
1           PROCESS FOR OBTAINING A THIN FILM, PARTICULARLY A
SEMICONDUCTING FILM, COMPRISING AN AREA PROTECTED FROM          IONS, AND
INVOLVING AN ION IC IMPLANTATION STEP       Technical domain           This
invention relates to a process for obtaining a      thin  film,  comprising
an  area  protected  from  ions,     involving an ionic implantation step.
In particular it     relates to obtaining a semiconducting thin film in  5
which active layers are created,  for example to create     MOS transistor
channel areas.       State of prior art   10      In the subject of
semiconductors,  it is sometimes     necessary  to  make  semiconducting
thin  films,  for     example  to  make  "Silicon  On Insulator"
substrates.     Other methods of making thin semiconducting films have
been developed.   One of the most recent methods  is 15  based on the fact
that implantation of ions of a rare     gas or hydrogen in a semiconducting
material induces     the formation of brittle zones at a depth close to the
average ion penetration depth. Document FR-A-2 681 472     divulges a
process that uses this property to obtain a 20  thin  film of
semiconducting material.   This  process     consists of applying the
following steps to a platelet     of the required semiconducting material
and comprising     a plane face:         - a first implantation steep by
bombarding the plane 25        face  of  the  platelet using  ions  capable
of           creating a layer of "gaseous microbubbles" within 



the thickness of the platelet at a depth close to        B 12691.3 JL
2              the  average  ion penetration  depth,  this  layer
separating  the  platelet into  a  lower  region           containing the
mass of the substrate and an upper           region forming the thin  film,
the chosen  ions 5        being either rare gas ions or hydrogen gas ions;
- a second step in which the plane surface of the           platelet is put
into intimate contact with a           support  (or stiffener)  composed of
at least one           layer of rigid material,  this intimate contact 10
possibly  being  made  by means  of  an  adhesive           substance, by
the effect of prior preparation of           surfaces and heat and/or
electrostatic treatment           to encourage interatomic bond between the
support           and the platelet; 15      - a third heat treatment step
of the platelet and           support assembly at a temperature greater
than           the  temperature  at which  the  implantation  was
carried out and sufficient to create a separation           between the
thin film and the substrate mass. 20        This temperature is about
400[err]C for silicon.         This document proposes  the following
explanation     for  the  various  phenomena  observed  by  experience.
Firstly, the first ionic implantation step is carried     out by presenting
a plane surface of a semiconducting 25  material platelet to an ion beam,
the plane of this     plane surface being either approximately parallel to
a     principal crystallographic plane in the case in which     the
semiconducting     material     is    perfectly     monocrystalline, or
more or less inclined with respect 30  to a principal crystallographic
plane with  the  same 



indexes  for  all  grains  in the  case  in  which  the     material  is
polycrystalline..  This  implantation  can     create a layer of gaseous
microbubbles that will create        B 12691.3 JL
3        a fracture zone at the end of the heat treatment. This     layer
of microbubbles thus created within the thickness     of the platelet is at
a depth close to the average ion     penetration depth and delimits two
regions within the 5  platelet  separated by this layer;   the first region
will form the thin film and the second region will form     the rest of the
substrate.   The expression "gaseous     microbubbles"  means   any
cavity  or   micro-cavity     generated by the implantation of hydrogen gas
or rare 10  gas ions in the material.   The cavities may be either     in a
very  flattened  form,  in other words  with  low     height, for example
of the order of a few inter-atomic     distances,   or   they   may   be
in   approximately     hemispherical form or in any other form different
from 15  the two forms mentioned above.  These cavities may or     may not
contain a gaseous phase.   During the third     step,  the  heat  treatment
is  carried  out  at  a     sufficiently high temperature to create the
fracture     zone  and  separation between  the  two  regions,  as  a 20
result   of    crystalline   rearrangement    in   the     semiconducting
material,  for example such as by the     effect of micro-cavity growtht
and/or pressure in the     microbubbles.         Depending  on  the
implantation  conditions,  the 25  cavities or microbubbles may or may not
be observable     after the implantation of a gas, for example such as
hydrogen, using transmission electronic microscopy.  In     the case of
silicon, there may be micro-cavities with a 



size varying from a few nm to a few hundred nm.  Thus 30  in particular,
when  the  implantation  temperature  is     low,  these cavities can only
be observed during the     heat treatment step during which nucleation is
achieved     for example by means of a fast increase in temperature
B 12691.3 JL                                         4         in order to
terminate the fracture between the thin     film and the rest of the
substrate at the end of the     heat treatment.         Furthermore,  it
appears that this process may be 5  applicable  to  all  types  of
crystalline  or  non-     crystalline  solid  materials.   This  process
can  be     applied  to  dielectric,  conducting,  semi-insulating
materials, and amorphous semiconducting materials.         It  may  be
useful  if  the  thin  film  obtained 10  comprises some elements or
specific features that were     generated  when  this  film  still  formed
part  of  its     initial  substrate.    It is thus possible  to make  a
three-dimensional  structure by superposition  of thin     films.   In the
micro-electronics  domain,  this means 15  that platelets can be obtained
made by stacking thin     semiconducting films, comprising electronic
components     in  the  three  dimensions  of space.    However,  the
implantation of ions through electrically active layers     may create
defects that modify the characteristics of 20  the components,  or make
them unusable.   This is the     case  particularly  for channel areas  and
grid  oxide     layers in MOS transistors.       Description of the
invention 



25         Thus, the process divulged by document FR-A-2 681      472,
which  is  technically  very  interesting,   had      limitations  in  some
of  these  applications.        The      inventors of this patent have
found a solution to this 30  problem.    They  have  discovered  that
under  some      conditions, a masking technique, can be used to protect
areas sensitive to the transfer of ions, which implies      an absence of
micro-cavities in the areas corresponding          B 12691.3 JL
5           to the  masked  areas,  and  nevertheless  obtaining
cleavage in the substrate so that a thin film can be     detached.  This is
possible if the width of each masked     area does not exceed a limiting
dimension determined 5  for  the  material  making  up the  substrate.
This     principle can also be applied  to  structures in which
elements  have  been  made  before implantation,  these     elements
masking areas of the substrate that are not     necessarily  sensitive  to
the  implantation.   In this 10  case, the purpose of the invention  is to
make these     elements significantly narrower than or equal to the
limiting dimension.         Therefore,  the purpose  of  the  invention  is
a     process  for  obtaining  a  thin film  starting  from  a 15
substrate made of a determined material, this thin film     being composed
of a region of the substrate adjacent to     one of its faces and separated
from the rest of the     substrate, at least one structure being created f
rom     the said region, the process comprising the following 20 steps: 



-generation of the said structure until at least          two superposed
areas making up the structure are          obtained, the upper area acting
as a means of          masking the lower area by defining a width of the 25
masked  area  in  the  substrate  not  exceeding  a           determined
limiting dimension for the material of           the said substrate,
-ionic implantation of the substrate through the           said  surface
of  the substrate,   capable  of 30        creating  a  layer  of
micro-cavities  within  the           thickness of the substrate and at a
depth close           to the average ion penetration depth, delimiting
B 12691.3 JL                                         6              the
said region within the substrate except for           an area corresponding
to the masked area,         - heat treatment at a sufficiently high
temperature           to make  a  fracture  line along  this  layer  or 5
micro-cavities,  this fracture line being either           continuous if
the width of the masked area is           sufficiently  small   compared
with   the  said           limiting dimension, or discontinuous if the
width           of the masked area is not sufficiently small with 10
respect to the said limiting dimension,         - separation of the thin
film from the rest of the           substrate  either  by  simple
separation  if  the           fracture  line   is   continuous,   or   by
the           application of mechanical forces between the said 15
region  and  the  rest  of the  substrate  if  the           fracture line
is discontinuous.  This latter case           means that there are solid
bridges between the 



fracture lines.         Another  step may be  included  between  the  ionic
20  implantation step and the heat treatment step, in which     the
substrate is rigidly bonded to a stiffener, on the     side of the said
region that will form the thin film.         Ionic implantation may be done
using hydrogen ions     or rare gas ions. 25      Preferably,  the
mechanical  forces  are  bending     and/or tension forces.  They may be
applied during or     after the heat treatment step.         For example,
masking means may consist of a layer     deposited on the said substrate
surface. 30      If the substrate is a semiconducting substrate, the
structure  may  form  an  electronic  component.    This     electronic
component may be a transistor,  the upper     area comprising the
transistor grid.                                        7            In
particular, the invention is applicable to the     case in which the
semiconducting substrate made of     silicon,  in which the electronic
component  is a MOS     transistor and in which the said lower area is the
grid 5  oxide  layer  and  the  channel  area  of  this  MOS
transistor.  The upper area may then advantageously     comprise  the
polysilicon grid of the MOS transistor     deposited on the grid oxide
layer, or it may consist     entirely of this grid.  In addition to the
polysilicon, 10  grid, masking means may comprise a layer made of resin
or any other material deposited on the flanks of the     grid.    An
important  advantage  of  this  is  that     relatively large transistors
may be obtained since the     width of the masked area only corresponds to
the width 15  of the grid, possibly with its flanks.         By proceeding
this way, it may be necessary to make     the ionic implantation in an
heterogeneous medium, for     example  in the  semiconducting  substrate
and through     doped regions making up the drain and source areas. 



20  This  goes  against  standard  practice  applied  by  an     expert in
the subject who would completely mask the     various active regions of a
component, in other words     including the drain and source of a
transistor, before     making the ionic implantation. The inventors of this
25  invention discovered that the area corresponding to the     grid oxide,
rather than source and drain areas, is very     sensitive to ionic
implantation.  An ionic implantation     through  the  source  and  drain
areas  induces  some     disturbances  in   the   transistor
characteristics. 30  However,   these  disturbances  are   acceptable   for
operation of the transistor.         The  transistor  grid  acts as  a
mask  for  the     sensitive area during  the  implantation,  consequently
B 12691.3 JL                                        8         there is no
need to add an additional masking step in     the process to obtain a thin
film.         Note also that the source and drain regions may be     formed
after the ionic implantation step. 5      The medium in which ionic
implantation is done can     also be composed of different materials, both
in a     dimension parallel to the implantation beam and in a     direction
perpendicular  to  it.    Thus,  despite  the     heterogeneity of the
medium, the substrate can be 10 fractured even with areas masked from the
ion beam.     When materials are heterogeneous  and/or  the  surface
topology of the substrate is heterogeneous, the     fracture  propagates
not  only  in  a  plane,   but     undulations  may   be  observed
depending  on   the 15  differences in the position of implanted ions due
to a     difference between the stopping power of the various 



materials with respect to these ions.       Brief description of the
drawings 20         The invention will be better understood and other
advantages and specific features will become clear     after reading the
following description given as a non-     restrictive  example  and
accompanied by  the  attached 25  figures in which:         - figure 1 is
side view of a substrate in which an           ion implantation has been
carried out,         - figure 2 is a cross-sectional view of a silicon
substrate in which a MOS transistor has been 30        prepared and in
which the process according to           the invention is applied,
- figures 3A to 3D illustrate application of the           process
according  to  the  invention  to  the        B 12691.3 JL
9              transfer of a thin silicon film comprising a MOS
transistor from its initial substrate to another           support element.
5  Detailed description of embodiments of the invention           In order
to simplify the description, it will be     assumed that the implantation
is done under conditions     such  that  micro-cavities  can  be  observed
after 10  implantation and that masking is done above an area     sensitive
to implantation. 



Figure  1  shows  a  cross-sectional  view  of  a     substrate 1, for
example made of monocrystalline     silicon of electronic quality and with
a plane surface 15 2. Substrate 1 is subjected to ionic bombardment shown
by arrows, through the plane surface 2.  For example,     the implanted
ions may be protons. The energy supplied     to the ions and their dose is
determined so as to     obtain a layer of micro-cavities 3 within the
thickness 20  of substrate 1 located at a determined depth from the
plane  surface  2.   Document  FR-A-2  681  472  gives     information
about the ion energy and implantation dose     to obtain a layer of
micro-cavities at a given level.     The micro-cavities layer 3 delimits an
area 4 in the 25  substrate.    A  subsequent  heat  treatment  at  an
appropriate temperature,  for example of the order of     400[err]C,
transforms  the  layer of  micro-cavities  into     micro-cracks  inducing
a  fracture   line  enabling     separation of the region 4, which becomes
a thin film, 30  from the rest of the substrate.         Figure 1 shows a
mask 5 inserted between the ion     beam creating the ionic implantation
and face 2 of     substrate 1.  This mask is sufficiently thick to stop
10         ions that reach it.  Consequently,  the micro-cavities     layer
3 is interrupted in an area 6 corresponding to     mask 5, and the part of
the substrate between the plane     surface 2 and area 6 is not disturbed
by ionic 5 implantation.         Unlike what might be expected, it appeared
that,     under some conditions, this discontinuity in the micro-
cavities layer does not prevent propagation of micro-     cracks within the
micro-cavities layer during the heat 10  treatment  step.    The
propagation  of  micro-cracks     depends on the value of the width 1 of
the masked area     6 during implantation. 



For example, in the case of a monocrystalline     silicon substrate, if the
width 1 of the masked area 6 15  is less than 0.8 [err]m, the fracture may
propagate between     the micro-cavities located on each side of the masked
area. If the width 1 of the masked area 6 exceeds 0.8     pm but remains
less than a given limiting width, the     crack may be propagated by means
of mechanical forces, 20  for example bending or tension, applied between
region     4 and the rest of the substrate in order to separate     them
during or after the heat treatment, without     mechanically altering the
thin film obtained.         Therefore the limiting width for a given
substrate 25  material is the maximum width of a masked area that
enables the thin film to be detached without mechanical     alteration
damaging to this film.  This limiting width     also depends on the size
and density of cracks induced     in  the  substrate  and  therefore
parameters   that 30  determine these cracks  (implantation energy and
dose,     temperature of the heat treatment).         Note that this width
1, which corresponds to the     width  of  the  masked  area,  may  be
significantly        B 12691.3 JL                   different from the
width over which micro-cavities are     missing.  In fact, the beam is not
perfectly parallel     in the case of an ionic implantation, but may be
convergent or divergent depending on implantation 5  conditions.
Furthermore,  the  position  of  an  ion     implanted in a material is
random and statistical and     depends on the sequence of collisions
encountered by     the ion.  For example in the case of hydrogen implanted
in amorphous silicon at 120 keV, the lateral standard 



10  deviation  as  defined  and  calculated  in the  Gibbons     Tables is
equal to 0.2596 [err]m.         In the example shown in figure 2, the
substrate 10     is a board of P doped monocrystalline silicon.   A MOS
transistor 12 was produced on a plane surface 11 of 15  this substrate.
This transistor 12 comprises a source     13 consisting of an n[err] doped
region and a drain 14 also     composed of an n[err] doped region.  A
silicon oxide layer     15 was  formed  on  the  surface  11 of  the
substrate     between the source 13 and the drain 14.   The oxide 20  layer
15 was covered by a polycrystalline silicon grid     16.  The transistor 12
was completed by surrounding it     with a thermal oxide layer 17, and by
providing silicon     nitride spacers 18 on the flanks of grid 16.
The grid oxide layer 15 and the subjacent channel 25  area 19 form a
sensitive area since these layers may be     disturbed  by  the  passage
of  implanted  compounds.     According to this invention, this sensitive
area may be     protected during the ionic implantation  step by the
grid 16 that covers them, this grid being sufficiently 30  thick to prevent
implanted ions from reaching the oxide      layer  15.   Spacers  may  also
participate  in  this      protection.           B 12691.3 JL
12            The ionic implantation step is shown by arrows in     figure
2. Ionic implantation induces a layer of micro-     cavities 21 delimiting
a region 20 corresponding to the     thin film, and with a discontinuity
formed by area 22 5  masked from the ion beam.   As mentioned above, if the
width of the masked area is less  than the limiting 



width resulting from the semiconducting material and     implantation and
heat treatment  conditions,  the thin     film 20 may be separated from the
substrate with or 10  without  applied  mechanical  forces depending  on
the     width of the area 22.  For example, a 0.5 [err]m wide grid     16
does not prevent propagation of micro-cracks in the     fracture plane
under normal conditions of use of the     process divulged in document
FR-A-2 681 472. 15      Figures 3A to 3D illustrate a variant application
of the process according  to this  invention.    These     figures are also
cross-sectional views, like figure 2.         Figure 3A shows a p doped
monocrystalline silicon     substrate 30.  MOS transistor 32 has been
produced on 20  the  plane  surface  31  of  this  substrate.    The  MOS
transistor comprises an n[err] doped source 33 region, and     an n[err]
doped drain 34 region, a grid oxide layer 35, a     polycrystalline silicon
grid 36, and a channel area 37.     In this variant, it was considered
necessary to deposit 25  a resin layer 38 on grid 36 to give good masking
of the     sensitive  area  of  the  MOS  transistor.    The  ionic
implantation represented by arrows causes the creation     of a layer of
micro-cavities 39 in the thickness of the     substrate  except  for the
area 40 masked  from  ionic 30  implantation.     The  width   of  this
masked   area     corresponding to the width of grid 36, is less than the
limiting width so that the process according to the     invention can be
used.   This defines a region 41 in
13        which the thin film will be formed between the plane     face 31
and the micro-cavities layer 39.         Once  the   ionic  implantation
step has   been     completed,  the resin layer 38 is removed and an
SiO[err] 5  oxide layer is formed on the plane surface 31 of the
substrate 30, as far as the upper layer of the grid 36     in order to
obtain a plane surface 43 that will form     the upper surface of the thin
film (see figure 3B). A 



plate 45, acting as a stiffener and with a plane 10  surface 46 is rigidly
fixed to the upper surface of the     thin film, for example by means of
the "Wafer Bonding"     technique to bond plane surfaces 43 and 46 to each
other, in other words bonding by molecular adhesion.         Figure  3C
shows  the  composite  structure  made 15  previously after the heat
treatment step.  As mentioned     above, the consequence of this heat
treatment step is     to transform the micro-cavities layer into micro-
cracks.   It  is  then  possible  to  obtain  either  a     continuous
fracture line if the width of the masked 20  area is sufficiently small
compared with the previously     defined  limiting width,  or a
discontinuous  fracture     line  if the width of the masked area is not
small     enough compared with the limiting width.  This is the     case
shown in figure 3C in which the line of micro- 25  cracks 48 is interrupted
in the masked area 40.         The separation of the substrate into two
parts on     each side of the micro-cracks line is obtained by the
application of mechanical  forces.  This  is what  is     shown  in  figure
3D  in which  mechanical  forces  are 30  symbolized by arrows.
English translation of the amended sheets of          International
Preliminary Examination Report                               15
CLAIMS           1. Process for obtaining a thin film starting from 5  a
semiconducting  substrate  (10;  30),  this  thin  film     being composed
of a region (20; 41) of the substrate     adjacent to one (11; 31) of its
faces and separated     from the rest of the substrate, at least one
transistor     being created from the said region, the process 10
comprising the following steps:         -generation of the said transistor
until at least     two superposed areas making up the transistor are
obtained, the upper area (16; 36) acting as a means of     masking the
lower area (15, 19; 35, 37) by defining a 15  width of the masked area (22;
40) in the substrate not 



exceeding a determined limiting dimension for the     material of the said
substrate,         -ionic implantation of the substrate (10; 30)
through the said surface of the substrate, capable of 20  creating a layer
of micro-cavities  (21; 39) within the     thickness of the substrate and
at a depth close to the     average ion penetration depth, delimiting the
said     region (20; 41) from the rest of the substrate (10; 30)     except
for an area corresponding to the masked area 25  (22, 40),         -heat
treatment at a sufficiently high temperature     to make a fracture line
along this layer of micro-     cavities, this fracture line being either
continuous if     the width of the masked area is sufficiently small 30
compared  with  the   said  limiting   dimension,  or     discontinuous if
the width of the masked area is not     sufficiently small with respect to
the said limiting     dimension,                English translation of the
amended sheets of          International Preliminary Examination Report
16           -separation of the thin film from the rest of the
substrate (10; 30) either by simple separation if the  5  fracture line is
continuous, or by the application of     mechanical forces between the said
region and the rest     of the substrate if the fracture line is
discontinuous.         2. Process according to claim 1, characterized in
that another step is included between the ionic 10  implantation step and
the heat treatment step, in which     the substrate (30) is rigidly bonded
on the side of the     said region (41) that will form the thin film (45)
with     a stiffener (45).         3. Process according to one of claims 1
or 2, 15 characterized in that ionic implantation is done using
hydrogen ions or rare gas ions.         4. Process according to any one of
claims 1 to 3,     characterized in that the said mechanical forces are
bending and/or tension forces. 20      5   Process according to any one of
claims 1 to 4,     characterized in that the said mechanical forces are 



applied during the heat treatment step.         6.  Process according to
any one of claims 1 to 4,     characterized in that the said mechanical
forces are 25  applied after the heat treatment step.         7.  Process
according to any one of claims 1 to 6,     characterized in that the said
masking means consist of     a layer deposited on the said face of the
substrate.         8. Process according to any one of claims 1 to 7, 30
characterized in that the substrate (10, 30) is made of     silicon, the
transistor (12; 32) is a MOS transistor     and the said lower area is the
grid oxide layer (15;     35)  and  the  channel  area  (19;  37)  of  this
MOS     transistor, the upper area comprises the polysilicon 35
English translation of the amended sheets of          International
Preliminary Examination Report                                 17
grid (16; 36) of the MOS transistor deposited on the     grid oxide layer
(15; 35). 5      9.  Process according to any one of claims 1 or 8,
characterized in that the masking means also comprise a     resin layer
(38).         10. Process according to any one of claims 1 to 9,
characterized in that the masking means also comprise 10  spacers (18)
deposited on the flanks of the grid (16).    


