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(57) ABSTRACT 

An optical module includes a first circuit board, an optical 
sub-assembly, a first flexible printed circuit and a second 
flexible printed circuit. At first electrical connection termi 
nals and a first electrical connector are provided on the first 
circuit board. The optical Sub-assembly includes a second 
circuit board that includes second electrical connection 
terminals and a second electrical connector. The first flexible 
printed circuit is connected to the first electrical connection 
terminals and the second electrical connection terminals. 
The second flexible printed circuit is connected to the first 
and second electrical connectors. A high-speed electrical 
signal of 1 GHz or higher is transmitted between both the 
circuit boards through the first flexible printed circuit, and a 
power source signal and a low-speed electrical signal of 1 
MHz or lower are transmitted between both the circuit 
boards through the second flexible printed circuit. 

3 Claims, 6 Drawing Sheets 
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1. 

OPTICAL MODULE 

The present application is based on Japanese patent 
application No. 2015-076138 filed on Apr. 2, 2015, the 
entire contents of which are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical module. 
2. Description of the Related Art 
There are known related-art optical modules in which an 

optical Sub-assembly Such as a transmitter optical Sub 
assembly (TOSA) or a receiver optical sub-assembly 
(ROSA) is housed in a casing. There also are known optical 
modules that can perform transmission and reception by 
housing the TOSA, which is an optical sub-assembly for 
transmission, and the ROSA, which is an optical sub 
assembly for reception, in a common casing (see, for 
example, Japanese Unexamined Patent Application Publi 
cation No. 2014-103138). 

In many cases, optical modules using optical Sub-assem 
blies include a circuit board on which connection terminals 
for connection with a communication device, a microcon 
troller that performs control and the like on the optical 
Sub-assemblies, a power source circuit, and so forth are 
mounted. This circuit board and a circuit board provided in 
the optical Sub-assembly are electrically connected through 
a flexible printed circuit (FPC). 

SUMMARY OF THE INVENTION 

Recently, an optical transmission system has been devel 
oped which supports a transmission speed of 100 Gb/s 
(gigabits per second) by multiplexing four optical signals of 
different wavelengths each transmitted at an information 
transmission speed of 25 Gb/s. 

In an optical module that Supports such high-speed trans 
mission of 100 Gb/s, high-speed electrical signals of 25 Gb/s 
are transmitted. Thus, it is not preferable to use an electrical 
connector Such as an FPC connector that may cause signifi 
cant losses and crosstalk in a connection portion between the 
FPC and the circuit board. Instead, it is preferable to directly 
connect the FPC to the circuit board by soldering. 

However, when the FPC and the circuit board are directly 
soldered to each other, a following problem arises. 

Manufacture of an optical module typically involves 
checking for the optical Sub-assembly and alignment work 
for an optical system. When a problem arises in this check 
ing or alignment work for the optical Sub-assembly, it is 
required that the optical sub-assembly be replaced or the 
optical sub-assembly be detached so as to perform work 
Such as replacement of an element of the optical Sub 
assembly. However, when the FPC and the circuit board are 
directly soldered to each other, detachment of the optical 
sub-assembly may be difficult. 

That is, when the FPC and the circuit board are directly 
soldered to each other so as to Support high-speed transmis 
Sion, there is a problem in that an assembly process includ 
ing the check and the alignment work is not easily per 
formed. 

Accordingly, an object of the present invention is to 
provide an optical module that is easily assembled and 
Suitable for high-speed transmission. 

In order to address the above-described task, an optical 
module provided according to an aspect of the present 
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2 
invention includes a first circuit board, at least one first 
electrical connection terminal, a first electrical connector, an 
optical Sub-assembly, at least one second electrical connec 
tion terminal, a second electrical connector, a first flexible 
printed circuit, and a second flexible printed circuit. The first 
circuit board is electrically connected to a communication 
device. The at least one first electrical connection terminal is 
formed on a front surface of the first circuit board at one end 
portion of the first circuit board. The first electrical connec 
tor is mounted on a rear surface of the first circuit board at 
the one end portion of the first circuit board. The optical 
Sub-assembly includes a housing and a second circuit board. 
An optical system and an optical element for transmission of 
an optical signal, an optical system and an optical element 
for reception of an optical signal, or the optical system and 
the optical element for the transmission of the optical signal 
and the optical system and the optical element for the 
reception of the optical signal are housed in the housing. The 
second circuit board has one end portion inserted into the 
housing and another end portion disposed outside the hous 
ing. The at least one second electrical connection terminal is 
formed on a front surface of the second circuit board at the 
other end portion of the second circuit board. The second 
electrical connector is formed on a rear Surface of the second 
circuit board at the other end portion of the second circuit 
board. The first flexible printed circuit includes at least one 
third electrical connection terminal, at least one fourth 
electrical connection terminal, and at least one impedance 
line for high-speed transmission. The at least one third 
electrical connection terminal is connected to the at least one 
first electrical connection terminal by soldering. The at least 
one fourth electrical connection terminal is connected to the 
at least one second electrical connection terminal by solder 
ing. The at least one third electrical connection terminal and 
the at least one fourth electrical connection terminal are 
electrically connected to each other through the at least one 
impedance line for high-speed transmission. The second 
flexible printed circuit includes a third electrical connector, 
a fourth electrical connector, and transmission lines. The 
third electrical connector is connected to the first electrical 
connector. The fourth electrical connector is connected to 
the second electrical connector. The third electrical connec 
tor and the fourth electrical connector are electrically con 
nected to each other through the transmission lines. In the 
optical module, a high-speed electrical signal of 1 GHz or 
higher is transmitted between the first circuit board and the 
second circuit board through the first flexible printed circuit, 
and a power source signal and a low-speed electrical signal 
of 1 MHz or lower including a direct-current signal are 
transmitted between the first circuit board and the second 
circuit board through the second flexible printed circuit. 

According to the present invention, the optical module 
that is easily assembled and Suitable for high-speed trans 
mission can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a perspective external view of an optical 
module according to an embodiment of the present inven 
tion. 

FIG. 1B is a perspective view of the optical module 
according to the embodiment of the present invention with 
a module casing omitted. 

FIG. 2 is a side view of the optical module of FIG. 1B. 
FIGS. 3A and 3B illustrate a transmitter and receiver 

integrated optical Sub-assembly used for the optical module 
according to the embodiment of the present invention, and, 
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out of FIGS. 3A and 3B, FIG. 3A is a perspective view of 
the transmitter and receiver integrated optical Sub-assembly, 
and FIG. 3B is a plan view of the transmitter and receiver 
integrated optical Sub-assembly. 

FIG. 4A is an enlarged sectional view of a main portion 
of the transmitter and receiver integrated optical Sub-assem 
bly of FIGS. 3A and 3B, and FIG. 4B illustrates the structure 
of a transmitter-side optical system. 

FIG. 5A is an enlarged sectional view of a main portion 
of the transmitter and receiver integrated optical Sub-assem 
bly of FIGS. 3A and 3B, and FIG. 5B illustrates the structure 
of a receiver-side optical system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 

An embodiment of the present invention will be described 
below with reference to the accompanying drawings. 

FIG. 1A is a perspective external view of an optical 
module according to an embodiment of the present inven 
tion. FIG. 1B is a perspective view of the optical module 
according to the embodiment of the present invention with 
a casing of the optical module omitted. 
As illustrated in FIGS. 1A and 1B, an optical module 100 

includes a transmitter and receiver integrated optical Sub 
assembly 1 serving as an optical Sub-assembly, a first circuit 
board 2, and a casing 3 that houses the transmitter and 
receiver integrated optical sub-assembly 1 and the first 
circuit board 2. 
The casing 3 includes a main body 3a that houses the 

transmitter and receiver integrated optical Sub-assembly 1 
and the first circuit board 2. The casing 3 also includes a lid 
3b that closes an opening (not illustrated) of the main body 
3a. Two insertion holes 3c are formed at a distal end portion 
(end portion on the left front side of FIG. 1A) of the main 
body 3a. Optical plugs (not illustrated) provided at end 
portions of transmission and reception optical fibers are 
inserted into the insertion holes 3c. Furthermore, an opening 
is formed at a proximal end portion (end portion on the right 
rear side of FIG. 1A) of the main body 3a. An end portion 
of the first circuit board 2 is exposed from this opening. 

Electrodes 2a for connection to a communication device 
(not illustrated) are arranged at the end portion of the first 
circuit board 2 (end portion on an opposite side to the 
transmitter and receiver integrated optical Sub-assembly 1) 
exposed from the main body 3a. Thus, a card edge connector 
2b is formed. The optical module 100 converts electrical 
signals received from the communication device through the 
card edge connector 2b into optical signals and transmits the 
resulting optical signals to the transmission optical fiber. 
Also, the optical module 100 converts the optical signals 
received from the reception optical fiber into electrical 
signals and outputs the resulting electrical signals to the 
communication device through the card edge connector 2b. 

Although it is not illustrated, the first circuit board 2 
includes a clock data recovery (CDR) circuit, a power 
supply circuit, a microcontroller, and so forth. The CDR 
shapes waveforms of the electrical signals output from the 
transmitter and receiver integrated optical Sub-assembly 1, 
and the microcontroller controls the entirety of the optical 
module 100 including the transmitter and receiver integrated 
optical Sub-assembly 1. 
The transmitter and receiver integrated optical Sub-assem 

bly 1 includes a housing 7 and a second circuit board 4. The 
housing 7 houses an optical system and optical elements for 
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4 
transmission of the optical signals, an optical system and 
optical elements for reception of the optical signals, or both 
the former and the latter. The second circuit board 4 has one 
end portion inserted into the housing 7 and another end 
disposed outside the housing 7. Although the transmitter and 
receiver integrated optical Sub-assembly 1 that can transmit 
and receive the optical signals is used according to the 
present embodiment, an optical Sub-assembly that can only 
transmit or receive the optical signals may be used. A 
specific structure of the transmitter and receiver integrated 
optical sub-assembly 1 will be described later. 
The optical module 100 multiplexes, for example, four 

optical signals of different wavelengths each transmitted at 
an information transmission speed of 25 Gbfs into one signal 
So as to transmit the signal and receives and demultiplexes 
Such a multiplexed signal, thereby Supporting a transmission 
speed of 100 Gb?s. 

Next, connection between the first circuit board 2 and the 
transmitter and receiver integrated optical Sub-assembly 1 is 
described. 
As illustrated in FIGS. 1B and 2, the first circuit board 2 

and the second circuit board 4, which is included in the 
transmitter and receiver integrated optical Sub-assembly 1, 
are connected to each other through two flexible printed 
circuits (FPCs) 5 and 6. The first circuit board 2 and the 
second circuit board 4 each include, for example, a ceramic 
multilayer board. 

First electrical connection terminals 2c are formed on a 
front surface of the first circuit board 2 at one end portion 
(end portion on the transmitter and receiver integrated 
optical sub-assembly 1 side) of the first circuit board 2. The 
first electrical connection terminals 2c are used for connec 
tion with the second circuit board 4. Furthermore, a first 
electrical connector 2d. is mounted on a rear Surface of the 
first circuit board 2 at the one end portion of the first circuit 
board 2. The first electrical connector 2d is used for the 
connection with the second circuit board 4. The first elec 
trical connection terminals 2c include a plurality of elec 
trodes (pads) formed along one end of the first circuit board 
2. The first electrical connector 2d includes an FPC connec 
tOr. 

Second electrical connection terminals 4a are formed on 
the front surface of the second circuit board 4 at another end 
portion of the second circuit board 4. The second electrical 
connection terminals 4a are used for connection with the 
first circuit board 2. A second electrical connector 4b is 
mounted on a rear surface of the second circuit board 4 at the 
other end portion of the second circuit board 4. The second 
electrical connector 4b is used for the connection with the 
first circuit board 2. The second electrical connection ter 
minals 4a include a plurality of electrodes (pads) formed 
along the other end of the second circuit board 4. The second 
electrical connector 4b includes an FPC connector. 
The first FPC 5 includes third electrical connection ter 

minals 5a connected to the first electrical connection termi 
nals 2c of the first circuit board 2 by soldering, fourth 
electrical connection terminals 5b connected to the second 
electrical connection terminals 4a of the second circuit 
board 4 by Soldering, and impedance lines for high-speed 
transmission (not illustrated) through which the third elec 
trical connection terminals 5a and the fourth electrical 
connection terminals 5b are electrically connected to one 
another. 
As the impedance lines for high-speed transmission, 

microStrip lines, grounded coplanar lines, or strip lines can 
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be used. When the impedance lines include microstrip lines 
or strip lines, a multilayer board may be used as the first FPC 
5. 

According to the present embodiment, high-speed elec 
trical signals of 1 GHz or higher is transmitted between both 
the circuit boards 2 and 4 through this first FPC 5. The first 
FPC5 is directly connected to both the circuit boards 2 and 
4 by soldering and provided with the impedance lines for 
high-speed transmission. Thus, the first FPC5 has a struc 
ture Suitable for high-speed transmission. 

The second FPC 6 includes a third electrical connector 6a 
connected to the first electrical connector 2d of the first 
circuit board 2, a fourth electrical connector 6b connected to 
the second electrical connector 4b of the second circuit 
board 4, and transmission lines (not illustrated) through 
which the third electrical connector 6a and the fourth 
electrical connector 6b are connected to each other. 

According to the present embodiment, low-speed electri 
cal signals of 1 MHz or lower including direct-current 
signals and power source signals are transmitted between 
both the circuit boards 2 and 4 through this second FPC 6. 
Although the second FPC 6, which is connected to both the 
circuit boards 2 and 4 through the connectors, is not suitable 
for high-speed transmission, the low-speed signals and the 
power Source signals can be transmitted through the second 
FPC 6 without a problem. Furthermore, the second FPC 6, 
which is connected to both the circuit boards 2 and 4 through 
the connectors, can be easily attached and detached. 
AS has been described, according to the present embodi 

ment, the first FPC 5 connected to both the circuit boards 2 
and 4 by Soldering is used for high-speed transmission, and 
a second FPC 6 connected to both the circuit boards 2 and 
4 through the connectors is used for transmission of the 
low-speed signals and the power source signals. 

Next, the transmitter and receiver integrated optical sub 
assembly 1 is described. 

FIGS. 3A and 3B illustrate the transmitter and receiver 
integrated optical sub-assembly 1, and out of FIGS. 3A and 
3B, FIG. 3A is a perspective view of the transmitter and 
receiver integrated optical sub-assembly 1, and FIG. 3B is a 
plan view of the transmitter and receiver integrated optical 
sub-assembly 1. 
As illustrated in FIGS. 3A and 3B, the transmitter and 

receiver integrated optical Sub-assembly 1 includes the 
housing 7, a transmitter-side optical receptacle 8, a receiver 
side optical receptacle 9, the second circuit board 4, a 
plurality of laser diodes (LDs) 10, a plurality of photo diodes 
(PDs) 11, a transmitter-side optical system 12, a receiver 
side optical system 13, a driver integrated circuit (IC) 14, 
and a transimpedance amplifier (TIA) 15. Each of the LDS 
10 serves as a light emitting element, each of the PDs 11 
serves as a light receiving element, and the TIA 15 serves as 
an amplifying integrated circuit (IC). 
The housing 7 includes a box-shaped side wall structure 

71 having openings at its top and bottom in a height 
direction, a bottom wall 72 that closes the opening at the 
bottom of the side wall structure 71, and a top wall 73 (see 
FIG. 1B) that closes the opening at the top of the side wall 
structure 71. The top wall 73 is omitted from FIGS. 3A and 
3B. Hereafter, an up-down direction of FIG. 3B (direction 
perpendicular to the height direction) is referred to as a 
length direction, and a left-right direction of FIG. 3B (direc 
tion perpendicular to the height direction and the length 
direction) is referred to as a width direction. 

According to the present embodiment, the housing 7 has 
a rectangular parallelepiped shape. The side wall structure 
71 having a rectangular shape in top view includes a first 
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6 
side wall 71a disposed in the width direction, a second side 
wall 71b and a third side wall 71c that extend in the length 
direction from respective end portions of the first side wall 
71a in the width direction, and a fourth side wall 71d that is 
disposed in the width direction and connects an opposite end 
portion of the second side wall 71b to the first side wall 71a 
to an opposite end portion of the third side wall 71c to the 
first side wall 71a. 
The housing 7 is preferably formed of a material having 

a high thermal conductivity from the view point of improve 
ment of a heat dissipation capability. Although the housing 
7 is formed of metal, and more specifically, a gold-plated 
Kovar (trademark) material according to the present 
embodiment, the housing 7 may be formed of resin. The side 
wall structure 71 is hermetically connected to the bottom 
wall 72 and the top wall 73 by, for example, welding or 
bonding. 
Two through holes 75 and 76 are formed on the one side 

of the side wall structure 71 in the length direction, that is, 
in the first side wall 71a. The through holes 75 and 76 are 
spaced from each other in the width direction and penetrate 
through the first side wall 71a. The transmitter-side optical 
receptacle 8 is attached to the through hole 75, which is one 
of the two through holes 75 and 76, and the receiver-side 
optical receptacle 9 is attached to another through hole 76. 
The optical plug for transmission, which is inserted through 
one of the insertion holes 3c of the casing 3, is connected to 
the transmitter-side optical receptacle 8. The optical plug for 
reception, which is inserted through the other insertion hole 
3c of the casing 3, is connected to the receiver-side optical 
receptacle 9. 
A through hole for a board 77 is formed on the other side 

of the side wall structure 71 in the length direction, that is, 
in the fourth side wall 71d. The second circuit board 4 is 
inserted through the through hole for a board 77. Here, parts 
of the through hole for a board 77 extend from the fourth 
side wall 71d to the second and third side walls 71b and 71c. 
The one end portion of the second circuit board 4 is 

inserted into the housing 7 through the through hole for a 
board 77, and the other end portion of the second circuit 
board 4 is disposed outside the housing 7. The second circuit 
board 4 is secured to the housing 7 by brazing using, for 
example, a silver solder. The width of the second circuit 
board 4 is substantially the same as that of the housing 7. 
Both end portions of the second circuit board 4 in the width 
direction are supported by the second and third side walls 
71b and 71C. 
The second electrical connection terminals 4a are elec 

trically connected to the driver IC 14 and the TIA 15 through 
a wiring pattern (not illustrated) formed on the second 
circuit board 4 and the second electrical connector 4b 
formed at the other end portion of the second circuit board 
4 is electrically connected to the driver IC 14 and the TIA 
15 through the wiring pattern formed on the second circuit 
board 4. When forming the wiring pattern on the front 
surface or the rear surface of the second circuit board 4, an 
insulating body Such as ceramic may be interposed between 
the second circuit board 4 and the housing 7 so that the 
wiring pattern and the housing 7 are not in contact with each 
other. 

According to the present embodiment, a metal plate 74 
secured to the bottom wall 72 is further provided. The 
plurality of LDs 10, the plurality of PDs 11, the transmitter 
side optical system 12, and the receiver-side optical system 
13 are mounted on the metal plate 74. The metal plate 74 is 
used to align the position of the transmitter-side optical 
system 12 with the position of the transmitter-side optical 
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receptacle 8 in the height direction and the position of the 
receiver-side optical system 13 with the position of receiver 
side optical receptacle 9 in the height direction. The metal 
plate 74 is also used to improve the heat dissipation capa 
bility. The metal plate 74 is preferably formed of a material 
that has a coefficient of linear expansion Substantially equal 
to those of semiconductors included in the LDS 10 and PDS 
11 and members such as glass included in the transmitter 
side optical system 12 and the receiver-side optical system 
13. For example, it is preferable that the metal plate 74 be 
formed of a Kovar material. It is also possible that the metal 
plate 74 is omitted and the thickness of the bottom wall 72 
is increased instead. The metal plate 74 is secured to the 
bottom wall 72 by using, for example, a tin silver solder. 

The plurality of LDS 10 are directly mounted on the metal 
plate 74, which is secured to the bottom wall 72, and 
arranged in a row in the width direction. Here, a case where 
four LDS 10 are provided is described. The light emission 
wavelengths of the four LDS 10 are different from one 
another. The driver IC 14 that drives the LDS 10 is disposed 
between the four LDS 10 and the fourth side wall 71d. 
As illustrated in FIG. 4A, the LDS 10 are mounted on the 

metal plate 74 and the driver IC 14 is mounted on the circuit 
board 4 inserted into the housing 7 according to the present 
embodiment. With this structure, heat generated in the driver 
IC 14 is unlikely to be transmitted to the LDS 10. This can 
Suppress the occurrences of problems such as reduction in 
luminous efficiency of the LDS 10 due to transmission of the 
heat generated in the driver IC 14 to the LDS 10. 

The LDS 10 and the driver IC 14 are electrically con 
nected to one another through wiring 31. The driver IC 14 
and the wiring pattern of the second circuit board 4 are 
electrically connected to each other through wiring 32. Here, 
a projection 74a that projects upward is formed at an end 
portion of the metal plate 74 on the second circuit board 4 
side. The LDS 10 are mounted on this projection 74a so that 
the optical axes of the LDS 10 are coincident with the 
respective optical axes of collimating lenses 21 of the 
transmitter-side optical system 12. 

From the viewpoint of reducing the likelihood of the heat 
generated in the driver IC 14 being transmitted to the LDS 
10, the metal plate 74 and the second circuit board 4 are 
preferably separated from each other so as to thermally 
insulate the metal plate 74 and the second circuit board 4 
from each other. Furthermore, when ground wiring is routed 
to the end portion of the second circuit board 4, the ground 
wiring and the metal plate 74 are electrically connected to 
each other through contact between the second circuit board 
4 and the metal plate 74. In this case, the metal plate 74 and 
the second circuit board 4 are preferably separated from 
each other from the viewpoint of separation of a signal 
ground and a case ground. However, when the distance 
between the metal plate 74 and the second circuit board 4 is 
excessively increased, the length of the wiring (wiring 31) 
between the driver IC 14 and the LDS 10 is increased. This 
causes degradation of the high-speed signals. Thus, from the 
viewpoint of Suppressing the degradation of the high-speed 
signals, it can be said that the metal plate 74 and the second 
circuit board 4 are preferably disposed close to each other as 
much as possible. With the above-described viewpoints 
taken into consideration, according to the present embodi 
ment, the metal plate 74 and the second circuit board 4 are 
separated from each other by a distance of about 0.1 to 0.2 

. 

The transmitter-side optical system 12 is disposed 
between the transmitter-side optical receptacle 8 and four 
LDS 10 on the bottom wall 72 (here, on the metal plate 74) 
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8 
and combines optical signals incident thereupon from four 
LDS 10 So as to output a resulting optical signal to the 
transmitter-side optical receptacle 8. 
As illustrated in FIG. 4B, the transmitter-side optical 

system 12 includes four collimating lenses 21, an optical 
isolator 22, five mirrors (filters) 23, and an output-side lens 
24. The collimating lenses 21 collimate light incident there 
upon from the LDS 10. The mirrors convert the optical paths 
of beams of the light having been output from the LDS 10 
and passed through the collimating lenses 21 So as to guide 
the light to the optical isolator 22. The output-side lens 24 
condenses the light having passed through the optical iso 
lator 22 so as to output the light to the transmitter-side 
optical receptacle 8. The optical isolator 22 transmits only 
light traveling in a forward direction and blocks light 
traveling in the opposite direction. Here, the optical isolator 
22 transmits only the light traveling from the LD 10 side to 
the transmitter-side optical receptacle 8 side. 

Four collimating lenses 21 are each disposed at a position 
facing a light emitting portion of a corresponding one of the 
LDS 10. The distance between each of the collimating lenses 
21 and a corresponding one of the LDS 10 is equal to the 
focal length of the collimating lens 21. Hereafter, it is 
assumed that first to fourth LDS 10a to 10d are arranged 
from the right to left of FIG. 3B and the light emission 
wavelengths of the first to fourth LDS 10a to 10d are 
respectively 1 to 4. 
The five mirrors 23 include the following first to fifth 

mirrors 23a to 23e: the first mirror 23a that reflects a beam 
of the light having a wavelength of W1; the second mirror 
23b that transmits a beam of the light having a wavelength 
of 2 and reflects beams of the light having wavelengths of 
W3 and W4; the third mirror 23c that transmits the beams 
having wavelengths of 2, 3, and wa and reflects the beam 
having wavelength of W1; the fourth mirror 23d that trans 
mits the beam having a wavelength of 4 and reflects the 
beam having a wavelength of M3; and the fifth mirror 23e 
that reflects the beam having a wavelength of Wa. 
The first mirror 23a reflects the beam having a wave 

length of 1 having been output from the first LD 10a and 
passed through a corresponding one of the collimating 
lenses 21 so as to guide the beam having a wavelength of W1 
to the third mirror 23c. The second mirror 23b reflects the 
beam having a wavelength of W3 incident thereupon from 
the fourth mirror 23d and the beam having a wavelength of 
WA incident thereupon from the fifth mirror 23e so as to 
guide the beam having a wavelength of W3 and the beam 
having a wavelength of 4 to the optical isolator 22. The 
third mirror 23c reflects the beam having a wavelength of 1 
incident thereupon from the first mirror 23a so as to guide 
the beam having a wavelength of W1 to the optical isolator 
22. The fourth mirror 23d reflects the beam having a 
wavelength of 3 having been output from the third LD 10c 
and passed through a corresponding one of the collimating 
lenses 21 so as to guide the beam having a wavelength of W3 
to the second mirror 23b. The fifth mirror 23e reflects the 
beam having a wavelength of W4 having been output from 
the fourth LD 10d and passed through a corresponding one 
of the collimating lenses 21 so as to guide the beam having 
a wavelength of a to the second mirror 23b. 
The beam having a wavelength of 1 output from the first 

LD 10a passes through a corresponding one of the colli 
mating lenses 21, is sequentially reflected by the first mirror 
23a and the third mirror 23c, passes through the optical 
isolator 22, and then is condensed by the output-side lens 24 
in the transmitter-side optical system 12 so as to be output 
to the transmitter-side optical receptacle 8. The beam having 
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a wavelength of 2 output from the second LD 10b passes 
through a corresponding one of the collimating lenses 21, is 
transmitted through the second mirror 23b and the third 
mirror 23c, passes through the optical isolator 22, and then 
is condensed by the output-side lens 24 in the transmitter 
side optical system 12 So as to be output to the transmitter 
side optical receptacle 8. The beam having a wavelength of 
3 output from the third LD 10c passes through a corre 

sponding one of the collimating lenses 21, is sequentially 
reflected by the fourth mirror 23d and the second mirror 23b, 
is transmitted through the third mirror 23c, passes through 
the optical isolator 22, and then is condensed by the output 
side lens 24 in the transmitter-side optical system 12 So as 
to be output to the transmitter-side optical receptacle 8. The 
beam having a wavelength of 4 output from the fourth LD 
10d passes through a corresponding one of the collimating 
lenses 21, is reflected by the fifth mirror 23e, is transmitted 
through the fourth mirror 23d, is reflected by the second 
mirror 23b, is transmitted through the third mirror 23c, 
passes through the optical isolator 22, and then is condensed 
by the output-side lens 24 in the transmitter-side optical 
system 12 So as to be output to the transmitter-side optical 
receptacle 8. 
The beams having wavelengths of 1 to 4 output from 

the LDS 10a to 10d are combined as described above by the 
transmitter-side optical system 12 So as to be output from the 
transmitter-side optical receptacle 8. It should be understood 
that the specific structure of the transmitter-side optical 
system 12 is not limited to the above description and can be 
changed as appropriate. 
As illustrated in FIGS. 3A, 3B, and 5A, the plurality of 

PDs 11 are directly mounted on the metal plate 74, which is 
secured to the bottom wall 72, and arranged in a row in the 
width direction. It is noted that the plurality of PDs 11 and 
the plurality of LDS 10 are not necessarily arranged in a 
single row. It is sufficient that the plurality of PDs 11 be 
arranged in a row and the plurality of LDS 10 be arranged in 
a row. Here, a case where four PDs 11 are provided is 
described. The TIA 15 that amplifies electrical signals output 
from the PDs 11 is disposed between four PDs 11 and the 
fourth side wall 71d. The TIA 15 and the driver IC 14 are 
arranged such that the positions where the TIA 15 and the 
driver IC 14 are disposed are substantially the same in the 
length direction. 

According to the present embodiment, the TIA 15 is 
directly mounted on the metal plate 74. Specifically, a cut 4c 
is formed at a position of the second circuit board 4 where 
the TIA15 is mounted and a projection 74b that projects into 
the cut 4c is formed in the metal plate 74, and the TIA 15 is 
mounted on the projection 74b. Thus, the heat dissipation 
capability is improved by mounting the TIA 15 on the metal 
plate 74 having a larger heat dissipation area and the 
degradation of the high-speed signals is suppressed by 
reducing the distance between the PDs 11 and the TIA 15. 
When neither the degradation of the heat dissipation capa 
bility nor the degradation of the high-speed signals causes a 
problem, the TIA 15 may be mounted on the second circuit 
board 4. 

The PDs 11 and the TIA 15 are electrically connected to 
one another through wiring 33. The TIA 15 and the wiring 
pattern of the second circuit board 4 are electrically con 
nected to each other through wiring 34. Here, the PDs 11 
have light receiving portions on their top surfaces. 

The TIA 15 preferably includes alternating current (AC) 
output terminals (not illustrated) that extract and output only 
AC components, that is, signal components, from electrical 
signals having been input from the PDs 11 and direct current 
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10 
(DC) output terminals (not illustrated) that extract and 
output only DC components, that is, background compo 
nents, from electrical signals having been input from the 
PDs 11. The AC output terminals are electrically connected 
to the second electrical connection terminals 4a through the 
wiring pattern formed on the second circuit board 4 and 
electrically connected to the first circuit board 2 through the 
first FPC 5. The DC output terminals are electrically con 
nected to the second electrical connector 4b through the 
wiring pattern formed on the second circuit board 4 and 
electrically connected to the first circuit board 2 through the 
Second FPC 6. 
The receiver-side optical system 13 is disposed between 

the receiver-side optical receptacle 9 and four PDs 11 on the 
bottom wall 72 (here, on the metal plate 74) and splits the 
optical signal incident thereupon from the receiver-side 
optical receptacle 9 so as to output resulting optical signals 
to four PDS 11. 
As illustrated in FIG. 5B, the receiver-side optical system 

13 includes a collimating lens 41, a pair of optical path 
conversion mirrors 42, an optical splitter 43, four condens 
ing lenses 44, and a light-reception-side mirror 45. The 
collimating lens 41 collimates light incident thereupon from 
the receiver-side optical receptacle 9. The optical path 
conversion mirrors 42 translate the light incident thereupon 
from the collimating lens 41 in the width direction. The 
optical splitter 43 includes seven mirrors (filters) 43a to 43g. 
splits the light incident thereupon from the optical path 
conversion mirrors 42 into light beams having different 
wavelengths, and outputs the split beams. The condensing 
lenses 44 condense the beams having respective wave 
lengths incident thereupon from the optical splitter 43. The 
light-reception-side mirror 45 reflects downward in the 
height direction the beams incident thereupon from the 
condensing lenses 44 So as to guide the beams to the light 
receiving portions of the respective PDs 11. The light 
reception-side mirror 45 is secured to the metal plate 74 with 
a support member 46 interposed therebetween. 

Hereafter, a case is described in which light including 
beams having wavelengths of W1 to WA are incident from the 
receiver-side optical receptacle 9, and the beams having 
wavelengths of 1, 2, 3, and wa are respectively received 
by a first PD 11a, a second PD 11b, a third PD 11c, and a 
fourth PD 11d. 
The optical splitter 43 includes the following first to 

seventh mirrors 43a to 43g: the first mirror 43a that trans 
mits the beam having a wavelength of 1 and reflects the 
beams having wavelengths of M2 to W4 among the beams of 
light incident thereupon from the optical path conversion 
mirrors 42; the second mirror 43b that reflects the beams of 
all the wavelengths incident thereupon from the first mirror 
43a; the third mirror 43c that transmits the beam having a 
wavelength of w2 and reflects the beams having wavelengths 
of 3 and 4 among the beams incident thereupon from the 
second mirror 43b; the fourth mirror 43d that reflects the 
beams of all the wavelengths incident thereupon from the 
third mirror 43c; the fifth mirror 43e that transmits the beam 
having a wavelength of W3 and reflects the beams having 
wavelength of WA among the beams incident thereupon from 
the fourth mirror 43d; the sixth mirror 43f that reflects the 
beams of all the wavelengths incident thereupon from the 
fifth mirror 43e; and the seventh mirror 43g that transmits 
the beam having a wavelength of W4 among the beams 
incident thereupon from the sixth mirror 43f. 
The beam having a wavelength of W1 having been trans 

mitted through the first mirror 43a is condensed by a 
corresponding one of the condensing lenses 44, reflected by 

IPR2025-00436, Exhibit 1006, Page 12



US 9,568,694 B2 
11 

the light-reception-side mirror 45, and then received by the 
first PD 11a. The beam having a wavelength of 2 having 
been transmitted through the third mirror 43c is condensed 
by a corresponding one of the condensing lenses 44. 
reflected by the light-reception-side mirror 45, and then 
received by the second PD 11b. The beam having a wave 
length of 3 having been transmitted through the fifth mirror 
43e is condensed by a corresponding one of the condensing 
lenses 44, reflected by the light-reception-side mirror 45, 
and then received by the third PD 11c. The beam having a 
wavelength of W4 having been transmitted through the 
seventh mirror 43g is condensed by a corresponding one of 
the condensing lenses 44, reflected by the light-reception 
side mirror 45, and then received by the fourth PD 11d. 
As described above, with the receiver-side optical system 

13, the light incident upon the receiver-side optical system 
13 from the receiver-side optical receptacle 9 is split, and the 
split beams of wavelengths w1 to Wa are respectively inci 
dent upon the PDs 11a to 11d. The specific structure of the 
receiver-side optical system 13 is not limited to the above 
description and can be changed as appropriate. 

Next, an assembly process of the optical module 100 is 
described. 

In order to assemble the optical module 100, the second 
circuit board 4 of the transmitter and receiver integrated 
optical sub-assembly 1 and the first circuit board 2 are 
initially connected to each other through the second FPC 6, 
alignment work is performed so as to align the LDS 10 and 
the transmitter-side optical system 12 with one another and 
align the PDs 11 and the receiver-side optical system 13 with 
one another, and checking work is performed so as to check 
whether or not the LDS 10, the PDs 11, the driver IC 14, and 
the TIA 15 are normally operated. 

In the alignment work to align the LDS 10 with the 
transmitter-side optical system 12, positions of the collimat 
ing lenses 21 and so forth are adjusted so as to maximize the 
intensity of light output to the transmitter-side optical recep 
tacle 8 while applying voltage directly to the LDS 10 through 
the second FPC 6 or causing the LDS 10 to emit light by 
operating the driver IC 14 with the power source signals 
supplied through the second FPC 6. 

In the alignment work to align the PDs 11 with the 
receiver-side optical system 13, the positions and so forth of 
the condensing lenses 44 are adjusted so as to maximize the 
intensity of light received by the PDs 11, that is, so as to 
maximize Voltages of the DC components output from the 
DC output terminals of the TIA 15 while inputting the light 
from the receiver-side optical receptacle 9 and operating the 
PDs 11 and the TIA 15 with the power source signals 
supplied through the second FPC 6. 

In the case where desired characteristics are not obtained 
by the alignment work or a problem is found during the 
checking work, the transmitter and receiver integrated opti 
cal sub-assembly 1 is detached from the second FPC 6 so as 
to be replaced with a new transmitter and receiver integrated 
optical Sub-assembly 1 or an element found to be a cause of 
the problem is replaced. At this time, the transmitter and 
receiver integrated optical Sub-assembly 1, which is con 
nected to the first circuit board 2 through a connector, that 
is, through the second FPC 6, can be easily detached. 
When no problem is found during the alignment work and 

the checking work, the first FPC 5 is connected to both the 
circuit boards 2 and 4 by Soldering, and checking work is 
performed while high-speed signals (here, 25 Gb/s high 
speed electrical signals) are transmitted through the first 
FPC 5. When no problem is found by this checking work, 
the transmitter and receiver integrated optical Sub-assembly 
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1 and the first circuit board 2 are housed in the casing 3. 
Thus, the optical module 100 is obtained. 

Operations and Effects of the Embodiment 

As has been described, in the optical module 100 accord 
ing to the present embodiment, signals are transmitted 
between both the circuit boards 2 and 4 as follows: the 
high-speed electrical signals of 1 GHz or higher are trans 
mitted through the first FPC 5 connected to both the circuit 
boards 2 and 4 by soldering; and the power source signals 
and the low-speed electrical signals of 1 MHz or lower 
including the DC signals are transmitted through the second 
FPC 6 connected to both the circuit boards 2 and 4 through 
the connectors. 

Thus, the alignment work and the checking work of the 
transmitter and receiver integrated optical Sub-assembly 1 
can be performed with both the circuit boards 2 and 4 
connected to each other through the connectors using the 
second FPC 6. Accordingly, when a problem occurs during 
the alignment work or the checking work, the transmitter 
and receiver integrated optical Sub-assembly 1 can be easily 
detached. That is, according to the present embodiment, the 
optical module 100 that facilitates the assembly process 
including the checking work and the alignment work can be 
realized. 

Furthermore, according to the present embodiment, the 
high-speed signals are transmitted through the first FPC 5 
that is connected to both the circuit boards 2 and 4 by 
soldering and includes the impedance lines for high-speed 
transmission. This suppresses losses and crosstalk at a 
connecting portion between both the circuit boards 2 and 4. 
Thus, the optical module 100 suitable for high-speed trans 
mission can be realized. 

Furthermore, the first FPC 5 for the high-speed electrical 
signals and the second FPC 6 for low-speed electrical 
signals including the power source signals are separately 
provided. This allows the first and second FPCs 5 and 6 to 
be formed of different materials and have different struc 
tures. Thus, the cost can be reduced by using, for example, 
a low-cost FPC as the second FPC 6. 

Furthermore, the optical module 100 includes the trans 
mitter and receiver integrated optical Sub-assembly 1 as the 
optical sub-assembly. The transmitter and receiver inte 
grated optical sub-assembly 1 includes the LDs 10, the 
driver IC 14, the PDs 11, and the TIA 15 housed in the 
housing 7, and in the transmitter and receiver integrated 
optical Sub-assembly 1, the second electrical connection 
terminals 4a are electrically connected to the driver IC 14 
and the TIA 15 through the wiring pattern formed on the 
second circuit board 4 and the second electrical connector 4b 
is electrically connected to the driver IC 14 and the TIA 15 
through the wiring pattern formed on the second circuit 
board 4. 
When the optical sub-assembly includes a transmitter 

optical sub-assembly (TOSA) and a receiver optical sub 
assembly (ROSA), the TOSA and the ROSA are provided 
with their respective circuit boards. Each of these circuit 
boards needs to be connected to the first circuit board 2 
through its own FPCs 5 and 6. Thus, at least two pairs of the 
FPCs 5 and 6 are needed. In contrast, the transmitter and 
receiver integrated optical Sub-assembly 1 is used as the 
optical Sub-assembly according to the present embodiment. 
This allows the transmitter and receiver integrated optical 
sub-assembly 1 to be connected to the first circuit board 2 
through a single pair of the FPCs 5 and 6. Thus, the cost can 
be reduced by reducing the number of components and the 
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assembly process can be further facilitated. Furthermore, 
compared to the case where two pairs of the FPCs 5 and 6 
are used, a wiring space can be increased in the case where 
a single pair of the FPCs 5 and 6 are used. Thus, more wires 
can be routed. 

Furthermore, according to the present embodiment, the 
LDs 10, the PDs 11, the transmitter-side optical system 12, 
the receiver-side optical system 13, the driver IC 14, and the 
TIA 15 are disposed in the housing 7 of the transmitter and 
receiver integrated optical Sub-assembly 1. That is, accord 
ing to the present embodiment, a transmission unit and a 
reception unit are housed in a single common housing 7. 

Thus, compared to a case Such as a related-art case where 
the TOSA serving as the transmission unit and the ROSA 
serving as the reception unit include their respective hous 
ings, the size of the transmitter and receiver integrated 
optical sub-assembly 1 can be reduced. Since the thickness 
of the housing 7 is, for example, about 0.8 mm, the width can 
be reduced at least by about 1.6 mm according to the present 
embodiment compared to the related art. This can signifi 
cantly reduce the area occupied by the transmitter and 
receiver integrated optical Sub-assembly 1 in the casing 3. 
The width of an inner space of the casing 3 is, for example, 
about 16 mm at the maximum. Accordingly, when the width 
of the transmitter and receiver integrated optical Sub-assem 
bly 1 can be reduced by 1 mm or more, this produces a 
significant effect. 

Furthermore, according to the present embodiment, the 
driver IC 14 and the TIA 15 are housed in the housing 7 of 
the transmitter and receiver integrated optical Sub-assembly 
1. Thus, the driver IC 14 can be disposed in close proximity 
to the LDS 10 and the TIA 15 can be disposed in close 
proximity to and the PDs 11. As a result, the length of wiring 
between the LDS 10 and the driver IC 14 and the length of 
wiring between the PDs 11 and the TIA 15 can be reduced. 
This is suitable for high-speed transmission because degra 
dation of the high-speed signals can be suppressed. 

Furthermore, since both the transmission unit and the 
reception unit are housed in a single common housing 7, the 
area of the housing 7 is increased compared to the related-art 
structure in which the TOSA and the ROSA include their 
respective housings. Thus, the heat dissipation area can be 
increased, and accordingly, the heat dissipation capability 
can be improved. 

Furthermore, in the case where the TOSA and the ROSA 
are separately provided as in the related art, the TOSA and 
the ROSA are provided with their respective circuit boards. 
This leads to formation of a gap between both the circuit 
boards which may become a dead space. In contrast, the 
driver IC 14 and the TIA 15 are connected to a common 
circuit board, that is, the second circuit board 4 according to 
the present embodiment. Thus, the wiring space can be 
reliably increased compared to that of the related art, and 
more wiring can be formed. Furthermore, wiring and the like 
of for example, the power sources of the driver IC 14 and 
the TIA 15 can be shared. Thus, the wiring space can be 
reliably increased. 

Furthermore, the LDs 10, the PDs 11, the transmitter-side 
optical system 12, and the receiver-side optical system 13 
are mounted on the metal plate 74 secured to the bottom wall 
72 in the transmitter and receiver integrated optical sub 
assembly 1. 

With this structure, the heat dissipation capability can be 
improved when the housing 7 is formed of a material having 
a low heat conductivity Such as resin. Furthermore, an 
assembly process is possible in which the metal plate 74 can 
be housed in the housing 7 after the LDs 10, the PDs 11, the 
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transmitter-side optical system 12, and the receiver-side 
optical system 13 have been mounted on the metal plate 74. 
Thus, the assembly process can be facilitated compared to 
the case where the LDs 10, the PDs 11, the transmitter-side 
optical system 12, and the receiver-side optical system 13 
are directly mounted in the housing 7. Furthermore, relative 
height positions of the transmitter-side optical system 12 and 
the transmitter-side optical receptacle 8 and the relative 
height positions of the receiver-side optical system 13 and 
the receiver-side optical receptacle 9 can be adjusted by 
changing the thickness of the metal plate 74. 

Furthermore, the driver IC 14 is mounted on the second 
circuit board 4 and the LDS 10 are mounted on the bottom 
wall 72 (metal plate 74) in the transmitter and receiver 
integrated optical Sub-assembly 1. Thus, transmission of 
heat generated in the driver IC 14 to the LDS 10 is sup 
pressed. This can Suppress the occurrences of problems such 
as reduction in luminous efficiency of the LDS 10 due to the 
effect of heat generated in the driver IC 14. 

Summarization of the Embodiment 

Next, a technical concept that is understood from the 
above-described embodiment is described with reference 
signs and the like used in the embodiment. In should be 
noted that the reference signs and the like in the following 
description do not limit elements of the claims to the 
members or the like specifically described in the embodi 
ment. 

1. An optical module (100) includes a first circuit board 
(2), at least one first electrical connection terminal (2c), a 
first electrical connector (2d), an optical sub-assembly (1), at 
least one second electrical connection terminal (4a), a sec 
ond electrical connector (4b), a first flexible printed circuit 
(5), and a second flexible printed circuit (6). The first circuit 
board is electrically connected to a communication device. 
The at least one first electrical connection terminal (2c) is 
formed on a front surface of the first circuit board (2) at one 
end portion of the first circuit board (2). The first electrical 
connector (2d) is mounted on a rear Surface of the first 
circuit board (2) at the one end portion of the first circuit 
board (2). The optical Sub-assembly (1) includes a housing 
(7) and a second circuit board (4). An optical system and an 
optical element for transmission of an optical signal, an 
optical system and an optical element for reception of an 
optical signal, or the optical system and the optical element 
for the transmission of the optical signal and the optical 
system and the optical element for the reception of the 
optical signal are housed in the housing (7). The second 
circuit board (4) has one end portion inserted into the 
housing (7) and another end portion disposed outside the 
housing (7). The at least one second electrical connection 
terminal (4a) is formed on a front surface of the second 
circuit board (4) at the other end portion of the second circuit 
board (4). The second electrical connector (4b) is formed on 
a rear surface of the second circuit board (4) at the other end 
portion of the second circuit board (4). The first flexible 
printed circuit (5) includes at least one third electrical 
connection terminal (5a), at least one fourth electrical con 
nection terminal (5b), and at least one impedance line for 
high-speed transmission. The at least one third electrical 
connection terminal (5a) is connected to the at least one first 
electrical connection terminal (2c) by soldering. The at least 
one fourth electrical connection terminal (5b) is connected 
to the at least one second electrical connection terminal (4a) 
by soldering. The at least one third electrical connection 
terminal (5a) and the at least one fourth electrical connection 

IPR2025-00436, Exhibit 1006, Page 14



US 9,568,694 B2 
15 

terminal (5b) are electrically connected to each other 
through the at least one impedance line for high-speed 
transmission. The second flexible printed circuit (6) includes 
a third electrical connector (6a), a fourth electrical connector 
(6b), and transmission lines. The third electrical connector 
(6a) is connected to the first electrical connector (2d). The 
fourth electrical connector (6b) is connected to the second 
electrical connector (4b). The third electrical connector (6a) 
and the fourth electrical connector (6b) are connected to 
each other through the transmission lines. In the optical 
module (100), a high-speed electrical signal of 1 GHz or 
higher is transmitted between the first circuit board (2) and 
the second circuit board (4) through the first flexible printed 
circuit (5), and a power Source signal and a low-speed 
electrical signal of 1 MHz or lower including a direct 
current signal are transmitted between the first circuit board 
(2) and the second circuit board (4) through the second 
flexible printed circuit (6). 

2. In the optical module (100) described in 1, the at 
least one impedance line includes a microstrip line, a 
grounded coplanar line, or a strip line. 

3. In the optical module (100) described in 1 or 2, the 
optical Sub-assembly includes in the housing (7) a light 
emitting element (10), a driver integrated circuit (14) that 
drives the light emitting element (10), a light receiving 
element (11), and an amplifying integrated circuit (15) that 
amplifies an electrical signal from the light receiving ele 
ment (11). In the optical module (100), the at least one 
second electrical connection terminal (4a) includes a plu 
rality of second electrical connection terminals (4a). In the 
optical module (100), the plurality of second electrical 
connection terminals (4a) and the second electrical connec 
tor (4b) are electrically connected to the driver integrated 
circuit (14) and the amplifying integrated circuit (15) 
through a wiring pattern formed on the second circuit board 
(4). 

Although the embodiment of the present invention has 
been described, the above-described embodiment does not 
limit the invention which falls within the scope of the 
claims. Furthermore, it should be noted that not all of the 
combinations of the features described in the embodiment 
are necessarily required for means for solving the task of the 
invention. 
The present invention can be modified as appropriate 

without departing from the gist of the present invention. 
For example, although the housing 7 has a rectangular 

parallelepiped shape according to the above-described 
embodiment, this does not limit the shape of the housing 7. 
The housing 7 may have, for example, a polygonal or 
circular shape in top view. 

Although it is not described in the above-described 
embodiment, a metal plate as a shield may be disposed 
between the transmission unit (the driver IC 14, the LDS 10. 
and the transmitter-side optical system 12) and the reception 
unit (the TIA 15, the PDs 11, and the receiver-side optical 
system 13) So as to Suppress crosstalk between the trans 
mission unit and the reception unit. The crosstalk between 
the transmission unit and the reception unit is likely to occur 
between the wiring connecting the driver IC 14 to the LDS 
10 and the wiring connecting the TIA15 to the PDs 11. Thus, 
by disposing the metal plate at least between the former 
wiring and the latter wiring, the crosstalk between the 
transmission unit and the reception unit can be suppressed. 
What is claimed is: 
1. An optical module comprising: 
a first circuit board electrically connected to a communi 

cation device; 
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16 
at least one first electrical connection terminal formed on 

a front surface of the first circuit board at one end 
portion of the first circuit board; 

a first electrical connector mounted on a rear Surface of 
the first circuit board at the one end portion of the first 
circuit board; 

an optical Sub-assembly that includes 
a housing in which an optical system and an optical 

element for transmission of an optical signal, an 
optical system and an optical element for reception 
of an optical signal, or, the optical system and the 
optical element for the transmission of the optical 
signal and the optical system and the optical element 
for the reception of the optical signal are housed, and 

a second circuit board that has one end portion inserted 
into the housing and that has another end portion 
disposed outside the housing: 

at least one second electrical connection terminal formed 
on a front surface of the second circuit board at the 
other end portion of the second circuit board; 

a second electrical connector formed on a rear Surface of 
the second circuit board at the other end portion of the 
second circuit board; 

a first flexible printed circuit that includes 
at least one third electrical connection terminal con 

nected to the at least one first electrical connection 
terminal by soldering, 

at least one fourth electrical connection terminal con 
nected to the at least one second electrical connec 
tion terminal by Soldering, and 

at least one impedance line for high-speed transmission 
through which the at least one third electrical con 
nection terminal and the at least one fourth electrical 
connection terminal are electrically connected to 
each other, and 

a second flexible printed circuit that includes 
a third electrical connector connected to the first elec 

trical connector, 
a fourth electrical connector connected to the second 

electrical connector, and 
transmission lines through which the third electrical 

connector and the fourth electrical connector are 
connected to each other, 

wherein a high-speed electrical signal of 1 GHz or higher 
is transmitted between the first circuit board and the 
second circuit board through the first flexible printed 
circuit, and a power source signal and a low-speed 
electrical signal of 1 MHz or lower including a direct 
current signal are transmitted between the first circuit 
board and the second circuit board through the second 
flexible printed circuit. 

2. The optical module according to claim 1, 
wherein the at least one impedance line includes a 

microStrip line, a grounded coplanar line, or a strip line. 
3. The optical module according to claim 1, 
wherein the optical Sub-assembly includes in the housing 

a light emitting element, 
a driver integrated circuit that drives the light emitting 

element, 
a light receiving element, and 
an amplifying integrated circuit that amplifies an elec 

trical signal from the light receiving element, and 
wherein the at least one second electrical connection 

terminal includes a plurality of second electrical con 
nection terminals, and 

wherein the plurality of second electrical connection 
terminals and the second electrical connector are elec 
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trically connected to the driver integrated circuit and 
the amplifying integrated circuit through a wiring pat 
tern formed on the second circuit board. 

k k k k k 
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