RESOLVING THERMOEL.ECTRICC POTENTIALS DURING LASER
TRIMMING OF RESISTORS Related Applications [00011 This patent
application claims benefit of U.S. Provisional Application No. 60/609,852,
filed September 13, 2004. Copyright Notice [0002] (c) 2005 Electro Scientific
Industries, Inc. A portion of the disclosure of this patent document contains
material that is subject to copyright protection. The copyright owner has no
objection to the facsimile reproduction by anyone of the patent document or
the patent disclosure, as it appears in the Patent and Trademark Office
patent the or records, but otherwise, reserves all copyright rights whatsoever.
37 CFR 1.71(d).Resbnicél Gigld FBNOSELRS TRIEntoT Eddtiés & laser
trimming and, in particular, to resolving errors caused by thermoelectric
potentials that occyr ing | rimmi fresi . ckarorind of the
Invention [0004] T#m%%?ﬁmﬁ%lﬁﬁéﬁjﬁé S to trim thick
or thin film resistors to relatively desired resistance values. An article by
Albin egalienhitptcatiaser Resistance Trimming from the Measurement
Point of View." IEEE Transactions on Parts, Hybrids, and Packaging; Vol.

WET?TNQp%t&H%&%?i@N@%@%H@@W@.@?PF&%’@éaﬂﬂﬁﬁl?@ation No.
advantages of using a solid-state laser for trirnrning thin film resistors. An

SHERP 5 S5 BRRIFRIPCE Atied P Reducing Post Trim Drift of Thin Film
Resistors by Optimizing YAG Laser Output Characteristics," IEEE
Trans&%@ﬁgﬁ&i%onents, Hybrids, and Manufacturing Technology;
December 1978, describes using green (532 ram) solid-state laser Gaussian

Blitpek @ 2OOFiFAGIG Heiemife resietbistol FedOdeOHKH AiftEEtE I Fones A

9&%%&0%@%r{ﬁ(ﬂ%ﬂrlal@ié?%am%@é@%%p?ﬁ@%&%C%BGI. The
538087272 of Sun and Swenson describe the use o nonc?&ventlonal Iilser

GRRGIERLMG P 49 PRI IR IE AR iR Loy RHAERR BY AD¥R G Ge
tmthet siticomsuibstriate @Endid disdoser setdingappeard imitig pasgsivieg idnctioral ark

i I t i . , 7 f
O L e S IOH S 36 R b ofef TR AR
RoOrthEr Al Wadklength to reduce rnicrocracking, HAL, and shifts in the

Technical Field

[0003] This invention relates to laser trimming and, in particular, to resolving errors

caused by thermoelectric potentials that occur during laser trimming of resistors.

Background of the Invention

[0004] The electronics industry employs laser systems to trim thick or thin film
resistors to relatively desired resistance values. An article by Albin et al., entitled
"Laser Resistance Trimming from the Measurement Point of View," IEEE
Transactions on Parts, Hybrids, and Packaging; Vol. PHP-8, No. 2, June 1972,
describes measurement issues and the advantages of using a solid-state laser for
trimming thin film resistors. An article by Swenson et al., entitled "Reducing Post
Trim Drift of Thin Film Resistors by Optimizing YAG Laser Output Characteristics,"
IEEE Transactions on Components, Hybrids, and Manufacturing Technology;
December 1978, describes using green (532 nm) solid-state laser Gaussian output
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temperature coefficient of resistance (TCH). [0006] Some resistor trimming
techniques employ a measure//predict trim measurement process that
measures a resistor's value with the laser not cutting and then predicts how
much additional laser trimming should be conducted to reach a desired
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particularly when measurement settling delays are minimized. Flowever, the
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paayAYE; VaE8sset Iessihar Sioparalde &haPBMSe resistor reaches the desired
value. Measure/predict trimming can be more accurate since more time is available
to make measurements; however, tracking trim is typically faster, particularly when
measurement settling delays are minimized. However, the accuracy of such
techniques can be limited when certain transient deviation effects are not
considered.

[0008] The laser trimming process raises the temperature of the resistor. This added
heat affects the measured resistance due to the TCR of the resistor, laser-induced
thermal electromotive forces (EMFs), and currents such as those caused by
Seebeck and Peltier effects. Fixed offsets in measurement can be typically corrected
by using auto-zeroed measurements. Offsets caused by the actual laser trimming
are more difficult to correct, particularly for low resistance values. These errors are
more difficult to correct because the transient effects caused by heating
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[0009] As the ohmic value of the resistors being trimmed gets lower, induced
thermal (i.e., thermocouple) voltages may become larger compared to the
ohmic voltage of the resistor. Thermal voltages equivalent to several percent
of the voltage developed by 0.2 amps in a 0.1-ohm resistor have been
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the trimmed resistors. Alternatively, the relatively thermal neutral location
of eacly@sigiey in the same row, column, plate, or batch can be determined
independently, and the determinations and trimming can be performed in a
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relatively thermal neutral location to achieve relatively high accuracy in the final,
steady-state, desired resistance values of the trimmed resistors. Alternatively, the
relatively thermal neutral location of each resistor in the same row, column, plate, or
batch can be determined independently, and the determinations and trimming can be
performed in a single pass, or the determinations and trimming can be conducted in
separate passes.

[0012] In another embodiment, the current and, in some cases, the balance voltage
are set to a zero or reference value. Then, pre-pulse and post-pulse voltage
measurements can be respectively taken immediately before and after each laser
pulse during a trimming operation. The pre-pulse voltage value is averaged with the
last or next pre-pulse voltage value to obtain a baseline voltage value, which can



repeated on the next resistor to be trimmed. This embodiment also facilitates
obtaining relatively high accuracy in the final, steady-state; desired resistance
values of the trimmed resistors. [0013] In yet another ernbodirnert, spatially

distant resistors in a row or column can be trimmed sequentially to minirnize
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[0016] FIG. 2A depicts typical probe locations employed for measuring a resistor's
resistance value.

[0017] FIG. 2B depicts probe locations employed for measuring a thermoelectric
voltage associated with a resistor.

[0018] FIG. 2C depicts alternative probe locations employed for measuring a
thermoelectric voltage associated with a resistor.

[0019] FIG. 2D depicts a set of generic resistors showing plunge cuts at different
regions on the respective resistors.

[0020] FIG. 2E depicts a set of generic resistors in a column and an exemplary order
in which they are processed.

[0021] FIG. 2F is a simplified flow diagram of an exemplary measurement system set
up.

[0022] FIG. 2G is a simplified flow diagram of an exemplary measurement system
test routine.

[0023] FIG. 3 is an exemplary graph of average thermal EMF as a function of laser
trim position on a resistor.



including testing and measuring. [0027] FIG. 7 s a schematic diagram of an
exemplary laser trimming system that can be employed to provide laser
output as needed to perform the various applications presented herein.
Detailed Description of Preferred Embodiment Thermoelectri{, ~nts [0028]
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[0029] Chip resistors are typically formed on plates in resistor networks of rows
and/or columns. The resistors are typically trimmed in columns or rows or groups of

columns or rows in order to maximize the throughput in a single trimming pass,
particularly for 2-terminal (2T) trim configurations.

[0030] Low-ohm resistance measurements are often made with four terminals, two
sensing leads in addition to the two force or current leads. The extra sensing leads
are attached at a fixed point and carry no large current, so they facilitate a Kelvin
connection that eliminates the voltage drop error from the current leads.

[0031] However, when Kelvin trimming, the plate may be rotated by 90 degrees to
accommodate probe contact to compensate for measurement input/output capability.
For example, a 57-resistor (column) 0603 would require 114 probes for 2T
measurement, and Kelvin measurement in the same orientation would require 228



to-value operation after an initial resistance value may be measured, a cutoff
comparator is monitored in order to stop the trim when the desired resistance
value is reached, typically for any given leg of the trimming profile. [0033] A
double plunge cut is a common type of trimming profile where a first cut or
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reference to B and 20. in one experiment, 0402 size, 0.1-ohm
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high sense (HS) and low sense (LS) probes 24b and 24j provide distant
measurement points from resistor 20f.

[0035] FIG. 2B depicts HS and LS probes 24b and 24j positioned on opposite sides
of resistor 20f but distally separated by several resistors 20 from resistor 20f as
employed for "far sense" measurement of a thermoelectric voltage associated with
the resistor 20f.

[0036] FIG. 2C depicts alternative HS and LS probes 24f and 24g positioned on
immediate opposite sides of resistor 20f as employed for "near sense" measurement
of a thermoelectric voltage associated with the resistor 20f.

[0037] With reference to FIGS. 1, 2B, and 2C, in one experiment, 0402 size, 0.1-ohm
resistors 20 arranged in 55 rows by 78 columns on a substrate were individually
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just prior to the heat application and at about 300 microseconds after the
laser beam propagation was terminated (or at a time nterval sufficient for the
most significant transient nonthermal or electrooptical effects to diminish).
For convenience the voltage change was expressed as an equivalent
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subtracted from the measurements taken during the application of laser pulses.
Alternatively, the noise may have been monitored and subtracted on a resistor-by-
resistor basis.

[0040] In another experiment, single trims 10 were sequentially made in resistors 20
in sets, such as one or more columns, at a laser power and speed similar to that
typically employed for resistor trimming. These actual trims 10 were monitored with a
cutoff comparator or a laser distance limit to prevent trims from spanning the
complete width of the resistive material 14 which would cause the resistor 20 to
malfunction.

[0041] FIG. 2D depicts a set of generic resistors 20a, 20b, 20c, 20d...20n showing
plunge cuts at different regions on the respective resistors 20. The respective
locations 18 of the first or single cuts 10 were made at respectively greater distances
from contact 16a in each successive resistor 20 trimmed. The
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down after the laser trimming, another measurement was taken to verity that
the voltage has returned to the value that it had before the heating
(nominally zero). Separate trials were conducted with either tar sense or
near sense connections used to measure the thermoelectric voltages. No
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when the laser was on, the laser pulse rate was 3.3 kHz.

[0044] With reference to FIGS. 1-4, the data obtained in the thermoelectric
experiments clearly show that the thermoelectric voltages sensed change depending
upon the location 18 of the heating on the resistor 20 and the location of the sense
probes 24. The heating or cutting on different sides of the middle of the resistive
material 14 causes thermoelectric voltages of opposite polarity. Similar trends were
discovered for a variety of different resistor types and sizes. Accordingly, it was
deduced that each resistor 20 has a thermoelectric voltage-neutral location 18 on the
resistive material 14 where a trim 10 could be performed to minimize thermoelectric
voltage errors in resistance value determinations that influence how much trimming
is performed on each resistor 20. Unfortunately, skilled persons will appreciate that
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trim 10 on a resistor 20 can be determined that will minimize certain TC'R
and Seebeck thermoelectric effects. Performing or simulating trims 10 in a
resistor 20 over the length of the resistor DUT 20 can show the magnitude of
the thermoelectric voltage as a function of trim location 18. With this
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and/or_voltage value. 9 The process is then repeated at different locations 18
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that does no]é cawge s}g nificant removal of .

measurement will'be oran unexcited resistor 20 as indicated process step 68 of FIG.

2G, which is a simplified flow diagram of the measurement system test routine.

[0049] Thus, with reference to FIG. 2F, when the laser cuts or heats the resistor 20
as indicated in process step 78, the thermoelectric voltage deviations attributed to
laser heating can be determined by taking the difference (process step 86) between
the voltage measurements taken just before the laser is turned on (process step 68)
and immediately after the laser is turned off (process step 84). After a short time,
another measurement ( second off measurement) may be taken to determine
whether the resistor 20 returned to its original voltage value before trimming began
to ensure the resistor 20 did not significantly change resistance and/or voltage value.



resistive material 14 and/or does net cause, a significant change between the
steady state pre simulation resistance valve and the steady-state p ist
simulation resistance value. The evaluation can, however, be performed with
the laser at normal trimming parameters such as power and speed. The
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10, such as from 3 to 50
[0052] This location information can then be used to appropriately set the location 18

of a single leg trim 10 or the location 18 of a second or additional leg trim 10 of a
multiple plunge cut or other trim profile. The location information can be stored in
some manner, such as in a CAD file, and delivered directly or indirectly to the
appropriate controller or beam delivery component of the laser beam delivery and
workpiece positioning system. Such beam delivery components may include, but are
not limited to, error correction components, fast positioning components such as
galvanometers or other fast steering mirrors, or one or more AOM devices. The
desired location information could be handled like an error correction or integrated
with original beam delivery data.

[0053] All resistors 20 with the same configuration and same desired parameters in
the same row 22, column, plate, or batch can be trimmed to value in the

10



simulated single plunge type trims 10, can be made across the resistor 20 as
demonstrated in FIG. 1. Skilled person will appreciate that the simulated trims
10 can be alternatively be double plunge,-cut profiles; t--, J-, or U-cut profiles
or their variations; serpentine-cut profiles area- or scan cut profiles;
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20. Alternatively, such exemplary simulated trim and evaluation process may be
performed on every resistor 20, on one resistor 20 for each column or plate, or on
resistors 20 at appropriate time or numerical intervals. When the majority of resistors
20 are to be independently evaluated, an entire column or plate of resistors 20 may
first be evaluated in an evaluation run before a trimming run is performed on all
resistors 20 in the column or plate so that laser power and other parameters do not
have to be switched between each resistor 20. However, skilled persons will
appreciate that a given resistor 20 could be evaluated and processed before the
subsequent resistor 20 is evaluated and processed. It is foreseeable that one or
multiple column evaluations may provide the fastest scenario for independently
evaluating each resistor 20 to minimize the number of probe placements. As
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neutral trimming locations 18, whether on single or multiple resistors. may be
performed in an exhaustive fashion by testing a predetermined number of
locations 18 on one or more predetermined number of resistors 20.
Alternatively, the data may be evaluated as it is being collected such that
R T RS T RN v e
[IaM6H8- 18 are evaluated on a single resistor 20, such as from top locations
18a to bottom locations 18c, the evaluation may be terminated as soon as a
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noise values may be collected and employed individually or may be collected,
averaged, and employed universally.

[0059] With reference again to FIGS. 2B and 2C, measurement values may also be
impacted by the positions of the test leads (i.e., the measurement probes 24 and
wires that connect to the resistors 20). The probe positions can, therefore, be
adjusted to minimize noise and variations or errors resulting from transient thermal
effects. In some embodiments of Chip-R trimming for example, row-oriented
trimming with the resistors 20 in a row 22 connected end-to-end may be preferred so
that the sense probe connections can be moved away from the resistor 20 being
heated by the laser. The "high" connections may also be placed on the same end,
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correctable. Skilled persons will appreciate, however, that the high
connections could be placed at the "down" end. or the high connections
could vary from up to down, particularly if such variation became useful for
enhancing throughput. The probes 24 employed for measurement may also
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field or view capabilities of the laser beam delivery and material

[0062] FIG. 2E depicts a set of generic resistors 20a-20i positioned sequentially in
respective positions Ra-Ri in a column. With reference to FIG. 2E, an exemplary
processing order for such a set of nine resistors 20 might start with the processing of
the resistor 20a in position Ra. Then, resistor 20d at position Rd might be processed
second, resistor 20g at position Rg might be processed third, resistor 20b at position
Rb might be processed fourth, resistor 20e at position Re might be processed fifth,
resistor 20h at position Rh might be processed sixth, resistor 20c at position Rc
might be processed seventh, resistor 20f at position Rf might be processed eighth,
and resistor 20i at position Ri might be processed ninth.

[0063] Skilled persons will appreciate that the number of sets or the number of
resistors 20 therein can be determined in a manner that maximizes processing
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positioning system or the field of view capabilities of any of its components. In
one exemplary embodiment, the resistors 20 are grouped into five sets, such
that the order in which the resistors 20 are heated or trimmed is 1, 34, 12;
45, 23. 2. 35; 13, 46,24,3 ... where the resistors 20 in the colurrnn-oriented
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[0066] With reference again to FIG. 4, the reading with the excitation turned off
appears to vary as a function of time, particularly if the heating occurs away from the
thermal neutral location 18. This measurement variation may affect and introduce an
error into the calculation of the trimmed resistance value and ultimately reduce the
accuracy of the final resistance values or reduce the yields of resistors 20 having
resistance values within predetermined ranges.

[0067] Conventional auto-zero measurements have two stages. One measurement is
taken with the excitation on and another measurement is taken just after the
excitation is turned off. These measurements are then subtracted from each other in
an effort to cancel out any offsets that exist on the measurement board. Based on
the findings shown in FIG. 4, however, the reading with the
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excitation turned off appears to vary as a function of time (and distance from
me thermal neutral location 18) so the measurement values could be
increasing or decreasing with time. [0068] To correct for these errors and
deviations, a new procedure referred to as odd-cycle" auto-zero measuring
can eme n odd cycle auto 7Z8r ur read ngs are
R R A e O R o S R S e e
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doo@asing thighttimg. and a third measurement is taken with the excitation off
again (after the trim). Because the time interval between each measurement
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the third measurement can also be even more further minimized. [0070] FIG.
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I
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brands of resistors 20 as will the extrapolation functions, [0071] The

peiied HQ%FHE%X%IQ SFaRIRRLRE SHOBRIISALIOM WifraFRad

measurement value in &e auto ero easurement cycl (0] prOV|de a more,

AR GG FB R e toie rasoﬂ YREUUL A S ' SudhBReGaa Ly cle
Afeszern A dstatey at the midpoint in time between the first and third

measurements. If the changing offset is linear, the average of the first and third
measurements provides a close approximation of what the measured (baseline)
value would be in the absence of an excitation pulse at the time of the second/"on"
measurement. Alternatively, this baseline value can be extrapolated using an
exponential or some other function to accommodate the shape of the thermal offset
such as seen in FIG. 4. The time intervals for the measurements will vary with
different laser parameters and different types, materials, and brands of resistors 20
as will the extrapolation functions.

[0071] The extrapolated baseline value can then be subtracted from the second
measurement value in the auto-zero measurement cycle to provide a more accurate
value for the second or "on" measurement. Such an odd cycle auto-zero measuring
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15 procedure allows the trimming process to proceed at a faster rate because
measurements of the required accuracy can be made after a shorter delay
following a laser pulse, i.e, the conventional settling time can be minnimized.
The extrapolated values can also be used to enhance accuracy, such as for
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Asppilig ateddapensess isiep 1ido rdbpdtttning. resuisyobdhaisedasatiohg the
fgﬁg&@g&&?@alyzed to determined if their resistance values are within
tolerance. If the results do not meet production standards, then, as indicated
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0 cti
T e

pgRqud %u%@&?ﬁ’}%%@s%’%? Kyq98§C b@@éﬁﬂ?ﬂ@g referEHeEMEFiGg,
eni@dinhed irermaing ldse fasastenish 0 &atplosestiofresistnr srizAnfinghgis &
vENKPIESEAR e SIGRAS Gr vatE TR rHEHIIBaCEMEH B Gieb ealurensef bk with

tain, il pesisioss 20qURES BdR i E In RARHHMPES(APAs described with

respect to FIG. 5 may also be employed.

[0075] As indicated in process step 126, the trimming results of the subset of
resistors 20 is analyzed to determined if their resistance values are within tolerance.
If the results do not meet production standards, then, as indicated in process step
128, the resistors 20 are subjected to a subsequent trim as described with respect to
process step 124. If the results meet production standards, the remaining resistors
20 on the plate or in the batch are trimmed as indicated in process step 128.

[0076] With reference to FIG. 7, one embodiment of a laser system 50 employed for
resistor trimming on a workpiece 40, such as a wafer containing rows 22 and
columns of thick or thin film resistors 20, uses a Q-switched, diode-pumped (DP),
solid-state (SS) ultraviolet (UV) laser 52. Exemplary solid-state lasants include, but

16



solid-state (SS) ultraviolet (UV) laser 52. Exemplary solid-state lasannts
include, but 16 are not limited to, Nd:YAG, Nd:YLF, or Nd:YVOA4. Laser 52
may provide harmonically generated laser pulses or output 54 at a
wavelength such as 355 nm (frequency tripled Nd:YAG), 266 mn (frequency
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w.léﬁdi?ﬂqp@/gnpﬂ@wme ﬂkeeqﬁﬁq Bmugib@@mmz h'ea @P@rgmw%gzlength
tem roduce uniform puls t that is then directed by a
e e R e R o R IR

@@é&’ﬁé’dﬂ%@ﬁfﬁ?@b’ﬁ%éﬁ%@? %Wﬁ%@@%lﬁw‘é oniieasgionadieeadlo. also
hheydasierootpids/2 snayeptionallyde trunsatedddippedyofrpoiesed @aticn

BP&HGQd B)2Reth oF shanchandhelirngshiPARMo VinG IMAGRE-SYSIRALf ARy

em_;loy an aperture mask 98 positioned between an optical element 90 and
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st cre[%ted b¥2<0 ptical element Such aperture mas
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positioned along a beam path 64. The laser pulses 54 may optionally be directed
through a shaping and/or imaging system 70 to produce uniform pulses or output 72
that is then directed by a beam positioning system 74 to target the output 72 through
a scan lens 80 to a desired laser target position 82 at the image plane on the
workpiece 40. The laser output 72 may optionally be truncated (clipped), focused
and clipped, shaped, or shaped and clipped.

[0080] The imaging system 70 may employ an aperture mask 98 positioned between
an optical element 90 and a collection or collimation lens 112 and at or near the
focus of the beam waist created by optical element 90. Such aperture mask 98 may
optionally be used to block any undesirable side lobes in the beam to present a spot
profile of a circular or other shape that is subsequently imaged onto the work
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profile of a circular or other shape that is subsequently imaged onto the work
17 surface. Moreover, varying the size of the aperture can control the edge
sharpness of the spot profile to produce a smaller, sharper-edged intensity
profile that can be used to enhance the alignment accuracy. In addition, the
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The beam-shaping component not only transforms the Gaussian irradiance
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above are described in detail in U.S. Patent No. 6,791,060 of Dunsky et al., the
relevant portions of which are herein incorporated by reference.

[0083] The beam delivery and material positioning system 74 preferably employs a
conventional positioner used for laser trimming systems. Such a positioning system
74 typically has one or more stages that move the workpiece 40. The positioning
system 74 can be used for moving laser spots of the shaped output 118 in an
overlapping manner to form kerfs 10 along desired trim paths. Preferred beam
positioning systems can be found in Electro Scientific Industries, Inc.'s Model 2300,
Model 4370, Model 2370, or Model 2350 Laser Trimming Systems commercially
available from Electro Scientific Industries, Inc. of Portland, Oregon. Other
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Model 4370, Model 2370, or Model 2350 Laser Trimming Systems
cornrnercially available from Electro Scientific Industries, Inc. of Portland,
Oregon. Other 18 positioning systems can be substituted and are well known
to practitioners in the laser art. [0084] An exam_-le, of a preferred laser
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ns, preferably from about 40 ras to 90 ns or shorter, or preferably shorter
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about 5 kHz or even higher than 50 kHz; temporal pulse widths that are shorter than
about 100 ns, preferably from about 40 ns to 90 ns or shorter, or preferably shorter
than 10 ns, 1 ns, or 25 ps, or perhaps down to about 1000 femtoseconds; a scan
speed of about 1 mm/sec to 200 mm/sec or faster, preferably about 10 mm/sec to
100 mm/sec, and most preferably about 10 mm/sec to 50 mm/sec; and a bite size of
about 0.1 ym to 20 ym, preferably 0.1 ym to 10 ym, and most preferably 0.1 umto 5
pm. The preferred parameters of the laser system output 114 are selected in an
attempt to circumvent thermal or other undesired damage to substrates upon which
the resistors 20 are supported. Skilled persons will appreciate that these output
pulse parameters are interdependent and are dictated by the performance required.

[0087] Skilled persons will also appreciate that the spot area of the laser system
output 114 is preferably circular or square, but other simple shapes such as ellipses
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pulse parameters are interdependent and are dictated by the performance
required. [0087] Skilled persons will also appreciate that the s of area of the
laser system output 114 is preferably circular or square, but other simple
shapes such as ellipses 19 and rectangles may be useful, and even complex
beam shapes are poassible with the proper selection of the optical element
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particularly at about 1. m, may he a preferred wavelength for em o%mg
HnRBRi RS ARPhAABHAIL] S6EA ROHCRANERFAHAAB PRIH SFEs
olitomideedSiQry anifiaatalmmrodricdam g TaN)s fraricsilicyroselestestésy, processing

?e‘?é?ﬁ%_iﬂﬂiéfeﬁ &Wimﬂr&@@ﬁi%‘? Pﬂfv@é@éﬁfbﬂﬁﬁ%%iéﬁéﬂ_@ﬂq a0 88%'?%@@8.
involving functional trimming. [0090] Skilled persons will appreciate that the

fiouvingiecoRiaues disciasestihesaipesapy&Mployed aneringla resistenarly at
r S|s¥or 2rays Frl]ncl%dln those %DI| sn%osttraps vofta e re%ul?tors ,
apout 1.32 1 :ilg € dprerernes wglve ngth roremp oyghg aaniform spot to trim
capacitors, inductors; or'any other device Tequiring

materials, such as nickel chromide (NiCr), silicon chromide (SiCr), or tantalum nitride
(TaN), from silicon substrates, especially for trimming active or electro-optic devices

and in applications involving functional trimming.

[0090] Skilled persons will appreciate that the trimming techniques disclosed herein
may be employed on single resistors, resistor arrays (including those on
snapstrates), voltage regulators, capacitors, inductors, or any other device requiring
a trimming operation. In addition, the trimming techniques can be employed for
surface ablation-trimming or other applications in which the imaged-shaped output
118 does not penetrate the substrate, as well as the applications in which substrate
penetration is desirable.
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a trimming operation. In addition, the trimming techniques can be employed
for surface ablation trim ing or other applications in a,%,hich the
imaged-shaped output 118 does not penetrate the substrate, as well as the
applications in which substrate penetration is desirable. 20 [0091] Separating

RI0Org Sapsestiny Sesmabveliaagstivnary ehifigds Whashdgime & wesmabing a
tracklrl9 I,e,, analog or contlnuous'i firm, T,he T,Eor causegé{)‘%/ ;He(Fal I
{8Itag B EasA)ANHRT SRY BY MY ohee TRbFE el oMM Hated
kzmmgés'mmmemawmmWQnMEWMWOsmmnﬁm.
iﬁtﬁﬁgrsém}éeﬂ\ﬁg %g?éq:?ﬁ% etg'ﬁf %ﬂéﬁ&ygg igﬁsﬂﬁggs@ig%%!'ﬁg results

equent trimplacement. The probe positioning, frim’sequence,

réciBRYecdarRsibss dhnenel teshnm0es bR seRBdd fnsiirermypprauSal it
griancanihreugheusandianyisld iheckriaus, lrehniskesHessrierthherein

maﬁ also facilitate the use of higher speed tracking trims instead of laver

RSP e PRAUNA HIMT 3068215 Wifl BRGHGRIY W IRBLLAG ALY Sigh frive
ﬂwimtﬂwhmqwsdi@a@mméie_ magdedo flzlng'elicmmﬂteafstélef higher speed
ﬁBSk’ﬁ%@d{?ﬁ%’g‘RS%&E“ﬁﬁgv'v Eebs?)é"ﬁ&%"e%sﬂ?@%:r%'&%f ipdhe underlying
principies of the invention. The following claims are only exemplary, and

be. i d f the discl .21 Clajms 1. A method f
s e R TRMA L T
effettdo tine niwthisd einglaying ldser eip etitoadim eski stdh aniatepaltfronfram the
(FRIEIRANG SARBREBHIALRSIFIANGS Y AHE A ARRISIRE G BRRIBRry, and

resistance value, wherein the resistor material has a surface area positioned
BRAKISEPEIRBH RRIICCOPRACES BSisdepP6rted on a substrate, wherein laser
output applied to the resistor material induces thermoelectric effects in the
resistor that cause the resistor to exhibit an errant and/or transient measured
resistance value that deviates from a true and/or steady state resistance
value of the resistor that is measured during an absence of the laser output
such that the applied laser output prevents an accurate measurement of the
true and/or steady state resistance value immediately following the applied
laser output, the method for reducing resistance value deviations caused by
laser-induced thermoelectric effects, comprising: positioning probes of
measurement equipment to be in communication with a single resistor or
respective resistors from a set of resistors;
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setting an applied current value from the measurement equipment to a
reference or zero value; directing respective sets of one or more evaluation
pulses of laser output along respective simulation paths to apply heat to
different respective locations on the surface areas of the single resistor or
thiairespective resistors; measuring voltage values across the single resistor

or the ﬁesPeCA‘fﬁeg% S ARG P ﬂ‘éE %hé’v %%(@lw WA 1856y pIges

to obtain voltage deviation Infor thﬂ or ea rent respe tlve

IBeUEBH erg PR FoRtiRd %WW&FH@'@(XW%‘%%%MM éPﬁFlé‘Fefﬁéﬁtor
lnaidital nomthe eespactivehandacn aniias rebtbianes patiy efrésstgisttrad a

R S e
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mjgéniﬁ@ké@fsiﬁiafw@meamearaﬁrrﬂﬁ@ﬂorﬂ%@@ﬁe MahiRited eskiSRince value

HS{W g%ig% Worr%sésﬁ% r@%’# %glf'g ?gSI a{[rrl] elegﬁf o&t% régy}}? Ihaf IS
claim 1 |nw IC eac evaluation pulses comprises a sin

[R88PYRLEUESNg A ﬁ%ﬁﬁﬂ%&@%ﬁdﬁ&%%ﬁ%%tmﬁt HaereeBHssassrputput
ptengetcuah peofilaiambasut grafiieottse tpantind/cusipadilestateaesistance value

ﬁHFF%E?a?eW%ﬂBvHF@Wﬁe %%ﬁreﬁh&s@%ﬂ%?ftﬁ@fﬂ%ﬂndﬂ Yo @HBE%&%Q&FQ&e

ulation paths rformed at different [ocations on the surface areg o
A RS AP0 Bl R Lo PRl - R TR

which fresisioningtisalssts meagsrismantaneipveah tofe poamnnofiteakonfadd a
aliepcoidbist s eepriste Residieravednied sbrhrimslsiprathich the evaluation

laser pula s have ar meter§ that are |n§§ff|0|ent to cause Slﬁnlflca

removaT T AL R ot e e Fisas i et %meﬂrmom"’}ng

[E1EPERSEEZE® ¥BIRId in a tracking trim process wherein a resistance
measudsuting ek isivb taitteof afiero cadidivuiaioiaperises|se laser output

QWB%EBé&ﬁedﬁﬁﬁﬁQnEﬁ?&Iﬂﬁ%c‘?ovébb?y%t HRiFaon r%EHb%ﬁUH‘f&BQﬂdﬂé%rn

B_;Jlses is halted when the resistance méasurement value is within a

B AR AL LR O PR HERSIRIA BE R RPESIYE. "8I Shethod of claim
1 in whittasendmotiagel sskiesudsessatbeapipiidel riesistor or the respective resistors

after the respective sets of evaluation laser pulses to obtain voltage deviation
information for each of the different respective locations;

using the voltage deviation information to determine a preferred location on
the respective surface areas of the respective resistors that exhibits minimal voltage
deviation; and

directing trimming pulses of laser output along a trim path at the preferred
location on the surface area of the single resistor and/or the preferred locations on
the surface area of some or all of the set of resistors to remove resistor material from
them to change their initial resistance value to a nominal resistance value to reduce
thermoelectric resistance deviations induced by the laser output.

2. The method of claim 1 in which each set of evaluation pulses
comprises a single laser pulse.

3. The method of claim 1 in which the trim path comprises a plunge-cut

profile, an L-cut profile, a serpentine-cut profile, or a surface-ablation profile.
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a predictive trim process. 9. The method of claim 1 in which the resistors
comprise chip-R resistors. 10. The method of claim 1 in which the resistors
comprise low-ohm resistors. 11. The method of claim 1 in which the resistors

have a trimmed resistance value of less than or equal to 0.1 ohms. 12. The
method-of cldiie methaseH arimetistarkico prpfiss fRfuheesitylaiompathsethod
BERGHMY it WiGR DR EaRBRY AR BHAEE M BL ST RIOYSsidtsehY erial are
measurement technique. 14. The method of claim 1 in which the true
ROl G RMEithin 0.1% of a desired resistance value. 15. The
metho@.of claine Inethdiai thetmrelenigdclo aasigimsl atipasitidis ecbrglative raster
therm§lae uilibriu betw%en the conft%cts..l . The rperthod of claim 1, further

scan o ortion of the su ?ﬁe area ot tne single res§ or. .. .
comprising: processing at the respective preterred locations multlple rows or

columis of rébpeueiadisiaim Hdvir«r@'@hﬂag&iﬂgﬂmaﬂmmdﬁgs have
BRRGHCRIONSat ke ThQUMEEI APt LIRS i i vANE R B VASST RUIREF iRaterial.

generated at a wavelength between 200 nm and 2,000 nm. 18. The method
of clairr 1 in WAfcR &SGR Bohip MU BITBRIDg daseiHy Resi &6 apglied in
49rathingeivngstfeglainhdriindiebishanse batatereatopt isgia@isalaalied after

mateial, 20 Thenetod ofclam 2 nwhich e fesisior matsrisl comprices a
i¢ fl m regis?or n?a%enaﬂr{ﬂat mgﬁaﬁes ru%henlum oxide. %C_L ﬁe method of

erpticdlionvohitie thiereisigtos engtdres iisohaded wimickidle cosistainse owapo@ment
QLIA4A0 RN QIBIHEEMRR e JMRMINALIESIGMoIDaNuCh the

resistors are separated by precast scribe lines formed in the substrate. 23.
The méthod dNEIAMRINOMHALRIBI A SR BIECtiHEBIRECRSEDRIPFRR are applied in

tepregiatserragfityess of resistance effects. 24. The method of claim 1 in

which the th oelectric effects compris eebeck or emf effects..25, The
method of clzﬁmeﬂ?ﬁﬂ%e C@ﬁkglrigilﬁ]ge:\lhlc e resistors comprise c%up-% resistors.
10.  The method of claim 1 in which the resistors comprise low-ohm

resistors.

11.  The method of claim 1 in which the resistors have a trimmed resistance
value of less than or equal to 0.1 ohms.

12.  The method of claim 1 in which the resistors comprise four leads.

13.  The method of claim 1 in which the measurement equipment employs
a Kelvin measurement technique.

14.  The method of claim 1 in which the true resistance value is within 0.1%
of a desired resistance value.

15.  The method of claim 1 in which the preferred location is a position of
relative thermal equilibrium between the contacts.

16.  The method of claim 1, further comprising:

processing at the respective preferred locations multiple rows or columns of
respective resistors having similar configurations and specifications.

17.  The method of claim 1 in which the laser output is generated at a
wavelength between 200 nm and 2,000 nm.

18.  The method of claim 1 in which the resistor comprises a 0402 or 0201

chip resistor.
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after determining the preferred location on the resistors, setting the applied
current value from the measurement equipment to a desired nonzero value
before directing trimming pulses at the single resistor and/or any respective
resistor. 26. The method of claim 1 in which an applied balance voltage value
is set 19a zetboomeinnentslemut iberbiehditeins tinteesRMRItRRS pLISEIMIE
thsiggsistors. 27. The method of claim 26 in which the applied balance
voltage value is set to a desired value before directing the trimming pulses at
the singfe resiSOMENIRBPLAR R B dER IGS 98T FEaHRABIRIESimRICK
finviesizibreneatalititipat inskided!seh ddiven prteneters that are insufficient to

cause E'gnifi nt alttagagoq, sf\fter he laser-induced thern}oel ctric effects.
L. . e ”}ﬁ 0 claim 1 In wi |c{1 hefr?ﬁlstor aterial.inclu ea/a nickel
have subsided, in the nitial resistance value of the single resistor and/or any

pEspEdtivecarBRAONY. T taniakthattidde kampolmdihich the voltage values are
measused tTaUGhdiRIRYSOLIZIR 95 WHINE IMERRERIMECBYRMRIY H)35r8kast

distant from the resistor being measured. 30. The method of claim 1 in which
seiiper s dermadda b guRalal aluated for its particular preferred location.

31. Thegnethrskohetaon SOciaimhidh @amdn eeisherisoaidenprnsiesvly comprise

valuated befor any of the.r?sistorﬁfof {he set are trimmed. 32. The method
mpera gE?-COGﬁICIﬁ t of resisfance etfects. :
of claim 30°in Which each resistor is’ iIndependently evaluated and trimmed

before2# subdéguenthedistatagrelaluatech fe3BemMeelaettvdfsictsatompiise
g@&%aggpgﬁﬁa&ye@{@luated resistors are nonadjacent. 34. The method of

claim 1 in which the set of respective resistors include a set of some or all
conneced resigdretaed af ¢lathol forthed Gemgieiidtance value deviations

caused iy laseimindugeeethesroneleritigtisfenishthe snathe setnlpyiagppsed
outlputbto ﬂLriénf rer%iiﬁor mgteﬁial fro[n a riersr;stn r.to cganﬁ%e a}_]n initiral \r/efSt%QFoere
VU oY e LB 1 S ARl 1 ESLRINEE VR 8 SRINETEIR the PTG
et tﬂmrairsglﬁatseaeéamcsiit_maedsibtﬁmwwhoeleqyriwlp@@ﬁt@ct_ewdris
supporgd onm SUHSHAIE MGRFIN iWWiWMpﬁRQH%%M@%@(/aIue is set

material induces thermoelectric effects in the resistor that cause the resistor
{8 BA%KMCARCSEFRACANEIUP PAFSR A ARSI RSN HPR O WaRRA TR FREIMGES

from agpie amgdéomsigadyostaimiessipnerNaleapblikel raisior hwtdge value is
set to a desired value before directing the trimming pulses at the single resistor
and/or any respective resistor.

28. The method of claim 1 in which the evaluation laser pulses have
parameters that are insufficient to cause significant alteration, after the laser-induced
thermoelectric effects have subsided, in the initial resistance value of the single
resistor and/or any respective resistor.

29. The method of claim 1 in which the voltage values are measured
through relays of a probe of the measurement equipment that are distant from the
resistor being measured.

30. The method of claim 1 in which each resistor is independently
evaluated for its particular preferred location.

31.  The method of claim 30 in which each resistor is independently
evaluated before any of the resistors of the set are trimmed.

32. The method of claim 30 in which each resistor is independently

evaluated and trimmed before a subsequent resistor is evaluated.
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measured during an absence of the laser output such that the applied laser
output prevents an accurate measurement of the true and/or steady state
resistance value immediately following the applied laser output, the method
for reducing resistance value deviations caused by laser-induced

theerﬂieCtrfW@“fﬁéﬂﬁo@%ﬂ@r@mg inqgiticH s peabesy fvaeassdesaibrs are
ﬁﬁ;&ggh{o be in communication with a resistor; setting an applied current
rom the measurement equipment to a reference or zero value;
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setokestrakyonpaplgdmeaictodmadigiersocations on the surface area of the
resistor material; repeatedly measuring voltage values across the resistor
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e resistor or at e br erred 10N Oon any respec ve I'ESIS
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tpplidteo dsp estispresatoialonchargehtsmibid s sidects ivaheerdsistoosmanal
(eRisAesUals: 1R Sise ANUmeR SRl BarIRRE R dsYiaUanssiiEed e
éj'ag aser out ut, t esecoﬁﬂ pulses h VI[[‘lg ﬁfg er owert %nt e first E%ses
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indasedthdurmgetecatisesffiecd, tn@aﬁetmwmowumnaberacptmIta@w‘@utput
freiaats ma&@;rdalrét@%adﬁﬁmdpdmﬁ@%@adambf@é&gﬁm Yaducd@alue
reS|st rEglafor] minal eS|st ncqelvalue uYV ?gnn the e%|§tor rraaterlal has.a

a

SU acéaar a OSI{%t C? %De?v'\?een e eCtI‘I ‘conta %tS andoélﬂe {n% reS|stance
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thermqeisitivitreffpeisds thenesigtenibat cqaipsadhietsdsistocomendniivbion with a
ﬁég@&rand/or transient measured resistance value that deviates from a true
and/or steady state resistance value of the resistor that is, measured during

an abs¥TILBGRHRPRISS Y0 LaLT IHATHE MR PR SR BRAR Ats an

tefereate wrezayareahegit of the true and/or steady state resistance value

directing first evaluation pulses of laser output along a simulation path to
sequentially apply heat to multiple locations on the surface area of the resistor
material;

repeatedly measuring voltage values across the resistor after respective
sequential sets of laser pulses to obtain voltage deviation information for some or all
of the multiple locations;

using the voltage deviation information to determine a preferred location on
the surface of the resistor that exhibits minimal voltage deviation; and

directing second pulses of laser output along a trim path at the preferred
location on the surface area of the resistor or at the preferred location on any
respective resistor on the same substrate or from a same batch of resistors to
remove resistor material from the respective resistor to change its initial resistance
value to a nominal resistance value to reduce thermoelectric resistance deviations
induced by the laser output, the second pulses having higher power than the first
pulses.
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immediately following the applied laser output, the method for reducing
resistance value deviations caused by laser-induced thermoelectric effects,
comprising: positioning probes of measurement equipment to be in
communication with a resistor; setting an applied current value, from the
measurement equipment to the resistor, to a zero or reference value;

measuging aRrste%e- Hlse voltage valye across the resjstor; directi Qne or
more piises OTEEPS hIRAIGHS ESIEtaTHRaHE B LR et e iaAliarg
Heecegieemantage s afircec tosIMAt ASRRINO IRGA8ERINGLELEE EbHEM resistor
m&wﬁsem@wm@uw@?gd@ inBigtessiSRmMEaTaIg s msﬁeel 1882 to a

i 1e first ar re-puls .
B Bl ML 2 i

RRAWABRIBIEFIEGR GREGH I I RURAPHE A Gt & St Rsdiatantae R @ser output
apggisdrentlea résismmpertsideifoutesr theetesiéctde\aétots. iB Tha nesisiethibdtof

Al e M T A R e

B oA RS VATES ANSLAL ARG e CEaa VA A Bl et Iang '
amsiredesLigkeing R ehptneecchpsi@seuerdnLi/AGE ranthiecprtigdUpsereistput
pEsipMeahtaca Aere rasdsipeense valthe BeosRdRasosmg shecseeMibnce value

RreRUISR) Q%ﬂgﬁixg%% %Eﬁie%ofé‘gee}r&!?ﬂ?ﬁ? tﬁ@H?éﬁ%&%%‘FL@H@SiN@%@istance
measurement to a desired resistance value'to determine whether the
AR RV IRIGSR ARESER BX IRERTAREVERTE e MARIRCH IprRiRIEHHARTBEMEIRGE of
the depivsitivesigtprozeyalime26 B8mENE eneitrodrdftclbarir3dom mimidatiopulsth a
ﬂggﬂsmﬁasurement cycle comprises: setting an applied current value, from

the measuyrement mui ment to tl'le rz:{sistor to a zero or reference value;

measuiHES ARRRSA R VAR JorBdbqasaResreal eatRg SRS
Iesistautpr aetheredfietencaarital of the resistor; measuring a post-pulse

voltagenelsisringrasrshs - éasisier Seiiea Mecarplss werresiigiue from the
measufiay |rr]1tgeo uei%rprerl%tréopﬂls%%sci)rfqgs%(r)%%Bt\éﬁllfﬁ% resistor material of the
resistor;

measuring a post-pulse voltage value across the resistor;

measuring a second pre-pulse voltage value across the resistor;

comparing the post-pulse voltage value to a function of the first and second
pre-pulse voltage values to establish thermoelectric deviation information; and

employing the thermoelectric deviation information to adjust a resistance
value measurement to compensate for thermoelectric deviation.

37.  The method of claim 36, further comprising:

after measuring the post-pulse voltage value, setting the applied current value
from the measurement equipment to a desired nonzero value;

measuring the resistance value of the resistor under applied current;

resetting the applied current value from the measurement equipment to a zero
or reference value before measuring the second pre-pulse voltage value; and

comparing the adjusted resistance value measurement to a desired
resistance value to determine whether the adjusted resistance measurement value is
within a predetermined range of the desired resistance value.
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measuring the resistance value of the resistor under applied current;
comparing the post-pulse voltage value to a function of the pre-pulse voltage
value and a prior pre-pulse voltage value to establish thermoelectric deviation
information; employing the thermoelectric deviation information to adjust a
resistade vadhemethedeimliaintd conpuelzatpuisethpemerasstameBl/fyiin;
apshprRawaring the adjusted resistance value measurement to a desired
resistance value to determine whether the adjusted resistance measurement

value i8S RAR"PPRIGEENTRE Y 3Ty & INHHE JRSARIY FRISBIARUARRM I3 8he

Tesistoetiuod térolameldrémaehialug; pulse and measurement cycle comprises:
measuring a re-gulse v Itg%e value 4eross the E sistor {or_this pulse and

measurpeem%lﬁ"t?rg/c g;r%_iPéJc |ngoe|;[?3(%1?s\/eao 8Setou p?,l At the resistor material
of the risisting aneuiseinhipseposipliistiveltagistonmetated of the: resistesr;

setting-fas aRRliPs GHETERlVAH SR MG mERR AIBSBL gRHIPMent to a

desired nonzero value; measuring the resistance value of the resistor under
applied@ling e aeriicd SHESPIEENRMIISITE AR YR I RELRPERTdAR

ggsipamenhieibearesistor, to a zero or reference value; measuring a

pre-pulse volta etvalue.atcross thF resistor for subsaeguenﬁ. CJJ|Se and
measunr&/ he resistance value ot Ihe resisior, unde app |?P C rren{

measurement cycle; comparing the post-pulse voltage valte o a turiction of

the prespuise vglthgaoriipnatseorelaglelighl uhdmadelaiicic dctiative-pulse voltage

RINAHP R i b SRR NI VBRNE URI0E R B AR R Y IBRROF RISt

resistance value measurement to compensate for thermoelectric deviation;
AN E&REring the adjusted resistance value measurement to a desired

resistagepvglog toedbtamusrmetheidiienadibaied sasistadost meassrament
vajue is_within ap determined ra}ﬁ{g of the de ireg resistance value. 40.
SRR

YRS TaasHSriagh P48 RRReP eI RIPhEI %%fcf&‘fn LRUiA3Hal pulse and
measutemparny the atiesteceretietanipestatierosisigines adds ardasdiedvalue is

Redr AN Rl R AGRESFHERRGERL G e Reki e RIBRRE VAR Jalue is
within a predetermined range of the desired resistance value.

39. The method of claim 37 in which a pulse and measurement cycle
comprises:

measuring a pre-pulse voltage value across the resistor for this pulse and
measurement cycle;

directing a pulse of laser output at the resistor material of the resistor;

measuring a post-pulse voltage value across the resistor;

setting the applied current value from the measurement equipment to a
desired nonzero value;

measuring the resistance value of the resistor under applied current;

setting an applied current value, from the measurement equipment to the
resistor, to a zero or reference value;

measuring a pre-pulse voltage value across the resistor for a subsequent
pulse and measurement cycle;

comparing the post-pulse voltage value to a function of the pre-pulse voltage

values to establish thermoelectric deviation information;
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preventing an additional pulse and measurement cycle whenever the
adjusted resistance measurement value is greater than or within a desired
range of the desired resistance value. 41. The method of claim 36 in which
the laser pulses are applied along a trim path that comprises a plunge-cut
profile eamploying phefilec mnoetpetnitraevati g offir atip tefadiisiarsistarsie.

fRuENRSASIRGH M HALBNGIL WBIFS) tREFRSETRIRCABIRAIRSh AR resistors.

43. The method of claim 36 in which the resistor comprises a 0402 or 0201
chip re9SBRA Y HRAHIHSH B8 SIaMH S 6AH WRRASHEBEBLIPRLES R ises a

eedignaicanalasab dstefiimenetimbepfictainjdddd wbistatice rasigiorematanialiue is

cqm rises tpick. fil resistO{ matqerial that includes rLfthenium oxide. 46.
hh' a predetermine réanrgeﬂ tnet esired fesistance au?. .
e method of claim I which the resistor material includes a nickel

chrom#fin cohtsomethod @tateande. fitriberammpsiging: 47. The method of
claim ,%%?(ij\’ﬁ@%h DRIERHEIPE ST AR LR RN ERRL QBB R aNE R d

of claim 36 in'which the resistors have a trimmed resistance value of less
fRaISIBNeR MAaBLECIGREY e FrREIAABE BPIYIRIM fesisr ranrerekibrpssired
essrpdiseefoaluteantsl 50. The method of claim 36 in which the measurement

equipTer employs Adielin msesurement enioye, 21 The Ethed oy cred
claim 38T HIChTh8 e res REane & Valll& R Within ¢ 1% SIS Fesire !
resistanue mahsire® G2, VEheerisegheriasftorimr3gitinimidesites [swgectiths is
desssatrd Rt vavglength between 200 nm and 2,000 nm. 53. The method

of claim 36 in which the resistors are separated by precast scribe lines

formedHh thel§GuBeHted 94 ciaia aRimsdishdhadasey iﬂ%ﬁfbﬁrﬁﬁaﬁl&ﬁ%éb”g a
balape vedegsness pehifeaaepediila eiarenes piattie, whengbetiappliad
cur¥ nt value is set t%lgzﬁ.zero or, reference value. 55. The method of claim 54

RIS RS UpTRADAIINLR Vtage value is

42.  The method of claim 36 in which the resistors comprise chip-R
resistors.

43.  The method of claim 36 in which the resistor comprises a 0402 or 0201
chip resistor.

44.  The method of claim 36 in which the substrate comprises a ceramic
material.

45.  The method of claim 36 in which the resistor material comprises a thick
film resistor material that includes ruthenium oxide.

46. The method of claim 36 in which the resistor material includes a nickel
chromium compound or a tantalum nitride compound.

47.  The method of claim 36 in which the resistors comprise low-ohm
resistors.

48.  The method of claim 36 in which the resistors have a trimmed
resistance value of less than or equal to 0.1 ohm.

49. The method of claim 36 in which the resistors comprise four leads.

50. The method of claim 36 in which the measurement equipment employs
a Kelvin measurement technique.

51.  The method of claim 36 in which the true resistance value is within

0.1% of the desired resistance value.
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set to a desired nonzero value when the applied current value is set to a
desired nonzero value. 56. The method of claim 36 in which the voltage
values are measured through relays of a probe of the measurement
equipment that are distant from the resistor. 57. The method of claim 36 in

which sgquentirlininaaned desisBEsraimicronrdigsasulshitAs peteastdarat a
Wéw&%fﬁgéﬁggﬁ ¥ai nq% %%Hsed by laser- induced thermoelectric
et

od employing laser output to trim resistor material from a
re&sto?% a rBWdF%%ﬂYBW@M iR rRURRSRAS SeRARIed PYRigFast

eesistdites Yatoe dfrihbaesistorte. a nominal resistance value, wherein the

feS'Sto&{“ateﬁﬁé *ﬁ?&ﬁoﬁ%f%rﬁ@@ﬁ%‘ﬁ'&?%ﬁ DEbNESBAHREIGBl159P RIS is
and is su&gorte on a subst atg1 elnFl?ngr outgut egtlélled to the resistor

TS P SHUBEEE T e By TRSItB S SPHIR AaiBiP O

teferéncervaluBat cause the nearby resistors to exhibit errant and/or transient

measusgd resiﬁéam@%d@bteﬂémsdewimd‘ﬁqrﬂbtbsmMu%aaelé@r\ﬁiﬁagy BARIE is
é%?'%%“&&.r%é‘% %3“5%% Wheh tﬁg%%@?s?o Aﬁ% %"é‘é nd.afiel, *If
pUt apple Ats

éviation time’in erval such that Taser o e re5|s or préve
AATEEER AR Pheasurement of the true and/or steady state resistance value
for the SR viatitre tinethindes i alaitheSiethdicfothe datayg vakistaacenvedseared

ARYIRIPRS SRUGES BYIRSEY fH@H@%@GF@H@%ﬁ%B&Sﬁ?ﬂ% FAREFNGom the

osltlonlng probes of measurement equipment to be in communication with
8 more rows or columns of resistors; directing pulses of laser output to
remové%esis'ﬂ’dnmmm flostainiB6tirewiitdr senohabiglly itdried resistenscye
wahifacadominal resistance value; and directing pulses of laser output
within the prolonged time interval to remove material from a second resistor
that is nonadjacent to the first resistor to reduce 29 thermoelectric resistance

deviatiofs indudsiney {Re RS BRIfiSSISATHIR MR ARETIRHORSSFaIsTe Y By TRRe!-
meticed tifectatnl&frio effects fhiecliisttaod semﬂm,drf@mmfemwum thiensesistor

Fﬂé’l‘(é?fa?ﬂjb‘rﬁ‘ﬁ rQQ.st?m%w%Pé&Lﬂm SR IMMAH ORI Pl Ao Uhange

col umn are rouped into sets of spatially distant resistors and the sets are
AHnTY h%@ﬁ?i%l")? ue of the resistor toa nominal resistance value, wherein the

resistor material has a surface area positioned between electrical contacts and is
supported on a substrate, wherein laser output applied to the resistor material
induces thermoelectric effects in nearby resistors for a deviation time interval that
cause the nearby resistors to exhibit errant and/or transient measured resistance
values that deviate from their true and/or steady state resistance values measured in
the absence of the laser output and after the deviation time interval such that laser
output applied to the resistor prevents an accurate measurement of the true and/or
steady state resistance value for the deviation time interval, the method for reducing
resistance value deviations caused by laser-induced thermoelectric effects,
comprising:

positioning probes of measurement equipment to be in communication with
one or more rows or columns of resistors;

directing pulses of laser output to remove resistor material from a first resistor
to change its initial resistance value to a nominal resistance value; and

directing pulses of laser output within the prolonged time interval to remove
material from a second resistor that is nonadjacent to the first resistor to reduce
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61. The method of claim 60 in which each set includes at least three
resistors. 62. The method of claim 61 in which the three resistors comprise
resistors from respective beginning, middle, and end portions of a row or
column. 63. The method of claim 58 in which an initial resistor in a first set is

atinneblderariyiseh nesi gkl chsesasbaaly Gde THaermatpatpbhtain J8dirst
y%, ' m;he laser output is applied along a trim path that comprises a
Y

Curtncd Sblarh roeed R S e L R e sorn e

Hre SPpRE@WC CORERIMg trim process wherein a resistance measurement
value igmbtaimies AERIEAN LIRSS P ISP RIMCHEQ8IBRA FH PRV IS LS EMN are

resistance value and application of the laser pulses is halted when the ,
FECHEA dBIPReIS WetRalr DaflRIFE W RRBI ARG SRR ATe 4Higanspigauentially.
desire@ tesisEnrcmyptiue . obGlalmesMiethaicafezdlains &8rioludes atheatasaree
Pullssig are applied in a predictive trim process. 67. The method of claim 58 in
Which the resistors comprise chip-R resistors. 68. The method of claim 58 in
which fi% resisngihgsriets2irn402rowoRD1thetiy eesrsistosDcamerisetiesisions

ﬁ‘&'ﬁé&)@bﬁw%% i ,ﬁ@Eﬁe‘?%‘ﬁkH’@ﬁ@%@rﬁSF@rBﬁ ARG he

method of claim 5 ch the resistor material comprises a thick film
resistoPnatefidf MELHIREIQHERTRB MUK @B, IpHiatissiFieting BfLiafhiSs in
wdijitetheorasigigiamatasial inclusied aondekel chromium compound or a

tantalum nitride compound. 72. The.method of claim 58 in which the, resistors .
comprizh low SFn OB e g 71 e R P SRS S, ol
redistbas crmerisesrameaoesistarafdey &l cllgyofiltara segpmine .t psbfite, or

Zldsuﬁg@mggrpﬁgﬁj@j 58 in which the resistors comprise four leads. 75.
The method of claim 58 in which the measurement equipment employs a

Kelvin @ﬁeaer@%ﬁfheer%aa@ 58 in which the laser pulses are applied in a
tracking trim process wherein a resistance measurement value is obtained after each

laser pulse and compared to a desired resistance value and application of the laser
pulses is halted when the resistance measurement value is within a predetermined
range of the desired resistance value.

66. The method of claim 58 in which the laser pulses are applied in a
predictive trim process.

67.  The method of claim 58 in which the resistors comprise chip-R
resistors.

68. The method of claim 58 in which the resistor comprises a 0402 or 0201
chip resistor.

69. The method of claim 58 in which the substrate comprises a ceramic
material.

70.  The method of claim 58 in which the resistor material comprises a thick
film resistor material that includes ruthenium oxide.

71.  The method of claim 58 in which the resistor material includes a nickel
chromium compound or a tantalum nitride compound.

72.  The method of claim 58 in which the resistors comprise low-ohm

resistors.
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76. The method of claim 58 in which the true resistance value is within 0.1 %
of a desired resistance value. 77. The method of claim 58 in which the laser
output is generated at a wavelength between 200 nm and 2,000 nm. 78. The

method of claim 58 in which the resistors are separated by precast scribe
lines fofned Fheheneiostieitelai. 5BHe whithodefesiiars havenchimmed

Rl RitiRedn RS 8 HifeBIqRarREtes M that of a trimming pulse. 31

74.  The method of claim 58 in which the resistors comprise four leads.

75.  The method of claim 58 in which the measurement equipment employs
a Kelvin measurement technique.

76.  The method of claim 58 in which the true resistance value is within
0.1% of a desired resistance value.

77.  The method of claim 58 in which the laser output is generated at a
wavelength between 200 nm and 2,000 nm.

78.  The method of claim 58 in which the resistors are separated by precast
scribe lines formed in the substrate.

79.  The method of claim 1 in which an evaluation pulse has a different

parameter from that of a trimming pulse.
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