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B nanHoOii paboTe aBTOpOM IPOM3BEAEH aHAIM3 (Pa30BOr0O JETEKTOpa «BBHIOOPKA-3aIIOMHUHAHHE», pacCcMaTpHUBaeTCs
METOJI TIPOEKTHPOBaHUs (ha30BOrO JETEKTOPA, AETAIONIMH BO3MOXKHBIM NPUMEHEHUS TaKOro yCTPOWMCTBA B CHCTEMax
(ha30BOIi CHHXPOHHM3ALMK B IIMPOKOM JHAIa30He YacTOT, OCOOCHHO yAauHBIM BHWTCS PUMEHEHHE B CHHTE3aTOPax
YacTOT, TZie NPEABSBISIOTCS BBHICOKHE TpeOOBaHMS B YHCTOTE BBIXOAHOTO CHUTHaja. PaccMOTpeH psiji MHKpPOCXEM,
WCIIONB3YIOMINX JaHHBIH IPUHIUIT HOCTPOCHUs ()a30BOTO IETEKTOPA.

KioueBble cioBa: BHIOOpKa-3aIllOMHHAHUE, CHHTE3aTOp YaCTOT, yCTpoicTBa ()a30BOM CHHXPOHH3ALUH, (Ha30BBIH

JACTEKTOP.

BBEJIEHUE

VYerpoiictBa (pa3oBOW CHHXPOHH3AIUH, B CHIY HX
3G (QEKTUBHOCTH, BBIACICHBI B OTHCNBHBIA  Kilacc
CHUCTEM  aBTOMAaTHYeCKOro  peryiampoBaHms. — Ux
pa3BUTHIO yrenseTcss OoNbIIoe BHUMAaHHE, TPYAHO
Ha3BaTh O0JACTh TEXHHMKH, TA€ OBl OHH  HH
NpUMECHAIINCb, B YaCTHOCTU B pO6OTOTeXHHKe C
UHTEJJICKTYalbHbIM yIpaBieHueM. -Ha ceronHsamnuii
JICHb B OOJIBIIIMHCTBE CHCTEM Tepenadyd MH(opMaIim
UCTIONB3YIOT yCTpoiicTBa (ha30BOM CHHXPOHHU3AIMU
(YOC) mis cHHXpOHM3AIUM TIOTOKOB TIpH OOMEHe
wHpOpManuel, IS OpraHW3aldHd  BBICOKOTOYHBIX
CHUHTE3aTOPOB 4acToT. VIcTmomb30BaHWE HEKOTOPHIX
PeXMMOB  TO3BOJIECT = HCHONB30BaTh YOC  misa
muppoBanus  mHbopMarmu  [[axrapun, 2006],
[[uaitep, 2002]. Bemymue MHUPOBBIE MPOU3BOTUTEIH
pa3pabaTeBalOT pa3IMyHbie (DYHKIIMOHATBHBIC OJOKH
Y®OC, <KoTopble  BKJIIOYEHHI B  CTaHAAPTHHIE
MHKPOCXEMBI ¥ IMEIOT PSAJl OCHOBHBIX XapaKTEPHCTHUK.
Takum oOpa3om, mpoektupoBanne YDOC Ha mepBOM
JTale CBOAMTCSA K BBIOOPY (QYHKIIMOHAIBHBIX Y3JIOB U
COCMHEHUIO WX B CTPYKTypHYyIO cxemy. Hanuuwne
metooB cuHTe3a U aHamu3a YOC [Kysneuos, 1993]

[Goldman, 2007], MO3BOJISIET HCITOJIb30BaTh
KJIACCUYECKUE TOTOJOTMYECKUE CXEMBbI, & CTaH/IapTHBIC
(QYHKIIMOHANBHBIE ~ MHKPOCXEMBI  — MpH/IaBaTh
TOTIOJIOTUYECKMM  CTPYKTYpaM BHI  BJIEKTPHUECCKUX
CXEM.

B YO®C 6mnokom, OnpenensionmmM BUA MOTYIISAINH,
OCHOBHEBIE JIIMHAMHUYECKHE u [IyMOBBIE
XapaKTCPUCTUKU,  sBISCTCS  (ha3oBBI  JETEKTOP
[Ky3nernos, 1993] [Pomanos, 2010].
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ABTOpOM TIpeuiaraeTcsi mpH BbIOOope  (Pa3oBBIX
JIETEKTOPOB, MCXOAs M3 (PYHKIMOHAILHOTO Ha3HAYEHHMs
YOC, npous3BOAUTH aHAN3 XapaKTEPUCTUK HA YPOBHE
SNIEKTpUYECKuX  cxeM. [Ipmy  3TOM  OCHOBHBIM
HWHCTPYMEHTOM aHaim3a MPeIaraloTCs
MaTeMaTH4YeCKHe MOJIEIM CXE€M M IaKeT MPUKIATHBIX
nporpamm PSPICE.

OCHOBHAS YACTb

HeobOxomumo ~ ompepenuts  TpH
XapakTepucTUKH (azoBbIx nerekTopos (DI):

OCHOBHBIX

Cratnyeckyro (a30ByI0 XapaKTEpHUCTHKY &(), T.e.
3aBUCHMOCTH ITOCTOSHHON COCTaBJIIOIICH HA BBIXOIE
JIEeTeKTopa OT (ha30BOTO PACCOIIIACOBAHUS BXOIHBIX
CHUTHAJIOB;

Crarnueckuii ko3dduruent nepemaun O/I;

de

VYposens nomex Ha Beixome D] — &(Kwy), rme oy
=2znfok, k = 1,2 — YacToTa BXOJHOIO CHIHaja B
YCTaHOBUBILIEMCS PEKUME.

Ha pucynke 1 y(t) — BXomHOI CHTHAII IEpBOTO BXOJa
®JI; u(t) — curnan w3 menu oOpartHO cBs3UM YDC
(Bropoit Bxonm DJ); &(t) — curHam paccorIacoBaHHSA
(BeIxOm D/I).

PaccMoTprM HECKOJIBKO OCHOBHBIX BUJIOB (ha30BBIX
JICTEKTOPOB M IPOBEJEM aHAJIU3 UX XapakTepucTuk. Ha
pucyHke 1 m3o0paxkeHa CTPYKTypHas cxema (a3oBOro
JIETEKTOpa TUIIA «BBIOOPKA-3aIIOMUHAHHUEY.
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Pucynok 1 — CrpykrypHas cxema (a3oBoro aerekropa
THUIIa «BBIOOPKA-3aIIOMUHAHUE)

K1

Yo
L
€

I'me TI' — TokoBbIi reHepatop;, K; m K, -—
JJIEKTPOHHBIC KITFOuHM, padoratomiue B npotuodase; C;
—  KOHJAEHCarop, Ha  KOTopoM  (opmupyercs
NUI000pa3Hoe HanlpspkeHHe (WM [ePUOANYECcKOe
Harpsbkenue japyroid ¢opmser); C, — KoHpaeHcarop,
COXPaHSIOIIMA 3aps] Ha BpeMs MeXIy AByMs
UMIYIIECAMHU BBIOOPKH. ToxoBbIi reHeparop
3allycKaeTcs BXOOHBIM  curHaioMm  y(t). Dopma
HampspDKeHUs Ha KoHAeHcatope C, ompemenser BUX
crarndeckoir xapakrepuctuku DIl — mmmoobOpas3Has,

TpeyroJyipHasi, TpaneuenganbHas u ap. [Wolaver, 2006].
Ha pucynke 2 npencraBieHsl BpeMEHHbIE JHATPaMMBI
paboThI neTexTopa.
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Pucynox 2 — BpemeHHbIe quarpaMMbl pabOTHI
(ha30BOro ICTEKTOpA TUTIA «BBIOOPKA-3aIIOMUHAHKE)

@] paboraer ciHeayOUMM 00pa3oM: CHTHAJ
BBIOOPKH, chopmupoBaHHbII K3 u(t), pasmbikaer K; u
3aMbIkaeT K,, 9T0 MpHBOMUT K Tepeiade HaNpsHKCHHS
Ha koHzaeHcarop C,. Benuuuna uHanpspkenust Ha C,
COOTBETCTBYCT (Ja30BOMY pPACCOIIACOBAHUIO CHUTHAJIOB
y(t) u u(t). [lo okoHYaHWUHM BBIOOPKH, 3TOT MPOIECC
OTIpeNeINsIeTCs [UINTENFHOCTHI0 UMITYJIbca BEIOOPKH An,
HampsDKCHUE 3allOMUHAeTCs Ha KoHaeHcarope C, o
MPUXO0/Ia CIACAYIOIIEr0 UMITYJIbCa BEIOOPKH.

Maremarndeckass MOAENb U TaHHOM CXEMBI, IPU
yCJIOBUH, YTO conpoTuBienue kmoueit K, u K, mansl, a
BXOJHO€ CONpPOTHBICHHE Kackaja, Ha KOTOPBIH
HarpyxxeH @] — Beicokoe, Oynmer umers Bui. Ilycts
Uci(ty) = y(n), a Uca(t,) = e(n-1), Torma Ha MOMEHT
npuxoza uMITynsca Beioopknu (kmou K pasomknyt, K
— 3aMKHYT):

- 538 -

ijidwijidt:o, (1)
C2 Cl
rae 1 — 1ok B nenu C,RC,.
O0603HaYUM
RC,C,
Ty =——7,
C, +C,

Toraa pemeHue ypasHenus (1) Oyaer umetsb BUIL:

t

S(t) = Al + A2e (2)

E

e A 1 A, — IOCTOSTHHBIE HHTETPUPOBAHUS.

Onpenenenue A; u A, DHO3BOIIET INOJYyYUTHh
MareMaTH4YeCcKyo MoJeb (| «BBIOOpKA-
3allOMHHAHKE» B BUJIE Pa3HOCTHOTO YPaBHEHMSI:

An
el
glnl=
=t
P 3)
ooy =2,
1+C,/C,
s MOCJETHETO BBIPAXKEHUS ONpeeuM
NEPENATOYHY IO GyHKIUIO u CTATUYECKYIO

XapaKTEePUCTUKY (a30BOro JETEKTOpa:

U
e(@) = Zn® C))
2n
Craruueckuii koadduimeHT nepenaqu:
U
Kpg =—" 5
o1 TS ©)

Crnenyer orMeTruth, uto &(¢) u K®J| coBmanator ¢
AQHAJIOTUYHBIMUA  XapaKTepUCTHKaMU  TPUITEPHOTO
(ha3oBorO NIETEKTODA.

Jnst aHanmu3a ypoBHS NPOHUKHOBEHHUS B BBIXOIHOM
CHUTHAI TOOOYHBIX COCTaBIAIONMX ypaBHeHHEe (3)
PACCMOTPHUM ISl pEKMMa OJHOKPATHOTO CHHXPOHHM3MA,
YCIIOBHEM KOTOpOTo sABIseTcs: g[n]= g[n-1] = €*, y[n]
y[n-1] y*. B o3TOM ciydae BBIXOTHOW CHTHAI
MNEPUOUECKUI, C IEPHUOAOM 2.

ABTOpOM TIpoBeneH aHanu3 BioueHuss D) Ha
gactore cpaBHeHus 100 kI'm. a3oBblil nmeTekTOp

BKIIIOUCH Ha OyQepHBId Kackanm, oOO0Namarormi
OONBIIMM  BXOAHBIM  CONPOTHBIEHHEM,  KOTOPBIHA
paboraer Ha Hu3kouactoTHbIA ¢umerp (PHY) c

gactoToi cpesa fo, = 200 kI'n. Cxema npezncrasieHa Ha
pucynke 3, ®HY mnpencraBnser nectHnuHbi LC
¢umeTp ¢ Tpems  dJIEMEHTaMH, Harpy)keH Ha
cormacoBanHoe conporueienne R, = 1¥10° Om.
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Pucynok 3 — Cxema moAKIIFOueHUS
HU3K04acTOTHOTO (uibTpa K DJI «BbIOOpKA-
3alIOMHHAaHNE)

C mnomompio makera PSPICE Owim mpousBeneH
aHamu3 BrmodeHuss D] um Beixog ero Ha paboumid
PEKUM CHHXPOHU3AIIMH, OLIEHEH CIEKTp CUTHaja JUis
€(t) m uy(t). Ha pucynxe 4 npencrasieHsl BpeMEHHbIE
JuarpaMMbel  paboTel, Ha pucyHke 4 —  (¢asoBoe
paccoriacoBaHue Mexay curHajioM y(t) W CHrHaiIoM
u(t) mpomoprmonansro 0,2 Ty, a vHa puc. 5 — 0,8 T.
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Pucynok 4 — Bpemennsie quarpammsl pabotst O/
(dazoBoe paccormacoBanue y(t) u u(t)
npomnopuroHanbHo 0,2 T)
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Pucynok 5 — Bpemennsie quarpamMmmsr paboTst O/
(da3oBoe paccormacoBanue y(t) u u(t)
npomnoprroHansHo 0,8 Ty)

rme:

B ;;rpan nuo6pasHoro Hanpsukerus Uy (t);

uMITyibC BeIOOpKH U, (t);

IepexXOfHOEe HATpPSIKEHHE HA KOHASHCATOPE
Co = Uea(t) = &(b);

HepexomHOe
¢bunerpa Uy(t).

Halps’KEHUE  Ha  BBIXOAC

Paccuntan cnektp curhana e(t) u Ug(t), s
yCTaHOBHBILIETOCS pexuma puc. 5 (t* = 0,8 Ty) crexrp
OIMCHIBACTCS CICIYIOLIHM BBIPAKCHUCM:
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&(t) =8.887 + 0.304sin(2710°t) +

+0.145sin(4710°t) + 0.085sin(6710°t) +  (6)
+0.054sin(8710°t) + 0.035sin(10710°t)
Uy () =8.8286+0.184sin(2m10°t) + -

+0.019sin(4710°t) + 0.14sin(6710°t)

OTHOIIIEHHE CHUTHald IIOJE3HOM COCTAaBILIIONIEH K
YpOBHIO CHTHAJIa TOMeXHU OyieT:

s g(t):

SNR(dB) = 201og( Y,

)

JUZ+UZeuZo . ®
=25dB
rne  U,—zeiicTByroliee  3HAUEHUE  IOJIE3HOIO

curnana; U,, Uj
CUTHAJIOB TIOMEXH;

Just Ug(t):

U, — IeHlcTByIollee 3HAYECHUE

U,

JUZ+U$ +...

W3 Beipaxenuii (6), (7) u pesyibraroB pacyera (8),
(9) BumHO, uTO M3MeHsAA cxemy M mapamerpsl OHY
MOXXHO JOOWTHCS WHBIX PE3YJAbTATOB IOAABICHHUS
Mapa3uTHBIX cocTaBisiomux curHana. B [KysHewnos,
1993] , [lunun, 2010] aBTOpHI HpeAsiararoT METOABI
CHHTE3a, TJE OIPEICIIOTCS TepeaaTodHble (QpyHKIun
HeTpepeIBHON nwmHeHo# wactm (HJIY), B cocras
kotopoi Bxonut OHY.

SNR(dB) = 20log( )

)
=31.5dB

3AK/JIIOYEHUE

dazoBbie JIETEKTOPBI THUIIA «BBIOOpKa-
3allOMMHAHKME»  pealn30BaHbl B MHKpPOCXeMax
cunTe3aropoB yactor TSA6060 n TSA6060T ¢upms
Philips = Semiconductors.  JlaHas  MHKpocxema
IpeHa3HauYeHa JUIs MOCTPOCHUS U (pPOBBIX

CHHTE3aTOPOB C CHUCTEMOH (a30BOM aBTOMOINCTPOUKH
4acTOTBl. B cOCTaB MUKPOCXEMBI BXOJST: T€HEPATOp H
JETUTENb OIOPHOTO CWIHAaNa, JIEIUTENb BXOIHOU
YacTOThl C  MPOTPaMMHPYEMBbIM  K03((HUIMEHTOM
neneHusi,  (a3oBBI  JIETEKTOp,  JBYXYPOBHEBBIH
YCWJIUTEIb TOKa M KOHTPOJUIEp OOMeHa HMH(pOpMaIuei
no nportokony I2C. PaGoraer B amanazone 30200
MTI.

C ncnonp30BaHUEM JAHHOTO MPUHIIMIA TIOCTPOEHUS
B Mmukpocxeme 5861/ID1Y (HayyHO-TeXHHYECKHH
neatp /JIOJIC) Bemmyckaercst (a3oBBIH KOMIIaparop,
paboTaromuii Ha yactote 10 45 MI 1.

Taknm oOpaszoM, aBTopoM npousBeneH aHaau3 D]
«BBIOOPKA-3aTIOMUHAHHUEY. Creman BBIBOJI 0
BO3MOXXHOCTH MPUMEHEHHSI TaKoro YycTpoiicTBa B

cucreMax (ha30BOH CHHXPOHM3AIMKM B  IIHPOKOM
JUana3oHe YacToT, OCOOCHHO yHauHbIM BHUIUTCA
IpUMEHEHHe B CHUHTE3aTopax  4acToT,  Ine



NPEIABSBISIOTCS BBICOKHE TPEOOBaHUS B YUCTOTE
BBIXOJJHOTO CHUTHaja. PaccMOTpeH psii MHUKpOCXeM,
HCIIOJNIB3YIOIUX JaHHBINA mpuHUun noctpoeHus O/I.

He CCKPCT, YTO Ha CeFOﬂHHHIHI/If/'I JACHb CYIICCTBYCT

HEOOXOMUMOCTE B TIOBBIICHUH  I(PPEKTHBHOCTH
KOMITBIOTEPHOM TOJICPKKH MPOEKTHPOBAHHS
MOMOOHBIX ~ YCTPOWCTB, 4YTO IO3BOJUT  YCKOPHTH

pa3pabotky YOC, a Takxke 60ee TOUHO yIOBICTBOPHUTH
TpeOOBaHUS, TPENBSIBIAEMBIE K CHCTEME B IIEJIOM.
Takum 00pa3oMm, CyIIEeCTBYeT HEOOXOIUMOCTH B
CO3JIaHUA HUHTEJUICKTYaIbHBIX CHCTEM
ABTOMATH3UPOBAHHOTO TPOCKTUPOBAHUS YCTPOHCTB C
ABTOMAaTHYECKAM pETyJUPOBaHHEM, a B YaCTHOCTHU
Y®C, 4yT0 NO3BOJIUT PELINTH OMUCAHHYIO BBIIIE 33]1a4Yy.
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ANALYSIS OF SAMPLE-AND-HOLD PHASE
DETECTOR

Shilin D.L.
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In this paper, the author performed an analysis of
“sample-and-hold” phase detector, discusses a method
of phase detector designing which makes possible to
use such devices in phase-locked loop in a broad range
of frequencies, particularly successful application is

seen in the frequency synthesizer, where high
requirements in purity of output signal.
INTRODUCTION

Phase-locked loop device, because of their

effectiveness, are grouped in a class of automatic
control systems. Their development is given much
attention; it's hard to call the technical field, where
these devices are not applied. To date, the most of data
exchange systems and devices using phase-locked loop
devices (PLL) to synchronize the flows of information,
for design of precision frequency synthesizer, in
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particular in robotics with an intelligent control. Use of
some modes allows applying PLL for information

encrypting.

MAIN PART

The world's leading manufacturers are developing
various functional blocks PLL, which are included in
the standard chips and have a number of basic
characteristics. Thus, the design of the PLL in the first
stage reduces to the choice of functional units and their
connection to the block diagram. Availability of
methods of synthesis and analysis of the PLL can use
the classical topologies, and basic, functional circuits -
to give a topological structures form of electrical
circuits.

The author offered the choice of the phase detector,
based on the functional purpose of PLL, to analyze the
characteristics at the level of electrical circuits. Thus,
the basic tool for analyzing of mathematical models of
circuits is software PSPICE.

CONCLUSION

Phase detectors, such as '"sample-and-hold",
implemented in the frequency synthesizer TSA6060 and
TSA6060T developed by Philips Semiconductors. This
chipsets is designed to build a digital synthesizer with a
phase-locked loop. The structure of chips includes:
generator and divider of reference signal, the input
frequency divider with programmable division factor,
phase detector, a two-level current amplifier and
controller information exchange via 12C. It works in the
frequency range of 30 + 200 MHz.

Using this principle of designing was developed a
chipset 5861DF1U (Science and Technology Center
DELS). It's a phase comparator with working clock at
45 MHz, which producing till now.

It is concluded that there is possibility of using such
a devices in phase-locked loop (PLL) in a broad range
of frequencies, especially successful application is seen
in the frequency synthesizer, where meet high
requirements to the purity of the output signal. Given a
number of chipsets that been designed using described
principle.

It's no secret that today there is a need to increase
the effectiveness of computer support of such devices
design, which will accelerate the development of the
PLL, as well as more accurately meet the requirements
for the system as a whole. Thus, there is a need for
intelligent CAD systems for automatic control devices
designing, and in particular the PLL, which will solve
the above problem.





