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TITAOX EPEYNHTIKOY NMPOrPAMMATOXZ
2xeS100UOG Kal HEAETN NAEKTPOVIKWYV KUKAWMATWY HE TPAVi-

OTOP AETTTWYV UHEVIWV TTOAUKPUOTAAAIKOU TTUpITiou (TFTS)

(AnunTpiog MNatrakwoTtag, Nik6Aaog Matrado1Toulog)

To avTIKEiuEVO TOU £peuvnTIKOU TTPOYPAUMATOS ATAV N JEAETN TOU
ETTNPEACHUOU TOU QWTOG OTO PEUPA TWV TTOAUKPUOTAAAIKWY Tpav(i-
oTOpP AETTTOU upeviou. H povTeAoTToinon TNG augnong Tou TTapayoe-
VOU peUPATOG, TTOU gival ATTOTEAEOUA TNG AUgNUEVNG EualoBnaiag Tou
OTO QWG, BACI(OPEVO O€ ETTAVEIANUUEVEG UETPNOEIG VIO DIOPOPETIKES
TINES TwV TAoewv MUANG (Vg) kai Ekpon¢ (Vd) wg TTpog Tnv yeiwon
(Vss) kal dia@opwv peyeBwyv (WIL) gival To TTEPIEXOUEVO TNG EPEUVN-
TIKAG TTPOCTIABEIAG PaAG. TO POVTEAO TTOU TTPOEKUYE EXEI ETTAANBEUTEI
Kal €PXETAI O€ CUMQWVIO PE Ta TTEIPAMOTIKG Oedopéva ue PeYAAn
ETMTUXIO WOTE va TTEPIYPAPEI IKAVOTTOINTIKA TNV CUUTTEPIPOPA TOU
TpavCioTOp OTNV TTEPIOX KATW ATTO TO KATWEAI yia augavouevn é-
VTOOT QWTOG.

To atrotéAeopa TG METABOARG AUTAG AVTIKATOTITPIETAI OTO PEU-
Ma TnG utrodoxng (Id) , augdvovtag 1o. H amédoon Twv Tpaviiotop
AETTTOU UpEviou, OTIG TTpOAVAPEPBEITEG TUVONKEG Kal N €TTIdOpACN TWV
OuVvONKWY autwyv OTO pelua PEAETHBNKaAV Kal diacTaupwbnkav Kal
TTelpapaTiKa. H mmpokuTTouca egiowon divel To AOyo Tou peuuaTog
yla ToV €mMBOUUNTO QWTICNO TTPOG TO peUua O TTAAPES OKOTADdI, MIa
€KQPAON TTOU UTTOPEI EUKOAA va QaVEi XpHOIun.

Mapouoidfovtal avaAuTIKA PETPAOEIG XOPAKTNPIOTIKWY €10000U
Kal €€0dou yia did@opa peyEBn TpaviioTop Kal UTTO OIAQOPETIKES
TTOAWOEIG. 2TNV OUVEXEID OIVETAI O ETTNPEACHOG TNG KIVNTIKOTATAG

TWV QOPEWV TOU QPAYHATOG OUVOUIKOU TOU OPIoU TWV KOKKWV OTTd



TOV QWTIONO Kal GAAwV BACIKWV TTAPANETPWY, Kal 0To TEAOG diveTal
Kdl N TTPOKUTITOUCA £K@OPAOCN TOU JOVTEAOU.

A@oU TTaPOUCIACTNKE £Va HABNUATIKO-NUIEUTTEIPIKO HOVTEAO VIO
TNV ETTidpacn Tou QWTOG oTa TpaviioTop AETTTOU Uueviou, E£TTEITA
TTAPOUCIACETAl N XPAON TOU MOVTEAOU QuTOU OTOV TTPOCOMNOIWTN
KukAwpaTwy SPICE, woTte va ptropei va xpnoipotroinBei amd évav
ammAd XpNoTn vyia TNV MEAETN TTOAUTTAOKWY KUKAWHATWY UTTO TNV
emidopaon QwTtos. H ocwoTr Asitoupyia Tou dIOOTAUPWVETAI KOl HE
TTEIPAUATIKA ATTOTEAEOUATA.

AkoAoubei n TTapouciaon Tou TTPOTEIVOUEVOU KUKAWMATIKOU HO-
vréAou yia xprion pe 1o SPICE padi pe KATToI0 CUYKPITIKG TTEIPAPATI-
K& atmroteAéopaTta aAAG kal atroteAéopaTa TTou AauPBdvovtal ye Tn
xprion tou povtéAou o€ SPICE kai MATLAB. T€Aog, éva TTapadelyua
XPAONG TOU KUKAWMATIKOU POVTEAOU O€ £va TUTTIKO KUKAWMPA TTAPOU-

olageTal yia TNV mEPAITEPW Karavonon Tou atrd Tov XpRoTn.
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1. EIZArQrH

To avTikeiyevo Tou €peuvnTIKOU TTPOYPAUMUATOG TTOU PAG OTTa-
OoXOANOE NTAV N WEAETN TOU ETTNPEACHOU TOU QWTOG OTO PEUUA TWV
TTOAUKPUGTOAAIKWY TpavlioTop AeTrTou upeviou (TFT). H povreAoTToi-
non TNG augnong Tou TTAPAYOPEVOU PEUPATOG, TTOU €ival ATTOTEAECUA
NG augnuévng euaiodnaoiag Tou OTO PWG, BACICOPEVO OE ETTAVEIANU-
MEVEC WETPAOEIC YIa OIOPOPETIKES TIUEG TwV Taoewv MUANg (Vg) kai
Ekponc (Vd) wg 1Tpog Tnv yeiwon (Vss) kal dia@opwv peyedbwv (WI/L)
gival To TTEPIEXOPEVO TNG EPEUVNTIKAG TTPOCTTABEIAG pag. To povtéAo
TTOU TTPOEKUYE €XEI ETTOANBEUTEI Kl €PXETAI OE CUPPWVIa PE TA TTEI-
PAMATIKA OedOPEVA PE MEYAAN ETTITUXIO WOTE va TTEPIYPAPEI IKAVO-
TTOINTIK& TNV CUMPTTEPIPOPA TOU TPAVCIoTOP OTNV TTEPIOXN KATW OTTO
TO KATWQAI yia auéavouevn Eviaon QuTog.

O emnpeacpdg Twv TTOAUKPUOTAAAIKWY TpaviioTop AETTTOU UE-
viou atrdé Tnv akTIvOoBoAia QwTog gixe HEAETNOET aTTd dIAPOPOUG PEAE-
TNTEC APKETA Xpovia TTpiv [1,2]. 'Exel ammodeixBei 611, uttd TNV TTAPOU-
oia wTog, Bacikoi TTAPAPETPOI OTTWGS TO PPAyua duvauikou oTa opia
TWV KOKKWwV (grain boundaries GB), n kivnTikOTNTA, N TOXUTNTA QVO-
ouvOEDNG OTA 0PI KOKKWYV, 0 XPOVOG (WG TWV QOPEWV PEIOVOTNTAG
Kal To MAKOG TNG didxuong YETaBAAAovTal. To aTTOTEAECUQ TNG META-
BoAAC auTAg avTikaToTITpileTal 0TO peUNa TNG utTodoxnS (Id) , augd-
vovTag 10. H amdédoon Toug, OTIg TTpoavapepBeioeg OUVOKEG, Kal n
ETIOPAON TWV OUVONKWY AQUTWV OTO PEUMO PEAETBNKavV Kal dla-
oTaupwelnkav Kal TeipapaTikd. H TTpokuTITouca egicowaon divel To
AOGyO TOU PeUPATOC yIa TOV ETIOUPNTO QWTIOPO TTPOG TO PeEUUA O€
TTAPEG OKOTADI, PIa EKPPACN TTOU POG BOAEUElI TTOAU OTnv TTapouca
paon.
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Mapakdrtw, apxikd, Tapoucialovral avaAuTIKA PETPNOEIS Xapa-
KTNPIOTIKWYV €10000uU Kal £6600U yia didgopa PeyEBn TpavdioTop Kal
UTTO JIOQPOPETIKEG TTOAWOEIG. 2TNV CUVEXEIQ DIVETAI O ETTNPEACHOG TNG
KIVNTIKOTNTAG TWV POPEWV TOU QPAyUaTog OUVAUIKOU TOU Opiou Twv
KOKKWYV atrd Tov QWTICNO Kal GAAwV BACIKWY TTAPAPETPWY, KAl OTO

TEAOG DIVETAI KAI N TTPOKUTITOUCQA £KPPACT) TOU HOVTEAOU.

2. METPHZEIZ XAPAKTHPIZTIKQN EZOAQOY

Ta TTOAUKPUGTOAAIKA TPpavZioTOp AETTTOU UMPEVIOU KATOOKEUAOTN-
Kav TTavw o€ OTEPENG @aong (solid-phase) TTOAUKPUOTAAAIKS UTTO-
oTpwua (TTadxoug 48nm) , akTivoBoAnuévo o€ Bepuokpaaia TTePIBAA-
Aovtog ammd KrF AéiCep (laser) evépyeiag 260mJd/cm2. ZTnv ouvéxeia
MIO OUYKEKPIYEVN OladIKAOIO KATOOKEUNG AUTOPUBUICOPEVWY NMOS
yla TNV Tapaywyr ouokeuwv TTAaToug TTUAng W= 100 , 50 kar 10 ym
Kal uAkoug L=10 , 20 ka1 50um o€ didpopoug cuvduaououg Xpnol-
MOTTOINBNKE. Zav POVWTIKG TTUANG xpnoiuotroinonke Aiogeidio Tou
Mupitiou (SiO2) Trdxoug 120nm TToU atmroTéBnke pye ECR-PECVD
otoug 100 BaBuoug Keloiou. lMepioodOTEPEG AETTTOUEPEIEG YIQ TNV
KATOOKEUN UTTOPOUV va BpeBoulv o€ AAAeG epyaoieg [4, 5].

Tig xapakTNPIOTIKEG ££6d0U (pelua ekpong Id Tmpog diagopd 1d-
ong ekpong TNy Vds yia did@opeg TIHES TNG dlagpopds Tdong MUANng
Mnyng Vgs) Tig BAETTeTe 010 oxAUa 1a yia Vgs=2 kai 4V kai dlagpope-
TIKOUG QWTIOPOUG TTou KupaivovTal ammd 0 oe 3000LUX (Ouykekpipué-
va : 0, 1000 , 2000 kar 3000 LUX). Eival, auéowg, SIaKPITOG O £TTN-
PEQCPOG TOU PEUPATOG ATTO TNV OAAQYr) TOU QWTIOPOU KOl CUYKEKPI-
Méva pe Tnv aug¢non Tou Vgs €xoupe peiwon NG emmppons. lNa

Vgs<3V n mpooauinon Tou peuphaTog (atrd To TTAAPEG OKOTAdI OTA
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5000LUX) utropei va @tdoel 10 50%. Na Vgs=4V, n 1pocauénon
TOU PEUNATOG ayyiel HOAIG TO 9%.
Vgs=2V

1
0,9

©

\

Current Id (uA)
S O < o < K
N w (&}

o

Voltage Vds (V)

—e—LUX=0 —&— 1000 —>—2000 —%— 3000

0 i 2 3 4 5 5
Voltage Vds (V)

‘ ——LUX=0 —a— 1000 —— 2000 —%—3000 ‘

2xnua 1. Xapakrnpiotikés EEo6dou yia tpaviiorop W/L=100/10um

MeTtprioceig TTou €yivav yia JeyaAuTepeg TINEG Vgs (=5, 6, 7V) Oci-
XVOuVv OTI n €TMPPONA Tou QWTOC KaTaAnyel va eival pndauivly. Ta
QuTO N MEAETN MPOG ETTIKEVTPWONKE OTNV TTEPIOX KATW OTTO TO KO-
TWQAI, yIa XaunA£G dnAadn TIHEG TNG TAong Vgs (<4V).

H peTtaBoAr Tou peupatog ekpong Id pye Tnv aAAayr Tng €vraong
QewTiopou (oe LUX) @aivetal ota oxAuaTa 2 yia TipéG Vgs =1.5V kai
Vgs =2.5V kai yia did@opeg TINES TNG Vds (1.5, 2, 2.5, 3, 4.5, 5.5 V)
Kal yia Tpavgiotop peyéBoug W/L=100/10um. Eivar @avepd o1 n
METARBOAN TOU peUPATOC €ival dIAPOPETIKNG POPPAG yia Ta duo Vgs,
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OXI YPOUMIKAG TTOU KATTOI0G Ba uTTopouce apxIKAa va uttoBEéoel £xo-
VTOG POVO PEPOG TwV PETPROEwV. EITTAéov , OTTWG avagEpape Kal
Mo TTavw, ATav adlvarn n akpIBrg TTPOCOPOIWCN TOU PEUPATOS OTO
TTARPeg okoTddl (Idark) pe Ta yvwoTd povréda yia TFT. IMNa va &etre-
paoTei N OUOKOAIA , TTOU TTPAKTIKA OEV UEIWVEI TNV YEVIKOTNTA KAl OEV
ETTNPEACEI TNV AVATITUEN TOU POVTEAOU PAG A@OU OUCIAOTIKA UTTOPEI
va TTPOCOPUOCTEI O OTTOIOdATTOTE PHOVTEAO Adyw TNnG TTOAAATTAQCIO-
OTIKAG oxéong Tou TeAIKA Ba kaTaAngouue, Ba povrehotroindei o

Aéyog Id/Idark ouvapTtAoel TG éviaong @WTIOPOU @, TwV TTOAWCEWV

Vgs, Vds Kkai TnG €mQAveIag Tou TpaviioTop WL

Vgs=1.5V
0,21 4

0,19

\

0,17

0,15 / —
0:13 A /
e

0,11

v
0,09 4
0,07

0,05 + T T T T T |
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Light illumination LUX
——Vds=15 —@—2 ——2.5 —=3 —=6—4.5 —8—55V" ‘

\

,———o
———>

/

C'—_.,’——\.

— 4

\
\

\

Current Id (uA)

o

Vgs=2.5V

%
—

T T T T T T T |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Light illumination LUX
[—#—Vds=1.5 -2 —4—2.5 =3 ——4.5 =55 V"

il

Current Id (uA)
Py

2xnua 2: Peuua ekpong we mpog ewriouo yia didpopa Vds yia TFT
W/L=100/10um
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3. METPHZEIZ XAPAKTHPIZTIKQN EIZOAOY

210 OXAMa 3 @aivovTal O XOPAKTNPIOTIKEG PETAPOPAS (peUua
EKPOAG WG TTPog diagopd Ttaong MUANG TTNyNng yia diagopd Taong
ekpon¢ TTnyns Vds=0.5V) yia éva Tuttiké TpavlioTop AeTTTOU YueEviou
(W/L=100/10um) yia didgpopeg evraoeig ewTiopou (=0 ,1000, 2000,
5000 LUX). Mg Tnv av@Auon Twv XOpakTNPIOTIKWY AUTWY, TTOU OTTWG
EITTAYE TTPOKUTITOUV ATTO TTEIPAUATIKEG WETPAOEIG, MTTOPOUME va é-
XOUUE MIA EKTIMNON TNG ETTIPPONG TOU QWTOG OTNV KIVATIKOTNTA QO-
péwv peff Twv TFT.

100 4

10 4

Current Id (uA)

0,11

0,01 X}:

0,001 4 x#

O VR X 2 af Wb R h O © Y A

Voltage Vgs (Volt)

|—#— =0 —=— 1000 2000 —— 4500 LUX]

2xnua 3:Xapakrnpiotikhy Meragopac yia TFT W/L=100/10um

To pevpa ekpong evog TpavioTop AETITOU YUEVIOU OTNV YPAMMI-

KA TTEPIOXT MTTOPEI VO EKPPACTEI aTTO TNV TTAPAKATW OXéon [6] :

\\
Id= Eueff[Cox[vag_ Vinv Dﬂvd
L (1)

otrou 10 Cox €ival N xwpnTIKOTNTA TTUANG ava povAada eTTIQAVEIAS KAl
Vinv gival n Tdon avaoTpo@ng opTiou. ‘Exovrag kard vou pia didta-

¢n atro TETPAYWVOUG KOKKOUG, OTTOU TO PEUMA UTTOPEI va TTEPVAEI EiTE

15



OlaUECOU TWV OPIWV TWV KOKKWV €ITE BIAPNETOU TWV KOKKWY Kal KABE-
T OTA 0PI TOUG, N €VEPYN KIVATIKOTNTA @opfwv peff, eapTwuevn

atmmo 10 ePAyua OUVAUIKOU TWV Opiwv TwV KOKKWYV, diveTal atrd TIG

oxéoeig [6]:
Mgi L,
Hepr= : Vb Lg Lmgy
1 D w [e kLT g
L-w 2)
0.56
q-V,=
(v . -Vv. [0
10 q g inv
Et (3)

OTTOU TA Ugi KAl ggb gival o1 KIVNTIKOTNTEG TWV QOPEWV OTNV ECWTEPI-
Kr TTEPIOXN TOU KOKKOU Kal KOTA PAKOG TOU OPioU TOU KOKKOU, W €ival
TO TTAATOG TNG TTEPIOXNG dIdxuong oTa OpIa Twv KOKKWYV, Lgb gival o
MECOG OPOG TOU TTAATOUG TWV OPIWV TwV KOKKWVY Kal £XEI CUYKEKPIME-
vn TIA ota 2nm, Lg €ival To Katd géco 0po TTAATOG TWV KOKKWVY TOU
TTOAUKPUOTOAAIKOU UTTOOTPWHPATOG Kal To Et €ival pia mrapdpeTpog
TTOU Pag OiveEl OUCIOOTIKA TNV TTOIOTATA TOU TTOAUKPUOTAAAIKOU UAI-

koU.

-
1,8 _—

///

eff/peffdark
>

0 1000 2000 3000 4000
light illumination LUX

[-—Vgs=1.5 =2 ——25 =3 4 =5 6 Vol |

2xnua 4: o A6yog KivnTikotnTag xwpic ews Kai ue Pwg yia TFT
W/L=100/10um Kai d1apopes TIUES Vgs.
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Me Tnv xprion Twv egicwaocwyv (1) wg (3) yia Ta TEIPAPATIKA POG
dedopéva eipaoTe o€ BEon va TTAPOUME EIKOVA YIA TIG TTAPANETPOUG
Vinv, Et, pgb//, ugi kai TIg evepyoug KivnTikOTATOG peff. Ztnv mapa-
TTAvw oX£on, KOITACOVTAG TNV avaAUTIKA, TTEPIMEVOUNE va TTNEEACE-
Tal N evePYN KIVATIKOTATA ATTd TNV £viaon Tou QWwTOG dIaPECOU TOU
ppayuatog duvapikou Vb. Baoi{ouevol AoITTév OTIG YETPROEIG HOG Kal
TIG TEXVOAOYIKEG TTOPAPETPOUG TWV €V AOYW peAeToUPEVWY TFT, utro-
AoyiCoupe TNV peTaBANTA peff yia didpopeg TINES TNG éviaong WTOG.
O Ab6yog TnG evepyoUg KIVNTIKOTNTAG YIO CUYKEKPIMEVN TIMA €vTaong
PWTOG WG TTPOG TNV EVEPYO KIVNTIKOTNTA OTO TTANPEG OKOTAdI (peff
/ueff_dark) ouvaptioel Tou QWTOG @aiveTal oto ox\pa 6a. Edw
@aiveral AoITTov 0TI N €TMPPONR Tou QWTOG oTo TFT cival peyaAuTepn
yla MIKPEG TTOAWOEIS VS Kal JIKpaivel 600 peyaAwvel n ToOAwon. lMNa
TTapddelyua, yia Vgs=1.5V prropoupe va doupe OTI N eVEPYN KIVNTIKO-

TNTA OXEOOV DITTAACIAZETAI VIO £VTAOT QWTIOPOU KOVTA

4
1,7 \
o 165 1 \
* \\
1,55 1 \

-500 500 1500 2500 3500 4500

light illumination LUX

2xnua 5: H lNoiétnta rou moAukpuaoTaAAikou uAikou yia eva TFT
100/10um
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Vb/Vb_dark
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——Vgs=15 @2 42533 54 ——5——6Volt

(B)
2xhua 6: (a) H tadon Vb rou TFT yia W/L=100/10um, (B) kai o Adyo¢

TOU WS TPO¢ 10 Vb yia TAnpes okoradl, yia dideopes evidoeis Pwri-

P
31,4 4
31,2
2 314
£
F 308
g
= 306
2
g
£ 304+
30,2 4
> |
[ R
30

0 500 1000 1500 2000 2500 3000 3500 4000 4500
light illumination LUX

2XNua 7: H KivnTikOTNTa OTNV ECWTEPIKI TTEPIOXN TWV KOKKWV EVOC
TFT yia W/L=100/10um.
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ota ©=4000 LUX, evw au&dvetal pévo katd 40% yia Vgs=4V. ETmi-
ONG MUTTOPOUUE VA dOUUE TNV ETTIPPON TNG £EVIaonG Tou QWTOG OTIG
TTapapérpoug Et,Vb kal ug ota oxnuara 5, 6a kai 7.

4. ANAMNTY=H OEQPHTIKOY MONTEAOQOY

2TIG METPAOEIG €£ODO0U TTOU Eyivay, yia Vds péxpl 6V, yia Vgs pé-
Xp! 4V kail yia évraon QwTIohou TTou @Tavel péxpl kar 5000 LUX,
BaoioTnke n dnuioupyia TOU HPOVTEAOU ETTNPEACHUOU TOU PEUMATOG
EKPOAG atTd TNV €vraon QwTiopou. OTTwG avagEpape Kal apyIKa o
A6yog (ld/Idark) Tou peupaTOC yia KATTOIO £VTOON WG TTPOG To peUudA
oe TTAAPEG OKOTAdI €ival autd TTou PEAETABNKE O1E€0BIKA XpNOIKO-
TToILWVTAG TO Aoyiopikd TableCurve 2D yia Tnv avaAuon Twv TTPOKU-
TITOUOWV TTEIPANATIKWY KAPTTUAWY. META a1t KATTOIEG OTTAOTTOINOEIG

TTPOEKUYE N TTAPAKATW HOPPA:

lg =1 0175-6(_5'4'10_5 -VDS3+A.@,V6§.658)

I

dark (4)
OTTOU:
A=0.013414.12710 TWIL (5)

kal To O eival ekppaouévo ae LUX.

H eukOAwg uttoAoyidpevn avaloyia f=1a/ldarc MTTOPEi va €-
QappooTei e@doov TTANPEi OAEC TIGC TTpoavaPepBeioeg TTPOUTTOBEDEIG
AeiToupyiag kai epOooV QUOIKA gival yvwoTo, JE KATTOI0 TPOTTO, TO
peUPa (ekporG) o€ TTANPEG OKOTADI yIO TO PEAETWUEVO TpaviioTop
AetrTou Ypeviou (TFT) givalr mAéov Bépa atrAwv UTTOAOYICUWYV, TTOU
MTTOpOUV va Yivouv ME OTTOIOdNTIOTE HOBNUATIKO gpyaAeio (TT.x.

Matlab), o utTToAOYIOUOG TOU PEUPATOG TOU £V Adyw TpavdioTop yid
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100410, ¥ygs=1.5v , LUX=0-3000 step=1000

Id1

Id1

0z i : ; i ;
1] 1 Z 3

Vds
(B)
2xhua 8: Xapakrnpiotiké¢c EEGOou yia (a) Vgs=1.5V kai
W/L=100/10um, (B) Vgs=2V kai W/L=10/10um.

I
cn
o™
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5041 0um , Wgs=2.5v , LUKX=0-3000 step=1000

0.01e T T T T T
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0.014
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0.008 -

Id1

0.006 43

0.004 4

0.oo0z
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0.035
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nozsf

oozr

11

0015 g 1

(B)
2xhua 9: Xapakrnpiotikés EE6Oou yia (a) Vgs=2.5V kai
W/L=100/50um, (B) Vgs=2.5V ka1 W/L=50/50um.

O1G@opeg evrdoelic gwTtiopyou. ETtriong agifel va emonuavBei om n
TTapAPETPOG A (TTOu €ival OUVTEAEOTAG OTNV éviaon QwTIoPoU) gival
avaAoyo TNG TTEPIOXNG, TOU EYPAdOU, TOU TTUPITIOU TTOU KaTaAauBdve-

Tl A1TO TO TPAViOTOP.
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MNa tnv eTaAnBeuon Tou “povréAou GwTtiopou” yia Ta TFT xpnoi-
MoTToINONKE éva paBnuaTtikd epyaAeio, ouykekpiyéva To Matlab. To
TTPOBANPa EAAEIYNG MIaG ox€ong TTOU va £TTOANBEUEl TA TTEIPAPATIKA
Mag dedopéva yia TO TTAAPEG OKOTADI EETTEPAOTNKE PAONUATIKA PE TV
Xprnon €vog TToAuwvuuou peydAou BaBuou, waTe n TauTion va givai
000 1O duvaTOV KOAUTEPN KAl VO PNV €I0AYElI ATTOKAIOEIG, TTOU TTPOE-
KUWE XWPIOTA yia KABE KATAoTOON HE TAIpPIAOUA OTIG TTEIPAUATIKEG
MOG TINEC. ATTOTEAéOPATA TIG TTPOCOMOIWONG TTOU €yIVE Padi PE Ta
TTEIPAUATIKA pag OedouEVA PTTOPEITE va O€iTe oTa oxApaTa 8 kal 9 yia
dldgpopa peyédn Tpavdiotop: 100/10um, 10/10pum, 100/50um kai
50/50um kai yia dIAPOoPES TTOAWOEIG.

5. ANANTY=H MONTEAOY NMPOZOMOIQZHZ

2TIG TTPONYOUMEVEG TTAPAYPAPOUS TTAPOUCIAcapE éva JadnuarTi-
KO-NUIEPTTEIPIKO POVTENO yIa TV €Tidpacn Tou QwToS oTta Tpavdi-
otop AemToU-Ypeviou. Twpa Oa TTAPOUCIACOUME TNV XPRAON TOu
MOVTEAOU aQuTOU OTOV TTPOCOMOIWTA KUKAwMATwY SPICE, woTte va
MTTOPEI va xpnoiyotroinBei amd évav ammAd XpAoTn Tou TTPOoYPAUMa-
T0G via TNV PEAETN TMOAUTTAOKWY KukAwpdtwy uttd Tnv £Tidpacn
PWTOG. H owoTh AeiIToupyia TOu dIACTAUPWVETAI KAl PE TTEIPAUATIKA
aTmroTeAEOATA.

Otmrwg dei¢ape Kal TTApATTAVW O ETTNPECCHOG PBACIKWY TTAPAuE-
Tpwyv, OTTWG TO @PAYMO duvapikoUu OTa Opia TwV KOKKwV (grain
boundaries GB), n kivnTIKOTNTA, N TAXUTNTa avaouvdeong aTa Opia
KOKKWV, 0 XPOVOoG (WG TWV QPOPEWV UEIOVOTNTAG KAl TO PAKOG TNG
didxuong [2,3,4], aiveTal oTnV TTPAEN ATTO TV AUENON TOU PEUPATOG

€KpONAG Tou TpavlioTop. MNapakdtw Ba deiCoupe Evav atrAd TpoTTo yia
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TN XPHOoN TOU TTAPATTAVW WOVTEAOU YIa TOV TTPOCdIOPICHO TNG augn-
ONG QUTAG ME TTOAU KOAK akpifeia OTOV TTPOCOMOIWTH KUKAWPATWY
SPICE. Kai €101 gmmekTeivOvTal OI dUVATOTNTEG PEAETNG KUKAWMNATWY
pe TFT.

Apéowg PETA Ba yivel yia oUvTOouNn TTAPOUCIaCT TOU JaBnuaTIKoU
MovTéAou, Ba akoAouBnoel N TTapouCiach TOU TTPOTEIVOUEVOU KUKAW-
MOTIKOU povTélou yia xprion pe 1o SPICE padi pe KATtroia ouykpITIKA
TTEIPAUATIKA atmoTeAEopaTa aAAG Kal atToTeEAéopaTa TTou AauBdvoupe
ME TNV Xprjon Tou povtélou o€ SPICE kai MATLAB. TéAog, éva tra-
PAdEIyUa XPAONG TOU KUKAWMATIKOU POVTEAOU O€ £va TUTTIKO KUKAW-
MO Ba TTAPOUCIACTE YIa TNV TTEPAITEPW KATAVONON TOUu atrd ToV XpPN-

o).

6. ANANTY=H MAOHMATIKOY MONTEAOY

To povtého, TTou TTPoBAETTEI TNV €TTiIOpacn Tou QwTdS oTa TFT,
BaoioTnke oe PETPAOEIC XapaKkTnpIloTIKwyv EEGdou TTOU Eyivav Kai
TTOPOUCIACTNKAV O€& TTPONyoUuEVnN TTapAdypago, Kal @aivovral oTa
oxApata 9. Otmwg eitTape Kal TTapaATTavw 10 JOVTEAO KATOANYEl O€
MIa avaAoyia Tou PEUPATOC PE QWG WG TTPOG TO PEUNA OTO OKOTADI.
AUTA N €UKOAWG utToAOYICOPEVN avoAoyia UTTOPEI VO EQPAPUOOTEI
€QOOOV TTANPEI OAEG TIG TTpOAVAPEPOEITES TTPOUTTOBETEIG AsITOUpYiag
Kal €pOOOV QUOIKA €ival YVWOTO, PE KATTOIO TPOTTO, TO PEUNA EKPONG
o€ TTAPEG OKOTADI yia TO peEAETWHEVO TpavlioTop AETTTOU Yueviou
(TFT) civar TTAéov B€ua aTTAWV UTTOAOYIOPWY ,TTOU PTTOPOUV va Yi-
VOUV € oTTolodnTToTE pabnuaTtikd EpyaAcio (11.x. Matlab) , o uttoAo-
YIOPOG TOU PEUPATOG TOU €V Adyw TpavdioTop yia dIAPOPES EVTAOEIG

PWTICPOU.
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7. ANANTY=H KYKAQMATIKOY MONTEAOY

H akpIB¢ Kal cwaoTr) TTPOCOMoIWoN Eival AtrapaitnTn yia Tnv
oxediaon oUyXpPovwv Kal ATTOTEAECOHATIKWY KUKAwMATwyY. MNa va
avaTTuxBouv véa povtéAa Aoitmov Ba TTpéTTel KABe xprioiuo pabnua-
TIKO YOVTEANO TTOU TTEPIYPAPEI TNV CUPTTEPIPOPA EVOG OTOIXEIOU UTTO
O1GQopeG OUVONRKEG Va YIVETAI KAl “XEIPOTTIA0TO €PYOAEi0” oTa XEPIA
€VOG 0XedIO0TA YE EUKOAO Kal ypriyopo TPOTTo. AUTO TTPOCTTOBRCaUE
VO KAVOUME KAl 0€ QuTV €dW TNV TTEPITITWON. EV TTpoKEINEVW TO
TTPOYPAUUA TTOU XPNOIYOTIOIEITE TTAYKOOMIWG, Kal Bewpeital Kal 1o
MO A&IOTTIOTO AUTH TNV OTIYMN, YIO TNV TTPOCOM0IWON NAEKTPOVIKWY
KUKAwMATWY gival To H-SPICE. Emidpacn Aoimmév Tou QwTdg OTa
Tpaviiotop AetrTou-Ypeviou (TFT) TTPOCOMOIWVETAI PE PIO EEAPTWE-
vn TNYR PEUUATOG TTAPAAANAG OuvdedEUEVN TTPOG TNV TTNYN Kal -
Kporj Tou peAeTwpevou Tpavdiotop. O mrpoocopoiwtig Tou H-SPICE
Oivel Tnv duvatoTnTa YIa XPAon TTOAUTTAOKWY OAYEBPIKWYV EKPPATEWV
yla TNV e€aptnuévn tnyr pEUPATOC.

Me Baon Tnv oxéon 1 10 emMTTPOOOETO peUPA TTOU dNPIOUPYEITAI

artro 10 wg diveTal atro TV oxEon (6):
;:'LIJ; == _Lr‘_-q.’ - -lrdc.',:l'.fc = ddavrk - |’1{]'1T5

exp(—5.4-10751,.2% + A- h
|

7 ~iess) — 1)
(Vo) 1658

(6)

‘ETO1, OTO TTPOTEIVOUEVO POVTENO, TTOU QaiveTal oTo oxApa 10, 10
Tpavgiotop TFT trapdyel 10 peupa TTOU Ba €iXe UTTO TNV TTApoUuCd
TTOAWON 0TO OKOTAdI. To emmTpdoBeTo pevpa Ald Adyw Tng TTAPOU-
oiag ewTIoPoU TO TTapdyel n e€apTnPévn TTNYR PEUMATOG Kal EEQPTA-
Tal ATTO TNV TIP TOU PEUPATOG OTO OKOTAdI, KAl TNV TTOAwON Tou
Tpavdiotop Vgs kal Vds kal Quoikd Kal atrd TIG OI00TACEIG TOU TPAV-

Ciotop W kai L, 61Twg GAAwOTE Kaveig dlakpivel Kal atrod Tnv oxEon 6.
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nd l
TFT
ng 4 4 lldark Ald

2xnua 10: KukAwpariké MovréAou Emidpacn ®wroc.

210V TrpooopolwT) Tou H-SPICE 10 TTpOTEIVOUEVO POVTEANO TTOU
TTEPIYPAPEI TNV CUPTTEPIPOPE evog TFT pe diaoctdoeig W=100um Kai
L=10uym pTTOopPEi Va €ivai:

m1 nd ng ns TFTn w=100ul=10u

G1 nd ns CUR = "i(vid)*(-1+1.0175*exp((-5.4e-5)*
((V(nd)-V(ns)) **3)+ ((0.0134 +w *1*4 .12 e —-6) * (fws) ** (0
5)) /((V (ng) = V (ns)) ™ (1.638)))

Otrou 1a ng, nd kai ns gival o1 KOUPOI TNG TTUANG, TNG EKPONG Kal
TNG TTNYNS Tou Tpavdiotop, 1o fws cival To pwg oe LUX kai 10 i(vid)
€ival To pelpa Tou TPavEioTop yia TO OKOTADI.

AVTITTIPOOWTTEUTIKA OTTOTEAECUATA TNG EQAPHOYNG TOU €V AOYW
TTPOTEIVOUEVOU MOVTEAOU VIO TNV €gaywyr Twv XAPOKTNPEIOTIKWY
€€Odou ptTopeite va oOcite oTta oxnuata 11 kar 12. ZuykpITiKd, divovTal
(o1a oxAuaTa 11.6 kal 12.6) Kal Ta AvTIOTOIXA TTOU TTAipVOUUE aTrd TO
MaBnuaTiké povTéAo xpnoigotroiwvtag 1o MATLAB kaBwg kai Ta
TTEIPANATIKG atrd TIG peTproel. Ta TFT eivar W/L=100/10um, kai oTa
oxquata givar Vgs=1.5V ka1 Vgs=2.5V, aAA\d kai ewg =0 kai
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Id1 {uA)

it 10041 0um , Ygs=1.5v , LUX=0,2000
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o
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1 1M

il 3m 4n
Voltage Vds (V)

(@)

TFT, 100/10um , Vgs=1.5v , LUX=0,2000

50

£00

(B)
2xnua 11 : Xapakrnpiotikp E€6dou yia Vgs=1.5V evo¢ TFT ue
W/L=100/10um ue (a) 1o KukAwuariké povréAo rou SPICE (B) To
uabnuariké povréAo kat MATLAB. Ta mreipauarika dedouéva gival oto

(B) ue KUKAGkia.
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340 1t 100410um , Yas=2.5 , LUX=0.2000
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(B)
2xnua 12 : Xapakrnpiotikhp EE6dou yia Vgs=2.5V evo¢ TFT ue
W/L=100/10um ue (a) 1o KukAwuariké povréAo rou SPICE (B) To

uabnuariké povréAo kat MATLAB. Ta mreipauarika dedouéva gival oto

(B) ue KUKAGkia.
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®=2000 LUX. To peupa yia To oKoTad! Kal €dW TO UTTOAOYI(OUME ME
TNV XPAon €vog TTOAUWVUPOU KATOTTIV HIaG dIadIKaoiag TauTiIong ME
Ta Treipapatik@ dedopéva Pe TRV Xprion Tou TTpoypdupaTtog Table
Curve.

Otrwg @aiveral Aoimmév kai atrd 1a oxnuata 11 kal 12, 1o TPOoTEl-
VOPEVO KUKAWMATIKG POVTENO yia TNV TTPORAEWN TNG PETAPBOARG TOU
peUPATOG €KPONG Twv Tpavdiotop AeTToU YUEVIOU TTPOCOUOIWVEI
eCalpeTIKA TNV PETABOAR auth. AuTd éxel eTaAnBeutei o €va avTi-
TTPOOWTTEUTIKO apIBud ammd  Tpaviiotop atrd  didgopa  UeEYEDN:
50/10um, 10/10um, 100/50um kair W/L=50/50um kal o€ QvTiOTOIXEG

TTOAWOEIG.

8. MPOZOMOIQZH KYKAQMATQN

21NV TTapaypa@o auth Ba deigoupe TNV XPrOn Tou TTPOTEIVOUE-
VOU HMOVTEAOU yIa TNV TTPOCOMOIWoN KUKAwMATWY. ‘Eva amAd mTapad-
Oclyua TTapaTiBeTal yia TNV €UKOAN KaTtavonon Tou: H Tpocouoiwon
€VOG TUTTIKOU driver yia OLED, 6mwg @aiveral kai oto oxnua 13, 6a
TTEPIYPOAPE TTAPAKATW.

To péyeBog Tou Tpavdiotop civar W/L=500/5um Kal uTTOBETOUNE
OTI TO KUKAWMA QWTICETAI, XPNOIUOTTOIOUUE TIG TTAPATIAVW OXEOEIG
KATAAANAQ TPOTTOTTOINUEVEG YIA VO TTPOCOUOILOOUUE TNV ETTITTPOCOE-
TN TTApaywyr peUPaTog Adyw Tou QwTIoPoU. ETriong 10 povTéAo TToU
xpnolgoTtrolgital, Kail eutrepiExetal kar oto H-SPICE, yia Tnv mTpooco-
Moiwon Tou pelupaTog 0€ OKOTAdI Tou TpavdioTop civar To RPI [7].

AVOAUTIKG O TTAPAUETPOI TTOU XPNOIYOTTOIoUVTAl Eival:

.model TFTn nmos level =62 vto=0 .9vkink=9 .1 tox=1e -
7 asat=0.87 ETA=7MUS=0.32 BT=0 LASAT=6.7e-7
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otou level=62 civar oto H-SPICE 10 RPI povtéAo kai o1 TTapdaueTpol

opioTnkav atro Tnv avagopd [7].

Vpulse

2xhua 13 : Tummko6g OLED driver

ApxIK&, TO KUKAwUA TTPOCOPOIWONKE XwpPIig Tnv €TTidpacn Tou
PWTOG yIa va OOUME KAl VA CUYKPIVOUNE TNV PETABOAR TNG CUMTTEPI-
@opdg Tou. 'Eva atrAd diktuo RC xpnoiyoTtroindnke yia @opTio, HE
TINEG: R=1kQ ka1 C=5nF (oxAua 13). To ofua €ic6dou oTnv TTUAN
gival TTaAPOG Twy 60usec OTTwG @aiveTal GAAWOTE Kal 0TO oxfua 14a.
H Tdon €€6dou (otnv TNy Tou TpavdlioTop) Kal TO PeUPA €KPONAC
@aivovtal ato oxnpa 14B. daiveral kabBapd 6T TO YEYIOTO PEUMA Eival
1.15pA. Z10 oxua 143 Ye OUVEXEIC YPAUMEG Eival TO PEUPATA KOl JE
OlaKeKOPUEVES o1 TAoelG. ETriong pe x €ival yia TO KUKAWPO JE QWG
KAl JE TETPAYWVAKI VI AUTO XWPIG PuG.

2TNV OUVEXEIA KAVOVTOG TNV TTPOCON0IWOoN YIa TO KUKAwPA TTOU
QwriCetal pe ®=2000LUX kai pe tTnv idia €icodo Traipvouue TIG £€0-
doug TTou @aivovTtal OTTWG EiTTaue Kal TTpiv oTo oxnua 14B. Edw
Qaivetal 0TI TO PEYIOTO pelpa gival 1.6uA (TTepitTrou 40% pEYaAUTEPO)

KAl Y1 aQvTiOTOIXN augnan oTtnv Taorn £0d0u.
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(B)
2xnua 14: (a) NaAuog eicodou yia tov OLED driver (B) Eéodor yia

QWS Kal Xwpis Qwc.
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Ta BeTIKG atrdé autrv TNV augnon Tou PeUPATOG UTTOPOUV va gival
OImTAd. Mpwrtov, pe 40% peyaAutepo peupa To OLED goptwvel ypn-
yopoTEPA, OTTOTE Kal N aTTréKpIon/TaxuTnTa TNG €IKOVOG 0TV 086vNn
MeEyaAUTePN. AgUTEpOV, OTTWG €ival yvwoTO, N ewTevoTnTa £vOg pixel
OLED e&aptatal aueca ammd 1o pevpa [8,9,10] kai o TTOAAEG TTEPI-
TITWOEIG, AUTO €¢apTATal ATTO TO UAIKO TTOU XPNOIKOTIOIEiTAl, N €6Ap-
Tnon auth €ival ypapuikn. MNa autd n dnuioupyia evég driver TToU
EKMETAAAEUETAI TO TTAPATIAVW XOPAKTNEIOTIKA Ba odnynoel o€ Mia
0846vn n otroia Ba pTTOPEl AuTOUATA va pubuicel TNV QWTEIVOTNTA TNG

ME TNV METARBOAN TNG QWTEIVOTNTAG TOU TTEPIBAANOVTOG AgITOUpYiag.

9. ZYMIMNEPAZMATA

MapouoidoTnKe TO POVTEAO TTOU TTPORAETTEI TNV HETAROAA TOU
PEUPATOG €KPONG TWV TpavdioTop AeTTTOU Ypeviou Pe TNV PETAROAN
NG évraong PwTtiopou. H 10xU¢ Tou €TaAnBeUTNKE O€ Tpav{ioTOp
atro Aéilep avoTrTnon. e emouevn @daon Ba yivel n avdAuon o€ peyo-
AUTEPO aKOPa apIBUO TpavioTop WOTE Va gival duvaTr) KAl PIa OTATI-
OTIKA MEAETN yIA TIG TTAPAPETPOUG TOU HOVTEAOU KOl va PTTOPECE,
iowg, va YeVIKEUBEI n xprion Tou.

EvowpaTtwoaue 10 pabnuatikd JOVTEAO YIa TOV ETTNPEACUO TOU
TFT ammd 10 Qwg TTOU TTAPOUCIACAUE, OTOV TTPOCOPOIWTH KUKAWNA-
Twv SPICE pe emrtuyxia. E@apudotnke oe TFT KaTaoKeuaopéva Je

TNV uEBODO avoTITNoNG atro AéICep.
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Abstract—The impact of the light illumination on the
drain current of polycrystalline silicon thin-film
transistors is studied in this work. The increase of the
output current as a result of raised light intensity is
modeled, based on measured experimental data for
different Vy, , Vo, values and transistor sizes W/L. The
proposed model has been verified against the
measurements  and  the  simulated  output
characteristics give a good approximation in the sub-
threshold region.

I, INTRODUCTION

The influence of light on the performance of
polycrystalline thin-film transistors (TFTs) has been
studied for many years [1, 2]. It has been shown that, under
light illumination, basic parameters like grain boundary
(GB]) potential barrier height, mobility, GB recombination
velocity, minority—carrier lifetime and diffusion length are
madified [3]. The result of the modification is | 1t

revealed by an increase of the drain current of the TFT.
This performance is studied in this work and the influence
of the light intensity on the drain current is modeled and
experimentally verified The derived expression is giving
the ratio of the drain current under illumination over the
drain current in dark.

In the following, measurements of the output and input
characteristics of TFTs under various operating conditions
and light intensities are presented in section 2 and 3,
respectively, and the effect of light on the mobility and the
potential barrier height are shown. The proposed model
for the impact of light is given in section 4, together with
some simulation results obtained from application of the
proposed light-impact model on a typical TFT. The paper
15 concluded with a discussion and comments for further
work.

11 MEASUREMENTS OF OUTPUT CHARACTERISTICS

The measured polysilicon TFTs were fabricated on
solid-phase crystallized polysilicon layer (48 nm thick),
irradiated at room temperature in air ambient by KrF
excimer laser about 260 ml/em®. A standard n-
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Figure 2. The measured Cutput characteristics (3) for V=2 V and
{b) for V=4V, at various levels of light intensity for a 100/10pm TFT
h | metal- oxide iconductor (NMOS) self-aligned

process was used to fabricate devices of gate width W =
100,50, 10 pm and gate lengthL = 10, 20, 50 um
(various combinations of W/L). As gate insulator, a 120
nm thick Si0; was deposited by ECR-PECVD at 100 °C.
Details for the device fabrication processes are presented
elsewhere [4, 5]
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The 1 output ¢ istics of these TFTs are
shown in Fig.2 for Vi, =2 V and Vi, = 4 V and different
level of illumination (=0, 1000, 2000, 3000 LUX). It can
be noticed that the influence of light on the current Id is
reduced as the Vy, voltage is increased. For Vi, <3 V, the
drain current increase from “dark™ to 5000 LUX can be up
1o 50%. For V, = 4 V, the drain current increase is up o
P%. Measurements for larger values of Vi, (= 5, 6, 7 V)
show that the effect of the light becomes almost negligible.
Therefore, our study is focused in the sub-threshold region.
(V=4 V).

The variation of the drain current [y with the light
intensity @ (in LUX) is plotted in Figures 3(a) and 3(b) for
Vie= 1.5 and 2.5 V, respectively and for various values of
the drain voltage Vg (1.5,2,25,3,45,55)and fora
transistor with W/L=100/10um. It is clear that the current
variation with the light intensity is different for two
different V, voltages. Furthermore, the “dark” current may
not be precisely predicted by the known TFT models. To
overcome these difficulties, the current ratio Iyl as a
function of the light intensity @ the bias voltages Va, , Vi,
and the area "™ of the TFT will be modeled.
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Figure 3 (a). The measured Id versus the light intensity measured in LUN
for different Vs for V=15V for a TFT with W/L=100/10pm.
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Figure 3 ¢b). The measured Id versus the light intensity measured in LUX
for different Vi, for V=2 5V TFT with W/L=100/10pm.
1. MEASUMENTS OF INPUT CHARACTERISTICS
The measured input characteristics (I versus V,, for
Vg =05 V) of a typical TFT (W/L=100/10um) are shown
in Fig. 4 for various levels of illumination (0=0, 1000,

2000,

. 5000 LUX). From analysis of the input
we can also estimate the effect of the light

intensity on the effective carrier mobility py of the TFT.

The drain current of a TFT in the linear region can be
expressed as [6]:

0}

where C,, 1s the gate capacitance per unit area and Vi, 15
100

la ="t Colly Vi }a

p
001 +—
Kl
F i
ooo1 - 4
S B kP gl el et PP AT AR

Valtage Vgs (Volt)
[Fe=o=0 1000 & 7000 —w— 2500 Lux|
Figure 4. Input Characteristics of & TFT with W/L=100/10pm,

the charge inversion voltage. Considering an array of
square grains, where the drain current can follow the path
either along the grain boundaries or through the grains and
across the grain boundaries, the effective carmier mobility
depends on the grain boundary barrier height Vi through
the relationship [6]:

-
Mg =~ g+ Hsbi
1+ w e &7 @
Lg-w
0.56
¥y = 3
1+ i(;igim'_)
E

where g and pgy is the mobility for a carrier within the
interior region of the grain and along the grain boundary
respectively, w is the width of the depletion region at the
grain boundary, Ly, is the average prain boundary width
which is fixed at the value of 2 nm, L, is the average grain
size of the polysilicon layer and E, is related to the filling
of the traps and thus to the quality of the polysilicon
material and Vi, the inversion voltage.

Fit of the experimental Iy, versus V,, data with Eqgs. (1)

- (3) enables the deter of the parameters Vin, E,
g, Wy and the effective mobility pg In this expression,
the light illumination is expected to affect the effective

mobility per through the barrier height Vi, Based on the
measurements and the technology parameters of the
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studied TFT, the parameter p g is calculated for each light
intensity. The ratio of the effective mobility under certain
light intensity over the effective mobility in dark (per
/ey awe) 8 a function of the light intensity is plotted in
figure 5. It can be easily seen that the effect of the light for
low Vi, is more significant than that for higher V,

2 /
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gt Ahsmination LUK

4000

[F—vge15 =2 =28 =3 —4 —5 —6vat]

Figure 5 The effective mobility ratio of a TFT with W/L=100/10um for
various levels of light illumination and for V=08V,
voltages. Forexample, for Vi, =15V the effective
mobility is almost doubled at &= 4000 LUX, while it is
increased by about 40% for Vi, = 4 V. The effect of the
light illumination on the p E,. Vy and py; are
presented in figures 6, 7 and 8, respectively.
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Figure 6. The quality of the polysilicon arca of a TFT with
W/L=100/10pm for different levels of light illumination

IV. DRAIN CURRENT MODELING

The output characteristics (Ig, versus V) of the studied
TFT were measured for Vg, voltages up to 6 V, for Vi, up
to 4 V and for light intensities from 0 LUX (noted as [y
10 5000 LUX. The ratio Iyl was calculated in each
case and a fitting dure was implemented by using
the Software TableCurve 2D. After some simplifications,
we derived the following expression, which adequately
approximates all of the measured data:

a | o175, bs4107 v e ad@ s o) @

where: A=0.0134+4.12:107% .- L 3

and the light intensity @ is expressed in LUX. The defined
coefficient & =14/Tat can be applied under all of the
above mentioned operating conditions and, provided that
the “dark”™ current of a thin film transistor is known, we
can easily compute the current I for any light illumination
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Figure 7 (a). The voltage Vy of a TFT with W/L=100/10pm for different
levels of light illumination
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Figure T{b). The ratio of Vi/Vy s of 2 TET with W/L=100/10pm for
different levels of light illumination
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Figure 8. The interior mobility of a TFT with W/L=100/10pmn for different
levels of light illumination

intensity. Tt can be noticed that the light intensity
coefficient A is a linear function of the silicon area (WL)
occupied by the transistor.

For the validation of the proposed coefficient, a
mathematical tool (Matlab) has been utilized to caleulate
the impact of the light on the drain current. The
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Figure 9(a). Simulated output current (line) and experimental results
(circles) for different levels of light illumination and for V =15V for
100V10m TFT.
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Figure 9(b). Simulated output current (line) and experimental results
{cireles) for different levels of light illumination and for V=2V
for 10/10pm TFT.

characteristic comesponding to the “dark”™ current was
caleulated by fitting as a polynomial expression.

Trndicats

lated results, fogeth

with  the
are plotted in

ﬁgum; 9 [n;(b}r,{c) and (d) for various transistor sizes

and V,, voltages , showing very good agreement.

V.  CONCLUSION

A maodel that can predict the variation of the drain
current of TFTs at different light intensitics is presented,
It has been applied to excimer lased anncaled polysilicon

1 Aatene] £l Taral

TFTs and it was The

y. [ysis is
currently performed for a large number of TFTs to derive

the statistical distnbutions of the model parameters

involved with the light intensity.

DO , e e, LS00 siep=1000

Figure 9¢¢). Simulated output cument (Tline) and experimental results
(circles) for different levels of light illumination and for V =2 5V
for 100/50um TFT.

0B s 2 s | LLINS8-3000 siep=1000

Figure 9(d). Simulated output current (line) and experimental results
{circles) for different levels of light illumination and for V2.5V
for 50050um TFT.
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Absiraci—The influence of the light illumination on the drain
current of polyerystalline silicon thin-film transistors is studied
in this work. The increase of the output current as a result of
raised light intensity is modeled, based on measured experimental
data for different Vi, and V. values. The proposed model has
been verified against the and the simulated output
characteristics give a good approximation in the sub-threshold
region.

1. INTRODUCTION

The influence of light on the performance of polyerystalling
thin-film transistors (TFTs) has been studied for many vears
[1]. [2]. It has been shown that, under light illumination,
basic | like grain boundary (GB) potential barrier
ht. mobility, GBI recombination velocity, minority- carrier
lifetime and diffusion length are modified [3]. The result of the
modification is practically revealed by an increase of the drain
current of the TFT. This performance is studied in this work
and the influence of the light intensity on the drain current is
modeled and experimentally verified. The derived expression
is the ratio of the drain current under illumination over the
drain current in dark.

In the following, measurements of the output and input
characteristics of TFT's under various operating conditions and
light intensities are presented in Section 11 and 111, respectively,
and the effect of light on the mobility and the potential barrier
height is shown. The proposed model for the impact of light
is given in Section IV, wgether with some simulation results
obtained from application of the proposed light-impact model
on a typical TFT, The paper is concluded with a discussion
and comments for further work,

II. MEASUREMENTS OF OUTPUT CHARACTERISTICS

The measured polysilicon TFTs were fabricated on solid-
phase crystallized polysilicon layer (48 nm thick), irradiated
al room temperature in air ambient by Krl® excimer laser

Jept. of Physics, Microelectr. device characterization and design Lab,,
@ physics.auth.gr
'k, Dept. of Physics, Electronics Lab.,siskos@surf physics.auth. gr
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Fig. 1. The measured Output charcteristics for Vi,=2 V and various levels
of light intensity.

about 260m.J/em*. A standard n-channel metal- oxide -
semiconductor (NMOS) self-aligned process was used to fab-
ricate devices of gate width W = 100 pm and gate length 1. =
10pm, As gate insulator, a 120 nm thick 5i0; was deposited
by ECR-PECVD at 100 “C. Detils for the device fabrication
processes are presented elsewhere [4], [5].

The measured output characteristics of these TFTs are
shown in Fig. 1 and 2 for Vi, =2 V and V,, = 4 V
respectively.and for different level of illumination (d=(), 500,
1000, 2000, 3000 LUX). It can be noticed that the influence
of light on the current [y is reduced as the Vi, vollage is
increased, For Vy, < 3 WV, the drain current increase from
“dark” 1o 5000 LUX can be up to 50%. For V,, = 4 V, the
drain current increase is up to 9%. Measurements for larger
values of V. (=5, 6, 7 V) show that the effect of the light
becomes almost  negligible, Therefore, our study is focused
in the sub-threshold region, (V,, < 4 V).
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Fig. 3. The measured [y versus the lght intensity measured in LUX for
different Vg, for Vj,=1.5V.

The variation of the drain current [; with the light intensity
@ (in LUX) is plotted in Figures 3 and 4 for Vy, = L5
and 2.5 V, respectively and for various values of the drain
voltage Vi, (1.5, 2, 2.5, 3, 45 ,5.5). It is clear that the
current variation with the light intensity is different for two
different V,,, voltages. Furthermore, the "dark” current may not
be precisely predicted by the known TFT maodels. To overcome
these difficulties, the current ratio [/ lyare as a function of
the light intensity @ and the bias voltages Vi, and V., will be
modeled.

HI. MEASUREMENTS OF INPUT CHARACTERISTICS

The measured input characteristics (f; versus V., for V,
= 0.5 V) of a typical TFT arc shown in Fig. 5 for various
levels of illumination (=0, 1000, 2000, 4500 LUX). From
the analysis of the input characteristics, we can also estimate
the effect of the light intensity on the effective carrier mobility
ftepy of the TFT. The drain current of a TFT in the lincar
region can be expressed as [6]:
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Fig. 4. The measured fy versus the light intensity measured in LUX for
different Vip, for V5,=2.5V.
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Fig. 5. Input Characteristics of a TFT W/L=100/10pm.

where €7, is the gate capacitance per unit arca and V5, is
the charge inversion voltage. Considering an array of square
grains, where the drain current can follow the path cither along
the grain boundaries or through the grains and across the grain
boundarics, the effective carrier mobility depends on the grain
boundary barrier height Vy, through the relationship [6]:

i Ly
eff = — o — 2
Hegf v p Ly""‘"‘” (2)
Ly — “Il.xll _k:fl
0.56
¥y = ————— 3)
V, — Vine
g 2V = Vine)

E;
where jigi and pige is the mobility for a carrier within the
interior region of the grain and along the grain boundary,
respectively, wis the width of the depletion region at the grain
boundary, Ly is the average grain boundary width, which is
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Fig. 6. The effective mobility ratio of a TFT W/L=10/10um for various
levels of light illumination and for Vj,=0.5V.

fixed at the value of 2 nm, L, is the average grain size of the
polysilicon layer, I, is related 1o the filling of the traps and,
thus, to the quality of the polysilicon material and V., is the
inversion voltage.

Fit of the experimental [ versus V. data with Eqs. (1) - (3)

bles the determination of the 5 Viaws Ei, Bygbj /s
ftgi and the effective mobility j.;¢. In this expression, the
light illumination is expected o affect the effective mobility
jtepp through the barrier height Vi, Based on the measure-
ments and the technology parameters of the studied TFT, the
parameter fi. 7 ; is caleulated for each light intensity. The ratio
of the effective mobility under certain light intensity over the
effective mobility in dark (j.r,_-”;’pc;;_.;“,.;‘} as a function of
the light intensity is plotted in figure 6. It can be casily seen
that the effect of the light for low V. is more significant than
that for higher V,,, voltages. For example, for V. = 1.5 V the
effective mobility is almost doubled at $= 4000 LUX, while
it is increased by about 40% for V., = 4 V. The effect of
the light illumination on the par By, pgi o Vi and the
ratio of Vi/Vi_ ., are presented in figures 7, 8, 9 and 10,
respectively.

IV. DRAIN CURRENT MODELING

The output characieristics ([, versus Vi) of the siudied
TFT were measured for Vds voltages up to 6 V, for Vas up to
4 V and for light intensities from () LUX (noted as Ly, o
5000 LUX, The ratio £/ Ly, was caleulated in cach case and
a fining procedure was implemented by using the Software
TableCurve 21, After some simplifications, we derived the
following expression, which adequatcly approximates all of
the measured data:

Iy
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Fig. 11, The voliage Vj, of a TFT W/=100/10um for different levels of
light illuminsion

where the light intensity ® is expressed in LUX. The defined
coefficient f — I;/1,. can be applied under all of the
above mentioned operating conditio nd, provided that the
“dark” current of a thin film tansistor is known, we can easily
compute the current [; for any light illumination intensity.

For the validation of the proposed coefficient, a mathemat-
ical tool (Matlab) has been utilized to calculate the impact of
the light on the drain current by using ¢q.(4). The characteristic
carr\espondmg 1o the 'dark current was calculated by fiing as
a pol I exy TIIL. imulated results, her with
the correspondi 1 are plotted in
figures 11, 12 for 1/,,,. = L5 and 2.5 V, respectively, showing
very good agreement. However, the above analysis must be
performed for a large number of TFTs to derive the statistical
distributions of the model parameters involved with the light
intensity,

V. CONCLUSION

A model that can predict the variation of the drain current
of TFT's atd light i has been | d. It has

Vgs-ZEV, =0, 1000, 2000, 3000 LU

Current Id (uA)

0 1 4 3 4 -3 ]
Valtage Vs (V)

Fig. 12, The interior mobility of a TFT W/L=10K10pum for different levels
of light illumination

been apphcd 10 excimer ]md annealed polysilicon TFTs and it
was 1 succ . This of the drain current
could be exploited for tllc construction of a light sensitive
driver circuit for LCDs, so that, for example, the brightness of
the screen can be antomatically adjusted to the light intensity
of the environment. Such types of driver circuits are currently
under investigation,
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Spice Model for the simulation of the Light impact
on the performance of polycrystalline Thin-Film
Transistors

N. P. Papadopoulos, A. A. Hatzopoulos, 1. Pappas, D. K. Papakostas, C. A. Dimitriadis and 5. Siskos

Abstraci— The influence of the light illumination on the drain
current of polyervstalline silicon thin-film transistors has been
studied and mathematically modeled in our previous work [1].
This paper introduces a simple circuit model for the integration of
the mathematical model in the SPICE circuit simulation program,
making, thus, possible its Y for circuil de-
sign. Comp results | and lated
performance are presented, showing the efficient accuracy of the
cireult model.

I. INTRODUCTION

The impact of light on the basic parameters, such as
grain boundary (GB) potential barrier height, mobility, GB
recombination velocity, minority-carrier lifetime and diffusion
length [2], [3], [4], is practically revealed by an increase of the
drain current of polyecrystalline thin-film transistors (TFTs). A
model [1] has been proposed in our previous work that can
predict this increase with satisfactory results. The expression
that this model derives is the ratio of the drain current under
illumination over the drain current in dark. It is important to
have the ability to simulate this influence of light on the TFTs
using circuit simualators. SPICE which is a popular circuit
simulation program is utilized and a simple circuit model is
developed for the integration of the light impact model in the
circuit simulator. Therefore, the model can be used for the
design of various TFT circuit applications.

In the following, a brief presentation of the mathematical
model predicting the light influence on the TFTs is given in
Section I1. The proposed circuit model for its exploitation in
a SPICE simulating program, together with some comparative
experimental and simulation results obtained from the pro-
posed light-impact model on a polyerystalline TFTs i d

example of the application of this circuit model in a typical
circuit is presented in Section IV. The paper is concluded with
a discussion and comments for further waork.

1I. THE MATHEMATICAL LIGHT MODEL

The model, that predicts the influence of the light at
the drain current of the TFI's, was based on the output
characteristics (4, versus Vy,) of the studied TFTs [1], [5],
[6].The measured polysilicon TFTs were fabricated on solid-
phase crystallized polysilicon layer (48 nm thick), irradiated
at room temperature in air ambient by KrF excimer laser
about 2680mJ/em®. A standard n-channel metal- oxide -
semiconductor (NMOS ) self-aligned process was used to fab-
ricate devices of various gate widths. As gate insulator, a 120
nm thick Si0; was deposited by ECR-PECVD at 100 °C., The
measurements were for Vi, voltages up to 6 V, for Vy, up to
4V and for light intensities from 0 LUX (noted as Lirk) 10
5000 LUX. The ratio J4/ Iaark was calculated in each case and
a fitting procedure was implemented by using the Software
TableCurve 2D. After some simplifications, the following
expression was derived, which adequately approximated all
of the measured data:

fdx

where

P
= L.O01T5exp (—5.4 - 1079V, +A--_\/_:_.

A=00134+4.12.107° . W . L 2)

the light intensity € is expressed in LUX and W, L in gm. The
defined coefficient f = I4/l4ar can be applied under all of

in SPICE and in Matlab are presented in Section III. An
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the above 1 operating conditions and, provided that
the "dark’ current of 4 thin film transistor is known, the current
I for any light illumination intensity can be easily computed.
The light intensity coefficient A is a linear function of the gate
area (WL) occupied by the transistor.

For the validation of the proposed coefficient, a mathemat-
ical tool (Matlab) has been utilised to calculate the impact of
the light on the drain current by using eq. 1. The characteristic
corresponding to the "dark” current was calculated by fitting as
a polynomial expression. Indicative simulated results, together
with the corresponding experimental measurements, are plot-
ted in figures 1, 2, 3 and 4 for various transistor sizes and Vj,
voltages, as mentioned at their captions, showing very good
agreement.
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Fig 1. Sirmlated ooput cusrend (lins) and sxpetitrenial oz (drcles) for

Aiffesend Tevels of light illreination (=0, 1000, 2000, 4500 LI and e
VE=15V for 1004 0pa0 TFT
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Fig 2, Sirmlated cutput cusrend (ine) and sxpettrenial sonlts (dtcle) for
diffatent levals of light illurcination (£=0, 1000, 2000, 4500 LI and for
V=2V for 1040pm TFT

III. LIGHT-IMPACT CIRCUIT MODEL IN SPICE

Aecurate cirenit simulation is a prerequiste for effective
cireuit design and fabrication. To develop new models, any
nevw mathematical formula expressing a device catprt param -
ster modification Toust be trandformed in a form suitable for
implementation nsdng the typical cireuit slements providad by
the eitenit simulator In our ease the H-3PICE simulator is
utilized and the light impact on the drain euseent is simulated
by an additional current-depended current sourse, which is
considersd connected in parallel to the drain and souree pins
of the TFT, as shown infiz. 5. The H-SPICE simulatar allowws
the nse of multiple dependences in the algebraic expression of
the depended current soutee

Based on eq, 1the increase of the drain current due to light
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Fig 3. Simoodated cutput cusrent (Jing) and expeitrenial results (oitclas) for

Aiffarent lavals of light illurination (#=0, 1000, 2000, 4500 LUX) and for
V=25V for 10050pm TFT,
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Fig 4. Sionlated cutput cusrent (ling) and enpeitrenial rasults (oitclas) for
ifferent levals of light illurination (#=0, 1000, 2000, 4500 LU and for
V=25 for S0¥E0pT TFT

illimination can be expressed by

Aly = I — Igavi = Jgawse - (10175

exp (—5.4d- 10-5V¢3+A(%‘%p— 1)
Thus, in the proposed model (fig, 33 the TFT 15 supposed to
be dratwing the nominal Iy, . cuteent (for zero lght intensity).
The additicnal current due to light ilumination intensity & is
ineotparated through the entrent soures AT and itis depended
on the value of Tz and aso on the voltages Vo, and Vo,
and on the transistor sze (WL), as given in eq.3.
In the HEFICE simulator, the proposed model for a TET
with W=100pm and L=10 pm cen be described by the

(3
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Fig. 5 Eoquivalent Circuit Modal for SPICE

following lines:

ml nd ng ns TFTn w=100w i=10u
Gl nd ns CUR="4uid)#(—1+ 10175
+eop({—8.ds — 8) +({ Vind) — Vind) + 430+
((0.0134 4w 414 4126 — 6]+
(fans)+ +{0NH(V (ng) = V(rs)) 4 +{1 658)))"
where nd, ng, ns are the node mimbers of the drain, the
sate and the source of the TRT, respectively, fws s the light
intensity & in LU, and i(wid)is the ‘dark’ current of the TFT.
Represantative comparative esults from the application of
the new cirenit model and the corresponding measurernents
and Matlab caleulations based on eq, 1 are presented in fig,
6 and 7, for ¥,=1.5% and V,,=2.5V, respectively, for a TFT
with W=100pum L=10pm . The Light intensity was $=0 and
$=2000 LUK, The ‘datk’ (nomnal) current was sirmlated by
ning a polymoral curtent source, cdeulated by fitting on
our experirnental data, in order to overcormne the problermns of
incorrect pradiction of the nominal performance of our TFTs
by the internal H-SPICE TFT circuit mmedsl
A5 it can be moticed in the figures 6 and 7, the proposed
simple circuit model for the simnlationof the light illnmination
impact is accurately predicting the changs of the drain current
of the TFT. This has been verified for a varisty of wollages Vs,
and V,,, for different light intensities (from O to 5000 L)

e
and varicus transictor sizes W, L.

)

(5)

IV, SIMULATING CIRCUITS UNDER LICHT ILLUMIMATION

The proposed cirenit modsl has been used in the sirmlation
of a varlety of circuits. Its use for the sinmlation of a typical
OLED driver citeuit, as shown in fignre 8 is described next.

The Transistor size is WL=300/5um. Supposing that the
TFT used in the citenit is dllurninated, we vse the squations
4 and 5 properly modifisd. The model nsed to sirmulate the
TFT and caleulate Jgo . 15 this of RPI[E]. Analytically the
parameters of model nsed in HIPICE code file are -
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Fig. 6. (a) Sirnulated owtput cusent with Spice ared (b) Siraulated output cus
rarit (line) with Matlah and sxpesitnentd results icivcles) for lght il mdnation
(=0, 200 LUX) ard for ¥ze=1 5V for 100110 TFT,

TFTr rmres lewsl =82 ate =09
alink =91 for=1s—7 asat =087 ETA=7 (8
MUS =032 BT =0 LASAT =6Fe—7

whete level=62 in HSPICE stands for the RPI medsl, The
values of the coefficients vsed in the above model ae as given
in [€].

The cirenit was intially sirrmlated considering no light
illurmination on the TFT. A simple RC network was used as
a load, with R= 1k and C=5uF (figure &) The input sighal
at the gate of the TFT was a pulse with a period of S0usec,
as depicted in figure 9 a). The Ouiput woltage (at the Source
node of the TFT) and the drain curtent are plotted in figure
9 (b). It can be noticed that the maxirmm current value is
11504 (shown with negative sign, due to branch polarity in
the srmlatory,

reedel
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L miin e
Fig. 7. {a) Simulated output cument with Spice and (b) Simulated output cur-
rent {line) with Matlab and experimental results (circles) for light illumination (L]

(=0, 2000 LUX) and for Vgs=2.5V for 100/10um TFT.

Fig. 9. (a) The Input pulse used and (b) the simulated Output of the OLED
Driver (Source node Volage: Hne, Drain cumrent: dots and with lght: x ,
without light: square)

Next, the circuit was again simulated with the same input,
but with a light intensity of $=2000 LUX. The Output voltage
and the drain current are plotted in figure 9. It can be noticed
now that the maximum current has increased to 1.6pA (40%)
with a corresponding increase for the output voltage at the
source node.

The benefits from this current augmentation can be twofold.
Firstly, with larger current the OLED loads faster, and, thus,
the frequency of the picture changes on the display can be
higher. Secondly, as it is known, the brightness of an OLED
pixel is controlled by the current absolute value [10], [9] and
[11] and in many cases the dependancy is linear. Therefore,
the application of a suitable driver, that takes advantage of
Fig. 8. A basic OLED Driver. the above characteristic, may result in a display, which can be

Vpulse

45
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Ily adjusted to the bright of its environment.

V. CoNCLUSION

The model that can predict the variation of the drain current
of TFTs at different light intensities has been integrated to a
SPICE Simulation Program. It has been applied to excimer
laser annealed polysilicon TFTs and it was validated success-
fully using SPICE and Matlab.

This light-dependent drain current variation reveals the light
sensing property of the TFTs and it can be used in various
applications. For example, it could be exploited for the design
of a light sensitive driver circuit for LCDs or OLEDs, so that
the brightness of the screen could be automatically adjusted
to the light intensity of the environment.
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Abstract

The impact of the light illumination on the drain current of polycrystalline silicon thin-film transistors (TFT) is studied in this work.
The increase of the output current as a result of raised light intensity is modeled, based on measured experimental data for different Vy,

and V', values and transistor sizes W /L. The proposed model has been verified against the

and the si

1 output

characteristics give a good approximation in the sub-threshold region.

0 2006 Elsevier Ltd. All rights reserved.

Keywords: Thin-film (TFT): Light: 1

Impact; Model: Polverystalling; Sub-threshold region

1. Introduction

The influence of light on the performance of polycrystal-
line thin-film transistors (TFTs) has been studied for many
years [1,2], It has been shown that, under light illumina-
tion, basic parameters like grain boundary (GB) potential
barrier height, mobility, GB recombination velocity,
minority-carrier lifetime and difTusion length are modified
[3]. The result of the modification is practically revealed by
an increase of the drain current of the TFT, which can be
used in various applications, such as for LCD brightness
adjustment. This performance is studied in this work and
the influence of the light intensity on the drain current is
modeled and experimentally verified. The derived expres-
sion is the ratio of the drain current under illumination
over the drain current in dark.

In the following. measurements of the output and
transfer characteristics of TFTs under various operating
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E-mail adidresses: nikospivauth.gr (NP, Papadopoulos),
alkisi@ engauth.gr (AA. Hatzopoulos), dpapakosiael.teithe.gr
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conditions and light intensities are presented in Sections 2
and 3, respectively, and the effect of light on the mobility
and the potential barrier height are shown. The proposed
model for the impact of light is given in Section 4, together
with some simulation results obtained from application of
the proposed light-impact model on a typical TFT. The
paper is luded with a di and for
further work.

2. Measurements of output characteristics

The measured polysilicon TFTs were fabricated on solid-
phase crystallised polysilicon layer (48 nm thick), irradiated
at room temperature in air ambient by KrF excimer laser
with energy density 260mlJ/em®. A standard n-channel
metal-oxide-semiconductor (NMOS) self-aligned process
was used to fabricate devices of gate width W = 100, 50,
10pm and gate length L =10, 20, 50pm (various
combinations of W /L). As gate insulator, a 120 nm thick
Si0; was deposited by ECR-PECVD at 100°C. Details for
the device fabrication processes are presented elsewhere
[4.5].

For the measurements a SUSS Microtec probe station
was utilised with proper probetips and a white light source.
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The light intensity was adjusted at the desired levels by for different levels of illumination (@ = 0, 500, 1000, 2000,
using a light intensity luxmeter of MetraWatt. The  30001x). It can be noticed that the influence of light on the
measured output characteristics of these TFTs are shown current [y is reduced as the I, voltage is increased. For

in Figs. 1 and 2 for Vg =2 and 4V, respectively, and V<3V, the drain current increase from ‘dark’ to 5000 1x
Vgs=2V
1 v
08 ot

0.8 s _...-lt\‘"*"
e
06 y"") = M

1
_5 '..-'-‘V_
%] —
g
5 04
3 o
0.3
02
0.
0 J
[ 1 2 k] 4 ] 6
Voltage Vds (V)
—— LUX=0 —t— 1000 s 2000 3000

Fig. 1. The measured output charactenistics of a TFT with /L = !I-“i’nm for ¥ = 2V and vanous levels of light intensity (@ = 0, 1000, 2000, 2000 x).

Vgs=4v
2 .

20

Current Id (uA)

o 1 2 3 4 5 L]
Voltage Vds (V)

—— LUx=0 —&— 1000 —— 2000 ——3000

Fig 2. The measured output characteristics of a TFT with 19/L = W ym for ¥ = 4V and various levels of light intensity (¢ = 0, 1000, 2000, 2000 1x).
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can be up to 50%. For V, =4V, the drain current
increase is up to 9%. Measurements for larger values of
Vg (= 5,6,7V) show that the effect of the light becomes
almost negligible. Therefore, our study is focused in the
sub-threshold region (Vy, <4V, since Fy=4V for our
transistors).

The variation of the drain current [y with the light
intensity @ (in Ix) is plotted in Figs. 3 and 4 for V', = 1.5
and 2.5V, respectively and for various values of the drain
voltage Fy, (1.5, 2, 2.5, 3, 4.5, 5.5V). It is clear that the
current variation with the light intensity is different for two
different 7y, voltages, Furthermore, the ‘dark’ current may

Vgs=1.5V
0.21 4
L&
0.19 | /+_—
—
0.17 — —
T 0.15 j:_._/ J/F" p—"
2 —
: 013 s r‘£=.
£ w 1
3 o1 s
o= |
007
005 4 \
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Light ilumination LUX

——\Vds=1.5 —8—2 —i—25 ——3 —6—45 —e—55V

Fig. 3. The measured f4 of a TFT with #/L = {7 jun versus the light intensity measured in Ix for different P, (= 15,2,2.5,3,4.5,55V) for Iy = 15V

Vgs=25V
|| | e
a5
| k"]
3 =
g ik
=2 _—
E 25 ¢
3 —— T [
A"
2
15 + i
1] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Ught illumination LUX
[——vas=15 —a—2 —a—25 ——3 —e—45 —e—55V"

Fig. 4. The measured f4 of a TFT with /L = Y pm versus the light intensity measured in Ix for different Vg, (= 1.5, 2,2.5,3,4.5,55V) for g = 25V,

49



1316

not be precisely predicted by the known TFT models. To
overcome these difficulties, the current ratio fy /g as a
function of the light intensity &, the bias voltages 'y, and
Vg, and the transistor sizes W, L will be modeled.

istics

of

The measured transfer characteristics (fy versus Ve, for
Vs =0.5V) of a typical TFT are shown in Fig. 5 for
various levels of illumination (& = 0, 1000, 2000, 4300 1x).

N.P. Papadopoulos et al. | Microelectronics Jowrnal 37 (2008) 1313 1320

TFT in the linear region can be expressed as [6]:

-
T =" ke CalVe = Vi)V M
where Cy, is the gate capacitance per unit area and Vi, is
the charge inversion voltage. Considering an array of
square grains, where the drain current can follow the path
cither along the GBs or through the grains and across the
GBs, the effective carrier mobility depends on the GB

barrier height V7, through the relationship [6]:

From the analysis of the transfer characteristics, we can  Har = W te PLs (2)
also estimate the effect of the light intensity on the effective 1+ =T XP T
carrier mobility gq of the TFT. The drain current of a *
0.56
Vy = ———, 3
- = AWy = Vi) @
EI
10 where puy; is the mobility for a carrier within the interior
region of the grain, w is the width of the depletion region at
I the GB, I, is the average grain size of the polysilicon layer,
g 1 E: is related to the filling of the traps and, thus, to the
E quality of the polysilicon material and ¥, is the inversion
01 Itage.
3 Fit of the experimental [y wversus V4 data with
o0t Eqgs. (1) (3) enables the determination of the parameters
; Vims Et, pt and the effective mobility p.q. In this expression,
the light illumination is expected to affect the effective
0001 4 i# mobility g through the barrier height 1", Based on the
O b Pl TP kPP O P AT AT measurements and the technology parameters of the studied

Voltage Vgs (Volt)
[~—2=0 = 1000 . 2000 —s—4500 L]

Fig. 5. Transfer charactenstics of a TFT W/L =} um for various levels
of illumination (& = 0, 1000, 2000, 2500 1x).

TFT, the parameter uqy is calculated for each light intensity.
The ratio of the effective mobility under certain light intensity
over the effective mobility in dark (ur/ fter g ) @5 a function
of the light intensity is plotted in Fig. 6. It can be easily seen
that the effect of the light for low 5, is more significant than

2 "":
A”f
_’/ ./‘
1.8 /r_‘/_
// 7~ il —"
bl
i 1.4 ///' / =
1.2 - i
1
[+] 1000 2000 3000 4000
light illumination LUX
——\Vps=15 82 —a—25 83 =4 S & Voit

Fig. 6. The effective mobility ratio (i #yge) of 8 TFT W/L = ¥ um versus the light intensity measured in 1x for different g and g = 0.5V,
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Fig. 7. The grain boundary p

meter Ey of the polysilicon of & TFT W /L = Y jum versus the light intensity measured in Ix, extracted from the wansfer
characteristics.
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Fig. 8. The interior mohility of a TFT W /L = %mn versus the light intensity measured in Ix, extracted from the transfer characteristics.
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Fig. 9. The ratio of the grain boundary barrier height (¥ Fpgei) of a TFT W/L = %pm versus the light intensity measured in Ix, extracted from the
transfer characteristics.
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that for higher ¥, voltages. For example, for Vy = 1.5V
the effective mobility is almost doubled at ¢ = 4000 1x, while
it is increased by about 40% for ¥y, =4V,

The effect of the light illumination on the parameters E,,
fig and Vy, is presented in Figs. 7 10, respectively. As it can
be seen the GB parameter E; of the polysilicon material
and the interior mobility (uy) is degraded as the light
intensity is increased. Finally, the effect of the light on the
GB barrier height (1) for low Vi is less significant than
that for higher Iy, voltages.

N.P. Papadopoulos et al. | Microelectronics Jowrnal 37 (2008) 1313 1320

4. Drain current modeling

The omtput characteristics (4 versus V) of the
studied TFT were measured for 1y, voltages up to 6V,
for Vg up to 4V and for light intensities from 01x (noted
as fg) to 50001x. The ratio fy/fge was calculated
in each case and a fitting procedure was implemented
by using the Software TableCurve 2D. After
some simplifications, we derived the following
expression, which adequately approximates all of the

024 =
e
022 =
— |
g 02 - — _—
: 1
2 0.18 2+
—
s 0.16
> 014 g
F *
on g -
o1+ = =
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Light ilumination LUX

].._vgu 15 o2 i 2.5 i} il 5 5 6 VOR [

Fig. 10. The grain boundary barder height (voltage V) of a TFT W/L
characteristics.

10010 , Vgs=1

=¥ um versus the light imtensity measured in Ix, extracted from the transfer

Sv , LUX=0-3000 step=1000

Lna)

.04

.oz

@
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Fig. 11. Simulated output current (line) and experimental results (circles) for different levels of light illumination (¢ = 0, 1000, 2000, 2500 1x) and for

Vg = 15V for | um TET.
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measured data: where

A=00134+4.12 % 10°%. W. L (5)

4 " Vi
T = 10175 HP(-S-‘* X 107 Vg + 4 ('V_)f_'a's'i)s (4 the light intensity @ is expressed in Ix and W, L in pm. The
. defined coefficient £ = I4/Jaui can be applied under all of

1010, Vgs=2v , LUX=0-3000 step=1000
018 . . ,

3
N veln)

Fig. 12, Simulated output current (line} and experimental results (Grcles) for different levels of light illumination (& = 0, 1000, 2000, 4500 1x) and for
Ve =2V for fjum TFT.
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Fig. 13, Simulated output current (line) and experimental results (crcles) for different fevels of light illumimation (@ = 0, 1000, 2000, 45001x) and for
a =25V for Pum TFT.
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Fig. 14. Simulated output current (line) and experimental results (circles) for different levels of light illumination (@ = 0, 1000, 2000, 4500 1x) and for

Vi =25V for £pm TFT.

the above mentioned operating conditions and, provided
that the ‘dark’ current of a TFT is known, we can eavaly
compute the current fy for any light illumination i \'H

the design of a light sensitive driver circuit for LCDs, so
that lhe brightness of the screen could be automatically

It can be noticed that the light intensity coefficient 4 is a
linear function of the gate area (WL) occupied by the
transistor.

For the validation of the proposed coefficient, a
mathematical tool (Matlab) has been utilised to caleulate
the impact of the light on the drain current by using
Eq. (4). The characteristic corresponding to the ‘dark’
current was calculated by fitting as a polynomial expres-
sion. Indicative simulated results, together with the
corresponding experi I are plotted in
Figs. 11 14 for various transistor sizes and 1, voltages, as
mentioned at their captions, showing very good agreement.

5. Conclusions and discussion

A model which can predict the variation of the drain
current of TFTs at different light intensities has been
presented. It has been applied to laser led
polysilicon TFTs and it was validated successfully for
various transistor sizes and 1y, voltage values in their sub-
threshold region (M, <4V). The effect of the light
illumination on the parameters E;, p;, and V7, has also
been studied, based on measurements of the transfer
characteristics.

This light-depended drain current variation reveals the
light sensing property of the TFTs and it can be used in
various applications. For example, it could be exploited for

djusted to the light i ity of the environment,
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