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JIAB OPATO PHO YIIPA)KHAHI,IE NbI

Teruai onpE[EItfiHE EnEKTpOON3kIL{Hil nApAMETpt4 HA CCD
nPEMECTBAIII4 pErl4cTpt4 B 3ABL1CL1MOCT OT
KO H CT pyKTt4 B H O-T EX H Ofl O rh q HATA p EAJ] 14 3A q 14 fi

[en: I,byvanane Ha KoHcrpyrmnno:texnorornrrHnre oco6enocru H onpeAgJtrHe rra oc]roBrrn
napaMcTpH rra npeMccTBaruil perHcTpH ila cTpyrffypH cI,c 3aprArra Bpl3Ka

TeoperHurra qacr:
lluueilHHre Charge Coupled Devices (CCD) unlr crpyKrypu cr,c 3aprArra BpBKa (C3B)

IlpeAcraBnflBar npeMecrBaulH perucTpH Sopvupauu or nocJreAoBareJrHo 6nusxo pa3noJro)Ker.rH
eJIeKTpoAH na MOS KoHAeH3aropH BT,pxy o6rqa nonynpono,qrruKoBa noAno)Kxa. flpularane.r.o Ha
rlpeAHanpexeHut na MOS eJreKTpoAHTo Bo.qH .qo 0opN{Hpane Ha JroKaJrr.r3HpaHLI norenrlr{aJrnu sMH
B nonynpoBoAur4Ka noA BceKH eneKTpoA. 3apxguure flaKeru Morar Aa 6r,Aar orpauuqerrn Bnr]

$opr'aupaHnre norerluuan*v flMLt I{ npeMecrBailn no noB'bpxnocrra (npu noBbpxHocrHo-KaHaJrHu A
SCCD) vIJtH B o6eua (npn o6eruHo-KaHaJIIIH BCCD) qpe3 noAaBane Ha noAxoArrrtu no $opva
TaKTOBH HMnyltCU KLM refiToDeTe.

CCD uHpol(o ce Ll3non3Bar Karo $oroe.nerrpuqecKn npeo6pa:yBarerr{, auanoroBo
AIrcKperKHH $ulrpn, ar{airoroBr.r naMeru r.r 3aKbcr{r.rrc;rr.ru Jrnnr.ru (3JI).

I{anpeuen pa3pe3 rla qerupu$aren npeMecrBau perncrbp (nP) na CCD e noKa3ag Ha

$ur.l. B rogu cJtyqsg I bit un0opMaquq ce cbxpaHcBa B KnerKa or 4 refir.a. floneqero C3B ce
pcarll3l{par Karo Bl,pxy norIynpoBoAHLIKoBa noAnoxKa (P-Si) ce H3pacTBo T}}ribK cnoii SiOz-
0,1+0,15pm, Btpxy xoiiro ce pa3noJlarar npoBoA.flulrlTe eneKTporu or r'reran-Al Hiltl
norucHJInquenu.CsuptKa Ha ronororuqra Ha ra3rl crpyKrypa e noKa3ar"ra ua $nr.2.

Arco Kl,M nsrofi or ereKTpo,quTe oe npuJrox(H noJroxlrrenno Hanpe)r(eHge B MOS-
cTpyKTypaTa B'L3llHKBa eneKTpI{qecKO nOJIe, nOA AeftCtsueTo Ha KOeTo OCHoBttLITe TOKolrOc}rTeJrH-
AynKHTe ce ot6llcxBar or RoBl,pllocrra. B pe:ynrar I{a roBa ce o6pa^:yna o6eAuen.cnofi, q6rro
re6elusa e HqKonKo pm.

Ilouexe Ha noB'bpxltocrra u n o6eva Ha IIli HMa repMorenepauur Ha roKolrocHTeJrr.r, To
TepMOII'rHaMHKaIla Ha TO3L npOUeC UIe BJIlIte BT,pXy XApaKTSpuCTLIKI{Te rra O6eAueuns Clofi.
Fleocnonuure HocuTeJlr.r - eJreKTponr.r, AgtxJlH or HeyrpaJrnHrs o6racrn rra noJrynpoBo,qgr.rKa,/--.
BcJIeAcTBHe Ha 4nrpysux, ce npeMecrnar noA nr:,[eficrnuero Ha noJrero K'raM rpailnllara
nonynpoBoArtl'IK-rHeJlelffpHK u ce cr,6npar B nJIHtKun (0,01 pm) uHnepcen clofi. feHepHpauHre n
o6e.qnenus clofi ocnoBula Hocltrern - AynKr.r - ce r{3TnacKBar nog geficrBfigTo Ha noJrero B
Heyrp.ullara o6.lacr na flfl. I'l:necrno BpeMe (l+ l00s) cJre,q npr.rJraraue Ha HarrpexeH'ero, MOS-
c'rpyl{Typara npeMI'IHaBa B TepMoAHHaMI-IqHo paBrroBecne. Beqe e cb3Aa,(en crarlgoHapeH r{HBepceH
clofi c nocrotnlla KoHueIITpaIrut I{a roKorrocuTeJrH're (Qur.J ). Cnea Ha.r.pynBaHero cr4
HeocHoBHI.lre IIOcHTeJIH * eneIffpOHLITe, qacTl(qHo er(paHupaT BLHIIIIIOTO eIeKTpHr{Ho noJle H TOBa
AoBe)KAa Ao npepa3npeAeJleHne Ha noTeHUnala. Bce no-roJltMa qacT oT Bbllr.uuoTo Hanpe)KeHr{e
3anoqBa /Ia na.qa Bbpxy AHeJIeKTpHKa' H3KpHBsnafirn eHepreruqfiHTe HHBa B noJrynpogo.qggKa.
llonr'pxnocrnnqr norenlluan HaMaJIf,Ba 3aeAHo c HaMansBagero mgpr{Hara Ha o6ernenus clofi.
CneA ycranoBqBaHe Ha craql{oHapHo noJroxeHne H3Kpr.rBrBanero Ha Hr.rBara cborBercr'a Ha
H3MoHel{He tla npoBoAlrMocTTa tla noBbpxHocTTa fi na ofiparyBar{eTo Ha u}r3epceg clofi c
Arl6oqHHa x*. flonr'pxnocrulltr noreHuuaJr HaManflBa.qo noreHqnana Ha HrrBepcyt
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Arco HanpexeHr{ero Ha refira ce [oBH[IaBa, TO noBbpxHocTHara KoHueHTpaurlt Ha

eneKTpoHHTe pacre eKcnoHeHuuuurHo, a noBBpxHocrHLIt noreHul'IaJl - KBaAparI'ITIHOC HapaCTBaHero

rilupHHaTa na O6eAneHaTa 3oHa. Cne,q yCTaHOBqBaHeTO Ha I'IHBspCeH ClOfi pt .qOcTuraIIeTo IIa

MaKcuMaJrHo rrrgpoKa o6eAseua o6racr nocneABalrloro HapacrBage Ha HanpexeHgero Ha refira ce

KOMneHCHpa OT ABLIXeHHeTO Ha eJleKTpOHItTe B I'IHBepCHPtt ClOil' Taru Te [ocTr'[BaT OT

TepMoreHepallgt, KOflTO e cpaBHI4TeJIHO 6aSeH npoqeg' 3ar6na, KOIaTO KLM lOcTOt[lHOTo

uanpexeHge Ce upg6 AB;|- vt MaJTLK [pOMeHnI{B CI'lfHaJI C AOCTaTbT{HO B}ICOKa qeCTOTa' KOgTo

eneKrpoHltTe He ycnflBar.4a cneAflT l'I Ka[aIII{TeTa Ha MOS-crpyKTypaTa ocTaBa nocTotIIIeH H paBeH

r{a KarlauHTera Ha o6eAHqrara o6.nacr. Aro qecrorara Ha npoMeHJlrrBHfl cr.rrHaJr e IIo-[rHCKa - iloA

100 KHz, eneKTpolruTe MoraT Aa q "cIeA sT" t4 Kanaul4TeTa Ha fefiTa e npr'l6lurHTeJIHO paBeH Ha

Ka[auHTera I.Ia OKI{Ca.

B pezurnure MOS-crpyKrypl{ npu HyneBo

Ar,rarpaMa ca H3BI{TI'I, a He [JIocKra. 3a n:npaBtHero

HaflpexeHue, HapeqeHo HaIrpexeHI'Ie Ha nJIOCKI'ITe

Haflpexenlre sa reilr'a HuBara Ha 3oHHara

au e ueo6xo.[HMo Aa ce npIlJIoxH HflKaKBo

rouH Ups.flpHqlIHI{Te 3a I{3KpI'lBfiBaHero I{a

30HHTe ca:
1) PasluqHure poTAenr.tTeluu pa6orn Ha MeTaJIa H noJIynpoBo,(HI'IKa;

2) Hzuu.rquero Ha eneKTpnqeCKLI 3apflA B pl3oJlaUl{onsus cnofi - Q.tl

3) 3apxan Ha rpaulrllara AlleileKTpl{K-noJlynpono'quHr Q'1'

floHexeQr.>>Qrt,1'Ouleceorql{TacauoNrr'OrxasaHorocJIeABa'qeu,,
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Cre.qonarenno 3a nparoBoro Hanpexeulle Moxe Aa ce 3annlxe
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flpn P-rr.rn ro.u,noxKn $lrr<cupaHr.rTe 3apf,Al{ B OKnCa npeAI't3BI'IKBar HaMiIJItBaHe Ha nparoBo'ro

HanpexeHl4 e, a 3aN-:rnn - yBeJIHqaBaHe.

3a oxarleArBaHe Ha noreHrlvaritnara rMa Ha MoS-crpyKTypara ce H3noJI3Ba xHApaBJII'IqeH

MoAen (Our. { ). Tona e c1'A, qrrero cetreur.re noBTaps Soplaara na refita, a Ar'r6o'{HHara My e

KonKoro [pa3Hara norenrlr.raJrHa swa a@)-po. BtnexAanero Ha 3aptAen [aKer B [Iet cl'orBercrBa

Ha 3anT,JIBaHero u c rerrnocr Ao onpe,qereHo Ht'{Bo Pq - Qo. flontpxnocrHlrqT [oreHIII{an .(aBa

3aBr,rcgMocrra Mex(Ay Ar,l6oqprsa:ra Ha noreurrr,raJrHara rMa, Hanpexgrll4ero ua refira 14 flJlbrl{ocrra

lra noABnxHHc 3apffA Q . TexuonornqHo p ce oupeAeJlfl or cre[eHTa Ha nerupaHe Ha fioAnoxKara'

nJlbrHocrra Ha noBbpxHocrHrrre cbcroflHnff I'I KaqecrBoro Ha SiOz. Pa:rurexAaMe cnyqafl npH

KBa3I4CTaI{ptoHapHo paBHOBecHe, 6eg Aa oTqlnal{e npgqeca Ha TepMoregepaq[q' CtrlacHO

TeopeMaTa Ha fayc 3a MOS-crpyKTypaTa Moxe .(a ce 3anHIIIe CIeAI{OTO yCnOBHe 3a

enercpoHeyrpanHocr Qn +Q" -Qd -Q, =0.
CneUn$uqHr.trT 3apqA ua refira Qa ce onpeAenq KaTo pa3nI'IKa Me)I(Ay HanpexeHHero Ha refira H

noBT,pxHocTHHg noTeHrII{aJI C OTr{I,ITaHe BJIHtHHeTo Ha KoHTaKTHaTa noTeHIIHanHa pa3JIHKa qtl.s'

u,=t[r,,.+) *r"*t
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Qo = C, (Un - Ars - e) . 3apr4r,r Q, cblrlecrByBa rexHoJloruqHo Ha rpaHuuara Meriul-

noJrynpoBoAHHK H He 3aBLIcfi or p. 9per npeo6pa3ynaHe 3a p ce [oryqaBa

t = E^ --g*u -9. nro.ro'I"C, 42
lffirt"N 

^ci
nU|=Uo-Uru.

3anucnuocrra q(Qy,U6) cntptna floBbpxnocrHuqr noreHIILIaJI (atn6our.rHaraHa o6eAuelus c.noi'i)

sa MOS-crpyr$ypara s o6eAHeuo HepaBHoBecHo cr'crosH[e c nJlr,THocrra Ha JIoKaJIIl3l'IpaHHtlr

noABI.IXeH rapr4 Q;.

fipyr nax<eu napaMer"bp, onpeAensrq .3apffAHara cfioco6socr ua npn6opa e Ae6elunara Ha

o6eAueHara o6racr:

2e oe ,,rp I
Xd:od.

QNn

EruaH or ocrroBHure npo6leun npu [pol{3BoAcrBoro na CCD MarpHtII'I, e roquoro

.aeSr.rHupaHe Ha crpanlrqHr{Te fracrb{I{ Ha noreHqLIaJIHLITe IMI,I, Ao KoLITo rpr6-na Aa ce

pa3rpocrr.tpa 3aprAa (lateral confinement). Tona ce npanlr c qen Aa He ce pa:lnllJl.sBar reHepl'IpaHnre

eJrerffpogr.r r.r3BbH [oreHUr,raJluara 3olra, a Aa ocraHaT cbcpeAoToqeHl4 B Hefl. B nporunen cly'lafi

Ue ce [o"rrBflT yTeqKH, KOHTo ps3KO ule BnoIIIaT KaqeCTBaTa sa CCD cxeMaTa.

I(aro Hafi-lo6pa ce e HaJroxr.rJta rexHoJrorlrtra 3a orpaHur{aBaHe Ha Kanara vpel .Ur.rQysran,

3arrloro rfl crporo SHrcupa [punoBT,pxHocrHl,It no'reHllnar, Koero BoAH Ao Ml{oro no-npeqrl3Ho

onpeAenflHe Ha rpaunrlr{Te Ha KaHaJra. Vl1eanuusr BapHaHT ce nonytlaBa, Koraro lu$y:raqra. e

BHe3a[Ha, r{o cbc cpaBH}rreno Hr.rcKa npldnoBbpx-HocrHa l(oHueHTpaqux (no-ua.lKo or 1018 cm-3;.

Axo u ce noBr.Illrn 3Haqr4TeJrHo Moxe Aa ce noJlyqar yBpexAaHldfl Ha npexo.(l,ITe I{ Te Aa AocrHrHar

Ao noBbpxHocrra. O6urHoneuo B nparffHxara ce H3noJI3Ba xou6nsaqus or neKa orpaHHqaBalrla

aH$y-:ut H Ae6el c"nofi oruc, rtfi Karo nocJle,(Hntr ce noJIfIaBa ecrecrBeno B craHIlapr- HHr

MOS npou3BoAcrBeH rlpouec.

flpn pea-rru3npaHero na C3B ll^r4nnfiTa e pr3roJBBaH cre,qHuq-rexHoJloruqeu peA:

I . I4sxoAHa roAnoxKa p-Si, opueHrallut <100> u Na-6. l02acm-2;

2. Oxucreuue :a Ae6en SiOz d:0,5pm;
3. Oororurorpa$ur fi eIIBaHe Ha orBoplt Ha p+ cron-KauanHa aHt[ysur;
4. [n$y:ur Ha Ha 6op or (ra:on usrouunr) -.(ByeraneH Ilpoqec;
5. CeansHe Ha sioz H H3pacrBaHe Ha Hon crofi Ar.{eneKTpHK cbc cl,tuaTa Ae6e"uprsa;

6. QororurorpaSux H eIIBaHe sa fioHHa HMnnaHTaIIut;

7 . I4osua HMnJIaHraIIvtfl, Ha 6op (B) ;

8. CsansHe Ha MacKara I,I u3pacrBaHe Ha rbH6K SiOu - 0,125pm;
9. Ouaraue Ha noJILIKpHcraJIeH Si sa refirone ua $oronppleMnara qacr;

10. Ooronurorpa$ux H eIIBaHe 3a orcrpaHtBaHe Ha Ll3JluurHt4t MarepLIaJI;

11. I4spacrBaue Ha rbHbK SiOz- 0,125pm;
12. Mera-nu3aqur pr euBaue 3a npexBbpnflulu refirone n Apyrara qacr or npeMecrBaIIII4t

perHCTl,p;

13. OrucreHr.re orHoBo Ha rbHbK SiOz - 0,l25pm;
14. Mera;rpr3arlur n euBaHe 3a rIpexBbpJItuII4 refirone u rpyrara uacr ot flP;
15. OrcucneHlle 3a 3alruirara 0,8 pm;
16. OrtraraHe Ha Al plnu W ga sauura Ha npexBbpJrsrrluTe refirone pr flP or cBerJII,IHaM

lT. CneAsar [poqecnre KoHTpoJr, crpafi6upane, xepMeru3allus, H3MepBaHe. foronure
cTpyr(Typu ce noAJraraT Ha n3nuTBaHr.Ir 3a Ha,(ex,(HocT, [I3MepBaT Ce n ce copTnpaT.

Q,
v_v_
^o - qNo-
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ErccnepHMeHTaJIHa rrocra'OBKa: Mnrpocrcon, qunoBe na c3B 3aKbcHuTeJrHrr irr'r'r'r'

3alaqu 3a H3ttr'JIHeHHe:

l'Ha6ltrcAagafirenoAMI.IKpocKorrI,IHal{epTafirenuauta6TonoJlorugTaHaelHaCCI)
KJlerKa oT I',I3Cre,u,BaHara crpyKTypa Ha flpeMecrsarquq pefl'IoTbp'

2.I4squcJlerenparoBoToHanpexeHl'Ie3aI43CJIe'UBaHaTacTpyKTypailpu3aAa'(sHI'I
crofiHoctu csorBerHo 3a:

q = l'6*1O-re c
Qus= 0'25 V sa Al refi'r

QMs:0'6 V sa noru-Si refir

di:0'725 vm
Nrr: 9* 10lo ra oPHeHTauI{n <100>

i't:6*101a cm-3^

ni= l'5*10t0 't.*-'
so = 8'85* 10-14 F/cm

tgo, -_ 12

kT/q -- 0,0258 V ra 300o K

3.ouegere3apqAHaTacnoco6goctHapa3rnexAaHaTaC3BJII4HI,ISpllnpeAcTaBeTe
rpaQuuno 3aBLIcI'IMoc rraia rp= f(xa) or Ha[pexeHnero Ha refita'

4,flpegcranererpa$rrvHo3aBI,IcI4MocT-ranpupa3nHqHncrofiuocTu}IaQo,=f(q)npu
pa3rnqH' c'oftHocrr.r na refironoro Hanpex.;; 

'8V; 

l0V; 12V;15V' AHa"Iusupaffr'e

KaK ce npoMeHl 3aptAlrara cnoco6nocr

5. klsqHclere c KoJIKO UIe ce npoMeHu cneqn{uTnufl 3Aps'trna refira Qc sa noBbpxHoorerl

norenuuar Q= 6Y ' nO^ 
'/''"^'= 

iV " 
(ln 

"n"^= 
9V' u CI c'o'= l2Y '

6.Hauep'rafi.reHanpeqHI,Ipa3pe3l,IHaC3BKneTKaoTnPcne.[BceKHocHoBeH
TexHoJloruqeH eTan'

Konrpo'nff "1^ln1neKrpo-ronoror'q'H rapaMerpr,r cpaBlrere 3apn.(Hr'rre cnoco6Hocr' Ha

C:g c ABy- I{ ueruprl-QarHo yflpaBneHrle'

2.Clo6pa.:ere3I{aKanpegcr6'{paeMoToncrco6ure3au3pa3anpuollpe,[en'{HeHa
[paroBoToHanpexeHHe-IIBKoI,IcJIyqaH3HaKSTenonoxI,ITeJIeHI,tBKoI4.oTpl,tuaTcJIeH.

3. Kor.r ca cMyuraBarurr. 6un ofr.r B pear'a c3B crpyxrypa Bo.qeuu ao urn#g ?
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