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Abstract 

Investigation of changes of nonlinearity of thick 
resistive films trimmed by laser and by grinding has 
been carried out. Laser trimming has been realized by 
an Ar laser, mechanical trimming by grinding of the 
layer by a milling machine using a diamond miller. 
The simplest method of trimming has been used - the 
resistors have been trimmed by realization of a grave 
approximately in the middle of their length perpen- 
dicularly to the axes of the resistors. The length of 
the trimming grave has been from 10 % to 80 % of 
the width of the resistor. All measured values of 
nonlinearity after trimming have been recalculated 
for starting values of the resistors. Nonlinearity has 
been examined €or constant current density at the 
narrowest cross section of the resistive layer. It has 
been found that changes of nonlinearity caused by 
trimming depend on .the ratio of the width and the 
length of the resistors. The changes have been very 
similar for resistors trimmed by the laser and for 
resistors trimmed mechanically. 

Keywords: thick film resistors, nonlinearity of 
I-V characteristic, laser trimming, mechanical trim- 
ming. 

Introduction 

Thick film resistors are components widely used 
in electronic equipments. The resistors are fabricated 
by thick film technology on insulating substrates; 
usually on alumina. The resistances of the resistors 
after printing and curing are lower than requested 
values. Adjusting of the resistors to nominal values is 
carried out by trimming. This process is usually real- 
ized by a laser, but, in some cases, other technologies 
are used, e.g. abrasive trimming or a chemical way. 

The laser trimming is a very fast and effective 
method, but the equipment is very expensive. There- 
fore it is used for mass production mostly. Mechani- 
cal trimming based on grinding of the part of the 

layer is used for the laboratory experiments usually. 
Other types of trimming are used in special cases 
only. 

The main disadvantage of the laser trimming is 
curing of the borders of a trimming groove. A laser 
beam irradiates the layer. The power density of the 
laser beam is high. Therefore the layer is melted and 
evaporated at the area of irradiation. However, the 
power profile of the laser beam is not rectangular. 
Therefore the borders of the groove, which are not 
evaporated, are also irradiated during trimming, but 
the power of the beam at these places is not sufficient 
to evaporate the layer. These parts are partially 
melted or cured only. But the curing causes that the 
layer has other properties in comparison with the 
layer, which has not been irradiated [see Fig. 1). 

Irradiated part of 
the  resistive layer, 
which is not 

I I 

Substrate 

Fig. 1. The power cross section of the laser beam used for tnm- 
ming i s  not rectangular, but it is usually similar to the Gaussian 
curve. Therefore borders of the trimming groove are cured, but not 
evaporated. 

It is possible to observe that the resistive layers 
have lower noise and nonlinearity of the current vs. 
voltage characteristics before than after trimming. IC 
is assumed that the reason of increase of these 
non-requested properties of the layer is curing of the 
borders of the trimming groove by the laser beam. 

The goals of the work has been to compare 
changes of nonlinearity of the resistive layers caused 
by laser trimming and by mechanical trimming based 
on grinding of the layer. 
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1. Theory 

Nonlinearity of the current vs. voltage character- 
istic is expressed usually by Third harmonics index 
THI. It follows from Zhigalsky theory that THI can 
be calculated according to the equation 

Where RT . .. thermal resistance, pol ... the elec- 
trical resistivity of layer upon the equilibrium tem- 
perature TO, p . .. TCR of the layer, b ,. . the width, L 
_.. the length, h ... the thickness of the layer, A ... 
the coefficient of proportion, A, . . . the entropy mul- 
tiplier, E, ... the smallest activation energy of va- 
cancy, k . * .  the Boltzman constant, K ... the dimen- 
sion coefficient of the layer, which is defined by the 
equation 

L K = -  
b.h 

The trimmed resistor is shown in Fig. 2 

Fig. 2 Trimmed resistor 

The resistance of the resistor without trimming 
can be expressed by the equation (3) 

(3) L 
4 = 4, (4); 
After trimming the resistance of the resistor in- 

creases 

, Here R2 . . . resistance after trimming, RI, . . . re- 
sistance per square of the resistive layer, J I ,  Jz, J3 ... 
current densities, R, ... resistance of the resistive 

layer on the border of the trimming groove, where 
the layer is cured by the laser beam. 

The total nonlinearity of the resistor is caused by 
nonlinearity of the contacts, by nonlinearity of the 
parts of the resistive layer, which have not been 
trimmed, and by the trimmed part of the resistor. 
With respect to many different types of conductive 
mechanisms, which take part inside the resistive 
layer and on the border between resistive and con- 
ductive (contact) layer, the detail analysis of the 
contributions of particular components of nonlinear- 
ity is very difficult. On the other hand, it can be ana- 
lyzed increase of nonlinearity caused by the trim- 
ming, because the other sources of nonlinearity have 
not been influenced by trimming. 

It has been derived in [I] that it is advantageous 
to use a constant current density if nonlinearity of 
different layers is compared. Therefore the same 
current density has been used for comparison of 
nonlinearity of the layers before and after trimming. 
Because the cross section of the resistive layer differs 
in different places after trimming, the current density 
has been kept at the smallest cross section of the 
trimmed layer, where the width of the layer has been 
decreased by the trimming groove. Therefore, the 
current density at others places of the trimmed resis- 
tor have been lower. 

It follows from the basic equation of nonlinear- 
ity of the current vs. voltage characteristics that the 
nonlinearity is the higher the higher is the current 
flowing through the specimen 121. Therefore, if the 
contribution of nonlinearity of the contacts will be 
skipped in following analysis (the contacts cause 
significant part of nonlinearity, but its value is not 
changed by trimming), it is possible to state, that 
according to the equation (3) the resultant nonlinear- 
ity of the resistor after trimming consists of three 
parts: the first part is noniinearity of the basic layer at 
the current density lower than that used for meas- 
urement of the non-trimmed resistor, the second is 
nonlinearity of strictured cross section at the area of 
the trimming groove, and the third part is nonlinear- 
ity of the border of the trimming groove. 

The first part causes lower voltage of third har- 
monic frequency in comparison with the same part of 
non-trimmed resistor, because the current density in  
this part is lower than the density used by the meas- 
urement of the resistor without trimming. 

The second part causes the same nonlinearity 
like the same part of the non-trimmed resistor, be- 
cause it is flowed by the same current. 

The nonlinearity caused by the third part de- 
pends on properties of the border of the trimming 
groove. If the resistivity of this part is higher than 
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resistivity of-the basic layer, the current density J, 
would be lower than J, and vice versa. 

It follows from this analysis: when the meas- 
urement is caries out under the conditions mentioned 
above and total nonlinearity of the trimmed resistor is 
higher in comparison with nonlinearity of the resistor 
without trimming, the increase of nonlinearity has to 
be caused by the border of the trimming groove. 

2. Experimental 

The resistors have been fabricated of resistive 
pastes HS 8031 and FK 9231 E8. Both the pastes are 
on the basis of RuO, the resistance per square both 
the pastes has been lk52. The contacts have been 
fabricated of PdAg paste. Thickness of the films has 
been 25 pm, curing temperature has been 850 "C. 

The paste HS 8031 has been applied on the alu- 
mina substrates 99.5 8, the paste FK 9231 E8 on the 
AIN substrates. The substrates differ especially by 
thermal conductivity, alumina has the conductivity 
25 W/mK, AIN 170 WlmK. The specimen is shown 
in Fig. 3 

width 1 mm 

Fig 3 Specimen with the thck filni resistors 

The methods of the mensuremcnt of nonlinesrity 
have been mentioned elsewhere 131. The index 
nonlinearity has been calculated according to the 
formula 

U 
THI = 3 

U:  (4) 

Where U3 . . . voltage of the third harmonic fre- 
quency 
(30 Wz), U1 ... voltage of the basic frequency 
(10 WZ). 

Values of THI after trimming have been stan- 
dardized with respect to the resistance of the resistor 
before trimming with the use of the formula 

Where R ... resistance of the resistor before 
trimming, R m l ~  . . . resistance of the resistor after 
trimming, THI" ... index of nonlinearity before 
trimming, THIw . . . index of nonlinearity after trim- 
ming. 

Trimming has been carried out through SO % of 
the width of the resistive path. Nonlinearity of the 
resistors trimmed by laser are shown in Pig. 4 and 
himmed mechanically in Fig. 5. 

NONLINEARITY 

0 20 40 80 80 TW 

LEVEL OF TSiMHING [*I 

Fig. 4 Courses of nonlinearity of the trimmed resistors. Level of 
trimming has been from 20 % to 80 46 of the width of the resistive 
layer. Trimming has been canid  out by the Ar laser. 

NONLf NEARiTY 

I 

0 20 40 80 Bo 

LEVELOFTMUMINO W 

Wg. 5 Courses of nontinearity of the trimmed resistors. Level of 
trimming has been from 20 96 to 80 '4% of the width of the resistive 
layer. Trimming has been carried out mechanically. 

Nonlinearity of non-trimmed and trimmed resis- 
tors has been compared. The-values have been stan- 
dardized with the use of the formula (5) before com- 
parison, Typical diagrams have been obtained (Fig. 6 
and Fig. 7). 
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NONLINEARITY 

- Before trimming 

m -  After &imming 

Fig. 6 Comparison of nonlinearity of the resistors without trim- 
ming and the resistors bimmed by the laser 

NONLINEARITY 
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0 - Beforetrimming 

After trimming 

Fig. 7 Comparison of nonlinearity of the resiston without trim- 
ming and the resistors trimmed mechanically 

3. Discussion and conclusions 

It has been shown that trimming has an influ- 
ence on nonlinearity of thick film resistors. A simple 
theoretical analysis has shown that nonlinearity can 

be closely joined with the,properties of the border of 
trimming groove. 

The results of our experiments have shown that 
there are not significant differences between nonlin- 
earity of the resistors trimmed by the laser or trim- 
med mechanically. The results have also shown that 
nonlinearity of the border of the trimming grove is 
not higher than nonlinearity of the basic resistive 
layer. This information is new and surprising, be- 
cause it has been assumed that the nonlinearity of the 
resistors will increase after trimming. Such the situa- 
tion has been found for low levels of trimming only 
in both types of trimming. 

According to the Fig 4 and Fig. 5 it has been as- 
sumed that nonlinearity will increase after trimming 
and that the higher will be the level of trimming the 
higher will be nonlinearity. However, it is necessary 
to accept the fact that the resistance increases after 
trimming. Therefore it is necessary to re-calculate the 
nonlinearity for the same value of the resistance 
before mutual comparison (see Fig. 6 and Fig. 7). 

It seems that the border of the trimming groove, 
where the layer has been melted and repeatedly 
solidificated, has higher resistivity than the basic 
layer and therefore its contribution to the final 
nonlinearity is lower than it has been assumed. 

On the other hand the reason of lower nonlinear- 
ity can be caused also by the fact that the measure- 
ments have been carried out by the constant current 
density. For the resistors without trimming the total 
current has been given by this density multiplicated 
by the cross section of the layer. For trimmed resis- 
tors is the total current calculated as the product of 
the current density and the difference of the full cross 
section of the layer decreased by the cross section of 
the trimming groove. Therefore the cross section is 
lower and the total current is also lower. Therefore 
the nonlinear voltage generated by nonlinearity of 
contacts, which is for total nonlinearity of the resistor 
significant, decreases and the total nonlinearity of the 
resistor too. 
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