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XMeNbHULBKHN HALIOHATBHUH YHIBEPCUTET

PEAJIIBAIIA IUPPOBOI'O 'TEHEPATOPA INEPIOJNMYHUX CUT'HAJIIB HA
INPOI'PAMOBAHUX JIOI'TYHUX IHTET'PAJIBHUX CXEMAX

3anponoHosaHo cxemy npoyecy yug@posozo zeHepysaHHs nepiodu4HO20 cueHa/ay HA 6a3i npsamozo memody
CuHme3y yacmomu ma HasedeHuli onuc po6omu Yyugpoeozo ceHepamopda nepioduHHUX cueHaaie Ha 6asi npssmozo memody
cuimesy wacmomu. B cepedosuwji Quartus po3pobsieHo ma docaidxiceHo PyHKYioHaAbHY cxemy yugdposozo seHepamopa
nepiodu4Hux cueHasaie Ha 6a3i npsmozo Memody cunme3y yacmomu. [Ipedcmasaeni ocyunoepamu, siki hiomeepdcyromo
npayesdamuicms po3pobseHoz2o yugpposozo zeHepamopd nepioduUHHUX CU2HAAI8 HA NPO2PAMOBAHUX J02IMHUX CXeMax
(TIJIIC). HasedeHi mexHiuHi Xapakmepucmuku, siKi 8Ka3yroms Ha me, wjo 3a8051KU HAsIBHOCMI anapamHo20 NOMHONXCY8a4a y
cxemi yugposozo zeHepamopa nepioduyHuUx cueHa.aié Ha 6as3i npsmozo Memody CUHmMe3y 4acmomu MAakCUMAa/abHA
ygcmoma e8uxidHo20 cuHycoidabHo20 cuzHaay Ha makmosiii 64 MI'y mosxce docseamu 32 MI'y.

Knawuoei caoea: yugposuii eenepamop, nepioduvHull cuzHas, npsamutli mMemod cuHmesdy uyacmomu, Yyugpo-
aHa/n0208e nepemseopeHHsI.
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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 MPSAMOTO0 METONY CHHTE3y YACTOTH IMPAIIOIOTH Yy Jiama3oHi Bif
OJMHHUIIb TepIl A0 JECATKIB 1 cOTeHb Trirarepll. BOHM BHKOPHCTOBYIOTBCS B amaparypi pi3HOTO IpHU3HAYeHHS,
3aMiHIOIOYH B Hill MpOCTi aBTOreHepaTopy. Taka 3amiHa JJa€ HACTYIIHI NIEpeBaru:

- 1CTOTHO HiABHITYETHCA TOYHICTH HAJIAIITYBAHHS 1 CTabiIbHICTH YaCTOTH;

- CIIPOLIYETHCS MPOLEC HANAIITYBaHHS alapaTypu;

- 3’ABNAETBCA MOXJIMBICTH TPOTPAMHOTO Iiepe HAJANMITYBAHHS YacTOTH 1 ICTOTHO 301MBIIyETHCS
IIBHJIKICT 3MiHH POO0YO01 4acTOTH;

- BIIKPHBAIOTHCSA HOBI MOXIIMBOCTI IIH(PPOBOTO GOPMYBaHHS MOIYTHOBAHUX PaiOCUTHAIIB;

- Yy JeSKHX CXeMaX CHHTE3aTOpPiB BIAETHCS MOKPAIIUTH CIIEKTPAIbHY YACTOTY CUTHAIIIB y MOPIBHSHHI 31
3BUYaifHIMH aBTOI'€HEPaTOpaMu;

- TOKpAIIyIOTHCS MAacorabapHuTHI XapaKTEpUCTUKH 1 HaIHHICTb IPHCTPOIO.

Pa3zom 3 TMM, TakuM reHepaTopaM BJIACTHBI BCi HEIOJIKH LU(PPOBUX MPUCTPOIB 0OPOOKH CHIHANIB: HIyM
KBaHTYBaHH:I, HaKJIaJICHHS CIIEKTPiB IU(POBOTO CUTHaTy, oOMeKeHa BepXHs poboua yactoTa [1].

Tomy po3pobka nnppoBuUX reHepaTOpPiB MEPIOAMYHIX CUTHANIB HA 0a3i MPSAMOTo METOLy CHHTE3Y 9aCTOTH
3 BUKOPUCTAHHIM MOMHOXYBadiB [2], ki 6 3afHAIN NPOMIKHE MOJIOKEHHS Cepell BIIOMUX Ta XapaKTePH3yBaJHCh
HECKJIQJTHOIO Ta HE BUCOKOBAPTICHOIO CXEMOIO pealtizailii € Ha ChOT'OJTHI aKTyaTbHUM.

ExcnepuMeHTAaJIbHA YaCTHHA
CyTh HpsMOTO METOJIy TIOJISATAE B TOCHTIMOBHOMY 30inblieHHI mpupocTy ¢asu [3]. 3rigHo 31 cXemoro,
MPEJCTaBICHOT HAa PUC. 1, MpoIec TeHepyBaHHS PO3IMIOYNHAETHCS 3 POPMYBAHHS KOJIB MPHUPOCTY (pa3u 3 4acTOTOR,
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sIKa EKBIBaJICHTHA OMOPHIN 1 BU3HAYAETHCS SK:

Fe=—"" @)
q
ne Fo — omopHa yactoTa, a  — KOeQiI[ieHT TiJICHHS.
JlineHus ®dopmyBaHHS | IS [ERR——
—> .
YacTOTH KOiB yactotn —|  ACYMOBY N—
Fo [TepeMHOXEHHS 3anam’ITOBYBaHHSI
4acTOTH npupocty dasu
I Hudpo-ananorose | . )
BUX
<——— mepeTBOpEHHS | epexonysanns K|

Puc. 1. Cxema npouecy uugpoBoro reHepyBaHHs MePioUYHOI0 CUTHATY Ha 6a3i MPSIMOro MeToy CHHTE3y YacTOTH

Iporec hopmyBaHHS KOIB MPUPOCTY (Ha3u MOMKHA OTUCATH PIBHIHHIM:

Sj=S4+2", )
ne N — KUIBKICTh IMIYJNBCIB, IO HAJAIWIUIA Ha PEBEPCHBHUM JIYMIBHUK, Siq — IMONEPEAHE 3HAYECHHS KOIY
TPUPOCTY (as3u.

OnHOYACHO 3 MPOLECOM IiNICHHS ONOPHOT YaCTOTH BiAOYBA€THC 1 11 HEPEMHOKECHHS:

Fr =FyeC, 3)
ne C — xoedilieHT TepeMHOKEHHS.

Ha nactynmHoMmy eTami BiiOyBaeThCs MiJICyMOBYBaHHS KOJIB NpuUpocTy (a3u, sKe MOXHA IPEICTaBUTH
PIBHSHHSM:

R=R-1+Si, (4)
e C — xoediieHT TEpEeMHOXEHHs, P.1 — TUPPOBHHA KO, KU 30epeeHO IijJ dYac 3amam’ sSTOBYBaHHS
MPUPOCTY (as3u.

[Tin yac mepexoyBaHHS BiIOYBA€ThCS MepeBeleHHs] KOJIB MpUpocTy (a3u y uupoBi BiUTIKH MUTTEBUX
3HAYCHb NEePIoaUYHOro curHany. Lleit mporec MoxxHa omnrcatd GopMyIior:
D=K(R), (5)
e K — dyHKIIsS HepeTBOpEHHS.
VY mporeci nupo aHAIOTOBOTO MEPETBOPCHHS BiOYBAETHCS MEPETBOPEHHS IU(PPOBHX 3HAYEHB BiIUTIKiB
MHTTEBHX 3HAYCHB MEPIOJANYHOrO CUTHANY Y CTPYM. AMIUITYLy CTPyMY BUXiJZHOTO MEPiOANYHOTO CUTHATY MOYKHA
3HaWTH 3 BUpasy [4]:

U
lout = ?0 D, (6)
nie Uo — omopHe 3Ha4yeHHs Hanpyry, R — omip pe3uctopa LIATIL

[MizcraBuBmm Bupasu 2, 4 1 5 y Bupa3z 6 oTpUMaeMo PiBHSHHS IEPETBOPEHHS JUIA MPOIECy LU(pPOBOTO

reHepyBaHHs NEePiOAMYHOrO CUTHATY Ha 0a3i MpSIMOro METOAY CHHTE3y YacTOTH:
lout =U?°' K(P|—1+Si—112n)- (7)

VY BiAmoBimHOCTI 110 piBHSHHS meperBopeHHs (7) Ta aixropuTMmy po3poOieHa (yHKIIOHaJbHA cXeMma
nporiecy IU(GPOBOro reHepyBaHHS MEpPiOJUYHOTO CHTHANY Ha 0asi MpsSMOTO METOIYy CHHTE3y 4YacToTH (puc.2) Ta
npencTaBieHi ocuusorpamu (puc. 3), ski oTpuMano B cepenosuti Quartus I [5] 1 miaTBepHKYIOTH Mpare3aaTHicTh
PO3pOOIICHOTO TIPUCTPOIO.

[IpuHIMI pOOOTH CXEMH TMOJISITAE B HACTYITHOMY.

TakToBa 4acTOTa, pO3/aiicHa Ha q, 4epe3 joriunuii eaemMenT AND2, Haaxo1uTh Ha PEBEPCUBHUI JTIUMITBHUAK
countr20. Skxmo Ha BXig plus peBepcHBHOro iumiIbHHKA COUNtr20 momaHO BHCOKWI piBEHb, TO BiOyBa€ThCS
301IbIIEHHS ABIHKOBOTO KOAY Ha HOro BHXOi. SIKIIO K BHCOKHMH piBEHb ITOJaHO HA BXiJ Minus, TO 3MEHIICHHS.
JineHHss 4yacToTH BiAOyBaeThCS 3a JOMOMOTOIO JivmiIbHHMKAa COUNt1024. JIBiMKOBUI CHUTHAJX 3 PEBEPCHBHOTO
miunipbHEKa Countr20 HaaxoauTh Ha BXia cymartopa adder. B cymaTopi BigOyBa€eThCs 10/1aBaHHS JBIIIKOBOTO KO,
SKWH NPUIALIOB 3 PEBEPCUBHOIO JiUMIbHIKA COUNtr20 3 nBifiKOBUM KOJOM, SIKMH 30epiraersest B perictpi reg. Ipu
[bOMY 3HA4€HHs JBIHKOBOTO KOJYy B PpEricTpi leQ IOHOBIIOETHCS 3 TAaKTOBOI YaCTOTOI, MOMHOXXEHOIO Ha
koedimient C. 3a momomororo moxayis fx6, BuxkoHaHoro Ha D-Tpurepax, BigOyBa€Thcsi MOMHOKEHHS TaKTOBOL
4acToTd B 4 pasu. PazoMm 3 TMM ABIHKOBUI KOJ 3 CEMH CTapIIMX PO3PSIIB pericTpa reg HaIXOIUTh Ha BXil
nenmdparopa functab7x6. 3anexxHo Bix aBifiKOBOro KoAy Ha BXojax jemmdparopa Sinsaw i square Ha BHXO.Ii
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nemdparopa GopmyroTbess HMGPOBI BIATIKM MHUTTEBUX 3HA4€Hb CHTHANIB: CHHYCOINAIBHHMH, NPSIMOKYTHHH 1
nuiIKomnonioHo1 popmu. GopmyBaHHs OBiHKOBOro Kooy Ha BXoAax memmdparopa Sinsaw i square BinOyBaeThbes 3a
JTOTIOMOTOI0 IBOPO3PSITHOTO JTIYMIbHAKA, KU 3i0pano Ha nBox D-Tpurepax.

countr20

rlus_1

minus 1 4[18. .

TaEat

Value
WIDTH |22

reag

sue[]

Sguars

FIN_TiE

Puc. 2. ®ynknionajabpHa cxeMa HI(GPOBOro reHepaTopa nepioJMYHOr0 CHrHAJIy Ha 6a3i MPsIMOro MeTOAy CHHTE3y YacTOTH

3 Buxonay dac[5..0] nemudparopa functab7x6 asiiikosuii kox HagxoauTs Ha L[AIl, 1€ MEPETBOPIOETHCS B
aHAJIOrOBE 3HAYEHHS MEPIOANYHOIO CUTHAIY.

Val 1.75us 4.77us 473us 4.8]us 4.83us 485us 4.87us 4.83us 497 us 4.93us 495us 4.97us
Name 5?5
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Puc. 3. OcumjiorpaMu CUrHajiB, M0 MOSICHIOIOTH NPUHIUI Po00TH (PYHKIiIOHAIBLHOT CXeMH

TexHiuHI XapaKTEPUCTHKH HU(PPOBOrO TeHepaTopa MNEpPiOJMYHUX CHTHAIIB Ha 0a3i MPSMOrO METOIy
CHHTE3y YacTOTH, SIKWH TNPaKkTHIHO peamizoBaHo Ha twuiati ¢ipmum «Altera» MAX Il Development board
MpeCTaBICHO B Ta0mui 1.

Tabmmus 1
TexHiuHi XapaKTepUCTHKH PO3p006.JIeHOr0 M(POBOro reHepaTopa nepiofMyHuX CUTHAJIB
XapakTepucTHKa 3HaueHH]
TakToBa yactora 64 MI'g
MaxkcumanbHa 9acTOTa BUXITHOTO CUTHATY 32 MI'g
@dopma BHXIJJHOTO CHTHAIY Cunycoina/TpuxkyTHuK/IIpSIMOKYyTHHK
KinbkicTs po3psiziiB akymysitopa dasu 22 hit
Kinekicts pospsinis LHATI 6 bit

3 Tabnwmi 1 BUIHO, MO 3aBASKH HASBHOCTI allapaTHOTO MOMHOXYBada y CXeMi IU(PPOBOrO reHeparopa
MEPiOIMYHUX CUTHANIB Ha 0a3i MNpsSMOro METONy CHHTE3Y 4YacTOTH MAaKCHMalbHA YacTOTa BHXIJIHOTO
CHHYCOIATLHOTO CUTHATY Ha TakToBii 64 MI'1t Moxke mocsiratu 32 MI'm. B sikocti IIATT BUKOpHCTaHO 6-pO3pSAHY
pesuctuBHy MaTpuIro R2R.
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BucHoBkn

1. 3naiifeHe piBHSHHS NEPETBOPEHHS IPOLECY HU(POBOro reHepyBaHHs MEPIOJUYHOr0 CUrHajly Ha 0asi
IpsIMOTO METOJa CHHTE3y YacTOTH Ta PO3POOJIECHO alrOpUTM Ipolecy IHU(PPOBOTO T€HEPYBAHHS NEPIOAMIHOTO
CUTHaITy Ha 0a3i IMPsAMOTro METo/a CHHTE3y YacTOTH, SKWH Ma€ IBi YMOBH: mepIa Bele N0 30UIBIICHHS MPUPOCTY
(hazm, a gpyra — 10 3MEHIIICHHS.

2. HaOyB mojanmpmioro pO3BUTKY HPSMHH METOJ CHHTE3Y YacTOTH Uil IH(POBOro TeHEpyBaHHA
MePiOIUIHOTO CUTHATY BHCOKOI YaCcTOTH, B SIKOMY Ha BiAMIHY BiJl iCHYIOWOTO 3aCTOCOBAaHO IIOMHOKEHHS TaKTOBOI
YaCTOTH, IO JO3BOJIAE ITiIBUIIATH YaCTOTY BHUXiTHOTO IIEPiOIIMYHOTO CUTHATY y 2—4 pa3u.

3. Ha ocHOBi po3po0JeHOro MEeToxy CTBOPEHO BHUCOKOYACTOTHHH HU(POBUI TeHepaTtop NepioauYHOrO
cHurHaIy, mo peanizoBaHo Ha ocHoBi IIJIIC EPM1270F256C5 cepii MAX 11 dipmu «Intely (Altera), sikuii 3ailicHioe
TeHepyBaHHs CHUTHANY CHHYCOiqHOI ()OpMH, 3HAYEHHS 4acTOTH sikoro craHoButbh Bix 0,1 T'm mo 32 MI'm mpm
3Ha4eHHi TakToBOI yactotu 64 MI'm.
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