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XMenbHUIBKHN HAIOHANBHUH YHIBEPCUTET

PO3POBKA IU®POBOI'O '’EHEPATOPA HEPIOAUYHUX CUTI'HAJIIB HA BA3I
HPAMOI'O METOAY CUHTE3Y YACTOTH I JOCJILIKEHHA POBOTH UOT'O
OYHKIIOHAJIBHUX BJIOKIB

3anponoHosaHo cmpykmypHy cxeMmy ma HagedeHo onuc po6omu yugposozo zeHepamopa nepioduyHUx cuzHaaie
Ha 6a3i npsimozo memody cunme3y yacmomu. [locaidyiceHo pobomy @yHKYioHaAbHUX 610KI8, wo yeitiwau do ckaady
yugposozo eeHepamopa: cymamopa, pezicmpa, nodiAbHUKA YACMOMU, PpesepcusHoz0 AIMUALHUKA, mabauyi
nepekody8aHHs, cXeMmu KepyeaHHs, Yugdpo-aHa10208020 nepemegoprosaya. IllpedcmaeseHi ocyusozpamu,  sKi
nidmeepacyioms npayezdamuicms PyHKYioHa1bHUX OA0KIB.

Kawwuosi cnoea: yugpposuil zenepamop, nepioduuHuli cuzHas, npsamuili memod cuHmedy uvacmomu, Yugpo-
aHa/10208e NepemeopeHHs.
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DEVELOPMENT OF DIGITAL OSCILLATOR OF PERIODIC SIGNALS ON THE BASIS OF DIRECT DIGITAL
SYNTHESIS AND INVESTIGATION OF THE WORK OF ITS FUNCTIONAL BLOCKS

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. A structural scheme is proposed and a description of the operation of the digital oscillator of periodic signals based
on the direct method of frequency synthesis is given. In the structural scheme: the clock oscillator, forms a sequence of rectangular pulses of a
certain frequency; frequency divider, divides the clock frequency by 1024; multiplier multiplies the clock frequency by 4 times; reverse
counter, forms a binary code; the register keeps a certain value of the binary code; Adder adds binary codes that come from the register and
the reverse counters; control scheme, sets the form of the periodic signal; digital transcripts of a sinusoidal, rectangular or pollen signal are
stored in the transcoding table; the digital-to-analogue converter converts the binary value of the periodic signal to a certain value of
current. 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 integrated circuit of the series
Cyclone 11l EP3C5E144C8. The multiplier uses the ALTPLL megapixel, which is a block of phase-locked loops.

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

Beryn

CyuacHi un¢poBi reneparopu Ha 6a3i MpsIMOTo METOy CHHTE3y YaCTOTH MPALIOIOTh Y Jiana3oHi Bija goueit
repi 10 JECATKIB 1 COTeHb rirarepll. BoHH BHKOPHCTOBYIOTECS B amapaTypi pi3HOIO NpHU3HAYEHHS, 3aMiHIOIOYH B
Hilf npocTi aBTOreHeparopu. Taka 3amiHa Jla€ HACTYIIHI IIEpeBaru:

- ICTOTHO IiJIBHIIY€THCS TOYHICTh HAJIAIITYBAHHS 1 CTAOUIBHICTh YaCTOTH;

- CIPOULYETHCS NPOLIEC HATAIITYBAHHS anaparypu;

- 3’ABNSAETBCS MOXJIMBICTh MNPOrPAMHOrO MEPCHANAIITYBAHHS YaCTOTH M ICTOTHO 30iMbLIYETHCS
MIBUJIKICT 3MIiHH POO0OYOT YaCTOTH;

- BIAKpUBAIOTHCSI HOBI MOXKJIMBOCTI IM(POBOTo (hOPMYBaHHS MOIYJIbOBAHUX Pa/liOCUTHAIIIB;

- B JISKHX CXEMaX CHHTE3aTOpiB BIAETHCS MOKPAIIUTH CIIEKTPAIBHY YHCTOTY CHTHAJIB Yy TIOPIBHIHHI 31
3BHYAITHUMH aBTOTCHEPATOPAMHU;

- TIOKPAamIylOThCS MacorabapHUTHI XapaKTEPUCTUKH 1 HAAIHHICTh IPUCTPOIO.

PazomM 3 THM, TaKuM reHepaTopaM BIACTHBI BCl HEAONIKM HU(POBUX MPUCTPOIB OOPOOKH CHUTHAIIB: IIYyM
KBaHTYBaHHS, HAKJIA/ICHHS CIIEKTPIB LIM(POBOTro CUTHAITY, 0OMexeHa BepXHs poboua yacrora [1].

Tomy po3poOka 1udpoBUX reHepaTopiB MEepPioANYHUX CUTHATIB HA 0a3i MPSIMOro METOy CUHTE3y YaCTOTH
3 BUKOPHCTaHHSM ITOMHOXXYBauiB, sIKi O 3alHSIM MPOMDKHE TOJIOKEHHS Cepell BIOMHX Ta XapaKTepU3YyBAJIUCh
HECKJIAJIHOIO Ta HE BUCOKOBAPTICHOKO CXEMOIO pealtizallii, € Ha ChOTO/IHI aKTyalbHIM.

ExcnepuMeHTaJbHA YaCTHHA

OcHoBHe npu3HavyeHHs udposoro reHeparopa (L") — hopmyBaHHS nepioJUUHUX CUTHAIIB Pi3HOT POpMHU.
CrpykrypHa cxema LII" mepioguvyHUX CUTHAJIB Ha 6a3i MPSIMOro METOLY CHHTE3y YacTOTH Mpe/cTaBieHa Ha puc. 1.
B miif cxemi: TakToBH TeHepatop, (popMye MOCIiIOBHICTh MPSIMOKYTHHX IMITYyJBCIB MEBHOI YaCTOTH; MOIUTEHIK
YaCTOTH, HITNTHh TaKTOBY 4acToTy Ha 1024; mOMHOXyBad, IEPEMHOKY€E TAaKTOBY YacTOTy B 4 pa3u; peBEpCUBHUI
JMYAITBHUK, OpMYy€E ABIMKOBUI KO, B PETICTpi 30epiracTbcs MeBHE 3HAYCHHS JBIMKOBOTO KOXIYy; CyMaTOp AOAAE
IBIMKOBI KOIM, IIO HAAXOAATH 3 perictpa i PEeBEpPCUBHOrO JIYMIBHHMKA; CXeMa KepyBaHHs, 3amae (Gopmy
NepioJIMYHOr0 CHTHANy; B TaONMIl MepeKodyBaHHs 30epiraroTbCsi UUQPOBI BIUIKA CHHYCOIAAJIBHOTO,
NPSIMOKYTHOT'O 4M HHJIKOMOAIOHOTO curHaiy; uudpo-aHaisorosuil nepersoptoBau (IJAIT) meperBoproe nBiiikoBe
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3HAYEHHS NEePIOANIHOTO CUTHATY B TIEBHE 3HAYEHHS CTPYMY.

[MoninbHKK PeBepcuBHuii

YaCTOTH JYUIBHUK ——> Cymarop
TaxroBunt - -

TeHepaTop OMHOXyBa4 ericrp ]
Cxema :; Tabmurs E}B“x
KepyBaHHS TEPEKOyBAHHS ——— LAIT

Puc. 1. CtpykrypHa cxema III' nepioauyunux curaaiiB Ha 6a3i NpsiMOro MeToAy CHHTE3y YacTOTH

Ipamroe LII" nepiognuHux CUrHAJIIB Ha 6a3i MPSAMOTO METOLY CHHTE3y YaCTOTH HACTYITHUM YHHOM:

TakToBa wacrora, posaiieHa Ha 1024, HaxXoAWTh Ha PEBEPCHBHUI JIUMIBHMK. SKimlo Ha Bxinm plus
PEBEPCHUBHOTO JITYMIBHUK T10/1aHO BUCOKHUI PIBEHB, TO BiIOYyBAa€ThCs 301IbILIECHHS ABINKOBOTO KOAY Ha HOTO BUXO/II.
SIKI0 X BUCOKHME piBEHb MMOJAHO HA BXiJ Minus — TO 3MeHINEHHs. J[iJICHHS 4aCcTOTH BiIOYBAETHCS 3a TOTIOMOTOI0
10-po3psgHOTO JTIYUIIBHUKA.

JIBIiKOBMIi CHTHAJI 3 pEBEpCUBHOTO JIYMIBHUKA HAaJIXOIUTh HA BXiJ cyMmaTtopa. B cymaropi BinOyBaeTbcs
CKJIQJIaHHs JIBIHKOBOTO KOAY, SIKMI HaJiHIIOB 3 PEBEPCHBHOIO JIUMWIbHHKA 3 IBIHKOBUM KOJOM, SIKMI 30epiraerbcs
B perictpi. [Ipu mpoMy 3HaYCHHS IBIHKOBOTO KOAY B PETICTPI MMOHOBIIOETHCS 3 TAKTOBOIO YaCTOTOIO, TIOMHOKECHOIO
B YOTHPH pPasH.

Pazom 3 TMM [ABIMKOBHH KOO 3 CEMH CTapIIUX pO3pPSIiB pETicTpa HAAXOMUTh Ha BXiJ TaOIHUII
MepeKOyBaHHs, sika MpejcTaBisie coborw aemudparop. 3auexHo Bij JBIHKOBOro KoAy Ha BXoJax Jeludparopa
sinsaw 1 square, Ha Buxoni aeumdparopa GopMmyroThes UHOPOBI BIUTIKM MHUTTEBHX 3HAYEHb CHUTHAJIB:
CHHYCOIAJIbHOT, NPSMOKYTHOI 1 nuiikonoaionoi ¢popmu. GopMmyBaHHs NBIHKOBOro KOy Ha BXojax nemrudparopa
sinsaw 1 square BiIOyBa€ThCs 3a JOIOMOTOK CXEMHU KEPYBaHHS, KA MPECTaBIIsIE COOO00 JBOPO3PSAHUH JIIYMIBHHUK,
110 CKJIaJa€eThest 3 1BoX D-Tpurepis.

3 Buxoy TabJMIli MEepeKoyBaHHs ABIHKOBHH Kox Haiaxoauth Ha LIAIl, ne mepeTBOpIOETHCS B aHAJIOTOBE
3Ha4eHHs nepioanunoro curnany. LAIl Bukonano Ha pesuctusHii Marpuni R-2R.

Cepuem faHoi cXeMH € aKkyMyJIsTop (a3, SIKHi CKIaIaeThesl 3 CyMaropa i pericrpa, OCIuiIorpaMu poOoTH
SIKUX TIpeACTaBIIeH] Ha puc. 2 i puc. 3 BiINOBITHO.

[PRVTEY

MName- _Value: 1_[.'!us 2.0|us 3.[]Ius 4'0.US 5.[]Ius
5= ina[23..0] D 56 56 i 123 4
5= inb[23..0] D 42 42 i 329
2 out[23.0] D98 98 H 165 ¥ 452 H

Puc. 2. Ocuninorpamu podoTn cymartopa

[PRVITE)

Name: _Value: 1'0.US 2.[]|us 3_0|us 4.[]|us 5.[:!us
- ok s T U U0
5= in[23..0] D35 35 i 54 M 23 18
S out[23..0] po [} 35 J 54 Ji 73 14

Puc. 3. Ocuniiorpamu po6oTu pericrpa

@dopMyBaHHS KOJIIB YacTOTH IEPIOJMYHOrO CHUTHANy BiJOyBa€eThCs 3a JIOIOMOTOIO JIBIHKOBOTO
PEBEPCHUBHOTO JIUMIIBHUKA, OCHMIIOTPaMH POOOTH SIKOTO MPEACTABICHO Ha pUC. 4.

500.0ns 1.0us 1.5us 2.0us 25us 3.0us 35us

= reset
= plus_1
= minus_1
== q[19..0]

Puc. 4. Ocuujiorpamu po6oTu peBepcUBHOIO JiYHIBLHUKA

Jnst 1ineHHsT TaKTOBOi YaCTOTH BHKOPUCTAHO TPU YOTHPHPO3PSIHI JIIYMIBHUKK Mapku 74393M. Cxema
HOAUIPHUKA YaCTOTHU MIPEACTABIICHA Ha PUC. 5, @ OCLIUIIOrpaMU Horo po6oTu — Ha puc. 6.
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Puc. 5. Cxema nogiibHUKA 4aCTOTH
204 .81%us
MName: Value- 'L 198_'Uus EUU_IUUS 202.'[Jus 204.'[Jus EUG;UUS 2[]8_'Uus 21U_|Uus
re— 0o ]
= cka 0
- q1024 1 |

Puc. 6. Ocunsiorpamu podoTH NOAIILHUKA YACTOTH

biok Tabnuii nepekoxyBaHHS IpencTaBise cobow aemudparop, skuii BukoHaHo Ha MoBi AHDL.
Ocuunorpamu podOTH TabIMII EPEKOIyBaHHS IIPEJICTABICHO Ha puUC. 7.

0.0ns
Mame: _Value: 500.'0ns I.L’!us 1.E:us 2_0|us 2_E:us
B=square o 1 ‘ |
= sinsaw 1 \—,—l—l L
5= in[6..0] D23 23 i 43 1
= ut[5..0] DM i 1 0 HEEER 0 I 21 | 8

Puc. 7. Ocunjiorpamu po6oTu Taduui nepexoayBaHHs

KepyBaHHs cTaHOM TaOuLl NMEpeKoyBaHHS BiOYBAa€ThCs 332 JONOMOTOI CXEMH, SIKY NPEICTABIECHO Ha
puc. 8, a ocitorpami ii podoTH — Ha puc. 9.

1LE
QUTPUT > outsin
OFF N f oA
PRN ] PRN
L—b Ta D a PUIPUT > outsquare
sinsg [ e
CLRN | :|: [_CLRN
4 H 3
........ 5
Puc. 8. Cxema kepyBaHHs
0.0ns
Name: Value: 100.0ns 200.0ns 300.0ns 400.0ns 500.0ns 600.0ns 700.0ns
B sin-sq 0o T ‘

=% autsquare 0 ‘ ‘
=% outsin 0

Puc. 9. Ocuniiorpamu po6oTH cXxeMH KepyBaHHs

—

B naniii cxemi Bukopuctano mectupo3psimauii LIAIT Ha ocHOBI pesuctuBHOi MaTpuri R-2R, cxema sikoro
npencrasiena Ha puc. 10 [2].

o
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2R Eﬁ’m
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s

Puc. 10. Cxema LAII 3 nepeMukayaMu Ta MaTPULIEIO NOCTiiiHOTO iMneancy

3 Buxony LIAII curHan HagXOAMTh Y BUIVIAAL CTPYMY, TOMY HOTO HEOOXiHO NepeTBOpUTH Yy Harpyry. s
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LUX LiNeld Kpaiie BUKOpUcTaTd neperBoproBad Ha OIl. B TakoMy BHIIagKy CHUTHaN HE TUIBKH IIEPETBOPHTHCS Y
Harpyry, ane ¥ migcuiuthes. Cxema meperBoproBada Ha ocHoBi OIT AD8047AR mpezncrasnena Ha puc. 11, a

OCLMJIOTPaMH Ha HOTO BUXOM1 — Ha puc. 12.
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Puc. 11. Cxema nepeTBopioBaya cTpymMy B HANpPyry

Puc. 12. OcumiiorpamMa Ha BUXO/1i IepeTBOPIOBaYa CTPyMy B HANPYry

udposa vactuna cxemu LI' BUKOHaHA Ha mporpamoBaHii JioriuHii iHTerpanbhid cxemi (ITJIIC) cepii
Cyclone III EP3C5E144C8 [3]. B sixocTi momHOXyBada Bukoprcrano meradynkuito ALTPLL, mo npencrasse

co0o10 610K (pa30BOT0 aBTOHATIALITYBAHHS YaCTOTH.
BucHoBku
1. 3ampornoHOBaHO CTPYKTYpHY CXeMy Ta HaBEICHUH omuc poOOTH HHU(POBOTO IreHepaTropa MepioIuIHNX

CHTHAJIB Ha 0a3i MPSMOro METOAY CUHTE3y 4aCTOTH.
2. docmijxeno pobOoty (yHKHIOHANBHUX OJIOKIB, W0 YBIHILIM A0 cKiamy LU(poBOro reHeparopa:

cymaropa, pericrpa, MoJiibHUKa YaCTOTH, PEBEPCUBHOTO JIIYMIbHUKA, TAOJHIII IEPEKOyBaHHS, CXEMH KepYBaHHS,

11 (po-aHAIOrOBOTO IIEPETBOPIOBAYA.
3. IlpencrasieHi ocuminorpam, sKi MiATBEPKYIOTh MTPale31aTHICTh QYHKIIOHAILHUX OJIOKIB.
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