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©  Medical  laser  probe  and  method  of  delivering  C02  radiation. 

©  A  probe  is  described  for  delivering  CO2  radiation 
to  a  desired  site.  Such  probe  includes  an  n<1  optical 

guide  made  of  sapphire  tubing  (19).  In  one  embodi- 
ment,  the  probe  includes  a  disposable  tip  (27). 
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The  present  invention  relates  to  laser  systems 
and,  more  particularly,  to  a  probe  for  delivering 
10.6  micron  wavelength  radiation  and  a  method  for 
such  delivery. 

CO2  (carbon  dioxide)  laser  radiation  is  of  major 
interest  to  the  medical  community  because  of  the 
ability  of  the  principle  component  of  its  output 
radiation,  10.6  microns  in  wavelength,  to  cut  and/or 
ablate  both  normal  and  abnormal  mammalian  tis- 
sue  when  delivered  at  appropriate  power  levels. 
However,  delivery  systems  for  conveying  the  same 
to  a  mammalian  tissue  site  have  been  less  than 
ideal  ~  this  is  particularly  true  for  internal  deliver. 
The  delivery  system  must  be  both  flexible  and 
preferably  sufficiently  small  at  its  distal  end  for 
cavity  insertion  and  intracavity  manipulation.  A  criti- 
cal  component  in  such  delivery  is  the  optical 
waveguide  which  directs  the  radiation  from  a 
source  of  the  same  to  adjacent  the  desired  mam- 
malian  tissue  site.  (If  the  waveguide  is  connected 
directly  to  a  CO2  laser  to  receive  its  output,  the 
source  is  the  laser  itself,  whereas  if  the  delivery 
system  is  a  multi-component  system  the  source 
can  be  another  component  of  the  system.) 

The  characteristics  that  are  desired  in  a  medi- 
cal  probe  for  CO2  laser  radiation  are  known.  It  is 
desirable  that  it  be  small  as  mentioned  above,  i.e., 
small  in  dimension  in  the  direction  normal  to  the 
direction  of  guiding.  Surgeons  prefer  that  the  great- 
est  dimension  in  such  direction  of  any  part  which 
may  be  inserted  internally  into  a  body,  be  no 
greater  than  1  millimeter.  It  is  also  quite  important 
that  it  be  flexible,  i.e.,  capable  of  being  flexed, 
without  major  variations  in  its  transmission  capabil- 
ity.  In  connection  with  the  latter,  a  surgeon  has  to 
be  able  to  expect  basically  the  same  output  power 
from  the  probe  irrespective  of  variations  in  probe 
flexing.  Moreover  it  is  important  that  the  portion  of 
the  guide,  the  operative  part  of  the  probe,  which  is 
to  be  inserted  into  a  body  be  fairly  long,  e.g.,  about 
75  centimeters  in  length.  This  means  that  the  trans- 
mission  loss  per  unit  of  length  has  to  be  mini- 
mized. 

Much  effort  and  investigation  has  been  under- 
taken  in  an  effort  to  provide  an  appropriate  medical 
probe.  In  this  connection,  efforts  have  been  made 
to  extend  the  wavelength  range  of  dielectric  optical 
fibers  of  the  type  used  with  other  wavelengths 
formed  by  extruding  crystals  or  drawing  special 
glasses.  For  example,  reference  is  made  to  the 
paper  entitled  "Hollow-Core  Oxide-Glass  Cladding 
Optical  Fibers  for  Middle  Infrared  Region"  (July 
1981)  by  T.  Hidaka,  et  al.,  published  in  THE  JOUR- 
NAL  OF  APPLIED  PHYSICS,  Vol.  52,  No.  7,  page 
4467  et  seq.  These  efforts,  through,  have  not  been 
satisfactory  since  such  materials  high  transmission 
loss  for  CO2  radiation.  Such  transmission  loss  is 
particularly  significant  when  the  materials  form  bent 

structures,  such  as  curved  probes,  since  much  of 
the  input  radiation  is  absorbed.  The  paper  entitled 
"Fiber  Optic  Trends"  appearing  on  page  51  in  the 
July  1987  issue  of  PHOTONICS  SPECTRA  pro- 

5  vides  a  basic  overview  of  the  developments  with 
respect  to  IR  fibers  (optical  waveguides  for  CO2 
radiation).  As  brought  out  in  such  paper,  CO2  radi- 
ation  transmission  in  most  of  such  fibers  is  signifi- 
cantly  decreased  when  the  fiber  is  flexed  to  a  small 

10  bend  radius.  An  investigation  with  respect  to  use  of 
a  particular  metal  probe  which  is  dielectrically  coat- 
ed  is  described  in  the  paper  entitled  "A  Flexible 
CO2  Laser  Fiber  for  Operative  Laparoscopy"  (July 
1986)  by  Baggish,  et  al.  appearing  in  FERTILITY 

15  AND  STERILITY,  volume  46,  page  16.  While  it  is 
stated  that  such  metal  IR  fiber  is  "flexible,"  the 
effect  of  flexing  on  transmission  is  not  discussed.  It 
is  expected  to  be  great  based  on  other  metal 
waveguides,  though,  since  a  metal  is  quite  lossy 

20  and  differential  flexing  will  result  in  significantly 
great  differential  absorption.  Moreover,  the  lossy 
nature  of  such  a  guide  will  limit  its  overall  length. 

There  is  an  anomalous  dispersion  phenomenon 
that  is  associated  with  transmission  of  10.6  micron 

25  radiation  through  certain  nonmetallic,  hollow 
waveguides.  As  pointed  out  in  the  paper  entitled 
"Dispersion  Phenomena  in  Hollow  Alumina 
Waveguides"  (1985)  authored  by  Jenkins,  et  al. 
and  appearing  at  pages  1722  et  seq.  in  the  IEEE 

30  Journal  of  Quantum  Electronics,  Vol.  QE-21,  it  has 
been  discovered  that  alumina  waveguides  have  an 
abrupt  change  in  attenuation  which  is  directly  re- 
lated  to  the  wavelength  of  the  radiation  which  is 
transmitted.  It  has  been  found  that  the  attenuation 

35  of  10.6  micron  radiation  by  a  hollow  air  core  alu- 
mina  waveguide  is  significantly  lower  than  it  is  for 
other  longer  or  shorter  wavelengths,  such  as  9.6 
micron  radiation.  This  phenomenon  has  been  asso- 
ciated  with  the  index  of  refraction  (n)  of  the  alumina 

40  relative  to  the  wavelength.  That  is,  this  relatively 
unexpected  phenomenon  has  been  associated  with 
the  index  of  refraction  of  the  alumina  becoming 
less  than  that  of  the  air  core  over  a  short  range  of 
wavelengths. 

45  Most  polycrystalline  materials  satisfactory  for 
n<1  hollow  guides  are  too  brittle  to  provide  flexing. 
Probe  constructions  using  polycrystalline  material 
as  a  cladding  in  which  some  flexing  can  be 
achieved  have  been  considered.  For  example,  it 

50  has  been  considered  to  provide  a  thin  coating  or 
layer  of  a  polycrystalline  material  within  an  other- 
wise  flexible  substrate  tubing.  While  such  a  con- 
struction  may  permit  flexing,  relatively  high  trans- 
mission  losses  would  be  expected  due  to  the  poly- 

55  crystalline  nature  of  the  coating. 
Although  there  has  been  much  investigation 

and  effort  to  arrive  at  a  satisfactory  probe  for 
delivering  CO2  radiation,  to  date  these  efforts  have 
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not  produced  an  entirely  satisfactory  probe  or 
method  of  delivering  10.6  micron  radiation  to  a 
mammalian  tissue  site. 

It  has  been  found  that  a  hollow  waveguide  in 
which  the  index  of  refraction  of  the  cladding  of  the 
waveguide  (the  material  providing  the  cladding)  is 
less  than  that  of  the  core  can  be  made  flexible  and 
yet  transmit  10.6  micron  radiation  upon  flexing 
without  appreciable  loss  if  the  cladding  material  is 
a  single  crystal  material.  The  core  of  a  hollow 
waveguide  in  most  instances  is  air  having  an  index 
of  refraction  of  1  .  Thus,  a  hollow  waveguide  of  the 
type  to  which  the  invention  relates  is  commonly 
referred  to  as  a  "n<1  "  waveguide. 

The  difference  in  transmission  losses  of  10.6 
micron  radiation  upon  flexing  when  the  cladding 
material  is  a  monocrystalline  material  as  opposed 
to  a  polycrystalline  material,  is  unexpected.  While 
the  reasons  for  this  difference  are  not  truly  under- 
stood,  it  is  thought  that  it  may  have  to  do  with  the 
reflectance  at  the  cladding-core  interface.  A  poly- 
crystalline  material  will  have  a  random  orientation 
of  randomly  sized  grains  at  such  interface  relative 
to  the  electrical  field  of  the  radiation  being  transmit- 
ted,  whereas  a  single  crystal  structure  is,  in  es- 
sence,  a  single  grain  having  a  regular  array  of 
atoms.  This  surface  configuration  at  the  cladding- 
core  interface  will  result  in  a  surface  roughness  if 
the  material  is  a  polycrystalline  material  that  will 
scatter  and  absorb  radiation.  The  transmission  loss 
that  is  caused  by  this  surface  roughness  is  mag- 
nified  when  the  material  is  flexed  since  flexure 
necessarily  results  in  many  more  surface  reflec- 
tions  to  provide  transmission.  Furthermore,  each 
different  flexing  configuration  will  present  a  dif- 
ferent  number  of  internal  interactions  between  the 
cladding  and  the  radiation,  with  the  result  that  the 
transmission  loss  will  vary  from  one  flex  configura- 
tion  to  another.  In  contrast,  a  single  crystal  clad- 
ding-core  interface  will  present  a  regular,  smooth 
surface  to  the  radiation  and  the  greater  number  of 
reflections  associated  with  flexing  does  not  result  in 
significant  transmission  loss.  Also,  some  of  the 
polycrystalline  materials  which  have  been  consid- 
ered,  including  alumina,  are  ceramics,  and  the 
binder  used  with  the  same  acts  as  an  impurity  and 
results  in  absorption.  Again,  flexing  magnifies  the 
effect  of  the  presence  of  an  impurity  because  of 
the  varying,  greater  number  of  reflections. 

Most  desirably,  the  single  crystal  material  is 
sapphire.  It  has  been  found  that  when  tubular  sap- 
phire  having  a  length  of  91  centimeters  for  a  probe 
was  flexed,  there  was  essentially  no  material  dif- 
ference  in  transmission  loss  of  10.6  micron  radi- 
ation  compared  to  an  unflexed  tube.  This  was 
found  to  be  true  even  when  the  sapphire  tube  was 
bent  to  a  radius  of  curvature  of  28  centimeters, 
(such  probe  sapphire  tube  had  an  internal  diameter 

of  400  microns.)  Moreover,  the  overall  transmission 
loss  was  only  3.5  dB/m.  Also  when  the  n<1  hollow 
waveguide  is  a  sapphire  tube,  the  body  of  the 
probe  itself  acts  as  a  waveguide  for  visible  radi- 

5  ation  having  a  wavelength  of  0.63  microns  emanat- 
ing  from  a  HeNe  (helium-neon)  laser.  Thus,  the 
tubular  sapphire  provides  two  functions  -  it  acts  as 
the  desired  flexible  single  crystal  probe  for  10.6 
radiation  and  acts  to  furnish  the  necessary  light  to 

io  illuminate  a  site.  Even  in  those  constructions  in 
which  the  hollow  waveguide  cladding  is  not  sap- 
phire  it  is  desirable  that  the  cladding  construction 
be  transparent  or  translucent  to  visible  radiation 
and  is  a  guide  for  directing  illuminating  radiation  to 

is  the  site. 
As  another  aspect  of  the  instant  invention,  the 

optical  guide  is  provided  in  two  sections,  a  main 
optical  guide  section  and  a  replaceable  or  dispos- 
able  tip  section.  Both  sections  most  desirably  are 

20  hollow,  air  core  guides  through  which  a  purge  gas, 
such  as  nitrogen,  can  be  passed  during  use  of  the 
same.  Also,  with  such  an  arrangement  the  tip  sec- 
tion  can  be  replaced  when  it  becomes  contami- 
nated  or  clogged  due  to  its  proximity  to  a  site  to 

25  which  the  radiation  is  to  be  directed. 
It  has  been  found  that  the  coupling  loss  be- 

tween  the  two  sections  where  they  mate  can  be 
minimized.  To  this  end,  when  both  sections  are 
hollow  waveguide  sections  it  is  preferable  that  the 

30  inner  diameter  of  the  tip  section  waveguide  be 
greater  than  that  of  the  main  body  section  so  that 
misalignment  between  the  two  has  little  effect  on 
the  ability  to  guide  radiation  at  the  joint  between 
such  sections. 

35  The  invention  includes  other  features  and  ad- 
vantages  which  will  be  described  or  will  become 
apparent  from  the  following  more  detailed  descrip- 
tion. 

With  reference  to  the  accompanying  two 
40  sheets  of  drawing: 

Fig.  1  is  a  schematic  block  diagram  showing  the 
relationship  of  a  probe  of  the  instant  invention  to 
the  remainder  of  a  laser  medical  system  and  a 
mammalian  tissue  to  be  treated; 

45  Fig.  2  is  an  enlarged  sectional  and  broken  away 
view  of  a  preferred  embodiment  of  the  probe  of 
the  invention; 
Fig.  3  is  a  sectional  view  taken  on  a  plane 
indicated  by  the  lines  3-3  in  Fig.  2; 

50  Fig.  4  is  an  enlarged  sectional  view  of  the  encir- 
cled  tip  portion  of  the  embodiment  of  Fig.  2; 
Fig.  5  is  an  enlarged  sectional  and  broken  away 
partial  view  of  an  alternate  embodiment  of  the 
instant  invention  having  a  main  body  section 

55  and  a  tip  section,  showing  such  sections  sepa- 
rated  from  one  another;  and 
Fig.  6  is  an  enlarged  view  of  the  joint  between 
the  two  sections  of  the  embodiment  of  Fig.  5 

3 
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with  the  sections  connected  together. 
Fig.  1  is  a  schematic  illustration  of  the  relation- 

ship  of  a  probe  of  the  invention  to  a  laser  medical 
system  and  mammalian  tissue  to  be  treated.  The 
medical  probe,  generally  referred  to  by  the  refer- 
ence  numeral  11,  is  illustrated  receiving  radiation 
from  a  source  of  such  radiation  represented  as 
radiation  delivery  system  12.  Such  system  receives 
10.6  micron  coherent  radiation  from  a  CO2  laser  13 
to  be  delivered  to  an  operating  site  on  mammalian 
tissue  represented  at  14.  It  also  receives  illuminat- 
ing  0.63  micron  radiation  (light)  from  a  HeNe  laser 
represented  at  16  to  be  delivered  to  the  site. 

It  will  be  recognized  by  those  skilled  in  the  art 
that  in  some  situations  illuminating  radiation  does 
not  have  to  be  delivered  to  the  surgical  or  other 
site.  Moreover,  there  are  other  ways  of  obtaining 
and/or  delivering  illumination  to  a  site  when  it  is 
desired.  It  also  will  be  recognized  by  those  skilled 
in  the  art  that  it  is  not  necessary  in  some  situations 
that  there  be  a  radiation  delivery  system  between 
the  probe  and  the  laser,  particularly  when  the 
probe  is  relatively  long.  That  is,  the  probe  can  be 
connected  directly  to  the  head  of  the  laser  which 
produces  the  coherent  radiation  of  interest. 

A  preferred  embodiment  of  the  probe  of  the 
invention  is  illustrated  in  detail  in  Figs.  2-4.  Such 
embodiment  includes  a  standard  connector  struc- 
ture  17.  This  embodiment  is  designed  to  convey 
both  the  desired  10.6  micron  operating  radiation 
and  illuminating  radiation.  Thus,  connector  17  is 
capable  of  connecting  the  probe  appropriately  to  a 
delivery  system  to  receive  both  10.6  micron  coher- 
ent  radiation  in  the  hollow  core  of  the  waveguide 
tube  which  will  be  described,  as  well  as  0.63  mi- 
cron  illuminating  coherent  radiation  in  its  body.  The 
probe  further  includes  a  body  fitting  18  which  acts 
as  physical  structure  registering  with  the  connector 
17  as  illustrated. 

The  principle  component  of  the  probe  is  a 
sapphire  tube,  generally  referred  to  by  the  refer- 
ence  numeral  19.  Tube  19  has  an  inner  diameter 
(ID)  of  400  microns,  an  outer  diameter  (OD)  of  575 
microns,  and  is  91  centimeters  long.  It  functionally 
acts  as  the  waveguide  cladding  for  the  10.6  micron 
radiation  and  has  an  index  of  refraction  of  approxi- 
mately  0.7  for  10.6  micron  radiation  at  such 
wavelength,  whereas  the  core  of  the  guide  (air)  has 
an  index  of  refraction  of  1  for  such  radiation.  The 
result  is  that  the  sapphire  tube  of  the  preferred 
embodiment  of  the  invention  is  an  n<1  guide  for 
10.6  micron  radiation.  It  extends  as  illustrated 
through  the  connector  17  to  receive  such  radiation 
from  the  delivery  system.  The  tube  extension  also 
permits  receipt  by  the  translucent  sapphire  body 
itself,  i.e.,  between  its  ID  and  OD,  of  illuminating 
0.63  micron  radiation  originated  by  HeNe  laser  16 
to  follow  the  10.6  micron  radiation  to  the  site.  The 

illuminating  radiation  will  form  a  circle  circumscrib- 
ing  the  10.6  radiation  at  the  tissue  site.  This  will 
simplify  visual  identification  of  the  location  of  the 
principle  radiation  and  is  a  natural  consequence  of 

5  the  tubular  shape  of  the  sapphire. 
Most  importantly,  sapphire  tube  19  is  mon- 

ocrystalline  and  is  flexible,  and  it  has  been  found 
that  flexing  (bending)  of  such  single  crystal  material 
to  a  degree  typically  encountered  in  surgery,  does 

10  not  result  in  significant  changes  in  the  power  of 
10.6  micron  radiation  which  is  transmitted.  It  there- 
fore  enables  the  probe  of  the  invention  to  be  used 
quite  reliably.  That  is,  a  user  of  the  probe,  such  as 
an  operating  surgeon,  will  accurately  have  at  the 

15  free  or  distal  end  of  the  probe  an  amount  of  output 
radiation  that  does  not  vary  materially  irrespective 
of  any  flexing  or  bending  of  the  probe  which  may 
be  necessary  during  an  operation.  In  this  connec- 
tion,  it  has  been  found  that  less  than  30%  transmis- 

20  sion  loss  deviation  can  be  expected  for  the  tube 
having  the  dimensions  set  forth  above  when  flexed 
to  a  28  centimeter  bend  radius.  (In  contrast,  one 
can  expect  about  a  six-fold  increase  in  the  trans- 
mission  loss  when  an  n<1  hollow  Ge02  tube  is 

25  bent  to  about  a  50  centimeter  radius.)  Moreover, 
when  planning  an  operation  a  surgeon  can  count 
on  differing  bending  requirements  not  materially 
affecting  the  power  of  radiation  which  will  be  deliv- 
ered. 

30  The  c-axis  of  the  crystal  lattice  structure  ex- 
tends  in  the  direction  of  guiding  by  the  tubing,  i.e., 
along  its  optic  axis.  This  is  a  high  strength  orienta- 
tion  that  is  selected  to  prevent  the  cleavage  plane 
from  being  perpendicular  to  the  optic  axis.  In  align- 

35  ing  the  c-axis  parallel  to  the  optic  axis,  one  keeps 
the  modulus  of  rupture  high  and  minimizes  fracture 
due  to  cleavage. 

The  absorption  loss  in  an  air  core  hollow 
waveguide  of  radiation  having  a  particular 

40  wavelength  is  directly  proportional  to  the  value  of  k, 
the  extinction  coefficient  of  the  cladding  material. 
That  is,  the  complex  refractive  index  N  of  the 
cladding  material  is  equal  to  n  -  ik,  where  n  is  the 
refractive  index  and  k  is  the  extinction  coefficient.  It 

45  is  particularly  important  that  the  value  of  k  be  small 
at  the  wavelength  of  interest  when  one  considers 
loss  due  to  bending,  because  the  angle  of  in- 
cidence  of  the  radiation  is  greater  in  a  bent  or 
flexed  guide  than  it  is  in  a  straight  guide  and  there 

50  are  more  internal  reflections  in  the  former,  resulting 
in  a  longer  path  length.  It  will  be  appreciated  that  if 
absorption  loss  of  10.6  micron  radiation  is  kept  to  a 
minimum,  the  significance  of  changes  in  the  ab- 
sorption  loss  caused  by  bending  will  be  minimized. 

55  Sapphire  has  an  extinction  coefficient  of  0.06,  mak- 
ing  it  particularly  attractive  as  the  material  for  tube 
19.  As  a  comparison,  the  extinction  coefficient  for  a 
particular  Ge02  -based  glass  tubing  that  has  been 

4 
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proposed  for  a  n<1  waveguide  for  CO2  radiation  is 
0.82.  Since  the  absorption  loss  is  proportional  to 
the  k  value  and  since  the  k  value  for  such  glass  is 
over  ten  times  that  of  sapphire,  one  can  naturally 
expect  a  significantly  greatly  loss  on  flexing  tubing 
of  such  Ge02  based  glass  than  on  flexing  sapphire 
tubing  of  comparable  dimensions. 

One  other  advantage  of  sapphire  tubing  attrib- 
utable  to  its  single  crystal  nature  is  the  fact  that 
upon  flexing,  it  does  not  change  the  mode  makeup 
of  the  10.6  micron  radiation  that  it  guides.  That  is, 
if  a  single  mode,  such  as  the  TEMoo  mode,  of  10.6 
radiation  is  fed  into  the  same,  the  output  radiation 
also  will  be  of  such  single  mode  irrespective  of 
reasonable  flexing.  In  contrast,  if  hollow 
waveguides  of  polycrystalline  or  amorphous  materi- 
als  are  flexed  or  built  with  a  fixed  curve,  they  will 
typically  separate  a  single  mode  of  10.6  micron 
radiation  into  multiple,  higher  order  modes.  Each  of 
these  modes  will  be  directed  by  the  guide  to 
different  spot  locations,  with  the  result  that  the 
transmitted  power  will  be  spread  out  rather  than 
concentrated  at  a  single  spot  as  desired.  Moreover, 
sapphire  neither  loses  its  structural  integrity  nor  its 
optical  properties  when  exposed  to  high  tempera- 
tures,  e.g.,  1500°C,  such  as  can  be  expected  if 
radiation  cannot  exit  the  end  of  the  probe  because 
of,  for  example,  clogging  or  the  like.  It  also  is 
chemically  inert  and  biocompatible. 

The  probe  of  the  invention  illustrated  in  Figs.  2- 
4  also  includes  a  coating  21  of  a  material,  such  as 
a  tetrafluoroethylene  fluorocarbon  polymer  or 
fluorinated  ethylenepropylene  resin  by,  among  oth- 
ers,  E.  I.  du  Pont  de  Nemours  and  Co.  sold  under 
the  trademark  TEFLON.  Such  coating  is  a  part  of  a 
protective  covering  for  the  tube  19  and  acts  as  a 
buffer  between  sapphire  tubing  19  and  an  exterior 
protective  housing  22.  If  tubing  19  should  fracture, 
coating  21  will  also  tend  to  maintain  adjacent  ends 
of  the  same  in  abutment  with  one  another  to  re- 
duce  transmission  losses  caused  by  such  break- 
age.  Protective  housing  22  is  most  desirably  flexi- 
ble  so  that  it  will  not  interfere  with  the  inherent 
flexibility  of  the  tubing  19.  In  this  connection,  it  can 
be  formed  of  thin  walled,  stainless  steel  hypoder- 
mic  tubing. 

The  protective  covering,  including  coating  21 
and  housing  22,  extends  for  substantially  the  full 
length  of  the  tubing.  In  this  connection,  it  extends 
through  the  fitting  18  into  the  connector  17  as 
illustrated. 

In  some  situations,  neither  housing  22  nor  coat- 
ing  21  are  needed.  That  is,  sapphire  tubing  19  has 
enough  structural  strength  to  withstand  normal  us- 
age  and  provide  adequate  structural  resistance  to 
withstand  the  environment  within  which  the  probe 
will  be  used.  In  other  situations,  the  invention  can 
be  employed  with  only  a  housing  or  a  coating,  but 

not  both. 
As  a  significant  feature  of  the  invention  the 

housing  22  of  the  protective  outer  covering  is 
shaped  at  the  exit  end  of  the  waveguide  to  prevent 

5  the  sapphire  tubing  from  existing  the  probe  at  such 
end.  A  surgeon  or  other  user  of  the  probe  therefore 
need  not  be  concerned  that  breakage  of  the  tubing 
will  result  in  pieces  of  the  same  exiting  the  probe 
at  the  site  to  which  the  radiation  is  being  directed. 

10  In  this  connection,  it  must  be  remembered  that 
because  the  tubing  is  monocrystalline  any  break- 
age  of  the  same  will  be  along  a  regular  cleavage 
plane,  rather  than  be  a  shattering.  Fig.  4  illustrates 
the  exit  end  shape  of  the  outer  housing  covering 

15  which  is  responsible  for  preventing  exiting  of  the 
tubing  guide  at  such  location.  That  is,  housing  22  is 
directed  inwardly  of  the  probe  structure  adjacent 
the  radiation  exit  end  23  to  overlap  the  end  of 
tubing  19.  While,  it  does  not  overlap  the  tubing  end 

20  to  such  a  degree  that  it  interferes  with  exiting  of  the 
10.6  micron  radiation  from  such  tubing,  it  will  re- 
strict  to  some  degree  exiting  from  the  same  of 
illuminating  radiation  carried  by  the  body  of  the 
tubing.  It  will  be  seen  that  with  this  construction,  if 

25  the  optical  guide  portion  19  should  break  along  its 
length  it  will  be  prevented  from  exiting  the  probe  at 
the  radiation  exit  end. 

An  advantage  of  using  the  hollow  guide  is  that 
a  purging  gas,  such  as  nitrogen,  can  be  passed 

30  through  the  same  for  delivery  along  with  the  radi- 
ation  to  the  site.  The  gas  can  be  introduced  into 
the  interior  of  the  guide  through,  for  example,  the 
connector  17  as  schematically  illustrated  at  24. 

The  protective  housing  22  has  an  outer  diam- 
35  eter  of  1  .0  millimeters  and  an  inner  diameter  of  0.9 

millimeters.  Coating  19  is  provided  with  a  thickness 
of  0.15  millimeters  to  assure  that  there  is  a  tight 
structural  fit  between  the  actual  optical  guide  and 
its  protective  covering. 

40  It  will  be  appreciated  from  the  above  descrip- 
tion  that  the  probe  of  the  invention  satisfies  the 
major  requirements  of  surgeons.  That  is,  it  delivers 
the  desired  10.6  micron  radiation  to  a  tissue  site 
with  a  minimum  of  transmission  loss  while  yet 

45  being  flexible.  (In  this  connection,  it  is  uniformly 
flexible  along  its  length  except,  of  course,  for  that 
portion  of  its  length  which  is  taken  up  by  the 
connector  17  and  fitting  18.)  Most  importantly,  the 
power  output  of  the  probe  does  not  materially 

50  change  when  the  degree  of  flexing  changes. 
The  embodiment  of  the  probe  illustrated  in 

Figs.  5  and  6  adds  another  desirable  feature  to  the 
features  discussed  above.  Such  probe  has  two 
sections,  a  main  optical  guide  section  26  and  a  tip 

55  section  27.  The  main  section  is  designed  to  receive 
the  radiation  and,  in  this  connection,  include  both  a 
fitting  18'  and  a  connector  (not  shown)  which  are 
the  same  as  the  fitting  and  connector  in  the  earlier 

5 
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described  embodiment.  The  tip  section  is  designed 
to  receive  the  radiation  from  the  main  guide  and 
guide  the  same  to  adjacent  the  desired  site.  Such 
tip  section  is  separable  from  the  main  section  to 
thereby  become,  in  essence,  a  disposable  tip.  That 
is,  a  surgeon  may  replace  the  tip  on  a  guide  while 
retaining  the  main  portion  of  the  probe  for  reuse. 

A  tip  coupling  made  up  of  two  mating  cylin- 
drical  parts  28  and  29  is  provided  to  facilitate 
separable  connection.  The  tip  part  28  of  the  cou- 
pling  includes  a  threaded  bore  circumscribing  the 
probe,  and  the  main  part  29  has  a  threaded  cylin- 
drical  extension  31  designed  to  threadably  mate 
within  such  bore.  As  illustrated  in  Fig.  6,  the  parts 
28  and  29  can  be  threaded  together  to  tightly  mate 
with  one  another.  The  remainder  of  both  sections 
of  the  probe  having  sapphire  tubing  19'  and  a 
protective  outer  covering  comprising  a  coating  21' 
and  a  housing  22'  as  described  above  abut  tightly 
against  one  another  when  the  coupling  parts  also 
abut  one  another.  (It  will  be  noted  that  this  embodi- 
ment  of  the  invention  is  the  same,  except  as  de- 
scribed,  as  the  embodiment  illustrated  in  Figs.  2- 
4.) 

The  inner  diameter  of  the  hollow  waveguide  of 
the  tip  section  is  greater  than  that  of  the  main  body 
section.  This  enhances  the  lack  of  coupling  loss  at 
the  joint.  That  is,  misalignment  between  the  two 
sections  at  the  joint  when  they  are  coupled  to- 
gether  is  accommodated,  so  that  there  is  no  guide 
discontinuity  at  the  joint  facing  radiation  travelling 
between  the  two  sections. 

For  example,  in  one  hollow  waveguide  embodi- 
ment  of  this  aspect  of  the  invention  the  guide  of 
the  tip  section  had  an  ID  of  1.05  millimeters, 
whereas  the  main  section  had  an  ID  of  0.8  millime- 
ters.  It  will  be  recognized  by  those  skilled  in  the  art 
that  it  is  not  necessary  that  the  material  of  the 
hollow  guide  of  the  tip  section  be  the  same  as  that 
of  the  main  body  section.  In  this  connection,  such 
tip  section  could  be  inflexible  (assuming,  of  course, 
that  it  is  relatively  short  in  length)  and  have  a 
cladding  of  another  material.  As  long  as  such  tip 
section  is  reasonably  short  it  can  be  of  a  poly- 
crystalline  material,  such  as  alumina,  or  even  of  an 
amorphous  material.  While  such  tip  section  could 
have  a  different  guiding  structure  altogether  than 
the  main  section,  most  desirably  it  also  is  a  hollow 
wave  guide  so  that  a  purging  gas  can  be  passed 
through  both  it  and  the  main  section.  In  this  con- 
nection,  it  will  be  recognized  that  a  purging  gas 
system  such  as  in  the  earlier  described  embodi- 
ment  can  be  utilized  with  the  same. 

Although  the  invention  has  been  described  in 
connection  with  preferred  embodiments  thereof,  it 
would  be  appreciated  by  those  skilled  in  the  art 
that  various  modifications  and  changes  can  be 
made.  For  example,  although  it  has  been  described 

in  connection  with  a  single  material  making  up  the 
body  of  the  cladding,  it  will  be  recognized  that  it 
could  be  made  up  of  a  flexible  tubular  substrate, 
such  as  a  thin  tubing  of  quartz,  having  an  internal 

5  coating  of  a  monocrystalline  material  formed,  for 
example,  by  CVD  deposition.  And  although  the 
preferred  embodiment  utilizes  monocrystalline  sap- 
phire  for  the  optical  guide,  it  will  be  appreciated 
that  there  are  other  materials  which  also  have  mon- 

io  ocrystalline  forms  that  can  be  used  to  form  hollow 
n<1  guides  such  as  silicon  carbide  (SiC);  aluminum 
nitride  (AIN);  and  germanium  oxide  (GeCfe).  More- 
over,  while  the  invention  has  been  described  in 
connection  with  its  use  in  a  medical  environment,  it 

is  will  be  recognized  that  it  may  well  find  use  in  other 
environments,  such  as  for  welding  or  communica- 
tions.  It  is  therefore  intended  that  the  coverage 
afforded  applicant  be  limited  only  by  the  claims 
and  their  equivalents. 

20 
Claims 

1.  A  probe  for  delivering  radiation  having  a 
wavelength  of  10.6  microns  from  a  source  of 

25  such  radiation  to  adjacent  a  site  comprising,  in 
combination: 

A.  A  main  optical  guide  section  for  receiving 
said  radiation  and  guiding  the  same  from  a 
source  to  an  opposite  end  thereof;  and 

30  B.  A  tip  optical  guide  section  for  receiving 
radiation  from  said  opposite  end  of  said 
main  guide  section  and  guiding  the  same  to 
adjacent  said  site. 

35  2.  A  probe  according  to  claim  1  wherein  said 
main  optical  guide  section  is  flexible  along 
substantially  its  full  length. 

3.  A  probe  according  to  claim  1  wherein  said 
40  probe  is  a  medical  probe  and  said  site  is  a 

mammalian  tissue  site,  further  including  a  con- 
nector  as  part  of  said  main  optical  guide  sec- 
tion  for  receiving  said  radiation  from  a  medical 
delivery  system. 

45 
4.  A  probe  according  to  claim  1  wherein  at  least 

one  of  said  sections  is  a  hollow,  air  core 
waveguide. 

50  5.  A  probe  according  to  claim  4  wherein  said  one 
section  is  sapphire. 

6.  A  probe  according  to  claim  4  wherein  both  of 
said  sections  are  hollow,  air  core  waveguides. 

55 
7.  A  probe  according  to  claim  6  further  including 

means  for  passing  a  purging  gas  through  both 
of  said  hollow,  air  core  waveguide  sections. 

6 
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8.  A  probe  according  to  claim  7  wherein  the  inner 
diameter  of  said  hollow  waveguide  tip  section 
is  greater  than  that  of  said  main  section. 

9.  A  probe  for  delivering  radiation  having  a  5 
wavelength  of  10.6  microns  from  a  source  of 
such  radiation  to  adjacent  a  site  comprising,  in 
combination: 

A.  An  optical  hollow  waveguide  having  a 
source  end  for  receiving  said  radiation  and  10 
guiding  the  same  from  a  source  to  a  radi- 
ation  exit  end; 
B.  A  protective  outer  covering  for  said  op- 
tical  guide  extending  substantially  the  full 
length  thereof;  is 
C.  A  connector  at  the  source  end  of  said 
guide  for  connecting  said  guide  with  said 
protective  covering  thereon  to  a  source  of 
said  radiation;  and 
D.  Said  protective  outer  covering  being  20 
shaped  at  the  opposite  end  of  said 
waveguide  to  prevent  all  or  a  portion  of  said 
guide  from  existing  said  probe  at  said  radi- 
ation  exit  end. 

25 
10.  A  probe  according  to  claim  9  wherein  said 

hollow  optical  guide  is  tubular  sapphire. 

11.  A  probe  according  to  claim  9  wherein  said 
protective  outer  covering  is  directed  inwardly  30 
of  said  probe  structure  adjacent  the  radiation 
exit  end  of  said  guide  to  overlap  said  guide 
and  maintain  the  same  within  said  covering. 

12.  A  probe  according  to  claim  11  wherein  said  35 
hollow  guide  and  protective  outer  covering 
therefor  are  provided  in  two  separable  sec- 
tions,  a  main  guiding  section  for  receiving  said 
radiation  and  a  disposable  tip  section  having 
said  radiation  exit  end  for  delivering  said  radi-  40 
ation  to  said  site,  and  said  inwardly  directed 
portion  of  said  outer  covering  is  provided  at 
the  exit  end  of  said  tip  section. 

13.  A  probe  according  to  claim  12  wherein  said  45 
waveguide  sections  tightly  abut  against  one 
another  to  minimize  radiation  coupling  loss 
therebetween. 

14.  A  probe  according  to  claim  9  wherein  said  50 
protective  outer  covering  has  two  parts,  an 
exterior  metallic  part  and  an  inner  coating  of  a 
tetrafluoroethylene  polymer  or  a  fluorinated 
ethylenepropylene  resin. 

55 
15.  A  probe  according  to  claim  14  wherein  said 

hollow  optical  guide  and  said  protective  outer 
covering  are  flexible. 

7 
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