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(57) ABSTRACT 

A packaged semiconductor chip including the chip, and a 
package element such as a heat sink is made by connecting 
?exible leads betWeen contacts on the chip and terminals on 
a dielectric element such as a sheet or plate and moving the 
sheet or plate aWay from the chip, and injecting a liquid 
material to form a compliant layer ?lling the space betWeen 
the package element and the dielectric element, and sur 
rounding the leads. The dielectric element and package 
element extend outWardly beyond the edges of the chip, and 
physically protect the chip. The assembly may be handled 
and mounted by conventional surface mounting techniques. 
The assembly may include additional circuit elements such 
as capacitors used in conjunction With the chip. 
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FAN-OUT SEMICONDUCTOR CHIP ASSEMBLY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 08/935,962 ?led Sep. 23, 1997, 
Which is a divisional of US. patent application Ser. No. 
08/653,016, ?led May 24, 1996, now US. Pat. No. 5,688, 
710, Which in turn is a continuation-in-part of US. patent 
application Ser. No. 08/440,665, ?led May 15, 1995, now 
US. Pat. No. 5,801,441, Which in turn is a divisional of US. 
patent application Ser. No. 08/271,768, ?led Jul. 7, 1994, 
now US. Pat. No. 5,518,964. 

FIELD OF THE INVENTION 

[0002] The present invention relates to semiconductor 
chip assemblies and to methods and components useful in 
making such assemblies. 

BACKGROUND OF THE INVENTION 

[0003] Complex microelectronic devices such as modern 
semiconductor chips require numerous connections to other 
electronic components. For example, a complex micropro 
cessor chip may require many hundreds of connections to 
external devices. 

[0004] Semiconductor chips commonly have been con 
nected to electrical traces on mounting substrates by one of 
three methods: Wire bonding, tape automated bonding, and 
?ip-chip bonding. In Wire bonding, the semiconductor chip 
is positioned on a substrate With a bottom or back surface of 
the chip abutting the substrate and With the contact-bearing 
front or top surface of the chip facing upWardly, aWay from 
the substrate. Individual gold or aluminum Wires are con 
nected betWeen the contacts on the semiconductor chip and 
current conducting pads on the substrate. In tape automated 
bonding a ?exible dielectric tape With a prefabricated array 
of leads thereon is positioned over the semiconductor chip 
and substrate, and the individual leads are bonded to the 
contacts on the chip and to the current conducting pads on 
the substrate. In both Wire bonding and conventional tape 
automated bonding, the current conducting pads on the 
substrate are arranged outside of the area covered by the 
semiconductor chip, so that the Wires or leads fan out from 
the chip to the surrounding current conducting pads. The 
area covered by the subassembly as a Whole is considerably 
larger than the area covered by the chip. This makes the 
entire assembly substantially larger than it otherWise Would 
be. Because the speed With Which a microelectronic assem 
bly can operate is inversely related to its siZe, this presents 
a serious draWback. Moreover, the Wire bonding and tape 
automated bonding approaches are generally most Workable 
With semiconductor chips having contacts disposed in roWs 
extending along the periphery of the chip. They generally do 
not lend themselves to use With chips having contacts 
disposed in a so-called area array, i.e., a grid-like pattern 
covering all or a substantial portion of the chip front surface. 

[0005] In the ?ip-chip mounting technique, the contact 
bearing surface of the semiconductor chip faces toWards the 
substrate. Each contact on the semiconductor chip is joined 
by a solder bond to the corresponding current carrying pad 
on the substrate, as by positioning solder balls on the 
substrate or contacts of the semiconductor chip, juxtaposing 
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the chip With the substrate in the front-face-doWn orientation 
and momentarily melting or re?oWing the solder. The ?ip 
chip technique yields a compact assembly, Which occupies 
an area of the substrate no larger than the area of the chip 
itself. HoWever, ?ip-chip assemblies suffer from signi?cant 
problems With thermal stress. The solder bonds betWeen the 
contacts on the semiconductor chip and the current carrying 
pads on the substrate are substantially rigid. Changes in the 
siZe of the chip and of the substrate due to thermal expansion 
and contraction in service create substantial stresses in these 
rigid bonds, Which in turn can lead to fatigue failure of the 
bonds. Moreover, it is dif?cult to test the semiconductor chip 
before attaching it to the substrate, and hence dif?cult to 
maintain the required outgoing quality level in the ?nished 
assembly, particularly Where the assembly includes numer 
ous semiconductor chips. 

[0006] Numerous attempts have been made to solve the 
foregoing problem. Useful solutions are disclosed in com 
monly assigned US. Pat. Nos. 5,148,265 and 5,148,266. 
Preferred embodiments of the structures disclosed in these 
patents incorporate ?exible, sheet-like structures referred to 
as “interposers” or “chip carriers.” The preferred chip car 
riers have a plurality of terminals disposed on a ?exible, 
sheet-like top layer. In use, the interposer is disposed on the 
front or contact bearing surface of the chip With the termi 
nals facing upWardly, aWay from the chip. The terminals are 
then connected to the contacts of the chip. Most preferably, 
this connection is made by bonding prefabricated leads on 
the interposer to the contacts on the semiconductor chip, 
using a tool engaged With the lead. The completed assembly 
is then connected to a substrate, as by bonding the terminals 
of the chip carrier to the substrate. Because the leads and the 
dielectric layer of the chip carrier are ?exible, the terminals 
on the chip carrier can move relative to the contacts on the 
semiconductor chip Without imposing signi?cant stresses on 
the bonds betWeen the leads and the contacts on the semi 
conductor chip, or on the bonds betWeen the terminals of the 
chip carrier and the substrate. Thus, the assembly can 
compensate for thermal effects. Moreover, the assembly 
most preferably includes a compliant layer disposed 
betWeen the terminals on the chip carrier and the face of the 
semiconductor chip itself as, for example, an elastomeric 
layer incorporated in the chip carrier and disposed betWeen 
the dielectric layer of the chip carrier and the semiconductor 
chip. Such a compliant structure permits displacement of the 
individual terminals independently toWards the chip, and 
also facilitates movement of the terminals relative to the 
chip in directions parallel to the chip surface. The compliant 
structure further enhances the resistance of the assembly to 
thermal stresses during use, and facilitates engagement 
betWeen the subassembly and a test ?xture during manufac 
ture. Thus, a test ?xture incorporating numerous electrical 
contacts can be engaged With all of the terminals in the 
subassembly despite minor variations in the height of the 
terminals. The subassembly can be tested before it is bonded 
to a substrate so as to provide a tested, knoWn, good part to 
the substrate assembly operation. This in turn provides very 
substantial economic and quality advantages. 

[0007] US. Pat. No. 5,455,390 describes a further 
improvement. Components according to preferred embodi 
ments of the ’390 patent use a ?exible, dielectric top sheet. 
A plurality of terminals are mounted on the top sheet. A 
support layer is disposed underneath the top sheet, the 
support layer having a bottom surface remote from the top 
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sheet. Aplurality of electrically conductive, elongated leads 
are connected to the terminals on the top sheet and extend 
generally side by side doWnWardly from the terminals 
through the support layer. Each lead has a loWer end at the 
bottom surface of the support layer. The loWer ends of the 
leads have conductive bonding materials as, for example, 
eutectic bonding metals. The support layer surrounds and 
supports the leads. 

[0008] Components of this type can be connected to 
microelectronic elements such as semiconductor chips or 
Wafers by juxtaposing the bottom surface of the support 
layer With the contact-bearing surface of the semiconductor 
chip so as to bring the loWer ends of the leads into engage 
ment With the contacts on the chip, and then subjecting the 
assembly to elevated temperature and pressure conditions. 
All of the loWer ends of the leads bond to the contacts on the 
semiconductor chip substantially simultaneously. The 
bonded leads connect the terminals of the top sheet With the 
contacts on the semiconductor chip. The support layer 
desirably is either formed from a relatively loW-modulus, 
compliant material, or else is removed and replaced after the 
lead bonding step With such a compliant material. In the 
?nished assembly, the terminals on the relatively ?exible 
dielectric top sheet desirably are movable With respect to the 
contacts on the semiconductor chip to permit testing and to 
compensate for thermal effects. HoWever, the components 
and methods of the ’390 patent provide further advantages, 
including the ability to make all of the bonds to the chip or 
other component in a single lamination-like process step. 

[0009] US. Pat. No. 5,518,964, issued on US. patent 
application Ser. No. 08/271,768, the disclosure of Which is 
hereby incorporated by reference herein, discloses still fur 
ther improvements. Preferred methods according to the ’964 
Patent include the steps of providing a dielectric connection 
component or ?rst element having a plurality of terminals, 
a ?rst surface and a plurality of elongated, ?exible leads 
extending along the ?rst surface, each such lead having a 
terminal end attached to one of the terminals and a tip end 
offset from the terminal end in a generally horiZontal direc 
tion parallel to the ?rst surface. Desirably, the tip ends of all 
the leads are attached to an associated one of the contacts on 

a second element, such as a microelectronic device. The 
preferred methods also include the step of simultaneously 
forming all of the leads by moving all of the tip ends of the 
leads relative to the terminal ends thereof and relative to the 
?rst element so as to bend the tip ends aWay from the ?rst 
element. Desirably the step of moving the tip ends of the 
respective leads relative to their terminal ends includes the 
step of moving the second element relative to the ?rst 
element. The ?rst and second elements desirably move in a 
vertical direction, aWay from one another, and may also 
move in horiZontal directions parallel to the surfaces of the 
elements so as to bend the tip end of each lead horiZontally 
toWards its oWn terminal end and vertically aWay from the 
terminal end. The net effect is to deform the leads toWards 
formed positions in Which the leads extend generally verti 
cally doWnWardly, aWay from the ?rst element. These meth 
ods may also include the step of injecting a ?oWable, 
desirably compliant dielectric material around the leads after 
the lead-forming step and then curing the ?oWable material 
so as to form a dielectric support layer around the leads. 

[0010] In particularly preferred methods according to the 
’964 Patent application, one element is a ?exible, dielectric 
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top sheet having terminal structures thereon, and the other 
element includes one or more semiconductor chips. The 
resulting assembly thus includes the dielectric top sheet With 
the terminal structures connected to the associated contacts 
of the semiconductor chip or chips by the vertically-extend 
ing, curved ?exible leads, the dielectric top sheet being 
spaced apart from the semiconductor chip or chips by the 
dielectric support layer. The terminal structures can be 
connected to a substrate such as a circuit panel to thereby 
provide electrical current communication to the contacts on 
the semiconductor chip or chips. Each terminal structure on 
the dielectric top sheet is movable With respect to the 
contacts in the semiconductor chip in horiZontal directions 
parallel to the chip, as Well as in vertical directions toWards 
and aWay from the chip, to take up differences in thermal 
expansion betWeen the chip and substrate and to facilitate 
testing and assembly. 

[0011] The step of attaching the tip ends of the leads to the 
second element desirably includes the step of bonding the tip 
ends of the leads to the contacts on the semiconductor chip 
or chips While the leads are in their initial, undeformed 
positions. For example, a dielectric sheet having the leads 
disposed in generally horiZontal orientation on its bottom 
surface may be juxtaposed With a chip or Wafer so that the 
tip ends of the leads are engaged With the contacts of the chip 
or Wafer. Thus, all of the tip ends are bonded simultaneously 
to the chip contacts. A single simultaneous bonding opera 
tion may bond hundreds or thousands of leads. Because the 
leads are in their initial, undeformed positions When bonded 
to the contacts, the positions of the lead tips are Well 
controlled at this stage. Preferably, the tip ends of the leads 
are releasably bonded to the dielectric top sheet. This 
facilitates registration of the lead tips contacts on the semi 
conductor chips. As the top sheet is moved upWardly aWay 
from the chip or Wafer, the tip ends of the leads are released 
from the top sheet. The ’964 Patent also discloses other 
processes, including processes in Which the leads are ini 
tially attached to the chip or Wafer, and Wherein the chip or 
Wafer is engaged With dielectric sheet or other element 
having contacts thereon and the tip ends of the leads are 
bonded to the contacts. Although the teachings of the ’964 
Patent can be applied in manufacture of many different 
products, one product taught in the ’964 Patent is a so-called 
“chip siZe package”. The ?nished assembly, With the top 
sheet, terminals and compliant dielectric support layer, can 
be mounted Within an area of a substrate substantially the 
same as that required to mount the chip itself. 

SUMMARY OF THE INVENTION 

[0012] One aspect of the present invention provides meth 
ods of making semiconductor chip assemblies Which incor 
porate the chips together With auxiliary elements, referred to 
herein as “package” elements, such as heat sinks or auxiliary 
electrical devices. Desirably, the assembly is a unitary 
assembly ready for connection to a larger substrate. Pre 
ferred methods according to this aspect of the present 
invention may include the steps of providing a subassembly 
including a semiconductor chip With a front surface having 
contacts thereon and a package element secured in position 
relative to the chip so that the front surface of the chip faces 
in a forWard or upWard direction relative to the package 
element and so that peripheral portions of the package 
element project outWardly aWay from the chip in horiZontal 
directions generally parallel to the front face of the chip. The 
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method further includes the step of providing a dielectric 
element in the form of a plate or, preferably in the form of 
a thin, ?exible sheet having top and bottom surfaces and 
terminals on the top surface and positioning the dielectric 
element to overlie the subassembly With the top surface and 
terminals facing aWay from the subassembly, With the cen 
tral region of the dielectric element being disposed adjacent 
to the chip and preferably overlying the chip and With a 
peripheral region of the dielectric element carrying at least 
some of the terminals overlying a peripheral region of the 
package element. The method also includes the step of 
providing ?rst leads electrically connected betWeen the 
contacts of the chip and the terminals on the dielectric 
element, the ?rst leads having one end attached to the 
dielectric element and the other end attached to the chip, and 
then moving the dielectric element and subassembly relative 
to one another through a predetermined displacement so that 
the dielectric element moves With a vertical component of 
motion aWay from the subassembly and so that the ?rst leads 
bent to a vertically extensive orientation in Which ?rst lead 
is ?exible, and, curved in vertical directions. 

[0013] The steps of providing the ?rst leads, connecting 
them betWeen the chip and the dielectric element may be 
performed by substantially the same methods as disclosed in 
the ’964 Patent. Thus, the ?rst leads may be carried on the 
chip or, preferably, on the dielectric element, and each such 
?rst lead may have a terminal end permanently bonded to the 
dielectric element and tip end releasably attached thereto. 
The tip ends may be bonded to the contacts on the chip by 
juxtaposing the dielectric element With the chip under heat 
and pressure, so that all of the tip leads are bonded to the 
chip contacts simultaneously. Preferably, the tip ends of the 
leads are releasably bonded to the dielectric element and 
these releasable bonds are detached during relative move 
ment of the dielectric element and subassembly. The pre 
ferred method further includes the step of injecting a curable 
liquid betWeen the dielectric element and the subassembly 
and curing the liquid to form a compliant layer supporting 
the dielectric element above the subassembly. The liquid 
may be injected under pressure, and the pressure of the 
liquid may force the dielectric element and subassembly 
aWay from one another. 

[0014] Most preferably, the step of providing the subas 
sembly includes the step of providing at least one peripheral 
support element disposed alongside of the chip in a periph 
eral region of the package element, the peripheral support 
element de?ning a front face facing codirectionally With the 
front face of the chip. Most preferably, the front face of the 
package element is substantially coplanar With the front face 
of the chip. The dielectric element overlies the front face of 
the peripheral support element or elements. Where the 
central region of the dielectric element overlies the front 
face of the chip, the portions of the compliant layer formed 
betWeen the front face of the chip and the central region of 
the sheet Will have substantially the same thickness as those 
portions of the compliant layer disposed betWeen the periph 
eral regions of the sheet and the peripheral support elements. 
This assures that those portions of the compliant layer 
underlying each terminal Will have substantially uniform 
resilient properties, further facilitating testing of the assem 
bly and connection of the assembly to a larger substrate such 
as a circuit panel or multichip module. 
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[0015] Most preferably, the package element includes a 
heat sink, such as a metallic plate or vessel, and the heat sink 
is bonded to a back surface of the chip prior to the step of 
moving the sheet relative to the subassembly. The package 
element, and particularly the peripheral support elements 
included in the package element, desirably include at least 
one electrical circuit element. Most preferably, the method 
further includes the step of connecting each such electrical 
circuit element in circuit With the chip as by connecting the 
circuit element to some of the ?rst leads. For example, the 
peripheral support elements may include capacitors, and the 
capacitors may be connected into the circuit With the poWer 
and/or ground connections of the chip. Most desirably, the 
dielectric element has conductors thereon extending from at 
least some of the ?rst leads to the peripheral region. The step 
of connecting the circuit element to the ?rst leads may 
include the step of providing second leads disposed betWeen 
the peripheral region of the dielectric element and the circuit 
elements and connecting the second leads betWeen the 
circuit elements and at least some of the horiZontal conduc 
tors before the moving step. Thus, the second leads bend 
along With the ?rst leads during the moving step. 

[0016] Most preferably, Where the dielectric element is a 
?exible sheet, the method further includes the step of 
bringing all of the terminals on the top surface of the sheet 
to a common plane by engaging the terminals With a ?xture 
and forcing the terminals into substantially coplanar dispo 
sition during thereafter injection of the curable liquid, but 
prior to completion of its cure. 

[0017] Further aspects of the present invention provide 
semiconductor chip assemblies. The preferred assemblies 
according to this aspect of the present invention include a 
subassembly incorporating a semiconductor chip having a 
front surface With contacts thereon and a package element 
attached to the chip, the package element having a central 
region adjacent to the chip and a peripheral region extending 
outWardly, aWay from the chip in horiZontal directions 
generally parallel to the front face of the chip. The assembly 
further includes a dielectric element such as a ?exible 
dielectric sheet overlying the subassembly. The dielectric 
element includes a central region overlying the central 
region of the package element adjacent to the chip, and 
preferably, overlying the chip as Well. The dielectric element 
also includes a peripheral region overlying the peripheral 
region of the package element and extending outWardly 
from the central region of the sheet. The dielectric element 
has a top surface facing aWay from the subassembly of the 
chip and package element and a bottom surface facing 
toWard the subassembly. Electrically conductive terminals 
are disposed on the top surface of the sheet. Preferably, at 
least some of the terminals are disposed in the peripheral 
region of the dielectric element and overlie the peripheral 
region of the package element. Thus, the terminals “fan out” 
in horiZontal directions aWay from the chip. The dielectric 
element preferably is substantially imperforate in the central 
region of the sheet adjacent to the chip and overlying the 
chip. 

[0018] The assembly further includes a compliant layer 
disposed betWeen the subassembly of the chip and the 
package element and the dielectric sheet, so that the com 
pliant layer supports the dielectric element above the sub 
assembly. The assembly also includes vertically extensive 
?exible ?rst leads embedded in the compliant layer and 
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extending upwardly from the contacts on the chip to the 
central region of the dielectric element, the ?exible leads 
being electrically connected betWeen the chip contacts and 
the terminals on the dielectric element. More preferably, the 
package element incorporated in the assembly includes a 
heat sink such as a metallic, heat conductive element Which 
also provides some physical protection to the chip as Well as 
one or more electrical circuit elements such as capacitors. As 
discussed above in connection With the method, the electri 
cal circuit elements may be connected in circuit With the 
chip through horiZontal conductors on the dielectric element 
and, preferably, through second leads extending betWeen the 
circuit elements and the dielectric element. 

[0019] Preferred assemblies according to this aspect of the 
present invention provide a unitary package including the 
chip along With auxiliary circuit elements, Which can be 
handled and installed using conventional surface mounting 
techniques. Because the terminals are “fanned out” and 
distributed over the peripheral region of the sheet, and 
preferably, on the central region of the dielectric element as 
Well, the terminals are Widely spaced for ease of mounting 
to the substrate. Although the package as a Whole occupies 
a larger surface area of the substrate than Would be occupied 
by the chip alone, the extra occupied space is not Wasted; it 
is occupied by the auxiliary circuit element Which Would be 
required in any event for proper operation of the chip. The 
entire package can be handled as a unit, thereby simplifying 
distribution and assembly of the various components to the 
ultimate substrate. The package also provides good resis 
tance to thermal stress and/or differential expansion and 
contraction of the substrate and the chip. Furthermore, the 
most preferred assemblies can be readily tested and can be 
mounted to a substrate even Where the substrate has a 
coe?icient of thermal expansion Widely different from that 
of the chip and/or Where the substrate is Warped. 

[0020] These and other objects, features and advantages of 
the present invention Would be more readily apparent from 
the detailed description set forth beloW, taken in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a diagrammatic sectional vieW of a 
subassembly used in a process according to one embodiment 
of the invention. 

[0022] FIG. 2 is a further diagrammatic sectional vieW 
depicting the subassembly of FIG. 1 in conjunction With 
other components during a later stage of the process. 

[0023] FIG. 3 is a diagrammatic sectional vieW on an 
enlarged scale depicting a portion of the elements shoWn in 
FIG. 2. 

[0024] FIG. 4 is a vieW similar to FIG. 2, but depicting the 
elements at a later stage during the process. 

[0025] FIG. 5 is a diagrammatic vieW on an enlarged scale 
similar to FIG. 3, but depicting the components at the stage 
of the process illustrated in FIG. 4. 

[0026] FIG. 6 is a diagrammatic sectional vieW depicting 
the subassembly produced in the method of FIGS. 1-5. 

[0027] FIG. 7 is a diagrammatic plan vieW of components 
illustrated in FIGS. 1-6, With portions removed for clarity of 
illustration. 
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[0028] FIG. 8 is a diagrammatic plan vieW depicting a 
component used in a further process according to the inven 
tion. 

[0029] FIG. 9 is a diagrammatic sectional vieW taken in 
FIG. 8, but shoWing the component in conjunction With a 
semiconductor chip. 

[0030] FIG. 10 is a sectional vieW depicting the com 
pleted assembly made by the process according to FIGS. 
8-9. 

[0031] FIG. 11 is a vieW similar to FIG. 10 but depicting 
a further embodiment of the invention. 

[0032] FIG. 12 is a diagrammatic plan vieW depicting 
components used in a process according to a further embodi 
ment of the invention. 

[0033] FIG. 13 is a sectional vieW taken along lines 13-13 
in FIG. 12, the components of FIG. 12 in conjunction With 
further components used in the process. FIG. 14 is a 
sectional vieW similar to FIG. 13 but depicting the compo 
nents during a later stage of the process. 

[0034] FIG. 15 is a diagrammatic sectional vieW depicting 
yet another embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] A process in accordance With one embodiment of 
the present invention utiliZes a semiconductor chip 20 
having a front surface 22 With contacts 24 thereon and 
having an oppositely facing rear surface 24. The particular 
chip 20 illustrated in FIG. 1 has the contacts 24 disposed in 
an “area array”, i.e., an array covering substantially the 
entire front surface of the chip, With the contacts being 
uniformly spaced Within the array. HoWever, other types of 
chips may be used as, for example, chips having contacts 
disposed in roWs adjacent the peripheral edges of the chip. 
Chip 20 is assembled With a composite package element 30 
including a heat sink 26 and capacitors 32. Heat sink 26 is 
in the form of an open shell having a base Wall 34, an edge 
Wall 36 projecting from the base Wall around the periphery 
thereof and a ?ange at the extremity of the base Wall de?ning 
a generally planar ?ange surface 28 remote from the base 
Wall. The auxiliary circuit elements or capacitors 32 are 
formed as generally rectilinear blocks each having a front 
surface 38 With terminals 40 thereon and a rear surface 42 
facing oppositely from the front surface. As best seen in 
FIGS. 1, 2, and 7 circuit elements or capacitors 32 are 
disposed in a ring-like array adjacent the ?ange 28 and 
peripheral Wall 36 of the heat sink. The front surfaces 38 of 
the capacitors or auxiliary circuit elements 32 are substan 
tially coplanar With another and substantially With the ?ange 
surface 28 of the heat sink. The rear surfaces 42 of the 
circuits element 38 are bonded to the base Wall 34 of the heat 
sink by a thermally conductive adhesive layer 44. Adhesive 
layer 44 may include any of the Well-knoWn thermally 
conductive adhesive compositions, such as an epoxy loaded 
With metallic particles. 

[0036] Semiconductor chip 20 is disposed in the center of 
the ringlike array of circuit elements. The rear face 24 of the 
chip is bonded to the base Wall 34 of the heat sink by a 
further layer of thermally conductive epoxy 44. The thick 
ness or front to rear face dimension of chip 20 is the same 
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as the corresponding dimensions of the auxiliary circuit 
elements or capacitor 38. The front face 22 of chip 20 is 
substantially coplanar With the front faces 38 of the auxiliary 
circuit elements or capacitor 32 and With the ?ange 28 of the 
heat sink. As used in this disclosure, the term “substantially 
coplanar” means that the surfaces are coplanar With one 
another to Within about 125 microns or less. Although gaps 
are shoWn betWeen adjacent edges of the chip and auxiliary 
circuit elements 32, and betWeen the various auxiliary 
circuit elements, it should be appreciated that the siZe of 
these gaps is exaggerated in the draWings for clarity of 
illustration. Preferably, the various components are sepa 
rated from one another by horiZontal distances of no more 
than about 0.5 mm. The auxiliary circuit elements and the 
chip are positioned precisely on the heat sink relative to one 
another, so that the terminals 40 of the auxiliary circuit 
elements lie in predetermined spatial relationship to the 
terminals 24 of the chip. As discussed beloW, the contacts 40 
of the auxiliary circuit elements 32 are connected to leads in 
a common process With the contacts 24 of the chip, and the 
predetermined spatial relationship should be maintained to 
facilitate simultaneous connection of all of these contacts. 
The degree of accuracy With Which the auxiliary circuit 
elements must be positioned relative to the chip is inversely 
related to the siZe of the contacts on the auxiliary circuit 
elements. Typically, the auxiliary circuit elements require 
feWer contacts than the chip itself and possess substantial 
front-surface area over Which the contacts can be distributed. 

Thus, the contacts 40 on the auxiliary circuit elements may 
be substantially larger than the contacts 24 on the chip. 

[0037] In the next stage of the process, the subassembly 
50, shoWn in FIG. 2, including the auxiliary circuit ele 
ments, heat sink and chip is juxtaposed With a ?exible, 
sheetlike dielectric element 52. The dielectric element 52 
includes a dielectric body incorporating one or more layers 
of a ?exible, but substantially inextensible dielectric mate 
rial. These ?exible layers may include thin sheets of poly 
imide, typically having an aggregate thickness of about 25 
microns (0.001 inch). Dielectric sheet 52 has a top surface 
54 and a bottom surface 56. The sheet has a central region 
57 overlying the chip, and a peripheral region 59 surround 
ing the central region. Electrically conductive metallic ter 
minals 58 are distributed substantially uniformly over the 
entire area of the top surface, including the central region 
and the peripheral region. As best seen in FIG. 3, the 
terminals 58 are formed as the upper extremities of metal 
lined vias extending vertically Within the dielectric element 
52. The dielectric element further has ?rst leads 60 extend 
ing along the bottom surface 56 in central region 57, and 
second leads 64 extending along the bottom surface 56 in a 
peripheral region 59. The dielectric sheet also has conduc 
tors 66 extending horiZontally along the sheet. The conduc 
tors may extend on the top surface 54, on the bottom surface 
56, or betWeen the surfaces. 

[0038] Each ?rst lead 62 has a terminal end 68 (FIG. 3) 
permanently attached to the bottom of sheet 52 and a tip end 
70 remote from such terminal end releasably attached to the 
bottom surface of the sheet. The permanent attachment may 
be constituted by a metallurgical bond betWeen the terminal 
ends 68 and the vias 60 extending through the sheet or into 
the sheet from the bottom surface 56. The structure of these 
leads may be the same as described in the aforementioned 
’964 Patent. Merely by Way of example, leads 62 may have 
curved sections extending betWeen the tip ends and the 
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terminal ends. The second leads 64, in peripheral region 59, 
have a generally similar con?guration. Thus, each such 
second lead has a terminal end 72 permanently attached to 
the sheet and a tip end 74 releasably attached to the sheet 
bottom surface 56. Each of the tip ends 70 and 74 may have 
bonding material thereon. The bonding materials may be 
eutectic bonding alloys or other materials Which can be 
captivated upon exposure to elevated temperature and Which 
form a solid bond With the leads and contacts. For example, 
Where the lead tip ends and the chip contacts include gold, 
the bonding material may include tin silicon or alloys 
thereof With gold. Many other bonding materials are 
described in the ’964 Patent, and can be used in the present 
invention. 

[0039] The terminals 58, ?rst leads 62, and second leads 
64 are electrically interconnected With one another. Some or 
all of the ?rst leads 62 are electrically connected to terminals 
58 by vias 60 and by conductors 66 on the sheet. Some of 
the terminals, such as terminal 58a disposed in the central 
region of the sheet may be directly connected to the terminal 
ends of ?rst leads, such as lead 62a, Whereas other terminals 
58b disposed in the peripheral region of the sheet are 
connected to the terminal ends of the associated leads by 
conductors 66 and one or more of the vias 60. The terminal 
ends 72 of the second leads may be connected to certain 
conductors 66. Some of the conductors thus interconnect the 
terminal end of a ?rst lead 62 With the terminal end of a 
second lead 64. Others of the terminal ends of the second 
leads 64 can be connected to other terminals 58. 

[0040] As best seen in FIGS. 2 and 3, sheet 58 is 
juxtaposed With subassembly 50 by holding the sheet on an 
upper tool or platen 80, holding the subassembly 50 in a 
loWer tool or platen 82 and aligning the tWo tools so that the 
tip ends 70 of ?rst leads 62 are aligned With the contacts 24 
of the chip and so that the tip ends 74 of the second leads 64 
are aligned With the contacts 40 of the auxiliary circuit 
elements or capacitors 32. The sheet and subassembly may 
be held in a position on the tools during this process by any 
convenient mechanical method as, for example, by vacuum 
ports 86 in the tools, or by temporarily bonding the sheet 
and/or the heat sink to their respective tools. Preferably, the 
upper tool 80 is transparent, or includes a transparent 
WindoW, so that the dielectric sheet can be aligned With the 
chip under manual, visual control or by automated vision 
systems. The techniques used for aligning the sheet With the 
subassembly may be similar to those used for aligning 
elements as described in the ’964 Patent. Provided that the 
relative positions of the auxiliary circuit elements or capaci 
tors 32 and chip 20 are controlled as discussed above during 
formation of the subassembly, the tip ends or the leads can 
be aligned With the associated contacts on the chip and 
auxiliary circuit elements simultaneously. Where the con 
tacts 40 on the auxiliary circuit elements are larger than the 
contacts 24 on the chip, the alignment can be controlled so 
as to precisely match the positions of the ?rst lead tip ends 
70 With the chip contacts 24. Even if the auxiliary circuit 
elements are slightly out of nominal position relative to the 
chip, the tip ends 74 of the second leads 64 Will still be 
aligned With the relatively large contacts on these elements. 

[0041] Tools 80 and 82 are forced together so as to force 
all of the tip ends of the leads into engagement With the 
associated contacts, and heat is applied so as to activate the 
bonding material on the tip ends of the leads, thereby fusing 
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the tip ends of the lead to the contacts 24 and 40 on the chip 
and on the auxiliary circuit element. The space betWeen the 
subassembly and sheet is substantially evacuated. Tools 80 
and 82 may be provided With suitable seals around their 
peripheries (not shoWn) and suitable ports for connecting the 
space betWeen the sheet and subassembly to a vacuum 
source to accomplish such evacuation. In the next stage of 
the process (FIGS. 4 and 5), sheet 52 and subassembly 50 
are moved vertically aWay from one another by moving tool 
80 vertically aWay from tool 82. During this stage of the 
process, the subassembly and sheet are held in engagement 
With tools 80 and 82, as by vacuum applied through ports 86 
or by other suitable means. During the moving step, a 
curable liquid 90 adapted to form a compliant material upon 
curing such as a liquid precursor adapted to form a silicone 
gel upon curing is injected under pressure into the space 
betWeen the sheet and the subassembly. The pressure of 
liquid 90 also tends to force sheet 52 upWardly against tool 
80 and thereby tends to force the terminals 58 into engage 
ment With the planar surface 81 of the tool. Stated another 
Way, the contacts 58 are forcibly moved into coplanar 
alignment With one another by the ?uid pressure. 

[0042] As the sheet moves upWardly, aWay from the 
subassembly 50, the tip ends 70 and 74 of the leads remain 
in place on the chip contacts 24 and circuit element contacts 
40, so that the tip ends become detached from the bottom 
surface 56 of sheet 52. The terminal ends 68 and 72 of the 
leads remain attached to the bottom surface of the sheet. 
Thus, all of the ?rst leads 62 and all of the second leads 64 
are bent upWardly, into vertically extensive, generally 
S-shaped curved con?gurations as shoWn in FIGS. 4 and 5. 
As used in this disclosure, the term “vertically extensive” 
means that the leads have substantial extent in the vertical 
direction, transverse to the front surface 22 of the chip and 
also transverse to the planar front surfaces 38 and 28 of the 
package element. Even after the moving step, hoWever, the 
leads continue to have substantial horiZontal extent as Well. 
In the bent con?guration, all of the leads have substantial 
?exibility in all directions. That is, the terminal end of each 
lead is free to move in horiZontal and vertical directions 
relative to the tip end of the lead. 

[0043] The injected liquid 90 forms a compliant layer 94 
(of FIG. 6) betWeen assembly 50 and dielectric sheet 52. 
The thickness of the compliant layer is greatly exaggerated 
in the draWings for clarity of illustration. In practice, the 
thickness of the compliant layer is betWeen about 0.05 and 
about 2.0 mm, and more preferably betWeen about 0.75 and 
about 0.5 mm. Because surfaces 38 and 28 of the auxiliary 
circuit elements and the heat sink are substantially coplanar 
With the front surface 22 of chip 20, those portions of the 
compliant layer disposed betWeen the peripheral region 59 
of the sheet and the auxiliary circuit element or ?ange, has 
substantially the same thickness as those portions disposed 
betWeen the central region 57 of the sheet and the chip. Thus, 
the dielectric layer supports all of terminals 58 above the 
subassembly 50 With substantially the same resilient prop 
erties and spring constant. The dielectric layer 94 decouples 
sheet 52 from assembly 50 and hence alloWs movement of 
the sheet and terminals in all directions relative to the 
subassembly. 

[0044] After curing, the edges of sheet 52 and any excess 
compliant material can be trimmed aWay from the assembly. 
The resulting assembly can be tested by engaging all of the 
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terminals 50 With terminals on a test ?xture (not shoWn). The 
compliant layer facilitates such engagement. The assembly 
can be assembled to a substrate 96 (FIG. 6) such as a circuit 
panel having contact pads 98 thereon as by interposing 
solder masses 100 betWeen terminals 58 and the contact 
pads and sattering the assembly in place. This operation may 
be performed using standard surface mount soldering tech 
niques. 
[0045] As schematically depicted in FIG. 7, some of the 
terminals 58 (schematically denoted by the symbol “x”) are 
interconnected by the conductors 66 With the terminals 40 of 
auxiliary circuit elements or capacitors 32, and the terminals 
40 of the auxiliary circuit elements are also connected to the 
contacts 24 of the chip by other conductors 66 on the sheet. 
Thus, the auxiliary circuit elements are connected in circuit 
With the chip. As is Well-knoWn in the art, such auxiliary 
circuit elements typically are connected into the circuit at the 
poWer and ground connections of a semiconductor chip. 
Thus, the particular terminals 58, connected to the contact 
40 of the auxiliary circuit element are connected to the 
poWer and ground connections of substrate 96 and to the 
poWer and ground connections of the chip. The other ter 
minals 58 typically are employed for signal connections to 
the chip. 
[0046] Numerous variations and combinations of the fea 
tures described above can be utiliZed. In one such variation, 
chip 22 and each of the auxiliary circuit elements 38 can be 
attached separately to sheet 52. The contacts on the chip 20 
are aligned With the tip ends of the ?rst leads 62 and the chip 
is engaged With the sheet While applying heat and pressure. 
The contacts of each auxiliary circuit element 32 are aligned 
With the tip ends of second leads 64 and bonded thereto in 
a separate operation. Aprocess for engaging plural elements 
separately With a dielectric sheet is described in detail in 
copending, commonly assigned US. patent application Ser. 
No. 08/532,528, ?led Sep. 25, 1995, the disclosure of Which 
is hereby incorporated by reference herein. After all of the 
elements have been attached to the sheet and the contacts of 
the respective elements have been bonded to the tip ends of 
the respective leads, the back surfaces of the various ele 
ments may be bonded to the heat sink 26. Stated another 
Way, the subassembly of the chip With the heat sink and 
auxiliary circuit elements can be formed in place on the 
dielectric sheet after the chip and auxiliary circuit elements 
have been attached to the tip ends of the leads. In a further 
variant, the auxiliary circuit elements may be omitted and 
hence the subassembly of the chip and the package element 
may consist only of the chip and heat sink. In yet another 
variation, all of the auxiliary circuit elements or capacitors 
32 may be formed as a unitary ring-like element. Alterna 
tively or additionally, the package element may include one 
or more inert blocks or rings having no electrical function, 
but Which serve solely to surround the chip and support the 
compliant layer and dielectric layer in the ?nished package. 
According to yet another variant, the auxiliary electrical 
circuit elements may include one or more additional chips 
Which are connected in circuit With the principal chip by the 
conductors on the dielectric element. In this variant, the 
assembly constitutes a multichip module. In yet another 
variant, a plurality of assemblies may be formed simulta 
neously by using a plurality of chips and a plurality of 
package elements, and a dielectric element large enough to 
cover all of the chips and package elements. After connect 
ing each chip to the overlying region of the large dielectric 
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element by leads as discussed above, the dielectric element 
is moved relative to the chips and package elements, and the 
liquid material is injected to form a large compliant layer. 
The dielectric element and compliant layer are severed to 
provide individual modules, each including one chip or a 
feW chips and the associated package element. In a further 
variant of this approach, the package element may also be a 
large element, such as a continuous plate. The plate may be 
cut during the severing step to provide individual package 
elements, each associated With one module. 

[0047] In yet another variant, the dielectric sheet 152 
(FIG. 8) has elongated apertures merging With one another 
to form a continuous slot 153 surrounding an island portion 
155 Within the central region 157 of the sheet, and subdi 
viding portion 155 from the remainder of the sheet. The ?rst 
leads 162 are disposed in roWs extending across slot 153. 
The leads Within each roW extend generally parallel to one 
another. One end of each lead is disposed on island portion 
155, Whereas the opposite end of each lead 162 is disposed 
on the main portion of the sheet. Each lead includes a 
frangible region 163 aligned With or adjacent to slot 153. 
The lead structures used in this arrangement may be sub 
stantially as shoWn and described in International Patent 
Publication WO 94/03036, the disclosure of Which is hereby 
incorporated by reference herein. The sheet bears terminals 
158 on its top surface, in the peripheral region of the sheet. 
These terminals are connected by conductors 160 to leads 
162. A chip 120 has contacts 124 disposed in roWs on the 
front face of the chip, adjacent to the edges of the chip. 

[0048] In an assembly process, the chip is aligned With the 
sheet so that each roW of contacts is aligned With a portion 
of slot 153 and With one roW of leads 162. Each lead is 
bonded to a contact on the chip by engaging the lead With a 
bonding tool and forcing the lead doWnWardly, into slot 153, 
in the manner taught in the ’036 publication. The doWnWard 
movement breaks the frangible section of each lead and 
detaches the end of the lead from the island region 155 of the 
sheet. When all of the leads have been connected to the chip 
in this manner, the island region of the sheet is disconnected 
from the remainder of the sheet, and can be lifted aWay from 
the remainder of the sheet, leaving a hole in the central 
region of the sheet. A package element such as a heat sink 
126 is attached to the back surface of the chip, thus forming 
a subassembly of the chip and package element. Using 
procedures similar to those discussed above, the dielectric 
sheet 152 is then moved upWardly, aWay from the subas 
sembly, thereby bending leads 162 into a more vertically 
extensive orientation shoWn in FIG. 10. Afront-surface heat 
sink 164 may be positioned on the front surface of the chip, 
in the hole previously occupied by island region 155. A 
liquid precursor adapted to form a compliant material is 
injected betWeen the package element and sheet, thereby 
forming a compliant layer 190 betWeen the sheet and the 
package element. 

[0049] In the embodiment of FIG. 11, the package ele 
mentor heat sink 126‘ is a ?at plate, Without ?anges. In other 
respects, this embodiment is the same as that of FIG. 10. 

[0050] Methods and assemblies as discussed above With 
reference to FIGS. 8-11 may incorporate features as dis 
cussed above With reference to FIGS. 1-7. For example, the 
package element used in the embodiment of FIGS. 8-10 may 
incorporate auxiliary circuit elements similar to those used 
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in the embodiment of FIGS. 1-7. In this case, the dielectric 
element may be provided With second leads in the peripheral 
area for connection to the auxiliary circuit element. Also, in 
the embodiment of FIGS. 8-10, the island region 155 may be 
provided With terminals and may remain as part of the 
?nished assembly. Where island region 155 is to remain, the 
slot 153 need not extend entirely around the island region. 
Also, apertures having form other than the slot-like aperture 
153 may be employed. For example, each lead may extend 
over a small circular hole, and an array of such holes and 
leads may be provided in the central region of the dielectric 
sheet. 

[0051] According to a further embodiment of the inven 
tion, the package element may include a rigid ring 250 
(FIGS. 12-14) having a front face 228 and a rear face 229. 
The ring has a central opening 231 and several auxiliary 
openings 233 in the peripheral region of the ring. Electrical 
circuit elements such as capacitors 232 are disposed in the 
auxiliary openings, and a chip 220 is disposed in the central 
opening of the ring. The chip contacts are bonded to the ends 
of ?rst leads 262 on the bottom surface 256 of a ?exible 
sheetlike dielectric element 252. Here again, the ends of the 
?rst leads Which are bonded to the chip contacts are releas 
ably attached to the bottom surface of the dielectric element. 
First leads 262 are connected to terminals 258 on the top 
surface 254 of the dielectric element by horiZontal conduc 
tors 266 extending Within dielectric element 252. The con 
tacts of circuit elements 232 are connected to some of the 
horiZontal conductors 266, and thus are connected to the 
chip and terminals, by connecting the contacts to vias 267 
extending betWeen the horiZontal conductors and the bottom 
surface of the dielectric element. The contacts on elements 
232 are directly bonded to the vias, using a conventional 
conductive bonding material such as solder, a eutectic 
bonding alloy or a diffusion bonding alloy. Because vias 267 
are ?xed to dielectric element 252, the connection betWeen 
the contacts of the circuit elements and the vias permanently 
attaches circuit elements 232 to the bottom surface of the 
dielectric element. 

[0052] In the assembly process, the rear surface 229 of the 
ring and the rear surface of chip 220 are held in engagement 
With a tool 282, as by vacuum applied through ports in the 
tool, by a temporary adhesive, or by appropriate grips or 
clamps (not shoWn). The tool thus holds the chip and ring in 
?xed position relative to one another. The dielectric element 
252 is engaged With another tool 280. A liquid material is 
injected under pressure betWeen the dielectric element and 
the subassembly of the chip and ring, and tools 280 and 282 
are moved aWay from one another. In the manner discussed 
above, the ?rst leads 262 are partially detached from the 
bottom surface of the dielectric element and are bent so that 
the bent leads extend vertically as Well as horiZontally. In 
this bent condition, leads 262 are ?exible. When the dielec 
tric element moves aWay from the chip and ring, circuit 
elements 232 move With the dielectric element. The injected 
liquid material is cured to form a compliant dielectric layer 
290. Thus, in the assembly of FIG. 14, the compliant 
dielectric material extends betWeen the circuit elements 232 
and the package element or ring 250. The assembly may be 
secured to a substrate by bonding terminals 258 to the 
contact pads of the substrate. Optionally, a protective cover 
or heat sink may be placed onto the rear surface 229 of the 
ring, and onto the rear surface of chip 220. 
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[0053] In a further embodiment of the invention, the 
dielectric element 352 (FIG. 15) is a substantially rigid, 
substantially imperforate dielectric plate formed from a 
ceramic material. As used in this disclosure With reference 
to a dielectric element, the term “substantially imperforate” 
means that at least the central region of the dielectric 
element overlying the chip 320 is devoid of holes extending 
betWeen the top surface 354 and the bottom surface 356, or 
that any holes extending betWeen the top and bottom sur 
faces are ?lled by via liners or other conductive elements. 
Because plate 352 is substantially imperforate, it shields the 
chip and the associated ?exible leads 362 extending betWeen 
the chip and the dielectric element. As in the embodiments 
discussed above, the dielectric element has terminals 358 
disposed on the top surface 354 (the surface facing aWay 
from chip 320). These terminals are arranged in a “fan-out” 
pattern, so that the terminals are disposed in the peripheral 
region of the dielectric element, outside of the central region 
aligned With the chip. The terminals are connected to the 
chip contacts through ?exible leads 362 and horiZontal 
conductors extending Within plate 352, on the surfaces of the 
plate, or both. The package element includes a metallic plate 
heat spreader 350 secured to the rear surface of the chip by 
a thermally conductive adhesive 351. Plate 350 extends 
parallel to plate 352, With the chip disposed therebetWeen, 
and With a compliant dielectric layer 390 ?lling the remain 
ing space betWeen the plates and intimately surrounding 
?exible leads 362. The plates and the dielectric layer coop 
eratively protect the chip. The assembly can be handled and 
mounted readily using conventional surface mounting tech 
niques. Thus, terminals 358 may be provided With bonding 
materials such as solder balls. As depicted in FIG. 15, the 
assembly is mounted to a substrate 370, With terminals 358 
bonded to contact pads 359 on the substrate by conventional 
bonds such as solder masses. Substrate 370 desirably has a 
coef?cient of thermal expansion closely matched to the 
coef?cient of thermal expansion of plate 352, so as to 
minimize differential thermal expansion of these elements. 
The ?exible leads 362 compensate for differential thermal 
expansion or movement betWeen chip 320 and plate 352. 

[0054] Assemblies as depicted in FIG. 15 can be fabri 
cated by processes similar to those discussed above, With the 
rigid plate dielectric element substituted in place of the 
?exible sheetlike dielectric elements illustrated in FIGS. 
1-14. According to other embodiments of the invention, the 
rigid dielectric element can be formed from materials other 
than ceramics. For example, ?ber-reinforced polymer circuit 
panels such as glass ?ber reinforced epoxy circuit panels 
may be employed. One suitable type of ?ber reinforced 
panel is commonly referred to as “FR-4”. 

[0055] These and other variations and combinations of the 
features discussed above can be utiliZed Without departing 
from the present invention as de?ned by the claims. Accord 
ingly, the forgoing description of the preferred embodiment 
should be taken by Way of illustration rather than by Way of 
limitation of the invention. 

What is claimed is: 
1. A method of making a semiconductor chip assembly 

comprising the steps of: 

(a) providing a subassembly including a semiconductor 
chip having a front surface and having contacts on the 
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front surface, and a package element attached to the 
chip so that a peripheral region of the package element 
projects outWardly aWay from the chip in horiZontal 
directions generally parallel to the front face of the 
chip; 

(b) providing a dielectric element having top and bottom 
surfaces and terminals on the top surface, and position 
ing the dielectric element to overlie the subassembly 
With the top surface and terminals facing aWay from the 
chip and package element, With a central region of the 
dielectric element disposed adjacent the chip and With 
a peripheral region of the dielectric element carrying at 
least some of the terminals overlying the peripheral 
region of the package element; 

(c) providing ?rst leads attached to the chip at one end 
thereof and to the dielectric element at the other end 
thereof, the ?rst leads being electrically connected 
betWeen the contacts of the chip and the terminals on 
the dielectric element; and 

(d) moving the dielectric element and chip relative to one 
another through a predetermined displacement so that 
the dielectric element moves With a vertical component 
of motion aWay from the chip, and so that the ?rst leads 
are bent to a con?guration in Which each said ?rst lead 
is ?exible ; and 

(e) injecting a curable liquid beneath the dielectric ele 
ment and curing the liquid to form a compliant layer 
supporting the dielectric element above the chip and 
package element. 

2. A semiconductor chip assembly comprising: 

(a) a subassembly including a semiconductor chip having 
a front surface With contacts thereon and a package 
element having a central region attached to the chip and 
a peripheral region extending outWardly aWay from the 
chip in horiZontal directions generally parallel to the 
front face of the chip; 

(b) a substantially imperforate dielectric element overly 
ing the subassembly, the sheet including a central 
region overlying the central region of the package 
element adjacent the chip, and a peripheral region 
extending outWardly from the central region of the 
sheet and overlying the peripheral region of the pack 
age element, the sheet having a top surface facing aWay 
from the subassembly and a bottom surface facing 
toWard the subassembly and electrically conductive 
terminals on the top surface, at least some of the 
terminals being disposed in said peripheral region of 
the sheet; 

(c) a compliant layer disposed betWeen the subassembly 
and dielectric element and supporting the dielectric 
element above the subassembly; and 

(d) vertically-extensive ?exible ?rst leads embedded in 
said compliant layer and extending upWardly from the 
contacts on the chip to the central region of the dielec 
tric element, the ?exible leads being electrically con 
nected to the terminals. 


