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ABSTRACT 
In order to realize a non cut trimming method without damage to the surface of thick film 
resistors for electronic devices, a Universal Trimming Method (UTM) has been developed. This 
trimming method having resistance adjustments are due to peak amplitude of high voltages and 
the number of pulse group. TCR and current noise of trimmed are considerably improved by this 
trimming technique and there is no loss in power handling capacity of trimmed resistors. 
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INTRODUCTION 

The resistance adjustment of cured or fired 
resistors forms an integral part of thick film 
technology. This resistance adjustments can be 
done either by removing the portion of resistor 
material by a narrow jet of abrasive particles 
(Air abrasive trimming) or by the evaporation 
of the part of the material from the substrate by 
a high power laser beam (Laser trimming). 
These two methods are used to trim the polym 
-er resistor upwards. Downward trimming is 
not generally attempted because it calls for the 
addition of the material to the film. There 
seems to be another method of changing the 
resistance by changing or transforming the 
film material to have a higher conductivity 
with high voltage impulses. R. P. Himmel 1  
had been applied high voltage trimming so far 
to frit glass based thick film resistors and 
achieved downward trimming in higher 
resistivity materials and upward trimming in 
lower resistivity materials. Currently, polymer 
based pastes are used to fabricate resistors for 
economical reasons.2  K. S. R. C. Murthy 
et.al.3, 4  and Y. Srinivasa Rao 5-8  have trimmed 
these polymer resistors by abrasive or laser 
trimming. The possibility of trimming these 

resistors by using multiple high voltage pulses 
has been investigated in this work. The 
following section describes the results obtained 
from these investigations. 

AIMS AND OBJECTIVES 
In this paper is to study the effect of UTM on 
electrical properties of polymer thick film 
resistors. Resistance variations for different 
pulses (long pulse and short pulse), current 
noise index for different parameters and 
Temperature Coefficient of Resistance (TCR) 
of different temperatures.  

MATERIAL AND METHODS 
Resistor processing 
Polymer paste containing PVC and graphite 
has been prepared by first dissolving PVC and 
then blending graphite in to it. The graphite 
powder (average grain size : 45 to 70 microns) 
is prepared from a graphite block supplied by 
Graphite India Limited, Bangalore with 
electrical conductivity of 0.33*10e5mho/cm. 
The PVC powder is supplied by Calico 
Chemicals Limited, Bangalore and has a 
density of 1.33 mg/m3. This paste has been 
used for printing resistors on PVC substrates 
with a screen printer. These printed resistors 
are processed using the usual thick film *Author for correspondence 
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processing of polymer based films. The heat 
treatment involves drying at room temperature 
for 15 minutes, followed by curing at 100oC 
for four hours. The thickness of the cured 
samples is found to be in the range of 40 to 
150 microns. 

Trimming procedure for Universal Trimmi 
-ng Method (UTM)  
The set-up used to apply high voltage pulses to 
the polymer thick film resistor is based on the 
one similar to the circuit described in the 
literature 9 are shown in Fig.  1(a) and Fig.  1(b).  

 
Fig. 1(a) : High voltage test circuit used to apply high voltage pulses to polymer thick film 

resistors (1 to 100 microseconds) 

It consists of resistor, capacitor, one 
mechanical on/off switch, function generator, 
solid state change over relay and variac. The 
pulse amplitude is in the range of 220Volts to 

300 Volts and the pulse duration is varied 
between 1 to 100 microseconds (short pulse 
duration) and 20 to 100 milliseconds (longer 
pulse duration).  

 
Fig. 1(b) : High voltage test circuit used to apply high voltage long pulses to 

                              polymer thick film resistors (20 to 100 milliseconds) 

In the case of pulse measurements the value of 
resistance is measured directly after it is 
subjected to high voltage pulses, with interme- 
diate cooling period of 20 to 30 seconds 
between the applications of two successive 
pulses to the polymer thick film resistors. 
Current noise index measurements 
The quan tech model 315 resistor noise meter 
available in LEOs laboratory of ISRO, Bangalore 

is used to measure the current noise index of 
polymer thick film resistors in decibels (dB). The 
current noise index is defined as the ratio of 
RMS noise voltage in micro volts to the applied 
DC voltage in volts, expressed as decibels, when 
the bandwidth of measurement is one KHz and 
its frequency is geometrically centered at 1 KHz. 
Typical current noise index measurements are 
given in Table 1.  
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Table 1 : Typical current noise index measurements with universal trimming method 

S/N Percentage change in resistance  due to 
universal trimming method Current noise index (dB) 

1 0 17 
2 5 18 
3 10 21 
4 20 22 
5 30 25 

Note : Grain size = 45 Microns, Pulse amplitude = 260 V, Pulse duration= 20 µ sec 
Composition by weight : Graphite : 90% : PVC : 10% 
Resistor dimensions : Length : 8mm : Width 2mm 

TCR measurements 
Temperature coefficient of resistances10 of 
polymer thick film resistors are measured as 
follows. The resistors are kept in temperature 
controlled ovens and the resistances of these 
resistors are measure by using fluke 
multimeter model 8842A at room temperature 

and 50oC. These measurements are carried out 
on different PVC-graphite compositions. 
Table 2 gives the temperature coefficient of 
resistance for untrimmed resistors and 10%, 
20% and 30% reduction in resistance of 
trimmed resistors for graphite (80% : 20%) 
thick film resistors. 

Table 2 : Variation of TCR with percentage change in resistance of polymer thick film 
resistors due to universal trimming  

S/N Percentage change in resistance due 
to universal trimming 

Temperature coefficient of 
resistance ppM/0C (*10e3) 

1 0 74.2 

2 10 76.3 

3 20 103.5 

4 30 333.7 
Note : Pulse amplitude=260V, Pulse duration= 20 µ sec, Grain size = 45 Microns 
Composition by weight : Graphite : 80% : PVC : 20% 
Resistor dimensions : Length : 8mm : Width 2mm 

RESULTS AND DISCUSSION 
Typical resistance versus number of pulses 
characteristics of these resistors are given in 
Fig. 2 and Fig. 3. It is also found that the 
value of resistor decreases in the case of 
application of long high voltage pulses and 
the value of resistors increase in the case of 
application of short pulses with an increase 
in amplitude of the high voltage pulses with 
pulse duration and with number of impulses 
as shown in Fig. 2 and Fig. 3.  
From these figures, it can be seen that the 
resistance changes very rapidly in the initial 
stages and tends to saturate in the later portions 
of the curves. This behavior is observed in 
resistors prepared with different compositions. 

It appears that the factors responsible for the 
change in resistance are closely connected with 
the change in temperature. 
Electrical properties of trimmed resistors 
Current noise index 
In the quan-tech noise meter, the noise index 
can be measured with these parameters under 
varied conditions of current. The noise index 
of each resistor is measured by varying the 
voltage across the resistors (current through 
the resistor). The resistors on which 
measurements are carried out are prepared 
with 10%, 20%, 30% and 40% of PVC. 
Current noise index of polymer thick film 
resistors decreases in case of application of 
longer high voltage pulses and increases in 
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case of application of short high voltage 
pulses to them. The decrease or increase in 
current noise index is found to depend on 
various material parameters such as 

composition, grain size and various high 
voltage parameters like high voltage pulse 
amplitude pulse duration and the pulse 
repetition frequency. 

 
Fig. 2 :  Variation of normalized resistance with number of high voltage pulses in with 

different  amplitudes 

 
Fig. 3 : Variation of normalized resistance with number of high voltage pulses with different 

pulse durations 

Dependence of current noise index on DC 
current 
It is found that for a given resistor under different 
current levels, the current noise index is 
approximately constant as shown in Table  3.     

However that the resistors after trimming (down 
wards) have lower resistance values and also 
lower indices and the resistors after trimming (up 
wards) have higher resistance values and also 
higher indices as shown in Table  4. 

Table 3 : Current noise index measurements of a given resistor (25 KΩ) for  
different current levels 
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Table 4 : Current noise index of untrimmed and trimmed resistors with Graphite : 60% : 
PVC : 40%  

S/N Percentage reduction in resistance 
with trimming Resistance(KΩ ) Current noise 

index (dB) 
1                    0 0.823 7.03 
2                   10 0.95 7.2 
3                          20 1.06 7.6 
4                   30 1.20 8.4 

Even the trimmed resistors exhibits constant 
current noise index with current as shown in 
Table 5. Thus the effect of downward trimming 
or upward trimming may be seen to be reduction 
or rise in noise index and is practically 
independent of dc current flowing through it. The 
current   noise   index of untrimmed and trimmed  

resistors is measured using quan-tech noise 
meter. These measurements are carried out for 
various material parameters such as composition, 
grain size and various pulse parameters such as 
amplitude, pulse duration and pulse repetition 
frequency of high voltages. A typical graph is 
shown in Fig. 4. 

Table 5 : Current noise index measurements of a given trimmed resistor (16.1 K Ω) for 
different current levels 

S/N Current (mA) Current noise index (dB) 
     1   10            10.3 
     2   14            10.3 
     3   18            10.3 
     4   20            10.3 
     5   25            10.3 

 

 
Fig. 4 : CNI Versus percentage reduction in resistance of polymer thick film resistors  

Effect of material parameters 
The change in current noise index of 
polymer thick film resistors with the 
application of high voltage pulse is measured 
for different compositions of graphite (60 to 
90%) and PVC (10 to 40%). The current 
noise index versus percentage resistance 
change due to universal trimming is plotted 
in Fig. 5 for resistors with different 

compositions. From Fig. 5 it can be seen that 
resistors with higher resistivity are having 
higher changes in current noise index and 
also decreased in nature. The changes in 
current noise index of polymer thick film 
resistors of different conductor grains (45 to 
70 microns) with the application of high 
voltage pulses is also measured and are 
plotted in Fig. 6(a) and Fig. 6(b).    
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Fig. 5 : CNI versus percentage reduction in resistance of polymer thick film resistors 

 
(a)                                                                 (b) 

Fig. 6 : CNI versus percentage reduction in resistance of polymer thick film resistors with  
                  universal trimming with (a) Grain size = 45microns (b) Grain size = 70 microns  

It can be seen from the Fig. 6 that resistors 
prepared with paste containing longer size of 
conductor grains have higher changes in 
current noise index with universal trimming 
compared to resistors prepared with pastes 
containing of smaller size of conducting 
grains. 

Effects of pulse parameters 
The change in normalized current noise index 
with different amplitudes of high voltage 
impulses and 4.7 microsecond pulse duration 
has been measured with different number of 
pulses (as a function of number of pulses) are 
given in Fig. 7(a) and Fig. 7(b). 

 
(a)                                                            (b) 

Fig. 7 : Variation of normalized CNI with number of pulses for with high voltage   
                         pulses : (a) With amplitude of 260 V.  (b) With an amplitude of 300 V 

It can be seen from the Fig. 7, that 
normalized current noise index decreases 
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longer high voltage pulses and the 
normalized current noise index increases 
with an increase in the amplitude of the high 
voltage pulses in the case of application of 
short high voltage pulses, when the 
amplitude of high voltage pulses is greater 

than the threshold value. The changes in 
normalized current noise index measured 
with varying pulse duration at amplitude of 
high voltage pulses greater than the 
threshold value and with the number of 
pulses are given in Fig. 8(a) and Fig. 8(b). 

 
(a)                                                                  (b) 

Fig. 8 : Variation of normalized CNI with number of high voltage pulses for pulse duration of   
(a) 20 milliseconds and (b) 4.7 microseconds 

It can be seen from the Fig. 8, that normalized 
current noise index decreases with an increase in 
pulse duration of the high voltage pulses in the 
case of application of longer high voltage pulses 
and the normalized current noise index increases 
with an increase in pulse duration of the high 
voltage pulses in the case of application of short 
high voltage pulses, when the amplitude of high 
voltage pulse is greater than the threshold value. 
From all these observations, it may be concluded 
that the current noise index of polymer thick film 
resistors decreases in the case of application of 
longer high voltage pulses and increases in the 
case of application of shorter high voltage pulses 
with the application of high voltage pulses, when 
the amplitude of high voltage pulses is above a 
certain threshold value. Based on these 
observations, one may conclude that the changes 
in current noise index depends on the amplitude 
of high voltage pulses, the total duration for 
which high voltage impulse is applied either 
through the variation of pulse duration or number 
of pulses. 

Temperature coefficient of resistance 
In order to obtain the temperature coefficient 
of resistance of the samples, the resistance has 
been measured at two temperatures namely \25 
oC and 50 oC and the average temperature 
coefficient of resistance has been calculated 
using the formula. 
TCR = (R50 – R25) / (R25 * (T50-T25) 
The calculations have been carried out on 
samples prepared with different compositions 
of PVC and graphite with a grain size of 45 
microns. The range of compositions covered is 
Graphite : 60% : PVC 40% to Graphite 90% : 
PVC 10%. TCR has been measured for both on 
untrimmed and trimmed resistors with 
different compositions. The measured 
temperature coefficient of resistances for 
different resistors is given in Table 6. From 
the Table 6, it may be seems that temperature 
coefficient of resistance is found to be positive 
for all polymer thick film resistors before and 
after universal trimming when the composition 
is varied from Graphite 60% : PVC 40% to 
Graphite 90% : PVC 10%. 
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Table 6 : TCRs of different compositions of untrimmed and trimmed resistors. 

Composition by weight 
Graphite : PVC 

TCR in PPM/0C  (*10e-3) 
Percentage reduction in resistance with trimming 

0% 10% 20% 30% 

60%  :  40% 5.51 3.82 4.97 4.99 
70% : 30% 18.98 4.71 13.65 20.13 
80% :  20% 298.11 165.23 77.69 52.96 
90% : 10% 608.17 221.85 80.56 77.89 

     

It is found that temperature coefficient of 
resistance depends on the original composition 
and as well as the extent of trimming. When 
the composition is Graphite 60% : PVC 40% 
and Graphite 70% : PVC 30%, it is found that 
the temperature coefficient of resistance 
decreases and when the composition is 
Graphite 80% : PVC 20% and Graphite 90% : 
PVC 10%, the temperature coefficient of 
resistance increases with universal trimming. 
Universal trimming closes the open chains 
around the cavities in the case of application of 
longer high voltage pulses and breaks the 
closed chains around the cavities in the case of 
application of short high voltage pulses that are 
present in the polymer thick film resistors11, 
the effective change in resistance has been 
explained through the change in effective 
cavity diameter. When the temperature is 
varied to a higher value, two types of phenome 
-nas seems to be occurring in the material i.e., 
the insulator (polymer) in the cavity expands 
and this is equivalent to increase in cavity 
diameter. From the earlier discussion, increase 
in cavity diameter increases the resistance. The 
change in resistance at higher cavity diameter 
is more than with the lower cavity diameter. 
After trimming, since the cavity diameter is 
smaller or larger than that of the cavity 
diameter without trimming. This is the case, 
when the percentage of composition is lower 
(number of chains involved in trimming 
process is limited). As the percentage of 
graphite increases and also the diameter of the 
cavities decreases. This results in decrease in 
resistance with increase in composition. When 
temperature is increased the cavity diameter 
increases and some of the closed chains open. 
Both these effects result in positive 
temperature coefficient of resistance. At higher 
graphite content, even though the change in 
diameter does not contribute much to the value 
of temperature coefficient of resistance, the 

breakage of chains decides the value of 
temperature coefficient of resistance. However 
at lower graphite percentages (60% to 70%) 
the change in cavity diameter as well as the 
breaking of chains contribute to temperature 
coefficient of resistance. 
TCR of trimmed resistor 
The universal trimming closes some of the 
open chains around the cavities and also 
reduces the diameter of the cavity. The number 
of open chains with temperature rise increases 
with increase in trimming. This may be seen to 
be true from Table 6 except for graphite 
content less than 70% for the first trim of 10%. 
This can be understood as follows : For the 
case of lower graphite content the diameter is 
sufficiently large and it gets reduced by a large 
amount after trimming. This contribution is 
due to increase in cavity diameter to TCR in 
the case of untrimmed resistors. Further, this 
component of TCR seems to be dominant 
factor compared to increase in TCR due to 
breakage of conducting chains. Hence after the 
first trim the TCR decreases. After the 10% 
trim the situation is similar to the higher 
graphite case and TCR increase with 
percentage of trimming. It is well known that 
polymer films contains a large number of 
cavities and start shrinking when the polymer 
is subjected to a temperature which is above  
the glass transition temperature. The rates of 
cavity shrinkages are reported to depend on the 
viscosity and the surface tension of the 
polymer film at that temperature. As the cavity 
size decreases with time, the effective cross-
section for the current flow increases and the 
resistance decreases. This is the basic mechani 
-sm when the polymer thick film resistors are 
exposed to Infrared radiation, which results 
only downward trimming of polymer thick 
film resistors which was described by T. Badri 
Narayana et.al., 12 in their work. In the case of 
frit glass based thick film resistors it is well 
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known that the application of high voltage 
pulses leads to some sort of micro-welding 
between the conducting granules, which in turn 
lead to a decrease in resistance of high value 
resistors (Resistors prepared with resistive 
pastes with relatively low conducting phase). 
In the case of low value resistors, the 
resistance increases with the application of 
high voltage pulses due to snapping of 
conducting links. 13 In the case of polymer 
thick film resistors described in this paper, one 
cannot expect the welding of conducting 
phase, as it extremely difficult to fuse graphite 
granules which are the conducting phase in 
these films.  In the case of frit glass based thick 
film resistors the application of high voltage 
pulses leads to increase in conductivity of low 
conductivity thick film resistors and leads to 
decrease in conductivity of high conductivity 
thick film resistors with local heating.  But in 
the present work, when high voltage pulses are 
applied to a polymer thick film resistor with a 
particular resistivity either it is higher or lower 
one, it leads to increase in resistivity with 
shorter pulse duration of high voltage pulses 
and decreases in resistivity with longer pulse 
duration of the applied high voltage pulses. 
This clearly shows that there is a phenomenon 
similar to local heating which arises due to 
high voltage and leads to micro-welding 
between the particles and breaking of the 
conducting paths. Therefore the authors looked 
for a mechanism with local heating which can 
lead to decrease or increase in resistance with 
the application of a voltage. This has resulted 
in the following possible   mechanism, which 
perhaps results in the reduction or increment in 
resistance due to the application of high 
voltage pulses to polymer thick film resistors. 

CONCLUSION 
A new trimming technology using UTM has 
been developed for polymer thick film resistors. 
The following conclusions have been made : 
This trimming produces structural changes 
throughout the body of the resistors unlike in 
other trimming techniques. The effect of 
universal trimming on important electrical 
characteristics of polymer thick film resistors 
namely current noise and temperature coefficient 
of resistance has been investigated. It has been 
found that the current noise decrease in the case 
of application of longer high voltage pulses and 
the current noise increases in the case of 

application of longer high voltage pulses after 
trimming and this feature has been attributed to 
decrease or increase in resistance after trimming. 
It is also observed that the decrease or increase in 
current noise with universal trimming depends 
on various material parameters like composition, 
grain size of the graphite and various pulse 
parameters such as amplitude, pulse duration and 
pulse repetition frequency. It has been found that 
temperature coefficient of resistance is positive 
and decrease in resistors prepared with pastes 
containing lower graphite contents. This has been 
attributed to the formation of more conducting 
chains after trimming. However the resistors 
prepared with paste containing higher graphite 
content shows an increase in temperature 
coefficient of resistance after trimming and this 
perhaps is due to breakage of some of the closed 
chains with an increase in temperature. As a 
result, this trimming method modified the 
conductive structure and has brought about an 
increase or decrease in the number of conductive 
paths in the polymer thick film resistors 
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