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( 57 ) ABSTRACT 

A semiconductor device includes a semiconductor layer with 
a thickness of at most 50 um . A first metallization structure 
is disposed on a first surface of the semiconductor layer . The 
first metallization structure includes a first copper region 
with a first thickness . A second metallization structure is 
disposed on a second surface of the semiconductor layer 
opposite to the first surface . The second metallization struc 
ture includes a second copper region with a second thick 
ness . The total thickness , which is the sum of the first 
thickness and the second thickness , deviates from the thick 
ness of the semiconductor layer by not more than 20 % and 
a difference between the first thickness and the second 
thickness is not more than 20 % of the total thickness . 
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SEMICONDUCTOR DEVICE WITH 
METALLIZATION STRUCTURE ON 

OPPOSITE SIDES OF A SEMICONDUCTOR 
PORTION 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a divisional of U.S. patent 
application Ser . No. 15 / 804,396 , filed Nov. 6 , 2017 , which 
application claims priority to German Patent Application 
No. 102016122162.7 , filed on Nov. 17 , 2016 , which appli 
cations are hereby incorporated herein by reference . 

TECHNICAL FIELD 

[ 0002 ] The present invention relates generally to semicon 
ductor devices , and , in particular embodiments , to semicon 
ductor device with metallization structure on opposite sides 
of a semiconductor portion . 

first metallization structure including a first copper region 
with a first thickness . A second metallization structure is 
disposed on a second surface of the semiconductor layer , the 
second surface being opposite to the first surface . The 
second metallization structure includes a second copper 
region with a second thickness . The total thickness , which is 
the sum of the first thickness and the second thickness , 
deviates from the thickness of the semiconductor layer by 
not more than 20 % and a difference between the first 
thickness and the second thickness is not more than 20 % of 
the total thickness . A lateral section of the first metallization 
structure of the second semiconductor switching device and 
the second metallization structure of the first semiconductor 
switching device are conductively attached on a mounting 
side of the solder portion of the lead . 
[ 0007 ] The present disclosure also concerns a method of 
manufacturing a semiconductor device , wherein the method 
includes forming a flat semiconductor layer that includes 
device regions of semiconductor devices , wherein a layer 
thickness is at most 50 um . A first metallization structure is 
formed on a process surface of the semiconductor substrate , 
wherein the first metallization structure includes a first 
copper region with a first thickness . A second metallization 
structure is formed on an opposite rear side surface of the 
semiconductor layer , wherein the second metallization 
structure includes a second copper region with a second 
thickness . A total thickness of the first and second thickness 
deviates by not more than 20 % from the layer thickness . A 
difference between the first and second thickness is not more 
than 20 % of the total thickness . 
[ 0008 ] Further embodiments are defined in the dependent 
claims . Those skilled in the art will recognize additional 
features and advantages upon reading the following detailed 
description and on viewing the accompanying drawings . 

BACKGROUND 
[ 0003 ] In vertical power semiconductor devices such as 
power semiconductor diodes and MOSFETs ( metal oxide 
semiconductor field effect transistors ) a load current flows 
from a front side of a semiconductor die to the opposite rear 
side . Typically , a metallization layer on a rear side of power 
semiconductor devices is soldered onto a lead frame and 
wire bonds connect a metallization layer at the front side 
with further leads of a device package . One way to reduce 
the on - state or forward resistance of power semiconductor 
devices is to decrease the distance between the front side and 
the rear side of the semiconductor die . With decreasing 
thickness of the semiconductor die , processing of a semi 
conductor substrate , from which the thin semiconductor dies 
are obtained , gets more complicated as regards handling and 
dicing . In addition , handling of the separated thin semicon 
ductor dies becomes more sophisticated . 
[ 0004 ] There is a need for semiconductor devices and 
methods of manufacturing that at least alleviate issues 
arising from introducing thin semiconductor substrates in 
semiconductor production processes . 

BRIEF DESCRIPTION OF THE DRAWINGS 

SUMMARY 

[ 0005 ] The present disclosure concerns a semiconductor 
device that includes a semiconductor layer with a thickness 
of at most 50 um . A first metallization structure is disposed 
on a first surface of the semiconductor layer . The first 
metallization structure includes a first copper region with a 
first thickness . A second metallization structure is disposed 
on a second surface of the semiconductor layer opposite to 
the first surface . The second metallization structure includes 
a second copper region with a second thickness . The total 
thickness , which is the sum of the first thickness and the 
second thickness , deviates from the thickness of the semi 
conductor layer by not more than 20 % and a difference 
between the first thickness and the second thickness is not 
more than 20 % of the total thickness . 
[ 0006 ] The present disclosure further concerns a semicon 
ductor switching assembly that includes a lead frame includ 
ing a lead with a planar solder portion . Each of a first 
semiconductor switching device and a second semiconduc 
tor switching device includes a semiconductor layer with a 
thickness of at most 50 um . A first metallization structure is 
disposed on a first surface of the semiconductor layer , the 

[ 0009 ] The accompanying drawings are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a art of this specification . The 
drawings illustrate embodiments of the present invention 
and together with the description serve to explain principles 
of the invention . Other embodiments of the invention and 
intended advantages will be readily appreciated as they 
become better understood by reference to the following 
detailed description . 
[ 0010 ] FIG . 1 is a schematic vertical cross - sectional view 
of a portion of a semiconductor device with a first metalli 
zation structure and a second metallization structure on 
opposite sides and a total copper thickness within the range 
of the thickness of the semiconductor layer according to an 
embodiment . 
[ 0011 ] FIG . 2A is a schematic vertical cross - sectional 
view of a portion of a semiconductor device according to an 
embodiment concerning a power semiconductor diode . 
[ 0012 ] FIG . 2B is a schematic vertical cross - sectional 
view of a portion of a semiconductor device according to an 
embodiment concerning an IGFET ( insulated gate field 
effect transistor ) . 
[ 0013 ] FIG . 3A is a schematic plan view of an IGFET 
according to an embodiment with the first metallization 
structure including a first load electrode and a control 
electrode including a gate pad and gate finger . 
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[ 0014 ] FIG . 3B is a schematic vertical cross - sectional 
view of the semiconductor device of FIG . 3A along line 
B - C - D . 
[ 0015 ] FIG . 4 is a schematic vertical cross - sectional view 
of a semiconductor switching assembly according to an 
embodiment concerning a half - bridge circuit in a thin small 
outline package . 
[ 0016 ] FIG . 5A is a schematic vertical cross - sectional 
view of a portion of a semiconductor substrate for illustrat 
ing a method of manufacturing semiconductor devices 
according to an embodiment , after forming a first metalli 
zation structure at the front side . 
[ 0017 ] FIG . 5B is a schematic vertical cross - sectional 
view of the semiconductor substrate portion of FIG . 5A , 
after applying a carrier member at the front side and thinning 
the semiconductor substrate from the back . 
[ 0018 ] FIG . 5C is a schematic vertical cross - sectional 
view of the semiconductor substrate portion of FIG . 5B , 
after forming a second metallization layer and a mask layer 
at the rear side . 
[ 0019 ] FIG . 5D is a schematic vertical cross - sectional 
view of the semiconductor substrate portion of FIG . 5C , 
after forming a wet etch mask from the mask layer . 
[ 0020 ] FIG . 5E is a schematic vertical cross - sectional 
view of the semiconductor substrate portion of FIG . 5D , 
after patterning the second metallization layer . 
[ 0021 ] FIG . 5F is a schematic vertical cross - sectional view 
of semiconductor devices obtained by dicing the semicon 
ductor substrate portion of FIG . 5E . 

elements that are controllable to temporarily provide a 
low - ohmic connection in a first state and a high - ohmic 
electric decoupling in a second state . 
[ 0025 ] The Figures illustrate relative doping concentra 
tions by indicating or “ + ” next to the doping type “ n ” or 
“ p ” . For example , “ n- ” means a doping concentration which 
is lower than the doping concentration of an “ n ” -doping 
region while an “ n + ” - doping region has a higher doping 
concentration than an “ n ” -doping region . Doping regions of 
the same relative doping concentration do not necessarily 
have the same absolute doping concentration . For example , 
two different “ n ” -doping regions may have the same or 
different absolute doping concentrations . 
[ 0026 ] FIG . 1 shows a semiconductor device 500 includ 
ing a semiconductor layer 100 of a crystalline semiconduc 
tor material such as silicon ( Si ) , germanium ( Ge ) , silicon 
germanium ( SiGe ) , silicon carbide ( SiC ) or any AJBy 
semiconductor . A first surface 101 at the front side of the 
semiconductor layer 100 is planar or includes planar surface 
sections . A second surface 102 of the semiconductor layer 
100 opposite to the first surface 101 is parallel to the first 
surface 101 and mainly planar . 
[ 0027 ] Directions parallel to the first surface 101 are 
horizontal directions . A normal to the first surface 101 
defines a vertical direction . A horizontal cross - sectional area 
of the semiconductor layer 100 may be in a range from 0.5 
mm² to 2 cm² , e.g. , in a range from 1 mm² to 1 cm² . A die 
thickness v0 from the first surface 101 to the second surface 
102 is at most 50 um , for example in a range from 10 um to 
40 um . DETAILED DESCRIPTION OF ILLUSTRATIVE 

EMBODIMENTS 

[ 0022 ] In the following detailed description , reference is 
made to the accompanying drawings , which form a part 
hereof and in which are shown by way of illustrations 
specific embodiments in which the invention may be prac 
ticed . It is to be understood that other embodiments may be 
utilized and structural or logical changes may be made 
without departing from the scope of the present invention . 
For example , features illustrated or described for one 
embodiment can be used on or in conjunction with other 
embodiments to yield yet a further embodiment . It is 
intended that the present invention includes such modifica 
tions and variations . The examples are described using 
specific language , which should not be construed as limiting 
the scope of the appending claims . The drawings are not 
scaled and are for illustrative purposes only . Corresponding 
elements are designated by the same reference signs in the 
different drawings if not stated otherwise . 
[ 0023 ] The terms “ having ” , “ containing ” , “ including ” , 
" comprising ” and the like are open , and the terms indicate 
the presence of stated structures , elements or features but do 
not preclude the presence of additional elements or features . 
The articles " a " , " an " and " the " are intended to include the 
plural as well as the singular , unless the context clearly 
indicates otherwise . 
[ 0024 ] The term “ electrically connected ” describes a per 
manent low - ohmic connection between electrically con 
nected elements , for example , a direct contact between the 
concerned elements or a low - ohmic connection through a 
metal and / or a heavily doped semiconductor . The term 
“ electrically coupled ” includes that one or more intervening 
element ( s ) adapted for signal transmission may be provided 
between the electrically coupled elements , for example , 

[ 0028 ] The semiconductor device 500 is a power semi 
conductor device with a vertical on - state or forward current 
flowing from the first surface 101 to the second surface 102 
or vice versa . For example , the semiconductor device 500 is 
a power semiconductor diode , an IGFET , an IGBT ( insu 
lated gate bipolar transistor ) , a thyristor or a semiconductor 
device including both a HV ( high voltage ) section including 
a vertical power semiconductor diode or an IGFET and an 
LV ( low voltage ) circuit including , e.g. , a short - circuit 
detection circuit or a temperature control circuit . 
[ 0029 ] The semiconductor layer 100 includes doped 
regions that form at least one horizontal pn junction . Further , 
heavily doped regions form ohmic contacts with a first 
metallization structure 410 at a front side and a second 
metallization structure 420 on the back . In addition to doped 
regions , the semiconductor layer 100 may include further 
insulating and conductive structures , for example gate elec 
trodes , gate dielectrics , field electrodes , field dielectrics and 
compensation structures in a central device region as well as 
termination structures in a peripheral device region . 
[ 0030 ] The first metallization structure 410 at the front 
side includes a first copper region 418 and a first interme 
diate portion 415 sandwiched between the first copper 
region 418 and the semiconductor layer 100 . 
[ 0031 ] The first copper region 418 is mainly from copper . 
For example , copper is the only main constituent and a 
content of impurities is less than 5 % , for example , less than 
1 % . The first copper region 418 has a first thickness v1 and 
may include a sputtered copper seed layer and an electro 
plated copper layer , or may consist of a sputtered copper 
layer . 
[ 0032 ] The first intermediate portion 415 may include a 
metal portion and a dielectric portion electrically separating 
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TABLE II 

74 Av ( v1 , v2 ) min ( v1 , v2 ) max 

16 
20 
24 

3.2 
4.0 
4.8 

6.4 
8.0 

10.6 

9.6 
12.0 
14.4 

TABLE III 

v4 Av ( v1 , v2 ) min ( v1 , v2 ) max 
8 

10 
12 

1.6 
2.0 
2.4 

3.2 
4.0 
4.8 

5.6 
6.0 
7.2 

different metal portions from each other and / or from con 
ductive structures in the semiconductor layer 100 . 
[ 0033 ] For example , in case the semiconductor device 500 
includes transistor cells , the first intermediate portion 415 
may include an interlayer dielectric separating the metal 
portion from gate electrodes of the transistor cells . 
[ 0034 ] The metal portion of the first intermediate portion 
415 may have a layered structure including layers of differ 
ent conductive materials , e.g. , diffusion barrier liners like 
copper diffusion barriers , stress relaxing layers and / or adhe 
sion layers . 
[ 0035 ] The second metallization structure 420 includes a 
second copper region 428 and a second intermediate portion 
425 sandwiched between the second surface 102 and the 
second copper region 428 . 
[ 0036 ] The second copper region 428 is mainly from 
copper . For example , copper is the only main constituent and 
a content of impurities is less than 5 % , for example less than 
1 % . The second copper region 428 has a second thickness v2 
and may include a sputtered copper seed layer and an 
electroplated layer or may consist of a sputtered copper 
layer . 
[ 0037 ] The second intermediate portion 425 includes a 
barrier layer preventing copper atoms to diffuse from the 
second copper region 428 into the semiconductor layer 100 . 
In addition , the second intermediate portion 425 may 
include stress - relieving layers and / or adhesion layers . For 
example , the second intermediate portion 425 may include 
a barrier layer from titanium , a layer from nickel or nickel 
vanadium NiV directly adjoining the barrier layer and a 
layer of silver and / or gold between the layer of nickel and 
the second copper region 428. The second intermediate 
portion 425 may further include a ductile layer , for example , 
from aluminum Al to reduce thermal - mechanical stress . The 
ductile layer may be sandwiched between the semiconductor 
layer 100 and the barrier layer , by way of example . 
[ 0038 ] A total thickness v4 of both copper regions 418 , 
428 given by the sum of the first thickness v1 and the second 
thickness v2 deviates by not more than 20 % , for example , by 
not more than 10 % from the die thickness v0 . A difference 
Av between the first thickness v1 and the second thickness 
V2 is not more than 20 % , for example , not more than 10 % 
of the total thickness v4 . 

[ 0039 ] For a die thickness v0 = 50 um , the total thickness 
v4 is in a range from 40 m to 60 um . For v4 = 40 um , Av is 
at most 8 um and both the first thickness v1 and the second 
thickness v2 are in a range from 16 um to 24 um . Table I 
summarizes the ranges for v1 and v2 for a die thickness 

[ 0041 ] The comparatively thick metallization at the front 
and at the rear side mechanically stabilizes a semiconductor 
substrate from which the semiconductor device 500 is 
obtained during manufacturing processes . Since the domi 
nating copper regions are symmetrically formed at opposite 
sides of the semiconductor layer 100 , thermo - mechanical 
stress is induced symmetrically into the semiconductor layer 
100 such that the semiconductor layer 100 does not deform 
and probability for that thermo - mechanical stress results in 
crystal damage is drastically reduced . For example , the 
symmetric metallization at the front side and on the rear 
compensates stress induced during soldering the semicon 
ductor device on a metallic substrate carrier or lead frame . 
Due to the symmetric metallization at the front side and on 
the back , the process window for soldering the semiconduc 
tor device with the rear side down is the same as the process 
window for soldering the semiconductor device with the 
front side down . In both cases , a liquid adhesive or liquid 
solder squeezed out along the edge of the semiconductor 
dies can creep up the same distance before reaching the outer 
surface of the semiconductor layer 100. The increased 
mechanical stability of the semiconductor device also results 
in a wider process window for a wire bonding process 
connecting the concerned metallization layers with leads , 
because the bond wires can be attached at a higher pressure 
to the metallization structures . The increased mechanical 
stability of the semiconductor device also enlarges a process 
window for pick - up processes picking the semiconductor 
device from pick - up tapes . 
[ 0042 ] FIG . 2A shows details of a semiconductor device 
500 according to the embodiments by hands of a semicon 
ductor diode 501 , wherein the illustrated portion shows a 
lateral outer surface 103 connecting the first and second 
surfaces 102. The lateral outer surface 103 may be approxi 
mately vertical . 
[ 0043 ] The semiconductor layer 100 includes a p - type 
anode / body well 120 extending in a central device region 
611 from the first surface 101 into the semiconductor layer 
100. The anode / body well 120 forms a first pn junction pn1 
with a cathode / drain structure 130 that may include , inter 
alia , a heavily doped contact layer 139 along the second 
surface 102 and a lightly doped drift zone 131 between the 
anode / body well 120 and the heavily doped contact layer 
139. The anode / body well 120 is absent in a peripheral 
device region 619 between the central device region 611 and 
the lateral outer surface 103 . 
[ 0044 ] At the front side , a first intermediate portion 415 of 
a first metallization structure 410 may include a barrier liner 
411 directly adjoining the anode / body well 120 in the central 

v0 = 50 um . 

TABLE I 

V4 ?v ( v1 , v2 ) min ( v1 , v2 ) max 
40 
50 
60 

8 
10 
12 

16 
20 
24 

24 
30 
36 

[ 0040 ] Table II refers to a die thickness v0 = 20 um and 
table III to a die thickness vo = 10 um . 
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device region 611. The first intermediate portion 415 may 
include one or more further layers , for example a layer of an 
aluminum copper alloy . The first intermediate portion 415 
may be defined by an etching process that uses one litho 
graphic mask for etching all layers of the first intermediate 
portion 415 such that within the central device region 611 
the first intermediate portion 415 is a system of horizontal 
layers , whereas the first intermediate portion 415 is absent in 
the peripheral device region 619 . 
[ 0045 ] A passivation layer 220 of a dielectric material may 
selectively cover the sidewalls of the first intermediate 
portion 415 as well as portions of the first surface 101 of the 
semiconductor layer 100 between the first intermediate 
portion 415 and the lateral outer surface 103 . 
[ 0046 ] A first copper region 418 of the first metallization 
structure 410 may include a main portion from electroplated 
copper and a seed layer 418a from copper sandwiched 
between the first intermediate portion 415 and the main 
portion . According to other embodiments , the first copper 
region 418 is completely formed from sputtered copper . 
[ 0047 ] On the back the second metallization structure 420 
includes a second intermediate portion 425 , e.g. , a sputtered 
barrier layer from titanium . The second copper region 428 
may include a copper seed layer 428a from copper directly 
adjoining the second intermediate portion 425 and a main 
portion electroplated on the copper seed layer 428a . Accord 
ing to other embodiments , the second copper region 428 is 
completely sputtered onto the second intermediate portion 
425 that consists of or that includes the barrier layer . An 
outer edge of the second metallization stru ure 420 may be 
spaced from the vertical projection of the lateral outer 
surface 103 . 

[ 0048 ] For further details as regards the first thickness v1 
of the first metallization structure 410 , the die thickness vo 
of the semiconductor layer 100 and the second thickness v2 
of the second metallization structure 420 , reference is made 
to the description of FIG . 1 . 
[ 0049 ] FIG . 2B shows details of a semiconductor device 
according to the embodiments by hands of a cross - sectional 
view of an IGFET 502 with a plurality of transistor cells TC 
electrically connected in parallel to each other . 
[ 0050 ] The semiconductor layer 100 may include trench 
structures 150 extending from the first surface 101 through 
the anode / body well 120 into the drift zone 131. In a first 
portion the trench structures 150 include a conductive field 
electrode 165 and a field dielectric 161 separating the field 
electrode 165 from the surrounding semiconductor material 
of the semiconductor layer 100. Between the first surface 
101 and the field electrode 165 , the trench structures 150 
include a conductive gate electrode 155 and a gate dielectric 
151 electrically separating the gate electrode 155 from the 
anode / body well 120. A separation dielectric 156 separates 
the gate electrode 155 from the field electrode 165 within the 
trench structures 150. The gate dielectric 151 is thinner than 
the field dielectric 161. Each of the gate dielectric 151 and 
the field dielectric 161 may consist of silicon oxide , for 
example thermally grown silicon oxide or may include 
layers of two or more different dielectric materials such as 
silicon nitride , silicon oxynitride and deposited silicon 
oxide . 
[ 0051 ] The anode / body well 120 forms body zones of 
transistor cells between neighboring ones of the trench 
structures 150 in a central device region 611 . 

[ 0052 ] The trench structures 150 may be stripe - shaped 
with a longitudinal extension perpendicular to the cross 
sectional plane exceeding significantly , for example , at least 
ten times a lateral extension parallel to the cross - sectional 
plane . According to other embodiments , first trench struc 
tures form needle - shaped field plate structures extending 
from the first surface 101 into the drift zone 131 and second 
trench structures form a trench gate structure extending from 
the first surface 101 into the semiconductor layer 100 , 
wherein the trench gate structure forms a grid embedding in 
each mesh one of the field plate structures . 
[ 0053 ] A source well 110 may extend from the first surface 
101 into the anode / body well 120 and forms second pn 
junctions pn2 with the anode / body well 120. In addition , a 
field stop layer 138 with a dopant concentration higher than 
in the drift zone 131 by at least one order of magnitude and 
lower than in the contact layer 139 by at least one order of 
magnitude may be sandwiched between the drift zone 131 
and the contact layer 139 . 
[ 0054 ] The first intermediate portion 415 includes an 
interlayer dielectric 210 separating conductive portions of 
the first intermediate portion 415 from the gate electrode 
155. The interlayer dielectric 210 includes one or more 
layers of dielectric materials such as thermally grown silicon 
oxide , silicon nitride , silicon oxynitride , deposited silicon 
oxide formed from TEOS ( tetraethylorthosilicate ) or a sili 
cate glass . Contact structures 315 extend from a layered 
conductive portion of the first intermediate portion 415 
through openings in the interlayer dielectric 210 to a first 
surface 101 or through the source well 110 into the anode / 
body well 120 . 
[ 0055 ] The first intermediate portion 415 includes a barrier 
liner 411 that contains at least one of titanium , titanium 
nitride , tantalum and tantalum nitride , wherein the barrier 
liner 411 lines contact trenches in the semiconductor layer 
100 , lines the openings in the interlayer dielectric 210 and 
may cover horizontal portions of the interlayer dielectric 
210. A contact fill portion 412 from or including sputtered 
tungsten covers horizontal portions of the barrier liner 411 
and fills at least the narrow portions of the contact structures 
315. An alloy layer 413 , for example an alloy from alumi 
num and copper or an alloy of aluminum , copper and silicon 
covers the contact fill portion 412. An adhesion layer 414 
that may contain titanium , tungsten or a combination of 
titanium and tungsten may be formed between the first 
copper region 418 and the alloy layer 413. As regards further 
details , reference is made to the description of FIGS . 1 and 
2A . 
[ 0056 ] The second metallization structure 420 includes a 
barrier layer 421 , which is not permeable for copper atoms , 
from e.g. , sputtered titanium . 
[ 0057 ] FIGS . 3A and 3B refer to an IGFET 502 with the 
first metallization structure 410 including a first load elec 
trode 310 and a control electrode 330 electrically separated 
from the first load electrode 310 , wherein the first load 
electrode 310 and the control electrode 330 have the same 
layer configuration . 
[ 0058 ] The semiconductor layer 100 may include transis 
tor cells TC along trench structures 150 as shown in FIG . 
2B , wherein the trench structures 150 extend in a first 
horizontal direction . A gate finger 332 with the layer con 
figuration of the first intermediate portion 415 extends in a 
second horizontal direction intersecting , e.g. , orthogonally , 
the first horizontal direction and the trench structure 150 . 
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Gate contact structures extending through the interlayer 
dielectric 210 of FIG . 2D electrically connect the gate 
electrode 155 in the trench structures 150 with the gate 
finger 332 and a gate pad 331. The gate pad 331 may be 
situated along one edge or in a corner of the IGFET 502 . 
[ 0059 ] A first lateral section of the conductive portions of 
the first intermediate portion 415 is electrically connected to 
the source well 110 and the anode / body well 120 as illus 
trated in FIG . 2B . A second lateral section of the conductive 
portions of the first intermediate portion 415 forms the gate 
finger 332 and the gate pad 331 . 
[ 0060 ] Portions of the passivation layer 220 that cover 
vertical sidewalls of the first intermediate portion 415 fill 
and cover gaps between the first lateral section of the first 
intermediate portion 415 electrically connected to the source 
well 110 and the second lateral section of the first interme 
diate portion 415 electrically connected to the gate elec 
trodes 155. A further passivation layer 230 may fill a gap 
between a first lateral section of the first copper region 418 , 
which forms a first load electrode 310 , and a second lateral 
section of the first copper region 418 , which forms the 
control electrode 330. The further passivation layer 230 may 
be from epoxy or polyimide , by way of example . 
[ 0061 ] The second metallization structure 420 forms a 
second load electrode 320 and may include an auxiliary 
layer 429 covering the second copper region 428. The 
auxiliary layer 429 may be an anti - oxidation layer from 
silver or a soldering support layer , e.g. , from tin . 
[ 0062 ] FIG . 4 schematically shows a semiconductor 
switching assembly 590 in a thin small outline package 700 . 
The package 700 includes a lead frame 710 with several 
electrically separated leads 711 , 712 , 713 , 714. Solder 
portions of the leads 711 , 712 , 713 , 714 are coplanar . 
[ 0063 ] A first semiconductor switching device 502a is 
soldered with the rear side down onto a first lead 711 such 
that a second load electrode 320 is electrically connected to 
the first lead 711 by soldering . A second semiconductor 
switching device 502b is soldered top side down onto the 
first lead 711 such that the first load electrode 310 is soldered 
onto the first lead 711. The control electrode 330 may be 
soldered onto a second lead 712 separated from the first lead 
711. The first load electrode 310 and the control electrode 
330 of the first semiconductor switching device 502a as well 
as the second load electrode 320 of the second semiconduc 
tor switching device 502b may be wire - bonded to further 
leads 713 , 714. The first and second semiconductor switch 
ing devices 502a , 502b may be electrically connected in a 
half - bridge configuration with both load paths electrically 
connected in series . 
[ 0064 ] Since both the first load electrode 310 of the second 
semiconductor switching device 502b and the second load 
electrode 320 of the first semiconductor switching device 
502a have the same , comparatively thick vertical extension , 
the same solder process with the same relaxed process 
window can be applied to both semiconductor switching 
devices 502a , 502b . In both cases , the solder may creep 
several micrometers up along the sidewalls of the semicon 
ductor device without getting into contact with the lateral 
outer surface 103 of the semiconductor layer 100. In addi 
tion to the first and second semiconductor switching devices 
502a , 502b , the package 700 may include further semicon 
ductor devices , for example a gate driver circuit for con 

trolling signals applied to the control electrodes 330 of the 
first and second semiconductor switching devices 502a , 
502b . 
[ 0065 ] FIGS . 5A to 5F concern the manufacture of semi 
conductor devices with thick front and rear side metalliza 
tion structures . 
[ 006 ] Semiconducting regions , for example anode / body 
wells 120 forming the anode layers of semiconductor diodes 
or the body zones of transistor cells TC of IGFETs or IGBTs 
are formed at a front side defined by a front surface 101a of 
the semiconductor layer 100a in device regions 610 , 
wherein the device regions 610 are arranged in a matrix of 
orthogonal lines and columns in a horizontal plane and 
wherein a kerf region 690 separates neighboring device 
regions 610 from each other . The kerf region 690 forms a 
grid , wherein one device region 610 is assigned to each 
mesh of the grid . Insulating and conductive structures , for 
example , planar gate structures or trench structures includ 
ing gate structures and / or field plate structures may be 
formed in each device region 610. A first metallization 
structure 410 that is electrically connected to the anode / body 
well 120 is formed in each device region 610 . 
[ 0067 ] FIG . 5A shows a semiconductor substrate 500a 
including a semiconductor layer 100a with p - type anode / 
body wells 120 as a pars - pro - toto example of a semicon 
ducting structure for a device region 610 , wherein the 
anode / body well 120 may be the anode layer of a power 
semiconductor diode or may form the body zones of a 
transistor cell array that further includes n - type source 
regions between a front surface 101a of the semiconductor 
layer 100a and the anode / body well 120 . 
[ 0068 ] The first metallization structures 410 include a 
copper region with a thickness in a range from 5 um to 30 
um , for example in a range from 8 um to 20 um . According 
to an embodiment , the copper region of the first metalliza 
tion structure 410 has a thickness of about 10 um . 
[ 0069 ] A stiff carrier member 810 , e.g. , a grinding tape 
may be reversibly attached at the front side of the semicon 
ductor substrate 500a , for example , by adhesion on the first 
metallization structures 410. The semiconductor layer 100 
may be thinned , for example by a splitting process using a 
porous layer or by a grinding process that starts from the 
back of the semiconductor layer 100a . For example a 
grinding wheel grinds the semiconductor layer 100a starting 
from a support surface 102a opposite to the front surface 
101a . 
[ 0070 ] FIG . 5B shows the carrier member 810 , that may 
be a rigid , non - stretching film , for example a temporary 
bonding adhesive tape including a PET - LCP ( polyethylen 
terephthalat - liquid crystal polymer ) base film 812 and a 
radiation / thermal release adhesive film 811 for reversibly 
adhering the base film 812 to the first metallization struc 
tures 410. After thinning , a layer thickness v10 of the 
semiconductor layer 100a is at most 50 um , e.g. , in a range 
from 10 um to 40 um . 
[ 0071 ] The semiconductor layer 100a may be processed 
from the side of the grinded surface 102b . For example 
implants may form at least a heavily doped contact layer 139 
and / or a less heavily doped field stop layer as described 
above . A second metallization layer 420a is deposited on the 
grinded surface 102b and a mask layer 840a is deposited on 
the second metallization layer 420a . 
[ 0072 ] FIG . 5C shows the second metallization layer 
420a . The second metallization layer 420a is a layer system 
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including a barrier layer suitable for suppressing diffusion of 
copper atoms and a copper region with a thickness deviating 
by not more than 20 % from a thickness of a copper region 
of the first metallization structure 410. The total thickness of 
the copper region of the second metallization layer 420a and 
the copper region of the first metallization structure 410 
deviates by not more than 20 % from the layer thickness v10 . 
The mask layer 840a may be a resist film or may be a 
combination of a resist film and a hard mask layer between 
the resist film and the second metallization layer 420a . 
[ 0073 ] A lithography process uses a reticle and a photo 
lithography process to form a wet etch mask 840 from the 
mask layer 840a of FIG . 5C . During the lithography process , 
the composite of semiconductor substrate 500a and carrier 
member 810 lies upside down and information about the 
position of alignment marks formed at the front side is 
transferred to the side exposed in the photolithography 
process by a reflective optical system . 
[ 0074 ] FIG . 5D shows the wet etch mask 840 formed from 
the wet etch mask layer 840 of FIG . 5C , wherein mask 
openings 841 in the wet etch mask 840 are aligned to the kerf 
regions 690. A width w2 of the mask openings 841 may be 
greater than a width wl of the stripes of the kerf region 690 . 
[ 0075 ] Using the wet etch mask 840 , the second metalli 
zation layer 420a is separated into isolated second metalli 
zation structures 420. Gaps between neighboring second 
metallization structures 420 are in the vertical projection of 
the gaps between neighboring first metallization structures 
410 as illustrated in FIG . 5E . The wet etch mask 840 may be 
removed . 
[ 0076 ] A sawing frame may be attached to the second 
metallization structures 420. The carrier member 810 may 
be removed and a dicing process , for example , mechanical 
sawing , laser dicing or anisotropic etching dices the semi 
conductor layer 100a along dicing streets within the kerf 
region 690 . 
[ 0077 ] FIG . 5F shows a number of semiconductor devices 
500 with obtained from the semiconductor substrate 500a of 
FIG . 5E attached on a sawing tape 820 , wherein semicon 
ductor layers 100 of the semiconductor devices 500 are 
obtained from the semiconductor layer 100a of FIG . 5F . 
[ 0078 ] Although specific embodiments have been illus 
trated and described herein , it will be appreciated by those 
of ordinary skill in the art that a variety of alternate and / or 
equivalent implementations may be substituted for the spe 
cific embodiments shown and described without departing 
from the scope of the present invention . This application is 
intended to cover any adaptations or variations of the 
specific embodiments discussed herein . Therefore , it is 
intended that this invention be limited only by the claims and 
the equivalents thereof . 
What is claimed is : 
1. A method of manufacturing semiconductor devices , the 

method comprising : 
forming a semiconductor layer comprising device regions 

of semiconductor devices , wherein a layer thickness of 
the semiconductor layer is at most 50 um ; 

forming a first metallization structure on a first surface of 
the semiconductor layer , the first metallization struc 
ture comprising a first copper region with a first thick 
ness ; 

thinning a second surface of the semiconductor layer to 
expose a third surface , the second surface being oppo 
site the first surface ; and 

forming a second metallization structure on the third 
surface of the semiconductor layer , wherein the second 
metallization structure comprises a second copper 
region with a second thickness , 

wherein a total thickness , which is a sum of the first 
thickness and the second thickness , deviates from the 
semiconductor layer thickness by not more than 20 % 
and a difference between the first thickness and the 
second thickness is not more than 20 % of the total 
thickness . 

2. The method of claim 1 , wherein 
forming the second metallization structure comprises : 

forming a wet etch mask on the second metallization 
layer , wherein mask openings in the wet etch mask 
selectively expose portions of the second metalliza 
tion layer in a vertical projection of kerf regions of 
the semiconductor layer , and 

removing exposed portions of the second metallization 
layer to form separated second metallization struc 
tures . 

3. The method of claim 2 , further comprising : 
dicing the semiconductor layer along the kerf regions and 
between separated second metallization structures . 

4. The method of claim 2 , wherein 
a reticle for defining the mask openings is adjusted by 

using an optical signal obtained from an alignment 
mark at a side defined by the first surface by a reflective 
optical system . 

5. The method of claim 1 , wherein the thickness of the 
semiconductor layer is in a range from 10 um to 40 um . 

6. The method of claim 1 , wherein the total thickness 
deviates from the semiconductor layer thickness by not more 
than 10 % . 

7. The method of claim 1 , wherein the difference between 
the first thickness and the second thickness is not more than 
10 % of the total thickness . 
8. The method of claim 1 , wherein the first thickness is in 

a range from 3.2 um to 7.2 um for a semiconductor layer 
having a thickness in a range from 8 um to 12 um , in a range 
from 6.4 um to 14.4 um for a semiconductor layer having a 
thickness in range from 16 um to 24 um , or in a range from 
16 um to 36 um for a semiconductor layer having a thickness 
in range from 40 um to 60 um . 

9. The method of claim 1 , wherein the second thickness 
is in a range from 3.2 um to 7.2 um for a semiconductor layer 
having a thickness in a range from 8 um to 12 um , in a range 
from 6.4 um to 14.4 um for a semiconductor layer having a 
thickness in a range from 16 um to 24 um , or in a range from 
16 um to 36 um for a semiconductor layer having a thickness 
in a range from 40 um to 60 um . 

10. The method of claim 1 , wherein the total thickness is 
in a range from 8 um to 60 um . 

11. A method of manufacturing semiconductor devices , 
the method comprising : 

forming a semiconductor layer comprising device regions 
of semiconductor devices , wherein a layer thickness of 
the semiconductor layer is at most 50 um ; 

forming a first metallization structure on a first surface of 
the semiconductor layer , the first metallization struc 
ture comprising a first copper region with a first thick 
ness ; and 

forming a second metallization structure on the second 
surface of the semiconductor layer , wherein the second 
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metallization structure comprises a second copper 
region with a second thickness , 

wherein a total thickness , which is a sum of the first 
thickness and the second thickness , deviates from the 
semiconductor layer thickness by not more than 20 % 
and a difference between the first thickness and the 
second thickness is not more than 20 % of the total 
thickness . 

12. The method of claim 11 , further comprising forming 
an intermediate layer between the first metallization struc 
ture and the semiconductor layer . 

13. The method of claim 12 , wherein forming the inter 
mediate layer comprises forming a barrier layer . 

14. The method of claim 11 , further comprising forming 
an intermediate layer between the second metallization 
structure and the semiconductor layer . 

15. The method of claim 14 , wherein forming the inter 
mediate layer comprises forming a barrier layer . 

16. A method of manufacturing a semiconductor device , 
the method comprising : 

forming a semiconductor layer comprising device regions 
of the semiconductor device , wherein a layer thickness 
of the semiconductor layer is at most 50 um ; 

forming a first metallization structure on a first surface of 
the semiconductor layer , the first metallization struc 
ture comprising a first copper region with a first thick 

forming a second metallization structure on the second 
surface of the semiconductor layer , wherein the second 
metallization structure comprises a second copper 
region with a second thickness , 

wherein the first and second thicknesses are substantially 
equal , wherein a total thickness , which is a sum of the 
first thickness and the second thickness , is greater than 
half of the layer thickness of the semiconductor layer , 
and wherein thermo - mechanical stress during soldering 
of the semiconductor devices is induced symmetrically 
into the semiconductor layer . 

17. The method of claim 16 , wherein the first metalliza 
tion structure and the second metallization structure com 
prise different lateral dimensions . 

18. The method of claim 16 , wherein the first metalliza 
tion structure comprises a sidewall that does not extend into 
a peripheral device region of the semiconductor device , and 
wherein the second metallization structure comprises a 
sidewall that extends into the peripheral region of the 
semiconductor device . 

19. The method of claim 18 , further comprising forming 
a well in the semiconductor layer whose lateral dimensions 
define a boundary between a core region and the peripheral 
region of the semiconductor device . 

20. The method of claim 19 , further comprising forming 
a passivation layer on a surface of the semiconductor layer 
not in contact with the first metallization structure . 

ness ; and 


