| MVAGE EORM NG METHOD BACKGROUND COF THE INVENTLCN Field of the invention
ThHeg present-invention relates to a method of “formng an inmage with high
gradation by exposure to light, particularly to laser or LED light. éﬁi :

i ght

" Rel ated Background Art ~ Image form nglnethods are knoWFQ RLAGR7
is projected onto a photosensitive material like a silver halide in
accordance with image information. |I'n such an inage form ng nethod, use

of a light source of a narrow wavel ength width such as | aser and LED

enabl es irradiation of nicroscop%ﬁgé fﬁ?” # high energy density,
and i mage output with a high spee % % resé#ﬂ%lon The

photosensitive materials conposed mainly of silver halide are classified
into two types: ones which develop an image by wet treatment of a |atent

i mge formed bpatkgRbuRBPOSUTEE 2RYERPESNWHi ch devel op an inage by dry
heating treatnment of a latent inage formed by |ight exposure. For
formation of i nEgeidwoEhtheghhvehtadhati on w th high gradation by varying
| i ght energy on the aforenentioned photosensitive material, known net hods
include: (%) Iight |mhenpre$enmdmhaénbﬂoneté&amesrmovmlmémhmqﬂmfenergy

intensity is varied, and (2) pul se
formlng an image with high gradation by exposure to

light, particularly to laser or LED light.
Related Background Art
Image forming methods are known in which light is
10 projected onto a photosensitive material like a silver
halide in accordance with image information. In such
an image forming method, use of a light source of a
narrow wavelength width such as laser and LED enables
irradiation of microscopical spot light ih a high
15 energy density, and image output with a high speed and
high resolution.

The photosensitive materials composed mainly of
silver halide are classified into two types: ones which
develop an image by wet treatment of a latent image

20 formed by light exposure, and ones which develop an
image by dry heating treatment of a latent image formed
by light exposure.

For formation of images with light irradiation
with high gradation by varying light energy on the

25 aforementioned photosénsifive material, known methods
include: (1) light intensity modulation methods in

which light energy intensity is varied, and (2) pulse
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wi dth nodul ati on nethods in which light irradiation

2 . _

timg, nanely |ight source driving-pulse width, is vari ed..

These known net hods i nvol ves dlsadvantages belom/ 5 in reproducing’

i mges with precise gradation: ~(%3)-The light intensity :
nmodul ati on nmet hods require change of the output intensity of the

| i ght source in many | evels for each of the inmage el ements. However,
reproducti on of inages mﬁth many gradation | evel s of 10 gradation S

not achi evabl e eé@f&% d@ia*f&%é ‘}15 n whic 1Y 8lignd A %)&inpzl PPe

sem conductor |a ecause ar acteri s 5 CS

intensity-light <time, ﬁgﬁ éﬂ?ﬂ eponguct o
| aser, and by LED becaus %ﬁ’#%écu ty | %i‘il%%cgﬁ'tro' g'% 15

| i ght out put el eckdrLedurrent. (2) The pul se wi dth nodul ati on
nmet hods require extrenely narrow pulse width of light irradiation to

reproduce the image i rhesy Kicwiaimethdd®y arfroltiss disadvantagekTbb2ew
i nherently by response characteristics of the 20 I'i ght source.

SUMVARY OF THE | NWENfemdducing imagesl i gaetiisengeaidationnt ends to
provide a method for formng an image wth many gradation |evels
with 25 hi gh shar pliek SThe thight tintefisizg aodajesion metbodsr require
change of the output intensity of the light source in
many levels for each of the image elements. However,
reproduction of images with many gradation levels of
10 gradation is not achievable especially at low output
levels, for example, by semiconductor laser because of
the I-L characteristics (current intensity-light
emission characteristics) of the semiconductor laser,
and by LED because of difficulty in fine control of
15 light output electric current.

{(2) The pulse width modulation methods require
extremely narrow pulse width of light irradiation to
reproduce the image in many gradation levels. T:h'is is
limited inherently by response characteristics of the

20 light source.

SUMMARY OF THE INVENTION

The present invention intends to provide a method
for forming an image with many gradation levels with

25 high sharpness without the disadvantages of prior arts.
The image forming method by light irradiation of

the present invention comprises projecting two or more



The image form ng met hod by Ilght I rradi ati on of : the present
invention conprises projecting two or nore

- -3- ki nds of -1ight beans having different mavelengths ont o

a photosensitive material by utilizing di f & ence of sensitivities
of the photosensitive material to each of the Iight beans to form an
Il mge with density 5 gradati on. BRI EF DESCRI PTI ON OF THE

| NVENTI ON Fig. 1 is a graph showi ng an exanple of a spectra
sensitivity distghRyG gg Qﬁgﬁtpngﬁéeﬂﬁb%h¥edE§E§£éﬁ£Sﬁégelen RO

t he present invention. oW ng epen ency of

t he opti cal Fﬁa&asbﬁs%lbaemafakﬁaiesyl hgg.‘iz.ﬁﬂﬁ?g&ﬂ?éréﬂééeof

di fferent wavel engths with the photosensitive materi havi ng t he

spectral sensitigehgid3vitewe b khé- ?ﬁotoé5n51tlve m&t8ridl | ode8tHeo¥i €W
of an exanple of an apparatus for -practicing the image formng

met hod of thee lpghtebkainsy ¢t £6fm an image withigenditg a plan view
of an exanpl e of an inmage exposure neans as.shown in Fig. 3. 20
DESCRI PTI ONSOF TgEaBRREEBRRED ENMBODI MENTS The i nage form ng
met hod of the present invention forns images with gradation of
optical density by projecting two or nore kinds of |ight beans

havi ng-

BRIEF DESCRIPTION OF THE INVENTION

Fig. 1 is a graph showing an example of a spectral
sensitivity distribution of a photosensitive material

10 employed in the present invention.

Fig. 2 is a graph showing dependency of the
optical density on the projected light energy for three
different wavelengths with the photosensitive material
having the spectral sensitivity as shown in Fig. 1.

15 Fig. 3 is a side view of an example of an
apparatus for practicing the image forming method of
the present invention.

Fig. 4 is a plan view of an example of an iﬁage

exposure means as shown in Fig. 3.

20 -
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The image forming method of the present invention
forms images with gradation of optical density by
projedting two or_more’kinds of light beams having-
25 different-wavelengths on a photosensitive material.

The image forming method of the present invention

utilizes the dependence of photosensitivity of a



25 different wavel engths on a photosensitive material. . - The inmage
form ng nethod of the present invention ~utilizes .the dependence: of .
. photosensitivity of a B ' -4- B
phot osensitive material on-the mavelength‘o# The _projected |ight.
More specifically, when three kinds of |ight beans of wavel engt hs of
[err] [err] and [err] are projected onto 5 Sseparate areas on a

phot osensitive material having spectral sensitivity as shown in Fig.

1, the light beaghot ok iler hhtd 'q§§§ ' dgpsity; the
i ght beam Brhgf o[sgPrs] gJ:ii ve gtﬁgﬁ? %ﬁgt;:ﬁ%n t%]é&%%lﬁtaé%eam of [err]
gi ves t hepkgyeste@ntighke i mage formng nethod of the 10 pr esent

i nvention forns an Irnage in nmany gradation | evel s by utilizing the

above differences in mpreCapecificall@NSihon HieFes iy of M idier RNt
I nvention, each one spot of the photosensitive material is required

to be irreadi aavdlangbhenog Ape f ahe b W goojdeted obto | ght
beans. An i mage form ng nethod of the present invention

i s expl ai ne@ f or sepdratei Aveassaht at ppetpsensieiree tmaterial haviaigeri al by
reference to Fig. 3. The dry silver salt type photosensitive
material 20 = €BRAELrad sansifiviitysasyshown|in EBigeducithe dgaght hean

a silver halide in phot osensi tive | ayer as descri bed | ater in
detail. Wien t he©8r & givas gggth*gnggt optical density; the light beam

of A, give a lower one; and the light beam of A, gives
the lowest one. The image forming method of the

10 present invention forms an image in many gradation
levels by utilizing the above differences in bptical
density. Accordingly, in the present invention, each
one spot of the photosensitive material is required to
be irradiated with only one of the plural kinds of

15 light beams.

An image forming method of the present invention
is explained for a dry silver salt type photosensitive
material by reference to Fig. 3. |

The dry silver salt type photosensitive material

20 confains an organic silver salt, a reducing agent, and
a silver halide in a photosensitive layer as described
later in detail. When the dry silver salt type
photosensitive material is exposed to image forming
light, silver nqclei are formed from silver salt to

25  give a latent imagé;' bn heating the photosensitive
material having the latent image, the organic silver

salt is reduced to silver, under catalytic action of



"phot osensitive material is exposed to image forming light, silver

nuclei are fornmed fromsilver salt to 25 give a latent inmage. On
heati ng the photosensitive - material having the latent inmage, the -
organi c silver : salt is reduced to §i5vér,-under catal ytic acti-on of
- 5- the fornmed silver nuclei, by oxidation-reduction

reaction of the organic silver salt with the reducing agent to form
an i mage. In Fig. 3, a dry silver salt type photosensitive 5

material 6 is hoﬁﬁédfbﬂmédngﬂﬁ%éfen eiyV$P é%????%ﬁﬂTﬁéPéﬁﬁfﬁﬁ of the

recordi ng, the photosensitive material omthe

magazi ne 16 succgsst¥ebM- ofNehe organfd! s £y PNOLISENSER adid g2l 6
is delivered al ong t he peripheral face of a delivery drum 17.” The

10 phot osensi geRtNBbCEbZM &n dHagay the delivery, is exposed to
image formng light froman inmage |ight - projection neans 1 in
accordance wi th an i negeFilgt a3, a dry silver nsdlt stypyd gshorsdendirivange

| i ght projection means 1 projects |ight beans of wavel engths of

[err] [err]5 15 matenilalebr isbhoused cindamagaziaserkd 31, WBh &8 as shown in
Fig. 4. The sem conductor |asers 31, 32, 33 are driven under control
by a data procespragrgast of(0the recordingcorhirpkovgsensikivptnaterimhsity
of the inmage to be, recorded. Mre specifically, the inmage data

i nputted 20 foieneuided pubcEsenEhedragaming I FuRRLSSAEEt o The

the respective SSHligﬁggﬁ%°£n£€8§é§si§¥§aq&é%é¥¥2{“§Eks delivered along
the peripheral face of a delivery drum 17. The
10 photosensitive material 6, during the delivery, is
exposed to image forming light from an image light
projection means 1 in accordance with an image data.
In this embodiment, the image light projection
means 1 projects light beams of wavelengths of A, A,,
15 and A, by semiconductor lasers 3i, 32, 33 as shown in
Fig. 4. The semiconductor lasers 31, 32, 33 are driven
under control by a data pfocessing part 40 in
accordance with the optical density of the image:to be
recorded. More specifically, the image data inputted
20 to the data processing part 40 is divided into data for
the respectivé semiconductor lasers. The divided data
are transmitted respectively through a modulator 41 to
each of driving circuits 42, 43, 44 to irradiate light
beams from the semiconduétor lasers 31, 32, 33 at the
25 wavelengthécorrespAhdihg-to the optical density of the

image data.

In the present invention, fine gradation will be



are transmtted respectively through a nodulator 41 to : each of

driving circuits 42, 43, 44 to irradiate |ight “beams fromthe

sem conductor |asers 31, 32, 33 at the 25 wavel ength corresponding to
the optical density of the I mage dara® - In the present
invention, fine gradation will be

- 6- achi eved by conbi ning the wavel ength change nethod with

the aforementioned light intensity nodul ati on net hod whi ch varies

the intensity of } b | ' ' or ' | s
wi dth nodul at i on ér'r%‘?ﬁ%%@&mfwchéd'mgni’%a’%ﬁs"ﬁeel?’fﬁh Sl Mt itn,
The light beans fra AfEr&fdhEOHBE OIgh@SBitentlity modulatiom rfot%ough

projected to a dry silver salt type phot osénsitive materi a
condenser | enses Witich variedtthel Anterdiify B lidrabiiatd P 1algal idd digam
splitter 10 3, a polygon mrror 4, and an f-[err] lens 5. The

proj ected |ight bxforemernstioeil gul s anidite nbdulsdiedtl method widldh

phot osensitive material by neans of the pol ygon mrror 4. The

seni conduct & | aseasies cthettineridfedight irradidtiem.in nunber, but nmay be
two, or four or nore. 15 The dry silver salt photosensitive
material 6 af t €fhe nlekght ihgamse xfxom rthe seaid|donduetorr dasehs 31,
delivery roller 7 along a peripheral face of a delivery drum 8. The

dry silver salt t3he IhATRAEIIgGked to a dry @dilvers sadthdymsd for i mage

devel opnment by plqgar L
photosensitive material through condenser lenses 45,

46, 47, a half mirror 11, a polarization beam splitter

10 3, a polygon mirror 4, and an £-6 lens 5. The
projected light beam is allowed fo scan the dry silver
salt photosensitive material by means of the polygon
mirror 4. The semiconductor lasers are not limited to
three in number, but may be two, or four or more.

15 The dry silver salt photosensitive material 6
after image light exposure is delivered from the
delivery roller 7 aloﬁg a peripheral face of a delivery
drum 8. The dry silver salt type photosensitive;
material 6 is heated for image development by planar

20 heater 10 on the peripheral face of the delivery drum
8. The peripheral face of the delivery drum 8 is
covered with a protecting material such as nonwoven
fabric, so that the photosensitive material 6 is heated .
ﬁniformly.without-scratqhing.

25 - After the heaf déveiopment, the dry silver salt
type photosensitive material 6 is cut in a desired size

by means of a cutter 9.



- 20 heater 10 on the peripheral face of the delivéry drun1 8. The .

_peripheral face of the delivery drum8 is covered with a protecting
~material such as nonwoven - fabric, so that the photosensitive
material 6 is heated uniformy w thoWt- scratching. 25

After the heat devel opnent, the dry silver salt ' t ype photosensitive
material 6 is cut in a desired size: by nmeans of a cutter 9.

-7- The light source for the image |ight projection

1 b LED ] d of the ., - 1,cond
acer. The proj ected FRante8t FRrEca e T Dhags dgn TSGR I n the
[The pro S e B
narrow o oplegblTt ndy RO et e it plfiad E e
di stributi | 2 I |4+ . ' i
moans. spectrum v GLRCALaRaT P | HEaR 1y g Profdieqdighs 4o o Aobl € T

an embodi ment of nbhechPBALLiSr Mgt e HPdekd present l#Hf-dHERG #Hwention,
an image is formed by enpl oyi ng two |ight beans of different

wavel engt hsspr ef goadthlirbMatic 1ighe ®idgedfiss iidht igiia indwersdty

modul ation or pulse - W dth nodul ati on. The wavel engths of the two

light 15 beaspeateus elvbdtiechavig t & cthalHrevisktisidf dintersdithe

phot osensitive material to the one Iight beamis | ower t han t hat of

the other |ight @édshrbbubidoncrangbhigffoom 0.02 nm to 20 nm. (The half-
width herein means spectrum width at half intensity of
the peak.)

10 In an embodiment of the image forming method of
the present invention, an image is formed by employing
two light beams of different wavelengths preferably in
combination with light intensity modulation or pulse
width modulation. The wavelengths of the two light

15 beams are selected such that the sensitivity of the
photosensitive material to the one light beam is lower
than that of the other light beam by a factor of from
1/2 to 1/1000, preferably from 1/5 to 1/1000 (e.é;, as
shown in the graph in Fig. 1). If the above

20 senéitivity ratio is higher than 1/2 or lower than
1/1000,.the advantage of use of the two light beams of
different wavelengths is not obtained satisfactorily,
and many levels of gradétion is not reproduced
precisely.

25 The heating temperature with the planar heater 10
is preferably in the range of from 60°C to 200°C, more

preferably from 70°C to 150°C. The heating time is



1/2 to 1/1000, preferabfy from1l/5 to 1/1000 (e.g., as shomn~rh_the._
~graph in Fig. 1). If the above 20 ° sensitivity ratio is higher than 1/2

or |ower than 1/ 1000, the advantage of use of the two |ight beans of
di fferent wavel engths i s not obtai ned satrsﬁhctorily, and many -

| evel s of gradation is not reproduced precisely. 25 The
heating tenperature with the planar heater 10 Is preferably in the
range of from 60C to 200[err]C, nor e . preferably from70[err]C to
150[err] C. The h S . - 8-
preferably in the range oge For'e F8Rg8q°F oT5oM; hupegond to 3 giputes,

preferably from gosecprdFerariy %%Bﬁngsseggﬁdﬁ.tﬁ Sohgé&bﬁg ey

conducted with a heating roll oOr erature a?nosphere in

place of the pl aneating mayh®at e:bnaﬁcted with a heIE?n&ei:brff r %e of the
phot osensitive nateri al Is preferably in the range of fro f% to 300

mm sec, mhidghp teipexaltyrer atmé8pherd00n"PLa66- of the planar 'he dry
silver salt type photosensitive material 10 enpl oyed in the present

i nventi on c8npri besater 10. phot osensitive |ayer provided on a base
material, the Ehotosen5|t|ve | ayer containing at | east an organic
silver salt, a reduci Qeaééﬂﬂveamdratelbﬁetheaphdhosensitlve matdiitaDr gani c

silver salt inclydes silver salts of 15 organi ¢ acids, silver salts of
acetyl ene derivaffy@¥eferably ip §be zange of frogmni@ NP mie/ sy ng an

i mno grou
9 P mqre preferably from 40 to 200 mm/sec.

The dry silver salt type photosensitive material
10 employed in the present invention comprises a
photosensitive layer provided on a base material, the
photosensitive layer containing at least an organic
silver salt, a reducing agent, and a silver halide.
The organic silver salt includes silver saits of
15 organic acids, silver salts of acetylene derivatives,
silver salts of organic compounds having an imino group
or a mercapto group, and the like. In particular,
those are preferred which do not change (e.g., iﬂm
color) at room temperature and under room light. The
20 silver salt of organic is preferably silver behenate.
The reducing agent includes phenols, hydrazines,
naphthols, and pyrazolidones.
The phenols are exémplified by aminoplienol,
2,6-dichloroaminophenol,
25 4,4'—dihydroxy-3;3'-diAt-butylds,S'-dimethylbiphenyl,
2,2'-dihydroxy-3,3‘,5,5'—tetrakis-t—butylbiphenyl,
2,2'—dihydroxy-3,3'-dichlororbiphenol, |



‘or .a nercapto group, and the like. In particular, those are
preferred which do not change (e.g., in color) at roomtenperature
and under roomlight. The 20 . silver salt of- organic is preferably
silver behenate. The reduci ng ag&nt incl udes phenol s,

hydr azi nes, napht hol s, and pyrazoli dones. The phenol s
are exenplified by am nophenol, . 2, 6-di chl or oam nophenol, 25

4, 4" - di hydr oxy- 3, 3' di -t-butyl -5,5"-di met hyl bi phenyl ,

2" 2' - di hyd 3.8 25, i 5-1ah i
> 9 _di hidﬁgii 3% 23'?:%?&? ggbﬁsﬁs'yly‘l‘%}f‘%wahﬂphen“)'

- 9- 2, 22 -preLhy t fBHgH
2,2'-propy|eneb|s(6 t- fﬁhg%ﬁifzﬁkyﬂqukrﬁaéﬁﬂﬁl o1),
414"bUFy|!d'e”eb4§4Q-bubylﬂdiénéﬁigyi4$EHH¥QL 6-methylphenol),

4, 4" -t hi obi s(2-t-butyl -6-ethyl phenol

2, 6- di chl or 0- 4- betiz&hethidbie(2 dorhetyl -6-&thylphenol ), The hydra2|nes
are exenplified by [ err]-acetyl phenyl hydrazi ne,

[err] -acetyl3 ol yl 2y6tdichioret4-benzenesul fonanb@ophepidlolexcar.e exenplified
by 4- met hoxynapht hol , 4-chl oronaphthol, 10

4, 4' - et hyl enebi s( 2- neThe | hgdhazings are exemplified by
4- (2, 6-di et hyl - 4- hydrox benzyl ) - 2- met hyl napht hol ,
4- (2-t-butyl - 6- ethiydcat epyHardsazine niHanetaitcisilhydrazinest etc. .

| if | - ph | - 3-
The pyrazol i dones are ‘Flzx(ee ngaplah'tl:ﬁglsb yare %xeer:n%ll?:‘.led by

4-methoxynaphthol, 4-chloronaphthol,

10 4,4'-methylenebis(2-methylnaphthol),
4-(2,6-dimethyl-4-hydroxybenzyl )-2-methylnaphthol,
4-(2-t-butYl—6-ethyl-4-hydroxybenzyl)-Z-methylnaphthol,
etc..

The pyrazolidones are exemplified by l-phenyl-3-

15 pyrazolidone, etc..

The silver halides includes silver chloride,
silver brdmide, silver iodide, silver iodobromide,
silver chlorobromide, silver iodochlorobromide, etc..
The silver salt may be doped with an Ir compound. The

20 silver halides are effective which are fine
particulate. Especially, those of a cubic crystal
shape in a size of from 0.0l pym to 0.2 pm are
effective. Fine silver halide can be prepared by
‘halogenating an organic silver salt by use of a silver

25 ' halide-forming cqmponent such as ammonium bromide,
lithium bromide, sodium chloride, and N-

bromosuccinimide, or the like method.



15 pyrazol i done, etc.. The silver halides includes silver

chloride, .- = silver bromide, silver iodide, silver iodobronide,
silver chl orobrom de, silver iodochl orobrom de, etc.. The sil ver
salt may be doped with an Ir compound. The 1®0~ - ‘silver halides are
effective which are fine particul ate. Especially, those of a cubic
crystal shape in a size of from0.01 pmto 0.2 pmare

effective. Fine silver halide can be prepared by hal ogenating an

organi c silver salt byuUS e such
as anmoni um br om de, ¥nd gif?ethlu%¥§%omgg pe %ﬁéﬁﬂﬁ%% on%gtlc d&§L§6r
bro”USUCC'n'”‘deseﬂéiiﬂﬁahigﬁ 88EHOHs sulfur sensitization, noble metal
- 10 - he silver halide may be prelimnarily treated for

sensi tization Suﬁénéitihlhi:ﬂbnseaﬁat réatitflon NebhsitPi@tion. For the
sensitization, and reduction sensitization. For the spectr al

sensi tization, vepeotfalesehsitingtilyns eafiods senPleyeing diessenrsiti zing
dyes i ncl ude cyanine dyes, and nmerocyani ne dyes. Specific exanples
t hereof areb emphoyedbel Thhe sensitizing dyes in¢kudé cyanine dyes,

and merocyanine dyes. Specific examples thereof are

shown below.

@(}m i?i? .

10 czus Cy Hg
S S
Qo< IO
II
N© © \ (1II)
Cz Hs c2H5
15
s
s
N _
\
Cz Hg Cy Hg
20 ~ The photosensitive layer is formed by mixing the

above.components with a binder. The binder is
preferably a hydrophobic or hydrophilic polymer which
is transparent or translucent. A hydrophobic one is
more suitable for the binder. The binder is

25 exemplified by polyvinylbutyral, cellulose acetate
butyrate, polymethyl methacrylate, polyesters, and

polyvinyl chloride, and copolymers thereof.



20 . The photosensitive layer is formed by mxing the . above
conponents with a binder. The binder is preferably a hydrophoblc o]
hydr ophi-l i c pol ymer which is transparent or translucent. A

hydr ophobi c one is nmore suitable for f#He-bi nder. The binder is 25
exenplified by polyvinylbutyral, cellul ose acetate but yr at e,

pol ynet hyl nethacryl ate, polyesters, and pol yvi nyl chloride, and
copol ynmers t hereof. -11 -

The base materi al

| fd ed 5 08 e i
pol ypropyl ene resi In: eﬁﬁ‘?ﬁﬁlﬁﬁllle“é gé’rfﬂ i e@*ﬁﬁeﬁg]eg[ b rz%:ln%:thylene

pol ycarbonate re a Y Rgraphi c baryta
paper, art papersf&égng p%%ypropyler?é’@éﬁ%sc &%?gtrg)ir at1os of the abo
conponents in thetereghthé’fﬁ’éé’sfé@iﬁé Vep&f}?@drhyr&t%s i

reduci ng agent

0.05 to 3 nol es,

t he

IS con

ained I n an anount preferably ranglng from

Sphehetle pa;salef Fratogrdpiid) baryal papgdd, e aritepaglie O

organlc silver sal

5

10

15

20

25

etc.

The blending ratios of the above components in the
photosensitive layer are as below.

The reducing agent is contained in an amount
preferably ranging from 0.05 to 3 moles, more
preferably from 0.2 to 1.3 moles per mole of the
organic silver salt.

The organic silver salt is contained in an amount
preferably ranging from 0.3 to 30 g/m?, more preferably
from 0.7 to 15 g/m?, still more preferably from 1.2 to
8 g/m?.

The silver halide is contained in an amount
preferably ranging from 0.001 fo 2 moles, more
preferably from 0.05 to 1 mole per mole of the organic
silver salt.

A color tone~adjusting agent, if it is used, is
contained in an amount ranging preferably from 0.0l to
5 moles, more preferably from 0.05 to 2 moles, still
more preferabiy from 0.08 to 1 mole per mole of the
organic silver salt.

The binder is contained in an amount ranging
preferably from O to 10 parts, more preferably from 0.5

to 5 parts by weight for one part by weight of the

r

ve
The

f



The, organic silver salt is contained in an anount preferably ranging . - -

from0.3 to 30 g/n2, nore preferably - fromO0.7 to 15 g/nferr], still.-
nore preferably from1,2 to -15 " 8 g/n{err% The silver .
halide is contained in an anount pretérably ranging fromo0.001.to 2
nol es, nore preferably from0.05 to 1 nole per nole of the organic
silver salt. 20 A col or tone-adjusting agent, if it is used, is
contained in an anmount ranging preferably from0.01 to 5 nol es, nore

preferably from %:Q%nti% %iWe‘is’saitt' Il - nore pr ef erably from0.08 to
1 nmol e per nole of ganic silver salt. The bi nder

s Contai ned | n an armuas maasmve 185ELohall fcg‘feekﬁegg 3@ parts,

nore preferably fromO0.5 parts or one part by weight

of the preferably from 0 5 to 30 pm mo%g referably £r8ihhC
silver salt. The phot osensitive ray hgs a thlcﬁness o? to

preferably from @Q75uma 30 [err]m nore preferably from2 to 17
[err]m 5 Further, in order to inprove color tone of an
i mage and iBs stabili Fyprihes;, for ordgratoi imgeoveheolor tonghofoasnsitive
| ayer may contain an organic acid, an antifoggant, a col or
protecting agentlmageaﬁpﬂsﬂ§§|§tabllityag§her ﬁotmﬁagsanblnggagenhe an
i rradi ati on-preventing 10 ent, a fluorescent whitener, a filter dye,
or the photosensitlve ayer may contain an organic acid, an
' antifoggant, a color protecting agent, an antistatic

agent, a UV absorbing agent, an irradiation-preventing

10 agent, a fluorescent whitener, a filter dye, or the

like.

- On the photosensitive layer, a protecting layer
may be provided, if necessary. The protecting layer is
constituted mainly of a binder. The binder includes

15 water-soluble resins such as polyvinyl alcohol, casein,
gelatin, and ethylene-maleic anhydride copolymers. The
protecting layer may contain additionally colloidal
silica, irradiation preventing dye, or the like. The
protecting layer has a thickness of preferably from 0.1

20 to 7 pm, more preferably from 0.5 to 5 pm.

The sensitivity of the photosensitive material
depends on the.photosensitive elements therein: namely,
the silver haiide, or the silver halide and the
sen31tizing dye for sensitlzing spectrally the silver

25 halide. The image forming method of the present

invention is based on the difference of the sensitivity

of the photosensitive elements to different wavelengths



- like. . On the photosensitive |ayer, a -protecting |ayer
‘may be provided, if necessary. The protecting |ayer is- - constituted
mai nly of a binder. The binder includes 15 wat er - sol ubl e resins such as
pol yvi nyl al cohol, casein, gel atin,~ a¥ =t hyl ene-mal ei ¢ anhydri de
copol ynmers. The . protecting |layer may contain-additionally coll oidal
silica, irradiation preventing dye, or the like. The protecting

| ayer has a thickness of preferably fromO0.1 20 to 7 [err]m nore
preferably from Ogg §9qRtPM : The sensitivity of the

phot osensitive naterla? depends on the photosensitive el enents
therein: nanely, Thé NBrésbN e ihdeh n ¢ std’é‘ﬁéﬂﬁfe‘ﬁ mrd de and the

e si

sensitizing dye for sensitizing spectrally ver 25 hal i de. The |

i mge form ng net8pdcofitlelprBferbference t\VidnIed S basedipintd he
difference of the sensitivity of the photosensitive elenents to

di fferent wavel engpasts” is based on weight in the description bklow.

of light. The present invention is described nore
specificall ySby rBkampheelto Exanples. The units "parts" is based on
wei ght in the description bel ow. 5 Example 1 A dry silver
salt type photosensiti&edmteilvervwsalt type phayosaensidivweppiatienjiasl was
photosensitive layer of 10 [err]m thi.ck on a polyethyl ene '

t er epht hal at e baseTRBEERF Y oPPlying 3 phptesensd pive davery ofadd® ampl yi ng

further thereon a
thick on a polyethylene terephthalate base material of

10 pm thick by coating, and abplying further thereon a
10 polyvinyl alcohol protecting layer of 2 pm thick. The
photosensitive layer had the composition beloﬁ:
Polyvinylbutyral 2.5 parts

Silver bromide (average particle size:60 nm) 0.15 part

Silver behenate 2.5 parts
15 2,2'-methylenebis(4-methyl-6-t-butylphenol) 1.0 part
Phthalazinone : 0.33 part
Sensitizing dye of above Formula (I) 0.002 part
Behenic acid 1.6 parts

The above dry silver salt type photosensitive
20 material was set on an apparatus as shown in Fig. 3,
and an image was formed with 256 gradation levels by
employing combinedly a light intensity modulation
method to obtain a gray scale pattern. The delivery
rate of the dry silver salt type photosensitive
25 materiaiiwés'so mm/secﬁ
Two.semiconductor lasers were employed as the

light source: a semiconductor laser of an oscillation



10 . polyvinyl alcohol protecting layer of 2 pmthick. The

phot.osensi tive layer had the conposition bel ow. ' Pol yvi nyl but yral

2.5 parts : Silver bron1de (average particle size:60 nm 0.15 part
Si | ver behenate ' - 142-5 parts 15 .

2,2 - nethylenebls(4 met hyl - 6-t - but yl phenol) 1.0 part

Phthala2|none 0. 33 part Sensitizing
dye of above Formula (1) 0. 002 part Behenic acid '

rateltal was set SAVEHeAgRH L sgéinilhk%ﬁﬁp S, e ‘?Paéf?fe”%g&éxe. age
was formed with 258.gyadaphens gbfl& d anotﬁgp | Ogl{l n%){:gg d]l.é/ g |1 ght

i ntensity nodul ation a gray sca e pattern.

delivery rakeaaf oEEQlﬁ!Ehéh' %S{zeﬂ% tﬂyaf PEOL AR SOFOLH Y21

materi al was 50 conductor | asers mere enployed
as the I ghhnaeaeearea sgntsgﬂﬂaatéér GE&EiGN) AN ARC| di Md¥rs of

- 14 - wavel engt h 80 nm (TOLD- 9140, nmanuf act ur ed by

Toshi ba Cor pér at i ¢hg, 1a§drabéhiﬂ§rw§£é1 20N@HCt Of tRSQlain scan®in d@l
oscillation wavel ength of 780 nm (TOLD- 121L, manuf act ured by Toshi ba

Cor poration). Theddregtiond ahd 46 pm (in theesedmadarywescamtligm (in the
mai n scanni ng direction) and 40 [err]m (in the secondary scanni ng
direction), respe@ireetjyonTherpbrectiveli. wthé pi#el clock was 6 MHz,
and the pixel density was 1200 dpi.
The dry silver salt photosensitive material

10 employed in this example had a sensitivity at the
wavelength of 780 nm which was lower than that at
wavelength of 680 nm by a factor of 1/15. The graph of
Fig. 1 shows the spectral sensitivity of this dry
silver salt type photqsensitive material.

15 The 256 gradation levels were numbered from No. O
to No. 255 sequentially from the highest level to the
lowest level of the optical density. In this Example,
the image exposure was conducted with the semiconductor
laser of oscillation wavelength of 680 nm for the data

20 of from No. O to No. 237, and with the semiconductor
laser of oscillatién wavelength of 780 nm for the data
of from No. 238 to No. 255. After the image exposure,
the dry silver salt tyﬁe photosensitive material was
heated at 120°C for 10 seconds for image development.

25 The obtained gray scale of 256 gradation levels

was evaluated by measuring the optical densities. The



and the.pi xel density was 1200 dpi . - The dry silver salt
"photosensitive material 10  enployed in this exanple had a sensitivity.
at the ~wavel ength of 780 nm which was | ower than that at

wavel ength of 680 nmby a factor of 1/15. Thb gr aph of Fig. 1 shows
the spectral sensitivity of this dry silver salt type photosensitive
material. 15 The 256 gradation |evels were nunbered from No. 0O

to No. 255 sequentially fromthe highest |evel to the | owest | evel

of the optical d68§££¥31|3%%%%§¥ﬁ% gﬂh§a$ggﬁ9 Q¥tigéﬁéqa exposure was

conducted with the sem con i%n wavel ength of
680 nm for the daggsy g a i.th the .

sem conduct or as%?eg%i%é@%%gt?bgné(\s/\?a\%?aengtt]%CtM&Yn Wptpr?é‘ dat a
of from No. 238 t9cPMeen2Rix. MESF thE im ,corlrzeﬁpgr“ﬁlgéig% silver

salt type photosensitive material was eated at 10
seconds for inmagetileV@hed ! the 2radation IVRIPGE Ml d@y Nerahaqof 256

gradation | evel s was eval uated by neasuring the optical densities.
The 5 and No. 240, respectively forl25 measuring ﬁ?@%sqa|1¢@ﬁ3ity
was neasured by neans of a Ref | ect odensi t onet er DM 800 (manufact ured

by Dai ni ppon avesage cvaliies ) aridrthdes tarrird daviiand ot vaduren d o) J olf0
the data of the gradation |evels of No. 16, No. 144, 5 and No. 240,
respectively for e measured daka werdmalculatedaye Thge reafules ame t he

standard devi ation val ues (a)_ of t he nmeasured data were cal cul at ed.
The results are Shown in Table 1.

Comparative Example 1

10 A gray scale pattern of 256 gradation levels was
formed in the same manner as in Example 1 except that
the semiconductor laser of the oscillation wavelength
of 680 nm only was employed as the light source. The

results are shown in Table 1.

15
Table 1
Data No. Average Standard
0.D. deviation (o)
Example 1 16 3.0896 0.0118
_ 144 1.4412 0.0103
20 240 0.2096 0.0087
Comparative 16 3.0900 0.0130
Example 1 144 1.4384 0.0129
240 0.2064 0.0196
Example 2
25 A grgy scale pattern of 256 gradation levels was

formed on the same dry silver salt type photosensitive

material in the same manner as in Example 1 except that



shown in Table 1. - Cbhparative Example 1 10 - A gray scale

pattern of 256 gradation |evels was formed in the sanme nmanner as in
Exanpl e 1 except that . the sem conductor |aser of the oscillation
wavel engt h of 680 nmonly was enpl oydd as the |ight source. The
results are shown in Table 1. 15 Table 1 : :

Dat a No. Aver age St andar d ' O D.
devi ation (a) Exanmple 1 o 16 3. 0896 0.0118

144 1.4412 . 24 - 209,

0. 0087 cOrr?aasr%’%'jr‘g%'Q&'Qgtg‘O Lager of the penillatidh Yavejenghr’ o
Exanple 1 Je 4 d#gﬁ)

240 0. 2064 72.1(44111!10(.%11%67%, manufl_:axcgzer = 2by 2Rghm Co.) szgray scal e
pattern of 256 gremléoyddl BYeddadefon to thd Ydiitdiuudi®rSAdadlsy Sil ver
salt type photosensitive material 1n the same manner as in Exanple 1
except that employed in Example 1 as the light sblirces. a

sem conductor | aser of the oscillation wavel ength of 720 nm

(RLD- 72MA, mmnuf act ur e€chéyddiverin Dateof the phofuseysd tiveadditierdal,0 t he
sem conductor | asers enployed in Exanple 1 as the |ight sources. 5

The delivery ratethg lageprhraws alisineter ,netthey iilxel clock, and the pixel
density were controlled to be the same as in Example 1.

The dry silver salt type photosensitive material

employed had a sensitivity at the wavelength of 720 nm
10 of 1/2 times that at wavelength of 680 nm.

In this Example, the image exposure was conducted
with the semiconductor laser of oscillation wavelength
of 680 nm for the data of higher optical density of
from No. 0 to No. 127, with the semiconductor laser of

15 oséi;lation wavelength of 720 nm for the data of from
No. 128 to No. 237, and with the semiconductor laser of
oscillation wavelength of 780 nm for the data of from
No. 238 to No. 255 according to a pulse width
modulation method. After the image exposure, the dry

20 silver salt type photosensitive material was heated for
image development in the same manner as in Example 1.

The obtained gray scale of 256 gradation levels
was evaluated by measuring the optical densities. The
optical density was-measured for the image portions

25 correspohdiﬁg to fhefdéfa of the gradation levels of

No. 16, No. 144, and No. 240, respectively for 25



the | aser beam di anmeter, the pixel clock, and-the pixel density were

- controlled to be the sane-as in Exanple 1. The dry silver salt
‘type photosensitive materi al : “enpl oyed had a sensitivity at the
wavel ength of 720 nm 10 of 1/2 times thak7 at wavel ength of 680 nm.
In this Exanple, the inmge exposure was conducted with the _
sem conduct or | aser of oscillation wavel ength ' of 680 nmfor the data
of higher optical density of fromNo. 0 to No. 127, with the o
sem conduct or | .15 cil i I dat a
of from mggig%utl% i%‘?‘(?%:s? , hSén ﬁm’e %@% h‘gggle% 8!0:}1% uz%téc: [gqéa%{sdéérlt%f

oscillation waveygpghf; gh J%?%Q§1(@f 5€5Eﬁﬁ“ﬁb£§uféé”3ata werdl0. 238 to No.

255 according to a pul'se w ation nmethod. After the inage
exposure, the dryaidflated!! Vhe SAbsyuldtdalbdRs@DSid ivdpraizrial was

heated for . | mage devel opnent in the same manner as in Exanple 1
The obt ai ned gr agompara&tdie 2okafipBsadi on | evel s was eval uated by
measuring the optical densities. The optical density was neasured
for the image porti ons gRédy scaberpsprerch of 1266 pratetaio! ldwelgy adet | on
| evel s of No. 16, No. 144, and No. 240, respectively for 25

- 17 - formedr ingthe osame Thannee ras)cly Exanplen @ tercentaridet
devi ation values (a) of the neasured data were cal cul ated. The

results are showhRensembeenductor lasexn pfirihe esEddriiion wavelength A

ray scale pattern 256 gradation | evel s_.was
gray P of 8&0 nm gn y was employed as the light source. The

results are shown in Table 2. In this Comparative
10 Example, in the low optical density portion
corresponding to the data of from No. 249 to No. 255,

gradation was not achieved.

Table 2
15 Data No. Average Standard
0.Dh. deviation (o)
Example 2 16 3.0930 0.0078
' 144 1.4255 0.0068
240 0.2105 0.0080
Comparative 16 3.0915 0.0096
Example 2 144 1.4405 0.0112
20 - 240 0.2110 0.0158
Example 3

A dry silver salt type photosensitive material was
prepared in the same manner as in Example 1 except that
25 0.004 parts of the sensitizing dye of the
aforementioned Formula (II) was used in ﬁlace of the

sensitizing dye of Example 1.



. formed i-n the sane manner as in Exanple 2 except that ~the

sem conductor |aser of.the oscillation wavel ength of 680 nmonly was
enpl oyed as the |ight source. The results are shown in Table 2. In.
this Conparative 10 . Exanple, in the |owbpttcal density portion
corresponding to the data of from No. 249 to No. 255, gradati on was
not achi eved. Tabl e 2 15 Dat a No. Aver age
St andar d O D. devi ation (a)

EZerpl e 2 1. 4255 16TB§06% x3re03i°’-19 silverosgl(.)‘g 8type‘ phoz'gﬁgensiti\tﬁ 2105

0. 0080 Co ' : 0. .

Banple 2 HARGrL¥E wag gqp ol en eppiiqfips shovh f’r?%g- 3,

240 0.2110 and an0119 3 was forme& DA 256 radatio rlrg} ! ver
salt type photosensitive material was - prepared 1 n fhe sane nner

in Exanple 1 excepmpléping 28ombifed aa;sﬁfs@fmé&lﬂéﬁfzﬁ tnleAHyh b Of the
af orenenti oned Fornmula (11) was used in place of the sensitizing dye
of Exanple 15 obtain a gray scale pattern. The delivk®y rate of the

The above dry silver salt type photosensitive material was set on an

apparat us as show#rynsflyer3salt type aphbtosemsie v sndterind Wash 1590
gradation | evel s by
mm/sec.
In this Example, three semiconductor lasers were
employed as the light sources: a first semiconductor
10 laser of oscillation wavelength of 780 nm (SDL-4030,
manufactured by Sanyo K.K.), a second semiconductor
laser of oscillation wavelength of 830 nm (SDL-4032,
manufactured by Sanyo K.K.), and a third semiconductor
laser of oscillation wavelength of 870 nm (SDL-5033,
15 manufactured by Sanyo K.K.). The pixel density was 400
dpi, which was lower than that in Examples 1 and 2.
The lower pixel density enabled reduction of image
exposure time. The laser beam was ellipsoidal, having
the major diameter of loolhm and the minor diameter of
20 . 60 pm. The pixel clock was 6 MHz.

Thé dry silver salt type photosensitive material
employed had sensitivities at the wavelengths of 830 nm
and 870 nm, respectiveiy, of 4/9 times and 1/11 times
that at wavelength of 780 nm. .

25 In this_ﬁxampleé’the image exposure was conducted

with the semiconductor laser of oscillation wavelength



enpl oyi.ng conbinedly a pul se nodul ati on nmethod to 5 obtain a gray

scal.e pattern. The delivery rate of the dry silver salt-type

phot osensi tive material was 150 nm sec. In this Exanple, |
t hree sem conductor |asers were eﬁpﬂé&ed as the light sources: a
first sem conductor 10 | aser of oscillation wavel ength of 780 nm

( SDL- 4030, manuf actured by Sanyo K K ), a second sem conduct or

| aser of oscillation wavel ength of 830 nm (SDL-4032, manuf act ured by

S . K), } ] . . ilJ.ati
vevel ength of 8 i i B MRE of ahgf MR MY S
pi xel density wWagrdfiOvo. 0 to 4@, m,cma eéﬁgfﬂi%éd@éqf o mRyes 1

and 2. The | ower pixel density en ucti1on of 1 nage

exposure time. ThsciPESEidearavebefdth RSOIgE] nih@ENGhe data 0F FHP!

di aneter of 100 pm and the m nor dianeter of 20 60 pm The pixel clock
" was 6 MHz. No. 142 e Nby 231 yveindavitd Ve peiconidtiore lagea icH

enpl oyed had sensitivities at the wavel engths of 830 nm and 870 nm

respectively, ofosicfllatbon amivdldrigth nefS 870 nm fidmtthat deebaelofhdidonof 780

nm 25 In this Exanple, the inmge exposure was conducted

with the seni corict232 | tadio of 298 ¢i | Aften the islageytdxposure, the dry

- 19 - of 780 nmfor the data of higher optical density of

from No. O to Nosilkver splh tyee ehetesrnmitsive matierjal was heated at

120°C for 10 seconds for image development.
Consequently, a sharp image of 256 gradation
10 levels was obtained without image roughness.
Comparative Example 3
A gray scale pattern of 256 gradation levels was
formed in the same manner as in Example 3 except that
the semiconductor.laser of the oscillation wavelength
15 of 780 nm only was employed as the light source. As
the result, roughness of the image was observed in the

low optical density portion of the image.



.oscillation wavel ength of 830 nmfor 'the data of from No. 142 to No.
231, and with the sem conductor |aser of 5 oscillatio nma"m H
870 nmfor the data of from No. 232 to No. 255. Aft m lm”“,

exposure, the dry silver salt type~™ pﬁBt Osensitive materifl t

heat ed at 120[err] C for 10 seconds for inmage devel opnent.
Consequently, a sharp imge of 256 gradation 10 1 evel s was obt ai ned
wi t hout i mage roughness. Conpar ati ve Exanple 3 A gray

scal e pattern of ,2bGn of, t ﬁ&ﬂ eL\éeI S was formed in the same nmanner
as in Exanple 3 emp'ri%the sem conductor | aser of the .
oscillation wavel ength 15 lﬁn 1MageS FdtRi Ay )ﬁe‘e’ﬁédefkaofsﬁmﬁﬁgt 88 !quQBIa

source. As the res roughness of the i mge was obServed I h

| ow optical densig: l&Q:Fa’diCHtian (ge 1iimae. comprising projecting two or
- 20 - \X%{-IAT IS CLAIMED | S: P 1g pAn:"l magegform ng

met hod for form ngpran RIFRYE of 1lghﬁoxbeamsaﬁa&&ngndafffbreht wa08Dehgthg

proj ecting two or nore kinds of '1ight beans having different

wavel engths 5 5 omhu @ phuimseseitdiiviey matetrdalabybutilikzingndifféreneace

of sensitivities of the photosensitive material to each of the |ight
beans to form an dfrmpnsdtividdes ©f the phofosensipive matgrial to each
The image form ng nmethod according to claim 1, wherein the

phot osensi ti ve mitferthg Lighte heamsafaoeform an image with density

gradation.

10 2. The image forming method according to claim
1, wherein the photosensitive material is heated after

projection of the light beams. "

3. The image forming method according to claim

15 1, wherein the light beams are monochromatic.

4. The image forming method according to claim
1, wherein two kinds of light beams of different
waﬁelengths are employed, the sensitivity of the
20 photosensitive material to the one light beam being not
higher than 1/2 times, but not lower than 1/1000 times

that to the other light beam.

-5. The image forming method according to claim
25 4, wherein the sens1t1v1ty of the photosensitive
material to the one light beam is not higher than 1/5

times, but not lower than 1/1000 times that to the



.proj ection of the |ight beans. - 3. The i mage form ng net hod

ac¢ording to claim 15 1, wherein the |ight beans are nmonochronatie: '

4, The image forming nethod according to-claim 1, i el
kinds of light beanms of different vl engt hs are errH Bﬁ‘,m E ”“II,
sensitivity of the 20 phot osensitive material to the ones L .

bei ng not hi gher than 1/2 tines, but not lower than 1/1000 tines
that to the other |ight beam -5. The image form ng net hod
according to clai ein the sensitivity of the photosensitive
material to the oélr%h%?gﬁg%%aﬂr?iﬂs" not higher than 1/5 times, but not
|l ower than 1/1000 tines that to the ot her |ight beam

6. The inage form ng nethod according to claim 1, wherein three

Ki .nds of light beams of, di {4 efthagd fordfitd GRSEHYY aarc%o%n%y% claim

1, wherein three kinds of light beams of different

5 wavelengths are employed.



