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@)  Ultraviolet  resistive  antireflective  coating  and  method  of  fabrication. 

A  coating  for  an  optical  component  is  formed 
to  be  antireflective  for  a  selected  wavelength 
and  resistive  to  the  transmission  of  ultraviolet 
radiation.  The  coating  has  first  layer  (24A,24B) 
is  formed  of  a  dielectric  material  having  a  ref- 
ractive  index  n̂   coated  onto  the  optical  compo- 
nent.  A  second  layer  (26A,26B)  is  formed  of  a 
dielectric  layer  having  a  refractive  index  n2  that 
is  smaller  than  the  refractive  index  n̂   of  the  first 
layer.  The  second  layer  (26A,26B)  is  formed  of  a 
material  that  transmits  the  selected  wavelength 
while  blocking  ultraviolet  light,  thereby  protect- 
ing  the  first  layer  (24A,24B)  and  the  optical 
component  (12)  from  damage  due  to  exposure 
to  ultraviolet  radiation.  The  thicknesses  of  the 
layers  is  selected  so  that  the  coating  is  antiref- 
lective  for  the  selected  wavelength. 
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circularly  polarized  waves  which  are  also  propagating 
in  the  clockwise  and  counterclockwise  directions 
within  the  same  resonant  cavity.  Such  a  four  mode 
ring  laser  gyroscope  configuration  is  described  in  de- 

5  tail  in  U.S.  Patent  3,741,657,  issued  June  26,  1973  to 
Enduring  and  in  U.S.  Patent  4,213,705,  issued  July 
22,  1980  to  Sanders.  Operation  of  a  four  mode  laser 
gyroscope  is  briefly  described  below. 

Disposed  in  the  path  of  the  propagating  waves 
w  within  the  cavity  are  reciprocally  anisotropic  and  non 

reciprocally  anisotropic  dispersive  elements.  A  reci- 
procally  anisotropic  dispersive  element,  such  as  an 
optical  rotator  made  of  crystalline  quartz,  provides 
different  propagation  time  delays  (or  different  optical 

15  indices)  to  right  and  left  circularly  polarized  waves. 
This  difference  in  optical  index  due  to  the  state  of  po- 
larization  results  in  an  optical  path  length  difference 
between  oppositely  polarized  waves  resonating  with- 
in  the  same  cavity.  The  non  reciprocally  anisotropic 

20  dispersive  element,  for  example  a  Faraday  cell,  pres- 
ents  different  refractive  indices  for  light  waves  trav- 
eling  in  opposite  directions.  The  waves  traveling  in 
the  counterclockwise  and  clockwise  directions  thus 
have  different  propagation  time  delays  in  the  Faraday 

25  cell.  This  difference  in  propagation  time  delays  pro- 
duces  different  path  lengths  for  light  waves  traveling 
in  opposite  directions.  Therefore,  the  combination  of 
the  two  types  of  anisotropy  can  be  used  to  adjust  the 
frequency  separation  between  resonant  modes  such 

30  that  all  four  modes  resonate  at  different  frequencies 
Separation  between  the  resonant  mode  frequen- 

cies  is  accomplished  so  that  the  resonant  frequencies 
of  the  two  waves  traveling  in  one  direction  are  spaced 
between  the  resonant  frequencies  of  the  two  waves 

35  traveling  in  the  opposite  direction.  The  two  highest 
frequency  modes  have  the  same  circular  polarization 
but  opposite  directions  of  propagation.  Likewise,  the 
two  lowest  frequency  modes  have  the  same  circular 
polarization,  opposite  from  the  state  of  polarization  of 

40  the  other  pair  and  are  also  counter  rotating  in  the  cav- 
ity.  Each  pair  of  like-polarized  modes  operates  in  a 
separate  two  mode  laser  gyro.  As  the  ring  laser  sys- 
tem  is  rotated  about  an  axis  perpendiculartothe  plane 
of  the  propagating  waves,  the  frequency  separation 

45  between  the  two  higher  frequency  modes  will  either 
decrease  or  increase  while  the  frequency  separation 
between  the  two  lower  frequency  modes  will  either 
increase  or  decrease.  The  output  beat  signal  resulting 
from  combining  the  two  lower  frequency  modes  is 

50  subtracted  from  the  output  beat  signal  resulting  from 
combining  the  two  higherfrequency  modes.  This  pro- 
duces  a  substantially  linear  representation  of  the  ro- 
tation  rate  of  the  laser  system.  The  direction  of  rota- 
tion  is  determined  by  monitoring  one  of  the  pair  of 

55  modes 
The  intracavity  element  presents  difficulties  in 

using  a  ZLG  for  rotation  sensing.  The  cavity  is  basi- 
cally  evacuated  and  has  a  refractive  index  of  about 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  generally  to  optical  coat- 
ings  for  controlling  the  reflection  and  transmission  of 
particular  optical  wavelengths  at  an  optical  surface. 
This  invention  relates  particularly  to  a  structure  and 
method  of  fabrication  of  an  ultraviolet  resistive,  anti- 
reflective  coating  for  a  component  of  an  optical  sys- 
tem.  Still  more  particularly,  this  invention  relates  to  an 
ultraviolet  resistive,  antireflective  coating  for  an  intra- 
cavity  element  of  a  multioscillator  ring  laser  gyro- 
scope. 

A  ring  laser  gyroscope  employs  the  Sagnac  effect 
to  measure  rotation.  Counterpropagating  light  beams 
in  a  closed  path  have  transit  times  that  differ  in  direct 
proportion  to  the  rotation  rate  about  an  axis  perpen- 
dicular  to  the  plane  of  the  path.  In  a  ring  laser  gyro- 
scope  the  closed  path  is  defined  by  mirrors  that  direct 
the  light  beams  around  the  path.  The  path  is  generally 
either  square  or  triangular  in  shape,  although  any 
closed  polygonal  path  could,  in  principle,  be  used. 
The  closed  path  is  typically  in  a  cavity  formed  in  a 
frame  or  body  that  is  formed  of  a  glass  ceramic  ma- 
terial. 

The  cavity  is  evacuated  and  then  filled  with  a  mix- 
ture  of  helium  and  neon,  which  is  the  gain  medium  for 
the  laser.  An  electrical  discharge  excites  the  gain  me- 
dium,  which  produces  light  amplification  and  a  coher- 
ent  light  source.  The  mirrors  must  be  precisely  aligned 
to  direct  the  light  beams  around  the  closed  path  in  a 
manner  that  promotes  proper  operation  of  the  laser. 
The  mirror  surface  must  be  free  of  impurities  to  pro- 
vide  a  laser  beam  intensity  that  will  result  in  a  usable 
signal. 

Once  laser  oscillation  occurs  in  the  system  at  res- 
onant  frequencies,  the  difference  in  the  length  of  the 
pathways  traversed  by  the  counterpropagating  laser 
beams  result  in  a  difference  or  beat  frequency  which 
is  sensed  by  a  photodetector  and  amplified  by  an  am- 
plifier.  The  beat  frequency  is  a  result  of  optically  het- 
erodyning  the  counter  propagating  beams. 

It  is  well-known  that  a  ring  laser  gyroscope  that 
employs  two  counterpropagating  waves  is  subject  to 
the  phenomenon  of  lock-in  at  low  rotation  rates.  At 
rates  below  a  threshold  value,  a  two-mode  ring  laser 
gyroscope  will  erroneously  indicate  that  the  rotation 
rate  is  zero.  When  the  frequency  difference  between 
the  waves  is  too  small,  the  frequencies  appear  to  be 
equal,  which  gives  an  erroneous  indication  of  a  zero 
rotation  rate. 

One  type  of  ring  laser  gyroscope  that  eliminates 
lock-in  is  the  Zeeman  ring  laser  gyroscope  (ZLG).  The 
ZLG  has  two  pairs  of  (counterpropagating)  circularly 
polarized  waves  propagating  in  the  resonant  cavity 
simultaneously.  One  pair  of  counterpropagating 
waves  consists  of  right  circularly  polarized  light 
waves  propagating  in  the  clockwise  and  counter- 
clockwise  directions.  The  other  pair  consists  of  left 
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1  .00.  The  intracavity  element  has  a  refractive  index 
that  is  greater  than  that  of  the  optical  medium  in  the 
cavity.  Therefore,  reflections  occur  when  the  waves 
impinge  upon  the  intracavity  element.  These  reflec- 
tions  cause  undesirable  mode  coupling  and  resonator  5 
losses,  which  reduce  the  accuracy  of  the  output  from 
the  ZLG. 

Antireflective  coatings  have  been  used  on  intra- 
cavity  elements  to  reduce  the  amount  of  light  reflect- 
ed  by  the  intracavity  elements.  These  coatings  have  w 
had  to  meet  stringent  requirements  for  thickness.  The 
prior  art  procedure  for  fabricating  such  coatings  in- 
volves  depositing  the  first  layer  to  a  thickness  greater 
than  required,  measuring  the  thickness  of  the  first 
coating,  and  then  milling  down  to  the  desired  thick-  15 
ness.  Difficulty  in  satisfying  the  requirements  for 
thickness  of  the  coatings  causes  errors  and  increases 
the  cost  and  time  for  constructing  a  suitable  intracav- 
ity  element. 

There  are  several  prior  art  antireflective  coatings.  20 
For  example  U.S.  Patent  4,966,437,  issued  October 
30,  1990  to  Rahn  and  U.S.  Patent  4,907,846,  issued 
March  13,  1990  to  Tustison  et  al.  describe  previous 
antireflective  mirror  coatings. 

25 
SUMMARY  OF  THE  INVENTION 

The  present  invention  provides  a  two-layer  coat- 
ing  for  an  intracavity  element  that  is  easy  to  fabricate 
and  which  has  reduced  tolerance  on  the  thickness  re-  30 
quirements  for  the  inner  layer. 

A  multilayer  according  to  the  present  invention 
coating  for  an  optical  component  is  formed  to  be  an- 
tireflective  fora  selected  wavelength  and  resistive  to 
the  transmission  of  ultraviolet  radiation.  The  first  lay-  35 
er  is  formed  of  a  dielectric  material  having  a  refractive 
index  n̂   coated  onto  the  optical  component.  The  sec- 
ond  layer  is  formed  of  a  dielectric  layer  having  a  re- 
fractive  index  n2  that  is  smaller  than  the  refractive  in- 
dex  n̂   of  the  first  layer.  The  second  layer  is  formed  of  40 
a  material  that  transmits  the  selected  wavelength 
while  blocking  ultraviolet  light,  thereby  protecting  the 
first  layer  and  the  optical  component  from  damage 
due  to  exposure  to  ultraviolet  radiation. 

The  optical  component  may  comprises  a  block  of  45 
crystalline  SiO2  while  the  first  layer  preferably  com- 
prises  Ta2O5  doped  with  AI2O3  and  the  second  layer 
preferably  comprises  AI2O3.  The  first  and  second  lay- 
ers  preferably  have  thicknesses  approximately  one 
fourth  of  the  selected  wavelength.  50 

The  first  layer  may  comprise  Ta2O5  doped  with 
TiO2  while  the  second  layer  comprises  AI2O3  to  pro- 
vide  protection  against  damage  due  to  ultraviolet  ex- 
posure. 

An  appreciation  of  the  objectives  of  the  present  55 
invention  and  a  more  complete  understanding  of  its 
structure  and  method  of  operation  may  be  had  by 
studying  the  following  description  of  the  preferred 

embodiment  and  by  referring  to  the  accompanying 
drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  Figure  illustrates  an  intracavity  element  for 
a  Zeeman  laser  gyroscope  having  an  antireflective 
coating  applied  thereto. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  the  Figure,  an  intracavity  element  10 
for  a  Zeeman  ring  laser  gyroscope  (not  shown)  com- 
prises  a  block  1  2  of  a  material  that  produces  the  de- 
sired  circular  polarization-dependent  time  delays  for 
light  waves  incident  thereon.  The  invention  is  descri- 
bed  with  reference  to  the  intracavity  element  10  only 
for  the  purpose  of  facilitating  explanation  of  the  basic 
principles  of  the  invention.  The  present  invention  is 
not  limited  in  its  application  to  the  intracavity  element 
10.  The  present  invention  may  be  used  in  any  appli- 
cation  where  an  antireflective  coating  that  is  resistive 
to  damage  from  exposure  to  ultraviolet  radiation  is 
desired. 

The  light  waves  are  indicated  by  the  arrows  lab- 
eled  CW  BEAM  and  CCW  BEAM.  As  explained 
above,  the  intracavity  element  10  should  have  an  an- 
tireflective  coating  14  for  the  optical  wavelength  that 
is  amplified  by  the  gain  medium  (not  shown)  in  the 
ZLG.  It  is  well-known  that  antireflective  coatings  may 
be  formed  by  placing  one  or  more  layers  of  a  dielectric 
of  appropriate  refractive  index  and  thickness  on  the 
surfaces  16  and  18  of  the  block  12  where  the  laser 
light  is  incident. 

A  two  layer  coating  antireflective  14  includes  a 
first  layer  24A  coated  onto  the  surface  16  of  the  block 
1  2.  The  layer  24A  preferably  is  formed  from  a  high  re- 
fractive  index  material.  A  second  layer  26A  is  coated 
onto  the  first  layer  24A.  The  second  layer  26A  is 
formed  from  a  material  having  a  refractive  index 
smallerthan  that  of  the  refractive  index  of  the  first  lay- 
er  24A.  The  two  layer  coating  14  is  commonly  known 
as  a  V-coat.  It  has  a  very  narrow  acceptance  angle  for 
the  wavelengths  that  exist  in  the  ZLG.  The  preferred 
gain  medium  in  the  ZLG  is  a  mixture  of  helium  and 
neon  that  lases  at  6328A. 

The  block  12  preferably  is  formed  of  crystalline 
silicon  dioxide,  SiO2,  which  has  a  refractive  index  of 
about  1  .46.  The  high  refractive  index  layer  24A  is  pre- 
ferably  tantala,  Ta2O5,  that  has  been  doped  with  alu- 
mina.  Tantala  has  a  refractive  index  of  about  2.05. 
The  tantala  is  preferably  doped  with  the  alumina  to 
achieve  a  refractive  index  of  about  n2  =  1  .98.  The  low 
refractive  index  layer  26A  is  formed  on  the  high  re- 
fractive  index  layer  24A.  The  outer  layer  26A  formed 
of  AI2O3  having  a  refractive  index  n2  =  1.65,  which 
blocks  ultraviolet  radiation  and  prevents  UV  damage 
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to  the  layer  24A  and  the  block  12. 
Each  layer  should  be  a  quarter  wave  plate.  There- 

embraced  within  the  scope  of  the  invention. 

fore,  the  thickness,  T,  of  each  layer  is  equal  to 4n Claims 

1.  A  multilayer  coating  (14)  for  an  optical  compo- 
nent,  the  coating  being  antiref  lective  for  a  select- 
ed  wavelength  and  resistive  to  the  transmission 
of  ultraviolet  radiation,  characterised  by: 

a  first  layer  (24A)  formed  of  a  dielectric 
material  having  a  refractive  index  n̂   coated  onto 
the  optical  component;  and 

a  second  layer  (24B)  formed  of  a  dielectric 
layer  having  a  refractive  index  n2  that  is  smaller 
than  the  refractive  index  n̂   of  the  first  layer,  the 
second  layer  (24B)  being  formed  of  a  material 
that  transmits  the  selected  wavelength  while 
blocking  ultraviolet  light,  thereby  protecting  the 
first  layer  and  the  optical  component  from  dam- 
age  due  to  exposure  to  ultraviolet  radiation. 

2.  Themultilayercoating(14)ofclaim  1  wherein  the 
optical  component  comprises  a  block  of  crystal- 
line  SiO2,  the  first  layer  (24A)  comprises  Ta2O5 
doped  with  AI2O3  and  the  second  layer  (24B) 
comprises  AI2O3. 

3.  The  multilayer  coating  (14)  of  claim  2  wherein  the 
first  and  second  layers  (24A,  24B)  have  thick- 
nesses  approximately  one  fourth  of  the  selected 
wavelength. 

4.  Themultilayercoating(14)ofclaim  1  wherein  the 
optical  component  comprises  a  block  of  crystal- 
line  SiO2,  the  first  layer  (24A)  comprises  Ta2O5 
doped  with  TiO2  and  the  second  layer  (24B)  com- 
prises  AI2O3. 

5.  A  method  for  forming  a  multilayer  coating  for  an 
optical  component,  the  coating  being  antireflec- 
tive  fora  selected  wavelength  and  resistive  to  the 
transmission  of  ultraviolet  radiation,  character- 
ised  by  the  steps  of: 

forming  a  first  layer  a  dielectric  material 
having  a  refractive  index  n̂   coated  onto  the  opt- 
ical  component;  and 

forming  a  second  layer  of  a  dielectric  layer 
having  a  refractive  index  n2  that  is  smaller  than 
the  refractive  index  n̂   of  the  first  layer,  the  sec- 
ond  layer  being  formed  of  a  material  that  trans- 
mits  the  selected  wavelength  while  blocking  ul- 
traviolet  light,  thereby  protecting  the  first  layer 
and  the  optical  component  from  damage  due  to 
exposure  to  ultraviolet  radiation. 

6.  The  method  of  claim  5  including  the  steps  of  form- 
ing  the  optical  component  to  comprise  a  block  of 
crystalline  SiO2,  forming  the  first  layer  to  corn- 

where  n  is  the  refractive  index  of  the  layer  material  5 
and  X  is  the  wavelength  of  the  light  in  vacuum.  It  is  as- 
sumed  that  the  light  is  normally  incident  on  the  intra- 
cavity  element  10. 

Similarly  high  and  low  refractive  index  coatings 
24B  and  26B  are  formed  on  the  surface  1  8  of  the  10 
block.  One  of  the  counterpropagating  waves,  for  ex- 
ample  the  clockwise  wave,  is  incident  upon  the  layer 
26A  and  is  transmitted  through  the  layers  26A  and 
24A,  the  block  12,  and  the  layers  24B  and  layer  26B 
without  reflection.  The  otherwave  is  incident  upon  the  15 
layer  26B  and  is  also  transmitted  without  reflection. 

The  two  layer  coating  14  formed  according  to  the 
present  invention  has  the  advantage  of  allowing 
about  a  16%  tolerance  in  the  thickness  of  the  two  in- 
ner  coatings  24A  and  24B.  This  advantage  arises  20 
from  the  relationship  between  the  refractive  indices 
of  Ta2O5:AI2O3  and  AI2O3.  Because  of  the  relatively 
small  difference  between  the  refractive  indices  of  the 
two  layers,  a  small  variation  in  the  thickness  of  the  in- 
ner  layer  24A  formed  of  Ta2O5:AI2O3  does  not  produce  25 
a  significant  effect  on  the  antiref  lective  nature  of  the 
coating  14.  The  outer  coatings  26Aand  26B  may  be 
milled,  if  necessary,  to  adjust  the  antireflective  prop- 
erty  of  the  composite  coatings  to  a  specified  frequen- 
cy.  30 

Oxides  such  as  SiO2,  TiO2,  HfO2,  ZrO2,  Ta2O5,  for 
example,  exhibit  a  shift  in  birefringence  under  pro- 
longed  exposure  to  ultraviolet  radiation.  The  direction 
of  the  shift  in  birefringence  depends  upon  the  mate- 
rial.  The  birefringence  shifts  in  Ta2O5:AI2O3  and  35 
AI2O3,  in  particular,  are  opposite.  This  invention  uses 
Ta2O5  doped  with  AI2O3  to  a  degree  appropriate  to  pro- 
duce  a  zero  birefringence  shift  for  the  6328A  wave- 
length  in  the  ZLG. 

Other  materials  having  opposite  birefringence  40 
shifts  may  also  be  combined  to  produce  a  layer  hav- 
ing  essentially  zero  shift  in  birefringence  upon  UV  ex- 
posure.  One  such  combination  of  materials  is  a  mix- 
ture  of  TiO2  and  Ta2O5  to  produce  the  high  index  layer. 
The  low  index  layer  can  be  a  material  such  as  SiO2  or  45 
AI2O3.  The  outer  layer  formed  AI2O3  blocks  ultraviolet 
radiation  and  prevents  UV  damage  to  the  inner  layer. 

The  structures  and  methods  disclosed  herein  il- 
lustrate  the  principles  of  the  present  invention.  The  in- 
vention  may  be  embodied  in  other  specific  forms  50 
without  departing  from  its  spirit  or  essential  charac- 
teristics.  The  described  embodiments  are  to  be  con- 
sidered  in  all  respects  as  exemplary  and  illustrative 
rather  than  restrictive.  Therefore,  the  appended 
claims  rather  than  the  foregoing  description  define  55 
the  scope  of  the  invention.  All  modifications  to  the 
embodiments  described  herein  that  come  within  the 
meaning  and  range  of  equivalence  of  the  claims  are 
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prise  Ta2O5  doped  with  AI2O3  and  forming  the  sec- 
ond  layer  to  comprise  AI2O3. 

7.  The  method  of  claim  6  further  including  the  steps 
of  forming  the  first  and  second  layers  to  have  5 
thicknesses  that  are  approximately  one  fourth  of 
the  of  the  selected  wavelength. 

8.  The  method  of  claim  5  including  the  steps  of  form- 
ing  the  optical  component  to  comprise  a  block  of  w 
crystalline  SiO2,  forming  the  first  layer  to  com- 
prise  Ta2O5  doped  with  TiO2  and  forming  the  sec- 
ond  layer  to  comprise  AI2O3. 

15 

20 

25 

30 

35 

40 

45 

50 

55 



EP  0  626  596  A1 

CW  BEAM 

10 

@ W M & M Z .  /  
/  16  

^ ^ ^ ^  

' , / / / ' / / ' / . ' / / ' / / ' ,  s .  

^ ^ : ^ ^ .  
\  

18 
z & W M ' & Z .  

CCW  BEAM 



EP  0  626  596  A1 

J  European  Patent 
Office 

Application  Number 
EP  94  30  3686 

EUROPEAN  SEARCH  REPORT 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
Citation  of  document  with  indication,  where  appropriate, of  relevant  passages 

Relevant 
to  claim 

CLASSIFICATION  OF  THE APPMCATION  (Int.CI.5) Category 

EP-A-0  379  738  (BALZERS) 
*  column  3  -  column  4  * 

1-8 G02B1/10 
G02B5/28 

TECHNICAL  FIELDS 
SEARCHED  (Int.CI.5) 

G02B 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  search Date  of  completion  of  the  search 

28  July  1994 THE  HAGUE Malic,  K 
CATEGORY  OF  CITED  DOCUMENTS 

X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another document  of  the  same  category A  :  technological  background O  :  non-written  disclosure P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date D  :  document  cited  in  the  application I.  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

