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~ MANUFACTURING TECHNOLOGIES np0f./13BOACTBEHHbIE TEXHOllOrf./1f./1 '. V Lelyaev B. /lenaes 

MODERN METHODS OF REMOVING CONTAMINANTS FROM 64 COBPEMEHHblE METOAbl YAAJlEH~S13ArpSl3HEH~~ 

SUBSTRATES INMICROELECTRONICS CnOAJlO>KEK BM~KP03JlEKTPOH~KE ~@@lff]m 
Thearticle discusses methods of liquid and dry cleaning Bcrarse 06cY>I<,QaKHc51 MeTO,Qbl>K iII ,Q I<OCTHO~ illcyxo~ OY iIICTI< iII 

of semiconductor subst rates, features of the technological process nonvnpoaozuuucosuxnonnox e«. oco6eHHOCTiII rexaonora vecxoro 
and the equipment used. npouecca ill npillMeH51 eM oro o60pY,QoBaHiII51 

Keywords : chemical cleaning, dry cleaning KIlIO'leBble (1I0Ba: XiIIMiIIyeCKa51 OYiIICTKa, cyxilleMeTO,Qbl OYiIICTl<iII , 

methods, substrate, annealing, gasetching, plasmacleaning, nonnoxxa. orx nr: rasosoe rpasneane. nna3MeHHa 51 OY iIICTI<a, 

plasma-chemical etching nna3MOXiIIMiII yeCKOeTpaBneHille 

P. Varlam ov n. Bapnauos 
FOUR WAYS TO DECAPSULATE 70 4ETbiPE cnocoss AEKAnCYJlSlU~~ 

SEMICONDUCTOR DEVICES nOJlYnpOBOAH~KOBbIXnp~liOPOB 

Decapsulation is the removal of the component package ,lJ,eKancyn51 l..\ iII 51 - 3TO y,QaneHille I<opnycaI<OMnOHeHTa
 

w ithout damaging the internal st ructure of the product 6e3nOBpe>K,QeH iII51 BH YT p e HH e ~ crpvxrvpu i113,Qenill51
 

and maintaining its functionality. Thearticle discusses modern ill c ccxpaueuueu paoorocnococuocru. B crarse paccuorpeuu
 
methods of decapsulation of semiconducto r devices, their coapeweuuue MeTO,Qbl ,Qel<ancyn51 1..\ illill nonynpOBO,QHiII l<OBbIX
 

advantagesand disadvantages, and methods of application npnoopo e. iII X,QOCT Oill HCTBa ill He,QOCTaTl<iII, cnocoou npillMeHeH iII51 .
 

Keywords : decapsulationof semiconductor devices, KIlIO'leBble (1I0Ba: ,QeKancyn51 1..\ ill51 nonynpOBO,QHiIIKOBbiX
 

chemical etching, mechanical action, npnoopoe. XiIIMiIIyeCl<Oe rpasneuae. MeXaHiIIyeCl<Oe B0 3,Qe~ CT Bill e ,
 

microwave induced plasma, laser MiIIKpOBon HOBa51 nnasua. nasep
 

MANUFACTURING EQUIPMENT TEXHOllOrf./1~ECKOE060PYAOBAHf./1E 

AND PROCESS MATERIALS f./1 MATEPf./1Allbl 
I. Mand ril<, I. Novozhilov 111 . Ma HApllll<, 111 . HOBO>KlIIJl OB 

EQUIPMENT AND METHODS FOR SEMICONDUCTOR DIE 76 OliOPYAOBAH~E ~ METOAbl MOHTA>KA
 
MOUNTING nOJlYnpOBOAH~KOBbIX KP~CTAJlJlOB
 

Theart icle discussesequipment for high-precisionmounting PaccMoTpeHo ooopvnoeauae ,Qn51 BblCOKOTOYHOrOMO HTa>Ka
 

of semiconductor diesand the requirements imposed on it , nonynpOBO,QHiII l<OB bIX«puctannoe ill npe,Qb51 Bn51eMble 1<HeMy
 

and also provides informat ion on variousmethods Tpe60Ba HiII51, a r aioce npuaeneua iIIH¢OpMal..\iII51 0 pa3nillYHbiX
 

of die mount ing. MeTO,Qax M O H T a~<a «pncrannos.
 

Keywords : semiconductor die, mounting, equipment KIlIO'leBble (1I0Ba: nonynp oBo,QHiIIKOBbl~ «pncrann. MOHTa>l<,
 <::::::: 
o60pY,Qo BaHille 
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HAY4HbiE CnEl..llllAllbHOcn1, no KOTOPblM 1Il3AAHlilE BXOAlilT B nEPE4EHb BAK: 

2.2.1 BaKYYMHa51 iI1 nna3M eHH a51 3neKTp OHiI1K a 2.2 .8 MeTOA bl iI1 npil1 60pbl KOHTpOn51 iI1 AiI1 arHOCTiI1 KiI1 MaTepil1a nOB, 
2.2.2 3nel<TpOHHa51 KOMnOH eHTH a51 6a3a MiI1l<p O- iI1 HaH 03neI<Tp OHiI1KiII , iI1 3A enil1 ~ , Bel1\eCT BiI1 npil1p OAH O ~ cpenu 

KBa H T oB ~x Y C T P O ~ C T B 2 .2.10 MeTpOn Ofil151 iI1 MeTpOn Ofil1 yeCl<Oe o6eCn eyeH iI1 e 
2. 2.4 nPil1 60PbliI1 MeTOAbl iI1 3MepeH iI151 2.2 .11 lIIH <p opMal.\ iI1 0HH O-iI1 3M epil1T enbHbl e 
2.2. 5 npil160pbl HaBiI1 fal.\iI1 i11 iI1 vn pa anato uia e CiI1 CTe Mbl 
2.2.6 OnT iI1y eCKiI1 e iI1 OnTiI1 KO-3neKTpO HHble npvifi opst iI1 KO MnneKCbl 2.2.12 npil160pbl, CiII CTeMbl iI1 iI1 3Aenil151 MeA iI1l.\iI1H CKO fOHa3HayeHiI1 51 
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~-. MICROPROCESSORS AND FPGAs 
V. Ezhov 

REVIEW OF MICROCONTROLLERS 84 
FROM NIIET jSCAND PKK MILANDRjSC 

Thearti cle presentsan overview of microcontrol lers produced by 

leading Russ ian companiesdeveloping integrated circuit s- jSC NIIET 

and jSC PKI<Milandr. 

Keywords: microcontro ller. processo r core, RISC/ RISC-V 

architecture , f lash memory, RAM, EE PROM 

D. Chizh ikov 

NAVIGATION DESIGNS OF STC MODULE jSC: 94 
DEVELOPMENT PROSPECTS 

The art icle present sa family of navigat ion modules developed 

by STC Module jSC The series features a universal design 

ensuring the interchangeability of single-frequency, dual-frequency 

and t riple-frequency modulesw ithou t changing the printed circuit 

board to pology. The prospects for t he development Ofproduct ion 

Ofthi s equipment are considered 

Keywords:navigation module, surface mount, 

signal processor, form factor 

CAD I CAE 
AV. St rogonov, A Vinokurov, A I. Strogonov, 

A Arsent iev 
DEVELOPMENT OF AMULTI-CYCLE RISC-V MICROPROCESSOR 96 
CORE FOR IMPLEMENTATION ON THE CYCLONE VFPGA BASIS 

The art icle discusses the development of a multi-cycle RISC-V 

microprocessor core wi t h a cont rol machine created using State 

Machine Ed itor in the Altera Quartu s II CAD system for subsequent 

imp lementation on the Cyc lone V series FPGA basis. 

Keywords: RISC-Varchitecture, Cyclone V FPGA, Altera Quartus II 

CAD, State Machine Ed itor 

MtIIKPOnpOLl,ECCOPbl til nnac 
B. E>I(OB 

0630P MVlKPOKOHTPOJlJlEPOB AO IlHVlVl3TlI 
VI AO IlnKK MVlJlAHAPll 
Bcr ar se npencrasneu 0630P MiIIKpOI<oHTponnepoB, BblnycKaeMblx 

Be)J,Yl11 i11 MiII PO C Cill~CI< iII Mili l<oMnaHiII 51 MiII -pa3pa6oTLJ iIIKaMili 

iIIHTerpanbHblx cxeM- AO «H 111 111 3T)) illAO «n l<l<MillnaH)J, pn 

Kmo'leBble cnoaa: MiII l<pOKoHTponnep, npoueccopsoe 51)J,pO , 

apxurexrvpa RISCIRISC-V, epnew-naM51 Tb, 03Y , EEPROM 

JJ, . YVI>I<Vl I<OB 
HABVIrALtVlOHHblE PA3PA6OTKVI AO HTLt IlMOAYJlbll: 
nEPCnEKTVlBbIPA3BVlTVI~ 

n pencrasneno ce M e~ CT BO HaBilirallill OHHblXM O)J,yne~ , 

paspaboraauux AO HTU «Monvne». ,lJ,aHHa51 cepill51 OTnillLJaeTC51 

YHiliBepcanbH o~ I<OHCTpYI<llill e~, o6e cneLJVl B alOl11e~ 

B3a illM03aMeH51eMOCTb O)J,HOLJaCTOTHbIX, )J,BYXLJa CTOTHbIX 

VI TpeXLJaCTOTHblXMO)J,yneVi 6e3 i11 3M eHeH iII51 rononoru« nnar u. 

PaccMoTpeHbl nepcnekrnsu pa3BVlTiII51 npO Vl 3BO)J,CTBa )J,aHH oro 

o6opY)J,oBaH Vl51. 

KnlO'leBble cnoaa: HaB ilira llVl oHHbl~ MO)J,ynb, noeepxuocn-u n 
M OHTa~< , CVl r Hanb H b l ~ npoueccop, epopM-epa l<Top 

CtliCTEMblnpOEKTtIIPOBAHtII~ 

A B. CTpOIOHOB, A BVl HOI<YPOB, A li1 . Cr poroaos. 
A.ApceHTbeB 
PA3PA60TKA MHOroTAKTHOro MVlKPOnpOLtECCOPHOro 
~APA RISC-V AJI~ PEAJlVl3ALtVlVl B6A3V1CE nJlVlc CYCLONE V 
Bcrarse paCCMaTpVl BaIOTC51 sonpocu pa3pa6oTI<VI MHorOTaKTHoro 

MVlI<ponpOlleccopHoro 51)J,pa RISC-V c ynpaBn51lOl11 i11 MaBTOMaTOM, 

(03)J,aHHbIM c nOMOl11blO penakropa I<OHeLJ HbIX aBTOMaTOB 

(State Machine Editor) BCAn PAltera Quartus II )J,n51 noc n e,D,y lO l11e ~ 

peanusaunn B6a3i11ce nfl lllCcepnn CycloneV. 

KnlO'leBble cnoaa: apxurekrvpa RISC-V, nfl lllCCycloneV, CAnp 

Altera Quartu s II, penasro p I<OHeLJ HbIX aBTOMaTOB 

cnVlCOK PEKJlAMOAATEJlE~ 

Megat ronicka 13 fl Vl oHTex 1 Pa)J, iII0KOMn 63 
AjJ,BA HTEX 131 MiIIKpoBonHoBble CVl CT eMbl 113 PY)J, HeB-WVln51 eB . .125 
AKM .105 MOHoniliT BI <ne~l< a CB51 3b 75 
ino6an III H ~< Vl H VlpVlHr . 

ino6an M VlI<po :lI1 eKTpOHVl Ka 
BI<ne ~ l <a 

3-51 06nO)I<Ka , 
74 

HIIIV1 3T 
HOB OCill6i11 pCKVl Vi 3aBo)J, pa)J,Vl O)J, eTaneVi 
«OKCill)J, )) 
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3 0n oT o~ wap BI <ne~ Ka OnT03neI<TpO HHbieCVlCTe Mbl 93 UeHTp xun 7 
V1HE flCO 83 OCTel<­ V1 HTer pa B Kne~l<a 3 Kcno3neI<T pOHVl Ka 69 
V1HT EiPAfl 126-127 OCTeK-C MT 57 3neKoHA 101 
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135 
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115 
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~. INFORMATION 
AND TELECOMMUNICATION SYSTEMS 
I. I<o rneev, Z. I<ondr ashov, A. I<orneev, A. I< letsov 

DEPLOYMENT OF A LOCAL NAVIGATION SYSTEM OUTSIDE 
THE PERIMETER OF THE RADIO NAVIGATION REFERENCE 

102 

L4HCJ)OPMALJ,L40HHbIE 
L4 TEllEKOMMYHL4KALJ,L40HHbIE CL4CTEMbl 
Vl . l<opHeeB , 3. I<OHApaw OB , A. l<o pHeeB, A. I<Jl eu,OB 
PA3BEPTbIBAH~E llOKAllbHOVI C~CTEMbl HAB~rAL.t~~ 

BHE nEP~METPA CET~ PAA~OHAB~rAL.t~OHHbIX OnOPHblX 
STATION NETWORK UNDER INTERFERENCE CONDITIONS CTAHL.t~V1 BYCllOB~SlX B03AEVlCTB~SI nOMEX 

Theart icleconsiders the provision of navigation for CONSULsystem PaccMoTpeH o 06ecneyeH l-1 e HaBl-1 ral.\ l-1 l-1 a60HeHTa Cl-1CTeMbl 

abonent , remote from the reference station within direct radio I<OHCYfl, YAalleHHoro OT POCBnpenenax npilMoH 

visibility, under the influenceof an art ificial interferencesource. A paAl-10B l-1Al-1 MOCTl-1, npn B03AeHCTBl-1l-1 Vl CTOYHVl I<a VlCI<ycCTBeHHblx 
npoeformula for the power of an interference sourcecapable novex. BblBeAeHa ¢ opMYlla MOll\HOCTVI Vl CTOYHVl I<a novex,
 

of suppressing a signal isderived. cnOC06HbiX nOAaB Vl Tb curuan .
 KOMnO 

Keywords: CONSU Lsystem, local navigation system, reference KmO'leBbleCJ10Ba : CVl CTeMa KOHCYfl , fl HC, POC. C sapy 
stat ion, interferencesource, calculator program l-1CTOYHVlK nouex,nporpaMMa-l<all bKyll ilTop KnllleH 

BblCOK 
MICROWAVE ELECTRONICS CBlf -311EKTPOHL4KA 

1< Dzhurinsl<y 1< . ,'J,>I<YPV1 HCI< V1V1 

nepeaepsee AlleKcei1 fleOHI1AOBI1'l , g . T. H. 

nopTHoi1 Ceprei1 flbBOBI1'l , g. T. H., npooeccop 

npoaH all Vl 3V1 poBaHbioc06eHHoCTVlI<OHCTPYI<l.\ Vl l-1 BepTVlI<allbHblx 

I<O MnpeCCVl OHHbIXcoeAVl HVlTelleH CBY -AVlana30Ha Allil 

noeepxuocraoro MO HTa>Ka 6e3naHI<VI ua ne-iaruue nnar u. 
nOI<a3aHbl npenvvuiecr ea VI HeAOCTaTKVI 3TVlX coeAVlHVlT ell eH. 

PaccMoTpeHbl BepTVl I<all bHblecoeAVlH Vl Tell Vi CWA, EBponbl 

compression connectors for surface mount ing w ithout soldering 

6a6a$lH 6opI1c ApTaWeCOBI1'l , 'l1l .-I<Opp. PA H, g . T. H., npooeccop 

VI IOro-BoCToYHoHA3V1 V1 . 

KJ1IO'leBble CJ10Ba: panvo-acroruue coeAVlH VlTell l-1 , ne- ra r ua e 

nnar u, l<oMnpeccVl oHHble BepT VlI<allb Hble coeAVlH Vl Tell l-1 

FOREIGN VERTICAL RF CONNECTORS 106 3APY6E>KHbIE BEPT~KAllbHbIE PAA~04ACTOTHbIE 

FOR SOlDERLESS PCB MOUNTING COEA~H~TEll~ AllSi YCTAHOBK~ HA nE4ATHbiE 
nllATbl 6E3 nAVlK~Theart icle analyzesthe design feat uresof vert ical microwave 

on printed circuit boards.Theadvantagesand disadvantagesof 

theseconnectorsareshown.Vert ical connectorsfrom USA, Europe 

and Southeast Asia areconsidered. 

Keywords: RFconnectors, printed circuit boards, 

compression vert ical connectors 
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(. RELIABILITY AND VALIDATION 

S Efimenko, N I<ovalchuk, V. Smolich 
FEATURES OF BURN-IN TESTING OF SEMICONDUCTOR 118 

ELECTRONICS PRODUCTS 
Theart icle providesan overview and classification of equipment 

for burn-in test ing in small-scaleand serial productio n at electronics 

industry enterprises, aswell asduring incoming inspection 

at consumers.The main characteristicsof burn-in test systems 

manufactured by domestic enterprisesare presented. 

Keywords: burn-in testing, detect ion of hidden defects, 

failure rate, intermittent failures, burn-in test system 

O . Chuprinova, va. Shchenikov 
HARDWARE AND SOFTWARE COMPLEX 128 

FOR INTELLIGENT DIAGNOSTICS OF FAULTS 
IN ELECTRONIC ASSEMBLY UNITS 

Theart icle presents a hardwareand softwa recomplexfor intelligent 

diagnosticsof faults in elect ronic assembly units using thermal 

imaging inspection method.The proposedsolut ion includesPython 

software for data collect ion and processing.The developedcomplex 

wi ll allow for quick and effect ivedetection of manufactu ring defects. 

Keywords: thermogram, intelligent diagnostics,thermal imaging 

inspection method, electronic assembly units 

HAAE>KHOCTb l'I l'ICnblTAHl'Is:I 
C. E¢ ~Me HKo, H.l<oBanbYVK, B . CM On~Y 

OC06EHHOCH1 npOBEAEHVlSI 311EKTPOTEPMOTPEHVlPOBKl1 
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O. Chuprinova O.YynpMHosa ~~. AUTOMATION OFTHERMAL METHOD 132 ABTOMAH13AI.UISl TEnJlOBOro METOAA
 
OF RADIO-ELECTRONIC PRODUCT FINAL INSPECTION BblXOAHOro KOHTPOJlSl PAA~03J1EKTPOHHbIX ~3AEJI~~
 

Theart iclediscussesautomat ion of thermal imaging inspection Bcrar sepaccvarpaeaercn a BTOMaTV13 a l..\ ~ 51 r ennoaoro BbIXOiJ,HOrO ~ + 7 916 1 ' 
of radio-electronicequipment (REE) using arti ficial neural networ ks I(OHTpOn51 paiJ,~03n e l<T pOHH b IX CpeiJ,CTB (P3C)c np~M eH eH~ eM " KI1Taii: 1 

for processing thermal imaging measurementsand indust rial sensor ~C I(yc CTBeHHblx He~poH H biX ceTe~ iJ,n51 06pa60Tl(~ Ten nOB~3~O H H bIX I 
data.The proposedapproach will optimize the diagnosticprocess ~3M epeH~~ ~ iJ,aHHbIXnpousnuneuuux iJ,aTY~ I(OB . n peiJ,n O>KeHHbl~ Cet>EPA! 

and reduce the time spent on troubleshooting. nonxca n03 Bon~ T OnT~M~ 3~poBa Tb npouecc iJ, ~ a r HOCT ~ I( ~ 

Keywords : reliability, thermal imaging inspection, artific ial neural ~ YM e H b w~Tb BpeMeHHblesarparu ua nO~CI(~ H e~ cnpaBHo CTe~
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 nOCT;networks, diagnosticsof REE KIl104eBbie CIlOBa: HaiJ,e>KHoCTb. r ennosoa «o-npons. '<\'=" 

A'>.~cl(ycCTBeHHble H e~p oHHb l e cern. iJ,~arHO CT~I(a P3C	 nOCT;~\,-:k 
,;>.'>.1,3 ,lJ,H3a\\\:'tARTIFICIAL INTELLIGENCE I;1CKYCCTBEHHbIVlI;1HTEJ1J1EKT 
ii3S. Dvorn ikov, S Dvornikov, I. l<ir5hina, C. ,l],SOpHM I<OS, C. ,l],SOpHMI<OS , Vl . I<MpWMHa, A'>. Pa3p\\'=" 

o Lifanova, O Tikhonenkova O. fl wpaHosa, O. TMXOH eHl<osa	 .;\'>.;;3 Pa3p\\'="RECOGNITION OF CARDIAC SIGNALS 136 PACn03HABAH~EKAPA~OC~rHAJlOB 
';>"),

USING NEURAL NETWORKS C~cnOJlb30BAH~EM HE~POHHbIX CETE~ ~\,-=! npOH 
,;>.'>.Theart icleconsiders the useof neural networks for recognizing PaccMOTpeHo np~M eH eH~ e H e~poHHbiX ce Te~ iJ,n51 p acn03HaBaH ~ 51 ~\J! npOH 

cardiacsignalsobtainedfrom a phonendoscope. Information «apnnocnruanos. nonv-raevux~3 cjJoH eHiJ,OCI(Ona. np~B eiJ, eHa .:\'>.
f\,-J npOH

isprovidedon the main stagesof implement ing theneural network ~H cjJ op Ma l..\~ 51 06 OC HOBHblXsranax pean~ 3 a l..\~~ npouenvp I"">.training proceduresand making decisionsduring subsequent 06yYeH ~ 51 He~ poHHo~ cer n ~ np~H 51T ~ 51 peweH~~ n p~ ~\'-~ OOMA 
classification Theresultsof processingcardiac signalsusing no cn eiJ,Y IO li.\ e ~ I(n a c c~cjJ ~ Kal..\~ ~ . npencraBneHbl pesvnbr ar u 

statisticalanalysisand machine learningmethodsare presented . 06pa60Tl(~ «apnnocaruanoe MeTOiJ,aM~ CTaT ~ CT ~ Ye CI(O rO aHan~ 3a Ji~ TE . 
Keywords: cardiacsignals, statistical processing. neural network, ~ MaW ~ H H o r o 06yYeH~51 V INS 

myocardial signal classification, network training using the Widrow­ KIl104eBbie CIlOBa: l ( apiJ,~ O C~rHanbl. CTa T~CT~ YeCI(a51 06pa60TKa , 

Hoff learning rule He~p OHH a51 cers. l(n acwcjJ~l(al..\~51 cnruanca M~ O I ( apiJ,a , 06yYeH~e 
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