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METIIOD OF MANUFACTURING RESISTORS 

5 This invention was made with Government support under Agreement No. 
F33615-96-2-1838 awarded by DARPA. The Government has certain rights in 
the invention. 

BACKGROUND OF THE INVENTION 
10 The present invention generally relates to printed circuit boards and their 

fabrication. More particularly. the invention relates to printed circuit boards 
having both low and high value integral resistors and to the method of making 
these boards. 

Both low value resistors having electric~! resistances of a few hundred 
15 ohms or less per square, and high value resistors having resistances over 1 

kiloohms per square are generally required on printed circuit boards. Optimally, 
both high and low value resistors could be incorporated· during the printing arid 
etching processes conventionally used to make such boards. 

High aad lo~ value resistors have been formed on circuit boards by 
20 screen printing polymer thick film inks onto predetermined regions of a circuit 

board. Generally, these regions are terminated directly onto copper traces. A 
single thick film resistor ink cannot be used to cover the 10 ohm to 200 kiloohm 
range of resistors in a typical circuit. Using multiple inks requires multiple print 
and cure steps. Screen printing is also a relatively crude process, and it is 

25 difficult to print resistor ink onto thick (18-36 micrometers) copper terminals and 
obtain the exact resistance desired. In some cases, it is preferable to employ 
chip resistors with precision resistances even though they are more expensive 
to use. 

A further drawback of polymer thick film resistors is that their resistances 
30 tend to increase under temperature and humidity stress, probably due to 

corrosion at the polymer-copper terminal interfaces. This corrosion can be 
reduced by applying a finish of a more oxidation-resistant metal such as nickel, 
gold, or silver to the copper. Clearly, this adds process steps and cost. 

Alternatively, the resistance increase can be reduced by employing a 
35 thinner copper layer, but this conflicts with the need for relatively thick copper to 
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form low resistance conductor traces throughout the rest of the circuit. Polymer 

thick film resistors also exhibit impedance roll off at high frequencies making 

them unsuitable for low value re~istors used in the RF portions of a circuit 

board. 

5 Low value resistors having the precise resistances.required for radio 

frequency portions of a printed circuit board can be formed by a conventional 

process of applying a conductor .and resistant metal alloy bilaminate, resistant 

metal alloy layer down, onto a suitable dielectric substrate. The top conductor 

layer is printed and the conductor etched away except in the defined regions 

10 where resistors are to be located on the board. The resistant metal alloy layer, 

which was beneath the etched metal· regions, is then itself etched away. The 

conductor which overlays the resistant metal alloy in the defined regions is then 

printed and etched a second time to define resistor lengths and to form the 

resistors' terminals. While r~latively precise resistor values can be obtained by 

15 this process, it is limited to making resistors with resistances of a few hundred 

ohms or less. 

From the above, it can be seen that neither of the two· most widely 

practiced technologies for making printed circuit boards with integral resistors is 

entirely satisf~ctory: metal al!oy resistors being limited in resistance range, and 

20 polymer thick film resistors lacking both precision and stability. Accordingly, a 

need exists for an economical method for making printed circuit boards 

comprising both high and low value resistors. More particularly, there is a need 

for concomitantly producing both low:and high value resistors, with predictable 

and stable resistances, on printed circuit boards using existing manufacturing 

25 equipment. 

SUMMARY OF THE INVENTION 

According to the present invention, a process is provided for concurrently 

forming both high and low value resistors on a printed circuit board. 

30 The method of this invention· preferably entails· applying a first layer of a 

low resistance material having a sheet resistance less than about 500 ohms per 
,. 
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square onto a dielectric substrate in a predetermined thickness and pattern. 
The pattern defines the electrical lengths and widths of the low value resistors 
as well as pairs of terminal electrode pads for the high value resistors. A 
second layer of a high resistance material having a sheet resistance of about 1 

s kiloohm per square or greater is applied between and in contact with the top 
surfaces of the facing ends of each member of the terminal pad pairs. The fixed 
lengths, widths and thicknesses of the patterned high resistance material 
determine the values of the high value resistors. Conductive metal terminals are 
provided at the ends of the low value resistors and at the distal ends of the pad 

1 o pairs to complete the resistors. The resistors and substrate may be coated with 
a dielectric material. This layer isolates the resistors from the environment and 
can serve as a base upon which to build additional layers of circuitry . 

15 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a top view of a low value resistor and a high value resistor on 

a dielectric substrate in accordance with the invention. 
Figure 2 is a cross-sectional view along A-A of Figure 1. 
Figure 3is a cross-sectional view of low value and a high value resistor 

embedded in a dielectric layer in accordance with the invention. 

DETAILED DESCRIPTION 
Referring to Figure 1, a top view of a low value resistor 2 and a high 

value resistor4 on a dielectric substrate 6 are represented. Substrate 6 may be 
any suitable material such as a printed circuit board, a flexible circuit, a ceramic 

25 or silicon substrate, another dielectric layer of a multilayer circuit or other such 
suitable substrates which are known to those skilled in the art. 

With further reference to Figure 2, a first patterned region 8 of a low 
resistivity material has been applied to substrate 6. Additional patterned 
regions 10 and 12 have been applied to substrate 6 forming first and second 

30 terminal electrode pads 14 and 16, respectively. Preferred low resistivity 
materials include nickel or nickel alloys such as NiP or NiCu, or any other alloy 
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of metals such as gold, silver or palladium which have suitable resistances of 

from about 1 to 500 ohms per square and which can be applied by conventional 

printed circuit board manufactlJring processes.< Such processes include 

electroless plating and immersion coating techniques or patterning an etchable 

5 low resistivity layer. A suit~ble Sllcli etchable nickel alloy-is the NiP layer of a 

dielectric-NiP.,Cu trilaminate material, Ohmegaply™, sold by Ohmega 

Technologies. The low resistivity patterned material preferably has a thickness 

in the range of about 0.02 to 1 O micrometers. 

High value resistor 4 is formed by applying a patterned region 18 of a 

10 material having a resistan~ of at least a kiloohm per square and~preferably in 

the range of one to 100 kiloohms per square. Region 18 extends between 

electrode pads 10 and 12 over substrate 6 and onto surfaces 20 and 22 of 

electrode pads 12 and 10, respectively. The resistance of resistor 4 is 

determined by the length, thickness, and width of region 18 and the distance 

15 separating electrode pads 12 and 10-. 
. . . .. , . 

A preferred high resistivity material is a polymer thick film formed by 

depositing and curing a polymer thick-~lm resistive ink. The resistive ink can be 

applied by screen printing, stenciling or any other technique capable of 

depositing a controlled amount of ink on substrate 6 and electrode pads 10 and 

20 12. Suitable ink compositions are polymer thick-film inks containing particulate 

conductive fillers dispersed in a polymeric matrix. A preferred composition 

known in the art contains carbon particles as the filler dispersed in a heat­

curable phenolic resin. The high resistivity material typically has a thickness 

ranging from approximately ten to approximately twenty micrometers. 

25 Referring to Figure 3, resistors 2 and 4 may be embedded applying a 

coating 32 over the assembly with a dielectric material such as an epoxy or 

other suitable resin. 

To complete low value resistor 2, first and second conductive terminals 

24 and 26 of copper or other suitable metal are provided to opposite ends of 

30 patterned region 8. To complete high value resistor 4, conductive terminals 28 

and 30 are provided. 
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Advantages of the subject method and product are many. For 
example, the bonds between both the metal terminals and the thick film polymer 
resistors and the underlying electrode pads 14 and 16 are more stable than 
conventional copper-thick film polymer bonds. In effect, an ideal electrode, thin 

s and composed of a corrosion resistant metal, is provided simultaneously with 
low value resistor fabrication. 

A further advantage is that substantially precise values for high value 
resistors such as 4 can be achieved using otherwise imprecise screen printing 
processes. Because the resistor body 18 terminates on the thin electrode pads 

10 14 and 16 rather than overlapping a thick conductive metal terminal, the resistor 
value can be more reliably and reproducibly determined. It is also preferred to 
make pads 14 and 16 slightly wider than a resistor 4 to provide some margin. for 
placement. In a kiloohm or greater value resistor,·the additional resistance 
provided by pads 14 and 16 is negligible. 

15 Because the same low resistance alloy material is used to form the low 
value resistor 2 and the terminal pads 14 and 16 for high value resistor 16; 
additional processing steps are not required to form the low and high value' 
resistors on the same circuit board. This substantially reduce_s cost and 
potential thickness of a printed circuit board. Moreover, the full value range of 

20 resistors can be incorporated simply by sizing the print region for low value 
resistors and adjusting the length and width of high value thick film polymer 
resistors. These features assist the board's designers in fitting all desired circuit 
components on the same board. Additionally, because the overall layer 
thickness of the layer containing resistors on a multiple layer board is relatively 
thin, an applied dielectric embedding or potting coating 32 may serve as a base 
for the build up of additional layers on a circuit board. 

In accordance with a most preferred embodiment, a printed circuit board 
comprising a low value resistor and a high value resistor integrally formed 
thereon can be made as follows. 

30 A sheet of Ohmegaply™, sold by Ohmega Technologies is provided. It 
comprises a dielectric substrate. a plated nickel-phosphorous layer containing 
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up to 30% phosphorous and having a resistance of up to 500 ohms/square, and 

a conductive copper overlayer. 

The copper layer is printed and etched to define the length and width of 

the low value resistor, the extent of the terminal electrode pads for the high 

5 value resistor, and the terminals for both. The exposed NiP layer is then etched 

away to the substrate. The remaining copper layer is further etched to 

determine the value of the low value resistor. Concurrently, copper is etched 

from a portion of the top surface of ~ach electrode pad to accommodate the 

placement of the high value.resistor body between them. 

10 The high value resistor is formed by screen printing a suitable thick film 

polymer ink between and in contact with the surface of the terminal pads and 

curing it. 

Optionally, the board may be further coated with a dielectric protective 

layer such as epoxy and cured. 

··· 15 While.our invention has been described in terms of preferred 

20 

25 

embodiments, otherforins cciuld be readily adapted by those skilled in the art. 

For example other alloys and !llaterials having suitable electrical properties 

could be used, or different.methods of applying materials to a controlled region· 

·of a circuit board utilized. Accordingly, the scope of the invention is to be limited 

only in accordance with the fOllowing claims. 

We claim: 

! II 
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1 . A method of making a circuit board comprising a low value resistor 

(2) and a high value resistor (4), said low and high value resistors being 

integrally formed on the board, the method comprising the steps of: 

providing a dielectric substrate (6); 

applying a first layer of a low resistance first material on said substrate in 

a predetermined pattern defining said low value resistor (2); and 

first and second terminal electrode pads (14, 16) in spaced relation for the 

application of a high resistivity material (18) therebetween; 

applying a second layer of a high resistivity material (18) between and in 

10 contact with said first and second terminal electrode pads (14, 16) to form said 

high value resistor; and 

providing conductive metal terminals to said low and high value resistors. 

2. The method of claim 1 wherein the· low resistance material is a 

15 nickel alloy. 

3. The method of claim 1 wherein the high resistivity material is a 

thick film polymer ink. 

20 
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4. A method of making a printed circuit board comprising a low value 

resistorand a high value resistor, said low and high value resistors being 

integrally formed on the board, the method comprising the steps of: 

appiying a laminate to a dielectric substrate, the laminate comprising a 

s first layer of a low resistance material and second layer of a conductive terminal 

metal, said first layer being adjacent to said substrate, 

removing predetermined regions of said first and· second laminate layers 

such that 

said low value resistor is formed having conductive metal terminals, and 

1 o first and second terminal electrode pads of said low resistance material 

are formed in spaced relation fOr the _application of high resistivity material 

therebetween and conductive metal terminals are formed at the distal ends of 

said terminal regions; and 
. ' 

applying a layer of a high resistance material between and in contact with 

15 said first and second terminal regions to form said high value resistor. 

5. The method of claim 4 wherein the first laminate layer comprises 

an electroplated nick~l-phosphorous alloy. 

20 6. The method of claim 4 wherein the low resistivity material has a 

sheet resistance of 1 to 500 ohms per square and the high resistivity material 

has a sheet resistance of 1 to 100 kiloohms per square. 

.. 
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7. The method of claim 4 where said second laminate is printed and 

etched. 

8. A method of making a printed circuit board comprising a low value 

5 resistor and a high value resistor, ·said low and high value resistors being 

integrally formed on the board, the method comprising the steps of:· 

providing a dielectric substrate; 

applying a first layer of a low resistance material on said substrate 

applying a second layer of an etchable conductive metal over said first 

10 layer 

etching said conductive metal to define the length and width of the low 

value resi~tor and the terminals therefor; and to define a pair of first and sec~nd 

terminal electrode.pads and terminals for the high value resistor; 

removing said low resistance material exposed by said etching; 

15 etching said remaining conductive metal such that said low value resistor is 

formed and said first and second terminal electrode pads are formed in spaced 

relation for the application of high resistivity layer thereon and therebetween; 

and 

applying a high resistivity material between and in contact with said first 

20 and second terminal electrode pads to form said high value resistor. 
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9. .A printed circuit board comprising: 

a dielectric substrate; 

a first patterned region of low resistivity material on said substrate sized 

to form the body of a low value resistor; 

S two additional patterned regions of said low resistivity material spaced 

a.part to form terminal electrode pads for a high value r~sistor, said pads having 

top bonding surfaces: 

a patterned region of high resistivity material comprising the body of a 

high value resistor, said high resistivity material being located to span and 

10 overlap a portion of the top bonding surfaces of said terminal electrode pads; 

·; ·; 

15 

electrically conductive terminals to opposite ends of the first patterned 

region of low resistivity material forming a low value resistor; and 

electrically conductive terminals ~o the top bonding surfaces .of said low 

resistivity terminal electrode pads forming a high value resistor. 

10. The printed circuit.board of claim 9 wherein the high resistivity 

material is a thick film polymer ink. 

11. The printed circui~ bqard of cl.aim 9 wherein the low resistivity 

20 material is a nickel-phosphorous alloy 

• 
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