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This Inventton ralates generally to methods for makmg :
electncal resistor components, and more particularly to

dened

an improved method for making film resistors.
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Iayer in - an etchmg bath SO as ta reduce its etfectlve

resistance. - However, it has been found that the etching
process will not produce stable films with thicknesses

small enough to provide a useable value of- resmtmty

The main reason appears to be the lack of upiformity in

- the etching process which causes some parts of the metal -

~ film to be etched at a faster rate than other parts.

As a result of recent developments in printed ctrcultry |

and the need for microminiaturization in. present-day elec-

- tronics, the demand for film resistors of high stabﬂlty has

| However, the provision of such |
film- resistors, particularly where high stability .in the

~ presence of high temperatures is reqmred has been a con-

- -siderable problem, requiring expensive and co

plicated
methods and apparatus, which as far as is known are still
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not entirely satisfactory for producing hlgh resmtlwty.

ﬁlm resistors of high stability.
‘It is the broad object of the present mventwn ‘there-

- fore, to provide an improved method for making high
resistivity ﬁlm reswtors of hi gh stablhty and reproduci-
‘bility. |

A more specific ob]ect of this invention is to prtmde an

. improved method for making film resistors -of hlgh sta~

| blllty and uniformity in which a low resmtlwty t1tam11m

film 1s converted into a film of high resistivity.

making very thin films of metal and metal oxide.

An addltmnal object is to provide methods in accord-

ance with any or all of the above mentmned ob]ects whlch

~are siumple and relatively inexpensive.
‘The-above objects are accomphshed in accordance W1th |
the present invention by a method in which a low resis-
tivity film of convenient and non-critical thickness such as

titanium, is converted into a highly stable film of high
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- Another object is to provide an improved method for E
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Another method which has been employed for makmg |

film resistors involved the use of an anodizing process.

As is well known, anodizing is an electrolytic process for -
“converting the surface of a suitable metal into a-metal
Because this metal oxide is of a. high resistance,

oxide.
attempts have been made to use this anodizing process for

making film resistors by anodizing the surface of the =~
metal film.

This anodizing process, ‘however, has not
proved successful because the oxide layer only penetrates

- a short distance beyond the surface of the film, the layers
below the surface (which are eﬂ"ectwely in parallel with

the high resistance surface layer) remaining essentially at
their lt}w resisfance value.
Attempts to
increase the depth of penetration of the oxide layer pro-
duced by anodizing have been unsuccessful because arcing
usually occurs which destroys the film. ~To achieve any
success in making film resistors by anodizing, therefore, it

is necessary to have a very thin film to begin with so that
the depth of penetration of the oxide layer is significant
when compared to the total thickness of the film. As

indicated prewousiy, the prtmsmn of such thm ﬁlm 1S
qmte a problem in itself. |

T have discovered that, by combining the above two
haretofore unsuccessful approaches of anodizing and
etching in a predetermmed manner, it is possible to pro-
duce high resistivity films of remarkably high stability, -

‘including the high resistivity values pravmusly unobtain- -
 able.

- And, because of the rala,twe convenience of ano-

~ dizing and etching techniques as compared to vacuum

40

resistivity by means of a specially chosen simultaneous

anodizing and etching treatment to whlch the low res:ls-.
o tmty film is subjected. |

The specific nature of the invention as well as nther'-- "

objects, uses and advantages thereof, will clearly appear

- from the follormng description, and frt}m the accompany-
L 'mg drawing in which: |

FIGURES 1-4 are each fmnt and edge views of

- ceramic or glass disc illustrating the prepara.tlon of a lo-w .

resistivity titanium film on the cera,mm dtsc Wlth a suitable

| 50
lead attached thereto. |

FIGURES 5 and 6 are dlagratamatlc wews lﬂustl'&tlnﬂ' |

| _the two-bath treatment to which the ceramic disc of
FIGURE 4 is subj ected to convert the low resistivity

 titanium ﬁlm into a highly stable ﬁ]m of ]:ugh 1691st1v1ty,'

in EI.CCOI'dB.IlC@ Wlth the 111V311t1011

In order to permit the present uwentmn to be better

"'understood the follomng backgmuud mft}r natlon is now .
.,;pmwded | -

A method Which 13 presently used w1th some Success

~ for providing film resistors involves the vacuum deposi-
- tion of metals and alloys on a suitable substrate.
- method has ylelded films' with resistivities. of good sta-

) 'Also, this
‘method is  relatively. mconvement far mass productlon'
-and can be quite. expenswe | |
In the search for cheaper md more ada,ptable methods
and ‘tppar:ttus for making film resistors, a variety of more
direct approaches have been employed, but for the most

. part these have been unsuccessful or impractical.
- such method involves forming a low resistivity metal
1layer on a sultable substrate, ,and then etchmg away the .'

- 'This

bility up to only about 500 ohms per square.

One
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depomtmn techniques, the method of the present inven-

- tion is inherently cheaper and more readﬂy adaptable fo
-_productmn technigques. =

“In accordance with the present mventlon film resmtw;t- |

ties ‘of high stability. are" obtained by converting a low
| resmtmty metal film of convenient and non-critical thick-

ness into a highly stable film of high remstmty by means

of a SPemalIy chosen simultaneous anodizing and etchmg? o

" treatment to which this low resistivity metal film is sub-  *

~ jected. o
desirable low resistivity metal film from which highly

I have found that titanium is a partlcularly _

stable film resistors of high remstwtty can be produced,

~and for this reason titanium will be used for illustrative
| purp oses in the descrlptltm of the invention to follow. It

is to be understood, however, that other suitable low
resistivity films could  be converted into stable high re-

 sistivity films by means of the present invention, and the
‘invention is not to be considered as limited to titanium,
~although at present titanium appears preferable he
‘invention will now be descrlbed 1n detall usmg tlta,mum as
~ the 1C}W resastlwty

FIGURES 1-4 111ustrate the steps that mlght be fol—-
lowed in providing one side of a disc 1€ or a suitable
substrate with a low resistivity titanium film of convenient

‘and non-critical thickness, which will be sub]ected to the
- simultaneous anodizing and etchmg treatment in accord- -
ance with the invention. |
the thicknesses of the various. Iayers shown are exagger-

- For purposes of 111ustratmn, -

ated. In FIGURE 1, a ceramic disc 10, such as alumina,

- “and non-critical thickness, as shown in FIGURE 2. |
" may be accomplished by a method such as is dlsclosed |
‘in U.S. Patent No. 2,746,888.

| which may be of c0pper is then plated t)Ilt(} one edge of
- the titanium film 12 as shown in FIGURE 3 and a lead
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is sultably platﬂd with a film 12 of titanium of convenient

A smtable lead tab 14,

‘The resultant resistivity of
the film, therefore, is ralsed only slightly.

This
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wire 16 soldered thereto as shown in FIGURE 4 to form
the resultant disc 25. The titanium film 22 on the disc
25 may conveniently have a resistance of the order of 0.2
to 15 ohms per square. Although a round disc is shown
in FIGURES 1-4, it is obvious that any desired shape or

size may be used, such as might be required for printed

circuitry.

The resistance between the copper tab 14 and a point

diametrically opposite thereto on the disc 25 may be
expressed by the well-known relationship |

_pL

h="7r

in which R is the total resistance, p is the specific resis-

tivity of titanium film 12, L is the length of the resistance
path, that is, the distance from the tab 14 to the point
opposite the tab 14 and A 1is the area of the resistance
path which 1s proportional to the thickness of titanium
layer 12. As the thickness of titanium layer 12 is re-
duced 1n accordance with the invention, the area A in the
above equation is reduced, thereby causing the resistance
R to increase. The thickness of the titanium layer 12 is
reduced by converting its surface to titanium dioxide
which has a very high specific resistivity and has a
negligible shunting effect on the titanium layer 12.

As shown in FIGURE 35, the disc 25 is now immersed
into a specially chosen bath 20 which contains an ano-
dizing electrolyte and suitable additional material for
etching purposes, the choice of which will be considered
in detail a little later. The bath 20 is contained in a

suitable container 28 into which is also immersed a .
- Obviously, the

suitable cathode 38, such as graphite.
container 28 should not deleteriously react with the bath.
In the anodizing process the graphite 30 serves as the
cathode while the disc 25 serves as the anode. A variable
D.-C. power source 34 has its negative side connected to

10
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the graphite 30 and ifs positive side connected to the lead

£% of the disc 25 through a current measuring device 36.
During anodizing, an anodizing current I flows from the
‘power source 34 as shown in FIGURES 5 and 6.

The choice of the bath 20 will now be considered in

detail since it is important in providing the proper type

~ of simultaneously anodizing and etching treatment neces-
sary to produce highly stable films of high resistivity in
accordance with the invention. First, etching material
is provided in the bath 20 of a type Wthh will etch the
metal oxide layer formed by anodizing. For etching the
oxides of titanium, fluoride ions are quite suitable.
The concentration of etching material in the bath 20
is then chosen in conjunction with the particular anodiz-
mg system so that the metal film is anodized at a rate
which is at least sufficiently faster than the rate of etching
to cause only the metal oxide layer to be etched, the
bare titanium being converted into oxide by the anodizing
process before it is attacked to any significant extent by
the etching material. Essentially, therefore, the thick-
ness of the original titanium film 12 is reduced as a result
of the etching of the metal oxide surface layer produced

by anodization, and not by the ‘etching of the tltamum
itself.

I have discovered that this simultaneous anodizing and
etching treatment as just described achieves an amazingly
uniform and more controlled reduction in the thickness
of the original metal film than could be obtained by any
known etching process, thereby making it possible to
obtain very thin films of high resistivity and stability.
An additional advantage which is also derived is that the
resistivity of the film increases not only because of the
reduction in ifs thickness due fo etching, but also, because
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It will now be understood that the concentration of
etching material provided for a given bath 28 and a given
anodizing system must be less than some predetermined
concentration so that the surface of the titanium film is
anodized to an oxide before it is attacked to any signifi-
cant extent by etching. The smaller the concenfration
of etching material provided below this predetermined
concentration, the slower the rate at which the thickness
of the film will be reduced. This is because in a given
anodization process, penetration is only possible for a
predetermined short distance beyond the surface of the
film. Thus, if etching is relatively slow, once this pene-
tration is made, anodization can only proceed as fast
as the anodized oxide surface is etched. Consequently,
while any concentration of etching material below this
predeternmiined concentration may be used, the actual
concentration used in a given bath and a given anodizing
system 1s usually dictated by the film thickness and treat-
ment time desired.

Using the above described simultaneous anodizing
and etching treatment, the titanium film 12 on the ceramic
disc 25 can be converted into a highly stable film of high
resistivity in a single bath by means of an arrangement
such as shown in FIGURE 5. However, in order to pro-
vide greater control and more accuracy in the final value

- of resistivity obtained, I find it more advantageous to

use a two-bath treatment in which the first bath converts
the titanium film 12 into a very thin film of relatively

‘high resistivity by means of the above described simul-

taneous anodizing and etching opﬂration and then obtain
the final value of resistivity in a true anodizing bath
without any etching material. FIGURE 6 diagram-
matically illustrates the second bath set-up which is es-
sentially the same as that of FIGURE 5 except for the
use of a different bath 1290.

The advantage of a two-bath treatment can be seen by
realizing that the simultaneous anodizing and etching
treatment provided by the first bath is basically controlled
by the etching operation which reduces the film by a
given thickness in a given time. Thus, as the film gets
very thin, its resistivity changes much more rapidly with
time, and hence is more difficult to control. By remov-
ing the disc 25 from the first bath when the film has a
desired thickness and an intermediate value of resistivity,
and then obtaining the final high resistivity by means of
an anodizing operation in a second bath containing no
etching material, the final value of resistivity can be con-

trolled to a high degree without further thinning of the
film. The second bath is chosen so that the anodizing

process penefrates to a greater depth than did the ano-
dizing process of the first bath, thereby permitting a
greater portion of the thin film to be converted to oxide

~ to increase the film resistivity. This increased penetra-
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tion of the oxides by anodization is now able to exert a
significant effect on the film resistivity because the first
bath has greatly reduced the thickness of the original
film. Also, this second bath is advantageous in that it

permits a higher resistivity to be obtained for a greater

thickness, since it converts more of the film to the higher
resistance oxides.

The following specific example wﬂl now clearly illus-

~ trate the present invention. First, a disc 25 is provided
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when the film becomes very thin the very high resistance

oxide layer produced by anodizing will have penetrated
by an amount which produces a very significant increase
in the remstmty of the film. And, both these ef‘fects are
obtained in a single treatment.

75

as snown in FIGURE 4 having a titanium film 12 of
convenient thickness with a resistivity of the order of
0.2 to 15 ohms per square. |

~ The disc 25 is then immersed in the first bath 20 shown
in FIGURE 5 consisting of 1 gram of sodium fluoride
NaF in 200 milliliters of a 5% sulfuric acid H,SO, solu-
tion for a time of approximately ten minutes with an
anodizing current flow starting at 40 milliamperes per

square centimeter and then decreasing, and a voltage

scurce 34 adjustable up to 100 volts. Ctherwise stated,
the bath 20 consists essentially of 0.12 N (normal)

- sodium fluoride in 5% aqueous solution of sulfuric acid.

When the resistivity of the film reaches the order of
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- 250 volts.

25 from

- perborate, sodium borate, or ethyl acid phosphate.

- sulfuric acid.

"’3:,1‘"3’0,8'0*'7 -

80 to 200 chms per square the disc 25 is removed from '

anodizing current flow starts at 8 mﬂhamperes per square

~ the first bath 20 as shown in FIGURE 5 and immersed
in the second bath 120 as shown in FIGURE 6, which
is a saturated sodium perborate NaBQOj; solution. The

centimeter and the vcltage source 34 is adjustable up to -

until the resrstlvrty of the film 12 increases to the desired
value. This may be determined by removing the disc
the bath 120 and measurmg its. resistance in a
conventional manner.

" In the first bath 20 of FIGURE 5 ccnsrstmg of 1 grami -
- NaF in 200 milliliters of a 5% solution of HySO,4, the

5% H,SO,4 solution serves as the anodizing electrolyte
while the fluoride ions produced when the NaF is dis-

solved in the 5% H,SO, solution are able to etch the

oxides of titanium produced by anodization. The fluoride
ions can be obtained from any alkaline metal fluoride,
from hydrofiuoric acid or from any other metailic fluoride

sufficiently soluble to provide the necessary fluoride con-

centration. The second bath 129 which is a saturated

and contains no etching material. Bath 120
sist essentially of any conventional anodizing solution,
such ‘as boric acid, oxalic acid, sulfuric acid, sodium

anodizing bath 120 in con]unctren with the htgher voltage

The disc 25 is held in the second bath 120

action proceeds at an uncontrollably rapid rate. |
- phoric acid was used in equivalent concentration for the

| _after Wh.lCh anodization in bath 120 a 25 Welght percent ”
~ethyl acid phcsphate scluttcn mcreased the value to 1100

ohms per square. .

The maxrmum useable concentratron of ﬂuerrde ions
occurs at about a .36 N solution above which the etching

Phos- -

. sulfunc acid in the foregemg examples.

10
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. sodium perborate solution is prcvrded only for anodizing
1ay COIl-
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available from the source 34 in FIGURE 6, is able to

provide a greater depth of penetration of the oxide layer
than was possible with the anodizing set-up of FIGURE
5. The final high resistivity of the film may thus be pro-

- duced by means of the set-up of FIGURE 6 by increasing
~ the depth of penetration of the anodized oxide layer,
which 1s able to cause significant increases in the re- -
!srstmty of the film because the film is now very thin as
~a result of the first bath freatment.

Using the two-bath treatment of the above-descrrbed
specific example, highly stable titanium films having re-

~ sistivities as high as 5,000 ehms per square have been
'successfully produced. -
~ Listed below are examples of other baths whlch | have

fcund satisfactory in practicing ‘this invention:
(1) With a titanium film having an initial resistance
of 2.7 ohms per square, bath 20 consisted essentlally of

.06 N sodium fluoride in a 10% aqueous SO].U.LIGII of sul-

furlc acid,
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It is to be understood in connection Wrt}i the present: |
mventlen that the methods shown and described herein

- are. only ‘exemplary and that various modifications can

be made in the ccnstructrcn arrangement and steps there-

- of. The invention is to be considered as including all

possible variations within-the scope of the invention as

2 defined in the appended claims.

I claim as my invention: - - -
1. A process for making thin- film resrstors comprising

- the etepf-' of plating an insulative substrate with titaniom

20 ;

capable of being anodized, placing the plated substrate

into an agqueous ancdrzmg—etchmg bath in which anodiz-

ing and etching occurs simultanecusly, said bath so con--
stituted that the anodizing commences before the etching
commences, applying an anodizing current between said

- titanium platrng and said bath, and removing the plated

surface from said bath when the titanium has reached-
the desired resistance, said bath consists essentially of an

alkaline metal ﬂucrrde of .06 N to .36 N concentration -

in an aqueous solution of an acid from the group con-

- sisting of sulphuric acid and phosphoric acid in the range |

of about 2.5 weight percent to about 10 weight percent.
2. A process for making thin film resistors COmMprising

the steps of plating an insulative substrate with titanium =

capable of bemg anodized, placing the plated substrate
into an aqueous anodizing- -etching bath of such chemical

- composition that the anodizing cemmences before the

- etching commences, applying an

anodizing current be-

~ tween said titaniuvm plating and said bath, removing

40

- anodization current between said titanium plating and

_last said bath, and removing the plated substrate from
" said bath when the titanium has reached a desired resis-
- tance; said anodizing-etching bath consists essentially of
-an alkaline metal fluoride of .06 N to 36 N concentra-

(2) With a titanium ﬁln'havrng an 1111t1al resrstance_ |

- cf 1.6 ohms per square, and a bath 20 consisting essen-
~tially of .12 N sodium fluoride and a 10% aqueous solu-
~ tion of sulfuric acid, a film resistance of 78 ohms per
square was obtained after which anodization in bath 120,

which consisted essentially of saturated sodium. borate,

| prcduced a resistor havmg a ﬁnal value of 580 ehms'
~ per square. | - | L
~ (3) With a titanium ﬁlm havrng an initial resrsta,nce-_
of 1.5 ohms per square and a bath consisting essentially
~ of .24 N sodium fluoride in a 2.5% aqueous solution of -
A film resistance of 92 ohms per square
~ was obtained which was then anodized in bath 120 con-
sisting essentially of a saturated sodium perborate solu-.
~ tion to produce a final value of 492 ohms per square.

(4) With a titanium film having an initial resistance

of 1 chm per square and bath 20 consisting essentrally of

12 N sodium fluoride in a 2.5% aqueous solution of

sulfuric acid, anedlzattcn was continued until a film re-
~ sistance of 68 ohms per square was attained and then

treatment in bath 128, a saturated sodium perborate

solution, produced a resrster having a final value of 538
| ohms per square. | |

(5) With a titanium film having an 11‘111:13.1 resrstance

50
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the plated substrate from said anedlzrng-etchlng bath,
placing the plated substrate in an anodizing bath dif- -
ferent from said arrcdlzmg-etchmg bath, ‘applying an '

tion in an aqueous solution of an acid from the ﬂrcup"_

consisting of sulphuric acid and phcsphcrtc acid in the

-~ range of abcut 2.5 Welght percent to abeut 10 Wel"?ht'l'

percent

3. A process for making ﬁlm resmtcrs comprtsmg the_ '
steps of plating an insulative substrate with a relatively

thin titanium coating whose entire thickness is capable' .
‘of being anodized, placing the plated substrate into an
‘aqueous anedlzmg-etchmg bath which is capable of sub- .
. stantially concurrently anodizing and etching said ti-
tanium coating, said bath being of such chemical composi-

tion that anodization of said coating commences before
etching commences and sald bath consists essentially of
12 N sodium fluoride in" an aqueous solution of 5%

o sulphuric acid, applying an ancdrzmg current between"

; _sald titanium coating and said bath to ancdrze substantlal—'
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1y the entire thickness of said coating, and removing the -
:plated substrate from said bath when the anodized ccat- |

ing has reached a desired resistance. o
4. A process for making thin film resistors cemprrsmg

- the steps of plating an insulative substrate with titanium -

70

' of 3 ohms per square and a bath 20 consisting essentially
~ of .12 N sodium fluoride in a 6% phosphoric acid solu-

~ tion, a ﬁlm resrstance of 75 ohms per Square was obtained 75

capable of being anodized and placing the substrate into

an aqueous bath where simultaneous anodizing and etch- '

Ing occurs, said bath having an anodizing acid constituent

-and an etching fluoride constituent for anodically treat- ..

ing said plated substrate which censrsts essentially of .06
N to .36 N of fluoride ions and a 2.5 w/o to. 10 w/o
aquecus sclutmn of an acrd selected from the group con-"
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