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(54) Title of Invention 
 LATERAL-TYPE SEMICONDUCTOR LIGHT-RECEIVING ELEMENT HAVING 

A PIN STRUCTURE 
(57) Abstract 
Problem 
 To provide a lateral-type 
semiconductor light-receiving element having 
a PIN structure, in which light-receiving 
sensitivity is improved without causing a 
decrease in response speed. 
Solution 
 In a lateral-type semiconductor light-
receiving element, in which interfaces 
between an i-layer 15 and a p-layer 5 and 
between the i-layer 15 and an n-layer 7, 
respectively, of a PIN structure are formed 
perpendicular to a semiconductor substrate 
surface, and light that enters the i-layer is 
converted into electric current and detected, a 
hole 4, which extends from a light-receiving 
surface 3 to a prescribed depth of the i-layer 
15, is provided in a light-receiving region 2. 
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CLAIMS 
1. A lateral-type semiconductor light-receiving element 
having a PIN structure in which interfaces between an i-layer 
and a p-layer and between the i-layer and an n-layer, 
respectively, of the PIN structure are formed perpendicular to 
a semiconductor substrate surface, and light that enters the i-
layer is converted into electric current and detected, wherein: 
 a hole, which extends from a light-receiving 
surface to a prescribed depth of the i-layer, is provided in a 
light-receiving region. 
DETAILED DESCRIPTION OF THE INVENTION 
[0001] 
TECHNICAL FIELD PERTAINING TO THE INVENTION 
 The present invention relates to a lateral-type 
semiconductor light-receiving element having a PIN 
structure. 
[0002] 
BACKGROUND ART 
 In a vertical-type photodiode, in which a p-n 
junction surface is formed parallel to a semiconductor 
substrate surface, light impinges a depletion layer after 
passing through a p-layer or an n-layer; in contrast, in a 
lateral-type photodiode, in which the p-n junction surface is 
formed perpendicular to the semiconductor substrate surface, 
light directly impinges the depletion layer (without passing 
through the p-layer or the n-layer). Consequently, the lateral-
type photodiode is advantageous in that it has better light-
receiving efficiency than the vertical-type photodiode. 
[0003] Conventionally, an i-layer (intrinsic layer) is 
provided in the photodiode between the p-layer and the n-
layer to make the depletion layer thick. In a vertical-type 
photodiode having this kind of PIN structure, the i-layer is 
formed to a thickness that is the absorption length or more to 
make the light-receiving sensitivity high. Thereby, a quantum 
efficiency of 70% or more can be obtained at wavelengths of 
approximately 700 nm to 870 nm. 
[0004] A lateral-type photodiode having a PIN structure (a 
photodiode in which interfaces between the i-layer and the p-
layer and between the i-layer and the n-layer of the PIN 
structure are formed to be perpendicular to the 
semiconductor substrate surface) is produced by, for 
example: providing a region, which has an extremely light 
impurity concentration and will become the i-layer, on a 
front surface portion of the semiconductor substrate; and then 
forming the p-layer and the n-layer by adding and diffusing 
p-type impurities and n-type impurities respectively from an 
upper surface at locations that are at a prescribed spacing 
from this region, wherein the spacing between both the layers 
remains as the i-layer. 
[0005] Consequently, in the case of the lateral-type 
photodiode having a PIN structure, when attempting to make 
the thickness of the i-layer (the depth from a light-incident 
surface) large, the p-layer and the n-layer must also be 
formed deeply. To form the p-layer and the n-layer deeply 
while maintaining a uniform width (i.e., the distance between 
the p-layer and the n-layer) of the i-layer in the thickness 
direction of the substrate, the distance between the p-layer 
and the n-layer must be made large at the substrate front 
surface. When the distance between the p-layer and the n-
layer is made large at the substrate front surface, the width of 
the i-layer becomes large. When the width of the i-layer is 
large, the migration distance for an electron generated on the 
p-layer side of the i-layer to the n-layer electrode becomes 
long, and the response speed becomes slow. 
[0006] Accordingly, in the lateral-type photodiode having 
a PIN structure, making the thickness (the depth from the 

light-incident surface) of the i-layer large cannot simply be 
adopted as a method of further increasing the light-receiving 
sensitivity. Consequently, providing an anti-reflection film on 
the upper surface of the i-layer and making the incidence 
efficiency of the i-layer high is effective as a method of 
further increasing the light-receiving sensitivity of the 
lateral-type photodiode having a PIN structure. 
[0007] 
PROBLEMS TO BE SOLVED BY THE INVENTION 
However, there is a problem in that, in the lateral-type 
photodiode having a PIN structure, which has the anti-
reflection film on the upper surface of the i-layer, the 
response speed becomes low in the situation in which the 
photodiode is used as an element for receiving high-speed 
light signals. In view of such problems in the related art, an 
object of the present invention is to improve light-receiving 
sensitivity of a lateral-type semiconductor light-receiving 
element having a PIN structure without causing a decrease in 
response speed. 
[0008] 
MEANS FOR SOLVING THE PROBLEMS To solve 
the above-mentioned problem, the present invention provides 
a lateral-type semiconductor light-receiving element having a 
PIN structure in which interfaces between an i-layer and a p-
layer and between the i-layer and an n-layer, respectively, of 
the PIN structure are formed perpendicular to a 
semiconductor substrate surface, and light that enters the i-
layer is converted into electric current and detected, wherein 
a hole, which extends from a light-receiving surface to a 
prescribed depth (a shallower location than the depths of the 
p-layer and the n-layer) of the i-layer, is provided in a light-
receiving region. 
[0009] 
EMBODIMENTS OF THE INVENTION An 
embodiment of the present invention is explained below. 
FIG. 1 is a cross-sectional view that shows a photodiode 
corresponding to one embodiment of the present invention. 
FIG. 2 is a diagram that shows one example of a planar shape 
in the situation in which the photodiode of this embodiment 
is formed in an array. FIG. 1 corresponds to a cross-sectional 
view through line A-A in FIG. 2. 
[0010] This photodiode is a lateral-type photodiode 
(semiconductor light-receiving element) in which a PIN 
structure is formed perpendicular to a substrate surface of a 
silicon substrate (semiconductor substrate) 1, and holes 4 are 
provided in a light-receiving region 2 (the region sandwiched 
between a p-layer 5 and an n-layer 7 of an i-layer 15), the 
holes 4 extending from a light-receiving surface 3 to a 
prescribed depth in the i-layer 15 and perpendicular to the 
surface of the silicon substrate 1. 
[0011] A p-electrode 6 and an n-electrode 8 are formed on 
the upper surface of the p-layer 5 and the n-layer 7, 
respectively. A p-electrode 11 is formed on the lower surface 
of the silicon substrate 1. In addition, an element-protection 
layer 9, which is composed of a silicon oxide film or the like, 
is formed to a prescribed thickness on the upper surface of 
the silicon substrate 1 on portions outside of the locations 
having both of the electrodes 6, 8 and the holes 4. This 
photodiode can be produced, for example, by the following 
method. 
[0012] First, an n-well (a region having an extremely low 
impurity concentration) 10 is provided on a surface-layer 
portion of the p-type silicon substrate 1. Next, p-type 
impurities are added to and diffused into one of two regions 
of the n-well 10, and n-type impurities are added to and 
diffused into the other region of the n-well 10, with a 
prescribed spacing between the two regions. Thereby, the p-
layer 5 and the n-layer 7 are formed in the n-well 10, and a 
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portion of the n-well 10 that is between the p-layer 5 and the 
n-layer 7 remains as the i-layer 15. Next, the electrodes 6, 8 
are formed on the p-layer 5 and the n-layer 7, respectively, 
and then the element-protection layer 9 is formed. 
[0013] Next, a focused ion beam processing apparatus 
(FIB) is employed to irradiate the portion sandwiched by 
both the electrodes 6, 8 on the upper surface of the silicon 
substrate 1 with an ion beam so as to etch the element-
protection layer 9 and the i-layer 15, thereby creating the 
holes 4, which extend from the light-receiving surface 3 to a 
prescribed depth (a location shallower than the depth of the 
p-layer 5 and the n-layer 7) in the i-layer 15 in the thickness 
direction of the silicon substrate 1. 
[0014] Here, the dimension of the holes 4 in the direction 
between the p-layer 5 to the n-layer 7 is set to the dimension 
at which the i-layer 15 of a prescribed thickness exists 
between the holes 4 and the p-layer 5 and between the holes 
4 and the n-layer 7, respectively. In addition, in the situation 
in which the light-receiving surface 3 between the pairs of 
electrodes is large, preferably a plurality of the holes 4 is 
provided within the light-receiving surface 3, as shown in 
FIG. 2. In this situation, for example, width W1 of each of 
the electrodes 6, 8 is 1 μm, spacing W2 between the 
electrodes 6, 8 is 2–4 μm, pitch K of the holes 4 is 2–4 μm, 
and the diameter of each of the holes 4 is 1 μm. 
[0015] By connecting a power supply between the n-
electrode 8 that contacts the upper surface of the n-layer 7 
and the p-electrode 11 on the lower surface of the substrate 1, 
with the n-layer 7 side as the positive, applying a reverse-
bias voltage, and connecting the p-electrode 6, which 
contacts the upper surface of the p-layer 5, to an output 
circuit, this photodiode can convert the light incident on the 
i-layer 15 from the light-receiving surface 3 into electric 
current to detect the light. In addition, in this photodiode , the 
light (a portion of which is shown in FIG. 1 by chain, double-
dashed lines) that enters the interior of the hole 4 from the 
light-receiving surface 3 directly enters the light-receiving 
region 2 from a bottom surface and side surfaces of the hole 
4, and by being reflected from the bottom surface and the 
side surfaces, the light travels from the bottom surface 
toward the side surfaces and enters the light-receiving region 
2, and travels from one side surface toward the opposing side 
surface and enters the light-receiving region 2. Consequently, 
the light-receiving efficiency at the light-receiving region 2 
becomes higher than in the situation in which no holes 4 are 
present. 
[0016] In the situation in which the light-receiving surface 
3 is merely made large without providing the holes 4 in order 
to make the light-receiving surface area large, the migration 
time increases for the electrons generated on the p-layer side 
of the i-layer to reach the electrode on the n-layer, and the 
response speed becomes slow because parasitic capacitance 
increases. In contrast, by providing the holes 4, the light-
receiving surface area in this photodiode becomes larger, to 
the extent of the side surfaces of the holes 4, than in the 
situation in which no holes 4 are present. Consequently, in 
this photodiode, in no situation will the migration time for 
the electrons generated on the p-layer side of the i-layer to 
reach the electrode on the n-layer become longer than in the 
situation in which the light-receiving surface 3 is the same 
size with no holes 4 being provided. In addition, the parasitic 
capacitance of this photodiode becomes smaller than the 
situation in which the light-receiving surface 3 is the same 

size with no holes 4 being provided. Hence, according to this 
photodiode, the light-receiving surface area can be made 
large and light-receiving efficiency can made high without 
reducing response speed. 
[0017] Furthermore, by having the holes 4, localized 
electric-field intensity applied to a portion of the i-layer 15 
that surrounds the holes 4 becomes large in this photodiode. 
Thereby, compared with the situation in which there are no 
holes 4, response speed becomes faster because the light is 
absorbed at the portion of the i-layer 15 that surrounds the 
holes 4, and generated electron holes and electrons can 
migrate through the i-layer 15 at high speed. Accordingly, 
according to this photodiode, by providing the holes 4, the 
light-receiving efficiency at the light-receiving region 2 
becomes high, which improves light-receiving sensitivity and 
also increases response speed. 
[0018] It is noted that, although the lateral-type 
photodiode having a PIN structure is explained in this 
embodiment, the lateral-type semiconductor light-receiving 
element of the present invention, which has a PIN structure, 
is not limited thereto, and the present invention can also be 
applied to a lateral-type phototransistor, etc., in which the 
base and the collector portions have a PIN structure. 
[0019] 
EFFECTS OF THE INVENTION As explained above, 
according to the lateral-type semiconductor light-receiving 
element having a PIN structure according to the present 
invention, light-receiving sensitivity can be improved 
without causing a decrease in response speed. 
BRIEF DESCRIPTION OF THE DRAWINGS 
 FIG. 1 is a cross-sectional view that shows a 
photodiode corresponding to one embodiment of the present 
invention and is a diagram that corresponds to a cross-
sectional view through line A-A in FIG. 2. 
 FIG. 2 is a diagram that shows one example of a 
planar shape in the situation in which the photodiode in FIG. 
1 is formed in an array. 
EXPLANATION OF THE REFERENCE NUMBERS 
1 Silicon substrate (semiconductor substrate) 
10 n-well 
11 p-electrode 
15 i-layer 
2 Light-receiving region 
3 Light-receiving surface 
4 Hole 
5 p-layer 
6 p-electrode 
7 n-layer 
8 n-electrode 
9 Element-protection layer 
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