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p-n nepexon

[TonynpoBOAHUKN, N3 KOTOPbIX WU3roTOBMAKT TPaAH3UCTOPbLI U
anoabl,

pasgenatTcs Ha nosynpoBOAHMKN C SfIEKTPOHHOM - n( negative -
oTpuuaTenbHbIN) N ObIPOYHOU — p (positive — NONMOXUTENbHbLIN)
npoBoAMMOCTbIO. [lpuHUMN OENUCTBUA NONyrnpoBOAHUKOBBIX
avoOoB OCHOBaH Ha CBOWUCTBaxX p-n rnepexofa, Korga B KOHTaKTe
HaxoOATCA OBa NonynpoBoAHMKA p U n Tuna. B MecTe KOHTaKkTa
npoucxoant Andpdy3na MNONOXKUTENbHbIX 3apsandoB (ObIPOK) U3
obnacTtn p B obnactb n, a 3aNekTpoHOB 0bpaTHO, 13 n B p. OgHako
6e3 BHeLUHEro BO34enCTBUA MNpo cTabunnanpyertcq, rnotomy
4YTO 0Dpa3syeTcs Tak Ha3bIBaAEMbIN 3aruparowul cgod.
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1OJTYTHPOBOOARVIKOBDIC

[lpn nogknovYeHnn K M@| “nnroca “ UCTOYHUKA
ANIeKTpUYecKoro Toka, a K n “MuHyca”, 3anuparomn criou
paspywmnTcs, Takonm Aauon Oyder npoBoAMTb TOK. Ecnu
OCYLECTBUTb NOAKMNIOYEHNE UCTOYHMKA NUTaHUA HAobopoT, T. €.
Kp— “MUHYC”, @ K n — “nNnwoc”, To ToK byaet oakTUyeckn paBeH
HYMn0. OTO OCHOBHOE

CBOWUCTBO MOJTyNPOBOAHUKOBbLIX OMOO0B MNO3BOMSAET NPUMEHATb
MX B KayecTBe BbINpAMUTENEN ToKa. bonbLKWMHCTBO
NonynpoBOOHUKOB [eNnaetcd W3 KPeMHUa U repmaHma cC
pas3nn4YHbIMM gobaBKkamMm, N3 OKCUOOB HEKOTOPbLIX MeTannos. B

3aBNCUMOCTIU OT ,EI,O6aBOK OHU UMEIDT N- UITN p-TUI.
npsimoe
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obpaTtHoe
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TpaH3ucTop

TpaH3ncTop npeacTaBnaeT cobon TPEXCIONHYIO 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 CPeEOdHUN
(0BbIYHO OYEHb TOHKMW, NOPsiAKa HECKONbKUX MUKPOH) CIowu —
ba3sou.




bunonsapHbIN TPAH3UCTOP

(2

OCHOBHOW HegocTaToK BUMNONAPHOro TpaH3ucTopa — 6onbLUoe NnoTpebneHve
SHEepryn 1 BolaeneHue Tenna.



[loneBon TpaH3UCTOP

B «kayectBe anbrepHatuBbl 6biy1  paspaboTtaH noneBou

TPaH3UCTOP. OH npeactaBnsger cobon OaHOMOMAPHbLIN

NonynpoBOAHMKOBBLIM NPUOOP, BbIBOAbI KOTOPOro Ha3blBalOTCS
UCTOK, CmMOK, 3ameop. Npun nogavye HanpsXXeHns Ha 3aTBOP U CTOK
( NI COOTBETCTBEHHO WCTOK) HOCUTENWN 3apsna, 3NeKTPOHbI B
obracTsx ¢ NPoBOAUMOCTbLIO n- TUNa (UNN AbIpKN B 0bracTsx C
NPOBOAMMOCTbBIO p- TMNA), NPOXOAAT Yepe3 BO3HMKAKOLIMA Noa

3aTBOPOM TOHKNN NPOBOASLL NN Ki\@
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MOIT - TpaH3ncTopbl

[ToneBble TpaH3UCTOPLI C N30IMpoBaHHbLIM 3aTtBopom — MM

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

OKOHOMMUYHHbI.

TpaH3ucTop, N300PETEHHBLIN B 1948 T., NEXUT B OCHOBE BCEX
COBPEMEHHLIX MUKPOCXEM U MUKPOMpoLeccopoB. Ero aBTopsl-
Yunbam Woknu, YonTtep bpattenH, [)xoH bapanH nony4ynnu
HobeneBckyto npemMmuto no pusunke B 1956 T.



[lpoumeHeHne TPaH3NUCTOPOB B

BblYNCNUTENbHOU TEXHUKE

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

BHavyane TpaH3MCTOpPbl M3rOTOBNSANUCH KaK OTAEeSbHbIE 3NIEMEHThI
M npegcrtaBnsanuM cobom uunuHapbl AMaMeTpoM B [OEeCATOK
MUNTIMMETPOB C HECKONbKUMW NPOBOSIOYHBIMU BbiBOAAMMW.




TEXHOJNOI'NA
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Ha OHOM MOYNPOBOAHNKOBOM KpUCTanse (Hanpumep, KpeMHUS, repMaHung, apceHunaa rananus).
o[INn€éHoOYHaaA MUKpOCXeMa — BCE 3NIEMEHTbI U MEXINTEMEHTHbIE COEAUHEHUS BbINOMHEHLI B BUAE
NMEHOK:
*TONCTONMNEHOYHAsA UHTErparnbHasi CXema;
*TOHKOMMNEHOYHAA NHTerpanbHaga cxema.
o[[MOpMAHaAA MMKpOCXeMa — KpOME NosynpoBOAHUKOBOrO KpuUcTannia CoaepXuT HECKOMbKO
BGeCcKopnyCHbIX ANOA0B, TPAH3UCTOPOB U(MNN) OPYITMX 3NEKTPOHHBLIX KOMMOHEHTOB, MOMELLEHHbIX B
OAWH Kopnyc.




Knaccugpukaumna MUKPOCXEM

B CCCP Obinu npeanoXxeHobl criegytolmne HazasaHns MUKPOCXEM B 3aBUCUMOCTU OT CTEMEHN
NHTerpaumm (ykasaHo KONmM4eCcTBO AN1IEMEHTOB AS151 ULMAPOBbLIX CXEM):

eManas nnterpanbHas cxema (MAC) — oo 100 aneMeHTOB B KpucTtanne.

e CpeaHaa nHterpansHasa cxema (CUC) — go 1000 aneMeHTOB B Kpuctanne.

ebonbliaga nHterpansHaga cxema (bUC) — go 10000 aneMeHTOB B KpucTtanne.

e CBepxbonbluas nHterpansHaga cxema (CbUNC) — 0o 1 MunnuoHa aneMeHToB B Kpuctanne.

o YribTpabonsLas nHrerpansHas cxema (YbBUC) — oo 1 munnnapaa aneMeHToB B Kpuctanne.

o[ Mrabonblias nHterpansHasa cxema (FbUC) — bonee 1 munnnapaa aNneMeHTOB B KpUctanne.
B HacTosiwee Bpemsa Ha3BaHue [BUC npakTnyeckn He ncnonb3yeTcsa (Hanpumep, NocneaHne Bepcum
npoLeccopoB Pentium 4 cogepkaT Noka HECKONbKO COTEH MUMNIMOHOB TPAH3UCTOPOB), U BCE CXEMbI C
YMCITOM 3NEMEHTOB, NMpeBbiwatowmm 10 000, oTHocAT K knaccy CBUC, cuntasa YBUC ero
NoaKNaccom.

NHTerpanbHas MUKpOCXema MOXeET obnapatb
3aKOHYEHHbIM, CKOnb yrogHo CINOXHbIM,
doyHKUMOHaNoM — BMSIOTb 40 LENOro MUKpoKoMIbTEpPa
(ogHOKpPUCTarnbHbI MUKPOKOMMNLIOTED).
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Kopnyca MUKpocxem

MuUKpOCXEMBI BBIITYCKAIOTCS B IByX KOHCTPYKTHUBHBIX BapUaHTAaX — KOPITYCHOM M O€CKOPITYCHOM.
beckopnycHas MHKpocxemMa — 3TO MOJYHNPOBOJHUKOBBIM KPUCTAJUI, MPEAHA3HAYCHHBIM JJIsi MOHTaXa B
TUOPUIHYIO MUKPOCXEMY WM MUKPOCOOPKY.

Kopriyc — 3T0 4acTh KOHCTPYKIIMH MUKPOCXEMBI, MPEIHA3HAYEHHAS JJIS 3alIUThl OT BHEIITHUX BO3JACHCTBUM
U JUIS COCIWHEHHS C BHEIIHUMHU DJICKTPUYECKMMM [EMsMU TMOCPEACTBOM BbIBOAOB. Kopmyca
CTaHJAAPTU30BaHbl [JI1 YIPOIICHUS TEXHOJOTMYECKOTO IIPOIECCa W3TOTOBJIEHUS W3MCIIMM U3 PA3HbBIX
MHUKpOcXeM. UHCIIO CTaHIAPTHBIX KOPITYCOB UCUHUCISECTCS COTHSIMH.

B poccuiickux Kopiycax pacCTOSSHUE MEXIY BBIBOJAMHU U3MEPSETCS B MUJUIUMETpaxX U HamboJiee 4acTo 3TO
2,5 MM unu 1,25 MMm. Y UMIIOPTHBIX MUKPOCXEM PACCTOSIHUE M3MEPSIOT B J10iMax, UCMOIb3ys Benuuuny 1/10
unu 1/20 mroitma, uto cootrBerctByeT 2,54 u 1,28 Mm. B kopmycax 10 16 BBIBOJOB 3Ta pa3HHIlA HE
3HAQUUTEJIbHA, a TIPU OOJIBIINX pa3Mepax UICHTUYHBIC KOPITyCa YK€ HECOBMECTUMBI.

B coBpeMEHHBIX HMIIOPTHBIX KOpIycax JJjisi MNOBEPXHOCTHOIO MOHTaXa NPUMEHAIOT U METPUUYECKUE
pasmepsl: 0,8 Mmm; 0,65 MM 1 Ipyrue.




Bug obpabartbiBaemMoro curHana

Bce MUKPOCXEMbI roapa3nesidlor Ha ABe TIPpyrhnbl - aHalJloroBble W Ll,I/I(*)pOBbIe.
AHarnoroBble MUKPOCXEMbI MNMpeaHa3dHa4vyeHbl On4 pa6OTbI C HenpepbiBHbIMU BO BPpEMEHU
curHanamu. K nx YNCJTY MOXHO OTHECTU yCcurinTesun paaumo-, 3ByKOBOI7I 7 I'IpOMG)KyTO‘-IHOI7I
YaCTOT, ofNnepaunoOHHbIE YCUJTUTESIN, CTa6I/IJ'II/I3aTOpr Halnpa>xXeHnda n ap. [1na aHanoroBbIX
MUKPOCXEM XapaKTepHO TO, YTO BXOAHAaA U BbIXOOHAA 3NEKTpun4eCkmne BerMM4YnHbl MOIyT
UMEeTb ntobble 3HayYeHUd B 3adaHHOM AuanasoHe. B LI,I/ICprBbIX X€e MUKpOoCXeMax
BXOOHblE W BbIXOAHblIE CUTHaAlrbl MOyt MMe€tb OANH U3 [OBYX ypOBHeIZ HanpsAaXeHuns:
BbICOKUN U HU3KUK. B nepBoM Criyd4ae roBopdar, 4to Mbl UMeeM €S0 C BbICOKUM
JTorM4eCknmMm ypoBHeM, Uin norn4yeckom 1, a BO BTOPOM - C HU3KUM JTOTM4ECKNM YPOBHEM,

U norndyeckmm 0. .
B ocHoBy paboTbl UMMPOBLIX MUKPOCXEM MOSIOKEHA ABOMYHAA cucTeMa cumucneHums. B aTtou

cucteme ncnonbayrorca ase umdpbl: 0 n 1. Undppa 0 cooTBETCTBYET OTCYTCTBUIO HANpPsXXeHUsa Ha
BbIXO4E NOrnM4Yeckoro ycTpomctea, 1 - Hanuuuoo HanpsbkeHus. C NoMoLwbio Hynem v eguHuL
OBOVMYHOWN CUCTEMbI MOXHO 3anucatb (3akogmpoBaTh) Ntoboe aecaTnydHoe yncno. Tak, ang sanucu
OLHOPAa3psaAgHOro OEeCATUYHOro 4mucna TpedyrTca 4eTblipe [ABOMYHbIX paspsga. CkasaHHoe
nosicHsieTca Taon. 1.



Tabanua 1

HMecatuumoe | IV paspsn | IMpaspsa | I paspsn | 1 paspan
YHCNO ‘ (2% (2% | (2" l (2%
0 | 0 | TR R R 0
| | 0 | 0 | 0 !

2 | 0 ‘ 0 | 1 | 0
3 | 0 | 0 | l l
4 ‘ ) | 0 0
5 ‘ 0 ! 0 | J
6 | 0 ! 1 | | 0
7 | G ‘ 1 ! l | 1
8 : | 0 ' 0 ‘ 0
Y | L | 0 0 | l

B nepsom ctonbue Tabnuubl (ee HasbiBalOT Tabnuuen WUCTUHHOCTWU) 3anucaHbl OECATUYHbIE
yncna ot 0 oo 9, a B nocneayrowmx YeTblpex ctonbuax - paspsiabl ABOMYHOIO Yncna. BnugHo, 4to
YUCIIO B NoOcCrieayrLen CTPOKe norlyvyaeTcs B pesyrnbraTe npubasneHnsa 1 kK nepBomMy paspsagy
ABonYHOro vncra. C noMoLlbo YEeTbIpeX paspsaoB MOXHO 3anucatb ymcna ot 0000 go 1111, yto
COOTBETCTBYEeT amanasoHy uvmcen ot 0 oo 15 B gecATMyHOM cucteme. Takmm obpasom, ecnu
OBOMYHOE vncno cogepxmnt N paspsgoB, TO C €ro NOMOLLBIO MOXHO 3anucatb MakcumarnbHoe
aecatuyHoe uucrno, paBHoe 27(N-1). Mo Tabnuue Takke HECNOXHO 3aMeTUTb, KaK MOXHO
nepeBecT 4YUCO U3 OBOMYHOW CUCTEMbl B OECATMYHYH. [Ns 3TOro AOCTaTOMHO CIOXWUTb
CTEMNEHU YmMcna 2, COOTBETCTBYIOLLME TEM pa3psigaM, B KOTOPbIX 3anucaHbl norndeckme 1. Tak,
aBounyHoe 4uncrio 1001 cooTeBeTcTBYET AecAaTUYHOMY ymcny 9 (243 + 270).

[OBONYHYIO CUCTEMY CYUUCIEHUS MUCNOMb3YIOT B OOMbLIMHCTBE COBPEMEHHbLIX LIMGIPOBLIX
BbIYNCNUTENBbHbIX MaLLWH.



CINACUBO 3A
BHNMAHUE!



