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. THIN INTEGRAL RESISTOR/CAPACITOR/INDUCTOR PACKAGE, 
MEIHOD OF MANIJEACTORE 

The present invention is dhected t.o thin electronic citcuitty which provides resistors. 
capacitors, hxterconnecting circuitry and optional .inductors and to a method of manufacture of 
such structures. 

Bacl;gmqnd of the Invention! 

~e is a continuing interest in printed cllcu.itry minia1nrization. In most printed 
cln:oit boards in use, circuitry traces are printed by conventional methods, particularly 
phototesist teclmiques. At;c;asory components sach as capacitors and resistors are frequently 
provided as Oiscret.e components and s_oldered onto the printed circuitry. either manually or 
robotica.lly. These coniponents occupy "real est.ate,, on the printed circuit board and may be . 

diffiailt or expensive to apply tn tbe board. 

Accordingly, ~have been proposed in which components such as capacitors 
and/or resistors are provided along with circuitry traces by circnitization procedures. 
Examples Of such structuies ate foond in U.S. Patents Nos. 5,079,069, S,155,655, 5,161,086, 

5,261,153, S,347,258, and 5,466,892, the teachings of each of which are incoxporated herein 
by reference. TypicaJJy, a plurality of sum stmctmes are laminated together with dielectric 

material t.o form multi-laYet print.ed circuit boards. 

The present invention is directed to a method of forming a thin, circuitired laminate 
Stntct\'tte that provides capacitors, resistors. and condu.ctive clements that include cil:cuitry 
traces and optional inductors and to the thin circo.itized laminate stmcture formed therefrom. 
Bnmrnatv of the InventioJ?.: 

In accordance with the method of the invention. there is provided a first conductive 
metal foil. to which is laniinat.ed. an embeddable dielectric material layer and a second 
conductive metal foil which is coated on one side with a resistive inaterial layer. the resistive 
material layer on the second foil having a tbickness less 1han that of the embeddable dielectric 
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materlat layer on the first foil. The resistive material layer is circuitized to fonn discrete 

patches of resistive material. Then the two structures are laminated together with the resistive 

material layers being embedded into the embeddable dielect:rlc material layer without the 

resistive material patches CODblcti:ng the fitst foil. At this point, either the first or the second 

foll is cireaitized, providing int.erconnecdng ciJ:cuitry traces and optional eledrlcal components 
. . 

such as inductors. To support the structure. the clrcuitWxt foil is embedded in dielectric 

material such as glass-filled epoxy known as "prepreg", this material supporting the structure 

.during subsequent processing. With the structure so supported, the other foil is then 

circnitized and this side too may be embedded in dielectric .mate.daI. Several such structures 

may be laminated together to form a lmllti-Jayer printed circuit board, the several layers being 

electrieally interconnected by via holes in conventional manner. 

Brief Description of the Drawings: 

Figure 1 illustrates a cross-sectional view of a. first foil with a thin layer of embeddable 

diele:ctric material laminated thereto. 

Figure 2 illustrates a cross-sectional view of a second foil with a thin layer of resistive 

material deposited thereon. 

Figure 3 illustrates a cross--sectional view of the structure of Figure 2 in wbich the 

resistive :material on the second foil has been circuitized to form discrete resistive pat.ch.es. 

Fig_ure 4 illustrates a cross-sectional view of the stmcture of Figure 1 laminan:d to the 

stIUc:tu:te of Figme 3 with the resistive material patclles embedded into the embeddable 
dielectric :material layer. 

Pigare S illustrates a. croSs-seetio.nal view of the structure of Figure 4 in which the 

second foil layer bas been circuitized. . 

Figure 6 i.llustmtes a cross-sectional view of a stmcture in which the circuitized second 

foil layer has been embedded into a dielectric material and the first foil layer has subsequently 

been circuitm:d. 
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Detailed Description of Certain Preferred Emhndi~ 

llh:tsfrated in Figure 1 is a structure 10 comprising a foil layer ll to which is laminated 

a thin layer of dielectric material 12. Illustra1cd in Figure 2 is a structure 13 comprising a foil 

layer 14 on which a thin layer of resistive material is deposited. The foil layers 11.14 may be 

selected fi:om a varletf of metals and metal alloys, although copper foil is the most commonly 

used. Typically the foils 11, 14 are between about 3 and about 50 microns thick. The 

dielectric material layer 12 is between about 3 and about 50 microns thick. The resistive 

material layer 15 is between about 0.1andabout0.5 microns thick, but in any case thinner, 

typically between about 2.9 and about 49.5 microns less thick: than the dielectric material layer 

12. 

A cw:rently prefened material used as the dielectrlc materlal layer 12 is on epoxy resin 

such as tbat sold under the trademark Dynavi.n. 

As a first step, the resistive material layer 15 is ~ so as to form discrete 

resistive layer patches 15a on the second foil 14 tu form structure 13a of Figure 3. (For 

simplification of illustration, only one soc:h :resistive patch 15a is shown.) Circuitization of the 

resistive layer 15 is closely analogous to conventional circuimation of eonductive t.o foml 

printed ckwitry traces. The resistive layer 15 is covered with a phototesist (described herein 

terms of a negative-acting:phororesist); the photn~ist is exposed through artwork _t.o actinic 

radiation.; UDeXposed portions of the photoresist are developed away, and exposed portions of 

the mtderlying resistive materlaI layer 15 are etched away. 

U.S. Patent Application No. 09/198.954, the teacbings of which ate incorporated 

herein by reference,. teaches a preferred resistive material for fanning layer ts. This patent 

application teaches that platinum contah>ing relatively small amounts of a dielectrlc, such as 

silica. has substantial electrical resistivity, depending upon the amount of the dielectric» 

typically tanging front abo'Clt 0.5 wt% to about 5.0 wt%. A thin layer of silica-doped pJatim1m 

is conveniently deposited by combustion chemical vapor deposition (CCVD) a process 

described in U.S. Patent No. 5,652,021, the teachings of which are incorporated herein by 



reference.. CCVD-deposhed Pt/SiC>z has substantial porosity, making it pom'ble to remove 

selected portions of a Pt/SiQi from copper foil in a process described in above referenced U.S. 

Patent Application No. 09/198,954 as ablative etching. The exposed portions of the Pt!Si~ 

layer are exposed to a copper etclJant, such as ferric chloride. The etchant seeps through the 

Pt/Si01 layer, attacking the copper at the interface between the two layers. It is found that the 

Pt!SiOz layer ablates away when adhesion is lost before the underlying copper ~ is 

significantly degraded. In this manner a PVSiOz layer on copper (or other foils) may be 

clrcuitiT.ed. As a refinement on this process, a very thin etchant-sensitive layer, e.g., nickel. 

(not shown) :may be deposited either by CCVD or by electroplating on the copper foil before 

the Pf/Si°-1 laycr is deposited. When an etchant seeps through the Pt/Si(\ layer, it rapidly 

erodes the etchant-sensitive layer to facilitate the ablative et.ching process. 

At this time, structure 10 baving the dielectrlc material layer 12 on the first foll 11 is 

laminated to structure 13a by pressing the resistive material patches 1Sa side into the dielectric 

roat.erlal 12, embedding the patches 1Sa into the dielectric material to form sttudllte 16 of 

Figure 4. Because the dielectric :materla1 layer 12 is somewhat t:hicker than the resistive 

patches 15~ the pat.ches 15a remain electrically isolated from the first foil 11 by a thinned 

portion of the dielectric material layer 12. 

Next, the second foil layer 14 is ciicuitized by conventional photoresist circuitmrtion 

techniques to funn structure 19 ha\'ing circuitry elements 20, 21 and 22 shown in Figure 5. 

(The procesS could be similarly practiced by first circuitizing the first foil layer 11 and la1e.r 

circuidzing the second foil layer 14.) Elements 20 represent conductive COJl1lf'd:ing traces at 

opposite ends of resistive patch lSa. A resistive electrical pathway is thereby formed between 

the connecting traces 20 through resistive patch 15a; 15a/20 as a unit thereby acting as a 

resistor. Blement 21 represents one conductive plate of a capacitor, capacitance to be built up 

between element 21 and a similar plate to be later formed by circnitization of the first foil layer 

11. E1crnents 22 represent printed electrlcal coils which serve as electrical inductors. 

The thin dielectric material layer 12 bas substantially no mecbanical strength. 
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Accordingly t before structure 19 can be further processed, the circuitized side of stJ:ucture 19 

is embedded in a layer of laminate dielectric 26 which mechanically supports the structure as 

seen in Figure 6. Then the first foil layer is circuitized to form circuitry traces, capacitor 

plates 21 and inductor coils 22. This cirouitized side is subsequently embedded in a fUrtb.er 

layer of laminate dielectric (not shown). A plurality of such structures may be laminated 

together to form a multi-layer printed citcuit board in which via holes are formed and plated in 

conventlonal manner to form electrlcal connections between the multi-layers. 

The invention will now be described in greater detail by way of specific exaniples. 

5 



---=== . ---·~ .. 

EUIDPle 1 

Formation of structm:e 10 as per Figure 1. 

A 50 micron thick copper foil is laminated to a 50 micron sheet of Dynavin which acts 

as an embeddable dielectric material layer 12. 

Exalll111~ 

Formation of structure 13~·as per Figure 2 

To a SO micron thick copper foil there is deposited by electr<>Plating a 3.5 micron layer 

of nickel. A 0.-lS lllicron:thick PtlSiOz (97.5:2.S by wt.) layer was deposited. by CCVD UDder 

the following deposition Conditions: 

Solution P-reparation 1.23 g. Pt(COD)* 
250 ml. t.oluene 
0.43 g TEOS** (1.S wt% Si in toluene) 

Deposition conditiOns 
150 g propane 
Solution flow 
l>eposftlon time: 
Deposition temp 
Vilriac 
Tip oxygen flow 

"'diphenyl-0.Xyclooetadiene) platinum n 
**tetraethoxysilane . 

Formation of the primed clrcuiay 

3 ml/min 
1 hour 
S00°C 
3.0A 
2900ml/min 

The structure prodiJce in Example 2 is covered on both sides with I..aminar4' 5000 

photoresist. The Pt/SiO,. side is exposed to patremed actinic radiation and the foil side fully 

exposed to actinic radiation. The stroctore is then developed in 2 % sodium carbonate at 80°C 

to remove unexposed resist areas from the resistive .marerlal side. With exposed resist 

protecting the copper foil; the stmctore is exposed to a eupric chloride solution for a time . . 
sufficient for the solution to penetrclte the Pt/SiOz and degrade the rockel layer sufficiently :for 

the exposed portions of the Pt/Si<lz t.o ablate away. Then the resist is stripped with NaOH 

solution. This etched structure is then laminated to the structure of Fig 1, embedding the 

remaining Pt!SiC>i portions into 1he dielectric material. 
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Both foil layers are then coated with photoresist. The foil layer with the Pt/SK\ is 

exposed to patterned actinic radiation; the other foil layer fully exposed to protect the same 

during processing. The structure is developed in sodium carbonate as above, and the exposed 

portions of the one foil layer are etched with a ferric chloride solution to form circuitry traces, 

capacitor plates, resistor cormections, and inductor coils. Then the resist is stripped from both 

sides of the structure. 

The circuitized foil layer is embedded in laminate dielectric. 

The other foil layer is then circuitized as before, forming circuitry traces, capacitor 

plates. and inductor coils~ 
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What is Claimed is: 

1. A method for forming electronic c:h:cuitry containing circuitry traces, integral 

resistors, and integral capacitors .. the method comprising: 

provi~ a first :laminate structure comprising a first conductive metal foil and a layer 

of embeddable dielectric .material laminated theret.o, 

providing a second laminate structure comprising a second condUctive metal foil having 

a layer resistive material on one side thereof, said resistive material layer having a tbiclroess 

less than that of said layer of embeddable dielectric material, 

circuitimg said layet of resistive material to produce discrete resistive material patches 

on said second foil, 

laminating said first and second structures so as to embed said resistive matedal patches 

in said layer of embeddable dielectric material, 

circuitizing one or the other of said foils to fonn capacitor plates, circuitry traces, 

optionally inductor coils, and in case of the second foil resistor connections, 

embedding the circuitized foil into laminate dielectric so as to support 1he stroctm:e for 

further processing. and 

circu:itizing the other of said foils to .form capacitor pla~, circuitxy traces, optionally 

inductor coils, and in case of the second foil resist.or connections. 

2. The method of Claim. 1 further embedding tbe other of said circnitized foils in 

laminate dielectric. 

3. Laminating a plurality of the electronic circuiti:y p.rodUced by the method of Claim 1 

together to fomi a multi-Jayer printed circuit board. 

4. The method of Claim. l wherein each of said foil layers is between about 3 and 

about so nticrons ~ 

5. The method of Claim 1 wherehi said resistive layer is between about 0.1 and about 

0.5 microns thick; said embeddable material layer is between about 3 and about SO microns 

thick. and said embeddable :material layer is between abol1t 2.9 and about 49.S microns thicket 
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than said e1ectrically resistive material layer. 

6. · The method according to Claim 1 wherein ~d foils are copper. 

7. The method according to Claim 1 where.in said em.bOOdable dielectric material is 

epoxy. 

8. The method according to Claim 1 wherein said resistive inaterial layer is platinum. 

doped witb a dielectric materlal. 

9. An embedded. electrical circuitxy structure comprising in order, 

an embedding layer of epoxy layer, 

a first circuiti2.ed layer of electrically oonductt"ve mat.erial, 

a pattemed layer of electrically resistive materlal having patches of resistive material in 

contact with said first circui:ti7.ed. conductive layer such that resistor electrical pathways are 

fonned through said patches of said resistive material. 

a dielectric material layer.t said patches of resistive material embedding said patches of 

said resistive material, ~ 

a seocmd circuiti7d layer of electrically conductive material, said dielectrle material layer 

spacing said patches of resistive material from said second circuiti7.ed layer, capacit.or electrical 

pathways being defined between said first and second cirouitized layers through said dielectric 

materlal layer. 

10. The stmcture acoording to Claim 9 wherein said second circuiti7.ed layer is embei:lded 

in au. epoxy layer. 

11. The structure according to Claim 9 wherein said dielectric mareri.al layer is an epoxy 

resin. 

12. The structure according to Claim 9 wherein. said resistive material layer is platinum 

doped with a dieleotric material. 

13. The st:ru.ctu:re Of Claim 9 wherein each of said foil layers is between about 3 and 

about SO microns thick. 
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14. The stmcture of Claim 9 wherein said resistive layer is between about 0.1 and 

about 0.5 microns thick; .said embeddable material Jayer is between about 3 and about SO 

microns thick, and said embeddable mat.erial layer is between about 2.9 and about 49.S 

microm thicker 
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