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@ Thermal print head trimming apparatus and method for trimming resistance of a thermal print head.

@ A thermal print head trimming apparatus trims
the resistances of heating resistor elements (4a).
The apparatus divides the measured resistance data
into plural groups by their variation range, and ap-
plies pulse signal of high-voltage by a probe elec-
trode () to the heating resistor elements (4a) in the

plural groups except a group that includes the lowest
resistance values of the heating resistor elements
(4a). Thereby the whole resistances of the heating
resistor elements (4a) in the thermal print head are
trimmed to agree with the lowest resistance values.
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FIELD OF THE INVENTION AND RELATED ART
STATE

1.FIELD OF THE INVENTION

The present invention relates to a thermal print
head trimming apparatus and method for trimming
resistance of the thermal print head which is for
use in a thermal recording apparatus, such as a
printer, a facsimile terminal apparatus, and so
force.

2.DESCRIPTION OF THE RELATED ART

In the thermal recording apparatus, such as the
printer or the facsimile terminal apparatus, a ther-
mal print head is utilized to record information on a
thermosensible paper or a non-thermosensible pa-
per overlapped to a thermosensible ink ribbon. A
recording density (color density) of a printing,
which is recorded by the thermal recording appara-
tus, is decided by the heating value per a unit
volume of the heating resistor in the thermal print
head. If heating resistor elemenis of the heating
resistors for indicating plural dots have variations or
lack of uniformity in the resistance, each heating
resistor element for indicating a dot may generate
different heating energy. As a result, the printing
recorded by the thermal print head may not be
uniformly printed lacking uniformity on the ther-
mosensible paper etc.

In the conventional thick film type thermal print
head which is formed by sinterring film of fritted
ruthenium oxide etc. as resistor, the resistances of
plural heating resistor elements for indicating plural
dots has about fifteen percent of variation in the
resistance for the same thermal print head. Gen-
erally, the conventional trimming operation for trim-
ming the resistance of the beating resistor ele-
ments in order t0 decrease the variation is per-
formed by known over-load trimming method. The
over-load trimming method uses the characteristic
of the heating resistor such that the resistance of
the heating resistor is changed when a high-voltage
pulse having a pulse duration of several wsec. is
applied to the heating resistor.

The conventional over-load trimming method is
such that the resistance of all heating resistor ele-
menis are measured, {0 set a target value of the
resistance. Then, the conventional over-load trim-
ming method performs the trimming operation in a
manner that the above-mentioned high-voltage
pulse is applied to each heating resistor elements,
for a desired or at predetermined number of times.
And, each resistance of the heating resistor ele-
ments is measured after the trimming operation is
over. If the measured resistance of trimmed dots
does not yet reach the predetermined target value
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of the resistance, the above-mentioned trimming
operation is repeated. As a result of the repetitions,
the conventional over-load trimming method con-
verges the resistance of the heating resistor ele-
ments on the predetermined target value gradually.
Accordingly, the conventional thermal print head
trimming apparatus requires a considerably long
time for trimming the resistance of the heating
resistor of the conventional thermal print head.

OBJECT AND SUMMARY OF THE INVENTION

An object of the present invention is to provide
a thermal print head trimming apparatus and meth-
od for frimming resistance of a thermal print head,
which can precisely trim resistance of a heating
resistor in a short time.

In order to achieve the above-mentioned ob-
ject, the thermal print head trimming apparatus of
the present invention comprises:

a power supply circuit for generating voltage of
pulse signal for trimming operation;

a resistance measuring circuit for measuring
resistance of a heating resistor;

a movable stage control unit for moving a
movable stage holding thereon a thermal print head
relatively with a probe electrode; and

an operation control unit for controlling the
power supply circuit, the resistance measuring cir-
cuit and the stage control unit.

In another aspect, method for trimming resis-
tance of the thermal print head of the present
invention comprises steps of

dividing a heating resistor elements into pre-
determined groups based on resistance data of the
heating resistor elements, and

applying pulse signal of a predetermined volt-
age to each group for trimming the resistance of
the thermal print head.

While the novel features of the invention are
set forth particularly in the appended claims, the
invention, both as to organization and content, will
be better understood and appreciated, along with
other objects and features thereof, from the follow-
ing detailed description taken in conjunction with
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a block diagram of a first embodiment
of the thermal print head trimming apparatus of
the present invention;

FIG.2 shows a sectional side elevation view of
the thermal print head and waveforms which
show timing for the trimming operation of the
first embodiment;

FIG.3 is an enlarged partial cutaway view show-
ing a part of the thermal print head of the first
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embodiment;

FIG.4 is a partial cutaway view showing a part of

another thermal print head of the first embodi-

ment;

FIG.5 is a graph showing resistance before a

trimming operation of a second embodiment of
the present invention;

FiG.6 is a graph showing resistance through the

trimming operation of the second embodiment
of the present invention;

FIG.7 is a partial cutaway view showing a part of

the thermal print head in the second embodi-
ment of the present invention;

FIG.8 is a graph showing distribution of the

measured resistance of the thermal print head;

FIG9 is a graph showing relation between a

change rate of resistance and applied-voltage of
pulse for trimming operation;

FIG.10 is a graph showing distribution of the

trimmed resistance of the thermal print head;

FIG.11 is a graph showing distribution of another

trimmed resistance of the thermal print head;
and

FIG.12 is a flow chart showing the trimming

operation of the second embodiment of the ther-

mal print head trimming apparatus of the
present invention.

It will be recognized that some or all of the
Figures are schematic representations for purposes
of illustration and do not necessarily depict the
actual relative sizes or locations of the elements
shown.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Hereafter, preferred embodiments of the ther-
mal print head trimming apparatus in accordance
with the present invention are elucidated with refer-
ence to the accompanying drawings of FIGs.1 to 4.

APPARATUS EMBODIMENT
(CONFIGURATION)

FIG.1 is a block diagram of the first embodi-
ment of the thermal print head trimming apparatus
in accordance with the present invention. FIG.2
shows the thermal print head with a probe elec-
trode 6 shown in FIG.1, and shows waveforms of
the corresponding timing for the trimming operation
of the thermal print head.

In FIG.1, a heating resistor 4 to be trimmed in
the thermal print head is connected to a DC (Direct
current) power supply 12. Elements 4a of the heat-
ing resistor 4 are arranged fo be connected to an
operation circuit 8 through a probe electrode 6. In
the operation circuit 8, a pulse control signal A
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which is output from a pulse generation circuit 9
and a trimming prohibition signal B which is output
from an operation control unit 13 through an /0
port 19 are applied to an AND circuit 8a.

A resistance measuring circuit 10 is connected
to the heating resistor 4 of the thermal print head
through a relay unit 20. A stage control unit 11 for
controlling motion of a known moving stage or
table can slide the thermal print head on a stage 7
by using a driving unit, such as a pulse motor, in
order to move the fixed probe electrode 6 relatively
fo the thermal print head elemenis 4a to be
frimmed. The operation control unit 13, which com-
prises a CPU (central processing unit) 14, a CRT
(cathode-ray tube) 15, a keyboard 16 and a mem-
ory unit 17, ccnirols the whole trimming operation.
Results of the trimming operation are output by a
printer 18.

The operation control unit 13 controls : the
pulse generation circuit 9 thereby to ouiput the
pulse control signal A, the resistance measuring
circuit 10 thereby to measure each resistance of
the heating resistor elements 4a for indicating piu-
ral dots on a thermosensible paper etc., the stage
control unit 11 thereby to slide the stage 7, and the
D/C power supply 12 thereby to set a voltage of
pulse for trimming. And operation control unit 13
issues a trimming prohibition signal B for stopping
trimming operation.

And further, the operation control unit 13 col-
lects the data which is measured by the resistance
measuring circuit 10, and calculates an average of
the measured resistance data of the heating resis-
{or elements 4a. The measured resistance data and
the calculated average data are stored in the mem-
ory unit 17.

(OPERATION)

Hereafter, the trimming operation for trimming
the resistance of the heating resistor 4 in the first
embodiment of the thermal print head trimming
apparatus is elucidated with reference to the ac-
companying drawing of FIG.1 and FIG.2.

In First step of a measuring process in the
trimming operation, the probe electrode 6 is ar-
ranged so as to contact to each of individual elec-
trodes 3 which are connected to respective heating
resistor element 4a for indicating a dot. Then, the
stage 7 on which the thermal print head is mounted
is slid at a constant velocity by the stage control
unit 11. Therefore, the probe electrode 6 scans
transversely across the plural individual electrodes
3 so as to contact to each heating resistor element
4a. In the above-mentioned state, the relay unit 20
is set to a close state, and the resistance measur-
ing circuit 10 measures each resistance of respec-
tive heating resistor elements 4a in turn. Con-
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sequently, average values of the respective resis-
tance are calculated from the measured resistance
data which are collected by the operation control
unit 13, and finds heating resistor elements 4a
which should be trimmed. The average value data
and the position data of the heating resistor ele-
ment 4a to be frimmed are stored in the memory
unit 17.

The following is an explanation of a trimming
process in the trimming operation.

In the first step of the trimming process, the
relay unit 20 is turned to an open state, that is
"OFF" state. The operation control unit 13 sets the
output voltage of the DC power supply 12 to a
predetermined voltage for trimming the resistance
of the heating resistor elements 4a. The operation
control unit 13 sets also a pulse frequency and a
pulse duration of the pulse control signal A to
predetermined values.

In the second step, a waveform of the trimming
prohibition signal B is set to a logic "1" (high-level
signal) at the position corresponding to the heating
resistor elements 4a to be rimmed, and to a logic
"0" (low-level signal) at the position corresponding
to the other heating resistor elements 4a.

In the third step, the probe elecirode 6 is
arranged to contact again with each individual elec-
trodes 3, and the stage 7 on which the thermal
print head is mounted is slid to make contact
between the probe electrode 6 and each individual
electrode 3 in succession. When the probe elec-
trode 6 is made contact with the individual elec-
trode 3 which is connected to the heating resistor
elements 4a to be trimmed, the logic "1" (high-
level signal) of the trimming prohibition signal B is
applied to the AND circuit 8a of the operation
circuit 8 fogether with the pulse control signal A.
Consequently, the pulse signals are applied to a
switching device 8b for controlling the trimming
operation. In other words, since the position of the
probe elecirode 6 is decided by the traveling inter-
vals of the stage 7 and the arrangement interval of
the individual electrodes 3, the pulse signal for the
trimming operation can be applied at the desired
timing to the heating resistor element 4a to be
trimmed by in synchronism with the movement of
the stage 7 and the trimming prohibition signal B
by means of the common clock signal of a clock
circuit 131 in the operation control unit 13.

Hereafter, timing in the trimming operation for
the thermal print head is elucidated with reference
to the accompanying drawing of FIG.2. FIG.2
shows the thermal print head which is in contact
with the probe electrode 6, and shows waveforms
of the timing for the frimming operation. The upper
part (a) of FIG.2 shows a sectional side elevation
view of the thermal print head on the stage 7, the
middle part (b) thereof shows a waveform indicat-
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ing the position state of the probe elecirode 6, and
the lower part (c) thereof shows a waveform of the
timing for applying the pulse signal for the trim-
ming operation. An interval L1 denotes the interval
of contacting of the electrode 6 with the individual
electrodes 3, and an interval L2 denotes the inter-
val of non-contacting, that is breaking state wherein
the probe electrode 6 is not in contact with any
individual electrode 3. As shown in the waveform
(c) of FIG.2, a few pulses for trimming are applied
to the individual electrode 3 during each contacting
interval L1. The probe electrode 6 traverses be-
tween the individual electrodes 3 during an interval
time T4. As shown in FIG.2, each individual elec-
trode 31, 32, 33, 34 is precisely arranged to have a
predetermined interval (L1+1L2) therebetween. In
case that two individual electrodes 31, 34 are con-
nected to the heating resistor elements 4a to be
trimmed respectively, a few pulses are applied to
the individual electrodes 31, 34 through the probe
electrode 6 after elapse of a delay time T1 from
contacting of the probe electrode 6 with the individ-
ual electrode 31 or 34. And, the few pulse having
pulse duration of below several usec are applied
during a time T2. Consequently, the predetermined
pulse signal is applied to the heating resistor ele-
ments 4a to reduce the resistance thereof.

In the above-mentioned circumstance, a rela-
tive velocity V of the probe electrode 6 for scan-
ning the thermal print head satisfies the condition
which is shown by the following equations:

V=(L1+L2)/T (1),

where
T=(T1+T2+ T3 +T4) (2),
and

Vx (Tl +T2)<Ll (3).

The trimming operation for the heating resistor
4 has been finished when the few pulses having a
predetermined voltage for trimming are applied to
the individual elecirode 31. Then, the thermal print
head on the stage 7 is automatically slid to contact
between the probe electrode 6 and next individual
elecirode 34 which is connected io the heating
resistor element 4a to be trimmed. The predeter-
mined pulse signal for the trimming operation is
applied to the individual electrode 34 through the
probe elecirode 6 when the delay time T1 elapsed
from the contact of the probe electrode 6 with the
individual electrode 34. The voltages of the two
predetermined pulse signals, which are to be ap-
plied to the two individual electrodes 31 and 34,
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may differ from those of the heating resistor ele-
ments 4a. The voltages of the pulse signals, which
are to be applied to the heating resistor elements
4a to be trimmed, may be set at different resis-
tance to make proper resistance of the heating
resistor elements 4a.

In case that each interval (L1+L2) of the in-
dividual electrodes 3 is set at 100um length for
printing to a thermosensible paper of A4 size, the
delay time T1 is preferably to be set from 2 to 4
msec, and the applying time T2 is preferably to be
set from 1 to 3 msec. Each of the heating resistor
elements 4a may be partly frimmed by application
of one pulse in a pulse signal, and the heating
resistor elements 4a can be entirely trimmed by
three pulses. In the above-mentioned case that the
interval (L1+L2) is set at 100um length, time for
fotal trimming made by applications of various
pulses in turn takes 30 sec. or less, to finish the
trimming operation according to our experiment.
Therefore, resistance of the heating resistor 4 can
be trimmed in a short time. In other words, the
trimming operation is executed at such a high
speed as ten times faster in comparison with the
conventional one according to our experiment, be-
cause the pulse signal for the trimming operation
can be applied during the while the probe elec-
trode 6 is relatively scanning on the thermal print
head.

Apart from the above-mentioned embodiment
wherein one set of the probe electrode 6 is pro-
vided in the thermal print head trimming apparatus,
a modified embodiment may be such that a plural-
ity of probe electrodes, which are controlled by
individual pulse signal, are provided so as to be
scanned at parallelly the same time for executing
the more fast trimming operation.

In the above-mentioned embodiment, the trim-
ming operation is executed on the basis of the
previously detected data which shows the resis-
tance of the heating resistor elements 4a for in-
dicating dots. In another modified embodiment, a
target value of the desired resistance would have
been previously set at a constant value. The actual
resistance of the heating resistor element 4a is
measured by scanning the probe electrode in the
above-mentioned delay time T1 shown in FIG.2. If
the detected actual resistance differs much from
the predetermined target value, the heating resistor
element for indicating a dot is decided to be
trimmed to trim the resistance of the heating resis-
tor element. And, the heating resistor of the thermal
print head can be trimmed in the subsequent ap-
plying time T2 as shown in FIG.2.

Scanning of the prove electrode 6 of the ther-
mal print head trimming apparatus is elucidated
with reference to the accompanying drawing of
FIG.3. FIG.3 is a partial cutaway view showing a
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part of the thermal print head of the embodiment in
accordance with the present invention. Referring to
F1G.3, a common electrode 2, which is connected
to the D/C power supply 12 of FIG.1, and plural
individual electrodes 3, which should be contacted
with the probe electrode 6, are printed on an in-
sulated substrate 1. The heating resistor 4 is
formed on and between the common electrode 2
and the plural individual electrodes 3. Consequent-
ly, the heating resistor 4 is divided electricaily into
a plurality of heating resistor elements 4a for in-
dicating dots. The upper surface of the heating
resistor 4 is protected by a protective layer 5 of
glass or the like. Probe contact portions 31a, 32a,
33a, 34a, 35a are configured in the individual elec-
frodes 31, 32, 33, 34, 35 respectively, as shown in
FIG.3. And individual electrode terminals 31b, 32b,
33b, 34b, 35b are also configured at the end parts
of the individual electrodes 31, 32, 33, 34, 35,
respectively.

The individual electrodes 31, 32, 33, 34, 35 are
arranged to have short intervals therebetween, be-
cause integrated circuits (IC) need to be mounted
on the thermal print head, and the thermal print
head is manufactured by known tape-automated
bonding (TAB). Therefore, the below-mentioned
method is effective for scannings along the individ-
ual electrodes 31, 32, 33, 34, 35 in iwo ways
shown by an arrow A and an arrow B in FIG.3.

One way (of arrow A) of scanning by the probe
electrode 6 is arranged to transversely across the
probe contact portions 31a, 32a, 33a, 34a, and 35a.
Consequently, the individual electrodes 31, 32, 33,
34, 35 can be scanned by the probe electrode 6
which is relatively slid by utilizing a low precise
positioning system, because each probe confact
portions 31a, 32a, 33a, 34a, 352 are arranged to
have wide face and uniform intervals therebetween.
And the heating resistor 4 of the thermal print head
can be stably and accurately trimmed by the ther-
mal print head trimming apparatus in accordance
with the present invention.

In case of a thermal print head having 8 dots
per mm for recording paper of A4 size, the pitch
interval (L1+L2 of FIG. 2(b)) of the row of the
above-mentioned probe contact portions 31a, 32a,
33a, 34a, 35a can be made so long as 125um
length. And, the contacting intervals (L1) of the
probe contact portions 31a, 32a, 33a, 34a, 35a can
set so long as 100um or more. Therefore, the
probe contact portions 31a, 32a, 33a, 34a, 35a are
formed to have wide face for contacting the probe
electrode 6, thereby enabling stable and certain
application of the pulse signal for trimming.

The other way (of arrow B) of scanning by the
probe electrode 6 is arranged to fransversely
across the individual terminals 31b, 32b, 33b, 34b,
and 35b. Consequently, each heating resistor ele-
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ments 4a of the heating resistor 4 can be more
precisely trimmed to have uniform resistance, be-
cause each resistance of wiring of the individual
electrodes 31, 32, 33, 34, 35 are taken account in
executing the trimming operation.

Apart from the above-mentioned embodiment
wherein the scanning ways are arranged paraliel to
the direction of the arrangement of the heating
resistor 4, a modified embodiment may be as
shown in FIG.4, such that two scanning ways,
which are shown by an arrow C and an arrow D in
FIG.4, are arranged to be at right angles to the
direction of the arrangement of the heating resistor
4. And further, the two scanning ways can be
executed by iwo probe electrodes individually at
the same time, so that the trimming operation is
executed more speedy than the above-mentioned
embodiment.

The following is an explanation of a scanning
method for relatively sliding the probe elecirode 6.
It is the speedy scanning method for relatively
sliding the probe electrode 6 that the thermal print
head on the stage 7 is moved in one direction at a
constant velocity to make a contact between the
probe electrode 6 and each individual electrode 3.
The scanning method is effective for scanning the
thermal print head in the afore-mentioned scanning
ways shown with the arrow A and the arrow B in
FIG.3.

In the above-mentioned scanning ways shown
with the arrow C and the arrow D in FIG.4, the
thermal print head held on the stage 7 must be
moved in the directions of up and down of FIG.4
during trimming for every block of the gathered
individual electrode terminals 131b, 132b, 133b
and 134b, 135b, 136b in order to make scanning
contact between the probe electrode 6 and each
individual terminal 131b, 132b, 133b, 134b, 135b.

There is ancther scanning method of stepwise
scanning. The stepwise scanning is effective in
case that number of the heating resistor element
4a to be trimmed is not large. In the stepwise
scanning, the probe electrode 6 is moved at a very
high-speed between the probe contact parts in
comparison with the above-mentioned uniform
speed moving examples. And, the probe electrode
6 may be stopped or moves very slowly on each
probe contact whereto the heating resistor element
to be trimmed is connected.

According to the thermal print head frimming
apparatus of the present invention, as the resis-
tance of the heating resistor in the thermal print
head can be precisely trimmed in a short time, the
thermal print head having the high-precision heat-
ing resistor can be obtained.

EMBODIMENT OF TRIMMING
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An actual example of executing the trimming in
accordance with the present invention is elucidated
with reference to the accompanying drawings of
FIGs.5 to 12. The embodiment is elucidated de-
scribing a method for trimming resistance of a
thermal print head by utilizing the thermal print
head trimming apparatus of the foregoing embodi-
ment elucidated with reference to FIG.1 through
FIG.4. Corresponding parts and components to the
foregoing embodiment are shown by the same
numerals and marks, and the description thereon
made in the foregoing embodiment similarly apply.

In the first, the principle of the method for
trimming resistance is elucidated with reference to
FIG.1 of the foregoing embodiment.

Each resistance of the heating resistor ele-
ments 4a for indicating plural dots is measured by
the afore-mentioned resistance measuring circuit
10 through the probe electrode 6. Average data of
the measured resistance are calculated by the op-
eration control unit 13, and a target value and an
allowable range of the resistance is set at a desired
value taking account of the average daia. For ex-
ample, the allowable range is set at £10% with
regard fo the target value of the resistance. In case
that the heating resistor elements 4a having the
variations of resistance as shown in FIG.5, the
heating resistor elements 4a are divided into plural
groups having different variation ranges of the de-
tected resistance. FIG.5 is a distribution graph
showing detected resistances of the heating resis-
tor 4.

For example, the plural groups of variation
range are defined as follows:

(1) +15% or more with regard to the target

value;

(2) from +10 fo +15% with regard fo the target

value;

(3) from -10% to +10% with regard to the

target value; and

{4) below -10% with regard to the target value.

Then, the heating resistor elements (indicated
by A) in the variation range (1) are trimmed to
reduce the resistance by 20% of the measured
resistance in the trimming operation. And the heat-
ing resistor elements (indicated by D) in the vari-
ation range (2) are trimmed fo reduce the resis-
tance by 10% of the detected resistance. As a
result, distribution of the resistances of the whole
heating resistor elements 4a becomes as shown in
FIG.6. FIG.6 is a distribution graph showing the
trimmed resistance of the heating resistor 4. The
trimming operation is performed by applying the
high-voltage (ab. 150V) pulse signal to the target
heating resistor element as the afore-mentioned
embodiment.

In the above-mentioned state, if the heating
resistor element (indicated by ) which is included
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in the variation range of +30% or more with regard
to the target value exists, the heating resistor ele-
ment { &) are not trimmed within the allowable
range. And if the heating resisior element
(indicated by m) which is included in the variation
range below -10% with regard to the target value
exists, the heating resistor element () are not also
trimmed. Consequently, when the resistance of the
heating resistor elements are distributed within the
range between +30% and -10% with regard to the
target value, the whole heating resistor elements 4a
are trimmed within the allowable variation range
(£10% with regard to the target value) by the afore-
mentioned two-step frimming method.

On the other hand, when the heating resistor
elements 4a of the thermal print head is out of the
range between +30% and -10%, the thermal print
head may be treated as a defect product, or alter-
natively another trimming of the heating resistor
elements 4a is made by sefting a new target value
and new allowable variation range.

The following is an explanation of an actual
trimming operation in our experiment. In the actual
trimming operation, the allowable variation range is
set at £3% with regard to the target value.

FIG.7 is a partial cutaway view showing a part
of the thermal print head. As shown in FIG.7, a
common electrode 2 and plural individual elec-
trodes 3 are made of gold thick film onto the
surface of the insulated substrate 1 (e.g. a glazed
alumina substrate). And, the common electrode 2
and the individual electrodes 3, which are formed
like a comb,are formed by photolithography foi-
lowed by efching to indicate 8 dots per 1mm
length of a recording paper. The heating resistor 4,
which is made of the paste of ruthenium oxide and
glass frits, is printed and fired on and between the
common electrode 2 and the individual electrodes
3. The straight-line shaped heating resistor 4 is
divided electrically into a plurality of heating resis-
tor elements 4a. And, the upper surface of the
heating resistor 4 is protected by a protective layer
5 which is formed by printing and firing of the glass
paste.

FIG.8 is a distribution graph showing measured
resistance of the heating resistor elements 4a in
case of the heating resistor 4 having 384 dots per a
line. In the above-mentioned experiment, the cal-
culated average value in the measured resistance
of the heating resistor 4 is 32500, variations in the
measured resistance is x10% with regard to the
average value, and a variance rate (deviation of the
measured resistance against average of the resis-
tance) is 0.03.

FIG.9 is a graph showing relations between a
change rate of the resistance and applied-voltage
of the pulse for trimming, while the pulse having
the pulse duration of about 1usec. is applied to the
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heating resistor elements 4a to be trimmed. As
shown in FIG.9, when the pulse having voltage of
120V is applied to the heating resistor element 4a,
the resistance is reduced by 90% of the measured
resistance.

In case that the whole resistance of the heating
resistor elements 4a are trimmed within £3% with
regard to the target value by utilizing the char-
acteristic of the heating resistor 4 shown in FIG.9,
the target value of the thermal print head having
variations of the resistance shown in FIG.8 is set at
the resistance of 3100Q. The tfarget value is de-
cided to include the lowest value of the measured
resistance within *3% with regard to the target
value. The heating resistor elements 4a are divided
into the following four groups:

(1) from -3% to +3% with regard to the target
value;

(2) from +3% to +5% with regard to the target
value;

(3) from +5% to +10% with regard to the
target value; and

(4) from +10% o +20% with regard to the
target value.

Then, the heating resistor elements (33 dots) in
the above-mentioned variation range (1) are not
trimmed to reduce the resistance. The trimming
operation is executed to the heating resistor ele-
ments (86 dots) in the variation range (2), by ap-
plication of pulses of the voltage of 80V of the
pulse, thereby to reduce the resistance by 4%.
Pulses of voltage of 105V is applied to the heating
resistor elements (155 dots) in the variation range
(3) to reduce the resistance by 7%. By application
of pulses of voltage of 120V to the heating resistor
elements (10 dots) in the variance range (4), the
resistance is reduced by 10%. FIG.10 is a distribu-
tion graph showing the resistance of the heating
resistor 4 which has been trimmed by the above-
mentioned trimming operation. As shown in FIG.10,
the whole heating resistor elements 4a are trimmed
to the resistance variation within 3% with regard
to the target value (31009).

In order to trim the resistances so that the
whole resistance of the heating resistor elements
4a have variations of the resistance of FIG.8 within
+5% with regard to the target value, the target
value is set at the resistance of 31709, and ihe
heating resistor elements 4a are divided into the
following three groups:

(1) from -5% to +5% with regard to the target
value;

(2) from +3% to +10% with regard to the
target value; and

(3) from +10% to +20% with regard to the
target value.

Then, the heating resistor elements (297 dois)
in the above-mentioned variation range (1) are not
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trimmed to reduce the resistance. The trimming
operation is executed to the heating resistor ele-
ments (84 dots) in the variation range (2), by ap-
plication of pulses of the voltage of 105V of the
pulse, thereby to reduce the resistance by 7%. By
application of pulses of voltage of 120v to the
heating resistor elements (3 dots) in the variation
range (3) the resistance is reduced by 10%. FIG.11
is a distribution graph showing the resistance of the
heating resistor 4 which has been trimmed by the
above-mentioned trimming operation. As shown in
FIG.11, resistances of the whole heaiing resistor
elements 4a are trimmed fo the resistance variation
within £5% with regard to the target value (31709).

FIG.12 is a flow chart showing the trimming
operation of the second embodiment in accordance
with the present invention. In FIG.12, N denotes the
number of the divided groups, such as 4 or 3 in the
above-mentioned experiments.

In step 100, the whole resistances of the heat-
ing resistor elements 4a are measured. The heating
resistor elements 4a are divided into N groups
each having the afore-mentioned variation ranges
of the detected resistance, in step 101. The voltage
of pulse is set at an appropriate value to trim the
resistance within allowable variation range in step
102. In step 103, the afore-mentioned trimming
operation is executed o the heating resistor ele-
menis 4a in the group | (I =1 to N), and the flow
goes to step 104. CPU in step 104 judges whether
any other group to be trimmed exists or not. When
another group exists, it refurns to step 102. On the
contrary, when any other group does not exist, the
trimming operation has been finished.

According to the present invention, since the
heating resistor elements in a line are trimmed with
the trimming operation at a stretch, the required
time for the trimming operation can be shortened
drastically. According to our experiment, the trim-
ming operation is execufed as thirty times quick as
the speed of the velocity that the conventional
trimming operation.

In the above-mentioned experiments, the num-
ber (N) of the divided groups for the trimming
operation was set at 4 or 3. However, the number
(N) is preferably set at 10 or below, so that the
trimming operation is executed at iwice or triple
high speed in comparison with the conventional
one.

Although the present invention has been de-
scribed in terms of the presently preferred embodi-
ments, it is to be understood that such disclosure
is not to be interpreted as limiting. Various alter-
ations and modifications will no doubt become ap-
parent to those skilled in the arts after having read
the above disclosure. Accordingly, it is intended
that the appended claims be interpreted as cover-
ing all alterations and modifications as fall within
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the true spirit and scope of the invention.
Claims

1. A thermal print head trimming apparatus com-
prising:

a power supply circuit for generating volt-
age of pulse signal for trimming operation;

a resistance measuring circuit for measur-
ing resistance of a heating resistor;

a movable stage control unit for moving a
movable stage holding thereon a thermal print
head relatively with a probe electrode; and

an operation conirol unit for controlling
said power supply circuit, said resistance mea-
suring circuit and said stage control unit.

2. A thermal print head trimming apparatus in
accordance with claim 1 wherein
said operation control unit has a clock cir-
cuit for commonly synchronizing said power
supply circuit and said stage control unit.

3. A thermal print head comprising;

a common selectrode which is formed on a
substrate;

individual electrodes which are formed on
said substrate and have electrode terminals
and probe contact portions for contacting a
probe elecirode; and

a heating resistor which are formed on and
between said common electrode and said in-

dividual electrodes to slectrically connect
therebetween;

a protective layer which covers said heat-
ing resistor.

4. A method for trimming resistance of a thermal

print head comprising steps of

dividing heating resistor elements into pre-
determined groups based on resistance data of
said heating resistor elements, and

applying pulse signal of a predetermined
voltage to each group for trimming resistance
of the thermal print head.

5. A method for trimming resistance of a thermal
print head in accordance with claim 4 wherein
said application of pulse signal during a
scanning of a probe electrode on individual
electrodes formed on a subsirate, {0 electri-
cally connected io said heating resistor ele-
ments covered by a protective layer.

6. A method for frimming resistance of a thermal
print head in accordance with claim 5 wherein

said application of pulse signal are made

at the same time as the scanning on said
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individual electrodes.

A method for trimming resistance of a thermal
print head in accordance with claim 5 wherein

said application of pulse signal is made
only to those heating resistor elements which
have resistance exceeding the predetermined
range, after measuring resistance of the whole
heating resistor elements of said thermal print
head.

A method for trimming resistance of the ther-
mal print head in accordance claim 5 wherein

said probe electrode scans in a stepwise
scanning.

A method for trimming resistance of the ther-
mal print head in accordance with: claim 4
wherein

said dividing of said heating resistor ele-
ments is made after measuring resistance of
the whole heating resistor elements of said
thermal print head,

said application of pulse signal is made fo
each group except that which includes the
lowest resistance ‘'value, thereby to trim the
resistance of the whole heating resistor ele-
ments to the lowest resistance value.
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