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MICROPROCESSORS AND FPGAs MVlKPOnpOLl,ECCOPbl VI nJ1V1C 

A.St rogo nov, P. Gorodkov A . CTpO r OH OB, n.IOPO,lJ, I<OB 

CURRENTTRENDS IN FPGA DEVELOPMENT: 46 COBPEMEHHbIETEHAEHl\HH PA3BHTHSI nnnc: 
FROM SYSTEM INTEGRATIONTOARTIFICIAL INTELLIGENCE OTCHCT EMHO~ HHTErPAl\HH K HCKVCCTBEHHOMV 

The article provides an overview of modern FPGAs from leading HHTEllJ1E KTV 
manufact urers, their c lass i ~ ca tio n by programming methodsand B cran-e npencraaneu 0630P COBpeMeHHblX nnVlC OT BeAYl4l.1X 
architectural features. Ml.1POBbIX np0V1 3 B OAv1Tene ~ , npV1 BOAV1TCl1 V1 X l<JlaCCV1epV1Kal.\V1l1 no 
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VIDEO ADAPTER CONTROLLER CHIP 58 MHKPOCXEMA KOHTPOIlIlEPA BHAEOAAAnTEPA 
PI<K Milander JSC has developed a 1986VS018 video adapter KOMnaHV1l1 AO «nKK MV1naHAP» paspaoorana MV1 KpocxeMy KOH­
controller chip designed to convert digital data from a control rponn epa Bl.1 AeOaAamepa 1986DC01 8, npeAHa3Ha4 eHHYlO Anl1 
device into analog and / or digital signals for cathode-ray tube npe06pa30Ba HV1l1 l.\V1epPOBbIXAaHHbix OT vn paenmourero Y CTPO ~ ­

monitorsand LCD panels CTBa Bauanorosue V1 / V1nV1 l.\ V1 eppoBble CV1 rHanbl. BocnpV1Hl.1 Mae­
Keywords: controller, video adapter, demo board	 Mble MOHV1TopaMV1 C 3nel<Tpo HHo-nY4eBbIMV1 Tpy61<aMV1, )1<V1AKO­
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D. Sadekov, V. Ez h o v 

Zynq UltraScale+ ISANADAPTABLEINTELLIGENT PLATFORM 
FOR INDUSTRIAL loT 

The article discu sses the key requirements for Industrial loT 
systems and the features of Xilinx Zynq UltraScale + fully 
programmable Soc. on the basisof which it is possible to create 
an effective IloT platform that provides maximum re turn on 
investment and lowest total cost of ownership over the lifecycle 
of industrial system. 

Keywords: Zynq UltraSca le + , Industrial Internet ofThings, 
security, edgecomputing, heterogeneousmultiprocessor system , 

fully programmable SoC, transceivers, digital signal processing 
subsystem 

S. Be lou sov, B . Mu rd o c k 

LPDDR5 FEATURES ANDSUPPORT 
The article discusses the main differences of LPDDR5 memory 
against itspredecesso rs. It provides abrief description of Synopsys 
DesignWare LPDDR5 / 4/ 4X solution and of its capabi lities for 
creation systems featuring the new LPDDR5 memory type. 
Keywords: RAM, lowpower, LPDDR5, memory interfaci ng clock, 

IP block, controller, PHY block, Synopsys DesignWare 

TEST AND MEASUREMENT 

N. Lem e shko , A. Patshin 

EVALUATION OFSATELLITE NAVIGATORS PERFORMANCE 
UNDER INTERFERENCE USING R&..S SMW200A AND R&..S 

5MBVlOOB VECTOR GENERATORS 
Part2 

The article considers the functional capabilities of Rohde II,. 

Schwarzvector generators for simulating navigation signals when 
eval uating the performance of navigation receivers (NP) in noisy 
environment. It provides the examples of testing NP for noise 
resistance 

Keywords: satellitenavigation system, navigationsignal, 
simulator 
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64	 Zynq UltraScale+ - A,l\Ann1PYEMASlIt1HTEIlJlEKTYAllbHASI 
nllAT11l0PMA ,l\IlSl npOMblwllEHHOro It1HTEPHETA BEIUE~ 

B cran-e paccMaTpVlBalOTc51 KnlO4eBbie Tpe60Ba HVl51 KCVlCTeMaM 
npouuune-uoro 1I1HTep HeTa Be ll.(e~ VI OC06eHHOcTVI nonuccruo 
n p orpaMM Vl py eMo~ CHK Zynq ultrascale- OT Xilinx, Ha OC HOBe 
KOTOPO ~ MO>KHO c03p,aTb 3cjJ cjJeKTVl BHylO IloT-nn aTcjJopMy, coec 
ne4 V1 BalOll.(YIO MaKcVlManbHYIO oKynaeMoCTb Vl HB eCTVl l.\VI~ VI MVI­
HVlManbH ble sarparu BTe4eH Vle scero cpoxa 3KcnnyaTal.\ VI VI npo­
Mbl w neHHo~ CVlCTeMbl. 
Kmo4eBbie cnoaa: Zynq UltraScale+, npoMblwn eHHbl~ VlHTepHeT 
Bell.( e~, 6e30nacHoCTb, rpaHVl4Hbie Bbl4 Vlcn eH VI 51 , rereporenuas 
MHoronp0l.\eCCOpHa51 cVlCTeMa, nonHOCTblO nporpaMMVlpyeMa51 CHK, 
TpaHcVlBepbl, nop,cVl CTeMa l.\ Vl cjJ PO BO~ 06pa60TI<VI CVl rHana 

C. 5eJloycoB, 5 , M epAoK 

70	 OCOliEHHOCTIt1 nAMSlTIt1 LPDDRS It1 EE nO,l\,l\EP>KKA 
PacCMaTpVlBaIOTC51 OCH oBHble OTnVl4V151 naM51TVI LPDDR5 OT npe­
p,blp,yll.(VlXn OKon eHVI~ . npVlBOp,VlTC51 «parxoe onVlcaHVle peweHVl51 
Synopsys DesignWare LPDDR5 / 4/ 4X VI era B03 MO>I < HOCTe~ p,n51 

nOCTpoeHVl 51 cVlCTeM c HOBblMTVlnOMnaM51T VI LPDDR5 
Kmo4eBbie cnosa: onepaTVlB Ha51 na M51Tb, HVl 31<oe 
3HepranoTpe6neHVle, LPDDR5, CVl HxpO HVl3a l.\Vl51 06MeHa p,aHHbIMVI 
cnaM51TblO, IP-6nol<, «nrrponnep, 6n oK cjJ Vl3V14ecKoro ypOBH51 , 
Synopsys DesignWare 

KOHTPOllb"" ""3MEPEH""SI 
H.fl eMew Ko, A. naTwVlH 

78	 OLl,EHKA KA4ECTBA l1lYHKLl,1t10HIt1POBAHIt1S1 cnYTHIt1KOBblX 
HABlt1rATOPOB nplt1 HAJlIt141t11t1 nOMEXC It1cnOllb30BAHIt1EM 
BEKTOPHblX rEHEPATOPOB R&..S SMW200A It1 R&..S 5MBV100B 
YaCTb2
 
PaccMoTpeHbl cjJYHKl.\VlOHan bH ble B03MO>KHOCT VI aerropuux re­

ueparopos KOM naHVIVI Rohde 8.. Schwarz p,n51 VlMVlTa l.\VIVI uasura­

l.\VlOHH bIX CVlrHan OB npVl Ol.\eH Ke l<a4eCTBa pa60Tbi HaBVl ral.\VlOH­

HblXnpVleMH Vl KoB(Hn) BycnoBVl51x nouex. npVlBep,eHbl npVl Mepbl
 
TeCTVl poBaHVl 51 Hn Hd CTO~ KOCTb 1<pa3nwmbiM nOM exaM .
 
Kmo4eBble cnosa: CVlCTeMa cn YTH VlKoBO ~ HaBVlra l.\VI VI ,
 
HaBVl ral.\VlOHHbl~ CVl rHan, VlMVlTaTOp
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A. Sm irnov, 1< . Basalaev, Yu. Zanin 
RADIATED IMMUNITYTEST SYSTEM 86 

Thearticledescri bestheradiated immunity testsystemdeveloped 
by NPF Dipol JSC It provides the features of the system and its 
equipment. 

Keywords: electromagneticcompatibility, radiated interference,
 
test system
 

CIRCUITRY 

A.Voronin 
ANALOG-TO-DIGITAL CONVERSION IN A MEASURINGCHANNEL 92 

WITHA SILICON DETECTOR 
The article discusses the s pec i ~cs of amplitude-to-digital 
conversion in a measuring channel With a si licon detectors, 
provides factors affecting the digitiza tion accuracy and the 
requirements for the blocks at the input of analog-to-digital 
converters. 

Keywords: si licon detector, readout electronics , measuring 
channel, amplitude-to-digital conversion, charge-sensitive 

am pli~ e r, shaper, differential nonlinearity 

MICROWAVE ELECTRONICS 

R.A lekseev, A. Tsot sorin, M.Chernykh 
POWER MICROWAVE LDMOS TRANSISTORS 98 

FOR OPERATING FREQUENCIES UPTO3 GHz 
NIIET JSC upg raded LDMOS technology and created a new 
generation of high-power microwave LDMOS transistors with 
improved operational characteristics for operating frequencies up 
to3GHz. 

Keywords: LDMOStech nology, microwave transistor 

cnuco« PEKnAMOAATEnEiiI 

AVD Syste ms	 . 23 r no6an Ii1 H)I<iIl HiIlpillHr 

ChipExpo 55 r pvnn a I<OM naHiIltli 
OCTe l< 

GSI Technol ogy 27 
30noTOtli wap 

I<eysight 29 
3n n , r iI1 ow l<ap-Ona . 

A CMiI1 pHOB , 1( . 5acanaeB, 1D.3a HiI1 H 
~ Cnb ITAT EllbHNI C~CT EMA AilS! TE CT~POBA H~S! 

YCTO ~ I.f ~ BOCT~ K ~ 3 I1 Y4AEMbIM nOMEXAM 
PaccMoTpeHa It1Cn bITaTeflbHa51 CIt1CTeMa ,ll, fl51 
HIt1 51 VCT O~LJ It1BOCTIt1 K 1t13flYLJaeMbiM nouexau. pa3pa60

TeCT lt1pOBa­

o­
TaHHa51 

BAO «HnClJ «j], lt1 nOflb». nplt1 Be,ll,eHa It1HcjJopMaWIt151 06 oco6eHH
CT51Xp,aHH o ~ CIt1CTeMbl It1 BXO,ll,51 ll.\eM Bee COCTaB060pyp,oBaHIt1It1 
KJIIOlieBbie cnoaa: 3flel<TpOMarHIt1THa51 CO BMeCTIt1MOCTb, 
1t13flYLJaeMbie nOMeX It1 , It1 cn blTaTeflbHa51 CIt1 CTeMa 

CXEMOTEXHl1KA 

A. BOPO HiI1 H 
AHAIIOro- Lt~(Jl POBOE npEOEi PA30BAH ~ E 

BIHMEPIHEllbHOM KAHAIIE C KPEMH~ EB b I M AETEKTOPOM 
B cran-e paCCMaTp It1BaIOTC51 oco6eHHoCTIt1 aMn flIt1 Typ, Ho ­

Wlt1 cjJ pOBoro npe06pa30BaHIt1S1 B 1t13Meplt1TeflbHOM «auane c l<peM­

Hlt1eBbl MIt1 nererropavn. np It1 BO,ll,51TC51 cjJaKTOpbl, Bfllt1 S1IOll.\lt1e Ha
 
TOLJHOCTb OWlt1cjJ pOBKIt1 It1 Tpe60BaH It1 S1 K6flOKaM, CTO S1 ll.\It1M Ha BXO­

,ll,eaaanoro-uacposux npeoopasosatenet;
 
K/llOlieBble cnosa: Kp e MHlt1 e Bbl~ nerekrop, CLJ It1TbIBalOll.\a51
 
3fleKTpO HIt1Ka, 1t13 Me plt1 Te fl bH bl~ KaHafl, aM nfl It1Typ,HO-Wlt1cjJpOBoe
 
npeoopasoaauae, 3a p51p,0-LJYBCTBIt1Teflb Hb l ~ yClt1fllt1Teflb, uieiinep,
 
,ll,lt1cjJcjJepeHWlt1aflbHaS1 Hefllt1 He ~HO CT b
 

CB'-I-3J1EKTPOHl1KA 

P. Anexcees. A. LJ,Ol..\0Pil1 H, M. YepHblx 
MOlJ..lHbIE CB4 LDMOS-TPAH3li1CTOPbl 
AilS! PAEi04li1X 4ACTOT AO3 rru 
BAO «HVl Vl 3T» nposeneua MOp,epHIt13a WIt1S1 LDMOS-TexHOflOflt1 lt1 
It1 C03,ll,aHOHOBoe norone-ue MO ll.\HbIX CB LJ LDMOS-TpaH3It1CTO pOB 
,ll,Jl5l pa60LJ It1x LJa CTOT,ll,0 3 lfu c YflYLJW eHH blMIt1 31<cnflyaTaWlt1oHHbl ­
MIt1 xapaKTeplt1 CT It1KaMIt1 . 
K11lOlI eBble cnosa: LDMOS-TexHoflof lt1 S1 , CBLJ-Tpa H3 It1CTop 
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V Gevorkyan, V kochemasov, V Shadsky 
OSCILLATORS BASEDON DIELECTRIC RESONATORS 102 

Part 2 
The article considers oscillators based on dielectric resonators. It 
provides the information on frequency ranges, design, types and 
manufacturers of these devices 

Keywords: oscillator, dielectric resonator, oscillating system 

MICRO AND NANOSTRUCTURES 

D.Sukhanov 
BEYOND THE EXISTING MASKLESS LITHOGRAPHY SYSTEMS: 114 

MLpM TECHNOLOGY 

The article reviews the maskless exposure technology (M LE™) 
developed by EV Group. The main [eature; and advantages of this 
technology are noted. 

Keywords: maskless lithography, MLE™ technology, exposure 

CAD/CAE 

M. Grikhin 
CADENCE SOFTWARE SOlUTIONS FORPARALLEL PCB 122 

DESIGNING 
The article describes the functions of Cadence Allegro PCB 
Designer editor, which contribute to the acceleration of printed 
circuit board design including solutions for organizing the parallel 
workof several users onone protect. 

Keywords: PCB designing, CAD, Cadence Allegro PCB Designer 
editor, parallel designing 

MANUFACTURING TECHNOLOGIES 

Yu. Bobrova, M.Andronik, V Orlov 
PHOTOLITHOGRAPHY AND ETCHING IN HIGH-DENSITY PCB 128 

TECHNOlOGIES 

The article discusses the issues or photolithography and etching 
of high-density printed circuit boards. It provides the technique 
that gives specirc recommendations for determining the type of 
photoresist used and its thickness for creating a photopolymer 
protective mask when [orrninq conductive structures 
of75 to 25 11m width using thesubtractive method. 
Keywords: high-density printed circuit boards, photolithography, 

photoresist, etching 

B.ieBOpI01H, B.I(oyeMaCOB, B WaAcl<iI1i1 
rEHEPATOPbl CnPlilMEHEHlilEM Alil3Jl EKTPlil4 ECKlilX PE30HATOPOB 
YaCTb 2 
PaccMoTpeHbl reueparopu c npVlMeHeHVleM AVl3llel<Tpw-Iecl<Vlx pesoua­
TOpOB. npVlBeAeHa VlH¢OpMaLjVl51 0 yaCTOTHblX AVlana30Hax, 1<0HCTPYI<­
TVlBHOM VlcnoIlHeHVlVl, runax Vl npoVl3BoAVlTell51x AaHHblX YCTPO~CTB 

Kll104eBbie (IIOBa: reueparop, ,o,Vl3Ilel<TpVlYeCI<Vl~ pe30HaTOp, 
1<0lle6aTeil bHa51 CVlCTeMa 

MVlKPO- VI HAHOCTPYKTYPbl 

,lJ,. Cvxauos 
PACU.llilPSlSl rPAHlilllbl CYLlJ,ECTBYIOIlIHX CHCTEM 
6E3MACKOBOVI JllilTOrPMlHH:TEXHOJlOrHSl MLp M 

PaccMoTpeHa TeXHOllorVl51 6e3MaCl<OBoro 31<cnoHVlpoBaHVl51 MLE™,
 
pa3pa6OTaHHa51 I(OMnaHVle~ EV Group OTMeyeHbl OCHOBHble oco­

6eHHoCTVl Vl npenuvuierrsa AaHHo~ TeXHOllorVlVl.
 
Kll104eBbie (IIOBa: 6e3MaCI(OBa51 IlVlTOrpa<jJVl51 ,
 
TeXHOllorVl51 MLE™, 31(cnoHVlpoBaHVle
 

CVlCTEMblnpOEKTVlPOBAHVI~ 

M.ipil1XiI1H 
nPorPAMMHblEPEIlIEHlilSl CADENCE AJISI nAPAJlJlEJlbHOro 
npOEKTlilPOBAHlilSl nE4ATHbiX nJl AT 

OnVlcaHbl <jJYHI<LjVlVl penaxrcoa Cadence Allegro PCB Designer,
 
cnoc06CTBYIOll\Vle yCI(OpeHVlIO pa3pa60TI(Vl neyaTHblX nilar, BTOM
 
YVlClle peweHVl51 ,o,1l51 opraHVl3aLjVlVl napallllellbHo~ patoru He­

CI<Ollbl(VlX cneLjVlallVlCTOB Ha,o, OAHVlM npOeI<TOM.
 
Kll104eBbie (IIOBa: npoerrupoaauae ne-aruux nnar, CAllP,
 
penarrop Cadence Allegro PCB Designer, napannensuoe
 
npoeKTVlpoBaHVle
 

npoVl3BoACTBEHHbiE TEXHOJlOrVlVl 

~.506poBa,M.AHAPOHiI1l<,B.OpnoB 

C1>OTOJlHTOrPMlHSllil TPABJlEHHE BTEXHOJlOr HSI X 
BblCOKOnJlOTHblX nE4ATHbiX nllAT 

06cY>I<AaIOTc51 np061leMHbie sonpccu <jJOToIlVlTorpa<jJVlVl Vl rpas
 
IleHVl51 eucoronnoruux ne-aruux nilar. npVlBe,o,eHa MeToAVl­

«a, ,o,alOll\a51 1<0HI(peTHble pel(OMeH,o,aLjVlVl no onpeAelleHVlIO TVl­

na npVlMeH51eMoro <jJoTOpe3VlCTa Vl ere ronumuu ,o,m nOllyyeHVl51
 
<jJoTOnoIlVlMepHo~ 3all\VlTHO~ MaCI(Vl npVl <jJOpMVlpoBaHVlVl cy6­

Tpal<TVlBHbIM MeToAoM TOI(OnpoBo,o,51ll\VlX crpvrrvp WVlPVlHO~
 

OT 75 AO 25 MI<M.
 
Kll 104eB bie (II OBa : ne-aruue nnaru BbICOI(O~ nllOTHOCTVl
 
Me>I<COeAVlHeHVl~, <jJOToIlVlTorpa<jJVl51, <jJoTOpe3VlCT, rpaaneune
 

PEAAKL\iI10HHbllii CO BET: 5. 5a6a~H, ro 50pv1COB, n BepHVlI<, 
B. BVlWHeBcI<Vl(i, C. raMI<penVlA3e, fO. ryn~e B, r.l<paCHVlI<OB, M.I<pVlTeHI<O, 
n.I<YL\bKO, B. nYI(VlyeB. A. nepeBep3eB, c.rlopTHo(i, A CVlroB, B. tllaxuoa, 
B. tllnax. A l11<YHVlH 
iI13AATEnb iI1 YYPEAiI1TEnb - PiI1L\ «TEXHOCClJEPAll 
rEHEPAnbHbl1ii AiI1PEKTOP: 0 l(a3aHL\eBa 
rllABHb11ii PEAAKTOP: A CVlrGB 
3AMECTiI1TEllb rllABHOrO PEAAKTOPA: fO.l<oBaneBCI<Vl(i 
BblnYCKAIOLl\iI1lii PEAAKTOP: 0 Pa3roBopoBa 
PEAAKTOPbl PA3AEIIOB: BE>KOB, H. EnVl ceeB, iI1.l<oKOpeBa, B. Me(inVlL\eB 
nil1TEPATYPHbl1ii PEAAKTOP: n ne TpoBa 
KOPPEKTOP: A nY)I<I(OBa 
KOMnbIOTEPHA51 BEPCTKA: A. He6onbcVlH, 0 One(iHVlI<OB 

PEKnAMA 
AV1peKTOp nopa3BV1TV1IO: I. /lor auoaa 1recntb@electronics.ru 
3aM. AV1peKTopa no pa3BV1TV1IO: O. CanV1KoBa I sali kova@electronics.ru 
MeHeA>Kepbl no pexnawe: n.l<ap~I<Vl Ha 1rec-knigi@electronics.ru, 
O. /laapeur ae aa 1nano@technosph er a. ru 
nOAnil1CKA: E3a(iKOBa1magazine@technosphera.ru 
csur. A. MeTnoB Isales@electronicsru 
www.electronics.ru; elibrary.ru; www.e.lanbook.ru 
AAPEC PEAAKL\iI1i11 
MOCI<Ba, yn. l(pacHonponeTapcKa~, 16, up. 2 
:;,; 125319, MOCl<Ba, a/~ 911 redactor@electronlcsru 
'\, +7495234-0110 -, +7495956-3346 

M(
8 311EKTPOHIiIKA HAYI<A ITEXH0J10fl1511 El13HEC N24 (00195) 2020 

mailto:E3a(iKOBa1magazine@technosphera.ru
mailto:1rec-knigi@electronics.ru
mailto:1recntb@electronics.ru


RELIABILITY AND VALIDATION HAAE>KHOCTb lo1 lo1CnbiTAHlo1S1 

F.Vasiliev, A. Dom eni cD . BaCVlll beB,A. ,LJ,oMeHVl 
THE FEATURESOF X-RAY DEFECT INSPECTION IN PCB 138 OC06EHHOCHl PEHTrEHoBcKOro KOHTPOJUI AElIlEKTOB 

ELECTRICAL CONNECTIONS 3n EKTP~YE CK~X C OEA~HEH~H nEYATHblX nnAT 
The article considers the main fea tures of printed circuit PaccMOTpeHbl OCHoBHble oco6eHHocH1 npouecca pe-rr reuoeooro 
board X-ray inspection process, describes the advantages and I<OHTpOfl Sl neyaTHblXnnar. onV1ca Hbl AOCTOV1H CTBa V1 HeAOCTaTKV1 
disadvantagesofthiscontrol methodandexamples of X-ray image 3TOro MeTOAa KO HTpOJlS1 V1 np V1 BeAeHbl npuuepu aHaflV13a pe-rr re ­
analysis and identfi ration of PCB electrical connections defects HOBCKV1 XCHV1MKOB V1 BbISl Bfle HV1Sl Ha HV1 XYI<a3aHHbIXBCTaHAapTax 
specired instandards Aeepel<TOB3JleKTpW-leCl< V1x coeAV1 He H V1~ nnar 

Keywords: printedcircu it boards,X-ray inspection , electrica l J(mOl.feBble otosa: neyaTH blennaru. pe HTreH OBc KV1~ I<OHTpOflb, 
con nections 3fleKTpW-leCKV1e coetJ, V1 HeHV1Sl 

ECONOMY + BUSINESS 3KOHOMlo1KA + 6lo13HEC 

M Makushin, I. Cherepanov M MaI<YWIIl H, 111 .YepenaHOB 
HI-TECH vsCOVID-19... 146 XAH-TEK vsCOVID-19... 

Thespecia lis ts in ther eid of virology, microbiology, microsystem B 6opb6e c na HAeM V1e~ 06beA V1HSl IOTCSl yCV1flV1 Sl cn el..\V1aflV1CTOB 
technologyand electron ics are joining their efforts together in the B06flaCT V1 BV1pycoflorV1V1, MIiIKpo6V10flOrV1li1, M V1 K p ocV1CTeMH O ~ rex­
fight against thepandemic HV1 KV1, 3fleKTpOHV1K V1 . 

Keywords: thermal imagers, computed tomography,APV, LEOs	 J(mOlleBble cnosa: Te nflOBV130Pbl , I<OM nbIOTepHaSl TOMorpaep V1 Sl , 
111 an CBeTO,lJ, 1iI0tJ,bl 
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