
Method for Producing a Polished Semiconductor  The invention relates to a
method for producing a polished  semiconductor wafer, the semiconductor
wafer being cut from a 5 crystal and subjected to a series of processing
steps. After having cut the semiconductor wafers from a crystal, for
example a silicon crystal, the production of polished  semiconductor
wafers requires a series of processing steps 10 which can be broadly
divided into two groups according to their  purpose: shaping process
steps (wafering steps) and smoothing  process steps. The shaping process
steps are intended in  particular to give the semiconductor wafers a
shape which is  distinguished by a rounded edge and plane-parallel
opposite 15 sides. In the further course of the method at least one of
the  sides, usually the front side, is brought into a polished state  in
which it then only has a minor roughness and is therefore  outstandingly
suitable as a substrate for the production of  electronic circuits.
Besides rounding the edge of the 20 semiconductor wafer, the shaping
process steps involve in  particular lapping and grinding the sides. The
latter two  mechanical processing steps may be applied together, lapping
followed by grinding, or in such a way that only one of the two
processing steps is carried out. The grinding of a side may be 25
subdivided into coarse and fine grinding steps. In coarse  grinding,
material is removed more coarsely and rapidly, and it  leaves greater
roughness and damage extending more deeply into  the crystal lattice. In
fine grinding, the situation is the  reverse. The grinding may
furthermore be restricted to one side 30 of the semiconductor wafer, or
include both sides of the  semiconductor wafer. If both sides are to be
ground, then this  may be done successively or in one step. The wafer
geometry  achieved at the end of the shaping process steps, which is a
measure of the shape achieved and for example is indicated by 35 the
thickness variation or the overall planarity, cannot  



generally be further increased by subsequent processing steps  which
smooth the sides. Rather, the problem is encountered that 2  the geometry
achieved after the shaping is worsened by  subsequent processing steps.
Since superficial regions of the semiconductor wafer become 5 damaged in
the course of the shaping process steps, it is also  an aim of the
subsequent smoothing process steps to remove the  damaged regions. These
processing steps include in particular  etching and polishing steps.
During the etching, a liquid  etchant is allowed to act on the
semiconductor wafer, for 10 example by immersing the semiconductor wafer
in the etchant and  optionally making the etchant flow around it. It is
known that  liquid etchants with an alkaline pH, which contain for
example  KOH, scarcely compromise the semiconductor wafer's geometry as
achieved after the shaping process steps. However, they have 15 the
disadvantage of causing an increase in the roughness of the  surface.
Furthermore, they often form a source of contamination  of the
semiconductor wafer by metal traces. Liquid etchants  with a pH in the
acid range, for example those which contain a  mixture of HF and HNO3, do
not exhibit this disadvantage but 20 perform less well than alkaline
etchants as relates to  preserving the geometry. It has therefore already
been proposed  to use alkalinely and acidically reacting etchants in
succession, in which case their respective advantages can be  combined
and their respective disadvantages have less of an 25 effect.
US2004/0020513 Al describes a method for thinning a  semiconductor wafer
by means of gas phase etching in which HF  in the gaseous state,
generally as vapor, acts on the 30 semiconductor wafer and dissolves
oxide present on the  semiconductor wafer to form water and SiF4. In
order to form  the oxide, an oxidant such as 03 is required, which is
first  



allowed to act on the semiconductor wafer's surface to be  processed with
HF. The timing of the process may also be 35 configured so that HF and
the oxidant act simultaneously. A  particular advantage of gas phase
etching is that the etchant  consumption is substantially less than when
using liquid  etchants and the cleaning of the semiconductor wafer, which
is 3  carried out after etching with a liquid etchant, does not need  to
be so intense or may be entirely obviated. The conditions in respect of
defect freedom and planarity,  5 which the producers of electronic
circuits require in  particular for the front side of a semiconductor
wafer, are  much too demanding to be fulfilled only with the aid of
etching  steps. Rather, it is also necessary to carry out at least one
polishing step by which damaged crystal regions are removed and 10 the
roughness of at least the front side is reduced. It is  found
particularly expedient to employ stock polishing,  including both sides
of the semiconductor wafer with material  removal of approximately at
least 10 pm per wafer side, which  is followed by mirror polishing
restricted to the front side 15 with material removal of less than 1 pm.
The stock polishing of  both sides may be carried out as simultaneously
performed  double-sided polishing, or may comprise two single-sided
polishing steps carried out successively. Against the  advantageous
effect of polishing, there are the disadvantages 20 that polishing
represents a comparatively expensive processing  step which consumes
high-grade polishing agents and polishing  cloths, and that the stock
polishing unfavorably affects the  semiconductor wafer's geometry
achieved by the shaping process  steps. Furthermore, metal traces
contained in the polishing 25 agent may be transferred onto and into the
semiconductor wafer,  which effect also depends on the duration of the
polishing. In view of the multiple requirements which the producers of  



polished semiconductor wafers need to satisfy and the sometimes  30
conflicting effects of the processing steps available to them, it is an
object of the present invention to provide a method  sequence which
complies fully with the requirements for quality  of the semiconductor
wafer and which is also economical. 35 The invention relates to a method
for producing a semiconductor  wafer, the semiconductor wafer being cut
from a crystal and  subjected to a series of processing steps in which
material is  1 4  removed from a front side and a rear side of the
semiconductor  wafer, comprising the following processing steps: a
mechanical processing step, an etching step in which the semiconductor
wafer is oxidized  5 and material is removed from the front side of the
semiconductor wafer with the aid of a gaseous etchant which  contains
hydrofluoric acid at a temperature of from 20 to 70C,  and a polishing
step in which the front side of the  semiconductor wafer is polished, the
processing steps in which 10 the front side of the semiconductor wafer is
polished causing  material removal which does not amount to more than 5
pm in  total. The method comprises gas phase etching of at least the
front  15 side, as a processing step which is used to smooth the
processed side of the semiconductor wafer. The fact that gas  phase
etching exerts a smoothing effect, i.e. one which reduces  the roughness,
was neither known nor to be expected. The  smoothing effect can already
be observed after a small amount 20 of material has been removed.
Integrating the gas phase etching  into the chain of smoothing process
steps, in particular as a  processing step which precedes the stock
polishing, allows a  significant reduction of the overall removal from a
side of the  semiconductor wafer without losing quality. The reduced
overall 



25 removal is due in particular to the fact that the stock  polishing can
be shortened, so that overall, i.e. including the  mirror polishing, no
more than 5 pun of material, particularly  preferably no more than 2.5 pm
of material needs to be removed  from a side of the semiconductor wafer.
Depending on the 30 requirements for planarity of the side of the
semiconductor  wafer, the stock polishing may even be entirely obviated.
The  use of gas phase etching for the purpose of smoothing thus  makes it
possible to substantially avoid the described problems  associated with
stock polishing, without thereby having to 35 tolerate other
disadvantages. The gas phase etching preferably takes place in a humid
environment, i.e. in the presence of supplied water. For 5  example,
water is sprayed onto the semiconductor wafer's side  to be processed
before the gas phase etching commences. As an  alternative, the oxidant
or the gaseous etchant or both may be  enriched with water, for example
by passing these substances 5 through water before they reach the
semiconductor wafer. The  oxidant, which is preferably 03, is fed before
or together with  the gaseous etchant to the semiconductor wafer's side
to be  processed. Instead of pure water, water containing ozone may be
supplied to the semiconductor wafer's side to be processed. 10 Besides
HF, the gaseously supplied etchant may contain one or  more further
substances, for example a carrier gas such as N2,  water vapor or 03.
Additives such as isopropanol, which enhance  the wetting of the wafer
surface, may also be added. The gas  phase etching of the semiconductor
wafer preferably takes place 15 in the form of single-wafer processing,
during which the front  side or the front and rear sides of the
semiconductor wafer are  etched simultaneously. A reactor suitable
therefor is  described, for example, in US2004/0020513 Al which was cited
above. It is nevertheless also possible to subject a plurality 



20 of semiconductor wafers to the gas phase etching  simultaneously, in
which case there is again a choice between  one-sided or two-sided
processing. The gas phase etching is carried out at a temperature of from
25 20 to 70C, at least the semiconductor wafer, the supplied  etchant or
the supplied water being brought to this  temperature. A temperature
range of from 30 to 70C is  preferred, because the smoothing of the
processed side takes  place too slowly at temperatures lying below this
and no 30 smoothing effect takes place at temperatures lying above,
rather the roughness of the processed side increases. A  temperature in
the region of 40C is particularly preferred.  The gas phase etching
preferably comprises several substeps at 35 the start and end of which,
which is likewise preferred, there  may be a short washing step in which
the processed side of the  semiconductor wafer is washed with water. Such
a substep which  is preferably repeated from 1 to 20 times, particularly
6  preferably from 5 to 10 times, consists for example in spraying  the
semiconductor wafer's side to be processed with water,  supplying gaseous
etchant which contains HF or 03 to the  semiconductor wafer's side to be
processed and washing this 5 side with water after a particular action
time has elapsed. As  regards supplying water, HF and oxidant, the
alternatives  mentioned above may naturally also be employed instead of
this.  By using the gas phase etching, the aim of the invention is to 10
smooth the wafer side processed therewith so as to minimize the  removal
of material which is required by the use of other  smoothing process
steps, in order to achieve a target geometry  of the semiconductor wafer
and a target planarity of the  processed sides of the semiconductor
wafer. This aim is to be 15 regarded as having been achieved when an
overall removal by all  processing steps apart from the mechanical
processing steps  



employed amounts to no more than 25 lam on a wafer side, and of  this the
removal of material due to the stock polishing amounts  to no more than 5
pm. The contribution by the gas phase etching 20 to the overall removal
of material depends on the roughness  which the semiconductor wafer's
side to be processed exhibits  before the gas phase etching. For example,
gas phase etching  which takes place after a lapping step requires more
removal of  material in order to achieve particular smoothing, than gas
25 phase etching which takes place after a fine grinding step. The
material removal caused by the gas phase etching of a side of  the
semiconductor wafer is preferably from 0.1 to 4 pm,  particularly
preferably from 1 to 2 pm. Thinning of the  semiconductor wafer, as
understood in US2004/0020513 Al, does  30 not thereby take place. The
material removal caused by etching in the liquid phase  preferably
amounts to from 2 to 50 pun, particularly preferably  from 5 to 15 pm. It
is possible to use liquid etchants with an 35 alkaline or acidic pH.
Liquid etchants with a pH in the acid  range, which contain a mixture of
HF and HNO3, and alkalinely  reacting etchants, which contain KOH, are
particularly  preferred. Likewise preferred is a combined use of such 7
etchants, particularly in the sequence of first etching with  the
alkalinely reacting etchant, in which case from J. to 4 pm,  particularly
preferably from 2 to 3 pm of material are removed,  and subsequently,
optionally after an intermediate step of 5 washing with water, etching
with the acidically reacting  etchant, in which case from 10 to 15 pm of
material are  removed. The material removal of not more than 5 pm
achieved by the  10 stock polishing preferably amounts to from 0 pm to 5
pm,  particularly preferably from 3 pun to 5 pm and, which is  likewise
preferred, is achieved by double-sided polishing in  



which both sides of the semiconductor wafer are polished  simultaneously.
This is lastly followed by final mirror 15 polishing, in which the
semiconductor wafer's side intended to  form the basis for the production
of electronic circuits,  generally the front side, is polished. The
material removal by  the mirror polishing amounts to less than 1 pm,
preferably from  0.05 pm to 1 pm, particularly preferably from 0.1 pm to
0.3 pm. 20 As regards the shaping process steps which take place after
cutting the semiconductor wafer from a crystal, those sequences  of
processing steps are particularly preferred which comprise  at least one
lapping step or at least one coarse grinding step,  in which both sides
of the semiconductor wafer are ground 25 simultaneously, or else those
which comprise a combination of a  lapping step and such a coarse
grinding step. These sequences  of processing steps are furthermore
particularly preferred: a) an etching step in a liquid phase, followed by
gas phase  30 etching at least of the front side, carried out in one of
the  ways described above, followed by double-sided polishing  performed
as stock polishing with material removal as described  above, followed by
mirror polishing of the front side with  material removal as described
above. 35 b) a step of fine-grinding the front side or both sides of the
semiconductor wafer, followed by processing steps according to  list a).
8  c) an etching step in a liquid phase, followed by a step of
fine-grinding the front side or both sides of the semiconductor  wafer,
followed by gas phase etching at least of the front 5 side, carried out
in one of the ways described above, followed  by double-sided polishing
performed as stock polishing with  material removal as described above,
followed by mirror  polishing of the front side with material removal as
described  



above. 10 d) a step of fine-grinding the front side or both sides of the
semiconductor wafer, followed by gas phase etching at least of  the front
side, carried out in one of the ways described above,  followed by
double-sided polishing performed as stock polishing 15 with material
removal as described above, followed by mirror  polishing of the front
side with material removal as described  above. e) a step of
fine-grinding the front side or both sides of the  20 semiconductor
wafer, followed by gas phase etching at least of  the front side, carried
out in one of the ways described above,  followed by mirror polishing of
the front side with material  removal as described above. 25 f) gas phase
etching at least of the front side, carried out in  one of the ways
described above, followed by double-sided  polishing performed as stock
polishing with material removal as  described above, followed by mirror
polishing of the front side  with material removal as described above. 30
g) gas phase etching at least of the front side, carried out in  one of
the ways described above, followed by an etching step in  a liquid phase,
followed by double-sided polishing performed as  stock polishing with
material removal as described above, 35 followed by mirror polishing of
the front side with material  removal as described above. 9  According to
a sequence of processing steps which is not  covered by the present
invention, gas phase etching of the  front side is obviated and the gas
phase etching is used only  to smooth the rear side, while the front side
is processed in a 5 conventional way. Such a sequence comprises for
example an  etching step in a liquid phase with an etchant having an  



alkaline pH, followed by gas phase etching of the substrate  rear side,
carried out in one of the ways described above,  followed by double-sided
polishing performed as stock polishing 10 with material removal as
described above, followed by mirror  polishing of the front side with
material removal as described  above. In addition to the processing steps
mentioned above, the method  15 sequence according to the invention may
incorporate further  treatment steps which do not cause any removal of
material from  the sides of the semiconductor wafer, for example washing
and  cleaning steps, edge rounding and edge polishing steps, the
application of laser markings and drying treatments. A polished 20
semiconductor wafer produced in this way may be used directly  as a
substrate for electronic circuits or may be processed  further to form
layer substrates such as SOI substrates  (silicon on insulator
substrates), substrates having an  epitaxially deposited layer (epi
layer) or having a strained 25 layer (strained silicon layer).  Example
1: Lapped semiconductor wafers of silicon with a diameter of 300  mm and
a roughness Ra of 0.23 pm on the sides (measured by a  30 Perthometer
contact measuring device from the manufacturer Hommel) were processed by
processing steps according to  sequence a) above. The etching step in a
liquid phase took  place with an etchant having a pH in the acidic range
and lead  to material removal of 10 pm on the etched side. By the 35
subsequent gas phase etching, 2 pm of material were removed  from the
etched front side and a further 5 pm in total were  removed from this
side by the final polishing. Fig. 1  graphically represents the change in
the roughness Ra of the  ~. . 10  front side of the semiconductor wafers
in the course of the  



processing steps. Example 2: 5 Semiconductor wafers of silicon with a
diameter of 300 mm and  finely ground sides were etched and polished
according to  sequence c) above. Fig. 2 represents the RMS roughness,
measured by a Chapman MP 2000/1 profiler, after the fine  grinding and
after the gas phase etching. By virtue of an 10 already low roughness
after the fine grinding (275 A RMS with a  250 pm filter) material
removal of 1 pm by gas phase etching  led to smoothing (175 A RMS with a
250 pm filter) which could  not be increased further through greater
removal of material by  gas phase etching. 11  Patent Claims: 1. A method
for producing a semiconductor wafer, the  semiconductor wafer being cut
from a crystal and subjected  to a series of processing steps in which
material is  removed from a front side and a rear side of the
semiconductor wafer, comprising the following processing  steps: a
mechanical processing step, a gas phase etching step at a temperature of
from 20 to  70C in which the semiconductor wafer is oxidized and 0.1  to
4 m of material is removed from the front side of the  semiconductor
wafer with the aid of a gaseous etchant which  contains hydrofluoric acid
and a polishing step of the  front side of the semiconductor wafer,
wherein the  processing steps in which the front side of the
semiconductor wafer is polished cause a material removal  which does not
amount to more than 5 m in total and  wherein apart from mechanical
processing steps, the steps  of processing the front side of the
semiconductor wafer  cause material removal from the front side of the  



semiconductor wafer which does not amount to more than 25  m in total. 2.
The method as claimed in claim 1, wherein apart from the  mechanical
processing steps, the steps of processing the  rear side of the
semiconductor wafer cause material removal  from the rear side of the
semiconductor wafer which does  not amount to more than 25 m in total. 3.
The method as claimed in claim 1 or claim 2, wherein the  front side of
the semiconductor wafer is processed with the  aid of the gaseous etchant
at a temperature of from 30 to  70C. 4. The method as claimed in any one
of claims 1 to 3,  wherein the gaseous etchant contains an oxidant. 5.
The method as claimed in any one of claims 1 to 4,  wherein the gaseous
etchant contains isopropanol. 6. The method as claimed in any one of
claims 1 to 5,  wherein the gaseous etchant contains water. 12  7. The
method as claimed in any one of claims 1 to 6,  wherein the processing
steps comprise the step sequence: an  etching step in a liquid phase, the
etching step with the  gaseous etchant, double-sided polishing performed
as stock  polishing and mirror polishing of the front side. 8. The method
as claimed in any one of claims 1 to 6,  wherein the processing steps
comprise the step sequence: a  step of fine-grinding the front side or
the front and rear  sides of the semiconductor wafer, an etching step in
a  liquid phase, the etching step with the gaseous etchant,  double-sided
polishing performed as stock polishing and  mirror polishing of the front
side. 9. The method as claimed in any one of claims 1 to 6,  wherein the
processing steps comprise the step sequence: an  etching step in a liquid
phase, a step of fine-grinding the  



front side or the front and rear sides of the semiconductor  wafer, the
etching step with the gaseous etchant, double- sided polishing performed
as stock polishing and mirror  polishing of the front side. 10. The
method as claimed in any one of claims 1 to 6,  wherein the processing
steps comprise the step sequence: a  step of fine-grinding the front side
or the front and rear  sides of the semiconductor wafer, the etching step
with the  gaseous etchant, double-sided polishing performed as stock
polishing and mirror polishing of the front side. 11. The method as
claimed in any one of claims 1 to 6,  wherein the processing steps
comprise the step sequence: a  step of fine-grinding the front side or
the front and rear  sides of the semiconductor wafer, the etching step
with the  gaseous etchant and mirror polishing of the front side. 12. The
method as claimed in any one of claims 1 to 6,  wherein the processing
steps comprise the step sequence:  the etching step with the gaseous
etchant, double-sided  polishing performed as stock polishing and mirror
polishing  of the front side. 13. The method as claimed in any one of
claims 1 to 6,  wherein the processing steps comprise the step sequence:
the etching step with the gaseous etchant, an etching step 13  in a
liquid phase, double-sided polishing performed as  stock polishing and
mirror polishing of the front side.  14. The method as claimed in any one
of claims 1 to 13,  which method comprises an etching step in which
material is  removed from the rear side of the semiconductor wafer with
the aid of the gaseous etchant. 




