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cover layer (18) formed of liquid crystal polymer to a flex circuit (20)
consisting of circuit elements (54) mounted to a liquid crystal polymer
substrate (52) in order to encapsulate the circuit elements between the
cover layer and substrate to protect them from exposure to moisture
and contaminants and to provide thermal protection of temperature
sensitive circuit elements within the flex circuit during the encapsu-
lation process.
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METHOD AND APPARATUS FOR SEALING FLEX CIRCUITS HAVING HEAT
SENSITIVE CIRCUIT ELEMENTS

p S

FIELD OF THE INVENTION

This 1invention 1is directed to flexible circuits,

and, more particularly, to a method and apparatus for sealing

circuit elements of a flexible circuit, including heat

sensitive circuit elements, which are mounted on a substrate

formed of liquid crystal polymer to protect them from

exposure to moisture and contaminants.

BACKGROUND OF THE INVENTION

Flexible or "flex"™ circuits are used 1n a wide

variety of applications where an electrical circuit must bend

around corners or be flexed during operation. Flex circuilts
are  thin, light weight, flexible and exhibit  high
routability. Traditionally, polyimide films have been used

as substrates 1n the manufacture of flex circuits due to

their good thermal stability and mechanical strength. Other

"

properties of polyimide films, however, limit the speed or

frequency at which electric components mounted thereto can

operate.

Liguid crystal polymer ("LCP") has been developed

in recent vears as a replacement for polyimide films in flex

circuits. LCP is a thermoplastic aromatic polyester which is

 an
o

thermally stable, with an upper use temperature 1in excess o:

250°C and good inherent flame retardant properties. LCP

films, in comparison to polyimide films, have about one-tenth

of the moisture uptake and a lower coefficient of humidity

expansion. Lower moisture absorption leads to higher

frequency signal and data processing stability.

Additionally, LCP films have a lower dielectric constant and

a lower loss or dissipation factor over the functional
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frequency range of 1lkHz to 45 GHz, with negligible moisture

effects, compared to polyimide films.

The fabrication of flex circuits with LCP films 1is
expected to lead to thelr use in more demanding environments
where moisture and other <contaminants are prevalent.

e

Particularly 1in such types of applications, the circuit

clements applied to the LCP substrate of the flex circuit
must be protected from damage. Soldermask coatings, which
have been employed to provide protection from moisture and
contaminants in peolyimide films, have been considered for use
with LCP substrates. Additionally, due to the thermoplastic

nature of LCP, the application of an LCP film cover layer to

an LCP substrate has been proposed as a means of
encapsulating circuit elements. With respect to LCP cover
layers, current practice 1s to employ an air knife or laser

to create localized heating of the L. P cover laver and LCP

substrate along the periphery of the flex circuit. A number

of problems can arise from this approach. A failure of the

seal between the cover layer and substrate at any point along

the periphery of the flex circuit can expose all of the
circuit elements to molsture, chemicals or other
contamlnants. If the air between the cover layer and

substrate 1s not fully removed, pressurization of the flex

circuit which would occur in underwater applications, for

example, could compress such air and create a Dbubble

potentially resulting in a rupture of the cover layer and/or

ad . - p— [ S R —

—

substrate thus creating a failure of the entire circuit.

The melt temperature of LCP material 18
approximately 283°C, and soldermask coatings are also applied

at relatively high temperatures. While a number of standard

circult elements are not affected by high temperatures,

components such as micro-electrical-mechanical-system

("MEMS") sensors, 1infra-red sensors and a variety of other

circult elements are temperature sensitive and can be damaged

-7 -
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or destroyed upon exposure to elevated temperatures. There

is a need for an efficient and dependable method and
apparatus capable of individually sealing or encapsulating

the electrical components of circuits which employ an LCP

substrate, while protecting heat sensitive components of the
circuit from damage due to the temperatures at which the

sealing process 1s performed.

i

SUMMARY OF THE INVENTION

This 1nvention 1s directed to a method and

apparatus for affixing an LCP cover layer to a flex circuilt

consisting of circulit elements mounted to an LCP substrate,

at least some of which are temperature sensitive, 1in order to
individually protect the circuit elements from damage and/or
reduced operational efficiency due to the presence of
moisture, chemical and other contaminants.

In the presently preferred embodiment, the
apparatus 1ncludes an 1so-static press having a hollow

pr—

interior connected to a source of 01l or other liguid whose

temperature can be accurately controlla=d and maintained. The
oil 1s heated to a temperature 1n the range of approximately
283°C to 320°C and transferred from a reservolir into the
interior of the press. The base of the press has a plate or

membrane formed of a flexible material covered with a non-

stick surface which does not adhere to LCP.

The flex circuilt 1s placed on the surface of the

— e ——— S —

thermally conductive top plate of a support such that the

circuit elements are exposed. A thermal insulating compound
may be placed over each temperature sensitive circuit element
for added thermal protection. The support includes a housing
formed with a cavity within which a number of conduits are

mounted each having an upper end communicating with a channel

formed in the underside of the top plate. Cooling fluid from

a source 1s cilirculated through selected conduits, i.e. those

-3



10

15

30

CA 02596440 2007-07-31

WO 2006/083773 PCT/US2006/0032435

which are located beneath the temperature sensitive cilrcuilt

elements of the flex circuit, to provide localized cooling of

hral

such elements during the lamination process. QOther conduilts,

which are not located near the temperature sensitive circuit

elements, may be supplied with a heating fluid to raise the
temperature of the top plate of the support in selected areas
and thus assist with the lamination process.

—
o

With the flex circuit in place on the top plate of

the support, and the conduits within the support receiving
cooling fluid or heating fluid to cool or heat selected areas

of the top plate, an LCP cover layer 1s placed atop the flex

circuit and the press is activated to move into contact with

the cover laver. The flexible membrane at the base of the

press is capable of substantially conforming to the shape of

the circuit elements, thus urging the LCP cover layer around

each of them individually to the underlying LCP substrate of

the flex circuit. The temperature and pressure applied by

the press, and the elevated temperature of selected areas of

the support top plate, are sufficient to cause the LCP cover

layer and substrate to "relax" or melt te a limited extent
and thus adhere together forming a secure bond so that the
circuit elements are individually encapsulated between the

two layers.

-

BRIEF DESCRIPTION OF THE DRAWINGS

~ The structure, operation and advantages of the

N PR A, Al o e

presently preferred embodiment of this invention will become

g

further apparent upon consideration of the following

description, taken in conjunction with the accompanying
drawings, wherein:
FIG. 1 is a schematic, perspective view of the

pr—

apparatus of this invention;

FIG. 2 is a Dblock diagram illustrating the

operation of the press of the apparatus shown in Fig. 1;

-4 —
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FIG. 3 1s a perspective view of the support for

the flex circuit with a portion cut away to show the conduits

mounted within a cavity in the support;

FIG. 4 1s a schematic view of one conduit of the
support connected by 3-way valves to a hot fluid source and
a cold fluid source, wherein cooling fluid is being supplied
to the conduit;

FIG. 1A 1s an enlarged view of the encircled

portion of Fig. 1;

FIG. 5 1s a view similar to Fig. 4, except with

hot fluid being supplied to the conduilt;

FIG. 6 is a schematic, block diagram depicting the

structure for supplying hot fluid and cooling fluid to the
conduit; and
FIG. 7 1s a cross sectional view of the connection

between a condult and the top plate of the support.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to the Figs., the apparatus 10 of
this i1nvention 1s schematically illustrated. The apparatus

10 includes an 1so-static press 12 having a housing 14 formed

with a hollow interior. The base of the housing 14 mounts a

flexible membrane 16 having an exposed surface coated with

Teflon® or other release agent which will not stick to LCP,

and an 1inside surface ccated with a hydrophobic film.

Preferably, the flexible membrane 16 1is formed of high

density polyethylene, butyl rubber, ethylene propylene diene
monomer rubber or a similar material.

The press 12 1s operative to apply heat and
pressure against a cover layer 18 which overlies a flex

circuit 20 placed upon a support 22. In the presently

preferred embodiment, the press 12 i1s heated by the
introduction into 1ts hollow interior of heated oil or a

similar fluid whose temperature can be relatively accurately

- 5-
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controlled and maintained within the range of about 283°C to

320°C. A first reservolr 24 having heating elements (not
shown) 1s connected by a supply line 26 to a manifold 28. A

pump 30 and vwvalve 32 are 1located in the supply line 26,

between the first reservolr 24 and manifold 28, as shown.

The manifold 28, in turn, 1s connected by an input line 34 to
one port at the top of the press 12, and by an output line 38

to a second port. A recilrculation 1line 42, containing a

valve 32, 1s connected between the manifold 28 and the top of

the first reservolr 24.

In view of the relatively high temperature
obtained by the press 12 during operation, it 1s advantageous
to provide a cooling capabillity to step the temperature down.
To that end, a second reservolr 44 1s provided which contains
the same fluid as first reservoir 24 except at ambient
temperature. The bottom of second reservolr 44 1is connected
by a line 46 to the manifold 28, and a recirculation line 48
connects the manifold 28 to the top <¢f the second reservoilr
144 . A pump 30 and valve 32 are located in the 1line 46
between the second reservolir 44 and manifold 28, and a valve

’-‘

N 18 mounted 1n the recir~ulation line 48.

The press 12 1is moved with respect to the support
22 by a number of pneumatic or hydraulic pistons 50 which are
mounted at equal intervals along the top surface of the press

12. Conventionally, the pistons 50 are 1independently

actuated by a source of air or fluid (not shown) to ensure

- -

that the press 12 applies uniform pressure to the cover laver

18 and flex circuit 20 over the entire surface area of the

flexible membrane 16. The detailed construction of the press

12 forms no part of this invention, and 1s therefore not
discussed further herein.

p—
—

As discussed above, the metirod and apparatus 10 of

this invention are designed to ©provide a means  for

individually encapsulating circuit elements to protect them

—6—
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from moisture and contaminants. The flex circuit 20 consists
of a substrate 52 formed of LCP - upon which a number of
circuit elements 54 are mounted. The cover layer 18 1s also

formed of LCP, which, because of 1ts thermoplastic nature,

will "relax" or begin to melt at a temperature of about

283°C. By placing the cover layer 18 over the flex circuit
20 and applying heat and pressure, the cover layer 18 and

substrate 52 adhere to one another with a secure bond and

entirely enclose the circult elements 54 between them.
At least some of the circult elements 54 are

temperature sensitive and would be damaged by exposure to

heat on the order of the melt temperature of the LCP layers.
The support 22 is constructed to provide localized cooling of
the temperature sensitive circuit elements 54, and to
generate heat in other areas of the substrate 5Z which raises
1ts temperature to assist with the lamination or

encapsulation process. With reference now to Figs. 3-7, the

support 22 includes a side wall 56 defining an internal
cavity 58 which is closed by a top plate 60 and a bottom
plate 62. The top plate 60 is preferably formed of a highly

thermally conductive material such as aluminum silica

carbide. A number of channels 64 are machined or otherwise

formed 1in the underside of the top plate 60, each of which
mounts a condult ©06. See Fig. 7. The condulits 66 are

depicted in the Figs. as a pair of side-by-side pipes 68 and

70 each having an upper _eng:_l rece,i\;eg_‘wi_“chin a channel 64 in

—— 4 m w ——

. - — ——

the top plate 60 so that fluild can pass between the two. It

should be understood, however, that the conduit 66 may be a
unitary structure formed with an internal wall so as tTO
define two separate flow paths, for purposes to become
apparent below.

An array of conduits 66 1s carried within the
cavity 58 of the support 22 atop the bottom plate 62 and

i
p—

extending beneath substantially the entire surface area of

-] -
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the top plate 60. Structure 1s provided to transmit either

cold fluid or hot fluid into each conduit 66, depending on

yurem

the position of the temperature sensitive circuilt elements 54

resting on the top plate 60 of the support 22, so that such

fluid produces localized heating or cooling of the top plate
00. As best seen in Figs. 4-6, this structure 1includes a
cold fluid source 72 connected to a pump 74, which, in turn,
is connected to a distribution manifold 76 and, a hot fluid

source 78 connected by a pump 80 to a second distribution

manifold 82. While the "hot" fluid source 78 1s shown as a
separate reservoir in the Figs., it 1s contemplated that the
first reservoir 24 supplying heated flulid to the press 12 may

be emploved to transmit hot fluid to the conduits 66, 1f

desired.

As described more fully below in connection with a

discussion of the operation of the apparatus 10 of this

invention, the distribution manifold 76 connected to the cold

fluid source 72 transmits such fluid to number of 3-way

valves 84. Each 3-way valve 84, in turn, 1s connected to the
inlet of the pipe 70 of a conduit 6606. Similarly, the

distribution manifold 82 receiving hot fluid from source 78
is connected to a number of 3-way valves 86, each of which
connects to the i1nlet of a pipe 68 of a condult 660.
Consequently, depending upon the operative position of the 3-
way valves 84 and 86, either hot or cold fluid can be
circulated through each conduit 66 to obtain localized

— — LI a— -—— e

heating or cooling of the top plate 60 in the area located

immediately above such condult 66.

The operation of the press 12 of this invention 1is

described initially below, followed by a discussion of the

localized cooling and heating provided by the support Z22.

The apparatus 10 1s operated by a commercially

available controller 56 as schematically depicted in the

block diagrams of Figs. 2 and 6. Initially, oil or other

-8 -
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fluid within the first reservoir 24 1is brought up to a
temperature 1in the range of 283°C to 320°C by activating
heating elements (not showmn) therein. The controller 56 1is
operative to activate the heating elements wvia a signal input
through lead 88, or they may be independently activated by a
switch (not shown) located at the first reservoir 24. The
controller 56 then 1nputs signals through leads 90 and 92 to

start the pump 30 and open valve 2, respectively, thus

initiating the flow of heated 01l out of the first reservoir
24, When it 1s desired to heat the press 12 1n preparation
for circuit encapsulation, the controller 56 deactivates the
pump 30 and valve 32 1in line 46 from second reservolir 44 by
signals 1input through leads 94 and 96, respectively. The
heated o0il flows to the press 12 through the manifold 28 and
into the input line 34 leading into the interior of the press
12. Preferably, the temperature of the heated 01l within the

press 12 is controlled and maintained by continuously

reclrculating it from the first reservoir 24 through the
manifold 28 and input line 34 into the press 12, and then out
of the press 12 through the output line 38 and manifold 28 to
the recirculation line 42 connecting the manifold 28 to the
first reservoir 24. The controller 56 opens the wvalve 32
within the recirculation 1line 42 vilia a signal through the

line 98 to allow heated 011 to pass from the manifold 28 1into

the first reservoir 24.

With the press 12 at the appropriate temperature,
the encapsulation process can proceed. The flex circuit 16
is positioned on the support 22 so that the circuit elements
54 on the LCP substrate 52 are expoced. In the presently
preferred embodiment, a thermal insulating compound 99 such
as Aerogel or a silica based material is placed over the top

of each temperature sensi“-ive cilrcult element 54. See Fig.

() |

1A. The compound 99 is effective to assist in preventing

thermal damage to the upper portion of such circuit elements

~ 0~
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during the encapsulation operation. The LCP cover layer 18
is then placed atop the substrate 52 and circuit elements 54.
The controller 56 operates the pistons 50 causing the press

12 to move toward the support 22. Jpon engagement of the

flexible membrane 16 at the bottom of the press 12 with the

cover laver 18, at a uniform pressure up to 200 psi, the

flexible plate 16 substantially conforms to the shape of the

circuit elements 54 beneath. In turn, the cover layer 18 1s
forced around the circuit elements 54 into contact with

substrate 52. The press 12 1is maintained 1in this position

for a period of time sufficient to heat both the LCP cover
laver 18 and LCP substrate 52 to a melt temperature of at
least 283°C, but not more than about 320°C, causing them to
bond to one another and thus encapsulate the circult elements
54 between the two.

After completing one ©or more encapsulation
procedures, the temperature of the press 12 may be stepped
down by circulating comparatively cocl, ambilient temperature
oil 1nto the press 12 from the second reservoir 44. The
controller 56 1s operative to deactivate the pump 30 and

close valve 32 within line 26 connected to the first

reservolr 24, while activating pump 30 and opening valve 32
within the line 46 connected to the second reservoilir 44. The
controller 56 closes the wvalve 32 within the recirculation
line 42, and then opens the valve 32 within the recirculation
line 48 extending from the manifold 28 to the second.
reservoir 44 by inputting a signal to such valve 32 through a
line 100. As a result, ambient temperature oil 1s
recirculated within the press 12 to reduce 1its temperature.

As noted above, a thermal insulating compound 995

is placed on the top surface of the temperature sensitive

circuit elements 54 prior to the encapsulation operation to

aid in the protection of them from the heat of the press 12.

For additional thermal protection, it is desirable to provide

~10-
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guiven-

localized ceooling of the top plate 60 of support 22 in those

areas located immediately beneath the circuit elements 54.
Additionally, the encapsulation process may be enhanced by

heating areas of the top plate 60 which are spaced from the

thermally sensitive circuit elements 54. The support 22
provides such localized heating and cooling as follows.

For purposes of the present discussion, and with

reference initially to Filigs. 4 and 6, a single conduit 66
including pipes 68 and 70 is shown. It should be understood

that the following discussion describing the manner in which

cold fluid or hot fluid is supplied to conduit 66 applies
equally to all of the other conduits 66 mounted within the

support 22. One of the 3-way valves 84 1s connected to the

inlet of pipe 70 of conduit 66 by a line 102, and one of the
3-way valves 86 1s connected to the 1inlet of pipe 68 of
conduit 66 by a line 104, The 3-way valve 84 1s also
connected to the hot fluid source 78 through a line 106, and

the 3-way valve 86 is connected to the cold fluid source 72

by a line 108. In order to circulate cold fluid through the
conduit 66, and into contact with the underside of the top
plate 60 immediately above the conduit 66, the controller 56

inputs a signal through line 110 to &ectivate the pump 74 so

that it begins pumping cold fluid from the source 72 into the
distribution manifold 76. The operation of pump 80 1is

governed by the controller 56 via signals input through line

112, as described below in connection with a discussion of

Fig. 5. The cold fluid passes from the pump 74 into the

distribution manifold 76 and then to the inlet of each of the

3-way valves B84. It should be understood that the three

valves 84 and three valves 86 shown 1n Fig. 6 are for

purposes of illustration, and there could be essentially any

number of valves 84, 86 depending on how many condulits 66 are

employed in the support :=Z.

~11-
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As best seen in Fig. 4, flow of cold fluid or

heated fluid into each individual conduit 66 1s dependent on

ol

the operation of a valve pair, 1.e. one of the 3-way valves

84 and one of the 3-way valves 86. Once the position of the

thermally sensitive circuit elements 54 on the top plate 60

of support 22 is determined, the group(s) of condults 66, Or
individual conduits 66, which are located immediately beneath
such areas are identified. The controller 56 1s operative to

introduce cold fluid into such conduit(s) ©6 as follows. A

signal is input to 3-way valve 84 though a line 114 which

opens a path through 3-way valve 84 to the line 102 connected

to the inlet of pipe 70, but closes the flow path to line 100
which connects such valve 84 to the hot fluid source 78. At
the same time, the controller 56 inputs a signal through line
116 to the 3-way valve 86 connected to the pipe 68 assoclated

with that conduit o66. The 3-way valve 86 1s operated to

permit the flow of fluid from pipe 68 into the line 108

connecting 3-way valve 86 to the cold fluid source 72, while

closing the flow path through 3-way valve 86 from the

distribution manifold 82. Consequently, cold fluid from the
source 72 1is pumped via pump 74 through the distribution
manifold 76, to the 3-way valve 84, and then into the pipe 70
of conduit 66 via line 102. The cold fluid 1s directed by
pipe 70 into the channel 64 formed on the underside of the

top plate 60 where it contacts and reduces the temperature orf

~a_discrete area of the *op plate 60 Dbeneath one or more

temperature sensitive circuit elements 54. See also Fig. 7.
The cooling fluid passes through the channel 64 and enters
the pipe 68 of conduit 66 from which it is discharged into
the line 104 leading to the 3-way valve 86. The 3-way valve
86 passes the «cold fluid into 1line 108 where 1t 1is
transmitted back to the cold fluid source 72. The cold fluid

is continuously recirculated along the above-described flow

path, as depicted by arrows 118 in Fig. 4, throughout the

-1 2 -
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encapsulation process to assist 1n protection of the

temperature sensitive circuit elements 54 from thermal

damage.

g

Other areas of the flex circuit 20 mount circuit

elements 54 which are not affected by the temperature of the

encapsulation process. In these areas, 1t 1s desirable to

locally heat the top plate 60 of the support 2Z to assist the
press 12 with the encapsulation process. The same valve
arrangement described in Fig. 4 is employed to deliver hot
fluid to each individual conduit 66. With reference to Figs.
5 and 6, in order to obtain a flow of hot fluid into the

condulit 66 the controller 56 inputs a signal though line 112

to start the pump 80 connected to the hot fluid source 7/8.

The hot fluid passes through the distribution manifold 82 to

the inlet of each 3-way valve 86. The controller 56 inputs a
signal through line 116 causing selected 3-way valves 806 to
accept the flow of hot fluid from the distribution manifold

82 while closing the flow path from wvalve(s) 86 into line

108. The hot fluid passes through the 3-way valve 86 1nto

line 104 which connects to the inlet of pipe 68 of conduit
66. At the same time, the contreoller 56 operates selected 3-
way valves 84 to open a flow path through such valve(s) 84

y—

from the line 102 connected to the pipe 70 of conduit 66 1into

line 106 extending between the wvalve(s) 84 and hot fluid

source 78. The inlet of 3-way valve 84 connected to the

distribution manifold 76 is closed. _As a result, hot fluid

from the source 78 and distribution manifold 82 passes
through the 3-way valve 86 into the pipe 68 of conduit 66 via
line 104, and moves along a channel %4 at the underside of
top plate 60 thus locally heating the top plate 60 in that
immediate area. The hot fluid enters the pipe 70 of conduit
66 from the channel 64 and is transmitted to the line 102.
After passing through the 3-way valve 84, the hot fluid 1s
returned to the source 78 through the line 106. The hot

~13-
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fluid is preferably continuously recirculated in the
direction of arrows 120 in Fig. 5 throughout  the
encapsulation process.

The  support 22 of this invention therefore

provides localized heating and cooling of those areas of its

' 1}

top plate 60 where enhanced heat for encapsulation, or
additional cooling to protect temperature sensitive circult
celements 54, 1is desired. Depending upon how the valve pailr
84, 86 assocliated with each conduit 66 1is operated, as
described above, localized heating or cooling can be provided

by each individual condulit 66 or groups of conduits 66, as

needed. This allows for the efficient encapsulation of LCP

circuits 20 of essentially any configuration, one after the

other. The flow of hot or cold fluid through any given

condulit 66 can be readily reversed by the controller 56, thus

o

permitting the temperature of the area of the top plate 60

immediately above to be rapilidly cooled 1f 1t was previously

heated, or vice versa.

-14 -~



10

15

20

25

30

35

CA 02596440 2009-10-02

CLAIMS

1. Apparatus for sealing circuilt elements of an electrical
circult Dbetween a substrate upon which the circult elements
are mounted and a cover laver, sald apparatus comprising:

a press having a hollow interior, said press being

adapted to be connected to a source of heated fluid;

a support which carries the substrate and the cover

sheet, at least some of the circuit elements on the substrate

being temperature sensitive, sailid support i1ncluding:

(1) a housing formed with a cavity;

(11) a number of conduits mounted 1n said cavity, each of
the conduits having a hollow 1nterior adapted to
receive cooling fluid from a source;

a controller which directs said cooling fluid 1into those
of said conduits which are located 1in position underlying the
temperature sensitive clrcuit elements carried on the
substrate;

sald press when at least partially filled with said
heated fluid moves 1nto contact with the cover sheet overlving
the substrate and exerts sufficient heat and pressure to cause
the cover sheet and substrate to bond together while the heat
sensitive circult elements are cooled by said condults

receiving sald cooling fluid;

sald press including a flexible membrane engageable with
the cover sheet, sald flexible membrane substantially

conforming to the shape of the circuit elements on the

substrate 1n the course of movement 1nto engagement with the

cover sheet.

2. The apparatus of claim 1 in which said press 1s an 1iso-
static press capable of exerting substantially equal pressure

over the surface area of the cover sheet and substrate.

3. The apparatus of <c¢laim 1 further including thermal
insulating compound located 1n between the temperature

sensitive circult elements and the cover sheet.
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4 . The apparatus of claim 1 in which each of said conduits
mounted 1n said cavity of said housing of said support
includes a first flow path communicating with a second flow
path, one of said first and second flow paths forming an inlet
adapted to receive said cooling fluid from said source of
cooling fluid and the other of said first and second flow
praths forming an outlet adapted to return said cooling fluid
to said source of cooling fluid, said cooling fluid contacting
and lowering the temperature of a discrete area of said
support in the course of movement along said first and second

flow paths.

5. The apparatus of claim 4 i1n which said conduit includes a
first pipe having a hollow 1interior defining said first flow
path and a second pipe having a hollow interior defining said
second flow path, sailid support having a top plate formed with
a channel connected to an upper end of each of said first and
second pilpes, sald channel 1interconnecting said hollow

interiors of said first and second pipes.

6. Apparatus for sealing circult elements of an electrical
circult between a substrate upon which the circuit elements
are mounted and a cover laver, said apparatus comprising:

a press having a hollow 1nterior, sald press being
adapted to be connected to a source of heated fluid;

a support which carries the substrate and the cover
sheet, at least some of the circuilt elements on the substrate
being temperature sensitive, sald support 1ncluding:

(1) a housing formed with a cavity;

(11) a number of conduits mounted in said cavity, each of
the condults having a hollow 1nterior adapted to
receive cooling fluid from a source;

a controller which directs said cooling fluid into those

of said conduits which are located 1n position underlyving the
temperature sensitive circult elements carried on the

substrate;
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sald press when at least partially filled with said

heated fluid moves into contact with the cover sheet overlying
the substrate and exerts sufficient heat and pressure to cause
the cover sheet and substrate to bond together while the heat
sensitive circult elements are cooled by said condults
receiving said cooling fluid, wherein saild conduilits are
adapted to connect to said source of heated fluid, said

controller being effective to direct saild heated fluid 1into

those of said conduits which are spaced from the temperature

sensitive circult elements on the substrate.

7. The apparatus of claim 1 1n which each of the substrate

and the cover lavyer are formed of liquid crystal polymer.
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