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ganxilulia Tanamedrove Zaluri naxevargamtaruli gasaRebebis
sabaziso strugturebi, maTi maxasiaTeblebi da parametrebi, marTvis
meTodebi. yuradReba gamaxvilebulia Zaluri gasaRebebis muSaobis
reJimebze, eleqtruli energiis gardamgmnelebSi maTi gamoyenebis
Taviseburebebze. gaanalizebulia Zalur elegtronikaSi gamoyenebuli
transformatorebis, reaqtorebisa da  kondensatorebis = muSaobis
sakiTxebi .

gankuTvnilia energetikisa da eleqtr oinJineriis  specialobis

bakalavriatisa da magistraturis studentebisaTvis.



1. Sesavali

1.1. zogadi cnobebi

teqnikis Tanamedrove dargebis absoluturi umravlesobis progresi

mWidro kavSirSia Zaluri anu energetikuli eleqtronikis miRwevebTan,

rac eleqtruli energiis efeqtur gardamgmneleb . 1da regulatorebze
sul ufro mzardi moTxovniTaa ganpirobebuli.
eleqtruli energii s gardamgmnelebisa da regulatorebis Zaluri

sgemebis Tvisebebi, maxasiaTeblebi da parametrebi, pirvel rigSi,
gamoyenebul naxevargamtaruli xelsawyoebis tegnikur maxasiaTeblebzea
damokidebuli.  Zalur elegtronul mowyobilobebSi gamoyenebuli
naxevargamtaruli gadam  rTvelebis (eleqtronuli gasaRebebis) maRali
xarisxi warmoadgens am mowyobilobebis srulyofilobis safuzvels.

Zaluri eleqgtronikis ganviTarebaSi axali era 1958 wlidan iwyeba,
rodesac aTvisebuli igna tiristorebis warmoeba. gansakuTrebulad
swrafi tempiT winsvla k i Zalurma eleq tronikam gasuli saukunis 80 -an
wlebidan daiwyo, rac Zaluri srulad marTvadi naxevagamtaruli
xelsawyoebis (gasaRebebis) maxasiaTeblebisa da parametrebis srulyofis
gzaze miRweulma  warmatebebma ganapiroba. dainerga  Zaluri
naxevargamtaruli gasaReb  ebis damzadebis axali tegnologia. kerZod,
Semcirebuli igna am xelsawyoebSi dengamtari arxis sigrZe ZiriTadi
elegtrodebis (anodi da kaTodi, emiteri da koleqtori, saTave da
Casadinari) fuZe naxevargamtaruli kristalis erT  zedapirze
horizontaluri (planaruli) g anlagebis nacvlad, urTierT mopirdapire
zedapirze vertikaluri ganlagebis Sedegad. Zaluri gasaRebebis siTburi
Tvisebebis gaumjobesebis mizniT dengamtari arxi danawevrda didi
raodenobis paralelurad momuSave dengamtari arxebis saxiT. Zaluri
naxevargamtaruli ga  saRebebis am axal tegnologias safuZvlad daedo
cifruli  integraluri  mikrosgemebis = damzadebis teqgnologiuri
miRwevebi, ris safuZvelzec SesaZlebeli gaxda mravalujrediani
strugturis mqgone marTvadi Zaluri naxevargamtaruli gasaRebebis:
bipolaruli  tranzistorebis (BJT), p-n  gadasasvleliani da

izolirebuli marTvis eleqtrodiani veliT marTvadi tranzistorebis
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(FET, MOSFET), izolirebuli baziani bipolaruli tranzistorebis

(IGBT), srulad marTvadi (gamorTvadi) tiristorebis (GTO), velT
marTvadi gamorTvadi tiristorebisa (FCT, MCT) da sxv. Segmna.
mravalujrediani struqturis naxevargamtaruli gasaRebebis

mogmedebis  principi da fizikuri maxasiaTeblebi ganisazRvreba
strugturaSi Semavali identuri Tvisebis mgone calkeuli elementaruli
sabazo ujredis (romelTa saerTo raodenoba ramd enime aTasamdea,)
mogmedebis principiTa da fizikuri TvisebebiT. rac ufro rTulia am
elementaruli ujredis strugtura, miT ufro maRalia aseTi ujredebis
Semcveli Zaluri gasaRebis teqnikuri maCveneblebi.

axali meTodiT  damzadebuli  Zaluri  srulad marTvadi
gadamrTv elebis (gasaRebebis) gamoyenebi . 1 . 1 mniSvnelovnad gaizarda
elegtruli  energiis gardamgmneli mowyobilobebis simZlavre da
funqciuri SesaZleblobebi, gafarTovda gardamgmnelebis gamoyenebis
sfero, Seicvala gardamgmneliani sistemis Tvisebebi, gamosworda

gardamgmnelebis bevri naklovani Tviseba.

bolo ocwleulSi 600 v -dan 1700 v-mde Zabvis farglebSi saukeTeso
gadamrTvel elementad (gasaRebad) unda CaiTvalos IGBT (Insulated Gate
Bipolar Transistor _ izolirebuli marTvis eleqtrodiani bipolaruli
tranzistori) modulebi. bolo dros IGBT gasaRebebi konkurencias uwevs

sxvadsxva modifikaciis tiristorul gasaRebebs maRali Zabvebis

diapazonSic. yvelaze didi simZlavris Tanamedrove IGBT modulebad
SeiZleba CaiTvalos : EUPEC firmis EZ600R65KF1B tipis moduli
(gaargariSebulia 600 a denze da 6500 v Zabvaze), igive firmis FZ3600R17KE3
tipis moduli (gaangariSebulia 3600 a denze da 1700 v Zabvaze), Mitsubishi
firmis  SM900 HB - 90H tipis moduli (gaangariSebulia 900 a denze da 4500
v Zabvaze).

tranzistoruli  modulebisTvis damaxasiaTebeli  komutaciuri
danakargebis simcire da gadarTvebisTvis saWiro dro " s mcire intervali,
SesaZlebels  xdis  gardamgmnelma  mowyobilobebma  normalurad
ifungcioniros  komutaciis SedarebiT maRali sixSireebis dr 0S.
SCHNTIPER ELECTRIC da SIEMENS firmebis mier warmoebuli sixSiris

Tanamedrove tranzistorul gardamgmnelebSi dasaSvebia ganedur -
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impulsuri modulaciis sixSiris awyoba 0,5...16 khc farglebSi. Tumca,

gardamgmnelebSi energiis danakargis gansazRvrul farglebSi momatebis

daSvebis  pirobebSi, SesaZlebelia IGBT modulebze  awyobili
gardamgmnelebis ganedur -impulsuri modulaciis  sixSiris gazrda.
t ranzistorebis gadarTvis SixSiris gazrdisas advildeba

gardamgmnelebis Sesaval da gamosaval wredebSi denebisa da Zabvebis
filtracia, ukeTaa uzrunvelyofili gardamgmnelebis eleqtromagnituri

Tavsebadoba mkvebav gselTan da datvirTvasTan.

1.2.Zaluri naxevar  gamtaruli xelsawyoebis klasifikacia

da gamoyenebis areali

Zaluri naxevargamtaruli xelsawyoebis klasifikacia SeiZleba
movaxdinoT maT dasamzadeblad gamoyenebuli naxevargamtaruli masalis,
xelsawyoTa struqturaSi Semavali n- da p - tipis ubnebis (p-n
gadasasvlelis ) Segmnis dros gamoyenebuli tegnologiuri meTodis,
xelsawyoTa mogmedebis principisa da sxva niSnebis mixedviT.

Tanamedrove Zaluri naxevargamtaruli xelsaw yoebi ZiriTadad

mzaddeba qgimiur elementTa perioduli sistemis meoTxe jgufis

elementis _sili ciumis S (kaJbadi) gamoyenebiT. bolo periodSi
zogierTi Zaluri naxevargamtaruli xelsawyos (Sotkis diodi, MOSFET
tranzistori) =~ dasamzadeblad @ gamoiyeneba  axali, perspeqtiuli
naxevargamtaruli masala _ siliciumis karbidi (SiC).

Zaluri naxevargamtaruli xelsawyoe bis strugturaSi Semavali p-n
gadasasvlelebis Sesagmnelad farTodaa gamoyenebuli difuz iuri
tegnologia. kerZod, n - tipis fuZe naxevargamtaris kristalSi, p -tip is
gamtarobis ubnis Sesagmnelad gamoiyeneba myari, Txevadi an airuli

mdgomareobidan aqgceptruli gimiuri elementis atomebis Setana difuziis
gziT. maRal muSa sixSireebze momuSave xelsawyoebis dasamzadeblad
gamoiyeneba, agreTve, n - p gadasasvlelis miRebis epitagsialuri

tegnologia, romlis d rosac fuZe naxevargamtaruli kristalis



zedapirze sawinaaRmdego tipis gamtarobis

wanazardis  (danaleqis) SegmniT

erTiani naxevargamtaruli kristali.

naxevargamtaruli afskis

miiReba p-n gadasasvlelis Semcveli

mogmedebis principis mixedviT Zaluri naxevargamtarul
xelsawyoebi S eiZleba daiyos sam did jgufad: Z aluri aramarTvadi
gasaRebebi, Zaluri ar asrulad marTvadi gasaRebebi da Z aluri srulad
marTvadi gasaRe bebi (sur .1.1). calkeul joufSi S emavali

naxevargamtaruli xelsawyoebi, Tavis mxriv, erTmaneTisgan gansxvavdebia

xelsawyos struqturaSi Semavali sabaziso ujredis agebis meTodisa da

sirTulis, Zaluri wredebis gadarTvis

marTvis meTodis, gadarTvebis

siswrafis, gareSe Zabvis blokirebis xasiaTisa da sxva niSnebis mixedviT.

dogngdo bobggotasddstdamo
bgenbsFygegdo

65bgg5653@sGgmo 3>

.
I

i

65935653 sGgmo g

o(roaoémaoéo Eoisaaocfr
2538 5Gnmo a5LsEgdgdo Lomgdgdo sGsbdgmo Loegdgdo LEgmo dsdmgom
séGngon
253356 mggemo
o™ do . SCR
B%56BolGetdgmo Godobmdagmo
e 2oLo@gdsdo 3oLomgdsdo
L GsgdmJ3gmo
RoeRId0 == BCT — BJT — GTO
Bo@gol ompgdo | - RCT +—t MOSFET - MCT
_‘ SITR - SITH
] LASCR
— IGBT F— GCT
S TRIAC
COOL MOS o] IGCT
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1.1. cxrilSi Setanilia denis gardamgmnel mowyobilobebSi gamoyenebuli

Tanamedrove Zaluri naxevargamtaruli xelsawyoebis (gasaRebebis) sareitingo

monacemebi.
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cxrili 1.1.

xelsawyoTa . : . umaRIesi gadarTvebis Ria .
iguf Zaluri xelsawyoebi Zabva/deni S|x§|re dro - i m(_llgomareob|s
(O® winaRoba m
Zaluri _ 4000V/4500A 1K 50-100 0,32m
diodebi g zogadi 6000V/3500A 1K 50-100 0,6m
aniSnulebis
600V/9570A 1K 50-100 0,1m
o | 2800v/1700A 20K 5-10 0,4m
diodebi swrafmogmedi 2500V/1950A 50K 510 1.2m
6000V/1100A 20K 5-10 1.96m
Sotkis 600V/17A 30K 0,2 0,14
150V/80A 30K 0,2 8,63
iy | orTeul 400V/250A 25K 9 4m
s bipol - 400V/40A 30K 6 31m
obi aruli 630V/50A 35K 2 15m
darlingtoni 1200V/400A 20K 30 10m
MOSFETS| erTeuli 800V/7,5A 100K 1,6 1
800V/7,8A 125K 2 1,2m
COOLMOS | erTeuli 600V/40A 125K 1 0,12m
1000V/6,1A 125K 15 2
2500V/2400A 100K 510 2,3m
IGBTs erTeuli 1200V/52A 100K 510 0,13
1200V/25A 100K 5-10 0,14
1200V/80A 100K 510 44m
1800V/2200A 100K 510 1,76m
SIT 1200V/300A 100K 0,5 1,2
6500V/4200A 60 100-400 0,58m
SCR o 2800V/1500A 60 100-400 0,72m
fazuri bunebrivi 5000V/4600A 60 100400 0.48m
marTviT komutaciiT
5000V/3600A 60 100-400 0,5m
5000V/5000A 60 100-400 0,45m
2800V/1850A 20K 20-100 0,87m
_ - 1800V/2100A 20K 20-100 0,78m
iZulebiTi 4500V/3000A| 20K 20-100 0.5m
gamorTviT
6000V/2300A 20K 20-100 0,53m
4500V/3700A 20K 20-100 0,77m
tiristorebi RCT 2500V/1000A 20K 20-100 2,1m
LASCR 6000V/1500A 400 200400 0,53m
marTvis GTO 4500V/4000A 10K 50-110 1,07
eleq - HD-GTO 4500V/3000A 10K 50-110 1,07m
tr%?;;() SITH 4000V/2200A 20K 5-10 5,6m
rTvadi IGCT 4500V/3000A 5K 80-110 0,8m
TRIACs °rmx“‘r’igamta 1200V/300A 400 200-400 3,6m
. 4500V/250A 5K 50-110 10,7m
MCTs erfeul 1400V/65A 5K 50-110 28m




aramarTvadi naxevar gamtaruli gasaRebebis jgufs miekuTvneba:
zogadi daniSnulebis gammarTveli diodebi, swrafmogmedi (swrafad
aRdgenadi) diodebi da Sotkis diodebi.

arasrulad marTvadi gasaRebebis jgufSi Semaval xelsawyoebSi

marTvas eqvemdebareba CarTvis (gaRebis) procesi, xolo gamorTvis

procesi umarTavia. am jgufSi  Sedis: zogadi daniSnulebis
erToperaciuli tiristori (SCR), ormagi konstrugciis erToperaciuli
tir istori (BCT), erToperaciuli tiristorisa da uku diodis wyuvili

(RCT), tiristori denis orive mimarTulebiT simetriuli gatarebiT
(TRIAC) , tiristori optiku rimarTviT (tiristoruli optroni _ LASCR).
srulad marTvadi gasaRebebis jgufSi Semaval gasaRebebSi marTvis

pr ocess eqvemdebareba rogorc CarTvis (gaRebis), ise gamorTvis (Caketvis)

procesi. am jgufSi Sedis: Zaluri bipolaruli tranzistorebi (BJT),
Zaluri veliT marTvadi tranzistorebi (MOSFET, SITr, Cool mos), srulad

marTvadi anu marTvis eleqtrodiT gamorTvadi tiristor ebi (GTO, SITh,
MCT, GCT, IGCT), izolirebulbaziani bipolaruli tranzistorebi (IGBT).

gadarTvebis aTvis saWiro marTvis signalebis xasiaTidan gamomdinare ,
Zaluri naxevargamtaruli gasaRebebi SeiZleba daiyos or jgufad:

gasaRebebi, romlebic moiTxoven marTvis xangrZliv signals da

gasaRebebi, romlebic muSaoben xanmokle impulsuri marTvis signalebiT.

pirveli jgufis gasaRebebs miekuTvneba: BJT, MOSFET, SITr da IGBT

gasaRebebi. meore jgufSi Sedis: SCR, GTO, MCT, GCT da IGCT gasaRebebi.
Zaluri  naxevargamtaruli gasaRebebis gamoyenebis ZiriTadi

sferoebi, Zaluri sgemebis simZlavrisa da muSa sixSireebis mixedviT,

warmodgenilia sur. 12ze.
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2 Zaluri aramarTvadi naxevargamtaruli gasaRebebi

2.1. naxevargamtaruli diodis mogmedebis principi.
volt -amperuli maxasiaTebel

diodi warmoadgens denis erTi mimarTulebiT gatarebis Tvisebis
mqgone eleqtruli wredis oreleqgtrodian elements (xelsawyos). diodebis
mier denis calmxrivi gatareba ganpirobebulia struqturaSi arsebuli
p-n gadasasvlelis arsebobiT, romelic warmoigmneba eleqgtronul i (n)da
xvreluri (p) gamtarobis naxevargamtaruli Sreebis metalurgiul
sazRvarTan. p-n gadasasvlelis formireba xorcieldeba Sednobis,
difuziisa da epitagsialuri tegnologiuri meTodebis gamoyenebiT.
difuziisa da epitagsiis tegnologiuri procesebis marTvis Tanam edrove
teqnika saSualebas iZleva damzadebul ignas sasurveli maxasiaTebeli
parametrebis (Tvisebebis) mgone naxevargamtaruli xelsawyo.

p-n gadasasvleliani naxevargamtaruli kristalis ganivi kveTis xedi

da diodis pirobiTi grafikuli aRniSvna mocemulia 1.3 suraT ze.
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sur .1.3.p-n gadasasvleli (a) da diodis grafikuli aRniSvna )
rodesac  p-ubnis sakontagto gamomyvani (diodis anodi) mie rTebulia
gareSe Zabvis wyaros p | usTan, xolo n-ubnis sakontaqto gamomyvani
(diodis kaTodi ) _gareSe Z abvis wyaros minusTan, maSin p-n gadasasvlel ze

imogmedebs  pirdapiri  wanacvlebis Zabva, romelic muxtis ZiriTadi
gadamtanebisaTvis Seamcirebs p-n gadasasvlelis sakontaqto velis mier
Segmnili potencialuri barieris simaRles da gare Sekrul wredSi
gaivlis p-n strugturis muxtis ZiriTadi gada mtanebiT ganpirobebuli
pirdapiri deni, romelic swrafad iwyebs zrdas pirdapiri wanacvlebis

Zabvis mciredi sididiT gazrdis dros. maSasadame, pirdapiri Zabvis
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mogmedebis dros, diods aqvs mcire Sinagani winaRoba, _ dens kargad
atarebs damcirea | " Sinagan winaRobaze Zabvis vardna.

Tu SecvliT p- da n- ubnebis gareSe Zabvis wyarosTan mierTebis wess,
e.l. p-ubnis sakontaqto gamomyvans (anods) mivaerTebT Zabvis wyaros
minusTan, xolo n- ubnis sakontaqto gamomyvans (kaTods) _ Zabvis wyaros

plusTan, maSin p-n gadasasvlelze imogmedebs uku wanacvlebis Zabva,

romelic muxtis ZiriTadi gadamtanebisaTvis gazrdis p-n gadasasvlelis
velis mier Segmnili potencialuri barieris simaRles da am Zabvis
gansazRvruli mniSvnelobis dros (voltis meaTedi nawilebi) , gare

Sekrul wr edSi gaivlis mxolod muxtis araZiriTadi gadamtanebiT
ganpirobebuli  deni, romelsac pirdapiri denis sawinaaRmdego
mimarTuleba aqgvs. imis gamo, rom muxtis araZiriTadi gadamtanebis
koncentracia p-n strugturaSi gacilebiT naklebia muxtis ZiriTadi
gadamtanebis kon centraciaze, pirdapiri da uku Zabvebis absolutur
mniSvnelobaTa erTnairi sididis SemTxvevaSi, diodis pirdapiri deni

gacilebiT aRemateba ukudenis sidides. amitom es ukanaskneli SeiZleba
ugulvebelvyoT da miviCnioT, rom normalur reJimSi muSaobis dros :

diodi de ns gaatarebs mxolod pirdapir ZabvasTan mierTebis SemTxvevaSi.

idealizebuli p-n gadasasvleliani diodis

volt -amperuli maxasiaTebeli

idealizebuli p-n gadasasvleli warmoadgens realuri p-n
gadasasvlelis gamartivebul models. aseT modelSi miRebulia Semdegi
ZiriTadi daSvebebi:
1 muxtis moZravi gadamtanebisagan gaRaribebul ubanSi (ionebis
gauwonasworebeli sivrculi muxtis ubani) adgili ar agvs
muxtis Tavisufali gadamtanebis Termogeneracias;
1 ionebis gauwonasworebeli sivrculi muxtis ubnis gareT
eleqtruli veli ar ar sebobs da aq adgili agvs muxtis
Tavisufali gadamtanebis mxolod difuziur moZraobas;

1 zedapiruli efeqtebi mxedvelobaSi ar miiReba.
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diodis idealizebuli volt -ampeunli maxasiaTebeli 1.4,a suraTzea

naCvenebi.
AL A
V.
Ve \i W 4
S) 3)
sur. 1.4. diodis idealizebuli volt -amperuli maxasiaTe beli
zogjer diods miiCneven idealur gadamrTvelad (gasaRebad) am
SemTxvevaSi diodze arsebuli pirdapiri Zabvis vardna da diodSi
gamavali ukudeni nulis toladaa miCneuli (" 4.4,b).
diodis idealizebuli volt -amperuli maxasiaTeblis analizuri
gamosaxuleba Semdegi saxisaa
I, =1.(e""™" -1, (1.1
sadac |, - diodSi gamavali denia;
V,, - diodis anodsa da kaTods Soris mogmedi Zabva;
| s - gajerebis  ukudeni, romlis tip 4. " siide  10°.10% ais
farglebSia;
V; - temperaturuli potenciali
gajerebis ukudeni ganisazRvreba p-n gadasasvlelis sazRvrebid an
muxtis Tavisufal gadamtanTa sadifuzio manZiliT Semofarglul zonaSi
arsebu li muxtis araZiriTadi gadamtanebis magsimaluri raodenobiT, rac
Tavis mxriv, p-n struqgturis temperaturazea damokidebuli amitom |
dens temperaturul dens uwodebe n.
temperaturuli potenciali
KT
V; =—, (1.2))
q

sadac (Q =1,6020Q0 *°k - eleqgtronis muxtis absoluturi sididea;

K =1,3806Q0 #j/k _ bolcmanis mudmiva;
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T =273+° C - absoluturi temperatura kelvinis skaliT.

oTaxis temperaturis (20°C) dros
KT 3806Q0*° (293
V; = =L 5 252 miv.
q 1,602Q0
volt -amperuli maxasiaTeblis pirdapiri Sto. diodSi gamavali deni
rCeba umniSvnelod  mcire sididis, vidre diodze mogmedi pirdapiri Z abva
ar gadaaWarbebs zRvrul  sidides, romelic diodis gamRebi
(zRurbluri) pirdapiri Zabvis saxelwod ebiTaa cnobili. am Zabvis
tip .1 ~ " rmMniSvneloba 0,5...0,7 v-is farglebSia moTavsebuli . pirdapiri
Zabvis aseTi mniSvnelobebis dros | .€°™ >3, da volt -amperuli
maxasiaTeblis pirdapiri Stos analizuri gamosaxule ba miiRebs saxes
|, =e*™, (1.3)

ei. Vp>V,, Zabvis mniSvnelobebis dros pirdapiri deni gaizrdeba

egsponencialuri kanoniT.

volt -amperuli maxasiaTeblis ukuSto. diodze ukuZabvis mogmedebis
dros V, <0, amitom volt -amperuli maxasiaTeblis analizuri

gamosaxuleba Semdeg saxes miiRebs

I, =1s(e™" - 1). (1.4))
Tu |V, > ¥, rac pragt ikulad sruldeba V, <-01v ukuZabvis
nebismieri  mniSvnelobis dros, maSin ISe"VDVVT < 4. amitom ukuZabvis

aseTi mniSvnelobebis dros, diodis ukudeni rCeba mudmivi sididis

(I D~ Is)-
magaliTi 1.1.
pirdapiri Zabvis vardna diodze V, =0,8v, rodesac masSi
gaedineba |, =100a-is toli deni. vipovoT gajerebis ls
ukudeni oTaxis temperaturis ( 20°C) dros.
amoxsna

(1.1) gamosaxulebis Tanaxmad

100=1 ((e*¥/252%" _ 1) = 61,2540 ,
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saidanac |4 ° 1,6Q0 “a.

diodis realuri volt -amperuli maxasiaTebeli

idealizebuli p-n gadasasvlelis volt -amperuli maxasiaTeblis
pirdapiri Stos gantolebaSi (1.3) ar aris gaTvaliswinebuli bazis ubnis
moculobiTi winaRoba (r,). es winaRoba ramdenime aTeuli omidan
dawyebuli, ramdenime aseuli omis toli SeiZleba iyos (bazaSi
minareuli atomebis koncentraciis mixedviT). miuxedavad imisa, rom es
winaRoba muxtis moZravi gadamtanebisagan gaRaribebuli Sris winaRobaz e
gacilebiT naklebi sididisaa, I, winaRobaze pirdapiri Zabvis vardnam
SesaZloa moaxdinos mniSvnelovani zegavlena volt -amperuli
maxaiaTeblis pirdapir Sto _ L amitom, realuri p-n gadasasvlelis
volt -amperuli maxasiaTeblis pirdapiri Stos gantoleba Semdegi saxiT

unda Caiweros

Vo-Vo iy
I,=le V" . (L.5)
pirdapiri denis mcire mniSvnelobebis dros, Zabvis vardna My
winaRobaze Zalze mcire sididisaa da SeiZleba mivi CnioT, rom pirdapiri
Zabvis wyaros mTeli Zabva uSualod p-n gadasasvlelze mogmedebs.
pirdapiri denis didi mniSvnelobebis dros Kki I, WwinaRobaze Zabvis
vardnam SeiZleba gadaaWarbos uSualod p-n gadasasvlelze mogmed

pirdapir Zabvas. amis  gamo, volt -amperuli maxasiaTeblis pirdapiri Stos

Sesabamisi ubani miiRebs wrfiv xasiaTs.

idealizebuli p-n gadasasvlelis volt -amperuli maxasiaTeblis
ukuStos ganxilvisas mxedvelobasSi miRebuli iyo mxolod
gadasasvlelis sazRvrebidan muxtis gadamtanebis sadifuzi o manZiliT

Semofargluli naxevargamtaris neitraluri ubnebis siTburi warmoSobis

muxtis araZiriTadi gadamtanebiT ganpirobebuli | deni. ukuzZabviT
wanacvlebuli realuri p-n gadasasvlelis ukudenis SegmnasSi | denis
garda, monawileobas Rebulobs muxtis Tavisufali gadamtanebisagan
gaRaribebul  SreSi  Termogeneracii B warmogmnili  Tavisufal
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eleqgtronebi da xvrelebi. am muxtebis dreifuli moZraoba warmoSobs

damatebiT dens, romelsac generaciis deni (Ig) ewodeba. genareciis deni
daemateba | dens da diodis ukudeni gaizrdeba. | s_isgan gansxvavebiT,

generaciis deni (Ig) damokidebulia ukuZabvis sidideze, vinaidan

ukuZabvis cvlilebiT, icvleba muxtis gadamtanebisagan gaRaribebuli

Sris sigane

I =as,() (1.6)

sadac [ - gaRaribebul SreSi muxtis gadamtanTa sicocxlis

xangrZlivobaa;

S?.(V) - gaRaribebuli Sris moculoba;

N, - sakuTrivi na xevargamtaris TermogeneraciiT

ganpirobebuli elegtronebis koncentracia;
g - eleqgtronis muxti.

Dw
unda aRiniSnos, rom /15 ~€e*T, el srul ukudenSi miT metia

generaciis denis wili, rac ufro didia naxevargamtaris akrZaluli

zonis DW sigane da dabalia temperatura (T). magaliTad, T =300K da
V =-1v SemTxvevaSi silici umis p-n gadasasvlelis generaciis deni
| =10°%a,x0lo | =10"a.

generaciis denis garda, realur p-n gadasasvlelSi gaedineba e.w.
gaJonvis deni. gaJonvis denis arsebobas ganapirobebs p-n gadasasvleliani
naxevargamtaruli kristalis zedapiruli ubnis daWuWyi aneba sxva
nivTierebis atomebiT, agreTve zedapiruli muxtebis arseboba. amis gamo,

n- da p- ubnebs Soris warmoigmneba gamtari arxebi, romelSic gaedineba

(gaJonavs) deni. es deni ukuZabvis gazrdisas izrdeba wrfivi kanoniT da

SeiZleba gadaaWarbos |4 da |, denebs.

diodis p-n gadasasvlelis garRveva

garRveva ewodeba p-n gadasasvlelSi Tavisufali muxtis damateb iTi

gadamtanebis warmogmnis _ L 1t 4 1dkudenis mkveTr zrdas. p-n
15



gadasasvlelis garRveva iwyeba, rodesac masze mogmedi ukuZabvis

absoluturi sidide garkveul kritikul z Rvars uaxlovdeba. ukuZabvis
1 .mniSvnelobas p-n gadasasvlelis gamrRvev Zabvas (ugr) uwodeben.
muxtis damatebiTi gadamtanebis warmogmnis mizezebidan gamomdinare,

erTmaneTisagan ganasxvaveben eleqtrul da siTbur garRvevebs.
elegtruli garRveva, Tavis mxriv, SeiZleba iyos gvirabuli da zvavuri

(zeneris) xasiaTis.

AIF
WA p n'
VRVBFVB.RYBR 0 Vr
(_i + >
+Aw
¥ :
i 1 2 2
:—_:;
e o— |
i Ir
sur. 1.5.zonuri diagrama gvirabuli sur. 1.6 p-n gadasasvlel is volt -
efeqtis dros amperuli maxasiaTeblis ukuSto:
l-zvavuri garRveva; 2-gvirabuli
garRveva;  3siTburi garRveva
gvirabuli garRveva. am saxis garRveva dakavSirebulia e.w. gvirabul

efegtTan. gvirabuli efeqtis arsi imaSi mdgomareobs, rom didi simaRlis

potencialuri  barieris  mgone p-n gadasasvl el Si :
energetikuli barieris simaRleze naklebi energiis mgone eleqgtronebi

da ikaveben gadasasvlelis meore mxares igive simaRlis Tavisufal

energetikul orbitebs. gvirabul efeqts adgili agvs minarevebiT Zlier

legirebul n'- da p’- ubnebs Soris warmogmnil gadasasvlelze, romlis

sigane Zalze m cire sididisaa (10 nm -is rigis ) da gadasasvlelze

mogmedebs 10°v/smze meti sididis eleqtruli velis daZabuloba. aseTi

sididis daZabulobis dros n- da p*- ubnebis energetikuli zonebis
sazRvrebi imdenad mruddeba, rom p’- ubnis savalento zonis
eleqtronebis energia gauTanabrdeba n’- ubnis gamta robis zonis

eleqgtronebis energia s. amitom, p*- ubnis savalento zonis eleqgtronebi
16



, ,horizontaluri o g adas v live TsimaRlik a Taeidufaln i
energetikul doneebs n’- ubnis gamtarobis zonaSi (sur .1.5). elegtronebis
aseT” gadaadgileba warmogmnis dens, romelsac gvirabuli deni ewodeba.

ukuZabvis gazrdisas potencialuri barieris sisge mcirdeba, rac
zrdis gvirabuli efeqtis albaTobas. amitom gvirabuli deni mkveTrad
izrdeba ukuZabvis mcire sididiT gazrdis drosac Ki. p- - n

gadasasvlelis volt -amperuli maxasiaTeblis ukuStos gvirabuli
garRvevis Sesabamis 2 - ubani naCvenebia 1.6 suraTze
temperaturis  gazrdisas  akrZaluli  zonis  sigane (DW)

umniSvnelod mcirdeba. mcirdeba gvirabuli garRvevis Zabvis sididec, e.i.

gvirabuli garRvevis Zabvis temperaturuli koeficienti uaryofiTi

niSnisaa.
zvavuri garRveva.  zvavur garRvevas ganapirobebs p-n gadasasvlelze
arsebul mZlavr eleqtrul velSi aCqarebuli did i kinetikuri energiis

mqgone muxtis araZiriTadi gadamtanebi. aRniSnulma muxtebma Tavisufal
ganarbenze SesaZloa SeiZinon iseTi sididis kinetikuri energia, rom
gaRaribebuli Sris neitralur atomebTan dajaxebisas gamoiwvion maTi

ionizacia (dartymiTi ionizacia). dartymiTi ionizaciis Sedegad gaCndeba
eleqtron  -xvrelis axali wyvilebi. SemdegSi dartymiT ionizaciaSi
monawileobas miiRebs eleqgtron -xvreli s es axali wyvilebi da a.S.
(sur .1.7).p-n gadasasvlelze eleqtruli velis sakmaod didi daZabulobis

dros, rodesac elegtro n-xvrelis yoveli axali wyvili warmoSobs
eleqgtron  -xvrelis erTze met axal wyvi Is, muxtebis gamravlebis
proces i miiRebs z +avisebr xasiaTs. amis gamo, ukudeni swrafad izrdeba

da misi sidide SeiZleba SeizRudos mxolod gareSe wredis winaRobiT.

zemoT  aRwerili  proc esis  dasaxasiaTeblad SemoaqvT  muxtis
gadamtanebis zvavuri gamravlebis koeficienti - M. igi etoleba
gaRaribebul SreSi erTi mxridan Sesuli muxtis gadamtanebiT
ganpirobebul denis Sefardebas meore mxareze gamosuli  muxtis

gadamtanebiT ganpirobebul denTan (M 21). ukuzabvis gazrdisas M - is

sidide izrdeba. misi sidide gamoisaxeba naxevrad empiruli formuliT

17
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sur. 1.7. eleqtronebis gamravlebis sqema zvavuri

garRvevis dros

sadac M- naxevargamtaris masalaze damokidebuli parametria;

Vg - zvavuri garRvevis Zabva.
garRvevas adgili agvs V; =V, tolobis dros, rasac Seesabameba

M - ©  e.i. ukudenis SeuzRudavi gazrda. zvavuri garRvevis reJimSi
volt -amperuli maxasiaTeblis uk uStos zogadi saxe naCvenebia 1.6
1 T (mnudi 1),

temperaturis gazrdisas zvavuri garRvevis Zabva izrdeba, rac
aixsneba muxtis gadamtanebis Tavisufali ganarbenis SemcirebiT. naklebi
sididis Tavisufal ganarbenze eleqgtrul vels unda hgondes meti
sididis daZabuloba imisaTvis, rom muxtis gadamtanebma SeiZinon
dartymiTi ionizaciisaTvis saWiro energia. amrigad, zvavuri garRvevis
Zabvis temperaturuli  koeficienti, gvirabuli garRvevis Zabvis
temperaturuli koeficientisagan gansxvavebiT, dadebiTi niSnisaa.

siTburi garRveva. siTbur garRvevas iwvevs ukudenis gavlis

proce sSi p-n gadasasvlelze gamoyofili siTbo, rodesac es ukanaskneli
p-n gadasasvlelis mier gabneul siTbos raodenobaze metia. siTbos

dagrovebis gamo, adgili agvs p-n gadasasvlelze eleqgtron -xvrelis

wyvilis intensiur generacias da ukudenis gazrdas. ukudenis gazrda ki,
18



Tavis mxriv , gamoiwvevs temperaturis Semdgom zrdas da a.S. p-n

gadasasvlelis ukudenis zrdis procesi miiRebs z ravisebr xasiaTs.
siTburi  garRvevis  Taviseburebaa is, rom volt -amperuli

maasiaTeblis Sesabamis Stoze ( _ " 4.6, mrudi 3) arsebobs uaryofiTi

dv

diferencialuri winaRobis ubani (e.i. E <0- is Sesabamisi ubani).

siTburi garRvevis Zabvis sidide damokidebulia n-p gadasasvleli  dan
siTbos gabnevis pirobebze. es Zabva mcirdeba garemos temperaturis
gazrdis d ros. garda amisa, p-n gadasasvlelis siTburi garRvevis Zabva
miT ufro mcire sididisaa, rac ufro didia | ¢ siTburi ukudeni.

germaniumis  p-n gadasasvlelisaTvis damaxasiaTebelia ukudenis
gazrdili mniSvneloba. amitom, aseTi gadasasvlelis siTburi garRvevis
Zabva zvavuri garRvevis Zabvaze naklebia oTaxis temperaturis drosac
ki. siliciumis p-n gadasasvlelisaTvis damaxasiaTebelia mcire sididis
ukudeni. aseT " gadasasvlelebis siTburi garRvevis Zabva imdenad
maRalia, rom zvavuri garRveva ufro adre xdeba, vidre siTburi. Tumca
p-n gadasasvlelis garRveva SeiZleba daiwyos zvavuri xasiaTis
garRveviT da ukudenis gazrdili mniSvnelobis dros gadaizardos
siTbur ga rRvevaSi. unda aRiniSnos, rom eleqgtrul zvavur garRvevas,
rodasac ukudeni SezRudulia gareSe wredis winaRobiT, aqvs _egcevadi
xasiaTi ( p-n gadasasvleli ar hkargavs normaluri fungcionirebis unars).
maSin, rodesac siTburi garRveva Seuqcevadi xasiaTisaa da iwv evs p-n

gadasasvlelis struqturis daSlas.
2.2. gardamavali procesebi diodis p-n gadasasvlelze

gadarT vebis reJimSi muSaobis dros diodi periodulad gadadis
Caketili (denis aragamtari) mdgomareobidan Ria (denis gamtar)
mdgomareobaSi da, pirigiT, Riadan Caketil mdgomareobaSi.

diodis erTi mdgomareobidan meore mdgomareobaSi gadarTvis
procesi garkveuli inerciulobiT xasiaTdeba, radgan pirdapir ZabvasTan
mierTebis Semdeg p-n gadasasvlelis momijnave SreebSi muxtis

gadamtanebis Ria mdgomareobis Sesabamis koncent raciamde gazrdas, xolo
19



ukuzZabvis mierTebis Semdeg muxtis gadamtanebis koncentraciis Caketili

mdgomareobis Sesabamis sididemde Semcirebas,
intervali esaWiroeba.

ganvixiloT diodis gadarTvebis dros aRZruli

procesi, rodesac

diodze mogmedebs ma rTkuTxa formis cvladi Zabva (sur

AV,(H)

gardamavali

drois gansazRvruli

R datvirTvis winaRobasTan mimdevrobiT mierTebul
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sur. .1.8.gardamavali procesebi diodis gadarTvebis

t=0 momentSi sgemis Sesasvlelze mogmedi Zabva nax

Rebulobs

izrdeba da

naxevarg amtarul

inerciulobis gamo,

damyarebul

struqturaSi

mniSvnelobas

V. =V,

mimdinare

tol

difuziuri

.1.8).
R C
bW,
5 i
)
% R
= o
Gl 3)
dros
- omiseburad
mniSvnelobas. diodis

procesebis

diodSi deni iwyebs gavlas dayovnebiT da aRwevs

sawyis momentSi mTeli Sesavali Zabva diodze vardeba, xolo diodSi
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gamavali denis matebasTan erTad diodze arsebuli Zabvis vardna ("

iwyebs Semcirebas da Rebulobs damyarebul mniSvnelobas (DV.). drois
Sualeds, romlis ganmavlobaSic diodze arsebuli Zabvis vardna ecema

magsimaluri  mniSvnelobidan 1,29V, sididemde, ewodeba  diodis
pirdapiri winaRobis damyarebis xangrZlivoba (t;).

aseTi mdgomareoba SenarCundeba t, momentamde, rodesac Sesavalze

Zabvis polaruloba icvleba naxtomiseburad da Rebulobs _ Vq
mniSvnelobas. Zabvis niSnis Secvlis miuxedavad, p-n gadasasvlelis
sazRvrebze pirdapiri denis gavlis dros dagrovili Warbi muxtis

araZiriTadi gadamtanebi bazidan ukanve Seizideba emiterul SreSi
ukuZabvis mier Segmnili eleqtruli veli . 41+ o, Hs gamoc
garkveuli drois manZilze diodi inarCunebs Ria mdgomareobas
Secvlili mimarTulebis denis dros . t,-t; intervalS i mimdinareobs

muxtis araZiriTadi gadamtanebis bazidan emiterSi gadasvlisa da gare
wredSi maTi gawovisa da bazaSi muxtebis rekombinaciis procesi. drois

am intervalSi diodze dadebiTi Zabvaa SenarCunebuli da Tu
. . Vs . .
‘- VS‘ > >BDV_, maSin ukudeni |, =- R inarCunebs ucvlel mniSvnelobas.

t; drois momentSi Zabva diodze utoldeba nuls da Semdeg

Rebulobs uaryofiT mniSvnelobas (diodze mogmedebas iwyebs ukuZabva).
iwyeba ukuwinaRobis aRdgenis procesi, romlis drosac ukudeni s sidide

mcirdeba nominalur mniSvnelobamde, xolo diodze mogmedi uku Zabva
izrdeba magsimalur sididemde. t;- t, intervalSi diodSi gamavali

ukudeni ganpirobebulia ara marto narCeni muxtis araZiriTadi
gadamtanebis koncentraciis SemcirebiT wons wiruli  mdgomareobis
Sesabamis sididemde, aramed p-n gadasasvlelis barieruli tevadobis

damuxtvis deniTac. drois intervals, romlis ganmavlobaSic diodze

ukuZabvis mierTebis Semdeg diodSi gamavali ukudeni Semcirdeba 0,25l .,

mniSvnelobamde, ukuwinaRobis aRdgenis dro ewodeba (t,).
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diodis CarTva -gamorTvis procesebis ganxilvidan Cans, rom diodi
ar warmoadgens idealur gasaRebs da gardamavali procesebis dros
gaaCnia mniSvnelovani gamtarebloba uku mimarTulebiTac.

unda aRiniSnos, rom Tu R=0 (rac Seesabameba diodis tevadobiTi
xasiaTis datvirTvaze muSaobas, an diodis gamoyenebas marTvadi
gasaRebebisaTvis ukudiodis funqciis S esasruleblad) , maSin Caketvis
momentSi diodSi gamavali deni bevrad aRemateba damyarebuli reJimis
Sesabamis datvirTvis dens.

1.8 _ " ~ 1~ warmodgenili bolo diagramidan gamomdinareobs, rom
diodSi simZlavris danakargi mkveTrad izrdeba CarTvisa da
gansakuTrebiT gamorTvis dros. am danakargebis Sesamcireblad da
diodis saimedo m uSaobis uzrunvelsayofad gamoiyeneba dinamikuri
procesebis maformirebeli specialuri  sgemebi -snaberebi (Snubbers)
snaberis umartives sgemas warmoadgens wredi, romelic Sedgeba
mimdevrobiT SeerTebuli winaRobisa da kondensatorisagan. es sgema

diods miuer Tdeba paralelurad (1.8,a _ ~ » 1 7 paCvenebia punqtiriT).

2.3 Zaluri diodebis tipebi

dioduri gasaRebi idealuria, Tu misi ukuwinaRobis aR dgenis
xangrZlivoba nulis tolia . magram idealurTan miaxloebuli diodebis
damzadeba Zalze Zviri jdeba . amavdroulad, diodebis pragqtikuli

gamoyenebis dros xSirad ukuwinaRobis aRdgenis drois xangrZlivobas

arsebiTi mniSvneloba ar eniWeba da savsebiT dasaSvebia SedarebiT iafi
Rirebulebis diodebis gamoyeneba. ukuaRdgenis maxasiaTeblisa da
damzadebis tegnologiuri meTodebidan ¢ amomdinare, Zaluri diodebs

yofen Semdeg kategoriebad:
1. standartuli anu zogadi daniSnulebis Zaluri gammarTveli
diodebi;
2. swrafmogmedi (swrafad aRdgenadi) diodebi (diodebi
ukuwinaRobis aRdgenis mcire xangrZlivobiT);
3. Sotkis diodebi.
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2.31. zogadi daniSnulebis Zaluri gammarTveli
diodebi

zogadi daniSnulebis gammarTveli diodebi mraval -mniSvnelovan
rols asrulebs denis gardamgmnel Zalur elegtronul wredebSi.
Zaluri eleqtronuli mowyobilobebis simZlavre SeiZleba aRwevdes
ramdenime megavats. agedan gamomdinare, aseT mowyobilobebSi gamoyenebul
diodur gasaRebebs unda SeeZlos didi sididis denis (ramdenime
kiloamperamd e) gatareba da didi sididis uku Zabvis (ramdenime
kilovoltamde) blokireba, rac ganapirobebs mcire simZlavris dioduri
gasaRebebisagan gansxvavebul maT struqturul da konstrugciuli
Sesrulebas.
@ommbol By
(3500R0b 306O3H0) \{
533530 ddg ’[ n* \ d

v

/ p+

@on®bo ‘3(6_3/ v'“ doRsbobgamgemo
(sbmpol 3mbdsj@o)

sur .1.9 siliciumis Zaluri diodis strugtura

siliciumis Zaluri diodebis s trugtura sgematurad 1.9 suraTzea
warmodgenili. igi Sedgeba sami ubnisagan (Srisagan). struqgturaSi
Semavali elegtronuli da xvreluri gamtarobis ganapira Sreebi (p*, nM)
Seicavs minarevebis gazrdil koncentracias (Zlier legirebuli Sreebi)
da maT emiterul Srebs uwodeben. centraluri Sris eleqt rogamtaroba
da masSi Setanili minarevebis koncentracia emTxveva siliciumis im fuZe
Sris (diskos) eleqtrogamtarobas a da minarevebis koncentracias, romlis
safuZvelzec damzadebulia zemoaRniSnuli naxevargamtaruli struqgtura.

am ubans baza ewodeba.

p*_tipis emit  eris Sre n_tipis bazasTan warmogmnis
elegtronul_xvrelur (p*™- n%), xolo n*_tipis emiteris Sre n_tipis
bazasTan warmogmnis e.w. eleqtronul_eleqtronul gadasasvlels (n*- n).
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amgvarad, Zalur diodebs aqvT samSriani p- n - n" strugtura. kargi
kontaqtis miRebisa da diodSi gamoyofili siTbos garemo sivrceSi ukeT
gabnevis mizniT  siliciumis diskos zedapiri moliTonebulia.

Zaluri diodis strugturaSi sustad legirebuli n-Sris arsebobis
gamo, p*-n gadasasvlelis sazRvrebi farTovdeba ( n-ti pis Sris xarjze) da
Sesabamisad izrdeba gadasasvlelis gamrRvevi Zabvis sidide, rac diodze
mogmedi ukuZabvis dasaSvebi magsimaluri mniSvnelobis gazrdis
saSualebas iZleva.

1.10 suraTze naCvenebia zogadi daniSn ulebis gammarTveli diodebis

korpusTa gare xedebi.

sur. .10. saerTo daniSnulebis gammarTveli
diodebi

zogadi daniSnulebis Zaluri gammarTveli diodebis

parametrebi

Zaluri diodebis param etrebi daiyofa ramdenime jgufad Zabvis,
denis, Sinagani winaRobisa da simZlavris danakargebis, komutaciuri
movlenebis, temperaturuli da siTburi Tvisebebis mixedviT. gvemoT
ganvixilavT parametrTa CamoTvlil jgufebSi Semaval mxolod ZiriTad
parametrebs. vidre gadavidodeT calkeuli parametrebis ganxilvaze,

winaswar mi vceT ganmartebebi im zogad termi nebs, romlebic
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gamoyenebuli igneba rogorc dioduri, ise sxva Zaluri naxevargamtaruli
gasaRebebis parametrebis ganxilvis dros.

Zaluri diodebis parametrebi daiyofa maxasiaTebel da zRvrulad
dasaSveb (magsimalurad da m inimalurad dasaSvebi mniSvnelobebi)
parametrebad.

parametris dasaSvebi mniSvneloba _ esaa parametris is mniSvneloba,
romlis drosac mosalodnelia xelsawyos normaluri fungcionireba,
xolo parametris zRvrulad dasaSvebi mniSvneloba _ esaa parametris is
mniSvnelo ba, romelis farglebidan gamosvla iwvevs xelsawyos
dazianebas.

maxasiaTebeli parametrebi _ esaa eleqtruli, siTburi an meqanikuri
sidideebis mniSvnelobebi, romelic xelsawyos Tvisebebis Sesafasebladaa
gamoyenebuli.

gansxvaveba maxasiaTebel da zRvrulad dasaSve b parametrebs Soris
imaSi mdgomareobs, rom maxasiaTebeli parametrebis  dadgena
SesaZlebelia pirdapiri an iribi gazomvebis CatarebiT, xolo zRvrulad
dasaSvebi parametrebis gansazRvra gazomvebis CatarebiT SeuZlebelia.
zRvrulad dasaSveb parametrebis dadgena xde ba cdebis, gamocdebis an
gaangariSebis Catarebis safuZvelze.

gvemoT mocemulia Zaluri diodebis ZiriTadi parametrebis
CamonaTvali da maTi asoiTi aRniSvnebi.

parametrebi Zabvis mixedviT:

1 impulsuri pirdapiri Zabva.............cccoociiiiiiiiiiies e Mg
. ganmeorebadi impulsuri ukuZabva................ oo Mg e
{ araganmeorebadi impulsuri ukuZabva....... ... Y/

' impulsuri muSa uKuZabVaL..............cccoeiiiiiiiiii e |/

T ZRUIBDIUI ZADVAL... .o et ottt e e e et e e e e aeeennns Vigeemn

parametrebi denis mixedviT:

f saSualo pirdapiri deni (zRvruli deni)........ L LeavslE(av)

1 dartymiTi araganmeorebadi pirdapiri deni (dartymiTi pirdapiri



f ganmeorebadi impulsuri ukudeni..... ... | I

parametrebi Sinagani winaRobisa da simZlavris danakargis mixedviT:

1 diferencialuri pirdapiri winaRoba..............ccccco. i |
{ ukudanakargebis dartymiTi simZlavre................ . il Pesy:-
{ ukudanakargebis ganmeorebadi impulsuri simZlavre........ . Prru

parametrebi komutaciuri procesebis mixedviT

1 ukuwinaRobis aRdgenis (ukuaRdgenis) dro........ S

T aRAGENIS MUXLi......eiuiiiiiiiiiieie s Q-

temperaturuli da siTburi parametrebi:
1 eleqtruli gadasasvlelis efeqturi ekvivalenturi temparatura

(gadasasvlelis temperatura)......  ..oocoeeeeiiieeeenen. to oy T, sy JNJ); TNJ)

{ gadasasvleli  -korpusis siTburi winaRoba.... R

parametrebis zemoT mocemuli dasaxelebebi (terminebi) da
parametrTa aRniSvnebi, romelic zRvrulad dasaSveb mniSvnelobebTanaa
dakavSirebuli, arasrulia. rodesac saubaria parametrze, romelsac
magsimalurad dasaSvebi mniSvneloba aqvs, maSin termins unda daematos
sityvebi , ,magsi mal ur ad dasaSvebidndegsi xm.l o
rodesac saubaria parametris minimalurad dasaSveb mniSvnelobaze, maSin
termins unda daemat os sityvebi , , mi ni ma
aRniSvnas-indegsi min. , , saSual o pirdapir.i dreagaliTad, s n a
saWiro igneboda dagvewera ,,maqsimalurad dasaSvebi saSualo pirdapiri
deni 06 da gamogveye hg/hi melah Ripj, SRniBais a.

gvemoT  mocemulia  parametrebis dasaxelebebis  (terminebis)

ganmartebebi.

parametrebi Zabvis mixedviT

impulsuri pirdapiri Zabva V., - pirdapiri Zabvis udidesi myisi
mniSvneloba, ganpirobebuli mocemuli mniSvnelobis pirdapiri deniT.
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ganmeorebadi impulsuri ukuZabva Ve - diodze mogmedi ukuZabvis

udidesi myisi mniSvneloba, yvela ganmeorebadi gardamavali Zabvis

CaTvliT, magr am araganmeorebadi gardamavali Z  abvis gamoricxviT.
araganmeorebadi  impulsuri  ukuZabva U, - diodze  mogmedi

nebismieri  araganmeorebadi gardamavali Zabvis udidesi  myisi

mniSvneloba.
impulsuri muSa ukuZabva Vo - diodze mogmedi ukuZabvis udidesi

myisi mniSvneloba, ganmeorebadi da araganmeorebadi gardamavali Zabvebis

mxedvelobaSi miuReblad.

,ganmeoebadi I mpul sur i ukuZabvao, , ,araganme
ukuZabvabo da , , I mpul s urterminebis Saarobrivik u Z aaksmnaa 0
warmodgenilia 1.9 suraTze . ganmeorebadi umpulsuri  ukuZabvis

magsimalurad dasaSvebi mniSvnelobis toli amplitudis gardamavali

Zabvis impulsebi diodze mogmedebs mkvebav i qgselis sixSiris Sesabamisi
periodulobiT. rac Seexeba gardamaval I Zabvis impulsebs, romlis
amplituda araganmeorebadi magsimalurad dasaSvebi ukuZabvis tolia,

diodze mogmedebs mkvebavi gselis sixSireze naklebi sixSiriT.

sur. .1.11ganmeorebadi, araganmeorebadida  muSaimpulsuri

ukuZabvis terminebis asaxsnelad

ganmeorebadi gardamavali Zabvebi ZiriTadad ganpirobebulia
gardamgmnelis aqtiuri elementebis komutaciuri procesebiT; araganmeorebadi _
gardamgmnelis sgemis miRma a rsebuli mizezebiT: elWeqiT gamowveuli gadaZabva,
mkvebav gselSi arsebuli gadaZabva da sxv.

ganmeorebadi impulsuri  ukuZabvis magsimalurad dasaSvebi sidide

daaxloebiT 0,75 -0,85 gamrRvevi Zabvis tolia. araganmeorebadi impulsuri

ukuZabvis magsimalurad dasaSveb i sidide ar unda aRematebodes 1,16 Viru-
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Tanamedrove Zaluri diodebis magsimalurad dasaSvebi impulsuri muSa

ukuZabvis sidide 50 v -dan dawyebuli 5kv  -mde farglebSia.

ZRurbluri Zabva Vo - es aris pirdapiri Zabvis mniSvneloba, romelic
ganisazRvreba volt -amperuli maxasiaTeblis gawrfivebuli ubnis gagrZelebis
Zabvis RerZTan gadakveTis wer tilis Sesabamisi ZabviT (ix. . 4.

parametrebi denis mixedviT

magsimalurad dasaSvebi saSualo pirdapiri deni (zRvruli deni) _ es
deni diodSi xangrZlivad gamavali pirdapiri denis periodze
gasaSualebuli mniSvnelobis magsimalurad dasaSvebi sididea.

Tanamedrove Zaluri diodebis magsimalurad dasaSvebi saSualo
pirdapiri deni 10 a -dan dawyebuli, ramdenime aTasi amperis farglebSia:

dartymiTi pirdapiri d  eni |, - esaa mocemuli xangrZlivobis
sinusoiduri  formis pirdapiri denis erTjeradi impulsis myisi
mniSvnelobis magsimalurad dasaSvebi sidide.

dartymiTi  pird apiri  deni avariul dens warmoad 1L, _igi
ganpirobebulia diodis wredSi CarTuli datvi rTvis wredis mokled
SerTviT. amavdroulad igulisxmeba, rom avariuli impulsis damTavrebis
momentSi gardamgmnelis dacva aswrebs amogmedebas da mkvebavi gseli
gamoirTveba. dartymiTi denis zemogmedebam ar unda gamoiwvios diodis
mwyobridan gamosvla.

ganmeorebadi impulsuri ukudeni | ey - €S@a ukudenis udidesi myisi
mniSvneloba , ganpirobebuli ganmeorebadi impulsuri ukuZabviT. Zaluri
diodebis ganmeorebadi impu Isuri ukudenis mniSvneloba,
naxevargamtaruli  struqturis farTobidan gamomdinare, SeiZleba
Seadgendes ramdenime miliamperidan dawyebuli, ramdenime aseul

miliampers.

28



parametrebi Sinagani winaRobisa da simZlavris

danakargis mixedviT

diferencialuri pirdapiri winaRoba I; - am winaRobis mniSvneloba

DV
I =——) damokidebulia volt -amperuli maxasiaTeblis pirdapiri Stos
T le d kidebuli I i iaTeblis pirdapiri S
f

gawrfivebuli ubnis daxrilobaze.

ukudanakargebis  dartymiTi simZlavre Pisy - diodSi - warmogmnili
simZlavris danakargis myisi mniSvnelobis magsimalur ad dasaSvebi
sidide, rodesac garRvevis ubanze diodi ukumimarTulebiT itvirTeba

erTjeradi denis impulsebiT.

ukudanakargebis ganmeorebadi impulsuri simZlavre Piry - diodSi
warmogmnili simZlavris danakargis myisi mniSvnelobis magsimalu  rad
dasaSvebi sidide, rodesac garRvevis ubanze 1 " _ | UkumimarTulebiT
itvirTeba denis perioduli impulsebiT.

ukudanakargebis dartymiTi da ganmeorebadi im pulsuri simZlavreebi

warmoadgenen mxolod zvavuri tipis gammarTveli diodebis paramerebs.

parametrebi komutaciuri movlenebis mixedviT

ukuaRdgenis dro t, - esaa drois intervali pirdapiri denis nulze
gavlis momentsa (rodesac diodis deni icvlis mimarTulebas
pirdapiridan ukumimarTulebiT) da drois moments Soris, rodesac

diodSi gamavali ukudeni mcirdeba misi magsimaluri mniSvnelobis 25% -

mde. t, =t ,+t,, sadac t, aris diodis n-p gadasasvlelze ukuZabvis

mierTebis  dayovnebis dro, xolo t; - ukudenis 0,25 I, - mde

Sesamcirebla d saWiro drois intervali (ix. " A.8).

ukuaRdgenis muxti Q, - esaa sruli muxti, romelic gamodis diodis

struqturidan, rodesac diodi gansazRvruli sididis pirdapiri denis

gamtari mdgomareobidan gadairTveba gansazRvruli sididis ukuZabvaze.
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Q, =Q.,+Q,, sadac Q, aris dayovnebis muxti, romelic diodis

strugturidan gamoiwveba gare wredSi, xolo Q; - narCeni muxti.

temperaturuli da siTburi parametrebi

Zaluri diodebis n-p gadasasvlelis temperaturas aqvs ofri

zRvruli mniSvneloba: magsimalurad dasaSvebi da minimalurad dasaSvebi.

gadasasvlelis magsimalurad dasaSvebi temperatura ij-esaa

temperatura, romlis gadameteba diodebis xangrZlivi eqspluataciis
dros dauSvebelia.

axali seriis Zaluri diodebis n-p gadasasvlelis magsimalurad

dasaSvebi temperatura 190°C-is tolia, Tu ganmeorebadi impulsuri
ukuZabvis sidide 1600 v  -s ar aRemateba. rodesac ganmeorebadi impulsuri

ukuZabvis sidide 2800 v -mdea, diodis n-p gadasasvlelis mags imalurad

dasaSvebi temperatura S  emcirebulia 175°C- mde, xolo 4000 v -mde
ganmeorebadi impulsuri ukuZabvis dros _ 150°C _mde.

swrafad aRdgenadi da zvavuri diodebis n-p gadasasvlelis
magsimalurad dasaSvebi temperatura 140- 160°C - is farglebSia.

diodis n-p gadasasvlelis minimalurad dasaSvebi temperatura
T, min - €sa@a is minimaluri temperatura, romelzec naklebi temperaturis

pirobebSi dauSvebelia diodebis ara marto eqgspluatacia, aramed
Senaxvac. es imiTaa ganpirobebuli, rom aseT dabal temperaturaze
icvleba diodis rogorc el eqtruli Tvisebebi, ise mosalodnelia misi
meqanikuri dazianeba diodis konstruqciuli elementebis  wrfivi
gafarToebis koeficientebs Soris arsebuli gansxvavebis gamo. diodebis

n-p gadasasvlelis minimalurad dasaSvebi temperaturis sidide
moTavsebulia - (50..60)°C -is farglebSi.
gadasasvleli _ korpusis ubnis siTburi winaRoba Ryc - esaa

diodis n-p gadasasvilelsa da korpuss Soris temperaturuli sxvaobis
Sefardeba diodSi warmogmnili simZlavris danakargTan, rodesac igi

damyarebul reJimSi muSaobs.
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diodebis paraleluri SeerTeba

diodebis paraleluri SeerTeba saWiroa jamuri pirdapiri denis
gasazrdelad. paraleluri SeerTebis dros warmoigmneba calkeul
paralelur StoSi denebis araTanabari gadanawilebis problema,
romelic diodebis volt -amperuli maxasi aTeblis pirdapir StoTa Soris
gansxvavebiTaa gamowveuli. denebis araTanabarma gadanawilebam, Tavis
mxriv, SeiZleba gamoiwvios zogierTi diodis gadatvirTva da mwyobridan
gamosvla. amitom saWiroa paralelurad SeerTebul diodebSi gamavali
denebis gasaTanabreblad saTanado RonisZiebebis gatareba.

denebis araTanabari gadanawileba or diodSi (maTi uSualo
paraleluri SeerTebis dros), romelic gamowveulia diodebis volt -
amperuli maxasiaTeblis pirdapiri Stoebis gansxvaveb ulob T,

ilustirebulia 1.12,a suraTze

R Iy, + Im Ips

By D1 D2 Up <D D1 D2

i R1§ R2 L1 L2

) )

sur. 1.12 diodebis volt -amperuli maxasiaTeblis pirdapiri

Sto (a), diodebis paraleluri SeerTebis sqgemebi (b,g,d)

rogorc 1.12,a suraTidan Cans pirdapiri Zabvis erTnairi sididis

dros calkeul diodSi gamavali deni mniSvnelovnad gansxvavdeba

erTmaneTisagan. paralelur StoebSi denebis gaTanabrebis bunebrivi gzaa
iseTi diodebis SerCeva, romelTac zustad erTnairi volt -amperuli
maxasialeblis pirdapir | Sto eqneba (sur .1.12,b), rac xSirad gadauWrel

problemas warmoadgens. amitom saWiro xdeba paralelur diodur
StoebSi denebis xelovnuri gaTanabreba.

paralelur diodur StoebSi denebis gaTanabreba principSi
SesaZlebelia diodebis mimdevrobiT damatebiTi gamTanabr ebel i aqtiuri
winaRobis CarTviT (sur .1.12,g9), romelTa sidide mniSvnelovnad aRemateba

diodebis pirdapir winaRobas, magram am meTodis gamoyenebis SemTxvevaSi,

31



gansakuTrebiT didi denebis dros, mniSvnelovnad izrdeba simZlavris
danakargida mcirdeba gardamgmnel i mowyobilobis mqgk

didi denebis SemTxvevaSi farTod gamoiyeneba denis indugciuri
damyofebi (sur .1.12,d). paralelur StoebSi denis momatebis SemTxvevaSi,
StoSi  CarTul induqgciurobis koWaSi aRZruli TviTinduqciis emZ
naklebad sagrZnobs xdis diodebis pirdapiri CarTvis Sesabamisi
maxasiaTebeli parametrebis gabnevadobiT gamowveul denis araTanabar

gadanawilebas.

diodehis mimdevrobiTi SeerTeba

diodebis mimdevrobiTi SeerTebis mizania jamuri dasaSvebi

ukuzZabvis sididis gaz rda. ukuZabvis mogmedebis dros, mimdevrobiT
SeerTebul diodebSi gaivl is erTnairi sididis ukudeni (sur 1.13,a).
magram diodebis volt -amperuli maxasiaTeblis ukuStoebis daxrilobaTa

Soris gardauvali gansxvavebis gamo, saerTo ukuZabva calkeul diodze

araTanabrad gadanawildeba.

Up

Up

+
A

sur. 1.13diodebis mimdevrobiTi SeerTebis sqema da maTi

volt -amperuli maxasiaTeblis ukuStoebi

mimdevrobiT SeerTebul diodebze ukuZabvis araTanabari
gadanawileba arasasurvelia, radgan Tu romelime maTganze mogmedi
ukuZabva gadaaWarbebs gamrRvevi Zabvis sidides, moxdeba aramarto am
diodis, aramed masTan mimdevrobiT mierTebuli yvela sxva diodis

garRveva da mwyobridan gamosvla.
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mimdevrobiT SeerTebul diodebze ukuZabvis araTanabari
gadanawilebis gamoricxvis mizniT, TiToeuli diodis paralelurad

CairTveba Zabvis gamTanabrebeli rezistorebi (sur. 1.14,a).

Up

sur. .1.14. diodebze ukuZabvis gamTanabrebeli sqema (a) da diodebis

volt -amperuli maxasiaTeblebis ukuStoebi (b)

rogorc 1.14,b suraTidan Cans diodebze ukuZabvis erTnairi sididiT
gadanawilebis SemTxvevaSi  (-Vy, =-V,,), calkeul diodSi gamavali deni
ar aris erTnairi sididis. jamuri ukudeni | gadanawildeba

mimdevrobiT SeerTebul diodebsa da maT paralelurad CarTul

rezistorebSi

ls=lg +1g =g+ 1g, 1.9
V V V
sadac | :ﬂ; =_D2 D1
"R “ R2 R2
Tu g da g, mniSvnelobebs SevitanT (1.8 ) gamosaxulebaSi, miviRebT
V V
o, + 2=+, 1.
Sl R1 S2 RZ ( 9

Tu diodebis paralelurad erTnairi winaRobis rezistorebs
CavrTavT, ei. R =R, =R, maSin diodebis volt -amperuli maxasiaTeblis
ukuStoTa sxvadasxva daxrilobis gamo, calkeul diodze mogmedi Zabva
ar igneba erTnairi sididis, V,, da V,, am SemTxvevaSi ganisazRvreba

gamosaxulebidan

V V
|, +2L=]_ +-22 1.1
st TleT o (1.19
V,, +V,, =V,. (1.1)1
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gardamavali redimebis dros mimdevrobiT SeerTebul diodebze

ukuZabvis Tanabari gadanawilebis uzrunvelsayofad TiToeuli diodis

paralelurad unda CairTos mimdevrobiT SeerTebuli C; kondensatori
da R rezistori. (sur .1.15)
‘ 1
Rs§
053456 gdgmo R, D, C 3>6©535g5@0
©ggodol dsdgolLs l =i %g3030L dsdgols
3565F0gngdgemo 1 T 3565F0gngdgemo

D, “FF
R, ng

sur. 1.15. mimdevrobiT SeerTebul diodebze ZabvaTa gadanawilebis

wredebi damyarebul da gardamaval reJimebSi

magaliTi 1.2.
mimaevrobiT SeerTebul or diodze (sur. 114) mogmedebsV, =5kv-is
toli mudmivi ukuZabva. diodebis ukudenebia |, =30mlada |g, =35mla.

unda ganisazRvros:

a) calkeul diodze mogmedi ukuZabvis mniSvneloba, rodesac

diodebis paralelurad erTnairi winaRobis Zabvis
gamanawilebeli rezistorebia CarTuli , RL=R2=100kom;
b) Zabvis manawilebeli rezistorebis winaRobebi Rl da RZ2, rodesac
ukuZabva diodebze Tanabradaa ganawilebuli Vo, =Vp, =V /2.
amoxsna

a. Il =30mla, Ig,=35mla, RL=R2=R=100kom. -V, =-Vy, - V.,
anu V,, =V, - V,.

(1.19 gamosaxulebaSi  CavsvaT Vo, =V -V,  da  miRebuli
gamosaxulebidan ganvsazRvroT V,;, miviRebT
Vo, =\% + g(l o= lg)= 4y + 100a0 (35Q0° - 30A0*) =2750v.

2 2
V,, =V, - V., =5000- 2750= 2250v.
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b. I, =30mla, Iy, =35mla, V,, =V, =V—2D = 2500v.

(1.9 gamosaxulebidan ganvsazRvroT
Vy, RL
VDl - R]-(Isz - ISl)

RZ:

CavTvaloT R =100kom. maSin

B 2500 A00A0° _
R, = r - o - s =125 kom.,
2500’ - 100Q0°(35Q0°(35Q0° - 30Q0®)
2.3.2.swrafad aRdgenadi diodebi
swrafad aRdgenadi diodebis ukuwinaRobis aRdgenis dro (t,)
gacilebiT naklebia zogadi daniSnulebis gammarTveli diodebis

ukuaRdgenis droze. aseTi diodebi gamoiyeneba mudmivi deni _ mudmivi
deni (dc- dc) da mudmivi deni _ cvladi deni (dc- ac) gardamgmnelebis

sgemebSi, sadac diodebis Caketili mdgomareobis (ukuwinaRobis) aRdgenis
siCgares xSirad gadamwyveti mniSvneloba aqvs. swrafad aRdgenadi
diodebis samuSao denebis mniSvnelobebi la -dan dawyebuli, ramdenime
aseuli amperis farglebSia, xolo samuSao Zabvebi moTavsebulia 50...3000
v-is farglebSi.

400 v-ze meti samuSao Zabvis mgone swrafad aRdgenadi diodebis
damzadeba xdeba difuzuri tegnologiuri meTodis gamoyenebiT. aseTi
diodebis  p-n gadasasvlels agvs mcire farTobi, xolo bazis Sres gaaCnia
muxtis gadamtane bis rekombinaciis gazrdili unari . es ukanaskneli
ganpirobebulia bazis SreSi platinis an oqros minarevis difuzuri
SetaniT, romelTa atomebi warmogmnian muxtis gadamtanTa efeqtur
sarekombinacio centr ebs.

400 v-ze naklebi samuSao Zabvis mqgone diodebis damzadeba xdeba
epitagsialuri tegnologiis gamoyenebiT. aseT diodebs aqvT Zalze mcire
siganis bazis Sre, amitom diodebis ukuwinaRobis aRdgenis xangrZlivoba
50 nwrze naklebia. 1.16 suraTze naCvenebia seriu li warmoebis swrafad

aRdgenadi diodebis korpusTa gare xedebi.
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