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Abstract Experimental

In laser thermal transfer ipiting using a dye sublimation Experimental apparatus

type mediumn, a high definition and continuous tne image The experimental sety usingthe optical migoscope is
can be easily obtaied beause a laser light focuses on a shown in Figue 1. A distance between the sampleldhe
small spot, and its heat energyndae controlled by pulse optical headd variable & the optical hed under tle sample
width modulation. On th othe hand, tle physical stagis set mthe z-axis stageand its distanecan be read
phenonena occurring at an inkdonor sheet diumg or just relatively with a micrometer. Thefore, an optical spot size
after the laser heatingre unknown. In this repagrtthe on the imaghg medium car be cltanged by a movement of
surface 6 the ink layer consistiny of sublimatio color dye  the z-axis stageA wavelengh of the laser diode is 830n,
heated i microseconds laser pulse irradiation wehserved and a maxinum laser power on the imaging nieeh is
using time-resolvé optical microscopyThe ink Byer was  70mW.
deformed during and afer laser pulse irradiain. The

diameter of tk hole formed by lase heating athe ink layer S
increasd rapidly afte the threshold tine during the laser Laser Egger Optical Fiber
pulse, and its increagjrate became slowly according as ’
appro&h to the pulse endThe Gaussian distributiorf taser

light intensity and th diffusion d the heat esgy by

thermal conduction seem to be importantdes © explain

the thermal response ofetik layer in microseconds order. glélggrgctgelay
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In a dye sublimation transferipting by laser heating, it is
possible to obtain a@ontinuous tone irge with a high Laser Diodé
resolution & more than 2,540dpi easilybeause a focused

laser light is usg as heat source drtransfer anountof dye

can be ontrolled by changing the emrgy of laser lightt In Figure 1. Experimetal seup for time-resolved microscopy.
the previous report, we havreported the dye ansfer
mechanimn from ink daor layer of double layere ink
doror sheet to understand the tone repoducton of
transferred irage®* However, it is necessary for essential
understanding of the éytransfe mechanism t@bsene the
surface of tkink layer during laser pulse irradiatioin this
report, we have tle experimental setp for time-resolved
optical microscopy whit can obserg a response fothe
imagingmedum for laser irradiation byetting the imaging
optical head under the sample stage o€ tbptical
microscope and introducing dye laser as aillumination
source. The time-resolved microscopy is demonstrated
using a double layed sample similar to the ink donor sheet, Figure 2. Setp for side-viewobservaiton.
and the thrmal response of thiek laye is discussed.
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Time-resolved mimscopy wasmade as follows An Sublimation Dye
imaging laser irradiatin is startel by senihg an imaging 1-5Hm1 -

pulse froma pulse gesrator toa LD diiver. Aftera certain 1.8um] Light Absorbing Layer” E‘%ﬁgﬂ'saf\t?;?;?éng Dye
delaytime, anillumination pulse $ sent toa N, pumped dye 4
laser (600nm, 3ns), and then a surfaéethe sample is Acrylic Plate

illuminated instantaneously with 3ns dye laser pulse. An
observation irege was shot by a CCD camera and captured Figure 3. The onstructon of double layered sample.
into a personacomputer. A serig of time-resdved images

was obtained by repeating the observations with changing

the delay time.

As shown in Figure 1the surfae of the samplewas
usuallyobsenred from &ove. Wealso obsered a side-view
of the sample by placinga miror on the stag and
illuminating a side ofthe sample as shown in Figure 2.

Results and Discussin

Time-Resolved Microscopy

Figure 4 shows tk top view photograph®f the ink
layer in series Y the time-resolval microscopy durig and
Preparation of Sample after laser pulse irradiation. The laser power and the pulse

A constructionof double layered sample uskfor the — Width were 60mWand 20@ss, respectivelyThe optical spot
time-resolved microscopy is shovim Figue 3. A mixture ~ Size was 3um in diameter At 12us duration, tke central
of IR absoring dye and binder polymer was coated amto region of the irk surfa@ corresponding téhe beam enter
transparenacrylic plate by a sim coating. Inthe next a  begins to rise up. lis consideed that this physicathange
magenta sublimatio dye wascoatel onto the lase light ~ of the ink layer is caustby an expansion d IR absorbig
absorbiny layer by vacuum evaporaton. The sample is layer and a melting of magenta dye Then the regon of
similar toa double &yeredink dona sheet. Tk thicknesses rising and meltirg continues to extendircularly. At 3Hps

of the lase light absorbiry layerand theink layer are 18um  duration the cente of the rising regon beginsto sink and
and 15um, respectively. the rim is forned. The formation of complete hole is

observe at 75s duration. The diameters of the ramd the
hole increase urtithe endof the lase pulse of 200ps.

12§ 24us 36pus S0us 75us

. i i
0 O 100 150 0 250 300
T|me (Ls

Figure4. A series of time-resolved migiootographs d ink surface.Laser poweand spot size are BmW and 25um, respectively.
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Becaus the surfae of the arylic plate is exposito air at J : Energy Density
the inside region othe hole the hole is also formeithrough

the laser light absorbing layer. After a few seconds of laser

pulse irradiationthe melting and risip dye is changed to

solid by cooling,and the deformation with #hrim ard the ts
hole remaied pernanently.

A

Radiuses of Rim and Hole L

The rim radius which is the distance betweenhe ; Jyp for Rim or
outside of nm and enterof hole andthe hok radiusduring t; . \u\ Hole Formation
laser pulse irradiation were measured using the time- \
resolved images. Figures 6 andhow tle timely variation < - >
of the rimand the hole radius, respectivelfhe solid lirein 0 13 I': Distance
the figures is fitted to thedata using Equation Bince the
enery density & the lase spot hasa Gaussian spatial Figure 5. Distribution of energy densitpf laser spa

distribution (Figure 5), the rim radius @ the hok radiusr(t)
at the laser pulse duration tirt{gs) is given by

W2 (2x10°.P-
r(t):\/7ln( J1~7rW2 tj D

wher W(um) is the radius fothe laser spot, anB(mW) is
the laser powet.J,, is thethresholdenemgy density in orer
to form the rim or the hole (Figure 5. In Figures 6 and 7,
the standingup point of the smodt cure correpondsto
that of tre plotted databy detemining J,;=3.0x10°J/n? and
7.2x10%/n%?, respectively.

The rim radius increasesapidly after the threshold
value d J, as isshown in Figue 6. Howewr, the plots are T
large thanthe pedicted curve irthe latter half of the laser 0 50 100 150 200
pulse. One ofthe reasons fothis failure is due tothe .
diffusion of the enemy distribution by a thermal onduction Time (ps)
atthe latte half. The facta of thethermalconduction is not
included in Equatin 1. The effect of thke thermalconduction
on the melting bdye inthe time scale of miosecond orer
will be considered. Anothieeasons that the melting dyes
movedaround by a chnge of the suface tensiorand a high 14 — T T T 1
pressure caused by the holenfiation.

Figure 7 showsgodd fitting excef for alittle failure at
the latter half ofthe pulse. This agreenmteis causedy an
ablatian of the laser light absbing layer and a balarcof
the thermal conduction tthe arylic plate and the themal
diffusion tothe plare of ink layer. As described aboveve
mustconsider the féect ofthermal conduction. Howex;, in
both of Figures6 and 7, thefundamental characteristics
such as the ragistandng up ad the slow increasing of
hole radius at tk latter half of the pulse agree with Equation

Figure 6. Hots of rim radius versus irrathtion time The smoth
curve is fittedo thedata using Equation 1.
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1, ard so itis confirmedthat tte thermal response fothe 2 ]
imaging medum corresponds tdhe ctange of tle energy 0 o
density in microsecond order. 0 50 100 150 200

Time (us)

Figure 7. Plotsof hole radius versusrradiation time The srooth
curve is fittedo thedata using Equation 1.
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Side-View Observation Conclusion

Figure 8 shows the time-resolved images of the side-
view of the ink surface dimg and after laser pulse The setup for the time-rebeed micoscopy was constructed
irradiation. At 24us duration, the surface of the itkyer in order to investigate ¢hdye thermal transfemechanism
rises up largelyThe height of the rising is 4.5um, ard a DY laser heatingn the laser dye transfer printingThe
sumof the thicknesses of think layer andthe laser light —€xperimentatesults usig the double layered sample similar
absorbiny layer swellsby a factor d 2.3 While the region to the irk sheet indicat that tre deformation and hole
of the risingthen continusto increase, the height decreasesformation in the imagng medium ocur during the laser
slightly and is 3.0m at tre end d the laser pulsef®00ps. irradiation, anq thesg transient responses correspotiek t
After a cooling, the gmarent rim with the height of 2.Qum change of tdistribution of enegy density.
remains arouththe hole.The large risirg at the first half of
the pulses owing tothe effective thermaenergy withlittle
loss until the hole formation aithe beamcenter. Tte laser
dye thermhtransfer printings capal# of a stabk imagng
due to the rising fothe ink surfae observe here though
there is usually mpressure on the ink dmeceiving sheets.
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Figure 8. A series 6 time-resolved micnghotographs of the side-
view of sample Laserpowerand spd size are60nmW and 25um,
respectively.
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