Tunbl MHTErpanbHbIX CXeM




p-n Nnepexon

[TonynpoBOAHUKN, N3 KOTOPbIX WU3roTOBMAKT TPaAH3UCTOPbLI U
anoabl,

pasgenatTcs Ha nosynpoBOAHMKM C SfIEKTPOHHOM - n( negative -
oTpuuaTenbHbIN) N ObIPOYHOU — p (positive — MONMOXUTEMNbHbLIN)
npoBoAMMOCTbIO. [lpuHUMN OEUCTBUA NONyrnpoBOAHUKOBBIX
OvoOoB OCHOBaH Ha CBOWUCTBaxX p-n rnepexofa, Korga B KOHTaKTe
HaxoOATCA OBa NOMynpoBOAHMKA p U n Tuna. B MecTe KOHTaKTa
npoucxoant Andpdy3na MNOMNOXKUTENbHbIX 3apsanoB (ObIPOK) U3
obnacTtun p B obnactb n, a 3aNeKTpPoHOB 0bpaTHO, 13 n B p. OgHako
6e3 BHeLUHEro BO34enCcTBUA npo cTabunnanpyertcq, rnotomy
4TO 0Dpa3syeTcs Tak Ha3bIBAEMbIN 3aruparowul csod.
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1 OJTYTHPOBOARVIKOBDIC

[lpn nogkntovYeHnn K M@| “nnroca “ UCTOYHUKA
9NIeKTpPUYEeCKoro Toka, a K n “MuMHyca”, 3anuparomn criou
paspywmTcsl, Takonm Aauon Oyder npoBoAuTb TOK. Ecnu
OCYLLECTBUTb NOAKMNIOYEHNE UCTOYHUKA NUTaHUA HaoboporT, T. €.
Kp— “MUHYC”, @ Kn — “nnoc”, To TOK byaeT dpakTn4yeckn paBeH
HYn0. OTO OCHOBHOE
CBOMCTBO MNOMYNPOBOAHMKOBLIX ANOOOB NO3BOSISIET MPUMEHSTL
MX B KayecTBe BbINpsAMUTENEN TokKa. bBonbLUNMHCTBO
NONyNnpPOBOAHMKOB AEenaeTcsl U3 KPEMHUSA U repMaHus C
pas3nn4HbIMM gobaBKkamMm, N3 OKCUOOB HEKOTOPbLIX MeTannos. B
3aBUCMMOCTM OT 0DaBOK OHN UMEIOT n- U p-TUN.



TpaH3ucTop

TpaH3ncTop npeacTaBnaeT cobon TPEXCIOUHYIO CTPYKTYPY U3
TaKMX Xe NoslynpoBOAHUKOBLIX MaTepuanos, 04HAKO B OCHOBE
ero paboTbl NEXWUT HE OOWH, a ABa p-n nepexoga. BHeluHne
CIlOU HasblBalOT 3MUMMEPOM U KOJI[IEKMOPOM, a CPeEOHUN
(0BbIYHO OYEHb TOHKMW, NOPsiAKa HECKONbKUX MUKPOH) CIoWn —
ba3sou.




bunonapHbIA TPAH3UCTOP

OCHOBHOW HegocTaToK BUMNONAPHOro TpaH3ucTopa — 6ornbLUoe noTpebneHne
9HEepryn 1 BblaeneHue Tenna.



[loneBou TpaH3UCTOP

B «kayectBe anbrepHatuBbl 6biy1  paspabotaH nonesou

TPaH3UCTOP. OH npeactaBnsger cobon OAOHOMOSMAPHbLIN

NonynpoBOAHMKOBBLIM NPUOOP, BbIBOALI KOTOPOro Ha3blBalOTCS
UCTOK, CmMOoK, 3ameop. [Npun nogavye HanpsXXeHus Ha 3aTBOP U CTOK
( NI COOTBETCTBEHHO WCTOK) HOCUTENWN 3apsna, 3NeKTPOHbI B
obracTsx ¢ NpPoBOAUMOCTbLIO n- TUNa (UNN AbIpKN B 00nacTsx C
NPOBOAMMOCTbBIO p- TMNA), NPOXOAAT Yepe3 BO3HUKAKOLIMA Noa

3aTBOPOM TOHKUN NPOBOASLL NN Ki\@’
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MOIT - TpaH3ncTopbl

[ToneBble TpaH3UCTOPbI C N30INPOBaHHbLIM 3aTBOpOM — MM

(meTann —
OnanekTpuk — nonynposoaHuk). MOI1- TpaH3ncTopbl bonee

OKOHOMUYHHbI.

TpaH3ucTop, N300PETEHHBLIN B 1948 T., NEXUT B OCHOBE BCEX
COBPEMEHHLIX MUKPOCXEM U MUKPOMpoLieccopoB. Ero aBTopkl-
Yunbam Woknu, Yontep bpattenH, [)kxoH bapanH nony4ynnu
HobeneBckyto npemMmuto No pusunke B 1956 T.



[lpoumeHeHne TPaH3NCTOPOB B

BblYNCNUTENbHOU TEXHUKE

CocTosiHMe TpaH3uUCcTopa, Korga Yepes KOnmekTop TedeT 60mbLLoN
TOK, MOXXHO YCINOBHO NPUHATL 3a 1, a manbin — 3a 0.

BHavyane TpaH3MCTOpbl M3rOTOBNSANUCH KaK OTAESbHbIE SNIEMEHTI
M npegcrtaeBnsanuM cobom uMnuMHOpbl ANaMeTpoM B [OEeCSATOK
MUNIIMMETPOB C HECKONbKUMW NPOBOSIOYHBIMU BbiBOAAMMW.




'”Oﬂyﬂ poBOAHUKOBas @E@ W@:ﬂﬁﬁ%ﬁ coeanHeHnA
BbIMOJIHEHbLI HA OAHOM [OJ1YIPOBOAHUKOBOM KPHWC ( , K HWA, repMaHngd, apceHnaia

ranaug).
o[1NIEHOYHaA MUKpPOCXeMa — BCE SNIEMEHTbI U MEXANEMEHTHbIE COEANHEHUS BbIMOSTHEHLI B BUAE
NNEHOK:

*TONCTONMNEHOYHAs UHTEerparnbHas CXema;

*TOHKOMMNEHOYHAA NHTerpanbHaga cxema.
e[ MbpnaHasa MUKpoOcCxemMa — Kpome noslyrnpoBOAHUKOBOIO KpUCTarnsia CoaepXuT HECKOSbKO
BGeCcKopnyCHbIX ANOA0B, TPAH3UCTOPOB U(UNN) OPYTMX 3NEKTPOHHBLIX KOMMOHEHTOB, MOMELLEHHbIX B
OAVH Kopnyc.




Knaccuunkauma MUKPOCXEM

B CCCP 0Obinu npeanoxeHobl cregyowmne HazasaHns MUKPOCXEM B 3aBUCUMOCTU OT CTEMEHN
NHTerpaumm (ykaszaHo KONmM4yeCcTBO A1IEMEHTOB AS151 ULMAPOBbLIX CXEM):

eManas nHrerpanesHas cxema (MC) — go 100 afieMeHTOB B KpucTanne.

*CpegHasa nuterpansHasa cxema (CUC) — oo 1000 aneMeHTOB B KpUcTanne.

ebonbwaga nuterpansHasa cxema (BUC) — go 10000 3neMEHTOB B KpUcTanne.

eCBepxbonbluas nHrerpanoHas cxema (CbC) — oo 1 MmunnnoHa anemMeHToB B KpucTanne.
eYneTpabonbluasn nHterpanoHas cxema (YBUC) — no 1 munnmuapaa anemMeHToB B KpuUcTanne.
e[Mrabonbluas nHterpanbHas cxema (FbBUC) — bonee 1 munnnapaa anemMeHToB B KpucTanne.

B HacTosiwee Bpemsa Ha3BaHue [BUC npakTtnyeckn He ncnonb3yeTcsa (Hanpumep, NocrneaHne Bepcum
npoueccopoB Pentium 4 cogepKaTt Noka HECKOSTbKO COTEH MUSTNIMOHOB TPAH3UCTOPOB), U BCE CXEMbI C
YMCITOM 3NIEMEHTOB, NMpeBbIwatowmm 10 000, oTHocAT K knaccy CBUC, cuntasa YBUC ero
NOAKIMacCOM.

NHTerpanbHas MUKpOCXemMa MOXET obnapatb
3aKOHYEHHbIM, CKOmnb yrogHo CINOXHbIM,
JoyHKLUMOHaNomM — BNOTb 4O LEefIoro M1MKpoKkoMnbTepa
(oQAHOKpUCTanbHbI MUKPOKOMIMbIOTED).
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Kopnyca MUKpocxem

MuKpocXeMbl BBIITYCKAIOTCS B IByX KOHCTPYKTHUBHBIX BapUaHTaX — KOPITYCHOM U O€CKOPITYCHOM.
beckopnycHass MHKpOCXeMa — 3TO MOJYIPOBOJHUKOBBIA KPUCTAIUI, NPEAHA3HAYCHHBIM [JII MOHTa)XKa B
TUOPUIHYIO MUKPOCXEMY WM MUKPOCOOPKY.

Kopnyc — 3T0 yacTh KOHCTPYKIIMM MUKPOCXEMBbI, TPEAHA3HAYECHHAS IS 3alUTHI OT BHEIIIHUX BO3JECHCTBUI
U Il COCOWHEHUS C BHEIIHUMH DJECKTPUYECKMMH LEMsAMU IOCPEACTBOM BbIBOAOB. Kopmyca
CTaHJAPTU30BaHbl ISl YIPOLIEHHS TEXHOJOTMYECKOIO IpOLEecca W3TOTOBJICHUS W3JEIWA W3 PAa3HBIX
MUKpOCXeM. UHCIIO CTaHAAPTHBIX KOPIIYCOB MUCYUCIISETCS COTHAMMU.

B poccuiickux Kopmycax pacCTOsSTHUE MEXIY BbIBOJAMHU HU3MEPSIETCS B MUJUIMMETpPax U Hanbojee 4acTo 3TO
2,5 MM niu 1,25 MM. Y UMIOOPTHBIX MUKPOCXEM PACCTOSTHUE U3MEPSIIOT B JI0MMax, UCMOJb3Ys Beanuuny 1/10
wiu 1/20 mroiima, 4dro cootBercTByeT 2,54 u 1,28 Mm. B kopmycax n0 16 BBIBOJOB 3Ta pa3HHIlA HE
3HAYUTEJbHA, a TPHU OOJIBIINX pa3Mepax UICHTUYHBIE KOPITyCa YK€ HECOBMECTHUMBI.

B CcoOBpeMEHHBIX HUMIIOPTHBIX KOpPHycax Uil IOBEPXHOCTHOTO MOHTaXa IPUMEHSIOT U METPUUYECKHUE
pasmepsl: 0,8 Mmm; 0,65 MM 1 apyrue.




Bug obpabaTtbiBaemMoro curHana

Bce MuKpocxembl noapasgensaloT Ha ABe rpynnbl - aHanorosble U LMEPOBbLIE.
AHanoroBble MUKPOCXeMbl NMpeAHasHayYeHbl Ans padoTbl C HENPEpPbIBHbIMKU BO BPEMEHM
curHanamu. K nx 4yncny MoXxxHo OTHECTM YCUNUTENU Paauo-, 3BYKOBOW U NMPOMEXKYTOYHOM
4acToT, onepaLnOHHbIE YCUINUTENW, CTAbMNN3aTOPbl HAaNPSKeHUs 1 Ap. Ans aHanoroBbIX
MUKPOCXEM XapaKTEPHO TO, YTO BXOAHAsi U BbIXOAHAA 3NEKTPUYECKNE BEMUYUHBI MOTYT
MMETb MNoOble 3HA4YeHus B 3ag4aHHOM AuanasoHe. B umndpoBbIX e MUKpocxemax
BXOOHbIE W BbIXOAHbIE CUrHanNbl MOTYT UMETb OAWH W3 ABYX YPOBHEW HamnpsiKeHus:
BbICOKMN WUINW HU3KUMIA. B nepBom crniyyae roBopsiT, YTO Mbl MMEEM [AENO C BbICOKUM
NOrMYECKUM YPOBHEM, UM NIOTMYECKON 1, @ BO BTOPOM - C HU3KUM JTOTMYECKNM YPOBHEM,

U norndyeckmm 0. .
B ocHoBy paboTbl UMMPOBLIX MUKPOCXEM MOSIOKEHA OBOMYHAA cucTeMa cumucneHuns. B aTtou

cucteme ncnonbayrorca ase umdpbl: 0 n 1. Undppa O cooTBETCTBYET OTCYTCTBUIO HANPsXXeHUsa Ha
BbIXO4Ee NOrn4Yeckoro yctpomctea, 1 - Hanuuuio HanpsbkeHusi. C NoMowbio Hynem v eguHuL
OBOVYHOWM CUCTEMbI MOXKHO 3anucatb (3akogmpoBaTh) Noboe aecatndHoe yncno. Tak, ang sanncu
OLHOPa3paAgHOro OEeCATUYHOro 4mcna TpedyrTca 4eTbipe [OBOMYHbIX paspsga. CkasaHHoe
nosicHsieTcqa Taon. 1.



Tabanua 1

Jlecaruuioe IV pa apaa | I paspsa | I paspsa | I paspan

YHCIO i (2% | (2% | (2" 1 (2%
0 | 0 | e . o G Ao 0
| y 0 1 0 | 0 |
2 : 0 ‘ 0 | 1 | 0
3 0 | 0 | 1 l
4 | 0 | 0 | 0
5 ‘ ) | ! 0 ll J
6 | 0 ! | ' | | 0
7 | G ‘ I | ! E !
8 : | 0 0 0
9 | | | 0 0 : 1

B nepBom ctonbue Tabnuubl (ee HasbiBalOT Tabnuuem WUCTUHHOCTKU) 3anucaHbl OECATUYHbIE
yucna ot 0 go 9, a B nocneayloLwmnx YeTblpex ctonbuax - paspsanbl 4BOUYHOIo Yucna. BugHo, 4to
YMCIIO B NOCreayrLen CTPOKe NoslydyaeTcs B pesynbraTte npubasneHuss 1 K nepBomMy paspsgy
ABon4YHOro Yncra. C noMoLlbo YETbIPEX pa3psaoB MOXHO 3anucatb ymcna ot 0000 go 1111, yto
COOTBETCTBYET aAmanasoHy 4vmcen ot 0 oo 15 B gecATMyHOM cucteme. Takmm obpasom, ecnu
OBOMYHOE yncno cogepXxut N paspsigoB, TO C €ro NoMoLLb0 MOXHO 3anucaTtb MakcumMmarbHOe
aecatuyHoe uucrno, paBHoe 27(N-1). Mo Tabnuue Takke HECHOXHO 3aMeTUTb, Kak MOXHO
nepeBecT 4YUCNO U3 OBOMYHOW CUCTEMbl B AECATUYHYK. [INa 9TOro OOCTaTOYHO CIIOXMUTb
CTeneHn 4Yncra 2, COOTBETCTBYOLWME TEM pa3panam, B KOTOPbIX 3anncaHbl norndeckme 1. Tak,
aBounyHoe 4uncro 1001 cooTBeTcTBYET AecATUYHOMY yuncny 9 (243 + 270).

[BOMYHYIO CUCTEMY CUYMCNEHMA WCMNOSb3YIT B OOSMBLUMHCTBE COBPEMEHHbLIX LMEPOBLIX
BbIYUCIIUTENbHbIX MALLWH.



CINACUBO 3A
BHNMAHUE!



