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©  A  magnetoresistor  is  monolithically  integrated 
with  active  devices  (38,  40)  by  growing  a  thin  film 
magnetoresistor  (28)  on  a  semiconductor  substrate 
(14)  after  the  substrate  (14)  has  been  doped  and 
annealed  for  the  active  devices  (38,  40).  The  mag- 
netoresistor  is  made  from  a  material  (28)  being 
grown  through  a  window  in  a  mask.  The  mask  ma- 
terial  and  the  magnetoresistor  material  (28)  are  se- 
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lected  such  that  the  magnetoresistor  is  substantially 
non-adherent  to  the  mask.  InSb  is  preferred  for  the 
magnetoresistor  material  (28),  ShN  ̂ for  the  mask 
material  (24)  and  GaAs  for  the  substrate  (14).  The 
non-adherence  allows  the  mask  to  be  substantially 
thinner  than  the  magnetoresistor  without  impairing 
the  removal  of  the  mask  after  the  magnetoresistor 
has  been  established. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  magnetoresistive  sen- 
sors,  and  more  particularly  to  methods  for  fabricat- 
ing  integrated  magnetoresistive  sensors  and  the 
resulting  sensor  structure. 

Description  of  the  Related  Art 

Varying  magnetic  fields  have  been  used  in  the 
past  as  a  sensing  mechanism  for  moving  parts, 
such  as  rotating  elements  in  an  automobile.  The 
rotating  element  causes  a  magnetic  field  to  periodi- 
cally  vary,  and  the  rate  of  variation  is  sensed  as  an 
indication  of  the  rotational  speed  and/or  position. 

A  simplified  system  for  measuring  the  rota- 
tional  speed  of  a  rotating  element  is  shown  in  FIG. 
1.  A  wheel  or  gear  2  has  a  plurality  of  spaced 
protruding  teeth  4  and  rotates  below  a  magnet  6.  A 
magnetoresistor  8  that  is  provided  on  its  own  sub- 
strate  is  positioned  in  the  magnetic  field  10  be- 
tween  the  magnet  and  wheel,  while  amplification 
and  (if  desired)  digitizing  circuits  are  provided  on 
one  or  more  separate  substrates  12  that  are  elec- 
trically  connected  to  the  magnetoresistor  8. 

The  rotating  wheel  2  is  formed  from  a  mag- 
netic  material,  and  thus  attracts  the  field  from  mag- 
net  6.  The  magnetic  field  at  the  magnetoresistor  8 
is  strongest  when  one  of  the  teeth  4  is  located 
directly  below  magnet  6,  thus  minimizing  the  dis- 
tance  between  the  magnet  and  the  wheel.  As  the 
wheel  rotates  the  field  tends  to  bend  along  with  the 
movement  of  the  tooth,  and  thus  traverses  a  great- 
er  distance  as  the  tooth  moves  away  from  the 
magnet.  These  effects  produce  a  reduction  in  the 
magnetic  field  strength  at  the  magnetoresistor  8, 
which  reaches  a  minimum  when  the  magnet  6  is 
midway  between  two  teeth  4.  The  magnetic  field 
strength  at  the  magnetoresistor  increases  again  as 
the  next  tooth  approaches,  reaching  a  maximum 
when  that  tooth  is  located  directly  below  the  mag- 
net.  The  field  strength  at  the  magnetoresistor  thus 
varies  periodically  as  the  wheel  continues  to  rotate, 
causing  the  resistance  of  magnetoresistor  2  to  fluc- 
tuate  in  a  similar  fashion.  This  results  in  a  periodi- 
cally  varying  output  from  the  amplifier  circuitry  12. 

It  would  be  less  expensive  and  reduce  the  bulk 
and  complexity  of  the  apparatus  if  the  mag- 
netoresistor  could  be  integrated  with  the  output 
circuitry  in  a  single  monolithic  structure.  However, 
this  has  not  be  practical  in  the  past.  Magnetoresis- 
tors  have  commonly  been  grown  in  crystalline 
form,  and  then  cleaved  into  individual  resistor  ele- 
ments  that  are  simply  glued  to  respective  sub- 
strates.  Other  magnetoresistor  fabrication  tech- 
niques  are  known  in  which  the  magnetoresistive 

element  is  monolithically  grown  on  a  substrate.  For 
example,  in  U.S.  Patent  No.  3,898,359  to  Nadkarni, 
a  thin  film  layer  of  antimony  or  arsenic  is  applied 
over  a  layer  of  indium  on  an  insulating  substrate 

5  that  has  been  coated  with  chromium  or  nickel.  The 
antimony  or  arsenic  film  is  them  chemically  com- 
bined  with  the  indium  to  form  an  InSb  or  InAs 
magnetoresistor.  A  series  of  transverse  indium  Hall 
effect  shorting  strips  are  formed  on  the  upper  sur- 

io  face  of  the  magnetoresistor  to  short  circuit  the  Hall 
fields  that  would  otherwise  be  built  up.  In  another 
monolithic  magnetoresistor  construction,  an  InSb 
magnetoresistor  is  epitaxially  grown  on  a  GaAs 
substrate  for  use  in  infrared  focal  plane  arrays; 

75  Chiang  and  Bedair,  "Growth  of  InSb  and 
InAs^KSbx  by  OM-CVD",  J.  Electrochem.  Society; 
Solid-State  Science  and  Technology,  October 
1984,  pages  2422-2426.  As  with  Patent  No. 
3,898,359,  this  article  discloses  the  fabrication  of  a 

20  magnetoresistor  by  itself,  without  any  associated 
circuitry  on  the  same  substrate. 

In  fact,  although  GaAs  is  particularly  suited  as 
a  substrate  for  InSb  because  it  has  thermal  expan- 
sion  characteristics  that  are  very  close  to  those  of 

25  InSb,  InSb  is  not  compatible  with  the  annealing  of 
dopants  in  GaAs.  This  is  because  the  annealing  is 
typically  performed  at  about  850  °C,  while  InSb 
cannot  withstand  temperatures  greater  than  about 
450  °C.  This  is  a  significant  limitation  in  the 

30  achievement  of  a  monolithically  integrated  mag- 
netoresistor  and  processing  circuit,  since  InSb  is 
the  most  magnetosensitive  material  currently 
known.  It  would  also  not  be  feasible  to  grow  an 
InSb  magnetoresistor  on  the  same  substrate  with 

35  an  integrated  circuit  that  has  already  been  fab- 
ricated,  since  InSb  is  typically  grown  at  about 
400  °C,  while  the  ohmic  contacts  of  an  integrated 
circuit  begin  to  degrade  at  temperatures  above 
about  250  °  C. 

40  Even  if  the  temperature  problems  could  be 
overcome,  there  are  other  serious  obstacles  to  the 
monolithic  integration  of  a  magnetoresistor  with  as- 
sociated  output  circuitry.  To  grow  a  magnetoresis- 
tor  at  a  desired  location  on  the  substrate,  the  usual 

45  approach  would  be  to  provide  a  growth  mask  over 
the  entire  substrate,  with  a  window  at  the  desired 
location  for  the  magnetoresistor.  InSb  would  then 
be  grown  over  the  mask  and  onto  the  substrate 
through  the  window,  followed  by  removing  the 

50  mask  and  the  overlying  InSb  to  leave  the  mag- 
netoresistor  material  only  in  the  window  area.  How- 
ever,  an  InSb  magnetoresistor  is  typically  about  an 
order  of  magnitude  thicker  than  a  typical  pattern 
mask,  and  a  continuous  layer  of  the  InSb  over  the 

55  entire  mask  area  would  prevent  the  solvent  from 
reaching  and  removing  the  mask  and  leaving  a 
clean  substrate  surface.  It  would  also  not  be  fea- 
sible  to  grow  InSb  over  the  entire  substrate  and 

2 



3 EP  0  656  666  A1 4 

then  etch  away  the  unwanted  areas,  since  the 
etchant  would  also  attack  the  underlying  GaAs. 

A  magnetosensitive  device  that  is  monolithical- 
ly  integrated  with  associated  output  circuitry  is  de- 
scribed  in  Lepkowski  et  al.,  "A  GaAs  Integrated 
Hall  Sensor/Amplifier",  IEEE  Electron  Device  Let- 
ters,  Vol.  Edl-7,  No.  4,  April  1986,  pages  222-224. 
This  device,  however,  uses  a  Hall  sensor  rather 
than  a  magnetoresistor.  The  Hall  sensor  is  formed 
from  the  GaAs  substrate  material  itself,  rather  than 
from  a  separate  magnetoresistor  material  such  as 
InSb,  and  therefore  does  not  face  the  temperature 
and  growth  obstacles  described  above.  Although 
they  are  easier  to  integrate  with  output  circuitry, 
Hall  sensors  are  not  as  magnetically  sensitive  as 
magnetoresistors. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  seeks  to  provide  a  meth- 
od  for  fabricating  a  sensitive  magnetoresistor  such 
as  InSb  in  a  monolithic  integrated  structure  along 
with  output  circuitry,  without  degrading  either  the 
magnetoresistor  or  the  circuitry,  and  thereby 
achieving  a  substantially  lower  cost  than  prior  mag- 
netoresistive  sensors  without  sacrificing  perfor- 
mance. 

To  achieve  these  goals,  a  semiconductor  sub- 
strate  (preferably  GaAs)  is  doped  in  the  areas  that 
are  intended  for  active  devices  of  the  mag- 
netoresistive  output  circuitry,  and  then  subjected  to 
a  high  temperature  anneal.  A  mask  is  next  formed 
on  the  substrate  with  a  window  at  a  desired  mag- 
netoresistor  location,  and  a  thin  film  magnetoresis- 
tor  is  grown  within  the  window.  The  mask  and 
magnetoresistor  materials  are  selected  so  that  the 
magnetoresistor  does  not  adhere  to  the  mask;  pre- 
ferred  materials  are  SisN+for  the  mask  and  InSb  for 
the  magnetoresistor.  This  allows  the  magnetoresis- 
tor  be  grown  to  a  substantially  greater  thickness 
than  the  mask,  without  interfering  with  the  removal 
of  the  mask  after  the  magnetoresistor  has  been 
grown.  The  mask  is  removed  after  an  additional 
optional  patterning  of  the  magnetoresistor,  and  con- 
ductive  contacts  are  then  made  to  the  doped  areas 
to  establish  the  active  devices,  and  to  interconnect 
the  magnetoresistor  with  the  active  devices.  Al- 
though  a  small  residue  of  magnetoresistor  material 
may  form  on  the  mask,  it  will  not  be  enough  to 
prevent  a  clean  removal  of  the  mask. 

The  magnetoresistor  can  be  monolithically  in- 
tegrated  with  an  output  amplifier  and  digitizing  cir- 
cuit  to  produce  a  TTL  (transistor-transistor  logic) 
compatible  output  signal.  A  considerable  improve- 
ment  in  signal-to-noise  ratio  is  achievable,  making 
the  sensor  more  applicable  to  environments  in 
which  the  signal  generation  is  considered  to  be 
marginal  for  reliable  operation.  In  addition,  tem- 

perature  compensation  can  be  achieved  by  in- 
tegrating  a  pair  of  resistors  in  close  proximity  on 
the  chip,  with  one  of  the  resistors  magneto  sen- 
sitive  and  the  other  relatively  insensitive. 

5  These  and  other  features  and  advantages  of 
the  invention  will  be  apparent  to  those  skilled  in  the 
art  from  the  following  detailed  description,  taken 
together  with  the  accompanying  drawings. 

w  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  simplified  diagram  of  a  known  rota- 
tional  speed  sensor,  described  above,  that  uses 
a  magnetoresistor; 

75  FIGs.  2a-2g  are  simplified  and  not-to-scale  sec- 
tional  views  that  illustrate  sequential  steps  in  the 
fabrication  of  a  monolithically  integrated  mag- 
netoresistor  and  output  circuit  in  accordance 
with  the  invention; 

20  FIG.  3  is  a  plan  view  of  a  portion  of  a  mag- 
netoresistor;  and 
FIG.  4  is  a  schematic  diagram  of  an  ampli- 
fier/digitizing/temperature  compensation  circuit 
that  can  be  monolithically  integrated  with  a  mag- 

25  netoresistor  in  accordance  with  the  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

One  or  more  magnetoresistors  are  mon- 
30  olithically  integrated  with  other  circuitry  on  a  com- 

mon  IC  chip  with  a  unique  fabrication  process,  with 
the  initial  steps  of  the  preferred  embodiment  illus- 
trated  in  FIG.  2a.  The  structure  is  fabricated  on  a 
semi-insulating  semiconductor  substrate  14,  which 

35  is  preferably  GaAs  for  the  preferred  InSb  mag- 
netoresistor.  Other  semiconductor  substrate  materi- 
als  such  as  silicon  and  Indium  Phosphide  might 
also  be  used,  although  silicon  and  InSb  have  dif- 
ferent  thermal  coefficients  of  expansion  that  can 

40  make  their  combination  difficult,  and  InSb  is  a 
relatively  more  primitive  state  of  development  as  a 
substrate  material.  Other  magnetoresistive  materi- 
als  such  as  InAs  can  also  be  used,  although  InAs 
has  a  considerably  lower  magnetoresistivity  than 

45  InSb.  An  InSb  magnetoresistor  on  a  GaAs  substrate 
will  be  assumed  hereinafter. 

Areas  of  the  substrate  14  that  are  intended  for 
active  electrical  devices,  indicated  by  numerals  16 
and  18,  are  first  doped  to  the  desired  conductivity. 

50  The  doping  is  preferably  performed  by  ion  im- 
plantation,  indicated  by  arrows  20,  rather  than  by  a 
higher  temperature  gaseous  diffusion  process. 
Areas  of  the  substrate  for  which  doping  is  not 
desired,  such  as  the  area  to  be  occupied  by  the 

55  magnetoresistor,  are  protected  from  the  implanta- 
tion  by  a  photoresist  22  or  other  suitable  mask. 

The  wafer  is  next  coated  with  a  layer  of  silicon 
nitride  (Si3N+)  24,  as  illustrated  in  FIG.  2b,  and 

3 



5 EP  0  656  666  A1 6 

then  annealed  at  a  temperature  of  about  850°- 
890  °C  to  active  the  dopant  in  the  GaAs.  The 
silicon  nitride  layer  24  is  grown  at  a  conventional 
pressure  of  about  650m  Torr  and  temperature  of 
about  250°  -350  °C,  and  coats  the  entire  wafer, 
generally  to  a  thickness  of  only  about  0.2  microns. 
It  is  then  patterned  with  a  suitable  mask  (not 
shown)  over  the  doped  areas  16  and  18,  with  an 
opening  formed  in  the  mask  over  the  undoped  area 
between  the  two  doped  areas  where  the  mag- 
netoresistor  is  to  be  formed.  The  unmasked  silicon 
nitride  layer  is  then  removed,  preferably  with  a 
dilute  hydrofluoric  acid  etchant,  to  open  a  window 
26  (shown  in  FIG.  2c)  in  the  silicon  nitride  for  the 
later  formation  of  the  magnetoresistor.  The  pattern- 
ing  mask  over  the  remaining  silicon  nitride  layer  is 
then  removed. 

In  the  next  step,  illustrated  in  FIG.  2d,  an  InSb 
crystal  28  is  grown  in  the  silicon  nitride  window, 
preferably  by  metal  organic  chemical  vapor  deposi- 
tion  (MOCVD)  at  a  temperature  of  about  380°- 
400  °C,  or  alternately  by  molecular  beam  epitaxy 
(MBE),  as  indicated  by  arrows  30.  The  mag- 
netoresistor  material  is  grown  within  the  window  to 
a  preferred  thickness  of  about  2  microns.  However, 
if  the  growth  pressure  is  kept  to  not  significantly 
more  than  1  atmosphere,  the  InSb  will  not  adhere 
to  the  surface  of  the  silicon  nitride  layer  24.  At 
most,  only  a  small  residue  32  of  InSb  will  grow  on 
the  silicon  nitride. 

The  choice  of  a  mask  material  to  which  the 
magnetoresistive  material  will  not  adhere  is  an  im- 
portant  aspect  of  the  invention.  The  silicon  nitride 
layer  is  normally  only  about  0.2  microns  thick,  as 
compared  to  the  typical  InSb  thin  film  thickness  of 
about  2  microns.  Thus,  if  a  continuous  and  sub- 
stantially  thicker  InSb  film  were  formed  both  in  the 
window  26  and  over  the  adjacent  silicon  nitride 
layer,  the  InSb  would  in  effect  seal  the  silicon 
nitride  and  inhibit  access  by  a  solvent  that  is  used 
at  a  later  stage  in  the  fabrication  process  to  remove 
the  mask. 

After  the  magnetoresistor  28  has  been  formed, 
it  may  be  further  patterned  by  coating  the  substrate 
with  an  etch  mask  34  (illustrated  in  FIG.  2e)  except 
where  magnetoresistor  removal  is  desired,  and 
then  etching  away  the  unmasked  portion.  A  com- 
bination  of  lactic  and  nitric  acid  is  preferred  for 
etching  InSb.  This  etchant  also  attacks  GaAs,  al- 
though  at  a  rate  about  5-7  times  slower  than  InSb. 
However,  it  is  not  a  problem  if  the  etchant  de- 
grades  the  GaAs  surface  within  the  window  area, 
since  this  portion  of  the  substrate  is  not  used  for 
any  active  devices. 

After  any  optional  patterning  of  the  mag- 
netoresistor  has  been  completed  and  the  patterning 
mask  34  removed,  the  silicon  nitride  layer  24  over 
the  doped  substrate  areas  is  removed,  preferably 

with  the  same  dilute  hydrofluoric  acid  etch  as  men- 
tioned  above.  Any  small  residue  of  InSb  that  may 
have  formed  on  the  silicon  nitride  will  not  be 
enough  to  interfere  with  the  etch,  and  is  simply 

5  washed  away  along  with  the  silicon  nitride.  The 
resulting  magnetoresistor  28  that  has  been  mon- 
olithically  integrated  with  the  doped  GaAs  areas  is 
illustrated  in  FIG.  2f. 

Ohmic  contacts  to  the  GaAs,  such  as  for 
io  source  and  drain  contacts  of  a  field  effect  transistor 

(FET),  are  then  established.  During  this  step  with 
the  magnetoresistor  28  and  the  remainder  of  the 
substrate  are  protected  by  a  photoresist  layer  that 
is  lifted  off  along  with  the  overlying  metal  when  the 

is  contacts  have  been  established.  A  photoresist  pat- 
tern  is  next  laid  down  for  the  deposition  of  gate 
metal,  along  with  contacts  and  shorting  strips  for 
the  magnetoresistor;  a  preferred  metal  for  this  pur- 
pose  is  TiPtAu.  A  second  metallization  layer  is  then 

20  patterned  to  interconnect  the  contacts  established 
with  the  first  metallization  layer,  and  additional 
metallizations  may  be  built  up  if  desired  in  a  con- 
ventional  manner. 

A  completed  magnetoresistor  and  pair  of  FETs 
25  that  have  been  fabricated  as  a  monolithic  inte- 

grated  structure  in  this  fashion  are  illustrated  in 
FIG.  2g.  The  FETs  36  and  38  include  source  con- 
tacts  36s  and  38s,  drain  contacts  36d  and  38d,  and 
gate  contacts  36g  and  38g.  The  magnetoresistor 

30  28  is  shown  connected  to  the  transistor  drains  by 
metallized  interconnects  40  and  42;  for  purposes  of 
simplification  the  FET  source  and  gate  connections 
are  not  shown,  nor  is  a  passivation  layer  of  silicon 
nitride  that  would  normally  coat  the  entire  circuit. 

35  While  FETs  of  only  one  conductivity  are  shown, 
complementary  FETs  of  opposite  conductivity 
could  also  be  formed  by  an  appropriate  doping  of 
the  substrate  prior  to  growing  the  magnetoresistor. 
For  example,  if  FETs  36  and  38  are  n-channel 

40  devices,  p-channel  FETs  could  also  be  fabricated 
by  providing  p-wells. 

A  section  of  the  magnetoresistor  28  is  illus- 
trated  in  FIG.  3,  including  the  Hall  effect  shorting 
strips  44  that  are  formed  in  the  same  metallization 

45  step  as  the  magnetoresistor  contacts  40  and  42  in 
FIG.  2g.  The  magnetoresistor  may  have  any  de- 
sired  shape;  a  serpentine  shape  is  commonly  used 
to  minimize  area  requirements  on  the  substrate. 

FIG.  4  is  a  schematic  diagram  of  a  monolithic 
50  integrated  magnetosensitive  circuit  that  can  be  im- 

plemented  with  the  invention.  The  circuit  per  se  is 
known,  and  is  described  (except  for  its  output 
digitizing  section)  in  U.S.  Patent  No.  5,308,130  to 
Eck  et  al.,  assigned  to  Hughes  Aircraft  Company, 

55  the  assignee  of  the  present  invention.  It  includes 
the  magnetoresistor  28  connected  in  series  with  a 
fixed  resistor  R1  in  a  voltage  divider  circuit  be- 
tween  a  positive  bus  v+  (typically  5  volts)  and 

4 
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ground.  A  tap  take  between  the  magnetoresistor  28 
and  R1  is  applied  through  a  second  resistor  R2  to 
the  inverting  input  of  an  operational  amplifier  46, 
with  a  ground  reference  applied  to  the  amplifier's 
non-inverting  input  and  a  feedback  resistor  R3  con- 
nected  between  its  output  and  inverting  input.  The 
magnetoresistor  28  is  intended  to  be  positioned 
within  a  varying  magnetic  field,  such  that  its  resis- 
tance  varies  with  the  strength  of  the  magnetic  field 
at  any  given  time.  For  a  periodically  varying  mag- 
netic  field,  the  amplifier's  output  Vo  will  thus  also 
vary  periodically. 

The  fixed  resistors  R1,  R2  and  R3  are  prefer- 
ably  also  fabricated  from  InSb  on  the  same  sub- 
strate  as  magnetoresistor  28,  but  are  not  provided 
with  Hall  effect  shorting  strips.  They  are  accord- 
ingly  much  less  magnetically  sensitive  than  the 
magnetoresistor  28  that  does  have  the  shorting 
strips,  and  for  practical  purposes  may  be  consid- 
ered  to  be  magnetically  insensitive.  An  advantage 
of  fabricating  both  the  fixed  resistors  and  the  mag- 
netoresistor  from  the  same  material  is  that  they 
have  the  same  temperature  coefficients;  their  resis- 
tance  values  vary  with  temperature  in  the  same 
manner.  As  discussed  in  Patent  No.  5,038,130,  this 
prevents  a  variance  in  the  circuit  operation  that 
would  otherwise  result  from  the  fixed  resistors  and 
magnetoresistor  having  different  temperature  co- 
efficients. 

The  differential  signal  of  R1  and  magnetoresis- 
tor  28  is  the  input  to  the  operational  amplifier  46, 
while  the  amplifier's  output  Vo  can  be  applied  to  a 
conditioning  circuit  such  as  the  digitizing  circuit  48 
that  consists  of  cascoded  FETs  50  and  52.  The 
output  Vd  of  the  digitizing  circuit  is  a  TTL  (transis- 
tor-transistor  logic)  compatible  square  wave,  with  a 
frequency  proportional  to  the  rotational  speed  of 
the  wheel  or  other  magnetic  element  sensed  by  the 
magnetoresistor  28. 

The  use  of  a  thin  film  magnetoresistor  greatly 
reduces  the  costs  associated  with  bulk  mag- 
netoresistive  sensors,  while  its  monolithic  integra- 
tion  with  related  circuitry  enhances  the  signal-to- 
noise  ratio  and  allows  the  output  signal  to  be 
amplified  to  a  more  manageable  level.  In  addition, 
monolithic  integration  with  GaAs  circuits  enhances 
the  high  temperature  capability  of  the  sensors  be- 
cause  of  the  known  high  temperature  durability  of 
GaAs  integrated  circuits.  The  fabrication  process 
described  herein  is  readily  adaptable  to  mass  pro- 
duction  techniques  and  has  many  applications, 
such  as  for  antilock  brake  systems,  transmission 
control  systems  and  engine  ignition  control  sys- 
tems  in  the  automotive  field;  these  applications  all 
require  a  magnetic  sensing  capability  with  high 
sensitivity  and  high  reliability.  While  a  particular 
embodiment  of  the  invention  has  been  shown  and 
described,  numerous  variations  and  alternate  em- 

bodiments  will  occur  to  those  skilled  in  the  art. 
Accordingly,  it  is  intended  that  the  invention  be 
limited  only  in  terms  of  the  appended  claims. 

5  Claims 

1.  A  method  of  forming  a  magnetoresistor,  com- 
prising: 

forming  a  mask  on  a  semiconductor  sub- 
io  strate  (14),  with  a  window  (26)  in  said  mask  at 

a  desired  magnetoresistor  location,  and 
exposing  (30)  said  mask  and  window  (26) 

to  a  magnetoresistor  material  (28)  to  grow  a 
magnetoresistor  on  said  substrate  (14)  within 

is  said  window  (26), 
characterized  in  that 

said  mask  and  magnetoresistor  materials 
(24,  28)  are  selected  so  that  said  mag- 
netoresistor  material  (28)  is  substantially  non- 

20  adherent  to  said  mask. 

2.  A  method  of  forming  an  integrated  mag- 
netosensitive  device  in  a  monolithically  inte- 
grated  structure  with  active  electrical  devices 

25  (36,  38),  comprising: 
doping  a  semiconductor  substrate  (14)  in 

areas  (16,  18)  intended  for  said  active  devices 
(36,  38), 

annealiang  said  doped  areas  (16,  18)  at  a 
30  predetermined  annealing  temperature, 

-  forming  said  magnetosensitive  device  on 
a  portion  of  said  substrate  (14),  and 

-  forming  conductive  contacts  (36s,  36d, 
36g,  38s,  38d,  38g)  to  said  doped  areas 

35  (16,  18)  to  establish  said  active  devices 
(36,  38),  and  to  interconnect  said  mag- 
netosensitive  device  to  said  active  de- 
vices  (36,  38)  so  that  said  active  devices 
(36,  38)  provide  an  output  circuit  for  said 

40  magnetosensitive  device, 
characterized  by 

growing  a  magnetoresistor  on  said  portion 
of  said  substrate  (14)  from  a  magnetoresistor 
material  (28)  that  has  a  temperature  capability 

45  substantially  less  than  said  annealing  tempera- 
ture. 

3.  The  method  of  claim  2,  characterized  in  that  a 
mask  is  formed  on  said  substrate  (14)  after 

50  said  active  device  areas  (16,  18)  have  been 
doped  but  prior  to  growing  said  magnetoresis- 
tor,  that  said  mask  has  a  window  (26)  for  said 
magnetoresistor,  and  that  said  magnetoresistor 
is  grown  through  said  window  (26),  said  mask 

55  material  (24)  and  magnetoresistor  material  (28) 
being  selected  so  that  said  magnetoresistor 
material  (28)  is  substantially  non-adherent  to 
said  mask. 

5 
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4.  The  method  of  any  of  claims  1  -  3,  character- 
ized  in  that  said  mask  is  formed  substantially 
thinner  than  the  thickness  to  which  said  mag- 
netoresistor  is  grown. 

5.  The  method  of  any  of  claims  1  -  4,  character- 
ized  by  the  step  of  removing  said  mask  after 
said  magnetoresistor  has  been  grown. 

6.  The  method  of  any  of  claims  1  -  5,  character- 
ized  by  the  step  of  patterning  the  mag- 
netoresistor  within  said  window  (26)  with  an 
etchant  to  which  said  substrate  (14)  is  sen- 
sitive,  and  protecting  said  substrate  (14)  lateral 
to  said  window  (26)  from  said  etchant  with  said 
mask. 

7.  The  method  of  claim  5  or  6,  characterized  in 
that  a  small  residue  (32)  of  said  magnetoresis- 
tor  material  (28)  is  formed  on  said  mask  during 
said  growing,  and  said  residue  (32)  is  removed 
along  with  said  mask. 

8.  The  method  of  any  of  claims  1  -  7,  character- 
ized  in  that  said  magnetoresistor  material  (28) 
comprises  InSb  and  said  mask  comprises 
Si3IV 

stantially  greater  than  the  thickness  of  said 
doped  layer  (16,  18). 

13.  The  magnetosensitive  device  of  claim  12,  char- 
5  acterized  by  additional  non-magneto  resistors 

(R2,  R3)  integrated  on  said  substrate  (14),  said 
non-magnetoresistors  (R2,  R3)  together  with 
said  active  electrical  devices  (36,  38)  compris- 
ing  an  amplifier  (46)  for  said  magnetoresistor. 

10 
14.  The  magnetosensitive  device  of  claim  13,  char- 

acterized  in  that  said  active  electrical  devices 
(36,  38)  further  comprise  a  digitizing  circuit 
(48)  for  the  output  of  said  amplifier  (46). 

15 
15.  The  magnetosensitive  device  of  any  of  claims 

12  -  14,  characterized  in  that  said  mag- 
netoresistor  is  made  from  a  material  (28)  se- 
lected  from  the  group  comprising  InSb  and 

20  said  substrate  (14)  is  formed  from  a  material 
selected  from  the  group  comprising  GaAs. 

25 

9.  The  method  of  any  of  claims  1  -  8,  character- 
ized  in  that  said  semiconductor  substrate  (14)  30 
comprises  GaAs. 

10.  The  method  of  any  of  claims  1  -  9,  character- 
ized  by  the  step  of  forming  Hall  effect  shorting 
bars  (44)  on  said  magnetoresistor  after  it  has  35 
been  grown. 

11.  The  method  of  any  of  claims  1-10,  character- 
ized  in  that  said  magnetoresistor  is  grown  as  a 
thin  film.  40 

12.  An  integrated  magnetosensitive  device,  com- 
prising: 

-  a  semiconductor  substrate  (14), 
-  a  doped  layer  (16,  18)  in  said  substrate  45 

(14), 
-  a  magnetosensitive  device  integrated  on 

said  substrate,  and 
-  electrical  contacts  (36s,  36d,  36g,  38s, 

38d,  38g)  to  said  doped  layer  (16,  18)  50 
establishing  at  least  one  active  electrical 
device  (36,  38)  therein,  and  interconnec- 
ting  said  active  electrical  device  (36,  38) 
with  said  magnetosensitive  device, 

characterized  in  that  55 
said  magnetosensitive  device  is  a  mag- 

netoresistor  integrated  on  said  substrate  (14), 
said  magnetoresistor  having  a  thickness  sub- 

6 
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