
4 9 - 12 SR 

l O-22-74. XR 384-29 495 

United States Patent (19 (11 3,842,495 
Bennett et al. (45 Oct. 22, 1974 

54 CONTROL OF RATE OF CHANGE OF 3,607,386 9/1971 Galla et al........................ 29/62() X 
RESISTANCE AS A FUNCTION OF OTHER PUBLICATIONS 
TEMPERATURE IN MANUFACTURE OF “Laser-Induced Resistivity Changes in Film Resistors' 
RESISTANCE ELEMENTS Presented by Lins et al. representing Sperry Rand at 

(75) inventors: Kenneth R. Bennett, San Diego; Wescon, Aug. 23-26, 1966. 
Joseph W. Crownover, La Jolla, 
both of Calif. Primary Examiner-Charles W. Lanham 

Assistant Examiner-Victor A. DiPalma 
73) Assignee: GT Corporation, Pittsburgh, Pa. Attorney, Agent, or Firm-Smyth, Roston & Pavitt 
22 Filed: Jan. 24, 1973 
(21) Appl. No.: 326,430 (57) ABSTRACT 

The method of improving the properties of a film type 
electrical resistance element having a characteristic 

52 U.S. Cl...................... 29/620, 29/612, 171201, rate of change of resistance as a function of tempera 
219/121. LM ture change, within a selected temperature range, the 

51 Int. Cl.......................... H01c 7/00, H01 c 17/00 steps that include 
(58) Field of Search ............. 29/620, 621, 613, 612; -- a. heating said element while exposed to a gaseous 

1 17/201; 219/121 L, 121 LM medium containing nitrogen in sufficient 
56 References Cited concentration to reduce said rate, and 

b. thereafter impinging laser radiation on the 
UNITED STATES PATENTS resistance element to controllably alter the resistance 

3,308,528 3/1967 Bullard et al..... 2929 level thereof, at temperatures within said selected 
3,457,636 7/1969 Ireland et al.......................... 29/620 
3,462,723 8/1969 Phillips ............................. ...; temperature range. 
3,535,778 10/1970 Falanga et al......... . . . . . . . . . . . 29/621 X 12 Claims, 7 Drawing Figures 

(267 
4A safa 

7727/Mat 77. 

(6 

  



PAIENIEDC 2257 3,842,495 
3-> Aira. 2. 

3/ , 
g- 2 2f 

Y97 fra. 4. 7aaa1/MAA 
Aaaayor a 77 om/ 

-60 17 A 527 A M47 

a 72 waaa 7%a (c) Zeev - 1 
--2. Co - - - - - - - - - - - - - - - ----------- - - --- - - - 

O 
Q 
s N - y.o.--- 

-2. O 

I. 

- 50 O A 30 A Moto2 
7A//aafaAP72/aaf ee) 

  

  

  

  



3,842,495 
1. 

CONTROL OF RATE OF CHANGE OF 
RESISTANCE ASA FUNCTION OF TEMPERATURE 
IN MANUFACTURE OF RESISTANCE ELEMENTS 

BACKGROUND OF THE INVENTION 

This invention relates generally to controlling the 
temperature stability of resistance elements, and more 
particularly concerns reducing the parts per million 
change in resistance per degeree Centigrade change in 
temperature of film glaze resistor elements. 

Recently, so called film glaze resistance elements 
have been developed for use in micro-electronics appli 
cations. These glaze resistor materials typically consist 
of mixtures of particular oxides of noble metals and 
glass frit, disbursed in a suitable resin base. The resis 
tors are commonly formed by silk screening a paste or 
paint form of the resistor material onto a ceramic sub 
strate (for example barium titanate), and thereafter 
baking the film material on the ceramic chip at a tem 
perature between 400° and 800°C. 
While the completed resistors compare favorably 

with so-called 'wire-wound' resistors in certain re 
spects, they do not exhibit the very low temperature 
stability found with wire-wound resistors. The latter, of 
course, are not generally suited to micro-electronics 
applications due to their undesirably large size. 

SUMMARY OF THE INVENTION 

It is a major object of the invention to control the 
temperature stability of glaze film resistor elements so 
as to achieve stabilities comparing favorably with those 
of wire-wound resistors. Such film materials typically 
consist of a noble metal oxide in glassy state. 

Basically, the method of the invention involves heat 
ing the film form resistance element at relatively high 
temperature and while exposed to a gaseous environ 
ment containing nitrogen in greater percentage con 
centration than is found in air, and continuing such 
heating for a time interval to significantly reduce the 
rate of change of resistance of the element as a function 
of temperature change. Typically, the gas, which may 
consist of a mixture of air and nitrogen, is maintained 
at a temperature of between 650°C and 750°C and in 
contact with the resistor film during the heating inter 
val. The percentage of nitrogen in the mixture may be 
selected to produce a parts per million change in resis 
tance per degree Centigrade change in temperature of 
about 10, as will be seen. 

Additional objects include the encapsulation and 
laser trimming of the treated resistance element, in the 
manner to be described, so as to provide the container 
with an extremely accurate resistor exhibiting a high 
degree of temperature stability, for use in micro 
electronic circuitry. 
These and other objects and advantages of the inven 

tion, as well as the details of an illustrative embodi 
ment, will be more fully understood from the following 
description and drawings, in which: 

DRAWING DESCRIPTION 
FIG. is a flow chart; 
FIG. 2 is a plan view of a resistor element; 
FIG. 3 is a section on lines 3-3 of FIG. 2; 
FIG. 4 is an elevation showing heating of the resis 

tance film, in a nitrogen environment; 
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2 
FIG. 5 is an elevation showing laser trimming of the 

FIG. 2 resistance element after encapsulation; 
FIG. 6 is a graph; and 
FIG. 7 is a graph. 

DETAILED DESCRIPTION 
Temperature stability of resistors, generally ex 

pressed as the number of parts per million change in re 
sistance per degree Centigrade change in temperature, 
can be mathematically expressed as follows: 

PPM = AR x 106/RAC 
(1) 

where: 
R = resistance 
AR = change in resistance 
AC = change in temperature expressed in degrees 
Centigrade. 

Heretofore, the temperature stability of glaze film re 
sistors exhibited rather wide tolerance levels, as for ex 
ample is represented in FIG. 6. Thus, the material DP 
1131 exhibits a PPM slope of: 

(14) X 10/1,000 (100) = +140 
Characteristically, such resistors are produced by 

mixing between 20 and 60 weight parts of noble metal 
oxide particulate with between 4 and 20 weight parts 
of glass frit, adding between 50 and 60 weight parts of 
a liquid resin (as for example acryloid) and silk screen 
ing the mixture onto a ceramic substrate or chip. Suit 
able noble metals and oxides include Ruthenium, Ru 
thenium silver, and Palladium silver paste of a particle 
size 0.3pl; the glass frit may consist of lead borosilicate 
glass of a particle size 5pu; and the chip may consist of 
barium titanate ceramic material. Commercial pastes 
and inks of this variety include Du Pont “Berox,' Sel 
Rex"Resonate,' and Electro-Materials Corp. of Amer 
ica "Firon.' 
After mixing, silk screening and drying as appear at 

10-12 in FIG. , metal terminals (for example platinum 
gold) are applied to the opposite ends of the film (as 
represented by step 3 in FIG. 1) and the assembly is 
baked in air at betewen 400 and 800°C for approxi 
mately 4 hour, (as represented by step 14 in FIG. 1). 
The resultant dry film is glassy or glazed, and has a 
thickness between 0.5 and 1.5 mil, after firing. FIGS. 
2 and 3 show the film 19 on the ceramic substrate 20, 
with end terminals 21 fused in position. 
Dp 1131 consists of a glazed film of noble metal 

oxide (50 percent Ruthenium, 25 percent Ruthenium 
oxide and 25 percent lead borosilicate frit) having a 
thickness of about 1 mil after firing, and DP 1161 con 
sists of a glassy film of noble metal oxide (35 percent 
Ruthenium, 40 percent Ruthenium oxide and 25 per 
cent lead borosilicate frit) having the same thickness. 
These may be considered as "Cermet' type resistors. 
Reference to FIG. 6 shows that DP 113 exhibits a 1.4 
percent change in electrical resistance over the temper 
ature range O' to 100°C, which corresponds to the 
40PPM previously referred to, and which is consid 
ered as lacking in desired temperature stability. 

In accordance with the invention, the glazed film is 
heated at a relatively high temperature and while ex 
posed to a gaseous, environment containing nitrogen in 
greater percentage consentration than found in air, 
such heating being continued for a time interval char 
acterized in that the rate of change of resistance as a 
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function of temperature change is significantly re 
duced; for example, the parts per million change in 
electrical resistance of the film per degree Centigrade 
change in temperature is substantially reduced. For 
best results, the nitrogen containing gaseous environ 
ment should be at a temperature of between 650°C and 
750°C (and preferably about 700°C) and in contact 
with the resistor element during the heating interval, 
the gas being at about atmospheric pressure; and the 
heating interval should be less than 1 minute, and pref. 
erably between 20 and 40 seconds (about 30 seconds 
for optimum results). FIG. 4 shows the resistance ele 
ment 19 in a nitrogen gas environment 25 within a con 
tainer 26, a heater 27 being operated to maintain the 
gas at the described temperature or temperatures. A 
door for the container appears at 26a. Steps 15, 16 and 
16 a in FIG. 1 respectively indicate initial PPM testing 
of the resistance film, nitrogen treatment, and subse 
quent PPM testing of the resistance film. 
The graph in FIG. 7 contains three curves 30, 31 and 

32. Positive slope curve 30 corresponds to the 140 
PPM curve for DP 1131 in FIG. 6; negative slope curve 
31 shows that -100 PPM is obtained for DP 1131 upon 
heat treatment at 700°C for 30 seconds in a 100 per 
cent nitrogen environment 25 in FIG. 4; and curve 32 
shows that -14 PPM is obtained for DP 1131 (for tem 
perature changes in the range about about 25°C) upon 
heat treatment at about 700°C for 30 seconds. in a gas 
eous environment consisting of 80 percent air and 20 
percent nitrogen. Accordingly, the nitrogen concentra 
tion in the gaseous environment 25 should be above 
that of air, but less than 100 percent nitrogen, for mini 
mizing the PPM results. If that environment consists of 
86 percent air and 14 percent nitrogen, a PPM level of 
about 10 is obtained, for DP 1131 fired at about 700°C 
for 30 seconds. 
Turning to FIG. 5, it shows the use of a laser beam 

130 emanating from source or generator 131 and di 
rected to impinge on the resistance element 19, thereby 
to effect a change in the electrical resistance of the pre 
cision resistor to a desired value at a temperature or 
temperatures within the range of interest. For this pur 
pose, the beam may be caused to impinge on succes 
sively different portions of each of several resistors sup 
ported and displaced on a belt 132. Also, the beam may 
be controlled, as by control means 33 connected with 
the generator, to interrupt the beam when the mea 
sured resistance of the resistor 19 arrives at the precise 
desired value, and for that purpose a source of voltage 
34 and a precision ohmmeter 35 may be temporarily. 
connected in series with the leads 21 projecting form 
the opposite ends of the film 19. Typically, beam im 
pingement on the relatively moving resistance element 
is continued for a time interval of between 0.10 and 60 
seconds, depending on the amount of resistance in 
crease desired, and the intensity of the beam. 
The laser beam may be of low frequency with wave 

length the order of one thousandth of a millimeter or 
ionger. It is found that the resistance element can be 
tuned, in this manner, over a relatively wide range, i.e., 
up to around three times its original resistance value, 
and to a resolution or tolerance of 0.01 percent of a 
given or desired resistance value, at a selected tempera 
ture. As an example, a raw, randomly selected resistor 
exhibiting a resistance of 21,850 ohms, after nitrogen 
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4. 
treatment as described above, may be tuned in this 
manner to a value of 62,000 - 6 ohms. 
The invention is also applicable to film type resistors 

where the resistance film is applied to a substrate by 
sputtering techniques, the metal of the element consist 
ing for example of chronium, and alloys therewith, an 
example being Nichrome. 
We claim: 
1. The method of improving the temperature stability 

of an electrical resistance element in film form and 
which has been fired at relatively high temperature in 
air, the element including a component selected from 
the group consisting of noble metals and oxides 
thereof, that includes: 

a. heating said element at relatively high temperature 
between about 650°C and 750°C and while the ele 
ment is exposed to a gaseous environment contain 
ing nitrogen in greater percentage than found in 
air, and 

b. continuing said heating for a time interval charac 
terized in that the rate of change of resistance of 
the element as a function of temperature change is 
substantially reduced. 

2. The method of claim wherein said metals include 
ruthenium, palladium and silver. 

3. The method of claim 1 wherein said gas is at a tem 
perature of about 700°C and in contact with the resis 
tor element during said interval. 

4. The method of claim wherein said time interval 
is less than 1 minute. 

5. The method of claim 3 wherein said time interval 
is between about 20 and 40 seconds. 

6. The method of claim wherein the resistance ele 
ment film is in glassy state. 

7. The method of claim 5 wherein the resistance ele 
ment film is in glassy state. 

8. The method of claim 7 wherein the percentage of 
nitrogen, by weight, in the gaseous mixture is selected 
to produce a parts per million change in resistance per 
°C change in temperature of about 10. 

9. The method of claim 1 including the step of direct 
ing a laser beam to impinge on said element and 
thereby effect a change in the electrical resistance of 
said element to a desired value. 

10. The method of claim 9 wherein the laser beam 
exhibits a wave length of at least about one thousandth 
of a millimeter. 

11. The method of claim 9 including the step of ef 
fecting relative movement of the beam and element to 
impinge the beam on different portions of the element. 

12. The method of improving the properties of a film 
type electrical resistance element having a characteris 
tic rate of change of resistance as a function of temper 
ature change, within a selected temperature range be 
tween about 0°C to 100°C, the element including a 
component selected from the group consisting of 
metals and metal oxides, the steps that include 

a. heating said element while exposed to a gaseous 
medium containing nitrogen in greater percentage 
than found in air to reduce said rate, and 

b. thereafter impinging laser radiation on the resis 
tance element to controllably alter the resistance 
level thereof, at temperature within said selected 
temperature range. 
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