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PCA-based Neural Network Modeling for HfO- Thin Film Characteristics

Q= oA, FEE, AN, 97
AT W) AATSH, AN FE TR

23t 2 Al2® 2 F(System-On-Chip) o] ZHA AAEY 87t F7ke A H=A LA
ek ArjEe] A28 Ho] A3 e FAo|th WA High-k 4 EA2E0] SiO: &2 @A Aol
E S YAl 5 e 2R 4% B3 Qo I FAME HiOE & duA] =7, a4H-
% breakdown field® 7Ig o2 A& Fz+& Jveta g 74 2 F9 shvoltt [1].
= HfO, urate]l EA Q) accumulation capacitance (Cace) & hysteresis index (H)o)
g o]&3 A7 mdals AAE YTt Latin Hypercube Sampling (LHS)-& ©
A3 violoj 2 g A AW Bdd AMEsIHoew FHE EAE ol&F ABW
= Z3to g WwEA FAH FZHe W3l wE vkt
S 1%

01
:i}~
rlo

o
&

dm 3 L
oX ofl

p-Si(100) 71k #Adl &% {71 £x ¥ dIFegA @& o83t HfO, vtg AT 99
= AAAI171 Aol Si 718 Aol EAdte Ad AT HOHf 8948 o] &35 AAGAT. 55
7] A+ B2 Z Hf-t-butoxideE A}£3}9 1 carrier gas® < £ SGN)E 712 O 7FAE 4
Az ddstgd. 718 ¢ B35 G¥e 24z 10° Torrst 107 Torr 2 /X34 Si 718
HfO, ®F2t Atolo] Al BEAS AA717] A3l Ny 7t& 87 oA 700 CTollA 283 ojd@ & 73
st o |
450~550 C 7182 %, 3~5 scem Ar flow, 283 3~5 scem O flowE 3 AHAWHTEZR X A3 AH.
SHAS ¥ full factorial design matrixE& E 19 YehAoH2]. 9+ WA Accumulation
capacitancet accumulation region®] A9 MOS +&x7F zke HH&FE Ve M, hysteresis index
= bi-directionally voltage sweepol A 9] hysteresis loop?] AWM HE vEdT. &F dda ¢y
Fo AHEeten Fohel Y Fd Zz e wHE AMgstd e sEE 00083 00004, HE
A 0.0059 0,007 242t A3ttt 84 8% a nonlinear sigmoid transfer function$ AH&
ST Accumulation capacitance$} hysteresis indexo] ujd FAE B4 g cumulative

variance®} R9® A E F 20 el AT}

3. 2%

oo
et
2
oy
oL
d
i
¢
jind
L)
i

Accumulation capacitance$} hysteresis indexol] et 2AHE BN & o
d 1ol YEIURT. JHoZ2RE € 4 5ol AF dolg et Al
A BEE BAFI QUFoRA FTL2 A R¥o] HAY



Hypercube Sampling@ F4% &4 ol &3t 2144
TR HolHE AN ZHES o

O
o EHEL 2T 4 Yo o BHA A A

| -

AFE HRFAR P YRFAATAELY ho} TATAE £4 - A Apdge &
3 ¥ A& (ITA-2006-(C1090-0603-0012)).

2 51 RS
[11 J. Zhy, Y. R. Li, and Z. G. Liu, “Fabrication and characterization of pulsed laser deposited HfOZ2Z

films for high-k gate dielectric applications,” J. Phys. D: Applied Phys. Vol. 37, P. 2896, 2004.
[2] R. H. Mayers, and D. C. Montgomery, Response Surface Methodology, New York:Wiley, 1995,

¥ 1. D-optimal design matrix
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¥ 2. The summary of the cumulative variance and neural network results

Ch o PC Cumulative Training Tésting
aracteristics S
variance [%]!{ SSE RMSE |R-squared [%]| SSE | RMSE |R-squared [%]
Accumulati |
. aen 6 91.48 0.06330 | 0.08895 99.91 0.05510 | 0.23473 96.51
capacitance
Hysteresis 6] 91.48 0.11938 | 0.12216 94.90 0.08442 | 0.29055 93.22
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19¥ 1. PCA-based neural network modeling results : (a) the accumulation capacitance and (b)

the hysteresis index



