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bstract. A nondestructive and simple technique for determining
he three-dimensional shape of fixed ink dots was developed, and
he optimum conditions of laser excitation and filters to detect fluo-
escence were determined for both dye and pigment inks for ink jet.
ost magenta and black dye inks emit fluorescence at around 580
nd 667 nm through laser excitations at 543 and 633 nm, respec-
ively. Yellow dye and pigment inks and a magenta pigment ink were
lso detected under this condition. The cyan dye ink was excited by
05 nm laser radiation, and the fluorescence was observed by
andpass filtering ranging from 510 to 650 nm discriminately from
he paper with no fluorescent brightening agent. Cyan and black
igment inks did not emit detectable fluorescence. Fluorescence
mitted from the ink jet inks by laser excitation successfully provided
hree-dimensional ink distributions with the optical slicing function of

confocal laser scanning microscope. © 2011 Society for Imaging
cience and Technology.

DOI: 10.2352/J.ImagingSci.Technol.2011.55.2.020201�

NTRODUCTION
he visual appearance of printed images determines the
rint quality and depends on the morphology of the fixed

nk as well as its optical performances. Therefore, the
echanisms of ink penetration and setting are very impor-

ant for all kinds of printing methods. Unlike pigment inks,
ye inks used for ink jet printing have no shape at a visible

evel after drying, and their distributions cannot be deter-
ined by solid morphology. In this work, attention was first

aid to fluorescence from dye inks to facilitate the observa-
ion of ink geometry—shape, size, location in paper, etc. of
nk dots—using a confocal laser scanning microscope
CLSM) in routine analyses.

CLSM application is an efficient and informative tech-
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ique for observing ink jet ink distribution. It has also been
tilized in other areas of paper science. The most common
pplications involve geometrical measurements such as sur-
ace profiles and fiber network structures. Beland et al.1

easured the surface profiles of a matte-coated paper three
imensionally using the confocal function and related the
erception of gloss to the surface topography. Aggelidis et
l.2 visualized the fiber network deformation caused by cal-
ndering to correlate the changes with the macroscopic com-
ressible elastoviscoplastic response of paper coatings. Xu et
l.3 determined paper layer structures from discrete layers
reated by optical sectioning followed by a dynamic
hresholding method for separating fibers from air and arti-
acts. Enomae et al.4 calculated the fiber orientation degree
or optically sectioned layers of paper. Observation of the
race constituents contained in paper is also within the scope
f CLSM.

Khantayanuwong et al.5 used a CLSM to observe that
he unbonded area between fibers of handsheets increased
ith recycling. Ozaki et al. selectively stained polyamide ep-

chlorohydrin resin in paper with sulforhodamine 101 and
bserved the resin distribution in the sheet,6,7 and dyed a

atex binder with Rhodamine B to image coating layers.8,9

uominen et al.10 found that bacteria were mainly localized
n the interface area between the polyethylene layer and the
ellulose fiber web of a food-packaging paperboard stained
ith acridine orange. Hamada et al.11 used a CLSM to com-
are the distributions of aqueous and solvent inks on non-
oven sheets, and the hydrophilicity of the fiber surfaces and

he dispersion of ink pigment particles were found to deter-
ine the evenness of the distributions.

With regard to the analysis of ink penetration into pa-
er, the most popular method involves the cross sectioning
f a printed sheet for microscopic observation. This section-

ng requires manipulative skills, and it is almost impossible
o pinpoint a targeted dot of ink. Microscopic offset ink
ocations can also be determined by stereoscopic backscatter
maging utilizing scanning electron microscopy.12 The cross
ectioning of a paper sheet with a focused ion beam without
Mar.-Apr. 20111
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ny destruction is one of the latest techniques for the clear
bservation of a thin printed ink layer on paper.13–15 Time-
f-flight secondary ion mass spectrometry is a powerful tool
o determine the extent of ink penetration with the element
istribution with depth and to create cross-sectional images
f a printed sheet.16,17

This work introduces a much simpler method for ob-
aining the three-dimensional (3D) shape of any targeted dot
f a magenta or black dye ink without any particular sample
reparation skills using a CLSM first. This study explores the
xtension of this technique to all four primary colors: cyan,
agenta, yellow, and black dye and pigment inks in addition

o the magenta dye ink.

XPERIMENT
aper Samples, Printers, and Inks
hoto-quality papers A and B, high-gloss-type paper C, and
edium-grade paper D, all of which have a silica coating for

nk jet, were used. Table I lists the paper samples used.
pecular gloss at 60° was measured using a glossmeter
GM-268, Konica Minolta). The mean values in the machine
nd cross directions are presented in the table. Homoge-
eous color patterns with a dot area ratio of 10% or 20%
ere printed on each sheet with magenta and black inks

rom ink jet printer A.
In order to analyze other inks, commercially available

hoto-grade glossy paper E was used. A 1-mm-wide line was
utput onto a paper sheet at a resolution of 600�600 dpi
ith each of the two ink jet printers B and C. For printer B,

yan, magenta, and yellow inks were dye-based; only the
lack ink was pigment-based. For printer C, all inks were
igment-based. Each ink was taken out of the ink cartridge

o determine the fluorescence properties.

aser Scanning Microscope and Observation
CLSM (LSM 510) with an upright body (Axioplan 2, Carl

eiss, Germany) was utilized. This type of optical micro-
cope obtains 3D images by optical slicing in the thickness
irection using the confocal system, employing the power of

aser beams to compensate for the resultant insufficient illu-
ination. Laser beams fall on the front side of the sample.
he fluorescent light emitted from the fluorescent compo-
ents of the coloring material included in the ink enters the
etector to provide a fluorescence image. A 3D image is

Table I. List of ink jet paper samples.

ey Grade
Basis weight

�g / m2� 60° gloss

Photo quality 295.9 39

Photo quality 232.3 32

High gloss type 183.5 57

Medium 108.6 3

Photo quality 261.1 37
econstructed from a series of digitally accumulated single t

. Imaging Sci. Technol. 020201-
onfocal images. The magenta and black dye inks from
rinter A were subjected to observation with the aforemen-
ioned system.

A piece of printed sample cut to approximately
5�15 mm2 was mounted on a slide glass. Next, a drop of
uid paraffin was placed on its corner or edge to allow it to
enetrate the sample spontaneously to the other end, leaving
s few air bubbles as possible. A cover glass was then
ounted on it, and the specimen was subjected to observa-

ion. As an impregnation liquid in the case of silica-based
nk jet coatings, fluid paraffin was selected because its refrac-
ive index is approximately 1.47, which is close to that of
ilica (approximately 1.45). Less light refraction occurs be-
ween substances with closer refractive indices, and even po-
ous materials appear transparent when such a liquid fills the
ores.

For observation, the objective lens selected was mainly
lan-Neofluar 40� /0.75. At this magnification, one
Y-plane image corresponds to 230.3�230.3 �m2 with a

hickness of a single confocal plane of 0.60 �m. The speed
f laser scanning was approximately 30 or 60 s per single

mage of 1024�1024 pixels. The laser intensity ranged be-
ween 30% and 80% of the maximum outputs. The duration
f laser irradiation at the same location was as short as 2.3
s at most if 40 slices were assumed to be accumulated.
herefore, fluorescence degradation could be ignored, al-

hough it should be always considered in fluorescent obser-
ation. The choice of laser beams was adjusted to the FITC/
hod/Cy5 mode from the fluorescence probe database.
hod and Cy5 modes, respectively, suit the magenta and
lack dye ink dots well for observation. Table II presents a
efault condition with regard to the wavelength ranges of
xciting and fluorescent lights for the magenta and black
nks. The ink jet ink dyes appear to have fluorescence prop-
rties similar to those registered in the database.

For analyses of cyan and yellow dye inks and all pig-
ent inks, fluorescence images were obtained using another

ype of CLSM (TCS-SP5, Leica, Germany) equipped with a
3� oil-immersion objective lens (HCX PL APO, numerical
perture of 1.40) that suits an immersion oil with a refractive
ndex of 1.518 supplied by Leica. For observation in the
il-immersion mode, paraffin oil was not applied. Instead,

able II. Optical condition applied for measuring dye ink dot shape by fluorescence
ethod.

olor of ink jet ink emitting fluorescence Magenta Black

ptimum exciting wavelength �nm� 550 �green� 650 �reddish-yellow�

aximum fluorescence wavelength �nm�
580 �greenish-

yellow� 667 �red�

avelength of irradiation laser �nm� 543 633

avelength of color filter for detection
nm� 560–615 �650

efault pseudocolor in fluorescence
mage for LSM-510 Red Blue
he immersion oil recommended by Leica was applied to

Mar.-Apr. 20112
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revent the lens from damage that may be caused by the
irect contact with oil. The Z (thickness) resolution of the
il-immersion lens is improved to less than 0.6 �m, which

s threefold better than that in a lens with air between the
ample and the objective lens.18 Excitation wavelengths of
88 nm specific for an Ar laser and 405 nm from a diode

aser were primarily used for observation of the printed pa-
er samples by the CLSM. The pinhole diameter was ad-

usted to 151.6 �m. Confocal images were obtained using
oth XYZ and XZY scan modes. In the XYZ mode, a se-
uence of XY (plane of the paper) frames was obtained at
.15 �m intervals in the Z-direction. In the XZY mode, XZ

mages were obtained through rapid depth scanning. A se-
ies of XZ (paper cross section) frames were taken at
.6 �m intervals in the Y-direction. The frame size was
12�512 pixels throughout. The measurement time de-
ended on the number of steps and accumulations and the
equential scan mode; it ranged between 3 and 10 min. In

ost reconstructed images in the following sections, colors
f fluorescence are represented in pseudocolors or white for
est contrast; these differ from the true colors of emitted
uorescence.

etermination of Fluorescence from Ink Jet Inks
o determine the optimum excitation and fluorescence
avelengths, 3D fluorescence spectra of excitation and fluo-

escence were measured using a fluorescence spectropho-
ometer (F-2500, Hitachi). The 3D measurement technique
as applied to measure the emission spectrum of a sample

s the excitation wavelength was scanned. Fluorescence
roperties were determined with an ink solution of the ma-
enta pigment ink from printer C diluted well with de-
onized water. The fluorescence spectra obtained with other
nks were measured using the function of TCS-SC5.

uantitative Dot Shape Analysis
n order to analyze dot shape quantitatively, a relatively large
ot of the black dye ink from printer A was formed using a

esting ink jet head (HEK-1, Konica-Minolta, Japan) on the
eneral-grade ink jet paper E.

ESULTS AND DISCUSSION

etermination of 3D Structure of Ink Dots
igure 1 presents example images of ink jet dots composed
f four colors: cyan, magenta, yellow, and black acquired
sing a CLSM. All inks were of the dye type from printer A.

he images on the left and right sides are regular white light
eflected images and fluorescence images, respectively. Al-
hough the two images were not acquired from the same
ocation, it was found that the magenta ink emits fluores-
ence in greenish-yellow, the black ink emits fluorescence in
ed, and neither cyan nor yellow ink emits fluorescence un-
er this optical condition. This observation demonstrated

hat fluorescence emitted by magenta and black dye inks
ould be measured to determine the 3D ink dot distribution.
 p

. Imaging Sci. Technol. 020201-
ye inks of the same colors used for ink jet printers of other
anufacturers were found to exhibit the same fluorescence

atterns.
Figures 2 and 3 present reconstructed images of the

rthogonal projection for magenta ink dots on photo-
uality papers A and B, respectively. In each combined im-
ge, the largest (bottom left) picture is the front elevational
iew in the XY-plane at height Z, sectioning the vertical
enter of most dots. The top picture is for the XZ-plane

hen the sample is sectioned virtually along the horizontal
ine in the XY-plane image. The bottom right picture is for
he YZ-plane when the sample is sectioned virtually along
he vertical line in the XY-plane image. In addition to planar
ot shape and size, these combined images offer individual
ot thickness information from the XZ- and YZ-plane im-
ges. The thickness is estimated to be constantly approxi-
ately 4 �m for both papers. The density distribution in-

ide the dots in the XY-plane for paper B is less
omogeneous than that for paper A, suggesting lower ho-
ogeneity of either coating pigment or ink distribution for

2200 µµmm

igure 2. Reconstructed images of magenta ink dots on photo-quality
aper A. Greenish-yellow fluorescence emitted by magenta ink is as-
igned to white to enable clear discernment from the paper background
n black.

MMaaggeennttaa
CCyyaann

Black

2200 µµmm 2200 µµmm

igure 1. Ink jet dots of cyan, magenta, yellow, and black in reflected
ight �left� and fluorescence �right� images, not in identical locations. Pre-
et pseudocolors are presented for fluorescence. Practically, the blue and
ed colors represent greenish-yellow and red, respectively.
aper B.

Mar.-Apr. 20113
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Figure 4 presents reconstructed images for the high-
loss-type paper C. Bright curved lines are visible around
ome dots. These are a part of the ink dye that spread over
he surfaces of crevices present in the coating surface layer
nd became concentrated there. Cast coating is often applied
o manufacture this gloss-type paper; however, it tends to
ncur defects such as these surface crevices. The ink ap-
eared to spread over the crevice surfaces twofold to three-

old farther than normal penetration, judging from the long
right legs observed in dot cross sections in the XZ- and
Z-planes. This undesirable ink penetration may decrease

he color density.

pproach to Quantitative Analysis
igure 5 is a composite image of fluorescent light and trans-
itted white light for a single dot of the black dye ink on

aper D. This image in the XY-plane is one of the 32 slices
cross which the ink dot extends vertically. The composite

2200 µµmm

igure 3. Reconstructed images of magenta ink dots on photo-quality
aper B. Greenish-yellow fluorescence emitted by magenta ink is as-
igned to white to enable clear discernment from the paper background
n black.

2200 µµmm

igure 4. Reconstructed images of dye magenta ink dots on high-gloss-
ype paper C. Greenish-yellow fluorescence emitted by magenta ink is
ssigned to white to enable clear discernment from the paper background

n black.
mage shows that the ink appears to have spread out, avoid- p

. Imaging Sci. Technol. 020201-
ng large secondary particles of silica. One of the typical
roblems of CLSM is the attenuation of fluorescence with
epth in a 3D image construction. The deeper the location

n the sample, the weaker the fluorescence. This is because
he laser beam has a longer path to reach a location due to
ight absorption, scattering, and excitation. Resultant fluo-
escence also comes through a longer path from that loca-

ion with light absorption and scattering. Fluorescence was
reviously detected 150 �m below the top surface in the
ase of uncoated paperboard.19 Ink dots approximately
0 �m deep appear to emit enough fluorescence to permit

mage reconstruction.
Figure 6 presents a schematic side view of a black ink

ot as a stack of circles that have the same area with an ink
egion in each slice. Binary images were created for all slices
n accordance with the following steps: The threshold level
as determined for the central slice by applying discrimina-

ion analysis to the Laplacian (secondary differentiation) his-
ogram; the relevant ink dot region within the slice was ex-
racted; and, finally, this procedure was applied to all slices.
u and Parker20 applied a method of fitting a curve to the
xperimental intensity versus depth data and realized an
asier and more intimate assessment of cross sections of
ood fibers and paper sheets. In our work, however, much

ess fluorescence reduction was realized to determine loca-
ions of ink dot fragments even in deep slices with fluid

-20

-10

0

-50 -40 -30 -20 -10 0 10 20 30 40 50
Diameter of area-equivalent circles, µm

D
ep
th
, µ
m

igure 6. Distribution of diameters of circles that are area-equivalent to
ach slice of optically sectioned dot along the depth from the paper
urface for the black dye ink dot shown in the previous figure.

2200 µµmm

igure 5. Reconstructed images of dye black ink dot on medium-grade
aper D in orthogonal projection with the dark �blue� zone indicating
lack ink dot.
araffin that has a refractive index of 1.47 applied to impreg-

Mar.-Apr. 20114
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ate coatings to provide improved transparency as well as
imited ink location near the surface layer of paper.

In counting the number of pixels, the ink region of each
lice was found to have an irregular shape, sometimes having
nside holes and small discrete fractions away from the main
art. The hole areas were excluded from the ink region, but
ll discrete fractions were included. The number of pixels

as converted to exact volume in micrometers cubed based
n the practical 3D pixel size. In the figure, every circle is
hown justified to the center. This 3D area-equivalent stack
uggests that the tapering top of the ink dot derives from
urface roughness, and the tapering bottom derives from
nhomogeneous ink penetration with feathering. The largest
ircle is located slightly higher than the through-thickness
enter, meaning that longer feathering occurred during the
nk penetration to a greater extent than the surface rough-
ess level.

igment Inks and Dye Inks for Ink Jet
igure 7 presents the 3D fluorescence spectra of the de-

onized water and the magenta pigment ink from printer C.
he linear raised part in the center does not indicate fluo-

escence; it simply shows the reflection of exciting (illumi-
ating) light. Compared to the spectrum of water with no
uorescence emission observed [Fig. 7(a)], the magenta ink
ad fluorescence on wavelengths between 550 and 600 nm

or the excitation wavelength range from 500 to 580 nm
Fig. 7(b)].

Figures 8 and 9 present the fluorescence spectra of dye
nd pigment inks, respectively. The most efficient excitation
avelength (405 or 488 nm) was selected for each ink from

he several diode laser wavelengths. Each spectrum is pre-
ented in reference to the highest fluorescence response in
he spectrum. The magenta and yellow of both dye and pig-

(a)

(b)

Exciting
wavelength, nm

Fluorescence wavelength, nm

700

700400
400 0

Exciting
wavelength, nm

Fluorescence wavelength, nm

700

700400
400 0

igure 7. Three-dimensional fluorescence spectra of �a� de-ionized water
nd �b� magenta pigment ink.
ent inks emit fluorescence at an excitation wavelength of i

. Imaging Sci. Technol. 020201-
88 nm. The magenta dye exhibited a strong fluorescence
eak at around 590 nm, which is close to the maximum
uorescence wavelength already known, as shown in Table
I. The magenta pigment ink exhibited two peaks at 548 and
90 nm as shown in Fig. 9(a). The yellow dye ink exhibited
small peak at around 525 nm. The yellow pigment ink

xhibited a broad fluorescence peak at around 550 nm as

hown in Figs. 8(b) and 9(b), respectively. The cyan inks
xhibited a fluorescence peak at around 460 nm for the dye
nk and at around 480 nm for the pigment ink, both at an
xcitation wavelength of 405 nm, as shown in Figs. 8(c) and
(c), respectively. Black pigment inks from both printers B
nd C exhibited no fluorescence at any excitation wave-
ength, although the black dye ink exhibited a clear fluores-
ence, as mentioned in the previous section. Black pigments
ommonly consisting of carbon black have no chro-
ophores; however, black dye inks consist of mixed several

yes, one or some of which have chromophores.
Figure 10 presents reconstructed images of the yellow

ye ink printed samples that were obtained in the XYZ scan
ode of the CLSM. The deepest ink penetration depth of

ach dot was evaluated to range between 6 and 11 �m from
ot to dot, resulting in widely distributed penetration. Con-
equently, the inks tended to penetrate more deeply as the
iameter of the ink dot increased. Within one ink dot, the

(a)

(b)

(c)

Wave length, nm

Re
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en
sit

y,
%

500 550 600 650

100
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60
40

20
0
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en
sit

y,
%

500 550 600 650

100
80
60
40

20
0

Wave length, nm

Re
lat

ive
int

en
sit

y,
%

500 550 600 650

100
80

60
40

20
0

Wave length, nm

igure 8. Fluorescence spectra of dye inks: �a� magenta at excitation
avelength of 488 nm, �b� yellow at excitation wavelength of 488 nm,
nd �c� cyan at excitation wavelength of 405 nm.
nk appears to have penetrated more deeply in the central
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art than in the peripheral part, in contrast to the tendency
ound in Figs. 2 and 3. This appears to be due to the absence
f an ink fixing layer on the top of ink jet paper E only or
he lower speed of lateral spreading of an ink drop on the
urface of ink jet paper E.

Figure 11 presents an XZ-plane image of the cyan dye
nk printed sample that was obtained directly in the XZY

can mode instead of the regular XYZ scan mode. The XZY

22.08 µm

22.08 µm

Line 1

Line 2

igure 10. Reconstructed images of yellow dye ink dots on paper F
btained in the XYZ scan mode of CLSM.

(a)

(b)

(c)
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igure 9. Fluorescence spectra of pigment inks: �a� magenta at excita-
ion wavelength of 488 nm, �b� yellow at excitation wavelength of 488
m, and �c� cyan at excitation wavelength of 405 nm.
can mode was chosen because fluorescence from the cyan

. Imaging Sci. Technol. 020201-
ye ink might be degraded by laser irradiation for the dura-
ion of scanning. This technique seems to be effective for
oloring materials that tend to lose fluorescence properties
apidly. The cyan dye ink in the glossy photo-ink jet paper
ould be well observed by the CLSM because it maintained
ufficient fluorescence intensity, and the ink jet paper had no
ompetitive fluorescence. In the case of commercial wood-

ree paper or common ink jet paper, however, the cyan dye
nk could not be observed successfully because the optical
rightening agents contained in the paper emitted strong
uorescence at the excitation wavelength of 405 nm.

igure 11. Reconstructed image of cyan dye ink dots on paper E ob-
ained in the XZY scan mode of CLSM.

16.4 µm

16.4 µm

Line 1

Line 2

igure 12. Reconstructed images of magenta pigment ink dots on paper
obtained in the XYZ scan mode of CLSM.

13.5 µm

13.5 µm

Line 1

Line 2

igure 13. Reconstructed images of yellow pigment ink dots on paper E
btained in the XYZ scan mode of CLSM.
Figure 12 presents reconstructed images for the magenta

Mar.-Apr. 20116
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igment printed sample obtained in the XYZ scan mode of
he CLSM. In comparison with the common light-reflection

icroscopic image at the same location, it was confirmed
hat the distribution of the ink pigment fixed on the ink jet
aper appeared sharp in the fluorescence images. The fluo-
escence spectrum in Fig. 8(a) suggests that there are two
uorescent chromophore groups or compounds present in

he ink. It is known that the ink-receptive layer of the paper
mitted neither fluorescence corresponding to the two peaks.
herefore, these fluorescence properties resulted in the dis-

inguished images, although the relation with the molecular
tructure could not be discussed any further because the
hromophore chemical structures and even Color Index
umbers of all the inks are disclosed by the manufacturers.

Figure 13 presents the reconstructed images for the yel-
ow pigment printed sample obtained in the XYZ scan

ode. The thickness of the ink layer was estimated to be
pproximately 4 �m from the full Z-depth of 13.5 �m.
his thickness of the ink layer located limitedly near the

urface was estimated to be lower than those of the yellow
nd cyan dye inks, as Desie et al.21 clarified that the
igment-based inks create pigment filter cakes by aggrega-
ion of pigment particles on the top of the surface at initial
mbibitions.

A cyan pigment printed sample was searched for fluo-
escence, but appropriate optical conditions could not be
ound to discriminate it from paper. This is presumably be-
ause the absolute fluorescence intensity of the ink was very
ow, although the peak observed in Fig. 8(c) appears rela-
ively intense. Consequently, this cyan pigment ink fixed on
aper was one of the two inks that could not be observed by

he CLSM (the other was the black pigment ink).

ptical Conditions of Laser and Filter Wavelengths
able III lists the optimum conditions for the combination
f wavelength between laser irradiation and optical bandpass
lter to observe the dye and pigment inks using a CLSM
btained from the experiments thus far. The Leica micro-
cope permits one to select the exciting wavelength and con-
gure filter wavelengths arbitrarily and independently, while

Table III. Optimum conditions of exciting wavelength and optical filter wavelength.

nk
Optimum exciting laser

wavelength�nm�
Optical filter wavelength

range�nm�

yan dye ink 405 420–550

yan pigment ink Not available Not available

agenta dye ink �1� 543 560–615

agenta dye ink �2� 488 510–650

agenta pigment ink 488 510–650

ellow dye ink 488 510–650

ellow pigment ink 488 510–650

lack dye ink 633 �650

lack pigment ink Not available Not available
he Carl–Zeiss microscope permits one to select the combi-

. Imaging Sci. Technol. 020201-
ation from several default patterns. Therefore, there were
ifferences in the wavelength between the two microscopes.
lthough these conditions are expected to apply to many
ther kinds of inks of the same color for an ink jet, they will
ot apply to every ink.

ONCLUSIONS
ost magenta and black dye inks for ink jets emit fluores-

ence at around 580 and 667 nm by laser excitations at 543
nd 633 nm, respectively. These fluorescence properties are
seful for providing three-dimensional ink distributions us-

ng a confocal laser scanning microscope. In applications to
nk jet papers, the shape of ink dots on photo-quality paper,
ast-coated high-gloss paper, and medium-grade paper was
oinlike with a constant thickness, extensional due to spread
ver crevice surfaces, and rough with rugged edges, respec-
ively. Three-dimensional image analysis applied to a single
nk dot resulted in the largest cross section located slightly
igher than the thickness center. Extension of this method
as attempted using other inks. It was found that the
ethod is applicable to all colors of dye and pigment inks

xcept cyan pigment and black pigment inks. The cyan dye
nk was excited by a 405 nm laser and could be observed
iscriminately from the paper with no fluorescent brighten-

ng agent. The magenta and yellow dye and pigment inks
ere excited by a 488 nm laser and were observed

uccessfully.
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