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©  Spherical  microgrid. 
©  Spherically  convex  microgrids  may  be  prepared  from  a 
flat  microgrid  structure  by  using  a  process  depending  on  the 
differential  thermal  expansion  between  the  material  of  the 
flat  structure  and  a  layer  of  other  material  applied  thereto.  A 
flat  process  blank  2  is  etched  with  grid  apertures  in  a 
microgrid  area  to  which  a  curvature  is  to  be  added  during 
fabrication.  The  blank  is  then  subject  to  the  deposition  of  a 
thin  layer  4  of  aluminium  nitride  (or  other  differential  thermal 
expansion  material  having  a  positive  thermal  expansion 
mismatch  with  the  material  of  the  microgrid  substrate)  over 
at  least  the  microgrid  area  (Step  A).  The  differential  thermal 
expansion  layer  is  coextensively  with  the  grid  area,  so  as  to 
confine  the  warping  substantially  to  the  grid  area  where 
curvature  is  desired.  Curvature  (Step  B)  is  accomplished  by  a 
controlled  heat  warping  step  in  an  inert  atmosphere  (for  a 
silicon  microgrid  structure  of  250  micrometers  thickness, 
heating  at  1200C  to  soften  the  silicon).  Permanent  deforma- 
tion,  occuring  as  a  result  of  the  differential  thermal  expan- 
sion,  is  controlled  by  selection  of  temperature  and  time  of 
heat  treatment  to  achieve  the  desired  curvature.  The  alumi- 
nium  nitride  layer  (Step  C)  is  removed  prior  to  cooling. 

Croydon  Printing  Company  Ltd. 

  Spherically  convex  microgrids  may  be  prepared  from  a  
flat  microgrid  structure  by  using  a  process  depending  on  the 
differential  thermal  expansion  between  the  material  of  the 
flat  structure  and  a  layer  of  other  material  applied  thereto.  A 
flat  process  blank  2  is  etched  with  grid  apertures  in  a 
microgrid  area  to  which  a  curvature  is  to  be  added  during 
fabrication.  The  blank  is  then  subject  to  the  deposition  of  a 
thin  layer  4  of  aluminium  nitride  (or  other  differential  thermal 
expansion  material  having  a  positive  thermal  expansion 
mismatch  with  the  material  of  the  microgrid  substrate)  over 
at  least  the  microgrid  area  (Step  A).  The  differential  thermal 
expansion  layer  is  coextensively  with  the  grid  area,  so  as  to 
confine  the  warping  substantially  to  the  grid  area  where 
curvature  is  desired.  Curvature  (Step  B)  is  accomplished  by  a 
controlled  heat  warping  step  in  an  inert  atmosphere  (for  a 
silicon  microgrid  structure  of  250  micrometers  thickness, 
heating  at  1200C  to  soften  the  silicon).  Permanent  deforma- 
tion,  occuring  as  a  result  of  the  differential  thermal  expan- 
sion,  is  controlled  by  selection  of  temperature  and  time  of 
heat  treatment  to  achieve  the  desired  curvature.  The  alumi- 
nium  nitride  layer  (Step  C)  is  removed  prior  to  cooling. 





This  i nven t ion   r e l a t e s   to  m ic romina tu re   g r ids ,   and  r e l a t e s   more 

p a r t i c u l a r l y   to  a  method  for  making  a  s p h e r i c a l l y   curved  m i c r o g r i d .  

D e s c r i p t i o n   of  Related  A r t  

S p h e r i c a l l y   curbed  s i l i c o n   m i c r o g r i d s   are  r equ i red   in  ion  beam  dev ices   a s  

ion  beam  e x t r a c t i o n   g r i d s ,   to  a c c e l e r a t e   and  d e c e l e r a t e   i o n i z e d  

p a r t i c l e s ,   and  in  p a r t i c l e   energy  a n a l y z e r s   for  focusing  the  beam.  T h e s e  

a p p l i c a t i o n s   place  m ic rog r id s   in  envi ronments   which  are  very  hot  and 

sub jec t   to  high  vol tage   p o t e n t i a l s ,   but  n e v e r t h e l e s s   demand  very  h i g h  

dimensional   s t a b i l i t y .   E x i s t i n g   methods  of  making  curbed  m i c r o g r i d  

s t r u c t u r e s   involve  c a r e fu l   machining  to  achieve  the  des i red   c u r v a t u r e ,  

plus  c a r e fu l   handl ing  of  the  gr id  a f t e r   machining,   but  are  c u r r e n t l y  

incapab le   of  achieving  the  d e s i r e d   t o l e r a n c e s .  

Ex i s t i ng   coated  mic rogr ids   are  coated  for  a  d i f f e r e n t   reason.  They  a r e  

coated  for  p r o t e c t i o n ;   they  are  not  coated   with  a  d i f f e r e n t i a l   e x p a n s i o n  

process   layer   to  achieve  c u r v a t u r e   by  means  of  d i f f e r e n t i a l   e x p a n s i o n .  

Related  Pr ior   Art  P a t e n t  

United  S ta tes   Patent   Number  4 ,263 ,528 ,   Miram,  GRID  COATING  FOR  THERMIONIC 

ELECTRON  EMISSION  SUPPRESSION,  Apri l   21,  1981.  Miram  shows  a  m i c r o g r i d  

with  a  coat ing  of  boron  n i t r i d e   to  c o n t r o l   thermionic   emiss ions .   T h e r e  

is  no  t each ing   of  any  use  of  m u l t i p l e   l aye r s   to  achieve  c u r v a t u r e .  



Related  Prior  Art  Pub l i ca t i ons  

J.  L.  Speidel l ,   J.  M.. E.  Harper,  J .J .   Cuomo,  A.  W.  Kle insasser ,   H.  R. 

Kaufman,  A.  H.  Tu t t l e ,   IBM  Research  Report  9 3 4 4 , - - - - - - - .  

J.  L.  Speidel l ,   J.  M.  E.  Harper  and  A.  H.  Tu t t l e ,   SILICON  ION  SOURCE 

GRIDS,  IBM  TDB  Vol.  23,  No. 6,  November  1980,  pp.  2582-2583. 

J.  L.  Speidel l ,   D.  S.  Yee  and H.  R.  Kaufman,  INTEGRAL  INSULATED  SUPPORT 

STRUCTURES  FOR  ION  OPTICS,  Vol.  25,  No.  3B,  August  1982,  pp.  1673-1676. 

J.  L.  Speidel l ,   SILICON  ION-EXTRACTION  GRIDS,  IBM  TDB  Vol.  25,  No.  10, 

March  1983,  pp.  504-505. 

H.  R.  Kaufman,  J.  M.  E.  Harper  and  J.  J.  Cuomo,  - - - - - -   J.  Vac.  Sci .  

Technol.  Vol.  16,  1979,  p.  899. 

These  publ ica t ions   describe  techniques  for  making  s imi lar   grids,   but  do 

not  extend  the  teaching  to  the  inventive  method  of  providing  curvature  to  

the  g r i d .  



SUMMARY  OF  THE  INVENTION 

An  object  of  the  invention  is  to  f ab r i ca t e   a  curved  microgrid  s t ruc tu re   of 

s i l icon ,   gallium  arsenide  or  other  mater ia l ,   with  prec is ion   and  at  low 

cost,  using  d i f f e r e n t i a l   expansion  of  a  layer  added  temporar i ly   for  t he  

purpose  of  c o n t r o l l i n g   warping  of  the  microgrid  as  it  is  heat  t r e a t e d .  

A  more  s p e c i f i c   object  of  the  invention  is  to  achieve  the  des i red   curva-  

ture  of  a  microgrid  s t ruc tu re   by  coating  a  planar  microgrid  with  a  l a y e r  

of  r e l a t i v e l y   high  softening  temperature  material  (such  as  aluminium 

n i t r ide)   which  has  a  higher  c o e f f i c i e n t   of  thermal  expansion  at  the  s o f -  

tening  temperature  of  the  microgrid  subs t ra te   material ,   and  then  h e a t i n g  

the  composite  to  the  softening  temperature  of  the  microgrid  s u b s t r a t e  

material  to  cause  cont ro l led   warping  by  d i f f e r e n t i a l   thermal  expansion 

during  heat  t r e a t m e n t .  

A  feature  of  the  invention  is  its  use  of  r e l a t i ve ly   standard  i n t e g r a t e d  

c i rcui t   techniques  to  achieve  a  curved  microgrid  conf igura t ion   normally  

requiring  micromachining  t echn iques .  

An  advantage  of  the  invention  is  the  absence  of  contaminants  and  t h e  

absence  of  cu rva tu re -caus ing   forces  in  f la t   areas  around  the  m i c r o g r i d .  



Another  advantage  of  the  i n v e n t i o n   is  tha t   i t   lends  i t s e l f   to  o p e r a t i o n s  

based  upon  a  mic rogr id   process   i n t e r m e d i a t e   s t r u c t u r e   which  may  be  s t o r e d  

and  shipped  f l a t   and  l a t e r   formed  in to   the  des i r ed   shape .  

The  fo rego ing   and  other   o b j e c t s ,   f e a t u r e s   and  advantages  of  the  i n v e n t i o n  

wi l l   be  appa ren t   from  the  more  p a r t i c u l a r   d e s c r i p t i o n   of  the  p r e f e r r e d  

embodiments  of  the  i n v e n t i o n ,   as  i l l u s t r a t e d   in  the  accompanying 

d r a w i n g s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  c r o s s - s e c t i o n a l   view  of  the  f i n i s h e d   curved  m i c r o g r i d  

s t r u c t u r e .  

FIG.  2  is  a  c r o s s - s e c t i o n a l   view,  s i m i l a r   to  tha t   of  FIG.  1,  of  t h e  

microgr id   f l a t   blank  p r io r   to  p r o c e s s i n g   for  c u r v a t u r e .  

FIG.  3  is  a  c r o s s - s e c t i o n a l   view,  s i m i l a r   to  tha t   of  FIGs.  1  and  2,  o f  

the  mic rog r id   p rocess   i n t e r m e d i a t e   s t r u c t u r e ,   a f t e r   the  s u b s t r a t e   h a s  

been  coated  with  a  d i f f e r e n t i a l   the rmal   expansion  p rocess   l aye r ,   b u t  

p r i o r   to  the  thermal   expansion  heat   t r e a t m e n t   s t e p .  

FIG.  4  is  a  c r o s s - s e c t i o n a l   view,  s i m i l a r   to  tha t   of  FIGs.  1,  2  and  3 ,  

i l l u s t r a t i n g   the  curva ture   r e s u l t i n g   from  d i f f e r e n t i a l   thermal  e x p a n s i o n  

during  the  c o n t r o l l e d   warping  s t e p .  

FIG.  5  is  a  c r o s s - s e c t i o n a l   view,  s i m i l a r   to  tha t   of  FIGs  1,  2,  3  and  4 ,  

i l l u s t r a t i n g   the  removal  of  the  d i f f e r e n t i a l   thermal  expansion  p r o c e s s  

l a y e r .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

CURVED  MICROGRID  STRUCTURE 

FIG.  1  is  a  cross  sect ional   view  of  the  s p h e r i c a l l y   curved  microgr id  

s t r u c t u r e ,   which  s t r uc tu r e   includes  grid  1  in  border  2  loosely  supported 

in  brackets   3.  This  spher ica l ly   curved  microgr id   may  be  used  for  a  number 

of  processes   including  ion  beam  devices  and  p a r t i c l e   energy  analyzers,   as 

a  focusing  grid  or  e l e c t r o s t a t i c   l ens .  

MICROGRID  CURVATURE  PROCESS 

The  s t a r t i n g   point  for  the  production  of  a  s p h e r i c a l l y   curved  microgr id  

s t r u c t u r e   is  a  f la t   s i l i con   substra te   microgr id   blank.  The  flat   s i l i c o n  

microgrid  blank  is  fabr ica ted   according  to  known  techniques,   for  example 

the  technique  described  by  Speidell  et  al  in  the  IBM  Technical  D i sc losure  

Bu l l e t in   a r t i c l e   i den t i f i ed   above  under  the  caption  "Related  Prior  Art 

P u b l i c a t i o n s . "   Other  techniques  could  be  used  as  wel l--so  long  as  the  

r e s u l t   is  a  f la t   microgrid blank.   The  blank  may  be  a  round  wafer;  t y p i c a l  

is  a  57  mi l l imeter   diameter  wafer  of  250  micrometer  th ickness ,   with  750 

micrometer  nominally  square  apertures  on  1000  micrometer  centers  in  t he  

grid  area.  Typical  d i f f e r e n t i a l   thermal  expansion  process  layer  t h i c k -  

ness  (aluminum  n i t r i d e )   is  0.5-5  micrometers,   p re fe rab ly   2.5-3  microme- 



t e r s ,   with  a  thickness  rat io  of  subs t ra te   to  d i f f e r e n t i a l   thermal 

expansion  process  layer  of  100:1  to  1000:1,  p r e f e r a b l y   about  300:1.  Heat 

t rea tment   to  achieve  the  desired  curvature  (with  wafer  loosely  supported 

ou t s ide   the  microgrid  area,  and  convexity  in  the  d i r e c t i o n   of  gravity)  i s  

t y p i c a l l y   at  1200C  for  30  minutes  ( s i l icon   s u b s t r a t e ,   sof tening  temper- 

a ture   approximately  900-1100C).  Typical  reagent  for  removal  of  the  d i f -  

f e r e n t i a l   thermal  expansion  process  layer  (aluminum  n i t r i d e )   is  hot  

phosphoric   acid.  The  dimensions,  including  microaper ture   dimensions  and 

th ickness   dimensions,  are  not  c r i t i c a l   to  the  process  of  this   i nven t ion ,  

but  are  selected  as  required  for  the  app l ica t ion ,   the  equipment  a v a i l a b l e  

and  t ime- temperature   requirements  one  of  which  may  be  a r b i t r a r y .  

The  thickness  and  s t ress   of  the  d i f f e r e n t i a l   thermal  expansion  process  

layer  must  be  s u f f i c i e n t   to  overcome  the  r e s i s t a n c e   to  deformation  pro-  

vided  by  the  subs t r a t e ,   which  res is tance  varies  with  subs t ra te   m a t e r i a l ,  

th ickness   and  temperature.   These  can  be  c a l cu l a t ed   or  can  be  measured, 

and  are  not  at  all  c r i t i c a l   because  the  deformation  takes  place  at  t he  

so f t en ing   temperature  of  the  subs t ra te ,   which  is  a  lower  temperature  than 

the  sof tening  temperature  of  the  d i f f e r e n t i a l   thermal  expansion  process  

layer .   In  the  usual  case,  the  d i f f e r e n t i a l   thermal  expansion  process  l ay -  

er  is  temporary  and  is  removed  before  the  sphe r i ca l   microgrid  s t ruc ture   i s  

put  into  use;  where  its  presence  is  t o l e rab le ,   it  may  remain 



Aluminum  n i t r ide   is  the  p re fe r red   d i f f e r e n t i a l   thermal  expansion  process  

layer  material .   Other  mater ia ls   may  be  subs t i t u t ed ,   so  long  as  the  sub- 

s t i t u t e   material   is  capable  of  producing  compression  stress  to  t he  

se lec ted   subs t ra te   at  the  sof tening  temperature  of  the  subs t ra te ,   and  i s  

removable  without  damage  (or  of  a  material   which  may  be - to le ra ted   in  the  

a p p l i c a t i o n ) ;   examples  are  s i l i con   dioxide  and  c  axis  p y r o l i t i c   g r a p h i t e .  

Subs t i tu te   materials   may  require  d i f f e r en t   reagents  for  their   removal; 

for  example,  s i l i con   dioxide  may  be  removed  from  s i l icon   with  hot  

hydrof luor ic   acid.  

The  requirements  for  the  d i f f e r e n t i a l   thermal  expansion  process  l a y e r  

a r e :  

1.  Its  coe f f i c i en t   of  expansion  must  be  s i g n i f i c a n t l y   g r e a t e r  

than  that  of  the  s u b s t r a t e . -  

2.  It  must  adhere  well  to  the  s u b s t r a t e .  

3.  It  must  be  a  r e l a t i v e l y   high  s t ress   m a t e r i a l .  

4.  It  must  be  to le rab le   in  the  appl ica t ion  or  removable  without  

damage  or  contamination  by  the  r e agen t s .  

FIGs.  2-5  i l l u s t r a t e   the  process  by  which  this  f lat   blank  is  made  into  the  

curved  microgrid  s t ruc ture   shown  in  FIG.  1. 

1.  Prepare  microgrid  b lank.  



2.  Mount  microgrid  blank  in  process ing  chamber.  (See  FIG.  2 . )  

3.  Deposit  aluminium  n i t r ide   d i f f e r e n t i a l   thermal  expansion 

layer  4  (by  react ive  RF  spu t t e r ing )   on  one  surface  only  of  the  

microgrid.   (See  FIG.3.)  Use  shadow  mask  5  to  limit  the  

d i f f e r e n t i a l   thermal  expansion  process  layer  to  the  grid  to  be  curved.  

(In  the  case  of  gallium  arsenide  gr ids ,   the  ent i re   grid  must  f i r s t .  

be  encapsulated  with  a  p ro tec t ive   layer  of  a  material   such  as  s i l i c o n  

dioxide.  This  protect ive  layer  seals  the  gallium  arsenide  to  p reven t  

the  decomposition  of  the  gallium  arsenide  by  the  heat  applied  dur ing  

the  con t ro l led   warping  step.  An  a l t e r n a t i v e   is  a  heat  treatment  in  

an  arsenic  atmosphere  which  would  prevent  decompos i t ion . )  

4.  Heat  the  composite  m i c r o g r i d - - f l a t   grid  blank  wi th  

d i f f e r e n t i a l   thermal  expansion  process  l aye r - - in   a  control led  warping 

step,  using  heat  above  the  so f t en ing   point  for  the  microgr id  

mater ia l ,   in  an  inert  atmosphere.  

(For  s i l i c o n ,   heat  to  1200C  in  hel ium.)   (See  FIG.  4 . )  

5.  Remove  the  d i f f e r e n t i a l   thermal  expansion  process  layer  by 

chemical  etching.  (For  aluminum  n i t r i d e   on  s i l i c o n ,  

etch  in  hot  phosphoric  acid.)  (See  FIG.  5 . )  



DIMENSIONS  AND  SPECIFICS 

The  following  dimensions  and  speci f ics   are  p refer red ,   although  a  g r e a t  

range  of  dimensions  and  speci f ics   may  be  used:  

Silicon  microgrid  b lank- - - - - -250   micrometers  th ickness ,   57  m i l l i m e t e r  

wafer,  750  micrometer  square  apertures  on  1000  micrometer  c e n t e r s  

Radius  of  c u r v a t u r e - - - - - - - - - - 3 0   c en t ime te r s  

Grid  M a t e r i a l s - - S i l i c o n ,   gallium  arsenide,   c  axis  p y r o l i t i c   g r a p h i t e  

D i f f e r e n t i a l   thermal  expansion  process  l aye r  

materials--Aluminum  n i t r i de ;   s i l icon  d iox ide  

The  invention  has  been  described  with  respect  to  a  l imited  number  o f  

microgrid  ma te r i a l s   appropriate  for  the  appl ica t ions   l i s t e d ,   and  w i th  

respect  to  a  simple  spherical   deformation.  Those  sk i l l ed   in  the  art  may 

be  expected  to  provide  other  materials  appropriate   for  the  a p p l i c a t i o n s  

se lected,   and  may,  where  convex  shapes  other  than  spher ica l   are  c a l l e d  

for,  be  expected  to  vary  the  geometry  of  the  microgrid  process  i n t e rmed i -  

ate  s t ruc tu re   accordingly,   without  departing  from  the  s p i r i t   and  scope  o f  

the  invention  as  pointed  out  in  the  following  c la ims .  ,  



1.  A  process   for  f a b r i c a t i n g   convex  microgr id   s t r u c t u r e s   of  m i c r o g r i d  

s u b s t r a t e   m a t e r i a l   from  a  f l a t   microgr id   blank  c h a r a c t e r i s e d   by :  

(a)  coa t ing   a  microgr id   area  of  the  f l a t   m i c r o g r i d   blank  with  a  

d i f f e r e n t i a l   thermal   expansion  process   layer   to  form  a  c o m p o s i t e  

microgr id   p rocess   i n t e r m e d i a t e   s t r u c t u r e ,   the  m a t e r i a l   of  s a i d  

d i f f e r e n t i a l   thermal   expansion  process   l ayer   having  a  c o e f f i c i e n t   o f  

thermal  expansion  g r e a t e r   than  tha t   of  the  m i c r o g r i d   m a t e r i a l ;   and 

(b)  h e a t i n g   t r e a t i n g   said  composite  process   i n t e r m e d i a t e   s t r u c t u r e  

to  a  t e m p e r a t u r e   above  the  so f t en ing   t empera tu re   of  the  m i c r o g r i d  

s u b s t r a t e   m a t e r i a l ;  

whereby  d i f f e r e n t i a l   thermal  expansion  provides   a  c o n t r o l l e d   warp  t o  

the  mic rog r id   area  of  the  composite  s t r u c t u r e .  

2.  A  process   for  f a b r i c a t i n g   convex  microgr id   s t r u c t u r e s   according  t o  

claim  1,  f u r t h e r   c h a r a c t e r i s e d   in  tha t   the  s u b s t r a t e   t h i ckness   o f  

the  m ic rog r id   blank  is  g r e a t e r   than  100  micrometers   and  less   t h a n  

500  mic rome te r s ,   the  t h i c k n e s s   of  the  d i f f e r e n t i a l   thermal   e x p a n s i o n  

process  l aye r   is  less   than  5  m i c r o m e t e r s ;   and  the  d i f f e r e n t i a l  

thermal  expansion  layer   is  removed  subsequent   to  c u r v a t u r e - i n d u c i n g  

heat  t r e a t m e n t .  

3.  A  process   for  f a b r i c a t i n g   convex  microgr id   s t r u c t u r e s   according  t o  

claim  1  f u r t h e r   c h a r a c t e r i s e d   by  an  atmosphere  of  i n e r t   gas  u s e d  

during  sa id   heat  t r e a t m e n t ,   said  heat  t r e a tmen t   being  at  1200C,  t h e  

ma te r i a l   of  the  mic rogr id   s t r u c t u r e   being  s i l i c o n   of  t h i c k n e s s  

approximate ly   750  mic romete r s ,   and  the  m a t e r i a l   of  said  d i f f e r e n t i a l  

thermal  expans ion   layer   being  aluminium  n i t r i d e   of  t h i c k n e s s   2 . 5 - 3  

m i c r o m e t e r s .  



4.  A  process   as  claimed  in  c la im  1,  2  or  3,  in  which  the  i n t e r m e d i a t e  

s t r u c t u r e   comprises  a  s u b s t r a t e   provided  by  a  wafer  of  s i l i c o n ,  

ga l l ium  a r send ide ,   or  c  ax is   p y r o l i t i c   g r a p h i t e ,   in  which  s a i d  

d i f f e r e n t i a l   thermal  expans ion   p roces s   layer   is  aluminium  n i t r i d e   o r  

s i l i c o n   dioxide  and  in  which  the  t h i c k n e s s   r a t i o   of  s u b s t r a t e   t o  

d i f f e r e n t i a l   thermal  expans ion   p roces s   layer   is  g r e a t e r   than  100  t o  

1. 

5.  A  process   as  claimed  in  c la im  1,  modif ied  in  that   the  ma te r i a l   o f  

said  d i f f e r e n t i a l   thermal   expans ion   process   layer   has  a  c o e f f i c i e n t  

of  thermal  expansion  less   than  t ha t   of  the  microgr id   m a t e r i a l .  
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