1 SEM CONDUCTOR DEVI CE PACKAGE AND METHOD OF MANUFACTURE Background of
the Invention 5 The present invention relates to a nethod of packaging a
sem conductor device. It finds particular utility with devices such as

| mage sensors, MEMs, and pressure sengors. Sem conductor sensor packages
generally include a sem conductor die iart 10 which is nounted on a
substrate nade of netal and/or plastic, with the die and substrate being

encl osed within a pl asgy ' I—Bﬁg ' S or sem conductors
nmust be capabl e of bei%%ﬁég%?)@reuﬁglae. g.itfglgpﬁtaw‘iﬁﬁlst‘ﬁgﬁcase-of opti cal
sensors, -or, a fluid, in thMEFODOF MANUEACTURBOrs, the active die
surface nust be left exposed, or at |east accessible, after the die and

, 15 substrate have been encl osed. Description of the Prior Art Prior art

packagi ng tBatkgrausd ofthe ihveition ceranic substrate material, which is
precon to accept the die. Such ceram c substrates are

figur_@d wth a cavit ] .
20 in sPngl euﬂﬁsef'bl"?ﬂenﬂﬂé retates 42 mathed Afipackagieg awemiodndusten and/ or
plastic. OgeQickh IR hatti A : é\‘?ce%“gﬁ%f ' fed to
protect the glicg ﬂsfﬂird?’ a%?lﬁéélﬁﬁ@ggl“ﬁ@hae unit. rlé‘%(r?mgg? %? 'te?%é{%l g@gé’attach a
cap to the 38dipsesawre sensm@st he | eadfrane or the die surface. The cap is held
I n place using an adhesive. The adhesive is usually in the formof a paste,
or is dispensed froma tape. However, the application of adhesive in

ei t her for Bemicatiductardensoppackages germrally inclidedhesimiconBettes drs pareous! y

appL ! 2ot Syt & Roiblel S a Bibstrafh e ormelal andioy ek, wih the i >
and substrate being enclosed within a plastic material. However, since sensor
semiconductors must be capable of being exposed to e.g. light, in the case of
optical sensors, or, a fluid, in the case of pressure sensors, the active die
surface must be left exposed, or at least accessible, after the die and

15 "substrate have been enclosed.

Description of the Prior Art

Prior art packaging techniques often use a ceramic substrate material, which

is preconfigured with a cavity to accept the die. Such ceramic substrates are
20 in single unit form, and cost more than substrates made of metal and/or

plastic.

Once the die is attached to the srubstréte, a cap is applied to protect the die
surface and seal the unit. Prior art techniques attach a cap to the substrate,
25  the leadframe or the die surface. The cap is held in place using an adhesive.
The adhesive is usually in the form of a paste, or is dispensed from a tape.
However, the application of adhesive in either form is difficult, prone to result
in adhesive being erroneously applied to the die surface and requires lengthy
periods for the adhesive to cure. ’ ‘
30 N
Another technique which is used to protect the die surface while the package
is enclosed in a moulding material uses a soft deformable insert which is
placed over the die while moulding material is injected to enclose the entire
package. Later, once the moulding material has set, the insert is removed,



Anot her technique which is used to protect the die surface while the
package 1is enclosed in a noulding material uses a soft defornable insert
which is placed over the die while noulding material is injected to

encl ose the entire package. Later, once the noulding material has set, the
insert is renoved, 2 leaving a raised @dge of noulding nmaterial around the
die. However, there is a risk that the delicate die surface can be damaged
by the inseq ration_or the renmpval stage. Insertion

t_either. at the relﬁ . ) :
and renoval 3?‘@"%9%’389&‘199(%%0 %’E’%B’@tﬁ’fﬂ\a'tﬂﬁ@uﬂﬁaﬁﬁf@@-tmwwfpihc@@@ whi ch
[ equi re Ior qisi et tr0délicaRale SurfBReNLdiPbY difhdddChy fiReinsBR BRI LY T or

error. Summary of the Invention According 1o aspec pr esent
i nvention, tRféparatien ordhe demoxal stagecsedianoangaemaval anecalsdiadditiondl . a

bstrate; ) d ' d | d.substraje; ousj n art
ttached t o 2o T 8T HEnBfaclng pLteas whibn! Mdluk Ridee e ARclRBEL (o
di e; and solmagtinery amdiihctease thet epporunity farreged, ar ound sai d housi ng and

adhering to 15 said substrate to secure said housing in position on said
substrate. Preferably, said sem conductor die is attached to said substrate

by means of Sumnmipestivelmvehtionnce. 20 Preferably, the substrate includes a
channel arr?\n ed.on its)’#gﬁer surface for receiving a portion of the

housi ng par G149 A aspedt; @fnther prasenh doventignpdherei is provideged t o
penetrate ”&@miédﬂ%ébfo?backa’g% iﬁ&@&%_am y, the substrate is fornmed from an
epoxy material. In a preferre
10 e asubstrate;
* asemiconductor die attached to said substrate;
* a housing part attached to said substrate and arranged to surround said
semiconductor die; and
solidified moulding material arranged around said housing and adhering to

15 said substrate to secure said housing in position on said substrate.

Preferably, sald semiconductor die is attached to said substrate by means of
an adhesive substance.

20 Preferably, the substrate includes a channel arranged on its upper surface for
receiving a portion of the housing part.

Preferably, a portion of the housfng part is arranged to penetrate the

substrate.

25
Preferably, the substrate is formed from an epoxy material. In a preferred
form, the epoxy is FR4/5 or BT, although other epoxies may be used.
Alternatively, metal, ceramic or other materials may be used as required.

30

Preferably, the housing part is formed from a thermoplastic or thermosetting
material. Other materials may be used as required, with the proviso that the



form the epoxy is FR4/5 or BT, although other epoxies may be used.

Al ternatively, nmetal, ceramc or other materials nmay be used as required.
30 Preferably, the housing part is forned froma thernopl astic or
thernosetting material. Oher materials nay be used as required, with the
proviso that the 3 nelting tenperaturedof the chosen material should be

hi gher than the tenperature of the noulding naterial used. Preferably, the
package additi gnal | ﬁ'&?l ncl udes an insert for attachment to said 5 housing

part. PreferB8ii0g emperatues (of; the, chosen imajerial sheuldehet higher then the
co-operati Ortempbrht@r_eéf‘m@hﬁlﬁ‘dlﬁg%té |§@8q Provided in the housing part. 10

Alternatively, the insert Is arfanged to provide a snap-fit connection with
the housing part. Preferably, the insert includes a lens, and said lens is

Bref evanl y. apierably. the' dackBa3 atiafiOR MBS Bndns ST AR & 8 T ow o
a fluid Ssudtousingtpastai d fluid is able to contact an active portion of said

sem conductor. Preferably, the active portion of said sem conductor is
sealed fromthe 20 remainder of said housing by a sealing nmaterial.

Preferably, Rrsferabigcthe ihserbisdpiolRbdWith ascrdld ivahd f8F calopeiitiod d&i?@ab
(0] e

through-flow_ of a cooling material and said insert is arrange

thermal |y cSOpipementansthrepdspravided dn thediousingpart. i t ate the cool i ng of said
sem conductor. 25 Preferably, the insert includes a thermally conductive
material and includes a plurality of cooling fins, and said insert is

t her mal 1Y cétgrnatively, the insert is arranged to provide a snap-fit connection with the

housing part.

Preferably, the insert includes a lens, and said lens is arranged such that it is
positioned above said semiconductor die.

15
Preferably, the insert includes a channel for allowing the through-flow of a fluid
such that said fluid is able to contact an active portion of said semiconductor.

Preferably, the active portion of said semiconductor is sealed from the
20  remainder of said housing by a sealing material,

Preferably, the insert is provided with a channel for aliowing the through-flow
of a cooling material and said insert is arranged to be thermally coupled to
said semiconductor to facilitate the cooling of said semiconductor.

25
Preferably, the insert includes a thermally conductive material and includes a
plurality of cooling fins, and said insert is thermally coupled to said
semiconductor.

30 Preferably, the portion of said housing part which contacts said substrate is
substantially flat and includes a channel inscribed in said flat portion.

In a second aspect of the present invention, there is provided a method of
manufacturing a semiconductor device, including the steps of:



sem conductor. 30 Preferably, the portion of said housing part which
contacts said substrate is substantially flat and includes a channel
inscribed in said flat portion. In a second aspect of the present

i nvention, there is provided a nethod of nmanufacturing a sem conductor
device, including the steps of. 4 att4aching a sem conductor die to a
substrate; positioning a housing part on the substrate, in a position
surrounding the die; positioning a nmould over the housing part such that
an upper sur% agaching g semicanducton gieptara sulistrate;agai nst an i nner surface of

the nmould; and_injecting into the noul d ulding material. Preferably,
t he met hod f'ur?#u%’orﬁ'ﬁﬁ? 'Q%Ba'gto@ptﬂgfs'%sggtebghﬁi Pfgﬂf%su'wﬂ%@@ct or die
to sel ected padie; on the substrate. 10 Preferably, the step of attaching a

sem conductor die to a substrate includes the step of applying an adhesive
subst ance t @ t PRSIUQNNG pamneuldr ovar the hoysingi past sueh thasran uppercswiacdi¢f. 15

Preferablsy, thge A NP o Walah ' Lal 1nel s the step of
br i ngi g he. ey Goane perCRR sfdingt SElnck B4R GHBimolg 60, 1502 TBsC
and a pr essumnectstg indithe niawen medlding material. i nj ected i nto the noul d.
Alternatively, different tenperatures and may be required, depending on the

20 choi ce of housing and noulding naterials. Preferably, the step of
posi ti oni ng Rréferdtys ity methodd dsrtine s irdueidisn he Meghéﬂ%im héhding NAenel

whi ch surrounds the sem conductor die. 25 Preferably, the step of
posi ti oni ng SEMICqRgyEtongie tﬁcﬁerﬁfé%é pags eret_?h?wbsyah- of the housing
penetratipng part of the substrate.
Preferably, the step of attaching a semiconductor die to a substrate includes
the step of applying an adhesive substance to the substrate prior to applying
the semiconductor die.

15  Preferably, the step of injecting a moulding material includes the step of
bringing the moulding material to a temperature in the range of 160°C-185°C
and a pressure of 75bar (£10%) before it is injected into the mould.

Alternatively, different temperatures and may be required, depending on the
20  choice of housing and moulding materials.

Preferably, the step of positioning the housing includes positioning the
housing in a channel which surrounds the semiconductor die.

25  Preferably, the step of positioning the housing includes the step of part of the
housing penetrating part of the substrate.

Preferably, the inner surface of the mould is arranged to be deformable such

that a tight fit against the upper surface of the housing is achieved.
- 30



Preferably, the inner surface of the nould is arranged to be defornable
such that a tight fit against the upper surface of the housing is
achieved. 30 5 Brief description of the drawi ngs For a better

under standing of the present invention and to understand how the sanme nmay
be brought into effect, the invention v§l1 now be described by way of
exanple only, with reference to the appended draw ngs in which: 5 Figures
la and | b show top plan and side views of two substrate configurations
accor di ng t Briafilescription ofithe idsawingsnt i on; Figures 2a-e show the steps in

h nbl ] . ' nbadi f
Lhe fnventi £oP a RuBRGNARSERRE SIAE Brdsdht intGa B S thd o R8s A em g
prior to beisame maybe trought into effdct, e inventionowill mow IsddesdribedHyalsy | n t he

bl f ) duct or. Kk ' : d W th enbodi t f th
"nventi on: Bl SEIEPIESTY. WiktnRlRiadke l e ArpRadeddaWROS BdiEdnce with

enbodi nepts of the invention; 20 Figures 6a-d show side, top plan and

bottom pl an_yi ews of housings according to enbodi nents of the invention;
Fi gures 7a- E194esy ta and i 1h tstowadeenplap @inda side: rviews ofs dwpcsubsitater 25

packages i ncafRRiraliuhs actbiding'th SHBOGMERI ofthe ifBrligNont i on: Figure 8 shows

a top plan view of matriXx sem con tor packages ' produced by the
process shown in Figures 7a-c; 30 Figure 9 shows an enbodi nent of the

i nvention i i el BY-srih 6 TRHL R%he assembly of a packaged semiconductor
10 according to an embodiment of the invention;

Figure 3 shows a partially assembled semiconductor package prior to being
placed in a mould:; '

15  Figures 4a-e show the steps in the assembly of semiconductor packages in
accordance with embodiments of the invention;

Figure 5a-d show housing terminations in accordance with embodiments of
the invention;

20
Figures 6a-d show side, top plan and bottom plan views of housings
according to embodiments of the invention; |

Figures 7a-c show steps in the assembly of a matrix of semiconductor
25 packages in accordance with an embodiment of the invention;

Figure 8 shows a top plan view of matrix of semiconductor packages
produced by the process shown in Figures 7a-c;

30  Figure 9 shows an embodiment of the invention including a screw-mounted
insert;

Figure 10 shows an embodiment of the invention including a snap-fit insert;



I nsert; Figure 10 shows an enbodi nent of the invention including a snap-fit
ingsert; 6 Figures 1la) - e) show various enbodi nents of the invention
including a filter elenent, and also an alternative nounting neans using a
flexi-circuit; Figure 12 shows an enbodi nment of the invention including an
insert for 5 allowing fluid sensing; Fggure 13 shows a further enbodi ment
of the invention including an insert for allowng fluid sensing; 10 Figure
14 shows an enbodi nent of the invention denonstrating the artefacts of

ej ect or pi nsFiggred 1ita) t-he) showl wiriogs reldtimentsicd Wi inkBnGAIP NI 4 Kilterf Ur t her
an insert for allown | ui d

enbodi ment invention i ncludin . .
sensi ng; 15%@%&% aTé a@%?o%ﬂ'lé‘?f"aﬁ\f‘% “FWW&FF%U@BEIW’%‘%@G%WM of the
i nvention; Figure 17 shows a passive thernally cool ed enbodi nent of the

i nventi on; 3_1f]d 2? Figure 18 shows a further passive thermally cool ed
embodi nent  JHIY"Re ziﬂ%’@ﬁ"t Apnembedimanttaf otheoinvention indluding dare szt fent s

Figure 1sa sd“gwﬁ-,gaﬂlﬁ(g)geﬂiﬁ% and side view of a substrate 100 including an
25 attached sem Conductor Uie 200. The substrate is conposed of an epoxy

material such as FR4/5 or BT. The sem conductor die 200 is attached to the
surface of tdh e ' l: | dhesi ye such.as an epoxy based
adhesi ve. | nm Jlé g’?zﬁtfr{/&;ssuar mﬂr%ieg@?%g@eﬁit 8#3{?9}('8?' ?@'Q@@"i'gs% ri es of
el ectrical aflowingtfluichsensiig). The pads 110 are arranged to be electrically

30 connected in a manner which ultimately allows electrical signals to be
sent and received by the sem conductor die. The pads may, for instance, be

10 Figure 14 shows an embodiment of the invention demonstrating the artefacts
of ejector pins used in the moulding process;

Figure 15 shows a still further embodiment of the invention including an insert
for allowing fluid sensing;
15

Figure 16 shows an active thermally cooled embodiment of the invention;
Figure 17 shows a passive thermally cooled embodiment of the invention; and

20 Figure 18 shows a further passive thermally cooled embodiment of the
invention.

Description of the preferred embodiments
Figure 1a shows a top plan and side view of a substrate 100 including an
25 attached semiconductor die 200. The substrate is composed of an epoxy
material such as FR4/5 or BT. The semiconductor die 200 is attached to the
surface of the substrate using a suitable adhesive such as an epoxy based
adhesive. Immediately surrounding the semiconductor die 200 is a series of
electrical contact pads 110. The pads 110 are arranged to be electrically
30 connected in a manner which ultimately allows electrical signals to be sent
and received by the semiconductor die. The pads may, for instance, be
connected to a series of solder balls on the loser surface of the substrate
which are arranged to aflow the package to be secured to a circuit board.
Toward the outer edge of the substrate 100 surface, outéide the pads 110, is



connected to a series of solder balls on the |loser surface of the substrate
which are arranged to all ow the package to be secured to a circuit board.
Toward the outer edge of the substrate 100 surface, outside the pads 110,
is 7 a shallow channel 105. This channel 105 is intended to receive the

| ower surface of a housing part which iys added to encl ose the

sem conductor die 200. The side view of Figure la is shown taken al ong
line 150. 5 Figure 1b shows a simlar top plan and side view of a further
substrate. |a shallow chaboeli H@5t Thishechannehn 65 dednteatled A6 receivd [thé dowat ed at

each coner b hal e . 115 whi c onp) et enetrates the, substrate 100.
The side vi egb"fa&ea&s%hﬂ's'{)'ﬁlé%ﬁ'ﬁwf‘f?ht ﬁea‘ﬁé%t %naﬁ'?b%m% semicopdectondigng 1 ne
155, 10 whi260.!The sidedvibwsdf $igurh s 8hawR takdndlend i€ 18@0- Figure 2 shows
sonme of the steps involved in the assenbly of a conplete sem conductor

package according to an enbodi nent of the invention. Figure 2a shows a

SubSt LS 1gitd fh bR a6 BeriRY 584 Hak BE8 RIrF dublrdid, AOhRL | OF. L

Figure la. Using automate ace machi nery, em cohductor die
200 is att actebodiment, dhasquarepchanngeh 196 isrsupplemented at Haeh cshegbyaa

adhesi ve 20 ATRGs - ' the substrate in the
formof a fi or%]é-hg? m'ay @ﬁ%ﬁ%@e@%}%&@@s@’g@%ﬁ%i d formprior to the
pl aci ng of the die 200. The next stage, shown in Figure 2b shows the 20
attachnent bandi ng wres.210. These a gai n .pl aced usi ng,  known

aut onat ed p?lt&eeglggé’.' lie? ﬁBWd‘f'ﬁﬂ‘V\'p} 'af@'aifo%%&a view plang inec19fds 100
on the sl@bstwiileehamnightside showsaddew aldngdingPie®y surface of the die. The
bondi ng wires nmay be gol d, copper or any other suitably conductive

material. 25 Figure 2c shows the positioning of the housing 300. The
Shows that [TOE0k Shows i bfthe SdpsCiied 17 1R 880 §RBRlRet .01 s
a | ens 355. SpRucosiystonpackage according to an embodiment of the invention. Figure
2a shows a substrate 100 with a channel 105 as previously described in
15 relation to Figure 1a. Using automated pick and place machinery, a
semiconductor die 200 is attached to a central portion of the substrate 100
using an adhesive 205. The adhesive 205 may be pre-applied to the substrate
in the form of a film, or may be dispensed in paste or liquid form prior to the
placing of the die 200. The next stage, shown in Figure 2b shows the |
20 attachment of bonding wires 210. These are again placed using known
automated processes. The bonding wires are connecled between the pads
| 100 on the substrate and similar pads on the upper surface of the die. The
bonding wires may be gold, copper or any other suitably conductive material.

25 Figure 2c shows the positioning of the housing 300. The particular product
illustrated in Figure 2 is an optical sensor. Figure 2c shows that the housing
300 includes an adaptor 350 which further includes a lens 355. The housing
and adaptor are placed such that the lower surface 305 sits in the channel
105 in the substrate surface. The housing is merely placed in the channel at
30  this stage and is not attached using adhesive.

Figure 2d shows the introduction of a mould 500 which fits tightly over the
housing 300 such that the upper surface of the housing 300 abuts against the
inner surface of the mould 500. The inner surface 505 of the mould may be



and adaptor are placed such that the |lower surface 305 sits in the channel
105 in the substrate surface. The housing is nerely placed in the channel
at 30 this stage and is not attached using adhesive. Figure 2d shows the
i ntroduction of a nould 500 which fits tightly over the housing 300 such
that the upper surface of the housing 3§80 abuts against the inner surface
of the nmould 500. The inner surface 505 of the nould may be 8 conposed of
a different material to the rest of the nould so that it may deform
slightly to compnasedaf aidfferent matefiat to theaestoofithe nsould soitiedt it rmay geford, a

| t | G i al 4 Ls Anjected in,to th uld. A i tabl
materal " a0c ea, B bk a JR B QRS He Mot i spcurelioiniplacty 3 WOt oot ed
at a t enper ahouldingfmatesiaing0xisiifecled ihG0 the mbdid: 2 8Gitadid hiseridl 200fis a

appr oxi rratel¥ 75bar,, The . housi r_lgI 300 and adaptor 350 are conposed of a
materi al hafl'Boseting: aigstic matgralnand; i gnayibet injestedh ot 1a- temperatureyofar e not

damaged By t ' Qc\eg“? Ei e o} t package
once it is rdeiyreove bﬁ%ﬁ??ﬁfe nou g;@%g g%guédgﬁggﬁ@kﬁﬁﬁg’ zﬁé)'ﬁhﬂﬁ a
slightly raihoggingc¥Q andh atiaptor (356t arerconipasedi of a emdterialchavirg amuitdbly The
adapt or 350 4. 5, .4l I Lhg the integral crew thread. as shown.
The noul di né{ '@at"g%nlﬁ%d pﬁ(% t&%g%ﬁ%ﬁ ﬁ'ﬁ’yeﬂ'a BQE%@WPE t?%g"%dﬁ?)‘fa'&'PQMi ch
has the eff @obcess. securing the housing 300 to the substrate 15 100. During

t he moul di ng process, the inclusion of the adaptor 350 in the housing 300,
ensures that no noul ding material 400 can contam nate or damage the

sensi tive diguieerionidihe diinbie@ FackadB Witedt fotehdvell o themddig mou! d
500 being paositioned above the seni conductor device. The depth of "the
moul d i s seP80: Hae adanter 350 isishowndaaeslightly raised position from that in which it

entered the mould. The adaptor 350 is raised or lowered using the integral

screw thread as shown. The moulding material 400 forms a solid enclosure for

the adaptor which has the effect of securing the housing 300 to the substrate
15 100. '

During the moulding process, the inclusion of the adaptor 350 in the housing
300, ensures that no moulding material 400 can contaminate or damage the
sensitive die surface 200.
20
Figure 3 shows a detailed view of the mould 500 being positioned above the
semiconductor device. The depth of the mould is selected carefully to ensure
that a tight fit around the housing 300 is achieved. The portion 505 of the
mould which abuts directly against the upper surface of the housing 300 may
25  be formed from a different material to the rest of the mould 500 such that it
deforms slightly to ensure a tight fit. A suitable material for this portion 505 of
the mould is a silicone or rubber material, while the main body of the mould
500 may be formed from hardened steel with a chromium plating.

30  Figures 4a-e show the assembly of two different package types according to
embodiments of the invention. Figures 4a and 4b cotrespond directly to
Figures 2a and 2b described previously. Figure 4c shows two different
packaging options for a sensor, such as a pressure sensor, which, unlike the



that a tight fit around the housing 300 is achieved. The portion 505 of the
nmoul d which abuts directly agai nst the upper surface of the housing 300 nmay
25 be forned froma different material to the rest of the nould 500 such
that it deforns slightly to ensure a tight fit. A suitable material for
this portion 505 of the nmould is a siligone or rubber material, while the
mai n body of the nould 500 may be formed from hardened steel with a

chrom um plating. 30 Figures 4a-e show the assenbly of two different
package type®raieus examgpleois completehrenclossd byna housing 80h or BOguHeasidg and 4b

correspond dipHeg : ' 0% scri hed. previously. Figure 4c
shows two di f? gﬁée%%ﬁ“fagzti%@fgﬁé%?n ??@%gF@Fgglﬁélhé}dﬁs iﬁﬁ&?e§§°§" ¥ure
sensor, whi cWithima ickannei! 08 inthe subsisatexAlterinativé hoasing!36R4s Yesigpbaied by a
housi ng 301 I n 301 is . si.m]ar to the housing 300 of Figure 2
in that it ig&é’égﬁ% 'HE’%H%"‘ ithe Sypetrase 'Q\F{ feast %\“%R’&ﬁtm 115gn;the manner
substrat e’ Adescribediiv eelatiorsioRigd@21b.s designed to conpletely penetrate the
substrate in at | east one location 115, in the manner 5 described in

relation to Figure 1b. Figure 4d shows the alternative housings 301 and 302
in position PRiguké ddidhows ikl Shepiitive T S i di ng
conpl eted pacl?g es encased in the s%@ﬁo@h?ﬁ%ﬁ%Pﬁ#\gﬁoﬁ%wig@% gures
5a-d show al MerkhO0Qe Figwie pter shews thectwaseBregamdin) Zompietbo ymickagesar t s
300, 301 whi ghcRE8 | EYgle bl . |l ow channel 105 in the
substrate 100. 15 Igﬁg{ parrtaqg%@dﬁgsm%tgg%b antially L-shaped cross-section,
with thel® ower flat surface including a pair of concentric grooves. Wen
t he nmoul di ngg; 0 400 conmes intq coptact wth the housing 300, if any
excess moul g’f'ﬁg%ﬁ%& %ﬂ"_“’ Qﬁ TREYE 3(‘8 %91{]'%'?5 %Héﬂ PRT.e908,30% farthousingsi ng
300, it willpdres 806,pB@1T whictdafe Giranged to sit in a shallow channel 105 in the
substrate 100,

15 End part 306 has a substantially L-shaped cross-section, with the lower flat
surface including a pair of concentric grooves. When the moulding compound
400 comes into contact with the housing 300, if any excess moulding material
attempts to enter the interior of the housing 300, it will be trapped in one or
both of the grooves, thus protecting the interior of the housing and the delicate
20  semiconductor die.

End part 307 includes a flat lower surface, and a perpendicular element which
protrudes out from the vertical wall of the housing. The perpendicular element
extends part or all ‘of the way around the exterior wall of the housing 300.

25  When the moulding material 400 is applied in the mould, the material fills the
gap between underneath the protruding element and forms a 'key' which
tends o attach the housing more securely to the substrate 100.

End part 308 has a lower flat surface, and a vertical wall which is located to
30 the interior of the lower flat surface. This particular design has the advantage

that more of the surface of the substrate is exposed to the moulding material,

thus enhancing the bond between the moulding material, the housing and the
substrate.




both of the grooves, thus protecting the interior of the housing and the
del'icate 20 sem conductor die. End part 307 includes a flat | ower surface,
and a perpendicul ar el enent which protrudes out fromthe vertical wall of
t he housing. The perpendi cul ar el enent extends part or all of the way
around the exterior wall of the housingy®00. 25 Wen the noul ding materi al
400 is applied in the nould, the material fills the gap between underneath
the protruding elenment and forns a 'key' which tends to attach the housing

nor e secur el knd patt!3@8spssateatpa thé Samenstineiplé as @dd past 308 AViRAL theds issr f ace,
30 the interior of the |ower flat

and a verticgl wall which is |lpcated to

surface. Thi @“%’S&’Pema?f}]@é%s‘!v&ﬁ' valume  camparRd ta gAtParbBB6oFUNNING sur f ace
of the substaraund ithe fowsrsgstt b ehB DafO30G!| i - 2ing the
bond between the Flrg | di ngﬁn;t erei aIEp, t he h@%%&gnﬂbglﬁé@ﬁéﬁyp%mlo End

part 308 opefHewsdhgfousipg wilkbe tapped i Wegroevel part 306 in that there is a
singl e grpoove, of relatively |arge volune conpared to an part 306, running
around the | ower part of end part 309. Any excess noul ding material which

enters the HigwiesdPal ilustrata samecppssible housingalesigns. Fhguopde&igdre inl ust r at e

Vi ew, "the | e ESe(d a'gie Ui tiTodeh e (P4 oo pERew a8 Gne
figure is alower fightfigurecis.a tbp prargview. 6a shows a cl osed housing which is

generally square in plan view. Such a housing nmay be used for a pressure
sensor where the sem conductor die does not need to cone into direct

contact 10 t IFigire 6 3h6wWsRRCRHIZBE Housing! WHIcR 8geHer jdtg Whi ch
is generally, s uaBe in plan view 15?58uch al ﬂ%usiér‘l% %@n@?ﬁﬁﬂ?ﬁynﬁsseml y
according t > OURg ;ayrbg Heed for a pressure sensor where the semiconductor

die does not need to come into direct contact with the sensed parameter.

Figure 6b shows an open housing which is generally square in plan view.

15 Such a housing benefits from assembly according to embodiments of the
invention in that the open upper surface abuts the interior of the mould and so
protects the delicate die. A cap or other closure may be fitted after moulding if
required.

20 Figure 6c shows a semi-closed hbusing is generally square in plan view.
Extending from the square surface is a raised cylindrical portion which is open
at its upper surface. Such a housing may be useful for optical sensors or other
sensors where physical access is required to the die surface.

25 Figure 6d shows an open housing which is generally circular in plan view. In
other respects, this housing is similar to the housing of Figure 6b.

Figures 7a-c illustrate how embodiments of the invention may be used to
create arrays of semiconductor packages. Figure 7a shows a cross-section
30  through a 4x4 array of individual packages based around the housing 300
described in Figure 2. The individual housings 300 are positioned as
previously on a substrate. All sixteen housings and associated components
are then positioned inside a large mould 501 as previously described. Molten
moulding material is injected as shown in Figure 7b. Once the moulding



I nvention in that the open upper surface abuts the interior of the nould
and so protects the delicate die. A cap or other closure may-be fitted
after moulding if required. 20. Figure 6c shows a sem -closed housing is
generally square in plan view. Extending fromthe square surface is a

rai sed cylindrical portion which is opem at its upper surface. Such a
housi ng may be useful for optical sensors or other sensors where physical
access is required to the die surface. 25 Figure 6d shows an open housing
whi ch i s gerfBpterinlhas seligifiad, ias shiomn ini Fdgurel 7c, the imould asayebe sembvedstohousi ng

Is simlar t e,h I | i 7a-c il]ustrate hgw

enbodi nent s rgyé%lhg ﬁgﬂﬁfgha%ﬁd‘g sgggftdgwogg'eﬁemarp s Vigw s‘grrﬁ'@onduct or
packages. Fiajangemens lio\showncinoBiguse 8; whare 3fe tdenticeridutob died a0y aref

i ndi vi dual d araund the housing 300 described in Figure 2. The
i ndi vi dual %@?ﬁﬁ%"‘%aﬁ%ﬁ&[’%ﬁ%‘? 1 agggateﬁ#'(ﬂ%%o% sybgiratg 190ppeiprioe. Al |

si xt een Boudhe jirododtiorsstadapied 3500ponents  are then positioned inside a

| arge nmoul d 501 as previously described. Mdlten noulding material is

i njected as shown in Figure 7b. Once the moulding 11 nmaterial has

sol i di fi ed, mmhahembounngﬁtW&J@veﬁﬁ@mogmgwésmﬁﬁ FGIBY @ pigfeal 2

matri x of packaged sensor devices. an view of nt is
shown in Fi Quitstgatesibe housings300 abraady descritieds apdOshoves howsindére 36br ough

i roduct | o g 2leAP HEEhed by e ot ihadlito derem BredboRbetAna o

present d@ i @mangemest sllowsSsimipleyattachnieritlof lerises lof diffehent igpsy Wﬁt&ﬁ@n?' ready

descrti bed, ow insert.3 including a lens is attached by neans
of co- oper aﬁgg‘é%@gff%vbn?maéﬂ‘&"swgﬁman 10 arrangenent allows sinple
attachnment of |enses of different types without any need to alter the

basi c housii} 300 .
%ure 10 shows an alternative means of attaching an insert 351. In the

illustrated embodiment, the insert is a simple plug to seal the housing 303, but
15  other inserts including a lens, for instance, may also be provided. The insert
351 includes one or more recesses about it's perimeter. Provided on an inner
portion of the housing 303 are one or more projections 304 which co-operate
with the recesses 352 to ensure a snap-fit connection between the insert 351
and the housing 303. |
20
Figures 11a) — e) illustrate various embodiments of the invention. In each
case, the upper left view is a side view. The upper right view is a top plan
view, and the lower left view is a cross-sectional side view.

2

L7

Figures 11a) — d) show how a filter 800 may be incorporated into the package.
Certain die types are susceptible to certain wavelengths of radiation,
particularly infra-red (IR} radiation. Each of the embodiments shown in Figures
11a) - d) incorporate a filter adapted to prevent or limit the ingress of IR
radiation. In each embodiment illustrated, the filter 800 is incorporated into the
30  housing before the moulding process described previously.

Figures 11a) ~ d) also illustrate the solder balls 810 which are used to fasten
the completed package onto a printed circuit board. Individual solder balls



Figure 10 shows an alternative neans of attaching an insert 351. In the

i 'ustrated enbodi nent, the insert is a sinple plug to seal the housing
303, but 15 other inserts including a lens, for instance, may al so be
provi ded. The insert 351 includes one or nore recesses about it's
perimeter. Provided on an inner portiofpof the housing 303 are one or nore
proj ections 304 which co-operate with the recesses 352 to ensure a
snap-fit connection between the insert 351 and the housing 303. 20 Figures
11 a) - e) idllowselestrical apontact tervibed imazlet withf coirespondinyy icontacts opatfe  case,

t he upper | side view. The upper right viewis a top plan
vi ew, and tﬁ%&‘?'#\/\rgdrlvc#oéfﬁe'vi ew is a cross-sectional side view 25 Figures 11

a) - d) show how a fllter 800 may be incorporated into the package.

Certain die scept ble to certain wavel engths of radiation,
particul arl f 5 @'Hst‘!?ﬁf g Hﬂhﬁf ppod ‘MOBWQ'HEE@WOWﬁ%@h@Hb&h in

Fi gures 5llajsing %Idéﬂﬁ@llspeil@tt@ s%cﬁié fh‘ér pé@é?EQﬁlé Elr&h?ﬁg&rd %eleH]ﬂ & the

|ngress of IJF adi ation. In each enbodi nmen ustrate er 800 is
i ncor por at edlexidlencifgyit 820bisrprovided Vdéﬂbﬁentﬂm‘l he #ttached pitheradicectip $z ai bed

previously. HEEWSHk &%oélletarf@n ehﬁ%al | lustrate the solder balls 810 which

are used to fasten the co ickage onto a printed circuit board.
I ndi vi dual solder balls 12 allow eI ectrical contact to be nade with

correspondi m co u r. die. e 11 e) il I ustrates
a furth(;r e%‘ﬁ?ﬁgm t1§f|f?|fr§%g?$ﬁ ﬁ&%’"yﬁ?mwﬁﬁ&@mﬁ‘sﬁ | iigth&ol der
bal I s 810 t prausion @ftphekm:kmeseh@l 6Miet dTTRAdS, stich exi bl e
circuit 820 ovi ded whi ch can tn%elﬂbge attached es?fhgurwdl rﬁegé?ﬁu{—/é to a

PCB, or vi aﬂ8w§8 feséF‘F%ﬂb%QFBP@s't'Qﬂ gures 12 -15 illustrate enbodi nents of
the invention which are useful in the

Figure 12 shows a housing part 300 formed substantially as previously
described, enclosed in solidified moulding material 400 which acts to lock the

15  housing part to the substrate as shown. The semiconductor die, located on
the substrate, includes an active portion 220 which is sensitive to a pérticular
fluid and is able to sense one or more properties of a fluid.

The housing, rather than having an optical insert as in previous embodiments,

20 has an insert 605 for receiving a fluid (liquid or gas). The insert 605 is
attached to the housing 300 by means of a screw thread. There is a channel
provided in the insert which allows for a fluid to enter 600 and leave 610. The
channel allows the fluid to come into contact with the active portion 220 of the
semiconductor. The area around the _active portion 220 is sealed using a

25  suitable paste, gel or tape to ensure that the fluid does not enter the main
body of the housing part 300.

Figure 13 shows an alternative embodiment where the fiuid may be allowed to
be in contact with the entire interior of the housing 310. Access to the interior

30 is achieved via an aperture 315 in the housing 310. Semiconductor 200 is
chosen to be sensitive to a property of the fluid under test. Also shown is a
passive component 250. The package of Figure 13 is manufactured in
substantially the same way as has been previously described.



10 provision of packages for sensing properties of fluids, such as
tenperature, flow rate, pressure or conposition. Figure 12 shows a housing
part 300 forned substantially as.previously described, enclosed in
solidified nmoulding material 400 which acts to |ock the 15 housing part to
the substrate as shown. The sem conduct®8 die, |ocated on the substrate,

I ncl udes an active portion 220 which is sensitive to a particular fluid

and is able tp sense one or nore properties of a fluid. The housing, rather
t han havi ng fgué‘bﬂ 4c ghows s rrackage ringluding a housipgdpar302. The selidifieh i nsert

605 for recehtiuming ridtdliéh fnciuds Wl retasdes 208 ih A8 it Syl a"’ﬁx;g@e" to

t he housing 300 by neans of a screw threa ere hanne ided in
the insert wHAEHSes REROMEd byrejestar pinseint the BDOIdrand ares aséd Go e'ﬁsiiy

channel al | oygy, I Etdop | 0 t with the active i on 220
of the sem con(%i‘;t}gtth%rﬂ“'#he a‘%g(a grf@hﬁgfet 'E'éﬁ@c?ﬂ%?e{']‘&ﬂ'?ﬁ‘@wgﬁet "@ Al ed
usi ng a 2% soolidifidde paste, gel or tape to ensure that the fluid does not

enter the main body of the housing part 300. Figure 13 shows an
alternative enbodi nrent where the fluid my be allowed to be in contact

with the entFigaré mmershQWsoé SkageUMcRAingl @ hOGSAES p 30 is
achi eved vi a an, a é%se 315b| natbhe housri%rll 310. en?goh?ﬁgtta%pﬁé 0 |s

chosen to be @gﬁ’é‘ origed, pitached {p an 'ﬂﬁ%ﬂqu@ wltbrﬂj@eﬂtrehchamettdoshovm i s
a passive CAIRARGBHLRPB20 T@eoaﬁla aeacil&e Ebﬂiéhﬁgzb?%fescrl g%hﬁﬁ[i@ﬁﬂ] “ure 14

substantjally the sane way as een previ ous
shows a Hhck %@@eln%hmunsr@fa&em&gm the remindeg @f thar heusznglbjn usecof a goalirgi ng

are formed s aplob BERC236°yicen 6ff b SubiRE] 15 the Beligng 6y & stRbove t he
fini shed pactkeapd.from the noul d once the noulding material has 5
sol i difi ed.
Figures 16-18 illustrate packages which are adapted to enable efficient
15 thermal management of the included semiconductor. Many semiconductors
operate at very high temperatures, or are required to be operated at a
controlled temperature, and in either case, it is desirable to be able to‘control
their temperatures. This is possible using either active or passive temperature
control.
20
Figure 16 shows a package including a housing formed as previously
described. The semiconductor 200 requires cooling in operation. The insert
705, which is attached by a screw thread, is provided with an inlet 700 and an
outlet 710 through which a cooling fluid runs. The insert is thermally coupled
25  to the semiconductor 200 via a thermally conductive tape, paste or gel 260. In
this way, the heat generated by the semiconductor is dissipated in the cooling
fluid and the semiconductor is able to operate at a desired temperature.
Figure 16 illustrates an active control technique.

30 Figure 17 shows a package including a sealed housing 320 encased in
solidified moulding material 400, and formed as previously described. This
package utilises passive cooling. The housing 320 is formed from a thermatly
conductive material, such as a metal, and it is coupled via a thermally
conductive material 260 to semiconductor 270. In this way, the semiconductor



Fi gure 15 shows a package including a housing part manufactured as

previ ously described, attached to an insert 615 with a central channel for
allowing a fluid 620 to contact the active portion 220 of a sem conductor.
The 10 active portion is sealed fromthe rem nder of the housing by use of
a sealing paste, gel or tape 230. Insef4 615 is attached to the housing by
a screw thread. Figures 16-18 illustrate packages which are adapted to
enabl e efficj enB éf the{g% managenment of the included sen conductor. Many
seni conduct of®s 3P4 fpdia 8t Vg the heusing 320 ckhe semieendustqui inethis o be
operated at embeakidg BME f ' I Lhe bt d sirabl e
to be able to contr(;.‘li)Iid ??}hg?lr teﬁpﬁtgr?éggf\gggpérﬁ?@la}gg %B‘gzﬁglngiﬁ?s*h%bﬂgﬁther
active or pa¥ePvl Rackpae dnay be used inlany 20 the pther fibodiments duschibae
including a Reyawi.ng formed as previously described. The sem conductor 200
requires cooling in operation. The insert 705, which is attached by a
screw thrad, is provided with an inlet 700 and an outlet 710 through

whi ch a cool g; ' -dhe insert is thermally coupled 25 to the
'seni conduct o#;iag%*#/!l@sg%%@rWé‘?'P{/%%ﬂYPUE?‘?'W eé'ﬁ“&j-¥'b§§§@"@9°d§§¢ﬂt2m. In
this way, theusigfingledes atstew\thicdd, &R mu:fcpéo-bﬁefgtéﬁitﬂ sbrdnt e
cooling fl ”thd %nd t he srfg'bézqnductor is able to operate at a desired

t enper at ur e. ""A%H AR ¥ rmeddtom @ thermally ctive materisl gueh a8@ Fi gur e
17 shows a paekabdThelissari ' ; I oljidified
nmoul di ng materjal 400 anléﬁ?]g?rsre%edﬁg?mp}rew ou@@agmégg u%l;?ése ﬁckage
uti | i sest%aVailable owrfacy. anre foro dissipatiog (generstednkeat! riha andertc 380! isy
conductive inal h : it is coupbled vig a thermally
conduct i ve rmefargcoyplsetcPSedicBRldior 206 yi,a' figfpelh Sadiclyd ateral”

senm conduct &6014

Thus, embodiments of the present invention provide a modular system
whereby the housing may be simply formed using a moulding system, and the

same basis housing structure may be adapted to suit a variety of different
sensor types. ‘

The present invention includes and novel feature or combination of features
disclosed hersin either explicitly or any generalisation thereof irrespective of

whether or not it relates to the claimed invention or mitigates any or all of the
problems addressed.




Is able to radiate heat via the housing 320. The sem conductor in this
enbodinent is a Ball Gid Array (BGA) type package, and it is noted that
this type of package may be used in any of the other enbodi nents descri bed
herein. 5 Figure 18 illustrates a furthgr passive cooling device. In this
enbodi nent, the housing includes a screw thread, and nounted to co-operate
wth said égrﬁg thread is an insert 330 fornmed froma thermally conductive
material s ﬁ s°’ a nental. The insert includes a plurality of cooling fins
whi ch act to increase the 10 avail able surface area for dissipating
generated heat. The insert 330 is thermally coupled to sem conductor 200
via a therhal | yAsenicenductonpackagal inclpding: Thus, enbodi ments of the present

i nvention provide . a mdul ar s e 15 whereby the housin b i mply
formad uoiho Setira dgcudloecdt T e haing astahaedon. UTaLe GEtiPe may
be adapted t@upsirhtea variety of different sensor types. The present

I nvention includes and novel feature or conbination of features 20

di scl osed thepsamispntiectoedisl attacheg torsaichgubstratenl i sat i on t her eof

irrespective of whether or nof it relates to the clained invention or
mtigates %ng gousing p@'r( fef?@"f%{ Blﬁlséﬁi ag Lhiggchanne @?Sﬂﬂ@@h?d tg said
sem conduct 06uB3G4RAd Afahed'® sufoditb Shi¥eibaiduitbh gielngeast one
channel arranged on a surfate of the substrate; a sem tonductor die
attached to saiidifisdysoulding material Learariyephatouneicat leadt partiallydalbut! saigt one
channel of aht ached té’ SQEH d . . . .

ousing and adhering to said substrate to secure said housing part in

position on said substrate.

2. A semiconductor package as claimed in claim 1 wherein said
semiconductor die is attached to said substrate by means of an adhesive
substance.

3. A semiconductor package as claimed in any one of the preceding
claims wherein the at least one channel has a substantially rectilinear cross-
section.

4, A semiconductor package as claimed in any one of the preceding
claims wherein a portion of the housing part is arranged to penetrate the
substrate.

5. A semiconductor package as claimed in any one of the preceding
claims wherein the substrate is formed from an epoxy material.

6. A semiconductor package as claimed in any one of the preceding
claims wherein the housing part is formed from a thermosetting or
thermoplastic material.



substrate and arranged to surround said sem conductor die; and solidified
nmoul di ng material arranged around at |east partially about said housing
and adhering to said substrate to secure said housing part in position on
said substrate. 2. A sem conductor packgge as clainmed in claim1 wherein
said sem conductor die is attached to said substrate by neans of an

adhesi ve ubst&nce. . 3. &em’ cqnduct or gac%ﬂgﬁ as claingd in ané one of
the preceding ¢l EPRCANUFEPRHEE: _aﬁe%l m Amheee Ahdhe Rrgeetingti al | y
recti| i neagamh® WirersMCtheOBackhge ad@iibraRmehfies hﬂdbﬁhﬁ:? SHahiRshtit any
one of the preceding clains ereln a portion of the housing part Is
arranged t®Aigdwasingpathe substrate. 5. A seniconductor package as cl ai ned

in any one of the preceding clains wherein the substrate is forned from an
epoxy material. 6. A sem conductor package as clainmed in any one of the

precedi ng 8cl ai %Mﬁbﬁﬁmbh?abﬂé%ﬁé B8 ddined i CRAMEE WHeBINtHRIsBRSEL L1 Ng
or thernoplastic material. 16 A sem conduct or package as clained in

any one of ProNiless witha sgreve ithiasel fanexepperatien prith ageorplementany threadc! udes
an insertoﬁr%(/io%tdtiﬁciﬁg‘ﬁ\?\:}#s g_paﬁfi d housing part. 8. A sem conductor package
I'n ereimm v

as clainme claim he insert is provided wwth a screw thread
for co-operation with a conplenentary thread provided in the housing part.

9. A sem Cé)ndugéor ackage as clainmed in any one of claims 1 to 7 wherein
the insert®is r%ﬁfg@@nﬁacf@rd?ﬂ%éga angkimed #banwcenenofactaiment to 7

wherein the insert is arranged to provide a snap-fit connection with the
housing part.

10. A semiconductor package as claimed in any one of claims 7 to 9
wherein said insert includes a lens, and said lens is arranged such that it is
positioned above said semiconductor die.

11. A semiconductor package as claimed in any one of claims 7 to 10
wherein said insert includes a channe! for allowing the through-flow of a fluid
such that said fluid is able to contact an active portion of said semiconductor.

12. A semiconductor package as claimed in claim 11 wherein said active
portion of said semiconductor is sealed from the remainder of said housing by

a sealing material.

13. A semiconductor package as claimed in any one of claims 7 to 12
wherein said insert is provided with a channel for allowing the through-flow of
a cooling material and said insert is arranged to be thermally coupled to said
semiconductor to facilitate the cooling of said semiconductor.

14. A semiconductor package as claimed in any one of claims 7 to 13
wherein said insert includes a thermally conductive material and includes a
plurality of cooling fins, and said insert is thermally coupled to said
semiconductor.



housi ng part. 10. A sem conductor package as clainmed in any one of clains 7
to 9 wherein said insert includes a lens, and said |l ens is arranged such
that it is positioned above said sem conductor die. 11. A sem conduct or
package as clainmed in any one of clainmg77 to 10 wherein said insert

i ncl udes a channel for allow ng the through-flow of a fluid such that said
fluid is able to contact an active portion of said sem conductor. 12. A
sem conduct or package as clainmed in claim 1l wherein said active portion

of said sef.condusémicondusR! atkage s hdainfRiimdfly ehesaf thdBtetddingy a
sealing material. 13. A sem conductor package as clained in any one”of
clainms 7 t@aims wWhgeeinithe pardon et said heusing padeshich taoniacts saidsubsiratal | owi ng

ner mal |y e Supretply Baf 8 ity EbhBnd st ed ibRaflhet oo ng of “sai a

seni conductor. 14. A seniconductor package as clained in any one of clains
7 to 13 ereip said insert includes a thermally conductive material and

i ncl udes al®-pl urSeMigoRAUGRLPAGKAGE Argay wherein; aid meraytinclkiderd plarakity coupl ed
t o | ; . )
ogesg:‘ t h?ﬁ%@@ﬁ%‘e{%%ﬁéﬁééé ear%elérrai%ﬁgqﬁor i éﬁggﬁk@gﬁﬁ%@sﬂngﬁgg%tn S\lmlch

cont act s gsabuntdbon asirgle isabsinblet antially flat and i ncl udes a channel
inscribed in said flat portion. 16. A sem conductor package array wherein
said array includes a plurality of sem conductor packages as clainmed in

ﬁg%/hggem?f1#&25%22?%%@%???&“?0%“ uc ga?% ev?@%&j?ﬁt?’lﬂl‘%t@ e inﬁléh%Aof'
steps of: ? ’ P '
« attaching a semiconductor die to a substrate, the substrate including at
least one channel arranged on a surface of the substrate;
* positioning a housing part on the substrate, in a position surrounding the
die, the housing part received by the at least one channel of the substrate;
» positioning a mould over the housing part such that an upper surface of
the housing part abuts against an inner surface of the mould; and

+ injecting into the mould a moulding material.

18. A method as claimed in claim 17 further including the step of wire
bonding the semiconductor die to selected pads on the substrate.

19. A method as claimed in any one of claims 17 or 18 wherein the step of
attaching a semiconductor die to a substrate includes the step of applying an
adhesive substance to the substrate prior to applying the semiconductor die.

20. A method as claimed in any one of claims wherein 17 to 19 the step of
injecting a moulding material includes the step of bringing the moulding
material to a temperature in the range of 160°C — 185°C and a pressure of
75bar +10% before it is injected into the mould.

21. A method as claimed in any one of claims 17 to 20 wherein the step of
positioning the housing part includes positioning an end of the housing part in




attaching a sem conductor die to a substrate, the substrate including at
| east one channel arranged on a surface of the substrate; positioning a
housi ng part on the substrate, in a position surrounding the die, the
housi ng part received by the at | east the channel of the substrate;
positioning a nould over the housing part such that an upper surface of

he h i b i . i f .0f th | d:
| eoti g PREE 16a8 o AR s eungs the 3eTuConduiontl. the Blfbasta i
clai m 17 faHe Beinriel okl BosubRtarianp reétiWeae crd@nsticient he semi conductor di e

to selected pads on the substrate. 19. A nethod as clained in any one of
clains 17 or 18 wherein the step of attaching a sem conductor die to a

substrate 4nclu tep: in .ad i Ve, subs e to the
substrate %2; i or'g ﬁethggl%i ‘ﬁ%‘"ﬁ%@%@%ﬂ&’%{%&sﬁb E&av%eﬁéﬁe%ﬁo%eag?cl ai ned
in any oneasftioring the Wiisthd) phft irtlidbd fite Stap off part ifetel RBUSingOparEi Ng
material includes the step of bringing the nmoulding material to a

t enper at urRenelrating past@fthgrsubstiate. "185C and a pressure of 75bar 10% before
it isinjected into the mould. 21. A nethod as clained in any one of clains
17 to 20 wherein the step of positioning the housing part includes

posi ti oni r&B. an Aemthbdtdseclaimed iy apgrdaneg of ¢aimé HF @t 22 evtsdreinthecinasnel

whi ch surrou dsé%h% sem copductor die, the at |east one channel being of
subst ant i aﬂ”l"{j:’CP tiei medid 1 8eanged o Hip defermable-pwely that & sypstmtially any one
of cl ai ns g : ; | A NaYav ousi ng part

i ncl udes tt (?a“ g?%%%gyj@%ﬂﬁbﬁ?%ﬁ%bﬁ%ﬂﬁenggﬁw pggé%%fb%ﬁeﬂg part of the
substrate. 23. A nethod as clainmed in any one of clains 17 to 22 wherein
the inner surface of the nould is arranged to be deformable such that a
substantially tight fit against the upper surface of the housing part is
achi eved.



