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©  ULTRASONIC  WAVE  PROBE. 

©  An  ultrasonic  wave  probe  manufactured  without 
the  troublesome  wiring  between  the  piezoelectric 
vibrator  and  the  transmission/reception  circuit.  The 
ultrasonic  wave  probe  is  constituted  by  sticking  the 
array  of  the  vibrators  to  a  semiconductor  wafen  on 
which  the  transmission/reception  integrated  circuits 
for  the  array  of  the  vibrators  are  formed,  with  con- 
ductive  bonding  agent.  Each  signal  transmis- 

sion/reception  integrated  circuit  corresponds  to  the 
arrangement  of  signal  electrodes  of  the  piezoelectric 
vibrators.  Further,  on  the  side  of  the  semiconductor 
wafer,  to  which  the  vibrators  are  stuck,  exposed  are 
the  conductive  buried  layers  connected  to  the  output 
terminals  of  the  transmission  circuits  and  to  the  input 
terminals  of  the  reception  circuits. 

Rank  Xerox  (UK)  Business  Services 
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Technical  Field: 

The  present  invention  relates  to  a  probe  used 
for  ultrasonic  diagnostic  apparatus.  More  specifi- 
cally,  the  invention  relates  to  an  ultrasonic  probe  in 
which  the  wiring  for  electrical  connection  between 
the  piezoelectric  vibrators  and  signal  send- 
ing/receiving  circuits  are  eliminated. 

Background  Art: 

An  ultrasonic  probe  has  its  individual  piezo- 
electric  vibrators  connected  to  signal  send- 
ing/receiving  circuits,  by  which  drive  signals  are 
supplied  to  the  piezoelectric  vibrators  and  signals 
detected  by  the  piezoelectric  vibrators  are  re- 
ceived.  A  conventional  probe  has  signal  send- 
ing/receiving  circuits  formed  of  component  parts 
that  are  fabricated  by  being  integrated,  and  the 
probe  with  the  integrated  circuits  built  therein  has 
its  piezoelectric  vibrators  and  integrated  circuits 
connected  electrically  through  conductive  wires. 
Fig.  5  is  a  perspective  diagram  showing  an  exam- 
ple  of  the  conventional  probes.  In  the  figure,  refer- 
ence  numeral  1  denotes  piezoelectric  vibrators  that 
constitute  the  major  part  of  the  probe,  and  2  are 
electronic  circuits  in  connection  with  the  piezoelec- 
tric  vibrators,  with  both  parts  being  connected  to- 
gether  through  connecting  conductors  3  that  are 
conductive  wires,  a  flexible  substrate,  or  the  like. 
Fig.  6  shows  another  example  of  prior  art.  In  the 
figure,  portions  identical  to  those  of  Fig.  5  are 
referred  to  by  the  same  symbols.  In  the  figure, 
indicated  by  4  is  a  common  electrode  of  piezoelec- 
tric  vibrators  1,  and  5  are  signal  electrodes  of 
individual  piezoelectric  vibrators  1  .  Since  the  piezo- 
electric  vibrators  and  integrated  circuits  of  these 
conventional  probes  are  connected  through  con- 
ductive  wires  as  mentioned  above,  the  number  of 
electrical  wirings  increases  in  the  case  of  a  large 
number  of  piezoelectric  vibrators  such  as  a  two- 
dimensional  vibrator  array,  making  the  connection 
much  difficult. 

Disclosure  of  the  Invention: 

An  object  of  the  present  invention  is  to  realize 
an  ultrasonic  probe  that  is  rid  of  the  awkwardness 
of  the  wiring  between  the  piezoelectric  vibrators 
and  signal  sending/receiving  circuits  in  the  probe. 

The  inventive  ultrasonic  probe  consists  of  a 
vibrator  array  and  a  semiconductor  wafer  on  which 
signal  sending/receiving  circuits  for  the  vibrator  ar- 
ray  are  integrated,  with  the  wafer  being  glued  to 
the  vibrator  array  by  means  of  conductive  adhe- 
sive.  Fabricated  by  being  integrated  on  the  semi- 
conductor  wafer  are  signal  sending/receiving  cir- 
cuits  for  individual  piezoelectric  vibrators  positioned 

coincidently  to  the  arrangement  of  signal  elec- 
trodes  of  the  piezoelectric  vibrators  of  the  ultra- 
sonic  probe,  and  each  signal  sending/receiving  cir- 
cuit  has  its  conductive  buried  layer,  which  is  in 

5  connection  with  the  output  terminal  of  the  sending 
circuit  and  the  input  terminal  of  the  receiving  cir- 
cuit,  exposed  to  the  semiconductor  wafer  on  the 
side  of  the  vibrator  array  glued  surface. 

io  Brief  Explanation  of  the  Drawings: 

Fig.  1  is  a  perspective  diagram  of  the  ultrasonic 
probe  based  on  an  embodiment  of  this  inven- 
tion. 

75  Fig.  2  is  a  conceptual  diagram  showing  the 
detailed  structure  of  the  ultrasonic  probe  shown 
in  Fig.  1. 
Fig.  3  shows  an  example  of  the  electrical  ar- 
rangement  of  the  ultrasonic  probe  shown  in  Fig. 

20  1  . 
Fig.  4  is  a  diagram  showing  an  example  of  the 
method  of  fabricating  the  integrated  circuits  on 
the  semiconductor  wafer  of  the  ultrasonic  probe 
shown  in  Fig.  1  . 

25  Fig.  5  is  a  diagram  showing  an  example  of  the 
conventional  ultrasonic  probes. 
Fig.  6  is  a  diagram  showing  another  example  of 
the  conventional  ultrasonic  probes. 

30  Best  Mode  for  Carrying  Out  the  Invention: 

An  embodiment  of  the  present  invention  will  be 
described  in  detail  with  reference  to  the  drawings. 

Fig.  1  is  a  perspective  diagram  of  the  ultra- 
35  sonic  probe  based  on  an  embodiment  of  this  inven- 

tion.  In  the  figure,  reference  numeral  1  denotes 
multiple  piezoelectric  vibrators,  which  are  arranged 
in  a  two-dimensional  matrix  to  form  a  two-dimen- 
sional  vibrator  array  of  the  ultrasonic  probe.  1  1  is  a 

40  semiconductor  wafer,  and  41  are  individual  inte- 
grated  circuits  (elemental  ICs)  that  are  fabricated 
on  the  wafer  11  in  correspondence  to  the  piezo- 
electric  vibrators.  42  is  a  peripheral  circuit  con- 
nected  to  the  elemental  ICs  41,  and  it  includes  a 

45  control  circuit  and  adding  circuit.  The  wafer  11  is 
glued  to  the  two-dimensional  vibrator  array  by 
means  of  conductive  adhesive  or  the  like.  43  is  a 
common  electrode  of  the  piezoelectric  vibrators  1  , 
with  an  acoustic  matching  layer  44  being  provided 

50  in  contact  with  it.  The  transmission  and  reception  of 
the  ultrasonic  wave  take  place  through  this  acoustic 
matching  layer  for  an  object  under  test  that  is 
located  beneath  the  device  in  the  figure.  45  are 
signal  lines  that  connect  the  integrated  circuits  on 

55  the  wafer  11  to  the  main  unit  of  the  ultrasonic 
diagnostic  apparatus.  The  surface  of  the  semicon- 
ductor  wafer  on  which  the  integrated  circuits  are 
fabricated,  is  covered  with  a  proper  protective  lay- 

3 
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er,  which  is  further  overlaid  by  a  backing  material 
when  necessary. 

Fig.  2  is  a  detailed  diagram  showing  an  exam- 
ple  of  the  linked  state  of  one  piezoelectric  vibrator 
and  the  associated  elemental  IC.  Shown  by  (a)  of 
Fig.  2  is  a  conceptual  cross-sectional  diagram,  and 
(b)  is  a  corresponding  electrical  equivalent  circuit 
diagram.  Shown  here  for  example  as  an  integrated 
circuit  is  the  final  output  stage  of  the  drive  circuit  of 
a  piezoelectric  vibrator.  In  the  diagram  (a)  of  Fig.  2, 
reference  numeral  1  is  a  piezoelectric  vibrator,  4  is 
a  common  electrode,  and  5  is  a  signal  electrode. 
1  1  is  a  semiconductor  wafer,  which  is  glued  to  the 
signal  electrode  5  of  the  piezoelectric  vibrator  1  by 
means  of  conductive  adhesive  12.  Fabricated  on 
the  semiconductor  wafer  11  are  a  resistor  15  and 
transistor  23  to  be  connected  to  the  piezoelectric 
vibrator  1.  The  resistor  15  is  formed  as  an  n-type 
layer  by  the  injection  of  phosphor  between  isolation 
layers  13  and  14,  while  the  transistor  23  is  formed 
as  an  npn-type  transistor  having  its  collector  19, 
base  20  and  emitter  21  formed  between  the  isola- 
tion  layers  14  and  22.  One  end  of  the  resistor  15 
and  the  collector  19  of  the  transistor  23  are  con- 
nected  by  an  aluminum  wire  17  formed  on  the 
oxide  layer  18.  The  resistor  15  has  its  another  end 
led  out  to  the  power  supply  line.  The  transistor  23 
has  its  base  20  led  out  to  the  drive  signal  source 
and  its  emitter  21  led  out  to  the  ground  through  an 
aluminum  wire  24.  A  buried  layer  16  of  n+  type  is 
formed  on  the  surface  of  the  wafer  1  1  on  the  side 
of  the  piezoelectric  vibrator,  and  it  is  exposed  to 
the  rear  surface  of  the  wafer  1  1  .  This  buried  layer 
16  is  connected  to  the  collector  19  of  the  transistor 
23  inside  the  wafer  11.  The  buried  layer  16  has  its 
exposed  portion  connected  electrically  by  the  con- 
ductive  adhesive  12  to  the  signal  electrode  5  of  the 
piezoelectric  vibrator.  Consequently,  the  driving 
transistor  23  and  the  piezoelectric  vibrator  1  are 
connected  electrically  without  using  a  lead  wire. 
The  input  terminal  of  the  receiving  circuit  that  re- 
ceives  the  detected  signal  of  the  piezoelectric  vi- 
brator  1  is  connected  to  the  signal  electrode  of  the 
piezoelectric  vibrator  1  by  using  the  buried  layer  16 
or  another  buried  layer  formed  in  the  same  man- 
ner.  In  this  manner,  even  if  the  probe  has  an 
extremely  large  number  of  piezoelectric  vibrators, 
such  as  a  two-dimensionally  arrayed  probe,  individ- 
ual  piezoelectric  vibrators  and  signal  sending/  re- 
ceiving  circuits  can  be  connected  very  easily.  A  cut 
26  is  to  separate  adjacent  piezoelectric  vibrators. 
The  cut  26  does  not  divide  the  wafer  11  into 
pieces. 

Fig.  3  is  a  diagram  showing  an  example  of  the 
electrical  arrangement  of  the  integrated  circuits 
formed  on  the  wafer  11  of  the  ultrasonic  probe 
shown  in  Fig.  1.  An  electric  circuit  included  in  the 
elemental  IC  for  each  piezoelectric  vibrator  in- 

cludes  a  sending  amplifier  51,  a  receiving  amplifier 
52  and  a  send/receive  mode  switch  53.  An  electric 
circuit  included  in  the  peripheral  circuit  42  includes 
a  transmission  control  circuit  50,  an  A/D  converter 

5  54,  a  delay  circuit  55,  a  switch  control  circuit  56 
and  an  adding  circuit  57.  The  arrangement  of  these 
electric  circuits  is  identical  to  that  of  the  send- 
ing/receiving  circuit  section  of  the  usual  diagnostic 
apparatus. 

io  Fig.  4  is  a  diagram  showing  an  example  of  the 
method  of  fabricating  the  integrated  circuits  on  the 
semiconductor  wafer  of  the  ultrasonic  probe.  On 
the  semiconductor  wafer,  the  elemental  ICs,  which 
are  arranged  in  the  array  pitch  (100-500  urn)  of  the 

is  piezoelectric  vibrators  1,  and  the  peripheral  circuit 
are  formed,  and  IC  chip  blocks  61  of  the  size  of 
matrix  of  the  vibrator  array  are  cut  out  of  the  wafer. 
The  elemental  IC  41  has  an  arrangement  of  mul- 
tiple,  e.g.,  four,  same  electronic  circuits  62,  and 

20  after  the  characteristic  test,  all  but  one  circuit  are 
disconnected  by  using  the  laser  trimming  tech- 
nique  or  the  like.  Consequently,  it  becomes  possi- 
ble  to  enhance  the  yield  of  signal  sending/receiving 
circuits  fabricated  on  the  semiconductor  wafer. 

25 
Claims 

1.  An  ultrasonic  probe  comprising  a  vibrator  array 
and  a  semiconductor  wafer  on  which  signal 

30  sending/receiving  circuits  for  said  vibrator  ar- 
ray  are  integrated,  said  wafer  being  glued  to 
said  vibrator  array  by  means  of  conductive 
adhesive,  wherein  said  signal  send- 
ing/receiving  circuits  for  individual  piezoelectric 

35  vibrators  are  fabricated  by  being  positioned 
coincidently  to  the  arrangement  of  signal  elec- 
trodes  of  said  piezoelectric  vibrators  of  said 
ultrasonic  probe,  and  each  of  said  signal  send- 
ing/receiving  circuits  has  a  conductive  buried 

40  layer,  which  is  in  connection  with  the  output 
terminal  of  the  sending  circuit  and  the  input 
terminal  of  the  receiving  circuit,  exposed  to 
said  semiconductor  wafer  on  the  side  of  the 
vibrator  array  glued  surface. 

45 
2.  An  ultrasonic  probe  according  to  claim  1, 

wherein  a  set  of  signal  sending/receiving  cir- 
cuits  are  fabricated  for  each  of  said  piezoelec- 
tric  vibrators,  with  one  circuit  among  said  cir- 

50  cuit  set  being  brought  to  being  effective. 

55 

4 
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