TEXHONOIMMA

Bnusuue HuskomHTeHcnBHoM papmaummn Ha CBY-ycrpoiictea

PopmoanexrponHas annaparypa kocMuueckux annaparos (PAD KA) npu akcnnyaraupm nopeepraetcs
BO3EMCTBMIO MOHM3UPYIOLLErO M3nyueHus KocMuueckoro npoctpanctea (MM KM), uto sensercs
AONONHUTENBHOM MPUYMHOMN OTKA30B. Ha HacTosLLMIN MOMEHT NPUHSTO Pa3AENEHO OLEHWBATL HaaeXHOCT POA
M ee POAMAUMOHHYIO CTOMKOCTb, HE CMOTPS HQ TO, TO 3TH SBNEHMsi B3aMMOCEs3aHbI. Llensio cramsu sensetcs
ouenka enmsHns M KN Ha nokasarenu HaaexHoctn CBY-ycrpoiicTs, a MMeHHO Ha BeposTHOCTL 6e30TKa3HOM
paborts, Ha npumepe CBY-ycunurens. Moaens seposTHoci otkasa ycrpoiictsa QICAC) 3a cpok aktvsHoro
cywectsosarmna (CAC) crpomrest kak npoussenermne sepostHoctei otkasa Q1(ICAC) - sepostHocts otkasa
ycrpoictea BeneacTeme Habopa npenensHo ponyctmoit no3s, Q2(ICAC) - seposiTHocTs OTKA3A yCTpoiicTBa
npu otcyrcreumu eoapeiicteus MM KIM, Q3(ICAC) - seposTHOCT BO3HMKHOBEHMS OAMHOUHOTO 3ddekTa.
BepostHocu Q1(ICAC) n Q3(ICAC) oueH1BaioTes N0 ASHCTBYIOLMM HOPMATUBHBIM AOKyMEHTAM. BepostHocs

Kntouessie cnosa: HapexHocTs, pagaLpioHHas
crovikocts, CBY-ycrporicTsa, ormampyroLLee
M3ryyeHHe, BEPOSTHOCTb GE30TKA3HON PaboTbl,
KOCMUYECKME annaparsi.

Q1(iCAC) paccumnTbiBaeTcs Ha OCHOBE BEPOATHOCTHO-PU3MUECKMX MOoaenei. VccneposaHue nokassisaer, uto,
He CMOTPS HO BbICOKME MOKA3ATENW POAMALMOHHOM cToikocTH npumensembix B POA KA CBY ycrpoiicts, npu
tpebyembix anmtensHsix CAC HU3KOMHTEHCMBHOS poaMaums Gyaer OKa3bIBOTH OLLYTMMOE BAMSHWE HA
BEPOSTHOCT 6e30TKA3HOM PaboTLI, YTO CrieAyeT yuMTHIBATL NpK pa3paboTke annapaTypel.
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B cocraBe paamoasnekTpoHHoiil annaparypel (PDA) kocmuue-
ckux annapatoB (KA) mmMpoko mnpuMeHsioTcs ycTpoiicTea
cBepxBbicokux vactot (CBY). Jlns npumepa, paccMOTPUM KOH-
teiinep paauokanana KA «Pecype-/IK», samyuenHoro B akc-
mayarauuio B 2006 roay. Konrteiinep pajnokanaia BKIOHaeT B
cebsi: kommyTatop OOPTOBOI ceTH, YHpaBJISIONMI BbIYMCIIH-
TEJbHBIH KOMIUIEKC, pajuonepeiatoinee yeTpoicTo, (popMUpo-
BaTelb Kaapa, 010K ynpasienus antenHoii. B coctas paamorne-
penatomero yerpoiictea Bxoaut psja CBY-ycrpoiictB — atte-
nioatopsl CBY ¢ ananmoroBeiM ynpaenennem, ycunurenan CBY,
JiBoitHbIe OanaHcHele cMecutenn CBY, netekropHbie amMojb!
CBY. Ha npumepe yeuauteneit CBY nokaxkem BIMsHHE HH3KO-
MHTEHCHBHOI pajiallii Ha HAJIEKHOCTh YCTPOICTBA.

[oroku wacTui, HU3KUX Hepruii (1o 1 MaB) npusoasr k na-
paMeTpHyYecKuM M (DYHKIMOHAILHBIM OTKazam PDA (mocrerneH-
HeiM otkazam) [1-3]. [Totoku yacTuil Oosnee BBICOKMX IHEPrHii
MPUBOT K O/MHOUHBI d(ekram — oOpaTnMbiM U KaTacTpodu-
UeCKHM OTKa3aM (BHE3aMHBIM OTKa3aM).

Cpok axtushoro cymectBoanusi (CAC) PDA B ocHOBHOM
onpeaenseTcs paaualiMOHHON CTOHKOCTHIO anmapatypel U Bepo-
ATHOCTBIO ee Oe30TKa3Hoil paboTel. B ycnoBuax kocMmoca Hakon-
neHHas (MoryomeHHasn) 103a paanuaiuu usMepsercs B pagax. Cy-
IIECTBYIOT METO/IbI, MTO3BOJISIIOIIME PACCUNTATH BEJIMUMHBI HAKOTI-
JICHHOI#1 /103b1 B 33/IaHHON TOYKE C Y4ETOM IKPAHOB H aBTOMATH3H-
POBaHHBIE MPOrPaMMHBIE CPEJICTBA, MO3BOJISIOIIME CTPOUTH pa-
JIHALIMOHHBIE T10J151 HA OCHOBE JAaHHBIX 0 KOHCTpYKUMH [4]. OOb-
eKTOM  McciefoBanust  sBisercs  MowHblii  CBY-yeunurens
EMP108-P1 npoussonctBa ¢upmbl  Excelics Semiconductor,
ypoBHsl kadectBa Military, nanHple 0 mapaMeTpax NMpPHBE/IEHB Ha
puc. 1. Ilensio wccnenoBanus sBISETCA OLEHHTH BO3MOMKHOCTH
ero npumenenns B cocrase POA KA ¢ CAC 25 ner.

Bepostnocts ortkaza CBY-ycunutens paccuuThiBacTes 10
dopmyne: Q(toac) = Q4 - Q; - Qg ThE: Ofcac) — BEPOATHOCTH
oTKaza ycuiutens; (J) — BEpOATHOCTb OTKA3a YCHJIMTEsS B pe-
3yJIbTaTe HAKOTUIEHHS MPeAelbHOr0 YPOBHS J103b1; (J; — BEpOAT-

10

HOCTh OTKAa3a YCHJIMTEs MPH OTCYTCTBHH BO3/ICHCTBHS HOHM3H-
pytowiero obiaydenus; Oz — BEpOATHOCTL OTKA3a M3-3a BO3/ICHCT-
BHSl OTJIEJIBHBIX SJIEPHBIX YACTHLL fcac — CPOK AKTHBHOTO Cylle-
CTBOBAHMSL.

ELECTRICAL CHARACTERISTICS (T, = 25 °C, 50 ohm, VDD=7 V, IDQ= 200 mA)

SYMBOL PARAMETER/TEST CONDITIONS MIN TYP | MAX | UNITS
F Operating Frequency Range 7.0 9.5 GHz
P1dB Output Power at 1dB Gain Comp 225 | 240 dBm
Gss Small S'!;nal Gain 16.0 19.0 dB
Qutput 3% Order Intermodulation Distortion
OIMD3 | @Af=10MHz, Each Tone Pout 14dBm -40 dBc
Input RL | Input Return Loss 12 dB
Output RL | Output Return Loss -6 dB
Idss Saturate Drain Current Ve =3V, Ve =0V | 244 305 366 mA
Voo Power Supply Voltage 7 8 v
Rth Thermal Resistance (Au-Sn Eutectic Attach) 30 "CIwW
L] Operaling Base Plate Temperature - 35 + 85 °C

_ABSOLUTE MAXIMUM RATINGS FOR CONTINUOUS OPERATION '

SYMBOL CHAMCTERIS“C VALUE

Vs Drain to Source Voltage av

WV Gate to Source Voltage -4V

Igp Drain Current Idss

lgse Forward Gate Current 4.5 mA

Py Input Power @ 3dB compression

Teu Channel Temperature 150°C

Tsrg Storage Temperature -65/150°C

Py Total Power Dissipation 3.8W

T Cperaing e dewce Leyored ary of Ta abows ratng mily (€908 0 feerranerd aage
2 , Vanlan € (Ten ~Tog WPy whare T, = st larmparsiure

Puc. 1. ITapamerpst mownoro CBY yeunurens EMP108-P1

BepostHocts oTkaza (> oneHuBaetcs 1o Gpopmyiie:

Q2 =l—e Ao et .
1€ Ayaex — HHTEHCHBHOCTB OTKA30B MPH OTCYTCTBHE BO3JIEiCT-
BUS PAIMALMH; fcac — CPOK AKTHBHOTO CYIECTBOBAHMUS.

VIHTEHCHBHOCTh OTKA30B Ayyyuex IIEKTPOPAIHOU3/IEIHI HHO-
CTPAHHOTO MPOW3BOJCTBA OIICHMBAETCA MO CHPABOYHHUKY |[5].
CornacHo [5], THTEHCHBHOCTE OTKa30B A1 MHUKpocxembl GaAds
CBY paccunThiBacTesl 10 cieyiomeii popmyiie:

/Lmrlu.w = (/{q: ’ KT g K(.b + Ami;: E K: }‘ K[I 3
rje: Ay — MHTEHCHBHOCTh OTKa30B KPUCTAIA; Ayop — MHTEHCHB-
HocTh OTkasoB kopryca; K, — koaduument, yuutsiBaromii
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M3MEHEHHE MHTEHCHBHOCTH OTKA30B B 3aBHCHMMOCTH OT TeMIIe-
patypel okpyxatomeit cpeasl; Ky — xoapdumment Qynkimo-
HanbHOrO HasHavyeHus; K, — koadduimeHT >KCruyaTaimm;
K, — koadpunment npuemkn.

Koaddpuument K, onuceiBaetcs cieayonMM BIPaKEHUEM:

= [ ] l
8,617-10° (7,+273 423

rae: T; — Temneparypa KpUCTajljia, pacCUMTBIBACTCS W3 JTAHHBIX
crieunukaluy Ha usjenue (cMm. puc.l).

OTCI0M1, Ayurex = 1,05:10°°, oTka30B/uac.

BeposaTHOCTh OTKa3a yCWJIMTENA M3-3a BO3ACHCTBUS OT/ENb-
HBIX AACPHBIX HYacTHIl OLEHHBAETCS MO (hOpMyJie, IPHBEACHHON
B cTanapre [6]:

Qs =1-exp(-=v-1,,),

TJIe: V — 4acToTa BO3HUKHOBEHMS BO3MOJKHBIX OTKA30B B YCHJIM-
TeJIe MO/ JACHCTBHEM OT/IEBHBIX SJIEPHBIX YaCTHIL tys — BPEMH,
B TEUEHHME KOTOPOIO YCHIIMTENb HAXOAMTCA BO BKIIIOYEHHOM
cocTosiHuM npu ycraHoBieHHom CAC.

YacTrota BO3ZHMKHOBEHHS BO3MOXHBIX KaTacTpPO(PUUeCKHuX
OTKAa30B OMMpPE/IETIAeTCs CIeAYIOUHM BhIPaKEeHHEM:

v= [ o(L) - @rsa(LYAL + [ 6(E) - @, (E)dE;

Lo EO0
rae: o(L), o(E) — 3aBucuMOCTH ceueHuii BOSHUKHOBEHUS OJIMHOY-
HBIX OTKa30B OT JIMHEHHBIX MOTEPh YHEPIUH TSLKENBIX 3apAiKEH-
HbIX yactu (JITTD T3Y) n sHepruu npoToHOB, COOTBETCTREHHO.

CornacHo ucneitanusam, B IPU, BeinmonHeHHbIX no Oumonsp-
HOH TeXHOJIOTHH, THPUCTOPHBIE 3((]ekTs M KaTacTpopuueckne
OTKa3bl 1NpH BosaedcTBMM  (pakTOpa C  XapaKTepHCTHKOM
7.K11(7.K11) (oxBupanentHo posjeiicteuio T3Y) He npossisi-
10Tcsd. TO ecTh, 4aCTOTY BO3HHKHOBEHMS BO3MOJKHBIX KaTacTpo-
(udecknx oTkazoB u3-3a BozaeiictBus T3Y u nporonos KII
MOKHO MpHHATE v=0.

Jlnst Toro, 4TOOKBI OLIEHHTH BEPOATHOCTH BO3HHKHOBEHHS OT-
kaza ycunurenss CBY u3-3a HakonjieHHs: UM NpeaesHOTO YPOB-
Hsl J103bl, HCTIOb3YEM JaHHbIE MTPOBEJCHHBIX paHee MCTILITAHWi
HAa PAaJMALMOHHYK) CTOHKOCTh. PedynbTaThl HCHBITAHMH yCHIIN-
teneii CBY npousBoxctsa komnaumii  Hittite, Excelics
Semicunductor, W Apyrux T0Ka3aji, YTO B KayecTBe paclpejie-
JIEHHs YPOBHA TMpelelbHOH HaKOIIEHHOH 103bI (D) MOMXKHO
NPHHATHL YCEUEHHOE HOPMAJILHOE pacrpe/ie/ieHHe.
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Puc. 2. YceueHHOe HOpMaIbHOE pacrpejie/ieHHe MIOTHOCTH
BO3HHKHOBEHH:A OTKa30B
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Takum 06pa30M, BEPOATHOCTL BO3HHKHOBCHHA OTKa3a B pe-
3yJAbTATE HAKOIUIEHHA 03Bl MOXHO ONHCATh CICAYIOLUIHM BbI-

paykeHHeM:
(Dm‘m(ﬂm) 7
tcac tcAC i g[pml)
= D =f ) * ex] A
@=), M=) YT 2

rae: D) — NIOTHOCTH BEPOATHOCTH BO3HMKHOBEHMA OTKa3a;
m(Dyyy;) — MaTEMaTHYECKOE 0XKHIAHHE YPOBHS CTOHKOCTH YCHIIH-
Tenst; o(Dpyy) — cpeaHee KBajpaTH4HOE OTKIOHeHue; Dy —

HaKoIUIeHHas (pakTHyeckH 103a; C — HOPMUPYIOLLHiT MHOXKUTE]Ib.
1

F(Pniayax )-F (Onayy)
rae: F(Dauay, . )» F(Drsiny,y ) — 3HAUCHHS QYHKLMH HOPMAILHO-

ro pacrnpe/iefeHus.

Ha ocHoBe jlaHHBIX, MOMYYEHHBIX HA MCIIBITAHHAX, MapaMeT-
pbl pacnpesenenus OyayT:

m(DnHﬂ) = 34309 pan; U{Dﬂ“ﬂ) = 3287 pan; C= 1,428.

Taxk kak no cranaapry [7], CBY ycunurenu oTHOCATCH K H3-
JenusM obLIero Ha3HauYeHns BuJA |, HenmpepBIBHOTO JUINTENILHO-
ro TNpHUMEHEHHs, HEBOCCTAHABIMBaeMble, HeoOC/IyKHBaeMBbIE,
nepexoji KOTOPOro B MpeZielbHOE COCTOAHHE BEIET K KaTacTpo-
(MYECKHM TOCIEACTBHAM, HW3HALIMBAEMOE, CTapelollee IIpH
XPpaHeHHH, /Ul HUX HOPMHPYIOTCS ClIe/IylolHe MoKa3aTean Ha-
AEHHOCTH [3]: MHTEHCHBHOCTB OTKAa30B; CpeiHHH pecypc;
CPEHUIT CPOK COXPAHAEMOCTH.

HeoOxoaumo onpejenuTs Ul YCHIHTEN MHHHMAILHYIO
Hapabotky 7. B coorBercTBuM co cranzaprom [6], kpurepuii
Npe/ielIbHOr0 CocTosiHuA ycunurens (opmynupyerca kak «llo-
BBILICHHE WHTEHCHBHOCTH OTKAa30B BBILLIE JIOMYCTHMOTO YPOBHSA
Appax?. 3HAUYCHHE Ajqy MOXKHO TOJYYMTB, 3Had 3HaYeHua Q) H
tcac, M3 YPABHEHUS:

1—-Q, = e ~AMAX tcAc,

JUis ouenku 3uavenus 7T, BOCIOJIbL3YyEeMCS METO/0IOIHENH,
NpHUBEJICHHOH B [4] 11 npornosupoBanus nokasarenei 0e3or-
KasHOCTH W JIONTOBEYHOCTH, — TIPUMEHHM BEpPOATHOCTHO-
(hM3MYECKHe MOJIEITH OTKA30B, PEKOMEH/IOBaHHBIE B [5].

B coorserctBue ¢ [8] ¢yHkums pacnpeaenenus HapaboOTKH
1o orkaza UC npencrasnser coboii u-pacnpeneneHue:

)

FO) =5 em e
e o, p — napaMeTpsl pacrpe/eieHus.

[TapameTp o — 9TO OTHOCHTENIbHAA CKOPOCTH H3MEHEHHs OIl-
pexnensitonero napamerpa (Ko3QUIMEHT OJHOPOHOCTH CKOPO-
CTH H3MEHEHUS OTIPE/IENAIONIErO apamMerpa):

Duy |
&(Pnua)
[TapameTp B — OTHOCHTENBHBIH 3ar1ac JLOATOBEYHOCTH:
g = m(Omiz)-teac
+(Pnug)

[Ipn ucnone3oBanne STOH MOJIENH, 3HauYeHHe 71, PaBHO
Bpemenu skcrmyartauun POA KA f, mnpu KoTOpOM MIOTHOCTH
pacnpezneneHus f{1)=A(f) BiepBble JOCTUTAET KPUTHYECKOTO 3Ha-
YCHHSA f (¢ =T,p) ¥ dyax [8]. Torma 3nauenue T, MOMKHO

HAMTH U3 ypaBHEHHS PA3pELIHB €r0 OTHOCHTENIBHO T,
c8 _[J_,jﬂn)
5 -

=L [Tonyyaem 7, = 25 ner.
TiuVIm

’IMAX =
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Ha puc. 3 npuBeaensl rpadHKH o-pacnpejienieHie HapadOTKH Ha puc. 4 BHIHO, YTO NPU y4YETE BAMSHUS PaJHalMH HA HHTEH-
JI0 OTKa3a YCHINTENS U Ayax. [lepBas Touka nepeceyeHus KpM-  CHBHOCTH OTKA30B IIOKA3aTeNIH HAJIEKHOCTH 3aMETHO yXY/ILLAIOTCS.
BBIX ABJIAETCS MUHUMAILHOH HapaOOTKO#l 10 oTKa3a. B OGonbmmHcTBe cBoem CBY ycrpoiicTBa MMEIOT BBICOKHE
nokasareiM Mo paaHalnoHHOH cTolikocTH. Paj vccnenoBaHmii,
11078 NPOBOJAUMBIX TPH Y4aCTHH POCCHICKHMX HCIBITATEIbHBIX M Ha-
‘l:f ;’f ‘\\ == YUHBIX LIEHTPOB, NMOATBEPIKAAIOT BBICOKYIO croiikocts CBY ycr-
ars R POJICTB M K HMITYJIbCHOMY ramma-u3inydenuto. OIHaKo, TpH yBe-
E A F miuenne CAC KA, HM3KOMHTEHCHBHOE M3lTyucHHe OyIeT BHO-
i LR IE ‘If‘ "’(I"' """" 1 b ey % CHTb OLLYTHMBIH BKJIaJl B [IOKA3aTelH HaJIeAKHOCTH.
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Low intensity radiation effect on SHF devices
Maya Artyukhova, NRU HSE MIEM, Postgraduate student, martuhova@hse.ru

Abstract. Electronic equipment of spacecraft is exposed to ionizing radiation of outer space, which is another reason for failure. Currently accepted to evaluate separately the reli-
ability of electronic equipment and its radiafion resistance, despite the fact that these phenomena are inferrelated. The aim of the arficle is to esfimate effects of ionizing radiafion on
the reliability of microwave devices, namely, the probability of failure-free operation of a microwave amplifier. The probability of device failure model Q(f) for active lifetime is con-
structed as a product of the probabilifies of failure Q1 (t) — the probability of device failure due to set the fotal ionizing dose, Q2(t) — probability of failure of the device in the absence
of exposure to ionizing radiation, Q3(f) — the probability of a single effect event. Probabiliies Q2(f) and Q3(1) are valued at current normative documents. Probability Q1(1) is cal-
culated based on probabilistic and physical models. Research shows that, despite the high radiation resistance of microwave devices used in elecironic equipment of spacecraft,
when the long lifefime is required the low infensity radiation will have a fangible impact on the probability of failure. And that should be considered when designing equipment.

Keywords: reliability, radiation resistance, microwave devices, ionizing radiation, the probability of failure-free operation, spacecraft
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