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2192752 -1- SEM CONDUCTOR DEVI CE ASSEMBLY AND HG2MAKI NG SAVE The
i-nventi on herein described was made in t kg-performance of work under NASA
Contract No. NAS 1-17441 and 5 is subject to the provisions of Section
305 of the National Aeronautics and Space Act of 1958 (72 Stat. 435; 42
U S. C. 2457). The inveSEMDOONPUCTOR DEVICE: ASSEMBLY ANDIMETBORSSenbl y
havi ng a header, a nounting plate a E.a eader and a

sem conduct or device attached to th e. I'n nounting

sem conduct or devi ces d(fheécinveatponbhereimdescribed wis maderinythé

al 1gnment of deliolhancd b EYLE! Bhale MASN UcHeniid Hid "WAEFi744d "ang

| aser' s Par fliselstibiettittontbet provisions: of Seation 405 ofidthe datignal
such that ad A S | L@ al i . .
ﬂqﬁfﬁt‘% ‘and Spaciact B (7P stat. 435; 4 U.s,

-

sem conductor | as onprises a -body having a pair of 0ppos %I'end
faces with a45ddst one enitting end face. The body includes a substrate

havi ng a~buf f er | ayer . t99¢& CPRveRtl bhS rellated I )ﬁ@‘ﬁ 0ot §evPréf er
| ayer, an active regiqn oyerlying tﬁe first clrﬁabdcfn &?%Her ‘a second

5
cl addi ng | ay @ssepblY ihaving ﬁch#éeFegPO'midiiﬂﬁ% athaghed to\the
the secepd Chaddeld dridcd semicéhatttortldevdte Wittdchddots VDRt M beneidg

capping layer..  Primarily, heat is generated in the active region which Ts
typically i nPM&®shape of a ridge which may be 30 ~ three mnicroneters-(pm
or less in wdth in the lateral direction, the direction in both the plane

o \headerthe o tting EAAPUSELRG. SeBscondintar Hevices o8 headStR pact,
1) 2010, plablint e fnpshus sy 7 st g b 1,
radi at i r? pam"”é’rf&'%fl g?vﬁﬁﬁt rg}%& S:@qlﬁ}'em%‘ tace£§i tate -
particular, high power semiconductor lasers must be mounted
such that the laser’'s far field radiatioh'pattern is not
distorted and, additionally, such that adequate heat .
_ dissipation is provided. :
20 ' A semiconductor laser typically comp:ises'é'body
having a pair of opposed end faces with at least one
emitting end face. The body includes a substrate having a
buffer layer thereon, a first cladding layer overlying the
buffer layer, an active region overlying the first cladding
_ 25 layer, a second cladding layer overlying the active region
N and a capping layer overlying the second cladding.layer
' with electrical contacts to the substrate and capping
layer. Primarily, heat is generated in the active region
which is typically in the shape of a ridge which may be
30 three micrometers- (um) or less in width in the lateral
direction, the direction in both the plane of the layers
and the end faces. . '
' When the laser is mounted to a surface of a
header, the emitting end face must be coplanar with, or
35 extend past, the leading edge of the header to prevent
reflections of the laser light from the surface of the
header which would distort the laser's far field radiation
pattern. Generally, heat sinking regquirements necessitate



-2- that the enmitting end face extend no greater than 2 pm past the edge of
the surface of the header. As a practical_rmtter these tol erances are
difficult to neet since the edge of a standar d header, vi ewed

m croscopically, is rough 5 and thus requires polishing to obtain a

snoot h perp Loyl ar f e Sat ing.
finish on tﬁggk g‘hg e%ﬁ. cessf#’ es% |ona§9é1ggfl£ngﬁégerzap ELQ{:
entailing fthehedge o am syxface af the header. Af Asrat pyagsicehi ng and
pl ati ng ope }%ﬁr hegd a

sem conduct%‘rﬁkgaw ce sg erin dﬁrr‘:\e\é{ #éar ef%ﬁ%i‘gg?r Igégltncgg'ﬁteﬁeggerret hods
pl ace the deﬁgeeOfnat grtandard header eW%‘(#@elﬂiﬁﬁﬁsFﬁBiGB}lf rspBaseugsl der
around ghe ggg &%ﬁ%g%oﬁ}s €T éERSKNE §ng% typically shorts

vari ous sem con or l&gﬁﬁ c{_ncehﬂ? h power .| ase ési‘}ﬂ£l cally nounted

such that tHQ’-'EF Q'he Tois: Po F&BPY¥ESt 0 t he
header and the &mggdmsﬁwrﬂmrwemeﬂﬁhﬂah heceksdtategonsequent|y,

e o B goetdtlcl sedalfha shasher HmeliPcc o

that the errekpengeend face is copl anar W|th the | eadi ng edge of the header
surfac
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attached to sai for positioning sald nmounting
plate 15 The surround:.ng solder typ:.cally shorts various

semiconductor layers, since a high power laser is typ:.cally
mounted such that the electrical contact opposite the
substrate is soldered to the header and the semiconductor
layers are of minimal thickness. Consequently, the surface
20 of the header is typica]:j.y wetted with a thin layer of
- indium solder and theén the laser is gradually positioned on
the surface so that the emitting end face is coplanar with
the leading edge of the header surface.
‘These problems demonstrate that it would be
25 desirable to have an economical and efficient method for |
mounting semiconductor devices on headers. . L \'“

The invention is a semiconductor device assembly
and method of making such an assembly which comprises
_ ~a header;

30 ~ a mounting pla.te composed of an electrically
conductive material about 250um or less in thickness
having opposed first and second major mounting surfaces
and a leading edge extending therebetween with a first
mounting surface attached to said header:; :

35 means for positioning said mounting plate

relative to said header attached to said mounting plate;
and | |



Telative to said header attached to said mounting plate; and -3- a

sem conduct or devi ce having an end; face aq'tta(:héd to sa id second nounting
wsurface wherein said end face i s substaritdal | y coplanar with said | oadi ng
edge. 5 In the acconpanying drawing: FIGURE 1 is a cross-sectional view of

t he sem conductor device assenbl odyi.n the invention. FIGURE 2 is a
perspective view of a lﬁ'ﬁ'f‘ﬁ u% edﬁ%ri‘f?‘uehﬁl ViR r aPe LN SEAGS. | n
FIGURE 1 a sattacimdt to cbaide second Inourt iy ospofacenghierein\eaiid on

i ncl udes a hg éﬁiﬁ"a:&l nd second
maj or - sur"?gcesé%4 g&f% reé%g'c velry, a%bﬁcﬁg##*ac%%#q the first
maj or surface g@s and a nounting bl ock 22 attached to the second mmjor
surface 6. A lead 24 extends through and is el ectrically isolated fromthe

base plate 13 and the stud 20 by an insulating material 26. A nounting 20
plate 30 has a first najofnnbhetangosnafning 3@rawiaghed to t he nounting

bl ock 22-and a second puCURETRILS 1Y éraéé-r@eéﬂiéﬁamhvﬁwaoteﬁheonductOr

device 37 s att,ach The as.e Iate st n untl ng block 22 are
typically. foFﬁ‘BélcﬁF v %%‘?ﬁ% rﬁq‘s Buentioheh as copper

\tI)VIth t'he s}]ud 20 and NPIGURE) zolmka Yevipectire t viewcofagcnbahting by
o neotPed PHABRpARY thE ThhissTatad BREORREYE: cotrical | sol ation from
the baseplate 13 and the stud 20. 30 Generally, the sem-conductor device
ﬁ?GbEEaS the nmount | ng. APaEdOUs oA adhi GRGEPERE  dawi e Rareinl 3250 )"
gv(pom ti oningorperpiting the dmrentidm immstanbehderklzzwudha means
comprises a base plate 13 with first and second major
15 surfaces 14 and 16, respectively, a stud 20 attached to
the first major surface 14, and a mounting block 22
attached to the second major surface 16. A lead 24 extends
through and is electrically isolated from the base plate 13
and the stud 20 by an insulating material 26. A mounting -
20 plate 30 has a first maj pr mounting surface 32 attached to
the mounting block 22 and a second major mountigd‘ surface
34 to which a semiconductor device 36 is attached.
The base plate 13, stud 20 and mounting block 22
are typically formed of an electrically conducting material
, 25 such as coppe'r with the stud 20 and mounting block 22
\/ attached to the baseplate 13 by brazing. The insulating
material 26, such as plastic encapsulant or glass, is
inserted to.support the "lead 24 and provide electrical
isolation from the baseplate 13 and the stud 20.
30 Generally, the semiconductor device 36 is an electro-optic
device such as a semiconductor injection laser.
In FIGURE 2 the mounting plate 30 comprises a
pla.tform 40 having a means 42 for positioning the plate 30
relative to the mounting block 22 and a means 44 for
35 handling the plate 30. The positioniné means 42 is
preferably a pair of tabs extending from an edge of the
plate 30 in a direction perpendicular to the first and
second mounting surfaces 32 and 34. - The



35 handling the plate 30. The positioning neans 42 is preferably a pair

of tabs extending froman edge of the platg. 30 in a direction perpendicular
to the first and second nounting surfaces 32 and 34. The +
handling means 44 is typically a tab extending froman edge of the plate 30
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the heat will primarily be trgnsferred 10 1 pl ate 30
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assenbl y 10. zﬂﬂE%‘?nﬂFéYFngrsliotRﬁi Phagee38: lseofl sufflicimntprhhildkriess e
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at f or ms [e an errl.thick it is difficult to dbtain sharp. -~
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plate 305s fflowdtenthesheentbhgsbloekl 22nwhdchalisltiheg pHiniadsy heat
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“applied, expofke¥ iRvdesprabledsineeshbet heatsmusdqmhen pass through two
solder junctions which exiSt between the device 36 and the
plate 30\and between the plate 30 and the ﬁounting block

20 22. These solder junetions do not conduct heat as readily
as the mounting plate 30 and the mounting block 22, and
consequently provide less heat dissipation for the aesembly
10. Thus, platforms 40 which are at least about 25 um
thick are desirable to provide dissipation throughout the

25 plate, although with platforms 40 greater than 250 um thick
it is difficult to obtain sharp edges on the plate 30 when
they_are microlithographically defined.

The plate 30 is formed in a sheet of suitable

material usiﬁg'standard processing techniques such as

30 photolithography and etching techniques such as ion-beam
milling and similar processes. Typically, a photoresist is
applied, exposed, developed and the sheet is subsequently
etched with a solutign such as ferric chloride. These
techniques, unlike the prior art, form a sharp edge for

35 mounting the device 36. For example, leading edges'of
'accu;ately machined headers typically have an appoximately
12 um radius, thus making alignment of the.emitting end
. face within 2 pm of the leading edge of the header

“



et ched with a soluticdn such as*ferric chloride. These techniques, unlike
t.he prior art, forma sharp edge for 35 nounting the device 36. For

exanpl e, | eadi ng edges of accurately macht%ed headers typically have an
appoxi mately 12 [err] radius, thus nmaking alignment of the enmitting end

face within 2 [err] of the Iead| ng edge of the header difficult.
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[err] thICk sg r must therefore i nt er posed petween the device and the
header, RO8SH acmmaﬁ e tacpar?ﬁm}tewsél W@ thicke soldere
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present 10 pheiesaiasaﬂuﬁ%ml atmmrﬂgnﬁchmﬂnggpedaesw mzca
appr oxi mat el y e radi us hus nad negt of m tt|
face withthe® FEa&ﬁ'H‘b‘@b‘&e"’d‘[l %eorpl we"%?%c?gg%ﬂ'g g‘i‘:@e
of detectibl eleavesparticdes emredddd ditedthe tin:fauef whd.chAd.dmiilmal ly,
(he 35 0 2 5 SOIE L P Y SRR P OBER g U Ll
machi ni ngoOpr oprssesbepmammmwemtludxng edgeamiitiy aqual ity.
Coneral1 e o gihsdledy 2 THf Sl 0tk g §10GRRRE UL G, (7
the respecti vemitting end \ﬁanm wirth (the cheadingcedgedof the3plate
PSGEh. ¢ hus PRRCSIGRER;CTHe SAIRE SERigt £red S uBedet il biinzs ahg |
in wdth, andpmlgagsgeuh[aﬂdq idn |ﬂ:gtsurﬁamoughddu.1tioma¢lbu X&he and
georet 11 98,9 p hﬁgsf%ﬁaffﬁ*y# ?“2“@?% LPEPRACY T UIMBRY
be used for aaika sape fdme ohidhtenl L¥ conshskents. 30 The plates
are then bent chgrhetwristiRes W1 GIBEE ﬂi’ch:l.mng process the plates
are formed sequentially with varying quality.
‘ Generally the plate 30 is formed such that the
20 length and width of the second mount:.ng su:face 34 is
between about 1.5 to 3.0 times the size of the respective
length and width of the semiconductor device 36. For
‘example, a laser is typically about 200 pm in width and 300
pm in length, thus the plate 30 is typically between about
% '25 300 and 600 pym in width, and 450 and 900 pym in length.
Although different sizes and geometries of plates may be
formed for various heat sinking requirements and different
shapes of headers, typically a single plate 30 geometry may
be used for a vatiety of semiconductor devices and headers.
30 The plates are then bent to form the positioning means 42
and the handling means 44. The plates are then plated with |
about 2.0 ym of nickel and between about 1.0 to 2.0 ym of
tin and then subsequently separated from one another.
" The plete 30 is positioned on the mounting block
35 22 by mechanicaliy’ grasping the handling means 44. The
positioning means 42 aids in orienting the plate 30
relative to a leading edge of the mounting block 22,




and the handling neans 44. The plates are then plated wit'h about 2.0 [err]
of nickel and between about 1.0 to 2.0 [err] of tin and then subsequently
separated - from one another. The plate 30'i s~®vsitioned on the nmounting

bl ock 35 22 by nechanically grasping, the handling neans 44. The

posi ti oni ng nééﬂe]tl? %l’}%jsquﬁ &9 ?\%b"?h'@hﬁll&%%c‘gosﬁl’éf-%??vétizécaeﬁe5ei ke
edg]ge of t?f rrmuﬁnh tﬁigtéﬁlszma%fe 32 aﬁ? mngayaéﬁxetqdmcd_leogﬁgﬁaf:agkt hed];!ﬂleOCk
surface attac mount i ng, surfa an adj ace ock suyrface.
A die attacheraett%ﬂﬁ%‘%g?}f rbr%oﬁﬁref%ﬁi €§e3 e%b‘&‘ﬁa?%af&‘glﬁ gﬁﬁgf apBcepd face
posi tioned subig pusitignebpubstantialdy| ecplamgaedgithf at beadliageedge of
nanmely theg sur i n e h i e d . The
devi ce end faé%§%§§ﬁ§§fgﬂ%'gﬁ%ﬁé¥§eePéa§?ﬁgg§ g%g%éﬁ%$§§e§§§%8§3 € é

appr oxi mat el y njusrtingrsurfaces p32 candi 34r edThe deviae sendpfacear mapysekicend

The first no | ffg;g ' tagh LRY4 n 0
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by heating t hStilk dsransiderrd |t rpesivnagoplanas: ppgikigner . Thénfirst

Al ternativel y,mdmm%t@ﬁhé@ya Deii a6tachédctEiche HEEnERHE! black! 22K and
or the device 36 may be first attached tggthe |late. A bond. wWire is then 15

el ectri caPly Hhpianequsiy (ke dspics 15 catkached te: Bheq8ererdss. The
sharply defi nesbaftgiasg afutfece! 34 ebPOheat ThgatRet PEat6eqs0r eseabot 300°C

e eT i ned, S S0 Y o L MeRLOEK 2 LIS P LT 1L ) SRl
dgsi{?gnggﬁgiqﬁtﬂﬁgéﬁmﬁmtiuheweEm fhePmduntin@e?ntegezngtoththEyice 36 R
consuri ngsandhaaﬁf‘% eSSt ached) BY HE pESESL R PR IE B
devi ce 36°ar e ¢lectrmicdal liateonnected from the lead 24 to the semiconductor
device 36. | ' ' -
The sharply defined edges of the plate 30
eliminate the requirement of well-defined edges on the
mounting block 22, thus eliminating the necessity for
20 additional polishing and plating operations. Further, since
a desired plating thickness has been formed on the plate 30
for the simultaneous soldering operation, previous
techniques which were time consuming and additionally which
may short layers of the semiconductor device 36 are
25 eliminated. | |
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(CLAI M5 1. A seém conductor device -assenbly conprising: a header; a
Jounting plate conposed of an electrically 5 - conductive material about

:250[ err] or less in thicknes having opposed fi rsl_andﬂseeend—nﬁj—ef—nountl ng

surface and a | eading edge extending therebetween with a

surface attached to said header; neans’ for posi ti u g“ll ﬂ“glmurng pl ate
10 relative to said header attached to said m)u

sem conduct or G\he€ having an end face attached to sai d second nounting

surface whereimm sard end face is substantially coplanar with said | eadi ng
15 edge. 2. The assenbly of claim1l or 2, wherein said neans for

positioning conprises atyl easty ongg rél:r?&h%‘@ﬁ'ig freny @ edges gl d

plate in a direction bout perpendi cular to sald first nmounting surface. 20
3. The assentfiQPRE: breceding claimwherein said nounting plate is
plated with nickel and tarhedder; The assenbly of any preceding claim
wher ei n sai d sem conduct or dev% e is a€ el ectro

Rlate

tic_ 25 de¥i ce. ﬁ A
met hod ®% raking a seni CORR SRS V\ﬂ cANCBABFELEICALIY st eps
of : defirsng awhduckiive amahee:lia]o ébbmmmmo‘mgop-l diesshaim nghdckheskness
of about 250[ ayLRo f C L,Ng
surfaces wt hEH \%ug% Ar’éﬁé%ée ex?%gdlg‘kr}g ozlge%e&? lg%{%ﬁgsggggg Birst
nmounting surfandta RAeaddng &dﬁeate&tmﬁyngathexehMtMeal gdrsaving
an 35 end facezdithsfih ﬁg@engefgé f Ld [err] face
substantial ly co‘ﬂ? ana sai eaxg&?\% é&fd"‘h&gdéﬁ

means for pos:.t ning said mounting plate
o = 10 relative to said header attached to said mounting plate
and '

a sem:.conductor device hav:l.ng an end fac:
attached to said second mounting surface wherein sai«
end face is substant:.ally coplanar with said leading

15 edge.

2. The assembly of claim 1 or 2, where:.n saic
means for positioning comprises at least one tal
extending from an edge of said plate in a directio:
about perpendicular to said first mounting surface.

20 3. The assembly of any preceding claim
wherein said mounting plate is plated with nickel and
tin. -

'\/ 4. The assembly of any preceding clair

wherein said semiconductor device is an electro-optic
25 device.
5. A method of making a semiconductor devic
assembly which comprises the steps of:
_ defining and etching a sheet to form :
mounting plate having a thickness of about 250um or les
30 and having first and second major mounting surfaces wit!
a leading edge extending therebetween;
. attaching said first mountlng surface to
header; and
attachlng said semiconductor device having an
35 end face to said second mounting surface with said en
_face substantially coplanar with said leading edge.



-'8- € nethod of claim5, wherein.the step of defini ng and et chi ng the

g‘h’ggﬁ ¥ ﬁlﬁ]ﬂ\\l\ﬂm \\m Mool sheet %™ Pt hechod b 61 alm 8 o

6 further corr'brr'sr form ng at |eastgope tab, extending froman edge of
said plate in a di rectlon about perpendr cular to said first nounting
surface. 10 8. The nethod of any of claim5, 6 or 7, wherein

S?I d mou][ltl Ing pl age i's 5).f th@hﬁéﬁ%dYoﬁ?E!?b‘ﬁﬁls'g ﬁ?ﬁiﬁ' ',t:né s{ﬂs_rg &et hod
of any o ca grern o ormng em)unrg aﬂ?
further conp egg.gx ing apd etehing hEERy TPIPE %F'Fh Rkel
and tin. 10. stéps reffhod of any of clal ms 5 9, further corrpr|S| ng the step
of attaching a light e o.pl at I;l t an
emtting end face of Z?Aﬁ%ew@g&ég%%#gaﬁ?w%*ﬂ cc’gp an %R&
| eadi ngSedge of said nm#ﬂhx@grﬁal-dz sheet. | eadi ng edge bei ng the surface
extendi ng between the spid %erﬁeﬁbhngofuréfﬁiﬁn o% grﬁ EOURL G &)

y 0O

11. A semi conduct or devi ce ‘asse rng such an
assenbly, suSQRprising .Soxwing, aterlfasticene; kak wxhenddmg eﬂé‘é‘“tént he

acconpanyi ng ¢dg@id®Ssaid plate in a direction about perpendicular to
‘said first mounting surface.

10 _ 8. The method of any of claim 5, 6 or 7,

wherein said mounting plate is of electrically

conduct:r.ng material. w

9. The method of any of cla:r.ms 5-8, wherein
the step of forming the mounting plate further comprises

15 the step of .coating the mounting plate with nickel and
tin.

' 10. The method of any of claims 5-9, further
comprising the step of attaching a light émitting device
to said mounting plate such that an emitting end face of

20 the device is substantially coplanar with a leading edge
of said mounting plate, said leading edge being the
surface extending between the said major mounting
surfaces of the mounting plate.

-

11. A semiconductor device assembly or method =~/

25 of mak:.nq such an assembly, substantially as herein
before described with reference to the accompanying
drawings. '




