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ABSTRACT

Thick-film resistors are being used in the hybrid micro-
electronics industry. One characteristic that has been considered
for the thick film resistor is the reproduceability in resistor
value associated with the production techniques employed in the
reproduceability in resistor value associated with the production
techniques employed in the resistor manufactured.

One parameter that has been associated with reproduceability
is the yield figure; another parameter is the width of the resist-
ance distribution for a given resistor production., These parameters
can be used to identify the degree of reproduceability for the
resistor production. A high yield figure or a small spread figure
indicates a high degree of reproduceability.

The effect of aspect ratio and sheet resistivity on the reprod-
uceability has been evaluated for paste system A.‘ Aspect ratios of
10, 5, 2 and 0,7 for a range of sheet resistivities (100, 1K, 10K,
100K, and 1M ohms per square) were investigated. Results show that

for a given aspect ratio the amount of variation in spread for the
range of sheet resistivities is negligible within the limits of
error in the experiment., For a given sheet resistivity, the variat-
ion in spread for the range of aspect ratios is considerable. The
spread of an aspect ratio of 10 is 25 * 4%. For an aspect ratio of
0.7 the spread is 59 * 7%.

The effect of resistor location on spread for a 2" x 2" sub-
strate has been studied. Results indicate that a higher degree of
reproduceability can be associated with resistors located near the

central (1" x 1'") region of the substrate than the resistors located
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near the perimeter,

The effect of increasing the resistor width on the reproduce-
ability has been evaluated for resistors having aspect ratios near
unity., Results show that as the resistor width is increased the
spread in resistance decreases., For a width of 30 mil, the spread
in resistance is 37%. When the width is increased to 100 mil,,

the spread decreases to 21%.
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I 8 IﬂTRODUCTION

The use of thick film devices in the hybrid microelectronics
industry has been expanding rapidly, and they are now being employed
in spacecraft memory systems, automotive voltage regulators, television
and radio eircuits, desk calculators, and a wide variety of measuring
and control systems,

One of the most common thick film elements in these system is
the thick film resistor. Consider a basic description of this element,

1.1 Basic Description of Thick Film

A simple as-fired film resistor consists of thick film material
on a substrate as illustrated in FIG. 1(a). . The substrate is used
as the foundation for the thick film, It is usually a ceramic material
that can withstand temperatures in excess of 1000°C, Thick film con-
ductor material is used to make contact with the thick film resistor
material as well as provide electrical paths required for a complete
circuit.

On a microscopic scale the thick film material, after processing,
basically consists of metal particles in a glass matrix., These part-
icles are usually covered with a layer of their particular oxide as
indicated in FIG. 1. There is a random arrangement of the constituents
of the material where metal particles may or méy not be in contact.

The conduction process occurs from metal particle to metal particle.
Glass frit that might be positioned between metal particles would act
as an electrical isolation and tend to inhibit the conduction process.

On a macroscopic scale the resistance of the device depends not

only on the glass content of the thick film material but on the physical
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geometry shape of the resistor as well,
The effect of these parameters on the resistance can best be
illustrated by Ohms Law. Consider an ideal resistor for which Ohms

Law can be written as:

=Tg a (1)

=0 =7
A

= o

where - R is the resistance of the device
Q is the volume resistivity of the thick film material
J is the length of the resistor
w is the width of the resistor
A is the cross sectional area of the resistor
and a is the aspect ratio of the resistor,

The resistance calculated from equation (1) however, is not
an exact prediction for the resistance of a typical thick film
resistor, The final value of the resisto; is also dependent on
the processing of the material. Consider the processing involved
in the fabrication of typical thick film resistor material.

1.2 Process Flow for Thick Film Fabrication

The processing flow for a typical device is illustrated in FIG.
2, When the basic circuit design and layout have been completed, the
screen patterns for the conductor and resistor materials are produced.
The patterns shown in FIG., 2 are used in the manufacture of a sub-
strate containing some twenty-five individual devices. Each device
contains four thick film resistors and the associated conductor paths
required for the circuit. The first stage in making the circuits is

to print and fire the conductor on a clean substrate. The firing
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process is usually done with a belt furnace to ensure a proper firing
profile, The profile would have a firing temperature and firing time.
The next step is to print the resistor pattern with the resistor mat-
erial of the desired sheet resistivity and then fire the substrate
to the required profile. An overglaze to cover any area of the cir-
cuit that has to be protected against environmental hazards is then
screened on and fired. This completes the fabrication stage of the
thick film resistor,

Should the resistor value be outside the tolerance limits set
by the circuit requirement, an additional step involving a resist-
ance trim is required to bring the resistor value into the desired
range, However, with trimming techniques, only an increase in
resistance is possible andbany resistors that are out of tolerance
above the required value cannot be recovered without more elaborate
processing.

The ability to produce resistors within a specified tolerance
of a required value without the use of trimming techniques would be
a definite advantage. Apart from the obvious savings in production
time and costs, performance characteristics such as noise and stabili-
ty that can be degraded by the trimming process would not be affected.

In order to determine tolerance bands that might be feasible
with thick film production, the inherent variation in resistance
observed in the production of thick film resistors must be identified.

1.3 Experimental Parameters in Thick Film

The .-variation in resistance can be attributed to several factors,

One factor is the thick film paste from which the resistor is made.
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Since the paste consists of several powdered materials of different
densities, it must be mixed thoroughly to ensure a uniform distribut-
ion of the paste constituents. Any variation in the uniformity during
the production run, there is a change in the amount of paste that is
transferred to the substrate with a corresponding change in resist-
ance, The viscosity is very dependent on temperature and humidity
so that a controlled environment is required to minimize this con-
tribution to the resistance variations.
The printing equipment is another factor that contributes to

the variation in resistance. Any thick film screen printer has a
certain degree of reproduceability. The reproduceability depends
on the repeatability of the squeegie movement across the screen
pattern and the interaction of the squeegie with the screen. The
variables associated with the squeegie movment are illustrated in
Fig. 3 and include:

(1) Squeegie pressure

(2) Squeegie travel and speed

(3) Machine rigidity

(4) Screen tension control

The squeegie pressure affects the uniformity of the print. A

variation in pressure will create a variation in the thickness of
the print and result in a variation in resistor values during a
production run. The squeegie speed and travel have a similar effect
on the print in that any vibrations or bounce would produce a variat-
ion in the thickness of the print as well., A controlled speed must

bz used in order to obtain a consistent print thickness. Screen wear,
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especially during a long production run will alter the tension and
the breakaway distance and degrade the degree of reproduceability
associated with the equipment. With poor tension the edge of the
print loses its crispness and the thickness cannot be maintained.

The afore mentioned parameters represent variables that are
inherent with a specific production facility and paste manufacturer.
One thick film parameter that is a common feature to every production
facility is the aspect ratio of the resistor. Consider the effect
that this parameter has on the as-fired resistance spread for the

thick film production facility at Garrett Microelectronics.,
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2. THE EXPERIMENT

Clearly, there are many parameters associated with thick film
production that can contribute to the spread in resistance. An
experiment has been designed to investigate the effect of aspect
ratio and sheet resistivity on the spread of the as-fired thick film
resistors,

2.1 Resistor Print and Fire Technigues

The printer parameters have been kept at as constant a setting
as possible, Values for the measurable parameters are given in FIG.
4, The effect of paste viscosity and screen wear havé been minimized
by using only short production runs of twenty-five substrates for
each investigation. The print and firing order was recorded for
each run so that any correlation between the printing parameters
and experimental results could be investigated. Each substrate was
printed using standard thick film techniques and then passed through
the dryer. Sample prints were used to set up the firing profile in
the zone furnace to vary the resistor values to a preselected nominal
value. The nominal value was‘chosen so that for a given sheet resist-
ance and aspect ratio the fired resistor value would correspond to
that given by equation (1). The firing order was the same as the
printing order for the substrates in all cases.,

2.2 Description of Test Pattern

The test pattern employed in the experiment is shown in FIG. 5.
It has been designed to contain a wide range of aspect ratios and
dimensions typical to a production environment. The pattern consists

of some 576 resistors on a 2" x 2" substrate. Each quadrant of the
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substrate has an identical resitor array for the aspect ratios
and geometries to be investigated. The resistors have been
identified using the formula.

i-Rj (2)
where '"i" is the quadrant number and "Rj" is the resistor ident-
ification in each quadrant as showen in FIG. 5(b)., Resistor
dimensions are given in FIG. 6 for the aspect ratios to be in-
vestigated.

2.3 Scope of the Experiment

Aspect ratios for a range of values from 0.7 to iO were

investigated. For each aspect ratio a range of sheet resistivities
from 100 ohms per square to one megohm per square were evaluated.
A standard sample of twenty-five substrates was fabricated for
each sheet resistivity investigated which generated a minimum
resistor sample size of 200 resistors for any aspect ratio and
sheet resistivity.

The various sheet resistivity pastes were members of a comm-
ercially available paste system that will be identified as '"Material
A", The thick film conductor paste is also commercially available
and will be identified as '"Material Cl1l'". The same conductor mat-
erial was employed throughout the experiment.

2.4 Resistor Measurements

The equipment used to measure the as-fired resistance is shown
in FIG., 6. The substrate under investigation is loaded onto the
stage of an IPT model MP-4 prober. Probes make contact with the
conductor pads of the resistors to be measured. Usually eight re-

sistors with the same aspect ratio are probed at the same time. The
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probes are connected to the resistance measuring device through
a channel selector that permitted measurement of each resistor.
The schematic diagram for the selector is shown in FIG, 7. A
DANA (model 533) digital voltmeter is used to measure resistors
below 10 megohms., For resistances above 10 megohms a bridge
technique using a Leeds and Northrup Wheatstone Bridge (model

4735) has been used.
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3. _DATA ANALYSIS

The as-fired resistor values obtained during the experiment
have been tabulated in Appendix One. Each table corresponds to a
specific sheet resistivity and aspect ratio that has been investigated.
A computer program has been used to assist in the analysis of the results
and will be described in the next section.

3.1 The Computer Program

The computer program has been written to provide a graphical
display of the resistance values and spreads as well as the statist-
ical analysis for each experiment. A copy of the Forfran statements
of the program is found in Appendix Two.

The program calculates the total mean of the resistors under
investigation for all the substrates in the run as well as the
standard deviation about the mean for the entire sample. The mean
resistance and standard deviation for all the specified resistors on
one substrate is calculated., The mean resistance and standard devia-
tion of the same resistor for all the substrates is also determined.
A sample output of these statistics is shown in FIG, 8.

The program then generates a histogram of the resistor values
to provide a display of the entire sample., A sample histogram is
shown in FIG. 9. It also plots the resistance values of each resis-
tor investigated on each substrate in the order of substrate printing
as shown in FIG., 10. The plot is centered about the total mean for
the sample with the x-axis divided in units of percent of the total
mean. Each number represents a particular resistor on the substrate.

For example, in FIG, 10 the number "1'" represents the resistor 1-R1
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and the number ''8" represents the resistor 2-R3 using the resistor
identification given by equation (2).
The final stage in the program is to calculate the yield
associated with a specified tolerance band for the entire group of

+ * +
resistors. Yields associated with bands of - 1%, = 2%, ~ 5%, ~ 10%,

+ +
- 15%, and T 20% are calculated.

3.1.1, Program Segments

The program consists of one mainline and seven subroutines.

Their purposes are listed below: -

TST = mainline to control the program
INRES - input for the resistor values
SDMEA = calculates the mean and standard deviation of

the resistors selected by SUMSD and SUMSR

SUMSD - finds the mean and standard deviation for speci-
fied resistors on each substrate

SUMSR - finds the mean and standard deviation for same

resistor on all the substrates

HISTO - plots the histogram
SPLOT = plots resistor value against substrate number
YIELD = calculates the yield to tolerance bands for the

entire sample
The data for the program has the following format. The informa-
tion on the first eight cards is used as a title and is copied directly
from the input to the output. The next card contains two integers
that indicate the number of resistors per substrate to be investigated

and the number of substrates in the sample respectively. They must
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be coded in "I10" format. The program also has the restriction that
the maximum number of resistors per substrate is 8 and the maximum
number of substrate is 250, The as-fired resistor values are
inputted in the next section of cards. They are coded in "Free Format'.
The last data card contains four numbers that are used as scaling

factors for the histogram and substrate plot and are summarized

below: -
1 = The histogram full scale in percent of the total number (25%)
2 = The substrate plot full scale as a percent of the total mean Z 259%,
3 = The histogram interval in units of resistance (1% of the mean)
4 = The histogram central value in resistance units (Total Mean)

When any of these numbers are unspecified or zero the program assigns
the values in brackets to the scaling factors. The numbers are coded in
4F10,0 format.

3.2. Definition of Distribution Characteristics

It is important to standardize the technique for analyzing the
histogram results. The envelope of the histogram is an experimental
representation of the actual distribution function for the results. The
analysis would be simplified if a single number could be used to char-
acterize the distribution curve. One number that has been implemented
to evaluate results is the yield figure. The yield to a given tolerance
band can be quoted in an analysis; however, this number would not be
enough to adequately describe the distribution curve associated with
the histogram.

The first step is to identify a standard technique for obtaining

the histogram curve. Consider the histogram results illustrated in
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FIG. 9. This histogram is the distribution of as-fired resistor
values for a typical thick film resistor. The cell width used in
the histogram represents one percent of the statistical mean for
the sample. The cell width determines the scale of the relative
frequency axis of the histogram., When histograms with different
cell widths are to be compared a '"'normalized" frequency can be

used. The normalized frequency is defined as;-

Normalized Frequency (%) = NF = N
x 100  (3)

where Ny is the number of resistors in the sampie and W is the width
of the statistical cell in percent.

Now that a standard approach for generating the histogram has
been adopted the technique for obtaining the distribution curve can
be defined.

The method that has been found to be most useful in evaluating
a distribution is the symmetry approach. The method consists of
identifying the mean value of the distribution and then fit the best
symmetric curve about the mean on a visual basis. In most cases this
technique works very well, However, in the case of skewed distribu-
tions, another technique can be used. This technique relies on
only a best visual fit of the histogram results as illustrated in
F1G, 11.

Both techniques offer advantages and disadvantages. By applying

a best visual fit alone, any deviation from a typical distribution
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can be easily identified. When the curve fit is applied using the
symmetry approach these deviations would be masked to some extent
but a more systematic approach to the analysis can be obtained.
In cases where the histogram results indicate a deviation from
normal, both techniques would be applied to ensure a proper eval-
uation,

When a distribution curve has been generated, a spread analysis
can be performed. The term "total-spread" refers to the width of
the base of the distribution curve as illustrated in FIG, 12 and is
used as a characteristic for the distribution. Anothér character-
istic that can be considered for the distribution is the "tangent-
spread". This characteristic is defined as the spread of the distr-
ibution derived using tangents to the curve as illustrated in FIG.
12, This parameter represents a more realistic approach than a
total-spread value for distributions with extended tails. Although
the choice of tangent point is arbitrary, the tangent to the curve
at the half-maximum normalized frequency has been used in evaluating

the tangent-spread wherever possible.
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4, RESULTS

4,1, Effect of Aspect Ratio on Spread

Now that the parameters associated with the as-fired resistance
distributions have been defined, they can be applied to the experime-
ntal results. The as-fired resistance distributions for the 100 ohms
per square resistor paste are given in FIG. 13 to FIG, 16 for the
aspect ratios of 10, 5, 2 and 0.7 respectively.

The resistors associated with these aspect ratios that were inves-
tigated are listed in FIG. 17. In each case a total of 200 resistors
on 25 substrates contributed to the distribution.

Results for the 1K ohms per square material are found in FIG.,

18 to FIG., 21 for the range of aspect ratios of interest and the 10K
ohms per square results are iﬂ FIG. 26 to FIG. 29 and the 1 megohm
per square results are in FIG. 30 to FIG. 33 for the range of aspect
ratios investigated. The resistors that were investigated for each
aspect ratio correspond to those given in FIG. 17 for all the above
cases except for the 100K ohm paste and the 1M ohm material with
aspect ratio of 10, In the 1M ohm case the resistors: 3-R1, 3-R2,
4-R1, 4-R2, 3-R3, 3-R4, 4-R3 and 4-R4 were used for the investigation.
For the 100K paste only the last four resistors in each group for
each aspect ratio were investigated.

The total-spreads and tangent-spreads associated with these
distributions have been tabulated in FIG. 34, A feature common to
all the sheet resistivities is the increase in resistance spread with
decreasing aspect ratio. A plot of the total-spread in resistance
as a function of aspect ratio for the results is given in FIG. 35.

The resistance spread increases dramatically for aspect ratios
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below 2. The variation in spread with paste sheet resistivity for
a constant aspect ratio is minimal as indicated in FIG. 35 by the
close packing of the experimental results for the range of pastes
investigated.

4,2, Effect of Resistor Location on Spread

The effect of the resistor location on the substrate relative

to the as-fired resistance spread has been investigated. Resistors
having an aspect ratio of 10 in the four quadrants of the test pat-
tern were analyzed for the 100. ohm per square paste. The resistors
contributing to the investigation are given by: -

1| =1 RL; i - R2

i| -~ RS, i - R4
where i = 1, 2, 3, 4. Each resistor represents a particular position
on the substrate. The statistical variation in resistance for this
study has been calculated using the formula: -

Statistical

Yariation (%) = 3 x Standard Deviation x 100 (4)

Resistor Mean Value
where the mean and standard deviation have been calculated for the

same resistor on 25 substrates. The results are shown in FIG. 36
with the spread values positioned schematically on a 2" x 2'" substrate
to illustrate the spread associated with substrate location,

The spread in resistance for the resistors on the perimeter of
the substrate tends to be larger than for the resistors located near
the central region of the substrate. This can be attributed to less
control of squeegie - screen interaction at the outer edges of the

substrate, With the squeegie motion as indicated in FIG. 36 the
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left edge resistors are affected by the squeegie snap-down onto
the screen. The position where the squeegie first touches the
screen can vary and this will alter the paste transfer process
creating a variation in resistance. A similar problem occurs at
the end of the squeegie travel creating a variation in resistance
at the right edge of the substrate. The variation at the top and
bottom edges is attributed to the disign of the printer and the
lack of control of squeegie pressure at the extremes of the squee-
gie blade.

4,3, Effect of Resistor Width on Spread

The effect of increasing the resistor width on the resistance
spread has been investigated for resistors with similar aspect ratios.
The smallest width resistors on the test pattern are the i-R43 and
i-R44 geometries, They have an aspect ratio of 0.7 with a resistor
width of 30 mil., The as-fired resistance distribution for these
resistors for all four quadrants is given in FIG. 37.

Resistors with an intermediate width and aspect ratio near
unity on the test pattern are associated with the i - R31 and
i - R32 geometry. This geometry has a resistor width of 65 mil
and an aspect ratio of 1. The distribution associated with these
resistors are given in FIG. 38.

The largest width for a resistor available on the test pattern
can be obtained by using the resistors i - R37, i - R38, i - R39,
and i - R40 in series. The combined resistor has an aspect ratio
of 0.8 and a width of 100 mil, The distribution for this configur-

ation is given in FIG. 39.
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The total-spread values for these distributions have been
plotted in FIG. 40. Although it is difficult to estimate the
true dependence of spread on resistor width from the limited
experimental data but the results indicate that there is a
decrease in total spread for an increase in resistor area with-
in the range of widths investigated.

4.4, Yield Analysis

Results for a yield analysis of the as-fired resistors for
the range of sheet resistivities and aspect ratios investigated

+ + & +
are found in FIG. 41. Tolerance bands of - 19, - 2%, ~ 59, ~ 109
’

g 15% and b 20% were chosen for an evaluation of the distributions.
The effect of aspect ratio on yield is illustrated in FIG. 42 for
the 100 ohms per square paste. There is some degradation in yield
for the lower aspect ratios. This is consistent with the total-
spread results that indicate an increased spread for the lower
aspect ratios. A more dramatic comparison of the tolerances
associated with aspect ratio can be seen in FIG. 43. This is a
plot of resistor value relative to the mean of the sample for each
substrate investigated. Each resistor is identified by a single
digit., The results in FIG. 43 (a) are for the resistors with an
aspect ratio of 10 and the FIG. 43 (b) results are for an aspect
ratio of 0.7 .

The effect of sheet resistivity on yield is illustrated in
FIG. 44 for resistors with an aspect ratio of 2. The curve for
the 100 ohms per square material gives the highest yield figures

and the 1M ohm per square material has the poorest yield figures.
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The substrate plots for these sheet resistivities given in FIG.
45 confirm these findings. The plot for the 100 ohm material
indicates a close-packing of the resistor values about the
sample mean which results in a higher yield figure for each
tolerance band. The 1M ohm material exhibits close packing to

a less degree and as a consequence the yield figure is worse,
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5, CONCLUSIONS

The effect of aspect ratio on the as-fired resistance spread
has been investigated for the material "A'" paste system. It has
been found that the aspect ratio plays a major role in determining
the resistance spread. For aspect ratios less than 2 the spread
increases dramatically.

The effect of sheet resistivity on the as-fired spread has
been evaluated for paste system '"A", The variations in spread
that have been observed for the range of sheet resistivities inv-
estigated approaches the error limits in the experiment and cannot
be considered significant.

The investigation of resistor placement on a 2" x 2" sub-
strate indicates that the spread in resistance for resistors in
the central region of the substrate is less than the spread assoc-
iated with resistors near the perimeter., For close tolerance res-
istors, only the central (1" x 1") region should be used.

Results for the effect of resistor width on the resistance
spread indicate that the spread can be improved by employing a

larger width in the resistor design.



6. REFERENCES




References

lo

10,

4 I

125

Theodore C, Reissing, "An Overview of Today's Thick-Film
Technology," Proc. IEEE, Vol. 55, No. 10, October 1971,
pp 1448 - 1454,

J.R. Rairden, "Thick and Thin Films for Electronic Appli-
cations - Materials and Processes Review,'" Solid State
Technology, January 1970, pp 37 - 41.

Roland Ho, "Electrostatic Effects on Film Resistors,"”
Insulation/Circuits, Vol, 34, April 1971, pp 33 -~ 36.

Dr. C.Y. Kuo, "The Contact Resistance in Thick Film
Resistors," Proc. 1969, Hybrid Microelectronics Symposium,
Dallas, Texas, pp 236 - 270,

W.G. Dryden, "Achieving Consistent Results with Thick Film,"
Solid State Technology, September 1971, pp 54 - 57.

A.B, Usowski, A,J. Van Zeeland, '"Characterization of a
Thick Film Resistor Conduction Mechanism,'" International
Symposium on Hybrid Microelectronics, 1972, Washington,
pPp 2A21 - 2A25,

Jennifer B, McCloghrie, "Thick Film Resistor Production
Monitoring by Means of a Graphical Computer Printout,"
1972 International Microelectronics Symposium, pp 2B21 -
2B225,

Darwin Herbst, Martin Greenfield, '"Theory of Conduction in
Thick Film Conductors,'" 1971 International Microelectronics
Symposium, pp 4-7-1 - 4-7-12,

C.W.H, Brestow, W.L. Clough, Dr., P.L, Kirby, '"Current Noise
and Non-Linearity of Thick Film Resistors," 1971 International
Microelectronics Symposium, pp 7-6-1 - 7-6-13.

George D. Lane, '"Designing with High Reliability Thick
Film Resistors,'" Second Symposium on Hybrid Microelectronics,
Boston, 1967, pp 57 - 60,

Ralph E, Trease, Raymond L, Dietz, "Rheology of Pastes
in Thick-Film Printing," Solid State Technology, January
1972, pp 39 - 43,

Duane R, Kobs, Donald R, Voigt, "Parametric Dependencies
in Thick Film Screening,'" Solid State Technology, February
1971, pp 34 - 41.



References (Continued)

13.

14,

Lynn J. Brady, "The Mechanism of Conduction in Thick-Film
Cermet Resistors,'" 1967 Electronic Components Conference,
pp 238 - 246.

Jon A. VanHise "Process Variables in Thick-Film Resistor
Fabrication'", Solid State Technology, July 1970 pp 58 - 64



FIGURES



Oxide Layer

Glass
Matrix

Metal Particle

Magnified View
of Thick Film
Material

Thick Film Resistor

Substrate

Conductor Pad

SCHEMATIC OF THE COMPOSITION IN A THICK FILM RESISTOR

FIGURE 1 .



¢ JYNO14d

CIRCUIT DESIGN
LAYOUT AND
TRIM PROGRAM

CONDUCTOR SCREEN
ARTWORK

MICROELECTRONICS

fo bl bl fol el
Tok el Tt Tl et
fe el fod Tt il
Tk b bk bk bt
fol Tk bt Dok bl

RESISTOR SCREEN
ARTWORK

PRODUCE CONDUCTOR
SCREEN

i

i?lt@lgg ﬂ'l':gl"‘

OVERGLAZE SCREEN
ARTWORK

CLEAN SUBSTRATE

PRODUCE RESISTOR
SCREEN

PROCESS FLOW CHART FOR

PRINT & FIRE
CONDUCTOR

I

PRODUCE OVERGLAZE
SCREEN

PROGRAM LASER
TRIMMING SYSTEM

(TTRTTIR TR TR
Tk Qe foad Dok ot
B Lok bl bl bl
Tl Tl bk It
Tl Dk fod Dok ol

PRINT & FIRE
RESISTOR

HWMHBHUWUW
U

INHI 1 1!“1111‘

UL luﬂnhwmy

PRINT & FIRE
OVERGLAZE

u ;ﬁ;umu«uuuw
TN

‘umuunnnuuu

3y

LASER TRIM
RESISTORS

u

SNAP CIRCUITS
APART FOR
ASSEMBLY

THICK FILM RESISTOR DEVICES




SQUEEGIE PRESSURE

SQUEEGIE
— 1——{ SNAP-OFF
1
1
s i :
i :
B N a1 i
;
I—’ £ — SQUEEGIE ‘ : Vasiimand
: 4 i
l/// 7 /’A B4 / Eoiie |
lr::[ '

BASE PLATE
OF
PRINTER

SQUEEGIE TRAVEL —

SUBSTRATE

SCREEN

PARAMETERS FOR PRINTING EQUIPMENT

FIGURE 3

BREAKAWAY
DISTANCE



Mean
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(ohm/square) (cps) A

100 228,000 T + 15

1K 285,000 T, + 1B

10K 140,000 T,
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** Peak firing temperature has been coded for commercial secrecy.
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Squeegee Angle ~~ 45 degrees
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e 8 L7
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Yield to Tolerance about Mean (%2
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RESULTS FOR YIELD ANALYSIS OF RESISTOR DISTRIBUTIONS
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(A) Case One - Aspect Ratio = 10

Deviation from Mean (%)
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(A)

CASE ONE - SHEET RESISTANCE = 100 OHMS PER SQUARE

Deviation from Mean (%)
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APPENDIX A
AS-FIRED RESISTOR VALUES
FOR

TEST PATTERN RK1101
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100
1K
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10K
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10
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QOO0

DD N

0.67
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Resistors

Investigated For
Each Aspect Ratio
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2-R1
1-R4
2-R4

1-R5
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1-R8
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1-R18
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LIST OF FIGURES FOR APPENDIX A (continued)

Table Sheet length Resistors
Resistivity x width Investigated For
(ohm per square) (mil,) Each Aspect Ratio
30 100 20 x 30 1-R44 1-R43
2-R44 2-R43
4-R44 4-R43
3-R44 3-R43
31 100 65 x 65 1-R31 1-R32 "
2-R31 2-R32
3-R31 3-R32
4-R31 4-R32
32 100 80 x 100 1-R39.. - to 1-R38

2-R39 to 2-R38
3=R39 .to =3-R38
4-R39 to 4-R38
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AS-FIRED RESISTANCE
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Teasfin, T s = L

TOLFRANCE STUYY - AS FIRF) RESTISTORS -_——
TEST PATTCON RK11n1
ASPECTY RPATTN = &
WINDTH =320 M7} o e
RESISTNAR 2ASTF = (0" 0OHM/ SQUAPE
0
AS-FIRED RESISTANCE x10 (ohm)
Substrate 1-R5 1-R6 2-R5 2-R6 1-R8 1-R7
1 — AR, B 4O, 604, SERISRPAY 4, 1, SRS — B8, 6506,
2 524, 565. Bd 1 540, 524, g9,
B L3C, 573, 543 £02, 507 529,
A Lys5, 591, 523, 5149, 551N 559,
5 L7R, 572 . 527« 545, 531, 537
6 eEng, A0N. 526, 579, 5472, 581.
T 590, 532, 543, H5R e 507, 535,
8 B31. 52h. 524 o W S 508. 558,
9 B RRC R 525, S -< 4 ; S
10 497, S0 3’ 530 5N6, 51 2. 561
11 450, 579, SaT s 5930 537, 53R,
2 2572, 515. 5149, 489, 531 551.
13 556, 578, K28, 563. 520, 519,
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