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This paper describes a new high-quality thermal
transfer printing process in which a printhead
consisting of a linear array of small-diameter
electrodes produces highly localized Joule
heating of a resistive thermal transfer printing
ribbon. The heat generated in the resistive
ribbon results in the melting of a thermoplastic
ink which is then transferred to a printable
medium, such as paper, by contact. The origins
of the technology in IBM are discussed, together
with a description of the resistive ribbon
materials and structure, the printhead, and some
experimental printer performance values.

Introduction

The continuing and rapid evolution in the capabilities and
cost/performance of office systems has resulted in an
increased emphasis upon providing higher function in the
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output devices. In particular, in the area of printing
technologies, there is a major trend toward providing
increased function and improved reliability in the printer
through the use of microprocessors and newer nonimpact
printing technologies. The advent of the low-cost
microprocessor technology, of course, allows these devices to
be gainfully employed in many ways, from providing
improved human factors at the printer interface to
monttoring machine performance and, in some cases, being
the means by which a technology is raised to a level at which
it can be practically used in printing applications.
Nonimpact printing technologies are also experiencing
considerable growth in their use. This increased interest can
be attributed primarily to the improved cost/performance
and functional capabilities offered by some of these
technologies. In particular, the high-speed, low-noise
operation of these printers is also augmented by their
capability of providing additional printing functions such as
multifont and halftone image printing. Although these latter
“image” or all-points-addressable printing functions are
characteristic of most matrix printing technologies, the
nonimpact printing technologies typically offer higher
resolution, higher quality, and higher reliability. Further, the
rapidly improving cost/performance available in office
systems and microprocessors is providing additional impetus

for the development of improved nonimpact printing 449
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(a) Thermal transfer printing. The electrical Joule heating of a trans-
fer ribbon with small thin film resistors results in local transfer of
ink from the ribbon to the paper. (b) Laser transfer printing. Optical
absorption of laser beams focused onto the back of the ribbon
results in controlled transfer of ink to the paper.
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technologies, since these improvements are resulting in a
rapid decrease in the costs associated with handling images
and composing and printing pages with multiple fonts. Some
of the characteristics which are desirable in inexpensive low-
end computer output and word processing printers are the
following:

1. Print quality equivalent to that of engraved-character
printers—at least 240 X 240 pel/inch resolution
capability;

. Low electrical power;

Low noise;

. High reliability;

. Small and/or low profile;

. Electronically changeable fonts and pitch;

Color;

. Medium- to high-speed printing capabilities;

. High-quality printing independent of paper substrate,
and specifically on bond paper;

10. All-points-addressable “image” printing capabilities;

11. Acceptable supply costs.
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One of the nonimpact printing technologies that has been
receiving increased interest in recent years is thermal transfer
printing, in which printing is achieved by transferring ink
from a ribbon or other supporting structure to paper by local
heating of the ribbon. The inked ribbon is held in contact
with, or in close proximity to, the paper substrate during the
printing process, and various methods of locally heating the
inked support or ribbon have been employed [1-4]. The two
best-known methods for heating the ribbon structure are

1. Electrical Joule heating of small thin film resistors or
silicon devices in contact with the back of the ribbon
[Figure 1(a)].

2. Optical absorption of laser beams focused onto the back
of the ribbon [Figure 1(b)].

In the former process, which is employed in many
commercially available printers, the local heating results in
the melting of a wax-based ink which then transfers to a
paper substrate held in intimate contact with the ribbon. In
the latter case, which is at present restricted to special
applications, the transfer of the ink to the paper has been
achieved either by melting of a wax-based ink, as described
above, or by sublimation of dyes from the ribbon and their
subsequent deposition on a printing substrate. In the latter
case, transfer, and hence printing, has been achieved with the
ribbon merely in close proximity to the substrate [4].

The thermal transfer printing processes described above
have exhibited several disadvantages. For instance, quality
printers that employ thin film heaters and similar devices
typically operate at relatively low speed due to the
excessively long thermal cycle times associated with the
heating elements. In order to minimize the problems
associated with long thermal cycle times, the thermal
transfer inks used are typically wax-based or other relatively
low-melting-point inks which are also prone to pressure or
contact transfer. These restrictions have resulted in thermal
transfer printers that produce a print quality highly
dependent upon the type of paper substrate used. The
electrical power required, desired printing speeds, size, etc.,
usually preclude the use of laser transfer technology in low-
end, low-cost printers. On the other hand, the ribbon supply
costs usually render laser transfer printing technology
noncompetitive for high-speed printing applications in all
but the most specialized circumstances.

In this paper we describe a new nonimpact thermal
transfer printing technology, resistive ribbon printing (RRP)
[5-7], which eliminates most of the problems associated with
the thin film heater and laser transfer printing processes. The
resistive ribbon printing technology satisfies virtually all of
the characteristics described earlier as being desirable in a
low-end printing technology. For instance, it yields high-
quality “engraved” printing on bond and other papers while
also having relatively low power requirements (<3.0 J /sz)_
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Also, the RRP technology is a nonimpact, and therefore a
noise-free, printing process. The inherent simplicity of the
RRP process provides high printer reliability, while its
electrically addressabie matrix printing characteristics allow
both electronically changeable fonts and pitch as well as all-
points-addressable “image” printing. Further, color printing
has been demonstrated with the aid of special RRP ribbons.
Printing speeds in excess of 450 characters per second (cps)
have been achieved in special experimental printer
configurations (cf. ®*QUIETWRITER Printer, 40-50 cps).
Theoretically, since there is no observable reciprocity failure,
the RRP technology is capable of even higher printing
speeds.

Resistive ribbon process

The basic concept underlying the RRP technology required
the development and use of both special printing media and
special printing heads for selectively transferring ink from
the special media to the paper.

In particular, and of special interest, were printing ribbon
media that were conductive and which could therefore be
subjected to highly localized heating by the passage of an
electrical current through the conductive medium. The
highly localized heating of the ribbon was achieved by
tailoring the electrical contact to, and electrical properties of,
the conductive/resistive ribbon. For instance, localized
heating of the ribbon was obtained by employing an
asymmetrical electrical contacting structure consisting of a
printhead with an array of small-area “printing” electrodes
and a large-area “return” electrode (see Figure 2). The high
current densities that arise in the neighborhood of the print
electrode during an applied voltage/current pulse produce
intense local heating in the neighborhood of the printing
electrode. Conversely, since the current densities vary rapidly
and are approximately inversely proportional to the cube of
the distance from the small printing electrode, the low
current densities that occur in regions only slightly removed
from the printing electrode do not result in substantial Joule
heating of the ribbon in these regions.

In the RRP technology, the intense localized heating of
the printing ribbon results in the localized melting of a
thermally transferable polymer ink film which is coated on
the side of the ribbon opposite to that of the contacting
printhead. These melted regions of polymer ink are
consequently transferred to a paper substrate which is in
contact with the printing ribbon during the electrical
printing cycle. This controlled transfer of the polymer ink
film from the RRP ribbon to the paper substrate gives this
technology a high-quality/high-contrast printing capability.

Also, the use of the RRP technology approach results in
several other significant advantages in comparison with most
conventional thermal printing technologies. First, the RRP
technology has an inherent advantage in printing speed. This
speed advantage results from direct generation of heat in a
conductive/resistive ribbon which is in contact with the
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Schematic of an RRP print ribbon and head structure. The asym-
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paper. Since it is the ribbon and not the printhead that gets
appreciably hot, we virtually eliminate any thermal cycle
time restrictions that may be associated with the printhead.
That is to say, unlike thermal printers that employ thin film
heating elements which cannot be moved until their
temperature has fallen below the transition temperature for
printing, the RRP printhead can be moved as rapidly as
desired consistent with the voltage and current parameters
employed. The fact that the RRP technology generates heat
in the ribbon and not in the printhead also results in further
practical advantages. For instance, the elimination of the
thermal cycle times associated with the thin film printheads
of most thermal printers also allows the practical use of inks
which melt at higher temperatures than those allowed with
conventional thermal printers. As a result, resistive ribbon
printing can use inks that have improved thermal and
mechanical characteristics, namely inks that melt at higher
temperatures and inks that are not readily transferred by
simple contact at low pressures. Conventional thermal
transfer printers typically employ wax-based transfer inks
which melt at relatively low temperatures in order to
minimize thermal cycle times and maximize print speeds.
However, the material and mechanical constraints associated
with use of wax-based materials usually result in a high
dependence of print quality upon the type of paper substrate
used. Typically, thermal transfer printers that use thin film
printheads to thermally transfer ink from a ribbon to paper
also employ special smooth highly calendered papers in the
printing process, since the quality of printing degrades
severely with the use of papers with rougher surfaces. The
resistive ribbon printing technology does not suffer from
these constraints.

Other potential advantages of the resistive ribbon printing
process are related to the simplicity of the printhead
structure. For instance, RRP printers use printheads
consisting of an array of contacting small-diameter
electrodes. These printhead structures are inherently simpler
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High-quality serial character printer configurations usually employ
at least forty 25-pm-diameter electrodes situated on 100-pum
centers.

to fabricate and require fewer process steps than are required
in the fabrication of thin film and related small-area
semiconductor thermal printheads. Because of the material
and electrical constraints associated with the fabrication of
the small thermal heating elements associated with
conventional thermal printers, it is easier to fabricate a high-
resolution RRP printhead than it is to produce an
equivalently high-resolution printhead for conventional
thermal printers.

Ideally the RRP ribbon should be fabricated such that all
of the heat is generated in the ink. This approach minimizes
the thermal/electrical energy needed for printing and could
be achieved by the use of special ribbons incorporating
conductive/resistive inks in their structures [5, 6]. Practical
considerations, however, led us to concentrate our efforts on
simpler RRP ribbon structures in which the heat is generated
in a resistive ribbon substrate coated with a thin film of
thermally transferable polymer ink (Fig. 2).

Resistive ribbon and printhead structure

During the research and development phase of the RRP
technology, several printhead and ribbon configurations were
investigated. In this section we describe the characteristics of
one of the more practical configurations that emerged prior
to its emergence as the QUIETWRITER Printer. Many technical
details specific to the QUIETWRITER Printer are described
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in other papers in this issue of the IBM Journal of Research
and Development.

As shown in Fig. 2, a carbon-loaded electrically resistive
substrate 16 um thick, with bulk resistivity of approximately
0.8 ohm-cm, is contacted with an array of small, 25-um-
diameter printing electrodes. A 0.1-um layer of aluminum,
which serves as an electrical return path, is deposited on the
resistive substrate. The aluminum is in turn coated with a
4-um layer of thermally transferable polymeric ink. During
the printing process the RRP ribbon and head structure is
placed in contact with a paper or other printable substrate,
with the inked side toward the printable substrate.

When a member of the electrode array is pulsed, current
passes from the electrode into the RRP ribbon. This current
flows through the resistive carbon-loaded polymer into the
thin aluminum film and then flows towards a broad-area
return or counter electrode. The high current densities that
result immediately under the contacting print electrodes
provide intense and localized Joule heating. Sufficient heat
can readily be generated to melt the thermoplastic ink and
cause it to be transferred to a receiving sheet in contact with
the ribbon. In practice, it has been found that the printing
conditions required for printing at speeds of 50 characters
per second can be obtained by addressing each of the 25-um
printing electrodes with 26-mA, 12-V electrical pulses.
Under these printing conditions, the RRP ribbon structure
and 25-um print ¢lectrode array described above result in
printed spot diameters of approximately 100 um (240
pel/in.).

High-quality serial character printer configurations usually
employ at least 40 25-um-diameter electrodes situated on
100-um centers {Figure 3). Characters are generated by
appropriately pulsing the electrodes in the array as the
printhead sweeps across the ribbon. It should be noted that,
in general, the best-quality character printing is obtained by
switching the electrodes on and off at the beginning and end
of character segments rather than by printing individual pels.
A photomicrograph of the uppercase character A printed by
this means of addressing the electrodes is shown in Figure 4.
The regions where the electrodes were turned on and off are
readily identified in this picture. This method of addressing
the printing electrodes results in higher-resolution printing
capabilities in the horizontal direction than in the vertical
direction; 240 x 480-pel/in. printing is readily achieved with
this approach.

Properties of resistive polymer substrate
materials

The fabrication of a suitable resistive substrate involved the
evaluation of many polymers, conductive pigment particles,
solvents, and casting or coating techniques. Relatively early
in the printer development and materials evaluation
program, it was determined that the resistive ribbon
substrate must satisfy the following requirements:
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a. It should be electrically resistive to result in adequate
Joule heating when the print electrodes are addressed.

b. It should be mechanically self-supporting to avoid
handling problems and thermal inefficiencies.

¢. It should be physically strong to be able to withstand the
physical stresses imposed upon the ribbon during the
printing process by the localized thermal heating in
combination with the mechanical stresses associated with
the ribbon-handling mechanisms,

d. It should be thin (25 xm) to allow sufficient RRP ribbon
to be conveniently packaged in a smalil ribbon cartridge.

e. It should have smooth surfaces to ensure good electrical
contact with the ribbon and thereby avoid the arcing or
hot spot generation and subsequent ribbon breakage that
can occur with rough surfaces. Since smooth ribbon

surfaces minimize the development of hot spots as well as

printhead-to-ribbon friction, they result in a tendency to
produce less “head fouling” due to transfer of ribbon
material to the printhead during the printing cycle.

Some of the polymers evaluated during these studies
included polysulfone, poly(2,6-diphenyl phenelene
oxide)polyvinylidene fluoride, silicone, cellulose acetate
polyesters, polyurethanes, polyimides, and polycarbonates.
Of these materials, polycarbonates [8, 9] were found to
possess the closest match to the desired materials properties
outlined above.

Various methods of forming the resistive polycarbonate
ribbon were investigated. It was found that extrusion
techniques were not suitable for making the RRP ribbons at
the desired thicknesses and carbon loadings. Attempts to
cast-coat a polycarbonate/conductive pigment dispersion
onto a ®*Teflon [10] substrate using dichlormethane as the
solvent for the dispersion were unsuccessful because the
dispersion would not wet the Teflon. Cast-coating onto
polyethylene gave improved results; however, ®Mylar [10]
was the final material of choice for the coating surface. It
was found that the polycarbonate/conductive pigment
dispersion could be readily coated onto the Mylar, and after
drying (and shrinking) the resulting resistive ribbon substrate
could be easily delaminated and removed from the Mylar
cast-coating substrate. Although the resistive ribbon surface
in contact with the Mylar is smoother than the free “air”
surface, this coating process made both surfaces of the
ribbon sufficiently smooth to allow subsequent ribbon
processing steps to be carried out.

Following considerable testing with conductive particles
and pigments, it was determined that electrically conductive
carbon black, in particular ®*Cabot XC-72 [11], was a
suitable conductive pigment. The appropriate pigment
loading conditions were determined from consideration of
the electrical resistivity as well as the physical strength
requirements. It was found that carbon loading of 25-30%
by weight resulted in bulk resistivities of the polycarbonate
resistive ribbon of 0.96-0.38 ohm-cm. Further, from
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A photomicrograph of the uppercase character “A” printed by the
resistive ribbon printer using the matrix electrode head and address-
ing the electrodes in a pulse width modulation mode. It can be seen
that this results in improved horizontal character resolution, with a
resulting appearance that is superior to normal matrix or “*spot”
printing.

Table 1 Typical physical properties of resistive ribbon media.

Tensile strength at break 6500 psi
Elongation 5%
Modulus of elasticity 3% 10* Pa
Sheet resistivity 400 @/0

dynamic and static stress tests it was determined that a
thickness of 14-16 um with 28% loading of carbon resulted
in optimum ribbon performance. Typical physical
characteristics of the resistive ribbon are shown in Table 1.

e Properties of the conductive interlayer

The thin conductive interlayer serves two major purposes.
First, it acts as an electrical return path of low resistivity.
Second, it serves to “focus” the current, since the lowest-
resistance path from the print electrode to the return
electrode is directly through the ribbon and then via the
conductive aluminum interlayer to the return electrode. The
presence of the conductive interlayer therefore reduces the
current spreading immediately beneath the print electrode.
This “focusing™ of the current in turn results in improved
print resolution due to the improved localization of the
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Joule heating that takes place beneath the print electrodes.
Several conductive materials were evaluated for use as the
return path conductive interlayer. Some of the most
thoroughly investigated materials were graphite, copper,
gold, and aluminum. These materials were deposited on the
resistive polymer by several means including mechanical
buffing, electroless deposition, and vacuum evaporation. The
best results to date have been achieved with vacuum-
evaporated aluminum. The reasons for the improved
performance of an evaporated aluminum interlayer are not
completely understood at this time. The present results
suggest that part of the improved performance is related to
the formation of a native aluminum oxide film
approximately 4 nm thick at the boundary between the
aluminum and the resistive polymer substrate. It is thought
that an electrical breakdown in this layer results in a
combination of 1) increased heat generation directly at the
aluminum/polymer interface and 2) focused current flow in
the regions of the oxide where electrical breakdown has
taken place [12]. As a result of these effects, it has been
observed that printing takes place at slightly lower energies
with aluminum than with copper or gold interlayers.

The optimum thickness of the aluminum layer is
approximately 100 nm. Thinner aluminum layers tend to
lose continuity when subjected to the shear stress present in
the ribbon during printing. Further, aluminum layers
substantially thinner than 100 nm present considerable
resistance in the return path and experience considerable
Joule heating during the simultaneous firing of all the print
electrodes on a 40-electrode high-quality printhead. The
heating that takes place in the aluminum film under these
conditions can result in plastic flow of the polymer layer and
subsequent breakage of the ribbon. Aluminum film
thicknesses greater than 100 nm appear unnecessary at the
low print velocities present in a S0-cps printer. With
adequate mechanical ribbon strength, an increased
aluminum thickness serves only to increase the required
print energy while also tending to reduce the print
resolution,

Properties of the thermotransferable ink layers
Wax-based inks were used during the initial feasibility tests
of the resistive ribbon printing technology. These inks
transferred and gave good printing at low print energies.
However, these inks also transfer when subjected to
mechanical friction or pressure between the ink carrier and
the print receptor. In order to overcome these problems
associated with wax-based inks, thermoplastic-based inks
[13] were substituted.

If the polycarbonate substrate is subjected to too much
heat, it softens; this can result in the polymer, together with
its conductive carbon particles, being transferred to the print
electrodes. The continuing buildup of debris upon the print
electrode eventually results in a considerable reduction in
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print quality. For these very practical reasons it is necessary
that the melting temperature of the thermoplastic ink resin
be considerably lower than the glass transition temperature
of the polycarbonate substrate (150°C).

During the early phases of the RRP ribbon development,
W. Crooks and W. Weiche studied several of the materials
parameters necessary for the development of a suitable
thermoplastic ink, identifying several suitable candidates
which produced high-quality printing. Several of these
materials were later studied in greater depth and the
materials parameters further refined so as to obtain
additional improvements in performance. In particular, J.
Tsay and D. Shattuck have studied the ink transfer
mechanisms, including the dynamics of the transfer process
and materials parameters necessary for obtaining high-
quality printing. This latter work will be reported in a
subsequent publication.

In the early phases of thermoplastic ink development, it
was necessary to place considerable emphasis upon the
selection of thermoplastic materials. The thermoplastic inks
had to meet the basic physical and thermal requirements for
print ribbon operation. It was also required that the ink
coating process be chemically and physically compatible
with the other materials components and processes used in
the fabrication of the ribbon. In particular, emphasis was
placed upon the selection and refinement of the following
materials parameters of the ink: 1) melting temperature, 2)
viscosity and flow properties, 3) adhesion to the substrate, 4)
flexibility, 5) carbon loading, 6) optimum film thickness, and
7) permissible coating and process solvents. For coating of
the thermoplastic ink, a solvent/polymer system was
required that could be applied to the aluminum surface of
the aluminized polycarbonate ribbon without affecting the
integrity of the substrate. The polyimides ®Versamid 940
and 950 [14] were found to provide satisfactory thermal/
thermoplastic polymer properties. Loading this polymer with
8% carbon and coating it on the polycarbonate ribbon to a
thickness of 4 um resulted in a ribbon with excellent print
quality characteristics. Although several solvents are
adequate for use in the ink coating process, isopropyl alcohol
gave very satisfactory results and did not tend to soften the
polycarbonate substrate during the coating process. Typical
electrical driver requirements per print electrode for the
resulting RRP ribbons were 26 mA at 12 V printing 10-pitch
at 40 cps, which corresponds to a printhead velocity of
4 in./s.

Similar results were obtained by substituting a polyketone
resin for the Versamid polyimide in the ink formulation
described above.

Printhead materials and structure

Much of the early work in developing the RRP ribbon, with
its carbon-loaded polycarbonate substrate, was done using a
single wire print electrode. In order to satisfy print speed and
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quality requirements to meet the objectives of a low-end,
high-quality computer output or word processing printer, it
was necessary to design and test multielectrode printheads.

Several materials and materials-processing techniques
were investigated for use in the fabrication of printheads.
After a relatively exhaustive study, tungsten was found to be
superior to stainless steel, copper, molybdenum, and other
metals. It was also observed that a 25-um-diameter electrode
resulted in the printing of approximately 100-um spots (240
pel/in.). This resolution was considered the minimum
necessary to meet the objectives of letter-quality printing,.

During the initial phases of experimentation, excellent-
quality printing was achieved with 40-wire printheads that
were fabricated by painstakingly stringing tungsten wires in a
special fixture and then potting the resulting wire electrode
array in RTV resin [15]. These printheads were adequate for
further refining and understanding the capabilities of the
resistive ribbon printing process. However, it was felt that
the fabrication techniques were too costly for use in large-
scale manufacturing processes. For this reason, several head
fabrication techniques that were more amenable to batch
processing and similar manufacturing approaches were
investigated. For instance, thin film heads were fabricated by
depositing the metallic electrode material onto a ceramic
substrate using an appropriate deposition mask. These
approaches, however, resulted in poor print quality,
primarily due to the fact that the resulting printhead was too
rigid to allow all the electrodes in the head to simultaneously
follow the contours associated with the paper surface.

After several iterations, the printhead that was finally
adopted for the first resistive ribbon printers was fabricated
by etching 25-um tungsten deposited on a polymer substrate.
The etched tungsten heads were designed to result in an
array of forty 25 X 25-um print electrodes on 100-um
centers. As briefly noted above, the printhead must be
flexible in order to ensure that all print electrodes remain in
contact with the ribbon. The ribbon in turn must flex so as
to maintain intimate contact with the paper and thereby
ensure reliable ink transfer. The flexibility requirements of
the printhead were met by potting the resulting etched
tungsten electrode array in silicone rubber and attaching it to
a spring cantilever [16]. A polyimide layer was also bonded
to the tungsten electrode array during the head fabrication
procedures. This polyimide layer served as both a substrate
or carrier during the etching of the tungsten electrodes and a
means for conducting heat away from the print electrodes
during the printing process. This printhead design was used
to establish and optimize several printer parameters
including printhead-ribbon angle and printhead pressure as
functions of print speed. After these parameters were
established and optimized for the etched tungsten printhead/
print ribbon interface, it was demonstrated that two million
characters could be printed at 50 cps with little or no loss in
print quality and with acceptable electrode wear. This
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performance was considered adequate for fulfilling the
reliability and sustained print quality criteria necessary for a
letter-quality and low-end computer output printer.

Further refinements to the printhead structure specific to
the QUIETWRITER Printer requirements were developed later
and are described elsewhere in this issue.

Hardware and electronics

The first “printing” done with the RRP technology was done
on a static flatbed robot. The robot was equipped with a
pulse generator and constant current drivers for the print
electrodes. Eventually a drum robot was built to assist in

KEITH S. PENNINGTON AND WALTER CROOKS

455




$861 YFAWILAIS § 'ON 6T "I0A 'dOTIAIQ 'STA [ WHI

e

"Kirrenb arensqns 1aded
ay3 uodn dsuapuadop ou 10 S| smoys Junutid uoqqul FATISISNY
‘A3ojouyod) Jal-yur ay) yum sIsjoeIeyd AY) jo ., Junyiesy,, ayd
20N Sunuud 12(-yur snonunuod pue uoqqll AISISA Jo sadwexy

i

s

I9]SBW 13SPO Y} O jUI Ayl sIdjsuer) AJuo Iuwd Jyy 3yl
asnedaq 1By} PAJOU 2q PINOYS 1] "SIdISBW 13s[Jo Jo uononpoid
oy ur Sunynsai ‘szordoodoroyd ur pasn adAl ayi Jo sajerd 13sgo

211B1S0110912 dnserd JO 90BLINS 3y} 01 PALIdJsuLI) aq ued A3yl
‘srersazewr drqiydoa)o Jo diqoydoIpAy aq ued ssao0oid JAY
3y} Suunp paugjsue} Ik 1Byl Ul diisedouniay) syl duIg

*SI9)SEW 13SJO UTLI-1IOYS JO UONBILIqe) 3y} ul st AZojouydal

JWd Y} I0j asn SunsaIAul A19A Iogloue ‘AJ[eul]
'$10qOI WINIP YIm YIom syl Jo saseyd Afres ayp Suunp
pajenisuowap sem uonesrdde fenuslod sty |, ‘suonesijdde
aqrunisaey Ajfenb-ysiy ‘pua-mof ul asn 1oj d[qedrjdde 11 soyewi
ssa001d 4 Y1 Jo Anpiqerjal pue ‘Aydrduwis ‘paads ay3

yIm paurquod Sunuud ay) jo Afenb ysiy oy ‘reyung
‘(6 9INS1) J2UUBW SIY) UT PAILISUST
a19m s[10} uondafoid peayiaao 10[0d pue Sunurd 10[0d
US[[20X "I9AE] YUI on)se[doUuLIay) Ayl Ul UOQIed Y] I0J SIAp
pue sjuawdid 10100 Sunnnsqns Aq paonpold 319m suoqqL
IO[0D ‘adur)sul 10 ‘Pare3Nsaaul a1am suonedsrdde Joylo
[BI2A3s A3010uYyda1 4 Y U} jo 1uswdopasp oy Suung
suoljeAlasqo pue suonesydde 12y10

SN00YD YILTVM ANV NOLONINNE 'S HLIFX

*019 ‘paay Joded ‘paads yuud ‘youd ‘quoj Surpnpout
10qo1 SIy3 Jo suonouny Iajud dyl [[B pafjonuod 1ndwo)
[euos1ad Ng] uy "udisap 1onpoad [eonoerd B Yiim JUIISISUOD
s1sseyd Jauud 9[yoId-mo[ B UO PIIUNOW Sem dINJoNIs

peay pue uoqqLl Y3 ‘SUONIBIAIL [BIIAJS J9Ye ‘A[[eul]
‘s1o1und
UOQQLI JAISISAI Y1IM $10108) JuedyIusis jou axe soded ay1
Jo Aypenb oyl yim Isesjuod juid Ut SUOTIBLIBA dljetuRIp pUE
sIs108IRYD JO  SULIYIed),, 210J310y [, "1aded a3 ajensuad
10U S20p uTt a3 s1aruLid uoqqu 3ANSISAL YuMm ‘Sunuud 1f
-ur1 ayIu) “erpaw Jjqeunid 1o raded 3y JO SOUSLIOBIRYD
oy} uodn juspuadap ssI[ Jej St AFo[ouydd) JYY Y1
Y paurelqo Alrfend juud oy Jayung “A3ofouyoal 10f-yul
3yl Yyum pautelqo ey} 01 Jouadns 1ej st A30[0Uydd JYY Y}
YIM PAUIRIqo UOTITUYIP 33Pa Y3 1By} Jed[d st }] "sI50[ouydal
Sunuwd Ja[(-ur ay1 pue Y Y} {10q Yim suop Junuud jo
syderSororwoloyd g 213 ul apnjout am ‘uostredwod 10
-Sunuud sjqessarppe-siutod-{[e 1o  a3ewr,, jo so[dwexd 191e]
QWS SB [[aM S $3[AIS 1u0j snouea Surpnjoul ‘Sunuud uoqqu
3AnsIsal Jo sapdwiexa Moys L—§ saandiy “10qot Sunuud
3y1 uo patuud ag pInNod Mfuey Se [[9m Se SIU0J WUAIPIP
daay1 ‘saseyd [enrur asayl Suun( "SIUOJ WUIIPIP [BIIASS
pue s1310BIRYD JO A19LIBA B JO Sunuud 9yl s1ensuowap
01 91qIss0d SeMm 11 2IaUM [9AJ] B O] PISBAIDUI SEM SOIUOIII[
peayauLid ay3 Jo A1rxo[dwod 3y, "patelos wnip ayl
se wnIp 9y} Juofe 1dams g pnod peayund sponddsnmu
€ pue wnip e punote paddeim arom uoqqu pue saded
“10qQ01 STy} U] "A3010uyd31 J Y 242 JO Sunsl IAISUIIXS 10w

‘K3ojouyo9) Junuud uoqqrr sANsISaI
ay1 ynm Sunuiid sjqessarppe-sjujod-q[e Jo , o9Fewr,, jo sojdwexy

314




plate in those regions addressed by the printhead, the
resulting offset print quality is usually far superior to that
produced on the same material by electrostatic copiers. The
reason for this, of course, is the absence of any of the
background deposition of thermoplastic toners that arises
during production of the offset master on an electrostatic
copier. It should be noted that we have also produced offset
masters of similar quality by using a wide variety of other
low-cost 3M offset master substrates.

Conclusions

A nonimpact printing technology, resistive ribbon thermal
transfer printing (RRP), has been developed which is
applicable to several types of low-end computer output
printing applications, such as printers associated with
personal computers. In view of the high-quality printing, low
noise, electronically changeable fonts, and all-points-
addressable (APA) capabilities it offers, the RRP technology
should also find rapid acceptance in word processing
applications.
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