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( 57 ) ABSTRACT 
A method for producing a layer of solid material includes : 
providing a solid body having opposing first and second 
surfaces , the second surface being part of the layer of solid 
material ; generating defects by means of multiphoton exci 
tation caused by at least one laser beam penetrating into the 
solid body via the second surface and acting in an inner 
structure of the solid body to generate a detachment plane , 
the detachment plane including regions with different con 
centrations of defects ; providing a polymer layer on the solid 
body ; and generating mechanical stress in the solid body 
such that a crack propagates in the solid body along the 
detachment plane and the layer of solid material separates 
from the solid body along the crack . 
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METHOD FOR PRODUCING A LAYER OF 
SOLID MATERIAL 

TECHNICAL FIELD 

[ 0001 ] The present disclosure relates to a method for the 
production of layers of solid material and to a wafer pro 
duced by the method . 

BACKGROUND 

[ 0002 ] In many technical domains ( e.g. microelectronic or 
photovoltaic technology ) materials , such as e.g. silicon , 
germanium or sapphire , are often needed in the form of thin 
discs and plates ( so - called wafers ) . As standard , such wafers 
are currently produced by sawing from an ingot , relatively 
large material losses ( " kerf loss ” ) occurring . Since the 
source material used is often very expensive , great efforts 
are being made to produce such wafers with less material 
consumption and so more efficiently and inexpensively . 
[ 0003 ] For example , with the currently normal methods 
almost 50 % of the material used is lost as " kerf loss ” when 
producing silicon wafers for solar cells alone . Considered 
globally , this corresponds to an annual loss of more than 2 
billion euros . Since the cost of the wafer makes up the 
greatest percentage of the cost of the finished solar cell ( over 
40 % ) , the cost of solar cells could be significantly reduced by making appropriate improvements to the wafer produc 
tion . 
[ 0004 ] Methods which dispense with the conventional 
sawing and can separate thin wafers directly from a thicker 
workpiece , e.g. by using temperature - induced stresses , 
appear to be particularly attractive for this type of wafer 
production without kerf loss ( “ kerf - free wafering ” ) . These 
include in particular methods as described e.g. in PCT / 
US2008 / 012140 and PCT / EP2009 / 067539 where a polymer 
layer applied to the workpiece is used in order to produce 
these stresses . 
[ 0005 ] In the aforementioned methods the polymer layer 
has a thermal expansion coefficient that is higher by approxi 
mately two orders of magnitude in comparison to the 
workpiece . Moreover , by utilising a glass transition a rela 
tively high elasticity modulus can be achieved in the poly 
mer layer so that sufficiently large stresses can be induced in 
the polymer layer workpiece layer system by cooling in 
order to enable the separation of the wafer from the work 
piece . 
[ 0006 ] Upon separating a wafer from the workpiece , in the 
aforementioned methods polymer still adheres to a respec 
tive side of the wafer . The wafer bends here very strongly 
towards this polymer layer , and this makes it difficult to 
execute the separation in a controlled manner , and may lead 
e.g. to variations in the thickness of the separated wafer . 
Moreover , the strong curvature makes subsequent process 
ing difficult and may even lead to the wafer shattering . 
[ 0007 ] When using the methods according to the previous 
prior art , the wafers produced generally have respectively 
larger thickness variations , the spatial thickness distribution 
often showing a pattern with four - fold symmetry . The total 
thickness variation seen over the entire wafer ( “ total thick 
ness variation ” , TTV ) is often more than 100 % of the 
average wafer thickness when using the previous methods ( a 
wafer with an average thickness of , for example , 100 
micrometres , that is e.g. 50 micrometres thick at its thinnest 
point and 170 micrometres thick at its thickest point , has a 

TTV of 170–50 = 120 micrometres , which corresponds to a 
total thickness variation of 120 % relative to its average 
thickness ) . Wafers with these strong thickness variations are 
unsuitable for many applications . Moreover , with the most 
frequently occurring four - fold thickness distribution pat 
terns , the regions with the greatest variations unfortunately 
lie in the middle of the wafer where they cause the greatest 
disruption . 
[ 0008 ] Moreover , in the method according to the current 
prior art , undesirable oscillations in the layer systems 
involved occur during the break propagation upon separa 
tion , and these oscillations have a negative impact upon the 
development of the break front and may in particular lead to 
significant thickness variations of the separated wafer . 
[ 0009 ] In addition , with the previous methods it is difficult 
to ensure reproducibly good heat contact over the entire 
surface of the polymer layer . Locally insufficient heat con 
tact may , however , lead to undesirable significant local 
temperature variations in the layer system due to the low 
thermal conductivity of the polymers used , and this on its 
part has a negative impact upon the controllability of the 
stress fields produced and so upon the quality of the wafers 
produced . 
[ 0010 ] Furthermore , a method for the separation of semi 
conductor materials by means of light - induced boundary 
surface decomposition and apparatuses produced in this 
way , such as structured and free - standing semiconductor 
layers and components , is known from publication DE 196 
40 594 A1 . The method according to DE 196 40 594 A1 
includes the illumination of boundary surfaces between the 
substrate and the semiconductor layer or between semicon 
ductor layers , by means of which the light absorption on the 
boundary surface or in an absorption layer provided for this 
purpose leads to material decomposition . The choice of 
boundary surface or semiconductor layer which can be 
caused to decompose is made by choosing the light wave 
length and the light intensity , the irradiation direction or the 
insertion of a thin sacrificial layer during the material 
production . The disadvantage of this method is that high 
doses of energy have to be used in order to destroy whole 
layers , due to which the energy requirement , and so the costs 
of the process are very high . 
[ 0011 ] Furthermore , publications EP000002390044B1 , 
EP000001498215B1 , EP000001494271B1 and 
EP000001338371B1 disclose a method in which the laser is 
used for the vertical separation of workpieces . 
[ 0012 ] Furthermore , laser - supported methods for generat 
ing areas of damage within a wafer are known . With a 
focused laser multiphoton excitations are thereby achieved 
at depth , by means of which it is possible to cause damage 
at depth without causing damage upon material entry . 
[ 0013 ] Typically , lasers with an ns pulse duration ( nano 
second pulse duration ) are used here so that a strong 
interaction of the heated material and the laser can occur . 
Typically , this happens by means of a photon / photon inter 
action which has a clearly higher absorption than the multi 
photon excitation . 
[ 0014 ] This type of method is known , for example , from 
Ohmura et . al . ( Journal of Achievements in Materials and 
Manufacturing Engineering , 2006 , vol 17 , p . 381 ff ) . The 
wafer treatment proposed by Ohmura et al . serves to gen 
erate crack directing lines by generating defects within the 
wafer , as can be partially provided by isolating wafer 
elements of a wafer plate . The defects generated by this 
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method extend in a vertical direction here , by means of 
which the connection structure between the individual wafer 
elements is subjected to longitudinal weakenings at right 
angles to the main surface of the wafer elements . These 
longitudinal weakenings have extensions of > 50 um . 
[ 0015 ] The advantage utilised in order to isolate wafer 
elements , namely the generation of extensions with a ver 
tical extension of > 50 um prevents the application of this 
type of defect generation to methods for the splitting off of 
one or more wafer layers from a solid body . On the one hand , 
with the generation of these longitudinal defects distributed 
over the wafer surface , a material layer is produced within 
the solid body which can only be used to direct cracks , but 
is unsuitable for subsequent use , and so constitutes waste . 
On the other hand , this waste must be removed , e.g. by a 
polishing process , by means of which there would be 
additional cost . It is therefore an object of the present 
disclosure to provide a method for the production of layers 
of solid material or solid bodies that enables the inexpensive 
production of solid plates or uneven solid bodies with a 
desired thickness distribution , the vertical damage being 
minimised by the crack plane . 

SUMMARY 

[ 0016 ] It is therefore an object of the present disclosure to 
provide a method for the production of layers of solid 
material that enables the inexpensive production of solid 
plates or wafers with an even thickness , in particular with a 
TTV of less than 120 micrometres . According to another 
aspect of the present disclosure , an object is to provide a 
method for the production of one or more layers of solid 
material in which a crack propagation plane is generated by 
means of a laser within a solid body , the individual defects 
forming the crack propagation plane having a vertical exten 
sion of less than 50 um . 
[ 0017 ] One method preferably comprises at least the steps 
of providing a workpiece or a solid body for the separation 
of at least one layer of solid material , generating defects by 
means of at least one radiation source , in particular a laser , 
in particular an fs laser or femtosecond laser , in the inner 
structure of the solid body in order to determine a detach 
ment plane along which the layer of solid material is 
separated from the solid body , providing a receiving layer 
for holding the layer of solid material on the solid body , 
applying heat to the receiving layer in order to generate , in 
particular mechanically , stresses in the solid body , due to the 
stresses a crack propagating in the solid body along the 
detachment plane , which crack separates the layer of solid 
material from the solid body . 
[ 0018 ] This solution is advantageous because by virtue of 
the radiation source the detachment layer or defect layer can 
be generated in the solid body by means of which the crack 
is managed or directed during the crack propagation , and 
this makes it possible to produce very small TTVs , in 
particular smaller than 200 micrometres or 100 micrometres 
or smaller than 80 micrometres or smaller than 60 microme 
tres or smaller than 40 micrometres or smaller than 20 
micrometres or smaller than 10 micrometres or smaller than 
5 micrometres , in particular 4 , 3 , 2 , 1 micrometres . Exposing 
the wafer to rays thus creates in a first step a type of 
perforation within the solid body along which , in a second 
step , the crack propagation takes place or along which the 
layer of solid material is separated from the solid body . 

[ 0019 ] Additional advantageous embodiments are the sub 
ject matter of the following description and / or the sub 
claims . 
[ 0020 ] According to one preferred embodiment of the 
present disclosure , the laser has a pulse duration of less than 
10 ps , particularly preferably of less than 1 ps and at best of 
less than 500 fs . 
[ 0021 ] According to one preferred embodiment of the 
present disclosure , the stresses for detaching the layer of 
solid material are generated by the solid body by applying 
heat to the receiving layer , in particular a polymer layer . The 
application of heat preferably constitutes cooling of the 
receiving layer or polymer layer at or below ambient tem 
perature and preferably below 10 ° C. and particularly pref 
erably below 0 ° C. and more preferably below -10 ° C. 
Extremely preferably the cooling of the polymer layer takes 
place such that at least part of the polymer layer , which is 
preferably made of PDMS , undergoes a glass transition . In 
this connection the cooling can be cooling to below -100 ° 
C. which can be brought about e.g. by means of liquid 
nitrogen . This embodiment is advantageous because the 
polymer layer contracts depending on the temperature 
change and / or undergoes a glass transition , and transfers the 
forces thus produced to the solid body , by means of which 
mechanical stresses can be generated in the solid body 
which lead to the initiation of a crack and / or crack propa 
gation , the crack first of all propagating along the first 
detachment plane in order to split off the layer of solid 
material . 
[ 0022 ] According to one preferred embodiment of the 
present disclosure , the solid body is disposed on a holding 
layer for holding the solid body , the holding layer being 
disposed on a first level surface portion of the solid body , the 
first level surface portion of the solid body being spaced 
apart from a second level surface portion of the solid body , 
the polymer layer being disposed on the second level surface 
portion , and the detachment plane being aligned parallel to 
the first level surface portion and / or to the second level 
surface portion or being generated in parallel . 
[ 0023 ] This embodiment is advantageous because the 
solid body is disposed at least partially and preferably 
entirely between the holding layer and the polymer layer , by 
means of which the stresses for generating cracks or propa 
gating cracks can be introduced into the solid body by means 
of one of these layers or by means of both of the layers . 
[ 0024 ] According to another preferred embodiment of the 
present disclosure , at least or precisely one radiation source 
for providing the radiation to be introduced into the solid 
body is configured such that the rays irradiated by it generate 
the defects at predetermined locations within the solid body . 
This embodiment is advantageous because by means of a 
radiation source , in particular by means of a laser , one can 
generate defects in the solid body with extreme precision . 
[ 0025 ] In particular , there are two applications for the 
method , in the following called " wafering ” and “ thinning ” . 
With " wafering ” the method is generally used to detach a 
thick layer from an even thicker semiconductor block , 
typically a wafer ( with the industry - specific thicknesses ) 
from an ingot . With “ thinning ” the method is used to split off 
a very thin layer from a wafer , and this corresponds to 
today's grinding process , but with the advantage that the 
material that is not required remains intact and can be 
reused . It is complicated to make a clear separation between 
“ thinning ” and “ wafering ” because e.g. the " thinning ” can 
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also take place by acting on the rear side of a wafer so that 
a thin layer is produced , but the laser penetrates deeply into 
the material . 
[ 0026 ] For the case of thinning " : 
[ 0027 ] According to another preferred embodiment of the 
present disclosure , the radiation source is set up such that the 
rays irradiated by it in order to generate the detachment 
plane penetrate into the solid body to a defined depth , in 
particular < 100 um . Preferably , the detachment plane is 
formed in parallel , spaced apart from an outer and preferably 
level surface of the solid body . Preferably , the detachment 
plane is less than 100 micrometres and preferably less than 
50 micrometres and particularly preferably less than or 
precisely 20 , 10 , 5 or 2 micrometres away from the level 
surface of the solid body within the solid body . Therefore , 
the detachment plane is preferably made in the form of a 
plane generated from defects , the defects being formed 
spaced apart by less than 100 micrometres and preferably by 
less than 50 micrometres and particularly preferably by less 
than 20 , 10 or 2 micrometres from the level surface of the 
solid body within the solid body . 
[ 0028 ] For the case of “ wafering " : 
[ 0029 ] According to another preferred embodiment of the 
present disclosure , the radiation source is set up such the 
rays irradiated by it in order to generate the detachment 
plane penetrate into the solid body to a defined depth , in 
particular > 100 um . Preferably , the detachment plane is 
formed in parallel , spaced apart from an outer and preferably 
level surface of the solid body . Preferably , the detachment 
plane is formed spaced apart by more than 100 micrometres 
and preferably by more than 200 micrometres and particu 
larly preferably by more than 400 or 700 micrometres from 
the level surface of the solid body within the solid body . 
Therefore , the detachment plane is preferably made in the 
form of a plane generated by defects , the defects being 
formed spaced apart by more than 100 micrometres and 
preferably by more than 200 micrometres and particularly 
preferably by more than 400 or 700 micrometres from the 
level surface of the solid body within the solid body . 
( 0030 ) According to another preferred embodiment of the 
present disclosure , the solid body is exposed to a predeter 
mined wavelength and / or output , the predetermined wave 
length preferably being adapted to the respective material or 
substrate . This embodiment is advantageous because the 
size of the defect can be influenced by the wavelength and / or 
the output . 
[ 0031 ] According to another preferred embodiment of the 
present disclosure , the solid body comprises silicon and / or 
gallium or perovskite , and the polymer layer and / or the 
holding layer are made at least partially , and preferably 
entirely , or by more than 75 % of polydimethylsiloxane 
( PDMS ) , the holding layer being disposed on an at least 
partially level surface of a stabilisation device which is made 
at least partially of at least one metal . The stabilisation 
device is preferably a plate , in particular a plate that com 
prises aluminium or is made of the latter . This embodiment 
is advantageous because by means of the stabilisation device 
and the holding layer the solid body is defined or held 
securely , by means of which the stresses can be generated 
very precisely in the solid body . 
[ 0032 ] According to another preferred embodiment of the 
present disclosure , the stresses in the solid body can be set 
up or generated such that the crack initiation and / or the crack 
propagation can be controlled in order to generate a topog 

raphy of the surface that is produced in the crack plane . 
Therefore , the stresses can preferably be generated dif 
ferent regions of the solid body such as to be of different 
strengths , at least from time to time . This embodiment is 
advantageous because by controlling the crack initiation 
and / or the crack development , the topography of the layer of 
solid material that is generated or separated can advanta 
geously be influenced . 
[ 0033 ] According to another preferred embodiment of the 
present disclosure , the defects determine at least one crack 
directing layer , the at least one crack directing layer being of 
a form different from a level form . This solution is advan 
tageous because the layers of solid material generated or the 
solid bodies generated can have a form different from a level 
layer . Therefore , no longer are only level layers formed or 
generated , but also three - dimensional bodies , from a work 
piece by means of crack propagation . On the basis of the 
production method solid bodies produced in this way have 
a very advantageous surface that only needs to be reworked 
to a small extent or not at all . Thus e.g. optical elements , 
such as e.g. a prism or a lens can be produced in a one - stage 
or multi - stage , in particular two- or three - stage splitting 
process . 
[ 0034 ] Therefore , according to a preferred embodiment of 
the present disclosure , the form of the crack directing layer 
has at least partially the contour of a three - dimensional 
object , in particular of a lens or a prism . 
[ 0035 ] According to one preferred embodiment of the 
present disclosure , the defects are generated by means of a 
defect generation apparatus or the radiation source , the 
defect generation apparatus being configured such that the 
defects are generated in the workpiece a constant distance 
away from the defect generation apparatus , the workpiece 
and the defect generation apparatus being inclined relative to 
one another such that the defects generated by the defect generation apparatus are generated in the crack directing 
layer , the defect generation apparatus and the workpiece 
only being re - positioned two - dimensionally in relation to 
one another during the defect generation . The defect gen 
eration apparatus is therefore preferably re - positioned in 
relation to the workpiece , or the workpiece is re - positioned 
in relation to the defect generation apparatus , or the defect 
generation apparatus and the workpiece are both re - posi 
tioned in relation to one another . 
[ 0036 ] This embodiment is advantageous because the 
radiation source or the defect generation device need only be 
repositioned in order to generate defects , and no modifica 
tion needs to be made to the defect generation apparatus , and 
in particular no changed defect introduction depth needs to 
be determined or set . 
[ 0037 ] According to another preferred embodiment the 
defects are generated by means of a defect generation 
apparatus or the radiation source , the defect generation 
apparatus being configured such that the defects are gener 
ated in the workpiece a distance away from the defect 
generation apparatus that changes from time to time , a 
modification of the defect generation apparatus being 
brought about at least from time to time depending on the 
distance between the defect generation apparatus and the 
defect to be generated , in particular a changed defect intro 
duction depth being determined and set up . This embodi 
ment is advantageous because preferably , no incline appa 
ratus need be provided in order to incline the workpiece . 
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relating to the domain of the production of layers of solid 
material are in their entirety included in the subject matter of 
the present patent application . 
[ 0045 ] Other advantages , aims and properties of the pres 
ent disclosure are explained by means of the following 
description of the attached drawings in which the wafer 
production according to the present disclosure is shown as 
an example . Components or elements of the wafer produc 
tion according to the present disclosure which in the figures 
correspond , at least substantially with regard to their func 
tion , can be identified here by the same reference signs , these 
components or elements not having to be numbered or 
explained in all of the figures . 
[ 0046 ] Individual or all of the illustrations of the figures 
described below are preferably to be considered as design 
drawings , i.e. the dimensions , proportions , functional rela 
tionships and / or arrangements shown by the figure or figures 
preferably correspond precisely or preferably substantially 
to those of the apparatus according to the present disclosure 
or of the product according to the present disclosure . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0038 ] The solid body preferably comprises a material or 
a material combination of one of the main groups 3 , 4 and 
5 of the periodic table of the elements , such as e.g. Si , SiC , 
Sige , Ge , GaAs , InP , GAN , A1203 ( sapphire ) , AIN . Particu 
larly preferably , the solid body has a combination of ele 
ments occurring in the third and the fifth group of the 
periodic table . Conceivable materials or material combina 
tions here are e.g. gallium arsenide , silicon , silicon carbide 
etc. Furthermore , the solid body can comprise a ceramic 
( e.g. A1203 — aluminium oxide ) or be made of a ceramic , 
preferred ceramics here being e.g. perovskite ceramics ( such 
as e.g. ceramics containing Pb , O , Ti / Zr ) in general and lead 
magnesium niobates , barium titanate , lithium titanate , 
yttrium aluminium garnet , in particular yttrium aluminium 
garnet crystals for solid body laser applications , SAW ( Sur 
face Acoustic Wave ) ceramics , such as e.g. lithium niobate , 
gallium orthophosphate , quartz , calcium titanate , etc. in 
particular . Therefore , the solid body preferably comprises a 
semiconductor material or a ceramic material , or particularly 
preferably the solid body is made of at least one semicon 
ductor material or a ceramic material . Furthermore , it is 
conceivable for the solid body to comprise a transparent 
material or to be made of or to be produced partially from 
a transparent material such as e.g. sapphire . Additional 
materials that can be considered as a solid material here on 
their own or in combination with another material are e.g. 
“ wide band gap ” materials , InAlSb , high temperature super 
conductors , in particular rare earth cuprates ( e.g. 
YBa2Cu3O7 ) . 
[ 0039 ] According to another preferred embodiment of the 
present disclosure , the radiation source or part of the radia 
tion source is in the form of a femtosecond laser ( fs laser ) . 
This solution is advantageous because by using an fs laser 
the vertical propagation of the defective material is mini 
mised . By using an fs laser it is possible to introduce defects 
in the workpiece very precisely and to generate them in the 
latter . The wavelength and / or the energy of the fs laser are 
preferably to be chosen dependently upon the material . 
[ 0040 ] According to another preferred embodiment of the 
present disclosure , the energy of the radiation source , in 
particular of the laser beam , in particular of the fs laser , is 
chosen such that the damage propagation within the solid 
body or within the crystal is smaller than three times the 
Rayleigh length , preferably smaller than the Rayleigh length 
and particularly preferably smaller than one third of the 
Rayleigh length . 
[ 0041 ] The wavelength of the laser beam , in particular of 
the fs laser , is chosen according to another preferred embodi 
ment of the present disclosure such that the absorption of the 
solid body or of the material is less than 10 cm - l and 
preferably less than 1 cm- and particularly preferably less 
than 0.1 cm - 1 . 
[ 0042 ] According to another preferred embodiment of the 
present disclosure , the individual defects respectively result 
from multiphoton excitation brought about by the radiation 
source , in particular the laser , in particular an fs laser . 
[ 0043 ] Furthermore , the present disclosure relates to a 
wafer that is produced by the method described herein . 
[ 0044 ] Furthermore , the subject matter of publications 
PCT / US2008 / 012140 and PCT / EP2009 / 067539 is made 
complete by referring to the subject matter of the present 
patent application . Likewise , the subject matter of all of the 
other patent applications also submitted by the applicant on 
the application date of the present patent application and 

[ 0047 ] The figures show as follows : 
[ 0048 ] FIG . 1a a diagrammatic construction for generating 
defects in a solid body ; 
[ 0049 ] FIG . 1b a diagrammatic illustration of a layer 
arrangement before separating a layer of solid material from 
a solid body ; 
[ 0050 ] FIG . 1c a diagrammatic illustration of a layer 
arrangement after separating a layer of solid material from 
a solid body ; 
[ 0051 ] FIG . 2a a first diagrammatically illustrated varia 
tion for generating defects by means of light waves ; 
[ 0052 ] FIG . 2b a second diagrammatically illustrated 
variation for generating defects by means of light waves ; 
and 
[ 0053 ] FIG . 3 a diagrammatic illustration of the detach 
ment plane . 

DETAILED DESCRIPTION 

[ 0054 ] FIG . 1a shows a solid body 2 or a substrate that is 
disposed in the region of a radiation source 18 , in particular 
a laser . The solid body 2 preferably has a first level surface 
portion 14 and a second level surface portion 16 , the first 
level surface portion 14 preferably being aligned substan 
tially or exactly parallel to the second level surface portion 
16. The first level surface portion 14 and the second level 
surface portion 16 preferably delimit the solid body 2 in a Y 
direction that is preferably aligned vertically or perpendicu 
larly . The level surface portions 14 and 16 preferably extend 
respectively in an X - Z plane , the X - Z plane preferably being 
aligned horizontally . Furthermore , it can be gathered from 
this illustration that the radiation source 18 irradiates rays 6 
onto the solid body 2. The rays 6 penetrate by a defined 
depth into the solid body 2 depending on the configuration 
and generate a defect at the respective position or at a 
predetermined position . 
[ 0055 ] FIG . 1b shows a multi - layered arrangement , the 
solid body 2 containing the detachment plane 8 and being 
provided in the region of the first level surface portion 14 
with a holding layer 12 which is in turn preferably overlaid 
by an additional layer 20 , the additional layer 20 preferably 
being a stabilisation device , in particular a metal plate . A 
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polymer layer 10 is preferably disposed on the second level 
surface portion 16 of the solid body 2. The polymer layer 10 
and / or the holding layer 12 are preferably made at least 
partially and particularly preferably entirely of PDMS . 
[ 0056 ] FIG . 1c shows a state after a crack initiation and 
subsequent crack directing . The layer of solid material 4 
adheres to the polymer layer 10 and is or can be spaced apart 
from the remaining part of the solid body 2 . 
[ 0057 ] FIGS . 2a and 2b show examples of the generation , 
shown in FIG . 1a , of a detachment plane 8 by introducing 
defects into a solid body 2 by means of light rays . 
[ 0058 ] Therefore , the present disclosure relates to a 
method for the production of layers of solid material . The 
method includes at the very least the steps of providing a 
solid body 2 for the separation of at least one layer of solid 
material 4 , generating defects by means of at least one 
radiation source , in particular at least one laser , in particular 
at least one fs laser , in the inner structure of the solid body 
in order to determine a detachment plane along which the 
layer of solid material is separated from the solid body , and 
applying heat to a polymer layer 10 disposed on the solid 
body 2 in order to generate , in particular mechanically , 
stresses in the solid body 2 , due to the stresses a crack 
propagating in the solid body 2 along the detachment plane 
8 , which crack separates the layer of solid material 4 from 
the solid body 2 . 
[ 0059 ] Therefore , FIG . 2a shows diagrammatically how 
defects 34 can be generated in a solid body 2 , in particular 
in order to generate a detachment plane 8 by means of a 
radiation source 18 , in particular one or more lasers , in 
particular one or more fs lasers . Here the radiation source 18 
emits radiation 6 with a first wavelength 30 and a second 
wavelength 32. The wavelengths 30 , 32 are matched to one 
another here or the distance between the radiation source 18 
and the detachment plane 8 to be generated is matched such 
that the waves 30 , 32 converge substantially or precisely on 
the detachment plane 8 in the solid body 2 , by means of 
which a defect is generated at the point of coinciding 34 as 
a result of the energies of the two waves 30 , 32. The 
generation of defects can take place here by means of 
different or combined decomposition mechanisms such as 
e.g. sublimation or chemical reaction , the decomposition 
being able to be initiated here e.g. thermally and / or photo chemically 
[ 0060 ] FIG . 2b shows a focused light ray 6 , the focal point 
of which preferably lies in the detachment plane 8. It is 
conceivable here for the light ray 6 to be focused by one or 
more focusing bodies , in particular a lens / lenses ( not 
shown ) . In this embodiment the solid body 2 is multi - layered 
in form and preferably has a partially transparent or trans 
parent substrate layer 3 or material layer that is preferably 
made of sapphire or comprises sapphire . The light rays 6 
pass through the substrate layer 3 onto the detachment plane 
8 which is preferably formed by a sacrificial layer 5 , the 
sacrificial layer 5 being exposed to radiation such that partial 
or complete destruction of the sacrificial layer 5 is brought 
about thermally and / or photochemically in the focal point or 
in the region of the focal point . It is also conceivable for the 
defects for the generation of the detachment layer 8 to be 
generated in the region of or precisely on a boundary surface 
between two layers 3 , 4. It is therefore also conceivable for 
the layer of solid material 4 to be generated on a support 
layer , in particular a substrate layer 3 , and for a detachment 
plane 8 for the detachment or separation of the layer of solid 

material 4 to be able to be generated by means of one or 
more sacrificial layers 5 and / or or by means of the genera 
tion of defects in a boundary surface , in particular between 
the layer of solid material 4 and the support layer . 
[ 0061 ] FIG . 3 shows a detachment plane 8 which has 
regions with different concentrations of defects 82 , 84 , 86 . 
It is conceivable here for a plurality or regions with different 
concentrations of defects to form a detachment plane 8 , it 
also being conceivable for the defects 34 in the detachment 
plane 8 to be distributed substantially or exactly evenly over 
the surface . The different concentrations of defects per area 
can be of the same level or of different levels . Preferably , a 
first increased concentration of defects constitutes a crack 
initiation concentration 82 which is preferably generated in 
the region of the edge or extending towards the edge or 
adjacent to the edge . In addition or alternatively , a crack 
directing concentration 84 can be formed such that the crack 
separating the layer of solid material 4 from the solid body 
2 can be controlled or regulated . Furthermore , in addition or 
alternatively , a concentration at the centre 86 is generated 
which preferably makes a very level surface possible in the 
region of the centre of the solid body 2. Preferably , the crack 
directing concentration 84 is made to be partially or entirely 
annular or encircling , and so preferably partially and par 
ticularly preferably entirely encircles the centre of the solid 
body 2 or the layer of solid material 4. Furthermore , it is 
conceivable for the crack directing concentration 84 to 
decrease step by step , constantly or fluently in a direction 
passing from the edge of the solid body 2 and towards the 
centre of the solid body 2. Furthermore , it is conceivable for 
the crack directing concentration 84 to be formed in bands 
and homogeneously or substantially or exactly homoge 
neously . 
[ 0062 ] Therefore , the method according to the present 
disclosure preferably includes the following steps : 
[ 0063 ] Providing a workpiece for the detachment of at 
least one layer of solid material and / or at least one solid 
body , the workpiece having at least one exposed surface , 
generating defects within the workpiece by means of a 
radiation source , in particular a laser , in particular an fs laser , 
or a defect generation apparatus , the defects determining a 
crack directing layer , applying or generating a receiving 
layer on the exposed surface of the workpiece such as to 
form a composite structure , tempering the receiving layer in 
order to generate stresses within the workpiece , the stresses 
bringing about crack propagation within the workpiece , by 
means of the crack propagation a layer of solid material 
being separated from the workpiece along the crack direct 
ing layer . 
[ 0064 ] Although specific embodiments have been illus 
trated and described herein , it will be appreciated by those 
of ordinary skill in the art that a variety of alternate and / or 
equivalent implementations may be substituted for the spe 
cific embodiments shown and described without departing 
from the scope of the present invention . This application is 
intended to cover any adaptations or variations of the 
specific embodiments discussed herein . Therefore , it is 
intended that this invention be limited only by the claims and 
the equivalents thereof . 

LIST OF REFERENCE SIGNS 

[ 0065 ] 2 solid body 
[ 0066 ] 3 substrate 
[ 0067 ] 4 layer of solid material 
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[ 0068 ] 5 sacrificial layer 
[ 0069 ] 6 radiation 
[ 0070 ] 8 detachment plane 
[ 0071 ] 10 polymer layer 
[ 0072 ] 12 holding layer 
[ 0073 ] 14 first level surface portion 
[ 0074 ] 16 second level surface portion 
[ 0075 ] 18 radiation source 
[ 0076 ] 20 stabilisation device 
[ 0077 ] 30 first radiation portion 
[ 0078 ] 32 second radiation portion 
[ 0079 ] 34 location of the defect generation 
[ 0080 ] 82 crack initiation concentration 
[ 0081 ] 84 crack directing concentration 
[ 0082 ] 86 concentration at the centre 
[ 0083 ] X first direction 
[ 0084 ] Y second direction 
[ 0085 ] Z third direction 
What is claimed is : 
1. A method for producing a layer of solid material , the 

method comprising : 
providing a solid body having a first surface and a second 

surface opposite the first surface , the second surface 
being part of the layer of solid material ; 

generating defects by means of multiphoton excitation 
caused by at least one laser beam penetrating into the 
solid body via the second surface and acting in an inner 
structure of the solid body to generate a detachment 
plane , the detachment plane comprising regions with 
different concentrations of defects ; 

providing a polymer layer on the solid body ; and 
generating mechanical stress in the solid body such that a 

crack propagates in the solid body along the detach 
ment plane and the layer of solid material separates 
from the solid body along the crack . 

2. The method of claim 1 , wherein generating the 
mechanical stress in the solid body comprises : 

cooling the polymer layer such that the polymer layer 
contracts and / or undergoes a glass transition . 

3. The method of claim 2 , wherein the polymer layer is 
cooled at or below ambient temperature . 

4. The method of claim 2 , wherein the polymer layer is 
cooled below -10 ° C. 

5. The method of claim 2 , wherein the polymer layer is 
cooled below -100 ° C. 

6. The method of claim 2 , wherein the polymer layer is 
cooled to a temperature at which at least part of the polymer 
layer undergoes a glass transition . 

7. The method of claim 1 , wherein the polymer layer 
comprises polydimethylsiloxane ( PDMS ) . 

8. The method of claim 1 , wherein the polymer layer 
holds the layer of solid material on the solid body . 

9. The method of claim 1 , wherein the polymer layer is 
disposed on the second surface of the solid body . 

10. The method of claim 1 , the at least one laser beam is 
provided by at least one radiation source such that rays 
irradiated by the at least one radiation source generate the 
defects at predetermined locations within the solid body . 

11. The method of claim 10 , further comprising arranging 
the at least one radiation source such that the rays irradiated 
by the at least one radiation source generate the detachment 
plane and penetrate into the solid body to a defined depth of 
less than 200 um . 

12. The method of claim 10 , further comprising arranging 
the at least one radiation source such that the rays irradiated 
by the at least one radiation source generate the detachment 
plane and penetrate into the solid body to a defined depth of 
more than 100 um . 

13. The method of claim 10 , wherein the at least one 
radiation source comprises a femtosecond laser . 

14. The method of claim 13 , further comprising : 
selecting energy of the femtosecond laser such that dam 

age propagation within the solid body is smaller than 3 
times the Rayleigh length ; and / or 

selecting a wavelength of the femtosecond laser such that 
an absorption of the solid body is less than 10 cm- ?. 

15. The method of claim 10 , wherein the at least one 
radiation source has a pulse duration of less than 10 ps . 

16. The method of claim 1 , further comprising placing the 
solid body on a holding layer for holding the solid body , the 
holding layer being disposed on the first surface of the solid 
body . 

17. The method of claim 1 , wherein the detachment plane 
is aligned parallel to the first surface and / or the second 
surface of the solid body . 

18. The method of claim 1 , wherein the solid body 
includes silicon carbide and / or gallium arsenite and / or a 
ceramic material and the polymer layer , and wherein the 
polymer layer comprises polydimethylsiloxane ( PDMS ) . 

19. The thod of claim 1 , wherein the stresses in the 
solid body are set up such that initiation and / or propagation 
of the crack is controlled to generate a pre - determined 
topography of a surface that is produced in the detachment 
plane . 

20. The method of claim 1 , wherein the solid body is a 
semiconductor material or a ceramic material , or the solid 
body comprises at least one semiconductor material or a 
ceramic material . 


