1 oS CIRCUIT CARD AND METHOD OF MANUFACTURE BACKGRJQ{?

I N\/EI\II'I ON- 12> Field of the Invention. The present invention, eral
relates.to electrical circuit cards and their nmanufacture. &gt car ds
today are still called "printed circuit boards" even though they sel dom are

printed. Regardl ess of how they are nade, they nust conformto stringent
safety requirements concerning their operati % vol tages, dielectric
breakdown voltages and ability to dissipate at during operating
conditions. Wien these safety requirenents call for ability to operate
under vol tages of at |east 2500 vol IEE'EC’F*T'ﬁ%CHF‘E’Fé‘i E8RByi nji num di el ectric

t hi cknesses, which often préesent Egémgﬁm m; O course,

cool i ng by forced air or water can be prOVI t thrs arrangenent causes
ot her problens. 2. Description of the Prior Art. United States patent No.

4,993, 148 to Adachi et al. describes a nethod for formng a circuit board
that invol ves plating conduct or - | BREEFROUIP QF (TRE JEVEREPNi el ectric | ayer
that | eaves a portion of the conductor exposed for nounting conponents.

Thi s
1. Field of the Invention.
The present invention, generally, relates to electrical

circuit cards and their manufacture.

Circuit cards today are still called “printed circuit boards"
even though they seldom are printed. Regardless of how they are
made, they must conform to strinéent safety requirements concerning
their operating voltages, dielectric breakdown voltages and ability

to dissipate heat during operating conditions.

! When these safety requirements call for ability to operate
under voltages of at least 2500 volts, this dictates minimum
dielectric thicknesses, which often present heat. dissipation
problems. Of course, cooling by forced air or water can be

provided, but this arrangement causes other problems.

2. Description of the Prior Art.

United States patent No. 4,993,148 to Adachi et al. describes
a method for forming a circuit board that involves plating
conductor layers on a pre-defined dielectric layer that leaves a -

portion of the conductor exposed for mounting components. This



2 nethod-does not involve applying a copper foil, defining a conductor and.
via pattern’in the copper foil and then using the conductor and vi a pattern
to define the dielectric. United States patent No. 4,999,740 to Ilardi et
al . describes a circuit board made by building | ayer of photo-imgeabl e
dielectric material on a netal substrate and inmaging the dielectric to
create wells for nounting conponents on the netal substrate. It does not
involve multiple wiring layers, and it does2not provide voltage planes of
hi gh current carrying capacity or utilize lamnated netal foil as a

di el ectric renpwethadadres Wett uvBivat %Eplp'étlern ddppes, 081, 5éXindnddachi et

al . describes a C|Jc ot: apo rvga\Mthﬁ %Lep %Pt%ﬁ P%gt f‘g"?h hotgo ?s)e sitive
0 e a s

i nsul ating Iayer ornmed I'ea 1 onE for

conmponent nount bBﬂilﬁﬂ:ﬁﬁSandi}Qa%&&Htﬁ Ma@ﬁlﬁeﬁ(ﬂlbr&ﬁel%@ﬁ:@ﬂ. plating of
conductors and vias. It does not contain soldered interconnections of

I ndi vi dual |ayers. Waile the structural arrangenents of these prior art

of the precent | nvelPient ALY GALrBr or AATEITAD FRSRErts orabscterertbis”

differences wilh @.ﬁ:ddﬂé%cﬁirﬁoﬂadmlb? &_Lﬁ@rihy fdyem ar rg%dbnﬂn&jeabmé
dielectric material on a metal substrate and imaging the dielectric
to create wells for mounting components on the metalngpbstrate. It
does not involve multiple Qiring layers, and it does not provide

voltage plénes of high current carrying capacity or utilize

laminated metal foil as a dielectric removal mask.

United States patent No; 5,081,562 to Adachi et al. describes
a circuit board with a metal plate on which a photo-sensitive
insulating layer is formed leaving portions of the metal plate
exposed for component mounting areas. The circuit board requires
copper plating of conductors and vias. It does not contain

soldered interconnections of individual layers. .. -

While the structural arrangements of these prior art circuit
boards at first appearance have similarities with the circuit card
of the present invention, they differ in material respects. These
differences will be understood more clearly from a reading of the
following detailled description of the invention, and these
differences admit of significant advantages in the manufacturing

process and in the use of the completed circuit card.



folfow'ng detail ed descriptionrefi-the i nvention, and these differences _
admt of 'significant advantages in the manufacturing process and in the use
of the conpleted circuit card. 3 By way of exanple, the present
invention permts a very cost efficient manufacturing process to be used,
nanely, the elimnation of copper plating of conductors and the elimnation
of copper plating usually required for all interconnects. This advantage is
even nore significant in the manufacture bf power circuit cards that

i nvol ve thicker copper and take nore manufacturing time. A further

advant age that i sBYiyi P cmpis 4« Fheheresent jinveahien Mernite meNeryfodsiie

present -invenidQn.LS L0 I elimnation Qf & ual_reguinenent of copper
pl ating, whi c%ff%‘e@%%ﬂf‘i g‘gﬁﬁl‘fgisfé‘rg%m ip%é?esn%f’t %’%g‘stgé b“ea‘“gggaitr%‘eed ?E%““s"ﬁtllr’g ,
further advardfgeppdmiplatimy af | cdildbcibitd ahliety eseminadtivends edppaer the

prior art is in the isolation of the primary and secondary voltage pl anes
t hat produce BYR5LBY stpual bt tiepeired £PF AHaARkeraeaneckduthiprdvantanst isvet

anot her advanfage t . te | ' ' bt ai by.the use of thin
coatings for the 1F‘r‘gl eersFlg?g%?ﬁﬁiJg'{n%?e en%??+€ur%r se’ﬁk%%\%ﬁ é’f’%célﬁﬁt ﬁ?rc\%ni ch
thin materi althatl SAvqiveviiit-ker nédppeRl and take more manufacturing time.

A further advantage that is significant with tﬂe,pircuit-card
arrangement of the present invention is in its elimination of the
usual requirement of copper plating, which permits higher wiring
densities to be obtained. A still further advantage that is
available with the present invention over the prior art is in the
isolation of the primary and secondary voltage planes that produce
improved eléctrical performance and a reduction in cost.

Yet another advantage of the present invention is obtained by
the use of thin coatings'for the materials of high dielectric
breakdown strength, which.thin materials also provide a minimal --
thermal resistance. When used in conjunction with openings in_the-
dielectric for component mounting, an effective heat dissipating

circuit card structure results.

Accordingly, the prior art patents identified above are hereby

incorporated by reference.



theymal «esistance. Wen used in conjunction with openings in the
dielectric for conponent nounting, an effective heat dissipating circuit
card structure results. Accordingly, the prior art patents identified above
are hereby incorporated by reference. 4 OBJECTS AND SUMVARY OF THE
INVENTION It is a principal object of the present invention to provide a
new and i nproved circuit card that overcones deficiencies inherent in prior
card arrangenents. It is also an object of the invention to provide a new
and inproved nethod of manufacturing the cirguit card of the invention.
Briefly a circuit card constructed and arranged in accordance with the

principles of the present invegpiykers inng g &ﬁrfnkeirgﬁnﬁﬁﬁs'[ rate forned

of a netal material with a dielectric nmaterial of 0.002 inch or |ess forned
on at |east one surface to support an electric circuit of a predeterm ned
configuration. Selected ,areas,of,  the circuit and the dielectric have

portions renoved for Jrotmtd RIIRTHIINSASECF I PEFSHBY. LREPHtiPR Fe Provide a

arrangemnent and QEerall ﬂﬁbf&gﬂi EHR0E Scar YRLOUR PBSRS hEri @R cies inherent
configuration ' '

in prior card arrangements.

It is also an object of the invention to provide a new and

improved method of manufacturing the circuit card of the invention.

Briefly a circuit card constructed and arranged in accordance
with the principles of the presént invention includes a carrier or
substrate formed of a metal material with a dielectric material of
0.002 inch or less formed on at least one surface to support an
electric circuit of a predetermined configuration. Selected areas
of the circuit and the dielectric have portions removed for
mounting components called for by the circuit arrangement and
operating requirements. A unique metallic land configquration
provides a self-aligned interconnect via by acting as a develop

mask during the dielectric removal process.

The above and other objects, advantages and features of the
present invention will become more readily apparent from the
following detailed description of the presently preferred

embodiment as illustrated in the accompanying drawings.



proyi desi-a sel f-aligned interconnect via by acting as a devel op mask during
t he diel ectric renpval process. The above and other objects, advantages and
features of the present invention will becone nore readily apparent from
the follow ng detailed description of the presently preferred enbodi nent as
illustrated in the acconpanyi ng draw ngs. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a view of an arrangenent of a nulti-layered circuit card
primarily for a voltage conversion operation in accordance with the present
invention. FIG 2 is a viewof a circuit casd-in accordance with the
present invention as it is to be used prlnarlly for a vol t age boost circuit
arrangement ~i n accordance wi'th_the invention. i S _a _perspective view

in elevation partly in cross BBLEY &?SFFH&O%?Y r?dmtﬂﬁnwaue configuration

of a netallic land for functioning as a. devel op mask. DETAI LED DESCRI PTI ON
OF THE INVENTION In FIG 1 of the draw ngs, the nuneral 10 identifies,
general |y, an isol aF¥4 Joks ayoiewmicenoprrrangement of comididelayeaded circuit

.. card primarily for a voltage conversion operation in accordance

a with the present invention.

FIG. 2 is a view of a circuit card in accordance with the
present invention as it is to be used primarily for a voltage boost

circuit arrangement in accordance with the invention.

FIG. 3 is a perspective view in elevation partly in cross
section illustrating the unique configuration of a metallic land

for functioning as a develop mask.

DETAILED DESCRIPTION OF THE INVENTION

In FIG. 1 of the drawings, the numeral 10 identifies,
generally, an isolated voltage convertor card in accordance with
the invention. The card 10 features a metal.carrier 11 on which
a first, thin, dry film dielectric layer 12 is formed and dried or

cured.

For the first, dry film dielectric layer 12, an acceptable

alternative has been found to be a liquid dielectric that is screen



t he, i nvent.ion. The card 10 features a netal carrier 11 on which a first,
thin, dry filmdielectric layer 12 is forned and dried or cured. For the
first, dry filmdielectric layer 12, an acceptable alternative has been
found to be a liquid dielectric that is screen 6 printed and dried on
the surface of the netal carrier 11. The thickness of the first dielectric
| ayer 12, to provide the required insulatign at 2500 volts, is a thickness
of approximately 0.002 inch. This dielectric thickness provides for the use
of a material wth rglativel poor. therpmal conductivity properties, as |ow
r

as 0.2 watts peFEER2egfHe RBI the, suffnds oSt F19 TSEaYidrRgSFitHi-maThe

appl i cation t hegiRknt&s o3t BC 10kt | B3I LHAR ﬁf@:gag?st&p%ciw%ﬁe £l
becone clear as the description proceeds, the ‘application therna
resi stance is riogudstiianoad. Z50feyokios ©sperthickigssopf | gmoxiyatsalyeot 00E
renoval of the diglectric material. On the first dielectric layer 12, a
first copper fori®13 of about 2 oz. is |anminated by the application of
tenperature and pressure in a lamnation press. It is during the |am nation
t hat

This dielectric thickness provides for the use of a material

with relatively poor thermal conductivity properties, as low as 0.2
watts per meter-degree Kelvin, while still providing'qinimal
application thermal réesistance of less than 3 degrees C per watt. .
As will become clear as the description proceeds, the application
thermal resistance is reduced to 0.5 degrees C per watt, or less,

by selective removal of the dielectric material.

On fhé first dielectric layer 12, a first copper foil 13 of
about 2 oz'. is laminated by the application of temperature and
pressure in a lamination press. It is during the lamination that
the first copper foil 13 is adhered to the dielectric Aateria1 and

the dielectric material becomes cured.

It is contemplated that the first copper foil 13 will be
formed into circuit lines of a desired pattern by a conventional
subtractive etching process to form, for example, a first voltade
source and a second voltage source, indicated as primary voltage
and secondary voltage in FIG. 1 of the dréwings and signal circuit

lines 13a and 13b also in FIG. 1.



the firgt--copper foil. 13 is adhered to the dielectric material and the

di él ectric material becomes cured. It is contenplated that the first copper
foil 13 will be formed into circuit lines of a desired pattern by a
conventional subtractive etching process to form for exanple, a first

vol tage source and a second vol tage source, indicated as primary voltage
and secondary voltage in FIG 1 of the drawi ngs and signal circuit |ines
13a and 13b also in FIG 1. 7 A second dielectric layer 14 of a

phot o-i mageabl e dielectric material covers the first copper foil 13 after
it has been etched and the desired nunber of circuits have been formed. A

vacuum | ami nat or has abggn, 10800 Jo@ b8 1ther bet ter aa@mtgg%g{%a&gg PP 09

-the second dielectric layer 14, since I't is inportant e manufacturing
process that fabnateatiabroayess stiee £féosit rcoppex] . fodtt Idldffert e meCbéeh etched
dielectric layer 14, when it is fornmed i,n accordance with the invention,

will be dried, t3ht8gpiradgedURbeE R SARGRERR Bave Pesnpiemady tAataqussves
diel ectric materjflinRebMarl bén Fobfdits beN@k betfdd AbP1iddd kst éi’&ﬁ.@gﬁg

foil 13. Form ng the second dielectric |layer 14 in accordance wth't
the second dielectric layer 14, since it is important in the
manufacturing process that fabrication costs be controlled.

Actually, the second dielectric layer 14, when it is formed in

accordance with the invention, will be dried, then exposed,
developed and cured in a pattern that leaves dielectric material
between the circuit lines formed in the first copper foil 13.
Forming the second dielectric layer 14 in accordance with the
method of this invention removes dielectric material from the top-
surface of the circuit lines in the first copper foil layer 13,
thereby forming a planar surface on which components may be
mounted, additional circuit lines formed and connections may be

made, as will be described.

A modification of the process for applying the second
dielectric layer 14 is to pattern screen print a liquid dielectric
material directly between the circuit lines in the copper foil
layer 13. The pattern screen printing process eliminates the
expose and develop process steps required when a f£ilm dielectric

material is used.



met hod ef this invention renoves.di-electric material fromthe top surface .
of ‘the circuit lines in the first copper foil | ayer "13, thereby formng a
pl anar surface on which conponents nmay be nounted, additional circuit |ines
formed and connections may be made, as will be described. A nodification of
the process for applying the second dielectric layer 14 is to pattern
screen print a liquid dielectric material directly between the circuit
lines in the copper foil layer 13. The pat@ern screen printing process
elimnates the expose and devel op process steps required when a film
dielectric materi alaithiugdetielectBicAlbper R9dielapiiied daypbe Phrnasiapdl ied to
the planarized structure, follqwed by,lami nation of -a_ second cqpper foi

| ayer 19. For é?ﬁﬁﬁ?‘&e'afﬁﬂrqﬁeerp%fl%’i’i%rﬂf(ﬁ EPERT iSOPPEY ehoidglager 19.
removed, as indicated at 15, to permt a conponent part 16 to be connected
directly with the secondary voltage circuit fornmed in the first copper foi
13. Now, a connecti®or iegamhles; topdxtiondef itiet tieind dbellettiiondyer 29nonent

part 16 over to a circuit line 18 that is forngd in a second copper foil 19
that is | an111aﬁ%ﬂ¥“§ﬁd¢ RS f?ﬁﬁﬁ}ted at 15, to permit a component part 16 to be

connected directly with the secondary voltage circuit formed in the
first copper foil 13. Now, a connection is able to be made by the
wire 17 from the component part 16 6ver to a circuit'line 18 that
" is formed in a second cobper foil 19 that is laminated on the third
dielectric layer 29 liké the first copper foil 13 was applied to

the first dielectric layer 12.

The circuit lines indicated by the numerals 20a and 20b can be
parts of the same circuit, or they can be completely different and
separate circuits. It is illustrated in FIG.1 that &iﬁferent
component parts 21 and 22 can be connected to the circuit lines 20a

and 20b.

It is significant to note that the structural arrangement in
éccordance with the invention permits the electrical connections
23, 24, 25, 26, 27 and 28 to be made by reflow solder. Therefore,
there is a substantial saving in cost, and there is a material

saving in making troublesome connections substantially easier.

Referring next to FIG. 2 of the drawings, a different

arrangement is illustrated by a circuit card identified generally



di el ectyi-c.layer 29 like the first copper foil 13 was applied to the first.
di él ectric l'ayer 12. The circuit lines indicated by the nunerals 20a and
20b can be parts of the same circuit, or they can be conpletely different
and separate circuits. It is illustrated in FIG1 that different conponent
parts 21 and 22 can be connected to the circuit lines 20a and 20b. It is
significant to note that the structural arrangenent in accordance wth the
i nvention permits the electrical connections 23, 24, 25, 26, 27 and 28 to

be made by reflow solder. Therefore, there is a substantial saving in cost,
and there is a ri#t &heatumexpd miP-i nORRIGIAGeTenssbPesmee thiheariols and the

substantial ly easjer f.er] next I f..the draw ngs different
arrangenent is ?ﬁsalrgs ?th'elgg%/a{%dc?écr‘u# ga‘}%d tlﬂglgn hle ?el g\gng?% 'fdf/l dleiﬁcewc

the nuneral 30. 1@yerdigdlaeanserbehsadizhbli Soppat dfciQ. aagerd ,heifiés tntlvoltage
illustrated in FIG 1 is that there is no second dielectric |layer applied
over the etched f&5pEes foae| confipdped simEhet $ame, ePrReFe fothtlaves 28 dheonignaled

in the same coppgl.foL !y haves, s the 3 ggal circuit lines on this card 30.

To describe this aspect of the invention, the circuit card 30
includes a carrier 31 formed of a suitable metal, suéQ as copper,
to function as a ground or common, while also functioning as a
heatsink. A photo-imageable dielectric material 32 is applied to

the top surface of the carrier 31 and dried.

A copper foil 37 of a reguired thickness is applied to the
dielectric material 32 in a lamination press using just sufficient
pressure to adhere the copper foil to the dielectric material. The
temperature during this lamination process is kept sufficiently low
so as not to cure the dielectric material.

As done with the card 10, FIG. 1, a desired circuit pattern is
formed in the copper foil 37 on the carrier 31 in FIG. 2 by using a
conventional subtractive etching process. The dielectric material
32 is exposed to a required pattern that can include electrical
interconnect vias 33, thermal vias (not illustrated) and component
mounting openings, such as illustrated by the numeral 34.for
attaching a part 35 by solder 36, as needed for a parficular _

circuit for which this card is made.



To .desckibe this aspect of the'invention, the circuit card 30 includes a
carrier 31 forned of a suitable netal, such as copper, to function as a
ground or_ conmon, while also functioning as a heatsink. A photo-inageable
dielectric material 32 is applied to the top surface of the carrier 31 and
dried. A copper foil 37 of a required thickness is applied to the
dielectric material 32 in a lam nation press using just sufficient pressure
to adhere the copper foil to the dielectric material. The tenperature
during this |am nation process is kept suffiigiently low so as not to cure
the dielectric material. As done with the card 10, FIG 1, a desired

circuit patternis fq?rrredii::'r‘lli;__hear%ogg 1._fk%i Lm37.on t.he carrier 31 in FIG 2

er
. . hi i £ .
by using a conventional SUBLFActve et ching Procecs ~ The di'd 8EPFiTee

material 32 is expasRl hOscluteeilitcedeniid eeledtidblf Atens CodtldeClBLlddtedd

interconnect vias 33, thermal vias (not illustrated) and conponent nounting

openi ngs, such a®a{eqigdt3IhttdatBre NeerRARSHaPT INCPBerast-t alioH ridreacyyed 3038s by

sol der 36, as needed f or partic r_cigcui Ok i,ch this card is made.

10 The o foutt - carpessen, fa B EbitBhed foRlbhee Rt e &, 2a58 Ehe S
dielectric material 32 that remains.

FIG. 3 illustrates a donut shaped configuration for a copper
land 38, in accordance with the present invention, that permits the
use of reflow solder to interconnect between circuit points or
component parts and the metal carrier 31. A circuit line 39
connects any other desired compsnent part or circuit point with the
metal carrier 31, so that the advantages:described, supra, can be

realized.
i

A principal advantage of the donut shaped configuration'for
the copper land 38 is obtained through its use as a develop mask
- during the dielectric removal process. By this means, the sopper

land 38 provides a self-aligned interconnect via structure.

Both of the circuit cards 10 and 30 utilize a photo-imageable
dielectric material that provides good strength against wvoltage
breakdown, such as greater than 1250 volts per mil, so that the
dielectric is applied in a thin layer with good thermal dissipation

characteristics.



through a solution to renove selectively areas of the dielectric materi al
32 that are unexposed or uncovered. Now the card 30 is subjected to a
tenmperature for sufficient tine to cure the - dielectric material 32 that
remains. FIG 3 illustrates a donut shaped configuration for a copper |and
38, in accordance with the present invention, that permts the use of

refl ow sol der to interconnect between circuit points or conponent parts and
the metal carrier 31. Acircuit line 39 codfects any other desired
conponent part or circuit point wwth the netal carrier 31, so that the
advant ages descri bedin dmperfangafedaxecht |t216dmarmﬁsptmxmbrmmgermed he
donut shaped co t cop Iand i ned fhrough its
use as a Sevel 0%39 ﬁd%xr%exfcg’g.A ﬂé&g' °c eéc) T |cge?%emv *"E?) (?ggsnee JOF hfisilling
means, the coppeg d:@iﬁr3§laﬁ:l’1&\jL deam ath&t hozbs gnad Iid&SILARBECionS, Qace ding
structure. Both of the circuit cards 10 and 30 utilize a photo- |rragea%ﬁ

di el ectric matefPathe h"ﬁ?sﬁﬂfov-m%@lgsoﬂe@tqdeﬂgtmnagwm.vete agelebwiek down,

such as greater t n vaolts l., SOt dielectric is applied
in a th| n | ayer vv| goo‘ge T Rér ar&l ‘rs)T"L'a‘ltﬁléet F‘Sﬂur%ﬁ?ﬁ]"’fgelprrgf’?i%

Also, if desired for a particular situation, a layer of a
suitable dielectric material can be applied as an aite_rnative to
the use of copper foil directly on the metal carrier and the
subtractive etching processes that it requires. 1In this situation,
such a dielectric layer must be photo-patterned, cured, have its

surface roughened and plated witﬁ copper.

A circuit carxd produced in accordance with the present
invention is effective in isolatinglvoltages and has power (heat)
dissipation capabilities that eliminate an external heatsink. High

- density layer to layer and circuit pgint to point interconnections
are made without a need for ccpper plating, drilling or other

mechanical operations that take time and increase cost.

Carriers with thin dielectric layers provide excellent thérmal
dissipation characteristics for heat generating components. Also,
by the use of dielectric material with selective removal
characteristics permit such heat generating components to be
attached directly to, or at least closer to, the metal carrier

which is effective as a heatsink.



An inmpogtant feature in the nanufacturlng process described is that al

i nt'erconnections are created without the need for drilling or copper
plating. In other words, all interconnections, according to the present

i nventive nethod of nanufacture, are nade mﬁth refl ow sol der as a part of

t he manufacturing process. Also, if desired for a particular situation, a

| ayer of a suitable dielectric materi al ?g be applied as an alternative to
the use of copper foil directly on the netal carrier and the subtractive
etching processes that it requires. In this situation, such a dielectric

| ayer nust be photthepedripecheskraogemscht have qm:susmr&aadeadwglﬁﬂ@elrb zhd pl ated
with copper. A circuit card- groduced i,n accqQrdance with the present

i nvention i s SAYRRHPYe WhstRehIthei ARrd 81 ? Spdsaendorst ‘b‘ﬁﬂera{‘ heplpted

di ssi pation C@&fag ol Lokl Blhnbhdhed Eudbt BoMAeqlEAlR Bl qn High density
| ayer to layer and circuit point to point iInterconnéections are nade wi t hout

a need for coppssipaltadn.ngs dnﬁdnbhﬂgpuhstenmllnm}ha:mecdbmnpéaad| ons t hat
take tinme and increase, cos Carrjers &Afith thin dielectric |la %/e,rs provi de

excel l ent thef lgb‘F§§’r?5%1F}‘6‘h RER- SR SR RSY (b eFmngsEEonR fer At Ry
conponents. Nféfhhe*}YrLﬁlﬁ:t‘iSﬁ A e AChhhErdRLEE] alrnl ddhutCh8d) W& T ermoval

characteristics permt such heat generating conponents to be attached
directly to, oouxe,l eamstbecposfnrmed, aridchepplbies] whare nepdediicdlthes gf heatiae as

a heat si nk. .
by solder, and the cixrcuit line 39 can be in the form of a wire

that is preformed with the donut land for connection as required.

The invention has been described in substantial detail. it is
understood that changes and modifiéations can be made without
departing from the spirit and scope of the invention which is set
forth in the following claims.

What is claimed is:



12 The:compact—arTangenent of a cireuit.card according to the invention,

whet her the Fd age boost card, an isolated voltage conversion
card.or oﬂM@ﬂ&@“’w\mﬂmmw ring high heat dissipation, is enhanced
substanti OyLthe donut | and configuration that permts sol der

I nt erconnections to achieve further reduction in cost of manufacture. The
donut |and, of course, can be preformed apd applied where needed either by
heat or by solder, and the circuit line 39 can be in the formof a wre
that is preformed with the donut land for connection as required. The

i nvention has beBke kegeprbarpraseant afit? Airgaihigard aceerdimgetatided t hat

cope of t heTVATELIR, WRRE G tnBoe R T otk WA RBA Bty W KBS L O
clai ned is: voltehé\lddaversion cagdpae lother NEwdtibh Qtdduit g highnReatsi ng: '
dissipation, is enhanced substantially by the donut land
configuration that permité solder interconnections to achieve
‘further reduction in cost of manufacture. The donut land, of
course, can be preformed aﬂd applied where needed either By heat oxr

by solder, and the circuit line 39 can be in the forﬁ_pf a wire

that is preformed with the donut land for connection as required.

The invention has been described in substantial detail. It is
understood that changes and modifications can be made without
departing, from the spirit and scope of the invention which is set

forth in the following claims.

i

What is claimed is:



‘a carrier

of a netallic material; dielectric formed directly on one

surface of said carrier, and haV|ng a thickness less than 0.004 inch, for
provi ding an el ectrical voltage insulation of at |east 2500 volts; and said

di el ectri

C having at | east one opening for providing el ectrical

|nterconnee%+eﬂ—-%he#na+—d#ss|patlon and conponent nounting on said

sald carr
char act er

inted circuit card as defined by claim1l wherein

ﬁmllmulrnii" Illlﬁ Ad o:‘ t colpper tQ?prow de high heat dissipation
[ mul ti-layer e

ectronic circuit package,

conprising: substrate forngd of a nmetal wth: high thermal conductivity
properties; a relatively thin, curabl eeximisectric material formed as a

| ayer on

at | east one surface of said substrate to provide electrica

i nsul ati on characteristics;

1. A compact printed circuit card, comprising:
a carrier of a metallic material;

dielectric means formed directly on one surface of
said carrier, and having a thickness less
than 0.004 inch, for providing én_electrical'

voltage insulation of at least 2500 volts; and

said dielectric means having at least one opening
for providing electrical interconnection,
thermal dissipation, and component mounting on

said carrier means.

2. A compact printed circuit card as defined by claim 1
wherein said carrier means is formed of copper to provide

high heat dissipation characteristics.

This Sheet Has Been Reﬂlaced

(LT




an el eckrically conductive layer in a circuit pattern formed on said
dielectric material; and electrical connections between | ayers of said

mul ti - fayer package formed of a reflowed sol der paste. 4. A multi-layer
circuit i bed by claim3 wherein said dielectric material is
sel ect | \mm“glﬁmﬂmmﬂ“ ovi de eI ectrical interconnection and device

ti ng *openi AgsH s multi-layer circuit package as descri bed by

cIa|n13 wherein said dlelectrlc material is less than 0.002 inch in

t hi ckness,

t hi cker

strength of at

and the package is cooler during operation than if formed of a

Iayer of dielectric material. 6. Admulti-layer circuit package as
descri bed by claim 3 wherein said dielectric material has a breakdown

| east 125Q volts per ml. 7., A nulti-layer circuit package

as descri beél‘-by é*r&l%t311m¥erelcﬂﬁﬁﬁqf§%§ldl®éﬁ%ﬂa¢i‘§?9%y@@n@flﬂi@gectr| c

and

substrate means formed of a predetermined metal with

high thermal conductivity properties;

a relatively thin, curable dielectric material
formed as a layer on at least one surface of
said substrate means to provide electrical
insulation characteristics of a predetermined

magnitude;

an electrically conductive layer of a predetermined
copper material in a predetermined
circuit pattern formed on said dielectric

material; and

electrical connections between predetermined layers
of said multi-layer package formed of a_

preselected reflowed solder paste.

A multi—layer circuit package as described by claim 3
wherein said dielectric material is selectively soluble

to provide electrical interconnection and device mounting

openings.
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conductors with-a netal .substrate apg heatsink, with at |east one signal
BW cuit package as described by claim3
Nconnection by a donut configured
| an L di I a thr gl dielectric material is renoved to
fcmmmm'ﬂwﬂmg | Qe OB Y SA7ayer circuit package as described by
cl i d \W epfg is further contained within a surface
mount conponent | and fygr g#Manced wiring density. 16 10. A nmethod of
manuf acturing a nul ti-Myer circuit packagép conprising the steps of:
providing a netal substrate as a carrier with a surface treated to receive
a layer of adgmters admwimiagé\ﬁ & e g_paia&ar@{@ra@ dEdcatihdn %ﬁ@f&iﬁ%
material to said treated surface of said nmetal substrate; |am™hating copper
foil material to sadrdli®!efidi CidbéStiid mEtElriLONL aded fiead @602 inch
pressure; - ~ :
in thickness, and the package is cooler during operation

than if formed of a thicker layer of dielectric ﬁaterial.

6. A multi-layer circuit package as described by claim 3
wherein said dielectric material has a bréakdown strength

of at least 1250 volts per mil.

7. A multi-layer circuit package as described by claim 3
further comprising alternating layers of dielectric and
conductors with a metal substrate and heatsink, with at’

least one signal conductor layer.

8. A multi-layer circuit package as described by claim 3
including at least one electrical interconnection by a
donut configured land providing a via through which the

dielectric material is dissolved to form a via opening.

9. A multi-layer circuit package.as described by claim 8

wherein said via opening is further tontained within a

surface mount component land for enhanced wiring density.
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said | am nated copper foil materi al
renDV|ng sai d dlelectrlc mat er je gﬂh hi § an area defined by predeterm ned
vras to forman openi ng; ' and _grel ectric material |ayer on said-
pl yi pe Jaste to conponent nounting | ands and
mlmmglmmmﬂ Rolve conponent nounting | ands on said sol der
£, can oW*Ng past e. 17 11. A net hod as descri bed
by claim 10 further conp¥fsing the steps fq sequentially adding a plurality
of dielectric and electrically conductive layers in an alternating
sequence, and defining said predetern1ned ar eas for renovi ng to form
vi as by usi donyt ¢ guied ds.with s w _sol der te. 12. A
met hod as dggérlb deEQg?a§%1 n?ga?ﬁuFl %nprlgiﬁ ?ﬁger cikcliiz package,

comprising the steps of:

providing a metal substrate as a carrier with a
surface treated to receive a layer of a

predetermined material; -

" applying a predetermined liquid film or a dry film
dielectric material to said treafed surface of

said metal substrate;

laminating copper foil material to said dielectric

material under controlled heat and pressure;

defining conductor and via patterns in said

laminated copper foil material;

dissolving said dielectric material within an area
defined by predetermined vias to form an

opening;

curing said dielectric material layer on said metal

substraté;

applying solder paste to component mounting lands

and vias; and

locating components on component mounting lands on
said solder paste, and reflowing said solder

paste.

T



step of,applying reflow solder to those areas defi ned by sai d donut
conflgured | ands and to other 1ands to provide a securely attached circuit
card package. 13. The pa e—of—gelalm B jpn which the material has a
breakdown strength of at |{feH8f &HE&GO*AB)BEQV er ml. 14. A nethod as

de ﬂm | mm‘ll 10 in i ch RBERLABE® ectrifc material is a photo-imageable
emﬂm “m . An intercon 2 conprising: a netal plate; a

| ayer ‘of ta ®urdbl® dielectric in direct contact with a surface of the netal
plate with an interface structure indicating that the dielectric was cured
in contact with the metal surface; a wiring layer on a surface of the
dielectric including |ands of which a plurality are donut shaped, and

conductors connected to a plurality of thk’lands; a plurality of via holes
ext endi ng through the cured :

11. A method as described by claim 10 further comprising the

steps of sequentially adding a plurality of dielectric
and electrically conductive layers in an alternating
sequence, and defining said predetermined areas for
dissolving to form vias by using donut configured lands

with said reflow solder paste.

12. A method as described by claim 11 further comprising the
step of applying reflow solder to those areas defined by
said donut configured lands and to other lands to provide

a securely attached circuit card package.

13. The package of claim 6 in which the material has a

breakdown strength of at least 2,500 volts per mil.

14. A method as described in claim 3 in which the dielectric

material is a photo-imageable epoxy.

U
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di el.ectric each froma respective donut shaped |land to the netal plate; a
conductive material in the holes to eléctrically interconnect the lands to
the plate; and conponents with | eads connected. to a plurality of the donut
shaped | ands interconnected to the plate, and to other |ands of the wring
| ayer. ﬂmﬁmm “'ﬁl' ss for manufacturing nulti-layer circuit boards,
conpri si n II!'l tal plates including a base of copper;

deposi ting *coatih off clrable dielectric directly onto the nmetal plates;
formng wiring Iayers on the curable dielectric including donut shaped

| ands with open centers; using a plurality of the donut shaped | ands as

masks to form hol es deflned by the open cegiters-and extending through the
curable dielectric; depositing a conductive material in the holes to

15. An interconnect assembly, comprising:
a metal plate;

a layer of a curable dielectric in direct contact':
with:a surface of the metal plate with an
interface structure ihdicating that the
dielectric was cured in contact with the metal

surface;

a wiring layer on a surface of the dielectric
; including lands of which a plurality are donut

! shaped, and conductors connected to a plurality

of the lands;

a plurality of via holes extending through the cured
dielectric each from a respective donut shaped

land to the metal plate;

a conductive material in the holes to electrically

interconnect the lands to the plate; and

components with leads connected to a plurality of
the donut shaped lands interconnected to the

plate, and to other lands of the wiring layer.

—
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t..the respective lands with the netal plate; and curing the
dielectric.” 17. The process of claim 16 in which the dielectric is

deposLLed_by_LanLnaLLng—a dry partially cured filmto the netal plate and

th erand holes are fornmed after the filmis deposited, but

bef ore\l}l’ﬂlj)ﬂllﬁ!“ur"uj dielectric film 20 18.  The process of claim
16 in |c I s a photo-inageabl e epoxy and the step of

form ng holes includes exposing the epoxy under the centers of the holes to

el ectromagnetic radi ati on and di ssol ving .Be exposed epoxy to formthe
hol es through the donut centers to the plates. 19. The process of claim

16 further 16QNPr ixSigided® FoP madfuf ft244eig sl tA-ader! Yoot Bbdrds,
boards; and testing the process by testing one or nofe boards by applying

3,000 or nore voldompidisdeeyt the netal plate and one or nore conductors on
the wiring | ayer mhlch are not connected to
forming thin metal plates including a base of

copper;

depositing coatings of curable dielectric directly

onto the metal plates;

forming wiring layers on the curable dielectric

including donut shaped lands with open centers;

using a plurality of the donut shaped lands as masks
to form holes defined by the open centers and

extending through the curable dielectric;

depositing a conductive material in the holes to
interconnect the respective lands with the

metal plate; and

—
. . . P T
curing the dielectric. ) r :
17. The process of claim 16 in which the dielectric is

deposited by laminating a dry partially cured film to the
metal plate and the w1rlng layer and holes are formed

after the film is dep051ted but before fully curing the

dielectric film.
‘This Sheet Has Been Re

(LT fill



t he donut shaped | ands interconnected to the netal plate. 20. The process
of- claim 16 in which the step of depositing conductive material into the
hol es i ncl udes screeni ng sol der paste into the holes, and sol der paste is
al so smﬁmﬂﬂ ﬂ'lt{uwural ity of the donut shaped |ands and onto ot her
| ands, Imesl A rising the steps of: positioning surface nount
conponents onto the circuit boards with leads in the sol der paste; heating
the circuit boards to refl ow the sol der pgste to simultaneously
i nt erconnect the donut-shaped | ands to thé&é¥nmetal plate with a sol der netal
alloy and to solder the conponent |eads to the lands; and cooling the
circuit boaggds. chdlprocedBeosethihny16fif! dhiktiSethbenseleheid glegiric.
is sufficiently thin Fo provi de sufficiently high rates of conduction of
heat through the ﬂhe{:eeim&gehayer epoxpr axil dehavstepfl ofNEos@@nignhdlled he
carrier during operation Ile maintaining a dielectric breakdown strength
of at |east 2500 ¥ntladeB2exposAngukthie- pyry ehdeir GhieCcentetis gmakrge,
conprising: a substrate forned of a netal with high thermal conductivity
properties: a rel holesl ot Blagtromagheticeradiationnted dissolvithgthe
| ayer on at |east one '
exposed epoxy to form the holes through the donut centers

to the plates.

19. The process of claim 16 further comprising the steps of:
producing a plurality of circuit boards; and testing the
process by testing one.or more boaxrds by applying 3,000
or more vol£S'between the metal plate and one or more

. conductors on the wiring layer which are not connected to

i - the donut shaped lands interconnected to the metal plate.

20. The process of claim 16 in which, the step of depositing
conductive material into the holes includes screening
solder paste into the holes, and solder paste is also
screened onto a plurality of the donut shaped lands and
onto other lands, and further comprising the steps of:
positioning surface mount components onto the circuit
boards with leads in the solder paste; heating the
circuit boards to reflow the solder paste to

simultaneously interconnect the donut-shaped lands to

the metal plate with a solder metal alloy and to solder
the component leads to the lands; and cooling the circuit

boards.



surface of said-substrate to provide electrical i nsul ati on characteristics;
an eIectrrﬁa++y~tﬁﬁductrve—+ayer in acircuit pattern forned on said

dlelectrl st one electrical interconnection by a donut
confi gur ec | m'ﬂl! IIHE gjﬁviathrough which the dielectric material is
Q . :

renoved to

Vina ing; and el ectrical connections between |ayers of

said nulti-layer electronic circuit package fornmed of a refl owed sol der

paste. 23.

A multi-layer circuit package as described by claim22

wherein said dielectric material is formed directly on said at |east one
surface of said substrate, and having azghi ckness |l ess than 0.004 inch, for
providing an electrical voltage insulation of at |east 2500 volts.

21.

The assembly of claim 15 further comprising cooling means

for providing most of the cooling of the carrier during

. operation consisting of a thickness of the dielectric

sufficiently thin to provide sufficiently high rates of
conduction of heat through the dielectric layer while
maintaining a dielectric breakdown strength of at least

2500 volts.
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