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oe B annapaTtype O n 1

PYHKUMOHANBHbBIVE 3MIEMEHT, peanusyolnii OTpuLaHue:

nocbinaem 0 nocbinaem 1

| |
| |
I |
| |
| |
I I
M v

nonydyaem 1 nonydaem 0

DIEMEHT OTpULAHNA — 3TO MaTemMaTuyeckas abcTpakuus
peanbHOro obbekTa, B KOTOPbIVi MOXHO Mocb1aTh 3HadeHns 0 n 1,
N N3 KOTOPOFrO MOXXHO CUYUTbIBATbL 3HayeHus 0 un 1

» Kak BbIrnsguT 10T 06bekT?
» Kak nocnaTtb B 06beKT NOrn4eckoe sHaqeHne?

» Kak cuntaTb n3 obbekTa Iorn4eckoe 3HayeHume?



loe B annapaTtype O n 1

Kak npaeuno, undposas annapaTypa — 37O Y4EPHbIA AWMK,
copepaLlnii KOHTaKTbl, K KOTOPbIM MOXXHO NOACOEAUHUTL NPOBOAA

«— KOHTaKThbl

Mapy KOHTaKTOB (o ©) MOXHO COELUHUTL MPOBOLHNKOM

Ha nape (° o)
> BbICTaB/EH curHan (3HadveHme 1), ecnu no NPOBOAHNKY TEHET
anekTpuueckuii Tok!

1 N ne nponseonbHbIii TOK, a HEKOTOPBIN CreLndULNPOBaHHbI



loe B annapaTtype O n 1

Kak npaeuno, undposas annapaTypa — 37O Y4EPHbIA AWMK,
copepaLlnii KOHTaKTbl, K KOTOPbIM MOXXHO NOACOEAUHUTL NPOBOAA

7 =0

«— KOHTaKThbl

Mapy KOHTaKTOB (o ©) MOXHO COELUHUTL MPOBOLHNKOM

Ha nape (° o)

> He BbICTaBJIeH curHas (BbICTaBsieHo 3HadeHune 0), ecnm Tok no
MPOBOLHUKY HE TEYET



oe B annapaTtype O n 1

3akon Oma:
U=IR

» 7 — cuna Toka B NpoBOAHWKE, TO €CTb TO, HACKOJIbKO MHOIo
SJIEKTPOHOB NMPOXOoAUT 4epe3 NpoBOAHUK B €ANHULY BPEMEHN

> eAuHWLA U3MepeHus: amnep, A

> R — conpoTusieHre NPOBOAHMKA, TO €CTb TO, CKOJIbKO
YCUNUTE HYXKHO MPUJIOKUTL, YTODLI NPOBECTU KaXKAbIiA
3JIEKTPOH Yepe3 NPOBOAHUK B €4UHULY BPeMEHN

> eauHuua usmepenus: Owm, Q

> U — HanpsbkeHre MeXIy KOHLAMU MPOBOAHMKA, TO eCTb Te
caMble YCUNUS, KOTOPbIE NPUKIAAbLIBAOTCA AN NPOABUIKEHNS
3JIEKTPOHOB Yepe3 NPOBOAHNK

> eauHMUa nsMepeHus: sonbt, B, V



loe B annapaTtype O n 1

Hanbonee “ynpasnsiemblii’ napametp B 3akoHe Oma — 370
HanpsiKeHme:

> 220B — HanpsixxkeHne B po3seTkax
3JIEKTPUYECKOW CETU KBapTUPHI

» 5B — HanpsixeHue B npoeogax nutavus USB
» 12/19/...B — HanpsixeHne nuTaHnsi HOyTOyKa

» 3.3/5/12/...B — Hanpsi>keHNst KOMMOHEHTOB
MaTEPUHCKOI nniaThl

> JIOFNYECKUii HOMb 1N NIOrn4yeckas €AnHNLa, BbICTaBJIEHHbIE Ha
nape KOHTAaKTOB, — 3TO 3dadHHble YPOBHU HaNpsi>xeHus

A 41O Takoe HanpsixeHue?



HemHoro dousukun: HanpsixeHue
HanpsixeHne — 370 paboTa no nepemeleHmnio eAnHNYHOro 3apsiaa
N3 HaYabHOW TOYKMN B KOHEYHYHO

Ecnn oTbpocnTh MHOMME HIOAHCBI: HAMPSKEHNE MEXAY ABYMS
TOYKaMN — 3TO Pa3HOCTb MOTEHLMANIOB MEXAY 3TUMMN TOYKaAMU

KOpOTKO n pr60 NOHATNE NOTEHUWAaNla MOXXHO ONMNCaTb TakK:

——

(1) ()

(1): MHOrO NONOXUTENBHBIX 3aPALOB = BbICOKNI NOTEHLManN

(2): MHOTO OTpMLATENbHBIX 3aPSKOB = HU3KWIA NOTEHLMaN

Ecnn coeantnts (1) n (2) NpoBOAHNKOM, TO MO HEMY MOTEHET TOK
Yem Gonblue pasHocTb 3apsigos mexay (1) u (2),

TEM BbILLE HAMPSKEHNE MEXAY HUMU,

n Tem bonbwmii Tok ByaeT Teyb Mo NPOBOAHMKY



Vcec n GND

Y7106kl 2nekTpuyeckas cxema 3apaboTana, Hy>KHO CTOPOHHUMMU
CpeacTBaMu CO3[aTb YCAOBUS, NMPU KOTOPLIX B CXEME 1 B
MPOBOAHMNKAX, NOAKMOUYEHHBIX K CXeMe, CNocobeH Teyb TOK

ﬂﬂﬂ 9TOro AOCTAaTO4YHO MMETb ABa KOHTAKTa B CXe€ME, Ha KOTOpble
N3BHE NOABOANTCA 3aaHHOE (bl/IKCI/IpOBaHHOG Hanpsi>XeHne:

Ve
cxema

GND —




Vcec n GND

VCC1 — 3TO KOHTAKT C BbICOKMM NOTEHUMNANOM, NN BbICOKNM
HanmeeHmeM2

GND3 — 3T0 KOHTAKT C HU3KUM MOTEHLMANOM, UK HUZKIM
HaMNPsHKEHNEM, UJIN HAMPSXKEHUEM 3EMIIN

Takxe cumsonamum Vec n GND obosHavatoT cooTBeTCTBYOLLME
HanpsHKEH S

Ecnun B kKadecTBe HONEBOro NOTEHUMana B3sTb NOTEHLUMAN Ha
koHTakTe GND, 10

» GND = 0B

» Vecc = Vee - GND; 0bbivHo ans Hebonblumx uudposbix
ycrpoiicte Vec € {3.3B, 5B}

1 Voltage on common collector:

Hanps>KeHne Ha obLLE AMHUN KONNEKTOPOB TPaH3UCTOPOB CXEMbI
2 CxeMOTeXHNKN He o4eHb NobsT cnoso “noteryunan’.

MoTeHuman Toukn — 3TO HanpsiKeHNe MeXAYy STOl TOYKONA

M TOYKOli C 3afaHHBLIM HOMEBLIM MOTEHLMANIOM
3 GrouND: 3asemnenne, 3emns



Hemuoro d)l/|3VI Kn: noaynposogHMKu

COBpeMeHHbIe MWHWNATHOPHbIE LI,I/I(prBbIe CXeMbI, KaK npaBuno,
OCHOBaHbl Ha NMOAYyNpOBOAHUKAX

[NonynpoBogHnk — 3TO MaTepuas, B 3aBUCUMOCTMN OT BHELLIHUX
YCJIOBU 1 YPOBHSI MOLABAEMOrO HaMPsKEHMsI CNOCOBHbLIT BeCTU
cebsi 1 Kak NPOBOAHUK, N KaK JU3NEKTPUK

MonynpoBoAHUKM, NCMOAb3YyeMble B LPOBbIX CxeMaXx,
nonyuatotcs gobaenennem npumeceii B kpuctanisl kpemuus (Si):
pelwéTka kpuctanna Si. cxemMaTuyHoe AByMepHoe n3obpaeHue
. | |
4 —Si—Si-
L
—Gi—Si-
| |

KpucTtannuyeckuii kpeMuuii cam no cebe He oYeHb yaobHbIA
NOJTyNpPOBOAHUK: OH (KakK Mpasusio) uMeeT 4 BaNeHTHbLIX 3/1EKTPOHa,
I BCE OHU 3aKPEMJeHbl B CBA3SIX KPUCTAINYECKONR peLéTKku



Hemuoro d)l/l3VI Kn: noaynposogHMKu

B kauecTBe npumMecy MOXHO BKpanuTb B PELIETKY KPEMHUS
Mblwbsik (As):

—s|i—s|ifs|i—
—S|i—A§;S|i—
—Si—S|i—Si—

MbIwbsik MeeT 5 BaneHTHbIX SNEKTPOHOB, U3 HUX 4 CBA3aHbI
KPUCTaNINYeCcKoml peLleTKOl



Hemuoro d)l/l3VI Kn: noaynposogHMKu

B kauecTBe npumMecy MOXHO BKpanuTb B PELIETKY KPEMHUS
Mblwbsik (As):

—s|i—s|ifs|i—
—S|i—A§_;S|i—
—Si—S|i—Si—

MbIwbsik MeeT 5 BaneHTHbIX SNEKTPOHOB, U3 HUX 4 CBA3aHbI
KPUCTaNINYeCcKoml peLleTKOl

OcTaBLniics aNeKTPOH Npu HEDONBLLINMX YCUINAX OTPLIBAETCS OT
aToOMa U NepefBUraeTcsl N0 KPUCTANJINYECKON PELUETKE, U Tak
BO3HWKAET NPOBOAMMOCTb

7o nonynposogHuk n-Tuna (negative charge)



Hemuoro d)l/l3VI Kn: noaynposogHMKu

B KauecTBe npumecn MOXKHO BKpanuTb B PELLETKY KPEMHUSE
6op (B):

—S||—S|.if5||—
_SI_B.;SI_
]
—Si—Si—Si—

Bop umeeT 3 BaneHTHbLIX 371€KTPOHA, U A5 CBsi3el
KPUCTaSIJINYECKON PELETKM NCMONL3YIOTCS OHU U elwé oguH
3/1eKTpOH bopa



Hemuoro d)l/l3VI Kn: noaynposogHMKu

B kayecTBe npuMecn MOXXHO BKPanuTb B PELLETKY KPEMHUS

bop (B): | | |

—Si—Si—Si—

|. |.~'E‘:) -+
T
—Si—Si—Si—

Bop umeeT 3 BaneHTHbLIX 371€KTPOHA, U A5 CBsi3el
KPUCTaSIJINYECKON PELETKM NCMONL3YIOTCS OHU U elwé oguH
3/1eKTpOH bopa

Ha obpa3oBaBLueecsi BakaHTHOE MECTO MpW HEDOMBLUMX YCUANSAX
nepexoAnT 3JIEKTPOH C COCeAHero aToMa, U B 3TOM aTOMe
obpasyeTcs [bipka — Tak BO3HMKAET fblPOYHAsi MPOBOAUMOCTb

1o nonynposogHuk p-tuna (positive charge)



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-n-nepexon
aHog, KaTof

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-n-nepexon
aHog, l KaTof

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-n-nepexon
aHog, l KaTof
p _ |

& |-

= 1

n

N

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-n-nepexon
aHog, l KaTof
p _ |

& |-

= 1

n

k> =)

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-Nn-nepexon

aHog, l KaTo[,
P -+ n
P1r— - | - —
T E |-+ '

= 1

3necb u panbiie:  p — BLICOKUI NOTeHLMan,
Q| — HU3KUIA noTeHyunan

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-n-nepexon
aHog, l KaTof

P n
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|
|
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3necb u panbiie:  p — BLICOKUI NOTeHLMan,
Q| — HU3KUIA noTeHyunan

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-Nn-nepexon

aHop, l KaTof,
+op P 1 "
+SOT4 ——»(—j—) : r;}<——— *SO\L_
—_—

3necb u panbiie:  p — BLICOKUI NOTeHLMan,
Q| — HU3KUIA noTeHyunan

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-Nn-nepexon

aHog, l KaTo[,
P -+ n
Pl — - | - —¥
L@ -+ f

= 1

3necb u panbiie:  p — BLICOKUI NOTeHLMan,
Q| — HU3KUIA noTeHyunan

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-n-nepexon
aHog, l KaTof
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3necb u panbiie:  p — BLICOKUI NOTeHLMan,
Q| — HU3KUIA noTeHyunan

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHuoro dmsukun: agnopa

Ecnu B uenm pacnonoxuts psigoM NOAYNpOBOAHUKN N- W P-TUMOB,
TO MOXHO MOJIY4UTb HETPUBMAIBHYIO NPOBOAUNMOCT!

p-n-nepexon
aHog, l KaTof

+ + ,*‘PT—F
+ +

!
|
- |
Gr-]- -

3necb u panbiie:  p — BLICOKUI NOTeHLMan,
Q| — HU3KUIA noTeHyunan

ITO NONYNPOBOAHNKOBBIA AMOA, NPONYCKAOLWNIA TOK B OAHY
CTOPOHY 1 He Mmponyckatowuii obpaTHbIf TOK:

>



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:
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1
KONNEKTOP 6a3a aMNTTEP

970 BUNOASPHBIA NPN-TPaH3MCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:
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KONNEKTOP 6a3a aMNTTEP

P — OYeHb BbICOKWIA noTeHuwnan

970 BUNOASPHBIA NPN-TPaH3MCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:
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KONNEKTOP 6333 SMUTTEP

P — OYeHb BbICOKWIA noTeHuwnan

970 BUNOASPHBIA NPN-TPaH3MCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:

P2
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KONNEKTOP 6333 SMUTTEP

P — OYeHb BbICOKWIA noTeHuwnan

970 BUNOASPHBIA NPN-TPaH3MCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:

¥t
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P — OYeHb BbICOKWIA noTeHuwnan

970 BUNOASPHBIA NPN-TPaH3MCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:
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970 BUNOASPHBIA NPN-TPaH3MCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:
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{41 — OY4eHb BbICOKMNII NOTEHL NN
7+ — 0o4YeHb CUNbHbIN TOK
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

Ewgé bonee HeTpuBMaibHast MPOBOAMMOCTE MOY4YaeTCs,
€C/I PacnosioXXUTb NOC/ieAOBaTENbHO
MOAYNPOBOAHMKN N-, p- U CHOBa N-TUMOB:

n
KONNEKTOP 6a3a aMNTTEP
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{41 — OY4eHb BbICOKMNII NOTEHL NN
7+ — 0o4YeHb CUNbHbIN TOK

pybbili NTOr: SMUTTEP 1 KONIEKTOP COEANHEHBI MPOBOAALLM
KaHaioM < Kk base nogBef&H OOCTAaTOYHO BLICOKWI MOTeHUMa

970 BUNOASPHBIA NPN-TPaH3MCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
p-TNOB:
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D70 bunoNsApHBIT PNP-TPaH3UCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
p-TNOB:
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
p-TNOB:
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
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HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa

p-TNOB:
P
It It
— —
| o
pp— o e E

pi ' ni P

KOJIJIEKTOP 6233 aMUTTEP

D70 bunoNsApHBIT PNP-TPaH3UCTOP: @



HemHoro donsunkn: bunonsipHbli TpaH3NCTOP

AHanorunytele ceoiicTea NPOBOANMOCTN MOXXHO MOJYHWUTb,
nocnenoBaTesIbHO COEANHNB NOAYNPOBOAHNKW P-, N- N CHOBa
p-TNOB:

p
KOJIIEKTOP 6333 aMUTTEP

p

|
!
!
|
|
|
1

[pybbili NTOr: KOANEKTOP U SMUTTEP COEANHEHBI NPOBOAALLM
KaHanoMm < K ba3se noaseAéH AOCTAaTOYHO HU3KUIA noTeHuwman

D70 bunoNsApHBIT PNP-TPaH3UCTOP: @



Hemuoro donsukmn: MOI-TpaH3ucTop

MOTI-TpaH3ucTopsl (¢ MHAYLUMPOBAHHBIM KaHA/IOM) — 3TO MOJIEBbIE
TPaH3NCTOPbI, N3 KOTOPbIX ODLIYHO CTPOSTCS CBepxbonbLune
NHTerpasjibHble CXembl

MOT1-TpaH31CTOp NMEET HECKOJILKO CJIOEB:
1. npoBogsawmii 3aTBOP
> MeTann, XOTs1 celidac BMECTO MEeTaNJINYeCKOro HamnbleHns
NCNONb3YHOTCA 6onee XUTPbIE TEXHONOINN
2. OV3NEKTPUK, OTAENAOWMNIA 3aTBOP OT NOAJOXKKM
> (,EU/I)OKCI/ILI| KPEMHUA, TO €CTb CTEKO, XOTA MOryT
NCNONb30BaTbCA U APYrne N3onATopbl

3. MonynposogHunkn, obpasytoLme
nctok (amMutTep), ctok (KoniekTop) u noasioxky (6asy)

B oTanyune oT bunonsipHoro TpaH3nMcTopa, B KOTOPOM KaHasl
NMPOBOAMMOCTMN OTKPbIBAETCS NPOTEKAOW MM TOKOM, B MOJIEBOM
TPaH3UCTOPE KaHan OTKPbIBAETCSA 3/1eKTPUYECKUM MOJIEM,
CO34aBaeMbIM HaNps>KEHNEM MeXAy 3aTBOPOM U NOAJIOKKON



Hemuoro donsukmn: MOI-TpaH3ucTop

n-MOTl-Tpan3ucTop p-MOTl-TpaH3uctop

n 13 |c n 13 lc

n ! ! n P } p

] no
n| n|

Ecnn He npuHumaTh Bo BHUMaHume 3aTBop, To MOI-TpaH3ucTopsl
OYeHb MOXOXW Ha BUNONSAPHbIE TPAH3UCTOPbI, HO BCE XKE OHY
NPUMEHSIIOTCS COBCEM MO-APYrOMY:

» Ha koHTakTbl MOTll-TpaH3ucTopa He nogBoaUTCSA “oYeHb
6onbwoii noteHuman: MOTI-TpaH3uctop B uncposoii cxeme
0bbI4HO onepupyeT Tosibko noTeHuymnanammn @ = GND n
o1 = Vce



Hemuoro donsukmn: MOI-TpaH3ucTop

n-MOTl-Tpan3ucTop p-MOTl-TpaH3uctop

n 13 |c n 13 lc

n . N P P

FRREEs N Sy
n| n|

Ecnn He npuHumaTh Bo BHUMaHume 3aTBop, To MOI-TpaH3ucTopsl
OYeHb MOXOXW Ha BUNONSAPHbIE TPAH3UCTOPbI, HO BCE XKE OHY
NPUMEHSIIOTCS COBCEM MO-APYrOMY:

» ocHoBHoe Ha3HauveHue MOI-TpaHsncTopa — nepegaya
noteHumanos ¢ koHTakToB Vcc 1 GND Bo BHyTpeHHME HacTu
CXeMbl N Ha BHELUHWNE KOHTAKTbl, C KOTOPbIX YPOBHM

HaNps>XeHnA 6y,EI,yT CHNTbIBATLCA OPYTrNMU SNEKTPUHECKUMUN
cxXeMamin



Hemuoro donsukmn: MOI-TpaH3ucTop

n-MOTl-Tpan3ucTop p-MOTl-TpaH3uctop

n 13 |c n 13 lc

n . N P P

FRREEs N Sy
n| n|

Ecnn He npuHumaTh Bo BHUMaHume 3aTBop, To MOI-TpaH3ucTopsl
OYeHb MOXOXW Ha BUNONSAPHbIE TPAH3UCTOPbI, HO BCE XKE OHY
NPUMEHSIIOTCS COBCEM MO-APYrOMY:

> CAUWKOM CUbHBIA TOoK Yepes MOTI-TpaH3ucTop, Kak
MpaBu/IO, O3HAYaET KOPOTKOE 3aMbIKaHNE B CXEME, U MOTOMY
HEXXenaTeneH



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOT-TpaHsuctop
Pn ¥s Pc Pu Ps Pc




Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
GND s GND V‘cc Y3  Vec
L P
P ‘ n
Vce GND
Ecnm ¢, = Vecc/GND v Ha cTOK mam nMCTOK nojaH noTeHuuan

GND/Vce, To Mexay CTOKOM/MCTOKOM 1 MOAJIOKKOWA BO3HMKAET
Hemanblii TOK



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
GND ®s GND V‘cc Yz Vec
I I P I I
I|k---- e | It ---- ez
P ‘ n
Vce GND
Ecnm ¢, = Vecc/GND v Ha cTOK mam nMCTOK nojaH noTeHuuan

GND/Vce, To Mexay CTOKOM/MCTOKOM 1 MOAJIOKKOWA BO3HMKAET
Hemanblii TOK



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
GND ®s GND V‘cc Yz Vec
n | | n p ! ! p
I|k---- e | It ---- ez
P ‘ n
Vce GND
Ecnm ¢, = Vecc/GND v Ha cTOK mam nMCTOK nojaH noTeHuuan

GND/Vce, To Mexay CTOKOM/MCTOKOM 1 MOAJIOKKOWA BO3HMKAET
Hemanblii TOK

Takoe noBeaeHMe HexenaTenbHO, TakK Kak HasHadenue MOII-
TpaH3uCTOpa — nepejayYa NoTeHuMana, a He NoAAepXKaHue ToKa



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
Pn ¥s Pc Pn ¥s Pc
" | o | P
kp ,,,,,,,,,, AR
GND V‘cc
Ecnm ¢, = Vecc/GND v Ha cTOK mam nMCTOK nojaH noTeHuuan

GND/Vce, To Mexay CTOKOM/MCTOKOM 1 MOAJIOKKOWA BO3HMKAET
Hemanblii TOK

Takoe noBeaeHMe HexenaTenbHO, TakK Kak HasHadenue MOII-
TpaH3uCTOpa — nepejayYa NoTeHuMana, a He NoAAepXKaHue ToKa

Mostomy ¢, = GND/Vcc



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsuncTop p-MOT1-TpaHsuncTop
Yu GND ¢c Yn  Vec Pc
. o P ..F
kp ,,,,,,,,,, oo ey
GND V‘cc

Ecim ¢ = GND/Vce, To nctok u cTok M30smpoBaHsbl



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsuncTop

Y  Vec

Pc

GND

p-MOTl-Tpan3uctop

GND

Pc

Ecim ¢ = GND/Vce, To nctok u cTok M30smpoBaHsbl

Ecim 5 = Vec/GND, To ocHOBHble HOCMTENN 3apsifia MOANOKKM
OTTa/NIKUBAKOTCSl OT 3aTBOPA, @ HEOCHOBHblE — MPUTSATMBAIOTCA, W
061aCTb MEXAY CTOKOM M UCTOKOM, HACbILEHHAst HEOCHOBHBIMMN HO-
CUTENsIMN 3apsifa, BeAET cebs Kak MoJyNpoOBOAHUMK TOro XKe Tuna,
4TO M UCTOK-CTOK: 0DpasyeT KaHa/ MpOBOAVMOCTY



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsuncTop

GND Vcc

= GND

GND

p-MOTl-Tpan3uctop

Vee GND

= Vecc

Ecan ¢, = GND/Vece, a B cToke co3gaHbl YCNOBUS MOJIHOM U305
4uu, NPY KOTOPbIX MOTEHLNA MOXET JIEFKO N3MEHSATLCS HEOOTbLINM
KPaTKOBPEMEHHBIM TOKOM, TO MOTEHLMa/bl CTOKA U UCTOKA npu OT-
KPbITOM KaHaJse pUMEPHO BbIPABHMBAOTCS



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
Vece Vee  $c GI\‘ID GND ©c
n  +-_-_ -t o+
k‘_k, j_—J- ____ k—-Ff :'-:H— ____
P n ‘
GND Vee

Ecnn ¢, = Viec/GND, To mexay nctokom n nogsioxkoii obpasyercst
LWNPOKNIA p-n-nepexos



MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsuncTop

= Vec— A

Vee Vec
n Fo-_-_
S N
p
GND

Hemuoro donsukmn: MOI-TpaH3ucTop

p-MOTl-Tpan3uctop

GND GND = GND + A
P ‘ 'L_':, j',\ p
k_'r_, q‘_fl- ]
]
Vee

Ecnn ¢, = Viec/GND, To mexay nctokom n nogsioxkoii obpasyercst
LWNPOKWI p-n-nepexoq,

Ha npeogoneHne nepexoga HocuTensimu 3apsifa TpaTUTCS 3aMETHO
HEMaJsiasi SHEpPrusi, TO eCTb Ha HEM 3aMETHO MafaeT HanpsHKeHue, un
noTeHUmnanbl Y,, ©c OyayT 3aMeTHO pa3nnyaTLCs MOC/e 'BbIpaBHU-

BaHus"



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
Vce Vee = Vec— A GND GND = GND+ A
n—t j_+:,_:,:,: n P_ _'::I_":,j‘,: p
- n ]
GND V‘cc

Takoe noBefeHMe HexenaTeNbHO, Tak Kak HasHadeHue MOTI-
TpaH3uCTopa B LMPPOBOIA CXeMe — KakK MOXHO bosiee TouHasi me-
pegada noteHymanos Vcc n GND



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
GND ¥s Pc Vee  ¥s Pc
= =
n I I n p I ! P
kp ,,,,,,,,,, ; . ‘ ,,,,,
GND Vee

Takoe noBefeHWe HEXenaTeNbHO, TaK Kak HasHadveHue MOIT-
TpaH3ucTopa B LuUdpPOBOli cxeMe — KaK MOXHO bonee TouHas ne-
pegada noteHymanos Vcc n GND

Moatomy ¢, = GND/Vec



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
GND ¥s Pc Vee  ¥s Pc
= =
n n P )
kp ,,,,,,,,,, ] . ‘ ,,,,,
GND Vee

Uror. Mpu “npaeunnsHom” ucnonszosanun MOTl-Tpan3uctopa ¢, =
wn = GND/Vcc, n Bo3MOXHbI POBHO [iBa COCTOSIHUSA: KaHas 3aKpbIT
! CTOK U30JIMPOBAH OT UCTOKA, MO0 KaHan OTKPLIT 1 CTOK CBSI3aH C
NCTOKOM MOYTH WAEaNbHBIM MPOBOLHNKOM



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
GND ¢s ¥/ = GND Vee s e/ = Ve
n ! ! ! ! p
S oo ey
GND V‘cc

Uror. Mpu “npaeunnsHom” ucnonszosanun MOTl-Tpan3uctopa ¢, =
wn = GND/Vcc, n Bo3MOXHbI POBHO [iBa COCTOSIHUSA: KaHas 3aKpbIT
! CTOK U30JIMPOBAH OT UCTOKA, MO0 KaHan OTKPLIT 1 CTOK CBSI3aH C
NCTOKOM MOYTH WAEaNbHBIM MPOBOLHNKOM



Hemuoro donsukmn: MOI-TpaH3ucTop

MOMN-TpaH3ucTop B undpoBbIX Cxemax

n-MOT1-TpaHsucTop p-MOTl-Tpan3uctop
GND ¢s %</ = GND Vee ®s  pe/ = Vec
"o P
kp ,,,,,,,,,, oo ey
GND V‘cc

Tak Kak noTeHLMabl CTOKA U MOANOXKKMN Npy “NpaBuaLHOM  UCMosb-
30BaHUK PaBHbl, UX ODOBIYHO 3aMbIKAKOT MPOBOLHWKOM, U KOHTAKT
NOAJIOKKN B CXEMATUYHOM U300pakeHMn OnycKaeTcs:

L b
B B



Hemuoro dusukn: KMOI

Mpwn “npasunsHom” nenonbsosanuu n-MOT-TpaHsucTop cnocoben
nepeaasatb Hepes cebs noytu b6e3 notepb Tonbko eguHnuy (Vec),
a p-MOTl-tpansuctop — Tonbko Honb (GND)

[ns nonHoueHHol nepepaymn obonx 3Hadenmnii 0 u 1 B undpposbix
cxeMax ncnonb3syetcst TexHonorus KMOIM:!
» Co3zpaérca obuiasi noanoXka p-tuna
» B 3Ty nogsnoxky BKpanastoTcs obnactu n-Tuna — CTOKW
uctokn n-MOT1-TpaHsucropos
> [ns pasmewerusi p-MOTIN-TpaH3ncTopa B OCHOBHYO
NOAJIOKKY BCTaBAsieTCst Koslofel: obaacTb n-Tuna ¢
BKPamnJIEHUsIMU MOJTYNPOBOAHUKOB pP-TUMa
» CToKuW, NCTOKM 1 3aTBOPbI TPaH3MCTOPOB, KoHTakThl Ve, GND

N BHELWHNE KOHTAKTbl COEAUNHAIOTCA NPOBOAHNKAaMWN COrnacHoO
JNIOTNKE CXeMbI

KomnnemenTaptbie MOT[-Tpan3uctopsl



HemHoro c¢dusukn: tpaHsncropHas (bynesa)
norunka

OTpuuatue:

GND



HemHoro c¢dusukn: tpaHsncropHas (bynesa)
norunka
LLtpux LLeddepa:

flx,y)=%75
(1110)

Vcce

f(x,y)

GND



HemHoro c¢dusukn: tpaHsncropHas (bynesa)
NOrmka
TpéxaprymenTHblii wrpux LLeddepa:

f(XaY7Z):X'Y'Z
(11111110)

Vcc

L i

f(x,y,2)

GND



HemHoro c¢dusukn: tpaHsncropHas (bynesa)
norunka

KOHBIOHKL S

5

GND



O6paTHO K HOMIO U eanHuue

Mpn NpoekTUpOBaHMN peasibHbIX CXEM YHUTLIBAETCS HEMAJIO
dunsmnyecknx ToHKocTeR 1 3bdhekToB:
» Kak BbICTpo curHan pacnpocTpaHseTcs Yepes TpaH3ucTop?
» Kak dyHKLMOHAN CXeMbl 3aBUCUT OT CKOPOCTH
pacnpocTpaHenus curHanos Vec n GND?
» Hackosibko TOYHBIM JO/MKHO BbITh 3HaYeHUe Hanpshxenus Vcc,
4TobbI Cxema 3apaboTana?
» B kakux ciy4asix, rae u HaCKOJIbKO B 3/1EMEHTaX CXEMbI
nagaer HanpskeHue?
» [lpu Kaknx YpOBHSIX HAMPSKEHNSI TPAH3UCTOPbI OTKPbITbI, NpK

KaKWUX 3aKPbITbl, N HET I APYTrUX COCTOSHUI?

» Kak CUHXpOHM3MPOBaTb OTKPLITUE U 3aKPbITUE TPAH3UCTOPOB,
4TODbI B CXEME HE BO3HUKJIO KOPOTKOE 3aMblKaHNE KOHTaKTOB

Vcec nu GND?



O6paTHO K HOMIO N eanHnLe

MpoekTupoBaHme cxeMbl pa3bmBaeTcst Ha 3Tanbl, B KAXKAOM 13
KOTOPbIX PacCMaTpUBAETCs CBOI CMEKTP aHaNN3UpyeMbIX
dunsmnyecknx achpekToB 1 CBOE NpeACTaB/IEHNE CXEMbI, HANPUMEP:

» Cxema — 3TO NOAYyNpPOBOAHMKMN Ha KPUCTaNE;
paccMaTpuBaeMble 3pdeKTbl CBA3aHbI C peasibHbIM aTOMHbLIM
MUPOM

» Cxema — 3TO reoMeTpuyeckne obiactun, B KOTOPbIX
PEaNN3YIOTCS JIOMUYECKME N APYTNE SNEMEHTHI, U MECTa
pa3MeLLEeHNst KOHTAKTOB, paccMaTpuBaeMble 3heKThl
CBSA3aHbl C MPOCTPAHCTBEHHO-BPEMEHHBIM PACNpOCTPaHEHNEM
NOTeHLMaNoB

» Cxema — 3T0 rpad COeAUHEHUSI JIOTUYECKUX 1 ApYruX
3JIEMEHTOB; paccMaTpuBatoTcst 3dhPeKTLI, BbIpaXkaeMble
xapakTepucTukamu rpaca

> (CxemMa — 3TO BbICOKOYPOBHEBOE OMMUCAHNE 3aBUCMMOCTE
MEXAY BXOLHBIMU 1 BbIXOAHBIMYW JIOTMYECKUMMN CUMHaNaMu



O6paTHO K HOMIO N eanHnLe

“CxeMa — 3TO BbICOKOYPOBHEBOE OMUCAHNE 3aBMCUMOCTENR Mexay
BXOAHbIMN N BbIXOAHBIMWU JIOTNYECKNMN CVIrHaJ'IaMVI”

OaHO 13 TakMx NpeacTaBAEHN CXeMbl — YPOBHSI PEFMUCTPOBbLIX
nepesadl — ncnonbsyeTcs B A3bike onucaHus annapaTypsl Verilog

B sTom npencTaBneHnn MOXHO B HEKOTOPOU Mepe yyecTb
HeKOTOpble PU3NYECKME XaPAKTEPUCTUKMN CXeMbI (Hanpumep,
CKOPOCTb PacrnpoCTPaHEHUs CUrHaNa), OAHAKO LOCTOBEPHbIi
aHan3 PyHKLUOHMPOBAHNSI PeasnibHOl CXeMbl Ha OCHOBaHUM
Tonbko RTL-npeacraBneHns npuHLMNMANbLHO HEBO3MOXKEH

Tem He meHee, RTL-npegcraeieHne cxeMbl — 3TO TUNMYHAs
OTMpaBHast TOYKa NPOEKTUPOBAHUSA peanbHbIX CBEPXDONbLLINX
NHTErpasbHbIX CXeM

1 RTL, Register Transfer Level



KoHeu, 6n10ka 2



