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Abstract

This research presents an experimental computational framework for studying and optimizing
doping properties in semiconductors by integrating synthetic data, alternative models, and
optimization algorithms. A synthetic dataset of 2000 samples was generated, representing the
effect of three key parameters—temperature, processing time, and impurity concentration—on
major physical outputs, including homogeneity index, carrier kinetics, and defect density. This
dataset was generated using quasi-physical relationships with experimental noise incorporation to
enhance realism.

Based on this dataset, an alternative model based on the Random Forest algorithm was trained
with high accuracy, enabling the replacement of costly physical simulations with a rapid
computational environment for iterative exploration and optimization. A Bayesian optimization
algorithm was then employed to search for optimized operating conditions that balance improved
homogeneity, increased kinetics, and reduced defects. This yielded approximate optimal operating
ranges at temperatures of 845-860°C and processing times of 80—90 seconds, with high dopant
concentrations. A preliminary hypothesis generation system was also developed, employing an
iterative probability mechanism to test and update new sets of parameters across the alternative
model. To assess reliability, multiple statistical methods, sensitivity analysis, and Monte Carlo
simulation were used, and the results demonstrated good stability and consistency of behavior.
This research demonstrates that this systematic integration represents a practical approach that
reduces computational and experimental costs and paves the way for the development of advanced
frameworks to support materials design and process optimization.

Keywords: Artificial intelligence; Semiconductor doping; Surrogate models; Bayesian
optimization; Random Forest; Synthetic data; Sensitivity analysis; Monte Carlo simulation;

Carrier mobility; Defect density; Uniformity index.
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959.852844 .575006 .090471e+17 204523.070520 .063033 .542198e+10
880.334504 .419570 .800175e+17 340008.669290 .212833 .149917e+10
912.421773 .638527 .762375e+16 28811.99U4589 .635536 .329574e+10
706.175348 .386584 .563803e+16 17818.198193 .396690 .726796e+10
990.972956 .9604109 .925187e+17 196258 .798596 .622674 .719523e+10
949 .732792 .223116 .974665e+17 3u48732.822503 .062501 .529399e+10
763.701733 .456621 .942419e+17 97120.472709 ."700569 .428908e+10
754.547490 .159930 .1418630e+17 320931.278392 .151616 .479385e+10
755.021353 .108164 .605683e+17 130283.424845 .256306 .472980e+10
791.272673 .995232 .862000e+17 Lu3099.506640 .209389 .274491e+10
857.426929 .968336 .9579U3e+17 Lu7896.155504 .152352 .044128e+10
829.583506 .ld64u5 .979899e+17 148995.068500 423723 .117478e+10
787.368742 .120040 .307638e+17 115381.358565 .391658 .324174e+10
883.555868 .0449u3 .118927e+17 205944 .915653 .503791 .185275e+10
741.848158 .431955 .412911e+17 120644.956690 . 449595 .540647e+10
787.643395 .996268 .727115e+17 336354.218260 .296942 .316022e+10
809.908553 .928997 .262386e+17 413119.064419 .930659 .219157e+10

.820995 .570731 .73U190e+17 336708.758128 .267561 .061879e+10
.552788 .1429980 .2U5261e+17 412263.500173 .274378 .U432762e+10
.902135 .855983 .975952e+17 198796.6158uu 464554 .459008e+10
.270332 .queuu7 .571607e+17 78579.331479 .352788 .047613e+10

Bl gall i) (e £ Jad AdLE 4dadt (3) i)
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il A g3 A deadicial) Aladal) Jal gadl (4) Jodn

O] G A gil) (g Jala)
Allain) g &5l 5 L) ol )5 ) ad) Tapdl) i Jias

. 700-1000 °C 3 yallda
2;&3_).43\ (s:\ﬂ\ die g._x):\d\gis‘ﬁ
Cganll S 5 il e LY sae il lSlag 10200 s il (e )
oailbadll aaxi ol (fuady gl el HAl Jia L )
. 1x10' — 5x10"7 atoms/cm? | L&Y S 5
45 Sy
GOl 9l a5 5 Uil s by 3lSlae il osladll i
L
(oA Jal) B g Ll ALy slSlae il
i K N
Al cl 38 5l 5 o) adl dlgaY) Ll Jias ALy 3lSlae il o gaall A8ES

Surrogate Simulation g s cu i il 2.4

) AauluY) ALY &l yaate A8l (,L._. gy Gl 3l 223 Random Forest Regressor g2 et <y i ai
e llhuaY) Gl de gene e laie Y @lld y diaslil) 4l 5l s Al s (Aslal) 38 555 dalaal) () 6l yall
ULl (e %620 Jiai Uise Hia) Ao gamay ccilinnll (e %80 Jiad cuy¥ide gana ) UL il 5 385 5] 5l
Ll el Aplean ) Al Guis e Bliall ae cgpie ganall o Jalai sl (50

M 3 san A dagend LAY (il cdaliall ULl Ul e asenill e 23 salll 5 508 il apudil) 138 aadiud
) 2l 5 8 deaaliuall A0 Hadl) 4l

LAY de gana o 7 galll g0

Uasd) g ye dass a5 (R2) sl Jaloa aladials ¢ JLEaY) @ilily o 73 saill Aliisall ¢1aY) Gaplia (5) Jsaa gaa s
(MSE):

JLEAY) clilby e Random Forest zisal £131 (5) Js

MSE R? Score i)
Uaddia 0.9999 (Uniformity Index) ¢ssladll i g
e 0.9861 (Carrier Mobility) <SWall 48
Uaddie 0.9977 (Defect Density) < sl 28U

ks b sia el 585 calle 28x e lilaa¥) cillall 8 53 s sal) Al Bl adas Ll 23 saill 508 il oa gl
AMaaS a2y 73 paill AaeDha i ppall 38 ae iy caiiail 8 yna 5 32ma Al b st e Ll L) slaieY
AL Ay a5l L) B ele Y (50 ¢ el Ganall Ul e a e Jiy
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(Surrogate Simulator) il Sael) oLy geili
S5y dadlaadl (a5 6l all da o af Jlial e jol8 olua  Slase (ania 4 a3 (3 saill g )35 (e o lgY) aay
Oalall &S ja 5 ¢ (Uniformity Index)ositadll ydige ;AN 480 58l ila Al ALiEal) &l jpasil) g la ) g cAilil)
(Defect Density). < s:2ll 485S 5 ¢(Carrier Mobility)
Aalia 5 il )8 gt () gl oAy ulasY) Aallly i Jgan JSG o dilia 7] )a) dgal 5 (Slaall 2555 o3 8
Cilpia il anii g daleall aleil) 35 50 acal U jean Slaall 138 a0dind 5 Gauadll g anill g ad ill <l ) g0 ol allail) o gl
. TCADUe 4ndiia 33, 38 GlSlaal jdlie JiaS Gl g oz yiiall ey Jal

¥ Surrogate model loaded successfully.

Running test simulation...

Uniformity Index : 5,043.933
Carrier Mobility : 1,526.529
Defect Density : 10,060,854,671.249

basaa 4L} gyl ALY SlSLaall il o Jlia AL Akt (4) JS

(atoms/cm?)106x1 4l 3 5 ¢ §80 dalaa (1o ¢ °C850 3)a 4 2

Bayesian Optimization alaaiuly LAY Gauad gilis 3.4

L) 58 3aa ) LS e (g e gane Judl (e SA) Caad) Cangs Bayesian Optimization &) sa Ggakad
o Gl Jaddl e Gaaill dilee Gadie) 5 gpall AUS (alisil 5 cBlalall 48 ja g W)l 5 g sld) uiladll
quty PAEA|

(13105 — 1x10™ cm?) <ibisal 555 ¢ (10-200 8) LK) a3 ¢ (700-1000°C) 50yl o

el JUaiSl oy g il Jaas (8 ek LS o(Opmnd A g 155 (oY) g siill §) AL 450520 Ae ) 530 2l 8
ol S lalaadl (o il 55 Jumdl ) 4yl 531 i 58

Ol A ) s e A jaiisall i) il

: 894.64°C Liall 3 ) jall da )

0 125.86 sdia¥) ALY (e )

: 1.50x10'¢ atoms/cm3Jie¥) <y sall 38 i

A 40 5l il A pUaill e ((Surrogate Model) diad) \Staall #3 gai ) asill 038 5y e dic

dadl) Al 7 A
4,183.28 Uniformity Index
1,615.10 cm?/V-s Carrier Mobility
1.17x10" cm™ Defect Density
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@Juﬁhus@cﬁvw&\z\.\sﬁ@w&b;j} cwhﬂ\wd}md}hauu@d:u)\}uu\acﬁm\ad.&)@ba
el Alle &yl ALEY) Clulee (8 b sial) Ay 301 35081 au

temper. .. i concen...

-0.052640 o 190.63571 .322e+17

-0.119278 0 174.57346 .015e+17
.2357051 0 13.911053 .699e+17
.3952848 o 50.344431 .826e+17
.3860886 o 43.638225 .283e+17
.3257546 0 107.92466 .871e+17
.0913376 o 154.26691 .966e+17
.2126133 o 27.201138 .157e+17

.2728220 0 109.80552 .603e+17
.3114593 o 75.753202 .490e+17
.1717814 o 48.751220 .978e+17
. 3458955 0 113.75420 .179e+17

.3185036 o 124.16583 .335e+17

.1195979 0 149.96258 | 6.8u6e+17
.3569920 o .528e+17
.1368078 o .673e+17

BEST OPTIMAL PARAMETERS FOUND

{'target': np.float6u(0.6343089050343425), 'params': {'temperature': np.float6u4(894.643635704U
87), 'time': np.float6u(125.85600578727019), 'concentration': np.float6u(l.5006098843921026e+16
D1}

optimizer:zitiil LdLd dkdl (5) Jil)

(Scientific Explanation Module) i) il 4.4

A0 udll ae) @8l (e de gana e 2aiad (Post-hoc Explanation Module) 48aY ale juwd 3o 5 da ghaiall (panals
Y 5 e s o ) gy Ay il il Sl 5 TAEY) )il Fpnaadl sl Ty ) g elhiane 823l 5 Al
AUl S sl i sy uadill al 2 Y G jean w285 Lail g copunidl) ) 5l dlae 8 3an 5l 034 o L

it slab (5 e Hynn yo Al 38 iy L e e ALl AILEY) i ity 5m ) o g ¢ 1501 il yall 3
(800-900 Juaall asza 3 ) adl da )3 da a5 1) G Aldagusy A3k pd 20 ) 8 (3855 )) ad) da )3 el oy ¢ JUial)

(A (e i Hlacal o <°C)

“Temperature within the activation window : good dopant activation and uniformity.”

3ol ) s il gl Japis Camaza Jlaia) (uSad) ypeaill Jpams b cdie e o lail) 138 (pe JB1 3 ) all da j0 il 1) L
b ¢ Dl 43 S G (g0 (Time_s) Aadlaall ey Jilat iy édgabiin 48 a5 ¢ D gil) e e sonl) SR 5 (S0l dgay)
saal) JR Adlaial 5 LY Geny Glay ey s IS da ) ae Slsha f ¢JiaY) Jad) (pana

s A ali ) o 84l e (midiad) Sl L Cua Gadase clilas ) 13t A5l 38 5 dalas Q5 LS
5l il S T cn B el RSy BN (s 03155 e 15 anrgiall 3 ) aa] Ly cctdlalal
SOl AS a e (impurity scattering) il jal sk

ol 530 (Lo U1y il SSlaal o Al Al ) el S 1) el S0m 5 5 ) Al ) 3
Glke Al 5824 5 (Defect Density). < sl 435S 5 ¢ (Carrier Mobility) S3lall 4 )a 5 ¢(Uniformity Index)
s Al dpaaall sl e adiad 3 pblie 4y juds
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"Mobility value indicates good carrier transport under the given conditions."

"Defect density reflects lattice quality under extended diffusion time."

ele V) () 50 Fnial Y1 oLl il g pe  Unlusa Udea 5 1 ausd 5 53 Las i guanall il (38 5 Lalals <l jlall o3a i g
el ol Ay Al 3 lalivia (lEEL

BEST OPTIMAL PARAMETERS FOUND
': np.float6u(0.63430890503u43uU25), 'params': {'temperature': np.float64(894.6U4363570UUL
'time': np.float6u4(125.85600578727019), 'concentration': np.float64(1l.5006098843921026e+16

Uniformity Index : 4,183.282
Carrier Mobility : 1,615.095
Defect Density : 11,686,360,177.440

Scientific Explanation:

-—— Scientific Interpretation of Optimal Conditions -—-—

- Temperature within activation window -+ good activation + uniformity.
- Long diffusion » defect probability increases.

- Ideal dopant concentration » minimal scattering, high mobility.

-—— Based on Simulation Output ———
- Uniformity Index: 4,183.28

- Mobility: 1,615.10

- Defect Density: 11,686,360,177.44

Conclusion:

These parameters reflect a trade-off between activation, defect formation,
and transport properties, consistent with known semiconductor doping physics.

43 ) 8 iUl 73 gall) dadly g M) pacail) (e AL ddall (6) JS)

(Hypothesis Generator)<tua dll u ¢ alad milii 5.4

iLigiul ) Cangs (Tterative Reasoning Loop) 4l S5 Séis 5 50 Judd A (e Cilaa jall A i alai oo i o
Allaia) 401 (e oUail) 138 (53805 5 ALl ISladll 5 e alaill o slaie YU diagy 535 5 ) geay Laulial) LLEY) Ja g 5
ol sl Al @l sl i (Belief Distributions) asliie] cilay 3 88 (e e 341 g oy il dll ad 5l
AL S sy dallaad) e s olall A (A s ) LEY) ) sl Al

JS s ALY dag 58 Jumdl Jon oY1 Gl aie (e G 5 Aliy) sy Apaliie ) a5 sl Bgl o3 5al) Ay
eJand) Slaall aladiiuls daca jdl) SLid) oy o ecibag ) 5ill 038 (e e AT jue Saaa ApaS A bl g il o iy ¢ ) S
daa il s W6 el day e gaad) ALK 5 (BLaa) DS ja g ¢ilatl) i 8 Aliaal) Al Cila Al N (g3)
Al a1 35 sy cdualiie ) il 5l Capnatl Loyl o34 w33l w5 callail) 8 Bacinall 53a sal) 5252 All3 iy
Slo aldl) 5 Sal) ol e Unuse K 09 o0 Jiady Ao <l ) S 8 Juadl il 1) ol ) ) jlaal
AL s 2ol g8 e slaie Y1 0 50 ooty 5 CHLESTLY G 45 sl

ALEY) O ppaial da il will 8 Uiy 5 U 5 gl o jalal g ocs ) Sl Sl dila (po Aulliia <y 53 (e 2 3
LAl A8 pa g léi ) paladll e et Ena e 1) ST Jaandi e a8l giall il jill Cagadl Cua
Ol are Jlae ot )y Lea «cl ) _SE e G il adl) i aalésil Jon o) LS o guall A (e aa) ae
Alliae Juanii Ja g pd Jsa alie V) ey j5il) R yisaly )
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AJRSP 22026 K 5 ) ol

N =

lee 4pa 5l Alad) slSlaall e Al daa 1) 400 (e BalY) e a8 il jall ad 8 ol o i) s el
O (1 BLEY) Haad @lld pa g oaal Y1 o ol Candl 8 B Lise B10LS 4sladiiad acdy Lay dgng )25 5 ) gacy CHLISELY)
el 4 i) s Al Jlasind 43 aad) Y 5 deriiivall daloal) 7 3laill s e lilaal) bl 3 sas Gasa Jery aUaill 128

s CLISEYY i e 8 Lgae s i ddgliadil) 43 5l

~
J/ Physical Constraints Layer ™
Temperature, Time, |

\ f
" Concentration Ranges /

¥

Probabilistic Hypothesis
Generator
Belief-based Sampling
-

'Y

¥

Hypothesis Proposal
Tt C

L J

Surrogate Simulation
Engine
Random Forest Model

Update belief distributions

- . 7 . .

Predicted Qutputs
Uniformity
Mobility
Defect Density

Evaluation & Scoring Engine
Unified Objective Function

¥

i

Post-hoc Explanation
Medule
Rule-based Interpretation

Bayesian Optimization
Experiment Planning

B, S

f

Analysis & Reporting

cilyda i) 0l g5 Ban g Jas Jalada (7) JEA
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Update

ncentration 6.66e+16. This may uniformity and reduce defects.

JuadY) A Jil) 4l 5l & 4 93 B (a loop Adilds Abil (8) S

A ) clBMal) Julat g Al o e 1) 6.4
rob LS o s Aaulu1 Ol i) (e el a5 A ) e gy 4 6L o3
(Temperature vs Uniformity) aill o &, ad) a0 45, 1,6.4

oebas ALY dlee e Ul sl Guiladll Slsa s (°C) Al oadl dadlaal) 5 ) s da o (g AN JSAN (a2
LSS a5 ASEN i i sale ) llee 5 el gl Jandis (o daall Jeliil) Sy Jaljall aanie ol e 8 ke Jiaiall
@ loall eyl

(°C730-700) duaiiiall 3 ) jall s 53 ie ) il J15Y) s al

A3 i sale) Gls e pane i gl Jandi o ) e Le (5030~) Gt (média (s s b uiladll jdige S
Apnband) gl A1 5Y A8S e 4y )50

(°CT80-740) (g5 (puand AIEY) s al)

1OV @sie gl ga 5 d ) all 83l ae Uiy i uilail) e adl

) yadl A 53 ae Gl 30 3 D(T) LV dales -
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cluster formation.JiSill Julii y adaiill sole ) e 5 )88 ST maai 4y )Ll 402l -
(°C805-790) :(tiall 43 ) yall 35 Al
0y (S Gl Alis L 5 ) ) s o 0685 o Jutin] dilaie (4 5 ¢(5100~) 4e (et () puiladl) Jcy
() 2l Activation dasdsi Jaes el -
lgmd i Bale) e 40al5 58 e -
sl L) a5 B -
Rapid Thermal Annealing (RTA).4a ! 4,LEY1 Slleal 4000 405 2dadi Ulle Jiad dakaiall 228
(°C860—810) &5 2y aliaiV) 4)
s Chy e (b5 slu g g cpailadll e (i B ) ) glad axg
« Thermo-mechanical stressesils Slalga) Hseda ey -
el ol Baaa e o g ddlaial -
A Galadll lags ) o5 Overshoot base JLaml -
(°C1000-880) i all ) jiiusY) dikaia5)
rua saaa ) S A ) el Lee s <l (5 51 (5067~) Sl (5 sinsall yelay
LY e -
comaadll (o 3 el (e 2T AN A jall dagdall 81 -
e 5l a plateau ) adadll Juays -
JEA el A1y
dilaia A 5 ©C800 2s3ns (e A (paniaty Ui oty s 68l oall a3 3l s Blad o133 Y pailall (o iniall elad
Aaid) ) sailay J8 Gualaill aias IV Ll (0 sSalaad) (8 i ) 5 s ) ALY Aali) BlaY) cillee & gl
ALY by il 8 Surrogate Model 1 ddlaas (e ) m Lea calaall & glal) 138 Ll 3 sy 3 gaill

Effect of Temperature on Uniformity

5100 +

5090 4

5080 4

5070 4

Uniformity Index

5060

5050 4

5040

5030 4

T T T T T T T
700 7350 800 850 9200 950 1000
Temperature (°C)

cuilaill e B jadl Ay o 8l (9) Jdd
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(Concentration vs Mobility) LY o ittt S i 435, 2,6.4
Uil 5 Ut el (i g AL 4 alad) 3 COllall AS s (atoms/em?) LY 58 55 cpn A8all § UK a5
(Impurity Scattering). (sl sall el il Aot ALl 38 55 003 51 ae S jall oy 535 (aldds) & Jiady (85 2
rdal ye 3 ) s 1) (8 allal) o gl il (S
cm™3):1015%x1 — 1015x1) A s¥) dx jall -]
dadaial) o2a (8 () ) UK o ) el Les ¢ (<1525 cm?/V sl )& Culdi s adi o (5 siee die COllall 48 a4
Ay )oall coleall jlse o il aned i€ ey diisie
cm3):107x5 — 10'6x 1) daw giall A yall -2
Aaaly iadll @l il iy @S all (8 g paill (liasy fay
(Mean _al) sl Jaus sia QI Laa ¢y all il 5301 ol g an 2l e IS (sl sf) il g IV Je i ¢ glaill 13a b
Free Path).
((em10"8x1=) 4 _all dds yall -3
Impurity Coulomb Scattering :3 jalss Jasi ja & glus a5 cala <00 A jal) Jaie Jasgy
¥ 3em s Sl 8 gy Gl ) (523 Le cheliSs LAl pet e A0 5,8 Al Sl 330 3 sk Cm
cm?/V+s.1440~ S

i yall A8 jall g Aldl) O sae o Bl 6 sead ALaY1 5 il e dalaia 3 gay JSE T s Al udl) ATV
—OsSaliad g o oSl ALEL Aalad) Al QQJY\@@\)BXHB‘;AJ 1015 — 10 cm 3 10w L gae BUai 138 0 &S0 g

Agliall Al <l o) gall g au S

Effect of Dopant Concentration on Mobility

1520 4

1500 4

1480 4

Carrier Mobility

1460 4

1440

T T T T
1015 1015 101? lolﬂ
Dopant Concentration (atoms/cm?)

(Concentration vs Mobility)8Ll e cuilygal) 38 5 L8l (10) Jead
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(Time vs Defect Density) <2l 498 Ao 5o i) iU, 3.6.4
Ll (e 8 e sl 005 il yglaty AL An ol b o sunll S s ALEY) (3 (o A1 O JSEN yim yoy
(45 90-10) oY) dla yall ]
a8l g i sale) (A (gloall JLaiY) 5l (e Lea il LAWY 3 5a 5 s e 3l e L gl ABES i
AGY) de jall e dailll 4y ) oLl il jlana¥) Jilss
(A5 11090 s 4nlll dds ) 2
sl s LY w05 A ) i L b g esste (S0l ) paal) AAUS Ll ) i i Ailaie ) ol Juay
RESRAURPEN
(355 200-110) R Aa Ll 3
o Bale Jasi sl a5 Al 180 5 150 o s 2La3) edns clansa plai ;YL o gual) 28S T
(Over-Diffusion) Lyl & Lol aY) a5 -

Byaa dgue S je e sl -

o shall dadlaall (ga ) o 2l Jie (5l s sk dlea) Gisas -
L slad pae any (i i3 3380 dllia ol s caall o Jad e il Al ALY e of i) e s cole IS
() g W) caia]

1e10 Effect of Diffusion Time on Defects
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g
G
=
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”
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Diffusion Time (s)

(Time vs Defect Density)esad) BUS e g3l il (11) Jsid

(3D Parameter Space) 53Lal 5492t Jlas¥) LU 4l S 4,6.4

cdalladll ) ‘B)\)AJ\ :\;)J AN Gilaladll gliad e :\JLJY\ o Al zalal) 33 9 E)}J J‘.’_I;Y\ AU 4.&4);5\ )@.L\i
(Material Quality Score) &<l 53 sall e ¢ sl Jiay Latay Al 5l < jpaiall aal ) e IS Sy ALl 38 53
e A e s A

Uniformity Index g=adll jdse -
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Carrier Mobility <3lall A€ a -
Defect Density « sall 43S -

il daxdiall Cangl s e 1alaie)

rvie Uy i K50 5 b sall Bl all ) 5 (eadl jaial) ted ()5 cld 3aans dilaie 2 ga g oy Al el
820-880°C i3l a a2 -
360-100 dallas 320 -

10"°-10"6 cm > 252 48L5 38 55 -

(o sanl) AU e aall g ea il e Jalial) g ol o) Janiii o JadY) () ) gl (3885 Aalatall 038 of Ao @lld Juy

3D Parameter Space - Material Quality Score
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(3D Parameter Space)dlall 33 gad s 450 dday A (12) JS&d)

a4 20 il Alaal) Judaill 7.4
AT (e Ao sana 15 3 ecpanill s Al dalee e Aatlll cilaca il A8 5 ge s z3sall i) e giad) Cargs
ol g e Janndill Cag Hla 45 yuaa & 335 Ca (Surrogate Model) dind) 73 saill & gl ansil @l g cdaaiiall ilias )
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Pearson Correlation Matrix:
Temperature_C Time_s Dopant_Concentration Uniformity_Index Mobility Defect_Density
Temperature_C 1.000000 .003835 0.032582 0.032582 0.878408 -0.021552
003835 .000000 ©.615312 ©.015310 -0.005509 -0.008113

Time_s 0.
Dopant_Concentration 0.032582 .015312 1.000000 1.000000 -0.437052 -0.0225u45
Uniformity_Index 9.832582 .015310 1.000000 1.000000 -0.437052 -0.022546
Mobility 0.878408 .005509 -0.437052 -0.437052 1.000000 -0.010090
Defect_Density -0.021552 .008113 -0.022545 -0.022546 -0.010090 1.000000

Spearman Correlation Matrix:

Temperature_C Time_s Dopant_Concentration Uniformity_Index Mobility Defect_Density
Temperature_C 1.000000 .803525 .031596 .©31599 0.885623 -0.014d02
Time_s 0.003525 .000000 .016086 .016085 -0.003222 -0.008017
Dopant_Concentration 9.031596 .016086 .000000 .000000 -0.409682 -0.022786
Uniformity_Index 0.031599 .016085 .000000 .000000 -0.409679 -0.022786
Mobility 0.885623 .003222 .4e9682 409679 1.000000 -0.008393
Defect_Density =@, 014402 .008017 .022786 .022786 -0.008393 1.000000

(Pearson & Spearman Correlations)abi ¥ clelaa guilii ¢ 4&LE 4dall (13) Jsid)

Pearson Correlation Heatmap
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# Surrogate model loaded successfully.

Monte Carlo Statistics (mean * std):

UI Mobility Defects
count 1000.000000 16000.000000 .000000e+03
mean 5059.456068 1526.37834U5 .od2417e+10
std 226.763944 4.888478 .203107e+08
min 4122.588195 1501.785520 .002407e+10
25% 4o9e5.664176 1522.728235 .016818e+10
50% 5045.054100 1526.805683 .030211e+10
75% 5163.197008 1529.704126 .060773e+10
max 5772.940522 1539.068201 .166503e+10

R RERRRWR R

(Monte Carlo Stability Analysis) $i\S < ga SlSlae guilii 4¢li5 AdLS kil (15) Ji)

(Sensitivity Analysis) ulwad! Julai-3
0 @l el ecla Al e o i ey s A e IS it e Lpubuall Jilai o) a) o
Al i gl g 15 51l b Akl 5l 3 ol Cum « Mobilityole 1356 S91 Julall a5 adl sy -
oy sall Jai o e e (381 5% sl 52
aiarl m Lae ¢ UL 8mS (358 () adlall o s ool G ¢l yiige e 1580 Y S aalall 5< 5 -
Sl 55 (8 Sl dlac
Zasadll 138 8 o il by aaena uSay Lo s 5 cila il maen e G 13m0 0585 IS a3l -

® Surrogate model loaded successfully.

=== Sensitivity for T ===
4 Low change: {'Uniformity_Index': 5050.083326886702, 'Mobility': 1482.158428302471, 'Defect_Density': 14233170739.298086}
T High change: {'Uniformity_Index': 5065.1691734019505, 'Mobility': 1566.4482141320507, 'Defect_Density': 142u9644458.830053}

=== Sensitivity for time ===
4 Low change: {'Uniformity_Index': 5012.490756142135, 'Mobility': 1526.6145918481589, 'Defect_Density': 10066415910.67992}
T High change: {'Uniformity_Index': 5028.747182053539, 'Mobility': 1526.5407212251248, 'Defect_Density': 10052679062.86U4958}

=== Sensitivity for conc ===
4 Low change: {'Uniformity_Index': 4u418.008101788u468, 'Mobility': 1526.5287037534479, 'Defect_Density': 10060854671.24918u}
T High change: {'Uniformity_Index': 5531.047472072411, 'Mobility': 1526.528703753u479, 'Defect_Density': 10060854671.2049184}

C:\wael\Khamsat\Luizsle 37iS1c vy Lilys Liols SN.glal>|

(Sensitivity Analysis)dzabuad) Jiad ¢ 4L Aadl (16) JSil

(Confidence Intervals) 4l <l s -4
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¥ Surrogate model loaded successfully.

Confidence Intervals (95%):

UI: mean=2803.25, CI95=(793.87, 5023.41)
Mobility: mean=1524.06, CI95=(1499.78, 15u46.17)
Defects: mean=11281605174.97, CI95=(100963u45103.77, 12419278853.38)

(Confidence Intervals)ail) <l b o 45LE 4l (17) Jeid)
sdalald) AU 8.4
(o oAt S Al il IS (g

Jiise (S eliha¥) #bseill 3 Walieca s ) 7400 Al GLES) sale) e 5o Uil

[S—

A3 el sae Qi Guaall Jlae (s & Taa Ylad SBayesian Optimization .2
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il 1.5
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