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BUIIOJISAPHBIN TPAH3UCTOP. YCTPOUCTBO U
IMPUHIMII JeACTBUSA OUIOJISAPHOIO
Tpan3ucTopa. Cnocodbl BKIAKOYeHUuss 1 BAX
OMIOJIIPHOI0 TPAH3UCTOPA.

Bipolar transistor. Device and principle of
operation of a bipolar transistor. Methods
for switching on and VAC of a bipolar
transistor.



* bunonspHeie Obuin pa3padotransl B 1948 . amepukaHCKUMH
yueHbIMU bapanusiMm, [llokiie, bparrenom.

e Tpan3ucTtop — DOTO DIEKTPOHHBIM NOPUOOP C  JABYMS
B3aMMOJICHCTBYIOIMMU p-1 TIEPEXOJIAMUA U C TPEMS BBIBOJIAMH.
OHu ObLIHM pa3pabOTaHbl C TpeMs BBIBOJAAMH: IMHUTTEpP, Da3a,
KOJIJIEKTOP.

* Bipolar transistors were developed in 1948 by the American
scientists Bardin, Shokle, Bratten.

* A transistor is an electronic device with two interacting p-n
junctions and three terminals. They were developed by three
conclusions: emitter, base, collector.
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bunoasipubIn TPAH3UCTOP — TPEXIOIOCHBIN
NOJIYIIPOBOJAHUKOBBIM MPHUOOp C JByMs p-n-niepexomamu. OH
COCTOUT U3 YEPEAYIOIIUXCS 00JIACTEN TOTYITPOBOJHUKA, UMEFOIIUX
AIIEKTPOIIPOBOIHOCTH PA3JIMYHBIX TUIIOB.

Bipolar transistor is a three-pole semiconductor device with

two p-n-junctions. It consists of alternating regions of a
semiconductor having electrical conductivity of various types.
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B 3aBHCHMMOCTH OT MOCJIEIOBaTEIbHOCTH
4yepeIoBaHus N- U Pp-00JacTeld pa3IMyaroT
TPAH3UCTOPHI N—P—N- U P—N—P-THUIIOB.

Depending on the sequence of alternation
of n - and p-regions distinguish transistors

n-p-n - and p-n-p-types.

IlenTpanpHass  00IacTh  TPaH3HUCTOPA,
Ha3piBaeMas 0a3ou (b), 3akiroucHa MEXIy
koJu1eKTopoM (K) u amurrepom (I).

The central region of the transistor called
by base (B) is concluded between a
collector (K) and the emitter (E).



O0Kaxkapli U3 P-n-NMepexoa0oB TPAH3UCTOPa MOXKeT ObITH CMelleH Judo B
npsiMoM, Ju00 B OOpaTHOM HampaBJjieHHusix. B 3aBHCHMOCTH OT 3TOrO
pPa3IMyaloT YeThipe peskuMa padoTbl TPAaH3UCTOpA:

OEach of the p-n transitions of the transistor can be shifted either in the forward

or reverse directions. Depending on this, there are four modes of operation of the
transistor:

* AkKmueHblil (YCUICHUS) DPeHCUM. 3MI/ITT€pHI>1ﬁ MEPEexX0] CMEIICH B)

IPAMOM HANPABJICHUH, a KOJUIEKTOPHBIN — B OOPAaTHOM.
» Active (gain) mode. The emitter junction is shifted in the forward
direction, and the collector — in the opposite. )

\

* Pestcum omceuxu. Oda mepexoma CMEIICHBI B 00PATHOM HATIPABICHUH.
» Cut-off mode. Both transitions are offset in the opposite direction.

J

* Pestcum nacviugenusn. O0a mepexoqa CMEIICHBI B MPAMOM HAMPABICHUN i
o Saturation mode. Both transitions are offset in the forward direction.

o Hueepcuovuit pesxcum. IMHUTTCPHBIN TEPEXOJ CMCIIEH B o6paTH01®
HATIPABJICHUH, 4 KOJIJICKTOPHBIH — B MPSIMOM.

* The inverse mode. The emitter junction 1s shifted in the opposite

direction, and the collector — in the forward direction. D




IIpvMHIUI pad0THI OMIIOJIAPHOIO TPAH3ZUCTOPA
The principle of operation of a bipolar transistor

[ToHBIM TOK KOJUIEKTOpA.:

Full header current: ] K — OC] 3 + I K0

Bo MmHorux cinyuasx I 5 > II(0’ ¥ MOXHO CUMUTaTh, 4TO TOK KOJUIEKTOPA
ONpEACIACTCS BhIpaKECHHEM. Pa3HOCTh MEXAYy SMHUTTECPHBIM M KOJJICKTOPHBIM
TOKaMH B COOTBETCTBHUM C IepBbIM 3akoHOM Kupxroda mpeacrapiser coOoii
TOK 0a3bl:

In many cases I, >> 1., and it can be assumed that the collector current
is determined by the expression. The difference between the emitter and
collector currents in accordance with the first Kirchhoff law is the current

base:

[.=1 -1 [ o=te_p 179y
(94 (94
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- Toxu TpaH3ucTOpa, pabOTAIONIIECIO B AKTUBHOM PEKUME, CBSI3aHbI
COOTHOIICHUSIMU:

- Currents of the transistor operating in the active mode are
connected by relations.:

[, =1 +1;




 Ilpu upe3mMepHOM KOJJICKTOPHOM TOKE MOXET BO3HUKATH
TEIJIOBOM IMpo0O# 0€3 MIpelBapUTEIBHOIO AIECKTPUYECKOTO
npo0osi, TO €CThb 0O€¢3 TMOBBIIICHUS HaNpsHDKCHUS  Ha
KOJUICKTOPHOM MepexoAe A0 IIPOOMBHOIO. ITO SBICHUEC,
CBSI3aHHOE C IEPErpeBOM KOJUIEKTOPHOIO IIepeXojia B KaKOii-
TO €r0 YaCTH, HA3bIBACTCS 6MOPUUHBIM RPODOEM.

* With excessive collector current, thermal breakdown can
occur without preliminary electrical breakdown, that is,
without increasing the voltage at the collector junction to the
breakdown. This phenomenon, associated with overheating of
the collector junction in some part of it, is called a secondary
breakdown.

- 8



 l3meHeHHne HaNpsHKEHW HA KOJUIEKTOPHOM UM 3MHUTTEPHOM
epexojlax COMNPOBOXKAACTCS HM3MEHEHHEM  TOJIIMHBI  3THX
nepexoaoB. B pesynbrare wusMeHsieTcs TodmuHa O0asbl. Takoe
SABJICHUE HA3BIBAIOT MOOYIAUUCH MOTUUHBL 0A3bL.

* Ilpu oyeHb TOHKOW 0a3e MOKET MPOU3OUTH IPhekm cMblKaHUA
(«OpoKOD» 0aszbl) — COCAWHEHHME KOJIJICKTOPHOIO IIEpexoja C
SMUTTEPHBIM. B 3ToM ciydae oOnacte 0a3bl HCYE3a€T, U
TPAH3UCTOP MEPECTACT HOPMAIBLHO PadOTaTh.

* The change in the voltages at the collector and emitter junctions is
accompanied by a change in the thickness of these transitions. As a
result, the thickness of the base changes. This phenomenon is
called the modulation of the thickness of the base.

* With a very thin base, the effect of closing ("puncturing" the base)
- the connection of the collector junction with the emitter one - can
occur. In this case, the base area disappears, and the transistor
stops working normally.
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CxeMbI BKJIIOYEHUSA
Switching circuits

- PaznnyaroT Tpu BO3MOXKHBIE CXEMbI BKJIIOUEHHUS: € o00uieu
oazoi, 0OwuUM IMUmMMmMeEpPOM, 0OUUM KOLIEKHOPOM.

- There are three possible schemes of inclusion: with a common
base, a common emitter, a common collector.




HH—] HH—|
Oo01as 0a3a OO01ui 3MuUTTEP
Common base Common emitter
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O0mMi KOJLJIEKTOP
Common collector




Cxema c o01neun 0aszou (Ob)
The scheme with a common base (CB)

* B atom ciiyyae a1 TOKOB:

o [n this case, the currents:

]B

X
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Cxema ¢ o01uM >mutTepom (0IJ)
The circuit with common emitter (CLE)
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Cxema ¢ 00muM koJieKTopoM (OK)

The common collector circuit (CC)
+E

B ngaHHOM ciaydae BXOMHOM CHTHal IIoAaeTcs Ha 0a3y TpPaH3WCTOpPA, a BBIXOMHAS
Harpy3ka HaxOJWUTCS B MU SMHUTTEPA.

In this case, the input signal is fed to the transistor base, and the output load is in the
emitter circuit.

]Bx:]E ]Bbzx:[3




ITocTpoenne BAX TpaH3ucTOpa B JMHAMUYECKOM pPeKUMe
The construction of the VAH characteristics of transistor in dynamic

mode
- Yro OBl MOCTPOUTH  BXOJHYIO
JAHAMUYECKYIO XapaKTEPUCTUKY,

HY>XXHO U KAXKIOI'O HAIIPSAKCHHUA HaA
KOJUICKTOPEC, A KOTOPOI'O HMCCTCA

cTaTuueckas BXO/JHAas
XapAKTEPUCTUKA,  ONPEIACIUTH  I10
BBIXOJHOU ITUHAMUYECKOMN

XapaKTEPUCTHUKE TOK Oa3bl.

1o construct the output dynamic
characteristic, it is necessary for each
voltage on the collector, for which
there is a static input characteristic,
to determine the output dynamic
characteristic current base.
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- 3areM Ha BXOIOHBIX CTaTUYECKHUX
XapPAKTEPUCTUKAX CJIEAYET OTMETHUTH
TOYKH,  KOTOPBIE  COOTBETCTBYIOT
HAaWJCHHBIM 3HAYEHUSIM TOKOB Oa3bl
(A" P" B’). CoeauHuB 3TH TOYKH
IJJABHOW KPUBOM (IITPUXITYHKTHUPHAS
KpacHasi JMHMSA) IOJYYUM BXOIHYIO
TAHAMHUYECKYIO XapPAKTECPUCTUKY
TPAH3UCTOPA.

- Then on the input static characteristics
it is necessary to mark the points that
correspond to the found values of the
base currents (A" P' B"). By connecting
these points of the smooth curve
(dash-dot red line) we obtain the input
dynamic  characteristic  of  the
transistor.




nepexos |"d3Ank || junction
MTOJTYIPOBOTHUK |'semikondaktor| semiconductor
MPOBOAUMOCTH lkon'dak/n| conduction
BOJIbT-aMIIEpHas lvoult-"am pir volt-ampere characteristic
XapaKTEPUCTUKA keerokto ristik]|

AIIEKTPOH 1" lektra:n| electron
3aMuparonIui CJIOu |'beertor 'leror]| barrier layer
0011aCTh fi:1d] field

00OpaTHOE HaIPsKEHUE r1' v3:rs 'voultids| reverse voltage
PSIMOE HaIPSHKEHUE |'forrword 'voultids| forward voltage
JBIPKU lhavls| holes
HaIlpaBJICHUE ru:t| route

3aMbIKAHUE |'la:km)| locking
UHTETpalibHasg Mukpocxema | mtigrertid "s3:rkit| integrated circuit
LIeTb TPAH3UCTOPA treen’ zistor tfein| transistor chain

KOHIICHTpaLus | ka:nsn'treifn| concentration



