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BeeneHnue

CvHdasHas kBagpaTypHas Mogynaums unu IQ-mMopynsuns
SIBNISIETCSA CaMOoW pacnpoCTPaHEHHOW CXEMON MOLYNALNM B
KOMMYHUKaLMOHHbIX NPUIIOXKEHUAX, UCNOb3YEMbIX A8 MpU-
€Ma 1 nepefayn gaHHbix. CBoen NonynsapHOCTbI0 OHa 06s3aHa
3bdEKTMBHOMY UCMOJSIb30BAHMIO MONOCKI YaCcTOT, KOTOPasi No-
NpeXxHeMy SBNSAETCH Y3KUM MECTOM B HALLEM HACbILLEHHOM WH-
dopmaumen mupe. MockonbKy paspabotumkm IQ-moaynsaTopos
CTaNIKMBAKOTCA C NOCTOSAHHON HEXBATKOW YacTOTHOIO pecypca
¥ HannYymeM pa3Hoo6pa3HbIX MOMeX, 60NbLYH BaXHOCTb NpU-
obpeTaeT TECTUPOBAHME C UCMNONb30BAHUEM MOLENIMPOBAHNS
CUrHanoB. B yacTHOCTK, pa3paboTyMKaM HYXHO reHepMpoBaThb
BbICOKOKAYECTBEHHbIE CUTHAbI C 3aLaHHbIMM NapaMeTpamu 1
YMeTb Ierko f06aBNATb K CUrHANY peanncTUYHbIE UCKAXKEHUS,
4TO6bI TECTUPOBATL pa3pabaTbiBaeMble CXeMbl B MPEAEbHbIX
pexumax. B aTon nybankaumm Mbl paccKaxeM, Kak Ucnosib-
30BaTb reHepaTopsl curHanos 33500B komnaHuu Keysight
Technologies ¢ onuuei nneepa IQ-curHanoe Ansa reHepauum
noeanbHbIX ¥ HengeanbHblX curHasnos 1Q.

CHayvana Mbl paccMOTpUM napameTpbl reHepaTtopos 335008

M PacCcKaxeM, KaK UCMosib3yeMas B HUX YHUKaJIbHas TEXHOO-
rust Trueform MoxxeT NnoMoYb B GOpMUPOBaHUM BOSEE TOUHBIX
CUrHanoB. 3aTeM Mbl MOKAXEM, KaK MPOCTO MOXHO NepPeHecTH
curHanel 1Q u3 nporpammel B reHepaTop curHanos 33500B u
BOCMPOU3BECTU MX. W, HaKOHeLl, Mbl UCCNeflyeM BCTPOEHHble
oyHKUMM reHepaTopoB 33500B, npeaHasHaueHHble pns Moge-
NUPOBaHMS UCKaxeHWN |IQ-curHana pns TeCTUpPOBaHMS npe-
[enbHbIX BO3MOXHOCTEN pa3pabaTbiBaEMbIX CXEM.

PeanbHbIt npumep

BHoBb 06pa3oBaHHas KOMNaHMUA
MPOEKTUPYET YCTPOMNCTBA MOHUTO-
PUHra Ans «YMHOW CETU», KOTOPbIE
npegnaraoT ABa pasHbix cnocoba
B3aMMOLENCTBUSA: CBA3b N0 INHUN
nuTaHus (PLC) u cneumanbHbii
cTaHOapT 6ecnpoBOAHON CBS3M,
MCNoNb3yHLWMiA ANana3oH

ISM 900 Mlu. KomnaHus obnagaet
OrpaHUYeHHbIMU CPeACTBAMU U BPEMEHEM AN TECTUPOBA-
HUS YCTPOMCTBA, YTO CUJIbHO BAWUSIET HA BbIGOP KOHTPOJIbHO-
“3MepuTeNbHOro 060pyaoBaHus. [1ns TecTMpoBaHuUS
KOMMYHWKaLMOHHOM YacTu yCTPoicTBa Bbl1 BbIGpaH
reHepatop curHanos Keysight 33522B c nneepom 1Q-
CWUrHanoB U3-3a ero Manoi CTOMMOCTH, NPOCTOThI B 06paLle-
HUW, BLICOKOrO KayecTBa CUrHana v rubkocTu. B kayectse
KOMMJIEKCHOTO PEeLIEHNs ANl TECTUPOBaHUS 6eCNpOBOAHbIX
KOMMYHUKaLMOHHBIX MOZyNeil — 0T CXeMbl GOPMUPOBAHMUA
1Q curnana go yeunutens BY - ncnonb3oBanuck reHepaTopsl
curdanos 33522B un Keysight N9310A, a pns reHepauum
curHana Hecylen u Mmogynupytowmx IQ-curHanos ans
TecTupoBaHus Mogyns PLC ucnonb3oBancs reHepatop
33522B. MockonbKy ycTpoicTBo paboTaet B6AM3N NNHUN
NUTaHWUS NEPEMEHHOT0 TOKA, CO3A,al0LLEN 3HAYUTENbHbIE
MOMexu, A5 NPOBEPKU KOPPEKTHOM paboThl yCTPOWCTBA B
peasibHbIX YCIOBUAX HEU3BEXKHO MPUXOANIIOCH NOJIb30BATh-
Sl LUMPOKUM dYHKLMOHaNoM reHepatopa 33522B ans
CO30aHUS UCKAXKEHHbIX CUTHANOB.

TexHonoruns reHepaumm CUrHanoB
Trueform

leHepaTopbl curHanos cepun 33500B o6napatoT aHanorosow
nosocol c pasHomepHon AYX go 30 MIy, npu YacToTe AUCKpPETH-
3auum 250 MBeI6/c. Ucnonb3yemas B reHepatopax 335008
3KCKJI03MBHAsA TEXHONIOMUA reHepauuu curHanos Trueform
obecneymBaeT TO4HOE BOCMPOU3BELEHUE CUTHANA, @ HE ero
annpoKcMMaLMio, KaK B LLMPOKO PacnpocTpaHEHHOM MeToae
npamoro unoposoro cuHTesa (DDS), KOTopbI MOXKET nponyc-
KaTb ¥ NOBTOPSATb TOYKU. TexHonorus Trueform obecneunsaet
ype3Bbl4aNHO MaJioe 3HaYEHME OXNUTTepa — 00bIYHO MeHee b nc
CpeAHeKBaApaTMYECKOro 3HayeHus. Ha puc. 1 nokasaHo nsme-
pPeHuWe LXKUTTepa, BbINOHEHHOE Ha UMNYNbCHOM curHane 10 My
reHepaTopa 33522B ¢ NoMoLL bt BbICOKOKAYECTBEHHOMO OCLUII-
norpada.
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Puc. 1. UamepeHune pxuttepa reHepatopa curtanos 33522A

Ona namepeHuns pKUTTEPA MMNYNbCHOMO CUrHaNa UCNosb30Ba-
nacb GyHKUMA rucTorpamMmel ocuunnorpada. CraHgapTHoe oT-
KNOHEeHWE rMCTOrpaMMbl NPeACTaBNSeT CpeAHEKBaLPaTUYECKOE
3HayeHue AxuTTepa curHana. CpegHeKBagpaTUYeCKoe 3HaueHue
LKuTTepa Ha puc. 1 (BbigeneHo Builwe) cocTaenset Bcero 4,1 nc.
TexHonorusi reHepauuu curHanos Trueform rapaHTupyeT co3pa-
HWe BbICOKOKaYeCTBEHHbIX, 3aB€0MO NpaBuJibHbIX IQ-curHanos.

CoBeTbl N0 N3MEPEHMIO
Bnarogaps yactote auckpetusaumu 250 MBbi6/c, nonesHas
nosioca |Q-curHana reHepatopos cepuu 33500B MoxeT
NpoCTUPaTbLCS AANEKO 3a NPeAenbl 3asBIEHHOW aHanoro-
Bou nonockl 30 M. Ans reHepaumnu IQ-curHanoe c 6onee
LUIMPOKOWA MOMOCON HY>KHO MPOCTO CKOMMEHCUPOBATb CMagA,
aMMIMTYAbI HA BEPXHUX YacTOTax NpU CO3AaHUM CUrHana
B nporpamme. AMnnuTyaa reHepatopos 33500B Ha yacTo-
Tax Bblwe 30 Ml cnagaeT f,OCTaTOYHO MEAJIEHHO, HANPK-
mep, Ha yacTtoTe 50 MIy BbI yBMAUTE Ccnag okono 6 ob.
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Co3paHHbIn Mopgynupytowmii IQ-curian 6bln 3axBayveH BbICOKO-
3arpy3Ka M TeHEpaLni MOLAYNNPYHOLLNX KauecTBeHHbIM ocuunnorpadoM ¢ ycTaHoBAeHHbIM M0 aHanu3a
|Q-curnanos B 33522B CUrHANOB — CM. puC. 3. B NeBOM BEpXHEM Yy 3KpaHa BUAHO

CWUTHanbHoe CO3BEe3AMe, B NPAaBOM HUXHEM YI/y — U3MepeHHas
amnanTyaa Bektopa ownbku (EVM), pasHas scero 0,3 % (06-
BeLEeHO KpacHbiM). [1Ba Apyrux gucnnes nokassiBawT rpaduk
OLIMBKM aMNAMTYLbl B MUAAMNpPOLeHTax (cneea) u rpaduk da-
30B0i1 OWKBKM B MUANMIpagycax (cnpaga).

leHepaTopbl cepun 33500B ocHaweHbl MHTepdencamu USB, LAN
1 GPIB 1 nopaepxvBatoT LUMPOKO UCMONb3yeMble ApaviBEpSI,
Takue Kak IVI, ons 3arpy3ku IQ-curHanos, co3aaHHbIX C NOMO-
b0 BHELWHero nporpaMMHoro obecneyeHus. Eciim Bbl He xoTuTe
yNpaBnsTb reHepaTopOM CUrHA0B AUCTAHLUOHHO, TO MOXETe
3arpy»atb cMrHansl yepes untepdeiic USB Ha nepepHen naHenn
¢ USB-Hakonutens. lfeHepaTop nogaepxueaet dannbl CUrHanoB MMVITaLI,VIFI peaanle CUrHasnos
Takux $opMaTos, Kak Gpansibl ¢ pasgenutenamu-3anateiMu (CSV),

dannsl DAT u dpainsl ActionScript Communication (ASC). 3Tu M HempeanbHOro KaHana

dopmMaThl dannos 06bI4HO NOAAEPKMNBAKOTCS TAKUMU CPEACTBAMU

co3paHms curHanos, kak M0 MATLAB. Ecnv Bbl XOTUTE OLEHUTb NPeebHble BO3MOXHOCTU CBOEI

leHepaTopbl cepumn 33500B MMetoT oNUMOHaNbHbIN Nneep, KOTOPbINA CXEMbl, TO BaM HYXHO CO3AaTb He MAeanbHbI CUrHan, a CurHan
uheanbHo noaxoauT Ans socnpoussepnexus IQ-curuanos. Mneep C HOPMMPOBAHHBIMU NCKAXEHNAMU, N U3MEPUTb PEAKLNIO Ba-
IQ-curHanos npegnaraeT NpocToil B 06palLeHnn nHTepdeiic, no- Lero yCTPOMCTBA Ha 3TOT HenpeanbHbI curian. leHepatopsl
3BONSIOLLMIA HACTPanBaTh 06a KaHana 1 v 2 Tak, KaK eciu Gbl 3T0 cepuu 335008 umetoT TpU GyHKLMM ANS MOAENMPOBAHMS He-
6blf 0AMH KaHan unv curHan. Ha puc. 2 nokasaH CHUMOK 3KpaHa naeansHeix Moaynupytowux |Q-curxanos.

renepatopa 335008 c onunoHanbHbIM nneepom IQ-curtanos. 1. HacTpoitka 6anaHca: No3BONSIET yKa3aTb COOTHOLUEHMUE YCH-

3pecb reHepaTop CUrHanoB BbIBOAUT Mogynupytowmi IQ-curian

o JIEHMS N0 aMNINTYAe MeXy ABYMS KaHanaMu u oTperynu-
64-QAM c yacToTon ouckpetusaumm 1 MIu. y Y ABY pery.

pOBaTb CMELLEeHNEe aMMINTY bl AN KAXKAO0r0 KaHana. IkpaH
HacTpoiku 6anaHca reHepaTopa 33500B nokasaH Ha puc. 4.

12 Arb,ON500 _ 2. Hactpoika csura $as: no3sonser CABUTaTs MOAYANPYIO-
wuw curHan | unm Q ¢ paspewweHMeM B HECKONbKO NUKOCe-

Sample Rate W IINITNIIEYEY KyHA.

Amplitude  5.000 Vpp

Offset 0.000 ¥
Samples 50001
Arb Name G40AM_AB.barb

— T
Parameters

Amplitude | Offset Arbs Filter More Sample |
G ¢ L L Off phlieiz Amplitu IQ Arb Balance

Puc. 2. CHumok akpaHa nneepa IQ-curnanos 335008 Dffset Balance Adjust OFF
Samples Amplitude Gain +1.000 %
Arb Nan Delta Offset CH1 0,000 V

Delta Offset CH2 0.000 ¥
Paramelers = Balance

Adjust T A Offset | A Offset Done
Off On LW CH1 o CH2 +

Puc. 4. 3kpaH HacTponku 6anaHca IQ

3. PacwupeHHas MOAynauMs: Takue BO3MOXKHOCTM MOZYNALNMY,
KaK CyMMupyiowas Mogynaums unv basosas MOAynsuus,
No3BONAIOT A06ABAATH K CUTHANY LUYM, CITyYaliHbI LXKUTTEp
WAN AeTePMUHUPOBAHHbIA AXUTTEP.

Puc. 3. CurHanbHoe co3Be3ane 1 aMnanTyaa BeKTopa oWwnbKu Mogynupy-
towero curHana 64-QAM
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Nmutaumsa peanbHblX CUrHAN0B U HEMAEabHOro
KaHana (npoponxexne)

[aBaliTe paccMOTpUM NpUMep afAMTUMBHOIO LWYMa CUTHana 64-QAM,
nokasaHHoro Ha puc. 3. leHepaTop cepumn 33500B uMeeT BCTPOEHHBI
CUTHAaN rayccoBCKOro WyMa C NUK-dakTopoM 4,3 1 HacTpaneaemon
nonocon go 30 M. Mpwn HenpepbIBHOM BOCNPOW3BEAEHUM OpPMa CUT-
Hana wyMa He nosTopsetcs 6onee 50 net. Ucnonb3ys GyHKUMIO «CYyM-
MUpYyrLWen» Mmoagynauumu reHepaTtopa 33522B, Mbl fobaBuAN K Moay-
nvpytowmm curdanam | v Q wym ¢ nonocon 30 My u amnautynon 10 %.
Pe3ynbTaTbl MOXHO yBUAETb Ha puc. 5. Ecnim cpaBHUTL puc. 3 ¢ puc. 5,
TO MOXHO YBUAETb, YTO TOYKU CUTHANBbHOMO CO3BE3A1A SBHO bosblue

1 cMa3aHbl. Takxe 06paTuTe BHUMaHKE, 4TO 06BEAEHHOE KPACHbIM
3HauyeHue EVM yBenuuunacb npumepHo ao 1 %. Perynuposka amnnu-
Tynbl wWyMa B reHepaTope 33500B ocywecTBnsieTcs ¢ pa3pelleHneM
00 0,01 %, Tak 4To Bbl MOXETE YCTAHOBUTb UMEHHO TY BEJIMYUHY OLING-

KW, KOTOPYH XOTUTE CMOAENNPOBaTh.

Puc. 5. CurHanbHoe co3Be3ane 1 aMnNaUTyAa BeKTOpa OWUBKN MOAYNUPYHOLLEro
curHana 64-QAM c no6aBNeHHbIM WYMOM.

CoBeTbl Mo M3MepeHuto
BHoBb 06pa30BaHHOM KOMNAHUW, MPOEKTUPYHOLLEN
YCTPOWNCTBA MOHUTOPUHIA, MOXKET NOHAZ0BMTLCSA CMO-
LEenupoBaTh WyM UK BXKUTTep B curHane | unum Q, Ho
He B 060MX 3TUX CUTHaNax. 3TO MOXKHO CLenathb, 3arpy-
3uB curHan | B kanan 1, a curvan Q B KaHan 2 reHepa-
Topa 33500B, Kak 0TAeNbHble CUTHabl NPOU3BOJIbHON
bopMsbl, He ucnonb3ys pexum IQ-nneepa. Mocne atoro
MOHO A,06aBUTb WYM U LpYrue UCKAXEHNUS CUTHAN0B
C Ucnonb3oBaHueM GyHKLMI Moaynauum 33522B gns ot-
LenbHbiX KaHanos. 06paTuTe BHUMAHWE, YTO BbIXOAHbIE
curHanbl kKaHanoe 33522B no-npexHeMy MOXHO CUHXPO-
HWU3MpoBaTb No da3e, Kak Bbl cAenianu bbl 3T0 B pexume
IQ-nneepa.
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3aknwyeHue

lenepatopsl cepumn 33500B ¢ nneepom IQ-curHanos npefocTaBnsioT
NPOCTOE W HEJOPOroe peLleHne NS reHepaLn BbICOKOKAYeCTBEHHbIX
IQ-cuMrHanoB ¢ Manon aMNIMTYAOM BEKTOPA OWKNOKK. IKCKNIO3UBHAS TeX-
Hosorus reHepauum curHanos Trueform obecneynBaeT ToYHOE BOCMNPO-
W3BELEHNE KAXAO0MN TOYKM CUTHANA C O4EHb MasbIM AXMUTTEPOM U LIYMOM
Mo CPaBHEHWMIO C CAMOW PacnpoCTpaHeHHON Ha COBPEMEHHOM PbIHKe Tex-
Hosoruew reHepaumu curianos — DDS. Bnarogaps ToMy, 4To 3arpy3uTtb
CWUrHan B reHepaTop MOXHo 6e3 ynanéHHoro coenmHenus ¢ MK, n 6naro-
[aps BCTPOEHHOMY UHTepdelicy nofb30BaTens ANs BOCNPOM3BeLeHMs
IQ-curHanos, reHepaTopsl cepun 33500B ynpoLyatoT 1 ycKopsoT npoLecc
npeBpaLLEeHUs NPOrpaMMHOro KoAa B peasibHble CUrHansl. M, HakoHel,
6narofaps TakuUM GYHKUMSAM, Kak HacTpomrKa IQ-6anaHca, HacTpoiika da-
30BOr0 CABMra MEXJAY KaHanaMu 1 pacluMpeHHas MOAynaLms, reHeparo-
pbl cepun 33500B no3BoNAT UMUTMPOBATL pPeasibHblE UCKAXKEHUS MOLY-
nupytowmx |Q-curHanos Ans TeCTUPOBAHUSA NpefenbHbIX BO3MOXHOCTEN
pa3pabaTbiBaeMoro ycTpoMCTBa.
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