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[57] ABSTRACT 
An solid state optical pickup device having integrally 
formed therein both a photosensitive matrix and periph­
eral circuits thereto. Both the photosensitive matrix and 
the peripheral circuit are built according to CMOS IC 
technology. A photoconductive film overlies the entire 
photosensitive matrix and is electrically connected to 
each of the charge accumulating regions in the matrix. 

11 Claims, 2 Drawing Sheets 
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SOLID STATE IMAGE PICKUP DEVICE 

BACKGROUND OF THE INVENTION 

solid state pickup device as a CMOS IC presents the 
following problems. · 

1. Field of the Invention 
The present invention relates to a solid state pickup 

device, and more particularly, to a solid state pickup 
device implemented as a complementary MOS IC. 

As set forth above, the quality of photoelectric con­
version characteristics is dependent on manufacturing 

5 parameters including the impurity concentration of the 
semiconductor substrate and the depth of the p-n junc­
tion of the photoelectric conversion element such as a 
photodiode for use in forming a picture element. Even 

2. Background of the Invention 
Heretofore, various kinds of solid state pickup de- 10 

vices have employed charge coupled elements (referred 
to herein as a CCD solid state pickup device) or have 
employed MOS solid state pickup devices. Both of 
these types of devices are often designed in conformity 15 
with the manufacturing process of n-channel MOS 
(nMOS) ICs. 

The reason for this (i.e. use of nMOS ICs) is attrib­
uted to the effective utilization in the art of designing 
nMOS ICs, which has made a marked progress for 20 
designing picture elements of high resolution and sensi­
tivity with relative simplicity. 

In the conventional solid state pickup device, how­
ever, a photosensitive section where photoelectric con­
version elements, such as photo diodes constituting 25 
picture elements are disposed are integrally formed in 
one and the same chip with horizontal and vertical 
scanning shift registers for reading out a video signal 
produced in each photoelectric conversion element. 
Nonetheless, it is still difficult to form, integrally with 30 
the photosensitive region, a peripheral circuit, espe­
cially, an oscillation circuit for generating clock signals 
applied to the shift registers, and a processing circuit for 
performing a correction process based on the video 
signals thus read out and for color signal isolation. 35 

The reason for the difficulty is that parameters for 
optimizing the photoelectric conversion characteristics 
of the photoelectric conversion element being pro­
duced, e.g., the impurity concentration of the semicon­
ductor substrate and the depth of the p-n junction of the 40 
photoelectric conversion element, are incompatible 
with the formation of a logic circuit offering superior 
characteristics. That is, even though improvements in 
the photoelectric conversion characteristics are at­
tempted, the use of the aforesaid manufacturing param- 45 
eters for designing a peripheral circuit will result in a 
low noise margin or a high rate of power consumption. 

In consequence, a solid state pickup device equipped 
with a photosensitive region and a peripheral circuit 
must be built with different manufacturing parameters 50 
as an individual IC device and then wired together on 

though he solid state pickup device is made consistent 
with a CMOS IC, the impurity concentration of the 
semiconductor substrate should be lower by about an 
order a magnitude than what is employed in the con­
ventional art of designing CMOS I Cs in order to obtain 
optimum photoelectric conversion characteristics. As is 
well known, the impurity concentration of the semicon-
ductor substrate is set high to prevent a latch-up phe­
nomenon due to parasitic thyristor current paths. How­
ever, if an improvement in photoelectric conversion 
characteristics is attempted as mentioned above, the 
latch-up phenomenon will readily occur and will cause 
internal elements to be damaged. 

In addition, the depth of the p-n junction of the pho­
toelectric conversion element is set small than that in 
the case of the conventional CMOS IC in consideration 
of color sensitivity, e.g., sensitivity to blue color. Ac-
cordingly, the junction depth is unfit for designing the 
peripheral circuit. 

As set forth above, since the manufacturing parame­
ters fit for determining the photoelectric conversion 
characteristics and the peripheral circuits are related 
oppositely to each other, it has hardly been possible to 
manufacture solid state pickup devices offering good 
quality characteristic as a CMOS IC. 

SUMMARY OF THE INVENTION 

The present invention is intended to solve the afore­
said problems and it is therefore an object of the inven­
tion to provide a solid state pickup device capable of 
being integrally formed with a photosensitive region 
and a peripheral circuit in the same CMOS IC semicon­
ductor chip (including what is used for designing a 
conventional CMOS logic circuit) based on suitable 
manufacturing parameters. 

In order to accomplish the aforesaid object, the pres-
ent invention uses a CMOS IC manufacturing process 
to provide a solid state pickup device, comprising a 
photosensitive section having a plurality of charge ac­
cumulation regions respectively corresponding to pic-
ture elements, transfer means for transferring the signals 
accumulated in the charge accumulation regions there­
from, and a peripheral circuit integrally formed with 

an electric circuit board. However, the above described 
process of manufacturing solid state pickup devices has 
caused an obstruction to the miniaturization of electric 
devices in cameras and so forth. 55 the photosensitive section on one and the same semicon­

ductor substrate. A photoelectric conversion element is 
allowed to be formed within the semiconductor sub­
strate not otherwise performing photoelectric conver-

Moreover, solid state pickup devices equipped with 
photosensitive sections are manufactured according to 
the process of designing nMOS ICs, whereas use is 
often made of complementary MOS (CMOS) ICs capa­
ble of providing a wide range of operating voltages 60 
with a small power consumption and a high noise mar­
gin for the manufacture of peripheral circuits. As a 
result, the solid state pickup devices and the peripheral 
circuits require mutual matching. 

Therefore, there has been proposed a solid state 65 
pickup device whose photosensitive region and periph­
eral circuit are integrally formed on the same semicon­
ductor chip as a CMOS IC. However, the conventional 

sion as in the conventional case, by forming a photocon­
ductive film electrically coupled to each charge accu­
mulation region on the surface of the photosensitive 
region and making each charge accumulation means 
receive a video signal resulting from the photoelectric 
converting action of the photoelectric film. As a result, 
the integration of the photosensitive region and the 
peripheral circuit is made possible through the art of 
designing CMOS ICs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
the n+-type regions 20 to form an accumulation diode. 

• The n+-type region 20 is equivalent to a source for 
storing a video signal as described later, and the other 
n+-type region 21 is equivalent to a drain on the output 

FIG. 1 is a block diagram showing an arrangement of 
corresponding circuits in a solid state pickup device 
embodying the present invention. 

FIG. 2 is a schematic structural sectional block dia­
gram taken on line X-of FIG. 1. 

FIG. 3 is an enlarged structural sectional diagram of 
the principal part of the sectional view of FIG. 2. 

5 side, each sending out the video signal from the photo­
sensitive section 6 through a signal read out line 24 
connected to the n+-type region 21. Each of the gate 
electrodes 22 is connected to each output terminal of 

FIG. 4 is an enlarged structural sectional diagram of 10 
the principal part of another photosensitive region em­
bodying the present invention. 

the horizontal shift register 4. 
The n +-type region 20 has a fixed area on a picture 

element basis. An aluminum metal electrode film 25 
isolated from an adjacent one is connected to that n+­
type region 20 through a conductive terminal 26. 

The photoconductive film 14 of amorphous silicon or DETAILED DESCRIPTION OF THE 
INVENTION 15 the like is provided on the of the metal electrode film 25. 

Referring to the accompanying drawings, a solid 
state pickup device embodying the present invention 
will be described. FIG. 1 is a block diagram showing an 
arrangement of corresponding circuits formed on a 
semiconductor chip, whereas FIG. 2 is a schematic 20 
structural sectional diagram taken on line X-X of FIG. 
1. 

There are formed a plurality of bonding pads 2 at the 
peripheral sides of a semiconductor chip 1. Inside the 
area within the bonding pads 2, there is a peripheral 25 
circuit 3, a horizontal scanning shift register 4, and a 
vertical scanning shift register 5. Further, in the center 
of the semiconductor chip 1, there is a photosensitive 
section 6 having a plurality of picture elements. 

As shown in FIG. :. picture elements made of n- 30 
channel matrix-like MOS transistors are formed on a 
surface portion 9 of a p-type diffusion layer (P-well) 8 
formed in an n-type semiconductor substrate 7. The 
lateral range of the p-type diffusion layer 8 corresponds 
to the photosensitive section 6. 35 

P-type diffusion layers 10 and 11 form the horizontal 
and vertical scanning shift registers 4 and 5 and a logic 
circuit of the peripheral circuit 3. The p-type diffusion 
layers 10 and 11 are formed around the p-type diffusion 
layer 8, but are separated from it. More specifically, the 40 
n-channel MOS transistors for the complementary 
CMOS transistors are formed on a surface partition 12 
and 13 of the outer P-type diffusion layers 10 and 11, 
respectively, and the other p-channel MOS transistors 
are formed in appropriate portions of the n-type semi- 45 
conductor substrate 7. 

As shown in FIG. 2, the chip 1 includes a photocon­
ductive film 14 made of amorphous silicon, a transpar­
ent electrode layer 15, a color filter 16, a shading layer 
17 formed of an aluminum film and a transparent glass 50 
layer 18 which are laminated on the n-type semiconduc­
tor substrate 7 and the p-type diffusion layers 9, 10 and 
11 in the order shown in FIG. 2. The shading layer 17 
is provided to prevent light from being incident on the 
peripheral circuits 3, 4 and 5 other than the photosensi- 55 
tive section 6. 

Referring to FIG. 3, the sectional structure of the 
photosensitive section 6 will subsequently be described 
in detail, wherein like reference characters designate 
like parts of FIG. 2. N-channel MOS transistors 19 60 
respectively corresponding to picture elements are 
formed on the surface portion of the p-type diffusion 
layer (P-well) 8 which is formed on the n-type semicon­
ductor substrate 7. Specifically, a pair of n+-type re­
gions 20 and 21 for each picture element are disposed on 65 
either side of a gate electrode 22 forming a channel 
between the n+-type regions 20 and 21. Furthermore, a 
p+-type region 23 is provided below and to the side of 

The transparent electrode layer 15, a resin 27, the color 
filter 16 and the glass layer 18 are laminated over the 
photoconductive film 14. 

A three primary color or complementary color mo­
saic filter is used for the color filter 16 and, for differing 
color pixels 16a and 16b, substantially the same area is 
formed so that they can match the metal electrode film 
25. 

In the solid state pickup device thus constructed, 
elements having characteristics of good quality are 
formed for the peripheral circuit 3, and for the horizon­
tal and vertical scanning shift registers 4 and 5. This 
quality is attainable because manufacturing parameters 
are applied based on the ordinary art of CMOS I Cs for 
use in designing the so-called CMOS logic circuit. 
Moreover, the manufacturing parameters are needless 
to say applied to the n-channel MOS transistor 19 corre­
sponding to the picture element of the photosensitive 
region 6. 

The operation of the solid state pickup device will 
subsequently be described. 

Light derived from an object is incident on the photo-
conductive film 14 through the glass layer 18, the color 
filter 16, the resin layer 27 and the transparent electrode 
15. The resultant photo current corresponding to each 
color of the color filter 16 is generated and caused to 
flow into the n+-type region 20 of a particular n-chan­
nel MOS transistor through the metal electrode film 25 
and the conductive terminal 26. 

The signal corresponding to each picture element of 
the n +-type region 20 is sent by the scanning signal of 
the horizontal scanning shift register through the chan­
nel formed under the gate electrode 22 to the other 
n+-type region 21 before being transferred by the sig­
nal readout line 24 to the peripheral circuit 3. 

Since photoelectric conversion is thus conducted by 
the photoconductive film 14 provided in the photosensi­
tive section in this embodiment, no large current is 
allowed to flow into the semiconductor substrate even 
though light having high intensity of illumination is 
incident thereon. Therefore, latch-up can be prevented. 
Moreover, because the MOS transistor corresponding 
to the picture element formed in the photosensitive 
section performs no photoelectric conversion, it is nec­
essary to match the depth of the p-njunction with color 
sensitivity. Therefore, the solid state pickup device can 
be designed according to CMOS IC technology based 
on the ordinary manufacturing parameters. In addition, 
because the photoconductive film has characteristics of 
excellent color sensitivity, good color sensitivity is 
available. The light-shielding or shading layer 17 (FIG. 
2) formed in the portion other than the photosensitive 
region prevents the peripheral circuit from malfunc-
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6 
tioning because of the incident lig4t from the outside 
and checks the production of the latch-up phenomenon. 

Referring to FIG. 4, another embodiment of the pres­
ent invention will be described. In this case, a charge 
coupled element (CCD) is formed according to the 5 
technology of CMOS ICs. 

More specifically, there is formed an n+ +-type re­
gion 31 which forms an accumulation diode 30 corre­
sponding to each picture element. The n+ +-type re­
gion 31 is formed on the surface portion of a p-type 10 
diffusion layer (P-well) 29 provided on an n-type semi­
conductor substrate 28. An n+-type region 32 consti­
tutes a vertical CCD for performing charge transfer. A 
transfer gate 36 is formed with transfer gate electrodes 
34 and 35 provided between an n+-type region 33 cou- 15 
pied to the n+ +-type region 31 and the n+-type re­
gion 32. Furthermore, a p+-type region 33A is formed 
outside the n+-type region 32 and the n+ +-type re­
gion 31 as a stopper for preventing the charge from 
leaking across the adjacent picture element. 20 

The accumulation diode 30 has a fixed area for each 
picture element. An aluminum metal electrode film 44 
separated between adjacent ones of the picture elements 
is connected through a conductive terminal 37 to the 
diode 30. A photoconductive film 38, a transparent 25 
electrode layer 39, a resin layer 40, a color filter 41 and 
a transparent glass layer 42 are laminated on the metal 
electrode film 36 in the stated order. 

The color filter 41 is a mosaic filter or the like and 
each color pixel has sub,tantially the same area so as to 30 
mutually match with the metal electrode film 44. 

The operation of the solid state pickup device thus 
constructed will subsequently be described. 

Incident light originating from an object is converted 
by the photoconductive film 38 into current and caused 35 
to flow through the conductive terminal 37 into the 
accumulation diode 30. The signal stored in the accu­
mulation diode 30 is passed through the transfer channel 
formed according to the transfer clock signal applied to 
the transfer gate electrodes 34 and 35 and is transferred 40 

to the n+-type region 32 on the CCD shift register side 
before being sent out from the photosensitive section. In 
this embodiment, the peripheral circuit formed as a 
CMOS IC is integrally provided in addition to the pho-
tosensitive section. 45 

Although the n-type semiconductor substrate was 
employed in the aforesaid two embodiments, the pres­
ent invention is, needless to say, applicable to the use of 
a p-type semiconductor substrate. 

As set forth above, the photoconductive film is made 50 
to assume the role of performing photoelectric conver­
sion in the photosensitive section in the solid state 
pickup device according to the present invention. The 
signal corresponding to each picture element produced 
in the photoconductive film is read by the readout 55 
means such as the MOS transistor and the CCD shift 
registers designed as a CMOS IC. Accordingly, it be­
comes possible to provide a signal chip solid state 
pickup device with the photosensitive region and the 
peripheral circuit integrally formed thereon while pre- 60 
venting latch-up and preventing a reduction in the pho­
toelectric conversion characteristics through the art of 
designing CMOS ICs based on appropriate manufactur­
ing parameters. 

Moreover, the integral formation of the photosensi- 65 
tive section and the peripheral circuits thus made possi­
ble improves the matching of circuits. Thus their char-

acteristics can be upgraded. By making the most of the 
advantages of CMOS IC technology, a power-saving, 
high-noise margin solid state pickup device can also be 
offered. 

What is claimed is: 
1. A solid state pickup device, comprising: 
a semiconductor substrate of a first conductivity type; 
a photosensitive section comprising: 

a region of a second conductivity type formed in 
said semiconductor substrate, said region having 
semiconductive channels of the first conductiv­
ity type located at a surface of said region, and 
having a plurality of charge accumulation means 
corresponding to respective picture elements; 

means for transferring signals accumulated in said 
charge accumulation means; 

a logic circuit integrally formed with said region in 
said substrate and at a periphery of said region; 
and 

a photoconductive film formed on, and contiguous 
with, said substrate including said region and 
said logic circuit, and means for electrically cou­
pling said photoconductive film to each of said 
plurality of charge accumulation means, and for 
supplying thereto an electric signal produced in 
response to light incident on said photoconduc­
tive film. 

2. The device according to claim 1, further compris­
ing a transparent electrode layer formed on, and contig­
uous with, said photoconductive film. 

3. The device according to claim 2, further compris­
ing a color filter layer formed on, and contiguous with, 
said transparent electrode layer. 

4. The device according to claim 3, further compris­
ing a light shielding layer formed on, and contiguous 
with, said color filter layer such that portions of said 
photoconductive film other than the portion of said 
photoconductive film directly above said region, are 
optically shielded. 

5. The device according to claim 4, further compris­
ing a glass layer formed on, and contiguous with, said 
light shielding layer and said color filter layer. 

6. The device according to claim 1, wherein the first 
conductivity is of n-type, the second conductivity is of 
p-type and wherein said charge accumulation means is 
an n-channel MOS transistor. 

7. The device according to claim 1, wherein said 
charge accumulation means comprises an accumulation 
diode. 

8. The device according to claim 1, wherein said 
transfer means comprises a charge-coupled-device 
(CCD). 

9. The device according to claim 1, wherein said 
region includes a plurality of sources and drains, said 
sources and drains both being of the first conductivity 
type, and a plurality of gate electrodes, each of said gate 
electrodes forming conduction channels between re­
spective pairs of sources and drains. 

10. The device according to claim 9, wherein said 
region includes an accumulation diode of the second 
conductivity type 

11. The device according to claim 9, wherein said 
semiconductor substrate includes a horizontal shift reg­
ister and a vertical shift register, and wherein each of 
said gate electrodes is connected to said horizontal shift 
register. 

* * * * * 

IPR2020-00512 Page 00006




