Met hod for encapsul ating el ectronic conponents with a controll able closing
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carriers, also referred to as boards or substrates, of softer quality and
| ower conpfr&dyiippowplethyfifed with encapsulating material and at which moment the filling
pressure is also higher than in the feed situation. The moment of transition from the
(detected) lower pressure to a (detected) higher pressure is generally determined by a
20 plunger, with which the encapsulating material is supplied, reaching a determined
position. A drawback of the pressure control on the basis of a position of one (or more)
plunger(s) is that such a control is inaccurate and unreliable. Such a control does not for
instance take into account of, among other factors, variations in the weight/volume of
the pellets of encapsulating material to be displaced with the plunger and of variations
25  in the volume of the mould cavities to be filled (for instance due to the presence of more
or fewer electronic components for encapsulation). The existing control can be realized
in simple and reliable manner, but the quality of the encapsulation of electronic
components placed on a carrier requires further improvement. Particularly the carriers,
also referred to as boards or substrates, of softer quality and lower compression strength
30  are susceptible to overload and deformation during the encapsulating process. Not only
can this have adverse consequences for the carrier, the process conditions can also be
adversely affected as a result; the passage for encapsulating material and the passage for
venting can thus be affected, this resulting in uncontrollable process conditions (and

therefore also uncontrollable process results).
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controllability of the force exerted on the carrier can prevent the resultant (also referred

to in practice as the board pressure) exceeding a determined maximum. Undesirable

damage and deformation of the carriers can thus be prevented. It is hereby also possible

20  to prevent the resultant falling below a determined minimum during an encapsulating

process, thereby preventing undesirable leakage of liquid encapsulating material outside

the mould cavity (so-called flash and bleed). The present method thus results in an

improved encapsulating result (for example a better compaction of the

encapsulation/housing manufactured from encapsulating material); less damage to the

25 carrier and less contamination of the carrier.

The pressure on the encapsulating material is measured with a force sensor which can
for instance consist of a pressure sensor connecting to the encapsulating material. One
or more of these sensors can measure the pressure on the encapsulating material very
30  precisely, and are here in contact with the encapsulating material. The sensor must then
be chosen such that it does not fail as a result of curing encapsulating material and that
the presence of the sensor does not have a negative effect on the encapsulating process.
An alternative method of measuring the pressure on the encapsulating material consists

of measuring a force with a force sensor connecting to the plunger. The force sensor can
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that they the electronic components for encapsulating and the walls of the mould cavity, is also

relatively large. This is a consequence of the relatively low closing pressure during the

20  start of the encapsulating process, i.e. during filling of the mould cavity with
encapsulating material, whereby the mould parts are not closed so tightly that they
deform the carrier to a considerable extent. The resulting process advantage is that the
feed of encapsulating material and the degasification can take place relatively easily,
and that due to the additional space in the mould cavity the flow of the encapsulating

25  material also takes place more easily and with less chance of deformation of for
instance connecting wires (wire sweep). Not only is the processed result hereby
improved, but the feed of encapsulating material and the pressure buildup later during a
processing cycle, when the mould cavity is fully filled with encapsulating material, can
also be accelerated.

30
The pressure on the encapsulating material is preferably measured, on the basis of
which the closing force of the mould parts is controlled. In this situation the pressure on
the encapsulating material, also referred to as the filling pressure, is the leading variable

(master) on the basis of which the closing force of the mould parts is controlled (slave).
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In order to further enhance the reliability of the present method it is desirable that at
least one value is determined for the pressure on the encapsulating material, upon
detection of which the clamping force is increased to a determined minimum value if
20  this value has not yet been reached. A safeguard is in this way introduced. This is
because, if the pressure on the encapsulating material acquires a determined minimum
value, the closing pressure of the mould parts will also have to increase. In the unlikely
event the dynamic control were to fail, serious problems such as loss of products,
contamination of the mould parts and so on can in this way be prevented.
25
According to yet another further improvement, the pressure of the mould parts on the
carrier is also measured, and the closing force with which the mould parts are urged
toward each other and the pressure exerted on the encapsulating material are then
dependent over time on the pressure measured on the mould parts. This measurement of
30  the pressure exerted on the carrier represents a direct measurement of a variable which
can be critical. Particularly in the case of the processing of a carrier at a level of surface
load at small distance to which the carrier is sensitive, an additional safeguard against

overload can thus be prevented.
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toward one another with a control able pressure, an intelligent control connecting to the
force sensor and the drive means of the mould parts, this intelligent control being
adapted to control the drive means of the mould parts dynamically over time at least
20  partially subject to the measured values detected with the force sensor. The intelligent
control connecting to the force sensor and the drive means of the mould parts is
preferably coupled to the feed means for encapsulating material for the purpose of
controlling the pressure exerted by the plunger on the encapsulating material. The force
Sensor can comprise a pressure-sensitive sensor connecting to the mould cavity, but can
25  also connect to the plunger. It is further advantageous if the intelligent control is
provided with a control system, wherein an increasing pressure on the encapsulating
material results in an increasing pressure exerted by the drive means of the mould parts
in a direction toward each other. The advantages of the encapsulating device according

to the present invention have already been described with reference to the method for

30  encapsulating electronic components according to the present invention.

The invention is further elucidated on the basis of the non-limitative exemplary

embodiments shown in the following figures. Herein:
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mould part 2 is coupled to frame 7 via drive means in the form of a cylinder 8. It is
noted that the drive means can also be formed by an electromechanical drive or a
pneumatic/hydraulic pressure-increasing drive. Mould parts 2, 3 can be displaced
20  relatively by cylinder 8 and urged with a determined pressure against each other. The
displacement of plunger 6 for the encapsulating material takes place by operating a
servomotor 9 with which a spindle 10 is rotated. The rotation of spindle 10 results in a
vertical displacement of a table 11 along vertical guides 12, on which table 11 the
plunger 6 supports and thus co-displaces with table 11.
25
A force sensor 13 (load cell) is placed between table 11 and plunger 6. Force sensor 13
can thus generate a measurement value which, as long as the encapsulating material is
liquid, is representative of the pressure on the encapsulating material. Force sensor 13 is
connected via a signal line 14 to an intelligent control 15. Intelligent control 15 is also
30  supplied with information coming from servomotor 9 (see signal line 16 with which for
instance position-dependent information of plunger 6 can be transmitted) and
information coming from cylinder 8 (see signal line 17 with which for instance position
and pressure-dependent information from cylinder 8 can be transmitted). Intelligent

control 15 can further also be supplied by a signal line 18 with information from a
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IS represen%a ive 81 ¢ he pressure on the encapsul ating material. Force
sensor 13 is connected via a signal line 14 to an intelligent control 15.

Intelligent control 15 is also supplied with information coning%fron1

ser vonot or Feufsashasyspialternatize embagimeniuareant plogn sneapsyieiag de¥ice PO dependent

i nfor io 1.t } i i from
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pr essur e- delpendenfigural araddsignatedl math idgrticableferéce annteeals. rAanvaraideadyh the

Intelligent control 15 can.further also be suppl;jed a signal line 18
wi th infor ARRYNCOROTR SRR At A oeapsuRBR dhce %lmn ;9&3_6 IS connect ed
Wi th a conbrRlidedivig £2PrebQrds98HI10khiéh & LO%ival RUTRowld Witys Yhe&Rd ihe

di spl acement of cylinder 8 is controlled. Intelligent cortrol 15 acts via
respect i veloyomtnaild parhdsudathat2hic detcgtemsoniotoof 19 esswict sensoini3d Homhsuanppat o5 | s
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by the dis B&@@@@Nhe@ébyﬂie%ﬂ&fed&lh@@?r (i peds@sRBnBF 85 SEHcah®S reb®dbd parts 2,
3 by cylinder 8, these being adapted to each other in dynam c and
cont i nuous Measerpent values are sent via a signal line 32 to intelligent control 15. Pressure
sensor 31 forms an alternative to force sensor 13 under plunger 6 as forms part of
encapsulating device 1.
20
Figure 3 shows three graphs 40, 41, 42 showing the parallel variation of the pressure
over a period of time for respectively the pressure (Fianster, graph 40) exerted on the
encapsulating material by a plunger, the force (Fciamp, graph 41) with which the mould
parts are urged toward each other, and the resulting pressure (Fyoard, graph 42) on the
25  carrier of the electronic components which is clamped between the mould parts. The top
graph 40 shows that the pressure Fianseer €xerted on the encapsulating material remains
limited for a longer period of time during filling of the mould cavity with encapsulating
material, and then suddenly increases quickly as soon as the mould cavity is fully filled
with encapsulating material. The middle graph 41 shows that the pressure Fjamp with
30  which a carrier (board) is clamped between the mould parts, after having been at a
constant level for a longer period of time (again while the mould cavity is being filled
with encapsulating material), suddenly increases rapidly to a higher level. Due to the
mutual dependence of Firanster and Feiamp, which is controlled by intelligent control 15 as

shown in figures 1 and 2, the resulting force which acts on the carrier (Fyoard) remains



Figure 2 shows an alternative enbodi nent variant of an encapsul ati ng devi ce
30 in which the conponents corresponding to the conponents of encapsul ating
devi ce 1 we whvosesyn figure 1 are designated w th i dentipcaiNninefpsence
nunerals. At variance with the above shéwn encapsul ati ng device 1, the
encapsul ating device 30 shown here is provided with a pressure sensor 31

which is received in a nould caV|ty 5 recessed i Io | ower no Hg part 3 such
that the d&tOEMEFGMEARHICH{DhY el uPREABE IO et ofiphe wal |
of mould caydywrh b?&la%n%‘é@s”ﬁﬁl@ i Ofechil@ tﬁ@MhﬁE 'aE‘tQ oHRhEErAr Dhlittdbgd i n
mould cavity 5 can hereb e detected directly with pressure sensor 31. The
t hus recor tedormeasth whlehttha/labuiéspaas ercgroncdvpwarad e@clgnmbr linnme tB2 to
|nteII|gen control 15, chressure %gi 3,1 hornsbf % rnatEve to force
sensor YBIFDBTSHEE T Bre£Lcensy origt N A8 S TH & e Eema” Fi gure 3
shows tilr eetragsl;egpm&hé%ov&ﬂexaﬁ%lén@\m@gu& e tRaERhpllatindrhatiiAns &ntloned
pressure over a period of tine for respectively the pressure (Ftransfer,
graph 40) é)(mlé@ﬂ}b%ﬁdt@@tl@mlébs thezaramipofrthis er¢saire Klarep dogsgdicr al Hispfagr ce
(Fci anp, gr t h. whi rged toward each ot her,
and the re%@ﬁ &)Ctam sattjtreréw??—ab%’(Feﬁr?ﬂgaoﬁ?ﬁ%?alght%tn%e carrier of the

el ectronic conponents whi ch is clanped between the nould parts. The top
graph 40 shows that the pressure Ftransfer exerted on the encapsul ating
material remains limted for a |longer period of time during filling of the
mould cavity with encapsul ating material, and then suddenly increases

qui ckly as soon as the nould cavity is fully filled with encapsul ati ng
material. The middle graph 4 1 shows that the pressure Fcianp with which a
carrier (board) is clanped between the nould parts, after having been at a
constant |l evel for a longer period of tine (again while the nould cavity is
being filled with encapsul ating material), suddenly increases rapidly to a
hi gher |l evel. Due to the nmutual dependence of Ftransfer and Fci anp, which
is controlled by intelligent control 15 as shown in figures 1 and 2, the
resulting force which acts on the carrier (Fboard) remainswithin two
extrenme val ues (between the upper and lower limts Fboard nmax and Fboard mm
shown with broken Iines). This is because the force which acts on the
carrier consists of the force with which the nould parts are noved toward
each other mnus the



(counter)pressure of the encapsulating material in the nmould cavity (Fboard
= Fcianp - Ftransfer). In the shown exanple the pressure on the

encapsul avongiomegsri al is controlled dynam cally and comrtirmNiQo®logo43t he
graph of this pressure (Ftransfer) does9after all display an unpredictable
pattern clearly deviating froma straight line.Clains 1. Method for

encapsul at i el ectroni c conponents nounted on a carrier with encapsul ating
mat eri al , 5@%ﬁpising the processing steps of: A) placing an el ectronic
conponent for encapsulating on a nmould part, B) noving a nunber of nould
parts toward each other with a closing force such that the electronic
conponent flor eMxdpsiloatiqagsilsirextawed doynmnems hpuowdionya caneertvhith carri er

is clanped between the uld parts, C) exertin ressure on a liquid
encapsul at FIGPHILAIS U FOaPRELE PR PS8 s uch that encapsul ati ng
materiaf is A ngi@gaﬁ clRtrbhie cORipbAkrE B dn¥arR0&tAS bAY rhdi@d phreCt roni C
conponent, D) filling the nould cavity wth encapsulating material, and E)
at | east parbi glovipgeaurunpzyr o moakicpass (e waidegcinether with ajctpsigdoregsieh davi ty,
wherein - the pressure. on th a |.at.i.:ng. mat er i [ ur.ed at
east one for celRLaic Wnpdfe f G IR Y bR TR Cho hineR PSS Rl b 1

are urged towatslrieagkl@igedbcandntihempussuse exerted on the encapsul ating
material are_dynamnically dependent on each other over tinme. 2, Method as
clai med in &aP¥rdng pleauscenp liged cnrrnsplating ptesirbyih pbleay onppluageniyshl at i ng

TRt er | ?(? | i :5), m@ﬁ%ﬁ@g&éﬁ%ﬁgﬁmﬁ%@ﬁ%‘&%ﬁ%&%&h&@?ﬂ@ﬁc%bi@;geﬁc‘i’osﬁ@gthg”Caps“' ating

mat er i Inclarm1l or aracteri z I'n that the
pressure on thelcetnoapsahpdricny material is nmeasured with a force sensor
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E) at least partially curing the encapsulating material in the mould cavity,
wherein
15 - the pressure on the encapsulating material is measured by at least one force
sensor, and
- the closing force with which the mould parts are urged toward each other and the
pressure exerted on the encapsulating material are dynamically dependent on each
other over time.
20
2. Method as claimed in claim 1, characterized in that the pressure on the

encapsulating material is measured with a pressure sensor connecting to the

encapsulating material.

25 3. Method as claimed in claim 1 or 2, characterized in that the pressure on the

encapsulating material is measured with a force sensor connecting to the plunger.

4. Method as claimed in any of the foregoing claims, characterized in that the
pressure on the encapsulating material is measured, on the basis of which the closing

30  force of the mould parts is controlled.

5. Method as claimed in any of the foregoing claims, characterized in that the
closing force of the mould parts is measured, on the basis of which the pressure on the

encapsulating material is controlled.



pressure on the encapsulating nmaterial is neasured, on the basis of which
the closing force of the nould parts is controlled. 5. Method as clainmed in
any of t hsofwremeisng cl ai ns, characterized in that the ecesiingdssse of the
moul d parts is neasured, on the basis of0which the pressure on the

encapsul ating material is controlled.6. Method as clained in any of the
foregoing clains, characterized in that the passage of a gas discharge
connecting to the nmould cavity is varied on the basis of the neasured

pressure. ¢. Midofh A1 Bhy I tBO¥rQ&oit 8R! EklabRrk@ i hat the

characterized in that at |east "one value 1's determned for the pressure on
t he encaps phsagonyf angis @lischdrge opowciieg todhé ovulblf cawhy chvaried ooltianipsisepfitor ce i s
increased to a determ ned mninmumvalue if this value has not yet been

r eached. 8@%‘/@?%@@%@”& aimed in any of the foregoing clains, characterized
in thatsthe pressure of the nmould parts on the carrier is neasured, and the
closing force with which the nould parts are urged toward each ot her and

the pressufe eMsthaddssirimhe iretyapshe regringreleiors: eharacterizpdin thasehlesit over
time on t hg?g (458 {Jsrdseteﬂ%alse%fgld t(l:%gretsg1 e rorg%eﬁet{%%ﬁs%uﬁagtnginhagbe%a{fﬁl%ogsde%lcﬁé red in

any of the foregoing ¢C racterize ger posf%ion IS
det ect ed apflwhithehe dhmbR@SbrcoReinprcasta!te ardcttefinRad $hihindin ivalut exdiked]uct he
clanping force is nodified to a determ ned value if this value has not yet
been reach8p notyet bsspireashedr encapsul ating el ectronic conponents nounted on
a carrhﬁr, conprising: - at least two nould parts displaceable relative to
each other and provided with a nould cavity for defining, in a position
urged towaBd edithaltdsetaimad moadych fahy farygodmetlamish ghdraeteeized i drat checonponent

on a carrier clanped betyween the noul d. parts, - feed neans connect.i. to
the moul d EEHYY obihg %\Wgﬂwwﬁ? FAZICT [SBEBUIGHe ) {ng@ring dyrcs KAnpUgose of
exerting PEHRSANIE pois &rcluk i tHwBRIGARE BIhaE hROhFBERSIrakbx&Habntthat

encapsulating material are then dependent over time on the pressure measured on the

15  mould parts.

9. Method as claimed in any of the foregoing claims, characterized in that the
plunger position is detected and, when at least one predetermined position is reached,
the clamping force is modified to a determined value if this value has not yet been

20  reached.

10. Device for encapsulating electronic components mounted on a carrier,
comprising:
- at least two mould parts displaceable relative to each other and provided with a
25 mould cavity for defining, in a position urged toward each other, a mould cavity
enclosing the electronic component on a carrier clamped between the mould parts,
- feed means connecting to the mould cavity and provided with at least one plunger
for the purpose of exerting pressure on a liquid encapsulating material such that
the encapsulating material is displaced to the mould cavity enclosing the
30 electronic component,
- at least one force sensor for detecting the pressure on the liquid encapsulating
material,
- drive means for mutually displacing and urging the mould parts toward one

another with a controllable pressure,



the encapsulating material is displaced to the nould cavity enclosing the
el ectronic conponent, - at |east one force sensor for detecting the
pressur e wo 20fvwokisqui d encapsul ating material, - drive weama20@rosoustual |y
di splacing and urging the nould parts tbward one another with a

controll able pressure,- an intelligent control connecting to the force
sensor and the dri means of the noul Qarts, thisthgtelligent cont r ol
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the force sensor. 11. Encapsulating device as clainmed in claim 10,

characterized the mddd patedymteddliygent timoat icalt pedntgstbag to thetrheasfuedce
sensor and the driv ns. of the nmould parts is coupled to the feed neans
f or encapsulatV%Baﬁg?%gggwn?gpigﬁﬁsﬁﬁpbose of controlling the pressure
exertedsby the plunger on the encapsulating material. 12. Encapsul ating

device as clainmed in claim10 or 11, characterized in that the force sensor
conprises alprEBseapselademdivi¢oas chamsdin clainn b toharaaterizaddnthat e eafolliggnt 13,
Encapsul at 'con roq %\olrimce%til?stocthgiforlrrged einrs] A tﬁg dﬁti@eemgelm%io%ihel _&1(21’ aﬁh%rc%% &4 | zed
in that th&’Torce Sensor connects 1o the pl unger. CIERCEPEUT atson evi ce
as cl ai medtd the d@ed aank ier dapsaBitidf nkdriat RanRepepozad contréliag tHeh®essure
intelligent control is provided with a control system wherein an
i ncr easi ng SFREEDythe pyngHOndhe airsnsBItinggn#eEidri al results in an increasing
pressujg exerted by the drive neans of the nould parts in a direction
toward each ot her

12.  Encapsulating device as claimed in claim 10 or 11, characterized in that the

force sensor comprises a pressure-sensitive sensor connecting to the mould cavity.

13.  Encapsulating device as claimed in any of the claims 10-12, characterized in

15  that the force sensor connects to the plunger.

14. Encapsulating device as claimed in any of the claims 10-13, characterized in
that the intelligent control is provided with a control system, wherein an increasing
pressure on the encapsulating material results in an increasing pressure exerted by the

20  drive means of the mould parts in a direction toward each other.



