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SEMICONDUCTOR DEVICE AND A 
METHOD FOR FORMING A 
SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 
[ 0001 ] Embodiments relate to semiconductor device struc 
tures , and in particular to a semiconductor device and a 
method for forming a semiconductor device . 

[ 0011 ] FIGS . 5A to 5B show schematic illustrations of a 
method for forming a semiconductor device including form 
ing a second vertical electrically conductive structure ; 
[ 0012 ] FIGS . 6A to 6B show schematic illustrations of a 
method for forming a semiconductor device including form 
ing a plurality of vertical electrically conductive structures ; 
and 
[ 0013 ] FIG . 7 shows a schematic illustration of a semi 
conductor device . 

BACKGROUND 
0002 ] Forming through silicon vias ( TSVs ) in semicon 
ductor devices may be challenging due to mechanical stress 
from etching trenches and filling the trenches with filler 
material . In addition , thermal stress may significantly reduce 
the reliability of the semiconductor device if the coefficient 
of thermal expansion ( CTE ) is different than the substrate 
material . The stress and the thermal expansions may limit 
the design and the process integration options in the pro 
duction of semiconductor devices . In addition , voids in the 
filler material , electro migration and reduced conductivity 
may also cause a reduction in the performance of the 
semiconductor device . In addition , the costs of forming the 
TSVs may be high . 

SUMMARY 
[ 0003 ] Some embodiments relate to a method for forming 
a semiconductor device . The method comprises forming an 
insulation trench structure comprising insulation material 
extending into the semiconductor substrate from a surface of 
the semiconductor substrate . The insulation trench structure 
laterally surrounds a portion of the semiconductor substrate . 
The method further comprises modifying the laterally sur 
rounded portion of the semiconductor substrate to form a 
vertical electrically conductive structure comprising an alloy 
material . The alloy material is an alloy of the semiconductor 
substrate material and at least one metal . 
10004 ] Some embodiments relate to a semiconductor 
device . The semiconductor device comprises a vertical elec 
trically conductive structure extending from a first surface of 
a semiconductor substrate to a second surface of the semi 
conductor substrate . The vertical electrically conductive 
structure comprises an alloy material of a metal and a 
semiconductor substrate material of the semiconductor sub 
strate . An atomic percentage content of the semiconductor 
substrate material is greater than 30 % of the alloy material . 

DETAILED DESCRIPTION 
[ 0014 ] Various example embodiments will now be 
described more fully with reference to the accompanying 
drawings in which some example embodiments are illus 
trated . In the figures , the thicknesses of lines , layers and / or 
regions may be exaggerated for clarity . 
[ 0015 ] Accordingly , while example embodiments are 
capable of various modifications and alternative forms , 
embodiments thereof are shown by way of example in the 
figures and will herein be described in detail . It should be 
understood , however , that there is no intent to limit example 
embodiments to the particular forms disclosed , but on the 
contrary , example embodiments are to cover all modifica 
tions , equivalents , and alternatives falling within the scope 
of the disclosure . Like numbers refer to like or similar 
elements throughout the description of the figures . 
[ 0016 ] It will be understood that when an element is 
referred to as being “ connected " or " coupled " to another 
element , it can be directly connected or coupled to the other 
element or intervening elements may be present . In contrast , 
when an element is referred to as being “ directly connected ” 
or " directly coupled ” to another element , there are no 
intervening elements present . Other words used to describe 
the relationship between elements should be interpreted in a 
like fashion ( e . g . , “ between " versus " directly between , " 
“ adjacent " versus “ directly adjacent , ” etc . ) . 
[ 0017 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of example embodiments . As used herein , the 
singular forms " a , " " an " and " the " are intended to include 
the plural forms as well , unless the context clearly indicates 
otherwise . It will be further understood that the terms 
" comprises , " " comprising , " " includes ” and / or “ including , " 
when used herein , specify the presence of stated features , 
integers , steps , operations , elements and / or components , but 
do not preclude the presence or addition of one or more other 
features , integers , steps , operations , elements , components 
and / or groups thereof . 
10018 ] Unless otherwise defined , all terms ( including tech 
nical and scientific terms ) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to which example embodiments belong . It will be further 
understood that terms , e . g . , those defined in commonly used 
dictionaries , should be interpreted as having a meaning that 
is consistent with their meaning in the context of the relevant 
art . However , should the present disclosure give a specific 
meaning to a term deviating from a meaning commonly 
understood by one of ordinary skill , this meaning is to be 
taken into account in the specific context this definition is 
given herein . 
[ 0019 ) FIG . 1A shows a flow chart of a method 100 for 
forming a semiconductor device . 
[ 0020 The method 100 comprises forming 110 an insu 
lation trench structure comprising insulation material 

BRIEF DESCRIPTION OF THE FIGURES 
[ 0005 ] Some embodiments of apparatuses and / or methods 
will be described in the following by way of example only , 
and with reference to the accompanying figures , in which 
[ 0006 FIG . 1A shows a flow chart of a method for 
forming a semiconductor device ; 
00071 . FIG . 1B shows a gold - silicon phase diagram ; 

[ 0008 ] FIGS . 2A to 2H show schematic illustrations of a 
method for forming a semiconductor device ; 
[ 0009 ] FIG . 3 shows a schematic illustration of a method 
for forming a semiconductor device including forming an 
insulation material of a mask structure and an insulation 
trench structure during the same deposition process ; 
[ 0010 ] FIGS . 4A to 4B show schematic illustrations of a 
method for forming a semiconductor device including form 
ing a semiconductor material layer and modifying the semi 
conductor material layer ; 
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extending into the semiconductor substrate from a surface of 
the semiconductor substrate . The insulation trench structure 
laterally surrounds a portion of the semiconductor substrate . 
[ 0021 ] The method 100 further comprises modifying 120 
the laterally surrounded portion of the semiconductor sub 
strate to form a vertical electrically conductive structure 
comprising an alloy material . The alloy material is an alloy 
of the semiconductor substrate material and at least one 
metal . 
[ 0022 ] Due to the modifying 120 of the laterally sur 
rounded portion of the semiconductor substrate to form a 
vertical electrically conductive structure , mechanical stress 
caused by filling a trench with a different filler material ( e . g . 
a metal ) may be reduced or avoided , for example . Addition 
ally , thermal stress caused by differences in the coefficient of 
thermal expansion between the filler material and the semi 
conductor substrate may be reduced or avoided , for 
example . Additionally , voids in the filler material , electro 
migration and reduced conductivity may be reduced or 
avoided , for example . In addition , costs incurred from using 
the filler material may be reduced or avoided , for example . 
Due to the vertical electrically conductive structure com 
prising an alloy material being an alloy of the semiconductor 
substrate material and at least one metal , the mechanical and 
thermal properties may remain almost unchanged compared 
to the semiconductor substrate material of the semiconduc 
tor substrate , and thermal stresses or mechanical stresses 
may be reduced . Furthermore , high electron mobility may be 
achieved , thus improving the electrical performance of the 
vertical electrically conductive structure compared to thin 
metal vias , for example . 
[ 0023 ] Forming 110 the insulation trench structure may 
include forming a vertical trench extending into the semi 
conductor substrate from the surface ( e . g . a first lateral 
surface ) of the semiconductor substrate . The vertical trench 
may be formed by removing semiconductor substrate mate 
rial from the semiconductor substrate ( e . g . by chemical 
etching ) , for example . 
[ 0024 ] A minimum ( or smallest ) width of the vertical 
trench may be at least 50 nm ( or e . g . may lie between 50 nm 
and 10 um , or e . g . between 50 nm and 5 um , or e . g . between 
1 um and 4 um ) , for example . The width of the vertical 
trench may be a distance measured in a lateral direction 
between a first vertical sidewall of the vertical trench and a 
second vertical sidewall of the vertical trench , for example . 
[ 0025 ] A minimum ( or smallest ) depth of the vertical 
trench may be at least 350 um ( or e . g . at least 100 um , ore . g . 
at least 200 um ) , for example . For example , the depth of the 
vertical trench may be a distance measured between the top 
of the vertical trench and a bottom of the vertical trench in 
a direction substantially orthogonal ( or perpendicular ) to the 
lateral surface of the semiconductor substrate , for example . 
[ 0026 ] The vertical trench may laterally surround ( or 
laterally enclose ) a portion of the semiconductor substrate . 
For example , the vertical trench may have a ring form or a 
rectangular ( or square ) form in a top view of the semicon 
ductor substrate . 
[ 0027 ] The laterally surrounded portion of the semicon 
ductor substrate may have a circular form or a rectangular 
( or square ) form in the top view of the semiconductor 
substrate . A minimum ( or smallest ) lateral dimension of the 
laterally surrounded portion may be at least 500 nm ( or e . g . 
may lie between 500 nm and 100 um , or e . g . between 1 um 
and 20 um , or e . g . between 1 um and 10 um ) , for example . 

The lateral dimension of a laterally surrounded portion 
having a circular form may be a diameter of the laterally 
surrounded portion measured in a direction parallel to the 
surface of the semiconductor substrate , for example . The 
lateral dimension of a laterally surrounded portion having a 
rectangular form may be a width of the laterally surrounded 
portion measured in a direction parallel to the surface of the 
semiconductor substrate , for example . 
[ 0028 ] Forming 110 the insulation trench structure may 
further include forming the insulation material in the vertical 
trench after forming the vertical trench . Optionally , the 
insulation material may be formed in the vertical trench by 
oxidizing the semiconductor substrate to form the insulation 
material in the vertical trench . Alternatively , the insulation 
material may be formed in the vertical trench by depositing 
the insulation material into the vertical trench . The vertical 
trench may be substantially filled with the insulation mate 
rial after forming the insulation material in the vertical 
trench , for example . 
[ 0029 ] The insulation trench structure formed by filling 
the vertical trench with insulation material may thus extend 
( vertically into the semiconductor substrate from the first 
surface of the semiconductor substrate . The insulation 
trench structure laterally surrounds the portion of the semi 
conductor substrate , for example . Additionally , the insula 
tion trench structure may have a ring form or a rectangular 
form in a top view of the semiconductor substrate . 
[ 0030 ] After forming 110 the insulation trench structure , 
the laterally surrounded portion of the semiconductor sub 
strate may be modified ( or transformed ) to form the vertical 
electrically conductive structure comprising an alloy mate 
rial , for example . 
[ 0031 ] Modifying 120 the laterally surrounded portion of 
the semiconductor substrate to form the vertical electrically 
conductive structure may include forming an electrically 
conductive layer comprising the at least one metal on ( e . g . 
directly on , or e . g . indirectly on ) at least the laterally 
surrounded portion of the semiconductor substrate . Modi 
fying 120 the laterally surrounded portion of the semicon 
ductor substrate may further include annealing the semicon 
ductor substrate to form the alloy material . The 
semiconductor substrate may be annealed to form the alloy 
material after forming the electrically conductive layer , for 
example . During the modifying 120 of the laterally sur 
rounded portion of the semiconductor substrate , the at least 
one metal of the electrically conductive layer may mix with 
the semiconductor substrate material in the laterally sur 
rounded portion to form the alloy material of the vertically 
electrically conductive structure . The annealing may cause 
the electrically conductive layer and the semiconductor 
substrate material of the laterally surrounded portion to melt 
and mix with each other to form the alloy material , for 
example . The alloy material formed after the annealing is 
thus an alloy of the semiconductor substrate material and the 
at least one metal incorporated from the electrically con 
ductive layer , for example . 
[ 0032 ] Optionally , modifying 120 the laterally surrounded 
portion of the semiconductor substrate may include control 
ling the annealing temperature of the semiconductor sub 
strate and / or an atomic ratio of the semiconductor substrate 
material and the at least one metal to form the vertical 
electrically conductive structure comprising a eutectic alloy 
material . The eutectic temperature and the eutectic percent 
age ratio may define a eutectic point , P , of a phase diagram 
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of the mixture including the semiconductor substrate mate - 
rial and the at least one metal . At the eutectic point , the 
semiconductor substrate material and the at least one metal 
melt having a defined atomic ratio ( the eutectic percentage 
ratio ) melt at a lowest possible melting temperature ( the 
eutectic temperature ) . 
[ 0033 ] Optionally , the annealing temperature of the semi 
conductor substrate may be controlled ( or e . g . varied ) to lie 
within + / - 5° C . ( or e . g . within + / - 10° C . ) of a eutectic 
temperature of the mixture including the semiconductor 
substrate material and the at least one metal . Additionally , 
the atomic ratio between the semiconductor substrate mate 
rial and the at least one metal may be controlled ( or e . g . 
varied ) to lie within + / - 2 % ( or e . g . within + / - 5 % , or e . g . 
within + / - 10 % ) of a eutectic percentage ratio of the mixture . 
For example , for a gold - silicon phase diagram as shown in 
FIG . 1B , a eutectic temperature of 363° C . and a eutectic 
percentage ratio of 18 . 5 % silicon may define a eutectic 
point , P . 
[ 0034 ] The semiconductor substrate material may include 
( predominantly ) silicon ( e . g . at least 95 % silicon , or e . g . at 
least 99 % silicon ) . For example , the semiconductor substrate 
may be a silicon ( Si ) substrate . In the case of the semicon 
ductor substrate being a silicon substrate . The at least one 
metal may include at least one material selected from the 
group of materials including ( or consisting of ) gold ( Au ) , 
aluminum ( Al ) , platinum ( Pt ) and titanium ( Ti ) . For 
example , optionally , the alloy material of the vertical elec 
trically conductive structure may be a binary alloy , such as 
a Si - Au alloy , a Si - A1 alloy , a Si – Pt alloy or a Si — Ti 
alloy , for example . Alternatively , the alloy material of the 
vertical electrically conductive structure may be a ternary 
alloy including more than one more metal ( e . g . a Si - Au 
Ti alloy ) . 
[ 0035 ] Optionally , modifying 120 the laterally surrounded 
portion of the semiconductor substrate may include forming 
a semiconductor material layer comprising the semiconduc 
tor substrate material on at least the laterally surrounded 
portion of the semiconductor substrate before forming the 
electrically conductive layer . The electrically conductive 
layer may be formed on the semiconductor material layer 
after forming the semiconductor material layer , for example . 
The semiconductor material layer may function as a eutectic 
partner collecting layer . Optionally , the semiconductor 
material layer and the semiconductor substrate material may 
be the same material , for example . 
[ 0036 ] A lateral surface area of the semiconductor material 
layer may be at least 10 times larger ( or e . g . at least 50 times 
larger , or e . g . at least 100 times larger ) than a lateral surface 
area of the laterally surrounded portion of the semiconductor 
substrate . By providing a larger lateral surface area for 
contacting the electrically conductive layer , a thinner elec 
trically conductive layer may be deposited for forming the 
alloy material of the vertical electrically conductive struc 
ture . For example , if the lateral surface area of the semi 
conductor material layer is 10 times larger than the lateral 
surface area of the laterally surrounded portion of the 
semiconductor substrate , a thickness of the electrically con 
ductive layer may be reduced by 10 times compared to the 
thickness of the electrically conductive layer if it were 
directly contacting the laterally surrounded portion of the 
semiconductor substrate without the semiconductor material 
layer . 

( 0037 ] The semiconductor material layer may be modified 
to form an alloy material identical to the alloy material of the 
vertical electrical electrically conductive structure during 
the modifying 120 of the laterally surrounded portion of the 
semiconductor substrate to form the vertical electrically 
conductive structure , for example . 
[ 0038 ] The method 100 may further include forming a 
mask structure on ( e . g . directly on the first surface of the 
semiconductor substrate before modifying 120 the laterally 
surrounded portion of the semiconductor substrate . The 
mask structure may cover ( or mask ) the first surface of the 
semiconductor substrate except the laterally surrounded 
portion of the semiconductor substrate . The laterally sur 
rounded portion of the semiconductor substrate may be 
unmasked ( e . g . uncovered ) by the mask structure during the 
modifying 120 of the laterally surrounded portion of the 
semiconductor substrate . 
[ 0039 ] As the mask structure does not cover the laterally 
surrounded portion of the semiconductor substrate , at least 
part of the electrically conductive layer may be formed on 
( or contact ) the laterally surrounded portion of the semicon 
ductor substrate . For example , a first portion of the electri 
cally conductive layer may be formed directly on the later 
ally surrounded portion of the semiconductor substrate and 
a second portion of the electrically conductive layer may be 
formed directly on at least part of the mask structure . The at 
least one metal of the electrically conductive layer may be 
incorporated directly into the laterally surrounded portion of 
the semiconductor substrate due to a direct contact between 
the electrically conductive layer and the laterally surrounded 
portion of the semiconductor substrate , for example . 
[ 0040 ] Optionally or alternatively , if the semiconductor 
material layer were deposited on the laterally surrounded 
portion of the semiconductor substrate before forming the 
electrically conductive layer , at least part of the semicon 
ductor material layer may be formed directly on the laterally 
surrounded portion of the semiconductor substrate and a 
second portion of the semiconductor material layer may be 
formed directly on at least part of the mask structure . The at 
least one metal of the electrically conductive layer may be 
incorporated into the semiconductor material layer and the 
laterally surrounded portion of the semiconductor substrate 
via ( or through ) the semiconductor material layer . 
[ 0041 ] Optionally , the mask structure may include an 
insulation material . For example , the insulation material of 
the mask structure may include ( or may be ) an oxide 
material such as silicon oxide . Alternatively or optionally , 
the insulation material of the mask structure may include ( or 
may be ) a nitride material such as silicon nitride . Optionally , 
the insulation material may include ( or may be ) an oxide of 
the semiconductor substrate material and / or a nitride of the 
semiconductor substrate material . 
[ 0042 ] Optionally , the insulation material of the mask 
structure may be deposited on the first surface of the 
semiconductor substrate ( except on the laterally surrounded 
portion of the semiconductor substrate ) by chemical vapor 
deposition , or sputtering , or a suitable deposition technique 
after forming 110 the insulation trench structure but before 
modifying 120 the laterally surrounded portion of the semi 
conductor substrate . Alternatively or optionally , the insula 
tion material of the mask structure and the insulation mate 
rial of the insulation trench structure may be formed at the 
semiconductor substrate during the same process . For 
example , the insulation material of the mask structure and 
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the insulation material of the insulation trench structure may 
be formed during the same deposition process or during the 
same oxidizing process . 
[ 0043 ] The method 100 may further include thinning the 
semiconductor substrate to expose the insulation trench 
structure at a second opposite ( lateral ) surface of the semi 
conductor substrate before modifying 120 the laterally sur 
rounded portion of the semiconductor substrate . The semi 
conductor substrate may be thinned from the second surface 
of the semiconductor substrate by removing semiconductor 
substrate material ( e . g . by chemical mechanical polishing ) 
from the second surface of the semiconductor substrate . The 
semiconductor substrate may be thinned until the semicon 
ductor substrate has a minimum thickness of at least 30 um 
( or e . g . at least 100 um , or e . g . at least 200 um ) , for example . 
The thickness of the semiconductor substrate ( e . g . between 
the first lateral surface and the second lateral surface of the 
semiconductor substrate ) after thinning may be the final 
thickness of the semiconductor substrate of the semiconduc 
tor device to be formed , for example . By thinning the 
semiconductor substrate from the second surface of the 
semiconductor substrate , the insulation trench structure may 
be exposed at the second surface of the semiconductor 
substrate . Thus , the insulation trench structure may extend 
from the first surface of the semiconductor substrate to the 
second surface of the semiconductor substrate . 
10044 ] The method 100 may further include removing the 
mask structure and any remaining portions of the electrically 
conductive layer on the mask structure and / or at the first 
surface of the semiconductor substrate after modifying 120 
the laterally surrounded portion of the semiconductor sub 
strate to form the vertical electrically conductive structure . 
The method 100 may further include forming an electrically 
conductive contact pad electrically contacting the vertical 
electrically conductive structure at the first surface of the 
semiconductor substrate and / or at the second surface of the 
semiconductor substrate . 
[ 0045 ] Optionally or alternatively , if the semiconductor 
material layer were deposited on the laterally surrounded 
portion of the semiconductor substrate before forming the 
electrically conductive layer , and if the semiconductor mate 
rial layer were modified to form an alloy material identical 
to the alloy material of the vertical electrical electrically 
conductive structure , the method 100 may include forming 
an electrically conductive contact pad comprising at least 
part of the modified semiconductor material layer . For 
example , forming an electrically conductive contact pad 
may include structuring the modified semiconductor mate 
rial layer ( which includes alloy material ) to form the elec 
trically conductive contact pad , for example . 
[ 0046 ] The method 100 may optionally further include 
forming a second insulation trench structure including insu 
lation material extending into the semiconductor substrate 
from the first surface of the semiconductor substrate . The 
second insulation trench structure may be formed by iden 
tical processes as the processes for forming the first insula 
tion trench structure and optionally may be formed during 
the same processes for forming the first insulation trench 
structure . 
[ 0047 ] Optionally , the second insulation trench structure 
may laterally surround the first insulation trench structure . 
For example , the second insulation trench structure may 
have a ring form or a rectangular form in the top view of the 
semiconductor substrate . For example , the second insulation 

trench structure may be formed laterally around the first 
insulation trench structure . Optionally or alternatively , the 
second insulation trench structure may be formed adjacent to 
at least part of the first insulation trench structure ( or may 
adjoin a portion of the first insulation trench structure ) such 
that at least part of the first insulation trench structure and 
the adjacent second insulation trench structure may have a 
ring form or a rectangular form in the top view of the 
semiconductor substrate . Optionally or additionally , the 
arrangement of the second insulation trench structure later 
ally surrounding the first insulation trench structure may be 
( or may form , or may be used to form ) a coaxial signal line 
of the semiconductor device to be formed . 
[ 0048 ] The method 100 may further include modifying a 
second portion of the semiconductor substrate located lat 
erally between the second insulation trench structure and at 
least part of the first insulation trench structure to form a 
second vertical electrically conductive structure . For 
example , the second vertical electrically conductive struc 
ture may be formed between the first insulation trench 
structure and the second insulation trench structure . 
[ 0049 ] Optionally , the method 100 may optionally further 
include forming a third insulation trench structure including 
insulation material extending into the semiconductor sub 
strate from the first surface of the semiconductor substrate . 
The third insulation trench structure may be formed by 
identical processes as the processes for forming the first 
insulation trench structure and the second insulation trench 
structure and optionally may be formed during the same 
processes for forming the first insulation trench structure and 
the second insulation trench structure . The method 100 may 
optionally further include modifying the third portion of the 
semiconductor substrate located laterally between the third 
insulation trench structure and at least part of the second 
insulation trench structure to form a third vertical electri 
cally conductive structure . Optionally or additionally , the 
arrangement of the third insulation trench structure laterally 
surrounding the second insulation trench structure , and the 
second insulation trench structure laterally surrounding the 
first insulation trench structure may be ( or may form , or may 
be used to form ) a triaxial signal line of the semiconductor 
device to be formed . 
[ 0050 ] The number of insulation trench structures is not 
necessarily limited to one , two or three insulation trench 
structures as described herein , but may be single continuous 
insulation trench structure , or may be a plurality of insula 
tion trench structures . 
[ 0051 ] Optionally or alternatively , the method 100 may 
include forming the ( continuous ) insulation trench structure 
such that a plurality of portions of the semiconductor 
substrate may each be laterally surrounded by portions of the 
insulation trench structure . 
[ 0052 ] The method 100 may include forming a plurality of 
vertically electrically conductive structures by modifying 
the plurality of laterally surrounded portions of the semi 
conductor substrate laterally surrounded by the portions of 
the insulation trench structure . 
[ 0053 ] As described herein , the semiconductor substrate 
may be a silicon - based semiconductor substrate . For 
example , the semiconductor substrate may be float zone 
( FZ ) silicon - based semiconductor substrate or a Czochralski 
( CZ silicon - based semiconductor substrate . Optionally or 
alternatively , the semiconductor substrate 102 may be a 
silicon carbide ( SiC ) - based semiconductor substrate , or gal 
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lium arsenide ( GaAs ) - based semiconductor substrate , or a 
gallium nitride ( GaN ) - based semiconductor substrate , for 
example . The electrically conductive layer may include at 
least one suitable metal for forming an alloy material 
including the semiconductor substrate material and the at 
least one metal . 
[ 0054 ] The semiconductor substrate of the semiconductor 
device may be part of an ( active ) semiconductor chip or die 
including one or more electrical device circuits ( e . g . includ 
ing at least a transistor structure , a diode structure , or a p - n 
junction ) formed at the same semiconductor substrate as the 
vertical electrically conductive structure ( or TSV ) . 
[ 0055 ] A first lateral surface or front side surface of the 
semiconductor substrate may be a surface of the semicon 
ductor substrate towards metal layers , insulation layers 
and / or passivation layers on top of the surface of the 
substrate or a surface of one of these layers . For example , a 
semiconductor substrate front side may be the side at which 
active elements of the chip are formed . For example , in a 
power semiconductor chip , a chip front side may be a side 
of the chip at which a first source / drain region and a gate 
region are formed , and a chip back side may be a side of the 
chip at which a second source / drain region is formed . For 
example , more complex structures may be located at the 
chip front side than at the chip back side . 
[ 0056 ] Optionally or alternatively , the semiconductor sub 
strate of the semiconductor device may an interposer sub 
strate which may be located between active chips at which 
one or more electrical device structures are formed . 
[ 0057 ] lateral surface of the semiconductor substrate 
may be a substantially even plane ( e . g . neglecting uneven 
ness of the semiconductor structure due to the manufactur 
ing process and trenches ) . For example , the lateral dimen 
sion of the lateral surface of the semiconductor substrate 
may be more than 100 times larger ( or more than 1000 times 
or more than 10000 times ) than a maximal height of struc 
tures on the main surface . In comparison to a basically 
vertical edge ( e . g . resulting from separating the substrate of 
the chip from others ) of the semiconductor substrate , the 
lateral surface may be a basically horizontal surface extend 
ing laterally . The lateral dimension of the lateral surface of 
the semiconductor substrate may be more than 100 times 
larger ( or more than 1000 times or more than 10000 times ) 
than a basically vertical edge of the semiconductor substrate , 
for example . 
[ 0058 ] lateral direction may be a direction ( or any 
direction ) substantially parallel to a lateral surface of the 
semiconductor substrate , for example . A vertical direction 
may be a direction substantially orthogonal ( or perpendicu 
lar ) to the lateral surface of the semiconductor substrate , for 
example . 
[ 0059 ] The term “ lateral ” , whose usage may be applied to 
describing relative positions of elements of the figures , ( e . g . 
X is laterally adjacent to Y ) may be interpreted to mean that 
X is located adjacent to Y along a lateral direction . Similarly , 
the term “ vertical ” when used for describing relative posi 
tions of elements of the figures ( e . g . X is vertically adjacent 
to Y ) may be interpreted to mean that X is located adjacent 
to Y along a vertical direction . 
[ 0060 ] The term " vertical ” as used herein to describe the 
" vertical trench ” and the “ vertical electrically conductive 
structure ” , may be interpreted to mean that the vertical 
trench ( and the vertical electrically conductive structure ) 
extends from the first lateral surface of the semiconductor 

substrate towards a second opposite lateral surface of the 
semiconductor substrate . The term “ vertical ” does not limit 
the sidewalls of the vertical trench to being perpendicular to 
the lateral surfaces of the semiconductor substrate ( e . g . an 
angle between the sidewalls of the trench and a lateral 
surface of the semiconductor substrate is not limited to being 
90° ) , although 90° may be an example of an angle between 
the sidewalls of the trench and the lateral surface of the 
semiconductor substrate . For example , an angle between the 
sidewalls of the vertical trench and the lateral surfaces of the 
semiconductor substrate may lie between 25° and 155° ( or 
e . g . between 45º and 135º , or e . g . between 80° and 110° ) . 
[ 0061 ] Method 100 relates to forming ( or creating ) a 
through silicon via ( TSV ) where the base material silicon 
remains in the via and forms a eutectic composite with a 
eutectic partner . The mechanical properties remain similar to 
the base material but the electrical properties are greatly 
changed to a highly conductive and stable interconnect . 
Gold and aluminum may be eutectic partners for Si , but a 
variety of other eutectic partners may alternatively or addi 
tionally be used . Alternatively , three - party eutectics may be 
used and may provide even lower eutectic temperatures , for 
example . 
[ 0062 ] Method 100 may be used for forming a TSV 
instead of processing a TSV by etching a via into the 
substrate , covering the via with an insulator and filling the 
via with a metal ( e . g . copper , tungsten , gold ) or doped 
silicon . The TSVs formed by the latter approach may face 
challenges due to mechanical stress from the etch and the 
filled material . Furthermore thermal stress may significantly 
reduce the reliability if the coefficient of thermal expansion 
( CTE ) is different from the substrate material . The stress and 
the thermal expansions may limit the design and the process 
integration options in production . Voids in the conductive 
material , electro migration and reduced conductivity may 
also present challenges which may be avoided by method 
100 . High costs may also be reduced by method 100 . The 
eutectic vias formed by the method 100 may be able to 
circumvent these challenges as most of the silicon remains 
in the via , keeping the mechanical and thermal properties 
almost unchanged . Due to the high electron mobility the 
electrical performance may be greatly improved compared 
to thin metal vias . 
[ 0063 ] FIG . 1B shows a gold - silicon phase diagram hav 
ing a eutectic temperature and a eutectic percentage ratio 
which define a eutectic point , P . 
[ 0064 ] For a gold - silicon phase diagram , a eutectic tem 
perature of 363° C . and a eutectic percentage ratio of 18 . 5 % 
silicon may define the eutectic point , P . 
[ 0065 ] FIGS . 2A to 2H show schematic illustrations of a 
method 200 for forming a semiconductor device . 
[ 0066 ] FIGS . 2A and 2B show respectively a top view and 
a cross - sectional view of at least part of a process for 
forming an insulation trench structure . 
100671 Forming the insulation trench structure may 
include forming a vertical trench 201 ( e . g . etched wall ) 
extending into the semiconductor substrate 202 from the first 
lateral surface 203 of the semiconductor substrate . The 
vertical trench 201 may be formed by etching a trench ( or 
hole ) into the semiconductor substrate , for example . The 
vertical trench 201 may extend from the first lateral surface 
203 towards the opposite second lateral surface of the 
semiconductor substrate 202 , for example . 
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[ 0068 ] A minimum ( or smallest ) width , w , of the vertical 
trench ( as shown in FIG . 2B ) may be at least 50 nm ( or e . g . 
may lie between 50 nm and 10 um , or e . g . between 50 nm 
and 5 um , or e . g . between 1 um and 4 um ) , for example . The 
width of the vertical trench may be a distance measured in 
a lateral direction , Lx , between a first vertical sidewall 205 
of the vertical trench 201 and a second vertical sidewall 206 
of the vertical trench 201 , for example . 
[ 0069 ] A minimum ( or smallest ) depth , h , of the vertical 
trench 201 may be at least 30 um ( or e . g . at least 100 um , 
or e . g . at least 200 um ) , for example . The depth of the 
vertical trench may be a distance measured between the top 
of the vertical trench and a bottom of the vertical trench in 
a direction substantially orthogonal ( or perpendicular ) to the 
lateral surface of the semiconductor substrate , for example . 
[ 0070 ] The vertical trench 201 may laterally surround a 
portion 204 of the semiconductor substrate 202 . For 
example , the vertical trench 201 may laterally enclose the 
laterally surrounded portion 204 of the semiconductor sub 
strate 202 in a top view . For example , as shown in FIG . 2A , 
the vertical trench 201 may have a ring form in a top view 
of the semiconductor substrate 202 . Optionally or alterna 
tively , the vertical trench may have a rectangular ( or square ) 
form in the top view of the semiconductor substrate 202 . 
[ 0071 ] The laterally surrounded portion 204 of the semi 
conductor substrate 202 may have a circular form ( or 
alternatively rectangular or square form ) in the top view of 
the semiconductor substrate . A minimum ( or smallest ) lat 
eral dimension , d , of the laterally surrounded portion 204 
may be at least 500 nm ( or e . g . may lie between 500 nm and 
100 um , or e . g . between 1 um and 20 um , or e . g . between 1 
um and 10 um ) , for example . 
10072 ] FIG . 2C shows a cross - sectional view of the form 
ing of insulation material 207 ( e . g . for isolation ) in the 
vertical trench 201 to form the insulation trench structure 
208 . 
0073 ] Forming the insulation trench structure 208 may 
include forming the insulation material 207 in the vertical 
trench 201 after forming the vertical trench 201 . The vertical 
trench 201 may be substantially filled with the insulation 
material 207 ( e . g . forming a filled wall ) due to the forming 
of the insulation material 207 in the vertical trench 201 , for 
example . 
10074 ] Optionally , the insulation material 207 may be 
formed in the vertical trench 201 by oxidizing ( e . g . by 
thermal oxidation of ) portions of the semiconductor sub 
strate laterally adjacent to ( or laterally surrounding ) the 
vertical trench 201 and / or portions of the semiconductor 
substrate at the bottom of the vertical trench . Alternatively , 
the insulation material 207 may be formed in the vertical 
trench 201 by depositing the insulation material 207 ( e . g . by 
a deposition of an insulator ) into the vertical trench 201 . The 
insulation material 207 may be formed at the bottom of the 
vertical trench and on the sidewalls of the vertical trench 
201 , for example . 
[ 0075 ] The insulation trench structure 208 may thus 
extend into the semiconductor substrate 202 from the first 
surface 203 of the semiconductor substrate . For example , the 
insulation trench structure 208 may extend from the first 
lateral surface 203 towards the opposite second lateral 
surface of the semiconductor substrate 202 . 

[ 0076 ] The laterally surrounded portion 204 of the semi 
conductor substrate 202 may be laterally surrounded by the 
insulation trench structure 208 in a top view of the semi 
conductor substrate . 
[ 0077 ] FIG . 2D shows a cross - sectional view of the form 
ing of a mask structure 209 . 
[ 0078 ] The mask structure 209 may be formed on ( e . g . 
directly on the first surface of the semiconductor substrate 
after forming the insulation trench structure 208 . The mask 
structure 209 may cover ( or mask ) the first surface 203 of the 
semiconductor substrate except the laterally surrounded 
portion 204 of the semiconductor substrate 202 . For 
example , the mask structure may provide a front side 
window at or on the laterally surrounded portion of the 
semiconductor substrate . 
[ 0079 ] Optionally , the mask structure 209 may include an 
insulation material . For example , the insulation material of 
the mask structure may include ( or may be ) an oxide 
material such as silicon oxide and / or tetraethyl orthosilicate 
( TEOS ) . Alternatively or optionally , the insulation material 
of the mask structure 209 may include ( or may be ) a nitride 
material such as silicon nitride . Optionally , the insulation 
material may include ( or may be ) an oxide of the semicon 
ductor substrate material and / or a nitride of the semicon 
ductor substrate material . 
[ 0080 ] Optionally , the insulation material of the mask 
structure 209 may be deposited on the first surface 203 of the 
semiconductor substrate and / or at least partially on the 
insulation trench structure 208 by chemical vapor deposi 
tion , or sputtering , or a suitable deposition technique after 
forming the insulation trench structure 208 . 
[ 0081 ] FIG . 2E shows a cross - sectional view of the thin 
ning of the semiconductor substrate 202 . 
10082 ] The thinning of the semiconductor substrate 202 
may expose the insulation trench structure at a second 
opposite ( lateral ) surface 211 of the semiconductor substrate 
202 . The semiconductor substrate 202 may be thinned from 
the second surface of the semiconductor substrate 202 by 
removing semiconductor substrate material evenly ( e . g . by 
chemical mechanical polishing ) from the second surface of 
the semiconductor substrate . 
[ 0083 ] The semiconductor substrate 202 may be thinned 
until the semiconductor substrate has a minimum thickness , 
t , of at least 30 um ( or e . g . at least 100 um , or e . g . at least 
200 um ) , for example . The thickness of the semiconductor 
substrate 202 after thinning the semiconductor substrate may 
be the final thickness of the semiconductor substrate 202 of 
the semiconductor device to be formed , for example . By 
thinning the semiconductor substrate from the second sur 
face of the semiconductor substrate , the insulation trench 
structure 208 may be exposed at the second lateral surface 
211 of the semiconductor substrate 202 . Thus , the insulation 
trench structure may extend from the first lateral surface 203 
of the semiconductor substrate 202 to the second lateral 
surface 211 of the semiconductor substrate 202 . 
100841 . FIG . 2F shows a cross - sectional view of the form 
ing of an electrically conductive layer 212 ( e . g . a eutectic 
partner deposition ) . 
100851 . As the mask structure 209 does not cover the 
laterally surrounded portion 204 of the semiconductor sub 
strate 202 , at least part of the electrically conductive layer 
212 may be formed on ( or directly contact ) the laterally 
surrounded portion 204 of the semiconductor substrate 202 . 
For example , a first portion of the electrically conductive 
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layer 212 may be formed directly on the laterally surrounded 
portion 204 of the semiconductor substrate and a second 
portion of the electrically conductive layer 212 may be 
formed directly on at least part of the mask structure 209 . 
[ 0086 ] The electrically conductive layer 212 may include 
at least one metal . For example , the electrically conductive 
layer 212 may be a gold layer , an aluminum layer , a platinum 
layer or a titanium layer . 
[ 0087 ] A minimum ( or smallest ) thickness of the electri 
cally conductive layer 212 may be at least 50 nm ( or e . g . 
may lie between 50 nm and 10 um , or e . g . between 50 nm 
and 5 um , or e . g . between 1 um and 4 um ) , for example . 
Additionally or optionally , the thickness of the electrically 
conductive layer 212 may be selected based on a desired 
atomic percentage ratio between the semiconductor sub 
strate material of the laterally surrounded portion 204 and 
the at least one metal . For example , the thickness of the 
electrically conductive layer 212 may be selected to lie 
within + / - 2 % ( or e . g . within + / - 5 % , or e . g . within + / - 10 % ) 
of a eutectic percentage ratio between the semiconductor 
substrate material of the laterally surrounded portion 204 
and the at least one metal . 
[ 0088 ] FIG . 2G shows a cross - sectional view of the modi 
fying of the laterally surrounded portion of the semiconduc 
tor substrate 202 to form the vertically electrically conduc 
tive structure 213 . 
10089 ) . The laterally surrounded portion of the semicon 
ductor substrate 202 may be annealed to form the alloy 
material of the vertically electrically conductive structure 
213 after forming the electrically conductive layer . For 
example , the annealing temperature of the semiconductor 
substrate may be controlled ( or e . g . varied ) to lie within 
+ / - 5° C . ( or e . g . within + / - 10° C . ) of a eutectic temperature 
of the mixture including the semiconductor substrate mate 
rial and the at least one metal . 
[ 0090 ] The at least one metal of the electrically conductive 
layer 212 may be incorporated directly into the laterally 
surrounded portion of the semiconductor substrate 202 due 
to a direct contact between the electrically conductive layer 
212 and the laterally surrounded portion of the semiconduc 
tor substrate 202 , for example . The alloy material may be 
formed by a mixing ( e . g . eutectic melting ) of the semicon 
ductor substrate material of the laterally surrounded portion 
and the at least one metal of the electrically conductive layer 
212 . Thus , the alloy material formed after the annealing may 
be an alloy of the semiconductor substrate material and the 
at least one metal incorporated from the electrically con 
ductive layer 212 , for example . An atomic percentage con 
tent of the semiconductor substrate material of the alloy 
material of the vertical electrically conductive structure 213 
may be greater than 30 % ( or e . g . greater than 50 % , or e . g . 
greater than 80 % ) of the alloy material . 
[ 0091 ] FIG . 2H shows a cross - sectional view of the 
removing of the mask structure and remaining portions of 
the electrically conductive layer on the mask structure ( e . g . 
top layer removal ) . 
10092 ] The mask structure and / or any remaining portions 
of the electrically conductive layer at the first surface 203 of 
the semiconductor substrate 202 may be removed after 
forming the vertical electrically conductive structure 213 . 
[ 0093 ] Optionally , after removing the mask structure and 
or the remaining portions of the electrically conductive 
layer , the method 200 may further include forming an 
electrically conductive contact pad electrically contacting 

the vertical electrically conductive structure 213 at the first 
surface 203 and / or at the second surface 211 of the semi 
conductor substrate 202 . 
10094 ) More details and aspects are mentioned in connec 
tion with the embodiments described above or below . The 
embodiments shown in FIGS . 2A to 2H may each comprise 
one or more optional additional features corresponding to 
one or more aspects mentioned in connection with the 
proposed concept or one or more embodiments described 
above ( e . g . FIGS . 1A to 1B ) or below ( e . g . FIGS . 3 to 7 ) . 
[ 0095 ] FIG . 3 shows a schematic illustration of at least 
part of a method 300 for forming the semiconductor device . 
The method 300 may be similar to the methods described in 
connection with FIG . 1 and / or FIGS . 2A to 2H . 
[ 0096 ] In method 300 , instead of forming the mask struc 
ture 209 after forming the insulation trench structure 208 , 
the insulation material of the mask structure 209 and the 
insulation material of the insulation trench structure 208 
may be formed at the semiconductor substrate 202 during 
the same process . For example , the insulation material of the 
mask structure 209 and the insulation material of the insu 
lation trench structure 208 may be formed during the same 
deposition process or during the same oxidizing process . 
Thus , the insulator deposition and the front side window 
may be formed during the same process . 
[ 0097 ] Optionally or additionally , the insulation material 
of the mask structure 209 and the insulation material of the 
insulation trench structure 208 may be formed before modi 
fying the laterally surrounded portion of the semiconductor 
substrate 202 and before thinning the semiconductor sub 
strate 202 , for example . Due to the forming of the insulation 
material of the mask structure 209 and the insulation mate 
rial of the insulation trench structure 208 during the same 
process , the mask structure 209 and the insulation trench 
structure 208 may be a continuous insulating structure 
comprising the same ( e . g . identical ) insulation material , for 
example . 
10098 ] More details and aspects are mentioned in connec 
tion with the embodiments described above or below . The 
embodiments shown in FIG . 3 may comprise one or more 
optional additional features corresponding to one or more 
aspects mentioned in connection with the proposed concept 
or one or more embodiments described above ( e . g . FIGS . 1A 
to 2H ) or below ( e . g . FIGS . 4A to 7 ) . 
[ 0099 ] FIGS . 4A and 4B show schematic illustrations of at 
least part of a method 400 for forming the semiconductor 
device . 
[ 0100 ] The method 400 may be similar to the methods 
described in connection with FIGS . 1A to 1B , FIGS . 2A to 
2H and / or FIG . 3 . 
[ 0101 ] As shown in FIG . 4A , modifying 120 the laterally 
surrounded portion of the semiconductor substrate may 
further include forming a semiconductor material layer 414 
( e . g . an optional eutectic partner collecting layer ) compris 
ing the semiconductor substrate material on at least the 
laterally surrounded portion 204 of the semiconductor sub 
strate 202 before forming the electrically conductive layer . 
For example , a first portion of the semiconductor material 
layer 414 may be formed directly on the laterally surrounded 
portion 204 of the semiconductor substrate 202 and a second 
portion of the semiconductor material layer 414 may be 
formed directly on at least part of the mask structure 209 . 
( 0102 ] Optionally , the semiconductor material layer 414 
may be formed before thinning the semiconductor substrate , 
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or alternatively after thinning the semiconductor substrate . 
Optionally , the semiconductor material layer and the semi - 
conductor substrate material may be the same material , for 
example . 
[ 0103 ] A lateral surface area , As , of the semiconductor 
material layer may be at least 10 times larger ( or e . g . at least 
50 times larger , or e . g . at least 100 times larger ) than a lateral 
surface area , AL , of the laterally surrounded portion of the 
semiconductor substrate . By providing a larger lateral sur 
face area for contacting the electrically conductive layer , a 
thinner electrically conductive layer may be deposited for 
forming the alloy material of the vertical electrically con 
ductive structure . 
[ 0104 ] The electrically conductive layer may be formed on 
the semiconductor material layer 414 after forming the 
semiconductor material layer , for example . The contact 
surface area between the electrically conductive layer and 
the semiconductor material layer 414 may be larger ( e . g . at 
least 10 times larger , or e . g . at least 50 times larger , or e . g . 
at least 100 times larger ) than a contact surface area between 
the electrically conductive layer and the lateral surface area , 
AL , of the laterally surrounded portion of the semiconductor 
substrate , if the electrically conductive layer were to contact 
the laterally surrounded portion of the semiconductor sub 
strate directly . Thus , a thickness of the electrically conduc 
tive layer may be proportionately smaller ( e . g . at least 10 
times smaller , or e . g . at least 50 times smaller , or e . g . at least 
100 times smaller than a thickness of the electrically 
conductive layer if it were directly contacting the laterally 
surrounded portion of the semiconductor substrate without 
the semiconductor material layer . 
[ 0105 ] As shown in FIG . 4B , the semiconductor material 
layer may be modified to form an alloy material identical to 
the alloy material of the vertical electrical electrically con 
ductive structure 213 during the modifying of the laterally 
surrounded portion of the semiconductor substrate to form 
the vertical electrically conductive structure 213 , for 
example . 
[ 0106 ] The at least one metal of the electrically conductive 
layer may be incorporated into the semiconductor material 
layer and the laterally surrounded portion of the semicon 
ductor substrate 202 via ( or through ) the semiconductor 
material layer . Additionally , the alloy material of the modi 
fied semiconductor material layer 415 may be formed by the 
mixing ( e . g . melting ) of the semiconductor material layer 
and the at least one metal of the electrically conductive layer 
212 . 
[ 0107 ] Optionally or additionally , the method 400 may 
further include forming an electrically conductive contact 
pad comprising at least part of the modified semiconductor 
material layer 415 . For example , forming the electrically 
conductive contact pad may include structuring the modified 
semiconductor material layer 415 to form the electrically 
conductive contact pad . Thus , the remaining eutectic partner 
collecting layer may be used for pads or for routing . 
10108 ] . More details and aspects are mentioned in connec 
tion with the embodiments described above or below . The 
embodiments shown in FIGS . 4A to 4B may each comprise 
one or more optional additional features corresponding to 
one or more aspects mentioned in connection with the 
proposed concept or one or more embodiments described 
above ( e . g . FIGS . 1A to 3 ) or below ( e . g . FIGS . 5A to 7 ) . 
[ 0109 ] FIGS . 5A and 5B show respectively a top view and 
a side view schematic illustration of at least part of a method 

500 for forming the semiconductor device . The method 500 
may be similar to the methods described in connection with 
FIGS . 1A to 1B , FIGS . 2 A to 2H , FIG . 3 and / or FIGS . 4A 
to 4B . 
[ 0110 ) FIG . 5A shows a top view of at least part of a 
process for forming a first insulation trench structure and a 
second insulation trench structure . 
[ 0111 ] Forming the second insulation trench structure may 
further include forming a second vertical trench 516 extend 
ing into the semiconductor substrate 202 from the first 
surface 203 of the semiconductor substrate 202 . The second 
vertical trench 516 and the first vertical trench 201 ( the 
etched walls ) may be formed during the same process , for 
example . 
[ 0112 ] The second vertical trench 516 may have a ring 
form or a rectangular form in the top view of the semicon 
ductor substrate . For example , the second insulation trench 
structure may enclose or be formed laterally around the first 
insulation trench structure . A second portion 517 of the 
semiconductor substrate ( e . g . a second laterally surrounded 
portion 517 ) may be located laterally between the second 
vertical trench 516 and the first vertical trench 201 . 
[ 0113 ] FIG . 5B shows a side view of at least part of a 
process for forming the second vertical electrically conduc 
tive structure . 
[ 0114 ] The second insulation trench structure 519 may be 
formed by identical processes as the processes for forming 
the first insulation trench structure 208 ( e . g . by filling the 
second vertical trench with insulation material . The second 
insulation trench structure 519 may thus extend into the 
semiconductor substrate from the first surface 203 of the 
semiconductor substrate 202 . 
[ 0115 ] The method 500 may further include modifying the 
second laterally surrounded portion of the semiconductor 
substrate located laterally between the second insulation 
trench structure 519 and the first insulation trench structure 
208 to form a second vertical electrically conductive struc 
ture 518 . For example , the second vertical electrically con 
ductive structure 518 may be formed laterally between the 
first insulation trench structure 208 and the second insulation 
trench structure 519 . Thus , a shielded eutectic via may be 
formed between the first insulation trench structure 208 and 
the second insulation trench structure 519 . The method 500 
may include modifying of the first laterally surrounded 
portion and the second laterally surrounded portion during 
the same process , for example . 
[ 0116 ] FIGS . 6A and 6B show respectively a top view and 
a side view schematic illustration of at least part of a method 
600 for forming the semiconductor device . The method 600 
may be similar to the methods described in connection with 
FIGS . 2A to 2H , FIG . 3 , FIGS . 4A to 4B and / or FIGS . 5A 
to 5B . 
[ 0117 ] More details and aspects are mentioned in connec 
tion with the embodiments described above or below . The 
embodiments shown in FIGS . 5A to 5B may each comprise 
one or more optional additional features corresponding to 
one or more aspects mentioned in connection with the 
proposed concept or one or more embodiments described 
above ( e . g . FIGS . 1A to 4B ) or below ( e . g . FIGS . 6A to 7 ) . 
[ 0118 ] FIG . 6A shows a top view of at least part of a 
process for forming a plurality of vertically electrically 
conductive structures ( e . g . shielded eutectic vias ) . 
[ 0119 ] In method 600 , an insulation trench structure 608 
may be formed such that a plurality of portions 604 of the 
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semiconductor substrate 202 may each be laterally sur 
rounded by portions of the insulation trench structure 608 . 
For example , etched walls ( or vertical trenches may be 
formed such that common sidewalls may be located between 
the vias to be formed . 
[ 0120 ] FIG . 6B shows a side view of at least part of a 
process for forming a plurality of vertical electrically con 
ductive structures . 
[ 0121 ] The plurality of vertically electrically conductive 
structures 213 may be formed by modifying the plurality of 
laterally surrounded portions 604 of the semiconductor 
substrate 202 . The plurality of vertically electrically con 
ductive structures 213 formed may each be laterally sur 
rounded by portions of the insulation trench structure 608 . 
[ 0122 ] The plurality of laterally surrounded portions of the 
semiconductor substrate may have a rectangular ( or square ) 
form in the top view of the semiconductor substrate 202 , for 
example . Alternatively , the plurality of laterally surrounded 
portions of the semiconductor substrate may have a circular 
form in the top view of the semiconductor substrate 202 . The 
common sidewalls may be located between the vias for a 
higher via density , for example . 
[ 0123 ] More details and aspects are mentioned in connec 
tion with the embodiments described above or below . The 
embodiments shown in FIGS . 6A to 6B may each comprise 
one or more optional additional features corresponding to 
one or more aspects mentioned in connection with the 
proposed concept or one or more embodiments described 
above ( e . g . FIGS . 1A to 5B ) or below ( e . g . FIG . 7 ) . 
[ 0124 ] FIG . 7 shows a schematic illustration of a semi 
conductor device 700 . 
[ 0125 ] The semiconductor device 700 comprises a vertical 
electrically conductive structure 213 extending from a first 
surface 203 of a semiconductor substrate 202 to a second 
surface 211 of the semiconductor substrate 202 . 
[ 0126 ] The vertical electrically conductive structure 213 
comprises an alloy material of a metal and a semiconductor 
substrate material of the semiconductor substrate 202 . An 
atomic percentage content of the semiconductor substrate 
material is greater than 30 % of the alloy material . 
[ 01271 Due to the vertical electrically conductive structure 
comprising an alloy material being an alloy of the semicon 
ductor substrate material and at least one metal , the 
mechanical and thermal properties may remain almost 
unchanged compared to the semiconductor substrate mate 
rial of the semiconductor substrate . Thus , thermal stresses or 
mechanical stresses may be reduced . Furthermore , high 
electron mobility may be achieved , thus improving the 
electrical performance of the vertical electrically conductive 
structure compared to thin metal vias , for example . 
[ 0128 ] Optionally or additionally , an atomic percentage 
content of the semiconductor substrate material of the alloy 
material of the vertical electrically conductive structure may 
be greater than 30 % ( or e . g . greater than 50 % , or e . g . greater 
than 80 % ) of the alloy material . 
[ 0129 ] Optionally or additionally , a minimum ( or small 
est ) lateral dimension ( e . g . a width , or e . g . a diameter ) of the 
vertical electrically conductive structure may be at least 500 
nm ( or e . g . may lie between 500 nm and 100 um , or e . g . 
between 1 um and 20 um , or e . g . between 1 um and 10 um ) , 
for example . 
[ 0130 ] Optionally or additionally , a minimum ( or small 
est ) vertical height of the vertical electrically conductive 
structure may be at least 30 um ( or e . g . at least 100 um , or 

e . g . at least 200 um ) , for example . The vertical height of the 
vertical electrically conductive structure may be ( substan 
tially ) equal to a thickness of the semiconductor substrate 
after thinning the semiconductor substrate . In other words , 
the vertical electrically conductive structure may be exposed 
at the first side surface 203 of the semiconductor substrate 
202 and at the second surface 211 of the semiconductor 
substrate 202 . 
[ 0131 ] Optionally or additionally , an insulation material 
may be located between the semiconductor substrate 202 
and the vertical electrically conductive structure 213 . For 
example , the insulation material may have a thickness of at 
least 50 nm ( or e . g . may lie between 50 nm and 10 um , or 
e . g . between 50 nm and 5 um , or e . g . between 1 um and 4 
um ) , for example . Optionally or additionally , the insulation 
material may include ( or may be ) an oxide material such as 
silicon oxide and / or tetraethyl orthosilicate ( TEOS ) . Alter 
natively or optionally , the insulation material may include 
( or may be ) a nitride material such as silicon nitride . 
Optionally , the insulation material may include ( or may be ) 
an oxide of the semiconductor substrate material and / or a 
nitride of the semiconductor substrate material . 
[ 0132 ] The vertical electrically conductive structure 213 
may be one of a plurality of vertical electrically conductive 
structure 213 of the semiconductor device . The ( or each ) 
vertical electrically conductive structure 213 of the semi 
conductor device may be a through silicon via ( TSV ) 
structure extending from the first surface 203 of the semi 
conductor substrate 202 to the second surface 211 of the 
semiconductor substrate 202 . The ( or each ) through silicon 
vias ( TSV ) may be a vertical electrical contact through the 
substrate of an electronic device . They may be used as an 
alternative to wire bonding or flip chip assembly , for 
example . The TSVs may provide the ability for a stacked 
chip assembly , higher contact densities or improved electri 
cal performance due to reduced connector length . They may 
also allow for smaller chips since the area is normally 
smaller than pads for the other bonding techniques . With 
eutectic vias the density of contacts may be increased , the 
electrical performance improved , the costs reduced and the 
reliability issues due to mechanical and / or thermal stress and 
electromigration may be reduced or eliminated . 
[ 0133 ] The semiconductor device 700 may be a central 
processing unit ( CPU ) , a memory , a MEMS device , a 
transmitter or a receiver , for example . For example , the 
semiconductor substrate of the semiconductor device 700 
may be part of a semiconductor chip or die including one or 
more electrical device circuits ( e . g . including at least a 
transistor structure , a diode structure , or a p - n junction ) 
formed at the same semiconductor substrate as the vertical 
electrically conductive structure ( or TSV ) . Optionally , the 
semiconductor chip may be a power semiconductor device 
chip having a breakdown voltage or blocking voltage of 
more than 10V ( or e . g . more than 100 V , or e . g . more than 
500 V ) , for example . 
[ 0134 ] Optionally or alternatively , the semiconductor sub 
strate of the semiconductor device may an interposer sub 
strate without electrical device circuits . Optionally , the semi 
conductor substrate of the semiconductor device may be 
located laterally adjacent to a further semiconductor chip or 
die of the semiconductor device at which one or more 
electrical device structures are formed . 
[ 0135 ] Optionally , the semiconductor device 700 may be 
formed by the method described in connection with FIGS . 
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1A to 1B , FIGS . 2A to 2H , FIG . 3 , FIGS . 4A to 4B , FIGS . 
5A to 5B and / or FIGS . 6A to 6B . Thus , the semiconductor 
device 700 may include one or more or all of the features 
described in connection with the semiconductor device to be 
formed by these methods . 
[ 0136 ] . More details and aspects are mentioned in connec 
tion with the embodiments described above or below . The 
embodiments shown in FIG . 7 may each comprise one or 
more optional additional features corresponding to one or 
more aspects mentioned in connection with the proposed 
concept or one or more embodiments described above ( e . g . 
FIGS . 1A to 6B ) or below . 
[ 0137 ] Various examples relate to eutectic vias . 
[ 0138 ] Aspects and features ( e . g . the semiconductor 
device , the vertical trench , the insulation trench structure , 
the insulation material , the semiconductor substrate , the 
surface of the semiconductor substrate , the laterally sur 
rounded portion of the semiconductor substrate , the alloy 
material , the electrically conductive layer , the mask struc 
ture , the semiconductor material layer , the electrically con 
ductive contact pad , the vertical electrically conductive 
structure and the second insulation trench structure ) men 
tioned in connection with one or more specific examples 
may be combined with one or more of the other examples . 
[ 0139 ] Example embodiments may further provide a com 
puter program having a program code for performing one of 
the above methods , when the computer program is executed 
on a computer or processor . A person of skill in the art would 
readily recognize that acts of various above - described meth 
ods may be performed by programmed computers . Herein , 
some example embodiments are also intended to cover 
program storage devices , e . g . , digital data storage media , 
which are machine or computer readable and encode 
machine - executable or computer - executable programs of 
instructions , wherein the instructions perform some or all of 
the acts of the above - described methods . The program 
storage devices may be , e . g . , digital memories , magnetic 
storage media such as magnetic disks and magnetic tapes , 
hard drives , or optically readable digital data storage media . 
Further example embodiments are also intended to cover 
computers programmed to perform the acts of the above 
described methods or ( field ) programmable logic arrays 
( ( F ) PLAs ) or ( field ) programmable gate arrays ( ( F ) PGAs ) , 
programmed to perform the acts of the above - described 
methods . 
[ 0140 ] The description and drawings merely illustrate the 
principles of the disclosure . It will thus be appreciated that 
those skilled in the art will be able to devise various 
arrangements that , although not explicitly described or 
shown herein , embody the principles of the disclosure and 
are included within its spirit and scope . Furthermore , all 
examples recited herein are principally intended expressly to 
be only for pedagogical purposes to aid the reader in 
understanding the principles of the disclosure and the con 
cepts contributed by the inventor ( s ) to furthering the art , and 
are to be construed as being without limitation to such 
specifically recited examples and conditions . Moreover , all 
statements herein reciting principles , aspects , and embodi 
ments of the disclosure , as well as specific examples thereof , 
are intended to encompass equivalents thereof . 
[ 0141 ] It should be appreciated by those skilled in the art 
that any block diagrams herein represent conceptual views 
of illustrative circuitry embodying the principles of the 
disclosure . Similarly , it will be appreciated that any flow 

charts , flow diagrams , state transition diagrams , pseudo 
code , and the like represent various processes which may be 
substantially represented in computer readable medium and 
so executed by a computer or processor , whether or not such 
computer or processor is explicitly shown . 
[ 0142 ] Furthermore , the following claims are hereby 
incorporated into the Detailed Description , where each 
claim may stand on its own as a separate embodiment . While 
each claim may stand on its own as a separate embodiment , 
it is to be noted that — although a dependent claim may refer 
in the claims to a specific combination with one or more 
other claims - other embodiments may also include a com 
bination of the dependent claim with the subject matter of 
each other dependent or independent claim . Such combina 
tions are proposed herein unless it is stated that a specific 
combination is not intended . Furthermore , it is intended to 
include also features of a claim to any other independent 
claim even if this claim is not directly made dependent to the 
independent claim . 
[ 0143 ] It is further to be noted that methods disclosed in 
the specification or in the claims may be implemented by a 
device having means for performing each of the respective 
acts of these methods . 
0144 ] Further , it is to be understood that the disclosure of 

multiple acts or functions disclosed in the specification or 
claims may not be construed as to be within the specific 
order . Therefore , the disclosure of multiple acts or functions 
will not limit these to a particular order unless such acts or 
functions are not interchangeable for technical reasons . 
Furthermore , in some embodiments a single act may include 
or may be broken into multiple sub acts . Such sub acts may 
be included and part of the disclosure of this single act 
unless explicitly excluded . 
What is claimed is : 
1 . A method for forming a semiconductor device , the 

method comprising : 
forming an insulation trench structure comprising insula 

tion material extending into the semiconductor sub 
strate from a surface of the semiconductor substrate , 
wherein the insulation trench structure laterally sur 
rounds a portion of the semiconductor substrate ; and 

modifying the laterally surrounded portion of the semi 
conductor substrate to form a vertical electrically con 
ductive structure comprising an alloy material , wherein 
the alloy material is an alloy of the semiconductor 
substrate material and at least one metal . 

2 . The method according claim 1 , wherein modifying the 
laterally surrounded portion of the semiconductor substrate 
comprises forming an electrically conductive layer compris 
ing the at least one metal on at least the laterally surrounded 
portion of the semiconductor substrate . 

3 . The method according claim 1 , wherein modifying the 
laterally surrounded portion of the semiconductor substrate 
comprises annealing the semiconductor substrate to form the 
alloy material . 

4 . The method according claim 1 , wherein the at least one 
metal comprises at least one material selected from the 
group of materials comprising gold , aluminum , platinum 
and titanium . 

5 . The method according claim 1 , wherein forming the 
insulation trench structure comprises forming a vertical 
trench extending into the semiconductor substrate from the 
surface of the semiconductor substrate , and forming the 
insulation material in the vertical trench . 
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6 . The method according claim 1 , further comprising 
forming a mask structure on the surface of the semiconduc 
tor substrate , wherein the laterally surrounded portion of the 
semiconductor substrate is unmasked by the mask structure 
during the modifying of the laterally surrounded portion of 
the semiconductor substrate . 

7 . The method according to claim 6 , wherein the mask 
structure comprises an insulation material . 

8 . The method according to claim 2 , further comprising 
forming a semiconductor material layer comprising the 
semiconductor substrate material on at least the laterally 
surrounded portion of the semiconductor substrate , wherein 
the electrically conductive layer is formed on the semicon 
ductor material layer . 

9 . The method according to claim 8 , wherein a lateral 
surface area of the semiconductor material layer is at least 10 
times larger than a lateral surface area of the laterally 
surrounded portion of the semiconductor substrate . 

10 . The method according to claim 8 , wherein the semi 
conductor material layer is modified to form an alloy mate 
rial identical to the alloy material of the vertical electrical 
electrically conductive structure . 

11 . The method according to claim 10 , further comprising 
forming an electrically conductive contact pad comprising at 
least part of the modified semiconductor material layer . 

12 . The method according claim 1 , wherein the insulation 
trench structure has a ring form or a rectangular form in a top 
view of the semiconductor substrate . 

13 . The method according claim 1 , wherein the semicon 
ductor substrate material comprises silicon . 

14 . The method according claim 1 , further comprising 
forming a second insulation trench structure comprising 

insulation material extending into the semiconductor 
substrate from the surface of the semiconductor sub 
strate ; and 

modifying a second portion of the semiconductor sub 
strate located laterally between the second insulation 

trench structure and at least part of the first insulation 
trench structure to form a second vertical electrically 
conductive structure . 

15 . The method according to claim 14 , wherein the second 
insulation trench structure laterally surrounds the first insu 
lation trench structure to form a coaxial signal line . 

16 . The method according claim 14 , further comprising 
forming a third insulation trench structure laterally sur 

rounding the second insulation trench structure to form 
a triaxial signal line . 

17 . A semiconductor device , comprising : 
a vertical electrically conductive structure extending from 

a first surface of a semiconductor substrate to a second 
surface of the semiconductor substrate ; 

wherein the vertical electrically conductive structure 
comprises an alloy material of a metal and a semicon 
ductor substrate material of the semiconductor sub 
strate , 

wherein an atomic percentage content of the semiconduc 
tor substrate material is greater than 30 % of the alloy 
material . 

18 . The semiconductor device according to claim 17 , 
wherein the at least one metal comprises at least one material 
selected from the group of materials comprising gold , alu 
minum , platinum and titanium 

19 . The semiconductor device according to claim 17 , 
wherein an insulation material is located between the semi 
conductor substrate and the vertical electrically conductive 
structure . 

20 . The semiconductor device according to claim 17 , 
wherein a vertical height of the vertical electrically conduc 
tive structure is at least 30 um . 

21 . The semiconductor device according to claim 17 , 
wherein a minimum lateral dimension of the vertical elec 
trically conductive structure is at least 500 nm . 

* * * * * 


