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;ede;u. ir**+$, F-rt. 6. T.MX=r ~ ' SEM CONDUCTOR DEVI CE PACKAGE AND METHOD
OF MANUFACTURE *159159* Background of the invention 5 The present invention
relates to a nethod of packaging a senm conductor device. It finds
particular utility with devices such as i mage sensors, MEMs and pressure
sensors. Sem conductor sensor packages génerally include a sem conduct or
die part 10 which is nounted on a substrate nade of nmetal and/or plastic,

Fovever'. Sinoe sencor serfeiRaNpORI O BEVEERAGRABERNGE ng o I MM

e.g. light, in the case of opteEdFHASOFMMANUFACTUREUId, in the c
pressure sensors, the active die surface nust be left exposed, or at "F84%t

accessible, after the die and 15 substrate have been encl osed. Description

of the Prior 'ﬁéckﬁ%@ﬁd%ﬁihéjﬁ%ﬁ%ﬂg techni ques often use a ceramc
, Whrch'is

Substrate materia preconfigured with a cavity to accept the die.
Such cer anmisc Slihes present irvesti@? relatesi trglaemethad Db packagity cosemimonducthan

substrates madg of tal and/ or plastic. ce l e t t he
substrate, a é’%ﬁf’cﬁs @Bﬁlsipeadﬁ(f“@arp&g?yegftﬁtq?g%&?esugﬁraf%a@agzen%énssggeiﬁﬁgguni t.
Prior art teclumdpressuréisendore. cap to the substrate, 25 the |eadframe or the

die surface. The cap is held in place using an adhesive. The adhesive is
usually in the formof a paste, or is dispensed froma tape. However, the

appl i cation ofgiB&sduttor! sbrRbF Qékd‘g‘é"sTQérﬁréﬁyf ihtiGHs ta s@MRBAGQOF 8RUpArt i N
adhesi ve being erroneously appliedto the die surface and requires | engthy
peri ods f a0 t el ifesiopatadoor @ substatenmadecef metahangles plastichwit thedlie ¢ o
protect the di i d b Sti : i i
R e S e R S A
moul di ng mat erdseaticorgiuctgre owustl be capakie @f deingeexposed to pgc kghyein thatcase obnce

o sed edge oPNEth 1Ry eor W aoBRCEsee S PERRNE asnser. e ActiE e, 3
that the deli cafrfacei mustubbaleét emposed, danalgérhsbyadchssibles eifter ethé hdie amd t he

preparation or the renoval stage. Insertion and renoval are also additional
steps in thRe r?é’i?ﬁ?%t@'ﬁlﬂypﬁ’&eﬁre&ggﬁdMi ch require nore tine, additional

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 substrate, 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
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,
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5 machinery and increase the opportunity for error. Summary of the
+lnvéntion According to a first aspect of the present invention, there is
provi ded a sem conductor package including: 10 a substrate; a

sem conductor die attached to said substrate; a housing part attached to
said substrate and arranged to surround 2aid sem conductor die; and
solidified noulding material arranged around said housing and adhering to

15 said substrate to secure said ho_usingqg[ i_é] posi%i on.on said stHbst,rate.
Preferably, slfaingenialsasrAges’ repwding matedasseungthedier ROWRME €% dreans

of an adhesi vagie Hhi R GBlicaAd did §hifaGPENN pbRINSALRRS Bt indeh insr 8t feannel
arranged on its upper surface for receiving a portion of the housing part.
Preferably, aPpperation of theneenmiabistagepdiserian and 4agedak arepalpetadgitionghe
substrate. 25_Prefer t i : gPY=Yale) ial.
na preferrodePer i hranSas sl Il Tedlicd M ey el T
be used. Abt emamhineg} gnd imetexse the ppporturdty fot éreor. mat eri al s may be used as
required. 30 Preferably, the housing part is forned froma thernopl astic or
thernosetting material. OQther nmaterials may be used as required, with the
provi so that Shenmaryohthetintgntiemper ature of the chosen material should be
hi gher than the tepperature of the EDHI ding material used. .Prefer%b)ll%, t he
package addi t AGRAAING 1@ fiErtsaspect KEdPe RreFent: YERtRTthees dsiRfovd i ng
part. Prefer aggy,;cohagctprgégagbsnmdmé;ded with a screw thread for
co-operation with a conplenentary thread provided in the housing part. 10
Al ternativelye tahsubistieteit is arranged to provide a snap-fit connection with
t he housi ng part Vi i rd.. | a lens, and said lens is
arranged sucht haafgf‘fégﬁés&g%rsql?itagtg(éo&:ﬁoféd g@%’%@%m conductor die. 15
Preferably, tRe d neesihg ipact attiebed t6 Ramhelbstate aht awianged fte subroangisald ow of
a fluid such that said fluid is able to contact an active portion of said
semi conduct or .  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, said 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 housing 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



Preferably, the active portion of said sem conductor is sealed fromthe 20
«remdi nder of said housing by a sealing nmaterial. Preferably, the insert is
provided with a channel for allowi ng the through-flow of a cooling materi al
and said insert is arranged to be thermally coupled to said sem conduct or
to facilitate the cooling of said sem coductor. 25 Preferably) the insert
includes a thermally conductive material and includes a plurality of
cooling fins, and said insert is thermally cou[)l ed to said sem conductor.

30 Preferabl ymeiting temperaturef ok dhel ehossn ngajssiet shiellsh beohigher sthaai e
Substrate is I - LG s a channel inscribed in said
flat portion. %L*ﬁ&%rg{s]uté%gt{jh%aré%@@tnagﬁat?ﬂ% L}érgg'sent i nvention, there is

provi ded a net hod of manufacturing a sem conductor device, including the

ousi ng part BOPIE B PRaREE FRNEHENTindshecth PoB ISt g Ridme 38 skt 19 @

posi tioni ng ahovsihg paser the housing part such that an upper surface of 5
t he housi ng part abuts against an inner surface of the nmould; and injecting
into the nould a noulding material. Preferably, the nmethod further includes

the step of wprsich@NHitRE iideft 8 PFOGAEE WithOd séle® theesPlor Coashepatibh With tahe
substrate. 10 Preferably, the step of attaching a sem conductor die to a

substrat e i ncroumelementayttaipagiprayiged infhe hgusinadartve substance to the
substrate prior to applying the sem conductor die. 15 Preferably, the step
of injecting a noulding material includes the step of bringing the noul ding
mat eri al t16 aAlternadivelyuthe inpert lie arranggd tf prosdie- a $5ap-dih doangatiopswitrethef  75bar
(10% before i% .éiﬁ igbected into the nould. Alternatively, different
t enper at ures Q d n%ﬁ e required, depending on the 20 choice of housing and
moul ding materials. Preferably, the step of positioning the housing

i ncl udes posi tj oni t he. housi in channel . whi ch surrounds_the . .

sen conduct or PAFIErabR s ineeitindldded 'n oriy BR0 SpidlBus i SRkidp N BRLE sy

i ncl udes the gbsifomdd fisdve $id b&idopdsdtoedigenetrating part of the substrate.
Preferably, the inner surface of the nould is arranged to be defornable

such that 1a tight fit against the upper surface of the housing is achieved.

30 5 Brief deserddy itﬁ@irﬁantimdtsga%me fafraﬁomyé@é ggag@gﬁé%@'bwoof the

present invention and to understand how t he sane ught 1 nto
effect, the isuehthassaigifiuid isablete eradaatepastivg pPoripn of saidaeplieonsivictor. wi t h
reference to the appended drawings in which: 5 Figures 1 a and 1 b show top
pl an and side views of two substrate configurations according to

enbodi ment s ofPrefleealily)vthet iaotive Fogiiore ®f 2sid sEnticonduetast spsealadt fiemateenbl y

of ‘a packgged S0} GONGHC O odnd 5y 'duit hey, eoodi meNt of the i nvent i on:

Preferably, the 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.

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:



Figure 3 shows a partially assenbl ed sem conductor package prior to being
«placed in a nould; 15 Figures 4a-a show the steps in the assenbly of

sem conduct or packages in accordance with enbodi mrents of the invention;

Fi gure 5a-d show housing term nations in accordance with enbodi nents of the
i nvention; 20 Figures 6a-d show side, tog plan and bottom pl an vi ews of
housi ngs accordi ng to enbodi nents of the invention; Figures 7a-c show steps
i.n the assenbly of a matrix of sem conductor 25 packages in accordance with
an enbodi nent eofattaebingraveamicondudtdrglie to 8 sybsiialea top pl an view of matrix of

R gure o showd” P-ANERE AEMoD0 FatoT REREER. R Besibr S TR oo

insert; Figure Ifie;shows an enbodi nent of the invention including a snap-fit
i nsert; 6 Figures 11 a) - e) show variqus enbodi nents of the invention
i ncl udi ng a fi*l tRasitionEged Moyt evar the Beusing paR uchdhaban UPRE" Fe43&E 05ing a

flexi-circdit; K ; Tt i i i ncl udi ng an
i nsert for§5 al ﬁggmﬁﬁg&@g? cas@%f%ﬁ?%ﬁdure Sllgﬁag%g\?vtsHe;m?ﬂPf ﬁ'gdr enbodi nment
mﬁ in

of the invent irjectingdntadhegamtd & @ oratefialowi ng fluid sensing; 10 Figure
14 shows an enbodi nent of the invention denonstrating the artefacts of

ej ector pins used in the noul ding process; Figure 15 shows a still further
enbodi nent of Préferabiyettie anethod| fudtheg mnludasethe fstap aifl wavendohtingdtreensi ng;

15 Figure 16 shows an active the L1y copl ed enbodi mrent of the invention;
Fi gure 17 shows™° 3&%‘%3'%8&4%&?4@‘)%%0‘?% eesrlr‘BS{&T?[ﬁEnt of the invention; and
20 Figure 188 shows a further passive thermally cool ed enbodi nent of the

i nvention. Descrjption of the preferred enbodi nents Figure la sh a top
pl an and side \F?#é%%\fv the §Eﬁ?s?fr£tf%‘3hi’&aiSﬁEl"ERﬂdHﬁtoéﬁ'%? gtSH girlg includes

seni conduct or el §1eRQ%- HR Hdhakife isELABRRS &L theOduAtafPHNOF t jiRg such
as FR4/5 or BT}Tiié %?éogeanqﬂ(}?ngzuctgpégizszog (S attachued tao ?ﬁrf%r g?r aytlzlzd of the

substrate usi fte sersigprditer didhesi ve such as an epoxy based adhesi ve.

| mredi ately surroundi ng the sem conductor die 200 is a series of electrical
contact pads 110. The pads 110 are arranged to be electrically 30 connected
in a mannds wiireferahlly,i thet step ofl ingewtingl 2oneuldiag miatgrial sneleddse thie stepanti

received by the, SR ROMBLINRG rthtSrial 9% RAGRIRE in' Bk rhAgE 3P F60-PTssec

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



connected to a series of solder balls on the |loser surface of the substrate
‘whi ch are arranged to allow 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 shall ow channel 105. This channel 105 is intended to receive the

| ower surface of a housing part which i sbadded to encl ose the sem conduct or
die 200. The side view of Figure 1 a is shown taken along |ine 150. 5
Figure 1 b shows a simlar top plan and side view of a further substrate.
In this enbodPriefideseniptionghthe draWjR@s 105 i s suppl enented at each corner

by a hol e 115F¥§P5B@E@rﬁﬁrﬂgeﬁgl@béﬁﬂgﬁrﬁ{éﬁ{e_@éntth'?\?en_‘%iklﬁ%hﬂ%ﬁné@@tanﬁhg)vﬂh@e vi ew

is asplit viewwt show ng a view along I'ine 155, 10 while
the right sideamadoay be brapghhingmegffestibe im@ntien yill eow betieasrikashy whyt he

steps invol ved | a1s] ' : - package
according to g%é)é%%gioﬁ@?\mfrgfteﬁéen I gggﬁ?%@él&(%lﬁ?ﬁ@mggqi%\@ a substrate
100 with aSchannel 105 as previously described in 15 relation to Figure 1
a. Using autopated pjck a | ace chi ner a_sem conduct pr di 00 is
attached to aEaLgé‘ﬁ‘?sr aia pé%ﬂ‘{]lqc?ﬁ S%‘f’wt @sﬁ'ﬁ&%%e@%%’&% (f\aﬁ"qacﬂg?ﬁ@ge 205.
The adhesive 28&figuratidne decerdiitplol érflbddimeh®s sfubsinvahgori;n the formof a film
or may be dispensed in paste or liquid formprior to the placing of the die

200. The next stage, shown in Figure 2b shows the 20 attachment of bondi ng

wires 210. Thegpfréd Qaa0shdiv BhéSRPsURItHE J686MBI STREREYRN S6ARDRGuctdne
bondi ng w res are connected between the pads 100 on the substrate and

simlar pdfs 8acardingdpgeremkpdinest ¢fithe iiweatien: The bonding wires may be

gol d, 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 afigope i3cshioveseagartiallyi apsembiad sériconductor paekage usriando 3@ihg

i ncl udes an ag%%tgri a%ﬁo \i\%i ch further includes a |l ens 355. The housi ng and
adaptor are p g4'"% Y%at the I ower 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 2 hows the .

it roduction BIOGesitmeaensn A Ens i 16 Argail oby i ERR IR aRI850 s uch
that the uppegcsstibRéewrh ehitRdiMeerts BEtha0Rvariivhs agai nst the inner surface
of the mould 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

fn'o : ?2%' y 10 eRijifr€ 53-d 'sHBl Addsind RGmiddiBnE T ladchiaRES With! ¥mbBditedtEof 2
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;



moul ding material 400 is injected in to the nmould. A suitable material 400
is a thernosetting plastic material, and it nmay be injected at a
tenperature of 5 approximtely 160C - 185C and a pressure of approximtely
75bar. The housi ng 300 and adaptor 350 are conposed of a material having a
suitably high nelting point to ensure thét they are not damaged by the
nmoul di ng process. 10 Figure 2e shows the conpl eted package once it is
renoved from the nould 500. The adaptor 350 is shown in a sli ghtl¥ rai sed
posi tion fronfigeges 11p)whekcshaw variausrenabedi@enis afdhe yentiepchidingsatitter r aj sed
or | owered usj ' I The,; lidi ng materi al
400 fornms a Sg{é?n e’ﬁac dcqéslgcrgéﬁfagéﬁ{aﬁﬁéa gﬁ?ﬁ? ﬁ\%na?%%\éﬁ\ sa ﬁtﬁ(éggﬂlgct of
securing the housing 300 to the substrate 15 100. During the noul di ng
process) the gpelusion, of the 3 I n. ; NG00, I t hat
no noul di ng r‘rg{b@ﬁ 2‘I2 ing%agrb 83%%?559%% §95¢&Hg@8§9ﬁ ﬁ&elug'g s?‘? i'@%i@s
surface 209. 2aMbwihgfiuie sensimgyws a detailed view of the nmould 500 being

posi ti oned above the sem conduct or device. The depth of the nould is
selected carefully to ensure that a tight fit around the housing 300 is
achi eved. TheFppkdé H3shoR8 PfurthBEefMbalbithemiiof theaipvbatich iheltiting @pmisegtfott he
upper surface of the housing 300 may 25 be forned froma different nmateri al
to the rest oflQWBIAHIA ILNSHY: such that it deforms slightly to ensure a
tight fit. A suitable material for this portion 505 of the nould is a

silicone or rubber material, while the main body of the nould 500 may be
formed frdfth hbigtesndd shows|anembodimsemt eftheningertidndemanstitina tee argfagtss how

t he assenbly 8FejtemagirI§LL§ré§r?ﬁ t%égggﬁtﬁrﬁgéssaccordi ng to enbodi nents of the

i nvention. Figures b corr rrectly to Figures 2a and 2b
described previously. Figure 4c shows two di fferent packagi ng options for a

sensor, such as a essure s which, uplike.the. 9 previous exanmple,
s compl ot ol y P 48 &HOBy & MdHtherSHbddlimenbabme ity iR ABingeT, ¢ o
the housi ng 3@ alibwhigflui@séndimg;t hat it is designed to sit solely within a
channel 105 in the substrate. Alternative housing 302 is designed to

conpl etel y°’penetrate the substrate in at |east one |location 115, in the

manner 5 descFiduee 16hbRs @il Afivé thermally Bodied enfbicithént il i ipventidhe
alternative housings 301 and 302 in position within the mould 500. Figure

4e shows the two corresponding conpl eted packages encased in the solid
moul di ng mat e Rfre 49Qhows 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 allow the package to be secured to a circuit board.
Toward the outer edge of the substrate 100 surface, outside the pads 110, is



| 0 Figures 5a-d show alternative end portions 306, 307, 308, 309 for
~housi ng parts 300, 301 which are arranged 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. Wen the noul di ng conpound 400 donmes into contact with the housing
300, if any excess nDuIding material attenpts to enter the interior of the
housing 300, it will be trapped_in one or both of the grooves, thus

protecting th@ shallew shansrel (108. AHissFhapnehd0PHis intended e regeiverthe JAWBLt or
die. End part g3Q4.d BeLUGSsS; Fbatwﬂ.aw addéd 85 enciBsé tRe REFMRIMALEI! Ale

el ement whi ch protrudes out omthe vertical wall of the housing. The
per pendi cul ar 280efsideviematFigare 1ais siowndakemalopayined8lnd the exterior
wal | of the housing 300. 25 When the nmoulding material 400 is applied in
the mould, the material fills the gap between underneath the protruding
el emrent and chngmeab dhews awkimilar topruian tod sideadéw tofi@ fhdber sulpstratee Irsthisur el y

to the substrat End part 3 ower flat surfac and verti cal
wal | vy oh 1 5 Sriodiment die:8a0dre ande; s & SmemBhisE T SR afRee By T
particul ar deso@ tRwhicheofiplételygaaetrbrs th®sebsifaté heosurface of the
substrate is exposed to the noulding material, thus enhancing the bond

bet ween the noul ding material, the housing and the substrate. 10 End part

308 operates Ometdige SRUEISRA 'sﬁlﬂ'vli&\ﬁ \Aﬁtfh tABdefP AL sﬁeﬁmlgna Vet albhglliRe 11552
single groove, of relatively |arge_ volune con‘gare to en part 306, running

around t hd0l owdtilehe fightrsidenshqys @ vispoalopgjine188ss noul di ng material which
enters the housing will be trapped in the groove. 5 Figures 6a-d illustrate
sonme possi bl e housing designs. The top left figure in each case is a side
view, the | owdiiguref2 shoysirsemes ofithgostepmipvalvedsirethie assenitiy of @aveempletght

gener al |y cquabaiodtiybior Kackihd bl dind o S HBpRuieRt S oI F8Y Bl o
CoNTact Wi Lh Ui sensad par amet e B ur o bh shawe.an open Focalna whi ch i s
Conersl 1y SaudrBen B FOTralp. Hhsing e ekl THIEK TR RS (T erl v
according to %mébrmaef@ di 2bbes ld&‘é@lﬁéd e al ébr&ﬂaafpohm SRB SiPREAteSUI( ace
abuts the interior of the nmould and so protects the deljcate die. A cap or

ot her cl osur e Y$Hie Hbadhesa Q. tThe adbepiyr #§5imay &g ara-aeplieddo the;sykstete shows
a_seri -cl osed {asidi o JRIARLY 8CUIGHsbA 1FbaREN A ERAIcAd, o (e

squar e surface is a ral se ortlon I1'S open at its uppe
surface. Such Riadirgiif nijendip B@O u§beume>¢tostagmt shewn ser@gur@ 8b shaws ﬂsﬁensors

where physjqcal tt%%ﬁ%%ﬁt Io$ Eo%%mg{/%ﬁre%oz @eTHé&- %‘Héf p?%céé' Bing Riowfiows an

open hou5|ng ner a circu Ian respects,
t hi s housing mut@naiehaprot:esielseThedmndg\gofwrésgmee:oﬁbected 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 2¢c 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



Figures 7a-c illustrate how enbodi nents of the invention may be used to
<credte arrays of sem conductor packages. Figure 7a shows a cross-section 30
through a 4x4 array of individual packages based around the housi ng 300
described in Figure 2. The individual housings 300 are positioned as
previously on a substrate. Al sixteen h8usings and associ ated conponents
are then positioned inside a |arge nould 501 as previously described.

Mol ten noulding material is injected as shown jn Figure 7b. Once %he

moul di ng  11Compesadef sdifferent matenial do thesreshy eiW&#@ﬂﬂ@H@é‘Y AETORBul d may
be renmpved tosngﬁny% céhs(iie &l t?i;nr@‘;glt.géﬁ@%‘?@' MRANS N sB8MLRLH: plcd OB nRbifm Vi ew

of the arrange ~I's shown I'n Figure 8, where the sem conductor dies 200
are visibl e tmopldirg materisbrOQiis ingectedin 19ithg netidrA suitatde matedalidOriaee 100,

prior to 5 thg.l t§.0n: 0 t @3 £t j f i he

i nvention ar eﬁg{@ééﬁﬁﬁ% FJ|'ér)1£'|'§i éafegigpgé)r{cﬁg '%g?'lgdtjérjé&galé? %&2%?%@%@% %%usi ng
300 alhrgagy deapmkin%mielya‘r&w@homSM\anﬂnaepr:ess%@ dfsmdpudiimgtle%/ [76bar. iThe
attached by ans of co-operatin crew t hreads uch .a arran nt
| owesi mol ohausag B AndadaRinoda0 B fppbsahet aypaeral hAved sy Hbed o
alter the baSh@hhmé&inggpé‘ﬂDto FingUfeethe thBp \ive bt AddrRadit bxeth_éﬁmaﬁldﬁfg
attaching an insert 351. In the illustrated enbodi nent, the insert is a

sinple plug t 8re€8$ t he housi ng 303, but 15 other inserts including a |ens,
for instance, nmay al so be provided. The insert 351 includes one or nore

recesses about it's perinmeter. Provided on an inner portion of the housing
303 are one oFigue @emhowsctheomnBeled\packhge onop driatremavedh frome theemeslkses 352

to ensure a s -f0 t [ . i r : iknhg 303.
20 F gur s 11870 g afGSHd BInGERIT LbNG ARE Rosoh IR it T hBRICC, -
each case, thentgpgathd afduld/i Bw adaptosBHe iy iraised Shdowgnedrusingyttie integral s a
top plan view, and, the |ower left view.is Cross-.sectional side view 25
Figures 11 a) SCrewhigad,as Shiwp- fiveeouidig st fBims 8 salie aniRrwe e
package. Cert gheaddot WhiRh hals&hes esfeedfidelarind theehdubing 30y @ tegduistrate

radi ation, particularly infra-red (IR radiation. Each of the enbodi nents

shown in #ﬁguﬂ@g-lla) - d) incorporate a filter adapted to prevent or limt
the ingress of IR radiation. In each enbodinent illustrated, the filter 800
is incorporated into the 30 housing before the noul di ng process descri bed
previ ousl y. FiDyuingshe mayjding @yocsiss othiel inglusipaoé thenadapipdde0 bnthesh@singahi ch

?;gi \‘jls gﬂaf Os Lﬁggfg%%q?ﬁs SIS HIdRRCKBRFiaP DS cBnRiohBinfiflafe! SC4ihalo /i

S
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 correspond 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



12 allow electrical contact to be made with correspondi ng contacts on the
-sem'conductor die. Figure 11 e) illustrates a further enbodi nent of the

i nvention, where rather that 5 using solder balls 810 to secure the package
to a circuit board, a length of flexible circuit 820 is provided which can
then be attached either directly to a PCB or via a socket arrangenent.
Figures 12 -15 illustrate enbodi nents of the invention which are useful in
the 10 provision of packages for sensing properties of fluids, such as
tenperature, fAreviousexamplieeissearaplaiely-engiosad by,a. haasing 201or 3Rdvidowsinbusi ng
part 300 for ant. i i , | il

sol i dified mngﬁ%éﬁ%lg‘l’%n'a@yr’ ?ﬂa‘% Hqaging 20Y of Fufe ?gﬁ ﬁ@ééﬁgghdf%@eﬁéggftn%'%‘ér t

t he subst r at e withirs hahannd@ht)5iarthe subaicater Adermative bausing 302tihdesighed tait e,

el i, 0 2B R e SRR SR8 el o

t han havi ng ariespiihexhin relation to Bigure11ipr evi ous enbodi nents, 20 has an insert
605 for receiving a fluid (liquid or gas). The insert 605 is attached to
t he housi ng 300 by neans of a screw thread. There is a channel provided in

the insert whimgualdP¥Eowd theratdribtivd Romdy 36Panasd2l inaritehOwithinehs hannel
allows the fluid to cone into contact with the active portion 220 of the

seni conduct or .Mayd 0% Figrsuds shawsathe (o fereseanding GosnpletgdcRrGkapRy a 25
sui tabl e pasteeﬁcgﬁéd A the 3BRd %gWﬁ%térmhoé.he fluid does not enter the
t he

i
mai n body of ousi ng part 300.” Figure 13 shows an alternative
enbodi nentlOwhere the fluid may be allowed to be in contact with the entire

interior of t ' , Jonterd LS j yia an
aperture 315 MOTRE Yhd shel AfGRERR b naficd, 8, olor {07 add P KEGsitd
sensitive to gansop@l,t301owhidneald arrdngedi¢o siteinta shbbow sdhanwneli $0% ipdbsi ve
conponent 250. ‘{)hg 2 age of Figure 13 is manufactured in substantially
t he sane way as!PRYRC e previ ously descri bed. 13 Figure 14 shows a
package including a housing part 302. The solidified noulding materi al

i ncludes two recesses 405 in the upper surface. These recesses are fornmed
by ej ect orldpi id RaEt MOORAR & suBatdNtelly L$eaPred Crssaegtion il the, lowsr flat hed

package from téﬂ%@@%&&@ﬁgﬁéﬂ%@%&hﬂe gfduves! Whehafe %&%ih{?icaﬁﬁgun?:i gure

15 shows a package inclu a housing part nmanufactured as previously
descri bed, at t4¥heamesinimhcomaelwitteths hausinga3Qik iftarwl excras meulding materighi ng a

fluid 620 to cApAfL 18 At Ths VifteREH & AB HoRRing' 3db, SEWICEY HYBHES in JRE 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 to 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.



10 active portion is sealed fromthe rem nder of the housing by use of a
-seal'ing paste, gel or tape 230. Insert 615 is attached to the housing by a
screw thread. Figures 16-18 illustrate packages which are adapted to enable
efficient 15 thermal nmanagenent of the included sem conductor. Many

sem conductors operate at very high tenpegatures, or are required to be
operated at a controlled tenperature, and in either case, it is desirable
to be able to control their tenperatures. This is possible using either
active or pas$&ndearedffoparates arothersaime Rindiplg as ent@ash3bindhpkibreis a

including a hous forme T 200
requires cool i H"@"q g“}%& QF r%\ﬁtu&hﬁla@%%)g)’t{rﬁl%%gﬁ!p%ﬁ?dd F'o %5 éﬁbBﬁeﬂ‘Hby screw
thread, is pravoutedthel Ibhreapartrdfeﬁndnﬁuh 30d. Any extésst mélilindmatgtal whicth a
cooling fluid runs, The |nsert is thernmgll coupl ed 25 to the sem conductor
200 via a the@%rﬁw%mwu&q%eddg& %90 Vgel 260. In this way, the
heat genergted by the sem conductor is dissipated in the cooli ng fluird and
t he sem conductor is able to operate at a desired terrperature gegre 16

i | lustrates afigwes $a-¢dusirale saseg prsgiRle hayisingydesignsy eotpe Igft figy
including a S%ER%aEé’ﬁb%eg%gwem@%%r'léﬁ fQureds f &sritdmlaw \FIQW”BFK?'EH@' 400,

and fornmed as previou descri bed. This package utilises passive cooling.
The housi ng 32®~¢rs‘|ghbﬂg@r@ i$ adap alanhéewal | y conductive material, such as a
netal, and it is coupled via a thermally conductive materi al 260 to

sem conductor 270. In this way, the sem conductor 14 is able to radiate
heat via tlbe Hogwergp 8E6ws Bhelosedrihoasidgowtich iis gehemllg ragodrerémplansviewBal |

Gid Array (B cka and is noted that this type.of ckage
mmy be. ued. i o BredRET Y s FER bl A ReRO g Sebi et ane FRRehBGr 201
il lustrates a diglddbdehotiredity eomedhiondirederdrigct with theisensed pdiafiér. t he

housi ng i ncludes a screw thread, and nounted to co-operate with said screw

thread is an insert 330 formed froma thermally conductive material such as

a nental . The FiO#8réb 'SHSJVSJ%SoﬁerP'hBﬁﬁhgtvyhlm i€ 9ghbrly fdghiaraM Pfénaﬁbwt 0
increase the 10 avail abl e surface area for dissipating generated heat. The

i nsert 3305 s Sussr adiqugingobpnelits tf@ns@rss@r@hbruettwdmgdowrabradlmtwf tye
d id
conductive ”Btﬁ\?én?l\b ﬁ@}aégﬂ%“%ef% sGﬁQ&éaB%tsHﬁ@urR§r%$%?&hé @%ﬁ[&fénrém"%d”ov' €

a nodul ar system ing nma

noul di ng syst eampteatsdhe ldelicedieh #scap bromtbélngjosureunawbeﬁttayaﬁer moaldingdf t o
suit a variety of. fferent sensor types. The present invention includes
and novel featrﬁglé're(g’ conbi nation of features 20 disclosed herein either
explicitly or any generalisation thereof irrespective of whether or not it

rel h | ai i nvention n |1 of th
elates t C)20t E‘Fig(;:ur;él gc‘:3 Osl.hows ea tse?nl c%segI Lg%tgelss SeXergﬁy 6el;quarce)a int p%n 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



probl ens addressed. 15 CLAIM5 1. A sem conductor package including: a
.substrate; a sem conductor die attached to said substrate; 5 a housing
part attached to said substrate and arranged to surround sai d sem conduct or
die; and solidified noulding material arranged around said housi ng and
adhering to said substrate to secure saith housing in position on said
substrate. 10 2. A sem conductor package as clainmed in claim1l wherein said
sem conductor die is attached to said substrate by neans of an adhesive

subst ance. 3. Mateighihessalidified. ssashargrinakigerea’ trehie inpuighynaynke mevrd to
precedi ng 15 I ei pet t i e h el;:;ar ranggd on
rts upper surf%\%lg@o%%'gephﬁr%kgé%%rs{eﬁgﬁro Q'Itc%g' ?1%38%8%@315’{@4@ %Fe

semni conduct or apangementais shawnmird Figurary wimere dhet $emipordustiirndjes | 200n8renher ei n

A Sem conduct SO 1B o b AARR A RaBE0Y R Greliaihet BB ' =
wherei n the stiesihtretiection of adapidrd 3500 an epoxy material. 25 6. A

sem conduct or package as clained in any one of the preceding clains wherein
the housing part is formed froma thernosetting or thernoplastic material.

7. A sen condggHRér SMBEdiIERNES ofihel ifRshtioR A#8Yréstntéed inl Figuises ed8 NBigdfe cl ai ms
wherein the pac_hage additionally includes an insert for attachnment to said
11y

housi ng part. 9 .rages ﬂ‘%@ﬁi’@ﬁ%(ﬁ@@t@ﬁeaﬁé{%@% %’P‘hﬁh@ﬁ? ihﬁ’“binéﬁm 350wher ei n
the insert is;pihdlsteny i.%%g%ﬁ&f 9%&6*%@%@05—‘3 gﬁgrnarsg%g&& 4?Badd.1SUCR an

conpl ementary thread provi 1 in the housing _ A sem conduct or
package adOcl armapgemnantailpwsraimple attagshment ot lengeswbkeditienent types mdtbout any

arranged to prngg&g@a@erzﬁggﬁéi%tﬁgggiﬁﬁ%b! on with the housing part. 10. A

sem conduct or package any one of claims 7 to 9 10 wherein
said insert includes a lens, and said lens is arranged such that it is

posi ti oned ab(f_Lve saj em condHcto. die. 11.fA sem conduct ar cE\a e as

clainmed in any C e hannel
Qe {5t SBOUP AN PEBAYYE iR A SRS e bhiel ihe,

for allow ng flletrhteaamthodiment, eie Rséit W & sihiple pliy tbhvakl el Hbuking 303, sudbl e to

contact an _active IE)orti,on of said sem .conductor. sem conduct or

package addcl SINREANISRISCNEFINGA {GRer B inganee. gy ﬁé%ﬁﬁAPfodﬁjer Thgjipsert
frg[neffgfiyct or 35% ifGd&dordd 8MoRerdcBEBd AUt H's SetrfetBR Wrbiide®bndrSRRbl NI
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.

25 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



20 13. A sem conductor package as clained in any one of clains 7 to 12
wher'ein said insert is provided with a channel for allow ng the

t hrough-flow of a cooling material and said insert is arranged to be
thermally coupled to said sem conductor to facilitate the cooling of said
sem conductor. 25 14. A sem conductor patkage as clainmed in any one of
clains 7 to 13 wherein said insert includes a thermally conductive nateri al
and includes a plurality of cooling fins, and said insert is thermally
coupl ed to saPipwesipetderlueeiact b bes mades #vithc 6adeIRANdiINga ERBIGESaON NG ned i n
any one of th 1 ol ai m8 wherein the portion of said housing part
whi ch cont act ge@kﬁgagﬁggﬂ%at e is substantially flat and includes a channel
inscribed in said flat portion. 17 16. A sem conduct or package array
wherein said r kDG | i f i r

claimed in ans{g&ﬁ%%% 'l‘&'ﬁsg%g‘?%%@wr?g eﬁ%dﬁgeﬁo%tfeg@ggﬁﬁog\,gﬁ %g‘%(g"’q@%&@?tr ate. 5
17. A nethed asingwoldeaadialisidlg @ seoure dmsl paticagediova oircuit bohrdianigngtheofst eps

of : attaching a, senic ctor die to. a substrate; osi t.joni.ng.a housing
part on tho opCbiRasuReUas prafebich EuRah B tahed ethabtigsg S 2oni ne
moul d over thegmusviath Bedket sttahgdri@tt. an upper surface of the housing part
abuts against an inner surface of the nould; and injecting into the nould

a moulding material. 18. A nethod as clained in claim17 further including

the step of Wrigrd=122gliNGthREeRRBUIRRAKIGH D ifehtbR wHdPatAfbeRARP R L he

substrate. 19. A net as clainmed in any one of clains 17 or 18 wherein
the step df aprevsiomgl paskagesdotsensing gireparties ot flbids, auch asdemperaturge step

of appl ying arﬁa@qggsbye%(?a}éz&t&ﬁﬁ%&h%n@ he substrate prior to applying the
[ .

sem conduct or e. 2 net fod as clained in any one of clains wherein
17 to 19 the step of injecting a noulding material includes the step of

bringing the ul di material to a te ure in. . the range of 160C - 185C
and 5 pressur 6 7H0 Swgosp e eR 30p nolioe sl B frey sy 51 A
nmet hod as cl aiﬁﬁ@ﬂ’ideﬂ, aﬁm_o@étfaintd)éolidlﬁaamsgmai_ngonaﬁrimh :hich_fybtsitcﬂﬁclofhel o eh
positioning the housing includes positijoning the housjng i channe ic
Surr ounds 15 he NOURNE RIS B eHtsralipas shown g b emicondustanetie; REARY Whe of
claims 17 t0 He ¥htRid) ihdI8dSd BR alfivePPSitibh 2R0REhiEN & SKHsRIVBGo iaNGAtERSr t he
step of part of the housing penetrating part of the substrate. 18 23. A
net hod as cl aiflislendiis akle torkense opp & mere preperies ofifefivdn t he i nner surface
of the nould is arranged to be deformable such that a tight fit against the

upper surface of the housing is achieved. . AFN@ AY@ AY(@ A
@A(, . A . A . AThah@using, rathes tharmhaxing .af. oklticakiBeest ¥&Jih 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 fluid 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. Aiso shown is a
passive component 250. The package of Figure 13 is manufactured in
substantially the same way as has been previously described.
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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 thermally
conductive material, such as a metal, and it is coupled via a thermally
conductive material 260 to semiconductor 270. In this way, the semiconductor
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mental. The insert includes a plurality of cooling fins which act to increase the
10 available surface area for dissipating generated heat. The insert 330 is
thermally coupled to semiconductor 200 via a thermally conductive material
260.

Thus, embodiments of the present invention provide a modular system

15 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
20 disclosed herein 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.
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10 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
15 claims wherein the substrate includes a channel arranged on its upper surface

for receiving a portion of the housing part.

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
20 substrate.

5. A semiconductor package as claimed in any one of the preceding

claims wherein the substrate is formed from an epoxy material.

25 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.

7. A semiconductor package as claimed in any one of the preceding
30 claims wherein the package additionally includes an insert for attachment to
said housing part.
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positioned above said semiconductor die.

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

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

20
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.

25
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.

30
15. A semiconductor package as claimed in any one of the preceding
claims wherein the portion of said housing part which contacts said substrate

is substantially flat and includes a channel inscribed in said flat portion.
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e attaching a semiconductor die to a substrate;

¢ positioning a housing part on the substrate, in a position surrounding the
die;
10 e 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
15  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
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.

25

21. A method as claimed in any one of claims 17 to 20 wherein the step of
positioning the housing includes positioning the housing in a channel which
surrounds the semiconductor die.

30 22. A method as claimed in any one of claims 17 to 21 wherein the step of
positioning the housing includes the step of part of the housing penetrating
part of the substrate.
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