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e M.A. Education, M.A. Japanese Linguistics, JLPT 1
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own knowledge are true and all statements made on information and belief are believed to be true. |
make these statements with the understanding that willful false statements are the like arc punishable
by fine or imprisonment, or both (17 U.S.C. 1001).

| declare under penalty of perjury that the forgoing is true and correct.
Executed on this 7 day of January, 2020.
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74. Representative Attorney SUZUE Takehiko, 2 others

Patent Description

1. Name of invention
Solid state imaging device

2. Scope of claims
(1) Solid state imaging device that is characterized by a configuration consisting of a solid state imaging element and a 1st

PCB upon which the solid state imaging element is located. The solid state imaging device has a matching circuit in order to
match the solid state imaging element with an external circuit, and that matching circuit consists of a 2nd circuit board
positioned to form a single unit with the 1 circuit board on the underside of the 1% circuit board, and is loaded with multiple
chip components.

(2) The 2" circuit board is made of a flexible PCB or a glass epoxy board, forming a solid state imaging device as described in
paragraph 1 of the scope of the patent claims.

(3) The 2" circuit board described above adheres closely to the 1% circuit board so that it forms a single unit, and is aligned
so that it extends to the exterior of the 1% circuit board. Both sides of the circuit board are loaded with the multiple chip
components noted earlier, forming a solid state imaging device as described in paragraph 1 of the scope of the patent claims.

(4) Part of the component with multiple chips that comprises the aforementioned integrated circuit is installed to the
underside of the 1%t circuit board, and the 2" circuit board that has the remaining chip components overlaps with the
underside of the 1 circuit board through a mold resin layer, forming a solid state imaging device as described in paragraph 1
of the scope of the patent claims.

(5) A solid state imaging device as described in paragraph 1 of the scope of the patent claims that is equipped with at least

one fiber optic glass filter sheet adhering closely to the surface of the solid state imaging device.

3. Detailed description
Industrial fields of application

The invention of the solid state imaging device is particularly concerned with the mounting structure of a matching circuit
in order to match the imaging device with an exterior circuit.

Prior art

Samsung Exhibit 1016
Page 2 of 11



Compared to a camera tube, solid state imaging elements have the advantages of not producing an after-image or ghost
image, and of having less image distortion, etc. In recent years, the application of solid state elements has quickly progressed,
such as their use in video cassette (VTR) cameras and ITV cameras, etc. They have recently also been used as imaging
elements in single-unit VTR cameras and 8 mm VTR cameras, etc. Solid state imaging elements currently used are mainly CCD
imaging elements and MOS-type imaging elements. The size of these element chips are 2/3 inch, 1/2 inch, 8 mm “cine film
size” and so on, depending on the lens that is used. These imaging element chips are mounted as a normal package.

Fig. 4 shows an example of the representative chip mounting structure for a conventional solid state imaging device. Solid
state element chip 41 (such as CCD, etc.), is affixed using a die bond adhesive onto stem 41, or some package substrate
formed by ceramic, etc. There is a bonding wire 43 made of aluminum, etc. between the terminal on chip 42 and the terminal
on chip 41 that connects them. /0O lead 44 is installed to the bottom of stem 41. In order to protect image element chip 42,
the top of stem 41 is covered by cap 45, which is installed to glass substrate 47, which functions as an optical window.
Ceramic ring 48 adheres to glass substrate 47 by using fritted glass, and to cap 45 adheres using a wax material. Cap 45 is
welded to weld ring 46 that it is installed near stem 41, forming a seal. Representative examples of this type of conventional
mounting have a shape 25 mm x 25 mm, with a height as much as 8 mm.

Problems that this invention attempts to solve

There has been an increasing demand to make cameras more compact in recent years, and progress has been made with
ultra-compact camera heads and endoscopy. These applications require separation of the solid state imaging element and
external circuitry such as the drive circuit, etc. that is connected to that imaging element using the current technology. In
order to have a signal cable between the solid state imaging element and the external circuit in such designs to connect them,
it is difficult to get the correct impedance matching. If the proper impedance matching cannot be achieved, then loss of
image quality cannot be avoided due to reduced S/N.

Conventional technology therefore forms a matching circuit that uses an emitter-follower on a printed circuit board, and
this is installed between the solid state imaging element and the external circuit. Between the printed circuit board equipped
with the solid state imaging element and the matching circuit, and between the printed circuit board and the external circuit,
each has a lead connecting them. With this method, many lead lines are required, increasing the probability that a lead line
would become disconnected. Furthermore, because there is a lead line running between the solid state imaging element and
the matching circuit, there is still the problem with reduced S/N. The use of a separate matching circuit PCB and the solid
state imaging element makes it difficult to make the camera head more compact.

In light of the description above, the objective of this invention is to provide a solid state imaging device that improves
characteristics, improves reliability, and achieves a more compact design through an improved mounting configuration.

Means to solve the aforementioned problems

This invention is configured so that the 1% PCB is loaded with a solid state imaging element, and a 2" PCB loaded with a
chip component that is configured with a matching circuit forms a single unit with the underside of that 1% PCB. It is fine for
the 1t PCB and the 2" PCB to be made into a single unit, stuck together by an adhesive, and for those PCBs to form a single
unit by a specified gap between them. In either case, it would be good to use a mold resin to harden the 1 PCB and the 2™
PCB that have formed a single unit, but in this case, it would be a good idea to pour the mold resin into that gap.

Effects
With the configuration of this device, it is not necessary to connect a lead wire between the 1 PCB and the 2" PCB. In

other words, the 1/0 lead or the terminal of the solid state imaging device installed to the 1t PCB is connected to the terminal
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of the matching circuit formed on the 2" PCB through soldering or bonding, etc. As this invention is configured with a camera
head as a single unit that includes the matching circuit, it is fine to have only a lead line wired between the camera head and
the external circuit.

Practical application examples

Fig. 1 shows the main cross section of the camera head in a practical application example of this invention. Solid state
imaging element chip 1 (such as CCD, etc.) is attached to package mount 2 (on the 15t PCB) using normal die bonding.
Between the bonding pads (not shown) installed to both solid state imaging element chip 1 and to package mount 2, there is
aluminum wire 4 (4a, 4b, etc.) forming a connection. Optical glass filter 3 for color correction is directly affixed to the surface
of solid state imaging element chip 1 using an adhesive for optical components. In other words, by not using the cap that is
conventionally used, optical glass filter 3 is itself used as a surface protective material for solid state imaging element chip 1,
making the design thinner.

The matching circuit needed to achieve impedance matching between solid state imaging chip 1 and the external circuit is
formed with multiple units of chip component 6 (6a, 6b, 6c, etc.) mounted to transistor flexible printed circuit board 5 (the 2"
PCB) using solder, etc. The matching circuit is configured by, for example, an emitter-follower circuit. Flexible printed circuit
board 5 adheres to the underside of package substrate 2 with an adhesive, forming a single unit. Soldering connects the solid
state element I/O terminal installed to the underside of package mount 2 and the matching circuit terminal on flexible printed
circuit board 5. In this application example, the size of flexible printed circuit board 5 is determined by how far out the
extension is beyond the outside of package substrate 2. Chip component 6 that makes up the matching circuit is mounted by
using both sides of flexible printed circuit board 5. Lead wire 7 used to connect to the external circuit is connected to the
terminal formed on the end of flexible printed circuit board 5.

Although omitted from the drawing, the camera head that forms a single unit with the matching circuit board and the
solid state imaging element board using this configuration is fixed in place using a mold resin.

The actual prototype has a camera head with width 8 mm, length 17 mm, and depth 3 mm, and used an electric
endoscope with a circumference of 12 mm @.

With this application example, there is no lead wire between the matching circuit board and the solid state element board,
thus reducing the possibility of disconnect from occurring, and making it possible to achieve more stable impedance matching.
Furthermore, by adopting the gap-less configuration with the circuit boards forming a single unit, it is possible to achieve
large-scale reduction in the size of the camera head.

Fig. 2 (a) and (b) show a planar view of the camera head in another practical application example, and a cross-section of
A-A. The portion that matches Fig. 1 uses the same symbols as Fig. 1, and thus omits the detailed explanation of components.
In this practical application example, glass filter 3a for color correction and quartz filter 3a (which is used as a space-reduction
filter) overlap with the surface of solid state imaging element chip 1, which is loaded onto package mount 2, and are secured
by an adhesive for optical components. I/0 lead 9 (9a, 9b, etc.) is installed to the underside of package mount 2, to which
solid state element chip 1 is mounted. A portion of the chip components 6a that make-up the matching circuit that are also
on the underside of package mount 2 are directly secured by solder. /0 lead 9 here does not form the terminal of solid state
imaging element chip 1, but includes the lead that functions as the terminal for the matching circuit only. Mounted to the
underside of package mount 2, we find glass epoxy board 5’ (the 2" PCB), which is equipped with the other chip components

6b, 6¢, etc., that form the matching circuit, positioned to form the designated gap. In other words, glass epoxy board 5’ is
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already equipped with a hole through which 1/0 lead will pass, and 1/0 lead 9 is installed by being placed through that hole.
The wiring terminal on glass epoxy board 5’ is connected to 1/0 lead 9 by solder, etc.

The solid state imaging element chip board that is loaded as described above and the matching circuit board are placed in
frame 11 so that the outer circumference is protected. Frame 11 is filled up by mold resin 10, which blocks out outside air for
each element, and improves moisture resistance. This way, the solid state imaging element chip board and the matching
circuit board are then connected to the camera head, forming a single unit, and to the external circuit by soldering lead wire 7
(7a, 7b, etc.) to I/0O lead 9.

Just like with the previous application example, this application example does not require many lead wires, so there is a
high degree of reliability, and excellent matching characteristics because of the matching circuit board forming a single unit,
allowing for a more compact camera head.

Fig. 3 (a) and (b) shows a planar view of an application example that is a slight variation of what is shown in Fig. 2, along
with a cross-section of B-B’. The portion that matches Fig. 2 uses the same symbols, so a detailed explanation has been
omitted. This application example differs from the previous application example in that frame 11 is cylindrical, and that slit 12
has been formed in frame 11 for positioning.

Technical advantages of the invention

With the invention as described above, it is possible to achieve a greater compact design by forming a single unit with the
matching circuit board, as well as achieve a solid state imaging device with improved reliability and better characteristics.
4. Simple explanation using diagrams

Fig. 1 is a cross-section diagram showing the camera head in an application example for this invention. Fig. 2 (a) and (b)
show a planar view of the camera head in another application example, along with a cross-section of A-A’. Fig. 3 (a) and (b)
show a planar view of the camera head in yet another application example, along with a cross-section of B-B’. Fig. 4 is a
cross-section diagram showing the mounting configuration of conventional solid state imaging elements.

1. Solid state imaging element chip

2. Package mount (1% PCB)

3. 3a. Glass filter for color correction, 3b. Quartz filter for space reduction filter

4. (4a, 4b, etc.) Aluminum wire

5. Flexible printed circuit board (2" PCB)

5’. Glass epoxy board (2" PCB)

6. (6a, 6b, 6¢, etc.) Chip components for matching circuit

7.(7a, 7b, etc.) Lead line

9. (9a, 9b, etc.) 1/0 lead

10. Mold resin

11. Frame

12. Slit for positioning
Application Representative Attorney SUZUE Takehiko
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