IIporpamMmma u3yuyeHust 3JI€KTPOHUKHU U CXEMOTEXHUKH
Becennuii cemectp 2015/2016 yuedHOIrO0 roga

1. JIekyuonnwie u npakmuueckue 3auamus (4etepr, ¢ 9-00 B A3)

Ha caure:
HoBoe yueOHOe mocodue « AJIIEKTpOHMKA M CXeMOTeXHHUKa. YacTh 1» u

KOMILIIEKT 60 cxem.
«OnexkTpoHukay. IIpaktnueckue 3aHsaTus. Ciraligbl U CXEMBL.

2. Jlabopamopnwie pabomut (4 padotsl) B I'-111b no pacnmcanuio

3. lomawnue pacuemet (3 pacuera)
Pacuer HeIMHEMHOM LIeny ¢ U0 IaMH U CTAaOWIMTPOHAMMU;
Pacyer TpaH3uCTOPHOU CXEMBI;
PacdeT cxembl ¢ ONEpallMOHHBIMY Y CHJIUTEIISIMM.
YxkazaHue:
1. Homep BapuanTa 110 CIIMCKY TPYIIIBL;
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2. B xaxj10M 3aJaHUH yKa3aH THI KoMIoHeHTa u3 Onoanoreku TINA;
3. Ha caiite ecTh 3 BUA€OypOKa 10 BhIMOJIHEHHIO pacueToB B TINA.

B KOHIIE ceMecTpa 3a4eT ¥ PK3aMEH 110 BCEMY KypCy.
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BBeaenune
JTanbl BOBHUKHOBEHHUS M PA3BUTHA YJICKTPOHUKHU U CXEMOTEXHUKH

DJIEKTPOHUKA — 3TO HayKa O B3aMMOJCWCTBUH 3aPSIKCHHBIX YaCTHIL
(3JIEKTPOHOB, HOHOB) C AJICKTPOMAarHUTHBIMM IOJSIMA M O METOAAX CO3/a-
HUS DJIEKTPOHHBIX IPHUOOPOB M YCTPOMCTB (BAKYYMHBIX, Ta30pa3psIHBIX,
MOJIYyIPOBOJHMKOBBIX), MCIOJb3YEMbIX B OCHOBHOM JJIsS IIepejadu, oopa-
OOTKH M XpaHECHHUS HH(POPMAaILIHH.

Uemvipe ymana pazeumus 31eKmpoHUKU.

IlepBbIi 3Tanm OTHOCUTCA K KOHIY 19 Beka M CBsA3aH C OTKPBITHEM
AJEKTPOHA M PA3BUTHUEM DJICKTPOBAKYYMHOM TEXHHUKH M AJICKTPOHHBIX Ba-
KYYMHBIX JIaMII.

B 1873 rony Anekcanap HukomaeBuu JIoAbIrMH M300peil dJIEKTpUYC-
CKYIO JIaMITy HAaKQJIMBAHHUS C YTOJbHBIM CTEPKHEM.

1883 1. amMmepuKaHCKUM UHXKEHEP ToMac DAMCOH OTKPBII U OTIUCAII SIB-
JICHHE TEPMOIJIECKTPOHHOM YMHUCCUU U MPOXO0KICHUS DICKTPUUECKOTO0 TOKA
yepe3 BaKyyM.
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B 1888 r. pycckuit puszuk Anekcanap I'puropbeBud CTOJIETOB OTKPBLI
OCHOBHBIE 3aKOHBI (poTOAPPeKTa.

BaxHeuIllyr0 pojib B Pa3BUTHUM IJIEKTPOHUKHU CHITPAIIO OTKPBITHUE PYC-
ckuM ydeHbIM B 1895 1. Anekcanap Crenanosuu [lonoBeiM nepenauu pa-
JTMOBOJIH.

Bropoii 3Tan ucTOpuK pPa3BUTHUS IJEKTPOHUKU OXBATHIBAET IIEPBYIO
1oJIOBUHY 20-T0 BEKa:

Pa3paboTka W COBEPIICHCTBOBAHME JJIEKTPOBAKYYMHBIX HPHUOOPOB
(OBII).

B 1904 r. Obuta caeinaHa OpoCTEHIIAsT 08YX2IEKMPOOHAS INEKMPOHHAS
aamna — ouoo0 Jjis ASTEKTUPOBAHMS JICKTPUUECKUX KOJieOaHMI B pajuo-
TEXHUKE.

B 1907 r. u3rotoBieHa mpexasiekmpoonas iamna — mpuoo ISl yCH-
JICHUS PJICKTPUYECKUX CUTHAIOB. B Poccum mepBeie 0Opa3ibl 1aMn ObLIH
M3roToBJIEHBI B 1914—1915 rr. mox pykoBoactBoM Hukoman ImutprueBud
[Tamanekcu m Muxaun AnekcanapoBud bonu-bpyesuua. IlepBbie 35ek-
TPOHHBIE JIaMIIbl Cpa3y HAIUIM NPUMEHEHHE B 00JIaCTH paauocBs3u. B
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1918 r. HaumHaet padorath Hukeropojckas paauosnadoparopus Mmoj py-
kKoBOACTBOM M. A. bonu-bpyesuua

Tperuii 3Tan oTHOCHUTCS K KOHITY 40-X 1 Havany S0-X rojios:

OypHO€ pa3BUTHE NUCKPETHBIX MOJYIPOBOJHUKOBBIX MPUOOPOB.

B 1947 rony umxenepamu ¢pupmbl Bell Laboratories [[>xonom bapau-
HbIM, BasnibTepom bperrerinom n Brummamowm Ilokny n3o0penn nonympo-
BOJIHUKBIA TPEXAJIEKTPOJIHBIM YCUINUTENSA — OUMNOIAPHBIA TPAH3UCTOP. 3a
3TO OTKPBITHE BCE€ OHM mony4yusik B 1956 rony HoOenesckyto nmpemuro no
(usuke.

YerBepThid 3TAN C HaYas1a B 60-X TOA0B IPOIIIIOTO BEKA.

Pa3paboTka M MPAKTHYECKOE OCBOCHUEM UHMESPAIbHBIX MUKPOCXEM,
ocBoeHue Boiycka 0Oonbiux (bMC) u ceepxOonpinx (CbMC) naTerpans-
HBIX CXEM MO3BOJMIIO NEPEUTH K CO3/IAHUIO (DYHKIIMOHAIBHO 3aKOHUYEHHBIX
A(PPOBBIX YCTPOHMCTB — MHUKPOIPOIECCOPOB, YCTPOMCTB NaMATH, 00ecHe-
YUBAIOIIMX OOpaObOTKy MH(pOpPMALMK W YIPABICHUE IO 3aJaHHOM MpPO-
rpaMMe.
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B HacTosIIIee BpeMs 3JIEKTPOHMKA BKJIKYaeT B cedst 3 od1acTu
HUCCJICOBAHUM:

1. Bakyymnasn 31eKkmpoHuKa:

AJIEKTPOHHBIC JaMII (JUOJIbl, TPHO/AbI, TETPOJIbI, IEHTO/IbI U T. 1.);

OBII CBY (MarueTpoHbl, KJIUCTPOHBI U T. I1.);

(OTO3JIEKTPOHHBIE MPUOOPHI  ((POTOATIEMEHTHI, (POTOIIEKTPOHHBIE
YMHOXHUTEJIN ), PCHTT€HOBCKHE TPYOKHU;

razopaspsiHbie IpuOOpsl (MOIIHBIE ITpeoOpa3oBaTeId TOKA, UCTOUYHH-
KM CBETa, HHIUKATOPHI).

2. Teepoomenvnasn 31eKmpoHuKa,
MOJYIPOBOIHUKOBBIE TIPUOOPHI;
MAarHUTORJICKTPOHUKA,;
aKyCTORJIEKTPOHMKA U MhE303JICKTPOHHUKA.
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3. Keanmoeasn snekmpoHuka.

nprOOPhl KBAHTOBOM 3JICKTPOHUKHU (JIA3€PHBIC T€HEPATOPHI, JATbHOME-
pPbI, KBAHTOBBIE CTAHJIAPTHI YACTOThI, KBAHTOBBIC TUPOCKOIbI, CUCTEMBI OII-
TUYECKOM MHOTOKAHAJIbHOU CBS3U, YCUJIUTEIIUM MUKPOBOJIH Mas3epbl s
TaJIbHEW KOCMUYECKOM CBSA3H M PAJIMOACTPOHOMUM );

ONMO3JIEKMPOHUKA WCTIOJIB3YET ONTUYECKUE U DJIEKTPUUYECKUE METObI
00paboTKH, XpaHEHHS M Iepedadyd MHQPOpMAaIlUH, ToJorpaduio, CBETOU3-
TyYaroIlne TUOAbI, (POTONPUEMHHUKH, BOJOKOHHYIO ONTHKY, HHTErPAJIbHYIO
OIITHKY.

CXeMOTeXHUMKA — HAy4YHO-TEXHUYECKOE HaIPaBJICHUE, OXBAThIBAIO-
mee npoOJIEMbl aHAIM3a U CUHTE3a 3JIEKTPOHHBIX YCTPOMCTB PaJUOTEXHHU-
KM, CBSI3M, aBTOMATUKH, BBIYMCIUTEIBHON TEXHUKH B IIEJISAX 00ECHECUCHUS
ONTUMAJILHOTO BBINIOJHEHUSI UMU 33JIaHHBIX (DYHKIMK U pacyeTa napamer-
POB BXOJISIIUX B HUX DJIEMEHTOB.

Pa3paboTKy COBPEMEHHBIX PAAMORIECKTPOHHBIX YCTPOWCTB W CHUCTEM
VIIPABJICHUS WHXXCHEPBI BBITIOJHSIIOT, HCIIOJIb3ys KOMIIBIOTEPHBIE MPO-
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rpaMMbl CKBO3HOI'O MPOEKTUPOBaHMUA 3JeKTpOHHBIX ycTpoicTB (OrCAD,
Proteus, TINA u ap.).

I1o1ynIpOBOTHUKOBbIE MATEPHUAJIbI

[IpoBOJHHKAMM HA3BIBAIOT MAaTE€pHaNIbl, KOTOPHIC MHPOITYCKAIT JJICK-
TPUYECKHUH TOK, KOrJla K 3aKUMaM LIeIH MPUIIOKEHO HEOOJIBIIOE HAIIPSIKE-
HHUE.

Y 1enbHOE DJIEKTPUYECKOE COMPOTUBICHHUE NPOBOJHUKOB MOXKHO OIIpe-
JEINUTh SKCIIEPUMEHTAIBHO (pHUC.1.1) ¥ BBIUHUCIAIOT O (pOpMYyJIE:

2
RS Owm [CM }
p=—= = Om-cm
| cM
—— R ————
Y aenapHOe DIEKTPUYECKOE CONPOTHBIIEHUE IPO-
i -6 . —4
s Llel o , BomaukoB yexut B npenenax 10 =107 Om-cm.
/ .
sean N3 Y 1enpHOE COIPOTUBIICHUE MEIHN!

0 0 =0,017-10*Om-cm.
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XOPOINMH U30IATOPAMU SABJIAIOTCSA TUIEKTPUKHU C YAEIBHBIM COIPO-
12
tusieaneM oonbme 10 Om - cm.

K mosiynpoBOHHKAM OTHOCST MaT€pUaIbl, KOTOPbIE UMEIOT MPU KOM-
HATHOW TEeMIIEpaType YAECIbHOE CONPOTUBICHUE L B IIpelesax oT

-3 . 10
10 107 Om - cm.

Y IenbHOE CONMPOTHUBIICHUE CHJIBHO 3aBHCUT OT TEMIIEPATypPhl U C PO-
CTOM TeMIIepaTyphl HE yBEIMYUBAETCs, a yMeHbIaetrcs. [Ipu qobaBnenuu

IPUMECHU B COOCTBEHHBIN TOJYIPOBOJHHUK €r0 CONMPOTUBIICHUE CUIIBHO U3-
MEHSIETCHL.
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Y kpemHus 14 opOuTanbHBIX 3JICKTpOHOB. Ha BHeEmHENH 000710YKe
HaXoAATCS 4 BAJICHTHBIX DJICKTPOHA. Y repManus 32 OpOUTAJIbHBIX JJICK-
TPOHA, 4 BAJICHTHBIX.

Hapymenue BaaeHTHBIX CBA3€M NPUBOJIUT K OJHOBPEMEHHOMY 00pa30-
BAHUIO ITap CBOOOJHBIX BJICKTPOHOB M ITYCTBIX MECT — ABIPOK BOJIM3HU TEX
ATOMOB, OT KOTOPBIX OTOPBAIUCH IIEKTPOHHBI.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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IIpumMecHbIe MaTepHuaJIbl N- U P- TUIIOB

N-Ttumnn . OCHOBHBIC HOCUTEJIN P-Tun . OCHOBHBbIE HOCUTEJIH
3JIEKTPOHBI. AbIPKH.

_ IlaTe1ii BaneHTHBINA
3JIEKTPOH CYypPbMBbI

[IaTHBaJIEHTHBIE TIPUMECH: TpeXBaJICHTHBIE IPUMECH:
cypbMa Sb, MeIIbsK AS, pHImit In, rammii Ga,

docpop P 6op B
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JJIEKTPOHHBIA U AbIPOYHBbIN TOK
DJIEKTPOHBI U ABIPKU ABUKYTCH B IPOTHUBOIOJIOKHBIX
HANPABJIECHUAX

<—— Tok AbIpoK

Tok 351eKTpOHOB —>

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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HOJYITPOBOAHUKOBBIE /IUO/Ibl, CTABUJIUTPOHDI
N TUPUCTOPDBI

[1oynIpOBOIHUKOBBIM AUOJIOM HA3bIBAlOT MPUOOpP, KOTOPHIM MMEET JABAa BbI-
BOJIa ¥ COJIEP>KUT OJUH (MJIHM HECKOJIBKO) 3JIEKTPOHHO-IBIPOYHBIX IIEPEXOI0B.

DJNEKTPOHHO-ABIPOYHBIM MEPEXOT ITO TOHKUK CIIOM MEXIYy ABYMS 4YaCTSIMU
MOJYIPOBOJHUKOBOIO KPHUCTAJIA, B KOTOPOM OJIHA YaCTh MMEET AJICKTPOHHYIO
npoBoauMocTh (N-001acTs), a gpyras 4acTb UMEET ABIPOYHYIO IMIPOBOJIUMOCTH (P-
00J1aCTh).

a) 0)

IANeKmpoHHO-0bIPOYHBLU NePexo0 HA3bleaom P-N —nepexooom.
OJIEKTPOHHYIO MPOBOAUMOCTb HMEET, HANPUMEP, YETBIPEXBAJCHTHBIA KPUCTAJLI
KPEMHUS C JOHOPHOW MPUMECHIO MATUBAIEHTHOTO (poc(hOopa WA MBIIIbSIKA.
JIBIPOYHYIO TPOBOAUMOCTb MMEET KPUCTAI KPEMHUS C AKUEHTOPHOW IMPUMECHIO
TPEXBAJICHTHOTO UHHS.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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JlpIpKka siBisieTCsl (PUKTHUBHBIM HOCHUTEJIEM 3apsia, o0pa3yercss B KPUCTALIE HA MECTE
OTCYTCTBYIOILIETO 3JIEKTPOHA, UMEET ITOJIOKUTEIbHBIN 3apsi, PABHBIM 0 BEIIMYUHE 3aPSATy
AJIEKTPOHA.

+ u =
%) > (&
O0enuenHas
! Hbipkn ‘ 006JacTh 3HeKTp0\HH !

DD — 3 D)
SR
PP @+ D
N - 00J1acThb |

Henonsu:xunie
MMOJIOKUTEIILHBIE HOHEI

ggf@ﬂ@

CHCH)

O
/ p - obmacTh

Henoasuxubie
OTPHULIATEIIbHBIE UOHBI

Eco6CTB
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IIpuHoun padoTsl P-N —nepexoaa
B kpucramie kpemHMs, UMeEIoIeM N — o0JIacTh U P- 001acTh, B pe3yabTaTe
BCTPEYHOI'O JIBMIKEHUS IIPOTHMBOMOIOKHBIX 3apsgoB B 00JIaCTM C MEHBIIEH HX
KOHIICHTpAIME Ha IpaHUIle 00JIacTel BO3HUKAET JU(P(PYy3HBINA TOK U COOCTBEHHOE
AJCKTPUYECKOE MOoNe E operp.
Ha rpanuie pasznaena AByx o0OJiacTel MPOMCXOIUT CKAYKOOOpPa3HOE HM3MEHE-

HHE 3HaKa 00bEMHOTO 3apiaaa, BOGBHUKACT KOHTAKTHAA PA3HOCTH ITIOTCHIINAJIOB WK

Hanps>)KEHHOCTh COOCTBEHHOI'O AJICKTPUYECKOIrO IIOJISI MakKCMMajibHa WM CO3/1aeT
noreHnuansuelii 6aprep AU, npenstcrByrommii nanpHeinreMy ITpOX0sKICHHUIO
a1 Py3HOro ToKa.

Ecnu BHemHee Hanpsxkenue U ak < 0, o | oip. — |S ~ 10— 20mxA4 -

JINO/T 3aKPBbIT.
Ecm U AK 0, p-n mepexox OTKpoeTcst ¥ BO BHEIIHEH LEMH MOSBHUTCS

muddy3uonnsi Tok | ougp,» BPI3BAHHBIN ¢ @y3uerl OCHOBHBIX HOCHUTEJICH, Ipe-

0JI0JICBAIOIIMX HOTECHIIUAILHBIN Oaphep.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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BelMYMHA MOTEHIMAJBLHOIO 0apbepa COCTABJISET AJs PA3HbIX Ma-
TepuaJos ot 0,6 B 10 1,2 B.

[lomHBIN TOK IIpU OPSIMOM CMEMICHUU P-N mepexojia OmpeaciisaeTcs
ypaBHEHMEM D0epca - MoJuia:

| = |:|S(eu/<”f ~1)

np oug R
[pu Ttemneparype T = 300K rtemmnosoit morenuman @, = 25mB,

nosromy yxe mpu U = 0,18 dopmyny MoxkHO ynpocTuTs:
U
| = Ise/ .
JludpdepenunanbHoe CONPOTUBICHUE P-N IEpPEXojia MOXKHO OIpee-
Pr
(1+1,)

bapbsepHas eMKOCTh 3aKpbITOrO P-N mepexona:

JIUTH 110 opmye: I b

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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Copp(0)

S

C6ap‘\ nd
15

10

Céap(0)

U -15 -10 -5 0 v, +UB
~0,3-05 B

3aBUCUMOCTb 0apbhepHOM €EMKOCTH OT HaNPsDKEHMS MO P-N mepexoe
BoJbTamnepHasi XapaKTepucTHKA P-N mepexoaa

llonynpoeooHuKo6viM Ou0O0OM HA3BIBACTCS TOJYNPOBOJIHUKOBBIN IIPH-
00p, UMEIOIIMK ABa BHIBOAA U OAWH BBIIPSIMIISIOIIUN P-N IIEPEXO/I.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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A
I (MA)
20 + B
R
1 @ 18
! 16
E 14
12 Al
L 10
8
O6mactb 06paTHOTO O06macTh MpsIMOTO
HAIPSKCHUS 6 HAIPSDKESHUS
4 Inp A II
o | AU
|o6p Is 2 |
U06p(B) I/ Unp Unp(B)
-/I40 -30 -20 -10 0 03 0,5/0,7 1 "
/:Uo6pMaXT U o6p -0,2mMxkA U,
N P
\ I\ TemnoBoii -0,4mKA
\ npoboi

BonbTramMriiepHas xapakTepucTyuka P-n nepexoaa

B.A. Anexun. DnekTponuka u cxemorexauka. 2016.
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m

Cratnueckoe conporupienue: R = % | = tga —-
np ml
dU m
JuddepennuansHoe conporusienue: R, b d—l =19/ —
m,
25 mB
A~ —2,50m.

r&u(ﬁ — ~ o~ 4
(I+1,) 10mA4
[Tpy mporekaHuy GOJIBIIOrO TOKA Yepes P-N mepexon B 00beMe IOIy-

IIPOBOJIHMKA MAJACT 3HAYMUTEIbHOE HampsbKeHue. C yd4eToOM 3TOro BOJIBT-
aMIIepHas XapaKTepUCTUKa MPUOOpeTaeT BU;

(U—IR %
| =1, -¢e T R —Ha3bIBAIOT TOCIIEOBATEIbHBIM COIPOTHBICHHEM.

Bovicokouacmomuble 0uo0vbl NETEKTUPYIOT CUTHAJIBI HA YacTOTax A0 Jie-
CATKOB Merarepil.

Buinpsimumenvhvie O0uoodst TPU BBICOKHMX OOpPATHBIX HANPSIKCHHAX
MMEIOT HEOOpaTUMBIN TEILJIOBOM MPOOOIA.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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Jlnoawl ObiBaroT Mmaioii (0,3 Bt), cpeauneit (1o 10 BT) u 0oJbLI0M MOIII-
Hoctu (>10 Br).

IlapamMeTpsl AMOI0B:
OCHOBHBIE TAPAMETPHI BBIIPSIMUTEIBHBIX JUOIOB:
| — HOMUHAJIBHBIN MPSIMOU TOK;
U,, — OpsiMoe HaIIPSIKCHUE;
|max — MAKCHMaJIbHBIM IOy CTUMBIA IPSIMOU TOK;
U o6p.max — MAKCUMaIbHOE OIIyCTUMOE OOpAaTHOE HAIIPSIKCHUE;
| 0OpaTHBIN TOK, KOTOPBIM HOPMHUPYETCS IIPU OIPEICTICHHOM 00paTHOM
HAIIPSIKCHUU;
Rs- mmocnenoBaTeibHOE COMPOTUBIICHUE

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



CpaBHeHMeE BOJIbTAMIIEPHBIX XaPAKTEPUCTHK

KPEMHUCBLIX H I'€PMAHUECBLIX ITH0O0B

A
20 | |
18 ! | si
| : -100°C
16 Ge | /
14 | I
12 '
10 L
8 / .
ObnacTh 00paTHOTO . /' O6nacts npsMoro
HaIpsZKCHUA 6 / / HaIps>KCHUA
/7 ;
| =100 HA 2 S /]
U06p(B) // ) / .Unp Unp(B)
720 304-20_10_/ 0 0,3\0,5/0,7 T
-2MKA |y
-4MKA
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[ToporoBoe Hampspkenne repmanuesoro auona U, ~20,3B. O6par-

HBIN TOK — HCCATKH MUJIJIMAMIICP.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



JKBHUBAJIEHTHbIE CXEMbI AA0A0B

| A

D — g
2z >

a) WpeanbHblii quoa u ero BAX

U | 4

U,

_|_ —
s S

>

U
>

6) YrpolieHHas SKBUBAJICHTHAS
CXe€Ma KpEMHHEBOTO A10]1a

| A

U
>
_I_ RC.I[I/I. - /U
O b L
—> 0,7B

DKBHUBAJICHTHAS CXeMa C
KYyCOYHO-JIMHEUHOWU
arnpokcumarnen BAX
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Spice - moaeb THOAA

ITepBas Bepcus nporpammbel SPICE (Simulation Program with Integrat-
ed Circuit Emphasis) B nepeBosie o3HaudaeT «IIporpamma moaeanpoBaHus
npeaHa3HAYCHHAs 11 MHTETPAIBLHBIX CX€M») Oblla pa3paboTaHa B cepe-

auHe 70-x romoB mpouuioro Beka B Kanm@opHUICKOM YHHUBEPCUTETE
CIIA.

D1 - Diod - |
Label D1 |
Parame ters [Paramel bers)
E [Type 1N1183 o [
Temperature Relative
N Temperature [°C] 20 O
@ Area factor 1 |
Device intially OFF(DC) Mo
. Iritial voltage (TR Mot Used L]
+ VS1 5V ?_3' + Fault MHoane
O, 2 Y
- VM1
)] ; 3
¢ 0k | X cencel | % e
1
Puc.1.18

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



Symbol and Equivalent circuit

Parameters

Catalog Editor E
Madel Tolerance Model
IStandard vI * More " General

Type Maodel Parameters
Usage: General-Purpoze |
[Saturation cument 4] 36, 0n _I
N1/ Emizsion coefficient [-] 1.6
—— Zenervalkage V] 50,0
Zener resistance  [Ohm] 10,0
Parallel resistance [Ohm) 100k,
Serial resistance  [Ohm]

I, saturation current at 27 ° C Constants
V, breakdown (Zener) voltage (absolute value) g electron charge
R, breakdown (Zener) resistance k Boltzmann's constant
R resistance parallel to the p-n junction Tg27°C

Vo 1.04V

R series resistance
E; energy gap (in eV)

C

g ZEro bias junction capacitance

V, built-in potential
M, junction grading coefficient

T diffusion time constant

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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Equations
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kT

o

e 1]

25

1_ 81
ry W
Ch=— i V0 ofherwise Cp=0
D
C o T
if Vil —L 1EVW(?J
(--22]
= v
if VWVl Cse ! -
2*“1-%-(&“—%] ifVm}&
) 120 " :
P} 2 ma
C= o+ Cp

Temneparypubie 3aBucuMocT BAX
nuoma 1N1183

Vew V2
Rz
I=4i [V”] 1
=47l ex _
8 p e
Ire {exp[%} - l:|+FT EXp
80.00m— 1
60.00m
40.00m
20.00m
T=-100T1] .
0.00 Paa U
0 0,5 1B
80.00m I
60.00m
40.00m
20.00
m T=20rpapn .
0.00- U
0 0.5 1B
80.00m—
60.00m
40.00m
20.00
" T=+100 rpan
0.00 U
0 0.5 1B

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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CTadMJauTpPOHBI

CmabunrumpoHom HA3bIBAIOT MOJTYITPOBOAHUKOBBIA AUO/I, paOOTAOIINN
B PEKHMME BOCCTAHABJIMBAEMOI0O JIABUHHOTO MPO00A M MPEIHA3HAYCHHBIC
U1 CTAOWJIM3AallMM MTOCTOSTHHOTO HamnpskeHrs. CTaOMIMTPOHBI HA3bIBAKOT

emie oAbl 3eHepa (Zener diod).

AM1

A
\A)

V815V

N/ (D
Crabunutpon _L

VM1

Z1 1N2804

Puc.1.21. O0o3HaueHue u cxema uzmepenuss BAX

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



100.00m — @ y
Cradbmmrpon 1N2804
OdpatHoe Hpﬂf“me
HATIPSAKEHHE HATIPAKECHHE
— | [ «—AU=100 MB
- HanpskeHne cTabHIH3alHi
a U
S oo >
f 0 |crmun
A
x |-6,21 y:[-15,55m
y B - | cr.HOM
] Al=55 MA | [f5.31 ¥:|-70,5m a<]
A-B
X 99,57m y. 54,95m | oT.Max
Y
™ JTapumHs po0oii
-100.00m ———— |
-8.00 -3.00

Input voltage (V)

BAX crabunutpoHa
ITapamMeTpbl CTAOMJIMTPOHA:

Hanpsoxkerue crabmmmsammun U =1,8 — 2008,

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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MuUHUMAIBHBIN TOK cTaoumm3anuu |

cm MuH’

MakcumMajbHbIi TOK cTabuan3anuu |

cmmax!

MoinocTts ctadbmmTpoHoB ot 0,25 BT 1o 50 Br.

= 57 03mA
R 51000hm

Z ; + VE1 12V
Rer ()

t ,.

Puc. 1.23. DkBuBajeHTHAs cXeMa CTAOMJIUTPOHA U €0 BKIIOYECHUE

&
pE

Z1 1N2804

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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CHeIII/Ia.TII)HI)Ie THIIBI IIOJYIIPOBOAHUKOBBIX TH0/10B

Juonbr LHloTTku

Jlnoawsl HHIoTTKH BMECTO OOBIYHOrO INIOCKOCTHOI'O P-N mepexona Hc-
OJIB3yETCs IMepexoa Mexxay kouTtakTtoM Meramra (Au, Al, Ag, Pt u np.) u
nonxynpoBogauka (Si, GaAs).

B muonax LIoTTkn mMano BIMSHUE HEOCHOBHBIX HOCHUTEJIEH, TOK YEPE3
KOHTAKT METaJIJI — IOJYIIPOBOJHUK OOYCIIOBJIEH IJIaBHBIM 00pa3oM OCHOB-
HBbIMH HOCHUTEJISIMHU.

Jluoapl IlloTTku MoOryT paboTaTh Ha 00Jee BHICOKMX YacTOTaX (BILJIOTH
no 20 I'T'u). JlocTtonHCTBa: Majiass HHEPUHMOHHOCTb, HU3KU YPOBEHb IIY-
MOB, T€XHOJIOTHYECKASI COBMECTHUMOCTh C MHTETPAIbHBIMU CXE€MaMM, IPO-
CTOTa M3TOTOBJICHUs. HU3K0O€ MOCIEI0BATEIBHOE CONPOTUBIIEHUE IMO3BO-
JISIeT MPOMYCKAaTh B OTKPBITOM COCTOSHUHU Oojbire TokH (50-100 A).

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



| (A)

»
>

2.00+
SIZ | 1N5817
3 _'
(A
L& 7 _
: 515 = ' . -
C) é Vi 997 50m _
0.00 -
-2.00

Puc.1.24

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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TyHnHeabHBIE TUOABI

TyHHEIBHBIN JUOJ — 3TO MOJYIPOBOJIHUKOBBIN JUO, COJEPKAIIMN P-N
[EPEX0JI C OYEHb MAJIOM TOJIIIMHOW 3alUparollero ciiod. /[encreue TyH-
HEJILHOI'O JIMOJAa OCHOBAHO HA IPOXOXKJECHUHU DIIEKTPOHOB CKBO3b Y3KHM
NOTEeHIUAIBHBIN Oapbep Osiarogapsi TyHHEIbHOMY (P dekTy. TyHHEIbHbIN
3(PEKT 03HAYaET MPOHMKHOBEHNE MUKPOYACTHUIIBI CKBO3b ITOTECHIIUAIbHBIMI
Oapbep B Ciydae, €CIIA €€ MOJHAS YHEPrysl MEHbBIIE BBICOTHI Oapbepa. TyH-
HEJIbHBIE OUOIBI U3roTaBIuBaAOT Ha ocHOBe Ge u GaAs. TosuHa 3arm-
PAOIIIETO CJI0A COCTABIAET S-15 HM.

R Ioclt

Ry (-150 Om)

L TI0CJI

6

I i
max5

M | MA

O06macTh
OTPHIIATEIILHOTO
CONPOTHUBJICHUS

BAX
0OBIYHOTO

—

02 04 06 08 1 UB
Umax Umin

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.

mx/ ~10;U _~0,1B;

Imin
- ~0,68; R _=150wm;
C =5n®; L ~1ulH.
OTtpunarensHoe audhepeH-
[MUATBHOE COMPOTUBJIEHUE CO-
cTaBiisieT npuMepHo - 150 Om.
BU-reneparopsl (o 101T1)

U
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Bapukansl

BapukanoMm Ha3bpIBalOT MOJYNPOBOJIHUKOBBIM AUOJ, Y KOTOPOTO Oaph-
€pHAasi EMKOCTh 3JIEKTPOHHO-JBIPOYHOI'0 MEPEXO0Ja HEJIMHEWHO 3aBUCUT OT
IPWIOKEHHOTO YIIPABJISIIONIETO HAIpsKEeHUS (cMelneHus). B kauecTBe Ba-
PHKAMNOB HCIIOJB3YIOT MOJYIPOBOJHUKOBBIC AUOBI IMMPU OOpPATHOM BKJIIO-
YEHUH, KOTJIa MPOSIBISIETCS TOJBKO OapbepHasi €MKOCTh IMEPEX0/a, a TOK
OTCYTCTBYET.

C(0
cU y~—") L qy0 13
P U
( 1 I 0op )n
Unp
1 C (n®d)
80
ﬂz e C= f(Uo6p) °0
T ,ﬂ 40
Luoen=5 HI'H 20
g} }oe—"p U o5(B)
Rioes=0,1-12 Om  Riap>1 MOM o 2 4 6 8 10 12 14

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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L1 1mH
C147nkF

L2 500mH

R1500hm

VS1 w*(

VD1 ZCB836A

Puc.1.27. Moaenps napauieIbHOro KOHTypa ¢ BAPUKAIIOM
[z] [

117.88=

VVA[Z]: 10[V] VIMA[3]: 15[V] -
VAT 5[V] h VMAMET: 20[V]
o \K
=
§ 92,54 —
| X 68134k ¥:[107,01
B
J x [1,17m ¥:|117 57
e
% A-B
X -509 04k y.-10,56
[—
—_—
67.21 . .

T 1
500k 662 xT'1 M 1,17 MI'u M
Frequency (Hz)

Pe30HaHCHBIE XapaKTePUCTUKU

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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CBeToanoanl

CBeToAuoJaMHi Ha3bIBaIOT IOJYMNPOBOJHUKOBBIE IUOJIbI, B KOTOPBIX
P-N mepexoa Hmpu IMPOXOKACHUHU AJICKTPUYSCKOr0 TOKA T€HEPUPYET ONTH-
4EeCKOE€ M3JIy4YEeHHE B HMH(MPaKpacHOM, BHUJIMMON WIHA YIbTPa(QHOJICTOBOU
00J1acTH CHEeKTpa.

IIpu pekoMOMHAIMS IEKTPOHOB U ABIPOK dHEPIUsl CBOOOJHOIO HECBSI-
3aHHOTO JIEKTPOHA MOYKET BBIJCIISATHCA B BUJI€ (DOTOHOB HU3IyUYCHUS.

Marepuansl: apceany ¢ochun ramms (GaAsP), pochun ramms (GaP),
Kapoua kpeMuus (SIC).

e i CpenHee 3HauYCHHUE MPSIMOTO TOKA CBETS-
?p@l merocst cseroauona cocrasisger 10-20 MA.
T [Ipssmoe HampspKEHHE Ha OTKPBITOM CBETOJIH-

éb " 7? o omeor2,2B 1o 3B.

(+) — +

Merammueckuit
KOHTAKT

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



1.0 T
. T, =25C

® a 3eneHslil —- Kenrprid - I((?aAsP . 4
S B — aCHBIN
Z 3 GaP AlGalnP P 3
E T : KpacHbrit
= | \(;1001(0171 >¢dexTrBHOCTH
= o 0.5
Q o
Qo
Z =
gl
O =

- \‘-‘-"'-..._

00

0
500 550 6 650 700 750

I.[J'II/IHa BOJIHBI B HAHOMCTpax

I'paduky OTHOCUTEIILHOM MHTEHCUBHOCTH CBETOIMOIOB

ifn

B.A. Anexun. DnekTponuka u cxemorexauka. 2016.
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doToanoanl

dOTOANO]T 3TO YCTPOUCTBO € MOJYHIPOBOJHUKOBBIM MEPEXOA0M, Pado-
Ta KOTOPOr0 MPOUCXOAUT B 00sacTH 0OpaTHOTO HampsikeHus. OOpaTHBIM
TOK 3aBUCHUT OT MMaJIAI0IIEr0 CBETOBOIO MOTOKA.

IA

Caer -30 20  -10  mxa|0
b Tovnonoi P E)
CI\C/IDHOBOI/I TOK UT
;{/ - -
D,>Dy
N/ e y;
v |- o ooty
<« logp
— E
SW-SPST1 [ﬁ FD1 - Photodiode 2
= Labe! FO1 '
=t Fouatprint Marne O
o~ Paramel ters
©VF1 553,31V |0 corporen 5 =8
+ oupling 1
T e 12 I () Ejgt“"” g
- VS2 5 Temperature ['C] 1) |
Zx ArEa.fac.lr:u 1 O
Device initially OFFDC) Mo
/;4 Initial voltage [TR] Mot Used ||
FD1 0SD1-0 [ ok | X cwen| 2 tion
_]_ |
L I

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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B.A. Anexun. DnekTponuka u cxemorexauka. 2016.
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Ileny MOCTOSIHHOIO TOKA C ANO0JaMHU
IIpumep 1
B nenm ¢ muomom m pesucropom E=10B, R=10 OM. Halitu TOK u
HaIpsHKEHHUE HAa JUOJC.

SW-SPST3
Y
SW-SPST4
R110
-——:b—o—i@ . )
- o™
= o
T 929,19mA 1 &
= H | )
< 2 = /,
7 w
+  VS110+ o
) T
<> VM1 708,11mV , Y %SZ -
© =
- N
a

| Lo

Puc.2.3

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



1. Harinem BAX nnona:

39

E U
2. CtpouM Harpy3ounyio npamyr: | = — ——=
R R
AU=0,12B _Rand—=0.03 O
| /N T=4A H$=0,03 Om
. [
4.00 — /'i\j[
1 [
200 Rer=1/0,7=1,42 Om
E/R=1A
- ﬂw E
100 ' T T - "
0 2.5 S 7,5 10B
Puc.2.4

B.A. Anexun. DnekTponuka u cxemorexauka. 2016.



40

3. Haxoaum pabouyro Touky: U,=698mB, 1=959 MA

4. Haxoaum cratnyeckoe U JudhepeHInagIbHOE COIPO-
TUBJICHUE JINOJA.

Un [Ipu pacdere cxeM C BBIIPSIMHUTEIBHBIMHA U0 IaMH
MOJIB3YIOTCA Hjican3npoBaHHor BAX:

Fird0ud ; FoFudi |7 g2
Ry =R, =R = 100 pu. |3

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



SW-SPST1

1,598 a ;
O

M1

R3 1000hm

R1 1000hm

£
=
Qo
(=
(=
=
o
o

D1 1N5060

0B b
Uabr=1,58B | Rex=200 Owm

Puc.2.5.
1. Haxoouwm :

U, =1,R +1,R =158 R =R +R,=2000m

abxx

U.p=1,5B 1 R;,=200 Om
2. Haxomum BAX nuona B cxeme

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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[Tonyunnu 608 MB, 4,58 MA

£ Noname - DC result3 B
File Edit View Process Help * |EDE'EEm F:|4"58m
28| B &g | TAFE~ O s Al | 42D
B0y NS H 15 = O My AL A ]
20.00m © 21
10.00m —
1554200 Cua=mT 5 1k
5 \
[=N
= 4
° J\
0.00— S—
158 —I
-10.00m T T T T T |
-1.00 0.00 1.00 2.00
Input voltage (V) _
DC resultd | DC resultd | DC resul10 | DCresult? | DC result12 | DCresul13 | DCresult?  DC result? 4 F

3. IIpoBepumM HaA MOJIECIIH

B.A. Anexun. DnekTponuka u cxemorexauka. 2016.
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1

;{E:I 608,35m  ¥:|4,58m SW-SPST1 4 46mA

1S1 10mA T

R1 1000hm

R3 1000hm +

V) Vi
VM1 608,28mV

R2 1000hm

1S2 SmA T

D1 1N5060

Puc.2.7.

B.A. Anexun. DnekTponuka u cxemorexauka. 2016.
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CTadMJauTpPOHBI

Cmabdunumponom Ha3BIBAIOT IIOJYIPOBOJHUKOBBIA AHOJI, padOTalo-
AN B PEKHUME JJABUHHOTO MPO00s M IpeAHA3HAYCHHBIN JJs CTaOWiIn3a-
UM IOCTOSIHHOI'O HAIPSIYKEHMUS.

BAX cradOniauTpoHa

SW-SPST3

200.00m —
SW-SPST4 ]
R110 ) . ]
lb—n—:'—n—q)——@ » —¢ 100.00m— 1N2804
_ 5 I E ] MpAMOIA ToK
= Lo [
= "| g — 4 UC'I':E',B B
E o = ] /
R X 5 0.00 U=01B g & I
e + = o 1 CTMHMH
O Y s il
Vi 3 g Y - : | cTa6=85MA
P & -100.00m - leTmax
= ]
] NaexttbliR npodoi
— -200.00m ] T T T T T T T |
-10.00 -5.00 0.00 5.00 10.00

Input voltage (V)

Puc.2.8

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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CrabumurpoH
] 1N2804
100.00m —
[psimont ToK
5 , AU=0,1B 0
§ 0.00 - /
: |CTMUH
. /lctab  =85MA
-100.00m — lcTMax
JaByHHBIM Npobou
-200.00m ——————————— — ———T
-10.00 Uct=6,8 B 500 0.00

Puc.2.9

B.A. Anexun. DnekTponuka u cxemorexauka. 2016.
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JludpdepennmanbHOE CONPOTUBICHUE CTAOMIIUTPOHA!

aY,, _ 018 =1,250m.

cm

R = — = ———
wbem Al 0,084
MolHOCTh paccessHusl y CTAOMIMTPOHOB COCTABIISIET OT COTEH MMILIHU-
BaTT JI0 JIECATHU BATT.
ITapamMeTpbl CTA0MJIMTPOHOB:
OCHOBHBIMHM TTapaMeTpaMHu CTAOWJIMTPOHA SIBJISTFOTCS:

U oy~ HAIIPSDKCHHE crabunmuzamuu (3 — 180 B);

AU
R@uqb-cm — T - nuddepeHmanTbHOE CONPOTUBIICHUE HA YUACTKE CTa-
cm

OMIN3aIn;

cmmin ! Icm max MHUHHUMAJIBHBIN 1 MAKCUMAJIBHBIN TOK CTa6I/IJ'II/IBaHI/II/I.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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CxeMa craduam3zaTopa

SW-SPST3
200. ﬂﬂm—:
SW-SPST4 '
b —(AT x Tﬂﬂ.ﬂﬂm—z
+ Vst 10 | i % 8 0 ﬂﬂ—é f /
D i, o i | -
100, ﬂﬂm—; ’
. -200.00m E : | : | : | : |
' -10.00 -5.00 0.00 5.00 10.
Input voltage (V)
Puc.2.10 BAX cTabunuTtpoHa

R, =R ,=1000wm - 6annactHoe conporusieHue;

R, =R ,,=4000wm - conporusnenne Harpy3ku.
KaduecTBo cTabmiIn3anuu OLECHUBAIOT KOA(D(MUIIMEHTOM CTA0MJIM3aLUHU

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



AU %
- UHO
Kcm o AU

X
U BXO
IIpumep 3

1-# cayqaii. Ctaduan3aTop 0e3 HaArpy3Ku

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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A b
J AM 1 B :<E:I |s,?g v:[12,99
60.00m —] IctmMax—60MA ——
] 6,268
%400%—: &
6,22B
30 MA  + HoMHHANBENELA pesxum
U=-1IR0
] 20MA
20.00m — .
A
- I ctvur=10MA \
000———— — — ——
10,00 0.00 6,2B  751B 10.00 12,5B
B ,
Input voltage (V)
Puc.2.11
A. I'padpuuyecknii pacuer
[Topsmok pacuera:

1. Ctpoum BAX 00paTHOM BETBU CTAOMJIMTPOHA.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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[To BAX Haxogum: Brouke A: |~ =10mA4,U_  =06,2B,;
rouke B: |~~~ =60mA4, U, =06,2068.
2. Harpy3zounas npsimasi: U = E — IR .. Onpenensiem HakmoH npsimoii
—2 —2
U=—-IR,.EculU =—-2B, ] = ——=——=20m4.
—R, —100

3. IIpoBo MM Harpy304HbI€ OPSIMBIC 110 TUM YIJIOM B Toukax A u B.
Haxomum E . = 7,91B, E  =125B.

[Ipu 5TOM HanpsHDKEHUE HA BBIXOJIC CTA0OWIM3AaTOPa U3MEHUTCS HE 00-
aee, yeM Ha 40 MB oT HOMUHAaJILHOIO 3HaYeHus 6,22B.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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80.00m — (&l
SW-SPST2
] AM1
> [AM1]
SWV-SPET4 60.00m — IE-'l'I‘fIEJ't:ﬁDI\-L—"'L:EE_ 6.26B
R1 100
b ’ s
' —{Af T ]
5 B197mA " 40.00m ]
% N 146228
et 2 g 00A | Honbokamssodt perama
D &7, 50 o N P
WMl Bav i 20.00m— \. \
I envom=10mA
0.00 . } : y I | . |
-10.00 2B 000 6§28 S1B 4500 125B 20.00
- Input voltage (V)

Puc.2.12
b. AHAIUTHYECKUH pacyeT
E =U

cmmin cmmin _I_ IcmminR E: 6’2+1O_2100:7,28
E =U_,.+t!,..R,=626+6-107-100=12,26B

cCmmax cmmax

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



Ipumep

R5:100 Om

1

4.

52

2-i1 caydar. CTadmimM3aTop ¢ Harpy3Koi

L a}

e (7 VDZSl
<> bT Uabxx
Rexab=80 Om
a

U abxx

O "

b

luﬁ

1. OTkiIroyaeM CTaOMIUTPOH M HAXOJUM:

RHE Uabxx — ERH :O’SE’
Om RE_i_RH

o = RsRyy =800wm.
R.+R,

2. CTpouM CXeMY C 3KBUBAJICHTHBIM I'€HEPATOPOM.
3. HaxoauMm HAKJIOH HAarpy304HOM MPSAMOM:

U=U_ —IR

abxx exab "

EcmU =—-2B,1 = —2 — —2 — 25uA.

—R —80

exab

4. Ctpoum BAX cTaOunuTpoHa U MPOBOAUM I'paUUECKUN pacyer:

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



-20.00m —]

-40.00m —

80.00m —]
] B

60.00m —]

40.00m ] \
] 25 MA

20.00m —]

_ A \ UctB
OOG—: /

53

0 Uxxmin=7B Uxx0=9B ' Uxxmax=11,5B

-2B
-10.00 0.00 10.00 20.0C

Puc.2.13

=/B,U =11585.

XX max

Haxomum: U
Brraucnsiem:

xXx min

E :M:l=8,7SB,E :M:%:M,B?B.
i 0,8 0,8 e 0,8 0,8

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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E

=
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U 9
E, = 20— —11,258.
08 0,8
AHAJIUTHYECKHUHA pacyeT CTA0MIM3ATOPA C HATPY3KOH
B Touke A:
U . 6,2
wmin Ucmmm — 6 2B’ ]Hmm ="t =——= 15)5MA;
R, 400
—=U,,.+(,+ 1w )R 5=6,24(15,5+10)-10°100 = 8,758
B Touxke B:
u +(1I _+1 )R .=6,26+(15,6+60)-10°100=13,825.

KOi)(l)(l)I/IIII/IeHT CTaﬁnJHBanm/I:

AU/

o 622 _ 00096 _  1c

K T AU, - 115-— 7/ 0,388
UBXO

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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Ipumep 5

R5:100 Om

[ 1

1 N3MeHeHHnEe CONPOTUBJIEHUSI HATPY3KH
E=16B B kakux mpenenax MOXKET MEHSITHCS COIIPO-
C) VD ZSlUH Re ruBnenue Harpy3kKu, 4ToObl HaIpsKEHUE HaxXo-
JIWJIOCH HA YYaCTKE CTAOMIM3AIUuU ?

:

Pemienue
1. B Touke A:
Toxk yepe3 OatacTHOE CONPOTUBJICHUE:

I L E_Ucmmin _16_6;2
e R 100

B
Tok suarpyske: | =1 _ —1 =388mA.

— 98 mA.

u
R =~ =70,450m.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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E-U _
cmmax :16 6126 :97,4MA,

2.Brouke B: |, =

R, 100
IHB — IexB o Icmmax — 37’4MA’
U
R e _ 020 4675700
| . 0,0374

OTBET: CONPOTUBJIICHUE HAIPY3KH MOXKET MEHATHCS OT 70 10 167 Owm.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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Tupucropsl
Tupucmopom Ha3bIBAIOT MOJYINPOBOJHUKOBBIN MPHUOOP C ABYMSI YCTOMYHUBBI-
MU COCTOSIHUSIMHM U TpeMSI WK 00Jiee MOCIEA0BATEIbHO BKIFOUCHHBIMU P-N TIepe-
xoaaMu. KpoMe aHOJHOTO M KaTOJHOTO BBIBOJOB YIIPABJISEMBI TUPUCTOP UMEET
€€ BBIBOJ YIMPABISAIOMIETO 3JICKTPoJa Y. YO MOXKET MOJKII0YaThCs K OJu-
KalIen K Karoay pP- oOJlacTh (THUPUCTOP C KAaTOAHBIM YIIPABICHUEM) WU K
O Kaiie K aHo1y N- 00JIacTU (THPUCTOP C AHOJHBIM YIIPABJICHUEM ).

Ust Uaml UemO

OCHOBHBIE ITAPAMETPHI TUPUCTOPOB:
Hanpsoxerne va otkpeitom tupuctope U~ =1-—158;

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.



MakcuMaJibHBIU JOIYCTUMBIM TOK aHOJA |
Yupasnstouiee Hanpsbkenre u ok U |
Bpewmst BkiaroueHus u Boikmodenus U, 1

JlonmyctMoe oOpaTtHoe Hanpshkenne: U

BAX tupucropa
(A}
2

,(j f51.1 g

@T 151

50.00m -
25.00m -

0.00-]

amax’

100, ﬂﬂm—_ |

y )
6bIK1 !
0bp max"
[AMA[G]: 2.4m[A]]
1 M |
75 00m—] |.v"-"-.|"u"|1[4]: 2.2m[ﬁ]|
1 | |
_ [AMT[3]: Zm[A]
[AMA[2]: 1.6m[A]|
' T ' T ' | ' |
0.00 5.00 10.00 15.00 20.00

Input voltage (V)

Puc.2.14

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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HeavHerHbIC e MEPEMEHHOI'0 TOKA

B uensax nepeMeHHOro TOKa MPUMEHSIOT PE3UCTUBHBIE, UHIYKTUBHBIC
1 €MKOCTHBIC DJICMCHTHI.

HenuHenHble pE3UCTUBHBIE 3JIEMEHTHI: HEJIMHEUHBIE PE3UCTOPHBI, JIUO-
Ibl, CTAOMIIMTPOHBI, TPAH3UCTOPHI.

HenuHenHble WHAYKTUBHOCTH WUMEIOT HEJIWHEWHYIO BEOEp-aMIIEPHYIO
XapaKTEPUCTHUKY.

. HI
w =WBS =W, i = —,
W
L _ W - 4H1CJI0O BUTKOB KaTYyIIKH.
' JludpdepennmanpHas UHIAYKTUBHOCTD
.
A oup -
: 7 di
(;J HenvHenHble KOHACHCATOPbl UMEKT HEJIUHEUHYIO
T o KYJOH-BOILTHYIO XapPaKTEPUCTHUKY.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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du,
CBoOJICTBA HeJIMHEMHBIX LIeNeld HA IePpeMEeHHOM TOKe

1. IIpoucxoaut npeoOpazoBaHue (MCKaKEHUE) CIIEKTpa CUTHAlIA.
2. PeXyM 3aBUCHUT OT MPEIECTBYIOIIETO COCTOSIHHUS.
3. BO3M0XHO YMHOKEHHME YaCTOThI U ITOSIBJICHUE KPATHBIX TAPMOHHUK

(w,30,5m....).

JuddepenupmansHas emxocts C b=

w @
4. BO3MOXHO JI€JICHUE YaCTOTHI (a),g ,E ).
5. Bo3moykHa reHepanus KojicoaHui (aBTOKOJICOAHHUS, aBTOIr€HEpaTO-
pHI).
6. Moaynsauus kojebanuil (yrnpaBiaeHHE aMIUIMTyA0H, Ga3oii U yacTo-
TOM).

[IpuMmep uckaxxkeHus (OpMbI TOKA B HETUHEHHOM LICIIH.

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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800.00m

) ] ex
i A 600.00m—] /3

400.00m -

O k183

200.00m—

| |=u @ VL S ﬂ.ﬂﬂ—f

-200.00m

-400.00m—]

- -600.00m

+

o)
[~)
=1
1
-1

D2 11183

-0,75 0,7B

11k
T

-800.00m . T T T T T T T |
0.00 5.00m 10.00m 15.00m 20.00m

Puc.2.15
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BI)IHpﬂMJIeHI/Ie IICPEMCHHOI'0O HAIIPHAKCHUA C IIOMOIIBI0O TH0O10B

OIHONOTYNEPUOIHBIA BBIITPSIMUTEb

u,u . A I

S — BAX nneanpHOTO 1muoaa

L | IR+u, =E_sinat.
<> EnSinmt Dl R

uﬂ
= 10.00—
= ]
* 3
D1|1N1183 5 :
S 5.00-1 -4
=1 = __'!\_\_\_'_F,;" ] I.'II 'lII I
. VG ] /
s 1 X
S
=
5.00 Ul
0.00 10.00m 20.00m 30.00m 40.00m

Puc.2.16
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Tok numeer nynbcupyromum xapakrep. [1oCTOSHHBIN COCTaBIISOIIME:

_ Im - Um
IO o ] UO T
7T 7T
I[ByXHOJIyHepI/IOI[HOE BbINIPAMJICHHUC
10.00—
1
Ot 1N1183 02 1MN1183
P ] 5,00
I ﬂ.ﬂﬂ—i
o ANT ; J1.3
e =1 :
D ANT183 D3 TN1183 _5.{_]{_]_:
VG ]
() -10.00- ' | ' | ' | ' |
0.00 10.00m 20.00m 30.00m 40.00m
Puc.2.17
[Tocrosauble coctapmstomue |, = —, U, = —™.
7T 7T
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CraaxxuBaHue MyJibCaliuid BHINPSIMJIEHHOT0 TOKA

Paspan C 3apan C
= 10.00—
. = ] V2
D1(1N1183 3
SN 2 G ]
=T ]
e 0.00- .
G‘ @ i in = Vic : i ‘r i
. e f‘ = ] + 1 ol
' ) f oT @jwz 1 VIV
N l -10.00
20,00 . : | . | |
0.00 10.00m 20.00m 30.00m 40.00m
Puc.2.18
YPaBHeHI/IH BLIHp}IMI/ITeJI}I:
_ uC — C duC

I=I. +1, , u +u, =E_sinat,

u =E_,sinet—u..
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B MmomeHT wl, cranoBUTCS e(t) < U-, IO 3aKphIBACTCS U IIPOUCXO-
JIAT Pa3psz] EMKOCTH.

B moment ot, cranosures €(t) > U.. Mo OTKpIBAETCS U IIPOMCXO-
JIAT 3apsiji EMKOCTH.

Ecnn yBennunsats C, mocrosinnas cocrapistomas U, — E .

Pacuyer HeJJMHEHMHOM LENH 110 MEPBOM FAPMOHUKE HANIPSIZKEHUA U TOKA

HaxoaaT HEIWHEMHYIO 3aBUCUMOCTh HAIPSKECHUSA NEePBOM TAPMOHUKU
OT TOKa NEPBOM TapMOHUKHU HECUHYCOUHAIBHOTO cUrHaia. VMcmosib3yror
>ty BAX 1ipu pacuere.

I1(t AUn
Ii) u(t) »

l L

>

Im(1)

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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IIpumep 6

A

PR o N U, 3aJaH TOK B HMHIYK-
12 4
U,=8B TUBHOCTH.

| femEom | 8 ; HaliTu HanpsKeHue
lcl llFZA 4 7 Ha BXOJ€ M IIOCTPOHUTH
—+—+— BEKTOPHYIO JIMarpaMmy.

o s 0 2 4 6 8

Pemienue.

-0
1. Canraem, uto |, = 2e)% A,
2. TIo BAX mms toka |, = 2A naxommm neiictByromee 3HaueHHeE
nanpsokernst U, =85,

+i8B, 1. =2 — _4p
l,=1, +1.=2—4=—2AU,=R-1, =8B

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.

3. Haxomum: U, =U



—6X

4. BexTopHas auarpaMma

U,=U,+U, =8+ j8=8/2e"*B

A

]
| x = Ay =Uc=j8B
|
i g@x
I
|
Up=-88  lg=-2
le - - > >
le=-4A 1, =2A
+1

B.A. Anexun. Dnekrponuka u cxemorexuuka. 2016.
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