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XMeNbHUIBKUH HalliOHAIBHUH YHIBEPCUTET

PEAJIIBALIA IU®POBOI'O 'EHEPATOPA IEPIOAUYHUX CUT'HAJIIB
HA ITPOI'PAMOBAHUX JIOTTYHUX IHTETPAJIBHUX CXEMAX

3anponoHoeaHo cxemy npoyecy yugpoeozo zeHepysaHHs nepiodu4Ho20 cueHaay HA 6a3i NpsmMoz2o memody
cuHme3y yacmomu ma HasedeHull onuc po6omu Yyugpoeozo eHepamopa nepioduHHUX cuzsHa.ie Ha 6asi npssmo2o memody
cuHmesy wacmomu. B cepedosuwji Quartus po3pobseHo ma 0ocAidxceHo PyHKYIOHAAbHY cxemy yugdpoeozo zeHepamopa
nepiodu4Hux cueHaaie Ha 6asi npsmozo Mmemody cunme3y yacmomu. [Ipedcmasaeni ocyusnozpamu, siki hiomeepdcyromso
npayeszdamuicms po3pob.seHoz2o yugppoeozo eceHepamopa nepiodudHUX CU2HAI8 HA NPOSPAMOBAHUX J02[YHUX CXeMax
(II/IIC). HasedeHi mexHiuHI Xapakmepucmuku, siKi 6Ka3yome Ha me, Wo 3a80sIKU HASIBHOCMI anapamHuo20 NOMHOXCY8a4a y
cxemi yugposozo zeHepamopa nepioduyHuUX cucHaaieé Ha 6as3i npsmMo2o0 Memody CUHmMesy 4acmomu MAakCuMa/abHa
yacmoma 8uxioHoz2o cuHycoidaibHo20 cueHaay Ha makmosiii 64 MI'y mosce docsieamu 32 MIy.

Knawuoei caosa: yugposutli zenepamop, nepioduuHull cuzvasa, npsmuii memod cuHmesy uacmomu, yugpo-
aHa/10208€ NepemeopeHHs.
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IMPLEMENTATION OF DIGITAL GENERATOR OF PERIODIC
SIGNALS ON PROGRAMMED LOGICAL DEVICES

The main purpose of the digital oscillator is the formation of periodic signals of various shapes. Modern digital oscillators based
on the direct method of frequency synthesis operate in the range from a fraction of hertz to tens and hundreds of gigahertz. They are used in
equipment of different function, replacing it with simple auto-oscillators. At the same time, such oscillators are characterized by all the
disadvantages of digital signal processing devices: quantization noise, overlaying of spectra of a digital signal, limited upper working
frequency. Therefore, the development of digital oscillators of periodic signals based on the direct method of frequency synthesis using
multipliers that would occupy an intermediate position among the known and characterized by a simple and non-expensive implementation
scheme is today relevant. The equation of transformation of the process of digital generation of the periodic signal on the basis of the direct
method of frequency synthesis is found and the algorithm of the process of digital generation of the periodic signal on the basis of the direct
method of frequency synthesis has two conditions: the first condition leads to an increase in phase increase, and the second - to a decrease. A
direct method of frequency synthesis for digital generation of a high-frequency periodic signal has been further developed, in which, in
contrast to the existing one, clock frequency multiplication is used, which allows to increase the frequency of the output periodic signal by 2-
4 times. The scheme of the process of digital generation of the periodic signal on the basis of the direct method of frequency synthesis is
offered and the description of operation of the digital generator of the periodic signals on the basis of the direct method of frequency
synthesis is given. In the Quartus environment the functional scheme of the digital generator of periodic signals on the basis of a direct
method of frequency synthesis is developed and investigated. The work of functional blocks included in the digital generator: adder, register,
frequency divider, reversing counter, transcoding tables, control circuits, digital-to-analogue converter were investigated. Presenting
oscillograms, which confirm the functional capacity of the functional units. Digital part of the circuit of the digital generator is made on the
programmable logic devices of the series MAX II EPM1270F256C5. Based on the developed method, a high-frequency digital periodic signal
generator based on the FPGA EPM1270F256C5 MAX Il series from Intel (Altera) was created, which generates a sinusoidal signal with a
frequency value of 0.1 Hz to 32 MHz at a clock frequency of 64 MHz.

Keywords: digital oscillator, periodic signal, direct digital synthesis, digital-to-analogue conversion.

Beryn

Cyuacui mudpoBi reHepaTopu Ha 0a3i MPSAMOT0 METONy CHHTE3y YACTOTH IPAIIOIOTH Y [iama3oHi Bif
OJIMHUIIb TepIl A0 JECATKIB 1 COTeHb Trirarepll. BOHM BHKOPHCTOBYIOTHCS B amaparypi pi3HOTO NpU3HAYEHHS,
3aMiHIOIOYH B Hill MPOCTi aBTOreHepaTopu. Taka 3aMiHa Jae HACTYITHI IepeBaru:

— ICTOTHO MiJIBHIIY€THCS TOYHICTh HAJIAIITYBAHHS 1 CTa0iIbHICTh YAaCTOTH;

— CIIPOILYETHCS MPOLEC HANAIITYBAHHS anapaTypu;

— 3’ IBISETHCA MOKJIMBICTh IPOTPAMHOTO TIepe HATAIITYBAaHHS YaCTOTH 1 ICTOTHO 301JIbIy€THCS IIBUAKICTD
3MiHH po00Y0i YacTOTH;

— BIAKPUBAIOTHCS] HOBI MOKIIMBOCTI IU(POBOTO (hOpMYyBaHHS MOIYJIHOBAHUX PaIlOCUTHATIB,

—y JeSKNX CXEeMax CHHTE3aTOPIB BJIAEThCS MOKPALIUTH CIEKTPAIBHY YHCTOTY CHIHANIB y TOPIBHSHHI 31
3BUYaiHUMH aBTOI'€HEPaTOpaMHu;

— TOKpAILYIOThCcS MacorabapuTHI XapaKTEpUCTHKH 1 Ha/lIHHICTh ITPUCTPOIO.

Pa3zom 3 THM, TakuM reHepaTopaM BIIACTHBI BCi HEAONIKH HU(PPOBUX MPUCTPOIB 0OPOOKM CHTHAJIB: IIyM
KBaHTYBaHHsI, HAKJIAJICHHsI CIIEKTPiB H(POBOro CUrHaity, oOMexeHa BepxHs poboua yacrora [1]. Tomy po3pobka
IUGPOBUX TEHEPAaTOPiB NMEPIOJMYHMX CHTHAJIIB Ha 0a3i MpSAMOro METOAy CHHTE3y YacTOTH 3 BHKOPHCTaHHSIM
MIOMHOXYBadiB [2], siki © 3aiHSIM TPOMIXKHE MOJIO’KEHHS Cepell BIIOMUX Ta XapaKTepH3yBaJllCh HECKIIATHOIO Ta He
BHCOKOBAPTICHOIO CXEMOIO peatizailii € Ha ChOTOIHI aKTyalTbHUM.

EKCIIepI/lMeHTa.]IBHa YaCcTHHA

CyTh mpsIMOTO METOJy MOJArae B IOCTIJOBHOMY 30uiblieHHI mpupocty ¢aszu [3]. 3rizHo 31 cxemoro,
IPENCTaBICHOI Ha PHC. 1, Mpoliec reHepyBaHHs PO3IOYMHAETHCSA 3 (HOPMYBaHHS KOAIB IPUPOCTY a3y 3 4acTOTOIO,
sIKa eKBIBaJICHTHA ONIOPHIH 1 BU3HAYAETHCS SIK:
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Puc. 1. Cxema npouecy uu¢poBoro reHepyBaHHs NepioM4YHOI0 CUrHATY Ha 6a3i NPsAMOro MeToly CHHTe3y YACTOTH

Iporec hopmyBaHHS KOIB MPUPOCTY (Pasu MOKHA OTUCATH PIBHSIHHAM:
§j=Si1£2", @

Jie N — KUTBKICTh IMITYJbCIB, IO HAMIMIUIA HA PEBEPCUBHAN JTIUMWIBHUK, Si1 — MONEPEIHE 3HAYCHHS KOAY IPUPOCTY
(haszm.
OIHOYACHO 3 MPOLIECOM IiNICHHS ONOPHOT YaCTOTH BiAOYBA€THC 1 11 HEPEMHOKECHHS:

A= l:oc ) 3)

ne C — xoe(illieHT NepeMHOKEHHSI.
Ha mactymHOMy etami BimOyBaeTbes MiACYMOBYBAHHS KOMIB NPHPOCTY (as3m, sKe MOXKHA TPEACTABUTH
PIBHSHHSIM:
R=R-1+Si, Q)

ne C — koedilieHT nepeMHOXeHHs, Pi.1 — IMPOBUN KOJ, KNI 30epexeHo IIiJ] Yyac 3amamM’sITOBYBaHHS IPUPOCTY
(hazm.

[Tin yac mepexogyBaHHS BiIOYBA€ThCsI MEPEBECHHS KOIB MpUpOCTy (a3u y Hu@pOoBi BiUTIKK MUTTEBHX
3Ha4YeHb NepioauyHoro curHaity. Lleit nponec MoxHa onucaTu GopmyIioro:

D=K(R), ®)

ne K — GyHKIIisi IepeTBOPEHHSI.

VY mpoueci nudppo-aHaIOroBoro NepeTBOPEHHs BiOYyBAa€ThCs MEPETBOPEHHST HU(PPOBUX 3HAYEHb BIJUTIKIB
MHUTTEBUX 3HaYE€Hb NEPIOAMYHOTO CUTHAIY Yy CTPYM. AMIUIITY/ly CTPyMYy BHXIJHOTO MEPIOMYHOTO CUTHAIY MOYKHA
3HaWTH 3 BUpa3y [4]:

Ug
lout=—"D, 6
out="p (6)

ne Uo — oropre 3Ha4ueHHst HanpyrH, R — omip pesucropa LIAIL.
[MizcraBuBmm Bupasu 2, 4 1 5 y Bupa3z 6 oTpUMaeMo PIiBHSHHS IEPETBOPEHHS Ul MPOIECy HU(PPOBOTO
TeHepyBaHHS TIePiIOMYHOTO CUTHAITY Ha 0a3i MPsIMOT'0 METOTy CHHTE3Y YaCTOTH:

U
|out:?0'K(P|—l+Si—li2n)- (7)

VY BiAmoBimHOCTI 110 piBHSHHSA nHepeTrBopeHHs (7) Ta anroputMmy pospobieHa (yHKIIOHAaJIbHA cXeMa
npouecy u(poBOro reHepyBaHHs MEPiOJUYHOI0 CUIHAITy Ha 0a3i mpsSMOro METOJy CHHTE3y 4acToTH (pHc.2) Ta
npeJcTaBieHi ocumiorpamu (puc. 3), siki oTpumano B cepenonuini Quartus 11 [5] 1 miaTBepHKYIOTH Ipare31aTHICTh
PO3pOOIIEHOTO IPUCTPOIO.

[puHOMD pobOTH CXeMH TOJsIra€ B HACTYMHOMY. TakToBa 4acToTa, pO3MiJicHa Ha (, 4Yepe3 JIOTIYHUI
eslemenT AND2, HanxonuTh Ha peBepcuBHME JidmibHUK COUNtr20. SIkmio Ha BXij plus peBepCHBHOIO JiYMIbHUKA
countr20 mogaHO BHCOKHI PiBeHb, TO BiIOYBAETHCSA 30UIBIICHHS ABIMKOBOrO KOy Ha HOro Buxomi. SIKIIO kK
BHCOKHH PiBEHb MOJIAHO HA BX1Jl Minus, TO 3MeHIIeHHS. [[iJIeHHs 9acTOTH BiIOyBa€ThCA 3a JOMOMOTOI0 JIIYMIIbHUKA
count1024. JIpiiikoBHii CUrHajd 3 PEBEPCHBHOrO JiudiIbHHMKa COUNtr20 HaaxoaumTh Ha BXim cymaropa adder. B
cymatopi BigOyBa€ThCSl MOJABaHHS IBINKOBOTO KOy, SIKMM NPUUMIIOB 3 PEBEPCHBHOrO JYMIbHHKA COUNtr20 3
JIBINKOBHM KOJOM, SKHi 30epiraeTtocss B perictpi reg. Ilpw mpoMy 3HaYeHHS IBIHKOBOTO KOIY B PETICTpi reg
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MOHOBJIFOETHCS 3 TAKTOBOIO YaCTOTOIO, IIOMHOXEHOI0 Ha Koedimieat C. 3a gomomoror moayis fx6, BuKoHaHoro Ha
D-tpurepax, BigOyBaeThCsl MOMHOKEHHS TAKTOBOI YaCTOTH B 4 pasu. Pa3om 3 TUM JOBIKOBHIA KOJ 3 CEMHU CTapIINX
po3psimiB perictpa reg HaaxomuTh Ha BXin gemmdparopa functab7x6. 3amexno Bim ABIHKOBOro KOAy Ha BXOIax
nemidpartopa Sinsaw i square Ha Buxomi Aemmdpatopa GOopMyrOThCS IM(POBI BiATIKKM MUTTEBUX 3HAYCHb CHUTHATIB:
CHUHYCOIJaJIbHUI, PSIMOKYTHUH 1 MAIKONoAi0HOT popmu. DopMyBaHHS MBIHKOBOrO KOAY Ha BXOJAax jaemmdparopa
sinsaw i square BigOyBaeThCs 3a OMOMOTOKO ABOPO3PSAHOTO JTIYHIIbHUKA, SIKHH 310paHo Ha 1Box D-Tpurepax.
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Puc. 2. ®yHkuioHaabHa cxeMa HM(QpPOBOro reHepaTopa NnepioMYHOro CHrHAJIY Ha 6a3i NPAMOro MeToly CHHTE3Y YacTOTH

3 Buxony dac[5..0] nemudparopa functab7x6 nsiiikosuii kox Hagxoauts Ha LAIl, 1e mepeTBOPIOETHCS B

aHAJIOTOBE 3HAYCHHS MEPIOAMYHOTO CUTHAIY.

Puc. 3. OcumjiorpaMu CUrHajiB, 10 MOSICHIOIOTH NPUHIUI PO00TH (PYHKIiIOHAIBLHOT CXeMH

Value H.75us 4.77us 4T3us 4.8] us 4.83us 48)us 4.87us 4.83us 431 us 433us 4.35us 437 us
Name 50.0
sin-sq B
plus B
minus B
ok Bl 1 1 1 ] L 1 1 L
outsquare B
outsin B
reset B
outminus B
Bdecls.0] | Uz[ 0 T8 emy a0 il 53 o 55 (K Ty o3 Ml 0 e 0l 8 em w0 ik 5

TexHiuHI XapaKTEpUCTHKH LU(PPOBOTO TEHEpaTOpa IEpiOJUYHUX CHIHANIB Ha 0a3l HPSMOro METOomy
CHHTE3y YacTOTH, SKHHA NPakTHYHO peamizoBaHo Ha mati ¢ipmu «Altera» MAX Il Development board

MpeCTaBICHO B Ta0muIi 1.

Tabmmms 1
TexHiYHi XapaKTepUCTHKH Po3p00J1eHOro IuGPOBOro reHepaTopa nepioguYHUX CUTHAJIB
XapakTepucTuKa 3HaueHHs
TakroBa yacrora 64 MI'1g
MaxkcuMasbHa 4acTOTa BUXITHOTO CUTHATY 32 MI'g

®Dopma BUXiAHOTO CUTHATY

Cunycoina/TpukyTHUK/[IpsSIMOKYTHHK

KinbKicTh po3psiiB akyMysiTopa Gasu

22 bit

Kinbkicts po3psais LIAIT

6 bit

3 Tabmuni 1 BuaHO, IO 3aBASIKM HASBHOCTI arapaTHOrO IOMHOXYyBada y cXeMi IH(pPOBOTO IreHeparopa

MepioJUYHUX CUTHAIiB Ha 0asi

npAMOro M™MeEToay CHHTE3Y 4YaCTOTH MaKCUMaJlbHa YacToTa BHX1IHOTO

CHHYCOIATLHOTO CUTHATY Ha TakToBii 64 MI'1t Moxke mocsiratu 32 MI'm. B sikocti IIATT BUKOpHCTaHO 6-pO3PSAIHY

pe3uctuBHYy Matpuirio R2R.
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BucHoBkn

1. 3naiifieHe piBHSHHS NEPETBOPEHHS Mpolecy HU(POBOro reHepyBaHHs MEPIOJUYHOTO CHrHATy Ha 0asi
IpsSIMOTO METOJa CHHTE3y YacTOTH Ta PO3POOJICHO ajrOpUTM Ipolecy IHU(pPOBOTO TeHEpyBaHHS NEPiOAMYHOTO
CHTHaJy Ha 0a3i IpsSIMOTO METO/a CHHTE3y YacTOTH, SIKMH Ma€ JBI yMOBH: IepIla Bele 10 30UIbIICHHS MPUPOCTY
(hasm, a apyra — 10 3MCHIIICHHS.

2. HaOyB mojanbmioro po3BUTKY TNPSAMHUHA METOJ CHHTE3Y YacTOTH Uil IM(POBOrO Te€HEpYBaHHS
MePiOUIHOTO CUTHATY BHCOKOI YaCTOTH, B SIKOMY Ha BiIMIHY BiJl iCHYIOWOTO 3aCTOCOBAaHO IIOMHOKEHHS TaKTOBOI
YaCTOTH, IO JO3BOJISAE IiIBUIIUTH YaCTOTY BHXiTHOTO IIEPiOIIMYHOTO CUTHANY y 2—4 pa3u.

3. Ha ocHOBi po3po0ieHOT0 METOAYy CTBOPEHO BHCOKOYACTOTHHH HH(POBHI TeHEpaTop MepiogudHOro
CHTHAITY, 10 peanizoBaHo Ha ocHOBi IIJTIC EPM1270F256C5 cepii MAX II dipmu «Intely (Altera), sikuii 3miicHioe
TeHEepYBaHHS CUTHAy CHHYCOimHOi (GopMmm, 3HAa4eHHSA 4YacToTH sikoro crtaHoButh Bix 0,1 I'm mo 32 MI'm mpum
3Ha4YEeHH] TaKTOBOI yactoT 64 MI'11.
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