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HRT—FIRBIZEITSSivz—/\ABOBEHEMSHDOT—42REME
Data assimilation for oxygen precipitates distribution inside Si wafers in cascade process.
TJA—mo—NnX-Se RV FR), FAOURZIL )2 WK Hh!, I A KHF

EX', Ak a&E, B &t BA Eﬁéi‘c,zﬁi% BRI\, RE RA', BH &2 B A
GlobalWafers Japan?, Aixtal?
°Takuya Kusunoki', Junta Abe', Yuta Nagai', Haruo Sudo', Hiroya Iwashiro', Rie Takasu', Hironori

Banba', Koji Izunome', Susumu Maeda?, Shota Seki?
E-mail: Takuya_ Kusunoki@sas-globalwafers.co.jp

AR, HERT A Z0EMERRBICIZ, ERTH D Si 7 = — ~NEO KR BN IR %
T AREIEITG U TRl T 2 2 EARDENA TS, ZD7DIiE, SivVz—nfiET ok
A LTS 2ET 0w A HRICRELT D72 TR, Wiy ate A2 —H L CRiElbT 57
TR —FBUBEARARRTHDH, £ TAPFET—LTIE, Si Vo—nENS TS, 2 BEE T
B LU THERTLT XNV A U ERBEL, BN D P~ EHZETHER D I A r— KT
BERORELEZ B L TWD, 20X ekt ZER T 57201003, BEERY Ia b
—Ta N EERD,

Yialb—Ta UEER EOFEE LT —ZEERNER STV D P, (RO TITHE—
TROBENRETHE DRETHY, ERTREZEINZEICH S (A — T CToH
MBNEZR W, ABFZETIE, Si V= — WEORBAMY T >~ 2 U > TRCHFH ST DBENT HY
(Bulk Micro Defect: BMD) D JERk - iidz - o @ 2 —FfE L THETE L5 I a L—F Z {29,
A — R ILRE2EZ @ U BMD O FRREZ M LS 57-oic7r — 2 Ak zmEM 7 5,
H-TRILIZVIa2 b =207 —FZ[FHIC L A2NE AT A =2 OHEE - A2 IT->TH, 2L
HTREZ#Y KT T BMD FENEMIICEIT 5720, TREEE R 727 vt ZA5iElk
WZIE2R0IT< W, ZEZTERMIZEL, WA — FIRIZBT 2% LEROMAEFENZEE A2, U
== RS A OBMD EE DAL BMD B A A0MD Y I 2 b—ya A LTT—Z kT %
FEEBET LT,

F—H [FUI &R 7 L2 U X4 (Genetic Algorithm, GA) % fv 7=, BMD o FHIE O Bus
WA hELTE HAF—FLERET OS5 TRE, 18 TERE, 22 TREODGF 3 SO TRz
FT=H VTR E L, RAEGELIR) N E Y T 7 4 —IEIC L D U = — \NED BMD 4347 2 HIE L
7o TRSJ7M D BMD %L « BMD %A XM D 5 6 73 ZJERGECH D FRKE L3 7 27F
fliL, ¥Iab—a U fEREFMEORENE/IMEEND KO T 4 v T 4 VT RTA—F %
BRIz, ZORE, 3 TRIRTICBN Ty Ialb—ya Y BERMEL, IA7— FTLES
R BMD 734 % & 0 IEFEICHBICE 5 2 & &l Lz,

AWFFIZ LY, DA — RTR2ERZE LT BMD O « iz - WEAFZRE) 0 =k 171728 7]
REE 72D . TN ZMEEITIE UTe U = — NI RIa D Bk s b~ & D7 3D 2 E IR S5,

(& 3CHK]

1. Akimitsu Ishii et al., Acta Materialia, Volume 278, 1 October (2024), 120251

2. S. Maeda et al., Journal of Applied Physics 123, 161591 (2018)

3. H. Sudo, ECS Journal of Solid-State Science and Technology, 8 (1) P35-P40 (2019)

4. H. Sudo, J. Appl. Phys. 131, 055704 (2022)

(B3]

AWFIENLESLAFFEBRAFE 1 N BT = 1L — -« FEZERANTHE G BAFEHE % (NEDO) S EMIZE 7' 1 77T A
(IPNP14004) DR F & L TR bz H DT,
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EEARRUEICHBITHIEERMEBLETOILYAVIZESD
HT—/\ TNARTAOERDLEREL

Wafer and device process co-optimization in semiconductor manufacturing
by cross-company overall process-digital twins
FAOURELER)', TA—nLo9z—NnK - DxRy ()2
V=—RIaAVFVERZaTFIFNIDT W) S, BRRER
CEAMA MY, thEE EIR', W B, ATH £ &/E BELEK Bh? kH*F BX?
KA K&, 8N 47 2E @K FaR m
Aixtal', GlobalWafers Japan Co., Ltd %, Sony Semiconductor Manufacturing Corporation >
IMaSS Nagoya Univ.*
°Shota Seki® %, Yuji Nakanishi!, Tsuyoshi Matsuoka', Susumu Maeda', Masaki Takaishi !,
Takuya Kusunoki?, Yuta Nagai’, Hiroki Nagakura®,
Koichi Tanigawa®, Kentaro Kutsukake®, Toru Ujihara'*
E-mail: s.seki@aixtal.com
(EE] FERE T m e RFHEFICEOTRENLR DD, T/ 27 0t A0 % DTS
EENOM e TROA DT vt 2l CIEERE D EIFEH HIC 2> TETW D, T, 7
NA ZRHEDUEEIZB N T, B TH D Si 7 = — WNE O KB ORI E DT A A
2 U@ B 72 0 IAB D LENER B HNIT 7 > TETEBY . 7oz — BUENL T S 2 REFE
TaAEFELBA T —XUEE CRETO2LERD D, AETIE, V=" "TENPLT A XL
BRECTREMABEWCHR ST TRAM LT VXY A U EER L, 7 at 2O EE#E LA
To7
(5] siv :nv—/\EPO)?JWLLfE7 ot 2ZBIT S E&zf*ﬁﬂj%(Eulk micro defect ; BMD)D Rk, h%
R WEHOY I 2 b—F L TCAD A A EAY R 2 b—F ZfilAGhE T, B LU
FAEAD 225K 30 TRy O 7 vk A%AF% 3,000 8 0 IR o R Mz sti Lz, £h
LEHENT —& L LT, BN T = —/ WD BMD 6 K OVRHIM 5346 ORI R % 5K
AW E T NV AHEE U=, £ /LT Convolutional-LSTM % Ji7AK & L 7= Encoder-Decoder o
HeBEf=a2—I9 20Xy NV =2 ThHD, FRLEET A ZMNT, Bl 7 Y X4
(NSGA-INZ LV 7 = —~THE/ 754 R LFRDFF40 228 0 BB S % —S5UB E chaifl L 72,
HEIBIEUET A ADBMEB LD U = —FKJED BMD Ofic/Mb, 7 = — D BMD O e KAk,
A O FE AR D B b 0 % H L Th %,
[BREEBR] 7 A M7 — 28175 R2 A2 71X BMD T 0.84, FHAIRE T 0.99 22 TB
@mﬁr@%rw%% T&E T, WG LR 1 KDY OFERMIZI I 21— a T
40 53, TUZNYA T IRTH Y Rz maEfbziElk Lz, Fig 1ICHRTEDR7r—1 ‘/7“
ﬁ&@%ﬁ%%ﬁ@mkmérﬁ H RIS 9,000 HARGA Y F THEBTFES . BIRZEHE
L b O MLEYER D)%, Fig. 2 IZHEMETO (a)BMD, (b)) NS 2 =7, woﬁﬁ
()L 10,000 HAUF) & LRD & (a)FED BMD R 2 2 22(F AUREEI). G To BMD
IR A TRt T & (R R EIER). (b) NI D E ABL N BRI ST 2 & 3D,
(3R] AWFICIXE LA JEBH 56 15 AT — 1L X — - PEEEATHR G B A B (NEDO) Je 800 98~
77 I (JPNP14004) DFERSF LN H DT,

(a) BMD distribution (b) Impurity distribution
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« O !'I—_’_i 0 09 098 r/ \
O 5 0.94 == BMD_bulk = k=1 ]
) ®) Impurity o0 6 0.96

o == BMD_surface S [v]
3 5 O 0.8 c 094
o = 0.8 1 <] vi S
> o (—:Y; /\ i 0.92

> 07 Pas [ maximize | >
T -5 0.7 > =
O+ oS VV-\ 5 0.90
— 0O () Q
© 9 © 0.88
O "2 0.6 S o6 é -
n (@) n minimize B 0.86 18 ‘d“""*x veseeessssos]

0.5+ : ©
0 15 30 45 60 75 100 115 O 0 0.2 04 0.6 0.8 1
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Iteration

Fig.1 Scaled values of objective functions Fig.2 Distributions of scaled values of (a) BMD and
for each iteration of the optimization. (b) impurity concentration.
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Objective functions considering conventional conditions
in optimizing semiconductor annealing process
HZRL BHL FAVYRRILY, TA—NILIT—NnNK Dy 4
IR RAER, oZHE @AM, RE 28X, FAR 83, B AKX, 56 BES, kHEX
Nagoya Univ. !, RIKEN?, Aixtal’, GlobalWafers Japan*
Ryotaro Kasahara!, °’Kentaro Kutsukake!- 2, Shunta Harada', Toru Ujihara' 2,
Shota Seki®, Masaki Takaishi®, Yuta Nagai*

E-mail: r.kasahara@unno.material.nagoya-u.ac.jp

[ITU®IZ] TrERXA T4~ T 4 7 AOERKICE Y | < ORGERFOREHELIZ AL TEH ST
5. ZOBS, BESRMR ST TCICHESRIESAEET 258121 AL IZ K Y BEFEORLESRIE 6 )T BN
TEEOHGIEPIRBINT L ZITEADNH L 2D, £ 2 TR CIEBEFRIEEZ B E L - Rk b 21T 9
728, B ERE O R FEAE IS N X CREFSRME & DI S OFEIEZ H BRI E A Lk 2 FEfi L, T o
R E IR LT,

[ZEBRFIE] Si V= — OEEL Y 1 212351F 2 BEFEHT 4 (Bulk micro defect ; BMD) DTERL, HiE .
BIREERN DO I 2 L—F 2 KIS — N ETVEERL b BREWHET VAR LT, ZOET VE
FAWT 2 20 HBIEE Faiifb 35 22 OBVLBRSAF: DIRR 21T o 7o, ARBFIE CIEBEAF SIS W IED
BEROFEE LT, 3O0RLHIHEHERE “L1 2 LA “L2 2 VA7 “BEESIE e —B 25040080 %
HEYBAE A~ A, Kl LTz, il {biTBIsi 7T /L= U X4 (NSGA-ID ZFI ] L7z,

[FEREOBR] B L 25T 4 37— O bl & o TR Rt % Fig ISR d, Hsndis
HOHMBBIC TR LB L — MNaO— %, = « & - WARDBEESRIED & O FEEHEE % B /Y
B~ 2 7o i b TR O LT DO — & 7~ T, BRBEFEIR 2N 2 7o Bl i W T h . H R BIEE A
DL THELND /L — NEICEVVEEZ &S Z LN TE 72, RICBVLESLMEOND 4 SZERV H L,
Al T DAL i 4 & BETRSRIE & Offaxiii 2% Fig2 \OR 7, BRBEERE 2 B OB S~ 2 7= i
L DOFERITBAFSRM AT o> T, FRIZ L1 OB/ METIE S D SR MHIBEFRIE & — T 5 A/ — 272
ff 235 Z LN TE, L2 OR/IMETIERMERED AR B ARV LR 5 Z L3 TE T, Th
XENZEND ) NV EDOF/MEDHRIZE DD TH Y | RUITIE U THEWGT D Z & TRV b7 fig %
HHZENTED,

@ 2-objective optimization Param 1 Param 2
A+ L1norm 2-objective I i | ! ! ! |
0.542 * + L2 norm optimization L i i i i
m + Number of different param L1 norm
* + L2 norm \
m + Number of
5 0.5384 » different param )
o & (o] 0.0 02 04 06 08 00 02 0.4 0.6
a 0O
S} o Param 3 Param 4
o] 2-objective [N
0.534 o optimization | : i
[olRe] i
L1 nom
o® @ i
D © L2 norm i i i i
+ Number of
0.530 -
0.650 0.655 0.660 0.665 0.670 different param _ -
Objective 1 0.000 0.025 0.050 0.075 0.100 0.125 0.0 05 10 15
Fig. 1 Four optimization results. Fig. 2 Absolute error between existing conditions and the

optimal solution.

[B38E] ARFZ2I NEDO SCERFIE 7 1 275 A (JP14004) L 0 KiBAE =17~
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i B R R DSMERIZHE L 72 B O MFRICE DS R A AR
ERBRT, K B KR BB ® HE?
INTT W PR ERERF JERT, *NTT SeIRER T /N1 2B,
INTT 2R 2 =7 —¥ a U RHER IR 7R AT
“E-mail: yuuki.wakabayashi@ntt.com, wtr.kobayashi@ntt.com,

takuma.otsuka@ntt.com, gensai.tei@ntt.com

AR, BECER BB A MBI R ICHA T 5 2 & Ty mhERAME c WEBEREITO~T VT
RA T AT AT AP L TWD [1-4], B7E BT 5 kieif@ e LT, BIfFDoT —
Z & b OIFIE LW COEBRKE R 2 THT 20 TRIOREES N H 5, KL TIE, 1I-V
AL G R ORE R T 2 B0 i i (R — RRTE | T A& & Kk o [ O # B
) ZIEHA L7Z, WEEOMGRICHE S < X XigiEik (PIBO) #BI% L. M-V JEEEEK Ing.
»GawAsyP 1y (InGaAsP) DHEEBILFLFANE (MOCVD) [Z#H L7z, Zhick v, BEfFD
(FEYT %ty MIEENRWBRESRME T, BEL T FXy v TR 1) LB TFIE
# (d) ZFFD InGaAsP Z /D72 WEATIEE CHOIRMIIC AT 2 Z E R ATRE & 7o o 72,

InGaAsP (3, Y-ER L —H— PG, HHiERR ., L7 7 A=V 27 AMIHHT 5 &
FIERNFLETIES RSN TEY . 20, TR 2 InGaAsP # 8T 5
ZEIIEENICEERMETH D, PIBO OMEIILLFTOMEY THDH, TTHRCENET 5
E(Ae, )%, B E 72D InGaAsP OFR N H — FRNZ L - TEMRT 5, 2LV BAYED
B S, 2EERE(LICBIT D2 Ay — VAR —HEE BT 52 LN Tx 5, LT, Ga &
As DI A (Fga, Fas) W ZXT 28 (x,y) OBMRZ THIT 572012, (Faw Fas) & (x, ) [H
DM OBIRZE L, R EAN LD XL % it EE T v Ch D4 v A ke
(GP)WZ LD PRI LTz, H AR MO OMIZERZ I A7z Z LIZX 0 RERFEIZE
W B AMEATRE 2 TN BT 5,

Bl 1.IZFE T —4% &L LT InGaAsP, 6 7D (Fga, Fas) Tk 2 EERAIZIRE L7 (x,
y) OF =%y FEHWEEED, (Fa, Fas) (2R3 2888 (x,y) OTHIFERZRT, ZOFITIE,
B AOPEEIE (A, d) = (1180 nm, 5.8688 A)T. xhitd™ 2 BAAALIL(x, y) = (0.1953, 0.4247) CTH 5,
A AV & RLRR O BFRIZBE T 2 B EGER A2 TRIE T VICHAAATERER, TS x BE Wy
DAEIE. Foa B L Fas OHEIMIAEWEFRICHIN L T\ 5, 2 OHEREIMOBRIL, FEBrT— 2 »n
EAELRWEINTH D o TEY . THIZMRIZEL TWDHZ AR L TWD, ZOTHNTE
SWT, HRFEAE LN D & TRENTZROFERSIM(H 1, +5) Tl (Ae, d)=(1175nm, 5.8688
B)D InGaAsP 1N DAL, B & T 2 I 051k & FF o 72 InGaAsP BN FEERICHE LN [5].

AAFZEIL, BB MFEA AR A RS T H & T, IMEARERR ST VN ERTE 5 2
EERRLTEY, ZHICX Y @l BRI EFS R ONERN M BT 5 2 EBHIfF S,

(a) (b)
12 0.4 055
1 + 0.50
£ e - 2 X 1. PHENE (@)xfE, BX
£y . & 8110 U8 (b)y fHOD Fo & Fa 25
K . Bl|" 2 |y, 2 E7 0 b, SATBEEE
8 A 0.1 T —H B RT, +FIFR DO E:
! 3 0% Zff L L TEIR &N (Foo
6 0.0 0.30 FAs) ;Ei_‘na—o
3 4 5 6 7 3 4 5 6 7
Fga [sccm] Fga [sccm]

[1]Y. K. Wakabayashi®, T. Otsuka et al., APL Mater. 7, 101114 (2019). [2] R. Shimizu ef al., APL Mater. 8,
111110 (2020). [3] Y. K. Wakabayashi®, T. Otsuka” (co-1st) et al., npj. Comput. Mater 8, 180 (2022). [4] Y.
K. Wakabayashi®, T. Otsuka” (co-1st) et al., APL mach. learn. 1, 026104 (2023). [5S] W. Kobayashi", T.
Otsuka” (co-1st), Y. K. Wakabayashi® (co-1st), and G. Tei" (co-1st), submitted.
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TLFIA4TITARAARBLEIZESD I/ DEERBEL
Optimization of Microstructures Using Multi-Fidelity Bayesian Optimization
AHEXRF ', HBFAIP? OREEX' &#F ' MH BEY MR —B"
Nagoya Univ. !, RIKEN AIP?, “Tomohiro Kurita', Cui Yi', Shion Takeno'?, Ichiro Takeuchi'?

E-mail: takeuchi.ichiro.n6@f.mail.nagoya-u.ac.jp

3D U A HEIROMERIZE Y, BHE G ORRER - [ENREL 70 0, BRECEMERE(LE R
H & LIciE i b ~DBEOAEE > TWD, KR TIXa 7 T4 7 v AEZ F/IMbT D &S
ERETLHMEEEZEZD. a7 T4 7 0 AMEOFAMIZITHREFE L (Finite Element Method,
FEM) B—RICHWHND. L)L, FEM ICR D mKER AT T4 7 ZAOFHEITIT, M5z
BEBUL L7 ChH D A v v aZ LN L THIT 21T O WERH H 720, FHHE 2 R h 32
T5. LIehoTC, AR IR MIOW TR ERELIEN RO BTN D,

AWIETIE, 7 mEZEE L2 7 G0k 2B 2 5. 27 oG0S, S8

—ZmbARn ) A KERDDH & TRRRCKRE AR T HRGFFFIEEZH W, 2O~V F AT
—VEE(LRIEIZIEL, W< ODDOBFERREINTWD [1]. L2L, ZHbDFETIE, v 7
EAEIEIZR LT R 7 @D IERH I NS N E WS RED & LT3 T D T2, g

(RN 5.
AW TIE, ~VTFT 747 VT 4 A Xidift (Multi-fidelity Bayesian Optlmlzatlon MFBO) &
PR DM EHEZ NS 2 LT, KVIRED DWW VT Ry — it 4 BT

MFBO [Z T HIO RHEFEMENTEBAL TE 54 KBTIV E S &I, AREOG 2T g, =7
TAT VARFEEAT O MGMEIE L A v ¥ 2 OIS ZBIGHNTEIR LT — % OB A4 0 k4 =
ECRMLEIT O FikiaTh D, L b, SHHEaX N e T2 ORFIC L2 EBET L2
LT & o T, RERIERRICE L TR e iaiifb 2 B 457, RIA9I21, 13 U IR EE o FEM
2 & o THEE DB 2K 0 IAR, EORITEREE D FEM |2 X - T VA N7 E R O o
AR LY. 20 MFBO IXHB R FEGRTH Y, ~ VT R — /Ui b 2 vl he
7, FDOaALR—=R N THLANA XATFHET WVIET —Z IS U THERT DR ERH S, £ <
I, BRBET — 21Tt A ATPRIET VOMEFETIFBRTH S, KT, BFEOSA T
HIE 7T V% ATz MFBO & He, mRET — 2 IRk LTe A XTI 7 v % V72 MFBO A% 5L
T2 LT, BEFEREICOWT X 0 R Ak b &2 BT

BAE, ST —ZIZRHE Lo X TRIE T LV ORBETER LOET — & ZRIC L H0EkE
& DHHEHERIZOWTHRET S,
ZZ BN
[1] Rodrigues, H., Guedes, J. M. and Bendsoe, M. P., Hierarchical optimization of material and structure,

Structural and Multidisciplinary Optimization, Vol. 24(2002), pp.1-10, DOI:10.1007/s00158-002-0209-z.
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Phase and property control of heterogeneous HfxZr@u-xOz2 thin films by
machine learning
Tokyo Electron Technology Solutions Ltd.* °Zeyuan Ni!, Hidefumi Matsui!

E-mail: zeyuan.ni@tel.com

HfZra-x0O2 is renowned for its polymorphic nature, which confer a range of electronic and dielectric
properties. Its metastable non-monoclinic (NM) phases exhibit enhanced properties such as high-Kk,
ferroelectricity, anti-ferroelectricity, but they could only be stabilized under specific conditions. To explore
a more complex heterogeneous HfZrO film, machine learning-incorporated closed-loop experiments is
suitable but had yet to be reported in 2020.

As our first trail to stabilize and maximize the NM phases of PVD HfZrO films, we adopted
closed-loop experiments through Bayesian optimization (BO). Within 10 cycles, we observed an
impressive enhancement in NM phase, measured by XRD, from approximately 30% to nearly 100%. The
NM phase ratio of the optimized composition depth profile significantly outperforms that of a similar
structure by stacking of pure ZrO, and HfO,. Furthermore, we moved on to atomic layer deposition (ALD)
and multi-object optimization of electronic properties, such as k and leakage. With our home-made
algorithm designed for ALD, we successfully pushed the Pareto frontier, demonstrating the effectiveness of

our approach.

(a) sample structure (b) BO workflow (“loop™)
La

HZO L4 (H% = x,) PVD TiN deposition
E HZO L3 (Hf% = Xa) PVD deposition of L1~L4
~ HZO L2 (Hf% = x,) Annealing at 550 °C

HZO L1 (Hf% = x,) XRF & XRD measurement
EI Data analysis for XRD PVD + XRD + BO
o _ BO recommendation for next loop

Si0o
2 v 4 samples/loop
(o) (d)
4000 t(Dll)/‘ 8'30

0.8 1 0 -

5 21 Ll ALD?
agz” = 30007 — g Electronic properties?
S04 E 2000 giscl:;rr:pcsed peaks

a m(111)

021 . £ 1000 mad) |/
Sio, N\
50|3'a%:\1\2\3 a]s[e]7]s8]afuo] 0_...»-”‘"‘-'--._1_*. L
Sample ID: 0 4 8 12 16 20 24 28 32 36 40

BO trajectory 15 20 25 30 35 40 45 50
2 theta (degree)
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Enhancing an Autoregressive Generative Wafer Polishing U-net Model
Aixtal Corporation', Mipox Corporation?, Kevin Richard G. Operiano', Roberto Iaconi',
Riku Tanaka', Fumiya Kawate', Sepasy Saeed?, Yoshifumi Watanabe’

E-mail: k.operiano@aixtal.com

Background
Deep learning models are susceptible to prediction errors when used in simulating manufacturing
processes. One of the errors, as we have observed during the prediction of the polishing amount profiles
of the SiC wafer and its pad, which requires the use of output profile as a model input recursively, leads
to exponential compounding errors caused by exposure bias. To mitigate this problem, we propose
methods (i.e., dataset preprocessing and post-processing, and autoregressive training) to promote model
robustness and output stability.
Methods
We propose three methods to improve an autoregressive U-net model training and evaluation for SiC
wafer polishing. The model inputs are the front and back surface wafer profiles, the upper and lower
polishing pad profiles, as well as the simulation parameters (e.g., rotation speed, pressure, etc.). The
output is the polishing amount profile (i.e., the profile of the material removed from all inputs).
e Preprocessing - Gaussian noise, quantization noise, and impulse noise are randomly introduced
as data augmentations.
o Post-processing - Before using the model output as an input, the negative values are zeroed (i.e.,
the negative polish amount is removed).
o Autoregressive Training - The model is trained on the loss of its generated output as input over
multiple steps, in addition to ground truth.
Results, Discussion, and Conclusion
Four model configurations are experimented with, namely: vanilla U-net, with preprocessing (PR),
with pre- and post-processing (PP), and pre- and post-processing combined with Autoregressive Training
(AT). Fig. 1 shows that each proposed method gradually stabilizes the profile prediction to a certain
degree. Combining them yields the most robust prediction even after eight polish passes. Preprocessing
handles the prediction fluctuations, while post-processing and autoregressive training provide output
stability and model resiliency. The proposed methods effectively handle exponential compounding errors
caused by recursive model evaluation.
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Figure 1: RMSE and R? score metrics of various proposed techniques on consecutive polish passes
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