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This invention relates in peneral to printing and re-
lates more particularly to methods and apparatus for
printing on heat scnsitive media.

There are numerous applications where it is desired
to perform relatively high speed printing operations on
some type of heat sensitive printing medium.  One of
such applications, for example, arises in connection with
the printing of output data from a data proccssing sys-
tem. The use of a dry, heat sensitive paper for such
ocutput printers has many desirable features, such as the
elimination of the need for any fluid developing or
other processing of the paper. However, such heat sensi-
tive papers have the disadvantape that they are relatively
slow actling, thus tending to decrease the printing tate
obtainable. One of the factors which tends to slow the
printing rate of such heat sensitive papers is the fact
that after heating of a discrete arca of the heat sensitive
paper for printing therean, the heated imprinting mech-
anism must be either removed from the paper or cooled
in somc manner prior to movement of the paper, to pre-
vent undesired blurring of arcas of the paper between
the characters to be printed.

Broadly, the present invention contemplates methods
and apparatus for printing on heat sensitive media, in
which the Peltier effect is utilized 1o produce a
cooling of the mechanism performing the printing
operation.  The Peltier effect is a thermoelectric ef-
fect exhibited in circuits containing two dissimilar metals
which have two junctions through which a current flows,
The currrent flow produces a thermoelectric heating at
onte of the junctions and a thermoelectric cooling or ab-
sorption of heat at the other juncticn, and the thermo-
electric henting and cooling is reversible upon reversing
the dircction of current flow. In the present invention
the Peltier effect is utilized by providing a printing mech-
anism having portions of dissimilar thermoelectric met-
als or alloys connected together electrically so as to form
two junctions. One of these junctions is positioned on
or closely adjacent the area of the heat sensitive me-
dium to be imprinted, and a current is supplied through
the thermocouple in a predetermined direction to gen-
erate heat at this junction. This generation of heat pro-
duces the desired printing on the hest sensitive medium
adjacent the junction. Upon completion of the desired
heating, the current through the bi-metallic device is re-
versed in direction, so that thermoelectric absorption of
heat now takes place at the junction adjacent the heat
sensitive medium as a result of the reversal of current
flow through the bi-metallic element. This cooling re-
duces the temperature of the junction in the arca adja-
cent the heat sensitive medivm below the temperature
required to produce printing on the medium, Thus, this
cooling effect permits the medium to be moved relative
to the printing mechanism to position the medium for
printing the next character or other indicia, without pro-
ducing a blurring on the medium between separate char-
acters. The current reversal through the bi-metallic cle-
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ment to preduce the alternate heating and cooling of the
element may be produced by any suitable means. For
example, by supplying a single cycle of alternating cur-
rent to the bi-metallic element, thermoclectric heating of
one junction is produced during the first half cycle of
the current flow, and thermocicetric cooling of this june-
tion results upon reversal of the current flow for the
second half cycle of the current pulse.

It is thercfore nn object of the present invention to
provide improved mecthods and apparatus of printing on
heat sensitive media.

It is a further object of the present invention to pro-
vide methods and apparatus for printing on heat sensi-
tive media utilizing the Peltier effect to produce thermo-
electric cooling of the printing mechanisa.

It is an additional object of the present invention to
provide methods and apparatus for printing on a heat
sensitive medium in which the printing mechanism is in
the form of a bi-metallic thermocouple having a junc-
tion disposed adjacent the mediwn to be imprinted and
baving current supplied through the junction first in
onc direction, to produce heating of the junction and
printing on the medium and then in the other direction,
to produce thermoclectric cooling of the heating element.

Other objects of the invention will be pointed out In
the foillowing description and claims and illustrated in
the accompanying drawings which disclose, by way of
example, the principle of the invention and the best
mode which has been contemplated of applying that
principle.

In the drawings:

Fig. 1 diagrammatically illustrates one embodiment of
a heating device suvitable for producing printing on a
heat sensitive medivm in accordance with ihe present in-
vention.

Fig. 2 diagrammaticaily illustrates another embodi-
ment of a heating device for carrying out the present
invention.

Referring to Fig. | by character of reference, numeral
11 designates generally & heat sensitive medium on which
it is desired to produce printed information. Medium
11 may for example be a shect of heat sensitive paper
sold under the trademark “Thermofax.” Medium 11
responds to the application of heat thercto by
darkening or discoloring in the area of heat applica-
tion to produce a printed indication having the general
configuration of the hcated printing mechanism. In the
embodiment iflustrated in Fig. 1, the heating element
is in the form of a thermocouple probe having a pair of
metailic substances having thermoelectric propertics.
The probe has a first portion 12 of one metal or alloy,
a second portion 13 of a metal or alloy dissimilar to
portion 12, and a third portion 14 of a mctal or alloy
similar to that of portion 12. Teortions 12 and i3 are
electrically joined together by any suitable means such
as fusing at a first junction 16 which is positioned on
or closely adjacent the area to be imprinted on ma-
teria] 11. Similarly, portion 13 and portion 14 are clee-
trically joined at a second junction 17. The non-junc-
tioned ends of portions 12 and 14 are ¢lecrically con.
neeted by conductors I8 and 19 to a source of current
having the desired wave shape.  Such source may be,
for example, an impulse transformer 21 which is op-
crative when pulsed to produce an ocutput in the form
of a single cycle pulse. Pulse ocutput device 21 may be
under the control of a mechanism 22, which controls
the pulsing of network 21 and the conscquent printing
on medium 11.

In operation, with junction 16 disposed on or closely
adjacent heat sensitive medium 11, and with medium 11
moving past the junction 2t some suitable rate, impulse
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transformer 21 may be pulsed by network 22 to supply
a single eycle pulse of current through conductors I8
and 19 to ihe heating clement.  During the positive half
cycle of this current pulse, the current flow through the
bi-metallic element and junction 16 is in a direction to
produce thermocicctric. heating ai junction 16 and to
produce thermoelectric absorpticn of heat or cooling at
junction I7. The total heating in the vicinity of junc-
lion 16 will be a function of both the resistive or PR
heating and the thermoclectric heating of junctien 186.
The total heat generated in the vicinity of junction 16
lieats the adjacent heat sensitive medium 11 to produce
the desired printing on medium 11, Such printing may
be of any suitable configuration corresponding to the
general configuration of the area of junction 16 ex-
posed to medium 11, For example, the printing may be
in the form of dots 20 which, together with dots simul-
tancously or sequentially formed by other -heating ele-
ments similar to that illustrated, form the character 1o
be printed.

At the end of the positive half cycle of the current pulse
from transformer 21, the direction of current-flow through
junction 16 reverscs to produce a thermoclectric absorp-
tion of heat or cooling at junction 16 and a thermoelectric
heating at junction 17, in accordance with the Pclijer
ellcet.  There will, of course, still be a heating in the
vicinity of junction 16 from the I°R cffect, even though
the direction of the current flow threugh the thermocouple
is reversed. The thermoclectric cooling of junction 16
acts in epposition to the 2R heating to cool the portion
‘of the heating ¢lement adjacent medium 11, The thermo-
clectric cooling at junction 16 is of sufficient magnitude so
that the temperature of the element in this area is reduced
below that required to produce heating or printing on
medium 1. Since the temperature of the heating element
is below that required to produce printing on medium 11,
medium 11 may be moved relative to the heating clement
to position the medium for the next printing operation,
without producing a blurring or undesired printing on the
muedium in the arca between the desired printing arcas
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Any suitable pairs of metals may be utilized in con-
structing the thermocouple heating element illustrated in
the drawing. Example of pairs of metals which cxhibit
the Peltier effect when connected together in a manner
similar to that illustrated in the drawing are bismuth-

- copper, selenium-bismuth, silicon-copper, and tellurium-
copper.  Additionally, recent experimental work in semi-
conductors indicates several pairs of semiconductors which
have high thermoelectric powers and which have suffi-
ciently low resistivity to be of interest in the utilization
of the present invention. Examples of these .pairs of
semiconductors are junctions using p-type Bi;Te; with Bi,
and p-type BisTe; with n-type BigTes.

The amount of cooling produced by the thermoelectric
absorption of heat at the junction will depend primarily
upon the characteristics of the metals utilized in making
the thermocouple. Thus, the cooling will vary for differ-
ent pairs of metals, so that no absolute standards can be
set up, but the following general considerations will be
of interest in determining the general suitability of differ-
ent pairs of metals.

The total heat given off by a thermocouple junction
and the adjacent metal is:

H (watt-sec.) = (3R1+xlt) (1)

whera

R is the resistance in ohms

I is the current in amperes

? is the time in seconds

= {voits) is the Peltier coefficient for the two metals in-
volved

An examination of Equation 1 shows that the second
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term thereof must predominate for the Peltier effect to
be significant; that is,

rlt>IRRE
or
>R

This is necessitated by thie requirement that the cooling
produced by the thermocleetric absorption of heat exceed
-the heating resulting from the 2R effect in the vicinity of
e junction in order to produce an appreciable cooling.
Thus, the preferred pairs of metals used in the presenl in-
vention are those which bave a relatively low resistivity,
to limit I2R heating, and a relatively high thermoglectric
power so that the thermoelectric cooling produced by the
Peitier effect upon reversal of the current through the
junction will be significant in producing the desired cool-
-ing of the printing mechanism,

An additiona) consideration in seclecting metals for
use in the present invention is that the resisiunce of the
sthermocouple should not vary appreciably during use.
Accordingly, the usefulness of the thermocouple pair of
‘Se—DBi, whose resistance varies with light, appears iimited
-from a practical standpoint.

Fig. 2 illustrates an alternative embodiment of the pres-
-ent inveniion which provides a larger cross-sectional area
-at the second junction of the thermocouple. In Fig. 2
numeral 27 designates a generally cylindrical member of
a suitable material such as copper. Member 27 is pro-
-vided on cne end thereof with a lug portion 23 for mak-
-ing an electrical connection thereto. Member 27 has
joined thercto at its lower end a member 31 to form a
first junction 32, Member 31 may be any material, such
as bismuth, which is suitable for use in a thermocouple
with the material of member 27. The lower end of mcm-
ber 27 is preferably flush with the lower end of member
31, so that junction 32 is in contact with any material
-underlying these lower ends. Fhe upper portion of mom-
ber 31 is spaced from member 27 by a suitable elecirically
Adnsulating material 34, The second junction 36 of the de-
-vice is formed between the outer surface of member 3!
and a ring member 37 which surrounds member 31 and
which is of the same metal as member 27. Member 37
may be provided with a lug 38 for making an electrical
connection.

In operation, the embodiment of Fig. 2 operates in a
-manner similar to that described above for the embodi-
ment of Fig. 1 to produce heating at junction 32 in re-
sponse to current flow in onc direction through the thermo-
couple and then to produce thermoeleciric cooling at this
junction in response to a reversal in direction of the cur-
rent flow. It will be noted that the junction 36 is located
an appreciable distance from junction 32 so thai the
thermoelectric and /2R heating in the vicinity of junction
36 does not reduce the thermoelectric cooling produced
at junction 32, Further, junction 36 has a relatively larse
cross-sectional area so that the eurrent density through
the junction is low, thus reducing the J2R heating of this
junetion.

While there have been shown and described and pointed
out the fundamental novel features of the invention as ap-
plied 1o the preferred embodiment, it will be understood
that various omissions and substitutions and changes In
the form and details of the device illustrated and in its

§ operation may be made by those skilled in the art, with-

out departing from the spirit of the invention. It is the
intention, thercfore, to be limited only as indicated by
the scope of the following claims.

What is claimed is:

1. Apparatus for alternately heating and cooling a spe-
.cific arca of a medium within a relatively short time com-
prising a probe having a first and a second thermoelectric
junction, said first junction being disposed in heat-conduct-
ing relation to said area to be heated and said second
junction being disposed away from said first junction, and
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