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Description 

The  present  invention  relates  to  ultrasound 
and,  more  particularly,  to  a  system  and  method 
providing  for  improved  coupling  ultrasound  be- 
tween  a  transducer  and  a  window  of  an  ultrasound 
probe. 

Ultrasonic  imaging  is  widely  used  to  analyze 
the  internal  structure  of  organisms.  For  example, 
ultrasound  is  often  employed  to  characterize  the 
status  of  a  fetus  in  a  pregnant  woman.  Ultrasonic 
imaging  is  based  on  the  detection  of  reflections  of 
ultrasonic  waves  at  boundaries  characterized  by 
unequal  impedances.  Such  boundaries  can  repre- 
sent  bones,  organ  boundaries,  changes  in  tissue 
type,  etc. 

Typically,  ultrasonic  imaging  is  performed  us- 
ing  an  ultrasonic  probe  electrically  coupled  to  an 
electronics  module.  The  probe  generally  comprises 
a  body  serving  as  a  handle,  a  cap  or  window  which 
can  pressed  against  the  skin  of  a  subject  being 
imaged,  and  a  electro-acoustic  transducer  enclosed 
by  the  body  and  window.  The  electronics  module 
generates  electrical  pulses  to  be  converted  to  ultra- 
sonic  pulses  that  are  propagated  through  the  win- 
dow  and  into  the  subject. 

A  single  ultrasonic  pulse  can  result  in  multiple 
reflections  due  to  multiple  impedance  boundaries 
along  its  path  of  propagation.  As  these  reflections 
are  detected  by  the  probe,  they  are  converted  by 
the  transducer  to  an  electrical  signal  which  repre- 
sents  depth  by  time  and  impedance  mismatches 
by  amplitude.  The  electronics  module  analyzes  this 
signal  to  recover  the  imaging  information  which  can 
then  be  displayed  and/or  recorded  as  desired. 

The  quality  of  the  image  obtained  is  largely 
dependent  on  the  sensitivity  with  which  the  probe 
can  detect  reflections.  A  substantial  portion  of  the 
energy  of  an  ultrasonic  pulse  is  absorbed  by  the 
probe  or  the  body.  The  remaining  energy  is  distrib- 
uted  among  multiple  reflections.  Only  a  small  frac- 
tion  of  each  reflection  is  directed  toward  the  probe, 
and  much  of  that  small  fraction  is  absorbed  before 
reaching  the  transducer.  The  transducer  must  be 
able  to  detect  the  occurrences  and  amplitude  of 
these  reflections,  despite  the  small  amounts  of 
energy  in  each  reflection. 

Sensitivity  is  a  function  of  the  aperture,  or 
energy-gathering  area,  of  the  transducer.  A  trans- 
ducer  with  a  large  aperture  can  receive  a  greater 
portion  of  reflected  acoustic  energy.  On  the  other 
hand,  a  larger  aperture  implies  a  shallower  depth  of 
focus.  A  transducer  is  shaped  and/or  operated  so 
that  there  is,  at  any  given  time,  a  single  depth  at 
which  the  transducer's  ability  to  resolve  depth  is  at 
a  maximum.  In  practice,  maximal  resolution  is  not 
necessary,  but  some  threshold  resolution  below 
this  maximum  can  be  required  by  many  imaging 

applications.  When  a  transducer  with  a  small  ap- 
erture  is  used,  the  range  of  depths  for  which  a 
given  threshold  is  met  or  exceeded  is  larger  than 
the  corresponding  range  of  depths  available  when 

5  a  large  aperture  is  used. 
When  the  range  of  depths  of  interest  is  greater 

than  the  depth  of  field  of  a  probe,  it  is  necessary  to 
obtain  imaging  information  using  focal  points  at 
successive  depths.  Finer  steps  between  focal 

io  points  are  required  for  a  larger  aperture.  Herein, 
the  process  of  changing  the  focal  length  of  a  probe 
during  image  gathering  is  referred  to  as 
"zooming". 

Zooming  permits  high  resolution  imaging  along 
75  a  single  trajectory.  To  obtain  a  two-dimensional 

image  of  a  "slice"  of  a  subject,  the  direction  of 
ultrasound  propagation  must  be  panned,  i.e.,  swept 
transversely  or  "steered".  It  is  this  steering  action 
that  gives  many  ultrasound  images  their  fan- 

20  shaped  form.  Herein,  steering  and  zooming  are 
collectively  referred  to  as  "scanning". 

Scanning  is  performed  differently  by  various 
probe  types.  A  small  aperture  probe  with  a  spheri- 
cal  transducer  can  rely  on  a  fixed  focus  and  me- 

25  chanical  steering  for  imaging.  Theoretically,  a  sin- 
gle  element  transducer  could  be  mechanically  de- 
formed  to  provide  for  zooming  and,  thus,  larger 
apertures.  However,  annular  array  transducers  have 
been  developed  in  which  time  delays  between  con- 

30  centric  elements  provide  the  zooming  function;  an- 
nular  array  transducers  generally  employ  mechani- 
cal  steering.  Just  as  phased-arrays  are  used  in 
radar,  it  is  possible  to  implement  a  rectangular 
array  ultrasound  transducer  in  which  all  scanning  is 

35  performed  electronically.  Such  rectangular  arrays 
involve  considerable  processing  complexity  and 
are  not  widely  used.  Linear  phased  arrays  are 
simpler  to  implement  and  also  permit  electronic 
zooming  and  steering;  however,  elevational  resolu- 

40  tion  (transverse  to  depth  and  pan)  is  poor. 
While  each  probe  design  has  its  advantages, 

the  annular  array  stands  out  for  allowing  high  reso- 
lution  imaging  in  all  directions  while  demanding 
less  in  the  way  of  processing  to  generate  an  image 

45  from  the  received  reflections.  Zooming  can  be  per- 
formed  electronically  at  very  high  speeds  for  each 
mechanically  controlled  pan  position. 

One  challenge  in  designing  large  aperture,  me- 
chanically  scanned  ultrasonic  transducers  such  as 

50  an  annular  array  transducers  is  to  couple  ultra- 
sound  transmissions  between  the  probe  and  the 
subject  optimally.  For  obvious  reasons,  including 
subject  comfort,  the  moving  transducer  cannot  be 
in  intimate  contact  with  the  subject.  Instead,  in- 

55  timate  contact  with  the  subject  is  made  by  the 
probe  window.  The  window  material  is  selected  to 
be  safe,  comfortable,  rigid  and  transmissive  of  ul- 
trasonic  energy.  A  more  subtle  criterion  is  the 
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requirement  that  the  acoustic  refractive  index  at 
ultrasound  frequencies  be  closely  matched  to  the 
subject  being  imaged.  In  other  words,  the  acoustic 
velocities  of  window  and  subject  should  be 
matched.  The  purpose  of  this  matching  is  to  mini- 
mize  image  distortion  due  to  changes  in  beam 
direction  at  the  subject-window  boundary. 

In  addition,  it  is  desirable  to  match  the  ultra- 
sonic  impedance  of  the  window  to  the  subject  to 
minimize  reflections  at  that  surface.  Such  reflec- 
tions  bear  no  useful  information,  create  reflections 
internal  to  the  probe  which  can  interfere  with  image 
clarity,  and  dissipate  energy  which  could  otherwise 
contribute  to  useful  reflections.  However,  some 
compromise  in  impedance  matching  is  tolerated  to 
accommodate  other  criteria,  particularly  rigidity  of 
the  window. 

A  fluid  medium  is  typically  interposed  between 
a  mechanically  panned  transducer  and  the  asso- 
ciated  probe  window  to  permit  steering  motion 
while  providing  appropriate  ultrasonic  coupling  be- 
tween  the  transducer  and  the  window  and  subject. 
The  requirements  for  coupling  include  matching  of 
transmission  velocity  and  impedance  among  the 
fluid,  window  and  subject  for  the  same  reasons 
discussed  above  with  respect  to  matching  the  win- 
dow  to  the  body.  In  addition,  the  attenuation  of  the 
fluid  must  be  considered  to  balance  the  require- 
ment  of  efficient  transmission  of  ultrasound  and  the 
need  to  damp  reflections  internal  to  the  probe 
which  could  create  image  artifacts  and  otherwise 
degrade  image  quality. 

These  requirements  generally  constrain  selec- 
tion  of  the  medium  material  to  be  a  liquid  sealed  in 
a  chamber  defined  by  the  probe  body  and  window. 
It  is  difficult  to  determine  the  range  of  coupling 
fluids  used  in  mechanically  scanned  probes,  since 
many  of  these  are  proprietary.  Various  organic 
liquids  have  been  tried.  Frequently,  materials  are 
mixed  in  an  attempt  to  combine  the  characteristics 
of  each  component.  However,  such  most  combina- 
tions  interact  in  a  non-linear  manner,  rendering  the 
outcome  of  a  mixture  unpredictable.  While  tables  of 
attenuation  and  impedance  are  available,  selection 
of  a  coupling  fluid  is  generally  a  matter  of  trial  and 
error. 

One  problem  with  known  coupling  fluids  is  that 
it  is  difficult  to  vary  one  parameter  of  interest,  e.g., 
impedance,  without  affecting  another,  e.g.,  velocity. 
Often,  it  is  not  possible  to  "tweak"  a  fluid  mixture 
to  obtain  the  desired  properties.  Moreover,  these 
properties  must  be  maintained  within  acceptable 
tolerances  over  a  range  of  operating  tempertures, 
further  excluding  otherwise  acceptable  coupling 
fluids. 

A  number  of  different  materials,  e.g.,  silicone- 
based  oils  or  mixtures  of  Glycerol  with  Propylene 
Glycol,  have  been  successfully  employed  as  cou- 

pling  fluids  for  small  aperture  probes.  However, 
images  produced  by  larger  aperture  probes  using 
the  same  fluids  have  been  plagued  by  artifacts 
apparently  due  to  internal  reflections.  What  is 

5  needed  is  an  ultrasound  system  and  method  for 
producing  clearer  images  when  using  large  ap- 
erture  probes.  Preferably,  such  a  system  and 
method  would  employ  a  coupling  fluid  for  which 
one  parameter  of  interest  can  be  adjusted  without 

io  significantly  changing  another  parameter. 
US-A-4  194  150  discloses  an  ultrasonic  scan- 

ner  using  Glycerol  as  a  coupling  fluid. 
The  present  invention,  as  set  forth  in  claims  1 

and  5,  is  based  on  a  probe  design  method  which, 
is  rather  than  maximising  its  transmissivity,  optimises 

the  attenuation  of  the  coupling  fluid  within  a  range 
selected  to  render  the  amplitudes  of  internal  reflec- 
tions  insignificant  by  the  time  reflections  of  interest 
return  to  the  probe  transducer.  The  coupling  fluid 

20  between  the  transducer  and  a  probe  window  in- 
cludes  a  mixture  of  1-Butanol  and  Glycerol,  the 
ratio  of  1-Butanol  to  Glycerol  being  between  23% 
and  37%.  Attenuation  can  be  adjusted  downwardly 
by  including  a  suitable  amount  of  2-Hydroxyethyl 

25  Ether  with  the  mixture.  The  invention  is  used  to  its 
best  advantage  in  a  mechanically  scanned  probe 
with  a  larger  aperture  transducer.  However,  it  is 
also  applicable  to  other  ultrasonic  probes  employ- 
ing  a  coupling  fluid. 

30  The  importance  of  attenuation  of  the  coupling 
fluid  is  most  critical  in  large  aperture  probes.  In  a 
small  aperture  probe,  the  distance  between  the 
transducer  and  the  window  and  the  length  of  the 
mean  free  path  of  ultrasound,  i.e.,  acoustic  energy 

35  having  a  frequency  of  about  20  kilohertz  (kHz)  or 
greater,  through  the  medium  are  both  relatively 
short.  This  results  in  relatively  many  reflections  per 
unit  time.  Each  reflection  is  accompanied  by  some 
attenuation  and  some  dissipation  or  loss  due  to 

40  transmission;  reflections  off  the  transducer  are  par- 
ticularly  attenuative.  By  the  time  a  reflection  of 
interest  arrives  at  the  transducer,  a  sufficient  num- 
ber  of  internal  reflections  occur  to  reduce  the  en- 
ergy  of  the  internal  reflections  to  an  acceptable 

45  level. 
In  a  large  aperture  probe,  the  mean  free  path  is 

longer  and  there  are  fewer  reflections  per  unit  time. 
In  other  words,  the  coupling  fluid  in  a  large  ap- 
erture  probe  serves  a  relatively  more  important  role 

50  in  attenuating  internal  reflections.  For  this  reason, 
the  present  invention  provides  for  a  more  attenua- 
tive  coupling  fluid  than  is  typically  employed  in 
ultrasound  probes. 

More  importantly,  the  present  invention  pro- 
55  vides  for  more  precise  control  over  the  attenuation 

of  the  coupling  fluid.  Since  the  coupling  fluid  in  a 
large  aperture  probe  is  a  relatively  important  factor 
in  attenuating  internal  reflections,  it  follows  that 
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performance  of  the  incorporating  ultrasound  system 
is  more  sensitively  affected  by  the  extent  of  attenu- 
ation  imposed  by  the  coupling  fluid.  For  this  rea- 
son,  it  is  important  that  the  attenuation  be  precisely 
established  at  an  optimum  level. 

It  is  challenging  to  determine  this  optimum 
level.  This  optimum  level  varies  in  as  yet  difficult  to 
predict  ways  on  probe  composition  and  geometry. 
Furthermore,  for  given  probe,  this  optimum  can 
vary  according  to  the  depths  of  interests  and  the 
types  of  tissue  or  other  materials  being  explored. 
Therefore,  coupling  fluids  are  usually  selected 
through  a  process  of  trial  and  error. 

This  trial  and  error  process  can  be  quite  te- 
dious.  In  generally,  adjustments  to  a  fluid  mixture 
to  change  attenuation  also  change  velocity  and/or 
impedance,  which  must  be  kept  within  predeter- 
mined  bounds.  Generally,  fluid  characteristics  do 
not  combine  linearly  so  that  it  is  difficult  to  predict 
the  values  of  a  mixture  without  testing  it.  Thus,  a 
mixture  which  is  suitable  for  a  particular  probe  and 
application  might  not  be  modifiable  for  a  slightly 
different  probe  or  application. 

The  present  invention  addresses  this  problem 
in  a  probe  which  includes  a  coupling  fluid  the 
attenuation  of  which  can  be  precisely  adjusted 
without  impairing  velocity  and  impedance  match- 
ing.  The  ratio  of  1-Butanol  in  Glycerol  provides  a 
relatively  attenuative  fluid.  Lower  attenuations  are 
attainable  by  adding  2-Hydroxyethyl  Ether.  Small 
changes  in  velocity  and  impedance  can  be  com- 
pensated  by  adjusting  the  ratio  of  1-Butanol  in 
Glycerol  slightly. 

The  present  invention  provides  for  an  economi- 
cal  and  high  performance  ultrasound  system.  The 
economy  results  from  the  greatly  reduced  design 
time  required  to  find  an  appropriate  coupling  fluid 
to  achieve  different  attenuations.  The  fluid  compo- 
nents  are  known  as  are  the  proportions  required  to 
attain  specific  levels  of  attenuation.  This  greatly 
relieves  the  amount  of  experimentation  required  to 
achieve  optimal  probe  performance.  Probe  perfor- 
mance  is  enhanced  because  larger  aperture  probes 
are  made  more  practical  and  because  attenuation 
can  be  more  closely  matched  to  probe  characteris- 
tics  and  to  applications.  These  and  other  features 
and  advantages  are  apparent  from  the  description 
below  with  reference  to  the  following  drawings. 

FIGURE  1  is  a  sectional  view  of  a  probe  in 
accordance  with  the  present  invention. 

FIGURE  2  is  a  graph  indicating  the  effect  on 
attentuation  and  velocity  of  adding  2-Hydroxyethyl 
Ether  to  a  mixture  of  1-Butanol  in  Glycerol  in 
accordance  with  the  present  invention. 

FIGURE  3  is  a  flow  chart  depicting  a  method  of 
coupling  ultrasonic  energy  between  a  mechanically 
scanned  ultrasound  generator  and  an  ultrasound 
window  in  accordance  with  the  present  invention. 

An  ultrasound  system  101  includes  an  elec- 
tronics  module  103  and  a  probe  105,  schematically 
shown  in  FIG.  1.  Electronics  module  103  includes 
transmitter  electronics  107  and  receiver  electronics 

5  109  coupled  via  cable  111.  Cable  111  includes 
lines  for  supplying  power  and  ground  potentials  to 
probe  105,  for  delivering  pulses  from  transmitter 
electronics  107  to  probe  105,  for  delivering  re- 
ceived  signals  from  probe  105  to  receiver  electron- 

io  ics  109. 
A  housing  113  for  probe  105  includes  a  probe 

head  115,  a  probe  back  117  and  a  probe  handle 
119.  Head  115  is  attached  to  handle  119  via  handle 
bracket  121.  A  probe  window  123  is  rigidly  at- 

15  tached  to  head  115.  Window  123,  head  115  and 
back  117  collectively  define  a  chamber  125  which 
is  filled  with  a  coupling  fluid  127.  A  transducer  131 
is  mounted  in  a  spherical  frame  133,  which  is 
pivotably  mounted  in  head  115  with  bearings  129. 

20  A  motor  135  is  mounted  in  handle  119  by  means  of 
a  motor  mount  137.  Motor  135  drives  a  pinion  139 
via  a  shaft  141.  A  shaft  seal  143  prevents  fluid  127 
from  escaping  into  handle  119.  Drive  bands  145 
transfer  pinion  motion  to  provide  for  steering  of 

25  frame  133,  and  thus  transducer  131.  Bands  145  are 
attached  to  frame  133  with  bolts  147,  one  of  two 
being  shown.  An  optical  encoder  149  provides  in- 
formation  on  pan  position  to  receiver  electronics 
109  required  to  construct  an  ultrasound  image. 

30  Ultrasound  system  101  is  typical  of  ultrasound 
systems  using  annular  phased  array  transducers 
except  for  modifications  to  incorporate  the  relative 
large  aperture  transducer  131  for  increased  sen- 
sitivity  and  the  selection  of  attenuative  coupling 

35  fluid  127  to  compensate  noise  problems  introduced 
due  to  the  increased  aperture  size.  The  aperture  of 
transducer  127  is  about  3  centimeters  (cm),  com- 
pared  to  a  more  typical  1.5  cm  aperture.  Coupling 
fluid  127  is  substantially  a  two-component  mixture 

40  consisting  primarily  of  1-Butanol  (Butyl  Alcohol)  in 
Glycerol,  the  ratio  of  1-Butanol  to  Glycerol  being 
between  23%  and  37%.  This  two  component  mix- 
ture  is  characterised  by  a  velocity  of  1540  m/s,  an 
impedance  of  1.7  Mrayls  and  an  attenuation  of  4.1 

45  dB/cm  at  4.5  MHz.  Temperature  sensitivity  is  given 
by  a  velocity  slope  of  -2.4  m/s/deg  C  and  an 
attenuation  slope  of  -0.1  dB/cm/deg.C.  Both  ve- 
locity  and  attenuation  decrease  with  higher  per- 
centages  of  Butanol. 

50  In  an  alternative  embodiment  of  the  present 
invention,  2-Hydroxyethyl  Ether  is  added  to  the 
mixture  to  reduce  attenuation.  The  effects  of  this 
addition  for  an  illustrative  composition  are  shown  in 
FIG.  2.  The  starting  point  is  a  1-Butanol/Glycerol 

55  mix  at  velocity  =  1500  m/s,  as  indicated  by  line 
201,  and  attenuation  =  4.1  dB/cm,  as  indicated  by 
line  202.  With  the  addition  of  8%  by  weight  of  2- 
Hydroxyethlyl  Ether,  there  is  insignificant  change  in 

4 



7 EP  0  359  546  B1 8 

attentuation  and  a  small  change  in  velocity  to  1526 
m/s.  With  an  11%  by  weight  mixture  of  the  2- 
Hydroxyethyl  Ether,  attenuation  drops  dramatically 
to  2.9  dB/cm  while  velocity  increases  only  slightly 
to  1530  m/s.  With  a  15%  by  weight  mxiture,  attenu- 
ation  decreases  to  2.3  dB/cm  while  velocity  in- 
creases  to  1534  m/s. 

Looked  at  another  way,  by  decreasing  the  per- 
centage  of  2-Hydroxyethyl  Ether  in  the  mixture 
from  15%  to  8%,  a  78%  increase  in  attenuation 
can  be  attained  while  velocity  decreases  only  half 
of  a  percent.  Thus,  significant  attenuation  control  is 
afforded  while  velocity  is  maintain  within  narrow 
bounds.  It  should  be  noted  that  few  fluids  possess 
the  desirable  quality  of  allowing  one  to  vary  the 
attenuation  without  driving  the  velocity  beyond  al- 
lowable  values.  For  purposes  of  comparison, 
changing  the  ratio  of  1-Butanol  to  Glycerol  to  attain 
the  same  level  of  attenuation  would  result  in  an 
acceptable  velocity  of  about  1400  m/s. 

FIG.  3  is  a  flow  chart  of  a  method  in  accor- 
dance  with  the  present  invention.  The  first  step  301 
is  mixing  1-Butanol  into  Glycerol  to  attain  velocity 
and  impedance  matched  levels.  The  next  step  302 
is  to  add,  as  necessary,  2-Hydroxyethyl  Ether  to 
decrease  attenuation  to  an  appropriate  level.  This 
fluid  is  to  be  enclosed,  at  step  303,  in  the  head  of 
the  ultrasonic  probe.  The  window  of  the  probe  is  to 
be  pressed,  at  step  304,  against  a  subject  and  the 
transducer  of  the  probe  mechanically  scanned,  at 
step  305,  relative  to  the  subject.  Ultrasound  pulses 
are  transmitted,  at  step  306,  from  the  transducer 
through  the  fluid,  through  the  window  and  into  the 
subject.  At  least  some  of  the  ultrasound  reflections 
from  the  subject  are  transmitted  through  the  win- 
dow,  the  fluid  and  converted,  at  step  307,  by  the 
transducer  to  electrical  signals.  These  electrical 
signals  are  then  analyzed,  at  step  308,  to  generate 
an  image  characterizing  the  subject. 

The  foregoing  is  a  description  of  the  preferred 
embodiments  of  the  present  invention.  In  addition, 
different  probe  dimensions  and  geometries  are  ac- 
commodated.  A  variety  of  transmission  and  re- 
ceiver  electronics  are  provided  for,  including  both 
digital  and  analog  based  electronics.  Different  tran- 
sducer  types  and  geometries  are  provided  for.  The 
body  supporting  the  transducer  can  have  any  of 
innumerable  shapes  and  characteristics.  A  variety 
of  enclosure  and  window  types  and  materials  are 
provided  for.  The  drive  system  for  steering  the 
transducer  can  assume  a  variety  of  configurations. 
In  addition  to  the  components  described  above,  the 
coupling  fluid  can  include  other  components  which 
modiX,  dilute  critical  characteristics  or  which  leave 
these  characteristics  unaffected  but  serve  an  an- 
cillary  function.  Other  modifications  ad  variations 
are  provided  for  by  the  present  invention,  the 
scope  of  which  is  limited  only  by  the  following 

claims. 

Claims 

5  1.  An  ultrasonic  scanning  probe  (101)  comprising 
a  coupling  fluid  (127)  interposed  between  a 
transducer  (131)  and  a  probe  window  (123), 
said  coupling  fluid  comprising  Glycerol  charac- 
terised  by  said  coupling  fluid  further  compris- 

io  ing  1-Butanol,  wherein  the  ratio  of  1-Butanol  to 
Glycerol  is  between  23%  and  37%. 

2.  An  apparatus  according  to  claim  1,  wherein 
said  transducer  (131)  converts  electrical  pulses 

is  to  ultrasound  energy  and  ultrasound  energy  to 
electric  signals,  further  comprising  transmis- 
sion  electronics  (107)  coupled  to  said  trans- 
ducer  for  providing  said  electrical  pulses  to 
said  transducer;  and  receiver  electronics  (109) 

20  coupled  to  said  transducer  for  interpreting  said 
electrical  signals. 

3.  An  apparatus  according  to  any  preceding 
claim,  further  comprising  a  body  (113)  support- 

25  ing  said  transducer  (131)  so  that  the  tran- 
slational  position  of  said  transducer  can  be 
controlled  by  moving  said  body,  wherein  said 
enclosure  means  (115)  is  rigidly  coupled  to 
said  body  and  drive  means  (135)  moves  said 

30  transducer  relative  to  said  body  so  that  said 
ultrasound  energy  radiated  by  said  transducer 
can  be  scanned  relative  to  said  body. 

4.  The  apparatus  (101)  of  any  preceding  claim 
35  wherein  said  fluid  (127)  also  includes  2- 

Hydroxyethyl  Ether. 

5.  A  method  of  coupling  acoustic  energy  in  an 
ultrasound  system  housed  in  a  probe  (105) 

40  having  an  ultrasound  generator  (131)  and  an 
ultrasound  window  (123)  characterised  by  the 
step  of:  filling  (303)  the  space  between  said 
ultrasound  generator  (131)  and  said  ultrasound 
window  (123)  of  said  probe  (105)  with  a  cou- 

45  pling  fluid  comprising  Glycerol  characterised 
by  said  coupling  fluid  further  comprising  1- 
Butanol,  wherein  the  ratio  of  1-Butanol  to  Glyc- 
erol  in  said  coupling  fluid  is  between  23%  and 
37%. 

50 
6.  A  method  according  to  claim  5,  further  com- 

prising  the  steps  of:  pressing  (304)  said  ul- 
trasound  window  (123)  against  an  organism; 
scanning  (305)  said  ultrasound  generator  (131) 

55  relative  to  said  organism;  transmitting  (306)  a 
series  of  electrical  impulses  to  said  transducer 
(131)  so  as  to  generate  a  series  of  ultrasonic 
pulses;  transmitting  (306)  said  ultrasonic 

5 
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pulses  from  said  coupling  fluid  (127)  through 
said  window  (123)  and  into  said  organism 
through  said  window  and  through  said  fluid  to 
said  transducer  to  produce  electrical  signals; 
and  analysing  (308)  said  signals  to  charac- 
terise  said  organism. 

Patentanspruche 

1.  Ultraschallabtastkopf  (101),  der  eine  Kopp- 
lungsflussigkeit  (127)  umfaBt,  die  zwischen  ei- 
nem  Ultraschallwandler  (131)  und  einem  Ab- 
tastkopffenster  (123)  angeordnet  ist,  wobei  be- 
sagte  Kopplungsflussigkeit  Glycerin  enthalt, 
dadurch  gekennzeichnet,  daB  besagte 
Kopplungsflussigkeit  auBerdem  1-Butanol  ent- 
halt,  wobei  das  Verhaltnis  von  1-Butanol  zu 
Glycerin  zwischen  23%  und  37%  liegt. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daB  besagter  Ultraschallwand- 
ler  (131)  elektrische  Pulse  in  Ultraschallenergie 
und  Ultraschallenergie  in  elektrische  Signale 
umwandelt,  wobei  die  Vorrichtung  auBerdem 
Ubertragungselektronik  (107),  die  mit  besag- 
tem  Ultraschallwandler  zur  Lieferung  besagter 
elektrischen  Pulse  an  besagten  Ultraschall- 
wandler  verbunden  ist;  und  Empfangselektronik 
(109),  die  mit  besagtem  Ultraschallwandler  zur 
Auswertung  besagter  elektrischen  Signale  ver- 
bunden  ist,  umfaBt. 

3.  Vorrichtung  nach  einem  der  vorangegangenen 
Anspruche,  dadurch  gekennzeichnet,  daB 
sie  auBerdem  einen  Korper  (113)  umfaBt,  der 
besagten  Ultraschallwandler  (131)  tragt,  so  daB 
die  Translationsstellung  des  Ultraschallwand- 
lers  durch  Bewegen  des  Korpers  kontrolliert 
werden  kann,  wobei  besagte  Umhullung  (115) 
fest  mit  besagtem  Korper  verbunden  ist,  und 
Antriebsmittel  (135)  besagten  Ultraschallwand- 
ler  relativ  zu  besagtem  Korper  bewegt,  so  daB 
die  durch  besagten  Ultraschallwandler  ausge- 
strahlte  Ultraschallenergie  relativ  zu  besagtem 
Korper  abgetastet  werden  kann. 

4.  Vorrichtung  (101)  nach  irgendeinem  der  voran- 
gegangenen  Anspruche,  dadurch  gekenn- 
zeichnet,  daB  besagte  Flussigkeit  (127)  auch 
2-Hydroxyethyl  Ather  enthalt. 

5.  Verfahren  zum  Einkoppeln  akustischer  Energie 
in  ein  Ultraschallsystem,  das  in  einem  Abtast- 
kopf  (105)  mit  einem  Ultraschallerzeuger  (131) 
und  einem  Ultraschallfenster  (123)  enthalten 
ist,  gekennzeichnet  durch  Fullen  (303)  des 
Raums  zwischen  besagtem  Ultraschallerzeuger 
(131)  und  besagtem  Ultraschallfenster  (123) 

von  besagtem  Abtastkopf  (105)  mit  einer 
Kopplungsflussigkeit,  die  Glycerin  enthalt,  und 
dadurch  gekennzeichnet,  daB  besagte 
Kopplungsflussigkeit  auBerdem  1-Butanol  ent- 

5  halt,  wobei  das  Verhaltnis  von  1-Butanol  zu 
Glycerin  in  besagter  Kopplungsflussigkeit  zwi- 
schen  23%  und  37%  liegt. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekenn- 
io  zeichnet,  daB  es  auBerdem  die  folgenden 

Schritte  umfaBt:  Pressen  (304)  von  besagten 
Ultraschallfenster  (123)  gegen  einen  Organis- 
mus;  abtastendes  Verfahren  (305)  des  Ultra- 
schallerzeugers  (131)  relativ  zu  besagtem  Or- 

15  ganismus;  Ubertragen  (306)  einer  Serie  von 
elektrischen  Impulsen  an  besagten  Ultraschall- 
wandler  (131),  so  daB  eine  Serie  von  Ultra- 
schallpulsen  erzeugt  wird;  Ubertragen  (306) 
besagter  Ultraschallpulse  von  besagter  Kopp- 

20  lungsflussigkeit  (127)  durch  besagtes  Fenster 
(123)  und  in  besagten  Organismus,  durch  be- 
sagtes  Fenster  und  durch  besagte  Flussigkeit 
an  besagten  Ultraschallwandler,  urn  elektrische 
Signale  herzustellen;  und  Analysieren  (308)  be- 

25  sagter  Signale,  urn  besagten  Organismus  zu 
charakterisieren. 

Revendications 

30  1.  Une  sonde  ultrasonique  de  balayage  (101) 
comprenant  un  fluide  de  couplage  (127)  inter- 
pose  entre  un  transducteur  (131)  et  une  fene- 
tre  de  sonde  (123),  ledit  fluide  de  couplage 
comprenant  de  la  glycerine,  caracterisee  en  ce 

35  que  ledit  fluide  de  couplage  comprend  du  1- 
butanol,  le  rapport  entre  le  1-butanol  et  la 
glycerine  etant  compris  entre  23%  et  37%. 

2.  Un  appareil  selon  la  revendication  1,  dans  le- 
40  quel  ledit  transducteur  (131)  convertit  des  im- 

pulsions  electriques  en  une  energie  ultrasoni- 
que  et  une  energie  ultrasonique  en  signaux 
electriques,  comprenant  en  outre  une  electroni- 
que  de  transmission  (107)  couplee  audit  trans- 

45  ducteur  pour  amener  lesdites  impulsions  elec- 
triques  audit  transducteur;  et  une  electronique 
de  recepteur  (109)  couplee  audit  transducteur 
pour  interpreter  lesdits  signaux  electriques. 

50  3.  Un  appareil  selon  une  revendication  preceden- 
te  quelconque,  comprenant  en  outre  un  corps 
(113)  supportant  ledit  transducteur  (131)  d'une 
maniere  telle  que  la  position  de  translation 
dudit  transducteur  peut  etre  commandee  en 

55  deplagant  ledit  corps,  dans  lequel  ledit  moyen 
d'enceinte  (115)  est  couple  rigidement  audit 
corps  et  un  moyen  d'entraTnement  (135)  depla- 
ce  ledit  transducteur  par  rapport  audit  corps 

6 
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d'une  maniere  telle  que  ladite  energie  ultraso- 
nique  rayonnee  par  ledit  transducteur  peut  etre 
balayee  par  rapport  audit  corps. 

4.  L'appareil  selon  une  revendication  precedente  5 
quelconque  dans  lequel  ledit  fluide  (127)  inclut 
aussi  du  2-hydroxyethylether. 

5.  Un  procede  de  couplage  d'une  energie  acous- 
tique  dans  un  systeme  ultrasonique  loge  dans  10 
une  sonde  (105)  pourvue  d'un  generateur  ultra- 
sonique  (131)  et  d'une  fenetre  ultrasonique 
(123)  caracterise  par  I'etape  consistant  a  : 
remplir  (303)  I'espace  entre  ledit  generateur 
ultrasonique  (131)  et  ladite  fenetre  ultrasonique  is 
(123)  de  ladite  sonde  (105)  a  I'aide  d'un  fluide 
de  couplage  comprenant  de  la  glycerine  carac- 
terise  en  ce  que  ledit  fluide  de  couplage  com- 
prend  en  outre  du  1-butanol,  le  rapport  entre  le 
1-butanol  et  la  glycerine  dans  ledit  fluide  de  20 
couplage  etant  compris  entre  23%  et  37%. 

6.  Un  procede  selon  la  revendication  5,  compre- 
nant  en  outre  les  etapes  consistant  a  :  appuyer 
(304)  ladite  fenetre  ultrasonique  (123)  contre  25 
un  organisme;  balayer  (305)  ledit  generateur 
ultrasonique  (131)  par  rapport  audit  organisme; 
transmettre  (306)  une  serie  d'impulsions  elec- 
triques  au  transducteur  (131)  de  fagon  a  en- 
gendrer  une  serie  d'impulsions  ultrasoniques;  30 
transmettre  (306)  lesdites  impulsions  ultrasoni- 
ques  a  partir  dudit  fluide  de  couplage  (127)  a 
travers  ladite  fenetre  (123)  et  dans  ledit  organi- 
sme,  et  a  travers  ladite  fenetre  et  a  travers 
ledit  fluide  audit  transducteur  afin  de  produire  35 
des  signaux  electriques;  et  analyser  (308)  les- 
dits  signaux  pour  caracteriser  ledit  organisme. 

7 
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