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Beenenne. B Hacrosimiee Bpemsi nugpoBble BbIUMCIHTENBbHBIE cuHTe3aTophl uactorT (LIBC) nHaxomsT
IIMPOKOE TPUMCHEHUEC B pa3IMYHBIX CHUCTEMaX IMepefadyd WHGOPMAIHMH, PAJUONOKANMH W PaJldOHABUTAIWU.
CoBpeMeHHOE pa3BUTHE MHKPOIIECKTPOHUKH M TEXHOJOTMH W3TOTOBJICHUS IHM(QPOBBIX MHUKPOCXEM ITO3BOJIMIIO
peanu30BaTh CHHTE3aTOPhI CO 3HAYCHUSIMHU MaKCUMAIbHBIX TAKTOBBIX YAaCTOT MOPSIIKA COTCH MErarepll U Iara CeTKH
yactoT noiu repua [1,2]. ITo-npexHeMy, CyIeCTBEHHBIM HEJOCTATKOM, OTPaHUYMBAIOIINM ITPUMEHEHHE IHU(PPOBBIX
CHHTE3aTOPOB YacTOT, SIBISCTCS OTHOCHTEIHHO BBICOKHH YPOBEHb MOOOYHBIX CIEKTPANBHBIX COCTABIAIOIINX Ha
Beixoze [IBC.

IIpu wucrnonmszoBannu [IBC B 1udpoBBIX BO30OYAMTENSIX pagroBENIATEILHBIX YCTPOMCTB CYIIECTBEHHBIM
OKa3bIBaeTCS BIMSHHUE TUCKPETHBIX COCTABIAIONINX HAa KAadYeCTBCHHBIC XapPaKTEPHCTUKH 3BYKOBOTO CHTHAja IPHU
obecrieueHny TpeOOBaHUH K JOITYCTUMOMY YPOBHIO (pa30BBIX M aMIDIMTYIHBIX TrymoB [IBC [3].

B nmamHOH cTaThe TpEAsioKEH M TMPOAHATU3UPOBAH OMWH W3 CHOCOOOB CHIDKEHHS YPOBHSA MOOOYHBIX
muckpetHbix coctaBmstonx (IIJIC) B cmektpe BeIXOmHOTO KoneOanms I[BC, mpemcraBineHbl pe3yiabTaThl
TEOPETHYECKOTO MCCIICAOBAHUS, IPHBEICHBI PE3yIbTaThl KOMITBIOTEPHOT'O MOJICIIUPOBAHMSI.

CocTosinne Bonpoca u mocraHoBka 3aaauyn. O6mas QynknuonansHas cxema LIBC npencrasiena Ha puc. |
[3]. Ha srom pucynke BBemeHnl o6o3Hadenus: HC — HakommtenbHbI cymmarop, IIK — mpeoOpasoBarens kox
¢asbl/ko BBIOOpKHM cuHTe3upyemoro koiebanus, L[AIl — mudpo-ananorossii mnpeobpasoBarens. B paGore
paccmarpuBaetcs [IBC ¢ dopmupoBanneM kojaeOaHU rapMOHUIECKOW HOPMBI.

Hugposoti sbruuciumenvhuolil Cunmesupyemoe
Koo Konebamnue ¢

3a0anus R HC N /7K NI uacmomot fi

Puc.1. CDyHKIII/IOHaIILHafI cXema III/I(I)pOBOI‘O BBIYUCIUTECIIBHOTO CUHTE3aTOpAa YaCTOT

[pouecc dpopmuposanust konedanus B [[BC Ha ka0l CTYIEHH CBsI3aH C MOTPEIIHOCTSIMHU (POPMHUPOBAHUS
— omubOkamMH OKpyriieHHus (aspl, OMMOKaMH OKPYIJIGHHS 3HAYeHWH BBIOOPOK CHHTE3MPYEMOTO KoJeOaHus,
HMIYIbCHBIMH  BBIOpOCAMH  HAamNpsDKEHUS WM TOKA, BO3HUKAIOIIMMH Ha BBIXOJE ILH(PO-aHAIOTOBOTO
mpeoOpa3oBaTensi BCIEACTBHE HECOBIAICHUS MOMEHTOB IeperiodeHus paspsmoB LIAIL, xotopsie B nmuteparype
NpUHATO HasbBaTh TauTdyamMu [IAIL. JIuckpeTHbI XapakTep MOOOYHBIX CHEKTPATbHBIX cocTaBisttommx [[BC
00yCITOBJICH IEPUOANIECKON CTPYKTYPOU MOTPENIHOCTEH (HopMHUpOBaHUsI KOJIeOaHNsI.

JetanpHBI aHAMN3 CIEKTPAJIbHBIX AWArpaMM LU(POBBIX BBHIYHCIUTEIBHBIX CHHTE3aTOPOB IOKAa3aj, YTO
OCHOBHBIM HMCTOYHHKOM TIOOOYHBIX TUCKPETHBIX cocTaBisttonmx B [IBC sBnsiorcs ramram Ha Beixome [IAII. Tak,
nanpumep, 111 LIBC tuma AD9850 [1] o6umii yposens [1/IC ne npessimaer —80 05 B nonoce ananuza 50 x[y. [pn
9ToM ypoBeHb oTaenbHbBIX [1JIC Ha BbIXOJE cuHTe3aTopa coctaBisieT —59,925 ob npu GpopMUpOBaHUN KOJEOAHUS C
yactoTolt fi;=20 MI'y v —54,818 ob npwm fi,=41 MIy. TenneHuus yBeIW4eHHs YPOBHS HauOOJBIINX TUCKPETHBIX
COCTAaBIIIOIIMX C YBEJIMYEHUEM CHHTE3UPYEMOH YacTOTHI TOBOPUT O TOM, YTO OCHOBHBIM HCTOUYHHKOM 3THX
COCTaBJIAIOIINX SIBJISTIOTCS TIINTYH, TIOCKOJIBKY OCTaJIbHBIC (PAKTOPHI HE 3aBUCST OT YaCTOTHI.

TakuM 00pa3oM, SBISAETCS aKTyalnbHON 3ajmada cHwkeHus ypoBHS IIJIC, oOyClOBIEHHBIX TIMTYAMH Ha
Berxoge IAIL

CroxacTu3anms IJuT4eil MeToa0M ciay4vaiiHoii da3oBoii moayasimmu. OTHIM U3 CIIOCOOOB CHIKECHUS
ypoBHs ITJIC B cmektpe BbIxomHoro kosebanuwst [[BC sBisercs mpeoOpazoBaHWE IMEPUOTUYESCKHX OTKIOHEHHUI
(dopmupyeMoro KojebaHHsS B cTOXacTHYeCKHe. B pesynpTare 3TOro AMCKPETHBIH CHEKTP MOOOYHBIX COCTABIISIONINX
npeoOpa3yeTcs B CIUIOLTHOM.

Taxo#t moaxon k ynpasieHuto Gopmoit crekrpa BeIxogHoro kojebanus LIBC B oTeuecTBeHHOW JUTEpaType
MPUHATO HAa3bIBaTh METOJOM CTOXacTu3almu (B 3apyOcKHOW JUTepaType — METOIOM paHaomm3anuu [S5])
norpenrHocTeil opMupoBaHus KoseOaHui.

B [6] pa3paboTaH TeopeTHUECKU moaxoa K cHmkeHuto ypoBHs [1JIC rauryelr MeTogoM croxactusanmu. B
9TON paboTe pacCMOTpPEHAa MOJENb HE3aBUCHMBIX CIyYalHBIX BPEMCHHBIX CIIBUTOB TJIMTYEH M MOKAa3aHO, YTO IS
nostHOTO ToAaByieHust [1JIC rimTdeir HeoOXoauMO 00ECTIeUnTh CIydalHBIH BPEMEHHON CIBUT TIIMTYEH B Tperenax
nepuoaa cuHre3a. [lpeamonaranoch, 4TO CciaydalHbBIi BpPEeMEHHON CABUT HMEET pPaBHOMEpPHOE pacrpe/eieHue
IUIOTHOCTH BEPOSITHOCTH.

B paborte [7] mpemnokeHa CTpPyKTypa CHHTE3aTOpa CO CTOXAaCTH3AalMeW TIWTYed myTeM mo0aBIeHIS
ciydaiiHeix uncen Ha Bxone LIAIL. B Takoii cTpykType obecrnieunBaercsi cHmkeHre ypoBHS Beex I1JIC, cBs3aHHBIX

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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rmmtdamu Ha Beixone LIAIL. OpmHako, OTCYTCTBHE BO3MOXKHOCTH BBEACHUS YIPABIAIONICTO TapaMeTpa Ha CTaIud
(OpMHUpPOBaHMS AaHAJIOTOBOTO CHTHAjla B PSAC BBITYCKaEMBIX CHHTE3aTOpaxX YacTOT OTPAHWYHMBACT MPHUMEHEHHE
MIPEUIOKEHHOTO B paboTe METo/1a CTOXAaCTH3alluH Ha TIPaKTHKE.

B nmanHOl paboTe mpemaraeTcs METOJ CTOXACTH3AIlMH TJIMTYCH, OCHOBAaHHBIA HA BBEICHHUM CITyYalHOM
(dazoBoit Moaymsimuu B [IBC. MeTon 3akimrodaeTcsi BO BBEJACHUN clydaiiHOH (a3oBol 100aBKHM, U3MEHSIOMIEHCS OT
Iepro/ia K IIepHoIy CHHTE3a U IMEIOIIEeH paBHOMEPHOE pacIipe/ielieHHe TNIOTHOCTH BEPOSTHOCTH.

Brenenne ciyvaitHO# (a30Boil 100aBKM Ha BXOJe CHHTE3aTopa B AmanazoHe oT 0° mo 360° obecrieunBaet
CITy9aliHbI BPEMEHHOHN CIBHUT TJIMTYEH B MaKCHUMAJIbHBIX Ipelaeiax, PaBHBIX MEPHOAY CHHTe3a. TakuM oOpaszoMm,
cienyet oxxunarth 3 dexrnBHoe noaasnenue [1JC rimTyeid, pacnonaokxeHHbIX B paboueii nonoce yacror LIBC.

Teopernueckne oueHkH. Vcrnoyb3yss TEOPUIO MEPUOIUUECKH HECTALIMOHAPHBIX CIIy4YalHBIX MPOLIECCOB AJIS
CIICKTPAIILHOTO aHanm3a BbIXonHOro koyicOanus [[BC [8], ObUTH MOMYYEHBI TCOPETUYCCKUE OICHKU CIIEKTPaJbHOM
IUIOTHOCTA MOIIIHOCTH CTOXAaCTU3MPOBAHHBIX rimTueil Ha Bbixoge L[BC mpu dopmupoBanmm koncOaHHs HIKHEH
YacTOTHI:

S(w)=S.(0)+S,(0), (1)
rac
32
S. (o) ZTG' [1—|d>[ja)]|2] , ()
_( 3¢ RS : 2
Sa(@)=| =+ Y |@Ljgw, ] - 5(w-qay) 3)
g=—o0

— HECIPEPBIBHAA 1 AUCKPETHAA YaCTH CIICKTpa COOTBETCTBCHHO,
4oo
[ jw] = jw(ré )e " dr, )

— XapaKTepUCTUYeCKast PyHKLMA CIy4allHOrO BPEMEHHOTO CIABUTA IIIMTYEH Tg, W(Tg) — INIOTHOCTh BEPOATHOCTH Tg, Jg
- SHEPTHUS TIIUTYEH, wy=2/T - JacToTa CHHTE3A, T - 10 (Vi CHHTE3A, T=K/f.,
K — eMKOCTb HaKOIIUTEIBHOIO CYMMATOpa, f, — TAKTOBas yactora, & @) — pyukius Jupaka.

JanHbie pOpMYITBI MTOYYCHBI B MPEIIONI0KEHIH O CTATUCTUYCCKON HE3aBHCUMOCTH CITYYalHBIX BPEMCHHBIX
CIBHUTOB TJHTYCH M COOTBETCTBYIOT HamOoJice HEOIArONMPHUATHOMY CIIy4ard BO3HHUKHOBCHUS TIUTYCH B MOMEHTHI
MepeKITFoUeHUs cTapiuero 3Havamero paspsia LAIL Tlpu 3Tom ObuTa MpHUHSATA BO BHUMAaHUE OTHOCUTEIBHO Malias
JUTNTETIFHOCTD TIIUTYEH, 9TO MO3BOJIFIIO 3aIIMCAaTh COOTBETCTBYIONINE BEIpAKEHHUS 0e3 yuera pOopMBI TIUTIeH.

W3 momydeHHBIX COOTHOIIGHWH BHIHO, YTO HENpEephIBHAS M AWCKPETHAs 4YacTH CIIEKTpa II0CIe
CTOXACTH3AIMH OIPEISIBIFOTCS XapaKTepUCTUIeCKOW (DyHKIMEH CcilydalilHOro BpPEMEHHOTO CHIBHTa TJUTYEH, T.C.
CTATHCTUYECKUMH CBOMCTBAMH CITydallHOW BEJMYHWHBI, 3aBHUCSIIEH OT (a3pl. OYEeBUAHO, YTO IUCKPETHAS YaCTh
CIIeKTpa oOparaercs B HyJlb IIPH YCIOBHU:

@] jqgw,]=0. 5)
JlaHHOE yCITOBHE BBITIOJIHSAETCS IPU PAaBHOMEPHOM pacCIpeIeTICHHN CIyJaiHoO! (a30Boil 100aBKHU B Tpeesiax
ot 0° o 360° [8].
[Mudposoii MeTox cHHTE3a YacTOT MO3BOJIsiET obecnednTh Moay sinuio B LIBC ¢ mucKpeTHBIMM 3HaYEHHSAMU
YIIPaBJISIONIEro Mapamerpa. B 3ToM ciydae NUCKpETHBIH Xapakrep M3MEHEeHus (as3bl CHHTE3UPYeMOro KolieOaHMs
Biausiet Ha addexrrBHOCTD Noaasienus I1/1C.

KoandyecTBennble omeHKH. OneHuM 3(QQEKTUBHOCTh MPEIUIOKEHHOTO  METOJa  CTOXaCTU3allWy,
peanu3oanHoro Ha ocHoBe [[BC AD9850. Ynpaenenue $a3oii cHHTE3HUpYeMOro KoJcOaHus B JaHHOM CHHTE3aTOpe
o0ecriednBaeTCsl ¢ MOMOIIBIO S-pa3psIHOro MU(PPOBOTO KO, IMOJaBa€MOTr0 HA BXOJ PErHCTpa 3aJaHHs YacTOTHI U
ynpasneHus ¢aszon. Ilpu sTom ¢aszoBas moOaBka MOXKET NPUHUMATH JII00OOE 3aJaHHOE JUCKPETHOE 3HAUEHHUE B
npeaenax ot 0° go 360° ¢ marom 11,25°[1].

ObecnieunM ciry4aifHyro (a3oBy0 MOAYISIMIO B CHHTE3aTOpe B MaKCHMAaJbHBIX Ipeienax. B aTom cirydae
BBIPAKEHME JIsl IVIOTHOCTH BEPOATHOCTH CllydaiiHol (a3oBoil 100aBKH W((z) IMEET BUJIL!

1< 2.
W(‘Pg):2_525 0: =i | ©6)

i=1
OnHo3HAYHOE COOTBETCTBHE MEXKIy ClydaiiHoi (hazoBoii m00aBKOH () M BENMYMHOH CIy4aiHOro
BPEMEHHOIO CJBMIa IJIMTYEH Tz MO3BOJIAET 3alMCaTh BHIPAKEHME I IUIOTHOCTH BEPOATHOCTH CIy4aiHOro
BPEMEHHOTO CABUIa MIIMTYEH W(Tg) B BULE:

18 5 T
W(Tg)_z_SE T§ —2—51 . (7)
=1

IToacraBus (7) B (4), HOMYYHM BBIpaXKEHHUE JJISI MOIYJIS XapaKTEPUCTHUESCKON (QYHKIUN

-2-
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U3 nocneHero COOTHOMICHUS CIICAYET, YTO MOIYJb XapaKTepucTudeckor QyHKIuu @[j@] OTIMYEH OT HyJs
mpu w=n-32@y. Anaim3 BeipaxeHus (3) ¢ yderom (8) ykas3pIBaeT Ha TO, YTO TPHU TAKOM CIIOCOOE YIpaBICHHUS
mapaMeTpaMHu CHHTE3UpyeMoro kojecOaHus B BbeIXogHOM crekrpe [IBC Oymer mHpHUCYTCTBOBaTH OCTATOYHBIN
JIUCKPETHBIN CIIEKTP MOOOYHBIX COCTABIISIONINX, CBI3aHHBIX C TIUTYaMHU Ha Beixoae [IATIL.

Pe3yJbTaThl KOMNBLIOTEPHOr0 MoJAeJMpOBaHus. /(s aHanu3a CHeKTpaldbHBIX xapaktepucTuk [IBC mpu
Pa3IMYHBIX 3HAYCHUSAX CHHTE3HUPYEMBIX YacTOT OblJa TOCTPOCHA MOJENb CHHTE3aTopa CO CTOXAaCTH3alMed u
MIPOBEJIEHO UCCIIEIOBAaHNE METOIOM KOMITBIOTEPHOTO MOJISIIUPOBAHUSI.

B xauectBe mapametpoB monenu [IBC Oblu 3a1aHBI €MKOCTDh HAKOMTUTENLHOTO cymMmMaTopa K=256, TakToBast
gactota f.=125 MIYy, sHeprus routdeit Js=57 nB-c. Beibop mapamMeTpoB CHHTE3aTOpa OCYHIECTBILLICS C YIETOM
pealbHBIX 3aTpaT MAIIMHHOTO BPEMCHHM HA BBIYHCIHUTCIBHBIC MPOIECCHI, MApaMETPhl TIUTYCH COOTBETCTBYIOT
CIIPaBOYHBIM JaHHBIM 10 coBpeMeHHbIM [TAIL.

Pe3ynbTaThl KOMITBIOTEPHOTO MOJICITUPOBAHUS MPEICTABICHEI Ha puc.2. Ha 3TOM pUCYHKE TOYKaMu MOKa3aH
otHOcUTENbHBINA ypoBeHb [1JIC rnuTueii 1o cToxacTuzaluu, CIUIONTHON JMHUEH — OCTaTOUHBIM CIEKTp MNIMTYEH mociie
cToxactu3anuu. [lomydeHHBIC JaHHBIE COOTBETCTBYIOT pe3yJibTaTaM HCCICIOBAHUS CICKTPAIBHBIX XapaKTECPHUCTHK
TIPU CUHTE3€ YacToT fi;=fp U fio=41fp (fo=1/T).

W3 pucyHKa BUAHO, 9TO MPEIJIONKEHHBINH B JAHHON paboTe METOJN CTOXACTH3AIlMH O0CCIICUYUBACT CHIDKEHHE
ypoBHs Beex [1JIC, 3a UCKITIOYEHHEM COCTABIISIONINX, PACIIOIOKEHHBIX Ha YaCTOTaX, KpaTHBIX 32f;.

SU‘)O, ob S(Jg), ob

-10 ~10

Puc.2. CnexrpanbHble AuarpaMMbl BeixogHoro npouecca LIBC, cs3anHoro ¢ HammuueM riuTtuei Ha Beixoae LIATL
TP PA3UYHBIX 3HAYEHHUSIX CUHTE3UPYEMBIX YacTOT

AJITOPUTM CTOXACTH3ANMM ¢ KoMmeHcanueil ¢a3oBbIX mymoB. HenocTatkoMm mpemiokeHHOTO MeTona
CTOXACTH3AIMH SIBIISIETCSI OTHOCHUTENILHO BBICOKHH ypoBeHb (a30BbIX IIymMoB Ha Beixone [IBC. Hammume Ttakoro
YpoBHS (h)a30BOTO IIyMa CBSI3aHO C BBEJICHUEM CITyJaitHOH (a30BOM 100aBKH OOJBIION BETMYNHEI.

Jis xommeHcanuu (a3oBBIX ITYMOB MOXKHO IPEUIOKHTH aJIrOPUTM, OCHOBAaHHBIA Ha WCIIOJNB30BAaHUU
TPUTOHOMETPUYECKUX COOTHOIIECHUI BHAA coS(A+B)-cos(A-B) n sin(A+B)-sin(A-B). B manHOM cityyae anroputm
CTOXaCTH3AIMH TIIATIEH ¢ KOMIICHCAeH (a30BhIX ITYMOB MOXKET OBITH OITMCAH BRIPAKCHHEM

cos(w, ) - cos(a)kt +(Q2n - o; ))— sin(w,t) - sin(a)kt +(Q2n - o; ))= cos(2mw,t). )

JIis  TpakTHYECKOW peanm3ald  Takoro ajroputMa HeoOXoamMo wucmonb3oBanme aByXx LBC ¢
KBaJpaTypHbBIMH KaHaiamu. [Ipu 3TOM pacdeT CXeMbl C KOMIICHCAIed HEOOXOJMMO IPOBOAUTH C YYCTOM
HEHUJICATLHBIX CBOWCTB aHAJIOTOBBIX MEPEMHOXKHUTENCH CUTHANOB. Tak, JJs MONydYeHHs 3aJaHHOTO YPOBHS (Pa30BBIX
IIYMOB Ha BBIXOJIC YCTPOMCTBA JOJDKHBI OOECIICUYMBATHCS COOTBETCTBYIOIIME TpeOOBaHMS K (Pa30BBIM ONIMOKaM.
IIupuHa cneKkTpanbHON JWHUM CHUHTE3UPYEMOW YacTOTHl OMpeAeNsieTcs] YpOBHEM IPOHUKHOBEHHS CHUTHajla B
COCEJIHUH KaHall.
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RANDOM PHASE MODULATION TECHNIQUE IN DIRECT DIGITAL FREQUENCY SYNTHESIZERS

Pestryakov A.V., Repin A.V.
Moscow Technical University of Communications and Informatics,
8a, Aviamotornaya St., Moscow, 111024, Russia. Tel: (095)273-7504

Introduction. Nowadays, the direct digital frequency synthesizers (DDS) are widely used for different
commercial and military applications. The main disadvantage of DDS is high level spurious discrete components
(SDC) at the output spectrum of synthesizer. The SDC dependence of broadcasting systems characteristics limits DDS
application in the capacity of digital exciters for these systems [1].

The present paper offers and analyses one method of the spurious discrete spectrum components reduction in
DDS. The theoretical results and computer simulation data are given and discussed in this paper.

The problem statement. A block diagram of traditional DDS is shown in fig.1 [2]. DDS consists of three
main components: phase accumulator (ACC), phase-to-amplitude converter (usually, read-only-memory, ROM) and
digital-to-analog converter (DAC). On the each stage of signal generation the errors of conversion (spurious signals)
are taken place. These are phase truncation errors, sample truncation errors, nonlinearity and glitches of the DAC. The
periodicity of the spurious signals results in the spurious discrete spectrum components at the output of DDS.

Direct digital synthesizer

Frequency Cosine

control word A C C R O M . DAC output

A 4

\ 4

\ 4

Fig.1. A block diagram of the direct digital frequency synthesizer

The detail analyses of the spectrum diagrams of DDSs [3,4] shows that the main source of the SDC is
glitches of the DAC. So, the problem of the glitches discrete spectrum components reduction is actual.

A technique of the glitches SDC reduction. One method of the spurious discrete spectrum components
reduction is the randomization method [5]. It is based on the spectrum transformation discrete components into noise’s
ones.

We offer a random phase modulation technique, which allows glitch SDC to be reduced. The technique
consists in random phase addition at the input of DDS. It is supposed that the random phase is constant during period
of synthesis and changed from 0°to 360°.

Because of phase modulation the glitches become time-dependent. The glitches are shifted within the
maximum timing range, which is equaled to the period of synthesis. It allows the periodicity of the glitches to be
completely destroyed and transformation of discrete spectrum into continuous one to be done.
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Using the theory of periodically nonstationary random processes [6], we found general formula for power
spectral density of randomized worst case glitches at the lowest synthesized frequency, which contains both
continuous and discrete parts:

S(w)=S.(w)+S,(0), (1)
where Sc(w)=%-[l—|q§[jw|2], ()
T
(3 BS ; 2
Sd(w)—(7J ZICD[MCOOI 210 (0 —q,) 3)
Pt
D[ jol= JW(Té)-e_Jwridfé )

— the characteristic function of the random timing shift of the glitches 7, dependent on random phase addition @,
w(Tg) — the probability density of 7z, D¢ — glitch energy, wy=2/T, T — period of synthesis, T=K/f,, K — phase
accumulator capacity, f, — clock frequency, & ®) — Dirac’s function.

As one can see from eq. (3), in order to eliminate glitches discrete spectrum components one need that the
modulus of the characteristic function to be equaled to zero. But, the possible discrete phase modulation in available
DDS doesn’t permit this requirement. So, there is residual discrete spectrum, which is due to glitches, after
randomization. The computer simulation data shows off this fact (see fig.2).

S, OdB S (f),0 ob

Before

Residual

Fig.2. The spectra of the glitches at the output of DDS

A randomization technique with phase noise compensation. The obvious disadvantage of the offered
technique is the large phase noise at the output of direct digital synthesizer, which is due to the random phase
modulation in DDS. Because of it one need to use a compensation method.

A glitch randomization technique with phase noise compensation can be written by formula:

cos(@,2) - cos(@t + (27 — @) ) - sin(@,2) - sin(@,t + (27— 9,)) = cosQw 1), (5)

where @, — synthesized frequency. The compensation method application is limited by stringent requirements to
analog multipliers.
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