PACKAGE FOR OPTI CAL SEM CONDUCTOR ELEMENT This application clains priority
from Japanese Patent Application No. 2008-08 4837, filed on March 27, 2008,
the entire contents of which are hereby incorporated by reference.
BACKGROUND OF THE | NVENTI ON Technical Field [0001] The present disclosure
relates to a package for an optical sem conductor elenent and nore
particularly to a package for an optical sem conductor elenent having an
excel l ent property in high-speed communication. Related Art [0002] In a
communi cation field, a value of characteristic inpedance of a signal wire is
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i npedance is required to be matched. A signal wire (lead pin) used for the
package f Bferenss. optical sem conductor elenent is attached to a stem body by
gl ass-sealing and the signal wire becones a pseudo-coaxial structure. The
present invention relates to a technique capable of matching the

characteristic inpedance in a portion where the lead pin is sealed. [0003] -
1 BACKGROUND OF THE INVENTION

Technical Field

[0001]

The present disclosure relates to a package for an optical semiconductor
element and more particularly to a package for an optical semiconductor element having
an excellent property in high-speed communication.

Related Art

[0602]

In a communication field, a value of characteristic impedance of a signal wire is
unified as 50 Q2. As for a package for an optical semiconductor element used for optical
communication, it was not necessary to pay attention to matching of the characteristic
impedance in the past. However, in high-speed communication at 8 Gbps, for example,
a problem occurs in that signal transmission efficiency deteriorates if the value of the
characteristic impedance deviates from 50 Q. Therefore, the characteristic impedance is
required to be matched.

A signal wire (lead pin) used for the package for the optical semiconductor
element is attached to a stem body by glass-sealing and the signal wire becomes a
pseudo-coaxial structure. The present invention relates to a technique capable of
matching the characteristic impedance in a portion where the lead pin is sealed.

[0003]



Characteristic inpedance Zo of a signal lead pin is given by the follow ng
expression: Zo = (138/Er'12)xlog(D/.d), where Er is a dielectric constant of
gl ass used for sealing the lead pin, Dis a hole dianmeter of a sealing hole
for nounting the lead pin, and d is a wire dianeter of the lead pint. The
shape, size, and the |i ke of the packet for the optical sem conductor

el enrent are various. In a general package for an optical sem conductor

el enent (for exanple, TO 46 type) used for optical conmunication, the
dielectric constant Er is 5.0, the sealing hole of the lead pinis 1.2 nm

the wire diane . LNy J : d. t u
characteristi c@’%%&éﬁgg 1| ?@%@g?& i%gosr %l‘ar%g ayd ﬁﬁlnlst Sre%g) kglgce%pé‘?ﬁlgt he
optical sem conductor elenent in which the value of the characteristic

i npedance®™PEBt es from 50 S2, it is necessary to correct the value of the
characteristic jnp 5, O S2 in order to inprove a signal transm ssion
property (see t;j.og_. ?%%A—Mg@0843) . [ 0004] Also, as a nethod of enabling
the value of the characteristic inpedance of the package for the optical
seni conduvhese f isng dielecirip songtay oftglassnseg forsepting dhe dgad pincPoiss? hglet he hol e
diameter D of the sealing hole of the |lead pin, a nmethod of decreasing the
wi re di andiametepéf a pealing ddlegionmountingthedead pin, aind diais neviss digmetee ofithelleadt r i ¢
constant Er of sealing glass are taken into consideration. Anong these
met hods, gihte nmet hod of increasing the hole dianeter D of the sealing hole
of the lead pin results in reduction in an area where an opti cal
sem conduct or dghenshape,0izé,hends tiep likodyf the puckeingadthdueptical s&icondict@se i n
the sealing hole. Therefore, the size of the hole dianeter Dis restrictive
due to thgeBBfCiré vaAblf M geldifl SlcRABeDRAYan optical semiconductor element (for
example, TO-46 type) used for optical communication, the dielectric constant Er is 5.0,
the sealing hole of the lead pin is 1.2 mm, the wire diameter of the lead pin is 0.45 mm,
and the value of the characteristic impedance is 25 Q. Accordingly, in the package for
the optical semiconductor element in which the value of the characteristic impedance
deviates from 50 (2, it is necessary to correct the value of the characteristic impedance
to 50 2 in order to improve a signal transmission property (see e.g., JP-A-2007-220843).

[0604]

Also, as a method of enabling the value of the characteristic impedance of the
package for the optical semiconductor element to be close to 50 , a method of
increasing the hole diameter D of the sealing hole of the lead pin, a method of
decreasing the wire diameter of the lead pin, and a method of decreasing the dielectric
constant Er of sealing glass are taken into consideration.

Among these methods, the method of increasing the hole diameter D of the
sealing hole of the lead pin results in reduction in an area where an optical
semiconductor element of the step body is arranged due to the increase in the sealing

hole. Therefore, the size of the hole diameter D is restrictive due to the specification of

the stem body.



2 In addition, in order to realize the nethod of decreasing the wire
dianeter of the lead pin, the wire dianeter has to be set in consideration
of a wire bonding property, since an end surface of the lead pinis a wre
bondi ng surface. [0005] The nethod of using glass having a | ow dielectric
constant Er as sealing glass also has a problemin that glass having the

| ow dielectric constant is generally poor in a sealing property and an
airtight property is problematic when the lead pin is sealed. In general,
when the dielectric constant of glass is decreased, nodifier oxide (netal
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| ead pin.or, t.ne, ste ' r ced. and.thus t L.Jtiaht property wth
the | baq 1Gid bl ot E e ARk st G ET n e OCp Nald beinglRBERL 0
function of adjusti a thermal. expansi.on coeffjicient of glass, the
airtight SH}CS}?BP@SW&%"%&I@]P pinds p yviee bonding surface. ched type) for an opti cal
sem conductor el enent in which the thermal expansion coefficient of the

gl ass varies bi000¢hangi ng the anount of additive and the thermal expansion
coefficient of the glass is matched with the stem body. SUMVARY OF THE

| NVENTI ON [ 00063 nethodoofausing-glassohaving & low didhestyic eanstant Enwe sedling glasdr ess t he
above di sadvanta ges and ot her di sadvantages not descri bed above. However,
t he presaisp hasagmoblom inghat@lass hevjng thedlomwodicleetric eopstatitas gerenzliyaprionge s

descri bed above, and thus, an exenplary enbod invent of the present

i nvent i onesting moperoy end adveirtight pabpertveis protiemaaic dheac theblesd pinoy gealed. JA07]
Accordingly, it is an aspect of the present invention to provide a package

for an  general, when the dielectric constant of glass is decreased, modifier oxide (metal oxide

or the like) added to the glass has to be reduced. For that reason, an amount of an
additive contributing to the airtight property with the lead pin or the stem body is
reduced, and thus the airtight property with the lead pin or the like deteriorates.
Moreover, since the additive has a function of adjusting a thermal expansion coefficient
of glass, the airtight property may deteriorate in a package (matched type) for an optical
semiconductor element in which the thermal expansion coefficient of the glass varies by
changing the amount of additive and the thermal expansion coefficient of the glass is

matched with the stem body.

SUMMARY OF THE INVENTION

[0006]

Exemplary embodiments of the present invention address the above disadvanta
ges and other disadvantages not described above. However, the present invention is not
required to overcome the disadvantages described above, and thus, an exemplary embod
iment of the present invention may not overcome any of the problems described above.

[0007]

Accordingly, it is an aspect of the present invention to provide a package for an



- 3 optical sem conductor el ement capable of sealing a lead pin in an
airtight manner wthout deterioration in a sealing property of glass and
bei ng appropriately used for high-speed comruni cation. [0008] According to
one or nore aspects of the present invention, a package for an optical

sem conductor elenent is provided. The package includes: a stem body havi ng
a sealing hole therein; and a |l ead pin having a glass sealing portion which
is sealed with sealing glass in the sealing hole. Characteristic inpedance
of the glass sealing portion is adjusted to a given value. The
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cont ai ned .in tge seal i'rzli.ﬁ }?I ass. [0009] According to one or nore aspects of
the presdHBSRFFESPIGHNIGEIOR.S  2qyant ageous that the hol e di aneter D of the
sealing hole, the wire diameter d of the lead pin, and the dielectric
constant Er of (44981 seal | ng glass are set such that the characteristic

i npedance Zo is alnost 50 0. [0010] According to one or nore aspects of
the present indeparding toj enej ef maiapipaefe odidhe prasentt inveione a dagkagedor Buof t he
sealing hole is about 1.2 mm the wire dianmeter d of the |ead pin is about
0.21 nmm apiealdiemiicontinétor ementdn pramideds Thépackags inclpdgs: assem bodpbaning a4,

[ 0011] According to the present invention, the dielectric constant of

seal i ng glealirg hicle therein; and a lead pin having a glass sealing portion which is sealed with

sealing glass in the sealing hole. Characteristic impedance of the glass sealing portion is
adjusted to a given value. The characteristic impedance Zo is given by: Zo =
(138/Er'"*)xlog(D/d), where a hole diameter of the sealing hole is D, a wire diameter of
the lead pint is 4, and a dielectric constant of the sealing glass is Er, and the dielectric
constant Er of the sealing glass is set by controlling an amount of bubble contained in
the sealing glass.

[0009]

According to one or more aspects of the present invention, it is advantageous
that the hole diameter D of the sealing hole, the wire diameter & of the lead pin, and the
dielectric constant Er of the sealing glass are set such that the characteristic impedance
Zo is almost 50 €.

[0010]

According to one or more aspects of the present invention, it is advantageous
that the hole diameter D of the sealing hole is about 1.2 mm, the wire diameter d of the
lead pin is about 0.21 mm, the dielectric constant Er of the sealing glass is about 4.4.

[0011]

According to the present invention, the dielectric constant of sealing glass is

adjusted by controlling an amount of bubble contained in the sealing glass. Therefore,



adj usted by controlling an anmount of bubble contained in the sealing glass.
Therefore, - 4 the inpedance value Zo of the glass sealing portion can be
set to a desirable value. Moreover, the package having an excell ent

transm ssion property is provided by setting an inpedance value to a
desirabl e value for high-speed communication. [0012] O her aspects and
advant ages of the present invention will be apparent fromthe follow ng
description, the drawi ngs, and the clainms. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0013] Fig. 1 is a cross-sectional viewillustrating the configuration of a

package fgQr . Lcal. sent gan tors: C I ary
enbodi ment?lE 6‘?‘8 ?%gg'ls k@@ﬁt?ooﬁl;r &%F?lg.& gé'alhgé g’ggd}bglp%ﬁsﬁ%g\% t&g %?%@ggﬁ(?@%onst ants
of gl ass en _an,anmount qf . bubble .contained.in glass.varies,,.Fig..3 is a
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contained in the glass varies; and Fig,.4 is phot om crograph illustrating
2 por ti orfiAwednC usit%daﬁl@b@\ag&-tlogh@héme%@wwmm PTI ON CF
EXEMPLARY EMBODI MENTS OF THE | NVENTI ON [0014] Exenpl ary enbodi nents of the
present invent{®H2Wi |1 be now described with reference to the draw ngs
herei nafter. Fi '% 1 is a cross-sectional view illustrating the configuration
of the packageOtheraspe¢te andadvantageeof bhe psentanventionvyill beappardiinfjomdhean

exenpl ary enbodi nent of the
following description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

(0013]

Fig. 1 is a cross-sectional view illustrating the configuration of a package for an
optical semiconductor element according to an exemplary embodiment of the invention;

Fig. 2 is a graph showing dielectric constants of glass when an amount of
bubble contained in glass varies;

Fig. 3 is a graph illustrating a transmission characteristic when the amount of
bubble contained in the glass varies; and

Fig. 4 is a photomicrograph illustrating a portion where lead pins are glass-

sealed.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
INVENTION
[0014]
Exemplary embodiments of the present invention will be now described with
reference to the drawings hereinafter.
Fig. 1 is a cross-sectional view illustrating the configuration of the package for

the optical semiconductor element according to an exemplary embodiment of the



- 5 present invention. In a package 20 for an optical sem conductor
elenment, a signal lead pin 12 is sealed with glass 13 and a power lead pin
14 is sealed with glass 15 so that the signal lead pin 12 and the power

| ead pin 14 are attached to a stem body 10. An optical sem conductor device
I s assenbl ed by nmounting an optical sem conductor el enment on the stem body
10, electrically connecting the optical sem conductor elenent to the |ead
pins 12 and 14 by wire bonding, and sealing the stem body 10 with a cap.
There are various packages for the optical sem conductor elenent. The

package f : | ' : . | el hS,q Ust an
xarpl'e. TETLeRidEHh AT Firdh BHEMC ol Bckibnl oligrl G 5
t he | ead pi d . i ' E%E .conf i i i N Lgh a
char act erﬁ%?? iﬁeﬁ%@dgﬁégfaﬁgl m%é%&%rgg é%.ls ﬁ?ie‘ﬂgg@tgkgaliﬁo ﬁ@t “for a
power source.line.is,sealed wt ealjn ass . which i.s neral ly used. As
a met hod %@a}r&@aﬁ% ﬂ@%ﬂ?&?‘f&%@@??&lﬁcﬂ? fia BtFmaPO(‘leggs seal i ng portion
of the lead pin 12 used for a signal line to 50 92, in the package 20
according to t A& opledlpsemipondustnli device 18 Awembled by cmoutiegl amhiopHcaar rons a
wire diameter of the Ilead pin 12 nore than a wire dianeter of a known | ead
pi n wi t hotsmieondnegfpnelement of dhetwemobody J8alelasiriaadly ecammeeting (thea@ppiral.
Furthernore, a nethod is enpl oyed which decreases a dielectric constant
nmor e t hansemi¢andugtorieletnent toithe lead pinard aog 1ddiyusiré bopdimng, andreealing dfic sserhbl e
contained in the glass 13 sealing the lead pin 12. [0016] That is, in the
rel ated asddyp@ckilye, cap Ehale ateeddrions packagésafor ther optical ivmis@riuttog epheds was
5.0, the sealing hole of the lead pin was 1.2 mm and the wire dianeter of
the | ead The package for the optical semiconductor element 20 shown in Fig. 1 is just an
example.
[0015]
In the package 20 according to the exemplary embodiment, the lead pin 12 used
for a signal line has a configuration in which a characteristic impedance is matched to
50 Q. The lead pin 14 used for a power source line is sealed with sealing glass which is
generally used.
As a method of matching the characteristic impedance of a glass sealing portion
of the lead pin 12 used for a signal line to 50 Q, in the package 20 according to the
exemplary embodiment, a method is employed which narrows a wire diameter of the
lead pin 12 more than a wire diameter of a known lead pin without changing the
diameter of a sealing hole of the lead pin. Furthermore, a method is employed which
decreases a dielectric constant more than a known dielectric constant by adjusting an
amount of bubble contained in the glass 13 sealing the lead pin 12.
[0016]
That is, in the related art package, the dielectric constant Er of the sealing glass
was 5.0, the sealing hole of the lead pin was 1.2 mm, and the wire diameter of the lead

pin was 0.45 mm. On the other hand, in the exemplary embodiment, the sealing hole of



pin was 0.45 mm On the other hand, in the exenplary enbodi ment, the sealing
hole of - 6 the lead pin was about 1.2 mmw t hout change, the wire dianeter
of the lead pin was changed from0.45 mmto 0.21 mm and the dielectric
constant of the glass was decreased fromb5.0 to 4.4, so that value of the
characteristic i npedance was set to about 5052. [0017] The lead pin 12 can
cause a problemin that an area of a wire bonding surface of the lead pin
12 is decreased due to the narrowness of the wire dianeter and thus the

wire bonding property may deteriorate. However, in this embodinment, the

Wring b é%d@#%s%ﬁupﬁz%ﬂﬁ%ﬁﬁ’mf%h&geh 12 [Ig%ldn‘i‘é& &t te Iﬁn%vdéa' | lead

shape an prOV| ng a arge i anmet er ain the en the lead pin
12. [0018 af.t r r I rLi out
using a BR" b, e s YRE TTE AbE o bl bt PEIR %s% i
adj ustin the unt I in as scri bed.
Tabl o 1 SHEWES {%‘? § hefeto iR oBF P e dmordipet oy F%?g B3] os,
The gla anples are prepared by controlling an amount of bubble contained
in the gli%é In Table 1, Sanple (a) is glass in which bubble is rarely
cont ai ned, Sa b) is glass in which sone bubbl es are contained, and
Sanmpl e (c) of ME xenpl ary enbodi nent is glass in which much bubbles are
contained. In addition, glass used in the experinment is glass which mainly
cont ai ns Si 02. Thteadipas $2 can cauad a prpbipnagsthaharsarea bba wite bonging siudace of
coefficient is matched with that of the stem body, thereby sealing the | ead
pi n. The thé &ad pin d 2uis afkcfeasedadieotocthe Inadtowness hefthe wiee giangtes tand Ahnst thadar d of
the sealing glass has a density of 2.28 g/cc and a dielectric constant of
5.0 at 1 vWir#Zbonding property may deteriorate. However, in this embodiment, the wiring boding
area can be ensured by forming the lead pin 12 in a nail lead shape and providing a large
diameter portion 12a in the end of the lead pin 12.
[0018]
Hereinafter, an experimental results, which were carried out using a method of
adjusting the dielectric constant of the glass by adjusting the amount of bubble
contained in the glass, will be described.
Table 1 shows results obtained by measuring the density of glass samples. The
glass samples are prepared by controlling an amount of bubble contained in the glass.
In Table 1, Sample (a} is glass in which bubble is rarely contained, Sample (b) is glass
in which some bubbles are contained, and Sample (c) of the exemplary embodiment is
glass in which much bubbles are contained. In addition, glass used in the experiment is
glass which mainly contains SiO;. The glass is sealing glass whose thermal expansion
coefficient is matched with that of the stem body, thereby sealing the lead pin. The glass
is used for a so-called matched type product. A standard of the sealing glass has a

density of 2.28 g/cc and a dielectric constant of 5.0 at 1 MHz.



- 7 [0019] TABLE 1 SAMPLE DENSITY (g/cc) (a) 2.251 2.170 c 2.003 [0020]
The standard of the glass is nearly reflected to Sanple (a) in view of the
characteristic of each glass shown in Table 1. Sanple (b) has the density

| ower than that of Sanple (a) and a bubble content nore than that of Sanple
(a). In Exanple, Sanple (c) shows that the density thereof is |ower than
that of Sanple (b) and the bubble content is nore than that of the glass of
Sanmple (b). In conparison of the appearance of the glass of each sanple, the
color of the glass becones white along with an increase in the bubble
content. In thigey, an anount of bubble contained in the glass can be
guessed fromthe appearance of the glass. [0021] Fig. 2 is a graph
illustrating results obtained by neigg%gqg the dielectric constant of
Samples (a),—{(b) and (c) at 1 and 100 _MHz respectively.

Sampl e (b) |has the di SAMPEEC constant | ower _t B¥ENSIAX (gétc) Sanpl e_(a) and
Sanpl e (c) (has the diel@gtric constant |ower than2pRlat of Sanple|(b). The
dielectric [constant of Jgpple (c) is pbout 4.4. Fpg703 shows resylts
obtained b neasurlng a(&?n S value fo[ a S|gna| d b@g cnaracrerlstic at
time of si ya—tramsntssron—h oaupl €S \a), \U) afnt—(C)—- Accotch g to the
experi nment reSﬁbzg a considerable difference in the signal delay
characteristic Lo

The standard of the glass is nearly reflected to Sample (a) in view of the
characteristic of each glass shown in Table 1. Sample (b) has the density lower than that
of Sample (a) and a bubble content more than that of Sample (a). In Example, Sample
(c) shows that the density thereof is lower than that of Sample (b) and the bubble
content is more than that of the glass of Sample (b).

In comparison of the appearance of the glass of each sample, the color of the
glass becomes white along with an increase in the bubble content. In this way, an
amount of bubble contained in the glass can be guessed from the appearance of the glass.

[0021]

Fig. 2 is a graph illustrating results obtained by measuring the dielectric
constant of Samples (a), (b) and (c) at 1 MHz, 10 MHz, and 100 MHz, respectively.
Sample (b) has the dielectric constant lower than that of Sample (a) and Sample (c) has
the dielectric constant lower than that of Sample (b). The dielectric constant of Sample
(c) is about 4.4.

Fig. 3 shows results obtained by measuring a tan & value for a signal delay
characteristic at time of signal transmission in Samples (a), (b) and (c). According to the
experiment results, a considerable difference in the signal delay characteristic is not
present in Samples (a), (b), and (¢). That is, in the package for the optical semiconductor
clement using Sample (c) prepared by increasing an amount of bubble, waveform

deformation is not occurred at the time of signal transmission.



present in Sanples (a),
opti cal sem conductor
amount of bubbl e,

(b), and (c). That is, in the package for the
el ement using Sanple (c) prepared by increasing an
wavef orm deformation is not occurred at the tinme of

signal transmssion. - 8 [0022] Table 2 shows results obtained by carrying
out an airtight experinment in such a manner that the lead pinis
gl ass-sealed to the stembody with Sanple (c¢) and additionally the stem

body is sealed with a cap. The experinment was carried out by maintaining,
for a certain time, the sanple sealed with the cap in a container where
pressure is adj d such that a tenperature beconmes 121C and hum dity
becones 100% and rnspecting whether water |leaks in the cap. Sanple (c) in
Table 2 is the qgm . g\e@p%i Bg QVE,: | sanpl e
sealed with ste?%gfag?zd gv§ss e{ﬁaéb@énrrp e ;Iﬁg&g{ %ﬁaan%@@%éﬁrﬁe@u\sm@%&alaass
having a _low die]l ectric constant an i ayai l.abl e i he et.. The
nanber  or e 68T 1648 PR i A0l % I b Pyl Bemples [ viid
nunber of mpl es in which water |1eaks along with tinme el apsed. [0023]
TABLE 2 s%%%ggmﬁyﬂéuﬁﬂﬂé?gﬁmﬁﬁﬂﬂ% 4949 AFTER 210 AFTER 280 HOURS HOURS
HOURS HOURS (331120/ 20 .0/ 20 0/ 20 0/20 0/20, (e) 0/20 0/20 9/20 14/20 19/ 20
(c) 0/20 0/20 GXperment) was cargedd pet yhmaingeiniog, forangemtain tige, thesemple2

At nospheric Pressure [0024]
sealed with the cap in a container where pressure is adjusted such that a temperature

becomes 121°C and humidity becomes 100%, and inspecting whether water leaks in the
cap. Sample (c) in Table 2 is the same as Sample (c) described above. Sample (d) is a
sample sealed with standard glass and Sample (e) is a sample sealed with glass having a
low dielectric constant and being available in the market. The number of each sample

(d), (e) and (c) is twenty and Table 2 shows the number of samples in which water leaks

along with time elapsed.
[0023]
TABLE 2
AFTER 70 | AFTER 140 | AFTER 210 | AFTER 280
SAMPLE | OHOUR | "phps | HOURS | HOURS | HOURS
@ 0720 0/20 0720 0/20 0720
©) 0720 0/20 9/20 14720 19/20
©) 0720 0/20 0720 0/20 0720

Condition: 121°C / Humidity of 100% / 2 Atmospheric Pressure

[0024]

According to the result of the airtight experiment shown in Table 2, an airtight

property is insufficient in the sample using the glass having the low dielectric constant

and being available in the market, but Sample (d) using the standard glass and Sample

(c) having the increased amount of bubble according to the embodiment maintain a

sufficient airtight property. That is, it can be understood that the airtight property of the

package formed using the glass of Sample (c) is also ensured.



According to the result of the airtight experinment shown in Table 2, an
airtight property is insufficient.in the sanple using the glass having the
| ow dielectric constant and being available in the market, but Sanple (d)
usi ng the standard gl ass and Sanple (c) having the increased anmount of
bubbl e according to the enbodi nent maintain a sufficient airtight property.
That is, it can be understood that the airtight property of the package
formed using the glass of Sanple (c) is also ensured. - 9 [0025] 1In a
manuf act uri ng process of the package for the optical sem conductor el enent
according to t“mgg enpl ary enbodi nent, glass fine particles of sealing glass
are conpression-nolded to forma cylindrical tablet, the stem body, the

I bl et . : : T q
Pnaerted i nto o liPusl e biiteR r RERANGE] HF 80 QiR MicbhdiRy |
SRIRARs B Y TRRLRMEN € R R S T K
O™ onaeSamenba o okeslnalb e Pl Bk At R 6L R Bd,
i ncreased fromthe step of formng the glass tablet. Nbreover, even in the

gl ass wellgadhpin arscassembled asing RIroass g abingerted inte; hbaating fumpge, gaditheng gl ass
is controlled so as to be increased. [0026] Fig. 4 is a photom crograph

i |1 ust r attheglass fsblet isunelisidgo eamyieut glass spaling. are gl ass- sealed with the
above-descri bed sealing glass. According to the photom crograph, the bubble
i s present i nsinlthetdxemplaysmbodintdng sindothe dietectrid gimstant of the sedlingeglassear t he
surface of the glass, interfaces between the |ead pins and the gl ass, and
an i nt er finaeadeddbwercthah hthat éffvs kntewrs sealiag glak biyhiacieesihg g fmbwnt @if bubblest em
body and the gl ass, when the |ead pins are
contained in the sealing glass, the amount of bubble contained in the glass tablet is
adjusted to be increased from the step of forming the glass tablet.
Moreover, even in the glass welding process, the amount of bubble contained in
the sealing glass is controlled so as to be increased.
[0026]
Fig. 4 is a photomicrograph illustrating a portion where the lead pins are glass-
sealed with the above-described sealing glass. According to the photomicrograph, the
bubble is present inside the glass and the bubble is slightly distributed near the surface
of the glass, interfaces between the lead pins and the glass, and an interface between the
inside surface of the sealing hole of the stem body and the glass, when the lead pins are
glass-sealed with the sealing glass.
The above-described airtight experiment demonstrates that the sufficient
airtight property is obtained even when the glass prepared by increasing the amount of
bubble is used as the sealing glass. As shown in Fig. 4, it is considered that the fact that
the distribution of the bubble near the interfaces between the lead pins and the glass or
the interface between the sealing hole and the glass is suppressed supports the

experimental result that the sufficient airtight property is obtained even in using the

- 10 -



gl ass-sealed wth the sealing glass. The above-described airtight experinent
denonstrates that the sufficient airtight property is obtained even when
the gl ass prepared by increasing the amount of bubble is used as the
sealing glass. As shown in Fig. 4, it is considered that the fact that the
di stribution of the bubble near the interfaces between the | ead pins and the
glass or the interface between the sealing hole and the glass is suppressed
supports the experinmental result that the sufficient airtight property is
obtained even in using the - 10 glass containing the increased bubble.

[ 0027] HeSSthiRRE BE Mefeas@FGitbi. N to the package for the optical

sem conduct or el efent according to the exenplary enbodi nent, the
characteristicﬂbgﬁfdance of the package for the optical sem conductor

el enent can be*set" to 50 S2 by adjusting an anount of bubble contained in

the sealing glass used.tqg seal t | ead pins. reover.. the .package for the
optical sem co%ﬁﬁlgf%?ebegl agjr%ﬁta%ﬁ%e%%eg)@e?arczmewgqloﬁgrqwcﬂf SefTPg?PéiHF fi ng a
signal at_a high speed apd has a suffigient airtight.proper requjred for a
package  flmenhAcooRding dp 16e AR epplaC ersodimente the c&%%%g}ﬁwuﬁlppﬁém of the
above-descri bed enbodi nent, although the case_in which the characteristic
i npedanc®afkage dor the optics) semicopdesionjelsmenbean beset ORI F adiypting pmg t he
anount of bubble contained in the sealing glass to adjust the dielectric
const ant aglountaf bubblel dontpinpidan the scaking glassmisedth seol thiadeasdpins. Weseever,the
characteristic inpedance is matched to 50 S2, but may be used in a case
wher e an package forahe vpticed sersicapguctpralaneit hanah estelient prpf@GAf transmitting
above-descri bed enbodi nent, the characteristic inpedance is nmatched to

a signal at a high speed and has a sufficient airtight property required for a package for

an optical semiconductor element.

[0028]

In the above-described embodiment, although the case in which the
characteristic impedance is set to 50 Q has been described, the method of adjusting the
amount of bubble contained in the sealing glass to adjust the dielectric constant of the
sealing glass is not limited to the case where the characteristic impedance is matched to
50 Q3, but may be used in a case where an impedance value is appropriately adjusted.

[0029]

In the above-described embodiment, the characteristic impedance is matched to
50 Q by setting the diameter D of the sealing hole and the wire diameter d of the lead
pins to about 1.2 mm and about 0.21 mm, respectively, and adjusting the dielectric
constant Er to about 4.4. However, the diameter D of the sealing hole or the wire
diameter d of the lead pins is appropriately set as a designed value depending on a
product. The dielectric constant of the sealing glass is appropriately set depending on
the diameter of the sealing hole or the wire diameter of the lead pins, and the amount of
bubble contained in the sealing glass is adjusted so as to match with the given dielectric

constant. Since the dielectric constant of the sealing glass is determined depending on a
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50 S2 by setting the dianmeter D of the sealing hole and the wire dianeter d
of the lead pins to about 1.2 mm and about 0.21 mm respectively, and
adjusting the dielectric constant Er to about 4.4. However, the dianmeter D
of the sealing hole or the wire dianeter d of the lead pins is
appropriately set as a designed val ue depending on a product. The
dielectric constant of the sealing glass is appropriately set dependi ng on
the diameter of the sealing hole or the wire dianeter of the | ead pins, and
the amount of bubble contained in the sealing glass is adjusted so as to

mat ch wit gﬁoﬂhé’ﬁé‘al Q‘bf!n?a epeﬁﬁ oﬁﬁt%?ﬁuﬁﬂ}%c@ﬂ &MithSct"n%‘“ ant of

the seali lass I's ternlned g on a |ty 0 € sealing

gl ass or I n ned in the sealing glass
is also d@?sé gllﬁfb 8¥£ﬁm§fgcor aﬁ@gm\%f\f/ﬁﬂ?% seal élﬁig gl ass. [0030] While the
pr esent inventlﬁﬂ%ﬁas been shown and descrlbed with reference to certain
exenpl ary enbo& ts thereof, it will be understood by those skilled in the
art that varigQus c es in for nd det herei n wi t hout
departing fro lﬁéﬂ%ﬁ??sﬂl ‘&HB“@@OE@ Bﬁfent@e ?Sﬁﬂ@f“@{h TeARIENSy 1ot he
appended cl ai ns. is ained, therefore, to cover in the appended claim al
such ¢ ha@@glmmpéﬁenfﬁmbadm&s therepf it willbg wnderstped by these pklfed iethe agcope of
the present invention. - 12 WHAT IS CLAIMED | S: 1. A package for an opti cal
seni conduthatoyare ehanges tim ompnerd detaidomay ibsi made therein snithbuldgepattingniom seal i ng
hol e therein; and a | ead pin having a glass sealing portion which is seal ed
with sealnhagpiyitand scope bhéhesimmtntion dsodefinedtbgr thie mppbmded atlaimiss{ti is dimpddance of
the glass sealing portion is adjusted to a

therefore, to cover in the appended claim all such changes and modifications as fall

within the true spirit and scope of the present invention.
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gi ven val ue, wherein the characteristic inpedance Zo is given by: Zo =
(138/Er1"2)xl og(D¥d), where a hole .dianeter of the sealing hole is Db a wre
dianeter of the lead pint is d, and a dielectric constant of the sealing
glass is Er, and wherein the dielectric constant Er of the sealing glass is
set by controlling an anount of bubble contained in the sealing glass. 2.
The package according to Caim1, wherein the hole dianeter D of the
sealing hole, the wire dianmeter d of the lead pin, and the dielectric
constant Er of the sealing glass are set such that the characteristic
inpedancemjg@tmﬁfszq 3. The package according to Claim2, wherein
the hole dianmeter D of the sealing hole is about 1.2 mm the wire dianeter
d of the lead pin is about 0.21 nm the dielectric constant Er of the
sealing glass is about 4.4. - 13

1. A package for an optical semiconductor element, the package comprising:

a stem body having a sealing hole therein; and

a lead pin having a glass sealing portion which is sealed with sealing glass in

the sealing hole,

wherein characteristic impedance of the glass sealing portion is adjusted to a

given value,

wherein the characteristic impedance Zo is given by:

Zo = (138/Er'*)xlog(D/d),

where a hole diameter of the sealing hole is D, a wire diameter of the lead pint
is d, and a dielectric constant of the sealing glass is Er, and

wherein the dielectric constant Er of the sealing glass is set by controiling an

amount of bubble contained in the sealing glass.

2. The package according to Claim 1, wherein the hole diameter D of the
sealing hole, the wire diameter 4 of the lead pin, and the dielectric constant £r of the

sealing glass are set such that the characteristic impedance Zo is almost 50 Q.
3. The package according to Claim 2, wherein the hole diameter D of the

sealing hole is about 1.2 mm, the wire diameter 4 of the lead pin is about 0.21 mm, the

dielectric constant Er of the sealing glass is about 4.4.
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