HanienpoBiAHUKU. ENeKTPOHHO-
NipKOBUM nepexia

Semiconductors. Electron-hole
Junction



HanisnpoBiAHUKN B eN1IeKTPOHIU

* HanienposiOHUKU — Lie OeLl0 cepeqHe MiXX NPOBIAHUKaMMU |
aienekTpukamm,
e [Jlo HUX Hanexarb:

— Oarato XiMmi4HMX eneMeHTIB (repMaHii, KpeMHIN, cenex, Tenyp,
MULL'AK Ta iH.),

— BenunYyesHa KifnbKiCTb crnaBiB | XIMIYHUX 3'€QHaHb,
— MawXe BCI HeopraHiyHi pe4oBUHMU, LLO HAC OTOYYHOTh.

* HannowwpeHiwnm B Npupoai HaniBnpoBiAHNKOM € KpeMHIN, 3
SIKOro ckrnagaeTbcsa 3eMHa kopa mamke Ha 30% .

 [onoBHa 0cOGMMBICTL HaMIBNPOBIAHWKIB — IXHi (i3NYH]
BMACTMBOCTI CUNbHO 3anexarTb BiJ 30BHiLLHIX BMMNBIB,
3o0kpema TemnepaTtypu abo HaMMeHLLIO| KinbKOCTi JOMILLIOK.

LlinrecnpamoBaHO 3mMiHIOIOUYM TeMmNepaTypy HaniBnpoBiaHMKa abo

neryroum moro (Aoaaroum AOMILLKU), MOXXHA KepyBaTu MOro
$Pi3YHMMM BNACTUBOCTAMMU, 30KPEMA, €/IEKTPONPOBIAHICTIO.




Semiconductors in Electronics

 Semiconductors are something in between of conductors and
dielectrics.

« Among them:

— Many chemical elements (Germanium, Silicon, Selenium, Tellurium,
Arsenic, etc.),

— Big number of fusions and chemical compounds,
— Almost all organic matters arround us.

 The most widespread semiconductor in the nature is silicon. Earth's
crust consists of silicon (almost 30 %).

« Main feature of semiconductors: their physical properties strongly
depend on external influences, especially on temperature and even on
small amount of admixture (additive, impurity)

Purposeful change of semiconductor temperature or
addition of admixture (alloying - neruposaHue) allow to

control of its physical properties, in particular, its
conductivity.




BypHoOe pa3BuTHE NOSIYNPOBOAHUKOBOMN 3/IEKTPOHUKH
Havanocb ¢ n3obpeteHnem cHavana TodeyHoro (1948r.), a
3aTem un naockoctHoro (1951r) TpaH3ucTopa — OCHOBDI
Ntobomn coBpeMeHHON MUKPOCXEMDI.

YT106bI NOHATL NPUHLUMN PAabOTbl TPAaH3UCTOPA, HAA0
paccMmoTpeTb paa PU3NYeCcKnxX NPoLLeccoB, NPOTEKAOWMX B
No/lyNPOBOAHUKAX.

[lna Hayana paccCMOTPUM CYTb 3/1IEKTPONPOBOAHOCTH, TO
eCTb CNOCOBHOCTM Pa3/IMUYHbIX BELLECTB NPOBOAMUTL TOK.

KaK U3BecTHO, BCe BellecTBa COCTOAT U3 aTOMOB,
COeANHEHHbIX XMMUYECKUMM CBA3AMM, BO MHOTOM
onpeaenarowmMmm nx PU3NKoXmMmm4yeckme CBOMUCTBA, B
YAaCTHOCTU, 3/1IEKTPONPOBOAHOCTb.

TaK, HanpMmep, Co/ib NN AePEBO He NPOBOAAT TOK,
ABNASACb XOPOLWMMU ANINEKTPUKAMMU, B TO BPEMS KaK
MeTaN/Inyeckas NPoBOJIOKa CAYXKUT NPEBOCXOAHbIM
NPOBOAHMKOM TOKa. B yem »e ceKpeT BbICOKOM
3/1€KTPONPOBOAHOCTU METaINI0B?



Booming growth of semiconductor electronics began when
transistor was invented: first point-contact transistor
(1948), and then junction transistor (1951), which is the
basis of any modern IC.

In order to understand the principle of transistor operation,
one should consider some physical processes in
semiconductors.

First let us consider the essence of conductivity, that is,
ability of different matters to conduct electric current.

As we know, all matters (substance) consist of atoms that
are related by links. These links (chemical links) define
physicochemical properties of a matter, and in particular
the conductivity.

For example, salt or wood does not conduct electric
current. They are good dielectric (insulators). In contrast,
metal wire is excellent conductor.

Why? What is the secret of high level of conductivity of
metals?



DNEeKTPOnNpPoBOAHOCTb MEeTaN/I0B

e ATOMbI B KPUCTA/IJIMYECKOMN pPELLETKE METAN/I0B YNaKOBaHbI
O4YeHb NMNJIOTHO — Ka*KAblM aTOM MOXKET ObITb
HenocpeacTBEHHO CBA3aH ¢ 1210 coceaHumu. Moatomy
3/1EKTPOHbI BHeWHUX obonoyek (outer shell) atomos
(BaneHTHble 31eKTPOHbI) OKa3biBatoTcA “cBoboaHbIMKN” N He
Y4aCTBYIOT B MEXKaTOMHbIX (interatomic) B3aMMOAENCTBUAX.

DTN SNEKTPOHbI MOTYT
becnopAago4HO
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Conductivity (electroconductivity) of metals

e The atoms in the crystal lattice of metal are packed very
tightly: each atom can be directly linked to 12 neighboring
atoms.

e Therefore, the electrons of the outer shells of the atoms
(the valence electrons) are "free" and do not participate in
the interatomic interactions.

e These electrons can
D 3 / a ~=3 3 / 3 move randomly. They
Ay Jea - form so-called

\\5 3 :3; 3&&3 3 "electron gas“.

Positive metal ions

3 3/ /J'“‘a that are located in the

crystal lattice are
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D D 3'1 3 ;D 3 3 shipped into this gas.



DNEeKTPOnNpPoBOAHOCTb MEeTaN/I0B

 [lpy KOMHaTHOM TemnepaType Y 3/IEKTPOHOB He XBaTaeT
3HEePrumn ANAa nNPeoaoneHna noTeHumaabHoro bapbepa. Ho
eC/IN NPUNOKUTb K META/INTMYECKOMN MPOBOIOKE PAa3HOCTb
NOTEHLUMANOB, TO MO HEW NOTEYET 3/IEKTPUHECKUN TOK,
06pa3oBaHHbIN CBOOOAHbIMU 3NEKTPOHAMM, MOCTOAHHO
NPUCYTCTBYIOLWMMU B KPUCTAJNIE.

9 /9 -9 3/3
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BCEX METa/1/Z10B.



Conductivity of metals

At room temperature, the electrons do not have
enough energy to overcome the potential barrier. But
if you put some potential difference to a metal wire,
then electric current will begin to flow. It is formed by
the free electrons which are always present in the
crystal.

@ /9 9. 3/3 « Itis the high
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DNEeKTPOnNpPoBOAHOCTb MEeTaN/I0B

e KaK MOHbI, 0bpasytolime peLeTKy, Tak U 3INEKTPOHbI
Y4aCTBYIOT B TEMNJIOBOM ABUKEHUWN. NOHbI cOBepLUatOT
TennoBble KosiebaHusa B y3n1ax peweTtkn. CBoboaHble
3/1eKTPOHbI ABUXKYTCA XaOTUYHO U CTAJIKMBALOTCA C MOHAMMU
PEeLlETKM.
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Ha3biBaeTca pabomol
e8bixo0a - work function



Conductivity of metals

 Both the ions and electrons forming the lattice are
involved in thermal motion. The ions perform thermal
vibrations of the lattice sites. The free electrons move
randomly and collide with the ions of the lattice.

* Because of the 3 3 / 3—'”‘9 3/3

interaction with ions

electrons can leave ’ 3”3 3 3]\3 3

the metal, only by

overcoming the so- .—D 3/ /-J'"E@,,a?/

: Al TS . ¢
called potential 2\ @B LR\

barrier. 3 I 3'1 d @@ DD

* The height (magnitude) of this barrier is called the
work function



3I'IEKTpOI'I POBOAHOCTb NONYNPoOBOAHUKOB

PaccmoTpum Tenepb KPUCTA/I/IMYECKYIO PeLleTKyY
NoaynpPoBOAHUKOBbIX KpucTannos. 14 nonynpoBoAHUKOB
XapaKTepHa KosasieHMHas ceA3b mexcoy amomamu (covalent

bond)
B KauecTBe npumepa

PACCMOTPUM KPUCTANN
repmaHua (Ge),
NMEIOLLMIN YeTbIpe
Ba/ZIEHTHbIX 3/IEKTPOHa.

bharogapAa npoyHoOCTU
KOBAJIEHTHOM CBA3MU
3/IEKTPOHbDI B
KpUcTanne repmaHus
ropasno bonee
JIOKA/IN30BaHbl, YeM B
MeTannax.

XUMmyeckas cBsiab Ge Ge Ge
Ha3blBaeTcH - - - -
KOBaneHTHOM,

ecrnv oHa o Ge - - Ge -
obpasoBaHa nyTem . - 5 3
o6obuecmerneHust - - -~ >
napbl 371€KMPOHO8 =) =) ! - -
oboummn atoMamu. Ge ' Ge Ge

* 3JTO 03HAYAET, YTO B OObIYHbIX YC/TIOBUAX
ero NPoBOAMMOCTb Ha NOPAAKU
MeHbLLEe, YemM Y MeTasioB (M13-3a
oTcyTcTBMA “cBOBOAHbIX”
HE/I0Ka/IM30BaAHHbIX 3/1EKTPOHOB).



Electroconductivity of semiconductors

e Consider a crystal lattice of semiconductor crystals. The

covalent bond between

atoms is typical for them.

e Asanexample let us
consider a Ge crystal. It
has 4 interbond
(valence, valent)
electrons.

e Because of covalent

A link

(XuMmmnyeckas
CBA3b) IS
referred as
covalent, if it
is formed by v Ge
the -
collectivization ‘
of electron pair Ge ' Ge Ge
by both atoms.
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bond (which is
extremely strong) the
electrons in Ge crystal
are much more
localized than ones in
metals.

This means that under conventional
conditions its conductivity is many
times less (several orders) than
conductivity of metals (due to absence
of “free” non-localized electrons).



INeKTPonpoBOAHOCTb NONYNPOBOAHUKOB

e Y10 }Ke byaeT, ecnm K TaKomMy Kpuctanny

NPUNOMKUTb PAa3HOCTb NOTEHLNANOB?

e [lake ecnu B Kpuctanne byaeT co3gaHo o e o
CUNbHOE 3N1eKTpunyecKoe none, oHo
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CMOXET NNLLb YYTb-4yTb AedOpPMUPOBaTb Y & o
3N1EeKTPOHHbIe OpbUTbI, HO Pa30pPBaTh MX - - =~
NONHOCTbIO OKAXKeTCA He B COCTOAHMUMW. e

e CBOOOAHbLIX HOCUTENEWN 3aPAAA B KPUCTAN/IE HE BO3HUKHET, W,
cnepoBaTeNibHO, He ByAeT 3/IeKTPMUYECKOro TOKa. Takum obpasom,
B “Uunctom Buae” Kpuctann repmaHuma npeacrasnsetr cobom
O0ObIYHbIN ANINEKTPUK.

 Y106bI B KpUCTaN/IE rTEPMaAHNA NOABUANCL CBOOOAHbIE HOCUTENU
3apAaaa, HeobXxoAMMO KaK-TO HApPYLUTb UX CTabuabHbie
KOBaneHTHble cBA3U. J10CTUYb 3TOr0 MOXKHO Pa3/IMYHbIMU
cnocobamu.



Electroconductivity of semiconductors

e What will be, if a potential difference is
applied to such a crystal? @
Ge

Gy
0

O

= = = =

* Evenif a strong electric field is created in D09 o 43

the crystal, it can only slightly deform the ¥ ar-de o
electronic orbits, but not to break down |~ a <

them completely. el

 The free carriers of charge will not arise in the crystal, and hence,
no electric current appears. Thus, a crystal of Ge in a “pure form”
behaves as an usual dielectric.

* |Inorder to create some free carriers of charge in the crystal, it is
necessary to break down the interatomic stable covalent links.
This goal can be achieved by different ways.



INeKTPonpoBOAHOCTb NONYNPOBOAHUKOB

e [lepwnii cnoci6. Kpnctann moKHO NPOCTO HArpeThb,
NPUAaB ero 3/IeKTPOHAM A0NO/IHUTE/IbHYIO SHEPTULO,
NOCTAaTOYHYIO ANA TOro, YToObI PaspyLLNUTb MEKAaTOMHbIE

/IEKTPOHHbIE CBA3MW.
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e [lpeanonoxKum, B pe3ynbraTe HarpeBaHUA OAHa U3 CBA3EM
pPa3opBasiacb, a BbIOUTbIN CO cBOEN OPOUTBLI SNEKTPOH
OKa3a/1ICsl MeXay YeTblpbMA COCeAHUMM aTOMaMM.



Electroconductivity of semiconductors

e The first method. A crystal can be simply warmed giving
additional energy to its electrons. This energy should be
sufficient to destroy interatomic electronic connections.

Ge Ge Ge
- - = -
= 9P =
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J @— 2 /
Ge - Ge Ge
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e Suppose that as a result of heating, one of the links was torn.
The electron knocked out from the orbit appeared between
four nearby atomes.



INeKTPonpoBOAHOCTb NONYNPOBOAHUKOB

e Y10 B 3TO Bpems NPOUCXOAUT C PAa30PBAHHOM CBA3LIO?

Ge Ge Ge
- | - - -
= 9P =
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[ToABMBLUAACA Y HEE AONO/HUTE/IbHAA SHEPrnA NO3BONAET
3aXBaTUTb 3N1EKTPOH U3 coceaHen cBA3U. B cBoOto ouepeapb,
BHOBb 06pa3oBaBlIaAca “ApipKka” TakKe “oTHUMaeT”

3N1eKTPOH Y COCEeAHEN CBA3U U T.A.



Electroconductivity of semiconductors

e What is happening with the broken link in the same time?

Ge Ge Ge
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e |t gets additional energy, which allows to capture an
electron from the next link. As a result a new “hole” arises
that, in turn, also “takes away” an electron from a next link,

etc.



Electroconductivity of semiconductors
* TaKaA HenosiHaA CBA3b XaOTUYHO NepemellaeTca mexay
aToMaMu peLleTKU. [IBnkeHmne pa3opBaHHbIX CBA3EM
NPOUCXOAUNT 3a CHET nepexoaa 31eKTPOHOB, y4aCTBYOLWMX B
coceaHUX CBA3AX, @ He CBOOOAHbIX 3N1EKTPOHOB, T.€. KaXKAblM
Pa3 B KpUCTa/l/ie NoABAeTCA ovyepeaHaA HENO/IHAA CBA3b.

* 3TO MO)HO ynoaobuTb c/lyyato, Koraa B 3aMo/IHEHHOM
3pUTENIbHOM 3a/1e yXO04UT OAUH U3 3pUTeNen nepBoro paaa u
ero MecTo 3aHUMaeT cnaAaLwnm 3a HUM. [pm aTom nycToe
MeCTO NepemMeLl,aeTca No 3a/1y oT NepBoro paaa K
nocnegHemy NPOTMBOMOIOXKHO ABUMKEHUIO 3pUTENEN.

e Korpa pa3opBaHHas CBA3b NepemMeLL,aeTca no KpUcTanay, To
NBUXETCA U CO3AaHHbIN €0 HECKOMIMEHCUPOBAHHbIN
NOJIOXKUTENbHbIN 3apAA. ITO MOXKHO PacCMaTpPMBaTb KaK
NoABMIEHUE MONOXKUTE/IbHO 3aPAXKEHHbIX YAaCTULL, BE/IMYMHA
3apAaa KOTOPbIX PaBHA 3apsaay 3/IEKTPOHA. Takue
KBa3M4acTULLbl NONY4YUAMN Ha3BaHME “ObIpOoK”.



Electroconductivity of semiconductors

e Suchincomplete link randomly moves between the atoms of
the lattice. The movement of the broken links occurs due to the
transition of electrons from next links, but they are not free
electrons, i.e. every time the next incomplete link occurs in the
crystal.

 Imagine that in the filled auditorium with many rows, a
spectator sitting in the first row leaves his seat, and that seat is
immediately occupied by the next person from the second row.
It looks like the empty seat is moving gradually from the first
row to the last one. Empty seat moves in the opposite direction
relatively to movement of the persons (spectators).

e The broken link moves inside the crystal; an uncompensated
positive charge, created by it, moves too. This phenomenon can
be conditionally considered as occurrence of positively charged
particles with the same charge as electrons. Such quasi-
particles have been named “HOLES”.



Electroconductivity of semiconductors

* CBOBOAHbIN 31€KTPOH U AblPKa CYLLECTBYIOT B
Kpuctanne He Be4yHo. CnycTa HeEKOTopoe BpemMs,
coctasnatowee ot 101% no 102 ¢, cBO60AHbIN 3INEKTPOH
1 OblpKa BCTPEYaloTCAa U peKoMmbuHuUpyrom.

* [lpn pekoMmbUuHaunm BblAeNSeTCA SIHEPrnaA, KoTopas
6blna 3aTpavyeHa Ha Co34aHMe 3NEeKTPOHHOAbIPOYHOM
napbl. MHOrAa OHa BblAENAETCA B BUAE U3/TYYEHMUA, HO
Yalle OHa NepeaaeTca KPUCTAIJIMYECKOMN peLleTKe,
Harpesasn ee. Takas NPOBOANUMOCTb Ha3bIBAETCA
cobcmeeHHOoU 3/1eKmpornpoeooHOCMbIO
nonynpoeooOHUKOS.

e [IbIpKK POXKAAOTCA U TMOHYT TO/IbKO NapamMm BMeCTe
CO CBOOOAHBIMM 3/IEKTPOHAMM, MO3ITOMY
KOHUEHTPaL MM 3N1eKTPOHOB (n) 1 AblpoK (p) B
cobcTBEHHOM NMO/IYyNPOBOAHUKE (6e3 npumecen)

PaBHbI: p=n



Electroconductivity of semiconductors

A free electron and a hole exist in the crystal not
perpetually. In some time (101% to 102 sec) the free
electron meets a hole, and they recombine.

During the recombining, the energy is evolved. The
magnitude of this energy is the same as was used for
creation of electron-hole pair. Sometimes it can be a
kind of radiation, but more often this energy just heats
the crystal lattice.

Such conductivity is called self-conductance of
semiconductors.

The holes are born and die only by pairs together with
free electrons. That is why the concentration of
electrons (n) and the concentration of holes (p) in a
self-semiconductor (without Impurities) are equal:

p=n



dNeKTponpoBOAHOCTb NONYNPOBOAHUKOB

e [pyrmMi cnocib — HamepeHHOe BBeAEHUE B KPUCTANN PA3NNYHbIX

npumecen (impurity). PaccmoTtpum cutyaumio, Korga B
YeTbIPeXBaJIEHTHbIN NPOBOAHUK, HANPUMEP, B KPEMHUIN NN
repmaHunin, nonagaetT aToM NATUBANEHTHOIO BELWECTBA,
Hanpumep, MblwbaK — As nnm docdpop — P.

Hannune nAaTMBaneHTHbIX

3/1eKTPOHOB B aTOoMe AS roBOPUT O
ero cnocobHoOCTN OpraHn30BbIBATb

XMMUYECKNe CBA3U C NATbIO
coceagHMMU aTOMamu. Ho B
KPUCTAaNIMYECKOWN peLleTKe

repmaHmna MMeeTCA TO/IbKO 4HeTblipe

COCeAHMX aTOMa, C KOTOPbIMMU
MOXXHO 0bpa3oBaTb CBA3M.

Ge Ga Ge Ga
Ge Ge Ge
¥
——— e As
Ee Ee =e
Ga e Ga Ge

atl 3

|_|03TOMy TOJZIbKO HETbIPE U3 NATU BAZIEHTHDbLIX 3NEKTPOHOB MbILLUbAKA
OKa3blBakOTCA BK/THOYEHHbLIMW B NPOYHbIE XMMHNYECKNE CBA3N.




Electroconductivity of semiconductors

e The second method is the introduction of various impurities into
the crystal. Consider a situation, when a five-valent substance
atom(say, Arsenic - As or Phosphorus - P) gets into a tetravalent
semiconductor (for example, Silicium or Germanium).

Presence of 5 valent electrons in
an atom of As means that it is
able to organize the links with 5
adjacent atoms. However, there
are only 4 adjacent atoms in Ge
crystal lattice that can take part
in creation of the links.

Ge Ga Ge Ga

Ge Ge Ge

; As
Ee Ee =e

Ga e Ga Ge

atl 3

That is why only 4 from 5 valent electrons of As occur involved into

the strong links.




INeKTPONpPoOBOAHOCTb NONYNPOBOAHUKOB
e OCTaBLUMMNCA e NATbIN 3/IEKTPOH OKa3bIBaeTCA He
33/1eMCTBOBAHHbIM B CBAI3AX, BCNeACTBUE YEro B KpUcTtanne
CO3/4at0TCA AOMNONHUTE/IbHbIE HOCUTENU 3aPAAa — /IEKTPOHDI.

Takue npumecu HasbIBaloOT

OOHOPHbIMU. - & - o
BHumaHue: B oTanuune ot -~ o a
cobCTBEHHOW NPOBOAMMOCTHU

Ge Ge | -7 Ge
NONYyNpPOBOAHUKA, POXKAEHUE < 9

g, As

cBOH6OAHOrO 3/1IEKTPOHA 34eChb He Ge Ge Ge
CONPOBOXA4aeTCcA O4HOBPEMEHHbIM

Ge Ge Ge Ge
noABAeHUEeM AblPKU, MOCKONbKY '
MeXaTOMHble CBA3M He pa3pyLuatoTca. > £

[ToSTOMY KOHLEHTPaLUms cBOOOAHbIX SNEKTPOHOB B KPUCTANIE C
NOHOPHbIMW MPUMECAMM HAMHOTO 60/1blle KOHLEHTPaUMKn OblPOK:

p<n



Electroconductivity of semiconductors
e Remained the fifth electron is not involved in any link; that is
why in the crystal additional carriers of a charge — electrons — are

created.

Such kind of impurity is called “donor”.

Attention: in contrast to self-
conductivity of a semiconductor, the
birth of free electron in this case is not
accompanied by simultaneous
appearing of a hole, because
interatomic links do not collapse.

G Ga Go Ga

Ge Ge Ge

'

Ga Ge e

Ge Ge Ge e

=~ [

That is why the concentration of free electrons in a crystal with
donor impurity is much more then concentration of holes:

p<n




9N1eKTPOoNPOBOAHOCTb NOAYNPOBOAHUKOB
[MonynpoBOAHUKN C AOHOPHbLIMU NPUMECAMM HA3bIBAIOT
nosynposoodHUKamu n-muna (om aHen. “negative”, No 3HaKy
OCHOBHbIX HOCUTENEWN 3apAaa) U 3/1IeKMPOHHbIMU
1Mosyrnpo8oOHUKAMU. 371eKMPOHbI 8 HUX A8/AH0MCA OCHOBHbIMU
Hocumesnamu 3apAaoa.

Bo3MoOXXHa M NPOTUBOMONOXKHAA CUTYaLUMA, KOraa B
YeTbIpexBaJIEHTHbIN NONYNPOBOAHMK BBOAUTCA TPEXBA/IEHTHAA
npumech, Hanpumep UHAUN In nan antommHmnn Al. na
o0b6pa3oBaHMA CBA3EN C YETbIPbMA COCEAHMMM ATOMAMMU EMY

He XBaTAeT OAHOro BaJIEHTHOIO 3/IEKTPOHA. B 3TOM cnydae atom
NPUMECU MOXKET Nerko “otobpatb”’ HeJOCTaAOWMN SNEKTPOH Y
cocelHEro aToma repmaHusa (Mnm KpemHusa). B pesynbrate y
aToma repmaHua (KpemHMA)BO3HUKAET HEMOJIHAA CBA3b,
CrnocobHaa nepemewatbCa No Kpuctanny (abipka).

Takne npmmecu HasbIBalOT aKyenmopamu.



Electroconductivity of semiconductors

e Semiconductors with donor impurities are called n-type
semiconductors (from “negative”, according to the sign of
principal carriers of charge) or electron semiconductors. Because
electrons are principal (main) carriers of charge here.

Opposite situation is also possible: when 3-valent impurity is
introduced into a 4-valent semiconductor. For example, Indium
(In) or Aluminum (Al) impurity in Ge.

In this case one of the required electrons is absent in the crystal.
Hence, the atom of impurity is able to take a lacked electron from
the next atom of Ge (or Si).

As a result the atom of Ge (or Si) get an incomplete link, which is
able to move along the crystal (HOLE).

Such impurities are called acceptors.



ATOM MHAMA B pelleTKe repmaHus.
[TonynpoBOAHUK p-TUNA

PoxaeHue NMPUMECHbLIX AbIPOK

TakKXKe He NPpnBoaAUT K
Ga Ga Ga Ga

ob6pa3oBaHuUto
Ge Ge Ge 3/IEKTPOHHOAbIPOYHbIX Nap, U
F—
3 " w7 2 KOHUEHTpaUmnAa AblPOK B
Od No/IyNPOBOAHMKE C aKLLeNTOPHbIMM
Ge — Ge
> NPUMECAMM Bbllle, YEM
In
Ge Ge Ge Ge KOHLUEHTpaUnAa 3/1eKTPOHOB:
- p >n

[bIpKM B JaHHOM Ccy4ae ABAAKTCA OCHOBHbIMMU
HOCUTENSIMM 3apAaa, a Cam NOAYNPOBOAHMK HA3bIBAKOT
nos1ynpo8ooHUKoM p-mura (om aHra. positive ) nnm
ObIPOYHbLIM M0s1YNPOBOOHUKOM.



An atom of In in the lattice of Ge. P-type semiconductor

Birth of impurity holes do not lead

Ge Ga Ga Ga
to occurrence of electron-hole
Ge Ge Ge . . .
pairs; so, concentration of holes in
&—<= . )
Ge Ge| Ge Ge a semiconductor with acceptor
\'@ impurities is higher than
Ge 7 Ge .
- concentration of electrons:
Ge Ga Ga Ga
p >n
= E

The holes in this case are the main carriers of charge; and
such semiconductor is named P-type semiconductor (from
Positive ) or hole semiconductor.



I/1IeKTPOHHOAbIPOUYHbIN Nepexon,

 Jltobon nonynpoBOAHUKOBbIM NPUHOP OCHOBAH Ha OAHOM UM
HECKO/IbKUX SNEKTPOHHOAbIPOYHbIX Nepexoax.

31eKmpoOHHO-0bIPOYHbLIU nepexoo (p-n nepexod) —amo
06710cMb KOHTAKTa ABYX NONIYNPOBOAHMKOB C Pa3HbIMU TUNAMMU

NPOBOAUMOCTHU.

[MTOoCKONbKY B NONYNPOBOAHMKE N-TUMNA KOHLLEHTPaLKA
3N1EKTPOHOB 3HAYMUTENIbHO NPEBbILWAET KOHLEHTPALUUIO AblIPOK

(n >> p), a B nonynpoBogHMKe p-Tuna — HaobopoT (p >>n), TO
NPW KOHTaKTe ABYX NOAYNPOBOAHMKOB Pa3HbIX TUNOB
HayMHaeTcAa npouecc Anddy3mun: AbIpKU N3 p-obnactu
cTpemuTenbHo andPyHaAnpyroT (nepexoaart) B n-obnactb, a
3/1EKTPOHbI, HA0bOopOoT, N3 n-obnactn B p-obnacTb.



Electron-hole junction

* Any semiconductor device is based on one or several
electron-hole junctions.

Electron-hole junction (p-n junction) — is an area of the
contact between two semiconductors with different types of

conductivity.

In n-type semiconductor, electron concentration is much higher
than hole concentration (n>> p), and in p-type semiconductor
(p >> n).

That is why in case of a contact of different types of
semiconductors, a diffusion process begins immediately:

the holes from p-area rush into n-area, and electrons, vice
versa, go swiftly from n-area into p-area.



I/1IeKTPOHHOAbIPOUYHbIN Nepexon,

B pesynbrate auddPy3nm B n-061acTh Ha rpaHULE KOHTAKTA
YMEHbLUAEeTCA KOHUEHTPaLUMA 3/IEKTPOHOB U BO3HUKAET
NO/IOXKUTENbHO 3apPAXKEHHbIN /10N, B p-obnactn, Haobopor,
YMEHbLUAETCA KOHUEHTPaUMA AbIPOK M BO3HMKAET OTPMULATE/IbHO
3apSAKEHHbIN cnoit. Taknm obpa3om Ha rpaHuue
No/NIyNpPoOBOAHUKOB 0bpa3yeTca ABOMHOW SNEKTPUYECKUNI CNION,
NPenATCTBYOWWA AanbHenwemy npoueccy gnddysmm
S5NEKTPOHOB U AbIPOK HaBCTpeYy Apyr Apyry.

e TaKoM C/10M1 HA3bIBAETCA 3ANMUPAIOWUM.
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Electron-hole junction

e As aresult of the diffusion, in n-area (on the border of the
contact) the concentration of electrons is decreased, and
positively charged layer appears. In p-area, vice versa, the hole
concentration is decreased, and a negatively charged layer
appears. Thus, on the border between the semiconductors, a
double electric layer is created. And this barrier layer (or blocking
layer) blocks the process of diffusion of electrons and holes in the
opposite direction.

e Such layer is called barrier layer (3anuparowuii cnot, 3anipHui
wap ) Januparowul
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INEeKTPOHHOAbIPOYHbIN Nepexos,
* p-n-nepexon obnagaet o4HOM YyANBUTENIbBHOM OCODEHHOCTbLIO:

00HOCMOpPOHHel nposooumocmeoto (unidirectional conduction),
Mo ecmb crioCOOHOCTbIO MPOMYCKaTb SNEKTPUYECKUM TOK TONIbKO B

OZlHY CTOPOHY.

e JlBa BO3MOKHbIX BapMaHTa NoAaym HanpsaKeHUs Ha p-n-nepexoa;

1) NONOXKNUTENbHbIN NONOC UCTOYHUKA COeaANHEH € p-0b6aacTblo, a

oTpuLAaTENbHbIN — C N-0bnacTblo.
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ol ] el e [ [ 5

Npamoe BKAKOYEHUA pP-n-nepexoaa

B cuny nputarnBaHuA pa3sHOMMEHHDbIX
3apsaa0B (opposite charges)
HaNPAXXEHHOCTb NO/IA B 3aNMpPatoLLLEM
cnoe bygeTt ymeHblaTbcA. EcTtecTtBeHHO,
3TO obneryaer

nepexos OCHOBHbIX HOCUTENEN Yepe3
KOHTAKTHbIM c10W. [AblpKn n3
p-061aCcTh 1 3NeKTPOoHbI U3 n-0bnacTy,
ABUranCb HaBCTpeuy Apyr

apyry, byayT nepecekaTb p-n-nepexoa,
co34aBas TOK B MPAMOM

Hanpasnerun. If ulT=il,




Electron-hole junction
2)NONOKNTENBbHBIN NOJIKOC UCTOYHMKA COeAUHEH ¢ n-06n1acTbio, a

OTPULATE/NIbHbIN — C P-061aCTbIO.
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O6paTHOe BK/IlOYEeHUsA p-n-nepexosa

ToK yepes p-n-nepexon NPakTUYECKM He
Naer.

Takoe BKAKOUYeHUe npusBedeT K
BO3PAaCTaHUIO HaNPAXKEHHOCTU
NoNA B 3anNMpatowem coe.
[bipKkn B p-0b1actn m
3/IEKTPOHbI B N-06/1aCTh He
byayT ABUraTbCA HaBCTpeuYy
ApYr Apyry, 4To npmseeaeT K
YBENIMYEHUIO KOHLEHTPaLUmn
HEOCHOBHbIX HOCUTENEN B
3anmnparoLem cnoe.

Hanps»keHue, nogaHHOE Ha p-n-nepexos nNpu TaKoOM BKJIIOYEHUN,
Ha3bIBaOT 06pamMHbIM. Becoma He3Ha4yumesbHbili 06pamHbIli TOK
0bycnoBieH TONbKO COHBCTBEHHOM NPOBOANMOCTBIO NOAYNPOBOAHUKOBbIX
MaTepPManos, T. €. Hannmymem HeboNbLLIOM KOHUEHTPaunm cBoboaHbIX
3NEKTPOHOB B p-06/1acTh U AbIpOK B n-obnactu.




