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BB Z W23 2%, 5ERD Si ZHWETF A A TIZEHRLIRNETH S
TUX VT NRER N T A (TFT) 72 E~DISAPHIRFE SN TN D, AHEERD
RN T VAL (OFET) A B R 7 P 2 Z (CMOS)IZ DWW T SR DM T
DILTNDN, ARHEERT S A 20MHMb s L OVEERIC T, A
K CMOS OEBNARF R THD, (RENLEWLELRTHLX ZE0E p B
OFET IZBWTTE/NT 7 A SiIZILHT D AR —ABEENFESN TS, —FH, &
FREEIIR—ABEE & TR, XU F 20 BE—A#EEK CMOS
EEBTH7-DIE, nBFEOR EBRMETH D, XD n BRHESREIZ S
W, LRI 286V ThH D Ca & V- OFET BNifiE ShTun b, EREFEHK
FTORHMEIZE EFE - TV A,

2Ty R TIER 22V B A58 CMOS D %EBLE LKA
HEMEZ HAYE LT, 24eV OIRWEFEREEAEZ A L, 22O bl BN 7= =R
LaBs % . A& 54K/SIO, 77— MBS mIc R mbiliE & L TEATLZ &I2LD,
n % OFET O KK EIER L O p Y OFET ORIk # IR T 2 st 211> 7=,

F3 BRI LaBe MM D EAERHEICBI T 2T 21TV BRI LaBe 23 K
IZBWTEN-BRIEIMEZ A L TWnWD Z EamMiR L=, 52, 50 nm ORI
LaBs 7O S 0 OFAMENT L U | EERRE ISR S VBB R EED X
T E . S NEORR LI S v, IRIRURBHER SN2 b D LB X BILD,
F7-. BRI LaBs DAFRMELIC L 0 . SiON/Si(100) etk LiIckIF DR hohar a2y
Y — X R A VEBRDNNF—= T AL LT, S HIT, ANy X%
fEofEHc L. REEEE L LT 1.2 nm ICEB LT 2 &2 L. BWMbic &
D IERL S L7z Si0, 2t & [A155E O MM 2 A9 2 252 NN LaBe S i il i g DO TRl & 92
B L7z, WIZ, ZHRIFN LaBs EICBIT 530 % & OHERBSIEC YW TRET 21T -
7ro HEREIRFE 100°C CTHERE T2 Z &2k 0. 15um DL EDOBERIRD 7' LA V3L &
NDHZENGoT, SHIC HEFEL— M % 0.5 nm/min LA PSS Z ik,
HBERETHDLTAT T VAV DOIERENHI TEHZ L2600, 15um BLED
TUA R LRNG, Ve 22 U EBEOIKICE LT, & RO
SEHMET by A MR S R 2 U EICREE T ARSI L C L AT
» 5D,

W, ZERI LaBe 2 Sl g & L CEA L, n B OFET (ZB L THiRT&1T




Sl HEFEBEEN41eVOAIBLUY27eVDOYb % by Far 27 MEMRIZHWEZ
6. OFET @ n BUEHEIIE LN ho7=, LivL, R LaBs 2R h b=z X
7 NEIZHW T F v FVEL)F ¥ FVIERW) = 70 um/1000 um @ n & OFET (280>
TIE, RS IR THEIEREE S X ORRREN B S, RRHFIZBWTE B
B 6.5x10° cm/(V-s) 35 7=, & 512, n B OFET O bIc >\ THE 21T -
oo VYT 774702 REHWEERBI LaBg DA N Az ¥ 7 NEREK T 1
T RAZBWT, Si0y 7' — MERIERHEIZ X A — U NRAET, XU & o HIEREIRITK
ET5Z 0oz, £ Z T, SPM (Sulfuric acid and hydrogen peroxide mixture)3s &
" DHF (Diluted hydrofluoric acid)(Z X 2 ZR LB 2 =83 T1TV ), ZE RN LaBe St il
MBEEATHZ LI, X2 VEEO T VA IR EBERICSGET S 2 b
WD L=, 27 a2 %A LT Si0, 77— i 45 nm, LIW = 6.4 um/240 um
DN OFETIZL Y, KREAFIZBW TR Ao ~DEFEAZER L, L,

V=R R A UREROEBUITE > TE LT, X7 2B XOERRIN LaBs JE
DEERENLETH D,

WIZ, BRI LaBe # A EdliHE E L TEAL, Auz by 7arvy 7 NEMmE L
THW= p B OFET ICET 2 at 21T o 72, ZEHERI LaBe Rl iEE 28 A4 5 =
&L T, N ZEE 100°C THERE L7235 G, p B OFET O 7 A Ly & 3 /b FERE(S
fiE) A 100 mV/dec. LA NIRRT 5 Z S IZEEh LTc, 2@ SAEDIRIIZL, ZEFEAIN LaBs
SEHIEEIC L0 X2 ofEfmtEnm E L, Si0, 77— M@ & o S FEkE A3 )
ETB7DTHDLIEERALNIC LT, ERIFIN LaBe F i il &g o BEIEAR T O fi
&V EEE 1.2nm & L7z LW =100 pm/1000 pm @ OFET (23 T, 0.26 cm?/(V-s)
DR —/VBENE & 75 mV/idec.D S E A BI{ERE/E-3V THBL L=, 7. ZEH I LaBs
RE#lEE I cLY, LEWEBEOHIENAIREL 2D, pBMOFET D /) —~ U —% 7
BtEa HBTE D2 ENymolz, T2 T, ERIFIN LaBe F il f)E 28 AN LT/
—< U —F7 D p M OFET ZBidh kT P 2% BHEAN LaBe R flEE2EA L
RN —= U —F O p M OFET A b7 VA K & L7#E{ CMOS Z#ZE L,
AR =FEREFER LT, ZO/RR, RAFIZBWT, v¥y 7 AL 7 43V %
BEEBIE-5V OIREETHRD Z LTI LTz,

PLEORBFHRE R L0 . R LaBs 320 X & H = OFET A mEifilEE &
LTANTHLZ 2P Lic, £z, n~ 2 OFET O RKHEIED A]
REMEA R LT, &612, p WU Z ¥ OFET OFMUEICKII L, ZEFHEI LaBs
Rl & D L&y MEEEHREZ A7l CMOS #EHL L7z, LLEDRER L
D, N FErERWEEAHEER CMOS OFEBLE X KRR EEICH T 5
HERL,

E% - WSCE B, 3L 2000 F2 & 5630 300 §E 4 1R ORMT 500, b L<IE3E3C 800 554 1R H L T2,
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Organic field-effect transistors (OFETS) and organic complementary metal-oxide-semiconductor
transistors (CMOSs) have attracted much attention because of their unique properties such as
flexibility. It is necessary to realize a single organic semiconductor-based CMOS for the scaling and
high integration. Pentacene is a well-known p-type organic semiconductor, and the high hole
mobility comparable to amorphous Si has been reported. However, the electron mobility is low
compared with hole mobility. Therefore, n-type characteristics must be improved to realize a single
organic semiconductor-based CMOS. It has been reported that Ca top-contact (TC) electrode and
interfacial layer (IL), which has a work function of 2.8 eV, realized n-type pentacene-based OFET,
although the OFET worked only in N, ambient. Recently, it has been reported that nitrogen-doped
(N-doped) LaBg has low work function of 2.4 eV and good oxidation immunity. In this study,
back-gate (BG) pentacene-based OFETSs utilizing N-doped LaBg IL were investigated to improve the
n-type and p-type characteristics in air, and realize a single organic semiconductor-based CMOS with
low voltage operation.

First, the basic property of N-doped LaBs and the effect on pentacene film were investigated.
The patterning of a N-doped LaBs thin film was realized by a diluted nitric acid. Furthermore, a
N-doped LaBg IL showed flat surface comparable to thermally grown SiO, surface. In addition, the
grain size of pentacene larger than 15 um was realized on a N-doped LaBg IL with deposition
temperature at 100°C.

Next, n-type pentacene-based OFETs were fabricated with N-doped LaBs bottom-contact (BC)
electrode and IL. The electron injection current into pentacene film was realized in air for the OFET
with SiO, gate insulator of 45 nm, and channel length and width (L/W) of 6.4 um/240 pm,
respectively. Typical n-type characteristics would be realized by further improvement of pentacene
film quality and N-doped LaBg electrode.

Next, p-type pentacene-based OFETs with Au TC electrode and N-doped LaBgs IL were
investigated. The L/W was 100 um/1000 um. The pentacene-based OFET with a 1.2-nm-thick
N-doped LaBs IL showed a hole mobility of 0.26 cm?(V-s) and a subthreshold swing of 75 mV/dec.
at the operation voltage of -3 V. Furthermore, it was found that a N-doped LaBg IL controlled the
threshold voltage (Vry) and realized the enhancement-type OFET.  The pentacene-based
pseudo-CMOS utilizing Vry control by N-doped LaBgs IL was proposed. The fabricated
pseudo-CMOS showed a logic swing of 4.3 V at low operation voltage of -5 V in air.

In conclusion, it was revealed that N-doped LaBs IL is effective for improvement of
pentacene-based OFETSs, and N-doped LaBg is promising material for realization of pentacene-based
CMOS in air.
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