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[=H 1]

Oxidation Processing2 2 GrowthE &2 Oxidel| MY &2t A& Electronl| O]

Blocking =2 Shieldingdt= ZO|Ct &4AQF 22 Process GasE At&dt= Z%= Dry
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eef AE = UK IF H{E71 2|Chs HEO| ULCH 22 FHY 2= WetdhA
&= HO| Insulating 7|50 EOITICE Mt Wet HAM Y BR+= Layer ThicknessE
EHA siof st=0, I2A =M Gate TerminaloflA] Channel2 Electric Field| Transfer

Speed?} = ZICt.
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SiO2(Oxide)2 Oxygenit SiliconO| Zgtet 90|11, Nitride Layer= NitrogenO| Siliconzt &
gtst ZOICE Insulation Layer?] ZR2E EMOZE Base Material0] M AlXH2
Germanium OxideO|UCt7} 2HIZ Silicon BaseZ HFH A1, Silicon Wafer2 Oxide(SiO2)2t
Nitride Layer(Si3N4)2 AtESt7| A|ZRYCE  Silicon Oxideg 4043 O AR&3iCHY,
CD(Critical Dimension, 2AX|Z=)2| SHAO| CICEEXF Si02 O[]0, 45nm O|FEHE &2
Insulating MaterialO|X} High-k 2&Ql O|&t3tstZEHfO23t HAIESSE S| ALDBN M=
OlttetX|l23E ZrO2 80| ME2 =222 MEL|1 ULt
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Thermal-Oxidation HACZ YME Oxide® Deposition®A0] 2|3 Growth Layer®t
DiffusionOfl 2|$t Diffusion Layer/t 28X &L Oxide2| Growth Layer + Diffusion
Layer 7+d &, Diffusion LayerZl Oxide ™A|2| X|X|CH(%E2]) FEZS S{F2E Deposition2
20 FdE EE2| Layer(CVD, PVD) ELCt OxideZt El& 74138t1 |solation?|&0] O]
LtCt. Diffusion Layer= Diffusion2 ReactionO| Mixz|0f IS EIC
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Screen-oxidet= lon-ImplantationA|2] DopantE Filtering St7| /5t X-8$IC} Insulation
Layer®| Thickness?t SfOtE4+E =2 Dielectric Material(High-K)& AF&3{OF Insulating 7|
0| |X|Z[AHLt ®OEICE Nitride Layer Deposition2 Deposition®4|0|2 2 High Temp
ZASHO|M, Y2 Z= Low PressureE AMESH Process Gas’Zt SurfaceOl &7 EHEtE2x
£ sh=0|, 0|& X ACVD(Low Pressure CVD, LPCVD) Alo|at shCt
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[EH 1]
SAOIE 8 FOf AOIE StEtol| fIX|5tE gts AHOIE 2)\fOI'ZEP SICE AIOIE SAOIE
SAOIE 8 J0| kY &2 Yoz Fdotht H2o=s FHE 22 2nm ZEMAE
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He|stn Yol Z4+E 0| 2Lt HF QrotX| ULCH EHIEEIQI HOIE ZAO|ETL AAH
E O|E ECt G2 QF0tX|= FAMO|C},
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Gate Oxidel| Layer?t Thick Layer®l dR0l= THIEQZ Reliability?t =OFEICL
ElectronO| Thick LayerE E1t% [ Electron=0| Gate Oxide LayerOf TrapZ|Of X| &
=HE 2o =EO| =OtZICHTrapping A, 3HH FIHE THE Leakage Currente= &
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9ro| FZCt= Zola, FHE Y%E &3t Electron?| In/Out-Speed= EO{RICt Technology
7 g@™otC= A2 ScalingOl E'ao“E._“:fE Z40|1, TR Scaling2 Gate Oxide2| ThicknessZt
SFOHX|= H2HO|Ct Subl| S-D Atolof HME|= Channel° 7b53h 2 A "M 0{oF TRO

SpeedZt A EICL ALD HAS HE8Y Mz zrO2Yo = A YHCH
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Gate Oxide2| Material &, Permltt|V|ty7|- =0X| & &MEE Si02 > SION > HKMG (HfO2,
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[EH 1]

ALD= AbsorptionZ4lS MESIEE CVD B2 PVDL| 4EQl Step CoverageZ 218t =X
7t Ho| gl & otL|zl, ALDH H O] HdEl= Voidth EHO| 2Z0] =8| A FEl=
Pinhole= 2| YoM, Particle 5 2F YME HwAN XL} o MN7t &zt AXx =
(HgSEsH)S 210, Nano THERR|ol At FHE CoatingO| 7hsdtChe FHEOl U7
{20 ALDE= CVDLt PVDR| Weak Point2 72| E 25t Deposition 2A0|CH 2Lt 37

S0t e =2tts BEE # Uoh

[EH 2]

ALDE Thermal-EnergyOfl 2|3t Thermal-ALD2t PlasmaEs 0|88t &AIQl Plasma-ALD 2
PEALD(Plasma Enhanced ALD)7t RUCt Plasma-ALDE HHESX|E Plasmaz O|83l0] ALDE
stz mjEof, gHE-d0| Thermal-ALDO| H|SIO] 0§ HHED ZEUSEAH  LOfLEA,
Precursor®t Precursor| Purgedd2 & 2otH|, Reactant X Reactant Purge 38 (&
8k Z0|5)0| EHHEEICE Plasma ®AQ] HEEZ Process Time: ZE0E1
Thermal-ALDO||A 345X ZSH= O{2{7tX| Dielectric Layer= PEALDE 7}sSICH=
Ct. Si02, HfO2, Al203 & Thermal-ALD ECh= R& 2E0|M E35h= Source Gas
ReactantZ &Y = ULl
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ALDS| AO|Z : Precursor Absorption(Self Limitation) = Subsitution(Self Limitation) =
New Layer 9 By-products Exhaust <&At 1715 44 > Cycling Repeat(0iz 7§ EXtE
M) > gfo] AZE SRz ¥d>
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MU E2 ME MO|ALKRALSO| EF), d2uF/t Ldsi= Ech 28 30 5

?_*QI Adhesion2 &OOF S0, Sub, Well, Source/Drain TerminalS2| Type2 A2 HtCH7t
OF StC} CtEH LDD-Termination, Halo-Sub, Twin Well-Sub § & X Af0ol= of Q|

0|Ef. 9F £0f Pinhole &0 EXHSHH 2o FHO| XMte|H, USo| 2EUWHAFI ME

CE2™ Crack, Adhesion &2 712X 2|7t &dg = UL

=X 2]
CVD Bt82 {Xlof matd 278 5 UL Heterogeneous BHE2 GasEf2F Solid & Ef Q|
Ao 2, wafer EH 0| 32HetEb30l AF wdlsi Md=0| EEO| AXECH

St
Homogeneous#t&2 7tA(Gas)-7FAMENOIAM MZ2 FAHZTO0| HA HEstd MEES
THE F, Wafer EH(Solid)2 2 0|55t DepositionT| 22, TA|Ql EHI} JtASIEHE

oM CHE B/ 7IM |47t L 5 )7 = st EAHEE

5to] ol FE oM™ El ZOf Wafer ETIL CHA| EE ZAYs{OF St= FEO[ 7| W20 &4
ST OfgtEICH

[EH 3]

Thermal EnergyE 7|BICE 3= CVDeE
ZIMEICE Ol Atmospheric Pressurel| EEt HE =F¢l ZF7[(SACVD)Z
Process Chamber L 7|2 Atmospheric Pressure2| 2 1022 1Hf ~ 100&<2
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HDPCVD2| ICPHAI2 PECVDL| CTHEE ER6t7| o) 7HEE ZO|Ch. Chamberlf= 42t
29 17| HEZ {XIStHA, Sputter Etch&2| Argon lon?| EIXd2 ZHESFH,
DepositionA] #dlx[= Overhang2 Z[CHTt MXA|& =+ Ut ZZO0|= PECVDLl CHF=ZO|
HDPCVDZ HH O] 7h= FMICH
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EH 1]

GateOf ™ V_gateZt 917tk Gate MO 2$ Channel(S-D AtO[)O| & EICE Channel
2 Gate Voltage? &7 Gate OxideE S7H0| F1AM Capacitor &S Z2EM C_oxide
7t 47ICt Ol Gate Terminalli@| ResistanceOff 2|5t0{ Voltage DropO| ZAME|HA, SA|
0 C_oxideO| 2|3t0 Voltage?t =X L,

[=H 2]

Aluminum2 Melting Temperature(®f &M 660&5)7F %1, MMEHOZ= Nickel 2Lt
Aluminum®@| Resistance &0 012 =2 Metal d20|CHNickelO] AluminumOf H|S}0
Resistivity7t 28 O|4 &=-&). Metal2 lon-ImplantationS & # 91222 Dopant =& H
A =& g1, 30 w2t Work-functiondt WFIt H2HEl Threshold VoltageE X%t
wuez BFI|I7F Ol EFSICE Metal MEQ Aluminum  Layer?t SiO22| Layer?t
Adhesion2 9f%t HO|Ct,

[EH 3]

Gate Terminal2| Material@® Metal Aluminum - Poly-Silicon® HX > Metal Cu2 BH
E[QUCt EEDE TR ScalingO| TAHE|HA GateZOl= ZOFA|1l, Gate Oxide2| Thickness HA|
SA|0| SFOFZICH High-k= Gate VoltageE SHF ate=z=9o| MES WLl Gate MEO
HK/MGE HZE|H, Electric Field2| HEE Wadt= 247t Poly-Silicon 0|20 High-k7t
X Csidq M K27 ={TICE AO|E MEO| AlOIM EZ2[HE[EE AN Cuz BT,
Cue 230[2t: 528t Al 20| OfL|2}, Melting Point2 #=O0}X|11 Resistivity= Al0f H]
St 2k o5tz HotM Al M HAJAE X7t o= H= SHAECL
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=8 1]
Photo ProcessOlAl ArE3dt= Wave Length?t HOIX|= =ME LIESHH, Lampl| Short
Wave(G-Line > I-Line), Laser®| UV (KrF > ArF), Plasmas O|&%t EUVE Lt= 4= ULt

[=H 2]

MaskE 1 CH 1HY 22, Reticle2 1 Cf NH{Q| Shrinkage?t 7tsdHX|TH LEH O 2 Reticle
& MaskEl 2t Stepper@t Scanner= =&7| WHOIM ExposureSt= #A{0|CE 4 F0| Ztof
X|™, Short Channel2 QI Effect’t LIELLIDH, Threshold Voltage7tA| =E&3at7| HQ| Gate
VoltageOIM = Drain Current?t & %= =0, O Sub-threshold Current2t L
Shrink Patterning A2 2 Litho-Etching-Litho-Etching(LELE)2| Multi-Pattern Process&
=5 Line WidthE 2 = A1, 1 2|0 Gate &2l Insulating Layer@! Spacerg O|&
5lo M Z2 =Y 4= QUCL FinFET > GAA-FET > MBC-FET2 Leakage Current S, O|A3}
2 oI%t 2288 £0|7| 25t Gate Terminal2 HEHE HZAAIZI FLXO|CH,

=4 3]

ImageE Shrinkdt?7| 2510 Maske| SlitS ZA SHH, 20| M2f Wave Length7b =Ak[0f
OF Sh=Lf, Wave LengthZ} ZfOFX| ™, Resolution & =ICHResolution ==AH7} LHEHO]| H|Z|
5l Z0{5). BtH, Depth of FocusE Wave LengthOf BHH|Z|SH=G|, DoFS| #=X[7} ROLX|
™ DoF7t 2f2tk|= BakO|Ct

[=H 4]

MaskE A83t0] X El Photo-Lithography 582 EUVLIF NILE LbE = UL, NIL2
Wafer 40| Coating® PR(Photo Resist) €0l Nano-Pattern2 Stamp@AlSZ RO|Lfj= &
AlS USICE MaskE AMBSIA| 2= Photo-Litholess-Graphy HHAI0= DSAQL Plasmonic
Laser Nano Graphy %4l 50| siZEICt Ol 3|2 Patterng AFAME BZEAE == JUX|
ot OtZ! 23 s0| EUV- LithographyOfl O/X|X] 26t {271 =2|Ct= EHEO0| QUCH
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EH 1]

8l HIALS 2 X|SH= BARC(Bottom Anti-Reflective Coat)S Coating®tAl T/, BARC /0]
CoatingE PR Layer2 F16t0] Lf2{2 HO| PRI} Silicon(Z2 Deposition Layen)2| A
MO M HHALE|Of CHA| RI2 E[ZO0t7be= BRALD =2 ASIHE AXSHD ol Notching® 4
2 XSIELCL Notching2 +=HZTe=z F I oo E0HE XpJt Uilst= ZAO|EE
Line Width& =0|= O M<faelo] =t
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PEB2l =H2 PR £H0| QU= PACE Ed=A|7{ PR Coatingzl EES FE=H AIF{A
Standing WaveS Z0|7| /&0|Ct. Standing WaveZt ExposureA| H19| Interference(Z =1t
dayoll 2 & Interfaced| ZO| st WS olOjsiCy. PEBE HAISHA| @1

[
DevelopmentE TIEstH, Zt&a LHO| Interface THHO| 25 CurveZt HX|X| &$tCt,

[EH 4]

Photod HO|M = BakeE & 4% A A| StCh HMDSEE 13, PREE 23], =& &3 13(0|
Ct & A= HMDS7t E3{Uig|X| R == ot BakeO|1, LIHX| 30| PRIt =g &
BakeO|Cl. & M| Bake= PRYZ =4 dt= &&=0(1, M HWi= 4 |
NE siZst= XHAOICE Y #mf= AlZio| S0{7t7| o A2t Mo 2[5t PRO| H| AL
X AEE St BakeO|L|
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HUOMEH WEE WZ+E 4& oUX|7F 2057 20 d3E 2f= Z07] 2
&o| FmZtno|= AN ZM, Positive PRZ FI|2t0|E FEO0| S E0 FHEPREZ I|2t0|E
20| £/, Negative PR 7HRE Au|zt0|E 2Pt =L Positive PR2 S8 CD Of
H(1:N BH) ¥SSH PatternO| 211, Negative PR2 =X CHH| Final Pattern CD7} £E22
M HHYECE Z3 Development £, PREHO|= Negative PR2| Remaining PatternO|
Positive PR Pattern 2C} Gl 3H E|0f Definition0| EO{Xl ZIHE ZefotCt [2kA] Small
Pattern2 X &A| Positive PR2| At HlE 7} =Lt
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Wave LengthZt B Diameter?t 2 LensE& ARESHH Focal Length?b ZfOHOF ResolutionO|
SFAEICEH Depth of Focus(DoF)E &4 A|7|2{™, Diameter?t XO{OF St Wave LengthZt
Z0{0F |2|3ICE Focal Lengths Y93| Zofof ZCt,
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[EH 1
Plasmats FT0AE =3t HHOIX|E X|FLe| AN M= KtF HHE[X| AE=CE Plasma
£ 12 =2 2 § E5% oM 2=, I8 HHYMEsE R

= = Ol 7t
A0 2 A[Z £ QT FeQ| Melting PointE Plasmall M4 2% EC} 0 e 2

=o|ct.

[EH 2]

Cccpel HHEE EHASHY| ol JHHE ICPe= FZE0|22 Chamber 20| ©=E& Coil2
Lot s2 =Exet A7t ECh 0 et REENSY oA, =2 ZEI 27EE
HDPCVD(High Density Plasma CVD) &0 S&ELCl Plasma= CCPOAM ICPE EHERUe=
O, CCP= DC > AC > RF S22 HHNE|QUCL ICPHAIO o5t LME E2t=0F XSS
SHOLEM MEZ| X o 29 BN FUETt LYSHX| QL

[EH 3]
PlasmagE Td5t= ®AE T Electrong2 £E7t 71% WESZE  Electrons0| Plus
ElectrodeO|Lt  Chamber H2=z A H#E SO7IAL FSSHEA  Plasmalt
Electrode/Chamber AO[O] EF-E0| Ql= YOl LME| =0 O|E Sheath2l P$HC} Plasma”t
Sheath2 =2 40 FAM7I & Radical 32 & YAHSO0| Wafer HHO| HEt2AH =H
Deposition0| &[FHM 20| FH{IX|=0|, O|F PECVDEl otCt kA Process ChamberOi
QI7tst= MEHO|HX|E Z=ESIH, Plasma LH2| ElectronO|L} Positive lon 22 Radical?| &
S oHX|t &S THE £ UL HFZH0| Plus MA/SHETHO| Minus M2 Q17tstH, &

Satg =02 Wafer 0= Sheath7t 2450 RadicalO|Lt Positive lonO|

-

= ol 2g4s5t7| EE2
2tZ0| ECk RF-Energy, Electrodel| ™€ 37|, Vacuum Condition, FRE AATIAZ &
O 2 RadicalO|Lt Positive lon2| &S ZEY = UM ZIHoz Tro| FH o e
7t 7hssiTICh

[EH 4]

2=z3H0| 0 & X2 Radical?l #&59Q &%, Radicalo| EMHO| f[X|5H 3to| RAXtL}

At ZEstol stetdoz e FEQ JIAYEIER BSHH Etching(Z32 PRY ER=
Ashing)O|Lt CleaningO| EICt. 27H2| Process gas”|2| =2 Process gas?t 2to| IXtet Z
gtolo] iMooz HHSIHA EHO| Z2t20 1HSt T/ CVD/ALDS| DepositionO| EICtH
Argon2| Positive lon0| 22|H22 £ BHO A= 22Xt 5T 4% 35 At
o ZgtHo| HOIN oM FAHS0| =2 Vapor2 EO{AM LIQHA HICHHO| 2| X|TH
Wafer EHO| F2t2H St= 4= PVD(Sputtering B4N)7t EICE

[

_’]O_



23. AlZF

i B |

&l

=8 1]

Plasma EtchO|Al= WX EtchE TlIlE Process Chamber Ot TZOZ2 THE F, A2z &
Target LayerO| St= Plasma Source GasE FRIC} Energy= RF-GeneratorE 0|83}0]
PlasmaE THS1, 9rEO| EtEFSE OxideE Etch & W{Ol= 233t C-F A SourceE AHE

SICE CIAE Source gase Poly-silicondt Metal FilmE A 75h=0| AH&SHCE

[EH 2]

Etch Rate2 7t55t= Etchol d4 MEX|&2E Selectivity(MEIH)) 7L QACL Selectivity2| 7|
T2 FZ Masking IS Sl= 99| Etch Rate CHH| Target Layer®| Etch RateO|LC}.
Selectivity?t =25, Hard Mask2| Etch Rate® D% =2|1, Target Layer2| Etch”| =
A TMECH= 2|0|Ct Hard Mask= EtchZt 2tE|= ZAO| BHFEASIX|T, Etch?t Ef= Target
O] XN Etch?t 2tZE|0{Of Lt ScalingO| E45 Selectivity?} =OFOF PatternO| X|CHZE
THEICE Positive lon Etch®| Selectivity= SX|2F Radical Etch@| Selectivity’t 222
RIEQ| Selectivity?} ®OX|&= Z&O| RUACE Under Etch(O|H|AZh= Target Layer’t SE Of
Hl 2 Etch® Z0|1, Over Etch(Xt=A1Zh)&= O TO| EtchE ZO|C EoP(BUE)= EtchZt
Z2LI0F Sl AH(BE)S SS9t Loading Effect= Etch® Pattern®| DensityS 20| StC}
Etchg PatternO| B2 AreaOfA{= Etch Rate?t =2{ZIC},

[=H 3]

Etch Rate= 129 Etch &l DepthE XotCt EO| EHEFSE OxideE Etch & Ijol= 2%t
C-F AY Source GasE AtE3t1, OxideE L} HEO| 23t SiliconO|Lt Metal LayerO|M&
CL A2l Source GasE AMBRICE Etching A2 WetO|A Dry #Alo=z TStE[QUCH
Aspect Ratio= E& 2t0| S2t7t1, Wet HA 2= oHAZF QUL

[EH 4]

RIE 2Alo] M2 Anisotropic §42 Z&= Positive on2Z2 Ftch & 34s) 4= o
Target®| EA-2XAF At0|e] Zgdg AsgtAzl F izl HLE H8H0l =2
Radical(Isotropic £4)0| %, 9t2 Fdst= LAt A FLdd oS0 GasE2 T
Of HiEA|Z7|= HAI0|CE RIEE lonO| EHEE Sh= Z0| OfL|2f, lonO| 22| %8S StH
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=X 1]
Hydrogen peroxide(H202)0| &3t Sulfuric acid& A2H |7|d X 354 S0 Kt
O Photo process& Developmenti| AFE3ELE H2 PRUVA| MAHZF 7HsSHA &L L

[EH 2]

HF(Hydrogen Fluoride)2 Wet Cleaning SolutionZ 0| 7t& Z&35t0] EE%H OxidetX| |
Ag = den, O|F UHNA[Z{ BOE Cleaning2 ZIE$HCL M2t Wet Cleaning®| & ZAt
=2 Standard Cleaning - Piranha Cleaning - BOE Cleaning@2 EH I|ZIC}
BOE(Buffered Oxide Etchant)&= Cleaning Equipment 2 Etching EquipmentO| XtF XE&
st Ao, £ EHOAM B HO{X|X| % Particle= Remove 7hs3ILt.

[=H 3]

Device Shrink PatternOi| [2t Cleaning Method®l= 17|XQl #3t7t 20 Lt Minimum
Feature Size 100nm O|Z 2= Aspect Ratio(&0|/2 ) £t0| 45310 Cleaning SolutionO|
Trench ZHFEHA] W2{7HA| ZSt= X|HAEQl Ao ZMECH High Aspect RatioO A=
Wet Cleaning Process’t &7t5t22 Dry Cleaning Process& XECh Pt 2 S&SH Dry
Cleaning2 0|3 7IX| #4Alo=2 E3tgt = U0| Device Shrink0f M2t L™ S At AU
Ct.

[EH 4]

Wet Cleaningg & U Cleaning 21E &0|7| /5%, Cleaning Bath2| O Ultrasonic
WaveE 21715t0, Ol FrequencyE =0|7|= 3t=Lf, O|F Megasonic CleaningO|2t:l ot
Ct.

Dry Ice Method2 HZIAI7|X|= RAX|TH 7|4 HEHE XM HEHZ THE S, O0EZ DY
2 SASHA EH A7 &2t o2 AZ 7IH 2 Dry Ice?t [0 Wafer EEHE Cleaning®
Ct.

Aerosol Method2 7K &EHQ| BAIE S&3| A HHE HXX| %F2 EZE UXE
0| 835t0f sHYE FYo| 2AMA|7|= LA0|LCE,

Ultrasonic Wave 2Lt & O Z&3t Cleaning HAC2 E438t LampOA LI2E UV Wave
2 O0|8%l7|= st1, st Laser Beam= Scanningdt= HAE R7|/27] HFE2 MAHSH
= =c

Plasma2| Radical TS, OfR 2&/E0| ZOtM, WaferE &
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Diffusion® =EZX0|E 0|8 o2 SR mXs s 0l8% Aol
lon-Implantation2 QYH2Z e =S IStHAM DopingtLt. Diffusion2 38 T
Ao WaferE T#d%te 27 YAREQl &40 Aol gl MAE0l =0k 1970 ECH77HX]
DopingAl AtFE O E|UX|TH, 7HE X|FE QI EHHQI Isotropic EH 22 ShrinkageOf £ &gt
50| lon-Implantation@ 2 S£0| CHA| | ACH.

]
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[EH 2]

Diffusion® lon-Implantation®t OX7FX|2 FE2 37] FFL| Dopant GasE DopingAl 7
Insulation®l 77t Intrinsic Silicon01| ConductivityE &0 &ELCL & &4 25 Dopant 37
2& 1352 B5(Boron)E, 1552 As33(Arsenic)t P15(Phosphorus)2 F2tCh X2 15%F
2l Sb51(Antimony)2 AtE “..'E-T-7|' Z0{E1 ULt 1352 Doping(Diffusion %
lon-Implantation)A| Al13(Aluminium)= &3t 2Lt Al132 Doping2 T 20, I20A
AHEo2 & SX|&= Low Solid SolubilityE 0|7 I{E0] Density(E&E)7t =0Tl XY
= o ALESHA| Rt ULt

[EH 3]
High Temperature FurnaceE O|8&3%}= Fab Process= Diffusion, Oxidation, LPCVD H&= E
Ct.

[=H 4]
2ot 3 LAAE Diffusion@ Y0 AHZHOZ Diffusions TA|F] Diffusion0] 2 I
MR 20| Dopant UXHE FRAIZ|X| D, 'E'._F Doping SourceE HME8% ZHLE
DiffusionA|Z Dopant2| E20| HiH UANM MSES 27 20| § 0|4 DopantE 35
SHA| 1 Z=Hhlon-ImplantationOi| A2 Annealmg e Tt ety Rotag s
AAE 0|83 Diffusion EM Dopant?| 2Z7b AFsI0| EH SE7t Diffusion &7|Lt
S7| BF Aol msict dgLt MEE-Z=A SourceE 0|-8% Dopant #ZE& —Lg
_"|:
sk

7 &1, DiffusionO
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ZOF AlZtof w2t Y-SR 40FA, Diffusion £7|0= EH
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lon-Implantation2 Boron(B) €& &%, MZAO0| 27| MZ0| Channeling0| #H == <&

7t AT Doping® lonES 1L UA2| LAOZ HFEA| Annealing0|2t F7I3HE HAof

SICE  lon-Implantation  Anisotropic Doping©O|7| M{-E0f Diffusion Operation0| H[3}0]

Shrinkage01| +E|StH, Doselt 2 EnergyE &X|St0 Doping Quantitydt Doping Depth
£ Moz 5+ ULk

=X 2]
Well2 ZO|7HA] HJE[0{OF St22 |onO| O] FFBHOF ot [MELM Low Density2l
Doping®| ZR3E2 High Energy-Low DoseZ HM|O{$tCt Source/Drain THAHE EHO| f
A IX|SioF L2 2 Low Depth/High Density DopingO|22 Low Energy-High DoseZ A
Of gt}

[EH 3]

Silicon SubstrateE & 7~10=2 WaferE TiltA|7|H, Dopingkl= lonE1} Silicon & Ate D}
o &= X|2HE0| NO-Tilt Lt =43 &St 8Lt Tilting Doping2 =1F Doping
X Rttt BHEO| ALBE =2, O|F SiZSH7| RISt Tilting SEHOIAM CHA| Wafer Z4tEE
360% RotationA|7{7}H A Tilting-Rotation-Doping= oLt

[ZH 4]

O|2F % H|= High Energy®t High Current RFE THEA|7| = QUes ZH| ELhE 3HEZS
2 ZHA El YH|Z, Depth(Energy)0il 0| X3 Tl High Energy-Low Current&H|O|AL},
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=
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[EH 2]

Annealing®| =XO0|Lt &2 Dopantl Diffusion Depth® ZE3SI1, Dopant Atom=
Silicon Atom2Z SubstitutionA|7AA] lon-Implantation@ 2 It El  Lattice StructureE
Recovery3tLCt,

[=H 3]
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A st

= 4]
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= d5eh ol 383t ZHSE = Wafer TH|O| 27t #USHA FX|Z|0{0F StEZ RTA
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Meol AXOA & Threshold Voltages, MOSFETHO|A Current?t SE2X| UEH ME{Tt
Current7t SE& ’EHE HEEE A™Q MYATE QI VoltageQlHl, GateTHAto| MLS 7t
510 CurrentZt S27| A|ZtSHH Threshold VoltageZ 913 Mkl S| ZATHot

I'

[2H 2]

Threshold Voltage2 ¢HH FofX|H 7Fs{0F St=0|, SubOl 7I5t= VoltageOl 2l3f
Threshold VoltageO| Bit= Z42 Body EffectZt $HCh Body Effecte| S|ZMSZ 1) Gate
Oxide®| Thickness& SfAH 30l Gate VoltageO| ChannelOf O/X|= A&HS IAH BIH
Body Effect?} ZO{=Ct. 2) Source@t Sub2| MLIXIO|E ZO0|™ Body EffectE siZdt= O
E20| E[BEZ, Vsb= Minimuml22Z |FX[A|7{ FLCt 3) 2 Layer=2| Dopant Doping2 &=
A3 Body EffectE® =Y = U=, Ol 0= E CHE FAE0| 2dlg = ULk

[EH 3]

Threshold VoltageO F&EE2 7|X|= QASZ+= Substrate®| Base Material Type, Gate
OxideO| TrapEl Electron Quantity, Gate Oxide Thickness, Oxide2| Permittivity(Dielectric
Constant), Gate Layer®?t Sub Level2| Doping®l 2f, Gate Depletion Layer2| Plus Charge
Quantity, Body Effect SO|LC}.

[=H 4]

Transfer Characteristics&f0l Al Threshold Voltage®t Channel2| CIZZAE AmE O,
Threshold Voltage &2 Channel®| Thickness?t SFOHO|M)MCH7 F7H U (RH)TICE Cell
& Threshold Voltage2 7|&2Z2 OFF/ON AEf7} BSHCE Channel®| 22| &EHE LtEt
W& Pinch-on( Vgs = Vth)2 Voltage2= & Threshold Voltage2 2|0|Sh=0|, Threshold
Voltage2 7|F2Z Drain Current?t 'SE2X| AHLKCut-off Area : Vgs < Vth ), 'SE2HL}
( Vgs > Vth Active Area®t Saturation Area)7t Z7 EILC}.
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Channel2 Source Terminal®Al Drain TerminalZtX|2] Z2|HQ Hz| LHoN dMEZle=
Inversion Area(nMOSFETQ! ZA Gate TerminalOf Plus Voltagegs QI17t510] M=l n-Type
Channel)2td 7go|tCt BtEX| TechnologyZt, & FZ&XQl Channel LengthE 2[0|st=0],
Ol Gate2| Length?t 7| Zol B9 StructureE& Metal LayoutA| Metal Line
Width2 ot HEMQ 2= Pitche| HEto|Ct

[2H 2]

Channel LengthZ ZOFZOf [M2f Drain Voltaged| 2|3t Electric Field7t =g =l Source
JunctionOll E|< Forward BiasZ2 F&E 7| XA JsO| Depletion Area?t E0{&1, 10| e}
Sourcel| Major CarrierE IESHAH SO0 T HOEZM LEE|= DIBL Js & Jd2| Depletion
AreaZt MZ IJPHRIX|AL ORI Reach&l0] Z’435t= Punch Through, ChannelOi|Af
ElectronO| Drain Terminal2 7t7t0| Z=5 FH £EE =O|CHt S0 25t 24, 3%t
Electrong YAt JFHA 810 ALEl Major CarrierS0| Gate VoltageO O|Z2 Gate &
goz Ze2t7b= HC, Jd2| Depletion AreaZt HO{M QU1 FAXXMOZ Drain Terminalit
Gate Terminal2| OverlappingO| ZdE HEHOA Gate Voltage Leveldt Drain Voltage
Level?| HXIO|2 QIS0 Jdo| ZEFHOAM LME EHP(Carrier)?t DraintHAE 0| Sot=
GIDL S0 &Y ECt
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TEH S|4 HAORE SO OfL|2} Gate T*XE FinFET X2 BHZASIH Gate Area’t
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Current® &M A|7|&= Major Carrier S BJTE Holelt Electron, & Carrier 25 8E 0|83}7|
I{-20f Bi-polar TRO|2FL BtCt FETE Carrier2 Hole 22 Electron & 15 &% Operation
Ol 2t0{A|7{ Uni-polar TRO|2tD SCt FETO| Density?t 7| 20| BITECH:E FETE FZ2
AHETILE FET= Horizontal2 Carrierg O|SAIH g ZF/2| CurrentBt 22|5t= BHH, BITE
Seed® Base Current ¥ Main& Collector Current®! & ZFFE CHREO{Of 822 BJT7t
OperationstZ|7b § EHSIX|2E d52 &S5 ZLhL FET= Seed VoltageZ TRE
OperationA| 7|22 Gate OxideZt HHEA| L RSICH
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CMOSFETS| 2|Z2&= nMOSFETZ} pMOSFET2 2 T4 E Lt Enhancement nMOSFETZt Et=2
2 Operationdt= 4%, Source TerminationOll= -Vss@! Bias ™=, Drain TerminationOi
= +Vdd@l Bias S Q7t5t0] Drain THANSl HfES = 3HOF Drain Current’t SECLt.
Gate TerminationO|= Plus VoltageE Q!7t8§0F TRO| ONO| E|1, Drain M2 Gate Input
Voltage HCt 7t =A MESICt Carriere ElectronO] ®-8%&|1, Source/Drain Termination
£ n-TypeO| Z[0{OF 822 15F2 lon-Implantation$HC,
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CMOS?Zt =2 M0|= Operation? Inverter®i = nMOS= Low LevelE T & (Pull-down 2
XF 'ONYAIZ|Z, pMOSE High Level& T E(Pull-up £&At 'ON)AIZ|EE  Voltage(-Vsset
+Vdd)2 HHX|SHH Vth Loss®10| Gatel| Input Signal(High/Low)O| 2HE{SIH ReverseZ| O,
Drain2Z Output(Source/Drain Termination0l 17HEl Bias VoltageZt &2)EICt Devices
9| Operation A| Voltage-Loss 7tsd& A2 M=Z=2 EHHE AlZI 20| CMOSFETO|CE,

[EH 4]

Operation2 nMOSFET £& pMOSFET = & StLHE ONA[Z|H SA[0] CHE Stit= OFFE
Of, ONO| &d3t=l TRO|A +Vdd =2 -Vss/GND=2 OutputPtCh. Input LevelOf 2} High
Input Level(*1")¥ M+ Pull-down nMOSZt ONE|O{(pMOSE= OFF) -Vss(“0”, Low)?} Drain
Termination2 2 OutputZ|, Low Input(“0")¥ M= Pull-up pMOSZt ONE|O{(nNMOS OFF)
+vdd(“1”, High)7t OutputZlC}. O|& InputE Signall 37[7t M E HEJZ Outputz|OfOF
St= Inverter(NOT' Gate) Functiondt = StCt,
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