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The invention pertains broadly to precision electrical 
resistors, and more particularly to apparatus for treating 
resistors to bring them within prescribed limits of toler 
ance. 

In the manufacture of certain electrical resistors, a 
suitable material exhibiting a desired degree of electrical 
resistivity is applied in a coating on an insulative substrate. 
Acceptable conventional methods of resistance material 
application for this purpose are vacuum deposition, silk 
screening, and the like. However, each of these tech 
niques leaves much to be desired where a high tolerance 
resistor is required, that is, in the range of one percent 
(1%) or less. 

It is therefore standard practice in the manufacture of 
high precision electrical resistances to provide a trimming 
operation subsequent to initial application of the resist 
ance material. For example, according to a usual tech 
nique, the resistance material is applied in excessive 
amount, that is, the resistance value being decidedly less 
than the desired ‘amount, and, the excess material is re 
moved by grinding or abrading thereby increasing the 
resistance value to within the desired limits of tolerance. 
‘However, due to the necessary exertion of physical pres 
sures on the resistance material in this process there is 
always danger of damaging the resistor. 

It is therefore a primary object of the present invention 
to provide apparatus for trimming an electrical resistor to 
Within precise predetermined limits which do not involve 
the subjection of the resistor to undue physical pressures. 
A further object is the provision of such apparatus 

which includes self-monitoring to prevent over-trimming. 
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Another object of the invention is the provision of such . 
apparatus cap-able of either increasing or decreasing the 
electrical value of the resistor, as the case may require. 
A still further object of the invention is the provision 

of apparatus for modifying one or more electrical resist 
ances to a single, or different, predetermined resistance 
value(s). 

Brie?y, the invention contemplates immersing the re 
sistor to have its value corrected in an electrolytic solution 
and by electrolytic techniques varying the electrical value 
of the resistance. External measuring and control appa 
ratus serve to insure that modi?cation of the resistance is 
within prescribed settable limits. ' 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the following 
more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings. 

In the drawings: 
FIGURE 1, a and b, illustrates one form of resistor 

on which the invention can be practiced; ' 
FIGURE 2 is a schematic representation of an electro 

lytic tank and associated control circuit for practicing the 
invention; 
FIGURE 3 is another embodiment of the invention; 

and 
FIGURE 4, a, b and c, is a graphical representation of 

electrolytic current in three different operative states of 
the equipment of FIGURE 3. 

Since the theory of operation of the invention is based 
upon electrolysis, it is important that the resistor to be 
trimmed, or brought within acceptacle tolerances of re 
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sistance value, have exposed surface portions of resist 
ance material which can be acted upon. This means that 

' those types of electrical resistances termed “printed” or 
“deposited,” where the material is applied to a major outer 
surface of an insulative substrate in a thin coating or ?lm, 
are especially well suited for application of the method 
and apparatus of the invention. 
Although the utility of the invention is not limited to 

any particular structural form of resistance, for purposes 
of illustration a resistance of the general type and geom 
etry shown in FIGURE 1 is used herein. Thus, the re 
sistor 10 is a composite one comprised of an insulative 
substrate 11 provided with a pair of layers, or coatings, 
12 of a material having a suitable electrical resistivity, 
which material for present purposes will be considered 
to be carbon. The electrical value of each of the separate 
coatings 12 is a function of the resistivity of the coating 
material, the length, L, and the cross-section area, A. 
Connection wires 13 are connected to the extremity of 
each coating. 
With reference now to FIGURE 2, the resistor 10 

(shown in generalized ?orm) is received in uncovered con 
dition within a tank 14. A suitable electrolyte 15 in solu 
tion form is provided in suflicient quantity to cover the 
portions of the resistor 10 carrying the coatings 12. A 
carbon electrode 16 is also immersed in the same elec 
trolyte in a spaced relation to the resistor 10. 

Electrical connections are made to the resistor 10 such 
that it serves as one leg of a four-legged resistance bridge 
circuit. Two of the leg resistors, 17 and 18, are of ?xed 
value, and the remaining leg resistor 19 is of the selec 
tively variable variety. An A.C. voltage source 20 is con 
nected from the common point of resistors 18 to 19 and 
the common point of resistors 17 and 10. The remain 
ing two common points of the resistors 17 and 18 and 
resistors 10 and 19 serve as anvinput to an ampli?er 21. 
The output of the ampli?er is fed into the actuation coil 
22 of a lone-pole relay 23, the other side of which coil 
is at ground potential of the ampli?er. The normally 
open ?xed point 24 of the relay is connected to the com 
mon point of resistors 10 and 19. The movable strap 25 
is tied to the positive terminal of a D.C. voltage source 
26, the negative terminal of which is electrically related 
to the electrode 16. 
The values of the ?xed resistors 17, 18 and the variable 

resistor 19 are such that the bridge circuit will be com 
pletely balanced (that is, zero sign-a1 voltage to the input 
of the ampli?er 21) when the resistor 10 is precisely at 
its required resistance value. This, of course, will have 
to be predetermined for each particular desired value of 
resistance that is to be trimmed. That is, one set of re 
sistors 17—19 interrelated as shown in FIGURE 1 will 
only be satisfactory for a given small range of resistance 
value for the resistor 10, the extent of this range being 
determined by the scope of resistance value provided by 
the variable resistor 19. 

vIn operation, assume ?rst of all that the resistor 10 
has a lower resistance value than is required, that is, it is 
necessary to increase its electrical value to bring it within 
the required range. -In this case, the resistor 19 is set 
to an appropriate value for balancing the bridge circuit _ 
when the resistor 10‘ is of proper value. Accordingly, 
the ‘bridge circuit at this time is out of balance and an 
A.C. signal is present at the input to the ampli?er 21 pro 
viding an output voltage to energize coil 22 closing the 
normally-open point 24. A closed series path now exists 
from the D.C. etching voltage 26 across the resistor 10 
and the electrode 16 via the electrolytic bath 15. This 
voltage is of such polarity and magnitude as to imme 
diately initiate etching of the exposed surface portions 
of the coating, or coatings, 12 serving to diminish the 
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cross—sectional area A thereby increasing the measured 
electrical value of the resistance. Simultaneously during 
etching, the DC. current drawn through the resistor 10 
is re?ected as a level change at the input to the ampli?er 
of such polarity as to drive the ampli?er in the direction 
of cut-off. With the resistor 10 of such value as to main 
tain the bridge unbalanced, the resistor 10 is periodically 
etched wherein the operating cycle is one of etching, cut 
o?? of the ampli?er, no-etching, and this operation is re 
peated until the resistor 10 increases in value sufficiently 
to balance the bridge circuit. When balance is achieved, 
the signal presented to the input of the ampli?er 21 is 
brought to zero with the result that the coil 22 of the 
relay 23 is released allowing the relay strap 25 to return 
to the open position terminating etching of the resistor 10, 
which is now within the predetermined limits of tolerance. 

This feature of etching in short bursts, or cycles, is 
basically important to the high accuracy achieved by the 
invention. If, on the other hand, etching current is ap 
plied in ;a continuous manner the pH of the bath 15 is 
changed signi?cantly making the resistor 10 appear to 
have a correspondingly different value, and any correction 
applied to the resistor would include this seeming differ 
ence of resistance as an error. 
Another aspect of the embodiment described above is 

the capability for simultaneously treating more than one 
resistor, where the electrical value of each resistor can be 
the same, or different, from the others. Also, these ‘differ 
ent resistors to be trimmed can be distinct, separate entities, 
or, if desired, can be mounted on a common base. This 
feature is illustrated in FIGURE 2 where the additional 
resistors 10' and 10" are shown in dashed-line form. In 
order to accommodate the additional resistors it is neces 
sary that separate electrical circuits be provided for each 
of the resistors to be trimmed. 
Exemplary of one set of satisfactory components and 

parameters for the embodiment of FIGURE 2 are the 
following: . 

Resistor 10 __________ __ 4000 ohms. 

Resistors 17, 18, 19..____ 4000 ohms. 
, A.C. source _________ __ l—6 volts. 

Ampli?er 21 ________ __ D.C. ampli?er capable of han 
dling A.C. with a closed loop 
gain of approximately 10, 
000. 

Relay 23 ___________ _.; 8,000~10,000 ohms plate relay. 
D.C. source 26 ______ __ Variable tapped battery suf 

?cient to drive the ampli 
?er 21 to beyond cut-elf. 

Electrolytic bath 15_.____ 10% solution by weight of po 
tassium hydroxide buffered 
to provide a more stable pH. 

In cases where it may be considered infeasible to manu 
facture resistors that initially have electrical values less 
than that ?nally desired, the further embodiment of the 
invention illustrated in FIGURE 3 has particular utility in 
that, as the case may require, it can either etch away re 
sistance material to increase the electrical value, or it can 
provide a plating effect over the resistance of a high con 
ductivity material effecting reduction of the total electrical 
value of the resistor. 
The primary differences between the embodiments of 

FIGURES 2 and 3 exist in the external circuitry. Ac 
cordingly as before, a tank 27 is provided which contains 
a suitable liquid electrolyte 28 for immersibly receiving a 
resistor 10 to be trimmed and an electrode 29 of a good 
conducting metal such as copper. The external circuit 
can now be considered as consisting of two main func— 
tional parts: a pulsing circuit indicated generally at 30 and 
a plating and etching circuit shown at 31. 
As to the pulsing circuit, it consists of a series arrange 

ment of the resistor 10, a variable resistor 32, a capaci 
tance 33, and a DC‘. voltage source 34. A normally 
closed point 35 of the relay 36 is electrically arranged 
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4 
between the voltage source 34 and the capacitance 33 
providing a switching control of the above series circuit. 
Electrical energization power for the relay coil 37 of the 
relay 36 is taken across the capacitance 33. 
A pair of normally-open points 38 of the relay are 

shorted together upon energization of the coil 37 to con 
nect power from a DO source 39 to the coil 40 of a 
plating and etching relay 41. A normally-closed point 42 
of the relay 41 is connected to the positive terminal of a 
center-tapped D.C. supply 43, and a normally-open point 
44 of this relay is connected to the negative side of the 
same power ‘source. The movable strap 45 serves to feed 
electrical current from the source 43 to the electrode 29 
of a polarity depending on the condition of the relay 41. 
The center-tap connection is made from the source 43 via 
line 46 to the common point of the resistors 10 and 32. 
As the the general principles of operation, the movable 

strap 45 of the relay 41 serves to place the electrode 29 at 
either a positive potential (relay is deenergized), or at a 
negative potential (relay energized) with respect to the 
resistor 10. As in the ?rst embodiment, if the resistor 10 is 
positive with respect to the electrode, etching of the re 
sistor will take place resulting in an increase of its elec 
trical value. On the other hand, if the resistor is held at 
a potential that is negative with respect to the electrode, 
then in a way well-known in the electrolysis art, plating 
of the resistor by the highly conductive electrode material 
is obtained lowering its electrical resistance value. Thus 
it is seen that dependent upon the condition of the relay 
41 the resistor 10 is either etched or plated. 
More particularly with respect to the pulsing circuit, 

the resistor 10, variable resistance 32 and the capacitance 
33 cooperatively provide a timed recurrent voltage for 
picking or energizing the coil 37 of the relay 36. The 
time constant here is such that a pulse-like voltage sym 
metrical in time is obtained across the coil 37 when the 
value of the resistor 10 is within the predetermined limits 
of tolerance, and, as will be more speci?cally set forth 
below, when the resistor is beyond these limits the ratio of 
energization time to deenergization of the relay coil is cor 
respondingly varied. 

It will be assumed for illustration that the resistor 10 is 
initially of an electrical value less than the tolerance 
range, and therefore in order to bring it within limits it is 
necessary to‘ increase its value. In this case, the actuating 
voltage seen across the capacitance 33, and thus the volt 
age presented to the relay coil 37, is of such relative 
periodicity that the relay will be actuated a relatively 
short time as compared to the time it is deenergized. The 
points 38 are accordingly closed a comparatively short 
time, and therefore the plating-etching voltage readings 
taken across the circuit at V are as illustrated in FIGURE 
4a, that is, relatively long periods in which the electrode 
29‘ is positive with respect to the time in which it is nega 
tive. Thus, in this case the resistor is etched for substan 
tially longer periods than it is plated, the cumulative effect 
being an increase in the resistance value. 

In the other case Where the resistor 10 initially has a 
greater electrical value than that which is ?nally required, 
the pulse network‘ causes the coil 37 to be energized for a 
relatively greater portion of the time than it is deenergized. 
Consequently, the points 38 are closed periodically for a 
greater portion of the time placing the electrode 29 at a 
negative potential relative to the resistance 10, which ef 
fects ‘a predominance of plating of the resistor 10. For 
this condition, the voltage is that shown in FIGURE 4b, 
namely, a relatively longer negative potential impressed 
on the electrode 29. 
When the resistor 10 is brought within the prescribed 

limits, from either of the above-described initial conditions, 
the pulse-like energizing voltage for the coil 37 is sym 
metrical with respect to time and equal times of energiza 
tion and deenergization result. Accordingly, the relay 41 
is picked and dropped out for equal amounts of time, as 
the electrolytic voltage graph of FIGURE 40 indicates, so 
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that plating and etching take place at the same rate with 
the total change of the resistance being substantially zero. 

Here, as well as in the ?rst described embodiment, a 
plurality of resistors (10, 10', 10") either individual in 
nature or integrally associated, can be trimmed by this 
technique to the same or different resistance values by pro 
viding individual circuits of appropriate characteristics. 
Modi?cations of the apparatus of FIGURE 3 to accom 
modate different values of resistors can be accomplished 
if the new resistor to be trimmed is not considerably dif 
ferent from the old by simply resetting the variable re 
sistance 32. 
Through the practice of the invention, trimming of 

electrical resistances to within extremely precise prescribed 
tolerances is made possible. The technique of trimming 
described herein does not produce “hot spots” in the ?nal 
resistance, as sometimes occurs where trimming is ac 
complished by grinding or abrading portions of the re 
sistance material. This is true because here the complete 
surface of the resistance material is either removed or 
plated in a substantially uniform manner. 

Although the description herein has been directed 
toward the modi?cation of electrical resistors in the form 
of ?lms or coatings, it is clear that the invention would 
have equal applicability to other types of resistors only 
requiring variations in the electric current, type and 
strength of the electrolytic solution, as well as perhaps 
the substitution or" a di?erent electrodic material for the 
electrode 29. 

While the invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that the 
foregoing and other changes in form and details may be 
made therein without departing from the spirit of the 
invention. 
What is claimed is: 
1. A system for modifying the resistance value of a 

resistor, said system comprising 
a container adapted to contain an electrolyte therein, 
means for mounting said resistor in said electrolyte, 
an electrode and means for mounting said electrode 
in said electrolyte, 

a source of D.C. voltage having positive and negative 
terminal means associated therewith, and 

a control circuit comprising 
switching means having a ?rst position for connecting 

said D.C. voltage source in series coupling relation 
ship with said resistor and said electrode mounted in 
said electrolyte at said positive and negative terminal 
means, respectively, to effectuate etching action be 
tween said resistor and said electrode in said electro 
lyte, 

said switching means further having a second position 
for connecting said D.C. voltage source in series 
coupling relationship with said resistor and said elec 
trode at said negative and positive terminal means, 
respectively, to e?ectuate electroplating action be 
tween said resistor and said electrode in said elec 
trolyte, 

said resistor, and 
means responsive to the resistance value of said resistor 

in said electrolyte to provide a control signal for 

6 
periodically actuating said switching means, said con 
trol signal periodically placing said switching means 
in its respective ?rst and second positions for equal 
plating and etching time periods when said resistor 

5 has a predetermined resistance value, said control 
signal periodically placing said switching means in 
its respective ?rst and second positions for a plating 
time period longer than the etching time period when 
ever said resistor has a resistance value higher than 
said predetermined value, and said control signal 
periodically placing said switching means in its re 
spective ?rst and second positions for an etching 
time period longer than the plating time period when 
ever said resistor has a resistance value lower than said 
predetermined value, and the periodic actuation of 
said switching means by said control signal providing 
periodic reversing of the current in said resistor, 
said current being derived from said DC. voltage 

10 

source. 

20 
sive means comprises: 

an RC network having a condenser and resistance means 
as the RC elements thereof, said resistance means 
including said resistor, 

a second voltage source, 
second switching means having a ?rst position for con 

necting said second voltage across said RC network 
to charge said condenser through said resistor and 
having a second position for disconnecting said second 
voltage source from said RC network to discharge 
said condenser, and 

output means coupled across said condenser to provide 
said control signal for the actuating of said ?rst 
mentioned switching means, said control signal 

35 further actuating said second switching means. 
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