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NPEANOBOP

JuciuniuaaTa "IlonynpoBOJHUKOBH €JIEMEHTH" € eIHa OT OCHOBHHTE IHC-
[UIIMHKA, KOUTO 0QOPMAT OCHOBUTE Ha TEOPETHYHATA M CIIELHaHa IOArOTOBKA Ha
CTY[EHTHTE IO €NEKTPOHMKA, KOMYHHKALWH, KOMIIIOTbPHA TEXHHKA, aBTOMATHKA U
uH(GOPMAMOHHA TeXHUKa. EneMeHTHaTa 6a3a Ha Te3W BUCOKO TEXHONOTHYHH U GypHO
pa3BUBAIIM CE 00JIACTH C€ NPOMEHS TBHPAE NMHAMHYHO — JIO IPEAM JECETHHA TOAUHH
Ha BCEKM [ET TOJMHH, CJIE/l TOBA HAa TPH IOAMHH, cera — Ha TpH—iecT Mecena. B Hac-
TOANIMA yIeOHUK ca BKIIOYCHHM OCHOBHHTE, (YHAAMEHTANHN NPHHUMIK, QU3KNYIECKH
TpOLIECH, XapaKTEPHCTUKH, apaMEeTPH M 00IacTH Ha NPHIIOKEHHE HA TaKa HapeYeHH-
Te "KIaCHYEeCKH" HOJyIPOBOAHUKOBH €JleMeHTH. [103HaBaHeTo Ha NPUHLMIA Ha fAeifc-
TBHMCTO ¥ CBOMCTBaTa UM Ca IPEAINOCTaBKa 32 CaMOCTOSITENHO H3y4yaBaHe 1 pasOupane
Ha HOBHTE MOKOJECHHUS MOYIIPOBOAHUKOBY €IEMEHTH U UHTETPAIHH CXEMH.

B yueOHuKa € 0Tpa3eH MHOTOTOJHMIUHMAT ONUT Ha aBTOPUTE TIPH NPOBEXKAAHETO
Ha yueOHHTE 3aHATHA CBhC CTYAEHTHTE OT crieuuanHocTuTe EnexTpoHnka, KoMmyHuka-
LIMOHHA TEXHUKA M TEXHOJOTHH, KOMIIOThDHA TEXHHKA M TEXHOJIOTHH, ABTOMATHKA,
vH(OPMAIIMOHHA U yTIpaBlsABalla TEXHUKA M APYTH CpPOOHU B TeXHUUYECKHS YHUBEp-
cuter — Codus. HezaBUCMMO OT CpaBHUTEIHO TEOPETUYHMA XapaKTep Ha ydeOHara
IHCUMILIHHA aBTOPHUTE Ca Ce CTPEMENH HapeX ChC 3aMa3BaHETO Ha U3MCKBAHMATA 34
HEeOO0XOJMMOTO TEOPETHYHO PABHULLE, METOAUYHOCT M NEJAarOTHYHOCT Ha U3JI0MKEHH-
€TO Ha MaTepHaja Ja NpHAafaT Ha KHUraTa M 3HaYMTeNHa NpaKTUIecKa HaCOYEHOCT.
3a Tasu men ca pa3paboTeHH U NPHI0KEHU pelulia KOHKPETHU NMPUMEPH 3a ompefe-
/sHE Ha MapaMeTPHUTE U XapaKTEPUCTHKUTE HA PealHH IOJIYNPOBOJHUKOBY €lEMEHTH
M NPaKTUYECKH CIlydal Ha NPHIIOKEHHETO UM. Taka ce oOphIa cequanrHo BHUMaHKe
Ha MOpANbKa, THIHYHATE CTOMHOCTH U 30HU Ha TPOMSHA Ha OCHOBHHMTE IIAPaMETPH U
o0iacTTa Ha 6e3onacHa paboTa Ha peaiHu eNeMEHTH M CXEMH.

BCHYKH KpUTHYHHU OeNexKy, MHEHHS U PENOPBKH OTHOCHO CHIBMKAHMETO Ha
KHUTraTa e ObJaT npreTH ¢ 61arofapHocCT.

Asmopume



BBbBEAEHUE

OcHOBEH KOMIIOHEHT BB BCsIKa PafMOENeKTPOHHA alaparypa ca eleKTPOHHHTE H
HOJYIPOBOAHUKOBHTE eieMeHTH. HopmanHoTo U JAeHcTBHME ce ONpenens OT TEXHHTE
CBOMCTBa U OT OCHTYPSBAaHETO Ha MOAXOJALI PeXXHM Ha paboTara um.

Haii-06ut0 cnopen KOHCTPYKTHBHOTO CHM M3IBJIHEHHE eJIeMEHTUTe, M3MOJI3BaHA B
pannoeNeKTPOHUKATa, MOTaT [a Ce pasfielAT Ha iBa FONEMH Kiaca — JUCKPETHH M MHTer-
panay (dur. 1).

HuTerpajHATe CXeMH C2 MUKPOESJIEKTPOHHH M3MENHs, KOUTO CHABPHAT OT HAKOJI-
KO JI0 MHJIMOHH CBBP3aHK MOMEXAY CH eJIEeMEeHTH, 3aTBOPEHH B MUHMATIOPEH KOPITYC KaTo
efuHHO 1o, Knacupukauusara UM ce M3BBPIIBA 10 PA3IMYHH NPH3HAHW U KPUTEPHH,
pasrielany B I 7.

JMCKpeTHUTE eJleMEeHTH Ca KOHCTPYKTHBHO CaMOCTOSTENHH eXuHULM. Te 0OxBa-
AT JBE TOJIEMH TPYNH — e1eKnpOHHY W NOTYNPOBOOHUKOGY ENEMEHTH, pa3invaBally ce
[0 IPUHIIAIA Ha JeHCTBYE U TEXHOJIOTUA Ha U3TOTBSHE.

JleficTBHETO Ha enexmpoxHume efleMermu ce OCHOBaBa Ha CBOWCTBATa Ha eNleKTpo-
Ha NpH JBIXKEHHMETO My BBB BAaKyyM WM ra3 IOJ JEHCTBHME HA €NEeKTPUYECKO WIIM Mar-
HUTHO TIoNe.. Maxap na GenexaT OTMHHAN €Tall B pa3BUTHETO Ha €NEKTPOHMKATA, T BCE
ouie ce M3MOoN3BaT B 00J1aCTH, KBIAETO IT0Ka3aTENUTe UM He Morar Jia 6baT JOCTUTHATH OT
HOJYTIPOBOJHUKOBHUTE €lieMeHTH. Hal-mupoko MpuaoKeHne HaMUpaT B uHouxamopume.
AKXTYyaJIHU TEXHH TIPEJICTAaBUTENH Ca eNeKTPOHHONBYEBUTE TPHOH M IIa3MeHUTe ANCILIEH,
KOHTO C€ pa3Tiexaar B IL8.

Ionynposoonuxosume enemermu UMaT TOJIAMO pasHOOOpasye M H3KIIOYHTEIHO
OypHO pa3BuTHe. TeXHUTE XapaKTEPHCTHKH U MAPaMETPH Ce ONPEEIIAT OT CBOMCTBaTa Ha
H3rpakAaliTe T MaTepHaIN — OTyIPOBOJHUIIMTE, KOUTO CE PasriexnaaT B Nt 1.

Cnopen MexaHu3MHTe Ha (GU3MUECKUTE MPOLECH, 3aleTHall B ocHOBaTa Ha pabo-
TaTa UM, IOJYTIPOBOJAHHUKOBHTE €JIEMEHTHU C€ Pa3fieNiAT Ha eJeMEHTH, B KOHTO Ce M3I0J3-
Bar cBoiictBata Ha PN mpexoza, mpexoJ MeTas-IoJIyIIPOBOAHUK U I0JEBHTE e(ekTd. BoB
BCSKA OT Te3H TPYNH MMa MHOXECTBO MpEJCTAaBUTENH, II0-BAXKHUTE OT KOHTO ca JIaZIeHH
Ha ¢ur.1. Te3u eneMenTH ca B OCHOBaTa Ha U3TpakAaHE Ha BCKa eJIEKTPOHHA anapatypa
Y Ha TEXHHUTE ITPUHINIIN Ha AeiCTBHE ca NIOCBETEHHM INIaBH 2-5.

ChlUEcTBYBAT Y NIONYPOBOAHUKOBY €JIEMEHTH, KOMTO NIpeobpa3yBaT ApYTH BHIOBE
eHepruu (CBETIMHHA, TOMJIMHHA, MACHWTHA, MEXaHNYHA U JIP.) B €JIeKTPUYecKa ¥ 00paTHo,
OT KOHMTO N0-00CTOIHO ca pasriiejaHy ONTOEIEKTPOHHUTE eJIEMEHTH B I'1L.0.

[TonynmpoBOAHMKOBUTE €IEMEHTH HAMHpaT LIMPOKO NPUJIOXKEHHe 3a mpeobpa3yBa-
He W yCHJIBaHE Ha €NeKTPUYECKH CHUTHANM, KaTO MPEBKIIOYBATENHU €JIEMEHTH, KaTo Npe-
obpa3yBaTeny Ha eleKTpHyYecka B APYr'd BHAOBE €HEPTHH M KaTO JATYMIM 32 Pa3IHYHH
BBHIUHH BB3JCHCTBAA. XapakTepUCTHKHTE ¥ HAPAMETPHTE UM 3aBHUCHT OT KOHCTPYKTHB-
HO-TEXHOJOTMYHNTE OCODEHOCTH Ha TAXHATa MOIYNPOBOIMKOBA CTPYKTYpa, OT eleKTpH-
YeCKHs PEXUM Ha pabota (1o NOCTOSHEH TOK, 110 IIPOMEHJIMB TOK M TPAHHYHH PEXUMU) U
OT BIMSHHETO Ha BBHIUHU (akropu (TeMreparypa, oOIbYBaHe, eIeKTPUYECKO M0Ji€, Mar-
HHUTHO IOJIE, HaJATaHe, Bara u Jap.).

M3zyyaBaHeTo Ha npHHLMIA HA JeiCTBHE HA €NeMEeHTHUTe, MPOTHYAIIUTE B TAX DH-
3MYECKH IIPOLIECH, XapPaKTEPUCTHKUTE UM, TEXHHTE IapaMeTpH W W3MEHEHHETO MM Ipu
NpOMSHA HA PEXNMA U BHHIUHHUTE BB3NEHCTBHA, KAKTO M OONACTHTE Ha MpPHIOKEHHE Ca
npejMeT Ha Kypca Ho MONyNpOBOJHUKOBH €NeMEHTH.
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NABA 1 _
OCHOBHW CBOWCTBA HA NOJTYNIPOBOAHNLIUTE

[0y npOBOAHUKOBUTE €JIEMEHTH (AMOIH, TPAH3MCTOPH, MHTETPAHK CXEMH H
JIp.) ce M3MOJI3BAT 3a YCHIBATENH, T€HEPAaTOPH, M3TPAaBUTENH, (U(POBU CXEMU ¥ Ha
[paKTHKa 0OXBAaLIaT BCHYKH NPHIOXKEHHA B 00JIACTTa HA ENEKTPOHMKATa. XapakTe-
PHCTHKHTE M MapaMEeTpUTe Ha NONYNPOBOJHHKOBHUTE €1EMEHTH 3aBUCAT B 3HAUUTEITHA
CTEIEH OT eNeKTPOdU3NYHNITE CBONCTBA HAa MaTepHAJINTE, H3MON3BAHU 33 MPOH3BOJC-
TBOTO MM. 3a fia ce pa3bepe NPUHUMITBT Ha NeHCTBHE HA TE3U €JIEMEHTH M U3MEHEHHUe-
TO Ha TapaMETPUTE UM OT peXUMa M TeMiepaTypaTa ca HeoOXOAHMMH MO3HAHUA 3a
CBOMCTBAaTa Ha MONYNPOBOAHULMTE U (PAKTOPUTE, KOUTO OOYCIABAT U MPOMEHAT eJIeK-
TpUYECcKaTa UM MPOBOIUMOCT.

Honynposodnuyume ca rpyna XHUMHYECKH €IEMEHTH CHC CHEUM(MUYHM EJEKT-
pHYECKH XapaKTepHcTUKH, Hali-1upoko pa3snpocTpaHeHu ca CUIMIMH, repMaHui, Ka-
TO CHJIMUMAT CE€ M3MOJ3Ba B MOYTH BCHYKH NOJYIIPOBOAHMKOBH eleMeHTH. 3a Aa ce
pazbepar mpouecUTe, NPOTHYAIIM B IOJYIPOBOJHUKOBUTE €JIEMEHTH, TpAOBa Ha ce
U3SCHAT BBIIPOCUTE 3a IOJyyaBaHe Ha CBOOOAHM HOCHTENM Ha 3apsaf U (aKTopHTe,
KOMWTO BIMAAT BBPXY M3MEHEHUETO Ha TAXHATa KOHIEHTPALUA U IOABHWIKHOCT.

HanMeHOBaHHETO TOMYIIPOBOJHMK 3a MATEpPHAlld KaTo CHIMLKHA U repMaHHi
MOKa3Ba, ye Te He ca JIoOpH NPOBOIHKIMN KaTO METaAHTe, HO He ca U u3onaropH. [1pu-
YHHA 32 TOBA € YHHMKaJIHAaTa CTPYKTYpa Ha aToMa 3a Te3U MaTepHalH, KOATO MO3BOJISABA
c npubaBsHe Ha IPUMECHH €JIEMEHTH Ja Ce TOJIy4aT MHOTO MTOJIE3HH CBOMCTBA.

1.1. CTPyKTypa Ha CWIMLMEB 1 repMaHueB aToM

ATOMBT Ha BCEKH MaTepHall CE CbCTOM OT SIPO U eJIEKTPOHH, KOUTO OOMKAJIAT B
OpOHTH OKOJIO HETo. SApOTO € CHCTAaBEHO OT IOJIOXKHUTENHO 3apefieH! YacTUIU (Ipo-
TOHH) U HEYTPaJHHM YacTHUH (HEyTpoHM). ENEKTpOHWTE MMAT OTpULATENeH 3apsin.
Texuusat Opoii € paBeH Ha 6posi Ha NPOTOHUTE B ALPOTO, TAKA YE AMOMBI KAMO U510
e enexmpoHeympaneH.

EnexTpoHuTe ce ABIKAT Ha TOYHO ONpPEAENEHH Pa3CTOSHUS OT AAPOTO, Ha KO-
WTO CHOTBETCTBAaT KOHKPETHH AWUCKPETHH HMBA Ha eHeprus. CHINTE Ha NpUBIMYAHE
MEX(y NOJIOKHUTEIIHO 3apeEHOTO ANPO M OTPHLATENHO 3ape/IeHUTe eIeKTPOHH Hama-
JISIBaT C YBENIWYaBaHE HA Pa3CTOSHUETO OT SApoTo. EnekTpoHuTE, pasnoloieHu B Io-
OTHAJNEYEHH OT AAPOTO OPOMTH, UMAT IIO-TOJIAMa CHEPTUA OT TE3H, HaMupaliy ce 6yu-
30 fo AApoTo. EnexrpoHute oT Haif-BBHIIHATA OpOMTA Ca OTHOCHTENHO Clabo CBBP-
3aHM € aroMa. Te ce HapHyaT BaJEHTHU €NeKTPOHH H OIpeNeNaT eNeKTPHYECKUTE
CBOHCTBa Ha MaTepHaluTe.

Crumuuust (Si) u repmanuar (Ge) ca IIMPOKO M3ION3BaHK MOJYNPOBOAHUKOBU
marepuana. CTpyKkTypaTa Ha TeXHUTE aTOMH € Noka3aHa Ha ¢ur. 1.1. 1 gearta monynpo-
BOZHMKA MMAT 110 YETHPH BAIEHTHU €JIEKTPOHA, HO Ce pa3nuuaBaT Io Gpos Ha MpPOTO-
Hute. CHIMUMAT MMa 14 TOTOXHTENHO 3ape/IeHH IPOTOHA B SAPOTO CH U 14 enekTpoHa
C OTpHUATENEH 3apAJl, pasNoJoXeHH B Tph opbutH ot no 2, 8 u 4 enexrpona. B repma-
HUS €NEKTPOHMTE Ca PasMNpesieNIeHH B YeTHPH OpOHTH oT 2, 8, 18 1 4 enexTpona.

8



Que. 1.1. Cunuyues u cepmanes amom
a — Si amom; 6 — Ge amom

Banentuure C€JIEKTPOHH B I'€pMaHHA Ca Pa3NoJIOKEHH B 4Y€TBBpTATa op6ma,
JOKAaTO CHMJIMIIHCBUTE Ca 1Mo-61130 A0 s OpOTO. Tosa o3HauaBa, ue r€PpMaHUCBUTE Ba-
JICHTHH €JICKTPOHHU Ca Ha I10-BHCOKO eHCpI‘PIﬁHO HHBO OT TE€3H B CHIIMIIMA X U3UCKBAT
NO0-MaIKO KOJHYECTBO HNONBJIHUTC/IHA CHEPrud, 3a na €€ OTACIHAT OT aroma. Hopa/:m

‘Ta3u Ipyu4YuHa repManuiT € mo-HecTabuneH oT CHJIMOMsA [IPH ITO-BHCOKH TEMIIEPATYPH,
KOCTO € OCHOBHA4TA IIpHYHMHA CUIWLHUAT Oa € Haﬁ-MHPOKO H3IOI3BAHKAT IMOJIYyIpO-
BOAHHKOB MaTe€pual.

1.2. EHeprmitHn H1UBa B NONYNPOBOAHNLMN

EnextponuTe B aroMa ce pasnosiaraT Ha TOYHO ONpeCNeHH JUCKPETHH eHep-
ruiiHM HUBa. B kpucTana, Ha Bcika opOHMTa OKOJIO SApaTa CHOTBETCTBA 30HA C paspe-
IEHH HHBa Ha €HEPTUH, KOMTO CE 3aeMaT OT EJICKTPOHH.

Eneprus
CsoboxHa 30Ha ‘ | SR |
A
3abpaHeHa 30Ha ! AW
BaneHtHa 30Ha 0 0 "0 o l
3

3abpanena 30Ha {

Paspewena 30Ha O 00 0 20 O |

3abpaneHa 30Ha

Paspemena 30Ha -0 ’.'Q- I

Snpo -

Due. 1.2. 3onHa duazpama Ha wuCcm cunuyues Kpucman



PaspeuleHuTe 30HH C€ PA3NENAT CbC 3a0paHeH! 30HH, B KOWUTO HE CHILIECTBY-
BaT eJeKTPOHU. 30HHATA QUarpama 3a YiCT CHJIMIMEB KPUCTAl € OKas3aHa Ha ¢purypa
1.2. TlocnemauTe ABe pa3pelIeHH 30HH CE€ HApPHUaT BaJEHTHATa 30Ha U cBOOOAHA
(30oHa Ha mposoaumoct). Te3n 30HH, KaKTO M INMPOYMHATA Ha 3a0paHeHaTa 30Ha
Mexay Tax AW, ca ompemendly 3a NPOBOAMMOCTTa Ha MOIYNPOBOAHULMTE. IIpn
temnepaTypa Ha abcomoTHata Hyna 0 K BaneHTHaTa 30Ha € M3LAIO 3aIlbIHEHA C
eJIeKTPOHH, a CBOOO/IHATA 30Ha € Npa3Ha.

Illupouunama na 3abpanenama 30Ha € Ba)KHA XapaKTEPUCTHKA HA BCEKH M10-
nynpoBogHuK. Ts e Hail-rossiMa 3a GaAs (1,43 eV), no-manka 3a Si (1,12 eV) u Haii-
Mmainka 3a Ge (0,67 eV), xoeTo onpenens pa3nukaTa B CBOMCTBAaTa U eJIeKTpPHYECKATa
MM TIPOBOAMMOCT

AWgoas > AW > AW,

1.3. CpaBHeHue Ha nNonynpoBOAHULMN, NPOBOAHMLMN
U usonaropm

durypa 1.3 mokasBa ChIIECTBEHUTE Pa3NUyUs B 30HHATA CTPYKTypa Ha H30Jja-
TOpH, MOJYINPOBOAHUIM U NPOBOAHHIH, KOUTO OOYCIaBAT pa3lIMKHTE B TAXHATA IPO-
BoguMocT. CBoGogHATA M BaJIeHTHATa 30HH HPY METAJIMTE C€ NMPUIIOKPUBAT ¥ B TAX
BHHATH UMa MHOXKECTBO CBOOOMHM eJIeKTPOHH M Oe3 mpuiaraHe Ha BHHIIHA €HEPTHA.
Ipu u3onaropure 3abpaHeHaTa 30Ha € MHOIO IIMPOKA, KOETO 3aTPyAHsABA IpeMHHA-
BaHETO Ha EJIEKTPOH OT BaJieHTHATa B cBOOOJHATA 30HA JOPU NPH 3HAYMTENHO KOIH-
YEeCTBO EHEPTH.

Yucture NOMYNPOBOJHUIIM HE Ca HUTO M30JIaTOPH, HHUTO JOOPH MPOBOXHHLH,
3al[0TO TOKBT. NIpe3 MaTepHana NUPEKTHO 3aBHCH OT Oposi Ha CBOOOJIHHTE TOKOHOCH-
tenu. IlonynpoBoauuuuTe MMaT 3abpaHeHa 30Ha M He NPOBEXIAT eNEKTPUYECKH TOK
6e3 [a ce NPUIIOXKY JOCTATHYHO eHEPTHs 3a MPeoHoIABaHeTo U,

A i

l Eneprus 4 Eneprus ‘ Eneprus

Csoboana 3ona

CsofonHa 30Ha

3abpanena | Aw

30Ha 3abpanena AW
30Ha -
CaobopHa 30Ha. }
, " ~— Ilpunoxpneane
Banenrna 30na BanenTHa 30Ha { BanenrHa 30Ha

a) 6) 8

@ue. 1.3. 30HHU duazpamu HA U3OAAMOP, NOLYNPOBOOHUK U MEMAN
a - usonamop; 6 — nOAYNPOBOOHUK, 6 — Meman
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1.4. KoBanieHTHU BPpb3KH

KoraTo HAKOJKO aTOMa Ce CBBP3BAT B MOJIEKYJIH, 32 1a GOPMUpAT TBEPIO TATO,
Te ce MOAPEXIAT B PeryApHa CTPYKTYpa, HapeyeHa KPHCTad. ATOMHTE B KpHCTATHATa
CTpYKTYPA C€ 3aIbPXaT 3a€/HO IIOCPEACTBOM KOBA/IEHTH BPB3KH, KOMTO CE Ch3/aBaT
[IpH B3aUMOJIEHCTBHE HA BAICHTHUTE E/IEKTPOHH OT HAKOJIKO ChCEAHH aTOMa.

YucT noJynpoBoHHK Ge3 BHeCEHN NMPUMeCH ce HapH4a coGCTBeH MoJynpo-
BOHHK.

B kpuCcTanHaTa penieTka Ha coOCTBEH CHIIMIIMEB KPHCTAJI Ce ChIBPIKAT CaMO CHIIH-
LFIeBM aTOMU. BCeky eIMH OT YeTHpHUTE BANEHTHH €eKTPOHA Ha CHIIMUHMEBHS aToM (op-
.Mﬂpa KOBAJICHTHA BPB3Ka C BAIEHTEH ENIEKTPOH OT ChCEHM CHINIIMEBU ATOMH, KaKTO €
noka3aHo Ha ¢ur. 1.4. Taka Bceku BaJIEHTeH €IEKTPOH CTaBa 001 32 11B2 CHCENHH aTOMa.
TakaBa KOH(HIypaLHs Ce XapaKTepu3Wpa C TOJAMAa XHUMHMYeCKa CTAaOMIHOCT, 3alloTo
ed)eKTHBHO Ch3/1aBa I10 8 BAICHTHU EIEKTPOHA KbM BCEKH CHJIMLIMEB aTOM.

6)
Que. 1.4. Popmupane Ha KoGaneHMHU 6Pb3KU 8 Si

a — 08yMepHO npedcmasaHe Ha KOBAneHmHu 8pb3Ku 6 Si; b — onpocmeno npedcmassme
(3Hayume "-" noxaseam enexmpoHume @ KOBaNEHNHAMA 6PbLIKA

Quz. 1.5. Cmpyxkmypa na Si kpucman — KOgareHmHume 6pb3Ku
3a0vpoicam amomume 3ae0H0 8 Kpucmana
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Pasnpe/ie/ieHHeTo Ha BaJIEHTHH €IEKTPOHM MEXIY ChCEIHH aTOMH Ch3[aBa Ko-
BaJICHTHH BPB3KH, KOHTO 33bPXAaT aTOMUTE 3a€/IHO B KpucTana. CTpyKTypaTa Ha CH-
JIMLIAEB KPUCTAJ C KOBAJICHTHUTE BPB3KH MEXAY aTOMHMTE B KPHCTaja ca MOKa3aHK Ha
¢wur. 1.5.

1.5. dopMupaHe Ha TOKOHOCUTeNnuTe B co6¢CcTBeH
noNynpoBOoaHUK

IMpu 0 K (abcomoTHa Hyna) B cOOCTBEH MOIYIIPOBOJHUK HAMa CBOOOIHU HOCH-
Tenu 3a 3aps. Ipu craiina Temneparypa (300 K), TonMHHATA eHEprus € JOCTaThYHA
3a HAKOU BAJIIEHTHHU €NEKTPOHH OT BaJleHTHATa 30HA Ha CHITMIIMEBHs KPUCTal Jia Ipeo-
JO7eAT MpHHATA Ha 3a0paHeHaTa 30HAa M Jla JOCTHTHAT cBoOoaHaTa 30Ha. Enexrpo-
HUTE B cBOOOJIHAaTa 30HA HE ca CBBP3aHM ¢ aToMa. Te craBaT CBOGOJHU HOCUTENH Ha
3apsfi, KOMTO MOTAaT Jia ce ABKXKAT MEXIy aTOMHMTE B KpHUCTanHaTa peuietka. Tosu
npolec € HIIOCTPUpPaH Ha 30HHaTa AuarpaMa Ha ¢mr. 1.6a.

Croboaen
? E e;:m’pon )
/- ) 1”(;7
BoOOIHA /
Caobon / TonnuHHA TomnuuHa
30Ha AW
i EHEeprua eHeprug
' 1Y p
\
——t O ‘\O/’ Hynka
Banenrna 7
30Ha
nKa .
Ay HBotika
eNIEKTPOH-TYIKa
a) 6)

Due. 1.6. Cv30asane Ha 0601KA eneKMPOH-OYNKA 8 CUNUYUEs Kpucman
a — MedCOY30HHU npexoou; b — pasKvbeeane Ha KOBANEHNHA 6Pb3KA

KoraTo enexTpoH npemuHe B CBOOOAHATa 30HA, BBB BAJICHTHATA 30HAa OCTaBa
Npa3Ho MSCTO — AYNKA C eKBUBAJIEHTECH IOJOXHUTENEH 3apaj. To3d MpoLec € eKBUBa-
JIEHTEH Ha pa3KbhCBaHE Ha KOBAJEHTHH BPB3KH, NPU KOETO €NEKTPOHBT CE€ OTKBHCBA OT
aToMa U cTaBa CBOOOJEH, OCTaBAKH B HApyLIEHATa KOBAIEHTHA BPB3Ka IIPa3HO MSACTO —
nynka (pur. 1.66).

ITpouechbT Ha opMupaHe HA ABOIIKAa CBOGOAHN HOCHTEJIM HA 3aPAX — eleK-
TPOH U AYNKa, MOJ AeficTBUEe HA AOMBJIHNTE/IHA €HEPrus, ce HAPHYA reHepalHsL.
B pe3yaraT Ha TepMoreHepalHMsiTa BAHATH Ce Ch3aBaT JBOKA TOKOHOCHTENHU C
NPOTHBOMOJIOXKHHM 3aPSIIH U PABHH KOHUEHTPALNH:

ni = pi
KBJETO C 1j M p; Ca 03HAYECHH CHOTBETHO KOHLEHTPAUMATA HA ENEKTPOHH M AYNKH B
cobcTen nomynposoaHuk. (MHAEKCHT i ce OTHACA 33 COOCTBEH MONYNPOBOHHUK. )

Koraro enexTpoH oT cBoOOAHATa 30HA 3aryOH eHEprus ¥ ce BpHE 00pPaTHO BbB
BaJIEHTHATA 30HA HA BAKAHTHO HUBO TaM, "M34e3BaT" CBOGOIHUTE HOCHTENH €IEKTPOH
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Y AynKa 1 ce BB3CTAHOBsABA KOBAJICHTHATA BPBH3Ka. Tosn TNponec c€ Hapu4ia peKOMﬁﬂ-
HanHus ¥ € CBbP3aH C OTACIITHE Ha EHCPTHUA.

Caobozana 30Ha
T B S S IV >< WC
A
Teneparus Pexom6GuHaLms
hv
V/Jj\ w,
O0O000O0
oA B e A0 R Ay
Banenrtha 3052

Due. 1.7. I'enepayus u pexombuHayus Ha HOCUMenU Ha 3apsao

TIponecuTe Ha reHepanus ¥ pekoMOMHALKA ca HICTpUpany Ha ur. 1.7. C Wy
u Wc ca 03Ha4YeHH CHOTBETHO EHEPrUiiHMTE HHBA HA TAaBaHA HA BaJICHTHATa 30HA W
JBHOTO Ha cBOOO/IHATA 30HA.

1.5.1. TepmoaguHamuuyHo pasHoBecue. CobcTBEHa KOHLEHTpauus

TIpu Hen3aMeHHa TeMIepaTypa HacThIIBa TePMOIHHAMUYHO PABHOBECHE MEX-
Jy TPOIECHTEe Ha TeHepalys U peKOMOMHALMA ¥ B YUCTUS MOIYNIPOBOIHHK, 33 CHOT-
BETHATa TEeMIIepaTypa, Ce YCTAHOBSBA MIOCTOSHHA KOHLEHTpallis, HapeyeHa cobcTBe-
HAa KOHUEeHTpauus.

3a papenara TemmepaTypa M onpedejieH NOJYNPOBOAHHKOB MAaTepHas
co0CcTBEHATa KOHUEHTPALHS € MOCTOSHHA BeJIMYHHA.

(1.1) n.p; =n’ =const.

CobOcTBeHaTa KOHICHTpalyss Ha TOKOHOCHUTEJIUTE 3aBUCH CaMO OT TEMIIEpaTy-
para ¥ OT IIKpOYKHATa Ha 3abpaHeHaTa 30Ha.

& lpumep

Ha ce onpeneny CbOTHOLIGHUETO Mex(Ly cOOCTBEHUTE KOHIeHTpaluK 3a Ge, Si
1 GaAs karo ce 00jCHH NPUYHHATA 32 PA3NUKHTE B COOCTBEHHTE KOHLEHTPALMH Ha
OTAENHUTE IOTYPOBOJHHIIH.

PeweHue

Ilpu yncTHTE MOJYNPOBOJHULIM HOCHTENNTE Ha 3apsaia ce (GopMHpar mpH pas-
KbCBAaHE Ha KOBANIEHTHM BPB3KH, NIPH KOETO CE CH3[aBAT PaBeH Opoif eNEeKTPOHU H
RYTKH. 3a TO3H MpoLec € HeOOXOAUMa EHeprus, KOoATO ce HabaBs OT OKOJHATA TeMIIe-
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parypa. [Ipu $ukcupaHa TeMIepaTypa, KOMMIECTBOTO Ha Ch3JaleHUTe COOCTBEHH HO-
CHTENH Ha 3apsAl CHIHO 3aBHCH OT IIMPOYMHATA HA 3a0paHeHaTa 30HA Ha CHOTBETHUS
HONIYIPOBOAHMK, THH KaTo 3a Jla Ce Ch3/laJie CBODOIEH €NEKTPOH, Ha HETo My € Heob-
XO[MMa €Heprus 3a MpeojonsBaHe Ha 3abpaHeHara 30Ha. Konkoto no-tsacHa e 3abpa-
HeHaTa 30Ha, TOJIKOBA IO-TONsM € GPOST Ha BE3HUKHAIMTE CBOOOJIHUTE HOCHTENHM 33
nafeHara Temneparypa. Karo ce uma npensug, 4e AWeg,as > AWs; > Wee, 3a oTHOIIE-
HHUeTOo Ha cobcTBeHnTe KoHUeHTpanuu Ha Ge, Siu GaAs ce nonyyasa:
Rig, > Misi > Migaas-

CnenoBaTe/IHO, KOHLGHTPALHATA HA HOCHTEJIUTE HA 3apsii B COOCTBEH I0-
JIYIPOBOAHHUK C€ HAMAJISIBA C HAPACTBaHe HA IIMPOYHHATA HA 3a0paHeHaTa 30HA.
HesHaunTenHaTa pasjnka B IIMpOYMHATA Ha 3a0paHeHute 30HH 32 Ge, Si u GaAs Jo-
BEX/la 10 pa3iIiuue Ha cCOOCTBEHUTE MM KOHLEHTPALMHU C HAKOJIKO HOPAIbKA 33 CTaii-
Ha TeMIepaTrypa — n; = 2,5.10" cm™ 3a Ge, n; = 1,45.10"° cm™ 3a Si, n; = 1,5.106 cm™
3a GaAs.

ColcTBEHATA KOHLUEHTPAUUsI MHOIO CHJIHO 3aBHCH OT MPOMSIHATA HA TEM-
nepaTypara, 3all0TO MPH YBeJHYEeHHEeTO U HAPACTBA eHeprusiTa U CrnocoOHOCTTA
HA eJIEKTPOHMTE [a ce OTALNSAT OT ATOMA,

EnexTponute u fynkute ca MOABHMKHH YacTHUM. Te MoOrar 1a IpoMeHAT eHep-
TUATa CH M J1a CE IIPEMECTBAT Mex/y BB3/INTe Ha KpPHCTAHATa pelleTKa O Bh3Aeiic-

TBHUEC Ha C€JICKTPHUYECKO II0JIC, T. €. Ja Y4aCcTBAT B IPOTHYAHETO Ha TOK. 3aroBa ce Ha-
pu4aT TOKOHOCHTEJIH,

1.6. EnekTpoHeH 1M Ayn4yecT TOK

Koraro ce npminoxun HanpexeHnune KbM cHiMIMeB kpuctai (¢ur. 1.8) TomiuHHO
reHepHpaHNUTE €JEKTPOHH B CBOOOJHATA 30HA C€ NMPUABIIKBAT CBOOOIHO B KpHCTala
TI0/1 IEHCTBHE HA EJIEKTPUYECKOTO TOJIE U CE NPHBINYAT OT MOJOXKUTEIHUS TTOJIFOC.

__CBoGognen enextpon

/

O—

J, — WIBTHOCT Ha
eIIEKTPOHHHS TOK

Due. 1.8. Enexmponen mox
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B ciy4as €J1EKTPOHBT Ce ABIKH OT JISIBO Ha AsiCHO. HacoueHoTO IBIDKEHME Ha eneKT-
pOHHTE N0/l NEHCTBHE Ha EEKTPHYECKOTO MOJIE Ch31aBa e/IEKTPOHHATA ChCTABKA HA
toxa J, B TOTYIPOBOIHKKE, KBAETO J, NpelCcTaBlABa IIIBTHOCTTA Ha ToKa. IlocokaTa
HA eJIEKTPOHHHS TOK € HPOMUEONoN0)cHA Ha PU3NIECKOTO JBHIKEHHE HA €JIeKT-
POHHTE B KpHCTaA.

ENeKTpOHUTE OT BaJ€HTHAT4 30HA Ca CBBP3aHM C AAPOTO HA aTOMa M HE MOTaT
Jia ce ABIKaT cBobonHo B kpuctana. OOaue, ¢ Majlka MPOMAHA B EHEPTUATA, TE MOTaT
71a 3aeMaT MACTOTO HA ChCEIHA JYIKA, OCTABAMKY JyIKa TaM, OTKBAETO Ca TPhrHAJIM.
[To TO3W HA4YMH AYNKHTE CE TPHIBIKBAT B KpUCTana ePeKTUBHO (He (PU3HYECKH),
ch3faBaiiki Ayn4ecTaTa KOMIOHEHTa Ha ToKa Jy, KbJETO Jp, € IIIBTHOCTTA Ha TOKa.

Wnesta 3a JBIKeHHE Ha OyIKHTEe € MIocTpupaHa Ha ¢wur. 1.9. [a npenmono-
JHAM, Y€ EIEKTPOH HaIycKa KOBaJieHTHaTa Bph3ka (B mo3uuus 1) m tam ce dpopmupa
Aynka. AKO BAJIEHTEH €NIEKTPOH OT 3aIlbHEHA KOBAIEHTHA BPB3Ka B MO3MIHA 2 ce
IPEMECTH B [O3MLMsA 1, TOraBa TaM ce Bh3CTAHOBSBA KOBAICHTHATA BPB3Ka U JIyTKaTa

--¢e-TIPEMECTBA B MO3MLMA 2. AHAIOTHYHO €JEKTPOH OT MO3MLMA 3 MOXE Aa 3aIbJIHA

KOBJIEHTHATa BPB3Ka B MO3MIHA 2 KaTo JyNKaTa ce NPeMECTBa B MO3NIUA 3 | T. H.

J . Crobonen
-— ,+* eneKTpoH

/\ /\ j/ N

) )
NN NN

Que. 1.9. [Jynuecm mox

JIJ — INTBTHOCT Ha
OYIMYECTHS TOK

[MTocokara Ha JBIKEHME Ha TyNKHUTE € MPOTHBOIONOXKHA Ha Ta3U Ha €JIEKTPOHHTE.
Korato enekTpoH ce NpeMecTBa OT JIABO Ha JACHO, 3albJIBaiKy JyNKa, TOM OCTaBs cieq
cebe cu HoBa ynka. ToBa eeKTHBHO MOXCE Jia Ce Pasriexna KaTo JBHKEHHE Ha TyIIKHTE
OT JACHO Ha JisiBo. EQEeKTHBHOTO ABIIKEHME Ha JYNKWUTE € IOKa3aHo Ha (urypara che
crpenku. [locokaTa Ha Aym4ecTys Tok J, CbBNaJa ¢ ABMKEHHETO HA MOJIOKHTETHHTE
TOKOHOCHTEJIN ¥ CJIEJOBATEIHO U C IPHETATa TeXHHYeCKka 0COKA Ha ToKa.

1.7. NpuMecHM NnonynposoaHULMU

B co6cTBeH nonynpoBOAHUK NP CTaliHA TeMIIEpaTypa UMa He3HauuTeNneH Opoi
cBoOoHM TokOHOcHTeNW. IIpu ToBa TeXHUAT OpOH, U PECNEKTHBHO rolleMHHATa Ha
TOKa, CWJIHO 3aBHCAT OT U3MEHEHNE Ha TeMmmeparyparta. [lopaay Te3sn npyuuvHy YUCTH-
Te MOJYNPOBOAHHULIM HE C€ U3I0JI3BAT 3a HallpaBa Ha MOIYIPOBOJAHUKOBH €JIEMEHTH.

ITpoBomMMOCTTa HA CHIIMIMA U TEpPMaHUI MOXKE J1a C€ YBEIHYH APACTHYHO Ype3
JobaBsHe Ha MPUMECH KbM YHCTUS TOIYIPOBOAHUKOB Marepuain. To3n mpouec ce Ha-
puya gerupade. IloaynpoBoanuK, eJieKTPHYECKNTE XapaKTEePUCTHKH HA KOHTO ce
ONpefesIAT OT HAJIMYMETO HA MpPUMECH, ce HApU4a mpumMeceH. B npuMecHuTe MO-
JTYIIPOBOIHUIM CBOOOAHUTE TOKOHOCHTEIM Ce MOSABABAT NPEAUMHO 332 CMETKa Ha HOHH-
3aIMs Ha [IPUMECHH aTOMHU. UacT OT TOKOHOCHTENHUTE, B 3aBUCHMOCT OT BBHIIHUTE yC-
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JioBus, ce 06pa3yBar ¥ B pe3ylTaT OT HapylllaBaHe HAa KOBAIEHTHH BPB3KM B aTOMUTE Ha
OCHOBHHA MaTepua. [IpumecuTe Morar a 651aT OT 0oHOpen WK aKyenmopeH THIL

1.7.1. dopmupaHe Ha TokoHocuTenu B N-Tun nonynpoBoAHMUK

TTpuMecH OT 5-Ta BaJeHTHOCT — apceH (As), docdop (P), anTumon (Sb) ce Ha-
puYaT JOHOPH, 3al0TO OTAABAT €MH OT BaJICHTHUTE CH €JIEKTPOHH CH KM I10J1yIIpO-
BOJIHMKOBHA KpHCTal. YeTHpH OT BaJICHTHHTE €EKTPOHM Ha NOHOPHHA aToM (As) 06-
pasyBar KOBAJEHTHH BPB3KM CBC CBCENHH CUIIMLIMEBH aTOMH. [[eTUAT eNeKTpOH,
KOMTO He y4acTBa B KOBaJIEHTHa BPB3Ka, OCTaBa C1abo CBbpP3aH C AAPOTO U NpH Hes-
HAYMTEIHO KOJMYECTBO HEPrHs JIECHO Ce OTAENA OT aToMa U Moxxe cBOOOJHO Ha ce
NpUABMXBA B KpHCTaJa — cTaBa ¢Bo0OJEH eleKTpoH. Koraro meTuar €JeKTpoH ce
OTJEIN OT JOHOPHUS aTOM, NTOCJIEAHUAT CTaBa MOJIOMKHTENHO 3apefieH HOH, CBbP3aH B
KpHcTanHaTa peruerka. IIpouechsT e unocTpupas Ha durypa 1.10a.
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Due. 1.10. Popmupane na mokorociumenu 6 N-mun nonynpogooHux
a — UoHU3ayun Ha npumecume; 6 — 30HHA Ouazpama ¢ OOHOPHU HUBA

BposT Ha cBOOOIHUTE eJIEKTPOHM ce onpezens oT Opost Ha BbBEAECHHUTE IpHUMeE-
CH B KpUCTAJIHAaTa CTPYKTYpa U MOXKe TOYHO [ia ce€ KOHTponupa. Ako Np >> n;, UMEHHO
KOHIEHTPALUsATa Ha NpPUMECHUTE ONpefend KOHLEHTpalHuATa Ha TOKOHOCHTEIHUTE B
kpHuctana. OGukHOBEHO Np = 10 - 10 cm™.

Enepruiinure suBa Ha nonopute Wp ce HaMupat B 3abpaHeHaTa 30Ha MOJ JbHO-
TO Ha cBOOOAHATA 30Ha ((ur. 1.106). B nonynpoBoAHKK ¢ BhBENEHH JOHOPHH PUMECH,
eJIEKTpoHuTe ce hopMmupar npu HioHn3anus Ha npumecure. Twit kato Wp < AW, To3u
npoliec U3UCKBa MHOTO MaJKO €Heprus M MPEIW3BHKBa MOABATa CaMO Ha €IHH THII
TOKOHOCHTEJIM — €JICKTPOHH B 30HATa Ha IIPOBOAMMOCT H He € CBBp3aH C MOsSBaTa Ha
JIYNKH BB BaJleHTHATa 30Ha.
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duKkcupaHu 3aps0u Ha oOHUMe 8 NpuMeceH MoJ1ynpPoeodHUK

Koraro CBO6OHCH CJICKTPOH C€ OTHACIIH OT HNOHOPHHUA aTOM, HNOCJIEAHUSAT ce
nIpeBpBIIA B MOTOXUTENHO 3apefieH HoH. I1onynpOBOAHUKET OCTaBa eNEKTPOHEYTpa-
ned. He3aBUCHMO ue MMaT 3apsj, HoHWTe He ydacTBaT IpH GoOpMHUpaHe Ha TOKa, 3a-
nroTo ca CBBpP3aHH B KpHCTaJiHaTa pemeTKa H HEC MOraT ga Cc€¢ JOBWXart. ﬁonme ca
¢uKCHpPaHH 3apPAAH B IPUMECHHSA NMOJYNPOBOAHKK. Te HrpasT BaxkHa PO, 3au0TO
OCHT'YpSIBaT KOHTaKTEH MOTEHIHAN, KOHTO NMo3BoiABa (Gopmupane Ha PN mpexoa npu
KOHTAKT MeXIy N- 1 P-THII IOIyTIPOBOAHUK.

OCHOBHU U HEOCHOBHU MOKOHOCUMenu

Houmszauusara na qoHopuTe AoBexaa 10 06pa3yBaHe camMo Ha eIHH THI To-
KkoHOCHTeJIN — cBOOOJHH €IEKTPOHH B 30HAaTa HAa IPOBOAMMOCT. T€ ca AOMHUHHIpALH-
AT TMIT TOKOHOCHTEIH 1 C€ HAPHYAT OCHOBHU TOKOHOCHTEJH, & [I0IyIIPOBOJHUKET —
N Tun nonynpoBoxHuk. O3HaueHueTo N HUBa OT OTpHULATENHHUA (negative), 3apsJ Ha
eNeKTPOHUTE. 3a CTalHa TeMIlepaTypa BCUYKH NMpPUMECH ca HOHM3HMPAaHH M KOHLEHT-
pauyATa Ha EIeKTPOHMTE (1) B NI-THIT 10y NIPOBOAHHK 1y, € PABHA HA KOHIEHTPALHATA
Ha IOHOPHHTE NpUMeECH Np.

o ND ’
KkbaeTO HHAEKCHT O ce 0THacA 3a TepMOJMHAMUYHO paBHOBECHE (IIOCTOSHHA TeMIlepa-
Typa).

KonueHTpauusaTa Ha OCHOBHHTE TOKOHOCHUTEIH He 3aBHCH OT TeMHepary-
paTa B HOpMAJIHMsl TeMnepaTypeH 00XBaT Ha €KCIJIOATALMS HA NOJYNPOBOIHH-
KOBHUTE €/1eMeHTH.

ITpn nocraThyHa €HEprus, HaJBMINABaIla LMMpOYMHATa Ha 3abpaHeHaTa 30Ha,
MOTaT Ja ce pa3KbcaT KOBAJICHTHH BPB3KM M TOraBa BbB BaJICHTHATa 30HA C€ Ch3JaBaT
HE3HAYUTENIHU KOJMYECTBO AYIIKH, HapeueH! HEOCHOBHM TOKOHOCHTeJH. Te ce ch3za-
BaT 4pe3 TepMmoreHepauus. KOHUEHTpauysTa Ha OyNKA (p) B n-THI MOIXYNPOBOAHUK —
Pro PA3KO CE MOBUILIABA C HAPACTBAHE HAa TeMIlEpaTypaTa.

B npuMeced NOJYNPOBOAHMK NPOM3BEJEHHETO OT KOHUCHTPAUMATA Ha
OCHOBHHTE H HEOCHOBHH TOKOHOCHTEJIM 3a JajieHa TeMHIepaTypa € NMoCTosiHHA

BE&IMYMHA, PABHA HA KBAaJApaTa Ha KOHUEHTPAUMITA HA TOKOHOCHTEIHTE B
co0CTBEH MOJIYMPOBOAHUK.

(1.2) Ny Doy =1 =const.
Ta3u 3aBUCMMOCT Ce Hapuya 3aKOH 32 JefiCTBHe HAa MACHTe.

& lpumep

B Si (nl =1,5. 10’0 cm™) ca BHeCeHH JIOHOPHH NpPUMECH C KOHIIEHTpauus Np =
=1,5.10" cm™. da ce ompeeny KOHUEHTPAUUATA HA OCHOBHHTE M HEOCHOBHH TOKO-
HOCHUTENM NpH cTaliHa TeminepaTypa. llle ce n3MeHy 11 KOHUEHTpAaLUATa Ha HEOCHOB-
HHTE TOKOHOCHTEIH aKO ITONYNPOBOIHUKET ce erupa mmo-cunno (Np = 5.10'7 cm™)?

PeweHrue

KoHnenTpauusaTa Ha OCHOBHUTE TOKOHOCHTENM € PaBHAa Ha KOHIEHTpAalUATa Ha
BHECEHMTE IIPUMECH My, = Np = 1,5.10% cm™
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KoHueHTpauusTa Ha HEOCHOBHUTE TOKOHOCHTENHM CE€ ONpEAeNs OT 3aKOHa 3a
IelCTBHE Ha MacHUTe:
‘ n? _nl (1,510
N, 15.10%
AKO ce yBeNM4YH KOIHYECTBOTO HA MPHMECHTE, KOHUEHTPALUATa HA HEOCHOB-
HUTE TOKOHOCHUTENH €:

= 1,5.105 cm™,

n’  nl  (15.10°)°

n, Np 510
CneuonaTe.nHo, KOHIeHTpauuaTa Ha HEOCHOBHHUTE TOKOHOCHTEJIM B NpH-
MECECH MOJIYNNIPOBOAHHK € IMO-MAaJIKa 0T KOHUCHTPALHATA HA TOKOHOCHTCJIHTE B

co0cTBeH MOJYIUPOBOAHMK X HaMAaJIABA C YBEJIMYABaHE HA KOJHY€CTBOTO HA BHE-
CCHHUTE MPpUMECH,

=4,5.102 cm™,

Temnepamypa Ha co6cmeeHa npoeoduMOCMm 3a NPUMeCEeH MosTynpPo8oOHUK

3aBUCHMOCTTA Ha KOHLIEHTPALHATA Ha TOKOHOCHTENHTE OT TEMIIepaTypaTa noc-
TaBsi OrPAaHUYCHHE HA TEMIIEPATYPHHUS 0OXBAT Ha U3MON3BAHE Ha MOy NPOBOAHHKOBH-
te eneMeHTH. HopmannusT paboreH o6xBaT ce XapaKTepH3Hpa C KOHIEHTpalusA Ha
OCHOBHHTE TOKOHOCHTE/H, 3HAYUTENHO NPEBHIIABAMIA Ta31 HA HEOCHOBHUTE —

Mo >>Pros KATO Hpe = Np.

Ilpu 3HaYMTETHO MOBHIIABaHE HAa TEMIIEPATypaTa 3aMo4yBa HHTEH3MBHA reHepa-
LM Ha IBOHKH €JEKTPOH-AYINKA K TAXHOTO KOJNHYECTBO MOXKe Aa HamsuuM Np. B To-
31 ciy4al fn, = pno M KOHLEHTPALMATA HA TOKOHOCHTEIIMTE TIpecTaBa Ja ce onpenend
OT KOJIMYECTBOTO BHECCHH NPUMECH H 3aM0YBa CHJIHO JIa CE H3MEHs NPH MOBMILABAHE
Ha TemreparypaTa. Temnepatyparta Ti, NpH KOSITO NPHMECHUSAT MOJYNPOBOAHUK
3aMo4Ba /ia ce NPosABABa KaTO cOOCTBEH, Ce HApHYa TeMNepaTypa Ha coGcTBeHa-
Ta NPOBOAMMOCT WIH KPUTHYHA TemmnepaTypa. Ta3u TeMnepaTypa 3aBUCH OT LIH-
pourHaTa Ha 3abpaHeHaTa 30Ha M KOHLEHTpaLHATa Ha npuMecute. Kpurnynara tem-
nepaTypa pacTe ¢ yBelIHYaBaHe HA KOHICHTPAUHWATa Ha MPUMECUTE H C yBEIHYaBaHe
IIMpOYMHAaTa Ha 3abpaHeHa 30Ha. 3a Ge T4 e 75-85 °C, a3a Si ~ 150-170 °C.

1.7.2. ®opmupaHe Ha TOKOHOCUTENU B P-TUN NonynpoBOgHUK

[Tpumecu ot TpeTa BaseHTHOCT — 60p (B), amyMmunmit (Al), rammit (Ga) ce Ha-
pHUYaT aKLEeNTOPH, 3alI0TO MpUeMaT €IHH eJIEKTPOH OT ChCe[IcH aTOM M TaKa OCTaBAT
Iynka (pa3sHo MSICTO) B MOMYIIPOBOJHAKOBHUS KPHCTAJ.

Ilpu BBBEX/IaHE Ha aKLENTOPEH aToM (Hampumep 60p) B KpHCTAIHATA PEIETKa
Ha CHIMLHI, TPUTE BATCHTHHTE EIEKTPOHHM Ha 60pa GOpMHUpPAT KOBAJEHTHH BPBH3KH
CBC CBCEIHH CHIMIMEBH aToMM. HeMOCTHraluaT eJeKTPOH B KOBaJEHTHATA BPb3Ka
MOXKE J]a C€ PasmIex/a KaTo CBOOOJCH NOJNOKHTENEH 3apsal, HapeueH aymka (¢ur.
1.11a). BposT Ha QynkuTe € paBeH Ha OpOs Ha BEBECHUTE aKLUENTOPHH aTOMH.

Enepruiinute HuBa Ha akuentopure W, ca pasnoioxenu no-61u30 10 BaJaeHT-
HTa 30Ha (dur. 1.116). Wonusauusita Ha NPUMECHTE M3MCKBA MHOTO MajKO €HEpPrHus
(Wa < AW). To3u nponec npeau3BMUKBa I0SBaTa CaMO Ha €AMH THIT TOKOHOCHTEIH —
OyNKA BBB BAJICHTHATa 30HA M He € CBBP3aH C IIOSBAaTa Ha €JIEKTPOHM B 30HATA Ha
NPOBOIUMOCT.

18



P Ne

AW

AEEEE

Y W,
Q00000000 Y
OO0O000O00O0OO0
OO0O000C0O0O00
Q00000000
O0O0O0O & % B 3A

a) 6)

Que. 1.11. Dopmupane Ha mokoHocumeni 8 npumecer P-nonynposoonux
a — llonusayun Ha npumecume; 6 — 30HHA OUAZPAMA C AKYENMOPHY HUBA

Jynkute MoraT Jia ce IIPUABIKBAT NOJ JCHCTBHE HA IPUIIOKEHO HaIpeXeHUe
M Jia y4acTBaT npu GopmupaHe Ha Toka.

IIpn nocTaThyHa eHEprus, Ype3 TepMOTeHepalus, B MIPUMECHUs IOIYIIPOBOI-
HHK C€ CH3[aBaT M HHLIOXKHO KOIUYECTBO €IEKTPOHHM B cBOOOAHAaTa 30Ha. TsaxHarta
KOHLIEHTPALUA CHIIHO 3aBHCH OT TEMIIEpaTypaTa U IKpPOYHHaTa Ha 3a0paHeHaTa 30Ha.

OCHOBHU U HEOCHOBHU MOKOHocumenu e P nosynpo8odHUK

IpeobnanaBaruaTa 4acT OT TOKOHOCUTENTE B KPUCTAJ, JIETHPAH C aKLENTOPHH
aToMM, ca OynkuTe. JJynKHUTe ca OCHOBHH TOKOHOCHTEJNH, 8 IIOIYyTIIPOBOJHUKBT — € OT
P-Tin monynpoBOAHUK (OT MONOMXKHUTEIHHA — positive, 3apan Ha TOKOHOCHTENHUTE). 3a
cTaliHa TeMIlepaTypa BCHYKH NPUMECH ca HOHU3MpaHM U KOHLEHTALMATA Ha AYIKUTE
(p) B P-THII NODYNPOBOJHUK Py, € PaBHA HA KOHLIEHTPALMATA HA aKLENTOPHUTE IIPU-
MeCH N,.

Ppo = Na,
KbACTO UHACKCHT 0 ce oTHacs 3a TEPMOANHaAMHIHO paBHOBECHE (HOCTOHHHa TeMIIEpa-
Typa).

HeocHoBHH TOKOHOCHTEIHM B P-TUN NOJYNPOBOAHUK Ca €IEKTPOHUTE. Te ca
(opMupaHy npH TEPMOreHepaLus OT Pa3KbCBaHE HA KOBAJCHTHU BPBH3KH B Pe3yJTar
Ha TOILUIMHHA eHeprus. TAXHAaTa KOHUEHTPAUMS Ny, << Ppo K CE ONPENEN OT 3aKOHA 32
AelcTBHE Ha MacHTe 3a P NOMyNIpOBOAHUK. |

2
(1.3) Ppollpo =N; =cOnSt.

Tipu npunarane Ha HanpeXXeHHe HACOYEHOTO JBW)KEHHE Ha OCHOBHUTE TOKOHO-
CHTENH CH3aBaT OTHOCHTEIHO rOJIAM TOK B IOJYTIPOBOAHHKA (OT MOPSAABKA Ha MHIIN-
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amIepu WM amrepy). B o6paTHa nocoka Ha TO3U TOK ce GOpMHpPa TOKBT OT HEOCHOB-
HHTE TOKOHOCHTEM, KOMTO € MHOro Manbk (OT Mopsabka Ha MUKpOaMIIEpH M I10-
Marbk). TO3M TOK CHIIHO HapacTBa NpH yBEJIMYaBaHE Ha TeMIepaTypaTa, ThH KaTo
6pOST Ha HEOCHOBHHUTE TOKOHOCHTENM CHJIHO HAPAcTBa NPH TMOBHILABAHE HA TEMIIEPa-

TypaTa.

1.8. ApeiidoBO ABMIKEHNE HA TOKOHOCUTENUTE

HpH TEPMOAMHAMHYHO PaBHOBECUE TOKOHOCUTEINTE U3BbPIIAT XaOTHYHO TOM-
JIMHHO IBHIKEHHE KaTO IIPpHU TOBa CE CONBCKBAT C TPEOTALMTE aTOMH BBB BBH3JIUTC Ha
KpucCTajHaTa pEIIECTKa W HU3MUTBAT BJIMASHHUC OT CJICKTPUICCKOTO ITOJIE Ha HOHUTE Ha
IPUMECHUTE. Tesn (baKTOpH BB3NPENATCTBAT ABHIKCHUETO HAa TOKOHOCHTEIIUTE KaTO I'"

pasceitar (dur. 1.12a). 5

Y

\Y

a) 6)

Due, 1.12. [lsudicenue Ha mokoHocumenyme
a — monaurHO 0gudicenue; 6 — Opelighoso deudcerue

IIpu mpunarane Ha eJeKTPUYECKO I0Je KbM XaOTHYHOTO TOIIMHHO JIBH)KEHHE
HAa TOKOHOCHTENIHTE CE Haclarea HaCOYeHO JABHIKEHHE, 00YCAOBEHO OT AeHCTBUETO Ha
mojeto. B pe3yNTaT TOKOHOCHTENMTE ce ABIXAT ChC cpenHa HacoyeHa CKOPOCT B
eNIEKTPHYECKOTO TI0JIE, KOSATO Ce Hapruya Apel(poBa CKOPOCT Vg, a IBHXKEHHETO HA TO-
KOHOCHTENNTE NOJ AeficTBe Ha moyieto — Apeiidoso (dur. 1.126).

1.8.1. MoOABWKXHOCT Ha TOKOHOCUTENUTE

3aBHcHMOCTTa Ha ApeiidoBara CKOPOCT OT HAMPErHATOCTTA Ha ENIEKTPHYECKOTO
nonie E ce naBa ¢ uspasa:
(1.4) vg = pUE

ITapameTBpBT W, CBBp3Ball ApeiipoBaTa CKOPOCT HA TOKOHOCHUTENUTE C HUHTEH-
3UTETa Ha ENEKTPUYECKOTO MOJie, ce Hapuya NOoABHKHOCTTA HA TOKOHOCHTEJINTE 1 €
Ba)XKeH MapaMeThp 3a IONynpoBogHHULMTE. Tl ce onpeaensi KaTo CpeIHA HACOUYEHA
CKOpPOCT B €JIeKTPHYeCKO noJe ¢ mHTen3uTeT 1 V/em u ce m3mepBa B cm’/V.s.
Bbpxy cToMHOCTTA U BAMSAT INIABHO JBa (JAKTOpPA — XaOTHYHOTO TOIUIMHHO TPENTEHE
Ha aTOMHTE Ha PEIIETKATa U eNIEKTPHYECKOTO I10Jle Ha HOHUTE Ha MIPUMECHTE, 3aII0TO
Te MOpPaXKaT pa3CedBaHE HA TOKOHOCUTEINTE YPE3 U3MEHEHHE B CKOPOCTTA M MIOCOKa-
Ta Ha ABMXKEHHETO UM.
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KoJkoTo € mo-rojigMa NnoABHKHOCTTA Ha TOKOHOCHTEJIHTE, TOJKOBA IO-
BHCOKA € CKOPOCTTA Ha IBUXKEHHETO UM, a OTTaM 4 Obp3oaelicTBUETO HA MOIYN-
pOBOJIHHKOBHTE eJIeMEeHTHTe. 32 BCHUYKH MaTepUAIM NOJABHIKHOCTTA HA eNeKT-
pOHHTE € T0-TOJIIMA OT MOABMKHOCTTA HA NYNIKATE WK

Un > Uy,

3artoBa No-106pH YECTOTHH CBOMCTBA HMAT €JIEMEHTH, KOMTO M3TION3BAT EJIEKT-
pOHH 32 MPeHacsHe Ha 3apsna — HanpuMep NPN Tpansucrop crpsimo PNP, N-kananen
MOS Ttpan3ucTop cipsmMo P-xkaHaneH u ap. [logBmixkHocTTa Ha enekTpoHuTe B GaAs e
61130 8 IMBTH NO-TONAMa OT TasH B Si ¥ 3 mbTH Mo-roysMa oT Ta3u B Ge. Tosa omnpe-
nens u3noi3BaHeTo Ha GaAs 3a HampaBa Ha IOJYIIPOBOAHMKOBH €EMEHTH 3a CBPBHX-
BHCOKH YECTOTH.

ITo MOBBPXHOCTTA Ha KpUCTaNa ChIIECTBYBAT Ae(PEKTH B KPHCTAIHATA PEIETKa,
jfioHHM BKIIOUBaHHsA M Ap., KOMTO AOBEXJAAT 10 3HAYWTENHO HaMaJleHHE Ha [OJBIDK-
HOCTTa Ha TOKOHOCHTEIHNTE 0 OBBPXHOCTTA L CIPSIMO Ta3H B obeMa L. 3a oTymTa-
He Ha Te3u GaKTOPH Ce BBBEXKNA ehekmuena nodsudicHOCH Ha TOKOHOCHTEINTE [,
KoATO € OT ocobeHo 3Hayenne 3a MOS TpaH3ucTOpHTE, T MpH TAX NPOLECHTE ce
pa3BUBAT B IIPH NIOBbPXHOCTHHS CJIOH Ha N0y IPOBOIHUKA.

IMoaBMIKHOCTTA HA TOKOHOCHUTEJMTE 3aBHCH OT KOHIEHTPaNUATa Ha NpHu-
MeCHTEe, TeMNepaTypaTa U HANPErHaTOCTTA HA eJIeKTPHYECKOTO NoJe.

C yBenu4aBaHe Ha KOHLEHTpALUATa HA [IPUMECHUTE NOABHXHOCTTa HamMalsiBa
(¢ur. 1.13). Ilpy HanuyKe Ha ABATa THIIA IPUMECH B MOJIYIIPOBOAHHKA MOABHKHOCTTA
3aBHCH OT CyMapHaTa KOHLEHTpaIMsA Ha BbBEJEHUTE IpUMeCH Np + Na.

A B (ecm’/Vs)
1400

1200

1000 N

800 M,

600

400 N

\ \\
200 ™
~J

=

1%13 10" 1015 10[6 ‘ l011 1013 10|9 1010
N,+ N, (cm_s)
@ue. 1.13. 3asucumocm nHa noosudcHocmma Ha

moxorocumenunie 6 Si om xonyesmpayusma Ha npumecume (T = 300 K)
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[IPUMECHTE 10" cm™.

7 4

10

B Hopmanuus TemmeparypeH ob6xsar (-50 °C++ 100 °C) ¢ mosuiaBaHe Ha
TeMIepaTypaTa HOABIKHOCTTa Hamaissa. Dur. 1.14 Bu3yanusupa 3aBUCHMOCTTa Ha
HOABIKHOCTTA Ha EIEKTPOHUTE U IYNKHUTE OT TeMIIEpaTypara NpH KOHLEHTpalus Ha

2000
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1400 r
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800 |-
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400
200

TompmxsocT (cm’/V-s)

Ha

Hp

N N " 1 L

0
200

250

300 350 400 450 500 550
Temmeparypa (K)

Que. 1.14. 3asucumocm Ha U, u [, om memnepamypama (N = 10 cm™)

HpI/I cnabu nojeTa NOABHKHOCTTAa HA TOKOHOCHTCIIUTE HE 3aBUCH OT MHTCH3U-
TETa Ha MOJIETO, 3AI0OTO npeﬁ(boaara CKOpPOCT € MHOr0o no-MaJjika OT CKOpOCTTa Ha Xa-
OTUYHOTO TOINIMHHO ABMXXCHHCE. C YBEINYIaBaAHCTO HAa MHTCH3NUTETA HA IIOJIETO IlpCﬁ-

4
Elcp =10 V/cm

1.9. ApeindoB Tok

22

dosara ckopocT HapacTa (¢wur. 1.15a). [1pu onpenene-
Ha KpUTH4YHa CTOHHOCT E, npeiidoBara CKOPOCT Ha TO-
KOHOCHTENUTE JOCTHUTa CTOMHOCT Ha HacHMINAHE W MOJI-
BIDKHOCTTA Ha TOKOHOCHTEIINTE 3all04Ba Ja HaMalliBa ¢
yBeIW4YaBaHe HHTeH3uTeTa Ha mnoneto (¢ur. 1.156).
CbBpeMeHHUTE MOJNYHNPOBOAHHKOBH €JEMEHTH HMaT
CyOMHKPOHHH pasMepH M paboTAT NMpH HANperHaToCTH
Ha TIOJIETO MMO-TOJIEMH OT KPUTHYHATA, KOETO Hajlara oT-
YyHTaHEe HA HaCHUINAHETO Ha ApelidoBaTa CKOPOCT M Ha-
MaJlsBaHe Ha MOJABMIKHOCTTA Ha TOKOHOCHTEIUTE C yBe-
JMYaBaHe HHTEH3UTETA Ha TIOJIETO.

DQue. 1.15. 3asucumocm na dpetighosama ckopocm
U NOOBUICHOCIMMA HA MOKOHOCUMERume
Om UHMEH3UMema Ha NONEMo

EnexrtponpoBogumMoctra ce 00yciiaBs OT JBHIKEHHETO Ha CBOOOJHH TOKOHOCH-
TeNH MO/ NEHCTBHE HA eNIeKTpUYeCKo noje. IInpTHoCTTa Ha Toka J ce ompezers OT 3a-
psla, MPEeHECeH OT TOKOHOCUTENNTE 3a €UHHLA BpeMe Ipe3 eQUHMLIA CEYEHHE.



3a eNneKTPOHHATA Jug M yITYecTa Jyg ChCTaBKU Ha APeH(hOBUS TOK Ce MOoJIyyaBa:
(15) Jug=— qnve, = qnlJ-nE
Jog= qpVe, = GPILE
EJ‘ICKTpOﬂl/ITC HMaT OTPHUIATCIICH 3apaa U C€ NPEMECTBAT B HanpaBnéHHe, r_lp0-
THBOIIOJIOXKHO HA ITI0JIETO, 4 AYNIKMTE — I1O [IOCOKAa Ha IO0JIETO, IMOpaAu KOETO ﬂpeﬁ(bo-
BHTE CCTABKH U 32 BATa THIIa TOKOHOCHTEIHN MMAT TIOJIOXKHTENIEH 3HaK (dur. 1.16).

E E
—_— > —_—
v, Ve
- @ @/\'
J, J,
_—> —ﬁ
x x

@ue. 1.16. Ilocoku Ha 0sudiceHUe Ha MOKOROCUMENUme U NOCOKA HA MOKA

O6mmusaT nperdoB TOK € CyMa OT eNneKTpoHHaTa Jug U AymyecTa Jog ChCTaBKHU:
(1.6) J=Jie + Jpe = quanE+ quepp,

1.9.1. CneunduyHa ereKrponposogumMmocTt
Ypaenenue (1.6) Moxe 1a ce 3amuiue KaTo

E
J =(gu,n+qu,p)E =UE=E,

KBETO O € cennduuHaTa exexrponposogumoct [Q'.cm™] Ha nonynpoBojHuKa.
Tsa uma ABE CBCTAaBKH — CJICKTpOHHA G, H AYITYECTa Gp, KOUTO C€ OINPCACIIAT OT KOH-
HEHTpauuAaATa Ha TOKOHOCHUTCIIHTC K OT TAXHaTa [OABHIKHOCT.

0=0,+0, =qUn+qu,p.
T'naBHaTa G chCcTaBKa € CBBP3aHa C OCHOB8HUmME MOKOHOCUmeni, ROKaTo. CbCTaB-
KaTa, ONpeJeNcHa OT HEOCHOBHATE TOKOHOCHTENH, € HechIlecTBeHa. 3a N noiynpo-
BOJHHK G = Oy, a 32 P NOJIy[IPOBOJIHHK G = Gp,
OOWKHOBEHO CTENEHTa Ha JIETHPaHE ce M3pa3siBa Upe3 CHeyu@uyHomo cobnpo-

muenenue p [Q.cm], KOeTo € 06paTHO NPONOPIHOHATHO Ha CrelnUIHATA eTEKTPOM-
POBOIUMOCT

1.7 J=0E =£.
p
Torana
_ 1
qu.n+gu,p’

3a N-Tun ¥ P-Tun nojynpoBOAHMK U3pa3suTe 3a CleHMPHYHHTE UM CHIPOTUB-
JIeHus ChOTBETHO ca:
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1 0 1
———u _
P
qu,Np qu,N .
B 3aBMCMMOCT OT CTEIEHTa Ha JerupaHe (KOIMYECTBO BBHBEACHH HPUMECH),

CHELMPUYHOTO CHIIPOTHBICHHE MOXE JIa CE U3MEHHM ¢ 6-9 mopsAabKa, KaKTO Ce BIDKIA
ot ¢ur, 1.17. -

I}
n

(1.8) Pa

P (ohm.cm)
1.10° }\
1E+3 a\\\\
IE+2 4 \\~\
IE+1 § \\\
i p-Si
1E+0 3 \\\
n-Si N
IE-14 N
E \\
21 —
IE-21 s
1E-3+ : \‘\
1E - 4 s - bl i T
1'10l2 1E+13 1E+]4 1E+15 1E+16 1E+l7 1E+18 1E+l9 1E+2[I 1.1021
(cm®)

Que. 1.17. 3agucumocm Ha cheyuduyHomo conpomueneHue
3a Si npu 300 K om xoHyenmpayuama Ha npumecume

&= lpumep
Ha ce onpenenu cneunduuHoTO chnpoTUBRenue 3a Si npu 300 K, ako:
1. Np=3.10"%cm™, p, = 1000 cm*V.s. (g =1,6.10"° C)

PeweHue
p, = L__ = L =021 Q.cm
qu, Ny 1,6.107°.1000.3.10
2. Np=3.10" cm™, p, = 500 cm?/V s.
PeweHue
1 1
p, = =0,042 Q.cm.

Q. N, 16.107°.500.3.10”

CnenoBaTtejiHo ¢ IMMOBHIIABAaHE KOHUECHTPALMATA HA NpAMecHTe CIECHM-
(l)ll‘lHOTO ChIIPOTHBJICHHE HA NPHUMECEH NTOJYIIDOBOAHUK HaMaJifABa.
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&~ lMpumep

KsM N Si € NpHIOXKEHO eJIEKTPHYIECKO 1oje ¢ HanperdarocT £ = 1 V/em. Jla ce

onpezeH IUTBTHOCTTA Ha ApeiidoBus Tok, ako mpa 300 K Np = 3.10' cm™, p, ~ 1000
cm¥Vs. (g=1,6.10"° C).

PeweHue
3a N HNOJNYNPOBOAHUK EJICKTPOHHTE Ca OCHOBHHU TOKOHOCHTEIU H KOHUIEHTpa-

quaTa MM 34 cTaifHa TEMIICpaTypa € paBHa Ha KOHLCHTpAUHUATA HAa BbBEOCHUTE IIpU-
MECH. Toraa 3a IJ'THOCTTA HA TOKA C€ InoJjry4yana:

J 5 =qu,nE=1,6.10"°.1000.3.10'.1.10* = 4,8.10° A/cm®.

1.10. AndysHo ABMKeHMe. [ilndy3eH Tok

____ Hocurenure ce npuaBHXBaT B KpUcTana 1o AeHCTBHE Ha Bh3HMUKHAI B 00eMa
rpanguenT (dn/dx) Ha KOHUEHTpauusTa Ha Hocutenute. Judysuara e npouec Ha H3-
paBHJBAHE Ha KOHIEHTPALMMTE Ha TOKOHOCHTENWTE B ob6eMa Ha KpHCTala TpH Xao-
THYHOTO UM IABHIKCHUE.

) IToToKBT Ha TOKOHOCHTeNUTe F npu Audy3HOTO UM ABHIKEHHE CE OTpenens OT
6pos Ha TOKOHOCUTEIMTE, KOWTO IIPEMHHABAT 3a €[NHMIA BPEME Npe3 eUHHULIA ceye-
e [cm2.s™']. Toif € IPOIOPIMOHANEH Ha IPAJUCHTA HA KOHLEHTPALHATA HA TOKOHO-
CHTeJIUTE:

kpaeTo Dy v D), ca xoeuuueHTH Ha Audy3us 3a eIeKTPOHUTE H AYIKHUTE [cm?/s].
HdudysusaTa BUHArK ce OChINECTBSIBA B I0COKA HA HaMalliBaHE Ha KOHLIEHTpa-
uuata (dn/dx < 0 u dp/dx < 0), xakro ce Bwxaa ot ¢ur. 1.18.

" ﬂl Csobonex 7y
C€JIEKTPOH Ilynxa
F O
/
JpD

—-

X

=Y

Due. 1.18. Ilocoka Ha mokoHocumenume
npu Ougpy3nomo um deudicenue u NOCOKA HA OuGy3Hus Mok

IInsTHOCTTA Ha IlH(l)y3HHH TOK C€ ompeacyia OT IMPOU3BCACHHETO Ha 3apsja U
NOTOKA HA TOKOHOCHTECJINTE IIPH Ilﬂq)y3HOHHOTO WM IBUXXCHHUC.

_ dn . dp
(1.9) Joo —anE v Jp =—qu—d—x.
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3HaKBT MHHYC Tpef OH(y3HaTa ChCTaBKa Ha TOKa Jyp c€ IBJDKH Ha IOJI0XKH-
TEJIHHS 3apsAJ] Ha TyTKUTE.

Bpb3kata MeXIy [BETE OCHOBHH KOHCTaHTH Npu AU(Y3HOTO U ApeHdOBO OBHU-
J»KEeHHE Ha TOKOHOCHTEIUTE Ce AaBa C YPAaBHEHHETO Ha AHHIIAIH:
(1.10) D=o¢rpu
D, = ¢1.14, 33 N nonynpoBofHKK Dp = ¢r. W, 32 P MONynpoBOAHKK

TeMnepaTypHUSIT OTEHI{HAN @ ce onpeness oT hopMyara:

kKT T
1.11 LI S
(111 @ g 11600
KBbACTO Te TeMIIEparypara 1o KCJIBI/IH, k KOHCTaHTa Ha BOJILIMaH, a g € 3apAAbpT Ha

enekTpoHa. 3a craiiHa Temneparypa (300 K) ¢r = 0,0258 V.

1.11. BpeMe Ha >XUBOT Ha HEOCHOBHUTE TOKOHOCUTESTN

IIpu nunca Ha BHHIUHYU Bb3AeHCTBHA (OCBETSBAHE, €lIEKTPUYECKO II0JIe U Ap.)
KOHIICHTPaLHATa Ha €eKTPOHU U HYTKH B IOIYNPOBOAHHKA HATBIHO C€ ONpeeNs OT
TeMIeparypaTa, IIMpoYHHaTa Ha 3a0paHeHaTa 30Ha 1 KOHLEHTPALMATA HA TIPUMECHTE.
Ta3u Taxa HapeueHa paBHOBECHA KOHLEHTPaLHUs Ha TOKOHOCHTENMTE C€ ONpenei OT
TEpMOAMHAMHYHOTO PAaBHOBECHE Ha MpOLECUTE Ha PeKOMOMHAUMs M reHepanus Ha
HOCHTENH Ha 3apsl.

['eHepalys Ha TOKOHOCHUTENH MOJXKE 1 CE OCBILECTBH HE CaMo IIpH ITOBUIIaBaHe
Ha TeMIIepaTypara, HO ¥ 1oJ ACHCTBHE Ha JPYT BHA €HEPrus — HanpuMep obibuBaHe,
PEHTT€HOBH M raMa-JIbuH, CHJIHO eleKTpH4ecKo mojae u ap. Crenuduxara Ha Te3u
takTopy B CpaBHEHHME C HarpsABaHETO CE M3pa3sBa B JOKaiHOTO MM AeiictBue. [lon
BIMSHUE Ha 00JbYBaHE Ha YacT OT N MONYNPOBOAHHK ChC CBETIMHEH MOTOK, NOpaIH
reHepauuaTa Ha HOBH TOKOHOCHTEIIH, B ONpeJeIeH! 001acTH Ha MOJyPOBOJHUKA Ce
CH3/1aBaT HEPABHOBECHU KOHUEHTPAUHU HA €NEKTPOHH N, M Ha AYIKH p,, KOWUTO
[peBHILIABAaT PaBHOBECHUTE 3a JaJieHa TeMIlepaTypa.

Ay = Npo+AR; pn = Pro + Ap.

AOGCONIOTHUTE HAapacThiH HAa PA3HOMMEHHHTE TOKOHOCUTENH ca paBHU (An =
= Ap ) ¥ ce HapuyaT No0aBbLYHHM KOHUEHTpauuu. Kpucransr octaBa erexmponeym-
panen.

B N monynpoBOJHHMK OCHOBHHTE HOCHUTENH MHOTOKDATHO NpPEBHILIABAaT HEOC-
HOBHHUTE U OTHOCHTENHOTO WM HM3MEHEHUE B PE3yJITaT Ha OOIBUBAHETO € HMILIOKHO
CIPAMO TOBA Ha HEOCHOBHHTE.

Cien npexparsiBaHe Ha OO'BYUBAHETO CE 3aCHIBA PEKOMOHMHALMATA KATO BBT-
pellHa peakuus Ha cCHCTeMaTa 3a BpbLIaHe KbM TEPMOJHMHAMUYHO paBHOBecue. Bpe-
MeTO Ha KHBOT HAa HEOCHOBHUTE TOKOHOCHTENH (T, 32 N MOIYNPOBOAHUK MM T, — 38
P nonynpoBOAHKK) € CPENHUAT IPOMEXKAYTHK OT BpEME OT MOMEHTA Ha reHepalus Ha
HEPABHOBECHUTE TOKOHOCUTENH A0 M34YE3BAHETO UM IOpaaH peKOMOUHALHATA.

BpemeTo Ha XHMBOT T MOXE [ia CE€ Pa3IIEkK/Aa KaTo BPEMEKOHCTaHTa Ha MPEXO.-
HMJ TPOIIEC NPY IPEMUHABAHE OT HEPABHOBECHO B PABHOBECHO CHCTOSHUE H XapaKTe-
pU3Hpa CKOPOCTTa HA HaMallsiBaHE Ha TOKOHOCHUTENUTE NOpaa peKOMOHHALMATA.
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[TapaMeTpHTE Tp U T, C2 EAHH OT OCHOBHUTE B NPHMECHHTE IOJIYIPOBO/HHIIA.
Te oka3BaT BJIMAHME BEPXY OOpATHHA TOK HA JHOAMTE, YCHIBAHETO Ha GHIIONAPHH
TpaH3HCTOPH, YECTOTHUTE CBOMCTBA U Ap. C HaMansBaHe Ha BPEMETO HA XKHBOT Yec-
TOTHHTE CBOHCTBA ce nogo0psBat.

[Ipy nosiBaTa Ha HEPABHOBECHH TOKOHOCHTENHM B KPHCTala C€ Ch3JaBa IPajueHT
Ha KOHLIEHTPALMATA U 3a1i04Ba J1(y3HOHHO ABHIKEHHUE.

HOudy3naTa AbIKHHA L € CpeqHOTO pa3CTOSHUE, HAa KOETO Ce MPEMECTBAT TO-
KOHOCHTEJIMTE 3a BPEMETO Ha XXMBOT, AU yHAWpalKU OX AEHCTBYUE HA rpagueHTa Ha
KoHLEHTpauusaTa. Ts e cBbp3aHa ¢ KoeduiueHTa Ha Judy3us U BPEMETO Ha JKUBOT C
H3pasHUTe:

1.12) L, ={D, u L, =,/Dp'cp ,

¥BAETO Ly ¥ L, ca CHOTBETHO M (DY3HUTE JBIDKUHH 33 €IEKTPOHUTE M HYTIKHTE.

- 1.12,. O61u TOK B NOAYyNpoBOAHUKA

ToKOHOCUTENNTE MOTaT Ja ce ABKAT upe3 apeiid u qudysus u na popmupar
CHOTBETHO JpeiioBa U A1dy3HH CHCTABKH Ha TOKA. Torasa 3a MIBTHOCTTA Ha €JIEeKT-
pounus J,, ¥ nymdecT Jp Tok ce nonydasa:

d

(1.13) Jo=Tg+Jp =qp.nnE+anEn
d

J,=J s +Jp=qu pE~pD, Ep'

B MNOJIYIIPpOBOAHHKA MMa IBA THIIA TOKOHOCUTEIIN — €JICKTPOHHU U OYIIKH. Torasa
OOLUHUAT TOK B MONYIIPOBOAHNKA UMA CIICKTPOHHA 1 AyNM4E€CTa CbCTAaBKH.

(1.149) J=J, +Jp=JnE+JnD +JpE+JpD.

B THn N-mionynpoBOAHMK MpeobnanaBa eIeKTPOHHATa ChCTaBKa Ha TOKa J,, JOKAaTO B
P-THN NONIyIPOBOAHMK NpeobiafaBa JynyecTaTa CbCTaBka Jo,.

? "KonmponHu esnpocu

1. Kos e npuumHara 3a pasfensHeTO Ha KPUCTAJNHUTE Tela Ha MPOBOJHHMLM, IOJY-
HPOBOJHHLIM U AUENEKTPHLIU?

2. Kak ce ¢opmupar cBOOOAHM TOKOHOCHTENM B coOcrBeH mnomyrnpoBoguuk? Kowu
(akTopy OmpeneNaT KOHIEHTpanusTa uM?

3. ObsicHeTe MeXaHM3MHTE Ha BH3HMKBAaHE Ha TOKOHOCHUTEIM B TNPUMECHH IIONY-
MPOBOAHHUIIN.

4. Kon TokOHOCHTENH Ca OCHOBHH M KOM — HeocHOBHHA? Kak ca CBbpP3aHH OMEXIY CH
TEXHUTE paBHOBECHM KOHIICHTpauuu?

5. Kak ce npomeHs KOHUEHTPAUUATA HA OCHOBHHTE M HEOCHOBHH TOKOHOCHTENH NPH
yBenuJaBaHe KOHICHTPALMATA HA MpUMecHTe?

6. Kak ce npoMeHs KOHUEHTPAUMATa HA OCHOBHHMTE M HEOCHOBHH TOKOHOCHTENH NPH
yBElIMYaBaHEe Ha TEMIIEpATypara B HOPMalHus TeMIepaTypeH Axana3oH Ha paboTa
Ha MOJyIPOBOJHUKOBUTE €leMEHTH?
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7. Tlon BiuAHKME HA KOH (AKTOPU c€ MPUABKIKBAT TOKOHOCHTENIHUTE B IOJYIIPOBO-
JHuKa?

8. JlepuHUpalTe MOHATHETO MOABMXXHOCT HA TOKOHOcHTenuTe. OT KoM (aKkTopu 3a-
BHCH rojeMuHata 1?

9. OT KaKBo ce onpezens cnelrpHIHOTO CHIPOTUBJICHHE Ha MONYIPOBOAHHKA?

10. KakBu ca chCcTaBKMTE Ha TOKa B nomynpoBoanuka? Kou ca ¢usmyeckure mpo-
11eCH, KOUTO ' IIPEH3BUKBAT?

11. Kost chcTaBKa Ha TOKa — €JIEKTPOHHA MIM JAyIyecTa, npeobGnanaBa B N-THI -
MOJIYTIPOBOJAHHUK?



rNMABA 2
[10NYNPOBOAHMKOBU ANOAU

——

JuoauTe ca ABYeJIEKTPOAHM IOJYNPOBOJHHKOBH €J1eMEHTH, XapaKTepPH3H-
pally ce C eJHOCTPAHHA NPOBOAMMOCT Ha TOKa.

[IpuHUMIBT UM Ha JEACTBHE Ce OCHOBABA Ha CleU(HKaTa Ha IIPOLECUTE, TIPO-
TAYAlIX HA TPAaHMLATA MEXY ABE 00JacTH B MONYIPOBOMHUKA C PA3NHYCH THII NIPO-
BOAUMOCT.

I'panuynuAT (NPEXOJHHUAT) cJI0i Mexay ABeTe 00JaCTH Ha eJUHEH MOJyI-

POBOJHHIKOB MOHOKPHCTAJI, HMau P u N TUIl NpOBOAMMOCT, ce Hapnya PN npe-
xof.
- EpsocTpaHHaTa IIPOBOJUMOCT Ha NOIYIPOBOJHMKOBUTE Moy ¢ PN npexop ce
obyciaBs OT pU3NYECKH MPOLECH, MPOTHYAIH B IIpeXoja py MPOMsHA Ha HpPHIoKe-
HOTO BBPXY HEro Hampe:keHHe. Te3u mpolecH ca B OCHOBAaTa Ha IPHHIUINA Ha paboTta
¥ Ha 3HaYUTE]IHA YaCT OT ChBPEMEHHHUTE ITONYIIPOBOJHUKOBH €JIeMEHTH.

Juoaute HamMHpaT MIMPOKO NMpHIIOKEHHE B pa3nuyHu obnactu. Te ca OCHOBHHU
eJeMEHTH B M3IIPAaBUTEINTE, YUATO OCHOBHA QYHKLMA € Na mpeoOpa3yBa [pOMEHIIH-
BOTO HaIlpeXeHUE OT MpeXkKaTa B NOCTOSHHO. B neTexTopuTe AHOABT ce HU3MON3Ba JIa
OTJENd POMEHNUBATa ChCTABKA OT aMIUIMTYAHO MOXYNHpaH curHal. B nudposure
JIOTMYECKH €JIEMEHTH JUOJNUTE CILy)KaT KaTo KIIFOYOBE, KOMTO CBBP3aHH MO MOIXO/IAIIL
HAuyyH, peanu3upar pasindHy Jornyeckn GyHxumn. ChIIECTBYBAT U pa3IMYHH THIIO-
BE JIMOAU CHC CIIELHANHO MPeAHa3HaYeHHe KaTo BapHKaIH, KOMTO CE M3ION3BaT MPH
eIIeKTPOHHA HacTpO#iKa, CBETOAHOAN — KAaTO AUCIICH 32 BU3YaJIH3aLls U JIp.

2.1. NMpouecn B PN npexon npu orcbCrBue Ha
BbHLIHO HanpexeHune

OcHoBHH TOKOHOCHTENM B N-0671aCTTa ca eNeKTpOHUTE, a B P-obnacTra — qyn-
kuTe. KOHLIEHTpalMHUTe UM CE ONpPeNeNAT OT KOHLEHTPAMNTEe Ha BHECEHUTE JOHOPHH
H aKIenTOpHM NPHMECH, ThH KaTo NpH CTaiiHa TeMmmepaTypa BCUYKHU IPUMECH ca iHo-
HusupaHH. OCBEH OCHOBHY TOKOHOCHTEIM BbB BCAKA OT 00JIACTHTE UMa M HEOCHOBHH,
IbIDKAIIM Ce€ Ha MEX/Y30HHM NIPEXOJH Ha eNIEKTPOHHU OT BaJICHTHAaTa 30HA B 30HaTa Ha
NPOBOJUMOCT (Pa3sKbCBAaHE HA KOBAJICHTHH BPB3KH). [10JI0XHUTEIHUTE U OTPULIATETHU
3apAaM ce KOMIIEHCHPAT U NMOIYIPOBOAHUKBT BB BCSKA 00NACT € eNeKTpOHEyTpalleH.
Be3 BBHIIHO NPMIIOXKEHO HAPEXEHHUE €NEKTPOHUTE M3BBPIIBAT XAOTHYHO TOILIMHHO
JBIDKEHHE BBB BCHYKHM NMOCOKH (¢ur. 2.1).

‘Ha npaxtika npexomure ce npapaT Hecumempuyny. IIpu TAX KOHIEHTpaLUATA
Ha akLenTopyuTe B P 061acTTa ce pa3nnyaBa ¢ HAKOJKO MOPAABKA OT KOHLEHTPAIUATA
Ha oHOpHTe B N 06nactTa (Na >> Np).
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Due. 2.1. XaomuuHo OsudiceHue Ha MOKOHOCUmenume

/ JoHOpHY HOHH

JlonupHaTa MOBBPXHOCT MEXIy IBETe OONAcTH, KbAETO Ce€ CMEHs INPOBOXHU-
MOCTTa, C€ Hapu4a Memanypauuna epanuya. Ilopann pasnukara B KOHUCHTpaLMATa Ha
€NEKTPOHMTE OT JABETE CTPaHH Ha MeTalypruyHara rpanuua (B N oGnacrra Te ca oc-
HOBHH TOKOHOCHTEIH, a B P 00JlacTTa ca HEOCHOBHH) 3a1104Ba JU(PY3HO OBIKEHUE OT
obsacTTa ¢ MO-BHCOKA KbM 00JIacTTa C NO-HUCKA KOHUEHTpaLa Ha TokoHocHTend. Ha
rpaHHIaTa MEXAY ABETE 00acTH OT MOJIYNPOBOIHHMKA C Pa3IMUeH THN IPOBOAUMOCT,
YacT OT eJIEKTPOHMTE, HaMHpaLy ce O30 N0 TpaHHUIaTa, NpeMuHaBaT B P-o6nacrTa
1 peKOMOMHHpaT ¢ AynKH O6JIM30 0 NPEexola, KakTo € mokaszaHo Ha ¢ur. 2.1. B pesyn-
TA4T HAMAaJIsABa KOHUEHTPALMATa Ha OCHOBHM TOKOHOCHUTENH B I'PAHUYHUTE 0OJACTH —
cB3J1aBa ce obeonen cno dy, KOWTO UMa BUCOKO CIIEIM(HUYHO CHIPOTHBIICHHE.

Bceku enexTpoH, NpeMUHal FpaHrIara, ocrass cief cebe cu B N-obnacTra He-
KOMIIEHCHpaH MOJIOXKHUTENCH HOH Ha IeTBaIEeHTHHUA JoHOpeH aroM. IIpu pekombuHa-
LIMATA CH ¢ AyIKa B P-o06jacTTa, TaM Ce Ch3[aBa OTpHIATeNIeH HOH Ha HEKOMIIEHCHpa-
HHUA aKIeNTOpeH aToM. AHAJOTHYHH MPOLIECH Ce Pa3BUBAT M TPU MpeMHHaBaHe Ha
nynky ot P- B N-obnacrra. B pesynratr Ha pekomOuHanusaTa, 6lIH30 KO IpaHULATA Ce
ch3aaBa 00JIaCT C HENOJBIDKHU NMOJOXXHUTENHH M OTPUIATE]IHH HEKOMIIEHCUpaHU Ho-
HH, KOMTO Ch3JaBaT ABOEH obemeH 3apso (dur. 2.2), KoiTo e riaBHaTa 0co0eHOCT Ha
PN npexozna. O6macTute U3BbH 00eMHHA 3apAll Ca eAEKTPOHEY TPATHH.

O6equen

d, ____—  cnoit

4
\

L

—

HexommneHcupan

aKLeNnTopeH oH ~ Hexomnencupan

— JIOHOpEH CiIoH

g .

Otpuuarenen
—
obeMeH 3apag

IMonoxwrenexn
obeMeH 3apsn

—_—

- -—— E, — + E=Uyd,
Duez. 2.2. opmupane na PN npexoda
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HMonuTe ca GpUKCHPaHU 3apsAay BB BL3INTE HA KPUCTATHATA PEIIETKA H HE MO-
raT ia y4acTBaT IIpH NpeHacsHe Ha Toka. O6eMHMTE 3apsay Ha HOHHUTE Ha IPUMECHTE
ch3aBaT e1eKmpuiecKo none Eo, KO€TO € cnupaujo 3a IBUXKXCHHUETO HA OCHOBHUTE TO-
KOHOCHTEIIUTE, KOUTO ca I'o Ch3Aand. 3a Ia IPEeMHHAT eJIEKTpoHU oT N B P obnactra,
e TpAOBa Ja MPEONONIEAT NPHBIMYAHETO OT IOIOXKMTEIHUTE HOHM U OTOIBCKBAaHETO
0T OTPHILIATEIIHHUTE. Ilox peiicTBue Ha MOJNETO BB3HHUKBA Pa3jvKa B IOTCHIHAIUTE —
KOHTAKTHA MOTEHIMaNHa pasauka U, (nomenyuanna b6apuepa) mexny obnactute ¢
pasiideH TAI IpoBofuMocT. CTOAHOCTTa Ha KOHTaKTHaTa MOTEHIMaNHa pa3iyKa 3a-
BUCH OT OTHOIIEHHETO Ha KOHUCHTPALUHTE Ha €THOMMEHHUTE TOKOHOCHTENH OT JBe-
Te CTPaHH Ha IIPEX0Ja:

NND

@2.1) U,=0;In Ppo =@ =@, In—2"2
no n'po i

ITorenuuanHaTa Oapuepa mpeAcTaBifABa HanpexeHuero U, HeoOXoaumo 3a
NpeMECTBAaHETO Ha €NEKTPOH, 3a Aa Mpeojiojiee COMpauloTo AeHCTBHE Ha nonero. Ta
ce M3MeEHS NpH NPOMsHA Ha TeMIlepaTypaTa U BUAa Ha IOJYNPOBOAHHKOBHSA MaTepH-
an. 3a craiina TeMneparypa 25 °C, U, e npubiusurento 0,7 V 32 CHIMNMEBH OHOAN K
0,3 V 3a repMaHuieBH.

C nosuwiagane na memnepamypama Uco4uHama Ha nomenyuarHama bapuepa
HAMAQJIABA, 3aLOTO ce yBenn4aBa OpoiAT Ha HEOCHOBHHTE TOKOHOcHTenu. Hamanssa-
HETO Ha MOoTeHUHaTHaTa 6apuepa ¢ TeMIeparypaTa € pUYMHaTa 33 OrpaHHdaBaHe Ha
TeMIEPATypHAs OHAna3oH, B KOHTO CE M3MOJI3BaT NOJYNPOBOJHHKOBUTE EIEMEHTH.
IIpu TemmepaTypaTa Ha COGCTBEHa MPOBOAMMOCT 1; KOHLIEHTPAMUTE HA TOKOHOCHTE-
JuTE B JBETe 00NAacTH Ha MpeXoja ce M3paBHABAT. IIpU TOBa KOHTAKTHATA MOTEHIIM-
aNHa pa3jidKa ¥ BUCOYHMHATA Ha MOTEHIMajgHaTa OGapuepa CTaBaT paBHM Ha Hyla W
NpeXoabT MPECTABA Ja CHIIECTBYBA KAaTO PU3NYECKO ABJICHHE.

CaMo0 OCHOBHH TOKOHOCHTENH C €HEPTHs MO-TOJIsIMA OT 8UCOYUHAMA HA NOMEH-
yuarnama 6apuepa qU, MoraT J1a s IpeoJoJieaT U Aa peMUHAT B ChCeQHaTa 00NacT.
Te ofycnaBaT Audy3HHTE TOKoBEe Jp Ha eNeKTpOoHMTE M Aynkute (Jp = Jpy + Jpp).
IInbTHOCTTA HA AMQY3HUA TOK Jp ce ompe/elist 0T NOTOUUTE HA OCHOBHH TOKOHO-
cuTenu, AMYHIUPALIM NpPe3 Npexona Mo AeiicTBHE HA rPaJMEHTa HA KOHUEHT-
paunsTa. [IpueraTta nocoka Ha TOKa CHBOAJA C MOCOKATA HA ABM:KEHUE HA NO-
JoxxuTennuTe 3apanu (¢dur. 2.3).

- Jp
pO 0]

o0 0|0
0g0 O |
L0 Ee
OoO O |

fobw O OO

E

Que. 2.3. Toxose npe3z PN npexooa
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Or apyra crpasa nonero E, € yCKOpABallo 33 HEOCHOBHUTE TOKOHOCHTENH, U
CTaBa NpUYMHA 3a TI0SBaTa Ha Opelihoéu mokose, HACOYEHH cpellly nu¢ysuure. Taka
eeKTpoHM OT P obnacrra, Hamupam ce 61u30 10 o6eMHHA 3apsaj, Momajaar MoA
HeiACTBHE Ha TOJIETO U Ce NPEXBBPIAT B Jpyrata o0/1acT. AHalNOrHYHO NynKuTe oT N
obnacrra npeMuHaBar aper¢oso B P obnacrra.

Hpeitdosuar Tok Jg ce GopMIpa OT HEOCHOBHHMTE TOKOHOCHTENH H MMa IOCOKa,
NPOTHBOIIONOXKHA Ha MOCOKaTa Ha Audy3Hus Tok. [Ipy nMnca Ha BRHIIHO Hampexe-
HUE HACTHIIBA MOMEHT, B KOHTO ce OCBLIECTBABA PABEHCTBO 32 IOTOLHUTE HA TOKOHO-
CHTEIH TIpe3 IPexosa B JBeTe Nocoku. JAudy3nuTe u Aper(oBUTE TOKOBE B3aHMHO CE

‘KOMIICHCHPAT:

JD = JE
M TIpe3 pexoza He TeYe TOK
J= JD - JE = 0

IMpn gocTuraHe Ha PaBHOBECHO CHCTOSIHHE CTOMHOCTTA Ha IMOJIETO € TaKaBa, 4Ye
CTpPEMEXXBT Ha OCHOBHUTE TOKOHOCHTENH Ja IMQYHIHpPAT ce KOMIIEHCHPA ChC CTpe-
MeKa 3a Apeiid Ha HEOCHOBHHU HOCHTENH B NPOTHBOINOJIONKHO HAIpaBJicHHUE oA Jeifc-
TBHE Ha NOJIETO.

[Mpu ycnoBue Ha paBHOBecHe Ha OOENHEHHAT CIOH AOCTHra TaKaBa IIMPOYMHA
d,, Ye HHTO €IVH eNeKTPOH He Moxe Ja mpeceue PN mpexopa. Illupouunama na
obemnus 3apao d, 3aBUCH OT KOHLEHTpaly¥aTa Ha npuMecute B P u N obnacturte. B
CIOSL ¢ MO-HUCKA KOHLEHTALUA Ha MPUMECHTE IIMPOYHHATA Ha HEKOMIIEHCHPaHHUs 3a-
pax e mo-ronsMa U PN npexodwm e cvbcpedomoyen 2nasHO 6b8 8UCOKOOMHAmMaA 06-
nacm.

ITonero Ha crmpamys cinoi U3TINAcKBa eNEKTPOHUTE KbM N obnacTra, a JynKH-
Te KbM P o6nactra. B oGmactra Ha oGeMeH 3apsaj He ce 3aabpXKaT MOABHXHH NIeKT-
poHH ¥ aynkd. O6eMHuAT 3apsi e OefileH Ha MOABHXHY TOKOHOCHTEH ¥ UMa TOJSIMO
CBIPOTHBIIEHHE. B MbpBO NpHOIMIKEHNE MOXE J1a Ce IpHEMe, Ye IHOABT Ce ChCTOH OT
HeyTpaJiHK o6JiacTH u obyacT Ha 0OeMeH 3apsifi, B KOATO CHLUECTBYBA IOJIe M pas3iiMKa
B IMOTEHIMANNTE.

Hanuunero Ha noteHnuanua Gaprepa Ha PN npexojia ro npaBH MHOT'O IOJIE3€EH.
KoHTponupaHeTo Ha BHCOYHHATA HA NMOTEHLMaNHaTa Gapuepa Ha npexojia Mo3BONsIBa
KOHTPOJIMPAHETO Ha KOJNMYECTBOTO TOKOHOCUTENH, KOUTO IIPEMHHABAT MpPe3 Hero, a OT
TaM M TOJIEMHHATa Ha TOKa Npe3 Npexoaa.

VcnoBusATa 32 npeMHHaBaHE Ha TOKOHOCHTENM Mpe3 Mpexola ChLICCTBEHO Ce
M3MEHSAT, aKO Ce NPUJIOXKH BHHIIHO HamnpexeHue. BakHa poiis mpu ToBa urpae noJsp-
HOCTTa Ha HampexeHHneTo. [Ipouecure B npexoja MpH HAIMYHE Ha BHHIUHO HaIpexe-
Hre 00yCNaBiAT M3NPaBUTEHUTE CBOIMCTBA Ha AMOJA M BOJT-aMIEpHATAa MYy XapaKTe-
PHCTHKA.

2.2. YcnoBHO rpadpuyHo o3HauyeHue Ha auoaa

Huox e apyroto ume Ha PN npexona. ®ur. 2.4 noka3sa Bpb3KaTa MEXIY CTPYK-
TypaTa Ha IMOJa M HEroBOTO YCIOBHO rpaduuHo o3HayeHue. O6nactra P ce Hapuya
anoo, a obnacrra N — kamod. HacT oT yClI0BHOTO rpadH4HO O3HAYSHHME MPHIIMYA Ha
CcTpenka, KOATO yKa3Ba ofIonpueTaTa I0COKaTa Ha TOKA Tpe3 JMOA — OT aHOAa KbM
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xaroja, a Apyrara 4acT NPEJCTaBIsABa Nperpajga — KOATO CHMBOJM3UPA HEBB3MOXK-
HOCTTa JIa IpOTeUe TOK B 00paTHa NocoKa.

Anon Karox

1

" "Que. 2.4. Yenosno apaduuno osxauenue na duoda u 6pw3xa cve cmpykmypama Ha PN npexoda

O3HayeHuUsa Ha duoda

O3HayeHMsATa Ha AMOANTE BKJIIOYBAT OykBaTa N 3a MOIYNPOBOAHHUK, Mpedukc 1
npea# N, KOHTO NoKa3Ba HaTHYHETO Ha efiuH PN npexon, ¥ Hakonko uudpu cien N 3a
BCceKM MHAMBHUAyaned thn AuoA. Hanpumep 1N3196 e nonynsapen cunuuues aguod. 1N
HHOMOHpPA TONYNPOBOAHMKOB OHOA, HoKaTo 3196 cneuuduuypa MHANBHAYaTHUTE
XapaKTepHCTHKHU Ha AHOMA, KOUTO Ca YKA3aHH B CIIPaBOYHHMIIUTE.

2.3. NpaBo Bk/OYBaHe

IToCTOAHHOTO HaNpeX<eHHE, MPUIOKEHO KbM MONIYHPOBOJHUKOBUTE €IEMEHTH,
C IIeJ1 YCTAaHOBsIBaHE Ha ONpPEHETCHH YCIOBUs Ha paboTa, c€ Hapuia nOCIMOAHHOMOKO-
80 3axpaneéane. 3a PN mpexon ChILECTBYBAT [JBAa THINA 3aXPaHBALIM HANPE)KECHHS —
TIPaBO M 00paTHO, KOUTO PA3KO NpoMeHAT ycnoBusaTa Ha PN mpexona.

BBHIIHOTO Hanpe)keHMe € B MPaBa MoCoKa, KOTaTo MOJIOKHTEHUSAT N0JII0C
HAa TOKOM3TOYHHKA ce BKJIIOYH KbM P ob6actra (aHOI), 2 OTPULATETHHS MOJTIOC —
kbM N o6J1acTTa (KaTol), KaKTO e NoKa3aHo Ha ¢ur, 2.5.

d<d,

DQue. 2.5. I[Ipaso sxnousane Ha ouoo
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[Tpu ToBa BK/IIOYBAHE €IEKTPHIECKOTO I10JIE OT H3TOYHMKA € IIPOTUBOIOIOKHO
Ha BHTPELIHOTO MoJe. B pesynrar HamassBa CyMapHOTO TOJie Ha MPEXo/a, CTECHSBA
ce 06EMHHAT 3apsll ¥ HamMaJsiBa BACOYHMHATA Ha NMOTeHNManHaTa Gapuepa, KOATO CTaBa
q(U, — U). IloHmKkaBaHeToO Ha NoTeHIManHara 6apuepa obnexyaBa NPeMHHABaHETO Ha
OCHOBHH TOKOHOCHTENM M CIIOMara 3a 3HaYWTEJIHO yBeIWYaBaHe Ha JU(Y3HHS TOK.
IIpu TOBa PA3KO CE Hamanaeéa cvnpomusnenuemo Ha PN npexona.

Jynkute oT P-061acTTa no-j1ecHo MpeoAoiaBaT NoTeHIanHaTa 6apuepa U no-
nagat B N-o6nacTra, npu KoeTo Ha rpaHunaTa Ha PN mpexoza ce yBenmuyaBa KOHLIEH-
TpauuaTa Ha HEOCHOBHUTE TOKOHOCHTENH. AHAJIOTHYHO M eNeKTpoHH oT N-obiacTra
IpeMUHAaBaT IO-TeCHO B P obacTra M yBENIHYaBaT KOHIEHTpALHUATa HA HEOCHOBHM
TOKOHOCHTEJIM TaM.

VBenuyaBane Ha KOHIEHTPALMATA HA HEOCHOBHM TOKOHOCHTENIH Hemoc-
peacTseHo A0 PN nmpexoaa HajJ paBHOBECHATa NMPH NMPaBo BKJIIOYBaHe ce HAPHYA
HHoKeKIHMs. [Ipy HeCUMETPUYHHM NPEXOIM MHXEKLUATA MMa eIHOCTPAHEH XapaKTep —
MHXXEKTHPAT C€ TOKOHOCHTENH MPeAUMHO 0T 006J1aCTTa C MO-BUCOKA KOHLIEHTpAlMs Ha
npumecH (emuTep), KbM 0051acTTa C IO-HUCKAa KOHLEHTpanus (6asa). 3a guon ¢ mo-
cHiIHO Jjierupal P cnoii npeo6iafaBa ynyecTaTa ChCTaBKa Ha TOKA.

Koepuyuenmovm na unocexyus y noka3pa KakBa yacT OT OOLIHS TOK Ipe3 Ipe-
XO[a ce NpeHacs OT AYHKH:

(2.2) y:%:JL<1.
o+,

3a cuino HecumetpuueH PN nipexon (Na >> Np), Jp >> J, 1 KoepUUHERTET ¥ = 1.
[To-ronemMusT KOepUIMEHT HA MHXKEKUHMA ClIOMara 3a IOBMIlaBaHe Ha KOehHUIUEHTA
Ha T0JIE3HO AEHCTBHE Ha AWOJa KaTO TOKOM3IPABUTEN U OCHTYpsABA I'OJIAM Koe(HIIH-
€HT Ha yCHJIBaHe MPU TPaH3HUCTOPUTE.

ITpu npaBo BK/IIOYBaHE PA3KO ce yBeNU4YaBa OUY3HUAT TOK C yBelIHYaBaHE Ha
HaNpeXXeHWeTo B mpaBa mocoka. CriocOOHOCTTa 4pe3 MpoMsHAa Ha HANpeKEHHETO B
npaBa [I0COKA J]a ce KOHTPOJIKpPa TOKA Npe3 Npexo/ia € B OCHOBATa Ha TPAH3UCTOPHUTE
yCHUIIBATEIH.

JperdOBHAT TOK He ce MPOMeHs, ThH KaTo TOH ce OmpeAeNis OT KOHLEHTpaLATa
Ha HEOCHOBHHTE TOKOHOCHTENH, HAMUpALIX ce OJIM30 [0 Mpexo/a, a He OT BUCOYMHA-
Ta Ha noTeHuManHarta Gapuepa. KoHueHTpayaTa Ha HEOCHOBHH TOKOHOCHTE/IH 3aBHU-
CH €aMO OT TUIIA Ha TOJYIPOBOJHHKA, OT KOHIEHTPaLUATa Ha BEBEJCHHUTE NIPUMECH U
MHOTO CHJIHO OT TEMIIEpaTypaTa, HO He ¥ OT MPUJIOKEHOTO Ha IPEeXo/ia HamnpexeHHe.

Pe3ynTaTHuAT TOK B IIpaBa OCOKa C€ ONPeNeNs OT pa3iukara Mexay qudy3Hust U
npeindous Tok (¢ur. 2.6 ):

Jg =Jp — Jg, KaTo ]D >> Jg.

C yBeqnvaBaHe Ha Hanmpe)kKeHHETO NPH NMPABO BKJIOYBAHE HAMAJIABA BHCO-
YMHATA HA NMOTEHIMAIHATA Gapuepa U PS3KO ce yBeJHYaBa TOKBT Mpe3 mpexoaa.
BBHIIHOTO HaNpeXeHHe € MPOTHBOIMOJIOXKHO Ha HOTeHLMaiHaTa Gaprepa Ha Npexoya.
IlpoTnyaHe Ha TOK HACTBHIIBA, KOraTO TOBA HAIpeXeHHWe JOOIMXH NOoTeHIHaIHaTa Oa-
puepa. Ciell KaTo BBHIIHOTO HalpeXeHHE HaJBHIIK OapHEepHUAT MOTeHUMan (mpu
npubausutenno 0,7 V 3a cumnumii 1 0,3 V 3a repMaHuit) TOKBT psi3k0O HapacTsa M TpAo-
Ba JIa c€ OrpaHM4aBa 4pe3 T0CIEN0BATEIHO CBbP3aHO BBB BEPHUraTa ChIPOTHBIEHHE.
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Cren KaTo IPEXOABT 3alOoYHE 12 MPOBEXJa TOK B NpaBa IOCOKA, HANPEJICUMENHUIM
nad 6bpXy Hezo 0cmasa npubnuzumenHo paser Ha nomeryuaniama 6apuepa u cna6o ce
pOMEHSl C yBeIMYaBaHe Ha TOKa /r.

Je=Jp—Jg=Jj

p Je

E<E,
+|| L
v 1

@ue. 2.6. Toxoee 8 duoda npu npago 6KIOYEaHe

Us

2.4. O6paTtHO BK/IOYBaHe

Enun quon e BKAOYeH B 00PaTHA MOCOKa, KOraTo MOJIOKHTEHHAT M0OJII0C
Ha TOKOM3TOYHMKA € CBbP3aH KbM KATO[a, 3 OTPULATEIHUAT MOJI0C KbM aHOAA.
ITpu npunarane keM PN npexozia Ha BRHUIHO HanpexeHue B 0O6paTHa Mocoka (mono-
MHTEJHUAT IOII0C KbM N o0ilacTTa W OTPHIATETHUAT HONI0C KbM P obnacrra) mo-
TEeHIMaNHaTa Oapuepa ce yBeN4ara, Thil KaTO TIOCOKUTE Ha BTPELIHOTO U BHHUIHOTO

noje ceBmnagar. [Ipy ToBa ce yBenuyaBa OOEMHHMAT 3apsj M HEroBaTa LIMPOYHHA
(bwmr. 2.7).

-~
Ac

d,
] d> do A

Due. 2.7. ObpamHo exmousane Ha OUoo

—
U

’

Jndy3HUAT TOK HaMajaBa, Thil KaTo ce 3aTpyAHABA IPEMMHABAHETO HA OCHOB-
HH TOKOHOCHTEJIM Npe3 BHCOKaTa MoTeHlIuanHa Gapuepa Ha npexona. IIpyu ToBa cwbn-
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pomuenenuemo Ha- PN npexoda pssko Hapacmea ¥ NpPaKTHYECKH HMa 6e3kpaiiHa
CTOMHOCT.

HOpeiidoBusar Tox He ce mpomens. IIpes nrona B 06paTHA MOCOKa LIE T€4e MHO-
O MaJIBK TOK Js, KOWTO ce CTpeMH KbM CTOMHOCT, olpejeleHa OT ApeidOBHS TOK,
TH# KaTo IpH 00paTHO BKIIIOYBAaHE NPei(POBHAT TOK IpeBHILaBa AUGY3HMU:

Js= Je—Jb, JE >>Jp, Jp=0.

Ipu npunarave Ha NO-rOJIMO HalpexXeHHe B 00paTHA MOCOKa TOKBT Jg ce 3a-
ma3Ba [TOYTH MMOCTOSHEH, Thil KaTto Jp = 0, a Jg HE 3aBUCH OT BUCOYHHATA Ha MOTEHIIH-
anHata Gapuepa, CbOTBETHO OT OOPaTHOTO HAaNPEXKEHHE M 3aTOBA CE HApH4a TOK Ha
HacHILaHe. '

Ha rpanunara Ha PN mpexoza MoJIeTo € YCKOPABALIO 33 HEOCHOBHUTE TOKOHO-
CHTENH M T€ NPEMUHABAT OT ApyTaTa CTpPaHa, BCIACACTBHE Ha KOETO KOHIIEHTPALUATA
UM TaM e Hyna. HaMajsiBaHeTO HA KOHUEHTPAIMATA HA HEOCHOBHMTE TOKOHOCH-
TeJIM HA FPAHMNATA HA NPeXoja NPy 00paTHO CBHP3BAHE Ce HAPUYA eKCTPAKIMA
(M3cCMyKBaHe HA TOKOHOCUTEIH).

&= lNpumep
OrmpezeneTe B KakBO BKIIOYBAHE € JHOLBT Ha PUTYypHUTE MO-HOITY.
1 kQ 10V

1kQ
- +
|1F
+
—_ 8V

T - . L
a) 6)

Due. 2.8. IIpumepru cxemu Ha exI0Y8aHe Ha OUOO

5V

]

PeweHue

JuonsT ot ¢purypa 2.8a e BKIOYEH B 00paTHa MOCOKa, 3alI0TO KaTOABT My HMa
[I0-BOJIOXKUTENEH NMOTEeHUMan chpsMo aHoga. JuoasT oT ¢urypa 2.86 € B mpaBo
BKJIIOYBAaHE, Thil KaTO HETOBUAT KaTOJ, € M0-0TPHLATENEH CIPAMO aHOAA.

2.5. Bonr-amnepHa xapaKrepucrmka

3aBHCHMOCTTA MEXAY TOKA MPE3 JHOAA OT NPHIOKEHOTO KBM HEro MOCTOSHHO
HallpeXCHHWE Ce HApH4a 601m-amnepHa xapakmepucmuka. I'padu4yHO TasH 3aBUCH-
MOCT € T1I0Ka3aHa Ha ¢ur. 2.9.

ToxbT npe3 AuoAa NpH NpaBo BKIIOYBAHE CE CH3/]aBa OT OCHOBHH TOKOHOCHTE-
14, a npu o6paTHO — OT HEOCHOBHH. KOHLEHTpaNMaTa Ha OCHOBHHUTE TOKOHOCHTENIH
TNIPEBUIIABA Ta3H HAa HEOCHOBHUTE C HAKONKO nopsxbka. Ot ToBa ce obycnass ednoc-

mpannama npogooumocm Ha auopna (3abenexere MpoMsHata B Mamaba Ha TOKa Ha
¢wr. 2.9).
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Duez. 2.9. Borm-amnepha xapakxmepucmuxa Ha 0uooa

JIMoOBT MpH MpaBoO BIJIIOYBAHE MOXE J1a CE pasrjexa KaTro 3aTBOPEH KIIIOY
MHOTO MaJKO CBIPOTHBIEHME, pe3 KOWTO mpoTuya roixeMusar Tok Ir. IIpu obpatHo
cBBbp3BaHE Npe3 JMOMa HE MOXE Ja Teye AU(y3NOHEH TOK, ITOPaiM BHCOKATA IIOTEH-
rimanHa 6apuepa. TIpexoasT NpaKTHIECKH UMa 6€3KPaiHO CHIPOTHBIEHHE, U AMOABT
MOX(€ Ha ce pas3riIekAa KaTo OTBOPEH KIII0Y, Mpe3 KOWTO MpOTHYa HUIIOXKHHUAT oOpa-
e TOK. 3a auonu Ge Toi € oT nopanbka Ha 10° A n 3a cununmenu e 107°A.

CroliHOCTHTE Ha HaIlpEXEHNATa B MpaBa [IOCOKA Ca MAIKH — MHIMBOITH HIH
JIECETH OT BOJIT. THNMYHHU CTOMHOCTH 3a cumiineB auoxn ca 0,5 V-0,7 V. IIpexaneno
'BHCOKM cToHOCTH Ha Up Npean3BUKBAT PA3KO HapacTBaHE Ha Ir, U B Ipexofa ce OT-
HEAT 3HAYMTENHA MOUIHOCT ¥ TOMUIMHA, KOETO MOXE [a NOBEME IO PaspyIaBaHETO
Ha CTpyKTypaTa Ha nuona. CroiiHOCTHTE Ha OOpaTHHTE HamNpeXeHHs ca 3HAYUTEITHO
Ho-royieMy, ot nopaaeka Ha 100 V mo 10 kV unm no-BucokH, Thi kaTo nmpH odpaTHO
BKJIIOYBaHE OTHAENCHATa MOWIHOCT € MajKa [opajd HHLIO)KHHUS oOpaTeH TOK mpe3
npexona.

Bonr-aMnepHara XapakTepHCTHKA Ha MACaJIM3UPaH AHOJ Ce OIKCBA C M3pasa:

U
(2.3) 1=1(e®T -1),
kbaeTo U e HanpexeHUEeTOo, IPUIIOKEHO BBPXY AuoAa, Is = SJs € TOKBT Ha HacHILaHe,
Ch3JafieH OT HEOCHOBHHUTE TOKOHOCHTENH, S — IUIOIITA Ha NPEXoia, a ¢ — TeMIepa-
TYPHMSAT MOTEHIMAN, a Js — ILTPTHOCTTA Ha TOKa Ha HacHILaHe.

Axo U = 0, To I = 0. IIpu npunarade Ha HanpexeHne B I1paBa nocoka (U > 0) 3a-
BucumoctTa [ = f{U), nMa excrioHeHHayeH xapaxrep. [Ipu o6parHo Biurousane (U < 0)
€KCIIOHEHLMAJIHMA YWICH MOXe Ja ce npeHeOperne u torasa [ = Is.

ITopanu ps3K0TO HapacTBaHE HA TOKA NPH MATKK POMEHH Ha HAMpPEKEHHETO B
NpaBa MOCOKa € Mo-yZOoOHO KaTo He3aBUCHMa NMPOMEHJNBA Ja e 3aJaBa TOKBT. 3a
npaBo BKJIKOYBaHe ypaBHeHKe (2.3) npuaoOuBa BUAa:

2.4) U=¢.In Ii+1.

S
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2.6. Tok Ha HaculjaHe (TOMNJIMHEH TOK)

Ipu 0OpaTHO BKIIOUBAHE NPOTUYA MHOIO MallbK TOK, 00pa3syBaH OT HEOCHOBHH
TOKOHOCHTEIH.

ToxsT Is ce hopMupa OT HEOCHOBHM TOKOHOCHTENIH B HEYTpaJIHUTE 00NacTH B
6nu3ocT 10 00eMHMA 3aps. 3a TAX MOJIETO € YCKOPSABAIIO M upe3 Apeid Te npeMuHa-
BAT OT Apyrata crpaHa. Taka enekTpoHH oT P 061acTTa, HaMHpaly ce Ha pa3CTOsHKE
enHa qudy3noHHa ABDKUHA L, 1o PN npexoja, yCIaBaT 3a BpEMETO CH Ha XXHBOT Jia
JIOCTUTHAT JI0 HEro, [oNajar oA JAeHCTBHe Ha IOJIETO M Ce IMPEeXBBPIAT B Apyrara
obnacT. AHajoruyHo aynkure oT N obiacTra nmpeMuHaBaT apeii¢oBo B P obnacTTa
(¢pwur. 2.10q).

TokbT Is He 3aBHCH OT NPOMSIHATA HA HanpexeHuero (¢ur. 2.106) u 3aToBa
ce HApU4a TOK HA HACHILAHE,

Lo L U,
Y ~ »
S
R < 25°C
S P
50 °C
T el o]
- - + I
E
a) 6)

@uz. 2.10. Tox na Hacuwane (MONAUHER MOK)
a — moKOHOCUmeny, GopMupayy Moxa Ha Hacuwane, b6 — enusHUe Ha memnepamypama

JIOKONKOTO KOHUEHTPALMATa HA HEOCHOBHUTE TOKOHOCHTEIHM 3aBHCH CHIIHO OT
TeMIlepaTypaTa, TO TOKbT [s ce Hapuya oile TONJIMHEH, 3aIll0TO MHOTO CHIIHO 3aBHCH
oT uzmenenuemo na memnepamypama (¢pur. 2.106). ExciepuMeHTATHO € YCTaHO-
BeHO, 4e Ha Bceku 10 °C npomsiHa Ha TeMmnepaTtypaTa TOKbT Is NOYTH yABOABA
croiiHocTuTe cu npu Ge anoau U 51 yTposiBa 3a Si aAuoan.

CuiHaTa 3aBHCHMOCT Ha OOpaTHHs TOK OT TeMIlepaTypaTa € eJHa OT IVIaBHHTE
TIPUYHHY 33 memMnepamyprama Hecmabuntocm Ha TOJyIPOBOIHAKOBHTE SIEMEHTH C
PN npexop. Ilopagn MHOrO MaJIKHsi CH Ha4yalieH TOK CHIIMI[MEBHTE OHOIHM MMAT IIO-
no6pu 06paTHN XapakTepHCTHKH B IIMPOK TEMIIEpaTypeH 00XBaT, KOETO € OCHOBHOTO
UM TIPEAUMCTBO.

TokbT Ha HacHIaHe HapacTBa C yYBENHYaBaHE IUIOIITA HAa NpeXoda ¥ IMpH Iio-
HIDKaBaHE Ha KOHIEHTpALMATa Ha IPHUMECHTE.

Juoau, M3roTBeHH OT MOJYNPOBOJHMIM ¢ NO-IUMPOKA 3a0paHeHa 30Ha,
MMaT mo-MaJIbK o6paTeH Tok (¢pur. 2.116), Thif KaTO KOHUEHTPAUUATA HA HeoC-
HOBHHMTE TOKOHOCHTENH HaMaJIfABA C yBeIUMYaBaHe WIHPOYNHATA Ha 3a6paHeHaTa
3oHa. [lo-mmpoxkara 3abpaHena 30Ha Ha cuaMUMA oOycnaBsi TOK Ha HacHINaHe 3a Si
JIMOAM TpH cTaiiHa Temmneparypa ¢ 3 o NodtH 6 HopsaAbKa Mo-mMalnek oT To3u 3a Ge.
Ha mpaktuka Si Anoay uMmar HyJieB o6paTeH ToK.
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Ha ¢ur. 2.11 ca nokazaHu BOAT-aMIIEpHUTE XapaKTepuCTHKK Ha Si u Ge guomu.
"Ha 3Ha4UTEIHO IO-MalKus TOMIMHEH TOK 3a cuaunuesd guoau (dur. 2.116), cror-
BETCTBA I0-TOJIAM Iaj B IpaBa nocoka (¢ur. 2.11a), koero crensa ot (2.3).

I, mA .
Ge Si U,V 250 200 150 100 50 0
400 | 1 i | 1
7~ Si~nA
—
300 — Ge~1pA
I
200 |
6)
100 —
| | | |

0 021104 0608 10
03V 0,7V
@)

Que. 2.11. Bornm-amnepnu xapaxmepucmuxu 3a Ge u Si ouoou
a — npaso sxnioyeare; 6 — obpamHo eKkno48aHe

U,V

TokbT B mpaBa MOCOKa NpoTHya, kxorato Ur npubmmxu 0,5 V. C ysenuuaBane
Ha Ur HapactBa | TOKET Ir. [Ipu 0,7 V 1 moBeye, NpaBUAT TOK C€ YBEIIMYABa PA3KO 10
MakKCHMaJHaTa cu cToHHocT. Ilono6HO 3a repMaHMeBH NUOIM TOK IIPOTHYA, KOTaToO
NpaBoTO HanpexeHue e B obnacrra ot 0,2-0,4 V.

ITagpT Ha Hampe)xeHue B npasa nocoka 3a Ge auoau ¢ 0,2-0,4 V, mokaro 3a Si
¢ 0,5-0,7 V.

2.7. PeanHa BONT-aMNnepHa XxapaKTepucTmka

ExcriepMMeHTAHO CHETaTa XapaKTepPUCTHKA Ha pealHus OUOXK ce pa3jiiyaBa OT
Ta3sW HAa MAEATHUA, ThH KaTO TMPH M3BEKAAHETO HAa BOJNT-aMIIEpHATA XapaKTEPHUCTHKA
Ha MIeaJIHHS NPEXOJ He ca OTYETEeHHU peauua ¢pusnyau epextH. [Ipu pasnnuHu pexu-
MH Ha paboTa npeobIafiaBaT HAKOHU OT TAX M TPAOBA Aa ce OTYKTA BIMSAHHETO UM.

lpaso ewi0Y8aHe

I'maBHUTE NMPHYMHM, OPAAH KOMTO pealHaTa XapaKTepHCTHKa Ce OTINYaBa OT
HJcaHaTa B IpaBa MOCOKa, ca:
® HAJIMYMETO Ha TOK Ha PeKOMOUHALMs B IIPEXO/a;
® ChIIPOTUBJIEHHETO Ha 6a30BUA CIIOH;
® H3MEHEHHMETO Ha TOBA CHIIPOTHBIEHUE IIPH BUCOKH HUBA Ha HHXKECKLIMA.
B obnactra Ha 06eMeH 3apsj NpH peaNHuTe AMOAN Ce U3BBPIIBAT MPOLECH HA
- TeHepalysa 1 peKkoMOHHALIMA Ha TOKOHOCHTEIH, KaKTO H B HeyTpalnHuTe obnacty. [Ipu

39



PaBHOBECHE TOKBT Ha reHepalHs [; ce M3paBHABA C TOKa Ha pekomOunaumus /. Ilpu
BKJIIOYBAHE B MpaBa MOCOKA MOTOKBT HA OCHOBHH TOKOHOCHTENH B O0EMHHUS 3apsK Ce
yBeJIMYaBa M HApacTBa BEPOATHOCTTA 3a pekoMOunaums I, >> I,

Pexombunayuonnusm mok € o0yclIOBEH OT TOKOHOCHTENH, KOUTO HaBIM3aT B
PN 1npexoja, HO HAMAT AOCTATbYHA €HEPTHs J]a IPEMHUHAT B ChCEIHHUS CIIOH M PeKoM-
Gunupar B o6eMHus 3apan. I'oneMHHaTa Ha TO3M TOK 3aBHCH OT BHJa Ha MaTepHala U
UMa CBHIECTBEHO 3HAYEHHE 3a AMOMM C IO-IUMpoKa 3a0paHeHa 30HAa. PexomOuHanm-
OHHHUSAT TOK 0Ka3Ba BJMSHHE NPH MAJIKH HANpPeXKeHUs B MPaBa MOCOKa, Thil Ka-
TO TOraBa TOKBT HA HHMKEKLHUS € MAIbK.

C yBenumuyaBaHe Ha TOKAa Npe3 OuoAa 3a0enexuMo BIHAHME BBPXY BONT-
aMIepHaTa XapaKTepPUCTHKA OKa3Ba NMafbT HAa Halpe)keHNe B HeyTpalHUTE 06NacTH Ha
oA, mopaau 0OeMHHUTE CHIPOTHBIEHUS Ha Te3H obnacty (dur. 2.12).

UPN
Uy
I — 7
- 1
U=Uyt1Ir
d Omuyed
-~ Y4aCTHK
> — a
I 1 I 1
— - +
E R
+ p—
Nl
Ul
a) 6)

Due. 2.12. Brusnue Ha conpomugnenuemo na bazama
a — pasnpeodenenue Ha BbHWHOMO Hanpedicerue; 6 — peana 60NM-amMnepHa XapaKmepucmuxa

TBif KaTO €MUTEPHT € MHOIO MO-CHIIHO JIETHpaH OT 0a3ara W HETOBOTO CHIPO-
THBJIEHHE rg MOXeE Jia ce npeHeOperHe, BHHINHOTO HANpexXeHHe ce pasnpelens Ipe-
JMMHO MeXIy mpexoja M cinabo JerupaHus cloi, XxapaKkTepusupall ce ChC ChNPO-
THBJIeHHe Ha 6a3aTa rg (¢ur. 2.12a). [lopanu naga Ha HanpexxeHHETO BBPXY 00eM-
HOTO CHIPOTHBJIEHHE Ha 6a3aTa HalpeXeHHETO BEpXy PN mpexoia € mo-Majiko OT
npuioXkeHoTo Ha u3Boaute (Upny = U — Irp).

U-Irg

(2.5) I=Ig(e T -1)
nin
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- 1
(2.6) U=¢;In ZH + Irg.

I[Tpy 1OCTaTHYHO rOJIAM TOK 3al0o4Ba Ja npeobiiajjaBa cbCTaBKata Lrg U €KCIIO-
HeHI[MalHATa XapaKTEPUCTHKA Ha AWOAa ce "u3paxkaa" B JuHeHHA. To3M y4acThk OT
XapaKTEPUCTHKaTa ce HapHda omuyer (dur. 2.126). [lnoau ¢ no-roisMo ChIpoTHBIE-
gue Ha 6a3aTa KMaT I0-TOJIsAM Maj IpaBa MOCOKa, KOETO BJIOIIABA U3NPABUTEIHUTE UM
CBOFiCTBa U BOJIH JI0 YBEJIMUEHHE HA OT/IeJIeHaTa MOLIHOCT.

"~ C ysenuuaBaHe Ha TOKa Mpe3 JUOAA CHIPOTHUBIEHMETO Ha (a3ara HaMamsiBa.
_Tosu epeKT € U3BECTEH KaTO MOOYayusa Ha CbnpomueneHuemo na bazama.
3a oTpa3sBaHe Ha epEeKTHTE B PEaHUs MO B OCHOBHOTO ypaBHEHME Ha THOAA
' ce BbBEX/Ia KOPHTHpaLl KOeDUIMEHT m ChC CTOMHOCT Mexay 1 u 2. To3n kKoeduLH-
GHT OTYMTA peKOMOMHALIMOHHUTE ABJEHUS U MOJYJIALMATA Ha CHIPOTHBICHHETO Ha
_fa3aTa ¥ UMa Pa3IMYHU CTOHHOCTH B OTAENHHTE 00JACTH HA XapaKTEePHUCTHKATA.

Taka ypaBHEHHETO Ha BONT-aMII€pPHATa XapaKTCPHCTHKA HAa pEeaNnHus JHOA OO-

6uBa BUJA:

U—I.rB
@.7) I=Ig(e ™™ -1).

O6pamHo eKno4Y8aHe

[Ipn o6paTHO BKJIIOUBaHE IJABHH MPUYHHM 32 OTKIOHEHHE OT MJealHaTa Xa-
paKTepHCTHKA Ca:

® TepMoreHepauus Ha TOKOHOCHTENH B 001acTTa Ha MPexoa,;

® yTedyka Ha MOBBPXHOCTTA;

® sBIIEHHA Ha IPOOHB.

Taka 0OpaTHHAT TOK Ce OMpeaeNs OT HAKONKO ChCTaBku (¢wur. 2.13):
I =Ig+1g+1, +1Ig.

U V</__——
Si~1;
Ge ~ I
Obnact I
Ha TIpoOHuB Y hnA
Que. 2.13. Cocmasku Ha o6pammus mox Que. 2.14. O6pamen mox 3a Si u Ge duoou

Toxvm Ha Hacuwane Is (0OpaTeH TOIUIMHEH TOK) ce 00yClaBsi OT HEOCHOBHHTE
TOKOHOCHTEIH, KOUTO ca B 6im3ocT o PN npexona u3BbH o0eMHus 3apsaa. Tol He 3a-
BHCH OT MPHJIOKEHOTO HANPEKEHHUE.

. Toxvm na mepmozenepayus Ig ce OBKH Ha TeHepalusTa HA TOKOHOCHTENH
nox neficrBue Ha TOIUIMHATa B 00NacTTa Ha oOeMHuUA 3apsi. ['eHepupaHUTE TOKOHO-
CUTENIH ce pa3zieNsiT OT IIOJIETO — eJIeKTPOHHUTE NpeMuHaBatr B N cios, a Aynkure B P
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CI10s1, YBENHYABAHKHY pe3ynTaTHUsA o6paTeH ToK. TOKBT Ha TEpMOTeHepalys 3aBUCH OT
[PUIIOKEHOTO 00paTHO HanpexxeHue (Ig = VU), 3amoto ce pasiuupsBa 00EMHHUAT 3a--
pan. IIpu craiina Temneparypa 3a Si AHOAH OOPAaTHHMAT TOK ce Ompejess OT TOKa Ha
Tepmorenepamys (Ig >> Is), nokaro 3a Ge quoax ToH ce obyciaaps OT TOIUIMHHHUS TOK
(Is >> I). C yBenuuaBaHe Ha TeMIlepaTypara OTHOCHTETHOTO BIMAHKE Ha TOKA Ha re-
Hepalys HaMaJlsaBa.

Toxvm na ymeuka Iy, ce IbIDKM Ha NeEKTH B KPUCTaa, 3aMbpPCABAHUA U Tp.
YTedHuTe TOKOBE BIIOLIABAT M3MPABUTENIHMTE CBOMCTBA HA JMOJMTE M YBEIMYaBAT
HecTaOMITHOCTTA Ha TEXHUTE XapaKTEepHUCTHKU U NapaMeTpH. 3a CEBPEMEHHUTE CHIM-
I[HEBU THUOJM YTEYHHUIT TOK € MHOTO MalTbK M MOJKE Ja ce peHeOperHe.

Toxwvm na npobuse Iy ce 00ycnaBs OT SBICHHUATA Ha IPOOUB.

B peannnre nuomy oOpaTHHAT TOK Ig CE MIPOMEHS ¢ M3MEHEHNE HA CTOMHOCTTa:
Ha NPHJI0XKEHOTO obpaTHo Hanpexenue Ur. Ilpu Si muonu Iy = I + Iy, (I >> Is), a 3a.
Ge nuonu Iy = Is + I, (Is >> I), KaKkTo € 1MoKa3ano Ha ¢wur. 2.14.

2.8. BamaHve Ha TeMnepartypara

XapaxrepHa 0cOOEHOCT Ha TOJIyIPOBOJHHKOBHTE €IIEMEHTH € 3aBUCHMOCTTA Ha
napaMeTpuTe My OT TeMIlepaTypara.

3a omeHKka Ha M3MEHEHMETO Ha Maja Ha HAMPEXXECHHETO B IpaBa MOCOKa INpH
MpOMsHA Ha TEMIepaTypaTa ce BbBEX/a TeMiepaTypeH KoepHUUEHT Ha Hanpexe-
HueTo 1pu I = const.
(2.8) TKU = au ﬂv =const  TKUp=~-2mV/°C.

dT AT

B pabomuama obaacm oT BONT-aMIIEpHaTa XapaKTEPUCTHKA HUOJUTE UMAT OT-
pHLaTeJeH TeMIEpaTypeH KoeQUIUEeHT Ha HanpexeHuero (¢wur. 2.154). C nosua-
BaHe Ha TeMIepaTypaTa HaMalsBa BUCOYMHATA Ha MOTEHIMalHaTa Oapuepa U eqyH M
CBIIM TOK C€ MOJyyaBa MpPH HO-HUCKO HampexeHue Ha npexoja. Ilpy moBuiaBaHe Ha
TeMIIepaTypaTa MafbT HAa HaNpPEeXKEHHETO B NpaBa MOCOKAa HaMajfaBa MPUOIM3UTENHO
nuHeiHo ¢ 2 mV/°C 3a Si u 3a Ge nuoau (dur. 2.156).

1
A F T, T, T,> T, AU,V
0,7
— U,-U 0,6 -
1= const __ Y2 Y >
TKU; T,— T,
0,5 -
I=const
U 04 | ] 11 [
A -
20 40 60 80 100 120
T,°C
a) 6)

Due. 2.15. Brusnue na memnepamypama npu Npaeo 8KOY6ane
a — 80IM-aMNepHa XapaKmepucmuKa npy 08e memMnepamypu;
6 — 3asucumocm na U, om memnepamypama
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@ur. 2.16 wiocTpupa TemriepaTypHaTa 3aBUCHMOCT TIpH IPaBO ¥ 06paTHO
pimousae 3a quoau 1N4001-1N4007. 3a no-1ecHO OTYHTAHE OT XapaKTEPUCTHKATE
B IpaBa [I0COKA, MaIabbT [10 0CTA Ha TOKA € JIOrapUTMUYEH.

0 LA
,,///’
/// /
// //
| TC=100°C////
a) ‘Y, II y A
//% 'I VA
/ 7 //
T, =150 °CA~—"1—
, / // /
-- T.=25°C
0,1 /| /“. U,V
05 06 07 08 09 1 1,1 12
I A
1107 ——
1.10° T.=150°C
==
1.10° B ==17.=100°C
6) 1.107
1.10° = ————
T.=25°C
1.107 L Up V

0 100 200 300 400 500 600 700 800 900 1000

Duea. 2.16. Brusnue na memnepamypama 6vpxy 604mM-amnepHume XapaKmepucmuxy
Ha ouodu IN4001-1N4007 a — npaeo exnougane; 6 — 0bpamno eknousane

3aBucumMoctTa Ha Ur KaTo QyHKUHMA Ha TeMIepaTypara No3BoJifBa JUOMUTE Jia
Ce U3IM0I3BaT KaTo JAaTYHLM 3a TeMIlepaTypa, KakTo 1 3a TEMIIEPATYPHA KOMIIEHCALIU.
C nomornra Ha MO MOXeE Jia ce peanusupa TepmoMersp ¢ Touroct 0,1-0,5 °C B TeM-
nepatypHus Ananasol — 40+ +120 °C,

& lpumep

‘

Cunnuues auoxn paboru B TemmneparypeH auama3oH ot 0 °C mo 75 °C. a ce
ONpejensT MHHMMAJIHATa U MaKCHMalHa CTOHHOCT Ha Ur B TO3M TeMIlepaTypeH Jua-
Na30H.
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PeweHue

HanpejxxeHueTo BBPXy CHJIMLHMEB AMOJ 3a cTaiHa Temmneparypa (Tp = 25 °C) e
0,7 V. Ilpu noBuiliaBaHe Ha TeMIepaTypara MagbT Ha HAMPEKEHUETO B NpaBa IOCOKa
HamansBa npuoausuTenHo suHelHo ¢ 2 mV/°C (TKUr = -2mV/°C).

Ipu Temneparypua pasnuka AT =T — Tp =75 °C - 25 °C = 50 °C 3a MUHMMAaIHATA
CTOMHOCT Ha HampeXeHueTo ce nony4yasa Upmin = 0,7 - 502 mV/°C=0,7-0,1=0,6 V.

3a remneparypsa pasnuka AT = 0 °C - 25 °C = -25 °C 3a MakcuMaJiHaTa CTOMH-
HOCT Ha HanpexeHueTo ce moyyana Ugpx = 0,7 +25.2 mV/°C=0,7+0,05=0,75 V.

2.9. MakcMManHo aonyctuMuv napaMmeTpu

MakcuMaJiHO JONYCTUMHUTE NapamMeTPH ca eIEKTPHYECKH U TOIUVIMHHM BEJH-
YUHM, KOMTO He TpsAOBa Aa ce HaABHILIABaT, 3a Ja CE OCHrypH Ge3oTka3Ha pabora Ha
BCEKH I0JIyIIPOBOJHUKOB eleMeHT. Te ce yCcTaHOBJBAT OT NPOM3BOIAUTENINTE U CE Ja-
BaT B KaTaJo3UTe 32 GPUKCHpaHa TeMIepaTypa Ha KOpIlyca UK OKOJIHAaTa CpeAa.

Maxcumanno donycmumama memnepamypa Ha npexoda Tim. € €IMH OT Hal-
Ba)XXHUTE EKCIOATAlMOHHH MNapaMeTpH Ha MOJNYNPOBOAHHKOBUTE ejleMeHTH ¢ PN
npexol. Ts onpenens Temneparypata, A0 KOATO [OJYIPOBOJHUKOBUTE €IEMEHTH MO-
raT Jia Ceé M3noy3BaT HajlexAHO. Ts ce u3bupa ¢ HAKAKBB EKCILUIOATALMOHEH PE3EPB
Ho-MalKa OT TeMIlepaTypaTa Ha coOcTBeHa MpoBOAUMOCT T, Hax KosTo 1 = p = n;. To-
raBa KOHTaKTHaTa NMOTeHLKana pasnuka U, TNOTeHLManHaTa Oapuepa, CIMPALIUAT
CIION Y MH)KEKUHMATA ce aHynupaT. PN npexoAbT MpecTaBa Ja ChLIECTBYBa KaTo (PH3H-
4eCKO ABIEHHE H MONYIPOBOJHUKOBHAT €IEMEHT He MOXe Ja ¢pyHKuuoHupa. Ta3u Te-
MIIEpaTypa 3aBUCH OT BUJA Ha MOJIy[IPOBOJHKUKA U OT KOHLIEHTPALUATA Ha IPUMECHTE.

Axo BBPXy AMOJA € NPIIOKEHO HampekeHue (B MpaBa MM o0paTHa MOCOKa),
TIpH POTHYAHETO HA TOK B HETO CE OTIENSA MOIIHOCT €

P=UL

Tazu MomHoCT ce oTaens rrapHo B PN npexona, Thi KaTo TOH MMa HaH-rosIMo
CBIPOTHBJIEHHE U IIPU YCTAHOBEH PEXMM TEMIIEPATYpaTa My Tj € MHOIO M0-BHCOKA OT
Ta3u Ha Kopmyca 7.

OTtBeleHaTa B OKOJIHOTO IPOCTPAaHCTBO MOLIHOCT
p=lils
Rth

kpaeTo T, € TeMneparypaTa Ha OKojHara cpefa (Haid-uecto 25 °C), a Ry, — TOIUTMHHO
CBIIPOTHBIIEHHE. TOBa € "CHIPOTUBICHUETO", KOETO Cpella TOIUTMHATA TP TPEMUHA-
BAaHETO CH OT 06J1aCTTa Ha TMpexo/ia npe3 Kopmyca KbM OKOJIHMA BB3AYX IMOJ AeHCTBHE
Ha TeMmneparypHara pasiuka AT =T; - T,.

B ycraHoBeH pexuM ChINECTBYBa PaBHOBECHE MEXIY OTHeleHaTa B MPexoja
MOUIIHOCT W H3JIb4YEHAaTa B OKOJTHOTO IPOCTPAHCTRBO.

2.9

)

Ul = Zita
th
Temneparypara Ha Kopryca OOMKHOBEHO € GJH3Ka O OKOJHATa TeMIepaTypa
WK JI0 TEMIIEpaTypaTa Ha WAaCUTO, Ha KOETO € 3aKPEIEH eJeMEHTET.
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TemneparypaTa Ha Ipexoja He TpsAbBa Jia HaJBHIIABa MAKCHMAJIHO JOMYCTH-
mara I}max-

MakcHMa/IHO A0IYCTHMATA MOWIHOCT NMPEACTABAABA OHA3H eJeKTpHYecKa
MOILIIHOCT, MOABAHA KbM JHOAA B YCTAHOBEH pesknuM (MJIM pa3ceilBaHa OT Hero B
0KOJIHOTO IIPOCTPAHCTBO), NPH KOETO NPEXOAbT ce 3arpsiBa A0 Tjpax.

T. -
(2.10) P = R—T
th

KonkoTo no-Bucoka € TeMilepaTypaTa Ha OKOJHATa Cpefla, TOJNKOBa IT0-MalKa
MOILIHOCT MOXe Ja pa3sceliBa npubopsT. YpaBHeHue (2.10) Moxe 1@ ce HamMIle BLB
BUAA:

1

Pmux = _R_'Ta +RLijax ’

th th
KOETO MPEACTABNIsABA yPABHEHNE Ha NPaBa JIMHUA y = kx + b.
"7 O@yaxumaTa Py = f(T,) € npaBa nuHMA, oKa3aHa Ha ¢ur. 2.17a ¢ npekbcHaTa
anaua. Ta ce mocTposiBa ¢ oTpe3uTe cH o abciycHata ¥ opauHaTHaTa oc. B cmpa-
BOYHHMLIMTE Ta3H MpaBa ce W3MOJI3BA caMO HaJl ompejesieHa TeMIlepaTypa — Hallpumep
25 °C. Tlpu no-HHCKH TeMIepaTypH MOILHOCTTa ce mpuemMa 3a nocrosHHa. Ot rpadu-
kata Pmax = A7), IaneHa B KaTalo3uTe 3a BCEKU JUOJ1, MOXKeE J]a Ce OTHETe MAKCHMAITHO
JIOIyCTHMATA 32 JIaJIeHa TEMIIEpAaTypa MOLIHOCT, KOATO EJIEMEHTBT MOXE J]a pascee.

BT
A Pmav W 1r4 _ Ianx’A
I}max . 1,2
th \‘\ 1
—
08 \\
0,6 ™
P, max [ ; 0,4
E 0,2 N
i - 0 \
25°C T Tw°C 0 20 40 60 80 100 120 140 160 180 T,
a) 6)
Quz. 2.17. Hamanenue Ha MaKcumanio 0Onycmumume napamempu ¢ ygeauveHue Ha
oxonnama memnepamypa a — Py = fiT,); 6 — Iemax = fATa) 3a ouoou 1N4001-1N4007
@ lpumep

I{HO,E[ MOXKE Jia pa3Cc€€ MaKCHMMallHa MOLIHOCT 1w Tpyu TeMNEparypa Ha OKOJI-

HaTa cpena 7, = 25 °C. [la ce onpeneny KakBa MOLIIHOCT MOXKE Aa pa3cee JUOABT MPH
T, =40 °C, ako Timax = 125 °C.

‘

Peuwierue

Kato ce u3non3ea gopmyna (2.10) 3a MakcHMaJIHaTa MOIIHOCT MOJKE Jia Ce H3-
YHCITH TOITHHHOTO CHIPOTUBJIEHNE HA AUO/A
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e e

T

ijux —Ta _ 125-25
max R[h th
oTkbIeTo Ry, = 100 °C/W,

TIpu Temreparypa Ha okosHaTa cpesia 40 °C MakcMManHaTa MOIHOCT Ha IMOJa
ce HaMaJsBa JI0:

Tjn\ax - Ta _ 125 - 40

P = =0,85W.
max ’
R, 100
Hpﬂ IMMOCTOSTHHO HAIIPE)KCHHE B IIpaBa [IOCOKa Up MOX€E 1a Cce 3aIuIIe
Ul. =P = ijax _Ta
FYFmax — fmax — R ’
th

OTKBJETO MOXE Na Ce ONPEeNeNH MAaKCUMATHO OONYCIMUMUSM MOK 6 npasa nocoka
Irax. Ha dur. 2,176 e nokazaHa 3aBUCUMOCTTA Ignme = f(T,) 3a muomu 1N4001-
1N4007.

B®B Bepurara, 1ocjaeIoBaTeIHO Ha AHO0JA, 3aIBIDKUTENHO Ce BKIIIOYBA HOK0O2-
PAaHUYasauy pe3ucmop, 3a ia ce OrpaHH4y roJIEMHUHATa Ha TOKa U TOH Ja He Ha[(BUIIIa-
Ba Irmax (Qur. 2.18).

R
11 )
i VAL

Quz. 2.18. Cxema na exnroueane Ha OU00

ToxbT ce u34uciABa o Gopmyiara:

ﬂ<l

1= R Fmax *

MaxcumanHaTa MOIHOCT, pa3celiBaHa OT eleMeHTa, U pabOTHHAT TOK onpeze-
JIAT IUIOLITA Ha MpexoJia ¥ o0IuTe rabapuTi H KOHCTPYKIUS Ha KopIyca.

Tonnunnomo cvnpomueneHue € BAXKEH NapaMeTbp M OT rojieMHHaTa My 3aBHCH
MaKCHMAaJIHO JONYCTUMHMAT TOK. 3a JNaJieHa TeMIepaTypa pa3ceiBaHaTa OT JMOAA
MOIIHOCT € TOJIKOBA MO-TONAMA, KOJKOTO MO-MaJKO € TOIUNIMHHOTO CHIIPOTHBIEHHE.
To xapakTepusupa "mpTHIIATA" 332 OTBEX/JAaHE HA TOIUTMHATA M MMAa HAKOJIKO CHCTaB-
ku. IIpu MaJOMOINHM eNeMEHTH TOIUIMHATa IIPEeMHHaBa OT IPeX0ja KbM KopIyca, a
clie]] TOBa OT KOpIyca KbM OKOJIHHS BB3yX. B To3H ciiy4ail TOMIMHHOTO CHIPOTHB-
JIEHUE CBBPKA IBE ChCTABKHU:
(2.11) Ry = R[hjc + Ry, s

KBJIETO Rthjc € Conpomusnenuemo npexoo-kopnyc, a Ry, - — kopnyc-oxonna cpeda.
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TonNUHHOMO CbNPOMUENEHUE NPEX00-KOPNYC 3aBUCH OT KOHCTPYKLMATA Ha
eleMeHTa U xopryca uM. smepsa ce B rpagyc K/W u croiinoctra MYy BapHpa B LIK-
pOKY TPAHHIIH — OT 1 1o 5 K/W 3a MOWmIHY OHOOM O HAKONKO cToTuim K/W 3a mano-
MoLIHHTE eleMeHTH. To mokassa ¢ KOJIKO rpajgyca Lie ce IMOBUIUM TeMIepaTypaTa Ha
npexo/ia, KOraTo KbM JIHO/a Ce MO/ia/ie MOUIHOCT 1w,

TonnuHHOMO CbNPOMUBNEHUE KOPNYC-OKOIHA cpeda OOMKHOBEHO MMa Ompee-
A poits, Thil KaTo Ry, >> thjc. To 3aBucu OT WIIOMITA HA KOPITYCa K OT XapakTe-

pa M IBETA Ha NIOBBPXHOCTTA My. MalkuTe IIaCTMAaCOBUTE KOPIYCH Ca IIMPOKO pas-
npOCTPaHEHH 32 M3NPaBUTENHH AHOAH, paboremu c TokoBe 10 1 A. 3a mo-ronemu
CTOMHOCTH Ha TOKa, 33 1a ce 00NeKYH OTBEKAAHETO HA TOIUTMHATA, B KOPIyca Ce MOH-

_TMpa METajlHa IUIaCTHHA. 32 MHOTO TOJ€MH TOKOBE C€ M3II0JI3BaT MAaCUBHH METAJIHH
KOPIIYCH, KOUTO UMaT cpeOpuct usAT (¢ur. 2.19a).

a)

@ue. 2.19. Tunose xopnycu 3a NOAYRPOGOOHUKOE OUOO
a — KOpnycu Ha MANOMOUHY, CPEOHOMOUHY U MOUHI USHPABUMENHU OUOOU;
6 — paduamop 3a omeedxcdane Ha MONTUHAMA

3a ma ce MOBUIIM PabOTHHAT TOK M HalpeXeHUE, TOIUIMHHOTO CBIIPOTHUBIIEHUE
MOJKE JIa ce HaMallil B M3BECTHH I'DaHUIM 4pe3 paxuarop 3a oxnaxaane (¢ur. 2.196).
Toit OOGMKHOBEHO € OT allyMHHHi, C KOETO ce MOoA0OpsBa TOIIOOTBEXIAHETO U CE
CHIDKaBa CHIIPOTHBIEHHUETO KOPILyC-OKONHA cpela. B To3M ciyuali TOINIMHHOTO ChII-
POTHBJICHHE MMa CIIEIHUTE ChCTaBKH (¢ur. 2.20):
(2.12) Ry = R‘hjc +Ry, +R

theh thpy ?

KbpACTO R‘hch € TOINIMHHOTO CBIIPOTHBIICHHUE Kopnyc-pa()uamop, a R CbOTBETHO

thyy
paouamop-oKkoaxa cpeod.

Duz. 2.20. Cvcmasku Ha NMONAUHHOMO CLHPOMUBNEHIUE
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TonnuHHOMO ConpomueneHue paouamop-o0KOIHa cpeda ce TIOHNXKABa C yBENH- |
yaBaHe Ha IUIOLITA HA paguaropa. 3a 1o-I00bp TOIIMHEH KOHTAKT MEXAY paguaTopal
1 KOpIyca MOXe Jja ce NOCTaBH CHIMKOHOBA MACTa, C KOETO JONBIHUTEIHO CE HaMa- |

i
miBa Ry, - 1

HpI(I MOILIHHM AUOOH, KOraTo OTACHAHAaTa TOINIMHA HE MOXXE a CE paaceﬁBa CaMOj
IIpe3 Koprnyca H paanatropa 3a H0)106pﬂBaHe Ha TOIIIOOTBCKAAHETO CE€ M3MOJI3BA HO--
IMTBJIHUTETHO BB3AYIIHO HJIX BOOHO OXJIAXXIAHE.

3a NnpaBHuiIHA pa60Ta Ha OAuojda oTAcjiCHaTa B Npexoja MOIMHOCT TpSIGBa aa e
[10-MaJIKa WJIM Hail-MHOT0 PaBHa Ha U3IbY€HATa B OKOJIHOTO IMMPOCTPAHCTBO.

T -
(2.13) 1
thj,

B npotuBeH ciydaii [uoabT ce 3arpsBa HaJ JOIyCTHMara TeMIepaTypa U Moxe
Jla ce TIOBpEIH.

Makcumanno donycmumomo obpamno Hanpedicenue Ha npexoja Ugmax € Mak-
CHMAaJIHaTa CTOHHOCT Ha 00paTHOTO HalpexeHNe, IPH KOETO Ce OCUTypsBa 3aajicHa-
Ta HaJe)KAHOCT Ha ejieMeHTa. To € Mo-MaJlKo OT NPOOHUBHOTO HAMpPEKEHHE C U3BECTEH
EKCIUIOATALMOHEH pe3epB, TapaHTHUpall, 4e 10 BpeMe Ha pabora HAMa Ja HacThIH
TpoouB.

2.10. Npo6busn

IIpoGuB e siB1eHNETO, CBBP3aHO C PA3KO yBe/IMYaBaHe Ha 00paTHUS TOK Ha
AM0Ja MPU AOCTUraHe HA ompedesleHa KPHUTH4YHA cToifHocT Upg Ha 00paTHOTO
HanpeskeHue Ha PN npexoaa (pur. 2.21).

UR! V UBR

O6nacr na
po6us

Y I, mA

Due. 2.21. Obpamua eonm-amnepHa xapaxmepucmuxa Ha ouooa ¢ obracmma Ha npo6us

B 3aBHCHMOCT OT MPUYHHHKTE, MPEAU3BUKBAILM NOSBATa HA JOIBJIHUTEIHU TO-
KOHOCHUTEIIH, C€ Pa3NINyaBaT eJIeKTPUYeCKH U TOIIMHeH npobuB. Criopen MexaHHu3-
Ma Ha H3BBPIUBAHETO CH EIEKTPHYECKUAT MpoOHUB OT CBOSA CTpaHa Moxe JAa Obae ja-
éuneH WM yenepog (TyHeneH). EnexTpuueckusT npobus e obpamum. Ilpu HamansBaHe
Ha HalpeXEHHUETO MOJ MPOOHBHOTO AMOABT NPOABIDKaBa Aa paGoTh. TOMIMHHHAT
npo6uB € HeoGpamum ¥ JOBEXKAA 10 pa3pylLIaBaHe Ha JUOIHATA CTPYKTYpa.

JIaBHHHMAT MPOGUB ce MPENN3BHKBA OT JIaBUHHOTO HapacTBaHe Ha Opos Ha
TOKOHOCHTEIIHTE TOJ ASHCTBHE HAa CHIIHO eleKTpryecko mnose. [Ipy ronemu obpaTHu
HalpeXXeHUss HEOCHOBHHUTE TOKOHOCHTENH, HaBIHU3allK B NpeXoia, Ce YCKOpSABAaT OT
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[0N€TO, MPHAOOUBAT JOCTATHYHA EHEPrUs U MPH CONBCKBAHETO CH C ATOMH OT KpHC-
TaJHATa PEIIETKa M30MBAT BAJIEHTHU €lEKTpoHH. [Ipu ToBa ce 00pasyBaT JOIBIIHHU-
TeNHH ABOMKYM TOKOHOCHTENH — eNEKTPOHH U [Aynku. M30UTHTE eneKkTpoHH ce yckops-
BaT OT IIOJIETO U NMPEIU3BUKBAT HOHM3aMA Ha HOBH aToMH (dur. 2.22). ITpouecsT uma
JaBUHOOOPa3eH XapaKTep W NPOTHYAIUMAT TOK CE€ OTPAHMYaBa OT BBHILHOTO CBHIIPO-
THBJIEHHE BBB BEpUraTa.

— d -

T8 »
o

_ - F +
Que. 2.22. Mexanuszvm Ha TABUHHO YMHOJICEHUE HA MOKOHOCUMeRume 8 npexodd

BoBexaa ce KoepHMIHEHT Ha JABHHHO YMHOXeHWEe M, KOWTO mokasBa KOJKO
OBTH C€ € YBEIMYMI OOpaTHHUAT TOK OT yJapHaTa HoHu3auus Iggr B cpaBHEHKeE ¢ Ig.

I
(2.14) M ="BR - 1 ,2<n<6,
Ig U n
1-| =R
UBR

kbJeT0 Upr € HaNpe)XEHUETO Ha NMPOOHB, 7 — KOHCTAHTA, 3aBUCEIIA OT THIA ITOXYIpO-
BOJIHHMK W THIIA HA IPOBOJVIMOCT.

JIaBUHHUAT NPOOMB BB3HMKBA B IIMPOKH NPEXOAH MPH IMO-BHCOKU 0OpaTHH
Hanpe)xeHus. Toll ce HabarogaBa NMpM BUCOKOOMHHTE IIPEXOIH, KaTO HMPOOUBHOTO
Hanpexxerue Ugr > 7 V. CToHHOCTTAa My 3aBHCH OT CIELM(PUYHOTO CHIPOTUBIIEHHUE
Ha cnabo nerupanus cioii. IIpoOMBHOTO HanpexkeHHe e MO-roAsAMO NPH MO-HUCKA
KOHLeHTpauus Ha npuMmecure. C noBHUIaBaHe HA TeMIIePaTypaTa HanpexeHue-
TO HA JIABMHEH NPOOUB HAPACTBA, 3a1110TO € He0OX0AUM 0-T0JIIM HHTEH3UTET Ha
noJieTo, 32 a HACTHNM HOHM3ALMS NPH 3aCHJIEHOTO XA0THYHO [ABH)KEHHE Ha
aTOMHTE B KpHCTAaJia.

C yBenuuaBaHe KOHLEHTpalUMATA HAa NpUMECUTE IIMpOYHHATa Ha obeqHeHaTa
obnacT ce HaMansfBa M HapacTBAa HANPETHATOCTTa Ha EIEKTPHYECKOTO IMOJIe 3a IIO-
HHCKH CTOHHOCTH Ha Hamnpexenuero (E = U/d). [Ipu onpeneneHa KpUTH4YHA CTOMHOCT
Ha 110JIeTo, B 00€IHEHHA CIOH Ce MOJIy4yaBaT JOI'BIHATEIHU TOKOHOCUTENH 4pe3 He-
NOCPENCTBEHO OCBOOOMIABaHE HA BAJEHTHH €NIEKTPOHU M MPEBPBILAHETO UM B CBO-
0omHM MOA AeiicTBUE Ha CHITHOTO enekTpHyecko moie (dur. 2.23).

BricokaTa HanpersHaTocT Ha IONETO NpEeAW3BHUKBA Pa3KbCBaHE Ha KOBAJICHTHU
BPBb3KM W PA3KO HapacTBaHe Opos Ha TokoHocuTenute. HOBOBB3HHMKHAIUTE NBOMKH
CIIEKTPOH-AYIIKA CE Pa3fesiAT OT MONETO, MpubaBsaik ce KbM 0OpaTHUA TOK U TOH pA3-
KO HapacTBa.
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Due. 2.23. Mexanuszvm Ha hopmupane Ha MOKOHOCUMENY NPU YeHepos npobue

IlenepoBuAT (myHener) NPoOHB € BH3MOXEH IIPU JTHOAH C ronsma KOHIIEHTpalusI Ha
IIPMMECHTE, KBIETO WIMPOYMHATA Ha OOEMHHs 3apsA € MHOTO MaJka M ChOTBETHO MH-
TEH3UTEThT Ha EJIEKTPUYECKOTO IO0Jie — ToasiM (OT IOpsALbKa Ha 10°-10" V/cm). Han-
peskeHHeTOo HAa LeHepoB MPoGHB He HAABHILABA HAKOJKO BoiTa (10 5-6 V). C mo-
BALIABAHe HA TeMOepaTypaTa HAapacTBa BEpPOSITHOCTTA 33 Pa3KbCBaHE Ha.
KOBAaJIGHTHU BPB3KH U TO3M THN NPOOHB HACTLIIBA MPH NO-HACKH HATIPEXKEHU.

JIaBHHHMSAT ¥ LIEHEPOBUAT MPOOUB CHOTBETCTBAT Ha IOYTH BEPTUKAIEH YYaCThK
B OoOpaTHAaTa 4YacT HA BOJT-aMIIEpPHATA XapaKTEPUCTHKA, Thil KaTO MalKo M3MEHEHHE
Ha HampeXEeHHETO TpeAu3BHKBa T'OJSIMO HapacTBaHe Ha Opos Ha TOKOHOCHTEIHTE H
cliemoBaTeNnHO Ha Toka. M jmBara BHAa mpoOWBH ca OOpaTUMHM M IpH HaMalsiBaHE Ha
HanpeXEHUETO CBOMCTBATa My Ce€ Bh3CTAHOBSBAT.

TOMINHHUAT MPoOUB BB3HMKBA, KOTATO NPU NMPOTHYaHe Ha Tok mpe3 PN mpe-
X0Jla c€ Hapyllld paBHOBECHETO MEXIy OTJelieHaTa TOITMHHA MOIIHOCT B IPEX0Za H
W3IbUEHATa MOIIHOCT W3BBH kopnyca. [Ipy monaBaHe Ha oOpartHo Hampexernue Ug
NPaKTHYECKH TO M3ILIO majga BepXy PN mpexona. Otmenenata momuoct P = Urlg
3arpsBa IONYIPOBOJHUKOBATA CTPYKTYpa. [Ipn nosuiaBane Ha oOpaTHOTO HampeKe-

HUE BB3HUKBAT YCJIOBHA 3a HapyuraBaHe Ha Oananca MEXAOY OTAECJICHATa B IIpexoJa U
OTBCACHATA MOIIHOCT.

(2.14) Uglp >15—2,
th

ITpu TOBa ce moBMIIABA TeMIlepaTypaTa. 3ali0uBa MHTEH3HBHA TEPMOTeHEPALIUs
Ha TOKOHOCHTEeNX B PN mpexoja, yBenuuaBa ce oOpaTHHUAT TOK M ce IOBULIABA TEM-
neparyparta. IlponecsT ce pa3ssuBa JIaBUHOOOpa3HO M MOpaAr HEeTHOPOJHOCTHTE Ha
Ipexoza MMa JIOKATEH XapakTep, KaTo ONpelesieH YJacThK OT MPEeXoAa ce pasrarns H
€JIEMEHTHT CE€ TOBPEXIa.

Hampesxxennero Ha TOITHHHKS MPOoOUB OBP30 HaMaJlsBa C OBUIIABaHE HA TEM-
repaTypara Ha okonHara cpema (¢ur. 2.24). Ilpn TonnuHeH nmpoOHB BONT-aMIIepHATa
XapaKkTEpPUCTHKa B oOpaTHAa MOCOKA MMa YYacThK C OTPULATENHO IudepeHIHaIHO

CBIPOTHUBJIEHHE (TOKBT HAPACTBA IPH CHILIEBPEMEHHO HAMallIBaHE Ha HaIPEKEHHETO
BBPXY IIpexofa).

50



U V B Usi Usre U,V JlaBunen Tommmuen TTosbpxHOCTEH
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r<90 /
Ilenepos
7,>T, T, / T, y [, mA vy L, mA
Que. 2.24. Tonnunen npobus Due. 2.25. Ilpobueu 6 PN npexoo

KoakoTo mo-rosgM e 00paTHHAT TOK HA JMOAA, TOJKOBA MO-HUCKO € HaM-
pexxenneTo Ha ToniuuHed npoGus. Ilo Tasu MPUYMHA BEPOSITHOCTTA 32 HACTHA-
--paHE HA TONJIMHEH MPOOUB B repMaHUEBUTE AMOAH € 3HAYNTETHO MMO-roAMa OT
TAa3M 32 CHIMUNEBH THOIM.
CununyueBUTe QUONM MMAT ¢ HAKOJIKO IMOPAABKA IO-MaTbK OOpaTeH TOK OT
“TepMaHHEBUTE M JOMYyCKaT paboTa IpH 10-BMCOKM TEMIEPATYPH Ha IIOIYHPOBOJHH-
KoBaTa CTPYKTypa. ToBa JaBa BB3MOXHOCT 3a INpHIaraHe Ha MNO-TOJEeMH OOpaTHH
nanpexerns (no 2500 V-3000 V), otkonkoro npu repmanueBure (1o 500 V-600 V).
B peanuure nromu PN npexonsT JOCTUra HOBBPXHOCTTA Ha KpucTana. [lopagu
BAMAHMETO Ha 3aMBPCABAHMATA, Bilara, HUIMYUETO HA TOJIEMH ITOBbPXHOCTHH YTEUHH
TOKOBE, Ha IIOBBPXHOCTTA HA MPEX0Aa MOKe JIa HACTBIM JIOKaJIeH IIPOOHB IIPH HHTEH-
3UTET Ha MOMETO, 3HAYHUTENHO IMO-MaTbK OT TO3M. MPHU KOWTO BE3HUKBa B obema. ITo
CBOATA IPUPOIA NOBLPXHOCMHUAM npobue MOXe 1a ObJie JIABUHEH, IEHEPOB HJIH TOII-
nnHeH. Ha ¢urypa 2.25 ca noka3aHu 3a CpaBHEHHE BONT-aMIIEPHHUTE XapaKTEPUCTHKH
Ha PN npexoj B 00paTHa [10COKa NIPH Pa3IHYHH BHIOBE MPOOUBH.

2.11. ToBapHa npaBa n paboTHa Touka

Ilpy Hanuuue Ha BBHILEH TOBap (HaNpHMEpP PE3UCTOP ChC CBHIPOTHBICHUE R),
cerilacHo 3akoHa Ha Kupxod 3a cxemara ot dwur. 2.26a Moxe Aa ce 3anmiie:

.15) E=U+IR,

kpIeTo U € magbT Ha HAIPEXKEHHETO BBbPXY JHOAA, a I — TOKBT BbB BepHrara. AKo
ypaBHeHHe (2.15) ce pellln OTHOCHO TOKa, ce MojlydaBa ypaBHEHHME Ha NpaBa JIMHMA,
HapeyeHa TOBAPHA NpaBa:

(2.16) I=—lU+£
R R

y=kx+b

Ts MO)Ke Ja ce IOCTPOH B TIOJIETO HA BONT-aMIIEPHATA XapaKTEpHCTHKA Ha AHO-
na ype3 TOUkuTe U oT KoopauHaTHUTE ocH. Ako [ =0, To U = E, a npu U = 0 3a Toka
npe3 guoJa ce nonydana I = E/R (¢ur. 2.266).

'
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a) 0)

Due. 2.26. Paboma Ha 0uoda npu noOCmoaHen mox
a — cxemMd Ha C8bP36aHE C 8LHUIHO MOBAPHO CbHPOMUBAEHUE;
6 — moeapra npaea u pabomna moyxa

HaxyioHBT Ha TOBapHaTa NMpaBa U IOJIOXKEHHETO U B MOJIETO HA BONT-aMIIepHaTa
XapaKTepHCTHKA HE 3aBUCAT OT AUOMA, & CaMO OT CTOMHOCTUTE Ha TOBapPHOTO ChHIIPO-
THBJIEHHE R U Ha 3aXpaHBaIoTO HanpexeHue E. AKo ce MpoMeHH 3axXpaHBaLIOTO Hall-
peXxxeHHe B CXemara, TOBapHaTa NpaBa Ce NpeMecTBa ycropeaHo Ha cebe cu (ur.
2.27a), noKaTo HaKJIOHBT U ce MPOMEHs CaMo, aKo C& H3MEeHH CTORHOCTTa Ha TOBap-
HOTO chrpoTuBieHue (dur. 2.276).

{5

5 E bk
R R,
E E
R E,>E, R, R,> R,
U; U.
E, E, B
a) 6)

Que. 2.27. 3asucumocm Ha moeapHama npasa om 3axpaxeauiomo HanpesiceHue U mosapa
a — NPOMAHA 6 MECHONONONHCEHUEMO HA MOBAPHAMA NPasa;
6 — npoMAHa 6 HAKIOHA HA MOBAPHAMA NPAEA

IIpeceynaTta Touka Ha TOBapHaTa MpaBa M BOJT-aMIIEPHATa XapaKTEPUCTUKA
onpeznenar padotHata Touka Q. B pabGoTHaTa Touka BcekH IHON WMa (HKCHPaHU
CTOMHOCTH 32 TOKA U HAMNPENEHHETO M CE XAPAKTEPH3Upa C OIpefelieHO CTATHYHO
CHIPOTHBJICHHE:
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Besika poMsiHa Ha 3aXPaHBAIIOTO HANPEXEHNE WIH TOBAPHOTO CHIPOTHUBIICHHE
e IPOMEHH MECTOMONOKEHMETO M HAKJIOHA Ha TOBApHATa NpaBa, a 0TTaM ¥ paboTHa-
£a TOYKa U CTOHHOCTTa Ha CTaTUYHOTO CBIIPOTUBIICHHE.

IIpu 06paTHO BKIKOYBAHE TOBAPHATA MpaBa CE MOCTPOABA B IIOJNETO Ha 06par-
HaTa BOJIT-aMII€pHAa XapaKTEpHCTHKA MO aHANOrMyeH HauMH. CTo#HOCTTa Ha craThy-
HOTO CHIIPOTHBIIEHHE NPH 0OpaTHO BKJIIOYBAaHE € MHOTO IOJIsIMO, KOETO 00ACH:ABA ef-
HOCTPaHHATa IPOBOAMMOCT Ha IMO/IA.

2.12. EKBUBaNeHTHN CXeéMU NO NOCTOAHEH TOK

Haii-necHuaT HayuH Ja ce WIICTpUpa ASHCTBUETO Ha MOJa € TOW Ja ce pasr-
nexaa xato kimod. [Ipu npaso BKIIOYBaHE MAEAHHUAT AUOA NpeACTaBlABa 3aTBOPEH
KTI04, JOKaTO Npy 00paTHO BKBIOYBaHE — OTBOPEH KIIIOY, KaKTO € MOKa3aHo Ha ¢ur.
2.28a,6.

BosnTamnepHaTa XapaKkTepHCTHKA, CHOTBETCTBAINA HA TO3M uOeanusupan mooen

~e noKa3aHa Ha ¢ur. 2.286. 3abenexxere, ye B TO3H HACATM3MPAH Clydail HanpexXeHue-

TO B TpaBa nocoka Uy U TOKBT B 06paTHa 1nocoka Ig ca BUHArH ¢ HyJE€BH CTOHHOCTH.

To3u ompocTeH Mozesn IpeHeOpersa KOHTaKTHaTa NOTEHUMAllHa pa3ldKka Ha
Tpexoia, BETPEIIHNTE CHIIPOTHBICHUS HA OOIACTHTE M APYIH MapaMeTpH ¥ MOXe 12
ce M3I10J13Ba B OTPAHHYEHH CJIy4ad IPU AUArHOCTHKA Ha HEU3NPaBHOCTH, KOraTo He ce
H3UCKBAT TOYHH CTOMHOCTH 3a TOK2 U HANPEeXXEHHUETO BHB BEPHTara.

\ S
ES

A
6) , 9

Quea. 2.28. Hoeanusupan moden Ha 0uooa Kamo Koy
a - npaso sxmoyeane; 6 — obpamuo exmoneane; 6 — udeanusupana VA xapaxmepucmuka
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3a MpaKTHYECKY LIENY Ce U3IO0N3BA hpazosusm mooden Ha nuona. IIpu Hero ce
OTYHNTA HAMPEKEHHETO Ha OTMyuIBaHe Ha auona Up, KOETo € paBHO Ha KOHTaKTHATa
MOTEHIMAlHA pa3jiMka Ha Mpexoja M MMa TUIH4Ha cToiHoct 0,7 V 3a Si Anoav u
0,2+0,3 V 3a Ge auonu. [Ipu npaBo cBbp3BaHe AUOABT CE AIPOKCUMUPA CHC 3aTBOPEH
KJII0Y, [TOCIEI0OBATEIHO Ha KOWTO € BKIIIOYEH W3TOYHMK Ha HalpeskeHHe ChC CTOHHOCT
Uy (dur. 2.29a). ITonoXXUTENHUAT IOJIIOC HA U3TOYHHKA € KbM aHoza. Hanpexxenuero,
IPUIIOXKEHO BBPXY AWoJa, Tpsi6Ba jJa HaaBuIuK Up, 3a Ja mpoTedye TOK MpPE3 AHOIa
(¢ur. 2.296). O6paTHO BKITIOUEHUAT AUOJ CE 3aMECTBA C OTBOpPEH Ko (dur. 2.296),
THH KaTO KOHTAKTHATa MOTEHIMAJIHA PA3/INKa Ha NIPeXo/ia He OKa3Ba BIMSHHE NIPU 00-
paTHO BKJIIOYBaHE.

Uy
+ -
__<:)—o—o— ——o0~ 0— L
—_——
I
- - U, U,
i 1|1} = -
Uy
E
a 6) 8)

Que. 2.29. Ilpazoe moden Ha duoda
a — npago exaroyeare; b — obpamHo skmo4eane; 8 — anpokcumayus Ha BAX

3a mo-rojiMa TOYHOCT C€ HM3IIONI3BA AUHEAnusupanuam moden Ha auof. dwur.
2.30a noka3Ba MoJiena Ha AWOAA MPH NpaBo BKIIOUBaHe. To# ce ChCTOM OT M3TOYHHK
Ha TIOCTOSTHHO HaIIpeXeHUe ChC CTOMHOCT Uy U MOCIEN0BATENHO CBBP3aHO KBbM HETO
MaJIKO (IMHAMMYHO) CHIIPOTHBIICHUE 1, KOETO OTYMTA HAKJIOHA Ha XapaKTepHCTHKATa.

B obpaTHa mocoka AMONBT CE 3aMEHA ¢ TeHepaTop Ha TOK Che CTOMHOCT Ig. 3a
Jla ce OTYEeTe U3MEHEHHETO Ha 0OpaTHHs TOK C IIPOMSAHA HA HANPEKEHUETO, Iapalien-
HO Ha TeHepaTopa Ha TOK Ce BKIIOYBA TOASMOTO 0OpaTHO ChIPOTHBJIEHHE HA AWOMA
Rg (dur. 2.306).

A7
I }
UO
+ _ r
() [ +— - \ gl U ] U,
IR Ra ﬁk ‘ F&
| > U,
I 0
U,
U,=U,+Lr L=L+— [ I,
R
a) 6) - 6)

Due. 2.30. Jluneanusupan mooden Ha ouoda
a — npaso exniousane; 6 — obpamuo exnousane; 6 — anpoxcumayus na BAX
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2.13. TecTtBaHe Ha AnoAa

3a 6bp3a IPOBEPKA Ha M3NPABHOCTTA Ha JMOMIa MOXE JIa CE M3IIOJI3Ba MYJITHME-
pp. KaKkTO € U3BECTHO U3NPABHUAT AMOM M€ AMa U3KIIOYHTENHO TONSAMO ChIIPOTHB-
nenue TpH oOpaTHO BKIIOYBAaHE (OTBOPEHA BEPMIa) M MHOTO MAJKO ChIPOTHBJIEHHE
npH TPaBo BKIoYBaHe. [IpeKbCHAN MO/ 1€ NMOKa3Ba BUCOKO CHIPOTHBICHHE M NIPH
npaBo ¥ 06paTHO BKIOUBaHe. [lehekTHpan NMoA C KbCO CheIMHEHHE B NIPEX0Aa liie
{Ma HUCKO CBIIPOTHBIIEHHE U B ABETE TTOCOKH.

Muoro nuppoBH MYITHMETPH MPEJOCTABAT BH3MOXHOCT 332 YAOOHO M JIECHO
tecTBaHe Ha MuoA. Ha GyHKIMOHAHUA CH KIIIOY Te MMAT IO3UUMA, MAPKHpPaHa ¢ Ma-
bk cMMBOJI Ha auox (dur. 2.316). KoraTo KIl0YBT ce IIOCTaBH B Ta3H MO3HLHS, LU(-
_ OBMAT MyJITUMED OCHTYPSBA BHTPEIIHO HANPEXEHUE, KOETO € IOCTATBYHO MHOABT Ja

- ce BKJIIOYM B NpaBO M OOpaTHO CBBP3BaHE. 3a Pa3jIMYHUTE MYJITHMETPH THIMYHK
CTOMHOCTH Ha BBHTPELIHOTO Hanpexexue ca B obnacrra ot 2,5 V no 3,5 V.

duez. 2.31. Tecmeane na ouoo
a — npaeo éx0Yeane; O — NONOCEHUe HA KAI0Yd; 8 — 0GPAMHO GKII04EAHE

3a npaBo BKIIOYBaHE HA MO/, YEPBEHUAT (IIOJIOXKUTENEH) U3BOJ] HA MyITHME-
Thpa ce CBBP3Ba KbM aHOZA, a UYEpHHUAT (OTpHLATENEH) — KbM Karona (¢ur. 2.31a).
AKO CHIHUMEBHST AUOJ € M3NPaBeH, MyITHMETBPET IIE OTYETE CTOHHOCTH Ha Harl-
pexeruero mexcay 0,5 V u 0,9 V (tunuysa croiinoct 0,7 V).

Ha ¢ur. 2.316 mroxbT € BKIIOYEH 00paTHO. AKO JUOIBT € M3MpaBeH NOKa3aH!-
ero e "OL" (orBopeHa Bepura). Hakou MynTuMeTpu BMecTo WHAMKauusaTa "OL" mo-
Ka3BaT BHTPEIIHOTO HAIPE)XKEHHE Ha MYJITHMETHPA, KOETO M3LSUIO Maja BHPXY M3K-
JIOYHUTENHO TOJIAMOTO CHIIPOTHBIICHUE Ha [TPEXO/a.

AKo B paBo 11 06paTHO BKIIOYBaHE MHIMKaUATa Ha MyaTuMeTspa e "OL", To-
Ba 03HAYaBa Y€ AUOJLBT € NpekbCHaN. ToBa € eUH OT HalH-4eCTO CpeliaHuTe AedEeKTH.
Axo Tipu ABeTe BKIIOYBAHWA Ha [HOja, MHAMKANHUATa Ha MyinTumerspa € 0V, ToBa
O3HayaBa 4e B CTPYKTypaTa Ha O1oJa MMa Kbco cheauHeHve. [Tonskora aedexrrpa-
JUAT JUOJ MOXE Jd UMa MaJKo ChIPOTHBICHHE W B JIBETE II0COKH, HO Pa3lIM4yHO OT
KbCO cheUHEHHe. B To3u ciiyyail MynTHMETHPBT LUE U3MEPH HANPEXKEHUs, Pa3InIHA
OT Te3H 3a m3npaBeH Auoj. Hanpumep 3a TakpB AMOJ IIOKA3aHUATA HA MYITHMEThpA
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moraT na 6sxat 1,1 V B nsere nocoky, Bmecto 0,7 V 3a npaso Bkatoysade 1 "OL" 3a
obpatHo.

&~ lMNMpumep

Omnpenenere nani gMoaute ot ¢ur. 2.32a,6 PyHKIMOHMpAT NpaBHIHO. B ciy-
yail Ha HEM3MPABHOCT OMpeJeseTe TUNa U — MPEKbCHA AMOJ UK KbCO ChEVHEHUE B

CTpYyKTyparTa.

ov 15V
100 68 Q2
12v+ 15y
- - +
| Ii | |}
a) 6)

Duez. 2.32. Cxemu Ha OU00 ¢ NOKAIAHUA HA BONIMMEmMPUMEe

PeweHue

Jduonst ot dwr. 2.32a e usnpased. Tol e BKIOYEH B 00paTHO CBbpP3BaHE, UMa
roJISIMO CBIIPOTHBJICHHE M 1IAUIOTO HampexxeHue Ha 6aTepusara mana ppxy Hero. [Ipe3
BepUraTa He Tede TOK M aJbT BBEPXY pe3ucTopa me 6b4e 0 V, KakBOTO € U MOKa3aHHU-
€TO Ha BOJITMETHPA.

IOuonsT ot ¢ur, 2.326 e BIOYEH B IpaBa ocoka. Ako Oelie U3MpaBeH, Hall-
pexeHuneTo BepXy Hero wmieme ga 6bae okono 0,7 V. IlokazaHueTro Ha BOJITMETBpA €
15 V, xoeTo 1noka3Ba, 4e JMOIbT € MPEeKbCHAN, IMa roAMO ChIPOTHUBIICHHE H LIAJIOTO
Halpe)xeHUe Ha GaTepuATa nafa BpXy AcheKTUpPAIHA MPexXo.

2.14. Pa6ota Ha gMoaa npu MaJIbK NPOMEH/INB CUrHan

Haji-yecto AHOINTE ce U3IOJNI3BAT 33 U3IIpaBsSHe, IETCKTHPAHe U MOXyJIalis Ha
npomMeHnuB curHal. Korato ocBeH MOCTOAHHOTO HANpeXEHHE KbM JIHOJA CE MPHIOKH
Y NPOMEHNMB CHUHycOouIeH curHan u(f) = Ugsinet ¢ ammmuryna Uy, (dwur. 2.33q), 3a
HOJIOXHUTENHHA TONYNEPHo]] MaKCMMaJIHaTa Pe3yNTaHTHA CTOMHOCT Ha 3aXpaHBalOTO
HanpexxeHue me 6sxe E + Uy, a 32 OTpULaTeNnHus — cboTBeTHO E — Uy, AKO aMILIUTY-
JlaTa Ha CHTHAJA € MaJIka CIpAMO NPHIOKEHOTO MOCTOAHHO HampexeHue (U, << E),
OUOIBT L€ OCTaHE NPaBO MOJSAPH3UPAH M Npe3 ABETE NOTYBHIHA HA CHHYCOHAIHOTO
HalpeXeHHe. ’
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Due. 2.33. Paboma na 0uooa npu ManvK NPpOMEHAUE CUSHAN
a - cxema Ha cevp3eamne; b — OuepeHyuanHo ConpomuseHue

2.14.1. QudepeHUUanHoO CLNPOTUBIIEHUE

Ipu pabota Ha AMOAA MPU MATBK NPOMEHIUB CHIHAJ OKOJIO TOBAapHATa MpaBa,
sajaBauia paGoTHaTa TOYKa, MOraT Ja Ce€ IOCTPOAT Omle ABE NPaBH — CHOTBETHO 3a
TI0JIOXKUTENHHS U OTPHLATEIHIA MaKCHMYM Ha HamnpexxeHnero (ur. 2.336).

OO6pasyBa ce obiacT oxoino paboTHaTa TOYKa, ONpeleleHa OT CHHYCOHIHHS
CHTHaJI, B KOATO ce AehHHUpa npomenaugomokosomo (Qugepenyuanio) CobapoTUBIIe-

- Hue Ha quoxa. To MoXke Ja ce onpenen upe3 qudepeHuupane Ha (2.4)

2.17) p=dV_ 9
. d I+]
CroiiHocTTa Ha AU EPEHIIMATHOTO CHIPOTHBIICHHE CHIIHO 3aBUCH OT H30paHaTa
_paboTHa Touka. C yBenuuyaBaHe Ha TOKa npe3 auona JudepeHLHaTHOTO My CBIPO-
tuBienue Hamanssa. [Ipu I =1 pA 1o e 25 k€, noxaro npu I = 1 mA pmocrtura 25 Q.
3a MaJBK NMPOMEHJIMB CUTHAN NU(EPEeHUIHANTHOTO CBIPOTHBICHHE MOXE [ia ce
onpeneny rpaduyHO OT BOJIT-aMIIEPHATA XapaKTEePUCTHKA C HApacThIM OKojo pabor-
HaTa TOYKa:
e au AU
d Al
3a rpa¢MyYHOTO MOCTPOEHUE Ce TpeKapBa AONMHpATENHa KbM BOJT-aMIIepHaTa
XapaKTepUCTHKA B pa0OTHATa TOYKA M CHOTBETHUTE HApAaCTBLY B TaKa TOIyYCHHs Xa-
PaKTepHCTHUEH TPHBIBIHUK CE€ OTYUTAT OT ocuTe (dur. 2.34).
JudepenunannuTe napaMeTpn XapaKkTepH3HpaT eJieMeHTa caMo B 3aAaje-
Ha pab0THA TOYKA M NP U3MeHeHHe HA NMOCTOSHHOTOKOBHS PEeXKHM CTOMHOCTTA
HM ChbINECTBEHO ce npomens (dur. 2.34).
IIpu paboTa npy Mabk NPOMEHIIMB CUTHAT M HHCKH YECTOTH JMOJABT MOXE Na
Ce 3aMEHH ChC CTOHHOCTTa Ha AMEPeHLMATHOTO CH CBIIPOTHBIEHHE B H3bpaHaTa pa-
OotHa Touka. JudepeHIHaNnHOTO CHIPOTHBIEHME NPU 0OPATHO BKIIIOYBAHE (HECETKH
MeraoMa) 3HaYMTENIHO IPEBMIIABA TOBA IPH NPaBO BKJIIOYBAHE M [0 TO3M HAuHH Ce
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OCHTypsABa €IHOCTpaHHaTa MPOBOAMMOCT Ha auona. C MoBHLIABaHE HA YECTOTATa
obaye cBOMCTBATA HA AMOMAA CE IIPOMEHIT.

AL AT

U, I

®uz. 2.34. Hamenenue Ha cmotinocmma na Ou@eperyuaniomo Conpomusnenue om pexicuma

2.14.2. YecTOTHM CBOMNCTBA

ITox nmelicTBHe Ha CHHYCOHMJHH CHTHANIM C pa3NlndHa 4decrorta u(f) = Upsinwt,
KbJIETO O = 27f, a mepnoasT T = 1/f, mpexoAHHUTE [IPOLECH B THOAA IPOTHYAT B Teue-
HHe Ha BpEeMETO Ha )KHBOT Ha TOKOHOCHUTEJINTE T.

Ipu Hucku vectot (T >> T) HEPABHOBECHUTE TOKOHOCHTENH B 6a3aTa HAIIBJIHO
peKOMOUHMpAT NpeJd Aa Ce CMEHH NOJIIPHOCTTa Ha HANpPEKEHWETO M TOK IIPOTHYa
caMo Mpe3 MOJNIOKUTENHUS MOy mepro/] Ha curyana (gur. 2.35a).

C noBumaBaHe Ha yectoTaTta (T = T) U3MpaBAIIUTE CBOMCTBA Ha JIWOAA CE BJIO-
mapaT. HeOCHOBHUTE TOKOHOCHTENH, WH)KEKTHpPaHH B 0a3ara mpe3 MONOKUTEIHHA
TIOJIYTIEPHOJ, HE YCIIABAT HAITBJIHO J]a pEKOMOMHHpAT NpeH fa ce CMEHH HONAPUTETA
Ha curHana. [Ipe3 BpeMe Ha OTpUIATETHHA MTONYNEPHOA TE CE EKCTPAXUPAT OT MPexo-
na, GopMupalkud OBPBOHAYAIHO TOJNAM OOpaTeH TOK, 3HAYMTENHO HaABMIIABaul I
(¢ur. 2.356).

IMpu mHoro Brucoku 4ecToTH (T << T) NpexoabT IyOH U3NpaBsILIUTE CH CBONCT-
Ba (¢ur. 2.356), THH KaTO BCHYKHA HEOCHOBHM TOKOHOCHTEIH, HaBle3H B 06a3zaTa npes
MOJIOKUTEIHUS MONYNEePHO, ce BphIIAaT 00parHO npe3 oOeMHMA 3apsj MO BpeMeE Ha
OTPHLATEHAA MTOIYEPHOL,

hi ﬂli

i
T>>1 T~= ﬁk T<<g

14
t

i UTJ; A

fi<< foi<< fy
a) 6) 8)

Que. 2.35. Bauanue na
yecmomama evpxy popmMama Ha moxa npe3 OUo0a npu CUHYCoudeH CuzHan
a — paboma Ha 0uooa npu HUcKY Yecmomu, 6 — noguwasane Ha yecmomama;
8 — 8UCOKU Yecmomu

| I
L
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Orpany4eHHETO B YECTOTHUA 0OXBaT Ha paboTa € CBBP3aHO ¢ HANMYMETO Ha
KanaluuTeTH Ha JHoja.

2.14.3. KanauuTteTn Ha guopaa

ITonynpoBOJHUKOBHAT OWOA NpUTENaBa KallalUTHMBHU CBOMCTBA, 3al0TO ¥UMa
criocoOHOCT Jja HAaTPYMBa ¥ OTAABA 3apsAA NPpH NPOMsHA Ha IIPHUIOMAKEHOTO BBPXY HErO
panpexeHue. Mi3MeHeHHeTo Ha 3apsjia ce OChlecTBABa B obnacTTa Ha PN npexona u

_B HEYTPAIHHUTE 00/1aCcTH, B ChOTBETCTBUE C KOETO CE PA3IMyYaBaT IBE ChCTABKH Ha Ka-
nauurera — 6apuepna Ct v oughysna Cp.
7 C=Cr+ Cp.
bapuepHusT KamamUTET XapaKTepusnpa cbCpefoToueHus B PN mpexona 3a-
_pAA, CB3JaJeH OT HoHuTe Ha npumecute (dur. 2.364).
d

- -

- ~0©

w06
o 06

6)

- +

Dua. 2.36. Kanayumemu na ouoda
a — bapuepen kanayumem, 6 — oughyzen kanayumem

IIpu u3MeHEHHE Ha HAlPEKEHUETO CE IIPOMEHs LIMPOoYMHAaTa Ha 0OeMHUS 3apa]
d, a oTTaM M 3apAOBT HAa HEKOMIICHCUPaHHUTE iioHH. bapHepHHAT KamauuTeT oTpasiaBa
NpepasnpeeIeHHEeTO Ha TO3H 3aps B PN mpexoia OT NPeau3BUKATIOTO 'O U3MEHEHHE
Ha HaNpexeHHETO U CHUIECTBYBA KAKTO IpH NPaBo, Taka M MpH 0OpaTHO CBBP3BaHE Ha
nMona.

Pasnuuasat ce cmamuuen Gapyepen kanaiuter Cop
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Q

u Ougpepenyuanen 6apueper kanauuret Cr
_40
du
B npakTHKaTa ce U3M0/3Ba MIPEIMMHO JTN(EepEHLHANHUAT KalayuTeT, 32 Gusm-
YeCKH aHaJIor Ha KOMTO MOXe a IOCIY KU KanalMTeTHT Ha MIIOCHK KOHAEH3aTOop:

C= Eo€.S
d 9

T

kpAeTo S e miomra Ha PN npexoza, a d — lIMpoYHHaTa Ha 00eMHUA 3apsa/l.

bapuepHHAT KamanuTeT 3aBHCH OT IUIONITA Ha NpeXoja, KOHUEHTpALHATa Ha:
npumecuTe B crnabonerupanara obnacr (Np 3a citydas, korato Na >> Np) ¥ IpUIOxKe-
HOTO KbM NPEXOJa HAlpEXXEHHE.

(2.18) CT~SND

T

BapuepHUAT KanauuTeT € MpoNopLUHOHATEH Ha IUIOLITa Ha MPexoJa U ChCTaB-
nsBa JECETKH U CTOTUIM nHukodapana. Tol HapacTBa ¢ yBeln4yaBaHe Ha KOHLEHTpa-
LMATa Ha NMPUMECHTE M Ce M3MEHs OT THNa Ha pasnpejeneHHeTo uM. Baxna ocobe-
HOCT € 3aBHCHUMOCTTa OT MPHJIOMKEHOTO HalpexeHre. bapHepHUAT KanaluTeT € I10-
TONSM IPH IIPaBO BKJIIOYBAHE M HaMalsBa ¢ HapacTBaHe Ha oOpaTHOTO HalpexXeHHe
BBPXY AHOMA.

Tunuyna BoaT-PapanHa xapakrepuctika 3a quoau 1N4001-1N4004 e mokasa-
Ha Ha ¢wur. 2.37. HenuHeiiHocTTa Ha BONT-(hapajiHaTa XapaKTEPUCTHKA C€ M3ION3Ba
BBB BapHUKalUTe, KOUTO HAMUPAT MPHIOKEHNE KaTO KOHAEH3aTOPH C MPOMEHIMB Ka-
IALHXTET, yNpaBJsABaH OT HalPE)KEHHETO.

C., pF

100

T,=25°C ]

LT

— ]

1 U, V
0 20 40 60 80 100 120 140 160 180 200

Que. 2.37. Bonm-ghapadna xapaxmepucmura na ouodu 1N4001-1N4007

Andysnuat kanauuter Cp 0Tpa3sBa NMpepasnpeneIeHUETO Ha 3apsiauTe B He-
yTpanHuTe 06JacTH Ha AUOAA U3BBH 00EMHMS 3apsil.
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. Jludy3HMAT KanauuTeT ce 00yciiaBs OT H3MEHEHUETO HA CYMapHMUTE 3aps/M H3-
gpH PN Ipexojia Ipy MPOMsiHa Ha HanpexxeHneTo (¢ur. 2.366). Tl kato Tesu 3apsau
ce 06pa3yBaT NPY HHXXEKIHA Ha TOKOHOCHTENM npe3 npexoaa, Cp ce oTYuTa camo npu
npaso 6Ku046ane Ha Auosia. lIpomMsaHaTa Ha IPUIIOKEHOTO NPABO HATIPEIKEHUE € CBBP-
3aHO CBHC CBHLIECTBEHO H3MEHEHNE HA HEPABHOBECHUTE TOKOHOCHTEIM U3BBH 00EMHMA
3apal.

Cmamuunusm n1udy3eH KamalUTeT ce OoNpejels C OTHOLICHHETO Ha CyMapHHs
3apsfl Ha MEDKEKTHpaHuTe B N 1 P 006/1aCTH HEOCHOBHHM TOKOHOCHTENH K IPHIIOKEHO-
10 HATIPEXEHHE,

Jugpepenyuannusm nudysen xanamurer Cp ce NOpaxaa OT W3MEHEHHETO Ha

TO3HU 3’c'lp$[11 on ﬂCﬁCTBHCTO Ha HpHJ’IO)KCHOTO HaﬂpC)KCHI/IC.
Cp = 40, +—dQn
D - .

— au dU

CTOﬁHOCTTa Ha ,IIPI(I)y3HHﬂ KanaluTeT 3aBHCH OT BpeMeTO Ha XXHUBOT Ha HEOC-
HOBHHTC TOKOHOCUTEIHN H OT NNPOTHUYALUMAT l'lpCS npexona TOK U MOXKE da NOCTHUTHE
CTOTHLIM M XHIaau nukodapana.

(2.19) Cp=—-.
Or
CroTHOIIEHHETO HA OapuepHus U ANQY3HHS KalalMTET € Pa3IiIHo IpU U3Me-
HEHHEe Ha MOJAPHOCTTA Ha Hamnpexenuero. IIpM MpaBo BKIKYBaHE KANAUMTETHT
Ha AHO0AA ce onpeJesist OCHOBHO OT Au(ry3uus KanauuteT, 3amoro Cp >> Cr, a
npu o0paTHO BKJIIOYBAaHE — OT OapHepHUs KanauuTeT, Thil kaTto Cp = 0.

2.14.4. EkBuBaneHTHa cxeMa Ha AMoAa 3a MafibK NPOMEeHNUB CUrHan

Koraro npomMeHnuBaTa CbCTaBKa Ha CUTHAaNA € 3HAYUTEIHO [10-MajKa OT HOCTO-
AHHUTE TOKOBE M HAIMPEXEH!s, B IIbPBO NPUOIMIKEHHE JUOABT MOXKeE Aa Ce Pasriiexa
KaTo JIMHECH eleMeHT. B To3u cityyall ce M3mon3Bar Au)epeHLHaIHiTe NapaMeTpH,
YHHTO CTOMHOCTH Ce OIpeeNiT 3a u3bpanara paboTHa TOUKa.

ExBuBaneHTHaTa cXeMa Ha AMONA 3a MAJIBK NPOMEHIHMB CUTHaJl € ITOKa3aHa Ha
¢ur. 2.38, kpaeTO r MpeAcTaBIsABa AMbepeHIMaTHOTO ChIPOTHBIEeHHE Ha auoaa, Cp 1
Cr ca CbOTBETHO JUDY3HUAT U OapUEPHUAT KalalUTETH, a rg — 00EMHO CHITPOTHBIIE-
Hue Ha 6a3ata. C Ly u Cy ca 03HaYeHU Napa3sUTHATa MHAYKTUBHOCT Ha M3BOAUTE M Ka-
NalUTeTHT Ha KOpryca Ha Auofa. Te 3aBUCAT OT KOHCTPYKLMATA M F€OMETPUUHUTE
pasMepH Ha KOpIlyca M BIHMSHHMETO MM C€ MPOABSABA MPU CBPBX BUCOKH YECTOTH.

ExBuBaneHTHaTa cXxeMa I103BOJIABA Ja ce aHanM3upa paboTaTa Ha OUOAA IIpU
NpoMsiHa Ha 4yecToTara. IIpy HUCKM YECTOTH PEaKTHBHMTE CHCTABKH MOTAT Ja Ce Ipe-
HeOperHaT U AHOABT ce 3aMeCTBa ¢ AU(epeHIHANIHOTO CH ChIPOTHUBIEHHE B pabOTHA-
Ta TOYKa (32 HOPMAJIHUTE Cly4yauTe, Korato, 00eMHOTO CBHIPOTUBIEHUE Ha Oa3arta e
MaJIko ¥ MOXke Ja He ce oTyuTa). C yBenuyaBaHe Ha YecTOTaTa KanmaluTeTUTe HIYHTHU-
paT npexoja ¥ BIOLIABAT €AHOCTPAHHATA MYy MPOBOAHUMOCT.
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BiusHHMETO Ha KamalMTETHUTE 3aBHCH OT MOJAPHOCTTa Ha HampexeHueTo. Ilpu
npaso Bimoysane Cp 1 Cr ca napajieiHi Ha MHOTO MalKoTO Ir(epeHIMaTHo ChIpo-
THBJIEHHE HA [WOJA U TOYTH He oka3BaT BiusaHME. IIpu obpatHo BKItouBaHe, obaue,
CBIPOTHBJIEHHETO Ha JIHOJA € MHOTO rOJIAMO U 6apHepHUAT KamauureT MWyHTHpa PN

[IPeXoaa, BIOWIABaHKM HW3MPaBHTEN-
HHTE My cBoiicTBa. Hamuumero Ha

G
—I I—— 6apHepeH KanagurTeT 06y0JIaBﬂ npo-
r THYaHETO Ha KaNalMTHUBEH TOK IIPE3
r B

M—'—:I_T__{:I——"——o npexona It = CrdU/dt, xoiito Moxe
O_T 3HAYUTENHO Ia TPEBHIUH OOpaTHUA
Cr Tok I, Ha muoma (dur. 2.356), a 3a
ClTy4auTe Ha MHOT'O BMCOKH YECTOTH
C, Ja noBene N0 3ary0a Ha eqHOCTpaH-
HaTta My npoBoauMocT (¢ur. 2.358).
3a paboTa Npu BHUCOKM YECTOTH Ce

Quez. 2.38. Exeusanenmua cxema H3I0/I3BAT AHOAW € MAJIKH ILIOIIM Ha
Ha 0U00a 30 MAN'K NPOMEHAUE CUSHAN NPEXONHTE, 32 a CE HAMAIIAT TEXHHM-

Te KanauTeTH.

2.15. Pabora Ha guoaa B MUMNYJICEH PEXXUM

[TomynpoBOAHUKOBHTE JUOAM CE U3MOJN3BAT IIMPOKO KATO KAHOH06e, T. €. KaTO yC-
TPOMCTBA C [{BE CBCTOSHHUS — GKIIOYEHO, XAPaKTEPH3MPALL0 Ce C MHOTO MAJIKO ChHIIPO-
THBJIEHHE, H U3KTIOYEHO, TIPH KOETO CHIPOTHBIEHUETO e MHoro romsimo. OT ckopocTra
Ha NPEMHHABAaHEe OT €IHOTO B APYTOTO CHCTOSHHE Ce OMpefels Hvp3odeicmeuemo Ha
eJieMeHTa.

IIpu pA3KO M3MEHEHHE HAa HATIPEXKEHUETO WK TOKA CE MPOABIBA MHEPTHOCTTA
Ha auona. Ts e cBpp3aHa ¢ HEOOXOANMOCTTA OT BPEME 3a HaTPYIBaHe U pa3HaCAHE Ha
HEOCHOBHHMTE TOKOHOCHTENN B (a3ara, KaKTO M C POIIECHTe Ha npe3apexnane Ha Ga-
pUepHus KanauuteT. PasnuuaBaT ce npexodHu npoyecu TPH BKIKOYBAHE U H3KIIOYBA-
He Ha quofa. 3MeHeHusATa Ha TOKa U HANPEXECHHETO BEB BPEMETO, XapaKTepH3Hpa-
K NPEXOOHHUTE MPOLECH, 3aBUCAT CBUIO H OT CTOHHOCTTa Ha BBLHIUHOTO ChIIPpOTUB-
JIeHie BbB BEPHUraTa, B KOATO € BKJTIOUCH JJUOMABT.

2.15.1. Npouecu npu BKNOYBaHe Ha Auoaa

IIpu BKIIOYBAHE HA JUO/A B CXEMa C TOSIMO CHIIPOTHBIICHHE, 3HAYUTEITHO Tpe-
BHIIABAmO AN(EPEHIHATHOTO, TOKBT BbB BEPUTATa C€ ONpPEAEis OT BHHUIHOTO ChII-
porusieHue. ToraBa quoasT paboTH B pesicum Ha zeHepamop Ha mok ¢ Iz = const
(bur. 2.394a). 1IpaBoTO HampexeHHe BHPXY AMOJA € CyMa OT Maja Ha HalpexeHHETO
BBpXY PN npexoaa (Upy) ¥ BBpXy 00EMHOTO CBHIIPOTHBICHHE Ha Gasata (Ug) — (dur.
2.396).

IIpu roasM cUrHas CHIPOTUBIICHHATA B EKBHBAJICHTHATA CXEMA Ca HEJWHEHHH,
a 3a KaralUTEeTUTE Ce H3MO3BAaT CPEJHUTE UM MHTEIPATTHA CTOMHOCTH 32 3a1ajieH 00-
XBaT Ha U3MEHEHME Ha TOKAa M HampexeHHeTo. KamalureTuTe 3aBHCAT OT pexuma
KaKTO Au(epeHIHaNHUTe [TapaMeTPH.
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Quz. 2.39. ExeusaneHmua cxema 3a paboma Ha Ouo0 8 UMRYICEH PeNCUM
a — pexcum Ha zeHepamop Ha mox; 6 — paboma npu 2onam cuecHan

U} P
I
U L LU,
U. U. -
BO| FM U}‘D
A -
ty t

Korato Ha aAuoma ce mojane OTIYIUBAlL] TOKOB MM-
myac ¢ npasobrenHa gopma (dur. 2.40a), B ObpBUS MO-
MEHT HanpexeHnero Uy e ToIsMO U ce onpeaens OT roye-
MHMHaTa Ha Toka [p U CHIPOTHBIEHHETO Ha 0azara Ha
IMOJA rp.

Hampexxenueto Bppxy PN mnpexopa € Hyja Tbi KaTo
OapuepHMAT KamauuTeT He € 3apeneH. C HarpymBaHe Ha
HEOCHOBHU TOKOHOCHTEeNN B 0a3aTa HamansBa ChIPOTHB-
neHreTo U (Momynalys Ha ChUPOTHBIEHHETO Ha Oa3aTa B
PEXHM Ha TOJIEMH TOKOBE), KOETO JOBEXJa A0 HaMaJieHHe
Ha U (dur. 2.406).

Hamnpexenuero Bepxy PN npexoza HapacTsa nopa-
1M 3apexkiaHe Ha GapuepHus kanauuTeT (dur. 2.408).

IIpn cymupane Ha Up u Upy ce monyuasa Up (¢ur.
2.402). ITpouechT Ha yCTaHOBSABAHE Ha MPABOTO HAIpPEXe-
HUE Ce XapaKTepH3upa ¢ BH3HUKBAHETO HAa UMMYICHO HaN-
peoicernue ¢ npaga nocoxka Upy TIpU BKJIIOYBaHE Ha AHOAA
IIpH OIpefiesieHa CTOMHOCT Ha TOKOBHA Mmmyiac. Cren 3a-
BBpLIBaHEe Ha Mpoleca Ha HaTpyIBaHe Ha HEOCHOBHHTE
TOKOHOCHTENH B 0a3aTa HanpexeHHeTo BhpPXY AHOAA A0C-
THra yemanoeena cmovinocm Upp.

Que. 2.40. IIpexoonu npoyecu npu exuoyeane
8 NPAasa NOCOKA Npu 20JAMa CMOUHOCI HA MOKOGUSR UMNYIC
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BpemeTo 332 YCTAHOBSAABAHE HA HANPEKCHUETO I IIpU 33JaJACH TOK B IIpaBa
MOCOKa € HHTEPBAIBT OT BpeM€ OT MOMCHTA Ha NOJaBaHE Ha TOKOB MMIIYJIC B IIpaBa
IIOCOKAa 10 NJOCTUTaHE Ha ompeaeicHa CTOMHOCT Ha HaIlIpeKCHUETO BBPXY AXoAa Ur =
= 1,1 Urp.

2.15.2. lMpouecu npu U3knovYsBaHe Ha gnoaa

IIponecsT Ha MpeBKIIOYBaHE Ha AHOMAA OT

OTMYLIEHO B 3amyHIEHO CHCTOAHME MpPU OBP30

H3MEHEHHE Ha MOJNAPHOCTTAa Ha MPHII0KEHOTO

[ Hanpexenue (¢ur. 2.41a) ce xapaxrepusupa c

;  Df3KO yBeIM4aBaHe Ha OOpaTHHs TOK Ipm (¢uwr.

a) ! -+ 2.416) noHsAKoOTa C €QWH-IBA MOPAXbKa Haj yc-
TaHOBEHATa CTOMHOCT.

ToksT Irm OCTaBa TIOCTOSHEH, JOKATO HE
¥ 3aBBPIUM NPOLECHT Ha pa3HacAiHEe Ha HEOCHOB-.
HHUTE TOKOHOCHTEJIH B Ha3aTa.

4 Bpememo na pasuacsane t; ce onpeacns ot
BpEMETO Ha )KHMBOT Ha HEOCHOBHUTE TOKOHOCHTE-
L I yu. Cnen ToBa o6paTHUAT TOK 3alOYBa Ja Hama-
Y ‘ t JABa ¥ JOCTHra HOMMHAJIHATA CHM cTOHHOCT Iy 3a
> BpeMe £, KOETO ce ompefeil OT roJieMUHATa Ha
OapuepHusl KananureT. To3M XapaKTep Ha H3Me-
HeHHe Ha oOpaTHHSA TOK CBHJETEJICTBA 32 IIOCTe-
MIEHHOTO BB3CTAHOBABAHE HAa TOIAMOTO OOpaTHO
CBIIPOTHBIIEHNE Ha U0/,
A L Cymara OT BpeMeTO 3a pasHacsiHe Ha He-
- ' OCHOBHHTE TOKOHOCHTEIM U BPEMETO 3a HaMalls-
BaHE Ha TOKa C€ Hapu4ya BpeMe 32 Bb3CTAHOBS-
QDuz. 2.41. Hpexo()uu npoyecu npu BaHe HA OﬁpaTHOTO ChIIPOTHBJICHHE HA AHOAA
npesxnO48ane 8 06pamna nocoka ter.

\U

6) I,

[
\
A

te=1I+1.

CroliHOCTTa Ha MAapaMeTpHTe I, M I, TOKa3BaT ObP30ACHCTBHETO HA MMITYJICHUTE
avonu. JlnonsT pearupa 1no-6bp30 Ha M3MEHEHUATA HA NPHUIIOKEHHS CHTHAJI, aKO Te3U
BpeMeHa ca no-maiiki. [Toxo0psiBaHeTo HAa UMNYJICHHTE NapaMeTPH ce AOCTHTa Ype3
HamMa/siBaHe Ha BPeMeTO HAa JKMBOT HA TOKOHOCHTEJIMTE, IUIOILTA HA NMPexofa M
OrpaHMyYaBaHe Ha TOKA B IPaBa MOCOKA.

2.16. BupoBse anoamn

HMomynpoBonHUKOBHTE JHOAM MOTAT Ja ce KBATH(HUIMPAT M0 peanla NpU3HALM —
cnopen Matepuan (Si, Ge, GaAs U JAp.), KOHCTPYKTHBHO-TEXHOIOTHYHU O0COOEHOCTH
(TOYKOBH M INIOCKOCTHH), 110 TEXHOJIOTHA HA M3roTBSHE (CIUIaBHM, AU(Yy3HHM, MUIaHap-
HH), TO IpeJHa3HayeHHe (M3MPABUTENHH, ACTEKTOPHA M Ap.), IO 4YECTOTEH 0OXBAT
(HMCKOYECTOTHH, BUCOKOYECTOTHH, CBPhXBHCOKOYECTOTHH), CIIOPE] PUIHUECKHUS TIPUH-
UM Ha JAeHcTBME (W3MOM3BAallld aCHMETPHUATA Ha BOJT-aMIIEpHATA XapaKTEPHCTHKA,
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eIeKTPHAYECKHS NPOOMB, 3aBUCMMOCTTA Ha KallalluTeTa HA NPEXOJa OT HaNpeKEHHETO,
TyHEIHH eeKTH U Jp.)

Pa3nuyHUTE THIOBE MMOAM UMAT CNEUM(HIHE XapaKTEPHCTHKH U TapaMmeTpy,
onpeAe/Al OCHOBHHTE UM CBOHCTBA.

3HauMTeIHA 4acT OT NPHIOMKEHHATA Ha [OIYHIPOBOAHNKOBUTE AHOIM Ca OCHO-

‘paHH Ha eOHOcmpannama nposodumocm Ha PN npexooda.

2 9.16.1. UanpaBuTenHu anoam

M3npaBuTenHUTE AUOAHM Ca MOMYNIPOBOAHUKOBH JHOAH, IPEOHA3HAYEHH 3a Mpe-
o6pa3yBaHe Ha IPOMEHIMBH TOKOBE ¥ HAaIPEXKEHUS C HUCKA YECTOTA B MOCTOAHHH.
OCHOBHH TE€XHH napaMeTpH ca:
® Maxcumanen usnpagen mox Iy — Hali-ronamara JOILyCTUMa CpeJHa CTOMHOCT
Ha M3MpPaBEHUS TOK Ipe3 Ouoza (3a enuu nepuol). Criopel AOMYCTUMHUS U3-
NpaBeH TOK H3MPaBUTEIHUTE AUOLH C€ pasfeNAT Ha ManomowyHu (lomax <

— <0,3A), cpeonomounu (0,3 A < Ippax < 10 A) 1 MowyHu — C Lpnax > 10 A.

e MakcHuMalieH TOK B paBa MMOCOKA I,y — HaH-TOJIEMUAT TOK B IIpaBa MOCOKA
(aMIIMTYyOHA CTOMHOCT), KOMTO € AONMYCTUMO Ja ITpoTeye npe3 npexona (3a
€IMH NEPUON).

e MakcuManeH Naj Ha HalpeXXeHHUeTo B NpaBa NOcoKa Upn,x — NABT HA Hall-
PEKEHUETO B IpaBa MOCOKa P MaKCUMAJIHU TOK B IIpaBa IOCOKa.

e MakcumanHo obpaTHO HampexeHue Ugpp.x — Ha#-TonsMata aMl’XJ‘IPITy,IIHa‘
CTOHHOCT Ha O0paTHOTO Harpe)XeHHe BBPXY OHOJa (33 €AMH NEepHON), pH
KOATO ce rapanTupa HagexaHa paboTa (Urmax < Usr)-

e MakcuMaaHO JONYyCTHMa CTOWHOCT Ha IOBTAapALIOTO CE€ MMILYJCHO Harpe-
weHUE URrmax, KOETO IMOABT MOJXKE J1a TOHece, Oe3 1a HacThIM MpoOuB.

e OOpareH TOK Ig Ha IMOAA NpH ONpPEAENeHO 0OPaTHO MOCTOSHHO Hampexice-
Hue Ug.

e MaxkcumanHO J0IyCTHMA TEMIIEpATypa Ha NIpexoa Tjmax.

e MaxkcumaHo JOIyCTUMAa MOLIHOCT, pa3ceiBana OT AMoAa Py

e TOMIMHHO CBIPOTUBICHHE Ry, — IMOKa3Ba C KOJIKO rpajyca 1€ e MOBUILH
TeMIlepaTypaTa Ha Tpexofa HaJ| cTailHara, KOraTo KbM JHOA Ce MojaBa
mougoct 1 W.

e Kanmanurer Ha auona C, — KanauuTeThT NpPH 3a0aJieH0 0OpaTHO HaIpeXxe-
HUe.

e I'paHnMYHa YECTOTa — YECTOTATA, NPH KOATO KaMAlIUTUBHOTO CHIPOTHUBICHHE
Ha MPEX0Aa CTaBa ChHU3MEPUMO C AKrdepeHIIHaTHOTO.

HetaiinHa na(opManus 3a IapaMeTpUTe Ha BCEKH JAMOJ CE 331aBa OT [IPOM3BO-
JWTENs B CIIPAaBOYHUK, 32 Ja MOT'aT ChOTBETHHUTE €JIEMEHTH [J1a C€ U3T03BaT [IPAaBUIHO
332 KOHKPETHOTO IpHiIoxeHue. TUMHYHO ce 3aAaBaT MaKCUMAaJIHO JOMyCTUMHUTE Mapa-
METpH, MEXaHHYHH NAaHHU (THII KOPIYyC, pa3sMepH, H3BOAM M PA3IOIONKEHHE) U Ipa-
GHYHH 3aBHCUMOCTH 32 OTACIHH 1apaMETPH.

3a ocurypsiBaHe NPOTHYAHETO HA TOJISIM TOK Mpe3 U3NPaBUTENHUTE OMOLH € He-
obxoauMa rossma 1ol ToBa e CBBbp3aHO ¢ yBelM4aBaHe KanaluTera Ha J1oja ¥ ¢
OrpaHM4YaBaHE Ha YECTOTHHA AManNa3oH Ha paboTa.
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H3npaBuTeHUTE AHOAM PalOTAT caMO NMPH HHUCKH YeCTOTH, Thil KaTo
yBeJIHUaBaHe HA YeCTOTATa HAPACTBAT KANAUNTHBHUTE TOKOBE U AMOIHTE TYOAT
M3NpaBUTEIHHTE CH CBOIHCTBA.

[IpoTHYaHETO Ha TOJIEMH TOKOBE € CBBHP3aHO C OTAE/IAHE HAa 3HAYMTENIHA MOIL-
HOCT, KoATO TpiOBa J1a ObJe pasceitBaHa. ToBa ce MOCTHra ¢ yBenWyaBaHe Ha pasMe-
puTe Ha Koprnyca M BBHIUHHMTE W3BOAH. C yBENMYaBaHE Ha MOLIHOCTTAa OTAENAHATA
TOIJIMHA HEe MOXKE Ja ce pa3ceiiBa caMo Ipe3 Kopiyca ¥ 3a noxoOpsaBaHe Ha TOIUIOOT-
BE)XIAHETO CE M3IMON3BAT NOIBIHHUTENHHU PafMaTOpH, a NPH HEOOXOJHMOCT — BB3-
JYLIHO ¥ BOAHO OXJIAXAAHE.

H3npaBuTenHuTe AUOMU C€ M3TOTBAT TJIABHO OT CHIMIIUM, MOpajgy BUCOKHTE
npobusHn HanpexxeHus (1000-1600 V) u mo-BHCOKHAT TeMIepaTypeH AMana3oH, B
KoHTO Morat na 6naar u3non3Banu (Timx = 170-200 °C). O6paTHUAT TOK € MaIbK M
ce U3MEHs C HaMpPemEHNETO, Thif KaTO Ce MpeN3BHKBa [NIaBHO OT TOKA Ha reHeparis.
[TpoOUBHT Ma JIABHHEH XapaKTep.

ITpu HEOOXOAMMOCT OT M3NpaBsHE Ha TOK, HAJABUIIABAL| HOMHHAIHHA CpEeleH
H3MpaBeH TOK, CE U3TI0N3BA NAPANEHO C8bP36aHe Ha HAKOAKO ouoda (pur. 2.42a). 3a
Jla ce M3paBHAT TOKOBETE Mpe3 AMOJUTE CE M3I0I3BA JONBIHUTENHO aKTUBHO CBHIIPO-
THBJICHHE, KOETO Ompezess Toka B KioHa (R > r). B npotuBeH cnyyaii e HacTBNH
MIPETOBapBaHe O TOK B KJIOHA C Hail-moOpHs AUOJ — TO3HM C Hal-MaJlKo CBIPOTHBIIE-
HHe. BppXy aKTHBHOTO CBIPOTHUBIEHME e MMa 3aryda Ha MOIIHOCT, 0COOEHO MpH

roJIeMH TOKOBeE. 3aTOBa I10-4ECTO 33 H3paBHABAHE Ha TOKOBETE C€ M3MOJ3BAT UHAYK-
THBHOCTH.

R>r E |

B e B

Rm < Roﬁp

a) 6)
Due. 2.42. Cevp3sane na duooume 3a paboma npu:
a — mok no-201am om loma; 6 — Hanpedscenue, npesuuiasayo Urmax

Ilocnedosamenno ceévp3eane na ouodume ce U3MON3BA 33 YBEeAHUABaHE Ha Cy-
MapHOTO 00paTHO HampexkeHHe. [lopaiu pa3nHKuTe B OOpaTHHUTE CHIPOTHBIICHUS Ha
OTHEJHNTE JUOAM OGLIOTO HANpEeXEeHWe Ce PasmpefeNs HEPABHOMEPHO BBPXY TAX.
Haii-ronsamo e Obae HanpexeHUeTo BhPXy Haii-no6pus Auox (¢ Half-ronaMo Reg,) 1
MOXe [a HacThNKM HeobpaTuM mpobuB. 3a Ja ce U3paBHH HMAaIbT HAa HANPEKEHHUETO
BCEKH IMOJ CE IIYHTUPA C Ry, KaTo R, < Rsp.
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[Topan¥ €AHOCTPAaHHATa CH NMPOBOIUMOCT (CMOCOOHOCT J1a MPOBEXAAT TOK B
eniHa MIOCOKA ¥ Jia He NPOIYCKaT TOKa B 00paTHATa IOCOKA) UOAMTE Ca OCHOBHH Ipa-
JWMBHH €NEMEHTH B U3npagumenume, KOWTO npeobpasyBaT CTaHAAPTHOTO IIPOMEHIIMBO
panpexenue ot mpexata (220 V, 50 Hz ) B nocTosnno. 3axpaHBauaT 610K Ha BCsKa
eleKTPOHHA anapaTypa, KOATO CE CBbDP3Ba KbM €JIEKTPUYECKATa MPEXa, ChABPKA U3N-

agumen.

@ur. 2.43 winocTpupa OCHOBHMSA NPUHLMI Ha paboTa Ha u3mpaBurenute. IIpes
[0J0KMUTEJIHHUA TIOJIYTIEPHOA AUOXBT € OTIIyIueH. [IpoTHYaIIMAT IIpe3 HEro TOK Ch3JaBa
nal BbPXY TOBapHOTO ChIPOTUBIEHHE Ry. [TonyyeHOTO B H3X0a HaNpeXeHHe NOBTaps

~ - {popMaTa Ha BXOJHHs CUTHAI [Ipe3 [OJOXHTENHUS TONyIIepHOA. MaKcHMaHaTa CTok-
—g0CT Ha HANPEKCHUETO B U3X0a MOXKE Jia ce onpeziend oT 3akoHa Ha Kupxod u ma e ¢
~.-0,7 V no-majka mno CTOMHOCT OT aMIUINTyJaTa Ha BXoaHusA curHain (¢ 0,3 V no-manxa,
ako AuodsT € ot Ge).

u, (D) R, | uoul®)

L *

m

Untowy= Uniiny— 0,7 V

Que. 2.43. Ednonvmen usnpasumen

Ilpe3 oTpHLIATENHUS TIOJYNIEPUOA AMOABT CE 3alyIlBa, [Ipe3 BEpUTaTa He Teuye
TOK U HaNmpe)XEHUETO B M3Xoja e Hyna. [Tpe3 To3u monynepuon, obaye, UsI0TO BXOA-
HO HanpeXXeHue ce Mpujiara BepXy auona. Korato ce ZOCTHrHE aMIUIUTyJaTa Ha OT-
pHnaTenHaTa MojayBbIHA 0OpaTHOTO HANpexXeHHe BbPXY AMOJa JOCTHTa MHKOBATa CH
croifHocT. JInoasT TpAOBa fa € B CHCTOSHHE Jia H3XbpiXa MMOCTOSHHO IOBTApAILH Ce
rojieMu 0OpaTHH HANpPEXKEHHU, T. €. 32 KOHKPETHHS OUOA NapaMeThpbT Urrmax TPA0BA
3HaYMTEHO [a Ha[BMILABa aMIUINTYJaTa Ha BXOAHOTO HANpEXEHHE.

INopaan eaHocTpaHHaTa CH NPOBOAMMOCT AHOABT IPOIYCKa CaMO MOJIOKUTEN-
HaTa MoNyBb/IHA Ha NMPOMEHIHBOTO HampekeHue. Thil KaTo M3XOJHHAT CHTHAI He
NIpOMEHs MOJAPUTETA CH, B U3XO0/1a Ce MOoJIyyaBa MyJICHPAILO OCTOSHHO HAMpeXKEHHUE.
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ToBa HampeXxeHHe MOXeE Ja Ce M3MepH C MYJITHMETHD, KOHTO NOKa3Ba CpeaHaTa
CTOMHOCT Ha HAMPEXKEHUETO Ha U3XOMHATA NOMYBEIHA Upsygr (ur. 2.44).

A Uou

s ah

U,

m(out) -~ --,

_ t
UAVR b ¥ akuiutiale Winiedntatebataiet UAW‘ =

Y

A

Duz. 2.44. Cpedna cmoiiHocm HA U3XOOHOMO HAnpedicenue

& lpumep N

Ja ce onpexeny GopMaTa Ha M3XOJHUS CUTHAN M HEroBaTa aMIUIMTYMA 32 CXe:

Mata oT ¢ur. 2.45 mpu 3amafeHus BXoJeH curHail. [la ce onpenaenu cpeaHaTa CTOM=
HOCT Ha U3XOJHOTO HaNpeXEeHUE.

‘ uill A uou(
5Vi--,
43V '7\
; :
- 1,37V \ '
= T
5V Jemmmceaa
Due. 2.45. Ilpumep 3a eOnonvmeH usnpagumen
PeweHue
Um(oul): Um(in] - 0,7 = 5 V - 0,7 V= 4,3 V.
U 43V
Upyp =—20 =2~ =137 V.,
L8 T

3a npaBHIHOTO (PYHKIIMOHUpPAHE HA ENEKTPOHHUTE CXEMH Ce M3KMCKBA 3aXpaH-
BAlll H3TOYHMK HA MOCTOSHHO HANPEXEHME U TOK. 3a Ja Ce HaMAaJIAT MyJICAllHUTe B 13-
XOMHOTO HANpPEeXEHHE Ha M3NpPaBUTENsS CE M3NON3BA Kanayumueer guimvp ((ur.
2.46).

KanmauutuBHAT GUITEDP, CBBP3aH KbM M3NPABUTENS, CIMMHHKPA [YJICALMUTE B
M3IIPAaBEHOTO HANPEKEHHE M OCHIYPSABAa OTHOCHMTENHO IMOCTOSHHO HAIMPEKEHHE ChC
cnabu Quykryauuu. CxemaTa Ha Qur. 2.47 WIIOCTPUpPA NPHHUMIIBT Ha GUITPHPAHE.
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En. mpexa Hsnpasuren Ountep Tosap

Duz. 2.46. Brox cxema HA U3MOYHUK HA NOCIOAHHO HaNpedceHue

Que. 2.47. [eticmgue na edHonvmen u3npasumen ¢ kanayumueen Quansp

Ipe3 MONOXKHTENTHUAT IONYNEpHO]] THOABT C€ OTIYLIBA U MPOTHYAIMAT Hpe3
HETO TOK 3ape)cAa KOHIEH3aTopa MpHOIM3NTENIHO A0 BHPXOBaTa CTOMHOCT Ha BXOJHO-
TO Hampe)xeHue (ako ce peHeOperHe NagbT BPXY AMOMA), KAKTO € MI0Ka3aHO Ha (H-
rypara rope. Korato BXOAHOTO Hampe)keHUE 3allOYHE [a Cmaja IoJ BbpXOBaTa CH
CTOWHOCT, KOHJIEH3aTOPBT 3ara3Ba 3apsa/ia CM W JHOLBT Ce BKIIOYBA B 0OpaTHa MOCOKa
KaTo TPeKbcBa BepUrata KbM BXOLHUA M3TOYHMK. IIpe3 ocTaHanaTa 4acT OT LMKBIA
KOHIEH3aTOPHT MOJXKE J1a Ce pa3pexa caMo fpe3 TOBAPHOTO ChIIPOTHBIIEHHE CHC CKO-
pocr, onpezenena ot BpeMekoHcTanTa R.C. Konkoto mo-ronsMa € BpeMeKOHCTaHTa-
Ta, TOJIKOBA 110-0aBHO 1Ie Ce Pa3pely KOHAEH3aTOPET.

Toil KaTO KOHAEH3aTOPHT € 3apelieH MPUOAM3HUTENHO OO BHPXOBATa CTOMHOCT
Ha BXOJIHOTO HANpPEXEHHUE, TO BbpXy 06paTHO BKIIOYEHHS JHO/ CE MpHIara JBOHHATA
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aMIUIATYJa Ha BXOLHOTO HAampeXeHue W Toi TpabBa ma ce moabepe Taka, 4e na e
CBCTOSIHHE [1a M3(bPKa MIOBTapSLLIO CE MMITYJICHO HAIIPEXKEHHE C Ta3l CTOHHOCT. i

ITpe3 HapacTBaIaTa YacT OT CJ€JBAlIMA NOJYNEPHO, KOTaTo BXOTHOTO Hami
peXXeHHe HaJIBUILK TOBa BbPXY KOHJIEH3aTOpa, IMONBT Ce BKIIOYBA B IIPaBa MI0COKA k|
KamauuTeThT 65p30 ce Jo3apexaa. B pe3yarar Ha 3apeHaHeTo M Pa3spexNaHeTo Ha'
KamaluTeTa B U3X0Ja Ce I0Jy4aBa NPUOIU3UTEIHO NOCTOSHHO HAMpeXeHHe C MaJKy'

(nyKTyaluuu.
AmnnumyOHuU o2paHuYumenu

JnoauTe YeCTO Ce H3MON3BaT Ja OTpeXaT YacTH OT JajieH CHIHal HaJ MM Ioj
onpenesicHo HuUBO. Cxemara ot ¢ur. 2.48 orpaHW4aBa HHUBOTO Ha BXOOHHS CHrHany
1pe3 MOJNIOXKHUTEIHUSA HonyneproA. Korato JHOABT € OTNYLIEH, HalPEXKEHHETO BBPXY
Hero ¢ 0,7 V. Torasa H3X0HOTO HAaNPEXKEHUE CE OrpaHMyaBa Ha HUBO +0,7 V 3a ciy-
YyauTe, KOraTo BXOJHOTO HalpeXeHHe MPEBUILIM Ta3H CTOHHOCT.

IIpe3 OTPHMUATENHUSA MOJYIIEPUOL AMOLBT € 3allylleH —~ AeHCTBA KaTO OTBOPEH
KJTIIOY M HalpeXeHHETO B H3X0Ma NoBTaps (popmMaTa Ha BXOAHOTO.

§ R ﬁ\ Uo
| pa—
+UL |- 1 I u

5 2 I\ 1

Duz. 2.48. Cxema Ha ozpanuyumen omzope

Ako nMoABT ce 0OBbpHE Taxa ue aHOABT Aa € KbM Maca — TOraBa CUTHAIBT Ce
orpaHu4asa OTA0Jy Ha HuBo —0,7 V.

& Mpumep

Ha ce onpenenu ¢opMara ¥ aMIIMTYAaTa Ha M3XOJHMS CHTHAI 33 CXEMaTa OT
¢wur. 2.49,

R ‘ uout

9,09V
100 Q Yo
t R
14, (1) % % 10 0,7V

Due. 2.49. Cxema Ha oepanuyumen

-10V
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PeuieHue

IIpe3 MONOXHUTENHHUS IIOIyIEPUOA JUOABT € 3alyIleH U AeiiCTBa KATO OTBOPEH
xmod. VI3X0HOTO Hampe)keHHe NMOBTapsi popMaTa Ha BXOJHOTO HANpPEXEHHE, HO aM-
[IMTYAHATa MY CTOMHOCT ce Ompefiend OT HalpexXUTENHMs xeauten R u Ry, KakTo
cnenBa: ‘

R, ﬂlo =9,09 V.

U = U L=
™) A R+R, ) ™ 1.1KkQ

[Ipe3 oTpuLaTeNHUs NOIYNEPHUOA AMOLBT CE OTIYIIBA, KOraTO HANPEKEHHETO
nague nox —0,7 V. Taka IMOABT AeHCTBa KaTO OTPAaHUYHUTEN OTIOIY.

& Mpumep

}Ia C€ onpeneian (bopMaTa W aMIUIMTyJaTa Ha U3XOOHHUA CHIHall 3a CXeMaTra OT
dur. 2.50.

{\ uou(

3,7Vt
uin(t) +

B R

@ue. 2.50. Cxema na ozpanuvumen ¢ bamepus

-12V

PeweHue

3a ;a ce peryaMpa M3XOAHOTO HANPEXEHUE N0 ONPENENeHO HUBO, NOCIENOBa-
TEJHO KBbM JIHOZa Ce CBbp3Ba OaTepus, KakTo € nokasaHo Ha ¢ur. 2.49. [lnonbt me ce
OTIYIIIK, KOTAaTO HAIPEeXXEHHETO BBPXY aHOAA My HaJBHILUHM CTOHMHOCTTA Ha Hampesxe-
Hueto Ha Oarepusara +0,7 V (3,7 V B cnyuas). ToraBa u3xoJHOTO HarpexeHHe ce Or-
paHHYaBa JO Ta3M CTOMHOCT M BCHYKHU I10-BHCOKH BXOJHH HaNpEXKEHHs Ce OTPA3BaT.
AXo0 ce CMEHH CTOMHOCTTa Ha OaTepHsTa, ChOTBETHO C€ IPOMEHSA M HUBOTO, IO KOETO
Ce OrpaHH4aBa U3XOJHOTO HaNlPEXXEHHUE.

[Ipe3 oTpuuaTenHaTa NONYBBIHA JHOABT € 3alyLleH, ACHCTBA KaTO OTBOPEH
KJIFOY Y M3XOAHOTO HAMPEKESHHE IIOBTapsi BXOLHOTO.

&= lpumep

I[a ce OHpCIlCJ'IH qupMaTa H aMIIIMTydaTa Ha H3XOOHUA CUTHaJI 3a CXE€Mara OT
¢ur. 2.51.
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47V--}

Quez. 2.51. Cxema Ha 08ycmpaHer ozpanuyumen

PeuweHue

KoraTo BxonHoTo Hampexenune Hagpuun +4,7 V aquoast D) ce oTmyluBa U Or-
paHHYaBa BXOIHOTO Hampexenue 1o +4,7 V. lnoasT D, ce oTHyIIBa KOraTto Hampe-
xeHHeTo gocturie —4,7 V. CnefosaTenHo MOJIOXKUTENHH HanpexxeHus Hag 4,7 V u
orpunaresHy mox — 4,7 V ce oTps3Bar.

2.16.2 BUCOKO4Y4eCTOTHA U UMNYJICHN Anoamn

U nBara Tuna quoau TpaOBa 1a pearapar Ha 0bp30 USMEHSIIN Ce CUIHAJH, KOe-
TO MIOpaX/a €IHAKBU U3UCKBAaHUSA KbM KOHCTPYKLHMATA H IIapaMETPHTE UM.

BurcokoJecTOTHHTE JMOAHM ca NpeJHa3HauYeHH 3a 0OpaboTBaHe HAa BIUCOKOYEC-
TOTHHM cUrHaiTi. Te ce u3npaBsHe HAa TOKOBE U HalpexxeHus ¢ 4yectoTa 1o 150 MHz, 3a
JeTeKTHpaHe Ha CUTHaNH (OTAEJsHEe Ha HUCKOUECTOTEH CUTHAII OT MOAY/IMPaH 10 aM-
IUTUTY]a BACOKOYECTOTEH CHrHal), 32 MOJYJIMpaHe Ha BUCOKOYECTOTHHU CUTHAIH U JP.

CpoiicTBaTa Ha T€3W AHOIM CE€ ONPERENAT OT CHIIUTE NIapaMeTPH KaKTO Ha W3II-
PaBHTENHNUTE, HO OT Hail-rojsIMO 3Ha4eHHe ca OOIIMAT KamaluTeT Ha AMOAA U Ipa-
HUYHaTa paboTHA 4eCTOTa. 3a a HE ce BJIOIIAT W3NpaBHTENHUTE CBOHCTBA Ha IHUOIH-
Te NpPU BHCOKH YECTOTH, € HEoOXOoAMMO OBp30 Ja ce pa3sHAcAT HEOCHOBHHTE HM
TOKOHOCHUTENH M KallaLIUTETUTE (PECTIEKTUBHO IJIOIITA HA MpexoJa) Aa OBAaT MaJIKH.

3a 1a ce HaMaJM BPEMETO Ha pa3HAcsIHE Ha TOKOHOCHTENIMTE Ce M3II03Ba Je2u-
pane cue 3namo. Taka ce Ch3AaBaT LEHTPOBE 32 peKOMOWHALIMs, HAMAJIABa CEe BPEMETO
Ha )XMBOT Ha TOKOHOCHTEJINTE, KOETO YCKOpsBa peKOMOHHALIMATA, HO HAPACTBA MAIbT
Ha HampeXXeHHETO B IpaBa mocoka. Juoast 1N914 e Tunuyen npeacraBurel.

3a ;a ce paslIMpH 4ECTOTHUSAT NUANa30H ce pealnusupar moukoeu PN npexoou.
KsMm n-tun nnactuHa ot Si unu Ge ce oChLIECTBABA KOHTAKT C MeTallHa Hria (OT Tpe-
Ta BaseHTHOCT). IIpes Mrnara ce npomnycka MOLIEH TOKOB UMIYJIC. B MACTOTO Ha KOH-
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TaKTa ce M0Jy4yaBa CIJIaBsBaHE KaTO YacT OT aKIENTOPHHUTE MIPUMECH CE 3aXBallaT OT
noJynpoBojgHHuKa. Taka ce Gpopmupa 061acT ¢ p-THII MPOBOAMMOCT M NOAydeHusT PN
npexoJl AMa MHOTO Maika rrow (~20 pm®), MHOTO MAJIKH KallALMTETH (AECETH OT pF)
J MaJIKa MOILHOCT Ha pasceiBaHe (15-20 mW).

Ge TOYKOBH AMOJHY HAMHUPAT LIMPOKO MPUIIOKEHHE 33 NETEKTHPaHE UITH IIPEBK-
NI0YBaHE B PANo, CTEPEO, TENCBU3MOHHH U AP. NPUEMHHULH. [oMyIsapHUAT repManu-
es 1N34 Bce olle ce M3M0J3Ba B Pajuo IPHEMHUIUTE KaTO JETEKTOP, 8 MOHAKOIra U B
creLHain3MpaHa aHaJloToOBa eNEKTPOHHKA.

KoHcTpyKkiHaTa Ha TOYUKOB JHOJ € NI0Ka3aHa Ha ¢ur. 2.52.

Crrxuien xopiryc

AHon

IIsereH mpbCTEH

MeranHa urna

PN npexon

N-THII IUVIaCTHHA

Due. 2.52. Koncmpykyus na mouxkoe 0uoo

Bonr-aMnepHara MM XapaKTEPHCTHKA HMa IT0-MaJKa CTPBMHOCT B IpaBa MOCO-
Ka ¥ JIMIICa Ha XOPH30HTAIEH yJacTbK B 0OpaTHa nocoka (¢ur. 2.53). 3abenexere ro-
JeMMs I1aJ] Ha Hallpe)XXeHHeTo B npapa nocoka. 3a Ge toukos auox Ur =1 V mpu Tok
IF =2 mA.
I, mA Ge Si
8

6
4 Touxos

—230—200 -150-100 -50

1
02 04 06 08 10 U,V

Si TouxoB Ge

L, pA
Que. 2.53. Bonm-amnepnu xapaxmepucmuxu na Ge, Si u Ge mouxos 0100

Hmnyjacrute quoan paboTaT B pexxuM Ha O6Bp3M M3MEHEHHs Ha CHTHAJIUTE U
C€ XapaKTepU3HpaT ¢ Majika NPOJBKUTENHOCT Ha IPEXOJHHATE MPONECH — C BpEME Ha
_ TIpeBKIIIOYBaHE MO-MaJko oT 1 ps.
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3a oleHKa Ha MHEPTHOCTTAa MM CIY)XKaT MapaMeTpHTE: peme 3a 6b3CIMAHO6A8A-
He Ha 06pAMHOMO CoNPOMUENEHUE ty, 6PEME 3a PASHACAHE HA MOKOHOCUMeNume t; u
épeme 3a yCMAaHoeA6ane Ha npasomo Hanpedicenue ti. OCHOBEH NapameTsp € t;. Cro-
pell HETO ce pa3InyaBaT UMITYJICHH AMOAH C roiaMo 6sp3oaeiicTaue ¢, < 10 ns, cpen-
Ho 6bp3oneiicteue 10 ns < ¢, < 100 ns, n HUCKO 6Bp30AEHCTBHE ¢ > 100 ns. Criect-
ByBaT U CBPBXOBp3H auou ¢ ¢, = 0,1 — 1 ns.

OGHMKHOBEHO UMILYJICHHTE JHOJM PaboTAT B PEXKMM Ha TOJIEMH CHTHAJIM U IIpe-
XOJHHTE IIPOLIECH CE€ OMNPENEIIAT OT HATPYNBAHETO M PAa3HACSHETO HAa TOKOHOCHTEIHUTE
B Gasara. 3a 1a ce HaMaJl BpPEMETO Ha JXHBOT CE M3I10/3Ba JIETHPAaHE ChC 371aTO.

TOYKOBHTE JHOAM Ce XapaKTepHU3UpaT C MaIKO BpeMe Ha NPEBKIIOYBAHE £, < 1
{S, HO T€ UMAaT MHOTO MaJIKH 00paTHU HaNpeXeHHsA H JOomyckaT paGoTa ¢ TOKOBE B
npasa nocoka oT 20-50 mA. Cbc 3HaUUTENHO I10-TOJIAMa CKOPOCT ITIpH IPEBKIIIOYBaHe
(tx = 10-50 ns), no-ronsam npas Tok (500 mA) 1 no-ronsamMo obpaTHo HanpexeHue (Io
100 V) ce ornuyaBatr mesa-ouodume. IIpu TAX IPEXOABT Ce M3TOTBA upe3 AUY3Hs
KaTo IUIOLITa My C€ HaMaJliBa ChC CIIEIMalleH npolec (enBaHe), KOWTO OTHEMa 4acT OT
Marepuana B kpucrana (¢wur. 2.54).

MeraneH KOHTaKT

PN npexon

3anmTeH

. Enurakcuaien
[3)(+)7

CJIOH

Ionnoxka

Papuatop

/£

Que. 2.54. Meza cmpyxmypa na PN npexoo
2.16.3. LleHepoBu anoaun

LlenepoBUAT AHO € €1eMEHT, KOAiTO paboTH B 00/1aCcTTa HA eJIEKTPUYECKH
NpoOMB U ce U3MOJ3BAa 3a CTA0UJIN3MpaHe HA HanpeKeHUe,

OCHOBHOTO MM NPHJIOKEHHE € J1a OCUTYPABAT ONPENENCHO OMOPHO Hampeixe-
HHE B U3X0J1a, KOETO € CTaOMIHO U HE CE IPOMEHA NPH U3MEHEHME Ha BXOJHHUA CUTHAI
WId ToBapa. TakuBa HanpeXeHWs ce HM3MOJI3BaT B 3aXPaHBAILMTE TOKOM3TOYHHILIH,
BONTMETPHUTE U JPYTH H3MEPBATEIHU HHCTPYMEHTH.

®ur. 2.55 umocTpupa 610K cxemaTa Ha cTabUIM3UPaH U3TOYHHK Ha MOCTOSHHO
HanpexeHue. [1oryyenoTo HanpeXxeHHe ciiell KamauTUBHUA QUITHD HAa W3IpaBUTENS
HUMa QIyKTyauuH. 3a [a ce cTabuiu3Hpa HampeXXeHHETO BBPXY TOBapa, ce M3I0J3Ba
IIEHEpOB MO/, KOMTO MOALBPXKA B M3X0/a CTOMHOCT Ha HampexeHueTo U, paBHa Ha
NpoOMBHOTO My HaIlpe)KeHHe.

74



En. mpexa Hsnpasuten Crabunusarop Tosap

—  Que. 2.55. Baox cxema Ha cmabunusupar NoCMoAHHO MOKO8 USMOYHUK HA HaNpediceHue

Ha ¢ur. 2.56 e mokasaHo ycioBHOTO rpadm4yHO O3HaYeHHE HA JHOIA, BOJT-
7 aMIIEpHATa My XapaKTepHCTHKa M cXeMmaTa Ha BKIo4BaHe. [Ipu mpaBo cBbp3BaHe Iie-
__HepOBHAT 1O paboTH KaTo OOMKHOBEH M3NPaBUTENECH TUOJ.

IleHepoBUAT ANOJ Ce U3MOJ3BA [IABHO NpH 00paTHO BKJIIOYBaHE B 0OnacTra Ha
eNeKTPHUYECKU MPOOHB, KBAETO HANPEKEHUETO Ha IUofa cnabo 3aBHUCH OT Toka (dur.
2.56a). B Ta3u paboTHa 06acT AWOIBT MOJXKE JIa C€ 3aMEHH C U3TOYHHK Ha IIOCTOSHHO

_ HaMpeXeHHe ChC CTOMHOCT paBHA Ha NPOOMBHOTO My Hanpexenue U, .

3a crabunn3upaHe Ha HaPEeXEeHNETO LIEHEPOBUAT JUOJ CE BKIIIOYBA MApaeTHO

Ha TOBapHOTO ChIpoTuBicHUE (¢ur. 2.566).

AL, mA
!
i
| R
U. U M Un ¥ R
R e LI XA - + "
Y — U U
{ E:| + + E:l -
|<—-——-—-I ————‘»I
i * YI,mA f
a) 6)

Que. 2.56. Lenepos 0uoo
a — YCROBHO 2papuiHO O3HAYEHUE U BONM-AMNEPHA XAPAKMEPUCMUKA;
6 — cxema Ha exnouBare

ITpu n3MeHeHne Ha BXOOHOTO HampexxeHue ¢ AU HanpexeHUeTo BEPXY leHe-
POBHA JMOA MOYTH He ce mpoMeHs. Kakrto ce Bwxna or ¢ur. 2.57 usMeHeHueTo Ha
BXOAHOTO HampexeHue ¢ AU, noBexJa I0 MpeMecTBaHE Ha TOBapHATa IpaBa M pa-
6oTHaTta Touka. IIpu TOBa ce MPOMEHS CTOMHOCTTA HAa TOKa [, mpe3 AMOAa, KaTo U3-
XOIHOTO HaNpeXEHUE OCTaBa IOYTH IOCTOSHHO. AHAJIOTHYHO NPH H3MEHEHHE Ha TO-
BAPHOTO CHLOPOTHBIIEHHE, M3XOOHOTO HANpeXeHHe 3ama3Ba CToitHocTTa cH. ChIpo-
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THBIEHNETO R orpaHuyaBa TOKa ITpe3 LEHEPOBHs JHMO, 33 Ja IO MNpeanasu OT Hap-.
nn3aHe B 06/1aCTTa Ha TOIUTMHEH NPOOHB, KOETO OM pa3spyIIMIIO CTPYKTYpaTa My.

AU,
R
1
| M|
+ LT ~~
ey LN
Us

Duez. 2.57. H3menenue na mosapHama
npasa u pabomHama moyKa npy NPOMAHA HA 6X00HOMO HANPEJiCEHUe

PasnuuaBar ce sucoxosonmosu yenepogu ouoou (U, > 7 V), kouto paboTar ¢
naBHHEH NpoOuB M Huckoeonmosu yeneposu (U, < 5 V), paboremu ¢ neHepoB Mpo-
6us. HanpexxeHueTo Ha MpoOUB 3aBUCH OT KOHUEHTPALMATA Ha IPUMECHTE H € B JIHa-
na3zoHa 1,8 V 10200 V.

OCHOBHHM IIapaMeTpH Ha LieHepoBUTe Auoau ca: (dur. 2.58)

e Hanpexenne Ha crabwinsanus U, ~- HanpexeHHeTo B 00JacTTa Ha MPoOuB
npy HOMHHaNeH Tok 1, O0ukHOBeHO U, ce 3a7aBa B CIIPaBOYHMIIMTE C HiKa-
KBB TOJNEpaHc + %.

o MuHUMAJIEH TOK Ha CTAOMIH3AUMA Iy, — CTOMHOCTTA Ha TOKA, MPH KOATO
mpoOuBET e ycroituns. Ompenens ce OT cbhoOpakeHHETO, Ye IPH MHOTO
MaJIKM TOKOBE IIPOLECHT Ha yAapHa HOHM3AIMs € HEYCTOHYMB H BH3HUKBAT
3HAYHTEHHM IIYMOBE.

e MaxkcuManeH TOK Ha cTabmmm3anus lpm,x — Hall-TOJIEMHAT TOK Npe3 €IeMEH-

Ta, IPU KOWTO pa3ceitBaHaTa MOIIHOCT HE NPEBHLIABA AONYCTUMHUTE PaHH-
wu. [pw I, > I,n.x HACTBIIBA TOTUIHMHEH MPOOHB.
¢ MaxcuManna pascefiBaHa MOIHOCT P, — Hail-TojiiMaTa MOLOHOCT, pa3cei-
BaHa oT PN npexofia, py KOATO He BE3HUKBA TOIUIMHEH NTPOOUB.

e JludbepeHUHATHO CHIPOTUBIECHHE NpH 3aJaZieH TOK Ha CTaOMIH3amus r, =
=dU/dl = AU/AI Konkoto no-Manko e Au(GepeHIMamHOTO ChIIPOTUBIEHHE,
TOJIKOB2 II0-CTPHEMHA € XapaKTepHCTHKATa U CTa0WIN3MpalMTe CBOHCTBA Ha
LICHEPOBHS AKOJK ca 1Mo-J00pH.

ExsuBajenTHaTa cxeMa Ha LIEHEpOB JHMOJ € NoKa3zaHa Ha ¢wur. 2.59. Ako nude-
PCHLHATHOTO CHIOPOTUBJICHUE € MaJIKO, LIEHEPOBHUAT JAMOJ MOXe Ja Ce 3aMEHH C H3-
TOYHHK Ha MOCTOSHHO HANPEeXeHHE Che cToitHoCT U,
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~“TornIMHEH
—_npobua V I, mA ITpaxriyecka Hneamsupana
Que. 2.58. Ilapamempu Ha yenepos 0uod Que. 2.59. Exsusanenmua cxema

e TemnepaTypeH KoedHIHEHT Ha HANPEXEHUETO Ha CTabMIM3aLUs

- TKU, =“li—1—|1z = const =202 L 100 g50oC
dT U AT U

z - z

Toii uMa oTpulaTenHa CTOHMHOCT 3a HUCKOBONTOBUTE (Pur, 2.60a) U Moy10KH-
TeNHa CTOHHOCT 32 BHCOKOBONTOBUTE Auonmd (¢ur. 2.606), KoeTo e cBBp3aHo ¢ pas-
NMYHATA TeMIlepaTypHa 3aBUCHMOCT Ha NMPOOGMBHOTO HAaNPEXEHUE NPH JIaBUHEH U IIe-
_HepoB TpoOWB. 3a HaMaiABaHE Ha IONOXUTEIHUSA TEMIIEPATYPeH KOEehHIMEHT Ha
HATPEXEHHETO Ha BUCOKOBOJITOBHTE HOJH MOCIEJOBATEIHO Ha TAX CE CBBHP3BA AUOJ
B npaBa nocoka (¢wur. 2.606). C nosumaBaHe Ha TeMIepaTypara HanpexeHnero PN
npexoja B MpaBa MTOCOKAa HaMaliBa, KOETO KOMIIEHCHpa YBEIHYEHHETO Ha Halpexe-

HHETO Ha 00PaTHO BKJIIOYEHHS BUCOKOBOJITOB LIEHEPOB JUOI.

Um v 5V Uzl Uﬂ 0 UR’ Viov Uﬁ Uzl 0 +
, TKU,> 0
7,>T, RS St L S B T—
TKU, <0
TKU,> 0
L T I, mA L, T IL,mA Y -
a) 6) 8)

Due. 2.60. Temnepamypen Koeuyuenm Ha HARPeXCeHUemo Ha cMmabunu3ayus
a — HUCKOBOAMOBY OUOOU; 6 — BUCOKOBOAMOGU OUOOU; 8 — MEPMOKOMNEHCAYUSL

ueHepOBHTe JUOJAH C€ M3IT0JI3BAT KaTo CTaGI/IIIPBaTOpPI, KaTO OrpaHU4YHUTEIIN Ha
NOCTOAHHO WJIH IIPOMEHJIMBO HAMNpPEXKCHHE, H3TOYHHIM Ha €TAaJJOHHO HAIpEXEHHUE U
zp.
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& lpumep
R LlenepoBuAar muon B cxemata ot ¢ur. 2.61°
’_: uMa 1pobuBHO HanpexeHue U, = 10 V y
A Iuana3oH Ha TOKOBeTe 3a 00nacrra Ha
crabmnn3anys oT Ly, = 4 mA 10 Ly =
1 ZX‘ =40 mA. [la ce ompeneiiyd B KaKBH IPaHH-

U LHUTEC MOXEC Oa C€ U3MCHA BXOIHOTO Hall-

out

PEAEHNE, TaKa 4€ U3XOALT Ia € crabuny-

Ui 3upaH, ako R = 1 kQ.
Quez. 2.61. Cxema Ha
cmabunuzamop 6e3 mosap
PeweHue

3a ;ma crabuin3upa OHOABT, BXOJHOTO HalpeXXeHHe TpsAOBa Jia € MO-ToJIAMO OT
npo6usHoto Uy, > U,. U3menernero Ha Uj, 1€ 10Bene 10 MPONOPUHOHATHO M3MEHe-
gue Ha I,. CrieroBaTeIHO I'PAHUIIMTE, B KOHTO MOXE [ia Ce NMPOMEHS BXOJHOTO Hampe-
JKEHHE, 3aBUCAT OT TPAaHUI[UTE Ha U3MEHEHNE Ha TOKa.

Ipu I, HapeXXEHUETO BEPXY pe3nucTopa R ce onpenens ot 3akoHa Ha OM.

Ur=RLnn=4mA.1kQ =4V,

CoriiacHo 3akoHa Ha Kupxod 3a HanpexenuaTa B cxemata U, = Ug + U, oT-

KBAETO
Un=Ur+U,=4V+10V=14V.

AHanNOTHYHO 3a [y, HanpexeHueto Ur = 40 mA.1 kQ = 40 V, oTkbaeTo 3a
BXOIHOTO HampexeHue ce nonydasa U;, =40 V+10 V=50V,

CnenoBatenHo nNpd MpoMsHAa Ha BXOJHOTO HampexeHue mexnay 14V u 50V
TO3M LIEHEPOB AMOJ e TONIBPXKA U3XOMHO HAIpeXeHHe MOCTOSHHO MPH CTOMHOCT
npubnusurenHo 10 V. U3xonHoTo HanpexkeHHe ciabo e ce npoMeHs mopaan aude-
PEHLMATHOTO CHIIPOTUBIICHHE HAa AUOJA.

& lMpumep

Jla ce onpenenu ¢popmMaTa Ha H3XOJHOTO HATpPEKEHHE M CTOHHOCTTA MY, aKO H
JBaTa IIeHepOBU AUOM Ha ¢ur. 2.62 umar npobuBHu Hanpexenna U, = U, =10V,

A Un
R A Uy
+40 V}--- 1
L I e
/
z, ! _\u,+0,7V
Uy Hout %—» t

Z —/v,+07V

-40V . \ /I
r_ ......... A
a) 6) 8)

Que. 2.62. Cxema Ha aMnaumyOen 02panuyumen
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PeweHue

ITpe3 NoMOKUTENHN IOIYIIEPHO] IMOABT Z) € B 0OpaTHO BKIIIOYBaHE U paboTH

-~ p obnacTtra Ha mpobus ¢ Hanpexenue U, = 10V, nokato guonst e U, e cBbp3aH B

npaBa II0COKa M HampexeHneto BbpXy Hero e 0,7 V. [lpata auopa ca cBbp3aHH MOC-

JeOBaTENHO U H3XOMHOTO HalpeKeHMe e ce orpaHuum mo U, + 0,7V = 10,7 V.

AHATOTHYHO Tpe3 OTPHLATENHHUS IOIYNepHoa AUOOBT Z; € B 00paTHO BKIIOYBAHE W

pabotd B obnactra na npodus c Hanpexenue U, = 10V, mokato muonst € U, e

" cBBp32H B NpaBa nocoka ¢ Hanpexenue 0,7 V. CneoBaTenHo cxeMara NpeiCcTaBiiBa

ABYCTPAHEH OTPAaHMYMTEN U HM3XOIHOTO HANPEKEHHE CE OTPaHMYaBa OTIOPE M OT J0-
ny jo croinoct U, +0,7 V.

_72.16.4. Bapukan (BapaKktop)

BapukanbT e IHO0A, KOHTO ce M3M0JI3BA KATO HeJHHEEH, YNPaBJAfABaH OT
" panpe:kKeHHeTo KoHAeH3aTop. JleficTBHeTO My € OCHOBaHO Ha 3aBHCHMOCTTA Ha 0a-
__pHMEpHMA KamaIMTET Ha mpexoja oT obpaTHoTo Hanpexenue (ur. 2.63a). Toi Moxe
Ja ce pasriexsa KaTo IVIOChK KOHJEH3aTop, YHATO CTOMHOCT 3aBHCH OT MIOLITA Ha
npexoza (TI0YMTE), OWENEKTPHYHATA NIPOHMIAEMOCT Ha JHUENEKTpHKa (B ciydas
obeHEHUs CIIOH, Npe3 KOWTO He Tede TOK) U MHpHHaTa Ha obeMHus 3apsan. [llnpoyun-
gaTa Ha 06eMHUA 3apsan d ce U3MEHs NPONOPLHOHANHO Ha KOPEH KBaJpaTeH OT Hall-
pexenuero. IIpu yBenuuaBaHe Ha 06paTHOTO HampexeHHe 0OEMHHAT 3apsAj Ha npe-
X0Ja Cce pasliupsABa KaTo CTOMHOCTTa Ha KamaluTeTa HaMmausBa oOOpaTHO
NpOMOPLHOHAIHO Ha KOPEH KBafpaTeH OT HampexeHHeTo. THnuyHa BonT-dapanHa
XapaKTepHCTHKa Ha BapHKala € oKa3aHa Ha ¢ur. 2.636.

ACGF
] d -
P ‘ n £E,
0O Co=5 % -
“'O O
0ee
+ ||_ UR!V
" =

a)

Que. 2.63. Bapukan a - cmpykmypa; 6 — 60am-ghapaona xapaxmepucmuxka

CToMHOCTHTE Ha KalalMTeTa Ha BapHKamna ce KOHTPOJIMPAT P NPOU3BOACTBO-
TO My 4pe3 IPOMsAHA B JIETHPAaHETO Ha 0OeIHEHHS CJIOH, pa3MEpHTE U TEOMETPHATA Ha
CTPyKTypaTa Ha Auoda. BapukanuTe THIHYHO HMaT KanalMTETH OT HAKOJIKO NMUKO(da-
paja Ko HAKONKOCTOTHH nuKkodapana.

KauecTsarta Ha BapHKalia ce ONpENeNAT OT Karnaunrera 1 06XBaTa Ha peryJupaHeTo
My, KayecTBEHHS (aKTOp, YECTOTHMS MMATa30H, TEMIepaTypHaTa CTabHIHOCT M JIp.
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OcHosnu napamempu, XapaKTepU3Npalild BapuKana, ca:
e KamauuTeT Ha BapuKama NpH 33JaZiecHO 06paTHO HanpexeHue: Cpax — Mak-

CHMAJIHA CTOMHOCT Ha KalauuTeTa IPH ONpelelieHa MHHHUMAaJIHAa CTOWHOCT
Ha obpatHato Hampexenue (dur. 2.636); Crin — MUHUMaNHA CTOMHOCT Ha
KanaluTeTa TP MaKCMMallHa CTOHHOCT Ha O6paTHOTO HaMpeXEHHeE.
KoeduineHT Ha MOKpUTHE

KauectBeH ¢axktop Q) — OTHOLICHMETO Ha PEaKTUBHOTO CHIPOTHBIICHHE Ha
BapHkana X KbM aKTHBHOTO R NpH 3ajajieHa YecToTa Ha NPOMEHIMUBMA CHI-
Ha

X
0="

KayecTBeHUAT q)aKTop 3aBHCH OT YCCTOTATa Ha CMrHalia.

r CHMBOJBT Ha BapHKala M EKBUBAJICHT-
HaTa My CXeMa 33 BUCOKH YECTOTH Ha IPOMeH-
JIMBHS CUTHAN ca MoKa3aHu Ha ¢ur. 2.64. Crge
7cC, 03HaueHO 06EMHOTO CBHIIPOTHBIIEHUE Ha Oa3ara

Ha auoja.

Que. 2.64. Yenosno epaghuuno
O3HAYeHUe U eKEUBANEHRMHA CXeMa

&~ lpumep
Ila C€ N3YHUCIIH KQYECCTBCHUAT Q)aKTop Ha BapHvKarna 3a BUCOKH YECTOTH.
PeweHue

OT eKkBHBaJICHTHaTa cXeMa Ha BapHKana 3a BUCOKH YE€CTOTH CC U3YUCIIABA M-

MeJaHChT Z, KaKTO Clie/iBa:

Z=ry+— =R+ jx,

JoCrry
OTKBJAETO 32 KaYECTBEHHUS (PAKTOP P BUCOKHM YECTOTH CE MONyyaBa:
0= X 1
R joC;rg

Bapukanurte ce U3MON3BaT KaTO YMHOXKHUTENH Ha YECTOTA U B CXEMH 32 €JIEKT-
pPOHHA HAaCTpoOiKa B TEIEBHU3UOHHHUTE, PafNO M APYrH npueMHUUM. Upe3 U3MeHEHHE
Ha OOpaTHOTO HampeXeHHe BBPXY JUOAa Ce MPOMEHS CTOMHOCTTA Ha KamnalMTeTa Ha
BapHKana, KOWTO OChIeCTBABA HacTpoiikata Ha LC Tpentsaml Kpsr. PesonancHara

4€CTOTa Ha TPENTALL KPBI Ce ONpeens OT:
1

o= oniic
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B / 3adaya

3a HacTpoHKa Ha pe30HAHCHATA YECTOTa Ha cxeMmaTa oT ¢ur. 2,65 ce u3mon3Bar
[Ba BapHKamna, KOMTO OCHTYpsBaT oOUIMs KananuTeT B Kpbra. Jla ce onpenenu auana-
30HBT Ha H3MEHEHME Ha 4eCTOTaTa (fimin U fimax), KO € H3BECTHO Y€ KaNAlMTETHT HA
pcekH OT BapHKamuTe ce IpoMens oT 5 pF no 50 pF, a HBAYKTHBHOCTTA B TPENTAILHS
kpsr € L =10 mH.

R
D,
0 ﬂ“mﬁy
uin’ oO——¢
—— 5-50pF 10 mH
_— 2 S D,

Due. 2.65. Bapuxan g pesonancen LC kpve

PeweHue

BapukanbsT urpae pons Ha yNpaBisieM OT HAaNpeXEHUETO KalalMTeT U I03BO-
‘JABa HACTpOWKa Ha pe30HaHCHATa 4YecToTa Ha Kpbra upe3 IpoMsHa Ha 0OpaTHOTO
HanpexeHue BppXy auona U..

OOuMAT KanmaUTET B TPENTALIMA KPBI Ha cxeMaTa oT ¢ur. 2.65 ce ocurypssa
OT /IBa MOCIENOBATENHO CBBP3aHH BapyKana, Upe3 u3MeHeHHe HA MOCTOAHHOTO Harl-
pexenne +U, ce 3anaBa 0OpaTHOTO HAaNpeXEHHE M CIEHOBATENHO M KANAlHUTETHT Ha
- IHOJIATE.
MakcuMatHUAT 001 Kananurer e:

C _ CDl(max)CDZ(max) - 50 pF.SO pF -
max CDl(max) + CDZ(max) 100 pF

Cne,uona'renﬂo MHUHHMaJIHaTa pC30HAHCHA 4Y€CTOTa Ha Kpbra €:
1 1

25 pF.

Semin = = =308 kHz.
Zm/ LC,,, 27,/10 mH.25 pF
MuHuManHuAT 001 KaalMTET €:
C. = Cp1(min) Cp2(miny _ SpES5pF =2,5pF,

CDl(min) + CDZ(min) 10pF

Cnenona‘renﬂo 3a MaKCHMMajlHaTa p€30HAaHCHA YECTOTa Ha TPENTAIMUA Kpbr' C€ IOJY-
Yyasa:

'

1 1

= = =1MHz.
2n|LCpy  2m/10mH.2.5 pF i

frmax
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2.17. TeXHO/IOFrMYHMU npoLecu 3a Npou3BoACTBO
Ha noaynpoBoaHukosBu enemeHTn ¢ PN npexop

5-30 pm

250 pm

IIpoaBsaBane Ha doTOpECTHCTA

Enurakcus
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9)

3)

Duez. 2.66. [locredosamennocm Ha npoyecume npu NAIAHAPHO-eNUMAKCUAIHAMA MEXHONO2UA

a — enumaxcus; 6 — oxucnenue; 6—0 — pomonumozpaghusn

(6 — pomopesucm, 2 — obnvusane npes pomowabnon, 0 — nposeasane);
e — eysane (npemaxeane Ha Si0,); oic — OuQy3us; 3 — memanruzayus
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: 3a ¢popmupane Ha PN Ipexoau Npu NPOU3BOACTBOTO HA CHBPEMEHHHTE MONYII-

" pOBOZIHUKOBH ENIEMEHTH U UHTErPATHU CXEMH CE W3MOJI3BAT HAKOIKO TEXHONOTHYHH
ppoueca. [InaHapHo-enumakcuaniama mexHonozus € Haik-pasnpoCTpaHeHus METOJ 32
[pOM3BOAICTBO HA JMOJH, TPAH3UCTOPH M MHTETPalHM CXeMH. Ts € KOMIIeKcHa Tex-
goiorus, o6XBaliaIa MoCaeN0BaTEJHOTO U3BBPIIBAHE HA HAKOJNKO NPOLECa — enu-
makcus, OKucienue, pomonumozpapus, Ougy3us NI HOHHA UMPAGHMAYUSL, MEMANU-
sayus. VI3Mon3Ba ce 3a MPOM3BOACTBOTO HA CHIMIMEBM E€NEMEHTH, TBbH Karo
[0y YEHHAT NIPX OKUCIIEHHETO Si0; € eAMH 0T HaK-NoOpHUTE M30IATOPH.

KaTo M3XO/IeH MaTepHan Ce M3I0JI3Ba CPABHUTENHO HHCKooMHa (p = 107+1072
Q.cm) CHIMIMEBa IUIacTHHA (ITOJUIOKKA) ¢ AebenunHa okoio 250 ym, npeaHasHadyeHa

~la OCHI'ypH MEXaHHYHA 3[[paBMHA HA EIEMEHTa, O3HaYeHa Ha ur. 2.66a ¢ n*. Bepxy

—gea ce cb3aBa ThHBK (5—30 pum) BucokooMmeH (p = 1+10 Q.cm) enumaxcuanen caoii

---@T CHIIMLIAH, KONTO € MOHOKPHCTaJIeH, UMa Malko ne(ekTH 1 Npoab/DKaBa KpUCTal-

. _HaTa pelleTKa Ha MOJJIONKKaTa.

" Enumaxcuama NpeACTaBIsBa IPOLIEC Ha U3pacTBaHE Ha CIOH MOMYNPOBOIHUK
BBPXY M3XOAHATA MOHOKPHCTaHA miacTvHa. IIpoLechT € BHCOKOTEMIIEpATYpeH. 3a
dopMHpaHe Ha CHIIMLMEB EMUTAKCHAJIEH CJION B KBapioBa Tphba ce Nporycka ra3osa
cmec oT Hy U cbenunenyne, cbappikaly Si, KOETo ce paszjiara npy BHCOKaTa TeMepa-

" Typa ¥ BBPXY HOJUIOXKATA CE OTJIara 9uCT CHITHIMIA.

B 3aBHCHMOCT OT M3MOJ3BaHUTE NPUMECH Ce IOJIy4aBa €MHTaKCHAJIEH CJIOoH ¢
pasMyHO CHELM(PUYHO CBNPOTHBJICHHME, KOHTO C€ XapaKTEPH3UpPA C PasHOMEPHO
pasnpeodenenue Ha MPUMECHUTE MO Abn6ounHa. MiMenHO B Hero ce (opmupar PN mpe-
XOOUTE Ha AUOJNTE U TPAH3UCTOPHTE.

. H3pwpuBa ce okucneniie Ha ENWTAKCUAIHNS CIIOH M NOBBPXHOCTTA C€ [IOKPHBa
¢ Ha SiO; (dur.2.65 6)

Cnen ToBa 06paboTkara npoabmiKaa 1o GoronuTorpadcku cnocod, YUATo Lel
e B Si0, 112 ce noiryyat OTBOpH — "NIpo30puH", ¢ onpeeieHa KOHQUrypaus.

Domonumoepagusama o06XBalla HAKOIKO ormepaunud. I[IbpBOHAYaNHO BBPXY
OKHCJICHaTa IUIaCTUHA Ce HaHacs CIOH (oToyyBCTBUTENEH Jak — ¢ortope3nuct (dur.
2.666). doTope3uCcThT ce 06NBYBa C YNTPaBHOJIETOBA CBETIHHA Npe3 (PporomabioH, Cb-
Ibpalll [IPO3PavyHyl ¥ ITETHU y4acThud (dur. 2.662). [Ipu obnrvuBaHeTo ce M3MeEHS
Pa3TBOPMMOCTTA Ha PE3HCTa B OCBETEHHTE H HEOCBETEHHUTE y4acThlH. ExcrioHnpaHuTte
obnacTi ce MOoAMMEPU3UPAT U CTaBaT HEPA3TBOPUMH. TaKkbB (POTOPE3HCT € HEraTHBEH.
(A3monsBa ce u mo3uTHUBEH (OTOPE3NCT, KOMTO cTaBa pa3TBOpMM Ipu oOIBuUBaHE).
Cnenpa nposssiBane (pa3TBapsiHe) Ha (OTOpPE3UCTa, NPH KOETO TOH ce 3ama3Ba B OCBe-
TEHUTE YYacTBUH U CE OTCTPAHABA B HEOCBETEHHTE, OTKpuBaiku SiO; (dur. 2.662).

Cnenpa onepauusira eyeéane — orcTpansBane Ha SiO, B cMec oT ¢payopoBono-
pofHA ¥ a30THa KMCEIIMHA, KOATO He npoMeHs dortopesucta. Si0; ce 3ama3Ba B 3allu-
TEHUTE OT (PoTOpe3rcTa 0OJACTH U Cce MpemMaxBa OT HE3aINTEHNTE, KaTO TaM CE OTK-
puBa "npo3open” Ao cunMIKeBaTa mactiHa (¢dur. 2.66e).

Crnien kaTo cbC CrELMAeH Pa3TBOPUTEN Ce OTCTpaHW (GOTOPE3UCTHT, OCTAHANT Ha
NOBLPXHOCTTA, CE€ OCBILECTBABAHE BHBE)NJIAHE Ha AKUECNTOPHH NPOMECH B A-CHIIMLHS
(dur. 2.6601c). ToBa ce OCHIIECTBABA YPe3 Ouy3usa WM UOHHA UMNNAHMAYUS.
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Jlughysusma e mpoliec Ha NPOHMKBAHE HA ATOMM HA €JHO BELIECTBO (Audy3aHT)
MEXLy aTOMHMTE Ha APYyro 1moj AeHCTBUE Ha rPaJUeHTa Ha KOHIeHTpanuaTa. Ipu Tosa
aTOMHTE Ha NpPUMeCHTe NPOHHKBAT B JBI00YMHA Ha MJIaCTHHATA U CH3JaBaT TaM Tb-
HBK cioii or p-thn. udys3usaTa e BHCOKOTEMIIEpaTypeH mpouec. Jbabo4ynHaTa Ha
NPOHUKBaHE Ha IIPUMECHTE 3aBUCH OT TEMIEPATYpaTa M BPEMETO 32 JUQPY3USI U MOXKe :
Ja ce KOHTPOJIMpa TOYHO A0 YacTH OT Km, KOETO € BaXCHO 3a IOJyYaBaHE Ha HeobXo--
IJMMUTE IIapaMeTpH Ha elIeMEHTHTE. :

CnBpemenen metoq 3a dopmupane Ha PN npexon e tionnama umniaumayus,
TMonynpoBOAHUKET ce GoMOaHmMpa C HOHM Ha NPHMECHTE, YCKOPEHH OT CHIHOTO
eJIEKTPHYECKO I0oJle Ha HOHHHO JbY€B YCKOPHTEN [0 IOMy4aBaHE Ha €HEprus OT Hi-
KOJIKO JECETKH U CTOTHLIM KHIIOENEKTPOHBOJITA. [IpH TOBa CE OCBILECTBABA BHEAPSBA-_
He Ha HOHM Ha TOYHO OMpEJeNeHO KOJIMYECTBO NPUMECH Ha CTPOTO KOHTPONUpAHa.
IBI004YHMHA. MeToabT UMa CHLIECTBEHO MPEANMCTBO clipaMo audy3usTa. [IpumecnTe
NPOHHMKBAT BEPTUKAJIHO ¢ MHOTO MAJIKO CTPaHMYHO OTKJIOHEHME, KOeTO ClioMara 3a
HaMaJIABaHe Ha TEOMETPUYHHTE pa3MepH Ha eneMeHTa. [IpouechT € HUCKOTeMIepary--
pEeH M MMO3BOJIsBA peaNn3aLUiATa Ha MpeXoJu ¢ AsibounHa o 1 pm. MeToabsT HaMu-
pa IKMPOKO TPHIOXKEHHE TPH NPOU3BOACTBOTO HA ChbBPEMEHHUTE MHTETPAIHH CXEMH
C BUCOKa CTCIIEH Ha UHTETrpanusl.

HesaBrcuMo ko# 0T METOAUTE Ce M3IIOJ3Ba 32 BHEAPABAHE Ha NPUMECH, B pe-
3yJITaT Ha TOYHO ONPEACICHOTO MACTO B eMMUTaKCUATIHMS CIIOH ce Ch344aBa 06JIaCT cp-
NPOBOAMMOCT M ce ch3naBa PN npexon (¢wur. 2.653). SiO, 3amuraBa npexona 1o Io-
BBPXHOCTTA M IO TpefmnasBa OT 3aMBbpCABAHMS, BJara M Jp., CHIKaBalHKH YTEYHHUTE
TOKOBE.

BrocnencTue upe3 BakyyMHO U3NapeHHe ce HaHacs aryMuHuil. To3u npouec ce
Hapuya mMemanusayusi. ENVHUAT W3BOX HA IMOJA CE 3al0sABa KbM ayMUHHS, a ApYy-
T'Hs — KbM ITOJJIOXKKATa, KOATO IIPpEAX TOBA CE I103J1aTABa.

3a ch3aaBaHe Ha TpaH3UCTOP, KOHTO MMa ABa PN mpexona, mpeau MeTajiu3aiy-
ATa Ce M3BBPIIBA OKHUCIIEHHE M CBC CPeJCTBaTa Ha GoTonUTOorpaduaTa ce OTBaps HOB
"mpo3open” B p-00J1acTTa, KBIAECTO CE M3BBPIIBA BHEAPsIBaHE HA JOHOPHH NPUMECH 33
TNIoJiyyaBaHe Ha n-cjou.

[Ipu m3non3BaHe Ha IUIAHAPHO-ENUTAKCHAIHATA TEXHOMOTHUA CE OCHUTYpsBa BH-
COKO Ka4ecTBO Ha PN mpexoaure, €NHAKBOCT Ha MapaMeTPUTE Ha IMOJIYTPOBOAHHMKO-
BHUTE €IEMEHTH M HUCKa Ce0ECTOMHOCT, ThH KaTo BBbPXY €/HA TOMJIOXKKA CE eXHOBpe-
MEHHO C€ TPOM3BENAAT CTOTHIM U XWIAAU elleMeHTH. MeTOABT MO3BOJIIBa IOYTH
N'bJIHA aBTOMATH3aLMs HAa OCHOBHUTE TEXHONOTHYHH OTIEPAIHH.

2.17.1. NMocnenoBaTeNnHOCT Ha nNpouecuTe Npyu NPOoU3BOACTBO
Ha NOJyNnpoBOAHUKOBU efieMeHTU

[TosynpoBOHUKOBHUTE €IEMEHTH CE M3TOTBAT B eOUHEH MEXHONO2UYEH YUKbi,
KaTo eOHO8peMeHHO CE OCBLIECTBABAT Pa3/IMYHH ONEPAliK HaJ MHOXECTBO CTPYKTY-
pH, pa3noJIoKeH! BbpXy U3X0JHaTa MOHOKPHCTANHA INIACTHHA (TIOJI0XKKA).

Ta uMma onpenenena Kpucranorpadcka OpHeHTaUMA. 3a M3TOTBAHETO U ce W3-
[0J13Ba LHIHHIPUYEH CIUTBK OT MOHOKPHCTAJI, U3TETIIEH IO CIIENMAIeH METOL OKOJIO
3apOJMII OT MOHOKDHCTaJIeH MONyNpoBOAHMK. OT LMIMHAPUYHMS MOHOKPUCTAI Ce
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_HapﬂBBaT mJIaCTUHH, KOHUTO C€ I.HJ'IHq)OBaT W IoJIupar. Te3n nnacTuHY ca H3XOOHUAT
npo;[yKT Ha CbBPEMEHHOTO MACOBO IIPOM3BOACTBO Ha NOJYNPOBOJHHUKOBU €JIEMEHTH
B fﬁ:HHTCT'paJIHPI CXCMHU.

CuniLMeBy KPUCTAJN U TUIAaCTHHH EnnospemenHo obpaborsane

o Ksapuosa neiny

TInacTHHA ¢ MHOT'O YHIIOBE Hapsa3saue ¢ auamMast

3arBapsHe B KopITyc

TN

- 4

Duea. 2.67. OcHoHU emanu npu APOU3B00CMBO HA NONYNPOBOOHUKOBY EeMEHNTU

Bpry miacTUHaTa noCpeACTBOM pa3jiiHiHH TEXHOJIOTHYHH Onepalun ¢€ U3rot-
BAT eﬂHdBpCMCHHO MHOXECTBO €IHAKBH IOJYNPOBOJXHHKOBH €JIEMCHTH ¥ MHTCTpaJIHHA
cxemu. Crieql ToBa C€ OCBINECTBABA HapsA3BaHE (OTI(CJIHHC) Ha OTACIHUTE CICMCHTHU H
BCEKH OT TAX C€ MOHTHpA B OTACJICH KOPITYyC.
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BhTpemHuTe H3BOAM Ha YUMa (METAIH3MPaHH KOHTAKTHU MIIOMIAKH) CE CBBP3-
BAT €JIEKTPMYECKH C BRHIIHMTE M3BOAU Ha KOpIyca. 3aKpenBaHeTO Ha U3BOJ (ThHBK,
NPOBOIHUK OT 3J1aTO WM alyMHHHHA) KbM METaJlU3UpaHaTa KOHTAKTHA IUIOIIA/Ka Ce]
OCBILECTBABA Upe3 omepauyira 60Houpane (TepMOKOMIIpecus). MeTalHHAT NPOBOJ-
HHK Ce MPUTHCKAa KbM NMOBBEPXHOCTTA mocpeacTBoM octpue npu 200-300 °C B uHepT-
Ha aTMoc(epa, NP1 KOETO Ce OCBHILECTBABA MHOIO HOOBD €NEKTPHYECKH W MEXaHH-
yeckr KOHTAaKT. Ciell MOHTHpaHE Ha HM3BOAUTE YHMIBT CE 3aTBapsi B XEPMETHUEH!
MeTaJleH WIM TUIaCTMAacoB KOPITYC M CIIE/l TECTBAHE € TOTOB 3a eKCILIoaTamus. :

[MocaeoBaTENHOCTTAa Ha €TalUTe HA MTOTBAHE HAa MOJNYNIPOBOJAHUKOBHTE elle-!
MEHTH € II0Ka3aHa CXeMaTHYHO Ha ¢ur. 2.67. ’

2.18. EneMeHTHX C npexoa MeTan-nosynpoBoaHMK -

[IpexonsT METal-NOMYNPOBOAHUK MMa BaXKHO 3HAUCHHME 3a TOJIYNPOBOAHHKO-"
BHUTE €JIEMEHTH ¥ MMKPOENEKTPOHMKATa. B 3aBMCHMOCT OT THIa Ha KOHTAKTa Ca BB3--
MOXHH U3npassyu npexoou na LLlomku n neusnpasswu (OMuuHU) npexoou. )

Ipu usnpasawus npexod Meran—N MOTYIPOBOTHUK CE Ch3/iaBa 0beOHeH Clol B
IOJIYNIPOBOJIHMKA C MOTEHIMAIHA pa3iiKa, U3BECTHA KaTo Oapuepa wa LLlomku. T
CBHOTBETCTBA Ha BHTPELIHO enekTpuyecko none E (bur. 2.68). OOenHeHuAT ciioit uma
BHCOKO CIIEIHM(UYHO CHIPOTHBIIEHUE W IPH NpHIaraHe Ha BHHIIHO HANpeXeHHe ce
H3MEHAT YCIIOBUATA HAa KOHTAKTa B 3aBHCHMOCT OT TONAPHUTETA Ha HAMPEXEHHETOo.
AKO BBHIIHOTO HaIPeXEHHE € C MOCOKa, IPOTHUBOIOI0KHA Ha BTPELIHOTO MOJE, Ta-
KOBa CBbp3BaHE ce Hapuya npaeo (OTPULATENHHAT MOIIOC HA TOKOM3TOYHHMKA KbM N
Si) ToraBa ce HamaisBa BMCOYMHATa Ha MOTEHLMalHaTa Gapuepa ¥ TOKHT HapacTsa
10 EKCIIOHEHIIMANEH 3aKOH OT NPHIIOKEHOTO HAMPEKEHUE.

I.mA |
Me
0O
88 N Si ~pQ
— - + si —I-r, -
E !
“N._ ; U
o |

Due. 2.68. Hanpassauy konmaxm mexcoy meman u N noaynpoeooHux

Korato xsM N cunuuus ce mojajie moJIoXHUTEHO HanpeXeHne CupsAMO MeTala,
NPEXOBT Ce CBBbP3Ba obpamHo. Torasa ce NMoBHINABAa BACOUHHATA Ha MMOTEHLMANHATA
6apuepa ¥ mpe3 npexojia MpoTHYa HUIOXKEH 00paTeH TOK (~pA).

Juonute Ha llloTkH ca eeMeHTH, IPH KOUTO C€ M3IOJI3BAT CBOMCTBATA HA U3-
npasawus npexod MeTan-noaynposoanuk. XapakrepHo 3a llotku nuomute e ye Tax-
HOTO JIEHCTBHE C€ IBJDKH Ha OCHOBHH TOKOHOCHTENH (enekTporu). [Ipu X omcwcm-
8am AENEHUAMA UHICEKYUS, HAMPYNEaHe U PAIHACAHE HA HEOCHOBHU MOKOHOCUMENU.
ToBa obycnaBsa ronsMoTo Obp30JCiCTBHE Ha TE3M NUOAM, KOMTO CE M3ITON3BAT KATO
cepvx6op3u umnynchu u CBY ouoou. OcobeHoct Ha aoante Ha IIIoTKY e MankusT
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naj B npasa nocoka (0,1-0,3 V). Tosa no3soinssa nponyckaHe Ha TOKOBE B NPaBa I10-

_ coKa JI0 HAKOJKOCTOTHMH amriiepa npH dectoTd Ao 200 kHz (Mommute muomu ¢ PN
[IPEXOZl MOTaT Jia M3MNPaBAT [0 YecTora HAKoJko kHz). IIpobuHoTO Hanmpexenwne Ha
[[JOTKH AMOAA € MO-MAJIKO OT TOBA HA M3IPABHTENHHUTE CHIMUHMEeBH auopyu (Upg <
<50 V).

AKO npM KOHTAaKT METal-MONYIIPOBOAHMK B MACTOTO Ha Ipexofa ce hopmupa
obozamen cnoii (C HACKO CreLMGHIHO CHIPOTHBIEHHE), TAKBB KOHTAKT HAMA W3IIpa-
BALI[M CBOMCTBA, 3aLOTO YCIOBHATA HA KOHTAKTa HE C€ MPOMEHAT NpPH U3MEHEHHE Ha
MONIAPUTETAa Ha IMPHIIOKEHOTO HanpexeHue. TakuBa KOHTAKTH €€ HApH4YaT OMHYHH
KOHTAKTH U Ce M3IOJI3BAT 32 0OpMIHE HAa METAHUTE W3BOJHM HA MOJYMPOBOIHHKO-
BUTE €JIEMEHTH.

? Konmponru esnpocu’

—1. Kowu TokoHOcuTenu ¢hopmupar aubysnus u apeitdon Tok B uoma? Kak Biusie Bu-
COYMHATa Ha MOTeHIHaHaTa Oapuepa BbpXy CTOMHOCTTa Ha Te3H TOKOBe?

2. JleduHupaiiTe NOHATHETO TEMIEpaTypeH KoeHUHMEHT Ha HAIPEeXEHUETO NpH Ipa-
BO BIUItoYBaHe. KakBa e TUNMYHATa My CTOHHOCT?

3. ObscHeTe pa3nuKaTa B CBOMCTBATa Ha CHIIMIMEBH ¥ TEPMaHUEBH THOMH.

4. Hamuiere ypaBHEHHETO Ha BONT-aMIEpHATa XapaKTEPUCTHKA Ha pealeH JHOJ Ka-
TO TOSCHUTE HM3MON3BaHUTE O3HaueHWA. Kou sBIEHMs ca NPUYMHA 3a pa3jidKaTa
MEXy peaH{ ¥ MICIHU IHOJM IPU NPaBO M 00paTHO BKIIOYBaHe?

5. JeduHupaiiTe TOHATHETO MaKCHMalHO IOMyCTHMa MoIHOCT. KakBuM CBhCTaBKH
¥Ma TOIUTHHHOTO CHIIPOTHBIIEHHE?

6. Heduuupaiite noHATHETO NPOOUB Ha mpexona. KakBu MexaHu3mu 3a npobuB B -
ona nosHasate? Koe € ycnoBueTo 3a HacThIBaHE HA TOIUTMHEH NPOOHB?

7. Hebunupaiite NOHATHETO AU(PEPEHLNATHO CHIPOTHBIEHHE Ha nuona. Kak mMoxe
Jia ce OnpeIeNiN OT BOJIT-aMIIEPHHTE XapaKTePUCTUKHU H KaK 3aBHCH OT TOKa?

8. Kaksu xanamuterst uMa PN npexonst? Kaksa Tps6Ba na e croifHOCTTa UM IIpH BH-
COKOYECTOTHUTE U UMITYJICHATE JUOAH?

9. Kowu mipoiiecH onpenensaT GpopmaTa Ha U3XOAHHUS CUTHAI NPU OTNYLIBaHE Ha AHOJa
npu paboTta B uMITysiceH Texxum? JledpuHupaiite MMIYJICHUTE IlapaMeTpH

10. O6sicHeTe MpUHLHNA Ha ACHCTBHE Ha LIEHEPOB JHOA W IOCOYETE OCHOBHHTE MY

apaMeTpH.

11. OGscHeTe 3aBHCUMOCTTa Ha NpOOMBHOTO HANMpPEXEHUE OT TeMHepaTypara 3a BH-

COKOBOJITOBH ¥ HUCKOBOJITOBH LIEHEPOBHU uoau?

12. KakBo mpezacTaBisBa BAPUKAITBT H KOE € OCHOBHOTO My NpUIOXKeHue?

13. 3amo muomurte Ha lloTku MoraT na paboTAT OO MHOTO IIO-BHCOKH 4ECTOTH B

cpaBHeHKe ¢ auonute ¢ PN npexonun?

14. TlocoueTe OCHOBHUTE €TalM NpPU IPOM3BOJCTBOTO Ha IIOJNYIPOBOAHUKOBH €lle-

MEHTH ¥ TAXHATA [OCIEeIOBaTeIHOCT.
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FABA 3
BUNONIAPHU TPAH3NCTOPH

3.1. YCTpPOMCTBO, NPUHLUN HA AleACTBME U OCHOBHM
3aBMCUMOCTH

3.1.1. lNpeaHa3HavdeHue Ha TpaH3ucTopuTe

EmHO OT OCHOBHHMTE NpPHIIOKEHHMS Ha EJIEKTPOHHUTE CXEMH € YCHJIBAHETO Ha
curdanu. HampuMep Ha BXOJOBETE Ha TENEBM3HOHHHTE ¥ PafHO-IIPHEMHHIH, MEIH-
LMHCKHTE ypenu, MOOUIHHTE TeleOHH U KOHTPOJIHO-U3MEPBATEIHUTE anapaTypH ce
1n0Jy4aBaT MPOMEHJIMBH CHTHAJIM C aMIUITMTYa OT HAKOJIKO MHUKDPOBOJITA 0 HAKOJKO
JeCETKH MUIIMBONTA. 3a J1a ce AeKOAUpa ¥ Bh3npHeMe HHOpMaLUuiaTa, ChAbPKALIA CE
B cj1abuTe BXOJHH CHUTHANH, € HEOOXOAUMO Te Jia Ce YCHIIAT MHOTOKpATHO. 3a LenTa
Ce M3IOJI3BAT CXeMH ¢ TpaH3uCTOpd. TpaH3NCTOpHTE ca MOJYNPOBOAHUKOBH ejie-
MEHTH, KOMTO OCHUI'YPABAT YCHJIBaHEe N0 TOK, HanpexXeHHe M MOIHOCT HAa BXOA-
HHTE CUTHAJIMU.

Ha ¢ur. 3.1 e nokazaHa ¢GyHKUHOHANHAT2 CX€Ma HA YCWJIBATE]l HAa CUrHAJH,
IpH KOMTO BXOJHUAT CHTHAJ Us YTIPABIABA NIPEAAaBAHETO HAa CHEPTHA OT MOCTOSHHO-
TOKOBHS 3aXpaHBalll U3TOYHHK KEM TOBapa.

ITocTossHHOTOKOB
3aXpaHBall H3TOYHHK

Iip A i, mA

out?

Bepurac "
aKTUBEH eJIEMEHT ou?

us, mV \Y% TOBap

Duez. 3.1. PyukyuoHarHa cxema Ha yCUnBAmen Ha CUZHAAU
Y

B ciyyas BXOOHUAT CHUTHAJ U € OT HOpPAABKA Ha MUJIUBOJITH, BXOJHUAT TOK ljp —
HAKOJIKO JECETKH MM CTOTHIIM MUKPOaMIIEpH, U3XOXHOTO HANPEKEHNE Uy, — HAKOM-
KO JECETKH BOJNTA, 3 M3XOMHUAT TOK iy — HAKOJKO JeceTKH Munnammnepa. Cienosa-
TENTHO BXOJHHUAT CUTHAI, C MOIIHOCT HAKOJIKO MHKPOBaTa, ce rpeobpa3yBa B H3XOJEH
CHTHaJI, ¢ MOIIHOCT 10 HAKOJKO BaTa, T. €. OCBIUECTBSABA C€ YCHJIBAHE IO MOIIHOCT.
EnexTpoBHuTE €jleMEHTH, KONTO OCHIYyPHBAT HapacTBaHe Ha H3XOAHATA MOII-
HOCT 32 CMETKA HAa €HeprusiTa Ha 3aXpaHBaLUUsA M3TOYHHUK, Cé HAPUYAT AKTUBHH
ejleMeHTH.

TpaH3ucTopure ca Haii-4ecTo H3MON3BAHATE aKTHBHH eneMeHTH. OcBeH 3a
YCHIIBaHE Ha CUTHAJIM, Teé HAMHPAT NPUIOKEHHE U B KOMIIOTPUTE, H(PPOBHUTE KOMY-
HUMKAI[MOHHHM YCTPOMHCTBA, €NEKTPOHHUTE YaCOBHHULM M KaJIKyJIaTOPH, TOKO3aXpaHBa-
LIMTE YCTPOICTBA C BUCOK K.ILA.
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Cnopeji KOHCTPYKIHATA B QYHKUMOHMPAHETO MM, TPAH3UCTOPUTE ce Je-
AAT HA ABa OCHOBHM BuJa: Ounonsipum (Bipolar Junction Transistor — BJT) u
_nonesn (Field Effect Transistor —- FET). IlspBuTe ce ynpaBasBar ¢ nomomra Ha
BXOJHHSA TOK, 2 BTOPUTE — C BXOJHOTO HanpexeHHe,

3.1.2. KpaTtku ncropuyecku 6enexxu

BunonapHuaT TpaH3KUCTOp € OTKpHT npe3 1947 r. ot Bapaun (J. Bardeen), Bpa-
teitn (W. Brattain) u lloxmu (W. Shockley) B Bell Labs (CAIL).

MacoBoTo NpOU3BOACTBO HAa TPaH3UCTOPH 3alo4Ba OT HAYaJoTO Ha 50-Te ro-
nuHd. TTosBaTa UM NpoMeHs U3LSIO €IEKTPOHHATA MHAYCTPHS, a B TIOCIEJCTBHE CTa-
Ba OCHOBAa Ha Pa3sBHTHETO Ha KOMIIIOTHPHUTE U KOMYHHMKALMOHHHTE TEXHOJOTHH. Be3

- ChMHEHME, U3KIIOYUTEIHUAT HaNlpebK Ha MEAULMHATa, HOBUTE EHEPTUIHU TEXHOIO-

“I'MH, CbBPEMEHHUTE JOMAKHHCKH ypeny M CUCTEMM, aBTOMOOMIIHATA TEXHUKA, OPH U
HOBHTE CTHMJIOBE B MY3HKaTa c€ IbJDKAT B IoJIsiMa CTETNeH Ha BE3MOXKHOCTUTE, KOUTO
[aBa IPAKTUYECKOTO NPUIIOYKEHHE HA TPAH3UCTOPHUTE CXEMML.

o ITpe3 1956 r. Tpumara y4eHu nony4yasat HobGenoBa Harpana 3a ¢usnka.

3.1.3. NpuMepHa KOHCTPYKUMUA U YCNOBHO rpacpM4YHO O3HavYeHue
Ha GUNONAPHMA TPAH3UCTOP

Ha ¢ur. 3.2a e noka3zana npuMepHaTa KOHCTPYKLHS Ha npn TPaH3WCTOp, a Ha
¢ur. 3.26 — ycnoBHoTO My rpadmuHo o3HayeHue. Ha ¢ur. 3.3a u ¢ur. 3.36 ca noka-
3aHH [PUMEpPHATa KOHCTPYKIMA U YCJIOBHOTO rpadM4HO O3HAYEHHE Ha pnp TpaH3UC-

TOD. c
E n+ p n- C B
o—] —o
8 ;
) 6)

a

Duez. 3.2. a — npumepHa KOHCMPYKYUS HA RPN MPAHIUCHIOD;
6 — ycnoeHo 2paguuno o3navenue Ha PR MPan3UCMop

o
E p+ n p- C L@
I B E
) 6)

a

’

Duez. 3.3. a — npumepHa uHCMpyKyus pnp Mpansucmop;
6 — ycnosno epagpuuno o3HaueHue Ha pRp MPaH3UCMOp
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Tpau3ucTOpUTEe UMAT TPH u3Boja: emutep (emitter — E), 6asa (base — B) u
koJextop (collector — C). Chrabpikar iBa OIU3KO PastonokeHH ph NPEXOAa, Peat-
3MpaBM B NOJYIPOBOIHHKOB MoHOKpucTal. IIpexonsT Mexmy emutepa u Gasara ce
Hapuua eMHUTEPEeH, a MeXTy KonekTopa K Gasara — xonekropen. M jgpara npexona ca
HECUMETPHYHH (T. €. KOHIEHTPALUATA HAa IPUMECHUTE B EMHTEPA € MHOTO IO-TOJIfMa
OT KOHILIEHTpAlUATa Ha MPHMecHTe B 6a3aTa M KOHLEHTpalHATa Ha IpUuMecHTe B 6a3a-
Ta € HO-TOJNsAMA OT KOHUEHTpAIMATa Ha NMPUMECHTE B KOJeKTopa). PeamHuTe KOHCT-
PYKLHMHM Ha GUIONAPHATE TPAH3UCTOPH CE Pa3nM4aBaT OT II0Ka3aHuTe Ha ¢ur. 3.2a u
¢ur. 3.3a. Te 3aBUCAT OT TEXHOJOTHATA HA MPOM3BOACTBO M OT JKETAHHUTE XapaKTe-
puctukyi. O6IOTO MEXKIY BCHYKK KOHCTPYKIMH €, Ye EMUTEPHUAT IIPEXO/] BUHATH € C
[I0-MaJKa TUIOM] OT KOJIEKTOPHUS.

3.1.4. Pexxkumu Ha paboTa Ha TpaH3ucTopa

3a fa U3MBJIHABAT CBOUTE (QYHKUHH, TPAH3UCTOPHTE CE CBBP3BAT B EJIEKTPOHHH
cxeMH. B TAX KbM M3X0Ja Ha TPaH3UCTOPA 3abIDKUTENHO Ce BKJIIOYBA peajieH TOBap —
TOBap ChC CTOMHOCT pasznuyHa oT 0 (Kbco chelHeHKe) Uiy o (mpaseH xoxn). [Ipu no-
JaBaHe Ha MPOMEHJIMB CHTHAJI Ha BXOJla Ha CXeMaTa, ce I0JyJyaBa ChbOTBETHO U3MEHe-
HHe Ha W3XOMHHS TOK Ha TPaH3UCTOpPa, KOETO BOJAM A0 NPOMSHA Ha HANPEKEHHETO H
TOKa mpe3 ToBapa. B To3u cirydait ka3pamMe, ue TpaH3UCTOPBT CE€ HAMUPA B TUHAMHUYHO
(paboTHO) checTosAHMe. [lapamerpuTe Ha cxeMara ce OIpelesIT KaTo OTHOLICHUs Ha
TOKOBETE W HAIPe)KEHHATAa Ha BXoja W Ha m3xozaa U. Hapuuar ce ounamuynu napa-
Mempu M 3aBUCAT KaKTO OT MapaMeTpUTE U XapaKTEPUCTUKUTE Ha M3MOJI3BAHUS TPaH-
3HUCTOP, TaKa M OT [IapaMEeTPUTE Ha OCTAHAINTE €IEMEHTH B CXEMaTa.

Ot xa3aHOTO IO-rOpe CIelBa, Ye 3a ONpeENIHE HAa JUHAMUYHHUTE apaMeTpu
Ha Pa3IMYHMUTE EIEKTPOHHU CXEMH € HeoOX0MMMO Ja MMaMe IaHHM 3a MapaMeTpUTe U
XapaKTepPUCTUKUTE Ha M3MON3BaHNTE TPaH3UCTOpH. OGHKHOBEHO TE€3M JaHHH Ce AaBaT
OT Tpou3BOAUTENA. MI3UCKBAHUATA KBM TAX ca Ja 6BJAT YHMBEPCATHH, T. €. ]a MOTaT
Jla Ce WU3MOJI3BAT IIPH BCAKAKBH CTOHHOCTH Ha TOBAapa M NPH BCAKAKBH CXEMH Ha CBBp-
3BaHe Ha TPaH3UCTOpa. 3a LeNTa, OCHOBHUTE MapaMeTPU ¥ XapaKTepHUCTHKU Ha TpaH-
3UCTOpUTE ce HeduHHpaT U U3MEpBaT HPH KbCO CHEAUHEHHE WM Mpa3eH XOi4 Ha
BXOJHATA U U3XOJHATA BEPUTH, T. €. B CTATHYHO (HEpabOTHO) CHCTOSHHE Ha TPaH3HC-
topa. [TonyueHuTte napaMeTpH M XapaKTEPUCTUKU CE HAPUYAT CIMAMUYHU.

B 3aBHCHMOCT OT NpeAHA3HAYEHHETO HA CXeMaTa, TPAH3UCTOPHTE MOraT 2
PaloTAT B aKTUBEH PEXKUM, PE:KUM HA HACHILAHE U PeXMM Ha oTceuka. Chulec-
TBYBAa BPB3Ka MeX1y pe:KMMa Ha padoTa Ha TPAH3MCTOPA U MOJISAPU3ALMATA HA
eMUTEPHHUS U KOJIEKTOPHHUS NPeXox.

3a paboTa Ha TpaH3HUCTOPA B aKmueeH pedictM € HEOOXOIUMO EMUTEPHHSAT TIpe-
XOX Jia ce MONspU3Upa B NpaBa MOCOKa, a KOJEKTOPHHUAT — B 00paTHa. B To3u pexum
TPaH3UCTOPBT CE M3M0JI3Ba HAH-UECTO KaTO YCUIIBATEN Ha MOLIHOCT.

B peoicum na nacuwane, BcieNCTBHE Ha HAPACTBAaHETO HA YIPaBIABALIMA TOK
HaJl ONpeJieNicHa CTOMHOCT, IBaTa NPeXo/ia Ce 0Ka3BaT NOJIIPU3NpaHH B paBa MOCoOKa.

B peoicum na omceuxa KONEKTOPHUAT U EMUTEPHUAT MPEXOAH Ca BKIIOUEHU B
obpaTHa nocoka. TpaH3UCTOPHT € 3amylLeH.

PexxnMBT Ha HaCHINAHE M PEXUMBT HA OTCEYKA CE M3IMOJI3BAT MPH peau3alys-
Ta Ha €JIEKTPOHHM KIIOYOBE B MMITYJICHHMTE M IudpoBHuTe cxemu. KoraTo TpaHsucro-
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“ peT € HACHTEH, TOM Wrpae ponsTa Ha 3aTBOPEH KIIIOY, @ KOTaTo € 3allylIeH — Ha OTBO-
peH KITIOY. ’

73.1.5. CXeMu Ha cBBbp3BaHe Ha GUNONSIPHUA TPAH3UCTOP

CeriacHo cxemarta Ha @ur. 3.1 3a cBbp3BaHe Ha TPAaH3UCTOPHUA YCHIIBATED KBM
BXOJHHS CHTHAJ ¥ TOBapa ca HeOOXOJMMH [1Ba BXOJHH M [Ba H3XONHH u3Boja. [ToHe-
je TPaH3UCTOPBT HMa CaMO TPH M3BOAA, B €JIEKTPOHHHTE CXEMHU €MIMH OT TAX CE CBBP-
3pa KbM BEPHUraTa HAa BXOJHMSA CUTHAJ, OPYTHAT CE CBHP3BA KbM BEpUraTa Ha M3XOA-
AAs CHTHAJ, 2 TPETUAT € o611 3a BeTe BepHru (Bik. dur. 3.4).

Tpansuctop

Bxonen Hsxonenu
06w CHTHaI

O O —O

Duez. 3.4. Cevp3sane Ha U3800uMe HA MPAH3UCMOPA KoM BXOOHAMA U U3XOOHAMA éepuzil

B 3aBHCHMOCT OT TOBA KOii OT U3BOAUTE HA TPAH3UCTOPA € 0011 32 BXOAHA-

~Ta M M3XO/IHATA BEPHUra, Ce Pa3IM4YaBaT TPH CXeMH HA CBHP3BaHe — ¢ 0011 eMuTep

(OE), c o6mta 6a3a (OB) u ¢ 06w kosexTop (OK). Tabun. 3.1 npencras pasauyHuTe
cXeMH Ha CBBp3BaHe Ha OUIIONAPHHUSA TPaH3UCTOP.

Tabnuya 3.1
H3Bon Ha TpaH3uCTOpa ‘
Ba3a Emurep Konexrop
Cxema Ha cBLP3BaHe C S
O61ua 6a3a (OB) 06 Bxon - " Usxon
061 emutep (OE) Bxop, O6m - | ~ Usxon
0611 konexrop (OK) | Bxogm Msxox ) 06111

[Mocouenute B TabnuiaTa CBEP3BaHMS Ha W3BOLMTE HAa TPAH3MUCTOpA CE OTHACAT
33 TUTTMYHOTO MY HOpManko éxmougane. ChIIECTBYBA H APYra Bb3MOXHOCT, HIPH KOATO
KOJIEKTOPBT M EMUTEPHT Pa3MEHAT MecTaTa CH. ToBa BKIIOYBAHE CE€ HapH4a UHBEPCHO.
Iopanu dakra, ye TPaH3UCTOPHT € HECUMETPUUEH eneMeHT (BX. T. 3.1.3), mapamerpure
My B MHBEPCHO BKJIIOYBAHE Ca BJIOLIEHH CMPSIMO NApaMETPUTE My B HOPMAIHO BKJIFOY-
BaHe. 3aTOBa HHBEPCHOTO BKJIIOYBAHE HAMHMPA MHOTO OIPAHHYEHO MPUIIOXKEHHE B NPaK-
THKaTa — U3MI0/I3Ba CE CAMO B HAKOM CITELMAJIHH, HETUNHYHHU CIIy4Yau.

Benuky pasrnexaanus B HaCTOALIATa IJaBa C€ OTHAGHT 3a HOPMAJHO BKIIOY-
BaHE Ha TPaH3HCTOPHUTE. '

3.1.6. NMpuHUun Ha peicTBMe Ha GunonsapHus 'rpaH’auéi'bp

Ha ¢ur. 3.5a e noka3aHo BKIIOYBaHETO Ha GUIIONAPHUA hpn TPAH3UCTOD B aK-
THBEH PEeXHUM, B cxeMa ¢ ob1ma 6a3a. 3a IienTa eMUTEPHUAT IPEXO € NONApPU3MpaH B
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npaBa MOCOKa, KOJEKTOPHHAT — B obparHa MOCOKa, a 6a3aTa ¢ o6lila 3a ABaTa BHHILHY]

IMOCTOTHHOTOKOBH HM3TOYHHMKA.

eMUTEepEH
PEXOX

KOJIEKTOPEH
IPEXOX
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Due. 3.5: a —~ sxnoyeare na npn mpan3ucmop 8 cxema ¢ OF ¢ axmusen pesxcum;
6 — OCHOBHU NOMOYU OM NMOKOHOCUIMENU; 8 — NOCOKYU HA MOKo8eme.

2ad

ek A il

MexaHu3MbT Ha PYHKUHOHUPAHE HA OMNOJSAPHHTE TPAH3UCTOPH Cce OCHO-

BaBa Ha [BH’KEHMETO M B3aMMOJEIiCTBMETO M HA JBAaTa BHIA CBOGOAHM TOKOHO-
CHTEJIH — eJIeKTPOHH M Aynku. OTTaM MABAa M Ha3BaHMeTO OumojsipeH. Ha ¢ur.
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3,56 € TIOKA3aHO JBIKCHUETO HAa OCHOBHUTE IOTOLM OT TOKOHOCHTE/I!, XapaKTepH3H-
paule QYHKIMOHHPAHETO HA 71PN TPAHUCTOPHTE.

CBBp3BaHETO HAa EMHMTEPHHS NPEXO] B IpaBa MOCOKA MPEIU3BUKBA MHIKESKIHS
Ha eJIEKTPOHM 0T emuTepa B OasaTa (notox Ye,) u Ha Kynku oT 6a3aTa B emutepa (110-
tok Wgp). KoHIEHTpauaTa Ha NPUMECUTE B EMUTEPA HAJBUIIIABA MHOIOKPATHO KOH-
eHTPalUATa Ha npuMecuTe B 6a3zaTa M 3aToBa MOTOKBT OT €NEKTPOHM mpeobianapa
HaJ MOTOKAa OT AYNKH. J[ymKuTe, NOCTBHIMIM B €MUTEPA, PEKOMOMHHMPAT C 4acT OT
eJIEKTPOHHUTE, KOHUTO C€ HaMHpPAaT B HETO. [ToHexe EMUTCPHHUAT IIPEXOA € BKIIOYCH B
fpaBa IIOCOKa, B EMHTEpa Ce MOJUIbP)KA BUCOKA KOHLEHTPAIHSA Ha €IEKTPOHH, HE3aBH-
cHMO OT TIPOTHYALIUTE NMPOLIECH Ha MHXKEKUUA U peKoMOuHAUMA. [IBIHUAT TOTOK OT
enexTpoHd Vg, KOHTO HaBIW3a B €eMUTEpa OT OTPUIATENHUA MOMIOC HAa 3aXpaHBaIHs
y3rouHuK Upg, € PaBeH Ha CymaTa OT TokoHocuTenute B aBaTa motoka (‘We, u W),
MpeMHHABALIY TIPE3 EMUTEPHHUS NPEXOI.

ba3sara Ha TPaH3UCTOPUTE € C MaJKa HIMPOYMHA (OT YaCTU OT MHKPOHA [0 Hi-
K0AKO MHKpOHa). [Topaau ToBa, npeobinafaBaiuaTa 4acT OT €JIEKTPOHHTE, MOCTHIIBA-
[ OT eMHTepa, MpPEMUHABAT Mpe3 Hesl upe3 AUPY3us U HOCTUraT 00paTHO CBBP3aHMs
KOJICKTOPEH IIPEXOL. CobBceM Manka 4acT OT C€JICKTPOHHUTE, UHAKEKTHPAHU B 6333.’[‘3,
pekoMOMHMpaT B Hes ¢ TMoToKa Vg, Heobxonumure aynku 3a MpOTHYaHE Ha ONMCa-
wuTe npolieck B 6asaTa ce ocurypaBaT ot notoka ¥, Toif HapnM3a B 6a3aTta OT MOJO-
JHUTETHHA TOJIIOC Ha 3aXPaHBallUiA U3TOYHUK Upg.

EnexTpoHHTE, KOCTUIrHAMM KOJIEKTOPHHSA MPEXOJ, MONajaT B €ICKTPUUYECKOTO
My TIOJIe, KOETO € YCKOPSBAlLlO 32 TAX. B pesynrar Te ce mpexBupiaT, upe3 apeid, B
xonekTopa (motok ¥c,) ¥ 0OTTaM NOCTBNBAT KbM IOJIIOXKHUTETHHUS TTOJIIOC HA 3aXpaHBa-
s H3TOUHUK Ucg.

Ha ¢ur. 3.56 ¢ IbTHH IMHUK ca TOKAa3aHN TEXHUUECKUTE IIOCOKH Ha OCHOBHH-~
T€ TOKOBE B npn TPpaH3UCTOPHTEC, CbOTBETCTBAILIA HA OIIMCAHHUTE NOTOUM TOKOHOCHTE-
JIn. ﬂOH’bJIHPITCJIHO, C NPEKbCHATA JIMHHUA, € TIOCOYEH H TOKBT ICBO (O6paTCH TOK Ha
npexona KoJIeKTop-0a3a MpH. OTBOPEH €MUTEp), NPOTHYAIl Npe3 MONAPU3UPAHMS B
obpaTHa MOCOKa KOJEKTOPEH Npexoi. To3H TOK € aHaJIOTHYeH Ha TOKa mpe3 o0paTHO
CBBp3aHUA AMOJ M MOXE Jla ce M3MepH no cxeMara Ha ¢wur. 3.6. Haprua ce HakpaTko
obpaTeH KOJEKTOPEH TOK U 0OMKHOBEHO CTOMHOCTHTE My ca NPEHeOpe)UMO MaJIK4 B
CpaBHEHHE C KOJIEKTOPHHS TOK Ha TpaH3ucTopa Ic.

Due. 3.6. Cxema 3a usmepsane na obpamnus mox Icpo
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IMoToksT oT enexrponu Vg onpenend emuTepHus Tok Ig. To#l ce chbeTOM oT’
eMHTEpHHS TOK OT eIeKTPOHH I, (OTroBapsaul Ha notoka Vg,) U eMUTEPHUSA TOK 0Ty
nynkw Ig, (motok Wgy). HotoksT ot nynku Vg onpenens 6azosus ok Ip. Toii € pasex]
Ha cyMaTa OT EMHTEPHHUS TOK OT RynKH Ig, (MoTok Wg,) ¥ ToKa OT pekoMOHHALMATA B
6asara Ip, (motok Wpy), MUHYC 06paTHHS KOJEKTOPEH TOK Icpo. EnexTponuTe OT mo-
toka Wc, dopmupar Toka Ic,. Toit € OCHOBHUA KOMIIOHEHT Ha KOJIEKTOPHMS TOK I.]
TIpeacTaBisABa pa3IMKaTa MEXIY EMUTEPHHS TOK OT €EKTPOHM [g, ¥ TOKA OT peKOM-=
6unanuaTa B 6a3zara Ig,. JIpyruar KOMIIOHEHT Ha KOJIEKTOPHHSA Tok Ic € obpaTHus KO-
nexropeH ToK Icpo. [ToHexke HeroBara mocoka ChbBIaja ¢ NMocokaTa Ha ¢, [BaTa TOKa
ce CyMHpaT.

1 K smesatnd

OT HanpaBeHOTO OMPOCTEHO OMHCAHKE Ha NPUHLMIA Ha IeACTBIE HA GUIONAPHKAT
npn TPaH3KUCTOP ClIe/iBa, Ye TOKOBETE [k, Iy ¥ Ic MOTaT Jia Ce ONPEJEIAT C U3pa3UTE: !
(3.1) IE=IEH+IEP=ICH+IBP+IEP’ ’1
(3.2) Iy =1Ig, +Ig, = Ico, R
(3.3) Ic =1Icy +1cpo-

Axo cymupame (3.2) u (3.3) u cpaBHuM pesynTara ¢ (3.1) ce nonyyasa: :
3.4 I =1Ic+15.

YpaBHenue (3.4) u3paszsiBa OCHOBHATA 3aBMCHMMOCT MeXAy TOKOBeTe B-
TpaH3ucTOpA. ' :

OT ONHCaHMETO Ha MPOLECUTE, NPOTHYANIM B Npn TPAH3UCTOPA, MOXKE Ja Ce
HarpaBH H3BOJA, Y€ KOJIEKTOPHHUAT TOK C€ ABJDKH HA N0TOKA OT enekrponu Yg,, noc--
THIBAallM OT emHTepa B 6a3ara. CienoBaTesHo, ONMpeAensAlio 3a paboTaTa Ha npn
TPaH3UCTOPA € JBMIKEHHUETO HA EIEKTPOHUTE B HETO.

ITo aHanoru4eH Ha4MH MOXke J1a OBbJIe OMMCaH NPOUECHT HA (GYHKLMOHHUPAHE HA
pnp TpaH3ucTopa. B To3M ciryuait onpeaensimo 3a yHKUMOHHPAHETO My € IBHIKEHHE-
TO Ha AynKMTe B Hero. CxemuTe, ChOTBETCTBAILM Ha T€3U OT ¢ur. 3.5, ca NOKa3aHH Ha
¢ur. 3.7. AHaNIU3BT HA IPOTUYAIIUTE IPOLIECH NIPEAOCTABIME Ha UNTATENA. '

Ha ¢wr. 3.8 ca mokasaHu NOCOKHTE Ha TOKOBETE M MOJIAPHOCTUTE Ha Halpexe-
HUATA, XapaKTEpHH 3a npn M pnp TPaH3UCTOPHTE, paboTeln B aKTHBEH peXxuM. Tpsb-
Ba Jia ce 0TOeNIeXH, Ye B yCIOBHOTO rpadHyHO O3HAUCHHE Ha TPaH3UCTOpPa CTPENIKATa
Ha EMHTEPa BUHATH COYM TEXHUYECKaTa II0COKa Ha TOKa Ipe3 Hero.
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0 — ocHO8HU nOMOYU OM MOKOHOCUMENU; 8 — NOCOKY HA MOKOBeme
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a) 6)

Quez. 3.8. Ilocoxa na mokoeeme u nOAAPHOCM
HA HanpeXcenuama npy mpaH3ucmopume 6 GKMuGeH PesiCum
a — npn MpauHucmop; 6 —pnp mpan3ucmop

3.1.7. YpaBHEHUA Ha KOJIeKTOPHUs (EMUTEPHUSA) TOK

YpaeHeHUe Ha KO/IeKMOPHUA MOK 3a cxeMa ¢ obwa 6a3a

ITpu cxema Ha cebp3BadHe ¢ Ob (Tabn. 3.1) eMHTEPHUAT TOK € ympaBisABall, a
KOJIEKTOPHHAT — ynpasiseM. Cnie[oBaTeHO, OT NpaKTHYeCKa Tie[Ha TOYKa, € BaXcHO
Jla ce HaMepH BpB3KaTa MeXy Te3H JBa Toka. OT HalpaBeHOTO MO-TOpe OMUCAHUE Ha
paborara Ha TpaH3ucropa U Gopmynu (3.1+3.4) ciaensa, ye TOKBT Ic, € YacT OT eMH-
TepHUA TOK [g:

3.5) Ic =1Icy +1cpo =Ky +1Icpo = ¥¥lg +Icpo-

B ropuoTto ypaBHeHue, K ce Hapuya Koc)ULIMEHT Ha MpeHacsHe npe3 6a3ara u
MIOKa3Ba KaKBa YacT OT €MHTEPHUs TOK OT €NEeKTPOHH [g, IPEeMHHaBa B KOJEKTOpa
(Ico = Kklg,). IIpu ceBpeMEHHHTE TPAH3UCTOPHM TO3M KOEYHLMEHT UMa CTOHHOCTH
6um3ku go exunnna. KoeguuueHTsT Y ce Hapuya e(eKTUBHOCT Ha EMHUTEpa ¥ H3passi-
Ba OTHOLUECHHETO MEXAY EMHUTEPHHS TOK OT €IEeKTPOHM [g, M IIBJIHUS EMHUTEPEH TOK
It (I, = YIg). 3a nobpata pabora Ha TpaH3UCTOpa € HEOOXOoMHUMO Y a 6bae OIU3KO 10
enquHuiia. ToBa ce MOCTHra ype3 yBeJlMYaBaHE Ha KOHLEHTPALMATA HAa NPUMECUTE B
eMHTepa MHOTOKPAaTHO HaJl KOHLEHTpalMATa Ha npuMmecHte B 6a3ata. [[Bata koedu-
nuenTa (K ¥ Y) Morar aa ce o6eIMHAT, IIPX KOETO 3a BPh3KaTa MEXIY KOJICKTOPHHUA U
eMHTEepPHHS TOK CE T0JIy4ana:

(3.6) Ic=0lg +1p0-

®opmyna (3.6) ce Hapu4ya ypaBHeHHE HA KOJEKTOPHUS TOK 3a CXeMa Ha
cBbp3BaHe ¢ o0ma 6a3a. KoedpuuueHTHT O ce HaApH4ya MHTerpajeH KoeQUUHEHT
Ha mpeJaBaHe HA eMMTEPHHS TOK A0 KojekTopa. YUecto ce ynmoTpebsiBaT u no-
KPAaTKHTE Ha3BaHHs — HHTerpajieH Koe(HUMEHT Ha NpeJaBaHe MO TOK WM Koe-
¢uuuenT O . THNMUHMTE MY CTOHHOCTH 32 Pa3jM4YHHTE TPAH3HCTOPH BapupaT
mexay 0,98 n 0,998. Crnenosarento, KONEKTOPHHUAT U EMUTEPHUAT TOK ca OJIH3KH 10

CTOHMHOCT, a 6a30BUAT TOK, KOHTO € pasnukara Mexay Ig u Ic (Bx. dopmyna 3.4), e
MHMHHMAJICH.
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OGHKHOBEHO 0OPaTHUAT KOJIEKTOPEH TOK Icpo € MHOTO IO MaNBK OT Ic W, Haii-
4ecTO, NIPY NMPAaKTHYECKH M3YHMCIICHUS, ce mpeHebpersa. Torara ypasuenue (3.6) mo-
... pUBa BAOA:

3.7 Ic =0lg,
a 32 IpUOIH3UTEIHATa CTOMHOCT Ha KoeuIMeHTa O ce Iojy4aBa:
: _ 1
(3.8) a~-5.
e E
& Mpumep

3.1. Ilpunoxenne Ha ypaBHEHHETO HA KOJIEKTOPHHUSA Tok 3a cxema ¢ OB 3a
:'v--onpenenﬂne HA TOKOBETE Npe3 TPaH3HCTopa
- HaneHo e, ye MHTETPANHUAT KOeQHUILMEHT HA NPENaBaHe MO TOK Ha MaJOMOIIEH
== ppn TpansucTop € 0. =0,99, a o6paTHuAT KoJexTOpeH TokK € Icso = 15 nA. [la ce on-

- PeweHue
= Ot ypaBHEHHETO Ha KONEKTOpHHA Tok 3a cxeMa ¢ OB (dopmyina 3.6) cnenpa, ge
Ic =0lg +Icgg =0,99-10mA +15nA =9,900015mA = 9,9mA =Gl .
[Tosmy4eHUAT pe3ynTaT MOAKpPENs TBbPACHHUETO, Ye [cpo NPAKTHUECKH HE OKa3Ba
BIMsSHHE BBPXY CTOHHOCTTA Ha KOJIEKTOPHHA TOK M MOXe Ja ce NpeHeOperHe npu us-
YHUCIICHHATA.
' Ot (3.4), 3a Toka I, ce mony4asa:

Iz =Ig —Ic =10mA -9,9mA =0,lmA
T. ¢. B Clly4yas 6a30BHAT TOK € 99 mbTH mo-Mawbk OT KoyiekTopHus ¥ 100 nbTH mo-
MaIbK OT EMHTEPHHUA.

}YpaeHeHue Ha KOJIEKMOPHUSA MOK 3a cxema C o6buw eMumep

- IIpu cxema Ha cebp3Bane ¢ OF (tabn. 3.1) 6a30oBHAT TOK € ynparisiBail, a KO-
NEKTOPHUAT — ynpasiisieM. Bpb3kaTa MexIy TAX MOXe Jia Ce ONpeaesy ¢ MOMOIlITa Ha
dopmynu (3.4) u (3.6):
Ic =0lg +1cgg =0 +1g)+Icgos
(1-0)Ic=alg +Icpo,

a 1
I~ = In +——1 .
c=1_g Bt gm0
OKOH'-IaTCJ'IHO ce Hoﬂyana:
(3.9) Ic =BIg+(B+1DIcgo =PI +Icgo -

®opmyna (3.9) nspassiBa ypaBHeHHETO Ha KOJEKTOPHHS TOK 32 CXeMa Ha
CBbLp3BaHe ¢ 001 emuTep. B Hes, ¢

= O
(3.10) B=—n
1-a
.. © 03HayeH MHTErpajJHHAT KoepHuUHeHT HA ycuiiBaHe HA 0a30Bus TOK. Ilonsikora

3a 3 ce M3MOJ3BAT M NO-KPATKNTE HAUMEHOBAHHS — HHTErpajieH KoepuIMEHT Ha
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yCHJIBAHE MO TOK MM KoepHUHEeHT B THnuYHHUTE MY CTOIHOCTH, MPH Pa3jiny-
HHTe TpaH3ucTopy, Bapupat mexay S0 u 500.

B cnyyas o6paTHUAT TOK KOJIEKTOP-EMHTEDP NpPH OTBOpeHa 6a3a Icpo € B+1
I'6TH [O-TOJIAM OT OOpaTHHA KONEKTOPEH TOK Icpo, T. €. Icgg = B+1)1 cBo - HesaBn-

CUMO OT TOBa, Icgp HaH-4eCTO € 3HAYUTENHO IO-MaJbK OT KOJICKTOPHHA TOK U 33
NPaKTHYECKH U3THCIICHNS CC HU3MI0JI3BAT cbopMmeTe:

(3.11) ~Blg,
3.12 g=lc
(3.12) B= I
&~ lMpumep

3.2. TIpusiojkeHne HA YPaBHEHNETO HA KOJIEKTOPHUsS TOk 32 cxema ¢ OE 3a
onpejeJisiHe HA TOKOBETE Mpe3 TPaH3NCTOPa -
HaneHo e, ye HHTErpaHUAT KOe(UIMEHT Ha MpeJaBaHe 10 TOK Ha MalOMOILEH
npn Tpansuctop € O = 0,99, a 06paTHUAT KOJEKTOpPeH TOK € Icpo = 15 nA. Ila ce on-

pelensT CTOMHOCTHTE Ha KOJEKTOPHMSA M €MHTEpHMS TOK, ako 0a30BUAT TOK € [y =
=0,1 mA.

PeweHrue
Or pasencrsara (3.10) u (3.9) crenBa:
B= a __09 _099
lI-a 1-099 001
Io =PBlg +1cgo =Bl +(B+DIcgo =
=99.0,1 mA + (99 +1)-15 nA =9,9015 mA = 9,9 mA =/,
TTonyueHHaT pe3yNTar NOAKpeNs TBLPJEHUETO, Ye BhIpekH e Icpo € (B +1)

IBTH MO-TONAM OT Icpo, TOH MPaKTHYECKH HE OKa3Ba BIHAHME BBPXY CTOMHOCTTa Ha
KOJIEKTOPHHsI TOK U MOJKe 11 ce MpeHeOperne npyu H3uHCIeHHITa.
Ot (3.4) 3a Toka Ig ce nonyyaea:

Ig =l +Ig ~99mA +0,ImA = 10mA .

=99,

YpaeHeHue Ha eMumepHuUs MOK 3a cxemMa Cc OGU.{ KOJTIeKmop

Bpb3kaTa Mexcy eMuTepHHsA M 6a30BHA TOK IPU TPAH3UCTOpPa MOXKE Aa Ce Ha-
MepH cnef npubassHe Ig KbM ABeTe cTpanH Ha (3.9). [Tonyyasa ce:

(3.13) Ig =B +DIg+1Icgo =B +DI5.
®opmynu (3.4 1 3.6+3.13) MoraT a ce M3MOJ3BaT 32 H3UMCIIIBAHE HA TOKOBETE
B TpaH3MCTOpa M koeduuueHtute O 4 . OT npakTHYECcKa IJIEAHA TOYKA € YNOOHO

7ia ce u3Beae M hopMyna 3a O kaTo yHKuus Ha P . T ce MoJIy4aBa, upe3 npeobpa-
3yBaHe Ha (3.10):
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B+1’
I/IHTerpa.ﬂH“ﬂT Koeq)“H"eHT Ha npe}JaBaHe Ha eMHTele/m TOK 40 KOJIeK-

3.14) q =

fopa Ol , MHTErPaJHUAT KoePNUHEHT HA ycuyiBaHe Ha GazoBus Tok 3 u obpart-
pute TokoBe Icpo ¥ Iceo €4 OCHOBHM CTATHYHH NAPaAMETPH HA TPaH3HCTOpA.

- 3.1.8. ®aKTOpM, BNIUsiEWN BbPXY CTOAHOCTUTE Ha OCHOBHMTE CTaTMYHU
napamMeTpu Ha GUNONAAPHUTE TPAH3UCTOPU

OcHoBHHUTE (paKTOPH, BJIMSICIM BBPXY CTO/fHOCTHTE HA CTATHYHUTE napa-
_MeTpH Ha ONNONAPHUTE TPAH3UCTOPH, CA: NMPOTHYALIMA KOJEKTOPHMUA Tok Ic,
-—npnnomeﬂoro Hanpexenue Ucp (Ucg), TeMneparypara, HecTaMJIHOCTTA Ha Npo-
TH3BOACTBEHNS MPOLEC M CTAPEEHETO HA eJIEeMEHTHTE. _
= Ha ¢wur. 3.9 e nmokasana nprMepHaTa 3aBUCUMOCT Ha KoeduuuenTa  oT CcToii-

“HOCTTa Ha KOJICKTOPHMA TOK Ic, TMpU MOCTOAHHO HampexeHne Ucg M TPHM pasiMyHU
- TeMnepaTypu. 3a BCEKM TPAH3UCTOP CHUIECTBYBA HAKAKBA ONTHMATHA CTOMHOCT Ha

KoneKTOpHm TOK Icopi, IPH KOATO B e mMaxcuMmaned. C HamalsiBaHe Ha KOJNEKTOPHHS

" oK, HaMaJIsBa ¥ CTOMHOCTTA Ha Koeduiuenta P. [Ipy yBenuueHue Ha TOKa HAZX Icopts
“KoehULUEHTHT B ortHOBO craza. Hanpumep, Tunu4yHaTa CTOMHOCT Ha WHTETPATHHUS

~ KOSQUMUMEHT Ha yCHJIBAHE Ha 6a30BUs TOK Ha ManoMouHus Tpansuctop BC 413, npu
" remneparypa 25 °C u Ic = Ico = 10 mA, € B 380. Ilpu ToK Ic = 1 mA, Tasn cToiHoCT
- HaMaJLiBa 10 B 240. ITpu napacteade Ba Toka 7o 100 mA, B namansBa 1o 200.

1000
700

500
400 [

/
L o e /—\\
soopio0r c—F- _
200 TN [31\

=25 °CZ50 o 300 |-

V=5V

100
70

o 200

30
20

100

10
0,001 I 01L, L, 10L, ' ‘ ' -

Copt Copt

0,01 I, 10 20 30 UgV

I

Duz. 3.9. 3asucumocm na xoeguyuenma @ue. 3.10. 3asucumocm na xoeguyuenma 3

B ont KONeKmopHUuAa mokK Om HanpesiceHuemo Koiexmop-emuinep
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KoepuiueHTsT P HapacTBa ¢ MOBMIUABAHE HA TEMIIEPATypaTa. 3aBHCMMOCTTA el
nokasana rpadguuno Ha ¢ur. 3.9, KbjieTo Temneparypara e napamersp. [Ipu npowma;%
ta i ot =50°C mo +100°C, B ce yBennuaBa mexay 2 u 3 nbTH. 1

Ha ¢ur. 3.10 e npeacraBeHa npuMepHaTa 3aBUCUMOCT Ha E OT HallpeXXEHHETo
Mesxay KonekTopa n emutepa Ucg. Korato Ucg pacte, KoehHIHEHTET Ha YCHIIBaHE Ha |
GasoBuA TOK HapacTsa. ToBa ce AB/kH Ha edekta Ha Epin, ko#To ce XxapakTepusupa:
¢ pasumpsBaHe Ha 06eIHEHaTa 06JaCT Ha KOJIEKTOPHHS MIPEXO/l, IPH YBEIMYABAHE Ha:
06paTHOTO HaNpe)XeHHe MEXAY KoJekTopa M Oasara. BeneacTBue Ha TOBa, MIMPOYH--
HaTa Ha Ga3ara ce cTecHsABa U peKoMOMHANMATa B Hesl HamMansnBa. B pesynrat, 6pos Ha
TOKOHOCHTEJIUTE, TIOCTHIBAILM B KOJEKTOPA ¥ CHOTBETHO KOJIEKTOPHUAT TOK, HAPACT-,
Bat. OpHEHTHPOBBYHATA IPOMSHA Ha [3, BEB GYHKLHA OT HanpexeHneto Ucg, € OKo-
10 (1+2) %/V. o '

IMopanu Bpb3KkaTa Mexay Koehuuuenture O 1 [ (Bk. 3.10 u 3.14) cobiure 3a."
BHCHMOCTH, HO TO-cliabo HU3pa3eHH, ca XapaKTEePHH M 3a MHTETrPaiHUA KOe)UIMEHT Ha-

4

[

npefaBaHe 0o TOK O .

O6patunte Toxose Icpo ¥ Iceo, TOOOOHO Ha OOpaTHUA TOK Mpe3 AHOJA, HAPACT-
BAT C MOBHMIIABaHE Ha TeMIepaTypaTta. Hampumep, cToiiHocTTa Ha ToKa Icpo Ha Maio-
mortinus Tpansuctop BC 413 Hapactsa ot 15 nA (mpu 25 °C) mo SpA (mpu 150 °C).

Baxno e na ce 3Hae, Ye NMOPajgu HeCTAOMIHOCTTA HA NPOM3BOACTBEHMS
npolec, CTOHHOCTHTE HA OCHOBHUTE CTATHYHH NMapaMeTPH Ha TPAH3HUCTOPHTE OT
€lMH U CBHILH THN ce Pa3auyaBaT 3HayuTeaHo. Hanpumep TunuyHata CTOMHOCT Ha
koedpuuenra f 3a Tpansucrop BC413B, mpu Ic =2 mA n Ucg = 5 V, e 290, HO npu
OT/IENIHATE €K3eMIUIIpH TOH Bapupa Mexay 180 u 460. Tunmynata CTOAHOCT Ha KOe-
¢uuuenta P 3a Tpansucrop BC413C, npu chums TOK U Hanpexenue, e 500, MUHH-
manHaTa — 380, a MmakcumanHarta — 800. Te3u rojeMn pasiMKM MOTAT fa JOBENAT JI0
AWICa HAa MOBTOPAEMOCT M 3HAYMTE/IHU OTKIOHEHHs B XapaKTEpHCTHKHTE Ha €JHO-
THITHU €JIEKTPOHHH CXEMH, B Mpolieca Ha CEpHHHOTO UM NPOU3BOJACTBO.

IlapaMeTpuTe Ha TPaH3UCTOPHTE ce MNPOMEHAT C TeyeHHe HA BpemeTo.
SIBneHneTO ce HAPMYA cTapeeHe M MOXKe a4 AOBele 10 3HAYMTEJHA NMPOMAHA B
napamMeTpuTe Ha YCTPOMCTBOTO, B KOETO €a BIPajeHH.

Hecta0unHocTTa HAa MapaMeTPHTE HA TPAH3HUCTOPUTE BOAM 10 HecTadMi-
HOCT HA XaPAKTEPHCTUKHTE HA €JIEeKTPOHHHUTE CX€MH, KOMTO Ca peajlM3upaHM ¢
TsIX. 3aTOBA OCHOBHA 32/1a4a HA NPOEKTHPAHETO € Ja ce ThPCAT TAKHBA CXEMHH
pellieHHsl, KOMTO Aa ¢a MaJIKO YYBCTBUTEJIHH KbM NOCOYEHHTE BAPHALMM.

/ 3adava

3.1. Onuwere npUHOKNA HA JEHCTBHE Ha pnp TPaH3UCTOPUTE (3a LENTa U3MOJ-
3BaiiTe cxemuTe, Noka3zaHu Ha ¢ur. 3.7).

/ 3adava

3.2, Ompepienere HEM3BECTHITE BENHYHHM BBB BCEKU el OT Tabauuara.
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. No IB IC ) IE [ E
1 10 pA 1 mA ? 2 ?
2 100 pA ? 10,1 mA ? ?
3 1 mA ? ? 0,99 ?

- 4 10 pA ? ? ? 100
- 5 ? 10 mA 10,2 mA ? ?
6 ? 100 mA ? 0,98 ?

7 ? 1 mA ? ? 200
8 ? ? 100 mA 0,995 ?

e 9 ? ? I mA ? 200

—3.2. CTaTU4MHU XapaKTEpUCTUKKN Ha GunonsipHuTte
= TpaH3ucropu. EKBUBasieHTHN CXEeMM MO NOCTOSAHEH TOK
T B aKTUBEH pPeXum

~ 3.2.1. Obwn cBeageHun

OcHoBHHTE 3aBHCHMOCTH MeX1Y MOCTOSIHHHUTE HANpPEXKEeHHUS M TOKOBe B
— GUNMONAPHUA TPAH3HCTOP MOraT Ja ce NpPeACTABAT HAIJIEAHO 4Ype3 CTATHYHHTE
My xapakrtepucTuku. Te uspassgsar rpaguuno BPB3IKHTE MEKAY BXOAHMS TOK,
BXOJHOTO HANpe)KeHUe, U3XOAHUSA TOK 1 M3XOAHOTO HaNpexKeHHe 32 Pa3sIUYHUTe
- ¢XeMH Ha cBbp3BaHe. M31moa3Bar ce rjaBHO 3a IEMOHCTpUpPAHE Ha PEXKUMHTE Ha pa-
60Ta Ha TPaH3WCTOpPa, HA HAUMHHUTE 3a ONpeAeNsHE Ha OCHOBHHUTE MYy MapaMeTpH, 3a
__ M3ACHABaHE M 000CHOBaBaHE HAa OCHOBHHMTE My npuioxenus. Hail-Baxuure ctaTnu-
HM XapaKTEePUMCTHKHM HA TPAH3UCTOPHTE €A BK/IOYEHH B KATaJ03UTE HA MPOU3-
BOJMTEJINTE,
Haii-yecTo ce H3noa3BaT XapaKTEpHUCTUKHUTE, NpPU KOUTO KaTO HE3aBHCHMHU
NPOMEHJIMBH (apryMeHT ¥ NapaMeThp) Ce U3II0JI3BaT BXOAHHU TOK M M3XOJHOTO Hail-
~ pex<eHHe, a KaTo 3aBUCHMH NPOMEHIUBY ((YHKLHUA) — BXOJHOTO HANPE)XKEHHE H M3-
xoaHuA TOK. [IpuurHUTE 32 TOBA €a, Y€ BXOAHMAT TOK ¥ U3XOLHOTO HAaIpeXeHUe NpU
OMIOJIIPHHTE TPAaH3UCTOPH MOTAT Jia ce 3aJa/iaT ¥ peryJiMpaT chC CPaBHUTETHO NpOC-
TH CPEACTBa.
[Ivpoxo npunoxEeHUe ca MONy4HIH YETHPU THIIA CTATHYHH XapaKTEPUCTHKU!
® @X00HU XAPAKMepUCMuKy — NPEACTaBiAT 3aBUCUMOCTTa Ha BXOJIHOTO HaIpe-
JKECHHE OT BXOAHUS TOK, IPU Pa3MUHHU CTOMHOCTH Ha U3XOIOHOTO HampeKe-
HHeE;
®  U3XOOHU XapaKmepucmuKy — NEMOHCTPUPAT 3aBUCHMOCTTA Ha H3XOLHUA TOK
OT U3XOJHOTO HANpPEXEHUE, IPH Pa3Tu4uHKU CTONHOCTH Ha BXOAHUA TOK;
® Xxapaxmepucmuxu Ha npedasane (ycuneaue) no mok — u300passBaT 3aBHUCH-
MOCTTa Ha M3XOAHHS TOK OT BXOJHHSA TOK, IIPU pa3iHiHH CTOMHOCTH Ha H3-
XOJHOTO HampexeHue. Hapuaar'ce omie npejaBaTenHy XapaKTepUCTHKH;
® Xapaxmepucmuxu Ha o6pamHAmMa épL3KA NO HanpedeHue — 1aBaT 3aBHCH-
MOCTTA Ha BXOJHOTO Hallpe)XKEHUE OT U3XOJHOTO HaIlpEeKEHUE, NpH pa3iiny-
HH CTOMHOCTH Ha BXOJHHA TOK.
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3.2.2. CTaTU4YHM XapaKTepUCTMKM Ha TpaH3uCTopa B Cxema Ha CBbp3BaHe
c Ob

B Ta3u cxema Ha cBhp3Bane (BK. Gur. 3.4 u Tabn. 3.1) BXOAHHMAT TOK € EMHUTep.]
ausi Iz, BXOQHOTO HampeXkeHde € HampexxeHHeTo MeXAy Gasara u emurepa Ugg, H3-
XOIHMAT TOK € KOJIEKTOpHMSA Ic, @ U3XOJHOTO HANPEKEHUE — HANpPEKEHHETO MEXay
xonekropa 1 6asara Ucg. CieaoBaTeNHO, CbOTBETHUTE XapaKTEPUCTUKU HA TPaH3HC-]
TOpa ca:

o gxooHu xapaxmepucmuky: Upg = f(Ig) npn Ucp = const,

o usxoonu xapaxmepucmuxu: Ic = {Ucp) npu I = const, :

*  Xapakmepucmuku Ha npedasane no Mok (Npeoasament Xapakmepucmux):-

Ic = f(Ig) npu Ucg = const, )
® xapaxkmepucmuxku Ha obpamuama 6épwv3ka no Hanpedicenue: Ugg = f(Ucg).
npu Iz = const.

Wliaoa

IpuMepHuTE 6X00HU Xapakmepucmuky Ha npn TPaH3NUCTOP, 32 TPH CTOHHOCTH'
Ha HanpexeHuero Ucg, ca nokazanu Ha ¢wur. 3.11. Te ca aHalorMyHu Ha BONT-
aMIlepHaTa XapaKTepHUCTHKA Ha IMONIYNpPOBOJHHKOB AHOJ. OTMECTBaHETO HA XapaKTe-

I mA PHCTHKMTE, B 3aBUCHMOCT OT CTOMHOCTTAa Ha
® 4 U.=10v Ucs, MPENcTaBs BRIpelIHaTa 0OpaTHa BPb3ka
e N0 HaMpeXeHHe B TpaH3KCTOpa. Ta ce u3pass-

10 Up=25V Uyp=0V Ba B M3MEHeHHe Ha HanpexeHuero Ugg, NMpu

8 4 npoMsiHa Ha Hamnpexenuero Ucp. JBku ce Ha

6l edexra Ha Epmu (Bx. 1. 3.1.8). Ha npaxTuka
BXOJIHUTE XapaKTEPHCTUKH Ca pPa3ION0NKEHU

4+ MHOro 6/IM3K0 eHa 10 ApYra 1 OOMKHOBEHO Ce

51 3aMecTBaT ¢ eAHa obma xapaktepuctuka. Ilo

QHAJIOTHA C YPaBHEHHETO Ha AMOJA, Ta3sH Xa-
PaKTEpPHUCTHKA MOXKe Jia Ce NpEICTaBH C MpHo-
JM3UTENHATA 3aBUCHUMOCT:

02 04 06 08U,V

Due. 3.11. IIpumepHu éxoonu
Xapakmepucmuxku Ha mpau3ucmop 1 E~ I EBO ©XP
mQy
8 cxema ¢ OB

KBJETO:
o Iggo € OOpAaTHUAT TOK Ha Ipexoja eMHuTep-6a3a npu oTBopeH Konekrop. Ja-
Ba CE B KaTayora Ha CbOTBETHHS TPAH3UCTOP;

* 7 =—q— € TeMIepaTypHUAT NOoTeHUMan (NpubnusurenHo paseH Ha 25,8

mV, npu Temnepatrypa 300 K);

® m e xopurupaml KoeGuueHT. 3a TokoBe 6H3KH IO Icoy (BXK. dur. 3.9), He-
ropara croiHocT e 1. 3a mo-rojieMy U 0-MaJIKH TOKOBE, CTOMHOCTTa Ha m €
OpruOIU3UTENHO 2.

B no-HataTbuiHuTe pasriieKaaHus 1Ie CYNTaME, Ue m = 1,1 e
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~ CTOMHOCTH Ha €eMMTepHHA TOK [g, ca MokasaHu Ha ¢ur. 3.12. Te mpencraBaT u Tpure

U
(3.15) Ig = Igpp eXp BE

T
Or ypasuenue (3.15), 3a HanpeXeHHETO HAa OTMYIICHHS €MHUTEPEH MPEXOJ ce
foay4aBa:

I
(3.16) Ugg = ¢z In—E—,

EBO
KakTo npu nojynpoBOJHUKOBUTE AMOJM, THIIMYHATA CTOMHOCT Ha HAlPeXXeHH-
eT0 Ha OTIIYINGHMS EMUTEPEH NpPEeXOJ 3a MaJOMOILHUTE CHIMIMEBH TPaH3UCTOPHU €
oxono 0,7 V, 3a repmanuesure — 0,3 V, a 3a ranneso-apcenugaure — 1,3 V.
[TpyMepHUTE U3XOOHU Xapakmepucmuku Ha npn TPAH3UCTOP, 3a DPaA3NUYHU

OCHOBHH peXHMa Ha paboTa Ha TpaH3UCTOpa.

If/’mA__7 I,=7mA
7 1 6 7N L-6ma
: ) -
g % < I,=5mA
§ % 7 4 _~ AKTHBHA obmact / L=4mA
8 % 3 L=3mA
»
. ! =2
© é 1 \ . I,=1mA
7 ~————— I,=0mA

T IZ7 77T TX2ZT7 T2 2728222232227 2.
T T L T T “t - G-

0 I 2 3 4 5/ 6 7{ 8 9 U,V

ICBO
O6nacr Ha OTCeYKa

@ue, 3.12. IIpumepnu u3xooHu xapakmepucniuku Ha mpansucmop 6 cxema ¢ Ob

PexcuMBbT Ha OoTceuka ce JedUHMpa NpU eMUTEPEH TOK IMO-MaIBK MIIH paBeH Ha
Hyna (Ig < 0 — 3amyuieH eMUTEpeH Ipexol) U KOJIEKTOPEH Npexo/l BKIYeH B oOparHa
nocoxa. B To3u cimy4ait, oT ypaBHeHue (3.6) cienBa, e KOJEKTOPHHUIT TOK Ha TpaH-
3ucTopa e npubau3nTenHo paseH Ha Hyna (Ic = Icpo = 0).

YacTTa OT XapaKTepHCTUKUTE, KOATO C€ HAMHpa BbB BTOPH KBaJPAHT, Ce OTHACA
KbM 00J1acTTa Ha HacHIaHe. EMUTEPHAAT U KONEKTOPHUAT MPEXO0]| ca MONApU3NPaHU
B MpaBa Mocoka. KoJeKTOPHHUAT TOK CTaBa paBeH Ha HyJIa MPH CTOMHOCTH HA Hafpe-
xerneto Ucg = (-0,4+-0,7) V.

TpaH3ucTOpbT pabOTH B aKTUBEH PEXHUM, NPH CTOWHOCTH Ha €MHUTEPHUSA TOK
Ig > 0 (T. e. eMUTEPHUAT NPEXOA € MOJAPU3HPAH B MpaBa MMOCOKA) M HANIPEIKEHUE KO-
nexrop-6a3a Ucp > 0 (KOJNEKTOPHUAT NMPEXOJ € MONsApHU3MpaH B obpaTHa nocoka). B
TO3M YYaCThK XapaKTECPUCTUKHTE Ca MOYTH yCIOpeOHH Ha abciycara, KOETo [10Ka3Ba,
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ye BnusAHHeTO Ha edexra Ha Epnu, B cxema Ha cBbp3BaHe ¢ OB, e ceBceM cnabo.
CToHHOCTTa Ha KOJEKTOPHUAT TOK ce IaBa ¢ ypaBHeHue (3.6).

Xapaxmepucmuxume Ha npedasane no mok (npeoasamennume Xapaxmepuc-
muKy) Ha npn TPAH3MCTOP, 32 TPH CTOMHOCTH Ha Ucs, ca nokasanu Ha ¢ur. 3.13. Te
TpeACTaBSAT 3aBUCUMOCTTa Ha KOJEKTOPHHUS TOK OT eMUTepHHus — popmyna (3.6). Tax-
HaTa CTPBMHOCT € Haif-roJisiMa B CPeIHHS YYaCThK OT XapaKTEPUCTHKHTE, KOETO OTIo-
BapsA Ha MaKCHMyMa Ha MHTErpalHHA KOS(ULHMEHT Ha NPENaBaHe Ha EMUTEPHHS TOK
1o xonekropa & (Bx. T. 3.1.8). Te3u xapakTepucTHKHM CBIIO ca OIU3KM eHa 10 ApY-
ra, KOETO JIaBa OCHOBaHHe, 3a PaKTHYECKHU LICTH, 1a CE 3aMECTBAT C €AHA JIMHMA.

Ug=25V
I, mA \  _Ua=10V
10 IC,,,'T “Uy=0V
ICopt T
0,1 I, +
/{- - F i
Ieso 0,1, L 10 L, I,mA

Due. 3.13. I[Tpumepru xapaxmepucmuku Ha npedasare no mok 6 cxema ¢ OF

Xapaxmepucmurxume na o6pamnama 6pb3Ka NO HanpesiceHue Ha npn TpaH3uc-
TOp, 3a TPY CTOHHOCTH Ha eMUTEPHHA TOK [, ca moka3aHu Ha ¢ur. 3.14. Te ¥MaT ChbB-
ceM cnad HawioH, ABDKaW ce Ha edekra Ha Epmu. Tesn xapaxrepucruku u uupop-
MauuaTa, KOATO MOXE Aa Ce CHEMe OT TAX, MOraT Ja Ce MONy4aT OT BXOXHHUTE
XapaKTepUCTHKY. XapaKTepUCTHKUTE Ha oOpaTHaTa Bph3Ka N0 Halpe)XkeHHe Ce H3IO0JI-
3BaT pAAKO B MPAKTHKATA.

U, V

08T L=10mA
I,=5mA

0,6 L=1mA

0,4+

02+

— : % :
20 40 60 80 U V

Duez. 3.14. IIpumepru xapaxmepucmuxu
Ha obpamnama eépw3ka no Hanpeoicenue & cxema ¢ OF
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MaHoro YE€CTO YETHPHUTEC OCHOBHH THIIA XapaKTECPUCTHKH CE€ NMPEACTABAT B 06]118

__KOOpAWHATHA CHCTEMa: M3XO[HATA XapaKTEPUCTHKAa — B I'BPBH KBaJPaHT, XapaKTe-
- pUCTUKATA Ha IPEJaBaHe N0 TOK — BbB BTOPH KBAAPAHT, BXOJAHATA XapaKTePHCTHKA —

B 'I'pCTId H XapaKTCpHUCTHKaTa Ha o6paTHaTa BpB3Ka IO HANPEIKEHHE — B YETBBPTH
KBaJPAHT.

XapakTepuCTHKUTE HA pnp TPaH3UCTOPUTE MMAT CHLIMSA BH[, KAKTO [OCOYECHH-
e 10-Tope. PasiMKu ce sBABAT CaMO B O3HAYEHHETO Ha MOJSPHOCTHTE Ha HaIpexe-

-~ guATa M ToKoBeTe (BXK. dur. 3.8).

3.2.3. CTaTM4HM XapaKTepPUCTUKNA Ha TPaH3NCTOpa B CXema Ha
cBbp3BaHe ¢ OE

B cxema Ha cBBp3Bane ¢ OF (Bx. ¢ur. 3.4 n tabn. 3.1) BXoXHHAT TOK € 6a30BH-

" gt I, BXOJHOTO HAMpeXEHHE € HANPEeXeHneTo Mexay 6a3ata u emurepa Upg, H3XOA-

_"HH}{T TOK € KOJICKTOPHHAT I, a U3XOQHOTO HaNpeXCHNUE — HANIPEIKCHUECTO MEXIY KO-

__JIeKTOpa X EMHUTEpa Uck. OcHOBHUTE XapaKTCPUCTHKH Ha TPAH3UCTOPA Ca:

o 6xo0nu xapaxmepucmuxu: Ugg = f(Ig) npu Ucg = const.,

o u3x00nu xapakmepucmuxu: I« = f(Ucg) npu Ig = const.

® Xapakmepucmuky Ha YCUA8ane no mox (npedasamennu XapaKmepucmuxu):
Ic = f(Ig) npu Ucg = const.;

® xapaxmepucmuku Ha obpamuama epv3ka no Hanpedicenue: Ugg = f(Ucg)
npu Iy = const.

IIpumepHUTE 6X00HU XAPAKMEPUCMUKY HA npn TPaH3UCTOP, 3a JIB€ CTOHHOCTH

__Ha HanpexxeHneTo Ucg, ca noKa3aHu Ha ¢wur. 3.15. Te3n xapakTepUCTHKH UMAT CHLIUA

eKCOHEHIMAJIEH XapaKTep, KaKTo ChOTBETHHUTE XapaKTepUCTHKH npH cxema ¢ Ob.
Bnusuuero Ha HanpexeHueTro Ucg BepXy Upg € cnabo M, 3a MPaKTHYECKH LENH, ce-
MEHCTBOTO XapaKTEpUCTHKH OOMKHOBEHO CE 3aMecTBa ¢ e/{Ha 00Ia XapaKTepUCTHKA C

" ypaBHEHHeE!
) 1 U
(3.17) Iy ~-EBQ exp| ~BE
Or
I, pA}
Up=20V
Up=5V
601
401
20T

T T T

02 04 06 08 UpV

Due. 3.15. lpumepru 6xo0Hu xapakmepucmuxy Ha mpansucmop & cxema ¢ OE
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[IpuMepHUTE U3XOOHU XAPAKMEPUCMUKY HA Npn TPaH3UCTOD, 32 PA3IMYHK
CTOMHOCTH Ha ToKa npe3 6a3ata [p, ca moka3aHu Ha ¢ur. 3.16.

I, mA I,=50 pA
I, =40 pA

5+

PV paere

o
KPHTHYHA — | :
JMHUA 41} 30 uA ;
(InHMA Ha [ &

HacHIIaHe) aKTUBHA 06JIacT

obsacT Ha oTceuka

@ue. 3.16. Hpumepnu u3xoonu xapaxmepucmuku Ha mpanzucmop 6 cxema ¢ OF

JleBHTe y4acTBIM HA BCHYKH XapPaKTEPUCTHKHU CE CIIMBAT B e€lHA JIHHHA, KOATO
ce Hapvya KpUTHYHA JWHHA (IMHUA Ha HacuimaHe). PasnonoxxeHa e B obmacTra Ha
MAaJIKMTE CTOMHOCTH Ha HampexeHneTo Ucg. B 3aBHCHMOCT OT npoTHYaIus TOK ¥ BU-
Ila Ha TpaH3WCTOPa, Te3u cToiHOCTH Bapupat mexay 0,1 V u 0,4 V. CienoBarenHo, B
TO3M y4JacThK, KOJEKTOPHHUAT H EMHUTEPHHUAT NPEXOAH ca MONAPU3MPAHH B IIpaBa Io-
coka (Ugg = 0,6 V+0,8 V, Ucg = -0,4 V+-0,6 V) u TpaH3UCTOPHT paboTH B pexuM Ha
HacHIIaHE.

PexxuMbT Ha orceuka ce neduaupa npu Iy < 0 (3anymeH eMuTepeH Npexon) H
KOJIEKTOPEH IpeXoJ BKJIIOUEH B 00paTHa mocoka. B To3m ciyuaii, ot ypasuenue (3.9)
crefBa, Ye KOJEKTOPHHAT TOK Ha TpaH3MCTOpa € MpHOIM3HUTENHO paBeH Ha Hyla
(Ic £ Icpo = 0).

Mexnay JNMHMATA Ha HacHllaHe W o0JiacTTa Ha OTCeyka ce HaMHupa aKTHBHATa
ofiact. 3a pa3nuka OT cBbp3BaHeTO B cxeMa ¢ OB, B pasrnexxnanus ciydaii, HakIIo-
HBT Ha U3XOJHHUTE XapaKTEePHCTUKU € MHOTO no-roysaM. ToBa 03Ha4yaBa, Y€ BIUAHUETO
Ha edexra Ha Epny BppXy H3XOJHUTE XapaKTEPUCTHKH, B cxeMa Ha cBbp3BaHe ¢ OE, e
3HAYUTENHO, T. €. CTOMHOCTTa Ha KOJEKTOPHUA TOK 3aBMCH M OT NMPHJIOXKEHOTO Harl-
pexeHne Mexxay Konekropa # emurepa Ucg. AKO MPOXBIKMM HAJIABO U3XOMHHUTE Xa-
PAKTEPHCTHKH OT akTWBHaTa obnact (¢dur. 3.17), Te me npecexar abcumcaTa B eHA
TOYKa ¢ KoopaMHaTa —V e Bennuunata Vap ce Hapuya Hanmpexenue Ha Epnu. Tunuu-
HHTE MY CTOMHOCTH, 32 pPa3JIMYHUTE TUIIOBE TPAaH3UCTOPH, Bapupar mexay 20 V u
200 V. Binsnueto Ha edexra Ha Epnu BEpXy KOJEKTOPHHA TOK B aKTHBEH PEXUM CE
H3pazaBa ¢ hopMyIiaTa:
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e Duz. 3.17. Onpedensne na nanpedcenuemo va Epau,
upe3 usxooHume xapaxmepucmuku ¢ cxema ¢ OF

i Xapaxmepucmukume Ha ycunéane no mok (npedagamentume Xapaxmepucmu-
“’Xu) Ha npn TPaH3UCTOD, 3a ABe cTolHOCTH HA Ucg > 0 (aKTHBEH pexuM), ca MOKa3aHH
—Ha ¢ur. 3.18. TaxHaTta CTPEMHOCT € Hail-ToJIfMa B CPEIHUA y4acThK, KOETO OTroBaps

Ha MAKCHMyMa Ha MHTETDATHHS KOC(QUUMEHT Ha yCHIBaHE Ha 6a30BHA TOK P (BX.
* ¢ur. 3.9). Te3n XapaKTEPUCTHKH CHILIO ca GIM3KHK efHA JO APYra, KOETO [1aBa OCHOBa-
HHE 32 NPaKTHYECKHU LIETHM JIa Ce 3aMECTAT C €HA JINHHUA.

I, mA Ua=20V_ . _oy
- 100 - =
- 10 -
1 -
I 4 : :
001 0,1 1 L,mA

Que. 3.18. IlpumepHu npedasamenru xapaxmepucmuky Ha mpanzucmop e cxema ¢ OF

Xapakmepucmukume na obpamuama 6pv3Kka o Hanpedcenue Ha npn TPaH3UC-
TOp, 3a TPH CTOHHOCTH Ha 6a30BUA TOK Ip, ca moka3aHu Ha ¢ur. 3.19. Te umar cnabd
HaKJIOH, IbJDKall ce Ha edekta Ha Epan. M3nonssar ce MHOTO psixo.

’
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Quez. 3.19. IIpumepru xapaxmepucmuxy Ha o6pamHama epv3ka
no Hanpecenue 6 cxema c OE

J

0,6

: '
T T

02 04

08 Uy, V

8 10 UCE; V

I YOPYT I IN PPRP PP

"

i skl ok i

Ha dur. 3.20 e noxasana 060611eHa~
Td NPOXOOHA XAPAKMEPUCMUKA HA npw;
tpan3ucrop. Jlepunupa 3aBucumocrtra Ic =
= f{Usg) nput Ucg = const. Tlony4asa ce ot
BXOJHaTa XapakTepucTHka. Hamumpa npu-
JIOXEHHME TPH OTpPE/IeNsIHE Ha IPOMEHIIMBO-:

TOKOBHA MNapaMeTbp CTPBMHOCT HA TpaH-:
3UCTOpHTE.

Que. 3.20. Obob6wena npoxodna
XAPaKmMeEpUCMUKa Ha MPaH3uCmop

3.2.4. Cratn4yHM XapaKkTepucTUKN Ha TPpaH3UCcTopa B cxema Ha

cBbp3BaHe ¢ OK

CraTH4HUTE XapaKTEPUCTHUKH Ha TpaH3ucTopa B cxema ¢ OK ca:
o gxoonu xapaxkmepucmuru: Ucp = f(Ip) npu Ucg = const.;
o u3xo0Hu xapakmepucmuxu: Iy = {Ucg) nipn I = const.;

I =f(IB) npu Ucg = const.;

Xapakmepucmuky Ha ycuneawe no mok (npedasamentu xapaKmepucmuxi):

® xapaxkmepucmuku Ha obpamnama epwv3ka no Hanpedcernue: Ucy = flUcg)

npu Ig = const.

Ha npaxruka, 3a oHarjiesBaHe Ha MOBEACHUETO Ha TpaH3ucTopa B cxema ¢ OK,
ce U3I0JI3BAT Hall-4eCTO XapaKTepUCTHKUTE IpH cBbp3BaHe ¢ OE.

&= Ipumep

3.3. Ilpunoxenne Ha CTATHYHUTE XaPaKTePHMCTHKH 3a rpauuHo ompene-
JisiHe HA NMOCTOSIHHUTE TOKOBE U HANIpe:KeHUA B TPAH3UCTOPA

Ha ¢wr. 3.21 e nokxa3zaHa cxeMa Ha CBbp3BaHe Ha npn TPaH3UCTOP KBbM JBa MOC-
TOAHHOTOKOBH M3TOYHMKA: Epg =1,7Vu Ecc =12 V.

Hcka ce na ce OnpeaeaaAT IOCTOAHHUTC TOKOBC H HANIPCKCHUA B TpaH3HUCTOpaA.
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Que. 3.21. Cxema na cévp3seane Ha GUNONADEH MPAH3UCMOD KbM
084 NOCMOAHHOMOKOBY U3MOYHUKA

—PeueHue

,—__ Cnen aHanu3 (¢ m3non3BaHe Ha ¢ur. 3.4 u Tabn. 3.1) cTurame 10 H3BOxa, ye
TipaH3HCTOPBT € BKiItoyeH B cxema ¢ OE. B cxemara ca 06ocoGeHu JBe Bepury —
Z—pxojHa ¥ u3xonHa. Ilocie[0BaTEIHOTO ONPENE/iHE Ha TOKOBETE ¥ HAIPEeXEHUATa, 32
““pcfKa €A OT TAX, e Jaj¢ PEIICHHETO Ha 33/|a4aTa.

= BxoaHaTa BepHra ce ChCTOH OT 3aXpaHBallivs H3TOYHHK Egg = 1,7 V, nocneno-
“BaTeNHO CBBp3aHus pesucTop Rg = 100 k2 1 BKIIOYEHHs BBB NPaBa II0COKA NPEXON
T~ ba3a-emurep. 3a Hes MOXEM /1a 3alIUIUEM CIIEHOTO ypaBHEHHUE:

—(3.19) Epp = Rglp + Ugk.
__ Crent npeo6pasyBaHe ce noyyasa:
—(3.20) 1y =-Jee  Eep

Vpasuenne (3.20) m3passpa 3aBUCHMOCTTa MexJIy HanpexeHuero Upg W TOKa

IB. [IpencrasisBa mpaBa JIMHUSA, KOATO Ce YepTae B MOJETO HA BXOAHUTE XapaKTepHC-

=~ THKH Ha TpaH3ucTopa. Hapmua ce moeapra npasa no nocmosiHern mox 3a 6xo0Hama

" gepuza, WA 6X00HA MOBAPHA NPaea no nocmosHer mok. IlonoxeHnero i B paBHUHA-
= Ta ce omnpexesd OT CTOMHOCTUTE Ha Epp U Rp.

i 3a H3uepTaBaHe Ha TOBApHATA NPaBa B IOJIETO Ha BXOAHHUTE XapaKTEPUCTHKHU ca

" HeoOxomumu aBe TOYKH. OOHKHOBEHO Ce B3eMar TOYKHTe ¢ KoopauHaTH (Egp, 0) u

:‘ (O,YBB—) (Bxk. ¢ur. 3.22). IIspBaTa Touka nexu Ha abcuucara. [Tomydasa ce oT ypas-
B

Henue (3.20), upe3 3amMecTBaHe Ha CTOMHOCTTa IO opAMHaTara ¢ Hyna (Ig = 0). Toraa
_ 3a croiiHocTTa 1o abcuucara ce noixy4daBa Upg = Epp. BTopara Touka ce moiy4yaBa
KaTo, B CBIIOTO YpaBHEHME, 3aMEeCTHUM CTOitHOCTTa 10 abcmucara ¢ Hyna (Usg = 0).

Epp
B,
B ypasuenue (3.20) uma gBe HeusBecTHH — Upg 1 Ig. 3a peuraBaHeTo My € He-
o6xoquMo Ja pasnoljiaraMe M ¢ BTOpa 3aBHCHMOCT MEXAY NpOMeHNIHBHUTe. B ciyyas
TOBa € ypaBHeHueTo (3.17), koero npencrapiiasa o6obiieHaTa BXOJHA XapaKTEPUCTH-

Toraga 3a opauHatara ce nony4asa Ig =
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Ka Ha Tpansucropa, npu cepp3pane ¢ OE. B pesynrar ce nomyyasa cucrema OT Jge]
ypaBHEHHS C JIBE HEM3BECTHH:

1, =-Jpe , Enp
Rg Ry
Ip= Iepo exp Yse
O

padudBOTO pelIeHHe Ha cHCTeMaTa € mpencTaBeHo Ha ¢ur. 3.22. Ha Hes ca
nokasaHu o0o0IeHaTa BXOAHA XapaKTEepUCTHKA Ha TPaH3UCTOpAa U TOBapHATa IpaBa
II0 IIOCTOSHEH TOK 3a BXOZAHATa Bepura. [IBeTe JMHMM ce npecuyar B T.Q', KOATO € pa-
OOTHaTa TOYKA B IOJIETO HAa BXOJHMTE XapaKTEPUCTHKH. AKO MpeKapame NepreHmu--
KyJsSpH OT Hesl KbM KOODAMHATHHTE OCH I MOJy4YHM JBE OT ThPCEHHUTE BEIUYHHH —
U, BEQ H IBQ. .

Ha ¢ur. 3.23 e Haueprana o6oOlleHaTa NpefaBaTeNnHa XapaKTEPUCTHKA Ha
TpaH3MCTOpa B cxeMa ¢ o6 emutep. AKo 1o abcuycaTa HaHeceM IONy4YeHaTa CTOH-
HOCT 3a Ipq ¥ H3UIHEM MEPIIEHAMKYNAP O NPECHYaHETO My ChC CTaTHYHATA Xapak-
TEPUCTHKa, IIe nony4um T. Q". Ako OT Hes IpeKkapaMe NEPNEHAUKYNSAp KbM OpHH-
HaTHATa 0c, Ilie ONPEAENHM ThPCEHATa CTOHHOCT Ha KOJNIEKTOPHHA TOK Icq.

En I HA A
R, L,
LoF———=> TOBapHA IpaBa Iyl-—————5 0"
|
PaGoTHa / I
|
|
|
— Upe, V
Usea Ep L I, pA
Due. 3.22. I'paghuuno onpedenane na pabomnama Due. 3.23. I'paguuno onpedensne na
MOuKa 8 NONEMO HA BXOOHUME XAPAKMEPUCMUKY KOREKMOPHUA MOK 8 pabomHama movxa

[onyyenure cTOMHOCTH Ha Icg M Isg MOrart Ja ce M3MoJi3BaT U 3a onpeneisHe
Ha HHTErpajHHsA KoehHLHEHT Ha yCcHIBaHe Ha 6a30BUA TOK Ha TPaH3HUCTOpA. 3a lenTa
pasnename Icq Ha Ipg. CornacHo dopmyna (3.12), nonydeHara CTOHHOCT € PHOIH3H-
TEJIHO paBHA Ha KoeduuueHTa [3.

AHaM3BT Ha U3XOoAHaTa Bepura oT ¢ur. 3.21 mokxassa, 4e 3a Hea MOXE [a ce
HanMille ypaBHEHHETO:

(321) ECC = Rclc +UCE .
Crnen npeobpa3syBaHe ce oiy4aBa:
E
(3.22) 1o =-Je 4 Ecc
Rc™ Rc

Vpasuenue (3.22) npencraBs mosapHama npasa no NOCMOsHeH MoK 3a U3X00-
Hama eepuza (Hapu4a Ce ¥ U3X0OHA MOo8apHa Npaea no NOCMOAHEH MOK).
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3a aa onpenenuM rpabhuuHo Hanpexenueto Ucgq, NpeKapBamMe TOBapHATA Ipa-
pa B TIOJIETO HA U3XOJHUTE XapaKTepUCTHKH (¢ur. 3.24). ToBa cTaBa KaTo U3NOI3BaMe

OTHOBO JBE TOYKH C koopianHaTH (Ecc, 0) u (O,Eﬁ). Cnen ToBa HaHacAMe BBPXY
Rc

OpZMHATATa, OTpe/ieieHaTa oT Gur. 3.23, CTOAHOCT Ha KOJEKTOPHHUS TOK Icq M YepTa-
eM MEPIEHAUKYIAP IO MIPEeCHYaHeTo My ¢ ToBapHaTa mpasa B T.Q". Tosa e paGoTnara
TOYKA B TIOJIETO Ha M3XOIHUTE XapakTepucTuky. Hamupa ce BbpXy Ta3u H3XOJHa Xa-
bamepﬂcmxa Ha TPaH3HMCTOpa, KOATO ChOTBETCTBA Ha MapaMeThp Iy = Igq (HauepTana
¢ C IpeKbCHATa JIUHMsA). 3a ONPENEIIHETO Ha NOCIEeHATAa HEU3BECTHA BENHYMHA (HaIl-
pexenuero Ucgq) ce CIycka nepreHaukysp ot T. Q™ no abeuucara.

- I
I, mA L,
Eg I,
- R
o paboTHa Toaka Ino
= ==
I T~ =32 Lo
-— I Bl
| I
|
l T
UCEQ ECC UCE) V

Due. 3.24. I'paghuuno onpedenane na HanpesiceHuemo
KoNeKmop-emMumep 6 pabomnama moyka

Hpencraaennm‘ NOAXOA M3MOJI3BA TPH OT CTATHYHHTE XaPAKTCPUCTUKH HA

- Tpan3ucTopa. Toii ocHrypsiBa OTJIHYHA HArJIeIHOCT, HO Ce XapaKTepH3upa ¢ 3Ha-

i
'

YHTETHA TPYAOEMKOCT NPH M3YepPTaBaHe HA TOBAPHHMTE MPABH M HUCKA TOYHOCT
NpH OTYHTAHETO HA KOHKPETHHTE CTOHHOCTH HA HANPEKEHUATA M TOKOBeTe B
paboTHaTa TouKa. TPYIZHOCTHTE HAPACTBAT UKIIOYUTEIHO MHOTO NIPH aHAIN3HpaHe
Ha MO-CIIOKHU CXE€MH, C MOBeYE OT equH TpanzucTop. ETo 32110, onucaHuaT METOX ce
M3II0JI3Ba IJIABHO 3a LEeJUTe Ha 00y4YeHHeTO, 33 MO-Z00PO MpEeACTaBiHE U OCMUCIISAHE
Ha TIPOLECUTE U PEXXUMUTE Ha paboTa Ha TpaH3UCTOpA.

OT/JMYHA pe3yTATH NPU OoNpeesisiHe HA NOCTOAHHUTE HATIPEKEHHA U TO-
KOBe B TPAaH3UCTOpPA NaBAT METOAMTE, U3NOJ3BALIH MOCTOSIHHOTOKOBHTE €KBH-
BajleHTHH cxemu. [Ipn TAX TpaH3uCTOpHUTe ce 3aMecTBAT ¢ HA0Op OT MO-MPOCTH
eJieMeHTH (M3TOYHHIU HA HANpexKeH!e, HA TOK, PE3UCTOPHU U AP.).

ExBHBaJIeCHTHATE CX€MM ca /Ba BU/IA — OMPOCTEHHN CXeMH 33 NMpHJIOKEHHe
NpH pbYHH M3YUCIEHNs] HA TPAH3MCTOPHHTE BEPHUIH M CXeMH 32 KOMNIOTHLPHU
H3YUCJIEHUA U MOJe/INpaHe.

[TepBUTE Ce XapaKTEPH3HpAT ¢ MPOCTOTA, HATTIEAHOCT M BH3MOXHOCT 38 M3ITbJI-
HeHue Ha Obp3u M3YMCICHUA (IOpH MOHAKOra M Ha yM). TOYHOCTTa Ha pe3yATaTUTE,
TIONy4eHH ¢ TAX, € OT rmopsxbka Ha 10+15 %, KoeTo € HambJIHO OCTaThYHO Ha Ha4yaj-
HHTe eTany OT aHAJIU3a U NPOEKTHUPAHETO.
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VCIOXKHEHNTE MATEMATHYESCKH MOJIENTH ¥ €KBHBAJIEHTHH CXEMH I'apaHTHUPAT BH-:
COKa TOYHOCT HA M3YHCJIEHUATA ¥ OTYUTAT NPELUHU3HO BIMAHHUETO Ha pa3nUYHUTE Jiec-
Tabunusupainy GpakTopH (TeMIeparypa, TOIEpaHCH Ha TEXHOJOTHYHHS MPOLIEC U Jp.)
BBPXY paboTaTa Ha TPaH3UCTOPHHUTE cXeMH. Te ce mpuiaraT Ha eTana Ha KOMITIOThp-
HaTa ONTHMH3ALMS Ha ENEKTPOHHUTE CXEMH.

OOGeKT Ha HACTOAIIMAT KypC ca ONMPOCTEHUTE EKBHBAJIEHTHH CXEMHM 33 PBYUHK
p3yucieHns. KoMmoTbpHUTE MOZEIH ce M3Y4aBaT B KypCOBETE IO TEOPHUs Ha ENIEKT-
POHHHTE BEPUTH M aBTOMATH3HPaHO NPOEKTUPAHE HA EJIEKTPOHHH CXEMH.

3.2.5. ONpOCTeHn eKBMBASIeHTHN CXeMU Ha TPAH3UCTOPa NO NOCTOAHEH
TOK B aKTUBEH PeXxum

Ha ¢ur. 3.25a e nokazaHa eKBUBaJICHTHAaTa CXeMa [0 MOCTOSHEH TOK 32 PhYHH
W3UMCIIEHHUS Ha npn TPAH3UCTOp, NpH cBbp3BaHe ¢ OB, B akuBen pexuM. BxonHata-
Bepura (emuTep-0asa) e mpeACTaBeHa C QUOJ, KOHTO € NOJIAPU3MPaH B MpaBa IOCOKa.
Hamnpe)xeHHeTo BbpXy AHOAA ce faBa ¢ ypaBHeHue (3.16):

UBE z(pTlnIIE .
EBO

W3xonHaTa Bepura € nocTpoeHa B3 OCHOBA Ha ypaBHeHHe (3.6) U BKIIIOYBA JBa

M3TOYHMKA Ha TOK: O/ g ¥ Icpo.

Ha dur. 3.256 e npencraBeHa MoanduKaLMATa Ha CXEMAaTa 3a pnp TPAH3UCTOP.

E -— Ic C
O— o o
I
a) Umz ZS ?a'lli C%Icno
+
]
B
E I I, — C
oO— l E 2 —O
6) + —
Uy SZ ol Icno

Y],

Due. 3.25. Exeuseanenmuu cxemu o NOCMOAHEH MoK
6 akmueer pedicum npu cevpisane ¢ OF 3a:-
a — npn mpansucmop; 6 — pnp mpansucmop

Taka nmpe/cTaBeHUTE EKBUBANICHTHH CXEMH MOT'aT a C€ ONPOCTAT JOIBJIHHATEN-
HO. 3a menTta, o6paTHUAT KOJNEKTOPEH TOK ce NpeHeOpersa, a OTHYIUEHMAT JUOJ Ce
3aMeCTBa C U3TOYHHUK Ha HampexeHne Uppoy, THIHYHMTE cTOMHOCTH Ha Upgg, 3a Ma-
nomomHuTe Si Tpansuctopu ca 0,7 V,3a Ge -0,3 Vu3aGaAs-13V,
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E OnpocTeHaTa eKBMBAJEHTHA CXeMa MO MOCTOSHEH TOK HA Npn TPaH3MCTOpPA €
gHoKmaﬂa Ha ¢ur. 3.26a. ToBa ¢ Hali-4ecTO M3MOI3BaHATA CXEMa 32 IOCTOSHHOTOKOB
— fnanu3 npu cbp3sane ¢ OB. Ha dur. 3.266 cxemara e Monuduumpana 3a pnp Tpan-

~ 3UCTOPH.

‘. ITocoueHHTe €KBMBAJICHTHH CXEMH MOTaT /ia CE M3MOJ3BAaT 32 IOCTOAHHOTOKOBH

. ggay3¥ IPH BCAKAKBU CXEMH Ha CBbP3BaHe Ha TpaHsucTopa. HesaBucumo ot ToBa, ot

— ppaKTHYecka IVIE[Ha TOYKa, Ce OKa3Ba I0-MoAX0Ado, npy cerp3sate ¢ OE u ¢ OK,
" ja ce U3MONI3BAT ONPOCTEHUTE CKBUBAIEHTHH CXeMH OT ¢ur. 3.27a (3a npn TpaHsuc-
TOPPI) u ¢ur. 3.276 (3a pnp Tpanzucropu). Te ca cb3AaZieHH N0 AHAJIOTHS CHC CXEMHTE

=t ¢ur. 3.26.

) B pasrnenaHuTe €KBMBAJIEHTHH CXEMH (UIypUpaT CTOMHOCTHTE Ha kKoehuuu-

—eHTHTC O H B Haii-yecTo Te ce B3eMaT OT KaTajora Ha NPOU3BOANTCIIA 3a CBOTBET-

— R4 TpaH3ucTop. MoraT a ce ONpefeNiAT U OT ChOTBETHATa XapaKTePHCTUKA Ha Ipe-
_z-nanane (ycunBaHe) 1o TOK, KaKTO TOBa € II0Ka3aHo B npumep 3.3.

E L.C E

T et
C Up E.I,%D_@ Ul D al,
I dl,

—_— a) 6)

Que. 3.26. a — onpocmena eK8UBANeHMHKA CXemMa no NOCMORHEH MOK HA RPN MPAH3UCMOpPU
npu cevpagane ¢ OB 6 akmusen pesicum; 6 — onpocmena exeueaneHmna cxema Ha NOCMOAHEN
MOK Ha pnp mpax3ucmopu npu cevpssane ¢ Ob e axmugen pescum

I.C

—-

P

B ILC C

Que. 3.27. Onpocmena exeusaneHmHa cxema no NOCMOsHeH MoK Ha:
a — npn mpan3sucmop é cevp3eane ¢ OF ¢ akmueen pescum;
6 — pnp mpan3ucmopu é cévp3sare ¢ OF 6 akmueen pedicum
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&~ lpumep’
3.4. IIpnaoxenre Ha ONPOCTEHHTE CKBHBAJIEHTHH CXeMHM MO MOCTOSIHeN |
TOK 32 ONpe/e/siHe HA MOCTOSTHHUTE TOKOBE M HANPEXKEHUsl B TPAH3UCTOPA

Ile 6B/1e H3MOI3BaHO YCIOBUETO Ha 3aja4ara oT npumep 3.3 u ¢wur. 3.21.

Ha ¢wur. 3.21 e noxazaHa cxeMa Ha CBBP3BaHE Ha npn TPaH3UCTODP KbM JBa I10C-
TOSHHOTOKOBHM M3TOUHUKA: Egp = 1,7 VH Ecc =12 V.

Hcka ce z1a ce onpeaesaT OCTOSHHUTE TOKOBE M HAIIPEXEHNS B TPAH3UCTODA.

PeweHue
B cxemata ot ¢ur. 3.21, 3amecTBamMe npn TPaH3UCTOPA C OMPOCTEHAaTa My €KBH-
BaJIEHTHA CXeMa I10 ocTosHeH Tok (¢ur. 3.27a) u nonyyaBame ¢wur. 3.28.
YpaBHEHUETO 33 BXOHATa Bepura cbBraja ¢ (3.19):
EBB = RBIB + UBE .

R,=100kQ p o Re=24k0

Duez. 3.28. Exeusanenmmua cxema Ha sepuzama om ¢ue. 3.21

3a ;1a onpenenuM YUCIeHO CTOMHOCTTa Ha 6a30BHs TOK B paboTHATa TOuKa, 3a-
MecTBaMe cTroiiHocTuTe Ha Epg U Ry ChC 3ajaieHUTE OT yCIOBHETO Ha 3ajadara. [Ipu-
emame, 9e Upg = Upgq = Upgon = 0,7 V (Si TpaH3KCTOp) U NONIy4yaBaMe:
L7V =1004Q2-134+0,7V,
_1L7V-0,7V
BT 100k
Ort kaTanora Ha NPOU3BOAMTENS MM IO HAUMHA, yKa3aH B npumep 3.3, ce onpe-

=10 pA.

Iens CTOMHOCTTa Ha KoebuuueHTa 3. Axo npueMemM, ye B: 250, ot dopmyna (3.11)
3a KOJIEKTOPHHS TOK B pabOTHAaTa TOYKa Ce H34HCIIABA:
Iog =Plgg =250-10 pA = 2500 pA = 2,5 mA.
YpaBHeHMeTO 32 H3XOJHATA BepHra chBnaza ¢ (3.21):
Ecc =Relc+Ucg -
Caen npeobpasyBaHe W 3aMecTBaHe, 32 HAMPEXKEHHETO KOJIEKTOP-EMUTEDP B pa-
OOTHATa TOYKA Ce MOJIyyasa:

Ucgq = Ecc ~ Relog =12V ~2,4kQ-2,5mA = 6V .

Oxonuatennute pesynratu ca: Igg = 10 pA, Ugsg = 0,7 V, Icq = 2,5 mA u
UCEQ = 6 V.
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IIpeacTaBeHOTO AHAIMTHYHO PeleHHe Ce N0JIy4aBa 3HAYNTENHO N0-GBp30
— ¢ 10-NPocTO OT rpaduynoTo. He ca HEOOXOAMMH CJIOKHH FeOMETPHYHH NOCTPO-
= eHMs M Pe3yJTaTHTE ce H3YHCIABAT ¢ NpocTH GopmMyJiH,

YyratensaT me 3a6eexu, 4e MOCOYEHUTe NPEIUMCTBA Ca Pe3yJITAT HA HAKOH
KOMIIPOMHCHH J0INyCKaHWs. Hampumep, npu pa3paGoTBaHETO Ha EKBHBAJICHTHHTE
CXEMH € TPHETO, Y€ HEIABMCUMO OT EMHTEPHHUSA TOK, BCHYKH CHIIMLHEBH TPaH3MCTOPH

- gMar Iaj BepXy npexoza 6asa-emutep paBed Ha 0,7 V; He ce oTuMTa edexra Ha Epnu
~ pBpXy KoJeKTopHHTE TOKOBE B cxema ¢ OE; He ce oTuuTa 06EMHOTO CHIPOTUBICHHE
- pga 6a3zaTa M CBIPOTHBJECHHATA HA HEyTpaJHUTE 00NacCTH Ha €MUTEpa U KONEKTOpa.
HeMHHYEMO T€3¥ ONPOCTABAHMS BOAAT JO HETOYHOCTH B H3YHCIEHHMATA, HO HA Ha-
—yaJHATE eTanu Ha PbYeH aHAJM3 M NPOoeKTHPaHEe € N0-BaXKHO OCMUC/IAHETO Ha
__32/a4aTa U OPHEHTHPOBLYHOTO Opa3MepsiBaHe HAa OTAe/IHMTE eJIeMEHTH Ha cXe-
_mata. Ilo HATaTbK, NO/y4YeHHTE PE3yJITATH OT PHYHNTE MIYMCICHUN Ce H3MOI3-
~-BAT KATO HAYAJHHM CTOWHOCTH B npoueaypuTe 32 KOMNIOTbPEH AHAJIN3 U ONTH-
—mu3alMsA HA cXeMHTe. 3a IeNTa Ce M3MO3BAT Half-uyecTO CTAHNAPTHH KOMIIOTHPHH
— TIpOTpamMH, KOWTO PEaJIM3NPaT yCIOXHEHH €KBHUBAJICHTHH CXEMH U aJITOPUTMH 32 aHa-
. M3, OTYHTALIX B3aVIMHUTE BPB3KH B TPAH3HCTOPa U BIMSHHETO Ha AecTaOuIM3Mpa-
= nre paktopu. IIoHACTOSINIEM BCEKH CepHO3eH NMPOEKT H3UCKBA U3MOI3BAHETO HA
~ KOMNIOTbPU3NPAHU METOAM 3a M3UMCIeHUe H onTuMu3anusa. ToBa npaBu He-
-~ HY)KHO NPHJIO’KEHHETO HA CN0KHH €KBHBAJICHTHH CXEMH NPM HAYAJHHTE PbYHH
~ W3YMCJIEHUS] HA TPAH3UCTOPHUTE BEPUTH.
_ Ot pasrienanuTe NpUMEpPH MOXKE [a Ce HalpaBHM M3BOAa, Y€ IIpoLEeAypaTa 3a
" onpenensHe Ha MOCTOSHHMTE TOKOBE M HATIPEXEHHA B TPAH3UCTOP, CBHP3aH B CXEMA C
OE, Ha npakTHKa Ce CBeXJa A0 rpaduyHO MWIM aHAJTMTHYHO HaMHpaHe Ha KOOpAWHA-
~TuTe Ha paboTHATA TOYKA B HOJIETO HA BXOJHHTE H B NOJIETO HA U3XOJHHUTE XapakKTe-
pUCTUKH. Te3M KOOPAMHATH HU JaBaT YyeTUpHTE BeIHYMHH Upgg, Isg, Icq ¥ Uckq. OT
_ TAX, IPH HEOOXOAUMOCT, JIECHO MOTaT [a CE ONpPEIENAT HaIpe)KEHUETO Ha KOJIEKTOp-
Hua npexol Ucpg = Uceq — Upeq ¥ €eMUTEPHHSA TOK Igq = Icq + Inq.
- ITogobHu ca moaxoxuTe 3a HAMHpaHE Ha TMOCTOSHHUTE HANPEXEHUS U TOKOBE
NP4 TPaH3UCTOp, CBHp3aH B cxema ¢ Ob. Pa3nukara e caMo, 4e B TO3H CIly4ai ce u3-
TIOJI3BAT BOJTAMIIEPHUTE XapaKTEPUCTHKH M €KBHBAJIEHTHHTE CXEMH, XapaKTepHH 32
CBbp3BaHe Ha TpaH3ucropa ¢ OBb.

3a HamMKpaHe Ha IOCTOSHHWUTE HANPEKEHHUsI U TOKOBE NPU TPaH3HCTOp, CBBp3aH
— B cxema ¢ OK Haji-uecTo ce M3MON3BaT BOATaMNEPHUTE XapaKTEPUCTHUKH U EKBHBA-
JIEHTHU CXEMH, XapaKTepHH 3a cBbp3Bane ¢ OF.

MHoro 4ecTo, pH [OCTOAHHOTOKOB aHAJH3, ONUTHATE WHXKEHEPU HE YepTasT
EKBUBAJIEHTHHUTE cXeMH oT dur. 3.27 u dwur. 3.28, a u3MON3BAT HaNpaBO O3HAUEHHS
BBpPXY TPaH3UCTOpA B CHLIMHCKATa CXeMa, KakTo e Toka3aHo Ha ¢ur. 3.29. Peluenunero
Ha 3ajayaTa B TO3M Cliydal ciensa abCONMIOTHO CHIIMA XO[, KaKTO NP H3I0JI3BaHETO
Ha EKBUBAJIEHTHUTE CXEMH.
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Due. 3.29. Onpocmen nooxo0 npu U34UCIABAHE HA pABOMHA MOYKA

/ 3adava

3.3. Onpenenere NOCTOSHHUTE HaNpeXeHUs U TokoBe npe3 Ge pnp TpaH3UCTOp.
ot ¢wur. 3.30. (3a pemraBaHe Ha 3ajayaTa M3MON3BaiTe OMPOCTEHATa EKBHUBAJICHTHA-
cXeMa 110 TIOCTOsSIHEH TOK OT ur. 3.276).

ciidiaad

R.=1kQ
RB=188kQ|:|

B=100

duye. 3.30. Cxema xvm 3a0aua 3.3

3.3. Pabora Ha TpaH3uCTOpPa KaTo ycunsaren

3.3.1. lNocToAHHN U NPOMEHNUBYU CbCTAaBKM HAa HanNpeXeHUeTo U Toka B
TpaH3aucTopa

B enexTpoHHHTE CXEMH MoJjie3HaTa MHPOpPMaLHs ce MPeCTaBs Hai-uecTo ypes
MPOMEHIIHBN CHTHAIH. 3aJauyaTa Ha YCHIBATEIUTE € JIa YCHIAT Te3W CHIHAIKM I0
MOIIHOCT. 3a LeNnTa € HeOOXOAUMO TPAaH3UCTOPBT Aa C€ YCTaHOBH B AKTHBEH PEXKHM,
T.e. ia ce n3bepe TakaBa paboTHA TOYKA, KOSTO Jla OCUTYpPH MOJSAPU3UPAHETO HA EMU-
TEpHHUA MPEXOL B MpaBa MOCOKA, a Ha KOJIEKTOPHMS IIpexoj — B oOpaTHa mocoka. ToBa
Ce pealu3ypa ¢ IIOMONITA HAa JONBIHUTENEH NOCTOSHHOTOKOB 3aXpaHBall H3TOUHHK,
ype3 KOMTO, Ha H3BOOUTE HA TPAH3HCTOpA, C€ 3aaBaT HEOOXOJUMHTE IOCTOSHHH
HampeXXeHHsA U TOKOBE. 3aefHO C TOBa, KbM TPaH3UCTOpPA CE NOAaBa M NPOMEHIHBHA
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BXOJICH CHTHAL. Toii ce Haciarsa BbPXY NMOCTOAHHUTE TOKOBE M HAIPEXKEHHs BHB BCe-

g,(ﬂ MOMEHT OT BPEMeETO. B pe3ysiTaT MOMEHTHMTE CTOHHOCTH Ha HANpPEXKEHHETO U
.ﬁToKa npe3 TPAH3HCTOPA Ce MOJyYaBaT KATo CyMa OT JABe ChCTaBKH — NOCTOSIHHA
3 MPOMEHIHBA. OOHKHOBEHO aMIUIMTYJATa HAa NPOMEHJINBATa ChbCTaBKa € MHOTO TO-
. MaJKa OT CTOMHOCTTA Ha IIOCTOSIHHATA ChCTaBKa.
= [IpueTo e MOCTOAHHUTE ChCTABKU Ha €NEKTPHYECKUTE BEIMIMHHU 1a ce 0TOeNss-
SaT ¢ rnaBHa OyKBa 3a BelIMYWHATa W INlaBHA OykBa 3a uHpaekca (Hanp. Ugg, Ik, Ig);
Z_pOMEHNUBHTE CHCTaBKM Ja ce 0TOens3Bar ¢ Majika OyKBa 3a BeNMYHHATA M MajKa
__ GykBa 3a HHJIEKCa (Hamp. Upe, les ib), @ MOMEHTHUTE CTOHHOCTH — ¢ MaJika OyKBa 3a Be-
" jayuHAaTa ¥ ronsiMa OykBa 3a MHAEKca (Hanp. Upg, ig, ip).
I'opHOTO € oHarneneHo Ha dur. 3.31 — MOMEHTHaTa CTOHHOCT Ha 6a30BHA TOK i
—ecyMa OT IIOCTOsIHHATa ChCTaBKa Iy = const (Mpeu3BUKaHa OT CBEP3BAHETO HA TPaH-
~3pcTOpa KBbM IOCTOSHHOTOKOBHS M3TOYHMK) M MPOMEHJIMBATa ChCTAaBKa i, (IIOMyYeHa
jpeayma'r OT BB3/ICHCTBHETO HAa CHHYCOHJAJIEH BXOJEH CHI'HAN).

_— N

= ]

. I, = const P
= )

\iB=IB+ih I,

Due. 3.31. I'paghuuro npedcmassre Ha NOCMOAKHAMA CbCMAsKka Ha moka I, npomennueama
CbCmaaxa iy, U MOMEHmHama cmounocm Ha moka ig = Iy + iy,

~3.3.2. N'pacdhoasanuTyeH meToA 3a aHanu3 Ha paboTtaTa Ha TpaH3ucTopa
KaTo ycunsaren

Ha ¢ur. 3.32 e npencraBeH IpocT TPaH3UCTOPEH YCHIIBaTeN. 3a LEJITAa, KBM
BXOJHATa Bepura Ha cxemara oT ¢ur. 3.21, e n1o00aBeH M3TOYHHMK Ha CHHYCOUITAJIEH
CHTHAN Ug ¢ aMIIHTYAA Usn = 0,2 V.

3ajayaTa Ha NpeACTAaBEHH [10-1071y Tpad0aHaINTHYEH METO € 1a JEMOHCTPH-
pa ycunBaTeNHUTE KauyecTBa Ha CXEMaTa I10 OTHOLICHHE Ha MPOMEHIMBOTOKOBOTO
BXOIHO HamnpexeHHe u;. Toil me 6b1e U3BBPILEH C N3M0N3BaHe Ha rpagUYHKUTE U aHa-
JUTUYHH Pe3YJITAaTH, NOJNYy4YeHH B npumep 3.3 U npumep 3.4.

‘
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Due, 3.32. Ilpocm mpaH3ucmopex ycunsamen

CohIlacHO Ka3aHOTO B T. 3.3.1, MOMEHTHaTa CTOMHOCT Ha HaNpeXEeHHETO B’LB%
BXOJIHATa BEpUIa ce ONpeAeNs KaTo cyMa OT MIOCTOSHHOTO HanpexeHue Epg M Hampe--
JKEHUETO Ha MPOMEHIIUBHS CUTHAN Us. MakCHMalHaTa My CTOMHOCT €: N

Egg +Un=1,7V+02V=19V,
a MUHMMAaJTHATa —
EBB - Usm= 1,7 V—0,2 V = 1,5 V

Ha ¢wur. 3.33 ¢ mIbTHA IMHASA € [OKa3aHa BXOAHATA TOBapHA NPaBa [0 MOCTOS-
HeH TOK. Ts cpBHaza ¢ npasata ot ur. 3.22. [lox BE3AEHCTBUETO HA AOITBIHUTEIHUS
MPOMEHIIUB CUTHAJ Us, IPaBaTa ce MpeMecTBa ycnopeaHo Ha cebe cu. Ha durypara, ¢
NpeKbCHATH JIMHUH, € MOKa3aHO MOJIOKEHUETO Ha TOBapHATa IpaBa 3a MaKCHMaJlHaTa
1 MUHUMaJIHAT2 CTOMHOCT Ha HaNpeXeHWEeTO BbB BXOJHATa Bepura. [IpeMecTBaHETO
Ha TOBapHaTa IpaBa NpeIu3BUKBa NBH)XeHUE Ha paboTHaTa Todka Mexnay T. A' u 1. B'
OT BXOJHaTa XapakrepucTHka. B3 ocHOBa Ha ypasHeHue (3.19), 3a MUHMMaNHaTa ¥
MaKCHMallHaTa CTOHHOCTH Ha 6a30BHs TOK, CE MOIy4aBa:

Epp +Usm = RpIpmax + Upgon »

_ Epg +Ugn ~Ugpey 17V +02V—0,7V

Il = =12uA
Bmax RB 100k M
"
EBB - Usm = RBIBmin + UBEon ’
Epp -U., -U 1,7V -0,2V -0,7V
IBmin — —BB sm BEon _ — 8p.A .

Ry 100k

CrnenoBarenHo, IMPOMEHIMBOTO BXOJHO HAIIpeXEHUE U NPeAU3BHKBA IOsABaTA
Ha [IPOMEHIIUB TOK B 6a3aTa. MoMeHTHATa CTOMHOCT ip € CyMa OT MOCTOAHHATa ChC-
TaBKa Ipq = 10 LA 1 npoMeHNNBaTa ChCTABKA iy C AMIUTMTYAR lom = Ipmax — Ipg = IBq —
— Ipmin = 2 pA.

Ha ¢ur. 3.34 e nemoHcTpHupaHa Bpbh3KaTra MeXIy MOMEHTHHMTE CTOMHOCTH Ha
ToKa B 0a3ara ig M B KoOJIeKTOpa ic. I10CTOSHHATa CHCTAaBKA HAa KOJNIEKTOPHHSA TOK €

) =B-IBQ =250-10pA =2,5mA (B ciayyast OTHOBO CM€ IPHEINH, Y€ Koe(UIreH-

TT 3 € paBeH Ha 250), a aMIUIMTyJaTa Ha NpOMeHIMBaTa cheraBka — I, =31, =
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£2250.2 pA = 0,5 mA. CrieioBaTenHo, NpoMAHaTa Ha Ga30BHsL TOK ip MEXY fpmin = 8 HA
Flpmx = 12 WA, BOOM JI0 IPOMSAHA HA KONEKTOPHHA TOK ic OT Iomin = 2 MA 0 Ioma =

&3 mA.

1,7~.1,9 -
07V Ep—Upn (B (Ew+Ugy UV

|
|
|
|

N

Duez. 3.33. Ilpemecmaane na 6xo0Hama moeapHa npaea no NOCMOAHEH MOK

ROO 6b30eliCmBUe Ha NPOMEHAUBUA CUZHAN Ug

I, mA]

Y 12 Lo pA

I | ih,

bm

Due. 3.34. Ilpomana na konrekmopHus mox Ha mpax3ucmopa ic,
npeou3sUKAHa Om NPOMAHAMA HA ig
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Ha ¢wur. 3.35 e HauepTaHa M3XOJHATA XapPAaKTEPHCTHKA HA TPAH3HCTOPA M H3.!
XO/[HATA TOBAapHATAa NpaBa IO NMOCTOsHEH TOK. [0 opAuHaTaTa ca HAHECEHH MAaKCH-
MaJIHATa ¥ MHHHMAJIHaTa CTOHHOCT Ha KOJIEKTOPHHA TOK ic. Bimkna ce, ye nmpoMsaHara’
Ha KOJEKTOPHHUs TOK € CBBp3aHa C IPEMECTBaHE Ha paboTHaTa TOYKa IO TOBapHATa’
npasa Mexay Toukute A" u B". ToBa Boau ¥ 0 CHOTBETHATA MPOMSAHA Ha HAIIPexe-
HHETO MEX]y KOJEeKTOpa i eMHuTepa uce. Bb3 ocHOBa Ha ypaBHeHue (3.21) 3a HeroBa-
Ta MUHUMATHA (Ucgmin) U MakCHManHa (Ucgmax) CTOMHOCTH ce Noiyyasa: -

Ecc = Relcmex +Ucpmin » '

Uckmin = Ecc ~Rclem =12V -24k-3mA =48V

ECC = RCICmin +UCEmax ’
Ucgmax = Ecc —Rcl =12V-24k-2mA=72V. )
CJIC,I[OB&TCJ'IHO HaIIPEeXXEHUETO Ucg C€ CbCTOM OT NNOCTOsIHHATa ChCTAaBKa UCEQ =
=6 V (ChOTBETCTBa HAa HAIIPEKEHHETO B paboTHATa TOUKA MPU JIMIICA HA BXOAEH CHI-

Haln us) U OT NPOMEHJINBATa CbCTABKaA Uce, C AMIIJINTY 1A Ucem = UCEmax - UCEQ = UCEQ -
- UCErnin = 1,2 V

Cmin

Duz, 3.35. Haxoona mosapHa npaga u 0sudicenue Ha pabomHAmMa moyKa 6bpXy Hesl

CpaBHeHPIeTO Ha aMIUIMTyaTa Ha IIPOMCHIINBATa ChCTAaBKa Ha U3X04a Uc C aM-
HJIPITYIIaTa Ha BXOIHHA l'IpOMCHJII/IB CHT'HAJI Ug IIOKa3Ba, Y€ U3XOJHUAT CHIHAJ € ycu-
12V
==Y _¢).

U
JieH 6 IBTH CIpsAMO BXoauusg (—== 0V

U

sm
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OT Ka3aHOTO A0 TYK CIIE/Ba, Y€ BCAKO HapacTBaHe Ha MOMEHTHATA CTOMHOCT Ha
_HANpPEeXEHHETO Us HA BXOJA HA CXEMATa, BOJM 10 [PaBONPONOPHHOHANHO HapacTBaHe
-ga TOKa g (¢ur. 3.33), a oTTaM M 110 yBenuyeHHe Ha Toka ic (¢ur. 3.34). Tosa mnpe-
[M3BUKBA NIPUIBIKBAHE HAa pabOTHATA TOYKA HAarope 10 W3XOAHATA TOBApHA MPaBa, B
ceICTBHE Ha KOETO, H3XOAHOTO HaIlpeXKeHue ucg Hamanasa (¢ur. 3.35). Hakpatko —
HapacTBAaHETO Ha BXOIHOTO HATIPEXEHHE Uy BOU 10 NPABONPONOPUMOHAIIHO HaMalls-
-paHe HA M3XOJHOTO HANPEXXEHHE Uce. AHAIOIMYHO — HAMAJIIBAHETO HA BXOJHOTO Harl-
‘pexeHHe Uy BOIH 1O NIPABONPONOPIHOHAIIHO YBEIN4aBaHE HA H3XOJHOTO HANPEKEHNE
“lie. CIEIOBATENHO, PA3TIEKAAHATA CXEMA IIPOMEHS aMIUINTY/aTa Ha BXOJHHA CHUTHAI
i 06pbiIa dasara My (MHBEPTHPA BXOJHHUSA CHTHAM).

- Ha ¢ur. 3.36 ca moxazanu rpagu4HO NMPOMEHIMBUSA BXOJIEH CHUTHAN U;, MOMEH-
“THAaTa CTOMHOCT Ha Hampe)XKEHHETO Ucg W HEroBaTa MPOMEHJIMBOTOKOBA CHCTABKA Ifc.
Bmxaa ce, Y& U3XONHUAT CHTHAN Uce © YCHIICH IIECT ITBTH U HHBEpPTHPaH (fedasupan
“pa 180°) CripsAMO BXOIHHMS CHTHAT Us.

vy,
-0,2 ___:_ _JI___I_ - _:___l_ A___ !

~y

Due, 3.36. I'paghuxa na 6x00HUA U U3XOOHUA
NPOMEHAUBY CUZHANY 3a ycungamens om ¢ue. 3.32

[TonyueHuTe XapakTEPUCTUKM Ha YCHIIBATeNld CE€ ONpeJeNaT OT CXeMara Ha
csbp3BaHe (chriaacHo Tabu. 3.1 pasrnexxnanara cxema e ¢ OE), oT mapamMeTpuTe 1 Xa-
PaKTEpHCTHKUTE Ha TPAH3HCTOPA M OT CTOMHOCTUTE Ha BHHUIHUTE EIEMEHTH (PE3HC-
Topute Rc U Rg). IIpyn npyru cBbp3BaHus Ha TPaH3UCTOpA U IPH APYTM CTOHHOCTH Ha
BBHILHUTE €JIEMEHTH, XapaKTEPUCTUKUTE Ha YCHIBATENA ILE C€ pa3jInyaBaT OT [0COo-
yeHute. Hanpumep, npy npaktuyeckute cxemu ¢ OF aMmnutynata Ha M3XOQHHA CUI-
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HaJ MOXe Aa ce moay4d U Hax 100 mbTH Mo-roisMa OT aMIVIMTYJaTa Ha BXOIHHSA CUI-;
Hau1, a npu cebp3Bane B cxemd ¢ OK u ¢ Ob u3xoanuaT curHan chBnaza no gasa ¢
Bxoguud (T. e. Hama Jeda3upaHne Ha 180°). 3

3.3.3. BnuaHne Ha aMnNnNUTyAaTa Ha BXOAHUA CUIHAN U NONOXEeHUeTo Ha
paboTHaTa TOuKa BbpXy (popmarta Ha U3XO4HUA CUTHaAS

OCHOBHO M3HMCKBAaHE KBM YCHJIBATEJHUTE CXeMHU € A2 OCUTYpHBAT ﬂnneﬁ.é
HOCT HA YCHJIBAHETO, T. €. BCSIKA MPOMSIHA HAa BXOAHOTO NMPOMEHJIMBO HaNpeske- :
Hue TpsAGBa 1a OCHIypPsiBa MPaBONPONOPUHOHAIHA NMPOMAHA HA U3XOAHOTO MPo--
MeHJIMBO HanpexeHue. ToBa o3HayaBa ycH/BaTe/nTe Ja He NpoMeHAT dopmara -
Ha cMrHajga (Ia He TO M3KPHMBSBAT), 2 CaMO [a YBEIMYABAT MPONOPUHUOHATHO
aMIUIMTYAaTa My. PasrneqaHuar mo-rope ciydaid € TO4HO TakbB (BX. ¢ur. 3.36) —
BXOJHHAT U M3XOAHHMAT CUTHAIH Ca CHHYCOMIM C €JHAKBa YECTOTa, KOUTO CE Pa3iiH--
YyaparT 110 aMIUINTYAa (nedasupaHeTo Ha curdana Ha 180° e gomycTumo). -

HexenatenHa npomsHa BbB $opMaTa Ha CUTHAIa MOJXKE J1a CE MOJIyYd B HAKOJ- .
Ko ciyyas. h

Hanpumep, ako B cxemara Ha ¢wur. 3.32, yBeIMUUM HEKOJIKOKPATHO aMIUIATY-
JiaTa Ha BXOXHUS CUTHAI U, paboTHaTa TOYKA LI Ce ABHXKU IO TOJISIM HEIMHEEH YHUac--
TBK OT BXOJHaTa xapakrtepuctuka (bur. 3.37a). [IpomsHaTa Ha 6a30BUAT TOK HA TPaH-
3MCTOpa B NOCOKA Ha yBelW4YeHHe, e Oble NOo-rojiisMa OT MPOMSHATa B IIOCOKa Ha
Hamanenue. dopmara Ha NPOMEHINBATA ChCTaBKa i, IIE CE pa3iMiaBa OT BXOJHATa
CHHYCOHMJA M Ha M3XOa Ha YCHIBATeNsd LIE Ce MOJy4H CHIHAJI C M3KpHBeHa (opma
(cpur. 3.376). HeroBuar xapMOHM4YEH CHCTAB L€ ObJE Pa3aMYeH OT TO3M Ha BXOJHUA
CHTHAJI M CJIEIOBATENHO L€ HOCH pPa3In4yHa HHQOpMalHs OT OpUTHHANA.

I
KN

a) 6)

Quz. 3.37. a — dsudicenue Ha pabomHama mo4Kka
8bPXY 6XOOHAMA XAPAKMEPUCMUKA NPU 201AM 8X00EH CUZHAN,
6 — usKpueseane Ha u3XOOHUA CUZHAN NPU NOOABAHE HA 201AM GXOO0EH CUSHAN

Ha ¢wur. 3.38a ¢ nokasaHa cuTyauus, Npd KOATO BXOAHMAT CHTHAJ € TOJKOBA
roJfAM, Y€ MaKCUMYyMBT Ha 0a30BUs TOK Ce yBenHyaBa Haj Epp/Rp, a MUHUMYMBT Ha
6a30BuUsA TOK ce U3pA3Ba (OrpaHMyaBa 0 HyJa).
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- Duz. 3.38. a — ozpanuyasane (u3pa3eane) Ha MUHUMYMA U
—“HAPACMEaHe HA MAKCUMYMA HA MOKa 8 6a3ama, npu nodasaHe Ha 201AM 6X00eH CU2HAN
—6 - ozpanuyaeane (U3pA3EaHe) HA U3XOOKUA CUZHAN Ucg NPU NOOABAHE HA 20/IAM 6X00€H CUSHA

Duz. 3.39 a — oepanunasane omoony Ha
U3X00HOMO Hanpedicenue npu pabomua
mouxka 6 bnusocm 0o obracmma Ha
Hacuwaxe;
6 — ozpanuyasane omzope Ha U3XOOHOMO
Hanpeoicenue npyu pabomHua moyKa 6
6nusocm do obnacmma na omceuxa;
68 — NONYNABAHE HA MAKCUMANEH
Heu3Kpueer U3x00eH CuzHan npu usbop Ha
pabomnama moyka é cpedama Ha
moeapHama npasa
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ToBa BOAM 10 OrpaHUYaBaHe Ha KOJEKTOPHHUSA TOK Mexay Hyna U Ecc/Rc (du
3.386), mpu KOETO U3XOJHOTO HaNpeXeHHE Lcg CE OrPaHWYaBa MeXAy Hyna (Orpany
yapaHe OT/AO0JY) ¥ 3aXpaHBalloTO HanpexeHne Eqc (orpannyaBane orrope). 3a u30ar
BaHE Ha ONHCAHWTE W3KPHBSABaHMS € HEOOXOAMMO Ha BXOJa Ha YCUJIBATels Aa CE 1o
JaBa MaJIbK MPOMEHJIMB CHTHaJl, KOWTO Ia NpEeAU3BHKBA JIMHEHHO HM3MEHEHHE Ry
TOKOBETe mpe3 TpaH3ucTopa (Bx. ¢ur. 3.33).

Hexenatenuu M3KpHBSIBAHUS MOTaT Ja ceé MOABAT M Korato paboTHaTa TOYk
BBPXY HM3XOIHATA XapaKTepUCTHKa ce HaMHpa B OIM30CT J0 00JacTTa Ha HACHILAKE
(dur. 3.39a) unu go obmactra Ha oTceuka (¢ur. 3.396). B mbpBus cinydail, H3XOOHHAAT
CHTHAJ € OIpaHH4YeH OTAOJY, @ BbB BTOPHA — OrpaHUYEH OoTrope. PasmMaxbT Ha HEM3K:
PUBEHHS U3XOJEH CUTHAJI € Hal-TONIAM TIPH yCIOBHE, Ye paboTHaTa TouKa ce U3bepe B

cpenara Ha M3XO/{HaTa TOBapHa Ipasa o MOCTOsHEH ToK (¢ur. 3.39¢). :j
!

3.3.4. YcnoBus 3a paboTta Ha GUNONAPHUS TPAH3MCTOP KaTo ycunearen 3
Bb3 ocHoBa Ha aHanu3uTe B T. 3.3.2 1 1. 3.3.3 Morar Aa ce HanpassT HBBO,HPITe:j

4e 3a pabomama Ha 6UNONAPHUSL MPAH3UCMOD KAMO YCUNBAmen e HeoOX00UMO:
1. TpansucTopbT Aa Gbe yCTAHOBEH B HOPMaJieH aKTHBEH PeXXuM.
2. /la ce u3bepe paGoTHa TOuYKa, KOSITO Ja OCHIYPABAa MOJy4aBaHETO Ha<
MaKCHMAaJIeH HEU3KPHBEH M3X0JeH CHIHAJ, .
3. Ha Bxopa Ha ycunBateas Aa ObJe M0JajeH MaIbK CHIHAJ, TAKa 4e pa-
0oTHATA TOYKA /a ce NMpeMecTBa MO NPUOIU3UTESHO JHHEHHM y4acTbUH OT
BXOIHATA XapaKTEPUCTH KA. ;
IIpencraBeHnTe YCIOBHS Ce M3MBIIHABAT Ype3 MOAXOAAL] U360p U OpaBMepﬂBa-
HE Ha BEpUTUTE 3a YCTaHOBsABAaHE Ha pabOTHaTa TOYKA HA yCHUJIBATE/IMTE.

il T

3.3.5. Bepuru 3a yctaHoBsiBaHe Ha paGoTHaTa ToO4ka Ha ycunBsartenure

KaxTo 6ewe nocoueno mo-rope, pabotHara Touka () ce XapaKTepH3Hpa C BEIH-
9nHUTe Ugrq, Uckq, Ucsq, s, Icq, Irg- Te TpsaOBa na 6baar u3bpanu Taka, ye Aa ce
M3IMIBJIHABAT 110 Hal-MOAXOAALIMSA HAa4UH ycoBHATa OT T. 3.3.4. [Tonexe TokoBeTe Ipg,
Icq 1 Igq ca B3auMHO-cBBp3ank (Icg = B - Iyg, Icq = O - Igqg, Ieq = Icq + Inq), @ Ham-

PEXEHUETO BBPXY OTIYIUEHHS eMUTEpeH Npexo] B akTHBEH pexkuM € Upg = Upgon =
=~ const, 3a onpejeNnsHe Ha paboTHATA TOYKA HA TPaH3UCTOpAa, OOMKHOBEHO € J0CTa-
TBHYHO Ja ce u3bepaT KOOpAHUHATHUTE U B IIOJIETO HA U3XOJHHUTE XapaKTepHUCTHKH. ToBa
ca CbOTBETHO CTOMHOCTHTE Ha:

® Icq, Ucgq (ipu cBbp3Bane ¢ OE);

® Icq, Ucnq (pu cBbp3Bane ¢ OB);

® Igq = Icq, Uceq (pu cBBp3Bane ¢ OK).

3a M3NBIHEHNE HA TBPBOTO YCIOBHE OT T. 3.3.4, U3BOAMTE Ha TPaH3UCTOpA CE
CBBP3BAT KbM IIOCTOSTHHOTOKOB 3aXpaHBall[ M3TOUHUK IOCPEJICTBOM Pe3HCTOPH.

Haii-Ba)xHO 32 M3MBJIHEHIE HA BTOPOTO YCIIOBHE € paboTHATa TOYKA JIa Ce H3-
Oepe B cpeqaTa Ha U3XOHATA TOBApHA [IPaBa Mo MOCTOSHEH TOK (Bxk. Gur. 3.396).
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t;  TpeTOTO YCIOBHE € CBBP3aHO C II0JJaBaHEeTO Ha JOCTATHYHO MAIBLK CUIHAN U, HA

BX0/a Ha YCUJIBATE/IA, KOHTO J1a MPeM3BHKBA JMHEHHO U3MEHEHNE Ha TOKOBETE Tpe3

@amncropa (Bx. dur. 3.33).

7 CoplecTBYBaT PasiM4HM BAPHAHTH HAa BEPHTHTE 32 YCTAHOBSBAHE Ha paboTHATA

rouKa Ha ycuiBatenute. B ocHoBara MM ca fBeTe cxemu mokasanu Ha ¢ur. 3.40a6.
Cxemara ot Qurypa 3.40a ce Hapuua cxema 3a ycmaHoeseane Ha pabomuama

mouka ¢ ukcupan 6azoe mok. Ilpu Hes KenaHaTa CTOHHOCT Ha KOJISKTOPHMS TOK B
paboTHATA TOUKA Icg = BI BQ CC€ YCTaHOBsBa, ype3 Qpuxcupane Ha 6a3oBus Tok. Topa

¢1aBa C M360p Ha moaxoasul 6a30B pe3nucTop:

- Ecc ~Usrg _ Ecc ~Uggm

B

al
'l
IS

a) 6)

Que. 3.40 a — cxema 3a ycmarosseane Ha pabomHama moyxa ¢ oukcupan 6a3o8 mox;
6 — cxema 3a ycmaroeagare Ha pabomHama moyka ¢ uxcupano 6azoeo HanpediceHue

HepocTaTbk Ha cxeMaTa € CHJIHATa 3aBHCHMOCT Ha KOIEKTOpHHSA TOK OT KOe-
¢uumenta §, KoiiTo MMa roieMu MPOM3BOACTBEHHU TOJIEPAHCH (HAMp. MOXKE 112 Bapupa

mexay 150 u 450 3a equH U CHIIM THT TpaH3UCTOPH). ToBa 03HaYyaBa, ye NpHU Cepuii-
HO NMPOM3BOACTBO, KOJEKTOPHUTE TOKOBE B pabOTHaTa TOYKa L€ Ce XapaKTepH3upat
ChC 3HAYMTEJIHU OTKJIOHEHUA NPH pasnuyHuTE 00pa3uM U Taka Lie ce HapyllaBa BTO-
poTo ycioBue OT T. 3.3.4.

ITocouyenuar HemocTaThk € M3berHar mpu cxemara oT ¢ur. 3.406. Hapuua ce
cxema 3a ycmaHoesgawne Ha pabomHama mouka ¢ Qukcupano 0a3o8o HanpediceHue.
ITpu ycnoBue, ye TOKBT npe3 Aenutens I € MHOTO IO-TOJISAM OT 6a30BHs TOK B paboT-
HaTa TO4Ka /g, 32 HaNpexeHHeTo B 6a3aTa Ha TPAaH3UCTOpPA CE NOJIyYaBa:

Rp,

Rp; + Rp,
CTOﬁHOCTTa Ha KOJIeKTOpHI/Iﬂ TOK B pa60THaTa TOYKA C€ Oﬂpeﬂeﬂﬂ C H3pa33.

Ug —Uggq _Up ~Usgn
Rg Rg

Icqg =Igq =
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AHanmu3bT Ha IMoAy4Y€HUsA u3pa3 II0Ka3Ba, 4€ B Cliydas CTOMHOCTTA Ha KOJ’ICK-j
TOpPHHUS TOK B pa60THaTa TO4YKa HC 3aBHCH OT napamMETbpa [3 Ha TpaH3HuCTOpAa. TOB&LI

rapaHTHpa IOBHIIEHa CTAOUIHOCT Ha paboTHATa TOYKA CIPAMO cXxeMaTa ¢ GHMKCHpaH'
©a30B TOK.

3.3.6. MpumepHU cXemMu Ha OCHOBHUTE TPAH3NCTOPHWU yCcunBaTenHu
cTbnana

OOUKHOBEHO TPaH3MCTOPHHUTE YCHUIBATENN C€ CBCTOAT OT HAKONKO Ha Opoif,
[IOCJIEIOBATENHO CBBP3aHHU, YCHABATEIHM CXEMH, HAPEUEHY CThHIIalA.

3a u3rpaciaHe Ha MPAKTHYECKUTEe CXeMH HA TPAH3HCTOPHHUTE YCHJIBATe-
HU CThNaJa, KbM pa3[yieJaHUTe CXeMH 32 OCHIypsiBaHe HA pa0oTHATA TOUYKA M
TeXHHTEe BAPHAHTH Ce BKJIIOYBAT H3TOUHUK HA BXOJAEH CUTHAJ Us M TOBAP, BbPXY’
KOIiTO ce moJy4yaBa ycujieHus curiaji. ToBapbT Moxke 1a Obae pe3ucTop, CJI0XKHA-
BepHura OT pe3NCTOPM, KOHIEH3aTOpH W 000uHH, BXOJ HA JPYro YCHJBATeIHO
cThNajuo u ap.

Ha ¢ur. 3.41 e moka3ana npuMepHa cxema Ha ycunsarel ¢ OE. CoriacHo Tabm.”
3.1 BXOIHMSAT CUTHAJ ce MoAaBa KbM 0a3aTa, a M3XOIHMAT ce B3eMa OT KOJIeKTopa. 3a
IeNTa € U3I0I3BaHa CXeMa 3a YCTaHOBsABaHE Ha pa0oTHaTa Touka ¢ $puKcHpaH 6a3oB.
ToK (¢pur. 3.40a). HaunHbT 3a mpeAcTaBAHE Ha 3aXPaHBALIUAT U3TOYHHK € ONPOCTEH —
MIOCOYEH € caMo MoTeHIMana +Ecc Ha MOJOXXUTENHUS TOJIIOC Ha 3aXPaHBallys U3TOY-
HUK. Jpyruar monroc Ha 3aXpaHBalMAT M3TOYHHMK € CBEP3aH KbM 00IlaTa TOYKa 34
BXOJHATa U MU3XOAHATa BEpUry, Hapuyana "Maca" ("3ems"). JIpata curHana (us M Uoy)
ca pa3fielIeHH 110 IOCTOSHEH TOK OT 6a3aTa M KOJEKTOpa C IIOMOLITa Ha pa3lenuTe-
Hute (Onokupamy) kouaenzatopu Cy u C,. Upes C; ce ocHrypsBa He3aBUCHMOCT Ha
paboTHaTa TOYKA HA TPAH3HCTOPa OT MOCTOSHHOTOKOBATA ChCTABKA Ha HAMPEXEHHUETO

B U3TOYHHKA U, a upe3 C, ce OCUTypsBa HE3aBUCUMOCT OT ITIOCTOSHHOTOKOBOTO HHMBO
B TOBapa.

P “Maca" ("3eMﬂ”

Quez. 3.41. Ilpumepna cxema na ycunéamen ¢ OE

Ha ¢wr. 3.42 e nokasana cxemara Ha TpaH3ucTopHO crhnano ¢ OB. CohriacHo
Tabi. 3.1, BXOOHUAT CUTHAM Ce MOAaBa KbM eMHTepa, a U3XOAHHUAT CE B3eMa OT KOJIEK-
Topa. M3non3Bana € cxema 3a yCTaHOBsIBaHe Ha paboTHaTa TOYKa ¢ GMKCMpAHO Harm-
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peiCHHE (dur. 3.4060 ). KonpenzaropsT Cg OCHUTypsiBa CBBLP3BaHETO Ha (a3zaTa KbM
obmara To4ka (Maca) 1o npoMeHnnuB Tok. IIpenHasHadenuero Ha Kongenzatopute C)
n C € CBILOTO KaTo NpH NpEeIUIIHATA CXeMa.

TOBAP | Hou

Que. 3.42. Ilpumepra cxema na ycuneamen ¢ Ob

Ha ¢wr. 3.43 e nmoka3zaHa cxemara Ha TPaH3UCTOPHO cThiiajo ¢ OK. Bxogausar
cMTHAN ce MojaBa KbM 0GazaTa, a M3XONHMAT ce B3eMa OT eMuTepa. KomekropsT e
¢BBp3aH JUPEKTHO KbM MOJIOKMTENHHA MOMIOC HAa 3aXPaHBAILOTO HANpeXeHHe, NpH
KOCTO TOH ce OKa3Ba 3a3eMeH [0 OTHOIIeHHE Ha NpOMEHIIMBOTOKOBAaTa ChCTABKa Ha
CHTHATA.

Due. 3.43. Ilpumepna cxema Ha ycunsamen ¢ OK

/ 3adava

3.4. Hayepraiite BpemMeuarpaMiuTe Ha MOMEHTHUTE CTOMHOCTH Ha TOKOBETE H
HalpexXeHHUsITa B H3BOJUTE Ha TPAH3UCTOpa 3a ycuiBaTens Ha ¢wur. 3.32.

'./3adaqa

3.5. HauepraiiTe cxeMuTe 3a ycTaHOBABaHe Ha paboTHaTa Touka ¢ (UKCHpaH
-6a30B TOK U QHKCUpaHO 6a30BO HANPEXEHUE 38 pnp TPAH3UCTOPH.
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3.4. EKBUBasIeHTHU CXE€MMU Ha TPaH3UCTOpPa NPy HUCKH
YecToTU M MaJsIbK BXOAEH CUTrHan

-

3.4.1. Moaxonau 3a U3UUcnNABaHe Ha AMHAMUYHWUTE NnapaMeTpy Ha
TPaH3NCTOPHUTE YyCUNBaTeNHU crbnana

PRSP )

Ha ¢ur. 3.44 e nokazaHa O10KOBaTa CXeMa Ha TPaH3UCTOPHO YCHJBATEIIHO 1
cTEOao. B Hest ¢ ug € 03HaueH reHepaTopa Ha BXOIHUA CUHAN, ¢ Rs ~ U3XOIHOTO My :
CHIPOTHBIIEHHE, a ¢ R € 03HaueH ToBapa. ;

in out
—
* +
R Tpansucropso -
Uin YCHIIBATENHO Uout R, -
U (~ CTBIANO _ -

Que. 3.44. brokosa cxema Ha MPAHIUCHOPHO YCUNBAMENHO CINBNANO

3a xapakTepusupaHe Ha NOBEJEHNETO HA TPAH3IUCTOPHHUTE YCHABATEH O
NPOMEHJIMB TOK Ce H3MO/I3BAT NapaMeTpuTe: KoepHUHMEHT HA yCHIIBAaHe N0 Han-
pexenue Ay, KoeHUUEHT HA YCHJIBaHe MO TOK Ay, koeHUHEHT HA yCHJIBaHE N0
MOUIHOCT Ap, BXOAHO CHNPOTHBJIEHNE 110 NPOMEHJIHNB TOK Fip H H3XOJHO CBIIPO-
THBJICHUE N0 APOMEHJIHB TOK 7oy. OTIPENENTHETO UM € OCHOBHA 3aJjaya NpH aHAIH-
33 M MPOEKTHPAHETO Ha yCHBaTeJ . Te3M InapamMeTpH ce HapH4yaT JUHAMHYHH I1apa-
METPH M Ce HPEICTaBAT KAaTO OTHOLIEHWs Ha NPOMEHJMBUTE ChCTaBKH Ha TOKa M
HalPEe)KEHUETO Ha BXOJa M Ha U3X0Ja Ha YCUIBATEIHHUTE CThIIaNa:

. . u u [
in _ “out _ “out _ ‘out _
Tin = s Tt = Ay=——r, A=, Ap=Ay4.

lin Lout ' Uin lin

B 1. 3.3.2, ¢ nomomrra Ha rpagoaHaTATHYHUA METOH, Onpenearxme Koeduim-
€HTa Ha YCHJIBaHe 10 HanpexeHue Ha enementapHo crbnano ¢ OE. ITogoben Hauun
MOX<e Jla Ce M3I0JI3Ba 3a OTpeJieNITHE M Ha OCTaHAIIUTE MapaMeTpH Ha CXeMaTa, KaKTo
u 3a aHamm3upane Ha cxemu ¢ OB u ¢ OK. Onucannar noaxoJ, BeIpeKH Ye € MHOTO
HarjieneH, € H3KIIOUUTENHO TPYROeMbK. TOH H3NCKBa CIOXKHHM M TIPELU3HU TeoMeT-
PMYHH [TOCTPOEHUS, KOUTO CE 3aTPyAHABAT OT PAa3JIMKHTE B CTOMHOCTUTE HA MOCTOSH-
HHUTE HaIIPEeXEHUs U TOKOBe B pabOTHAaTa TOYKA M AMIUIMTYNTE Ha IPOMEHINBOTOKO-
BUTe cUrHanu (06MKkHOBEHO Uspy, << Upgq U Ipm << Iq). TpynHOCTHTE CTaBaT Helpeo-
JOJIMMH TIPH NPOEKTHPAHE HA CJIOXKHY YCUIIBATENIHUA CXEMH, KOMTO CHABPIKAT HAKOJIKO
MOC/TEIOBATENHO CBbP3aHy CThNana. 3aToBa rpad0aHaTUTHYHKAT METO/ 33 aHAJIN3 CE
M3[10J13Ba Hal-9eCcTo caMo 3a LeJuTe Ha 00y4eHHUeTo.

3a npaKTHYecKH W3YNCICHUA HA IMHAMUYHATE NapaMeTpy Ha TPaAH3MCTOP-
HUTE CTHNAJIA Ce U3MOJ3BAT eKBHBAJIEHTHUTE CXeMHM HAa TPAH3MCTOPHUTE IO Mpo-
MeHJIMB Tok. Te ce OTHACAT 33 MAJIKH BXOJHH CHPHAJIH, KOUTO MpeIM3BHKBAT
npeMecTBaHe Ha paGoTHATA TOYMKA N0 MAJKH, NPUOJIH3UTEIHO JUHEHH YyUaCThLIH
0T BOJIT-AMNEPHATE XapaKTePUCTHKH Ha TpaH3ncropure (Bx. T. 3.3.3 n 1. 3.3.4). C
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E ¢KBHBAJIEHTHHTE CXeMH MOraT [a ce ONpefe/AT aHAJMTHYHO OCHOBHHTE mapa-
* MeTPH Ha BCAKAKBH yCMJIBATE/IM.
= CobluecTBYBAT Ba MOJX0Ja NPH M3TPa)KIAHETO HA eKBUBAJIGHTHUTE CXeMH
= ya TPAH3UCTOPHTE 10 NPOMEH/INB TOK.
ITLpBUSAT MOAXO0/ e 0CHOBABA HA H3MepBaHe HA NPOMeHJIMBOTOKOBUTE Na-
paMeTpH Ha TPAH3HCTOPA, PA3IVIOK/AH KATO YeTHPUNIOJIOCHHK (dwur. 3.45q).
3a MaJIKi CMTHaJIM BpPB3KaTa MEXAY BXOOHUTE U H3XOAHHMTE NPOMEHIMBH HaIl-
= pe;i(eHI/IH ¥ TOKOBE € JIMHElHa U ce OIMCBa C JBe YpaBHEHMs, B KOWTO yJacTBat 4 mapa-
__merhbpa. Te3un napaMeTpy ce JaBaT B KaTalo3uTe Ha TpaH3ucTopute. Hapuuar ce uern-
~ ‘punontocHy napamerpy. C TiX C€ H3rPKIAT YETUPHIIONIOCHUTE EKBUBATEHTHU CXEMH.
BTopusiT noAXxo] ce 0OCHOBaBa Ha aHAJIN3 U Moje/iMpaHe Ha ulMYecKaTa
“epmHOCT ¥ PYHKUMOHHPAaHe HA TpaH3ucropure. [lolyyeHNTE €KBUBANCHTHH CXe-
MM ce Hapu4aT GU3NYHML.
o=  EKBMBAJEHTHATE CXeMH IO NPOMEHJIMB TOK MOrar Aa ObAAT NpeIHa3Ha-
jqefm 3a PbYHM U3YMCIIEHUs] WIH 32 KOMIIOTBPHU cumynaumu. ITepBuTe ca ¢ Mu-
_ puMasieH Opoii apaMeTpy u ChOTBETHO MUHKMaNIeH Gpoi enementy. Te ce u3monspar
-—3a aHaJIU3U Ha YCHJIBATCJIHUTE CThIIajla HAa HAYAJTHUTE €Taln OT MPOCKTHUPAHETO, KOra-
=70 OCHOBHATa IieJl HAa MH)XEHEPa € JIa MOTyYH OPUEHTHPOBBYHA OLEHKA Ha JUHAMHY-
_ HMTE TapaMeTpH Ha cxemara. COXHHUTE M MpEeLU3HH M3YHCICHUS Ha JMHAMUYHHUTE
—ﬁnapaMeTpH ce M3BBPIIBAT C NMpOrpamMu 3a KOMIIOThpHAa cuMyJjauus. Te usnon3sat
" eKBMBAJIEHTHH CXEMH Ha TPAaH3MCTOPUTE, KOUTO BKJIIOYBAT MHOIO ronsam 6poi (0xono
_ 50+100) napaMmeTbpa.
= B 3aBHCHMOCT OT YeCTOTHMS AMANA30H Ha YCUJIBAHUTE CUTHAJIU, eKBUBA-
.. JICHTHUTE CXeMH IO NPOMEHJINB TOK €A NpeAHa3HAYEeHH 32 U3YHCICHHUS NPH HHC-
——KH, BUCOKH H CBPBXBHCOKH 4e€CTOTH.
OO0exT Ha HacTOsAIIHA KYpC Ca €KBHBAJIEHTHUTE CXEMU 3a PBYHM M3YHUCICHHA
IpH HUCKH U BUCOKH YECTOTH.

3.4.2. Cucrema h-(hybrid) napameTpu n eKBMBaneHTHU CXeMH Ha
- TpaH3ucropa

3a aHaau3 HA yCHIBATEIHMTE CTHNAJA NMPH HHUCKH YeCTOTH U MAJIKH CHTI-

HAJIM MOTaT Aa ce M3MO0J3BAT YeTHPUMOJIOCHUTe h-MapaMeTpH Ha TPAH3UCTOPA.

C TAxHa nMoOMOLL TPAH3UCTOPBT C€ NMPEACTABS KaTO aKTHBEH JMHEEH YETHPHIIONIOCHHK

(dur. 3.45a), npyu KOETO HANPEKECHUATA M TOKOBETE B U3BOAWUTE MY CE€ CBBP3BaT ChC
~cucteMara h-ypaBHEHUS:

Iy = hyyiy + hyouy
B Tasu cucrema h-napamempume ca peantu 4ucaa, YAMTO CTOWHOCTH 32 CHOT-
BETHHTE TPAH3UCTOPH MOTAT /1A CE U3MEPAT JIECHO. XapaKTEPU3UPAT C€ KaKTO ClIe/Ba:

7]
h,= —' — 8XOOHO CHNPOMUGLEHUE HA MPAH3UCMOPA TIPH KBCO ChEIUHE-
h up=0
.. Hue mo mpoMeHNuB TOK Ha u3xoaa (u; = 0). Hali-uecTo B KaTano3uTe ce 03HayaBa C h;.
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1

i .
by =2 — Koegpuyuenm Ha npedasane (YCunN6ane) no MoK Ha MpaH3uCmo.
h 1y =0

1
pa NpH KbCO CheANHEHHE 110 IPOMEHIIUB TOK Ha 3Xona (4, = 0). O3Ha4aBa ce v ¢ hy.
u

by, =—1 — Koeghuyuenm Ha obpamuama épvb3Ka No HanpediceHue Ha mpan.é
“2l;=0 1
. 3
3ucmopa NpY OTBOPEHA BXO/IHA BEpHra 1o MpoMeHuB Tok (i = 0). O3nayasa ce u C h;. 3
i T
hyy =2 — U3X00HA NPOBOOUMOCI HA MPAH3UCMOPA TIPU OTBOPEHA BXO/IHa™

U |.

i;=0

Bepura 1o npomenius ToK (i; = 0). B kaTano3ute ce o3HayaBa Hai-4ecToO C K. o
PasrnenanaTa cucrema napamerpu Ha TPaH3HCTOpa ce Hapu4a XubpuiHa (cMe=
ceHa), 3all0TO BK/IOYBa JBe Oe3pa3MepHH BEIWYMHYM — KOSQHUIHMEHTa Ha MpelaBaHe;
(ycuiBaHe) no TOK M Koe(HLHEeHTa Ha obpaTHaTa Bpb3Ka IO HANPENEHUE; €AHO ChIl-.
POTHBJIEHUE —~ BXOJHOTO CHIPOTHUBICHHE M €IHA NPOBOAMMOCT — M3XOJHATA [POBO="
JAMOCT. B
ITonexe Besika cxemMa Ha CBBp3BaHE CE XapaKTepH3upa Cchbe crneuuduyer Habop.
OT BXOAHHM ¥ M3XOJHM HANpeXeHUs M TOKOBE, h-mapameTrpuTe MMAT Pa3jIM4YHH
CTOIHOCTHU 32 pa3NYHUTE CBLP3BAHUA HA TPAH3HUCTOPA. 32 03HAYABAHETO MM CE
U3M0JI3BAT NONBIIHUTENHN HHAeKcH: e (3a cBbp3BaHe ¢ OE), b (¢ OB) u ¢ (¢ OK).

Ha ¢ur. 3.456 ca nokaszaHu BXOZHUTE U U3XOJHUTE MPOMEHIMBOTOKOBU CHI'Ha-
nM NpH CBBp3BaHe Ha TpausucTopa B cxeMa ¢ OE. Kato ce B3eme npex Buz, 4e B ciy--
qas U = Upe, I} = Iy, Uy = Uee U I = iz, CACTEMATA A-ypaBHEHUS C€ KOHKPETH3HPA BHB
BUIA:

= hieib + h’reuce

Upe
(3.24) . ,
. = hfelb +h .u

oe™ce

TPAH3UCTOP

u, U,

a) 6)

Duz. 3.45. a — npedcmasnre HA MPAH3UCIMOPA KAMO YEMUPUNONIOCHUK,
6 — 6X00HU U UBXOOHU CUSHAAY NO NPOMEHAUE MOK NPU C8bp3saHe Ha mpansucmopa ¢ OF

Ha ¢ur. 3.46 e nokazaHa ekBMBaJleHTHATa YETHPHIIONIOCHA CXeMa C h-mapa-
merpH, Nipu ¢BEp3BaHe ¢ OE. Ta cpoTBeTCTBA Ha pasriefaHara CUCTEMa ypaBHEHHA
(3.24). BXomHOTO CHNPOTHBJIEHKE € MPEACTABEHO C PE3UCTOPA fje, 2 H3XOMHOTO — C Pe-
3UCTOpa 1/he. BNHsHMETO HAa M3XOMHOTO HANpPEXEHHE BHPXY BXOAHOTO, € NPe/ICTABEHO
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"¢ H3TOYHUK HA HATPEIKEHHUE Aelice, 3 3aBUCHMOCTTA HAa M3XOQHHMS TOK OT BXOJHMS — C
{#3TO4HMKA Ha TOK hiy. TloHEXE ce OTHAcs 3a IPOMEHIUB TOK, NMPENCTABEHATa EKBHU-
FpaleHTHA CXEMa € BalM/HA 32 pn ¥ pnp TPaH3UCTOPH.
! i

b

hie
| — | .
. f—; 1 | +a
* 1
. Uy, hre - U, hr‘ * ib h—;
- _ e
€ o— ¢ —— .

0

—.  Qua. 3.46. Exeusanenmna yemupunoniocna cxema c h-napamempu npu cevp3eane ¢ OF

OOuKHOBEHO B KaTaJloO3MUTe ce AaBaT h-mapamerpute 3a cxema ¢ OE, 3a xoHk-
~peTHH CTOMHOCTH Ha IOCTOSHHUTE HAIPEXEHHs U TOKOBE IPE3 TPaH3HCTOpa (T.e. 3a
~(uKcHpaHa paboTHA TOYKa), TIpK OnpesiesieHa Temneparypa. [lapamerpure 3a cxemu ¢
OB 1 ¢ OK, 3a cpuiata paboTHa TOYKa ¥ MpPU ChILIaTa TEMIIEPATypa, MOTAT Aa Ce Orpe-
- nenaT oT Te3u 3a cxeMa ¢ OE, upe3 usmonsBaHe Ha GopMynuTe 3a npeobpasyBaHe,
. TIOKa3aHHU B Tabm. 3.2.

Tabnuya. 3.2
OE OB OK
BxozeH MMITERaHC e by = L b, =l
1+ hg,
Koedunuuent Ha ob6parHaTa _ Pie ~hoe -h ho o=
hre b — re rc — 1- hre
BPB3Ka M0 HANpEeXeHYe 1+ hg,
Koeduuuenr Ha npenasaHe h
h = ————fe - h = ]. h
(ycriBaHe) 10 TOK 3a MaJIKH hfe fb fc + Age
1+ hg,
CHTHAJIX
h — hoe .
H3xonHa npoBOAUMOCT hoe ) J hoc = hoe
1+ hy,

B Tabn. 3.3 ca nokazaHu YHCIEHUTE CTOMHOCTH Ha h-TlapaMeTpUTe Ha TpaH3HUC-
top BC 413B. 3a nenta ot KaTajor ca B3eTH CTOHHOCTHTE Ha MapaMETPUTE 3a CXeMa
Ha ceep3Bade ¢ OE. Te ca u3aMepeHu OT MpOU3BOANTENS NP CTOMHOCTH Ha MOCTOAH-
HOTO HaNpEeXKECHUETO MEXTy KojiekTopa 1 emutepa Ucg = 5 V, NOCTOsIHEH KONEKTOPEH
ToK Ic = 2 mA u TemInepaTypa Ha OKoJHaTta cpela Tompy = 25 °C. Pesynrarute 3a cxe-
mu ¢ OB u ¢ OK ca nonyyenu ype3s npeobpasyBaHe chriacHo Tabi. 3.2.

B tabnuuara npaBAT BIeYaTIIECHHE OTPULATEHATE CTOMHOCTH Ha KoeHIMEHTa
h¢ npu cxemu ¢ OB u ¢ OK. ToBa o3HayaBa, ue B Te€3u Clydau, peaJHUTE IIOCOKH Ha

HAKOM OT TOKOBETE ¥ HAMPEXEHHATA B TPAH3UCTOPA Ca POTHBONOJIOKHHM HA PHUETH-
Te Ha ur. 3.45a.
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Tabnuya 3.3

i

)
OE Ob OK it
BxozeH uMmreaade — h;, Q 4500 13,6 4500 !
—
KoeduiueHT Ha oOpaTHaTa BpB3Ka 110 2 10™ 2.8.10% !
HanpexeHune — h,
KoeduuueHT Ha npejaBaHe (YCHIBaHE) 330 -0,996979 _13]
110 TOK 32 M&JIKH CHUTHAIN — h¢
i H3xoaHa nmpoBOUMOCT — Ay, S 30.10°° 0,9.10'9 30.107

CpaBHEHMETO Ha YHCICHUTE CTOHHOCTH 32 OTAEJHHTE NapaMeTpH Ha TPAH3HC-
TOpa Moxasea, ye B cxeMa ¢ Ob BXOZHOTO My ChIIPOTUB/IEHME € Hali-MaJKo, a H3X0x~
HOTO MY CBHIIPOTUBJIEHHE — Hai-rojsMo. KoeduiyenTHTe Ha YCU/IBaHE IO TOK B CXe-
Mu ¢ OE 1 ¢ OK uMaT MHOro BHCOKM CTOMHOCTH, HOKaTo B cxeMa ¢ OB Toit €
npuOIM3UTENHO €AMHMIA. 3aBHCUMOCTTa Ha BXOJHOTO HalpeXXeHHe OT M3XOIHOTO R
cxemu ¢ OE u ¢ Ob e mHoro cna6o, gokato B cxema ¢ OK M3XONHOTO M BXOAHOTO
HanpeXXeHUe ca IpUOIH3UTENHO paBHH.

IpencraBenute B Tabn. 3.3 yHCIEHH CTORHOCTH ca BAJMAHHM CaMo 3a Halpexxe-
HHETO U TOKa, NPU KOHTO ca u3MepeHH (B ciydas Ucg =5 V u Ic = 2 mA). 3a apyru
ciyyan € HeoOXoauMo Te Ja ObAaT KOPUTHPaHH ChC ChOTBETEH KOE(UUHMEHT. 3a 1enTa
B KaTaJIO3UTE HAa TPAH3UCTOPHTE c€ AABaT rpadMYHM 3aBUCHMMOCTH HAa OTHOCHTEIIHHTE
CTOMHOCTH Ha h-TIapaMeTpUTe NPH Pa3IMYHU TOKOBE M HAIPEeXKSHUA B paboTHATa TOYKA,

Ha ¢wr. 3.47 e noxa3ana npuMepHaTa 3aBHCHMOCT Ha OTHOCHTEIHUTE CTONHOC-
TH Ha h-napamerpure Ha TpaHsucrop BC413 oT xonekropHus Tok, 3a cxema c OE,
mput Ucg =5 V.

10 BC 413,414
6
hide) 4
h(I.=2mA)
2
hie
10 =%
6 N
4 —h>\\ //
2 ‘\\‘ /
N
1 Due. 3.47. 3asucumocm Ha
i TR OmMHOCUMeNHUME CMOUHOCMY Ha
6 = P X h-napamempume om KonexmopHus mox
4 |ty AN
by N
2|Ve=5V
10” T_mh =25°C
10" 2 4 1 2 4 10mA
B
I
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Ficaro 6a3a 32 CpaBHEHHETO Ca M3IMON3BAHM CTOMHOCTHTE HA CHOTBETHHTC MapaMeTpH
3 npy[ Ic = 2 mA. Buxna ce, Ye BIHAHUETO Ha PaBOTHHA TOK € 3HAYUTENTHO — HaMp. NpH
EHm,laniua.aﬂe Ha Toka 210 0,1 mA BXOZHOTO CHIIPOTHBIEHHE F; HApPACTBa OKOJIO 12 MBTH,
£ NpM YBeNUyaBaHe Ha Toka 10 10 mA - HamansBa Han 4 neTH cripamo 6asoBara cu
__._cToHHOCT. ITpu Tox 0,1 mA u3xoaHaTa NPOBOAUMOCT /1o HAMAIIABA OKONO 3 IIBTH, & TIPH
ok 10 mA — HapacTBa Haj 5 NbTH. 3a CHIUMA AMANA30H HA TOKA, KOE)HUIHEHTHT Ha

;ycunBaHe 0 TOK hg ce npomens ot 0,6 1o 1,1 ot croiiHocTTa cu put Ie =2 mA.

= Ha ¢wur. 3.48 e nokaszaHa 3aBUCHMOCTTa Ha OTHOCHTEIHHMTE CTOMHOCTH Ha h-
~TapaMETPHTE OT KOJIEKTOPHOTO HATIPEKEHHE, 38 CXEMA C OE, npu Ic = 2 mA 3a chuius
- rpaH3KCTOp. Kato Gasa 3a CpaBHEHMETO Ca U3NON3BaHN CTOMHOCTHTE HA CHOTBETHUTE
_napameTpu nph Uce = 5 V. OT rpadukata MoXe Ja Ce HalpaB# U3BOLBT, Y€ B TO3U
—cay4ail IMana3soHbT HA M3MEHEHWE Ha h-TIapaMETPUTE € CPABHUTENHO MO-MalbK, OT-
~ KONKOTO TIPH MpOMsAHATa Ha Toka. Half-chiHa € 3aBMCHMMOCTTa Ha H3XOJHATa IPOBO-
=HUMOCT Hee, KOTO HapacTBa 1,8 meTi npu Ucg =1V, a ipu Ucg = 15 V Hamansasa no
—0,7 ot 6a30BaTa cH CTOHHOCT.

= 5 BC 413, 414
= h(Vee)
e h (Ve =5 V)L
: 1,5 he1
- \ £F
- >
. -
_ 1 AN _ b
Y T
h
- 0,5 dil
I.=2mA
o T,,=25°C
0 10 20 30V
—_—

CE

Quez. 3.48. 3asucumocm Ha omuocumennama cmoiHocm Ha
h-napamempume om KonexmMOPHOMO HanpediceHue

@&~ Mpumep

3.5. IIpeu3unciasiBane Ha h-napamMeTpuTe HA OMMOJAPEH TPaH3UCTOP B 3a-
BHCHMOCT OT HaNpe;KeHNeTo U TOka B paboTHATA TOYKA

Janesu ca THIUHYHUTE CTOHHOCTH Ha h-miapamMeTpuTe Ha TpaH3ucropa BC413B,
B cxema Ha cBbp3Bane ¢ OF, npu Ic =2 mA, Ucg =5 V, ¥ Tymp = 25 °C: ke = 4500 Q,
hee = 2.107%, e = 330 1 hge = 30.10°° S.

Ha ce onpenenar crodnoctute h-napamerpure npu Ucg = 2,5 V, Ic =5 mA n

Tamb = 25 OC.
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PeweHrue . 1
3a onpenendHe Ha THPCEHWTE BEIWYMHK IIE U3MON3BAME PaQUYHHUTE 3aBHCH-Y
MocTH OT dur. 3.47 u dur. 3.48. k|
Haii-nanpen, ot ¢ur. 3.47 ce cHeMar KOpHUrupamure KoehULUHEHTH 3a cmﬁ-i
HOCTHTE Ha h-TlapaMeTpuTe, npu TOK Ic = 5 mA v Hanpexenue Ucg =35 V: 3
h.

ie(lc=5mA,UCE=5Y) _ 0.42
=\

hie(lg:ZmA. UCEg=5V)

Pre(1c=5mA, Ucg=5V)

=0,75
hre(lc=2mA. Ucg=5V) )
Ptetic=sma, Ucg=5v) -11 -
= 4
hfe(IC =2mA, UCg =5V)
hoe(lc=5mA,UCE=5V) - 2’1 —

h’oe(lc=2mA. Ucg=5V)
3a ChOTBETHUTE CTOWHOCTH Ha h-TlapaMeTpuTe, NpH KOJNEKTOpeH ToK /c = 5 mA
n HampexeHune Ucg = 5 V, ce monyuasart ypaBHeHus (3.25):
hie(lc=5mA, Ucg=sV) = 0,42- hie(,c=2mA'UCE=5v) =0,42-4500Q =1890 Q2

_ _ -4 _ -4
525 Mrettcmsmaveg=svy =075 Mrogieama veg=svy = 0752107 =1510

hfe(lc=5mA, UCe=SV) — L1 hfe(1c=2mA. UCg=SV) = 1,1-330 =363
Poctc=sma Ucg=svy = 21 Rosgcmama. vcg=svy = 2:1-30107°8 =63107°S.

CnenBamaTa CTBhIIKA € HOBOHOJ’Iy'—IeHHTC CTOﬂHOCTH Aa €€ KOpHurupar 3a Halpe-
xenue Ucg = 2,5 V. Ot ¢dur. 3.48 3a oTHOCHTENHHTE KOEDHIIHEHTH CE OTYHTA:

Pie(1c=5mA, Ucg=2.5V)

=092,
hie(lc=5mA. Ucg=5V) .
Piecme =
(326) re(Ic=5SmA, Ucg=2,5V) =118
h're(Ic=5mA, Ucg=5V)
Re(1c=5ma, Ucg=25v) _ 0.92
hfe(lc=5mA. Ucg=5VY)
hoe(lc=5mA, UCg=2,5V) - 1,32

hne(lc=5 mA,Ucg=5V)

AHaM3BT Ha MOJNYYEHUTE CTOMHOCTH Ha TOPHHUTE OTHOWIEHHs N0Ka3Ba, Ye BIIH-
SHUETO Ha HANpPEXCHUETO KOJIEKTOP-€MHUTEp € Hal-ChINECTBEHO BBPXY H3XOJHATa
[POBOAMMOCT Ha TPAH3UCTOPA.

OKoHuaTeNnHo, 3a CTOWHOCTUTE Ha h- -napameTpure mpu Ic = S mA, Ucg=2,5V
U Tamp = 25 °C ce monyuaBat ypasrenus (3.26):
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Pieo=sma, Ucg=2.5v) = 0,92- hie(IC=SmA‘ vep=svy = 0,92-1890 Q=1739Q,

- heetig=smaveg=2.5v) = 118 Reeecsma uggosyy = 11815107 =1,77107,
h‘fe(lC=5mA,UCE=2,5V) =0,92- hfe(lc=5mA,UCE=5V) =0,92-363=334,
Bosti=sma.Ucg=2.5) = 132 Mogicmsmaucg=svy = 132-63107°S =83,2107°S ,

B Tabn. 3.4 ca cpaBHEHU CTOMHOCTHTE Ha h-NIapaMeTpUTe B BETE pabOTHH TOY-

“gn. Halt-chleCTBEHH ca paslUKUTE B CTOMHOCTHUTE Ha BXOJHHSA WMIIEAAHC Hi. H U3-

. XoAHaTa MPOBOJMMOCT fee. T€ CE IB/IKAT INIABHO HA NPOMSHATA HAa TOKAa B paboTHATA

touka (bopMyan 3.25) M MO-MaJKO Ha MPOMSAHATA HA KOJNEKTOPHOTO HAMpexeHHe

-(popmymu 3.26). KoeuUMeHTHT 110 yCcHIIBaHE HA TOK MOYTH HE CE& U3MEHS, KOETO HH

_jaBa OCHOBaHUE 33 NPAKTHYECKM M3YHCIEHMS [a M3II0/I3BaMe JHUPEKTHO CTOHHOCTTA
_My, TOCOYEH2 B KaTajnora (6e3 AONbIHUTENHH KOPEKLIHH).

“Tabnuya 3.4

Ug=5V, _ _
Ic=2mA UCE—2,5V, IC—SmA

| Bxonen umnenauc - k., @ 4500 1739
-| Koeduuuent Ha obpaTHata Bpb3Ka IO Han-

2.107 1,77.107
pexeHne — hy.
KoeduieHT Ha yCHIIBaHE 10 TOK 332 MaJKH 130 334
CUTHAIM — Ay,
HI3X0/iHa HMPOBOAMMOCT — Age, S 30.10°° 83,2.107°

Heo0xoaumocTTa oT rpa)uyHO OTUMTAHE HA KOPEKUHHTE HA A-mapamer-
puTe, IPM BCAKA NMPOMsiHA HA paboTHATA TOYKA, € HEAOCTATHK HA pasrjaeJaHus
NOAXOJ 32 onpeleJisiHe HA MPOMEHJIUBOTOKOBUTE NIapaMeTPH Ha TpaH3ucropa. B
pe3yJITaT NpoLechT HA MPOEKTHPAaHe CTaBA TPYA0EMbK H YCJIOKHEH.

Hanocneank, NPH NPaKTHYECKOTO NpPOEKTHPaHe, BCE MO-IIHPOKO MPUJIO-
KeHHe HAMHUPAT PU3HYHNTE NMapaMeTPH M eKBUBAJICHTHH CXeMH HA TPaH3MCTO-
pHTE MO MPOMEHJIHB TOK.

3.4.3. ®M3n4YHU NapaMeTPN U eKBMBaNEeHTHN CXEMU Ha TPaH3UcTopa 3a
Manku CUrHanu npu HUCKU 4ecToTn

Ddu3MYHUTE NApaMeTPN ¥ eKBUBAJEHTHU CXeMU HA TPAH3UCTOpPHTE ce 0C-
HOBABAT HA AHAJIM3 U MOJAEJHPAHE HA CTPYKTYPATA ¥ NPHHOKUNHTE HA PYHKIHO-
HUpPaHe HA TPAH3MCTOPA NPH NMOJABAHE HA MAJIKH CHTHAJIH,

Haii-yecTo M3mon3BaHaTa MaJlOCUTHANIHA HHCKOYECTOTHA (U3HWYHA €KBHBAJICH-
THa CXeMa Ha TPaH3UCTOpa, B cBbp3BaHe ¢ OF, e nokasaHa Ha ¢ur. 3.49.

B mnpeacraBeHara cxeMa M3TOYHHKBT Ha TOK B M3XOAHaTa Bepura e Pi, =
= gnllpe. C B € 03HaYeH Ougpepenyuannusm xoeduyuenm Ha ycuneawe Ha 0a306us
moxk. To# ce orpenens KaTo OTHOUIEHHE Ha MPOMEH/IHBATE ChCTaBKU Ha KOJNEKTOPHUSA
TOK i, 1 6230BHA TOK ip, NP CBBP3aH HAKHCO M3XOJ 110 MPOMEHJIMB TOK (Uce = 0):
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(3.27) B=s| =X : 1
i
?

i Uce=0 % U g =const.

ib lﬁ
b » -— ¢
O
+ +
Uy Toe Bib = gmube Vee U, o
4 * *— —— 0
e €

Due. 3.49. Manocuenanna Hucko4YecmomHa exeusaneHmua cxema =
Ha mpanzucmopa 6 cevp3seane ¢ OF

Yecro 3a } ce ynotpebsBaT ¥ MO-KpaTKUTe HAUMEHOBAHUS — OughepeHyuanen.
Koeuyuenm Ha ycuneare no mox unu koeguyuenm f. ‘
C gm € 03HaYeHa cmpwvMHOCMMA Ha mpansucmopa. Ta ce onpesens KaTo OT-.
HOLIEHHE HA IPOMEHIIUBUTE CHCTABKM Ha KONEKTOPHHSA TOK i, M HATIPEXXEHUETO MEXY
0a3aTa ¥ EMUTEPA Upe, IPH CBBP3aH HAKBCO H3XOJ 1O NMPOMEHIHB TOK (Uce = 0):
i

i c

(3.28) g =2 =
Upe uce=0 Ube U o =const.

BxonmHata Bepura ChIBpXA OuUpepeHyUanHomo 6x00HO CbhpomueneHue Ha!
TPaH3UCTOpa Ie. 10 CE ONpEHENs KaTo OTHOLICHHE Ha NpPOMEHIUBHTE CHCTaBKH Ha
Hanpe)XXEHNETO MEeXAY 0a3aTra U eMHUTEPA Uy, U 0a30BYA TOK iy, IPH CBBHP3aH HAKBCO
U3XOJI IO MPOMEHIMB TOK (U = 0):

Upe Upe
(329) rbe = -l—‘- = l—'
b uce=0 b U g =const.

H3x00Homo cvnpomuenenue Ha TPAH3UCTOPA € NPEJCTABEHO C PE3HCTOPA Fee,
KOHTO € paBeH Ha OTHOIUEHUETO Ha MPOMEHINBUTE CHCTABKH HA HANIPEHKEHUETO KO-
JIEKTOP-EMUTEP Uce U KOJIEKTOPHUS TOK I, TIPH OTBOpPEHA BXOJIHA BEPUIa IO NPOMEH-
JuB TOK (i, = 0):

u, U
(3.30) lo=—2 —=—Y

©o i
¢ lip=0 ¢ lig=const.

Hp" ycCi0BHE, Y€ MPOMECHINBOTOKOBUTE CHCTAaBKH Ca ¢ MaJIKl aMIIIATyOH, T€
Morar na cé npeAaAcTaBAT KaTo lebepeﬂuﬂanﬂﬂ HapacThlH HA ChOTBETHHUTE HaIpEKe-
HHs M TOKOBe B pabOTHATa ToYKa Ha TpaH3ucTopa. Torasa, 3a mapamerspa B Ha MaJio-

CHTHallHaTa €KBUBAJICHTHA CX€Ma Ha TPAaH3UCTOpA C€ IMoJIy4yana:

(3.31) p=c e

dIB dIB u

tce=0 CE =const.

Karo ce B3eme npen Buzn ypaenenue (3.9), (3.31) Moxe na ce npeobpa3yBa BB
BUJA:
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B —

p=dc! _ Al +Icgo) 5.

B+1
al =B+Ig——

2
.(3'3 ) dlg dlg

CE =const.

Ot dopmyna (3.32) cnenpa, ye AU(EPEHINATIHAAT ¥ MHTETPATHUAT KOeHIH-
eHT Ha YCHJIBaHEe Ha 6a30BHA TOK ca NMPUOIH3MUTENHO paBHM. 3a IENTa € NPHETO, Ye

xoeHUHEHTET [ He 3aBUCH OT Toka B paGoTHaTa Touka (T. e. df/dlz =0). Tosa He

¢ CbBCEM TOUHO (BX. dur. 3.9). 3aToBa MHOTO YECTO B KAaTAJIO3UTE CE aBaT eHOBpe-
MEHHO CTOMHOCTHTE U Ha JiBaTa apamerbpa. Hanpumep, THIIMYHATA CTOWHOCT Ha HH-
rerpanHus koeuuyent  Ha Tpansucropa BC414C, mpu Ucg =5 Vu lc =2 mA, e
500, a THITMYHATA CTOMHOCT Ha IM(EPCHUHANHNA KOCOULHECHT B, npu ceiuTe ycio-
BHﬂ, [ 600

Ha ¢ur. 3.50 e mokasan HayuH 3a rpa-
I mA 3 ¢uyHO onpenendHe Ha AudepeHUHanHUA Koe-
e e = Ucng (QUUMEHT Ha yCHJIBaHe 10 TOK B B paGoTHaTa
I .9 AL touka Q. CroftHocTTa Ha Koe@nuvneﬂra ce om-
S I penens Karo OTHOLIEHWE Ha KpaWHHTE Hapac-
DAL THUN Ha 6a30BHA M KOJEKTOPHMA TOK B OKOIJI-

HOCTTa Ha pabGoTHara Touka — B = Al/Alg.

Que. 3.50. I'pagduuno onpedensine na koegpuyuenma
B om npedasamennama xapaxmepucmuxa

BQ IB’ l‘lA

Karo ce B3emar npen Bug uspasure (3.28), (3.5) u (3.15), 3a ctppMHOCTTA gpy CE
ojly4aBa:

- _ Yse
g = _d(odg +Icgo) _dlodggoe T 1 _
(3.33) " dUBE U =const. dUBE dUBE
UBE
= o Ic
= —1— OLIEBOe T a—IE L
Pr T O

W3spa3wT (3.33) nedunupa cTpbMHOCTTa Ha TPaH3UCTOPA KaTO YHUBEpCAJICH Na-
paMeThp, KOHTO € MpaBONpPONOPLUMOHANIEH Ha KOJIEKTOPHHUS TOK B paboTHATa TOYKa U
'HE 3aBHMCH OT MHAMBHAYQIHWTE OCOOEHOCTH Ha KOHKDETHHs TpaH3MCTOp. 3aToBa 3a
ONpeesTHETO My He ca Heo6xoaumHu n3MepBanus. CTPbMHOCTTa B KOHKpETHa paboT-
Ha TOYKa MOXe JIa ce ONpeJes ¥ rpaduyHo, OT MPOXOAHATA XapaKTEPUCTHKA, KAKTO
e nmokasano Ha ¢ur. 3.51 — g, = AI/AUgE.

HudepeHUHaNHOTO BXOXHO ChIPOTHBIIEHHE 7be CE IONyYaBa 4pe3 mnpeobpasy-
BaHe Ha (3.29) 1 u3non3paHe Ha pe3ynrata ot (3.33):

au —-dU
3.34 = —_BE ~ B—=—BE|
( ) rbe dIB B

U g =const. C I CE =const. &m

=1 =0 Pr _ P
=B =B = (g41)2L =21
P P )I:-: Iy
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DQue. 3.51. I'pagpuuno onpedenane Ha CMPLMHOCIMMA gr,
OM RPOXOOHAMA XAPAKMEPUCTUKA

vohd

I'paduunoro onpenensiHe Ha JUGEPEHIMATHOTO BXOAHO CHIPOTHUBIEHUE B pa-"
6ortHara Touka Q € mokasaHo Ha ¢ur. 3.52. 3a MaIKM HapaCTBLM Ha TOKA M Hampexe- -
HHETO, CTOMHOCTTA Ha 1y € paBHa Ha OTHOIEHUETO AUpp/Alg.

IBi ”‘A 4 U = UCEQ

Iy,

UBEQ UBE: v

Due. 3.52. 'paghuuro onpedennne Ha 6X00HOMO CbHpOMUNeHUe
Fbe OM 6XOOHAMA XAPAKMEPUCIUKA

H3x0mHOTO chnpoTHBIIEHHE 7, CE TONy4aBa oT ypaBHeHHA (3.30) u (3.18):

_dUg - dUcg Vae _Var VaptUcs _
©dl | _ BIy Bl Vae+V,
C ig=const. d BIB 1+ UCE B B B B AF CE
(3.35) »
IC

JubepeHunaaIHOTO H3XOQHO ChIPOTHBIICHHE B paboTHAaTa Touka Q MOXe Ja ce
OIPENEH KaKTO € noka3saHo Ha ¢ur. 3.53 — re. = AUcg/Alc. Ha cpiuara durypa e ne-
MOHCTPMpPaHa ¥ BPB3KaTa Ha re C HanpexxenueTo Ha Epnu V.

Brrpeku ye pasriiefaHata Gpu3nyHa eKBHBAJIEHTHa cxeMa OT ¢ur. 3.49 Moxe Aa
Ce M3M0J/13Ba 3@ aHAIM3 M NIPOEKTHpaHe M Ha Tpute Buaa ycunsarenu — ¢ OE, c Ob u ¢

OK, obukHOBeHO, Npu aHamu3 Ha crbrana ¢ OB, ce u3non3Ba ompocreHara eKBHBa-
JIeHTHa cxeMa oT ¢ur. 3.54.
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‘ AI_C — AUCE A IL=1I
i ICQ UAp + UcEQ Ic’ mA Q i =
: e el
AU, Ug+U, 0
rw —_ AICE = AFI CEQ ) I I AUCE
-k o
P
Lyl
I
‘ BR
B
"'VAF ‘:, :UCEQ UCEsV
|
- a Uy + Ugg >:

Due. 3.53. I'padhuyno onpedensne Ha u3XOOHOMO CohpoOMUBIEHUe
T'ee OM1 UIXOOHUME XAPAKMEPUCMUKU

e — —_— c
0
+ +
Ug r, aie = Bmlep Uey
O O
b

Duz. 3.54. Onpocmena ManoCuzHANHA eKBUBANLEHMHA CXeMa HA Mpan3ucmopa
6 cevp3eane c O

CbCTOH Ce OT JupepeHyuaniomo 6xXx00HO CbNPOMUBAEHUE Te U USMOYHUK HA
MOK Olie = gmlle. IIOHEKE U3XOIHUTE XapaKTEPHUCTHKU Ha TPAH3UCTOpa B CBBP3BAHE C
OB ca moutn ycnopennu Ha abcuucara (B, ¢ur. 3.12), nudepeHmMaiHoTo U3X0JHO
CBHIIPOTUBIICHHUE € MHOIO rOJIAMO M HE € BKJIIOYCHO B CKBUBaJICHTHaTa cxeMa. Ilpe-
JQHMCTBO Ha cxemara oT ¢ur. 3.54, cipaMo cxemara ot ¢wur. 3.49, e mo-ronsmara Har-
NeHOCT U MPOCTOTA HAa M3YUCIEHHMATA IPU POMEHIMBOTOKOB aHAIN3 Ha YCHIBATEM
¢ Ob.

3a mocoyeHaTa cxeMa BXOJHOTO CBIIPOTUBJICHUC e CE OIIPECACIIA C U3pasa.

(3.36) ro=Use| _dUs Ui _g 1 50 _Or

uch=0 U CB=const.

JludepeHuMaTHuAT KOeQUIMEHT Ha TIpeJaBaHe HA EMUTEPHUS TOK [0 KOJIEKTO-
pa o ce neuHUpa KaTo OTHOLIEHHWE HA IIPOMEHIMBUTE CHCTABKH Ha KOJIEKTOPHUA I U
eMUTepHU TOK I.. [1o ananorus ¢ (3.14) 3a 0. e B cHJIa PaBEHCTBOTO:

3.37) o= i .
B+1
YecTo 3a O. ce U3MON3BAT U NO-KPATKHTE HAMMEHOBaHUA — JuepeHIaleH KO-
ebuIMeHT Ha PeNaBaHe 110 TOK WK KOeQUUHMEHT (L.
CTpBMHOCTTa Ha TPaH3HCTOpA gn ce AedHuMpa KakTo mpu cxema ¢ OE.
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[lapameTpuTe O, e U gm HAa CKBHBAJEHTHAaTa cxema oT ¢ur. 3.54 morar 1a ce
onpenenaT rpaduuHO OT CTATHYHHTE XapaKTEPHCTHKH HAa TPAH3MCTOPA B CBHP3BaHe 01
OBb. 3
B 1a611. 3.5 ca 0600n1eHH M3pa3uTe 33 MAIOCHTHAIHUTE MapaMeTpy Ha (H3MY-
HUTE EKBHBAICHTHH CXEMH Ha TPAH3UCTOpA NP HUCKHM 4eCTOTH, B CBbp3BaHe ¢ OF y ;
¢ OB. Te3u hopMy/Iu ca MHOTO HaTJIeAHH. T€ NpeaCTaBAT IMPEKTHO 3aBUCHMOCTTA Ha -
IapaMeTpUTe Ha TPaH3UCTOpa OT HaNpPEXeHHUETOo M ToKa B paboTHata Toyka. OcobeHo .
ca MOJIe3HH TIPH aHAJKM3a U NIPOEKTUPAHETO Ha yCHNBATENHHU cThhana. OT TAX Ce BHK- -
Jia, 4¢ BXOAHOTO M M3XOIHOTO CBIPOTHBIIEHUE ca 0OpaTHO NMPOMOPLHOHANHH HA KO-
JIEKTOPHHUS TOK B paboTHaTa TOYKa, a CTPbMHOCTTA — IpaBolponopuronansa. Kakro
KOHCTaTHpaxMe€ B npumep 35, HaIlpeXCHUETO MEXAY KOJIEKTOpa U €MHTEpA BJIMse
Haii-CUIHO BBPXY M3XOJHATa MPOBOAMMOCT HAa TPAaH3UCTOPA, KOETO € OTYETEHO BBB-
¢dopMynaTa 3a U3XOQHOTO CHIPOTHBIICHHUE 7. )

]
]

Tabruya 3.5
3aBucHMocCT OT Tpyru s 'bSKl; i
No no TMapameTsp HAMpeKeHueTo H pymem)l:y
pea ToKa B paboTHaTa
napaMmeTpuTe
TOYKA
1 JudepeHunanes KoeQUIMEHT Ha yCHIBaHE B~ B B= o
' 0o ToK 3 1-a
) Judpepenunaney KoepUIHUEHT Ha MpeaaBa- 0=T o= B
' HE 10 TOK O, B+1
Ic 1
3. CTpBMHOCT Ha TPaH3UCTOPa — g, [MA/V] 8m = a‘ Em = T
T e
Pt
Toe = BI_
C
JindepeHumanHo BXOAHO CHIPOTHBIEHHE B _ 97
. The = ~B+1)r,
4 cepp3bane ¢ OF — 7y [Q] be ™y B Tbe (B ) €
Toe = Tg_
m
ro= The
€
5 JudepeHInatHo BXOAHO CHIIPOTHUBIEHHKE B r = Or (B + 1)
' cepp3sane ¢ OB — r, [Q] ¢ Ig o 1
€ gm
6 JludepeHIuaNHO H3XOAHO CHIPOTHBIIEHHE _VaptUce
' B cBbp3Bane ¢ OE — r., [Q] ce Ic

Du3n4HaTA EKBUBAJICHTHA CXEMa [JaBa OTIIMYHH PE3YNTATH NMPU MPAaKTHYECKHS
aHaIM3 ¥ U3YKMCJICHUE HA TPAaH3UCTOPHYU BEPUTHL.
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3.4.4. Bpb3ka mexay pusnyHuTe n h-napameTpute Ha TpaH3UCTOpa

Lo 4

3a onpenensHe Ha BPH3KUTE MEXNY (UIMYHHTE U A-NAPAMETPHUTE HA TPAH3MC-
= qopa 1€ CPaBHHM €KBHBAJICHTHUTE CXeMH OT ¢ur. 3.46 u dur. 3.49. Moxem na 3a-
" [HUIEM CIIEHATE JBOWKU PaBEHCTBA:

Upe = hiclb + hreuce

vy

Ty

v

ic = hfeib + hoeuce

I
=

Upe = Toelp

]
i

. . uce uce .
- lc=Blb+_=gmube+_
- ce ce
—OT TAX clenBa, ye:
hielb + hreuce = Toelb »

hfeib = Bib = 8mUbe »

‘1! !l ||!w

—_ uCC
ce —
ce
Beue Geme nmoxa3zaHo (Tabm. 3.4), ye cTOHHOCTTa Ha MapaMmeTspa A, € MHOTO
MaJiKka, KOeTO HH []JaBa OCHOBaHHE J1a NpeHeOperHeM MPOU3BEIeHHUETO Agiy, B IIHPBOTO
- paBeHCTBO. OKOHYATETHO 33 BPB3KUTE MEXY A- M (QU3MYHHTE MapaMeTpH ce MoxyJa-

- Ba.

h .u

oe

RN

o

~ The = hie ’
- (3.38) B=h,
8m = hfe / hie 9
: rCC = l/hoc ¢
- ITo ananorus, 3a cBbp3Bane ¢ Ob, Morar na ce U3BeJar u3pasnre:
- re = hy,
(3.39) o= —hg
8m = _hfb/ hyp -

@& lMpumep

3.6. Onpenensne Ha GU3UYHHTE MapaMeTPH Ha TPAH3NCTOpPa B 3aJajeHa
padoTHa TOYKA

TunuynuTe CTOMHOCTH Ha h-mapamertpute Ha Tpansucrop BC413B, usmepenn
npu Ucg = 5 V, Ic = 2 mA B Ty, = 25 °C ca: ki = 4500 Q, ke = 2.107, e, =330 m
hoe =3.107° S,

Omnpenenere CTOHHOCTUTE HA QU3UYHUTE NMAPAMETPH Fie, &m U Fee NPH Uce =
=2,5V ulc =5 mA. CpasHeTe NOy4EeHHUTE Pe3YNITaTH € pe3ylNTaTUTe OT npumep 3.5.
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PeweHue

CerinacHo Tabm. 3.5 3a ompelensHe Ha THPCEHHTE MapaMeTPH, OCBEH MHOOp-

ManusTa 3a pabotsara Touka (Ucg = 2,5 V 1 Ic = 5 mA), e Heo6X0uMO J1a CE 3HAAT 1§

CToMHOCTHTE Ha AudepeHIMATHUAT KOCQULIMEHT Ha YCHIIBAaHE MO TOK [3 ¥ Hampexe-
Huero Ha Epiu Vap. CoriacHo (3.38), BB = hg = 330. 3a Hamupane Ha Vap, 1€ H3MON3-

Bame (3.35) u (3.38). Cnen npupaBHABAaHETO UM Ce NOJIyYaBa:

_VaptUc _ 1

ce IC h

oc

1
|

IToHesxxe CTOMHOCTTA HA Ao PH Ucg =5 V 1 Ic = 2 mA e u3BecTHa OT yC/IOBUe--
TO HAa 3aJayaTa, TOPHHAT H3pa3 MOXe Aa ce Npeobpas3yBa B:

_VaptSV 1

Tee 2mA

30uS

OKOHYATEJIHO, 32 CTOMHOCTTa Ha HampexkeHueTo Ha Epimu Vap, ce U3uMcisgsa.

Vap=61,666 V=615V,

Pe3ynTaTHTe OT ONpeneisHeTo Ha (UIMYHHUTE MapaMeTpU ca MpPENCTABEHH B

Tabn. 3.6. B mbppBaTa KONOHA € 3aMMCaHO HAaWMEHOBAHHETO Ha CHOTBETHHSA I1apamMe-
THp. BBB BTOpara KOJOHA ca MOKa3aHH pe3yNTaTHTe, OIyYSHH BB3 OCHOBA Ha (op-
Mmynute oT Tabn. 3.5. B Tperara konoHa, GU3MYECKUTE ITapaMeTPH ca ONPEIEIEHH ¢
nomotra Ha ¢popmyiH (3.38) 1 BE3 OCHOBA Ha pe3yNITaTUTe, IONY4YeHH B npumep 3.5.
Tounexe ce U3IOI3BAT KOPUTUPAHUTE CTOHHOCTH Ha h-nmapamerpuTte (3a Ucg =2,5 V i

Ic = 5 mA), Te ca o3HaueHu ¢ uagekc ().

Tabnuya 3.6
Onpenesisine upe3 h-napamer-
Onpenensine 4pes
quMy*jlm o Ta;’ﬂ 35 | PuTe- dopuyan (3.38), (3.39)
e u npumep 3.5
Judepenuuanen
KOe(HLHEHT Ha YCUIIBa- B = hg =330 B = h;, =334
He 110 TOK 3
The = Bﬁ =
JudepeHunamHO BXOTHO Ic r =k =1739
CBIPOTHUBIIEHHE — Iy, [Q] be ™ e ™
’ 3302280V _ 1703
Sm
_Var+Ucs _
H3xomno * Ic = 1 = 1 . 12025
CBIIPOTHUBIICHHE — ro[Q] _615+25V 19800 “ hl, 832107
" 5mA
Ic SmA hi, 334
C —gm =—=——=0,194 m=—=——=0192
TPEMAOCT = gn[AIV] 1 8m = T D5 8mv §m =3 T 1739
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E CpaBHEHHETO MEXAY PE3yJITAaTHTE OT ABETE KOJIOHH IOKa3Ba, Ye Pas/inKaTa npu
;E- onpefeNsHe Ha CToiHOCTTa Ha KoeduuuenTa 3 € 1,2 %, Ha BXOHOTO CHIIPOTHBIEHHE
_—» Toe — 2,1 %, HA M3XOMHOTO CBIPOTHUBJIEHHE Fee — 6,1 % u Ha CTpBMHOCTTA g — 1 %.
" Te3u PasJIMKK Ca MHOTO MO-MAJIKW OT IPOM3BOACTBECHATE TOJEPAHCH HA NAPaMETPUTe

Ha TPaH3HMCTOPHUTE, KOMTO B HAKOM ciydyau jocturat no +(50+60) % (ex. T. 3.1.8).
"~ CneoBATENHO, 33 HAYaJHH M3YMCIEHHS, HAMA CHIIECTBEHO 3HAUEHHE KOS OT MBETe
. eKBMBAJNECHTHH CXEMH IlIe CE M3I0JI3Ba NIPH ONpeAeasHE Ha JHHAMHYHHTE MapaMeTpH
- pa ycunsarenute. [oasitMOTO npeaMMcTBO NPH W3MOJ3BAHETO HA GHU3HYHATA eK-
* BHBaJICHTHAa CXeMma e, 4e TH [JaBa AMPEKTHO BPB3KaTa MEXAY AMHAMHYHHTE Na-

paMeTPH Ha CTBNAJOTO M pexkuma Ha palora Ha Tpam3ucropa. Tosa e ocobeno

0J1e3HO IPH NPOEKTUPaHETO Ha YCWJIBATENHU CThNaNa, KOrato TpsabBa Ja ce YHOB-
= jeTBOPABAT peAWLia B3aMMHO MPOTHBOPEYMBU M3UCKBAaHMs, CBBP3aHH C XEIaHHUTE
—-CTOMHOCTH Ha JMHAMHMYHHUTE MapaMeTpH, KOHCYMallMaTa Ha CXeMaTa, roJeMHHaTa Ha
— 3aXpaHBalIOTO HampexeHHe u Jap. ETo 3amo Hanocaeabk, NPH PbYHOTO NPOEKTH-
~ paHe M aHAJH3, Ce U3MOI3BAT HAi-4€CTO PU3MUHNTE EKBHBATCHTHH CXEMH.

&~ Mpumep

1
t

e 3.7. llpuoxkeHne Ha (PU3MYHATA eKBUBAJEHTHA CXeMa 32 oNpelejsiHe Ha
- AMHAMH4YHMTe NapamMeTpu Ha cTbnajio ¢ OE
Cxemara Ha ycunBarenHo cronano ¢ OE e moka3ana Ha ¢ur. 3.55. Usnonssan e

= tpansucropa BC143B ot npumep 3.6 ¢ THMHYHN CTOHHOCTH Ha MapaMeTpuUTe hie =
- =4500 Q, h, = 2.107%, he = 330 U hoe = 3.10° S (mapameTpuTe ca U3MEPEHH MpPH
U =5V, Ic=2mA u Ty, = 25 °C).

Hcka ce ma ce onpenensT CTOMHOCTUTE Ha JUHAMUYHUTE NapaMeTpu Ay, A; 1 Ap
IpH [eT Pa3IM4yHKU CTORHOCTH Ha ToBapa Ry: 500 k€2, 50 k€2, 5 k€2, 500  u 50 Q.

OE, =+5V

R,=283,8kQ

Que. 3.55. Cxema Ha ycuneamenro cmonano ¢ OE
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PeweHue

[spBaTa CTHIKA € CBBbP3aHa C onpedensane Ha pabomnama moyka. Ts ce ycra:
HOBSiBa C NO3HAaTaTa cxeMma ¢ (ukcupaH 6a3oB TOK (BX. T. 3.3.5), nokasana Ha dur,
3.56.

et il sl corienemnd i

R.=0,5kQ
[] R,=283,8kQ lICQ =Pl N
+ == E,=+5V

Ioq -
Useq = Upean = 0,7 V_

Duz. 3.56. Ananus Ha cxemama 3a yCmaHo8A6ane HA pabomuama moixka
npu ycuneamens om gue. 3.55

3a 6Ga30BUsA TOK B paboTHaTa TOYKa CE MOJy4yaBa:
ECC - UBEOI'I _ 5V _O,7V
Ry 288,3kQ

IBQ = :15,15“A

KO.ﬂeKTOpHPIﬂT TOK €:
ICQ = B-IBQ = BIBQ = hfeIBQ = 330'15,15“A = SmA .
HaHpe)I(eHHeTO KOJICKTOp-EMHUTEP CE Oomnpene ¢ uspasa.
UCEQ = ECC - RCICQ =5V _O,SkQ -SmA = 2,5V .

OxoHyaresiHO, paboTHaTa TOYKa MIMa KOOPAHHATH
IBQ = 15,15 HA, UCEQ = UBEon = 0,7 V, ICQ =5 mA, UCEQ = 2,5 V.
IMonyyeHnTe pesynraTd 3a HaNpeXEHWsTa U TOKOBETe B pabOTHATa TOYKa ce
U3NON3BaT 3a ONMpEAENSHE Ha KOHKPETHUTE CTOHHOCTH Ha MAJIOCHUTHAIHUTE QU3NYHU
napaMeTpH OT eXBMBAJICHTHATA CXeMa Ha TPaH3MCTOpa. 3a lienTa ce U3Noa3Bat Qop-
Mysute ot Tabn. 3.5. Ionexe B cnyyas Icq = 5 mA u Ucgq = 2,5 V pesynrarure Lie
CBBIAJAT C onpexaeneHuTe B npumep 3.6 (1abi. 3.6, konoHa 2):

B = hfe = 330 9,
n. =B 23302281V _ 1030
Iq SmA
I
g =-2 = WA __ 104 mar,
Oor 258mV
Vop +U
., =—AFTTceQ _6LS¥25V 150000
Icg SmA

CnenpamiaTta CThIIKa OT aHAM3a € CBbp3aHa C onpedensiHe HA OUHAMUYHUME
napamempu Ha cmvhaiomo. 3a 1leNTa ce U3YepTaBa eKBUBAJIEHTHATa CXeMa Ha yCHII-
BaTeNs 3a MajlbK NPOMEHJIHWB CHrHal. IIppBHAT BapHaHT Ha cxemara € IoKa3aH Ha
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ur. 3.57. Ilpn nocTpoABaHETO € B3ETO Hpe] BHI, Y€ 3aXpaHBALIMAT U3TOYHHUK Eco
npe/CTaBIsABa KbCO ChENWHEHNE 33 IIPOMEHIIUBUTE CUTHANH (T. €. M3BOJIUTE, KOUTO ca
BKJIIOYCHH KBM MOJIOXKHUTEHUS U OTPUUATENHHA NOM0C Ha Ecc, Ce CBBP3BAT HAKBCO
110 TPOMEHJINB TOK). TpPaH3UCTOPBT € 3aMEHEH C MAaJIOCHUTHAIHATa CH HUCKOYECTOTHA
(u3nvHA CKBHBAJICHTHA CXE€Ma B CBEP3BaHe C OE (dwur. 3.49).

; .
b > . C <£. ) l Cz
l - |
+
Uy, RL
R,=283,6k ~ [T=1703Q  [0,194,=330i Tr, =12800Q "TR =05k
. > . : . o—d

@uz. 3.57. Exeusanenmua cxema Ha ycuneamens om guz. 3.55 3a Manvk npoMeHaUe CucHan

. OnpocTreHaTa eKBUBIEHTHA CX€Ma Ha CTHIIAJIOTO IPH HUCKHK YECTOTH € [MOKa-
saHa Ha ¢ur. 3.58. Konnensaropure C, ¥ C; UMaT CTOMHOCTH AECETKH MHKpodapanu
#l TEXHUA uMIenaHc e npeHebperdar. CenpoTusiennero Ry = 283,8 kQ cpio e npe-
HeOperHaTo CHpAMO BXOJHOTO CHIPOTHBICHHE Ha TPAH3UCTOpA Iy, = 1703 Q. Usxoxn-
HOTO CBIIPOTHUBJIEHHE Ha TPaH3MCTOpa 7. = 12 800 Q e mpeHeOpersato copsaMo Ko-
neKTOpHOTO chipoTuBieHue Re = 0,5 kQ. ToraBa 3a BXOXHATa M W3XOJHATA BEPHUIH
MOraT Jia Ce 3alMILaT ypaBHEHHUATA:

up, =—gmist, =—Bipr ,

. _ube__us
Iy =—=—~,
Toe Toe
.U _BibrL
TR TR
L L
__RcRy
L~ =
Rc+Ry

KBJIETO U € U3XOJHOTO HAIMPEKEHHUE, i, € TOKa Mpe3 ToBapa Ry, a 1. € €KBUBAJICHTHO-
TO CBIPOTHUBJICHHE Ha MapajeNHo CBbp3aHuTe Rc U R . MUHYCHTE B TOpHUTE ypaBHe-
HHJ Ce AB/DKAT Ha HECHOTBETCTBHUETO HA MPUETATA NOJIPHOCT Ha HAMPEKEHHETO U U
NMOCOKATa Ha TOKa if.

b -— c
+ + l *
" ", = i P = 1703 Q) 0,194.u5 = 330 i, ,-LT R, u,
A ) Re
e €

Quz. 3.58. Onpocmena exgusanenmua cxema Ha cmvnanomo om gue. 3.55

145



Or TOPHHUTE U3pa3y 3a AUHAMHYHHTE nmapaMeTpH Ha cXeMara Cce 1oJjiy4yana:

Ay = =g, n =-0194rn ,

S

I r 1
3.40 A =L = L=330_L_,
(340 i TRy Ry

2 2 2
Ap =|Ay| A; = g Bt = gmB-—R&7 =0,194-330—M£—2.
Ry (R, +Re) (R +Rc)

MuHYCHT B HM3pa3a 3a KoeQHIMEHTa Ha YCHJBAHE IO HalpexeHdHe Ay O3Ha4daBa, 4e
U3XOIHUAT CUTHAN e Jeda3upad Ha 180° cipsiMo BXOAHHUS.

Pe3ynraTuTe OT M3YUCICHHATA ca 00obmeny B Tabn. 3.7, kpaeTo Koedunyen-
TBT Ay € IPEeACTaBeH ¢ MOJYNA CH. AHAIM3bT UM II0Ka3Ba CHIHA 3aBHCUMOCT Ha IH-
HamMHuHUTE KoeduuueHTH Ay, A U Ap OT cToliHOCTTa Ha ToBapa R;. Hanpumep, kxon-
KOTO IO-MaJIKa € CTOHHOCTTa Ha TOBAPHOTO CBIPOTHBIIEHHE, TOJKOBA IIO-MAJIKO € M
YCHJIBAHETO Ha CTHIIATIOTO MO HanpexxeHue. Tosa e oHarneneHo Ha ¢ur. 3.59, kpaero-
¢ YUIBbTHA JIMHMA € T0Ka3aHa M3XOOHaTa TOBapHAa NpaBa IO MOCTOsHEH Tok. Beue Bu-
maxMe (T. 3.2), ue HEHHOTO MECTOIONOKEHNE CE€ ONpeAeNns OT CTOMHOCTTa Ha KOJIeK-
TOPHUS PE3UCTOP Rc U MOCTOSHHOTO 3aXPAHBAIIO HampexeHue Ecc.

Tabnuya 3.7
Ry 500 kQ 50 kQ 5k 500 Q 50Q
L 499,5 Q 495 Q 454,5 Q 250 Q 455Q

|Au] 96,9 96 88,2 48,5 8,8
A 0,33 33 30 165 300
Ap 32 317 2646 8002 | 2640

Ha cpmara durypa, ¢ npekbcHata JWHHA, € II0OKa3aHa M U3XOAHATA TOBapHa
IpaBa o MPOMeHNuB TOK. Ts MuHaBa ripe3 paboTHaTa Touka Q W CKJIIOUBA BI'BJ C a0-

1 RcRy,
cuucata 0 =arctg— . Ilonexe 1, = —=———, MOXe Jla ce HaNpaBU H3BOJA, YE MpH
n Rc+Ry
numnca Ha ToBap (Rp = o0), M3X0JHaTa TOBapHA MpaBa IO NMPOMEH/INB TOK 1¢ ChBIAja
ChC TOBapHAaTa Ipasa II0 NoCTosiHEH TOK (7, = Rc). Toraea, BcAka npoMaHa Ha 0a3oBuUA
TOK OT Ip; 0 Ip; Lie MpeIU3BUKBa ABIKEHNE Ha paboTHATa TOUKA MEXAY T. AU T. Bu
W3XO/IHATa aMIUIMTY A e 6bae MakcuManHa. [Ipu Hannume Ha ToBap (R # o), ChLIa-
Ta NpoMsHa Ha 6a30BuA TOK OT Iy, 70 Ip; 1lle NPEAN3BHKBA ABYKEHHE Ha paboTHaTa
TouKa Mexxay T. A' u T. B' OT u3xomnHara ToBapHa mpasa 1o npoMeHauB TokK. ToBa Bo-
I 10 HaMaJsBaHe Ha M3XOAHMA curHai. KonkoTo mo-Manko € ChIpOTHBIEHHETO Ha
TOBapa R;, TOJIKOBA MO-rOJSM € BrbJbT O U CHOTBETHO TOJKOBA MMO-MAJKK Ca H3XOJ-
HHSAT CUI'HAI U KOE(HUMEHTHT Ha YCUJIBaHe [0 HATIPE)KECHHE Ha YCHIBATEA.
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A IC, mA

A

Due. 3.59. H3xo0Hu mosapHu npasu no NOCMOosAHeH U NPOMEHAUS MOK

3a fa 00CHUM 3aBHCHMMOCTTA Ha Koe(UIMeHTa Ha YCHJIBAHE [0 TOK Ha yCHJIBa-
Telsl OT CTOMHOCTTA Ha ToBapa Iue u3non3same ¢wur. 3.58. Ot Hes ce BHXAa, 4e KO-
JIEKTOPHHUAT TOK i, C€ pasmpefens MexXy napaieiHo cesp3anute Re u Ry, Koakoro Ry
€ II0-MaJTbK, TOJIKOBA II0-TOJITMa 4acT OT i, 1€ PEeMHHAaBa IIpe3 HEro U CIIEX0BATEIHO,
TOJIKOBA TO-TOJAM Iie Obe KoehUIMEHTET Ha YCHIIBAHE TI0 TOK Ha YCHIIBATEA.

Ot Ka3aHOTO /IO TYK CNIE[Ba, Y€ MpPHU yBENHYEHHUE HA TOBapa Ry KOehDHLIUECHTBT
Ha YCHJIBaHe IO HaNpeXeHHe pacTe, a KOeHUIHEHTHT Ha YCHIIBaHE [0 TOK HaMaJsiBa.
CnenoBaTenHo, KOepUUUEHTET HA YCHIBaHE IO MOIIHOCT, KOWTO € TIpOH3BelEeHHE OT
IBaTa KoedpHUMEHTa, € MUHAMaNeH npu Ry — 0 u R — . C noMomira Ha ypaBHEHUA
(3.40) Moxe na ce ompenesny, Y€ MakCUMyMbT Ha Ap ce MoIy4yasa Ipy Re = Ry.

_‘:%Baaaqa

3.6. C nomotura Ha QU3MYHATE EKBUBAIEHTHH CXEMH Ha TpaH3HCTOpa OT Qur.
3.49 n 3.54, HauepraiiTe eKBUBAllCHTHUTE CXEMH Ha ycuiBarennute crbnana ¢ Ob
(@ur. 3.42) u ¢ OK (dur. 3.43) v mocoueTe BXOAHATA M U3XOHATA BEPHUTH.

/ 3adava

3.7. C nomoiura Ha ypaBHeHus (3.40) mokaxcere, 4e MAKCHMYMBT Ha KO€(hHIIMEH-
Ta Ha yCHJIBaHE N0 MOLIHOCT 3a cthnanoto ¢ OFE (¢wur. 3.55) ce nonmyyasa npu Ry, = Rc.
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3.5. MapameTpu U eKBMBaJIEHTHU CXEMMU HA TpaH3ucCTopa

Mpv BUCOKU 4eCTOTHN U MaJIbK BXOAEH CUrHan ‘

ExBHBaneHTHATE CXEMH, KOUTO pa3riefaxMe B T. 3.4, CbIbppXKaT caMo peamcm:ii
P¥ ¥ HIEATHH H3TOUYHMIM Ha HAIIPEXXEHHE M TOK. Te ce M3MoN3BaT 3a aHaIU3 U OLIEHKa]
Ha AHHaMHYHMTE NapaMeTpy Ha yCHIBATEUTE NPU HUCKH YecToTH. IIpn BHCOKH yec. |
TOTH BIMSHHE BBPXY MOBEJICHUETO HAa TPAH3MCTOPUTE 3al04BAT Ja OKa3BAT Mapasur-
HHTE KalalWTeTH Ha MPEeXOXHTE, HHEPIMOHHOCTTa Ha NPOLECHTE Ha NMpPEHAaCsHE Hgi
TOKOHOCHUTEJIUTE NPe3 EMUTEPHHS M KOJIEKTOPHUA MPEXOM, KAKTO M MApasUTHUTE Ka-:
ManMTeTH U MHAYKTUBHOCTH Ha Kopnyca. B pesynrar ce HabrofaBa HamMaliiBaHE Ha-
YCHUIBaHETO M 3aKbCHABaHE (M30cTaBaHe 1o ¢a3a) Ha CUrHaa, CIpPSMO CTOMHOCTTa Myj
TNpU HACKK 4eCTOTH. CTEMeHTa Ha Te3H M3MEHEHMs 3aBUCH OT YECTOTATa HA CHIHAna,
3a n30ArBaHe Ha NMOCOYEHNTE HEAOCTATLUM € HEOOXOAMMO, IPU NMPOEKTHPAHET)
Ha CXeMHUTe, a ce U30UPAT TPAH3UCTOPU, YUUTO YeCTOTHU CBOICTBA Aa rapan:
THPAT padoTOCMOCOGHOCTTAa HA YCHJIBATeds 3a WeJHS YeCTOTEH JUANAa30H Hal
BXOJHHSI CUTHAJI. _

B nponeca Ha mpoeKkTHpaHe, MbPBOHAYAIHOTO XapaKTepU3UpaHe H CPaBHEHHE.
Ha YECTOTHHUTE CBOMCTBA Ha pa3lIMYHWUTE THUIOBE TPAH3UCTOPH CTaBa Ha 6a3arta Ha
TEXHHTE IPaHUYHH 4ecTOTH. [10-3a4bn004YeHH aHANU3H MOTAT []a Ce HaNpaBAT C M0-
MOILITa Ha GU3UYHATE U YETHPHUIIOIIOCHATE BUCOKOYECTOTHH EKBUBAIEHTHH CXEMH.

3.5.1. MpaHuuHu yectoTn

3a olleHKa Ha yCHJIBaTEJIHUTE CBOJMCTBA Ha TPaH3MUCTOPA, BbB (DYHKLMA OT yec-
TOTaTa, C€ M3MOJI3BAT rpaHUYHKUTE YecToTH. [Ipu neduHHpaHeTo UM ce B3eMaT mpej-
BUJI H3UCKBaHMATA Te Aa ObAT JIECHO ¥ TOYHO M3MEPBaHU, KAKTO M Ja MMAaT IPaKTH-
YECKO NPHUIIOKEHHE.

ITpu Bucoxm yectoTy, AudepeHIHaTHUAT KOePHUIMEHT Ha YCHUIIBaHe Ha Da3oBus
TOK 0OHBa KOMIUIEKCEH XapaKTep U MOXKE 1a ce alpOKCHMHpa ¢ u3pas3a.

p—te,

1+ L
Jp

KBJIeTO ¢ [3y € 03HaueHa CTOWHOCTTA Ha KOeUIMEeHTa [P HUCKH YecToTH (fy € pean-

HO YHUCII0), a f3 € rpaHUYHATa YecToTa. MOAYNST [ M (pa3oBHAT BIBI (Pg HA KOMILIEKC-

HaTa BCIIMYMHA B Ca paBHH Ha:

(3.41a) B:—B"—z,
1+ L
fp

(3.416) @ = —arctgi .

I1pu yecrtoTa f = f3 ot (3.41a 1 3.416) ce nonyuasa:
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CrnenoBartenHo, TpaHHYHaTa 4eCTOoTa fg € Ta3n 49€CTOTAa, IIPH KOATO MOAYJIBT Ha
jmq)epeﬂunanﬂm KOCq)HL[HCHT Ha yCHJIBaHC Ha 6a30BHA TOK craja \/5 IIBTH COPAMO

= 1
¢TOMHOCTTa CH NpH HUCKU decToTH. [loHexe T =0,707 , rpaHMYHATaA 4eCTOTa fB
2

MoXe [ ce e(MHMpa M KAaTO YeCTOTATa, NIPH KOATO MOLYJIBT HA JU(MEpeHLHaTHHS
_koedHIMEHT Ha ycuiBaHe Ha 6a30Bus Tok crnaga g0 0,707 oT CTOHHOCTTA CH NpPH HUC-
Ju gectoTH. ChriiacHo ¢opmyina (3.416), npu Tasu YECTOTA M3XOIAHHUAT CHIHAI HU30C-
1aBa 1o ¢a3a ¢ 45° cnpsAMO BXOJHHS CUTHAN. B el CTBUTENHOCT Ta3M CTOMHOCT € 57°,
“HO 33 MPaKTHYECKHU LEeNH NOCOYEeHaTa HETOYHOCT Ha anpoKCHMAalusTa ce npeHebper-
a; Ha ¢ur. 3.60 ca nokasaHH MOLYNBT M (a30BUAT BIbI Ha B u e meMOHCTpHpaHO

-ONpeleNsHeTO Ha IpaHHYHaTa 4ecToTa fz. AGCHUCHTE ca B JIOTapUTMHYEH Maal.
‘Moxe Ija ce HampaBH M3BOJa, Y€ NPH MPOMAHA Ha decToTara oT 0 70 oo, da3oBHAT
$I'BbJ1 C€ NMPOMEHs OT Hyjaa 10 90°, KaTo CBIIECTBEHOTO W3MEHEHHE Ha (a30BOTO 3a-
'KBCHEHHE Ce OCBIIECTBABa B muTepBana 0,1f3+10f;.

B
Po

Bo
%

1 t + > f
0015, 01f, 100, 1000,
0015 O1f 104, 100 1000
570 = ' ' "

s s
S+
=

Due. 3.60. 3asucumocm na modyna Ha

T S
Koed)uuuenma Ha ycuneare no mox B
U 47030611}1 b2bll (PB om ywecmomama
843
_§00 _________ [ U
Pps
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Jpyr mapameTbp, KOHTO XapakTepu3upa YECTOTHHTE CBOWCTBA Ha TpaH3Hcro.‘
pHTe, IIPH YECTOTH MHOTO TO-FONEMH OT f3, € MPOM3BENACHUETO Ha MOAYa Ha Nubeg
peHLHANHIA KOEUILIMEHT Ha yCUIIBaHE Ha 6230BHs TOK M TeKylara 4ecToTa. Hapuy,]
ce mpan3umHa yecmoma u ce Genexu ¢ fr:

(3.42) B.f=fr. ;

TpaH3uTHATa YECTOTa fr CE H3MEPBA CPABHUTEIHO JIECHO M 3aTOBAa OOMKHOBEH(?
3aIBJDKUTENHO (QUIypupa B KaTAJIO)KHHTE JaHHM Ha TpaHsucTopurte. CTOMHOCTTA (i
3aBHCH OT H30paHaTa paboTHa Touka. OcOGEHO CHIIHA € 3aBHCHMOCTTA Ha fr OT KOJiek-"
topHust Tok. Hanpuwmep, 3a Tpansuctopa BC413B, npu xonekroped Tok 100 pA-
Tpan3nTHATa JecToTa e 40 MHz; mpu Tok 20 mA, fr e 350 MHz; a nipu Tok 100 mA -
100 MHz. O6MKHOBEHO Ta3¥ 3aBUCHMOCT C€ aBa rpadMyHO B KaTaJIO3UTE. -

Ananu3bsT Ha ypaBHenue (3.41a), mpu CTORHOCTH Ha decToTarta f >> fg, BOOM Jio-
u3pasa: '

-

B ~ Bo - B(’fﬁ . ;_
(f/fy) f
OT ropHOTO ypaBHEHME 32 fr CIIe/Ba, Ye:
(3.43) fr =Bf =Bofp =const.

Crnen 3amecTBaHe Ha moirydeHus pesynrar B (3.41a), 3a croiiHocTTa Ha Koedu-
ueHTa B npu decToTa f = fr ce mojyyasa:

ﬁ= BO ~ BO _ [30 =1.
2 2 2
1+ Ix 1+ 2o J1+6.)
f s

CnenoBarenHo, TpaH3WTHATA YECTOTA fr MOXeE Jia ce Je(HHHpa 1 KaTO YeCTOTa,
TIPH KOSTO MOAYBT Ha KoeduimenTa [3 craBa npubnusurento 1.

MHoro 4ecTo cTOHOCTUTEe HA PA3TUYHHTE KoeHIMEHTH HA YCHIIBaHE C€
onpeneasT ¢ MepHaTa eanHnua aenndenau (dB). ®opmynara 3a npeobpasyBaHe Ha
CTOMHOCTUTE Ha KOeQUITMEeHTHTE Ha YCHIBaHE 110 TOK U Hanpexxenue B dB e

(3.44) A[dB]=20log;o A,
a ¢popMmynaTa 3a npeobpa3yBaHe Ha CTOMHOCTUTE Ha KOE(UUHUEHTUTE Ha YCUIIBAHE IO
MOLIHOCT —
(3.45) Ap[dB]=10log;, Ap .

Ha ¢ur. 3.61 e nokazana npuMepHa rpadika Ha MOIyNa Ha Ju(epeHIHaTHUA
KoeduuMeHT Ha ycuiBaHe 1o Tok f3, dB BpB QyHKuMA oT 4ectorara f, Hz. B cnyyas
croitHocTTa Ha 3 mpu Hucky decToTH € (3 = 100 (40 dB). IIpu yecroTa f3, yCHIBaHETO

cmaga ¢ 3dB (2010g10%=—3dB ), a npu yecrota fr e npubnusutenno 1 (0 dB).

CerinacHo ypasuenue (3.43), np f < f < fr, IpOM3BEACHNETO Ha YeCTOTATa f U CHOT-
BETCTBaINATa U CTOHHOCT Ha [} € MOCTOSHHA BEMYMHA, IPUOIM3UTENHO paBHa Ha Mpo-
usBenennero Pofs. Toa o3HauaBa, e ako B AManasoHa MeXAy fa v fr yecrorata f ce
yIBOH, T. €. HApacHe C efHa okTaBa (oct.), KoehUIHEHTHT [ e crajHe 2 bTH, T. €.
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e Hamajee ¢ 2010g10—2— =—-6dB. CienoBareiHo, CKOPOCTTa Ha U3MEHEHHE Ha Koe-

dpuumeHTa B e -6 dB/oct. Ako B ChIIUs AMaNa3oH, yecToTara f ce nosmiuu 10 neTH (1
gexana — 1 dec.), KoepUIUEHTBT B me cnague 10 ety (-20 dB), T. €. ckopocTTa Ha
mmenenne e —20 dB/dec. Ilocnennoro e onarneneno Ha ¢ur. 3.61, KbaeTO M3MeEHe-
gueTo Ha yectoTaTa oT fi 0 10 fi, Boxau o HamansBane Ha koedumuenTa 3 ¢ 20 dB.

B, dBA
40
Ky i

) 26— —mmm e e e
|

CKOpOICT — 20 dB/dec
|
I
I

1dec ! .
S 5 104, f; J,Hz

Duez. 3.61. 3asucumocm na Modyna Ha KoeuyueHma Ha ycungame no mox P,
uspasen 8 dB, om uecmomama

MogaynsT O ¥ (a30BHAT BIBI (O, Ha AU(epeHINANHHS KoeHLHEeHT Ha mpeaa-
BaHe Ha EeMUTEPHHS TOK 10 KOJIeKTopa (L ca paBHM Ha:

o= ==
(3.46)
¢, =—arctg L .

KBJETO C O € 03HaUCHA CTOWHOCTTa Ha Koe(UUMEeHTa IPU HACKU YeCTOTH, a fy € rpa-
HH4HaTa YecToTa. Clie0BaTeIHO, IPaHUYHATa YECTOTA f, ce AeUHHpa KAaTO YeCcToTa-
Ta, IPA KOATO MOAYJBT Ha KoedHIMEHTa Ha NpenaBaHe o Tok B cxema ¢ OB cnaxa

V2 memm (c =3 dB) cnpsmMo cTolfHOCTTa CH NpH HHUCKH 4decToTH. IIpH Tasm yecroTa
H3XOMHHUAT CUTHaJ N30cTaBa 110 dasa ¢ 45° crpsaMo BXOJHHA CUIHAIL.

Mexny rpaHMYHHTE 9ECTOTH f, U fr CHILECTBYBA CleJHaTa NpuONH3UTEIHA 3a-
BHCHMOCT:

347 fo=2+2) fr.

Ilo-ronemute CTORHOCTH Ha eMIHPHYHHS KoeQHLHEHT BBB (hopmyna (3.47) ce
OTHAcAT 3a ApeidoBuTe TpaH3ncTopu. ToBa ca TakMBa TPAH3UCTOPH, NIPU KOUTO MpH-
Mecute B 6a3ara ca pasnpeleleHd HepaBHOMEPHO (IO-CHITHO OTKBM eMmuTepa). B pe-
3yITaT Ce Ch3/aBa BBTPEIIHO €JEKTPUYECKO I0jie, KOETO NpHAaBa IOIbIHUTEIHA
ApeiidoBa CKOPOCT Ha TOKOHOCHTENHTE U YCKOPSIBAa PEMUHABAHETO UM Ipe3 6a3aTa.

Jpyru xapakTepHH 4eCTOTH Ha TpaH3MCTOpa ca:
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® ZpaHuuHama 4Yecmoma Ha cmpruocmmafgm -~ Y4eCToTara, Ipu KOATO MO)ly-ﬂ!

BT Ha CTPBMHOCTTA Ha TPAH3UCTOPA gn CTaja V2 v CIpSMO CTOHHOCT-
Ta CH IIPH HUCKH YECTOTH; i

®  MAKCUMANHAmMa 4eCmoma HA 2eHepUpane fupax — 4ECTOTaTa, MPU KOATO KOe-
GULMEHTHT Ha YCHJIBaHE M0 MOIIHOCT Ha TpaH3ucrtopa B cxema ¢ OE, npy-
chriacyBaH Toap (Rc = Ri) craBa paBeH Ha 1. Ha npakTuKka fp. € 4ecToTa--
Ta, 10 KOATO TPAH3UCTOPHT C€ XapaKTepHU3Upa KaTO aKTUBEH €NIEMEHT;

® ZpaHuuHama Yecmoma Ha uwiyma fy — YECTOTaTa, NMPH KOATO COOCTBEHHTe
UIyMOBE B TPaH3UCTOpa HAapacTBat 2 MBTH.

3a rpaHUYHATE YECTOTH ca B CHJIa HEpaBEHCTBATa!
(3-48) fﬁ<fgm<fN<fT<fa<fmax' -

KonkpeTHnTe CTOHHOCTM HA FPAHNYHHTE YEeCTOTM HA TPAH3HCTOPHTE 3a-.
BHUCAT OT KOHCTPYKLMATA UM, OT BHAA HA M3MOJ3BAHMA MATEpPHAJI, OT THIA HA
OCHOBHHUTEe ToKoHOcHTeau. Hanpumep, ApeiidoBuTe TPaAH3UCTOPH Ca Mo
BHCOKO4eCTOTHU oT Oe3npelidoBuTe. lIpn paBun apyru yciosusi, TPaH3NCTOPUTE
ot GaAs MMAaT NMO-BHCOKM IpaHM4YHM udecToTH oT Ge TpaH3ucTOpH, a Te — moO-
BHCOKM TPAHNYHU 4ecTOTH OT Si. IloHexe NOABMIKHOCTTA HA €JICKTPOHHUTE € OT
2,5 1o 3 WBTH MO-ro/IAMa OT Ta3H Ha AYNKUTE, TO CLOTBETHO PN TPAH3UCTOPUTE
UMAT NO-BHCOKH FPAHUYHH YECTOTH OT pnp TPAH3INCTOPHTE,

B 3aBucuMoOCT OT CTOMHOCTTA Ha TPAH3UTHATA YECTOTA fr TPAH3UCTOPHUTE CE Je-
JAT Ha: HUCKodecTOTHH (Zo 3 MHz), cpennouectotau (ot 3 xo 30 MHz), Bucokouec-
totHH (0T 30 mo 300 MHz) n cBppxBuUcOkodecToTHH (Hag 300 MHz).

3.5.2. ®usnyHa ekBMBaneHTHa cXxema Ha TpaH3UCTOpa NpPU BUCOKU
YyecToTU

Dusuunama ekeusaNeHmMna cxemMa HaA MpAaH3uCmopa Hpu UCOKU Hecmomu U
Manxu cusHanu € rokasaHa Ha ¢ur. 3.62.

Cye

I
1

Fop b
Cc
bo {1 — r °
—_

+ + rb'c +
Up, Uye Tve == Cire V Em Upre Fee Uee
O— —0
€ €

Duez. 3.62. Pusuyna eK6UBANEHMHA CXeMa HA
mpansucmopa e cxema ¢ OF npu eucoku yecmomu u MansK 6xXo0er cuzHan

B nuteparypata e M3BECTHA M KaTO XUOPUOHA-TT eKGUBANEHMHA CXEMA UAU CXemd Ha
Moicuaxonemo. 3a cucTaBsiHeTO Ui, KbM HUCKOUECTOTHATA €KBUBAIEHTHA CXeMa OT QM.
3.49, ca no6aBeHH: ryy — 06EMHO CBNIPOTHBICHUE Ha Ga3zara Ha TpaHsucTopa; Cye —
IMdys3eH KanauuTeT Ha eMuTepHus npexon; Cy. — 6apueped KanauuTeT Ha KOJEKTOp-
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sl IPEXO/L M CBIPOTUBIIEHUETO rive, KOETO M3passaBa edpekra Ha Epmu (o6patnara
.;Bpra IO Hamnpe)XXeHHe OT M3X0A4a KbM BX0oJa Ha TpaH3ucTopa). [locoueHuTe Bennuu-
E 5y ca B IpsKa 3aBUCHMOCT OT BHJa U KOHCTPYKUHMATA Ha TpaH3ucTopa. Hakou oT Tax
MOTaT JIECHO J]a CE M3MEPAT M C€ BKJIIOYBAT B KaTAI0XHUTE JAHHA Ha TPAH3MUCTOpA, a
gnpyrnre CE OIpelelsT, upe3 W3MoJI3BaHe Ha MOAXONALIH (OPMYIH, KOHTO OTYMTAT
= HANPEXKEHHETO ¥ TOKA B pabOTHATA TOYKA.
Cmpvmuocmma gy, Ha TPaH3UCTOpa Ce OmpelelNs KakTo IPH HUCKOYEeCTOTHATA
KBHBaJIeHTHa cxema — ¢opmyina (3.33). T e byHKINA Ha IOCTOSIHHATA CHCTaBKa HA
KOJEKTOPHUA TOK B pabOTHATa TOUKA M TEMIEpaTypHHs NOTEHLHAN (!

"IITI’

= _ IC

= 8m =

— Q7

= 3a BXOIHOTO CHIIPOTHUBIIEHHE 7y, C€ H3TION3BA hopMmyia (3.34):
i rb'e = '(p_T .

= I

= B

— H3xo0nomo cvnpomuenenue r. € paBHoO Ha (3.35):
= _VartUce

- ce N

= Ic

3a NapaMETPUTE gm, F've ¥ T'ce Ca B CHJIA H 3aBUCHMOCTHTE TpefICTaBeHH B (3.38)
i1 1ab1L. 3.5.

Obemnomo cvnpomuenenue Ha 6a3ama ryy 3aBHCH OT THIIAa Ha TPAaH3HUCTOpA.
"Herosara TunuyHa croitHocT e Mexay 20 u 200 Q. ToyHuTe My CTOMHOCTH 3a KOHK-
~ PETHHS THII TPAH3UCTODH C€ JaBaT B KATAJIO3UTE.

Cvnpomuenenuemo ry; Urpae cblilaTa polisi IpY MozeaupaHe Ha paboraTta Ha
* TpaH3WCTOpPa, KaKTO M mapamerspa h.. CnemoBaTenHo, 3a oOpaTHaTa Bpb3Ka IO Hall-
. peXEHUE MOXKE [ia Ce 3alHIIe CIEAHOTO NPUOIU3UTENHO PABEHCTBO:

ll'E’.

IRE

- h = "ve . Toe

— e ’
Tye thye T

~OTKBACTO 3a CTOMHOCTTA Ha CBhIIPOTHBIICHHETO ny. C€ IOJIYy4YaBa.

o

(3.49) e =

ISl P
e |

CTOMHOCTTA HA ry, € MHOTO IrojsiMa — OT MOpsAbKa Ha MeraoMu. Tasu BUCOKA
CTOMHOCT Y€CTO 1aBa OCHOBaHHME 3a M3KJIIOYBAHE HA ry. OT EKBHBAJICHTHATAa CX€Ma Ha
TpaH3ucropa. Oule noBeye, Ye NpH BUCOKH YECTOTH, TOBA CHIPOTHBIEHHE CE IIYyHTH-
pa OT MHOTO TO-MaJIKUA UMIeAaHc Ha Cye.

Konoenzamopwvm Cy. npeacTaBs GapuepHUs KanaluTeT Ha obenHeHaTa obnacT
Ha KOJIEKTOpHUA Ipexon. Herosarta cToliHoCT MOXe fa ce U3MEpH JIECHO H 3aTOBa 3a-
ABJDKUTEIHO GUrypHpa B KaTaloXHUTE JaHHH Ha TpaH3ucTopa. O3HAYEHUETO MY HE €
crannapTusupado. Yecto ce Genexu cbe cuMBoNa Copo MM Ccpo. 32 MaJIOMOIIHH
TPaH3UCTOPH CTOMHOCTTa My Bapupa Mexay 2 i 10 pF. bapuepHusar kanauurer 3aBH-
CH OT HaNpeXEeHHETO MEXIY KojJekropa M 0a3zaTa M 3aTOBa YECTO B KAaTaJO3UTE Ce
BKJIIOYBAT U rpaduyHu 3aBUCHMOCTH Cepo = flUco).
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[ToHsKOra B KaTalo3uTe (GUrypUpar JaHHHU M 32 BPEMEKOHCTAHTATa 7byCiye.
Hesl MOXeE Jla c€ HaMepH TOYHATa CTOMHOCTTa Ha 06EMHOTO CBIIPOTHBJIEHHE Ha Ga3a
Fipr- C TIOMOILTA HA CBHIIATA BPEMEKOHCTAHTA MOXKE 2 Ce ONpeNeNy ¥ MaKCHMAHar
4eCTOTa Ha TeHEPUpPaHE:

Kanayumemvm Cy. oT4HTa OMQy3HMS KamauuTeT Ha mpexona Ga3a-eMuTep
Toif cHIHO 3aBHCH OT paboTHATA TOYKA M BHJa Ha TpaH3ucTopa. CTOMHOCTUTE My Mo#
rar na Bapupar oT pF po nF 3a paznuunuTte TUNOBE TpaH3UCTOPH. Te ONMPENEIAT B o3
JsiMa CTeleH CTOHHOCTTA Ha TpaH3WTHATa 4eCTOoTA fr:

B
(3.50) fr= 0 .
T 2ty (Cye + Cye)

OO6HMKHOBEHO Cb’e HE C€ NaBa NUPEKTHO B KAaTaJIO3UTE, a C€ onpeacis OT

B
3.51 Cor=—=2 __C,..
( ) b'e 2nfTrb’e b'c

&~ lMpumep

3.8. Onpenensine HAa NapaMeTPHTE HA BHCOKOYECTOTHATA €KBHBAJEHTHA:
cXeMa Ha TPAH3UCTOPA ¢ MOMOIITA HA AAHHM OT KaTajior '

...-..‘J..._umm.ln.im.md

TunmunKTe cTOMHOCTH Ha h-mapaMeTpHuTe Ha TpaHsuctop BC413B, u3mepeny.
np Ucg = 5V, Ic = 2 MA 1 Ty = 25 °C, ca: hye = 2.107, g, = 330 1 hge = 3.107 S,
CToHHOCTTA Ha rpaHKYHAaTa YeCTOTA, PH CHIUTE CTOMHOCTH HAa TOKA U HANPEKEHUE-
TO, € fr = 200 MHz, cToliHOoCcTTa Ha KamauuTeTa KojiekTop-6a3a e Ccpo = 3 pF, a Bpe-
MEKOHCTAaHTAaTa rpy Cye = 200.107'2,

Jla ce ompenenst mapaMeTpUTe Ha BMCOKOYECTOTHATa EKBHBAJICHTHA CXEMa Ha
tpansucropa npu Ucg =5V, Ic =2 mA n Ty, = 25° C.

PeweHue

Cobrinacuo ¢opmynu (3.33)+(3.35), (3.38) u tabn. 3.5 3a CTOMHOCTHTE Ha BXOH-
HOTO CBIIPOTHBJICHHE, CTPBMHOCTTa M M3XOLHOTO CHIIPOTHUBIIEHHE CE TOJTyyaBa:

e =B = e, 2 233028 _ 357
Ic Ic 2mA
gm =L =28 _ 0775 A1V,
¢r 258mV
L. L .35k

r
ce - —
hoe 30.107
OT ycnoBHeTO Ha 3a7ayaTa cnensa, ye KanauuTeTbT Cye = Ccpo = 3 pF.

Kato ce B3eMe Ipe BHJ, Y€ BPEMEKOHCTAaHTaTa ryyCyy. = 200.107'2, 3a o6emHo-
TO CBIPOTHBIEHHE Ha 6a3aTa ce Mojiyyana:
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200.1072  200.10712

Hy = = ~ 66,60
T Cye 31072
rnacHo (3.49) 3a CBIPOTHUBIEHHUETO iy, CE MOJIyYaBa:
g ~ e = 4257 - =213MQ.

E he 2107
[@Tonnocrl‘a Ha KalalyTeTa Ha eMUTEpHHA pexox ce onpenens ot (3.51):
= Cye=mbo—Cpoa—330 31072 =587pF.
P 2fr e 27-200.10° - 4257

Pasrnenanara gpu3sugHa BUCOKOYECTOTHA EKBUBAJIEHTHA CXEMa € YHUBEpPCAIHA U
FoKe 12 Ce M3II0N3Ba H IPH aHaJIM3 Ha CXeMH C OB u ¢ OK. Ho 1ecro B nmpakTukarta,
mpy aHanu3 Ha crbnana ¢ Ob, ce npeanoyuTa Aa ce U3MO/I3BA €KBHBAIEHTHATA CXeMa
ot ¢ur. 3.63. Hefiaute mpenumctBa mpex cxemara ot ¢wr. 3.62 ca mo-ronsMoro
@Tﬂbﬁcmo [P M3YEPTABaHETO HAa €KBUBAIEHTHATa cxeMa Ha ycwnBarens ¢ Ob u om-
POCTABAHETO HA AHAIN3UTE TIPH ONPENIENsiHE Ha NMHAMUYHUTE My NIapaMETpH.

!

- e c
= o . — —¢ °
£+ +
=

o 7y

= Uep Cure —e_ 1 m Uev Coe ¥
B+

= =(p+1).r,

Z o o
- b b

Duea. 3.63. Dusuyna exeusanenmua cxema Ha
- mpansucmopa 8 cxema ¢ OB npu 6ucoxu yecmomu u ManvK 6X00eH CUZHA

T Hpe;(cTaBeHnTe q)HBH‘lHH €KBHBAJICHTHH CX€MH HaAMUPpAaT IIPHJIOKCHHE 32
aHaJ]l‘lil Ha YCWJIBATCIHHU CTHIIAJA NPH Y€CTOTH HE HaJABHHIABAIIN NOJIOBHHATA

OT TPAH3UTHATA Ye€CTOTA HA U3NMOJI3BAHUA TPAH3UCTOP.

:;3.5.3. Cucrema y-napametpu

y-napamMeTpuTe Ha TPAH3UCTOPHUTE €A NMPeIHA3HAYEHH IVIABHO 33 AHAJIM3H
"lj_l N3YUCTIECHUA npu BHUCOKH Y€CTOTH, KBIAETO I/I3MepBaHCTO UM € CPaBHHUTECIIHO JIEC-
0. CrcTeMara y-ypaBHEHHs UMa BHA:

I =Yyt Yl

)y = Yy + yaoly

y-napaMeTpHTe C€ J1aBaT B CHpaBO‘IHHLIHTe B KOMIIJICKCECH BH I, HaanMep:

. Yik = &ik + Jbix»

KBIETO

(3.52)

1
oL

bik = WCy HIH bik =-—

Xapakrepusupar ce KakTo cieBa:
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i
Vi1 = L — 6X00Ha NPOB0OUMOCH! TIPU KBCO ChbeAWHEHHE TI0 IIPOMEHIIUB To
U 1y =0 :
Ha u3xozna (u; = 0). OGMKHOBEHO B KaTaJO3UTE CE O3HAYABA C Y.

i

Yip = — ob6pamna npoxooHa npoeooumocm TMPH KbCO CHEIUHEHHE g
) u1=0

TIPOMEHJIMB TOK Ha BXoxa (u; = 0). O3HauaBa ce C y;. %
i 71
Yoy =% — npasa npoxoOHa npoeooumocm (CIMpbLMHOCH) TIPA KBCO CheN %
Huz =0 :
. =
HEHHE 110 IPOMEHIIMB TOK Ha u3xoAa (u; = 0). O6MKHOBEHO B KaTaJIO3UTE CE 03Haq'dﬁj§=
Cyr R
=
) 4
Voo =% — U3X0OHA NPOEOOUMOCH TIPH KBCO CHEAHHEHUE IO IPOMEHIINE:
u2 i

u;=0 s

sivalda

TOK Ha Bxoga (i, = 0). O3HauaBa ce C y,.
ExBHBaNleHTHAaTa YETUPHUIIOIIOCHA CXeMa C y-TlapaMeTpy UMa BHa, TI0Ka3aH He
¢wur. 3.64. BiusHueTo Ha BXOAHATA M U3XO/IHATA MPOBOJMMOCT € MPEACTABEHO C IBa<

1 1 :
Ta UMIIeJaHca: — U —. 3
Yi Yo .
i, ;
-

-— o
+ .

y.u Yol L u

r#*2 %1 yo 2

— —o0

Duz. 3.64. Exeusanenmna cxema Ha mpan3ucmopa ¢ y-napamempu

IMonexe nMa Tpu BB3MOXKHH CXEMH Ha CBbP3BaHE Ha TPaH3MCTOpA, CHOTBETHO
CBILECTBYBAT TPH TPYIH YETUPHUIIOMIOCHH y-ITApaMETPH ¢ pasiuyuHu cToiiHocTH. Te ce
03HayaBaT C JOIBIHUTENIHH UHAEKCH e, b 1 c. '

B®3MO0KHO € OT y-nmapaMeTpuTe a ce Mnoiy4ar h-napamerpute. PopMynuTe 3a
npeoOpa3yBaHe U3MOI3BAT PEAHUTE YaCTH Ha y-IapaMeTPUTE M UMaT BUIA:

W= p =T po=dE g 2BV %Yo Yedr

’ 0
Vi Yi Yi Yi Yi
y-napaMeTpuTe HAMMPAT MPHJIOKEHHE 32 AHAJIN3 HA CXeMU NPH 4eCTOTH
no 300 MHz. Hax te3u decToTH y-napaMeTpuTe TPYAHO MOTAT Aa Ce U3MEpPSAT, HOHe-
XK€ Mapa3sMTHUTE MHAYKTUBHOCTH M KaIallUTETH KbM H3BOAUTE HA TPAH3UCTOPHTE Npa-
BAT TPYAHO pEealM3MpaHeTO Ha "KbCO CheAMHEHHe" HA BXOJA M Ha M3X0[Aa Ha TpaH3MC-
TOpA.
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B.5.4. Cuctema s-napametpu

- Ilpu pa6ora npu yecroru Hax 300 MHz e nmoaxoasnuio aa ce uznonasear s-
fapamMeTpuTe Ha TpaH3ucTopuTe. Te ca CBBP3aHM Ca C MOHATHATA "Majama” u "ot-
‘p’aseﬂa" BBbJIHA, KOMTO CHOTBETCTBAT HAa AHAJIOTMYHHTE IIOHATHA B ONTHKATa, §-
gapaMETPHUTE Ca MsApKa 332 OTPAKEHHWETO W IONIBIIAHETO HA MANAUIUTE BBIHU OT
7paH3KCTOPA, PA3sIVIeK/IAH KATO YCTUPHIIOMIOCHUK. 33 Pa3iuKa OT OCTAHANUTE YETH-
PUNOJIIOCHH NIapaMETPH, S-IapaMETPUTE Ce H3MEPBAT NPH TOBAp Ha BXOJA M H3XOMa.
ToBa € IEMOHCTPUPAHO Ha Gur. 3.65, KBAETO C a; U @, ca 03HAYEHH HANPEXKECHHUATA Ha
JafallnTe, a ¢ by U b, — HATIPEXKEHUATA Ha OTPa3EHUTE BEHIIHH.

Zg
- p—— -—
N $ b TpauzucTop b L
— -— —
-0—| —0

. Duz. 3.65. Jemoncmpupane Ha nadawume (a,, a;) u ompasenume 6vanu (by,by)

CucTemara s-ypaBHCHHUs UMa BUIA:

b =810, + 5100
19+ S1282
(3.53) .
- by = 53101 + 592,
3HaYeHHETO Ha apaMETPHTE € CIIEJHOTO:

§;1 = é‘— — Koeguyuenm Ha ompadxiceHue Ha 6xo00a TPH CHITIACYBaH TOBAp
q a, =0
Ha u3xona u a; = 0.
b
Sjp =— — Koeguyuenm na 06pamuo npedasane Npy ChIIIaCyBaH TOBap Ha
a4 a;=0

Bxomaua; =0.
b

571 =a_2 — Koeguyuenm Ha npaeo npedasawe TIpH CHIIIACYBaH TOBap Ha
1 =
a, 0
uxoma u a; =0..
by
Syp = a_ — Koeghuyuenm na ompaoicenue Ha u3xo0a NPy CHIIacyBaH TOBap
2 a1=0

Ha Bxoma u a; = 0.

Ot Taka npeAcTaBeHUTE NeQHHHLINM CTaBa jACHO, Ye BEIWYHHHTE §;; U Sy ca
aHaor Ha KoeQUILMEHTUTE Ha OTPaXKEHHE, a Sy H §7) — Ha KOePUIMEHTHTE Ha OTIb-
I[aHe, U3II0JI3BaHK B ONITHKATA.

CroliHocTHTe Ha S-mapamMeTpuTe ca Ge3pa3MepHH KOMILIEKCHU BeJIHYHHH.
Te ca pa3jiM4HU 33 TPUTE OCHOBHM CXeMHM HA CBBP3BaHe HA TPAH3HCTOPA.
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/ 3adava

3.8. TpansutHata yecToTa Ha OGunojsapeH tpansucrop ¢ fr = 200 MHz, a nud
PEHLHATHAAT KOeQHIMEHT Ha YCHIIBaHe IO TOK HpY HUCKH decToTH € Po = 200. Omp
JieJieTe CTOMHOCTTa Ha IPaHMYHATAa 4eCTOTa f3 Ha TPaH3UCTOpa U HadepTalTe 3aBHcy
MOCTHTE Ha Monyna M (asara Ha Koe(HIMEHTa Ha yCHIBaHE II0 TOK OT YeCTOTara
Onpenenere crofiHocrute Ha 3 1 g npu yectoty 10 kHz, 1 MHz, 10 MHz n 100 MH n
Hauepraiite npiMepHHTE BpeMequarpaMy Ha 06a30BHs M KOJEKTOPHMA TOK 3a '-Iecronﬁ1
10 kHz, 10 MHz n 100 MHz. =

/ 3adava

3.9. HayepTaiiTe 3aBHCHMOCTHTE Ha MOJyJla Ha KOe(HUIIMEHTa Ha Npe/IaBaHe Ng3
TOK O, U ($a30BHA BI'bJ (O, 33 TPAH3UCTOP C FPaHUYHA YecToTa f = 500 MHz 1 oy =5
=0,995. -

l‘JmLmup

Anlh

| FUETINN ..-L

3.6. LLlyMoBe B TpaH3ucCTopuTe

3.6.1. OCHOBHM U3TOYHMLM Ha WYM B TpaH3ucTopuTte 2

HIymoBere mpencraBisBaT HEXEAaHW XAOTHYHHM KoneOaHHs Ha TOKOBETE U
HANIPE)KEHHATA, KOUTO BB3HUKBAT CaMOIIPOM3BONHO B €EKTPOHHUTE M TIONYTPOBOJ.
HHKOBHUTE €JIEMEHTH, CXEMH M amnaparypH. Te UMat cirydaeH (HEympaB/sieM) XapaKTep:
¥ ce MOABSBAT HA M3XOJa HA YCTPOMCTBATA, 3a€/HO C MOJIE3HUA CHTHAI. AKO aMILIH-
TyZlaTa Ha IIyMOBETE € JOCTATBYHO TOJAMa, T MOXKE [a 3arfylid MMOJe3HUA CHTHal._
Hai-kpuTHuHM ca myMoBeTe, KOUTO BBH3HMKBAT BHB BXOJHHTE CTHIlala Ha amapary-
pute. TaM MOJNE3HUAT CHrHaI € Haif-ciab, KoeTo gaBa BB3MOXHOCT 32 JIECHOTO My
CMyllaBaHe.

IIlymoBeTe, KONTO BB3IHMKBAT B €JeKTPOHHHTE M NOJYNPOBOAHHUKOBHTE
eleMeHTH ce HapnyaT cobcTBenn wymoBe. [IpHYnHuTE 32 MOPAXKIAHETO UM €A
pazinunu. B OunosspEuTe TPAH3NCTOPM C€ PA3JIHYABAT TPH OCHOBHH M3TOYHH-
KA Ha IyM: ToninHeH (myM Ha /[xoHcbH), ApoGoB (uym Ha IlloTkM) M HHUCKO-
4ecToTeH (QauKep UIym).

Tonnunnuam wym ce JbIDKA HA XaOTUYHOTO TOIUIMHHO JABHXEHHE HA €JIEKTPO-
HHUTE B 00eMa Ha monynpoBoAHMKa. Hanpe)xeHneTo Ha TOrMHHHUA wyM Unr € mpo-
MOPUMOHAIHO Ha abconoTHaTa TeMmneparypa T, CBIpOTHBIEHHETO Ha MaTtepuana R u
Ha LIUPOYMHATA Ha YECTOTHATA JieHTa Af, B KOATO ce H3YHCIsABa (M3MEpBa) IIyMa:

Upr = JAKTRAS

KBETO k € KOHCTaHTaTa Ha bonMaH.

TONMMHHMAT IIyM € YECTOTHO HE3aBUCHM. To# € paBHOMEPHO paslpelelicH B
Ueaus 4ecToTeH obxBar — T. Hap. "Oan" mym. Ilpu ouonuTe W TpaH3UCTOPHUTE TOM-
JTUHHMAT IIyM ce TpOsBSBa HaH-CHIHO B 0OEMHOTO CBIpOTHBICHHE Ha Oa3ara. Ilpu
CTOHHOCT Ha ChIPOTHBJIEHHETO Ha 6a3aTa Ha TpaH3UCTOPA ryy = 100 Q u Temmeparty-
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pa 300 K, cToiHOCTTa Ha TOIUIMHHMA LIYM B [iHalfa3oHa Ha 3BYKOBUTE 4eCTOTH (Af =
20kHz) e Unt = 0,18 uv.

Hpobosusm wiym € pe3yaTaT oT CiryyalHUTE (QIIyKTyally NMpH NPOTHYAHETO HA
[IOCTOSIHEH TOK IIpe3 pn npexopute. Toi ChI0 € paBHOMEPHO PasIpe/ielied B LEeIHs
yecToTeH 06xBaT. CTOMHOCTTAa My Ins € IIPaBONPONOPIIMOHATIHA Ha TOKA IIpe3 pn mpe-
xona I ¥ Ha WMpOYMHATA Ha YECTOTHATA JIeHTa Af, B KOSTO Ce H3YUCIABa (M3MEpBa)

wyma:
Ins =~/2qI0f,

KBAETO g € 3apANBT Ha eNeKTPOHa.
Hanpumep, ako npes Juof Tede TOK 2 mA, a dectotHara jenTa e Af = 20 kHz,
cTOMHOCTTa Ha APpoOOoBUA WyM € Iys = 3,5 nA.
Hucxovecmomnusm (1/f) uiyM OCHOBHO c€ ABJKM Ha HEPaBHOMEPHOTO MPOTH-
qaHe Ha peKOMOMHALMOHHHUTE TIPOLIECH B PN NIPEXOIUTE U Ha TIOBBPXHOCTTa HA KPHUC-
_taya. TO3H LIyM € YECTOTHO-3aBHCHM — OBP30 HaMaJIsABa C MOBHIIABAHE HA YECTOTaTa.
Hapuua ce ome "po3oB" mym. @opMynara 3a U3UUCIEHUETO MY €

Af
e
‘KbleTO A € KoedUIMEeHT, 3aBUCeN] OT BUJAa M KOHCTPYKIMATA HAa TPaH3HUCTOpa, Af €

IUPOYNHATA HAa YECTOTHATA JIEHTa, B KOATO CE M3YUCIABA (M3MEpBa) WIyMa, a f € Te-
KyLaTa 4ecToTa.-

Iy =

3.6.2. LlymoBu napameTpu Ha TpaH3ucTOpa

OcHOBHH mapaMeTpH 3a OLeHKa HAa COGCTBEeHHTE WIYMOBE B TPaH3MCTOpa
€a OTHOLLIEHHMETO CUTHAJI-1IYyM S/N U xoedpuuuenTHT Ha WIyma F,

Ha ¢ur. 3.66 TpaH3UCTOPHOTO YCHJIBATENHO CTHIAIO € MPEICTaBeHO KaTo JI-
HEeeH aKTHBCH YETHPHITONIOCHHK C KOe(MIMeHT Ha yCHIBaHe mo MolqHocT Ap. Ha
BXOZAa My, OT reHepatopa Eg, ce mojaBa moje3eH CHUIHal ¢ MOIHOCT Pg u wyM ¢
momHocT Png. Ha M3xoza 1ie ce mony4u ycuineH noneseH curaan Po = ApPg 1 1lyMm
Pno, 9MATO CTORHOCT € CyMaTa OT YCHIIEHHs Ap TbTH BXOJIEH IIyM Py ¥ MOIHOCTTA
Ha COOCTBEHHTE LIYMOBE Ha YETHPHITONIOCHHKA Pyjn:

Pyno = ApPyg + Puine -

Due. 3.66. [looasarne Ha CUSHAN U WYM KbM PeaneH YemupunonioCHuK

OTHoOIIEHNETO CHTHAJI-HIYM 34 BXOJHAaTa BepuUra €:

(3.54) (i) -fo
N)n Png
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OTHOLIEHHETO CUTHaJI-IIYM 32 U3XOAHaTa BEpura €:
S P, ApF, P
(3.55) (—j =02 = T - .
our o ApPng tPNim  pg+ Ni%
p

N

CllenoBaTe/IHO, B Pe3yJITAT HA IPEMHHABAHETO HAa CHTHAJIA NPe3 AKTUBHUS -
YeTHPHIIOJIOCHUK, OTHOLICHHETO CHIHAJ-IIYM HA M3X0Ja ce BJIOMIABA, KOETo
MoOJKe 1A A0Be/e 10 H3KpUBSIBaHe WIH Jopu 3ary0a Ha undopManunaTa.

OTHOIIEHHETO CHTHAN-IUYM € BaXXCH I0Ka3aTeNl Ha ENeKTPOHHUTE CHCTEMH,
CroilHOCTTa My Ce ompejieNsi KakTO OT HHBOTO Ha BBTPEIIHUTE LIYMOBE Ha OTAEIHHTE
eJIEMEHTH, U3rPaXKIalK CUCTeMaTa, Taka ¥ 0T H30paHOTO CXEMOTEXHUYECKO PEllIeHHE.

KoedpunuenThbT Ha mwiyma F npeacTaBs HUBOTO Ha cOOCTBeHMTE (BbTpeLI-
HHTe) WyYMoOBe B Tpan3ucropa. Toi ce nepuHupa KaTo OTHOLIEHME HA TOKA3ATENs-
CHTHAJI-IIIYM 32 BXOJa KbM IOKa3aTessl CUrHaJI-IIyM 3a U3X0Aa:

3.56) F= (%’)IN = _1% 14 _Fhint ’
> ) (%)OUT __ﬁ_— ApPrg '

Ap PG + Py
Ot dopmyJiata MOXe 1a ce HalpaBH M3BOJA, Y€ KOEQUIMEHTHT Ha IIyMa 3a pe-
aJIHUTE TPAH3UCTOPH € TO-TOJIAM OT eIUHMIA.
OOHUKHOBEHO KOC(HLIMEHTHT Ha LIIyMa ce AaBa B fenubenu. ®opmynara 3a npe-
o6pasyBaHe €:
(3.57) NF =10log|o F.

OO6HKHOBEHHTE OUITONAPHM TPAH3UCTOPH MMAT KOeDMIMEHT Ha INyMa OKOJIO
10+15 dB (F = 10+30), cenuanHuTe ManKoOLTyMAIIH TPAaH3UCTOPH UMAT KOeHHLIHEHT
Ha myma Mexay 0,5 dB u 5 dB (F = 1,1+3,2).

KoepnuueHThT Ha LIyMa e BasKeH MapaMeThbp Ha TPAH3IUCTOPHTE M CE JaBa
B cripaBoyHHuMTe. Toif 3aBUCH OT NOCTOAHHUTE TOKOBE W HANPpeXKeHHs, NPOTH-
YalM Npe3 TPAH3UCTOPa, ChIPOTHBJIEHHETO HA reHeparopa Rg, Temmeparyparta
Ha KPMCTaJa M LIHPOYMHATA HA YeCTOTHATA JIEHTa, B KOATO Ce H3MepPBa HIyMa.

Ha ¢wur. 3.67 ¢ HauepTaHa npuMepHaTa 3aBUCUMOCT Ha KOS(UIMEHTa Ha IIyMma
NF ot yecToTaTa. 3aBUCHMOCTTA C€ U3MEPBA (M € BAIMAHA) IIPH GUKCHPAHH CTOHHOCTH
Ha KOJIEKTOpHHSA TOK Ic, Hanpexenuero Ucg, ChnpoTHBIeHHETO R 1 Temneparypara. B
obnacrra 1o f; = 1000+2000 Hz npeo6ranaBaT HUCKOYECTOTHHUTE LIyMOBe. IIpH moBH-
[1aBaHe Ha YeCTOTaTa TAXHaTa CTOMHOCT HaMallsiBa C¢hbe ckopocT okoiao —10 dB/dec. B
cnefBauiara obnacT npeobiiafaBaT TOMIMHHATE U ApOOOBHUTE HIYyMOBE, KOUTO ca 4ec-
TOTHO HE3aBHCHMH.

KoepuimeHThT Ha LIyMa OCTaBa IOCTOSHEH IO CTOMHOCTM Ha YecToTara fi,
ciie[] KOETO 3aloy4Ba J1a HapacTBa, NOpajy HaMaisiBaHETO Ha KoedHIMeHTa Ha YCUIIBa-
He 1o Tok f upu Bucoku yectotu. Ha rpadukara e nokasasa u 4ecToTarta fy, Ipu Kosi-
TO KOe(HUMEHTHT Ha LTyMa Ce YABOABA. T MOXe Jla Ce ONpeeNH ¢ NpubIM3UTeNHATA
¢$opmyia:
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_Ja
N —ﬁ-
NF, dBt
20 +
15 - -10 dB/dec
10 +
5+ A

| 1 1 1 1 -

T L T T T T L bl

10 10 10° 10"@ 10°  10° 1 10 f Hz
A 5

Due. 3.67. 3asucumocm na xoeguyuenma na wyma NF om wvecmomama

Ha ¢ur. 3.68 ¢ mokasaHa npuMepHaTa 3aBUCHMOCT Ha KOe(HULUEHTA Ha IIyMa

OT KOJIGKTOPHUSA TOK Ic U CHIIPOTHUBIIEHHETO Ha TeHepaTopa Rg. 3a BCAKa CTORHOCT Ha
Rg CBIIECTBYBA ONTHMANHA CTOMHOCT Ha KOJACKTOPHHS TOK, IPH KOMTO HMBOTO Ha
coOCTBEHHTE LIIyMOBE € MHHUMAJIHO.

,NF’dB?
12 +
10 + R,=1kQ R,=100kQ .
R,=10kQ
8
6
4
2
—t | | { >
0,001 0,01 0,1 1 10 I,mA

Due. 3.68. 3asucumocm Ha KoepuyueHma Ha WYMA OM KOJEKMOPHUSL MOK
U CoNPOMUGNEHUENO HA 2eHepamopa

3.7. Pa6oTa Ha TPaH3UCTOpPa KaToO €J/IEKTPOHEH KoY

EJ'lBKTpOHHHTe KJIIOMOBE OCHLUIECTBABAT KOMYTAllUsl HA BEPUIH U CUTHAJIH

noJ BL3/AeHiCTBHE HA YIPABJABALINH BXoAHH uMmyJicu. Te uMaT aBe ChCTOSHHS:
BKJIIOYEHO (3aTBOpeH K4 — ¢ur. 3.694) 1 U3KII0UEHO (OTBOPEeH KJIH4Y — (HI.
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J R=0 J Que. 3.69. Hoeanusupano npedcmagsne
- HA U3X0OHAMA 8epuza HA eneKMPOHHUA
KR!

a — 3ameopen Knioy; 6 ~ OMEoper Koy
a) 6)

Ha ¢ur. 3.70 e mokazana cxe-
Marta Ha TPaH3HUCTOPEH KIII0Y B CXeMa
¢ OE. BxogHuaT curHan uyy npexc-
TaBlsABa UMIIYJICHA ITOpEOHLA, KOATO
ce mMonaea Ha 0a3aTa Ha TPaH3UCTOpa
npe3 cbrnpotuBienuero Rg. Cwrpo-
THUBJIEHUETO R¢ € TOBap.

Due. 3.70. Tpansucmopen ko4 ¢ OF

IIpu noxaBame HA MOJOKUTETHATA NOJYBBJIHA HA BXOAHUSL CHTHAJ, TPAH-
3HCTOPBT paboTn B o6nacTTa Ha HacHLaHe (3aTBOPEH KJII04Y) M M3XOIHOTO Ham-
pekeHHe e HyJia; A NPH NoJaBaHe HA OTPHLATEIHATAa MOJYBbJIHA — TPAH3MCTO-
PBT padoTn B 00JacTTA Ha 0TceyKka (0TBOPEH KJ0Y) M H3XO0JHOTO HANpEXKeHne e
PABHO HA 3aXPaHBaLIOTO.

3a peanusanuiTa Ha KIOYOBe Morar Aa 6b1aT U3NOoN3BaHu U APYTUTE JIBE CXe-
MH Ha cBbp3Bane — ¢ OB u ¢ OK, KakTo U MHBEPCHOTO BK/IIOYBAHE HA TPAH3HUCTOPA,
[IpY KOETO CE€ CMEHAT MECTAaTa Ha eMUTEpa U KOJNEKTOopa.

3.7.1. YcnoBua 3a BKNKOYBaHe U U3KINIOYBaHe Ha KInio4a

Ha ¢ur. 3.71a e HauepTaHa BXOAHATa XapaKTEpPHCTHKa Ha TPaH3UCTOPa, a Ha
¢ur. 3.716 — u3xoaHATa XapaKTEPHUCTHKA U TOBApHATA MpaBa 10 IIOCTOSHEH TOK.

Koraro Bxonuoto Hanpexenue uy < 0 V (1. B ot dur. 3.71a), nsata npexopna
ca 3amyIleHH U TPAH3UCTOPBHT pabOTH B peKMM Ha oTceyka. HeymoOcTBOTO Ha TO3H
Ha4yMH 32 3alyHIBaHe Ha TPaH3UCTOpa € HeO0X0JUMOCTTa OT ABYIOJSpeH N3TOYHMK Ha
BXOJIEH CHTHall. 3aToBa Haif-yecTo, 3a 3alyllIBaHe Ha TPAaH3UCTOpa, Ha BX0Ja Ce Mofa-
Ba HanpexeHue uyy = 0 V. Torasa paborHata Touka € T. A (BX. dur. 3.71la u ¢wur.
3.716), xbaero ip = Igp = 0 ¥ ic = Ica = Icgo. I3X0MHOTO HampexeHue € uoyr = Ucea =
= FEcc — Rclca = Ecc — Relcgo. B To31 PEXHM TPaH3UCTOPBHT MOXKE A2 CE 3aMECTH C
eKBHBAJICHTHaTa CXema OT ¢wur. 3.72a. [ouexe TOKBT Iceo € MHOTO MaibK (BXK. T.
3.1.7), mo-4ecTo ce M3MOJ3Ba ONPOCTEHATA EKBHBAJIEHTHA cXeMa oT mr. 3.726. Tora-
Ba 32 KOJIEKTOPHHS TOK ic M H3XOJIHO HaIpeKEHUE UgyrT, CE TMOJTyHaBa:

' ic =0,

Uour = Ecc -
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IB6 > Ilet

0)

UCEA E CcC UCE

| |
: ‘ 7
Usse —F XUy = Uy, = 0,7 V Leto

Duz. 3.71. a - exoona xapaxmepucmuxa Ha mpanucmopa om gue. 3.69;
6 — u3x00HU XaPAKMEPUCMUKY U MOBAPHA NPABA RO NOCHIOANEH MOK
3a mpausucmopa om ¢ue. 3.69

C

B, Io
E
E
a)

Duez. 3.72. ExsusaneHmuy cxemy Ha mpan3ucmopa 8 06nacmma Ha omceyka

6)
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Cnen monaBaHe Ha BXOAHO Hampexenue uy > 0V, npu gocturaHe Ha Croj
HOCTTa Ha OTIyIIBaHE Ha eMuUTepHUs npexoxn Uo (ur. 3.71a), TpaH3MCTOPBT IpeMpy;
HaBa OT 06jacTTa Ha OTceyka B aKTHBHaTa obiacT oT xapakrepuctukute. [Ipu mo
HaTaTHIIHOTO HApacCTBaHEe Ha BXOJHOTO HampeXeHHe paboTHATa TOUKA 3al04Ba Ja ¢
JBWXH HAJABO 10 U3XOAHATa ToBapHa mpasa (¢ur. 3.716). MoMeHTHaTa CTOMHOCT K
TOKa Ipe3 6a3ara ce onpenens ¢ u3pasa:

. Umpn — U
(3.58) ip = —BE 3
Ry i
-
Konkoro mo-ronsmo e BXOOHOTO HAIIPEXCHUE, TOJIKOBA I10-TOJISIM € lB )44 C'BOTE
BCTHO TOJIKOBA NO-TOJMAM € U KOJ’ICKTOpHH;I TOK g
g =3
(3.59) = Big =pl_EE 4
RB E
VYBennyeHneTo Ha lc BOIN OO0 HaMaJIsIBaHE Ha KOJICKTOPHOTO HaIIpEXCHHC HO:
dopmynaTa -
3.60 = Ec — Rei = Eqq — RopAN—_“BE 3
(3.60) Uout = E£cc ~ Rele = Ecc ch R ,_—
B 3

B 1. M (¢wur. 3.716) u3xoQHOTO HallpexKEHHE CE M3paBHABA C HANPEIKCHHETO Ha,
oTnylIeHus emurepeH npexol Uggy, (pur. 3.71a). Ako nmpuemeM, 4e TPaH3UCTOPHT e“
cunuuues, me nonyduM Ucgy = Upgon = 0,7 V. Honexe Ucgm = Ucsm + Usgon, TOBa:
o3HauaBa, ye 0,7 V = Ucpy + 0,7 V ¥ clieioBaTeNHO HaNpexEeHHETO MEXAY KOJIEKTOpa-
4 6a3zaTa Ha TpaH3ucTOpa B T. M CTaBa paBHO Ha HyJja (UCBM = 0 V). Tpan3ucropsr-
BCE OLLE pabOTH B aKTUBEH PEXHUM.

ITpu ome no-roneMu cToHHOCTH Ha 0a30BUs TOK ip = Ipgy, KOJEKTOPHUAT IIpe--
X0Jl € OTNyIIeH (T. S) U Hanpe)XXEHHUETO MEXAY KOJEKTopa U emutepa cnana 10 Ucpgy =
(0,1+0,4) V. TpaH3uCTOPHT Ce HACHILA M KOJEKTOPHHAT TOK OCTaBa MPaKTHYECKH He-
H3MEHEH, HEe3aBHCHMO OT HapacTBaHETO Ha TOKa B 6a3ara Hal I[gsy, T. €. KIIOUBT €
BKoyeH. PopMynaTa 3a onpeaensHe Ha KOJEKTOPHHS TOK €:

3.61) 7 _Ecc ~Ucgsat _ Ecc
. Csat = R -~ R
c c
OTKBJIETO CIIE/IBA, Y€ Ha NPAKTHKA CTONHOCTTA Ha TOKA IIPe3 BEPHraTa Ce Ompe-
JIeNs CaMO OT CTOMHOCTHTE Ha 3aXPAHBAHETO H TOBApA.

MunumanHuat 6a30B TOK, KOHTO ycTaHOBsIBa pabOTHATa TOYKA B PEXKHM Ha Ha-
CHILaHE e:

I
sat
(3.62) Igea = B .
3a J1a ce rapaHTHpa cTabMIHOTO YCTaHOBSABaHE Ha TpaH3KCTOpa B o0jacTra Ha
HACHIAHE, HE3aBUCHMO OT NMPOM3BOACTBEHHMTE TOJIEPAHCH HA EJIEMEHTHTE, M3Tpax-
Jally Kiro4a, oOMKHOBEHO Ha BXOJa ce N0/laBaT HaIIPEXKEHUsA, KOUTO OCUTypsBaT TOK
B 6a3aTa Iy HEKOJIKOKPATHO MO-TONAM OT Ipgy:

(3.63) Iy > Nlgg, .

b
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l;‘ KoeduupmentsT N ce Hapuya CTENeH Ha HacHIaHE M OGMKHOBEHO ce M36upa
MY 2ns.

E Ha ¢ur. 3.73a € noxasaHa exeueaneHmHama cxema Ha npn MpaH3ucmopa 6
seoicuM Ha Hacuwyane. T cpIbpika NBa N3TOYHHMKA Ha HampexeHue — Upggy ¥ Upcear
5. BPBUAT M3TOYHHMK MOZENHMPA HANPEXEHHUETO BHPXY OTIYLIECHHS €MHUTEPEH NPEXO.
ZffoHexe, MpH HAaCHINAHE Ha TPAH3UCTOPA, TOKBT Mpe3 6a3ara € MHOTOKpAaTHO II0-
.roJIﬂM OT HOpMAJTHHTE TOKOBE B aKTUBEH PEXUM, TO OGHKHOBEHO, HPH CHIHLHEBHTE
SrpaH3HCTOPH, Usgsae = 0,8 V (BX. T. S Ha ¢ur. 3.71a). Bropuar U3TOYHHUK IpeacTaBs
“HanpeXECHUETO BBPXY OTIYIIEHHsA KOJEKTOpeH npexos. [ToHexe miomra Ha KOJIEKTO-
iPa' B TPAH3UCTOPHTE € MHOTOKPATHO T0-roJiiMa OT IJIOLITa HA eMHUTEPA, B THIUYHATE
~ciTy4au Uscsa = (0,4+0,7) V. Taxa 3a Hanpe)xxeHNETO MeXIy KOJIEKTOpa U eMUTepa ce
:rlOJIY‘iaBa Ucgsat = Usgsac — Uscsae = (0,150,4) V.

B I B > IBsal & C
;L UBEsat UCEsal
- - |
© Leht  © heitie Yoy
B a) 6)
: o ¢
) B IB > IBsat ICsal C Icsa‘
IL> 1L,
B ——-
UBEsnt RCsat o—
I 1 +ICsnt
l ‘ I I + ICsat tL

8) 2)
@ue. 3.73. Exeusanenmuu cxemu Ha mpan3ucmopa é obnacmma Ha Hacuwane

BapuaHT Ha eKBHUBaJICHTHATa CXeMa ¢ M3TOYHHMIIM Ha HanpexeHne Upgsa U Ucgsa

€ nmokasana Ha ¢ur. 3.736. B Tasu cxema, CTOIHOCTHTE Ha JBaTa M3TOYHMKA Ha HAI-
- pexxerue 0OuKHOBEHO ce npueMat Upggy = 0,8 V ¥ Ucgen = (0,1+0,4) V (32 cuimiveBu
TPaH3UCTOPH). 32 MO-HPELMU3HOTO UM OTpeJielisiHe, B 3aBCUMOCT OT IOJIEMHHATa Ha
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KOJIEKTOPHHS TOK Ha. HACHILaHE, MOTaT Ja CE¢ M3MON3BaT rpa@UyYHUTE 3aBHCHMOCY
Usgsa = fUc) ¥ Ucgsa = fllc), KOUTO CE 1aBaT B KATANO3UTE Ha TPAH3UCTOPHTE. -

Ha ¢ur. 3.73¢ € noxa3aHa eKBUBAJICHTHA CXeMa, TIPH KOATO HANPEMKEHUETO Uy,
ce 3aMECTBA C HANPEXEHUETO Regulcsa: 1IpH Hest CBIPOTHBIIEHUETO Regy MOIENHPA Hay
JIOHA Ha JINHHUATA Ha HaCHIIaHE B N3XOJHATA XapaKTePHCTUKA Ha TPAH3UCTOpa.

MHoro 4yecto Npn pbYeH aHAJIN3 HA KJIIOYOBH CXEMH Ce H3MOJI3BA onpog
TeHATA eKBHBAJICHTHA cXeMa OT ¢ur. 3.732. Ta npeacrassi TPaH3UCTOPA B Peskcuy
HAa HACHIUAHE KATO eJHA eKBHNOTEHI[HAJIHA TOYKA. =

IIpencraBennre exBMBAJIEHTHHM CXeMH 3a pabora B obnacTTa Ha HacHIIaHe y
o0JlacTTa Ha OTCEYKA Ce OTHACAT 3a npn TpaH3UCTOpH. CHOTBETHHTE CXeMM 3a pné
TPaH3UCTOPH MMAT CBILATA CTPYKTYpa, HO ca ¢ 0OpaTHM IIOCOKHM Ha TOKOBETE ¥ Haps
PEXEHHATA B THX. -

Ot ka3aHOTO [0 TyK CN€/IBa, Y€ 3a BKIIOYBAHE HA PA3TIEKIAHHMAT KIIOY € He:
00X0IMMO TPaH3UCTOPHT [1a CE€ HACUTH. Y CIIOBHETO 33 HACHILAHE €: -

(3.64) Ip > Iney - -
A
ulN
UINmu _____
Uo ————————————————————————— .
; >
1 |
Ug 1 i |
1 Y
UBEsnl
Y .
| | t
ls } | |
4\
IB NIBul
Iﬂm ————— [~ V— ________________ -~
) | t
| |
i 1 | |
‘ E
IC!I( = =
R.
v -
| | t
| |
Uour : :
A | |
ECC

Duz. 3.74. Hoeanuzupana epemeduazpama
HA HanpesiceHuAma U mokoeeme € mpansucmoper oy ¢ OE
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To ce n3anbIHABA, KOraTo Ha BXOJA CE NOAaJe NOCTATHYHO BHCOKA CTOMHOCT HA
HaHpCH(CHPICTO UIN = UiN max = NRplgsat + Usgsat.

3a M3KIIOYBAHETO HA KAIOYa € HEOOXOAMMO TPaH3UCTOPBT Ja Ce 3amyiuu. Yc-
JIOBHETO 32 3aIlyIBaHE e:

(3.65) I5 0.

To ce M3MBIHABA, KOraTO Ha BXOJa C€ MOJAAe HANpPEeXEHHE Upy II0-MaJKO OT
HANPEeXXCHNETO Ha OTNYIUBaHE Ha eMuTepHHs npexol Up (Bx. dur. 3.71a).

KazanoTto no-rope e oHariefieHo Ha ¢ur. 3.74, KbJETO ca MOKa3aH! HICaIN3H-

paHUTe BpemMeuarpamMy Ha HapeXXeHUsTa ¥ TOKOBETE Ha BXOJ2 U Ha U3XOJia Ha TpaH-
3{UCTOpA.
Koraro BXOJHOTO HalpeXeHUe € Hyna, TPAaH3UCTOPHT € 3amylleH M KIKYBT €
W3KITIOYEH — U3XOJHUAT TOK € HyJIa, a U3XOAHOTO HANPEeXKEHHE € IPUOIH3UTENHO paB-
‘HO Ha 3aXpaHBalLloTo Hanpexenue. Korato BXOOgHOTO HaNpeXXeHHe HapacHe, TpaH3uc-
TOPBT CE HAaCHILA M KIIOYBT € BKIIOYEH — U3XOAHUAT TOK C€ ONpELiesa OT ENeMEHTUTE
'BbB BHHIUHATA BEPUTa, 3 U3XOIHOTO HallpeXeHHe € IPUOIU3UTEIHO PABHO HyIa.

& Mpumep

3.9. Opa3mepsiBaHe Ha CbLIPOTHBJeHUMETO B 0a3zaTta Ry Ha TpaH3ucTOpeH
o4 ¢ OE

3a cxemarta ot ¢ur. 3.70 ca 3agaieHu: CTOHHOCT Ha 3aXpaHBaI(0TO HAPEKEHHE
Ecc = 5V, toBap Rc = 100 Q, MakcuManHa CTOMHOCT Ha BXOHHOTO HampeXeHHe
UnNmax = 5 V, MUHIMaJIHa CTOMHOCT Ha BXOJHOTO HampexeHue Uiy mn = 0 V U Ti-
nuuHaTa croiHocT Ha 3= 200.

Ha ce ompenenu cTORHOCTTa Ha CBIPOTUBJIEHHUETO Rjp.

PeweHue
Haii-nanpen ot ¢popmyina (3.61) ce onpeaens croifHOCTTa HA oy

E

Togy = =5 = SV 5omA.

Rc 100Q

Crnen ToBa, mocpenctBoM (3.62), ce onpenens Ipgy:
I SOmA
Ipg =—S% = 200 250uA.

CorinacHo (3.63) ce uszbupa Iy > Ipg:
Ig = Nlgg, =2Igg =2-250puA =0,5mA .
CroitnoctTa Ha Ry ce onpezens upes npeobpazysane Ha (3.58):
RB < UINmax _UBEsat ~ 5V-08V =8.4kQ .
Ig 0,5mA
CrnenosaTesnHO TPaH3UCTOPHT ILE CE HACHINA NPH MOAaBaHEe Ha BXOMHO Hampe-
MeHue 5 V, ako ChIpOTHBIIEHHETOo B 6a3aTa Ry € mo-Manko ot 8,4 kQ.

IToHexxe MUHMMAMHATa CTOHHOCT Ha BXOAHOTO HanpexeHHe U min = 0 V, TO
IIpY NI0JIaBaHETO MY Ha BXOJa, TPAH3UCTOPHT BUHATH 11IE. CE 3allyIlBa.
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3.7.2. MpexoaHu npoLecu Npy NpeBkIoYBaHe Ha TpaH3ucTopa —- !

MMMYJICHY napameTpu ;

OnHCaHoTO MO-rope€ NOBEACHHUE HA TPAH3HCTOPa CE ‘'OTHacq 3a OaBHH M3MEHe-
HUSA Ha YNpaBJIABALIATC BXOJOHHU CHTHAJIH. Hpﬂ BHCOKHM 4eCTOTH Ha BXOAHHS HM-
MYJICEH CHIHAJ Ce NMposiBsiBa BJAMAHHETO HA MAPAZHTHHUTE KANAUUTETH HA TPaH-
sucropa (BkK. T. 3.5), KONTO NpelM3BMKBAT 3a0aBsiHe HA NMPOUECHTE HA MpeR-
KJIHYBaHEe HA HU3Xo0JAa. 3a CPaBHHUTCIIHA OLICHKa Ha CBOiicTBaTa U XapaKTEPHUCTUKHUTE
Ha IPEBKIIOYBAHE Ha Pa3IMdIHATE BHIAOBE TPAH3HUCTOPH CE€ HM3IOJA3BAT TEXHHUTC HM-

IIYJICHH napaMeTpu: peme Ha eKirnveane fon U gpeme Ha UsKinieaHe toft.
Uk )
Ecc ----- B

ov

~y

~y

|

|

|

Uge 4 :
UBEsat _____ |l-

|

|

|

ov

-~

0,9 I,

0,11,

Ugur 4

«LV

|
|
1
1
I
Duea. 3.75. Ilpexodnu npoyecu npu npeskniousane Ha mpanzucmopen knoy ¢ OE
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E Ha ¢wur. 3.75 ca nokasanu BpemMenuarpaMuTe Ha IPEXOJHHUTE IPOLECH NpPH

=JPEBKIIOYBAHE HA TPAH3HUCTOPA.
- B HayanoTo, KOraTo BXOZHUAT CHUTHAI € u = 0 V, HanpexenneTo ugg =0 V u
* [paH3MCTOPBT € 3anyuieH. TokbT npe3 6asata ip = 0 LA, KONEKTOPHUAT TOK ic = 0 A,
a HaIIpEeXEHHETO Ucg = Ecc.
N AKO B MOMEHTA !, aMILIMTY/aTa Ha BXOJHHA CHIHAI Ce IOBHIIM IO U = Ecc,
- TOKBT ip HapacTBa CKOKOOODAa3HO W 3aloyBa Jia 3apeXcfa KalaluTeTa Ha eMUTepPHHs
g npexox. ToBa BOAH JO IIOCTENEHHOTO HApacTBaHE Ha HANPEXEHHETO B 0asara ugg u
- chOTBETHO [0 HaMAaJsIBAHETO Ha TOKa ig. B MOMEHTa #;, BXOAHMAT KaALMTET € 3ape-
_ IeH 10 cToiHOoCT, Onu3ka 10 Upgsy ¥ TPAH3UCTOPBT € OTHYyINEeH. KOJEKTOPHHAT TOK €
—goctursai 10 % oT MakCHMalHO BB3MOXXHATa CH CTOMHOCT Icgy. VIHTEpPBaN®T OT Bpe-
—Me, B KOHTO ce M3BBPIIBAT ONMMCAHHTE MPOLIECH CE€ HapU4a 8peme HA 3a0bpAHCAHe HA
~Hapacmeaxemo WIN épeme Ha 3aKbCHeHue npu exnioyearne. Haii-uecto ce Genexu ¢ 1.
- CrenBaiuysT eTam OT NPEXONHUA MPOIleC NMPU BKIIIOYBAHE € CBBP3aH C HapacT-
TBaHEeTO Ha KOJNEKTOPHUAT TOK OT 0,1 Jcey 10 0,9 Ioen. B TO3U MHTEpBal oT BpeMe (f,—13)
_TpaH3UCTOPBHT paboTH B aKTHBHaTa 06J1aCT OT XapakTepHcTHKHTE, OT emuTepa B 6a3a-
~Ta W OTTaM B KOJIEKTOpAa IOCTBIBAT €IEKTPOHH, KOUTO Ch3JaBaT KOJEKTOPHHSA TOK.
" [InaBHOTO HapaCTBaHE HA KOJEKTODHMAT TOK B TO3M Y4acCTbK C€ ABIDKHA HA MHEPT-
THOCTTA M HeeJHAKBaTa NOABWKHOCT HA EJIEKTPOHHMTE NPH TNPEMUHABAHETO MM MpPE3
: ‘ba3zaTa M KOJIEKTOPHHMSA IpeXoJ], KaKTO M Ha BPEMETO 3a Mpe3apexaHe Ha KONEKTOp-
fmm KamauyTeT Ha TpaH3ucropa. CuuTa ce, 4e HMpOLECHT € 3aBbpPUIMJ KOraTo KOJICK-
=" TOPHUAT TOK mocturHe 90 % OT MakcHMaliHaTa CH YCTaHOBEHA CTOWHOCT B PEXHM Ha
_ HacullaHe (MOMEHTa f3). iHTepBan®sT OoT BpeMe MexIay MOMEHTHUTE #, U #3 Ce HapHuya
. épeme Ha HapacmeaHe U ce Oenexu ¢ t.. Cymara OT BpeMeHaTa #q U ¢, Openens gpe-
; Memo Ha éKNI0Y8aHe Ha TPaH3UCTopa:
" (3.66) ton =tq i,
- Crnex MOMEHTa f;3 TPAH3HCTOPHT € HACHTEH M KOJNEKTOPHHAT MYy IPEXOl.ce
?_orcasna BKJIIOYEH B NpaBa IOCOKAa. TOKOBETE M HANpPEKECHUATa OCTABAT MOCTOSHHH.
-CTOMHOCTTa Ha KOJIEKTOPHHAT TOK Ce ONpeAeNs OT MapaMEeTPHTE Ha BRHIIHATA BEpH-
= Ta - BX. (3.62). ToBa 03HayaBa, 4€ NPH CHIIECTBYBAIUTE CTOHHOCTH Ha KOJNEKTOPHHU-
““4T pe3ucTop Rc MU 3aXpaHBalIOTO HampexeHHe Ecc, caMO 4acT OT MOCTBHIBALIUTE OT
- eMHTepa eJeKTPOHHU IPeMHHaBaT B Kojekropa. OCTaThKBT Ce HATPYIBa B 00J1acTTa Ha
~ 6azata. KoMu4ecTBOTO HAaTpyNaHH 3apsId 3aBUCH OT TOJIEMHUHATa Ha TOKa mpe3 Oa3ara
~-Ig, OT KONEKTOPHAS TOK HA HACHUWIAHE Icgy, OT MPOABIDKUTENHOCTTA HA BXOLHHS MM-
TyJIC ¥ OT KOHCTPYKIIMATA ¥ TEXHOJOTHATA Ha TpPaH3UCTOpA.
B MoMeHTa #4 BXOZHUMAT CHTHaJI Ce BPBIIA B M3X0AHO cheTosHue (uy = 0 V), Ho
:-TIOpal¥l BUCOKATa KOHIEHTPAlHs Ha eJEKTPOHNTE, HAaTpymaHu B 6asara 1o Bpeme Ha
HACHLIAHETO HA TPAH3UCTOPA, KOJIEKTOPHUAT TOK Npofb/okaBa na Teue. IIpotya M
6a30B TOK, YHATO MOCOKA € 00paTHa Ha oOMyaiiHaTa. ToBa MPOABIKaBa A0 U3YE3BaHE-
TO (pa3ceiiBaHETO) Ha 3apaiuTe B 0azara. JJo MOMEHTA f5 TAXHOTO KOJIMYECTBO € JJOC-
_TaThYHO 3a Ja MOABpHKA CTOMHOCTTa HA KONeKTOpHHUAT TOK Hax 0,9 Icy. Cnen ToBa
KONEKTOPHHAT TOK 3aloyYBa J1a Criafa U B MOMEHTA fg JocTUra fo croitsocT 0,1 oy,
~ KBJIETO C€ MpHEMa, Y€ TPAH3MCTOPHT Ce 3amymBa. 3aeJHO C TOBa U3XOAHOTO Halipe-
~ JKeHHe ucg HapacTBa nmpubausutenHo o 0,9 Ecc. BpeMeTo 0T MOMeHTa #4 (B KOHTO
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craja BXOAHMAT UMILYJIC), 10 MOMEHTa s (B KO#TO ic = 0,9 Icq) ce Hapuya epeme Ha‘
3a6bpofcane Ha cnadanemo WIH 8peme HA 3aKbCHeHue npu usknoyeane. benexu ce ¢
t,. IHTEpBAN®ET MEXAY MOMEHTHTE f5 U 6, B KOHTO KOJIEKTOPHHUAT TOK crazxa oT 90 %1
11010 % oT CTOMHOCTTA CH Ha HACHILAHE, ce Hapu4a epeme Ha cnadane tr. CyMaTa oTi
BpEMEHaTa I; U ¢ OTIPENEIIs 6peMemO Ha UIKIIOUEAHE:

(3.67) tosg =1+ :

OOUKHOBEHO BpeMeTO HA U3KJIKOYBaHE i € MHOIO 10-T0JISAMO OT BpeMeTo-
Ha BKJIIOYBaHE £y,

BpemeHara 1y, I, ts ¥ f; ce JaBaT B KaTaJlo3UTe Ha TpaH3ucTopuTe. Hampumep;-
napaMeTpuTe NMPEBKIIOYBaHE Ha TpaH3ucTopa 2N2222A, u3MepeHH IO cxemara or
(1)}11‘. 3.70 npnu ECC =30 V, UlN max = 9,9 V, U]N min = —0,5 V, Rc =200Qu RB =619 Q:
ca: tg = 10 ns; t, = 25 ns; £, = 225 ns, ¢ = 60 ns. OT Tyk MOXeM Ia MONYYUM, Y€ lon = I
+ ¢, =35 ns, a tyg = t; + t; = 285 ns. MHOTO YeCTO Te3W NApaMETPU CE€ NMPEACTABAT -
rpaduyHO — KaTo GYHKIMS Ha KOJIEKTOPHUA TOK Ha HacHIIIaHe. i

CrBpeMeHHUTE OBP30 MPEBKIIIOYBAIIM TPAaH3UCTOPH MMAT BpEMEHA Ha BKIHOY-
BaHe 2+5 ns ¥ BpeMeHa Ha uskmoysade 5+10 ns.

CpoiicTBaTa Ha TPaH3UCTOPUTE KATO €JeKTPOHEH KJI0Y ca CBBbP3aHH ¢
TEXHUTE YECTOTHH XaPAKTEPUCTHKH — TPAHIUCTOPHTE C MO-BHCOKM FPAHUYHH
YeCTOTH MMAT M0-MAJIKH BpeMeHA Ha NMpPEBKJII0YBaHe U 00paTHO.

/ 3adaya

3.10. HayepraiiTe eKBUBAJIEHTHATE CXEMH B 0011aCTUTE Ha HACHLIAHE U OTCEUKa
Ha pnp TPaH3UCTOP.

/ 3adava

3.11. Ompexnenere MHHMMaIHATa CTOMHOCT HA BXOAHOTO HAaNpeXEHHUE UiN, [IPH
KoeTo KmoubT oT ¢ur. 3.70 ce Hacumia, ako R = 20 kQ, Rc = 1 kQ, B =100, Ecc =
=9 V u crenenTa Ha HacHImaHe e N = 2,

/ 3adava

3.12. Hayepraiite NpuMepHUTE BPEMEAMArpaMH Ha IPEBKIIOYBAHE HA KIOY C
OE (¢wur. 3.70) npnt Ecc =30 V, U max = 9.9 V, Ui min = 0,5 V, Rc =200 Q u R =
=600 Q, ako BpemeHaTa Ha npeBKIIOYBaHe ca: ty = 10 ns; £, = 25 ns; ¢, = 225 ns, & =
=60 ns.

.
3

3.8. MaxCumanHo AONYCTUMU NapaMeTpun n obnacr Ha
6e3onacHa pabora npu TpaH3ucropure

MaxkcuMaiHO AOIIYyCTHUMHUTE IIapaMETpH OIMPEACIAT rpaHUIUTE Ha H3IIOJI3BAHEC
Ha TPaH3UCTOPUTE 110 OTHOWICHHUE Ha:

® cmouHocmume Ha obpamuyume HanpPesICeHUs MexNcoy U3B00Ume um;
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® 20leMuHama Ha nNpomuLauUme moKoge;
- ® pasceileanama MOwHoOCH;
* memnepamypama Ha npexooa.

KoHkpeTHHTE UM CTOHHOCTH 3aBHCAT OT TEXHOJIOIHATA H KOHCTPYKIMATA
HA CHOTBETHMS TPAH3WCTOP M ce AaBaT B KaTajo3HTe. 3a a ce rapaHTupa Ha-
JeKAHOTO PYHKIMOHHPAHE HA CXeMUTE, PeXKHMHTE Ha paloTa HA eIeMEHTHTE HM
TpsifBa 1a OBAAT MO-MAJKH OT CTOHHOCTHTE HA MAKCHMAJIHO JOMYCTHMHTE MM
napaMeTpH.

3.8.1. MakcumanHo AONYCTUMWN HanpeXXeHun

- MakcHMaJIHO AONYCTHMHTE HANpexKeHUs B TPAH3UCTOpHTe ce AepuHuUparT
f_n'i;n BPb3Ka € ONMACHOCTTA 3a Bb3HMKBaHe HA NMPOOUB B 00paTHO CBbP3AHUTE ph
JIpexoau. B Karano3ure ce [aBarT:

o ® HanpeXeHHeTo KoneKTop-6a3a npu oTBopeH eMutTep — Upr)co;

¢ HaIpeXEHUETO KONEKTOp-eMUTEp IIpH oTBOpeHa 6a3a — Upr)cro;

® HalpexXECHUETO eMUTep-0a3a npu oTBOpeH KoJeKTop — Ugrepo.

- TpaH3UCTOPHTE C [MO-MaTbK 0OpaTeH TOK UMAT M0-BUCOKH NMPOOWBHHU Hampee-
g, CTOMHOCTHTE Ha Te3U HAIPEeKEHHUs Ce HAMHMPAT B CIEAHOTO ChOTHOLICHHUE:
U rycBo > U 8r)ceo > U BrEBO -

Hampumep, 3a Ttpansucropa BC413B croliHOCTHTe Ha HampexeHusTa ca:
_»U(BR)CBO =45V; Ugryceo =30 V; Ugrjgso =5 V.

Tunuynute cToitHOCTH Ha UgRr)epo 32 CUIMIMEBUTE TPAH3UCTOPH ca 5+6 V.

[Tpu HAKOM TPaH3UCTOPH NPOOUB MEXIY KOJEKTOpa H eMHTEpa MOXE Ja Hac-
"TBHIM ¥ [IPe[y JOCTHraHe Ha HampexxeHueTo Upgricro. ToBa ce HabnoqaBa pH TpaH-
3UCTOpPHUTE, KONTO Ca KOHCTPYHPAaHH C MHOTO ThHKaA 0a3a (3a Ha ce NoJxy4H Mo-TojiMa
_croitHocT Ha [3). IToHexe yBeTMYaBaHeTO HA HAMPEKEHUETO MEXY KOJIEKTOpa U eMU-
“Tepa BOAM O paslIMpsiBaHE Ha KoJleKTopHUA npexon (edexT Ha Epmu — 1. 3.1.8), nipn
“Hanpexenue Ugry, < Umr)cro, IIMPOUHHATA Ha 0a3aTa MOXeE /ja CTaHE paBHa Ha HyJa.
_ToraBa KONEKTOPHUAT ¥ EMHUTEPHUAT [IPEXOJ C€ CIUBAT, TOKBT PA3KO HapacTBa M Hac-
_tenBa mpo6us. Hanpexennero Ugry, Ce Hapuua HampexeHue Ha 3aiemsae. Jlpyr
_Ciy4aid, MpH KOHWTO NMPOOHBBT MOXE Ja HACTHIIM HpPEeJd JOCTHUTaHe HAIpPEXKEHUETO
Urycro, ce Habmo1aBa pH MOIHUTE TpaH3UCTOpH. Te paboTAT MpH rojieMu TOKOBE,
“KOMTO, B MIEAIHHUS CIydail, Tps0Ba a ce pasnmpeaensaT paBHOMEPHO IO IUIOLITa Ha pn
npexoaute. Ha npakTHka, Iopajgy ChllecTByBaluTe AeEKTH B KpUCTAIHATa PEIIET-
Ka, TOKOBETE C€ JIOKAJIM3UpAT B ONPEAENICHH TOYKH OT MPEXOAMTE U TH 3arpsABaT A0
HacTpnBaHe Ha rpobuB. Te3n npoOUBH ce HapHYaT BTOPHYHH.

B 3aBHCHMOCT OT CTOHHOCTTa Ha MaKCHMaJHO AONMYCTHMHTE HANpemEeHHs Ha
KOJIEKTOpa TPaH3UCTOPHUTE Ce AENAT Ha HUCKoBOATOBH (rox 100 V) u BHCOKOBONTOBH
(mo 1000+2000 V).

3.8.2. MakcumanHo aonyctuma pasceliBaHa MOLHOCT

- Maxcumanno donycmumama pasceiigana mowHocm P,y ce neduHmupa KaTo:
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T T,
(3.68) Pmax =L’
th

KBAETO T} max € MAKCHMAJIHO JIONYCTUMATA TEMIIEPATYPA Ha KOJIEKTOPHHS Hpexol, T, ¢ :
TeMIepaTypaTa Ha OKOJIHATa Cpeia, a R, € TOIUIMHHOTO CHIPOTHBJIEHHE MEXIY Hpe.
XOJla M OKOJIHATa cpea. o

MakcuMa HO JONyCTHMAaTa TeMIIEpaTypa Ha KOJIEKTOPHHA NPEXOM Tj max € OKos
1o 120+150 °C 3a cunnmeBute Tpanzuctopu 1 80+90 °C 3a repmanmenute. Tonnug:-
HOTO CBHIPOTHBIIEHHE MEX/Yy NpPeXo/Jia U OKOJIIHATa cpeaa Ry, 3aBUCH OCHOBHO OT KOH-.
CTPYKUMATA Ha TPaH3UCTOpa (HAmp. BHAA M PasMEPHTE Ha MONYIPOBOXHMKOBHY.
KPHCTall, HAYMHA Ha CBHP3BAHE HA W3BOJMTE HA TPAH3NCTOPA KbM KPHCTAa, BUMA u-
pa3MepuTe Ha Kopliyca) ¥ JIMIICaTa WM HaJM4YMeTO Ha pajuarop. B 3aBHCHMOCT o1L
Te3u daxkTopHu Ry, Moxe a Bapupa mexay 0,5 °C/W u 500 °C/W.

TIpuMepHaTa 3aBHCMMOCT Ha JOIYCTHMATa PascefiBaHa MOLIHOCT HA TPAH3HCT
Topa P, OT TeMIepaTypaTa Ha OKoJIHaTa cpefa Ty, B ciiydyail ¢ 1 6e3 panuartop, € mo-:
kaszaHa Ha ¢ur. 3.76. B o6xBara oT 25 °C 10 Tj max 'padmKaTa npeacTaBisBa Ipasa:
JIMHHSA, YMHUTO HAKJIOH Ce OmpeneNid OT CTOMHOCTTa Ha TOIUIMHHOTO CBHIPOTHBICHHE
Ry [Tonexe ce cuuta, Ye €AHO YCTPOHCTBO BHHArM Lie paboTy mnpu cTaiiHa TeMIiepa-:
Typa (ZOopH H caMo B Ipolieca Ha HacTpoiKka), MouHocTTa mmox 25 °C e mpuera 3a He:
M3MEHHA.

doal i

A
P

max?

w
— C paauarop

7

panuarop
]

>

25°C T T,°C

jmax

Que. 3.76. 3asucumocm Ha MAKCUMANHO OORYCIMUMAMA PA3Cel8ana MOWHOCM
3a mpan3sucmop c u 6e3 paduamop om memnepamypama Ha OKOIHAmMa cpeoa

3a 1a He HACTBNH TONJIMHEH NPOOMB € He0o0X0AMMO eJleKTPHYeCcKaTa MOIl:
HOCT, OT/J€JINHA BLPXY TPAH3HCTOPA, Aa ObJe M0-Majka 0T MAKCHMAJHO AOMmyc-
THMaTa pa3celiBaHa MOLIHOCT,
(3.69) Ucglc <P,

max ?
KbaeTO Ucg M I ca HanpeKeHNEeTo U TOKa B paboTHATA TOUKA HA TPAH3UCTOPA, A Pra
Tpss6Ba [1a ce Onpesely IPY MaKCHMallHa TeMIIepaTypa Ha eKCIUTOATALNs Ha anapaTy-
paTa.

B 3aBHCHMOCT OT MaKCHMAaJIHO JOMYyCTHMATa pa3ceiiBaHa MOLLHOCT TpaH3HCT0—

puTe ce AeniT Ha ManoMOUHH (Pn. 0 0,3 W), cpenHoMomuu (P, Mexay 0,3 #
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1,5 W) 1 Mo (Prax Hax 1,5 W). B npakTukata ce M3nonspat MOIHH TPaH3HCTOPH
¢ Pmax OT HOpsinbKa Ha (400-500) W.

g~ Mpumep:

3.10. Onpenensine Ha MaKCMMAJIHATA CTOMHOCT HAa KOJICKTOPHHUS TOK B pa-
60THATA TOYKA

TONIMHHOTO CHIPOTUBIICHUE HA CPEIHOMOIIEH OUIIONAPEH TPaH3UCTOp € Ry, =
=250 °C/W, a MakcCHMalnHO JONyCTHMaTa pa3ceHBaHa MOIHOCT Pp,y, MPH TeMiepa-
Typa Ha okonHara cpena T, = 25 °C, e 500 mW.

Omnpenenere MakCHMAallHaTa CTORHOCT Ha KOJIEKTOPHHA TOK, IIPH TEMHeEparypa
sa oxonHara cpena T, = 50 °C u ctoitHocT Ha HanpexenueTo Ucg =5 V.

PeweHue
Hait-nanpen onpegensMe CTORHOCTTa Ha MaKCHMAJIHO JONIyCTUMAaTa pa3celBa-
Ha MOIIHOCT Pp, IPU TEMIIEpaTypa Ha okonHara cpena T, = 50 °C.
3a menTa, ¢ MOMOLITa Ha ypasHeHHe (3.68), onpegensiMe MaKCUMAIHO MOIMYyC-
THMaTa TEMIIepaTypa Ha KOJIEKTOPHHUA MPexXos
Timax = P (25°C)-R, +T,=05W-250°C/W+25°C=

=125°C+25°C=150°C.
. Cnen ToBa, ChC CBILOTO YpaBHEHHE, ONpefe/iMe MaKCUMAHO JOMyCTHMAaTa
pa3sceliBaHa MOILHOCT Py, IPY TEMIIEpPaTypa Ha okojHaTta cpena T, = 50 °C.

T. __T ° _ ° °
P_(50°C)=—im e _150°C-50"C _ 100 °C

= =04 W.
R, 250 °C/W 250 °C/W
Haxkpas, ¢ momourra Ha (3.69), nonyyaBame:
I. < P _04W _ 80 mA,
U 5V

T. €. MAKCHMaJIHUAT KOJEKTOPEH TOK, P TeMIepaTypa Ha okonHara cpezia T, = 50 °C
 cTOiHOCT Ha HampexeHueTo Ucg =5V, e Iz = 80 mA.

3.8.3. MakcumanHo gonycTumMmu Tokose

B xaranosuTe ce JaBaT JAaHHW 32 MAKCHMAJIHO JONYCTIMUTE CTOHMHOCTH Ha KO-
NEKTOPHUS Ic max ¥ 0a30BUSA Ip max TOK. B mpakTuKaTa Te ce ompeneniT eKClepuMeH-
TAJIHO OT IPOM3BOAMTENS BBB BPB3Ka C KOHCTPYKIMATA HAa TPaH3UCTOpA, YHCTOTATA U
KOJIMYECTBOTO JEPEKTH B KPHUCTAJHATA pelleTKa Ha W3MON3BaHus MaTtepuan. Hamp. 3a
cpenro mMourHus curnneB TPaH3UCTOp BC413B Ic o = 100 mA u I max = 20 mA.
ChblecTByBaT MOLIHH TPaH3UCTOPH, KOUTO PabOTAT C KOJEKTOPHH TokoBe Hax 500 A.

3.8.4. O6nacT Ha 6e3onacHa paboTa npu TpaH3ucTopuTe

MaxkcHMaJIHO JONYCTHMHMTE TOKOBE, HANPe)KeHWs M MOILUHOCT NPH TPaH-
3UCTOPHTE ONpeaeasT o0aacTra Ha Ge3onacHaTa UM padora. Td e noka3aHa BEPXY
M3XOJJHUTE XapaKTepPUCTHKU Ha TpaH3ucTopa Ha dur. 3.77. Ycnosuero 3a 6anaHc Ha
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MOILIHOCTHTE C€ MPEeACTaBeHo ¢ XMepOoaTa Ha MaKCHMAJIHO JOITYyCTUMATa MOIIHOCT
Ucelc < Ppax. CTOHHOCTHTE Ha KOJEKTOPHHAT TOK C€ OrPAHHYABAT OT M3HUCKBAHeTy
Ic < Ic max, @ HA HaTIpeXXEHHETO KoJyieKTop-eMUTepP — OT Uck < Ugryceo. %

IC,A1
I

Cmax

U(BR)CEO UCE’ V -

@ue. 3.77. Ilpedcmasane Ha obracmma Ha
be3zonacra paboma Ha MPAH3UCOPA BbPXY UXOOHUME MY XAPAKMEPUCTIUKU

B karanosure obnacTTa Ha 6e3omacHa pa6oTa ce JaBa Ha rpaQuKH, YHKTO OCH
ca B JIBOEH JioraputMuueH maniad (¢ur. 3.78). B to3m cnyuvaif, tuana A npezacraes
OTpaHHYEHHUETO MO TOK, NUHMA B — mo MomHocT, UM C NpeAcTaBs yCIOBUETO 3a
BB3HHKBAaHE Ha BTOPHYHHM MPOGHBH, JbIDKAIIN Ce HA Ne(EKTH B KpUCTAIHATA pEIleTKa
¥ muHAA D npecTaBs orpaHHYEHHETO MO HalpeXxeHHe.

A
LA A
o~

<D
U(BR)CEO UCE,VV

Due. 3.78. Ilpeocmasane Ha obnacmma va
be3onacna paboma Ha mpan3ucmopa Ha zpaguxa ¢ 08oer 1o2apummuier Mawab
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rMABA 4
TUPUCTOPU

4.1. OnpeaeneHne n OCHOBHO NpeaHa3HaudeHue

THPUCTOPBT € NOJYNPOBOAHHKOB €JIEeMEHT, CHCTOSI Ce OT TPH MJIM MoBe-
ye pn npexoaa. OCHOBHOTO My NPHJIOJKeHHE € KATO KOMYTATOp HA TOK, Hampe-
JKeHHe H MOLIHOCT.

TupuCTOPBT MMa ABE YCTOMYMBH CHCTOSHUS: GKNIOYEHO (OMNyuien mupucmop)
U UKNI0YeHO (3anyuien mupucmop). BB BKIIOYEHO CHCTOSHHE TUPUCTOPHT CE Xapak-
TEepU3HMpa C MHOTO MaJKO CBHIIPOTUBIICHHE M CE MPEACTaBs ONPOCTEHO KaToO 3aTBOPEH
KoY. B H3KIII04EHO CHCTOSIHIE TUPUCTOPBT C€ XapaKTEPU3Npa ¢ MHOTO I'OJISAMO ChII-
POTHUBJIEHHE M CE NPEJICTaBsA ONPOCTEHO KaTO OTBOPEH KJIIOY.

4.2. NMpuMepHa KOHCTPYKLUSA U YCNTIOBHO rpapUyHO O3HaYeHue

Ha ¢ur. 4.1a e nokazaHa npuMepHaTa KOHCTPYKLHA Ha THpucrop. Ts mpenc-
TaBJIAIBa YETHUPUCIIOITHA CTPYKTYpa (p1npany), ChABPKALLA TP pn NPEXoAa.

Ha ¢wr. 4.16 e moka3aHO yCIOBHOTO IrpadHYHO O3HAYEHHE Ha THpUCTOp. Toi
uMa TpH u3Boja — A (Anode, Aron), K (Cathode, Katox) n G (Gate, Ynpasnspar

€NIEKTPON).
A

EE ,

a) 6)

Due. 4.1. Ilpumepra kowcmpyxkyus (a) u ycrosHo spaguuno o3nayenue (6) Ha mupucmop

4.3. CBbp3BaHe 1 NPUHLUMN Ha AECTBME Ha TUPUCTOP

Ha ¢ur. 4.2 e noka3zaHo npaBoTo BKIIOYBaHE Ha TUPUCTOP B CXeMa 32 ynpaBJic-
HHe Ha ToKa [, Ipe3 ToBapa R,. 3a 1enTa, NOMOKUTENHHUAT TTONIOC Ha 3aXpaHBallys H3-
TOYHMK E, Ce BKIIOYBA KbM 3HO/A, a OTPULIATENHHUAT TONOC — KbM KaTozia. KbM yn-
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PaBIIABALIAS ENEKTPOJ, Ha THPUCTOpA CE MOflaBa TOK Ig, KOHTO MOXKE 1a MMa Pas3iuyHy |
CTOMHOCTH, B 3aBUCHMOCT OT T'OJIEMHUHATA Ha pe3ucTopa Rg M ChCTOSHHETO Ha KJItoda S, =

Ll & A +

//////"{é U, T tE" )
N ‘
1

+

\%4

|-
I"

K
Duez. 4.2. Cévpssarne Ha mupucmop e cxema 3a ynpaenenue Ha moxa I, npez moeapa R,

Hexka Hali-Hampen pasriename cirydasi, IIpy KOHTO KIIOYET S € oTBOopeH. Torasa’
yIpaBnsBayAT ToK Ig = 0 ¥ THPUCTOPBT paboTH KaTO JBYEIEKTPOJEH KIIOUOB efe-
MeHT — quHucTop. IlpumepHara ekBUBaIeHTHA CTPYKTYpa, 32 TO3U Clydail, € IoKasa-
Ha Ha ¢ur. 4.3. B Hes, pasriexaaHaTa YeTHPUCIIONHA CTPYKTypa € IpelicTaBeHa KaTo
IBa TPaH3NCTOPA — PP, U Nop,n;. [IpexoauTe pin) U nyp, ca BKIIOYEHH B NpaBa I0-
COKa ¥ M3ITBJIHABAT POJIATA HAa eMUTEPHH npexoad. CEOTBETHO ABETE KpaiiHK o0nacTu
(P1 M ny) ce HapHUYaT eMUTePH, a JBeTe cpenuu obnactu (n; u p;) — 6asu. IIpexoast
nip; € BKIIOYEH B 00paTHa MOCOKa M M3IIBJIHABA POJIATA Ha KOJICKTOPEH MPEXOo] U 32
ABata TpaH3ucropa. CineoBaTeTHO, ABETE CPEAHHU obmacTy (1, ¥ p;) ca eqHOBPEMEH-
HO 6a3a 3a eqUHKA M KOJIEKTOP 3a APYIUs TPAH3HUCTOP.

BonT-amnepHara xapakTepicTHKa IpH NMpaBo BKIIOYBaHE Ha TWHHCTOpA € IO-
Ka3aHa Ha ¢ur. 4.4. [Ipu cToMHOCT Ha aHOAHOTO HampexxeHue U, paBHO Ha HyJIa, TO-
KBT IIpe3 AMHUCTOpA CBLUO e Hyna. IIpy HapacTBaHe Ha 3aXpaHBAIOTO HANpPEXEHHE,
TIpe3 IPaBo MONSAPU3MPAHUS EMUTEPEH NPEXOJ Ha TPAH3UCTOPA P i/ Py C& HHKEKTHPAT
AYNKH, 4acT OT KOMTO, Upe3 Audy3us, JOCTUTAT KOJIEKTOPHHS IIPeXo]] U IPEMHHABAT B
001aCTTa p;. AHAIOTHYHO, TIpe3 eMUTEPHHUS IPEXOJ HA TPAH3UCTOPA MoPolt) CE UHIKEK-
THpaT €JIEKTPOHM, YacT OT KOMTO IpeMuHaBaT B obnactra n;. Ilpu croiiHocTH Ha
AQHOAHOTO HampexeHue U, 3HaYuTeNnHO Io-Manku ot Upp, KOMMYECTBaTa Ha MPEMHU-
HAIUTE eNEKTPOHH (B ;) U IyNKH (B p; ) Ca MUHUMAJHH U T€ YCIIABAT a PEKOMOHWHH-
pat. B pe3ynTar, npexoabT np; OCTaBa BKIIOYEH B 0OpaTHA IIOCOKA M HEFOBOTO CHII-
POTHRBIIEHME € MHOro rojsamo. ToBa omnpenens MHHHMalneH TOK I, mpe3 Bepurarta.
HAunucTopsT € 3amymieH (y4acThK 1 OT BONT-aMIepHaTa XapakTEPUCTHKA) M Hampe-
JKCHHUETO BBPXY HEro € NpHONH3UTENTHO PAaBHO Ha 3aXPaHBaIIloOTO.
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Quz. 4.3. IIpedcmassne Ha dunucmopa kamo KombuHayus om 08a Mpausucmopa

[MoBuimaBaHeTo Ha 3aXpaHBal[OTO HANpeXeHHe N0 cToHHOCTH 6iu3kH A0 Uso,
NpeAN3BUKBA HapacTBaHe Ha HANPEXXEHMETO Ha KOJSKTOPHMSA MPEXOX Ha TPaH3UCTO-
pute. CpriacHo epekra Ha Epiu, ToBa BOAM 0 yBelHWYeHHEe HA KOeQUUHEHTHTE HA
npenaBaHe Ha €IEKTPOHUTE ¥ AYNKUTE Ha ABaTa TpaH3UucTopa. B pesynTar, koaudecT-
BOTO Ha HaTPYNBaHUTE €IEKTPOHHU B 0OJIACTTA n; U HYNKU B 00jacTTa p, HapacTBa.
ITossBUNUAT ce HOMBIHUTENEH OTPULIATENIEH 3apan B Ga3ara n; MpeAH3BHKBA YBEINYE-
HYE Ha MHXKEKTHPAHUTE AyNKH OT EMHUTEPA p; U CIENOBATENHO /IO JONBIHHTENHO Ha-
'pacTBaHe Ha ITOJIOKUTENHHUS 3apAk B 001acTTa p,. HapacTBaluaT MOMOKUTENEH 3aps]
B 6asara p, Npeau3BMKBA HAPACTBAHE HA MHXKEKLUHUATA HA EJIEKTPOHH OT Ny, KOETO BO-
IH [0 OLIE HO-TOJIAMO YBEIH4YeHHe Ha OTPHULATENHHSA 3apaj B objactra n,. Ilpu cToit-
HOCT Ha aHOJHOTO HampexeHHe paBHAa Ha Upp, HACTHIBA NpPOLEC HA JaBMHOOOPa3HO
HapacTBaHe Ha 3apaAuTe B JBeTe 0a3u, KOeTo HE MOXeE Ja Ce KOMIIEHCHpPa C peKoMOH-
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HaUMs Ha TOKOHOCHUTENMTE B TAX. TOBa NpeIu3BUKBA I104BaTa Ha BBTPEIIHO EJIEKTPH-
YecKO IIoJIe, YHATO NOCOKa € o0paTHa Ha II0JEeTO Ha BHHIIHMS 3aXpaHBalll H3TOYHHUK,
Korato BBTpELIHOTO €JIEKTPHYECKO IOd€ HApacHE JOTOJKOBA, Y€ Ja KOMIIEHCHpa
BIMSHUETO HA BHHINHHA M3TOYHHK, KOJEKTOPHHAT HpeXox IpeMHHaBa OT 0OpaTHO B
[paBo BKJIIOYBAHE ¥ AUHUCTODPHT C€ OTMyIUBA. [[afbT BRPXY HEro psA3Kko HaMalsgBa Lo
OCTaTBYHOTO aHOAHO HampexeHne AU,, yMsATO CTOMHOCT € OK3Ka IO HalpeKeHHUeTo
Ha OTIyLIEHWs pn MpeXox (Y4acThK 2 OT BONT-aMIIEPHATa XapaKTepHCTHKa). TOKBT
npe3 BepUraTa CTaBa MaKCHMAJIEH U Ha NMPAKTHKA e ONpEJes OT CTOMHOCTTAa Ha To-
Bapa R ¥ OT HAIIPEXEHUETO Ha BHHUIHHUA 3aXpaHBalll U3TOYHUK Eja:
E,-AU, E,-077V E,

“.1) I, = = =5
Ry R R, N

CnegoBarenHo, IpH NpaBo BKJIYBaHe, IHHUCTOPBT MOXe Ja ce HAMHMDa B
IBe BbL3MOKHU CHCTOSSHMSI — BKJAI0OYeHO (OTHYUIeHO) U M3KJII0YEHO (3amyHIeHo),
3anymeHoTo ChCTOSIHUE OTrOBaps Ha yyacTbk 1 oT BoAT-aMmepHaTa XapakTe--
pucTHka Ha ¢ur. 4.4, KOATO ce XapaKTepU3HPa ¢ MHOIO roJisIMO CbIIPOTHBJICHUE
Mex1y aHOJA U KaToJa. B TO3M y4acTBK TOKBT [, € NpUONM3UTENHO HyNa, a Hampe-
XXEHUETO aHOA-KaTo[ U, € mpruOMH3NTEIHO PaBHO Ha 3aXPaHBALIOTO HaIpexeHHe E,,
OTnyweHoTo CLCTOSIHHE OTrOBAPS HA YYacTBK 2 OT BOJT-aMIepHATA XapaKTe-
pucTuka Ha ¢ur. 4.4, KoiiTO ce XapaKTepU3HpPa ¢ MHOT0 HHCKA CTOHOCT HA ChII-
POTHBJCHHETO MEKAY aHOAA U KATOAA. B To31 Y4aCTbK TOKBT IA C€ onpeneni rias-
HO OT TOJEMHHAaTa Ha TOBapa M 3axXpaHBamIOTO HANpeXeHHe, a BIMAHHUETO Ha
OCTaTBYHOTO HampexeHue AU, e munuMmanHo. OTNYIMEHNAT AMHUCTOD 3aIla3Ba ChC-
TOSTHHETO CH JIOKaTO TOKBT IPE3 HETO € IMO-TOJIAM OT CTOMHOCTTA Ha TOKa Ha yAbpXKa-
He Iy. Mexay /iBaTa y4acTbka Ha XapaKTEpPHCTHKAaTa C€ HaMHpa IPEXOAEH YJ9acThK
(HayepTaH C MPEKbCHATH JIMHMHK), CHOTBETCTBALI HA HEYCTOMYHBOTO CHCTOSHME Ha
JUHHICTOpA NPH IIPEMHHABaHe OT E4HOTO CTA0MIHO CECTOSHUE B APYrOTO.

I, A 1\
/AUA
)
D G
i —jb~______:*
U V /7 UV

Que. 4.4. Bonm-amnepha Xapakmepucmuxa Ha OUHUCMOp

ITpu obprInane HA MONAPHOCTTA HA 3aXPAHBAILOTO HampexeHue E,, npexomure
Pin M nyp; ce ABABAT BKJIIOYEHU B 00paTHA MOCOKA M XaKTEPHCTHKATa HA JUHUCTOPA
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Hanoio0s5Ba XapaKTEepUCTUKAaTa Ha 0OpaTHO CBBP3aH MOJYNPOBOAHMKOB auox. Cre-
JOBATEJIHO JUHUCTOPHT MMa €HONIOCOYHA IIPOBOJMMOCT — NPOIYCKa Camo IIPH IIPaBoO

BKJIIOUBAHEC HA aHOAHOTO HAIIPCXKEHUE.

Ha ¢ur. 4.5 € nokasana eKBUBaJICHTHaTa CTPYKTypa Ha THPHCTOPHATa BEpHra
_or ¢ur. 4.2 npu 3aTBapsHe Ha KIo4a S. B ciydas MexaHM3MBT Ha BIUIIOMBAHE HA TH-
pUCTOpA € aHAJIOTHYeH Ha ONMCAHMUS [0-rOpe MEXaHNU3bM Ha BKIIOYBAHE Ha THHHCTO-
pa. YnpasisBauysT eneKTpox G Ha THPUCTOpa € CBbP3aH KbM M3TOYHHKA Eg, koeTo
103BOJIIBA KOJIMYECTBOTO Ha AYNKHUTE B 6a3ara p, Aa ce MOBHUILY JONBIHUTENHO, Ype3
foJaBaHe Ha ymnpaBisgBall TOK Ig npe3 Bepurata Eqg—Rs—G-K. Ilo T034 HadWH, BB3-
HHKBAaHETO Ha ITOJIOXHMTENHATA 00paTHa BpB3Ka (IAaBUHOOOpa3HUs Npoliec) ce obiek-
-yaBa M BKJIOYBAaHETO C€ OCBILECTBABA MpPHU MO-HUCKM CTOHHOCTH Ha 3aXpaHBAaIIOTO

_panpexenue Eg.-

W,
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Duz. 4.5. Illpedcmassne Ha mupucmopa Kamo KOMOUHAYUs om 06a Mpan3ucmopa

4.4. XapaKTepuCTMKHN n napaMeTpyu Ha Tupucropure

Ha ¢wur. 4.6 e npeacraBeHO CEMEHUCTBOTO U3X0O0HU XAPAKMEPUCMUKY Ha TAPHUC-

Topa Ia = f{U,) nipu Ig = const. Tlpu npaBo BKIIOYBAHE HA THPUCTOPA, YBETHUYABAHETO
Ha TOKa Ha YMpaBJABALUHA €NEKTPOA BOAY 0 HaMaJIABaHE Ha aHOZHOTO HAaNpEe)XEHHE,
;ipn KOETO C€ OCBILIECTBABA NPEMHHABAHETO OT 3aMYIIEHO B OTIYIUEHO CHhCTOSHHME.
IIpu nocTaThyHO roiAM yNpaBisBall TOK, TAPUCTOPBT C€ BKIIOYBA NPH MHHUMAIHH
- CTOMHOCTH Ha aHOAHOTO HampexXeHWe, ONM3KH JO OCTAaTBYHOTO HampexeHue AUa.
IIpu o6paTHO BKIIOYBaHE, XapaKTEPHCTHKATA HA THPHCTOPA Hamoao00sBa XapaKTepHc-
“TAKaTa Ha OOpaTHO CBBP3aH IIOJYNPOBOAHMKOB auoi. ClenoBaTenHO THPHCTOPBHT

_(chIIO KaTO KMHMCTOPA) CE XapaKTEPU3HPA C ENHONOCOYHA IPOBOAMMOCT.
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Duez. 4.6. H3zxooHa xapaxmepucmuxa Ha MUpucmop

Ha ¢ur. 4.7 e noxasana nyckoeama xapakmepucmuka Ha TApucTropa Upg =
= fl). T4 npeacTaBs 3aBUCUMOCTTA Ha HaNPEXXEHUETO Ha BIUTIOYBaHE Upp OT TOKA Ha-
yIpasjisiBalius eneKTpos Ig.

Uy, V 4 Z

I, mA

Que. 4.7. IIyckosa xapaKxmepucmuxa Ha mupucmop

Bxoonama xapaxmepucmuxa nHa tapucropa I = flUgk) HaBa 3aBHCUMOCTTA Ha
YNIPaBIABALIUA TOK Ig OT HANMPEXEHHETO MEXIy YNPAaBIABAILMA €IEKTPOA M KaToHa
Usk. Ha ¢wr. 4.8 ca noka3asn BXOAHHTE XapaKTEPHCTHKH Ha [Ba THPUCTOpA OT eIMH
u cbuM TUN. Te ce XxapakTepu3upaT ¢ MHOTO TOJIAM TOJIEPAHC, MOPAIH KOETO eHH H
CBIIHM TOK CE€ MONy4aBa NPH 3HAYUTEITHO PA3NIHYaBALlH Ce CTOMHOCTH Ha HalpeXKeHHe-
TO MEXJy YNpaBJsBallUi €NeKTpoxd M KaToja. ToBa Hanara, MpH NPOEKTHPAHETO HA
BEPUIUTE 3a YNpaBleHUE, Ja Ce B3eMaT Crel(UYHU MEPKH 3a rapaHTHpaHe Ha Ha-
JEKIHOTO BKJIIOYBAHE HA TUPHUCTOPA.
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Due. 4.8. Bxoona xapaxmepucmuxa Ha mupucmop

XapakTepHo 32 THPHCTOpA €, 4Ye cjel BKJIIYBAHETO MY, CTOWHOCTTA Ha
yHnpaBIsiBalHs TOK MOJke Ja CTAHe PaBHA Ha HyJIa, 6e3 1a MMa OMAaCHOCT OT H3K-
moyBaHeTo My. Clle0BaTeIHO, BKIIOUYBAHETO HA THPHCTOPA MOsKe Ja ce yYnpaB-
JSBA U 4pe3 eTHOKPATHO NOJAaBaHe HA TOKOB umnyJic I ¢ onpeneieHa aMIIMTY-
A2 ¥ NPOIBKHTETHOCT.

Beansxk BKJII0YEH, THPUCTOPBT MOXKe [a ce M3KJII0YH eJHHCTBEHO 4pe3
HAMaJIsIBaHe HA AHOJHHS TOK MOJ CTOHHOCTTA HA TOKA HAa yabprkane Iy,

OCcHO6HU cmamuYHU napamempu Ha mupucmopa

Hanpeoicenuemo na einiousane Upo € aHOJHOTO HANpEKEHUE, NPH KOETO TH-
PUCTOPBT NPEMMHABA OT M3KIIOYEHO BBB BKIIOYEHO cherosHHe. Omnpenens ce mpu
CTOMHOCT Ha ynpasiasiBamus ToK Ig = 0 (oTBOpeHa BepHra Ha yNpaBisBallUs eJeKT-
pox).

Ynpasnseawusm mox na exnousane Igr € Hal-MaJIKUAT NIOCTOSIHEH TOK Hpe3
yIpaBJABalIUsA €JEKTPOA, KOHTO rapaHTHpa BKIIOUBAHETO HAa TUPHCTOpaA IPH 3ajale-
HU aHoxHO HampekeHne Uy < Upp ¥ TOBap Ra.

Yowvpoicawuam mox Iy e Hall-MaJIKUAT aHOJAEH TOK, JOCTAaThYeH 3a TIOZIbpiKaHe
Ha THPUCTOPA B OTMYLIEHO ChCTOSHUE.

Toxvm na exnoqeare I, € aHORHUA TOK, Ha OTNYLICHUA THPUCTOP, chocpe;wT-
BEHO CJie]l IPEBKIIOYBAHETO MY NOJ| BB3/IeiCTBIE HAa TOKOB UMITYJIC,

Cpeonuam anodern mox 6 omnyuieHo cbcmosHue Itay TOKa3Ba KaKbB CpPeleH
HITH [TOCTOSIHEH TOK MOXKE J1a IPOTHYA IIpe3 TUPHUCTOpa.

Ocmamvunomo nanpesicenue AU, xapakTepu3npa naja Ha Halpe)XeHHe BBPXY
oTnywenus Tapuctop. OpHeHTHPOBEYHATA MY CTOMHOCT € paBHa Ha Iaja Ha Harmpe-
MEHHE BBPXY OTIYLICHUA pn NPeEXoN,

IIpobusnomo nanpedcenue Ugg onipenens CTOHHOCTTa Ha 0OpaTHOTO Hampexe-
HHeE, IpH KOETO B TUPHCTOPA HACTHIIBA NPOOHB.

OcHoeHu OuHaMUu4YHU NapaMempu Ha mupucmopa

KBM ocHosHume ounamuynu napamempu Ha mupucmopa ce OTHACAT 6peMeHa-
ma ua exmoyeane u usiiioueane. Te ca oHarneneHn Ha gur. 4.9. ®ur. 4.9a npencraes
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IIpUMeEpHATa CXeMa Ha CBbp3BaHE Ha THPHCTOpA, a ¢ur. 4.96 — BpeMenuarpamMure Ha
NpPEBKIIIOYBAHE OT 3aMyLIEHO B OTIYLIEHO ChCTOAHME M 0GPaTHO. =

R,
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Due. 4.9. Cxema 3a mecmeane (a) u epemeduazpamu (6)
HA npoyecume HA BKIIOYEAHE U USKTIOYBAHE HA MUDUCMOP

Bpememo na exnioueane ty € MHTEpBaNTa MEXIY MOMEHTAa Ha IIOJaBaHEe Ha OT-
MyUIBAll CHTHAJI Ha YMpaBiABAallHs €IEKTPOA ¥ MOMEHTA, IIPH KOHTO aHONHHS TOK
noctura 90 % or ycraHoBeHaTa cu cToiHOCT. ToBa BpeMe ce ompeaens oT CKOpoCTTa
Ha MPOLECHTE HA HaTpyNBaHe HAa TOKOHOCHTEM B JBere 6a3u Ha THpHCTOpa. 3aBUCH
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OT KOHCTPYKUHMSTAa HA TUPHCTOPA, OT TOJIEMUHATA HA AHOJHHA TOK, OT NMApPaMeTPUTE
Ha OTHyIIBalys UMIyJc. HanpuMep IpH cTOHHOCTH HAa aHOAHMA TOK CTOTHIIH aMmire-
pY, BPEMETO Ha BKIIIOYBaHE, IPH PasIWYHUTE THPUCTOPH, Bapupa Mexay 20 Us u
50 pus. IIpx CTOMHOCTH Ha aHOAHHMS TOK OT IIOPAABKA Ha HAKOJIKO JECETKH aMriepa,
BpeMeHaTa Ha BKIIOUBaHe cnajar nox 10+15 ps.

Bpememo na uskmioueéare tq € UHTEPBATBT MEX/AY MOMEHTA, B KOHTO aHOJHHAT
TOK € CcIajiHajl [0 HyJa X MOMEHTa, B KOWTO TUPUCTOPBHT BB3CTaHOBABA 0e3KPaiHOTO
CHIIPOTHBIICHUE Ha KOIEKTOPHUA CH IpexoX (T.e. MOMEHTa, B KOHTO HATPYNaHWUTE B
nBeTe 0a3u TOKOHOCHTENH peKoMOMHMpaT). BpeMeHaTa Ha H3KIIOYBAHE Ca 3HAYMTEI-
HO TMO-TOJIEMH OT BpEMEHaTa Ha BKIIIOUBaHE Ha THPHCTOpA. THITMYHHTE CTOMHOCTH Ha
1, Ipu aHoqHH TokoBe Hax 100 A ca mexay 100 us u 500 ps. IIpu no-mManku cToifHOC-
TH Ha aHOAHHS TOK, BpeMEHATa Ha M3KIIoYBane ca mox S50 us.

Kpumuunama ckopocm na napacmeane Ha anoonomo Hanpedicenue dua/dr xa-
paKTEpH3Mpa MAKCHMAJIHO JOIyCTHMaTa CKOPOCT Ha HapacTBaHE Ha aHOJHOTO Hall-
pEXEHHE, NPH KOATO THPHCTOPBT OCTaBa 3alylleH. IIpu cTOMHOCTH Ha dua/dt Han
KpUTHYHATA, THPUCTOPBT CE CaMOBKIIOYBA, HE3aBUCHMO OT TOBA, Y€ JIUIICBA YIPaBJIsi-
BAlll KMIIYJIC ¥ Y€ aHOAHOTO HAMpPEWEHHE € MO-MaJIko oT Ugpo.

Kpumuunama ckopocm na napacmeane na anoonus mok dia/dt xapakrepusnpa
MaKCHMAJIHO JOMyCTHMaTa CKOpOCT Ha HapacTBaHEe Ha aHOIHHUS TOK MPH BKIIOYBAHE
Ha TUPHCTOpA B IpaBa nocoka. [Ipu croliHocTH Ha dia/dt Haj KpUTHYHATa, CKOPOCTTA
Ha HapacTBaHEe Ha aHOJHMA TOK € II0-ToJsiMa OT CKOPOCTTA Ha OTIYILBaHE HAa THPHC-
Topa. B pe3ynrar, TOKBT ce KOHLEHTpHpa B MaIbK Y4acTbK OT C€YEHMETO Ha THUPHC-
TOpa, PerpsABa ro ¥ THPUCTOPHT CE HOBPEXA.

4.5. HaunHu 3a BK/IlOYBaHe U U3KJIIOYBaAHe Ha TUpUCTOpUTE

TupucropuTe ce BKJIKYBAT IJIABHO N0 ABa HAYMHA:
ket qpea NNOBHIIABaHe HAa AHOAHOTO Hanpemenne Haa HanpemenneTo Ha
BriIouBaHe Ugp;

— yYpe3 NoJaBaHe HAa OTHYIIBAI UMIYJIC BbB BEpUIaTa Ha yNpaBJisiBallus
enexktpoa G.

Bb3M0’KHO € THPHCTOPHTE /1a ce BKJIKYAT U 4pe3 00/buBaHe HA yNPaBJIs-
BalMs eJeKTPOJ, TIPH KOETO B HEr0 Ce aKTHBHPAT NPOLECHTE Ha TeHepHpaHe Ha
cBoOOHH TOKOHOCHTeNH. [IpH NOCTaThYHO royiMa CTOHHOCT Ha TBYEHHUETO, BH3HHUK-
Ba JaBUHOOGPa3eH NPOLEC ¥ THPUCTOPBT ce oTmywBa, ONMCaHUTE NPOLECH ce Hab-
JI0JaBat NpH (GOTOTUPHUCTOPHUTE.

TemnepaTypaTa BJiusie CHJIHO HAa NPOLECHTEe HA BKJIIOYBAaHe HA THPHCTO-
puTe. YBEIMYCHHUETO Ha TEMIIEpaTypaTa NPeAN3BUKBA HapacTBaHE Ha KOHLEHTPALWA-
Ta Ha CBOOOJHH TOKOHOCHTENH B OTAEITHUTE 06IaCTH Ha THPHCTOPHUTE, KOETO MOJXKE Jla
ROBeJIE 10 HeXENaHOTO UM oTmyuiBaHe. OT Jpyra cTpaHa, HpH ro/sIMO HaMallsiBaHe Ha
TeMIIepaTypaTa, THPUCTOPBT MOXKE 1a He ycliee Ja Ce BKIIOYM NIPH JXKeJlaHaTa CTOM-
HOCT Ha YNpaB/fBalys TOK. ETo 3amo, npy npakTHYECKOTO NPOEKTHPAHE Ha CXEMH,
napaMeTpHTe Ha yNpapisBalUTe UMITYJICH TpsaOBa 1a ce u3bepar Taka, ye fa KOMIIeH-
CHpaT TOJIEPAHCUTE BHB BXONHUTE XapaKTePUCTUKH Ha THPHCTOPHUTE U Jia TapaHTHpaT
HaJIEXAHOTO UM BKIIOYBAHE B LieIUA paboTeH TeMIepaTypeH o6XBsar.
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TupucTOpUTE Ce 3aMyHIBAT Ype3 HAMaIBAHE HA AHOJAHMSA TOK IOJ CTojj
HOCTTa Ha Toka Ha yjibpxkane Iy. Haii-decTo ToBa ce mocTHra 4pe3 MOMEHTHGY
HyJMpaHe, Ype3 M3MeHeHHe HA MOJAPHOCTTAa WIH Ype3 NPeKhCBaHe Ha Bepura'rai
Ha aHoJHOTO HAanpexenue U,.

R

4.6. BnpoBe TMpucropm

Ype3 npoMsHa Ha KOHCTPYKIHUATA oT ¢ur. 4.1 MoraT ja ce moiydar paSJII/I‘{HH
10 QYHKIHS THPHCTOPH.

Cumempuunuam mupucmop OCUIypsiBa Bb3MOXHOCT 32 JBYMOCOYHO INPOBEX-
IaHe Ha enekTpudeckus Tok (¢ur. 4.10). 3a uenrta ce H3noN3Ba NETCIOHHA KOHCTPYK--
LA, U3rpaXkaania IBa THPUCTOPa — JOKAaTO €ANHMAT € BKIIOYEH, APYTHAT € N3KIIOUEH
1 00paTHO. BK/IIOYBAHETO U B ABETE MOCOKH CE YNPaBNABa OT UMITYJICH C €[HA H Chll(a-

MOJIIPHOCT.
IA Ry

oA

Due. 4.10. Bonm-amnepna xapakmepucmuxa u
YCIOBHO 2pApuUyHO O3HAYEHUE HA CUMEMPUYEeH MUPUCOD

oA

Heyonepayuonnusm mupucmop OCUTYpsBa
BB3MOXKHOCT 3a 3allylIBaHE Ha THPHUCTOpa 4pe3 00-
PpaTHO BKJIIOYBaHE Ha ynpamisABaujara Bepura. Harm-
puMep, NIpH 3alyIleH THPUCTOp, Clel MoAaBaHe Ha
"NOMIOXKKUTENCH" MMIIYJIC Ha reita, THPUCTOPHT CeE
ornymBa. O6paTHO — 3a 3amyIUBaHe HA THPUCTOpA €
HEOOXOAMMO Ha YNpaBJsIBAalusA eJeKTpoJ Aa Ce IO-

oK Jaje "oTpHuarteneH" UMITyic (MMITyJc ¢ oOpaTHa 1o-
®uz. 4.11. YenosHo zpaguuno  TAPHOCT Ha OTITYIUBALIMS).
O3HA4YeHue Ha t)eyonepauuoueu
mupucmop
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Domomupucmopume (ur. 4.12) ce ynpasissaT 4pe3 CBETIMHHO JIbYEHUE. Xa-
paKTEPU3HPAT CE C MOBUILEHO OBP30eiCTBHE CIPSIMO OOHKHOBEHUTE THPHCTOPH.

. N4

o, © D=0

Due. 4.12. Bonm-amnepHa xapaxmepucmuxa u
YCNOBHO 2pauyHo 03nHaueHUe Ha POMOMUPUCHop

Tupucmopume c enexmpocmamuyHo (nonego) ynpaenexue NEHCTBAT Ha NPUH-
[MNa Ha MOJIEBUTE TPAH3UCTOPH C pn Npexol. F3XoaHaTa UM XapaKTepHCTHKA € TTOKa-
3aHa Ha ¢ur. 4.13. B 3aBHCHMOCT OT HAaIlPEXXEHUETO MEXIY YIPABIABAIIHS €IEKTPOX
1 katoya Ugk M3XOJHATa XapaKTEPUCTHKA Ce MPEMECTBAa MEXIY HyJa M HIKOIKOCTO-
TH BonTa. [TogOOHM CTPYKTYpH OCHIypsIBaT MPOTHYAHETO HA aHOAHU TOKOBE OT IIO-
panpka Ha 500 A 1 HanpexeHus aHoA-katog o 2500 V.
A
I, A
| Uy =0 Uge=-10V] - Uyx=-20V Uy=-30V

1 ! >
500V 1000V U,V
Duz. 4.13. H3x00Ha xapakmepucmuxa Ha mupucmop ¢ noaeeo ynpasienue

/ 3adava

Ha ¢wur. 4.14 e nokaszaHa cxema 3a ynpaBleHHe Ha BIJIIOYBAHETO Ha €JIEKTPH-
yecka Jammna JI ¢ THpHCTOp, pu koeTo Ea < Ugo.
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Due. 4.14. Ilpumepna cxema 3a ynpaenenue Ha éKI046aHemo
Ha enexmpuyecka 1amMna ¢ mupucmop -

1. OGsacHere: a) Kak Moxe nammnara aa ceethe? 0) Kak Moske taMnaTa ga n3racHe?
2. HauepraiiTe ToBapHaTa NpaBa BbpXY HM3XOJHaTa XapaKTEPUCTHKA Ha THPHCTOpa K
HOKa)KeTe KakK [ie ce MpeMecTBa paboTHATa TOUYKA NPH CBETBAHE M M3racBaHEe Ha JiaM-

nara.
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rMABA 5
NONEBU TPAH3UCTOPU

5.1. O6un cBeaeHusn

INonesute (FET - Field-Effect Transistors) TpaH3ucTOpN ca aKTHBHH MO-
JYIMPOBOAHUKOBH ejieMeHTH. JleiicTBHETO MM ce 0CHOBABa HA YNPaBJisiBaHe eJleK-
TPHYECKOTO CHLNPOTHBJICHME HA MOJYNPOBOAHHKOB CJIoH (HapeyeH KaHamd) oT
HAMPEYHO eJIeKTPHYecKo moJjie. EnexkTpoxbT, OT KOMTO TOKOHOCHTENINTE BIM3aT B
KaHasa (OT KBJAETO 3aMo4Ba JABUIKEHUETO M) CE HapHya cope (Sourse), a e1eKTpoIbT,
npe3 KOWTO U3MHM3aT (KBAETO 3aBBpIUBA JBH)KEHHETO MM) — Apeiin (Drain). Ynpasns-
BAILIOTO HANpEYHO EIEeKTPHYECKO MOJIE c€ Ch3JaBa OT €NeKTpon (HapeueH reiT
(Gate)), kOHTO € pasmonoxeH Hajx kaHana (¢ur. 5.1). B 3aBucuMocT 0T HauMHA Ha
H30JIUpaHe Ha reifTa OT KaHala II0JIEBUTE TPaH3UCTOPU Ce Pa3NeNiaT Ha noiesu mpaw-
sucmopu ¢ ynpasasgauy PN npexoo (JFET — Junction Field-Effect Transistor) (u3osa-
IUsTa ce OChLIeCTBsBa OT obpaTHo nosspu3upad PN npexon), nonesu mpansucmopu wa
Hlomxu (MESFET — MEtal-Semiconductor-Field-Effect-Transistor) (u3onauusira ce
oemxu  wa Iotkm npexox) u MOS mpansucmopu (MOS - Metal-Oxide-
Semiconductor, MIS, M/II, IGFET) (redTsT € H30aMpaH OT KaHaia ChC CIIOH Jaue-
JNIEKTPHUK).

G — E,
S T
/ MC’l'aJl -
HWzonupau cnoit
] Nz
Z \ ObenneH HepOBOAI /, Z
%/ AN cioit / %/
S => Z N e Z =D
g g T g ©
5 g o 5 —_—
7 pt T
- % E o— %
g ITonynpoBomHuk %

Que. 5.1. lpunyunna cmpyxkmypa, npedcmasaya Uoeama 3a nOAesU MpaH3UCMop

IIpuHUMOBT HA AelicTBUE HA MOJIEBHS TPAH3NCTOP Ce OCHOBABA Ha NpoMsi-
HaTa Ha CHIPOTHBJIEHHETO HA KaHAJa, a OTTAM M MPOMSIHATA HA TOKA Npe3 Hero
(nMpoTHuall NPU NPUI0KEHO HANPeXKeHHe MeXIY ApeiiHa H copca) IPH NpoMaHa
Ha YNpaBJ/isiBalllOTO HANMpe)KeHNe Ha reiita.
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[IpoBOAMMOCTTA B KaHaJIa CE OMPENENS OT €AWH THII TOKOBHM HOCHTENH — Oc-
HOBHHTE 3a K3II0JI3BaHKs MoiynpoBoanuK. Cropes THNa Ha NPOBOJMMOCT Ha KaHala
noneBuTe TpaHzucropu ca ¢ P u N kanain. Kato nomynpoBogHuk Ha#-uecTo ce u3noy- -
3pa cunnuuid. Kimacudukauns Ha OCHOBHUTE THIIOBE IIOJIEBHM TPAH3MCTOPY € MOKa3aHa
Ha ¢ur. 5.2.

KIACHUOHUKALIAA HA
IIOJIEBUTE TPAH3UCTOPH
CropeJ Ha4KHHa Ha Criopen m oxg)ml){r:\fgcna B
o e . THIA Ha POBOA Criopen M3II0/I3BaHus
U30MalKs Ha refita HPOBORHMOCT Ha TPaH3KCTOpa S —
OT KaHaJIa 6e3 HanpexeHue
Ha KaHaJia . -
Ha reiita

j/

LN LN N

Ha [IloTkn

IToneBH TpaH3HCTOPH C
IloneBu TpaH3UCTOPH

ymparnseam PN npexon \

MOS TpaH3HCTOPH
N kaHan
P xaHan
Hopman=o 3ammy1ueHs
HopmaiHo OTITyIIeHH
Si
SiGe
GaAs

— >~

C nanyuupan C srpanmen
KaHaJ KaHan

INKaHanl E’Kaﬂanl INKaHan |PKaHaJI

DQue. 5.2. Knacuguxayus na nonesume mpanaucmopu

5.2. NoneBu Tpansucropm c ynpasnasaw, PN npexop

5.2.1. YcTpoMCTBO M NprHLMN Ha OeilcTBUe

Crpykrypara Ha monesH Tpausucrop ¢ ynpasassaw PN mpexon ¢ N kaHan e
noxaszana Ha ¢ur. 5.3a. CbCTOU ce OT CHIMIMEB MONYIPOBOJHUKOB MOHOKpHUCTaT ¢ N
THII IPOBOAUMOCT, HapEe4YEH M00N0HCKd, B KOUTO € 0OpMEH KaHal MEX][y OMHYHUTE
KOHTaKTH Ha copca M JpeiHa. YnpaigBamuaT PN npexon reift-nomoxka € HecH-
METPHYEH, TIOPaJX CHIHO Jierupanarta P obnact. CiiencTue Ha ToBa 0GeIHEHATA MY
obunact e pasmonoxeHa npeaumHo B N nomoxkara. Jlebenuuara 4 Ha IpOBOAAILIHAS
KaHaJI ce onpeJies OT Pa3CTOSHUETO MEXIY ABeTe obenHenu obnactd (dur. 5.3a).
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Que. 5.3. Ilonesu mpan3zucmop c ynpaenseéaw; PN npexoo
a — NPUHYUNHA CMPYKMYypa Ha nonesu mpausucmop c ynpaenseauy PN npexoo;
6 — ycnosnu epaghuunu o3Havenus Ha nonesu mpansucmop c ynpaenasauy PN npexoo
¢ N xanan u P xanan; 8 — ananozus mesicoy NpUHYUna Ha Oeticmeue Ha Noe6U MPaH3UCop
U npomuNaKe Ha 600a npe3 6000NPOBOOEH KPaH

EheKTqueCKOTO C’prOTI/IBJIeHI/IC HA KaHalJia €.

L L L1
5.1 Row = po = p— = p= 2
6.1) s =P TPLw TPW
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KBIETO p € CelH()UYHOTO CHIPOTUBIEHHE, L — IbIDKMHATA, S — ceueHneTo, W — iy
pounHata u h — nebenuHara Ha IpOBOALINA KaHal.

ITpu npoMsiHa Ha TOJIEMHHATa Ha yNPaBJIABaLIOTO HAlPEXEHHUE, nons{pmnpam
00paTHO mpexola TeHT-NOJJIOXKA, ce NPoMeHsA HebennHaTta Ha O6EMHMA 3aps) u
Ipexoza, a cliefoBaTenHo nebenuHara i, CeY4eHHETO S U ChIIPOTHBIEHHETO Ha KaHaNg
TpaH3UCTOPBT MOKe 12 ce PA3IJAEeHAA KATO PE3UCTOP, YHPABJIABAH OT Hang
pexenue,. =

[IpHHIMIBT Ha AEHCTBHE Ha MOJEBHA TPaH3UCTOp ¢ ynpasuasam PN mpexop el
OCHOBaBa Ha NMPOMsHaTa Ha AeOENHHATA, CIIEA0BATENIHO CHIIPOTUBJIEHHETO Ha Kaﬂana:!
a OTTaM W NpOMSHA Ha TOKa INpe3 Hero (IpOTHYaIl NpH NPHIOKEHO Hanpexceﬂued

i

MeX[y ApeliHa U copca) NpH NPOMsHA Ha YIPaBISBALOTO HAPeXKEHHE Ha reifta.  —
YcnoBHure rpa¢MyHH O3HAYEHHs Ha TOJIEBH TPAH3UCTOP C YIpaBJIsBALL PN—-
NIpexo/l ca nokaszaHu Ha ¢ur. 5.36. =

—

AHayorus. Mexuy NPUHUMIBT Ha ACHCTBYE HA MOJEBHS TPAH3UCTOP M NMPOTH:
YaHETO Ha BOJA Mpe3 BOAONPOBOJAEH KpaH € MokasaHa Ha Qur. 5.36. JIBKeHHETO Ha'
BOZATA MOJ AeHCTBHETO HA COOCTBEHOTO CH HAISTAHE MOXE Jla Ce CPaBHM C MPOTHYa-*
HETO Ha TOKa I10J] ICHCTBUE HA HANPEKEHUETO ApeiiH-copc. 3aTBAPAHETO MIIM OTBAPS-
HETO Ha KpaHa TpoMeHs AeOuTa (KONMYECTBOTO) Ha NPEMHUHABAINATa BOJA, KOETO e,
QHAJIOTHYHO Ha NPOMJHATA Ha TOKA Ipe3 TPAH3UCTOPa MOPaIy MPOMSHATA HA CEYCHH-|
€TO Ha KaHana (Ib/DKALIO Ce Ha HaIPEeXEHHMETO Ha reiTa). .

CxemarnyHo M300pa3siBaHe NMPHHLMNA HA JEHCTBHE HA IOJNEBH TPAH3UCTOD c-
ynpasnsBang PN npexon (cxema ¢ 061 copc) € nokasana Ha gur. 5.4.

IMongpHocTTa Ha NPUIOKEHHTE HAMIPEXKEHUS ¥ IOCOKUTE HAa TOKOBETE CHOTBET-
CTBaT Ha pasriexxaanus N xaunaneH Tpansuctop. Ilpu yBennuaBane Ha OTpHLIATENHOTO-
HalpeXXeHHe Ha reilTa CeueHHEeTO Ha KaHala HaMalsiBa M U3XOINHUAT TOK, T. €. TOKBT
BBB BepuraTta JpeitH-copc HamansBa. ChlecTByBa TakaBa CTOMHOCT Ha reMTOBOTO
HanpeXxeHue, npu KosTo obenHeHara obnact Ha ynpasnsBamus PN mpexon usmbiBa
LENHs KaHal ¥ M3XOMHMAT TOK [p CTaBa MHOTO MalbK (TPaH3UCTOPBT CE 3aIlyllBa).
ToBa HanpexeHUe ce Hapuia npazoeo Hanpedsicenue (Hanpedicenue Ha 3anyuweane) Ur.
To e ocHOBeH mapameThp Ha MOJEBATE TPAH3UCTOPH M Ha MPAKTHKA ce ONpeaens
KATO OHOBA Hanpe)keHUe Ha reiiTa, IPpH KOETo APeilHOBHAT TOK HaMaJisiBa 10 Hi-
KaKBa, TOYHO onpeaesieHa, U3MEpHMa MHHMMAJIHA CTOHHOCT — Hanpumep Ipp = 1 pA
npu Ups =2 V 3a cpeqHOMOMUIEH IVCKPETEH TPaH3MCTOp. IIparoBoTo HampexeHne He
3aBHCH OT €JIEKTPHYECKHUS PEKUM, a C€ ONpeNelsl CaMoO OT KOHCTPYKTHBHO-TEXHOIOTHY-
HHTE apaMETPH Ha CTPYKTypaTa U € C THUYHA CTOHHOCT OT HAKOMNKO BOJITA.

TokbT BBB BXO/IHATa BepUra € paBeH Ha oOpaTHHA TOK Ha ympasisgBamus PN
[pexXoa ¥ € MHOTO MaJIbK (10‘9 -10™ A).

IHoseBuAT TPaH3NCTOP ce YNPaBJ/sBa ¢ HANpe:KeHHe, 32 pa3jInKa oT Guno-
JIAPHUSA TPAH3UCTOP, KOHTO ce yNpaBJaBa ¢ TOK.

ITopagn Mankus BXOAEH TOK BXOJHATa MOLIHOCT, HEOOXOANMA 3a yIpaBIEHHE
Ha MOJIEBHs TPAH3UCTOp € MaJKa M TOH OCUTypsBa 3HAUMTENHO YCHIBaHE [0 MOLI-
HOCT, T. €. TIOJIEBUAT TPAH3NUCTOP € aKTHBEH IONYNPOBOJHUKOB eneMeHT. OT KOHCT-
PYKLHMATA ¥ Ha4KWHA Ha AEHCTBHE CE BIDKAA, Ue COPCHT M APeHHBT ca 00paTUMH — MO-
raT a CMEHAT MecTaTa CH (TOBa € NPIIOKKUMO 32 UHTEIPATIHUTE CTPYKTYPH).
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- Obexgnena

obnact \ D

Kanan
6)
L+
G G ;-_ UDSAT
L T
Ups = Ugs :i -
+ +]
S S
B B
8) 2

Duz. 5.4. Cxemamuuno u306passaeéane Ha NPUHYUNA Ha Oelicmeue
Ha nonesu mpanucmop c ynpaeansauy PN npexoo
a — nonesU MPan3UCMOp NPu Hyre8o Hanpedcenue mexcoy opetina u copca — N kanan
6 — ycnosno zpaghuuno osnavenue na noneeu mpansucmopu ¢ N u P kanan;
6 — Oebeuna Ha KaHana npu npomu4ane Ha OpeliHo8 MoK
2 — Oebenuna na KaHAaNa Ha 2panuyama mescoy nuHetinama obaacm y obracmma Ha Hacuwane

TpaHsncropuTe ¢ P xaHan ce oriMyamar mno o6paTHaTa MOJMPHOCT Ha 3axpaH-
BalllMTC H3TOYHHIH H oﬁpamme MOCOKM Ha TOKOBeTe. 3a OMpeacCHOCT B IIO-
HATaTBIIHOTO H3JIOXKCHHE CC Pa3rjIeXaaT TPAH3HCTOPH C N xanaj.

5.2.2. CTaTtU4Hy BOJIT-aMNepPHN XapaKTepucTuku

H3xo0nume cmamuunu Xapakmepucmuky TpeJCTaBJIBaT 3aBUCHMOCTTa Ha
IpelHOBHS TOK Ip OT HalpeXKeHHETO MEX Ny IpeiiHa u copca Ups IpH pa3siudHH NOCTO-
SHHY HarpexeHus Ha reifita Ugs (dur. 5.56):

ID =f(UD5)|UGS = const *

Hexka pasrienaMe enHa OT XapaKTEpUCTHKHTE, HalpyUMep 3aBUCHMOCTTa Ha Ip
oT Ups ipu Ugs = — 2 V. Ha reiira ¢ nogageHo oTpHLaTeNnHO HallpeXeHne N0 OTHO-

menue Ha copca Ugs = — 2 V, xoeTo nonsipusupa ynpasnssamus PN npexon B o6pat-
Ha HOCOKa.
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Mexay apeifHa U copca € MOAaAeHO HAMPEXEHUE, KaTo IUIIOCHT Ha TOKOM3Toyd
HHKa € BKIIOYEH KbM ApeiiHa (Bx. ¢ur. 5.46). Iloa BiusiHue Ha eIEKTPUYECKOTO MO
cp3gazsieHo ot Ups, enekTpoHuTe (OCHOBHM TOKOHOCHTENIH B KaHaia) ce HMPHUABHXBaS
(3amouBaT Jla ce IIPeMecTBaT) 0T copca KbM ApeiiHa, NpeMHHaBaliKH Ipe3 KaHaja,
pe3yiTaT OT HaCOYEHOTO UM JBHXXEHHE B H3XO/HATA BEPUTa NIPOTHYA TOK Ip. :

TIpoTHyaHeTo Ha TOK B IOJNEBUA TPAaH3UCTODP HE € CBBP3aHO C MHIKEKIHS Ha To:
KOHOCHTEIH, KaKTO € B OUIIONIIpHUTE €IEMEHTH. 3

ToxsT, NpoTHYall npe3 KaHajla Ha TPAH3UCTOPA, Ch3/aBa Majl Ha HAIIPEKEHUE:
BBEPXY CHIPOTHBICHHETO Ha KaHalla, KOMTO ce yBennuaBa OT copca KbM ApeiHa. [Jo
pajy Ta3u NPUYMHA PE3yNTAHTHOTO HANPEXEHHE, POPMUpAILO obeHEHaTa O6IacT ka
reiiTa, ce yBelMuaBa OT copca KbM ApEiHa, cleoBaTeNHO AebeiHaTa Ha KaHAa Ha=
MaJsiBa OT copca KbM JApeiiHa U IIpH HsKaKBa CTOMHOCT Ha ToKa Ip, ChOTBETCTBAILA H;
HanpexeHue Ha ApedHa Ups, (HanpexeHHWe Ha HacMIlaHe), KaHANBT N0 JApeiHa cel
"mpuiunBa” (pur. 5.42). IIpu Mo-HATaTHIIHOTO yBENMYaBaHe Ha APEHHOBOTO Hampe-
JKCHUE APEHHOBUAT TOK OCTaBa IIOCTOSHEH, T. €. TOH ce Hacuuia. HampexeHueTo Ha-
HacuwaHe (Ups = Upgy) Ce onpeiens oT paBeHCTBOTO:

(5.2) UDsat - UGS —_— UT' | :
«<
| = g
I E
1 R
18 B
I, mA 4 3 : 8
mll L 06 |
JIuneiina é‘! | z J1acT :
obiact Q! 5 Ha HacWILlaHe !
<3}
I

sat 4

2 U

a) 6)

Due. 5.5. Hoeanusupanu cmamuyHy XapaKmepucmuxu
a — npeoasamenti (NPOXOOHU) CIMAMUYHY XAPAKMEPUCTIUKY,
6 — U3XOOHU CIMAaMUYHYU XAPAKMEPUCIIUKY

Touxute Ha Hacumiane Upgy U Ipsy (WM napabonama na nacuwamne) pasnensat
TI0JIETO Ha U3XOAHMTE CTaTUYHH XapaKTEPHCTUKM Ha JIMHEHHA, OMHYHa (TpHOAHa) 00-
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!nacr (32 |Ups| < |Upsal) 1 06nactT Ha nacumane (nearomna o6mact) — nput |Ups| > {Upsaf —
ur. 5.56.

r JIpeiHOBUSAT TOK Ha IOJEBHS TPAH3UCTOp ¢ ymnpasissaw PN mpexon mpu Ha-
%fcmuaﬂe (r1aBHA 00MACT Ha NPHIIOKEHHUE) Ce [aBa ChC CISAHUA UICAIM3MPAH H3Pas:

E'(5.3) Ip=1Ipss (1 - % %,
T

_KkbJETO Ipss € MAKCMMaJIHATA CTONHOCT Ha ApeitHoBus ToK mpu Ugs = 0. ToksT Ipgs, ©
_ THITMYHA CTOMHOCT OT HAKOJIKO MA, € OCHOBEH [1apaMEThP Ha MOJEBUTE TPAH3UCTOPH
* 1 3aBHUCH OT KOHCTPYKIMSATA X pazMepa UM.

B nelictBuTENHOCT, IPEHHOBHAT TOK, Makap ¥ c1abo pacTe ¢ yBelHMYaBaHe Ha
“IpeflHOBOTO HampeX<eHMe. 3a Ja ce MOJEIMpa ToBa, B m3pasa (5.3) ce mobasa enuH
~HOUBIHUTENCH YICH:

U
“(54) Ip = Ipss (1 = =22 (1 + AUps).
. Ur
[TapaMeTHPBT A € OT mopsiaska Ha A = 1072 V™', V3xoHHTE XapaKTepUCTHKH ce

“mpecuyaT BbpXy octa Upg nmpH (- %) — ¢wr. 5.6. Orbenexere, 4ye A € aHaJOTUYEH Ha

1
pelMIpoYHoTO Hanpesxenue Ha Early (TouHo 7—) npy OUIOJISIPHUTE TPAH3UCTOPH.
A

Uy=0V

Que. 5.6. Peannu u3xo0HU cmamuyHy XapakmepucmuKy ¢ omyumane
Ha U3XOOHOMO CbNPOMUBREHUE

Ilpu ronemu HampexceHus Ha ApeiHa B ynpasisBawus PN npexoji Bb3HHKBA
npobus. Tol e 00yclIOBeH OT JaBHHHOTO YMHOXABaHE Ha TOKOHOCHTENHTE, MPOTH-
Yaiio oOMKHOBEHO B Ipexoja 6au3o 1o apeiHa. [Ipo6uBHoTo Hanpexenue Ups 3aBu-
cu oT HanpexeHueTo Ugs (HamansaBa mo ctoiHocT ¢ Ugs).

[Ipn paznnuHM M0 CTOMHOCTH OTPULATENTHM HAIpPEeXEHHI Ha reifra npoBexaa-
IIMAT KAaHAJ MMa pa3lM4YHH HadallHH CeYeHHs M M3XOJHUTE XapaKTEPHCTHUKH ca OT-
MECTEHH €JlHa CIIPSIMO JApyra. MakcumManeH ApeHHOB ToK Ipgs C€ I1oJydaBa NpH Hyle-
BO HanpeXeHHe Ha reiita (MakCUMalHO INHPOK KaHal).
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IIpedasamennume (npoxoOxume) Xapaxmepucmuku TPENCTABIABAT 3aBHCH
MOCTTA Ha ApeiHOBUSA TOK Ip OT HanpexeHnero reidr-cope Ugs NpH pasaInyHU HOCTE
SHHH HanpexeHus Ha apeiHa Ups (dur. 5.5a).

ID f(UGS)lu ps = const:

B pexuM Ha HaculllaHe XapaKTEPHCTHKMTE Ca pasNoNOXKeHH ONu30 efHa
ApyTa ¥ MPAKTHYECKH CE anpOKCUMHUpAT ¢ napabona, Ipecnyalla OCHTe B TOYKHTE Uﬁ
U Ipss. MakCUManHUAT JPEHHOB TOK Ipss € XapaKTEpeH NapaMeThp Ha MOJIEBUS Tpa})=
sucrop ¢ PN npexos 1 3aBUCH caMO OT KOHCTPYKUHATA MY. .-1

Baxcen mapameTsp Ha IOJIEBUTE TPAH3UCTOPH, XapaKTepu3Kpal] ycnnBaTenHH;
Te UM CBOKCTBA B PEIXMM Ha MaJlbK CHIHaJ € CTPbMHOCTTA Ha MpeAaBaTe/iHaTa xapaK. 1
TEPUCTHKA — g HIN S:

(5.5) gm=S= dLZZs npu Ups = const. :—;_‘f
Em™ AUZs | U pg = const: —_
Ot ypaBHeHHue (5.4 ) ce nonyana’ :
gm=—%°f(1 - gmoa—%T— .

KBAETO gm0 = — 2{/ DTss )

Axo Ipss = 1 mAu Ur=2V, T0 gno = ImA/V.
CTpBMHOCTTA g 3aBHCH OT NMOCTOSIHHOTOKOBHSA PEXHM Ha TPaH3MCTOpa — Hall-
peskennero Ugs (pur. 5.7a).

En
A
Emo
1 Teopus
0,8 +
0,6+
0,4+
0,2+
0 } } T T — —>
02 04 06 08 1 Uss
Ur
a) 6)

Que. 5.7. Brusniue Ha memnepamypama
u Hanpedicenuemo Ugs 8bpxy ceoticmeéama Ha nonesus mpaH3ucmop
a — enuanue na Hanpexcenuemo Ugs 6bpxy cmpvmuocmma; 6 — enuaxue Ha memnepamypama
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[Ip¥ TOJIEMH CTPBMHOCTH (MaJK{ FEHTOBH HANpEKEHHUA) MMa Pa3iIvKa MEXIy Teope-
TAYHHTE U EKCIIEPUMEHTATH CTOMHOCTH Ha g, TIOPaJ BAMAHKETO HA MOCIIeq0BaTEN-
HOTO CBIIPOTHBIICHHE B JIpeHHa.

H3X0mHOTO CHIPOTHUBJIEHHE B PEXXKM Ha MalIbK CHTHAN Fy, ABIDKALIO CE HA MO-
AyJallds Ha Ab/DKMHATA HA KaHana e:

1 ol
5.6) — = —2 npu Ugs = const.
( 7, oU s pit Yos
1 Al
Z ~ AUDS |UGS=c0nsl-
, U
— =Apss (1 - =Y.
Y T
i rom 1 ako MUps « 1 (ro= 100 kQ nipu I = 1 mA).
Iy

ITpoMeHIMBOTOKOBaTa MaJOCHTHAIHA €KBUBAJIeHTHA CXE€Ma 33 HHUCKH YEeCTOTH
Ha IOJIEBUs TpaH3HMCTOp c ynpaemsaBaul PN mpexox npu AONYCKaHETO, Y€ BXOAHOTO
CBHIIPOTHBIIEHHUE € Ge3KpaitHo roasaMo e AaxeHa Ha ¢ur. 5.8a.

BxoaHnTe XapaKTepUCTHKU IPEACTaBIsABAT 3aBUCUMOCTTA Ha FeHTOBHSA TOK I
ot HanpexeHueTo Ugs. I1o chinecTBo TOBa € BOAT-aMNepHaTa XapakTepHUCTHKA Ha YII-
pasiasBamiusa PN mpexoa. B Hopmanen pexnm Ha paboTa ynpapisBalUMAT NPEXOA €
noJiApu3upaH B oOpaTHa nocoka. [IpaBo Hampe)keHHe Ha refiTa He ce nonaBa, TbH Ka-
TO NPEXONBT C€ OTHYLIBA, BXOJHHMAT TOK PA3KO HapacTBa U eeKTHUBHOCTTA Ha yIpas-
JIeHHe ce HaMaJIsiBa.

5.2.3. BnuaHue Ha TeMmnepartypara

TemnepaTypHaTa 3aBUCHMOCT Ha JpeHHOBHA TOK € 00yClI0BEHa OT MPOTHBOIIO-
NO)XKHOTO BNMAHME HA TEMIEPATypaTa BbpXY MOABHMKHOCTTAa HA TOKOHOCHTENNTE B Ka-
Hala ¥ KOHTaKTHATa IIOTeHLHAalIHA Pa3inKa Ha ynpapissauiua PN npexon.

C noBuInaBaHe Ha TeMIepaTypara NOJBHKHOCTTA HA TOKOHOCHTEITHTE B KaHaja
HaMajsBa, ChOPOTHUBIEHHUETO My HapacTBa U ApeiHOBMAT Tok HamansBa. Ot apyra
CTpaHa, M MOBMIIABaHE Ha TeMIepaTypaTa KOHTaKTHATa MOTEHIMAlHA Pa3jiMKa Ha
ynpasissauusa PN npexoj HamansaBa, IMpoYMHATa Ha oOeaHEHaTa 0611acT HaMaIABa,
CEYEeHHETO Ha KaHala ce yBelH4aBa M APeHHOBHUAT TOK HapacTsa. [Ipu moaxomsaul us-
60p Ha MOCTOSTHHOTOKOBHA PEXHUM JBETE BIMAHUA B3aUMHO CE€ KOMIIEHCHpPAT M ApeH-
HOBMAT TOK HE 3aBUCH OT TeMIepatypara — uma mepmocmabunna mouxa (Ipto, Ugto) —
(¢ur. 5.76).

O6ukHOBEHO TepMocTabMIHaTa TOYKA € NPU MHOrO MalbK ApeHHOB TOK. Tam
CTPBMHOCTTA Ha TPAaH3UCTOPA € M3KJIIOYHTENHO Majka ¥ MOpany TOBa Ta3u paboTHa
TOYKA HE C€ U3MO0/I3BA Ha NPAKTHKA.

B Hopmajien pexxnM Ha padoTa MoJIeBHAT TPAH3HCTOP WMa OTpHUATENIeH
TeMIepaTypen KoeGuUHEHT Ha APeiiHOBHA TOK, MTO-MabK OT MOJIOXHTETHHSA TEM-
nepaTypeH KoehHIHEHT Ha KOJIEKTOPHHUS TOK Ha GUIIOIAPHUSA TPaH3HCTOP.
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BXOJHMAT TOK Tpe3 OOpaTHO MOJAPH3UPAHHS YNPaBISABAIY MPEXOX Hapacma;]
6'6p30 MpH NOBUILABAHE HA TEMIIEPATYPATa.
B cpaBHeHHe ¢ GUIONAPHATE TPAH3MCTOPH MOJEBUTE TPAH3MCTOPH HMMAT Nox
no6pa pafHallMOHHa YCTONYMBOCT, Thif KaTo pabOTHHAT UM TOK ce 00ycaBs caMo or
OCHOBHH TOKOHOCHTEJIH, 4 PajlHallisTa BIMsAe CHIHO BbPXY BPEMETO Ha JKHBOT Ha He- -
OCHOBHHTE TOKOHOCHTEJIH. -

Ll

NN

5.2.4. YeCcTOTHM CBOWUCTBA

VHepTHOCTTa M YECTOTHUTE CBOMCTBA HA MOJIEBUTE TPAH3UCTOPH CE€ ONPEAEHSAT |
OT ABa OCHOBHM ()aKTOpa: BPEMETO 3a IPEMHHABaHE HA TOKOHOCHUTEIHTE OT copca o
JpeiHa Tsp ¥ BPEMETO 3a NIpe3apekaHe Ha KarnanuTeTa Ha reiTa. =
BpemeTo 3a npeMuHaBaHE HA TOKOHOCHUTEJMTE Npe3 KaHana Tsp 3aBUCH OT CKO-
pOCTTa UM Vs ¥ ABJDKHMHATa Ha KaHana L: -

Tep = —.
SD Ve

OOHKHOBEHO TO € MHOT'O [I0-MaJIKO OT BPEMEKOHCTaHTaTa 3a Mpe3apexaaHe Ha
KallanMTeTa Ha reiita, onpelelicHa OT BXOJHHUA KaNalUTET M CTPBMHOCTTA HAa TPaH-
3HCTOPA.

OTYHTaHETO Ha BIUAHKETO HA pasNpeneNeHHs KanaluTeT reiiT-kaHan € CI0XHO
H 3aTOBa ce MpHeMa, e MONEeBUAT TPaH3UCTOp UMa TpH coGcTBeHu kananureTta — Cgp,
Cos ¥ Cps. [Topanu nanmuuero Ha kananurera Cgs BXOOHHUAT UMIEAAHC Ha TpaH3HUC-
TOpa IpH BHCOKH YECTOTH UMa KanamuTHBeH xapaktep. [Ipoxomnuat xamauutet Cgp
BOJM 10 BB3HMKBAHETO Ha YECTOTHO 3aBMCHMa oOpaTHa BpB3Ka B IOJIEBUS TpPaH3HUC-
Top (edext Ha Munep). CrIHOCTTA Ha TO3H €EKT, U3MHU3AL U3BBH PAMKHTE Ha Hac-
TOSIIIUA KypC, C€ ChCTOU HAaKpaTKO B cieqHoTO. JlelcTBueTo Ha kanauuteTa Cop BBp-
Xy paboTara Ha [OJIEBUS TPaH3UCTOP (M3IMOI3BaH KaTO HHBEPTHpALI yCHIBATEN) MOXKe
J1a Ob/ie 3aMEHEHO C eKBUBaNeHTEH KanaruTeT Ceyy, BKIIOYEH HA BXOJIa HA TPAH3UCTO-
pa — Mexny reita u copca, cbC CTOHHOCT Ces = Cop (1 + Ky), kpAETO Ky) € Koeduuu-
€HTHT Ha YCHJIBAHE IO HaMpeXeHue.

3a NpOMEHJIMBOTOKOB aHAINW3 HA CXEMH IIPH BUCOKH YECTOTH, ChIbpXKally ToJle-
BH TpaH3ucTopu ¢ PN npexon, Mo)ke J1a ce U3I10J13Ba EKBUBAJICHTHATAa CXeMa, II0Ka3aHa
Ha ¢dur. 5.86. B Hes ca mpeHeOperHaTH BXOMHOTO CHIPOTHBIEHHE Rgs, NPOXOIHOTO
CBIIPOTHBIIEHHE Rgp, MOCIEN0BATEIHUTE OMUYHM CHIPOTUBIEHUS HA copca U JpeiiHa,
U3XOOHUAT KananuTeT Cps, MApa3UTHATE KAallalIUTETH U MHAYKTHBHOCTH Ha Kopimyca. C
yBENNYaBaHE Ha YECTOTaTa ce MOsBsBa (a3oBa pasnvka MeXay H3XOOHHUA TOK Ip H
BXOJHOTO HampexeHue Ugs, T. €. CTPbMHOCTTA g, CTaBa KOMITJICKCHA BEJTHYMHA.

3a KonuyecTBEHA OLIEHKAa Ha HaMalsIBAHETO Ha MOJIyJa Ha CTPBMHOCTTA CE Bb-
BeX/1a MapaMeThPhT IPaHUYHA YECTOTa Ha CTPBMHOCTTA f;. TOBa € OHAa3M YecToTa, 3a
KOSTO MOJYJIBT Ha CTPBMHOCTTA

(5.7) |gm| = - 8mo
1+ Ly

)

196



1
-HaMaJIsiBa C —\/: (3 dB) cupsiMO HACKOYECTOTHATA CH CTOHHOCT gmo.
’ 2

G D
o—O0 ' 4 O
+
ugs g mugs é &0
807 23 . —OS
a)
— ng 5
%o n :
+

— Due. 5.8. Manocuenanna exsusanrenmua
u Cy Gtlys 7o cxema Ha nonesu mpansucmop ¢ PN
npexod (cxema obw copc)
_ a — npu HUCKY Yecmomu;
g< ¢ ¢ : O 6 — npu eucoxu yecmomu

6)

XapaxTepHa IrpaHUYHa YECTOTa Ha MOJEBUTE TPAaH3UCTOPU € TPaH3UTHATA Yec-
TOTA fr, IPH KOATO NIPOMEHIUBHAT TOK mpe3 BXoaHus xamauureT Cgs CTaBa paBeH Ha
U3XOIHHA TOK Mpe3 renepatopa gnUgs (T. €. IpH KOATO KOeQHUIMEHTHT HA yCHIIBAHE
_II0 TOK CTaBa PaBeH Ha CIWHMUIA):

8 mo
5.8 = =0
(5.8) fr 2nCos

5.2.5. WymoBu cBoiicTBa

CobuiecTBeHa 0COOEHOCT Ha MIOJNIEBHTE TPAH3UCTOPH € IosiMaTa CTabUIHOCT BBB
BPEMETO Ha XapaKTEPUCTHKUTE UM U HUCKOTO HHBO Ha COOCTBEHHTE LIYMOBE.

OcHoBHa IIpUYMHA 32 HUCKUA KoeduuueHT Ha myma (Fy, = 0,33 dB) e Hanu-
YHeTO caMO Ha €MH THIl TOKOHOCHTENHN U JIMIICAaTa Ha IeHepalus U peKoMOMHaIus,
[JIaBHU M3TOYHHUIM HA LIYM OpH OUIONAPHUTE €IEMEHTH.

I'naBHa checTaBKa Ha HIyMa B [TOJIEBUTE TPaH3UCTOpH ¢ ynpasisBanl PN npexon
€ TOIUIMHHUAT 1LyM. ToH ce ABIDKH Ha XaOTHYHMTE ABM)KCHHUS Ha TOKOHOCHUTENHUTE B
kaHana. Cpe/IHOKBaJpaTHyHaTa CTOMHOCT HAa MIyMOBOTO HAaIIPEXXEHHE Ha H3XOJa 3a
4ecTOTHATa JeHTa Af e:

(5.9) Unit? = MA

1
m0

KbIETO A € KOe(MHIHMEeHT, 3aBHCell OT KOHCTPYKUWATa Ha TpaH3ucTopa — A; =
=0,6+0,67, a gnp — MaKCHMaJIHATa CTPBMHOCT. TOIUIMHHMAT WIYM HMa PaBHOMEPEH
yecToTeH creKTsp ("6 mym").
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JpoGoBHAT 1iIyM Ha refiTOBHs TOK € MAJIbK ¥ MOXe Jia ce npeHeOperHe.
HucKOueCTOTHUTE LIyMOBE MOTAT [a C€ ONMpPEAEIAT N0 NpHOIU3NTENHATA q)op
MyJa:

(5.10) Tud = 4KTg oA, %ﬂ-

il

KBAETO f; € 4ecToTaTa, NPH KOSATO HUCKOYECTOTHHMAT IUyM npeobnajaasa Hal TOIIHH- _
HUA ¥ IpOoOOBHS, 2 m € KOHCTaHTa (uecTto m = 1).

IIpu BUCOKM 4€CTOTH BB3HHMKBA LUYM, ABJDKALI C€ HA UHAYLUPAH IIYMOB TOK B-
refita. ToH ce IpMKM Ha MHIyHMpaHeTo npe3 Kananurera Cgs B refiTa Ha TOK OT ToI-
JIMHHKTE QUIYKTYallUl B KaHaJIa:

otk e it

sk L

A
5.11) T = L @ Cos AF:

ng -

g

IToneBuTe TpaH3UCTOPH, OCBEH KAaTO aKTUBHM EIEMEHTH, MOTaT J1a Ce M3II0/I3BaT—
M KaTO YNpPAaBJIAEMH JIMHENHH PE3UCTOPH C LIMPOKH IPAHHMLM Ha MPOMSHA HA CHIpPO-~
TuBNeHueTo — ot 100 Q 10 10 M Q , Maka BpeMEKOHCTAHTA M MK IIYM. :

OcHOBHHUTE MapaMeTPH Ha MOJIEBUTE TPAH3UCTOPH ¢ ynpapnsaml PN npexon ca”
[IparoBOTO HaINpeXeHHe (HanmpexeHUeTo Ha 3amyuBane) Uy, MAKCUMAHUAT OPEHHOB -
TOK Ipss, MAKCHMallHATa CTPBMHOCT g9, MUHUMATHOTO CBIPOTUBJICHHE Ha KaHalna Ry, °
(CBNIPOTHBIIEHUETO ApeiiH-COpPC MPU HYJIEBH HANpPEKEHUs Ha €IEKTPOAMTE), H3XOAHO- -
TO CBIIPOTUBIEHHE Frp, BXOOHUAT TOK Igss, MAaKCHMaJHO AONYCTHMMOTO HANPEXEHHE -
ApedH-TeAT Upgmax, MAKCHMAIIHO JIOITyCTHMATa pa3ceiBaHa MOIHOCT Pryy, TPaHHYHa-
Ta YECTOTR fT, BXOAHUAT KanauuteT Coy, MPOXOAHUAT KANalUTET Cpp, H3XOMHUAT Ka-
nauuTeT Cyyx, KOGOHLHEHTHT Ha WyMa F,

5.3. MOS TpaH3ucropm

5.3.1. YCTpONCTBO M NpuHUMN Ha AeicTBUe

IIpuHuunnaaTa crpykrypa Ha MOS Tpansucrop ¢ N UHAyuMpaH kaHal € noka-
3aHa Ha ¢ur. 5.9a. B nonynpoBoIHMKOB MOHOKPHCTAJ ¢ P THH MPOBOAUMOCT, C OTHO-
CUTEJIHO TOJIIMO CBIPOTHBIEHHE, ca Ch3faaeHH (oOukHOBeHO upe3 nudysus) ase
CHJIHO JIETHPaHy 06/acTy ¢ MPOTHBOMONOKEH THI posogumMoct (NV). TIoBbpXHOCTTa
Mexnay nudysHuTte 061acTH € NoKpuTa (Ype3 TepMUUHO OokucasBaHe) ¢ muHuk (0,01-
0,1 pm) cnoit cunuyues osyoxuc (SiO,), BbpXy KONTO € HaHECEH NMPOBEXIALL EIeKT-
poan-reiT. IIspBOHAYaNHO TEWTHT ce € MpaBWJI OT MeTal (aTyMHUHMH), a cera Hai-
4eCTO € OT mojucunuumii. Upes meranusauus (MOCpPeACTBOM OMHYEH KOHTAKT) Ha
JBeTe AU(y3HOHHH 06J1aCTH ca HampaBeHH U3BOIM OT copca (exHaTa audys3uoHHa 06-
nacTt) u apeiiHa (qpyrara objacr).
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Copc Teiir [lpeitn Copc Teiir peiin

TTommoxka HomToxka

a) 6)

DQuez. 5.9. MOS mpansucmopru cmpykmypu
a — cmpykmypa Ha MOS mpanzucmop ¢ N undyyupan kanan;
6 — cmpyxmypa va MOS mpan3zucmop ¢ N ezpaden kanan

Criopent HaurHa Ha ch3aBaHe Ha kaHana MOS TpaH3UCTOpHUTE ca ¢ UHOYYUpaH
¥ ¢ ézpaden kanan. B MOS Tpausucropure ¢ HHAyIMpaH karan (¢ur. 5.9g) npoBoau-
MHAT KaHall Ha MOBBPXHOCTTA Ha IOJUIOXKKATA IMOJ relTa, CBBp3Ball oOJacTuTe Ha
copca W JIpedHa, ce cb30asa npu npuindzaxe HA HANpediCeHUue ¢ OnpeoeneHa noasp-
HOCm U 2onemuHa medxncoy 2eiima u noonoyckama. JIbIDkNHaTa Ha KaHaa L e ot nops-
nbka Ha 0,05-10 pm, a mmpounnata W e 0,2-500 um. IIpyn TpaH3ucTopute ¢ BrpageH
(cobcmeen) xaHan (our. 5.96) nposodumusm xanan nod zeiima e opmupan ro mex-
nonozuyen Hayuu. CHOpEN TUMA Ha NPOBOAMMOCTTAa Ha kaHana MOS TpaH3ucTopuTe
ca ¢ P u N tun xanai.

W3snonsBanurte ycmoBun rpaduuny o3HadeHus Ha MOS tpamsucropu ¢ N uH-
IyuupaH KaHan ca ganeHu Ha ¢ur. 5.10q, c N Brpages kanan — Ha ¢ur. 5.106, ¢ P un-
Ayuupan kanan — Ha ¢ur. 5.106 u ¢ P Brpagen kanax — Ha ¢ur. 5.10e. Kakro BrxnaTe,
HOIYCTMMO € IOCTaBIHETO Ha CTpenKa KakTo Ha moanoxkaTa (B), Taka m Ha copca
(S). O6bpHeTe BHMMaHMe, Ye CTPeJKATA HA copca NMOKAa3Ba AelicTBUTENHATA MO-
€OKa4 Ha TOKA BbB Bepurata JpeiiH-copc (KaKTO CTpPeJIKaTa B eMHTepa Ha Ouno-
JAPHUA TPAH3UCTOP NOKAa3Ba NOCOKATA HA TOKA BbLB BEpPUraTa KOJEKTOP-
emutep). [Ipn mpencraBiHe Ha ENEKTPUYECKUTE CXEMH Ha WHTETPATHUTE CXEMU
OOMKHOBEHO Ce H3IOJI3BAT ONPOCTEHH O3HAYEHWs, KaKTo € Moka3ano Ha ¢ur. 5.100 u
¢ur. 5.10e.

O6exT Ha ciregBamy pasrnexgannsa e MOS Ttpansuctop ¢ N uHIyIMpaH KaHan.

NpunuunsT Ha geiictBue Ha MOS TpaH3ucTOpa ce 0CHOBABa HA MOJIEBUS
edeKT — Bb3MOKHOCTTA 32 NPOMEHsIHE HA MPOBOAMMOCTTA HA KaHAJIa MexKIy Cop-
ca u peiiHa upe3 HaNpe)xxeHUe, MPHJIOKEHO Ha reiiTa.

Korato Ha refiTa He € momaaeHO HanpexeHHe, BbB BEpUTaTa ApEiHH-copc He
OpPOTHYA TOK, ThH KaTO TA MpPE/CTABIABA JiBA MOCIEAOBATENIHO CBbP3aHH U HACPELHO
BKJIIOUEHH MOJa, €AUHHUAT OT KOMTO BHHArH e 3amyieH (¢ur. 5.11).
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Quez. 5.10. Yenosnu epaguuny osnauenus na MOS mpansucmopu
a — donycnumu ycrosHu epa@uunu o3uavenus Ha MOS mpanzucmop ¢ N uHoyyupan kanan;
0 — donycmumu ycnosuu epaguunu o3navenus Ha MOS mpansucmop ¢ N eézpaden kauan;

8 — oonycmumu yCnosHuy epagpuyny osHavenus Ha MOS mpanszucmop ¢ P undyyupan xanai;

2 — ycnoero epaguyno oznavenue na MOS mpansucmop ¢ P ezpaden xanan;

0 — CMOS uneepmop c usnon3éamne Ha YCroGHUME 2DAGYUIHU 03HAYEHUA HA

MOS mpanzucmopume; e — onpocmeno osnavenue na CMOS unsepmop,
U3NON36AHO 8 UHMEZPANHUME CXeMU
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B Iomnoxka

Due. 5.11. Exeueanenmna cxema Ha MOS mpanzucmop npu Ugs = 0

ITpu noxaBaHe Ha MONOXHUTENHO HampexeHue Ha reiita Ha MOS Tpan3uctop ¢
N uHAyHUpaH KaHal AyIOKHTEe OT NOBBPXHOCTHHA ClloH Ha P momnoxkara ce oT6ibCK-
BaT BbB BhTpelmHOCTTa. ENekTponnTe 0T 06eMa Ha momiokkara (v ot N* nudysuon-
HUTe 00NIacTH) ce MPWBIMYAT KbM DPa3feNUTENHATa IPaHUId CHIIMLUMHA — CHIIMIIMEB
JBYOKHC. B NIpHIIOBBPXHOCTHHA CIIOH Ha MOJUIONKKATa NMOJ reiita ce obpasysa N mun
nposodaw cnou, CBbp3Ban] o0JacTUTEe HA copca M JApeliHa, HapedeH uHeepceH Caou
WM Kanan. AKO MEXIy copca U ApeiiHa ce NPUIIOKH HallpexeHHe (IUIIoC Ha ApeiHa,
MHHYC Ha copca), Ipe3 MHBEPCHHS CJIOH MEXAY copca M JpeiiHa e nporeye ToK. ['o-
JeMHMHaTa Ha TO3HM TOK MOXE J]a Ce YIPaBisiBa e(peKTHBHO 4pe3 NMpOoMAHa Ha TeHTOBO-
TO HaNpeXCHHE.

CeoiicrBata Ha MOS TpaH3uCTOpa 3aBHCAT KaKTO OT T€OMETPUYHUTE MY pas-
Mepu L 1 W, Taka ¥ OT mapaMeTpHUTe Ha TEXHOJIOTHATA, KaTO HalpyMep HHBA Ha Jie-
rupane, neGenyHa Ha THHKUA TeWTOB OKUC U JAp. Ha mpakTHka TeXHONOrHYHUTE Napa-
METPH ca NMPEABAPUTEIHO 3aaieHu ( OT U3MONI3BaHaTa TEXHONOTHSA ) U HE MOTaT Jja ce
npoMeHAT. IIpoekTaHTHTE Ha CXEMH MOTaT Jia Bapypar caMo C pa3sMepuTe Ha KaHana L
1 W, 3a J1a ce HOJIydYaT €JIEMEHTH C ONTHMAIHA CBOMCTBA 32 KOHKPETHHUTE NIPUIOXKE-
HuA.

5.3.2. MOS ctpykTtypa

3a 1a ce pasbepe npHHUMIBT Ha paboTa W cBoiictBata Ha MOS TpaH3ucTopa,
TpsOBa Na ce Mo3HaBaT (PM3UYECKATE MPOLECH B CTPYKTypaTa MeETajl-OKHC-TIONYHpo-
BoaHuK (Qur. 5.12). la pasrnename naeanna MOS crpykrypa. IIpuema ce, ye pabo-
TaTa 3a OTJENAHE Ha €ICKTPOHHUTE € e/IHAKBa 3a MOJYNPOBOAHMKA U METalla, ANEJIEKT-

PHKBT € HICaJIEH U MOTaT Ja ChUIECTBYBAT 3apsAM CaMO B MeTalla M MONYNpPOBOAHHKA
(tun P).
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AX0 Ha METAJIHUA YNPaBJIABalll €JIEKTPOJ CE NOAafe OTPULIATEIHO HANPEKEHME,
Ha rpaHuMyYHaTa oBbpXHOCT Si-Si0, ce HaTpynBaT Aynky, kaTo ce obpasysa oboraren
cnoit. To3u pexuM ce Hapuya peoicum Ha obozamseane (aKymynayus,).

ITpu noaBaHe Ha NOJNOXKUTENHO HANpeXXeHHE KbM METAIHMA eJIEKTPOJ] OCHOB-
HUTE TOKOHOCHUTEJIH B MOJUI0KKATa — AYIKHUTE, ce OTOIIbCKBAT HaBbTpe B obema U. Ha
MOBBPXHOCTTA ce o6pa3yBa ClOH ¢ HaMaleHa KOHLEHTPAaMA Ha NYNKH — o0beoHen
cnoti. Hamupaiunte ce B HETO HENOABYIKHM "OrojieHn" HOHN3UpaHH aKLUENTOPHU aTo-
mu obpa3syBar ¢uKcupaH oTpuuaTeneH obemeH 3apan Op. To3n pexuM ce HapHya
pedicum Ha obeoHAsane.

Bpemeto 3a o6pa3yBaHe Ha 0OEAHEH CJIOMH, T. €. BpEMETO 33 eKCTPAKLHUs Ha Oc-
HOBHHUTE TOKOHOCHTENU OT NMOBbPXHOCTTA Ha NOJYNPOBOAHHKa MOA reiira KbM obeMa
1., € MHOTO Maiiko (T, = 1072 = 1077 s).

ITpu mo-HaTaTHIIHOTO yBENMYaBAHE Ha MOJIOXKHUTEIHOTO HaMpeXeHUe Ha reirta
Ug xbM pazfenurenHaTa rpanuua Si-SiO; ce mpHBIMYaT €NEKTPOHM, TEHEPUPAHH B
obema Ha oOenHeHus ciioif. [locTeneHHO B NPUIIOBBPXHOCTHHUS IONYIPOBOAHUKOB
CIIOW ce HaTpyIBAT €JEKTPOHU M CE Ch3JaBa MHBEPCEH CIOH (pedicum Ha uneepcus).
WuBepcHusT ciol € ¢ MHOTO Maiika nebennHa — 5-10 nm. Bpemeto 3a o6pa3yBaHero
MY ce OmpeJens OT BpEMETO 3a reHepauus — pekoMbuHaiusa B 06eIHeH st CJIOH T, U ¢
OTHOCHTEJIHO ToNIAMO (T, = 0,2 s npu N ~ 10" cm™).

Tpabea cnenynanHo na ce oObpHe BHUMaHUE, ye npu MOS tpansucropurte ¢ N
HHYUUpaH KaHal eJeKTPOHHTE, 00pa3yBalliy HHBEPCHUS KaHall, IPEeMHHABaT B KaHa-
na or N* obnacture Ha copca ¥ ApeiiHa, NOpaay KOETO 3a TAX BPEMETO f, € MHOIO
MaJIKO.

HanpekeHueTo BLpPXY reiiTa, Npin KoeTo B MOoJyNnpoBOJHUKOBATA MOLJI0%K-
Ka ce Ch3JABa HHBEPCEH CJIOH, Ce HApH4a NMParoBo Hampe)KeHUe HA UAeaHaTa
MOS crpyktypa — Utg. To ypaBHOBecCsBa (KOMIIEHCHPA) Ch3IAJCHUTE OT HEro OTpPH-
HaTeJeH 3apaj Ha 00eAHEeHus cioil B moutoxkkara Qg (nmpe3 cneunuyHUs KanauuTer
Ha TBHKHA TeiTOB OKUC Co) M 3aps/ia Ha €JIEKTPOHUTE B MHBEPCHMS KaHall — 2¢

(5.12) Uro = S +2¢g,
CO
&0&.&02
d

0
auHa Ha Si0,, & — nuenekTpUYHa KOHCTAHTa Ha BaKyyM, ésmz — IOHeNIeKTpUYHA KOHC-

kpaeTo Cy = € crequdUUHUAT KanayuTeT Ha THHKKS relToB OKuc, dg — nebe-

TanTa Ha Si0,, a ¢ ; — moTeHUUan Ha Pepmu.
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Due. 5.12. Cmpyxmypa meman-oKkuc-nonynpoeooHUK
a — 06w cryyaii; 6 — HanpediceHue Ha 2eima No-208AM0 Om nPazoeomo;
8 — gonm-gapadna xapakmepucmuxa Ha udeanta u pearna MOS cmpyxmypa
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B peannara MOS cTpykTypa Tpsi0Ba na ce€ OTYETaT M HAKOH zlom.nﬂmenm[!
(aKTOpH, ONpPENENAUIA PABHOBECHOTO CHCTOSHHE HA MOBBPXHOCTTA Ha NOMYNPOBOX-
HHKOBATA MOJUI0KKA, KOUTO BIMAAT BHPXY FONEMHHaTa (¥ 3HaKa) Ha NParoBOTO Hary. |
pexentue.

Tlopazu pasnukata B OTHCIMTENHUTE PabOTH Ha MaTepualla Ha reiiTa u Ha no- -
JIyNpOBOAHMKOBATA MOAIOXKKA (Si) Mexsy Tax (mpe3 cros SiO;) ce M3BBpLIBA 06Mey -
Ha eNeKTPOHH. B PaBHOBECHO CBHCTOSHHE CE YCTAHOBSABA KOHTAKTHA MOTEHLMANHa -
pasnuKa (Qums. I'0NeMHHaTa U 3HAaKBT U 3aBHCAT OT MaTepHasia Ha IeiTa U THIA U HUBO- -
TO Ha JIETHpaHe Ha MONTyNPOBOAHMKOBATA MOAJIOXKKA. :

B m3onauuonnus cioi Ha peanHara MOS crpykTypa u Ha uHTepdeiica Si- SlO2
BHHAard CBIIECTBYBAT €NEKTPHYECKH 3apanau. ONHMCAHHETO UM € M3BbH DaMKHTE Ha-
HACTOALIOTO pasriexaane. [Ipuemame, ye onpenensiio BIUSHHE OKa3BaT (PUKCHUpa-.
HUTE B OKHCa U MHTepdeiica OKUC-IIONYNTPOBOIHUK MONOKUTEIHH 3apAIH C IITBTHOCT

Qss. Te HHAYUMpAT CHLOTBETEH OTPHLATENIEH 3/ HA OBBLPXHOCTTA Ha MOy POBO--
HUKa.

KPP

3a J1a ce KOMIEHCHpa BIMSHUETO HAa KOHTAKTHATA MOTEHUHAHA Pa3iuKa QPys U
MOJIOXKUTENHUTE 3apsAy B OKHca Ha reiita QOss, Ha peannara MOS cTpykrypa Tpsibsa
Jla ce TMojajie HalpeKeHHe, HapeyeHO HaNpe)XXeHHEe Ha M3NpaBsHE Ha 30HUTE — Ug,
(Hapuua ce Taka, 3al10TO NpH HETO €HEPTHHHHATE 30HHM Ha MOBBPXHOCTTA Ha IOJYI-
POBOAHMKA ca "MIOCKU", XOPU3OHTANIHH, Thil KaTO TOBAa HalpeXeHHe ¢ KOMIIEHCUPAJIo
BCHYKH IIAPa3UTHHU 3apsJy W NMOBBPXHOCTTA HA MOAJIOXKKATa € KaKTO IIpU MIealHaTta
MOS ctpykTypa.):

(5.13) Urn = + ous - 255,
Co

ITparoBoto Hanpexenue Ha peanHata MOS ctpykrypa Ur ce ompeaens ot mpa-
roBoTO HampexeHue Ha uneanHata MOS ctpykrypa Upp M HanpexxeHHeTO Ha H3Ipa-
BsiHE Ha 30HUTE Ugp:
(514) Ut = Uy + Ugp.

Kato ce otyeraT m3pazure (5.12) u (5.13), 3a nparosoro HanpexeHune na MOS
CTpykTypata ¢ P moanoxxa (N MHAyLMpaH KaHall) ce Nojy4aBa:

Oss |, Do
(5.15) Ur= - == + 20r.
T = PMms C, Co OF.
IIparoBoto nHampexxenne Ha MOS crpykTypata ¢ N momnoxka (P unayuupan
KaHal), KaTo Ce CMEHAT 3HALMTE Ha BENHYHHUTE Op U @F €:

Y Q
(5.16) Ur = +pms — =5 _ =B _ 205
¢ G
HpaI‘OBOTO HanpeXeHue UT € OT NopAAbKa Ha 4YaCTH OT BOJITA A0 HIAKOJIKO BOJI-
Ta.
&= lpumep

Jla u34uciauM nparosuTe HampexeHus Ha ABe equaksu MOS ctpyktypu c Pu N
MHIYLMpaH KaHal C KOHUEHTPalus Ha TpuMecHTe B momnoxkara Ng = 107 ato-

204



Ma/cm3, nebennHa Ha reiitoBus okuc dp = 0,1 pm, KOHTaKTHa NOTEHIMAIHA pasnuka
MEX/Ly Marepualia Ha reiTa u Mojuioxkkara Pys = — 0,3 V ¥ IIETHOCT Ha OBBPXHOC-

THATE 3apAAY B OKHCA Oss - 10" aromalem’. Hanomusme, ge n; = 1,45.10'° aro
q
ma/em’ (3a Si); & = 8,854.10" Flom; & = 11,8; &g, = 3,9; ¢ = 1,602.10™ q; k =

=1,38.102 J/°K.

PeweHue
€osio, _ 8,854.107439

Co= - = 3,45.10"° Flom’;
- d, 10
-23
o= KL _ 13810 '_3190=0,02584V;
g  1602.10™
kT . Ny 10"

20 = 2—ln——- 2.0,0258.In———— =0,576 V;
n; 1,45.10"

,/2§0§S,qNB[2(pF = \/2 8,854.107%.11,8.1,602.107.10.0,576 =

~1,39.10° F/cm;

-8
Un= 2 + 205 = % +0,576 =~ 0,98 V;
C, 3,45.10
Oss 10"'.1,602.10™"
Usa = _ ___0’3_ =0,76 V.
FBE M T 3,45.10°

MOS ctpykTypa ¢ P uHayuupas xaHan:
Ur=Ugo + U =-0,98-0,76=-1,74 V.
MOS ctpyxrypa ¢ N uHAynHpaH KaHam:
Ur=Up+ U = 0,98 - 0,76 = 0,22 V.

ITo-menHa wHGOpManua 3a cBoiictBata HAa MOS crpykrypara JaBa 3aBHCH-
MOCTTa Ha KanaiureTa i OT HanpexXeHHeTo Ha refita (Bont-dapagHara XapakTepuCTH-
Ka), moka3aHna Ha ¢wur. 5.126. 3a obscHaBaHeTO U TpAOBa Oa ce UMa mpeaBu, 4e o0-
mWUAT Kanauurer Ha cucremarta C ce CBhCTOM OT [Ba IIOCIEXOBATENHO CBBP3aHH
KanauuTeTa — KamauuTeT Ha jauenekTpuka (Cop) M KamanuTeT Ha oOeMHHUA 3apsan Ha
obennenara obnact (Cg) (pwur. 5.12a u ¢wur. 5.126):

1 1
5.17) —=—+ ——1—,
KbJIeTO crieuUIHUAT KallaluTeT Ha ThHKKA reiiToB okuc Cy €:
(5.18) Cy= 205501,
dO

KaTo go € JUCJIEKTpUYHAaTa KOHCTAHTa Ha BaKyyMa, §Sioz — MHUCJICKTPHYIHA KOHCTAaHTa

Ha H30J1aTOpa NOoJ TeiiTa, B citydas SiO,; dy — nebenuua Ha U30JaTopa MoJ| rerTa.
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CrieuupuYHHUAT KanauuTeT Ha obeaHenus cnoi Cp e:

(5.19) Cp= -QZ%
B

KaTo &g € AMeNeKTpHYHATa KOHCTAHTA Ha CUJIMIMEBATa NOAJIOKKA; dp — JcOEIMHa Ha -
obeIHEeHHS CIIOM. -

I[Tpy HUCKA 4€CTOTa Ha NPOMEHIIMBHS CUTHAJI, C KOWTO Ce U3MEpBa KalaluTera, .
cHCTeMaTa € B paBHOBECHME BBB BCEKM MOMEHT OT BpPEMeETO (KpuBa a oT ¢wur. 5.12¢)
OTpULaTETHOTO HANpeKEHNE Ha Teifra ChOTBETCTBA Ha 000raTIBaHe Ha IOBBPXHOCT- -
Ta (peXuM Ha oborartsBane) ¥ OOWMAT KanauureT C ce ompe/ens OT KaalMTeTa Ha
auenexrpuka Co. IIpu MojoxuTeNHO HanpexeHue Ha reiTa ce chb3JaBa 00eIHEH CIIoN,
C yBenuuaBaHe Ha HalpexeHHeTo AebennHaTa Ha obefHeHus 1ol HapacTBa U ChOT=
BETHO KanauuTeTsT My Cp HaManABa, IOpaay KoeTo oOmuaT kanauuteT C HamansBa,
IIpy nocTHrane Ha nparoBOTO HampexeHne Ut ce ch3xaBa MHBEPCEH CIIOH, KOUTO ek
paHupa neiictBuero Ha obexHeHara obnact. OOmusaT kananurer C PA3KO HApacTBa i
xinoHu kM Cp.

EP
NN

Piia: P

[Tpu Bucoxka yectoTa (f > i) Ha TPOMEHJINBYSA CUrHan (KpuBa 6 oT ¢ur. 5.126)
Til
HEOCHOBHHTE TOKOHOCHTENTM HAMAT BpeMe [1a C€ HaTpymaT MoJ NMOBBPXHOCTTA M Ja
ch3aanaT UHBepceH kKaHan. KamanureTsT Ha obennenara obnact Cp onpezens obuus
kanaruret C.

B uMmysnceH pexxuM (kpyBa 6) oOeIHEHUAT CIIOH ce pa3mupsBa, 6e3 na ce obpa-
3yBa MHBEPCEH KaHaj, KaTo OOLIMAT KalauuTeT MpoAb/DKaBa Ja HaMaisBa (0 TOYKa-
Ta B, KbJIETO BB3HUKBA JJAaBUHEH NTPOOUB).

MOS koHzeH3aTOpHUTE CEe U3MON3BaT MIMPOKO B MOS TexHMKaTa KaTo JUCKPET-
HH (332 KOHTPOJI HAa MPOU3BOJICTBEHUTE MPOLIECH, CEH30PH U Jp.) U MHTErpalHU (IIpH-
0opu cbC 3apsAaHa BPB3Ka U JIp.) €IEMEHTH.

5.3.3. CraTtuuHu xapakrepuctuku Ha MOS TpaHsucrtopute

IMpuruuneT Ha peitcrBue Ha MOS Tpansucrop ¢ N HHIynupaH KaHan € WITIOCT-
pupaH Ha ¢ur. 5.13. Jla npuememM, ye copchT M NOAJIOXKKATA ca CBBP3aHM Hakbco. [Ipn
HyJIEBO HanpexKeHHe Ha refiTa JMICBa HHAYLMPAH KaHA U [pU MOJaBaHE HA HaMpexe-
HUe ApeHH-COpC TOK He NMPOTHYa — TPAaH3UCTOPSBT € 3anymeH. Ako Ugs > Ur, nop reiita
ce HHIOYLMpa npoBexaall kaHan (¢ur. 5.13a), cebp3Baly obnacTuTe Ha copca U AperHa.
IIpu nopaBaHe Ha HanpexeHne Ups BB BEpHUraTa JIpeiH-copc npoTuya ToK Ip.

IIparosoto nanpe:xkenue Ha MOS TpaH3ucTopa ¢ MHIyUMpaH KaHau ce fAe-
(puHHPa KATO HANpPEKEHNETO, MOJAAEHO MeXAYy reiiTa u copca (CopchbT € CBbLP3aH
HAKbCO € MOAJI0HKKATA), IPH KOETO B MOJJIOKKATA Ce¢ HHAYIIMPA KaHAJ U BbB Be-
purara JpeiH-copc NpoTHYa onpeaejieH MUHUMaJeH Tok Ipy.

Ha mpakTuka mparoBoTO HampeXXeHHE ce W3MEpBa MpH 3aJlaficH NPEiHOB TOK
(mampumep Ing =1 pA npu Ups =2 V).

Cemeiicmeomo uzxo0nu cmamuynu xapaxmepucmuxu sa MOS Tpan3ucTopa ca
3aBucuMoctute Ip = flUps) npu Ugs = const. Ha dur. 5.14 ca mokazanu u3X0JHUTE
CTaTHYHM BOJNT-aMIIEPHH XapakTepucTHKH Ha MOS Tpansuctop ¢ N MHAyIUpaH Ka-
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Hal. B TAX ce pa3snuyaBar Tpu 06jacTH: NMHeHHa (OMUYHA, TPHOAHA) obract, obnacT
Ha HacuInaHe (IEHTOAHA) U obyacT Ha NpoOUB.

IIposexpaam TIpoBexpnang
N kanan Uy > Uy N xanan Uy > U
T

UDSAT

A, 74 772

A NS\ e
— EIK' [S]

OGenneH Obenen L B
2 croii

a) 6)
TIposexnany

N kanan
Uss > Up Ups > Upsar

r} \ ’—l'j_ sio, FF
Ins
X7 D
N B 8|8 a SN
JE]/"-T\ =] ;_

281 ‘\\\A\DE’ B o
AR G
‘LB
6

Due, 5.13. lpunyun na paboma na MOS mpansucmopa
a — cb30aden nposooUM KaHan, b — Ha 2panuyama Ha HacuwaHemo;
8 — 6 pediCUM Ha Hacuwane

B nuHeitHaTa obnacT ¢ yBenn4yaBaHe Ha HAaNPEeXEHUETO Ha ApeiHa Ups U3Xon-
HUAT TOK Ip HapacTBa iuHeHHo. [IpoTHyaHeTo Ha JPEeHHOBHA TOK IPeIN3BUKBA [1ajJ Ha
HaNPeKEHNETO BHPXY OMHYHOTO CHIIPOTHBIICHHE Ha KaHana. C yBenuyaBaHe Ha IbJI-
JKWHaTa Ha KaHaJia OT COpca KbM ﬂpCﬁHa HapacTBa ChIIPOTHUBJIIEHUETO MY, KaTO €CTEC-
TBEHO HapacTBa M MaJia Ha HAMpeKeHHETO BBHPXY Hero. JleilcTBaiioTo HampexeHHe
refiT-copc (KOeTo MHAYLMpa KaHalla) € pa3ihKa MEXIy IIOCTOSHHOTO HarpeKeHue
TelT-Io/UI0KKa M HapacTBallMs OT cOpca KbM JpeiHa MaJ| Ha HanpekeHUe BBPXY
CBIIPOTHBIICHHUETO Ha KaHana. B pesynrat Hanpexxenuero Ugs, KOETO Ch3JaBa KaHala,
HaMalfBa OT copca KbM JpeiiHa U mopaay TOBa HaMaJIABa U CEYEHMETO Ha NPOBOI-

KA KaHall. HpPI JAOCTUTaHE Ha HAKAKBO HANPEXKCHHUE, HAPCUCHO HANPEKCHHE HA Ha-
CHII3HC

(5.20) Upsa = Ugs — Ut
KaHaIBT B 00JacTTa 10 ApeiiHa ce "NMpUILMBa", 3al[0TO WHAYIHPAloTO Io Halpexe-
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HHe B Ta3d TOYKa CTaBa PaBHO Ha HparoBoTo (¢ur. 5.136). [lo-HaTaTHIIHOTO yBENHYa-~
paHe Ha Ups BOAU [0 HacHuIllane Ha Toka Ip. ToBa e obiactra Ha HacuiaHe (WK IMeH-
tomHaTta 06aacr). B Hes ¢ yBenuaBaHe Ha Ups KaHAIBT CE CKBCABA, KATO IIPHIIOXKEHOTO
BBPXY HEro HaIPEXEHHE HE CC IPOMEHs U 0CTaBa paBHO Ha Upg. To ompenens mocto-
AHHAA TOK Ipgy. Pasmukara AUp = Ups — Upgy © HaIIpeXKEHHETO BBPXY obenHeHaTa oG-
nact ¢ aemkuHa AL (¢ur. 5.136). [Iporuuanero Ha Tok B obenHeHara obmact (AL ot
dur. 5.136) ce ABIDKM HA EKCTPAKIMATA HA ENIEKTPOHHTE OT KaHaua ¥ Aped(oBOTO UM
HpuIBIKBaHE Mpe3 obeHEeHaTa 06NAcT IO ApeHHA OT EJNEKTPUYECKOTO IIONE, KOETo
CBIIECTBYBA B Ta3u obyacT (aHAJIOTHYHO Ha IIPEMHHABAHETO HAa TOKOHOCHTENHTE IIpe3
00paTHO MONAPU3NPAHHUS KOJEKTOPEH NPeX0/ B OHIIOISAPHUS TPaH3HUCTOD).

O6nact Ha npobus
A OO6nacT Ha HacHuIaHe I
~ <—
I, mA | Jlumeiina | Ugk=4V I ‘
12 | (oMmraHa) {

obmact

|
|
|
|
|
|
|
10 - !
|
g | Ugs=35V E
I
I
° |
Uis=3V !
ID&&I ] :
| |
; Ugs=25V :
2 4 t |
! Ugs=2V |
—1 } . } : L >
0 1y, 2 3 4 5 6T Ups, V
Us=15V=U;

DQue. 5.14. H3xo0HU 80nmM-AMNEPHU CIMAMUYHY XAPAKMEPUCIUKY

JIpeiiHOBHAT TOK Ce OIICBA ChC CIEHHUTE NPUOIH3UTETHE 3aBUCAMOCTH:
* 3ajmHeiiHaTa o6nact — npH |Ups| < |Ugs — Ut

CcC,W 1
(5.21) b= “ffT" [(Uos ~ U)Uss ~ — Ups'l =

1
=K [(Uss — Un)Up - 5 Ups’),

1
In=K (Ugs — Ur - B Ups) Ups;
e 3a obnactra Ha Hacumane — upd |Ups| > |Ugs — Un]

K
(5.22) I= - (Uas - Ur)’,
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KBIETO Hefr € €EeKTHBHATA NIOBHPXHOCTHA MOABHXXHOCT HAa OCHOBHUTE TOKOHOCHTEIIH
B KaHala, L — IeIDKMHA Ha KaHana, W — IIMpoyYKHa Ha KaHaia, Cy — crieuupuyIHus Ka-
falyTeT Ha THHKHA TEHTOB OKHC,

Crneun¢umunata ctppMHOCT K €

(5.23) k=kp?
L

KBIETO (paKTOpBT Ha CTpEMHOCTTA KP €:
(524) KP = p.cffco.

I'panunara mMexxay nuHeitHaTa obnacT 1 obJacTra Ha HacHIaHe, HapeyeHa ma-
pabona Ha HaCHILAHETO, ce Noay4asa or (5.21) npu ycnoBueTo 3a Hacuiane Upg, =
= UGS - UT (q)HI‘. 514)

K
Ip=— UzDsa('

2

B pe>xuM Ha HacullaHe APEHHOBUAT TOK HapacTBa cIabo C yBEIMYaBaHETO Ha
Ups (dwur. 5.15), T. e. MI3XOAHOTO CHIPOTUBJICHUE HE € Oe3KpaiHOCT:

K
Ip= —2—(ch - Ur)* (1 + \Ups).

Tyk Koe)HIUEHTHT A ONpenieNis M3XOAHOTO CHIIPOTHUBJIEHNE HA TPAH3UCTOpa U €
oT mopsaAbKa Ha A = 0,050,005 V™', 3a HHKEHEPHH H3UHCIICHUST MOXE 11 CE H3TON3Ba
npubiu3uTenHara GopMyna:

01

A= —Z, V!, kppeto Le B pm.
TIapa6ona Ha Hacumane
’ DT | OGnact Ha

JIuneiina | HaCHILIAHE >
obmact

1 /]
rgx — e
AL, 7
e
e
~
// —
1 g /’/’
—_ - -
e - - —
7" ///’/’ ______
- —— — ]
e = = T T >
. >
U, Hampexenue ua Early 0 Ups

@ue. 5.15. H3x0010 conpomusnenue 6 obracmma Ha HACUWAHE
&&= lMpumep

Ha m3uncnum apeitHoBus Tok Ha MOS Tpansuctop ¢ N uMHIyUMpaH KaHal B
peXuM Ha HacHIUaHe npH relitosu Hanpexenus 0, 1,2,3,4u S5 V,ako L=2 um, W=
=160 pm, KP = 50 pA/V* u Ur=2V.
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PeweHue
W3nonssame ypasHenue (5.23), 3a na onpenenum K:

K= KPXV— =501—69 =4 mA/V>
L 2

JIpefHOBMAT TOK NPH HAacHINaHE €:
K
Ip = ?(UGS - Uy~

3aMecTBaiiki ChC CbOTBETHUTE YUCIEHH CTOMHOCTH MOIyYaBaMe:
3a UGS=5V,ID=18mA;
ch=4V, 1D=8mA;
UGs=3V,ID=2ITlA;
UGSZZV,I[):OIT\A',
UGSZ 1 V,ID=0mA.
HpH Ugs = 1n2 V, Ip= 0 lTlA, TbH KaTo UGS < UT.
[Tpu ronemu HanpeXxeHus Ha apeiina 8 MOS TpaH3ucTOpa HacTHMIBAT NPOOHBH,
KaTO MEXaHU3MbT UM UMa CJIeIHHUS XapaKTep:

e [IpoOuB, 00ycnoBeH OT JJABUHHOTO YMHO)KEHHE Ha TOKOHOCUTENIUTE B KaHa-
na mopand yaapHa HoHusanusi. HopManHo npeau npoGuBa TpaH3HCTOPET €
OTHyUIeH u Teuye ApeiiHoB ToK. [IpobuBsbT € "Mek", T. €. TOKBT yBeJINYaBa
TUIaBHO CTOIHOCTTA CH.

e Enexrtpuuecky npobuB Ha mpexoaa AperH-nomIoxkka. OGMKHOBEHO HACTBII-
Ba, KOraTo TPaH3UCTOPBT € 3amnyIlIeH WJIM Teue MalbK ApeilHOB Tok. ['one-
MMHATa Ha NPOOMBHOTO Halpe)XeHNE 3aBHCH OT NMOTeHUnaNa Ha reiTa. IIpo-
OuBBT € "ps3BK".

e BropuyeHn npobus. Ako npu NMpoOHB BbB BepuraTa JpeiHH-copc B XapakTe-
pPHUCTHKATa Ha TPAH3HUCTOPa BB3HHKHE YHacTbK C OTPULIATENHO CHIPOTHUBIIE-
HHe, MeNCAY copca U peiiHa Moxce Aa ce 06pa3yBa ThHBK MPOBOANUM KaHAN U
Jla ce pa3BHE BTOPHYEH NPOOHUB.

e [IpoGuB Ha AueNneKTpUKa MoJ reira, KOWTo € xapakrepeH npd MOS cTpyk-
TypMTE H BOAU O HeoOpaTuMo paspyinaBaHe Ha enemeHTa. MOS TpaH3uc-
TOPBT UMa M3KIIOYMTEHO TOJIIMO BXOJHO CBITPOTHBICHUE (109——1016 Q).
Bceku 3apsap (Hali-uecTo enekTpoCTaTH4eH), MOMagHal Ha TeiTa, ce 3a1bp-
J)Ka TaM IpoAbnkuTenHo Bpeme. Ilopagu Mmankara gebenvHa Ha OKHCHMSA
CNOH IOPH HEroNeMH 3apsAau Ch3aBaT rofsaM HHTCH3UTET Ha eJIeKTPHYECKO-
TO TI0JI€ M BE3MOXKHOCT 32 MpoOuB. 3a NpefoTBpaTaBaHe Ha npobusa ce B3e-
MaT MEpKM 3a 3alllMTa 110 CXEMEH ¥ OpraHU3allMOHEH IIBT.

Cxemnara 3amura Ha MOS TpaH3ucTOpa c€ OCBILECTBSABA I0CPEICTBOM BKJIFOU-
BaHE MEXXIy TedTa U IMOJUI0NKKaTa Ha eJIeMEHT C IIParoBo Halpe)XeHHe Ha OTIyLIBaHeE,
MO-HHCKOTO OT NMPOOMBHOTO HANPEXKEHHE U M0-BMCOKO OT MParoBOTO HaNpe)KEHHE Ha
paboTHua TpaH3ucTop. KaTto TakbB eNeMEHT MOTAT Jia ce M3MON3BaT HEHEPOB JHOM —
¢ur. 5.16, npyr MOS Tpansuctop ¢ nebenn OKuc Mof reiTa (C BUCOKO MparoBo Hampe-
xenue) — ¢ur. 5.17 u ap.
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——O R,
Tpab. BroHiueH PaGoren
— U3BOL TPaH3NUCTOP
D, D, D,
D, S
UDD

Jlwon (P — nwell)

R KoM refita
Brumen | | 0 » | Ha paboTHHA
H3BOJ | S
p* Inoxn TPaH3MUCTOP
+
CrnpoTHBICHHE (N' — nomnosxka)
USS
Meran IMonnoxka

BRHIIEH | KbMm reiira
H3BOJ Ha paboTHHA
. TPaH3KUCTOP
SiO,
Field oxide

Si

| {
HNOMI0XKKa

| "I TETIITIIETIIATERINTS |

1 U,

@ue. 5.16. Enexmpocmamuyna 3awuma na MOS mpanzucmop ¢ yeneposu 0uoou

OpraHu3allMOHHATE MEPKU BKJIIOYBAT CITa3BaHETO Ha CHELMANHK NpaBula [IpH
NPOM3BOJCTBOTO, CHXPAHEHUETO, TpaHcrmopra M paborata ¢ MOS TpaH3MCTOPH.
[IpyHIMOBT TYK € NpEenBapUTENTHO 3a3eMsABaHe Ha BCUUKH OOEKTH (BKIIOUMTENIHO XO-
para — oneparoph ), 1o kouro MOS TpaH3ucTopuTe 6¥Xa MOIIIM Ja €€ JOKOCHAT.
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K®M reiita
Ha pabGoTHHA

K&M refita TPaH3HCTOD

Ha paboTHuA BrHiuen
TPaH3UCTOp H3BOX

.
Lo

—— .

BrHIIEH

H3BOX G Tpamsucrop
c neben
Tpananctop TeATOB OKHC
¢ meben
refToB OKUC R,

Que. 5.17. Enexmpocmamuuna 3awyuma na MOS mpansucmop c opye
MOS mpanzucmop ¢ deben eiimos oxuc

Hupyuupan
P xanan

8 2

Due. 5.18. IIpedasamennu sonm-amnepru xapaxmepucmuku na MOS mpansucmopu
a— MOS mpansucmop ¢ P undyyupan kanan; 6 — MOS mpan3sucmop ¢ N undyyupan kanan;
8 — MOS mpansucmop c P ezpaoden kanan; 2 — MOS mpanzucmop c¢ N eézpaden kanan
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Xapaxmepucmukume Ha npedasane (npOXOOHUMe XAPAKMePUCMuKu) ce u3pa-
3gBaT cbC 3aBucuMocTHTE Ip = f (Ugs) npu Ups = const. Ha ¢wur. 5.18 ca noxaszasu
npe/laBaTeTHUTE XapakTepucTuku Ha MOS tpansuctopu ¢ P u N unpynupan u srpa-
JeH KaHAJIHU.

ITpn MOS TpaH3uCTOpUTE C BrpaZeH KaHaj BB BEPUraTa ApeHH-cOpC MpoTuya
TOK M NIPH HyJIEBO HampexeHHe Ha reiita. [Ipy nmogaBaHe Ha MOJOXHTENHO Hampesxe-
HHE Ha reita (3a N BrpaseH kaHaia) KOHIEHTpAUUATA Ha OCHOBHUTE TOKOHOCHTEIH B
kaHana (eEKTPOHMTE) C€ YBENIHYaBa M JPEHHOBUAT TOK HapacTBa (pexuM Ha obora-
taBaHe) — gur. 5. 182. [Ipu oTpruaTenHo HanpexeHUE Ha reiiTa HaMalsiBa KOHIIEHT-
panuaATa Ha €IEKTPOHHTE B KaHala H JPEHHOBMAT TOK ChILIO HamalsBa (PEXHUM Ha
obennaBane). Ilpu ompeneneHa cToiHOCT Ha HampexxeHUeTo Ugs HAPEUEHO Mpazoeo
HanpediceHue WA Hanpexcenue Ha 3anyweare — Ur, KaHaIBT Ce 3alylliBa ¥ OpeitHo-
BHMAT TOK IIPHEMa ollpe/ieliecHa MUHUMAaJIHAa CTOHHOCT.

5.3.4. OCHOBHM eNeKTPUYECKU napameTpm

lpazoeo HanpexeHue Ur

To e ocHoBeH napameTsp Ha MOS Tpansuctopute. Onpesens ce 0T KOHCTPYK-
THBHO-TEXHOJIOTMYHHUTE I1apaMeTpH Ha CTPYKTypara.

@& Mpumep

[Ja ompenenum mparoBuTe HampexeHus Ha N kaHanaute u P xananaute MOS
Oss _
q

= 10" aroma/cm?, Na = 5.10" aToma/cm’ u s = — 0,6 V — 3a N kanaeH TpaH3uc-
T0p; Np = 4.10"° aToma/cm® 1 s = — 0,1 V — 3a P kananen tpansucrop.

Tpan3ucTopu 3a ctagaptHa 0,4 pm CMOS TexHonorus, 3a koiato dy = 80 A,

PeweHrue
; ,854.107.3,
Co= Sobso, _ 8 0_7 39 0.4316.10° Fom.
N xananes MOS TpaH3ucCTOD:

.1 15
20 = ZEh’lﬂ= 2.0,0258.1n5—010- =0,659 V;
1,45.10

q ni ) .
O = 1/2§0§SinB|2(pF = J2.8,854.10"4.11,8.1,602.10"9.5.10'5.0,659 =
=3,32.10" F/em;

0, 332.10°
U= =— +2 = — 40,659 =0,736 V;
o= Y20r = ae0° T 0¥
Oss 10".1,602.107"°
Upg = £ - =2=_0,6- =-0,637 V.
B = Epws o 0.4316.10°°

Ur=Ur + Urs =0,736 - 0,637 = 0,099 V,
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P xanamed MOS TpaH3UCTOD:

T 16 -

4.10
209F = 2—lnﬂ= - 2.0,0258.111——? =-0,766 V;
q n. 1,45.1

1 ’

On = [26,66:aN 204 =- |/2.8,854.107.11,8.1,602.10™°.4.10'°.0,766 =
=-10,13.10"° F/cm;

0y 10,13.10°*
Up== +2¢py,=— ——-0,766=-1,0 V;
PTC, TR 04316107
Oss 10".1,602.10™"
Urp = + s — 25= 0,1 - =_0,137 V. -
R 0,4316.10°° :

Ur=Un+ U =-1,0-0,137=-1,137 V.

Buxpate, ue N u P MOS Tpan3ucropyure MMaT pa3IM4HU 10 abCONIOTHA CTOj-
HOCT NparoBH HanpexXeHus. 3a MPaBHIHOTO (QYHKIMOHUpPAHE HA CXEMHTE € HeoOXo-
JVMO TIparOBHTE UM HampeXeHus Nia ca ¢ efHakBH (61n3ku) abCoaOTHU CTOHHOCTH,
3a U3paBHABAHETO UM TIPH M3TOTBAHETO HA €JIeMEHTHUTE Ce MPOBEXAAT JONBJIHUTEIHH
TEXHOJIOTMYHH OIEPALIHH.

W3spaszute (5.15) u (5.16) noka3BaT OCHOBHUTE (paKTOpPH, C KOUTO MOxKe a Obie
KOHTpOJIMpaHa rojleMHHaTa Ha IParoBoTO HampexeHue, Hall-yecto usnon3BaHute ca
nokasadu Ha ¢ur. 5.19. [enrta e koHCTpYUpaHeTo Ha MOS TpaH3UCTOPH C TOYHO KOH-
TPOJIMPYEMO, MaJIKO 110 abCOIIOTHA CTOHHOCT MparoBo HampexeHue, OJIM3KOo 10 Han-
pPEeXEHHUETO Ha OTINYLIBaHe HA OUIONIPHUTE TPAH3UCTOPH.

KouTpoJ Ha NparoBoTo Hanpe:xKeHue
Y \ Y y Y
1
ool (o]
88 5 Eg i g8
g B ¥ 2= a X d
H o B g S s 33
Sc~| |E88~| |g8E~] |FEES| | E
8 e ¢ ag k& 285 g &
= @) ot S g Q.‘,N o Q) 5 8 QA S
88~ EEEZ| |85 |28&7 &
£ S RE | |82F °
R g8 m O =
P g 82 O w
2 =
i Y Y
Kpucranorpadcka Crenu¢nyno
Tun u3omnarop (g) OpHeHTalHs Ha CBIIPOTHBIICHUE
TIOJIJIOXKKATa Ha TOATI0KKATa
y Y
a
Jlebennna Tun - 062):;0“8
Ha okuca (d,) TEXHONOTH I
Ha HOJJIOKKATA

Duz, 5.19. Paxmopu, onpedensyu npazosomo nanpedicenue va MOS mpansucmopa
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YBenuyaBaHeTo Ha CleUU(GUIHOTO CHIPOTHBIIEHHE Ha MOAIONKKATA TIPELIONa-
ra no-jecHa MHBEPCHA Ha NOBBPXHOCTTA U Ype3 HamansBaHE Ha MOTEHUMANA Qp U
obemuus 3apan Op. PUKCHPAHUAT 3aps HA HOHM3UPAHUTE NpuMecH Oy MOdXKe jia 6b-
Je HaMaseH 4pe3 HOHHa MMITaHTalys Ha NPUMECH ChC 3HaK, 06paTeH Ha OCHOBHHTE.
KoHTakTHaTa MOTEHLHAIHA Pa3/IuKa TeHT-TIOMI0XKA ce POMeHs ¢ u36opa Ha MOAXo-
IAI MaTepuan 3a reiita. Hampumep BMecTo anmyMHHHMH a ce M3MON3BA MOAXOMALIO
JNETHpaH IOJMCHIMIMA. YBeIMYaBaHETO Ha KamalMTeTa Ha OKuca MoA reiira C, ce
NOCTHra ¢ HamMajsaBaHe Ha JiebenuHaTa My U U300pa Ha ANENEKTPHK C MO-ToisiMa [ue-
JNIEKTpYYHA KOHCTaHTa — Harmpumep SizNy.

& Mpumep

3a ;a OLEHHM BIMSHHMETO Ha AeOeIHHaTa Ha FeWTOBMA OKHC BBPXY NParoBOTO
HarpexeHue, HeKa ONpeleuM ToJleMHHaTa My NpPH Pa3iH4yHH NeOeIuHH Ha OKica —
0,1 pum u 1 pm 3a naeanna MOS crpykTypa, usnon3paiiku npumepa oT maparpad
53.2.

PeweHue
e npudy=0,1pm:
1,39.10°°
Uro = (2] +29p = —’—39—03+ 0,576 = 0,98 V;
C, 3,45.10

e mpudy=1pm:
: &o&sm, 3 8,854.107%.3,9

Co ~ = 0,345.10"° Flem®;
d, 10
1,39.107°
Ut = QB— +2(PF = 9——8' +0,576=4,6 V.
Co 0,345.10

ENeKkTpH4ecKHAT 3aps] Ha [OBBPXHOCTHUTE CHCTOAHHS (Qss CE HamalsBa ¢
noaxonau u3bop Ha Kpuctanorpadckara OpUeHTalus Ha ITOANOKKATA, TEXHOJOIHY-
HUS PeXUM H Ap.

[TparoBoro Hanpexenne Ut 3aBUcH U OT HampexeHneTo Usg, KOETO MOISIpH3U-
pa mpexoza copc-IoI0oXKKa B 06paTHa Mocoka.

B T03u ciydail mopno)kkara Urpae possiTa Ha BTOPH YIPaBJsBall €l1EKTPOJ 110
OTHOLIEHHUE Ha KaHana. [IparoBoTo Hampe)keHHe ce ONpeaens OT H3pasa:

(5.25) Ur=Ur +7 (20s +Usy — 4205 ),

kppeTo Urg € nparoBoto HanpexeHue npu Usg = 0, a mapameTspbT Ha edekTa Ha
nmoanoxkarta y (y = 0,5 +0,9 vi2 )e:

1
Y= C_ quE.:SiNA .
0

[TpomsHaTa Ha IparoBoTo Hampexxerue Ut B 3aBUCUMOCT OT HarpexeHueTo Usp
e rokasaHa Ha ¢ur. 5.20.
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1 2 3 Uge V

1 >
1 —>

T T T

0 UTO UTl UTZ
Que. 5.20. 3asucumocm Ha npazosomo nanpedicenue om HanpediceHuemo Usy

CmpbmMHOCM Ha npedaseamesiHama xapaKkmepucmuka gm, (S)

Jedunupa ce ype3 uipasa:

dl Al
(526) Em=0 = L |UDS =const =~ —Db
dU s AU g5
CTpBMHOCTTa € XapaKTepeH NapaMeThp, M3pa3sBall YCHJIBATETHUTE CBONCTBa
Ha MOS TtpansucTopa. 3a gBere obmacti Ha pabora ce ompenens no GopmyuTe:

w
5.27) gm= @ Ups = KPI Ups — B nuHeinaTa (TpuogHara) odjacr;

| U DS = const:

Cc,W W
(5.28) gm= ““fT“(UGs = Un)(1 +Wos) = KP—(Uos = Un(1 +AUps) -
B 00J1acTTa Ha HacHIlaHe (TIEHTOOHATa 00JacT).
Ako AUps « 1, 32 061acTTa Ha HacHILaHe

w w
= KPY (Uos - U =J2KP—I .
g L( cs — Ur) 7o

KakTo ce BUXX/a CTPBMHOCTTA € ITPOMOPLIHOHAIHA Ha KBaipaTeH KOPeH OT HOC-
TOAHHUA TOK Ip B paboTHATa TOUYKA M 3aBHUCH OT rEOMETPHUYHHUTE pa3Mepy Ha TpaH3uC-
TOpa.

@& lpumep

Ha onpenenum crpeMHocTTa Ha MOS Tpansucrop npH paboTa B IMHEEH PEXUM
U peXUM Ha HacHiaHe, ako KP = 50 uA/VZ, W=160 pm, L=2 um, Ur =2V, Ups =
=0,5Vulp=2mA.

PeweHue
3a nuHEeH pexum Ha pabora:

W 160
m=KP—Ups =50—0,5=2mS.
8 L 2777

[Ipu HacuiaHe:

gn= \/ZKP¥ID = \/2.50.10‘6%92.10'3 =4 msS.

CTpBMHOCTTa Ha TPaH3UCTOPUTE, U3MOJI3BAHH KAaTO YCH/IBATEHH €IEMEHTH CE
yBeJIMYaBa Ype3 yBeJIMYaBaHe Ha creludUYHaTa UM CTPBMHOCT K
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JpeiHOBHAT TOK 3aBHUCH KaKTO OT HANpPEKEHUETO IeAT-COpC, Taka M OT Harpe-
KEHHETO copc-noAnoxka. HanpexeHHeTo redT-copc KOHTPOJHMpa BEpTHKATHOTO
eJEKTPHYECKO T10JI€, KOETO PEryjupa MpoBOJMMOCTTA Ha KaHala U OT TaM ApeHHOBUS
tok. OT pyra CTpaHa HanpeXeHHUeTo COpC-TIOJJI0KKA IPOMEHS NIPAaroBOTO HaMpeKe-
gue Ur, KoeTo MpoMeHs ApeitHOBUA TOK, Korato Ugs € NOCTOAHHO. Taka mojoxkaTta
JEHCTRBa KaTO BTOPU T'eHT, KaTo TO3H edeKT ce Hapuya edeKT Ha moaymoxkKara. Jla or-
oenexxuM, ue noanoxkara Ha MOS TpaH3ucTOpa OOMKHOBEHO € CBBP3aHa IIOCTOSHHO
ChC 3axpaHBaHETO (CUMTAHO KaTo 3eMs IO MpoMeHIuB Tok). Ha m3Boma Ha copca,
obadye, MOXeE J1a HMa IPUI0XKEHO 3HAYUTENHO NMPOMEHIYUBO HAMpeKEeHHE, NPH KOETO
ce npoMeHs oOmoTo HampexeHue Usp, CNIEOBATETHO NpParoBOTO HANpeXeHWe H
npeiinoBus Tok. [lopaau ToBa, korato Hanpexxednero Usp He-€ TOCTOAHHO, Tpsi6Ba fa
ce M3M0JI3BaT /IB€ CTPbMHOCTH. EfHaTa € cBbp3aHa ¢ INIaBHUA TeHT — gn, @ IPYrara gmy
€ CBBbp3aHa C MOAJOXKKATa KaTo BTOPH yIpaBisBall reiir. 3a Haii-uecTus ciyvadl Ha
npuioxeHHe — o01acTTa Ha HACHIaHe:

goo= o = kP Y. (g5 — U1 4100 V1
dUgg L dUsy

Ot (5.25)
au; Y

dUgy 220 +Ugy .

Axo AUps « 1, 3a g,,, OKOHYATEITHO C€ MoyYaBa:

\(KP%(UGS ~Usp, KP%ID
8mb = =Y .
2,20 +Ugp 229 +Ugp)

OTHOILIEHUETO
gmb — Y

8nm B 2,/2(pF +Ugg

€ Ba)XHO 32 NpPaKTHYECKUTE NPUIIOKEHHUs M e oT mopsapka Ha 0,1+0,3, T. e. cTpeM-
HOCTTa Ha OCHOBHUA TeHT gy, € 3+10 IbTH 1o-roisMa OT CTPbMHOCTTA Ha IIOAJI0)KKATa
gmb-.

,Eluuamu'mo U3xo0Ho cbnpomuesieHue
dUDS IU L= AUDS
GS = cons!
dl Al

Omnpenenst ce OT H3XOAHUTE XapPaKTEPHCTHKH:
¢ BJIMHEECH PEXUM

(5.29) ro=Rps = | U G = const:

1
¢ B IICHTOACH PEXHM

r= , 3a MaJIkHl Upg.
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=—— =2 (mpuilp«1, Vo= =).
ro MD I, (mp D ¢ A }»)

& lMpumep

Ha onpenennM U3X0OHOTO chrnpoTuBieHHe Ha MOS Tpansucrop npu paborta s
JIFHEEH PEXHM M PEXHM Ha Hacumane, ako KP = 50 pA/V?, W= 160 um, L = 2 um,
UT=2V, UGS=3V,ID=2mAH)»=O,1.

td

PeweHue
3a TMHEEH PEeXHUM
1
o —— b - = 0,25 kO,
K(Ugs —Ur) 50@(3_2) B
2
B pexxum Ha HacHaHe
1 1
ro= = =5kQ.
T Mp 012107
Macka L

Je#cTBHT.

JHeiicTBUTENHA
Wee

Copc |ie—"—>

T
}

1
]
___________ =¥

Kananurer na

Kanmanurer na . IPHIOKpUBaHEe
npuml)ll?punaﬂe PolySi y . ?
SiO,

Cast7—%] Cro FOX

S \X mpeiin N\ si0,
LLﬁTA‘
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[-—

Puez. 5.21. Kanayumemu om npunokpueane Ha 2eiima cb¢ copea u opeling
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e BxodeH mok. ViMa Manka CTOHHOCT (10‘13 - 1078 A). Ipmxu ce Ha yTeuku
npe3 JUeNeKTPUKa U 110 MOBBPXHOCTTA.

¢ BxodHO cbrpomuesieHue no nocmosHeH mok. To e U3KIIOYATEIHO ToNi-
Mo — 10° - 10" Q.

e Kanayumemu Cgs, Cgp U Cps. OmpeneniaT ce OT COOCTBEHHSA KaIalMTer
refiT-kaHa, KamanuTeTHTe OT IPUIIOKPMBAHETO Ha redra ¢ oblacTHTe Ha copca M
apeiiHa (¢pur. 5.21) ¥ napa3sUTHUTE Kalal[UTETH.

5.3.5. Cxema 3a NOCTOSAHHOTOKOBO 3axpaHBaHe Ha MOS TpaHaucTopmu

IlpakTHyecka cxema 3a aBTOMaTHYHO YCTaHOBABaHE Ha IOCTOSHHOTOKOBHSA pe-
UM € 1oKa3aHa Ha ¢ur. 5.22a. Ta e npunoxuma 3a JUCKPETHH €IEMEHTH 3a MoJIy4a-
BaHE Ha HeobxoauMara paboTHa TOYKA, KOATO € OTHOCHTENHO HEe3aBHCHMa OT mapa-
METpHTE Ha TPaH3HCTOpa.

+ EDD
R,
R, I
= =X (v~ Uy
l_
o1 %
VoA ] R
S Vo= Us+ Rdy
Lg |
s _|_ 0 U, Vasa Ve {]GS
a) = 6)

Due. 5.22. Ilocmosannomoxoeo 3axpansare na MOS mpanszucmop
a — npaxmuyecka cxema 3a NOCMoAKHOMOK080 3axpaneéane Ha MOS mpansucmop;
6 — epagpuyno onpedensise Ha NOCMOAHHOMOKOBAMA PABOMHA MOYKA

Ot cxeMarta Ha ¢ur. 5.22a 3a noTeHUMaNa Ha TOYKaTa A ce Mmonydana:

(5.30) Vo= —LoD
R +R,
To31 IOTEHMAN MOXKe /1a Ce U3PasH KaTo:
(5.31) VG = Ugs + Rslp,

KOETO € ypaBHEHHE Ha NpaBa (TOBapHa NpaBa).
JIpeHHOBUAT TOK B Hali-4eCTO U3ION3BAHMS PEXHM Ha HACHIIAHE €:

K

(5.32) Ip=—
°T

TwpceHaTa paboTHa TOYKa € PEIICHHETO Ha cucTemaTa ypaBHenus (5.31) u (5.32).
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Ha ¢ur. 5.226 e nokazaHo rpa@u4HOTO ONpEsiesHE Ha HOCTOHHHOTOKOBaTa!
pabGoTHa TOYKa. .;,1
Hanpexenuero Ups MOXKE fa C€ U3YHCIIHU CIIOPEN PABEHCTBOTO! E
(5.33) Ubs = Epp — (Rp + Rg)Ip.

5.3.6. BnusiHue Ha TemnepaTtypaTa -

TeMnepaTypaTa BJIMsAC Ha MHOI'O MapaMeTpy M XapakTepucTHku Ha MOS Tpan-—
sucTopa. OCHOBHO BIIMSHHE OKa3Ba TeMIlepaTypHaTa 3aBHCHMOCT Ha MOIBH)KHOCTTA
Ha TOKOHOCHTEJIHTE B KaHaNa e M NparosoTo Hanpexxenue Ur. IIpu onpeneneny ye-
JNOBUSL M3MCHCHUSTA Ca IIPOTUBOMOIOXKHA H © BE3MOXKHA B3aHMHATa UM KOMIICHCALHS,
T. €. HAJIMYMUETO Ha TEPMOCTAOMIHA TOYKA, KAKTO TIPH MOJIEBHTE TPaH3HCTOPH C yn‘
pasnsBami PN npexof (Bx. T. 5.23).

TemnepaTypHaTa 3aBHCHMOCT Ha NParoBOTO HANpeXeHHe € CI0XHA W 3aBHCH
OT KOHCTPYKTHMBHO-TEXHOJOIMMYHHTE MapaMeTpH Ha TPaH3HUCTOpHAaTa CTPYKTypa. 3a
TIOBEYETO NPAKTHYECKH TPWIOKEHUS OOMKHOBEHO Ce NpHEMa, Y€ OKOJO CTaiiHata
TeMIepaTypa MparoBOTO HampeXXeHHe HaMaJisABa JNHWHEHHO C yBeIMYaBaHe Ha TeMIle-
parypara cbc cTpsMHOCT — 0,5+ — 4 mV/°C — ¢ur. 5.23a.

A T,<T,

U

-

GS

Y

a)

Due. 5.23. Brusnue na memnepamypama
a — 8bpxy npazoeomo Hanpedicenue; b — 8bpxy npedasamenrume xapaKmepucmuKy

HopmanHo TemneparypHUAT KOShHIMEHT HA APSHHOBHMs TOK IPH MAlKH Harl-
pexeHus Ha reiira, OJIM3KH 0 NParoBoTo, € MOJOXKKUTENEH, a IPH FOJIEMH — OTpHLIATE-
JIEH.

Ha ¢ur. 5.236 e noka3aHo BIMAHMETO Ha TEMIlEpaTypaTa BbpXY IMpeAaBaTelHu-
Te xapakTepucTuku Ha MOS tpan3uctop ¢ N uHIynupaH kaHaj.

5.3.7. WWymoBu cBolicTBa

MOS Tpan3ucTopHTE NpPEBB3XOKAT 3HAYUTEIHO OHIOJIPHUTE TPaH3MCTOPH
10 IIyMOBH XapaKTEPUCTUKH M ce N0OIMKaBaT A0 MOJEBUTE TPAH3UCTOPH C YIIpaBsf-
Bam PN npexoxn. OcHoBuHuTe M3TOYHMIM Ha myMm B MOS TpaH3ucTopuTe ca aBa —
TOIUIMHEH I1yM ¥ HUCKOYECTOTEH LIYM.
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TOMIMHHUAT LIYM C€ I€HepUpa BHB BCAKO OMHYHO CHIpOTHBIeHHE. OCHOB-
puAT yM B MOS TpaH3uCTOpa € TOIIMHHKA 1IyM, TeHEPHPAH B KaHajia. 3a TpaH3uc-
T0p C ABIBI KaHal B 00/1aCTTa Ha HACHMILAHE TO3M UIYM MOXE Jia Ce MOJENUpa KarTo
reHepaTop Ha TOK, BKJIIOYEH MEXIY H3BOJIHUTE Ha copca u ApeiHa (¢ur. 5.24a), cue
cHeKTpaliHa ITbTHOCT:

(5.34) I? = 4kTygn.

KoeduuueHTsT y ¢ paBed Ha 0,75 3a TPaH3UCTOPH ¢ OBIBI KaHan. IIpu Kbcoka-
HAJTHUTE TPAH3HUCTOPH € mo-roisM ( Hanpumep ¥ = 1,5 3a L = 0,25 um ). OMuunure
obnactu Ha MOS TpaH3uCTOpa, KOUTO MMAaT KpalHO CHIPOTHBICHKE (OOnacTuTe Ha
reifta, copca ¥ ApeiiHa ) ChIIO BBEBEXIAT TOIUNIMHEH LIyM. TOH 3aBUCH OT JIETHPAHETO

Ha TOJUI0XKKaTa U CTPBbMHOCTTA Ha Tpaﬂmcropa.CneKTpanHaTa MY IUITBTHOCT € 110CTO-
JHHA B LITHPOK YE€CTOTCH UHTEPBAJL.

20 logV: A
D
B )7
IERNOE
G
S
log f
a) 6)

Due. 5.24. Llymoee 6 MOS mpansucmopa
a - monnuneH wym ¢ MOS mpan3sucmopa; 6 — cnekmpania niemHocm Ha Pauxep-uyma

Jpyr U3TO4HHK Ha myM e duinkep myma. HurepdelcsT Mexay reiToBrs okuc
U CUNMLKEBaTa MOJIOKKA MMa MHOTO CBOOOIHHU €HEpPruiiHM HUBAa — IeHEPalHOHHO-
PEKOMOMHALMOHHN LEeHTpOBe. ThH KaTo TOKOHOCHTENWTE, ONpeAeNnsmy ApeHHOBUS
TOK C€ ABK)XKAT OJIM30 A0 MOBBPXHOCTTA, HAKOU OT TSX 10 ClIy4YacH 3aKOH C€ 3aXBalllaT
OT TE€3H LIEHTPOBE, CJIEJ KOETO ' HalyCKaT, BbBexAaiky "uukep" mym B ApeiiHOBHUS
ToK. To3u 1myM 3aBHCH OT "yucroTara” Ha moBbpXxHOCTTa Si-SiO, M € pasznuyeH 3a
BCsIKa KOHKpeTHa TexHoxorus. Tol MoXxe Ja ce MOAENHpa KaTO W3TOYHUK Ha Hampe-
JKEHHE, CBbP3aHO CEpHHHO Ha refiTa U ce onpenens ¢ u3pasa:

(5.35) W02 = o 2,
ox f
KbJeTO K € KOHCTaHTa, 3aBUCEIA OT TEXHOJIOTUATA U € OT ITOpAAbKa Ha 102 V°F,
Kakro e nokxasano Ha ¢ur. 5.246, ciekTpajHaTa IUTBTHOCT Ha IIyMa € 00paTHO
NPONOPLHOHANHA Ha YeCTOTaTa. 3a TOBa (IMKep LIymMa Ce Haphda OLle HHCKOYeCTO-
TeH WyM. B melcTBUTEIHOCT (iiMKep IyMa € MHOTO MO-CJIOXKEH, HO TOBA M3JIM3a M3-
BBH paMKHTE Ha HAaCTOSLIUS KypC.
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MOS TpaH3UCTOPHUTE Ca NMO-yCTOHYHBH Ha paJuanus OT HOJEBATE TPaH3UCTOpY..
¢ PN npexon. ToBa ce 1pmkH Ha (akra, ye npu nonesure Tpansucropu ¢ PN npexoy*
panmanysiTa BIMAE HE CaMO BBPXY NMPOBOJAMMOCTTA Ha KaHalla, HO M BbpXYy oOpaTHuy
TOK Ha YIpaBJIABALIUA MpeXoA. JIombIHUTeNHa ycToRunBOCT Ha MOS TpaH3HCTOpHTE
CH3/1aBa M eKPaHNPAHETO Ha KaHa/la OT METaIHusA (IIPOBOMAILMSA) eNEeKTPON Ha reiTa, -

5.3.8. YecTOTHU CBOUCTBA

3a MpOMEHIHBOTOKOB aHaIM3 Ha cxeMu ¢ MOS TpaH3HCTOpHM MOrar ja ce ua-
[10/13BaT EKBUBANICHTHUTE CXEMH, TIOKA3aHH Ha dur. 5.8.

ITpu HeoGXOAUMOCT OT OTYHTAaHE Ha HanpexxeHHeTo Usp 3a MO-TOYHU U34HCIe-
HUA ce u3non3Ba cxeMara oT ¢ur. 5.25a. [To-npocTHaT U BapHaHT € NaneH Ha ¢ur,
5.256. TlocouyeHUTE CTONHOCTH Ha €IEMEHTUTE Ca IPUMEPHH.

C, 10
g“ ~ 15,2.10°u,,

D
O0—O
€, 80pE |+ 98 10" u,, 500 kQ
T o ol th 30 fF

IS ub Cbs SOfF

+
Cgb S.fF

G

a)

6)

Duez. 5.25. Manocuznantu exeusaneHmuu cxeMu npu UCOKY YeCmomu
a — eKeUeANeHMHA cXemMa c Om4umane Ha HANPEJNCEeHUemo Ugs;
6 — exgusaneHmHa cxema npyu 8UCOKY Yecmomu

YecToTHHTE M HMITYJICHHM XapakTepucTik Ha MOS TpaH3ucTopa ce omnpeaenst
OT BPEMETO 3a NIPEMUHABaHE HA TOKOHOCHTEIMTE Ipe3 KaHala U OT BPEMETO 3a Ipe3a-
pexnaHe Ha COOCTBEHMTE U Mapa3UTHUTE KalalUTeTH Ha CTPYKTypaTa.
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BpemeTo 3a npemMHHaBaHe Ha TOKOHOCHTENUTE Tpe3 KaHAZa € MHOTO MAaJIKO.
BrpsoneiicTueto Ha MOS TpaH3ucTOpa Ce ONpPENieNns OCHOBHO OT BPEMETO 3a Ipe3a-
peXIaHe Ha KarmaluTeTUTe My.

Ha ¢ur. 5.26 e noka3ana exBuBaneHTHa cxema Ha MOS Tpansucrop, nogxons-
13 32 aHAIU3 Ha [PEXOJHUTE NPOLECH NPH MPEBKIIOYBAHE.

°B
Duez. 5.26. Exeusanenmna cxema na MOS mpan3sucmop
Konpnensaropure Cgs M Cgp NPEACTaBAT pasNpeAclCHUsl KanaluuTeT Ha reira

10 OTHOILEHHE Ha KaHama. Te ca CBBP3aHHU C BPEMETO 3a NpEMHUHABAHC HA TOKOHOCH-
TEJIUTE MIPE3 KaHalia. loneMyHNTE UM 3aBHCAT OT NOCTOSHHOTOKOBHS PEXHUM.

C,WL
(5.36) Cas=Cop= —02— — 3a TPUOJIEH PEXUM;
2
(5.37) Cas= 5 C,WL; Cop = 0 — 32 ICHTOZEH PEXHM.

Konnensatopure Crs 1 Crp Ha CXeMaTa NPEACTABAT KAMALUTETUTE OT IPETOK-
PHBaHETO Ha reHdTOBHSA €NEKTPO ¢ 00NacTUTE Ha cOpca M ApeiiHa.

Enementnre Csp, Dsp, Rsg 1 Cpp, Dpp, Rpp npeacrasat PN npexoaure cope-
NOJUIOXKKA U APEH-ITOAI0NKKA.,

I'enepaTopsT Ha TOK Ip peAcTaBsA ApeHHOBHS TOK, 3aJ1aBall] I0CTOSHHOTOKOBHSA
pexuM Ha paboTa Ha elleMeHTa.

BaxHo 3HaueHue, ocobeHo npu uHTerpanrHute MOS CTpyKTypH MMaT mapasuT-
HHUTE KallalIUTeTH MEX]y eIeKTPOLUTE, Ha CheAMHUTEHUTE IIPOBOJAIIM IUHY U 1p.,
KOMTO TpAOBa [a ce OTYETAT AONBIHUTENHO.

Tonsamo BnusHHE 3a peanHoTo Obp3oaeiictBue Ha MOS TpaH3ucTOpa OkasBa
OPOXOAHMAT MY KanamuTeT Cuox, = Cop + Crp, KOHTO criopen edexra Ha Munep ce
NpUBEXA2 KbM BXOJia, YBEJIHYEH C KoeHUMEHTA Ha YCHIIBAHE 10 HanpexeHue |Ayl:
(538) Cnx.neﬁcraau.\ = npox.(l + |AU|)
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Tsit KaTO BXOAHOTO CBHIPOTHBJIEHHE € TOIIMO U OOMKHOBEHO BBHHIUHHTE Pe3uc-
TOpH Ca BUCOKOOMHH, BDEMEKOHCTAHTHTE Ha 3apsA/IHUTE BEPUTH ca rojieMu. bup3opeiic-
TBUETO CE OrPaHM4aBa H OT OTHOCHTEIHO HUCKUTE CTOMHOCTH Ha CTPBMHOCTTA gm.

5.3.9. Oco6eHocTu npu MOS TpaH3uCTOPYU C Manku reoMeTpuyHn
pasmepu

Jlo cera npy pa3riieXXAaHeTo Ha MpUHLMIA Ha JieilcTBie U cBodcTBaTa Ha MOS
TpaH3UCTOpHUTE Oellle M3MON3BAaH CUIHO ONpPOCTEH MOJEN, OCHOBaBalll CE Ha pelyua
gonyckanus. Toi oTpassBa MpaBHJIHO OCHOBHHTE NPHHUHWIM Ha AeiicTBHe Ha MOS
eeMEHTHTE U MOXE J]a C€ NPHIIOXKH C YCHEX 3a aHAIIN3 Ha CTPYKTYPH C TONIAMa b
’)KMH2 Ha KaHaia (Hag 2 pum). [Ipx HamajsBaHe Ha pasmepuTe Ha chBpeMeHHHTE MOS
TPaH3UCTOPH Ib/DKHHATA Ha KaHajla € 3HaYUTENIHO Nno-Manka ot 1 um. B To3u cnyuait
KJIaCHYECKaTa TEOpHs, OCHOBAaHA Ha T. Hap. "IIaBHO NpubImkeHUe", € CBbp3aHa C pe-
[ula HeTouHocTH. HeoBX0oMMMOo € JOMBIHUTENHO OTUMTAHE Ha HAKOM BaKHU (DH3H-
YeCKM ABJICHHA M €(PEKTH KaTo:

Modnpazosu mokoee

Axo HanpexxeHHeTo Ha reiita Ha MOS TpaH3KcTOpa € N0-MaJIKO OT IParoBOTO U
MOBBPXHOCTTA HA CHJIMIMEBATA TOJNOKKA € B ChCTOAHME Ha ciaba MHBEPCHS, Ipes
TpaH3UCTOpa NPOTHYa MalbK JPEHHOB TOK, HapeyeH moamparos. Ilognparosara 06-
JacT OT XapaKTepUCTUKUTE € BakHa 3a MOS TpansucTopute, pabortemn B 1udpoBy
CXEMH, 3alI0TO TO3M PEXUM CHOTBETCTBA Ha 3aMyLIEHOTO CHCTOSHME Ha TpaH3MCTOpa
¥ BIHMAE BBPXY NMPEXOJHMA NPOLEC NPH MPEBKIOYBaHE HAa TPAH3UCTOPHHUSA KoY. B
TO3H ClIy4ail CTpyKTypara copc-KaHall-JpeifH MOXe J1a ce pasriiexaa Kato Gumnonspex
NPN tpansuctop (Ppur. 5.29.3). ToxbT B KaHana ce onpenens riaBHo ot audysusTa
Ha TOKOHOCHTEJIHTE.

4
LAl __y=2v
10° Uy=1
107 L=0,5pm
L=1pm
- L=2pum
10 L=5pm
107 |
10—“
107"
-1 0 1 2 UCﬂVV

Duea. 5.27. Iloonpaeosu xapaxmepucmuxu na MOS mpansucmop
C pasnuyHa OvbAJICUHA HA KaHana
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B TpansucTopyTe ¢ ABIBI KaHAN NOIIPArOBUAT TOK HE 3aBHCH OT JAPEHHOBOTO
panpexenue (3a Up > 3 kT/q), a ce onpeaens caMo OT HalPEXXEHUETO Ha TeiTa. Ilpn
TPAH3UCTOPUTE C KBC KaHall YTCUHHAT TOK 3aBMCH OT HANMpEXEHHETO Ha Jpelina
(¢ur. 5.27). Ot duryparta ce BUXJa, Y€ XapaKTepPUCTHKUTE MM HMMaT Jpyra dopma
(mpu L < 1 pm). Tyk nparoBoTo Hanpexenue Ur € ONPeNeNeHo KaTo OHOBA HalpeKe-
HUE€ Ha relra, 3a KOETO APEHHOBHAT TOK NPEBUIIABAa HAKAKBa 3aJajieHa CTOMHOCT
(marpumep 107 A). IIpu MOS TpaH3HCTOpPHTE € KBC KaHAJ MPArOBOTO HANPEXKEHME
3aBHCH OT OBJDKMHATA Ha KaHajla ¥ OT APEHHOBOTO HANpPEKEHHE.

OzpaHuyaeaHe Ha dpelighoeama cKopocm Ha MOKOHOcUmMenume 6 KaHana

Jebenunara Ha nposexcaaumus kanan B MOS tpansucropure e manxa (5 — 10
nm). 3aTOBa MOJBHXHOCTTA HA TOKOHOCUTENNTE B KaHana € no-manka (1/2 go 1/3) ot
NOJBIKHOCTTa UM B 00eMa Ha [ONyNPOBOJHMKA M 3aBUCH OT MHTEH3UTETUTE HA Haj-
JBXHOTO U HANPEYHOTO ENEKTPHUYECKH NoNeTa.

HaaneHOTO eneKTpHYecKo IIoJie B KaHalla Ce Cb3[aBa OT HAMPEXEHHETO
npeita—copc. Ilpy rojaaM MHTEH3UTET Ha ENEKTPUUECKOTO TIOJE CE MPOABIABA ePEKTHT
Ha HacHIIaHe Ha apeidoBara CKOpocT Ha TokoHOocHTenuTe (32 MOS TpaH3ucTopu ot
Si). ToBa e ocobeno 3abenexuMo NMpHU TPAHIUCTOPHUTE C MANKKU pa3MepH U BOIH JIO
HaMaJsABaHe Ha Halpe)XCHHETO U TOKAa Ha HacHvilaHe: B To3W ciydali TOKBT Ha Hacu-
wane Ips € NpONOpLHOHAJICH HEe Ha KBaJpaTa, a Ha I'bpBara CTENEH Ha eHTOBOTO
HAaIpeXeHHe T. €. IMHEHHO.

HanpeyHoTo eIeKTpHYECKO II0Jie ce Ch3AaBa OT Halpe)xeHuero Ha reifra. To
NpeAU3BHUKBa pa3celiBaHe Ha TOKOHOCHTENUTE Ha mopepxHocTTa Si-Si0; U B KpaiiHa
CMETKa Ce HaMaJIABa MOJBWXHOCTTA HM.

BinsiHHETO Ha HAANBAKHOTO M HATIPEYHO ENEKTPUYECKH I0JIETa BBPXY TOJIeMH-
HaTa Ha ApEHHOBHUS TOK MOXE Jia c€ OT4eTe, kKaTo B u3pasure (5.21) u (5.22) edexTns-
HaTa IMOJIBM)KHOCT Ha TOKOHOCHTEHNTE B KaHANa Ll CE 3aMEHH C U3pa3a

Heff = a
- ’
1465 Ugs —Up)1+0,Up)
KBJETO o € ePeKTUBHATA MOABIKHOCT Ha TOKOHOCHTENHNTE NpH c1abu noserta, a Og u
0p ca eMIUPUYHYU KOEYUIIMEHTH.

3asucumocm Ha npazo8omo Harnpe)xeHue om pa3Mepume Ha KaHala

EnHoMepHUAT MOzen 3a MparoBOTO HANPEXEHHE, OMKUCaH B T. 5.3.2, oT4uTa ca-
MO BIMSHHMETO Ha BEPTUKATHOTO €JIEKTPHYECKO IIOJIe Ha reiiTa. B pmefictBuTenHOCT
BbpXy 0OeMHHMs 3apsAA B 00jacTTa Ha KaHaia BiuaaT PN npexoxute copc-nomioxnka 1
IpelH-noaoxka. ToBa BIMsAHHE e 3a0ee)XUMOo, Korato AebelnHaTa Ha NPEXORUTE
CTaHe ChHU3MEpHMa C pa3MepuTe Ha KaHana. be3 ja ce HaBNM3a B MO-HATATHUIHY MOA-
poOHOCTH, MOXe Za ce oTOeNiexH Haif-0011[0, Ye HaMANIBAHETO HA AB/DKMHATA HA Ka-
Hana Ha MOS TpaH3ucTOpa BOAM IO HaMalsBaHE Ha NIParoBOTO MYy HalpeXeHHe, a
HaMaJIsBaHETO Ha IIMPOYMHATA HA KaHajia BOAM JIO YBeIMYaBaHE HA IPAroBOTO HAaml-
pexenue (¢ur. 5.28).
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Ur |

Ux(W)
Due. 5.28. Bruanue na 0vasjcunama
u wupowunama na kawana va MOS
Mpan3ucmopa eepxy npazoeomo my
Hanpesicerue

Uy(L) L

w

Echexkmu Ha "2opeuju" estekmpoHu

Ako ce pasriena no-noapobHO eNeKTPHYECKOTO MoJie A0 APeHHOBYSA €NEKTPOL Ha
MOS TtpaH3uCTOpa LIE CE YCTaHOBH, Y€ TO € MAKCHMAIHO B 001acTTa, KBAETO ApEiHo-
BuAT PN npexon ce Hamupa moj reiita. EnekrpoHuTe B kaHana unm B oOeHeHaTa 06-
1acT, KOUTO MpEeMHHABAT Npe3 CHIHOTO eJIEKTPHYECKO MoJie, MoraT ja MpHAOOHAT BU-
COKa eHeprus, T. €. Te ce npeBpbmaT B "ropemy”. Hsikon ot "ropemure” eneKTpoOHH
MoraT Ja IPOHHKHAT B OKMCHHMA CJIOH MOJA reiiTa U Aa NpeAn3BUKAT IeiToB TOK. 3axBa-
IIAHETO Ha "ropei” TOKOHOCHTEIIH OT YJIOBKUTE B IeiTOBHSA OKYC NPEAU3BUKBA HEYII-
paBIIsieMH JIOKaTHA H3MEHEHHA Ha NIParoBOTO HANpPEXXEHUE W MOXe Ja NoBeze A0 Heob-
paTHMH H3MEeHEHHUs B XxapakTepucTHkuTe Ha MOS Tpansucropa — dur. 5.29.

+ UGS +UDS

Y

S Si0, D
_sio,

O6emen JlaBuHa

Ob6enueH

P nognoxka

ip
Due. 5.29. Egpexmu na "zopewu” enexmponu
UHIICEKMUPAHY eNeKMPOHU 8 OKUCA; MOK npe3 NOON0IHCKAMa om OYnKi;
MOK Npe3 noON0CKAMA OM eneKmpOHU; c)ym(u, oocmuzawu 00 copca;
ymeyeHn mok Ha npexoda
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BrcokoeHepruiHuTe "ropel” eIeKTPOHM MOTAT ChIIO TAKa Ja NPeAU3BHKAT
naBUHOOOpa3HO oOpasyBaHe Ha NBOMKM ENEKTPOH-AynKka B oOeaHeHaTa o6iacT o
apeiina. Te yBenu4aT yTednus TOK 1pes nouioxkara Ha MOS Tpansucropa u B kpaii-
Ha CMETKa MOTaT Ja [oBeAaT 10 NpobuB B CTpykTypaTa. 3a MOS Tpansuctopure c
KBCH KaHaJIH Ca XapaKTepHH HAKOM criequ(UIHA MEXaHH3MH Ha npoOus, CIoXKHUTE
B3aUMHH BPB3KU MexAY GU3MYHHTE €PEeKTH BBHIIHO CE NMPOABSBAT B 3aBHCUMOCT Ha
NPOOMBHUTE XapaKTEPUCTHKH Ha €JIEMEHTUTE HE CaMO OT KOHCTPYKTHBHO-TEXHOJO-
rM4HHTE OCOOEHOCTH Ha CTPYKTYpaTra, HO M OT KOMOMHALMHUTE OT HANPEXEHHs, IIPH-
JIOKEHH Ha OTHEJIHUTE eJIeKTPOH.

Brnusume BBpxy cBoiicTBara Ha MOS TpaH3MCTOpHTE C KBC KaHal OKa3Ba
edekTbT HA ""HAAIBbIKHOTO'' oGegHsIBaHe. BHHIIHO TO3U edeKT ce u3passiBa B MOs-
BaTa HA 3HAYMTENIEH YTEUYeH TOK MEX Iy copca U ApeiiHa MpH HalpeXeHHs, M0-MaJKu
OT Hampe)keHUsATa Ha JIaBHHEH npobus. "HamnexHoTo" obenHsBaHe HACTHIBA [IPH Ta-
KOBa B3auMoZeHCTBHE MeXIy oOeIHEeHHTe 00JIaCTH Ha COPCOBHA W JPEHHOBHSA mpe-
XOIHM, MpH KOETO Ce€ HaMmalliBa MOTeHIHalHaTa Oapuepa MexAy copca H ApeHHa W
npoTtyiya obeMeH Tox. BUIBT Ha BONT-aMIIepHaTa XapaKTEPUCTHKA CHOTBETCTBA HA Ta-
3n Ha "Mek" (m1aBeH) npobuB. B Hikowm ciydan epeKThT Ha "HaAIBAKHOTO" OOEnH-
BaHe OrpaHU4YaBa MMHUMAaNHaTa JbJDKUHA Ha kaHana Ha MOS TpaH3ucropure.

5.3.10. PasHoBuaHocTu Ha MOS TpaH3aucTopu

HAByreiitoB Tpansucrop. CTpyKTypara ¥ CXeMHOTO O3HaueHHE Ha JBYTeHTOB
TpaH3ucTop ¢ N BrpajieH KaHa ca nokasany Ha ¢ur. 5.30. B cpenHaTa yacT Ha KaHana
e ¢popmupaHa cuiHo jerupana N obnact, HapeyeHa ocTpoB. [IByreiToBUAT TpaH3MC-
TOp MOXE Ha ce pasriaexja kato Asa MOS TpaH3ucTOpa, CBBP3aHH NOCIEAOBATEIHO
(xackomHO). OCTPOBBT € JpEHH 3a MBPBHU U COPC 3a BTOPHS TPaH3UCTOp 6e3 BBHHINIEH
u3BoJ. J[BaTa TpaH3UCTOpaA ca €JHAKBU B KOHCTPYKTHBHO OTHOLIEHHE. TOKBT, IPOTH-
yal npe3 TPaH3UCTOpa, MOXE Jla CE ynpapisBa ¥ ype3 jBarta reiira. Haanunero Ha
BTOpHs reiit (G,) HamansaBa MPOXOAHMA KamauuteT (redt 1-apeiH ), a ypennyasa us-
XOIHOTO CBHIIPOTHBIIEHUE U KOe(DHIHEHTa Ha YCHIIBAHE:

Cop= Cap ,
19

Rps = WRpsi,
TR

kbJeTO Cgpi, Rpsi M W Ca TapaMeTpUTE Ha €UH OT ABaTa €HAKBH TPaH3UCTODA.

Duz. 5.30. Jeyeetimoe MOS mpansucmop c N ézpaden xanan
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HopmaieH paboTeH peXxHM Ha IBYTeHTOBHS TPAH3UCTOpP € TO3W, NPH Kolito.
[BaTa ChCTABHU TPAH3UCTOPa pabOTAT B NEHTOJEH peXKM. 3a ToBa € HEOOXOAMMO fg~
ca M3IBJIHEHH yCIOBUATA: )

Uz 2 2|Urf m Up = 3|Uq].

[IpoxoHNTE XapaKTEePHCTUKM ca Noka3auu Ha ¢ur. 5.31a. BunsT nM 3aBuCH ot
CTOIHOCTTA Ha HampexeHuero Ha BTopus reit. Ilpu ronemu Ugys Te ca KBaJpaTHyHy,
C namansaaero Ha Ugys Te MpOMeHAT dopMmara cu — crasat S-ob6pasuu. B cpenmara”
YyacT UMAT HETOIAM JIMHEEH Y4acThK, B KOUTO ce paboTH IpH YCHIIBATEIIHUTE CXEMM,

CTpBbMHOCTTA [0 IY'bPBU TEHT gy, MMa MakcuMyM (¢ur. 5.316), korato BTOpHsT
TPAH3UCTOD € Ha IPaHHLaTa Ha MIEHToAHATa 061acT.

Lt

+5\< Ups=1+2V
+8V +1V

AN

Uys=+10V
|
U,

0 UOIS
a) 6)

Due. 5.31. Xapakmepucmuku na 0gyzetimos mpaHucnop

W3xomHuTe XapakTepHCTHKH ca NOAOOHHM Ha Te3u Ha Kilacwdeckn MOS Ttpan-
3uctop. B obnacTra Ha HacHIaHe MMAT ITO-MaNbK HAKIOH MOPAH MO-TOJSAMOTO CH
H3XOJHO CHIIPOTUBIICHHUE.

AHaTUTHYHATE U3pa3d Ha XapaKTePUCTHKWUTE Ha ABYTeHTOBHS TPaH3UCTOD ce
HoJIyyaBaT OT CHCTeMaTa ypaBHEHHs 3a JBaTa ChCTABHM TPAH3UCTOpA C OTYHTAHE Ha
PaBEHCTBOTO Ha PEHHOBUTE UM TOKOBE.

Hdeoiinoaudysen MOS Tpansucrop (DMOS tpansucrop). Tora e Tpansucrop
¢ 10OpH yCHIIBATEIHK U Y€CTOTHH CBOMCTBA, MOCTHTHATH 4Ype3 HaAMaJIsiBaHE Yb/DKHHa-
Ta Ha NpOBOAALIMA KaHajl. MHMHMMAalHaTa Ib/DKMHA Ha KaHala NpH CTaHAapTHATa
xoHcTpykums Ha MOS cTpykTypara ce omnpesens OT BE3MOXKHOCTUTE Ha (OTOIMTOT-
padckus mpouec 1 € YaCTH OT MUKpOHa.

OcHoBHaTa Ues Npy W3rOTBSIHETO Ha Pa3sIMYHU KOHCTPYKUMH ABOHHOAMGDY3H-
onHu MOS Tpansucropu e cnennara. Ilpe3 equs u cuin "mpo3opel]” B OKUCA IIPH COp-
ca ce M3BBPLIBAT [BE MOCNENOBaTeNHN Audy3uu 3a ch3uaBade Ha P u N* ofnacru.
JdvmxuHaTta Ha kaHana L.g ce ompeJens OT pa3nukara Mexay asere obnactd. [o Ta-
KBB HaUMH [0 HE CJIOKEH TEXHOJIOTMYEH BT CE Ch3/1aBaT CTPYKTYPH C TOUYHO KOHTPO-
NHMpaHH ABHKVHM Ha KaHana oT nopsagbka Ha 0,1-1 pm. (3a nonyyaBaHe Ha TakuBa
€JIEMEHTH MOXKE Jia Ce M3MO0JI3Ba U ABYKpaTHA IOHHA UMIIIaHTaluUA. )

IIpumepHa KoHCTpyKuMs Ha XopusoHTaseH DMOS Tpansucrop ¢ nokasaHa Ha
¢ur. 5.32. TpabBa na ce oOppHEe BHUMaHNE, Y€ HEMOCPEACTBEHO 10 KaHajia € pasro-
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noxeHa Huckonerupana N™ npeiidosa obmact. Koraro ce mpunoxwu Hanpesxenne
MEXIy IpeHHa M Copca M TENTOBOTO HANpPEXXEHUE € MO-TOJAMO OT IPAroBOTO, ENEKT-
pOHHMTE NMPEMUHABAT OT COpCa Ipe3 KbCHs KaHall 110 ApeiiHa, IpekocaBaliku apeiidhono
N~ obyiacTra, KBIETO HMa CH3HAJECHO CHJIHO €NEKTPHYECKO mojie, Mankara nbiDKHHa
pa KaHaja MmoJo0psBa YECTOTHUTE CBOMCTBA M CTPBMHOCTTA Ha TpaH3ucTopa. Hamu-
yreTo Ha cnabo nerupada N obnacT mossonsBa paboTa ¢ BUCOKM pabOTHH Harpese-
uui. OcobeHoct B KOHCTpYkuuaTa Ha DMOS TpaH3ucTOpa €, Ye TeHTHT HE Ce ChBMEC-
mBa ¢ N* o6nacrra Ha npeiina. Tosa HamansBa MpoxoxHus kanauteT Cgp, TOBHIIA-
BafKH JONBIHUTEHO OBP30ACHCTBHETO.

N~ Apeiidosa
obmact

Due. 5.32. Xopusonmanen DMOS mpansucmop

Henocrareim Ha pasriefaHata CTPYKTypa ca TPYOHHST KOHTPON Ha TOYHATa
CTOHHOCT Ha IParoBOTO HANpEXEHHE, BIOLICHHAT MOAIPAroB y4acThbK Ha XapaKTepHc-
TUKUTE, JIOIOTO M3IMOJI3BaHe HAa MOBBPXHOCTTA HA MOJYNPOBOAHMKOBATA IIACTHHA.

DMOS TpaH3ucTOp C BEpTHKaJIeH IpeiiH e nokas3ad Ha ¢ur. 5.33.

Copc Teiir Copc SiO
VA N N A N—

{ ) ‘ poBexaam
T N + Y KaHan Si ¢

o Jpeiin
Due. 5.33. DMOS mpansucmop ¢ eéepmuxaner opetin

ITpu Hero ocBeH omMcaHUTE HOCTOMHCTBA Ha ABOWHOAWM(Y3HOHHUTE TpPaH3MC-
TOPH C€ MOCTHUIa U No-A00po HU3MON3BaHE Ha NOBBPXHOCTTA HA MOJYNPOBOAHUKOBATA
noanoxka. Paspaborenn ca pasnnyHu KOHCTpYKUMH Ha Momud MOS Tpan3ucTopH.
dopmara Ha obyacTHTE B XOpPHM3OHTallHA IOCOKa € pa3HooOpasHa (XeKcaroHajHa,
KBaJpaTHa ¥ 1p.). Ilo NpHHLUI MOIIHUTE €IEMEHTH CE CBCTOAT OT MHOI'O MOAXOAALLO
CBBP3aHH CTPYKTYPH, PasNojIoKeHH BhpXY 0o6lla MOI0XKKa, BKIIOYHTETHO HHTErpUpa-
HM 3alIMTHH €JIEMEHTH NIPOTUB CBPBX HampexxeHu: u Ap. [IponsBexaaT ce TpaH3UCTOPH
¢ npo6uBHM Hanpexenue a0 2000 V, npeBkmousann TokoBe 10 500 A, OTHOCHTEIHO
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MaJIKi BpeMeHa Ha NpeBIUIIoYBaHe, 100pa TeMIiepaTypHa yCTOHYUMBOCT, Bb3MOXHOCT %

JUPEKTHO CBbP3BaHE B Mapajiell, JIMICa Ha BTOPHYCH MPOOHB.
MOS Ttpansucrop ¢ V-o6pazna kanaska (VMOS tpansucrop). CTpykTypa-

Ta My € I10Ka3aHa Ha ¢ur. 5.34. XapakTepusupa ce ¢ MajKa Jb/DKAHA HA KaHANA Ley ~
= 0,1 um, onpepeneHa oT V-o00pa3HaTa kaHaBKa. ENexkTpoabT Ha Jpelina ce HaMHpa ot
JONIHATA CTpaHa Ha CTPYKTypara, a e1eKTPOJHTE Ha copca U reiiTa — OT rOpHaTa CTpa-
Ha. 3a 1a ce nony4dd V-oOpa3HaTa KaHaBKa, C€ H3M10/I3Ba CBOMCTBOTO aHW3OTPOIHOCT-
Ha CWIMUMS [IPH eLBaHE B Pa3NU4HH KpHcTanorpadcku HampasieHHsa. N IpOBeXa-
IIMAT KaHa ce HHayuupa B P obnactra 10 V-o6pa3nata kaHaBka. ONMCAaHUTE CTPYK-
TYpH MOTarT JIECHO Jia C€ CBBP3BaT MapaJielIHo €Ha C ApYra, KOETO I03BOJIABA Ch3Ja-
BaHETO Ha MOIHM TIPEBKIIOYBATENHM eeMeHTH. CTenenTa Ha unTerpamnus (GposT Ha-
eeMenTHTE Ha 1 cm”) Ha TpaH3MCTOpHTE ¢ V-00pa3Ha KaHABKa ¢ MHOTOKAHATHA HIIM
MHOTO €JIE€MEHTHA F€OMETpPHS € BHCOKA, 3alll0TO Ha FOpHaTa MOBBPXHOCT Ca Pa3Ioo-
KEHU caMo JBa eNeKTpoaa. BepTukanHo pasnonoxeHaTa apeidosa N™ obnact ocury-_
psABa BHCOKO IIPOOMBHO HaNpexEHHEe U MAIbK IIPOXOJCH KamanuTeT redrt-apeiH. Co-

IECTBEHO INPEAXMMCTBO Ha CTPYKTypaTa € MAJIKOTO CBIIPOTHBJIEHHE B IIPOBEXKAALIO
CBbCTOAHHUC.

e

Due. 5.34. VMOS mpansucmop

MOS Tpau3ucTOpM, M3NOJ3BAHM KATO €HEProHe3aBUCHMMH eJIeMeHTH 32
nameTH. Te3n TpaH3UCTOPH CIIYKAT KaTO OCHOBHHM 3allOMHSLIM KIETKH NPH WU3TOTBA-
HETO Ha IOJYNPOBOJHHKOBH IOCTOSHHHM IIAMETH C eJEKTPHYECKO INpOrpaMHpaHe
(EPROM). H3BectHu ca oume u karo MOS TpaH3UCTOPH C peryHpyeMoO IIparoBoO
HalnpexxeHue.

MOS mpansucmop ¢ "naasaw"” nomenyuan na 2etima (FAMOS). Ha ¢wur. 5.35a
e noxasaHa crpykrypara Ha FAMOS TtpaH3ncTop, pealusupaH MO TEXHOJIOTHATA I10-
aucunuuyeB TeiT ¢ P xanan. IToNUKpUCTATHUAT CHUIMLIMEB TeUT € M30JIMpaH OT HOA-
JIOXKKaTa ¢ ThHEK cioif Si0O,, a oTrope chuo € H3onupaH ¢ aeben croit oxkuc. Ciex u3-
TOTBSHETO Ha TPAH3HCTOPA BBPXY refiTa NPAKTHYECKH HAMA 3apsM, MOJ HEro JIMICBA
KaHaJl ¥ CTPYKTypaTa € HeIpoOBOIAIa. AKO Ha JpeiHa 10 OTHOIIEHWE Ha MOIJI0KKATa
ce TI0/1a/ie OTPHLIATENIEH UMITYJIC C JOCTATBYHO TojIfMa aMIUTUTY/a, B ipexoa ApeHH—
TIO/ITI0XKKA BH3HMKBA JTaBUHEH NPOOUB, €IEKTPOHHUTE C TOJISIMA €HEeprHs MOraT Ja Ipe-
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OOJIeAT MOTEHIMAIHATa Gaprepa Ha THHKUS OKWC U Jia IOTIAJHAT BbPXY U30IMpPaHUS
redT. OTpULIATEHUAT 3apAX OT MHXKEKTHPAHUTE "TOpely” eIeKTPOHH Ha reiTa MH-
Ayuupa P IpoBOAMM KaHai MEXAY copca U peliHa MM HaMaliBa NparoBOTO Hampe-
KeHne. BpBeaeHaTa MO TakbB HAaYWH MHQOpPMaLWs (3apSBT OT ENEKTPOHH BBPXY
reiiTa) Moxke na ObI€ ChXpaHABaHa AbJIro BpeMe (10 u34yucierus 1o 40 roaunn) u Ge3
EJIEKTPMIECKO 3aXpaHBaHe. M3TpuBaHeTo (i MbpBOHAYAIHO CE € OCBIIECTBABAJIO Ype3
00BpYBaHe HAa CTPYKTYpaTa C YITPABHOIETOBH JIBYH, IIPH KOETO EIEKTPOHHUTE B reiiTa
NpUAOONBAT NOIBIHUTENHA EHEPTHs U IPEMUHABAT 00pPaTHO OT reiiTa B IIOMIOXKKATA.

‘YnpasnsBarng
TLnasany refit

reir
IInapaur monucu-

. JINIIMEB TeHT
sio, ™A

a) 6)

Duz. 5.35. MOS mpan3sucmop ¢ nrasawy nomenyuan Ha zetima
a — P xananen mpansucmop; 6 — N kananen mpan3ucmop

N xananen MOS mpan3ucmop ¢ nnasaw nomenyuan Ha 2elima ¢ enekmpuyecKo
3anuceane u usmpueane Ha ungopmayusma (FGMOS). CTpykTypaTta My € NoKa3zaHa
Ha ¢ur. 5.356. OcobeHoCT € HaIMYMeTo Ha [Ba, Pa3ONOKEHH eUH HaJ JpYT, MOJIH-
CWIHLMEBH reiiTa — "MuaBam” M ympaBnsgBail. 3apeXAaHETO Ha IUIABALIMS TEHT C
€JIEKTPOHH C€ OCBILECTBSABA 110 CleHUA HauuH. [lofaBar ce MonoXKUTETHH UMITYJICH C
rojsMa aMIUIUTyJa Ha refita u Apeitna. OOpasyBa ce HHBEPCEH KaHal C rojisiMa TOKO-
Ba IIIBTHOCT. YacT OT eNeKTpoHUTe NpUA0OHUBaT JOCTaThYHA €HEPTHUs 3a NIPE0OIIBa-
HE Ha [oTeHIUaHaTa Oapuepa Ha THHKUS OKHC W NOMAJaT BEPXY "IVlaBanIus" TeHT.
OTpuuaTenHo 3apefeHHMAT "mnaBami” TelT MOBHINABAa NPAaroBOTO HAINpPEXXEHHE Ha
CTpYKTypata. BpbliaHeTo B HauallHO CHCTOSHME CTaBa Ype3 MOAaBaHe Ha MOAXOAAIIO
HanpexcHHE Ha ynpaBisBallys TeiT. Te3u TpaH3UCTOPH ca OCHOBA 3a M3TpaXKIaHe Ha
EPROM namerH.

MIS mpansucmop ¢ 0eoen Ouenexmpux. B TpaH3MCTOPHUTE C ABYCIIOEH AHENEK-
TPHK ITOJ TeiiTa Hail-yecTo ce u3nmon3Ba koMOuHanuaTa SizNy-Si0,. Takasa cTpykTypa
ce Hapuya MNOS (Mmeran-HUTpUI-oKUC-cuaniuii). HanpedueH paspe3 na MNOS tpan-
3HUCTOp € Moka3aH Ha ¢ur. 5.36. OcobeHoCT Ha ABYCIOHHUSA OHUENEKTPHK €, e TpaHH-
nata Mexxay ThHkusA okuc SiO, u nmebemus cnoit SisN, ce xapakrepusupa ¢ romsiMa
MIBTHOCT Ha YJIOBKHTE. Te3M YIOBKM MOTAT J1a C€ 3aIIBJIHAT C €JICKTPOHH 4pe3 Npuiia-
raHe Ha IOJIOKUTENHO HallpexeHHe Ha refiTa, ¢ KOeTo ce HaMalliBa [paroBOTO Hall-
pexxeHue Ha cTpykryparta. "3anncanata" mHdopmanus (T. €. 3apsAAbT HAa 3aXBaHATHUTE
OT YJNOBKHUTE €JIEKTPOHH) C€ 3ara3Ba MPOoXbIHKUTENHO BpEME.
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Quz. 5.36. MIS mpanzucmop ¢ 060eH Juerekmpux

IGBT Tpan3ucropu. bunonspaure 1 MOS TpaH3uCTOpUTE MPUTEXKABAT Xa-
PaKTEepHCTHKH, KOUTO B HAKOU aCIEKTH ce JOIbIBAT eAHH APYrd. bunonspaure Tpan-
3MCTOPHM MMAaT MaJKy 3aryOH B NPOBOJMMO CHCTOSHME, CIEIMANHO 3a NpuOopHTE ¢
roNfAMO MPOOMBHO HAaNpPEXEHHE U FOJEMHU TOKOBE, HO €a C TOJIEMH BPEMEHa Ha NPEBK-
no4BaHe, ocobeHo npu 3amymBane. MOS TpaH3KMCTOpUTE MOraT Aa ce INpPEeBKIIOYBAT
10-6bP30, HO HMAT MO-TOJIEMH 3ary0H B CTATMYHO CHCTOSHHUE, XapaKTEpHO 3a Npubo-
pHTe ¢ NPOOMBHO HANPEXKEHHE HaJl HAKOJIKO XWISAN BoNTa. Upe3 HHTETpUpaHe Ha Te-
34 JIBa EJIEMEHTA B €JHH KPHCTAJl C€ NIoIy4aBa CXeMa, WIIK HOB €JIEMEHT, IIPUTEXAaBall]
IOOpUTE XapaKTepUCTHKU Ha bunonspHute 1 MOS TpaH3ucTopH.

Beptukannata ctpykrypa Ha IGBT tpansucrop (Insulated Gate Bipolar
Transistor) ¢ N xaHan e noka3ana Ha ¢ur. 5.37. T npuiuya Ha CTpyKTypara Ha Bep-
tukaned DMOS tpansuctop (¢ur. 5.33), karo e nobasen nocneauus P* cioit. Taka ts
MOXE Ja ce pasryien/ia KaTo ChCTaBeHa oT ABa eneMeHTa — MOS Tpansuctop ¢ N uH-
nyuupan kanai (N¥ cope ¢ Hakbco cBbp3ana P nomnoxka u N~ apeitn ) u PNP Guno-
nsiped tTpansucrop (P* emutep, N™ 6a3za u P kosexrop, KoiTo € u noijoxka Ha MOS
TpaH3ucTopa). ExBUBaJieHTHATa cxeMa e npeficTaBeHa Ha ¢ur. 5.38a, a Ha ¢ur. 5.386
€ MoKa3aHa To-noJApobHa cxema, ChAbPIKallia ChIIECTBYBAIATa Iapa3uTHa THPHCTOP-
Ha cTpykTypa. HanpexxeHuero reiT-copc KOHTpOJMpa ChbCTOHHETO Ha eeMeHTa. Ko-
rato HanpexeHnero Ugs € no-Majko OT nparosoto Ur, HAMa MHAYIUPaH KaHall MexX-
oy npefina m copca Ha MOS tpansuctopa M IGBT TpaHsucTopsT € 3amyuieH (B
HenpoBoamo cectossHue ). [Ipu Ugs > Ut cb3maneHusT N kaHal CBbp3Ba N* copca u
N~ npeitna na MOS TpaH3uCTOpa M NPOTHYA TOK OT eNeKTpoHH. HaTpynBanute B N*
clos eNeKTPOHH HaMalfBaT moTeHUManHata Gapuepa Ha mpexopma J, (eMHTepeH 3a
PNP Tpansucropa), kolTo ce oTmymBa. Taka 6unomsipuusat PNP tpaHsucTop ce oT-
nymsa u IGBT tpan3ucTopbT npeMuHaBa B IPOBOIAIIO (OTIYLIEHO) ChCTOsAHUE. J[o-
IBIHUTENHATAa WHKeKuus oT P* cios kbM apeiina (N™ cnos) Ha MOS Tpansucropa
HaMaJIsiBa CHJIHO CBIIPOTHBIICHUETO Ha €IeMEHTa M 3aryOUTe B OTIIYILEHO ChCTOSHHE.
Hsxonuute xapakrepuctukute Ha N kananeH IGBT tpan3ucTop ca maneHu Ha Qur.
5.39a. B npaBa mocoka Te Hamoxo0s1BaT M3XOAHUTE XAPAKTEPHCTHKM Ha GHIIONApEH
TPaH3UCTOP, C U3KIIOYCHHE HA TOBA, Y€ YNpPaBIABAlIMAT MAPaMEThP € BXOXHOTO HaIl-
pexeHue, a He BXOAHNS TOK, KaKTO € IpH OHIONsApHus TpaH3ucTop. [lpenasarenHure

XapaKTepUCTHKH, NafeHH Ha ¢ur. 5.396, ca uaeHTHYHH HA Te3M, Ha MoinHuTe MOS
TPaH3UCTOPH.
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Duz. 5.37. Cmpyxkmypa na IGBT mpansucmop

E o Hpeiin Mpeitn
B
C
D

B
G G |
Teitt TeiiT \
S

S Copc s Copc
a) 6)

Due. 5.38. Exsusanenmuu cxemu va IGBT mpansucmop
a — eKeUEaNeHMHA Cxema 3a HOPMAnHy pabomHu YCRoeus;
6 — nbIHA eXEUBANEHMHA CXeMA C MUPUCIOPHA CIMPYKMYpPa
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Duez. 5.39. Cmamuunu xapakxmepucmuxu
u ycnoeHu zpaguynu osnavenusn va IGBT mpansucmopu
d — U3XOOHU CIMAMUYHY XAPAKMEPUCMUKU; 6 — npedasamenty XapaKmepucmuKu;
6,2,0 — ycnoenu zpagpuunu o3navenus na IGBT mpansucmop

HsaMa equHoywe 3a ycnoBHOTO rpaduuHo o3Hadenue Ha IGBT Tpansucropu-

Te. Hakown cmstar, ye IGBT TpaH3uCTOPET € INIaBHO OHIIONAPEH €IEMEHT C TeHT KaTo

BXox — dur. 5.392, a apyru npuemar, 4ye IGBT tpansucropsT € ocHoBHO MOS ene-
MeHT — ¢mr. 5.39¢ u ¢wr. 5.390.

IMapamerpure Ha IGBT TpaH3ucTOpa KaTo MOIIEH ENEKTPOHEH KIIIOY Ca MEXY
Te3u Ha OunonapHute 1 MOS Tpan3uctopute. Toll € mo-6bp3 OT OUMNONAPHUTE TpaH-
3HUCTOPH U C MO-MAJIKH 3aryOu B CTaTHYHUTE ChCTOAHUA 0T MOS TpaH3ucTOpHTE.
5.4. Oco6eHOCTH Ha NoJsieBUTE TPaH3UCTOPU

I'nasnume docmotincmea Ha TIONEBUTE TPAH3UCTOPH, ONpPEAEIAIIN M3II0I3BaHE-
TO UM KaTO CXEMHH €IEMEHTH ca:
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EnnononspHa (yHUNOJAPHA) NMPOBOAMMOCT B KaHajla — TOKBT C€ ABIDKY Ha
JBIDKEHHETO CaMO Ha €IHH THIl TOKOHOCHTENH — OCHOBHMTE. JIMICBA MH-
MEKUMS U eKCTPaKLHUA Ha TOKOHOCHUTEIH.

TonsAMo BXOHO CHIPOTHBIEHHE 3a TocTosHeH Tok (10° — 10'® Q) u mamsk
BxozeH Tok (107 — 107 A). Vrpasnssar ce ¢ HanpexeHue. TonaMoTO BXOJI-
HO CBHIPOTHBIICHHE ONpeNes roiaM KOehHUHUEHT Ha YCHIIBaHE 0 TOK M IO
MomrHocT. OcurypsiBaT rojiiM KoedHLUEeHT Ha TOBapOCIIOCOOHOCT B JIOTH-
YECKUTE CXEMH.

VYHuBepcanHocT Ha cxemHuTe GyHKIMH, [ToneBUTE TPAH3UCTOPH MOTaT Aa
€€ W3I0JI3BaT KaTO aKTUBHU (YCHNIBAaTENIHH) M MACHBHH (TOBApHU) CJIEKT-
POHHHM eneMeHTH. ['oleMHHaTa Ha CBHIPOTHUBICHUETO MOXE Jla Ce NPOMEHS
N0 ejIeKTpUYecKH MbT. ToBa JaBa BH3MOXKHOCT 3a M3rPaKAAHE HA CXEMHM
CaMo OT EOHOTHITHH €IEMEHTH (CaMO OT [OJIEBH TPAH3HCTOPH).
IIpenaBarennara UM XxapakTepucTHKa UMa KBaApaTudyeH xapakrep. [lopaau
TOBa CTPBMHOCTTA € JIMHEHHA QyHKIMA Ha YNpPaBJUBALLOTO HAIPEXEHHE, a
TOBA € Ba)KHO IPU YCUJIBATEIHN 1 Npeobpa3yBaTeNIHU CTHIANA.

Hanuune Ha TepmocTabuinHa TOo4ka M OTpUHATENCH TeMIEpaTypeH KoehH-
IIMEHT Ha OpeidHoBHA TOK. BHCOKa TeMmepaTypHa cTabMIHOCT Ha mapameT-
pute. BpamoxkHOCT 3a paboTa B Mpok temmepatypeH obxsat — ot ~ 200 °C
no + 200 °C.

HuBoTo Ha coOCTBEHHTE LIIyMOBE Ha MOJIEBUTE TPAH3UCTOPH € NO-HHCKO OT
TOBa Ha OUTIONAPHUTE TPAaH3UCTOPH.

IoBuieHa ycTOMYUBOCT Ha pa3NMUYHM BUIOBE JIBYECHHUS.

MOS TpaH3UCTOPBT MMa MO-NPOCTa CTPYKTypa U 3aeMa Io-Majka ol (10
15 meTH) OT Ta3M Ha OmmoNsApHUsS TpaH3ucrop. PasceiiBaHaTa MOIIHOCT Ha
MOS ctpykrypara e MHOTO Maika. Ilpu paboTa TpaH3HCTOPBT CE CaMOMU30-
avpa OT IOIJIOXKKaTa. ToBa M03BONABA CH3AABAHETO HA MHTErPajHU CXEMU
C roJisiMa INTBTHOCT Ha €JeMEHTHUTE.

OcHogen HedocmambvK Ha TOJEBUTE TPaH3UCTOPH € OTHOCHTCIIHO MaJIKaTa

CTPBMHOCT M Mankoro OBp3ojeiicTBHe B cpaBHeHHE ¢ OunonspHute. Paspabotenu ca
CIIELMATIHH CTPYKTYPH, KOHKYPHpAIIX OUITONAPHUTE TPAH3UCTOPH NPH BUCOKH YECTOTH.

? KoumponHu ennpocu

1.

3amo KOl"aTO NOJIEBUAT TPERSHCTOP ¢ PN npexoxn paboTH B pe>XUM Ha HaCHILAHE H
KaHaIbT ce "NMpUINKNBaA”, IPEHHOBUAT My TOK He claja Ao Hyna?

Kou ocsoBHM mapamerpu Ha MOS cTpykTypata MoraT [a ce onpeiensT oT BOJT-
tapanHaTa (i xapakTepucTHKa?

3amio peanHoto 6vp3ozeitctBre Ha MOS TpaH3UCTOpPUTE € MO-MAJIKO OT TOBA Ha
OGUNONAPHUTE TPAH3UCTOPH?

Kax me ce npomensaT napamerpute Ha MOS TpaH3uCTOp NpH HaMaJIIBAHE Ha T€O-
MeTpu4HHTe My pasMepu K netu?

. Tlo xakBo ce pa3nnMyaBaT TOBapHUTE U akTUBHUTE (ycunBarenHn) MOS TpaHsucro-
pu B MOS unTerpanyurte cxemu?
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FNABA 6
ONTOENEKTPOHHU ENEMEHTU

6.1. Onpeaenexnne n knacuuKauus Ha ONTOENEKTPOHHUTE
eneMeHTH

OHTOCJICKTPOHHPITC €JIEMCHTH H3JIbYBAT, npeoﬁpasyBaT HJIM H3MOJI3BAT B

J
i ok

npoueca Ha paGoTa eJIeKTPOMATHUTHH JTbYeHUs] BbB BUIUMHUsI, UH(payepBenns .

HJIH YJITPABHUOJIETOBUSA CIICKTDHP.
HOJI}'HPOBOIIHPIKOBHTC ONTOCJICKTPOHHM €ICMCHTH, HaMHpall{ INHPOKO IIpu-
JIO’KEHUEC B C€JICKTPOHHKATA, MOorarT aa ce Knacmbnuupar B TPH OCHOBHM I'DYIIH:

Tiahid

® U3TBYBATENH (OCHOBEH INpPEACTaBUTEN CBETOAMOX) — mpeobpasyBaT enem_

pHuyecKaTa EHCPrus B JIBYHUCTA,
o @OTOHpHeMHHL{H - npeoGpa3yBaT JIBYUACTATA CHEPTHs B CIICKTPUYCCKA,

® ONTPOHM — OOEAMHABAT U3TOYHMK HA JBYMUCTA E€HEprus, ONTHYHA Cpeaa u
¢doTonpHEMHUK.

TyK i€ €€ pasriacaar caMo HAKOH BBBEXIALIH MOHATHA B ONTOCJICKTPOHHKATA,
a MMo-CUCTEMATNYHH CBCIACHUSA Ca 00eKT Ha APYTH KypCOBE.

6.2. CBeTOoamnoam

6.2.1. OnpeaenexHue u NpULHUUN Ha aeicTBUe

CaeToanoauTe ca NoJynNpoBOJHNKOBH eJIeMEHTH C eMH pn npexol, nNpeod-
pa3syBallll eJIeKTPHYeCKATa eHeprusi B eHeprusi Ha HEeKOXepeHTHO CBETJIHHHO
JbYyeHne.

IpuHIMIBT Ha AelicTBME HA CBETOAMOAUTE ce OCHOBABA HA MpOLlECHTE Ha
peKoMOMHANNS, TPOTHYALLM MPH CBLP3BaHE HA pn NPEX0/] B IPaBa MOCOKA.

ITpu BKIIIOUBAHETO Ha pn MpEXoJa B IpaBa MOCOKA Ce OChlIecTBABa AUdy3usi Ha
€JIEKTPOHHU OT 12 B p 00JacTTa U Ha NYIIKH OT p B 1 obnactra. J{udyHaupanure Heoc-
HOBHY TOKOHOCUTEII peKOMOMHHPAT C OCHOBHHTe. ToBa 03HauaBa, 4e eJICKTPOHUTE
NpEMHHABAT OT [TO-BUCOKO EHEPTHiIHO HUBO (30HATa Ha MPOBOJMMOCTTA) B 1IO-HHCKO
(BanienTHaTa 30Ha) (¢wur. 6.1).

[Tpu TO3M Mpolec ce OTaeNs eHeprysd BB BUJ Ha TOIUIMHA U CBETNIIMHA. B 3aBuU-
CHMOCT OT BHJia Ha IOJIYNPOBOIHHKA, IIPH peKoMOUHanuATa IpeobnafaBa eAUHUA OT
nBaTa BuMAa eHeprus. Ilpu cBeToaMoaMTE OCHOBHATA YacT OT €HEPTHATa Ce U3NbUBa
BBB BUJl Ha (OTOHH. B 3aBHCHMOCT OT LIMPOYMHATA Ha 3a6paHeHaTa 30HA HA MOJYII-
poBogHuka AW m ocoGeHOCTHTE Ha PEKOMOWHALMOHHHSA IPOIEC, TOBA HU3TBYBAHE
Moxe€ Aa Ob/e B MHbpadepBeHaTa WK BHB BUIUMATa YacT Ha CIIEKThpa. 3aBUCHMOCT-
Ta Ce J]aBa C 13pasa:

(3.1) hv=%=AW,

xbaeTo: AW e mmpounHaTa Ha 3abpaHeHaTa 30Ha Ha MOJYNPOBOAHUKA, V € YECTOTAaTa,

236

il

i



a A € IBJDKMHATA HA BBIIHATA Ha TEHEPUPAHOTO CBETIMHHO W3IBYBAHE; C € CKOPOCTTa
Ha CBETJIMHATA, a h ¢ KoHcTanTara Ha [Inank. Cnen npeobpasyBaHe ce nonyuasa:

(3.2)

5 o _he _ 1200

TAW AW

kpaero AW e B [eV], a A ce mony4asa B [nm].

——e g
3onaHa |
F IPOBOSMMOCT ]

hv

\

BanenTna =]

30Ha

§

Ot (3.2) cinensa, 4e 3a M3NBYBAHE BBHB BUAMMATA
obnact (A = 0,38 — 0,76 um) nMoNyNpoOBONHHKET TpAGBa
Ja UMa IIMpouyrHa Ha 3abpaHeHara 30Ha AW mexny 1,6
eV u 3,1 eV. 3a ceBpeMEeHHHUTE CBETOOUOAH CE H3I0I3BAT
rnaBHo GaP, SiC, a ¢bI0 U HAKOU TBBPAH ChEAUHEHHS —
GaAlAs, GaAsP u np. Upe3 BHacsHe Ha ompejelieHH
HPUMECH B TSX C€ IOCTUra pa3InieH LBST HA CBETEHE.

Due. 6.1. Cxemamuuno npedcmassane Ha npoyeca
Ha pexombuHayus u 2eHepupaHemo Ha omon
ype3 30HHaAMAa OUAzZpPama Ha NONYRPOBOOHUKA

6.2.2. OCHOBHM NapaMeTpy U XapaKTepUCTUKN

OTHOCHTENIHA YyBCTBUTEIHOCT

1,0
0,9 -
0,8 -
0,7 -
0,6 -

0,5
0,4

03 |-
02 -
0,1

—

VnTpaBuoieToBa

T

Buonerosa

Cuns
3eneHa
Xznra
OpamxeBa
UepBeHa
WudpazepBena

0,5 0,6 0,7 0,8
JpmxrHa Ha BBIHATA, pm

Due. 6.2. OmHocumenna 4yecmeumenHocm Ha H08eUKOMO OKO KbM CEEMNUHHUME NIbYEHUA

CHOPCII CHEKTHpaA Ha eHeKTPOMal"HI/ITHOTO N3J1bUBAHC CBCTOAMOANTE C€ HACIAT
Ha qubpauepeeHu Hu quukamopuu. HHﬂﬂKaTopHHTC CBEeTOAHOAHN HM3JIBYBAT BLB
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puaumus cnexrsp (A = 0,38 — 0,76 um), a undpavepsenure - B Hﬂq)paqepnennﬂ_
cnekTbp (A > 0,76 pm). ‘.

Ha ¢ur. 6.2 e noka3aHa KpuBaTa Ha YYBCTBUTEIHOCTTA Ha YOBELIKOTO OKO Kk
CBETJIMHHUTE JIbYEHHA, a Ha ¢ur. 6.3 ca NOKa3aHU chexmpantHume XapaKmepucmury na
CBETOIMO/IH, PEATM3MPaHH C pa3siM4HM MaTepuand. IIpn mpomsHa Ha TeMmIiepaTypara
MaKCHMMYMBT Ha T€3H XapaKTepPUCTHKHU ce W3MecTBa MpubnusurenHo ¢ 0,2 nm/°C.

Ha ¢ur. 6.4 ca moka3anu BOJNTAMIIEPHUTE XapaKTEPUCTHKH HA HHAMKATODHH
CBETOIHOMM, H3FOTBEHH OT pa3IMYHK Matepuaiu. [Topamu mo-mupokara 3adpaHeHara
30Ha Ha Te€3W MAaTePHANH, CBETOJMOJUTE CE XapaKTEPH3UpaT ChC 3HAYUTENHO IIo-
roNsAM MaJ Ha Hampe)xeHHe B mpasa rnocoka oT Si u Ge usnpasurenHu auoan. Konk--
pETHUTE CTOHHOCTH 32 Pa3IMYHUTE BUIOBE CBETOAMO/M CE IaBAT B KaTanosute. Tam e-
OKa3aH M TEMIepaTypHHUAT kKoe(UIMEeHT Ha HAallPEXKEHHETO B IIpaBa IIOCOKA, KOHTO € B
nuanasosa ot —-1,3 1o -2,5 mV/°C.

I, mA |} -
A 50
GaP:N GaAlAs GaAs
i 40 -
xX |
(SRS 1
i sof
2=} !
L !
B : 20
SE| [
g | 10 -
P L, 1 N
04 06 08 1,0 Apm 0 " > UV
Due. 6.3. Cnexmpanuu xapaxmepucmuxy Quez. 6.4. BonmamnepHu xapaKmepucmuxu
Ha c6emoouo0U, peanusupany ¢ Ha UHOUKAMOPHY C8EMOOUOOU,
DA3AUYHY MAmepuany U320MBEHY OM PA3NUYHU MAMEPUAnY

Ha ¢wur. 6.5 e noxa3zana 3aBUCMMOCTTa Ha CBETJIMHHUA IIOTOK OT TOKA Ipe3 AH-
oza Ir 33 CBETOAHOAM, peaTU3UpaHy MO pPa3IM4yHU TEXHONOrHY, a Ha ¢ur. 6.6 e moka-
3aHa 3aBHMCHMOCTTA Ha MHTEH3WTETA HA U3JIbYBaHe OT ToKa Ik 3a cBeromuox MV5752.
OOwmoTO MpaBMIIO €, Y€ YBEAMYEHHETO Ha TOKa Mpe3 OUoAa, BOAH JI0 HapacTBaHe Ha
CBETIIMHHOTO MY u3iibyBaHe. [Ipn n36opa Ha KOHKPETHHA TOK Tpe3 Auona TpsadBa ja
ce MMa MpeJ BHA, Ye MHTEH3UTET Ha H3NbUBaHE OT NopsAAbka Ha 4-5 mcd e xocTars-
YeH 3a pa3iryaBaHe Ha CBETCHETO Ha CBETOAMOMIA B SIPKO OCBETEHO momelleHne. To3u
HHTEH3UTET c€ NOCTUra 0OMKHOBEHO ¢ ToKOBe Ir oT mopsaapka Ha 10-20 mA. Yecro ce
MPAaKTHKyBa 3aXpaHBaHE C MMIIYJICEH TOK Ha CBETOJHOIMTE, IIPH KOETO CE€ MOCTHUra
roJIAM HHTEH3UTET Ha U3IBYBAHETO, IPH MAJIKH CPEIHH CTOMHOCTH Ha BB30yXkIaiara
MolHOCT, IHTEH3UTETa HAa M3IbYBAaHE HA CBETOOUOAMTE OTC/Ia0Ba C MOBHILABAHE HA
Temnepatypara ¢ okoiio 1 % /°C.

Ha ¢wur. 6.7 ca npencraBeHd NpUMEpHHUTE OWazpamu HA HACOYEHOCH HaA TPU
CBETOMOAA C pa3iNvyHa KOHCTPYKLHMS Ha Kopmyca. JlmarpamMara Ha HacOYEeHOCT JaBa
uHbOpMalMA 32 HHTEH3NTETa Ha M3/TbUeHAaTa CBETIMHA B Pa3IMYHU TOYKH OT MPOCT-
pacTBoTO. Hail-ronamo 3naueHune 3a GpopMHpaHe Ha MPOCTPAHCTBEHHA BIbJ Ha H3-
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JIbYBAHE HMAT rbopMaTa 4 BUJd Ha H3I0JI3BAHATa ONTHYCCKA JIellla, BrpaJeHa B Kop-
Imyca Ha CB€TOANOJA.

D,Im 10
1
10”
YepBeH -|
167 THII 2
* v 1
1 /7 /’l\_ YepBeH
107 L /
1 0—4 /
10" 1 10 10 10° InmA
Due. 6.5. 3asucumocm Ha CBEMAUHHUSL NOMOK OM MOKA npe3 0Uo0a 3a pasnuyty caemoouoou
100
3 80
B
E 60
5] Due. 6.6. 3asucumocm Ha
E 40 // UHMeH3Uumema Ha u3nvueane om moxa Ig
20
I, mA
0

10 20 30 40 50

= o =l

a) 6) 8)

Quea. 6.7. [Ipumepnu duazpamu Ha HACOYEHOCM HA C8EMOOUOOU
C pasuYHA KOHCMPYKYUA HA Kopnyca
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Ha ¢wur. 6.8 e nokasana IpocTa CXema 3a BKIIOYBAHE Ha CBETOAMON KBM 3ax- -
paHBamia Bepura. M3TOUHUKET MOXe Jia GBJC C IOCTOSHHA OJIOKUTENHA CTOMHOCT Ha
HANpeKeHHeTo (IUONBT IIe CBETH HENPEKBCHATO) WM /2 M2 UMILYJICEH XapakTep
(CBETOIMOIBT IE CBETH CaMO IPH MOJaBaHE Ha MOJIOXHTENHO HanpexeHue). Pesuc-
TOpbT R ciyxu 3a QUKCHpaHe HA TOKA NPE3 AMOAaA, TaKa, Ye TOM Aa M31b4Ba C AOCTa-
THhYHA MHTEH3UBHOCT (BX. ¢ur. 6.6). Ha ¢ur. 6.9 e HauepTaHa BonT-aMnepHaTa Xa-
paKTepuCTHKa Ha JMOJa H € MpeKapaHa TOBapHaTa Ipasa 3a Cly4yai Ha M3TOYHHK Ha
MOCTOSIHHO Hanpexenue E = 5V u ontumaneH Tok npe3 ceeroaunona Ir = 10 mA. B
cllyuasi ypaBHEHHMETO Ha TOBapHaTa IpaBa € OT BHAA:

I=—"E+Z,
(3.3) F R R

+

3axpanBaiy E
H3TOYHHMK

o Z4

Due. 6.8. Cxema 3a 6KMI046aHE HA C8EMOOUOO KbM 3aXPAHEAyYA eepuza
I, mA

E/R

I.=10mA

@uz. 6.9. Bonm-amnepHa xapakmepucmuKa u moeapHa npasa Ha c6emoouod

ITpu n3yepraBarero U ca H3mON3BaHU IBe TOYKU. IIbpBaTa € ¢ KoopauHatu (£,
0) u croTBeTcTBa Ha cinyyas Ir = 0. BropaTa ce Hamupa BBpXY BONT-aMIIEpHATa Xa-

paKTepuCTHKa Ha auoja, np Ir = 10 mA. CroiiHocTTa Ha pe3ucropa R ce onpenens
KaTo:
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1
3.4) R=——,
arctgol
KBJETO C Ol € 03HaYEH BIBJIBT MEXAY TOBapHaTa mpaBa u abcuucara. CToifHOCTTA Ha
R Moxe ga 6bpe HaMepeHa M aHATUTHYHO, Ype3 3aMECTBAHE Ha KATaJIOKHATA CTOM-
HocT Ha Ug B ypaBHeHne (3.3).

6.2.3. NpunoxeHue Ha cBeTOAMOAUTE

HudpayepBeHUTE CBETOANOAM HaMUpPAT LIMPOKO NPHIOXKEHHE KAaTO eleMEHTH
3a JUCTAHLIMOHHO yNpaBJIeHHUE, KATO N3IBYBATENIN B ONITPOHHUTE, KATO MpeaBaTelld Ha
NBYHCTA EHEPTHS B ONITHYHHN KOMYHHUKAIIMOHHH BPB3KH.

WHauxaTopHUTE CBETOAMOAM M3JBYBAT €HEPrUs BHB BHAMMATa obNacT Ha
CIIEKTBPA M Ce M3MOJI3BaT INIaBHO 33 BU3YaJHO NpejcTaBiHe Ha MH(popmauus. Uunu-
KaTOpUTe OT TOYKOB THMII CE€ H3IOJ3BAT 3a M3rpaxkaaHe Ha WHGOPMALMOHHU Tabia,
peKnaMHU naHa ¥ Ap. VM3BecTHH ca TEeXHOJIOTMH, KOMTO II03BOJABAT BrpaxKOaHe Ha
CBETOJHOAM C Pa3NIMUEH IBAT HAa CBETCHE B CIUH KOPIYC, KaTo YIPaBIEHUETO CE M3-
BBPINBA, Ype3 NPOMTHA Ha 3aXPaHBAILOTO HamnpexeHue. MHOro 4ecTo rpymna CBETO-
IUOIOM Ce KOpIyCHpaT eOuH IO APYr W U3rpaxiaT CBETOAMOAHA IHHHIHKa (¢wur.
6.10a). IHupoko npuHIOMKEHHE B NpaKTHKaTa ca HAMEPUIM CBETOJHOIHHUTE CEIEM-
cerMeHTHH MHAMKaTopH (dur. 6.106), npenHa3sHaueHH IJIaBHO 3a LH(poBa WHAMKA-
uus. 3a npeacraBsHe Ha OykBeHO-1M(poBa MHPOpMALWs ce U3MON3BAaT MaTPUYHH HUH-
IMKaTOpH ChABPXKAIIM 35 CBETOAMOMA, PasNoNIOKEHH B 5 KoJoHM M 7 pepa (¢wr.
6.106). Hait-yecTo B KOpIyca Ha MHIUKAaTOpUTE CE BKJIIOYBAT M CXEMHU 32 YIIPABIECHU-
€TO UM, KOETO [TOBHIIaBa KOMIIAKTHOCTTA ¥ HAJEKAHOCTTA Ha anaparypara.

||

Duz. 6.10. a — ceemoouoona nuHuliKg; 6 — cedem-ce2MeHmHYU UHOUKAmOopU;
8 — MaMpUYHU UHOUKAMOPU

6.3. doTonpneMHnun

6.3.1. MpuHUKMN Ha aeincTBue U knacudukaums

doTonpueMHULIHTE NMpeoOpa3yBaT JILYHCTATA €HEPrusi B eJieKTpHYecKa.
JIeHCTBHETO UM CE€ OCHOBaBa Ha I€HEPHPAHETO Ha ABOHKHM CBOOOJHM TOKOHOCHTEIM
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(enexTpOH-IyIKa) MO/ Bh3AEHCTBUETO HA CBETIMHHO JIbYEHHE C IOAXOAAMIA IbIKHHA
Ha BBIHATa. B pe3ynTar ce MOBMILABA €EKTPOIPOBOAUMOCTTA (€JIEMEHTH OT GOTOom-
POBOMM THIT) HIIM CE MOPAX/a ENEKTPOJBIKENIO HampesxeHue (eneMeHTH oT Goro-
BOJITAHYEH THII).

EnemeHnTuTe OT (HOTONPOBOIMM THI BKIIOYBAT: (OTOpe3ucTopH, $HOTOIUOAN,
$oToTpaH3UCTOPH U HOTOTHPHCTOPY. 32 TAXHOTO QYHKUMOHMPAHE ¢ HEOOX0AUMO Ja
ce OCHTYPH NOAXOAAIIOTO UM 3aXpaHBaHE C BHHILHO HAIlPE)XXEHHE.

®doTOENIEMEHTHTE Ca NPEICTaBUTEN Ha pubopute oT ¢poroBonTandeH Tuil. [lo-
panu daxTa, 4e reHepupaT Hallpe)KEHHE, T He Ce Hy»/JasT OT BHHIIHO 3aXpaHBaHeE.

6.3.2. doTtope3ucropu

doTope3ucTopuTe ca MOJYNPOBOAHHKOBU €JIeMEHTH, YHETO CHIPOTHBIIE-
HHe HAMAJSIBA PH YBeJNYaBaHe HA 0CBETEHOCTTA HA HEroBaTa MOBLPXHOCT.

[TpnMepHaTa KOHCTPYKIHS ¥ CHMBOJHOTO O3HaYeHHE Ha POTOPE3UCTOP € MOoKa-
3aHa Ha ¢wur. 6.11. Bepxy u3onanuoHHa NOMJIOXKKA ce HaHacs cioidl (OTOUYBCTBH-
TelleH MaTepuan (Haif-uecto kagmues cyngua CaS wm kaamue cenenut CdSe), uns-
TO CIIEKTpaJIHa YyBCTBUTEJIHOCT € BB BUAMMATa 06JacT Ha JIbYEHHETO. B fBaTa Kpas
Ha CJIOS Ce NIPUCHEIUHABAT METANHH IEKTPOIH, KOUTO OCHIIECTBABAT €leKTpUIECKa-
Ta BPB3Ka C OCTaHAIUTE €JIEMEHTH B cxeMaTa. POTOPE3UCTOPUTE OOMKHOBEHO CE 3aT-
BapAT B METAJIEH MM IUIaCTMAcOB KOPIIyC, KaTo HaJ GOTOUYBCTBUTENHATA YaCT CE OC-

e

TaBs po30pHUe.
"_rﬂl P o
2 AR AR AN AR Y AR P AN Y AN AN 4

1

a) 6)
Que. 6.11. Ilpumepra KOHCMPYKYUA U YCROBHO-2PAPUYHO 03HAYeHUe Ha homope3ucmop

Ha ¢ur. 6.12 e noxazana npuMepHaTa BOJNT-aMIEpHA XapaKTepHCTHKa Ha ¢o-
tope3uctop — Iy = flU) @ = const. IIpu aunca Ha ocBeTeHocT (D = 0), chIpOTHRIE-
HHUETO Ha (bOTOpCE!HCTOpHTC € OT HJKOJKO OCCETKH KHJIOOMH OO CTOTHUH MEraomMu, B
3aBHCHUMOCT OT THIIAa M. TO ce AaBa B KaTaJO3UTE KaTO CbNpOmueneHue Ha movMHO
Rp. OcBetsiBaHeTo Ha (OTOPE3UCTOPA € HOAXOILIO ThYEHHE IPEAN3BUKBA Pa3KbCBa-
HE Ha KOBAJIEHTHUTE BPB3KH B IONYNPOBOJIHHKOBH CJIOH, KOETO BOJH [0 IOBHILIABA-
He Ha KOHLEHTpalMATa Ha CBOOOJHUTE TOKOHOCHTENN M CHOTBETHO A0 MHOTOKPaTHO
HapacTBaHE Ha NMPOBOAMMOCTTA. Bpb3kaTa MeXIy TOKa M HaNpeKEeHHETO BBPXY ¢o-
TOPE3UCTOpA CE J]aBa C U3pasa:

(3.5) I, =k®@U,

KBAETO ¢ P, Im € 03Ha4YeH CBETIIMHHUAT MOTOK, a KoehHUIueHTsT &k, WA/V.Im ce Hapu-
4a cneyuuuna uHmezpanwa yyecmeumenrocm. XapaKTepHU3Hpa KOIMYECTBEHO
CBOMCTBaTa Ha (QOTOPE3NCTOpA MPU OOIBUBAHETO My C Osila CBETIMHA (CBETIMHA Ch-
ObpKala Levs CIeKThp Ha BUAMMATaA 00JsacT). THIHYHUTE My CTOMHOCTH BapupaT
ot 100 pA/V.Im mo 100 mA/V.im.
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Ha ¢wur. 6.13 e noka3aHa NpUMepHaTa XapaKTEpUCTHKA Ha MpeoOpasysBaHe Ha
doropesucropa — Ron = flP)y = const- MOKE Ja CEe HAIIPAaBH H3BOAA, Y€ 3aBUCHUMOCTTA HA
CBIPOTHBIEHUETO Ry, OT ocBeTeHOCcTTa @ € HeaHHeiiHa, KaTo NP BMCOKHM HMBA Ha
OCBETABaHE CHIPOTHBICHUETO Ha OTOpE3nCTOpa MOXKE Ja HaMallee XWsa M oBeye
IBTH CHPSIMO CHIPOTHBIEHHETO HA TEMHO.

A Rph: Q
Ry -3
AL E
D, D, i
D,> D, i
R |1
=0 i i
» [J D (Dmnrd), Im
Due. 6.12. [Tpumepna gonm-amnepHa Due. 6.13. IIpumepHa xapaxmepucmuka
Xapakmepucmuxa Ha gomopesucmop Ha npeobpasysane Ha omopesucmop

QOTOpC3HCTOpI/ITC ce xapaKTepnanpaT ChC CpaBHP[TeJlHO IIUPOKa CIICKTpalIHa
XapaKTEePHCTHKA, YHHUTO MAKCHMYM Ce ONpejes OT BHIA HA H3IOJI3BaHHA IOJIYIPO-
BOIHHUKOB MaTepuai (¢dur. 6.14).

100

50 /
2 EaR
AN
04 06 081 2 3 4 A,pm

Due. 6.14. Cnexmpannu xapakmepucmuky Ha pasnuyHy 6u0oa8e Gomopesucmopu

DoTope3uCTOPUTE Ca eJIEMEHTH ChC CPAaBHHTEJIHO HHCKO Obp3oiciicTsHe.
IIpekpaTsaBaHeTO Ha CBETIMHHOTO BB3JEHCTBUE BBPXY TAX, IPSIU3BMKBA HaMallsABaHe
Ha (OTOTOKA N0 €KCIIOHEHIIMANIEH 3aKOoH. BpemeTo, 3a koeTo TOKBT npe3 $hoTopesHc-
TOpa craja e 0bTH (T. €. ¢ 63 %) OT MbpPBOHAYANIHATA CH CTOHHOCT OINpeJeNns BpeMe-
KOHCTaHTata T. THIHUYHHTEe U CTOHHOCTH ca B AHala3oHa 10%+107s.

HApyrn mapameTpu Ha QOTOPE3UCTOPUTE Ca MAKCHMalHHA TOK, MaKCHMAalHO
JONyCTUMOTO paboTHO HalpeXXeHHe M MaKCHMajiHaTa pasceiiBaHa MmomHocT. CToi-
HOCTHUTE UM Ce JaBaT B KaTaJo3UTe 3a BCEKH KOHKPETEH Clrydail.

DOTOPE3UCTOPUTE HAMHUPAT LIMPOKO NMPUIIOKEHHE TIPA KOHCTPYHpPaHe Ha ENEKT-
POHHH CXEMH 3a M3MEPBAaHE U yNpaBlieHHe. TUMHYHO MPHIIOKEHHUE € pea3aliaTa Ha
ceemiomep (¢ur. 6.15). IIpy nunca Ha ocBeTABaHE, CHIPOTHBIEHUETO Ha POTOPE3NUCTO-
pa € MHOTO roNIIMO M TOKBT Npe3 Bepurarta € npubnusutenHo Hyna. IIpu oceetsaBane,
TOKBT 3aIl04Ba Jia pacTe, KOeTO Ce OTYHTA OT MUIHaMiepMeThphT. Herosa ckana Moxe
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Jia ce rpagyypa fa IoKasBa JUPEKTHO MHTCH3UTETA HA CBCTIIMHHMA ITOTOK.

5

Duez. 6.15. Ilpocma cxema 3a peanusayus Ha ceemaomep

Ha ¢wur. 6.16a e noka3aHo CBBP3BaHETO HAa (POTOPE3UCTOP B CXeMa 3a Npeobpa-
3yBaHe Ha CBETIHMHHHMS MOTOK B HaNpexeHHe, a Ha ¢ur. 6.166 e mokazaHa TOBapHaTa.
npaBa BEPXY BOJNT-aMIIEPHAaTa My XapaKTEPUCTHKa. B 3aBHCHMOCT OT OCBETEHOCTTa,
paboTHaTa TOYKa ce OBIXKM MEXIy T. A U T. B no ToBapuata mpaBa, npu KOeTo Ham-
pexeHueTo BEpXy oTopesncTopa ce npomens ot Uy 1o Us.

I, mA

pr e
£
R
R
B
2 +
= E— g \:\
Rph -I_ E A D=0
U, U E UV
a) 6)

Quz. 6.16. a — cevp3sare Ha homopesucmop é cxema 3a npeobpasyeane
Ha c8eMMUHHUA NOMOK 8 Hanpedcenue; 6 — moeapha npaea

6.3.3. oToanoau

doTtoanonuUTe crajaT KbM IpynaTa Ha GOTONPHEMHHUUHTE C pn Mpexon ((ur.
6.17). IIpyHUMOBT HM Ha AeiiCTBHE Ce 0CHOBABA HA yBeJiM4YaBaHe HA oOpaTHHS
TOK Ha pn PeXo/ia NPH 0CBETABAHETO MY.

0
HITH b
/)
P N u
L;, I
/ |
7 7A
Duz. 6.17. Ipumepna cmpykmypa Ha Homoduod Due. 6.18. Cevp3ssane na

@omoouo0 & cmamuven pesicum
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PaGorara Ha QoTOAMONA Ce OCHIYpsBa Upe3 NOlaBaHe HA OOPATHO HampeXKeHue
ga npexoaa (¢wur. 6.18).

Ha ¢ur. 6.19 e nokasana eoam-amnepnama xapaxmepucmuka Ha GOTOIMOL.
[Ipu nunica Ha ocBeTeHOCT (D = 0), npe3 Auoaa Tede 0OpaTHUA TOK Ha npexopa Is (Tok
Ha ThMHO). KoraTo BEpXy $oTonMOAa TONa/IHE CBETIMHHA €HEPTHA ChC CEKTHP, Ch-
OTBETCTBAILl Ha CNEKTPaNHaTa YyBCTBMTENHOCT Ha €IEMEHTa, C€ TCHEPHPAT JBOMKH
eJIEKTPOH-IYNKa, KOUTO MOBHIIABAT MHOrOKPAaTHO OOpaTHHA TOK. 3aBHCHMOCTTa HA
(oTtoToKa [;n OT CBETIMHHMSA MOTOK P € NUHEHHa:
(3.6) 1, =k®,

KBAETO C k, mA/lm e 03HaueH KOoeULUHEHTHT HAa MHTETPaHa YyBCTBUTEIHOCT Ha (o-
toguozna. T ce HamMMpa B TpaHHUMTE OT 5—25 mA/Im.

Iph 1\
Ue
il t - Uy
I
D=0 1
?, _
, ]
D A
2 '

Due. 6.19. Bonm-amnepra xapaxmepucmuxa ka ¢gomoouoo

TIpu doToauronute ce neduHUpa MapaMeThpa nPA208a YYECMEUMENHOCH — Oll-
pernensi ce KaTO MHUHEMAaJIHUS CBETJIIMHEH IOTOK, IPH KOKTO BBB BepuraTa ce Habiro-
JlaBa U3MEHEHHE Ha TOKa, Pa3IM4HO OT ()OHA Ha COOCTBEHHS ILIYM.

Ha ¢ur. 6.20 ca noxasanu cnexmpaniume xapakmepucmuku Ha Si u Ge ¢oto-
nqvonn. Ilopaau mo-mmpokara 3abpaHeHa 30Ha Ha Si, xapakrepucrukara Ha Ge ¢oro-
JIHOJ € B ASCHO OT XapaKTepucThkara Ha Si horoauon.

Ha ¢ur. 6.21 e nmoka3saHo CBbP3BaHETO Ha (POTOAMOMA B CXEMa C TOBApHO ChII-
pOTHBIIEHHE, a Ha ¢ur.6.22 e HauepTaHa TOBapHATa MpaBa BbPXY BOJT-aMIEPHHTE Xa-
pakrepucTukd. OT ¢durypara ce BkJa, 9¢ Ha NPAKTHKA (OTOTOKA € HE3aBHCHM OT
roJieMUHATa Ha MPHIOKEHOTO OOpPAaTHO HANpeXKeHWe, KOETO HM 1aBa OCHOBaHME Ha
npenctaBuM GHOTOAMOA C ONMPOCTEHAaTa eKBUBAJEHTHA cxeMa Ha ¢wur. 6.23. Cxemata
CBABPIKA [IBA U3TOYHHKA Ha TOK — I'BPBHUAT NPEACTaBs 00OpaTHUs TOK Ha prn Npexoja, a
BTOPHAT — (POTOTOKBT, YMATO CTOHHOCT € NPaBONPONOPLMOHANIHA HA CBETIMHHU I110-
TOK.
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Quz. 6.20. Cnexmpantu xapakmepucmuky Quez. 6.21. Cevp3aane Ha pomoouoo ¢
Ha Si u Ge ghomoduoou €XeMa c mogapHoO CbnpomugieHue
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\ —
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Quz. 6.22. Tosapna npaea 3a cxemama om gue. 6.21

O KaToA
+

IS Il)h = k¢ Uth

——0 aHoJ

Duz. 6.23. Onpocmena exeusaneHmua cxema Ha Gomoouoo

@DOoTOAMOANTE CE XAPAKTEPU3NUPAT C HAl-BUCOKO Obp3oaeiicTBHE OT BCHYKH
¢oTonpuemanuM. BpemMeHarta Ha npeBKIIOYBAHE NPU TAX ca B AManaszona ot 107! o
10 5. Toa ru NpaBH MHOTO MOAXOAALIM 32 IPUIIOXKEHHUE B CXeMH, paboTely 10 yec-
TOTH HAKOJIKO CTOTHUI[H MEraxepiy.

PIN ¢oronuonute ca KOHCTPYKTHBEH BaPHAHT Ha CTaHAAPTHHTE (POTOLMOLM C
pn npexoll. XapaKTepHU3Upar ce ¢ MOJO0OPEHH YECTOTHM CBOMCTBA (10 HAKOJIKO JIECET-
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KM TUraxepla), NOBHIIEHa YYBCTBUTENHOCT, MO-IMPOKA CIIEKTPAIIHA XapaKTEPHUCTHKA
H MO-HHUCHK COOCTBEH IIyM.

JlaBuHHUTE QOTOAMOMH Ca homonpueMHuyu ¢ 6bmpewiHo ycuneéane. PaGotsr ¢
MHOT0 MajKé (OTOTOKOBE, KOUTO CE YCHJIBAT, Ype3 M3MON3BaHe Ha edekTa Ha ynap-
HaTa HOHM3aUMUA. 3a 1eNTa, Ha ANofa ce rojasa 00paTHO HANPEXEHUE, ChC CTOMHOCT
61M3Ka 10 NPOOUBHOTO, B Pe3yNTaT Ha KOETO TOKOHOCHTEJIUTE HAPACTBAT JABUHHO U
(OTOTOKBT Ce yBeIn4ana.

6.3.4. doToenemMmeHTH

IosynposoanukoBuTe (hoToesemenTn npeodpasyBaT CBETIMHHATA eHep-
rusi B ejJlekTpudecka. [To chiuecTBo Te mpencraBisBar goroauony, paboremm Ges
M3TOYHUK Ha BHPHIUHO HANpPE)XXEHHE M TEHEPHPAILN COOCTBEHO €IEKTPOJBIDKEIO Har-
pexenne. Tosu pexxum Ha paboTa Ha POTOAHOANTE Ce HapHua @omoeneMeHmen Uy
gomozenepamopen pesicum.

Cebp3BaHeTo Ha GoToanoaa BEB (OTOreHEpaTOPEH PEXHUM € IOKa3aHO Ha (M.
6.24. B To3u ciyyvaii kbM (poTOENIEMEHTa He ce M0JaBa BRHIIHO HanpexkeHue. [lpu oc-
BETSIBaHE, B pn MPeXoJa U CbCEAHUTE My 00JIaCTH ce reHepHpaT TOKOHOCHTEIH, KOUTO
ce pa3fensaT OT BbTPELUIHOTO EJIEKTPHYECKO MOJNIE: eIEKTPOHHTE C€ HATPYyIBaT B 1 00-
JIacTTa, a JyNKuTe — B p obnacrra (pur. 6.24a). B pesynrar Mexxay Te3n o6nacTH Bb3-
HHMKBa JOMBIHUTENIHA pa3diuka B MoTeHuuanuTe ($poro-e.A.H.) M npe3 pe3ucropa R
npoTuya Tok (¢ur. 6.246).

a) 6)
Puz. 6.24. Cevp3ssane na pomoouoda 6ve Gomozenepamoper pexcum
a — npuUMepHa cmpyKmypa; 6 — noRApHOCM HA 2EHEPUPAHOMO HANPEdCEHUe U NOCOKA HA MOKA

Bonm-amneprume xapakmepucmuxy Ha GOTOENIEMEHTa Ca Pa3IoIOKEHU B YeET-
BBPTH KBagpaHT (¢ur. 6.25). ToukuTe Ha npecuyaHe Ha XapaKTEPUCTHKUTE C OCTA Ha
HalpeXeHHEe CHOTBETCTBAT HAa HANPEKEHUETO Ha Ipa3eH XoX (R = oo) npu pa3inyHH
OCBETEHOCTH. 3a CHIHMLMEBUTE (DOTOCIEMEHTH MaKCHMaJlHATa CTOWHOCT Ha €.J.H. €
0,5-0,55 V. ToykuTe Ha IIpecCHYaHe C 0CTa Ha TOKOBETE CHOTBETCTBAT HAa CTOHHOCTHTE
HA TOKa Ha KbCO chepuHenue (R = 0), KOUTO 3aBHCAT OT IUIOIITA Ha npexoja. B To3u
CH YYaCTBK XapakTepUCTHKUTE Ha (OTOeIeMEHTa ChBIIAJAT C Hal-IeCHUTE TOYKH OT
XapaKTepUCTHKHTE Ha GoToauonHoTo cBbp3BaHe (Ur = (). YpaBHEeHHeTO Ha TOBapHa-
Ta mpasa 3a Qur. 6.246 e:

3.7 e, =—1
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A Iph

KOETO 03HayaBa, 4e Td MHMHAaBa Ipe3 LEHThPa Ha
KOOpAMHaTHaTa cUcTeMa. HawkoHbT U 3aBHCH OT
CTOHHOCTTa Ha TOBapHOTO CHIPOTHBIEHHE R. 3a
e, (R=co) BCAKa KpHBa OT GaMUIMATA XapaKTEPUCTHKY Ch-

- MECTBYBa OIITHMAallHa CTOMHOCT Ha TOBAPHOTO
D Up CBIIPOTHUBJIEHUE, 3a KOATO I€HEpHpaHATA M3XOAHa
D = -
2 ®,> B,> D, €NeKTpHUYecKa MOIMHOCT Py, = epnlpn € MakcuMan

I Ha.

2,
Ropt
Due. 6.25. Bonm-amnepHu xapakmepucmuxu
Y Ha Si gpomoenemernm
IK.C.(R = 0)

doToeneMeHTUTE ce peanuznpar Haili-uecto oT Se u Si. CriekTpaTHUTE UM Xa-
PaKTEpHCTHUKHU ca IoKa3aHHy Ha ¢wur. 6.26.

Cenenos CHaniues
100 A creyent / cremenT
75+
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Due. 6.26. Cnexmpannu xapaxmepucmuKky Ha GOmoeneMeHmy U C6eMRUHHYU USMOUHUYY
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CeneHoBUTE €NEMEHTH ca ONU3KH [0 CIEKTPATHATa XapaKTEPUCTUKA HA YOBEIIKOTO
OKO W HaMHpaT NPHIOKEHME 33 aBTOMATHYHO EKCHOHMpPAHE BHB BHAEOKAMEPHTE U
IpH yCTpoiicTBa 3a (POoTOENEKTpUYEeCKO ynpapieHue. CHIMLIHEBATE €JEMEHTH MMaT
MaKCHMYM Ha CIIEKTpaJlHaTa XapaKTepUCTHKA B MH(pauepBeHaTa 001acT U ce U3Mo3-
BaT 3a JeTeKuus Ha MH(padyepBeHH NbYH. He3aBMCHMO OT TOBA, Y€ TAXHATA CHEKT-
paJlHa XapaKTEPUCTHKA € M3MECTEHa CIIPSAMO CIIEKThPa Ha CIbHYEBATA CBETIMHA, TE Ce
U3M03BaT U KaTO 3aXpaHBalll M3TOYHMK 33 KOCMHYECKHTE allapaTH, KanKylaTopH H
TPaH3MCTOPHHU NpHeMHHIH. ToBa ce AB/KM Ha MHOTO NO-BUCOKMSA K.ILI. Ha Si doToe-
JIEeMEHTH cupsMo Se.

KoeduuueHTT Ha MoNe3Ho JAeicTBHE Ha (DOTOENEMEHTa € OTHOIUCHHETO Ha
MakCHMAaJTHaTa MOIIHOCT, KOSITO MOXE [1a ce NMOJy4d OT Hero, KbM ITbJIHAaTa MOI[HOCT
Ha JIBYHCTHSA TIOTOK, Najiallia BPXY MOBBPXHOCTTA My. [Ipn o61puBaHe ¢ MOHOXpOMa-
THYHA CBETJIMHA, OTTOBapsllia HA MaKCHMyMa Ha 4yBCTBHTENHOCTTa Ha Si (doroene-
MeHTH, K.L.A. € okono 40-50 %. Ilpu npeoOpa3yBaHe Ha CIIpHYEBaTa CBETIHHA B
eNIeKTpHUecKa eHeprus, K. II. 1. Ha CUIrLueBuTe GpoToeneMeHTH goctura okoio 20 %.
TunuyHNTe CTOMHOCTH HA TOKA HAa KBbCO ChelMHEHHE Ha Si (OTOeNeMeHTH NpH HOp-
ManHa CIbHYeBa ocBeTeHocT e 20-25 mA/cm’, a mpu onTuManed ToBap — 15-20
mA/cm® . BB BTOpHs ciyuail (onTHMaeH TOBap) TEHEPUPAHOTO HAIIPEKEHHUE € OT
nopsaeka Ha 0,35-0,4 V. C nosuiuaBaHe Ha TemrnepaTypara, U3X0JHaTa MOLIHOCT Ha
doroenemenTa HamamsBa. ToBa ce JB/DKU MNIaBHO HA HAMAJIABAHETO HA HAaNIPEKEHUETO
Ha mpa3ed XoJ (OTPHUATENHUSIT TeMIIEpaTypeH KoeQHIIEHT Ha HaNpeXEeHUETO B Mpa-
Ba [IOCOKa, XapaKTEpEeH 3a NOIYNPOBOJHUKOBHTE AUOIH).

6.3.5. doToTpPaH3UCTOPMU

Kaxro BuasxmMe B 1. 3, Mpy BKIIOUBaHE Ha OUIIONAPHUA TPAH3UCTOP, CHIJIACHO
¢wur. 6.27a, npe3 Hero npoTuya obpareH ToK Icgo = (B + 1)Icpo.

>
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1 CEO

) 6)

Que. 6.27. a — cxema 3a onpedensnme Ha obpamuus mok Icgo;
6 — npuMepHa KOHCMPYKYUA U C8bP38AHE HA (YOMOMPAHIUCOD 8 CHIAMUYEH PEeNCUM

[Tpy MaJOMOIIHHTE M CPEJHOMOIUHHTE TPAH3UCTOPH, TO3W TOK € MHOTO MainbK M
OOHMKHOBEHO ce mpeHeOpersa NpH aHAIU3UTE U H3YUCIEHHUATA Ha PEKUMATE Ha paboTa
Ha Tpausuctopa. IIpuHUMNBLT HA JeiicrBHe Ha (OTOTPAH3IMCTOPUTE C€ OCHOBABA
Ha yBeJIMYaBaHe HA TOKA npe3 06paTHO CBbP3aHMS KOJIEKTOPEH NPeXoR, NpH 00-
JIbYBAHETO MY ChC cBeT/JMHA (dur. 6.276). 3a nenTa KONEKTOPHHUAT MPEXOA € OTK-
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DHT 33 CBETJIMHATA, 4pe3 Jiella WA MPO30pye, KOETO MO3BOJIABA, MPU 00IbYBAHE, B
HEro Z1a ce reHepHupaT CBOOOJHH €JIEeKTPOHM M AyNKH. ToBa BoAM N0 NOBHILABAHE Ha
o6paTHUs TOK Ha KOJEKTOPHUAT NpeXon (aHANOrkyHo Ha $oToauona), a OT TaM U Ha
TOKa BBB BepHIaTa:

(3.8)

(I)I/I‘XHO O3HA4YCHHUEC U OIIPOCTEHAaTa CKBHBAJICHTHA CX€Ma Ha (bOTOTpaHBPICTOp.

10 4

Icph, mA

_ N WA N N0

Due. 6.29. Bonm-amnephu xapakmepucmuku Ha
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o

Io =B+DUp +1cpo) =B+DI, + Icgo = B+ DI,

CremoBaTeNHO, MpH QOTOTPAH3UCTOPa, POTOTOKBT Ha mpexopa 6a3a-KodexTop
ce yBelM4yaBa N0 HAKOJKOCTOTHH I'bTH. ToBa 03HayaBa, ye MHTErPajHaTa YyBCTBH-
TENHOCT Ha TpaH3ucTopa e (P + 1) mbTH mo-ronsiMa oT Ta3u Ha GOTOAMONA M MOXKE Ja
JOCTHIHE CTOTHIH MHJIMaMnepH Ha iyMmeH. Ha ¢ur. 6.28 ca nmoka3aHu yCJI0BHOTO rpa-

a)

C
o

0)

Duz. 6.28. Domompansucmop
a— YCROBHO 2paghuuHo o3naverue; 6 — ONPOCIMEHAMA eXBUBANCHNIHA CXeMA HA (HOMOMPAHIUCTOpP

6 mW/ o’
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r 0 mW/cm’
[ R iy T sl SN SR

02 4 6 8 101214 16 18 20

domompanzucmop npu omeopena 6asa

Ly Uy, V

Bonm-amnepnume xapaxme-
pucmuxy Ha GOTOTpaH3MCTOPa TIPH
oTBOpeHa Oa3a ca Mokas3aHu Ha Qur.
6.29. Te ca aHaNOTMYHU HA M3XOJ-
HHTE XapaKTEPUCTHKH B CXeMa C
obly emMHTEp, HO NAapaMeTBPBT €
CBETJIMHHMAT MOTOK, a HE TOKBT HA
6azara. Ilpn HyneBa CTOMHOCT Ha
CBET/IMHHUS NOTOK, TOKBT € pPaBeH
Ha Icgo, KOMTO ce Hapu4a mok Ha
mvmno. Ilpyu yBenuuasane Ha ocBe-
TABAHETO MHOTOKPaTHO HapacTBa U
TOKET. TpsabBa Oa ce oTbenexu, ue
3aBUCHMOCTTa Ha (OTOTOKa OT OC-



BETEHOCTT2 € HEJIMHEWHA — MO-TOJIEMUTE H3MEHEHHUS HA TOKA Ce MPOABABAT NP I1O-
FOJIEMHTE CTOHHOCTH Ha OCBETEHOCTTA.

MHoOrokpaTHO MOBHMILIABAHE HA MHTETPAHATA YyBCTBHTENHOCT Ha (HOTOTpaH-
3MCTOpa MOXE JIa C€ NOCTHTHE Ype3 ChCTAaBEH TPaH3UCTOP, CBBP3aH 1o cxema Jap-
nmuHrToH (Pur. 6.30). TakbB TPaH3UCTOP MMA NOBMILEHA CTOMHOCT Ha KoehHIMeHTa
Ha ycunBaHe Ha 6a3oBus Tok 3 = 3,[3,.

C

a)

@uz. 6.30. Cocmasen homompanzucmop:
a — ycnosHo epaguuno o3naverue; 6 — onpocmenama exeuBaneHmna cxema

@DoTOTPAH3HCTOPBT € NMOo-MHePTeH OT GoToanoaa. Brcoka UyBCTBUTETHOCT U
IoOpo OBp30AEHCTBHE Ce MOCTHraT NpH CBBP3BaHE Ha (OTOAMON C BUCOKOYECTOTEH
TpPaH3MCTOP, 110 aHAJIOTHA C EKBUBANIEHTHATa cXeMa oT ¢ur. 6.286.

DOTOTPaH3UCTOPHTE HAMUPAT MPHIIOKEHHUE TJIABHO KaTO JaT4YMLM 332 aBTOMa-
THKaTa M KaTo (HOTONPHEMHHIM B ONTPoHHTE. IIpn Tax 6a30BHAT H3BOA MOXE Ja ce
CBBpPXeE JAONBJIHHUTEIHO KbM BBHIIHO HANPEXEHHE, KOETO NMOBHIIABa Bh3MOXKHOCTHTE
3a YIpaBJieHHE Ha TOKa BbB BEPHUTara.

B npakTukaTa, 0CBeH OGMIIONIAPHH, CE U3NOI3BAT U NOJIEBH HOTOTPaH3HUCTOPH.

6.3.5. PoToTUpUcTOpHU

DOTOTUPHUCTOPET CE OTIINYABa OT OOUKHOBEHHS THPHCTOP IO TOBA, Y€ CIOAT P,
€ OTKpUT 3a BHHIIHOTO CBETJIMHHO JbueHue (¢ur. 6.31). IIpu ocBeTsiBaHETO My KOH-
LICHTpauMsATa OT €JICKTPOHU W AYIIKH C€ MOBHILIaBa, KOETO AOBEXAa A0 OTIIYILIBAHE HA
KOJIEKTOPHHS IIPEXOJ W TPEeBKJIIOYBaHE Ha THpHcTopa. Ha dwur. 4.12 ca nokaszaHu
BOJIT-aMII€pHATa XapaKTepHUCTHKA U YCJIOBHOTO rpaM4yHO O3Ha4YeHHe Ha (OTOTHPHUC-
Top. KonkoTo mo-ronsiM € CBETIMHHUAT MOTOK, IPH TONKOBA IO-HHCKO HAIPEIKCHHE
ce BKJIFOYBA THPHCTOPBT.

@DOTOTHPHCTOPHTE CE HM3MON3BAT KaTo Obp3M OE3KOHTAKTHH NPEBKIIOYBATEIH
3a roJieMH HaIlpPeXEHHUA ¥ MOLIHOCTH.
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Que. 6.31. Ilpumepra
KOHCHPYKYUA Ha (homomupucmop

6.4. ONTpOHMU

OnTpoHnTe ca MOAYNPOBOJHUKOBH €JeMEHTH, KOUTO CHYeTABAT B eHA
KOHCTPYKIMSI N3TOYHHK Ha cBeTJIMHA M (oTonpuemunk. Hail-uecTo 3a H3TOUYHHK
Ha CBETJIMHA CE M3I0JI3Ba CBETOAMOM, paborewl B HHPpayepBeHata obnact. Toli npe-
o0pa3yBa BXOJHHS €IEKTPUUECKH CHUTHaN B CBETIMHEH. CBETIIMHHMAT CUTHAN Ce Mpe-
napa Jio (OTONPHEMHHKA Ype3 BepHraTa 3a ONTHYHA Bpb3Ka. Ts fpejacTaBnsBa npos-
pauHa cpefia, KOATO MOXKE /ia Ce pEealu3upa Ype3 CIEeLHMaleH IIaCTMAacoB CBETOBOX
VITH B Haji-TIPOCTHS BAPHAHT — upe3 BB3AYLIHA MexuHa. Cles| KaTo JOCTHTHE 110 ho-
TOTNPHEMHHKA, CBETIMHHUAT CUTHAJ ce peobpa3yBa OTHOBO B €IEKTPHYECKH. 3a Ipa-
BHUJIHATa pa60Ta Ha ONTPOHUTE € HCOGXO,T.I,HMO CIICKTPAIHUTE XapaKTEPHUCTUKHU Ha U3-
JTbYBATENS, IPUEMHHUKA M ONITHYHATA cpeja Aa 6sAaT MHOTO J0Ope ChIIacyBaHH.

B 3aBHCHMOCT OT M3MON3BaHHUsA GOTONPHEMHHK ONTPOHHTE ce KaacubULHUpaT
Karo: (OTOPE3UCTOPHH, POTOANOAHH, (OTOTPAHIUCTOPHH M (OTOTHPHUCTOPHH. YC-

JIOBHOTO rpad)MyHO O3HAYEHHE HA OCHOBHHTE BAPHAHTH HA ONTPOHMTE € MOKa3aHO Ha
¢wur. 6.32.
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Due. 6.32. Venoeno epaguuno o3navenue Ha onmpouu
a — ¢ pomopesucmop; 6 — ¢ pomoouoo; & — ¢ pomompanzucmop;
2 — CbC CbCMAageH Mpan3ucmop; 0 — ¢ Pomoouo0 U MpaH3ucmop;
€ — ¢ homomupucmop; s1c — ¢ noaeéu GomompaH3ucmop

ONTPOHHTE Ca OCHOBHH €JIEMEHTH Ha OLTOCIEKTPOHHNTE CXeMH. V3monsypane-
TO MM 32 IIpeJaBaHe Ha HH(OPMALUA UMa CHIIECTBEHH IpeaMCcTRa. Haii-Baxuure ot
TAX ca:
~ JIMTICa HA eNEKTPHYECKa BPB3Ka MEXIy BXO/a M H3XOJIa;
~ IIMpOKA JIEHTA Ha TPOIYyCKAaHE B YECTOTHHUA 0OXBAT OT 3BYKOBHTE 10 MHG-
payepBEHNUTE M CBETIMHHNTE BEIHH (0T Hyna go 10°-10" Hz);
— BB3MOXHOCT 32 FAJIBAHHYHO Pa3fielsHe Ha eeKTPHUECKH BEPHTH;
— BHCOKa myMchTOﬁqHBOCT Ha OIITHYHUA KaHall (He C€ BJHsAE€ OT BBHHIIHH
€/IeKTPOMArHUTHH TI0JIeTa);
~  €IHONOCOYHOCT HA HOTOKa MH(bOPMALS ¥ OTCHCTBHE HAa OGPAaTHO BB3/IEHC-
TBHeE Ha HOTONMPUEMHUKA BBPXY H3TOYHHMKA Ha U3TBYBAHE;

— BB3MOXHOCT 32 JUPEKTHO YHIpPaBJI€EHUE OT CbBPECMEHHUTE MUKPOIIPOLIECOPHH
HHTCTpaJIHA CXEMH.

KOHCTpYKTHBHO U3TBUBATENAT U IPUEMHHKET B ONITPOHUTE CE€ BMECTBAT B 0011
KOpPIyC ¥ C€ 3aJIUBaT C ONTHYECKW Npo3payHa cMmona. Tpure Hal-pa3npocTpaHeHH
KOHCTPYKIKH Ha ONTPOHM (C BBTpEIIEH KaHaN 32 MOoJaBaHe Ha CBETIMHATA, C OTpaa-
TeNeH KaHall U ¢ Bb3YIEH CBETOBOJ) Ca MMOKa3aHu Ha ¢ur. 6.33.
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Due. 6.33. OcrogHU KOHCMPYKYUU HA ONMPOHU

a— C ebmpeuieH Kanan 3a nodaeane Ha ceemaunama; 6 — ¢ ompascameneH Kanan

8 — C 8b30yuUIEH C8eno8o0

Cmamuynume xapaxmepucmuxy Ha OIITPOHHTE ca:
e Bxoxnm xapakrepuctuku Ir = flUg) — cbBNAfar ¢bC BOJIT-aMIIEPHATa Xapak-

TEPUCTHKA Ha M3TION3BaHMs CBeTOANO (BXK. dur. 6.4).

Wsxonuu xapaxrepuctuxu Iy, = flUy,) npu Ir = const. [lomyyasar ce oT Cb-
OTBETHHTE HU3XOOHH XapaKTEPUCTHKH Ha (OTONpPHEMHMKA, Ype3 3aMeCTBaHe
Ha mapameTspa 3a ocBeTeHocT @, Im ¢ Toka mpe3 cBeropuoaa Ir, mA. Ha
¢wur. 6.34 e nokasaHa MpUMepHaTa M3XOJHa XapaKTepUCTHKa Ha (oToauo-
JIeH ONTpOH.

[MpenaBaTennu xapakTepUCTUKA — MPEACTABAT Bpb3KaTa MEXIY W3XONHUA
TOK Ha (poTOeNeMeHTa ¥ BXOAHHS TOK Ha CBETOAHOAA, NIPU MapaMeThp H3-
XoxHoTto Hampexenue. Ha dur. 6.35 e mokasana mpepaBaTenHaTa XapakTe-
pucTHka Ha (oTopesucTopeH ontpon Ry, = fllg), Ha ¢ur. 6.36 — na poroau-
oneH ontpoH I, = filp)Uy, = const u Ha ¢ur. 6.37 — doToTpaH3uCTOpEH
ONTPOH ICPh = Rr) Ucg=const *
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Que. 6.34. Ilpumepna uzxoOHa xapakmepucmuxa Duz. 6.35. Ilpumepna npedasamenta
Ha homoduoden onmpou Xapakmepucmuxa Ha
gomopesucmoper onmpou
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Due. 6.36. [pumepHa npedasamenna xapakmepucmuxa Ha gomoouodeH onmpox

Ocnosnume napamempu Ha ONTPOHUTE ca:

e Tok Ha TBMHO I ypark, KOHTO TPOTHYA Mpe3 M3X0Ja NpH JIUICa HA BXOJACH
tok. CToiiHOCTTa MY € OJiM3Ka /1o HyJa.

® KOB(DHLIHEHT Ha npe)laBaHe HAQ TOKA — ,ue(bm-mpa OTHOILICHHETO MEXAYy H3-
XOIHMSL M BXOAHHUA TOK npu doroauomute u pototpansucropure. OOMKHO-
BEHO Ce M3pa3sBa B NpPOLEHTH. 3a POTOAUOLHUTE ONTPOHH MaKCHUMaJHUTE
My CTOHHOCTH €a OKOJIO HAKOJIKO MPOLEHTA, NOKATO NpH (HOTOTPaH3HCTOP-
HUTE THIINYHUTE MYy cToiHOCTH ca Mexay 30—40 %.

¢ bBobp3oaeiicTBUe Ha ONTPOHHUTE CE JaBa OT BPEMETO Ha BKJIIOYBAHE o, H BpeE-
METO Ha M3KJIIOYBAHE fof. B 3aBHCHMOCT OT KOHKPETHHS OITPOH, TE€3H CTOM-
HOCTH Ce l'IpOMeHﬂT OT HAKOJIKO ONECETKH HaHOCEKYHIH IO CTOTHHA MPIKpO-
cexyHau. Haii-ronsmo 6pp3oaeiicTie uMaT QOTOXHOAHUTE ONTPOHH.
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Duez. 6.37. I[IpumepHa npedaganienta xapaKmepucmuka Qomompan3ucmoper OnmpoH

OHTpOHHTC HaMHpaT MHOI'O HIHPOKO IIPUNOKEHHUE B CHCTEMHUTEC Ha aBTOMaTH-
KaTa U TENCYNPaBJI€HUCTO, 3a TaJIBAHUYHO pa3Bbp3aH HHTep(beﬁC B MCIHULIMHCKATa
TCXHHKa, KaTO CJICMEHTH Ha CBPBEXCKOPOCTHHUTC ONTHYCCKH KOMYHUKAITHOHHHU CHUCTE-
MH, B KOMINIOTBPHHTE CHUCTEMH U AP.

-! KoxwmponHu esnpocu

[y

Ha xoi pusruecku epexT ce oCHOBaBa MPUHIMIBT Ha JiefiCTBUE Ha cBeTOAMOAA?

2. CpaBHeTe CBOMCTBaTa M NPWIONEHUETO Ha MH(OPadEePBEHHTE W HWHIMKATOPHUTE
CBETOHO/IN.

3. JlepunupaiiTe XapakTepHCTHYHHTE NapamMeTpy Ha (GOTOAMOIa BHB (QOTOAMOMEH
(boTOreHepaTopeH pexHMH.

4. 3amo GoToAMOABT MMa Hal-ronsMo 6bp3oaeiicTeue?

. 3alo YyBCTBHTENHOCTTA Ha QOTOTPAH3UCTOPA € MO-TONIMa OT Ta3u Ha (hoTomHo-

na?
6. KakBu ca mpejUMCTBaTa M HEOCTATHLUUTE Ha ONITPOHUTE?

W
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rABA 7
BbBEAEHME B UHTEIPANTHUTE CXEMU

7.1. OCHOBHM NMOHATUA U knacudukauma Ha UHTerpanHuTe
cxemm

B cBoeTo passuTHe eneMenTHaTa 06a3a Ha eleKTPOHMKATa, KOMIIOTbPHATa, KOMY-
HHKallMOHHATa, M3YMCIMTEHATa TEXHUKA U aBTOMaTHKaTa NpEeMHHAaBa Npe3 HAKOIKO
nokosneHus. KbM IBPBOTO NOKOJNEHHE CE OTHACAT Pa3IMMHHUTE THUIOBE EJIEKTPOHHM
NaMIId, KbM BTOPOTO — JUCKPETHHTE NOJYNPOBOIHUKOBH €JIEMEHTH, KBM TPETOTO —
HHTErpaJHUTE CXEMH M KbM YETBBPTOTO — QYHKLMOHATHHUTE ENEMEHTH U MOAYJIH.

Muxpoenexmponnume u30enuss MOraT YCIOBHO Aa OBJAaT pa3fieleHH Ha Tpu
TPYIN: MHTETPalHU CXeMH, QyHKIUMOHANHU yCTPOHCTBA W KOHCTPYKTHBHO — CIIOMa-
raTesHl U3OEIH.

HuTerpanuara cxemMa ¢ MHKpPOEJCEKTPOHHO M3ejUe € onpeieieHa (PyHK-
unsa Ha cbOupaHe, npeobpasyeane, 06paboTka M chbXpaHeHHe Ha mHPopmManus,
YUUTO ejleMeHTU €a CBLP3aHU MOMeXKAY CH Taka, Yye OT IJiefiHa TOYKA Ha NMpoek-
THpaHe, HPOM3BOACTBO, KOHTPOJI, IVIACMeHT N NPHJIOKEHHE ce Pa3rilexaaT KaTo
eHHHO LSO,

DyHryuoHarHume ycmpoiicmea ciyxar 3a npeoOpa3yBaHe, ChbXpaHSBaHE U
obpaborka Ha MHQOpMAalMsA, KAaTO TAXHOTO JOEHCTBHE C€ OCHOBaBa Ha IUPEKTHOTO
U3MONI3BaHE Ha Pa3iuyHA QU3MYHH ABJICHHA M ePexTH (ONTHUYHH, HOHHM, MaTHUTHY,
aKyCTHYHM, TOIUIMHHU M 1p.). KBM TAX ce oTHacAT u 6Bp30 pa3BHUBAIUTE CE B
[OCNIeIHNTE TOAMHU MHUKpo-enektpoMmexanundnd cucremun (MEMS — Micro Elec-
tromechanical Systems).

Koncmpyxkmueno-cnomazamenuume u30enus ca NpeJHa3HAYEHN 32 MOHTaX Ha
HHTErPaHUTE CXEMH M (YHKIMOHATHHUTE ycTpoiicTBa B OIOKOBE U amapatypu. Tosa
ca pa3HOOOpa3sHM LOKIM, MHOTOCIOMHM MEYaTHH IUIATKH, MHKPOKOHTAaKTH, MHKpO-
HPEBKIIOYBATENH U IP.

O6embT Ha mybnukyBaHaTa HHGOPMALUA 32 POEKTHPAHETO, IIPOU3BOJICTBOTO,
CBOHCTBaTa M NPHWIOXKCHUETO HA MHTETPAIHHUTE EJIEMEHTH M CXEMHM € TOJIKOBA
OT'pPOMEH, Y€ B Ta3H I71aBa Il pasriiefaMe HaKpaTKO CaMO HAKOM OCHOBHY KJIACHYECKH
npuHUMNH K nogxoiu. OOexT Ha cienBamiy pasriexIaHus Lie ObJaT caMoO CHIH-
IIEBUTE HHTETPAIHH CXEMH, ThH KaTo c4uTaMe, 4e B 0603pyMo Obele CHIHLMAT 111e
Ob/ie Hal-IMPOKO U3MOJN3BaHHUA MAaTepHal B MUKPOEJIEKTPOHHKATA.

Ipes 1958 r. HezaBucumo enun ot ApyT Jack Kilby or Texas Instruments u
Robert Noyce ot Fairchild Semiconductor mpeanarat uHTerpanHa cxema, KOSTO
cpabpxka Ounonsapun ¥ MOS TpaH3uCTOpH, PE3UCTOPH, KOHAEH3aTOPH U BPB3KHUTE
Mexay TaX, paboTema KaTo (yHKLUHOHalIHA CX€Ma M H3MBJIHEHA B elWH MOJy-
MPOBOOHUKOB MOHOKpucrayn (uum). B Hawanmoro (mpes weiicerre TOAMHM) HHTET-
pajlHATE CXEMHU Ca ChIBPXANM CTOTHHA e/IeMEHTH, KaTo MUHUMANHHAT pa3Mep Ha
TpaH3ucTOpuTe € OmI oKoyo 25 pm. C pa3sBUTHETO Ha MHUKDOENEKTPOHHHTE TEXHO-
JIOTMH MUHUMAJHUAT pasMep Ha OTAENTHUTE €IEMEHTH € HaMalIABall APaMaTH4HO, KaTo
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B CHIIOTO BpeMe OpOAT Ha €NEMEHTHTE B €IMH YHI U QYHKUMOHATHATE MY BH3MOX-
HocTH pasko ca HapactBanu. Cera (2006 r.) MuHMManHuTe pasmepu ca noa 40 nm (3a
CpaBHEHHE AMAMEThPBT HA YOBELIKUsS KOCBbM € okoyo 40-80 um), xato B €AUH 4un
¥iMa HaJl HAKOJIKOCTOTHH MMJIMOHA EJIEMEHTH.

Humezpannume cxemu ce Kiacucpuyupam CIOpeN pPasnH4HM MpPU3HALM §
KPHTEpHH:

Crniopeji npeHa3HAYEHHETO:

aHAJIOroBH — 3a npeobpasyBaHe W oOpabOTKa Ha CHTHAJNM, W3MEHAIUM Ce
KaTo HEMpPeKbCHATH QyHKIMH Ha BPEMETO;

undpoBy — 3a NpeobpasyBaHe W 06PaGOTKA Ha CUTHAIH, H3MEHALIHM CE KaTo
JMCKPETHH (YHKIHMH Ha BPEMETO;

CMECEHH — IIU(PPOBO-aHANOTOBH ¥ aHANOTOBO-LU(PPOBY;

ONTOENEKTPOHHH — 32 npeobpa3yBaHe u 00paboTKa Ha ONTHYHM H €NeKTPH-
YeCKH CUTHANH;

cepbxBrcokoyectoTHH (CBY) ~ 3a npeobpasysane u 06paboTka Ha CBPBHX-
BHCOKOYECTOTHH CUTHANH.

Cuopel cTenmeHTa HAa HHTerpauMs, XapakTepH3upamia KOJHYECTBOTO
eJIEMEHTH, BJIM3AIH B CbCTABA HA MHTErpaJHATA cXeMa:

¢ Maska cTeneH Ha uHTerpauus — go 100 enemeHra;
ChC cpefiHa cTeneH Ha uHTerpauns — go 1000 enemenTa;

C roJIiMa CTEleH Ha uHTerpauus (rojemMu uHTErpanHd cxemu — ['MC) — o
10 000 enemenTa; f

ChC CBPBXIOJISIMa CTENEH Ha UHTErpalus (CBPBX TOJIEMH HHTETPATHA CXEMH —
CI'AC) — nan 10 000 eneMeHTa.

Cnopen TUIA HA OCHOBHHTE AKTHBHH €JICMEHTH:

OUITONISIPHH HHTETPATHH CXEMH;
MOS uHTerpaiHu cxemu;

cMeceHu (KoMOMHUpaHu) uHTerpanuu cxemu — Bi MOS uaTerpanan cxemu
cpaBpaT Ounondapau 1 MOS enemeHTH.

Cnopen KOHCTPYKTUBHO-T€XHOJOTHYHHU NNPU3HALM:
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MOJYNPOBOAHMKOBY (MOHOJIUTHM) HHTETpaJHH CXeMH — BCHUYKH TEXHU
eJIEMEHTH ¥ MEXJy €JIEMEHTHU BPB3KH ca U3rOTBEHM B obeMa 1 Ha MOBBPX-
HOCTTA Ha TNONXYNPOBOOHUKOB MOHOkpucTan (¢wur.7.1). MarepuaabT Ha
aKTHBHATA [IOJUI0NKA MOXce [a ObJie CHIIMIIIM, TAIMEB apCeHUA U Ip.;
CIOMHM MHTETpallHu CXEMH — €eJIEeMEHTHTE W BpPB3KUTE MEXIy TiX ca
H3ITBJIHEHU BbB BHUJI HA CJI0EBE, HAHECEHU BBPXY HOJJIONKKA OT H30JallMOHEH
martepuain (¢ur. 7.2). Cnopea HauMHA Ha OTJIaraHe Ha CloeBeTe M AcOenu-
Harta uM croiHuTe VIC ce pa3fenst Ha THHKOCTOWHN U e6eT0CIoNHMY;
XUOPHIHY MHTErpaiHu CXEMH — ChCTaBEHH.Ca OT CJIOMHH €NEMEHTH M elle-
MEHTH ChC CaMOCTOSTENHO KOHCTPYKTHBHO odopmienue (¢wur. 7.3). Haii-
4ecTo . MPe/ICTaBIsABaT KOMOMHAIMA OT CIOHHM NacHBHH €JIEMEHTH M JIuC-
KpETHH 6E3KOPIYCHM aKTHBHM (IHOIH, TPAH3MCTOPH, HHTETPAJIHA CXEMH) M
[aCUBHH (PE3NCTOPH, KOHIECH3ATOPH) €NeMEHTH. ENeKTpudecKkuTe BpPB3KH



MEXAY C€JIEMCHTHTC U KPUCTAIUTE C€ OCBLUCCTBABAT CHC CJIOCH HIIHU noJsy-
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Quez. 7.1. Cmpykmypa Ha noaynpoGoOHUKO8A UHMeEZPanHa cxema
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Que. 7.2. Cmpykmypa Ha cl0UHA UHMESPAnHaA cxema
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DQue. 7.3. Cmpyxniypa Ha xubpuona unmezpania cxema
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e CHBMECTEHH MHTErPAJIHM CXEMH — aKTHBHHTE €IEMEHTH ca (OpMHpaHM g
obeMa Ha TOJNyMPOBOJHHKOB MOHOKPHUCTAJ, a TTACHBHHTE €IEMEHTH Ca Ha-
HECEHH dYpe3 CJIOHHAa TEXHOJOTHS BBPXY H30IMpaHaTa IMOBBPXHOCT Ha
CBUIMA KpUCTal.

Cniopen Opost Ha KPHCTAJIMTE, 3aTBOPEHH B €IHH KOPIYC:

e enHOKpHcTanHy (eanounnosu) UC;

e wmHorokpuctanau (MHorounnosu) MC. -

Criopex HaUMHA Ha 32IIHMTA OT BLHIUHU Bb3JeiicTBUS:

e KOPIYCHH — MHTETPAIHUTE CXEMH CE 3aTBapsT B KOPITyCH;

e GE3KOPIYCHM — IOUIOAKHUTE C €JIEMEHTHTE MIIM KPHCTAJINTE Ce 3aJIMBAT Che
3aIUTEH KOMMayHJ.

Cnopen ynorpe6ara: -

¢ YHHBEPCANIHN — CTAHAAPTHH UHTCIPajIHA CXEMH C IIUPOKO NMpeaHa3HauYCHuE,
¢ ClICUHaIM3HpaHH.

Cnopena 06€éMa Ha NPON3BOACTBO M HAYHHA HA NPOCKTHPaHe:
® CTaHJapTHM HHTETPAlHH CXEMH;

® UHTETPAITHH CXEMU IO NOPBUKA, KOUTO CE pa3feNsiT Ha:

— CXEMH ChC CTAHIAPTHH KIIETKH; (
— MaTpuyHH 0a30BH KpHCTaIH;

— IPOTrpaMHpPyeMH MaTpPULH.

7.2. EneMeHTN Ha C/IONHUTE U XUBpuAHUTE UHTErpasiHu CXeMu

7.2.1. CnomHu pe3uctopu

ChoiiHuTE PE3NCTOPHU NMPEACTABIABAT CLIIPOTHBHUTENIEH CJI0H ¢ onpeneicHa
Mpo4YnHa H nefennua, B ABaATA Kpas Ha koiTo ca popMUpaHu KOHTAKTHH IJIo-
LIA/IKH 32 0CbIECTBSABAHE HA BPB3KATA UM € OCTAHAJINTE eJieMeHTH HA CXemaTa,
MOCPeACTBOM APYIH cjl0eBe ¢ MAJIKO ChIIPOTHBJIEHHE.

Cropen nebenvHaTa W TEXHOJIOTHATAa Ha HAaHACSHE Ha CJIOS PE3MCTOPHTE Ce
IENAT Ha MbHKOCAOUHY A 0ebenocnoiHu.

OcHoBHU MapaMeTpH Ha CJIOHHHUTE PE3UCTOPH ca;

® HOMMHaJIHA CTOIHOCT Ha CBIPOTHBIEHHETO K;

AR
® TOJICpAaHC Ha CBIIPOTHUBJICHUETO — ? ’

® TeMIepaTypeH KoeUUHeHT Ha cerpoTuBiaeHnero TKR =

b

AR 1
R AT

e pa3sceiiBaHa MOIIHOCT Pg;

e xoedUIIMEHT Ha CTapeeHe;

® HaJIeXAHOCT;

e paboTeH TeMnepaTypeH HHTEpPBAI H Ap.

TvHxocnotinume pesucmopu €€ U3TOTBAT OT MeTasl (XpOM, TaHTaj, Majafuii),
MeTanHu criaBd (HuxpoM NiCr), cHnMuuan (XHMHYHHA CheJUHEHHMS HAa CHIIMLMHA C
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METaJIH), KEPMETH (METAIIOKEPAMUKH — MEXAHUYHM CMECH OT METall U IUENEKTPHK) U
ap. [Hebenocnoiinume pesucmopu ce H3rOTBAT OT NAacCTOO0Pa3HN CMECH, ChCTAaBEHH OT
BHCOKO IPOBOJMMA CBhCTaBKa (NManaiui, cpedpo), U307alHOHHA CHhCTaBKa (CTBKJICH
npax), MIacTUPUKATOPH H PA3TBOPHUTENH.

XapakrepHa OCOOEHOCT Ha ClOUHUME pe3UCmopu € BB3MOXHOCTTA 3a KODH-
rHpaHe Ha CTOMHOCTTA Ha CBNIPOTHBICHNETO. [IpH CTHIIKOBATa KOPEKLHUs CE perapsT
METAJIHH MOCTYETa, KOMTO AaBaT HAaKbCO OTJAEIHU YHacThLU HAa CHIPOTHBIEHHETO.
IlnaBHaTa KOPEKLHA Ce OCBHLIECTBABA Ype3 NPOMEHAHE Ha (opMaTa Ha PE3UCTHUBHHSA
ClIOH — MEXaHMYHO WM TOINIMHHO OTHeMaHe (C €JNEKTPOHEH WM JIa3epeH JIbY) Ha
YacT OT HEro WM IPOMEHSHE Ha crneuuduunoro My cenpotusieHue. Popmara Ha
CHIOMHHUTE Pe3UCTOpH MOXe Aa ObJie MPaBOBIbIHA WM MO-CJA0XKHA (Hamp. THI MeaH-
Jbp, 3MHEBHAHA U Ap. — (ur. 7.4) 3a peayu3upaHe Ha roOJIEMH CTOHHOCTH Ha CHIIPO-
THBJICHUETO.

Que. 7.4. Tononozus Ha crolHYU pe3ucmopu

7.2.2. CrioiiHX KOHAEH3aTopu

CrpyxTypaTa Ha CIOMHHUTE KOHIEH3aTOpPH € moka3zaHa Ha ¢wur. 7.5. Te uMmar
KOHCTPYKLIMATA HAa TUIOCBK KOHIEH3aTOp (CBCTOAIL CE€ OT Q0eH (Memanen), Ouenex-
mpuyeH U zopeH (MemaneH) cioeée WM CE M3NO0JI3BA KAMaUTEThT MEXIy JBE mapa-
JIEJIHO Pa3MOIOKEHH M MOAXO0AI0 OQ)OPMEHH CIOHHH MPOBOJAUMH LIHHH.

Iposexaan cnoi

Wzonarop

W3zonamnon Ha TIOJIOKKA .

Due. 7.5. Cmpykmypa Ha crotinu kondenzamopu

OtpenHuTe CllOEBE Ha KOHJEGH3aTOpa Ce MpaBAT IO THHKOCOHATA WK Jebe-
JIOCJIOMHA TeXHOJIOT 1.

OcHnognume napamempu Ha CROUHUME KOHOEH3amopu ca:

e HOMMHAaJIHA CTOMHOCT Ha Karnauurera C;

AC
¢ TOJIEPAHC Ha KallalluTeTa T ,
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e JOMyCTMMO PaboTHO HAMpPeKeHUE Uy,

e kayecTBeH (pakTOop Ha KOHJIEH3aTopa (), oOpaTHO NpPONOPLUOHATEH Ha
TaHreHca Ha brojia Ha 3arybute tg d;

¢ TEYHO CHIPOTHBIIEHHE Ry,

AC 1

’

e TeMmepaTypeH KoeuuueHT Ha kanauurtera TKC =

¢ KOC(UIUEHT Ha CTapecHE;
e 00xBaT Ha paOOTHUTE YECTOTH U JIp.

Tonepancom Ha KOHOEH3amMOpa 3aBUCH OT TapaMeTPUTE Ha N30JIALMOHHHSA CIIOi
1 OT TOTIOJIOTHYHUTE Pa3sMepH B Modke 1a ObJie 3HAUUTENIEH.

CIOHHHAT KOHAEH3aTOp, KAKTO W CIOWHMAT PE3UCTOp, HOMYCKaT NOHACTPOH-
BaHe Ha HOMHHAJIHATA CTOHHOCT Ha KaMalMTeTa, PeCIeKTHBHO ChIIPOTHBIIEHHETO.

Karo nuenexrpuued cioit ce uznon3ear Si0, GeO, Si0O,, Al,Os, Tay0s, TiO,,
GOPHOCHJIMKATHO CTBKIIO ¥ AIP. —

OCHOBHHMTE XapaKTEPHCTUKH Ha CIOMHUTE ENEMEHTHU Ce OINPEAENAT OT Mapa-
MeTpHUTE U TOMOJOTHATA Ha CTPYKTypaTa M CBOMCTBAaTa Ha M3NON3BAaHHUTE MaTEpUalH,
KOMTO OT CBOSI CTpaHa CUJIHO 3aBHUCAT OT Ha4YMHAa Ha HAaHACSHETO UM,

7.3. EneMeHTn Ha 6UNoONsipHUTE MHTErpasiHn cXemu

7.3.1. IpoSnemu Npy UHTErpyMpaHeTo Ha BMNONAPHU eNleMeHTM.
Buaose nsonauun

BceuukH eieMeHTH HA MOJYNPOBOAHHKOBUTE HHTErPaJHU CXEMHU Ceé M3roT-
BSAT eIHOBPEeMEHHO, Ype3 eIHHEH TeXHOJOTHYEeH Nnpolec, B 00eMa Ha MoJyNnpoBo-
AHUKOB MoHOKpucTaJ. Te ca cBBp3aHM €IEKTPHUECKH NOMEXKOY CH upe3 odbuliara
HOJIyTTPOBOTHUKOBA TOJUTONCKA. 3a J]a Ce OCUTYPH HOpMaHOTO (HYHKUHOHHpAHE Ha
cxemara € HeoOXOAMMO Jla ce OCHTYpU HoOpa enexTpuvecka H30Jalys MEXAY ejie-
MeHTHTE U.

KayecTBOTO M paHAEMaHBT HA MHTErpANHHTE CXEMH, DaslIHpSIBAHETO Ha
(GYHKLHOHATHHTE UM BB3MOXHOCTH U TIOBHMILIABAaHETO Ha CTEIICHTA Ha MHTErpaLys ce
OTpe/IesIAT B 3HAYUTENIHA CTENEH OT METOJUTE 3a H30JALIUsA HA eJIEMEHTHTE,

OcbulecTBAIBAHETO HA eJIeKTPHYECKA H30JIAllUA HA eJIeMEHTHTE Ce ChCTOH
B Cb31AaBAHETO HA 00JIACTH B MOJYNPOBOAHMKOBHS MOHOKPHCTAJI, N30JUPAHMN OT
ocraHanusi 06eM Ha Kpucrajia — T. Hap. 'ocTpoBuera'’. Ilo-HATATBLK BbLB BCAKO
ocTpoBue ce (OPMMpAT MO eAMH MJIM HAKOJKO eJEeMEHTa Ha WHTerpajiHaTa
cxema. KbM Meronure 3a M30JauMs ce NpeldBiBaT peAulia M3UCKBAaHHs 3a OCHTY-
PABAHE Ha MaJIKa IJIOLI Ha MU30JIMPAHUTE OCTPOBYETA, )106pa H30J1allUd B xopmox—rran-
HO ¥ BBLB BEPTHKAJIHO HaNpaBieHUE, BUCOKM MPOOHUBHH HampeXeHWs, MajKu Hapa-
3UTHYM KanalmuTeTH, JMICAa Ha YTeYHU TOKOBE, TEMMEpaTypHa M paJHallHOHHA yCTOH-
YHBOCT, HEBHUCOKA TPYJOEMKOCT, CBBMECTUMOCT Ha MaTepHAaIUTE U TEXHOIOTHYHHUTE
npornecu ¢ 6a3o0BaTa TEXHONOTHS U JIp.

1
PanpeMaH — DPOLEHTHT Ha NPOU3BEACHUTE TOJHU WHTETPATHA CXEMH, FOTOBH 3a Ipoaaxoa,
crpAMo ob1us 6poit CTPYKTYPH, MOCTHININ 332 06paboTKa B HAYaJIOTO Ha MIPOM3BOACTBOTO.
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Pa3noo6pa3HUTe METOAM 3a M30JIAlUA HA EJEMEHTHTE Ha WHTErPalHUTE CXEMU
MOraT Ja OBAaT pasjieiend Ha TpH rpymu: ¢ obpaTHo nomsapusupan PN mpexon, ¢
JAeNIeKTPUYHA 301alusA M1 KOMOMHHPaHU METOIM 33 N30V,

N3onayus c o6pamto nonsipusupaH PN npexod

[IpUHIMOBT HA TO3H METOJ CE€ CHCTOM B Cb30A6AHENO HA OCMPOSYema, 02pa-
oenu ¢ PN npexoo (¢dur. 7.6). Ilpu paGoTa Ha MHTerpajHaTa cXeMa H30JIMpalATe
npexoau ca BKJIIOYeHU B 00paTHA MOCOKA. Mex /1y BCEKH JIBa €IEMEHTA CHIIECTBY-
BaT J{Ba HAaCPEUIHO CBBP3aHU M 0OpAaTHO MONAPH3UPAHU IMOAA. 32 HAAEKIHO 3amyIl-
BaHe Ha um3ojupamure PN npexonu Ha mnoanokkara (ot P tum) ce mpumiara mak-
CHMAJIHUAT OTPHLIATENEH TOTEHIKAll Ha 3aXPaHBAIIHI H3TOUHHK.

Sio,

Ocrposye
—-—0

Ocrposue

P 98 Si i
t ~A _A : A A

Due. 7.6. Hpunyun na uzonayus ¢ PN npexoo

MetoasT Ha n3onauus upe3 obpatHo moispusupad PN mpexon e uyecto u3-
NON3BaH NPY MPOU3BOJACTBOTO HA OHIOJAPHU MHTErpalHu cxemu. Toll MMa crieqHUTe
MpEeINMCTBA — IIPOCTOTA U TEXHOJOTHYHOCT Ha Tpolieca, U3MON3Balll caMo CTaHJapT-
HH TEXHOJIOTHYHM ONepalu¥, BHCOK paHleMaH M MKOHoMHM4HOCT. Hexmoctarsum ca
HAMYMETO Ha Tapa3uTeH OapHepeH KamauWTeT M YTeYyHO ChIpOTHBIeHHEe Ha PN
Tpexo/a, 3aBUCEIH OT TEMIIEPATYPATa U PAJMALMATA, HAIMYMETO HA IAPA3UTHH TPaH-
3UCTOPH, BiOlIaBauM paboTaTa Ha cxemara, MOHW)KEHH YECTOTHH CBOMCTBa, orpa-
HUYEHHs Ha ITOJAPHOCTTA U FOJIEMUHATA HA 3aXPaHBALIUTE HAIPEIKEHUS.

Inanapno-enumakcuaniusm memoo 3a AMOAHA W30JAlMsA € Hali-pa3npocTpa-
HEH MMOpajii CBOATa TEXHONOTMYHOCT M HUCKa LeHa. Bepxy m3xognata P cumunuena
MOANOXKKa M3pacTBa enmuTakcuaieH ciod ot N tun (¢ur. 7.7a). [Ipes uenus enu-
TaKCHaleH ciioi no P moioxkara ce M3BbpLIBA JIOKaTHA AN(Y3Hs Ha aKUENnTOpH,
HapeueHa pasjenurenHa (u3onupawa) audysus (ur. 7.76). B nomydenure octpos-
yera ¢ N MpOBOAMMOCT Ype3 NOMBIHHTENIHH ONepanuu ce GopMHpaT TPaH3UCTOPU
(dwur. 7.76) vnu npyru eneMeHTH. 3a moxoOpsiBaHe Ha HAKOM IIapaMeTpH Ha TpaH-
3UCTOPUTE TPEAH EMUTAaKCHAIHOTO HapacTBaHe Ha N CIIOS ce MPOBEXAa CeNeKTUBHA
nudy3us HA JOHOPH 3a Ch3JaBaHe Ha cKpUT N* clioil.

Memoodvm Hna xonekmopna usonupawya Ouhy3us TO3BOJIBA Ja CE€ HaMald
IUIOLITA Ha €lNEMEHTHTE 3—4 NBbTH B CPABHEHHE C KIIACHYECKHS IJIAHapHO-CMUTaK-
CHaJieH METOJ, KaTO Ce ChKpalllaBa TEXHOJOTHMYHHUAT LMKBJ, NOBUILIABA CE PaHJEMa-
HBT M ce HamaisBa ueHara. Tyk ckputuar N* croit zaemHo ¢ pasgenurenture N*
obmactn obpasyBar obnactra Ha konekTopa (¢ur. 7.8). OrpaHuyenns Ha MeToza Ca
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HHCKOTO MPOOGHMBHO HANpPEXEHHWE M TPYAHOTO IOJy4aBaHEe Ha THHKM ENMUTAKCHAIHY
ClIOEBE CHC CTAOMIHM IIapaMeTpH.

B l SiO
1V,
/
| KN RGN RSN AN RSN RGN ROAN TN OSNREIN
3 EnurakcuaieH cioi N {
s P Si )
SN\ A " | g
6)
6)

P Si j
N —_—t N\

@Quz. 7.7. Ilnanapro-enumaxcuanes memoo 3a OUOOHA U30NAYUS

Sio,

| RS SRR |

{p P

3. SR
- P Si
M : YN /\

Due. 7.8. Cmpyxmypa na mpan3ucmop no Memood Ha KONeKmopHa
uzonupawya oughysus

Pa3pa6oTeHn ca M OpYr'M METOAM 3a JUOJAHA W30Nalus — ¢ 6a30Ba M30IHMpalia
nudysms, xBodiHa audysus, HacpeliHa (OBycTpaHHa) Audy3Hs, METOA Ha TPHUTE
¢oTomabnoHa u ap.
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AuenekmpuyHa usonayus

N3onanuara MeXxay €JEMEHTHTE C€ OCBIIECTBABA OT CJIOH JWENEKTPUK — Hali-
yecto SiO, mwnn Al,0s, SizNi4, SiC, cTeKII0, KepaMHKa, BB3AYX U Ap. MsnonssaHero
Ha [MEIEKTPUYHA H30Jauud I[I03BONIABA Ja CE€ H3TOTBAT HMHTETPAlHH CXEMH C
NOJOOPEeHH eNEKTPUYECKH MapaMeTPH U XapaKTepHCTHKH B CPaBHEHHE ChC CXEMHTE C
IMOJHA H30JalMsd — IMO-MaJK{ NMapa3sHTHH KamalMTETH MEXAy eileMeHTuTe (10 2
NopAAbKa), MO-MallKH yTeYHH TOKOBe (10 6 HOpsAmbKa), MO-TrojiaMo OBp3ojeiicTBue,
yBENHYEHU NMPOOMBHU HaNpexeHUs (10 HAKOJKO CTOTHH BOJTA), O-nobpa paauaiiu-
OHHa ycToitunBocT. OCHOBHUTE HERXOCTAThUM Ha IMENIEKTPHYHATa M30JIALUs, Orpa-
HHYaBallii MacOBOTO U H3MOJI3BAHE Ca CIO0XHA M TPYHOEMKa TEXHOJIOTHYHA peaiu-
3aiua (Haa 30 JONMBJIHHTENHH ONepanuy), MKOHOMHYecKa Hee(EeKTUBHOCT, JIOLIO
TOIIOOTBEXIAHE U JP.

Ivpseusm paspabomen memoo
32 JAWENEKTpUYHA H30jlalus e
EIIUK-TexHomornara (gur. 7.9),
KOATO o0ade He e IoIydnia Mupo-
KO pa3npocTpaHEHHe.

Due. 7.9. Cmpykmypa na
Ouenexmpuyna uzonayus no EITHK-
MexHONo2UA

Honukpucranen Si

o\ A

(77 7 T T T 7
a) Candup
Texnonozusama "cunuyuii vp- 7 // /’ —~ /’ //4,./’ /’ __ﬁ

xy cangpup” (umm Texuomorus SOS
— Silicon On Sapphire) Hamupa mo-
FOJIIMO TIPMJIOXKEHHE TPH H3TOTBS- 3
Hero Ha MOS HHTErpanHH CXeMH.

Bwpxy cnennanHo obpaboreHa noa- 6) /’ /’
JOXKa OT candup HapacTBa THHBK W // y
eNUTaKCHaleH MOHOKPHCTAlleH CH- L —
nauueB cnoit (¢ur. 7.10). Upes ce-
NMEeKTHBHO enBaHe ce oOpasysar

Y

N
AN

€NEeKTPHUECKH H3O0JIHPaHH OCTPOB- (A MRS
yeTa OT CHIMIMHA, B KOHTO ce dop- Y VA VAN " I Y
MHpAaT €JIeMEHTHTe Ha HHTErpani- o / p Candup p /, /,
Hara cxeMa. TasMm TEXHONOTHA ce /A 4 _’/jk 7 ,4

M300JI3Ba TVIABHO TIPU NPOHM3BOJCT-

BoTo Ha MOS HHTErpajiHi CXEMH. @uz. 7.10. Texnonozusn "cunuyuii evpxy cangup”
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Kom6uHupaHu memodu 3a usosiayus

Te3n MeTONM CHYETABAT H3IMON3BaHETO Ha M3onammsa ¢ PN mpexon w nue-
nexTpuyHa u3onanusa. OGHKHOBEHO IbHHUTE YaCTH Ha "ocTpoByeTaTa" MOHOKPHCTa-
JeH CWIMLHH ce M30JIHpaT OT MOJyNpPOBOJHHMKOBATa MOJJIOXNKKA 4Ype3 oOpaTHo
nonsapusupad PN npexofl, a CTpaHHYHUTE YaCTH — Ype3 AUeNeKTpuuHa u3onanus. Ilo
TaKbB HAYMH CE€ CHUETaBAT IOJOKUTEIHHTEC KA4eCTBA HA /iBaTa OCHOBHH METONa Ha
H30JIaIMs.

Hzonnanapnama mexnonozua (ISOPLANAR) € mnepcnekTHBEH METOX Ha
xombuuupana u3onanua. HampeyHo cedeHve Ha wu3omianapeH NPN uHTerpanen
TPaH3UCTOp € Moka3aHo Ha ¢ur.7.11. TpaH3UCTOPBT € M30JMpaH OT OCTaHANUTE
eJeMeHTH U nomloxkkara upe3 PN mpexon (ApHHaTa 4acT Ha KOJEKTOpa) M ¢
JIUENEKTPUK (CTPAaHUYHHUTE YacTH Ha KosekTopa). Upes cioil JHenekTpHK HampedHo
Ha NOBBPXHOCTTA Ce TMOMyYaBa u3ogauus Mexay 6asara u konekropa. M3ommaHapHarta
TEXHOJIOTHS IIO3BOJISIBA ITOCTUTaHETO Ha TONAMa IUIBTHOCT Ha WHTETPalNHUTE elle-
MEHTH, Thi KaTro ce HaMasABaT MOYTH OBAa NBTH pa3sMepHTE Ha TPaH3HCTOPHUTE B
CpaBHEHME C KJacuyeckaTa IJJaHapHO-€NMTaKCHaldHa AMOAHA M3oyauus. B pesynrar
Ha CTpaHMYHATa AMEIEKTPMYHA H30JIallMsi Ha NMPEXOOUTE Ce HaMajlABaT [apa3sUTHHUTE
KaIlalldTETH KOJEKTOP-TIOJUIONKA U 6a3a-KONEKTOp.

C E B Si0,

Due. 7.11. Cmpyxkmypa na uzonnaraper NPN unmezpanen mpanzucmop

Pa3paboTenu ca pemuua BapMaHTH Ha THMIIOBHTE NPOLECH Ha HM30IUIaHapHaTa
TEXHOJOTHA (Hamp. enuIIaHapHa TeXHoJoIuA). Ilopagu MHOroOpoiHUTE CH IpeanuM-
CTBa HM30IUIAHAPHATA TEXHOJIOTHs € €HA OT Hail-IIEpCIEKTUBHUTE 3a H3TOTBAHE Ha
O6Bp3opeiicTBalM NOXYNIPOBOJHUKOBH OunonsapHi H MOS HHTErpagHu CXeMH.

Ionunnanapnama mexnonozus ce OCHOBAaBA HAa BEPTHKANIHO aHHM30TPONHO
ellBaHE Ha CHJMLMA, NP koeTo ce Gopmupar V-o0pa3Hu paznenuTenHu obnacta 3a
MEXAY eleMEHTHA U30JTauuA. Ta3u TeXHONOTHsA uMa HAKOW pasHoBHOHOCcTH: V-ATE
npouec (¢ur. 7.12), VIP npouec u ap. Upe3 nonumiaHapHaTa TEXHOJIOTHS C€ M3rOT-
BAT UHTETPAJIHA CXEMH, KOMTO 10 HHTETPAIHA INIBTHOCT HA ENEMEHTHTE U CNIeKTPH-
YeCKHM XapaKTepHCTHKH Ca aHAIOTMYHU Ha Te3U, M3TOTBEHH IO M30IIaHapHA TEXHO-
JIOTHs1, HO UIMAT MO-MaJlka IUIOLI, M3MI0JI3BaHa 32 OCHIIECTBIBAHE Ha U30JIAlMATA.
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Sio,

Vol

Si;N, —— s W

Sio,

Que. 7.12. Hanpeuen paspes na NPN mpan3sucmop, uzzomeen no V-ATE mexnonozus

7.3.2. AKTUBHWN MHTErPanHu efniemMeHTn

I'naBHa oco0eHOCT NpH NMPOM3BOACTBOTO HA MOJYNPOBOJAHUKOBHTE UHTEr-
pPajHHU CXeMH € eIHOBPEMEHHOTO H3roTBsIHE HA BCHYKM eJeMEeHTH OT cXemMaTa B
eINHEeH TeXHOJIOrM4YeH HHKDJI (FPYNOB TeXHOJOTHYeH npouec).

OcCHOBHH eJleMeHTH Ha OUNOJSPHHTEe NOJYNPOBOAHMKOBH HHTErpasIHU
cxemu ca NPN Tpansncropurte. TeXHONOrHYHUAT UMKBJ €€ HACTPOIiBAa MO TAKLB
HAYHH, Ye 2 ce OCHTYPSAT ONTHMAJHH NapaMeTPH Ha Te3H TPaH3UCTOPH.

Benukn ocTaHamM eneMeHTH ce pa3paboTBaT M NPOEKTHpAT Taka, 4ye Ja ce
cbBMecTABaT ¢ ocHOBHaTa NPN cTpykrypa. ToBa o3HadaBa, ye 3a paboTHU TpabBa ja
ce M3MON3BaT eMUTEpHaTa, 6a30BaTa WM KOJNEKTOpHATa OOIAaCTH, KaTro MO BB3MOXK-
HOCT ce M30ArBaT JOMbIHUTENHH TEXHOJOTHYHH OMEPAaLH.

ITpu npoeKTHpaHETO Ha WHTETpaJHUTE eIEMEHTH 3a ONMpENeNeH THIl CXeMa ce
CYUTa, Y€ IBNOOUYHMHATE Ha ClIOeBeTE€ (BEpTUKAlIHATa TEOMETpPHUA) M ENeKTpo-
¢u3NYHATE MM INapaMeTpH ca IOCTOSHHM, 3aJaficHH OT 0a30BHMA TEXHOJIOTHYEH
UKBI. Moxe 1a ce IPOMEHs CaMO XOPH30HTaJIHATa TEOMETpPHs, T. €. BUABT H pa3Me-
puTe Ha OTAenHuTe obnacTu. B pesynarar Ha ToBa mapaMeTPHTE Ha MHTETPalHHTE
CIEMEHTH ca OrpaHMYeHM M B3aUMHO CBbp3aHHM. He3aBucumo, ye abCOMIOTHUAT
TOJIEPaHC Ha [TapaMeTPHTE MOXe 1a ObJie TOJIIM, OTHOCHTENIHHAT TOJIEPaHC Ha 6IHM3KO
Pa3ION0XKEHUTE EIEMEHTH € MHOTO MallbK.

Wurerpannara TeXHOJIOTHS AaBa B3MOXHOCT Ja C€ M3TOTBAT PEAULIA ENEMEHTH
(MHOroeMuTepeH TPAH3WCTOP, MHKEKLMOHHA MHTErpajHa CTPyKTypa H Jp.), KOUTO
HAMAT AUCKPETHH aHAJIO3H.

buronapuauTe MHTErpanHM €IEMEHTH, KOWTO C€ PasIiiekAaT NO-HATaTBK, Ce
OTHACAT JI0 CTPYKTYPH C AUOJHA U30MALHA.

HNHmezpaneH NPN mpaH3ucmop

Crpykrypara Ha uHTerpajeH NPN TpaH3ucTOp ¢ HHOAHA H30Jauus, C Haii-
IpocTaTa BB3MOXKHA KOHQUIypauus e mokasaHa Ha ¢wur. 7.13. [TocmenoBarensocTTa
Ha TEXHOJIOTHYHUTE IIPOLIECH 3a M3rOTBiHE Ha TpaH3ucropa (¢wur.7.14) cpBmaja c
OCHOBHHSI TEXHOJIOTHYEH LIMKBJ HA OUIIONIAPHUTE UHTEIPATTHH CXEMH.
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6)

Due. 7.13. Hanpeuno ceuenue u mononozus na NPN unmezpanen mpansucmop

M3xonHa maactuaa T P Si
1 doronurorpadus 3a ckpur N cnoit

1

Tiudyans c As 3a N’ cxpur croit

Y

Hapacrsane Ha N ermrakcnanes cioi

'

Oxucnenune

\

II boronurorpadus 3a w3omupama
Iuby3us

Y

H3onupama audysus ¢ B
Oxucnenne

Sio,

Duea. 7.14. (npodwrdicasa na credeawama cmpanuya)



I doromurorpadms 3a 6azoBu
obnactu

Y

Hudysus ¢ B 3a 6a3u. Oxucnenne

IV doTonutorpadus 3a eMUTEPHH
obnactu

Y

Hudysus c P 3a emurepn
Oxucnenue

Al Sio,

Y
V dotonurorpacdus 3a KOHTaKTHH
OTBODH .

Hanacsse Ha Al cioi

Y

VI doTonurorpadms 3a Bpb3KH

Eupane Ha Metana

Duez. 7.14. Texnonozuuna nocne0o6amenHocm 3a U320mesaHe Ha
NPN unmezpanen mpanzucmop

Hnrerpanuausar NPN Tpan3ucTop ce pa3nuyaBa OT AUCKPETHHUS IUIaHAPHO-EINTa-
KCHAJIEH TPAH3KCTOp MO0 HEOOXOAUMOCTTA OT H30JIMpaHe OT MOUIOXKKATa M M3BEXIaHE
Ha KOHTaKTH OT eMHTepa, 6a3aTa M KOJIEKTOpa My CaMO OT TOpHaTa CTpaHa.

Oco0enocTuTe Ha uHTerpajnuss NPN TpaH3ucTop B cpaBHeHHe C AHCK-
petnus NPN Ttpan3ucrop ca ciegnure:

L4 I/I3BOIL']E>T Ha KOJIEKTOpa Ha WHTErpajlHusA TPaH3UCTOp € OT I OpHaTa NOBbPX-

HOCT Ha KpucTana. KoNeKTOpPHMAT TOK NpOTHYAZ HE BBB BEPTHKAIHO
(HanpeyHO) HAIPAaBIIEHUE, 3 B XOPU3OHTAIHO (HAaIIbXKHO) HANpaBJICHHE 1IPE3
BHCOKOOMHATA KOJIEKTOpHa obiacT. ETo 3amo mocineaoBaTeNHOTO KONEKTOP-
HO CBIOPOTHMBIEHME Ha MHTETPAHHA TpaH3UCTOp roc (dur. 7.15) uma
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3HauuTenHa croiHocT. HamanmsiBaHETO My ce H3BBpIIBA 0 B2 HAa4YHHa,
ITepBUAT NpENBIDKAA ONTMMH3MPAaHE HA XOPH30HTAlHAT2 IEOMETPUA Ha
TPAaH3UCTOPa, HAMPUMED. YPE3 yBEIMYaBaHEe HA ABL/DKHHATA HA KOJIEKTOPHHs
KOHTAKT, KOWTO moutH obxBama 6a3oBarta obnact. Hafi-uecTo U3mon3BaHms
HAaYMH € BhBEXaHE Ha BUCOKO jierupaH ckput N* cioit. Cxkpuruat N* croit
BOJM J0 yBellNuaBaHe Ha WHBEPCHHUS KOoehHLMEHT Ha MpefaBaHe IO TOK u
HaMaJlsBaHe Ha HaIpe)KEHHETO Ha HacHWILaHe, ChIIECTBEHM NpH paboTa ma
TPaH3MCTOPa B KJIIOYOB PEXKHM H O noaobpABaHe Ha YECTOTHHUTE M LIyMO-
BUTE XapaKTEPUCTHKH.

C E B
Yol INPN
PNP
CCS [P, A‘S
o

Due. 7.15. llapasumnu enemenmu npu unmezpaniua NPN mpansucn;bp

ColecTBYBa KanalUTeT Ha IIpexona KoJeKTop-noanaokka Ccs, BIHAEH] Bbp-
Xy YECTOTHHTE M NPEXOJHU XapaKTEPHUCTHKH HA WHTETPANIHUS TPAH3UCTOD.
ITo ceecTBO TOBa € GapuepHus KanauuTeT Ha u3oaupamus PN npexon.
Ipe3 m3onupaiys npexos KoNeKTOp-NoUI0KKa, CBbp3aH BUHATH B 06paTHa
NOCOKa, IPOTHYa YyTeYEH TOK, 3aBUCEL OT HAlIPEKEHHETO.

YecTOTHUTE M UMIYJICHM XapaKTEPUCTHKH Ha MHTETPATHUA TPaH3MCTOp ca
NO-~JIOIIH OT T€3W Ha AUCKPETHHS, IOPaJH BIUSHUETO Ha BPEMEKOHCTAHTATa
recCes.

Ipu pabora Ha HHTErpaTHUA TPAH3UCTOP CE NOABABAT NAPA3UTHY ebEeKTU OT
aktuBeH Tull. NPN TpaH3ucTOpbT 3aeHO ¢ NoJI0KKaTa 00pa3yBaT 4eTHPH
crnoitHa crpykrypa. OcBeH ocHoBHHs (paboteH) NPN TpaH3HCTOp ChIlec-
TBYBa U JNONBJIHMTENEH (MapasureH) PNP Tpausucrop, o6pasysan ot 6a3ara
U KOJIEKTOpa Ha OCHOBHHMA TpPaH3UCTOp M moanoxkkara (¢wur. 7.15). Korato

“ocHOBHMAT NPN TPAaH3UCTOp € 3allyll€H WIKM € B aKTHBCH PEXHM, lapa-

3UTHUAT TPAH3UCTOP € 3amyIleH, 3alll0TO M JBaTa My Hpexojaa ca o0paTHO
nosspusupany. Ako ocHOBHUAT NPN TpaH3UCTOp € HACHTEH, KONEKTOPHUAT
My NIPEXOX Ce OTIIyLIBa, HO TOH € eJHOBPEMEHHO eMUTEPeH 3a Mapa3sHTHHUA
PNP Tpansucrop, KOHTO ChIIO Ce OTITyIIBa (paboTH B aKTUBEH pexxuM). [Ipu
TOBa B NOAJIOXKKATA IPOTHYA TOK, OIIPEAeneH OT KoeHIHeHTa Ha YCHUIIBaHEe
Ha PNP tpansucropa. Toa HamansiBa cTelneHTa Ha HacHILaHe ¥ CTaOMIHaTa
pabota Ha ocHoBHMsA NPN Tpansucrop, 3amoro 6a30BUAT My TOK HaMaJsBa.
O6uknoseno apyp = 0,5+0,7.

TunuunMre enexkTpuyeckd napamerpd Ha mHTerpanuus NPN TpaHsucrop ca

IajeHHu B Tadbi. 7.1.
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Tabnuya 7.1

ITapamersp HomuHaaua cToiHOCT Tonepanc, Temnepatypen
% KOePHUIHEHT

Koeduuuenr na -30 o
yCHJIBaHE IO TOK f3 50-200 + 50 +0,5%/°C
Hanpexenne Ugs, V 0,7 +3 —2mV /°C
TpausuTHa 4yectoTa fr, 160-800 +20
MHz
IIpo6buBHO HampexeHHe 6-8 +5
emurep-6asa, V
TIpo6uBHO HampexeHue 30-50 +130 +3mV /°C
KoJiekTop-6a3a, V
[Mpo6usHO HampekeHHe 60
KOJIEKTOP-NOUIOXKa, V
Kanamurer KonekTop-
6a3a Ce, pF 0,3-0,7 +10

NHmeepanen PNP mpaH3ucmop

Wnrerpanante PNP TpaH3NCTOpHH CTPYKTYpH C€ H3MON3BaT B CHYETaHME C
NPN TpaH3uCTOpHTE B aHAJIOTOBUTEC HHTErPAHU CXEMH 3a pa3lIMpsBaHe Ha ele-
KTpHYECKUTE H (YHKLHOHATHUTE UM Bb3MOXHOCTH. L{enTa npu pa3paboTBaHeTO UM €
IIbJIHA MJIM 9aCTMYHA CHBMECTHMOCT Ha TEXHOJIOTHATA C Ta3M Ha cTaHgapTHata NPN
CTPYKTypa.

Hznon3Banute cTpykTypu Ha PNP Tpan3ucTropyn Morar ga O6B4aT pasfeneHn Ha
6EPMUKANHY U XOPU3OHMANHY. BbB BEPTHKAIHUTE CTPYKTYPH JBHXEHHETO HAa HEOC-
HOBHHTE TOKOHOCHTENH mpe3 0a3zdTa craBa MEPICHIUKYIIPHO Ha IOBBHPXHOCTTA.
OTHauano ce € W3MON3Ball CHUICCTBYBAIIMAT B YETHPHCIOitHATa OUMONApHA CTPYK-
Typa napasuteH PNP Tpanzuctop. OCHOBHHTE MY HEAOCTATHLM Ca MAJKHUAT Koe(hu-
I[MEHT Ha YCHWJIBaHEe MO TOK P = 2+3, HHCKaTa TpaHUYHA YECTOTa, CBBP3aHUAT C
of1ara moAoMKKa KOJIEKTOp.

IIupoko MpHUIIOKEHNE € HAMEPUI XOPH3OHTaNHHAT (Jatepaneuiat) PNP Tpan-
3ucTop. MHXXEKTHpaHUTE OT eMHTepa HEOCHOBHH TOKOHOCHTENIM NpEMHHABaT Ipe3
0a3aTa yCNOpPENHO HAa MOBBPXHOCTTa (XOpH30HTaNHO). HampeyHo ceueHwe Ha
CTpYKTypaTa € moxa3aHo Ha ¢ur.7.16. EmurepHata M KojekTopHa o0OmacTu ca
bopmupanu enHoBpeMeHHO ¢ 6aszoBure obmacty Ha NPN TpaH3ucropurte, Karo
KoJNleKTopHaTa obyact obxBamia eMutepHara. baszoBara obmacT € paBHOMEpPHO JerH-
paHa U TpaH3UCTOPBT e Ge3npeiidos. lllupounHara Ha 6a3ara, paBHa Ha pa3cTOSHUETO
Mexny P obnacture Ha eMHTEpa M KOJNEKTOpa, Ce ONpPEAens OT BB3MOXKHOCTHTE Ha

¢doTonurorpadunTa ¥ OT NPOOGHBHOTO HANpEe)XXEHHE KOJNEKTOP-eMUTEP H € OKOoJo 2 +
12 pm.
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Duyez. 7.16. Hanpeuno ceyenue Ha xopusonmanen PNP mpansucmop

Koeguyuenmvm na ycuneane 1no Tox Ha xopusontanaus PNP tpanzucTop He ¢
Bucok (P = 1,5+50) mopanu ronsmara mupoyrHa Ha 6a3ara, HUCKHA KOEQUIMEHT Ha
HHXEKLHA Ha eMHTepa M BIMAHMETO Ha mnapasuTHusa PNP Ttpansucrop. 3a momo-
OpsBaHe Ha ycuiBaTeJHHTE BB3MOxHOCcTH Ha PNP Tpansucropa ceaelictBa Hanu-
qpeTo Ha ckput N* cioi.

Tpansumnama vecmoma na xopuzoHtannus PNP tparsuctop (ff = 2+50 MHz)
€ 3HaYMTEJHO IO-HUCKa OT Ta3K Ha pabotuusa NPN tpanzucrop.

3a momoOpsABaHE Ha YCHIBAaHETO C€ M3IMOJ3BA CHCTABEH TPAaH3MCTOD, IOJNyYeH
ot cebp3BaneTo Ha PNP u NPN TpaH3ucTopy ¢ koe(pHLIMEeHT Ha yCHIBaHe

B = Bene-Bren-
HUnmeepanHu duodu

KaTto anoa B moJiynpoBOAHNKOBUTE HHTErPAJTHU CXEMH MOXKe Ja ce U3MoJ-
3Ba Bcekn PN mpexoa Ha cTaHJapTHATa TPAH3UCTOPHA CTPYKTYpa.

HHTerpajHusT ANOA NPEACTABJISIBA GHNOJISPHA TPAH3MCTOPHA CTPYKTYpa
B IHOAHO BKJIIOYBaHe.

T KaTO TPaH3UCTOPHT HUMa €IHH ENEKTPOJ ITOBeYe, TOH MOXE Jla C€ OCTaBM
cBoGojeH ("mnaBam) WM Aa ce CBbpike HAKBCO KbM HAKOI OT Apyrurte nsa. bes ma
CE U3IO0M3Ba NPEXONbT KOJICKTOP-MOUIOXKKA, Ca BE3MOXKHM IET Pa3JIMYHA Ha4YMHa 3a
CBBP3BaHE Ha TpaH3WCTOpa Karo auof. Ha ¢wr. 7.17 ca moxasaHu pasnMYHHTE Ba-
PHaHTH Ha OMOJHO BKJIIOUBaHe. B yclI0BHOTO 0O3Ha4YeHME Ha BCEKU BapPUAHT CIIOEBETE,
3aIMCaHK NPeJU YePTHYKATa, M3MBIHABAT PONATA HA aHOJ HA JHOJa, a 3aIMCBAHETO
Ha JIBa CJIOg €JIUH JI0 pyT 03HauaBa, 4e ca CBbp3anH Hakbco. HezaBucuMoO oT cxeMarta
Ha CBBP3BaHE U NOJAJICHUTE HaNpeXeHHs NOTEHIHANBT Ha OANOXKaTa (S) TpaOBa na
6B1e Hal-OTPHULATENCH.

YucneHH CTOMHOCTH Ha OCHOBHHUTE €JIEKTPHUYECKH [TApaMeTpd 32 pa3iM4yHUTE
BapMaHTH Ha JHOJHM BKJIIOYBAHHUA Ca JaJeHH B Tabm. 7.2.
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BC- BE-C B-EC
A A
T =C,
K - Ko -
B-E B-C
Due. 7.17. JuooHu sxmousanus na unmezparius NPN mpanszucmop
Tabnuya 7.2
Mapamersp Cxema Ha CBBp3BaHe
BC-E BE-C B-EC B-E B-C
IIpobusHO HanpexeHHe 6-8 30-60 6-8 6-8 30-60
Ugg, V
O6pareH Tok Iy, nA 0,5-1 15-30 20-40 0,5-1 15-30
IIpaBo Hanpexenue Ug v 0,85 0,94 0,92 0,96 0,95
I;le:maume'r Ha auona Cp, 0.5 0.7 1,2 0,5 0,7
INapazuten kamanureT, Co, 3 3 3 1,2 3
pE
Bpewme 3a Bp3CcTaHOBABaHE 9 53 100 56 85
te, DS
Bpne 0 2 3 3 3

B 3aBHCHMOCT OT HIPHIIOXKEHHETO Ha JHojAa ce W30Mpa KOHKPETHO BKIIOYBAHE
Ha MHTErpajiHaTa TPaH3UCTOPHA CTPYKTYpa, YAOBIETBOPSBAIIO IOCTaBEHUTE H3UCKBaA-
Hus. 3a yHHEBEpCAIHO NIpeIHa3HaYeHue YecTo ce u3non3eat Bapuanture BC-E u B-E.

Karo onopuu (yenepoeu) ouoou B MHTETpanHUTE cCXeMU ciayxar PN npexoou 6
pedicum Ha enekmpuyecku npobus. B 3aBUCUMOCT OT roJieMHUHAaTa Ha OIIOPHOTO Hanpe-
»KeHHEe MOJKe Jia ce M3IT0JI3Ba BCEKU €IMH OT Mnpexoaute 6aza-eMuTep, KolexTop-6a3a,
KOJIEKTOP-TIOJIONKA M eMHUTEP-TIoIOKKA, [Ipy BcOoKonernpanu obiacti NpoOHBET €
HHCKOBOJITOB M MMa TyHENeH Xapakrep. 3a IojlyyaBaHEe Ha HallpeXEHWs, paBHU WIH
kparau Ha 0,7 V, ce n3non3ear ornymeHu auoan, Hanpumep BC-E, B-E u ap.
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7.3.3. [lacuBHU NHTerpanHu enemMeHTn

ITacBHHTE €IE€MEHTH B MHTETPAIHHTIE CXEMH Ce H3TOTBAT €IHOBPEMEHHO ¢
akTuBHUTe. ETO 3alll0 CBIUECTBYBAaT PENMIA OrPAHMYEHHs, CBBP3aHH C BHAA Ha
[IACHBHMTE €JIEMEHTH, TEXHUTE CTOMHOCTH U Jp. HopManHo Te 3aemaT romsma o,
aGCONMIOTHUAT TONEPAHC HA HOMHHANHHUTE MM CTOMHOCTH € TONAM, MMAT TeMIle-
parypet apefid. CTpeMebT NpU NPOEKTHPAHETO HA MHTErPaHU CXeMH e Gpont
HA NACHBHMTE eJIEMEHTH Ja ObJe MHHUMAJIEH.

UnumezpanHu pe3ucmopu

PCEWICTOPPITG ca HaH-4ecTo yl’[OTpC6}{BaHI/ITC ITAaCHBHH HHTETpPAJIHHA CJIICMCHTH.
Cl’IOpell KOHCTPYKTHBHO-TCXHOJIOTHYHHUTEC CH 0COOEHOCTH Te ce pasneiiAT Ha le/[(i)y-
3HUOHHH, NIHHY-PEIUCTOPH H INMOJYUYCHH UPE3 HoOHHA HMIIJIaHTaUuA.

Hugpy3Hu pezucmopu

®opmupar ce B usonmpaHu ¢ PN mpexon ocTpoByera, Karo Ce H3IOJ3BA
00eMHOTO CBIPOTHBIEHHE Ha efHAa OT 0OJacTUTe Ha CTaHAApTHATa TPaH3MCTOpPHA

CTPYKTYypa — Haii-uecto 6a3zoBus cioid (¢ur. 7.18). CrnpoTHBICHHETO CE OIpeness OT
no3uarata Gopmyna

KBJAETO p € CPEAHOTO CreU(UYHO CHIPOTHBICHUE Ha M3II0I3BaHUA CIOH (HOPMAJIHO
HEETHOPOIHO JIETUPAH).

Duz. 7.18. Cmpykmypa na OugysuoHen pesucmop

3a mory4yaBaHe Ha pE3UCTOPH C IO/IMO HOMHHAIHO CBIIPOTHBIIEHHE € HEOOXOAUMO
lla ce yBeNU4Yd ABIDKMHATA [, Thi KaTo p U d ca 3agajieHH oT 0a30BaTa TEXHOJOTHA, a
MUHMMAaIHaTa CTOMHOCT Ha IIMPOYMHATA Z CE ONpENeNs OT CHoOpaXKeHHA 3a BHCOK
panaeman. B TakbB ciyyail ce U3non3sa MeaHapoBa KoHGHUrypauus (Bx. ¢ur. 7.4).

MaxcumanHaTa CTOHHOCT Ha CHIPOTHBIEHHETO CE ONpedeNs OT AOMyCTHMAara
3aeMaHa ILIOII OT pe3ucropa. Pesmcrop, ¢opmupan B GasoBara 0o6GNacT ¢ JMCTOBO
cenpoTuBieHne Rs= 200 Q/0 Moxe 1a MMa MakCMManHo chrporusieHne ot 10+60 kQ.

JIMCTOBOTO CBHIPOTUBNEHHE Rs € CHIPOTHBICHHETO Ha €AHOPOIEH CHOM moy-
NPOBOJHUKOB MaTepHa ¢ ¢popMa Ha KBaJpar:

l l p
Re=p— = =—,Q/0
S pS pl)c X

cn cn
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KBIETO X, © AeOennHaTa Ha cios, | — cTpaHata Ha KBajpaTa. MamepBa ce B oM Ha
KBaJIpaT W CE H3ION3BA IIPH OIpe/ieliiHE Ha CHIPOTHBICHHETO HA CJIOEBE B HHTeET-
PATHUTE CXEMH).

Tonepancvm na cvnpomuenenuama ce JBIDKA Ha KOHCTPYKTHBHO-TEXHOJAOTHY-
HM npnyrHd. OTHOCHTENHUAT TonepaHe (+1+ +3 %) e MHOro Hmo-ManeK OT abCONMOT-
Hus TonepaHc (+10+ +20 %) — cBOUCTBO, XapaKTEpHO 3a BCHYKH HMHTErpallHM elle-
MEHTH.

Temnepamypnuam roeguyuenm Ha cvnpomuenenuemo TKR ce ompenens ot
TeMIlepaTypHaTa 3aBUCUMOCT Ha MOABIKHOCTTA Ha TokoHocurenure W (T) K 3aBucu
OT JIKCTOBOTO ChIIpoTHBAeHMeE. 3a Rg = 200 /00 TKR =0,15+0,30 % /°C.

Lonycmumama pasceiisana mownocm ce onpenens OT HaTpjABAHETO Ha pe3uc-
TOpa, BOAELO JI0 II0sABa Ha HEAKHENHOCT BHB BOJIT-aMIIEpHATa XapaKTePUCTHKA.

Makcumannomo uanpeoicenue, IpUI0XKEHO BBPXY pe3uctopa, TpsbBa na 6nae
H0-MaJIKO OT 0OPaTHOTO NOJAPH3UPAIIO HANpeXKeHHe, OAaleHO Ha u3onupaumus PN
NIpEXOH, KOETO OT CBOs CTpaHa TpsAbBa na 6bAe Mo-ManKko OT CHOTBETHOTO MPOOUBHO
HalpeXeHHe.

lMuH4-pesucmopu

CTpykTypaTa U BONT-aMIEpHATa XapaKTEPHUCTHKa Ha NMHHY-PE3UCTOpP ca MOKa-
3aHu Ha ¢ur. 7.19a. Toii e popmupan B 6azoBaTa 061acT, CTeCHeHa ¢ eMuTepHaTa N*
obnact. B cpaBHeHHE ¢ TUdY3HHS PE3UCTOP MMHY-PE3UCTOPHT MMa ITO-MAJKO CEYeHHe
H [I0-TOJIIMO JIHCTOBO CHIIPOTUBIIEHHE, 3aIL0TO CE U3IM0JI3Ba JbHHATA, ClIabo JerupaHa
yacr Ha 6asoBata obmact. Ilopagu ronfMOTO JIHCTOBO ChOpOoTHBIEHWE (Rs =

=2+5kQ/0) Morar ga ce peaM3dpaT Pe3HCTOPH C TOJIAMO CBHIPOTHBIIEHHE (IO
200 kQ).

Al SiO, IV

N\

4

UEB(BR]

a) 6)
Duez. 7.19. Cmpyxmypa u 60nm-amnepHa Xapaxmepucmuka Ha RUHY-pe3uUcmop
Hedocmamwvyu ca ronemus abcomoted (-50++100 %) u otHocuTenew (x5 % )
TOJNIEPAaHC M TOJIEMHA TeMIlepaTypeH KoeduuueHT Ha chrnpotusieHuero (0,3+0,5 %
1°C).
ITIo crpykTypa M HauMH Ha paboTa NMUHY-PE3UCTOPHT € CXONEH C IOJIEBHs
TpaH3UCTOp ¢ ynpasjiBail PN npexop mpu HyJieBO HalpexxeHHe Ha reiTa.

Pe3ucmopu, noJly4eHUu 4pe3s IOHHa umMnnaHmayus
3a cp3gaBaHe Ha BHCOKOOMHH PE3UCTOPH CE€ H3II0JI3Ba HOHHA MMILIAHTALMS.
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JlsnbounHaTa Ha WOHHO JervpaHus ciod e mHoro manka (0,1+0,8 pm) u 3a ocp.-
IIECTBABAHE HA HaJE)XXIHM KOHTAKTH B IBaTa Kpas Ha Pe3UCTopa ce npasiaT P nudysun
obnacti (dur. 7.20). MoHHaTa MMINAHTAUMA HO3BONSBA TOYHO KOHTPONMPAHE Ha
KOJIMYECTBOTO BHEJPEHM TPUMECHH aTOMHM M CBh3JaBaHE Ha PE3HCTOPH C TojieMy
CTOMHOCTH Ha CBIIPOTHUBIICHHUETO — O CTOTHIIM KMJIOOMOBE.

WMmnanTrpan cioit Si0,

Que. 7.20. Hanpeuno ceveHue Ha OHHO-UMPIAHMUPAH PE3UCTOP

YeCTOTHUTE CBOMCTBa Ha OWIIOJAPHUTE MOJYIPOBOAHHKOBH DE3MCTOPH Ce
ONpefesaAT OT pasNpeleeHns napasuTeH kamauuteT Ha PN mpexoma Mexny pesuc-
TOpa U H30JHPAHOTO OCTPOBYE, KBAETO € HOPMHUpaH.

NnmeapanHu Audghy3Hu koHAeH3amopu

Judy3HuTe KOHAEH3aTOpH ce MpuiaraT B OUNONAPHHUTE HHTETPAIHH CXEMH
MOpajH I'bJIHATA CH TEXHOJOTHYHA ChbBMECTHMOCT C OCHOBHHUA TEXHOJIOTHYEH IIPOLIEC.
H3non3Ba ce GapuepHUAT KanauUTeT HAa eAUH oT obpaTHo nmoasipn3upanute PN
npexoad Ha OMIOJSPHATA TPAH3UCTOPHA CTPYKTypa. M36opsT Ha KOHKpeTeH
mpexox ce ompenensd oT HeoOXomuMara CTOMHOCT Ha KalalMTeTa, JONMYyCTHMATa
MOTEHLHAJIHA pa3/KKa BPXY MPEXoJa M MOJAPHOCTTA Ha BIUIIOYCHUTE HANpPEXEeHHU,
Pa6orHuaT PN mpexon ce BiiouBa B oOpaTHa IMOocoka. AMIUIMTYZAaTa Ha IHOJIE3HHS
MPOMEHJIMB CHrHall TpAOBa na ObJe MHOTO MO-Malka OT 00paTHOTO MOMNAPU3MPALI0
HalpeXXeHHe Mopaay HeNMHEeHHOCTTa Ha BOJIT-(hapajHaTa XapaKTepUCTHKA.

Haif-yecTo M3MON3BAHMAT NOMYNPOBOJHHKOB KOHJEH3aTOp € Ha OCHOBaTa Ha
npexona Konekrop-6asa.

OcHOBHHTE NMapaMeTpH Ha Auby3HHTE KOHICH3aTOPH Ca CHEUMHUIHUAT Kama-
muteT Co, MAKCUMATHUAT KanauuTeT Cpax, MAKCHMAIHOTO paboTHO HanpexeHue Uy,

AC
abCOMIOTHUAT TOJICpAaHC HA KallauTeTa -F , TEMIIEPATYPHUAT KOC(i)PIIIPICHT Ha

kananurera TKC, xauectBennsar daxrop Q.

INopamy HACKUTE CH eNIEKTPHUYECKH IOKa3aTeNll U HE0OOXOMUMOCTTa OT TONsMa
mrom AuQy3HHTE KOHIOEH3aTOPU HAMHUpaT OrPaHHYECHO IPHIOKEHHE B MONIYIpo-
BOJHHKOBHTE MHTETPAHA CXEMH C TOJIIMa CTeleH Ha WHTerpanus.

7.4. EnemeHT Ha MOS MHTEerpanHure cxemMm

HNumeepanenH MOS mpaH3ucmop

MOS Ttpan3ucTOpHTE Ca rpafBHUTE €IEMEHTU HA MIHPOKO Pa3NpOCTPAHEHUTE
MOS wuHTerpagHu CXeMH. YCTpOMCTBOTO, NPMHUMIIBT Ha AEHCTBHE, XapaKTEPUCTH-
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kute U mapamerpute Ha MOS cTpyKTypara KaTo JUCKPETEH M HHTETPaJIEH elIEMEHT ca
onucany B ri. 5. Tam ca MoCoOYeHH M CHbBPEMEHHHTE TEHIEHIWH B Pa3sBUTHETO Ha
MOS cTpykrypute 3a nmoxobpsBaHe Ha OBpP30AEHCTBHETO, YBENHYABAHE HA CTEIEHTa
Ha MHTErpaLus, peryJupaHe Ha paroBoTo HalpeXeHue u ap.

OcoGenocTure Ha MOS nHTerpajJlHuTe CTPYKTYPH B CpaBHeHHe ¢ Gumo-
JIIpHUTE Ca ClleJHUTE:

e Bcexu MOS mpan3zucmop npu paboma ce camou3onupa om nooRoxcKama u
ocmauvanume enemeHmu Ha unmezpanrHama cxema. ToBa, KakTO W caMara
cTpyktypa Ha MOS eneMeHra, OnpocTABaT 3HAYMTENHO TEXHOJIOTHYHHA
npolec, yBelIHUaBaT ce CTENEeHTa Ha MHTerpanus, PaHAEMaHbT U LieHaTa ce
MOHIKaBa.

o MOS mpanzucmopume umam MHO20 NO-MANKU pasmepu om OGuUnRoONApHUme, ¢
KOETO ce IOBHIIAaBa CTENEHTa Ha MHTErpalusA M CTaBa BB3MOXKHO CH3JaBa-
HETO Ha I'OJIEMH M CBPBXTOJIEMH HHTETPATHH CXEMHU.

e Koraro Ha refita Ha MOS TpaH3UCTOp C MHAYLMpPaH KaHajl HE € MOJaJeHO
HanpeXeHHe, pe3 HEro He MPOTHYA TOK, T. €. TPAaH3UCTOPHT MPaKTHIECKH
He KOHCYMHpa MOIIHOCT B HEaKTHBEH PEXHM. Maakama KouCyMupawa
mowgocm wa MOS unmezpannume cxemu (ocobeno CMOS) cpaeiicTBa 3a
LIMPOKOTO Npuioxenue Ha nudpoute MOS uHTErpaiHi CXEMH.

e Baxuo npenumctBo Ha MOS TpaH3ucTOpa € 6wv3modcHocmma mou 0a ce
U3N0N136a HE CAMO Kamo aKMUeH, HO U Kamo NAcUseH eleMeHm — Pe3ucTop.
ToBa mo3BoJsABa IIaTa MHTErpajlHa cxema Ja ObJe ChCTaBeHAa caMmo OT
MOS cTpykTypH.

Kato wmmocTpamys 3a pa3inMydsaTa MeXIy ABETE OCHOBHU TEXHOJOTHH Ha
¢ur. 7.21 e noka3aHO UHTETPAIHO U3NBIHEHHE HA Bb3MOXHO Hail-IIpOCT UHBEPTOP MO
ounonsapua (¢ur. 7.21a) u MOS (¢ur. 7.216) TeXHOJIOTHH.

MOS pesucmopu

MOS pe3ncropsT npeacraBiaasa MOS TpaH3HCTOPHa CTPYKTYpa, H3M0J3-
BaHa kaTo ABynonwocunk. OT npuHumna Ha aeiicrBue Ha MOS TpaH3ucTopa cie/iBa,
4e y4aCTHKBT JPEHH-COPC MOXKE J]a CIIy)KH KaTO OMHYHO ChIIPOTHBIICHHE.

OOHNKHOBEHO TPaH3MCTOPUTE C MHAYUMpPaH KaHAJl CE CBBHP3BAT, KAKTO € MOKa-
3aHo Ha ¢ur. 7.22a n 7.226.

Koraro redTsT e cBbp3aH Hakbco KbM ApeitHa (¢wur. 7.22a), Ugs = Ups u
TPaH3HUCTOPHT pabOTH B peXHUM Ha HACHUILAHE.

lonemMnHaTa Ha CBHIIPOTHUBIEHHETO 3aBHCH INPEAHUMHO OT ENEKTPUYECKUTE H
¢dusnUeckuTe NapaMeTpU Ha CTPYKTYparta 1 Hail-yecto e Mexay 1 u 100 kQ.

Ipnu BrOpHa HauuH Ha cBbp3BaHe (dur. 7.226) Ha reiita ce MoJaBa MOCTOSHHO
HanpexxeHne Ugsg = const, Taka 4e TPaH3HCTOPHT Ja paboTH B JIMHEEH PEXUM.

loneMuHaTa Ha CBIPOTHMBIEHHETO MOXE Ja CE PEryjMpa eJNeKTPUYECKH MOo-
cpeactBoM HanpexeHuero Ugso.

3a monyyaBaHe Ha TOJEMH CTOMHOCTH HAa CHIPOTHBIEHHETO M HpH JBaTa
BapHaHTa € HeoOXoouMo oTHoleHueTo L/W nma mMa MakcuMaiHa croinoct. Tosa
[IPOTUBOPEYH Ha M3HCKBAHETO 3a rOJIAIMa CTPBMHOCT Ha YCHJIBATEIHHUA TPAH3UCTOP.
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ETo 3a10 B KOHCTPYKTHBHO OTHOIIeHHe ToBapHUAT MOS TpaH3MCTOp Ce pa3jiHdasa
OT yCHUNBaTENHMS.

/|— HM3onnpann ocrpoByera
1 |
C B R
B E ¥
, In
]
1 =
Tpauzuctop Pesucrop

5 . = n

] Tpansuctop

Pesucrop

Quz. 7.21. CpasHenue Ha mononozuama Ha UHGepmop, UsHvaHeH no bunonspua (a)
u MOS (6) mexnonozus

A, A1, Uss
Ugs = Ups Usso=ct Ul
D D
b S g S U:;su
U, Us
U, -
a) 6)

DQue. 7.22. [aynoniocru cevpsseanusn na MOS mpanzucmop

HpH TPAaH3HUCTOPHUTE C BrpaACH KaHajl CBIUECTBYBa KaHal IIPH HYJICBO HAaMpe-
EeHHe Ha reita. ToBa mo3BoJjisiBa CBBP3BAHETO Ha reiita KpM copca, IMpH KOETO CBII-
POTUBJICHHETO € JIHHEHHO B IIUPOKH I'paHHUIIN Ha MPOMsAHA Ha HAIIPEIKCHHETO.

MOS cmpykmypu ¢ donbiHUmMesIHa cuMempus
(xomnnemenmapHu MOS cmpykmypu — CMOS)

B MOS wuHTerpasHuTe CXeMH €a HAMEPHIM rONAMO NPHIOKEHHE CTPYKTYpH,
u3rpafieHd ot ABodkd MOS TpaH3HCTOpPH C pa3NH4Ha NPOBOXUMOCT HAa KaHAJINTE
(¢ur. 7.23). Be3 na ce pasrnexaa paboraTa Ha CXEMHTE — PEAMET Ha JPYTH KYPCOBe,
me orbenexuM camo, ye B CMOS MHBepTOpa €AMHMAT OT TPAH3UCTOPUTE € BUHATH
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samymieH (¢ur. 7.24). ToBa onpezens M3KIIOYUTETHO MalKaTa KOHCYMHPaHA MOLI-
HocT. Jlpyru MpeauMcTBa Ca rojiaMaTa LIyMO3aMIMTEHOCT, M3APBMUINBOCT M HEYyB-
CTBHUTEIHOCT KbM NPOMsIHA HA BBHIIHMTE YCIOBHMA M Ha 3aXpaHBAILMTE HAIPEXEHMUS,
JIOCTaThbYHO BUCOKO OBp30JcHCTBIE, CBBMECTUMOCT C OUIONAPHUTE CXEMH.

P xananen N kananes
MOS tpan3ucrop MOS Ttpansucrop
T2 T1
S G D S G D

Que. 7.23. Hanpeyno cevenue na
CMOS cmpyxkmypa

+E:mxp +E

3aXp

[ ibabaindindind T 2

BX E u3X

o----4

0 E 1 Duz. 7.24. Enemenmapen moden
i Ha CMOS ungepmop
L. T,

Paspaborenu ca penuna Bapuant Ha CMOS cxeMu: ¢bC CaMOLIEHTPHPaH TeHT,

BBpXY candupena noanoxka (COS MOS cxemn) u ap.

-!' . ‘KonmponHu ennpocu

—

A

CpaBHeTe OCHOBHUTE THIIOBE M30/IALHU NIPY OUIONAPHUTE HHTETPAITHH CXEMH.
Kou ca ocobenocture Ha nHTerpanHus NPN TpaH3HuCTOp B CpaBHEHHE C QUCKpe-
THUA?

3aio GUIONIPHUTE UHTEIPATTHU CXEMH C€ CHCTOAT INIaBHO OT TPAH3UCTOPH?

Kou ca ocHoBHHTE mapa3suTHu edeKTH npu pabora Ha uHTerpanuute NPN Tpan-
3ucTopu?

CpasHeTe OCHOBHUTE NapameTpu Ha uHTerpanante NPN u PNP Tpansucropn.
CpaBHeTe CBOWCTBAaTa Ha MHTETPATHHTE PE3NCTOPH U KOHIEH3aTOPH, H3TOTBEHH I10
ounonspaa, MOS n xubpraHAa TEXHOIOTHS.

Kaxsu ca ocHoBHHTE npenumcTBa Ha CMOS cxemuTe, onpenensmy IHPOKOTO UM
pasnpocTpaseHue?
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FNABA 8
ANCIJIEN

WsrpaxxaaHeTo Ha CJI0)KHH MHOOPMALIMOHHU CUCTEMH € CBBP3aHO ¢ HEOOXOIu-
MOCTT2 OT YCTPOHCTBa 3a BH3yalHO H300paxeHue Ha nHGopMaumsita. MoHUTOpUTE M
OWCIUIEUTE Ca eKpaHH 3a BU3yanusalus Ha uH(popManui. Te HaMupaT MHMPOKO INpH-
JIOXXKCHUE B TEJICBU30pPHUTE, HACTOJIHHUTE M MPEHOCHMMH KOMIIIOTPH, €KpaHH 3a pa3Biie-
KaTelH{ IeIM, U3MepBaTe/lHa anapaTypa, NuGpoBH KaMepH, MoOMIHM TenedoHH, ay-
nuo/Brgeo U odpuc obopyaBaHe, pbYHH YaCOBHUIM, KAIKYNATOPH H Ap.

MOoHHTOpUTE B AUCIUIEUTE M3MOM3BAT Pa3fIMYHM TEXHOJOTHH, KOUTO BKITIOYBAT
eJIeKTpOHHO-ThYeBUTE TpBOH (cathode-ray tube CRT), nuciieM ¢ T€YHH KpPHCTAIH
(Liquid Crystal Display LCD), nna3Menu auciuien ot nanene tan (Plasma Display
Panel PDP), enexrponymunucuentan nuciien (ElectroLuminescent Display ELD) n
BakyymHu ¢uyopecuerTan aucruien (Vacuum Fluorescent Display VFD). Besika ot
T3 TEXHOJIOTHMH MMa ChOTBETHH NPEJUMCTBA H HEAOCTATHLH, KOUTO MPeaoNpeNelIsT
H3MOJI3BaHETO U B €{Ha WIX ApyTra 006iacT.

Haii-o61jo aucniente MoraT na ce KacM(UIUpaT B JIBe KaTETOPHH: UNbY6a-
wu U Heuznvueawu. KoM MbpBUs BUJ, HAPUMED, CHAIAT €JIEKTPOHHO-JIHLYEBATE TPh-
O, MIa3MEHHTE QUCIUIEH, ENEKTPOIYMHHUCIICHTHUTE JUCIUIEH, HOKATO JUCIUIEUTE ¢
TEYHH KPUCTAJH Ca HEU3IbYBAILH M 32 paboTaTa CH ce HY»XAaAT OT BHHILIEH H3TOIHHUK
Ha CBETJIMHA.

8.1. EneKTpoHHO-bYEBa Tpbba

Enexrponno-ap4yeBuTe TpuOU (dur. 8.1) ca enekrpoBaxyymMHH mpubOpH, B
KOMTO NOTOK OT €NEKTPOHH, (POPMHPaAH B €NEKTPOHEH JbY, Ce U3MO0J3Ba 32 npeobpa-
3yBaHe Ha €JIEKTPHYCCKUTE CUTHAIM B CBETJIMHHH. [IpH TAX ce ochbluecTBsABa npeobpa-

3yBaHe Ha MHpoOpMaluaTa B M300paxkeHne, HaboAaBaHO BBB BUX Ha rpaduKa, TEKCT,
KapTHHA U JIp.

Que. 8.1. Enexmponnonvuesa mpvba

ITo dyHKIMOHANHO NpeAHa3HaYEeHHE ENEeKTPOHHONBYEBUTE TPHOM Ce pa3lensT
Ha CJIeJIHUTE BUJIOBE:

® OCHUJIOCKOINHH, KOHTO CJIyXXaT 3a H3cJi€iBaHe Ha NEPHOAHYHH U HEIIEPHO-
JAYHH IIPOLECH,

® UHIUMKATOPHH, NpEeAHa3HAYCHH 32 PErucTpanug Ha CPII"H%U]PI;
¢ KHHECKOIIH — [IPHEMHHU TCJICBU3MOHHH Tp'BGH.
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8.1.1. Ycrpoicreo Ha ENT

EnextpoHHONbYEBaTa Tphba C€ CHCTOU OT ENEKTPOHEH NPOXXEKTOpP, OTKJIOHH-
TeNHa cucteMa | expaH (¢wur. 8.2).

B expana Ha EJIT ce u3non3Ba SABJICHUETO KAmMOOHA JYMUHECYEHYUSL, KOETO ce
M3pa3sBa B CBETCHE Ha HAKOM BelIecTBa (HapeueHM Jymuxogopu) npu 6ombapaupa-
HETO UM ¢ eeKTpoHH. 110 To3M HauMH KMHeTHYHATa CHEPTHUs Ha CIEKTPOHUTE ce Tpe-
00pa3syBa B CBETJIMHA C JBJDKMHA HA BBIHATA BHB BUUMUS CIIEKTHD.

ExpansT Ha EJIT ce dpopmupa oT ThHEK ClIOH TyMHHOGOD, HAHECEH HA JHHOTO
Ha cTbKJIeH OanoH. KaTo nymuHOQOpH ce M3Moa3BaT NMHKOB cyndun (ZnS), MHHKOB
cumukat (Zn,Si0,), kamueB Bondpamat (CaWO,) u ap. B 3aBucHMOCT OT chCTaBa Ha
JymMaaodOopa MOXKeE Aa ce ITONYy4H CBETEHE B Pa3IMYEH IBAT.

EnexrpoHeH NpoxexTop OTKIOHUTENHA CHCTEMA
e e
- — - e Expan
Benenron

mumuEIEp A, A

[N

Karon

OromnneHue

- +

Y-IDL1tactuuu

3axpanBario Enexrponen mp4
HaIlpe)KeHHE

Que. 8.2. Yempoticmeo Ha ocyunocKonHa enekmpoHHONbYEe8a mpvba

ENeKTpOHHHAT MPOMKEKTOP CIY)XH 332 Ch3AdBaHE Ha eNEKTPOHHHSA JIbY U 32
HEroBoTO (OKycHpaHe Ha eKpaHa. EnekTpoHHOmpYeBMTE TpBOM MoraT ga OwaaT ¢
enexmpocmamuyHo WM enexmpomazhumno ¢okycupane. Ha ¢wur. 8.2 e moxasan
€IEKTPOHEH MPOXKEKTOP C eNeKTpocTaTHYHO GokycupaHe. Toil ce chCTOM OT KaTof,
yTpaBJsgBaL] eJeKTpo] (BEHEATOB IIMIHHIBD) U IBa AaHOAA.

Kamoovm npepncraBnsiBa HUKENIOB UIMHIBP, B KOMTO € IIOCTaBEHa Harpesa-
TEeJIHa HULIKA 3a noArpssaHero My. C yBennuaBaHe Ha TeMIlepaTypara eJeKTPOHH OT
MeTajna ro Hamyckar. ToBa sBIIEHHE ce HapH4ya mepmoenekmponna emucus. Ilpu xa-
TOMM OT YACTHU METaIM MHTCH3WBHA EMICHS C€ II0JIyYaBa NP TeMIlEpaTypa Ha KaToa
HAKONKO XWIISAH Tpajayca.

Ynpaenasawusam enexmpod (BEeHENTOB HUIHHIBD) NPEICTaBiIsBA HUIHHILD C
oTBOp (AMadparMa) ¥ CIIy>)KH 3a peryJidpaHe Ha SpKoCTTa Ha CBETIIMHHOTO IIETHO BBp-
Xy ekpaHa Ha TpbbaTa. YNpaBisBalUIMAT €JNEKTPOA MMa OTPHLATENEH MOTEHIMAl
cnpaMo karoja. Upe3 M3MEHEHHE Ha NOTEHLHMaNa My Ce perylIupa KOIMYECTBOTO
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eJIeKTpOHHU B Jibua. IIpH OIpesieieHo HaNpEeXXEHHE HUTO elIMH €IEKTPOH HE MOXE Ja
npeogoJiee CIMPAIIOTO TI0JIE HA YNPAB/IABALIKMS €NEKTPO] H TphbaTa ce 3amymuBa.

Anoodume A} 1 A, ca M3NIBIHEHH KaTO LWIMHIPH C Pa3INYHU AxuameTpH. Ha Tax
€ TI0/laBa BHCOKO TIOJIOXKHUTENIHO HalpexeHue CIpsAMO KaTofa (IIOJIOBHH KUJIOBOJT Ha
A} ¥ HAKOJIKO KHJIOBOJTA Ha A»). [IpeaHasHaueHHeTo Ha A € na POpMHpa ENEKTPOHEH
CHOII H Jia To (OKycHpa, a Ha A, — a2 YCKOPHU €NIeKTPOHHUTE M []a UM IpUAaJie A0CTa-
THYHA KMHETHYHA EHEPrHs 32 Bb30Yk/laHe M CBeTeHe Ha nyMuHodopa. Upe3 n3mene-
HYE Ha HAPE)KEHHUETO Ha IIBPBY aHOJ| CE IPOMEHS CTOMHOCTTa M KOHGUTypanusaTa Ha
TI0JIETO, @ OTTAM M MECTOIONIOXKEHUETO Ha (okyca. [Ipu ToBa Ha ekpaHa ce mosry4yasa
CBETJIO NIETHO C MAbK JHaMEThP.

OTKJIOHUTETHATA CHCTeMa CIIYXKH 1a OCHTYPU IIPEMECTBAHETO Ha JIb4a B JBe
B3aHMHOTIEPIIEHANKYIAPHH IMMOCOKH. TS ce CBCTOM OT ABe ABOWKH OTKJIOHSBALIU
mactuad — X-X u Y-Y. Ako Ha BCAKa JBOiKa Ce MOJajie MOCTOSHHO HalpeXeHHe,
eJIEKTPOHHMAT JIbY CE OTKJIOHABA KbM IUIACTHHATA C IO-TIOJOXKUTENIEH TOTEHLHAII.
Koraro Ha niacTuHHTE ce MOoAajie MPOMEHIUBO HAlPEKEHUE, IPEMECTBAaHETO Ha MeT-
HOTO IO eKpaHa oOpa3yBa CBETEIla JHHHA.

3a na He ce HapyIu GOKyCHpaHETO Ha J1b4a, MOTEHUHAIBT MO 0CTa Ha Tphbata
MeXIy OTKIOHMTEIHUTE IUIACTHHH TpsAOBa na ObJe paBeH Ha NMOTEHIMana Ha BTOPU
anoz. 3a Ge3omacHa paboTa € HeOOXOAUMO TUIACTHHUTE Ja ca 3a3eMeHH (Ja MMar Io-
TEeHIMaJIa Ha WacuTo). ETo 3a1o BTOpUAT aHOX ce 3a3eMsBa, a OCTAHAIMTE ENEeKTPOIH
MMar OTpULATENEH NMOTEHUMaN N0 OTHOUIEHHWE Ha Hero. XapakTepHa O0COGEHOCT Ha
3aXpaHBaHETO Ha TO3W BUA TPHOH, € Ue ce 3a3eMABa MOJOXKHUTEHUAT MOJIIOC HA 3aX-
paHBaILUA TOKOM3TOYHUK.

Benukn nymuHOGOpM ca AHENEKTpHUM M NpU eNeKTpoHHa OGombapAumpoBka
BBPXY TAX MOXE J]a C€ HaTpyIa OTpULaTeNeH 3apsl, KOHTO fa ch3faje CIMpAIIo Mojie
U J1a HAMaJIM APKOCTTA HAa CBETEHE. 3a Jia He NPOsABHU To3U edekT TpsadBa 6posAT Ha mo-
NaZHaJINTe eJEKTPOHM Jia € paBeH Ha Opos Ha OTBeJEHHUTE. 3a Jia ce NpeNoTBpaTH Ha-
pymaBaHata Ha HopManHara paboTa Ha Tpp0aTa, HeilHaTa BBTpeEIIHa MOBBPXHOCT Ce
TIOKpHBA C €JIEKTPONPOBOJALL CIIOH OT rpadHT, KOHTO ce CBBP3Ba C BTOPU aHOA. To3u
CJIO# MPUBJIHYA BTOPHYHHTE EJIEKTPOHH, H3OUTH OT eKpaHa, ¥ TaM He ce HaTpymBa OT-
pULaTeNieH 3apsa.

IIpu EJIT ¢ eaexkmpomaznumuo ynpaenenue GOKyCUPaHETO HA JIbYa CE OChIIEC-
TBSIBA OT MAarHUTHOTO Iolle Ha ¢okycupaniure 606unn (ur. 8.3a). Usmenennero Ha
NOCTOAHHUA TOK Ha 600MHHTE AOBEXIA O MPOMAHA HA MOJIETO U OTTaM U Ha (oKyc-
HOTO Pa3CTOSHME.

VYIpaBleHHETO Ha Jb4Ya CE€ OCBHIIECTBABA CBIIO C 08a YuUpmMAa OMKIOHUMENHY
606unu. Te cb3naBaT MarHUTHH [0JIETA, CHJIOBUTE JIMHUM Ha KOMTO Ca B3aHMHOIEp-
neHauKyIapHy (our. 8.36). CrueTapaHETO HA MATHUTHO OTKJIOHEHNE C MarHUTHO (o-

KyCHpaHe BOAM N0 TOJIy4aBaHETO Ha TPEOM C rojisaMa pasfieNnuTeNiHa CIOCOOHOCT U
roJsiMa SIPKOCT.
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Benenros
UUIHHABD

Oro-
ILICHHE
Karon
Enexrponen ®okycupamm
TBY 606uHH
a) 6)

Quez. 8.3. Enexmponnonvuesa mpvba ¢ eneKmpomazHumHo ynpasnerue
a — ycmpoiicmeo; 6 — omknonsgawu 606unu

8.2. MNonyyaBaHe Ha nsobpaxkeHne Ha ekpaHa Ha EJIT

Haif-gecTo OCIIMIOCKONHUTE TPHOHM Ce M3NON3BAT 32 U3credsane Ha popmama
HQ NEPUOOUYHO USMEHAUYO Ce HANPECEHUE 8b8 BDEMEMO.

Be3 curHany Ha OTKJIOHABALIWTE MJIACTHHH BhpXy ekpana Ha EJIT ce monyyasa
IIETHO ¢ APKOCT, OIpefieNieHa OT HaNpeXEHUEeTO Ha ympaBiasBamms enekrpod. Jobpe
¢dokycHpaHo, IETHOTO ce MPEBPBHIIA B CBETEIa TOYKA BBPXY ekpaHa (¢ur. 8.44).

AKO Ha BEPTHKAJTHHUTE OTKIOHABALIM IUIACTHHM Ce IOJaJie HampexeHue (Ham-
pUMep CHHYCOMAITHO), MOJ JeHCTBHE Ha TOBA HANPEXXEHHE JIBYBT Ce NIPEeMEecTBa Ha-
rope HaJjoJly IO y-OcTa Ha eKpaHa Ha Tpbr0aTa, ouepraBaiiku BepTUKaIHa JTUHUA ((ur.
8.46) npu nuIIca Ha XOPU3OHTAIHO OTKIOHEHHE.

4 4 A

a) 6) 6) 2

Due. 8.4. Hzobpascenun na expana na EJIT
a — céemna moyKa evpxy expana 6e3 Xopu3oHmManHo u 8ePMUKAAHO OMKIOHEHUE;
6 — eepmuxanna MUKUA, NOiy4eHa b6e3 XOPUIOHMARHO OMKIOHEHUe;
8 — XOpU3OHMANHA NUHUA, NONYYeHa 6e3 6epMUKATHO OMKIOHEHUE;
2 — cuHycouda, nony+eHa npu 6ePMUKAIHO U XOpU3OHMAIHO OMKIOHEHUE

Axo ce noziajie HalpeKEHNE Ha XOPU3OHTAIHHUTE IIAacTHHH, 6e3 fa e mojaneH
CHTHAJ Ha BEPTHKAIHNUTE IUIACTHHH, BbPXY €KpaHa ce HablonaBa XOpH30OHTAIHA [Tpa-
Ba JIMHM#A, 3aLI0TO JIbYBT CE NpEeMecTBa Hampel Ha3aj MO x-0cTa Ha Tphbara (ur.
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8.46). OOGMKHOBEHO Ha XOPW3OHTAJHHTE OTKIOHABAIIM IUIACTHHM Ce MOJaBa Hampe-
JKEHHE ¢ TPHOHOOOpa3Ha QopMa, KOETO OTKJIOHSABA JIbYa B XOPU30HTaJIHA NOCOKa. To-
Ba HalIPEXXEHHUE ce HApU4a Pa3eusxa.

3a na ce Habn0AaBa M3MEHEHHWETO HA M3CIIEBaHUsA CHTHAN BEB BPEMETO (T. e,
Ha eKpaHa Ja ce MOJIy4H CHHYCOHJa, a He NpaBa JIMHMA) € HE0OX0AMMO TO3H CHMIHan
da ce moJaje Ha Y — njacTHHHTE, a Ha XOPH30HTAIHO OTKJIOHABALIUTE IIACTHHHU ce
mozfaBa pa3suBkaTa (dur. 8.5a). B pe3ynTaT Ha eJHOBPEMEHHOTO NEHCTBHUE HA IOJe-
TaTa Ha Pa3sBMBAILIMA M W3CNEBAHHsA CHUTHAI BBPXY €NEKTPOHHHA JIBY, Ha eKpaHa ce
oJly4aBa pasrbHATa BBB BPEMETO JUarpama (OCLiorpamMa) Ha U3CIEeABAHUA CHHYCO-
yaaneH curaan (¢ur. 8.56).

Yl
X, N X,
Y 2
'V—0 o—
Uk
/_\/\

a) 6)

Quea. 8.5. opmupane Ha usobpascenue Ha expana Ha EJIT
a — cuznanu, nooasanu Ha X u Y naacmunume; 6 — nonyyasane Ha ocyunozpama Ha ekpana

3a 1a ce MONyYH HEMOABKXKHO M300paxceHHE Ha €KpaHa, € He0OXOAMMO MepHo-
IBT Ha HAalpPEeXEHUETO Ha pa3BUBKaTa Ip A2 € LAJI0 YHUCIIO IBTH MO-TOJISAMO OT NepHo-
Ja Ha U3CJIEABAHOTO HanpexxeHue I¢ — T. €. HAIPEXKEHUETO Ha pa3BHBKa TpAOBa Ja ce
CHHXPOHHU3UpA ¢ 4ecToTaTa Ha u3cneaanus curan (Tp = nTg). ‘

3a eqHOBpeMEHHOTO HabroaBaHe Ha HAKOJKO MPOTHYALX BHB BPEMETO IPO-
eca ce M3MON3BaT MHOTOIbYeBH TPbOM. Te3n TppOM UMAT HAKONKO HE3aBHCHMO
YIpPaBIsABaHM €NEKTPOHHM I1bYa M oOml expad. Hailt-romimo pasnpoctpaneHvne MMat
08ynv4esume OCUMIOCKONHH TPBOU. Beekn by MMa COOCTBEH €IEKTPOHEH MPOXKEK-
TOp U CHCTEMa 3a OTKJIOHEHHE.

JsynwueBure EJIT mo3BosnsiBaT AMPEKTHOTO HaONIOAEHHE W CpaBHEHME Ha JBa
cursaia. Te HaMupaT MMPOKO NMPHIOKEHHE B MEIHLIMHCKU €NEKTPOHHHU anapaTty, Tpu
NPOEKTHPAHe U JUATHOCTHUHPAaHE Ha HEM3NPABHOCTH B €IEKTPOHHO 000pyABaHE U JAp.

8.2.1. Uzo6paxeHuns 3a cpaBHABaHe Ha YecToTa U pa3aTa Ha ABa
CUHycouaanHu curHana

Korato ce uskmoun ppTpeimrHaTa passuBka Ha EJIT u Ha XOpH30HTAIHATA OTK-
JIOHHUTEJIHA CHCTEMA CE NOJA/E APyl CUHYCOMOANEH CUTHAlI, Ype3 NOJyYeHUTE Ha eK-
paHa M300paXkeHus, € Bb3MOXKHO Ja ce m3MepHd (a3oBara pa3inMKa H OTHOLLEHHETO
MEXIY YECTOTHTE Ha /BaTa CHrHaia. Ml gBsara cHrHana, MOJaJieHH BHPXY ABETE OTK-
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JIOHWTENHYU CHCTEMH, TPAOBa Jla UMAT €IHAKBU aMIIMTyxu. IlomyyeHure Ha ekpana
n300paxKeHNs ca U3BECTHH KaTo Kpuey Ha Jlucasicy.

Ja mpeanonoxumM, 4e BaTa CHHYCOMIAJIHN CUIHAJIa IMAT €HA W ChILA YECTO-
Ta ¥ €IHAKBH aMILIMTyaH. B 3aBHCHMOCT OT da3oBaTa pasnuKa MEXIY TIX Ha eKkpaHa
ce Toly4aBaT N300paXkeHus, oKa3aHu Ha ¢ur. 8.6.

N7/

180° 135°

Quz. 8.6. Kpusu na Jlucaxcy 3a cpasHenue Ha d)asoewz CECY Meo/cay
084 CUHYCOUOQNHU CUZHANA C EOHAKBYU YeCMOomu

KoraTto curHansT, mofajeH Ha BEPTHKAIHO OTKIOHUTEIHATA CHCTEMA, MMa To-
rojiiMa 4ecToTa OT Ta3W Ha CHTHalla BHPXY XOPH3OHTAJHO OTKIOHABAIllaTa CHCTEMA,
Ha eKpaHa ce [ToJy4JaBaT M300pakeHHs KaTo nokasaHuTe Ha ¢ur. 8.7. BposaT Ha 3aTBO-
pEeHNTE KOHTYpPHU NOKa3Ba ChOTHOIICHNETO ME)Ky YECTOTHUTE HAa CUTHAIMTE BBPXY Y H
X mnounte — fy U fx CHOTBETHO.

JBa xoHTYpa Tpu xouTypa Tpu konTypa
Enun Epan __ Jlsa
KOHTYP KOHTYp KOHTYpa
L _gn 3:1 £y

Due. 8.7. Kpusu na Jlucasicy 3a cpasgrenue na uecmomume Ha 08a CUHYCOUOANHY CUZHaNd

8.3. UBeTHn nsobparkenna

Heiicteuero Ha EJIT 3a uBeTHH H300paxkeHUs ce OCHOBaBa Ha (akTa, 4e BCEKH
LBAT MOX€E Ja ObJe MoMydeH upe3 MOAXOMALI0 CMECBaHE Ha TPUTE OCHOBHHU CIIEKT-
panHK uBATa — YepBeH (R), 3eneH (G) u cun (B). EJIT 3a usetHo u3zobpaxeHne UMat
TPY HE3aBUCHMU MPOXKEKTOpa — IO €AMH 32 BCEKH OT OCHOBHMTE LBeToBE (dur. 8.8),
KOHMTO Ch3JaBaT TPY HE3aBHCHUMH YIPaBIABaIlM Ib4a. Te Mafar Ha eHO U ChII0 MiC-
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TO BBpPXY THHKAa METallHa Macka ¢ MHOXECTBO OTBOPH. EKpaHEBT ce ChCTOHM OT roisaM
Opoii KJIETKH, ChOTBETCTBall Ha Opos Ha OTBOPHTE B LIBETOpa3J/elMTENHATa MackKa.
Besika knetka (Tpvama) o0XBaia TpH KPBIVIM €eMEeHTa JTyMHHO(OD, CBETEIIH IO
JeHiCTBHE Ha ENEKTPOHHA 6OMOapIMpOBKa B UEPBEH, 3€/1€H WU CHH LIBAT.

OTKJIOHHTENHH
000HHN Macka
TIpoxxexropn i
3a YepBeH, 3eleH ; Expan
H CHH LBAT %m
T
Tpuana

B—1 :
1
1
i
1
1

Tiymurodopr Buguma 30na
IlenTsp Ha €JIEMEHTH

Ha €KpaHa
OTKJIOHCHHC

Due. 8.8. Yempoiicmeo na EJIT 3a yeemno uzobpasicenue

EnexTpoHHUTE NBYM, U3IBUBAHU OT BCEKH MPOXKEKTOp, ce (OKycHpaT Ha Io-
BBPXHOCTTA Ha MacKara, clic]] KOeTO OTHOBO ce pa3oKycHpaT, 3a Jja IONaHaT Ha OIl-
peneneHo MACTO Ha eKpaHa BBPXY KOHKpETEH LBAT OT TPUTE OCHOBHHM LBATa (¢ur.
8.9a). B 3aBHCHMOCT OT pa3IM4YHATE CHOTHOLICHHUS Ha HHTEH3MBHOCTTA Ha TPUTE LBS-
Ta ce IOJy4YaBa pe3yaATaTHUAT UBAT. Ilopamy mankuTe pasMepH Ha CBETELUUTE elle-
MEHTH OKOTO BB3MpUEMa CyMapHOTO CBETEHE Ha BCAKa KIETKa. [1oJyuyeHHAT pe3y-
TaHTEH LIBAT 3aBUCH OT HHTEH3UBHOCTTA Ha €JIEKTPOHHMSA JIbY Ha BCEKH MPOXKEKTOP.

EnHoBpeMEHHOTO JBIKEHHE Ha TPUTE JbYa Ce M3BHpLIBA OT 00LIa MarHWTHA
OTKJIOHUTEIIHA CHCTEMa, KaTo C TPH JOIBIHUTEIHN CHCTEMH JBYHTE ce QOKYCHpAT B
eHa TOYKa IO IUIOIITa Ha MacKaTa. B 3aBUCHMMOCT OT THIIa Ha MacKaTa M pasrnolioxe-
HWETO Ha TPUTE ENEKTPOHHH MPOXKEKTOpa W JYMHHOGOPHHTE €JIEMEHTH KOHCTPYK-
THUBHO ce pasnuuaBar aBa Tuna EJIT — ¢ kpvanu omeopu na mackama, Kpbriv nymu-
HOQOpHHN eJeMEHTHM W pasNoJIOKEHHEe Ha TpUTE NpokeKTopa moj Brea 120°% c
8epMUKANHO Usme2ieHyu Omeopu, ¢ BEPTHKATHU JIYMUHOGOPHHN UBMLH U JIMHEHHO pa3-

MOJ0XXEHHE Ha MPOXKEKTOpHTE. Te3H KOHCTPYKTHBHA BapUAHTH Ca IOKa3aHH Ha (.
8.9a v Ha ¢wr. 8.96.
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8.9. Expan na EJIT 3a yeemno usobpaoicerue
a — eKpan ¢ Kpveau IyMuHopopry enemenmu; 6 — eKpan ¢ 6ePMUKATHY UGUYU 3A YBAM

8.4. NapameTpu Ha ENT

BaxxeH napamMeThp Ha eJIeKTPOHHONbYEBUTE TPHOH € TAXHATA YYBCTBUTETHOCT
K. Ts noka3sa KOJNKO MWJIMMETPA IIE Ce NPEMECTH JIBYBT BbpXy ekpana Ha EJIT mpu
M3MEHEHHE Ha HaNpeXeHHeTO Ha OTKIOHABaumuTe TiacTHHH ¢ 1 V. Ilpu Tpubu c
€NIeKTPOCTATHYHO OTKIOHCHHE

8.1 K=
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kbaeTo Uy € OTKIOHABAIIOTO HAMpEXeHUe, I0JaeHO Ha IJI0YHTE, /2 € OTKIIOHEHHETO
Ha JIb4a BBPXY ekpaHa, U,, — HanpeXXeHue Ha BTOPH aHOJ, | — IMPOYMHATA HA OTKIIO-
HHUTEJTHHTE IIACTHHH, d — Pa3CTOSHUETO MEXAY TAX, L — pa3CcTOIHUETO OT cpelara Ha
OTKJIOHHTEIHHUTE II04H 10 expaHna (¢ur. 8.10).

Ekpaun
Duz. 8.10. OmknoHenue Ha 1bYA 6bE 6EPMUKANHA NOCOKA

HpPI MAarHMTHO OTKJIOHCHHEC YYBCTBHTCIIHOCTTA Ha Tp’LGaTa C€ onpeaci oT:

h IL
8.2) K=—=03—,mm/V,
( H \/UaZ

KBIeTO H € HHTeH3UTEThT Ha MAarHUTHOTO IOJIE, a [- AHaMETBhPBT HA 6o6unuTe.

& lpumep

,D;a ce 00ACHM KOV OTKJIOHUTEJIHM MJIaCTHHH MMaT NMOo-ToJAMa YYBCTBUTEIIHOCT —
TE3H 32 XOPU3OHTAIHO WU BEPTHKAJIHO OTKJIOHEHHE.

PeweHue

Y-nnacTuHUTE ce HaMHpaT Mo-O1M30 MO YCKOpABALIMA aHOJ U CJIeJOBaTeIIHO
mo-ganede oT ekpana. Ot (8.1) ce BikIa, 4e KOJKOTO NO-TONAMO € Pa3CTOSHUETO Ha
OTKJIOHUTENIHUTE IIACTHHM 0 eKpaHa L, 4yyBCcTBHTENHOCTTA HapacTBa. CieoBaTeli-
HO YYBCTBUTEJHOCTTA HA Y-NIACTMHHUTE € NO-roJIAMa OT Ta3u Ha X-IJIacTHHHUTE.
ETo 3am0 Ha TAX ce mMoAaBa M3CIeJBAHOTO HaNpeXxeHHe, 2 Ha X-MIACTHHHTE —
HaNpeXKeHHETOo HA pa3sBMBKa.

@& lMpumep

I[a ce 00SCHM KOM OTKJIOHHTENIHH IUIACTHHH UMaT MO-ToJiiMa YYBCTBHUTCIIHOCT —
TE3H C €JICKTPOCTATHYHO HJIN C MATHHUTHO OTKJIOHECHHE.

PeweHue

H3passT (8.2) moka3sa, 4e OCBEH OT KOHCTPYKTUBHMTE pa3sMepH, UyBCTBUTEN-
HOCTTa Ha TPBOWTE C MarHUTHO OTKJIOHEHHE 3aBHCH OT KOpeH KBaJpaTeH OT Harmpe-
)KCHHETO Ha BTOPH aHOJ, T. €. B 0-MaJIKa CTEIeH, OTKONKOTO MPH eNEKTPOCTaTHYHO-
TO OTKJIOHEHME. [IpH TAX MoXe Ja ce Moly4d OTKJIOHeHHe Ha Jpua no 110°-120°,
KOETO € YETHPH IIbTH IO-TOJNSAMO OT TOBa NpH €NeKTpocTaTH4HOTO. ETO 3a110 B Ku-
HECKOIIUTE Ce W3I0A3Ba MarHuUTHO oTiioHenue. Hapen ¢ toBa mpemumcreo EJIT ¢
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MarHuTHO OTKJIOHEHME MMAT OIpEAeNEeHN HEeOCTaThLH, CHCTOALIM CE B HO-TOIIMATA
Maca Ha KHHECKOIa U No-roJiiMaTa KOHCYMHpaHa MOLHOCT Ha OTKIIOHMTEIHUS OIIOK.

sIpxocT Ha cBeTeHe B — cuiara Ha CBETIMHATA, U3MbYeHa oT 1 m’. SIpkocrra
MOXe [a C€ YBEJIMYM KaTo CE€ YBEJIMYM IUITbTHOCTTA HA TOKA B JbYa U HANPEKEHUETO.
Ipu yBenuyaBaHe Ha IIBTHOCTTA Haa 100 pA/cm® obaue ce HapylIaBa TMHeHHaTa 3a-
BHUCHUMOCT MEX(y Hesl M ApKOCTTa U ce BJIOIIaBa POKYCHpaHEeTO Ha nb4a. OCHOBEH Ha-
YHH 3a MOBHIIABAHE Ha APKOCTTA Ha OCLMJIOrpaMaTa € H3I0J3BaHEeTO Ha BUCOKH HaIl-
PeXXeHHus.

BpeMe Ha mocjiecBeTeHe — ONpPEAe ce OT HHTEpBaja, Ipe3 KOKWTO SPKOCTTa Ha
CBETJIOTO IIETHO ClIe]| MpeKpaTsaBaHe Ha Bb30YxaaHero My Hamanssa 100 netu. B 3aBu-
CHMOCT OT TO3H [TapaMeThp JYMHHOGOPUTE Ce pa3feisiT Ha CICIHUTE IPYIH: C MAJIKO —
107-107% s, cpemno — 0,01-0,1 s u ronamo — Hax 0,1 s BpeMe Ha IOCIECBETEHE.

CnexTpa/JiHaTa XapaKTepUMCTHKAa Ha JyMHHO(Opa JaBa 3aBUCHMOCTTa Ha
eHepruira Ha W3JIb4eHaTa CBETJIHMHA OT JB/DKMHATA Ha BbJIHATA. AKO MAKCHMYMBT Ha
JyBCTBUTEIHOCTTA Ha YOBEIIKOTO OKO € B 3€JIeHaTa 4YacT Ha CIIEKThpa, XKENaTelHo €
H3/IbYBAHETO HA EKPaHMTE, IPeHa3HAYCHH 32 BU3yalHO HabmoleHuE, Ja € MIMEHHO B
Ta3n o6nacT Ha cnexkrbpa. Haif-uecTo 3a Ta3u Len ce M3MoN3Ba ChbeANHEHUETO BHIA-
MHT (MHKOB CHJIMKAT — Zn,Si0y).

KsMm napametpure Ha EJIT ce oTHacsaT olue KoeQUIMEHT Ha CBETJIOOTIABaHE,
pasienuTenHa crioco6HOCT, KOHTPACT U Ip.

Hockopo EJIT 6sxa u3mon3BaHM KaTO HaH-pa3NpOCTpaHEHHTE M HaH-yHH-
BEpCAJIHM YCTPOHCTBA 3a BU3yalM3alyi U HAMHpaxa LIMPOKO IPUIIOKECHUE B TEIEBH-
30pUTE, MOHHTOpUTE W ocouiockonute. EnexrpoHHompuesnute TpuOH, obaue, umar
HSAKOM CBUIECTBEHH HEJOCTAaThIM — 3HAYUTEJIHO TETJIO, TONAM 00eM U BUCOKH yNpaB-
AsBalllM HalpexXeHHd. 3aToBa HANOCIEAbK Te BCE MIOBEYE CE M3MECTBAT OT IIOCKHUTE
JvcIuien, kouto B IpotuBoBec Ha EJIT ca ThHKM, MJIOCKU U pabOTAT C HUCKM Hampe-
KEHHA.

8.5. Mnockn ancnnen

B nocnenxuTe roquHU IUIOCKUTE AUCTUISHHH NaHEIM CTaBaT BCE [0-NOMYJISPHH
HOpajii 3HAYUTETHATE CU MPEJUMCTBATA, KOUTO BKIIOYBAT BUCOKO KaueCTBO Ha H300-
paXkeHHeTo, HUCKO Tersio, MalbK 06eM, HUCKAa KOHCYMallisd Ha MOLUHOCT M JIMIICA Ha
paffalMOHHO M3abYBaHe. Te HaMMpaT LIMPOKO NPUIOKEHHE B MOHHTOPH, TEJIEBH30-
pH, B LudpOBH KaMepH, MOOWITHK TeaedOHHU U Ap.

[InockuTe AMCIIEH M3MON3BAT Pa3IMYHH TEXHOJOTHM 3a BU3yalH3WpaHe Ha
1300paXkeHHsI — TEYHM KPHCTAlH, IIa3Ma MM eleKTpOlyMHUHHCLEeHuus. B 3aBucu-
MOCT OT THIIa CH OT/EIHMTE TIOCKH EKPaHH UMaT pa3iiM4yHa CTPYKTYpa U XapaKTepHc-
THKH. He3zaBucnMo ot pasHoobpasneTo cu, HaH-o01Io Te ca KOHCTPYMpPAHH OT IBE Ma-
paJIeNHK IJIOCKOCTH, Pa3iONI0KEHN Ha ONPENEIEeHO Pa3CTOAHUE €HA OT ApYTra, KOHTO
ca 3allOEHH M B CHCTEMATa Ce IOUIbP2Ka BUCOK BaKyyM.

8.5.1. lucnnen ¢ TeYHU Kpuctanu

Hucnnente ¢ teunn kpucramu (LCD — Liquid Crystal Display) ca mupoko
pasNpOCTPAHEHU MOPaJM HUCKATa CH KOHCYMalusi, MaJKO TErJlo, ThHBK MPOPUI U
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HUCKM yNpaBJIsBally HanpexxeHua. Te ce M3IOoN3BaT B NEPCOHATHUTE KOMITIOTPH, Te-
JTeBU30pUTE, KaKTO M B JPYTH ayIHO/BUAEO ycTpoiicTBa. KaTro HENMOCTATBK Ha IMCH-
JeNTe C TEYHMTE KPUCTAIM MOXE Aa Ce MOCOYM HeoOXONUMOCTTa OT BHHIIEH M3TO0Y-
HMK Ha CBETIMHA, Thil KAaTO Te CaMHTE HE M3IbYBAT, KAKTO M 3aBHCHUMOCTTA Ha
CBOIMCTBAaTa UM OT IPOMSHA Ha TeMIlepaTypara.

Tebpoume 6eujecmea ce XapaKTepH3UpaT ¢ MOCTOAHHA OPHEHTAIMA HA MOJIEKY-
JUTE CU €Ha CIpAMO Apyra B Kpuctana. [Ipu meunocmume, o6paTHO, MOJIEKYIINTE
MPOMEHAT OPHEHTALMATA CH H MOTaT /1a CE BIKAT HABCAKDAE B TEYHOCTTA.

1

TeunnTe KpUcTaau ca ocobeHa rpyma
BEIIECTBA, 3aeMallia MeXJHHHO MACTO MEeXIy
TBBPIUTE U TeyHuTe BemecTpa (pur. 8.12). Te
nMaT MOJIEKYJIApHATa CTPYKTYpa Ha TBBPAUTE
BELIECTBA M MOJIEKYJHTE UM MOIIBPXAT OPH-
€HTaluA €aHa CIIpsaAMO Apyra, KakTo Ipyu TBbp-

Duye. 8.12. Cmpykmypa Ha meyer Kpucman

ITox nmeiicTBHE Ha CJIEKTPHUICCKO [10JI€ JUITOJHUTE MOJICKYJIM HA TCYHUTE KpHC-
TaJxd U3IMCHAT OpHCHTAallMATa CH (BaB’LpTaT C€ IO pas3InY€H 'BI"BJ'I), IIpH KOETO IoIana-
HAJIUAT BBPXY TCUHHs KPUCTaAJ JIbY CBETIIHMHA C€ pa306ifma.

IIpo3payen

A Hemnpospauen
v N
<
/VJ
Vi 7
yA / i
/ - 4 LL J/
/ N V4 / V4
f vd - /
y, — / ‘ 7
C 1 CaetnuHa
BETIHMHA

8.13. Ianapusayus na meven Kpucman
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B pesynTaT Ha TOBa ABNEHME, KOETO C& HAPHYA NONAPU3AYUA, KOCDHLMEHTHT Ha TIipe-
4yNBaHEe CE€ INPOMEHS M TEYHMST KPUCTal OT MPO3padyeH B HOPMAJIHO ChCTOSHHE Ce
NpeBphIna B Hempo3padeH 3a ceeminHaTta (pur. 8.13). ToBa cBOHCTBO xaBa BB3MOX-
HOCT TeYHHTE KPHCTAJM Aa CE€ M3IOJI3BAT 33 HHAMKATOPHH LENH, 3al0TO MOCPEMICT-
BOM €JIEKTPHYECKO TI0JIe MOXKE J1a Ce KOHTPOJIHpa CTENEHTa Ha IPeMUHaBaHe Ha CBET-
JIHATA [pe3 THAX.

3a na ce BU3yanusupa HHGOpMALs ¢ TEYHH KPUCTAIH, CE H3I0/3BaT NPo3pay-
HM eNeKTPOJH, Pa3NOI0KEHH BBPXY JBE INIOCKOCTH, MEXIY KOHUTO KAaTO CaHIBHY Ce
pasmnonaraT TeYHUTE KpUCTalH. THINYHH KOHGUI'YpalUH Ha eNeKTPOAUTE ca HoKa3a-
HK Ha ¢ur. 8.14. 3a uudpoBo-OyKBEHH IHCIIIEH, H3IION3BaHK B YaCOBHULHITE U Kall-
KynaTopute, 8 U 16 CerMEHTHHTE €NeKTPoJHu ca NocTaTh4HH. OGHKHOBEHO BCHYKH
CErMEHTH Ca Pa3MoJI0XKEHH Ha eJHaTa IUIOCKOCT, a ApyTraTa CIIy>kKH 3a 0OLI eJeKTPO..

Creni6

8 cermenTa

~ ITuxcen

Due. 8.14. Tunose enexmpoodu

3a mo-cnoXHU rpadMKy U H306pakeHHA ce U3MON3BAT ENEKTPOAN OT MAaTPHYCH
tun. Te ce GopMHpaT OT JICHTOBH €NEKTPOAH, CHOTBETHO 32 pElOBETE U CTHIOOBETE,
KaTo B MACTOTO Ha ITpecH4aHeTo UM ce GopMHpa BCEKH IMHUKCEL.

Penosere u cThnb0BETE Ce CBBP3BAT KbM HHTETPATTHUA CXEMH, KOUTO KOHTPOJIH-
paT HanpeXeHHETO, MOJAAEHO KbM BCEKH MHKCE], 32 aKTHBHPaHE TEYHHTE KPHUCTAIH,
CBBP3aHU C TO3M MHUKCeN. Te3n MaTpullu ca U3BECTHH KaTO nacusHu mampuyu. Te ce
XapaKTepu3HpaT C MPOCTOTa 3a pealn3alniaTa, HO UMaT MaIKo OBp30AeHCTBHE, KOETO
3aTpyAHABA OIPECHIBAHETO Ha expaHa. [Ipu TAX OOMKHOBEHO ce aKTHBHpa HE CaMoO
U30paHMAT MHUKCEN, HO M ChCEAHHTE My, KOETO BIIOIIABA KOHTPAcTa Ha M300paXKeHue-
TO.

3a no-jiecHa anpecaiys, BCeKH MHKCeN ce CHaOasBa C aKTHBEH KIIIOY — TpaH-
3UCTOP, M3roTBeH Mo ThHKOcHoWHA TexHonords (Thin Film Transistor — TFT) (¢ur.
8.15). MaTtpuuu OT TO3M THII Ca U3BECTHHU KaTo akmueHu mampuyy. IIpu TAX JecHO ce
aZipecupa caMo €IMH IIHKCeJl, a ChIIO 3apAAbT B HETO C€ 3abpa B FeHTOBHS Kalalu-

TET Ha TPaH3UCTOpa AOCTATHYHO JBJrO BpeMe JO CACABALIMS IMKB] Ha ONPECHABaHE
Ha H300paXKEeHHETO.
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Pexn TTonnuxcenu

3a UBAT

pm——mme—mmmdq

Pen (reiit)

Enextpon  Crin6
3a DUKCEN

IIpo3pauen
€IeKTPOL
(mpeiin)

Due. 8.15. [Jucnneit ¢ axmuena mampuya om TFT mun

3a monydyaBaHe Ha BETHO M300paXKEHHE BCEKH MHMKCEN Ce Pa3aeisd Ha MOMIMK-
CENM OT TPH YacTH ¢ QHITPH, KOUTO ITO3BONABAT CMECBAHETO Ha TPUTE OCHOBHH LIBSTA
(R, G, B). 3a na ce nono6pu ynpaBJIeHHETO Ha APKOCTTa Ha H300pa)XkeHHETO, B HAKOH
KOHGHTrypalyy ce BbBeXIa AONBIHHTENEH YETBHPTH CUB NHUKCeN. Upes KOHTpos Ha
NPHUIOXKEHHUTE HAIMPeXKeHUs, MHTEH3UTETa Ha BCEKH MOAMMKCEN MOXeE La Ce U3MEHs B
256 mroaHca. ITo To3W Ha4YMH MOXE JIa CE ITOCTUTHE manera orT 18,8 Munuona BsaTa
(256 umBa vepBeHO X 266 HuBa 3eNeHO X 256 HUBA CHHBO). TaKbB AUCIUIEH H3HCKBA
orpoMeH Gpoit TpaH3UCTOpH 3a yipaslleHHeTo cd. Hanmpumep 3a THNHYEH NPEHOCHM
KOMIIOTHP ¢ paspemaeaa cnoco0HocT 1024x768 3a ynpaenenunero Ha 1024 cToi0a,
768 pena c o 3 nmoanukcena ca HeodxoauMu 2 359 296 TpaH3HCTOpa, HITOTBEHH MO
TBHKOCITOWHA TeXHOJOTHA. Bceku medexT MpH MPOM3BOACTBOTO BOAM 1O HErOAEH
TPaH3HCTOp, @ OTTaM U JI0 HEYNpaBIsAEM NHUKCEN Ha €KpaHa. 3a Jla ce YBelHYH pa3Me-
PBT Ha Oucriies TpsaOBa Jia ce yBeNNuH OpOST Ha MUKCENUTE U PECNEeKTUBHO HA TpaH-
3UCTOpPHUTE, HEOOXOAUMH 3a ynpaBieHueTo UM. JledeKTHH NpH NPOU3BOACTBOTO TPaH-
3UCTOpU JoBewAaT A0 nedekTH B m300paxkeHHeTo W 10 Opak Ha Onm3o 40 % ot
MPOM3BEJEHUTE IHUCIUIEH, KOETO JUPEKTHO BIHAC BbPXY lLleHATa Ha OUCILIEMTE C TO-
JISIM pa3Mep.

8.5.2. [TnaameHun aucnneun

Inazmenute gucnien (PDP- Plasma Display Panel) umar notenuuan ga us-
mectaT EJIT B TeneBU30puTE M MOHHTOPHTE C TONAMA IUION] HAa €KPaHa KaTo B CHLOTO
BpeMe ca C MUHHUManHa aebenuHa, B cpaBHeHHe ¢ EJIT. Te umar no-nodpu xapakre-
PHCTHKH CIPSAMO TEYHHUTE KPUCTAJIH — HO-TOIIMO Obp30AeiCcTBUE, TIO-TOMNAM BIbJl 33
HaOmoeHrne Ha H300paXkeHNETO, MO-BUCOKO Ka4EeCTBO HA BU3YaJIH3aliusd BCIENCTBHE
Ha TOBa, Y€ CaMHTE U3IbYBAT, I10-JIECHO IPOM3BOJICTBO Ha TOJIEMH TIO pa3Mep eKpaHH.
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IenTpasieH eleMEHT B MIa3MEHNTE AHCIUIEM € MJIA3MATA — ra3s, KOWTO Chabpxka
cB0OOAHY HOHM (ENEKTPUYECKN 3ape/IeHH aTOMH) U EIEKTPOHHM (OTPULIATENHO 3apelieHn
qactuuy). Koratro npes nimasmara ce nponycHe TOK, OTPULATENHO 3apeCHUTE YaCTHLIH
3aII04BAaT Jia CE IBIKAT KbM IOJIOKUTEIHHM [OJIOC, @ OJI0KUTEIHO 3apEICHHUTE — KbM
oTpuuaTenHus. IIpy ABHXEHHETO CH YacTHLUTE ce CONBCKBAT C aTOMM Ha rasa (Kce-
OH, X€JINi ¥ HEOH) U TH BH30YXKIAT, IPH KOETO c€ OTHENAT GOTOHH eHeprus. V3nbue-
HATE (OTOHH ca B YJITPAaBUOJETOBUA CIEKTHP, KOUTO Ca HEBHIMMH OT YOBELIKOTO
OKO. YNTpaBUONETOBUTE TbYH, TEHEPUPAHU OT pa3psAa Ha rasa, OT CBOS CTpaHa, Bb3-
6yxnat pocdop, KOHTO reHepupa BUIAMH JTBYH.

CrpykTypaTa Ha IUIa3MeH Juciuiel e nokasana Ha ¢wur. 8.16. Toi ce popmupar
OT JIBE NapalelIH! CTHKJIEHH IIOCKOCTH KaTo NPOCTPAaHCTBOTO MEAIY TAX CE 3aIllbJIBa
OT r'a3oBe, KaTo Xeauil, HEOH ¥ KCEHOH, KOUTO TIpeIN3BMKBAT pa3psan. CMecTa OT raso-
BE CE ChABPIKA B CTOTHLH XMJISIH MUHHATIOPHH KJIETKH, PA3MONOXKEHH MEXAY HBETE
CTBKJIEHH MI0o4H. [IBa Habopa ¢ enexkTpoaM, OpraHW3MpaHd B pefoBe U CTHIOOBE,
(dhopMuparT peleTKa Mo LAI0TO MPOTEKEHNE Ha eKpaHa.

IIpenso crerio

TInkcen
3anHO CTHKIO

R,G,B : = oy o //
,‘\ P \

TIOAITHKCCIIH

Enexrpon

Due. 8.16. Cmpyxmypa na nrasmen ducnietl

Koraro ce nomane Hanmpe)xeHHe Mexc1y ABaTa eJEKTPOAa, Npe3 ra3a B KICTKUTE
npoTuya Tok. TOKBT NpeJU3BUKBa ABWKEHUE Ha 3apEAeHH YAaCTHIH, KOUTO CTUMYJIH-
paT aTOMUTE Ha ra3a 3a U3b4YBaHe Ha YITpaBHOJeTOBH (oToHU. Te BB30yxmar doc-
¢dopa, cTUMyIMpaliky TO Ja M3ib4YBa BUAMMA CBETJIMHA. [IpHHUMNBT Ha AelCTBHE €
nofo0eH Ha TO3U BBB (IIyOPECLEHTHHUTE JIaMIIH. B TO31 CMUCEHN € BE3MOXKHO IIa3Me-
HMAT QUCIUIEH Jla ce pasriexzia KaTo eKpaH ¢ BKIIOYEHH XWISAIM MUHUATIOpHH (uryo-
pecuupaly JaMIy ¢ pa3iIHyeH LBAT.

Bcexu nukcen ce Gopmupa OT TpH OTAENHH NOANUKCESHH KJIETKH, BCAKa C
pasnuyHo ouBeTeH docdop. Exunuat moanukcen uma ¢ocdop, u3rbyBall YepBeHA
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CBCTJIMHa, a ,upyrHTe J1Ba — CBOTBECTHO 3€JICHA U CHUHSL. ‘-Ipes CMECBAHE HA TE€3HU LIBETORe
ce TI0Jy4yaBa pe3yNTaHTHUAT UBAT B IIHKCENa.

UYpe3 npoMsHa Ha TOKOBHTE UMITYJICH TIpe3 PasNHYHHUTE KIETKY, YIpaBiiBalla-
Ta CHCTEMa yBellM4YaBa MM HaMaliBa MHTCH3UTETa Ha BCEKH IOMNMUKCEIEH LBAT, Ch3-
JaBaMK{ CTOTHLM XWIAXA KOMOHHAIIMM OT YEPBEHO, 3€JEHO W CHHBO. 10 TO3U Haumy
MOraT [ia Ce MpPOM3BEAAT 1{BETOBE B LI/ CIIEKTBP.

OCHOBHO MpPEAUMCTBO Ha TEXHOJOTHATA Ha IUIa3MEHHTE AUCIUIEH €, Y€ TS 1103~
BOJIIBA [IPOM3BOJCTBOTO Ha MHOTO FOJIEMH €KPaHH, U3NOI3BANKH U3KIIOYHTEIHO ThH-
K1 MaTepHand. Y moHexe BCEeKH MHUKCeN ce 3aCBeTBa HHAMBHIYATHO, H300paKEHHETO
€ MHOT'O ADKO H HU3TJICXKOa 1106pe IIOYTH OT BCEKH BI'BJI. OCHOBCH HEAOCTATHK HA Tasu
TEXHOJIOTHS 3aC€ra € BHCOKaTa lieHa, HO C MoxoOpsBaHe Ha TEXHOIOTHATA MOXeE a ce
04aKBa, Y€ IIa3MEHHTE JUCILUIEH CKOPO Ile 3aMeHAT uansio crapure EJIT.

?’ Kowmponnu ewnpocu

1. Kowu ca 0CHOBHUTE CHCTAaBHHU YaCTH Ha €JEKTPOHHONbYEBaTa Tphba?

2. OT KaKBH €JIeKTPOJH €& ChCTOM eNeKTPOHHUAT npoxkekTop? ObscHeTe QyHKUHO-
HaJHOTO TNpeIHa3HaYeHNE Ha BCEKH OT TAX.

3. Kaksu HanmpexxeHUs ce MOJaBaT Ha OTAEIHHUTE EeKTPOIH CIIpAMO KaTtona?

4. O6sicHeTe NpeXHa3HAYE€HUETO HAa OTKJIOHMTENIHaTa cucreMa. KoM OTKIOHUTENTHH
TUIACTHMHHU UMAT M0-TOJIIMa YyBCTBHTEIHOCT M 3a1mo?

5. 3amo ce 3a3eMsBa BTOpH aHOA?

6. Kou ca npeaumMcTBara Ha miockute aucruien cnpamo EJIT?

7. Kak ce popmupa n3o6paxeHueTo B JUCILIEH C TEYHN KpHCTaIH?

8. O6scHeTe NpUHIMIA HA NCHCTBHE Ha IIa3MEHUTE ANUCILICH.

9. Kou ca pa3znukute MexAy AMCIIEUTE C TEYHH KPHCTAJIM U IUIa3MEHHTe AUCTIen?
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