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61acTy IPUMEHEHHUs IPOLYKIIUH 06~

IIUPHBL U BKJIIOYAIOT CHCTEMbI Me-

IUIUHCKOU NUATHOCTUKH; CIIEKTPO-
CKOIIMIO MAaTePHUAJIOB U Ta30B; PAaCIO3HABAHUE
SKeCTOB U IPUCYTCTBUS desoBeka 11t HMI; un-
LyCTpUaIbHBIE NATIUKH I U3MEPEHUs pac-
CTOSIHUS, CKOPOCTHU U BUOpAINK; OOHApyIKeHMe
[IPEILITCTBUI, CUCTeMBI TeXHUIECKOTO 3PEeHHs
1 B3aHMOZEHCTBHS IS POOOTOTEXHUKH, BEPTO-
71eT0B, MITJTA 1 aBTOMOOUIBHO TEXHUKHU.

MCTOPM’I co3faHuA
U KpaTKas cnpaBKa

Cosnannast B 2006 roy, kommaxust Silicon Radar
[1] obmamaer BHICOKMM HayYHBIM [TOTEHIIHAIOM.
ITpu ob1riem 1mrtate MeHee 30 TeI0BEK B Hell TPY-
TISITCSI LIECTh IOKTOPOB HayK. CITHCOK MX HayYHBIX
pabort rpuBe/eH Ha caiite [2].

OnuH U3 HUX, TEXHUYECKUH TUPEKTOP KOM-
maHuK TOKTOp Bonbdraur Bunkiep — ydeHbrit
¢ 6ostee yeM 20-JIETHUM CTaKeM, 3aHUMAETCS

BY/CBY-anemeHTbi

3HaKOMCTBO

KOMMNOHEHTbI

c komnaHueu Silicon Radar

KomnaHusa Silicon Radar ocHoeaHa B 2006 roay Bo ®paHkdypre-Ha-Opepe
(FepmaHusa). OHa cneunanusupyeTcs Ha NPOU3BOACTBE pafapHbiX MoAyJeH,
npuemonepepatuukos u ux ysnos (F'YH, MY, cmecurenun ans npeobpaso-
BaHHWA YacTOTbl BHU3 /BBepPX) Kak AN HenuueH3upyembix ISM-guanasoHos
24-24,25; 61—61,5; 122—123; 244—246 Ty, Tak ¥ 3a UX NpefenamMu.

KoMmnaHnusa npumeHser SiGe BiCMOS-npouecco 0,13 u 0,25 mk ¢paba IHP,
yuacTtByiouero B eeponerckom npoektre DOTFIVE. Ero yeno — pa3spabortka

Mukpocxem go 0,5 Tlu.

npoexktuposanneM CBY-muxpocxem Ha OCHO-
Be SiGe [3-5]. B IEEE ony61uKoBaHO CBbIIIIE
60 ero paboT B COABTOPCTBE C APYTHMHU yIeHbI-
mu. C 1998 1o 2007 rox oH 6bLT KU3aHHEPOM
mukpocxeM B ¢abe IHP. Ero ocHOBHbIE mIpo-
€KTBI ITOCBAIIEHbBI IOCTPOEHHIO Y3JI0B IPUEMO-
repefaTyuKoB Ha 24, 60, 122 u 240 [T, a Tax-
sxe MEMS-nepexitouarensm. [lokrop Boiimex
Hebcku B kommanuu ¢ 2007 ropa. OH crernyanu-
3UpyeTcsl Ha pa3paboTKe y3JIOB IIpHeMoIIepe-
naTaukoB Ha 24, 77 u Boirre 100 I'To mo Tex-
uonoruu SiGe, y Hero okouto 20 my6iIuKaruit
Ha [EEE.

CoveTaHne BHICOKOTO HAay4YHOTO MOTEH-
Iyajga ¥ MHBECTUIIMHI IPUHECIO CBOU IIJIOJBI.
Kommanust craia IpuOBUIBHOI yoKe CITYCTsI Ba
rojia mocyie OCHOBaHus, a B 2015-M 3apaborana
1,1 mut eBpo! B 2009 rony 6blia BHenpeHa cu-
crema Kadecrsa 1SO:9001.

C 2010 roma dbupma IpUHEMAET yIaCTHE B €B-
POTIECKHX MPOEKTaX C COBMECTHBIM (DUHAHCH-
poBaHuEM:

.

e ELIRAD (Everyday Life RADar Sensors For
Transportation) — pafapHbIil TaTIUK IJIL
TPAHCIIOPTA Ha «KAKABIN J€Hb»; MIUHHATIOP-
HBIU pafiapHbIi faT9uk Ha 120 [Ti;

o NANOTEC — matepuasibl ¢ HAHOCTPYKTYPOIt
s rexaosioruit RF MEMS RFIC/MMIC pois
BBICOKOAHANTUBHBIX cucTeM; 10-24-I'T OAP
I1J151 a9POKOCMIYIECKON TeXHUKH; IIepecTpanBa-
embrit MIITY/YM na 71-86 ITu mis nepenadu
JIAHHBIX «TOYKA-TOYKaA» E-1MarasoHa; BbICOKO-
qyBCTBUTENbHBIN 94-1TH mprueMHUK 15 O~
CTPOEHUsT U300 PaKeHUI; AKTUBHBII PajapHbIiL
140-IT Mozysp;

e SUCCESS (Silicon based Ultra Compact Cost-
Efficient System design for mmw-Sensors) —
KOMITaKTHbIE HeIOPOTHe CEHCOPbI Ha KPeMHH-
€BOU TeXHOJIOTUU;

e DIFFERENT (DlIgital beam Forming For
low-cost multi-static spacEboRnE syNthetic
aperTure radar) — 610mKeTHBII pagap ¢ 1ug-
POBOII CHHTETHIECKOU allepTypoit hopMupo-
BaHUS JTy4a;
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1 PapapHblit npueMonepeaaTumk
Yeunutens MOLLHOCTH

1
1 PapapHblit npueMonepeaaTumk

Yeunutenb MOLLHOCTY
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Puc. 1. CrpyktypHas cxema TRX_024_06 Puc. 2. CrpykrypHas cxema TRX_024_07
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Braromapst atuM mpoexram Silicon Radar umeer cBsi3su ¢ HHCTUTYTA- WM/‘%/‘M% 1011
. 235 1100
mu Ppayurodepa, Xunma Hukcnopda u Jlet6HuIa, yHUBEPCUTETOM ] o1
B YibMe, KomnauusaMu Airbus, Sivers-IMA i ApyruMu HayIHBIME U IIPO- 2 1110
1111
M3BOJICTBEHHBIMU OPTaHU3AIMAMM KaK B ['epMaHuy, Tak 1 3a ee rmpefesa- 25 \
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mu. KoMmmanus npuHUMaeT akTUBHOE ydacTHe B PerHOHa/IbHbIX 1 MEKIY Hanpsokerute HacTpoiiki, B
HapOXHBIX BbICTaBKax: Sensor+Test, Industrial Automotion, Electronica,

EuMW, ESA Inductry Space Days.

B 2013 roxy Silicon Radar moxyunna uusectunuit Ha 800 TEIC. eBPO
u 3anycTuia ceou 24-I'T1 npueMornepenaTInKky B MacCoBO€ IPOU3BOJ-
crBo. KitoueBbre ximeHTs — Garmin, BCEeMUPHO U3BECTHBIH TPOU3-
BOZUTENb HaBUTAIIHOHHOTO o6opynosanus, Hella KGaA Hueck & Co.,
BeIyIINI MEPOBOI IPOU3BOAUTEND B 0OIACTH CBETOTEXHUKU U dJIEK-
TPOHUKY 151 aBTOMOOMIBHOM IIPOMBIIIUIEHHOCTH. B Havate 9TOrO0 roma
KOMITaHMSI 3aIIyCTHUIA B CEPHITHOE IIPOU3BOACTBO IPHEMOIIepefaTInK
Ha 122 Ty — TRX_120_001. Bropoit gun, TRX_120_002, noxa no-
cryned no mpoueccy MPW (Multi Project Wafer), x ero cepuitHoMy
OCBOEHHIO IUIAHUPYETCSI IPUCTYIUTD JeToM. Jlasee pacCMOTpUM CTaH-
HapTHBIE IPOAYKTHI KOMIIAHUML.

Mukpocxembl Ana npyeMonepeaaTiuKkos
ISM-guanasoHa Ha 24 Ty

Silicon Radar mpemmaraer nuHeiky MuxkpocxeMm Ha 24 I'Tu, ux

Puc. 3. [lnanasobi vactor ['YH y TRX_024_06

Ha TRX_024_006 mocrymnHa Ha caifte Kommnanuu [6]. Ciefyer OTMETHTS,
YTO KOMIIaHUSI HETaBHO M3MEHUIa HYMepPalUi0 CBOUX MUKPOCXeM,
[I0Ka He IepepaboTaB JOKYMEHTAIIO. B psifie CTydaeB 9TO C/leIaHo 10-
6asierrem 0 (HO He TosbKO). Tak, TRX_024_06 6bL1 IepenMeHOBaH
B TRX_024_006. B HacTosmel cTaTbe MpUBe/ieHbl HA3BAHUS MUKPO-
cxeM B mocsennHeit Hotarun. Jlokymenranus Ha TRX_024_007 goctymnna
1o 3ammpocy. Ha puc. 1, 2 npuBeieHbI CTPYKTYPHBIE CXEMBI ITpHEMOoIIepe-
nataukoB. B ocnosrom TRX_024_007 u TRX_024_006 pasiamuarorcst

2

Yacrora curvana,  24,14741 Ty

R&S FSUP AHanusarop uGTouHvka curHana Cuxporer |

Hacrpoiiki TMoGosHeii wyw [T1 wio spurs] asobiit [leTexTop +0 AB |

VikTerpuposantbii (hasosbiit wym (30 k .. 10 M) ~11,8 abn
20,741°
39,464 kT
2,3859 ps

Yposers curHana, 0,22 Abm
Pexim GAMY,

basoBas MoRyNALMA Hecylie

Nepaas rapmorMka | HactotHas MoaynaLua Hecyluen

Internal Ref Tuned _Internal Phase Det | Cpeavexsanparwsbii mxutrep

asosbii wym, ABKIML
ArTeroarop Ha exone, 5 A6
Yposer BepxHei ik, 20 ABHITL

KpaTKue XapaKTePUCTUKU IIPUBEIEHDI B tabaure 1. JoxyMeHTanus Loopw
n
Tabnuua 1. Mukpocxembl ans auanasora ISM 24 Iy komnanuu Silicon Radar -
y A
aFF:“’ Mutanne HIEE: g - ZoRiR A AV oy
s = | 88| , |.% L
v - 8| £ |E2| 2 | g¢
P : ¢m| < |S8| F |82 5 &2 = - "
= & ® = 3T = S5e X ago
E|E || 5 |°¢| & |&3 g ™~
e @ N BN
LNA_024_04 [y 2150287] 33 | 57 | 5 [8/15| Da |QFN-16| 3x3 R
RX_024_04 TMpremHnk 23|29 | 25 13,5 - |16/17| Ja | QFN-16 | 3x3 " N THoE
VCO_024_04 'YH 235( 26 |3/2,5|78/8 | 4x2 - Ja - - 1 B
TRXS2_024_05*% | Mpuemonepeparunk | 23,2259 3,3 121 1 11/18| [HOa | QFN-28 | 4x4 M
TRX_024_06 Mpuemonepegarunk | 23,2 (26,3 | 3,3 89 4 |[11/18| [Ja | QFN-20 | 3x3 30Ky 100 K 1 MMy 10 MM
TRX_024 07 | Mpwemonepenarm | 23,2126,3| 33 | 89 4 [11/18] Da |QFN-20 | 3x3 OTCTPOiKa acToTe!

Mpumeuanue. * MpeasaputenbHble AaHHble. IMeeT ABa NpUeMHbIX KaHasa.

Puc. 4. ®asosble wymbl anst TRX_024_06
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Papap Ha oaHOM uune
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R&S FSUP AHanusarop uctoqhuka curiana

Curxporien_|

Hacrpoiik

k2

MoBousit wym [T1 wo spurs] ®aosbiit [leTekTop +0 A6

Mepe- Yacrora curwana,  24,152037 My

Whrerpuposarihbiii chasosbiii wym (30 k .. 10 M) ~13,6 B
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Puc. 5. CrpyktypHas cxema TRXS_024_05
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Mepectpoiika N'YH

OTCTpOiiKa YacToTb!
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255 ;7 ~-0100 Tabnuua 2. Mukpocxembl ans auanasoHa ISM 122 Ty komnanmu Silicon Radar
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23 e 111? TRX_120_001% | Mpuemonepegarumk | 119,1] 1259 | 3,3 | 112 | 3%x* La | QFN-56 | 8x8
25 T TRX_120_002** | Mpuemonepeparunk | 119 | 1254 | 3,3 | 112 | 3%** | § Ja | QFN-32 | 5x5
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Hanpsixerue HacTpoiiku, B Mpumeuanus. * Mmeer BCTpoeHHyto aHTeHHY BHYTPH Kopryca QFN.
** |\MeeT BCTPOEHHYIO aHTeHHY cHapy»# kopnyca QFN.
*kk
Puc. 6. [lanasonbl uactor I'YH y TRXS_024_05 MonBoanMas MOLLHOCTb K aHTEHHe.
koo unuenrom neautens gactorsl, § mpo- [pUemonepegaTumuku

tuB 32 coorBeTcTBeHHO. [ YH y aTHX MUKpO-

CXeM MOKeT paboTaTh B IBYX PeKUMax:

1) y3KOIIOJIOCHOM, KOT/Ia MepecTpolika Ha-
npspkeHneM 0-3,3 B mponaBoauTcs mo BXo-
1y V. B ogHOM U3 16 nogauanazonos. Ero
BBIOOP OCYIIECTBISIETCS 4-Pa3PSITHBIM KO-
noM Ha Bxozax D0-D3. Kak BunHo Ha puc. 3,
IO JUAIIA30HbI IepeKpbIBatoTcs. OnuH nox-
IMAIa30H 00eCrieInBaeT EPeCTPOIKY B Ipe-
nenax 500-600 MI'm;

2)IUPOKOMONIOCHOM, Koraa nudpossie
Bxoxsl D0-D3 coegunenst ¢ V., u obecre-
YUBAETCA IOJHBIN JUaNa3oH MepecTpONKI
23,3-26,2 I'Tm.

Xapaxrepucruxa ¢asossix mrymos I'YH mst

TRX_024_006 rokasana Ha puc. 4.
I[Mpuemornepenaranx TRXS_024_005 [7] umeer

I1Ba IIPMEMHBIX KaHajIa ¥ JeJIUTeNIb YacTOThI Ha 16;

€ro CTPYKTypHas cxeMa IT0Ka3aHa Ha puc. 5. [Toka

IOCTYIIHBL JIUIIb IpeIBapUTeIbHbIe JaHHbIE

ycrpoticTsa. Xapakrepucruxu ero I'VH B 3aBucu-

MOCTH OT HAaIPsDKeHHs Ha BXOZe VU BHIOpaH-

HOTO TOJ/INAIA30Ha C IIOMOIIIBIO IIH(POBBIX BXO-

1o D0-D3 mpencraBiieHs! Ha puc. 6, a XapakTe-

pucrrka (HazoBbIX IIYMOB — Ha puC. 7. Periienue

IJTAHUPYeTCs 3aIlyCTUTh B MaCCOBOE IIPOU3BON-

crB0 B 2017 rony, Ha JaHHBIA MOMEHT IOCTYIIHbBI

00pastip! 110 rporieccy MPW.

ISM-guanasoHa Ha 122 Ty

Ha pgannbii moment kommanus Silicon Radar
IpejyIaraeT aBa pueMoIepeaTIuKa:

e TRX_120_001 [8] ¢ mpuemHOI u mepena-
IOI.L[eﬁ AHTEHHaMU, KOTOPbIE€ BBIIIOJIHEHBI
Ha KepaMU4YeCKOU MOIJI0KKe, BCTPOEHHON
B xopryc QFN-56 (8x8 mMm). B aToM MmecTe
BBEPXy KOPITyca y/laJeH IUIACTUK IJIs HOJTy-
YEHUS JIYIIINX XapaKTEPUCTUK, U aHTEHHBI
XOpOIIO BUAHBI, KaXKHasg U3 HUX COCTOUT
u3 4 anemenToB (puc. 8, 9);

e TRX_120_002 c nmpueMHOM U Iepenaronei
AHTEHHAMU, KOTOPbI€ BBIITOJITHEHDI B €JUHOM
Texmpolecce Ha kpucrauie. OHU IpejCTaB-
JITIOT OO0 [1Ba IIOIYBOTHOBBIX BUOPATOPA,
u vx JIH mupe 1o cpaBHeHMIO ¢ IEPBOH M1~
KPOCXEMOI, a CaM YHII JIellIeBJIe B IIPOU3BOJI-
crse. [Tpuemonepenarauk 6yIeT BBITY CKATbCS
B xopmyce QFN-32 (5x5 MM), ocBoeHue ce-
PHITHOTO IIPOU3BOICTBA IVIAHUPYETCS Ha JIETO
2017 ropa.

JlokyMeHTanus Ha yCTPONCTBA NOCTYIHA
110 3arpocy. MxX cTpykTypHas cxema II0Ka3aHa
Ha puc. 10, a XpaTKue XapaKTepUCTUKH IIPUBE-
IIeHBI B TabuIe 2.

JlaHHbBIe MEKPOCXeMbI HMEIOT TAKJKe JIBa Pe-
skuma paborsr [YH:

Puc. 8. BHewHuit Bug mukpocxembl TRX_120_001

Mepepatolas aHTeHHa

N

440 IANNNN

AL [T
5 a
N
Sy
Ty
- MpremHas
= aHTeHHa
e
Kpuctann -
SiGe :
130 Hm ’:
7

Mwukpocxema papapa 122 Ty

Puc. 9. Mukpocxema TRX_120_001 co cHsiToM KpbILKo#
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Puc. 10. CrpykrypHas cxema TRX_120_001,/002

| R&S FSUP AHanusatop UCTouHMKa curHana CuHxpoHeH
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Vt0 BapbupyeTcsi, B To Bpemsi kak Vi1, Vi2 u Vt3 nepekntoyatotcs B noruyeckuii 0 unm 1
Hanpumep, 011 o3HavaeT VI3=0B, Vi2=33BunVt1 =3,3B
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HanpspkeHne HacTpoiku, B

Puc. 11. inanasonbl yactor N'YH anst TRX_120_001,/002

MepecTpoiika 'YH B nonHoit nonoce Yactot
127 T T T
=~ Vt0, Vi1, Vt2, Vi3 coeamHeHbl BMecTe

126
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o /
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YacTorTa, My

s

/
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0 0,5 1 1,5 2 25 3 3,5
HanpsixeHne Ha Bcex HacTpoeyHbix Bxodax, Vt0 = Vi1 = Vi2 = Vt3

Puc. 12. LLinpokononocHas nepectpoiika M'YH pas TRX_120_001,/002

® B IIePBOM IMAIA30H [EePeCTPOUKH PasbUT Ha 8 OAINAIA30HOB, KOTO-
pble BoIOuparoTcs nudpossivMu Bxogamu Vt1-Vi3. [lepectpoiika B mof-
IHarna3oHe ocyIecTsistercs B npesenaax 800-950 MI'n ¢ HampspxeHHEM
Ha Bxozie Vt0 (puc. 11);

® BO BTOPOM cirydae BXonsl Vt0-Vt3 coemuneHbl Mesxay co6oit, u 06e-
CIIeYMBAETCs TIOJHBIN IMamnasoH mepectporiku 118-126 I'Tr (puc. 12).

Puc. 13. Dazosbie wymbl 'YH nocne penutens yactotsl gns TRX_120_001,/002

1
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[uarpamma B NonsipHbIX kKoopauHarax, A6

° +180° 165°
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Puc. 14. [inarpammbl HanpaeneHHocTH aHTeHH ans TRX_120_001,/002
B nnockocTax: a) H-; 6) E-

CHeKTp ¢ BBIXOJIa [IeIUTEIs YaCTOTHI 1T0Ka3aH Ha puc. 13. [Tockombky
IpH JeleHUH MIYMbl YIydIIaloTcs cornacHo popmyie 20xlog(N),
a o6muit koadunueHt neerHust 64 (ecTb BCTPOEHHBIN IeIUTeNb Ha 32;
I'YH Ha 60 I'T1; BbIXOIHASE 9aCTOTA BHIYUCIISIETCS YMHOKEHUEM Ha 2),
rymsel Ha 122 T 6ynyT kak MEHEMYM Ha 36 1B xyxe.

To, 910 06€ MUKPOCXEMBI HMEIOT BCTPOEHHbIE AHTEHHBI, PE3KO PACIIIH-
psieT UX [IMANa3oH npuMeHeHus. [[arpaMMbl HAIIPABIEHHOCTH aHTEHHBI
mist 1By X twiockocreit (E- u H-) mns TRX_120_001 mokasans! Ha puc. 14.
ITockonbky Ha wactoTe 122 I'T1 myinHa BOJHBL COCTABIISLET MOPSIKA
2,45 MM, TO HAYMHAIOT pabOTaTh KBA3MOITHIECKHE IPHHIIHUIIBL. DTO [O-
3BOJISIET UCIIOJIb30BATH JOMOIHUTEIbHbIE (DOKYCHPYIOIIYe TUH3bI JIH60
3epKaja-0TpaXkaTesy, Kak y obpranoro ¢ouapuxa. JIuusa guamerpom 32
U BBICOTOH 12 MM, PacIO/IOKeHHAsd Ha PACCTOAHUM IPUMEPHO 12 MM, 110-
3BOJISIET HOJIYIUTh AUarpaMMy HampasieHaoctd (JJH) momyss oxoso 5°.
Jucrnepcus yda 0ObACHSAETCS TeM, YTO IPUEMHAs 1 [epeIarolast aH-
TEHHBI IMEIOT KOHETHbIe pa3Mephbl 1 PasHeceHsI B IIPOCTpaHCTBe (puc. 8),
MO3TOMY JIaKe B CITydae UI€IbHON JIMH3BI UX HEb3sl PA3MECTHTh TOYHO
B ee dokyce. [list mosrydenust 6osiee y3KOTO Jy4a MOKHO PACIIOIOKHUTD
(bOoKyCHpPYIOLTYIO TUH3Y JajbIlle OT MUKPOCXEMBL DTO, ONHAKO, IIPUBO-
IUT K YBeJIMYEHHUIO Pa3MepPOB JIMH3bI U e¢ YIOPOKaHHI0. MOXKHO TOUTH
10 IPYTOMY IIyTH ¥ HCIIOJIb30BaTh OIHY PHEMOIIEPENAMOIIYI0 AHTEHHY
BMecTo 1BYX. Tak, y kommanuu Silicon Radar ectb akcriepuMeHTaIbHBII
IIPOEKT, IZie IPeIyCMOTPeHa OfHA IPHeMOIIepealoLasi aHTeHHa, C Hell
6buta mosyuena [IH Monysist mopsinka 2°. Y3Kuii 1y yBelIUdUBaeT Jajlb-
HOCTB PabOThI U Pa3perrarlyo CliocOOHOCTh 1 0COOEHHO BaXKeH IS
MHIYCTPUATBHBIX IPUMEHEHHI 1 CUCTEM TeXHITIeCKOTO 3PeHMUSL.
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Puc. 15. [lemoHcTpaumoHHbii komnnekT Easy Radar Kit Puc. 16. lemoHcTpaumoHHbIi komnaekT Simple Radar Kit

Puc. 17. AntenHa c npuemonepeparunkom TRX_024_007 24 My, Puc. 19. MNnara c npuemonepeaarunkom 122 Iy

neMOHCTpauHOHHbIe KOMMJ1€KTbl

e Easy Radar Kit (puc. 15), conepskarimit mia-
ana24un 1221y

co BcrpoeHHbIM MoayineM Wi-Fi ESP8266;
Ty ¢ IpUeMOIlepeIaTINKOM U aHTeHHOM

wiaty MK (No5); nporpammuoe obecriedenue

Ha 24 T (anement Nol); miary ¢ npuemo- (No6) u nokymenranuio (No7).
B Hacrosiiee Bpemst kommanus Silicon Radar nepeaTInKoM 1 anteHHou Ha 122 I'Tir (No2); e Simple Radar (puc. 16), BKIIO9aronuit miaty
IpejIaraeT Be€ BEPCUU JEMOHCTPAIIMOHHBIX doxycupyromyro muusy Ha 122 [T (No3); pazmepamu 40x40 MM, Ha KOTOPOII HAXOOUT-
KOMIIJIEKTOB:

wiary ¢popmuposanus IYM-curnanos (No4) cs1 122-TT1 mpuemonepenaTauk, popMupoBa-

tesib JIUM n ynpapmsiomuii MUKPOKOHTPOJI-
nep cepun STM32F; dboxrycupyrommast 1uH3a;

, iﬁfe“‘l“f o IIPOrpaMMHOe 00ecriedeH e i TOKyMeHTAIsL

g R OcranoBuMcs Ha anemenTax Nol-No7 fe-

o o0 MOHCTpaIoHHOro komiuiekra Easy Radar moz-

. po6Heit.

- pd F‘\\ - e Nol, miata pasmepom 80x40 MM, C aHTEH-
N . HaM¥ Ha 24 I'Tn u npuemMonepenaryukoM

A YN TRX_024_006/007, mokasana Ha puc 17.

-30 7 “‘. ; L -0 AHTeHHa I IpUeMa CUTHaJIA u3 24 me-
,"' .: ] '- “\ YaTHBIX 3J1eMeHTOB (6x4) HaXOmUTCS Cle-
ot H o Ba, a IJIf Iepefadn — crupasa. Juarpamma

' H H . o

:' :': u ': HAIIpaBJIEHHOCTHU ONJHOU TAKOU aHTEHHBI,
50 ¥ v %0 paccunranHas B nporpamme Fazar, nmokasa-
/ ' \ Ha Ha puc. 18 u cocraBiser 25°/20° B 06e-

"0 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 uX mIockoctax. [lockonpky mpu mpueme
yron, ® yron, © u nepesiade curHana atu JIH cknajgpiBarorcs,
ceveHie R I CeveHUe N0 ocH nyua pesynbrupylomas [IH mpuemonepenaranka
Jron asonta nysa e e e ceuerme o ocn X 6yner nmpumepro 20°/15°. Beiombl MUKpO-
ko 60,65 (18,57 26) | cmemenooony cxempt TRX_024_006/007 D0-D3, Vctrl

COeIMHEHBI MeXK/y CO00I, 4TO MO3BOJISIET

IIOJIYYUTh IOJHBIA IMANa30H [1€PECTPOUKHU
23,2-26,4 I'T.

Puc. 18. [lnarpamma HanpaeneHHOCTH neyaTHom aHTeHHbl 24 [Ty
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Puc. 20. padrueckuit MHTepENC nonb3osatens

No2, nnara pasmepom 25x20 MM, ¢ IPUEMO-
nepenaraukoM TRX_120_001 u unTerpupo-
BAHHOU B €r0 KOPIyC aHTEHHOU, II0Ka3aHa
Ha puc. 19. [lns monydeHus 6osee y3KOro
JIyda CBepXy MOHTHPYeTCs (POKYCUPYIOIIas
nuH3a. Pesynprupyromras [JH Takoit cucreMbl
B 5° ObLIa IIOATBEPIKIEHA SKCIIEPUMEHTAIbHO.
BbIcoTa pacrosioyxeHus JINH3BI HaJl KOPITyCOM
QFN-56 kputrdHa 1 103BOJIsIET CHOPMUPO-
Barh 6oJiee Y3KMil MM IUPOKMUIL JIyd Ha 3a-
IAHHOM PacCTOSIHUU.

No3, boxycupyrormas JInH3a ¢ pa3MepaMu Oc-
HOBaHMS 35%x35x3 MM, II0Ka3aHa Ha puc. 15.
JlnameTp caMoii HIMPOKOH YaCTU COCTABJISAET
32 MM, ee BbICOTA HaJl OCHOBaHHEM — 12 MM.
Doxyc TMH3BI HAXOAUTCSA IPUMEPHO B 10 MM
OT OCHOBaHUSL. V3roToBIIeHa U3 IOIUITIIIEHA
BbIcokoli oTHocTtu (HD PE) Mexanudeckum
cioco6oM. C IMOMOIIBIO IKCIIEPUMEHTOB
Ha Easy Radar Kit 66110 ycTaHOBIIEHO, 9TO 110~
JIOKE€HUE JINH3BI OTHOCUTEIbPHO MUKPOCXEMBI
cymecrBerHo. Kax mokasano Ha puc. 21, 22,
IIpaBUIbHAA [IOCTAHOBKA JIMH3bI YBEJIMINBACT
YPOBEHb OTPa’keHHOT'O CHUTHAJIa IPUMEPHO
Ha 45 nb. Tax kax Bctpoenuble B QFN-56
AHTEHHBI CMEIIEHbl OT LeHTpa Kopmyca

Puc. 21. CnekTp ¢ ha3oBbiMK MapkepaMu, Ge3 hoKycHpytoLel MH3bI

IIpUMEPHO HaA 2 MM (‘ITO HATJIIOJHO BUIHO
Ha puC. 8, 9), OITHIeCKast OCh IMH3bI TOJDKHA
IIPOXOIUTDH Uepe3 9Ty TOUKY. Y CTAHOBKA JKe
JIMH3BI TOYHO I10 LEHTPY KOPITyCca IPUBOAUT
K IIafIeHUI0 YPOBHS OTPa’KeHHOTO CUTHasIa
Ha 10 nb. Ha manHBII MOMEHT KOMIIAHUS
Silicon Radar orgensuo He mponaet Goky-
CUpYIOLINE JIUH3BI, XOTA U pacCMaTpuBaeT
9TOT BOIpOC. [TpOBOASTCS IKCIIEPUMEHTDI
I10 UCIOIb30BAHMIO (POKYCUPYIOLUINX TUH3
IUISL CBETOIMOMOB, ITO, BO3MOYKHO, II03BOJIUT
B OyIyIeM yIeleBUTh IPOU3BOJCTBO JINH3
C COXpaHEeHUeM HX XapPaKTePUCTHK.

No4, mnara pias dopmuposanus JTUM-
CUTHAJIOB, HMeeT rabaputst 70x70 MM U IOX-
KJII0YaeTcsl HeIOCpeACTBeHHO K mrate MK
(No4) uepes nBa pazbema DB40 (aTo BTO-
past ruiara cHu3y Ha puc. 15). Moxgyns Wi-Fi
ESP8236-12 pasmepom 24x16 MM Ipumnass
CHH3Y U Ha 8 MM BBLAAETCS 38 TaOapPUTHI OC-
HOBHOM ILIAThI. PeXxuMbl pa60TbI 3a/1al0TCs
nepexiroyareseM SW1. [l ucronb3oBaHus
Wi-Fi-Mony st Hano Takke HepeMKHYTh KOH-
takthl MT-WR (Microcontroller Transmit —
WiFi Receive) u MR-WT (Microcontroller
Receive — WiFi Transmit). CBo6oHbIe mepe-

MBIYKH TIPEyCMOTPEHBI CHU3Y T1aThl MK,
Ha pazbemax CN11 u CN12. opmuposanme
JTYM-curnana BbIOJTHEHO Ha 6aze MUKPO-
cxempl ADI ADF4159, k KoTOpOIi TIaThl
Nol u No2 moaxiodaroTcs 4epe3 pa3beMbl
CN1 (2x5, mrar 1,27 mm) u CN2 (2x5, miar
2 MM). B panHux BapuaHTax H3IeIHs U3-3a
HeOOJIBIIION PA3HUIIBI B BBICOTE ITHX Pa3b-
eMOB 06e BepXHUe IIaThl BCTAIOT C HeOOIb-
UM IepeKkocoM. B mociefHUX Bepcusax
KOMIUIEKTA JaHHBII HEJOCTATOK yCTPAHEH.
K 0c06eHHOCTSIM IIIaThI CIIeIyeT OTHECTU TaK-
JKe APKUH TPEXIIBETHBIN CBETONO, KOTOPBII
BUJIEH U3aJIeKa U UHIULIUPYET pasaudHbIe
PeXUMBL PaOOTHI (MOXKET YIIPABISTHCS IIPO-
IPaMMHO).

e No5, i STM32 Nucleo-F303RE, saBnsiercs
oTIafoYHON I1aToi Kommanuu STM. Pabora
C Hell OCYIIeCTBIIAeTCS CTAaHIAPTHBIMHE CPefl-
crBamu — nporpammont STM32 ST-Link
Utility [9], koTopast T03BOJISIET CIUTATD UK
3anucath cogepxumoe duan-nmamara MK.
B xoMr1IIeKTe ¢ 9TOM YTUINTOM TaKKe TIOCTaB-
nsorcs apaiisepsl COM-miopra.

e No6 — nmporpammuoe obecriedenue Install
Package.zip, 3arpy»kaemsblii ¢ cepBepa KOM-
IMaHUKU cbaﬁn, KOTOPBIA CONEPKUT HOKY-
MEHTAIUIO Ha MOJIYJIb, BKJIIOYasi IIOIPOOHOE
OIIMCaHUe MPOTOKOJIA OOMEHa; POLUTHBKY
IJISL MEKPOKOHTpoJutepa B popmare .BIN;
USB-npaiiBepsr; Com2Websocket.jar nist ot-
kpbITus/3akpertss COM-nopra; IeMOHCTpa-
IIMOHHAs IporpamMma Ha index.html.

e No7 — nmoxyMeHTanus, cocrosuias u3 .PDF-
ainos. DTO PyKOBOACTBO MOTb30BATEILL
[10] u omricanme mporokoa [11], mocrymHbre
JUIsI CKAYMBAaHUS Ha caiiTe KOMITAaHUU.
[MopxiroueHe NepPCOHATBHOTO KOMIIBIOTEPa

Kk Easy Radar Kit ocy1ecrsisiercst craHgapTHbIM

USB-ka6enem 6o gepes Wi-Fi-unrep-deiic.

ITeper 3arryCKOM OCHOBHOI IIPOTrPaMMBI HE06X0-

numo sanycruts Com2Websocket.jar u BbIOpath

BupTyanbHbliit COM-nopr. ITonpasymesaercs,

gyto Ha [IK ycranosnena 32 VM Java He Huxe

9-i1 Bepcuu.

Puc. 22. CnekTp ¢ ha3oBbIMK1 MapKepamu, C hOKYCHPYIOLLEN TMH3OM
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Ta6auua 3. CkopocTb oundposkm 1 Bpems cauna B 3asuciumoctn ot ADC Clock Divider

ADC Tsmp, PacuetHoe Bpemsi cBuna | PacuetHoe Bpemsi ceuna | PacuetHoe Bpems ceuna | CkopocTb ouucppoBKH,
Clock Divider | uncno taktos ALIM Ans 512 rouek, Mkc ans 1024 rouek, MKc Ans 2048 Touek, MKC MJIH OTCYETOB /C
0 14 207,0755556 414,1511111 828,3022222 2,5
1 15 221,8666667 443,7333333 887,4666667 2,4
2 17 251,4488889 502,8977778 1005,795556 2,1
3 20 295,8222222 591,6444444 1183,288889 18
4 32 473,3155556 946,6311111 1893,262222 1,1
5 74 1094,542222 2189,084444 4378,168889 0,4
6 194 2869,475556 5738,951111 11477,90222 0,1
7 614 9081,742222 18163,48444 36326,96889 0,05

3amyck OCHOBHO IIPOrPaMMBI BBITIOTHAETCS
OTKpBITHEM BeO-cTpaHuIsl index.html B Gpay-
sepe. Ee rpaduueckuii unrepdeiic B 6paysepe
Morzilla Firefox 5.0 mokasas Ha puc. 20. I]eTHOi
JIMHEEN BHIBOIUTCS CIIEKTP CHTHATA, 6eoit —
TOPOT JIeTeKTUPOBaHuA. B mpaBoM BepxHeM
yriay otobpaxkaercs ciyxebHas nHbOpMaIHs
W CIUCOK IleJIeH, MPEeBhIIIAIOIINIA 3aJaHHbIN
mopor, ¢ ux mapamerpamu. C JeBOil CTOPOHBI
OKHa HaXOJIUTCSI HECKOJIBKO BKJIAJIOK, KOTOPBIE
[I03BOJLIIOT KOH(UTYPUPOBATH MOTYJIb.

[To ymosranuio mopyns HacTpoeH Ha Wi-Fi,
moatomy npu pabore uepe3 USB HeobxommmMo
M3MEHHTD HACTPONKY BHu3y BKIanku Sys Config
1 TOJIBKO ITOTOM HaKaTh KHOMKY Connect B Jie-
BOM BEPXHEM YIJIy OCHOBHOM CTPaHUIIbL.

Ha Bxmagxe Sys Config moabsoBareib MO-
KeT BBIOpaTh MH(MOPMAIIUIO, KOTOPYIO MOLYJIb
tparciupyer [TK:

e Range-frame, wix aMIUIUTYIHBII CIIEKTP;

o Cfar-frame, uin ypoBeHb IryMa, 11eJIb TeTeK-
TUPYETCA IIPU €T0 IPEBbIIICHIM;

e Phase-frame, wu ¢a3oBblif criekTp;

o Targetlist-frame, wiu criucok meseit u naH-
HBIX O HUX;

o Statuslist-frame, mepegaer cirysxe6uyIo uH-
dbopmanuo: equHMUIBI PACCTOSHUS, MAKCHU-
MajbHasl JUCTaHI U, TOYHOCTb €€ U3Mepe-
HUS, YCUJIEHHE, MHTEPBaJ MEXKy U3MEPEHH-
SIMH, [I0JIOCA CBHIIA;

o Extdata-frame, pacummpennsrit popmar gaH-
HBIX, [T0Ka He pean30BaH.

Ha 371011 5Ke BKJIa/iKe MOYKHO BKJIIOYATh WA
BoIk09aTh cucremy APY (AGC) unm ycra-
HaBJINBATh YPOBEHb yCHIeHUS BpyuHyIo. [Tpn
BKJIIOYeHHOH APY Monysb cHUMaeT fiBa pen-
BapUTEJIbHBIX CBUIIA JIJISA OIIPpENEIEHUSA HeO6X0'
AUMOIO YCUJIEHUS, YTO HECKOJIBKO YBEININBAET
ob1riee BpeMst c60pa JaHHBIX.

Kax usBecrno, st popmuposanust JIUM Tpe-
GyeTcst 3a1aTh €10 HAYTHHYIO U KOHEYHYFO 9acTO-
Ty, IIMPHUHY IIOJIOCHI ¥ KPYTU3HY IIE€PECTPOKKH,
nnutensHoCTh JTYM. [t orppoBky curHana
ITY crenryer mONOIHUTEIBLHO YKa3aTh Tpebyemoe
THCIIO TOYEK IS OLE(DPOBKY I MHTEPBAJ MEKIY
unmu. Tapamerpst onudposku u JIYM-curnana
B3aNMOCBA3aHbl, 1 COOTHOIIECHUE MEXTY HUMN
YCTaHABJIMBAETCSA aBTOMATUIECKU. To ectp usme-
HEHNE OJHOT'O ITapaMeTpa BBISbIBAECT USMEHEHUE
CBA3AHHDBIX C HUM XapaKTE€PUCTUK.

Ha sxnaznke RF Params nosmbp3oBatesns MokeT
3afIaTh:

e bandwith (monoca cunuposanust) B MI'm;

e base-frequency (HaganpHas yacrora) B MI'i;

e frontend (tunm monmyns: 24, 60, 122 I'Tn),
OT 3TOTO 3aBUCHT JIeJIUTENb 4acToThI yist [ YH
(Mmomysp 60 I'TIr CKOpO IIAHUPYETCS BKIIIO-
quTh B KoMIutekT Easy Radar Kit).

Ha Bxyanke BB Processing mosb3oBaTess Mo-

JKET 3a/1aTh:

e ADC Clock Divider (geaurenb 4acTOThI
nist ALITT), 0-7, aToT mapaMerp COBMECTHO
C YUCIIOM TOYEK BIIHSIET HA PEATIbHYIO [N~
TEJIbHOCTH CBHUIIA, KOTOprfI TpaHCJ’IpreTCf{
MOJIyJIEM, paccauThiBaeTcst o popmyite (1).
3aBucumocrs Tsmp ot ADC Clock Divider
U IIPUMeEPBI PACIETOB 110 3T0i (HOpMYJIe HAHBI
B Tabiure 3.

e Number of Samples (konugectBo TOYEK 115t
ounudposku) — 32, 64, 128, 256, 512, 1024,
2048, 4096; yeM O0JIbIIIE TOYEK, TEM JJIUHHEE
CBHUIT;

e Number of Ramps (aucio csunos) — 1, 2, 4,
8, 16, 32, 64, 128, yncio ycpeqHsaeMBbIX peaju-
3aruii nepen bIID;

e Downsampling (cy6auckperusamnus), 0-64,
IIO3BOJIAET YIy4IIUTh paspelienue 10 1 mm,
OIHAKO MOIIIHOCTH CUTHAJIa HpI/I 9TOM CUJIBHO
ajaer;

e FFTsize (pasmep BII®) — 32, 64, 128, 256,
512, 1024, 2048, 4096;

o Average (ycpennenue mocie BII®), 0-7, 1 03-
HAYaeT yCpe[HeHVe [BYX CIIEKTPOB.

Tsweep [mxc] = Tsmp [TakToB] X
x1,04x Nsmp/36 [MI], (1)

rie Tsweep — pacueTHOe BpeMs CBHIIA; 1smp —
qncio taktoB ALIT Mexxny oTcueramu, 3aBUCUT
ot ADC Clock Divider; Nsmp — qucio Togek
st onupOBKH.

He Bce koMbuHanmy, TeM He MeHee, paboTo-
CIIOCOGHBI U 3aBUCAT OT KOHKPETHOI HPOIIINB-
ku wiatel ¢ MK. 3HaueHus, IOATBEpKICHHbIE
Ha IPaKTHKe, 0003HAYEHBI B TAOIUIIE 3 CephIM
I[BETOM.

Pagpermnaroriiast ciocO6HOCTH IO PACCTOSHUIO
m1st UM — curHana paccautbiBaercs mo ¢op-
myste (2):

acc= (cxNsmp)/
/(2x BWx Nfftx Ndown), (2)

rjie ¢ — CKOpOCTh cBeTa, 3x10% M/c; BW — 1mu-
pura csuna JIYM-curnana, I'n; Nsmp — xonu-
9eCTBO 0TCYeTOB, onydeHHbIx AIIIT; Nfft —
pasmep BII®; Ndown — crenens cy6auckpe-
TU3AIUA.

KOMMNOHEHTbI

Ecitn cy6auckperusarus He UCIOIb3yeTCs
u Nsmp = Nfft, bopmyua yrporaercs: Kak:

acc= c/(2xBW). (3)

st BW = 6900 MI'ty pacuer maer 0,021739 M,
unu 21,7 MM, KaK MOKHO BUTIETDb Ha puc. 21, 22.

O6paboTka PasoBoit uHGOPMALUK OT IPU-
HUMAEMOI0O CUTHAJIa IIO3BOJIAET IIOJIYIUTDh
CyOMUITEMETPOBYIO TOYHOCTb H3MEPEHUs
paccrosiaus. [yt femoHcTpanuy GpazoBoit HH-
¢dbopmaruu Ha BKIanke csepxy FFT-View Hamo
BKJIIOYUTD (pa3oBble MapKepsl (phase markers).
[Tpu 5TOM Ha NMMKAX CIIEKTPOTPAMMBI HOSB-
JISIIOTCSL CTPEJIOYKH, 0TOOpakaroiiie HHop-
manuio o dase (puc. 21). Ha aTom pucymke xo-
POLIIO BUJHO OTPAKEHUE OT IIOTOJIKA, KOTOPBIIL
HAXOJUTCH Ha PACCTOAHMHU 2,673 M, yPOBEHb
curHata 0 1B, ero dasa 1,544 papuan (0-it myHKT
B criucke mertert targetlist, komonxu dist, db u phi).
Jlamnble momydens! mpu 1024 Toukax onudpoBku
u TakoM ke pazmepe bII®, ¢ ycpenHenneM 1o Bbl-
6opkam 8, pu IIUTENILHOCTH cBUIia 9106 MKC
u 6e3 okycupyroreit uH3bL Bo dperime status
YKA3aHBI CJIeIyIOIIIIe TAPAMEeTPBL: II0JI0CA CBUIIN-
poBanus 6900 MI'Li; pasperieHue 0 TaIbHOCTH
21,7 mm; ipenenbHast faIbHOCTD 10,752 M; yacToTa
BBIOOPOK 6,93 I'tr; yctenue 46 nb. Ha puc. 22 pu-
BeJleHa aHAJIOTHYHAsI KAPTHHKA C UCIIOIb30BAHMI-
eM (DOKYCHPYIOLLIE JIMH3bI, yPOBEHb CHTHAIA [IPH
3TOM BBIPOC 110 +45 1B, ero dasa 0,379 paguan
(0-if myHKT B cIrucKe). XOTs CTPEJIOUKH U KOJIe-
67I0TCsI, TeM He MeHee IPH yHaJIeHUH 00beK-
Ta Ha IO MIJUTEMeTpa (IIPU HAXKATUU PYKOH
Ha CTOJI) OHH BPAILAIOTCS II0 YaCOBOI CTPEIIKE.
ITpu npubnikeHny 06beKTa (OTITY CKAHHH CTOJIA)
OHH BPAIIAIOTCS B OOPATHYIO CTOPOHY U 3aHIMa-
10T UCXOJTHOE [IOJIOYKEHHE.

BasxHoit ocobenHoCThIO Habopa Easy Radar
Kit sBisieTcss OTKPBITBII IIPOTOKOJI, KOTOPBIi

Puc. 23. CurHansl Ha Bxoge ALIM, | /Q-kaHanb!
no 512 otcuetos
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Tabnuua 4. MepcnekTtusHble pa3pabotku komnaxuu Silicon Radar

HasHauenue Yacrora OnucaHune t:?::::;
MpremHuk 9,6 My Manowymsiui npeobpasosarenb 4acTOTbl BHH3 Ja
[MpremMHKK 36 My Manowymsiwui npeobpasosarens 4acToTbl BHK3, 4 Bxoga Ja

Dasosasi pewerka | 122y JlBa unna: ¢ HapyHbIMM U BCTPOEHHbIMM aHTeHHaMu (4TX & 4RX) Ja
MIMO «Papap» 140 TTy | Tx/Rx-4un c MHTErpUPOBaHHOM aHTEHHOM, Tx /Rx-uun ¢ BHeLuHe# aHTeHHOW, TRX ¢ nepekouarenem MEMS Ja
MIMO «Pagap» 245TTy MUKpOCXeMbI NPUEMHIMKA U NEPEfATYHKA C MHTErPUPOBAHHBIMU aHTEHHAMK Ja

MMO3BOJISIET UCIIOJIB30BATh €r0 [JIs1 CO3MaHUs
MIPOTOTHUIIOB yCTpoiicTB. OH MOAPOGHO OITHCaH
B [11]. Haubosee mpocToit crroco6 KOMMyHH-
Kanuuy ¢ MOHyJIeM b HpI/IMeHeHI/Ie HpOFpaMMbI
RealTerm [12], pasperiaroriieii Kak ochLIaTh KO-
MaH/IbI, TaK ¥ COXPAHATD ITOTOK JAHHBIX B (II)afIH.
Hano orMeruts, 94T0 paboTH HajJ IpOrpam-
MHBIM 00€ecIIeueHIeM eI1[e BEMIyTCs, U He BCA €ro
(pYHKIIMOHATBHOCTD, K COXKATIEHUIO, JIEHICTBYET
TaK, KaK 370 o1caHo. PaGora ¢ MOjrysieM B TaKOM
PEKMMe paccyrTaHa Ha IPOABUHYTOTO MI0JIB30-
BaTeJIsd. TeKCTOBbIe KOMaH[bI, OTHpaBJIHeMI)Ie
MOJLYJIIO, MOYKHO ITIOCMOTPETH B JIEBOM HIDKHEM
YIJIy 3KpaHa Bo BKJIaake Log.

OCHOBHO¥ HHTepeC IPe/ICTABIISIET I0JIyde-
Hue chIpbIX AaHHBIX ¢ AIITI. DTo Bo3MoOxHO
B ,[IBYX BapI/IaHTaX: HeHOCpeI[CTBeHHO TaHHbIC
o1pOBKHU U yIKe C HAJIO)KEHIEM Ha HUX OKHA
Humming’a, 9T0 He06X0IUMO /IS IOCTIENy-
tomfero bIT®. ITpumep Takoro curxaa, oTpa-
SKEHHOTO OT YTOJIKOBOTO OTpakaTesIsl Ha pac-
crosiHuU npumepHo 30 ¢cM OT MOy, ABa
kaHana I/Q mo 512 oTc4eTOB, MOCTPOEHHOTO
cperncrBamu LabView, mokasan Ha puc. 23.

MepcnekTueHble pa3paboTku

Kommanus Silicon Radar ocymecrsiser u 3a-
KasHble pazpaborku. [Ipu aTOM B psize c1ydaes
KIIMEHT UMEET Ha HUX OKCKIIO3UBHBIC IIpaBa,
109TOMY HofpobHast nHdopManus o 1ox06-
HBIX IPOEKTAX He pacKpbiBaeTcs. TeM He MeHee
Ha CBOEM CaliTe KOMITaHUSI IIpEeNOCTaBIAET O HUX
Kpatkyio uHdopManuio, 1 Handoee HHTepec-
Hble pa3pabOTKU IIPECTaBIeHBI B TabmIle 4.

K IIOJIY3aKPBITBIM IIPOEKTAM OTHOCAT-
cs1 TakKe npuemornepenarauku 60 I'To, koto-
psie Silicon Radar cepuitHo BbIIycKaeT st
KoMmIaHuu Innosent; npuemMornepenaTYuku
Ha 77-79 I'Tu; papap ¢ AnUTETbHOCTBIO MOHO-
UMIyIbca 2 HC — 4 11c, ammnurygoi 400 MB;
pajap ¢ UMIYJIbCOM JJINTEIBHOCTBIO 1 HC
Ha Hecymlei nopsanka 26 I'Ti. I[Tocnennue pas-
PabOTKM HCIONB3YIOTCS UL H3MEPEHUs TOJI-
IIVHBI TOHKHUX IIJICHOK.

I/IHHOB&L[I/IOHHble MUKPOCXEMbI KOMIIAHUN
Silicon Radar yske mosryuniu npusHaHue Ha MU~
POBOM PBbIHKE. Ectb ocHOBanuUst I1oJ1araThb, 4TO
OHM Hali/[y T IIMPOKOe MpuMeHeHue u B Poccun.
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. oxymenrarus va TRX_024_006.

www.siliconradar.com/datasheets/
Datenblatt TRX_024_06_v1.5.pdf

. loxymenrarus Ha TRXS_024_005.

www.siliconradar.com/datasheets/
Datenblatt_ TRXS2 024 _05.pdf

. JNoxymenrarus va TRX_120_001.

www.siliconradar.com/datasheets/
160721_Datenblatt_TRX_120G.pdf

. STM32 ST-Link Utility.

www.st.com/en/embedded-software/
stsw-1ink004.html

. User Guide: Evaluation Kit EasyRadar.

www.siliconradar.com/datasheets/
UserGuide_EasyRadar.pdf

User Guide: Silicon Radar sensor protocol.
www.siliconradar.com/datasheets/
160627_short_desc_protocol.pdf
ITporpamma st paborsr ¢ COM-miopToM.
www.realterm.sourceforge.io/
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