SEM CONDUCTOR DEVI CE AND METAL CAP THEREFOR Thi s application clains foreign
priority based on Japanese Patent application No. 2005-261970, filed 5
Sept enber 9, 2005, the content of which is incorporated herein by reference
inits entirety. BACKGROUND OF THE INVENTION 1. Field of the Invention 10
The present invention relates to a sem conductor device fornmed by

resi stance welding of a netal cap and a netal stem and a netal cap

therefor. 2. D%@ME@UMU@TON‘%EW@EeﬂNﬁrMﬁmgcﬁ@mWﬁbﬁr | aser

devices in which a 15 sem conductor |aser elenent Is nounted, there exists
a product -which -is forned by -attaching- in. a sealed- state a netal cap
to which a light transmtting material is attached by sealing and a netal
stemin which aser resistance, wel di n Fig. 5
Shows 203 ot HBAEFoPPRLS a%ﬂgﬁﬁ RS ek Parh%féﬁycbﬁsl%d i a
light transmttin naterl ached and a netal stem 20

to which P@RE™GTes Dadtente éﬂﬂi;é%£59nglggs S§QQ$:§6B97FESH£%%ﬁ%

wel ding. A flange portion 10a of the netal g 10 is supported 25 on a
| over %l e€ePd®BST And2 {Rid e thre quraﬁe@tpeuftw A ch 1194 edrpre ated 20 are

sandwi ched by applying pressure
herein by reference in its entirety.

BACKGROUND OF THE INVENTION
1. Field of the Invention
10 The present invention relates to a semiconductor
device formed by resistance welding of a metal cap and
a metal stem, and a metal cap therefor.
2. Description of the Related Art
Among semiconductor laser devices in which a
15 semiconductor laser element is mounted, there exists a
=~ product -which is - -formed by attaching-in-a-sealed-state .
a metal cap to which a light transmitting material is
attached by sealing and a metal stem in which a laser
element is mounted, by resistance welding. Fig. 5 shows
20 a method for attaching in a sealed state a metal cap 10
to which a light transmitting material 12 is attached
by sealing, and a metal stem 20 to which lead wires 22
are attached by glass sealing, by resistance welding.
A flange portion 10a of the metal cap 10 is supported

25 on a lower electrode 15, and while the flange portion



by the | ower el ectrode 15 and an upper electrode 25 therebetween, a voltage
is applied between the |lower electrode 15 and the upper el ectrode 25, so
that the 5 flange portion 10a and the stem 20 are resi stance wel ded

toget her at portions thereof where the flange portion 10a and the stem 20
are brought into abutment wth each other. In related arts (for exanple,

JP- A-5-102365 and 10 JP-A-5-218217) , a projection 11 is provided on a

surface  ohl hed |a00e, poR! | 9na}%asvggwiégggsby;gjp3%§ 120, p2d s gt @ng the

full circunterence o flange surface. i's caused to

dig into g.press qoniact o surfgce ofykhe st em 20, uhep the 1 gnge poction 10a

and 15 theYstem 20 Are cl"anped together by the 15 and

t he- upper el ectrode 25, and by applyi.ng a |.di ng- voltage jn that state,
el ectric Egﬁreﬁﬁei:é’e@é’useﬂ tvé’yltcggﬁeﬁ’rtsr a?%gﬁﬁetdr:gb%?“ﬁedh BRet HP'BEHj ecti on

11 so as to weld the flan ion 10a and the stem 20 together. 20

e port
| nci dent aPlgC theAet He n%{lgl tﬁ@ 1pP&Td ¢hecstrafe 285ar sat theftedthf a

seal ed state by resistance welding, there may occur a case where because a
wel di fg pfésgige pabt sandwiOeh atite thet sitgaP Ol@ mhd e hesspomeWaldéds,

el ectric discharging is not ensured, and electric 25 current does not
concentratedeatlide projrecttdnnkl tiPereof where the flange portion

10a and the stem 20 are brought into abutment with each
other.

In related arts (for example, JP-A-5-102365 and

10 JP-A-5-218217), a projection 11 is provided on a surface

of the flange portion 10a which faces the stem 20, and

along the full circumference of the flange surface. The

projection 11 is caused to dig into a press contact

surface of the stem 20 when the flange portion 10a and

15 the stem 20 are clamped together by the lower electrode

- 15 and the - upper electrode 25, and by applying a welding- -

voltage in that state, electric current is caused to

concentrate in the portion of the projection 11 so as

to weld the flange portion 10a and the stem 20 together.

20 Incidentally, when the metal cap 10 and the stem

20 are attached in a sealed state by resistance welding,

there may occur a case where because a welding pressure

to sandwich the metal cap 10 and the stem 20 varies,

electric discharging is not ensured, and electric

25 current does not concentrate in the projection 11



provi ded on the netal cap 10 and hence fusing is not ensured at the portion
of the projection, thereby resulting in a problemthat the secure
attachment by sealing is not ensured. In order to prevent the case 5 where
the wel ding pressure to sandwi ch the netal cap 10 and the stem 20 vari es,
and in a case of a product in which stable welding is difficult, the

wel ding pressure to sandwich the netal cap 10 and the stem 20 is

strengtheped SadAs b AAL! eSIAD! ol non ol iUy el ihen Lhe, Jel di ng

pressure to san the nmetal cap 10 and the stem I's 1ncreased, there

occurs a_probl em that ctril i.scharge, bet th rojection .11
provi ded %ﬁst(a?i-ee I éa%e t‘pa)[{oeret &{)Arfigg%ang%t h%ggt \é\ﬁ\%gé ecg%gg‘%hot 1;C(Ik)lcecru%'kfyand
i nstead, since . the surface of _the

12 fl.ange portion 10a, i articular, a
ci T cunt er BREFAIT L Kigd P t POREHER hE PAItantaep GG HhE 04 & BRBAGHt T ¥t o
contact with_the stem 20, whereby an electric discharge occurs
t her ebet weBALl itk ul i RPE reRASERd ci et Q84BN C aPF&MARAt theoFEES es at
the portion of the projection 20 11. Also, there occurs a problemthat
el ect Podeghege thed diegdang pasture be wasiceyl dechisenele lele®rbles are
damaged by the electric discharge at the circunferential edge portion of
t he fl angenporthenstifa. 2 R5vSUVEKRY OFATHE laNVENTEONT3 a product in
which stable welding is difficult, the welding pressure
to sandwich the metal cap 10 and the stem 20 1is
strengthened so as to enable stable welding.
10 However, when the welding pressure to sandwich the
metal cap 10 and the stem 20 is increased, there occurs
a problem that electric discharge between the projection
11 provided on the flange portion 10a and the stem 20
does not occur, and instead, since the surface of the
15 flange portion 10a, in particular, a circumferential
‘edge -portion:- of the flange portion-1l0a is-brought into - - -
contact with the stem 20, whereby an electric discharge
occurs therebetween, resulting in insufficient sealing
attachment properties at the portion of the projection
20 11. Also, there occurs a problem that electrodes for
welding are caused to be wasted because the electrodes

are damaged Dby the electric discharge at the

circumferential edge portion of the flange portion 10a.

25 SUMMARY OF THE INVENTION



The present invention has been made in view of the above circunstances, and
provi des a sem conduct or device which can ensure welding of a netal cap and
a nmetal stem by resistance welding so as to increase sealing 5 attachnent
properties of the netal cap and the netal stem and provides a netal cap
whi ch can be used preferably for production of the sem conductor device. In
sone inplenentations, a sem conductor device of the invention conprising:

10 a metal cap figyl 093 I @angs, paLion el i, of oxLded; palong, AN queni ng edge

of a mai n body 'S Tormed rn-"a cap- e shape;” and ' a rein a

Bnd & wel BPRY LGP FAA S AnERe B0 PRAY LB of CHar GEREF doday 1k b

wel ded, the, Eéojection bei ng_pr.ovided along a full circunference of the
one of thERHERICRG SHTEEESVEANIINS F IamfL pbrEpBneBAd2t he tetlemtame
resistance 20 welded in a state that a distance between the wel di ng
sur f aces Wi chefdcet @RER ottfekdiRdanS& e adfal | ynCFfass ele 8e@drii®n where
the projection is provided is set larger than a distance between the
wel di Bg satfacdgremhiphopacd e e Hither miet ah carranddiha metinkisdeetthe 25
portion where the projection is provided.
and provides a metal cap which can be used preferably
for production of the semiconductor device.
In some implementations, a semiconductor device of
the invention comprising:
10 a metal cap having a flange portion being provided
along an opening edge of a main body which is formed in
a cap-like shape; and
a stem,
wherein a projection is provided on one of a welding
15 surface of the flange portion and a welding surface of
~-the stem-that- abut on -each other so-as to be welded, the
projection being provided along a full circumference of
the one of the welding surfaces, and
the flange portion and the stem are resistance
20 welded in a state that a distance between the welding
surfaces which face each other in an area radially
outside a portion where the projection is provided is
set larger than a distance between the welding surfaces

which face each other in an area radially inside the

25 portion where the projection is provided.



4 In the sem conductor device, the projection is provided on the wel ding
surface of the flange portion, a distance between the wel ding surface of
the flange 5 portion radially outside the projection and a tip end of the
projection is set larger than a distance between the welding surface of the
flange portion radially inside the projection and the tip end of the
projection, and the welding surface of the stemis fornmed flat. 10 In the

sem conduct or iEﬁe t qnpégbﬁg&hg$%iaeg&%¥%ded on the wel ding surface of
e weld

the stem a distance between i ng surf'ace of the stem radially

tside th j.ect] . ti d of. th 15 | ecti [ I
Chan & di ot ance Bt ABEA AL 81 BPnG "SI IAta BF FRE SCoritad BFRy 471 det he

projection_and the tip end of the projection, and the welding surface of the
fl ange pd?fiBHq:;#%ﬁgﬁdquE&QHZO In the seni conductor device, a cross
section of the projection is fornmed in a trapezoidal shape. Accordingly,
further approprd 8¢ tRBrStRAtFafd g rd diRy eventade 9t tdehé lange

i npl enentations, a nmetal cap of the invention conprising:
5 portion radially outside the projection and a tip end

of the projection is set larger than a distance between

the welding surface of the flange portion radially inside

the projection and the tip end of the projection, and
the welding surface of the stem is formed flat.

10 In the semiconductor device,

the projection is provided on the welding surface
of the stem,

a distance between the welding surface of the stem
radially outside the projection and a tip end of the

15 projection is set larger than a distance between the
welding  -surface.- of - the stem radially inside - the - -
projection and the tip end of the projection, and

the welding surface of the flange portion is formed
flat.

20 In the semiconductor device, a cross section of the
projection is formed in a trapezoidal shape. Accordingly,
further appropriate resistance welding is implemented.

In some 1implementations, a metal cap of the
invention comprising:

25 a fiange portion to be attached to a stem by



25 a flange portion to be attached to a stemby 5 resistance welding, the
fl ange portion being provided along an opening edge of a main body which is
formed in a cap-like shape, wherein a projection is provided on a wel ding

5 surface of the flange portion and along a full circunference of the
wel di ng surface, and a di stance between the wel ding surface radially

outside the projection and a tip end of the projection is set larger than a

di stance betygandde Wehdii Suthacs: 1onbadiAldv; bashis dhe, Phoiserld on and

the tip en projection. Int cap, a Cross ction of the
projectio .S, Lorned J rapezoi dal pe, rdingl v, (further.
appropria %Obésias érzﬁ)c%ﬁ%ﬁd%r?% éoojiL dﬁ%l%%gﬁt ggg’%ﬁ&%ln&?h%gmfe %Imeccgpl,na ni ckel
plating is aggtie ontg an outer surface of the main body-ofthe nmetal cap.
Accor di ngtyCo®edii kg 8PERSment properties of the welding portion are
further ensured. 20 BRI EF DESCRI PTION OF THE DRAW NGS Figs. 1A_and I B are
sectional vi ews"REER Ihofi YO ACEIHIYuriat i B OF A Gt EapW8dEdr¥ng to an
enbodi ment of the invention. Fig. 1Cis a sectional view showing a
confi gur atpeface of the flange portion and along a full

circumference of the welding surface, and

a distance between the welding surface radially
outside the projection and a tip end of the projection
is set larger than a distance between the welding surface

10 radially inside the projection and the tip end of the
projection.

In the metal cap, a cross section of the projection
is formed in a trapezoidal shape. Accordingly, further
appropriate resistance welding is implemented.

15 In the metal cap, a nickel plating is applied onto
-an -outer surface of the main body-of the metal cap-.
Accordingly, sealing attachment properties of the

welding portion are further ensured.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A and 1B are sectional views each showing
a configuration of a metal cap according to an embodiment
of the invention.
Fig. 1C is a sectional view showing a configuration

25 of a metal cap of a related art.



25 of a netal cap of a related art. 6 Figs. 2A and 2B are sectional views
each showing a configuration of a flange portion of the netal cap
according to an enbodi ment of the invention. Fig. 3 is a sectional view
showi ng a configuration 5 of a sem conductor device according to an

enbodi nent of the invention. Fig. 4 is a sectional view show ng ot her
configuration exanple of a netal cap and a stem according to an enbodi nent

of the inventiamgd0 Bing.arkdi sBaR @XM abat 8k 1di RPERY Show Nnghawtgidyod of
resi stance welding of a metal cap and a stem DESCRI PTI ON OF THE PRFERRED

EMBCDI MENT S-Hereei naf b ehior? HEEhers edn §abi peabnof, £ hep el d pyentd wll be
described in detail based on the _ accompanying draw ngs. Figs. 1A and 1B

are secti9@@5rgﬁgﬁié§$g§%ngﬂﬂﬁggihguﬁﬁgipggpgfi i fgAts of netal caps 30,

35 according to ntion, an I's a sectional 20 view showing a
configuration %L

;@ rglatgg neéghoca %%Jeas a %onpari%on xarrglg.i In the
nmetal cap 30 s owh"in JF?g. SV - AT ge ‘ﬁosflf?or]ingog 8 Porovt dé aﬂlbng an
openi edge of a, nain

P gg of’a semiconductor device according to an embodiment of
the invention.
Fig. 4 1is a sectional view showing other
configuration example of a metal cap and a stem according
to an embodiment of the invention.

10 Fig. 5 is an explanatory diagram showing a method

of resistance welding of a metal cap and a stem.

DESCRIPTION OF THE PRFERRED EMBODIMENTS

Hereinafter, a preferred embodiment of the

15 invention will be described in detail based on the
accompanying drawings.-

Figs. 1A and 1B are sectional views showing
configurations of embodiments of metal caps 30, 35
according to the invention, and Fig. 1C is a sectional

20 view showing a configuration of a related metal cap 10
as a comparison example.

In the metal cap 30 shown in Fig. 1A, a flange
portion 30a is provided along an opening edge of a main
body which is formed into a cap-like shape, and a

25 projection 31 is provided on a welding surface of the



body which is fornmed into a cap-1like shape, and a 25 projection 31 is
provided on a welding surface of the 7 flange portion 30a which faces a
stem the projection 31 being provided along the full circunference of the
wel ding surface. In the configuration of the netal cap 30 shown in 5 Fig.
1A, a welding surface 30b radially inside the projection 31 and a wel di ng
surface 30c radially outside the projection 31 are not set at the sane

level in hehghle pdrtiane @4 wRilhatribeshel giewf the vetdiaetswiface 30c
radi ally outside the projection 31 beconmes higher 10 than the hei ght of the

wel di ng syifg@qnéobpfad!iaiédf alBsigdeHderpanal ecti &Andtrdicihgsmalipd cap 10
showmn in Fig. 1C, welding surfaces 10b radially inside and outside a

proj ectigpe1d:r 1 fal.ct he sane level in height. An enlarged configuration
of the fIa%gelp rt?%n %05 15 of the nmetal cap 30 is shown in Fig. 2A

Assum ng t hat I gh r0; ' f e_proj.ection, 31 he wel di ng-
surface 30c is éhhggg %o%g%gh?r%#gﬁﬁfgﬁptF%geﬁgqﬁlt%éﬁ %&ofég?ﬁbﬁlél to the
wel ding syrface 30b is b, . the flan portion 30gq.i s provided to satisfy
Ao, Wi 121 7ol ind 20" 81 3 et AGRal SRRp BOGY A WepiiE dith
products, and the heights a, b can also he selected as required, _a

di ff er encRTPA K igPR betaRER Hifet el di fyrdaddndd sg@dially outside

the projection 31 are not set at the same level in height,
but are set so that the height of the welding surface
30c radially outside the projection 31 becomes higher
10 than the height of the welding surface 30b radially
inside the projection 31. 1In the metal cap 10 shown in
Fig. 1C, welding surfaces 10b radially inside and outside
a projection 11 are set at the same level in height.
An enlarged configuration of the flange portion 30a
15 of the metal cap 30 is shown in Fig. 2A. Assuming that
a height froma tip end of the projection 31 to the welding -
surface 30c is a, and a height from the tip end of the
projection 31 to the welding surface 30b is b, the flange
portion 30a is provided to satisfy a>b. While size and
20 shape of the metal cap 30 vary depending upon products,
and the heights a, b can also be selected as required,
a difference in height between the welding surface 30c
radially outside the projection 31 and the welding
surface 30b radially inside the projection 31 is made

25 to be in the range from about 0.02 mm to 0.03mm with the



radially outside the projection 31 and the welding surface 30b radially
inside the projection 31 is nade 25 to be in the range fromabout 0.02 mmto
0.03mMm with the 8 height of the projection 31 being 0.05mMm As with the
metal cap 30, also in the nmetal cap 35 shown in Fig. 1B, a wel ding surface
35c radially outside a projection 36 provided on the welding surface of a 5
flange portion 35a is set higher than a welding surface 35b radially inside

the projegti @M 36, £ APhentAr Opd- 980 G atl o gOfp tdenfl ange portion 35a  of
the metal cap 35 1s showm inm Fig. 2B. Assumng that a height froma

prot rudi ng enddlfég%i% the Q{eoggftjégps%,?’%lt at%gi%‘ﬁlted#@%aﬁ“réaaﬁ%@&

radi al ly outsi the projection 3 a, an romthe “protrudi ng
end face_pf the projection 36 to,1he weldin face, 35 radi,al.ly inside
The proj RUPER 38 ET5- thY A S Bod 1] AT o4 A et abd Y, Bosaidey aob.
15 Note that while end ngs of th @roj ection 1 f the related --netal cap
10 shown #nPEY.€CEECIY tﬂéoﬁ’rb‘?‘% t PEn B ol eit! Bt §|u%§$0908f3h%m in
Fig. 1A are formed in a sharp shape, in the netal cap 35 according to an
enbodiPnenf landen® I nvEARi 692 4 Tisdss Iseghpénthrn 20 weed pREj 8BLITHTS6 i s

formed in a trapezoidal shape. Fig. 3 shows a state in which the nmetal cap
30 shown 3Ph Eiagidhlys imesideahbe welakeictooa siem 20 so as to

An enlarged configuration of the flange portion 35a
of the metal cap 35 is shown in Fig. 2B. Assuming that
a height from a protruding end face of the projection

10 36 to the welding surface 35c radially outside the
projection 36 is a, and a height from the protruding end
face of the projection 36 to the welding surface 35b
radially inside the projection 36is b, the flange portion
35a is provided to satisfy a>b.

15 Note that while end tips of the projection 11 of
the -related -metal -cap 10 shown in Fig. 1C -and -the -.-.
projection 31 of the metal cap 30a shown in Fig. 1A are
formed in a sharp shape, in the metal cap 35 according
to an embodiment of the invention, a cross section of

20 the projection 36 is formed in a trapezoidal shape.

Fig. 3 shows a state in which the metal cap 30 shown
in Fig. 1A is resistance welded to a stem 20 so as to
assemble a semiconductor device for a semiconductor
laser device.

25 In the metal cap 30 which 1is used in the



assenbl e a sem conductor device for a sem conductor |aser device. 25 In the
nmetal cap 30 which is used in the 9 sem conductor device for the

sem conductor | aser device, an iron-cobalt-nickel alloy is used as a base
material and a nickel plating is applied to a surface of the base

material. Alight transmtting material 33 is attached 5 by sealing to a
light transmtting wi ndow 32 provided in the netal cap 30. In addition,

iron is usefliavradbaser aeiardeloof theesehemodiuanerl eadeM AeY ik Ar e
attached by glass sealing. A laser elenent (not shown) is installed in a

heat si nk 23 prev-deshantt-he skem 2801 Andi 40usbe haser 1 esenhtand 4 he | ead

W res 22 are connected together electrically. The netal cap 30 and the stem
20 are we d,t r n:th l & rti a uk f of the
ctem 20> B IR P FLYRBN S P AEE 654 AL P DR TR

Ref erence_n r.al, 34 0 | di ng, .portiaqn, where,thefl apge portion 30a
and thest%?"ng? -laarle’ m‘zlgg;ﬂgﬁgggtr\ég}sm}ﬁttlﬁg wgl% |rnba%o? i O %ﬁ?a@eﬁ ng is
performed in such a nner th the projecti.on 31, provided on the flange
bortion 308 8RGS 1HEotPhé sk to0 TR SR LA Al KeP ORI il REAFEF or ned on
the surface of the netal cap 30 is fused at the tine of welding and is then
solidified? WherBgyatheam afge pot t3Hhl 8dQNand ron 1s used as a base

material of the stem 20, and lead wires 22 are attached
by glass sealing. A laser element (not shown) 1is
installed in a heatsink 23 provided on the stem 20, and
10 the laser element and the lead wires 22 are connected
together electrically.
The metal cap 30 and the stem 20 are welded together
between the flange portion 30a and a surface of the stem
20, and an interior of the metal cap 30 is sealed
15 airtightly. Reference numeral 34 denotes a welding
-portion where the flange portion 30a and the stem 20-are - -
welded together. 1In the welding portion 34, welding is
performed in such a manner that the projection 31
provided on the flange portion 30a digs into the stem
20 20, and a nickel plated coating formed on the surface
of the metal cap 30 is fused at the time of welding and
is then solidified, whereby the flange portion 30a and
the stem 20 are attached in an airtight sealed state.
The nickel plated coating works to seal the welding

25 portion 34 reliably and plays a crucial role in the

10



the stem 20 are attached in an airtight sealed state. The nickel plated
coating works to seal the welding 25 portion 34 reliably and plays a cruci al
role in the 10 airtight sealing. Wen assenbling the sem conductor device,
as shown in Fig. 5 the flange portion 30a of the netal cap 30 and the
stem 20 are sandw ched by applying pressure by 5 a | ower electrode 15 and an
upper el ectrode 25 therebetween, and voltage is applied between the | ower

el ectrode; 1p+apdh tt hee HPReIg el ectrode 25 so as to produce an electric

di scharge between the flange portion 30a and the stem 20. As shown in Figs.

1A 2A in the yplal, £3BnH) 305UsEE 4 &t BB AL €9RIYELS AU LE YW he

enbodi nent, the welding surface 30c radially outside the projection 31 is

made hi ghflt1 Hll ’at%’les Iediﬂg%lg?\%ég%etttﬁ)gnr% iaalgy tb%simgetetgfesgé)gij:ti on 31.

I n ot her words, ance e surface of e em 2 he

wel di ng surface 15 of t fl ange rtion ais larger in a portiaqn outside
the pr o EbPoRnS1 3 (amne 0 A8 St Tancrmd do rirp Dyt sas e Bl Yner
t he net al cag 30 is formed like this, when the flange portion 30a and the
stem 20 afe SAW&AH cHeble By T OSP appPyi A§%r 5 ur@PB§ Lt hé 1GeF C8lSect4dde 15

and the u&ger .
erebetween, and voltage is applied between the lower

electrode 15 and the upper electrode 25 so as to produce
an electric discharge between the flange portion 30a and
the stem 20. As shown in Figs. 1A, 2A, in the metal cap
10 30 used in the semiconductor device of the embodiment,
the welding surface 30c radially outside the projection
31 is made higher than the welding surface 30b radially
inside the projection 31. In other words, a distance
between the surface of the stem 20 and the welding surface
15 of the flange portion 30a is larger in a portion outside
the projection.-31-than in a portion inside the projection.

31.
When the metal cap 30 is formed like this, when the
flange portion 30a and the stem 20 are sandwiched by
20 applying pressure by the lower electrode 15 and the upper
electrode 25 therebetween, a radially outside portion
(a circumferential edge portion) of the flange portion
30a is prevented from being brought into contact with
the surface of the stem 20, thereby making it possible

25 to prevent occurrence of an electric discharge between

11



el ectrode 25 therebetween, a radially outside portion (a circunferential

edge portion) of the flange portion

30a is prevented from bei ng brought

into contact with the surface of the stem 20, thereby nmaking it possible 25
to prevent occurrence of an electric discharge between 11 the
circunferential edge portion of the flange portion 30a and the stem 20. By

suppressing the occurrence of

edge porihencof-tierdlange Pordhge 383+ @I LCLEi £ndi $ARH YE Bokrt ion

concentrated in between the projection 31 and the stem 20,

| U possi b gt gnensure ¢ enelodi ngs pf oy e Llangs pRLtien: 302.q0d ¢

at the portron of t

e projection by preventing the

an electric discharge at the circunferenti al

her eby maki ng

stem 20

f_ el ic djisch he .Gi nf ial 10, i f
Che 11 ange? pof {Foh30h, APECOFEdS odbs GHe. i by EHLGE 170hi B ng BHimoed and

wast ed.

conditjons_qof which are not. stabl e,

a

As to.a product weldin
el dr g et lipe el Rt e i1 ehe 385 e he i dhi 5BhPE 4 cr eased

so as to stabilize the welding 15 state. Even in this case, at the wel ding

surfabe ofStIRNCERAFGL POrih it Boean the REPdRSE LR fak & BbE hagitan y

outside the projection 31 is made to be spaced further

apart fromthe

surface o20thehsrenvamakangt hd welsh hglestief 06 1B0d Fhdiwpldingide the
proj ection 31.

10

15

20

25

the flange portion 30a and the stem 20 at the portion
of the projection 31. 1In addition, by preventing the
occurrence of electric discharge at the circumferential
edge portion of the flange portion 30a, the electrodes
are prevented from being damaged and wasted.

As to a product welding conditions of which are not
stable, a welding pressure to sandwich the metal cap 30
and the stem 20 is increased so as to stabilize the welding

state. Even in this case, at the welding surface of the

flange portion 30a, the welding surface -30c radially -

outside the projection 31 is made to be spaced further
apart from the surface of the stem 20 than the welding
surface 30b radially 1inside the ©projection 31.
Accordingly, the occurrence of electric discharge
between the circumferential edge portion of the flange
portion 30a and the stem 20 can be prevented, and more
stabilized resistance welding is possible.

In addition, in the case of the metal cap 35 shown

in Figs. 1B and 2B, by forming a cross section of the

12



20 Accordingly, the occurrence of electric discharge between the
circunferential edge portion of the flange portion 30a and the stem 20 can
be prevented, and nore stabilized resistance welding is possible. In
addition, in the case of the metal cap 35 shown 25 in Figs. 1B and 2B, by
formng a cross section of the 12 projection 36 provided on the flange
portion 35a into the trapezoidal shape, when the netal cap 35 and the stem

20 are sapgdyijehad by 8pPIxH $'9i RSB exha rqueir%@n?%rﬁ/mlqi B84l S 18Aabl ed
while making it difficult for the 5 projection 36 to be caused to dig into

the stem 20 Thypecdhent o el alucap 35 sactd e, ot om 20, ane, sandy ched by

appl yi ng pressur ower electro e upper electrode 25
of_ the flange

t her ebet n, .t he .C Ci ereng al e partion.

portion \é\gg f&eofsgﬁe%ﬁe %ﬁgéc%{}’ B%E&Aﬂ%ﬁheweggteesrﬁq‘g%eéaﬁ b%%ﬁﬁﬁr%%%%d
further, so.that discharge curreni. is allowed.,to .concentrate in the

proj ect i ofi€3814Y abSt c?ne%ﬁ%\ﬁge Jelesg’ﬁ]ﬂfbgprlcjfpe‘?{?géc&l% g}@lrdi%e portion
of the metal .cap .35 and the stem 20. 15 In the enbodi nents that have been
descr iPbedP L AE&toF OF & A ULSC FRNEF AT 81 Dy it thr iR Oof  tIHE!S mel di ng

surfaces of the flange portions 30a, 35a of the mnmetal caps 30, 35 which are
to be resvBeantdavdefedlt gap 35 and the stem 20 are sandwiched by

applying pressure by the lower electrode 15 and the upper
electrode 25 therebetween, the contact of a
circumferential edge portion of the flange portion 35a
10 of the metal cap 35 with the stem 20 can be suppressed
further, so that discharge current 1is allowed to
concentrate in the projection 36 so as to enhance the
sealing properties of a welding portion of the metal cap
35 and the stem 20.
15 In the embodiments that have been described
-heretofore, as described above, by the formation-of the .-
welding surfaces of the flange portions 30a, 35a of the
metal caps 30, 35 which are to be resistance welded to
the stem 20, the welding properties and sealing
20 attachment properties between the metal caps 30, 35 and
the stem 20 are enhanced. Fig. 4 shows an example in
which a form of welding surface which is similar to those
provided on the metal caps 30, 35 is provided on the stem
20.

25 In an embodiment shown in Fig. 4, a projection 21
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the stem 20, the welding properties and sealing 20 attachnent properties
between the netal caps 30, 35 and the stem 20 are enhanced. Fig. 4 shows an
exanple in which a formof welding surface which is simlar to those

provi ded on the netal caps 30, 35 is provided on the stem 20. 25 In an
enbodi mrent shown in Fig. 4, a projection 21 13 is provided on a stem 20 and
along the full circunference of the stem 20, at a position which faces a

wel di ng susfpegviefe @ ol ange cpprto andB8a o¥fg aneetrall 3 SSun#ld h M€l di ng
surface 20c radially outside the projection 21 is 5 provided in a |ower

| evel thagra yeldidg Siir hacg w08; thd] ahlivd rsides ahﬁe%qiﬁgh\%ga?ée A

difference in height between the wel ding surface 20b and t di ng

L ange: pooti nt BNCRP eifk CRof: Bk BH! kilka L N ) Mot R Mot Do
Thus, by gﬁ%%iding f he mel%&nﬂ&surfa e of the stem 20 i,n, such ? nmanner as
d

to differ Réight® Bet vied Y aPdtsS 148i af 1§ i REPdE HntCBut 81 del T he
projection 21, and  setti such_  that a hei ght distance between the wel di ng
15 sur¥ acEr?(Yclqaﬁfgaﬁnaraeailg%l&iral Jr?VSEH SiRent Re ‘”b‘?JoiséEfJi oM 52Cenf &-tip end
of the projection-21is -larger than a height distance between the wel ding
surface 20Bdiiglgdhy inside the projection 21. A difference 1in
height between the welding surface 20b and the welding
surface 20c is indicated as ¢. 1In addition, the welding
surface of the flange portion 38a of the metal cap 38
10 is formed into a flat surface.
Thus, by providing the welding surface of the stem
20 in such a manner as to differ in height between the
areas radially inside and outside the projection 21, and
setting such that a height distance between the welding
15 surface 20c in an area radially outside the projection
- 21 and a-tip-end of the projection 21 is larger than-a - -
height distance between the welding surface 20b in an
area radially inside the projection 21 and the tip end
of the projection 21, electric current at the time of
20 welding can be caused to concentrate in the projection
21 so as to ensure the resistance welding of the flange
portion 38a and the stem 20 together, by a similar
function with the case where the aforesaid metal caps

30, 35 are used.

25 In this embodiment, the projection 21 is provided
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area radially inside the projection 21 and the tip end of the projection
21, electric current at the tinme of 20 wel ding can be caused to concentrate
in the projection 21 so as to ensure the resistance welding of the flange
portion 38a and the stem 20 together, by a simlar function with the case
where the aforesaid netal caps 30, 35 are used. 25 In this enbodi nent, the
projection 21 is provided 14 on the stem 20, however, a nethod can be

possi bly @Hoc%édstéﬂ i, chot/be el @ ﬂ&t&%cﬁ%%etﬂaﬁsﬁsw adbyyted into a

step-1i ke shape simlar to what has been descrlbed above and a projection

I's provided ofjthe tfﬂ@reg&a%tgl Elﬁfg‘@bcﬂf' £ hie® of\s L RS e git 1§ d ace of

the nmetal cap. Furt a net’hod can al so be p055| |y adopte ich the

| di f f I f
'S thon of oV bt k?essﬁ% by SR TR 2 Mefaing aar Paed” o SPhe 111";@52“")“

t f.the 10 et al f d into,t f d st h
' o ther 2BPVEng ﬁaeg.%%leaiégeag'g%ﬁ"do RS L tnSoPaiig ¥r  hces

of the nmetal cap and the stemare made to face each ot her, and mhen t he
met al “cap”BAh8"t He> SPERCSr ©Rahtfi dhedit by U&FR SR ng fprdss et pdr GﬁéPdl ng, 15
a di stance between the facing welding surfaces is set tobe |ar in

an- ar ea rBdrihier o siefehagofeino® Miferkee possibly adopted in w lch

the welding surface of the stem is formed into a flat
surface and a projection is then provided on the stem,
while the welding surface of the flange portion of the
10 metal cap is formed into the aforesaid step-like shape.
Ineither of the two possible cases described above,
the welding surfaces of the metal cap and the stem are
made to face each other, and when the metal cap and the
stem are sandwiched by applying pressure for welding,
15 a distance between the facing welding surfaces is set
to be larger in an-area radially outside a portion where- .
the projection is provided than an area radially inside
the projection, whereby the metal cap and the stem are
resistance welded together.
20 [Examplel]l
Two types of metal caps having flange portions of
different forms were actually resistance welded to stems
to observe welding states of welding portions of the
flange portion and the stems, respectively. The metal

25 caps which were actually used were metal caps which were

15



the projection is provided than an area radially inside the projection,
whereby the netal cap and the stemare resistance wel ded together. 20

[ Exanpl e] Two types of netal caps having flange portions of different forns
were actually resistance welded to stens to observe wel ding states of
wel di ng portions of the flange portion and the stens, respectively. The
nmetal 25 caps which were actually used were netal caps which were 15 forned

in the waygrghown d ntid O%aysAshbbn raspecysvel X, 1and U eetiions
formed into a shape having a sharp point at a t|p end thereof. Ta 1e 1

shows hei i 0 r f rtd 5 of the
nmet al capgﬂwhpc oﬁ?‘é?ﬂ?gd%e‘gf‘é g%(%%??#efﬁﬁgt%g sl'%a?;g% ﬂé%ggﬁtgo% clﬁ]ﬁ%l I oy was

used as tge ?j%seaqatgrltai%f e[rhéhq:I{@%g caps?ﬁ% agemrr%F‘el St)l t|n %

applied t e surfaces caps erial st ens
was iron. Both of the ps re forne press | di ng. }able 1] (mm
| nsi de he?i(:';ﬁ‘tena“@ﬁgl aga%‘?gﬁ%ng bs-LhrPEﬁ%(?diorfinYhB. ad“b% BO83 *&hpari son
exanple 0 06 0.06 0.
the metal caps which were used for experiments. An
iron-cobalt-nickel alloy was used as the base material
of the metal caps, and a nickel plating was applied to
the surfaces of the metal caps. The base material of the

stems was iron. Both of the caps were formed by press

10 molding.

[Table 1]
(mm)
Inside height a | Outside height b b—a
Embodiment 0.05 0.08 0.03
Comparison example 0.06 0.06 0.00

The metal cap of the embodiment shown in Table 1

was such that the height a of a welding surface formed

15 ‘fédiéilyvi;siae-fLéwbrojection ffbﬁ é tip éﬁd'éfﬂthé
projection was 0.05mm, and the height b of a welding
surface formed radially outside the projection from the

tip end of the projection was 0.08mm. The comparison
example was such that a welding surface was formed at

20 the same height in areas radially inside and outside the
projection, and the height of the welding surface from

a tip end of the projection was 0.06mm.

[Table 2]
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The net al

end of the projection was 0.05mm and the height b of a welding
formed radially outside the projection fromthe
was 0.08mm The conparison

forned at

igh'r Ln areas radiall \ Lnside and oautside the

or 0j ect | Jleldiz Prosssre o ghi _ofVoltage V957 109 [408T B L 115|320 | 5251130 £#35 |30
proj ect i dn Exaerierydnm__[ Embediment 16| ¥bi X pgY Ar ¥& ¢ Y2 Y& YZde 2| of [140]
Xnjt Y4 X KYIVZ VY7 MZ Y

110 115 1

cap of the enbodi nent shown in Table 1 was such that the height a
of a welding surface forned 15 radially inside the projection froma tip

surface
tip end of the projection
exanpl e was such that a welding surface was

he

| Fahjodi jeht

(441 N 58
Y Y YZ YZ

105
¥ 2 Z Z

2 (#41N/588)Y) 11 Bomparisonexarmple

X XY Y

3 Xper@'ngiéﬂi on Embedimenty Y XZL X ¥ XhinXr i nbnt Y2 | MAHoYE pedt] %
558N/785MINy rigonexarpple hX eX&aYiZd ¥ ¥X7ZZM7 717 Tahl ¢ 2 Isha

resul ts of obsefygyom og, i g gt e&ﬁ%b 0089 tyong e ghe

vol tage applied

caps and
condenser

etween el ectrodes was change e san ching t

LD 3B SRS RLOSRIE, (el 010 STl re et

ype spot wel di ng of sanples U

s a
each

voltage was three for each of the Epbodi ment and the npari son anpl e.
Bper | meneS Ui B ATt Badlt I Thovh 1 e | Sanduiching” enE

10

15

20

metal caps and the stems by applying pressure. A welding
machine used was a condenser type spot welding machine.
The number of samples used for each voltage was three
for each of the Embodiment and the Comparison Example.

Experiment 1 shows results measured when the
voltage applied to the electrodes was changed while
applying a welding pressure of 441N to 588N to the metal
caps and the stems. Experiment 2 shows results measured
when the voltage applied to the electrodes was changed
while applying a welding pressure of 588N to 735N to the
metéicapsandEhéstéms. Whenresistanéeweldingoftme
metal caps and the stems is performed, the voltage was
applied to the electrodes while the pressure applied to
the electrodes was being dgradually increased. In
Experiment 1, the application of the welding pressure
of 441N to 588N means that the voltage continued to be
applied while the pressure was so applied.

In Table 2, a mark “X” denotes that an electric

discharge was occurred between the outer circumference

17



vol tage applied to the el ectrodes was changed while 10 applying a wel ding
pressure of 441N to 588N to the netal caps and the stens. Experinent 2 shows
results nmeasured when the voltage applied to the el ectrodes was changed
whi |l e applying a wel ding pressure of 588N to 735N to the netal caps and the
stenms. Wien resistance welding of the 15 netal caps and the stens is
performed, the voltage was applied to the electrodes while the pressure

applied tor the Q'l%q{d@d@§r‘6@%rp%ﬂ@ ghadyglely iimaeased. statogert ment 1,
the application of the welding pressure of 441N to 588N neans that the

vol tage copt éﬁﬂ‘%%ér?t bSor2Q APRLL B W tad Ner BY @%%Lircﬁq WeSo 99 @Rplded. In

Table 2, a mark "X" denotes that an electric discharge was occurred between

t he outer r e 7 of |.a o] ng. t S ch a
state tha?ﬁga%lian#%?rg(j)lrtl aﬁg F\%\l/ee% eo%%g ggftl g’n 1grel())\é/%(g}eémns'n c&lt he

fl ange portion n1ha Rnot,, vet been fus cold wel . A mark
oot ks Thaf e er i oAtk R s SRR oES VR FoRC G e S b
occurred due to electric discharge. A mark "XZ" denotes that cold weld and
scatteri n6 8089 & ek Ri 20 EEﬁa?E@maP"é‘Soé’&ﬁUr%’éledAduﬁaFR elecddnbt es t hat
good wel di ng was perforned at the rojection portion. A mark"YZ" denotes
that the d@FEhRF19- st b eM@tr ¥ he Xr'oj eivheporthah sl doote bdd adt he sane

scattering due to electric discharge are occurred. A
mark “Y” denotes that good welding was performed at the
projection portion. Amark “YZ” denotes that the welding
10 state at the projection portion was good and at the same
time, scattering due to electric discharge was observed.
The mark “Z” shown at high voltages denotes that an
overflow was occurred in the welding portion.

When comparing the metal cap of the embodiment and

15 the metal cap of the comparison example, the results of
the experiments shown in Table 2 indicate that with the
metal cap of the embodiment, the good welded state was
obtained over a wide voltage range and that the good
welded state was obtained when the welding pressure of

20 the metal cap and the stem was increased.

The results of the experiments indicate that more
stabilized resistance welding was enabled by making the
configuration of the flange portion of the metal cap into
the form shown in Table 1, that is, by placing the welding

25 surface radially outside the projection higher than the

18



time, scattering due to electric discharge was observed. The mark "Z"
at high voltages denotes that an overflow was occurred in the wel di ng

portion.

Vh

en conparing the netal cap of the enbodi ment and 15 the net

cap of the conparison exanple, the results of the experinents shown in
Table 2 indicate that with the nmetal cap of the enbodi nent, the good wel ded
state was

state wasyebtaimed whenddhe el ding pressasetpt p2Q fdetmshal eaps@nd the
stem was increased. The results of the experinents indicate that nore

stabil'i zeghpesiexhaneg Wl ding wap SRk RE s BKERE ot heha €0REKIWAL & 0N Of
the flange portion of the netal cap into the formshown in Table 1, that

is, by p
t han t he
results
wel di ng

Igg
A

obt ai ned over a w de voltage range and that the good wel ded

BN e SuPraie ran LTy i R R P RS

e the projection.

eriments indicate that .far no st abi

h
Sl Fettend-f LR e S G R LT

pressure on the 5 netal cap and the stem_ and the sealing attachnent

properti e&eselt ne2Rel @Ay PBFtiDheRs eMRdndee WR3E1PH thetarboiMent s
have been described heretofore, the sem conductor |aser device is described
whi ch i s B59@3 telle By atedilsg arie é did1Hi QL bf ofhel Sre¢Ahanced.
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While in the embodiments that have been described
retofore, the semiconductor laser device is described
ich is assembled by resistance welding of the metal
p and the stem, the application of the invention is
t limited to the semiconductor laser device and hence,
e 1invention is commonly applied to semiconductor
vices which are each assembled by resistance welding

a flange portion and a stem.

According to the semiconductor device of the

. invention, the secure -sealing attachment of the metal

20

25

cap and the stem is ensured at the welding portion, so

as

to provide the semiconductor device which provides

good airtightness and which is highly reliable. In

addition, according to the metal cap of the invention,

electric current can be caused to concentrate in the

projection for welding, so as to increase the reliability

at

we

the welding portion. Furthermore, even when the

lding pressure is increased at the time of welding,

the electric discharge between the circumferential edge

19
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10 cap and the stem the application of the inventionis not limted to the
sem conduct or | aser device and hence, the invention is commonly applied to
sem conductor devices which are each assenbl ed by resistance welding of a
flange portion and a stem 15 According to the sem conductor device of the
invention, the secure sealing attachnent of the nmetal cap and the stemis
ensured at the welding portion, so as to provide the sem conductor device
whi ch proybées ogoed akhld glhtingsse agb i 6R | Snhi Ofthy retbabl €anl b0
addition, according to the netal cap of the invention, electric current can
be caused GQNC rate d | [ [ so0.@as .fo 4 ncrease
the reli alsa%lpipt y i?at %tg V\%}I{]%%Egypgﬁggb %{}ra{kﬁ%ermrrg%g,ﬂg}/%h \?\Eer?sgh%g wel di ng
pressure is,increase i o] i 5 t |l egt.ri i schar ge

bet ween tﬁg‘hg?lr%eu?“e?e%?gp%e%ge@ﬁ%gg%#gﬁggmo%%?tfg&e?(ﬁg%%elep%r% otlcflh%nd t he
stem can be_, suppressed to thereby enable stable welding, so as to enhance
t he secur@e%géfﬁﬁdpﬁfgéeﬁhent properties at the welding portion. 5 It wll
be apparent to those skilled in the art _that _varijous nodificatiaons and

vari atd ons can bk Whbdé 29 dPR2arg&dctivEdomerdirebednditemst dthake

present invention wthout departing fromthe spirit or scope of the
various modifications and variations can be made to the

described preferred embodiments of the present invention
without departing from the spirit or scope of the
invention. Thus, it 1is intended that the present
10 invention cover all modifications and variations of this
invention consistent with the scope of the appended

claims and their equivalents.
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invention. Thus, it is intended that the present 10 invention cover al
nodi fi cations and variations of this invention consistent wwth the scope of
t he appended «clainms and their equivalents. 20 WHAT IS CLAIMED IS: 1. A

sem conduct or device conprising: a nmetal cap having a flange portion being
provi ded along an opening edge of a main body which is fornmed in 5 a
cap-li ke shape; and a stem wherein a projection is provided on one of a
wel di ng surfacggafr tihe di,angeporéion and a wel ding surface of the stem

t hat abut on each other so as to be wel ded, the 10 projection being provided

along a full ci{cunfegence & qubRe PNt Eh% Wﬁ&gigg rfaces, and the

fl ange portion and the stem are reS|stance state that a

d b he_wel d h
radi al 1y 15 out SIMECE p6AP BR GHAY oF ChaS o) BEE O T & B B9 BRY e Gor

| ar ger thgTPgﬂféﬁtance betmeﬁg}the meldgn 4 %b i.ch facqagach ot her
in an are VERRLES e fof t 2 A é’ he'tht 6fPelSi 69 ERedrbVi ded. 20
2. The sem conductor device as clained in claint 1, wherein
a cap-like shape; and
a stem,
wherein a projection is provided on one of a welding
surface of the flange portion and a welding surface of
the stem that abut on each other so as to be welded, the
10 projection being provided along a full circumference of
the one of the welding surfaces, and
the flange portion and the stem are resistance
welded in a state that a distance between the welding
surfaces which face each other in an area radially
15 outside a portion where the projection is provided is
set larger than a distance between the welding surfaces -

which face each other in an area radially inside the

portion where the projection is provided.

20 2. The semiconductor device as claimed in claim
1, wherein
the projection is provided on the welding surface
of the flange portion,
adistance between the welding surface of the flange

25 portion radially outside the projection and a tip end

21



the projection is provided on the welding surface of the flange portion, a
di stance between the wel ding surface of the flange 25 portion radially
outside the projection and a tip end 21 of the projection is set |arger
than a distance between the welding surface of the flange portion radially
inside the projection and the tip end of the projection, and the wel ding
surface of the stemis forned flat. 5 3. The sem conductor device as

clai ned igfctReNprdj el ghnilshe ef 0jLegeenthanPROVIiGath Bt Be tird & Ng
surface of the stem 10 a distance between the wel ding surface of the stem

radi al |y pHESjdeqthey BLeifsdé &F ahd & 16y &b of 1 A6 2 81 QI18G} @Mk i $e Set
| arger than a di stance between the welding surface of the stemradially

et P FEA eI e 0 ol e PO SELLAL 05 i el 0
o0 CLad 10 A Ofe Badl IS AL DR M A Bnaea fan Sl (e,
5
3. The semiconductor device as claimed in claim
1, wherein
the projection is provided on the welding surface
of the stem,

10 a distance between the welding surface of the stem
radially outside the projection and a tip end of the
projection is set larger than a distance between the
welding surface of the stem radially inside the
projection and the tip end of the projection, and

15 the welding surface of the flange portion is formed

flat.

4. The semiconductor device as claimed in any one
of claims 1 to 3, wherein a cross sectionof the projection

20 is formed in a trapezoidal shape.

5. A metal cap comprising:
a flange portion to be attached to a stem by
resistance welding, the flange portion being provided

25 along an opening edge of a main body which is formed in

22



a flange portion to be attached to a stemby resistance welding, the flange
"portion being provided 25 along an opening edge of a main body which is
formed in 22 a cap-like shape, wherein a projection is provided on a

wel ding surface of the flange portion and along a full circunference of
the wel ding surface, and 5 a distance between the wel ding surface radially
outside the projection and a tip end of the projection is set larger than a
di stance detwpen e whheig)g surface radially inside the projection and the
tip end of the projection. 10 6. The nmetal cap as clainmed in claimb5,
wherein a crosghseeliinonaofpthgepRitoi@et iion bsdwrasd idhaa twapegaigal
shape. 15 7. The netal cap as clainmed in claim6, wherein a nickel plating

i's appl i eg,pRLe AN- 9Bt epp3ur facen gk the r LA bady of, 1hggmetal Gap 23
circumference of the welding surface, and
5 a distance between the welding surface radially
outside the projection and a tip end of the projection
is set larger than a distance between the welding surface

radially inside the projection and the tip end of the

projection.

10
6. The metal cap as claimed in claim 5, wherein
a cross section of the projection is formed in a
trapezoidal shape.
15 7. The metal cap as claimed in claim 6, wherein

-a nickel plating is applied onto an-outer surface of the.

main body of the metal cap.
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