Jlexusa Ne 6
OoOpa3oBaHHue 3 JIEKTPOHHO-ABIPOYHOI0
nepexoaa. Boapr-amnepHas XapakTepuCcTHKA
3JIEKTPOHHO-AbIPOYHOI0 Iepexoa.
The formation of electron-hole transition.
Volt-ampere characteristic of an electron-hole
Jjunction.



* DJIEKTPOHHO-ABIPOYHBIA Mepexoa (MM n—p-Iepexo) — 3TO
00JIaCTh KOHTAKTa JIBYX MOJYIPOBOAHUKOB C Pa3HBIMU THUIIAMMU
IIPOBOAUMOCTH.

* An electron-hole junction (or n—p junction) is a region of
contact between two semiconductors with different types of
conductivity.




JJIEKTPOHHO-ABIPOYHBbIN NEePeXo/l
An electron-hole junction

* B noaymnpoBogHUKE ~ n-TUIA  OCHOBHBIMH  HOCHTEISIMHU
CBOOOJIHOTO 3apsijia SIBIISIIOTCA DJIEKTPOHBI; HMX KOHIEHTpaIUs
3HAYUTEIbHO MPEBBINIACT KOHICHTPAIUIO JIBIPOK (1 >> np). B
MOJIYIIPOBOAHUKE p-TUMNA OCHOBHBIMH HOCHUTSJISIMU SIBJISIOTCS
IBIPKU (n >>n ). [Ipu KOHTaKTEe IBYX MOIYIPOBOJHUKOB /- U p-
THTIOB HAYMHACTCS npouecc Aup@y3uu: AbIPKU U3 p-00J1acTH
epeXoasiT B n-00JIaCTh, a DJIIEKTPOHBI, HAOOOPOT, U3 1-00J1aCTH B
p-0071acCTh.

* [n an n-type semiconductor, the main carriers of free charge are
electrons, their concentration significantly exceeds the
concentration of holes (n_>>n p) In a p-type semiconductor, the
main carriers are holes (n >>n ). When two n - and p-type
semiconductors come into cantact the diffusion process begins:
holes from the p-region move to the n-region, and electrons, on

-trary, from the n-region to the p-region. 3



JIIEKTPOHHO-ABIPOYHbIN MEePeXo/l

An electron-hole junction

* B pesynprare B n-o0nactu BOJMM3M 30HBI KOHTAKTa YMEHBIIAECTCA
KOHLICHTpALMs DJJIEKTPOHOB W BO3HUKACT IIOJIOKUTEIBLHO 3apsKEHHBIN
cioil. B p-o0mactu yMeHbIIAETCS KOHUEHTPALMS JbIPOK W BO3HUKAET
OTPULIATEILHO 3apsOKEHHBIM  ciod. Takum o0pa3oM, Ha TpaHULIE
MOJYIIPOBOJAHUKOB 00pa3yeTcsl JBOMHOW SICKTPUYECKUW CIIOW, TOJIe
KOTOPOrO TMPENSATCTBYET TMpoleccy AupPy3ur 3IEKTPOHOB U JIBIPOK

HaBCTPCUy APYT APYTY.
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* As a result, the electron concentration decreases in the n-region near the
contact zone and a positively charged layer appears. In the p-region, the
concentration of holes decreases and a negatively charged layer appears.
Thus, a double electric layer 1s formed at the boundary of semiconductors,
the field of which prevents the process of diffusion of electrons and holes




OOpaTrHoe HANPsIZKEHH e
Reverse voltage

e JIpIpKku B p-00JIaCTH M AJIEKTPOHBI B 1-00JIaCTH OyAyT CMEIIAThCs OT N—p-
Iepexo/ia, YBEINUUBAs TEM CaMbIM KOHIICHTPAIIUM HEOCHOBHBIX HOCUTEJICH
B 3anMparonieM cioe. ToK yepe3 n—p-nepexoi MPaKTUYECKA HE HJIET.
Hanpsbkenue, MojaHHOE€ HAa n—p-NEpEeXod B ATOM CJIydae Ha3bIBAIOT
00paTHBIM.
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* Holes in the p-region and electrons in the n-region will shift away from the
n—p junction, thereby increasing the concentrations of non-basic carriers in
the locking layer. There is practically no current through the n—p junction.

ﬂtage applied to the n—p junction in this case is called the reverse.
5



BosbramnepHasi XxapakTepucTuKa
The volt-ampere characteristic

* 3aBHCUMOCTb TOKAa 4YE€pe3 p-n-Nepexol OT MPUIOKEHHOTO K HEMY
HanpspkeHust [ = f(U) Ha3bIBalOT BOJbT-AMIIEPHON XapaKTePHCTHUKOM
p-n-niepexoja.
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 The dependence of the current through the p-n junction on the voltage
applied to it I = f (U) is called the volt-ampere characteristic of the p-n
junction.
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IIpsiMmoe HanpsKeHUue
Forward voltage

*  Ecnu n—p-nepexon COEAUHUTh C UCTOUHUKOM TaK, YTOOBI MOJOKUTEIbHBIN MOJIIOC
HMCTOYHHUKA OBLI COCAMHEH C p-00JacThl0, a OTPUIATENbHBIA C #1-00JaCThO, TO
HaIpPSKEHHOCTh AJIEKTPUYECKOTO TMOJsl B 3aMUPAIONIeM Cjioe OyAeT YMEHBIAThCS,
YTO O0JIEr4aeT Nepexo] OCHOBHBIX HOCHUTEJIEH Yepe3 KOHTAKTHBIN Cioil. J[bIpKu U3
p-00JIaCTH U DJIEKTPOHBI U3 1-00JacTH, JABUTAsICh HABCTpEUy IPYyr APYry, OyayT
[IepeCEKaTh n—p-MEPEX0l, CO3/1aBaAs TOK B PAMOM HAIIPABJICHUMU.

*  If the n—p junction is connected to the source so that the positive pole of the source
is connected to the p-region, and the negative pole to the n-region, the electric field
strength in the locking layer will decrease, which facilitates the transition of the
main carriers through the contact layer. Holes from the p-region and electrons from
the n-region, moving towards each other, will cross the n—p junction, creating a
current in the forward direction.
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11oynnpoBOAHUKOBBIE THOABI
An electron-hole junction

 (CnocoOHOCTh n—p-Tmepexoda IPOMyCKaTh TOK IIPAKTHYECKU TOJIBKO B
OJIHOM HaIlpaBJICHUN HCIOJb3YEeTCS B MHpUOOpax, KOTOPhIE HA3bIBAIOTCS
nOJAYNPOBOOHUKOBBIMU  Ouodamu.  I1onynpOBOJHUKOBBIE  JTHOJIbI
M3TOTABJIMBAIOT U3 KPUCTAIIOB KPEMHUS UJIM T€PMAHUSL.
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*  The ability of the n—p junction to pass current in almost only one direction
is used in devices called semiconductor diodes. Semiconductor diodes are
made from silicon or germanium crystals.
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Tpaun3ucrop
Transistor

* TlonynpoBOOHUKOBEIC MPUOOPHI HE C OAHUM, a C JABYMS N—p-
nepexogaMy  Ha3bIBAIOTCI — mpan3ucmopamu. Ha3Banue
IPOUCXOAUT OT COUYCTAHUS aHITIMMCKUX CIIOB: transfer —
MIEPEHOCHUTH U resistor — CONPOTHUBIICHUE.

* Semiconductor devices with not one but two n—p junctions are
called transistors.




Tpaun3ucrop
Transistor

* IlnactuHKy TpaH3ucTOpa Ha3bIBalOT Oa3oii (b), onHy u3 obnacteit c
POTHUBOIIOJI0KHBIM THUIIOM ITPOBOJIMMOCTHU — KoJtiekmopom (K), a BTropyto
— amummepom ().

» The plate of the transistor is called the base (B), one of the regions with the
opposite type of conductivity of the collector (K) and the second emitter

(E).



Ecnu B 11enb SMUTTEPA BKIIFOYEH UCTOYHUK MEPEMEHHOTO HAMPSIKEHUS, TO
Ha pE3UCTOpe R, BKIIOYEHHOM B II€Nb KOJUIEKTOPA, TAK)XE BO3HUKAET
NIEPEMEHHOE HAIPSHKEHUE, aMIUIUTyJa KOTOPOro MOXKET BO MHOTO pa3
IPEBBINIATh AMIUIATYAY BXOAHOTO curHana. ClienoBaTeiabHO, TPAH3UCTOP
BBITOJIHSIET POJIb YCUIIUTEIS IEPEMEHHOTO HAIIPSIKEHMUS.

IMene smutrepa  Lens xonnextopa

* If an alternating voltage source is included in the emitter circuit, then an
alternating voltage also occurs on the resistor R included in the collector
circuit, the amplitude of which can be many times greater than the

amplitude of the input signal. Therefore, the transistor acts as an AC
voltage amplifier.



KauecTBEHHO HOBBIM JTAllOM SJEKTPOHHOM TEXHUKU SBUJIOCh Pa3BUTHE
MUKDPOINEKMPOHUKU, KOTOpasi 3aHUMAETCAd pa3padOTKOW HMHTErpaIbHbIX
MHUKPOCXEM U IIPUHIIMIIOB UX MPUMEHEHHS.

A qualitatively new stage of electronic technology was the development of
microelectronics, which is engaged in the development of integrated circuits
and the principles of their application.

12




HNHTEerpajbHass MUKpocxemMa
Integrated circuit

Humezpanvhoit mukpocxemoii Ha3bIBaIOT COBOKYITHOCTh OOJIBIIIOTO YKCIIa
B3aMMOCBSI3aHHBIX DJJIEMEHTOB — CBEPXMajbIX JIMOJ0B, TPaH3UCTOPOB,
KOHJICHCATOPOB, PE3UCTOPOB, COCAMHUTEIBHBIX IIPOBOJIOB, N3rOTOBJICHHBIX
B €IMHOM TEXHOJOTMYECKOM ITPOIIECCE HA OJTHOM KpucTaiuie. Mukpocxema

pasMCcpoOM B 1 CM2 MOKCT COACPKATb HCCKOJBKO COTCH TbICAY
MHKPOIJICMCHTOB.

An integrated circuit is a set of a large number of interconnected elements
— ultra-small diodes, tranmsistors, capacitors, resistors, connecting wires,
manufactured in a single technological process on a single chip. A 1 cm’

n contain several hundred thousand microelements.
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nepexo |"d3Ank || junction
MOJIYIIPOBOJHUK |'semikondaktor| semiconductor
MPOBOAUMOCTh lkon'dak/n| conduction
BOJIbT-aMIIEpHas lvoult-"am pir volt-ampere characteristic
XapaKkTepPUCTHUKA keerakta ristik]

AIIEKTPOH 1" lektra:n| electron
3aMuparoIui CJIon |'baertor 'letar]| barrier layer
0011aCTh Ifi:1d] field

o0paTHOE HANPsKEHUE r1' v3:rs 'voultids| reverse voltage
MPsSIMOE HAIMPSKEHUE |'forrword 'vooultid3| forward voltage
JIBIPKHU lhavls| holes
HaIlpaBJICHUE ru:t| route

3aMbIKAHUE |'la:km)| locking
UHTETpalibHasg Mukpocxema | mtigrertid "s3:rkit| integrated circuit
LEIMb TPAH3UCTOPa traen zistar tfern| transistor chain

KOHIICHTpAIHS | ka:nsn treifn| concentration



