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(57) ABSTRACT 

The invention relates to a semiconductor circuit arrangement 
having a semiconductor substrate, a ?rst doping region, a 
second doping region, a connection doping region, an insu 
lation layer and an electrically conductive structure Which is 
to be planariZed, it being possible for the charge carriers 
formed during a planariZation step to be reliably dissipated, 
and for dendrite formation to be prevented, by a discharge 
doping region formed in the ?rst and second doping regions. 
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SOLID-STATE CIRCUIT ASSEMBLY 

RELATED APPLICATIONS 

[0001] The present patent document is a continuation of 
PCT Application Serial No. PCT/DE03/03934, ?led Nov. 
27, 2003, designating the United States and published in 
German, and German Application Serial No. 102 57 682.3 
?led Dec. 10, 2002, both of Which are hereby incorporated 
by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
circuit arrangement and in particular to a semiconductor 
circuit arrangement for preventing the formation of den 
drites during a planariZation step. 

BACKGROUND 

[0003] Ever higher integration densities are being sought 
after in integrated semiconductor circuits, leading to reduced 
feature siZes in the semiconductor material and in particular 
to reduced feature Widths of the electrically conductive 
structures. Where these electrically conductive structures 
have hitherto preferably been deposited by means of alumi 
num layers in corresponding Wiring levels to produce inter 
connects and then patterned by photolithography, conven 
tional methods of this nature can no longer be used for 
current and future interconnect structures on account of the 
limited scalability and insuf?cient migration properties. 

[0004] Therefore, alternative materials and methods are 
increasingly being employed, in particular for use in met 
alliZation layers of this nature, in order to satisfy the 
increasing integration density. The use of, for eXample, 
copper for Wiring levels of this type makes it possible, on 
account of the signi?cantly improved scalability compared 
to aluminum, to develop integrated semiconductor circuits 
Which Work With a signi?cantly higher current-carrying 
capacity and at a loWer poWer consumption. 

[0005] Consequently, What are knoWn as Damascene or 
dual-Damascene processes, in Which a trench in an insulat 
ing or dielectric layer is substantially ?lled With electrically 
conductive material and is then planariZed, resulting in a 
highly planar electrically conductive structure, are increas 
ingly being used to realiZe electrically conductive structures 
With a very small feature siZe of this nature. 

[0006] Particularly in the case of a planariZation step of 
this nature, there is a risk of residues in the form of dendrites 
being formed at metal interconnects, Which can lead to 
functional failures. 

[0007] FIGS. 1A and 1B shoW a simpli?ed plan vieW and 
a simpli?ed sectional vieW of a semiconductor circuit 
arrangement in accordance With the prior art in order to 
illustrate dendrite formation of this nature during the above 
mentioned planariZation step. 

[0008] In accordance With FIGS. 1A and 1B, a semicon 
ductor circuit arrangement comprises, for example, a semi 
conductor substrate 1, Which has a ?rst doping region of a 
?rst conduction type p. In this ?rst doping region 1, by Way 
of eXample, a second doping region 2 in the form of an 
n-doped Well is formed, a connection doping region 3 
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having, for eXample, an n+ doping being formed at the 
semiconductor surface for connection of the second doping 
region 2. 

[0009] In accordance With FIGS. 1A and 1B, the electri 
cally conductive structure has, for eXample, an interconnect 
layer 5 formed in a trench and a contact hole or via 4 ?lled 
With electrically conductive material. 

[0010] During the above-described fabrication of the inter 
connect layer 5 in the trench, a planariZation step is funda 
mentally required to realiZe the very ?ne feature siZes, Which 
usually involves carrying out a chemical mechanical pol 
ishing (CMP) step. HoWever, this planariZation step may 
result in an undesired charging of the second doping region 
or of the Well 2, Which leads to an excessive ?eld strength 
at this location, in particular on account of the very small 
surface areas in the interconnect layer 5. These electrical 
?eld peaks produced by the charging effect described above 
cause a miXture of abrasive material and abraded metal, 
Which is usually electrically conductive, formed during the 
planariZation step to accumulate at these electrostatically 
charged interconnect layers 5 and/or to induce the formation 
of What are knoWn as dendrites. 

[0011] This groWth and/or this accumulation of grinding 
residues S (slurry) can only be removed With dif?culty, in 
particular With tightly packed semiconductor circuits and 
very small surface areas of the planariZed interconnect layer 
5, and consequently undesirable short circuits can occur 
With adjacent interconnect structures, or in the encapsulated 
state corrosion and degradation may propagate from this 
corrosive soiling. 

[0012] FIGS. 2A and 2B shoW a simpli?ed plan vieW and 
a simpli?ed sectional vieW of a semiconductor circuit 
arrangement in accordance With the prior art in Which this 
problem of the formation of dendrites and/or the accumu 
lation of abrasive material S is eliminated. 

[0013] In accordance With FIGS. 2A and 2B, this problem 
of dendrite formation in an integrated semiconductor circuit 
is usually eliminated by corresponding planariZed intercon 
nect layers or interconnect layers Which are to be planariZed 
being blunted by increasing their surface area and thereby 
reducing the electrical ?eld strength in this region. More 
speci?cally, in accordance With FIGS. 2A and 2B, in the 
event of dendrite formation of this nature being detected, 
layout changes are usually made to the interconnect or 
metalliZation plane such that these very small interconnect 
surface areas 5 are correspondingly increased in siZe, With 
the result that the electrical ?eld peaks in this region are 
suf?ciently reduced and the above-described dendrite for 
mation and/or the accumulation of grinding residues can be 
reliably prevented. 

[0014] HoWever, a draWback in this case is that the advan 
tage of a higher integration density Which is actually sought 
after is in this Way at least partially negated again, since to 
avoid the formation of dendrites a metalliZation or intercon 
nect surface area Which is up to siX times larger is required 
for each metalliZation or interconnect plane. 

[0015] This in turn has adverse effects on the circuit design 
and on corrections to eXisting layouts, and consequently 
eXisting layouts cannot readily be converted to the neXt 
shrink doWn or the neXt integration density doWn. 
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SUMMARY 

[0016] The invention is therefore based on the object of 
providing a semiconductor circuit arrangement Which reli 
ably prevents dendrite formation of this nature even With 
very small feature siZes. 

[0017] In particular the formation of a discharge doping 
region of the second conduction type at least in the ?rst and 
second doping regions alloWs the charges Which are formed 
in particular during a planariZation operation to be reliably 
dissipated into a semiconductor substrate, so that the for 
mation of electrical ?eld peaks at an electrically conductive 
structure to be planariZed and thereby a formation of den 
drites can be reliably prevented. 

[0018] It is preferable for this discharge doping region to 
be formed as a diffusion strip directly at the surface of the 
semiconductor substrate in a junction region betWeen the 
?rst and second doping regions. This results both in elec 
trical contact being made With the second doping region and 
in a diode junction to the ?rst doping region With minimal 
additional outlay, With the result that charging phenomena 
can be compensated for particularly effectively and easily. 

[0019] The discharge doping region may preferably also 
be formed as part of the connection doping region, resulting 
in further simpli?cation and meaning that the connection 
doping region only has to be shifted into a junction region 
of the ?rst and second doping regions in order to realiZe the 
additional function of the desired dissipation of charge 
carriers into the semiconductor substrate. 

[0020] Furthermore, the discharge doping region may also 
have a ?rst discharge doping subregion in the ?rst doping 
region and a second discharge doping subregion in the 
second doping region, With the discharge doping subregions 
being connected to one another via an electrically conduc 
tive structure. In this case too, the desired removal of charge 
carriers from the second doping region is achieved, so that 
the formation of dendrites at an electrically conductive 
structure Which is to be planariZed can be reliably avoided. 

[0021] The invention is described in more detail beloW on 
the basis of exemplary embodiments and With reference to 
the draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIGS. 1A and 1B shoW a simpli?ed plan vieW and 
sectional vieW of a semiconductor circuit arrangement in 
accordance With the prior art; 

[0023] FIGS. 2A and 2B shoW a simpli?ed plan vieW and 
sectional vieW of a further semiconductor circuit arrange 
ment in accordance With the prior art; 

[0024] FIGS. 3A and 3B shoW a simpli?ed plan vieW and 
sectional vieW of a semiconductor circuit arrangement in 
accordance With a ?rst exemplary embodiment; 

[0025] FIG. 4 shoWs a simpli?ed sectional vieW through 
a semiconductor circuit arrangement in accordance With a 
second exemplary embodiment; 

[0026] FIG. 5 shoWs a simpli?ed sectional vieW through 
a semiconductor circuit arrangement in accordance With a 
third exemplary embodiment; and 
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[0027] FIG. 6 shoWs a simpli?ed sectional vieW through 
a semiconductor circuit arrangement in accordance With a 
fourth exemplary embodiment. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND THE PRESENTLY PREFERRED 

EMBODIMENTS 

[0028] FIGS. 3A and 3B shoW a simpli?ed plan vieW and 
a simpli?ed sectional vieW of a semiconductor circuit 
arrangement in accordance With a ?rst exemplary embodi 
ment; identical reference symbols denote identical or cor 
responding elements and/or layers to those shoWn in FIGS. 
1A to 2B, and these elements and layers Will not be 
described again. 

[0029] In accordance With FIGS. 3A and 3B, a semicon 
ductor substrate 1 having at least one ?rst doping region of 
a ?rst conduction type p also includes a second doping 
region 2 of a second conduction type n, Which is opposite to 
the ?rst conduction type p. Furthermore, a highly doped 
connection doping region 3 of the second conduction type n 
is in turn located in the second doping region 2 in order to 
connect this region, resulting in an ohmic junction With the 
second doping region 2. One or a multiplicity of insulation 
layers 6, in Which the electrically conductive structure to be 
planariZed is at least partially embedded and makes electri 
cal contact With the connection doping region 3, is formed 
on the surface of the semiconductor substrate 1. The elec 
trically conductive structure in this case comprises a contact 
hole or via 4 ?lled With electrically conductive material, and 
an interconnect layer 5 Which is electrically connected 
thereto. 

[0030] To realiZe the interconnect layer 5, it is preferable 
to carry out What is knoWn as a Damascene or dual 
Damascene process, in Which a trench for the interconnect 
layer 5 is formed in the dielectric layer or insulation layer 6. 
In subsequent steps, by Way of example, a diffusion barrier 
layer (not shoWn) and a seed layer (not shoWn), alloWing or 
simplifying subsequent groWth of, for example, a Cu layer 
5, are formed both on the surface and in the trench of the 
insulation layer 6. Finally, a planariZation step is carried out, 
for example by means of a CMP (Chemical Mechanical 
Polishing) process, this planariZation process being used to 
remove a layer sequence Which remains above the trench 
and being considered the actual cause of the charging and/or 
dendrite formation described above. 

[0031] In order to avoid this above-described phenomenon 
of dendrite formation and/or accumulation of grinding resi 
dues S as shoWn in FIG. 1B, the semiconductor circuit 
arrangement in accordance With the ?rst exemplary embodi 
ment noW has a (highly doped) discharge doping region 7 of 
the second conduction type n, Which is formed at least in the 
?rst doping region 1 and in the second doping region 2 and 
is electrically conductive, With the result that the charge 
carriers formed during a planariZation step can be dissipated 
from the second doping region 2 into the semiconductor 
substrate and/or ?rst doping region 1. 

[0032] More accurately, the discharge doping region 7 is 
formed directly at the surface of the semiconductor substrate 
1, spaced apart from the connection doping region 3, in a 
junction region betWeen the ?rst and second doping regions 
1 and 2. This results in a particularly simple Way in a diode 
or a p-n junction With a reduced breakdoWn voltage, Which 
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is electrically connected to the second doping region 2. Both 
its formation and its alignment are in this case very simple 
to realiZe if the discharge doping region forms, for example, 
a diffusion strip Which overlaps the n-Well or the second 
doping region 2. Accordingly, Within the second doping 
region 2, this discharge doping region 7 acts as an ohmic 
contact, Whereas outside the second doping region or in the 
?rst doping region 1 of the semiconductor substrate it acts as 
a very effective discharge diode. 

[0033] The charging Which occurs during a planariZation 
step and in particular during a chemical mechanical polish 
ing operation can thereby be reliably prevented, With the 
result that the occurrence of dendrite formation and/or the 
accumulation of grinding residues, With associated short 
circuits, is suppressed. In this Way, the layout guidelines 
originating from previous integration densities, in particular 
for, for example, mask sets of interconnect and metalliZation 
planes, can be transferred Without alteration, Which leads to 
a considerable reduction in costs for future integration 
densities. 

[0034] In accordance With FIG. 3A, the second doping 
region 2 has, for example, a Width BW and a length LW, 
resulting in a surface area FW=BW><LW for the second 
doping region 2. In the same Way, the planariZed surface of 
the electrically conductive structure and/or of the intercon 
nect layer 5 has a Width BM and a length LM, Which in turn 
results in an associated surface area FM=BM><LM for the 
surface of the electrically conductive structure Which is to be 
planariZed. 
[0035] Since the above-described formation of dendrites is 
dependent in particular also on a surface area ratio V of a 
surface area FW of the second doping region 2 to a surface 
area PM of the electrically conductive structure, it can be 
noted in particular that for the ?rst time it is possible to deal 
With even surface area ratios V=FW/FM of greater than 10 
Without the occurrence of dendrite formation When the 
discharge doping region 7 according to the invention is used. 

[0036] Similarly, it has emerged that an absolute surface 
area of the planariZed electrically conductive structure also 
has an in?uence on the above-described formation of den 
drites. Accordingly, the uncovered or planariZed surface area 
of the electrically conductive structure and/or of the inter 
connect layer 5 may noW for the ?rst time be smaller than 
0.4 J m2 Without inducing the above-described accumulation 
of grinding residues and the risk of short circuits. 

[0037] FIG. 4 shoWs a simpli?ed sectional vieW through 
a semiconductor circuit arrangement in accordance With a 
second exemplary embodiment, identical reference symbols 
once again denoting identical or corresponding layers and 
elements to those shoWn in FIGS. 1A to 3B, Which therefore 
Will not be described again beloW. 

[0038] Unlike in the exemplary embodiment shoWn in 
FIGS. 3A and 3B, in the present second exemplary embodi 
ment the discharge doping region may also be formed as part 
of the connection doping region, resulting in a connection/ 
discharge doping region 3A Which extends into the ?rst 
doping region. 

[0039] Once again, the discharge doping region has a 
highly doped region of the second conduction type n, With 
an ohmic contact to the electrically conductive structure 4 
and 5 and/or to the n-Well 2 being formed in the second 
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doping region 2 and an optimiZed discharge diode into the 
?rst doping region being formed in the semiconductor 
substrate 1. 

[0040] Since, furthermore, only a single doping region is 
used and the desired discharge doping region can be realiZed 
simply by changing a siZe and/or position of this connection/ 
discharge doping region 3A, a semiconductor circuit 
arrangement With reduced formation of dendrites is realiZed 
in a particularly simple and inexpensive Way. 

[0041] FIG. 5 shoWs a simpli?ed sectional vieW through 
a semiconductor circuit arrangement in accordance With a 
third exemplary embodiment, Wherein once again identical 
reference symbols denote identical or corresponding ele 
ments and layers to those shoWn in FIGS. 1 to 4, Which Will 
not be described again in the text Which folloWs. 

[0042] In accordance With FIG. 5, the present invention 
can also be applied to What is knoWn as a multiple-Well 
structure; in the present case, by Way of example, a triple 
Well structure is shoWn. 

[0043] Accordingly, in accordance With FIG. 5 a semi 
conductor substrate 1 having a ?rst doping p includes an 
additional Well or an additional doping region 8 With an 
opposite doping n, in Which, ?nally, there is in turn a third 
Well 2 having a connection doping region 3 Which is 
connected to the electrically conductive structure 4 and 5 
embedded in the insulation layer 6. 

[0044] Once again, a discharge doping region 7 can be 
provided to prevent a charging effect from the third Well 2 
to the second Well 8; an additional discharge doping region 
9 is formed in the junction region of the respective p-n 
junctions in order to avoid undesirable charging betWeen the 
semiconductor substrate and the second Well 8. 

[0045] Although the discharge doping region 7 is spaced 
apart from the connection doping region, it could also be 
realiZed as part of this connection doping region, as in the 
second exemplary embodiment. The mode of action of the 
corresponding discharge doping regions is in this case 
analogous to the ?rst and second exemplary embodiments, 
and consequently there is no need for a detailed description 
beloW. Therefore, it is fundamentally also possible to reli 
ably prevent the formation of dendrites in a multiple-Well 
structure of this type. 

[0046] FIG. 6 shoWs a simpli?ed sectional vieW in accor 
dance With a fourth exemplary embodiment, With identical 
reference symbols once again denoting identical or corre 
sponding layers and elements, Which are not described again 
in the text Which folloWs. 

[0047] In accordance With FIG. 6, a signi?cant difference 
With respect to the ?rst exemplary embodiment shoWn in 
FIG. 3B is that the discharge doping region noW has a ?rst 
discharge doping subregion 7B, Which is formed in the ?rst 
doping region 1 of the semiconductor substrate, While a 
second discharge doping subregion 7A is formed in the 
second doping region 2. The discharge doping subregions 
7A and 7B in turn comprise highly doped regions of the 
second conduction type n, these subregions being connected 
to one another, for example by means of an electrically 
conductive structure Which is present in the insulation layer 
7 and comprises an additional interconnect layer 50 and tWo 
additional contact holes 41 and 42 ?lled With electrically 
conductive material. 
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[0048] The ?rst discharge doping subregion 7B in turn 
represents a special discharge diode in the ?rst doping 
region, and the second discharge doping subregion 7A 
represents an ohmic connection contact in the second doping 
region, With the result that the charge carriers Which occur 
during a planariZation step can be reliably dissipated into the 
semiconductor substrate. 

[0049] Furthermore, FIG. 6 shoWs a further interconnect 
or metalliZation plane, in Which a further interconnect layer 
5A and a further contact hole or via 4A ?lled With electri 
cally conductive material are formed. Accordingly, a corre 
sponding accumulation of grinding residues and/or the 
abovementioned formation of dendrites can be reliably 
prevented not only in an electrically conductive structure, 
Which is connected directly to a Well or a second doping 
region 2, in an (e.g. ?rst) interconnect plane, but also in 
electrically conductive structures belonging to interconnect 
planes and/or metalliZation layers above. In particular, in 
this case too the above-described surface area ratios V 
betWeen the surface area of the second doping region and 
planariZed surface and the absolute surface area values for 
the planariZed surface continue to apply. 

[0050] By Way of eXample, monocrystalline silicon is used 
as semiconductor substrate 1 to realiZe an optimiZed semi 
conductor circuit arrangement, in Which case the ?rst doping 
region has a p-Well With a dopant concentration of 1><1017 to 
1><1018 cm_3. It is preferable to use boron for this purpose. 
By “Lay of example, a dopant concentration of 1><1017 to 
1x10 cm-3 is established for the second doping region 2 or 
the n-Well using phosphorus. To realiZe the n+-discharge 
doping region or the connection doping region With its 
signi?cantly higher dopant concentration compared to the 
?rst and/or second doping region, it is preferable to use a 
dopant concentration of 3x1020 to 6><102O cm_3, “active” 
arsenic preferably being used in this case. In this Way, it is 
possible to realiZe discharge diodes With optimum discharge 
properties for avoidance of the above-described formation of 
dendrites. 

[0051] In the case of the abovementioned multiple-Well 
structures, it is also possible for the p+-discharge doping 
regions to have a dopant concentration of 1><102O to 3x1020 
cm_3, With “active” boron preferably once again being used 
in this case. 

[0052] The invention has been described above on the 
basis of silicon semiconductor material With associated 
dopant concentrations. HoWever, it is not restricted to this 
particular embodiment and also encompasses, in the same 
Way, alternative semiconductor materials With correspond 
ing dopant concentrations to form desired discharge doping 
regions. 
[0053] It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limiting, 
and that it be understood that it is the folloWing claims, 
including all equivalents, that are intended to de?ne the 
spirit and scope of this invention. 

1. A semiconductor substrate comprising: 

a ?rst doping region comprising a ?rst conduction type; 

a second doping region comprising a second conduction 
type formed at least in part in the ?rst doping region, 
the second conduction type being opposite to the ?rst 
conduction type; 
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a highly doped connection region comprising the second 
conduction type, the highly doped connection region 
formed at least in part in the second doping region; 

an insulation layer formed on a surface of the ?rst doping 
region, second doping region, and highly doped con 
nection region; 

an electrically conductive structure, extending through the 
insulation layer and electrically connected to the highly 
doped connection region; and 

a highly doped discharge region comprising the second 
conduction type, the highly doped discharge region 
formed in at least the ?rst and second doping regions. 

2. The semiconductor substrate of claim 1, Wherein the 
highly doped discharge region is a diffusion strip formed in 
a junction betWeen the ?rst and second doping regions. 

3. The semiconductor substrate of claim 1, Wherein a ratio 
of the surface area of the second doping region to the surface 
area of the electrically conductive structure is greater than 
10. 

4. The semiconductor substrate of claim 1, Wherein the 
electrically conductive structure comprises at least one Cu 
interconnect layer produced using a Damascene process. 

5. The semiconductor substrate of claim 1, Wherein the 
highly doped discharge region is formed at a surface of the 
semiconductor substrate. 

6. A semiconductor substrate comprising: 

a ?rst doping region comprising a ?rst conduction type; 

a second doping region comprising a second conduction 
type formed at least in part in the ?rst doping region, 
the second conduction type being opposite to the ?rst 
conduction type; 

a highly doped connection/discharge region comprising 
the second conduction type, the highly doped connec 
tion/discharge region formed in at least the ?rst and 
second doping regions; 

an insulation layer formed on a surface of the ?rst doping 
region, second doping region, and high doped connec 
tion/discharge region; and 

an electrically conductive structure, extending through the 
insulation layer and electrically connected With the 
highly doped connection/discharge region. 

7. The semiconductor substrate of claim 6, Wherein the 
electrically conductive structure comprises at least one Cu 
interconnect layer produced using a Damascene process. 

8. The semiconductor substrate of claim 6, Wherein a ratio 
of the surface area of the second doping region to the surface 
area of the electrically conductive structure is greater than 
10. 

9. The semiconductor substrate of claim 6, Wherein the 
highly doped connection/discharge region is formed at a 
surface of the semiconductor substrate. 

10. A semiconductor substrate comprising: 

a ?rst doping region comprising a ?rst conduction type; 

a second doping region comprising a second conduction 
type formed at least in part in the ?rst doping region, 
the second conduction type being opposite to the ?rst 
conduction type; 
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a third doping region comprising the ?rst conduction type, 
the third doping region formed at least in part in the 
second doping region; 

a highly doped connection region comprising the ?rst 
conduction type formed at least in part in the third 
doping region; 

a ?rst highly doped discharge region comprising the ?rst 
conduction type formed in at least the second and third 
doping regions; 

a second highly doped discharge region comprising the 
second conduction type formed in at least the ?rst and 
second doping regions; 

an insulation layer formed on a surface of the ?st doping 
region, second doping region, third doping region, 
highly doped connection region, ?rst highly doped 
discharge region, and second highly doped discharge 
region; and 

an electrically conductive structure, eXtending through the 
insulation layer and electrically connected to the highly 
doped connection region. 

11. The semiconductor substrate of claim 10, Where the 
?rst highly doped discharge region is a diffusion strip 
formed in a junction betWeen the second and third doping 
regions. 

12. The semiconductor substrate of claim 10, Where the 
second highly doped discharge region is a diffusion strip 
formed in a junction between the ?rst and second doping 
regions. 

13. The semiconductor substrate of claim 10, Wherein the 
electrically conductive structure comprises at least one Cu 
interconnect layer produced using a Darnascene process. 

14. The semiconductor substrate of claim 10, Wherein a 
ratio of the surface area of the third doping region to the 
surface area of the electrically conductive structure is greater 
than 10. 

15. The semiconductor substrate of claim 10, Wherein the 
?rst and second highly doped discharge regions are formed 
at a surface of the semiconductor substrate. 

16. A semiconductor substrate comprising: 

a ?rst doping region comprising a ?rst conduction type; 

a second doping region comprising a second conduction 
type formed at least in part in the ?rst doping region, 
the second conduction type being opposite to the ?rst 
conduction type; 
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a highly doped connection region comprising the second 
conduction type formed at least in part in the second 
doping region; 

a ?rst highly doped discharge region comprising the 
second conduction type formed at least in part in the 
second doping region; 

a second highly doped discharge region comprising the 
second conduction type formed at least in part in the 
?rst doping region; 

a ?rst insulation layer formed on a surface of the ?rst 

doping region, second doping region, highly doped 
connection region, ?rst highly doped discharge region, 
and second highly doped discharge region; 

a second insulation layer formed on a surface of the ?rst 
insulation layer; 

a ?rst electrically conductive structure, eXtending through 
the ?rst and second insulation layer and electrically 
connected to the connection doping region; 

an electrically conductive interconnect layer formed in the 
?rst insulation layer; 

a second electrically conductive structure, eXtending 
through the ?rst insulation layer and electrically con 
nected to the ?rst discharge region; and 

a third electrically conductive structure, eXtending 
through the ?rst insulation layer and electrically con 
nected to the second discharge region. 

17. The semiconductor substrate of claim 15, Wherein the 
electrically conductive structure comprises at least one Cu 
interconnect layer produced using a Darnascene process. 

18. The semiconductor substrate of claim 15, Wherein a 
ratio of the surface area of the second doping region to the 
surface area of the electrically conductive structure is greater 
than 10. 

19. The semiconductor substrate of claim 15, Wherein the 
?rst and second highly doped discharge regions are formed 
at a surface of the semiconductor substrate. 


