3  shows  graphically  a  possible  relationship 
between  the  critical  temperature  and  the  material 
composition  in  the  sensor  shown  in  Fig.  1, 

25  Fig.  4  shows  graphically  a  possible  relationship 
between  the  critical  current  strength  and  the  tem- 
perature  of  the  sensor  shown  in  Fig.  1, 
Fig.  5  is  a  block  diagram  of  a  first  embodiment  of 
a  device  according  to  the  invention, 

30  Fig.  6  is  a  block  diagram  of  a  second  embodi- 
ment,  and 
Fig.  7  is  a  block  diagram  of  a  third  embodiment. 
The  sensor  shown  diagrammatically  in  Fig.  1 

comprises  a  substrate  1,  for  example  of  sapphire 
35  (aluminium  oxide)  on  which  a  layer  3  of  LaMeCu04  is 

provided  by  means  of  vapour  deposition,  in  which  Me 
is  selected  from  Ca,  Sr  and  Ba.  On  this  layer  a 
La2Cu04  layer  is  provided,  likewise  by  vapour  deposi- 
tion.  As  already  described  in  the  prior  Netherlands 

40  Patent  Application  8701788  (PHN  12,209)  mentioned 
already  hereinbefore,  a  solid  state  diffusion  reaction 
has  been  carried  out  by  heating  of  the  assembly  thus 
formed,  in  which  between  the  two  layers  3  and  5  a 
layer  7  is  formed  of  the  composition  La2.xMexCu04, 

45  whereinx  gradually  increases  from  the  top  downwards 
from  0  to  1  .  The  possible  variation  ofx  as  a  function  of 
the  distancet  to  the  top  surface  of  the  layer  7  is  shown 
graphically  in  Fig.  2. 

The  layers  are  then  ground  at  an  angle  at  two 
so  oppositely  located  ends  to  make  the  centre  layer  7 

accessible.  Gold  electrodes  9  are  provided  by  vapour 
deposition  on  the  inclined  surfaces  thus  formed  to 
which  connection  wires  (not  shown)  can  be  connected 
in  a  manner  conventionally  used  in  the  manufacture 

55  of  integrated  circuits.  Of  course  it  is  also  possible  to 
make  the  centre  layer  accessible  in  another  manner 
to  provide  the  electrodes  9,  for  example  by  making 
scratches  in  the  top  layer  5. 

2 
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Below  a  given  temperature  the  layer  7  has  super- 
conductive  properties.  This  critical  temperature  Tc 
depends  on  the  composition  of  the  layer  and  hence  on 
the  value  ofx  .  Fig.  3  shows  the  variation  of  Tc  as  a 
function  ofx  for  the  case  in  which  strontium  has  been 
chosenforthe  metal  Me.  In  that  case  Tc  maximally  has 
a  value  of  approximately  40  K  for  x  =  0.2.  For  other 
values  ofx  Tc  is  lower.  Since  x  varies  gradually  over 
the  thickness  of  the  layer  7,  as  is  shown  in  Fig.  2,  only 
a  very  thin  part  of  the  layer  7  is  superconductive  at  40 
K.  According  as  the  temperature  becomes  lower,  the 
thickness  of  the  superconductive  part  increases  since 
in  that  case  parts  wherex  deviates  slightly  from  0.2 
also  become  superconductive. 

The  maximum  current  which  a  superconductive 
layer  can  convey  without  losing  its  superconductive 
properties  depends  on  the  thickness  of  the  said  layer. 
When,  as  described  hereinbefore,  the  thickness  of  the 
superconductive  layer  increases  with  decreasing 
temperature  the  value  of  the  said  critical  current 
strength  also  increases.  The  variation  of  the  critical 
current  strength  lc  as  a  function  of  the  temperature  T 
is  shown  graphically  in  Fig.  4.  By  measuring  the  criti- 
cal  current  of  the  sensor  described  the  temperature  of 
the  sensor  and  hence  the  temperature  of,  for 
example,  a  space  in  which  the  sensor  is  present,  or 
an  article  with  which  the  sensor  is  in  thermal  contact 
can  hence  be  measured. 

The  exact  variation  of  lc  as  a  function  of  T 
depends,  of  course,  on  the  materials  from  which  the 
sensor  is  manufactured  and  on  the  details  of  the  man- 
ufacturing  process.  Examples  of  various  useful 
compositions  and  methods  of  manufacturing  are  des- 
cribed  in  the  said  prior  Netherlands  Patent  Application 
8701788  (PHN  12,209). 

Fig.  5  shows  a  block  diagram  of  an  embodiment 
of  a  device  for  measuring  the  temperature  by  deter- 
mining  the  critical  current  strength  of  a  sensor  of  the 
type  shown  in  Fig.  1  .  The  sensor  is  present  in  a  space 
1  3  denoted  by  a  dot-and-dash  line,  the  temperature  of 
which  is  to  be  measured.  The  electrodes  9  of  the  sen- 
sor  11  are  connected  to  an  electronic  circuit  which 
comprises  a  controllable  current  source  1  4  for  su  pply- 
ing  current  to  the  sensor,  as  well  as  a  measuring  cir- 
cuit  15  for  measuring  the  voltage  between  the 
electrodes.  As  is  shown  by  the  broken  line  17  the 
measuring  circuit  15  provides  a  control  signal  which 
controls  the  current  source  14.  The  measuring  circuit 
15  may  comprise,  for  example,  a  threshold  discrimi- 
nator  which  supplies  a  first  voltage  when  the  voltage 
between  the  electrodes  9  exceeds  zero  and  which 
supplies  a  second  voltage  when  the  voltage  across 
the  electrodes  is  equal  to  zero.  The  current  source  14 
is  designed  so  that  in  the  former  case  the  supplied 
current  decreases  and  in  the  latter  case  the  current 
increases.  As  a  result  of  this  the  current  adjusts  so 
that  the  layer  7  of  the  sensor  11  fluctuates  continu- 
ously  between  the  superconductive  state  and  the  non- 

superconductive  state.  This  means  that  the  adjusted 
current  is  substantially  equal  to  the  critical  current  lc. 
The  temperature  of  the  sensorand  hence  of  the  space 
1  3  may  be  read  from  the  graph  associated  with  the 

5  sensor  11  in  question  of  the  type  shown  in  Fig.  4.  The 
current  can  be  read  on  an  am  meter  19  which  is  con- 
nected  in  series  with  the  current  source  14  and  the 
sensor  11  and  which  is  preferably  assayed  to  tem- 
perature-units,  so  that  the  conversionvia  the  graph  of 

10  Fig.  4  is  no  longer  necessary. 
Fig.  6  shows  a  block  diagram  of  a  first  embodi- 

ment  of  a  device  for  controlling  the  temperature  by 
means  of  a  sensor  of  the  type  shown  in  Fig.  1.  In  this 
case  too  the  sensor  is  present  in  a  space  13  denoted 

15  by  a  dot-and-dash  line,  for  example,  in  that  it  is  pre- 
sent  in  a  cryostat  filled  with  liquid  nitrogen  (not 
shown).  The  electrodes  9  of  the  sensor  1  1  are  connec- 
ted  to  an  electronic  circuit  which  on  the  one  hand  com- 
prises  a  previously  adjusted  current  source  21  for 

20  supplying  current  to  the  sensor  and  on  the  other  hand 
comprises  a  measuring  circuit  23  which  may  be  of 
approximately  the  same  type  as  the  measuring  circuit 
15  used  in  the  device  shown  in  Fig.  5.  In  addition  to 
the  sensor  11  the  space  13  comprises  a  heating  ele- 

25  ment  25  (for  example  a  resistor)  which  forms  part  of 
a  heating  circuit  which  further  comprises  a  voltage 
source  27  and  a  switch  29.  The  measuring  circuit  23 
produces  a  control  signal  which,  as  is  shown  diagram- 
matically  by  the  broken  line  31  ,  controls  the  switch  29 

30  which  may  be,  for  example,  a  transistor.  When  the 
voltage  between  the  electrodes  9  of  the  sensor  11  is 
equal  to  zero,  the  measuring  circuit  23  provides  a  first 
control  signal  which  closes  the  switch  29  so  that  the 
voltage  source  27  provides  an  electric  current  to  the 

35  heating  element  25  as  a  result  of  which  the  space  1  3 
is  heated.  The  sensor  11  follows  the  temperature  of 
the  space  1  3  and  as  a  result  of  this  the  layer  7  comes 
in  the  non-superconductive  state  when  the  tempera- 
ture  has  risen  to  a  value  at  which  the  critical  current 

40  strength  lc  corresponds  to  the  previously  adjusted 
current  strength  of  the  current  source  21  .  The  voltage 
between  the  electrodes  9  then  exceeds  zero  and  the 
measuring  circuit  23  provides  a  second  control  signal 
which  opens  the  switch  29  so  that  the  heating  element 

45  25  is  switched  off.  Due  to  the  cooling  the  temperature 
in  the  space  13  then  decreases  again  until  the  layer 
7  of  the  sensor  11  again  comes  in  the  super-conduc- 
tive  state.  The  temperature  of  the  space  13  then  fluc- 
tuates  around  a  value  which  is  determined  by  the 

so  value  of  the  current  supplied  by  the  current  source  21  . 
By  adjusting  the  current  source  21  differently  the  tem- 
perature  of  the  space  13  may  hence  be  varied. 

Fig.  7  shows  a  block  diagram  of  a  second,  simpli- 
fied  embodiment  for  controlling  the  temperature  by 

55  means  of  a  sensor  of  the  Fig.  1  type.  The  sensor  11 
is  again  present  in  a  cooled  space  13  indicated  by  a 
dot-and-dash  line.  The  electrodes  9  of  the  sensor  11 
are  connected  to  an  electronic  circuit.  This  comprises 

3 
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on  the  one  hand  the  previously  adjusted  current 
source  21  and  the  heating  element  25  which  is  also 
accommodated  in  the  space  13  and,  the  current 
source  and  the  heating  element  in  this  case  being 
connected  in  series  with  the  sensor.  On  the  other  the 
electronic  circuit  comprises  the  measuring  circuit  23 
which  measures  the  voltage  between  the  electrodes 
9  and  produces  a  control  signal  dependent  on  the  said 
voltage,  which  operates  a  switch  33  connected  paral- 
lel  to  the  heating  element  as  is  indicated  by  the  broken 
line  31.  In  this  embodiment  the  measuring  circuit  23 
and  the  switch  33  are  designed  so  that  the  switch  is 
closed  when  the  voltage  between  the  electrodes  9 
exceeds  zero,  while  the  switch  is  open  when  said  volt- 
age  is  equal  to  zero.  As  a  result  of  this  it  is  achieved 
that  the  current  supplied  by  the  current  source  21 
passes  through  the  heating  element  25  when  the  layer 
7  of  the  sensor  11  is  superconductive  and  that  the 
heating  element  25  is  shortcircuited  by  switch  33 
when  the  said  layer  is  not  superconductive.  As  a  result 
of  this  the  temperature  of  the  space  13  adjusts  again 
so  that  the  temperature  of  the  layer  7  fluctuates 
around  a  value  which  is  associated  with  a  critical  cur- 
rent  strength  lc  which  is  substantially  equal  to  the  cur- 
rent  strength  provided  by  the  current  source  21.  The 
result  thus  is  the  same  as  in  the  Fig.6  embodiment  but 
the  device  is  simpler  in  that  the  separate  voltage 
source  27  for  supplying  the  heating  element  25  is 
omitted.  Its  function  is  taken  over  by  the  current 
source  21  which  forms  part  of  both  the  electronic  cir- 
cuit  and  the  heating  circuit. 

Claims 

1  .  Adevice  comprising  a  sensor  (1  1  )  for  producing 
a  temperature  dependent  electric  signal,  charac- 
terized  in  that  the  sensor  comprises  a  thin  layer  of  a 
superconductive  material  the  composition  of  which 
varies  gradually  over  the  layer  thickness,  the  thick- 
ness  of  that  part  of  the  layer  that  is  superconducting 
being  dependent  on  temperature,  which  layer  is  con- 
nected  electrically,  via  electrodes  (9),  to  an  electronic 
circuit  for  measuring  the  critical  current  in  the  layer 
and  processing  the  signal  produced  by  the  sensor. 

2.  A  device  as  claimed  in  Claim  1  ,  characterized 
in  that  the  electronic  circuit  comprises  a  controllabe 
current  source  (14)  as  well  as  a  measuring  circuit  (1  5) 
for  measuring  the  electric  voltage  between  the  sensor 
electrodes  (9)  and  for  supplying  a  control  signal  to  the 
current  source,  all  this  in  such  a  manner  that  the  cur- 
rent  supplied  by  the  current  source  increases  when 
the  measured  voltage  is  equal  to  zero  and  decreases 
when  the  measured  voltage  exceeds  zero. 

3.  A  device  as  claimed  in  Claim  1  ,  characterized 
in  that  the  electronic  circuit  comprises  a  current 
source  (21)  as  well  as  a  measuring  circuit  (23)  for 
measuring  the  electric  voltage  between  the  sensor 

electrodes  (9)  and  for  supplying  a  control  signal  to  a 
heating  circuit  which  comprises  a  heating  element 
(25)  which  is  accommodated  together  with  the  sensor 
(11)  in  a  cooled  space  (13),  which  control  signal 

5  ensures  that  an  electric  current  is  supplied  to  the 
heating  element  when  the  measured  voltage  is  equal 
to  zero  and  that  the  heating  element  is  switched  off 
when  the  measured  voltage  exceeds  zero. 

4.  A  device  as  claimed  in  Claim  3,  characterized 
10  in  that  the  heating  element  (25)  is  connected  in  series 

with  the  current  source  (21)  and  the  sensor  (11),  the 
current  source  forming  part  of  both  the  electronic  cir- 
cuit  and  the  heating  circuit. 

15 
Patentanspruche 

1.  Anordnung  mit  einem  Fuhler  (11)  zum  Erzeu- 
gen  eines  temperaturabhangigen  elektrischen  Si- 

20  gnals,  dadurch  gekennzeichnet,  dali  der  MeRfuhler 
eine  dunne  Schicht  eines  supraleitenden  Werkstoffs 
umfalit,  dessen  Zusammensetzung  sich  uber  die 
Schichtdicke  allmahlich  andert,  wobei  die  Dicke  des 
supraleitenden  Teils  der  Schicht  temperaturabhangig 

25  und  die  Schicht  uber  Elektroden  (9)  mit  einem  Elek- 
tronikkreis  zum  Messen  des  kritischen  Stroms  in  der 
Schicht  und  zum  Verarbeiten  des  im  Melifuhler  er- 
zeugten  Signals  elektrisch  verbunden  ist. 

2.  Anordnung  nach  Anspruch  1  ,  dadurch  gekenn- 
30  zeichnet,  dali  der  Elektronikkreis  eine  steuerbare 

Stromquelle  (14)  sowie  einen  Melikreis  (15)  zum 
Messen  der  elektrischen  Spannung  zwischen  den 
Ftihlerelektroden  (9)  und  zum  Ausgeben  eines  Steu- 
ersignals  zur  Stromquelle  derart  enthalt,  dali  der  von 

35  der  Stromquelle  gelieferte  Strom  ansteigt,  wenn  die 
gemessene  Spannung  gleich  Null  ist,  und  absinkt, 
wenn  die  gemessene  Spannung  den  Nullwert  uber- 
schreitet. 

3.  Anordnung  nach  Anspruch  1  ,  dadurch  gekenn- 
40  zeichnet,  dali  der  Elektronikkreis  eine  Stromquelle 

(21)  sowie  einen  Melikreis  (23)  zum  Messen  der  elek- 
trischen  Spannung  zwischen  den  Ftihlerelektroden 
und  zum  Ausgeben  eines  Steuersignals  an  einen 
Heizkreis  enthalt,  der  ein  Heizelement  (25)  umfalit, 

45  das  sich  zusammen  mitdem  Melifuhler  (11)  in  einem 
gekuhlten  Raum  (13)  befindet,  wobei  das  Steuersi- 
gnal  dafur  sorgt,  dali  dem  Heizelement  ein  elektri- 
scher  Strom  zugefuhrt  wird,  wenn  die  gemessene 
Spannung  gleich  Null  ist,  und  dali  das  Heizelement 

so  abgeschaltet  wird,  wenn  die  gemessene  Spannung 
den  Nullwert  uberschreitet. 

4.  Anordnung  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  dali  das  Heizelement  (25)  mit  der  Strom- 
quelle  (21)  und  dem  Melifuhler  (11)  in  Reihe 

55  geschaltet  ist,  wobei  die  Stromquelle  einen  Teil  so- 
wohl  des  Elektronikkreises  als  auch  des  Heizkreises 
bildet. 

4 
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Revendications 

1.  Dispositif  comportantun  capteur(11)  pourdeli- 
vrer  un  signal  electrique  dependant  de  la  tempera- 
ture,  caracterise  en  ce  que  le  capteur  comporte  une  5 
couche  mince  en  materiau  supraconducteur  dont  la 
composition  varie  progressivement  sur  I'epaisseur  de 
la  couche,  I'epaisseur  de  la  partie  supraconductrice 
de  la  couche  etant  dependante  de  la  temperature, 
couche  qui  est  reliee  electriquement,  a  travers  des  10 
electrodes  (9),  a  un  circuit  electronique  pour  mesurer 
le  courant  critique  dans  la  couche  et  pour  traiter  le 
signal  delivre  par  le  capteur. 

2.  Dispositif  selon  la  revendication  1,  caracterise 
en  ce  que  le  circuit  electronique  comporte  une  source  15 
de  courant  commandable  (14)  aussi  bien  qu'un  circuit 
de  mesure  (15)  pour  mesurer  la  tension  electrique 
entre  les  electrodes  de  capteur  (9)  et  pour  fournir  un 
signal  de  commande  a  la  source  de  courant,  tout  cela 
de  telle  maniere  que  le  courant  fourni  par  la  source  de  20 
courant  augmente  lorsque  la  tension  mesuree  est 
egale  a  zero  et  diminue  lorsque  la  tension  mesuree 
est  superieure  a  zero. 

3.  Dispositif  selon  la  revendication  1,  caracterise 
en  ce  que  le  circuit  electronique  comporte  une  source  25 
de  courant  (21)  aussi  bien  qu'un  circuit  de  mesure 
(23)  pour  mesurer  la  tension  electrique  entre  les  elec- 
trodes  du  capteur  (9)  et  pour  fournir  un  signal  de 
commande  a  un  circuit  de  chauffage  comportant  un 
element  chauffant  (25)  qui,  conjointement  avec  le  30 
capteur  (11),  est  place  dans  un  espace  refrigere  (13), 
signal  de  commande  qui  fait  en  sorte  qu'un  courant 
electrique  soit  fourni  a  I'element  chauffant  lorsque  la 
tension  mesuree  est  egale  a  zero  et  que  le  courant  de 
I'element  chauffant  soit  coupe  lorsque  la  tension  35 
mesuree  est  superieure  a  zero. 

4.  Dispositif  selon  la  revendication  3,  caracterise 
en  ce  que  I'element  chauffant  (25)  est  connecte  en 
serie  avec  la  source  de  courant  (21)  et  le  capteur  (11), 
la  source  de  courant  faisant  partie  tant  du  circuit  elec-  40 
tronique  que  du  circuit  de  chauffage. 
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