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1. Tieivoln emaen p-n

Dopant gas

Q¢ ETTAQPN p-n opiceTal, EVTEAWC or

accelerated impurity ions

QATTAOUOTEUTIKA, N OUVEVWON OUO TUNMATWYV
avTIBETOU TUTTOU TOU auToU nuiaywyou TTou
KATAOKEUACZETAI OMWG  OTnV  TTPpAcn  ME
d1apopeC DIadIKATIEG TTOU €XOUV QVATITUXOEI
€IOIKA YIO TO OKOTTO auTtd (diaxuaon atro Tnv
aEPIO @Aan, 10VTIKA eupuTeuon). MNap’ 6Ao 10
OTI N METABaCN aTrd TOV €va TUTTO NUIaywyou
OTOV GAAO TTpayPaTOTIOIEITAI OTAdIOKA KOTA
TNV KOTOOKEUN TNG ETAPNG, €V TOUTOIG
Bewpouhe ATTOTOMO TTEPACHO ATTO TOV €va
TUTTO aTov  GAAo  (abrupt junction) vyia
OlEUKOAUVON NG MaBNuaTIKNAG
OIATTPAYMATEUCNG.
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2. KaraoToon lcoppotmiag

[Meploxn
ATTOYUMVWONG
POPEWV Kal
QAVATITUENG
NAEKTPIKOU TTEDIOU

AOTEC
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g g
> xp:>Vbi=|2;|(N X Xp + NAX X ) |28:|N X (xn+xp):zNDon

H 1Teploxn atmmoyupvwong Oev eKTEIVETAI OTO idIO
BAaBo¢ OTIC TTEPIOXEC TUTTOU P Kal N. AUTO 1I0XUEI
MOvo eav No=Np. l'evika ekTeiveTal o€
TTEPIOOOTEPO PABOC OTO TUAMA ME TNV XAUNAOTEP
upnAdTEPN vOBeUOoN, aTTd OTTOU TTPETTEI VA
EXOUUE KAl TNV TTIO TTAPATETAPEVN DIAXUON.
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TMHMA ®YZIKHZ - MANENIZTHMIO MNATPQN

. Ovonagetal ) enagin p-n mou 10 eva tunpda g

eival TIOAU 1o 1oxupda vobBeupevo amno to allo. To tpnpa avto cupPoriletal wg p* 1 n* avriotoixa.
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3. Opon llHoAwon

(a) To eEWTEPIKA EPAPHUOLONEVO NAEKTPIKO
Tedio ival avTiBeTo Tou
QUTOAVOATITUCCOUEVOU OTNV TTEPIOXN
QATTOYUMVWONG.

(B) O1 ppayuoi duVAUIKNG EVEPYEIQC YIa TN
dlaxuan MEIWVOVTAl O

‘qe‘(Vbi -V )

H diaxuon guvoeital, evw n oAicbnon oxl.

(y) To €eUpOG TNC TTEPIOXNS ATTOYUPVWONG
MEIWVETQ.

(€) AUo ouOppoTIa pEUPATA DIAXUOEWC
dlappEouv TNV Taer]. loxupod peupua
opBng gopag (MA).
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4, AvaoTtpo®n lloAwon

(a) To eEWTEPIKA EPAPHUOLONEVO NAEKTPIKO
Tedio gival ouOPPPOTTIO TOU
QUTOAVOATITUCCOUEVOU OTNV TTEPIOXN
QATTOYUMVWONG.

(B) O1 ppayuoi duVAUIKNG EVEPYEIQC YIa TN
dlaxuan aucAvovTal o€

‘qe‘(Vbi +Vy )

H oAioBnon euvoeital, evw n diaxuon oxl.

(y) To €eUpOG TNC TTEPIOXNS ATTOYUPVWONG
aucaveral.

(€) AUo oubppoTTa peUPaTa oAiocBnong
dlappéouv TNV tTagry. AcBevEC peuua
KOPOU avaoTpopnc eopdac (UA).
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5. [Fevikn EK@paon Tou PEUNOTOG

A
J=J e —1], Jg

_ || Dy Poer N 9| Do

D7, \Dh 7,

Forward

Reverse
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6. APXEG KOTOOKEUNG KOl BaCIKO MEYEON
ETTAPNG P-n

» Ol ETTAPEC p-N KATAOKEUACOVTAI PE EICAYWYIH TTPOOHIEEWY O€ UTTOOTPWHA NUIaywyou Ndn
VOOEUUEVO OUOIOUOPPA PE TTPOOUICEIC AVTIOETOU TUTTOU. To UTTOOTPWHA Eival Eva BIOKIo NUIaywyou
TUTTOU P ) N OTO OTIOIO EI0AYOVTAI TTPOOHICEIG AVTIOETOU TUTTOU PE OUYKEVTPWAN CA(X) (TTOAU
MeEyaAUTEPN atro auth Tou uttooTpwpatog Cg) TTou gival cuvaptnon Tou BABoUG ToU UTTOOTPWHATOG,
YEYOVOC TTOU UTTAYOPEUETAI ATTO TNV QUON TwV JEBOGdWY TTOU XPNOIUOTTOIOUVTAl.

» OI TTPOCIEEIS AUTEG €l0AGYOVTAl OTO UTTOOTPWHA PE Aropa npbomcng avriditov Thmov
MEBOOOUC TTOU Ba avatrTuxBouv oTa eTTOueva.MeTd TN
dladikagia £l0600U TOUG OTO UTTOOTPWHA, Ta ATOUA TOUG
oev Bpiokovtal OAa o€ BECEIC avTIKATAOTAONG OTO
TTAEYMA TOU NUIaywyou Kal atraiTeiTal Eva oT1adlo
avoTITNONG 0€ UWNAN BEPUOKPATIa WOTE AUTEG
OIOXEONEVEG OTO OTEPED UTTOOTPWHA VA KATAAGRBOUV
TETOIEC BETEIC DPWVTAC oav DOTEG ] aTTodEKTES. H AP B 1) [ G RIS 5 C
dladIkagia auTr) ovopadeTal EVEPYOTTOINAN TWV T VIl L TC T oOe T
TTPOCMICEWV.To ETTIOUPNTO €ival TO OUVOAO TNG ouykévtpwong Cy

TTPOOMIENG VA EVEPYOTTOINBEI HETA TNV AvOTITNON. TOTE
AvaQEPOUAOTE O€ TTARPN EVEPYOTTOINGT TNG KAl N
OUYKEVTPWON TWV NAEKTPOVIWYV ] OTTWV TTOU TTAPEXEI
IooUTAl APIOUNTIKA JE QUTH TNG TTPOOHIENG. ZTNV
TTEPITITWON aUT CUUPBOAIKA ypA@poupE OTI :

C, =C, =N, =n, nia doty

C,=C, =N, =p, 7o amodeKTy
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H péyiotn TTo00TNTA TNG TTPOCMIENG, N OTTOoIA UTTOPEI Va €l0axO€i OTO UTTOOTPWHA TOU NUIAYWYOU
XWPIc va odnynoel oTnv dnuioupyia EexwpIoThS eaong (precipitation) o€ autd kaBopiletal amd 1o
Opl10 OIAAUTOTNTAC TG OTO UTTOOTPWHA.EGV n TTpOouIgn e10aX0ei 0€ CUYKEVTPWON APKETA
XOUNASTEPN ATTO TO OPIO BIGAUTOTNTAG TNG OTO UTTOCTPWMA, KATA TIC DIAPOPEC BEPUIKEC DIEPYATIES
TTOU ouvOEéovTal Je TN vOBeuon Tou NUIaYwYoU TO OUCTNUO CUMTTEPIPEPETAI CAV £va OTEPEO dIGAUUQ
(solid solution) pe d1IOAUTN TO UTTOOTPWHA Kal BIGAUPEVN ouaia TNV TTPOCMIEN.EAv N TTpdoIEN
€1I00aX0Ei 0€ CUYKEVTPWOEIC OUYKPIOIUES ME TO OPI0 DIOAUTOTNTAC TNG OTO UTTOOTPWHA, TOTE KATA ThV
TTPaypaToTIoinon TWv BepuIkwyV digpyaciwy TTou Ba akoAouBrioouv,8a dnuioupynBouv ICNUaATOEIDEIC
oxnMUatiopoi (precipitates) Tng TTPOCUIENG OTO UTTOCTPWHA TTOU CUVIOTOUV CEXWPIOTA PACN O€ QUTO
ME OUOMEVN YIA TNV TEXVOAOYia sTraKo)\ouecx yIaTi TO THAMA TNG KATAVOPNAG TNG TTPOCHIENG TTou Ba
ICNMaToTToINOEi Ba €ival NAEKTPIKA AVEVEP
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» To BaBog x, TNG eMaQAG (junction depth) opiceTal cav n
aATroéoTACH ATTO TNV ETTIPAVEIA TOU UTTOOTPWHUATOS OTTOU N
ouykévTpwan (cm3) Tng eicayoduevng TPOoUIENS (TUTTOU P
f n) CA(X), TTou gival ouvapTnon Tou BaBoug Adyw Tou
TPOTTOU E TOV OTTOIO TTPAYUATOTTOIEITAI N VOBeuon, YiveTal
ion ME TN CUYKEVTPWON TG avTIBETOU TUTTOU (N 1) P)
TTPOOMIENG Tou uTTooTpWwHaToG Cg, TTOU OUVABWG Eival
oMolopopPa voBeupevo. AnAadn :

Ca(x=X;)=Cq

» AvtioTtaon @UAAOU TNC eTTa®NC (Sheet resistance)

@a ¢EKIVIIOOUNE TTPWTA ATTO TNV avTioTaon £vOg
OMOIOuOPPa VOBEUNEVOU (E0TW TUTTOU N)
TMAMATOC EVOC NUIAYWYOU UE UTTOAOYIOIUES
dlaoTdoeig (L,W,H) .

R= % MW /01 (Ohm/square)

Eav oto mapamavw TuApa L =W, 1oT¢:



A.ZKAPAATOZ «YAIKA ME E®PAPMOIEZ 2TH MIKPOHAEKTPONIKH»
TMHMA ®YZIKHZ - MANENIZTHMIO MNATPQN

H eicaywyn TnG €vvolag TNG avTiotTaong @UAAoU
Mag BonBa va XEIpIoCTOUUE TNV TTEPITITWOTN OTTOU
EXOUME OMOIOMOPPa VOBEUTEI Eva AETTTO UUEVIO
TOU TTAPATIAVW TUNMATOG TOU NHIAYywyou, OTTou
TTPOKTIKA TO TTAXOG TOU t €ival aueAnTEO Kal
OUCIOOTIKA MIAOUME YIA ETTIPAVEIOKN TTUKVOTNTA
pPEUNATOG.

XwpilovTtag ¢ To UPEVIO O€ TTANBOG TETPAYWVWV
N diaotdoewv WxW Ba €xoupe OTI n avtioTaon
Tou Oa givaul :
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H TrepiTrTwon piag eTa@ng p-n €ival ouciaoTIKA
N TTEQITITWON EVOG W OPOIOUOPPA VOBEUNEVOU
AETTTOU TUNMATOG TOU NPIAYwYoU ,0TO OTT0i0
OUVUTTAPXEI N AVOUOIOUOP®N KATAVOWMN TNG
gloax0eioag TPOCUIENG Kal N OUOIONOP®N
KATAVOWI TNG TTPOCUIENG TOU UTTOOTPWHUATOG.

ATTOPEKTNG

0

OTTOU N(X) N KOTAVOUN TwV NAEKTPOVIWV TTOU EI0AYEI N CUYKEVTPWON TwV 00TwV Kal Cg =N, n
OUYKEVTPWON TWV ATTOOEKTWY TOU UTTOOTPWHATOG.

1

2TNV avTiBeTn TTEPITITWON : R =
S

o d, I [P(X)-N, |1, [p(x)]dx
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Mapddeiyua (OAOKANPWUEVOC avTIOTATNG). 'Evag TpOTTOC KATAOKEUNG EVOG OAOKANPWHEVOU
QVTIOTATN €IKOVICETAI OTO AKOAOUBO 2xApa. OuoiaoTIKG oxXnUATICETal JE TOTTIKH €I0aywWY TTPOCHIENS
TUTTOU P O€ UTTOOTPWHHA TUTTOU N KAl AVTIOTPOPWG. 2Ta AKPA TOU AVTIOTATN oxnuatidovTal
ANBOYPaPIKA ETTAPEC METAAANOU YIa TNV por} Tou peUaTOC dla péoou auTou.la va eUTTodifeTal N
QVATITUEN PEUPATOC BIOPPONG TTPOG TO UTTOOTPWHA O AVTIOTATNG ATTOMOVWVETAI ATTd AUTO NECW
EVOG JOVWTIKOU OTPWHATOG.

Me Bdaon Ta TTapaTTavW:

(a) ZxediaoTe €vav avTioTaTtn 3,5K0Q
XPNOIMOTTOIWVTAG £Va AETTTO OTPWHA TUTTOU P N
n ye avriotaon @UAAou 200 Q/1, €dv n
MIKPOTEPN OIAOTOON TTOU UTTOPEI VO ETTITEUXOEI I
UE TNV TEXVOAoyia TTou SIaBETeTe gival 1um. . . iaetag i
(B) Eav o avtiotdTng TTou atraiteital gival 0,5 KQ 3
Kal O10BETOUE TEOOEPA CWHATA JE AVTIOTACEIG
@UANou Rs1=5Q)/[], Rs2=200Q/, Rs3=1,5
KQ/[, Rs4=4KQ/1, 11016 0116 TO TEOOEPA Ba
ETMIAEYATE; ZXEOIAOTE Evav AVTIOTATN €AV N
MIKPOTEPN BIAOTOON TTOU UTTOPEI VA ETTITEUXOEI UE
TNV TEXVOAOYia TTou BIOBETETE €ival Tum.

Auon:
(a) Oa Exouue OTI :

substrae (an IC chip)

2 KOTTOG €ival va KOTAOKEUQOTEI O
QAVTIOTATNG ME TIG MIKPOTEPEG
OuvaTég

dlaoTtaoels. Mg dedopévo o1 L>W,
EMAEYOVTAC TN PMIKPOTEPN dIACTACN
5] Y!Oa TO TTAATOG TOU avTIoTATN Ba
gxouue 0Tt W = 1um kai kata
ouvetrela L =17,5 um.
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(B) MNpéETTer va eTTIAECOUME TO CWHA PE TNV AVTIOTAON QUAAOU TTOU BPioKETAI TTANCIECTEPA OTNV TIUNA
TNG AVTIOTAONG TTOU ETTIOUPOUNE TTPOKEIMEVOU 0 Adyog L/W >1 va gival o pIKpOTEPOG duvaTog UE

Baon TN oxéon

WOTE VA ETTITUXOUME TIGC MIKPOTEPES dUVATEC DIACTACEIG.
Apa emmAEyope TNV Rs2=200Q/C
‘ETO1 :

Me dedouévo ot L>W, emIAéyovTag TN HIKPOTEPN dIACTACH YIA TO TTAATOC TOU AVTIOTATN Ba €XOUME
o1t W = 1um ka1 kata ouvéteia L = 2,5 ym.
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» H cicaywyn Twv TTPOCWIEEWV O€ NUIAYwWYO YIa TNV TTPAYMATOTTIOINON ETTAPWY p-N,
avegaptnTa atmrd Tnv JEBOOO TTou ETTIAEYETAI, aKOAOUBEI dUO OTAdIA TTOU €IKOVICOVTAI OTO
2XAMa Kal gival:

A)To o1dd10 TNC TTPOEVATTOBEONC 1) ElI0ayWwYn¢S TS TTPOCMIENS (predeposition). Auté eCavTAcital oTnv
€I0aywyn TNG EMOUPNTAC TTOOOTNTAC TTPOCHIENG OTO NUIAYWYIYO UTTOOTpwHa. Katd To o1ddio autd
TO ONUAVTIKO PEYEBOGC gival n 00an Q TNG €l0ayOuEVNG TTIPOCHIENG TTOU AVTITIPOOWTTEUEI TO TTARB0G
TWV ATOPWYV TNG TTOU €I0AYOVTal avd cm?2 TOU UTTOOTPWHATOG.

Q( cm?) = Atoua TTPOCPIENS/ cm?
Katd 10 01adIo TnG TTpoevattébeong n oxéon tmou ouvoéel Tn 000N PE TNV KATAVOUN TNG TTPOCHIENG

gival n akéAoubn (Trpoeavig):
Q (cm?) = [C, (x,H)dx

MpogvandOeon (Atopa apocéng avriféTov THTOVL)

to [Katavopr) peta tnv nposvanobeon]

ti[Katavopn peta v odnynon]

L 4

Ynootpwpa TUToU p | h otaBeprg
ouykévtpwong Cg
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1) MpoevamdéBeon e TN HEBODdO TNG

AiGxuong até TV aépio gdaon. YTApEe Casof  veevesessone
Kal n Kupiapxn péxp! Ta péaa Tou 1970. :&‘::’s“ Janserescanes
H eicaywyn TNG TTPOOUIENG YivETAl O€
TEPIBANAOVY OTTOU T ATOPA TNG | N M
BpiokovTal oTnV AEPIO PAOT KAl O€
uynAn Bepuokpaaia (>500 °C).

Ta dtoua NG TTPOCUIENG dlayEovTal
OTO UTTOOTPWHA EPPaviICoVTag Hia
KATAVOMI CUNTTANPWUATIKNAG
ouvapTNONG OPAANATOG.

To KUPIO XOPAKTNPIOTIKO YVWPIoUA TNG ('joiﬁg;l‘[’e""“y
MEBODOU gival OTI n ETTIPAVEIAKD Shc Hl

g
5
:
8

OUYKEVTPWOTN TNG TTPOCUIENG

TTapauével oTabepn Kab’ 6Ao Tov Xpovo TTou
dlapkei n dladikacia eloaywyng TG
TTPOOMIENG. H TEAIKN KaTavour Toug e¢aTpdTal
Até Tn Beppokpacia, Tn Hada Twv 1IGVTWVY
NG TTPOCHIENS KAl TOV XPOVO TTOU

dlapkei N dladikaoia TG TTPOEVATTOBEONC
(y1a heyaAUTEPO XPOVO N TTPOCUIEN
KataveéueTal BabuTepa).

2) Kata 1n péBodo 1ng lovTikng Ep@uteuong ta 16vTa TG TTPOOUIENG EI0AYOVTAI OTO UTTOOTPWHA UE TN XPrRon evog
«TTUPORBOAOU IOVTWV» TTOU OVOUACETAI IOVTIKOG EMQUTEUTAG. H TEAIKA KATAVOWN TOUG TTPOCEYYICEl aTNV I0QVIKN
TTEPITITWON AUTH TNG YKaouaoiavig. EaptaTal (n péon TiPr KAl N TUTTIKA TG ATTOKAION) OTTO TNV EVEPYEIQ JE TNV
OTTOIx TA I6VTA €I0AYOVTAl OTO UTTOOTPWHUA Kal TRV HACA TwV EJQUTEUOPEVWY 10VTWV.Eival d¢ (BewpnTIKG)
dladikacia Beppokpaciag dwuaTiou.
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B) To o1dd10 TNG 08rynong (drive — in) TG Tpdopi¢ng. Eival 1o oTtddio TTou akoAouBei autd TNG TTPOEVATTOBECNC
Kal gival éva aTadio avotrTnong (annealing) Tou uTTOOTPWUATOC 0€ UWNAR Beppokpaaia (500-1200°C) avaAoya pe
TNV €QAPUOYNA KAl TO ONMEIO THEEWS TOU UTTOOTPWHATOC.[TPpOKEITAI OUCIACTIKA Yia éva aTAdIo dIdXuoNng TNG
TTPOOMIENG TTOU £XEI El0aXOei KATA TNV TTPOEVATTO0E0N OTO OTEPED UTTOOTPWHA KAl ECUTTNPETEI Evav TPITTAG OKOTTO:
(i) Tnv 0driynan Tng TrpoopIgng o€ BAB0OG OTO UTTOOTPWHA WAOTE Va eTTEUXOEI TO €TMOUUNTO BABOG ETTAPNG X;.

(ii) Tnv evepyotroinon (activation) Tng TpdouIgns, dnAadr TV uTToRoNBNCN TV ATOPWY TNG OTO VA KaTaAGBouv
Bo€ic avTIKaTdoTaoNG 0TO KPUOTAAAIKO TTAEYMO TOU UTTOOTPWHATOS WOTE VA UTTOPOoUV va dpdoouv cav dOTEG I
QTTOOEKTEG.

(iii) Tnv atmokaTdoTaon TNG KPUOTAAAIKNG OOMNG TOU UTTOOTPWHATOC TTOU £XEI AAAOIWOET KaTd To oTAdIO TNG
TTpoevaTTOBeonc 6Tav oav PEBODOC I0ayWYNG TNS TIPOCHIENG £XEI XPNOIMOTTOINOEI N 10VTIKA EUPUTEUOT.

Katd ouvéTTeia KaTtd 1o oTddIo autd Ta PEYEBN TTOU KUPIWG EVOIQPEPOUV Eival :

e To TeANIKO BABOG TNG ETTAPNG X;, OTTWG AUTO £Xel OPIOBEi OTNV TTPONYOUUEVN TTAPAYPAPO.

oH xwpoxpovikr katavoun TG cuykéEvipwong C, (X,t) TTPOONIENG OTO UTTOCTPWHA, TTOU CUVIOTA KAl TO AEYOUEVO
XNUIKO TTpo@iA TnG (chemical profile/chemical concentration).

Q’ l_’ Q’ l’

..| 55 |_q Conduction 56 | ..| ..|
electron

\ Hole

|oo |oo |oo loo |oo |oo

Q’Q-i “Q i
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7. MOKPpOOKOTTIKN TTEPIYPOMN TNG OIAXUCHG
TMPOCHICEWY 0€ HHIaywyoug

Aidyxuon: AuBdépuntn pon artépwv
TTPOCMIENG AOYW PaBuidac CUYKEVTPWOTGC
TOUG OTO CWQ.

Pon (flux) Twv diaxeOUEVOV TTPOCUIEEWV:
opieTal W TO TTANBOC TWV ATOUWY TOUG
TTou dlaxEETAl TTPOC Mia KaTeuBuvan ava
Movada emmigaveiag kal xpovou.H pon
oupBoAileTal pe F kai perpdral oe m2 sect

10G vopog Tou Fick

20G vopog Tou Fick
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O ouvTeAeoTnC dIAXUONG TNG TTPOCHIENG EPTTEPIEXEL:
(a) Tov pIKPOOKOTTIKO unXavioud TnS d1Idxuong TwV ATOPWY TNG oToV NUIaywyo. AuTh
TTPOYUATOTTOIEITAI HEOW TWV CNUEIOKWY ATEAEIWYV TOU KPUOTAAAOU.

- Inpelakég ATEAEIEC OTO Si Aldxqcn MEOow vacancies (Sb)

KRS K
SRER

Si Intersticialcy

Aiaxuon péow interstitials (B, P)

Mpoéouign
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(B) Tn Bepuokpaciakn ECAPTNON TOU PAIVOUEVOU. 2€ aVTIBEON UE TOUG POPEIC
AYWYIMNOTNTAC (NAEKTPOVIO KAl OTTEG), TO ATOUA TWV TTPOCMICEWV ATTAITOUV UYPNAEG
BeppoOKpaaTies yia va diaxubouv.

O ouvTeAeOTNC dIAXUONG ECAPTATAI KAl ATTO TNV CUYKEVTPWON TWV EVOOYEVWV POPEWV
AYWYINOTNTAC TOU OUYKEKPIMEVOU NUIaywYyou oTn dedouévn Bepuokpaaia.

» Me 1OV 6po evdoyeveic ouvlnkeg didxuong EVVOOUUE QUTEG TTOU OIAUOP@UWVOVTAl OTAV N
OUYKEVTPWON TNG BIAXEOMEVNG TTPOCMIENG Eival MIKPOTEPN ATTO AUTH TWV EVOOYEVWV QOPEWV
AYWYIMOTNTOG N; TOU NUIaywyou oTn dedopevn Bepuokpaaia. TOTe:

T (C)
1200 1100 1000 900

Na to Si (A= Si,B ,In, As, Sb, P)

| | Si | B | In | As | Sb | P | TUnits |
(D°] 560 | 1.0 1.2 19.17 | 4.58 | 4.70 | cm® sec’ |

3

- - - r - -1
Diffusivity (em”sec

0.7 0.75 0.8 0.85 0.9
1000/T (Kelvin)

P 2TV avTiBETN TTEPITITWON EXOUME ECWYEVEIC
OuUVONAKEC dIAXUONG KAl N KATAOTAON TTEPITTAEKETAL.
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8. MeBoooI1 eTTIAUCHG TNG £GI0WONG OIOXUONG O€
Huioywyoug

(a) H péBodog Tng utréEPBEONg

H p€Bodog autry xpnoiuyoTrolgital cuvhBwC yia TNV JEAETN TNG dIAXUONG MIAC TTPOOUIENG O€ ATTEIPO 1)
NUIATTEIPO UTTOCTPWHA NUIaywyou , TO OTT0I0 BPICKETAI O€ £TTAPN ME MIA TTRYA TTPOCHIENGS. KaTd TNV
eQapuoyn NG HEBOOOU Bewpouue OTI N TTNYN TNS TTPOCHIENG Eival Pia UTTEPBECN TTNYWV
OTOIXEILWOOUG TTAXOUG. KaTtd cuvETTEIa N dIAXUCN TNG TTPOCMIENG TTEPIYPAPETAI ATTO TO ABPOICUA TWV
AUCEWYV TTOU apopouVv KABE aToIxelwon 1Tyr. Baoikdé onueio oTnv TEXVIKI AUTH €ival n attodEIgn Tou
OTI N KATAVOUN UETA TN dIAXUON MIOG ApPXIKAG O-KATAVOUNAG TTPOCMICNG Eival YKOOUTIAVH.

Epappoyn 1 (Aidxuon otafepig ToooTNTAS TTPOCUIENG UE KaTavoun 6- ouvapTtnong):

(a) OewpeioTe 611 0 KATTOI0 BABOG O€ Evav NUIAYWYO £XEI EI0aX0Ei KATA TNV TTPOEVATTOBED N
MIO CUYKEKPIMEVN TTOOOTNTA TTPOOHIENS Q (dTopa/cm?). H apXIK KATaVOMR TNG BewpoUpE OTI
gival pia TTOAU OTEVI) YKOOUOIAVH OTO OpI0 TG O- ouvdApTNRONG, OTTWG PAIVETAI OTO XA
KOl KOTA OUVETTEIO NTTOPOUME VO Bewproope OTI DIaXEETAI OE ATTEIPO UTTOOTPWHA.

(a). ‘ETo1 yia t=0 n apXIKf] KATOVOUR TNG CUYKEVTPWONG TNG TTPOCHIENS £XEI TN MOP@N :
C(x,0) = d(x)Q

BpeiTe TN XWPOXPOVIKN €EEAIEN TNG KATAVOMNAG TNG TTPOCMISNG KATA TNV AVOTTTNOT TTOU
akKoAouBei oTo oTAdI0 TNG 0BYNONG BewpwvTtag oTaBepd cuvTeAeoTr diaxuong D.

(B) Mwg dlapoPPWVETAI TO TTAPATTAVW ATTOTEAECHA AV N APXIKA KATAOVOUNR BPIOKETAI AKPIPBWS
OTNV ETIPAVEIO TOU NUIAYWYOU, O6TTwG oTo oXnMa (B);
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Imagmary Delta Function
Delta Functon
Dose Q

Dose Q
(Inxial Profile)

Diffased
Gaussan

Diffused Gaussian

ARAAAARARR AR AN ARAAAR AR

(Q) ZTNV TTEPITITWON QUTH £XOUE va AUCOUUE TNV £€icwaon didxuong
oC 0°C
“~-D S
ot OX
UE TIC AKOAOUBEC OUADEC OPIAKWY CUVONKWY TTOU TTPETTEI VA TTANPOI N KATAVOMN TNG TTPOOUIENG,
DewWPWVTAC OTI N APXI) TOU CUCTAPATOC CUVTETAYUEVWY BPICKETAI OTO KEVTPO TNG APXIKAG KATAVOMNG :

() Mo t=0, {g((:g)):i 112&% (I TC(X,t)dX:Q

Eival eukoAo va diatmoTweei 611 n Alon TTou
IKAVOTTOIEI TNV TTAPATTAVW £€icwan WE TIC
oplakEg ouvenkeg (1) kai (1) givain :




Concentration

P2 @) . \ A.2ZKAPAATOZ «YAIKA ME EQAPMOIEZ 2TH MIKPOHAEKTPONIKH»

Yl TMHMA ®OYZIKHZ — MANENIZTHMIO NATPQN
Mapatnpouue AoITTOV OTI : : 1"“....'
* H katavoun Tng TpoouIEng Katd 1n didxuon gival : i
YKAouoI1avr), CUMMETPIKA WS TTPOS TNV apXh TWV agovwyv J"l‘lllll
(ko KaTd ouvETTEIa TNV B€0N TG KOPUPNS TNG APXIKNAG : —
KATAVOWNG), TTOU €EEAICETAI XPOVIKA DIATNPWVTAG TN II’E!‘IIII'
Mop®N TNG, OTTWG PAIVETAI OTO ZXAMA. |
* H katavoun Tng TTpoouIEng dlEUpUVETAI O€ TTAATOC Kal I!!III'
MEIWVETAI 0€ UYOGS, WATE TO OAOKARPWHA TNG TTOU .
AVTITIPOOWTTEUEI TN OO0ON VA TTOPAPEVEI OTABEPOD. '
* H yéyiotn ouykEVTpwan TnNG KATavoung TG TTPOOMICNS
0€ KABE XPOVIKN OTIYUA R

Q X (Units of ]}lﬂ‘u';mn Dlstante 2 'D’t.}

C(O’ t) B 2@ veTaBaAAeTal pe 1o Xpovo cav Il \/E
(B) ZTnV TTEPITITWON AUTH UTTOPOUNE va BEwPrOOPE OTI TO TTPORANMUA ICOdUVANET PE AUTO HIa
diIrTAdoiag 66ong 2Q TTou BpioKETAI JE TO KEVTPO TNG OTNV ETTIQAVEIQ TOU NUIAYWYOU, OTTou BETOUNE
Kal TNV apxn Twv acdévwy. ‘ETol n Tpdouign diaxEeTal eKATEPWOEV TNG ApXNAG O€ Eva ATTEIPO
UTTOOTPWHA TTOU KATA TO AMICU €ival IKOVIKO. ‘ETol n Auon Ba gival evieAwg avaloyn Ye TNV
TTEPITTTWON (a) B€TOVTaC OTNV avTioToIXN oXéon doon 2Q :
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Epappoyn 2 (Aidxuon TTPpOoUIENG a1Td NUIATTEIPN TTNYH O& NUIATTEIPO UTTOCTPWHA):
OeWPEICTE TNV TTEPITITWON TNG dIAXUONG MIAG TTPOCHIENG ATTO MIA (NHI)ATTEIPN TTNYI
oTaBepng ouykévipwong C, (cm=2) mrou BpiokeTal o€ eTa@n PE Eva NUIGTTEIPO NUIAYWYIHO
UTTOOTPWHA, OTTWG OTO ZXAMA. ZTNV TTPAEN KATI TETOIO ETTITUYXAVETAI JE TNV ETITASIAKN
AVATTTUSN £VOG TTAXEWG OMOIOHOP PO VOBEUEVOU THRMATOG NUIAYWYOU o€ avoeBeuto
UTTOOTPWHA TOU iSIOU NUIaywyou. BpeiTE TN XWPOXPOVIK KATAVOMN TNG TTPOOHIENG OTO
avOo0eUTO UTTOOTPWHA BewpwvTag oTaBEPS TOV OUVTEAEDTH d1AXUONG TG TTPOCMISNG OTN
OepuoKpacTia TTOU TTpaypaToTToIEiTAI N dIAXUOT).

Auon: Qi=C0&
H apxn Twv agdévwy Bewpeital
OTO ONUEIO ETTAPNS TNG TTNYNAG ME
TO AVOBEUTO UTTOOTPWHA. 2TNV
TTEQITITWON AUTH £XOME va
AUOOUUE TNV £giowan didxuong

2
oC _p o'C

'/‘
Z
%
Z
é
:/;
Z
Z
Z
“
Z
7

o X

N4

ME TIC OKOAOUBEC QPYXIKEC OUVONKEG

C=0, x>0
() Twa t=0, { e

C(x,0)=C,, yta x<0
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Fla Tnv eTTiAucn TOUu TIPOPBARMATOC Ba XpnoluoTroIfoodE TO aTroTéAeopa TG E@apuoyng 1,
BewpwvTag OTI N KATAVOUN TNG TTPOCMIENG OTNV TNy ATToTEAEITAI ATTO pIa ETTAAANAIa dladoxIKwy O-
KOTOVOUWY TIOU KOBeUIA €XEl TO KEVIPO TNG OTO ONUEIO X, , EUPOG OF KAl AVTIOTOIXEI OE dOON
Q=C,0¢ . Kard ouveétTeEla n OUYKEVTPWON TNG TIPOOHIENG OTO anueio P Tou avoBeutou apxika
OTPWHATOG TTOU ATTEXEI ATTOOTACN & ATTO TO X; AOYyw TG UTTapEng KABe TETolag Kartavoung Oa sivai :

Kard OuveTTEIa n OUuyKEVTPWON OTO
onueio P Aoyw  OAwv  Twv
OTOIXEIWDOWV KOTOVOU WV TTOU Qi=Co88
OUVBETOUV TN OUVOAIKI] OUYKEVTPWON
TNG TTPOCMIENG TNV ATTEIpn TTNyr Ba
givai :

NN

X

270 OpIO TWV TTOAU OTEVWYV OTOIXEIWOWYV KaTavouwy 0¢—0 Ba £XOUPE OTI N CUVOAIKI) OUVEICQOPA
oTO onueio P Ba givai :
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@£TovTag OTTOU EXOUME OTI :

2 ¢ 2
) C, © _Co 0o ° C, z erf(z)=ﬁ£e“dn\
C(x, 1) = _TC _!e " _ﬁ |:_!e " dﬂ+_([e " dn:l__ﬂ Ie ! dT]—-(‘)-e " dT] erfc(z) = 1-erf(z)
Co W 1
C(x,t) =2 erfz_olerfz:> '
(x,1) \/E[ > "5 (2)] [ (2)] [ S ot

\ — -t=47t

= == =[nitial
--—-t:t
0

C(x,t) = C—erfc(

)

[MapaTtnToupe OT11 yia Xx=0 kal o€ KABe Xpoviki oTIyun t n
OUYKEVTPWON TNG TTPOCMIENG OTN DIETTIPAVEIQ
TTNYNS/NUIaywyou TTapauével oTabepn Kal ion JE :

C(0,1) = %

erf{x/24/Dt)

|
I
5 4 3 2 1 |
X (Units of 29/Dt,)




A.ZKAPAATOZ «YAIKA ME E®PAPMOIEZ 2TH MIKPOHAEKTPONIKH»
TMHMA ®YZIKHZ - MANENIZTHMIO MNATPQN

(B) H néBodoc Tou YWwpIiouoU TwV UETABANTWYV

Eivar pia pyéBodo¢ 1Tou XpnOIUPOTIOIEITAl KUPIWG Yia TV dlaTTpayudTteuon tng d1dxuong o€ Xwpia
TTETTEPOAOMEVOU PJAKOUG OTA OPIA TWV OTTOIWV ATTAITOUVTAI OUYKEKPIMEVEC OUVONAKEC avaAoya UE TO
TTPOBANUA. ZTNV TTEPITITWATN QUTH MIa JEPIKA AUCT TOU TTPORANMUATOC YPAPETAI ApXIKA oaV YIVOUEVO
QU0 CUVAPTACEWV,MIAC TTOU ECAPTATAI OTTO TO XPOVO Kal piag atrd 1n 8€on. AnAadn :

C(x, t) = X(X)T(t)

EtTopévwg avTikaBioTwvTag TNV oTnVv £€icwaon TNS dIAXUoNG €XOUME OTI :

2
)T prdX 14T 1

dt dx? DT dt X dx?

KAt oUVETTEIO EXOUME OTI TO éva JENOC TTOU £€apTAaTal HOVOo atrd TO XPOVOo I00UTAl JE €va TTOU
eCapTaTal uovo atro 1n 6€orn. Autd PTTopEi va oupBaivel JOVo €Av Kal Ta OUO PEAN 1I00UVTaAl PE HIa
oTaBEePA TTOU YIa AOyOoUG paBnuaTikoU xelpiopou TiBeTal —A? . Apa :

A= = “A?D = T(t) =PV

DT dt

1o
X dx?

A% = X(X) =Asin(Ax)+ Bcos(ix)
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O1 o1aBepég A, B,,, Am 1TpoadiopifovTal atro TIG ApXIKEG KAl OPIAKEG OUVONKEG TOU TTPORAMATOG.
Mia Xproiun oX€on TToU OUVINBWG ATTAITEITAI YIA TOV TTPOCAIOPICHO TWV TTAPATTIAVW OTABEPWV Eival
n:
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Epappoyn 3 (E€wéiaxuon npooping and opoiopop@a voOsupévo TPNPaA nUiAywyou
MENEPACPREVOU HNKOUG): Oewpeiote €va oTpoORA nuuaywyou mnaxoug 1 voBeupévo
APX1KA OPOLOpopP@A RE OUYREVTIP®ON npooptfng C,. Eav ano auto npaypatonoteitat
e§wdélaxuvon tng mpooui$ng Kat ano tTi§ 8vo mAsupig mowa Oa sival 1 XWPOXPOVLKI)
KATAVOHI] Trg MPOoHIENS Katd tn 8iaxuon Oswpmvtag 0Tl 1) CUYKREVIPWOTN TNG OTLS
6U0 smi@aveieg neé@tel oto pPndév pe tnv £€vapln tng Swadikaociag xai dratnpseitat
EKEL ;

Avon :

ZINV TEPUTIOON AUTr] €XOUE va AUCOUUE TNV
eClowon 6iaxuong

M€ apX1Kr) ouvOnK :
(DT t=0, C(x,00=C,, ywaO<x</(

KAl OP1aKEG OUVONKeG :

(ID T t>0, C(X,1)=0, vy xX=0xo1 x=/

H yevikn) Auon pe v pebodo x®p1opou 1oV petaPAntev sivat :
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Cx,t)=> [A,sin(A,X)+B,, cos (M, x) e >

m=1

['a x=0

'a x=1

Me Baon tnv apxikr) ouvlnkm :

[Ipemetl va ripocdiloplotel n A, .

0 b4 A
Co=> A, sin(? x)= [C, sin(% X)dx =Y [A, sin(% x)sin(% X)dx
2 , 0 , ,,

m=1 o

Ao 1o artelpo aBpoiopa to 6eS10U PEAOUG PoOvo €vag O0pog sivatl 6ia@opog tou Pndevog, yia
m=p.Apa :
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C(x,t) =

- [@En)n ]
4C, & 1 Sin{(Zn +Dn X}e G
n=0 (2n+1)

1 —Q%Dt (Sn j 1 -
+—€ sin| —X [+=e
3 14 5

[Tapatnpoupe o1l o1 d1adoxikol Opol ING oelPdg oPrvouv pe paydaia aufavopevo ekOeTIKO
PUOUO Kal UoteEPA ATIO KATTO10 XPOVO (OUYKEKPIUEVA ) ermdel MPAKTIKA POVO O
MPWTOG OPO0G KAl I KATAVOUI TNG MPOoP1SNG MEPTYPAPETAL IKAVOTTOUTIKA ATTO 11 OXEOT) :
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Eival mpogpaveg amo T Pexpl twpa avaduon Ot 1 rnocotnta Dt eival xapaktnplotki) tng
6taxuong plag, 6edoievou o1 1] TTOCOTNTA (rtou exel 61aotaoelg PNKoOUG) aroteAel eva
HETIPO NG EKTAONG OtV ortoia dl1axeetal n ApXiKr) Katavour] ing npoopigng. 'Etotl éva otadio
dlaxuong xapaktnpifetal amo 10 MAPANAV® YWVOPEVO Tou ovopdaletar Bepuiko amnobepa
(thermal budget) tng O6wadikaciag kail arotedei eva PETPo NG OepUIKNG eveEPyelag TToU
arod00nNKe OTO OTEPED UTIOOTP®IA OTO XPOVO TTou O1r)pKeoe 1 61aXUOoT NG IPOOHISHG.
MepP1KEG XAPAKTINPIOTIKEG TEPIMIWOELS ITOU a@opouv otabepod ouviedeotr) 6iaxuong NG
npoou1sng oe KaBe Beppokpaoia eivat ol 8§ :

e XInV IEPUII®ON Orou otnv i6ia Bgppokpaocia npaypatorolovviar 6tadoxika otadia
d1axuong pag mPoopisng pe 01a@opPETIKL XPoVvike 6tapkela To Kabeva, n ouvoAikr Olepyaoia
IEPLYPAPETAL ATTO TO EVEPYO (PATVOHIEVO) YIVOUEVO

*e 3TNV TTEPITITWON OTTOU OTNV idIa BEpuoKpacia TTpayUaTOTTOIoUVTAl OIad0XIKA OTAdIA dIAXUCNG
MIOG TTPOCMIENG € DIAPOPETIK BEPPOKPATIa Kal XpoVIKN OIdpKeEIa TO KaBEva, N cUVOAIKNA diEpyaacia
TTEPIYPAPETAI ATTO TO EVEPYO (PAIVOIEVO) YIVOUEVO :

OTTou 0t KABe Oepuokpacia BOa Exoue OIOPOPETIKO ouvteAeoT Olaxuonc.Aedopévou Ot 0
ouvTeAeOo TG diaxuong Trapouaiddel eKBeTIKA €€apTnon atrod Tn Bepuokpacia, ammd Ta TTAPATTAVWL
oTAdIa AuTO TTOU Ba KUPIapXROEl WG TTPOS TN dIAPOPPWON TNG TEAIKNG KATAVOUNS TS TTPOCMIENG Oa
gival autod TTOU TTPAVUOATOTTIOIEITAI TNV UWNAOTEPN BEPUOKPATIA.
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° ¢ ¢ 2UPPWVA PE T TTAPATIAVW PTTOPOUME VO UTTOAOYIOOUME TO XPOVIKO didoTnua t,
TTou atraiteital oe Beppokpacia T, (ue ouvteAeaTr diaxuong D,) yia va TTPoKaAETEl ThV
idla didxuon oTnV TTPOCMIEN TToU Ba TTPOKAAOUCE XPOVIKO didoTnua t; o€ Beppokpaaia
T, (M ouvTeAeaTn diaxuong D,). O1 duo diepyaadieg ATTaITOUV OUCIACTIKA TO i0I0 BEPUIKO

QATTOBEPA KAl ETTOUEVWG :

D
Dit, =Dt, =1, =,

2
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8. AnMioupyia ema@wy p-n Je lovrikn Ep@UTEUGCN
Kata t pebodo tng 10vkng €@UIEUONS TA 10vid TG MPOoUISNS €10Ayovidl OTo UTOoTp@ud

HE TN XpPnorn €&vog «ItupofoAou 10Vvi®v» ITOU OVvoHdAdetadl 10viliKoG epguteutng. H apxr)
Aettoupyiag tou e1kovi(etal oto akodoubo Xxnpa (BA. Sze Ch.13)

+ =
180 KV Equipment  Neutral beam trap
Resolving aperture H ground and beam gate Beam trap and  Neutral
llllll . gate plate and beam

path gate
ocus

Analyzmg Acceleration

magnet | tybe y-axis 0
1y scannet x—ax13 Wafer in

scanner wafer pro

solt?lie 40 kV chamber
: Terminal
= system

oround

H 1ovukr) epguteuon eival Oewpnuika diadikacia Oepporpaoiag dwpatiou.

Ta kupiwg mAcovektrpata g 1OVIUIKIG €U@UIEUONGS €ival ot e§ao@alifel armoAuto €Aeyxo TG CUVOAIKA
eloayopevng doong npoopiSenv kat tou Paboug elcaywyrg tng. Emiong eSaopalifel kaAutepo €AeyXo TngQ
TOTUKIG €l0ay®yng g rnpoopi§ng oe avtiBeon pe ) AldXuon amno v agplo @AOoT OTou 1] POoUISH
dlaxeetal onpaviika kat rmieuptka. To peyadutepo PEOVEKINPA ING 1OVIIKING €UPUIEUONG €lval TO OT
MPOKAAEl KATAOTPOPT] TOU UTTOOTP®HATOG, 1] AVAKATAOKEUT] TOU OIT010U YiVETAl KATA TO 0TAd10 TNG 001)ynong
npokaAwvtag dia@opa avermbuunta @atvopeva.
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L : I. IlposvanoBeon:

Ta atopa tng nPOouisng MPEOCIUITIOUV OTO0 UTTOOTPOUA HE EVEPYELES TNG TASE®S TV keV.
EmpBpaduvovial peoa otov Kpuotaddo peo® 6U0 PnNXaviopov:

(a) Thg mupnvikng avaoxeong (nuclear stopping) Tareet

IOU €ival 1 cUYKPOUOT) TOUG HUE TOUG TTUPTVEG TRV Recoil
atopwv tou nuayoyou. H dtadikaoia ektortidet
Atopa tou nUIay®you arto TG MAEYUATIKEG TOUG

eéOSIS £ Incident
ion

Scattered
Ion

(B) Tng nAekrpovikrig avaoxeong (electronic
stopping) mou e€ivatr 1n alAnAenidpaocr) 1@V
NAEKTPOVIKWV VEPRV TOUG HE TAd NAEKTIPOVIKA VEPT TV
ATOP®V TOU NU1ay®you.
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H tedikr) katavopurn toug Ipooeyyilel (otnv 10avikn mepimt@orn orou Oev exope
paivopeva eurnpooBooredaong Kal ormoBookedaong t@V EUPUIEUOHUEVAV 10VIDV)

Vacuum

Ton beam

ITpoPBePAnuevn epPedera (projected Range)
Turukr) anokAion (Std Deviation)
Lateral Straggling

ESaptavtal amo v evepyela kat t) pala tov
EPPUTEUOPEVOV TTIPOOUISEDV.

Gaussian

H ouvoAikr) etoayopevn 6oon Oa sivat:
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° & Asdoueva yia to Si
| Phes | As | Ssb [Boron |
(keV) (Lm) (Um) (tm) (Lm) (Lm) (Um) (tm) (Lm)

10" p* IONS/cm?
160 keV

0223 00736

\
\
\
\
1
1
\
1

;

1

1

1

. \
Gaussian !
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1
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O
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=
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160
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0
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Exponential tail
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O1 uynAeg evepyeleg KAt OOCEIS APOPEPOITIOI0UV TO UTTOOTP®IA

as-implanted

Epoguteuon P (11keV/10°cm™ ) oe Ge.
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J II. O8nynon

Eav n odrnynon tng espguteupevng npooping A Owapkel xpovo t oe Ogpporpacia T pe
ouvtedeotr) 6waxuong D, Oa €xope oe evboyeveig ouvOrnKeg d1axXUONG OTL Il X®POXPOVIKN
e€eASn tou 16avikoU yKaouolavou TMPo@id tng €PQUIEUPEVNG TIPOOUISNG KATA Ttrv 081)ynorn
616etatl ano v Ekppaon:

(x—Rp)2

1 2n(AR§ +2D,t)

Implanted

Kata tnv
odnynon enavarkuotaldomnoteitat
Kdl TO APOPPONMOLHEVO UNOOTPONA.

After Diffusion
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III. Ei6n O8nynong (Annealing):

YupPatxn oe poupvo (Furnace Annealing-FA) Altdpkela oe min-hr. Madikr) oe toAAa
wafers.®@¢ppavorn oe 6Ao 1o fabog tou wafer. @eppokpacia eng 1250°C AmtoAutog €Aeyxog
g Beppokpaociag. Pubnog avodou/rkabodou Bepuokpaociag:10 °C /min. Standby: 400°C.

Filtered

Resistance heater air

Ceramic
comb
support

000000000000000000O0 Slhconwafers

To vent
QT ’ End cap (quartz)

Fused quartz

Fused quartz furnace tube
boat

Exhaust
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Reflector Lamps

4 ?XO\/OX?\

Quartz window

7 oo~ T .
Y . s
: 1
- \\ ~ RTA
Gas inlet Water - Taxetla Oeppikn

R ) (Flash Lamp Annealing)
(Rapid Thermal Annealing)

- ssssssss . 799997

@

« whole wafer is heated + surface is heated » only surface is heated
*Tas = Tes * Tas < Tes * Tas << Tes
«1-100s *100 uys - 100 ms *1-1000 ns
« upto 1300°C « up to 2000°C * up to 2000°C and more
* halogen lamps « Xe flash lamp * pulsed lasers
« broad spectrum, « broad spectrum, « discrete lines

~ 800 nm ~ 400 nm (interference effects!)

« wafer by wafer « one wafer one shot « scanning of a wafer

depend on material properties
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Eopappoyn-Ilapadeiypa 4 (YnoAoyiopog tou BaBoug sma@ng KAtd tnv nposvanodson
HE 1OVILKI] £EPQUIEUOCH Oswpoviag 1§aviki) yRKaouoldavi) KATAvopun tng npooui€ng).
Mia sna@rn p-n RaAtaokevudadetar o unootpwpa IIupttiou TUMOU N HPE 1OVILKI)
ep@uteuon Bopiou evépyerag 80keV. Eav n 6oon tou Bopiou eivatr 2x10°cm2 rat 1
OUYREVIPWOI S0TOV TOU unmootpopatog tumou n £ivat 10%¢m?2 va unoAoyioBei to
BaBog emapng x;. OcPEioTe OTL PETA TNV ERPUTEUOT TO NPOPIA TNg NPOcpI§ng eivat
yraouowavo pe otoixeia R, = 230nm kat AR, = 62nm.

Auvon: To PdabBog ng eragrng opiletat cav n dAroOoTacn dAmnod TV Em@Aveld Ornou 1
OUYKEVIPWOT] ING €10ayopevng mpooping yiveratr ion pe autrv g MPOoUISNS Tou
urntootpaopatog Cg, 6nAadn) :

O1 6uo duvateg Auoelg urtodnAmwvouv TG 6U0 TIOAVEG TOPEG TOU YKAOUOIAVOU TIPO@IA TG
TPOOHISNG HE T OUYKEVIP®OT) TOU urtootpepatog Cp mou eival OUPHETPIKES ©G TTPog v R,
[TapaAAnAa €xoupe Ot
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13 -2
Q 2A07em © 1 59x10%cm

* 2mAR,  62x107 cm/2x

Kata ocuvenela naipvoupe ot

AekTr) yivetat povov 1 Auon

X; = 530nm

X; = 230nm +300nm

dedopevou Ottt 11 AAAn unodnAwver Pabog emagrg €KIt0G TV 0Pi®V TOU UMOOTPOUATOS (1
EIMPAVELA TOU ortoiou givat oto x = 0).
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Egappoyn-Illapadesiypa 5 (Ymoldoyiopog tou BaOoug ema@ng rKatd tTnv odnynon
NPOoUISNG HETA A0 1OVILKIN ER@UTEUCI HPE 16AViKIN) yRKaouoilavy) xatavour)). Mua
eEna@In p-n Kataokevudadetait oc unootpwpa IIupttiou TUMOU N CUYKEVIPKONG otV
Cg = 1015cm2 pe ovukn ep@uteuon Bopiou evepyelrag 30keV. Meta to otadio tng
npocvanoBeong n katavopsn tou Bopiou eivail 8avikn ykaouowavi) pe otowxeia R, =
0,114pm xai AR, =0,0483pm. H 8601 tou epgputeupevou Bopiou eivat 1,2x1013cm2
. Eav 1o otadio tng¢ odnynong mpaypatornoieitat pHE avomtnon otoug 950°C yua
60min rait oe evdoyeveig ouvOnkeg Siaxuong va unodoyioBei 1o teAko Babog tng

enAQPNg X;.

AUon : Aedopevou OT1 PETA TV IMPoevartofeon Ue 10VIIKT EP@QUIEUOT] To TIPo@iA tou Bopiou
eival 10aviko ykaouolavo, 1 Katavor) Tou Katd tnv odnynon Ba 6idetatl anod v ekppaon:

(X—Rp)2
Q 2(AR2+42D,t)

Cg, (X, 1) = e

) 2n(AR§ +2D,t)

To BaBog tng ermaeng opiletal cav n anootact Ao TNV EME@EAVELA OTTIOU 1] OUYKEVIP®OT| NS
£10ayOpeEVNG TIPOOHIENG yiveTal 1o pe autv g Ipoopigng tou vnootpopatog Cg, 6nAadn :

(XJ_RP)Z

t)In Qe 1

2n(AR§ +2Dg, t) Cs

o2 o 2RV (x;-R,) =2(AR2+2D

2n(AR§ +2Dg,, t)

Bor
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O ouvtedeotng diaxuorg tou Bopiou otoug 950 °C eivat:

D, =D, exp(— i) =1,0exp(-——————— )em®sect =3,67x10 °cm?sec™
KeT 8,6x10° - x 1223 °K

Katd ouveneila €Xoupe ott:

/6, 28x5x10 11 x10% cm?

13 2
(x;—R, )2 = 2[(0, 0483)° x10*cm? + 2x3,67x107**cm? sec™ x36005ec} In [ 1 210" cm

=(x;~R,) =6,5x10"°cm? = x; R, = +0,255um

Aektn eivatl n Avon e 1o (+) mou 616etl PaBog erma@rg eviog tou urnootpwpatog IMupttiou kat
KATA OUVETTELWA:

=R, +0,255um = 0,114um + 0, 255um = 0,369um
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Epappoyn-Ilapadsiypa 6. Ocwpeicte v katockevn piog emagng p-n pe epiTevon
Bopiov 150 — 200 KeV ot vrdotpmua Si tomwov N kat avortnorn otove 1100°C. Eqv o1 embountég
TéES yoo v emagn avtn eivar  pg = 900 Q/O0 ko X; = 3um, &vd M GLYKEVIP®ON TOVL
vrootpdpatog N givar Cg = 1x 10%/cm? mown givat ) d6om Popiov Tov TPEmeL VoL ELPVTEVTEL ;
OewpeloTe OTL N EVEPYELN TNG EUPVTELONG EIvaLl TETOLN MOTE 1 OPYIKT] KATAVOUN TNG TPOGENS
va, Elvat TOTTOV d-GLVAPTIONG EPOMTOUEVNC GTNV ETUPAVELD, TOV VITOGTPD LOATOG,

AUon : Amo v eKp@vnorn KataiaPaivoupe ot to
POPIA TNG EPPUIEUPEVNG ITPOOUISNG Katd TV
npoevanoBeon eivatl avto ing Epappoyrg 1.
®a exoupe 6e ot

c= 1 :;:?a,ﬁlcm_l

Delta Funchion
Dose Q
(Inxial Profile)

Diffased
Gaussan

»

RX; (900Q/m)(3x10*cm)

Kata to otadio tng odr)ynong to apXiko mpo@iA
dlaxestal g ykaouolavo.
Avatpexoviag otig KaprmuAeg Irvin
(P-type Gaussian Diffusion)
Bplokoupe OT1 N ATTATTOUNEVT
EMMPAVELAKT] OUYKEVIP®OT ToU Bopiou peta tn Arén g

odrnynong Ba eivat: B
Ce, (0,t) =4x10"cm™

AR AN AR RN
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x 2
=— 3 =3 7x10°%cm?

C(0,1)
C

L N Q=Cq, (0,t)/(Dgyt),,, . =4,3x10"cm™

T ( D BOFt )drive—in

To otadio tng obrjynong mpaypatorotr)dnke otoug 1100°C ortou o ocuviedeog didxuong Tou

Bopiou eivat :
D, =15x10"cm’sec™

Kata ocuvenela 1o otadt ing odrjynong dirjpKeoe:

Bor

_ (DBOFt)drive—in _ 3’ 7X1O_9 sz

t =6,8h

drive-in D, 1.5x10*cm? sec™
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IV. Tomikn Ep@utevon (Local Implant) péow paorag:

n npofePAnuevn epPelela TV EPPEUIEVOPIEVOV ATOU®V IIPOOUIENG KAl 1] TUTTIKT] TNG
AITOKA10N OT0 UAIKO NG packag. Tote Oa mpemet:

=
e
.;
«
ot
N
=
v
<
=
S
o
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To tunpa g ep@uteuopevng 6oong rmou Oa drarepdoel T PAOKA KATA TNV IPOosvartobeorn
Oa sivat:

xR

J'e [J'c

2 Q o (X—Rp*)z
p dx :>Q Wj‘e

o P —y—dx=v20",dy
p

% = JZQR Ie

2n6p

Ie ¥ dy_Terfc(x) Q . \/E
Q, = ¥ V25" d Q = _J26. " X" erfc
Zﬂ:Gp d‘!; Y P \/%Gp P2

x/EG*p

d-R,
fc

Q

AIto OITOU ITPOKUITIEL (Y1ati;) ot = 27T, ue T = — xatu=
u
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O. MAPAPTHMATA

1. Poptio nAsxrpoviov : . = 1,6 x10-1° Cb

Atonrn povada pafag m, = 1,66 x 10-27 kgr

IZtafspa Boltzmann : kg = 8,61x10-3 eV/ °K

2. I'ia To mupito : n; (9000°C) =

2% 1018 cm-3

, n; (11000C) = 6x1018 cm-2.

3. O1 ipoPePAnpéveg epPedeteg Kat ot HSIAKUIIAVOEIS TOV KUPIOTEPMV TIPOOIIEEMV OTO TTUPITIO

Phos As Sb Boron

Energy | Range | Std Dev | Range | Std Dev | Range | Std Dev | Range | Std Dev

(keV) (Lum) (Lm) {Lm) (1um) (Lm) {Lm) {Lim) (Lm)
10 0.0199 0.0064 0.0084 0.0043 0.0121 0.0058 0.0473 0.0249
20 0.0342 0.0125 0.0156 0.0075 0.0219 | 0.0100 0.0826 | 0.0384
30 0.0473 0.0179 0.0226 0.0102 0.0306 | 0.0133 0.114 0.0483
40 0.0598 0.0229 0.0294 0.0128 (L0385 | (L0162 0.143 0.0562
S0 0.0717 0.0275 0.0362 0.0152 0.0459 | 0.0O187 0.171 0.0628
60 0.0833 0.0317 0.0429 0.0176 0.0528 | 0.0209 0.198 0.0685
70 0.0947 0.0356 0.0495 0.0198 0.0594 | 0.0229 0.223 0.0736
80 0.105 0.0393 0.0561 0.0220 0.0656 0.0248 0.248 0.0780
90 0.116 0.0428 0.0626 0.0241 0.0716 | 0.0265 0.272 0.0821
100 0.127 0.0461 0.0692 0.0261 0.0773 | L0280 0.296 0.0857
120 0.148 0.0522 0.0821 0.0301 0.0883 0.0309 0.341 00922
140 0.169 0.0579 0.0950 0.0339 0.0985 | 0.0334 0.385 0.0978
160 0.189 0.0630 0.107 0.0375 0.108 0.0357 0.428 0.102
180 0.210 0.0678 0.120 0.0411 0.117 (L0378 0.46Y 0.107
200 [0.220 [ 0.0723 | 0133 J0.0446 | 0.126__ [ 0.0397 | 0.509 | 0.110
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y 4. O1 ouvtedeoreg H1AXUONG TOV KUPLOTEP®V ITPOONIEEDY OTO ITUPITIO :

(a) Ze evboyeveig ouvOnKeg :

Si

560

4.76

d 1

—erf(x)=—=e¢™"

dx () Jr
erfc(x) =1—erf(x) d? erf (x) = —

erf(0) =0 dx* ﬁ *

erf () =1

Jerfe(x)dx =
0

Jr

erfc(x):ieT, yio, x>>1 Jerfc(y’)dy’ =xerfc(x) +
T

erf (x) = X, v x<<I
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6. O1 KOUTTUAEG Irvin. AuTtéC Oivouv TNV €TTIPAVEIAKT CUYKEVTPWON TNG TTPOCHIENG TTOU EICAYETAI VIO TOV
OXNMATIONO TNG ETTAPAC CUVAPTAOEI TNG CUYKEVTPWONG TNG TTPOCUIENS TOU UTTOOTPWHATOC KAl TG ATTAITOUMEVNG
aywyipotntag @ NG Emaeng yia TTPOCHIEEIS TUTTOU N Kal P YKAOUGIAVAG KATAVOUNG Kal KOTAVOUNAG
OUMTTANPWUATIKAG CUvVAPTNONG CQAAUATOG, TTOU €ival KAl Ol KATAVOWPEG TTOU ATTAVIWVTAl oTNV TTPd¢n avaloya

ME TNV MEBODO VOBEUONG TTOU XPNOCIUOTTIOIEITAL.

P-type Gaussian Diffusion . N-type, Gaussian Diffusion

"E 'FE
g
£ £
g :
O S
5 z

100
Effective Conductivity (Ohm-cm)’ Effective Conductivity {Ohm-cm)™
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P-type Erfc Diffusio
yp n N-type Erfc Diffusion

.3)

i

75

B 18
CB.‘lxl 0

Surface Concentration {ctn'j‘.l
.
[—}
b

a
=
=
=
e
]
i
~d
=]
o
o
=
S
Q
[
&
&
=]
=
7]

100 00
. 00 1000
Yiffecti . . 10 1 .
ffective Conductivity (Ohm-cm) , _ Effective Conductivity (Ohm-cm) 1
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S.M.Sze, “Semiconductor Devices: Physics and Technology”, 3™ Edition, John
Wiley and Sons, 2012

1) Chapter 3, ENOTHTEZ 3.1, 3.2, p.82-94

2) Chapter 14, ENOTHTEZ 14.1, 14.4, p. 466-476, 483-490



