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(54) Direct drive electro-mechanical press fdf encapsulating semiconductor devices

{(57) A direct drive electro-mechanical press for
encapsulating semiconductor devices comprises a
clamping axis 122 for closing the mould, and a transfer
axis 124 for injecting molten resin. The clamping axis

| comprises a planetary roller screw 132 coupled to a tie bar
N platen assembly on which a top mold 144 is mounted. A
two-speed gearbox 128 provides a high speed mode and a

high torque mode along the clamping axis. The transfer
axis is slidably located above the clamping axis; the
transfer axis comprises another planetary roller screw 150
coupled to a bottom platen on which a bottom mold 158 is
mounted. The transfer axis transfers the moulding resin
from the pot to the cavities formed when molds are
clamped together. The planetary roller screw drive
arrangement (fig. 5) allows the application of closure
forces proportional to the drive delivered by the servo
motors. '

A closed-loop control is provided to the clamping
and transfer drives. The closed-loop control provides
direct feedback on the clamping tonnage on the tie bars
and transfer pressure in the mold blocks.

The mold is first closed under light pressure {soft
close) and the proximity of the mold blocks checked. If
closure has been prevented by a foreign body the run is
terminated. Otherwise the servo motors apply the
predetermined damping tonnage.
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systens where all the machi nes necessary for producing the enzz 31\5
laid out in a line, thus mnimzing the transportation and ha t
product which is in process between machi nes. 15 BACKGROUND OF THE

| NVENTI ON Tradi tional |y encapsul ation of semi condudtor devices i W\“_
8 w%gsHAs BE

acconpl i shed by. usi ngy Wﬁ%&% PR @ pressd
serves two functions é@ﬁ(ﬁﬁ@lﬁg OB ' anpl ng .tonna EBIACED
the nmolds 20 together_i1n order t%ﬁ%revgﬁf Pee Lng and flashi ngﬂﬁ‘the\\

resin during the encapsul ation process, and (2) the press provides the

transfer action to r?agizégéq éﬁ&ﬁ]%gﬁg o CARUtAEd! BhE hpﬁaﬁiéﬁ for

cavities. The pres g sem conductor devices
encapsul atg OngREAGEHSHIAY Semiconductor devices in an automatic molding system which

complies with the high volume output requirement' for semiconductor

manufacturing. In particular, the present invention 'pertains to a direct drive
electro-mechamcal press for encapsulatmg semlconductor devices in a
clean room environment which is ideal for m-lme semiconductor
10 manufacturing systems. By in-line manufacturing _systems, the present
invention refers to systems where all the machines necessary for producing
the end product srs laid out in a line, thus minimizing the transportation and

handling of the product which is in process between machines.

15 |
Traditionally encapsulation of semiconductor devices s

) - accomplished by using a transfer hold tool mounted onto a press. The press
serves two functions: (1) the press provides the clamping tonnagé to slamp
the molds toget_her in order to 'prevent bleeding and flashing of the resin

20 during the encapsulation process, and (2) the préss provides the transfer
action to transfer the molding resin compound into the mold cavities. The
presses used for molding semiconductor devices in the encapsulation
process afe hydraulic based. Examples of hydraulic pfesses include U.S.
Patent No. 4,599,062 and Japan Patent No. J5 9204-244-A,

25 The main disadvantages of a hydraulic transfer. press are the
contaminations from hydraulic leakages and ol fumes generated from the
hydraulic pump system. As a resutt, the molding 6peration using a hydraulic

press has to be isolated from the front-end of the encapsulation process
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hydrauli.c based. Exam es of hydraulic presses include U S. Patent No. 25
4,599; 062 .and Japan Patent No. J5 9204-244-A. The main di sadvantages of a
hydr autic transfer’ press are the contami nations from hydraulic |eakages and
oi | fumes genérated fromthe hydraullc punp system,6 As a result, the

mol di ng oper atwhichtinvolyes dig dttadh, wire bandmgsanﬂ@tci bebguse thaseo peratiorishe

front-end of the encapsul ati on process which involves die attach, MAre
bondi ng and etaemmsbmmmlmkoamnherforned in a clean room

envi ronment .

As semiconductor fabrication operations are moving towards in-line

systems, it is essential to integrate various processes including the molding
5 ' operation in a clean room environment. An electro-mechanical press using

a toggle mechanism hés ‘been developed récenﬂy to overcome the

problems encountered during the molding proces_s.,ifsing a hydraulic press.

While the electro-mechanical press for enéapsulaﬁng semiconductor
devices overcoines the problems of the prior art systems featuring a

10 hydraulic press, it has two major disadvantages: high wear at the joints, and
disproportionate drive control.

Thé toggle mechanism used in an electro-mechanical press consists
of a plurality of linkages and joints. In semiconductor encapsulation process
under an in-line syétem, the linkages and joints experience high rate of wear

15 and tear. As such, frequent maintenance and down tirhe are incurred to
prevent the fallure of the total system.

The toggie mechanism in an e!ectro-mechamcal press relies on the
principies of mechanical advantage. It follows that the output from the servo
motor is used as an input to the piurality of linkages and joints. The

20 disadvanta.ge_ of the toggle mechanism lies in ‘the -disproportionate
amplification of the input to the linkages and joints. In other words, the
amplified output of the servo motor frorﬁ the toggle mechanism is not
constant. The magnitude of amp_ﬁfication depends on the angles between
the output links and the input links. In a typical press for encapsulating

25 semiconductor devices, tﬁere are at least four links called the tie bars. The
amplification factors increase exponentially during the last phase of
clamping. As a result, the disproportionate amplification of the servo motor '

| ~ output can either over-clamp or break the tie bars. ¥
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As sengconductor fabrication operations are noving towards in-line 5
systens, it is essential to integrate various processes including the

nol di ng operation in a clean roomenvironnment. An el ectronech w”tsa HEETCRRS BEEN
usi ng a toggl e mechani sm has been devel oped recent?y to overcpne t L&CED '

probl ens encountered during the nol ding process using a hydradic

uhi e Lhe el ect T omema e S IR BAHOR cSREBAY A cifset e BIEKIFS HecHanical

devi ces overcones or art syst ens featurl ng a

hydraulic pre H@%&f;ﬂéﬂ W [

and di sproporﬁfona? e contgoo?’m e tog rreg;hgm ussglglaél ??;fh&%

el ectr omechaniggg Fmgfaﬁ&%r&ﬁ aatrﬁsféﬁhx'sy Phe 'cﬂdlﬁéiﬂ@saﬁﬁcbdrﬁgﬂéés an

sem conduct or encapsul at process 15 under an in-line system

Li.nkages agd ipRin¥tBneidiRF isersw doupled & & tief baeplaten assembly on which at least
4 one top moid is mounted. A two-speed gearbox is further coupled to the

clamplng axis for swntchlng between a high speed mode and a high torque

mode along the clamping axis. The two-speed gearbox comprises a high

speed clutch coupled to a speed reducer and a high torque clutch
10 respectively. The trahsfer axis is slidably located above the clamping axis;
the transter axis comprises another planetary roller screw coupled to a
bottom platen on which at least one bottom moid is mounted._ The transfer
axis transfers the molding resin from the pot into the cavities formed when

the top and bottom molds are clamped together. The use of two-speed -
* is gearbox and planetary roller screw along the clamping axis and the use of
plahetary roller screw along the transfer axis not only feduce the number of
‘joints or links required under prior art systems, but also permit the press to

deliver superior velocities and clamping tonnage. _ |

f A closed-loop control is provided to the clamping and transfer axes
20 respectively for minimising the disproportionate drive from the electro-
mechanical pressl In addition to the controllers and drivers, the closed-loop
control provide direct feedback on the clamping tonnage on the tie bars and
transfer pressure in the mold blocks. While better system control is
achieved, problems assbciated with disproportionate drive from the servo

25 motors such as breakdown due to over-clamping are minimize,d;[
For a better understanding of the present invention and to
show how the same may be carried into effect, reference will now

be made by way of example to the accompanying drawings, in which:-_
This Sheet Has pla . d
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and tear. As such, frequent maintenance and down tinme are incurred to
prevent. the failure of the total system The toggle nechanismin an
el:ectro-nmechani cal press relies on the pr|n0|ple§ of nmechani cal advant age.
It follows that the_output fromthe servo 20 notor. is used as an input to
the plurality of Ilnkages and joints. The di sadvantage of the toggle :
mechanism lies in the disproportionate anplification of the input to the

| i nkages and joints. In other words, the anplified output of the servo

mot or from the t d&j@.¢ isbiociodiagram lHustratmg;trxmgenem system toomdigafation of
anplification depends on the angles between 25 the output |inks and the

i nput | i nks the prefersed embogiment obthedgprespatinyentighseni conduct or devi ces,
there are at least four links called the tie bars. The anplification
factors $ncrease A6 dhimeaiside segtionalgvieweof aqrigitar @yafauhc press used for
encapsulating semiconductor devices.
FIG. 3 is a side sectional view of the preferred embodiment of the
present invention for encapsulating semiconductol;?éevices.
FIG. 4 is a side sectional view of one plarfetary roller screw which is

10 partially broken away to show one planetary _rollér of the planetary roller
screw as part of the clamping and transfer axes of the electro-mechanical
press in accordance to FIG. 3.

FIG. 5 is a front sectional view of the pianétary roller screw taken
~ along the line A-A of FIG.4.

15  FIG.6isa éide elevational view which is partially broken to show the
speed reducer, high speed clutch and high torque clutch of the two-speed
gearbox of the present invention. | -

v FIG. 7 is a block diagram illustrating the closed-loop control for the
élamping and transfer axes of the preferred embodiment of the present

20 invention. | | | |

FIG. 8 is cross sectional pérspective vilew of a molding block in a
-clam'ping position and illustrating the position of the pressure transducer
being flushed with the cuil bridge of a lead frame.

' FIG. 9°is a flow chart illustrating the function of the servo controller

25 used in the preferred embodiment of the present invention.
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vFIG. 10 is a profile of the clampmg axis of the p Ement
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tie bars.

 ofthe present invention.
#FIG. 11 is a profile of the transfer axis of the preferred embodiment of

S the present invention.
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The present invention conprises a direct drive electro-nmechanical press for
~encapsul ating sem conductor devices. The press has at |east two axes - a
clanpi'ng:axi's -and a transfer axis. The clanping axis conprises a 5

pl anetary. roller.screw coupled to a tie .bar plafen assenbly on which at

| east oné top nold T's nounted. A two-speed gearbox is further coupled to

E?gtez%?ggé;?QEX}Zﬁﬁ?r@%ﬂﬁ@f?ﬁ%ﬁttﬁ-ﬂsﬁgh@é&? Eﬁégggﬁ?ﬁ Hifeapstldling] .0
; i;sggct ih\ée![ f?"‘ls'?gn&‘r@ﬁg%‘ﬁ%% @' ?saggf‘?gﬁ"g %ﬁ gge rgb%vgg%%@eg'ar'r%itﬂg .
bt t om pl S0UAWEIR HesErPHBR; sEReRIE SHecklcdRhany Ay oBt Rt e er

axi s trapsT G Sicldly iGUkd, 16 baRY, Tbrbs8titg HaneBliobf, Gt Ghdbf 1 providend vhen
' thorough understanding of the present invention. It will be obvious to one
skilled in the art that the present invention may be practised without these
specific details. In other instances, well-known p;l}ts such as those involved
with the die attach, wire boﬁding and trim fomind are not shown in order not

10 to obscure the present invention.

Notation and Nomenclature
The detailed description with respect to the functions of the servo

controller and programmable logic controller of the present invention

15 relating' to the closed-loop control are presented partially in terms of
algorithm and symbolic representation upon operation on data bits within

the computer memory. These algorithmic descriptions and representations

are the means used by those skilled in the art in the data processing arts io

most effectively convey the substance of their work to others skilled in the art.

20 - An élgoﬁthm is here, and generally, conceived to be a self-consistent
sequence of steps leading to a desired result. These steps are those require
physical manipulation of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, and otherwise manipulated.

25 In this case, the physical quantities are voltage signals which correspond to
the pressures at the tie bars and resin compound respectively. It proves
convenient at times, principally for reason of common usage, to refer to

gha%? ‘signals as bits, values, elements, symbols, characters, terms, numbers

6 This Sheet Has Been Replaced ?
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top and bottom nol ds are cl anped together. The use.of two- speed gear box 15
and planetary roller screw along the clanping axis and the p
roller screw along the transfer -axis not only. reduce the_ n

or links required under prior:art st ens,, but al s er‘mt t he .np&
del i ver superior ver g fikes l@m@@%@@%'ﬂﬁﬂ%ﬁ A ’-'!.. 383
prowdedtothe cl anpi:ng and transfer 0 res ectlv Jms 3
t he di sproporti onatimg g%tq p@rﬁﬁﬂ?@'@?é f’bfh ‘ﬁ?%%%a @&?tq .
to the controllers and drivers, cl os d oo control rovi de dlrect

feedback on the cl BAFElCONVARRN lﬁﬁe qeg tﬂaﬁ'?sﬁrﬂi‘ '95§'f er pressure in .

the mol d bl ocks. While tter st em.cont.r.ol _ 0 .
associated with dispr opge ha Hﬁﬂ)@u _'BWtd%f@é{%%tqg% Eéfgﬁ%%to %tems
breakdown due t5O ©¢tich Calsaré%d?r(r]g or ec5ﬂ1B'aﬁh§.e QVhich are commonly associated with the

mental operations performed by a human operator No such capability of a

human operator is necessary, or desirable. " ‘In most cases, in any of the

" operations described herein which form pgrt of the present invention; the

operations are machine opefations. ' 'Use;ul machines for performing the

10 operatiohs of the present invention include general purpose digital

computers or similar devices such as processors or controllers. in all cases,

it should be borne inj mind that there Is a distinction between the method

operation in operating a computer and the method of computation itself. The

~ present invention relates to method steps for operating a computer in

- 15 processing electrical or other (for example, mechanical, chemical) physical
- signals to generate other desired physical signals. . |

The present invention also relates to an apparatus for performing

these 'operations. This apparatus may be specially constructed for the

required purpose or it may comprise a general purbose computer as

20 selectively activated or reconfigured by a computer program stores in the

- computer. The algorithms presented herein are not iﬁherently related to any

particular computer or other apparatus. In particular, various general

purpose machines may be used with programs written in -accordance with

the teachings herein, or it may'prove more convenient to construct

25  specialized apparatus to perform required method ste;-:s.- The required

: o structure for a variety of these machines would appear from the description
given below | \\

- ' : Th:.s Shcez
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5 BRI EF DESCRI PTI ON OF THE DRAW NGS FI G 1 is block diagramillustrating the
general system confiiguration of the preferred enbodi ment of the present
i nventi-on. " 'FIG 2 is a side sectional view of a prior art

A
hydraul i ¢. ppess usgd: for encapsul ating sem conddctor devices. FIG 3 is a
si de secti ohﬁne&?ééyﬁpm ﬁ‘@f@sﬁfé}%d embodi ment of the present invention

for “encapsul at i ng aety CRRC] O it Setel Tor brchpBubhily SEHibSARLoASr™" ©f

devices according to the present invention. Shown there is a press 10

‘coupled to a clamping driver 20 and transfer driver 30 for clamping the

5 - molds and transferring molding compounds into the cavities of lead frame in

the semiconductor encapsulation process. - A programmable logic controller

50 and a computer 60 are coupled to the clarr_'jbing driver 20 and the

transfer driver 30 over a servo controlier 40. « The servo controller 40

activates and disables the clamping and trans%er motors in response to

10 predetermined threshold parameters with the assistance of an unique

closed-loop control the details of which will be elaborated further below in

FIG. 7. While the programmable logic conti'oller 50 controls all sequence of

system operations such as the loading of resin compound pellets,

transporting the lead frames etc, the oomputer 60 performs data acquisitions

15 from the sensors at various strategic locations of the bress 10 and displays

the same. It should be understood by one skilled in the art that the block

diagrams in FIG. 1 pertain only to the mold clamping and transferring

operation of a semiconductor encapsulating system. It follo_ws that other

front end stages such as die attach and wire bonding as well as back end

20 stages such as post curing and trim & forming are not shown in order not to
obscure the present invention.

FIG. 2 illustrates a. prior art hydraulic press 70. The press 70 is
incorporated as part of an autofnatic, multi-plunger molding system ASA 808
manufactured 'by the assignee of the present invention. See product

25 ~ brochure of ASA 808. The hydraulic press 70 comprises a clamping section
- 72 being slidably located above a transfer section 74. The transfer section
74 is secured to. a press base 75 and a press frame 76. A hydraulic

pumping section 78 is also secured to the press base 75 for providing

8 . This Sheet Has Been Replaced

R




10 partially broken away to show one planetary roller of thg WW@ EREy
roller screw as part of the clanping and transfer axes of thg
el ect ronechani cal press in accordance to FIG 3. FIG 5is &
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d cl h d hi gh
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cross sectiongl e efiinder 6 Bing féstgﬁéﬂ'd?gtﬁg f5p< slffa@e of a top platen 82

5 - and a ram platen 84. A top mold 86 is secured to the bottom surface of the

ram platen 84 which is further coupled to the cylinder 80 by a plurality of
split flanges 83. The top platen 82is coupled to thq' upper end of a plurality
of columns 88 while the lower end of the columg'é 88 are coupled to the
bottom platen 104. Preferably the top platen 82, ':the ram platen 84 and the
10 bottom platen 104 are parallel relative to each other. Similarly the columns
88 and the guiding rod 90 are parallel to each oiher and perpendicular to
‘the top platen 82, the ram platen 84 and the bottom platen 104. The ram
platen - top mold assembly moves slidably along an axis parallel to the axis

-of the columns 88 and guided by the guiding rod 90.

- 15 In FIG. 2 the transfer section 74 consnsts of a transfer cylmder 92
being coupled to a transfer cylinder platen 94 and further to an ‘ejector
‘support plate 96. The transfer cylinder 92 is connected to an electric motor
114 and the hydraulic fluid tank 120 for receiving power therefrom for
ejecting moiten resin compound along path parallel to that of a plurality of

20 transfer rod 102 into a top mold 106 which is secured on the top surface of
the bottom platen 104.

While the clamping section is activated, the clamping cylinder 80
moves the top mold 86 down onto the bottom mold 106 along the path
parallel to the columns 88 and the guiding rods 90. Not shown in FIG. 2 is

25 the lead frame which is understood to be placed within the cavity formed by
the clamped molds. Thereafter, the transfer section will eject resin

compound into the cavity of the clamped molds. The assembly consisting of

_—
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cl anpi.ng posit i on and i |lustrat i ng the position of the pressure transducer
- being flushed with-the cull bridge of a lead frane. FIG 9 is a flow chart
il lustrating the function of the servo controller 25 used in the preferred

axis ol thetie SR Bkl AHE Ridibep tede {farfieB e forrahiBofed B, "9,
a profile ofpd Hef LEARIWhith'is thé chﬁﬁgtéé‘étlBﬁ.esem I nventi on.

As 'mentioned above, the disadvantage of a hydraulic press are the
contaminations from the hydraulic system and the unevenness drive. On
5 one hand, the hydraulic leakage renders such pr__é'ss less suitable for in-line
systems, the disproportionate drive from the servo motor results in high wear

and tear of the joints and linkages of the press.
FIG. 3 is a side sectional view of the prg‘ierred embodiment of the
present invention. The direct drive eIectro-mecHa‘nical press 10 comprises
10 a clamping axis 122, a transfer axis 124, a press base 125 supporting a
press frame 126, and a two speed gear box 128. The clamping axis 122
consists of a pulley 130 coupled axially to a clamping planetary roller screw
132, a roller nut 136, a bottom tie bar platen 138, a plurality of tie bars 140,
a top tie bar platen 142 and a top mold 144. The pulley 130 is coupled to
15 the two speed gear box 128 over a belt 146 for receiving clamping power
therefrom. The planetary roller screw Is a product of GSA-Gewinde
Satelliten Antriebe AG, Horriwil, Switzerland, and is used for handling
rotational speeds which are several fold higher than those of conventional
ball screws. In the preferred embodiment of the present invention, the
20 clamping axis travels at a speed of 100 mm/sec in the high speed mode.
Moreover, the planetary roller screw withstands a maximum 50 tons axial
ioad in the high torque mode. The .detailed structural descriptions of the
planetary roller screw will be elaborated in FIGS. 4 and 5. Except for
rotational mbtion around its longitudinal axis, the clamping planetary roller
25 screw 132 is held stationary relative to the press frame 126 by a bottom
clamp support 131 and é top clamp support _134 respectively. Bearings or

'equivalent devices (not shown) centrally and bircumferentially in the bottom

eet Has Been Replaced
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DESCRI PTI ON OF EMBCODI MENT OF THE | NVENTION A direct drive ——
el ectro-nechani cal press for encapsul ati ng seni conduct or devi
room environment is described. In the follow ng description,

;EESQLLE ?fﬁé@%@%@ﬁﬁh{ﬁ ang 8 dof b Hupon 1%?%%%%*&’9@@
E)[lﬁegr ese{lt [ ﬂ?% iq a:\éméé&( 2@?95%8W1%u?n?h25e| lsggc: PI E:hge?;;[ I ghaf n

r instances
attach, wire bondwﬁffg Q?Qﬁﬁftéjﬂ@hg]ﬁg #@sﬁ oﬁgﬁﬂg? égﬁ?\lfg@% to o scur e

T roller screw is coupled to the bottom tie bar platen 138. The axis of the

5 pulley-planetary roller screw assembly is perpendicular to the horizontal
axis of the bottom tie bar platen 188.  The bottom tie bar platen 138 and the

‘top tie bar platen 142 are parallel to each other, wh!ie the plurality of tie bars

140 are perpendicular to the platens 138 and 1’4.2. The top moid 144 is
coupled to the bottom surface of the top tie bar piaten 142. In the clamping

10 cycle which will be described in detail in FIGS. 9 and 10, the pulley 130
and the clamping planetary roller screw 132 6perate at high speed to bring

the top and bottom tie bar platens downwards such that the top mold 144

and the bottom mold clamp securely as one assembly. The tie bars 140
moves slidably through side bores 153 of a central platen 152 and side

- 15 * bores 135 of a supportﬂplateh 134.

In FIG.3, the transfer axis 124 consists of a pulley 148, a transfer
platen 149, a plurality of transfer guiding rdds 157, a transfer planetary
roller screw 150 and a plurality of transfer plungers 154. The pulley 148 is
coupled to a.transfer motor 164 for receiving power therefrom over a belt

20 160. Although the transfer motor 164 is shown attached to the two-speed
gearbox 128, it is not coupled to it. The pulley 148 is further coupled to the
transfer planetary roller screw 150 for exerting a plurality of velocities to the
transfer piungers during the transfer cycle. The characteristics of the transfer
axis is described in detail in FIG. 11 below. Except for rotational motion

25 around its longitudinal axis, the transfer planetary roller screw 150 is held

. stationary relative to the press frame 126 by a bottom transfer support 151
and the central platen 152. Bearings or similar devices (not shoWn) are

disposed centrally and circumferentially in the bottom transfer support 151

3 This Sheet Has Been Replac 11

AT llll




10 ‘the pre

- description

-progr anmabl
cl osed- | qop
‘synbolic re
menory. Thes
used by tho
effectively
art. 20

sel f-consi s
are those r
t hough q?t

10

15

sent invention. Notation and Nonmenclature The detail ed
wi'th respect to the functions of the servo controller and

e Ioglclcontroller of the present |n¥ent|on relatlng 15 to the
control are presen artlall n h
snadbeicantisl Mipten 453 ar reseidin meatrsﬁ%gsrvﬁanﬂﬁ gt Rtk

se aI rlthn1c descrl thns d re re entatlon %Hﬁ neans
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1805 The axis; of t{'lﬁetr%an | XIS

T amgie s 122 Sufh thaﬁmfr‘” Egérf’ %ﬁ?@. fioyef o '

path paralie] & a6 i, oh e FRGHRE OB 4§§% . hERH e SRR, T

q iiegﬁgédslﬂates the cavities of the bottom mold 158 during the clamping
and transfer cycles. The transfer guiding rods 157 are parallel to the tie
bars, and the transfer platen 149 and transfer support 151 are
perpendicular to the transfer guiding rods 157_;5 The details of the resin
pellet heating and loading sequences are not shdwn- in FIG. 3 in order not to
obscure the present invention.

In FIG. 3 a simplified version of thé two speed gear box 128 is
illustrated. The two speed gear box consists among other parts a clamping
motor 162, a speed reducer and a plurality of cluiches. The two speed gear
box 128 enables the clamping axis 122 to have at least two modes - a high

speed mode and a high torque mode - along one axis. The clamping motor

162 is coupled to a high speed clutch or a high torque clutch over an output

20

shaft 200 for providing a plurality of rotational speeds for the high speed
mode and torque during the clamping cycle. Similarly, the transfer motor
164 is éoupled to the pulley 148 over the belt 160 for providing a plurality
of rotational speeds during the transfer cycle.

FIG. 4 is side sectional view of planetary roller screws 132 and 150

used in the preferred embodiment of the present invention. Each planetary

~ roller screw has a screw 168 (grooves not shown), a roller nut 170, a

25

plurality of planetary screws 172, an upper portion 178 and a lower portion

180. In the preferred embodimént of the present invention, the upper

portion and the lower portion are used for accommodating a plurality of
bearings (not shown). The roller nut is partially broken away to show a

planetary screw 172 disposed between the groove surface of the screw 168
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bei ng stored, transferred, conbined, and ot herw se mani pul at ed
case, the physical quantities are voltage signal s mhlch corres

t hese quantities t.ake the formof electrical or magnetic signaly ggf f@s BEEN
nrl L

pressures, 2t i e BBl Rl 6%cRoP AUBC SR AGRRAY b Bkt et 322 vl

(hese s nals 15 48l ot SERESE YA PERSHEAR) 368 srem,

et 1o and ¥ 55 0ER 18 iarelify 66 baishH ot forkde® of WRHP High'helld BhG°!
withstand high clamping tonnage at the same time.

5 FlG. 5 is a front sectional view of a planetary roller screw taken along
line A-A of FIG. 4. The end plate of the roller nut 170 has a plurality of
tightening holes 173. In the centre is a screw 168 having a nafrower upper
portion 178. With reference to FIG.3 the roller nut is coupled to the bottom
tie bar platen 138 for moving the clamping axis 122 slidably along a path

10 parallel to the longitudinal axis of the clamping planetary roller screw 132.
Similarly in FIG. 3 the roller nut is coupled to the transfer platen 149 for
moving the transfer axis slidably along a path parallel to the lbngi_tudinal axis
of the transfer planetary roller screw 150.

'FIG. 6 is a side sectional view which is partially broken to illustrate

- 15 the various components of the two speed gear box used in the present

invention. The two speed gear box 128 comprises a clamping motor 162

supported by a gearbox frame 182. The clamping motor 162 is coupled
axially to a high speed clutch 190 and a high torque clutch 194 over the
output shaft 200 (shaded). While the hig_h speed clutch 190 is activated
20 during the high speed mode of the clamping cycle, the high torque cluich
194 is disabled. Likewise, the high torque clutch 194 is activated during
the high torque mode of the clamping cycle, and the high speed clutch 190
is disabled. The output of the clamping motor 162 is_coupléd io the high
speed clutch 190 for receiving rotational 6utput therefrom. The high speed
25 clutch 190 is further coupled to the input of a speed reducer 192 whose
output is coupled to the high torque clutch 194 for afri'plifying the torque
output (slow speed) output from the clamping motor_162_during the high

torque mod_e. As such, the output shaft 200 delivers the necessary driving
\

e——
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.conveni ent | abel's applied to these quantities. Further, the manipul ations
.perforned.-are often referred to in ternms 5
‘whi.ch are -cormonly associated with the nental
human operator.. No such capability of a human operator is necessary, or -
desi rabl e. Fforceoto theaclamping axig/ over the:belh 4k (notsshowan). i The ¢embinatiom ch
formpart of the present invention; the operations are machi ne operations.

Usef ul nachiofiébeftwo-gpeed geaargox 128 anddperplanetarydvllenscrew k82 pemnitst i on

i ncl ude general purpose digital conputers or simlar devices such as

processors the psess of the presentdnventionto achieve apegdscand clampingrtonnageat
there is a distinction between the nethod IBBer.at lon in operating a comnputer

and the met NeUChwergRrevioushhunkrewn. As,wi

gglaacribeddn:riGh 7.dhet eentre

met hod S5t ep?dl'f ﬁ{e %P}gég t‘f. g %sasicg;?lf}})cuatn?lry eplhanced with the unique closed-loop

10

15

20

25

féedback system for the present invention.

v FIG. 7 is a block diagram illustrating the unique closed-loop control
systém of the pfeseni invention. The clamping dg:fver 20, transfer driver 30,
servo controller 40, pfogrammable logic controllér 50 and the computer 60
ére identical to the block diagram in FIG. 1. Partial sections of the direct
drive electro-mechanical press 10 and the two speed gear box 128 are
shown coupled to the closed-loop contrdl syStem to better illustrate its
unique features. The closed-loop control provides feedback control along
the élamping axis 122 on one hand and the transfer axis 124 on the other
hand._ In prior art'systems, the clamping driver 20 and the transfer driver 30
ar'e' coupled to the servo controlier 40 and further to the servo motors for
'providing feedback on velocity, position and torque information of the tie
bars as well of the mold blocks. Because of friction loss, inertia and etc from
the links or joints in the system, the feedback provided by the drivers to the
servo mot'o'rs are disproportionate to the actual forces asserted on the joints.
As a result the repeated amplification of this disborportionate drive cause
unstable control of the sys'.tém. To address this issus, the present invention
supplements the feedback from the drivers with direct feedback on the
torque on the claﬁlping and transfer axes.

The closed-ldop control for the clamping axis comprises a soft-close
sen'sor:"—;ii;lﬁfi, at least one sensor transducer 202 being located at the base of
each tie bar 140. a charge amplifier 206 ooupled'thereto, a tie bar monitor

208 coupled thereto, servo controller 40 coupled thereto, clamping driver

This Sheet Has Been Replaced.

such as addi ng or conparing,
operations perforned by a
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15 processing electrical or other (for exanple, mechani cal

RN
physi cal signals to generate other desired physical signals Tqﬁkg‘hgggﬁ§EEEN
invention also relates to an apparatus for perfornjng these] oper iEPGAGED

Thi s appar at'USZH%obgfe%OQﬁéﬁtby aren eldmpirf mdtort 162" s6ipledidtHarehe s Elirfthe t

may conprise a gener

pur pose conputer as 20 selectively activated or

reconfi gured byrefefr@@Peinbodithest afisé Presentninventionthe ebft-diose aetwior 114s

presented herein are not inherently related to any particul ar conputer or

ot her appar at ugmahufaefuireddyy Keyened;| noatberad Skkiro) 4 positionedsbesiged the
used with prograns witten in accordance with the teachings herein, or it

hdy prove nor epartingesidate iob the molduor datecting whetherStheamolds:are clasetkr Iror m

requi red method steps. The required structure for a variety of these
machi nes wgil daddition; theosoftivloste senspr iisrcatipled toethavservo-controller 40 for

10

15

20

25

transmitting the position information of the molds. Moreover, there are four

~ sensing transducers 202 (manufactured by: Kistler; part number

#9601A1210) embedded at the base of four tie bars 140 for determining if

the soft-close tonnage has been reached. Soff-close tonnage refers to a

~ threshold parameter which usually is a fraction of the ciamping tonnage; it is

used in the preferred embodiment of the present invention to safeguard
against the debris and foreign particles being lodged between the parting
surface of the molding blocks before the molds are clamped fully. Without
testing the soft-close tonnage, debris and foreign particles may damage the
molding blocks permanently. The sensing transducers 202 are coupled to
the charge amplif_ie_r 206 (manufactured by Kistler; part number #Z15238)

over charge wires 204 for converting charges inputé into voltage signals.

- The outputs from the charge amplifier 206 are coupled to the tie bar monitor

208 (manufactured by Kistler; part number # 9821Q11) over link 207 for
aggregating the voltage signals therefrom. The tie bar monitor 208 is
coupled to the servo controller 40 (manufactured by Mycom; part number
#USC200) for determining if the difference in voltage signals from the
sensing transducer is above a plurality of predetermined threshold
parameters. The s_’ervo controller 40 is further coupled to the clamping |
motor 162 over the clamping:driver 20 (manufactured by Shinko; part
number # SSD 2415 SE) for enabling and disabling the iwo modes along

the clamping axis as well as for modulating the rotational speeds
" This Sheet Has Been Repla
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9 Generat’ Syst:em Configuration FIG 1 shows a nol ding system for
encapsulatlng seni cohduct or devi ces -according to the present invention.
Shown there is a press 10 coupled to a clanmping driver 20 and transfer

driver 30 for C'alﬂ)FI‘(?rfliﬁe%ldgédjﬁz 'Ebrﬁfo?ﬁﬂh"eﬂr&ﬁsf@? 91924 SO at Nt O

the cavities of |ead in the onduct or encapsul ation process. A

o bl 6 pida T 214 et o 8 \piie
The servo coy449!d &shatfe aamplifiee 2¥8'coupled thereto, the servo controller 40
coupled thereto, and transfer motor 164 coupled thereto over the transfer
5 driver 30. The pressure transducer 214 (manufactured by Kistler; part #
6157A) is coupled to the charge amplifier 216 (manufactured by Kistler; part
# 5039A332) over a charge wire 218 for conve;ting charge signals into
voltage signals. The outputs from the charge amﬁliﬁer 216 is coupled to the
- servo 'controllér 40 over liﬁk 220 for enabling and disabling the transfer axis
10 according to a plurality of predetermined threshoid parameters. In the
preferred embodiment of the present invention, the parameter corresponds
to the correct pressure w_ithin the resin compound encapsulation. Upon
reaching the appropriate parameters, the servo controller 40 will send
signals to the transfer driver 30 (manufactured by Shinko; part # SSD 2150
15 B) in order to activate or' deactivate the transfer motor 164 coupled thereto.é _
FIG. 8 is a side sectional view of the molding blocks in a clamped
‘position. The top mold 144 has a centre bore 145 allowing the pressure
transducer 214 to be inserted and embedded therein. The bottom mold
158 has a plurality of pots 155 (only one is shown) allowing. a plurality of
20 transfer plungers 154 (only one is shown) to inject melted resin compound
into the cavities formed by the clamped position of the top mold 144 and the
bottom mold 158.. Sandwiched between the top moid and the bottom mold
is a lead frame '215; The lead frame 215 has a plurality of encapsulation
~ cavities 217 which communicate with a plurality of runners 213 and a
‘25 plurality of culls 221. The unique construct of the cull bridge mold is
disclosed in U.K. Patent No. 2,225,552 which is assigned to the same
holding company as that of the assignee of the present invention. The

surface of the pressure transducer 214 is flushed with the cull 221 for

e
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di sabl es the clanping and transfer notors in response to [ edeternlned 10
threshol d paraneters with the assistance of an uni que cIo-qgg< -
the details of which will be elaborated further below in Fl
programmabl e |sapisin ggcmdlam ';ﬂ@sé@ré:wnhrrptlﬁ dids.e
such as the loading of reSin conpound pellets, transportlng t e | ead 2
etc, the COWD%@IHI Fﬁo Vldes iesdbiok for $he tianefarlddds 92gsors at various
15 strategic Iocatlons of the press 10 and di splays-the sanme. It should be
under st ood by one sqd.!@ds aflowechart illustratingethe! mnbtldnaafrm@sservo':c&ntrdller
pertaln only to the nold clanmping and transterring operation of
seni conduct or yzeehrautieé | peefeyrderembodiméehtvef tthet peésent fmventrond sThees
such as die attach and wire bonding as well as back end stages such as post
curing andst r igncépgQiationr of sgmicanduztors devicesrcmndmnoeet with stepc223 wiiich
present invention.

activates the closing of top and bottom molds as illustrated in FIG. 8. In the

p.referred embodiment of the present invention and under the high speed

mode In step 223, the servo controller 40 dlsables the high torque clutch

194 and enables the high speed clutch 190 in FlG 6. Atthe same time, the

10 clamping motor 162 is engaged so that it drives the clamping axis directly

via the high speed clutch 190. As the high torque clutch 194 is dlsabled

the direct drive output from the clamping motor 162 by-passes the the speed
reducer 192

The characteristics of the clamping axis 122 is shown in a FIG. 10.

15 The y-axis represents the distance between the top and bottor_n molds while

the x-axis corresponds the time in seconds. When the molds 144 and 158

are not in the clamping or transfer cycles, they are in the "HOME" position.

Step 228 is represented by the slope from "HOME" to a po_sition where the

top and bottom molds are a predetermined distanc_e aparnt. In the preferred

20 embodiment of the present invention, the predetermined distance is 5mm.

Referring again to FIG. 9, the servo controller 40 checks whether the

predetermrned distance has been reached in step 225. The speed attained

during the high speed mode by the clamprng axis is 100 mm/sec. In step

227, the servo controller 40_ _reduce_s the clamping speed once the

25 predetermined distance between the'molds has been reached. At this

juncture, the servo controller 40 ntonitors the tie bar transducer 202 (shown

in FIG. 7) to determine if th.e solt¥close tonnage has been reached in steps

229 and 231. Once the soft-_close tonnage is reached in step 229.'the

17 -~ This Sheet Has Been Rep
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FIG 2 illustrates a prior art hydraulic press 70. The press 70 is

i ncorporatéd-as part ‘of an automatic, nulti-plunger nolding system ASA 808
manuf act ured .by. t he assi gnee of the present invention. See product brochure
of ASA 808." The’ hydiraulic press 70 conprises a &l anping section 25 72

bei ng sl i daBefva-conirelier-4d checks mhetharr thessoft-close4sensos is astivatad. sédheon 74

is secured t'o a press base 75 and a press ‘frame 76. A hydraulic punping
section 78 seftlase seasords nat aglivaiads $8e 586 ventroliend®abertsthe moiding
Ol ATPING AN Bl6ss in step 258 and activates 1he aldm in step 285, ' | |1 AnSTer
Referring again to FIG. 9, the servo controller 40 disables the high
5 speed clutch 190 and enables the high torque clutch 194 in step 237 once
the soft-close tonnage is reached. This is the high torque mode along the
clam_ping axis: the clamping motor 162 in FIG. 6 delivers its output to the
high torque clutch 194 via t.h-e speed reducer 1;92. The ampilification in
tdrque"from the speed reducer 1'92 is forty tir;les. As such, the torque
10  generated by the clamping axis is at least fifty ton axial load. In step 239,
the servo controller 40 monitors by' reading the pressure transducer 202
whether a pfedétermined clamping tonnage has been reached. In the
preferred embodiment of the present invention, the predstermined clamping
tonnage is set at fifty tons. The profile of the clamping axis from step 231 to
15 step 239 is shown by the second slope in FIG. 10 under soft-close time.
FIG. 11 is a profile of the transfer axis 124 once the clamping
tonnage has been reached. The y-axis represents the distance between the
transfer pluhgers 154 and the top surface of the bottom mold 158. The x-
axis corresponds to the time. The position indicated for "HOME" is the
20 positioh of 'the 't;arisfer plungers 154 before the transfer motor 164 is
activated by the servo controller 40. Once the clamping tonnage has been
achieved as in step 239, the servo controller 40 maintains the clamping
tonnage and commences the pre-heating of the resin pellets as in steps 241
and 243. The apparatus and method of pre-heating the resin pellets are
25 lel known in the art. Therefore they are not illustrated nor described in
order not to obscure the preseht invention. In step 241, the transfer motor
164 drives ___the_transfer plungérs 154 from "HOME" to the "Pre-heat
posi't'io_h'L. During the pre-heat time of the resin pellets in step 243, the

18 This Sheet Has Been Repl

T

o



section respectively. Referring again to FIG 2, the clapping section 72
consists of a clanping cylinder 80 being fastened on the} TS SHFEETaR SqEEﬁ
top platen 82 5 and a ramplaten 84. Atop nold 86 is s cureq,-‘EtP

bot t om sur f aaparmifer BRis/ MEIMARES Sdsition.c Wpon. fhe éxXpiration _
cylinder 80 by a plurality of split flanges 83. The top platen 82 is

coupl ed to thagusavo earitrslferal® conmhenses Wwithothentrangier \profile asdn Istep2481d
of the colums 88 are coupled to the bottom platen 104. Preferably the top

platen 82, thgijth %TPMraﬁWbBwﬂelaoiﬁesfin response 10 thelfeedbadks! frone thetrerisior
relative to each other. Simlarly the colums 88 and the guiding rod 90 are

paral l el to emotonidnveradd. herstep @47 the feedback gigpalst énons the ipressure
platen 84 and the bottom platen 104. The ramplaten - top nold assenbly
moves sl i gabl tyamédunsr 214 are comparéd withoa predetermingd paeking pressure. If the

packing threshold is reached, the curing process for the resin compound

commences in step 249. At the conclusion of the curing process, the

transfer axis decompresses and moves the trans‘té;r plungers 154 back to

the "HOME" position in step 251, This is accompli'fshed by the reversing the

10 transfer motor 164. This is closely followed by the decompression of the

clamping axis in step 253 and illustrated by the last slope under "open time"

_in FIG. 10. The remaining steps are well known in the prior ari: in step 255,

the knock-out mechanism is activated; in step 257, the lead frame package

is ejected by the ejéctor rod 156; in step 259, the transfer platen'is moved

15 back to the "HOME" position; and finally, in step 261, the knock-out
mechanism is disengaged. |

While the present invention has been described particularly with

reference to FIGS. 1 to 11 with e_m'phasis on the direct drive electro-

mechanical press and the associated_closed—lpop_ control for éncapsulating

20 semiconductor devices, it should be understood that the figures are for

illustration only al;ld should not be taken a limitation on the invention. In

_additi_on. it is clear that the apparatus of the present invention has utility in

. many applications where proport_idnate drive in manufacturing is required. It

is contemplated that many changes and modifications may be made by one

25 of ordinary skill in the art without departing from the spirit and the scope of

the invention as described.
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columms 88 and guided by the guiding rod 90. 15 - In FIG 2 the

‘transfer-section 74 consists of Lnder 92 being coupled to a
transfer cyli nder "platen 94 andUE"‘&mg Ii ﬁﬁ‘ |! ect or support plate 96. The
transfer cy i - '92°i's connect notor 114 and the

hydraulic f ank 120 for receiving power therefromfor ejecting nolten
resin conpound al ong path parallel to that of a plurality of 20 transfer
rod 102 into a top nold 106 which is secured on the top surface of the

?ZE Lﬁ&"g? ISE)er&gé the ™ ?p%?gb%%&nﬁﬁﬁ“ﬁf*ﬁ“ﬁoﬁﬁ et #ﬁ%étF ne
b b Z’i m g.gti]% %m %’% erst OOd’Qt (:69)Ib e 2@@(& C&M)ﬁﬁmavﬁedtgaVI ty

2is 25 the rane i'S ‘un
formed by controller, and at least two drivers, said servo motor controller being

-5

4 coupled to said computer and said programmable fogic control respectively,
5 said servo motor controller beirig further coupled to §aid drivers, said system
6 comprising: | _;’:

7 ‘a clamping means for clamping together ét least one set of top and

8 bottom niolds’. said clamping means having a clamping axis;

9 a transfer means for directing molding compound into the cavity
10 formed by the space between at least one set of top and bottom mold, said

11 transfer means having a transfer axis;

12 - a gear switching means coupled. to said clamping means for

13 alternating between a high speed mode and a high torque mode along said .
14 clamping axis; and

15 Ea closed-loop control means coupled to said clamping means and *

16 said transfer means for minimizing disproportionate drive along said

()
~)

clamping and transfer axes respectively. |

2. A molding system according t; claim 1 wherein said clamping axis
comprising a top platen and a bottom platen in horizontal and parallel
relationship with éabh other, said axis further having a plurality of tie bars,
said tie bars being in vertical and parallel relationship with each other, said
bottom platen being further coupled to a first planetary roller screw for
moving said ..clamping axis in a direction parallel to said tie bars.

3. A molding system according to claim 1 wherein said transfer axis

comprising a central platen and a transfer platen in horizontal and paralle!

W N R oW N

relationship with each other, said transfer platen being further coupled to a

2
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the cl anped gﬂ”“ﬁ ﬂl the transfer section wll eject resin

conpound i'nt mmmﬂﬂ "m;]e cl anped nol ds. The assenb caonsisting of.

t he cl anped 11 bl o5 and *encapsul ated 1 ead franes are tﬁ'ﬁﬁ SHEEmsmgth "
A

e 5o, A B 0 e
system and the un Ve“@gﬁle‘i”tbv aldq}aﬂﬂf’err’axlga%‘aaq tt%é??ﬁa@da% 'H‘exﬁ%‘"’ihaﬂgsnllqably anc

'ectlor

renders such pres Sul takile for Irne’ s Sproporti
drive fromthe seio goiel pGSitibhIn rEIa*i‘ibﬁﬁo"L%?d clamping axis.
- 8 1 4. A molding system according to claim 1 wherein said gear switching

means further comprising at least one high speed clutch, said high speed

clutch being coupled to a high torque clutch and a speed reducer over ar

. output shaft for alternating between said. high. speed mode and said high
torque mode in response to a soft-close tp':'eshold parameter.

5. A molding system according tc"; claim 1 wherein said closed-loop

control consists of at least one pressure transducer being located within

- each said tie bar for sensing the force asserted on said clamping axis, said

transducers being further coupled to a chérge amplifier for converting the

charge signals into \ioltage signals, said charge ampiifier being further

" coupled to a monitor for aggregating the voltage outputs from said charge

amplifier, said monitor being further coupled to said servo controller for

2

3

4

5

1

2

3

4

5

6

7

8 regulating the outputs from servo motors connected to said axes in order to
9  minimize the disproportionate drive along said clamping and transfer axis.

1 6. A molding system according to claims 2 and 3 _wherein said
2 clamping axis is above said transfer axis, said clamping axis having a
3 slidable and parallel relationship with said transfer axis.

1 7. A molding system for encapsulating sem_iconductor devices
2 - substantially as hereinbefore described with reference to or as shown in the
3 accompanying drawings. | |

1 8 Ia method for encapsulating semiconductor devices including
2 a computer, a programmable logic control, a servo motor controller, and at
3 least two drivers, said servo motor controller being coupled to said
4

computer and said programmable logic control respectively, said servo

" ‘This-Sheet.Has. Been: Rep
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and tear of the joints and ﬂmm“m ﬂlEress FIG 3 is a side '
sectional view of the. prefGL ll' ﬂ f the present invention. The
di rect drive el ectro mechani*calf ptes% 10 corrprl ses a 10 clanping axis 122,

o apece giﬁfp b ForsBoRr BuR- Gyt BOBRIEA 83 st 6PH, i v °
coupl ed Hyﬁ ‘, '&‘cl anpi ng planetary roller screw 132, a roller nut 136,
abotto ng en 138, a plurality of tie bars 140, a top tie bar

Cpeca godh 2 Al e %@#’%HP?'X-%@@?*héf%?!ﬁ%ﬁd%*%éki?fﬁﬁﬁrﬁﬁom
AG. Hor 1 Rui 1 BoginFolcs: sB Rt fieks Spvinta RIPHG X onal *Specds wni ch
are sevegal Tol d bighfkrer ABahBORF @reciHy HbIRG cohbburd iR thbcavify

10 formed by the space between at least one set of top and bottom mold, said
11 transfer means having a transfer axis; N
12 a gear switching means coupled to_ §'€1id clamping means for
13 alternating between a high speed mode and a h}gh torque mode along said
14 clamping axis; and
15 a closed-loop control means coupled to said clamping means and
16 said transfer means for minimizing dlsproportlonate drive along said

clampmg ‘and transfer axes respectively..
9. The method according to claim 8 wherein said clamping axis

=
~3

comprising a top platen and a bottom platen in horizontal and parallel
relationship with each other, said axis further having a plurality of tie bars,
said tie bars being in vertical and parallel relationship with each other, said
bottom platen being further coupled to a first planetary roller screw for
moving said clamping axis'in a'direction parallel tp said tie bars.

10. A mo|ding' system according to claim 8 wherein said transfer axis
comprising a central platen and a transfer platen in horizontal and parallel
relationship with each other, said transfer blaten being further coupled to a
second planetary roller screw for moving said transfer means in a direction
parallel to said transfer axis, said tiansfer axis being in a slidably and
parallel position in relation .to said clamping axis.

11. The method according to claim 8 wherein said gear switching
means further comprising at least one high speed clutch, said high speed

W M B o W NN Yy WM

clutch beirig coupled to a high torque clutch and a speed reducer over an

22 This Sheet Has Been Replaced
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4 saefgszesn*;ﬁdagsmmmlltmﬁ i t!l‘“;zzzmodzhewz'r:gem' 10 ; q
| roller screw withstands & naxi mum 50 tons axial |load in tH%”&lS@'l‘iETdiA&lBEEN
vrrnD IOIIe blh;“gg?gt‘ﬁg {tﬁgéﬁél"%ﬁﬁg b%cep? a@ob@o? Q?lagtna ea@

i ts 1ongi t#d'fb%hugmuew?e chidB/ 5% BOIRRISH e gdiB paFabterl 32 [ hel d

stationary 25 ve to the press T anp support
131 and aqtop cl anges [ Ve .

devi ces (rzllot shownrr;izccl)a.{l)fﬁrzﬂ Ipé%r?{déml rcun?iﬁpétr?t‘?g f‘?@dﬁﬁmeﬁél?t%lb@ 100
support 131 apgnir8EcbAsists of at least one pressure transducer being located wuthm

y o 3 each said tie bar for sensing thé force asserted on said clamping axis, said

transducers being further coupled to a charge amplifier for converting the
charge signals into voltage signals, said charge;amplifier being further
coupled to a monitor for aggregating the voltage 91&puts from said charge
amplifier, said monitor being further coupled to’:said servo controller for
regulating the outputs from servo motors connected to said axes in order to
minimize the disproportionate drive along said clamping and transfer axis.
13. A molding system according to claims 9 and 10 wherein said
.clamping axis is above said transfer axis, said clamping axis having é
slidable and parallel relationship with said transfer axis.
14. A method for encapsulating semiconductor devices substantially

as hereinbefore described with reference to or as shown in the

AN

W N B W DN R YV O Y v

accompanying drawings.
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12 cl anp support 134 respectlvely for
roller screw 13z
cl anpi ng plane% [
138. The axi s

per pendi cul ar t
bottomtie bar
mhlle t he plurallty of tie bars 140 are perpendicular to the

each ot her,

planetar

yaly

rece|V|ng t he cl anpi ng
Referring. agai.n to FIG 3, The roller nut

L4 oEt@Jal ﬁlrenﬁmi@éﬂ I's COUpl

o the bottomti
| er serew assenbly TS

1%?,‘ gﬁﬁéﬂs BEEN

bar BREBLASED

axis of the bottomtie bar platen 138. The
the ‘top tie bar pl'aten 142 are parallel to

pl at ens 138 and 142." The top nol ¢: 144 is coupled to the bottom surface of
the top tie bar platen 142.

gescri bed in detai
pl anetary roller screw 132 opef

xi

in FIGS. 9 and 10,
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tdp and bottomtie bar platens downwards such that the top
bottom nol d clanp securely as- one assenbly. The tie bars 1
t hrough side bores 153 of a central platgz/gQZ and side borjes 13 E

_ is %24 consi st

support platen 134. In FIG 3, the transf

148, a transfer platen 149, @& plurality of transffer

transfer planetary roller serew 150 and a plural i
154. The pulley 148 is coupled to a transfer noto

therefromover a belt 20 160. Although the transfler

ul di
1

not

attached to the two-speed gearbox 128, it is not doup| ed
48 is further coup to the transfer planetary rjol ljer

exerting a plurality Qf velocities to the transfer
transfer cycle. The cﬁk\

-

racteristics of the transfer
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25 around its |ongitudinal axis, the transfer planetary rol

éxis is described in detail in. FIG 11 below Except for rot[@ar] ;] pm '%g%EEN
5Bk

is held stationary relative to the presséééfats 126 by a bot tiom t r &
support 151 and the central platen 152 ngs er simlar devices (not
shown) are disposed centrally and circunferentially in the bottom transfer
support 151 * 13 and the central platen 15.%for recei vi ng—t he transfer
pl anetary roller screw 150. The axis of tHe {fansfer axi 124 is ﬁléhgned

t

concentrically with the axis of the clanppjhrg—ards—22—5teh—t
transfer pl aten 149 noves al ong a 1 _
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path parallel to the axis of the transfer -guiding rods 157
nold 5 144 encapsul ates the cavities of the bottomnold 15
cl anpi ng and transfer cycles. The transfer ui di ng rods 157
the tie bars, and the transfer platen 14% a transfer support 1
perpendi cul ar to the tfanffér g
pell et heating ang | oafi jequences are not shomn in FIG 3 in order not
to obscure the 102 pre | l[iinvegntion. In FIG 3 a sinplified version of the
two speed gear box\égﬁ_' | ugtrated. The two speed gear box consists
anong ot her parts a Img nmdt or 162, a speed reducer and a plurality of
el utches. The two spee )X 128 enabl es the clanping .axis 122 to have
at | east two nodes - a speed node and a high torque node - al ong
one axis. The cl anpi ngd '
- 1

132,150

- This Sheet Has Been &,

I’"IIII M Il! IHI

FIG. 4
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- ,
162 is coupled to a high speed clutch or a hi

out put shaft 200 for

hi gh speed node and torque during the clanping cycle.
164 is coupled to the pul

transfer notor

providing a plurality of

S\ L

t or que clutCﬂﬂgv N
ot@tional s SHEET HAS BEEN

Siml eefjs hﬁ&'ﬁ&&ﬁ

ver the belt 160 for

e

providing a plurality of 20 rotational épeeﬁé dyyTnpg the transfer cycle.
FIG 4 is side sectional view of planetafly reolTerjs¢rews 132 and 150 used
in the preferred enbodi nent of the presemt ingventlion. Each planetary rol
screw has a screw 168 (grooves not [shewryr—aitott+er—nt§ 170, a plurality of
pl anetary screws 172, an upper portion 178 ajd a |ower {florflion 25 180. In
the preferred enbodlnent of the prgsent |nve$tion, thejupp %%Fg?ﬁﬁ*and
the 'ower portion are used for accgmmodat i ng,a plural it} bearings (not
shown). The roller nut is partlallq broken away to shoyv a pl anetary screw
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172 di sposed between.the groove surface of the screw 168 and (t-he

I nnar

14 wal |l of the roller nut. The plurality ofs/m@net ary rollerg TH® SHEET HAS BEEN

slip-free in the roller nulﬁ inst internal® grooye (notZsStMn) onREPACED
'screw 168 so that the planét roller screw can rotate ery—higir—speed
and wi thstand high clarrp'mgtonnage at the same tine. Z=., FG 5 s a
front sectional view of fCapetary roller screw t ake ﬁrﬁllne A- A of
FIG 4. The end plate &f h-em)lé.er nut 170 has a plylad Fy<al, ti ght eni ng
holes 173. In the cent®e i s¢P¢W 168 having a @ar¥o upper
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portion 178. Wth reference to FIG3 the roller nut is coupled.to the

bottomtie bar platen 138 for noving the ing axis 122 s
path 10 parallel to the |ongitudinal ax?qujpt he, cl anping p ‘ﬂ@t gggt‘ggfe&m

screw 132. Simlarly in FIG 3 the rollek nut is coupled to fhe tr

pl aten 149 for nmoving the transfer axis slidably along a path parallel to
the longitudinal axis of the transfer planefary roller screw 150. FIG 6 is
a side sectional viewwhich is partially broken to illustrate the 15
various conponents of the two<speed gear box used in the present invention.
The two speed gear box 128 cofffiri ses a clanplngEEDtor 162 supported by a
gear box frame 182. The clanping notor 162 is coupled axially to a. high
speed clutch 190 and a hi gh tofque cl-utch 194 ovar the output shaft 200
(shaded) Wil e the high_speed &l utch 90 during the high

.
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20 speed node of the clanping cycle, the high torque clutchy , -
di sabl ed. Likew se, the high torque clutch 194 is activated Jﬁ&f%ﬁf gAﬁ BEPEN

t orque node of t ing cycle, and t@ﬁﬁh%gh speed clutc
di sabl ed. The oyt gARf )t he cl anpi'ng noto 2 is coupl ed to (t He )hi gh spee
clutch 190 for rotational output therefrom The hig eed clutch

190 is further 25 oupled to the input of a speed reducer 192 whose_ out put
is coupled fo | rqde cl 194 for anplifying OfRANSFERL put
(sl ow speed Oelﬁﬁ? gqgsetha_nké “hg nmotor 162 dpdhret EgﬁﬁgqeRQﬂFéR

ch EA' shaft 200 delivers the necessa arck to

node. As su

tHhe cl anping axis
"PACKIN
PRESSURE

225 047 EACHE
REDUCE ' |
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15 over the belt 146 (not shown). The conbination of the two-speed gearbox
128 and the planetary roller screw 132 permts the press of phe—presentm—mm
invention to achi eve speeds and cl anpi ng tonnagg /Mifj ch yere pHtHSi SHEETYHAS BEEN
unknown. As will be described in FIG 7, the control for thq presKEPDAGED 5
significantly enhanced with the uni que cl osed-1oop feedback SystenTfor
present invention. FIG 7 is a block diagramillustrating the unique
cl osed-1 oop control system of the present invention. The clanping driver
20, transfer driver 30, servo controller 40, programmble |ogic controller
50 and the conputer 60 10 are identical to the block diagramin FIG 1.

Partial-- sections of the direct drive el ectro-nechanical press 10 and the
t wo speed gear box 128 are shown
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coupled to the cl osed-1oop control systemto better illustrate its uni gue
features. The cl osed-1oop control provides feedback control —m@

cl anpi ng axis 122 on one hand and the tﬂ@y(é@er axi s 124 on HA&(BEEN
15 In prior art systens, the clanping driver 20 &nd the tr sferREHLAG&r 30
are coupled to the servo controller 40 and further to the servo notors fot
provi di ng feedback on velocity, position and torque information of the tie
bars as wel| of the nold blocks. Because of friction loss, inertia and etc
fromthe links or joints in the system the.feedback provided by the

drivers to the servo 20 “motors are dlspro qrtlonate to the actual forces
asserted on the joints. ASH&MHNB@F eat ed anplification of this

di sporportionate drive caus E roI of the system To address

this issue, the present inv nts t-he feedback fromthe drivers
with direct feedback on the rque
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on the clanping and transfer axes. 25 The cl osed-| T '
{t he cl anping axis conprises a soft-close sensor 143,- at | Eﬁemﬂﬁém SHEET
transducer 202 being located at the base of each tie bar
anplifier 206 coupled thereto, a tie bar ni tor 208 coupl t 88 8€6,19%6r o
controller 40 coupled thereto, clanping driver 20 16 ¢ | ed thereto, |-
and cl anping motor 162 coupled thereto. In the preferred enbodiment of the
present inve)RECT! IDRIVEt ELECTRO-MBECHANICALaRRESSU TR0y Keyence;

a charge

part nunber #KICARSULATING tSEMICONDUCTORe DEVICES

FIELD OF THE INVENTION
5 The present invention relates to a method and apparatus for
encapsulating semiconductor devices in an automatic molding system which
complies with the high volume output requirement for semiconductor
manufacturing. In partiqular, the present invention pertains to a direct drive
electro-mechanical press for encapsulating semiconductor devices in a clean
10 room environment which is ideal for in-line semiconductor manufacturing
systems.' By in-line manufacturing systems, the present invention refers to
systems where all the machines necessary for producing the end product are
laid out in a line, thus minimizing the transportation and handling of the
‘product which is in process between machines.
15
BACKGROUND OF THE INVENTION
Traditionally encapsulation of semiconductor devices is accomplished
by using a transfer hold tool mounted onto a press. The press serves two
functions: (1) the press provides the clamping tonnage to clamp the molds
20 together in order to prevent bleeding and flashing of the resin during the
encapsulation process, and (2) the press provides the transfer action to
transfer the molding resin compound into the mold cavities. The presses
used for molding semiconductor devices in the encapsulation process are
hydraulic based. Example,s of* hydrauhc presses mclude U.S. Patent No.
25 4,599,062 and Japan Patent No. J5 9204-244-A. ' L
The main disadvantages of a hydraulic transfer press are the
contaminations from hydraulic leakages and oil fumes generated from the

hydraulic pump system. As a result, the molding operation using a hydraulic -



parting surface of the nold for detecting whether the nolds are closed. In
5 addition, the soft-close sensor is coupled to the servo-controlter—Z
for transmitting the position information of the nolds. P(mngN'\’tISgF%' e
four sensing transducers 202 (nmanufactured é)y Kistler;
#9601A1210) enbedded at the base of four tie bars 140 fqr deter&gb\?\g

0 a 1

thr eshol d parpra‘sehasthheusolatéd/fromethérﬂom-endaif thiee encapsulationoproce

is used in the preferred enbodi nent of the present invenfion to safeguard
agai nst t he dwhidhsinvolvesodiei gtiaghar wirel zandingrand et cneaasisecthossheperationag
surface of the nol ding bl ocks before the nolds are cl arrped fuIIy Wthout
testing the safeperfesred imanean mamienvireameitei gn particles may danage the

15 nol ding bl ocks permapent|ly. The sensing transducers 202 are coupled to
As semiconductor fabrication operations are moving towards in-line

-5 systems, it is essential to integrate various processes including the moiding
operation in a clean room environment. An electro-mechanical press using a
toggle mechanism has been developed recently to overcome the problems
encountered during the molding process using a hydraulic press.

While the electro-mechanical press for encapsulating semiconductor

10 devices overcomes the problems of the prior art systems featuring a hydraulic
press, it has two major disadvantages: high wear at the joints, and
disproportionate drive control.

The toggle mechanism used in an electro-mechanical press consists
of a plurality of linkages and joints. In semiconductor encapsulation process

15 under an in-line system, the linkages and joints experience high rate of wear
and tear. As such, frequent inaintenance and down time are incurfed to
prevent the failure of the total system. _

The toggle mechanism in an electro-mechanical press relies on the
principles of mechanical advantage. It follows that the output from the servo

20 motor is used as an input to the plurality of linkages and joints. The
disadvantage of the toggle mechanism lies in the disproportionate
amplification of the input to the linkages and joints. In other words, the
amplified output of the servo motor from the toggle mechanism is not
constant. The magnitude of amplification depends on the angles between

25 the output links and the input links. In a typical press for encapsulating
semiconductor devices, there are at least four links called the tie bars. The

amplification factors increase exponentially during the last phase of



*

the charge anplifier 206 (manufactured by Kistler; pagt—tromt ' )
pver charge wires 204 for converting charges inputs i| t@%ﬁﬁﬁ&gfﬁgﬁgl 5.
The outputs fromthe charge anplifier 206 are coupledjtd the tie bar
nmoni tor 208 (manufactured by Kistler; part gwunber # 982 le%wqquq@ n
for 20 aggregating the voltage signals therefrom Th ie bar nonito
is coupled to the servo controller 40 (manufactured by, '
#USC200) for clamping.niAsgairesulteths disprepaitionate,amplf yrhthe sepA Mmetol
sensing transducer is above a pluralit f predeterm ned threshol d
paranet ers. TOHIPYEEIN eiBAR PYRIFERMPOON deﬁgrthg Bpl ed to the cl anping
notor 25 162 over the clanping driver 20 (manufactured by Shinko; part
nunber # SSD 2415 SE) for enabling and disabling the two nodes al ong the
clanping axis as well as for nodul ating the rotational speeds thereal ong.
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17 In FIG 7 the closed-loop control for the transfer axj
l east one pressure transducer 214 being enbedded within
charge anplifier 216 coupled thereto, the servo control | &r 240 coupl ed
thereto, and transfer notor 164 coupled thefeto over thelit ang@egc‘ﬁr‘\?

' ; part # 61

signals. The outputs fromthe charge anplifier 216 is coupted TG the. ervo
The present invention comprises a direct drive electro-mechanical

press for encapsulating semiconductor devices. The press has at least two

axes - a clamping axis and a transfer axis. The clamping axis comprises a

5 planetary roller screw coupled to a tie bar platen assembly on which at least

one top mold is mounted. A two-speed gearbox is further coupled to the

clamping axis for switching between a high speed mode and a high torque

mode along the clamping axis. The two-speed gearbox comprises a high

speed clutch coupled to a speed reducer and a high torque clutch

10 respectively. The transfer axis is slidably located above the clamping axis;

the transfer axis comprises another planetary roller screw coupled to a

bottom platen on which at least one bottom mold is mounted. The transfer

axis transfers the molding resin from the pot into the cavities formed when the

top and bottom molds are clamped together. The use of two-speed gearbox

15 and planetary roller screw along the clamping axis and the use of planetary

roller screw along the transfer axis not only reduce the number of joints or

links required under prior art systems, but also permit the press to deliver
superior velocities and clamping tonnage. |

A closed-loop control is provided to the clamping and transfer axes

20 respectively for minimising the disproportionate drive from the electro-

mechanical press. In addition to the controllers and drivers, the closed-loop

control provide direct feedback on the clamping tonnage on thq tie bars and

transfer pressure in the mold blocks. While better system control is achieved,

problems associated with disproportionate drive from the servo motors such

25 as breakdown due to over-clamping are minimized.



H

controller 40 over link 220 for enabling and disabling t
according to a plurality of predeterm ned threshold para ,
preferred enbodi nent of the present invention, the paranetef corresponds
the correct pressure within the resin conpognd encapsul at {oj. w@waq%hi
the appropriate paraneters, the servo controller 40 will gend signals to_
the transfer driver 30 (manufactured by Shinko; part # SS 15" B) In
order to acti BRIEFDESCRIPTION OF TEHE DRAYWKNGSDt or 164 coupl ed theretao

FIG 8 is a side sectional view of the nolding blocks in a-—Ttranped '
position. The top nold 144 has a centre bore 145 allow ng the pressure
transducer 214 to be inserted and enbedded therein. The bottom nold 158 has
a plurality of pot FlGsbig bleck diagram illustiatingthe genejabsystanneenfjgusation of
transfer 20 {)I ungers 154 (only one is shown) to inject nelted resin
conpound i nt othenpreferred embodiment of the present invention.

5 FIG. 2 is a side sectional view of a prior art hydraulic press used for
encapsulating semiconductor devices.

FIG. 3 is é side sectional view of the preferred embodiment of the
present invention for encapsulating semiconductor devices.

FIG. 4 is a side sectional view of one planetary roller screw which is

10 partially broken away to show one planetary roller of the planetary roller
screw as part of the clamping and transfer axes of the electro-mechanical
press in accordance to FIG. 3.

FIG. 5 is a front sectional view of the planetary roller screw taken
along the line A-A of FIG.4.

15 FIG. 6 is a side elevational view which is partially broken to show the
speed reducer, high speed clutch and high torque clutch of the two-speed
gearbox of the present invention.

FIG. 7 is a block diagram illustrating the closed-loop control for the
clamping and transfer axes of the preferred embodiment of the present

20 invention.

FIG. 8 is cross sectional perspective view of a molding block in a
clamping position and illustrating the position of the pressure transducer
being flushed with the cull bridge of a lead frame.

FIG. 9 is a flow chart illustrating the function of the servo controller

25 used in the preferred embodiment of the present invention.

FIG. 10 is a profile of the clamping axis of the preferred embodiment

of the present invention.



cavities forned by the clanped position of the top nol ﬁép Nt E@pt om
jold 158. Sandw ched between the top nold and the botfo

frame 215. The lead frame 215 has a plurality of encapsdlatlon caviti g¢s]217
whi ch conmunicate with a plurality of runnegs 213 anda |pl 4820CT 9% qulil s
25 221. The unique construct of the cull bridge nold}iq disclosed injU{K
Patent No. 2,225,552 which is assigned to the sane holldi
of the assignee of HGe10rigEpiofileof tHe transfohaxia of theepfefotr
transducer 214 is flushed with the cull 221 for sensing nol ding pressure
within the tHeBpresent invention.




nol ds. Having the ability to sense the nolding press fk
124, FIG 9 is a flowchart illustrating the function

5 encapsul ati on of sem conduct or devices copmences with $
activates the closing of top and bottom nol'ds as illustirated_l|
the preferred enbodi nent of the present invention and .
node In step PESCRIFPTIONYOF EMBODIMENT dOFTTHE INVED ' u
194 and enables the high speed clutch 190 in FIG 6. At the sane tine,
10 cl anpi ng not or Al&direst edgagecelectriormtechanical epresse fornpnogpaxiating
directly via the high speed clutch 190. As the high torque clutch 194 is

di sabl ed, t hesermicendugtor/devigesin 4 clean ifeom anyirement é9 desgrippdpalizdket he
t he speed

following description, numerous specific details are set forth such as molding
5 blocks, tie bars, pressure transducers, etc. in order to provide a thorough
understanding of the present invention. It will be obvious to one skilled in the
art that the present invention may be practised without these specific details.
In other instances, well-known parts such as those involved with the die
attach, wire bonding and trim forming are not shown in order not to obscure

10 the present invention.

Notation and Nomenclature
The detailed description with respect to the functions of the servo
controller and programmable logic controller of the present invention relating

15 to the closed-loop control are presented partially in terms of algorithm and
symbolic representation upon operation on data bits within the computer
memory. These algorithmic descriptions and representations are the means
used by those skilled in the art in the data processing arts to most effectively
convey the substance of their work to others skilled in the art.

20 An algorithm is here, and generally, conceived to be a self-consistent
sequence of steps leading to a desired result. These steps are those require
physical manipulation of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical or magnetic signals capable of
being stored, transferred, combined, and otherwise manipulated. In this

25 case, the physical quantities are voltage signals which correspond to the
pressures at the tie bars and resin compound respectively. It proves
convenient at times, principally for reason of common usage, to refer to these

signals as bits, values, elements, symbols, characters, terms, numbers or the



and 158 are not in the clanping or transfergcycles,
position. Step 223 is represented by the slope fromy}

preferred 20 |irbrdinouid befbdrne inmindnhowevent thah alltd

distance is 5mm Referring again to FIG 9, the servd.cestt+ofTer 40 chec

whet her the pamdet be asseodiatied withcthehappriopdate p

attained during the high speed node by the clanping axis is 100 m sec.
step 227, theconvenientdabels|applieddothase auantiies| anpi ng speed once t he

10

15

20

25

Further, the manipulations performed are often referred to in terms
such as adding or comparing, which are commonly associated with the
mental operations performed by a human operator. No such capability of a
human operator is necessary, or desirable. In most cases, in any of the
operations described herein which form part of the present invention; the
operations are machine operations. Useful machines for performing the
operations of the present invention include general purpose digital
computers or similar devices such as processors or controllers. In all cases, it
should be borne in mind that there is a distinction between the method
operation in operating a computer and the method of computation itself. The
present invention relates to method steps for operating a computef in
processing electrical or other (for examble. mechanical, chemical) physical
signals to generate other desired physical signals.

The present invention also relates to an apparatus for performing
these operations. This apparatus may be specially constructed for the
required purpose or it may comprise a general purpose computer as
selectively activated or reconfigured by a computer program stores in the
computer. The algorithms presented herein are not inherently related to any
particular computer or other apparatus. In particular, various general
purpose machines may be used with programs written in accordance with the
teachings heréin, or it may prbve more convenient to construct specialized
apparatus to perform required method steps. The required structure for a

variety of these machines would appear from the description given below.

ks

hysical quantities and argHeetlyed

In



25 predeterm ned di stance between the nolds has been r
juncture, the servo controller 40 nonitors the tie bar

(shown in FIG 7) to determne if the soft-close tonnag
in steps 229 and 231. Once the soft-close tpnnage is re
t he 19 servo-controller 40 checks whether the soft-c
activated. If the soft-close sensor is not activated, t

a)

-

nC
0
he

 REPLABEMENP $EET

cached. At this

ac Lon rroa

5 e 180631996

servo controljl

40 aborts theGenertilr8ystgml Gonfigurationep 233 and acti vat g
235. Referring again to FIG 9, the servo controller 40

5 the alarmin stqg

ating semiconductor

FIG. 1 shows a molding system for encapsul

Hed in step 229,!}

devices according to the present invention. Shown there is a press 10

10

15

20

25

coupled to a clamping driver 20 and transfer driver 30 for clamping the
molds and transferring molding compounds into the cavities of lead frame in
the semiconductor encapsulation process. A programmable logic controller
50 and a computer 60 are coupled to the clamping driver 20 and the transfer
driver 30 over a servo controller 40. The servo controller 40 activates and
disables the clamping and transfer motors in response to predetermined
threshold parameters with the assistance of an unique closed-loop control
the details of which will be elaborated further below in FIG. 7. While the
programmable logic controller 50 controls all sequence of system operations
such as the loading of resin compound pellets, transporting the lead frames
etc, the computer 60 performs data acquisitions from the sensors at various
strategic locations of the press 10 and displays the same. It should be
understood by one skilled in the art that the block diagrams in FIG. 1 pertain
only to the mold clamping and transferring operation of a semiconductor
encapsulating system. It follows that other front end stages such as die attach
and wire bonding as well as back end stages such as post curing and trim &
forming are not shown in order not to obscure the present invention.

FIG. 2 illustrates a prior art hydraulic press 70. The press 70 is
incorporated as part of an automatic, multi-plunger molding system ASA 808
manufactured by the assignee of the present invention. See product
brochure of ASA 808. The hydraulic press 70 comprises a clamping section
72 being slidably located above a transfer section 74. The transfer section
74 is secured to a press base 75 and a press frame 76. A hydraulic

pumping section 78 is also secured to the press base 75 for providing

-

p
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5 and a ram platen 84. A top mold 86 is secured to the bottom surface of the

ram platen 84 which is further coupled to the cylinder 80 by a plurality of split
flanges 83. The top platen 82 is coupled to the upper end of a plurality of
columns 88 while the lower end of the columns 88 are coupled to the bottom
platen 104. Preferably the top platen 82, the ram platen 84 and the bottom

10 platen 104 are parallel relative to each other. Similarly the columns 88 and
the guiding rod 90 are parallel to each other and perpendicular to the top
platen 82, the ram platen 84 and the bottom platen 104. The ram platen -
top mold assembly moves slidably along an axis parallel to the axis of the
columns 88 and guided by the guiding rod 90.

15 In FIG. 2 the transfer section 74 consists of a transfer cylinder 92
being coupled to a transfer cylinder platen 94 and further to an ejector
support plate 96. The transfer cylinder 92 is connected to an electric motor
114 and the hydraulic fluid tank 120 for receiving power therefrom for
ejecting molten resin compound along path parallel to that of a plurality of

20 transfer rod 102 into a top mold 106 which is secured on the top surface of
the bottom platen 104. _

While the clamping section is activated, the clamping cylinder 80
moves the top mold 86 down onto the bottom mold 106 along the path
parallel to the columns 88 and the guiding rods 90. Not shown in FIG. 2 is

25 the lead frame which is understood to be placed within the cavity formed by
the clamped molds. Thereafter, the transfer section will eject resin compound

into the cavity of the clamped molds. The assembly consisting of the clamped
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In step 239, the servo controller 40 mai ntains the cl anp ng—tommage and
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mai nt ai ns it s contaminations from the hydraulic system and the unevenness drive.

5 hand, the hydraulic leakage renders such press less suitable for in-line
systems, the disproportionate drive from the servo motor results in high wear
and tear of the joints and linkages of the press.

FIG. 3 is a side sectional view of the preferred embodiment of the

present invention. The direct drive electro-mechanical press 10 comprises a

10 clamping axis 122, a transfer axis 124, a press base 125 supporting a press
frame 126, and a two speed gear box 128. The clamping axis 122 consists

of a pulley 130 coupled axially to a clamping planetary roller screw 132, a
roller nut 136, a bottom tie bar platen 138, a plurality of tie bars 140, a top

tie bar platen 142 and a top mold 144. The pulley 130 is coupled to the two

15 speed gear box 128 over a belt 146 for receiving clamping power therefrom.
The planetary roller screw is a product of GSA-Gewinde Satelliten Antriebe

AG, Horriwil, Switzerland, and is used for handling rotational speeds which

are several fold higher than those of conventional ball screws. In the
preferred embodiment of the present inyention, the clamping axis travels at a

20 speed of 100 mm/sec in the high speed mode. Moreover, the planetary roller
screw withstands a maximum 50 tons axial load in the high torque mode.

The detailed structural descriptions of the planetary roller screw will be
elaborated in FIGS. 4 and 5. Except for rotational motion around its
longitudinal axis, the clamping planetary roller screw 132 is held stationary

25 relative to the press frame 126 by a bottom clamp support 131 and a top
clamp support 134 respectively. Bearings or equivalent devices (not shown)

centrally and circumferentially in the bottom clamp support 131 and the top



20 position. Upon the expiration of the pre-heat tine, the servo controller
40 comences with the transfer profile as in step 245 wth a plurality of
velocities in response to the feedbacks fromthe transfer notor driver 30.
In step 247 the feedback signals fromthe ppessure transducer 214 are 5
conpared Wi th a predeterm ned packing pressure. If the packing threshold is
reached, the curing process for the resin conpound conmences in step 249.

At the concl udamp supped t34 iragpestivaly for f@&ewlﬂﬁn@ﬁe?'aﬂmlggc@éﬁﬁﬁ@s@@gr and

noves the transfer gl ungers 154 back to the "HOVE" position in step 251.
screw 1

Referring again to FIG. 3, The roller nut 136 of the clamping planetary

roller screw is coupled to the bottom tie bar platen 138. The axis of the
5 pulley-planetary roller screw assembly is perpendicular to the horizontal axis
of the bottom tie bar platen 138. The bottom tie bar platen 138 and the top
tie bar platen 142 are parallel to each other, while the plurality of tie bars
140 are perpendicular to the platens 138 and 142. The top mold 144 is
coupled to the bottom surface of the top tie bar platen 142. In the clamping
10 cycle which will be described in detail in FIGS. 9 and 10, the pulley 130 and
the clamping planetary roller screw 132 operate at high speed to bring the
top and bottom tie bar platens downwards such that the top mold 144 and
the bottom mold clamp securely as one assembly. The tie bars 140 moves
slidably through side bores 153 of a central platen 152 and side bores 135

15 of a support platen 134.

In FIG.3, the transfer axis 124 consists of a pulley 148, a transfer
platen 149, a plurality of transfer guiding rods 157, a transfer planetary roller
screw 150 and a plurality of transfer plungers 154. The pulley 148 is
coupled to a transfer motor 164 for receiving power therefrom over a beit

20 160. Although the transfer motor 164 is shown attached to the two-speed
gearbox 128, it is not coupled to it. The pulley 148 is further coupled to the
transfer planetary roller screw 150 for exerting a plurality of velocities to the
transfer plungers during the transfer cycle. The characteristics of the transfer
axis is described in detail in FIG. 11 below. Except for rotational motion

25 around its longitudinal axis, the transfer planetary roller screw 150 is held
stationary relative to the press frame 126 by a bottom transfer support 151
and the central platen 152. Bearings or similar devices (not shown) are

disposed centrally and circumferentially in the bottom transfer support 151
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5 144 encapsulates the cavities of the bottom mold 158 during the clamping
and transfer cycles. The transfer guiding rods 157 are parallel to the tie
bars, and the transfer platen 149 and trénsfer support 151 are perpendicular
to the transfer guiding rods 157. The details of the resin pellet heating and
loading sequences are not shown in FIG. 3 in order not to obscure the

10 present invention.

In FIG. 3 a simplified version of the two speed gear box 128 is
illustrated. The two speed gear box consists among other parts a clamping
motor 162, a speed reducer and a plurality of clutches. The two speed gear
box 128 enables the clamping axis 122 to have at least two modes. - a high

15 speed mode and a high torque modé - along one axis. The clamping motor
162 is coupled to a high speed clutch or a high torque clutch over an output
shaft 200 for providing a plurality of rotational speeds for the high speed
mode and torque during the clamping cycle. Similarly, the transfer motor
164 is coupled to the pulley 148 over the belt 160 for providing a plurality of

20 rotational speeds during the transfer cycle.

FIG. 4 is side sectional view of planetary roller screws 132 and 150
used in the preferred embodiment of the present invention. Each planetary
roller screw has a screw 168 (grooves not shown), a roller nut 170, a
plurality of planetary screws 172, an upper portion 178 and a lower portion

25 180. In the preferred embodiment of the present invéntion, the upper pottion
and the lower portion are used for accommodating a plurality of bearings (not
shown). The roller nut is partially broken away to show a planetary screw

172 disposed between the groove surface of the screw 168 and the inner



addition, it is clear that the apparatus of the present
utility in many applications where proportionate drive
required. It is contenplated that many changes and nodi
made by one of ordinary skill in the art wjhout departiin
and the scope of the 25 invention as descri bed. 21
nol di ng system for encapsul ati ng sem conductor devices
conputer, a pvalyohtherdlierimiyi Theoplurality of planetarynsiiers d

roller nut against internal groove (not shown) on the screw 168 so that the

planetary roller screw can rotate at very high speed and withstand high
clamping tonnage at the same time.

5 FIG. 5 is a front sectional view of a planetary roller screw taken along
~ line A-A of FIG. 4. The end plate of the roller nut 170 has a plurality of
tightening holes 173. In the centre is a screw 168 having a narrower upper
- portion 178. With reference to FIG.3 the roller nut is coupled to the bottom tie
bar platen 138 for moving the clamping axis 122 slidably along a path
10 parallel to the longitudinal axis of the clamping planetary roller screw 132.
Similarly in FIG. 3 the roller nut is coupled to the transfer platen 149 for
moving the transfer axis slidably along a path paraliel to the longitudinal axis

of the transfer planetary roller screw 150.
FIG. 6 is a side sectional view which is partially broken to illustrate the
15 various components of the two speed gear box used in the present invention.
The two speed gear box 128 comprises a clamping motor 162 supported by
a gearbox frame 182. The clamping motor 162 is coupled axially to a high
speed clutch 190 and a high torque clutch 194 over the output shaft 200
(shaded). While the high speed clutch 190 is activated during the high
20 speed mode of the clamping cycle, the high torque clutch 194 is disabled.
Likewise, the high torque clutch 194 is activated during the high torque mode
of the clamping cycle, and the high speed clutch 190 is disabled. The output
of the clamping motor 162 is coupled to the high speed clutch 190 for
receiving rotational output therefrom. The high speed clutch 190 is further
25 coupled to the input of a speed reducer 192 whose output is coupled to the
high torque clutch 194 for amplifying the torque output (slow speed) output
from the clamping motor 162 during the high torque mode. As such, the

output shaft 200 delivers the necessary driving force to the clamping axis
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sai d unknown. As will be described in FIG. 7, the control for the press 10 is

-

5 significantly enhanced with the unique closed-loop feedback system for the
present invention.

FIG. 7 is a block diagram illustrating the unique closed-loop control
system of the present invention. The clamping driver 20, transfer driver 30,
servo controller 40, programmable logic controller 50 and the computer 60
10 are identical to the block diagfam in FIG. 1. Partial sections of the direct drive
electro-mechanical press 10 and the two speed gear box 128 are shown
coupled to the closed-loop control system to better illustrate its unique
features. The closed-loop control provides feedback control along the
clamping axis 122 on one hand and the transfer axis 124 on the other hand.
15 In prior art systems, the clamping driver 20 and the transfer driver 30 are
coupled to the servo controller 40 and further to the servo motors for
providing feedback on velocity, position and torque information of the tie bars
as well of the mold blocks. Because of friction loss, inertia and etc from the
links or joints in the system, the feedback provided by the drivers to the servo
20 motors are disproportionate to the actual forces asserted on the joints. As a
result the repeated amplification of this disporportionate drive cause unstable
control of the system. To address this issue, the present invention
supplements the féedback from the drivers with direct feedback on the torque

on the clamping and transfer axes.
25 The closed-loop control for the clamping axis comprises a soft-close
sensor 143, at least one sensor transducer 202 being located at the base of
each tie bar 140, a charge amplifier 206 coupled thereto, a tie bar monitor

208 coupled thereto, servo controller 40 coupled thereto, clamping driver 20
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5 addition, the soft-close sensor is coupled to the servo-controller 40 for

transmitting the posiﬁon information of the molds. Moreover, there are four
 sensing transducers 202 (manufactured by Kistler; part number
#9601A1210) embedded at the base of four tie bars 140 for determining if

the soft-close tonnage has been reached. Soft-close tonnage refers to a

10 threshold parameter which usually is a fraction of the clamping tonnage; it is
used in the preferred embodiment of the present invention to safeguard
against the debris and foreign particles being lodged between the parting
surface of the molding blocks before the molds are clamped fully. Without
testing the soft-close tonnage, debris and foreign particles may damage the

15 molding blocks permanently. The sensing transducers 202 are coupled to
the charge amplifier 206 (manufactured by Kistler; part number #Z15238)

over charge wires 204 for converting charges inputs into voltage signals.

The outputs from the charge amplifier 206 are coupled to the tie bar monitor

208 (manufactured by Kistler; part number # 9821Q11) over link 207 for

20 aggregating the voltage signals therefrom. The tie bar monitor 208 is
coupled to the servo controller 40 (manufactured by Mycom; part number
#USC200) for determining if the difference in voltage signals from the
sensing transducer is above a plurality of predefermined threshold
parameters. The servo controller 40 is further coupled to the clamping motor

25 162 over the clarhping driver 20 (manufactured by Shinko; part number #
SSD 2415 SE) for enabling and disabling the two modes along the clamping

axis as well as for modulating the rotational speeds therealong.
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144, a charge amplifier 216 coupled thereto, the servo controller 40 coupled
thereto, and transfer motor 164 coupled thereto over the transfer driver 30.
5 The pressure transducer 214 (manufactured by Kistler; part # 6157A) is
coupled to the charge amplifier 216 (manufactured by Kistler; part #
5039A332) over a charge wire 218 for converting charge signals into voltage
signals. The outputs from the charge amplifier 216 is coupled to the servo
controller 40 over link 220 for enabling and disabling the transfer axis
10 according to a plurality of predetermined threshold parameters. In the
preferred embodiment of the present invention, the parameter corresponds to
the correct pressure within the resin compound encapsulation. Upon
reaching the appropriate parameters, the servo controller 40 Will send
signals to the transfer driver 30 (manufactured by Shinko; part # SSD 2150

15 B) in order to activate or deactivate the transfer motor 164 coupled thereto.
FIG. 8 is a side sectional view of the molding blocks in a clamped
position. The top mold 144 has a centre bore 145 allowing the pressuré
transducer 214 to be inserted and embedded therein. The bottom mold 158
has a plurality of pots 155 (only one is shown) allowing a plurality of transfer
20 plungers 154 (only one is shown) to inject melted resin compound into the
cavities formed by the clamped position of the top mold 144 and the bottom
mold 158. Sandwiched betwéen the top mold and the bottom mold is a lead
frame 215. The lead frame 215 has a plurality of encapsulation cavities 217
which communicate with a plurality of runners 213 and a plurality of culls
25 221. The unique construct of the cull bridge mold is disclosed in U.K. Patent
No. 2,225,552 which is assigned to the same holding company as that of the
assignee of the present invention. The surface of the pressure transducer

214 is flushed with the cull 221 for sensing molding pressure within the
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5 encapsulation of semiconductor devices commences with step 223 which

activates the closing of top and bottom molds as illustrated in FIG. 8. In the

preferred embodiment of the present invention and under the high speed

mode In step 223, the servo controller 40 disables the high torque clutch

194 and enables the high speed clutch 190 in FIG. 6. At the same time, the

10 clamping motor 162 is engaged so that it drives the clamping axis directly via

~ the high speed clutch 190. As the high torque clutch 194 is disabled, the

direct drive output from the clamping motor 162 by-passes the the speed
reducer 192.

The characteristics of the clamping axis 122 is shown in a FIG. 10.

15 The y-axis represents the distance between the top and bottom molds while

the x-axis corresponds 'thé time in seconds. When the molds 144 and 158

are not in the clamping or transfer cycles, they are in the "HOME" position.

Step 223 is represented by the slope from "HOME" to a position where the

top and bottom molds are a predetermined distance apart. In the preferred

20 embodiment of the present invention, the predetermined distance is Smm.

Referring again to FIG. 9, the servo controller 40 checks whether the

predetermined distance has been reached in step 225. The speed attained

during the high speed mode by the clamping axis is 100 mm/sec. In step

227, the servo controller 40 reduces the clamping speed once the

25 predetermined distance between the molds has been reached. At this

juncture, the servo controller 40 monitors the tie bar transducer 202 (shown

in FIG. 7) to determine if the_ soft-close tonnage has been reached in steps

229 and 231. Once the soft-close tonnage is reached in step 229, the
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cycle as in step 233 and activates the alarm in step 235.

Referring again to FIG. 9, the servo controller 40 disables the high
5 speed clutch 190 and enables the high torque clutch 194 in step 237 once
the soft-close tonnage is reached. This is the high torque mode along the
clamping axis: the clamping motor 162 in FIG. 6 delivers its output to the high
torque clutch 194 via the speed reducer 192. The ampilification in torque
from the speed reducer 192 is fdrty times. As such, the torque generated by
10 the clamping axis is at least fifty ton axial load. In stép 239, the servo
controller 40 monitors by reading the pressure transducer 202 whether a
predetermined clamping tonnage has been reached. In the preferred
embodiment of the present invention, the predetermined clamping tonnage is
set at fifty tons. The profile of the clamping axis from step 231 to step 239 is

15 shown by the second slope in FIG. 10 under soft-close time.

FIG. 11 is a profile of the transfer axis 124 once the clamping tonnage
has been reached. The y-axi's represents the distance between the transfer
plungers 154 and the top surface of the bottom mold 158. The x-axis
corresponds to the time. The position indicated for "HOME" is the position of

20 the transfer plungers 154 before the transfer motor 164 is activated by the
servo controller 40. Once the clamping tonnage has been achieved as in
step 239, the servo controller 40 maintains the clamping tonnage and
commences the pre-heating of the resin pellets as in steps 241 and 243.
The apparatus and method of pre-heating the resin pellets are well known in

25 the art. Therefore they are not illustrated nor described in order not to
obscure the present invention. In step 241, the transfer motor 164 drives the
transfer plungers 154 from "HOME" to the "Pre-heat position”. Durin'g the

pre-heat time of the resin pellets in step 243, the transfer axis maintains its



7 bottom nolds, said clanping neans having a clanping axis;, 8
transfer means for directing nolding conpound into the~eayiTVe fipEd |by
|P&?{’_L§§ﬁ‘\mﬁ S

t he space between at | east one set of top and bottom
transfer means having a transfer axis; 11 29 a gea
coupled to said clanping neans for 12 alternating bet
node and. a high torque node along said 13 clanpi ng axijs;
cl osed- | oop cposition. rdpon the @xpiration ofalhe prezhpahtimesdhe 30
transfer means for mnimzing disproportionate drive al .sai

and 16 transsammeneesy withe the \isagsfer profile asa.mTﬁEPrré

g: Zit ?nsi ‘Qhﬁgf\'(q“géﬁ'gg |ﬁk§%% ?éiphe ?eecﬁ)%r(r:ﬁrsif%nrﬁhg t%’é)rpsfg AiciOr 3Rder 30014 OM

step 247 the feedback signals from the pressure transducer 214 are

5 compared with a predetermined packing pressure. If the packing threshold is
reached, the curing process for the resin compound commences in step 249.
At the conclusion of the curing process, the transfer axis decompresses and
moves the transfer plungers 154 back to the "HOME" position in step 251.
This is accomplished by the reversing the transfer motor 164. This is closely
10 followed by the decompression of the clamping axis in step 253 and
illustrated by the last slope under "open time" in FIG. 10. The remaining
steps are well known in the prior art: in step 255, the knock-out mechanism is
activated,; in step 257, the lead frame package is ejected by the ejector rod
156; in step 259, the transfer platen is moved back to the "HOME" position;

15 and finally, in step 261, the knock-out mechanism is disengaged.

While the present invention has been described particularly with
reference to FIGS. 1 to 11 with emphasis on the direct drive electro-
mechanical press and the associated closed-loop control for encapsulating
semiconductor devices, it should be understood that the figures are for

20 illustration only and should not be taken a limitation on the invention. In
addition, it is clear that the apparatus of the present invention has utility in
many applications where broportionate drive in manufacturing is required. It
is contemplated that many changes and modifications may be made by one
of ordinary skill in the art without departing from the spirit and the scope of the

25 invention as described.
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3 and at least two drivers, said servo motor controller being coupled to said

4 computer and said programmable logic control respectively, said servo motor
5 controller being further coupled to said drivers, said system comprising:
6 a clamping means for clamping together at least one set of top and
7  bottom molds, said clamping means having a clamping axis;
8 a transfer means for direcﬁng molding éompound into the cavity
9 formed by the space between at least one set of top and bottom mold, said
10 transfer means having a transfer axis;
11 a gear switching means coupled to said clamping means for
12 altemating between a high speed mode and a high torque mode along said
13 clamping axis; and
14 a closed-loop control means coupled to said clamping means and said
15 transfer means for minimizing disproportionate drive along said clamping and
16 transfer axes respectively.
1 2. A molding system according to claim 1 wherein said clamping axis
2 comprising a top platen and a bottom platen in horizontal and parallel
3 relationship with each other, said axis further having a plurality of tie bars,
4 said tie bars being in vertical and parallel relationship with each other, said
5 bottom platen being further coupled to a first planetary roller screw for moving
6 said clamping axis in a direction parallel to said tie bars.
1 3. A molding system according to claim 1 wherein said transfer axis
2 comprising a central platen and a transfer platen in horizontal and parallel
3 relationship with each other, said transfer platen being further coupled to a
4 second planetary roller screw for moving said transfer means in a direction



cl utch_being coupted—toa high torque clutch and a sp eHEméﬂucef avér’an
‘ out put I ng between said high speed de-—arm“sar'd hl gh
. t orque r“@h!um r“‘wgm‘o a soft-cl ose,hhreshol d par
12 A nol di mraceording to cfaim8 erein said cl os i
control consists of at |east one pressure transducer bei g.L_nca.L.ed_m-t-h-L-I‘n
each 3 said tie bar for sensing the force asserted on said clanping axis,
said 4 tsansphmﬂebtobsnldgransﬁemls,csmdItmhstfer axis fn@ing:ima -

converting the 5 charge signals into voltage signals, said charge
anpl i fi er 6bei PRpitien imeglation to said clamping axis.

1 4. A molding system according to claim 1 wherein said gear switching

means further comprising at least one high speed clutch, said high speed
clutch being coupled to a high torque clutch and a speed reducer over an
output shaft for alternating betwéen said high speed mode and said high
torque mode in response to a soft-close threshold parameter.

6. A molding system according to claim 1 wherein said closed-loop
control consists of at least one pressure transducer being located within each
said tie bar for sensing the force asserted on said clamping axis, said
transducers being further coupled to a charge amplifier for converting the
charge signals into voltage signals, said charge amplifier being further
coupled to a monitor for aggregating the vbltage outputs from said charge |
amplifier, said monitor being further coupled to said servo controller for

- regulating the outputs from servo motors connected to said axes in order to
minimize the disproportionate drive along said clamping and transfer axis.

6. A molding system according to claims 2 and 3 wherein said
clamping axis is above said transfer axis, said clamping axis having a
slidable and parallel relationship with said transfer axis.

7. A molding system for encapsulating semiconductor devices
substantially as hereinbefore described with reference to or as shown in the
accompanying drawings.

8. In a method for encapsulating semiconductor devices including
a computer, a programmable logic control, a servo motor controller, and at
least two drivers, said servo motor controller being coupled to said computer

and said programmable logic control respectively, said servo motor controller
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being further coupled to said drivers, said method comprising:
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a transfer eansv%or alrectlng molding compound into the cavity
formed by the space between at least one set of top and bottom mold, said
transfer means having a transfer axis;

a gear switching means coupled to said clamping means for
alternating between a high speed mode and a high torque mode along said
clamping axis; and

a closed-loop control means coupled to said clamping means and said
transfer means for minimizing disproportionate drive along said clamping and
transfer axes respectively.

.9. The method according to claim 8 wherein said clamping axis
comprising a top platen and a bottom platen in horizontal and parallel
relationship with each other, said axis further having a plurality of tie bars,
said tie bars being in vertical and parallel relationship with each other, said
bottom platen being further coupled to a first planetary roller screw for moving
said clamping axis in a direction parallel to said tie bars.

10. A molding system according to claim 8 wherein said transfer axis
comprising a central platen and a transfer platen in horizontal and parallel
relationship with each other, said transfer platen being further coupled to a
second planetary roller screw for moving said transfer means in a direction
parallel to said transfer axis, said transfer axis being in a slidably and parallel
position in relation to said clamping axis.

11. The method according to claim 8 wherein said gear switching
means further comprising at least one high speed clutch, said high speed
clutch being coupled to a high torque clutch and a speed reducer over an
output shaft for alternating between said high speed mode and said high

torque mode in response to a soft-close threshold parameter.

as
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12. A moldi-ng; system according to claim 8 whelm'

control consists of at least one pressure transducer being located within each
said tie bar for sensing the force asserted on said clamping axis, said
transducers being further coupled to a charge amplifier for converting the
charge signals into voltage signals, said charge amplifier being further
coupled to a monitor for aggregating the voltage outputs from said charge
amplifier, said monitor being further coupled to said servo controller for
regulating the outputs from servo motors connected to said axes in order to
minimize the disproportionate drive along said clamping and transfer axis.

13. A molding system according to claims 9 and 10 wherein said
clamping axis is above said transfer axis, said clamping axis having a
slidable and parallel relationship with said transfer axis.

14. A method for encapsulating semiconductor devices substantially
as hereinbefore described with reference to or as shown in the

accompanying drawings.
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ABSTRACT | , .
DIRECT DRIVE ELECTRO-MECHANICAL PRESS FOR ENCAPSULATING
SEMICONDUCTOR DEVICES

The present invention comprises a direct drive electro-mechanical press for
encapsulating semiconductor devices. The press has at least two axes - a
clamping axis and a transfer axis. The clamping axis comprises a planetary
roller screw coupled to a tie bar platen aséembly on which at least one top
mold is mounted. A two-speéd gearbox is further coupled to the clamping
axis for switching between a high speed mode and a high torque mode along
the clamping axis. The two-speed gearbox comprises a high speed clutch
coupled to a speed reducer and a high torque clutch respectively. The
transfer axis is slidably located above the clamping axis; the transfer axis
comprises another planetary roller screw coupled to a bottom platen on
which at least one bottom mold is mounted. The transfer axis transfers the
molding resin from the pot into the cavities formed when the top and bottom
molds are clamped together. The use of two-speed gearbox and planetary
roller screw along the clamping axis and the use of planetary roller screw
along the transfer axis not only reduce the number of joints or links required
under prior art systems, but also pemmit the press to deliver superior velocities
and clamping tonnage. A closed-loop control is provided to the clamping and
transfer axes respectively for minimising the dispropotrtionate drive from the
electro-mechanical press. In addition to the controllers and drivers, the
closed-loop control provide direct feedback on the clamping tonnage on the
tie bars and transfer pressure in the mold blocks. While better system control
is achieved, problems associated with disproportionate drivé from the servo

motors such as breakdown due to over-clamping are minimized.

Figure 3.



