
1 WO 2011/043068PCT/JP2010/005978 Description Title of Invention:
SOLID-STATE IMAGE PICKUP DEVICE Technical Field [0001]The present invention
relates to a solid-state image pickup device. More specifically, the
present invention relates to a solid-state image pickup device in which
each of pixels has a charge holding portion. Background Art [0002]In recent
years, a configuration in which each of pixels has a charge holding portion
isolated from a photoelectric conversion portion and a floating diffusion
(hereinafter FD) has been considered for higher performance of a
solid-state image pickup device. Firstly, the charge holding portion is
provided in each pixel for realizing a global electronic shutter, as
described in PTL 1. Secondly, the charge holding portion is provided in
each pixel for expanding a dynamic range, as described in PTL 2. Thirdly,
the charge holding portion is provided in each pixel for realizing a
configuration having an analog-to-digital (AD) converter for each pixel, as
described in PTL 3. [0003]PTL 1 discloses a configuration of reducing noise
by suppressing inflow of charges generated at a deep position of a
semiconductor region into a charge holding portion. Specifically, PTL 1
discloses a configuration including a P-type well having a photoelectric
conversion portion therein, a charge holding portion, and a P-type semi-
conductor layer that is provided under at least part of the charge holding
portion via part of the P-type well and that has a higher impurity
concentration than the P-type well. Citation List Patent Literature [0004]
PTL 1: Japanese Patent Laid-Open No. 2008-004692 PTL 2: Japanese Patent
Laid-Open No. 2006-197383 PTL 3: Japanese Patent Laid-Open No. 2009-038167
Summary of Invention Technical Problem [0005]The inventor has found that,
in the configuration disclosed in PTL 1, a problem arises in that a drive
voltage for transferring charges from the charge holding portion to the FD
is high. As illustrated in Fig. 3 of PTL 1, the high-concentration P-type
layer is disposed under the charge holding portion via the P-type well. The
charge holding portion forms a PN junction together with the P-type well,
which has a low concentration. Therefore, a depletion layer from the N-type
region of the charge holding portion expands to the P-type well, so that a
high voltage is necessary to transfer  



2 WO 2011/043068PCT/JP2010/005978 charges. [0006]Furthermore, the inventor
has found that a transfer path may narrow and transfer ef- ficiency may
decrease depending on a positional relationship between the
high-concentration P-type layer and the charge transfer path extending from
the charge holding portion to the FD. [0007]In view of those problems, an
embodiment of the present invention is directed to enabling transfer of
charges at a low voltage, firstly by suppressing expansion of a depletion
layer during transfer of charges from a charge holding portion to an FD,
and secondly by preventing narrowing down of the transfer path between the
charge holding portion and the FD. Solution to Problem [0008]A solid-state
image pickup device according to an aspect of the present invention is a
solid-state image pickup device including a pixel. The pixel includes a
photoelectric conversion portion configured to generate charges in
accordance with incident light, a charge holding portion configured to
include a first-conductivity-type first semiconductor region that holds the
charges generated by the photoelectric conversion portion in a portion
different from the photoelectric conversion portion, and a transfer portion
configured to include a transfer gate electrode that controls a potential
between the charge holding portion and a sense node. A
second-conductivity-type second semiconductor region is disposed under the
first semiconductor region so as to form a PN junction together with the
first semiconductor region. A second-conductivity-type impurity
concentration of the second semiconductor region is higher than a
secondconductivity-type impurity concentration of a region that is under
the transfer gate electrode and that is at the same depth as the second
semiconductor region. [0009]A solid-state image pickup device according to
another aspect of the present invention is a solid-state image pickup
device including a pixel. The pixel includes a photoelectric conversion
portion configured to generate charges in accordance with incident light, a
charge holding portion configured to include a first-conductivity-type
first semiconductor region that holds the charges generated by the
photoelectric conversion portion in a portion different from the
photoelectric conversion portion, and a transfer portion configured to
include a transfer gate electrode that controls a potential between the
charge holding portion and a sense node. A second-conductivity-type second
semiconductor region is disposed under the first semiconductor region. A
second-conductivity-type impurity concentration of the second semiconductor
region is higher than a second-conductivity-type impurity concentration of
a region that is under the transfer gate electrode and that is at the same
depth as the second semiconductor region.  3 



WO 2011/043068PCT/JP2010/005978 [0010]A solid-state image pickup device
according to still another aspect of the present invention is a solid-state
image pickup device including a pixel. The pixel includes a photoelectric
conversion portion configured to generate charges in accordance with
incident light, a charge holding portion configured to include a
first-conductivity-type first semiconductor region that holds the charges
generated by the photoelectric conversion portion in a portion different
from the photoelectric conversion portion, and a transfer portion
configured to include a transfer gate electrode that controls a potential
between the charge holding portion and a sense node. A
second-conductivity-type second semiconductor region is disposed under the
first semiconductor region. The first semiconductor region and the second
semiconductor region are disposed in a semiconductor substrate. An area of
the first semiconductor region that is projected onto a surface parallel to
a surface of the semiconductor substrate is equal to an area of the second
semiconductor region that is projected onto a surface parallel to the
surface of the semiconductor substrate. Advantageous Effects of Invention
[0011]In the solid-state image pickup device according to an embodiment of
the present invention, expansion of a depletion layer can be suppressed
when charges accumulated in a charge holding portion are transferred, and
also narrowing down of a charge transfer path can be suppressed.
[0012]Further features of the present invention will become apparent from
the following de- scription of exemplary embodiments with reference to the
attached drawings. Brief Description of Drawings [0013] [fig.11Fig. 1 is a
schematic view of a cross section of a pixel of a solid-state image pickup
device according to a first embodiment of the present invention.
[fig.2]Fig. 2 is a diagram for explaining a method for manufacturing the
solid-state image pickup device according to the first embodiment of the
present invention. [fig.3]Fig. 3 is a schematic view of a cross section of
a pixel of a solid-state image pickup device according to a second
embodiment of the present invention. [fig.4]Fig. 4 is a schematic view of a
cross section of a pixel of a solid-state image pickup device according to
a third embodiment of the present invention. [fig.5]Fig. 5 is a schematic
view of a cross section of a pixel of a solid-state image pickup device
according to a fourth embodiment of the present invention. [fig.6]Fig. 6 is
a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a fifth embodiment of the present invention.
[fig.7]Fig. 7 is a schematic view of a cross section of a pixel of a
solid-state image pickup device according to a sixth embodiment of the
present invention. [fig.8]Fig. 8 is an equivalent circuit diagram of pixels
of a solid-state image pickup 



4 WO 2011/043068PCT/JP2010/005978 device according to an embodiment of the
present invention. [fig.91Fig. 9 is a top view of a pixel region of the
solid-state image pickup device according to the second embodiment of the
present invention. [fig.10]Fig. 10 is a top view of a pixel region of the
solid-state image pickup device according to the fourth embodiment of the
present invention. [fig.11]Fig. 11 illustrates an impurity concentration
profile of the solid-state image pickup device according to the first
embodiment of the present invention. [fig.12]Fig. 12 illustrates an
additive impurity concentration profile of the solid-state image pickup
device according to the first embodiment of the present invention.
[fig.13]Fig. 13 illustrates an impurity concentration profile of the
solid-state image pickup device according to the third embodiment of the
present invention. Description of Embodiments [0014]Hereinafter,
embodiments of the present invention will be described in detail below with
reference to the attached drawings. In each of the embodiments, electrons
are used as signal charges. However, holes may be used as signal charges.
In a case where electrons are used as signal charges, a
first-conductivity-type is N-type, and a secondconductivity-type is P-type.
In a case where holes are used as signal charges, the conductivity type of
each semiconductor region may be reversed with respect to the case where
electrons are used as signal charges. The schematic cross-sectional view in
each embodiment illustrates only one pixel, but actually a plurality of
pixels are arranged in a matrix, for example. First Embodiment [0015]Fig. 1
is a schematic view of a cross section of a pixel of a solid-state image
pickup device according to an embodiment of the present invention.
Reference numeral 101 denotes a photoelectric conversion portion. A
photodiode configured to include a P-type semiconductor region and an
N-type semiconductor region is used, for example. Reference numeral 102
denotes a charge holding portion. The charge holding portion 102 is
configured to include an N-type semiconductor region capable of holding
charges generated by the photoelectric conversion portion 101. Reference
numeral 103 denotes a transfer portion. The transfer portion 103 transfers
charges held by the charge holding portion 102 to a sense node. Reference
numeral 104 denotes the sense node. The sense node 104 is configured to
include a floating diffusion (FD) that is electrically connected to the
gate of a pixel amplification metal oxide semiconductor (MOS) transistor,
for example. The FD may be electrically connected to a vertical signal line
(not illustrated), instead of being electrically connected to the gate of
the pixel amplification MOS transistor. 1100161Next, specific
configurations of the foregoing individual members will be described.  5 WO
2011/043068PCT/JP2010/005978 



In this embodiment, the photoelectric conversion portion 101, the charge
holding portion 102, the transfer portion 103, and the sense node 104 are
arranged in a P-type well 107. The P-type well 107 is formed on one of
principal surfaces of an N-type substrate 116 through ion implantation or
epitaxial growth. A P-type substrate may be used instead of the N-type
substrate 116 on which the P-type well 107 is formed. [0017]Also, a pixel
structure may be disposed on an N-type substrate that is formed through
epitaxial growth. An advantage of this configuration is that, since a
P-type buried layer serves as a potential barrier, charges generated by the
photoelectric conversion portion 101 are unlikely to be discharged to the
substrate. Thus, a pixel structure may be disposed on the N-type substrate
that is formed through epitaxial growth, in order to increase the
sensitivity. In a configuration where the impurity concentration of the
N-type semiconductor region in the photoelectric conversion portion 101 is
low and where generated charges are immediately transferred to the charge
holding portion 102 without being accumulated in the photoelectric
conversion portion 101, the effect of increasing the sensitivity using the
N-type substrate becomes particularly significant. [0018]Reference numerals
105 and 106 denote N-type semiconductor regions. The N-type semiconductor
region 105 is disposed in the N-type semiconductor region 106 and has an
N-type impurity concentration higher than that of the N-type semiconductor
region 106. The N-type semiconductor region 105 forms a PN junction
together with a P-type semiconductor region 108. The N-type semiconductor
region 106 forms a PN junction together with the P-type well 107 that is
disposed under the N-type semiconductor region 106. [0019]The P-type
semiconductor region 108 is a high-concentration P-type semiconductor
region. Providing the P-type semiconductor region 108 enables reduction of
a dark current that is generated on a surface of semiconductor. In this
embodiment, the foregoing photoelectric conversion portion 101 is
constituted by the N-type semiconductor regions 105 and 106, the P-type
well 107, and the P-type semiconductor region 108. [0020]Reference numeral
110 denotes an N-type semiconductor region. In this em- bodiment, the
N-type semiconductor region 110 functions as a first semiconductor region
that holds charges in a portion different from the photoelectric conversion
portion 101. Reference numeral 112 denotes a control electrode. The
foregoing charge holding portion 102 is configured to include the N-type
semiconductor region 110 and the control electrode 112. [0021]The charge
holding portion 102 according to this embodiment includes the control
electrode 112, which is disposed above the N-type semiconductor region 110
via an insulating film 109. The control electrode 112 controls the
potential on a semiconductor surface side of the N-type semiconductor
region 110. A negative voltage may be 6 WO 2011/043068PCT/JP2010/005978
applied to the control electrode 112 so as to suppress an influence of a
dark current generated in the charge holding portion 102. [0022]The control
electrode 112 may also have a function of controlling a potential 



between the photoelectric conversion portion 101 and the charge holding
portion 102. Alternatively, a distinct electrode from the control electrode
112 may be disposed for controlling the potential between the photoelectric
conversion portion 101 and the charge holding portion 102. [0023]An
embodiment of the present invention can be applied to a configuration that
does not include the control electrode 112. For example, the N-type
semiconductor region 110 may be selectively connected to the power source
via a contact plug and a switch. [0024]Reference numeral 113 denotes a
transfer gate electrode. A voltage supplied to the transfer gate electrode
113 forms a transfer path of signal charges in part of the P-type well 107
adjacent to the N-type semiconductor region 110. The transfer gate
electrode 113 is disposed so that a transfer path is formed at a position
where signal charges can be transferred from the charge holding portion 102
to the sense node 104 described below. The transfer gate electrode 113
switches between a state where the transfer path is formed and a state
where the transfer path is not formed in accordance with a voltage supplied
thereto, so as to control the electrical connection between the charge
holding portion 102 and the sense node 104. [0025]An FD 114 is an N-type
semiconductor region. In this embodiment, the FD 114 functions as a sense
node. The sense node may be a semiconductor region from which a signal is
output in accordance with the amount of charges accumulated therein. The
sense node may have a configuration of being shared by a plurality of
pixels. [0026]Reference numeral 115 denotes a light shielding member. The
light shielding member 115 reduces incident light to the charge holding
portion 102, the transfer portion 103, and the sense node 104, or
completely blocks incident light thereto. [0027]Reference numeral 111
denotes a high-concentration P-type semiconductor region, which is a
feature of this embodiment. The P-type semiconductor region 111 is disposed
under the N-type semiconductor region 110. The P-type semiconductor region
111 and the N-type semiconductor region 110 directly form a PN junction
without via the P-type well 107. That is, in this embodiment, the P-type
semiconductor region 111 is a second semiconductor region that is disposed
under the N-type semiconductor region 110 so as to form a PN junction
together with the N-type semiconductor region 110. [0028]Fig. 11
illustrates an impurity concentration profile along a depth direction in
each of the charge holding portion 102 (X cross section in Fig. 1) and the
transfer portion 103 (Y cross section in Fig. 1). The depth direction is a
direction vertical to the surface of semiconductor. The impurity
concentration of the P-type semiconductor region 111 is 7 WO
2011/043068PCT/JP2010/005978 higher than the impurity concentration of the
P-type well 107. 



[0029]As illustrated in Fig. 11, the impurity concentration profile in the
depth direction of the P-type semiconductor region 111 may be a profile
having an impurity concentration peak at a certain depth. The peak of the
impurity concentration of the P-type semiconductor region 111 may be at a
position shallower than 0.5 micrometers from the surface. Even if the peak
is at a deeper position than this, an effect of this embodiment can be
obtained if the P-type semiconductor region 111 and the N-type
semiconductor region 110 directly form a PN junction without via the P-type
well 107. However, when the peak is at a position shallower than 0.5
micrometers from the surface, a region of a low impurity concentration is
not formed between the N-type semiconductor region 110 and the P-type
semiconductor region 111, and thus a greater effect can be obtained. Since
the P-type semiconductor region 111 is disposed under the N-type
semiconductor region 110, the impurity concentration peak of the P-type
semiconductor region 111 is at a deeper position than the impurity
concentration peak of the N-type semiconductor region 110. [0030]As
illustrated in Fig. 11, at the depth where the impurity concentration peak
of the P- type semiconductor region 111 exists, the impurity concentration
of the P-type semiconductor region 111 is higher than the impurity
concentration of a region at the same depth under the transfer gate
electrode 113. In other words, under at least part of the transfer gate
electrode 113, the P-type semiconductor region 111 does not exist, or even
though the P-type semiconductor region 111 exists under the transfer gate
electrode 113, the impurity concentration is lower than that of the P-type
semiconductor region 111 under the N-type semiconductor region 110. Here,
if the conductivity type of the semiconductor region under the transfer
gate electrode 113, at the same depth as the P-type semiconductor region
111, is opposite to that of the P-type semiconductor region 111, that is,
N-type, the P-type semiconductor region 111 has a higher P-type impurity
concentration. [0031]Next, a detailed description will be given of that the
P-type semiconductor region 111 and the N-type semiconductor region 110
form a PN junction. Fig. 12 illustrates an additive impurity concentration
profile along a direction vertical to the surface of semiconductor in the
charge holding portion 102 (X cross section in Fig. 1). The "additive
impurity concentration" means the concentration of impurity that is
actually added. On the other hand, the "impurity concentration" in this
specification, the claims, and the drawings means the net impurity
concentration that is compensated for by the impurities of the opposite
conductivity type. In Fig. 12, the region where the P-type additive
impurity concentration is higher than the N-type additive impurity
concentration is a P-type semiconductor region. In contrast, the region
where the N-type additive impurity concentration is higher than the P-type
additive impurity con- 8 WO 2011/043068PCT/JP2010/005978 centration is an
N-type semiconductor region. [0032]In Fig. 12, the peak of the additive
impurity concentration of the P-type impurity cor- responds to the impurity
concentration peak of the P-type semiconductor region 111. In Fig. 12, the
portion where the additive impurity concentration of the N-type impurity is
equal to that of the P-type impurity is an interface of a PN junction. If
the P-type additive impurity concentration at the PN junction interface is
higher than the additive impurity concentration of the P-type well, it may
be said that the P-type semiconductor region 111 and the N-type
semiconductor region 110 directly form a PN junction. [0033]Now, a
description will be given of the P-type well which is a comparison target
of additive impurity concentration. In this embodiment, impurities are
distributed almost uniformly in the P-type well 107 illustrated in Fig. 1.
In this case, the additive impurity concentration of the P-type well 107 as
a comparison target may be, for example, the additive impurity
concentration of the semiconductor region under the transfer gate electrode
113 at the same depth as the peak of the impurity concentration of the
P-type semiconductor region 111. [0034]Impurities may be added to a
transfer path in order to control the voltage to be 



supplied to the transfer gate electrode 113. In such a configuration, the
additive impurity concentration of the semiconductor region under the
transfer gate electrode 113 is higher than the additive impurity
concentration of the P-type well, and the distribution of the impurity
concentration of the P-type well 107 in Fig. 1 is not uniform. In this
case, the additive impurity concentration of the P-type well 107 that is
disposed under the photoelectric conversion portion 101 is regarded as a
comparison target. This is because, even if impurities are added to the
transfer path, the additive impurity concentration in the lower portion of
the photoelectric conversion portion 101 does not change. [0035]In Fig. 12,
a curve in a solid line indicates the additive impurity concentration
according to this embodiment, and a curve in a dotted line indicates the
additive impurity concentration according to a comparative example. At the
PN junction interface according to the comparative example, the additive
impurity concentration of the P-type impurity is equal to the additive
impurity concentration of the P-type well. In this case, the P-type
semiconductor region 111 and the N-type semiconductor region 110 do not
form a PN junction directly with each other. [0036]With the configuration
according to this embodiment described above, charges can be transferred
from the charge holding portion 102 to the sense node 104 at a low voltage.
This will be described in detail. [0037]First, a mechanism of transferring
charges from the charge holding portion 102 to the sense node 104 will be
described. Before signal charges generated in the photoelectric 9 WO
2011/043068PCT/JP2010/005978 conversion portion 101 are held in the N-type
semiconductor region 110, a reset voltage is supplied to the N-type
semiconductor region 110 via the sense node 104. Then, after the N-type
semiconductor region 110 has been turned floating, charges in the
photoelectric conversion portion 101 are transferred to the N-type
semiconductor region 110. Then, the charges are sequentially transferred
from the charge holding portion 102 to the sense node 104. The transfer is
performed on a row-by-row basis in ordinary cases. At this time, the N-type
semiconductor region 110 is in a state where a reverse bias is applied via
the transfer portion 103. The reverse bias causes the N-type semiconductor
region 110 to be depleted, so that the charges are transferred. In order to
transfer most of or, preferably, all of the charges held in the N-type
semiconductor region 110 to the sense node 104, the most part of or,
preferably, the entire region of the N-type semiconductor region 110 needs
to be depleted. [0038]When the N-type semiconductor region 110 is depleted,
a depletion layer expands into the P-type semiconductor region 111 under
the N-type semiconductor region 110. The amount of expansion of the
depletion layer from the N-type semiconductor region 110 varies in
accordance with the impurity concentration of the P-type semiconductor
region 111 that forms a PN junction together with the N-type semiconductor
region 110. [0039]For easy understanding of the effect of this embodiment,
a description will be given in comparison with the configuration disclosed
in PTL 1. According to the configuration illustrated in Fig. 3 of PTL 1, a
high-concentration P-type semiconductor region is disposed under an N-type
semiconductor region constituting a charge holding portion via a P-type
well. When the N-type semiconductor region forms a PN junction together
with a low-concentration P-type well as in the configuration disclosed in
PTL 1, a depletion layer widely expands in the P-type well. In this case, a
reverse bias voltage supplied via a transfer portion needs to be high in
order to sufficiently deplete the N-type semiconductor region. [0040]On the
other hand, in this embodiment, the N-type semiconductor region 110 and the
P-type semiconductor region 111 form a PN junction directly with each other
without via the P-type well 107. Since the impurity concentration of the
P-type semiconductor region 111, which forms a PN junction together with
the N-type semiconductor region 110, is high, expansion of a depletion
layer into the P-type semiconductor region 111 can be suppressed. Thus,
even if the reverse bias voltage that is supplied via the transfer portion
103 is low, the most part of or the entire region of the N-type
semiconductor region 110 is depleted. 



[0041]Furthermore, in this embodiment, the impurity concentration of the
P-type semi- conductor region 111 is higher than the impurity concentration
of the region under the transfer gate electrode 113 at the same depth as
the P-type semiconductor region 111. 10 WO 2011/043068PCT/JP2010/005978 In
other words, the P-type semiconductor region 111 does not extend to the
region under the transfer gate electrode 113. With this configuration, a
transfer path is formed in the P-type well 107 under the transfer gate
electrode 113 without increasing the bias voltage that is supplied to the
transfer gate electrode 113. [0042]Next, a method for manufacturing the
P-type semiconductor region 111 according to this embodiment will be
described. Fig. 2 is a schematic view of a cross section of a pixel when
the P-type semiconductor region 111 is formed. Reference numeral 201
denotes a mask pattern formed of a photoresist or the like. The same parts
as those in Fig. 1 are denoted by the same reference numerals, and a
detailed description will be omitted. [0043]First, a photoresist is formed
over an entire surface of the substrate. Then, the pho- toresist is exposed
so that an opening is formed in a region where the N-type semiconductor
region 110 in the charge holding portion 102 is to be disposed. [0044]As a
first impurity implantation step for forming the N-type semiconductor
region 110, N-type impurity ions are implanted using a photoresist pattern
formed in the exposure step as a mask pattern. At this time, arsenic or
phosphorus may be used as the impurity. [0045]Subsequently, without a step
of removing the photoresist mask, P-type impurity ions are implanted as a
second impurity implantation step for forming the P-type semiconductor
region 111. At this time, boron or the like may be used as the impurity.
Then, heat treatment such as annealing is performed to recover from crystal
defect or the like that occurs during ion implantation. In this way, the
N-type semiconductor region 110 and the P-type semiconductor region 111 are
formed using the identical mask pattern. [0046]The first impurity
implantation step of forming the N-type semiconductor region 110 and the
second impurity implantation step of forming the P-type semiconductor
region 111 may be performed in the reverse order. [0047]According to the
above-described manufacturing method, the P-type semiconductor region 111
can be formed without the necessity for significantly increasing the
manufacturing steps. More specifically, the P-type semiconductor region 111
can be formed without a new mask patterning step. Furthermore, according to
such a manufacturing method, displacement of the N-type semiconductor
region 110 and the P-type semi- conductor region 111 in the direction
horizontal to the substrate surface can be reduced. Accordingly, the
portion where the N-type semiconductor region 110 and the P-type
semiconductor region 111 form a PN junction directly with each other can be
increased. 



[0048]Note that the above-described manufacturing method is not an
essential method for manufacturing a solid-state image pickup device
according to an embodiment of the  11 WO 2011/043068PCT/JP2010/005978
present invention. The N-type semiconductor region 110 and the P-type
semiconductor region 111 may be formed using different mask patterns.
[0049]As described above, according to this embodiment, expansion of a
depletion layer can be suppressed when charges accumulated in the charge
holding portion 102 are transferred, and furthermore, narrowing down of the
charge transfer path is suppressed. Accordingly, charges can be transferred
at a low voltage. Second Embodiment [0050]Fig. 3 is a schematic view of a
cross section of a pixel of a solid-state image pickup device according to
a second embodiment of the present invention. The parts having the same
function as that in the first embodiment are denoted by the same reference
numerals, and a detailed description thereof will be omitted. [0051]A
difference between this embodiment and the first embodiment is that a
P-type semiconductor region 301 is disposed under the P-type semiconductor
region 111. As illustrated in Fig. 3, the P-type semiconductor region 301
extends to under the transfer path and the FD 114. In this embodiment, the
P-type semiconductor region 301 functions as a third semiconductor region.
[0052]Fig. 9 is a top view of a pixel region according to this embodiment.
Fig. 9 illustrates only four pixels, but the solid-state image pickup
device according to this embodiment may include more pixels. The parts
having the same function as that in Fig. 1 or 3 are denoted by the same
reference numerals. Fig. 3 illustrates a schematic view of the III-III
cross section in Fig. 9. [0053]Reference numeral 302 denotes an active
region. In the active region 302, the photo- electric conversion portion
101, the P-type well 107, the N-type semiconductor region 110 that holds
charges, the P-type semiconductor region 111, the transfer path, and the FD
114 are formed. Reference numeral 303 denotes a field region. A field oxide
film is used for isolation of elements. Reference numeral 304 denotes a
region where a pixel amplification MOS transistor, a reset MOS transistor,
and the like are formed. 



[0054]In this embodiment, the P-type semiconductor region 301 is formed in
a region defined by a broken line in Fig. 9. That is, the P-type
semiconductor region 301 is formed in the entire active region 302 except
the photoelectric conversion portion 101. In this case, the P-type well 107
is divided into two regions 107a and 107b, as illustrated in Fig. 3.
However, the P-type semiconductor region 301 is not necessarily disposed in
the entire region under the P-type semiconductor region 111, the transfer
gate electrode 113, and the FD 114. [0055]In this embodiment, the additive
impurity concentration of the P-type impurity at the PN junction interface
between the P-type semiconductor region 111 and the N-type semiconductor
region 110 is higher than the additive impurity concentration of the P-type
well 107. In this embodiment, the P-type semiconductor region 301 is formed
in 12 WO 2011/043068PCT/JP2010/005978 the P-type well 107. In such a case,
the additive impurity concentration of the semiconductor region under the
transfer gate electrode 113 may be higher than the additive impurity
concentration of the P-type well 107. Thus, the additive impurity
concentration of the P-type well 107 in a lower portion of the
photoelectric conversion portion 101 may be regarded as a comparison
target. [0056]According to the configuration of this embodiment, inflow of
charges into the transfer path and the FD 114 can be suppressed.
Accordingly, an effect that noise is reduced can be obtained in addition to
the effect obtained in the first embodiment. Third Embodiment [0057]Fig. 4
is a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a third embodiment of the present invention. The
parts having the same function as those in the first and second embodiments
are denoted by the same reference numerals, and a detailed description
thereof will be omitted. [0058]A difference between this embodiment and the
second embodiment is that a P-type semiconductor region 401 is disposed
under the P-type semiconductor region 301. The two P-type semiconductor
regions 301 and 401 are disposed at different depths. As a result, a lower
end of the P-type semiconductor region 401 is at the depth where the PN
junction interface between the N-type semiconductor region 106 constituting
part of the photoelectric conversion portion 101 and the P-type well 107 is
disposed. In this embodiment, the P-type semiconductor regions 301 and 401
function as a third semiconductor region. [0059]Fig. 13 illustrates an
impurity profile along a depth direction in each of the charge holding
portion 102 (X cross section in Fig. 4) and the transfer portion 103 (Y
cross section in Fig. 4) according to this embodiment. At the depth where
the peak of the P-type semiconductor region 111 exists, the impurity
concentration of the P-type semiconductor region 111 is higher than the
impurity concentration of the semiconductor region under the transfer path.
At a deeper position than the P-type semiconductor region 111, the P-type
semiconductor regions 301 and 401 are disposed under the P-type
semiconductor region 111, the transfer gate electrode 113, and the FD 114.
Thus, as illustrated in Fig. 13, the impurity profile along the depth
direction is the same in the charge holding portion 102 and the transfer
portion 103. [0060]Fig. 13 also illustrates the impurity profile along the
depth direction in the photo- electric conversion portion 101 (Z cross
section in Fig. 4). As illustrated in Fig. 13, the lower end of the P-type
semiconductor region 401 is at the depth where the N-type semiconductor
region 106 in the photoelectric conversion portion 101 and the P-type well
107 form a PN junction. 



[0061]In this embodiment, the P-type semiconductor regions 301 and 401 are
formed through four ion implantation steps. The type of implanted ion is
boron. The dose of 13 WO 2011/043068PCT/JP2010/005978 ion implantation with
the smallest acceleration energy is larger than the others so that the
impurity concentration of an upper portion of the P-type semiconductor
region 301 is high. The high impurity concentration of the upper portion of
the P-type semiconductor region 301 is advantageous for reducing inflow of
charges into the charge holding portion 102, etc. [0062]In this embodiment,
a plurality of semiconductor regions are formed at different depths through
ion implantations with different acceleration energies, and those
semiconductor regions constitute the P-type semiconductor regions 301 and
401. The manufacturing method is not limited to the forgoing method as long
as the P-type semiconductor regions 301 and 401 are formed at different
depths. [0063]In Fig. 4, the P-type semiconductor region 401 is disposed
under the region where the P-type semiconductor region 301 exists. That is,
the P-type semiconductor region 401 is disposed in the region defined by
the broken line in Fig. 9, for example. [0064]In this embodiment, the
additive impurity concentration of the P-type impurity at the PN junction
interface between the P-type semiconductor region 111 and the N-type
semiconductor region 110 is higher than the additive impurity concentration
of the P-type well 107. In this embodiment, the P-type semiconductor
regions 301 and 401 are formed in the P-type well 107. In such a case, the
additive impurity concentration of the semiconductor region under the
transfer gate electrode 113 may be higher than the additive impurity
concentration of the P-type well 107. Then, the additive impurity
concentration of the P-type well 107 in a lower portion of the
photoelectric conversion portion 101 may be regarded as a comparison
target. [0065]According to the configuration of this embodiment, inflow of
signal charges generated in the photoelectric conversion portion 101 into
an adjacent pixel via the P-type well 107 can be suppressed. Accordingly,
an effect that noise is further reduced can be obtained in addition to the
effect obtained in the second embodiment. Fourth Embodiment [0066]Fig. 5 is
a schematic view of a cross section of a pixel of a solid-state image
pickup device according to a fourth embodiment of the present invention.
The parts having the same function as those in any of the first to third
embodiments are denoted by the same reference numerals, and a detailed
description thereof will be omitted. [0067]A difference between this
embodiment and the third embodiment is that the end 



portions of the P-type semiconductor regions 301 and 401 are offset from
the photoelectric conversion portion side in the same pixel, with the end
portion of the charge holding portion 102 being a reference. The N-type
semiconductor region 106 constituting part of the photoelectric conversion
portion 101 is disposed in the offset portion. 1100681Fig. 10 is a top view
of a pixel region according to this embodiment. Fig. 10 il-  14 WO
2011/043068PCT/JP2010/005978 lustrates only four pixels, but the
solid-state image pickup device according to this embodiment may include
more pixels. In Fig. 10, the region where the P-type semiconductor regions
301 and 401 are disposed is indicated by a broken line. Fig. 5 illustrates
a schematic view of the V-V cross section in Fig. 10. [0069]In this
embodiment, the lower side of the rectangle representing the P-type semi-
conductor region 111 is the end portion on the photoelectric conversion
portion side in the same pixel of the P-type semiconductor region 111. As
illustrated in Fig. 10, the end portions on the photoelectric conversion
portion side in the same pixel of the P-type semiconductor regions 301 and
401 are away from the photoelectric conversion portion 101 with respect to
the end portion on the photoelectric conversion portion side in the same
pixel of the P-type semiconductor region 111. [0070]In this embodiment, in
each of the plurality of pixels illustrated in Fig. 10, the end portions on
the photoelectric conversion portion side of the P-type semiconductor
regions 301 and 401 are offset from the photoelectric conversion portion
101. The solid-state image pickup device according to this embodiment may
include pixels in which the end portions on the photoelectric conversion
portion side of the P-type semiconductor regions 301 and 401 are not
offset. [0071]The configuration according to this embodiment may have
sensitivity to light entering in an oblique direction. Accordingly, an
effect that the sensitivity of the photoelectric conversion portion 101
increases can be obtained in addition to the effects of the first to third
embodiments. Fifth Embodiment [0072]Fig. 6 is a schematic view of a cross
section of a pixel of a solid-state image pickup device according to a
fifth embodiment of the present invention. The parts having the same
function as those in the first to fourth embodiments are denoted by the
same reference numerals, and a detailed description thereof will be
omitted. [0073]This embodiment is different from the first to fourth
embodiments in that a P-type semiconductor region 601 is disposed on the
semiconductor surface between the control electrode 112 and the transfer
gate electrode 113. In this embodiment, the P-type semiconductor region 601
functions as a fourth semiconductor region. [0074]The impurity
concentration of the P-type semiconductor region 601 is higher than the 



impurity concentration of the N-type semiconductor region 110.
[0075]According to the configuration of this embodiment, inflow of a dark
current in the transfer path between the charge holding portion 102 and the
FD can be suppressed. Accordingly, an effect that noise is further reduced
can be obtained in addition to the effects obtained in the first to fourth
embodiments. Sixth Embodiment  15 WO 2011/043068PCT/JP2010/005978
[0076]Fig. 7 is a schematic view of a cross section of a pixel of a
solid-state image pickup device according to a sixth embodiment of the
present invention. The parts having the same function as those in the first
to fifth embodiments are denoted by the same reference numerals, and a
detailed description thereof will be omitted. [0077]This embodiment is
different from the fifth embodiment in that an N-type semi- conductor
region 701 is disposed immediately under the P-type semiconductor region
601. In this embodiment, the N-type semiconductor region 701 functions as a
fifth semiconductor region. [0078]As illustrated in Fig. 7, the PN junction
interface between the N-type semiconductor region 701 and the P-type
semiconductor region thereunder is at a deeper position than the PN
junction interface between the N-type semiconductor region 110 and the
P-type semiconductor region 111. [0079]The impurity concentration of the
P-type semiconductor region 601 and the impurity concentration of the
N-type semiconductor region 701 are higher than the impurity concentration
of the N-type semiconductor region 110, respectively. Thus, the end portion
of the N-type semiconductor region 110 is determined by the arrangement of
the semiconductor regions 601 and 701. The P-type semiconductor region 601
and the N-type semiconductor region 701 may be formed through a
self-aligning process using, as a mask, the control electrode 112 and the
transfer gate electrode 113 that are formed in advance. According to such a
manufacturing method, the end portion of the N-type semiconductor region
110 and the end portion of the control electrode 112 can be easily aligned
with high precision. [0080]According to the configuration of this
embodiment, transfer efficiency can be increased, so that charges can be
transferred at a lower voltage. 



Application of solid-state image pickup device [0081]Fig. 8 is an
equivalent circuit diagram of a solid-state image pickup device that can be
applied to all the foregoing embodiments. The solid-state image pickup
device having this equivalent circuit can perform a global electronic
shutter operation. [0082]Reference numeral 801 denotes a photoelectric
conversion portion. A photodiode is used here. Reference numeral 802
denotes a charge holding portion, which holds signal charges generated by
the photoelectric conversion portion 801. Reference numeral 803 denotes a
sense node of an amplifying portion. For example, an FD and a gate
electrode of an amplifying transistor that is electrically connected to the
FD correspond to the sense node 803. Reference numeral 804 denotes a first
transfer portion, which transfers charges in the charge holding portion 802
to the sense node 803 of the amplifying portion. Reference numeral 805
denotes a second transfer portion that is provided if necessary. The second
transfer portion 805 transfers charges in the photoelectric conversion
portion 801 to the charge holding portion 802. Reference numeral  16 WO
2011/043068PCT/JP2010/005978 808 denotes a reset portion, which supplies a
reference voltage to at least an input portion of the amplifying portion.
Furthermore, the reset portion 808 may supply a reference voltage to the
charge holding portion 802. Reference numeral 807 denotes a selecting
portion that is provided if necessary. The selecting portion 807
selectively outputs signals of respective pixel rows to a signal line.
Reference numeral 806 denotes an amplifying portion. The amplifying portion
806 constitutes a source follower circuit together with a constant current
source provided to the signal line. Reference numeral 809 denotes a
discharge control portion, which controls the electrical connection between
the photoelectric conversion portion 801 and a power supply line
functioning as an overflow drain (hereinafter OFD). [0083]Reference symbol
RES denotes a wire for supplying a drive pulse to the reset portion 808.
Reference symbol TX1 denotes a wire for supplying a drive pulse to the
first transfer portion 804. Reference symbol TX2 denotes a wire for
supplying a drive pulse to the second transfer portion 805. This wire can
also serve as a wire for supplying a control pulse of the control electrode
in the charge holding portion 802. Reference symbol SEL denotes a wire for
supplying a drive pulse to the selecting portion 807. [0084]The equivalent
circuit is not limited thereto, and part of the configuration may be shared
by a plurality of pixels. Also, the equivalent circuit is applicable to a
configuration in which control wiring of individual elements is fixed to a
constant voltage and in which control of conduction is not performed.
[0085]The second transfer portion 805 may have a buried channel MOS
transistor con- 



figuration so that charges generated by the photoelectric conversion
portion 801 immediately flow into the charge holding portion 802. In this
configuration, there is a portion where an energy barrier is partially low
at a portion deeper than a surface even in a non-conduction state. In this
case, the charge transfer portion can be brought into a state where a
certain voltage is supplied without performing active control. That is, a
fixed potential barrier may be provided instead of a function as a transfer
portion.  [0086] According to such a configuration, most of signal charges
generated through photoelectric conversion when light enters the
photoelectric conversion portion 801 can be transferred to the charge
holding portion 802 without being accumulated in the photoelectric
conversion portion 801. Accordingly, charge accumulation time can be made
uniform in the photoelectric conversion portions 801 of all the pixels.
Also, when the MOS transistor is in a non-conduction state, holes are
accumulated on the surface of a channel, and the channel for transferring
charges exists at a predetermined depth with respect to the surface. Thus,
an influence of a dark current on the interface of an insulating film can
be reduced. [0087]From another point of view, during a period when signal
charges are accumulated in the photoelectric conversion portion 801 and the
charge holding portion 802, the  17 WO 2011/043068PCT/JP2010/005978
potential of the charge path between the photoelectric conversion portion
801 and the charge holding portion 802 is lower than the potential of the
charge path between the photoelectric conversion portion 801 and the OFD
region. Here, the potential means the potential for signal charges.
[0088]In such a pixel configuration, charges can be transferred at a low
voltage from the photoelectric conversion portion 801 to the charge holding
portion 802, which is appropriate in terms of increasing charge transfer
efficiency at a low voltage when the pixel configuration is combined with
the embodiments of the present invention. [0089]Furthermore, from the
viewpoint of drive, charges moved from the photoelectric conversion portion
801 to the charge holding portion 802 in one exposure period are held in
the charge holding portion 802 and are used as an image signal. That is,
after one exposure period in the photoelectric conversion portion 801
starts, a signal is read from the pixel without through a reset operation
of the charge holding portion 802. Note that one exposure period is
commonly determined in the individual photoelectric conversion portions 801
when an image of one frame is captured. [0090]In such a configuration,
global exposure can be performed relatively easily, but the charges in the
photoelectric conversion portion 801 are discharged to the OFD region
during transfer from the charge holding portion 802 to the FD region. Thus,
images are intermittent. In a case where continuity of images is
particularly necessary in such a configuration, continuous images can be
obtained by performing row by row exposure. Both can be switched as
necessary. [0091]Also, an embodiment of the present invention can be
carried out also in a solid-state image pickup device in which a charge
holding portion is provided in each pixel for increasing a dynamic range
and in which charges are transferred from the charge holding portion to a
sense node. [0092]While the present invention has been described with
reference to exemplary em- bodiments, it is to be understood that the
invention is not limited to the disclosed exemplary embodiments. The scope
of the following claims is to be accorded the broadest interpretation so as
to encompass all such modifications and equivalent structures and
functions. 



[0093]This application claims the benefit of Japanese Patent Application
No. 2009-235087, filed October 9, 2009, which is hereby incorporated by
reference herein in its entirety. Reference Signs List [0094]101
Photoelectric conversion portion 102 Charge holding portion 103 Transfer
portion 104 Sense node  18 WO 2011/043068PCT1JP20101005978 110 N-type
semiconductor region 111 P-type semiconductor region 113 Transfer gate
electrode  19 WO 2011/043068PCT/JP2010/005978  Claims A solid-state image
pickup device including a pixel, the pixel comprising: a photoelectric
conversion portion configured to generate charges in accordance with
incident light; 



a charge holding portion configured to include a first-conductivity-type
first semiconductor region that holds the charges generated by the
photoelectric conversion portion in a portion different from the
photoelectric conversion portion; and a transfer portion configured to
include a transfer gate electrode that controls a potential between the
charge holding portion and a sense node, wherein a second-conductivity-type
second semiconductor region is disposed under the first semiconductor
region so as to form a PN junction together with the first semiconductor
region, and wherein a second-conductivity-type impurity concentration of
the second semiconductor region is higher than a second-conductivity-type
impurity concentration of a region that is under the transfer gate
electrode and that is at the same depth as the second semiconductor region.
The solid-state image pickup device according to Claim 1, wherein the sense
node includes a floating diffusion, and wherein a second-conductivity-type
third semiconductor region is disposed at a deeper position than the second
semiconductor region, the third semiconductor region extending under the
transfer gate electrode, the floating diffusion, and at least part of the
second semiconductor region. The solid-state image pickup device according
to Claim 2, wherein the photoelectric conversion portion includes a first-
conductivity-type semiconductor region and a second-conductivity-type
semiconductor region that is disposed under the first-conductivity-type
semiconductor region and that forms a PN junction together with the
first-conductivity-type semiconductor region, wherein the third
semiconductor region includes a plurality of semiconductor regions that are
disposed at different depths, and wherein, among the plurality of
semiconductor regions included in the third semiconductor region, a
semiconductor region at the bottom  20  WO 2011/043068PCT/JP2010/005978
extends to a depth at which the PN junction of the photoelectric conversion
portion is formed. The solid-state image pickup device according to Claim
2, wherein an end portion on a photoelectric conversion portion side of the
third semiconductor region is at a position away from the photoelectric
conversion portion compared to an end portion on a photoelectric conversion
portion side of the second semiconductor region, and 



wherein a first-conductivity-type semiconductor region that constitutes
part of the photoelectric conversion portion is disposed under at least
part of the second semiconductor region. The solid-state image pickup
device according to Claim 1, wherein the charge holding portion includes a
control electrode that is disposed above the first semiconductor region via
an insulating film, and wherein a second-conductivity-type fourth
semiconductor region having a higher impurity concentration than the first
semiconductor region is disposed on a surface of a semiconductor region
between the control electrode and the transfer gate electrode. The
solid-state image pickup device according to Claim 5, wherein a
first-conductivity-type fifth semiconductor region having a higher impurity
concentration than the first semiconductor region is disposed under the
fourth semiconductor region. The solid-state image pickup device according
to Claim 1, wherein a peak of the impurity concentration of the second
semi- conductor region is at a shallower position than 0.5 micrometers from
a substrate surface. The solid-state image pickup device according to Claim
1, wherein the first semiconductor region and the second semiconductor
region are formed through a first impurity implantation step and a second
impurity implantation step that is performed using a mask identical to a
mask used in the first impurity implantation step. A solid-state image
pickup device including a pixel, the pixel comprising: a photoelectric
conversion portion configured to generate charges in accordance with
incident light; a charge holding portion configured to include a
first-conductivity-type first semiconductor region that holds the charges
generated by the pho-  21  WO 2011/043068PCT/JP2010/005978 



toelectric conversion portion in a portion different from the photoelectric
conversion portion; and a transfer portion configured to include a transfer
gate electrode that controls a potential between the charge holding portion
and a sense node, wherein a second-conductivity-type second semiconductor
region is disposed under the first semiconductor region, and wherein a
second-conductivity-type impurity concentration of the second semiconductor
region is higher than a second-conductivity-type impurity concentration of
a region that is under the transfer gate electrode and that is at the same
depth as the second semiconductor region. The solid-state image pickup
device according to Claim 9, wherein the sense node includes a floating
diffusion, and wherein a second-conductivity-type third semiconductor
region is disposed at a deeper position than the second semiconductor
region, the third semiconductor region extending under the transfer gate
electrode, the floating diffusion, and at least part of the second
semiconductor region. The solid-state image pickup device according to
Claim 10, wherein the photoelectric conversion portion includes a first-
conductivity-type semiconductor region and a second-conductivity-type
semiconductor region that is disposed under the first-conductivity-type
semiconductor region and that forms a PN junction together with the
first-conductivity-type semiconductor region, wherein the third
semiconductor region includes a plurality of semiconductor regions that are
disposed at different depths, and wherein, among the plurality of
semiconductor regions included in the third semiconductor region, a
semiconductor region at the bottom extends to a depth at which the PN
junction of the photoelectric conversion portion is formed. The solid-state
image pickup device according to Claim 10, wherein an end portion on a
photoelectric conversion portion side of the third semiconductor region is
at a position away from the photoelectric conversion portion compared to an
end portion on a photoelectric conversion portion side of the second
semiconductor region, and wherein a first-conductivity-type semiconductor
region that constitutes  22  WO 2011/043068PCT/JP2010/005978 



part of the photoelectric conversion portion is disposed under at least
part of the second semiconductor region. The solid-state image pickup
device according to Claim 9, wherein the charge holding portion includes a
control electrode that is disposed above the first semiconductor region via
an insulating film, and wherein a second-conductivity-type fourth
semiconductor region having a higher impurity concentration than the first
semiconductor region is disposed on a surface of a semiconductor region
between the control electrode and the transfer gate electrode. The
solid-state image pickup device according to Claim 13, wherein a
first-conductivity-type fifth semiconductor region having a higher impurity
concentration than the first semiconductor region is disposed under the
fourth semiconductor region. The solid-state image pickup device according
to Claim 9, wherein a peak of the impurity concentration of the second
semi- conductor region is at a shallower position than 0.5 micrometers from
a substrate surface. The solid-state image pickup device according to Claim
9, wherein the first semiconductor region and the second semiconductor
region are formed through a first impurity implantation step and a second
impurity implantation step that is performed using a mask identical to a
mask used in the first impurity implantation step. A solid-state image
pickup device including a pixel, the pixel comprising: a photoelectric
conversion portion configured to generate charges in accordance with
incident light; a charge holding portion configured to include a
first-conductivity-type first semiconductor region that holds the charges
generated by the photoelectric conversion portion in a portion different
from the photoelectric conversion portion; and a transfer portion
configured to include a transfer gate electrode that controls a potential
between the charge holding portion and a sense node, wherein a
second-conductivity-type second semiconductor region is disposed under the
first semiconductor region, wherein the first semiconductor region and the
second semiconductor region are disposed in a semiconductor substrate, and



23  WO 2011/043068PCT/JP2010/005978  wherein an area of the first
semiconductor region that is projected onto a surface parallel to a surface
of the semiconductor substrate is equal to an area of the second
semiconductor region that is projected onto a surface parallel to the
surface of the semiconductor substrate. The solid-state image pickup device
according to Claim 17, wherein the sense node includes a floating
diffusion, and wherein a second-conductivity-type third semiconductor
region is disposed at a deeper position than the second semiconductor
region, the third semiconductor region extending under the transfer gate
electrode, the floating diffusion, and at least part of the second
semiconductor region. The solid-state image pickup device according to
Claim 18, wherein the photoelectric conversion portion includes a first-
conductivity-type semiconductor region and a second-conductivity-type
semiconductor region that is disposed under the first-conductivity-type
semiconductor region and that forms a PN junction together with the
first-conductivity-type semiconductor region, wherein the third
semiconductor region includes a plurality of semiconductor regions that are
disposed at different depths, and wherein, among the plurality of
semiconductor regions included in the third semiconductor region, a
semiconductor region at the bottom extends to a depth at which the PN
junction of the photoelectric conversion portion is formed. The solid-state
image pickup device according to Claim 18, wherein an end portion on a
photoelectric conversion portion side of the third semiconductor region is
at a position away from the photoelectric conversion portion compared to an
end portion on a photoelectric conversion portion side of the second
semiconductor region, and wherein a first-conductivity-type semiconductor
region that constitutes part of the photoelectric conversion portion is
disposed under at least part of the second semiconductor region. The
solid-state image pickup device according to Claim 17, wherein the charge
holding portion includes a control electrode that is disposed above the
first semiconductor region via an insulating film, and wherein a
second-conductivity-type fourth semiconductor region having a higher
impurity concentration than the first semiconductor  



24 WO 2011/043068PCT1JP20101005978 [Claim 22] [Claim 23] [Claim 24] region
is disposed on a surface of a semiconductor region between the control
electrode and the transfer gate electrode. The solid-state image pickup
device according to Claim 21, wherein a first-conductivity-type fifth
semiconductor region having a higher impurity concentration than the first
semiconductor region is disposed under the fourth semiconductor region. The
solid-state image pickup device according to Claim 17, wherein a peak of
the impurity concentration of the second semiconductor region is at a
shallower position than 0.5 micrometers from a substrate surface. The
solid-state image pickup device according to Claim 17, wherein the first
semiconductor region and the second semiconductor region are formed through
a first impurity implantation step and a second impurity implantation step
that is performed using a mask identical to a mask used in the first
impurity implantation step.  




