WD 99/ 46724 PCT/ JP99/ 01189 ~ DESCRI PTI ON |IMGE READ NG
APPARATUS 5 Technical Field The present invention relates to a reading
apparatus for reading a target object having a fine recessed or projecting
pattern swolwaerza fingerprint. Background Art 10 A conventi 8RAINPPEHABhg
apparatus for reading a target object having a fine r |
pattern such as a fingertip has a structure, like t

No. 5,635,723 in which a two-dinensional Shotosensor is fmmmﬁmmmmmmmm
surface 15 light source, and an optical conponent is forne

t wo- di nensi onal phot osensor. The invention of this reference dstects

changes in capacitance when a finger ches_t cal conponent, and
sequentially detects the det ect Poff Fbéh%igfé% ¥e¥e t#

20 generated by photosensors arranged two- dlnen3|onally a

an incident |ight quantity fromthe optical corrponent W@W@EMW
many light guide fibers are nou qq&5|onal

wi t hout any optical |ens, so thaﬂagﬁqu%hﬂe apparé}us 25 can béSl¥knsi zed.

Recently, another type of structure 1is exam ned in which an optical
conponent formed from
5 Technical Field

The present invention relates to a reading
apparatus for reading a target object having a fine
recessed or projecting pattern such as a fingerprint.

Background Art

10 A conventional reading apparatus for reading a
target object having a fine recessed or projecting
pattern such as a fingertip has a structure like the
one disclosed in USP No. 5,635,723 in which a
two-dimensional photosensor is formed on a surface

15 light source, and an optical component is formed on the
two-dimensional photosensor. The invention of this
reference detects changes in capacitance when a finger
touches the optical component, and sequentially detects
the detection results as electric charges, which are

20 generated by photosensors arranged two-dimensionally
and correspond to an incident light quantity from the
optical component. In this structure, many light guide
fibers are mounted on the two-dimensibnal photosensor
without any optical lens, so that the whole apparatus

25 can be downsized. Recently, another type of structure
is examined in which an optical component formed from

many light guide fibers is made thinner into a light



many |ight guide fibers is made thinner into a |ight WO 99/46724
PCT/JP99/ 01189 2 scattering filmor in which the upper surface of a

phot osensgyolsygoyered with a transparent resin layer havi ngcpapdgnessn
surface vvit%out any optical conponent. For exanple, this type of structure
Is disclosed in U S. 5 Patent Application No. 09/128, 237 (Aug. 3, 1998)
filed by the present applicant. In this 2eading apparatus, a finger
directly touches the upper surface of the two-di nensional photosensor. If
the finger is charged with static 10 electricity, this static electricity
may cause a malfunction of the two-dinensional photosensor or nmay danage

it in the worsdatGaseind i ®At LRr whoEhathbl ngpepr istir fiscecapf e onto a
sheet by any neans, since the reading apparatus is not equi pped with any
nmeans 15 for glicsodandwit i g eosbeed wiem a huamsphireger readion kaipar at us
determ nes matching so long as the pattern is the sanme. Wen this
fingerprint mawhiqon susetemssarfhaog- watbondi angn opdrica lpraprire’onput er
or a host conputer of a network, the conputer cannot be reliably 20
protect ed frdmm etumpleertohs stypeess. stpnsEnssups GHLSGhRFRD o 11-Fs the

ot e B eoent et OB 98753, d5u%, LRI AL VO cf
electricity. [} ire presesO ool &gh O the present
In this reading apparatus, a finger directly

touches the upper surface of the two-dimensional
photosensor. If the finger is charged with static

10 electricity, this static electricity may cause a
malfunction of the two-dimensional photosensor or may
damage it in the worst case. If the pattern of a
fingerprint is copied onto a sheet by any means, since
the reading apparatus is not equipped with any means

15 for discriminating a sheet from a human finger, the
apparatus determines matching so long as the pattern is
the same. When this fingerprint matching is set as a
log-in condition for a personal computer or a host
computer of a network, the computer cannot be reliably

20 protected from a third person’s access.

Disclosure of Invention
It is the first object of the present invention

to provide a reading apparatus which prevents a
photosensor from malfunction or damage by static

25 electricity. It is the second object of the present

invention to provide a reading apparatus capable of

ensuring the reliability by reading a pattern after,



invention to provide a reading apparatus capable of ensuring the
reliability by reading a pattern after, WD 99/46724 PCT/JP99/01189 TH'S
SNEET” NASwaikcho/4b781 REPLACED e.g., detecting whether the obj eRETTEI PRSI
According to the present invention, there isg -OV.LdLa readi ng appar at us
for reading a target object having a shado HtS 8HAST cpwgpgt galight 5
source, a photosensor device having a plu?al ty ofggpp P sen % s forned on
the light source, and a transparent conductiV
phot osensor device. According to the present invention, there is 10
provided a reading appar atus for reading a target. object having a shadow
pattern, conprigi ngletettighg whethes; thephirEhsb? B0t ce having a
plurality of photosensors fornmed on the |ight source; | east one pair
of transparent condE€Prdéng| petder RLASEHN ’t’h\éeri%l%ﬂot SEgﬁgor‘sdew ce to

detect a resistance of a target object; and an rator en I
of the remsﬂ%ﬂﬁ%ﬂ%ﬁ %hée?ﬁiﬁeta@ﬁﬁﬁﬁtu 9515% %b?%c?egarggphs mﬁtx?nue

the predeterm ned val ue, start readl he ge c Addi

gbj ects and RRHFTEHGRAVHRTt AeS }"ﬁ‘ggﬁ"t e r Coén?é 4 R$J§ ?‘ﬁggﬁ'e thonal
escription V\:hICth||O I byi 9us-iioevth
descrlgtlon ﬂae’be 3?%5?%% S 3 %%%%f%%éhEEEq%e |gveﬁt|ogy Tﬁe obj ect s
and photosensors formed on the light source, and a

transparent conductive layer formed on the photosensor
device. '
According to the present invention, there is

10 provided a reading apparatus for reading a target
object having a shadow pattern, comprising: a light
source; a photosensor device having a plurality of
photosensors formed on the light source; at least one
pair of transparent conductive layers formed on the

15 photosensor device to detect a resistance of a target
object; and an operator for, when a value of the
resistance of the target object, which is detected
falls within the predetermined value, starting reading
the target object.

20 Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be bbvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and

25 obtained by means of the instrumentalities and

combinations particularly pointed out hereinafter.



advant ages of the invention may be realized and 25 obtai ned by neans of the
instrunmentalities and conbinations particularly pointed out hereinafter.
WO 99/ 46724 0RekE2F99/ 01189 4 Brief Description of Draw ngs HOPJP99/01189
acconpanyi ng draw ngs, which are incorporated in and constitute a part of
the specification, illustrate presently preferred enbodinents of the 5

i nvention, and together with the general description given above and the
detail ed description of the preferred enbodi nents given bel ow, serve to
explain the principles of the invention. FIG 1 is an enlarged sectional"
view of part of a 10 fingerprint reading apparatus according to the first
enbodi nent of the present iBwient imescElidni sfaDphatingsew of part of the
fingerprint reading apparatus shown in FIG 1; FIG 3 is a block diagram
of the fingerprintTh&b5areadipanydmoadaarsi rsfowwh iclFl &e 1infpgponargda
circuit diagram of a photosensor section and photosensor driver shown in
FIG 3; FIGib asdanosgtiitaltenta parduiaf dihgyrsprotficatighe phot osensor
shown in FIG 1; 20 FIGS. 6A to 6D are circuit diagrans for explaining
changes in voilhwetappei Pyesensayh paedanrst PPadidephdtdEehRer shown in

FIG 5 and state of the photo- sensor; . e
5 invention, and together with the general description

given above and the detailed description of the
preferred embodiments given below, serve to explain the
principles of the invention.
FIG. 1 is an enlarged sectional view of part of a
10 fingerprint reading apparatus according to the first
embodiment of the present invention;

FIG. 2 is a plan view of part of the fingerprint
reading apparatus shown in FIG. 1;
FIG. 3 is a block diagram of the fingerprint

15 reading apparatus shown in FIG. 1;

FIG. 4 is a circuit diagram of a photosensor
section and photosensor driver shown in FIG. 3;

FIG. 5 is an equivalent circuit diagram of a
single photosensor shown in FIG. 1;

20 FIGS. 6A to 6D are circuit diagrams for explaining
changes in voltage applied to each electrode of the
photosensor shown in FIG. 5 and state of the photo-
sensor;

FIG. 7 is a plan view of part of a fingerprint

25 reading apparatus according to the second embodiment of

the present invention;

FIG. 8 is a circuit diagram of part of the



FIG 7 is a plan view of part of a fingerprint 25 readi ng apparatus
according to the second enbodi nent of the present invention; FIG 8 is a
circuit .owegeasnef part of the . WD 99/46724 PCT/JP99/ 01189 PCE/IPPUYADr i nt
readi ng apparatus shown in FIG 7; FIG 9 is a plan view of part of a
fingerprint reading apparatus according to the third enbodi nent of the
present invention; 5 FIG 10 is a circui? di agram of part of the
fingerprint reading apparatus shown in FIG 9;"and FIG 11 is a plan view
showi ng a nodification of the fingerprint reading apparatus shown in FIG
9. Best Mdde of Carrying Qut the Invention 10 (First Enbodinent) FIG 1
i s a sectionbingernyr bt ppeedingaapeadiatys it BECording to the first
enbodi ment of the resent invention. Thié reading gpgaratus can read a
rei

target object in BRY-f8r&FhivPh§ a VGt HeRRSe L 1BPBFREL NG pattern.
In the follow ng enbodi nent, the reading apparatus w ||l emplifyca
fingerprint ¥ ) a%ﬁ?)?)ﬁ?‘é‘t‘ﬁsaFSPrﬁéé‘(gi %’é’ gaﬁ ﬁfg}éjr]bﬁgv: %rf‘pgéf’ﬁlggn i érégfj-er print

r eadi ng appagatus has € tmoéggngnsional phot osensor (photosensor device) 2
on a surface 15 g2l ca"*"54°R  t r anspar ent - conducti ve | ayer 3 made of

O e 2 gt € R TPt BT b Pk s6sehe 2. The
fingerprint reading apparatus shown in FIG. 9; and

FIG. 11 is a plan view showing a modification of
the fingerprint reading apparaﬁus.shown in FIG. 9.

Best Mode of Carrying Out the Invention
10 (First Embodiment)

FIG. 1 is a sectional view of part of a reading
apparatus according to the first embodiment of the
present invention. This reading apparatus can read a
target object in any form having a fine recessed or

15 projecting pattern. In the following embodiment, the
reading apparatus will exemplify a fingerprint reading
apparatus for reading a fingerprint. This fingerprint
reading apparatus has a two-dimensional photosensor
(photosensor device) 2 on a surface light source 1.

20 A transparent conductive layer 3 made of ITO or
the like is formed on the two-dimensional photosensor
2. The surface light source 1 is formed of an
electroluminescence or formed as an edge light type
backlight used in a liquid crystal display device.

25 Although not shown, the edge light type backlight

typically has a light-reflecting plate on the lower

surface of a light guide plate, one or several point



el ectrol um nescence or fornmed as an edge light type backlight used in a
liquid crystal. display device. 25 Al though not shown, the edge |ight type
backl i ght wdysiead |y has a light-reflecting plate on the | owert/ypesrofiage of -
a light guide plate, one or several point WO 99/46724 PCT/JP99/01189 6

|l i ght sources such as light-emtting diodes are disposed next to the |ight
gui de plate, and a surface of the point 6ight source that does not )
correspond to the light guide plate is covered with a light 5 reflecting
sheet. The transparent conductive |ayer 3 dissipates static electricity
and is grounded in a given region (not shown). The transparent conductive
| ayer 3 is fdrigdtk byouecgs, sdebosst Laghtremid timgediog@st @¢ of an over coat
film23 (to be described later) 10 of the two-dinensional photosensor 2.
The transpar ehispesgedueexbetPaybe 3iphtf opdde Slage| PndarydunifGe a

squar e sensor re"%il on 4 of the two-di nmensional.  photosensor 2 indicated by

the one-dot @aithe PRipH lEght sourpeethRi: doge MR- FOFX&TAITd Y in Fl G
2 15 repr t fi 5. The two-di i | .phot 2 will b
descr| pgd.esintﬂ’set o R i 35 aPLBFGt b8 RESPTEINME TR g pdR e i which a
ural it t 11 i i I 1
Do o PO ERERS  Snade {0l SRENBRALARITRANAR AVR YR, 0 1) are

transparent %ﬂ%ﬁfﬁgééézsgggfcOLlQQt?EEXkyCaﬂﬁsh@’grounded in a

given region (not shown). The transparent conductive
layer 3 1is forméd by, e.g., deposition on the upper
surface of an overcoat film 23 (to be described later)
10 of the two-dimensional photosensor 2. The transparent
conductive layer 3 is formed slightly larger than a
square sensor region 4 of the two-dimensional
photosensor 2 indicated by the one-dot chain line in
FIG. 2. Note that the two-dot chain line in FIG. 2
15 represents a finger 5.
The two-dimensional photosensor 2 will be
described. The two-dimensional photosensor 2 has a
structure in which a plurality of photosensors 11 (only
one photosensor is shown in FIG. 1) are arranged in a
20 matrix. The two-dimensional photosensor 2 has a
transparent substrate 12 made of an acrylic resin,
glass or the like. A bottom gate electrpde 13 serving
as a light-shielding electrode made of chromium or
aluminum is formed for each photosensor 11 on the upper
25 surface of the transparent substrate 12. A light-
transmitting bottom gate insulating film 14 made of

silicon nitride is formed on the entire upper surface



glass or the like. A bottomgate electrode 13 serving as a |ight-shielding
el ectrode nmade of chromumor alumnumis forned for each photosensor 11
on the upp¥@9986B4rface of the transparent substrate 12. A | PGREFP99/01189
transmtting bottomgate insulating film 14 made of silicon nitride is
formed on the entire upper surface WD 99/46724 PCT/JP99/01189 7 of the
bottom gate el ectrode 13 and the upper sufface of the t ranspar ent
substrate 12. A sem conductor |ayer 15 nade of anorphous silicon is fornmed
on an upper surface portion of the bottomgate insulating film 14 5 which

corresponds to_ the bottom gate el ectrode 13. n+-tége silicon | ayers 16 and
17 are respec?f vel§ PeBEABJIBRS: R &ChF I3 AN nkNEcHPEERIGEESACRayer 15

on the upper surface of the bottomgate insulating film 14. A
T ht <t 1 anemiat | HES bFeRFRG=PRFc R CbE SRS of2 10 ALFPBGHORREFERE 18YPE: e
on the upper t he em_caonduct or ng ! 1gd gource and_drain

f
el ectrodes 19fyé“%g§08£sa??§ﬁ PEEiEH Jﬁﬁnbr%ct odes nBle 6t "ERFSni um or
Cayer 18, 1 e rpse cFEEeh B H% KT Ldif HBRETnSULLRERG PR oL 017 M

| ayer 18, the lpper s the n+-1 'ircon S and 17,
and theg Upperwhééﬂf@&frgé?wssb%t QRIY S d I WaLd NG1EELPDLAE- 14,

light-transmtting top gate insulating film21 made of silicon nitride is
formed on the,entjre SPPEEcAULEYESS 16f A SOWES ABSpEERi et ect rodes 19

and 20 and the 20 exposed surface of the blocking |layer 18. A top gate

formed on the two sides of the semiconductor layer 15
on the upper surface of the bottom gate insulating film
14. A light-transmitting blocking layer 18 made of

10 silicon nitride is formed on the upper surface of the
semiconductor layer 15. Source and drain electrodes 19
and 20 as light-shielding electrodes made of chromium
or aluminum are formed on the two sides of the upper
surface of the blocking layer 18, the upper surfaces of

15 the nt-type silicon layers 16 and 17, and the upper

| surface of the bottom gate insulating film 14. A
light-transmitting top gate insulating film 21 made of
silicon nitride is formed on the entire upper surfaces
of the source and drain electrodes 19 and 20 and the

20 exposed surface of the blocking layer 18. A top gate
electrode 22 as a transparent electrode made of ITO or
the like is formed on an upper surface portion of the
top gate insulating film 21 which corresponds to the
semiconductor layer 15. A light-transmitting overcoat

25 film 23 made of silicon nitride is formed on the entire

upper surface of the top gate electrode 22 and the

upper surface of the insulating film 21. 1In this



el ectrode 22 as a transparent electrode nmade of 1 TOor the like is forned
on an upper surface portion of the top gate insulating film21 which
correspon@gobesd@e sem conductor |ayer 15. A light-transm POM@PIBMESLT oAt
25 film 23 nmade of silicon nitride is formed on the entire upper surface
of the top gate electrode 22 and the wupper surface of the insulating film
21. In this WO 99/46724 PCT/JP99/011.89 ®8 two-di nensi onal photosensor 2,
when a light beamis incident at randomfrom+the | ower surface side, one
part of the light beamis shielded by the bottomgate electrode 13, and
the other part of the light beam5 passes through the light-transmtting

| ayers excl udivg-dimensbonat phdtdsensoel @t wheas ald ighd X@amsd s hat t he

| ight beamis not directly incident on the sem - conductor |ayer 15.

Oper ation of ingsdénnget prandomefidpngthgpadrwers surdage Isise exqfi®i ned in
short. A light beamemtted from the upper surface of the surface |ight
source 1 passgart tdf otiyd lh@htigﬁ@mtﬂ§n§£ﬂ?ﬂﬂﬁ§ B ftihen beft e gate

t wo- di nensi onal phot osensor 2 and the transparent _conductive |ayer 3. The
finger 5 (seeelraErogeih3jsapdnthet OWen PREtt Pindpsr didhdo ive |ayer 3

is irradiated with this transmtted |ight beam.at random fram {.he | ower
surfacé s: de.PaF’rVIM%eq;iE;WIEO‘b%%nFP%fﬁ'é@gédltgl?{/‘sf“ﬁgtéﬁlgf 384 S5F teﬁ(é:qT“l(#féleq' 5

passes througn the transpanent,¢andystiyeqbdvss 3nd"%o’ e " ¢ndP Qg top
light beam is not directly incident on the semi-
conductor layer 15.
Operation of this fingerprint reading apparatus

10 will be explained in short. A light beam emitted from
the upper surface of the surface light source 1 passes
through the light-transmitting portion of the
two-dimensional photosensor 2 and the transparent
conductive layer 3. The finger 5 (see FIG. 2) in

15 contact with the transparent conductive layer 3 is
irradiated with this transmitted light beam at random
from the lower surface side. The light beam reflected
by the surface of the finger 5 passes through the
transparent conductive layer 3 and the neighboring top

20 gate electrode 22 serving as a transparent electrode,
and is incident on the incident surface (exposed
surface) of the semiconductor layer 15 between the
source and drain electrodes 19 and 20. In this case,
portions corresponding to projections (ridges) of the

25 skin surface of the finger 5 in contact with the
surface of the transparent conductive layer_3 become

bright. Portions corresponding to recesses (valleys)



20 gate electrode 22 serving as a transparent electrode, and is incident
on the incident surface (exposed surface) of the sem conductor |ayer 15
bet ween t hgo ssmemae and drain el ectrodes 19 and 20. |In this BE@BEERI/OPIBOti OoNs
corresponding to projections (ridges) of the 25 skin surface of the finger
5in contact wwth the surface of the transparent conductive |ayer 3 becone
bright. Portions corresponding to recessed (valleys) WO 99/ 46724

PCT/ JP99/ 01189 9 of the skin surface of the finger 5 becone dark. As a
result, an i mge whose contrast is optically enphasized in accordance with
the ridges and valleys of the skin surface of the finger 5 can be obtained
to read the 5ofithher pkiint sofc fielge fdfhgdre SEinger hd sbecager gackt rA&dRng
apparatus, since the transparent conductive layer 3 is_forned and grounded
on the two-di nessilénabnphorgeeGse cantEast bf cePEieplyvdrPEPRAPHERI! rom
the finger 5 in contact 10 with the transparent conductive layer 3 on the

t wo- di mensi onan PREPELEASEr Witdathe SidERS %?%.Y%Ele¥ﬁaﬂ§p5ﬁ8nﬁk66nductive
| ayer 3. This can prevent the K two-di nensional photosepsor 2 from

mal f uncti on o?uréaﬁﬁgefbyhtEhifé"gtea’%gc “eﬁ’ée‘?‘?i%‘?‘%ﬁnﬁé E‘PGFe%di &93 bl ock

di agram show art of th i ngerprint. readi ng apparatus. This
fingerptint ?gﬁg?ﬁgréﬁﬁaf’gt ﬁi’ec%ﬁﬂfqes%ssa phot osensor section 31, a

photosensor driVerI%ZthQSCEQAgéygffﬂéE¥3a§§ngaaﬁb9§§tuS, since the

transparent conductive layer 3 is formed and grounded
on the two-dimensional photosensor 2, static
electricity discharged from the finger 5 in contéct

10 with the transparent conductive layer 3 on the
two-dimensional photosensor 2 can dissipate via the
transparent conductive layer 3. This can prevent the
two-dimensional photosensor 2 from malfunction or
damage by this static electricity.

15 FIG. 3 is a block diagram showing part of the
.fingerprint reading apparatus. This fingerprint
reading apparatus comprises a photosensor section 31, a
photosensor driver 32, a CTR (controller) 33, a clock
generation section 34, an A/D (analog-to-digital)

20 conversion section 35, én S/P (serial-to-parallel)
conversion section 36, a standard pattern memory 37, a
collation section 38, a determination section 39, and
the like.

As shown in FIG. 4, the photosensor section 31 has

25 a structure in which the photosensors 11 constituting
the two-dimensional photosensor shown in FIG. 1 are

arranged in a matrix. As shown in FIG. 1, the



generation section 34, an A/D (analog-to-digital) 20 conversion section 35,
an S/P (serial-to-parallel) conversion section 36, a standard pattern
MeNory 37,8 99/4@h4 ation section 38, a determi nation sectionpgQ, pdgstisd he .
like. As shown In FIG 4, the photosensor section 31 has 25 a structure in
whi ch the photosensors 11 constituting the two-di nensional photosensor
shown in FIG 1 are arranged in a matrixp As shown in FIG 1, the WD

99/ 46724 PCT/JP99/01189 10 photosensor has a ‘bottom gate type transistor
formed by the bottom gate el ectrode (BG 13, sem conductor |ayer 15,
source electrode (S) 19, drain electrode (D) 20, and the like, and a top

gate type trgnshed&ensOF "REsbY BotBBm! Qﬁtgatt?p%' 2¢ahede totOfodded by
sem conductor | ayer 15, source electrode (S) 19, drain electrode (D) 20,

and the |ikendhséttom gheepbdbosender (Bs)canst isemtiednaynctormphalyea ectric
conversion thin-filmtransistor in which the bottomgate electrode (BG 13
and top gate 19, edeetcodel édGod8 §6¢ 18spdchivekyetarvde H®)ow0and above
the sem conductor layer 15. The equivalent circuit of this transistor is
shown in Fl Gard He$elikeg dndkat bopl gate, type boansmsgare foamest byde (BG
of each photosensor 11 is connected to 15 one of a plurality of bottom

el ectr&de | i rehe glopxgaheli ayechrede (8®)dRPecErBACOTHECEPZ AdagiedctlPade (D)

of each photosensor 11 is connected to one of _a
source electrode (S) 19, drain electrode (D) 20, and

the like. That is, the photosensor is constituted by
a photoelectric conversion thin-film transistor in
which the bottom gate electrode (BG) 13 and top gate

10 electrode (TG) 22 are respectively formed below and
above the semiconductor layer 15. The equivalent
circuit of this transistor is shown in FIG. 5.

Referring back to FIG. 4, the bottom gate

electrode (BG) of each photosensor 11 is connected to

15 one of a plurality of bottom electrode lines 41
extending in the row direction. The drain electrode
(D) of each photosensor 11 is connected to one of a
plurality of signal lines 42 extending in the column
direction. The top gate electrode (TG) of each

20 photosensor 11 is connected to one of a plurality of
top electrode lines 43 extending in the row direction.
The source electrode (S) of each photosensor 11 is
grounded.

As shown in FIG. 4, the photosensor driver 32

25 shown in FIG. 3 comprises a bottom address decoder 44

serving as a vertical scanning circuit connected to the

bottom electrode lines 41, a column switch 45 serving



plurality of signal lines 42 extending in the colum direction. The top
gate electrode (TG of each 20 photosensor 11 is connected to one of a
pluralitywiegdeasy €l ectrode |ines 43 extending in the row dipcacteomonisy The
source el ectrode (S) of each photosensor 11 is grounded. As shown in FIG
4, the photosensor driver 32 25 shown in FIG 3 conprises a bottom address
decoder 44 serving as a vertical scannihy)y circuit connected to the bottom
el ectrode lines 41, a colum switch 45 serving WO 99/ 46724 PCT/JP99/ 01189
11 as a horizontal scanning circuit connected to the signal lines 42, and
a top address decoder 46 connected to the top electrodes 43. The bottom
address decodgy a 4briuntes] asdah Onggai ecuakt aganeBGetdo ticheehgot t om gate 5
el ectrodes (BG of the photosensors 11 aligned on each rowvia a

cor r espondi ng ikptalon islesct4 Ddeand ne Udp FHdresspdadedess 4decoamect®hppl i es
a top gate voltage VIG to the top gate el ectrodes (TG of the photosensors
11 aligned d ddeh tanw edectredes edpondThyg Peptereeddsdss HCOdSE 43. The
colum switch 45 receives a drain voltage VDD _via a precharge transistor
47. The col urtt swnkieum RREERR sIaRe VP ptRIei Yasl toobTey PR T BUPRSS 48.

Every tinme the precharge transistor 47 is turned 3n pon 15 reception of a
prechabge volelRFETRtES {(BE L o? finkhe WPRRROS8BS8LSpd sa;ﬁQEE#bSP 576 each

phot osensor %%Jx¥ygﬂgeﬁ%rresponding bottom electrode line 41. The

top address decoder 46 applies a top gate voltage Vpg
to the top gate electrodes (TG) of the photosensors 11
aligned on each row via a corresponding top electrode

10 line 43.

The column switch 45 receives a drain voltage Vpp

via a precharge transistor 47. The column switch 45
outputs an output signal Vgyr via a buffer 48. Every
time the precharge transistor 47 is turned on upon

15 reception of a precharge voltage Vpc, the column switch
45 outputs an output from each photosensor 11 connected
to a signal line 42 as the output signal Vgyr via the
buffer 48.

The clock generation section 34 shown in FIG. 3

20 includes an oscillation circuit and a frequency
division circuit, and outputs clock and reset signals
‘having predetermined frequencies to the CTR 33. The
CTR 33 outputs the bottom and top gate voltages Vgg and
Vpc as sense and reset signals to the photosensor

25 driver 32 on the basis of the clock and reset signals
input from the clock generation section 34, and outputs

the precharge and drain voltages Vpc and Vpp to the



to a signal line 42 as the output signal VOUT via the buffer 48. The cl ock
generation section 34 shown in FIG 3 20 includes an oscillation circuit

and a fre fivision circuit, and outputs clock and reggy pioideS
having-prgﬂ2?g¥ﬁ%ned frequencies to the CIR 33. The CIR 33 outputs the

bottom and top gate voltages VBG and VIG as sense and reset signals to the
phot osensor 25 driver 32 on the basis ofiphe clock and reset signals input
fromthe clock generation section 34, and outputs the precharge and drain

vol tages VpC and VDD to the WD 99/46724 PCT/JP99/01189 12 precharge

transi stor 47 shown in FIG 4. The A/ D conversion section 35 shown in FIG

3 A/D-conve@E%éﬂg%égng%gn§ig9@£ YouthewhpPyh Frem whe photosensor section
31 via the photosensor driver 32' 5 (i.e., the colum switch 45 shown in

FIG 4). The S/IP TravER/si @onseesi6A 86ceaBYIEnES shbensenl #1GauBput  signal s
fromthe A/D conversion section 35 into parallel output signals.

Fi ngerprint invigeaivyets tclos respputi sgghalf vgger pntptus ékom pheral ity of
10 specific persons are stored as standard pattern signals in the standard
pattern nenoiph@pdensesectidhne3lcolhathenpbetesensgg dolivaresdZan out put
signal fromthe S/ P conversion section 36 with standard pattern_signals
sequenbi al | y (ledt outthe remdwme syhkear #5 paheerninefbfy 45-37Thgnd/But put s

each collation signal to the deter- )
conversion section 36 converts the serial output

signals from the A/D conversion section 35 into
parallel output signals. Fingerprint image signals
corresponding to fingerprints of a plurality of

10 specific persons are stored as standard pattern signals
in the standard pattern memory 37 in advance. The
collation section 38 collates an output signal from the
S/P conversion section 36 with standard pattern signals
sequentially read out from the standard pattern memory

15 37, and outputs each collation signal to the deter-
mination section 39. The determination section 39
determines based on the collation signal from the
collation section 38 whether a fingerprint image signal
corresponding to the output signal Vgyr from the

20 photosensor section 31 matches the standard pattern
signal of a specific person stored in the standard
pattern memory 37 in advance, and outputs a determina-
tion signal.

Operation of the photosensor 11 will be described

25 with reference to FIGS. 5 and 1. When a positive

voltage (e.g., +10V) is applied to the bottom gate

electrode (BG) while a positive voltage (e.g., +5V) is



m nation section 39. The determ nation section 39 determ nes based on the
collation signal fromthe <collation section 38 whether a fingerprint inmage
si gnal corwespaediing to the output signal VOUT fromthe 20 phet/#e/itsp
section 31 matches the standard pattern signal of a specific person stored
in the standard pattern nenory 37 in advance, and outputs a determ na-
ti-on signal. Operation of the photosensorl311l will be described 25 with
reference to FIGS. 5 and 1. Wen a positive voltage (e.g., +10V) is
applied to the bottomgate electrode (BG while a positive voltage (e.qg.,
+5V) is WO 99/46724 PCT/JP99/01189 13 kept applied between the source

el ectrode (S)kaptl dpplihedebettweede the) ssfundee gientoeedsofS11and drakfel is
formed in the sem conductor |ayer 15 to flow a drain current. In this
state, when acheghrpde (B)tafethe. ghotoser®dr Hevi Ry avRR@l EHough to nake
t he channel formed by the electric field of the botto ate el ectrode (BG
di sappear i s EppreddinothReseRpcqrROdcHdtRF Hoto E%%”e?e F?4R field

fromthe top gate el ectrode cts iin a direction to | m.nate_ the
Eeadech:

channel fprneﬁ“ﬁ?eﬁé'théneFBégs%G Fel&hﬁRFQM?qﬁﬁﬁ%ﬁﬁgﬁﬁ WRctTode’ (aB),
ayer 5 i iTRQHTabalnRt A dorFgnEobaii e SRhey i aET) £ 1o
side, the eleglrop.nghg RRiLs (3bed RIUGSL Wbl SRS WHAICERSde (BG)
disappear is applied to the top gate electrode (TG),
the electric field from the top gate electrode (TG)
acts in a direction to eliminate the channel formed by
10 the electric field of the bottom gate electrode (GB),
thereby pinching off the channel. At this time, when
the semiconductor layer 15 is irradiafed with a light
beam from the top gate electrode (TG) side, the
electron-hole pairs are induced in the semiconductor
15 layer 15 on the top gate electrode (TG) side. The
electron-hole pairs are accumulated in the channel
region of the semiconductor layer 15 to cancel the
electric field of the top gate electrode (TG). A
channel is then formed in the semiconductor layer 15 to
20 flow the drain current. This drain current changes in
accordance with a change in incident light amount of
the semiconductor layer 15. As described above, in
this two-dimensional photosensor 2, the electric field
from the top gate electrode (TG) acts in a direction to
25 prevent channel formation using the electric field of
the bottom gate electrode (BG) to pinch off the channel.

The drain current obtained when no light beam is



15 layer 15 on the top gate electrode (TG side. The electron-hole pairs
are accunul ated in the channel region of the sem conductor layer 15 to
cancel thewgajoagidsic field of the top gate electrode (TG . Acroimonelssis .
then fornmed in the sem conductor layer 15 to 20 flow the drain current.
This drain current changes in accordance with a change in incident |ight
anount of the sem conductor |ayer 15. Asl4lescribed above, in this

t wo- di mensi onal photosensor 2, the electric fi'eld fromthe top gate

el ectrode (TG acts in a direction to 25 prevent channel formation using
the electric field of the bottomgate electrode (BG to pinch off the
channel .  The idicdidenturdantbe e atekly Whsdnawd ) i ghg . peton asowd 307 48724
PCT/ JP99/01]89 14 incident can be greatly reduced, e.g., to about 10-14 A
The di f f er enc@heediddendrsalrkattwenn rige &b bk nedir peeh obbaingdtwheBm i s
incident and the drain current obtained when a |ight beamis incident can
be nade 5 suf hiocildghity hedmyals Fnc kgt fardttlom d8kiDrc@FreRk bottom gate
type transistor at this time can change in accordance with aaéhange in

i nci dent | i ghebifd@ed tdien forlode (hRAms 36 riiFienh 3R RPRoPdPfensi ona
phot osensor 2, agne 10 photasensor 11 can ve. both a sensor function and a
sel ecti®n trafdtddsst i .gﬁﬁeéé“?dﬁﬂgf C%ﬁ%?“té?°fﬁ?e?fy€%%scribed
?-?—lc;;)W\'miV\rgna;ab\cl) lt%?f\g%a%fe’ tei\/'p% ’trcg\{lsJj_sstoai:ppalni~ et'%ltso tglhnef\e té)gn g@ﬁ&n&é efltlr ode
accordance with a change in incident light amount to
increase the S/N ratio.
In the two-dimensional photosensor 2, one
10 photosensor 11 can have both a sensor function and a
selection transistor function. These functions will be
briefly described below. When a voltage of, e.g., 0V
is applied to the top gate electrode (TG) while a‘
positive voltage (+10V) is kept applied to the bottom
15 gate electrode (BG), holes are discharged from the trap
level between the semiconductor layer 15 and the top
gate insulating film 21 to allow refresh or reset
operation. More specifically, when the reading
apparatus is continuously used, the trap level between
20 the semiconductor layer 15 and the top gate insulating
film 21 is buried with the holes generated upon
irradiation and the holes injected from the drain
electrode (D). A channel resistance set while no light
beam is incident is reduced, and the drain current
25 obtained when no light beam is incident increases.

Therefore, the top gate electrode (TG) is set at 0V to

discharge these holes to allow reset operation.



positive voltage (+10V) is kept applied to the bottom 15 gate el ectrode
(BG, holes are discharged fromthe trap |evel between the sem conductor
| ayer 15 apgobherzhop gate insulating film21 to allow refr cBET/dRIINEISLL
operation. Mirre specifically, when the reading apparatus is continuously
used, the trap | evel between 20 the sem conductor |ayer 15 and the top gate
insulating film21 is buried with the hdbes generated upon irradiation
and the holes injected fromthe drain electrode (D). A channel resistance
set while no light beamis incident is reduced, and the drain current 25
obt ai ned when no light beamis incident increases. Therefore, the top gate
el ectrode (TG is whenathéVpbsitdivecvarlgagenase it esppbied| by theet
operation. WO 99/46724 PCT/JP99/ 01189 15 Wen the positive voltage is not
applied to theottontgatgaedeeksotdeod8G)BGNO shadieinels i EoxmRdretn | Bhe he
bottom gate type transistor. Even if a light beamis Jincident, no drain
current flowsbebtemtgehe EPRSeFEAREASEOSt-at EValbrid GHhelkiThtdredm +y
controlling the voltage applied to the ttom gat e el ectrode G he

3& f%%?ﬁé

sel ected st atRCEA@NEheNAoREREBCPUTENG: & 1047 B0 S6ift rolT 7Y
e o LB e et b BB A o
[Yer 15 and oL0pLgP gt el REpLER! B LRk AR R sgmezebaon 11
state and the nonselected state can be controlled. In
the nonselected state, when 0V is applied to the top
gate electrode (TG), the holes can be discharged from
10 the trap level between the semiconductor layer 15 and
the top gate insulating film 21 to allow reset
operation in the same manner as described above.
As a result, as shown in FIGS. 6A to 6D, for
example, the top gate voltage Vpg is controlled to 0V
15 and -20V to allow control of the sensed state and.the
reset state. The bottom gate voltage Vgg is controlled
to OV and +10V to allow control of the selected state
and the nonselected state. That is, by controlling the
top gate voltage Vpg and the bottom gate voltage Vpg,
20 one photosensor 11 can have both the function serving
as a photosensor and the function serving as the
selection transistor.
Operation of the two-dimensional photosensor 2
‘will be explained with reference to FIGS. 3 and 4. The
25 clock generation section 34 outputs clock and reset

signals having predetermined frequencies to the CTR 33.

The CTR 33 outputs the bottom and top gate voltages Vpg



As a result,

and the r

4
+10V to allow'control of the selected state and the nonsel ected state.

That is,

Qper ati on. of the two-di nensional photosensor 2 wll be explained with
25 cl ock generation section 34 outputs

clock and ressadsv.ggalag bankag aptegekermsiemh e que e Pt ddunddiR 33.
The CTR 33 outputs

reference to FIGS. 3 and 4. The

e

as shown in FIGS. 6A to 6D, for exanple, the top gate voltage
VIGis controlled to O/ 15 and -20V to allow control of the sensed state
e. The bottom gate voltage VBG is control | gédpybdaeéeand

by controlling the top gate voltage VTG and the bottom gate
vol tage VBG 20 one photosensor 11 can haee both the function serving
phot osensor and the function serving as the selection transistor.

he bottom and top gate voltages VBG WD 99/ 46724

as a

PCT/ JP99/ 01- 189ivd® 3DndoNTEhasbaense odndheesdiock gimal skt el grimkosensor
driver 32 on the basis of the clock and reset signals fromthe clock
gener ati on sefrbmntBé, cindkogeperattiba secadvar gd arhdraaitpuisd ttdges VpC

and VDD to the 5 precharge transistor 47. Photosensors 11 on the first

are reset by pzethanget hadbdraém and tegesgdipe eIt pes t¥BGhed VTG to
During this resetting, the precharae voltage VpC is applied to the

precharge trapseshargg7tranpsastorp

VDD ( +5V)

10

15

20

25

is

applied to all the signal lines 42 to precharge the
Photosensors 11 on the first row are reset by

setting the bottom and top gate voltages Vpg and Vpg to
OV. During this resetting, the precharge voltage Vpc
is applied to the precharge transistor 47 for a
predetermined time, and the drain voltage Vpp (¥5V) is
applied to all the signal lines 42 to precharge the
photosensors 11. The top gate voltage Vpg is set to -
-20V to change the photosensors 11 to a sense state.
The bottom gate voltage Vpg is set to +10V to change
the photosensors 11 to a selected state. An output
signal Voyr from each photosensor 11 changes to 0V or
remains at +5V depending on the incident light quantity
(light quantity). The output signal Vgypr from each
photosensor 11 is output from the column switch 45 via
the buffer 48. The same operation is performed for

photosensors 11 on the second to final rows. A

description of the subsequent operation will be omitted.

(Second Embodiment)

FIG. 7 is a plan view showing part of a
fingerprint reading apparatus according to the second
embodiment of the present invention. In this

fingerprint reading apparatus, a pair of transparent

row
ov.

ddeterm ned tine, and the drain voltage



phot osensors 11. The top gate voltage VIGis set to -20V to change the
phot osensors 11 to a sense state. The bottomgate voltage VBGis set to
+10V to chwog®4d34t he photosensors 11 to a selected state. APCTHIRISO1189
signal VOQUT from each photosensor 11 changes to OV or renmains at +5V
depending on the incident light quantity (light quantity). The out put
signal VOUT from each photosensor 11 isldutput fromthe colum swtch 45
via 20 the buffer 48. The sane operation is perforned for photosensors 11
on the second to final rows. A description of the subsequent operation
will be omtted. (Second Enbodinment) FIG 7 is a plan view show ng part of
a 25 fingerpréonduendvagfapmar dRuandcdd dim@ tanitheceeynghapabadement of

the present invention. In this fingerprint reading apparatus, a pair of
transparent WPDUede72ahpETARROELQUIG0 @ FRNEHIFAIIRI 14198 BRCaRRPSB in a

conb tooth shape_are fornmed within and arqund a sensor. regi on 4. on the
upper surf acd4bFach Bge?EOQYeFFPﬁFZ%lgW F3 W @ et ?ggbﬁ%?%sensor 2

When a finger 5 touches the t 5 di nensi onal _photosensor 2 including the
pair of tramBAFRRENEBRd cti@gepiﬁng%§ﬂe§h IBUHRS piF ©F° transparent

conductd ve 114 1igc 30y afiy Sndebeshblie s tsshsiange gl (e Loyening f1nger 5

and start fingerprin eadi ng operation on signal 10 (to be

described |aterd,s JREaRR EoRBubt208PF18RS 3A and 3B, the pair of

transparent conductive films 3A and 3B detect the
resistance of the touching finger 5 and start
fingerprint reading operation by this detection signal

10 (to be described later). The pair of transparent
conductive films 3A and 3B can also have an antistatic
function. The pair of transparent conductive films 3A
and 3B are formed into a comb tooth shape in order to
detect a relatively small resistance of the finger 5

15 with high sensitivity.

FIG. 8 shows part of the circuit of the
fingerprint reading apparatus. In FIG. 8, the same
reference numerals as in FIG. 4 denote the same parts,
and a description thereof will be properly omitted.

20 One transparent conductive film 3A is connected via a
resistor 51 to a CTR 33 (see FIG. 3) for outputting
the drain voltage Vpp, whereas the other transparent
conductive film 3B is grounded. The CTR 33 is
connected between one transparent conductive film 3A

25 and the resistor 51 via an inverter 52. The CTR 33
outputs a switching signal to a switch controller 53

upon reception of an H-level signal from the inverter



conductive films 3A and 3B can al so have an antistatic function. The pair
of transparent conductive filns 3A and 3B are forned into a conb tooth
shape in jsleyachey detect a relatively snall resistance of tlauPoyigiasy 5 15
with high sensitivity. FIG 8 shows part of the circuit of the fingerprint
readi ng apparatus. In FIG 8, the sane reference nunerals as in FIG 4
denote the sane parts, and a descriptioh8thereof will be properly omtted.’
20 One transparent conductive film3A is connected via a resistor 51 to a
CTR 33 (see FIG 3) for outputting the drain voltage VDD, whereas the

ot her transparent conductive film3B is grounded. The CIR 33 is connected
bet ween one tgoanspa{ewictilusdnteoiiém 824 odbpand bhewidsihstcomtEblvi a an
inverter 52. The CTR 33 outputs a switching signal to a switch controller
53 upon recefitgreil afo an dwitsiel 54igpah feoeptheni pfether swhtgdyigar24

PCT/ JP99/ 01189 18 52. The switch controller 53 outputs a switch control
signal to a siigrdl Sramdrhe 2Bt 3dn ofhehewstichchtnds & geamallym t he CTR
33. The switch 54 is a nornmally open switch forned between a colum swtch
45 and a 5 pro@starge tamrgesred gtweant Aecplrgdr FFAKCH d2didRG opar at us,
when the finger 5 touches the two-di nensional photosensor 2 including the
pair of trandFAARTIDAFANT T 14E-3A and 3B, a resistance corresponding

to a touch portlonIn the fingerprint reading apparatus, when the

finger 5 touches the two-dimensional photosensor 2
including the pair of transparent conductive films 3A
and 3B, a resistance corresponding to a touch poftion
10 of the finger 5 is generated between the pair of
transparent conductive films 3A and 3B to decrease the
potential between the transparent conductive film 3Aa
and the resistor 51 to a potential divided by the
resistor 51 and the resistance value of the finger.
15 The input of the inverter 52 falls from H level to L
level to change the output of the inverter 52 to H
level, and this H-level signal is output to the CTR 33.
The CTR 33 outputs a switching signal to the switch
controller 53 upon reception of the H-level signal from
20 the inverter 52. Upon reception of the switching
signal from the CTR 33, the switch controller 53
outputs a switch control signal to the switch 54 to
close the switch 54. Then, the column switch 45 is
connected to the precharge transistor 47 via the switch
25 54 to set the same state as shown in FIG. 4 and start
fingerprint reading operation.

As described above, in the fingerprint reading



10 of the finger 5 is generated between the pair of transparent conductive
films 3A and 3B to decrease the potential between the transparent

conduct i vewbiohms7@34& and the resistor 51 to a potential divi dRET/HRAAHOMESS
resistor 51 and the resistance value of the finger. 15 The input of the
inverter 52 falls fromH level to L Ilevel to change the output of the
inverter 52 to H level, and this H1levell®ignal is output to the CTR 33.
The CTR 33 outputs a switching signal to the switch controller 53 upon
reception of the Hlevel signal from20 the inverter 52. Upon reception of
the switching signal fromthe CIR 33, the switch controller 53 outputs a
swi tch controipsagatiist owhhs thet Eingen & todusdes Hhewweh 54. Then, the
columm switch 45 is connected to the precharge transistor 47 via the
switch 25 54 dimeesienalsRhetesansoxs 2sHARUH T &hey RAHE sPhrt
fingerprint reading operation. As described above, in the fingerprint
readi ng WO 9orBaoRapent jpogdpctaye £4 145, fﬂgf:ﬂ%eht9$er??g§égn €t ouches

t he two- di i | phot 2 incl.udi t i f t
Conduct: ve f1PEscha SAHCBRRG: BONERY: B dioSEts At XbEHRY 11 nber B i s
detected t t 5 fi i,nt di . i i j i | .
i nger it T ELRIREPEHBFaF FOHLBdn CELRAL 10t ettt 195 oS bohnFLaRRL &0
the ‘ot her trapsparent cenduEkiNg obblBeiB:ARM Wkdft Mstofbe bg1 sgNSOr

region 4 of t
conveniently. Since the other transparent conductive
film 3B applied to most of the sensor region 4 of the
two-dimensional photosensor 2 is grounded, as shown

10 in FIG. 7, the antistatic function is enhanced. Note
that when, for example, a copying sheet on which a
fingerprint image of the finger 5 is copied is placed
on the two-dimensional photosensor 2 including the
pair of transparent conductive films 3A and 3B, no

15 resistance is detected by the pair of transparent
conductive films 3A and 3B because the copying sheet is
insulated, and thus illicit use by the copying sheet
can be prevented.

(Third Embodiment)

20 | FIG. 9 is a plan view of part of a fingerprint
reading apparatus according to the third embodiment of
the present invention. In this fingerprint reading
apparatus, pairs of transparent conductive films 3A and
3B in a comb tooth shape are respectively formed on the

25 four corners of a square sensor region 4 on the upper

surface of an overcoat film 23 of a two-dimensional

photosensor 2. When a finger 5 touches the



t wo- di nensi onal photosensor 2 is grounded, as shown 10 in FIG 7, the
antistatic function is enhanced. Note that when, for exanple, a copying

sheet on \Whi 6d)sd24 fingerprint image of the finger 5 is copi g/ fpophisged onN
t he two-di nensional photosensor 2 including the pair of transparent

conductive films 3A and 3B, no 15 resistance is detected by the pair of
transparent conductive filnms 3A and 3B hecause the copying sheet is
insulated, and thus illicit use by the copying sheet can be prevented.
(Third Enbodinment) 20 FIG 9 is a plan view of part of a fingerprint
readi ng apparatus according to the third enbodi nent of the present

invention. | ngdudihéngesRal nphbéeasdeAgorappamailugingaivite ofodr apesies ent
conductive filns 3A and 3B in a conb tooth shape are respectively forned
on the 25 fowf cfdaresPavéne Sha@tetsessdilnegizan ahdoBE hechuppBsur sur f ace of
an overcoat film 23 of a two-di nmensional photosensor 2. When a finger 5

t ouches the \Waid®s 467 2dr ATpIROHL 0¢488uc20 vewd-idimse 3 arad Jhales=gisor 2

i ncluding the four pairs of transparent conductive filns 3A and 3B, the
four pairs dfhe reespstante cofidubei veuthlimg FAnged 3B adet &hart he

resi stance of the touching finger 5 and start 5 fingerprint readin
oper at iSon by fifigerRs et i ppadingaprerabips s dhilfe QO HeH ¥ bairs of

transparent conductive filnms 3A and 3B can al sqQq have an antistatic
(to be described later). These pairs of transparent

conductive films 3A and 3B can also have an antistatic
function.
FIG. 10 shows main part of the circuit of the
10 fingerprint reading apparatus. In FIG. 10, the same
reference numerals as in FIG. B8 denote the same parts,
and a description thereof will be properly omitted.
The output sides of four inverters 52 corresponding to
the four pairs of transparent conductive films 3A and
15 3B are connected to boﬁh a CTR 33 and the input side of
one AND circuit 55. The output side of the AND circuit
55 is connected to the CTR 33.
In this fingerprint reading apparatus, when the
finger 5 touches the two-dimensional photosensor 2
20 including the four pairs of transparent conductive
films 3A and 3B, resistances corresponding to touch
portions of the finger 5 are generated between the
respective pairs of transparent conductive films 3A and
3B, the outputs from the four inverters 52 change from
25 L-level signals to H-level signals, and these H-level
signals are output to the AND circuit 55. When the AND

circuit 55 receives the H-level signals from all the



function. FIG 10 shows main part of the circuit of the 10 fingerprint
readi ng apparatus. In FIG 10, the sane reference nunerals as in FlIG

denot e the‘BgéPfé”ﬁérts and a description thereof will be prBﬁE’r’ng/‘Hm%ted
The out put sides of four inverters 52 corresponding to the four pairs of
transparent conductive filnms 3A and 15 3 are connect ed to both a CTR 33
and the input side of one AND circuit 55~ The output side of the AND
circuit 55 is connected to the CTR 33. In thi's fingerprint reading
apparatus, when the finger 5 touches the two-dinensional photosensor 2 20

i ncl udi ng the_f f t conduct |
o St andes CRBSHBRBFRBEF o Poush CHBRHINE b e 19Eh: @gaﬁﬂs Ezﬁer ot e

the outputs f1om tHe TBUb TRVE( TSP SBVaRITS o Zesre e, SReBisnfe (o
Hlevel sionalsoand hgag) bLevehe SHANAS Hs %@%Tt03§hf%ﬁ®PFg'rcu't

55. Wien the circu recelves € W level signals the WO

99/ 46724 PCT/ 4R00d Qi—lﬁgveglsieHBlbnve’REQré%ﬁ% i Giduty, apndNBrRi gnal to
the CTR 33. In this case, thé inverters 52 dlrectly output the H-1level

signalg to thﬂngtR:QS i tEhen§TRiGAagRS @S swiltRse dbherel16+963l s.
Referring to FI , the CTR 33 5 outputs a switching signal to a switch
control | er 5ZipaporedesepdbhodfothehaNAND igingalf danomidieaMNDE Creaitt
55. ©Upon reception of the switching signal from the
CTR 33, the switch controller 53 outputs a switch
control signal to a switch 54 to close the switch 54.
10 Then, a column switch 45 is connected to a precharge
transistor 47 via the switch 54 to set the same state
as shown in FIG. 4 and start fingerprint reading
operation.
In this fingerprint reading apparatus, when the
15 touch position and state (whether the finger 5 touches
appropriately) of the fingér 5 with respect to the
sensor region 4 of the two-dimensional photosensor 2 is
erroneous, i.e., the finger 5 does not touch all the
four pairs of transparent conductive films 3A and 3B,
20 the AND circuit 55 outputs no AND signal. In this case,
the finger 5 touches one to three pairs of transparent
conductive films 3A and 3B out of the four pairs of
transparent conductive films 3A and 3B, and inverters
52 corresponding to the pairs of transparent conductive
25 films 3A and 3B touched by the finger 5 output H-level

signals to the CTR 33. The CTR 33 outputs a finger

touch error signal to a controller (not shown) on the



55. Upon reception of the switching signal fromthe CTR 33, the switch
controller 53 outputs a switch control signal to a swwtch 54 to close the
switch 54.wod46hBen, a columm switch 45 is connected to a precTidnego1189
transistor 47 via the switch 54 to set the sane state as shown in FIG 4
and start fingerprint reading operation. |In this fingerprint reading

appar atus, when the 15 touch position ar® state (whether the finger 5
touches appropriately) of the finger 5 with respect to the sensor region 4
of the two-di nensional photosensor 2 is erroneous, i.e., the finger 5 does
not touch all the four pairs of transparent conductive filnms 3A and 3B, 20
the AND circubdsbd ofit phesaheeAND sifgredle AND tdhignahstromtbhefhNer 5
touches one to three pairs of transparent conductive filnms 3A and 3B out

of the four paircudt 55randp&henpresedest iofe the i-bavehds BgnabsdiFelerters
52 corresponding to the pairs of transparent. conductive 25 filnms 3A and 3B
touched by t hehe i hueersesat padt HIhey SONFHYARL REQHBS (e 3’PSFRECETR 33
outputs a finger touch error signal to a controller %noghéﬁo % on t he WO
99/ 46724 PCT/9Poth®12850n99UFaEPUCH R Hidb e BF2tHhe® %?Ag 37 Tromthe

52. Thé cont rSIYEFN FFOPREC: £8 Gh8r 3P o 400 P CRbote TR posi 1 on or
state of the finger; 2.7 BhbRoSEMREY 2 by NP eli?PEoh B ORednsfsbbR two
as a display "please place your finger again" or voice.
(Modification of Third Embodiment)
This fingerprint reading apparatus can exhibit an
10 antistatic function because the other transparent
conductiQe film 3B of each pair is grounded as shown in
FIG. 10. In the third embodiment, however, the central
portion in the sensor region 4 is less resistant to
static electricity because the pairs of transparent
15 conductive films 3A and 3B are respectively formed at
the four corners of the square sensor region 4 on the
two-dimensional photosensor 2, as shown in FIG. 9.
Therefore, for example, an electrostatic dissipation
transparent conductive film 3C in an almost cross shape
20 may be formed at the central portion in the sensor
region 4, as shown in FIG. 11.
Note that in the fingerprint reading apparatus in
FIG. 1, the transparent substrate 12 is placed on the

surface light source 1, and the photosensor section 31

25 having photoelectric conversion thin-film transistors

is formed on the transparent substrate 12. Alter-

natively, the transparent substrate 12 may be omitted,



di mensi onal photosensor 2 by any inform ng neans such as a display "please
pl ace your finger again" or voice. (Mdification of Third Enbodinentg Thi s
finger priwo ®aatdng apparatus can exhibit an 10 anti stati c BAIAEEYBHS
because the other transparent conductive film 3B of each pair is grounded
as shown in FIG 10. In the third enbodinent, however, the central

portion in the sensor region 4 is |ess resistant to static electricity
because the pairs of transparent 15 conductive films 3A and 3B are
respectively forned at the four corners of the square sensor region 4 on

t he two-di nensional photosensor 2, as shown in FIG 9. Therefore, for
exanpl e, an ahdcthesphotesgnssirpaainion rihshaytng PBRGGELSFETHA m 3C in an
al nost cross shape 20 may be faorned at the central portion in égf sensor
regi on 4, asCSRBRASLRANFL lnrflhﬁn§¥§qﬁ&5??F?rEP¥ingpﬁfﬁﬁﬁlﬁé aloy
apparatus in FIG .1, the.transparent substrate 12, is_placed gqn e

surface |ighPPsButd@nt gnigde p %%ﬁn9ﬁ3§ﬁﬁﬁ“§%%gi%ﬂe3fgf§%ﬁ§Vﬂﬁ§%&
phot oel ectri c_conversion _thin-filmt isto | 0 e
transparent S0BSFFate 1 ?cil gPFQua4%§§xﬁétéé}t%gﬂggggggf gﬁ%@trate 12 may
be omidted, M@ﬁ%.‘*@é% %ggeJFﬁ%%Qﬂéi?@ct_B& aheh{ bes PHAt @B8ASe 1ect i on 31
havi ng” phot oelectri conversion thin-filmtransistors may be directly
formed on aylhgBtsguirdacRlcatineeOnst itht i dbdeetibbiamenkisghlandsaiance 1.

Each photosensor is not limted to the .
be a single gate type thin-film transistor or diode
type thin-film transistor.
As has been described above, according to the

10 present invention, since the transparent conductive
layer formed on the photosensor device has an
electrostatic dissipation function, even if, e.g., a
finger in contact with the transparent conductive layer
on the photosensor device is charged with static

15 electricity, this static electricity can dissipate via
the transparent conductive layer. The photosensor
device can be prevented from malfunction or damage by
the static electricity. In addition, a pair of
transparent conductive layers are formed apart from

20 each other. The resistance value of a target object
placed between the conductive layers is measured to
determine whether the resistance value falls within a
predetermined range. Only when collation is attained,
collation starts. Collation using a copy can be

25 avoided to improve the reliability.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,



5 doubl e gate type photoelectric conversion thin-film transistor described
in the above enbodi nents, and may be a single gate type thin-film

transi st oky@dosnede type thin-filmtransistor. As has been pdasesy/daesh
above, according to the 10 present invention, since the transparent
conductive |layer formed on the photosensor device has an electrostatic

di ssi pation function, even if, e.g., a 24nger in contact with the
transparent conductive |ayer on the photosensor device is charged with
static 15 electricity, this static electricity can dissipate via the
transparent conductive |ayer. The photosensor device can be prevented from
mal f uncti on eheddmmgmthyn tite itsaatbhroadect aspecys ia addi liodted pair of
transparent conductive |ayers are forned apart from 20 each other. The

resi stance vahee splecd figr gistt agblj . 0and prepreseataciiet RBPEIARGELEve | ayers
is measured to determ ne whether the resistance value falls within a

pr edet er mi neghpwngandodesamidiet rerginn | ACaPrdingdy . ¥8FLQPSon starts.

Col | ation using_a_copy can be 25 avoided, to inprove the rgliabibity.

Addi tional aBPEAEdGesions MF e HIPRVIFRPUL d8BRAFY 188 EF O Hfose
skilled in the art. Therefore, 99/ 46724, PCT/ JP99/ 011, 4 _the

i nventPon i nSPEE iy 8XdEF RS & \5/1\:9?93 IREET R M f%‘ée{lglv?hgogggﬁ%f ia% details
and r epresentati;ve egbodirents o shown. apdhdeshal PRE: BeLghavateresdi naly,

vari ous



nodi fications may be nmade wi thout departing fromthe 5 spirit or scope of
the general inventive concept as defined by the appended clains and their
equi val en® 949/ 46724 PCT/ JP99/ 01189 25 THI S SHEET FI AS FEEEN HEBPACED
CLAI MS 1 Areading apparatus for reading a target object having a
shadow pattern, conprising: a |light souréfx phot osensor _devi ce having a
plurality of photosensors forned on sait |i fHS SKHEETCEHAS amind transparent
conductive layer formed on said photosensqr deviggeiagkp A regdi ng apparatus
according to claiml1, 10 wherein said phot prises a two-
di mensi onal phot osensor forned by two-dinmensignally arranging
phot osensors. 3. A reading apparatu@oﬁcégﬁd ng to claiml, wherein said
transparent condugtive | r. dj ssi 1 tatig.electricity. 4. A
r eadi ng apparatusgéccgragﬁéﬁﬁﬁ:ﬁﬁ#ﬁ%%?usmg%fe?%gééﬁé %r%ﬁ%larent
conductive | o] ESES 5a ' ctive |ayers
separ at ed frgﬁfé%gcﬂgggﬁgr? g#%éﬁﬁgEk?ﬁ%gﬁzfgg?ﬂ%ﬁfggﬁgéinultangously 20
touches said pairaof jHhanseanee; conductive layers, said pair of
transparent conductivé |ayers detect a resistance of the target object.

5 a photosensor device having a plurality of

photosensors formed on said light source; and

a transparent conductive layer formed on said
photosensor device.

2. A reading apparatus according to claim 1,

10 wherein said photosensor device comprises a two-
dimensional photosensor formed by two-dimensionally
arranging photosensors.

3. A reading apparatus according to claim 1,
wherein said transparent conductive layer dissipates

15 static electricity.

4. A reading apparatus according to claim 1,
wherein said transparent conductive layer comprises a
pair of transparent conductive layers separated from
each other, and when the target object simultaneoﬁsly

20 touches said pair of transparent conductive layers,
said pair of transparent conductive layers detect a
resistance of the target object.

5. A reading apparatus according to claim 4,
further comprising detection means for detecting

25 whether a resistance value of'the target object falls
within a predetermined value, and means for starting

reading the target object when the resistance value



5. A reading apparatus according to claim4, further conprising detection
nmeans for detecting 25 whether a resistance value of the target object
falls w wo poes7ps edet er mi ned val ue, and neans for starting PGIABAYAYS? he -
target object—when the-resistance value WO 99/46724 PCT/JP99/01189 TH S
SHEET HAS |=BNSREFI-ACHRS 26:ENfal Is within the predetermined value. 6. A
readi ng agpar at ggpaacgy ding go claiml, 2@%herei n said t ranspar ent

conducti ve—tayer—tonpri ses——pairs of transparent conductive |ayer portions
formed 5 at a plurality of peripheral portions in a sensor region of said
phot osensor device. 7. A reading apparatus according to claim®6, further
conpri si ng deftalkks oni pebmsther Prafeserfd nesr y&luSbj ect si nul t aneousl y
touches said pairs_of transparent 10 conductive c{)ﬁ!ersé det ectj ng whet her
resistance val ues 6at A BPARANAt PPERATAGYSh 3RFIE DY of° the2tBr tet obj ect

fall within a predetern ned val ue, and neans f.or .startin ihg the
target obj ectw}bﬁﬁﬁ]”él?a’ogt%E?T’Bﬁarfeg.&uf:?é‘%[“gﬁlv\ﬁ ARAYER hceg“pélg%%r n ned
value. 15 8. A readi appar at us. accor.di t 0.Gl. Al 6L e {d

t ranspar ent &ﬁfcﬁﬁ:t?%)gt?%@%?aﬁ%%r Fgggqc%givres 1 t#nfgjsrptalr ent efcongucti ve

| ayer portions for ugal i £ 1PNl RPrd isMissd the sensor
regi on%of sait pah olg%?]g%tﬁd‘g%/i %g%&gﬁggg% Z’[der(%trostati c 20 dissipation

transparent QQﬂﬂﬂﬁﬁiyﬁ é@ygrpﬁQEaggngbradevice.

7. A reading apparatus according to claim 6,

further comprising detection means for, when the target
object simultaneously touches said pairs of transparent
10 conductive layers, detecting whether resistance values

at a plurality of touch portions of the target object

fall within a predetermined value, and means for
starting reading the target object when all detection
results fall within the predetermined value.

15 8. A reading apparatus according to claim 6,
wherein said transparent conductive layer comprises
pairs of transparent conductive layer portions formed
at a plurality of peripheral portions in the sensor
region of said photosensor device, and an electrostatic

20 dissipation transparent conductive layer formed at a
éentral portion in the sensor region of said
photosensor device.

9. A reading apparatus for reading a target
object having a shadow pattern, comprising:

25 a light source;

a photosensor device having a plurality of

photosensors formed on said light source;



central portion in the sensor region of said photosensor device. 9. A
readi ng apparatus for reading a target object having a shadow pattern,
conpri si nNGYO9%46124i ght source; a photosensor devi ce havi ng aPpTERROLE) of
phot osensors forned on said |ight source; WDA99/46724 PCH-JP99/01189 27
TH S SHEET HAS BEEN REPLACED at | east oge7 pduTMIS)fSHErEart#p?arBéBN conducti ve
| ayers fornmed on said photosensor devic det ecRERLAOESSI st ance of a
target object; and an operator for, when a vatoevof—sardTesistance 5 of
the target object, which is detected falls within the predeterm ned val ue,
starting reading the tar get object. 10. A readin rg apparatus according to
claim9, wherein ®hel BFS§aP&epﬁ%i§ﬁ°§ rH AR R Eo&gﬂgPFSével ayg¥&rs is
grounded. 11. A reading a tus accordi to clai wherei n each

phot osensor  ofOREE o?%g nB Ptﬂé\‘?“éé”ﬁ s‘ﬂa d‘cﬁh JtDe ee%?ﬂ:c conver si on

thin-filmtransi stor Ie&:trode made of a

l'i ght - shi el dlﬂegsﬁ%t%{’%r?gh gaF8Fm§’ Cttlfe F1%9ht source side, and a
second gate el ectrg xgucgggﬁtﬁgr %Olf’gimé‘eér{ apsfdd e SRigriakiksaheemed on

t he transparent con ayer
5 of the target object, which is detected falls within

the predetermined value, starting reading the target
object.
10. A reading apparatus according to claim 9,
wherein one of said pair of transparent conductive
10 layers is grounded.
11. A reading apparatus according to claim 9,
wherein each photosensor of said photosensor device is
a photoelectric conversion thin-film transistor in
which a first gate electrode made of a light-shielding
15 material is formed on the light source side, and a
second gate electrode made of a light-transmitting
material is formed on the transparent conductive layer

side.



