DDS: npsimoii mu¢gpoBoii CHHTE3 YaCTOThI

Ewe neckonvko n1em nazad npamvle yugposvie cUHmME3AMOPbL UACMONIbL
(Direct Digital Synthesizers wau DDS) oévtau Oouxosunkoit ¢ ouens
ozpanuueHHou oobnacmelo npumenenus. Hx wupokoe ucnonvzosanue
COEPIHCUBATIOCH CNLOHCHOCHIBIO Peanu3auuu, a makxice HeOOCMmamo4Ho
wupokum ouanazonom paoouux uwacmom. Hecmomps na mo, umo ¢
Hacmosawee epems Haubolee NONYIAPHbI CUHME3AMOPLL HA OCHOGE
gazosoit asmonoocmpoiiku uacmomst (PLL), 6ce uawe npumensiomcs
npamvle  yugposvle cunHme3samopvl, umelujue psad  YHUKATbHBHIX
so3modxcnocmen. DDS yice ne eocnpunumaiomes paspadomuuxamu Kax
HeKue CN10MCHble, HeNOHAMHbLE U 00PozUue YCMPOUCmed.

[Ton TepMHUHOM «CHHTE3aTOP YaCTOTHI» MOHUMAIOT 3JEKTPOHHOE YCTPOUCTBO, CIOCOOHOE U3
OMOPHOW YACTOTHI MOJIy4aTh Ha BbIXOJAE TpeOyeMylo 4YacToTy WiIM Ha0Op 4YacToT, COIJIaCHO
yopasisitoliuM curHainaMm. Haubonee pacnpocTpaHeHHBIMU SIBISIFOTCS CIEAYIOIINE METOAbI CHHTE3a
4acToT:

e mpsmoii anamoroseiii cuHTe3 (Direct Analog Synthesis, wimu DAS) Ha OCHOBE CTPYKTYpBI
cMecuTenb/GuitbTp/ menuTens, Korna BBIXOJHAS YacToTa IOJy4aeTcs HEMOCPEACTBEHHO W3
OIOPHO YaCTOTHI IIOCPEJICTBOM OIEpaLnii CMEIIeHNUs, PUITbTpaliK, YMHOKEHHS U JICIICHHS

e kocsenHsii (indirect) cunTe3 Ha ocHOBe (a3oBoii nozacTpoiiku yactotsl (Phase Locked Loop,
i PLL), Korja BEIXOIHAs 4aCTOTA MOJTYyYaeTCs C MOMOIIBIO JOMOIHATEIBHOTO TeHepaTopa
(wame Voltage Controlled Oscillator, win VCO), kortopslii oxBaueH meTied ¢ha30Boi
aBTOIOJICTPONKHI

e mpsmoii mudposoii cuntes (Direct Digital Synthesis, niu DDS), korma BBIXOIHOW CHTHAT
CHHTE3MPYETCS IU(PPOBBIMUA METOAMHU

e TUOPUAHBIA CHHTE3, TMPEACTABISIONIMNA COO0OM KOMOMHAIIMIO HECKOJIBKUX METOOB,
OIMCAHHBIX BBIIIE

Kaxnaplii M3 STUX METOAOB CHHTE3a 4YacTOT HMeEeT MpEeUMYIIecTBa M HEAOCTaTKH,
CJIEZIOBATENIbHO, AJIS KaXKJI0TO KOHKPETHOTO MPUJIOKEHHS HY)KHO JeNaTh BBIOOP, OCHOBAHHBIM Ha
HauboJee IIPUEMIIEMOU KOMOMHAaIUH KOMIIPOMHCCOB. OcHOBHBIMU napameTpamH,
XapaKTepU3yIOIUMHU KaueCTBO CUHTE3aTOpa YacTOThI, SABISIOTCS CIeIyIoIue!

® YKCTOTA CIIEKTPA BBIXOJHOTO CUTHANA (YPOBEHb MOOOYHBIX KOMIIOHEHTOB U YPOBEHb IIyMa)
® JMara3oH MEPeCTPOMKH (I0JI0ca YaCTOT BHIXOAHOTO CUT'HAJIA)

® CKOpPOCTb IIEPECTPOUKHU

® YacTOTHOE pa3pellIeHue

® KOJIMYECTBO Pa3HBIX CHEPHPYEMBIX YACTOT

e THOKOCTH (BO3MOKHOCTH OCYIIIECTBIICHHUS Pa3IMYHBIX BUOB MOTYJISIHH)

® HEepa3pbIBHOCTH (Pa3bl BHIXOJHOIO CUTHAJIA TIPU NIEPECTPOUKE



Ipsamoii ananoroswlii cuntes (DAS)

CrpyKTypHasi cxema IpsIMOI'O aHAJIOrOBOIO0 CHMHTE3aTOpa IoKa3aHa Ha puc. 1. Otor meton
Ha3bIBAIOT TIPSAMBIM TI0 TOH MpPHYUHE, YTO OTCYTCTBYET TMPOLECC KOPPEKIMH OIIUOKH,
CJIeZIOBATENIbHO, KAYECTBO BBIXOJHOTO CUTHAJIA HAMPSIMYIO CBSA3aHO C KQYeCTBOM OMOPHOTO CHTHAJIA.
@Da30BBIil IIIyM 3TOr0 CUHTE3aTOpa JOCTATOYHO HU3KUW BCIEICTBUE MPAMOro cuHTe3a. Ilepectpoiika
[0 YacTOT€ TaKXKe MOXeT ObITh OueHb ObIicTpod. OAHOM M3 BaXKHBIX OCOOEHHOCTEH TaKoOro
CHHTE3aToOpa Ha OCHOBE CMeCUTENst/pUiIbTpa SBISETCS BO3MOXKHOCTh BEPHYTHCS HA JIIOOYIO 4acTOTY
U TIPOJIOJKATh paboTaTh B TOM (pase, Kak U B TOM cilydae, eciu Obl Iepexoaa BooOIe He OblI0. DTOT
ahdext HazpBaOT «(pa3oBod maMATBIO». J[Is  TEpEecTpOWKH 10 YacTOTE€ HCIOJIb3yeTCs
NEpeKII0YaeMblii OaHK OMOPHBIX T€HEPAaTOPOB. DTO MOIXOAMT, HAPUMEP, UL PATHUOCTAHLUN C
HEOOJIBIIIM KOJTMYECTBOM KaHasioB. Ho it oOecnieueHus IUpOKUX BO3ZMOYKHOCTEH T10 TIepecTpoike
4acTOThl TpeOyeTcss OueHb MHOTO OIOPHBIX I€HEpaTOPOB, YTO SIBJISETCS BECbMa JOPOTrOCTOSIIUM
pemeHreM. Mcrmoms3yst AenuTend 9acToThl (CTPYKTypa CMecUTeb/(uIbTp/IenuTeNib) MOKHO
YMEHBIINTH KOJINYECTBO HEOOXOAMMBIX OTIOPHBIX T€HEPATOPOB, XOTS U B 3TOM CIIy4yae BO3MOXXKHOCTH
0 TIEPECTPOMKE OCTaHYTCs OOJIee YeM CKPOMHBIMH.
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Puc. 1. lNpamon aHanorosbln cuHTesatop YyactoTbl (DAS).

KocBeHHBIIi CHHTE3 4acTOTHI HA 0CHOBe (pa30Boii aBTonoacTpoiiku (PLL)

DTOT METOJ CHHTE3a MCIIOJIb3YET MPUHILIUI CPAaBHEHHS YaCTOTHI M (ha3bl BHIXOIHOTO CUTHAJA,
HCTOYHUKOM KOTOPOT'O CIY)KUT TeHeparop, ympasimsiemblid Hanpspkennem (VCO), ¢ curnaizom
oropHoro reaeparopa. CTpyKTypHasi cxemMa Takoro CHHTe3aTopa MokaszaHa Ha puc. 2. OOHapyxeHue
OIMUOKH OCYIIECTBISETCS ¢ TIOMOIIBI0 (ha30BOT0 JIETEKTOpa, KOTOPHIA padoTaeT Ha ONpeaeIeHHON
yacrore FC, Ha3pIBaeMON 4acTOTOH CpaBHEHHMs. DTa 4acTOTa IOJIydaeTcsl MyTeMm jeieHus Ha N
4acTOThl onopHoro rereparopa G. HYactora BBIXOAHOrO CHrHajla BHauyane Jenutcs Ha M, a motom
cpaBHuBaercs ¢ udactotod FC. Eciam dvactora OTKIOHsAETCS, OOHAapy>KEHHas OIIMOKA BbHI3BIBAET
u3MeHeHue ynpasisitoniero HanpsokeHus VCO, yTo NpuBOAUT K YMEHBIICHUIO OTKJIOHEHUS.
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Puc. 2. CnHTesatop 4acTtoThl Ha ocHoBe PLL.

HOCKOHBKy JACIUTCIIN 4aCTOThbI UMCIOT LCJIIOYUCIICHHBIC KOB(I)(I)I/IL[I/ICHTBI JACJICHUA, I1ar CETKU
TaKoOro CHHTE3aTopa OHIpCACIACT YaCToTa CpPAaBHCHUA. BBIXOI[Haﬂ JacTtoTa OmnpeacidacTca 110

bopmye:
FOUT =FC-M = (FCLK/N) ‘M = FCLK'(N/M),
rae Fout — BBIXOaHAS YacTOTa,
FC — gacroTa cpaBHeHUH,
N — k03 punreHT neneHus OmopPHON YacTOTHI,
M — kordpunreHT neneHns BBIXOIHON 9acTOThI

Hpyrumu cnoBamu, PLL cuHTe3aTop ymHOXaer omopHylo uactory B N/M  pas.
Koadpdummentet N 1 M moryT 3amaBatbCsi MUKPOKOHTPOJIJIEPOM, XOTS Ha mpakTuke uucio N mpu
NEPeCTpOiiKe MEHSIOT PEeAKo, TaK KakK 3TO BIEYeT 3a cOo00il M3MEHEHHE YacTOThl CpaBHEHHUS
(cOOTBETCTBEHHO, U IlIara CETKU) U TPeOyeT H3MEHEHHSI TapaMeTPOB METICBOro GUIbTpA.

@Da30BbIii JAETEKTOP SBISAETCA MCTOUYHHUKOM JOTOTHUTENBHBIX (Da3oBbIX mrymoB. IlombiTku
MOJIYYUTh MaJbI IIar MEpecTPONKH YacTOTHl BBIHYXIAIOT paboTaTh Ha Ooiee HU3KOW dYacToTe
CpaBHEHHs, 4TO TpeOyeT MOHIKEHHsI 4acTOThl cpe3a MeTieBoro ¢uiabrpa. A 310 eme Oosee
yBenmuuBaeT (a3oBble HIyMBl. BBICTpoe mepekioueHHe YacTOThl B JTOW CTPYKType TaKKe
00ecIeunTh OYEHB CIIOXKHO.

JUJis ToydeHHsI MaJIoTo IIara MepecTPOWKH 10 YacTOTe WHOTJAa OOBEIAWHSIOT B OJIHOM
cCUHTe3aTope Heckonbko metenb PLL. Omnako mHorometrsieBoid PLL cuHTe3aTop siBisieTcs BechMa
JOPOTUM ¥ TPOMO3IKUM YCTPOUCTBOM, UTO CACPIKUBACT €T0 MUPOKOE IPUMEHEHHE.

Ipsimoii uupposoii cuutes (DDS)

[Ipsimoii npoBoOi CUHTE3 — OTHOCUTENIBHO HOBBIN METOJ CHHTE3a YaCTOTHI, TOSIBUBLIMICS B
Havaie /70-x roxoB mpouuioro Beka. Kak BuAuM, Bce ONUCAaHHBIE METO/Abl CHHTE3a JOCTYITHBI
pa3paboTYnKaM yKe JECATHIICTHs, HO TOJNbKO B mociemnee Bpemsi DDS yaensercs mpucrampHOe
BHuUMaHue. [losBnenue nemeBbix MUKpocxeM moiHbIXx DDS 1 yao6HbIX cpeacTB pa3paboTkH enaer
UX CEroJIHS MPUBJIEKATEIbHBIMU AJIS Pa3HBIX cep MPUMEHEHUS.

DDS yHukaneHbl CcBOe LH(POBOM ONpPEIENCHHOCThIO: TEHEPUPYEMBbIH UMM CHUTHAJ
CHUHTE3UPYETCS] CO CBOWCTBEHHOM LM(POBBIM CHUCTEMaM TOYHOCTHIO. YacroTa, amruintyna u Qasa
CUTHaJa B JI00O0I MOMEHT BpPEMEHM TOYHO M3BECTHBI M NMOAKOHTpoJbHBL. DDS mpaktuuecku He
MOJIBEPKEHBl TEMIIEPATYpHOMY Jpeiipy U crapeHuto. ETUHCTBEHHBIM 3JIEMEHTOM, KOTOPBIH
o0yajjaeT CBOWCTBEHHBIMM aHAJIOTOBBIM CXeMaM HecTabuibHOCTSIMH, sBisgercs LIAIT. Bee sto



ABNSICTCA TNPUYMHON TOro, 4ro B mocienHee BpeMss DDS BBITECHSIOT OOBIYHBIE aHAIOTOBBIC
CUHTE3aTOPbI YacTOT.

OcnoBuble npeumytiectsa DDS:
e 1M(pPOBOE YIIPABICHUE YACTOTOM 1 (ha30il BEIXOTHOTO CHTHAJIA
® 04YEHb BBICOKOE Pa3pelIeHHUe M0 YacToTe U (ase

® OKCTpPEMaJIbHO OBICTPBII IEepexo Ha APYTyro YacToTy (Wiu ¢asy), mepecTpoiika Mo 4acToTe
0e3 paspbiBa (a3bpl, 0e3 BBHIOPOCOB M JPYI'MX AaHOMAJHM, CBA3aHHBIX C BpEMEHEM
YCTaHOBIICHHS

® apxuTeKTypa, ocHoBaHHas Ha DDS, BBHIYy OYeHBH MayOro Iara rmepecTpoOMKH MO YacToTe,
UCKJTFOUaeT HEOOXOIUMOCTh MPUMEHEHHS TOYHOM TOJCTPOMKH OMOPHON YacTOTHI, a TaKkKe
o0ecrneunBaeT BO3MOKHOCTh TTApaMETPHUECKOHN TeMITepaTypHON KOMIICHCAIIHH

e nudpoBoii nHTEpdeEiic JerKo MO3BOJISET peaaTn30BaTh MUKPOKOHTPOJIEPHOE YIIpaBICHHE

e IS KBaApaTypHBIX cHHTe3aTopoB uMmerorca DDS ¢ | u Q BrIxomamu, KOTOpbie paboTaroT
COT'JIACOBAHHO

YactotHoe pazpemenne DDS cocrtaBnser coThle, W Ja)xe TBICIYHBIE JOJW Tepla IMpu
BBIXOJIHOM YacTOTE MOpSAIKA JIECATKOB Merarepil. Takoe paspelieHre HEeIOCTIKUMO I JIPYTHX
MEeTOAOB cHuHTe3a. J[pyroi xapakrtepHoii ocoOeHHOCThI0O DDS sBisieTcsi 0OueHb BBICOKAss CKOPOCTh
nepexona Ha Apyryio dactoTy. CuHTe3aropbl Ha ocHoBe PLL wucmonb3ytor oOpaTHYIO CBSI3b U
(GbuUIBTpaIMIo CUTHAJA OMIMOKH, YTO 3aMeUISIET Ipoliece nepectpoiku yactoTsl. st DDS ckopocTth
MEPECTPOUKH OrpaHWYCHA TMPAKTUYECKH TOIBKO OBICTpOACHCTBHEM HHU(DPOBOTO YIPABISIONIETO
untepdetrica. bomee Toro, Bce mepecTpoiiku 1o vactote npoucxomatr y DDS 6e3 paspeiBa ¢azbl
BBIXOJHOTO cHrHama. [I0CKONBbKY BBIXOAHOW CHUTHAJI CHHTE3HPYETCS B IH(PPOBOM BHJE, OYCHBb
MIPOCTO OCYLIECTBUTH MOIYJISIIUIO PA3IUYHBIX BUIOB.

[TapameTpsl cHHTE3aTOpPA YaCTOTHI OYCHD BAXKHBI ISl alllapaTypbl CBSI3U. SIBISSACH CepIeM
CUCTEMbI HACTPOMKH, CHHTE3aTOp B OCHOBHOM OIpEAEIsieT MOTPeOUTENbCKIE CBOWCTBA KOHKPETHOTO
anmapata. Kak ¢ TeXHMYecKo#l, Tak M ¢ SKOHOMHYECKOH ctopoHsl, DDS ymoBneTBOpsieT
OOJIBIIMHCTBY KPUTEPUEB HI€ATHLHOTO CHHTE3aTOpa YacTOTHI: MPOCTOH, BHICOKOMHTETPUPOBAHHBIH,
Manblx TabaputoB. JlomonHuTenbHO, MHOTHE mapameTpbl DDS mporpammHO-ympaBisiemble, 4TO
MO3BOJISIET J100aBUTh B YCTPOMCTBO HOBBIE BO3MOXXHOCTH. CoBpemeHHbie DDS wucmonb3yroT
cyomukponnyto CMOS-texHonoruto, 3-X BOJBTOBYIO JIOTUKY, MHHHATIOPHBIE KOpITyca.
OnHOBpEMEHHO MOCTOSHHO yMeHbIaercs eHa. Bce aro nemaer DDS oueHb mnepcrneKTHUBHBIMU
npubopamH.

C mporeccoM JHCKpeTH3alud M IU(PO-aHAIOrOBOTO IMpeoOpa3oBaHMsl, KOTOPBIA HUMEET
Mecto B DDS, cBs3aHBI M1 HEKOTOPHIE OTPAHUYCHHUS

® MaKCHUMaJIbHAas BBIXOAHASA 4aCTOTA HE MOXKCET 6BITI: BBIIIE MOJIOBUHBI TAKTOBOM (Ha IMPAKTUKEC
OHa elle MeHbIe). ITo orpannymBaer objactu nmpumeHenus DDS wa HF u gacte VHF
Jrama3oHa

e OT/ICTbHBIC TOOOYHBIC KOMITOHEHTHI Ha BbIxojie DDS MoryT ObITh 3HAYMTETHLHO OOJBIIMMH,
4eM y ApYTruX BHAOB cuHTe3a. CrHekTpanbHash 4ucToTa BhIXOAHOro curHama DDS cumbHO
3aBUCHT OT kadecTBa [IAII

e morpedmsemass DDS MOImHOCTS MPAKTHYECKH TPSMO TPOTIOPLIHUOHATBHA TAKTOBOK YacTOTE H
MOXET JOCTHTaTh COTeH MWILIMBATT. [Ipu Oonpmmx TakToBBIX YacTtorax DDS wmoryt
0Ka3aTbCsl HEMPUTOHBIMU JJIS1 YCTPOMUCTB C OaTapeiHbIM MUTaHUEM



Crpykrypa DDS

Ecmm cpasy paccMarpuBaTh peasibHYHO CTPYKTypy KoHKpeTHoro DDS, To oHa Moxer
MoKa3aTbcsl HEOOOCHOBAHHO CJIOXHOHM W 3amyTaHHOW. /[yig Toro 4toObl Ta WJIM MHAs OCOOCHHOCTH
cTtpykTypel DDS Oblia 04eBHAHOW, HaYHEM PACCMOTPEHHUE C KOHEYHOTO Ppe3yJibTara, KOTOPBIHA
HYKHO TIOJTYYUTb.

3amgauya DDS — nmosry4uTh Ha BBIX0OJI€ CHTHAJ CHHYCOHMIAIBLHON (DOPMBI C 3aJaHHOIN YacCTOTOM.
ITockonbky B DDS ¢opmupoBanue BBIXOJHOTO CHTHAlA IPOUCXOAUT B LUPPOBOH (opme,
COBEPIIICHHO 0YEBHHA HEOOXOAMMOCTh ITU(PO-aHAIOTOBOTO IPe0Opa3oBaHus. ITO O3HAYAET, YTO B
ctpykrype DDS nomxken 6b1Th LIAIL. B mo6om ciygae, Ha Beixone LIAIl nomkeH npucyTcTBOBaThH
OHY nns momaBieHuss oOpa30B BBIXOJAHOTO CIEKTPA, MOBTOPSIONIUXCS C MEPUOIUIHOCTHIO Fcik
(anti-aliasing filter). /lyis nonyyenus cuHycouaaabHOro curHana Ha Bxoj [{AIT Heo6xomumo moaaTh
MOCJIEC0BATEIbHOCTh OTCYETOB (QYHKIIUH SiN, CASIYIONIMX C YaCTOTOW AMCKpeTH3anuu Fc k. 3aKoH
u3MeHeHHuss QYHKIMU SIN BO BPEMEHHU CJIOXEH M MU(GPOBBIMU METOJAMHU MPOCTO HE PEaU3yeTCs.
MOKHO, KOHEYHO, UCTIONB3YSl TOJIMHOMHAIBHOE MPE/ICTABICHHE, BEIYUCIIATH 3HaUCHUsT QYHKIUH SiN
c nomouipto AJIY. OpHako Takoi MeTox Bpsii Ju OyJeT OBICTPOJEHCTBYIOIIMM, a BBICOKOE
OBICTPOJICCTBHE KaK pa3 SBISAECTCS OJHUM W3 OCHOBHBIX TpeOoBaHuii k DDS. Iloatomy Hambonee
MOJIXOAAIIMM METOAOM (OpMUpPOBaHMS OTCYCTOB (YHKIMH SIN SBJISICTCS TAOJUYHBIA METOI.
ITepexoaupoBounas Tabnua (Look Up Table) game Bcero pasmemaercs B I13Y. Kox, xotopsrii
nojaercst Ha ajpecHbie Bxoxawl [13Y sBnsercs aprymeHToM ¢(yHKumu Sin, a BeixoaHou kon [13Y
paBeH 3HAYCHUIO QYHKIIH [T JaHHOTO apryMeHTa. ApryMeHT GyHKIws Sin, win ¢asa, B OTIUYUE OT
3HaueHUs (QYHKIUH, MEHSETCS BO BpeMeHHU JuHeHo. ChopMUPOBaTh JTMHEWHO MEHSIONIYIOCS BO
BPEMEHH MOCIEA0BATEIBHOCTh KOJOB IOpa3zo Mpolle, 3TO CIOCOOEH caenaTh MPOCTOM JABOUYHBIN
cuetuuk. [Tostomy npocteitmmit DDS Beirisaut tak (puc. 3): 1BOMUYHBIN CUeTUYUK HOPMUPYET aapec
mis T13Y, kyna 3amucana Tabnuma ofHOro mepuoga (GyHKImMH SiN, orcdyeTsl ¢ Beixoma I13Y
noctynatoT Ha [{AIl, kotopsrit hopMupyeT Ha BbIXO/I€ CHHYCOUJANBHBIN CUTHAN, TTOIBEPTalOIIUNACs
¢unprparuun B ®HY w mocrymarommid Ha BBIXOA. JIsT TepecTpOMKH BBIXOJHOW YacTOTHI
UCIIONIB3YETCS JIEUTENh YacTOThl ¢ MEPEeMEHHBIM KO3(h(UIMEHTOM JeNeHusl, Ha BXOJ KOTOPOTo
MOCTYTMAeT TAKTOBBIA CUTHAJ C OMIOPHOTO TeHEpaTopa.
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Puc. 3. lMNMpocTtenwmin npamoin L poBon CUHTE3aTOopP.

Takast crpykrypa DDS umeer oueBuanble HemocTaTku. OCHOBHBIM HEIOCTATKOM OSTOU
CTPYKTYpbl ~SIBIIIETCS. HEYJOBIICTBOPUTENbHAS CIHOCOOHOCTh K TMEpPEecTpoiike IO YacToTe.
JIeWCTBUTENBHO, TOCKOJIBKY TAaKTOBAas YacTOTa WCIBITHIBACT [EJIEHME Ha IIeJ0€ YHWCIOo, miar
MEePECTPOUKH OyJIeT MEePEMEHHBIM, MPUYEM, YeM MEHbIIe KOAD(HUIIMEHT AeeHus, TeM OOJbIIe
OTHOCUTENIbHAs BeJNMYMHA Imara. OTOT Imar OyJIeT HEeAOMyCTUMO TpyObIM TpHU  MalbIX
Kod(urmenTax neaeHusl.

Kpome ToOro, mpu mnepecTpoiike BBIXOAHOM YACTOTHl OyJeT MEHSATbCI M YacToTa
OUCKpeTH3alMu. OTO 3aTpyAHAET (UIbTPAllMIO BBIXOJHOIO CHUTHala, a Takke BelIeT K
HEONTUMAJILHOMY HCIIOJIb30BaHUIO CKOPOCTHBIX xapakTepucTuk LIAIl, — onn OyayT B mOJHOM Mepe



KCIIOJIb30BaHbI JIMIIb HA MAKCUMAJIBHOW BBIXOJIHOW YacToTe. ['opa3o joruyxuee Bcerja, He3aBUCUMO
OT BBIXOJHOM 4YacTOThl, paboTaTh Ha TIOCTOSHHOMW YacTOTE IHUCKpETHU3aIluu, OJU3KOM K
MaKCUMaJIbHOU Juis ucrnosb3yemoro LIAIL

Bce HenocTaTku ONMUCAHHOM BBILIE CTPYKTYPbl MOTYT OBITh YCTPaHEHBI IIyTEM BBEICHUS
BCEr0 OJHOIO, HO BEChbMa OPUTIMHAJIBHOIO H3MeHEeHMs. JlocTarouHo azapecHslid cueTduk [I3Y
3aMEHHUTh JAPYTUM LU(PPOBBIM yCTPOWCTBOM, KOTOPOE HA3bIBACTCSA HAKAIIMBAIOIIUM CYMMATOPOM.
HaxkarumBatomuii cymmarop MpeaCcTaBIsieT COOOM peructp, KOTOPBHIH B KaXKAOM TakTe pabOThI
YCTPOMCTBA TEpe3arpykaercsd BEIWYMHOM, PAaBHOM CTapoMy COJEPKUMOMY, IUIIOC HEKOTOpast
nocTosiHHas gobaBka (puc. 4). Kak u 1 cueTdnka, colepKUMOoe PErucTpa JIMHEHHO YBEINYUBACTCS
BO BPEMEHH, TOJIBKO TENEphb MPUpAIlEHHE HE BCET/1A SIBJIAETCS €IMHUYHBIM, a 3aBUCUT OT BEJIMYUHBI
NoCTOSIHHOM No0aBku. Korja HakamauBaromuil CyMMaTOp HCIONB3yeTcs s (GOpMUPOBaHUS KOJa
(da3pl, ero eme HA3BIBAIOT aKKyMyJasaTopoM ¢a3bl. BpeixomHoit koma akkymyssitopa  (assl
MPEeJCTaBIseT COOON KOJ MIHOBEHHOH (ha3bl BhIXogHOTO curHaia. IloctosHHas noGaBka, KOTOpas
HCIIONB3YETCSl MPU paboTe akKymyJisiTopa (as3bl, MPEACTaBseT co00i mpupaimenue ¢asbl 3a OIUH
TakT paboThl ycTpoiicTBa. Uem ObicTpee u3MeHseTcss (aza BO BpPEMEHH, TeM OOJbIlIe YacToTa
reiepupyemMoro curiana. [losromy 3HadeHue npupameHus (a3l (aKTHUYECKH SBISETCS KOJIOM
BBIXOJIHOU YaCTOTHL.
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Puc. 4. lNMpamoin undpoBon CMHTE3ATOP Ha OCHOBE HakannMBaroLero cymmaropa.

JleiicTBUTENBHO, €CiH MpUpalieHne (pa3pl paBHO EAMHHMIIE, TO MOBEACHUE HAKAIIUBAIOLIETO
CyMMaTOpa HMYeM He OTJIMYAeTCsl OT MOBEJACHUS IBOMYHOTO cueTynka. Ho ecim mpupamnienne dasbr
OyZIeT paBHO, HapUMeEp, ABYM, TO Koa (a3el OyaeT u3MeHsIThCs BIBoe ObicTpee. [Ipu aTrom Ha [[ATT
KOABl OyIyT MOCTyHaTth C TOW K€ YacTOTOW, HO OHHM OyAyT MpPEACTaBIsATh cO0OW HE COCEaHHE
orcueTsl (QyHKIMHU SiN, a B3SAThIC Yepe3 OJuH. YacToTa TeHEepUPYEeMOro CHrHajia Mpu 3TOM Oyjaer
BJIBOE OOJIBIIIEH, a 4acTOTa JUCKPETU3AIUNA OCTAHETCS TIPEKHEH.

AkkymynsaTop (a3l paboTaeT ¢ MEPHOAMYECKHMMM TEpPEHOIHEHUSMH, oOecreynBast
apupmernky 1o  momymo 2. Takoe IEPHOAMYECKOE IEPEIIONHEHHE COOTBETCTBYET
HEPHOIMUYECKOMY TOBeACHHI0 (yHKIMKM SiN ¢ mepuogoMm 2:mw. J[pyrdMu ClIOBaMM, 4acToTa
NEPENOTHEHUH aKKyMyJIaTopa (a3bl paBHA YaCTOTE BBIXOJHOTO CUTHAJIA. DTO YacTOTa ONpeAesieTcs
bopmyoit:

Four = M-Ferk/2"

raie  Fourt — BBIXOJIHAs 4acToTa,
FcLk — TakTOBasg yacrTora,

M — koI 4acToTHI,

N — pa3psIHOCTh aKKyMyJisiTopa (asbl.



[lo cymecTBy, TakTOBasi 4acTOTa HUCHBITHIBAECT JEJICHHUE HA HEKOTOPOE YHUCIO, KOTOpPOE
OTIpeeIAETCS KOJOM YacTOThI M Pa3psAHOCTBIO akkyMyusaTopa dasbl. [Ipu 3ToM mmiar nepectpoiiku
YaCTOTHI HE 3aBUCHUT OT €€ 3HAUEHUS U PaBEH

AFout = Fer/2"

M3 3TOr0 COOTHOIICHHMS CIENyeT elle OAHO YHUKAIFHOE CBOMCTBO CHHTE3aTOpa 4acTOTHI Ha
OCHOBE HAKaIUTMBAIOIIETO CyMMAaToOpa: €CIIM YBEIWYHTh pa3psaHOCTh N, TO yMEHBIIWTCS miar
nepecTpoiiku 4acToThl. [IprueM ocoObIX orpaHumdeHHid 37ech HeT. Hampumep, eciu pa3psgHOCTb
HaKaIlIMBaIoniero cymmaropa 32 Outa, a TakroBas 4actota cocraBisier 50 MI'm, To wyacToTHOE
paspemienue coctaBut nopsaka 0.01 ['u! Veenuuenue paspsiHoctu akkymysistopa ¢a3sl He TpeOyeT
00s13aTeTLHOTO YBEeNUYeHHS paspsaHocTy anpeca [13Y. Jlns agpecaniuu MOKHO UCTIOIB30BATh JIHIIb
HEOOXOAMMOE KOJHMYECTBO CTapIIMX pa3psaoB koja ¢asbl. bonee nerasbHO 3TOT Bompoc Oyner
paccMOTpEH HUKE.

Jlnst ymenbiieHus o0bema [13Y MOKHO MCHONIB30BaTh CBOWCTBA cuMMeTpur (yHKIwH Sin. B
oonmpimHcTBe DDS B TI3Y comepxurcs Tonbko 1/4 mepuonma. IlpaBma, mpu STOM HEMHOTO
YCIIOXKHsIeTCs JIOTHKa (POPMHUPOBAHHUS a/ipeca.

Takum oOpazom, B DDS akkymymsatop ¢aszel (opMHUpPYeT TOCIEIOBaTEILHOCTh KOIOB
MTHOBCHHOH (ha3bl curHaia, KoTopas usMmeHsiercs JuHeidHo (puc. 5). CKOpocTh M3MEHEHHs (a3bl
3ajaercs KoJoM 4actoThl. Jlanee ¢ momomipio [13Y nuneliHO m3Menstomasics ¢aza mpeodpasyercs B
U3MEHSIOIINECS TI0 CHHYCOMJAIbHOMY 3aKOHY OTCUETBl BBIXOJHOTO CHTHaJa. OTH OTCYETHI
nocrymator Ha LIAIl, Ha BbIXO/E KOTOPOTO (HOPMUPYETCSI CHHYCOUAATIBHBIN CUTHAJ, COCTOSIINNA U3
«CTYTIEHEK». DTU «CTYNEHbKN» QUIBTPYIOTCA ¢ MoMolnbto aHanorooro ®HY, Ha BbIxosie KOTOporo
MOJYYaeTCsl CHHYCOUIAIbHbIA CUTHAIL.
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Puc. 5. Pabota DDS.

BBIXOHOM CHHYCOMAAIBHBIA CHTHAJl BOCCTaHABIMBACTCA M3 OTACIBHBIX OTCUETOB. Llemoe
YHCIIO0 OTCYETOB HAa MEPHOJ YKIIAIBIBACTCS JIMIIL B 4acTHOM ciydae (puc.6a). B OonplimHCTBE
CIy4aeB 3TO HE TaK, M Ha KaXKJOM HOBOM IIEpHUOJE CHUIHajga OTCYETHI JIe)KAaT B HOBBIX MECTax
(puc.60). KoneuHo, kapTHHA TMEPUOJUYECCKU IOBTOPSETCS, HO MEPUOJ TOBTOPCHUS MOXKET OBITH
caMbIM pa3HbIM. OH 3aBUCHT OT KOJA YacTOTHI, pa3psiIHOCTH aKKyMyJsITopa (as3bl U OT pa3psiiHOCTH
UCTONb3yeMoro Koza (assl. B mo0oM ciaydae ¢ paBHBIM yCIEXOM U3 MOCIEI0BATEILHOCTH OTCUETOB
OyZeT BOCCTAHOBJICH CUTHAJI CHHYCOUJANBHON (POPMBI.
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Puc. 6. NonoxeHuns Bbl60p0K BbIXOOHOIro curHarna a4 pa3HblX 4acToT.

PaccMmoTpenHast BbIllle CTPYKTypa IpUMeHsieTcsi Bo Bcex coBpeMeHHbIX DDS. O0bvennnenue

B ofHOM uwmriie ObicTpoaeticTByromero L{AIT u cobctBenrno DDS (tak HaspiBaeMbIil moaHb DDS
wim Complete DDS) mno3Boiwio MOJydYnuTh BEChbMa 3aMaHYMBYIO AJbTCPHATHBY OOBIUHBIM
cuntezaropam Ha ocHoBe PLL. DDS, ne wumerounmme BcTtpoeHHoro I[AIl wmHOrma Ha3bIBarOT
Numerically Controlled Oscillator (NCO), necmorpst Ha TO, uro DDS He comepxuT HHKaKuX
TeHEPaTOPOB.

Kpome wunTerpupoBannoro I[AII DDS MoryT uMeTh HEKOTOPBIE JOIMOJHUTEIBHBIE

QpoBeie OJOKH, BBIIONHSIOIINE HAJ CUTHAJIOM pa3IM4HbIC IONOJHUTEIbHBIC ONEpaliu. OTH
O6moku obecreunBaloT O0JbIIYI0 (YHKIHOHATBHOCTH DDS u yiydieHHble M0JIb30BaTENbCKUE
xapakrepucTuku. K takum 6510kaM OTHOCSTCS:

BCTPOEHHBIM YMHOKUTENb OIIOPHON 4acCTOTBI

JONOJTHUTENbHBIN HU(POBOM CyMMaTOp U1 IPOrpaMMUPOBaHUS (pa3bl
WHBEPCHBI SINC QUIIBTP U1 KOMITEHCAIIMU HepaBHOMepHOCTH AUX
JOTIOJTHUTEIBHBIN U(POBOM YMHOKUTEINb ISl aMILTUTYAHON MO JISIIUH
nononHuTenbHbIN LIAIT s mosrydenust kBaapatypHbix curHainos | u Q

,Z[OHOJIHPITGJIBHBIP'I KOMIIapaTop ¢ HU3KHUM ZKUTTCPOM IJId MMOJTYUYCHUSA I_[I/Iq)pOBOl"O TAKTOBOI'O
CHUTr'HaJ1a

AOHNOJHHUTCIBHBIC  PETUCTPbl Y4aCTOTBI U (1)33]51, KOTOpPBIC  MOT'YT OBITH 3apaHee
3anporpaMMupOBaHbl AJId OCYHICCTBICHUA BI:ICOKOCKOpOCTHOﬁ MOAYJISIIHUN

Ha3znauenue Bcex 3THX JOMOTHUTENBHBIX OJOKOB OyaeT omucaHo Hioke. [y Toro, 4ToObI

npaBWwiIbHO NpuMeHATs DDS, HeoOXoauMo MpencTaBisATh, KaK pa3IUyuHble (aKTOPHI BIUSIOT Ha
Ka4eCTBO BBIXOJIHOTO curHama. st 3Toro paccmMotpum oTAeibHO cBoiicTBa DDS u cocrapnsromnime
KadyeCTBaA BBIXOJHOI'O CUTHAJIA.



HcTOYHNK TAKTOBOIO CUTHAJIA

Baxue#imuMy ~ XapakTepUCTHKAMH ~ HMCTOYHHKA  TAKTOBOTO  CHUTHAlA  SIBJSIFOTCS
HecTaOmIbHOCTh YacToThl (B PPM), mkutrep (B muKo- MM HaHOCEeKyHaax) M (a3oBelii mym (B
dBc/T', T.€., OTHOCUTEILHO YPOBHS HECYILEH).

Hcrtounuk takToBoro curHasna DDS siBnsieTcst riaBHbBIM HCTOYHUKOM (Da30BBIX IIYMOB, JaXe
HECMOTPs Ha 3(PpeKT ux yMeHbIIeHHs B Mpoliecce aesieHus yactoThl B DDS (puc. 7). ®a30Bbiii irym
BeIxomHOTO curHama DDS Tteopernueckum ™enbine (a3oBOro ImmymMa TaKTOBOTO CHTHajla Ha
20log(FcLk/Fout) dB. Ha mpakTike 3TO yJydlIeHHWE OTpaHHYCHO IIyMOBBIM moporom cxem DDS.
TunuuaeiM s cobctBeHHOro (azoBoro myma DDS sBnsercs smadenme -130 dBcC/Tu mpu
pacctpoiike Ha 1 k[’ OT BBIXOAHOW 4acTOThl. ECIM MCTOYHUK TaKTOBOTO CHTHAjla UMEET MEHbIINE
(dazoBbie mymbl, Ha Beixoge DDS Bce paBHO HE MOXKET OBITH MOJYYEHO MX MEHbINIEEC 3HAUYCHHE.
[ToaToMy 3Ty BEeTUYHMHY HA3BIBAIOT €OCTATOYHBIN (Pa30BBIN HIyM».

TakroBas yactora DDS

\ ®azoBbIN
H—H wym kutTep H—H

. i ___Bbixop LUANDDS (110Fc,)

_ Bexopdunetpa

xutTep (63 M3MeHeHUN ) \

Bbixoa komnapaTtopa

Pe3ynbsrupyrowun ¢a3oBbli LWYM,
ocnaGneHHbIn Ha 20109 (F¢,/Fo,;) dB

Puc. 7. ®a3oBbiv LWLym 1 pkuttep Ha Bbixoge DDS.

OTHOcHTENbHOE OTKIIOHEHHE YacTOThl Ha Bhixoge DDS paBHO oTHOCHTETEHOMY OTKIIOHEHHIO
YaCTOTHI TAKTOBOI'O cUrHajga. OTHOCUTENbHBIN JHKUTTEP MPHU JEICHUH YaCTOThl CTAHOBUTCS] MEHBIIIE,
XOTsl a0COTIOTHOE 3HAaYCHHE HKUTTEpA HE YIIydIIaeTCsl.

Hexoropsie Tumbr DDS, kotopsle crnocoOHBI paboTaTh Ha BBICOKMX TAaKTOBBIX YacTOTaX,
MMEIOT BCTPOCHHBIM YMHOXHUTENb 4acToThl Ha ocHoBe PLL. Jlns BeicokockopocTHeix DDS on
MO3BOJISIET MCIOJF30BaTh MEHEE BHICOKOYACTOTHBIN OMOPHBIN T'€HEepaTop WU BOBCE OOOWMTHUCH yiKe
MMEIOIIMMHUCS B CUCTEME TaKTOBBIMH yacToTamu. [Ipumepamu takux DDS moryT cinyxkute AD9852
nu AD9854, thme TtakToBas uacTtora MOXET OBITh yMHOXeHa Ha 4X...20X, a AD9851 wumeer
YMHOXHTENb Ha 6X. OTHAKO MCTIOIH30BAHNE YMHOKEHHSI TAKTOBOM YaCTOTHI HE BCET/IA JKENATEIBHO,
TaK Kak Impu 5TOM (a30BBIN IITyM TAKTOBOTO CHTHAJIA YBEIHUYHUBACTCS BO CTOJIBKO K€ Pa3, BO CKOJIBKO
pa3 yMHOXaeTcsi yactora. boiee Toro, BbIllie 4acTOThl cpe3a merieBoro ¢uabrpa PLL moxer
HaOI0AaThCs MUK (Pa3oBbIX mryMoB (puc. 8). HecMoTps Ha yXyaleHHE XapaKTePUCTUK, BCTPOCHHBIN
YMHOKHTENb YaCTOTHI YJIEIIEBISICT CHCTEMY U MOKET OBITh MCIIOJIB30BaH B OOJIBIIIMHCTBE CITyYacB.



Jiis 0co00 KPUTHYHBIX K YHCTOTE CIEKTpa BBIXOJHOTO CHUTHAjIa TNPUIIOKEHUH Tpedyercs
HerocpeacTBeHHoe TakTupoBanre DDS ot BrIcCOKOKaueCTBEHHOTO OMOPHOTO TeHEpaTopa.

-110 YBenuvyeHue Wwyma Bbille 4acToTbI

cpesa netneBoro ¢wmnbsTpa PLL
-120
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Puc. 8. TunnyHbIn dhaszoBbin Wwym DDS.

3Ha4yeHMe BBIXOJHOM YaCTOTHI H YACTOTHOE pa3pelieHue

Breime mpuBoamiack ¢Gopmyra, CBS3BIBAONIas TAKTOBYIO YacTOTy, KOJ 4YacTOTHl U
Pa3pAIHOCTh aKKyMYyJsTOpa (as3bl ¢ BHIXOAHOM yacTOTOW. MOXHO CKa3aTh, YTO TaKTOBas 4acTOTa
JEIUTCST HA BEIINYUHY 2Y/M. [Tockombky N u M — menble umcia, u3 (GOpMyIBl CIEAyeT, YTO
TpedyeMas BhIXOJHas yacToTa, Harpumep, 20 MI'1, TouHO MOXKeT ObITh MOJTyueHa JaJleKo He BCerja.
B 10 xe Bpems MOXeT ObITh MOJy4YeHa BeCbMa OJM3Kas 4acToTa, OTCTOSIIAs OT TpeOyeMoul He
Janpliie mara mnepecTpoiiku, Hampumep, 19.9999999954 MI'n wmnu 20.000000009 MI'm. Takas
MOTPENIHOCTh BPSAJ JM UMEET 3HaueHHe Ha TpakTuke. Ecmum Bce ke M0 KaKUM-TO MPHYHMHAM
TpeOyercss MOJIy4YUTh TOYHOE 3HAYEHHWE 4YacTOThl, TO CHeNaTh 3TO MOKHO COOTBETCTBYIOIIUM
BBIOOPOM TakTOBOI 4acToThl. CyIIecTBYeT TakKe THOPHIHBIA CHHTE3aTOP, I/Ie B KAYeCTBE OMOPHOTO
reaepatopa DDS wucnonszyercs VCXO, moactpanBaemblii ¢ momoinisio PLL B 3aBucuMocTH OT
OTKJIOHEHHSI BBIXOJHOM YacTOThl. Takas CTpyKTypa IO3BOJIIET TOJYYHTh Ha BBIXOJE TOYHBIE
3HA4YEeHUsl YacTOT, MpaBJa ILIar CeTku OyAeT Takod ke, Kak U y oObuHbIX PLL cuHTe3zaTopos.
Bcenencteue npumenenus VCXO ¢a3oBblii IyM Takoro rHOpHIHOTO CHHTE3aTopa OyJeT HaMHOTO
MeHbIIIe, 4eM y o0bruHoro PLL cunTesaTopa.

CkopocTh nepecTpoOiKH 4aCTOThI

s toro, ytoObl mepectpouth DDS mo wactoTe, HEOOXOAUMO Mepe3arpy3uTh PErucTp
9acTOTHI. YUUTHIBAsI €T0 BBICOKYIO Pa3psIHOCTh, 3TO TPEOyeT 3aTpaT BpeMEHH MUKPOKOHTPOJIIEPA,
ocobenHo ecnmu DDS wumeer mnocnemoBarenbHyl0 IIMHY yhpaieHus. lloaTtomy ckopocTh
nepectpoiiku DDS mo uactore ompexpernsiercs B OCHOBHOM OBICTPOACHCTBHEM €ro IU(POBOrO
uHTepderica.

B HekoTopeIx ciydasx, Hampumep npu ocymiectBieHuun FSK wmomynsiuu, tpedyercs
MaKCUMajbHasi CKOPOCTh NepecTporku. [ Takux meneir Bo MHOrux DDS nmMeroTcst 1Ba OTAeIbHBIX
perucTpa 4YacToThl, KOTOpPbIE MOTYT TMEPEKII0YaThCsA JIOTUYECKUM CHUTHAJIIOM. OTOT CHUTHAI



¢daktiuecku sBisgercss BxonoMm Monynsmuu FSK. Ilpumepom Ttakux DDS ssnstorcs AD9852,
AD9853, AD9835 u npyrue.

B HEKOTOpBIX Cilydasx MOTYT BO3HHUKHYTH NMPOOJIEMBI C TEM, YTO PE3KOe IMEPEKII0YCHUE ¢
OJIHOM 4acTOTHl Ha Apyryro npu FSK Momynsmnwu BBI3BIBaET MOSIBICHHE MOOOYHBIX KOMIIOHEHTOB,
KOTOpBIC PACHIMPSIOT CIEKTP BBIXOJHOTO CUTHama. J[js pemieHus 3TOH TpoOJieMbl MPUMEHSIOT
MmeTo, HasbiBaeMblii Ramped-FSK. TlpaBuibHee HE pe3KO MEPEKIIOYAThCS MEKIY 4YacTOTaMH, a
IUIABHO TEPEXOIUTh C OJHOW 4YacToThl Ha Jpyryro. AD9852 mmeer BCTpOCHHYIO BO3MOXKHOCTH
ocymectBiaTh Ramped-FSK, mons30BaTens MOKET MPOrPaMMHUPOBATH CKOPOCTD TIEPEX0/1a ¢ OJHOMN
9acTOTHI HA IPYTYIO.

Yceuenue koaa pas3bl

Axxymynsatop ¢assl DDS umeer tunuunyio paspsanocts 32 unu 48 6ur. Ho Tonbko yactb
paspsAnoB ucrnonb3dyercss st aapecauuu [I3Y ¢ Tabnuieidt cuHyca. OTO BBIHYXKIEHHAs Mepa,
BBI3BaHHAs HEOOXOAMMOCTBIO YMEHbIIeHHs pa3smepoB [I3Y 1o pa3ymHBIX Mpenesos.
JlelicTBUTENHHO, €ciu OBl HCTIOIB30BAIUCH Bee 32 OMTa, a Kaxaeld oTcueT B I13Y komupoBancs Obi
onHuUM OaiiToM, To HeoOxoaumbiii 06veM [13Y cocraBun 661 4 16! TlosTomy mist anpecaru [13Y
UCIOJIb3YETCSl TOJNBKO HECKOJBKO CTapIIMX pas3psAloB akKKymyssTopa (as3bl. YcedeHue koaa (asbl
SBIIIETCS BHYTpeHHeW omeparueit DDS u cHapyu HM3MEHHTH HHYEro Henb3s. OTOpachiBaHHe
MJIaammuxX OUTOB MPUBOAUT K BOZHUKHOBEHHUIO OIIMOKK B mpencTaBieHuu ¢asel. Kak ciaencrsue, 310
MPUBOJIUT K TIOSBIICHUIO TMOTPEITHOCTH aMIUIUTYIbl MpU MpeoOpa3oBaHuu ¢a3bl B aMILTUTYIY,
kotopoe nmeetr mecto B DDS. bonee Toro, sTa morpentHocTs SBISETCS MEPUOIUUSCKON, TaK Kak B
3aBHCHMOCTH OT KOJa YacTOTHI Yallle WM PEXKE COCTOSHHUS aKKyMmyJsiTopa (a3sl MOBTOPSIOTCS. B
pe3ynbTaTe B CHEKTPE BBIXOJHOTO CHUTHAJa MOSIBISIOTCS OTIENbHBIE COCTaBISIOLINE, BbI3BAHHBIC
ycedueHneM kona ¢asbl. Ha pacmpenenenue ¢a3 u aMIUIMTYA 3THX COCTABJSIONINX BIHSIOT TPH
(akTopa:

e  Pa3pAAHOCTH aKKyMyJsiTopa (a3l (A OuT)
e  paspsIHOCTH ClioBa (asbl mocie ycedenus (P Our)
e 3HaueHue koja 4yactoThl (T)

[Ipr HEKOTOPBIX 3HAYCHHSAX KOAA YaCTOTHI COCTABIIAIONINE, BBI3BAHHBIC YCEUCHHEM KOZa
(ba3pl, OTCYTCTBYIOT BOBCE, B TO BpeMsl NPU HEKOTOPBIX APYTHX 3HAUYEHUAX KOJA YaCTOTHI 3TU
COCTaBJISIOLIME MUMEIOT MaKCHMallbHbIi ypoBeHb. Korna Benmumna A-P paBHa 4 u Gonee (31O
00bIYHO JuIs peanbHbix DDS), MakcHMalbHBIH YPOBEHb COCTABJISIONINX, BBI3BAHHBIX YCEYCHHEM
Koza (asbl, JOCTATOYHO TOYHO MOXKHO OINpenenuTh Kak - 6.02:P dB. Hanpumep, 32-pazpsansiit DDS
¢ 12-pa3psaHbIM KOJ0M a3kl KMEET MAaKCUMAJILHBIN YPOBEHB 3THUX cocTaBsonux —/2 dB. [puuem
HAMXYJIIIUM SIBIIICTCS ClIydail, Korja HanOonbmui oomui aenutens T u 2(A-P) pasen 2(A-P-1).
Jpyrumu ciioBam#, Korja B OTOpackiBaeMO# 4acTu Koja (a3bl BCerna cTapmuidi OuT paBeH 1, a Bce
octasibHple  Outhl paBHbl 0. Jlpyroil mpemenbHBI ciay4dail COOTBETCTBYET OTCYTCTBHIO
coctapisronux. [Ipu arom Haubombimii oot geaurens T u 2(A-P) nomken 6biTh paBen 2(A-P).
Jlpyrumu cjoBaMH, KOrja B OTOpachiBaeMOM uYacTH Koaa (a3bl Bcerma Bce Hynu. Bce npyrue
3HAYEHHUS KOJA YacTOThI JAIOT MPOMEKYTOUYHBIE YPOBHU COCTABJISIOUINX, BBHI3BAHHBIX YyCEUYEHHEM
Koza (assl.

YacToTHOE pacmpesielieHHe COCTABISIONINX, BBI3BAHHBIX yCEUeHHEM Kona (as3bl, HE MOKET
OBITH TaK MPOCTO MPOAHAIU3UPOBAHO, KaK UX MaKCUMallbHas aMIUIUTya. PaccMaTpuBas Bompoc Ha
Ka4yeCTBEHHOM ypPOBHE, MOXHO CKa3aTh, YTO ycedeHHE (a3bl MPUBOAMT K MOSIBICHUIO OIMIHOKHU (ha3kl,
BEJIMYMHA KOTOPOH MEHseTcs MO0 MWIoo0pasHOMy 3akoHy. CHrHajm OIIMOKH TMOSIBIISETCS B
pe3yabpTaTe oTOpackiBanus OMTOB Kona ¢aspl. [loaTomy a1t TOTO, YTOOBI BRIYUCIHUTH YaCTOTY 3TOTO
CUTHaJa, MOXXHO PacCMOTPETh TOJIBKO Ty YacTh aKKyMyJsiTopa (a3bl, KOTOpasi 0TOpackIBaeTCs MpHU



yceueHuu kKoja (aspl. Pa3psaHOCT 3TOM YacTH akKKyMyJIsTOpa paBHA YHCITY OTOPaCchIBAeMbIX OMTOB
(B), cOOTBETCTBEHHO, OHA CIIOCOOHA BOCIPHUHMMATH TOJBKO MIIAAIIYIO YacTh KOJA YaCTOTHI C
paspsaHocThio B. Torma wactora mumooOpa3HOro CUTHala OomMoOKu OyaeT paBHA FCLK-(ETIZB), TIe
FcLk — gacroTta auckperusanuu, ET — SKBUBajICHTHBIM KOJ YaCTOTHI, MPEACTABICHHBIA 3HAYCHUEM
OTOPOIIICHHBIX OWTOB, €CIU BBIMOJIHHUTH YCEYECHHE MOJIHOTO KoJAa 4acToThl, B — paspsmnocts ET
(xommuecTBO  OTOpOIIEHHBIX OuTOB). IlpM 3TOM HEOOXOAMMO yUYHTHIBATH, YTO YACTOTa
MUWIOO0OPA3HOTO CHTHAJla WM €€ TApMOHUKH MOTYT JIe)KaTh Ha 4acToTax Bbiie Fcik/2, Torma onu
CIOCOOHBI TTONAcTh B pabovyyro 00JIacTh YacTOT B PE3yJIbTaTe 3EPKATBHOTO OTOOPaKCHHS CIIEKTpa
OTHOCHUTENBHO 4acToT N-Fc k.

Ha puc. 9 npuBeneHbl 3aBUCUMOCTH yPOBHSI TOOOYHBIX KOMIIOHEHTOB OT Pa3psJHOCTH KOJAA
¢azer g LAIT pasHoii paspsinHocTd. HeorpaHnueHHO HapamuBaTh pa3psAHOCTh Kojaa (as3bl HET
HEOOXOJMMOCTH €Illeé U IOTOMY, YTO CHMKEHHE YPOBHS HMOOOYHBIX KOMIIOHEHTOB IPOUCXOAUT
TOJIBKO 10 ONIPEIEIICHHOTO 3HAUEHUs, 3aBHUCSILEro OT ypoBHsA IIymMoB KBaHTOoBaHus [[AIl. Ha
MPaKTUKE Pa3psSAHOCTh Koja (a3bl JNODKHA OBITh Ha 2-3 paspsga OoJibllie, YeM pa3psaIHOCTh
npuMmeHeHHoro LAIL
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PaspsigHocTb koga cha3bl, 6uT
Puc. 9. YpoBeHb NO60YHbBIX KOMMOHEHTOB B 3aBUCMMOCTU OT paspsigHOCTU Koaa dhasbl.

Crnenyer OTMETHUTB, UTO CYLIECTBYIOT METO/Ibl YMEHbILICHUs BIMSHUS ycedeHus Konaa ¢assl,
OCHOBaHHBIC Ha J100aBIeHNU K (Da30Boi MH(POpMAIUK TICEBAOCTyYaiiHOTO mIyMa. Takum oOpa3om
yIaeTcs YMEHBIIUTbh SHEPrUI0 COOTBETCTBYIOIIUX IMOOOYHBIX KOMIIOHEHTOB, 3aTO MpPU 3TOM
YBEIIMYMBACTCS OO ITyMOBOH TTOPOT.

daszoBas MOLYJIALUSA

Hekortopsie DDS mMer0OT BO3MOXHOCTh MPUOABIIATE K Koy (a3wl, moctymarmemy Ha [13Y,
HEKOTOPYIO BEIMYMHY, XpaHSNIylocs B creunuanbHoM peructpe. Jlns storo B crpyktype DDS
UMEETCS JOIMOJHUTENIBHBIN TUPPOBOI CyMMAaTop, BKIIIOUEHHBIM MEXKIY HakomuTeneMm (as3el u
anpecHbiMu  Bxoaamu [I3Y. PazpsanHocte »TOro cymmaropa ONpeaensieT pa3psAIHOCTb
ynpasisonero koaa (assl U, Kak cienctsue, (azoBoe paspemenue. Hanpumep, DDS AD9854
nMeet 14-paspsanblii peructp ¢aspl. Ha BTopoit BXxox cymMMaTopa mojaeTcsi Ko MporpaMMHUPOBAHHS
(a3bl, KOTOPBIN XPAHUTCS B CIICUATHHOM peructpe. V3MeHsst CoepKUMOe 3TOr0 PEerucTpa MOKHO
oCyIIecTBIATh (a3zoByto monysiuio. Kak u B ciydae ¢ FSK, ans PSK monymnsiiuun B HEKOTOPBIX



DDS umeeTcs HECKOJIBKO PETUCTPOB (pa3bl, KOTOPhIE MOTYT MEPEKIIOYATHCS JIOTHYECKUM CUTHAJIOM,
oOecrieunBasi BBICOKOCKOPOCTHYIO (pa3oByro Mopmyisanuioo. [lpumepom MoxeT ciyxuth DDS
AD9853.

KpanTtoBanue AMILJIMTYAbI

B mpouecce kBaHTOBaHUSI aMIUTHTYABI BCEra OyJIeT MPUCYTCTBOBAThH OIIMOKA, CBSI3aHHAS C
KOHEUHOU pa3psimHocThi0 mpuMeHeHHoro [[AIl. Ommbka kBaHTOBaHUS MPUBOAMWT K OOOTAIICHUIO
BBIXOJIHOTO CIEKTpPa BBICOKOYACTOTHBIMH IMOOOYHBIMH KOMIOHEHTaMu. [Ipu TOBBIIICHUN
paspsannoctd  I[AIl ommOka KBaHTOBaHUS YMEHBINAETCS, COOTBETCTBEHHO YMEHBIIIAIOTCS
aMIUTUTYABl CBSI3aHHBIX C 3TOW OIMOKON MoOO4HBIX kommoHeHTOB. Ha puc. 10 mokazan cmektp
BBIXOJTHOTO CUTHaA Js 4-paspsigHoro u 8-paspsigaoro LIAIL
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a) OTHOCUTENnbHaA YacToTa 6) OTHOCUTENbHaA 4YacToTa
Puc. 10. CnekTp 4-6utHoro (a) n 8-6utHoro (6) LIAIT.

B umpeanbHOM BapHaHTE OTCUETHI JIOJDKHBI MMETh HEOTPAaHHMUEHHYIO DPa3psAHOCTb, HO Ha
MpakTuKe mpoucxoaut ux ycedeHue g0 10 — 16 Our. KoHkpeTHOe 3HAaYe€HHWE 3aBUCHUT OT
npumensiemoro L[AII, Ho game Bcero OpicTpoaeiicTByromue LIAIT umerot pazpsaHocTs He Bblme 12
our.

Ecan ucnonb3yercs nonnas mkana L{AIl, To oTHOLIEHHE MOIIHOCTH CHTHAJla Ha BBIXOJIE K
MOIITHOCTH IITyMOB KBaHTOBaHUs paBHO 1.76+6.02:N dB, rae N — xomuuectBo paspsaaos LIAIL. Dto
COOTHOIIICHHE OMPECIISICT, KAKOE MAaKCUMAJIbHOE OTHOIICHHE CUTHAJI/IIYM MOXKET OBITh JOCTUTHYTO
st KoHkpetHoro [[AIl, omHako OHO HE TIPEeACTaBISIET HUKAKOH MH(POPMAIIMK O CIIEKTPE TOOOYHBIX
KOMIIOHEHTOB WJIM O MakCUMajbHOM ammuutyne. Hampuwmep, 8-paspsmusiii LAII umeer
MakCHUMallbHOE OoTHOIIeHHEe curHan/mym 49.92 dB.

Baxmuo OTMCTUTD, YTO MMPUBCACHHOC BBHIIIC COOTHOHMICHUC CIPABCIJIMBO TOJILKO IJIA Cirydasd,
Korga wucnosnb3dyercss mnonHas mkana [[AIL. Ilpu ymeHblIeHMM YpPOBHS BBIXOJHOTO CHUTHAJIA
MOIITHOCTh HIYMOB KBAHTOBAHUSA HC MCHSACTCA. HpI/I 3TOM OTHOLICHHUEC CI/IFHaJI/HIYM yXyamaceTcsa
MPONOPIIMOHATBHO YMEHBIIICHUIO UCTIONb3yeMol yacTu mkaibl [{AIL.

[epennckperusanus

VYBenu4yeHue YacToThl AMCKPETH3alMM B N pa3 MO CPaBHEHHIO C YJABOCHHOW YacTOTOM
BEpXHEH TpaHMIbI paboyero JuanazoHa Ha3bIBalOT N-KpaTHOW mepeauckpernsanueil. OCHOBHBIM
IIOJIE3HBIM CBOMCTBOM INEPEAUCKPETU3ALMU SIBISIETCS YMEHBIICHHE YPOBHS LIYMOB KBaHTOBAaHW,



MPHUBEJICHHOTO K paboueil momoce yactoT. Puc. 11 nemoHcTpupyeT, Kak mNepeaucKpeTu3anus
yJIydIiaeT OTHOIIEHHE CUTHAI/IIyM. Y POBEHb IIIYMOB KBAHTOBAHHUS 3aBHCHUT OT paspsaHocTu LIAITI,
Ha PUCYHKE 3TOT YPOBEHb MOKA3aH 3alITPUXOBAHHOM IJIOMIAIbI0. B ciydae nepeauckperusaiuu 3ta
oua1b octaercs Toi xe. OHaKko Ha pabouylo MOJIOCY YacTOT Tereph MPUXOJUTCS MEHbIIAs 4acTh
BaIHTpHXOBaHHOﬁ rmjiaonrazay, 4To 03Ha4acT yJIyUlICHUC OTHOIICHU A CI/IFHELH/H_IYM.

Amnnutypa A

Pa6ouvas nonoca

LLlym KkBaHT OBaHMs
- YacToTa

Be3 nepeauckpeTusaumm Es/2 Fs
Amnnutyaa A OFI,VIHaKOBbIe nnowagu
Pa6ouvas nonoca
7
LLiym KBaII'ITOBaHVlﬂ ! P YacTtoTa
MepeAvckpeTnsauus FSos/2 FSos

Puc. 11. BnnaHue nepeguckpetmsaumm.

Kpome Toro, mepeauckpernsanus Mo3BOJsAET U30aBUTHCA OT MOOOYHBIX KOMIIOHEHTOB N-TO
nopsizika, ecnu Fok > (N + 1) Fuyax, rae N — mopsaok modoYHOro KOMIOHEHTa, a Fyax — BEpXHss
TpaHMIIA WHTEPECYIOIIETO YacTOTHOTO Juara3oHa. BMecte ¢ KOMIOHEHTOM N-ro Topsjaka OymyT
MOJABIISATECS. U BCE KOMIIOHEHTHI 0O0Jiee HU3KUX MOpPSAKOB. Jpyrumu cioBamu, 4yeM OOJbIIe
ornomenne Fc k/Fout, TeM msarde tpeboanus k ®HY u Tem nydinyro CIEeKTPaabHYIO YHUCTOTY
MOKHO TIOJTYYUTb.

B cucremax, rme wacrora JUCKpeTH3alMM LU(POBOrO IMOTOKA YK€ 3agaHa, s
OCYILIECTBIICHHUS] TEPEAUCKPETU3AalMN HYKEH CHEelMalbHbIM HHTeprnonupyoumid ¢Quiastp. Tax
MOCTYMAIOT, HAapUMep, B NPOUrpbIBaTeNssX KoMnakT-nuckoB. [lna DDS wacroty auckperusanuu
MO>KHO BBIOMpPATh CBOOOHO, IO3TOMY MOXHO CKa3aTh, 4To uist DDS nepeanckpernusanus HUUETo He
CTOMT, UCKIIIOUasi, KOHEYHO, Cy’KE€HHE paboUeil MoJ0Chl YacToT.

AMIUTUTY/AHASI U KBAJpaTypHasi MOAYJISLUS

Jlnig ocymiecTBIEHUS] aMIUTUTYJHOW MoIynsuuu HekoTtopble DDS umeroT B cBoeM cocTaBe
U(pPOBON YMHOXKHUTENb, KOTOpbIi BKItoueH mexay [13Y u LIAIL. Ha omuH BXOZ yMHOXHUTEIs
noctynaroT orcuetsl U3 [I3Y, a Ha Apyroil — KoA aMIIUTYAbl U3 CIENHATBHOTO peructpa. MeHss
COJIEPKUMOE 3TOTO PETUCTPAa MOXKHO OCYLIECTBIIATH aMIUIMTYIHYIO MOZAYJsuuio. PaspsaHocTs
perucTpa aMIuuTyasl 00brdHa paBHa pazpsiaHocty LAIL [Ipumepom takoro DDS MOXeT CIyUTh
AD9854.

DDS AD7008 umeer BO3MOXKHOCTh KBaJApaTypHOW MOIYJISIIUH. JIJIsT 5TOr0 BMECTO OJIHOTO
[13Y umerotcst nBa, ¢ Tadbauuamu SN 1 COS. AipecHble BXoabl 3THX [13Y coenuHeHbl napauieibHo.
A BBIXOJIHBIE KOJbI MOCTYNAIOT HA JIBA pa3HbIX yMHOXuUTeNd. Koabl najgee cyMMUPYIOTCS U TOJIBKO
noroMm noctynaioT Ha LIAIL Jlnsg ynpaBineHHss yMHOKHUTEISIMA UMEIOTCS 1BA PETHCTPa, KOTOPbIE U
3a/Ial0T aMIUTATYy KOMIOHEHTOB | 1 Q.

Hekotopeie DDS wumeror B cBoem coctaBe aomnonHuTenbHbI [[AIl, BBIXOMHOW CUTHAN
KOTOPOT'0 HAaXOIUTCS B KBaJpaType C BBIXOJHBIM CHrHaiioM ocHoBHOro I[AII (T.e. peann3oBaHbI
BBIXOJIBI SIN U COS). ['eHepupyeMble CUTHAIBI OyAyT MMETh NPEIU3UOHHO 3aJaHHBIA CIBUT (a3



(omOka He npessiraet 0.01 rpangyca), yacroty u ammuutyy. MHoraa stor gomonuutenbHbiid [ATT

MOXKHO HCIIOJIb30BaTh Kak MPOrPAMMHO-YIPABISIEMbId JUIS Pa3IM4HbIX Iiejed (Hampumep, Y
AD9854).

BecoBasi pynkuus

B Teopum, NHUCKpETU3WPOBAHHBIN MO BPEMEHH M KBAHTOBAHHBIA MO AMILTUTYJE CHUTHAI
MPECTABISETCS MOCIIEIOBATEIbHOCTRIO HUMITYJIECOB JIMpaka OECKOHEYHO OOJBIION aMIUTHTYIBI U
OECKOHEYHO Maol IUTENBHOCTH, IUIOMIa[b KOTOPBIX KOHEYHA. DTa IJIOM@AAbh U ONpeAeseT
3HAYCHUs1 OTCYeTOB. Ha TpakTHUKE TONy4YEeHHE TIOCIIEAOBATEILHOCTH HMMITYyJIbcOoB  Jlupaka
HEBO3MOJXKHO, a TIPEICTABJICHNE CUTHAJIA C TIOMOIIBIO PEATbHBIX UMITYJIBCOB MPUBOIAUT K MOTYJISIIAN
cnekrpa ¢yuknuei Sinc(n-e-Fout/FeLk), rae € - koaddunueHt npeodbpazoBanus GOPMbBI UMITYJIbCA
Jlupaka B peanbHbIi UMIYJIbC TOM K€ IMJIOIIAAH, HO ¢ JmuTenbHocThio &/Fc k. Ha Bbixome LIATT
KOKIBIA OTCYET YIEP>KUBACTCS B TEYCHHUU BCETO MEpPHOJa TUCKPETU3AIMH, TIOITOMY ISl JAaHHOTO
cinydast € = 1 u BecoBas pyukuus umeet B SINC(n-Fout/FeLk). Crektp Boixoanoro curnama DDS
OKa3bIBaeTCsI MOIYIUpOBaHHBIM (puc. 12). JIist mpuMepa Ha PUCYHKE MOKa3aH BBIXOJHOU CIIEKTP
DDS, takroBas wactota kotoporo pasHa 100 MI'n, a Beixognas yactora — 24 MI'u. B pesynbrate
netictBust BecoBorl ¢ynkimun AUYX DDS ucneiteiBaeT cnaa B auanasone oT 0 go 1/2-Fcix Ha 3.92
dB. Hekotopbie Tunbl DDS MMeOT BCTPOSHHYO KOPPEKIIHIO BECOBOW ()YHKIIUH, TaK Ha3bIBAEMBIN
Inverse Sinc Filter. Dtot duneTp Brimtouaercs mexay [13Y u IAIL. On obecrieunBaeT MOCTOSHHYO

aMIuTUTyly curHaga ¢ TogHocThio jayuine +0.1 dB na Beixoge DDS mo wacrorer 0.45-Fcik.
[Tpumepom moryT ciyxuth DDS AD9852, AD9854, AD9856.

A
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Orubatowan cnekTpa Buaa sin(x)/x
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Puc. 12. No6o4Hble KOMNOHEHTHI M ormbatoLas BeixogHoro cnekrpa DDS.

CrnekTpajbHasi YMCTOTA BBIXOHOT0 curnajga DDS

B pe3ynbTaTe QUCKpeTH3aIK CUTHANIA B €0 CIEKTPE MOSIBISIFOTCS MOOOYHBIE KOMITOHEHTHI,
KOTOpBIE JIexkaT Ha yactoTax N-Fck £ Four, roe FeLk — wacrora auckperusanuu, Fout — BeIXOaHAS
9yacToTa, N — 1enoe yuciao (puc. 12). AMIIMTYIBI 3THX KOMIIOHEHTOB OYIyT MPOMOIYIHPOBAHBI
BecoBoit pynkmumein. Hampumep, ipu Foyt = 0.33-F¢k 1- mOOOUYHBII KOMITOHEHT HMEET aMILUTHTYY
Bcero Ha 3 0B MeHbINy0, YeM aMILIMTyla OCHOBHOTO KOMIIOHEHTa. JTO OYEHb BBHICOKOE 3HAYCHHE,
MO3TOMY TIpU MPOCeKTUpoBaHUU cructeM ¢ DDS HykHO 00s13aTEIbHO YYUTHIBATH BIUSHUE MTOOOYHBIX



KOMMOHEHTOB. ClieayeT 3aMeTUTh, YTO Ha YacToTax N-Fcik BecoBas (GpyHKIMS MPUHUMAET HYJIEBbIC
3HAYEHHUS.

Eciu momnbITaThCsl BBIXOHON 4acTOTOM MPEBBICUTH 3HaueHue 1/2:-Fcik, To 1-i mMemarommii
KoMmroHeHT momaaeT B monocy 0..1/2-Fcik u oH yxe He MoxkeT ObITh ordumisTpoBan ®HY ¢
yacToToit cpe3a 1/2-Fc k.

PaccmoTpeHHbIe BbIIe MOOOYHBIE KOMIIOHCHTBI SIBIISIIOTCS CIICICTBUEM JHCKPETH3AIMU
CHTHaJa M UMCIOTCS JaKe B HJIeallbHOM citydae. Ha mpakTuke criektp BbIxoaHoro curHama DDS
OoJee CIOXHBIA, OH MMEET M JPyTrdue MOOOYHBIE KOMIIOHEHTHI. VX Hanuuue CBsI3aHO C OIMIMOKOM
KBAaHTOBAHUS ¥ C Pa3IMYHBIMHU HEHJICAIbHOCTSIMH, B YaCTHOCTH, ¢ HaimureM y LIAlla unTerpanpHoii
n auddepeHnuaaTbHO  HEIMHEWHOCTH, BBIOPOCOB, a Takke C IIyMOM, KOTOpPBIH CBs3aH C
NPOHUKHOBEHHEM Ha BBIXOJl TAKTOBOM YacCTOTHI M KOTOPBIM HE CHaJaeT Mo 3akoHy SINC(X). Dtu
AHOMAJTH TIPOSIBIIIIOTCSL B BUJIC MOSIBJICHHSI B BBIXOJHOM CIHEKTPE FapMOHHK BBIXOJHOW YacTOTHI H
APYTHX TOOOYHBIX KOMHOHEHTOB (puc. 13). OOBIYHO 3TH KOMIIOHEHTHI HMMEIOT 3HAYHTEIHHO
MEHBIIYIO aMIUTUTY Ty 110 CPAaBHEHHIO C OCHOBHBIM CHI'HAJIOM.

AmMmnnutypa

1
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Puc. 13. JononHuTenbHble NO60YHbIE KOMMOHEHTbI Kak pesynbTat HenuHenHoctu LIATT.

KagectBo BhIxOAHOTO curtana DDS 3aBucut o MHOTUX (pakTOPOB, TAaKMX Kak (pa30BbIA HIyM
TAKTOBOT'O CHTHAJA, KOJHUYECTBO Pa3psaaoB aapeca TaOaumbl Sin (T.e. oT yceueHus kKoma (asbl),
paspspHocti [[Alla (ycedenus koma amrmumatyndbl). Jpyrue xapakrepuctuka [[Alla, a Takke
napameTpsl pUIbTPa, pPa3BOAKa MEYATHOM IUIAThl TOXKE BIUSAIOT Ha KA4eCTBO BBIXOJHOIO CUTHAIA.
OcobenHo BaxkHBIMH Xxapakrepuctukamu L[Alla sBistoTcs JMHEHHOCTH W JHEPrUs BHIOPOCOB.
Berpoennsrit 8 DDS I[AIl umeer 3aBeoMO XOpoIlM€ Ha3BaHHBIE XapaKTEPUCTHUKH, a BOT MPH
BbIOOpe BHemHero LIAII cnenyert ynenars UM MOBBIIIEHHOE BHUMaHHUE.

Hamuune nenuueirinoctn y LIAIl npuBOAMT K MOSIBIEHHIO B CHEKTPE BBIXOIHOIO CUTHaja
TFapMOHMK OCHOBHOM 4YacTOThl. VX ypoBeHb 3aBHCUT OT BelIMYMHbl HenuHelHoctu IIAITL
Heo06xoaumMo OTMETHTH, YTO T€ TapPMOHHKH, KOTOPBIE HMEIOT dacToTy Ooibime 1/2Fcik, mMoryr
momact B paboumii JMana3oH 4YacTOT B pe3yJbTaTe 3epKajlbHOIO OTOOpaKeHUs CIEKTpa
OTHOCHUTENBHO 4YacToT N-Fcik. Ecom mgmanmazon wactor or 0 mo 1/2Fcik HasBare 1-i1 30HOU
HaiikBucta, ot 1/2Fcik mo Fcik — 2-it 30HOW ¥ T.1., TO MOXHO CKa3aTh, YTO BCE TapMOHHUKH,
rmonajaroniue B HeYeTHbIe 30HbI HaiikBucTa, OyayT 3epKaJlbHO OTOOpakeHbl B 1-10 30HY, T.e. B
pabouwnii Tuana3oH 4acToT.

Eme omHUM HCTOYHWUKOM MOOOYHBIX KOMIOHEHTOB siBisieTcss Hamuuue y LIAIT BeIOpocOB,
KOTOpbIE MMEIOT BHJI 3aTyXaloIIUX KoJIeOaHWH MPHU CKaykax BBIXOJHOro curHana. HeoannakoBoe
Bpems HapacTanus U crana y L{AIT Toxxe siBiisieTcsl IPUUYMHOM MOSABJICHUS TAPMOHUK.



CnekrpanbHasi yucToTa BhIxoJHOro curuaia DDS B y3koi mosioce yactor (0ObraHO Oepercs
[IIMPHHA TT0JI0CHI MeHee 1% TaKTOBOM 4acTOTHI), IO IIEHTPY KOTOPO# JICKUT BBIXOAHOM curaain DDS,
B OCHOBHOM 3aBHCHUT OT KauecTBa TaKTOBOTO CHUTHalla. B MeHbIIEW CTENeHW OHa 3aBUCHT OT
ycedyeHust koaa ¢aspl. Ecnu TakToBBIN curHa) uMeet JukuTTep, To DDS Oyner TaktupoBaThcst HE B
PaBHOOTCTOSIIUE TMPOMEKYTKH BpPEMEHHW, YTO MPUBOAUT K Pa3MBIBAHUIO CIIEKTPA BBIXOJHOTO
cur”ayia. 9To oco0eHHO 3aMeTHO, Korna DDS raktupyercs cxemoit PLL.

OHY

Jlnst  ycTpaHeHHsT TMOOOYHBIX KOMIIOHEHTOB Ha Bbixoge DDS  wucnonp3yercs ®OHY
(Antialiasing Filter). Mneanpubiii GuabTp 10KEH MMETh SAMHUYHBIN KO3()QHUIIMEHT mepeaayu Ha
gactotax oT 0 g0 yactorsl HaiikBucTa, u HysneBol KO3(QQUIMEHT Meperayd Ha JPYTUX 4acToTax
(puc. 14a). OmHako peanu30BaTh TaKOW (UIBTP HA MPAKTHKE HEBO3MOXKHO. PeanbHblil GuibTp B
JydIlieM clly4ae MOXKET UMETh OTHOCHTENBHO MIockyto AUX mo gactotsl He O6omee 90% yacToThl
HaiikBucra, cnaj KOHEYHOW KPYTH3HBI BIUIOTH IO 4acTOThl 1/2Fc k M KOHEYHOE 3aTyxaHue JJis
yactor Beimie 1/2Fc k (puc. 146). Ilpu 3TOM, K COKaJICHHIO, MPUXOJUTCS KEPTBOBATH YaCTHIO
paboueit monocel yactor. ®HY sBisieTcss OJHUM W3 CaMbIX KPUTHYHBIX 3JIEMEHTOB CUCTEMBI C
ucnonb3zoBanuem DDS. CymectByeT MHOTO paznmuunbix BugoB @HY.
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Puc. 14. WpeanbHbih (@) 1 peanbHbin (6) PHY.

HaumbGonee d9acto wHCIONB3yrOTCST (QUIBTPBI JIBYX CEMEHCTB: cemelicTBa UYeOblmeBa u
I"ayccoBckoro cemerictBa. CemeiicTBo UeObimieBa conep:kut 4 nmoarumna GuibTPOB:

e ¢unbtp barrepBopra: AUX NHOJMHOCTHIO MOHOTOHHA, Kosebanus AUX OTCyTCTBYIOT, cnan

AYX gocTaToYHO INTAaBHEIN

¢unsTp YeObrmera: AUX MOHOTOHHA B TMOJIOCE 3arPaKJICHHUs, a B TIOJIOCE MPOMYCKaHUs OHA
UMeeT KoJleOaHusl, MpUUeM, 4eM Kpyue Craj, TeM OOJbIIe aMILTUTY/ 1A KoJIeOaH it



e wuHBepcHBIH (uibTp uyeObieBa: AUX MOHOTOHHA B IOJIOCE MPOIYCKAaHUS, a B IOJIOCE
3arpakJIeHusl OHAa WMeeT KoJjeOaHUs, MpUYeM, 4eM Kpyue cmaj, TeM OoJblie aMIUTUTYAa
KoJIeOaHuii

e umnrudeckuit puapTp: AUX nMeet koaeOaHMs Kak B I10JIOCE MPOIYCKaHUs, TaK U B MOJIOCE
3arpaxkaeHus, 3ato cnag AUYX y atoro gpuiibTpa caMmblii KpyToi

["ayccoBckoe ceMeicTBO colepKUT 3 MoATuna (pUiIbTPoOB:

e ¢unbtp laycca: AUX umeer ¢opmy, MakCUMalbHO NPHOMMKEHHYIO K KpuBoil ['aycca,
OTHOCUTENBHO JuHEHHas PYUX, OTHOCUTENBHO MOCTOSIHHAS TPYIIIOBAs 3aJIepKKa

e ¢unbTp beccens: AUX ontumusznpoBaHa sl OJIYYSHUS TOCTOSTHHOM TPYNIIOBON 3aCPIKKH,
MpaKTUYeCKH JuHernHas PYX

e (GuIBTp C OrpaHUYCHHBIMU KOJEOAHMSAMU TPYNIOBOM 3aJEP)KKHU. KOJNEOaHUS TpyNIOBOU
3aJI€P>KKU HE MPEBBIIIAIOT YCTAHOBJICHHOW BETUYUHBI, OTHOCUTEIBHO JMHEHHAass PYX

@unbTpsl ['ayccOBCKOro ceMencTBa HMMEIOT HEBBICOKYIO KpyTusHy cmnaza AYX, 3aro
IpyMnIoBas 3aiepKKa cj1ado 3aBUCUT OT YacTOThI. DTH (PUIBTPBI IPUMEHSIOTCA B TEX CIIy4asx, Korjaa
TpeOyercss paboTaTh C HIMPOKOIOJOCHBIMU CHTHajmamMH. B kadecTBe BBIXOAHBIX (uiabTpoB DDS
Ooubiie moaXoAsT GUIBTPHI ceMeiicTBa YeOrlmieBa.

Hcnonb3oBanne DDS B kauecTBe TAKTOBOI0 reHepaTopa

K TtakrtoBoMy reHepaTopy OOBIYHO MPEIBSBISIOTCS CIEAYIONIME TPEOOBAHUS: BBIXOIHOU
CUTHAJI JOJDKEH HMMETh CTA0MJIbHYIO M TOYHYI YacTOTY, HNOCTOSHHYIO CKBa)KHOCTh M Majbli
mxkutTep. Bee 3T kadecTBa JIErKO COYETAlOTCA y TE€HepaTtopa, paboTarollero Ha OJHOM 4YacToTe,
HarnpumMmep, y KBapleBoro reneparopa. CuTyanus yCaoXKHsIETCs, €ClIU HyXKeH reHepaTop, CoCOOHBIN
o0ecrieunBaTh pa3HbIe BBIXOIHBIE YacCTOTH. B 3TOM ciydae ynoOHO ucnonb3oBath DDS, BBHIY ero
YHHUKAJIbHON CIIOCOOHOCTH K NEPECTPOMKe 10 YacToTe.

Ecmu Ha Beixoq LIAIT DDS noakmoYuTh KOMIapaTop, TO Ha €ro BBIXOAE IMOyYUTCS] MEAHP
¢ BeIxogHON yactoToii DDS. Onnako 3ToT MeaHap OyneT UMeTh JUKUTTEp, JOCTUTAIOLIMKA OZHOTO
nepuona onopHoit wactorel DDS. TlpuunHa mkuTTepa — HANIWYHE B CHEKTPE BBHIXOJHOTO CUTHANA
MHO€CTBa NOOOYHBIX KOMIIOHEHTOB. Takoi JPKUTTep HElTpreMiIeM i OOJIbIIMHCTBA IPUMEHEHUH.

MoxeT TmoKa3aTbCsl HEJIOTMYHBIM JIISl TIONYYEeHHS MeEaHapa OCYIIECTBIATh IU(PO-
aHaJoroBoe mpeoOpa3oBaHME, a 3aTeM MPUMEHATh Kommaparop. J(eHCTBUTENbHO, MOXHO Cpasy
UCToNb30BaTh crapmuii paspsn koma LIAIL YV wexoropeix DDS, manpumep y Tex, KOTOpbIe
ucnonb3ytoT BHemHuil [{AIl, ator curnan nocrynen. OH npeacTaBiseT coOOH MeaHJp ¢ YacTOTOH
BbIXotHOTO curHaina DDS, Ho mxuTTep OyneT TakuM ke, Kak ¥ B IEPBOM CITydae.

YMEHBIINTE JPKUTTEP MOKHO IOBBIIIEHUEM TaKTOBOM 4acTOThL. Ellle [KUTTEp 3aBUCUT OT
3HAYEHMsI 3aIIPOrPAMMUPOBAHHON BBIXOJHOM 4acTOThI. ECiIM BBIXOJIHAs 4acTOTa B LIEJI0€ YUCIIO pa3
MEHBbIIE TaKTOBOW YaCTOTHI, TO J)KATTEP YMEHBINAETCS O 3HAYCHMsI, ONPEAEIAEMOro JHKUTTEPOM
TaKTOBOW YaCTOTBHI.

JIJ1st TOJTyYeHUs] TAKTOBOTO CHTHAJIA C HU3KHM DKHTTEPOM [UIS JIF0OOH BBIXOJHOM 4acTOTHI
TpeOyeTcss NPOMEXKYTOYHOE MpeoOpa3oBaHUE CHUTHANa B aHAJIOTOBbIA (CHMHYCOWIAJBHBIN) C
noclneayrolieil GpuibTpamnuei 1 npeodpa3oBaHUEM B MEAHJP C MOMOIIBI0 KoMnaparopa (mociaeqHuit
rpaduk Ha puc. 7). AnanoroBbiii ®HY (wiu mosnocoBoit GUIIbTp) yAaiseT U3 BBIXOJAHOTO CHI'HAjA
n00OYHbIe KOMIOHEHTHI. [loaBasi Ha aHAJOrOBbI KOMIAPATOpP YHCTBIH CHHYC, MOXHO IOIYYHTb
MEaHIp C JUKHTTEPOM IMOPsIKa HECKOJIbKMX COTEH MUKOCeKYHA. JlanpHeiimas QuibTpaius yxe He
YAY4IIAT Pe3yNIbTaT U [DKUTTEP OCTAHETCS Ha YPOBHE, OmpejessieMoM KommaparopoM. Hekotopbie



unterpaibipiec DDS  (wampumep, AD9854) crnenmanbHO Ui 3TOW IIETM HUMEIOT BCTPOCHHBIN
KOMITapaTop ¢ HU3KUM COOCTBEHHBIM JDKUTTEPOM, He npesbiatonum 80 ric.

HCOGXOI[I/IMO OTMCTUTD, YTO MNOJYYUTb OTHOCUTCIIbHO HU3KHUC YaCTOThI C MAJIBIM JKUTTCPOM
ropaso TpyaHee, MOCKOJIbKY Ha TaKUX YacTOTaX CKOPOCTh HApPACTaHWS BBIXOAHOrO curHama DDS
HAMHOTO MEHBIIE. DTO IMPUBOJAUT K MOABJICHUIO HA BBIXOAC KOMIIApaTOpa 3HAYUTCIBHOI'O JPKUTTCPA.
Hanpumep, npakTuueckun HEBO3MOKHO Ha yactore 1 kI momyuwurts mkutrrep Mmenbiie 10 Hc.
[TosTomy nyumie ¢ nomoribto DDS moiy4uTh JOCTaTOYHO BBICOKYIO 4acTOTy (HE MEHee eIWHHIL
Merarepir), Ha KOTOPO# M JO0JKEH paboTaTh KOMIApaTrop. 3aTeM 3Ty 4acTOTY HYXKHO MOJCIUTH 110
TpeOyeMoro 3HaUCHUSI.

Cnoco0bI NOBLIICHHUA MAKCHMAJIbLHON BLIX0AHOM YacToThl DDS

OnnuM w3 Hamboyiee CYIIECTBEHHBIX OTpaHMYeHMH Tpu wucnoib3oBanun DDS B
pazuoyacTOTHBIX MPUIIOKEHHUAX SBJSIETCA HEAOCTaTOYHAs MAaKCHUMajbHas BBIXOAHAs 4YacToOTa,
KOoTOpas He npesbimaet 45% takToBoil yacTtoThl. CymecTByeT MHOTO pa3IMYHBIX CIIOCOOOB 00X0/a
3TOro orpaHuueHus. HekoTopele n3 HUX ONUCAHbI HUXKE.

Hcnoab3oBanue MO00YHLIX KOMIIOHEHTOB

OrpannyeHre Ha MaKCUMAJIbHYIO BBIXOJHYIO YaCTOTY MOXKHO OOOWTH, MCIIOJIB3ysl OJUH U3
MOOOYHBIX KOMIIOHEHTOB BbIXOAHOTO criekTpa DDS. Jlist 3Toro ero Hy’>KHO BBIAEIHTH C MOMOIIBIO
mosiocoBoro GuibTpa. [lo00uHBIE KOMIOHEHTB UMEIOT Y4acTOThl Friopoyn. = N-Fcik £ Four, Tme N =
1, 2, 3 u 1.4. (puc. 15). KOMIOHEHTBI CO 3HAKOM «MHHYC» BEAyT ceOs 0OpaTHBIM 00pa3oM TI0
OTHOIIICHHIO K OCHOBHOW 4YacToTe (M K KOMIIOHEHTaM CO 3HaKoM «Iuioc»). [lpu yBenmmueHun
BbIXOJIHOH yacToThl DDS 3T KOMIOHEHTHI MepeMeIiarTesl Mo 4acToTe BHU3 U HaoOopoT. To xe
POUCXOIUT U ¢ (pa3oit. Takast cuTyanus Ha3pIBACTCsI HHBEPCUEH CIIEKTpA.

Orubatowasn cnektpa Buaa sin(x)/x

A4 X nonocoBoro chunbpa

Few- Four Fext FOUV

AmMmnnutyga

2FCLK - FOUT

24 76 100 124 176
0 YacroTta, MINy,

Puc. 15. Ucnonb3oBaHue NoOo4YHbIX KOMNOHEHTOB BbIXoAHOTO cnekTpa DDS.

HyxHo cnenare psn 3aMedyaHuif, KOTOpbleé HEOOXOJUMO YUMTBHIBATH IPU MCIOJIb30BaHUU
nob6ouHslx kommnoHeHToB DDS. Bo-mepBrix, BeIOpockl u HenmmHeHHOCTH L[AIl MoryT sBUTBCS
NPUYMHON TOSIBIEHUS JIOTOJIHUTENbHBIX MOOOYHBIX KOMIIOHEHTOB, KOTOpbIE MOTYT IIONAacTh B
WHTEPECYIOINIA YaCTOTHBIN Iuana3oH. Bo-BTopsIxX, orubaromnias cnekTpa BBIXOAHOTO curaana DDS



Buga SINC(X) BBI3BIBACT YMEHBIICHHE AMIUIMTYbl MOOOYHBIX KOMIIOHCHTOB IO CPaBHEHHUIO C
OCHOBHOHM BBIXOJHOW YacTOTOW. B pesynbrare OTHOIIEHHE CUTHAI/IIYM TP HCIOJIB30BAHUU
MOOOYHBIX KOMIIOHEHTOB OyJIeT XyXke. DTO MOXXHO B HEKOTOPOW Mepe HCIPaBUTh MPUMEHEHUEM
BbIcOKOKauecTBeHHOro [IAIl wim wucnonb3oBaHMEM CHEUUANbHBIX MPUEMOB Ui TOAABIICHUS
BbIOpPOCOB. Ba)kHO OTMETUTH, YTO (ha30BBIN IIyM Ui TOOOYHOIO KOMITIOHEHTA OCTAETCSl TAKUM Ke€,
KaK U JJI1 OCHOBHOI'O BBIXOJHOTO curHaia. OJIHUM U3 BUAOB NMPUMEHEHHH, 11 KOTOPBIX XOPOLIO
MOAXOTUT WCIOJIh30BAaHUE TOOOYHBIX KOMIIOHEHTOB, SBIISIETCS TETEPOAMH B Y3KOMOJOCHBIX
cucteMax. Jlyis BeIIENEHUST HY)KHOTO KOMIIOHEHTa 4acTOTHRIX nuama3zoHoB UHF u VHF nonxomst
[TAB-unsTpbl, OgHaKO, BHOCHMBIE WMH TIOTEPHU, BO3MOXHO, TOTPEOYIOT TPUMEHEHUS
nonoaHuTeNbHOrO yeunutenss BU. B ciydae, ecnm Tpebyercsl mepecTpoiika MO 4YacToTe, HYXKHO
OUYeHb BHUMATEIHLHO IMPOAHATM3UPOBATh BBIXOMHOU crekTp DDS, Tak kak Ha OIHOW W3 4acTOT
HACTPOMKHU B MOJIOCY MPOIMYyCKaHUs QUIBTPa MOTYT MOMACTh Cpa3y HECKOJIBKO KOMIIOHEHTOB.

Takum oOpazom, pabotas 3a mpenenamu 4actoTbl HailkBuCTa, MOXXKHO Cpa3zy MHOJIYYHTb
HEOOXOIMMBIC YacTOTHI, CIKOHOMHB JIOPOTOCTOSIIUE BBICOKOYACTOTHBIE CXEMBI (TeTepovH,
cMmecutenb, (uibTp). [IpakTHYecKd MOXKHO HCIIOJIb30BaTh TOJNBKO 3 - 4 TEpBBIX MOOOYHBIX
KOMIIOHEHTa, TaK KakK Jajblle WX aMIUTUTyJa IMaJaeT M OTHOLICHHE CUTHAI/IIYM CTaHOBHTCS
HEYIOBJICTBOPUTEIILHBIM.

I'uopuanbii PLL/DDS cunre3arop (DDS-Driven PLL)

B mHacTosmiee BpeMs Tpu KOHCTPYHUPOBAHUHM CHUHTE3aTOPOB YACTOTHI HMHXKEHEP MOKET
BeIOMpath Mexay DDS wu PLL. Tem He meHee, 4acTo TakoWd BBIOOp HEBO3MOXXHO CIeiaTh
OoIHO3HAYHO. YacTo pa3pabOTYMKy MPHUXOAUTCS HCKATh KOMIPOMHUCC WIH pa3padaThiBaTh
JOTIOJTHUTEIBHBIE CXEMBI, KOTOPBIC JIOJDKHBI KOMIICHCHUPOBATh HEAOCTATKHM OJHOW W3 OTUX
TEXHOJIOTHH.

Hammy4mmM pemieHHeM B 3TOH CHTyalliM MOXET OKAas3aThCsl IOCTPOCHHE THOPHUIHOTO
PLL/DDS cunTe3atopa, KOTOPbIH MO3BOJIAET MOAYYUTh HAWITYUIIHE MAPaMETPbl B CMBICIIE MOJIOCHI
9acTOT, pa3peuieHus, CKOPOCTH TIEPECTPONKH, YHCTOTHI BBIXOJHOTO CIIEKTpa W MPOCTOTHI
CXEMOTEXHUYECKOH pean3aliiy.

Ouenp Manblii mar mepectpoiiku 4actotel y DDS co3maer xopomme Npearnochulku s
cozmanust rubpuanoro PLL/DDS cuntesaropa. B PLL cuHTe3atope omopHas yactoTra 1Mo CyTH
ymuoxkaercst Ha K = M/N, roe M — koaddunmenT nenenus Beixoanoi yactotsl (vactotel VCO), N —
KO3 PULIMEHT JeneHusl onopHoi yactoTsl. Eciau BMecTto onopHoit yactotel uist PLL cunte3aropa
UCIIOJIb30BaTh BBIXOHYIO yacTtoTy DDS cuntesaropa (puc. 16), To OyJaeT yMHOKEHO KakK 3HAUYCHHE
caMOl 4acTOThI, TaK M 1ara ee nepectpoiiku. Oanako mar nepecrpoiiku y DDS umeer crons manoe
3HA4YCHUE, YTO PE3yJbTUPYIONIMK Iar Bce emle OyAeT OCcTaBaThCsl OYSHb MallbiM. B TO e Bpems,
JIMara3oH BBIXOAHBIX YaCTOT OCTAaHEeTCs TUMMYHBIM A7 PLL, uTo cocTaBisieT Ha ceroHsl HECKOJIBKO
rurarepu. KomOunupyst mepectpoiiky DDS u PLL cuHTEe3aTOpOB, MOXHO TEPEKpPHITH OYEHb
IIMPOKMHA JMana3oH 4acToT, B TO BpeMs Kak BbIxoaHas yactora DDS Oyaer MeHATbCS B OYEHb
MaJIOM JHana3oHe. DTO IO3BOJISIET HWCIOIB30BaTh IS (MIBTPAUUU BbIXonHOTo curHama DDS
MOHOJIUTHBIE MOJOCOBBIE (DMIBTPBI, YTO YIPOIIAET KOHCTPYKLHIO M TO3BOJIAET MOJYYUTh OYEHb
Xopolee NojaBieHue MoOouyHbIX KommnoHeHToB. lllar mepectpoiiku wactoThl ¢ momounsio PLL
cocraBisieT Fpps av'M/N, rne Fpps av — cpeansis dactora Ha Bbixoge DDS. HeoGxommmblid s
HETPEPBIBHOTO TEPEKPHITUS YacTOT JHAara3oH MEepecTpOrKM BbixomHoW dactoTel DDS paBen
Fops_av:(M/N)min, rme (M/N)min — munnmansHoe otHomenune M/N mpu nepectpoiike PLL.
HeoOxomumMo 3aMeTWTh, YTO INAr TMEPECTPOMKH YacTOTHl THOPUAHOTO CHHTE3aTOpa 3aBUCUT OT
otHorreHuss M/N u Ha pasHbIX ydYacTKax Juana3oHa pasHblii. B rubpumHom cuHte3atope DDS
MOXKET paboTaTb Ha OTHOCHTEIBHO HHM3KOW TAaKTOBOW YacTOTE, YTO K TOMY JK€ OJIarompusTHO
CKa)KETCSl Ha YHEPrONOTPEOICHUH.
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Puc. 16. DDS-Driven PLL.

Kak yxe yka3plBaJoCh, B THOPHIHOM CHHTE3aTOpE BMECTO ONOPHOM uacToThl anst PLL
CHUHTE3aTOpa MCIOJb3yeTcss BbixogaHas yactora DDS. Hecmotpst Ha To, yto DDS mmeer ¢a3oBbie
IIyMBI HA YPOBHE OIIOPHOT'O T€HEPaToOpa, a YpOBEHb NOOOYHBIX KOMIOHEHTOB MOCie (PHIBTPALIIH HE
XyXke, 4eM Yy KauyeCTBEHHOTO OIIOPHOI'O TIE€Heparopa, BCE € HEOOXOOUMO NpOaHaIU3HPOBATH
BIIMSIHUE KadecTBa onopHoro curHana PLL Ha kauecTBo BeIxogHOro curHana. Ilertns PLL neiictByer
Ha BBIXOJIHOM CUTHaJI KaK IOJOCOBOM (pUIBTP mepBoro nopsjaka. IlonoBuHa MIMPUHBI NPOITYyCKaHUS
sToro ¢guibTpa paBHa noioce npomyckanuds ®HY nernu. IlerneBoit ¢pmnptp PLL melicTByer kak
MepECTPaNBAEMBbI TTOJIOCOBOM (UIBTP, IEHTPAJbHAs YacTOTa KOTOPOTO BCEr/a paBHA BBIXOHOM
4acTOTe, HECMOTPS Ha TO, YTO peain30BaH OH B BuJe HenepectpaunBaemoro ®HY. B pesynbrare, Bce
MOOOYHBIE COCTABJISIONINE, JICXKAIUE BHE MOJIOCH MPOMYCKaHUs 3TOro (puibTpa, OyAayT OCIa0IeHbI.
Onnako Ha cooctBenHbIe MyMbl VCO 3T0 mpaBUIIO HE pacTpoCTPaHSIETCH.

AJTUTUBHBIN OeNbIi 1IyM, KOTOPBIH co3matoT cxembl DDS, Oyaet ocnabieH Kak moJIOCOBBIM
¢mwieTpom Ha Beixoge DDS, tak um Qunbtpyromum neiictBuem mnetim PLL. Takum oOpasom,
BBIXOJIHOM CHTHaJl THOPUAHOTO CHUHTE3aTopa OyIeT MpeCTaBisATh COOON YHMCTBIA TOH, KOTOPBII
HAXOJIUTCS Ha IMbeJecTalie IIyMOB M MOOOYHBIX KOMIOHEHTOB. [llupuHa nbenecrana COOTBETCTBYET
noyioce npomyckanusi GuiabTpa Ha Bbixogae DDS. Ecnu mcmonp3oBaTh y3KOMOJOCHBIA KBapIIEBBII
GWIbTp, TO IIMPHUHY 3TOrO MbEJEecTana MOXKHO CHeNaTh 3KCTPEeMajbHO Y3Kod. BooOmie, BbIOOp
MIOJIOCHI TIPOITYCKaHHS M IIEHTPATbHON 4acTOTHI (DMIIBTPAa — JOBOJIBHO CIIOKHBIA BOMPOC, KOTOPBIN
JOJDKEH YYUTBIBaTh CKOPOCTb MEPECTPOMKH, IIyMOBBIE XapaKTEpPUCTHUKM U  BO3MOXKHOCTb
HETPEPHIBHOTO MEPEKPHITHS YaCTOTHI. XOpoIKe (pa30Bbie MIYMbI AUKTYIOT Manoe otHoiieHrne M/N
U, COOTBETCTBEHHO, BBICOKYIO OmMopHYIo yactoTy PLL. Manoe ortHormenne M/N TpeOyeT mmpokoii
noJjiockl mepectpoiiku DDS wu, cnemoBaTenbHO, MIMPOKOW TOJOCHI TPOIyCKaHHWS (UIBTpa s
HEMPEePbIBHOTO MEPEeKpbITUS 4acToThl. C JIpyroil CTOpOHBI, y3Kas Mojoca MpOMyCKaHUs (QHUIbTpa
HEraTHBHO CKa3bIBaeTCsl Ha CKOpocTH mepectpoiiku. Hammume y PLL-cunTe3aTtopa nenutens
OMOPHOW YacTOThl C MPOrpPaMMHUPYEMbIM KO3((UIIMEHTOM J€JIEHUS] HECKOJIbKO YBEJINYHMBAET
cBOOOJYy BBHIOOpA IEHTPATbHOHN YacTOThl puiabTpa. Tem He MeHee, BHIOOp IMMOJIOCH MPOIMYCKAHUS U
LEHTPaJIbHOW 4acTOThl (PUIIBTPa JOIHKEH MPOU3BOJUTCS C YUETOM BCEX ITHX (PAKTOPOB.

Ha puc. 17 npuBenensl crektpbl curHana Ha Beixoge DDS (14 MI'n) u Ha Beixome PLL
cunte3aropa (896 MI'n), s koroporo DDS siBisieTcst omopHbIM renepatopoM. Ha criekTpe curnana
PLL BuaeH mymMoBoOi nbeaecTal, X0Ts ClIeKTpaJibHasl YUCTOTa BCE PABHO OCTAETCSI XOPOILEH.
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Puc. 17. CnekTp BbixogHoro curHana DDS (a) n DDS-Driven PLL (6).

PLL-cuHTe3aTOP €O CABHIOM YAaCTOTHI ¢ moMouibio DDS

Jlnist Toro, 4TOOBI MOTYYUTh BBICOKOE YaCTOTHOE paspemieHue s PLL-cuHTe3aTopa, MOKHO
N00aBUTh CABMI BBIXOAHON YacTOTHI, BBINOJHEHHBIH ¢ momouslo DDS. Crpykrypa Takoro
CHUHTE3aTOpa B TOYHOCTH Takas ke, Kak U y MHoromnemieBoro PLL-cunTezaropa. Tonbko BMecTO
PLL Beicokoro pasperienus ucrnonbdyercs DDS (puc.18). B atoM cityuae yacToTHOE paspelnicHue
Oynet TakuM ke, kak 'y DDS (unu B P pa3 xyxe, eciu NIpUMEHEH JOTOIHUTEIBHBINA TpecKajep).
OnHOBpEMEHHO TaKOW CHHTE3aTOp OyAeT UMEeTh HMIMPOKYIO M0JIOCY pabOoYuX 4acTOT, CBOMCTBEHHYIO
PLL-cunTe3aTopam.
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Puc. 18. Casur BbixoaHou YyactoTbl PLL ¢ nomowsio DDS.

[Tockonmbky 4YacTOTHOE paspenieHue ompenenser DDS, cTaHOBUTCS BO3MOXHBIM BEIOpATh
yacTtoTy cpaBHeHMs B PLL oTHocuTenbHO OOJbIION. A 3TO MO3BOJMT YBEJIWYMUTH YAaCTOTy Cpe3a
@®HY B merne, uTo OOECIEYNT OTHOCHUTEIFHO OBICTPYIO MEPECTPOKYy O yactoTe. Hwuskuit



k03 durmenT ymaoxxeHus B PLL no3BossieT noiay4nuTs HU3KHN YpOBeHb (ha30BbIX HIymMoB. Da3oBbie
IIyMbl BBIXOJHOTO CHTHANa B IOJOCE IPOIYCKAHUS METIH paBHBI ()a30BBIM IIyMaM OIOPHOTO
reneparopa + 20-log(M/N) dB. Huskoe otHomenne M/N mMunuMu3upyeT (pa3oBbie mryMbl. OOBIYHO
H0JI0Ca MPOITYCKaHUs NEeTIU cocTaBisieT okoio 10% oT yactoTsl cpaBHeHus. [loBbIIeHHAs YacToTa
CPaBHEHUS TI03BOJISICT YBEIUYUTD MOJIOCY MPOMYCKAHMs, YTO MPHUBECT K mojaanieHuto mymo VCO
B 00JIee MIMPOKOH MOJI0CE YacTOT.

BhIX0/IHAs 4acTOTa CUHTE3aTopa OyIeT onpeaeaThes (GopMyIIoii:
Fout = (P-M/N)-FcLk + P-Fpps
Ecnu JONOMHUTENBHBIHA eUTeNb YacTOThl Ha P oTcyTcTBYeT, TO clemyer npuHsaTsh P = 1.

PLL ob6ecmeunBaer rpy0Osiii mar Fc /N, a BHyTpH 1mara nepectpoiiky obecneunBaet DDS.
CootBercTBeHHO pabouas mojoca yactor DDS pgomkna mMmerh mmpuHy HE MEHee, YeM OJWH Iar

PLL.

IIpeoGpa3oBaHue BLIXOHOI YaCTOTHI BBEPX

[TpocteiM criocoboM pacmmpenust yactoTHoro nuamaszonHa DDS sBnsercs mpeobpazoBaHue
gacToThl BBepx (puc. 19). Ins storo ordumisTpoBaHHBIH BhixomHoW curHan DDS wacroroit F1
MOJAaeTCd Ha CMECUTENIb BMECTE C CUTHAJIOM BBICOKOYACTOTHOTO TreHepaTopa uactoTod F2. Ha
BBIXOJIE cMecuTensi OyayT mpucyTcTBoBaTh KommnoHeHTHl F2 + F1 u F2 — F1, ogun u3 KoTOphIX
MO’KHO BBIJICJIUTh BBIXOJHBIM IOJOCOBBIM (puiIbTpoM. B obmem ciaydae, npeobpazoBaHHE MOXKHO
BBINOJIHUTh HE HAa (PUKCHPOBAHHYIO YAaCTOTY, @ C MOMOIIBIO MPSIMOrO aHAJIOTOBOTO CHHTE3aTOpa
(DAS). B stom ciayuae Oymer umers MecTo rudpuansiii DDS/DAS-cuHTe3aTOp, BO3MOKHOCTH 10
MEPECTPOKe y KOTOPOTO €Il IHUpeE.
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Puc. 19. Casur BbixogHou YactoTbl DDS BBEpX.

Fractional PLL cunTe3aTop.

[TpumenuB DDS B merne PLL, mMoxxHO 10OUTBHCS ApOOHBIX KO3(PPHUINEHTOB YMHOXKECHHUS
gactoThl. Kak ykasbiBanock Bbiile, PLL npou3BoauT yMHOKEeHHE OMOPHON 4acTOThI Ha BennunHy K
= MIN, rne M — koaddunuent nenenus BbixoaHou yactoTbl (uactotel VCO), N — kosddurment
JeNeHust omopHOo# yactotel. Eciu mocnenoBarensio ¢ M-aemutenem Bkmounts DDS (puc. 20), To
pesynsTHpyIowtHii Ko3huuEenT ymMmaoxenus 6yner paser K = 2M-°PPS.M/N-M_DDS, rze N_DDS -
pa3psAmHOCTh akkymyJssitopa (asel, a M_DDS — kox wactorel DDS. Takum o0Gpa3om, B KadecTBe
oropHoii yactoTel DDS wucnone3yercss BoixoaHass yactota PLL, monmenennas mpeckaigepoMm. OTo
BO3MOXKHO, Tak kak DDS nomyckaer w3MeHeHHME OMOPHOW YacTOTHI B IITMPOKOM JHAra3oHE.



Coxpansis Bce kauectBa PLL cuHTe3zaTopa, Takoil cuHTe3aTOop OyneT uUMeTh Oojiee BBICOKOE
YaCTOTHOE Pa3pellIeHue.
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KOO YACTOTbI
Puc. 20. Fractional PLL cuHTesaTop.

IIpumepsr DDS

B nmocnennee Bpemst DDS cranmu BcTpamBaTh Aake B HEIOpOrHe MHKpocxeMbl. [Ipumepom
MoXeT ciayxuTh Mukpocxema TRF4900 ¢upmsr Texas Instruments, kotopas nmpeaHa3HayeHa is
MOCTPOCHHUST MAJIOMOIIHBIX TEPEIaTINKOB. DTa MHUKPOCXEMa IPEICTABISIET CO00H 3aKOHYCHHBIN
nepenatunk Ans quana3zona 850 — 950 MI'1;, MmokeT uconabp30BaTh aHAIOTOBYI0 FM mnu g poByio
FSK monymsimuio mpu ckopocTd mepenadu gaHHbX a0 115 x6oxa. Iudporyro FSK momynsmmro
obecnieunBaet BcTpoeHHbI DDS, xoropeiii ynpasiser PLL. brarogaps DDS Mukpocxema MoxxeT
paboTaTh B CHCTEMax paauocBs3H ¢ mepeckokoM yactoTel (frequency hopping), Bpems mepeckoka
coctaiisieT okoiio 30 Mkc. Mukpocxema numeeT 24-BbIBOJIHBIN KOPITYC, 3asiBJICHHAs 1I€HA B MApTHIX
ot 1000 wryk cocrasnser Beero 2.19$.

Crnenyer ormeruts, uto cdepa npumenenuss DDS He orpanuumBaercs paguov4acTOTHBIM
obopynoBanueM. Hemoporas mukpocxema mHTErpaibHoro DDS MOXeT ¢ ycnexoM BBINOJHATH H
pOJIb TeHepaTopa 3BYKOBBIX 4acTOT. B 3TOM cimyuyae Bo3MokHa paboTa C mepeaucKpeTH3auen, 4To
MOBBIIIAET KaUe€CTBO BBIXOJIHOTO CUTHAJIA U YIIPOIIAET aHAJIOTOBBIN (QUIBTP.

[Tapametprl unTerpansueix DDS npusenens! B npunoxxenuu 1. [omaeimu DDS sBnsrores
Bce mozenu ot Analog Devices u ogna momens (ISL5314) ot Intersil, umeromas 14-6uthsrii ITATI.
Ocranbabie MuKpocxeMbl mnpenctasisitor coboit Numerically Controlled Oscillators (NCOs) u
tpebyror BHermHero I[AIL. Cambie ObicTpomeicTByrONIHE MUKpocxeMbl ¢upmbl Gigabit Logic
BOOOILIE COAEP)KAT TOJIBKO akKymyssaiTop (as3sl u TpeOyror eme u BHemHero [13Y. Hekoropsie
MHUKPOCXEMBI UMEIOT JIOMIOJTHUTENbHBIE y3ibl. Hanpumep, HSP45116 umeer cmecutens, a AD9856
npeacTaBisieT co0oil KBaapaTypHBbIi UP-CONverter.

B kadecTBe KOHKPETHOTO MpHUMEpa MOXXHO PacCMOTPeTh CTPYKTypy Hemopororo DDS
AD9835 ¢upmbr Analog Devices. Mukpocxema umMeeT 16 BBIBOIOB, MaKCHUMajbHas TaKTOBas
gactora coctaBisier 50 MI'm, mns paGoTel TpeOyeTcs BCEro OAHO HaIpspDKeHWE NuTaHus +5 B,
notpebsieMast MOITHOCTD He npeBbitaet 200 MBT.
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Puc. 21. CtpyktypHasa cxema DDS AD9835 cupmbl Analog Devices.

CrpyxrypHas cxema DDS AD9835 noka3zana Ha puc. 21. Ynpasienue DDS ocymectsisiercs
C MOMOIIBIO 3-X MPOBOJHOIO MOCJIENOBAaTEIILHOTO UHTEp(eiica, MakCUMallbHAsl 4acTOTa KOTOPOIo
coctaBisier 20 MI'm. DDS wumeer Bcrpoenusiii 10-paspsambiii IJAII ¢ TOKOBBIM BBIXOJOM.
HoMmuHaneHBIN BEIXOAHON TOK JUIS IIOJHOM IIKAIBI cocTaBisieT 4 MA. 3HadueHHEe 3TOr0 TOKa MOMKET
3aaBaTbcs BHEIIHUM pe3uctopoM. LIAIl paboraer kak €O BCTPOEHHBIM, TaK M C BHEUIHUM
HWCTOYHHKOM omnopHoro HampspkeHus. DDS umeer 32-pazpsiaapiii akkymynstop (asel, 9To mpHu
takToBOM "actore 50 MI'1; obecneunBaet yactoTHoe pazpemierue okoio 0.01 I'u. Baytpu DDS xox
da3er umeer paspsagHocTh 12 Our. [Jlns  ocymectBieHus ($a3oBOW  MOIYISIITUM  MEXKITY
akkymyssiTopoM (assl u [13Y BkIIIOYeH cymMMaTop, Ha KOTOPBIM MOCTymaeT Ko ¢a3bl ¢ OJHOTO M3
gyeTblpex perucrpoB. IlepeximtoueHne perucTpoB  MOXKET  OCYIIECTBIATBCS  Kak  depes
nocjeoBaTeNbHbIN nHTepQeiic, Tak u ¢ nmomouibio BHeMHUX BbIBo0B PSELO u PSELL. Mmerorcs
TaKXKe JIBa PErucTpa 4acTOThl, KOTOpbIE TAKKE MOTYT HEpPEKIHYaThCs JBYMs CIOCOOaMH. OTO
MIO3BOJISIET OCYIIECTBIATH BEICOKOCKOpOCTHYIO FSK Monymsmmro. Cxema Brimrouenust DDS AD9835
MoKa3aHa Ha puc. 22.
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Puc. 22. Cxema BkntoueHuna DDS AD9835.

He Bce maTerpanmpasie DDS mmeroT BO3MOXKHOCTh PETYJIUPOBKH aMILIUTYIBI B ITU(DPOBOM
Busie. B TO ke Bpemst OonpmmHCTBO uHTerpaidbHbix DDS ¢upmer Analog Devices wumeror
BO3MOXHOCTb PETryJIMPOBKU IIKaibl BCTpoeHHOTO I[AIL. Jljst 3TOro CiayKMT crelnuagsbHBbIA BBIBOJ
Rset. K 3TomMy BBIBOJly TOJKITIOUAETCS PE3UCTOP, KOTOPBIM U 3a/1a€T MaKCUMAaJIbHBIN BBHIXOHOW TOK
HAIL. [Jns takux DDS noBosbHO TpoCTO peanmsyercss HUGPOBOE YIPABICHUE aMIIUTYION.
Pesuctop mMoxHO 3ameHuTh ymHOxawomum LIATIIl, Torma kox, 3arpyxennslii B LIAIl, u Oyzer
ompeneNaTh BeIXOAHyI0 amiumatyny DDS  (puc. 23). Kowneuno, Takoii METOJ MeEHee
ObIcTpoJeicTBYIOIINI, YyeM Lu(poBoe ympaBieHHe amIuuTynod BHyTpu DDS, Tak kak mojoca
MPOIyCKaHUsI cxeM (HOPMUPOBAHMSI OIOPHOTO HAIMPSHKEHHUS THUIMYHO COCTaBISIET HECKOJIBKO
JecaTKoB Kuiorepi. Ho BO MHOTHX Cllydasix 3TOTrO BIOJHE JOCTATOYHO.

R1 100K
AD7391 AD9850/51
R2 39K | .,
10-bit DAC RSET
e = > DDS
0luF |
= Reference Output
Decoupling buffer e
capacitor Digital code
Puc. 23. Perynuposka amnnutyasl DDS AD9850/51.




IIpuno:xkenne 1. XapakreprcTuku HanOoJee pacpoCTpaHeHHBIX HHTErpanbHbIXx DDS.

Fosc Pasp. Pasp. | Pasp. Berpoen- [Huna
KoJa KoJa KoJa . Koi-Bo
Tun max, HACTOTHL sin cos HBIN Mogy st ynpas- BLIBOJIOB OcobeHHOCTH
MI'n ur ’ 61/11,“ 61/1Tl HAIT JICHUS
Intersil
HSP45102 40 32 12 - - QPSK,BFSK S 28 NCO
HSP45106 33 32 16 16 - FM,PM,PSK,FSK S 85 NCO
HSP45116 52 32 16 16 = AM,FM,PM,PSK,FSK,QAM P 160 NCO+Mixer
ISL5314 125 48 14 - + QPSK,FSK S P 48 DDS
Qualcomm
Q22401-1 50 24 10 - - P 44 NCO
Q22401-2 100 32 12 - - S 64 NCO
Q22401-3 100 32 12 - - P 64 NCO
Q2368 130 32 12 - - BFSK,BPSK,QPSK,PSK S P 100 NCO
Q2334 50 32 12 - - PSK,FSK,BFSK P 68 NCO
Gigabit Logic
10G102 1000 32 12* - - P 68 CyMMaTop
10G103 1000 32 12* 12* - P 68 CyMMaTop
Analog Devices
AD7008 50 32 10 - + AM,QAM,PSK,FSK S,P 44 DDS
AD9831 25 32 10 - + PSK,FSK P 48 DDS
AD9830 50 32 10 - + PSK,FSK P 48 DDS
AD9850 125 32 10 - + PM,FM S,P 28 DDS
AD9851 180 32 10 - + PM,FM S P 28 DDS
AD9832 25 32 10 - + PSK,FSK S 16 DDS
AD9835 50 32 10 - + PSK,FSK S 16 DDS
AD9852 300 48 12 12** + AM,FM,PSK,FSK S,P 80 DDS
AD9854 300 48 12 12** + AM,FM,PSK,FSK S,P 80 DDS
AD9856 160 32 12 - + AM,QAM P 48 Upconverter
* - paspsamHOCTh anpeca miusa BHemHero [I3Y. ** - moxer paboraTh Kak MpOTrpaMMHO-
ynpasisiemblid LIAIL
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