Jlekusa Ne9
IoJieBbie TpaH3ucTOPHbI. Kitaccupukanus mojeBbIX
TPAH3UCTOPOB. YCTPOMCTBO U NPUHIUII JeHCTBUS
[10JIEBOr0 TPAH3UCTOPA C YIPABJIHAIIKUM P-n
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Field-effect transistors. Classification of field-effect
transistors. Device and principle of operation of a
field-effect transistor with a control p-n junction.

Static characteristics and parameters of the
transistor. TIR transistors.
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IlosieBbIC TPAH3UCTOPHI
Field Effect Transistors

e TpaH3uCTOp — BTO DJICKTPOHHBLIM HPHOOP C JABYMS
3JIEKTPOHHBIMU MEPEX0AaMHU U TPEMS BBIBOJAMM.

°  YHUMIOJSPHbIE TPAH3UCTOPbLI — 3TO TPAH3UCTOPHI C
OIHHUM TUIIOM HOCHUTEIIEHN 3aps10B.

A transistor is an electronic device with two electronic
junctions and three leads.

* Unipolar transistors are transistors with a single type
of charge carrier.
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* IloseBble TPAH3UCTOPBI — 3TO TPAH3UCTOPHI C JABYMSI
SJEKTPOHHBIMUA  TEPEXOJaMHM, C OJHUM  THUIIOM
HOCUTEJIEHW  3apsna, C  TPEMA  BbIBOJAMH W
VIIPABJISAEMbIA CONPOTUBJICHUEM p-n  IIEpexona C
ITOMOIBIO AJIEKTPUYECKOTO TTOJIS.

e Field — effect transistors are transistors with two
electronic junctions, with one type of charge carrier,
with three leads, and controlled by the resistance of
the p-n junction using an electric field.
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DJIEKTPO/IbI TTOJIEBOTO TPAH3UCTOPA:

H — ucmok — D3IEKTPOIA, OT KOTOPOTO
JIBUKYTCS HOCUTEIIH 3apsija.

C — cmok — 3IIEKTPO, K KOTOPOMY JIBUKYTCSA
HOCHUTEIIN 3apsija.

3 — 3ameop — DSIEKTPOJ, VYIIPABISIOIIAN
CEUCHHEM KaHasa.

Field FET Electrodes:

U - the source - the electrode from which the
charge carriers move.

C - drain - electrode, to which the charge
carriers move.

3 - gate - electrode, which controls the cross
section of the channel.



Kiaccupurkanus mojeBbIX TPAH3UCTOPOB

Classification of FETs

( \
IosieBbIC TPAH3UCTOPHI
Field Effect Transistors
- J
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e IlpuHuMn JaedcTBMA: NPU H3MEHECHUM HAIPSAKCHUS U31/1
(oOpaTHOTO JJISI P-N-TIEPEXOJI0B) MEHSCTCS IIUPUHA P-N-
IIEPEXOJIOB  TPAH3UCTOPA 34 CYET H3MEHEHHUS TOJIIIUHBI
3alAPAIOIIETO CJIOA, CJIEAOBATEIBHO U3MEHAETCS MOMEPEYHOE
CEYECHHE TOKOIIPOBOSIIIECIO KaHalla U €ro IMPOBOAUMOCTh, U B
KOHEYHOM UTOTe, BBIXOAHOU TOK cTOKa I . TpaH3ucropa.

* Principle of operation: when the voltage U, (reverse for
p-n-transitions) changes the width of the p-n-transitions of the
transistor due to changes in the thickness of the locking layer,
therefore changes the cross-section of the conductive channel
and its conductivity, and eventually, the output current flow IC
transistor.
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CraruyecKkue XapaKTepPUCTHKH
Static characteristics

(OCHOBHBIMHM CTAaTHYECKHMH XapaKTEPUCTUKAMHU TPAH3UCTOPA C
VIPABISIONIUM  p-A  TEPEXOJOM  SBIISIFOTCS  BBIXOIHBIC
(CTOKOBBIC) M CTOKOBO-3aTBOPHEIE (ITIPOXOIHBIC).

 The main static characteristics of a transistor with a control
p-n junction are output (stock) and drain-gate (pass-through).

Ic — f(UsuﬂUcu)
A |
U, = const U, |

U
U, =
L=fU) =
U, = const
Ic — f(US)
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MII-Tpan3ucTopsl
MDS-transistors

* Koucrpykuma MII Tpan3ucTopa ¢ KaHAJIOM n — TUIIA
* The construction of a MIS transistor with an n-type channel

&

e  MUII - Merann — IUAIEKTPUK — MTOITYTPOBOIHUK
e  MDS — Metal — dielectric — semiconductor



* [IlpuHmun padoOThI: MPU MOJAYE HA 3aTBOP OTPHUIATEIBLHOTO HAIPSIAKCHUS
IPUIIOBEPXHOCTHBIN CJIOM MOJYIIPOBOJHUKA #-TUIIA OOCTHUTCS DJIEKTPOHAMMU.
llpy JOCTIKEHHMM HEKOTOpOro moporoBoro 3HavyeHus U~ 9TOT CIOH
HACTOJBKO OOCTHUTCS JICKTPOHAMU, YTO MIPOUCXOIUT UHBEPCHUS U 00pa3zyeTcs
KaHan p-tuna. Mensis U, , MOXKHO MEHSTB ITONIEPEYHOE CeYCHHE KaHala.

Cmok

Drain
3ameop
Gate Ucmok
Source
N-kaHan P-kanan N-kaHan P-kaHan

* Principle of operation: when a negative voltage is applied to the gate, the
surface layer of an n-type semiconductor is depleted of electrons. When a
certain threshold value of USI is Reached, this layer is so depleted of
electrons that an inversion occurs and a p-type channel is formed. By
changing the USI, you can change the cross-section of the channel.
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Craruveckue xapakrepuctTuku M/III TpaH3ucTOpoB co
BCTPOEHHBIM KAHAJIOM P-THIIA.
Static characteristics of MDS transistors with a built-in p-type
channel.

.:

U3|4<OT 2
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OTCEYKM (KaHar

MONHOCTbIO NEPEKPLIB aercn)

1- pexnm obeTHEHUS 1 - depletion mode
2- pesxxuM 00OoTaleH s 2 - enrichment mode



CxeMbl BKJIIOUYEHHS 110JI€BOT0 TPAH3UCTOPA
Schemes of inclusion of the field transistor

IloneBble TPAH3UCTOPHI Field-effect transistors
MMEIOT TPU CXEMBI BKIIIOUEHUS:  have three switching circuits:
e o0mwuit uctox (ON); * common source (CS);
e o6muii ctok (OC); * common stock (CS),

e oOmmui 3atBOp (O3). *  shared shutter (SS).
+E +E.
R Re
Uen +
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Oc00eHHOCTH MOJIeBbIX TPAH3UCTOPOB
Features of field-effect transistors

1.Bo3pacTaeT BXOTHOE COMPOTUBIICHHUE,
T. €. CHIDKAETCA NOTPEOJICHUS TOKA.

2. Cnabasi 3aBUCHUMOCThH IapaMeTPOB
TPAH3UCTOPA OT TEMIIEPATYPHI.

3. be3orkazHasi paboTa Mpu CHUKEHUU

TEMIIEPATYPHL.

4 .IToBblIaercs paauanvoHHas
YCTOUYHUBOCTb.

5. IIpocToTra u3rorosiicHUs.

6.11Iupokoe IIPUMEHEHUE B
VHTCTPAIBHBIX ~ CXEMax 34  CYET
YBEJINYCHUS

OmHako MMeeT JIBa HEJIOCTATKA:
7. Manpiii Ko3(PHUIUEHT YCUICHMUS.
8. Masblil quarna3oH pabo4yux 4acToT.

1. The input resistance increases, i.e.
the current consumption decreases.

2. A weak dependence of transistor
parameters on temperature.

3. Trouble-free operation when the
temperature decreases.

4. Increases radiation resistance.

5. Easy to manufacture.

6. Wide application in integrated
circuits due to increased mounting.
However, it has two disadvantages:

7. Low gain.

8. Small operating frequency range.
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nepexon |'d3ank]n| junction
MOJIYTIPOBOHUK |'semikondaktor| semiconductor
MPOBOAUMOCTH lkon"dak/n| conduction
BOJIbT-aMIIepHas |voult-"am pir volt-ampere characteristic
XapaKTepUCTUKA keerakta ristik|

AIIEKTPOH 1" lektra:n| electron
3aluparoIui CJIon |'baerior 'leror]| barrier layer
0011aCTh |fi:1d] field

o0paTHOE HANPsDKEHHE r1' v3:rs ‘'voultids| reverse voltage
MPSIMOE HaIPSHKCHUE |'fo.rword ‘voultid3| forward voltage
IBIPKU lhavls| holes
HaIpaBJICHUE rut| route

3aMbIKaHUE |'la: k)| locking
UHTETpaJibHasg MUKpocxema | mtigrertid "s3:1kit| integrated circuit
LEMb TPAH3UCTOPa |treen zistor tfem| transistor chain

KOHIICHTPAITHS | ka:nsn trei/n| concentration



