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Evaluations of the L eakage Current and Reliability

ONnNILC-LTPSTFTs

Student: Jen-Chi Chuang Advisor: Dr. YewChung Sermon Wu

Program of Semiconductor Material and Process Equipment
College of Engineering

National Chiao Tung University

Abstract

TFT display panels are widely used for consumer products'on worldwide market. Among
various techniques of fabricating Low Temperature Polycrystalline Silicon(LTPS) thin film to
obtain higher performance TFTs, Nickel 'metal-Induced Lateral Crystallization(NILC)
attracted considerable interest for‘their.better uniformity and crystal quality acquired at lower
annealing temperature and shorter annealing time.  However, in the processing of NILC
Poly-Si, residual Ni trapped by the grain boundaries and defects leads to introduce deep level
states and results in degradation of the device performance. Therefore, it’s very important to
fabricate NILC-LTPS TFT with higher performance and quality by reducing Ni
contaminations and dangling bonds of NILC Poly-Si thin film.

This study mainly provide simple and effective procedures to figure out the leakage current
paths of NILC-LTPS TFT by using performance improved TFT samples with various process
splits. Then, the influence of device reliability would be also observed.

The leakage paths of NILC-LTPS TFT are divided 4 parts to do discussion. (1)Gate oxide
leakage current, which is from bad oxide etching profile, or bad oxide growth quality. (2)Gate

induced drain leakage current, which is from higher electric filed applied between gate and



drain to induce drain leakage current. (3)Junction leakage current, which is from thermionic
emission, thermionic field emission, and pure tunneling of the PN junction. (4)Channel
leakage current, which is from electric field punch through, drain indruced grain barrier
lowing, and metal contaminations. Using electrical measurement methods to figure out which

one is key factor.

TFTs performance would be degraded under frequently operation with effects of electric
filed and temperature, then induced on-current reducing, threshold voltage raising, and
leakage current increasing. Herein, there are two parts to discuss device reliability. The first
one is Bias Temperature Instability(BTI), which is a device degradation effect from dangling
bonds of the interface between gate oxide and Poly-Si are generated by Si-H bonds broken
under voltage bias gate and high temperature environment with combinated Hydrogen
diffusing out. Another one is Hot Carriers effect Injection(HCI), which is degraded from
interface trap states increased by gate oxide ‘bombarding of impact ionization. The ionization
electrons and holes are generated by impact from accelerating carriers to neutral atoms under

high electric field of voltage bias drain on device on-state.

Two experiement samples~are demonstrated in this study. One is NILC Poly-Si with
interface treatment of CF, plamsa etching gas before gate:oxide deposition. This method
could improve device performanee with reduction of Ni=metal residues by slightly plasma
bombarding and decrease of grain boundary trap states by bonding of Fluorine and Silicon.
Another one is raising device performance with decrease of Ni contamination by amorphous

Si gettering of source/drain side through metal contact via.
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LEXF A PE ST BRI AT RPE S A

L VR B E R R R o BB RESE S LR R IC AL DER

E

= »
3

BER S 44 HARM S TAB 2 PCB i e hB R & £ 8 > 7 i P45 )
F 5 R 9 10%~20% » iE & A 5 A1 g oo

FHARLET Be v LR o TAB @A i 2% 8o w4 Heha 7]
B3 TABeitE#g @ hlgr BaFav ARENHES -

TR SRS TR A GRS e S 4 LTPS-TRT 2§ 3 43 B8 &
R & /& (Threshold Voltage)srd 1+ Fptite 7 2 5% 6 7 in T » SpH> LTPS-TFT
ﬁﬂ?@'ﬂ RCICRERE R A ot R S i SR
i e 4 1-1[5]70 415 a-SITFT s LTFDS}TFT_&»; S G L B o

1

I..

il

1
:  electrode |:) h ! .
P h ;
- Draln  |:| pPRoss H
qul;q_..‘l.___‘_l__a"‘" Effocisee Area
o e ETIOS T e
I : area |:rlE =
s TFI lectro p-§i TFT

Aperture ratio
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# 1-1a-Si TFT & LTPS TFT 4 4¢ $i2[5]

a-Si TFT LTPS TFT
Mobility 0.3~1cm?/V-sec »50cm?/V-sec
TFT 5T 4% &1 4% 1 #1/2
w4 3% 180G 300G
af 3R L £31,000=k >=10,000:K
i % e EE B 4,00018] 1= 25 <20048 $E 25
PCB# & 2h 1h
raprcas | S -
B BB A B 27048 19548

15 RBEAHHF B hH>iZ

MBEAE S # NE AP EEE P ERRER Y B R A Z T FRFAMNEHZ
(SPC, Solid Phase Crystallization ) ~ # & + 5 &+i2 "¢ (ELA, Excimer Laser Annealing) 2 £
331 & 3w e % 5% (MIC/MILC, Metal Induced Lateral Crystallization )% » 2 ™ #-
A 2 A<

15.1 H4p % &2 (SPC, Solid Phase Crystallization )

8 é{é%&ﬁ’*mﬁhﬁﬁ&ﬁm}wéo—&ﬁﬁ%{;émﬁiﬁ
JE ¥ BT 600°C 24~72 ) preid b o S0 IR chf 0 T o gt
&£§*@ﬁoﬁiﬂ”ﬁﬁ%&%%@ﬂﬁﬁﬁﬁﬁﬁ%?#Fﬁﬁﬁ
S APt ARE R A P Bk P gk pnd o ¥ IV ERER T A - g
R (- S A B N 5 600°C 2 %) 0T i § i3 A s ) %E‘@?J
AR . FAR R S ¢ 352 BH B0 A W5 2 P(Nucleation){r & & (Growth)
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Pix ¥ A G 3 = 12 (Homogeneous)fr £ 5 (Heterogeneous) = 1% o 12 B 4p % db i K3k «
AERFAG G ARG AR ) R RE 0 RE R S ?ﬁ}ﬁ'—* T hFEE A28 ?’T

FRoEA AL s FIMA DR PE TR PGET  RELEBEFAER o L E - HDF
&

~m)

=
=
oo
P
P
ke
=3
ju
™

v B (s T i I e e dt fas o #0° 'z"ﬁ*‘é‘_’_ﬁﬁ%‘&%a‘%

(Micro-twin)[6] F] " 18 #ria dl e & W T S AT 2 iF o
152 # 4o+ § 83 L % i (ELA, Excimer Laser Annealing)

ELA W& AF Jo # & g R ¥ #030 450°C » A 3 F 5T L iR o § SR GE
Pt hAis > €A N BB AT T HEL > FHIE F AR A o
G B PR FER N R B A A B
S A B F R R Bt Y TFT B~ 22 % 8 5dr TFT ~ 2 M4 and
[7] B+ 382 & £ A% XFEFE By R T bt ( High-output pulsed lasers) #
Wk ARl A o R P T 2L i 4 10N o B e B el 6 0 g
fe ek KAl 0 R o B TR A ER L 0 YRR aua3 7 i S
B gy o i g ff g A REUAGAE L TvER g fx
FEHBELF R AREH e AR BRSO A g A AL B o IR g ERAG A
Mo BERFE ATy Rilg B g G AR A TR T HFR 20
e AR WUF PGS LR FE AT AG H Y F R G HE LS
AT LR AR L0 2 > R G E 9] B e - BTk 0 HAF R E

B o K LS T F I EAoR 12 977 o Fli XeCl # 45 § 5 E L § A
it %Lﬂﬁpﬁn3%Mﬂ@r VB SENEE A R e (~106 e i gk o o0 %
ST XeCl o+ G54 ERFL 4 o

\"‘b

o2t BoEs AR TeR li{_g/,; kr]’;‘f’lﬁg

AN

TR S o F O

3012 AT FFME B R E

Laser gas F> ArF KrCl KrF XeCl XeF

A (nm) 157 193 222 248 308 351

153 3% | £ BFF R HEMIC/MILC, Metal Induced / Metal Induced
Lateral Crystallization )

Wagner fv Ellis 2 1963 2 # > £ enF 2 £ Ko nFetp L fh B A FHF EH
T UL RS- BAEF AL R F (e D AIB] - Au[9]E) 0 d 2tk S EE
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VR R F V- BREAPEHTERMN > AU T L AMET AL RS o Al S B M. S,
Haque &4 3 ¢ 45 Al & Sichk SR & & 577°C » i & 200C = + i B 422 a-Si A &
- .:@g-g% o B N HETE S WR aSi B & FREFE £ BB GER Sk #

- AR R NI 2 e F S 4 4 2 (Metastable) g2 it o (B 40
Ni[10]~[13] ~ Pd[14],[15]%) > &a® - # > oifier » £ B R FPpd 32 4 6 D
Si-Si & 425 4 F J& 0 "% M a-Si g & 7 F e (Energy Barrier) o i@ (803 5 B R TE M o
-y E S Nio oA Bsdle B A Flet o NI RSP B af & B F 8 i
#2o Ni g L& SiF g e i [16] & hif a-Si H s > § A2 F SihNiSi; -
d B 1-3=Ni-Si £ g p d 5t B[17]¢ ¥ &> & NiSi; ® o Ni B3+ & NiSi, & a-Si 4/ & ¢
podacrt & NiSi 2 ¢-Si g™ iz®pd v L g Ni A+ ALaSi s F2
2 NiSip ¥ 7 Si =+ & NiSip &2 ¢-Si /i & «17p d i+ & NiSi; & a-Si /i & fft > #7145
BERd 4 BRie Si i+ A C-Sien™ v ifico iR % €@ F NiSp#FFeaSiuwi »adr
F2 meA 2SI o d Hayzelden 1993 4 dias A 484] > 7 L € & NiSip + 25 =
C-Si & s 1% 0 7R 15 Si € /L C-Si/NISI, s/ R T @ F 8% 5 0 4B 1.4(a)“771 > &% >
= NiSiy e4f %3 (leading edge) fe) = B da "(c-Si) % 2 m 5 7 "% ™ Ni # NiSiy/c-Si 4
# Jesit 1 (Chemical Potential) > %]# Ni“g A NiSip/a-Si /i & rdfic > # i@ = NiSiy
B A o e L A5 — BATERNISIHCSIE Ao A 1.4(0) 0 » ptiEse- B E4F 0 F)m F

Flék g w2 8 0 B 1.4(c)

>
> HNisi,c-si
e
© HNisi,/a—si
§ NiSi,
[ ¥
IS
= Si
H’NlSlz/c—Sl
U Nisi,/a—si
Sirich A
Ni Atomic%Si 66.6%Si Si

_— A\ —

B 1-3Ni-Si = & p ¢ i B
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Bl 1-5 5 Si & NiSip ihds # %4 o Si & 47 (Diamond) 15 ~ & 12 % # 5 5.430A ;
NiSi; B> % (Fluorite) %5 # ~ & # % #ic 2 5.406A > = LR E ST ey SRl R
% 7 pe(Lattice Mismatch) @3 0.449% - Y #ﬂ ? NiSip #£7 27 B Ap 1 ini g
EEBITOLE TR FIMATREREATEHOP c AP ARTHRY B NI 53
wRLTERE -

EAAEHAY BWERES > RRHSELF P PR EEBITR 0 4 5 Ni
Fol RGO B L RY ww:fﬂﬁ»?b i Pl Niopd 1R a%ﬁ%’ﬁ“rﬁi;“#ﬁ’z
(Interstitial Diffusion) &k #-:# # & o Gt 8417 > g% #(D) ¢ ﬁ = Arreherius > #2;% :

D, =D, exp( j (1-1)

Ho H| Y »:”ﬂ%,L.ﬂ Dlop#ﬂjﬁﬁtﬂ& TLZEE 2 Nim Mz hozt B ozs o P
$7 ta e+ 28 2.9%10exp[-1.3(eV)/KT] cm?/s[18] > % 400°C ™ » &9 % Bt & # ° JHich
S H A2 - o e RpATR I R FRRE AT 2R BN 2R ch A BT 8 F(intrinsic defect) - Ni A
LR Y BECGRET d TN AR

D,;(a-Si)=Dy(@=Si)/fi+aC exp(HE /kT)| a2

H o a=Zni(6%10)exp(SPnilKT) > C 5 Ak 1 Fer P = (traps) » o] ~ HB(S®) % 82— kst
Kol B R 3 473 a8 (OF) 0 Zyi e A U R Bl T 2 L (O) R AT
R (A R I R 3 ) 5 o d 2R 8% 5 B kR ehk FT 4 ik (intrinsic traps)
2 gt e HP o i3 NI 2b i@ @ chdBicik + 5 A adr 4] [18] -

A & Ni-Si 7 ¢ 2 & 2454 Ni R+ & Si ¢ Hdchie(s o & 200CH* Ni & Si
BAAZL ONiSiv 2 (S F I VE R 3 F 0 & 350°C ¥ NipSi i ibrg NiSi 4p 73~ %
A PEE AR BT B AT ATl @ A 750°C 2 4 ch% 8 NiSi MR 52 NiSi,

Lbfﬁmslzmﬂ FA R d AP R AFET A A [17] 0 - 41> 13
WAE? Nif 7 € 28220 F 7, NiSip> @ § L F 35 NiSi en/if&z4p > £ d NiSi
2 Si F @ 17 3] NiSipe & NiSi &2 Si ek s 4142 > NiSi 22 a-Si £ &2 = NiSip £t
L Rt VI ﬁf‘u{a-Si F 25 NiSi, %% % faP-eh> © 2 & 350C = i};? IEPE
NiSi, ;  NiSi £ ¢-Si ¥ &35 = NiSiy B {%%wm”c’ﬁwl » ¢-Si F 752 NiSip £ 7
FRO MU FERAFETAES o rﬂt“f!% F3 %8m0 Ni & aSi F pas
NiSi, k3 & fh 2 2 & (23 g & - B 1- 6(a)(b)ﬂ |07 4% & B L 2 B B B P
¢ R R T 4TA R 1L e 4p[19] o



A A A A
400 800
NiSi
300 151, 600 NiSi,
) O  nNisi,
200 NiSi 400 —Nisio S 2
4 Ni,Si, O
Ni,Si NiSi
100 200
@ Ni,Si .
Ni Si
(a) a-Si (b) c-Si
B 1-6 44 & B sk Aok iR B T 2@ 1 4 4p[19]
Ni £ a-Si & &7, 7 NiSip B 4 > 2 (8 NiSip s A8 o 4o
EERUET KGR A I RN BF A2 Az P
NiSiy #9745 $+ % 710 & & 22 2648 & ' r FAL e KT S e g Ee o RIS

£ RAHE R %% (MILC) D 4

— N s,

a-Si a-Si

=

Glass substrate Glass substrate

1 |
-
-

Glass substrate Glass substrate
I

Bl 17 & & Bt s e B h & £ 44
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MILC & & = & H EE > 4ow #rif NiSip (111) & 6 52 Si (111) T & hd 12 %
#nF 044% 7 Tz e § ¢-Si w NiSR{I11} T & + A4 L 73 €3 e A5
Do #7rs e MILC shi A2 ? o {111} 5 2 ¢-Si chipiE = % [17] - B 1-8 % 3 B 7 b b
w eINiSiy 1% 0 b 3 <110>e0i% T o NiSiy ~ & # g ehe B{111} » #-g T 7
Weht T 4o oo e £ ek phe 5 <100>RA <111>chfn T o {111} % ¥ 3 ¢ T (7 A
F oo #7TrL C-Sio e K #-E A E L T A G 4] o #102 ¢-Sithd £ ehiRiE dhe 5 <110>
A RESE S e 5<111>0 d 2 MILC § b sk ehifsf b > 970000 0 23 2 S R g B F ¢

FHEwM Y 25 MILC 2 2 &4 g gk o

—

)

10074
0 Inplane~ . S
growth of c-5i B oo

[111] 1

i

[110] t

(SR
1

® 1-8 MILC eh1ifif & £ 3.

16 THELFFA

161 & AR & K {3 4 Kecarrier trapsat grain boundary)

BR APPSR Y B S A B A Foh (B Rdpt ) B OPrE - gk
BE e fF Bt hF 2 Lhfe? Opd F3 8P o B A KD T TH RS BT
EG el o Bt B R ey g BEP S B s B E i o dof] 19 A7
TR RS R TR AR 50 A AR SR T DR o T R R BT -
% Z % ¥ o 1345 Poisson’sequation » &% £ BT i R F $ > A 2 €N
fILEPT L R P AR H[20] R R (V) se* kR N 2 24 %
% B Xq ' Poission’s equation % 77 :

d?%v _gN
x> e

(1-3)
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Q- BRF DTS
e h T ¥ Kk
R - feng B 32 2588 R Ve

vy =T (1-4

d Ve enfE™ 0 fRac i~ P frB Ak R - HaB R 2 B G fx bl ko

(a) Grain boundary

Crystallite

Bl 19@) Skt LB (b)) 1 T HERLR ”T#ﬁ'l‘ﬁﬂmﬂd?’l do ¥ Il e B
BT L %R O L @ ¥ $e 0 o8l Aa g s[21]

NI B EF Y P ehlep PR R P AL Y iR
AL BERHANETER > RT R §RITERA Y S L a2 AT HY 2 H

A0EF e wRBPLFLA T RED > FRFDOTERADRC LT AR BRERDE H P

B FZE LY pd PR BHRY PERAUBRRITRIEF ZEDTD

B od R Fls g S b OB o <3N anp d 3 g Rtrap) e £ 0l B 0 F

BT @ EA[22], [23] 0 7 & Bl4o @ 1-10 4 o
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[
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A
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I
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|

I

1

m

Grain
boundary

f— h —+ 4

B110 %5 ddier EHABRRF TR P Rl PR AL R
Fesdqf Faiz B Ne & 8 6 ff chic £ 7 Az a4 (Bandgap) [24]

162 & % & fokdk kn

Bde Fi s 4 (dangling bonds ) 2o e @ Sk Fiad of 15 £ 5 Bad fp?
rwFehfy = (allowed state) # 4Bl 1-11 #r7 s 8 @ *frfﬁ*ﬁi‘y B 7 Ak = (deep state) ¥
F o~ 9 & kg (forbidden energy gap) - X iy £[22] 0 vt F S @ﬁﬂﬁﬂﬁx«’ g
fgﬁ)*]ﬁ{m L3 # 4 (generation) £ 12 & (recomblnatlon) f %@ B ic M(mid-gap)
1T enfy = 8 #74¢ (broken bonds) i = 2 ¢ > %4 (strained bonds) » ¢ & 4 - B
i ic F F e A i = (shallow tail state) o izt f5 =48 ¢ 3 g+ @ g = ¢

—

Bl 1-11 H reA(Traps) i & & ¢ A f ke Am kb ? chbind j & 242 e ¥
® f > (Shallow tail state)£r & % 4&(Strained bonds) 3 B - @ f¢ B & Ff 0% fs 2 (Deep
state)#_d %74£(Broken bonds)ig = =1 [25]
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163 ER & BT

Bl FIEARFE o WA ERBARFTSAE AR S22 ET R Y
Eﬁi?iﬁ.é’umgﬁl%”‘;éﬁsﬁ/&$f£lﬁ'+(ﬁﬁ B ME) SEABRT AP D
T it PR W € (- Hapff ~ 2R PR F2 401 g 22 3
[FTEE R Icﬁiws@ﬁ“ PRSI PR A K2 ﬁ_,l“:"r-r'?l(r°15'-'kl=$
Bief ¢ - MOS i hGate Oxide # & 47 44711 » RTEH G- 2 a2 gy
A 2 fhag IIFE A s B (deep levels in the band gap) € 5 7] <@ f§$ H§' =+ (minority carrier)

%p°m§f*“llﬁ$%p§;§‘l??’pnﬁsi'\ﬁilt 'E}'E_”;F’_‘ 18 Pﬁfimﬁf_%lli;ﬂgi
L g by Q\'mﬂbPé/T%HBPbﬁgg’?} oo R e

o

BBB | At Ff%[l > EIBB ?}Z‘? f?’l‘ EIBB ?}—'75 B%;‘Fi’_é,i:f{:'j."l % fi‘;;’é‘-%ﬁ_f‘f”l—% ﬁ_g < = f‘f”/}ék‘%‘ﬁtﬁ'g BBB»? =
CE R EREO AR S FEAE S N S O Ry It i SR
go B f Ak Rt &' ‘ﬁfi’:;‘a?/&fg 2 75 P R

1.7.1 1432 % (post-annealing)

go Bt A EE B B0 B iy g g ?\-—J—ﬁ%ﬁv L R T T,
TFT = i choiiy > Flptdee B 0 S B oBic B ¢ L TRT ~ 2P ks £- Bid &
SAL o ¥ b a"aﬂ‘i]’*%!‘&ﬁﬂiﬂ’“f%ﬁﬂ TEFY 4t hEe o TR ST AR
g e Rt & R R ‘}}i"“f Sk fn B & 3™ ‘\‘j}"‘»ﬂ 538k ehs St
[24]-[26] » T t2i B A S fs 0 B I BT L ehs RAMA S T TN s g

FRELH CEFTFTUEDR RS AR SR Fla E:t*‘:} Y @%mrf"gr °
172 *;':5]&4;’11'- (plasma passivation)

d ST AR A T L e R AR B2 R AR o R AP
Regen) & 8 d 3072 g v eDf o {eBhean g 277 @ ralAs e Fla plt R
AT (S ehdf A o & SISIO Bk cPRaE- AR H RS BSR4 $7 o sTiu
H RS+ 7 - f i P ocnfgdddy it o a% B i osndf Kolic oo g A Rt S el p R b
Fo B DA Hoe BTE 2 [27] 0 - 4w 1% T J(plasma) k & 17 5 B g 1 s A R (R
ko FF RS BB?L:%&” Eﬂ?djfiy Haz Nzo % HalN iR 03] £ %[28]-[30] - %53#5?/]%
o [30]3*;% Hao/Ny 2 fo3] 7 % g i H, 7 J‘F {45 chd 1L % ,gq\d % Ha/Np if o)
g $%+<N)mﬁﬁﬂzﬂ o R ERE RS B R FE S FA #&Mﬁwmgg
SR o W g i gk o 50 NHy R0t 5 3 S g itonk o Bl H T AR T
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LS (hotcarrier)§ { 4R RN BT UERET M A G L MaGURT IR {3
7 & [31],[32] -

173 #& (gettering)

M EBRT RS AT Y g R et 3o - AR R (gettering) > e T
R+ 0% AREMEER  cRFCZRBAEY AT AT B3 £ FEF I F 4D
(Metal-silicide precipitation) ~ i +7 (Segregation into second phases) ~ 4 F&dt Fa(Atomic
trapping by defects) ~ £2 43 3¢ o & 1% * (Interaction with electronic dopants) 2 % gt
g7 2 T g7 47 (Phosphorus-diffusion gettering and nonequilibrium processes)e m & % st jie
AlF T 7= 48 p 048802 (internal gettering) ~ it & 45 % ;2 (chemical gettering) » 1+ %
;Kib%‘vé (external gettering) [34] - 4c@] 1-12 #7571 o R 2 @ JRB T F ~ E hlgif
WA EEE RRBGES c HWEWT M P e g R Y CGS Bw s I g4~
%ﬁﬁk%ﬁ—’“ fEr 2B W RIS A8 @%Eq 1 BEYEG THB A d IR
BRLREOEBRTAFARS AREE R HE PRI G 0 %o E T4
B % [35] -

HCL, TCE
Contaminants ~ I / ,f
@ '@ Chemical
Gettering
rm-r-_'_.__..tr,_,g,_,__- __________________________
! llp;,?h
B Denuded |
Crude: L K . . B
Fone £ xox ‘ Intrinsic Gellering, |
x ¥ ,K. Internal
— o defects
[ Silicon
| Wafer
Stress, Defects
¢ s > , a
.mrm;n ;

J r |' | P difTusion
lon implantation

Laser irradiation

Sand-blasting

Mechanical abrasion

i
poly-8i film  SijN, film |
I

'

i Extrinsic Gettering

B 1-12 (1) 845 %% (Intrinsic Gettering) (2) #F 2845 &+ (Extrinsic Gettering) (3) i* & 3 &
:# (Chemical Gettering) [36]
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18 & LSS BEH
181 % chEr g 5148

4 & % Rlv % f (Nickel Induced Lateral Crystallization)snig 4t » # i3 600°C
AR RT 0 ARBAF U N F o NERT KW o B A kgl £ B
AFRE > U2 SRR A B hE P IETs o R P~ DT
ﬁ’ﬁﬁaﬁi%?ﬁﬁﬁﬁ°ﬁﬁﬁﬁﬁwﬂ’%?ﬁgﬁ%¥%ﬁ%ﬁﬁimﬁﬁ
Alent 2o A Banig A2 B S e Fpt 57 ﬁ—“’*'ﬂ E R g RRTER -
fo B enfc® ~ B R R Y g senff el 2 R0 R R 8 LR T T 0 {7 —5@

AFTARE- BH A G RS RE ’sﬁﬁ% Pl S e d T R T
g s kg3 NILC-LTPS TFT BT A 2 cnkif » 2 Hecf dock » wie- HmE
A R e
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2 NILC Poly-Si #2 CF, Plasma Poly-Si & ‘24§ & # 32 5 ®l 78T S dg o kot
A LR WIEREAT o B 2-1 5 AT S AR IT I AR R

1. § 4£(100)ehw w457 & F1F 1% BN F - 2 £ 5000A 1 Si0, & -

2. FERF MR s I MR E T & A(LPVCD) o 2 & 1000 A 2t gy 8 o

3. HFrasEHER T 4 540°C T 408 18hrs > 12354 NILC poly & % -

4. CF4plasma Poly-Si & #: 41 #* CF4plasma 7% 350°C - 200m torr 13k 35T > 27 %
Jed2 3min o

5. AU g kR R ENAFE -

6. &% Poly-RIE &% 4 3 %k o

7. RCAClean -

8. fl* PECVD w# - & ER 5 1000A“5 SiHy/N,O oxide i+ 5 gate oxide o

9. fI* LPCVD im# - & 5% & 2000A s Poly-Si s i¥ % gate -

10. U F kiR ke kD gate o

11. 41 * Poly-RIE #- Poly-gate & _& 1 X ©

12. 41* BOE #-gate oxide 4 %] I} %

13. #t3 i #5: PH; &0 £:35kev; 7k & : 5x10™ ions/cm?®

14. 41* PECVD it 4% passivation oxide 4000A -

15. AU+ F ke k sve & D[P ¥ (contact hole) -

16. % 600°C it {7 12 /] Rrefnd L (55 1) o

17. 41 * thermal coater #4%5 A& % 5000A Al § & -

18. U F kpe® k sue & ) source ~ drain 2 gate iR R A& o
19. {1 * Al 4 %)% :& {7 source ~ drain % gate 0 Al T &4 %] -
20. Al sintering : 400°C » 30min o

21. NHgplasma 4 i &2 30 4~ 48 -
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I CF, plasma condition :
| «T:350C

sEtching time : 3 min
P : 200 m torr
#Power : 5 W

-_—em s mm = wl

Interlayer oxide

(b) . Al pad

(d)

B 2-1 CF4 plasma TFT %@ i% % 42 8]
232 THER
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2. AR E R R 7 2 2 (Bias temperature instabilty)#&i#|> % 0 £
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0V ~Vd 2 Vsizi OV I3~ 4 RE i 1000 §) crps fF > s BREF o o prgL
B 1d-Vg curve kg AR~ £ ey (Vs o
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Bl 2-2 5 NILC poly % # *Ea‘&t&ﬁ?’%» s B 2-2(a) & #\3‘1‘ CFsplasma &2 » H % & 42
# % Rq=0.389 nm - §] 2-2(b) . i CFiplasma & » & i 424/ Rq = 0596 nm - = 1/
BLIRL 1 48 CFy plasma AU > 98 ebd e & w,st»%zlf%_&: X5 6nme ¥ d R
2-3 CF, plasma 4 & A2 7 ,&Fﬁf}i,,ruﬂg » 3 NILC poly FR R G 0 Gd &5 md2e
Wo AT R R R B TARMARRE RS § RERS G oW 244 457 0 T
11 B CRyplasma i 16 7 3 0 B RE M A R o adfiT F RBIERTZE
SUEER AT SO

B 2-2 NILC poly # & etk B
(a) & & CF4 plasma 232 [Rq = 0.389 nm] (b).5 i CF,4 plasma /&2 [Rq = 0.596 nm]
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(@) Gate Oxide (b) Gate Oxide
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Buffer Oxide Buffer Oxide

Bl 2-3 = & Ttﬁﬁ‘,\?fﬁ{f%\i JelZL 157 %, [B)
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242 BT LW 2 VR

B 25 :m e itximd n¥/miEs &y s(ld-Vgeurve) » ~ % = 5 W=15um ~ L
=10pm » % 2-1 53 iRy erdlg 2 A2 g gt o T3 B 5 (Mobility) ~ = T
B &L % (Subthreshold Slope) 2 =% & /& (Threshold Voltage) ¥_#A 3 % & (Vd=0.1V ) =
A RE T R R o A BIK T R (On Off ratio)fod ] ¢ /i i & (Minimun leakage
current/channel width) #_%& Vd=5V ek i = £ @] > ¥ ¢F B 5 & K H 542 1k & (Grain
boundary trap density) Ny et i o H ¢ 2 3388 Fd 238 (2-1)% 4 ¢

L m
Hpe = - X Cg— (2-1)

oxide *Vd
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1. e s 2388 F L g ER W ZHETE On s 8HTH
(Transconductance) » Coxige & W 1&% ™ & T % > Vd 3 FITTR -

2. TR AR Eu Id-Vg I Rz A i ok e
TRl T Ray 3 R 2 nE 0 A VA=0.1V aykRT s EiT - Id & o
HId @5 d 2582247 @ %t Id B8R E Ve Vg
W3] e Vih o

Id = = x 104 (2-2)
4. BB R L entA o lon Bt VA=EV b TURE 0 @ loff $RA g A
R TE o
5. Bl R A RRAEANVISEY T EC RO ESR N E R R ATE o
6. & B 3 ¥4k Kk A (Grain boundary trap density) Ny o

JER 2-5 88 & 2-1 A v g 3R CRy plasma TRT A48 k35 fedsch~ 245 > 3 &
RF G ERT] > BB & T A 6 RS G CRyplasma TRT » 7 12§ s K 4 o
HERRTHZEZAHFRREQER P FFEB F PR A M40 7.6% Rl
AL 0 0.6VIdec TR % OBRE ST 3.6V BB AT A0 116% 0 B TN/ g
RORTE G 36% 0 df fiak Fei R BT BE S 2.87X10M /em” -

NILC-TFTs/\Vgid-Curve (L/W=10um/15um)

Drain Current (A)
S

e NILCw/i CF, plasma

o NILCwi/o CF, plasma(ref.)

-10 5 0 5 10 15 20 25 30
Gate Voltage (V)

Bl 2-5 AT o AT Ry sB(ld-Vgcurve)
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# 2-1 NILC TFT £ CF4plasma TFT 2. =~ 2 § {4 3% ayp et i

Device Parameters Unit  NILC w/o CF, plasma(ref.) NILC w/i CF, plasma Characteristic improved
Filed-effect mobility p cm?/V.s 66.8 71.8 +7.6%
Subthreshold slope S.S videc 2.1 1.5 1 0.6
Threshold volatge Vth \% 8.0 4.4 } 3.6

On/Off current ratio lon/loff 10° 3.21 6.93 1} 116%
Minimum off current loff.min 102A/um 73.8 47.3 y 36%
Trape-state density N, 10%Ycm? 8.40 5.53 y 2.87

2A3FWT BB T A KRR IR

2&%@?,BW%?ﬁ?ﬁﬁﬁ%%’E@?WHh%miéﬁﬂﬁi;’=xmﬂﬁi*
W BIRT B OBHe A% - R EWP > T AL e AR o (DFeE A BT T
(Gate oxide leakage) - (2) R & 3 | 3 & & ik 7. in- (Gate induced drain leakage) - (3)£ & & & it
(Junction leakage) - (4):L i /& T 7 (Channel leakage) o #-& 8 T & 7 - - AR %2 353 o

1. M3 & &= i~ (Gate oxide leakage)

4o 2-6 W ikiE 7 o ekt did B FTos 2 & < 5 W=15um ~ L= 10um o AN
A gadmE g on(ld)z 2 8RBT OE(1S) - m 2 EREF A T AR o 0 BT 4
FRaEME o d 7 URPERIMESZT R IR i = B R T o

NILC-TFTs V- Curve (L/\N—10um/15um)
NILC w/i CF, plasma
(Vd=5.1V)

107

NILC W/O CF plasma(ref )
(Vd=5.1v)

NS

< g < g

SRR IO 5 I 5 XHK R 53 IR
1 M 1 M 1

-10 0) 10 20 30-10 0) 10 20 30

SRS ISR SISO R EHXIOK
1 1 1 1 1

Gate Volatge (V)

Bl 2-6 R & T on vt e A0
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2. M 1&31% & 1&& T i+ (Gate induced drain leakage)

¥FPHERERREAEOFELY RE] > EF A - REF LR R ALY
2um/3um/5um/7um/10um/15um/20um > ,Méi BRITRe 27 01V 22 51V 4B 2-7 B &
51 A ARIRT R el R o B P R T I £ E(dloff) > & & Vg=-10V - Vd=0.1V £
Vd=5V T > &7 A E o B iR ai..‘L(Ioﬁ.mln) » Bl & VA=5.1V T o xR T h e
B B e

MEERRT R U A RRH A T UERI A RUEEE R RET ST
RFPRERT > Rl 2-8 rr o BEREFEERAM > FILF AT LERRE AT
e R op R AR5 A HRA 7 o (Gate induced drain leakage)#+4] o @ &) & & i (loff.min)en
VR AR 29 HHEERER- VUM RO HELERAEET LS HIAT
MG RpEHA - BRF) S A EHE BRI G o

NILC-TFTs Vgid Curve (L/MW=Varied/15um)

! |
NILC w/i CF, plasma

T T T T T T T
NILC w/o CF, plasma(ref:)

Lg=2/3/5/7/10/15/20um
from left to right

Drain Current (A)

loff.min

-10 0] 10 20 30-10 0 10 20 30
Gate Volatge (V)

Bl 2-7 Ri4%5 15 2 ARl T o vt fd SR
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NILC-TFTs dloff Curve (L/W=Varied/15um)

10-8 3 ¥ 1 ¥ 1 ¥ 1 ¥ 1 ¥ 1 ¥ 1 ¥ 1 ¥ 1 ¥ 1 ¥ 1
<
% 10° E O ° 3
= F o—O0—0u T o0 E
.,.8_ .\./.\. ./. ®
e}
% 10
107 E -
= 3 5
3
X —o— NILC w/o CF, plasma(ref.) ]
—o— NILC w/| CF plasma
11 PR TR RN RNE T | 1 1 1 1 L
10 (0] 2 4 6 8 10 12 14 16 18 20 22
Channel Length (um)
B 2-8 & T i 4t (dIOff)r # )
. NILC-TFTs loff.min Curve (L/\W=Varied/15um)
o077 7T T T T T T E
F =HO— NILC w/o CF, plasma(ref.)
=9 —e— NILC W/i CF, plasma
=
qt) 10° 3 3
S E 3
2 O\O\
[a) 10k .\. ©-=51 -
= E =l e g e E
= o ~— \O\ ]
o— o
g e
)
=
10-11 PR TR 5 T SN M MR Mt (0 S I |

(0) 2 4 6 8 10 12+ 14" 16 18.20.22
Channel Length(um)

B 2-9 & &A= Se(loff.min)yt B

3. ¥ % /A7 o (Junction leakage)

i:m i (E) E AT R AT » KHRALE VRGBT ] e T
NEAEE R A AT RER T B BT R 4o 8(2-3)4 2 [39] -

Logp = Iy X exp (— IE(—;) (2-3)

A PHBBTRTOFLRFENR THHTAERTRALT E i £ E(dEa)

s - EHE D 4oB) 2-10 HFT o AEPIE RIERT R T aNE L L ERF > FOLFRA B

Bl A BT - R FIR R R RT PRl A L3 5 TSR AT
B BIEEAR e e
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NILC-TFTs Ea Curve (L/\W=10um/15um)
08 T T T T ' | T | v

—o— NILC w/o CF, plasma(ref.) 1
0.7 —e— NILC w/i CF, plasma -
0.6

o N ]

1
0]
1

> L B/ ) J
b 4 - OK \:\o -
"E o4 Vd=5.1V \.so ]
g > ink\\'

01 2 L

001 P B
-12 -10 8 6 4 -2 0O 2 4 6 8 10 12
Gate Voltage (V)

B 2-10 /#F it s 2 H L B R E
4. i ig /& = i+ (Channel leakage)

HE /BT e A= B L& KA (DE g THFF T g5 (2434 TR
FHBARTE AL AR A b (DEBATT AL BT B -

HE THFFToRd BRI BROGASEFEIGFITIRLT Pl &
BT eniE o 4o 2-11 Ao 0 iE ® A4 Pr e R o 5 L/W=10um/15um > H i s £ & 10um
A2 TER B4R PR S SB0VITE S g T T RS TR A S A
<} T & L3 A& sg s (short channel effect) » 4o 2412 #rrt o ¥ P At R Bk A

LA S RS e (PR JRCIRT I o 2O

# Lz

il

NILC-TFTs VPT Curve (L/W=Varied/15um)

8 8 8 8

e?@_(.éf _-
07

N

Punch Through Volatge (V)

=
)
™~

o —0— NILC w/o CF, plasma(ref.) ]
—e— NILCw/i CF, plasma

O PR [ T N T N T | 1 1 1 I 1

0246810121416182022
Channel Length (um)
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Threshold Volatge (V)
O P N W b U1 O N 00 ©
\

NILC-TFTs Vth Roll-off Curve (L/M=Varied/15um)

=
o

—o— NILC w/o CF, plasma(ref.) 1
—o— N|LCW/I CF, plasma ]

AtlE e TRRGIE B At
AR 0 f1* Levinson’s equation
# 8 Vg ehig 27 5 o In[ld/((Mgs-Vih)y*Vd)] versus.1/(Vgs—Vth)? i
9(2-5)3 8 I Ra% R N Bl 2-13 5 3 Fakp A& £
TFT 7 $ais

d

N, =

68 10 12 14 16 18 20 2
Channel Length (um)

(@)

NILC-TFTs S.S. Curve (L/W=Varied/15um)

Sub-threshold Slope (V/Dec.)
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/
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T
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o

2 4 6 8

10 12 14 16 18 20 22
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(b)

B 2-12 “&id g » & (Short channel effect) & 2 )

@QTeh T R&dF ERMARE ()= Ehas

ES -
N

T e AR

EEER SN S EY

wod #U#« Fa% & Ny (trap state density) &
N EaR A e+

’%“*QmMﬂ’ﬁﬁE%Vd
TR EHAF > Fd o

W LR Rl 7 10 g 3] CFy plasma

0O 2 4 6 8

g fah R e
24, n2
Id w \/gr *qa NP - toxide 1
(Vgs—Vth) -Vd] - ln(L Hbo C"x) |0 ven * Coxide (Vgs—Vth)?2 (2-4)
(—slope) - &si * Coxide
- Nl (2-5)
q toxide
o NILC-TFTs N, Curve (L/W=Varied/15um)
10° pP—r——7"—"—"7m—"—"""T"TT—TT T T3
o< ;
1< s
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) [
P
g 1012 E /O/O;E .
8 o /o/./.
g "
s [ T
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8 10"k . .
k=] 3 3
c o
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BT R AT ARIR > AR d T2 3 g KRBT o (1) H/RE R
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1. »5 4 B 2 8 R >nflsin 48 T {h(Bias temperature instabilty)
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il RED S BT ERE T - RS Ry e R d L Sdcy YRR kAT
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}’%!;&é‘%@ﬂﬁﬁ fg 0 =~ g TE T %%?&’T&gﬁ Jfgj R B B
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NILC-TFTs BTI Stress Degradation Curve (L/AW=10unm/15um)

10-4 E T T T T T T T E T T T T T T T ?
F NILC w/o CF, plasma(ref.) F NILC w/i CF, plasma 3
10° 3 E
< 10°F £
% [ [
-7
g 10" 3
= 8 :
< 10 E TS=0/10/50/100/200300/  §
() F 500/700/1000s€c.
o from left to right from left to right
10
vd=0.1Vv i C vd=0.1Vv i
10—10 . . 1 ) ] ) [ ) ] ) 1 ) ]
-10 0] 10 20 30-10 0] 10 20 30

Gate Volatge. (V)

@

NILC-TFTs BTI Stress Degradation Curve (L/AW=10um/15um)
10°

E T T T T T T u E T T T T T T T
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241 b glEnE T EET &ML R
NILC-TFTs characteristic comparison table
Comparison Items NILC (standard) NILC w/i CF, plasma NILC w/i SD GETR

On-state performance Normal Better Best
Off-state performance Normal Best Better
BTl reliability Normal Best Worst
HCI reliability Normal Worst Worst
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