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Amorphous Si:H Linear Image Sensor Operated by a.Si:H TFT Array

F.Okununa, S.Kaneko and H.Uchida

MicnoelectnonLcs Research LabonatorJ.es, NEC Conporation

Mlyanae-Ku, Kawasakl. 213r Japan

A 64 blt a-sl.:H llnean inage sensor operated by an a_si:H rTT array has beenpnoposed. This sensor conslsts of photodlode array, TFT array, natnix c1roult andexternal cLnoult. TFT on resistance Ls approxl.nately 400 kfe and noblltty is0.6 amz/v'sec at 30 V gate voltage. 5 psec read out tlne ls obtained in the oorv€n-
tlonal natrix node scanning. Moreover, 'a novel dnlvlng nethod is applied in onder tolnprove effeatlve operatlon speed. ExperLnental data confLrn the valldlty of the
concept.

1. Introductl.on

A lange scale lLnear lmage sensor using
amonphous St ls an attractl.ve devlce for conpact

and hlgh speed facslnlle equJ.pnent because of lts
short photonesponse tlne and stnpltcity fon
fabrlcatlon.( t') (2), (" However, slnce these

aensorE consLst of an a-SLlH photodtode array and

IC scanners, a large number of wlre bondlngs and

IC scanners are requlned. Fabnicating swJ.tching

devices and photodlodes on the same substrate
avolds thLs nanufactunLng dJ.fficulty. K.0zawa et
aI. have proposed a lLnear lnage Eenson with
blocklng dlode. (+) 0n the other hand, M.Matsuuura

et al. have proposed a lLnear J.nage senson

conbined with an a-Si:H thin ftln tnansiston (TFT)

and obtal.ned a good nepnoduced inage operated at
300 Hz.(s) Howeven, due to low a-Si:H IT.T

nobilLtyr Dor€ than 1002seC swJ.tchlng tine is
needed, which is too sLow to be used tn 0[, node

facsl.nLle (2.5ltsec/blt) .t
In orden to J.npnove the operatlon frequency,

we have developed a linean J.nage sensor usJ.ng a
photodl.ode conblned with hlgh noblltty TFT. SLnce

the photodiode has shont photoresponse time, this
sensor can be scanned at hlgh speed. Moreoven, a

novel dnlving nethod ls appJ_led.

2. Devlce Openatlon

Flgure 1 shows the 64 blt ltnear Lnage senson

fabrl.cated and studled. Thl.s sensor consLsts of

B-4-6

photodl.ode array, TFT array, natrLx clncuit and

extennal oircult, whlch inpludes tnansfer
capacLtons Cl (i=l,v$) and analog nultlplexer.
TFTs are connected ln an 8x8 row-column natrlx.
Each outlet terninal ls connected to the tnansfen
eapacit"on, a discnete capacltor, whlch transfens
slgnal change fnon the photodlode to a detectLon
circult. However, Ln the case of a large slze
linean lnage sensor, stray capacl.tance ln the
Iines funotl.ons as the transfer capaclton.

The sensor operates as follows. Flgure 2 shows
the ttntng dlagnam. In the Tq penlod fon falt
photo-charge, whlch are lntegrated in the
photodlodeg (Si,r - Sr',a) durlng integratJ.on tLne
Tl, are transfered into capacLtors Cr-Cgslnulta-
neously. After the TFTs tunn off, the analog nul-
tlplexer reads out these charge durLng T 4 of
Qet * QaE. In thiE dnivtng method, openatlon

speed for one coluun is T4+8T4 ln the shortest
case. Therefone, effective operatlon speed pen btt
? J.s glven by

T =(Tq. +8T4)./8.

In the conventlonal natrix node scannlng,
operatl.on speed ts T6. Reduotlon ln the nunber of
lT.T swl.tchtngs incneases the operatlon fneguency.

To explaln openatlon speed fon thls senaor,
consl.den the charge transfen speed fron the photo-
dlode to the detectlon clncult. Flgure 3 shows the
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Fig.3 Equivalent clrcuit for charge
transfer between photodLode
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where Qi is charge at CL. It ls clear fron
Eq.(e) that Ci should be nuch larger than Ca in
order to ninlnize afterinage.

When Ca((Ci, Eq.(Z) ls rewritten as

Qa=q11 1-exp(- r)). (3)

Then the tlne constant ls nearJ-y equal to CaRl .

At the next step, Qf is discharged bY

switching the analog nul-tiplexer. The ti.ne

constant fs Ci(Rn +Rin). In this sensor, R4 is 200

Q and Rj.n ls 500f1, respectively. Slnce R6 and

Rin are suffiriently snaIl, TA ean be nuch sanller
than Tq, For exampler when Ci is 300 pFr tine
constant ls 0.21 /usec. Even if Tg is 100,,psec (5 ),

operatLon speed per btt ls approxinately 13 
,,p 

sec

fron Eq.(l). As a resu].t, effective read out tine
per bit is gneatly reducedr compared with conven-

tional natrLx node scannlng.

3. Device Structure and Fabrlcation
Figures 4 and 5 show a crosa sectLonal view

and photognaph for thls sensorr respectLvely. The

photodiode has a sandwitoh lLke structure wlth
SiNr and p-a-Si:H blocking layers on both sides of
a photosensltLve a-Si:H layer(3t. These blocking

layers decrease dark curent and provlde high
photosenslttvity. The effecLive photosensltive

area is 100.,pn x 1001n (8 bits/nn). The a-Si:H
TFT conflgunation ts inverted staggered structure.
The gate lnsulator is SlNx. A thln phosphorous-

doped layer ls deposlted on top of the undoped

layer as an ohnlc contact to an evaporated Al
electrode. Channet length and width are 20;un and

1 nn, respectJ.vely. PolylnLde Ls used for a natrix
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equlvalent circuit for charge transfer between

photodlode and detectlon circuit. Ca is photodlode

storage capacltance. Qa is photo-charger which is
genenated by the photodlode during lntegration
ttme T1. R1 ls TFT on reslstancer R6 ls analog

nultiplexer on neslstanee and Rln ls lnput

lnpedance for the detection circult (Integrator).
The charge trasfer equation in the Tg Perlod ls
wrLtten as

Qa=q1#",l-exp(-ffitll (2)
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clrcul-t lnsulator. Fabrlcation procedures are as

follows: A 1000 i thick Cr filn was flrst
evaporated on Corning 7059 glass and formed lnto a

light shield layer, gate electrode and lower
electrode for natrix circuit. Polyinide was coated

and chenlcally etched by photoetching process. A

0.5 pn thlck Si02 film and a 400 i thick
transparent IT0 filn were deposited by rf
sput,terlng. The IT0 fj.ln was etched to forn a

200 ,pn wide conmon electrode. To fabrlcate TFT,

0.3 Fn thlck SiNxr g.3,pn nondoped a-Si.:H and 500
o.l
A naa-Sl:H layers were deposited eontinuously. To

fabrlcate the photodiode, 300 i thick SlNx , Z,s

Fn 1-a-S1:H and 0.2,Fn p-a-Si:H layers were

deposlted contlnuously. Both SiNr and a-Sl:H
Iayers were deposited by the capacitively coupled

rf glow discharge technLque. Flnally, Al was

evaporated and forned.

4. ExperLnental Results

Chanactenisti.cs measurements for the TFT and

the photodiode were perforned using test elenents,
whlch are fabricated on the sane substrate fon

this gensor.

Flgune 6 shows Io-Ve, characteristics for a-
St:H IFT. gpical lFT on resistance Ls 400-5OO ke
at V6 =J0 V. Mobllity and threshold voltage for
TFT obtal.ned fron Vq. -|fr characteristl.cs are 0.6
cnz./V.sec and 6 -T Yt respectively. On/Off ratio
Ls 105 or more. Photo-current for a photodiode

under 100 lx (550 nn) exposure is 9xlo-'oA in over
J V satunation voltage. Dark curuent is less than
1o-l3l at 0 to 15 v. photoresponse tine fon the
photodiode ls less than 0.1 nsec. Therefone, high
speed lmage processing ls possj.ble. The storage
capacl.tor ln the photodlode is 10-20 pF. Then,

fron Eq.(3)r the tlne constant for photodiode and

TFT palr is expected to be 4-10,;rsec.
Flgure 7 shows the charge transfer characten-

lstlcs fron photosensor to Ci. Ci is 330 pF and Ta

is 2.5,;rsec. In this case, the time constant for
the analog nuntiplexer is apploximately 0.2 psec.
Charge tnansfer tlme l-s 20 2sec at Vq. =20 V and 5

psec at Vg;30 V. Ca Ls estinated at 10 pF, fron
Eq.(3) and Fig.f. Therefore, afterinage ls less
than 3 percent. These results agree wlth esti-
natlon fron the test elenents.

The output wave forms for J.ntegrator and

voltage developed across Cg at 4 lx.sec exposure
(550 nn) and in the dark are shown ln Fig.8. Tg is
20 ,;rsec and T4 is 2.5,;nsec. The interval between

f ei and frai+tLs integrator reset tlne. In thls
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case, operatlon speed ls 10 ;rsec/bit. A lange

feedthrough, whlch is due to capacltive coupllng

of internogatJ.ng pulser appears across C3 . In
general, such a nolse ls cancelled when the lnten-
rogating pulse Ls off. Neverthelessr an uncancel-

led value exlsts which causes a reductLon ln
signal to nolse ratio. This uncancelled value ls
considered due to trapped electrons, whlch will be

released fron the traps ln the a-S5.:H TFT, and the

analog nultlplexer feedthrough. This noise will be

reduced by miniturization of TFT and uslng the

nolse reductl.on nethod 
(3). Integrator output wave

form indlcates that charge read out fron C3 is
conpleted within 1 psec. The read out time per blt
can be reduced by increaslng the number of
elements whlch are swltched at one tlme, as

nentj.oned above. !{hen TEls 10;sec and T4 is 1

lsec, operatlon speed eoresponds to 1.3 Trsec/blt
ln a praetlcal 32 btL/column. This speed satisfles
the GIII node facslmile requlrenent.

5. Concluslon

An a-Si:H llnear image sensor operated by a-

Sl:H TFT amay has been proposed. In this sensor,

a photodiode, which has short photoresponse time,

and a hlgh nobllity TFT are used to increase

operation speed. The photodlode and TFT pair shows

5;rsec read out tine at 30 V gate applied voltage.
Moreover, effective read out tine is greatly
reduced by using a novel driving method.

Experinental results indicate that operation speed

for this sensor. is high enough for use in
practi-cal facsLnlle equi-pnent.

o.5

0.2 Y/dj-v

0.5 V/div

10 ;rsec/dtv

Flg.8 Output wave forms
Upper wave forn 1s translent response
of TFT (voltage developed across C3 ) and
lower wave forn is lntegraton output at
4 Ix-sec exposure and ln the dark
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