Jleknusa Neo7

IHoaynpoBoaHUKOBBIE AUOAbI. OCHOBHbIE
THIIbI JUO0I0B, HX MIapAMETPbI H
XapaKTEePUCTUKH, IPUMEHEHHE.

Semiconductor diodes. Main types of diodes,
their parameters and characteristics,
application




YCTpOMCTBO MO0/A
Diode device

e JIMox - 5TO BIIEKTPOHHBIN MPUOOP, KOTOPBIM MPOITYCKAET Yepe3
ce0s1 TOK TOJIBKO B OJTHOM HalpPaBJICHUU

* On paboraer Oyarojaps:
1. TepMO>3JIEKTPOHHOM 3MUCCUU (JTAMITOBBIN JTHO/)
2. SIBaenue p-n mpexo] (HOJTYyIPOBOJIHUKOBBIN JUOM)

* A diode is an electronic device that passes current only in one
direction

» It works thanks to:

1. Thermionic emission (tube diode)

2. The phenomenon of p-n transition (diode circuit)
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Jlnox cocToMT M3 CJAEAYHOUIUX OCHOBHBIX
3JICMEHTOB:

* Kopnyc. BrinonHsercss B BHUJIE BaKyyMHOTO OajljloHa, MarepuajioMm
KOTOPOTO MOXET ObITh KEPAMHKA, METaJJI, CTEKIIO U APYTHUE MPOYHBIE
MaTepHUaJIbI.

 Karox. OH pacrojio’)keH BHYTpHU OaiioHa, CIYKUT JJI1 0O0pa30BaHHUS
SMUCCHUM DJIEKTPOHOB. Hambosiee mNpoCcThIM YCTPOMCTBOM KaTojia
SIBJISICTCS] TOHKAs HUTh, PACKaJISIOIIASICS B IMPOIECCe ICHCTBHUSL.

* [lomorpeBaresib. OTO OCOOBIN JIIEMEHT B BUJIE HUTH, PACKAJISIIOIICHCS
OT DJJEKTpUUYECKOro Toka. IlogorpeBarens pacnosioxkeH BHYTPH
KOCBEHHO HAKAJISIOLIETOCs KaTo/Ia.

* AHOA. DTO BTOPOM DBJICKTPOA JHOAA, CIYXAIIUKA I IIpuema
AJIEKTPOHOB, BBUICTEBIINX OT Karoja. AHOJ MMEET MOJOKUTECIbHBIN
MOTEHIIMAJI, IO CPABHEHHUIO C KATOJIOM.

* Kpucrami. Ero marepuanoM U3TOTOBIICHUS SIBISETCS T'€PMAHUN WA
kpeMHur. OJIHA YacTh KpUCTAlJa MMEET pP-TUIl C HEIOCTATKOM
AJEKTPOHOB. Jlpyras 4acth KpucCTajula UMEET N-TUIl NPOBOAUMOCTH C
M30BITKOM 3JIEKTPOHOB.
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The diode consists of the following main
elements:

* Housing. It is made in the form of a vacuum cylinder, the material of
which can be ceramics, metal, glass and other durable materials.

* Cathode. It is located inside the balloon and serves for the
formation of electron emission. The simplest device of the cathode is
a thin thread, which is heated during the action.

* Heater. This is a special element in the form of a thread that is
heated by an electric current. The heater is located inside of the
indirectly heating up the cathode.

* Anode. This is the second electrode of the diode, which serves to
receive electrons that have escaped from the cathode. The anode has
a positive potential compared to the cathode.

* Crystal. Its manufacturing material is germanium or silicon. One
part of the crystal has a p-type with a lack of electrons. The other
part of the crystal has an n-type conductivity with an excess of
electrons.
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BI/II[I)I AHOA0B 110 YACTOTHOMY JHAIIA30HY

 Ilo paboueii yacTOTE AUOBI JACIIATCS Ha:
* HwuskowactoTHsie — 10 1 kl'm.

* BBICOKOYACTOTHBIE U CBEPXBBICOKOYACTOTHBIE— 110 600 Ml 1.
Ha Takux yacTorax B OCHOBHOM HCIOJB3YIOTCS YCTPOMCTBA
TOYEYHOI'0 MCHOIHEeHUs. EMKOCTB nmepexoia qomKHa ObITh
HEeBBICOKOM — He Oonee 1-2 nd. DPheKTUBHBI B IIUPOKOM
AYana30He 4acTOT, B TOM YHCJIE€ HU3KOYACTOTHOM, MIO3TOMY
SABJISIIOTCSI YHUBEPCAJTbHBIMU.

* UMnyJbCHBIE IMOABI UCIIOJIb3YIOTCSA B IIEIAX, B KOTOPBIX
IPUHLUITHAILHBIM (PAKTOPOM SIBJISICTCS BBICOKOE
owbicTpoaelicTBue. 110 TEXHOIOTMH U3TOTOBJICHUS TaKUeE
MOJIEJIM PA3EIAI0T HA TOUYEUYHbIE, CIIJIABHBIE, CBAPHBIC,

aud@y3HbIE.



Types of diodes by frequency range

* According to the operating frequency, diodes are divided
into:

* o Low — frequency-up to 1 kHz.

e High-frequency and ultra — high-frequency-up to 600 MHz.

At these frequencies, point-to-point devices are mainly used.

The junction capacity should be low — no more than 1-2 pF.

They are effective in a wide range of frequencies, including
low-frequency, so they are universal.

* * Pulsed diodes are used in circuits where high performance
is a fundamental factor. According to the manufacturing
technology, such models are divided into point, alloy,

welded, and diffuse.



Bujabl 1M0A0B 110 TUNY KOHCTPYKIMH
Types of diodes by design type

* Cmaounumponwl (0uoowt 3enepa)

OTH yCTpOMCTBa CIIOCOOHBI COXPaHITh pabouue
XapaKTEPUCTUKU B  PEXKUME  BJIEKTPUUYECKOTO
npoGosi. B HU3KOBOJNBTHBIX  YCTPOMCTBax
(HanpspkeHue o 5,7  B)  ucnonwiyercs
TYHHEJIBHBIM TPOOOH, B BBICOKOBOJIBTHBIX —
JTABUHHBIM. Crabunuzanuo HEBBICOKUX
HaNpsKEHU 00eCIeYMBalOT CTAOUCTOPHI.

 Zener diodes (Zener diodes)

These devices are capable of maintaining
performance in electrical breakdown mode. In low
— voltage devices (voltage up to 5.7 V), tunnel
breakdown is wused, in high-voltage devices-
avalanche breakdown. Stabilization low voltage
provide stabistor.
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DJIIEKTPOBAKYYMHBIN THO/
Electrovacuum diode

* DJIEKTPOBAKYYMHBIM IO/l - BAKYYMHAas ABYXJICKTPOAHAS AIEKTPOHHAS
namna. Karon nnona HarpeBaeTcss [0 TemIleparyp, IIPA KOTOPBIX
BO3HUKAET MepMO1eKMPOHHAS AIMUCCUA. IIpn nojxaye
Ha aHOJ OTPULATEIIBHOTO OTHOCHUTEJIBHO KaroJa HanpshKEHUs BCe
SMUTUPOBAHHBIE KATOAOM 3JIEKTPOHBI BO3BPALIAOTCS HA KaTol, IpHU
OAa4e Ha aHOJ IOJIOKUTEIIBHOTO HAIPSKEHUS YaCTh SMUTUPOBAHHBIX
JJICKTPOHOB yCTpEMJIsieTCsl K aHoay, (opMupys ero Tok. Takum
00pa3zoM, MO BBIIPSAMIISECT MPUIIOKEHHOE K HEMY HaIpsiKEHUE.

* An electrovacuum diode is a vacuum two-electrode electronic lamp. The cathode of the
diode is heated to temperatures at which thermoelectric emission occurs. When a negative
voltage is applied to the anode relative to the cathode, all the electrons emitted by the
cathode return to the cathode; when a positive voltage is applied to the anode, a part of the
emitted electrons rushes to the anode, forming its current. In this way, the diode straightens
the voltage applied to it.
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110yIIpOBOTHUKOBBIN THO/
Semiconductor diode

*  IlomynmpoBOJHHUKOBBIA JUOJ — BJIECKTPOHHBIM TMPUOOpP, H3TOTOBJICHHBIN
13 TIOJIYIIPOBOJITHUKOBOTO MaTepHajlia, MMEIOIMMWKA JBA JJICKTPUYECKUX BBIBOAA
(37IeKTpOJa).

B ommyue OT ApYyrux THUIIOB AUOJOB, HAIPUMEP, BAKYYMHBIX, IPUHLIUII
JNEUCTBUS  TOJYHPOBOJHUKOBBIX JIHOJOB OCHOBBIBACTCA Ha  Pa3JIMYHBIX
(pU3UUECKUX SBICHUAX MEPEHOCA 3aps0B B TBEPJIOTEIBHOM IMOJTYIPOBOAHUKE U
B3aMMOICUCTBUHU UX C BJICKTPOMAarHUTHBIM I1OJIEM B ITOJYIIPOBOJIHHUKE.

« A semiconductor diode is an electronic device made
of a semiconductor material that has two electrical
outputs (electrodes).

» Unlike other types of diodes, such as vacuum diodes,
the principle of operation of semiconductor diodes is
based on various physical phenomena of charge
transfer in a solid-state semiconductor and their

interaction with the electromagnetic field in a
semiconductor.




CBeToauon
Light-emitting diode

uy

* CBETOAMON WX CBETOM3ITYYAIOIIAM JTUO/T -

MOJIYIIPOBOTHUKOBBIMN prOOP C AIEKTPOHHO-IBIPOYHBIM
IIEPEXOJIOM, CO3AI0IIHUK ONITUYECKOE U3JIyYCHUE TIPU
MPOITYCKAHUU YE€PEe3 HEro JJIEKTPUUYECKOTO TOKa B IIPSAMOM
HAIPABJICHUM.

* An led or light-emitting diode is a
semiconductor device with an electron-hole
Jjunction that creates optical radiation when
an electric current passes through it in a
forward direction.
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® Crabucropsnl

CrabucTop, WJIM HOPMHCTOP, — 3TO
MTOJIYIIPOBOJIHUKOBBIU MO/, B KOTOPOM IS
CTaOMIM3alMy HaMpsKEHUs HCHOJIb3YeTCs
npsimasi BETBb BOJIBT-aMIIEPHOM
XapakTepUCTUKH (TO €CThb B  00nacTu
OpsSAMOIO0  CMEIICHUS  HampsbKEHHE  Ha
ctabuctope c¢j1abo 3aBUCUT OT TOKa).

OTIMYuTEILHOM 0COOECHHOCTBIO
CTa0MCTOPOB 1o CPaBHEHUIO cO
CTaOUJIUTPOHAMU SIBJISCTCS MEHBIIIEE

HalpspKeHUe  cTaOmwiM3anuu  (IPUMEPHO
0,7-2 V).
*Stabistors

Stabistor, or dormitor, is a semiconductor diode in which voltage
regulation is direct branch of current-voltage characteristics (i.e., in the
region of the forward bias voltage stabistor depends weakly on current). A
distinctive feature of stabilizers in comparison with Zener diodes is a lower
stabilization voltage (approximately 0.7-2 V).
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o luoansl LHHloTrTKHM

YCTpOUCTBA, NPUMEHSIEMBIE B KayeCTBE
BBITIPSMUTEIBHBIX, YMHOKHUTEIBHBIX, HACTPOCUHBIX,
paboTaroT Ha 0aze KOHTaKTa MeTal-
MOJTYITPOBOAHUK. KoHCTpYKTHBHO OHHM
NPEJCTABIAIOT COOOM IUIACTHHBI W3 HU3KOOMHOIO
KpPEMHHUS, Ha KOTOPbIE HAHOCHUTCS BBICOKOOMHAs
IJICHKA C T€M K€ TUIIOM IpoBoAUMOCTH. Ha mieHky
BaKyyMHBIM CIIOCOOOM HAMbUISETCS METAJIMYECKUI
CJIOW.

* Schottky diode

Devices used as rectifiers, multipliers, and tuners operate on
the basis of a metal-semiconductor contact. Structurally, they
are plates made of low-resistance silicon, on which a
high-resistance film with the same type of conductivity is
applied. A metal layer is vacuum-sprayed onto the film.



* TyHHeJbHBIC THOIbI

OTHU MOJYIPOBOJHUKOBBIE TUOABI UMEKOT
MAaJAIIU  YyYaCTOK Ha BOJBTAMIEPHOMN
XapAKTEPUCTUKE,  BO3ZHUKAKOIINK  W3-3a
TyHHEJIbHOTO  3(ddekra. Moaudukamus
TYHHEJIbHOTO YCTPOMCTBAa — OOpallleHHbIN
A0, B KOTOPOM BETBb OTPHULIATEIIBHOTO
CONPOTUBIIEHUSI  BBIPAKEHA Mall0 WU
orcyTcTBYeT. OOpaTHasi BETBb OOpAIIEHHOTO
IUOa  COOTBETCTBYET  IMPSIMOM  BETBHU
TPAIUIIMOHHOTO JUOJHOTO YCTPOUCTBA.

® Tunnel diode

These semiconductor diodes have an incident section on the
current-voltage characteristic that occurs due to the tunnel
effect. A modification of the tunnel device is a reversed diode in
which the negative resistance branch is expressed little or no.
The reverse branch of a reversed diode corresponds to the
forward branch of a traditional diode device.




* Bapukanuot
Bapwukaribl BBITTOTHSIOT (DYHKIIUN

€MKOCTH,  BEJIMYMHA  KOTOPOH
MEHSIETCS C U3MEHEHUEM
HaIpsKEHUS. OcHOBHas

XapaKTEPUCTUKA ATOro mpudopa —
BOJIBT-(hapaiHasl.

* Varicaps

Varicaps serve as capacitance,
the value of which changes with
voltage  changes. The  main
characteristic of this device is
volt-Faraday.
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® doToanoamnl

IIpenHazHayenbl I
peoopa3zoBaHUs CBETOBOM
SHEPIUU B DJIECKTPUYECKUUN
curdHain. Ilo mpuHnuMIy padoThI
AHAJIOTUYHBI COJIHEYHBIM
OaTapesim.

* Photodiodes

Designed to convert light
energy into an electrical signal.
The principle of operation is
similar to solar panels.




Bunael n1nonos

[To pa3smepaMm u xapakTepy p-n Mepexojia pa3jiuyaroT TPU BUJIAa TPUOOPOB -
IIJIOCKOCTHBIE, TOUEUHBIE 1 MUKPOCILIaBHBIE.

* IlnockocTHBIE AeTAJM NPEACTABISIOT OJHY MOJTYITPOBOIHUKOBYIO TUIACTHUHY,
B KOTOPOM UMEIOTCS JIBE 00J1aCTU C Pa3IMYHON MIPUMECHOUM MPOBOUMOCTBHIO.
[IpeumyniecTBa TakuX MOJAEIEW — BO3MOXHOCTb DJKCIUTyaTallid IIpU
3HAYUTEIBHBIX MPSIMBIX TOKAX, B YCIOBUAX BBICOKOM BIIAXKHOCTU. X T1aBHBIE
00J1aCTH IPUMEHEHUS — BBIMPSIMUTEIN ITIEPEMEHHOTO TOKA, YCTaHABIMBAEMbIC
B OJIOKax MUTaHUs. DTU MOJEIN HA3bIBAIOTCS BBIIPSIMUTEILHBIMHU.

* ToyeuHble TUOABI UMECIOT KpAaMHE MAIYI0 IUIOIIAJb pP-N IIEpEXona u
IMPUCIIOCOONIEHBI  JJII  paboThl ¢ MajdbiIMM  TokamMu. HazbiBarorcs
BbICOKOYACTOTHBIMH,  IOCKOJIBKY  MCIIOJIB3YIOTCS B OCHOBHOM  JUJIS
npeoOpa3zoBaHus MOJIYJIMPOBAHHBIX KOJICOAHUN 3HAYUTEILHON YaCTOTHI.

* MukpocmjiaBHbIe MOJECIM IMOJYYAOT MYTEM CIUIABJIEHUS MOHOKPUCTAJJIOB
MOJTYIPOBOJHUKOB p-TUNA U n-Tuna. [1o npuHIuny aeicTBus Takue npudopbl
— IUIOCKOCTHBIE, HO I10 XapPaKTEPUCTUKAM OHU AHAJIOTUYHBI TOUEUHBIM.



Types of diodes

* According to the size and nature of the p-n junction, there are three types of
devices - planar, point, and microalloy.

* Planar parts represent a single semiconductor plate, which has two regions
with different impurity conductivity. The advantages of such models are the
ability to operate at significant direct currents, in high humidity conditions.
Their main applications are the AC rectifiers installed in the power supply.
These models are called rectifiers.

* Point diodes have an extremely small p-n junction area and are adapted to
work with low currents. They are called high-frequency, because they are
used mainly for converting modulated vibrations of a significant frequency.

* Microalloy models are obtained by fusing single crystals of p-type and
n-type semiconductors. According to the principle of operation, such
devices are planar, but they are similar in characteristics to point devices.
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IIpuHIuI padéorsl

Ancppysus

—

P-N mepexox B COCTOSTHHH e "°“e/“‘;?,’;".:;‘;::°:§§::‘:.2°‘

MOKOSI SRS
Haxe ecim P-N niepexon, B YL L : o

JAaHHOM CIIy4ae JUOJ, HUKYIa He T e o et J
MOJK/IIOUYEH, BCE PAaBHO BHYTPH P v 7 IR
HEro IPOUCXOIAT HHTEPECHBIE “e*°‘gz;‘:3°g;*’_9::;f::“¢w
(r3UUeCcCKre NPOIECChl, KOTOPHIE
IIOKa3aHbl HA PUCYHKC. " Avon B COCTOAHMM NOKORA »

B oOmactu N wumeeTcss H30BITOK DJJIEKTPOHOB, OHA HECET B cede
OTpHULATENbHBIN 3apsij, a B obnactu P 3apsn monoxurenbHbId. BmecTe
3TH 3apsJibl 00PaA3YIOT AIEKTPUUECKOE TTOJIE.

Ecnu ni1st 60JIbIIMHCTBA OTPEOUTEIICH AIEKTPOIHEPTUU HAIIPABICHUE TOKA
pOJIM HE WTIPACT, - JaMIO4YKa CBETHUTCS, IUIMTKA TPEeTCs, TO IJI AUOAa
HaIlpaBJICHUE TOKAa MIPaeT OrpoMHYI0 posib. OCHOBHas (yHKIMS AUOAA
IPOBOJNTH, TOK B OJHOM HampaBieHWH. VIMEHHO 3TO CBOWCTBO H
obecrieunBaeTcs P-N mepexomom.
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Principle of operation

The P-N junction at rest

 Even if the P-N junction, in this case the diode, is not
connected anywhere, interesting physical processes are still
going on inside it, which are shown in the figure.

* In the region N there is an excess of electrons, it carries a
negative charge, and in the region P the charge is positive.
logether, these charges form an electric field.

o If for the majority of electricity consumers the current
direction does not play a role - the light bulb glows, the tile is
heated, then for the diode the current direction plays a huge
role. The main function of a diode is to conduct current in one
direction. This property is provided by the P-N transition.



XapaKTepUCTHKH U 0COOEHHOCTH
Characteristics and features

« (CaMbIM MPOCTHIM MO KOHCTPYKIIUM B CEMEWUCTBE IOJYIPOBOJHUKOB SIBIISFOTCS
JTAOJIbI, UMCIONIAE B KOHCTPYKIMM BCETO JIBa JJCKTPOJA, MEXKIY KOTOPBIMU
CYHIECTBYET MPOBOAUMOCTD SJIEKTPUUECKOTO TOKA B OJIHY CTOPOHY. Takou BHJ
MPOBOJIMMOCTH B TMOJIYIPOBOAHHUKAX CO37aeTca Ojaromapsi MX BHYTPEHHEMY
YCTPOWCTRY.

« The simplest design in the family

of semiconductors are diodes,

] which have only two electrodes in
KpemMHum KpemMHui . . .
p-TMNa n-Tuna the design, between which there is
a conductivity of electric current in

one direction. This type of

AHOpL KaTton .. . . .
conductivity in semiconductors is
created due to their internal

Structure.
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IlpumMeHeHue TUOI0B
Application of diodes

e Jlmoapl  SBISIOTCS  IOJYNPOBOJHHUKOBBIMH  MPUOOpaMH,
IIPONYCKAIOIIMMHU TOK TOJIBKO B OJHY CTOPOHY. DTO CBOMCTBO
IMOJIOB HAXOAUT IPUMEHEHHE B HCTOYHMKAX ITMTAHUS s
BBINPAMIICHHUSI TIEPEMEHHOIO HamnpsbkeHus. IIpaktuuecku HH
OJINH OJIOK MUTAHUSI HE MOXKET 0€3 HUX OOOUTHUCE.

* Diodes are semiconductor devices that pass current only in
one direction. This property of diodes is used in power sources
for rectification of AC voltage. Almost no power supply can do
without them.



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



