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Description

Field of the Invention

[0001] The present invention relates to an improved circuit board material having an electrical resistance layer.

Background of the Invention

[0002] Circuit board materials which include an electrical resistance layer are known. Such materials are disclosed,
for example, in U.S. Patent No. 4,892,776 and the references cited therein. These materials typically include a support
layer, at least one electrical resistance layer, such as a nickel alloy, and a conductive layer, such as copper, adhered
to the resistance layer. US 2662957 discloses a multilayer stock for the manufacture of electrical resistors comprising
an insulating support, a layer of resistance material and a layer of conductive material in contact with the resistance
material. Known materials have proven satisfactory in some applications. However, it would be desirable to provide
materials having improved chemical, thermal and mechanical properties, such as higher electrical resistance values,
temperature resistance and load life.
[0003] A particular problem with known circuit board materials including an electrical resistance layer is inadequate
etchant selectivity. In producing electrical circuits from these circuit board materials, an etchant is needed which can
selectively etch copper, without reacting with the electrical resistance layer, thus providing resistors at design values
and acceptable resistances within the desired tolerances. Known etchants which have the desired selectivity, such as
chrome-sulfuric etchants, are also environmentally hostile. Other safer, commercially available etchants, such as al-
kaline ammoniacal copper etchants, are prone to react with the electrical resistance material to some degree. This
makes it more difficult to obtain resistors with the target nominal resistance values and controllable tolerances. For
example, use of alkaline ammoniacal copper etchant to etch circuit board materials which include electrical resistance
layers requires very precise control of process parameters and equipment. This requirement for extreme precision
results in increased production costs.
[0004] It would thus be desirable to provide a circuit board material which displays improved etchant selectivity, such
that conventional alkaline ammoniacal etchants can be used to selectively etch the conductive layer without affecting
the electrical resistance layer. Such an improved circuit board material would facilitate production of electrical circuit
boards without the need for extremely precise control of process parameters.
[0005] It would also be desirable to provide a method of producing electrical circuit boards utilizing the improved
circuit board material.

Summary of the Invention

[0006] In accordance with one aspect of the present invention, there is provided a circuit board material comprising

(a) a support layer;
(b) an electrical resistance layer having a preselected resistivity adhered to said support layer;
(c) a barrier layer adhered to said electrical resistance layer;

and
(d) a conductive layer adhered to said barrier layer; characterised in that said barrier layer is substantially resistant
to alkaline ammoniacal copper etchants and is capable of protecting said resistance layer from attack thereby and
In that said barrier layer has an electrical resistivity substantially identical to said preselected resistivity of said
electrical resistance layer.

[0007] The present invention also provides a method of producing an electrical circuit board comprising the steps of:

coating the conductive layer surface of a circuit board material as described in the immediately preceding paragraph
with a first layer comprising a photoresist composition;
imagewise exposing said first photoresist layer to produce an image of a combined conductor and resistor pattern;
developing said image;
removing exposed conductive layer by etching said circuit board material with an alkaline ammoniacal etchant;
etching said circuit board material with an etchant capable of stripping exposed barrier layer and said electrical
resistance layer underlying said exposed barrier layer;
stripping said first photoresist layer;
coating said etched circuit board material with a second layer comprising a photoresist composition;
imagewise exposing said second photoresist layer to produce an image of a conductor pattern;
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developing the image of the preceding step;
removing exposed conductive layer by etching said circuit board material with an alkaline ammoniacal etchant; and
stripping said second photoresist layer.

[0008] Advantageously, said barrier layer and said electrical resistance layer are etchable or strippable by the same
etchant.
[0009] Preferably, the inventive barrier layer is comprised of a material selected from the group consisting of Ni-Sn,
Co-Sn, Cd-Sn, Cd-Ni, Ni-Cr, Ni-Au, Ni-Pd, Ni-Zn, Sn-Pb, Sn-Zn, Ni and Sn. Preferably the selected material is Ni-Sn.
In a preferred embodiment, the thickness of the barrier layer is less than about 0.1 µm, particularly between about 5
x 10-3 µm (50 Å) and 0.1 µm.
[0010] Other objects, features and advantages of the present invention will become apparent to those skilled In the
art from the following detailed description. It is to be understood, however, that the detailed description and specific
examples, while indicating preferred embodiments of the present invention, are given by way of illustration and not
limitation.

Brief Description of the Drawings

[0011] The invention may be more readily understood by referring to the accompanying drawings in which

FIG. 1 is a cross-sectional view of a circuit board material according to the invention, showing the arrangement of
the support, electrical resistance layer, barrier layer and conductive layer.

Detailed Description of Preferred Embodiments

[0012] The barrier layer of the inventive circuit board material protects the underlying electrical resistance layer from
alkaline ammoniacal etchant. Preferably, the barrier layer is also etchable or strippable in the same solution used to
strip the resistance layer. For example, barrier layers which protect an underlying Ni-P resistance layer should be
etchable or strippable in 1 M coppersulfate solutions currently used to strip the Ni-P resistive material. Desirably, such
stripping should be accomplished within about 15 minutes using a 1 M copper sulfate solution at 90°C. However, barrier
layers requiring longer stripping times can also be used to advantage in some applications.
[0013] The barrier layer can be an inorganic material which has good etchant selectivity. It is also important that the
material used as the barrier layer have no substantial detrimental effect on the uniformity of the resistivity and other
functional properties of the underlying electrical resistance layer. Preferably, the nominal value of the resistivity also is
not detrimentally affected.
[0014] Suitable materials which can be used in the inventive barrier layer include inorganic materials such as Ni-Sn,
Co-Sn, Cd-Sn, Cd-Ni, Ni-Cr, Ni-Au, Ni-Pd, Ni-Zn, Sn-Pb, Sn-Zn, Ni and Sn. Particularly preferably the barrier layer is
a layer of Ni-Sn alloy.
[0015] Care must be taken so that the barrier layer is not excessively thick. Layers thicker than about 0.1 µm begin
to act as conductors; that is, they display sufficiently low resistivity, and thus high conductivity, to adversely affect the
uniformity of the resistivity of the underlying resistance layer, as well as its nominal value. Preferably, the thickness of
such barrier layers is between about 5 x 10-3µm(50 Å) and 0.1 µm, very preferably between about 15 x 10-3µm (150
Å) and 6 x 10-2µm (600 Å).
[0016] The inventive barrier layer should also be producible consistently and uniformly over the entire surface area
of the conductive layer. This can be accomplished, for example, by using conventional electroplating techniques.
[0017] The following electroplating baths are especially suitable for depositing inorganic barrier layers within the
present invention (all concentrations in g/l):

1) Nickel-Tin baths

(a) Pyrophosphate

Stannous chloride (SnCl2·2H2O) 28 g/l
Nickel chloride (NiCl2·6H2O) 31
Potassium pyrophosphate (K4P2O7·3H2O) 192
Glycine 20

Operating Temperature 40 - 60°C
pH 7.5 - 8.5
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(continued)

1) Nickel-Tin baths

(a) Pyrophosphate

Current Density 0.05 - 0.5 A/dm2

(b) Fluoride

Stannous chloride anhydrous (SnCl2) 50 g/l
Nickel chloride (NiCl2·6H2O) 300
Ammonium bifluoride (NH4HF2) 56

Operating Temperature 45 - 75°C
pH 2 - 2.5
Current Density 0.02 - 0.3 A/dm2

(c) Hydrochloric

Stannous chloride (SnCl2·2H2O) 30 g/l
Nickel chloride (NiCl2·6H2O) 300
Hydrochloric acid (HCl) 5 - 25 vol%

Operating Temperature 40 - 70°C
pH 0.2 - 0.5
Current Density 0.05 - 0.5 A/dm2

2) Cobalt-Tin bath

Stannous pyrophosphate (Sn2P2O7) 20 g/l
Cobalt chloride (CoCl2-6H2O) 50
Potassium pyrophosphate (K4P2O7·3H2O) 250

Operating Temperature 50 - 70°C
pH 9.5 - 9.9
Current Density 0.05 - 0.5 A/dm2

3) Cadmium - Tin bath

Stannous Sulfate (SnSO4) 15 g/l
Cadmium Sulfate (3CdSO4·8H2O) 70
Sulfuric Acid (H2SO4) 50
Polyvinyl Alcohol 1
Pentaerythritol 1

Operating Temperature 15 - 30°C
pH <1
Current Density 0.05 - 0.2 A/dm2

4) Cadmium - Nickel bath

Nickel Sulfate (NiSO4·7H2O) 114 g/l
Cadmium Sulfate (3CdSO4·8H2O) 10
Boric Acid (H3BO3) 10

Operating Temperature 35 - 70°C
pH 2-3
Current Density 0.01 - 0.1 A/dm2
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(continued)

5) Nickel - Chromium bath

(a) Formate

Nickel Formate (Ni(HCOO)2·2H2O) 90 g/l
Potassium Chromium Sulfate (KCr(SO4)2·12H2O) 430
Sodium Citrate (Na3C6H5O7·2H2O) 75
Boric Acid (H3BO3) 40
Sodium fluoride (NaF) 10
Glycine 20

Operating Temperature 30 - 35°C
pH 2 - 2.2
Current Density 0.05 - 0.5 A/dm2

(b) Fluoborate Bath

Nickel Fluoborate (Ni(BF4)2) 30 g/l
Chromium Fluoborate (Cr(BF4)3) 50
Fluoboric Acid (HBF4) 300

Operating Temperature 20 - 70°C
pH 1 - 3
Current Density 0.05 - 1 A/dm2

6) Nickel-Gold bath

Potassium Gold Cyanide (KAu(CN)2) 6 g/L
Potassium Nickel Cyanide (K2Ni(CN)4) 8
Potassium Cyanide (KCN) 16

Temperature: 60-80°C
Current Density 0.05 - 0.2 A/dm2

7) Nickel-Palladium bath

P-Salt (Pd(NH3)2(NO)2) 6 g/l
Nickel Sulfamate (Ni(SO3NH2)2) 32
Ammonium Sulfamate (NH4(SO3NH2)) 90
Ammonium Hydroxide to pH 8-9

Temperature: 20-40°C
Current Density 0.05 - 0.1 A/dm2

8) Nickel-Zinc bath

Nickel Chloride (NiCl2 6H2O) 300 g/l
Zinc Chloride (ZnCl2) 155

pH 2-3
Temperature 70-80° C
Current Density 0.05 - 0.5 A/dm2

9) Tin-Lead bath

Stannous Fluoborate (Sn(BF4)2) 108 g/l
Lead Fluoborate (Pb(BF4)2) 70

Fluoboric Acid (HBF4) 400
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[0018] Use of the foregoing plating baths allows precise deposition of barrier layers of the invention in thicknesses
which will provide sufficient resistance to ammoniacal alkaline etchant. The barrier layers so deposited furthermore
are strippable in 1 M copper sulfate solution typically used for stripping electrical resistance materials. Ni-Sn barrier
layers of the invention produced using the pyrophosphate bath 1(a) are especially preferred.
[0019] Materials suitable for use as the conductive layer are known to those skilled in the art. The preferred material
for use as the conductive layer is copper or a copper alloy.
[0020] Materials suitable for use as the electrical resistance layer are also well known, and include Ni-P and Ni-Cr
alloys. The preferred material is a Ni-P alloy.
[0021] Similarly, materials suitable for use as the support layer are known to those skilled in the art. The support
layer should be generally non-conducting. Exemplary of suitable material for use as the support layer are organic
polymeric materials, reinforced epoxies and the like.
[0022] Exemplary conventional copper etchants useful with the present invention include alkaline ammoniacal cupric
chloride, chrome-sulfuric, ammonium persulfate, hydrochloric cupric chloride and hydrochloric ferric chloride. The pre-
ferred conventional copper etchant is alkaline ammoniacal cupric chloride.
[0023] Typical operating conditions in etching processes using alkaline ammoniacal copper etchants are given below:

(continued)

9) Tin-Lead bath

Boric Acid (H3BO3) 26

Peptone 5

Temperature 15-25° C
Current Density 0.5 - 2.0 A/dm2

10) Tin-Zinc bath

Stannous Pyrophosphate (Sn2P2O7) 20 g/l
Zinc Pyrophosphate (Zn2P2O7) 39
Sodium Pyrophosphate (Na4P2O7) 268
Gelatin 1

Temperature 50-70° C
pH 8.5-9.5
Current Density 0.05 - 0.5 A/dm2

11) Nickel bath

Nickel Chloride (NiCl2-6H2O) 300 g/l
Boric Acid (H3BO3) 37.5
Butynediol 1

Operating Temperature 40 - 60°C
pH 1.5 - 2.5
Current Density 0.05 -1.0 A/dm2

12) Tin bath

Potassium Stannate (K2SnO3·3H2O) 100 g/l
Potassium Hydroxide (KOH) 15

Operating Temperature 60 - 85°C
pH 10-11.8
Current Density 0.05 - 1 A/dm2

Temperature 48 - 57 °C
pH 7.6 - 8.2
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[0024] Referring now to the drawing, in FIG. 1 circuit board material 10 includes a conventional support layer 12,
which can be a ceramic or polymeric substrate. Electrical resistance layer 14 is adhered to support layer 12. In the
figure, one electrical resistance layer is depicted. However, a plurality of electrical resistance layers of differing com-
position can be present if desired. Barrier layer 16 is adhered to electrical layer 14 (or to the top electrical resistance
layer if more than one such layer is used). Conductive layer 18 is adhered to barrier layer 16.
[0025] The present invention is further illustrated by the following non-limiting examples.

Ex. 1: Production of Circuit Board with Ni-Sn Barrier Layer

[0026] Circuit board materials were produced according to the following method. A batch process was employed
with the plating cell remaining constant. Mild agitation was provided in the plating cell by a recirculating pump to maintain
uniform bath composition. The cathode employed was electro-deposited 28.35g (one ounce) copper foil plated on the
matte side. The shiny or drum side of the foil was masked by a rubber coated backing fixture. The cathode size was
0.9 dm x 1.25 dm. The anode was platinum clad columbium with an anode to cathode ratio of 1.3:1. Prior to passing
into the plating cell, the copper foil was immersed in an aqueous sulfuric acid solution (20% by volume) for 30 sec.
[0027] A plating bath according to 1(a) was formed and used to plate a Ni-Sn barrier layer on the copper foil prepared
above. Subsequently a nickel phosphoric/phosphorus bath was prepared in accordance with U.S. Pat. No. 4,888,574.
The bath had the following composition:

[0028] The bilayer copper foil was then plated in the foregoing bath to produce the resistance layer.
[0029] After plating the Ni-P electrical resistance material on the bilayer copper foil sample, the resistance layer was
given an oxidizing treatment as commonly practiced in the art. Next, the resistance material was laminated to an epoxy
fiberglass support layer, with the oxidized surface of the resistance layer in intimate contact with the support. Following
lamination, the copper surface was coated with a photoresist material, which was then exposed through a photographic
negative containing the combined conductor and resistor patterns. The exposed photoresist was developed, leaving
the composite resistor-conductor pattern protected. The exposed copper was then etched with an alkaline ammoniacal
cupric chloride etchant and rinsed in water, then immersed in a selective 1 M copper sulfate solution until both the
exposed barrier layer and the underlying resistance layer were removed. The 1 M copper sulfate solution was at 90°C
and consisted of 250 g/l of copper sulfate and 2 ml/l of concentrated sulfuric acid.
[0030] The remaining photoresist was next stripped away, and the panel was again coated with a photoresist and
exposed to protect the conductor pattern. The exposed photoresist was etched in alkaline ammoniacal cupric chloride
etchant to remove the bare copper. The panel was rinsed, and the remaining photoresist was then stripped away, after
which the panel was again rinsed and dried. At this point, the conductive and resistive elements were defined and in
electrical contact with each other.

Ex. 2: Ni-Sn barrier layer

[0031] A trilayer copper foil was produced including a Ni-Sn barrier layer and a NiP electrical resistance layer. The
respective layers were produced using the appropriate bath described in Ex. 1 above. The copper foil was plated in
the nickel phosphoric/phosphorous bath of Ex. 1 for 30 sec at 3 amp/dm2 (Table 1) or 5 amp/dm2 (Table 2) to produce
resistance layers.
[0032] Composition analysis of the Ni-Sn deposit by Auger spectroscopy showed a 50:50 atomic ratio or 65:35 weight
ratio of Sn to Ni.
[0033] The effects of the Ni-Sn barrier layer on the sheet resistivity and chemical resistance of the electrical resistance
layer of circuit board materials according to the invention (nominal 100 ohms/square and 25 ohms/square) are pre-

(continued)

Spray Pressure 110 - 150 kPa
Copper Loading 112 - 142 g/l
Chloride 4.0 - 5.0 M

Nickel carbonate (NiCO3) 106 g/l
Phosphorous acid (H3PO3) 164
Phosphoric acid (H3PO4) 25
Operating Temperature 70°C
pH 1.8
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sented in Tables 1 and 2, respectively. Various thicknesses of the Ni-Sn barrier layer, shown in column 1, were elec-
troplated on the copper substrate prior to depositing the Ni-P resistive film. The tri-layer metal foils were then pressed
under heat and pressure with an epoxy/glass dielectric material to form a laminated printed circuit board material. The
laminates were then processed into square resistor elements with the sheet resistance values shown in column 2. The
resistance of the elements to ammoniacal alkaline copper etchant, as measured by the change in sheet resistivity after
exposure of the elements to the etchant for a fixed period of time, is shown in columns 3 and 4. The values are for the
resistance change after 60 and 120 seconds exposure, respectively. The time to strip the same resistor elements in
copper sulfate and hydrochloric cupric chloride etchants are indicated in columns 5 and 6, respectively.

TABLE 1

THICKNESS
OF Ni-Sn
BARRIER

LAYER µm (Å)

SHEET
RESISTANCE

VALUE
(OHMS/

SQUARE)

% RESISTANCE CHANGE AFTER
EXPOSURE TO ALKALINE
AMMONIACAL COPPER

ETCHANT (∆R%)

TIME TO STRIP RESISTANCE LAYER
(min)

60 sec 120 sec IN 1M COPPER
SULFATE

SOLUTION

IN
HYDROCHLORIC

CUPRIC
CHLORIDE
COPPER
ETCHANT

0(0) 102.3 21.7 37.9 2 0.75

165 x 10-4

(165)
93.3 1.9 3.8 3 1.05

370 x 10-4

(370)
78.4 1.9 3.3 6 1.25

460 x 10-4

(460)
68.8 1.6 3.0 17 2

660 x 10-4

(660)
48.4 1.5 2.4 32 4.5

880 x 10-4

(880)
38.2 1.0 1.7 >45 9

1060 x 10-4

(1060)
32.8 1.0 1.6 >45 9

TABLE 2

THICKNESS
OF Nl-Sn
BARRIER

LAYER µm(Å)

SHEET
RESISTANCE

VALUE
(OHMS/

SQUARE)

% RESISTANCE CHANGE AFTER
EXPOSURE TO ALKALINE
AMMONIACAL COPPER

ETCHANT (∆R%)

TIME TO STRIP RESISTANCE LAYER
(min)

60 sec 120 sec IN 1M COPPER
SULFATE

SOLUTION

IN
HYDROCHLORIC

CUPRIC
CHLORIDE
COPPER
ETCHANT

0(0) 23.5 5.2 9.1 6 6

165 x 10-4 (165) 22.3 0.8 1.5 7 6

370 x 10-4 (370) 22.0 0.8 1.6 9 6
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[0034] The data clearly showed that the thicker the Ni-Sn barrier layer is deposited above the Ni-P resistive film, the
lower the combined sheet resistance value, and the more resistant the resistive material to various copper etchants.
A very thin layer of about 160 x 10-4 µm (160 Å see line 2 of Table 2) can significantly improve the resistance of the
resistive layer to the ammoniacal alkaline etchant and can be easily etched in the copper sulfate solution, especially
in the 100 ohms/square material.

Ex. 3: Changes in Thermal and Mechanical Properties

[0035] The effect of a Ni-Sn barrier layer according to the invention on various commercially important thermal and
mechanical properties of the resistive Ni-P materials were assessed. Samples having electrical resistance values of
25,100 and 250 ohms/square were prepared without a barrier layer, as is known to the art, and with a barrier layer
according to the invention.
[0036] Electrodeposited copper foils (35 µm thick, 2.9 dm x 3.6 dm) were prepared in a manner similar to that of Ex.
1. The known samples having resistance values of 25 ohms/square and 100 ohms/square were plated with a Ni-P
electrical resistance layer using a bath as disclosed in U.S. Pat. No. 4,888,574. The known material having a resistance
value of 250 ohms/square was plated with a Ni-P electrical resistance layer using a bath as disclosed in U.S. Pat. No.
4,892,776. All of the inventive samples were first plated with a Ni-Sn barrier layer using a plating bath according to 1
(a) above. The inventive 25 ohms/square material had a 0.04 µm (400 Å) thick Ni-Sn coating, the inventive 100 ohms/
square a 0.05 µm (500 Å) thick coating, and the inventive 250 ohms/square a .037 µm (370 Å) thick coating. The
inventive materials were then plated with a Ni-P electrical resistance layer using a bath as disclosed in U.S. Pat. No.
4,888,574.
[0037] The resistance values, the resistance tolerances (defined as three standard deviations over the mean value)
and various thermal mechanical properties of the materials were measured and compared as indicated in Table 3. No
deleterious effects were observed, while certain properties were significantly improved with the use of a barrier layer
according to the invention.

TABLE 2 (continued)

THICKNESS
OF Nl-Sn
BARRIER

LAYER µm(Å)

SHEET
RESISTANCE

VALUE
(OHMS/

SQUARE)

% RESISTANCE CHANGE AFTER
EXPOSURE TO ALKALINE
AMMONIACAL COPPER

ETCHANT (∆R%)

TIME TO STRIP RESISTANCE LAYER
(min)

60 sec 120 sec IN 1M COPPER
SULFATE

SOLUTION

IN
HYDROCHLORIC

CUPRIC
CHLORIDE
COPPER
ETCHANT

460 x 10-4 (460) 20.4 0.8 1.5 19 7

680 x 10-4 (660) 17.9 0.8 1.3 34 10

880 x 10-4 (880) 15.2 0.9 1.7 >45 12

1060 x 10-4

(1060)
14.2 0.6 1.1 >45 18
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TABLE 3

SHEET RESISTIVITY (OHMS/SQUARE) 25 (K)1 25 (I) 100(K) 100 (I) 2502 (K) 250 (I) REMARKS AND
CONDITIONS

RESISTANCE
TOLERANCE (%)

+/-5 +/-3 +/-5 +/-3 +/-10 +/-6

RESISTANCE
TEMPERATURE
CHARACTERISTIC
(RTC)
(PPM/°C)

-39.05 23.89 -106.23 -15.04 100.00 55.80 MIL-STD-202-304
HOT CYCLE:
25°,50°,75°,125°C
COLD CYCLE:
25°,0°,-25°,-55°C

HUMIDITY
TEST
(∆ R %)

0.18 -0.16 0.81 0.39 2.09 1.73 MIL-STD-202-103
TEMP: 40°C
RH: 95%
TIME: 240 HRS

SOLDER FLOAT
(∆ R %)

-0.08 0.00 -0.58 -0.07 0.50 -0.14 MIL-STD-202-210
TEMP: 260°C
IMMERSION: 20
SEC

LOAD LIFE
(∆ R %)

0.72 0.68 1.36 1.37 2.00 1.69
(640 hr)

MIL-STD-202.1081
AMBIENT TEMP:
70°C
ON CYCLE: 1.5
HRS.
OFF CYCLE: 0.5
HRS.
TIME: 1200 HRS

1 K = known; I = invention
2 Known 250 ohms/square is made using a high ohmic (hypophosphorous) bath as taught in U.S. Pat. No. 4,892,776, incorporated by reference; the inventive 250 ohms/square material is made using a bath as taught
in U.S. Pat. No. 4,888,574.
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Ex. 4: High-ohmic materials

[0038] Three high-ohmic materials (> 250 ohms/square) were prepared to assess the effectiveness of barrier layers.
In each case an electrical resistance layer was electrodeposited using a nickel hypophosphite bath prepared in ac-
cordance with U.S. Pat. No. 4,892,776. The bath had the following composition:

[0039] Copperfoil sample A (0.9 dm x 1.25 dm) was activated by immersion in an aqueous solution of 500 ppm
benzotriazole at 60°C for 30 sec. The sample was then plated in the hypophosphite bath for 30 sec at 0.77 A/dm2 to
produce the resistance layer(0.08 µm (800 Å) thick). No barrier layer was provided between the copper foil and the
resistance layer.
[0040] Copper foil sample B was provided with a tin barrier layer (0.016 µm (160 Å) thick) before deposition of the
electrical resistance layer. The tin layer was deposited using a bath having the following composition (see bath 7,
above):

[0041] After the tin layerwas deposited, the sample was electroplated in the hypophosphite bath for 30 sec at 0.4
amp/dm2 to produce the electrical resistance layer (0.04 µm) (400 Å) thick).
[0042] Copper foil sample C was provided with a nickel-tin barrier layer (0.022 µm (220 Å) thick) before deposition
of the electrical resistance layer. The nickel-tin layer was deposited using a bath having the following composition (see
bath 1(c), above):

[0043] After the nickel-tin layer was deposited, the sample was electroplated in the hypophosphite bath for 5 sec at
2.2 A/dm2 to produce the electrical resistance layer (0.036 µm (360 Å) thick).
[0044] For each sample, the sheet resistance, change in resistance after timed exposure to ammoniacal etchant,
and time to remove the resistance layer by etching in 1 M copper sulfate etchant were determined. Results are given
in Table 4.

Nickel carbonate (NiCO3) 29.7 g/l
Hypophosphorous acid (H3PO2) 46.2
Operating Temperature 40°C
pH 3.5

Potassium Stannate (K2SnO3·3H2O) 100 g/l
Potassium Hydroxide (KOH) 15

Operating Temperature 60°C
pH 11.8
Current Density 0.11 A/dm2

Time 15 sec

Stannous chloride anhydrous (SnCl2·2H2O) 30 g/l
Nickel chloride (NiCl2·6H2O) 300
Hydrochloric acid (HCl) 20 vol%

Operating Temperature 65°C
pH 0.35
Current Density 0.05 A/dm2

Time 30 sec



EP 0 710 177 B1

5

10

15

20

25

30

35

40

45

50

55

12

[0045] As the data show, Samples B and C, having barrier layers, were substantially more stable, i.e., show less
change in sheet resistance upon exposure to ammoniacat copper etchant, than Sample A, which did not have a barrier
layer. Furthermore, among barrier layers, nickel-tin is particularly advantageous because it serves to protect the elec-
trical resistance layer, yet is easily removed by etching in 1 M copper sulfate solution.

Claims

1. A circuit board material (10) comprising:

(a) a support layer (12);
(b) an electrical resistance layer (14), having a preselected resistivity, adhered to said support layer (12);
(c) a resistive barrier layer (16) adhered to said electrical resistance layer;

and
(d) a conductive layer (18) adhered to said barrier layer;

characterised in that said barrier layer (16) is substantially resistant to alkaline ammoniacal copper etchants and
is capable of protecting said resistance layer from attack thereby and in that said barrier layer has an electrical
resistivity substantially identical to said preselected resistivity of said electrical resistance layer.

2. A circuit board material as claimed in claim 1, wherein said barrier layer (16) and said electrical resistance layer
(14) are etchable or strippable by the same etchant.

3. A circuit board material as claimed in claim 1 or claim 2, wherein said barrier layer (16) is comprised of a material
selected from the group consisting of Ni-Sn, Co-Sn, Cd-Sn, Cd-Ni, Ni-Cr, Ni-Au, Ni-Pd, Ni-Zn, Sn-Pb, Sn-Zn, Ni
and Sn.

4. A circuit board material (10) as claimed in claim 3, wherein said barrier layer (16) is comprised of Ni-Sn.

5. A circuit board material (10) as claimed in claim 1 or claim 2, wherein the thickness of said barrier layer (16) is
less than 0.1 µm.

6. A circuit board material (10) as claimed in claim 5, wherein said thickness is between 0.01 µm (100 Å) and 0.1 µm.

7. A circuit board material (10) as claimed in claim 6, wherein said thickness is between 0.015µm (150 Å) and 0.06µm
(600 Å).

8. A circuit board material (10) as claimed in claim 1 or claim 2, wherein said electrical resistance layer (14) is com-
prised of a material selected from the group consisting ofNi-P and Ni-Cr.

9. A circuit board material (10) as claimed in claim 8, wherein said electrical resistance layer (14) is comprised of Ni-P.

10. A circuit board material (10) as claimed in claim 1 or claim 2, wherein the material of said conductive layer (18) is

TABLE 4

Sample Sheet Resistance (103

ohms/square)
% Resistance Change Resistance after Exposure
to Alkaline Ammoniacal Copper Etchant (∆R%)

Time to Strip
Resistance Layer in 1 M
Copper Sulfate Etchant

Solution (min)

70 sec 140 sec

A 1.2 32 *** 1

B 1.2 20 39 10

C 1.3 16 42 2

*** The resistance layer is completely etched off
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copper.

11. A method of producing an electrical circuit board comprising the steps of:

(a) coating the conductive layer (18) surface of a circuit board material (10) as claimed in claim 1 or claim 2
with a first layer comprising a photoresist composition;
(b) imagewise exposing said first photoresist layer to produce an image of a combined conductor and resistor
pattern;
(c) developing said image;
(d) removing exposed conductive layer by etching said circuitboard material (10) with an alkaline ammoniacal
etchant;
(e) etching said circuit board material (10) with an etchant capable of stripping exposed barrier layer (16) and
said electrical resistance layer (14) underlying said exposed barrier layer;
(f) stripping said first photoresist layer;
(g) coating said etched circuit board material (10) with a second layer comprising a photoresist composition;
(h) imagewise exposing said second photoresist layer to produce an image of a conductor pattern;
(i) developing the image of step (h);
(j) removing exposed conductive layer by etching said circuit board material with an alkaline ammoniacal
etchant; and
(k) stripping said second photoresist layer.

Patentansprüche

1. Leiterplattenmaterial (10), das folgendes umfasst:

(a) eine Trägerschicht (12);
(b) eine Schicht mit elektrischem Widerstand (14) mit einem voreingestellten spezifischen Widerstand, die auf
der Trägerschicht (12) haftet;
(c) eine widerstandsbehaftete Sperrschicht (16), die auf der Schicht mit elektrischem Widerstand haftet
und
(d) einer leitenden Schicht (18), die auf der Sperrschicht haftet;

dadurch gekennzeichnet, dass die Sperrschicht (16) im Wesentlichen beständig ist gegen alkalische ammoni-
akhaltige Kupferätzmittel und die Widerstandsschicht vor Angriffen durch diese schützen kann und dass die Sperr-
schicht einen elektrischen Widerstand hat, der im Wesentlichen gleich ist, wie der voreingestellte spezifische Wi-
derstand der Schicht mit elektrischem Widerstand.

2. Leiterplattenmaterial nach Anspruch 1, wobei die Sperrschicht (16) und die Schicht mit elektrischem Widerstand
(14) mit demselben Ätzmittel geätzt oder abgelöst werden können.

3. Leiterplattenmaterial nach Anspruch 1 oder Anspruch 2, wobei die Sperrschicht (16) ein Material umfasst, das aus
der aus Ni-Sn, Co-Sn, Cd-Sn, Cd-Ni, Ni-Cr, Ni-Au, Ni-Pd, Ni-Zn, Sn-Pb, Sn-Zn, Ni und Sn bestehenden Gruppe
gewählt wird.

4. Leiterplattenmaterial (10) nach Anspruch 3, wobei die Sperrschicht (16) Ni-Sn umfasst.

5. Leiterplattenmaterial (10) nach Anspruch 1 oder Anspruch 2, wobei die Dicke der Sperrschicht (16) weniger als
0,1 µm beträgt.

6. Leiterplattenmaterial (10) nach Anspruch 5, wobei die Dicke zwischen 0,01 µm (100 Å) und 0,1 µm beträgt.

7. Leiterplattenmaterial (10) nach Anspruch 6, wobei die Dicke zwischen 0,015 µm (150 Å) und 0,06 µm (600 Å)
beträgt.

8. Leiterplattenmaterial (10) nach Anspruch 1 oder Anspruch 2, wobei die Schicht mit elektrischem Widerstand (14)
ein Material umfasst, das aus der aus Ni-P und Ni-Cr bestehenden Gruppe gewählt wird.
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9. Leiterplattenmaterial (10) nach Anspruch 8, wobei die Schicht mit elektrischem Widerstand (14) Ni-P umfasst.

10. Leiterplattenmaterial (10) nach Anspruch 1 oder Anspruch 2, wobei das Material der leitenden Schicht (18) Kupfer
ist.

11. Verfahren zum Herstellen einer Leiterplatte, das folgende Schritte umfasst:

(a) Beschichten der Oberfläche der leitenden Schicht (18) eines Leiterplattenmaterials (10) nach Anspruch 1
oder Anspruch 2 mit einer ersten Schicht, die ein Fotolackgemisch umfasst;
(b) bildbezogene Belichtung der ersten Fotolackschicht, um ein Bild eines kombinierten Leiter- und Wider-
standsmusters zu erzeugen;
(c) Entwickeln des Bilds;
(d) Entfernen der belichteten leitenden Schicht durch Ätzen des Leiterplattenmaterials (10) mit alkalischem
ammoniakhaltigem Ätzmittel;
(e) Ätzen des Leiterplattenmaterials (10) mit einem Ätzmittel, das die belichtete Sperrschicht (16) und die unter
der belichteten Sperrschicht liegende Schicht mit elektrischem Widerstand (14) ablösen kann;
(f) Ablösen der ersten Fotolackschicht;
(g) Beschichten des geätzten Leiterplattenmaterials (10) mit einer zweiten, eine Fotolackmischung umfassen-
de Schicht;
(h) bildbezogene Belichtung der zweiten Fotolackschicht, um ein Bild eines Leitermusters zu erzeugen
(i) Entwickeln des Bilds aus Schritt (h)
(j) Entfernen der belichteten leitenden Schicht durch Ätzen des Leiterplattenmaterials mit einem alkalischen
ammoniakhaltigen Ätzmittel; und
(k) Ablösen der zweiten Fotolackschicht.

Revendications

1. Matériau de carte de circuit (10) qui comprend :

(a) une couche de support (12) ;
(b) une couche de résistance électrique (14) qui a une résistivité présélectionnée, collée à ladite couche de
support (12) ;
(c) une couche isolante résistive (16) collée à ladite couche de résistance électrique ;
et
(d) une couche conductrice (18) collée à ladite couche isolante ;

caractérisé en ce que ladite couche isolante (16) est en grande partie résistante aux produits de gravure du
cuivre ammoniacaux alcalins et de ce fait est capable de protéger ladite couche de résistance contre les attaques
et dans ladite couche isolante a une résistivité électrique en grande partie identique à ladite résistivité présélec-
tionnée de ladite couche de résistance électrique.

2. Matériau de carte de circuit (10) comme revendiqué à la revendication 1, dans lequel ladite couche isolante (16)
et ladite couche de résistance électrique (14) peuvent être gravées ou éliminées par le même produit de gravure.

3. Matériau de carte de circuit (10) comme revendiqué à la revendication 1 ou la revendication 2, dans lequel ladite
couche isolante (16) est composée d'un matériau sélectionné dans le groupe comportant du Ni-Sn, Co-Sn, Cd-
Sn, Cd-Ni, Ni-Cr, Ni-Au, Ni-Pd, Ni-Zn, Sn-Pb, Sn-Zn, Ni et du Sn.

4. Matériau de carte de circuit (10) comme revendiqué à la revendication 3, dans lequel ladite couche isolante (16)
est composée de Ni-Sn.

5. Matériau de carte de circuit (10) comme revendiqué à la revendication 1 ou la revendication 2, dans lequel l'épais-
seur de ladite couche isolante (16) est inférieure à 0,1 µm.

6. Matériau de carte de circuit (10) comme revendiqué à la revendication 5, dans lequel ladite épaisseur est comprise
entre 0,01 µm (100 Å) et 0,1 µm.
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7. Matériau de carte de circuit (10) comme revendiqué à la revendication 6, dans lequel ladite épaisseur est comprise
entre 0,015 µm (150 Å) et 0,06 µm (600 Å).

8. Matériau de carte de circuit (10) comme revendiqué à la revendication 1 ou la revendication 2, dans lequel ladite
couche de résistance électrique (14) est composée d'un matériau sélectionné dans le groupe comportant du Ni-
P et du Ni-Cr.

9. Matériau de carte de circuit (10) comme revendiqué à la revendication 8, dans lequel ladite couche de résistance
électrique (14) est composée de Ni-P.

10. Matériau de carte de circuit (10) comme revendiqué à la revendication 1 ou la revendication 2, dans lequel le
matériau de ladite couche conductrice (18) est du cuivre.

11. Méthode de production d'une carte de circuit électrique qui comprend les étapes suivantes :

(a) recouvrir la surface de la couche conductrice (18) d'un matériau de carte de circuit (10) comme revendiqué
à la revendication 1 ou la revendication 2 avec une première couche comprenant une composition de résine
photosensible ;
(b) sur le plan de l'image, exposer ladite première couche de résine photosensible pour produire une image
d'un modèle combiné de conducteur et de résisteur ;
(c) développer ladite image ;
(d) enlever la couche conductrice exposée en gravant ledit matériau de carte de circuit (10) avec un produit
de gravure ammoniacal alcalin ;
(e) graver ledit matériau de circuit (10) avec un produit de gravure capable d'éliminer la couche isolante ex-
posée (16) et ladite couche de résistance électrique (14) située en dessous de ladite couche isolante exposée ;
(f) éliminer ladite première couche de résine photosensible ;
(g) recouvrir ledit matériau de carte de circuit gravé (10) d'une deuxième couche comportant une composition
de résine photosensible ;
(h) sur le plan de l'image, exposer ladite deuxième couche de résine photosensible pour produire une image
d'un modèle de conducteur ;
(i) développer l'image obtenue à l'étape (h) ;
(j) enlever la couche conductrice exposée en gravant ledit matériau de carte de circuit avec un produit de
gravure ammoniacal alcalin ; et
(k) éliminer ladite deuxième couche de résine photosensible.
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