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Ana obecneyeHns BbLICOKUX XapaKTEPUCTUK CO-
BpPEMEHHbIX CUCTEM CBA3M, U3MEpUTENIbHOro 060-
PYAOBaHMUA M ApPYrUX 3NMEKTPOHHbIX CUCTEM CUHTE-
3aTopbl 4acToT (KaK OCHOBHOM 610K MHOTUX 3nekK-
TPOHHbIX YCTPOMCTB) [OMKHbI YAOBNETBOPATL ON-
peAeneHHbIM TpeGoBaHUAM, HanGonee BaXKHbIMM
M3 KOTOPbIX ABAAIOTCA CMEKTpanbHaA YMCTOTa re-
HepupyeMoro curHana (Huskue ¢asoBblie LLYMbI U
no6GoYHble CcMeKTpanbHble CcOCTaBAAlOWME -
MCC), BbicOkMe CKOPOCTb NMEepEKNOYEHUA YacTo-
Tbl U YaCTOTHOE paspelleHue (Manblil LIar CeTku
yacrot). Takke BaxkHbl Manoe norpebnexune sHep-
run, Manbie pasMepbl U BeC, HU3KaA CTOMMOCTb.
MostoMy rnaBHo#i 3apauent Ana paspaGoTymMKoB
TaKUX CUCTEM ABNAETCA MOUCK MyTel ANA MaKcu-
ManbHO BO3MOXHOTO BbIMOJIHEHUA 3TUX TpeboBa-
Hui. PaccmatpuBaloTca pasnuuHbie apXUTEKTyp-
Hble pelueHuA, NpUMEHWMble MPU MOCTPOEHUM
CMHTE3aTOpPOB YacTOT Ha OCHoBe (ha30BOM aBTO-
noactpoiku yacrotel (PAMY).
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BBeaenue

Cunrezatop yactoT (CH) — 3TO yCTPOUCTBO, KOTOPOE Mpeod-
pasyeT BXOJIHOI CHrHai (WJIM HECKOJIbKO BXOJHBIX CHTHAJIOB)
OIpe/IeTIEHHOM, OMOPHOW YacTOTHI B BBIXOAHOW CHUTHan (Win
HECKOJIBKO BBIXOJHBIX CHTHAJIOB) B TPEOYEMOM YaCTOTHOM Jua-
na3oHe. TpaguIOHHO CHHTE3aTOPHI MOAPA3JIEIIOT Ha JIBE OC-
HOBHBIE TPyHIIBI (pHc. 1), OCHOBaHHBIE HA MPSIMOM M KOCBEHHOM
METOJ/Iax CHHTEe3a 4acToT [1].

B cBoto ouepensp, mpakTrdeckas peanusamyst CU MoxeT OBITh
BBINOJIHEHA C ITOMOIIBIO AHAJIOTOBBIX U IM(POBBIX METOMOB.
OnHako, Kak MpaBUJIO, UCIOJIB3YIOTCS KOMOMHUPOBaHHbIE (THO-
PHIIHBIE) pEIICHUs, B KOTOPBIX HCIOJb3YIOT KaK aHaJIOrOBBIC,
Tak ¥ uQpoBbIe 27eMeHTHI [1-12].

CuHTezaTopbl Yactot

/ AN

Mpsamon CuHTes KocBeHHbIn CuHTE3

N\ N

AHanorosbin Lincpposon AHanorosbli Uncbposoit

'bpuaHslie Cxembl

Puc. 1. Knnaccudukanms cHHTE3aTOPOB 4acTOT

IIpsMble aHAIOTOBBIE CHHTE3aTOPBI PEANN3YIOTCS IMyTEM
npeobpa3oBaHus 0a30BBIX OTIOPHBIX CHUTHAJIOB Ha (DUKCHPOBAH-
HBIX YaCcTOTax C MX MOCIEAyIomIel GunbTpaiueii. bazossie cur-
HaJIbl MOT'YT OBITh IOJIy4EeHBI HA OCHOBE HU3KOYACTOTHBIX (KBap-
uesble, [IAB) nim BHICOKOYACTOTHBIX (AMAIIEKTPHUYECKHI) aBTO-
TeHEPaTOPOB MOCPEACTBOM YMHOXKEHHMS, JISJICHUSI MM TIpeodpa-
30BaHUs 4acToT.

B omimume OT TpaAMIIMOHHBIX AHAJIOTOBBIX PELICHUH, IU}-
poBble BeraHciMTENbHBIE cuHTe3aTopsl (LIBC) wucmons3yioT
uQpoByro 00pabOTKy AJIs1 KOHCTPYHpOBaHUs TpeOyemoit ¢op-
MBI BBIXO/IHOTO CHTHAJIa M3 BXOJHOTO TaKTOBOro curHama. Koc-
BEHHBIH CHHTE3 IOJIPa3yMEBACT T'€HEPANNIO CHI'HANA HETOCpe-
ctBeHHO B CBY amamasoHe ¢ IMOMOIIBIO JTOTOJIHATEILHOTO CTa-
OMIN3UPYEMOro I'eHepaTopa, 4acToTa KOTOPOTrO OIpeiesseTcs
9acTOTOH ONOPHOTO TeHepaTopa ¢ MOMOIIBI0 (a30BOH aBTOMOJ-
ctpoiiku 9acToThl (PAITY).

DAITY ¢ nesouncaeHHbIM KOIPGUIUEHTOM JleJIeHUsI

Tunuusbelil onHOKONIBLEBON cuHTe3aTop ¢ PAIIY Brimouaer
B ce0sl mepecTpanBacMBblil TEHEPATOP, YIPABISIEMBI HATIPsIKE-
nueM (I'VH), curnan xoroporo mocie TpeOyemMoro JeJeHHs Mo
4acTOTE JIOCTaBISIETCs KO BXoay (aszoBoro aerexropa (D), kak
MOKa3aHo Ha puC. 2.
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Puc. 2. Cunrezarop Ha ocHoBe OAITY

Hpyroii Bxoa $a30oBOTO AETEKTOpA MOAKIIOYEH K HCTOYHUKY
ONOPHOTO CHUTHaJa, 4YacToTa KOTOPOTO MOCie HE0OXOJMMOTO
JICNICHNs] TIPUBOJINTCS K 4acTOTe, paBHOIl TpedyeMoMy 4acToT-
HoMy mary. da3oBblil AETEKTOp CpaBHUBAET (a3bl CUTHAJIOB Ha
00ouX BXOJaX M T€HEPUPYET CUTHAIl OIIMOKU, KOTOPBIH IOCie
¢wibTpannu n ycuneHus (Ipu HEOOXOJMMOCTH) IOJICTPanBaeT
gacroty ['YH k:

Jobix = for<N,

I7i€ fon — YacTOTa CUTHaja Ha BXoze (a30BOro HETEKTOpa, a
N — xoodpdunuent nenernus B xompiie GAIY. ['maBHBIME TIpe-
nmymiecTBaMu cxeM Ha ocHoBe DAITY aBnstoTcst 6osiee YHCTHIN
CHEKTpP BBIXOJHOTO CHTHAJa, OOYCIOBICHHBIH 3((PEeKTHBHBIMU
¢unpTpannonHeiMA cBoiicTBaMu DPAIIY, 1 3HAYUTETHHO MEHbB-
11asi CJIOYKHOCTh YCTPOMCTBA M0 CPABHEHUIO C MPSIMBIMU aHAJIO-
roBbIMH cHHTe3aTopaMu. OCHOBHOH HENOCTaTOK — OoJiblliee
BpeMsl MEepecTPOrKN (M3-32 MHEPIHOHHOCTH CHUCTEMBI aBTOMO/-
CTPOMKH) W 3HAYMTENILHO Oo0Jiee BBICOKMH YPOBEHBH (Ha30BOrO
IIymMa Mo CPaBHEHHIO C aHAJIOrOBBIMU cxeMamu. Da3oBbIi 1Iym
CHHTe3aTopa B Ipejiesiax Moyockl npomnyckanus ¢uiastpa @AY
paBeH:

Sts’blx = S(Dﬂ + ZOIgN )

rae Sg;; — CyMMAapHbIH ypoBeHb (ha30BBIX ITyMOB OINOPHOTO CHT-
Hasa, ()a30BOro JIETEKTOpa W YacTOTHBIX JENUTENEH, Mepecyuu-
TaHHBIA KO BXOJY (ha30BOro JETEKTOpa. 3a MpeaesaMy MOJIOCH
nporyckanust ¢puisTpa @AY nomuumpyror mymser ['YH, kak
9TO TTOKa3aHo Ha pHc. 3.

A PaszoBblf Wym

y

OTcTpoiika

Puc. 3. [Ipoduns $ha3oBoro mryMa Ha BEIXOJE CHHTE3aTOpPA YacTOT
¢ ®AIMY
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Homyctum, uto Ham TpeOyercss copMuUpOBaTh CHTHAI B
paiione 10 I'Ta ¢ marom 1 MI'i (4TO COOTBETCTBYET YaCTOTE
cpaBuenust ®J1). Ilpu 3ToM KOIPPUIMEHT AENCHUs B KOJbIIC
OAITY gomxen ObiTh paBeH 10000, 4TO COOTBETCTBYET YBEIH-
yernio (azoBoro nryma Ha 80 nb. Ilpu nanpHeiimem ymeHbIe-
HHUH YaCTOTHOTO I1ara (M yBeJIndeHuH Kod(h(UIreHTa JeneHus B
konbiie PAITY) dazobie mwymbr OyayT yxynmarbes. Kpome
TOT0, IPpU YMCHbBUICHUHU YaCTOTHOI'O IIara TpeGyeTc;I YMCHbBIIEC-
HHE MOoJIoChl mporyckanust ¢punbrpa MAIIY, yro mpuBOAMT K
COOTBETCTBYIOIIEMY YBEIMUYCHUIO BPEMEHHU MEPECTPOIKH (MK K
yBenuueHnto [ICC npu HEIOCTaTOYHOM YMEHBIICHHH TOJIOCHI
DAITY). Takum 00pa3oM, yMEHBIIEHHE YacTOTHI cpaBHEeHHS D]
BEJIET K YXY/IICHHWIO OCHOBHBIX mHapamerpoB CY, a mMeHHO:
yxyamennto (a3zoBeix mymoB, [ICC n BpeMeHH mepecTpoiiku.
W, maoboport, yBemudueHne 9acToThl cpaBHeHHs D]l (Tem wim
HWHBIM CIIOCOOOM) TIPHUBEAET K YMEHBIICHUIO KOA(PHUIICHTA Je-
nerns B koibiie PAIIY u ynydIIeHHI0 MPaKTHYECKH BCEX Xa-
pakrepuctux CU.

DAIY ¢ ApodHBIM KOIPPULIHEHTOM JTeTeHUs

B mpocreitmieit  uenouncnennoit MAITY, paccmorpeHHON
BBIIIIE, MIPEATOIIArajoch MCIIOIb30BAaHNE ETIOUHNCICHHBIX KO3(-
¢unnenros nenenus. Hampumep, ecian HaM HY)KHO CHHTE3HPO-
BaTh HECKOJIbKO 4yacToT B paiione 10 I'Tn ¢ marom 1 MI'n, uac-
TOoTa (a30BOTO AETEKTOpa TAKkKe NOJDKHA paBHAThca | MIm, a
Koa(pPuUIHEHTH! AeneHus oyayT mopsaka 10000 (10001, 10002,
10003 u T.1.). 3aMeTHM, YTO T€ YK€ YACTOTHI MOYKHO IMOJYUHTb,
HCIIONB3yd OoJiee BBICOKYIO YAacTOTy CpaBHEHHUS (Hampumep,
10 MI'), ecu KUCOIB30BaTh POOHBIE KOAPDHUIMEHTBI JIeNIeHNs,
a umendo: 1000+0/10, 1000+1/10, 1000+2/10 u T.1. DTO 11O3BOJIS-
€T YMEHbIIHTh Kod(pduimeHTsl nenenus B koabie PAITY npu-
MepHO B 10 pas, uTo — Kak ObLIIO OTMEYEHO BBIIIC — OJArONPHUSITHO
CKa3bIBaeTCs MIPAKTUYECKH Ha BCeX mapamerpax takoro CY.

PeanmuzoBath ApoOHBIE KOIPPUIIMEHTHI JEICHUST MOKHO, Tie-
peKiitouasi BBIXOABI JAENUTeNed ¢ pasHbIMU KoddduimeHTamu
JeneHnst (Kak 3TO YNPOIIEHHO MOKA3aHo Ha pHC. 4) U yCpemHss
BBIXO/IHYI0 4acToTy. PaccMOTpuM mpolecc yCpeiHEeHus MoJ-
pobnee. [TogcuntaeM KOITMUECTBO NMITYJILCOB HA BBIXO/IE TAKOTO
COCTaBHOTO JICJIUTENS 32 KaKOH-TO OMNPEJEICHHBINH MPOMEXYTOK
BpeMeHH, HanpuMmep, 1 cek. Ilpeanonoxum, 4To BXOAHAs 4acTOTa,
TaKTHpYIOMmas nenuTend, paBHa 60 MI'T, a Kakablid IenuTemb
(opmupyeT BbIXOAHBIE MMITyJIbChl B TeueHun 0,5 cex. To ectsb
CHI'HAJI cHavaja nenures Ha 2, popmupyst 30 miH. / 2 = 15 miH.
UMITyJIbCOB B TedeHUM mepBbIX 0,5 cek. 3aTeM MOJKIIOYAETCS
BTOpPOi1 Jienurenb, KoTopblid popmupyer 30 miuH. / 3 = 10 MiH.
UMITYJIbCOB B TeueHuu cieayromux 0,5 cex. Takum oOpasom, Ha
BBIXOJIC COCTaBHOTO JCIUTEIS (HOPMHUPYIOTCS 25 MITH. UMITYJIb-
COB B TEYEHHH | CEK., YTO COOTBETCTBYET JICJICHHIO BXOIHOW
yactoTsl Ha 2,4. JIpyrue npoOHbie Ko3)(HUIIMEHTHI eIeHHs MO-
TyT OBITh MOJIyYEHBI, H3MEHSSI COOTHOIICHNE BPEMEHH BKIIIOUC-

HMS IIEJIOYHUCIICHHBIX JICTUTEEH.
o_/P_ z _Q\_o
O—t

+3 —o

Puc. 4. Konnenmus noxydeHust ApoOHOTo K03 GHUIHEHTA JICTICHUS
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B obmem ciydae cyTb qpoOHOTO JeNeHNs YacTOThI 3aKIF0Ya-
eTcs B M3MEHEHNH KO3 PUIIMEeHTA JeTICHUs B TIpoliecce padoTh
JEUTENs 10 omnpenenéHHoN mporpamme. OOBIYHO 3TO W3MEHe-
HHE COCTOUT M3 YepenoBaHus ABYX Kodhdurmentor: N u N+1.
B03MOXXHO HCIIOIB30BaHNE U APYTHX, OOJICE CIOKHBIX KOMOH-
Halui Kod(pPHUIMEHTOB, BKIIOYAIONIMX 0o0jee IUPOKHN CIIEKTp
ux 3HaueHuil. Ha pucynke 5 mpuBeneHa cTpykTypHas cxema CU
¢ nIpoOHbIM aenutesieM B koibiie AITY. Jlenuresnp BKIOYACT B
ce0st cOOCTBEHHO JENHTEINb C MepeKItouaeMbIMi Ko durmen-
tamu jeneHust N u N+1, a Takxe (pa3oBbli akKyMyJIsiTOp, TaKTH-
PYEMBIH ¢ BBIXOAA AEIUTENA. AKKYMYJISTOP YIIPABIsSETCS BHEII-
HUM YTIPaBJISIOLNIMM CHTHAJIOM M B CBOIO O4epe/lb TCHEpHUpYyeT
CHUTHAJI MEPEKITIOYEHUsI KO3()(OUIIMEHTOB JIETICHUSL.
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Puc. 5. [Ipo6Hsrii nenutens B konbiie @AY
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[pearnonoxum, 4To JUIMHA aKKyMyJsitopa coctasisieT K Our
(T.e. AKKyMYJITOp MOXKET 00paboTaTh 2X TAKTOBBIX HMITYJIECOB).
Taxke HPENoNoXKUM, YTO aKKyMYJSTOp MEpeKsItodaeT Aeiu-
TEJNIb TAKMM 00pa3oM, 4TO ero Kod((UIIMEHT eIeHns] cOCTaBIs-
eT N+1 B TedeHUU MepBbIX M MMITyJIbCOB Ha BBIXOJE AECIUTENS
¥, COOTBETCTBEHHO, N B Teuenun nocuenyiommx (25X — M) um-
MyJBCOB, KaK 3TO MPOMLIIOCTPUPOBAaHO Ha puc. 6. OueBUAHO,
4TOGBI CreHepupoBaTh 2° BEIXOHBIX HMITYIBCOB, HA BXOJ JIEJIH-
TeJIst JOJDKHO NOCTYNHUTh Ny, =M(N +1)+(2K —M)N TaKTHPYIO-
LIMX HMMITYJIbCOB, & CyMMAapHBIH KO(GHULIMEHT JesieHust OyneT
BBIpa)KaThesl cieytomeil GopmyIIou:

N Ne  MNEDEE-MN _
JIPOB K
NBb[X 2
_M+25.N M

ZK =N+2—K.

KonkpeTHOe 3Ha4YeHHe KOI(POUUMEHTAa NEICHHS 3a/acTCs
YIPABIIAIONIMM CUTHAJIOM aKKyMYJISITOPa, a pa3pelieHue 1o Jac-
TOTE Oy/IET ONpPENeNATHCS CIeAYIomeH (HopMyIoii:

Hampumep, mis 10-OMTHOTO aKKyMyIsTOpa W TaKTOBOU
gactoTel 10 MI'm paspemenne 1o 4gactoTe OyAeT COCTaBIATH
0K0J10 9,766 k1.
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Puc. 6. IlocnenoBarenbHOCTh UMITYJIECOB Ha BBIXOJIE JIEITUTENS

OCHOBHOW MPOOIEMON TpPOCTEHIIEro APOOHOTO JETUTENS
ABISIFOTCST ToBBIIIeHHbIe 3HaueHus1 [ICC, renepupyemMslie B Mo-
MEHT TepeKiItoYeHust koadduimeHToB jenenus. B 1o Bpems
MPOUCXOJUT CKauOK (ha3bl, MPUBOIAIIUI K CKAuKy HaNpsHKEHUS
Ha BBIXOJIC JCNUTENs. 3aMETHM, YTO JaHHBIH CKayOK HarpspKe-
HUSI CTPOTO OIPEJIEIICH BO BPEMEHH, ITOITOMY, €ro MOXHO B He-
KOTOPOW CTENEeHNW CKOMIIEHCHPOBaTh, C(OPMHPOBAB CHIHAI B
npotrBodase ¢ moMoupo nuppo-aHaJIOroBOro mnpeodpazosare-
ns1 (HAIT). Onnako, MONHOCTBIO MOJABUTh CKAYOK HAIIPSKEHUS
TaKUM CII0COOOM BecbMa 3aTpyJHHTENBHO. JIpyruM crocobom
camxenust [ICC sBiseTcs MCTonb30BaHUE OOJIBIIETO YHCIa KO-
3¢ UIICHTOB JENCHHS, YTO BEACT K OONBIIEMY YHCITY TPOIYK-
toB [ICC, 0o1HAKO MEHBIIICH aMILTATYIBI.

B nomnonHeHne k 3TOMy MEpEKIIFOUEHHE YacTOT MOYKHO OCYIIe-
CTBIISITH KBa3HCIyYaifHBIM CIIOCOOOM C TIOMOIIBI0 AX-MOIYyIISTOPA.
OcHOBHas nziesl UCTIONIB30BAHUA AX-MOIYNIATOPA 3aKIIOYACTCS B
«pa3masbiBanum» 1poaykToB [ICC B wacToTHO# obOnactH, T.e.
MOJy4eHHs IIyMOToIo0HoTo criekTpa. [Ipu aToM «irymsl apoo-
HOCTHU» CABUTAKOTCS B O6J'[aCTB BBICOKHX OTCTPOCK, I'’I€ OHU MO-
ryT ObITh nojasieHsl GpuibTpom GAITY. B nemom, cymecrByer
0O0JIBIIIOE KOJMYECTBO TEXHUYECKUX PEILICHNH, HAITPaBIeHHBIX Ha
cumwkenne [ICC, Tem He MeHee, TaHHAs TPOOJIeMa OCTAeTCs aK-
TyallbHOH B MpocTeiimeil onHokonbuesoil ®AITY.

YactraHOo npodiaeMa MOXKET OBITh pelieHa KacKaIupOBaHUEM
konen @AIIY, xak nokasano Ha puc. 7. IIpu 3ToM nepBoe Komib-
mo @AY QopmupyeT CHTHaI OMOPHI I BTOPOTO KOIBIIA.
JlaHHast cxeMa BHOCHUT JIOTIOJHUTEIBHYIO CTENEHb CBOOOBI (T.€.
BBIXO/IHAsl 4aCTOTa MOXKET OBITh MOJy4eHa IPU Pa3HBIX KOMOH-
Hauys Kod()(UINEHTOB IeleHHs B MEPBOM M BTOPOM KOJIBLAX
DAITY), 4To 3a4acTyro MO3BOJISIET «OOOUTH» MPOOIEMHbBIE TOY-
ku (c Touku 3peHus muHummsanuu IICC) B yacTOTHOM ITaHe
Takoro cocraBHoro CY.

fonor fon2
—>| >

+ Ny + Nz

Puc. 7. Kackapuposanue xosnery DAY

HUcnoab3zoBanue IIBC

Hcnonp3oBanue [IBC — Becbma 3h(heKTHBHOE pEIICHUE IS
MOJIYYEHHUsI MaJIOTO YacCTOTHOT'O IIara Mpyu COXPaHEHUHU BBICOKOM
yactoThl cpaBHeHus DJI. [IBC MoxeT BBINONHATH (YHKIIHUIO
MEPECTPAauBACMOr0 OMOPHOTO TeHepaTopa (puc. 8) WM BKIO-
yaThCsl HemocpeAcTBeHHO B Koibllo DAITY, kak mokazaHo Ha

——

puc. 9 (npu stom LIBC ¢akTtideckn urpaer pois ApoOHOTO Jie-

JIUTEIIS YaCTOTHI).
g 3j BBIX
: :

+N

jj}'AI(T

—| LUBC

N

Puc. 8. Vcnons3osanue [[BC B kauecTBe reneparopa
OINOPHOTO CUTHAJIA

JM@ >(rvH o
=N
A
[ \
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Puc. 9. Bxiouenue [IBC B konbuo ®AITY

CyIiecTBeHHBIM HeocTaTKoM mpoctenmux cxeM ¢ [[BC sB-
JISIETCSl OTHOCUTEJIBHO BBICOKMH YPOBEHb MOOOYHBIX CIIEKTpPallb-
HBIX cocTapisitonux Ha Bbixofe [[BC, KOTOpBIA, K TOMY XK€,
yBennuuBaercs Ha 20IgN, tae N — nonselid koaddummeHt nesne-
HUSI B KOJIbIIC OOpATHOM CBsI3U (B 3TOM IUTaHE 00C CXEMBI, pac-
CMOTpEHHBIE BhIIIE, BeAyT cedst oauHakoBo). Jerpanauuto [ICC
MOXHO HCKItounTh, BeIBOJA [[BC u3 konbma DAY, kak 3to
nokazaHo Ha puc. 10. [Ipu 5TOM 00BIYHO HCHIONB3YIOT CMECHTEINb
C TIOAABJICHUEM 3€pKaJbHOTO KaHalla, YTOObI MCKIIOYUTH HEOI-
peneneHHoCTs Tpu ycraHoBiIeHnH acToTel CU. Tem He MeHee,
ypoBeHb [1CC, BHOCHMBII ITU(PPOBHIM BBIYACIATEIFHBIM CHHTE-
3aTOPOM, OCTAETCSI OTHOCHTEIILHO BBICOKHM.

fO_n0§§ 5 (:) ﬁswxi

fTAK

LBC

Puc. 10. BriBenenue [IBC u3 konbiia @AY

CymiecTByeT MHOTO amIiapaTHBIX W IMPOTPAMMHBIX PEUICHHH,
HaIpaBJICHHBIX Ha yIyd4IIeHHE cleKkTpaibHoro coctasa L[BC.
ArmmapaTHbie METOJIbI OOBIYHO OCHOBAHBI Ha TIEPEHOCE CUTHAIA
UG POBOrO CHHTE3aTOPa BBEPX 110 YaCTOTE U €r0 MOCICAYIOIIEM
neneHun (puc. 11), 4To MO3BOJISET YMEHBIIUTh aMIUTUTYAY He-
JKEJIATCNIBHBIX CHCKTPATBHBIX MPOAYKTOB Ha 201gM (mpucymiee
MPOIIECCY JICJICHUS YaCTOTHI).

T-Comm Tom 4. #10-2020
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K coxarneHuro, Ipy 3TOM TaKKe YMCHBIIACTCS JIUATIA30H Te-
HEPHUPYEMBIX YaCTOT Ha BBIXOJC CHHTE3aTOpa, [UIS PACIIHPCHHUS
KOTOPOTO MPUXOJNUTCS YBETHYUBATH YHCIO YaCTOT TeTEPOINHA H
¢uneTpoB (puc. 12) — mogoOHO TOMY, Kak 3TO JIeJaeTcsl B Mpsi-
MbIX aHajoroBbix CY. 3amerum, 4To M MOMKET UMETh pa3Hble
(mporpaMMupyeMble) 3HAYCHUS, YTO TTO3BOJIACT JOTOIHUTEIHFHO
pACIIUPUTH THATTa30H YAaCTOT JAaHHOM CXEMEI.

BC p—> [\ - —> +M >
H Juse Jrer+ fusc (Frer +fusc) IM
Jrer
Puc. 11. Ymensienne [1ICC uudpoBoro cuarezatopa
usc o—|

I
I3

l +|V| —>
—O
—O

sl 2

Puc. 12. Pacummpenue yacrorHoro auanaszona [IBC

IIporpaMMHBIE METO/BI OCHOBBIBAIOTCSI HA TOM, YTO MECTO-
M0JIOKEHHE MOOOYHBIX CIEKTPAIBHBIX COCTABISIONIUX YaCTOT-
Horo criektpa [IBC sBisiercst (yHKIMeld ero BXOAHOW (TakTo-
BOM) M BBIXOJHOW 4acToT. Takum o00pa3om, /Ui KaKJOH KOH-
KpeTHOW BBIXOAHOW 4YacToThl cuHTe3aTopa IICC mMoryt ObITh
C/BUHYTHI 110 YaCTOTE M B JaJbHEHIIEM OT(QHIBTPOBAHBI IIyTEM
W3MEHEHHs TaKTOBOM 4acToThl. CiemyeT OTMETHTh, 4TO IIPO-
TpaMMHBIH MeTox paboTaeT AOCTaTOYHO A(P(HEKTUBHO LIS II0-
JIaBJICHUS] UCKaXCHUI OTHOCHTENIBHO MaJlOro MOpPS/IKa, TaK Kak
IUIOTHOCTh AWCKPETHBIX CHEKTPAIBHBIX MPOIYKTOB YBEINYMBa-
eTCsl IMPOIOPIMOHAIBHO UX HOpAAKy. [loaToMy mporpamMMHbBIM
METO/IOM yJaeTcsi OT(GUIBTPOBATh MCKAXKEHHs TOJIBKO JO OIpe-
JICJICHHOTO YpPOBHS; MpW dToM, najibHeimme cHmwxenue [ICC
BO3MOJXKHO ITyTEM KOMOWHHMPOBAHUS allapaTHbIX M MPOrpaMM-
HBIX METOJIOB.

Cwmecureb B Kojbie OAITY

OCHOBHBIE XapAaKTEPUCTUKH CHHTE3aTOpPa MOXHO 3HA4H-
TENBHO YJIy4IINTh, BBES YacTOTHOE NpeoOpazoBaHuE (CMECH-
TeNnpb) B Ienb oOpaTHON cBs3u (puc. 13). IIpu 3TOM BBIXOIHOMN
curHan CUY mepeHOoCHuTCsl BHU3 IO YacTOTE, YTO TO3BOJISIET 3HA-
YUTEIHHO YMEHBIIUTH KO3(uImeHT neneHus 1enu oOpaTHON
cBsi3u. ONOPHBINA CHI'HAJI CMECUTENsI TeHEPUPYETCsl ¢ MOMOIIBIO
nononHuTensHON neTan @AITY (MHOTOKOJIBLIEBBIE CXEMbI) WU
YMHOKUTENS 4aCTOTHI (puc. 14).
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Puc. 13. Vcnonp3oBanue 9acTOTHOTO 1peodpasoBanust B konbie GAITY

fOﬂOP .f:?le 3
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—>|

>@
Puc. 14. ®opmupoBaHue 9aCTOTHI FeTEPOANHA M3 ONIOPHOTO CUTHANA

Cremyer OTMETUTb, YTO CUTHAJI T€TEPOMHA (U €ro rapMOHH-
KM) MOTYT NIPOHUKATh Ha BBIXOJI CHHTE3aTOpa M3-3a HEJJ0CTATOY-
HOHW pa3BsI3KU CMECHUTEINS, YTO TpeOyeT BBEJICHHUS JIOTIOJIHUTEIb-
HBIX KOMITOHEHTOB JUISl TIOJTydeHUs] TpeOyeMoil pa3Bs3ku. Jlpy-
roi nmpoOJIeMOH, CBSI3aHHOHN C IMTPUMEHEHHEM CXEM, OCHOBAHHBIX
Ha YaCTOTHOM IIpeoOpa30BaHUM, SIBISCTCS JIOKHBIN 3axBaT dac-
TOTBl W3-3a JOMOJHHUTENBHBIX IPOIYKTOB INPEe0oOpa3oBaHUs B
CMecHTeNe, HalpuMep, 3epKalbHOTO KaHana. [losTromy HEoOXo-
VMO TIPEIBApPUTENBHO JOCTATOYHO TOYHO HACTPOWUTH YaCTOTY
I'VH, nanpumep, ¢ nomomisto [IAIL. D10, B CBOIO 0ouepeb, Tpe-
OyeT UCKITIOYNTETHHO BBICOKOM JIMHEHHOCTH (M TTOBTOPSEMOCTH)
3aBUCUMOCTU BbIXOAHOM 4YactoThl I'YH oT ynpasistomero Ha-
NpsDKEHHs B paboueM TeMIepaTypHOM Juara3oHe, a TakKe To4-
HOW kamuOpoBku ['VH 11t KOMIIGHCAlMH TEeMIIEpPaTypHOrO
npeiida naHHoM 3aBUCHMMOCTH. B CBSI3M € 9THM, NpelyCTaHOBKA C
nomo1bto LHAII npumensieTcss B OCHOBHOM IIPH UCIIOJIb30BaHUU
JKUT'-reneparopos.

Bonee HafexKHBIM pelIeHUEM SBISETCS NpeBapUTeNIbHAs Ha-
CTpOMKa C MOMOILBIO TOMOJIHUTENbHOM 0HOKONIbLEBOH DATIY,
KaK [T0Ka3aHo Ha puc. 15.

fﬂqﬂf;ﬂq_&@
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Puc. 15. [IpeycranoBKka 4aCTOTHI C IIOMOIIBIO
JOIOJIHATENILHOTO Koblia OAITY
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B nauanpHOM cocrostHuu ['VH BKJIFOUEH B KOJIBIIO OOBIYHOMN
onnokoibieBot ®AITY, xotopas ycranaBmuBaeT yactoty ['YH
C HEoOXOJMMOW TOYHOCTBIO (MOYKET HMCIOJIB30BATHCS JAPOOHBIN
nemutens win [[BC). Jlanee I'VH mnepexirodaeTcst B HIDKHEE
KOJIBIIO, MCIOJIB3YIOIIee CMecUTeNb. Takum o0pa3om, MpoHucXo-
JIIT HAJEXKHBIH 3aXBaT 4YacTOTHl, U UCKIIOYEHHE H30BITOUHBIX
murymoB u [1ICC Bepxuero konbia (N<K).

Crnenyer OTMETHTB, YTO BO MHOTHX CEPHIHO BBIITYCKaEMbIX
nHTerpanbHbIX cxemax @AIIY co BcrpoennsiM ['YH, He mpenmy-
CMOTpPEHO BBeAeHHe cMmecutens (T.e. Beixon ['YH coenuuen co
BXOJIOM JIeTUTeIIsl Ha N, KOTOPBIN B CBOIO OUEpPE/Ib MOKII0YACT-
cs Ko BXoAy (ha3oBOrO JAeTeKTopa). B 3ToM cirydae BO3MOXKEH
«TIEPEeBOPOT» CMECHUTENs (T.€. HCIIOIb30BAaHME CMECHTENs CO
CTOPOHBI OMIOPHOTO BXO/1a), KaK MoKa3aHo Ha puc. 16. [Ipu sTom
MOJIpa3yMeBaeTCs UCIOIb30BAHNE BEICOKOYACTOTHOTO CHTHAJIA B

KaueCTBE OMOPHOTO.
v
_ N
(Ei)f Jornor, I LN e
N

f onor

v

Puc. 16. Mcronbp3oBaHre CMECUTENS CO CTOPOHBI OMOPHOTo Bxoaa d/]

IIpoananuzupyem npuseneHHyto cxemy. IIpu 3axBate yacTo-
ThI OyJIeT UMETh MECTO PaBeHCTBO YacToT Ha Bxojax O /1:

S/ N=f~fonop

[IpencraBum mymsr OJ] (a Taxoke MIyMbl JPYTUX KOMIIOHEH-
TOB, IEPECUNTAHHBIX KO Bxoay ®DJI) B BuAE CIy4aifHOTO Majioro
OTKJIOHCHUSI YacTOThI Af:

S/ N % Af=f~ fonop.

[Tocne HecnOXKHBIX IPEOOPaA30BAHUH, TOTYUUM:

S =fonor/ (1-1/N) £ Af/ (1-1/N).

IIpeanonoxum, uro BbIXOgHAs yactota CY CyIiecTBEHHO
mpeBbImaeT yactory cpaBHeHus @®JI. B stom cmywae N >>1, a
BBIXOJTHAS YACTOTA OYAET OMPEICIIATHCS CICIYIOIIM 00pa3oM:

f= foror = Af.

OTcro/1a MOXKHO CJIeNaTh BBIBOJ, YTO MPH MPUBEIACHHBIX JI0-
mymeHuax mymel @/ He yMHOXKarOTCSH, T.e. cXema Ha puc. 16
BeJleT ce0sl aHAJOTMYHO OOBIYHOI cxeMe ¢ NMpeoOpa3oBaHHEM B
konble GAITY.

Wnrepecnoe pemenue (puc. 17), nHa3Bannoe «self-offset
loop», npuseneno B [13]. Jlerko mokasars, 9T0 BBIXO/IHASI 9ACTO-
Ta B JAHHOH CXeMe OIPE/IeIsIeTCs] CIEAYIOIUM 00pa3oM:

AB
A+B’

f BBIX — f orop

a caMa cxema MpeJCTaBIsIeT OJHY M3 pealu3aluil ApoOHOro KO-
a¢urmenta aeneHust B konbie GAITY.

——

Je oo @ >@ Jbix 5
+N «<— +A |<—
+B |«

Puc. 17. Peanuzanust apo6HOro kodhduieHrta qeaeHus
C OMOIIBIO CMECHTEILS

MHOTr0OKOJIbIIEBbIE CXEMBI

[pocreiiias cxema ¢ OJHOKPATHBIM IPE0Opa30BaHUEM Yac-
ToThl B KOJbIle PAIIY mpu wucroip30BaHUU (HUKCHPOBAHHOM
YacTOTHI FETEPOJIMHA SBISIETCS d(PPEKTUBHBIM PEIICHUEM, OJIHA-
KO, MCIOJBb3yEMbIM B OTHOCUTEIBHO Y3KOM JMAMa3oHE 4acToT.
JleicTBUTENBHO, pacUIMpeHHe BBIXOJAHOTO JAMana3oHa YacToT
MIPUBOJNT K noBbimeHuto [1Y Ha BeIX0/€ cMecuTens, 4To Tpedy-
eT moBblmeHns1 ko3¢ ¢unnenrta aenenus B xonble GAITY. On-
HUM W3 PELICHUH, HANpaBICHHBIX Ha YMEHBIICHHE KOA(QUIH-
€HTa JIeJIeHNUs, SIBJIIETCSI UCIO0Ib30BaHUE MIEPECTPAUBAEMON Uyac-
TOTBI T€TEPOJIMHA, KOTOPasi MOKET OBITh MOJIyYeHA C ITOMOIIBIO
JIOTIOJTHUTEIBHOTO KOJIbIIA, KaK 3TO MPOWLIIOCTPUPOBAHO Ha
puc. 18. Ilpeanonoxum, 9T0 HAM HY>KHO OISITh CHHTE3UPOBATH
gacToTsl B okpectHocTH 10 I'Tm, (mampumep, ot 9 no 10 I'T) ¢
gacToTHEIM ImaroM 1 MI'm. B aTom cimywae HibkHEe mo cxeme
kombrio PAIIY obecmeunBaer Tpebyemoe MEpEeKpBHITHE C Yac-
tToTHBIM maroM 100 MI'1 (Bapbupyst KOO UIIHMEHTHI JeTeHUs OT
90 no 100), obecmeunBasi CHTHaJd TETEPOIMHA ST BEPXHETrO
KoJblla. B cBOIO ouepenp BepxHee KOJIbLO paboTaeT ¢ mpeodpa-
30BaHUEM YaCTOTHI, «3aMOJIHSSD MPOMEXKYTKU ¢ marom 1 MI'm.
[Tpn sToM MakcHMalbHBIA KOA(D(UIMEHT JeNieHns AJIsl BEpXHETO
KkoJpua Takke He npesbliaer 100. B urore makcumainbHas Je-
rpajanys nrymoB He npessimaer 40 nb i moboro xosbla (B
cpaBHeHnn ¢ 80 nb mns omHOKOMBIICBON DAITY). bonee mrmpo-
KO€ MEPEKPBITHE WIM Oosiee MENKHMH YaCTOTHBIM Iar MOXKHO
MOTYYNTh KAaCKaJUPOBAHUEM OOJIBIIEr0 YHCiia KOJell, KaK IMoKa-
3aHO Ha puc. 19. OCHOBHO# HETOCTATOK — OTHOCUTEIHHAS CIOXK-
HOCTb CXEMBI IIPU TIOCTPOSHUH MIMPOKOIOTIOCHBIX CU.

100 MHz 1My 9-10 My,
> +100 ‘@—) —>
1 Mly war
L N
N
9-10 My,
100 MINy war
100 MI

+ Ny

Puc. 18. Cunresarop gactot ¢ aByMms kombramu GAITY
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Puc. 19. MHOTOKOJIBLIEBOI CHHTE3aTOP YacTOT

MHorokpaTHoe peodpa3oBanue 4acToThl B Kojble GAITY

KoaddrmmenT nenenns B 0AHOKOIBIIEBOM CHHTE3aTOPE Yac-
TOT MOXHO 3HAYUTCIIBHO yMEHI)HII/ITL (BHHOTI) J0 CAWHMUIIbI, T.C.
MOJTHOCTBIO UCKIIFOUUTH JICIUTENh YaCTOT) IMyTeM MHOTOKPAaTHO-
rO MOCEOBATENILHOTO MPeoOpa3oBaHus 4acToThl [14], kak mo-
kazaHo Ha puc. 20. Cxema OTIMYaeTCsi OTHOCUTENHLHOM MpOoCTo-
TOW, OJHAKO, TpeOyeT (GOpPMUPOBAHMS HECKOJIBKUX CHIHAJIOB
rerepoauHa. Kpome TOro, T.K. OTHOIICHHEC YacTOT HA CHTHAJIb-
HOM BXOJIC¢ W BXOJ€ I'€TEPOJMHA KaXKIIOTO CMECHUTENs OTHOCH-
TEJBHO HEBEIUKO, BO3HUKAET MpodieMa (GUIbTpanuu MOOOYHBIX
MPOAYKTOB TMpeoOpa3oBaHus cMmecurenell. JlaHHas mpobiema
pemraeTcst myTeM (OPMHPOBAHUS CHTHAIIOB TeTeponnHOB 1 D]
U3 OIHOTO OOIIEro, BHICOKOYACTOTHOTO OIMOPHOTO CHTHANA C
MTOMOIIIBIO €T0 MOCIIeI0BATEeIBHOTO eneHus (puc. 21).

f %@

JBbix >

e{ggé_

N
T

Puc. 20. MHorokpaTHOE nipeodpa3oBanue B Koibie DAITY

3aMeTHM, YTO B KaueCTBE CUTHAJIOB TE€TEPOAMHOB MOTYT
OBITH TaK)KEe MCIIOJIH30BaHBl TADMOHHKH, a BBIIICYKa3aHHAsl CXe-
Ma B o0meM Buze OyZeT BBITJISICTh, Kak ITOKAa3aHO Ha puc. 22
(popMupoBaHHE TapMOHUK MOKA3aHO BBEIICHHEM JIOTIOTHUTEIb-
HBIX YMHOXHUTEJCH).
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Puc. 21. ®opMupoBaHus CUTHAJIOB FETEPOJIUHOB

OcraHoBuMCs 1oJIpoOHEH Ha JaHHOM cxeme. [Ipeanonoxum,
YTO MepeKItoYaTellb curuaia cpapHeHuss @/ HaxoauTcst B HUXK-
HeM rnonoxxeHuu, a I'YH npenBapuTebHO yCTaHOBIICH HA HYyX-
HYIO 4acTOTYy, TaK 4TO MPOUCXOAUT 3aXBaT YACTOTHI B KOJIBIIE C
MHOTOKPaTHBIM TIPe0Opa3oBaHNEM YaCTOTHI.

He TpynHO mOKa3ath, uro BeIXOAHOH curHanm CUY Oynmer or-
penensThes CaeayIoImuM 00pazoM:

f=F(DD,.D_ D, +DD,.D,C. +..+DD,C,+DC, *1).

Tak kak koadduumentsr nenenus D u ymHoxenuss C —
eJIbIe YKCIIa, TO JaHHOE BBIPAKEHNE MOYKHO 3aIlUCaTh B BUJIE:

f=F,xN,
rie

N=(DD,..D.D,G+DD,..D,. G, *..£DD,C,+DC 1)
— LIeJI0€ YHCIIO.

Takum o0Opa3om, HEOOXOaUMas YacTOTa MOYKET OBITH Tpe-
JYCTaHOBJIEHA C TMOMOIIBIO JOMOJHHUTEIBFHOTO TPOCTEHIIETo
xonbria GAITY ¢ mporpaMMHPYEMBIM LIETOYHUCICHHBIM KOd(PHH-
nueHToM Jienenus N. Cleyer OTMETHTbh, YTO BBIXOJHAS YacTOTa
CU npu nepe3axBaTe HE U3MEHSIETCS, TAKUM 00pa3oM, TIepexo/i-
HBIE TIpoliecchl MuHUMU3Upyetcs. [Ipu atom koaddurment ne-
neHus B HKHeM kojbile DAITY paBeH eauuuie (T.e. IeICHUE
OTCYTCTBYET).
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Puc. 22. O600meHHast 6JI0K-CXeMa ¢ MHOTOKPATHBIM
npeoOpa3oBaHUEM YaCTOTHI

\2J

1= fonor

ITokaxem Takke, 4TO MPOAYKTHI MpeoOpa3oBaHUS CMECUTe-
JIel B JIAaHHOM cXeMeé HE OKa3bIBalOT HETaTUBHOT'O BIIMSHHUS Ha
BBIXOJTHOM CIIEKTpP CHUTHAJIA.

B o0mem Bulie 4acTOThI MPOAYKTOB MPEOOpa3OBaHUs BbIC-
IIEeTO MOPSIKA OTPEACIISIFOTCS IO (hopMyIIe:
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Jew =Emfe 0y,

KOTOPOE IJId CMCCUTEIIA Mi MOXKET 6I)ITI: 3aI1MCaHO B BUJIC:
forgs = tmFyN +nF,D,D,..D, D,C,.

Tak kak ko3 durmentsr nenenus D u ymHoxeHus C — 11e-
JIBIC YHCJa, TO JAHHOE BBIPAKCHHE MOXKHO 3allHCaTh CIEHYO-
M 00pazom:

fCMi :kF(')’

e k — 11enoe 4nciio.

Takum 00pa3om, IPOIYKTHI TPeoOpa3OBaHUA JIFOOOTO CMECH-
TEeJsI SABISIOTCS TAPMOHWKAMHU YacTOTHI cpaBHeHH DJ] U MOTyT
OpITh JeTKO0 oThmiapTpoBaHbl puiabTpoM DAITY. Cymmmpys
BBIIIECKA3aHHOE, TPUBEICHHAS CXeMa O00JamgaeT PsIOM JI0CTO-
WHCTB, @ IMEHHO:

— MaTeMaTHYeCKH TOYHAs MPEAyCTaHOBKA YaCTOTHI C TIOMO-
1IbI0 TIpocTeimei ogqHokonbeBoit ALY,

— MHUHHUMAJIbHBIC BPEMA ME€pE3axBaTa U CKa4YKU (1)8,31)1 Ipu 1ne-
pe3axBare 4yacTOTHI;

— OTCYTCTBHE JIeJIEHUS B OCHOBHOM Kouiblie DAITY;

— BBICOKAsl YMCTOTA BBIXOJHOTO CIIEKTpa CUrHaja Ojaromapst
3¢ PEeKTUBHOMY IOJIaBJICHUIO MPOAYKTOB MPE0Opa30oBaHMs CMe-
cureneil (KOTopble COOTBETCTBYIOT MAPMOHHMKAM YacTOTHI CpaB-
Herus OJI).

3aMeTnM, 9TO MUHUMAJIBHBIM YaCTOTHBIM IIar B JaHHOM CXeme
paBeH F. JIns yMeHbBIIIEHHS 9aCTOTHOTO II1ara CleTyeT MCIOIb30-
BaTh TEPECTPAMBAEMbI OTIOPHBIM CHUTHAJ, KOTOPBIH MOXET OBITh
c(hOpMUPOBAH JOMOJHUTEIILHBIM Y3KOIOJOCHBIM KoJibiioM DATTY
WK C TIOMOIIBIO MPSMOro aHaJoroBoro cuHresa. IIpu stom nna-
Ma30H TIEPECTPOMKU OIOPHOTO CUTHAJIa MUHMMajeH (paBeH Fj),
YTO 3HAUMUTENBLHO ympomaer noctpoeHne CU. Taxoke oTmerum,
4TO, XOTsI 00001IeHHAs OJIOK-CXeMa Ha PHC. 22 BBIMVISIUT OTHOCH-
TEJIBHO CJIOKHOM, Ha MPaKTHKE JOCTaTOYHO JIBYX KAacKaJoB Ipe-
00pazoBaHUs [UIS TIONyYCHUS OKTABHOTO TEPEKPHITHA. B memom
JTAaHHAs CXeMa SBJISETCS BECbMa MEPCIIEKTUBHOM ISt TIOCTPOCHUS
mpoKoIoNocHbX CY ¢ MallbiM BpeMEHH TIEPECTPONKH W BBICO-
KAMH CHIEKTPATBHBIMHU XapaKTEPUCTUKAMH.

YMuoxkurean B neriie ®AINMY

Koaddunuent nenenus B kosbie GAITY — BakHast Xxapakre-
pPHCTHKA, KOTOpasi ONpeJelsieT CTeNeHb yXyJmeHus (Hha3oBoro
mryma u [ICC Ha BXome (pa3oBoro AeTeKTOpa MpH MepecdeTe K
BbixonHOW uactote ['YH. CHmkenue kodQuimeHTa IeiIcHUs
(WM CBEllCHHWE €ro K CIUHHIIG, T.C. MCKIFOYCHUC IICIIUTEIS U3
koubria @AITY) — omuH W3 OCHOBHBIX METOJOB YIIYYIICHHS Xa-
pakrepuctuk CY. MOXHO 3aMeTUTb, YTO C MaTeMaTHYeCKOU
TOYKH 3PCHUS BO3MOYKHBI TPH CITydasi:

N>1 — dazoBsie mrymsl yxyamarotcs Ha 20IgN;

N=1 — }a3oBbIe IIyMBI HE U3MEHSIOTCS,

N<I — (a3oBBIC IIyMBI yIyUIIAlOTCS TIO TOMY K€ JIOTapud-
MHYECKOMY 3aKOHY.

[Mocnennuit ciy4yail MOXeT BBI3BaTh BOIPOC O €ro (usmye-
CKOl peanu3aIiiiu, Beb 37€Ch HCOOXOIUM KOMITOHEHT C Xapak-
TEPUCTUKAMHK, OOpATHBIMH JCJCHUI0. JIerko moramaThCsi, 4TO
TAaKAMHU XapaKTePUCTUKAMU O00JaaeT YMHOXHTEIb YacTOT, a
BO3MOKHAs (hU3MYECKas pearnu3alisi — BBSJICHUEC YMHOKUTEIS B
xonbro PATIIY, xak 3TO HPOMIUIIOCTPUPOBAHO Ha puc. 23. B
o0mieM ciiydyae yYMHOXKHUTEIb MOXKET OBITh BKIIFOYCH B JIFOOOU

——

touke konbna OAIY, Hapumep, ciaeBa OT cMecuTens (puc. 24).
[Tpn 3TOM HIyMBI BCEX KOMIIOHEHTOB, CTOSIIIMX CIEBA OT YMHO-
JKUTEJIST M TIEPECUUTaHHBIX KO BXxoay DJI OyayT ymydimmarscst Ha
20lgN mpu niepecyere K BRIXOAHOM 4acToTe.

Jonor, @_)
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T

Puc. 23. Ucnonb3oBanue yMHOXHUTENS B Kosiblie DATTY

Jonor, @_)
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Puc. 24. AnprepHaTHBHOE BKIIIOUEHHE YMHOXHTENA B Konblo DAY

Urak, ucnonb3zoBanue GAIIY siBisieTcs NpOCTbIM U HaIEXK-
HBIM pEIICHHEM, UCIONb3yeMbIM B CHHTe3aTopax dacTor CBU.
CymiecTByeT pa3HOOOpa3HBIE apPXWUTEKTYPHBIC PEIICHUs, pac-
CMOTpPEHHBIC BEIIIE, KOTOPHIC MTO3BOJISIOT B MTOTHON MeEpe peaii-
30BaTh MOTEHIAN CHHTE3aTOPOB acToT ¢ DATIIY.
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ARCHITECTURE SOLUTIONS FOR DESIGNING OF MICROWAVE FREQUENCY SYNTHESIZERS
BASED ON PHASED LOCKED LOOP

Alexander Chenakin, Anritsu Company, Morgan Hill, CA, USA, achenakin@hotmail.com
Victor Kochemasov, Radiocomp, Moscow, Russia, vkochemasov@radiocomp.ru

Abstract

Frequency synthesizer - as a main module for modern communication systems, test-and-measurement equipment and other electronic
devices - should meet certain requirements. The most important requirements include spectral purity of generated signal (low phase
noise and spurs), fast switching speed and high frequency resolution (low step size). Other important characteristics include low power
consumption, small size and low cost. Thus, the main design goal is selecting proper solutions to support these requirements. This arti-
cle describes various architectures used to design frequency synthesizers based on phase locked loop.

Keywords: frequency synthesizer, phase locked loop, phase noise, spurs, switching speed, direct digital synthesizer
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