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IAED R — & 7 WAF BRI DT D AEBEMEA T Y OFESHRL T
%o WEFRAN SN TE FES — MNFG) R AERMEA T Y T34 AT, #l#7—
EFES— NEAREOH v 7Y T TR, BEAROT 4 A2 —7 72 EOFEIC
L0, bR L OEERIENREE L 7> TETWAE, ZNOLOREEZ WIRT D720
(2. JT4E Metal/Oxide/Nitride/Oxide/Si(MONOS)## 1 & A 3 5 T fir 25 & 75 0D A FE M A
FY T NA AT DMEDEANATON TN D, TR LY, EFY A7 e b
0 VIIB(ECR) Y 7 A~ ANy HEEHNT L F ¥ U _X—NTT v AT ZAE2H) 0 FE
25 Z LT, Hf %k ERMENR(HFO/HIN/HFO,) 6 L O Hf 527 — F EBMR(HIN) % 4T
in-situ 7' 2 AIZX VIR L7z, 4 Hf 52 MONOS # A 4 — ROBESEFENBIIC S
TTHZERMEINTWD, —F., MONOS BUAHEHTENE A £ U Ol LI KX H1KE
JEBME(RIZE, SiEREmD T 7 XA Z /A LV TIRT 5 2 ENEE L 2D,
JRF LW L T e R LT, BEHE Ar R, H RHEEE LT 0, R
BT BB Yo ANHEINTWD, L, 72& 20E Ar FZHKHE2VLEEC
IR OBRFIREZ ppb LNV E TS 2MERH L2 ED, ZnEhD 7 B
T AITIEN H D, £ Z TABFFETIE, Si(100)Fatk 3 i D+ L~ kI L D
Hf 52 MONOS 7 31 ZOESRFHEDOM L2 B E LT, @i ERIF 2 Huv iz ArlH,
TR VLI X % Si(100)F i O L L~ AR IS KOV HF 5% MONOS ##§ it~
JEIZ BT 2 a2 1T - 72,

T, AH IRAFHEAR P BULEIZ X5 Si(100)FR R 1 L~ L 7 et 2 DR
SNARRRE LT, mlE A R 2 D CTEMLEE SR ORFT 21T o 72, Ar R XE &
O Ar/4%H, 1A 75 P C 600 - 1100°C/5 min D EULEE 217\, Ar/d%H, IR & 5 P& T
TOBESLFEIZ I\ T, 600 - 900°C Tidk Ar FZPHA T & AR I BV IR 1K FE LT
BULHSR R OB EIC L BRE IR S NS SiO, FESHEMT 2 Z &2
G37no T, —JF, 950 - 1100°C T SiO IEE 2 BA L, S O IZEMLER IRk fFAE T
1.0 - 1.3 nm D SiO, IR SN D Z E o7z, Arld%H, 25 HH O BULELIZ B0
CTliZ, 600 - 900°C TIIFRHEATIZ L DL A U, BULEEE OB E & HIci b
— M3 BEH U7o, —J5, 950 - 1100°C T3 RIZ L VB S vz SIO I = » F
YIZEN, BEEMGBLIEEBZOND, S HIZ, Arld%H, IRA R T 1050 -
1100°C/10 min OFELEAZAT 5 Z & T, FHKF OEEIEFIC LV I S b BB bR
Ty F 7L S(Q00)KMEICEHHIRIRF AT v 7O EZFERHR Lz, KIZ,




Ar/4%H, 755 H T 1050°C/10 - 60 min OESLEEZ4TV N, SO, A = v F o 7 LTtk
DRI T 7 F A Z 7l L, 10 - 60 min OESLIIZ B W TREICH AT v TR S
AU, BVILEREFRE ORI & 223K E Root Mean Square(RMS) < 7 % A 23 FEAR e 4 D
0.22 nm 7>% 60 min OEHAKIZ L D 0.10 nm 1K T & . 7 7 AMEHY 125 nm D1~ L
SOV ER AR TE A Z L 2P LN L, Ziud, BV A #minse5 =
& T BVLEL O MBI AE U oM~ A 7 v A— RVAIORE T 7 3 A DMK L T
WAHTEHTEEEZ LIS,

&Iz, Hf % MONOS ffEHs & DI 7 =& 23 LT MONOS 7 — MEEx HT 5
XA A — ROREFEHL T 1 & RN L DRI ONTRF 21T o 7o, - L LFEH
b L 7= Si(100)3Ak £z, ECR 7T X~ A 3w & % T in-situ © HfNgs(M)/HfO,(0)/
HfN1 o(N)/HfO,(O)fi fig it 2 2k L BB URFIME 22 514 L 72, Si &Rt - L~ LAk
X, BEIALSLM 10 VI s, THESRM-8 Vs THIE LT C-VEHEIZBWT, AE
U 42 R7(MW)2S 1.9V 235 33V IZHIINT 5 2 L35 ho T, RIC, BIRTOMHR
Fr(retention) P2 & | Si iR+ L~ AR X 0 SME L7z 10 1% O MW 23414
D MW & b LT 54%75)% 63% WIS 5 2 E 3oz, SiFREF S L~V
fbick v, RiEo7 7% A HESER DM L2720, RT3 2 & 12
B L MW 23HE AN Ltt&bfi@é EEZOND, F7-. 85°C T 103 EIDE X ALY
£ (PIE) % AT - 729 57 (endurance) K1 & PIE A b L AIZ X 2 EEE A I OV i vE
NLEE FE DOEEINDMNH] S AL, MW OLRRFEFER I O MW & Bl LT 78 % 5 94 % E
THIINT 2 Z &R 0hoTc, S HIT, IIFMHERIERIZ -V FRE 23l L 72/ R, U

7 EIAEAS 2.1 x 10° Alem? 25 2.0 x 10 Alem?(Ve= -8 VIR % = & 75> e
72 ZaUiE. HfOy(Tunneling Layer: TL)/Si R DT 7 % ADMER L7=Z &2 . Al
FIEOEHEENSGE LD ThD EE b5,

B t21Z, Hf 52 MONOS %" — hEUAR#EFE M 2 £ U (HF 52 MONOS NVM)D{EHRL 7 1+
ZELN S EFHRFT LV EHE T2 20BAICET A BRE 2T, F9. &
— F 7 A RN ERIZEY MISFET ZERT 57912, Hf 52 MONOS F& @t 2 HE
HBICRIEIZEV a2 7 MR— IV EZERT S5 7 vt A2t L, ArlCl, 77 X~ %
AWz R IAf =y F ok ar¥ 7 hA—1VOKRICE LTz, 62, 77—
/7 — MEL/W)2Y 10 um/90 um DT /S AZxf LT, EXIAALKM 10 VIL s, HE
Z-10 VI s, Vpsl.5V % AW THIE L7z Hf 2 MONOS NVM @ 1p-V #ithEmnb| 4.2
VOMWNZEDZ WD TR LTIz, £, EXIABAT=ALNY —AXRNLA
VIERINO DEAIEATH D Z EEZHALNZ L, T RV HFRICEELEEKD Z & &)
WTRLTE, SHIZ, #6 V2 ms TOAE U REZ#ERR L, HF 52 MONOS AN R M4
AE Y OEE - AREEEE L OBAEEZ R LT,

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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Recently, the Metal/Oxide/Nitride/Oxide/Silicon (MONOS) type non-volatile memory (NVM) with
high-k gate insulator has attractive much attention to realize high performance NVM. We have reported
that excellent electrical characteristics of in-situ formed Hf-based MONOS diodes utilizing electron
cyclotron resonance (ECR) plasm sputtering. However, it is necessary to reduce the operation voltage by
scaling down vertically, even for the Hf-based MONOS NVM. As scaling down the gate insulator
thickness, Si surface flattening technology would be one of the key technologies to improve data reliability,
operation voltage and speed. It has been reported that the atomically flat Si(100) surface is able to be
obtained by annealing in Ar, H, and O, ambient. In this study, the electrical characteristics of Hf-based
MONOS NVM on the atomically flat Si(100) surface formed by annealing in Ar/H, ambient were
investigated.

First, the flattening process for Si(100) surface by annealing in Ar/H, mixture ambient utilizing the
clean furnace was investigated. The thickness of the unintentionally formed oxide layer during annealing
process was decreased by annealing from 950°C to 1100°C in Ar/4%H, ambient. Furthermore, it has
been revealed that the atomically flat Si(100) surface was formed by annealing at 1050°C/60 min in
Ar/4%H, ambient.

Next, the electrical characteristics of Hf-based MONOS diodes on the atomically flat Si(100) surface
formed by annealing at 1050°C/60 min in Ar/4%H, ambient were investigated. It was found that the
memory window (MW) by the program voltage and time (Vpom/trom) 0f 10 V/1 s and the erase voltage and
time (Vers/ters) Of -8 V/1 s, respectively, was increased from 1.9 V to 3.3 V by flattening process.

Next, the metal-insulator-semiconductor field-effect transistor (MISFET) with in-situ formed Hf-based
MONOS gate stacks structures (Hf-based MONOS NVM) were fabricated for the first time. It was found
that the MW as large as 4.2 V was obtained by the Vpgm/toom 0f 10 V/1 s and the Vggs/ters Of -10 V/1 s,
respectively. Furthermore, the low voltage and the short pulse operations, such as +6 V/2 ms were
achieved.

In conclusion, atomically flat Si(100) surface was formed by annealing in Ar/H, mixture ambient and
the effects of flattening process on Hf-based MONOS structure were investigated for the first time. The
in-situ formed Hf-based MONOS NVM is promising for future scaling of charge trapping type NVM.
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