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KREMNIYLI P-N OTIWDEGI LAVINNO PROLIOTLI DIODLARININ
TERMIK QARSILIGI

Abdreymov A. A.

Turdimuratov A. S.
Xojamuratova J. R.
Berdaq atindagi qaraqalpaq mamleketlik universiteti

THERMAL RESISTANCE OF AVALANCHE-PROLIOT DIODES IN
SILICON P-N JUNCTIONS
TepMquCKoe COIMIPOTHUBJICHUSA JIAaBHUHHO HpOJ’IéTHBIX JHUOJ0OB B KPEMHHUEBBIX p-N
IIEPEXOI0B.
Kremniyli p-n o'tish joylarida lavinno proliotli diodlarining termik garshiligi

SUMMARY

In this article, when studying the thermal resistance of lavandon-proliot diodes, an
increase in the power of microwave generators in the LTD and the expansion of the
operating frequency range necessitated a complete and accurate calculation of a
number of characteristics of the LTD. Based on the thermal properties of the diode
structures, the generation parameters in the LTD are determined; therefore, it is
necessary to take into account the thermal conductivity of the semiconductor
material in breakdown modes with a high current density.

AHHOTAUA

B nmanHOM crathe NpM HCCIENOBAHUM TEIUIOBOI'O COIIPOTUBIICHUS JIABUHHO-
MPOJIMOTOBBIX JAHOJIOB yBennueHne wmomHocth CBY-reneparopoB B JIIIJ u
paciiMpeHyde auarna3oHa padodyMX YacTOT BBI3BAJIO HEOOXOAMMOCTH MOJHOTO U
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TOYHOro pacueta psga xapakrepuctuk JIIIJ[. Ha ocHOBaHMM TEIIOBBIX CBOMCTB
JTUOJIHBIX CTPYKTYp oOlpeaesneHsl napameTpsl redepauun B JIIIJ[, mostomy
HEO0OXOIMMO YYUTHIBATh KOADPHUITUEHT TEMIIOMPOBOTHOCTH MOTYTIPOBOTHUKOBOTO
MaTepHuaia B pexuMax mpoodos ¢ BRICOKOH MIOTHOCTHIO TOKA.

,--—-.\"‘\
ﬁ\
_
“‘
E- CONFERENCE
SERIES

46



Proceedings of International Educators Conference

Hosted online from Rome, Italy.

Date: 25" March, 2024

ISSN: 2835-396X Website: econferenceseries.com

Pe3rome

Bu maqolada lavinno proliotli diodlarning termik garshiligini todgiqot gilganimzda
LPD da mikroto'lqinli generatorlarning quvvatining artishi va ischi chastota
diapazonming kengayishi LPD larning bir qatar Xisusiyatlarini toliq va aniq
hisoblash zarurligini keltirip chigardi. Diyod strukturalarining termik xisusiyatlariga
asoslanip LPD-dagi generatsiyalar parametrlarini aniglaydi, shu sabapli yuqori tok
zichligi proboy rejimlarida yarim o6tkazgichlarning materiyalining issiglik
o’tkiazuvchanlik koefficiyentini hisopga olish zarur.

Key words: Avalanche proliot diode, thermal resistance, thermal conductivity.

KiroueBbie cia0BbI: JIaBUHHO IIPOJIMOTHBIA JHOJ, TEIJIOBOE COIPOTHUBJIICHUE,
TEIJIONPOBOAHOCTb.

Kaur cysmap: Lavinno proliotli diod, termik garshilik, issiglik utkazuvchanlik.

Lavinno prolyotli diodlardin termikaliq garsiligi Lavinno prolyotli diodlardin
strukturasinin jilliliq rejiminin zarurli parametri bolip, ol yarim otkizgishli
qurilmanin jumis rejimin belgileydi. Sol sebepli qurilmanin jilliliq garsiligin aniglaw
maseleleri menen baylanisli har ganday izertlewler aktual bolip, zardrli ilimiy ham
ameliy ahmiyetke iye. Bul mashgalan: uyreniwde, birinshi yarim otkizgishli
Lavinno prolyoth diodlardin islep shigiw processinde izertlewshilerdin termikaliq
garsiligti Lavinno prolyoth diodlardin ayirim elektr parametrleri yamasa Si ham
kristalinin geometriyaliq 6lshemleri menen baylanisl.

Magalada Lavinno prolyotli diodlardin jilliliq tarqaliwm ham kolemi boyinsha
termikaliq garsihigti amglawdin usili korip shigiladi. Model boyinsha Lavinno
prolyoth diodlardin termal garsiliginia manisin esaplaw izbe izligi islep shigilgan.
Jillihig  qarsihginmn  termikalig  ekvivalenttin ~ parametrlerine  baylanishiligi
aniglandi.[1-2]
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Jillilig garsihigin anmglaw Lavinno prolyotli diod islep shigariwda texnologiyahq
procesti tanlawdin tuwriligin aniglaw usillarinan biri bolip tabiladi. Jogar: quwath
yarim Otkizgishli qurilmalardin isten shigiwinin en zarurli sebeplerinen biri bul
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"kristal korpusining" jillilig garsihginmin asiwi bolip, jilliliq o6zgerisi sebepli
qurilmalardin isten shigiwina alip keledi.
Termikaliq garsiligi — Jilliliq qarsiliq bolip , lavinno proliotli diodtin p-n gatlami
boylap zaryadlangan bolekshelerdin jilliliq hareketinin tarqaliwina yarim o6tkizgishli
diod tarepinen payda etilgen qarsiliq etiw gabiyleti bolip tabiladi.
Termikaliq qarsiliq — jililiq tarqaliw koefficiyentine keri proporcional ,
Termikaliq qarsiliq gatlam qalinhigmin onmin jililiq otkizgishlik koefficiyentine
gatnasina ten.
Lavinno prolyoth diodlardin termikaliq qarsiligt p-n gatlamlarmin termikaliq
qarsiliglarinin qosindisina ten.
Esaplaw ushin formulalar
T,-T

P
R; Jililiq oblastindag1 Termikaliq qarsiligi, K / vt;

R =

T, - kesimnin basindagi temperatura, K;
T,- kesimnin aqirindagi temperatura, K;
P- Jililiq agimi Lavinno proyoth diodlardin p-n arqali 6tiwshi jililiq agimi, Vt.

Turaqgli kesimdegi kontaktlardin boéleginin jilliliq qarsiligr :
1

R; = S
R; —Diod KZO nin R; jillilq qarsilig1, K/Vt;
| — Diodtin KZO nin qalinligi , m;
A - diod materialnin jillihq otkizgishligi , Vt / (m K);
S — p-n 6tiwdegi KZO nin kese kesim maydani, m>.

1-suwret. Lavinno proleth diod.

Lavinno prolyotl diodlardin termikaliq qarsiligi
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Lavinno prolyoth diodlarda mikroto'lqinli generatorlardih quwatinin arttwi ham
Jjumisshi jiyilik diapazonmin keneyiwi Lavinno prolyothi diodlardin bir qatar
qastyetlerin tolig ham aniq esaplaw zarurshiligin keltirip shigardi.

Diyod strukturalarinin termikaliq géasiyetlerine tiykarlanip Lavinno prolyoth
diodlardagi generatorlardin shigiw parametrlerin aniqlaydi, sol sebepli joqar1 tok
tigizlig1 proboy rejimlerinde daslepki esapqa alinbagan yarim o6tkizgishlerdin
materiyalmin jillilhiq otkizgishlik koefficiyentinin temperaturaga baylanisliligin
esapqa aliw kerek. (2-Sawret , a).

Biz bul zartrli parametrdi esapqa algan halda Lavinno prolyotli diodlarding jilliliq

qarsiligin esaplaw metodologiyasin xarakteristikaladiq.

S |
STV -
BT Ot
a, \f

T}z
]

Usi silindrdin kéleminde temperatiwra tek Z ke baylanisli, bul kishi Z ham gaptal
diywallar arqali 4zzi jillihq tarqaliw1 haqiyqatqa séykes keledi, yarimoétkizgishtin
tomengi tegisligi ideal jilliliq tarqaliw1 , haqiqiy yarimo'tkizgichli materiyalda (2-
stwret .2, a) temperatiwra gradientleri bolmaganda material kélemi birdey jilliliq
garsiligina iye, Z kaésherine perpendikulyar bolgan tekisliklerde jilliliq agimi
bagitinin quramliq bolimlerinde 6zgeredi materialdin jilliliq 6tkiziwshenligi sheksiz
kesim tekisliklerinde tamiyinleniwi kerek. Jilliliq qarsiligin aniglaganda jilliliq
agimi Z kdsheri boylab birden bir komponentke iye bolip ekvivalent kesimlerinde 5
(2) [3] 6zgeriw nizamin duris tanlaw argal erisiledi.

Qabul etilgen kozqaraslardan, biz jilliliq agimi ushin tomendegi tenlemeni jazamiz.

dr P
X% =50 (1)
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y -yarim 6tkizgishli materiyaldin jillihiq 6tkizgishligi koeficienti
P-jlliliq agiminin quwatliligi.
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Temperatiwranin jilliliq 6tkizgishligine baylanisliligi (T) Si ushin 77K nen 300K

temperatiwra araliginda tomendegishe aniglandi [5-9]
A

X=z (@)
Jilliliq agim1 ushin —xj—; =3 (Z) (1) tenlemeni tomendegishe jazamiz
AdT _ P
“TEZ 5o (3)

Bul tenlemeni sheship

Ty, = Ty exp {(E) ‘P} 4)
kelip shigadi T; bul Z=I terenliktegi tegisliginin o  temperatiwrast T, temperatiwra
7=0 gaddidegi tegisliktin temperatiwras1 onda p-n 6tiwindegi P quwatliliq penen
tamiyinlengen.

fl dz {__ 1 I 1 N
0S(Z) Z3  tga[ro+(Zx—Ztgalry  rotga  tgB[ro +(Zp—Z)tga+(1-Z;)tgp]

e
tgBlro +(Z2-Z)tga]

Eger tgo=1,571, tgp=0,753 , Z, —7Z, = 1.273 ekenligi malim bolsa Z; , ro, |
arqali1 ¥ funkciyasi temperatiwradan garezsiz aniqlandi.

1(Z, — 0,91, 1
Y= -
™ Z5 1,3r, — 0,753(1 - Z,)

[-ain(z)]

Bul tenlikten P = kelip shigadi.Keyin ala

Ty — T,
RT=1—‘P(1 roZ)

Aln (To
[tibar berin, tok agiminin tdmen manislerinde , yarim 6tkizgishli bir tekli bolmagan
halindada jilliliq 6tkizgishligi i itibarsiz qaldirtw mumkin !!!, formula (8) saykes
keletugin sizigl baylanisliliq Rt (T) sizigli baylanist1 kérsetti kristalldin LPD tin
termikaliq qarsiligin koeffitsientten esaplaw ushun formulalar menen (maselen, [4]
ga garang).saykes keledi
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1
Rp=- -y
T7x
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Bunda W -temperatiwradan garezsiz bolgan yarim oOtkizgishtin geometriyaliq
Olshemlerinin ozgeriw funkciyasi. Eger

X= % bolsa onda Ry = % - W ga ten boladi

Formula
T, — T,
Ry = 1—T10 w(l,r,Z)

eksperimental tarde kremniyli Lavinno prolyotl diodlarinda sinaqtan otkerilgende,

diod ushin A = 180 vt sm. Lavinno prolyoth diodlardin jilliliq garsiliginin diod
korpusinin temperaturasina garezliligin uyreniw eki rejimde otkerildi: toktin kishi
manisinde ekinshisi maksimal tok rejiminde . Maksimal tokta jilliliq quwwatliligi
p-n-otkeldin temperaturast kritik darejege jaqin bolip turdi, diod korpusi suwiwi
menen jumis quwwatt asadi. P-n otiw temperaturast diodladin proboy kernewi
menen salistiriladi. Lavinno prolyothi diodlardin termikaliq qarsiligmin diod
korpusinin temperaturasina garezliligin tyreniwdin eksperimental natiyjeleri 3-
suwretdegi tuwri siziq termikaliq qarsiliginin jumis agiminin tdbmen manisindegi
rejimi ushin diod korpusinin temperaturasina baylanishiligin korsetedi.
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3-stuwret Lavinno prolyoth diodlardin termikaliq garsiliginin diod korpusinin
temperaturasina garezliligi
Solay etip joqaridagi natiyjelerden kelip shigip, berilgen model LPD jumisin proboy
rejim oblastta sezilerli darejede jagsilaw imkaniyatin beredi.
Jillihq qarsiligmin Lavinno prolyotli diodlardin jillihq dereginin maydanina,
kristaldin biyikligi, kenligi, uzinligi, maydan1 hdm kélemine baylanishiligi jilliliq
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Otkizgishliginin 6zgeriwinen tga hdm tgp muayeshlerinin manislerinin 6zgeriwi kelip
shigad.
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