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(54) Ultraviolet semiconductor sensor device and method of measuring ultraviolet radiation

(57) A photodiode (2) and a further photodiode (3)
are arranged in a substrate (1) at or near a main surface
(10). The photodiodes are formed and arranged in such
a manner that in case of incident ultraviolet radiation (26)
the electric signal from the photodiode (2) is larger than
the further electric signal from the further photodiode (3).
In particular, the first photodiode may be more sensitive

to ultraviolet radiation than the further photodiode. The
electric signal from the photodiode is attenuated by the
further electric signal and thus yields an electric signal
primarily measuring the incident ultraviolet radiation. The
attenuation of the electric signal from the first photodiode
may be achieved internally using an integrated circuit
(25) or externally using a separate device.
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Description

[0001] Silicon photodiodes can be used to detect UV
(ultraviolet) radiation having a wavelength in the range
from 200 nm to 400 nm. Absorption in plastic or glass
used for conventional optical packages prevents the full
range of ultraviolet light from reaching the photodiode
inside the package.
[0002] US 2006/0038249 A1 discloses a UV sensor
apparatus comprising a cathode layer and anode layers
formed at a surface of the cathode layer. A section of the
cathode layer that is located between the pn-junctions
formed by the cathode layer with two of the anode layers
is provided as light-receiving region.
[0003] US 8 084 728 B2 discloses an optical sensing
device with multiple photodiode elements and a multi-
cavity Fabry-Perot ambient light filter structure. The de-
vice provides a blocking of infrared light for wavelengths
in the range from 700 nm to 1100 nm.
[0004] US 2009/0184254 A1 discloses an ultraviolet
sensor comprising a pair of photodiodes, in which p+-type
and n+-type layers formed in silicon are separated by a
thin layer of low doping concentration. A filter film com-
prising silicon nitride is formed above one of the photo-
diodes to transmit radiation having at least a first UV
wavelength. A sealing layer which covers the other pho-
todiode and the filter film transmits radiation having at
least a different second UV wavelength. Electrically con-
ductive interconnects leading through the semiconductor
body of a semiconductor device are known as through-
wafer vias or through-substrate vias. Semiconductor de-
vices comprising through-wafer vias or through-sub-
strate vias are disclosed in US 2010/0123254 A1, US
2010/0314762 A1, US 2011/0260284 A1 and US
2012/0286430 A1.
[0005] It is an object of the present invention to disclose
a semiconductor sensor device that is adapted to the
measurement of radiation in the ultraviolet range. It is a
further object to disclose a method of measuring ultravi-
olet radiation with enhanced sensitivity or responsivity.
[0006] These objects are achieved with the semicon-
ductor sensor device according to claim 1 and with the
method of measuring ultraviolet radiation according to
claim 12. Embodiments and variants derive from the de-
pendent claims.
[0007] The semiconductor sensor device comprises a
semiconductor substrate having a main surface. A pho-
todiode and a further photodiode are arranged in the sub-
strate at or near the main surface. The photodiode gen-
erates an electric signal in response to incident radiation,
and the further photodiode generates a further electric
signal in response to the incident radiation. The photo-
diode and the further photodiode are formed and ar-
ranged in such a manner that in case of incident ultravi-
olet radiation the electric signal from the photodiode is
larger than the further electric signal from the further pho-
todiode. In particular, the first photodiode may be more
sensitive to ultraviolet radiation than the further photodi-

ode. The electric signal from the photodiode is attenuated
by the further electric signal and thus yields an electric
signal primarily measuring the incident ultraviolet radia-
tion. The measurement thus comprises an electric signal
generated by the first photodiode in response to the in-
cident radiation and an attenuation of the electric signal
by a further electric signal simultaneously generated by
the further photodiode. The electric signal from the pho-
todiode and the further electric signal from the further
photodiode may be processed in this way internally on
the sensor device by an integrated circuit, for example,
or the attenuation of the electric signal by the further elec-
tric signal may be performed externally by bringing out
the two electric signals separately and processing the
electric signals by an external device. In particular, the
photodiode and the further photodiode may be coupled
in such a manner that the electric signal from the photo-
diode is attenuated by the further electric signal and thus
yields the electric signal primarily measuring the incident
ultraviolet radiation.
[0008] In an embodiment of the semiconductor sensor
device the attenuation comprises a subtraction of the fur-
ther electric signal generated by the further photodiode
from the electric signal generated by the photodiode.
[0009] In a further embodiment an integrated circuit is
arranged in the substrate and is provided to attenuate
the electric signal generated by the photodiode by the
further electric signal generated by the further photodi-
ode.
[0010] A further embodiment further comprises a filter
layer that reduces or inhibits a transmission of the inci-
dent ultraviolet radiation to the further photodiode without
reducing or inhibiting a transmission of the incident ultra-
violet radiation to the photodiode. The filter layer may be
silicon nitride or polysilicon, for instance.
[0011] A further embodiment further comprises doped
wells of a first type of electric conductivity formed in the
substrate at or near the main surface, and pn-junctions
arranged in or at the doped wells, the pn-junctions form-
ing the photodiode and the further photodiode.
[0012] In a further embodiment the substrate is doped
for a second type of electric conductivity opposite to the
first type of electric conductivity, and a net doping of the
first type of electric conductivity is present in the doped
wells and forms the pn-junctions.
[0013] In a further embodiment the substrate is provid-
ed with an epitaxial layer doped for a second type of
electric conductivity opposite to the first type of electric
conductivity. The epitaxial layer forms the main surface,
and the doped wells are arranged within the epitaxial
layer. A net doping of the first type of electric conductivity
is present in the doped wells and forms the pn-junctions.
[0014] A further embodiment further comprises doped
regions of a second type of electric conductivity opposite
to the first type of electric conductivity arranged within
the doped wells. The pn-junctions are formed at a bound-
ary between the doped wells and the doped regions.
[0015] In a further embodiment the doped region of the
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further photodiode comprises a doping concentration
that increases towards the main surface, thus forming a
surface dead layer of reduced diffusion lengths of charge
carriers.
[0016] The method of measuring ultraviolet radiation
uses a photodiode and a further photodiode to generate
an electric signal from the photodiode and a further elec-
tric signal from the further photodiode simultaneously in
response to incident radiation. The photodiode and the
further photodiode are provided in such a manner that in
case of incident ultraviolet radiation the electric signal
from the photodiode is larger than the further electric sig-
nal from the further photodiode. The electric signal from
the photodiode is attenuated by the further electric signal
in order to produce an electric signal primarily measuring
the incident ultraviolet radiation.
[0017] In a variant of the method, the electric signal
from the photodiode is attenuated by subtracting the fur-
ther electric signal.
[0018] In a further variant of the method, a filter layer
is applied that reduces or inhibits the transmission of in-
cident ultraviolet radiation to the further photodiode with-
out reducing or inhibiting the transmission of incident ul-
traviolet radiation to the photodiode.
[0019] In a further variant of the method a filter layer
is applied that reduces or inhibits the transmission of in-
cident non-ultraviolet radiation to the photodiode and to
the further photodiode.
[0020] The following is a detailed description of exam-
ples of the semiconductor sensor device and of the meth-
od of measuring ultraviolet radiation.

Figure 1 is a schematic cross section of a semicon-
ductor sensor device with integrated pho-
todiodes.

Figure 2 is a cross section according to Figure 1 for
an embodiment comprising photodiodes of
different structures.

Figure 3 is a cross section according to Figure 1 for
an embodiment comprising photodiodes of
the same structure.

Figure 4 is a cross section according to Figure 3 for
an embodiment with a further filter layer.

Figure 5 is a cross section according to Figure 4 for
an embodiment with a different filter struc-
ture.

Figure 6 is a cross section according to Figure 2 for
a further embodiment comprising photodi-
odes of different structures.

Figure 7 is a cross section according to Figure 3 for
a further embodiment comprising photodi-
odes of the same structure.

Figure 8 is a cross section according to Figure 7 for
an embodiment with a different filter struc-
ture.

Figure 9 is a cross section according to Figure 6 for
a further embodiment comprising photodi-
odes of different structures.

Figure 10 is a cross section according to Figure 9 for
a further embodiment comprising photodi-
odes of the same structure.

Figure 11 is a cross section according to Figure 10 for
an embodiment with a different filter struc-
ture.

Figure 12 is a cross section of a further embodiment
comprising through-substrate vias.

[0021] Figure 1 is a schematic cross section of a sem-
iconductor sensor device comprising a semiconductor
substrate 1 having two integrated photodiodes 2, 3. In
order to facilitate the reference to the photodiodes, the
photodiode 2 and the further photodiode 3 will in the fol-
lowing be designated as channel-A-photodiode 2 and
channel-B-photodiode 3, respectively. The determiners
"channel-A" and "channel-B" do not characterize the
structure or physical properties of the photodiodes but
merely indicate that the photodiodes are provided to yield
different electric signals, one being transmitted as a
channel-A signal and the other one being transmitted as
a channel-B signal.
[0022] The photodiodes 2, 3 are provided with different
responsivities or different sensitivities to incident electro-
magnetic radiation 26. The channel-A-photodiode 2 re-
sponds to ultraviolet radiation and may also respond to
electromagnetic radiation of other wavelengths like visi-
ble or infrared light. The channel-B-photodiode 3 re-
sponds primarily to electromagnetic radiation of wave-
lengths outside the range of ultraviolet radiation. The dif-
ferent responsivities or sensitivities yield different electric
signals generated by the photodiodes 2, 3 in response
to incident ultraviolet radiation, the electric signal from
the channel-A-photodiode 2 being larger than the electric
signal from the channel-B-photodiode 3. The electric sig-
nals generated in response to other wavelenghts are
preferably the same or at least essentially equal for both
photodiodes 2, 3.
[0023] The incident ultraviolet radiation that is to be
detected can be calculated as the difference Δ = chA -
chB between the electric signal chA generated by the
channel-A-photodiode 2 and the electric signal chB gen-
erated by the channel-B-photodiode 3. In order to ac-
count for non-ideal response of the two photodiodes 2,
3, the calculation may be improved by inserting a cor-
recting factor K rendering a slightly modified difference
Δm = chA - K·chB between the electric signals. The factor
K is typically approximately unity and may especially be
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kept constant for all calculations, for example. In any case
the electric signal from the channel-A-photodiode 2 is
attenuated by the electric signal from the channel-B-pho-
todiode 3. In this way the signal components that derive
from wavelengths lying outside the range of ultraviolet
radiation are at least partially eliminated, while the signal
components deriving from ultraviolet radiation are re-
tained. In view of its function this device may be referred
to as a "differential dual photodiode ultraviolet sensor."
The calculation may be performed by an integrated cir-
cuit, for example, or by means of an external device re-
ceiving the signals from the photodiodes.
[0024] The photodiodes 2, 3 may be integrated using
doped wells 4 of a first type of electric conductivity formed
in the substrate 1 at or near its main surface 10. The pn-
junctions 24 forming the photodiodes are arranged in or
at the doped wells 4. If the semiconductor material of the
substrate 1 has a basic doping for a second type of elec-
tric conductivity opposite to the first type, the doped wells
4 are provided with a higher doping concentration for the
first type, resulting in a net doping for the first type of
electric conductivity, and the pn-junctions 24 can thus be
formed at the boundaries of the doped wells 4. The first
type of electric conductivity may be n-type conductivity
and the second type p-type conductivity or vice versa.
[0025] A wiring may be provided for the electric con-
nection of the terminals of the photodiodes 2, 3 and ter-
minals of an optional integrated circuit 25. A dielectric 5,
which may be an oxide of the semiconductor material,
especially silicon dioxide, for example, may be arranged
on the main surface 10 to accomodate the wiring. In the
figures the wiring is schematically represented by a wiring
region 6, which may comprise a plurality of structured
metal layers with vertical interconnects, the dielectric 5
forming an intermetal dielectric. The integrated circuit 25
allows the calculation to be performed directly on the de-
vice. External terminals may be provided by contact pads
on the wiring, so that an electric signal can be delivered
as a result of a measurement.
[0026] A passivation layer 7 may be provided as a cov-
er, which is open above the contact pads. If the passiva-
tion layer 7 is silicon nitride, it is preferably removed from
over the photodiodes 2, 3, since its high refractive index
causes thin-film effects resulting in strong ripple on the
photodiode spectral response curve. Also silicon nitride
absorbs ultraviolet radiation with a spectral transmission
curve dependent on type and thickness. In the embodi-
ment shown in Figure 1, the passivation layer 7 is pro-
vided with an opening forming a window 17 above the
photodiodes 2, 3.
[0027] Further embodiments of the ultraviolet sensor
device are described in the following. The device struc-
ture can be adapted to take account of the fact that the
absorption length of light in semiconductor material, par-
ticularly in silicon, depends on the wavelength. Ultraviolet
light has wavelengths in the range from 200 nm to 400
nm and is absorbed close to the surface of the semicon-
ductor body, typically at a distance of less than 0.1 mm

from the surface of incidence. Contrary to that, infrared
light having wavelengths of more than 700 nm is primarily
absorbed in regions deep within the semiconductor body.
[0028] Figure 2 is a cross section of an embodiment
comprising a substrate 1 that is formed with an epitaxial
layer 9. The elements of the embodiment according to
Figure 2 that correspond to similar elements of the em-
bodiment according to Figure 1 are designated with the
same reference numerals. The epitaxial layer 9 may be
provided with a doping for the type of conductivity that is
opposite to the type of conductivity of the doped wells 4,
so that the pn-junctions are formed at the boundaries of
the doped wells 4. The substrate 1 may comprise a
p+-doped silicon body, for instance, with a p-doped epi-
taxial layer 9 having n-doped wells 4 implanted therein.
The epitaxial layer 9 defines the effective thickness t2 of
the channel-A-photodiode 2. Essentially all the charge
carriers generated by the incident light in the absorption
region between the main surface 10 and the lower bound-
ary of the epitaxial layer 9 are collected by the pn-junction
24, even for zero voltage bias on the terminals of the
channel-A-photodiode 2.
[0029] First-type contact regions 11 doped for the first
type of conductivity may be provided in the doped wells
4 for external electric contacts, as indicated in Figure 1
by vertical connections 8. Preferably the first-type contact
regions 11 have a sufficiently elevated doping concen-
tration to allow the formation of low-ohmic metal contacts
on the semiconductor material. Second-type contact re-
gions 12 doped for the second type of conductivity may
be provided in the epitaxial layer 9. Preferably the sec-
ond-type contact regions 12 also have an elevated dop-
ing concentration that is sufficient for low-ohmic met-
al/semiconductor contacts.
[0030] In the channel-B-photodiode 3 of the embodi-
ment according to Figure 2, the first-type contact region
11 extends over most of the area occupied by the doped
well 4 and has a doping concentration that increases to-
wards the main surface 10. The high doping concentra-
tion near the main surface 10 results in very short diffu-
sion lengths of the charge carriers, thus forming a surface
dead layer 14, which prevents any charge carriers gen-
erated in this layer from being collected by the pn-junc-
tion. The effective thickness t3 of the channel-B-photo-
diode 3 is given by the distance between the lower bound-
ary of the surface dead layer 14 and the lower boundary
of the epitaxial layer 9. Thus the absorption region of the
channel-B-photodiode 3 is located at a distance from the
main surface 10, and compared with the channel-A-pho-
todiode 2, the response to incident ultraviolet radiation
is consequently inhibited or at least reduced in the chan-
nel-B-photodiode 3.
[0031] An additional improvement in the accuracy of
the measurement of ultraviolet radiation can be obtained
by arranging a common filter layer 13 as a low-pass filter
above both photodiodes 2, 3. The material and shape of
the common filter layer 13, in particular its thickness, are
adapted for the purpose of transmitting ultraviolet radia-
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tion while blocking or at least attenuating visible and in-
frared light. The cutoff wavelength limiting the range that
is filtered by the common filter layer 13 can be adapted
to the requirements of a specific application.
[0032] Figure 3 is a cross section of a further embod-
iment comprising a substrate 1 that is formed with an
epitaxial layer 9. The elements of the embodiment ac-
cording to Figure 3 that correspond to similar elements
of the embodiment according to Figure 2 are designated
with the same reference numerals. In the embodiment
according to Figure 3, the channel-A-photodiode 2 and
the channel-B-photodiode 3 may have the same struc-
ture and may be identical in their physical properties. The
response of the channel-B-photodiode 3 to ultraviolet ra-
diation is attenuated by a high-pass filter, which will be
referred to as channel-B-filter layer 15 in the following.
The channel-B-filter layer 15 is arranged above the chan-
nel-B-photodiode 3 but not above the channel-A-photo-
diode 2, in order to block or attenuate the transmission
of incident ultraviolet radiation to the channel-B-photodi-
ode 3 while transmitting all or at least most of the visible
and infrared light. As the channel-B-filter layer 15 does
not cover the channel-A-photodiode 2, the incident ultra-
violet radiation is not blocked from the channel-A-photo-
diode 2.
[0033] When the embodiment according to Figure 3 is
used for a measurement of ultraviolet radiation, a modi-
fied difference Δm = chA - K·chB may render a result that
is more accurate than a simple difference. For an exem-
plary channel-B-filter layer 15, the typical value of K =
0.92-1 may be chosen, for example. The calculation may
be performed by an integrated circuit, for example, or by
means of an external device receiving the signals from
the photodiodes. The channel-B-filter layer 15 may es-
pecially be formed from silicon nitride. A thin film of silicon
nitride may already suffice to obtain the desired effect. A
channel-B-filter layer 15 formed from silicon nitride may
especially be thinner than a metal layer of a wiring. In the
embodiment according to Figure 3, an additional im-
provement in the accuracy of the measurement of ultra-
violet radiation can be obtained by incorporating a low-
pass filter above both photodiodes 2, 3 as shown in Fig-
ure 4.
[0034] Figure 4 is a cross section of a further embod-
iment according to Figure 3 additionally comprising a
common filter layer 13 arranged above both photodiodes
2, 3. The elements of the embodiment according to Figure
4 that correspond to similar elements of the embodiment
according to Figure 3 are designated with the same ref-
erence numerals. The function of the common filter layer
13 as a low-pass filter was described above in conjunc-
tion with the embodiment according to Figure 2. In the
embodiment according to Figure 4, the common filter lay-
er 13 is arranged on a cover layer 16, which may be the
same dielectric material as the dielectric 5 comprising
the wiring, for example. Although the cover layer 16 is
optional, it is preferred if the common filter layer 13 is to
be separated from the channel-B-filter layer 15.

[0035] Figure 5 is a cross section of a further embod-
iment according to Figure 4 with the channel-B-filter layer
15 arranged within the dielectric 5 at the same level with
metal layers of the wiring or even below the level of the
wiring region 6. The elements of the embodiment accord-
ing to Figure 5 that correspond to similar elements of the
embodiment according to Figure 4 are designated with
the same reference numerals. In the embodiment ac-
cording to Figure 5, the channel-B-filter layer 15 may be
formed from polysilicon. A thin layer of polysilicon blocks
ultraviolet radiation and can therefore be applied as a
high-pass filter. If the channel-B-filter layer 15 is polysil-
icon, it may be typically about 0.2 mm thick, for instance.
The common filter layer 13 shown in Figure 5 is optional
and can be omitted as in the embodiment according to
Figure 3.
[0036] The embodiments according to Figures 2 to 5
comprise pn-junctions 24 that are formed at the boundary
of the doped wells 4. An epitaxial layer 9 is preferred in
these embodiment, because it allows to adapt the doping
concentration of the adjacent semiconductor material to
the requirement of the pn-junctions 24 irrespective of a
basic doping of the substrate 1, which is thus not relevant
to the photodiodes and may be particularly adequate for
further integrated components not shown in the figures.
The embodiments according to Figures 6 to 11 comprise
pn-junctions 24 that are formed within the doped wells
4, and an epitaxial layer 9 is less favourable in these
embodiment and may hence be omitted.
[0037] Figure 6 is a cross section of a further embod-
iment according to Figure 2 comprising a surface dead
layer 14. The elements of the embodiment according to
Figure 6 that correspond to similar elements of the em-
bodiment according to Figure 2 are designated with the
same reference numerals. The pn-junctions 24 are
formed at the boundary of a doped channel-A-region 18
of the channel-A-photodiode 2 and at the boundary of a
doped channel-B-region 19 of the channel-B-photodiode
3, respectively. The channel-A-region 18 and the chan-
nel-B-region 19 are doped for the opposite second type
of electric conductivity. The channel-A-region 18 is pref-
erably provided with a second-type contact region 12 for
external electric connection. The effective thickness t2 of
the channel-A-photodiode 2 is approximately the dis-
tance from the main surface 10 to the depth indicated by
a broken line below the channel-A-region 18.
[0038] In the embodiment according to Figure 6, the
channel-B-region 19 of the channel-B-photodiode 3 ex-
tends over most of the area occupied by the doped well
4 and has a doping concentration that increases towards
the main surface 10. The high doping concentration near
the main surface 10 results in very short diffusion lengths
of the charge carriers, thus forming a surface dead layer
14, which prevents any charge carriers generated in this
layer from being collected by the pn-junction. The occur-
rence of a surface dead layer 14 in the channel-A-pho-
todiode 2 is prevented by a sufficiently low doping con-
centration of the channel-A-region 18 in the vicinity of the
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main surface 10. The effective thickness t3 of the chan-
nel-B-photodiode 3 is approximately the distance from
the lower boundary of the surface dead layer 14, which
is indicated in Figure 6 by a broken line within the channel-
B-region 19, to the depth indicated by a further broken
line below the channel-B-region 19.
[0039] The depth of the surface dead layer 14 meas-
ured from the main surface 10 may be typically about 0.1
mm, for example, and the depth of the absorption region
indicated by the further broken line below, also measured
from the main surface 10, may be typically about 0.5 mm,
for example. Thus the absorption region of the channel-
B-photodiode 3 is located at a distance from the main
surface 10, and compared with the channel-A-photodi-
ode 2, the response to incident ultraviolet radiation is
consequently inhibited or at least reduced in the channel-
B-photodiode 3, in a manner that is similar to the embod-
iment according to Figure 2. The common filter layer 13
shown in Figure 6 may be provided as a low-pass filter,
but it is optional and can be omitted.
[0040] Figure 7 is a cross section of a further embod-
iment according to Figure 3 comprising a channel-B-filter
layer 15 provided as a high-pass filter only above the
channel-B-photodiode 3. The pn-junctions 24 are formed
within the doped wells 4 at the boundary of a doped chan-
nel-A-region 18 of the channel-A-photodiode 2 and at the
boundary of a doped channel-B-region 19 of the channel-
B-photodiode 3, respectively, as in the embodiment ac-
cording to Figure 6. The elements of the embodiment
according to Figure 7 that correspond to similar elements
of the embodiment according to Figure 6 are designated
with the same reference numerals. In the embodiment
according to Figure 7, the channel-A-photodiode 2 and
the channel-B-photodiode 3 may have the same struc-
ture and may be identical in their physical properties. The
effective thickness t2 of the channel-A-photodiode 2 may
therefore be the same as the effective thickness t3 of the
channel-B-photodiode 3. Similar second-type contact re-
gions 12 may be provided for the channel-A-photodiode
2 within the channel-A-region 18 and for the channel-B-
photodiode 3 within the channel-B-region 19.
[0041] The above description in conjunction with the
embodiment according to Figure 3 also applies to the
embodiment according to Figure 7 with respect to the
channel-B-filter layer 15, which may especially be formed
from silicon nitride. The calculation of a modified differ-
ence Δm = chA - K·chB may be preferred to obtain the
most accurate result of a measurement of ultraviolet ra-
diation, and the value K = 0.92-1, for example, may typ-
ically be appropriate for the correcting factor K for em-
bodiments having an exemplary channel-B-filter layer 15.
The calculation may be performed by an integrated cir-
cuit, for example, or by means of an external device re-
ceiving the signals from the photodiodes.
[0042] Figure 8 is a cross section of a further embod-
iment according to Figure 7 with the channel-B-filter layer
15 arranged within the dielectric 5 at the same level with
metal layers of the wiring or even below the level of the

wiring region 6. The elements of the embodiment accord-
ing to Figure 8 that correspond to similar elements of the
embodiment according to Figure 7 are designated with
the same reference numerals. In the embodiment ac-
cording to Figure 8, the channel-B-filter layer 15 may be
formed from polysilicon functioning as a high-pass filter,
which may have a typical thickness of about 0.2 mm, for
instance. A common filter layer 13 as shown in Figure 8
may be provided as a low-pass filter, but it is optional and
can be omitted as in the embodiment according to Figure
7.
[0043] Figure 9 is a cross section according to Figure
6 for a further embodiment comprising a surface dead
layer 14. The elements of the embodiment according to
Figure 9 that correspond to similar elements of the em-
bodiment according to Figure 6 are designated with the
same reference numerals. The difference between the
embodiments according to Figures 6 and 9 is the struc-
ture of the channel-A-photodiode 2, which has a doped
channel-A-region 18 comprising small closely spaced
stripes or islands in the embodiment according to Figure
9. The channel-A-region 18 may have a doping concen-
tration that increases towards the main surface 10, in
order to form second-type contact regions 12.
[0044] An interconnect pattern that may be provided
in a metal layer for an external electric connection of the
channel-A-photodiode 2 is preferably structured to cover
the stripes or islands of the channel-A-region 18, so that
only the intermediate areas are exposed to the incident
radiation. In this case a similar interconnect pattern is
preferably provided for the channel-B-photodiode 3 in
order to have identical areas of both photodiodes 2, 3
exposed to the incident radiation and to facilitate the elim-
ination of a signal portion that is due to non-ultraviolet
radiation by simple subtraction. A common filter layer 13
as shown in Figure 9 may be provided as a low-pass
filter, but it is optional and can be omitted as in the em-
bodiment according to Figure 7.
[0045] Figure 10 is a cross section according to Figure
9 for a further embodiment comprising a channel-B-filter
layer 15. The elements of the embodiment according to
Figure 10 that correspond to similar elements of the em-
bodiment according to Figure 9 are designated with the
same reference numerals. In the embodiment according
to Figure 10, the channel-A-photodiode 2 and the chan-
nel-B-photodiode 3 may have the same structure. In par-
ticular the doped channel-A-region 18 and the doped
channel-B-region 19 may comprise the same pattern of
stripes or islands as shown in Figure 10. The effective
thickness t2 of the channel-A-photodiode 2 is the same
as the effective thickness t3 of the channel-B-photodiode
3. The response of the channel-B-photodiode 3 to inci-
dent ultraviolet radiation is attenuated by the channel-B-
filter layer 15 functioning as a high-pass filter. The chan-
nel-B-filter layer 15 is arranged above the channel-B-
photodiode 3 but not above the channel-A-photodiode 2
as in the embodiments according to Figures 3, 4 and 7.
In the embodiment according to Figure 10, an additional
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improvement in the accuracy of the measurement of ul-
traviolet radiation can be obtained by incorporating a low-
pass filter as a common filter layer 13 above both pho-
todiodes 2, 3 as described above.
[0046] Figure 11 is a cross section of a further embod-
iment according to Figure 10 with the channel-B-filter lay-
er 15 arranged within the dielectric 5 at the same level
with metal layers of the wiring or even below the level of
the wiring region 6. The elements of the embodiment
according to Figure 11 that correspond to similar ele-
ments of the embodiment according to Figure 10 are des-
ignated with the same reference numerals. In the em-
bodiment according to Figure 11, the channel-B-filter lay-
er 15 may be formed from polysilicon functioning as a
high-pass filter, which may have a typical thickness of
about 0.2 mm, for instance. A common filter layer 13 as
shown in Figure 11 may be provided as a low-pass filter,
but it is optional and can be omitted as in the embodiment
according to Figure 10.
[0047] Figure 12 is a schematic cross section accord-
ing to Figure 1 for a further embodiment comprising
through-substrate vias. The elements of the embodiment
according to Figure 12 that correspond to similar ele-
ments of the embodiment according to Figure 1 are des-
ignated with the same reference numerals. The embod-
iment according to Figure 12 comprises through-sub-
strate vias 20, which can be formed by etching via holes
in the substrate 1. A metallization 21, which is preferably
insulated from the substrate 1 by a rear dielectric 22, is
provided for an electric connection between the wiring
and the rear side of the device opposite the main surface
10. The metallization 21 contacts a contact area that is
provided on the wiring within the wiring region 6. The
metallization 21 thus connects electric terminals of the
photodiodes 2, 3 and, preferably, of an integrated circuit
with contact pads on the rear side. Contact bumps 23
may be provided on the rear contact pads for an external
electric connection to a carrier like a printed circuit board,
for instance, or the like.
[0048] The through-substrate vias 20 can be produced
by etching via holes into the semiconductor material of
the substrate 1, which can be performed from the rear
side, after the main surface 1 has been provided with
components of an integrated circuit like a CMOS circuit,
for instance. The rear dielectric 22 may then be deposited
on the sidewalls of the via holes and on the rear surface
of the substrate 1 for electric isolation. The metallization
21 is deposited as a metal layer on the sidewalls within
the via holes and on the back side of the surface 1 and
may especially be provided as a redistribution layer,
which is structured according to this purpose.
[0049] A rear passivation layer 27, which may be sili-
con nitride, for instance, may be deposited as a moisture
barrier and a mechanical protection. Contact pads of the
metallization are opened in the rear passivation layer 27
and are provided with the contact bumps 23, which may
be metal or solder balls, for instance.
[0050] The embodiments described above can be in-

tegrated on the same silicon die or wafer together with
interface circuits, processors, and other types of optical
sensors such as color sensors, ambient-light sensors,
and infrared sensors. The described low-pass and high-
pass filters can be conventional interference filters con-
sisting of multi-layers of different dielectric materials, for
example. Other types of junctions, filters, and coatings
or passivations can also be used. In each embodiment
the calculation of the difference signal may be performed
by an integrated circuit or using an external device, which
receives the two signals from the photodiodes.
[0051] The use of through-substrate vias enables the
sensor device to be directly exposed to incident ultravi-
olet light without any absorbing intermediate material,
because the external electric connections can be ar-
ranged entirely on the back surface of the device, and
thus any device structures that could unduly shield the
incident light can be kept out of the areas that are pro-
vided for light incidence. Through-substrate vias can be
used in conjunction with all described embodiments of
the differential dual photodiode ultraviolet sensor. The
use of through-substrate vias enables small packages
and low-cost production of ultraviolet sensors.

List of reference numerals

[0052]

1 substrate
2 channel-A-photodiode
3 channel-B-photodiode
4 well

5 dielectric
6 wiring region
7 passivation layer
8 vertical connection
9 epitaxial layer

10 main surface

11 first-type contact region
12 second-type contact region
13 common filter layer
14 surface dead layer
15 channel-B-filter layer
16 cover layer

17 window
18 doped channel-A-region
19 doped channel-B-region
20 through-substrate via
21 metallization
22 rear dielectric

23 contact bump
24 pn-junction
25 integrated circuit
26 incident radiation
27 rear passivation layer
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Claims

1. A semiconductor sensor device, comprising:

- a semiconductor substrate (1) having a main
surface (10),
- a photodiode (2) arranged in the substrate (1)
at or near the main surface (10), the photodiode
(2) generating an electric signal in response to
incident radiation (26), and
- a further photodiode (3) arranged in the sub-
strate (1) at or near the main surface (10), the
further photodiode (3) generating a further elec-
tric signal in response to the incident radiation
(26),
characterized in that
- the photodiode (2) and the further photodiode
(3) are formed and arranged in such a manner
that in case of incident ultraviolet radiation the
electric signal from the photodiode (2) is larger
than the further electric signal from the further
photodiode (3), and
- the electric signal from the photodiode (2) is
attenuated by the further electric signal and thus
yields an electric signal primarily measuring the
incident ultraviolet radiation.

2. The semiconductor sensor device of claim 1, where-
in the attenuation comprises a subtraction of the fur-
ther electric signal generated by the further photodi-
ode (3) from the electric signal generated by the pho-
todiode (2).

3. The semiconductor sensor device of claim 1 or 2,
further comprising:

an integrated circuit (25) in the substrate (1), the
integrated circuit (25) being provided to attenu-
ate the electric signal generated by the photo-
diode (2) by the further electric signal generated
by the further photodiode (3).

4. The semiconductor sensor device of one of claims
1 to 3, further comprising:

a filter layer (15) that reduces or inhibits a trans-
mission of the incident ultraviolet radiation (26)
to the further photodiode (3) without reducing or
inhibiting a transmission of the incident ultravi-
olet radiation (26) to the photodiode (2).

5. The semiconductor sensor device of claim 4, where-

(continued)

t2 effective thickness
t3 effective thickness

in the filter layer (15) is formed from silicon nitride.

6. The semiconductor sensor device of claim 4, where-
in the filter layer (15) is formed from polysilicon.

7. The semiconductor sensor device of one of claims
1 to 6, further comprising:

- doped wells (4) of a first type of electric con-
ductivity formed in the substrate (1) at or near
the main surface (10), and
- pn-junctions (24) arranged in or at the doped
wells (4), the pn-junctions (24) forming the pho-
todiode (2) and the further photodiode (3).

8. The semiconductor sensor device of claim 7, where-
in
the substrate (1) is doped for a second type of electric
conductivity opposite to the first type of electric con-
ductivity, a net doping of the first type of electric con-
ductivity being present in the doped wells (4) and
forming the pn-junctions (24).

9. The semiconductor sensor device of claim 7, where-
in
the substrate (1) is provided with an epitaxial layer
(9) doped for a second type of electric conductivity
opposite to the first type of electric conductivity, the
epitaxial layer (9) forming the main surface (10), and
the doped wells (4) are arranged within the epitaxial
layer (9), a net doping of the first type of electric con-
ductivity being present in the doped wells (4) and
forming the pn-junctions (24).

10. The semiconductor sensor device of claim 7, further
comprising:

doped regions (18, 19) of a second type of elec-
tric conductivity opposite to the first type of elec-
tric conductivity arranged within the doped wells
(4), the pn-junctions (24) being formed at a
boundary between the doped wells (4) and the
doped regions (18, 19).

11. The semiconductor sensor device of claim 10,
wherein the doped region (19) of the further photo-
diode (3) comprises a doping concentration that in-
creases towards the main surface (10), thus forming
a surface dead layer (14) of reduced diffusion lengths
of charge carriers.

12. A method of measuring ultraviolet radiation, com-
prising:

- generating an electric signal from a photodiode
(2) in response to incident radiation, and
- generating a further electric signal from a fur-
ther photodiode (3) in response to the incident
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radiation,
characterized in that
- the photodiode (2) and the further photodiode
(3) are provided in such a manner that in case
of incident ultraviolet radiation the electric signal
from the photodiode (2) is larger than the further
electric signal from the further photodiode (3),
- the electric signal and the further electric signal
are generated simultaneously, and
- the electric signal from the photodiode (2) is
attenuated by the further electric signal in order
to produce an electric signal primarily measuring
the incident ultraviolet radiation.

13. The method of claim 12, wherein the electric signal
from the photodiode (2) is attenuated by subtracting
the further electric signal.

14. The method of claim 12 or 13, further comprising:

applying a filter layer (15) that reduces or inhibits
the transmission of incident ultraviolet radiation
to the further photodiode (3) without reducing or
inhibiting the transmission of incident ultraviolet
radiation to the photodiode (2).

15. The method of one of claims 12 to 14, further com-
prising:

applying a filter layer (13) that reduces or inhibits
the transmission of incident non-ultraviolet radi-
ation to the photodiode (2) and to the further
photodiode (3).
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