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(57) ABSTRACT 

In an optoelectronic conversion header, a ferrule holds an 
optical Waveguide in a predetermined position so that an end 
face of the optical Waveguide protrudes from an mounting 
surface of the ferrule. An electric Wire is provided on the 
mounting surface of the ferrule, a optical semiconductor 
device is mounted on the mounting surface of the ferrule and 
electrically connected to the electric Wire. From the end face 
of the optical Waveguide, an optical signal is transferred in a 
transfer direction and the mounting surface of the ferrule is 
so arranged as to be deviated tWo degrees or more from a 
plane vertical to the transfer direction. 

18 Claims, 15 Drawing Sheets 

1 4 1 



US RE41,742 E 
Page 2 

US. PATENT DOCUMENTS 2005/0063651 A1 * 3/2005 Hamasakiet a1. ......... .. 385/100 
2005/0141824 A1 6/2005 Furuyama et a1. 

6,087,194 A * 7/2000 Matsukura et a1. .......... .. 438/25 2005/0156304 A1 7/2005 Furuyama et 31, 

6,908,779 B2 * 6/2005 Ogawa et a1. ............... .. 438/27 2005/0169596 A1 8/2005 Hamasakiet 31, 

7,118,294 B2 * 10/2006 Hamasakiet a1. ........... .. 385/89 2006/0039658 A1 2/2006 Furuyama et a1. 

7,198,412 B2 4/2007 Hamasakiet a1. 2006/0147158 A1 * 7/2006 Sato et a1. ................... .. 385/78 

7,255,493 B2 8/2007 Hamasakiet a1. 2006/0215969 A1 * 9/2006 Hamasakiet a1. ........... .. 385/89 

7,300,213 B2 11/2007 Hamasaki et :11. 
7,312,520 B2 12/2007 Furuyama et 31. OTHER PUBLICATIONS 

7330352 B2 2/2008 Fumyama et a1~ U.S.App1. N0. 11/203,959,?1edAug. 16, 2005, Hamasaki et 
7,352,935 B2 4/2008 Furuyama et a1. al_* 
7,441,964 B2 10/2008 Hamasakl er a1~ U.S.App1. No. 11/442,276, ?led May 30, 2006, Hamasaki et 
7,489,514 B2 2/2009 Hamasaki et a1. a1 * 

2004/0218372 A1 11/2004 Hamasaki et a1. ' 

2004/0223703 A1 * 11/2004 Miyamae et a1. ............ .. 385/88 * cited by examiner 



US. Patent Sep. 21, 2010 Sheet 1 or 15 US RE41,742 E 

? § 5 ‘1 
24 

FIGJ 

2 G 



US. Patent Sep. 21, 2010 Sheet 2 or 15 US RE41,742 E 

25051111 

FE.3 

7 250mm 

FiGJl 



US. Patent Sep. 21, 2010 Sheet 3 0f 15 US RE41,742 E 



US. Patent Sep. 21, 2010 Sheet 4 or 15 US RE41,742 E 

~ 306 

FIGJB FiG.7A 

F¥G.8B FFQSA 



US. Patent Sep. 21, 2010 Sheet 5 0f 15 US RE41,742 E 

m \N 1 

... 

mg m 

§ 

"12 

1 



US. Patent Sep. 21, 2010 Sheet 6 0f 15 US RE41,742 E 

FEQH 



US. Patent Sep. 21, 2010 Sheet 7 0f 15 US RE41,742 E 

RG13 



US. Patent Sep. 21, 2010 Sheet 8 0f 15 US RE41,742 E 

5 [1. _ 

FIGIMA 

FIG.14C 



US. Patent Sep. 21, 2010 Sheet 9 0f 15 US RE41,742 E 

m 

FIG.1@A 



US. Patent Sep. 21, 2010 Sheet 10 or 15 US RE41,742 E 

FIG.17A FIG.17B 



US. Patent Sep. 21, 2010 Sheet 11 0115 US RE41,742 E 

112 

1‘ ............. .. 1 \ 

111 m 

Y 

FIG.19A 

1 12 
w m . 

, . 1 . “ \ gs - - \\ 

i, 
121 

FiG.19C 



US. Patent Sep. 21, 2010 Sheet 12 or 15 US RE41,742 E 

F!G.20A 

3 

FIG‘QOE 

FEQQOC 



US. Patent Sep. 21, 2010 Sheet 13 or 15 US RE41,742 E 

FIGZ? FIG.21A 

2 

F322 



US. Patent Sep. 21, 2010 Sheet 14 or 15 US RE41,742 E 

F1623 

HR) 312 cm 184 

F3624 



US. Patent Sep. 21, 2010 Sheet 15 or 15 US RE41,742 E 

Na 

$16.25 

Nib 

F1626 

H2 

k 

FIG/27 



US RE41,742 E 
1 

OPTOELECTRONIC CONVERSION HEADER, 
LSI PACKAGE WITH INTERFACE MODULE, 

METHOD OF MANUFACTURING 
OPTOELECTRONIC CONVERSION HEADER, 

AND OPTICAL INTERCONNECTION 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Applications No. 2004 
237456, ?led Aug. 17, 2004; and No. 2005-100312, ?led 
Mar. 31, 2005, the entire contents of both of which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optoelectronic conver 
sion header applied to a high-speed LSI package and a 
manufacturing method of the optoelectronic conversion 
header, an LSI package with an interface module equipped 
with the optoelectronic conversion header, and an optical 
interconnection system. 

2. Description of the Related Art 

Recently, a performance of large-scale integrated circuits 
(LSIs) is signi?cantly improved to achieve a high speed pro 
cessing due to an improved performance of electronic 
devices such as bipolar transistors and ?eld effect transis 
tors. However, even though the processing speed is 
improved in the LSI, a printed wiring board mounting the 
LSI is not so suf?ciently improved as to have a suf?ciently 
high signal transfer rate or speed for transferring a signal 
from the high speed processing LSI. The transmission speed 
in the printed wiring board is restricted due to following 
reasons. In the printed circuit board, it is necessary to pre 
vent a reduction in a signal quality resulting from an increase 
in a transmission loss, noise and electromagnetic interfer 
ence in electric wires due to an increased operation fre 
quency. The longer lines in the circuit board need more 
restraint on the operation frequency to ensure the satisfac 
tory signal quality. In this background, it is recognized in a 
common sense that a system speed is limited by a packaging 
technique rather than the LSI operation speed. 

In view of such problems in the electrically wired 
systems, several optical devices have been proposed in 
which the LSI is connected via optical waveguides. In the 
optical waveguide, a signal loss has not frequency depen 
dency even in a range between a direct current and 100 GHz 
or higher, and noise is not produced due to the electromag 
netic interference of wiring paths and a variation in a ground 
potential. The optical waveguide can readily realize a data 
transmission capability of several tens of Gbps. An applica 
tion of the optical waveguide is proposed in Nikkei 
Electronics, No. 810, pp. 121-122, Dec. 3, 2001, in which an 
interface module is directly mounted on an interposer for 
interconnecting the LSI to a peripheral device to transmit a 
high-speed signal between the LSI and the peripheral device. 

In order to realize the optical interconnection disclosed in 
Nikkei Electronics, No. 810, pp. 121-122, Dec. 3, 2001, the 
interposer is essentially provided with an optoelectronic 
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2 
conversion component which converts an optical signal into 
an electric signal or converts the electric signal into the opti 
cal signal, and the optoelectronic conversion component is 
further required to have a small size in order to be arranged 
in the interposer. This small optoelectronic conversion com 
ponent has a structure in which a surface emitting laser is 
optically coupled to an optical ?ber, as disclosed in Jpn. Pat. 
Appln. KOKAI Publication No. 2000-347072. There has 
been proposed in connection with this structure in Jpn. Pat. 
Appln. KOKAI Publication No. 2001-281503 which dis 
closes metal projections having different heights or a block 
having an inclined plane are used to obliquely dispose an 
optical semiconductor device such as semiconductor lasers 
to restrain external optical feedback. There has been also 
proposed in Jpn. Pat. Appln. KOKAI Publication No. 2001 
284608 in which a photodiode (PD) of rear surface incidence 
type is adhesively bonded onto a ?ber having an end face 
obliquely cut with respect to an optical axis. 
The conventional structure disclosed in Jpn. Pat. Appln. 

KOKAI Publication No. 2000-347072 has a problem that if 
the optical ?ber is inserted in a support member provided 
with the surface emitting laser to optically couple the surface 
emitting laser to the optical ?ber for assembly of the 
structure, the optical ?ber contacts an active area of the opti 
cal semiconductor device and this contact easily damage the 
optical semiconductor device. There is also a problem that 
since the surface emitting laser is proximately disposed in 
parallel with the optical ?ber, the external feedback light 
rays are input to the surface emitting laser and easily gener 
ate so-called external optical feedback noise. 
A conventional structure for suppressing the external opti 

cal feedback noise has been disclosed in Jpn. Pat. Appln. 
KOKAI Publication No. 2001-281503. However, there is a 
problem in which a temperature change easily varies an 
inclination angle of the optical semiconductor device in this 
structure that is provide with the metal projections having 
different heights or the block having the inclined plane to 
obliquely dispose the optical semiconductor device. In this 
structure, if thermal expansion is caused in the metal proj ec 
tions or the block, various changes in heights of the metal 
projections or the block are produced and the inclination of 
the optical semiconductor device is changed. In the conven 
tional structure disclosed in Jpn. Pat. Appln. KOKAI Publi 
cation No. 2001 -281503, the external optical feedback noise 
is also generated depending on temperature, so that the 
excessively large inclination angle is set to avoid the external 
optical feedback noise. Another problem is the excessively 
low optical coupling ef?ciency between the surface emitting 
laser and the optical ?ber resulting from the excessive set 
ting of the inclination angle of the optical semiconductor 
device. Moreover, the conventional structure in Jpn. Pat. 
Appln. KOKAI Publication No. 2001-281503 is compli 
cated in the structure, and not suitable for mass production. 

Furthermore, in the conventional structure disclosed in 
Jpn. Pat. Appln. KOKAI Publication No. 2001-281503, the 
entire optical semiconductor device is inclined with respect 
to the member supporting the optical ?ber. The conventional 
structure has a gap between an end face of the optical ?ber 
and the optical semiconductor device, which has a distance 
delivered from a multiplication of the inclination angle and a 
length between an optical semiconductor device end and the 
active area. Thus, a photo detection area needs to be a small 
diameter. Especially in a combination of the high-speed 
photo detector, light rays exiting from the optical ?ber are 
diverged to the high-speed photo detector, leading to a prob 
lem that the optical coupling e?iciency is easily decreased. 
The external feedback light rays does not regarded as noise 
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between the photo detector and the optical ?ber. However, in 
such a case as in the inter-LSI Wire lying over a relatively 
short distance of about 1 m at the maximum, most of the 
external feedback light rays are generated due to a re?ection 
on the optical ?ber end face on a photo detector side or a 
re?ection on a photo detector surface and the re?ection light 
rays return to a light emitter via the optical ?ber so that the 
external optical feedback noise is induced. Therefore, mea 
sures for prevention of the light re?ection are also needed on 
the photo detector side, and the photo detector needs to be 
inclined in the conventional structure of Jpn. Pat. Appln. 
KOKAI Publication No. 2001 -281 503, resulting in the prob 
lem that the optical coupling ef?ciency is decreased. 

Another method to incline the optical semiconductor 
device is, as in Jpn. Pat. Appln. KOKAI Publication No. 
2001-284608, to obliquely form the optical ?ber end face 
together With a ferrule and adhesively bond the optical semi 
conductor device to this end face. HoWever, this method 
requires a polishing process to form the end face of the opti 
cal ?ber into the inclined surface so that it is substantially 
dif?cult to signi?cantly reduce costs. In an application of the 
interconnection betWeen the LSI and the peripheral devices, 
a permissible cost is loW as compared With costs in optical 
communications or LANs, and there is a problem that a 
time-consuming process such as the polishing process can 
not be permitted. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide, at loW 
cost and With high performance, an optoelectronic conver 
sion header, an LSI package With an interface module using 
the optoelectronic conversion header, and an optical inter 
connection system Which have simple structure and prevent 
an optical semiconductor device from being damaged during 
manufacture and assembly While enabling restraint of exter 
nal optical feedback noise. 

According to an aspect of the present invention, there is 
provided 

an optoelectronic conversion header comprising: 
an optical Waveguide Which guides an optical signal and 

has an end face; 
a ferrule, having a mounting surface, Which holds the opti 

cal Waveguide in a predetermined position so that the end 
face of the optical Waveguide protrudes from the mounting 
surface; 

an electric Wire provided on the mounting surface of the 
ferrule; and 

an optoelectronic converter having an optical input/ output 
surface, Which is electrically connected to the electric Wire 
and is mounted on the mounting surface of the ferrule, the 
optical input/output surface being faced to the end face of 
the optical Waveguide so as to transfer the optical signal 
along a transfer direction betWeen the optical input/output 
surface and the end face of the optical Waveguide, the end 
face being substantially vertical to the transfer direction, and 
the optical input/output surface being deviated tWo degrees 
or more from a plane vertical to the transfer direction. 

According to another aspect of the present invention, 
there is provided an optoelectronic conversion header com 
prising: 

an optical semiconductor device having an device surface 
in Which a surface light emitter or a surface photo detector is 
formed; 

an optical Waveguide having an end face, Which guides an 
optical signal, the optical signal being transferred along a 
transfer direction betWeen the device surface and the end 
face; 
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4 
a ferrule having a mounting surface on Which the optical 

semiconductor device is mounted and a side surface crossing 
the mounting surface, Which holds the optical Waveguide so 
as to face the end face of the optical Waveguide to the device 
surface of the optical semiconductor device at the mounting 
surface, the end face being substantially vertical to the trans 
fer direction and the device surface being deviated tWo 
degrees or more from a plane vertical to the transferred 
direction; and 

an electric Wire provided on the ferrule, extending from 
the side surface to the mounting surface and electrically con 
nected to the device surface; and 

a ?rst transparent resin provided betWeen the end face of 
the optical Waveguide and the device surface of the optical 
semiconductor device. 

According to yet another aspect of the present invention, 
there is provided an LSI package to be mounted on a printed 
Wiring board comprising: 

an interposer equipped With a signal processing LSI and 
having ?rst electric terminals to be electrically connected to 
the printed Wiring board; 

an interface module including an optoelectronic conver 
sion header and an electrical connection terminal, Which is 
electrically and mechanically connectable to the interposer, 
the optoelectronic conversion header comprising: 

an optical Waveguide Which guides an optical signal and 
serves as an optical transmission channel for the optical sig 
nal and has an end face; 

a ferrule, having a mounting surface, Which holds the opti 
cal Waveguide in a predetermined position so that the end 
face of the optical Waveguide protrudes from the mounting 
surface; 

an electric Wire provided on the mounting surface of the 
ferrule; and 

an optoelectronic converter having a optical input/output 
surface, Which is electrically connected to the electric Wire 
and is mounted on the mounting surface of the ferrule, the 
optical input/output surface being faced to the end face of 
the optical Waveguide so as to transfer the optical signal 
along a transfer direction betWeen the optical input/output 
surface and the end face of the optical Waveguide, the end 
face being substantially vertical to the transfer direction; and 
the optical input/output surface being deviated tWo degrees 
or more from a plane vertical to the transfer direction 

According to furthermore aspect of the present invention, 
there is provided an LSI package to be mounted on a printed 
Wiring board comprising: 

an interposer equipped With a signal processing LSI and 
having connecting electric terminals to be electrically con 
nected to a printed Wiring board; 

an interface module including an optoelectronic conver 
sion header and an electrical connection terminal, Which is 
electrically and mechanically connects to the interposer, the 
optoelectronic conversion header comprising: 

an optical semiconductor device having an device surface 
in Which a surface light emitter or a surface photo detector is 
formed; 

an optical Waveguide having an end face, Which guides a 
optical signal and serves as an optical transmission channel 
for the optical signal, the optical signal being transferred 
along a transfer direction betWeen the device surface and the 
end face; 

a ferrule having a mounting surface on Which the optical 
semiconductor device is mounted and a side surface crossing 
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the mounting surface, the ferrule holding the optical 
Waveguide so as to face the end face of the optical Waveguide 
to the device surface of the optical semiconductor device at 
the mounting surface, the end face being substantially verti 
cal to the transfer direction and the device surface being 
deviated tWo degrees or more from a plane vertical to the 
transferred direction; and 

an electric Wire provided on the ferrule, extending from 
the side surface to the mounting surface and electrically con 
nected to the device surface; and 

a ?rst transparent resin provided betWeen the end face of 
the optical Waveguide and the device surface of the optical 
semiconductor device. 

According to also furthermore aspect of the present inven 
tion there is provided a method of manufacturing an opto 
electronic conversion header, the method comprising: 

mounting an optical semiconductor device having a rear 
surface and an device surface in Which a surface light emitter 
or a surface photo detector is formed, on an mounting sur 
face of a ferrule, and electrically connecting the optical 
semiconductor device to an electric Wire on the ferrule, the 
ferrule having a mounting surface and a insertion hole for 
holding the optical Waveguide; 

disposing a stopper member having a surface substantially 
parallel to the rear surface of the optical semiconductor 
device on the rear surface; and 

inserting the optical Waveguide into the insertion hole so 
as to face an end face of the optical Waveguide to the device 
surface of the optical semiconductor device, the end face of 
the optical Waveguide being substantially vertical to a trans 
fer direction of a optical signal guided by the optical 
Waveguide betWeen the end face and the device surface, and 
the device surface being inclined to a plane vertical to the 
transferred direction, and putting a transparent resin betWeen 
the device surface and the end face While the stopper mem 
ber is disposed on the rear surface of the optical semiconduc 
tor device. 

According to yet furthermore aspect of the present 
invention, there is provided an optical interconnection sys 
tem comprising: 

an optical Waveguide Which guides an optical signal and 
has ?rst and second end faces optically coupled to each 
other; 

?rst and second optoelectronic conversion headers opti 
cally coupled by the optical Waveguide, the ?rst optoelec 
tronic conversion header comprising: 

a ?rst ferrule, having a ?rst mounting surface, Which holds 
the optical Waveguide in a ?rst predetermined position so 
that the ?rst end face of the optical Waveguide protrudes 
from the ?rst mounting surface; 

an ?rst electric Wire provided on the ?rst mounting sur 
face of the ?rst ferrule; and 

a light emitting device having a light emitting surface, 
Which is electrically connected to the ?rst electric Wire and is 
mounted on the ?rst mounting surface of the ?rst ferrule, the 
light emitting surface being faced to the ?rst end face of the 
optical Waveguide so as to transfer the optical signal along a 
?rst transfer direction from the light emitting surface to the 
?rst end face of the optical Waveguide, the ?rst end face 
being substantially vertical to the transfer direction; and the 
light emitting surface being deviated tWo degrees or more 
from a plane vertical to the transfer direction; and 

the second optoelectronic conversion header comprising: 
a second ferrule, having a second mounting surface, 

Which holds the optical Waveguide in a second predeter 
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6 
mined position so that the second end face of the optical 
Waveguide protrudes from the second mounting surface; 

an second electric Wire provided on the second mounting 
surface of the second ferrule; and 

a photo-detecting device having a photo-detecting 
surface, Which is electrically connected to the second elec 
tric Wire and is mounted on the second mounting surface of 
the second ferrule, the photo-detecting surface being faced 
to the second end face of the optical Waveguide so as to 
transfer the optical signal along a second transfer direction 
from the second end face of the optical Waveguide to the 
photodetecting surface, the second end face being substan 
tially vertical to the transfer direction; and the detecting sur 
face being deviated tWo degrees or more from a plane verti 
cal to the transfer direction. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a sectional vieW schematically shoWing an LSI 
package With an interface module comprising an optoelec 
tronic conversion header according to a ?rst embodiment of 
the present invention; 

FIG. 2 is a sectional vieW schematically shoWing the opto 
electronic conversion header at a transmitting end according 
to the ?rst embodiment of the present invention; 

FIG. 3 is a schematic sectional vieW shoWing a dimen 
sional example of an optical semiconductor device to 
explain hoW the optical semiconductor device shoWn in FIG. 
1 is disposed; 

FIG. 4 is a sectional vieW schematically shoWing one 
example of hoW the optical semiconductor device shoWn in 
FIG. 3 and an optical ?ber as a light guide are arranged With 
respect to each other; 

FIG. 5 is a sectional vieW schematically shoWing the opto 
electronic conversion header at a receiving end according to 
the ?rst embodiment of the present invention; 

FIG. 6 is a sectional vieW schematically shoWing one 
example of hoW the optical semiconductor device in the 
optoelectronic conversion header shoWn in FIG. 5 and the 
optical ?ber as the light guide are arranged With respect to 
each other; 

FIGS. 7A and 7B are a plan vieW and a sectional vieW 
schematically shoWing a light emitter mounted on the opto 
electronic conversion header at the transmitting end accord 
ing to a second embodiment of the present invention; 

FIGS. 8A and 8B are a plan vieW and a sectional vieW 
schematically shoWing a photo detector mounted on the 
optoelectronic conversion header at the receiving end 
according to the second embodiment of the present inven 
tion; 

FIGS. 9A and 9B are a plan vieW and a sectional vieW 
schematically shoWing a four-channel array of the light 
emitters mounted on the optoelectronic conversion header 
according to a modi?cation of the second embodiment of the 
present invention; 

FIG. 10 is a sectional vieW schematically shoWing the 
optoelectronic conversion header according to a third 
embodiment of the present invention; 

FIG. 11 is a sectional vieW schematically shoWing the 
optical interface module comprising a driver IC and the 
optoelectronic conversion header shoWn in FIG. 10; 

FIG. 12 is a sectional vieW schematically shoWing the 
optoelectronic conversion header according to a fourth 
embodiment of the present invention; 






























