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Iy THERVAL TRANSFER RECORDI NG METHOD AND THERMAL TRANSFER PRI NTER BACKGROUND
OF.THE INVENTION 1. Field of the Invention The present invention relates to
a.thermal transfer recording nmethod in which the heat-generating el ements
of a thermal head are selectively heated to transfer the ink on an ink film
to a'sheet of print paper for recording and a thermal transfer printer
based on the nethod and, and nore particularly, to the inprovenents in a
thermal transfer recording method capabl e of recording on dedicated print
paper a color image of high picture quality conparable to a silver salt

phot ograph and a t her meggdrnis FeiANYFEN HeditaadicoMeETRicD MRiphod. 2.
Description of the Related Art In prior-art thernmal transfer printers in

general, a sheet of print paperersaAbetr®aNsFEROPRINPER pl aten, a thermal
head formed with a plurality of heat- generating elenents is nounted on a
carriage, an ink filmwth ink applied to the base, for exanple, an ink
ribbon, and the print paper are held between the thernal head and the
pl aten, the ink ribbon is f@&ACHEGROUNDh@F THE INVENTION
1. Field of the Invention
The present invention relates to a thermal
transfer recording method in which the heat-generating
elements of a thermal head are selectively heated to
transfer the ink on an ink £ilm to a sheet of print
paper for recording and a thermal transfer printer based
on the method and, and more'particularly, to the
improvements in a thermal transfer recording method
capable of recording on'dedicated print paper a color
image of high picture quality comparable to a silver
salt photograph and a thermal transfer printer based on
this method.
2, Description of the Related Art
In prior-art thermal transfer printers in
general, a sheet of print paper is held in front of a
platen, a thermal head formed with a plurality of heat-
generating elements is mounted on a carriage, an ink
film with ink applied to the base, for example, an ink

ribbon, and the print paper are held between the thermal

head and the platen, the ink ribbon is fed while the
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2sthermal head is being reciprocated on the carriage along the platen, the
heat - generating el enents on the thernal head are selectively supplied with
an electric current according to recording information, and the ink on the
i‘ak ribbon is partially transferred by 2he heat generated on the sel ected
heat - generating el enment onto the paper for recording desired i nages such as
characters. Such thermal transfer printers are often used as output devices
of conputers and dedi cated wordprocessors for their high recording picture
quality, | ow noise, |ost cost, and ease of maintenance. One of well-known
conventional thermall headsfisr bpingt eecsipsesatiedi ok thbéboarnidde aabeay- nel t

I nk applied to the base such as a plastic film(this ribbonis referred to
as a heat - nel thienplaitebonkhkoheabeogedengtingi ebemantbeonuske Bimerm&lri bbon
with a heat-sublimtion ink applied to the base (this ribbon is referred to
as a heat - subhieadt ese sekecrbBehy sepPPliedrvih. amheleaeriel cureart er
printer that uses the heat- nelt_ ink, ribbon (hereinafter referred to as a
heat - nel t typBCEPFALER) tPsIRAPRAYNGSEUEPBMBELAR oANG Hhelel Var?Rt¥h®f papers
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generated on the selected heat-generating element onto
the paper for recording desired images such as
characters. Such thermal transfer printers are often
used as output devices of computers and dedicated
wordprocessors for their high recording picture quality,
low noise, lost cost, and ease of maintenance.

One of well-known conventional thermal transfer
printers uses an ink ribbon with a heat-melt ink applied
to the base such as a plastic £ilm (this ribbon is
referred to as a heat-melt ink ribbon) for recording,
while another uses an ink ribbon with a heat-sublimation
ink applied to the base (this ribbon is referred to as a
heat-sublimation ink ribbon) for recording.

The thermal transfer printer that uses the heat-
melt ink ribbon (hereinafter referred to as a heat-melt
type printer) is mainly used to print on a wide variety
of papers such as plain paper, thick paper, and
postcard, and excellent in use. For gray-scale image

printing with the heat-melt ink ribbon, dither process



3vi s used because gray-scale control on a dot basis is disabled wth this
type of printer. On the other hand, the thermal transfer printer that uses
t he heat-sublimtion ink ribbon (hereinafter referred to as a

heat - subl i mation type printer) can adju8t the sublimation quantity of the
heat - sublimation ink to control the ink quantity to be transferred to the
paper by regulating the energy to be applied to the thermal head for
heating the same. Therefore, the printer of this type can provide

full -color recording image printing conparable in quality to silver salt
phot ogr aphy iﬂsauéé%i@@F@@5§uEﬁéﬁesﬁﬁéée§§éér9liﬂﬂ papek bPasiusells For this
merit, the heat-sublimation type printer has recently cone to be wdely
used as a vi d8dsgbiledevish k3R SrYEeuPE BEGARFEY-for exanple. A thernal

(ransfer prINLer thal e es e L) Hhons oot LXRES NasBEEn
CombLnet Lon®  Bhah B0 odl AhLoHs CACTHR PIEE e BLARERLELI o1
heat - subli mat i @Ret ¥R RL' 35Ch heaPLoYbdtndtDbANEPFaSLEYalEEPrdiNg | MagE,
adjust the sublimation quantity of the heat-sublimation
ink to control the ink guantity to be transferred to the
paper by regulating the energy to be applied to the
thermal head for heating the same. Therefore, the
printer of this type can provide full-color recording
image printing comparable in quality to silver ‘salt
photography if a dedicated surface-processed print paper .
is used. For this merit, the heat-sublimation type
printer has recently come to be widely used as a video
printer of high picture quality for example.

A thermal transfer printer that can use the ink
ribbons of both types has been developed. A full-color
recordihg printer implemgnts full-color printing by
combinations of three colors of yellow, magenta and
cyan, or combinations of four colors of yellow, magenta,
cyan and black. Generally, for the heat-sublimation
type printer to provide a high-density recording image,

a higher energy is required for driving the heat-



ashi gher energy is required for driving the heat- 4 generating elenments
of the thermal head than on the heat-nelt type printer. In the
above-nmenti oned heat-sublimtion type printer, printing an i nage conposed
of two colors or less by applying a | ar4ge anount of energy to the heat-
generating elements of the thermal head does not adversely affect the print
paper, providing good printing. However, printing a high-density gray
recording inmage with the above-nentioned three or four colors by applying

t he sane anobunt of energy thermally deforns the print paper to cause a
so-cal | ed natgéngrpbengnebemests oAt dHd il Head, tHal [dmaHed provi de
good-quality printing. The print paper is thermally deforned by a total
accurnul at ed emeagymel vebype opr idieetheat - generating el enents every tinme the
ink of a single color is applied to the paper, exceeding a threshold of
paper thermal defor mafhokhel above-meolicnedt heakdschhimntieomat ypaer nal
transfer printers, printing with a heat-sublimtion ink ribbon may cause

di scol or ati oreoint@e, pPF RRLHE 3 iMagnRWRASeh P LW Eadens Qthe print is

left in the . - .
less by applying a large amount of energy to the heat-

generating elements of the thermal head does not
adversely affect the print paper, providing good
printing. However, printing a high-density gray
recording image with the above-mentioned three or four
colors by applying the same amount of energy Ehermally
deforms the print paper to cause a so-called matting
phenomenon such as wrinkle or wave, faiiing to provide
good-qguality printing. "The print paper is thermaliy
deformed by a total accumuiated energy given from the
heat-generating elements every time the ink of a single
color is applied to the paper,-exceeding a threshold of
paper thermal deformation.

In the above-mentioned conventional thermal
transfer érinters, printing with a heat-sublimation ink
ribbon may cause discoloration of the print due to
ultraviolet ray and so on if the print is left in the
open air for long because the dye used in the ink is low

in weatherability, and peeling-off of the transferred



open air for |ong because the dye used in the ink is lowin weatherability,
and peeling-off of the transferred 5 ink when it is scratched, making it
difficult to maintain print quality over a long period of tine. It is
therefore an object of the present investion to provide a thermal transfer
recording nethod in which printing with heat-sublimation ink ribbons of
three colors (yellow, magenta and cyan) will not adversely af f ect the
print paper to ensure printing of good quality, and a thernal transfer
printer based on this nethod. Yet another object of the present invention

s to provide gyt hapqel ct sanshetLece! dpng: RET D%l evbifh. (41 @

heat - subl i mation inK ribbon 1S use I SCO on o e print due to

ul traviof et gy i@ka0hnBk;6RUGRS1 204 opkr PECLONG- LIS S AU Sy, Prevent ed
fromoccurring to maintain print quality tor ng. According to an aspect
of the present invention there is provided a thermal transfer recording
nmet hod of recording a color image by using ink filnms nmade of
heat - subl i mati on i nks of yel | gyMMaRrgeoraTgrdIRY8RTaNN a heat - subl i nation
i nk of black or a transparent heat-
It is therefore an object of the present

invention to provide a thermal transfer recording method

in which printing with heat-sublimation ink ribbons of

three colors (yellow, magenta and cyan) will not

adversely affect the print paper to ensure printing of

good quality, and a thermal transfer printer based on

this method.

Another object of the present invention is to

provide a thermal transfer recording method in which,

when forming a color image by superimposing heat-

sublimation inks of three colors, if this color image

has a density higher than a predetermined density,

printing with a black ink or a transparent ink is

further'performed and an energy applied to the heat-

generating elements in this printing is made lower than

that applied to the heat-generating elements in the

printing with each of yellow, magenta and cyan inks; or

the carriage moving speed at printing with the black ink

or the transparent ink is made faster than that at

printing with each of the yellow, magenta and cyan inks.
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melt ink, selectively applying an energy to a plurality of heat-generating
el ements of a thermal head, and REPLACEMENT SHEET 6 transferring said
heat - subl i mati on i nks of yellow, nagenta and cyan and sai d heat-sublimation
i hk of black or said transparent heat-nm@lt ink to a sheet of print paper,
wherein if an image formed by said heat- sublimation inks of yellow,
magenta and cyan has a density higher than a predeterm ned density, an
energy to be applied on said sheet of paper for recording said

heat - subl i mation ink of black or said transparent heat- nelt ink is

controlled to fall w tdtilla Mcheircobjret bdNGhe Acegeditngnyentisacard
aspect of the present invention there is provided a thermal transfer
printer for reeopdiovdde @olthermadgerbpsfsrngrinketi hasingde of

heat - subl i mati on i nks of yellow, nagenta and cyan and a heat-sublimation
i nk of bl ack eoniroldesplyewhibbathenmehergpktoskeeapplbéd bpptlyeng an
energy to a plurality of heat-generating elenents of a thernmal head, and
transferring Q&B@‘EéaﬁréﬁbPSnﬁgﬁmﬁﬂFﬁksso¢09br©bhﬁdnﬁgehﬂmuahdthgan and

sai d heat-sublinmation ink of black
sublimation amount of a sublimation ink according to the

density of an image to be printed; and when forming a
color image by superimposing the sublimation inks of
three colors, if the color image has a density higher
than a predetermined density, printing with a black ink
or a transparent ink is further performed and an energy
applied to the heat-generating elements in this printing
is made lower than that applied to the heat-generating
elements in the printing with each of yellow, magenta
and cyan inks, and to provide a further thermal transfer
printer having a controller by which the carriage moving
speed at printing with the black ink or the transparent
ink is made faster than that at printing with each of
the yellow, magenta and cyan inks.

Yet another object of the present invention is
to p;ovide a thermal transfer recording method in which,
if a heat-sublimation ink ribbon is used, discoloration
of the print due to ultraviolet ray or other causes and
ink péeling—off are surely prevented from occurring to

maintain print quality for long.
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ort said transparent heat-nelt ink to a sheet of print paper, said thernal
transfer printer conprising: control nmeans for controlling, if an inmage
formed by said heat-sublimation inks of yellow, nagenta, cyan has a density
higher than a predeterm ned density, an7REPLACEMENT SHEET 7 energy to be
applied on said sheet of paper for recording said heat-sublimation ink of

bl ack or said transparent heat-nelt ink is controlled to fall within a
predeterm ned range. According to a third aspect of the present invention
there is provided a thermal transfer recording nmethod of recording a color

i mage by using ink rifhenabowge aod beéhersobjectsi ofesbisesf agel | ow, magent a
and cyan, selectively applying an energy to a plurality of heat-generating
el enents of aadMaptapeReqd, thadpresest einvent sen dviidatbeszdie meddeon i nks of
yel l ow, magenta and cyan to a sheet of paper, wherein after superinposing
sai d heat-subRPRAFPBR FRRE bheyaccompamniestdr aningsari momwvhdatth litker, a

t ranspar ent he%génelt ink is iransferred as overprinting onto the

superi nposed R85ETEHBF REPFHALF nkEe vk $A P ekdgnfiifvovdre same or

similar parts in several views.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view illustrating a
constitution of the main portion of a thermal transfer
printer practiced as one preferred embodiment of the
present invention;

Fig. 2 is a schematic side view illustrating the .
main portion of the embodiment of Fig. 1;

Fig. 3 is a schematic side view illustrating the
carriage of the embodiment of Fig. 1; and

Fig. 4 is a block diagram iflustrating the

outline of the controller of the embodiment of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
This invention will be described in further
detail by way of example with reference to the
accompanying drawings. First, a first embodiment of the

present invention will be described.
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tdhan that used for transferring said heat-sublimation inks. The above and
ot her objects, features and advantages of the present invention wll becone
nore apparent fromthe acconpanyi ng drawi ngs, in which |ike reference
nunerals are used to identify the sane ®&r simlar parts in several views.

8 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a perspective view
Illustrating a constitution of the main portion of a thermal transfer
printer practiced as one preferred enbodi nent of the present invention;

Fig. 2is a schenatic side viewillustrating the main portion of the
embodi ment of Fig. 1; gpEir@rrdngStd PE@GWP}'& St eyl e&ar&éﬂ@éaﬁm&ei he
carriage of the enbodlnent of "Fig. 17 and Fig. 4 is a block diagram

illustrating 1hgaguil pugeen 2heaeiny reld eshae e £l mBleenf Fig. 1.
This invention will be described in further detail by way of exanple Wit h

reference to aheangednpanyi des tredvipugsi tidr f Hhe a ddordlti myrisedicad oF the

present invention will be descri bed.
the platen being oriented generally vertically. 1In a
lower front side of the platen 2, a guide shaft 3 is
arranged in parallel to the platen 2. The guide shaft 3
is mounted with a carriage 4 which is divided into an
upper portion and a lower portion. The lower portion is
a lower carriage 4a mounted on the guide shaft 3. The
upper portion is an upper carriage 4b which is
accessible, in vertical direction, to the lower carriage
4a mounted with a ribbon cassette 5 to be described
later. The carriage 4 'is reciprocated along the gquide
shaft 3 by driving a drive belt 6 wound around a pair of
pulleys, not shown, with an appropriate driving device
such as a stepper motor, not shown.

The carriage 4 is arranged with a thermal head 7
opposité and accessible to the platen 2 to make
recording on a sheet of paper, not shown, held on the
platen 2 when the thermal head 7 is preséed against the
platen. This paper.is a dedicated paper on which
surface processing i§ performed such thaé a heat-

sublimation ink is fixed with stability. The thermal

head 7 is provided with a plurality of heat-generating
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9: Referring to Fig. 1, a thermal transfer printer 1 has a platen 2 having
the shape of a flat plate, arranged at a desired position, the recording
surface of the platen being oriented generally vertically. In a lower front
stde of the platen 2, a guide shaft 3 i% arranged in parallel to the platen
2. The guide shaft 3 is mounted with a carriage 4 which is divided into an
upper portion and a |lower portion. The |l ower portion is a |ower carriage 4a
nount ed on the guide shaft 3. The upper portion is an upper carriage 4b
which is accessible, in vertical direction, to the |lower carriage 4a
nounted with alembhés,casseshewb,tarbangedcinbed dotey .tdhse carriage 4 is
reci procated al ong the guide shaft 3 by driving a drive belt 6 wound around
a pair of pul bejscthvelyhenarguzed amse@p¢mpd¢3¢Ee®r¢a¢¢mﬁtngﬂce such as a
stepper notor, not shown. The carriage 4 is arranged with a thermal head 7
opposite and aBEQSQEBF@"téupﬁélﬁﬂaYéﬁ 2 heshukenpetat didly WIRIE sheet of
paper, not shown, held on the glaten 2 when the thermal head 7_i s, pressed

agai nst the pF&REAT TR KepBRardier athrdl Ekt ebnfRpmat N HIRYE JRYikD

processi ng |snggrgggggg such that a heat-

To be more specific, the carriage 4 has the
plate-like upper carriage 4b on top of the lower
carriage 4a generally in parallel, the lower carriage 4a
being mounted on the quide shaft 3. As shown in Fig. 3,
the upper carriage 4b is mounted on the lower carriage
4b in a parallel movable manner such that the upper
carriage 4b accesses the lower carriage 4a by a pair of
parallel cranks 8 arranged on the left and right sidgs
of the carriage 4. Each of the pair of parallel cranks
8 has a pair of links 9%9a and %b whiéh cross each other
generally in the state of "X". The links 9a and 9b are
pivoted to each other at the cross section thereof with
a pin iOa. The links 9a and 9b are slidably engaged at
the ends thereof with slits, not shown, formed in the
ends of the lgft and right sides of the lower carriage
4a and the upper carriage 4b, with pins 10b, 1l0c, 104
and l0e respectively.

The lower carriage 4a is also arranged with a

rotary crank ll by which the upper carriage 4b is moved

___—____,__-——-——-—‘.
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sublimation ink is fixed with stability. The thermal head 7 is provided
with a plurality of heat-generating 10 el ements, not shown, arranged in
an array to be selectively energized based on desired recording information
supplied via a host conputer, an inmage A@ader, a keyboard or the |ike

I nformation input device, not shown. To be nore specific, the carriage 4
has the plate-like upper carriage 4b on top of the |ower carriage 4a
generally in parallel, the |ower carriage 4a being nounted on the guide
shaft 3. As shown in Fig. 3, the upper carriage 4b is nounted on the | ower
carriage 4b inia parallel .no¥hbl eotarmecranichll hid dédmwpopErofcalri age 4b
accesses the lower carriage 4a by a pair of parallel cranks 8 arranged on
the left and rirghargi déskoll2t heppartedgey dthé&abdwelf ddver page &f faar al | el
cranks 8 has a pair of links 9a and 9b which cross each other generally in
the state of "KotaThedriwRsand andomect kopilinkdl 4 @icatedtdterors earfik
cross section thereof with a pin 10a., The links.9a and 9b are slidably
engaged at, thEReREIEtherkEbe fPEary|disk hdtakrwecqatms inppsifdamds of

the left and régggegkdsftgfatgfnlffgf cégéiéiEZr end of the connection
link 14 is pivoted to the upper carriage 4b with a pin |
13b. The rotary disk 12 is rotatably driven by an
appropriate actuator such as a motor, not shown.

Referring to Fig. 1 again, on the left and right

sides of the upper carriage 4b, plate-like arms 15 are
disposed in a standing manner with a space therebetween
generally equal to the width of the ribbon cassette 5.
Each arm 15 has an engaging portion 15a at its top end
being gradually bent inward. At the center portion of
the upper carriage 4b, a pair of rotary bobbins 16 are
arranged in a projecting manner with a predetermined
interval therebetweeh. The pair of bobbins 16 allow an
ink ribbon 17 to travel in a predetermined direction.
One of the bobbins 16 is a take-up bobbin 1l6a for
winding the ink ribbon 17, while the other is a supply
bobbin 16b for supplying the ink ribbon 17. An optical
sensor 18 (18a) for detecting the type of the ink ribbon
17 accommodated in the ribbon cassette 5 is disposed on

the carriage 4 at its edge away from the platen 2.

-—
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4a and the upper carriage 4b, with pins 10b, 10c, 10d and 10e respectively.
The [ower carriage 4a is also arranged with a rotary crank 11 by which the
‘upper carriage 4b is noved 11 in parallel. The rotary crank 11 is
conposed of a rotary disk 12 supported By the | ower carriage 4a for rotary
drive and a connection |link 14 pivoted at one end thereof to the rotary
disk 12 at an eccentric position thereof with a pin 13a. The other end of
the connection link 14 is pivoted to the upper carriage 4b with a pin 13b.
The rotary disk 12 is rotatably driven by an appropriate actuator such as a
nmot or, not shown. ReferfthengptdciilgsebsagailBa da tbenketédatd ai ght sides of
t he upper carriage 4b, plate-like arns 15 are di sposed in a standi ng manner
with a space tkongyolwesn2gedéspbbgdegtiad desihed ok it odn tde ttidbbon
cassette 5. Each arm 15 has an engagi ng portion 15a at its top end being
gradual | y bent thewaad. transfps Eéh{lg‘?f pbrfepreott rdiel ppethe aradafingh, a
pair of rotary bobbins 16 are arranged in a projecting manner with a
predet er ni ned” PREERFAPTt ABAeBERREcPPETRELNRS rtREreRhhi (Rhe e it laT i nk

ribbon 17 to trgvel in a predeterm ned direction.
2? ?s compogeg o% a memory, a CPU, and other components,

not shown. Based on a signal outputted from the optical
sensor l8a while the carriage 4 is moving, the
controller 25 at least determines or detects presence or
absence of the ribbon cassette 5, the type of the ink
ribbon 17 accommodated in.the ribbon cassette 5, the
travel distance of the carriage 4 relative to its home
position, the open or close state of a canopy 19 to be
described later, and the distance bet&een the pair of
adjacent or separated ribbon cassettes 5.

As shown in Figs. 1 and 2, the generally plate-
like canopy 19 is arranged over the carriage 4
appropriately spaced therefrom on a frame, not shown,
such. that the canopy can be opened and closed in the
directions indicated by arrow A of Fig. 2. 1In the
closed state, Ehe canopy 19 serves to hold down the
paper at the exit of a paper feed mechanism, not shown.
The canopy 19 has a length, along the carriage 4}
generally equivalent to the‘travel area of Ehe carriage

4'
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One of the bobbins 16 is a take-up bobbin 16a for wi nding the ink ribbon
17, while the other is a supply bobbin 16b for supplying the ink ribbon 17.
An optical sensor 18 (18a) for detecting the type of the ink ribbon 17
accommpdated in the ribbon cassette 5 i 32di sposed on the carriage 4 at its
edge away fromthe platen 2. 12 The optical sensor 18a is connected to a
controller 25 disposed at a desired position of the thermal transfer
printer 1 for controlling the recording operation and ot her operations
thereof. The controller 25 is conposed of a nmenory, a CPU, and ot her
conponents, not shown. ABgpdadadity sfgnaksetitpuboddefs pmmothestogwn cafosensor
18a while the carriage 4 is noving, the controller 25 at | east determ nes
or detects prebehdiéngrthpsehbkonfcaseettidmon awe shisposkd tate type of the

i nk ribbon 17 accommodated_in the ribbon cassette 5, the travel distance of
the carriage 4PFefgteyBipgdipashbiend et thlvmh canmpnpdh adr thieosddstate of a
canopy 19 to be described |ater, and the di stance between the _pair of

adj acent or sepPBPAFeY FPbHRR CAEEHRIRs 5. B WiRsim Gassatde hpldedsa, the

generally pl atgﬁel ri:i(gbgr?ngggselgtég ar,r a%g’edb_covaenrd tgbe h%%rsriin%g%egt—
sublimation ink ribbons 17a, 17b, 17c and 17d
respectively of four colors for color image printing are
arranged in a row along the travel direction of the |
carriage 4. To be specific, the ribbon cassette Sa
houses the ink ribbon 17a containing a yellow heat-
sublimation ink, the ribbon cassette 5b houses the ink
ribbon 17b containing a magenta heat-sublimation ink,
the ribbon cassette 5c ‘houses the ink ribbon 1l7c
containing a cyan heat-sublimation ink, and the ribbon
cassette 5d houses the ink ribbon 174 con:aining_a black
heat-sublimation ink.

These ribbon cassettes 5a, 5b, S5c and 54 are
selectively passed between the canopy 19 and the
carriage 4b in the directions indicated arrow B of Fig.
2.

The ribbon cassettes 5a, 5b, 5c and 5d used in
the present embodiment are the same in shape and
dimensions regardless of the types of the ink ribbons

17. Each of the ribbon cassettes is composed of a
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appropriately spaced therefromon a franme, not shown, such that the canopy
can be opened and closed in the directions indicated by arrow A of Fig. 2
In the closed state, the canopy 19 serves to hold down the paper at the
eXit of a paper feed mechanism not showd. The canopy 19 has a |ength,
along the carriage 4, generally equivalent to the travel area of the
carriage 4. 13 Aplurality of cassette holders, not shown, for holding

the ri bbon cassettes 5 are di sposed at predeterm ned positions on the
canopy 19 at the side opposed to the carriage 4. By these cassette hol ders,

the ribbon casgehbesli@ £38t BAdapEcOshHoUst Neh e sdys Uy i.@%& % i nk

ri bbons 17a, 17b, 17c and 17d respectively of four colors or inmage

printing are auppagedntinlaweevinemioads tie dHivtela Gdiactdon adapacarri age
4. To be specific, the ribbon cassette 5a houses the ink ribbon I7a

contai ning a yshpperhedt realbl 2hpta graimnkof thetatidNIon sepperitled 2hphomses
the ink ribbon 17b containing a nagenta heat-sublinmation ink, the ribbon

cassette 5c hofised rbdléenk,rnbdboshddie, cond & ping ad idyam theat-azablliynat i on

i nk, and the ribbon : _
supported guide rollers facing a ribbon path are
disposed. The ink ribbon 17 is wound between the pair
of reels 21. The middle of the ribbon path for the ink
ribbon 17 is drawn outside. The pair of reels 21, when
mounted on the upper carriage 4b, provide the take-up
reel for winding the ink ribbon used for printing and
the supply reel for feeding the ink ribbon 17. A
plurality of kéy grooves are formed on the inner
periphery surface of each reel 21 in a manner of spline
spaced from each othef around the periphery. The inner
periphery surface of oﬁe reel 21 provides a take-up hole
2la in which the take—up bobbin l6a is engaged. The
inner periphery surface of the other reel 21 providés a
supply hole 21b in which the supply bobbin 16b is
engaged. On the surface of the ribbon caséette-s
opposed to the platen 2 when the ribbon cassette is
mouhted on the carriage 4, a recess 22 is formed to

which the thermal head 7 faces. 1In this recess 22, the

middle of the ink ribbon 17 is drawn.
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“cassette 5d houses the ink ribbon 17d containing a black heat-sublimation

I nk.” These ri bbon cassettes 5a, 5b, 5¢c and 5d are selectively passed
"between the canopy 19 and the carriage 4b in the directions indicated arrow
B of Fig. 2. The ribbon cassettes 5a, 5 5c and 5d used in the present
enbodi nent are the sanme in shape and di nensi ons regardl ess of the types of
the ink ribbons 17. Each of the ribbon cassettes is conposed of a 14
generally flat and rectangul ar case body 20 made of upper and | ower nenbers
in which a pair of rotatably supported reels 21, a pair of rotatably

supported ribbon feed gpl 4y Tediols iFOWE, tdled rabBby ehkk¥tek sotatably
supported guide rollers facing a ribbon path are di sposed. The ink ribbon

17 is wound betwwedhd Ha pairalQelr €6l shalsidbeofii dHi€hofhé heedéddom path for
the ink ribbon 17 is drawn outside. The pair of reels 21, when nounted on

t he upper car disaderfled ,paaviidenthéitakéonpmaekerf 8 g ndlispoddd faork ri bbon
used for printing and the supply reel for feeding the ink ribbon 17. A
plurality of Kéengidnieg &he typeedfohhehénknpébbon 17 housed in each

ribbon cassette 5. The identification marker 23 used in
the present embodiment is formed by a reflective seal 24
having a plurality of stripe-like nonreflective portions
24a of which number corresponds to the types of the ink
ribbons 17.

The identification marker 23 is detected by the
optical sensor 18a mounted on the carriage 4. A
resultant detection signal is inputted in the controller
25 of the printer 1. Based on the inputted signal, ﬁhe
controller 25 counts the number of nonreflective
portions on each ribbon cassette 5 to determine the type
.of the ink ribbon 17 hoﬁsed in each ribbon cassette 5.

To be more specific, the ribbon cassette 5a
shown at the left end of Fig. 1 has, as the
identification marker 23, a reflective seal 24A-having
three nonreflective portions 24a. The ribbon cassette
Sb has, as the identification marker 23, a reflective
seal 24B having four nonreflective portions 24a. The
ribbon cassette 5c¢ has, as the identification marker 23,

a reflective seal 24C having two nonreflective portions

[
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périphery surface of each reel 21 in a manner of spline spaced from each

ot her around the periphery. The inner periphery surface of one reel 21
provides a take-up hole 2la in which the take-up bobbin 16a is engaged. The
i nner periphery surface of the other redP 21 provides a supply hole 21b in
whi ch the supply bobbin 16b is engaged. On the surface of the ribbon
cassette 5 opposed to the platen 2 when the ribbon cassette is nounted on
the carriage 4, a recess 22 is fornmed to which the thermal head 7 faces. In
this recess 22, the mddle of the ink ribbon 17.is drawn. 15 On the rear

side of the ri baan cameeitidbon’ ¢ABkBEtENSAaKAL | Chst @nd NEash e DEa b gh the
recess 22 is fornmed, an identification marker 23 is disposed for

i denti fying thma&k@e Qf3,t lae riefllecichbenséd1hpysenavingashe ri bbon cassette 5.
The identification marker 23 used in the present enbodinent is fornmed by a
refl ecti ve seanod4elfdeictdva pbutabnt 24af sThepkeft kendonf efhectéar portions
24a of which nunber corresponds to the types of the ink ribbons 17. The

i dentificati onsikdekef Xxbe sibboacradseytehd ppovides sersase I8zsplon ed on

the carriage 4. A
BP for detecting the identification marker 23. Distance .

L between the base position BP and the right end of the
nénreflective portion 24a located at the right end in
the figure is the same with all identification markers
23. The nonreflective portions 24a is disposed inside
this distance L. With the identification marker 23
detected by the optical sensor 18a, the carriage 4 is in
the stopped state. With the carriage 4 in the stopped
state, the ribbon cassette 5 housed in the cassette
holder on the canopy 19 is passed to the upper carriage
4b. |

Now, referring to Fig. 4, the controller 25 has-
a RAM (Random Access Memory) 26 and a ROM (Read Only
Memory) 27. The RAM 26 stores image information for
recording, which is divided into identification. data of
four colors of yellow, magenta, cyan and black. The
color recording data corresponding to the color of the
ink ribbon 17 housed in the ribbon cassette 5 to be used
for actual printing is read from the RAM 26 into the

~controller 25. Based on this data, the controller 25
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résultant detection signal is inputted in the controller 25 of the printer
1. Based on the inputted signal, the controller 25 counts the nunber of
‘nonrefl ective portions on each ribbon cassette 5 to determ ne the type of
tRe ink ribbon 17 housed in each ribbon1Gassette 5. To be nore specific,

t he ribbon cassette 5a shown at the left end of Fig. 1 has, as the

I dentification marker 23, a reflective seal 24A having three nonreflective
portions 24a. The ribbon cassette 5b has, as the identification nmarker 23,
a reflective seal 24B having four nonreflective portions 24a. The ribbon

cassette Sc_hage@scte1ydapsibkoens g aBskety 23 Redeldafdisgpral 24C

havi ng two nonreflective portions on cassette 5d has, as

the identificaghgpeARskek 2Be 8néphieciéye $eal 24D having one
nonrefl ective portion 24a. The left end of the rear side of the ribbon

cassette 5 provides a hbrsawpale!i priBPihgrodearCdbrAOniPe t6BHE | friaggd i on
mar ker 23. Distance L between the base position BP and the right end of the
nonrefl ective perpepfozZaadl bgasefe aimpdeing Heatersibniddteidd dginkss icf t he
same with all identification markers 23. The nonreflective portions 24a is
di sposed i nsi dewo colors or less. To print black and high-density
gray images, heat-sublimation inks of three colors of
yellow, magenta and cyan or four colors of yellow,
magenta, cyan and black must be superimposed.  As
described earlier, in the heat-sublimation type printer,
printing a color image by superimposing inks of two
colors orlless will not adversely affect the paper if a
large amount of energy is applied in the printing to the .
heat-generating elements of the thermal head 7,
prbviding good printing. However, printing a color
image by superimposing inks of three or four colors by
application of the samé amqunt of energy deforms the
paper thermally, cauéing a so—called matting phenomenon
such as wrinkle or wave, resulting in poor printing.
This is because a large amount of energy is applied to
the paper.
To solve ﬁhis.problem, the above-mentioned

embodiment controls the amount of energy to be applied

to the heat-generating elements of the thermal head 7 by

This Sheet Has Been Replaced

A




this distance L. Wth the identification marker 23 detected by the optical
sensor 18a, the carriage 4 is in the stopped state. Wth the carriage 4 in
the stopped state, the ribbon cassette 5_housed in the cassette hol der on
the canopy 19 is passed to the upper cal¥iage 4b. Now, referring to Fig. 4,
.the controller 25 has a RAM (Random Access Menory) 26 and a ROM (Read Only
Menory) 27. The RAM 26 stores image information for recording, which is
divided into identification data of four colors of yellow nmagenta, cyan
and bl ack. The col or recording data corresponding to the color of the ink

ribbon 17 housedei Bohbeolibbopscassstdtnd €& hee usatk fof oaéité%ﬁ'm&fdnéﬁtl ng is
read fromthe RAM 26 into the controller 25. Based on this data, the
controller 25 to Bé pelifekdvely drives the plurality of heat-generating

el ements of the thermal head 7. Meanwhile, printing of an ordinary col or
image is performed by Tapdei ipshowg senéisubbnsiip Opetwdesn ofhd Wo col ors or
| ess. To print black and high-density gray inmages, heat-sublimtion |nks of
three col ors oéngegies, tonbenpphield dyarthe Heat—gerlearat iofg edlemawts

and the mgtting phenomenon in printing with four colors
in 16 gray scales. The vertical axis indicates the
energies to be applied to the heat-generating elements
in printing in each of yellow, magenta and cyan. The
horizontal axis indicates the energies in printing in
black. As the number increases, the energies get
higher. Each number indicates a relative amount of
applied energy in representing the density in 16 steps.
A circle (O) at the intersection of the vertical and
horizontal axes indicates that, at that combination of
energies, no matting phenomenon occurs, while a cross
(x) indicates that, at that combination of energies, a
matting phenomenon occurs.

As seen from this table, a matting phenomenon
occurs if the amount of applied enérgy in printing in
black is 0 and the amount of applied energy for printing
in each of yellow, magenta and cyan is 11 or higher when
forming an image by superimposing inks of three colors
or less. However, even in forming an image by

superimposing inks of four colors, if the applied energy

—_—
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magenta, cyan and bl ack nust be superinposed. As described earlier, in the
heat -subl i mation type printer, printing a color inage by superinposing inks
of two colors or less will not adversely affect the paper if a |arge anount
of energy is applied in the printing to!Bhe heat-generating el enents of the
thermal head 7, providing good printing. However, printing a color imge by
superinposing inks of three or four colors by application of the sane
anount of.energy deforns the paper thermally, causing a so-called matting
phenonenon such as winkle or wave, resulting in poor printing. This is
because a | arge anount of energy is applied to the paper. To solve this
problem the above-mentioned enbodlnentTam&Erbls t he anDunt of energy to be

applied to the erari g etrements—of—the—thermat—head—7F 8+t he
control ler 25 acco_rdl n% to k%@%ﬂﬁkdﬁsp@%nﬁ&bn‘ofﬁ%ﬁ&d&v gﬁcﬁwm&%féy&%e 1
shows a relatipnship between the energies to be applle
heat - generating el enents ahd the ttin heponenon in printing wth four
col org in 16 ay_scal es I'hptovpr[r?(‘al gXIpS {]nal Cat &s lloﬁél 91 15 '
0 O OO0 00000000 X x %x X X
1 O OO0 O 0000000 x x x x %
2 O 000000000000 O OO
3 O 000000000000 00O O
4 OO 00000000000 O0OO0OO0
APPLIED 5 O 000000000000 O0OO0O OO
ENERGIES 6 OO0 00000000000 O0OOODO
FOR 7 OO0 00000000000 O0O.0OO0
RECORDING | 8 O 000000000000 O0OO0OoO0
BLACKINK | @ 0000000000000 O0OO0OoO0
10 O 000000000000 OO0 OO O
11 -0 0O 0 0000000 0. x X %X %X %
12 O 0O 000000000 x x x %X X%
13 O 0 0O 00O 0O 00000 x %X %X x x
14 OO O 00000 00 0 x x x X X%
15 O OO0 00 00000 0 x x x X X

in printing in black is between 2 and 10 inclusive, no-
matting phenoménon occurs. Also, if the applied energy
is 10 or lower-in printing in each of yellow, magenta
and cyan, no matting phenomenon occurs even if the
applied energy in printing in black is 15, the maximum
value. . |

The reasons are as follows. When the applied
energy in printing in black is between 2 and io
inclusive, if a matting phenomenon is caused by

us_mg inks of three colors,. heating of the paper
N



energies to be applied to the heat-generating elenments in printing in each
of yellow, nmagenta and cyan. The horizontal axi-s indicates the energies in
printing in black. As the number increases, the energies get higher. Each
number indicates a relative amount of apPlied energy in representing the
density in 16 steps. Acircle (0) at the intersection of the vertical and
hori zontal axes indicates that, at that conbination of energies, no matting
phenonenon occurs, while a cross (x) indicates that, at that conbination of
energies, a matting phenonenon occurs. As seen fromthis table, a matting
phenomenon occurs Jed ener [ in black is O

and t he anDuntC%Vs%épﬁ?gﬁﬁgﬁ %%ﬁf¢i§§§£%W&9%ﬁfq %%%EQ rfﬂ;égjoﬁfgﬁﬁéenta
oD L2 Loy Tl RER PRS00 TG SRS TOBRS LS O
T e A Se B e e
12 13 14 15 0 o L0 & O MALAR L M yah 4sX ¥ or lower, the total '
energy obtained by adding the energies accumulated so
far to the applied energy in printing in black is less
than the amount of energy that causes a matting
phenomenon.
Therefore, in the present embodiment, the
applied energy in printing in black in forming an image
by superimposing inks of four colors is set to the
minimum of 2 and the maximum of 10.
The following describes the operation of thé
first embodiment having the above-mentioned
constitution.
Image information inputted from a host computef
or an image reader, not shown, into the controller 25 of
the thermal transfer printer 1 of the present embodiment
is stored in the RAM 26 as recording data classified by
four colors of yellow, magenta, cyan and black. Actual
printing is performed in the order of yellow, magenta,
cyan and black by using the ribbon cassettes 5a, 5b, 5c

and 5d in this order. It should be noted that a

chromatic color is formed by adding a gray scale to one
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1" 0000000000 0xxxxx2 0O0000OO0O0O0OO0O0O0OOOOOOO3 O

O0OO0O0O000D0O0OO0OOOODO0DO04 0OOOOOOOLODODOOOOOOOAPPLIED 5
OOOOOOOOOOOOOOOOENRGES 6 OOOOOOOOOOOOOOOO
FOR 7 0000000000000 0O@ORECORDING8E O0OO0O0O0O0O000O0
OOOOOOBLACKINK9 OOOOOO0OO0O0OOO0O0O0O0OD0OD0O10 OOOOOOO

O0OO0OO0OO0O000011 OOODOOOOOOODOOX XxXXxxx12 O0OOOOOOOO
OO0Ox x xxx 13 00000000000 Xx xxxx14 0O000O0O0O0OO0OO0O
X X X x x 15 OOOOOOOOOOOxxxxx|npr|nt|ng|nblc IS

between 2 and 1Q ihel G# ‘i‘?xks”Bf”@MéQ%Bf@f‘Q”gflgﬂeﬂf ﬁﬁ‘a‘% magerﬂthe

applired energy is 10 or lower 1n printing.1n ea a and

cyan, no matti RNENARERRA rematis ENEHri {sthsrAdP! b S{ Y, | i nting
~in black is 1569tahe maxi %umrvalsgei§ ThedSlLr.ea%onsr are algd‘?ﬁyl oﬂsa. (‘{khayn t he

appl i ed ener gysicalpr itat an@ombihhagkni 6f bpaneesrt 2k Idbidid w ve, if a
mat ti ng. phenonenon i s caused by superinposing inks of three colors, heating
of the paper yellow, magenta and cyan. Of achromatic colors,

specially high density black, or great black is formed

by adding a black ink to the three inks of yellow,

magenta and cyan.

Printing in the yellow ink is performed as
follows. The cassette ribbon 5a housing the yellow
heat-sublimation ink ribbon 17a is detected when the
optical sensor 1l8a arranged on the carriage 4 detects
the identification marker 23 of the ribbon cassette 5a
while the carriage 4 is being moved from the home
position to the right by a command given by the
controller 25. Then, upon detecting the identification
marker, the optical sensor 1l8a sends a detection signal
indicating the identification marker 23 containing the
arrangement and pitch of the nonreflective portions 24a
to the controller 25. The controller 25 determines
whether the detected identification marker 23 is of the
ribbon cassette 5a corresponding to the command. If the
identification marker 23 is found of the ribbon cassette

5a corresponding to the command, the controller 25 stops

the carriage 4; otherwise, the controller 25 continues
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20 caused by the later superinposing of a black ink causes a | am nate

. effect, which snoothes the wavy surface of the paper. \Wen the applied
energy in printing in each of yellow, nagenta and cyan is 10 or |ower, the
total energy obtained by adding the ene2di es accunul ated so far to the
applied energy in printing in black is | ess than the anount of energy that
causes a matting phenonenon. Therefore, in the present enbodi nent, the
applied energy. in printing in black in form ng an i mage by superi nposi ng
i nks of four colors is set to the mninmmof 2 and the maxi rum of 10. The
foll owi ng describes t operation of the first,enbodipent, having the
above- nent i onef¥dT% i icé'r’f.rllaﬁﬁgg PA b?‘nﬁ{‘-? hg?ﬂﬁhff%%ltﬁ‘?%rﬁ‘aa t23
conmputer or an j e re% er, not £ omg into the ontrollq% 25 of the
“thermal transfé& B P PP FAPRE T 5P 28N FOERBBRPREHEY | £O sERT PR he RAM
26 as recordinqsd a classified by four colors of yellow, nagenta, cyan and
bl ack. Actual printing’is perfornmed in the order of yellow, nagenta, cyan

and bl ack by using the fd hin £A39%4 68524 £3Bat36nRY:RE | B3t s order. It
shoul d be noted that a

found, the controller 25 stops‘thé carriage 4 at a
position opposed to the corresponding ribbon cassette
5a, drives each parallel crank 8 and the roEary crank 11
to raise the upper carriage 4b, and passes the ribbon
cassette 5a held in the cassette holder of the canopy 19
and housing the yellow heat-sublimation ink ribbon 17a
to the upper carriage 4b. Then, the controller 25
drives each parallel crankls and the rotary crank 11
again to lower the uppéf carriage 4b until the same
touches the lower carriage'4a,.upon which yellow
printing using this ribbon cassette S5a starts. 1In this
yellow printing, the controller 25 performs control such
that the printing is performed according to the density
of the recording image to be printed. As a result, the
yellow printing is perfdrmed by one of the applied
energies up to the maximum of 15 in Table 1.

When the yellow printing is completed, the
controller 25 stops the carriage 4 at a position opposed
to the cassette holder that housed the ribbon cassette

5a used in the printing, raises the upper carriage 4b as
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chromatic color is fornmed by adding a gray scale to one 21 or two of

I nks” of three colors of yellow, magenta and cyan. An achromatic color is
formed by adding a gray scale to a conbination of inks of three colors of
yeIIOM/ magenta and cyan. Of achromatic28ol ors, specially high density

bl ack, or great black is formed by adding a black ink to the three inks of
“yellow, magenta and cyan. Printing in the yellow ink is performed as
follows. The cassette ribbon 5a housing the yellow heat-sublimtion ink
ribbon 17a is detected when the optical sensor 18a arranged on the carriage

LTS S BRI siseSh LR I CRTAR Y

carriage 4 is berng moved

given by the contfy %f§%r5%5 OEH@ a 880@h%e;§é%%P %ﬂﬁ%%%e |%%g%glon mar ker ,

t he optical sensor a sSends a etectlo

|dentlflcatloncg§g§%%82§2§g@}alnngnthgh {%§Q%§£f¥%e 15 ﬁ|Q§¥

nonrefl ective portions 24a to the cohtfo

determi nes whetper 1HEﬁtQQE@§E§Qn'H§PﬁéE'f@tdgpn%ﬂ@rxllfﬁer&% |5 ftford e i bbon

cassette 5a corresponding to the comuand
cassette 5b to be used next. The corresponding ribbon

cassette 5b is mounted on the carriage 4, upon which
magenta printing is performed. 1In this magenta printing
too, the controller 25 performs control such that the
printing is performed according to the density of the
recording image to be printed. As a result, the magenta
printing is performed by one of the applied energies up
to the maximum of 15 in Table 1.

When this magenta printing is completed, cyén
printing is performed in generally the same manner by
one of the applied energies up to the maximum of 15 in
Table 1.

Thus, the printing by use of the yellow, magenta
and cyan heat-sublimation inks is performed according to
the density of the image to be printed by the applied
energies selected from the applied energies up to the
maximum of 15 in Table 1.

If recordiﬁg data indicating the use of a black
ink is outputted from the RAM 26 of the controller 25 to

the controller 25 after completion of the printing of
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“identification marker 23 is found of the ribbon cassette 5a correspondi ng
to the command, the controller 25 stops the carriage 4; otherw se, the
cqontrol l er 25 continues 22 noving the carriage 4 until the

i dentification narker 23 of the ribbon &8ssette 5a corresponding to the
command is found. If the desired identification marker 23 is found, the
controller 25 stops the carriage 4 at a position opposed to the
correspondi ng ri bbon cassette 5a, drives each parallel crank 8 and the
rotary crank 11 to raise the upper carriage 4b, and passes the ribbon

cassette 5a helyhd nHde @oIsRid e a'ﬁo'ig‘%eoh’kﬂgdcBgfgﬁgégiﬁggsgﬁgsﬁﬁgnt ht6he

yel | ow heat-sublimation ink ribbon 17/ato the upp rri ,

control l er 25 didwecldds Y Yrlovlidenankrieapdol e Eﬁéa{:ane‘féffe}_lzggai nto

| ower the upper carriage 4b until the sanme touches t ower carriage 4a,

upon whi ch yel Ipaw firimd ictg tDINGubhi hhtbboAckagseht En§ai st Bét Sorhdgt hi s
yellow printing, the controller 25 perforns control such that the printing

is perforned abyorat agppldednendenyi bf ehet hexisanr6F NYoi fROLaBDe bE pFi nt ed.

As a result, the yellow printing is perfornmed by one of the applied
each of the energies applied to the heat-generating
elements for printing yellow, magenta and cyan exceeds
1l. 1In the state before performing the printing with
the black ink, the energies applied to the heat-
generating elements exceeded 11 in high density in
printing with the yellow, magenta and cyan inks, causing
a matting phenomenon on the paper. The laminate effect
caused by the heating for superimposing the black ink
smoothes the waviness of the paper, eliminating the
matting phenomenon. It should be noted that, in forming
an achromatic image such as black or gray, the energies
to be applied to the heat-generating elements when
printing with yellow; magenta and cyan inks are normally
made equal to each other.

On the other hand, upon completion of the
recording with the three colors if the energies applied
to the heat-generating élements when printing with
yellow, magenta and cyan inks before the recofding data

indicating black printing is outputted from the RAM 26

of the controller 25 to the controller 25 are 10 or less
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energies up to the maxi numof 15 in Table 1. Wen the yellow printing is
conpleted, the controller 25 stops the carriage 4 at a position opposed to
the cassette hol der that housed the ribbon cassette 5a used in the
printing, raises the upper carriage 4b 24 23 descri bed above, and passes
the yellow ink ribbon cassette 5a nounted on the uppér carriage 4b to the
cassette holder. Then, the optical sensor 18a detects the identification
mar ker 23 of the magenta ribbon cassette 5b to be used next. The
correspondi ng ribbon cassette 5b is nounted on the carriage 4, upon which

Jagenta print! e P ARG Job1iltBRIGR! Bn0 LALERG EQE: DG, FO0LT O 1

25 perforns contro suc printing i's per accor t he

density of thegd ﬁqwlding:dgag%t AaRGeR' b@t gdusfiglal Rsttingt Ne magent a
printing is perforned by one of the applied enerales up to”t he maxi mum of

15 in Table 1. pieibridhcn maaerirarBrk)t LAE biaEQ”El:%EQn CYaR p&inting is
performed in generally the sane manner by one of the applled energies up to

the maxi mum of pkfx fiormeablby Lisihigughet haxpmbit bAErgy o519 tHGwyee} PW,

magent & superimposing high-density black fails to form the gray
image of a desired density, so that the applied energy
of lo.or less is also used for the black printing. It
should also be noted that forming such a high-density
gray image need not superimpose a black ink.

As described, according to the thermal transfer
printer practiced as the above-mentioned embodiment,
when forming a high-density gray or black image by
superimposing the heat-sublimation inks of four colors,
the energy to be applied to the heat-generating elements
for the last black printing is made lower than those to
be applied when printing with the other three color
inks. Therefore, if the print paper is affected by a
matting phenomenon by the energies applied to the heat-
generating elements for printing with yellow, magenta
and cyan inks, the laminate effect caused by the heating
of the paper in printing with the black ink eliminates

the matting phenomenon, resulting in the smoothed paper

for good-quality printihg.
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and cyan heat-sublimation inks is perfornmed according to the density of the.
I mage to be printed by the applied energies selected fromthe applied
energies up to the maxinmumof 15 in Table 1. If recording data indicating
the use of a black ink is outputted fro25the RAM 26 of the controller 25 to
the controller 25 after conpletion of the printing of 24 the three .
‘colors, an inmage forned by superinposing the four colors is provided.
Therefore, the controller 25 performs control such that black printing is
performed by an applied energy of the maxinmumof 10 in Table 1 if each of
the energies applied to the heat-generating elements for printing yell ow,
magent a .and cyan exceeds Will be eppageatetbatotbepprésentngnveetponnting
with the black.ink, the energies applied to the heat- generating elenents

exceeded 11 |nlﬁ|Bthéﬁ§FF9dlHOpFFﬁt?h@V%I@ﬁnth%n9@I¢mh@d¥mﬁﬂ#nﬁﬁ¢uuj cyan

I nks, causing a, mattin hen non on the er. The |amnate effect caused
by the heat i ng F8F9§angB 8Eﬁbc?ﬁb°%?dﬁky & W3R RN e Qﬁﬂﬁﬁﬁiﬂgcﬁ t he

Paper Sl IRLASLUE IRkl DG POSIRrEreD. 43N0 be ot eq (gl L
mentioned embodiment, an energy of 10 to be applied to
the heat-generating elements is used only when printing
with a black heat-sublimation ink for forming a high-
density gray or black image by superimposing the heat-
sublimation inks of the four colors; it will be apparent
that, if the desired energy is found bethen 2 and 10
inclusive, a matting phenomenon can be eliminated.

The following describes a second preferred
embodiment of the presént invention.

The basic constitution of the second embodiment
is genefally the same as that of the above-described
first embodiment; therefore the description of the basic
constitution will be omitted from the following
description. 1In the second embodiment, when forming a
gray or black image by superimposing heat—subliﬁation
inks of the four colors, the tfavel speed of the
carriage 4 at which printing with the black heat-
sublimation ink is performed is made higher than thét at
which printing with each of yéllow, magenta and cyan

inks is performed, thereby making smaller the energy to

—_—
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to be applied to the heat-generating el ements when printing with yell ow,
magenta and cyan inks are normally nade equal to each other. On the other
hand, upon conpletion of the recording with the three colors if the
energi es applied to the heat-generati ng2@l enents when printing with yell ow,
magenta and cyan inks before the recording data indicating black printing
“is outputted fromthe RAM 26 of the controller 25 to the controller 25 are
10 or less 25 of low density, application of the energy for the black
printing poses no danger of causing a natting phenomenon. Therefore, the

super  mposi ng R gAPHEAS Srggrﬁﬁsk%ﬁ% BERE it G E G s 1 o
density, so th@ﬁ?bh‘éRQngb OpPRE DG Ofn MhOodifRS. di Al SR 1580 for the

bl ack printing oul orm ng su h|g -density

gray inmage ”eeﬁrEGEnEUEEé' 33 @r&ﬁz&éﬁhr{ed‘gib e £8P Widifthy RECOR ng Lo the

thermal transfer printer tlced a ove- nent1 one odi ment ,
formng a hi ghadﬁnévéytliay09§e@d;ﬁ£é< Ix{t&%&&be&uw'ﬂ&%l%s”& a

heat - subl i mati on i nks of four colors,
drive device such as a stepping motor, not shown, for
reciprocating the carriage 4 is controlled by the
controller 25 according to the density of an image to be
printed.

Table 2 shows a relationship between the
carriage travel speeds at which printing in each of
yellow, magenta and cyan are performed and the cérriage
travel speeds at which printing in black is performed.
In the table} the left“column indicates the spe;ds at
which printing in each of yellow, magenta and cyan is
performed, while the center column indicates the speed
at which printing in black is performed.

In the second embodiment, the carriage travel
speed at which printing in each of yellow, magenta and
cyan is performed is 20 cps each, only the carriage
travel speed at which black printing is performed is.
controlled variably. Table 2 shows the case in which
the carriage travel speed for black printing is the same
(20 cps) as the other printing and 7.5 times (150 cps)

as high. The right column of the table indicates states
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the energy to be applied to the heat-generating elenents for the |ast black
printing is made |ower than those to be applied when printing with the
other three color inks. Therefore, if the print paper is affected by a
matti ng phenonenon by the energies appl22d to the heat- generating el enents
for printing with yellow, magenta and cyan inks, the | am nate effect caused
by the heating of the paper in printing with the bl ack ink elimnates the
matti ng phenonenon, resulting in the snoothed paper for good-quality
printing. 26 It will be apparent that the present invention is not
limted to the above-nentioned enbodi nent and changes and nodificati ons may
be made wi thout departing the spirit o& %Qe 5nvent|on For exanple, in the
above- nentioned _enbodinent. an energy 8f-¥0“t o be applied to the

heat - generati nglel ements is used [only when printing with a bl ack
heat - subl i mat i oh | ¥C IR TIH@IPREhg {a W%ERIH@Hﬁ&E?Dgr aW%@KW‘a@RSﬁ?ﬁge by
superi nposi ng t ke—heat—sub-ratHeor—rAks—ef—the—fogr—ecot-ors—+—wH be
apparent that, |f the deeasred engr gy S h@amd bet wgen 2 andx 10 i ncl usive, a
mat ti ng phenonepomr—cam be—etrTmated—The—fottowngdescrbes—= beufrd
preferred I 30CPS 0
' l 3

| 100 CPS

| 130CPS

! : 150 CPS x

of a gray or black image by.a circle (O) or cross (x)
obtained by printing with each ink under the condition
shown in that row. The.circle indicates that no matting -
phénomenon has occurred, . resulting in good printing,
while the crosé indicates that a matting phenomenon has
occurred, resulting in poor printing.

| As seen from Table 2, if the carriage trével
speed at which black printing is performed when forming
an image by superimposing the inks of the four colors is
made equal to the carriage travel speed (namely-zo cps)
at which the printing with yellow, magenta and cyan inks
is performed, a matting phenomenon is also caused,
resulting in poor printing. If the carriage travel
speed at which black printing is performed is set to a

level 1.5 times (30 cps) as high as the carriage travel

———
/
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enbodi nent of the present invention. The basic constitution of the second
enbodi nent is generally the sane as that of the above-described first

enbodi ment; therefore the description of the basic constitution will be
omtted fromthe foll ow ng description28ln the second enbodi nent, when
form ng a gray or black inmage by superinposing heat-sublimation inks of the
four colors, the travel speed of the carriage 4 at which printing with the
bl ack heat- sublimation ink is performed is made hi gher than that at which
printing with each of yellow, magenta and cyan inks is perfornmed, thereby
maki ng smaller the energy to 27 be ap E|Ied to the thermal head 7 for the
bl ack pri nti n§BEegh 3th 1F8rpﬁﬁﬂﬁﬂpﬁgoﬁn PReOBR®RICAIRER &l ors to prevent
t he paper from bein ef ormed _t her nal | chleve thJS bj ective, the

nunmber of rot RETERE 'aadHPQQ BE%PEé“éuEﬁsﬁ talgiehy tor, not shown,
for reciprocating the rr|a e 4. ntro Ied b e controller 25
according to thegdensﬂﬁs rrﬁ&@@ t-638& pFPﬁ?édapT$%+%h2b£ @5

rel ationshi p hetyeen o he GALELaAEA" [8VEL: SBEOHS Abet & B I ¢ " each

of
. cps) as high as the carriage speed at which printing of

the other colors is performed, poor ink transfer is
caused not by the métting phenomenon but by the excess
speed, resulting in a poor gray or black image.

Therefore, in the second embodiment, the same
energy as used for printing with each of yellow, magenta
and cyan inks is applied to the thermal head when
printing with the black ink, while the carriage travel
speed at which black pfinting is performed is set to a
level N (1 < N < 7.5) times as high as the speed at
which the printing of the other three colors is
performed, theréby reducing the energy to be actually
applied to the print paper. Thus, the total energy
(accumulated energy) obtained by adding the energy for
the last black printing to the energy for the preceding
three—-color printing becomes lower than the energy that
will cause a mattiné phenomenon.

The following describes the operation of the

second embodiment.

\
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yel | ow; magenta and cyan are perfornmed and the carriage travel speeds at
which printing in black is perforned. In the table, the left colum
.indicates the speeds at which printing in each of yellow, nagenta and cyan
is performed, while the center colum igglicates the speed at which printing
in black is perfornmed. In the second enbodi nent, the carriage travel speed
"at which printing in each of yellow, magenta and cyan is performed is 20
cps each, only the carriage travel speed at which black printing is
performed is controlled variably. Table 2 shows the case in which the
carriage travel speed for black printing is the same (20 cps) as the other
~printing and 7.5 tinmesIpage épSpraathoghingheted ghiromod umes bf corputebl e

i ndi cates states 28 Table 2 YMC PRI NTI NG SPEED BLACK PRI NTI NG SPEED
BLACK PRI NTED ST AFE 'Qea@Psreaderr not S@wrGPs’}nto the control I3y @ssof

O 100 CPS Ofe 150 CPS
x of a gray ort%?aE?eF%%betﬁ®n%F%ﬁrRH%?WRS %Niﬁnﬁiﬁiqgoln the RAM 26 :

as recording data classified by the four colors of
yellow, magenta, cyan and black. Actual printing is
performed in the order of yellow, magenta, cyan and
black by using the ribbon cassettes Sa, 5b, 5c¢ and 54 in
this order. It should be noted that a chromatic color
is formed by adding a gray scale to one or two of inks
of three colors of yellow, magenta and cyan. An
achromatic color is formed by adding a gray scale to a
combination of inks of three colors of yellow, magenta
and cyan. Of achrbmatic colors, specially high density
black, or great black is forméd by adding a black ink to
the three inks of yellow, magenta and cyan.

Printing in the yellow ink is performed as
follows. The cassette ribbon 5a housing the yellow
heat-sublimation ink ribbon l7a is detected when the
optical sensor 18a arranged on the carriage 4 detects
the identification marker 23 of the ribbon cassette 5a
while the.carriage 4 is being moved from the home
position to the right in Fig. 1 by a command given by
the controller 25, Then, upon detecting the

identification marker, the optical sensor 18a sends a

[—
o
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obtai ned by printing with each ink under the condition shown in that row.
The circle indicates that no nmatting phenonenon has occurred, resulting in
.good printing, while the cross indicates that a matti ng phenonmenon has
occurred, resulting in poor printing. AOseen fromTable 2, if the carriage
travel speed at which black printing is perfornmed when form ng an i nage by

.superinposing the inks of the four colors is nmade equal

to the carriage

travel speed (namely 20 cps) at which the printing with yell ow, magenta and
cyan inks is perforned, a matting phenonenon is al so caused, resulting in
poor printing. If the carriage travel speed at which black printing is
performed is sdetectaoheséfndlbindiest (B9 tips)identi iitaasdienaakiar age
travel - 29 speed at which printing of the other colors is perforned, a
good printing fesbeinisgobhai actangémeme awd rpidgeh tafawdle speed at whi ch

bl ack printing is performed is set to a level 7.5 tines (150 cps) as high
as the carri agBo8peEHCEELYA| BAL bioma | 24R Ofo tte mdndiraddlear £5i.s [Fiwef or ned,
poor ink transfer is_caused pnot by the matting phenonmenon but by the excess

speed, resultifgFRCAIBROFA RaleRintRchethgie the detected

identification marker 23 is of the ribbon cassette Sa

corresponding to the command. If the identification

marker 23 is found of the ribbon cassette 5a

corresponding to the command, the controller 25 stops

the carriage 4; otherwise, the controller 25 continues

moving the carriage 4 until the identification marker 23

of the ribbon cassette Sa cbrresponding to the command

is found.

If the desired identification marker 23 is

found, the controller 25 stops the carriage 4 at a

position opposed to the corresponding ribbon cassette

5a, drives each parallel crank 8 and the rotary crank 1l

to raise the upper carriage 4b, and passes the ribbon

cassette 5a held in the cassette holder of the canopy 19

and housing the yellow heat-sublimation ink ribbon 17a

to the upper carriage 4b. Then, the controller 25

drives each parallel crank 8 and the rotary crank 11

again to lower the upper carriage 4b until the same

touches the lower carriage 4a, upon which yellow

printing using this ribbon cassette Sa starts. In this

This Sheet Has Been Reﬂlaced

QLT




Therefore, in the second enbodi nent, the sane energy as used for printing
with each of yellow, nagenta and cyan inks is applied to the thermal head
when printing with the black ink, while the carriage travel speed at which
bl ack printing is perfornmed is set to @1level N (1 < N< 7.5) tinmes as high
as the speed at which the printing of the other three colors is perforned,

t hereby reducing the energy to be actually applied to the print paper.

Thus, the total energy (accunul ated energy) obtained by adding the energy
for the last black printing to the energy for the preceding three-color
printing beconmes |ower than the energy that will cause a matting
phenonenon. Thellowl pRin§iagscki®ezontroblrr 2% orpfrale Hw amPwitbodi ment .
30 Image information inputted froma host conputer-or an inmage reader, not
shown, into tRE EBAt EBRFSY PS8 e aprliedkrimlthe dngmalpheadr/ BYah stored
in the RAM 26 as recording data, cl assified, by the four colors, of yell ow,
magent a, cyantBa8 BP%CRFlgéfﬁ%J1?N??ﬁ§9ﬁf?@; iR 9 Hhfe danddrtYof
yel | ow, nagent

vel low mmgenta,  gyan and blagk by uslqg 40 1 Bhon SAssgdes T Db 5¢
predetermined travel speed for yellow printing.

When the yellow printing is completed, the
controller 25 stops the carriage 4 at a position opposed
to the cassette holder that housed the ribbon cassette
5a used in the printing, raises the upper carriage 4b as
described above, and passes the yellow ink ribbon
cassette 5a mounted on the upper carriage 4b to the
cassette holder. Then, the optical sensor 18a detects
the identification markér 23 of the magenta ribbon
cassette 5b to be used next. The corresponding ribbon
cassette 5b is mounted on the carriage 4, upon which
magenta printing is performed. 1In this magenta printing
too, the controller 25 controls the amount of the energy
to be applied to the thermal head 7 such that the
printing is performed according to the density of the
image to be printed, moving the carriage 4 at the same
travel speed for magenta printing as that at which the
above-mentioned yellow printing is performed.

When the magenta printing is completed, the cyan

printing is performed in generally the same manner.

_—
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this order. It should be noted that a chromatic color is formed by adding a
gray scale to one or two of inks of three colors of yellow, magenta and
cyan. An achromatic color is forned by adding a gray scale to a conbi nation
of inks of three colors of yellow, magd#a and cyan. O achromatic colors,
specially high density black, or great black is fornmed by adding a bl ack
ink to the three inks of yellow, nagenta and cyan. Printing in the yell ow
ink is perforned as follows. The cassette ribbon 5a housing the yell ow

heat - subl i mation ink ribbon 17a is detected when the optical sensor 18a
arranged on the carriage 4 detects the identification marker 23 of the

ri bbon cassette 5a whiTkus hethaarpriaddng by wsengfndhedhersm t he hone
position to the right in Fig. 1 by a_conmmand given by the controller 25.
Then, upon detsaédliimgiqn ofi ¥aLileW. nBprgeRrtat aed opY#RalsS sensor 18a
sends a 31 detection signal, indicating,the identification narker 23

cont ai ni ng th@e§¢F§H55h§Wt%§W&“§iFEﬁ S?r?hégﬁoﬁr%Fl%cEF e bRt 24a to

the controller 25.. The cantroll er. 25 _.determ nes, whet her the detected
dent i {1 cat i of BRSAACC LT9 0, FBE, PERBACYagbet e Hiage o be

printed. It should be noted that, in forming an
achromatic image such as black or gray, the energies to
be applied to the heat-generating elements when printing
with.each of yellow, magenta and cyan inks are normally
made equal to each other.

In the second embodiment, when the printing of
the three colors has been completed, the ribbon cassette
5d of a black ink is mounted on the carriage 4 in the
same manner as describéa above. When recording data
indicating black printing is outputted from the RAM 26
to the controller 25, the controller 25 increases the
travel speed of the carriage 4 N times as high as the
travel speed at which the printing of each of the three
colors of yellow, magenta and cyan has been performed,
while applying the same amount of energy to the heat-
generating elements as that applied for printing the
three colors.

_ Thus, while applying the same amount of energy
to the heat-generacing elements for black printing as

that for the printing of the other three colors, the

—
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eorresponding to the command. If the identification marker 23 is found of
the. ri bbon cassette Sa corresponding to the command, the controller 25

. stops the carriage 4; otherw se, the controller 25 continues noving the
carriage 4 until the identification maBRBer 23 of .the ribbon cassette 5a
corresponding to the command is found. If the desired identification harker
- 23 is found, the controller 25 stops the carriage 4 at a position opposed
to the correspondi ng ribbon cassette 5a, drives each parallel crank 8 and
the rotary crank 11 to raise the upper carriage 4b, and passes the ribbon
cassette Sa held in the cassette hol der of the canopy 19 and houysing the
yel | ow heat - sUbfa TRt | PESRICE i Bsosarrdags dhéogpPdrckaPridg§dndhiSThen, the

troll 25 d h |1 el k.8 and th t k 11 t
over ¢ he uppdiadsir eesi%‘%u a{n?tsn%q%r?é‘m Padahasa ‘ésa{téﬁé tBaeri age da,
upon whi ch yel | ow Q%In usj thls ri g g ssette %takts In_this
32 yel | ow pnlﬁqﬁl ?1°r ht afSPESXE 5l SmSHB P of FﬁgYeﬁgrgy to
be applied to * é%pJﬁ%%n t%“‘éﬂet R3GvEhe sBLk LRIchs BEEERLERY

according to t densi
4,_reduc1ng the accumulated amount of energy in one dot

in the printed image to eliminate a matting phenomenon.

To be more specific, when printing a continuous
gray area with a black ink for example, the same amount
of energy is applied to the heat-generating elements as
that applied for the printing of the other three colors,
the carriage travel speed for printing the other three
colors is set to 20 cps, and the carriage travel speed.
for black printing is increased by four times to 100
cps. This setting allows the black printing to be
performed with the amount of energy one fifth the amouqt
of energy required for printing with each of yellow,
magenta and cyan inks, resulting in good printing as
shown in the table.

It should be noted that forming the gray image
does not always require the superimposition of a black
ink; the application of the energy to the heat-
generating elements of the thermal head 7 may be

interrupted when the heat-generating elements have come
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of the image to be printed, noving the carriage 4 at a predeterm ned travel
speed for yellow printing. Wien the yellow printing is conpleted, the
controller 25 stops the carriage 4 at a position opposed to the cassette
hol der that housed the ribbon cassette3a used in the printing, raises the
upper carriage 4b as descri bed above, and passes the yellow ink ribbon
cassette 5a nounted on the upper carriage 4b to the cassette hol der. Then,
the optical sensor 18a detects the identification marker 23 of the nagenta
ri bbon cassette 5b to be used next. The correspondi ng ri bbon cassette 5b is

nount ed on thetgagrp3g€idn YPOHr ¥ Ly MBSO NI ¢ 1 ¥Hd Rk iink iRRY fWAldEdnd N
this nmagenta printing too, the controller 25 controls the anbunt of the

energy to be apphtrdihr L8endberd@hifedd 7 such that the printing is
performed according to the density of the imge to be printed, noving the

carriage 4 at the saneaisr deekbripedd ao6topdyrgt topthat tngrmsl ttwdnstemhi ch
t he above-nentioned yellow printing is perfornmed. Wen the nagenta printing
is conpl eted, phéntganppachiced as ey foremd] iembyetigremt w& hesame nanner.
33 Thus, the printing by use of the heat- :

invention, when forming a high-density gray or black

image by superimposing the heat-sublimation inks of the

four colors, the same amount of energy is applied for

the printing of each of colors and the travel speed of

the thermal head 7 is made faster when performing the

last black printing than that at which the printing of

each of the other three colors is performed. This

reduces the accumulated amount of energy per dot in the

image to be printed below the level that causes a

matting phenomenon, resulting in good printing.

It will be apparent that the present invention

is not limited to the above-mentioned embodiment and

changes and modifications may be made without departing

the spirit of the invention. For example, in the second

embodiment, when forming a high-density gray or ‘black

image by superimposing the hegt-sublimation inks of the

four colors, the carriage speed for black printing is

set to a level five times as high as the speed at which

printing of each of the other three colors is performed.

It will be apparent that the carriage travel speed for
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sublimation inks of yellow, magenta and cyan is perfornmed by noving the
carriage 4 at a predeterm ned speed according to the density of the inmage
to be printed. It should be noted that, in form ng an achromatic inage
such as black or gray, the energies to3Be applied to the heat-generating
el ements when printing with each of yellow, magenta and cyan inks are -
normal |y nade equal to each other. In the second enbodi nent, when the
printing of the three colors has been conpleted, the ribbon cassette 5d of
a black ink is nmounted on the carriage 4 in the sanme manner as descri bed

above. Wen recording data indicating black printing is outputted fromthe
RAM 26 to thePddfkrBFEBF1DE, MRYePR AHY d!“f]e'f'lélje irk?Fcbr‘geﬁbsl tarfgijt?"aﬁ/el speed
of the carriage 4 N_tipes,as _high as the travel speed at.which the printing
of each of th l‘E‘ﬁFeéchESF‘sa%fé@%l?%%l%egeﬁaav%‘ﬁas%‘%ﬁa‘ﬂ Hs po]‘lgleriltmpn f or ned,
whi | e appl yi ng.th a u Yy e - rati eljenent s
as that appl |§5 F%Fﬁpglﬁn?ﬁggghﬁ%t rlgéegc%#f(;orltsg.] ﬁé}:ﬁs,e'{/ﬁgﬁ}g’ le'p'di-'?/% ng t he

S aen ok Rk e a235C! K Sheum ek bhasirRhylt N0 o

reduces the amount of energy to be applied to the
thermal head 7 for black printing to about 15% to 65% of
Ehe amount of energy for printing with each of the other
three color inks, thereby reducing the accumulated
energy on the print paper to eliminate a matting
phenomenon as seen from Table 2.

As described and according to the first and
second embodiments of the invention, forming an image in .
full-color printing by ;uperimposing the heat-
sublimation inks of four colors will not adversely
affect the print paper, resulting in the full-color
image of good quality.

The following describes a third preferred
embodiment of the invention. -

The basic constitution of the third embodiment
is generally the same as that of the above-described
first embodiment; therefore the description of the basic
constitution will be omitted from the following
description. The difference lies only in that the

ribbon cassette 54 houses the ink ribbon 17d of a black
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324 travel speed of the carriage 4 for black printing is nade faster than
that- for the printing of the other three colors. This can provide the
-apount of energy in inverse proportion to the travel speed of the carriage
4, reduci ng the accunul ated anobunt of &€ergy in one dot in the printed
image to elimnate a matting phenonenon. To be nore specific, when printing
'a continuous gray area with a black ink for exanple, the sanme anount of
energy is applied to the heat-generating elenents as that applied for the
printing of the other three colors, the carriage travel speed for printing
t he ot her thre color et to 20 cps, and the carriage travel speed for

bl ack printing pa |ﬁBEéé§35189 FRfr iR Fhe fhrapeniedimenty sdtidiendhd | ows
t he bl ack prlntlg to_be B ed with the gnhou of ener one fifth the
amount of ener§y E8auF?88 Eg ?‘l‘?ﬁj'svﬁ“t h“g% %O’yeﬂeo\ﬁ fagent a and

cyan i nks, resetshggﬁt@nmga@%@t Shieois? " G i S ifenl. Shov A be

not ed that form I mage doe

St et o Dot ot s Lakh oA er B e e
heat - gener at i nghet@nefbsd Mt CdPing the above-mentioned
constitution.

In the third embodiment, image information
outputted from a host computer or an image reader, not
shown, into the controller 25 of the thermal transfer
printer 1 of the presént embodiment is stored in the RAM
26 as recording data classified by three colors of
yellow, magenta and‘cyan. Actual printing is performed
in the order of yellow; magenta, cyan and transparent by
using the ribbon cassettes 5a, Sb, S5c and 5d in this
order. It should be noted that a chromatic color is
formed by adding a gray scale to one or two of inks of
the three colors of yellow, magenta and cyan. An
achromatic color is formed by adding a gray scale to a
combination of inks of the three colors of yellow,
magenta and cyan.
| As with the first embodiment, the inks are
applied in the order of yellow, magenta and cyan for

printing. When the printing of these three colors has

been completed, recording data indicating a solid image
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35 to a portion of printing for which the printing with the black ink is
not required. As described, according to the thermal transfer printer
practiced as the second enbodi ment of the invention, when fornmng a _

hi gh-density gray or black image by sup®finposing the heat - subl i mati on inks
of the four colors, the same amount of energy is applied for the printing
of each of colors and the travel speed of the thermal head 7 is nade.faster
when perform ng the last black printing than that at which the printing of
each of the other three colors is performed. This reduces the accunul ated

d h b ted bel t he | | that
Causes 5 mat ¢ IFRF STh G 9 9% duPEARGMEA Lo BangBRRERAGLAKL 161 || be d
ted to_th b tione
erbodt ment  and Rt Bromiaits RBY: 2368 nhpenconae art natr dEAaRH: ng ¢ he
forming a higf 32‘2‘?{ T ep e ST K Pin i85 BERBFRROG HELLRE,
heat - subl i mat iRy én&%sa%h F@%_fQHr099k8E§nﬁEHew§@ﬁr 39e5§§§3§?1§ﬂF | 3RK

printing is set to a leve Ive times-as h ast

printing of e@ﬁﬁhpkhhh%thﬁe&mEBEEEaEQE95555E19€§i9§n?ﬂe thdx Yodh be

apparent that the carriage travél Speed
vertical and lateral dimensions of that image. In this

case, in the third embodiment, a peel-off lever, not
shown, for example is disposed on the carriage 4 to
delay the peeling off of the ink ribbon and lower the
peeling-off force, effecting cold peeling.

Meanwhile, an image having a normal color is.
formed by superimposing heat-sublimation inks of two
colors or less. To obféin a black image or a high-
density gray image, the heat-sublimaﬁion inks of the
three colors of yellow, magenta and cyan need to be
superimposed on each other. Further, in the third
embodiment, the transparent heat-melt ink is overprinted
on the image formed with the three colors.

When forming an image with inks of two colors or
less superimposed on each other, applying a large amount
of energy to the heat-generating elements of the thermal
head 7 for printing will not adversely affect the print
paper to ensure printing of good quality. However, if

the printing with each of the three colors and then the
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36 black printing may be any nultiple between 1 and 7.5 tines as high as

. the.carriage travel speed for printing of each of the other three colors

- .(preferably, 1.5 [err] N[err] 7 in increnments of 0.5). The speed within
this range reduces the anount of energy88o be applied to the thernal head 7
for black printing to about 15%to 65% of the anmpbunt of energy for printing
with each of the other three color inks, thereby reducing the accunul ated
energy on the print paper to elimnate a matti ng phenonenon as seen from
Table 2. As described and according to the first and second enbodi ments of
the invention, formng an inpge in full-color printing by superinposing the
heat- subl i rrat?‘éﬁrpﬁk%tblf@f%% c’amr%ramsnarrﬁﬂt ddkeragd peaffioaaed: Wd thr i nt

paper, resulting in the full-c i mage of good quality. The follow ng
describes a tht f%‘f%fe?’?%‘&i“%rfb%d??%‘rhe%fe‘ter@ﬁ'nm PEANtTREPBASs W 11

above- descr| et 11 TSIbhbsHTETISd st FOHE (haMEdde: PFBRTSROPnEUSHsi
constitution widl,bg o tél?qq;\;eo,m:t&%]ftoilnlgovlv.inn%oor printing.

Consequently, in the third embodiment, the
controller 25 controls the amount of energy to be
applied to the heat-generating elements of the thermal
head 7 according to the density of the image to be
printed.

Table 3 shows a relationship between the
energies to be applied to the heat-generating elements
and the matting phenomenon in printing in each of the
colors in 16 gray scaléé. The vertical axis indicatés
the energies to be applied to the heat-generating
elements in printing in each of yellow, magenta and
cyan, while the horizontal axis indicates the energies
to be applied to the heat-generating elements for
overprinting with the transparent ink. As the values
increase, the energies get higher. These values
indicate the relative amounts of energies represented in
16 gray scales. 1In the table, a circle (O) at the
intersection of the vertical and horizontal axes
indicates that, at that combination of energies, no

matting phenomenon occurs, while a cross (x) indicates
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description. The difference lies only in that the ribbon cassette 5d
houses the ink ribbon 17d of a bl ack 37 heat-sublimation ink in the
first enbodi ment, while the ribbon cassette 5d houses an ink ribbon 17e of
a transparent heat-nelt ink in the thir3d® enbodi ment. The foll ow ng

descri bes the operation of the third enbodi nent having the above-nenti.oned
constitution. In the third enbodi nent, inmage information outputted from a
host conputer or an inmage reader, not shown, into the controller 25 of the
thermal transfer printer 1 of thée present enbodinent is stored in the RAM
26 as recording data classified by three colors of yellow, nagenta and
cyan. Actual pkhatingti thabreonpinption f @romgiss yal Imaktimggent a, cyan
and transparent by using the ribbon cassettes 5a, 5b, 5¢c and 5d in this
order. |t shouPeReMABPRACEFAESa chromatic color is forned by adding a gray
scale to one or two of inks of the three colors of yellow, magenta and

cyan. An achromatic color is forned byT@%Ten% a gray scale to a conbination
of inks of the-three colaors of yellow TAGenta and cyan

APPLIED ENERGIES FOR RECORDING YELLOW, MAGENTA AND CYAN INKS
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As'seen from Table 3, when forming an image by
superimposing the inks of three colors or less,”a
matting phenomenon occurs if the amount of applied
energy in printing in each of yellow, magenta and cyan
is 11 or higher. However, even in forming an image by
overprinting the transparent ink on the inks of these

three colors, if the applied energy in overprinting with
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A5 with the first enbodinent, the inks are applied in the order of yellow,
magenta and cyan for printing. Wien the printing of these three colors has
been conpl eted, recording data indicating a solid inage 38 pattern that
uses a heat-nelt transparent ink is outgtted fromthe RAM 26 of the
controller 25. Based on the outputted data, the inmage printed in yellow,
magenta and cyan is overprinted wwth the transparent ink with the solid

i mage pattern satisfying the maxi numvertical and | ateral dinmensions of
that image. In this case, in the third enbodi nent, a peel-off |ever, not
shown, for exanple is disposed on the carriage 4 to delay the peeling off
of the ink ribdeh QﬂﬁhsnﬂﬁﬁnhlﬁakpéalMHGW@EM Rorend, 16f iecliungveol dopeel i ng.
Meanwhi | e, an image having a normal color is forned by superinposing

heat - subl|na1|%ﬁ#ﬁ#ﬂ&sRﬁeﬁqm?ﬂﬂﬂ @Csugss .| eddsofo ifbthienanppbiadkensagy or a
hi gh- density gr , the heat-sublimation inks of _the three colors of
yel | ow, magentis a?yrfh g’r?“f?éed-"t (S’rb}é‘téﬁﬁerlinrrﬁéﬁiéd°§nYéééﬁW0t Regentgurt her,

in the.third enb dlnent t he transggrent heat-nelt ink is overgrlnted on
the image for AR e Matddngopheaomenon occurs even if

applied energy in overprinting with the transparent ink
is 15, the maximum value. |

The reasons are as follows. When the applied
energy in overprinting with the transparent ink is
between 2 and 10 inclusive, if a matting phenomenon is
caused by superimposing the inks of three colors,
heating of the paper by the later overprinting of the
transparent ink causes a laminate effect, which smoothes .
the wavy surface of thé'paper. When the applied energy
in printing in each of yellow, magenta and cyan is 10 or
lower, the total energy obtained by adding the energies
accumulated so far to the applied energy in overprinting
with the transparent ink is less than the amount of
energy that causes a matting phenomenon.

Therefore, the controller 25 controls the
printing with the heat-sublimation inks of yellow,
magenta and cyan with any of appliéd energies up to 15
in Table 3 according to the density of the image to be
printed. As for the overprinting with the transparent

ink, the controller 25 performs control such that the
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Vlhen fornming an inmage with inks of two colors or |ess superinposed on each
ot her, applying a |large anount of energy to the heat-generating el enents of
the thermal head 7 for printing will not adversely affect the print paper
to ensure printing of good quality. Howeler, if the printing with each of
.the three colors and then the 39 overprinting with the transparent -+ nk
are perfornmed with an equal anount of applied energy, the print paper wll
be thermally deforned to cause a matti ng phenonmenon such as wrinkle or
wave, resulting in poor printing. Consequently, in the third enbodi nent,
the controller 25 controls the anount of energy to be applied to the

heat - gener at i ngPBLéRENEBEEIYt Fellindvretwedead] ahdddbridiaigstive.he Itensi ty of
the i mage to be gri ted. Table 3 shows a relationship between the energies
to be applied % %8 RearobeAeckbat ngl il famsking @n agher onatiiong maigenomenon i n
printing in each of the co%ors in 16 gray scales. The vertical_ axis

i ndi cates the HERgRRsPLRHeCh 3R & (R TEARS fehdeadprg tedefontei n

PLLPLL?gsi?hga%%%gé %@éLQM&né“%¥¥ﬁé%é¥“%ééﬁmbrfﬂ?fn% %ﬂ%hh§LEi%QEa' axts
magenta and cyan inks are normally made equal to each
other.

If the energy to be applied to the heat-
generating elements in printing with each of yellow,
magenta and cyan inks is a low density of 10 or less,
addition of the energy for the later superimposition of
the transparent ink to the above-mentioned energy does
not pose a danger of causing a matting phenomenon.
Therefore, the overpriﬁting of the transparent ink can
also be performed with the maximum energy of 15.

As described, in the third embodiment, the.image
printed in yellow, magehta and cyan is overprinted witﬁ
the transparent ink with the solid image pattern
satisfying the maximum vertical and lateral dimensions
of that image, so that the image printed with the inks
of the three colors can be protected by the overprinting
of the transparent ink. Consequently, if the printed

paper is left for long, discoloration of the print due

to ultraviolet ray or ink peeling-off can be prevented
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to be applied to the heat-generating elenents for overprinting with the

transparent ink. As the values increase, the energies get higher. These

val ues indicate the relative anounts of energies represented in 16 gray

scales. In the table, a circle (O at 4%e intersection of the vertical and

hori zontal axes indicates that, at that conbination of energies, no nmatting

phenonmenon occurs, while a cross (x) indicates 40 that, at that

conbi nati on of energies, a natting phenonenon occurs. Table 3 APPLIED

ENERG ES FOR RECORDI NG YELLOW MAGENTA AND CYAN INKS 0 12 3 4 5 617

89 10 11 12 13 14150 0000Q0QQO0O000«x X X #% O0O0OO0O0O0
S stua Yo
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OOOOOOONENERGES6 0000000000000 O0O0 O FOR 7 00
O000000O0

O O OrffeCaffoBREBP Mz gy A9 R AR K WP LERKO OO

generating elements of the thermal head 7 when
superimposing a transparent ink is less than the amount
of energy to be applied when printing with the inks of
the three colors. Consequently, if a matting phenomenon
is caused by the energy applied to the heat—génerating
elements in pfinting with each of yellow, magenta and
cyan inks, resulting in a wavy surface of the paper, the
laminate effect caused by heating the paper in
overprinting the transparent ink smoothes the surface of .
the paper for printingiéf good quality.

While the preferred embodiments of the present
invention have been described using specific terms, such
description is for illustrative purposes only, and it is
to be understood that changes and variations may be made
without departing from the spirit or écope of the

appended claims.
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TRANSPAR-__ 9

OO0 0000011 O0OOOOOOOO X X X
X X X X O0O00O0 XX x 14 O0O0O0O0O0O0O0O0OO0O0
x“x X 1l§|“|llmll|ﬂmlmﬂlﬂl OO0OO0OX x x 4% As seen from Table 3, when

formng &n

an i mage by overprinting the transparent
colors, if the applied energy in overprinting with
I nk 1 s betweeWHATarl$ DLAIMEDugSv¥e, no matti ng phenonenon occurs. Al so,

OO0OO0OO0OO0OO0OO0OO0OO0OOOOOOODENT INK1I0 OOOOOOO0OO0O0
Xx 12 O000000O0O0

OO
X X

O
O

"y *superi nposing the inks of three colors or less, a.
matting phenonenon occurs if the anmount of applied energy in printing I n
each of yellow, magenta and cyan is 11 or higher. However, even in formng

ink on the inks of these three
41 the transparent

00.
X X

i f

the applied energy is 10 or lower in printing in each of yellow, nagenta
and cyan, no matting phendneii@rmadcransfen irecolrdiagpmeetdodnefgy in
overprinting with the transparent ink is 15, the maxi mum val ue. The reasons
are as fol | owSeoMEEinghe SeRPFedmager By HAingeipki filmg made ofecheat-

t ranspar ent

ink_ig
ubllmatlon inks of yellow, magenta and cyan and a heat-

sublimation ink oﬁ black or a transparent heat-melt ink,
selectively applying an energy to a plurality of heat-
generating elements of a thermal head, and transferring
said heat-sublimation inks of yellow, magenta and cyan
and said heat-sublimation ink of black or said
transparent heat-melt ink to a sheet of print paper,
wherein if an image formed by said heat-sublimation inks
of yellow, magenta and cyan has a density higher than a
predetermined density,‘én energy to be applied on said
sheet of paper for recording said heat-sublimation ink
of black or said transparent heat-melt ink is controlled
to fall within a predetermined range.

2. A thermal transfer printer for recording a
color image by using ink films made of heat-sublimation
inks of yellow, magenta and cyan and a heat-sublimation
ink of black or a transparent heat-melt ink, selectively
applying an energy to a plurality of heat-generating
élemgnts of a thermal head, and transferring said heat-
sublimation inks of yellow, magenta and cyan and said

heat-sublimation ink of black or said transparent heat-
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Between 2 and 10 inclusive, if a matting phenonenon is caused by
superi nposi ng e 1 of three colors, heating of the paper by the later
ever aaim i ransparent ink causes a |am nate effect, which
s“rmoﬂmmymﬁ F’mf ace of the paper44When the applied energy in printing
. in eath of weln A genta and cyan is 10 or lower, the total energy -
obt ai ned by addi ng the energies accunul ated so far to the applied energy in
overprinting with the transparent ink is |less than the anount of energy
that causes a matting phenonenon. Therefore, the controller 25 controls the
printing with the heat-sublimtion inks of yellow, nagenta and cyan with
any of appli etedierigikesoup sbees poff Pabhé papeceor dahg thermaldensity of the
image to be printed. As for the overprinting with the transparent ink, the
control | er 25 tFamsdiars prdmtes) conprishag:t gentrolomappsi EArenergy falls

between 2 and 10 inc¢lusive. It should be noted that, in formng an,
achromati c i mEGatEedl 189 rhiifcRAoiMgagy formedeREr §Red RRaEaSABLITRELPR t he
heat - generati ng, el enent s . when printin ith yell ow enta and cyan inks
are normal |y & eﬂéi} wéaEEQSP a8 gn&”cyax Las a g2g51ty hlghe¥

than a predetermined density, an energy to be applied on

said sheet of paper for recording said heat-sublimation
ink of black or said transparent heat-melt ink is
controlled to fall within a predetermined range.

3. The thermal transfer recording method as
claimed in claim 1, wherein, if said energy to be
applied to said plurality of heat-generating elements
exceeds a predetermined level in recording said heat-
sublimation inks of yeiiow, magenta and cyan, an amount
of said energy to be applied to said plurality of heat-
generatihg elements in recording said heat-sublimatién_
ink of black or said transparent heat-melt ink is
controlled to fall within a predetermined range.

4. The thermal transfer recording method as
claimed in claim 1, wherein, if said energy to be
applied to said plurality of heat-generating elements
exceeds a predetermined level in recording said heat-
sublimation inks of yellow, magenta and cyan, a travel
speed of a carriage mounted with said thermal head in

recording said heat-sublimation ink of black or said

e

e
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If-{4%}4%%%{HLLg;be_applied to the heat- generating elenments in printing

with each of yellow, nagenta and cyan inks is a |ow density of 10 or |ess,
-agdiH Uﬂljumﬂwa y for the later superinposition of the transparent ink
to t i d energy does not 4®se a danger of causing a matting
phenomenon.” THer & ofe, the overprinting of the transparent ink can al so be
performed with the maxi mum energy of 15. As described, in the third

enbodi ment, the imge. printed in yellow, magenta and cyan is overprinted
with the transparent ink with the solid inmage pattern satisfying the

maxi mum vertical and |lateral dinmensions of that image, so that the image
printed with tREARARACBNL Reat ekt colloris dwde LRt ecihan By taavel

overprinting of thg transparent jnk.  Consequently, if the printed paper is
left for |ong,SRFELoPHr SR +BrCHFL 1aRe pilt ecrrAing Rakhhedtet ray or ink

peel i ng-of f can be. preventeg 43 for sure, thereby. maintaining good print
quality for | o%‘&?f‘]‘ﬁ%th%uﬂq‘%fo%n@]glf"f'o MRIENFA idH (Yame itddn a

generating elenents, of the.thermal head 7 when superinposing a transparent
POk Te | ss t EECSRESHMbTRG Faned

5. The thermal transfer recording method as
claimed in claim 4, wherein said travel speed of said
carriage in recording said heat-sublimation ink of black
or said transparent heat-melt ink is made faster 1.5 to
7 times said travel speed of said carriage in recording
said heat-sublimation inks of yellow, magenta and cyan.

6. The thermal transfer printer as claimed in
claim 2 further comprising: control means for
controlling, if said eﬁérgy applied to said plurality of
heat—ggnerating elements in recording said heat-
sublimation inks of yellow, magenta and cyan exceeds a
predetermined level, said amount of energy to be applied
to said plurality of heat~generatiﬁg elements iﬁ
recording said heat-sublimation ink of black or said
transparent heat-melt ink to fall within a predetermined
range.

7. The thermal transfer printer as claimed in

"claim 2 further comprising: control means for
controlling, if said energy applied to said plurality of

heat-generating elements in recording said heat-

-—
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of energy to be applied -when printing wiith the inks of the three colors.

Consequently, if a matting phenonenon is caused by the energy applied to
the heatﬁmnummmumlj ts in printing with each of yellow, nmagenta and
cyan i nksl, il (88l wavy surfaceq4ef the paper, the |lam nate effect
caused by heatirg t'he’paper in overprinting the transparent ink snoothes
the surface of the paper for printing of good quality. Wiile the preferred
enbodi ments of the present invention have been described using specific

terms, such descriptionis for illustrative purposes only, and it is to be

under stood that changes and variations nmay be nmade w t hout departing from
the spirit or SERpEMdEiehelppHPectrian nenagenta andaqyen Bxckeadsednal

transfer recording nethpd of recording a color ipage by using ink filns
made of heat- BE® ?E%Embﬁegnk%v%ﬁ'y%IQEﬁVe¥nﬁR9ﬂQaé%uf(Sﬂ£¥%%ﬂ§ a heat -

sublimation ink of black or_ a trgnsparent heat-nelt ink, sel.ectively
appl yi ng an erBP¥NEFR B HF Lﬁ%ﬁ#t@‘%‘}f)maﬂe gaq e GG 1% E"(?I’a 3 t her mal

poac. and tranglef fhd0oR’ ful st S1R B 'L d Van¥patnlo HeaT2RRN 2N
ink is made faster than a travel speed of said carriage
in recordiﬁg said heat-sublimation inks of yellow,
magenta and cyan within a predetermined range.

8. The thermal transfer printer as claimed in
claim 7 further comprising: control means for making
faster said travel speed of said carriage in recording
said heat-sublimation ink of black or said transparent
heat-melt ink 1.5 to 7 times said travel speed of said
carriage in recording gaid heat-sublimation inks of
yellow, magenta and cyan.

9. A thermal transfer recording method of
recording a color image by using ink ribbons made of
heat-sublimation inks of yellow, magenta and cyan,
selectively applying an energy to a plurality of heat-
generating elements of a thermal head, and transferring
said heat-sublimation inks of yellow, magenta and cyan
to a sheet of paper, wherein after superimposing said
heat-sublimation inks of yellow, magenta and cyan on
each other, a transparent heat-melt ink is transferred

as overprinting onto the superimposed heat-sublimation
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ahd said heat-sublimation ink of black or said transparent heat-nelt ink to

a‘sheet‘BT‘ETTnt*ﬁaﬁeLr~mﬂgrein if an image fornmed by said heat-sublimation

ipks of enta and cyan has a density higher than a predeterm ned
density, rmﬁmm&w,zmﬂﬂappl i ed on saidd sheet of paper for recording said

_ heat - subl t | L | ack or said transparent heat-nelt ink is '

.controlled. to fall within a predeternmined range. 2. A thermal transfer

- printer for recording a color inage by using ink filnms nade of

heat - subl i mati on i nks of yellow, nagenta and cyan and a heat-sublimation

i nk of black or_,a transparent heat-nelt .ink, selectively applying an energy

to a plurality- ¥ h"é’::j‘ﬁnh RheTH TRy ]é?%rﬁtkarbftih’b( H‘bﬁ%ﬁjal%rfead, and

transferring i -. subl jymation inks .of yvellaw, magenta and cyan and:

sai d heat - sublst?&rra él%%'iﬂlniéjo#]b ahcﬁ?rkorsuééﬁf‘a}%/% heat - 45 nelt ink

to a sheet of print papgr, _§géd*lc1§é‘ﬁ£¥1‘?"t§£r?§‘§ézerr LOPdfHe WRIBIAE A

control means for controlling, an 1 nage Torne y sa
i nks of yel | ow1 JmBgedt £n aith Gy &), R e idensl ity Jy inttflgag, g gpr edet er m ned
density, an energy to be applied on sai d sheet of paper r recording said
heat - subl i mat ip¥y formed with a solid image pattern that satisfies

maximum vertical and lateral dimensions of said color

image formed with said heat-sublimation inks of yellow,.

magenta and cyan.
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i nk of black or said transparent heat-nelt ink is controlled to fall within
a predeterm ned range. 3. The thermal transfer recordi ng nethod as cl ai ned
ingclaiml, wherein, if said energy to be applied to said plurality of
. heat-generating el enents exceeds a predetermined level in recording said
heat- sublimation inks of yellow, nagenta and cyan, an anount of said
energy to be applied to said plurality o{/geat- generating elenents in
recordi ng said heat-sublimtion ink of black or said transparent heat-nelt
ink is controlled to fall within a predeterm ned range. 4. The thernal
transfer recording nethod as clained in claim1l1l, wherein, if said energy to
be applied to said plurality of heat-generating el enents exceeds a
predeterm ned | evel in recording s&d heat- sublimation inks of yellow,
magenta and cyan, a travel speed of & carriage nounte -th-sai d thernal
head in recording said heat-subli@nti QR\\nk of black ar sai 46
transparent heat-nel} ink i Wdeﬁ te han a travel| speed of said
carriage in recordi sA\d~heat - s an i nks of eI}Q{)W, magent a and
cyan within a preéeterfi ned o |

—
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5."The thermal transfer recording nethod as clained in claim4, wherein
said travel speed of said carriage in recording said heat-sublimtion ink
of gbl ack or said transparent heat-nelt ink is made faster 1.5 to 7 tines

. said travel speed of said carriage in recording said heat-sublimtion inks
of yellow, magenta and cyan. 6. The thermal _transfer printer as clainmed in
claim2 further conprising: control meang /4 3r controlling, if said energy
applied to said plurality of heat-generating elenments in recording said
heat- sublimation inks of yellow, magenta and cyan exceeds a predeterm ned
| evel , said anount of energy to be applied to said plurality of

heat - generating el enments in recording said heat-sublimation ink of black or
sai d transparent heat-nelt ink to fallfﬁlﬂixlaéZredeternined range. 7. The
thermal transfer printer as clainmed infcl 2 rther conprising: control
means for controlling, if said energy applied to said plurality of

heat - generating el enents in recording said heag- 47 sublimation inks of
yel | ow, nmagenta and cyan exceeds a predeternminey |level, a travel speed of a
carri age A

—
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7

nolinted with said thermal head in recording said heat- sublimtion ink of
bl ack or said transparent heat-nelt ink is made faster than a travel speed
of ysaid carriage in recording said heat-sublinmation inks of yellow magenta
.and cyan within a predeterm ned range. 8. The thermal transfer printer as
claimed in claim7 further conprising: control neans for making faster ,said’
travel speed of said carriage in recordEgg sai d heat-sublimation ink of
"black or said transparent heat-nelt ink3/3 to 7 times said travel speed of
~said carriage in recording said heat-sublimtion inks of yellow magenta
“and cyan. 9. A thermal transfer recording nethod of recording a color inmge
by using ink ribbons made of heat-sublimation inks of yellow, magenta and
. cyan, selectively applying an energy to a plurality of heat- generating
“elenents of a thermal head, and transferring said heat-sublinmation inks of
“yellow, magenta and cyan to a sheet of paper, wherein after superinposing
~said heat-sublinmation inks of yellow, magenta and cyan on each other, a
"transparent heat-nelt ink is transferred as overprinting onto the
' superi nposed heat-sublimation 48

FIG. 4

"1~
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inks with an energy |ower than that used for transferring said

heat -'subl i mation i'nks. 10. The thernmal transfer recording nethod as
clginmed in claim9, wherein said overprinting is performed with a solid

. image pattern that satisfies maxi numvertical and | ateral dinmensions of
said color inmage forned with said heat-sublimation inks of yellow mnmagenta

and cyan. 11. A thermal transfer printer 3BERASHti ally as herei nbefore
described with reference to, and as illustrated by, the acconpanying

drawi ngs. 12. A thernal tran,f.h eral gﬁgté}gﬁgg&]aggg MebsdpRhhal |y as

her ei nbefore described with rererenc gcconpanyi ng dr awi ngs.
Thermal Transfer Print

When forming an image by superimposing heat-
sublimation inks of yellow, magenta and cyan and a heat-
sublimation ink of black on each ther, an energy to be
applied to the heat-generating elements in printing with
the black ink is controlled such that the print paper is
not deformed thermally. Carriage travel speed in
printing with the black ink is made faster than that in
printing with the inks of the three colors, thereby
preventing the thermal deformation of the paper from
‘occurring. A transparent heat-melt ink is printed over
an image formed with tﬁe heat—sublimation inks of the
three colors, thereby maintaining the resultant print in

good quality.

(Figure 1)



