Mporpamunpyemu akTUBHU hunTpun

CbAabpxaHue
* OnpepeneHns n knacudukaums

* Mporpamupyemu aktneiu RC - countpu
- HVICKO‘-IeCTOTHVI, BUCOKOY€CTOTHU U JNIEHTOBU NporpaMmmpyemMun akTUBHU RC - cbvlnpr

- YHuBepcanHu nporpammpyemu aktuBHu RC - comntpu
- UHTerpannum aktuBun RC - countpu

* Mporpamupyemu aktTuBHu SC — countpm

= MpuHUMN Ha AelNCcTBUE HA CXeMa C NpeBKYBaeMu KoHAeH3aTopu. SC nHTerpaTtopu

- HuckouyecToTeH U BUCOKOYECTOTEH Nporpamupyem akTuBeH SC — punTbp OT NbpPBYU pea
- YHuBepcanHu nporpamupyemu aktTuBiu SC — countpu

- CneunanuanpaHu UHTerpanHu cxeMm Ha akTuBHu SC — countpu

-Mporpamupyemu aktTuBin Gm/C - countpu
- OnepaunoHHu ycunearenu Ha nposoaumocT (OTA). AktueH Gm/C - nHterpa-top ¢ OTA
- OnepaunoHH ycunearenu Ha Tok (CCll+). AkTuBHM Gm/C — uHTerpaTopu cbe CClI+
- Hucko4yecToTeH U BUCOKOYECTOTEH NporpaMmpyemMu akTuBHU Gm/C = ¢punTbp OT NbPBU pea,
- YHuBepcaneH nporpamupyem aktueeH Gm/C - ountbp

Jlutepatypa

@ OnpepeneHus n knacudukaums

Mporpamupyemnte aktuHm cuntpu (MA®P) ca npeHacTpoviBawm ce usbupa-
TEenHW ycuneaTenu, 3a KOMTO OCHOBHUTE napameTpu Ha AYX n ®YX ce npomeHsT B
onpefeneHy rpaHnumy nNog ynpasneHMeTo Ha LndpoB KoA.

3a HUCKOYEeCTOTHUTE U BUCOKOYeCTOTHUTE AP ce NPpOMeHNAT rpaHnyHaTa YyectoTa
(nontocHaTta YecToTa), Npu KOETO f, — gf, U KOEULIMEHTLT Ha Npe/jaBaHe B feHTaTa
Ha nponyckaHe H, — gH,. 3a NeHTOBUTE 1 3arpaxjalinte unTpu ce NpoMeHaT
cpegHarta 4yectoTta f, — gf,, NeHTaTa Ha npornyckaHe (3agbpxaHe) — Af — gAf n
koeduuneHTLT Ha npepasaHe. Tyk f, f, Af n H, ca HayanHute CTONHOCTW Ha
XapaKkTepHUTe 4ecToTM, LUMpUMHaTa Ha NeHTaTa Ha MponyckaHe (3agbpxaHe) u
KoedUMEHTBT Ha NpedaBaHe, a g € KoedUUMEHT, KONTO onpedens MofoXeHneTo
Ha AYX no yectoTHaTta oc. [Npu ToBa CTOMHOCTTa Ha ¢ Ce 3ajaBa C ynpaBnsaBall
undpos kog. BaxHa ocobeHocT Ha MA®D e, ye npomMsHaTa Ha AafeH napaMeTbp Ha
AYX n PYX TpsbBa ga He BNMsie BbpXy ocTaHanuTe napameTpu. OcBeH ToBa 3a
ocurypsieaHe Ha yctonumBa pabota Ha AP n3meHeHneTo Ha JadeH napameTbp
NpaKkTUYeCKM HMKOra He 3anoysa OT Hyna.

OT cxemoTexHM4yHa rnegHa Todka [MTA® Hal-yecTo ca efdHocTbhanHu Wunu
ABYCTbNarnHu cxemu, peanusmpaiuy npegasatenHn QyHKUMMA OT MbpBU, BTOPU UMK
yeTBbPTM ped. OcHoBHUTE rpaamBHu enemeHTM Ha AP ca OY, pesucTopw,
KOHOEeH3aTopyn U UuMdpoBO ynpaBnsemMn enekTPoHHW enemeHTn. Hai-yecto B
cxemute Ha [MA® ce usnonseat criegHWTe BWAOBE YMpaBnsieMU €neKTPOHHU
enemeHtn: RDAC uugbposu mnomeHyuomempu; ymHoxumesnHu LA ¢ R-2R
Mampuyu, eepuau ¢ Komymupyemu KoHOeH3amopu u yrnipaensemu OY.
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CuHmMe3 Ha npozpamMupyemMu aKmueHu punmpu

Mpu cnHTe3sa Ha [A® OCHOBHO ce M3nNon3Ba KnacuyeckuaT MeTod, KOMTO ce
XapakTepuaupa C pasgensHe Ha 3ajadaTa 3a CMHTE3 Ha OTAEeNHW eTanu.

- Anpokcumauyusi: [pes3 NbpBKSA eTan ce onpefens npegaesartenHarta (cxemHara)
(PYHKUMSI Bb3 OCHOBA Ha HayarnHWTe XapakTepHW YeCTOTW B NieHTaTa Ha npornyckaHe
n 3agbpxaHe. lNMpepaBatenHata YHKUMSI Ce KOHCTpyupa BbB BuA Ha ApOOGHO-
pauvoHarneH n3pas Ha KoMMnneKkcHaTa MPOMEHNNBa , KOWTO CbAbpKa MOMUMHOM OT m
-TW ped B YUCNUTENSA W MOMMHOM OT N-TW pef B 3HaAMeHaTerns, KaTo BUHarum msn.
Mpu KoHCTpyMpaHe Ha npepaBaTenHata (OYHKUUSA HaW-4ecTo ce U3nonssaTr MeTo-
ante Ha bbmbpyspm, Yebuwes, becen, JlexxaHObp, Kayep v uHeepcHama arpok-
cumayus Ha Yebuwes. Cnepn kaTo ce nonyyv npegaeartenHaTa yHKUms 3a Havan-
HUTE CTOMHOCTM Ha MapamMeTpuTe B 3aBWCMMOCT OT M3WUCKBaHWsTa kbM AYUX un
TsIXHaTa NpeHacTpoKKa ce KOHCTpyupaT npeaaBaTtenHuTe oyHKUuM B Lenust obxear
Ha u3MeHeHue. Hai-4ecTo B npakTMkaTa ce M3nonssaTt Tpy Buaa NpeHacTponkn Ha
AYX unu ynpaenenuns Ha AYX: mawabHa npeHacmpolka, neHmosa rnpeHacmpolka
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Mawa6Ha npeHacTpoika BaTenHa cyHkumsa no Yebuwes c W3MeHeHue Ha WMpuHaTa
M3MeHeHue Ha cpefHaTa YecTtoTa Ha 4YecToTHaTa NneHTa Ha
nponyckaHe

Peanusayus: Tpe3 BTopusi eTan Mo HaMepeHUTe npefaBaTenHu yHKUUM ce
onpeaens camMarta cxema, T.e. YCTaHOBsIBa Ce HeliHaTa CTPyKTypa W ce usuucnssart
napameTpuTe Ha eriemMeHTMTE W. 3a 4a ce MOMydu cxema C npeHacTpovBaliM ce
napameTpy Hak-4yecTo efieMeHTUTe C PrKcMpaHn napameTpu B u3bpaHaTa cxema ce

3aMeHsIT C MoAXOAALLO M3GpaHy aHanosu ¢ ynpasnsemy napameTpu.

CumynayuoHHO U eKcriepuMeHmasiHo mecmeaHe Ha npomomun. [pe3 T03n
eTan 3a BCWYKM CTOMHOCTM Ha LMPOBMA KOO Ce MpoBepsiBa NOBEAEHWETO Ha
npoToTWNa B TMOCTOSIHHOTOKOBA, YecToTHa W BpemeBa obnact. PesynrtatuTe
nonyyeHn OT TECTBAHETO CrnyXaT 3a [oKa3BaHe UMW OTXBBbPIISIHE Ha XunoTesuTe,
reHepupaHu oT npoekTaHTa npu paboTa C pas3nUyHU METOAM 3a anpoKcMMauus u
CXEMHW BapuaHTy 3a peanusauus.

Cnep kaTto ce U3MbIHU npoBepkKa Ha paGOTOCI'IOCO6HOCTTa Ha |/|36paHaTa cxemMa
ce npemMnHaBa KbM NpOEeKTMpaHe Ha ne4dYaTHa nnaTtka U AOKyMeHTUpaHe Ha
pe3yntatuTe.




BrnokoBa cxema Ha aganTuBeH (cCaMoHacTpoiiBaly ce) hpunTbp
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Han-o6wo apantMBHMTE (camoHacTponBalim) cduntpu 3a obpaboTka Ha crnabu
CcurHanu gencTsaTt Ha npuHUuMna Ha cuctemuTe C obpaTHa Bpb3ka. 3a TAX OCHOBEH
enemeHT npeactaensasa MNA® ¢ undpoBo ynpasneHve Ha napametpute. [pu ToBa
AYX Ha MA® ce mameHs unu agantupa BbB BPEMETO MO TakbB HauvH, 4e Aa
nponycHe 6e3 4YeCTOTHM WU3KPWMBHABAHUSA MOMesHata 4YacT OT BXOOHWUS CUrHam wu

CcblLueBpeMeHHO Aa NoTUCHE B MaKCcuMMariHa cTeneH HeXenaHnute YeCTOTHU CbCTaBKU
unu wymoseTte.

KnacudmukaLMoHHM cXeMU Ha NporpamMmpyemMuTe akTUBHU huntpu

- B 3aBMCMMOCT OT HayvMHa Ha HacTpovka Ha napameTpuTe ce pasnuyasaTt
aKTVBHU OUATPM NPOrpamMmnpyemMm C aHanoroBo HanpexeHue unm Tok, LnMdpos kog 1
nepvoany4eH UMMYNCeH CUrHan ¢ NPOMeHsLLa ce YecToTa;

- Cnopen dpopmaTta Ha AYX untpuTe ce pasgenst Ha amnnAUTyaHu unTpu
(nponyckalwm curHanu B onpepeneHa 4ecTtoTHa obnacT) u casosBu UATPU
(cb3paBawy onpefeneHa 4ecToTHa 3aBUMCUMOCT Ha (ba3oBaTa pasnuka mexagy
BXOOHUS U M3X0OHMS curHan 6e3 3aTuxsaHe Ha aMnIMTYauTe UM).

- B 3aBucumMocCT OT TMna Ha M3nonsBaHWTe rPagvBHM €NeMeHTU ce pasnuyasar
nporpamupyemmn aktmeim RC — dwuntpu, nporpamupyemm aktmeHu SC-comntpu
(Switched capacitors — SC filters) u nporpammnpyemu aktmeHn Gm/C — ountpum.

Pa3snpedenieHue Ha ocHogHume audoee unMmpu Mo oMHouwleHuUe Ha MunNuUYHusl
pabomeH yecmomeH Auana3oH U eKeueasleHMHUsIM KayecmeeH ghakmop
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@ Mporpamupyemu aktueHu RC - countpu

- HuckouyectoteH RC - punTbp OT NbpBU pea ¢ uMdpoBo ynpaBneHme

Cxemarta Ha HuckodecToTeH RC ¢punTbp OT MbpBuY pea ¢ LMpPOBO ynpasrneHue e nokasaHa Ha ¢wur. 1. B Hes OY e obxsaHar
OT 4eCTOTHO 3aBuc1Ma obpaTHa Bpb3ka, CbCTaBeHa oOT peanctopa R, 1 koHaensaTopa C. OcseH TOBa KbM MHBEPTUPALUNSA BXOA
ca BKrtodeHun peauctopute R;+Rg 1 ananoroeus myntunnekcop 4051. BxogHusaT curian U, ce nogasa mexay obliata Touka Ha
pesuctopute U Macata. Mpu ycnosue, Ye OY ce npueme 3a uiearieH 3a koeduUMEHTa Ha NpefaBaHe MO HarpexeHue ce
nonyyasa .
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- JlenToB RC - ¢ounTbPp OT NbpPBU pen ¢ uMpPoBO ynpaBrieHne

Cxemata Ha ynpasnsiemusi (ounTbp e rokasaHa Ha cur. 3. Tyk nocrefoBaTernHo Ha aHarnoroBusi MyrTUMMEKCOpP € BKIoYeH
pazpenswus koHaeHaatop C. Mo To3n HaumH npu U3BOp Ha eAnH OT kaHanuTe ce hopmMmMpa pasnndHa BpemekoHcTanTa 7, = CR,,
KOETO NPOMeHs HUcKaTa rpaHnyHa YectoTa. Pasbupa ce, npomsHata Ha Ty, = (R, + R,, )C  Boan n fo namerenme Ha koedm-
LMeHTa Ha NpeaaBsaHe 3a cpeaHu YecToTu. MpeaasaTtenHata yHKUMs Ha cxemara ot ur. 3 uma Buaa:
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Bb3 ocHoBa Ha komnnekcHaTa npeaasaTtenHa yHKUMS 3a Moayna u asarta ce nonyyasar:
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- YHMBepcanHu nporpammupyemu aktueHu RC - domnTtpn

YHuBepcanuuTe nporpamupyemu aktuein RC — dovnTpy umat evH BXo4 U TpU UK NoBeYe U3Xoau, BCEKU OT
KOWTO ocurypsisa AafeH TMn npegasaTtenHa yHKUMS (HUCKOYeCTOTHA, BUCOKOYECTOTHA, NIeHTOoBa, 3arpaxaalla
unu Bcenponyckaiia). O6bukHoBeHo Npu yHuBepcanuute RC - dunTpy rpaHnyHaTa 4ectoTa, LUMpUHATa Ha
NeHTaTa Ha npornyckaHe unu KoedVLMEHTBLT Ha yCWUriBaHe Ce NMPOMEHSIT eJHOBPEMEHHO 3a BCUYKW BWUOOBE
peanusyemu npepasatenHu dyHkumn. Mo-ronsima yact ot yHuBepcanHute RC — cuntpu ce nonyyaeaTt Bb3
OCHOBa Ha yHusepcasnHus akmuseH ¢punmbp Ha KepouH — XioncmaH — Hiokb6 (KXH).
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3a onpepensHe Ha npegaBaTenHuTe yHKUMM MO HanpexeHue Ha cxemaTta npu ycnoeue, 4ye OY ca
naeanHu eneMeHTV MoraT fa ce 3anuwart crefHute popmynu 3a ABaTa cymaTtopa v ABaTta WHTerpaTtopa

_ R _ R Ry 1
UpRr =~Upp *E”i; Upp __E”LP —RT”BR; Upgp = —;qu wUurp = —;qu.

I'IpegaBaTenHMTe (*)yHKLI,I/IVI Ha peanusanpaHnuTe akTuBHU CbI/IJ'ITpI/I OT BTOpU pea umat Buaa:
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Cnep cpaBHsiBaHe Ha NeBUTE U AECHUTE CTPaHW Ha FTOPHUTE PaBEHCTBA Ce MoryyaBaT crnegHuTe hopMynu
3a OCHOBHUTE NnapameTpu
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- YHuBepcaneH nporpamupyem aktueeH RC - ¢ountbp ¢ uanonssaHe Ha ymHoxuTenHu LAMN ¢ R-2R
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3a onpepensiHe Ha npefaBaTenHUTE (PYHKUMM MO HamnpexeHwe Ha cxemarta npu ycrnosue, ye OY ca
naeanHu enemMeHTV MoraT Aa ce 3anuwiat criegHute hopMynu 3a cymaTtopa v ABaTa uHTerpatopa
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npe,anaTeJ'lHVlTe (*)yHKLI,I/IVI Ha peanusanpaHnuTe akTuBHU ¢)MﬂTpM OT BTOpU pea umat Buaa:
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Crieq cpaBHsiBaHe Ha NEBUTE W [ECHUTE CTPaHW Ha rOpHUTE PaBEHCTBA Ce MoJlydYaBsaTt criegHuTe hopMynv
3a OCHOBHUTE MapameTpu
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O6nactiTe Ha W3MEHEHWEe Ha BPEMEKOHCTaHTWTe ce OnpedensiT OT MWHUMAnHWTe U MakcuManHuTe
CTOMHOCTM Ha ynpaBnsBalmTe LudpoBu kopgose D, u D, Bb3 OCHOBa Ha TAX 3a MWHWManHata u
MakcuMmarHaTta CTOMHOCT Ha rpaHnYHaTa (CpefHaTa) YecToTa ce noryyaBat criefHWUTe u3pasu
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3apaum 3a camocTosiTenHa pa6ota

1.1. 3a cxemata Ha akTuBHus RC cunTbp, nokasana Ha cur. 1.1, aa ce onpeaenaT B 06w BUA npegaBatenHuTe gyHKUUn
3a HUCKOYECTOTEH, BYCOKOYECTOTEH U NEHTOB (PUITHP.
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ur. 1.1.

1.2. B cxemaTa Ha aktuBHus RC cunTbp, nokasaHa Ha ¢ur. 1.1, peauctopute Ry, R,, R; n R, ca 3ameHenn cbc CMOS
YMHOXWTENHW LncpoBo-aHanorosn npeobpasysatenu. OcBeH ToBa peauncTopbT R5, BKMoYeH BbB Bepurata Ha OB Ha
nbpeusi OY e nanbnHeH ¢ LIATM. Mo To3n ce nonyyasa cxemata ot ¢ur. 1.2. [la ce onpeaensaT B o6l BUA NpedaBaTesiHuTe
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1.3. Ha cdur. 1.3a e nokasaHa cxema Ha akTvBeH RC unTbp OT NMbPBU ped C LUMGPOBO ynpaBneHue. AHanuaupaiTe
cxemara 3a BCWUYKM KOMOMHaLmm Ha undposus ko D v onpenenete npeaaeatenHuTe yHKUMK No HanpexeHue. HayepTaiite
AYX 1 ®YX 3a Bcuukmu D B noneTo Ha YecToTHaTa xapaktepuctuka Ha OY tun OPA37 (Texas Instruments), nokasaHa Ha cur.
1.36. Bb3amMoxHO nu e ¢ Taka n3bpanus OY aa ce peanuaupat u Yyetupute RC-countbpa?
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@ Mporpamupyemu aktmBHu SC - cdmntpu

- CbLHOCT U OCHOBHM NpeauMCTBa Ha eNIeKTPOHHUTE CXeMU C NMpPeBKMYBaeMu KOHA-
3aTopu

MporpamupyemuTte aktuBHn SC — cunTpyu ca wmsbupaTtenHu ycuneatenu, CbAbpxalim
ocHoBHO QY un Bepurn c npeBknoyBaemn koHaeHsatopu (Switched Capacitors — SCs).
MpeHacTporikaTa Ha rpaHu4YHaTa (cpegHaTa) YectoTa B TAX MOXE MOXe a Ce OCbLUECTBU Ypes
npoMsiHaTa Ha yecToTaTa Ha BbHLUHUSI TaKTOB curHan. [pyrute OCHOBHM mapameTpu, KaTo
KayecTBeH hakTop M KoedMUMEHT Ha ycunBaHe MoraT Aa ce 3ajaBaT upe3 NpoMmsiHa Ha
OTHOLLEHWNETO Ha CbNPOTMBMNEHUSITA Ha BbHLUHU PE3NCTOPU UMK Ype3 UMdPOB KoA 3agaBall
koeduLmeHTa Ha BpoeHe Ha BbTPeLLHM Bposiun, KOUTO ynpaBnsiBaT BEPUrK C NPEBKIYBaEMU
KOHZEH3aTopu, UMUTUPALLM PE3UCTOPU.

EnekTpoHHa cxema Ha nporpamupyem SC — cuntbp MOXe Aa ce nosydu, ako Hanpumep B
cxemara Ha yHuBepcareH nporpamvpyemM aktmeeH RC-puntbp oT BTOpY ped ¢ YMHOXUTENHU
LIAIN pe3uctopute, 03Ha4YeHM C R Ce 3aMeHSIT C MPEBKI0YBaEMN KOHAEH3aTOpMU.

OcHoBHOTO npeguMmcTBO Ha SC cxemuTe e Bb3MOXHOCTTa AMHAMUYHUTE napameTpu, KaTto
HanpuMmep rpaHnyHa 4YectoTa, BPEMEKOHCTaHTa, KoeduUUeHT Ha npefasaHe u Aapyrv pa ce
HacTpovBaT camo 4pe3 NpoMsiHa Ha YecToTaTa Ha NPEBKIIOYBAHE Ha KOHAeH3aTopuTe. OcBeH
ToBa 3a SC cxemute KOHCyMUpaHaTa eJfiekTpu4yecka MOLLHOCT € Mo-Malika, Kakto w”n
KOHCTPYKTUBHUTE UM pasMepun ca No-Mankm OT Te3n Ha CXeMunTe C JUCKPETHU eneMeHTH.

- MpuHUMN Ha AercTBME Ha cxema C NpeBKIloYBaeMn KOHAEeH3aTopu
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Mpumep: 3a C=50pF v f,, =100kHz ,vorasa R, =200kQ .

CnepoBartenHo, npy U3MEHeHNe Ha TakToBaTa YecToTa f Ce MPOMEHSi 1 CbMNPOTUBIEHNETO R,

Hedocmamwbyu Ha SC ¢unmpume:

* MoBULIEHO HMBO Ha LUymMoBEeTE W Marska
CTOVHOCT Ha koeduumeHTa PSRR;

« onbnHutenHn cxemu 3a dopmupaHe Ha
TakToBaTa YecToTa;

* Henoaxopgsiwum 3a paborta npu BUCOKM Yec-
TOTU.

lpedumcmea Ha SC punmpume:

* Bb3MOXHOCT 3a TOYHO Mony4yaBaHe Ha BPEMEKOHCTaHTUTE;
* MNpeuwnsHa HacTporka Ha CXxemunTe Ypes TakToBaTa YecToTa;
* Manka nnoLL 1 Hucka KOHCymMaLumsi;

* HeaHauutenHa HeNMHENHOCT M TeMnepaTypHa CTabunHocT.




- EneKTpOHHVI CXeMM Ha nHterpaTopu Cc npeBKnro4yBaeMm KoHAeH3aTopu
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- HUcKoYeCTOTEH U BUCOKOYECTOTEH NporpammupyemM aktueeH SC — counTbp OT NbpBU pea

3a onpegensHeTo Ha npegaBaTenHaTa yHKUMS ce u3nonasat
R cnepHuTe chopmynm:
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Crnep cpaBHsiIBaHe Ha NeEBUTE U AECHUTE CTPaHW Ha FOpHUTE paBEHCTBA CE MonyyaBaT cneaHuTe opmynu
33 OCHOBHUTE NapaMeTpu:
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3a cxemata Ha aktuseH SC puNTbp HacTpoikaTa Ha rpaHudYHaTa 4YectoTa o, Ce OCbLUeCTBSBa 4pes
U3MeHeHWe Ha TakToBaTa YecToTa f,. HaknoHsT Ha npefasarenHara xapakTepucTuika 3a 4ecToT o > w, e -20
dB/dec.

AYX Ha BYD

-20dB/dec




- YHuBepcaneH (HUCKO4eCTOTEeH, BUCOKOYECTOTEH U JIEHTOB) Nporpamupyem aktueH SC - ¢puntbp

YHuBepcanHuTte nporpamupyemm aktuein SC — unNTpy ce xapakTepusupaT C eAuH BXOA U HAKOMKO
M3X0Aa, BCEKMN OT KOUTO peanuampa HUCKOYECTOTHA, BUCOKOYECTOTHA, NEHTOBa N 3arpaxaalla yHKUMs oT
BTOpU pea.

[onama vact ot yHuBepcanHute SC — dwunTpu ca peanuavpaHn Ha 6asata Ha cxemume Ha Quwep —
Jlelikbp, BKNIOYBALLM €AMH U ABa cymaTopa v ABa Unv noBeye HeMHBEPTUPALLM MHTerpaTopa.
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3a onpepensHe Ha npefaBaTenHuTe YHKUMM NO HanpexeHwe Ha cxemaTa npu ycnosue, 4ye OY ca
npeanHu eneMeHTV MoraT fa ce 3anuwart cregHute popmynu 3a cymaTtopa v Aeata SC nHTerpatopa
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I'IpegaBaTenHMTe (*)yHKLI,I/IVI Ha peanusanpaHnuTe akTuBHU CbI/IJ'ITpI/I OT BTOpU pea umat Buaa:
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- HuckouecmomHa npedasamerHa yHKUUA: K, = # = : X 2 R =H,, o, )
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- JleHmosa npedasameriHa GhyHKUUS: K, = U = Ryt 7= H, 9
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- Bucokowecmomna npedasamenHa pyHkyus: K, = % =— R, = H, mp‘
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Cnen cpaBHsiBaHe Ha NEBUTE W AECHUTE CTPaHM Ha FOPHUTE PaBEHCTBA Ce MoyYaBaT CreaHnuTe hopMynn

3a OCHOBHWUTE NapameTpu:
R.R, , R
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AHanorM4Ho Ha npeauiLHaTa Cxema HacTpolikaTa Ha rpaHuMyHaTa (cpepHara) Yectora o, Ha uUnTbpa ce
OCbLLECTBABA Ype3 U3MeHeHne Ha TakTosaTta yectota fy. B T031 criyqait HaKnoHbT Ha HUCKOYECTOTHAaTa K
BWCOKOYECTOTHATa NpeAaBaTeiHa xapakTepucTika 3a YecTotm o > o, e -40 dB/dec.




- YHuBepcaneH (HUCKOYeCTOTeH, NTEHTOB U 3arpaxaall) nporpamupyem aktuBeH SC - untbp

urp
HYD

3a onpepensiHe Ha npefaBaTenHUTE (PYHKUMM MO HanpexeHwe Ha cxemarta npu ycrnosue, ye OY ca
naeanHu enemMeHTV MoraT a ce 3anviaT criegHute hopMmynu 3a ABaTa cymaTtopa v ABaTta SC nHTerpatopa
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I'IpegaBaTenHMTe (*)yHKLI,I/IVI Ha peanusanpaHnuTe akTuBHU CbI/IJ'ITpI/I OT BTOpU pea umat Buaa:
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Crep cpaBHsiIBaHe Ha NeBUTE U AECHUTE CTPaHW Ha FOPHUTE PaBEHCTBA Ce MoryyasaT crnegHuTe hopMynu
32 OCHOBHUTE NapameTpu:
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AHanu3bT Ha OCHOBHWTE MapameTpu Mokasea, Ye rpaHuyHaTa (cpegHaTa) yectoTa 3aBUCU Camo OT
OTHOLLEHNETO f/n 1 He 3aBUCU OT CLMPOTUBIIEHUSATA Ha PE3UCTOPUTE B CXemaTta




- CneumnanuampaHu nHTerpanHu cxemu Ha SC - omntpu

Mopazu WMPOKOTO NpUMOXeHWe Ha UNTPUTE MHOMO VUPMU Npeanarat creunanuaupaH UHTErpanHn cxemMmn Ha akTueHu SC
cunTpu. Mpy ToBa HAKOM OT TAX peanuavpat u YeTMpuTe Tuna npeaaBaTenHn YHKUMM (YHUBEPCamnHW Cxemu), JoKaTo Apyri
MmoraT fAa GbaaT M3NON3BaHM 3a peanus3auMsTa Ha eauH TUN npejasBaTeniHa (PyHKUMSt Bb3 OCHOBaA Ha eauwH MeTod 3a
anpokcumaums (BbTbpybpT, Yebuwwes, Becen nnu Kayep). MpumepHn uHTerpanHy cxemun Ha aktueHu SC ¢puntpu ca: LTC1060
(MF10) (cbabpxa 2 6ukBaapaTHW 3BeHa, YecToTHa neHTa 15kHz), LTC1064 (cbabpxa 4 GukBagpaTHW 3BEHa, YeCTOTHa neHTa
100kHz), MAX262 (cbabpxa 2 6ukBagpaTHW 3BeHa, YecToTHa neHTa 75kHz, mukponpouecopHo ynpasnenue), LTC1069-1
(peanuaupa npepaBaTenHa dyHKUMs oT 8 pea no metoaa Ha Kayep, yectotHa nenta 150kHz), MAX291 (peanusupa
npepaesatesiHa yHKUMS oT 8 pefl Mo MeToda Ha BbTbpYbPT, YecToTHa neHTa 25kHz) n ap.

Vp* Va' NAPIHP 517 BPy LPy

Ha dwur. 1.4 e pageHa BbTpelwHaTa CTPyKTypa Ha
yHuBepcaneH aktuseH SC cuntbp LTC1060 (Linear Tech.).
va ] Ta e peanuaupaHa Ha 6a3ata Ha GUKBaApaTHOTO 3BEHO Ha

KepouH-XioncmaH-Hiokb6. Cxemata peanuaupa HY-, BY-,

NEHTOBM, 3arpaxgaly U BCenponyckalym npefasBaTenHu
dyHKkumMm. Agpoto Ha WUC npepacTaBnsiBaT 4YeTUpuTE He-
MHBEpPTMpaLLM uHTerpaTopa OT cekumss A un B. Makcu-
"':"”“IE [ ManHaTta TakToBa yectota e 1,5MHz. MpakTuyecku TakTo-

LK 7 ! J .‘ BaTa YecToTa 3a pasnuuHuTe punTbpHU UC e orpaHuyeHa

OcK [0 HSIKOMKO Meraxepua. MuHWManHaTa CTOWHOCT Ha Tak-

. ToBaTa YecToTa ce ornpeaens oT Teopemarta Ha KoTenHukoB

501100 H0L9'+_@"’*‘9 (Haiikyncr), kaTo fy 2 2.f,.. (f. ., € MakcumanHaTa Yectota
LEVEL SHIFT ] Ha BXOAHMA curHan). 3a UC LTC1060 cuuiecTeysaT Asa

1
CLKg %E";% o CL(‘.:EEU‘p :—\—\ OCHOBHM pexuMa Ha paboTa c:
= 1

T0 AGND S 1000 f, 50

— oy LT
£ 1 S 1

B 3aBucumocT OT BMga W peaa Ha npeaaBaTtenHata
g [i7] dyHkumst UC LTC1060 peanuaupa net OCHOBHW CXeMU Ha

L cBbp3BaHe (pexumun Ha pabota). Mpu pasnuuHuTe cxemm
BBbHIIHO KbM M3BOAUTE Ce BKIIOYBAT PE3NCTOPU, YUWUTO
CBMNPOTUBIEHUSA Ce OnpeaensT Bb3 OCHOBa Ha napameTpuTte
Voo Va© WAPHPg S1B BPg LPg Ha npefasaTenHata yHkuMs (KoeduumMeHT Ha npeJasaHe,
Ka4yecTBeH (haKTop 1 rpaHuyHa YecToTa).

®ur. 1.4. BbTpeluHa cTpyktypa Ha UC LTC1060

- CneumnanuampaHm uHTerpanHu cxemu Ha SC - ounTpu, ynpaBnsiBaHu ¢ LmdpoB Kop,

Ha dwmr. 1.5 e gapeHa BbTpellHaTa CTPyKTypa Ha yHuBepcaneH aktuBeH SC cduntbp MAX260/MAX261/MAX262 (Maxim).
Cxemarta peanuaupa HY-, BY-, neHTOBWM, 3arpaxaaluy 1 BCenponyckaluy npegasatesniin yHKUMn 6e3 BknioYBaHe Ha BbHLUHN
enemeHT. OCBEH TOBa TSl CbAbpxa ABE CeKuuu oT BTopu pea. lNapameTpuTe Ha XenaHuTe npedaBaTerHU (OYHKLMM ce
ronyyaBaT C MoMolLTa Ha LMGpoB koA. [paHuyHaTa (cpegHaTa) YectoTa W KayeCTBEHUSIT hakTop MoraT [Ja ce HacTpoiBaT
HE3aBUCKMO C LIMPOBYS KOA U TaKTOBaTa YecToTa.

Ha cwmr. 1.6 e nokasaHa npumepHa cxema Ha NeHTOB unTbp OT 4eTBbpTU pea ¢ MC MAX260/MAX261/MAX262, n3-
ron3eall| ABYMONSPHO 3axpaHBaHe +5V 1 eAHa U Cblua CTOMHOCT 3a YecToTaTa Ha AUCKpeTU3auuws 3a ABeTe cekuuu. B Tosu
cnyyan aBeTe cekumn A 1 B ca cBbp3aHmu kackagHo (BEPUKHO), T.e. CUrHambT OT u3xoabT BP Ha cekumsi A ce nogasa Ha Bxoda
IN Ha cekuus B.

KpaTko onucaHue Ha M3BOAUTE Ha UHTErpanHuTe cxemu

«V+, GND 1 V- - nonoxuTenHo 3axpaHBaHe, aHanorosa Maca u oTpuuaTenHo 3axpaHsaHe;

* CKLA n CLKB — n3Boay 3a noaBaHe Ha TaKTOB CUrHar;

* INA n INB — BxogoBe Ha cekuun A u B;

« BPA n BPB — n3xoam Ha cekuumn A n B npu peanusauuns Ha neHTosn puntpu;

* LPA n LPB - n3xoau Ha cekuuun A n B npu peanusauma Ha HUCKOYECTOTHU DunTpu;

* HPA 1 HPB - nsxoau Ha cekuuu A 1 B npu peanusaumsi Ha BUCOKOYECTOTHW/3arpaxaally u Bcenponyckaluy ountpu;
« A0, A1, A2 n A3 — agpecHu BXOAOBE NpUW NporpaMupaHe Ha rpaHMyHaTa YectoTa U KauecTBEHUAT hakTop;

+ D0 u D1 - BXOfOBE 3a AJaHHM NpU NporpamMmmpaHe Ha rpaHuyHaTa YecToTa U KayeCTBEHUSIT chakTop.
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®ur. 1.6.




- MporpamupaHe Ha SC cdmunTpuTe, ynpaBnsiBaHu ¢ LUpoB Koa

WHterpantute cxemn MAX260/MAX261/MAX262 cbabpKaT ABe eHaKBK CEKLMW, peanuanpally npegasatesiin yHKUumn ot
BTOpU ped. Ha dwmr. 1.7 e gageHa cxemara, manonssaHa 3a cekuumte A n B. Ta ce cbCToM OT [ABa WHTerpatopa U eauH
cymupalll ycuneaTen CBbp3aHu kackagHo (BEPWKHO). B 3aBMCMMOCT OT pexvmMa Ha paboTa ce nonyyaBsaT egHa unu noseye OB.
Bepurute Ha OB ce cbeToaT oT SC 3BeHa (switched-capacitor networks - SCN), uneto nosefeHne e nogo6Ho Ha akTuBHUTE RC
buntpm.

MporpammpaHeTo Ha rpaHMyHaTa YecToTa U Ka4ecTBEHUST (HakTop BbB BCsika CEKLWISi Ce OCbLLECTBSIBA Ype3 ABOUYHUST KOf,
nogageH cboTBeTHO Ha masoan FO-F5 n QO0-Q6. MpumepHM CTOMHOCTM 3a rpaHMyHaTa 4YectoTa U KayecTBeHWst chakTop ca
nanaeHv B Tabnuum 2 n 3.

3a onpocTsBaHe Ha cuHTe3a Ha SC duntpu ¢ UC MAX260/MAX261/MAX262 crpmaTa-npon3soauTen npeanara nporpama
3a NpoeKkTMpaHe, KaTo BXOAHW [AaHHK 3a Hesl ca TWna Ha unTbpa, MeToaa 3a anpokcumauust (BbTbpybpT, Yebuwes n T.H.),
rPaHNYHM YeCTOTW B NEeHTaTa Ha MponyckaHe W 3agbpxaHe W MUHUMANHOTO/MaKCUMarlHOTO 3aTuxBaHe B NeHTaTa Ha
npornyckaHe v 3agbpxaHe .

Cnep kaTo ce cuHTe3npa bunTbp ¢ AafeHa cneumdukaumsa ce nonyyasat ymcnarta N 3a rpaHMYHaTa 4ecToTa U KavyecTBeHUs
haKkTop Ha BCsika CEKLMS, KaKTO U pexumuTe Ha paborta (1, 2, 3, 3A unu 4).

Ta6nuua 3. NpMMepHU CTOMHOCTU Ha KaYyeCcTBEeHUs
chakTOp U CHLOTBETEH LMGPOB KoA

PROGRAMMED O PROGRAM CODE
WODES | MODE | N fas| a5 |04[os [02|a1] a0
10 oror o 0 ojoj|o 0 0 0
0.504 on3 1 ojojojo 0 0 1
0.508 0718 2 olojojo 0 1 o
G512 |07ed | 3 o o |oJae o i1
dur. 1.7.
Ta6nuua 2. MpuMepHU cTOMHOCTU Ha oTHoweHueTo fclk/fo n cboTBeTEH UMPOB Koa
ICLEMD RATIO
WAXZ60M AXZ6T HAYZ62 FROGRAM cODE
MODE 2 MODES 1.3.4 N F5 Fd4 F3 F2 F1 FO
40 24 1] 1] o o 1] [+] 4]
42 41 1 0 4] 0 0 4] 1
4388 H [ [ [ [ 1 [}

MporpammpaHeTo Ha WHTerpanHWTe CXemu Ce peanuaupa C MomollTa Ha BTopa nporpama, KosTo W3UckBa da ce 3ajane
pexuma Ha pabota (1, 2, 3, 3A unu 4), ctoriHocTUTe Ha Yncnata N 3a rpaHnyHaTa YecToTa M kayecTBeHus daktop. Crnen koeTo
Tean koedmumeHtn kato ASCIlI kog B cuntepa. Ha cdwmr. 1.8 e npeacrtaBeHa npumepHa cxema Ha CBbp3BaHe Ha MC
MAX260/MAX261/MAX262 kbM napanenHus nopT Ha nepcoHaneH KomnioTbp. [puMmepHW Bpemeauarpamu Ha CUrHanute Ha
afpecHUTe BXO[OBE, CUTHambT 3a paspelleHue 3a 3amuc U BXOAOBETe 3a [aHHU ca nokasaHu Ha dour. 1.9. Tunuuuute n
MUHUMAIIHUTE CTOMHOCTW Ha OTAENHWUTE BpeMeHa ca AafeHu B Tabnuua 3.
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Ta6nuua 3. TUNUYHA U MUHMManNHKU CTOMHOCTM Ha BpeMeHaTa npu nporpamupaHe Ha hunTbpHuTe UC.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
WR Pulse Width HWR 250 150 ns
Address Setup tas 25 ns
Address Hold taH 0 ns
Data Setup iDs 100 50 ns
Data Hold toH 10 0 ns




Yucnara 3a rpaHn4yHaTa 4eCTtoTa U Ka4yeCTBeHUA (baKTOp, KaKTO U pexunma Ha pa60Ta 3a oTAeNHuTe CeKumn ce CbXpaHABaT BbB
BbTPeLUHa nameT Ha PUNTbLPHUTE UHTErpanHu cxemn. CbabpXaHUETO HA NameTTa ce o6HoBsIBa Npw 3anuc Ypes agpecute AO-
A3. DO n D1 n3Boan, Ha kouTo ce nopasaT AaHHW. KapTaTta Ha nameTTa Ha MHTerpanHute cxemu 3a cekums A n B e pageHa B
Tabnuua 4. [laHHnTe ce CbXpaHsBaT Ha onpefeneHuTe agpecu npu HapacTealy ¢ppoHT Ha curHana WR. Mpu 3axpaHBaHe Ha NIC
¢ +5V agpechute Bxogose M AaHHuTe ca TLL n CMOS cbBmecTumu. MNpn Apyru 3axpaHBalLM HanpexeHus TpsibBa HMBaTa Ha
curHanute ga 6baat CMOS cbBMecTUMU.

Pexum Ha paboTa ¢ noHwmkeHa koHcymauusi (Shutdown Mode) ce nonyyasa, korato QOA-QBA ca norudecka Hyna. B pexuma
Ha paGoTa C MOHWXeHa KOHCyMauusi Mpu 3axpaHBallo HanpexeHue *5V KOHCymMpaHaTa MOLWHOCT Hamansisa Ao 10mw.
BpbLUaHETO KbM OCHOBHUSI PEXUM Ha paboTa ce OCbLLECTBSIBA 3a BPEME Ha 3aKbCHEHUE OKOMO 2ms.

Ta6nuua 4. Kapta Ha nameTTa Ha UHTerpasnHuUTe CXeMu.

DATABIT | ADDRESS |

D0 | D1 [ A3 ] A2 | A1 ] a0 | LOCATION
FILTER A

MOs | Mia | O 0 0 0 0
FOa | Fia | O 0 0 1 1
Foa | F3a | O 0 1 0 2
Fda | F5a | O 0 1 1 3
Q0s | @ia [ 0 1 0 0 1
Q2s | @3a | O 1 0 1 5
Q4n | @sa [0 1 1 0 6
Q6 0 1 1 1 7
FILTER B

Mos | Mis | 1 0 0 0 8
FOR Flp 1 0 0 1 9
Fop F3g 1 0 1 0 10
Fdg F5g 1 0 1 1 11
Q0g_| Qi 1 1 0 0 12
Q2 | Qs 1 1 0 1 13
Qip | G5g 1 1 1 0 14
Q6p 1 1 1 1 15

@ Mporpamupyemu aktuBHu Gm/C — comntpm

3a nporpamupyemute aktueHu Gm/C — TPy HacTpomKaTa Ha OCHOBHWUTE MapameTpu ce OCbLUecTBsBa
Ypes u3rnonasaHe Ha NPorpaMmnpyeMu onepaumoHHN yeureaTtenu Ha NPoBOAUMOCT UK TOK.

OnepauuoHHUTe ycunBartenu Ha npoBoaumocT (Operational Transconductance Amplifiers — OTAs)
Ca aKTWBHW YCWUMBATENMHW EMEMEHTU, KOUTO CE XapakTepu3MpaT CbC CUMETPUYEH HampexwuTerneH Bxoad W
HecUMeTpuYeH TOKOB M3xoAd. [Mpu TsX M3XOOHWSAT TOK € MPOMOpLMOHarnieH Ha BXOAHOTO AudepeHumanHo
Hanpexexve, kato i, =G, u,. [posogumocTta Gm MOXe [Ja Bapupa B ONpeadeneHyn rpaHnuum 4pes
M3MeHeHMe Ha Toka IB, 3apaBall nocTosiHHOTOKOBMSI pexum Ha QY. Korato npoBogumoctta Gm e
napamMeTbp Ha akTMBEH (HUNTbP, TOKLT IB Moxe Aa ce u3non3ea 3a ynpaBreHve Wnu nporpaMmupaHe Ha

rpaHnYyHaTa YecToTa, Ka4eCTBEHUSIT hakTop Unu KoepuLUMeHTLT Ha NpeaaBaHe B feHTaTta Ha nponyckaHe.

3a nmosumueHume onepayuoHHu ycuneamesu Ha mok (Positive Second-Generation Current
Conveyors — CCll+s) BxoaHaTa BenMuMHa € TOKbT Ha MHBEPTUpaLLMs BXOA iy, @ W3Xo4Ha BenuunHa e
TOKbT B U3xoaHata Bepura i ,. lNpenasaTtenHata um yHKUUSA Uma Buaa i, =k, , Kbaeto ki e koeduuneHTbT
Ha ycunBaHe no Tok. [pu ToBa npoBogmMmoctTa Gm 3a CCll+s cbwo MOXe Ja ce 3agaBa OT BbHLUEH

M3TOYHUK Ha TOK IB.

OcHosHoTo npeanmcTeo Ha OTAs n CCll+s e oTHOCUTeNHO NpocTaTa CTPYKTypa Ha CXeMUTE B CpaBHEHWE
cbe cTaHaapTHUTe OY Ha HanpexeHue (Voltage-Feedback Operational Amplifiers — VFOAs). Taka Hanpumep
ocHoBHUTE CNOS OTAs ca efHOCTbNanHW cxemu, peanuavpaHn Ha 6asata Ha CMOS pudepeHunaneH
ycuneaten ¢ auHamudeH ToBap. CnepoBaTenHo cxemute peanusupanun ¢ OTAs unu CCll+s moraT pa
OCUrypSIT NO-LUMPOKa YecToTHa neHTa (>100kHz) ¢ no-ronsMa NMHENHOCT N AUHAMUYEH AnanasoH.




- OnepauvoHeH ycunsarten Ha nposoaumocT (OTA)
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MpoBogumocT Ha OTA:

(Intersil) 1 LM13700 (National Semi.).

a) — OfpocmeHa npuHyunHa cxema, 6) — CXeMHO Oo3Ha4eHue, 6) — eKeuealsieHmHa cxema
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MprMepHN MOHONMTHK onepaLmMoHHK yeuneaTenu Ha npoBoaumMocT ca MAX435, MAX436 (Maxim), CA3080
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- HenuBepTupaly aktTuBeH Gm/C — uHTerparop

- YnpaBnsiemo cbnpotuBneHue ¢ OTA

m

lNpedasamenHa ¢hyHKUUSI:

G
Ay(p)=to =" =
u;, pC prt

1

, KbETO

T= C/Gm - BpEMEKOHCTaHTa Ha uHTerpaTopa

G, =G, (Ig)=nlg - nposognumoct

lMpedasamernHa hyHKUUS:
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- OnepauuoHeH ycunsaren Ha Tok (CCll+)
Ve
) —t

(6asa — B)

(xonexmop — C)
o] : [ oremer
T ] L

VEE
a) 6)
a) — OfnpocmeHa ripuHyuriHa cxema; 5) — CXeMHO Oo3Ha4eHue; 6) — eKsueasieHmHa cxema

XubpuagHa matpuua Ha CCll+ gedmHupalla 3aBUCUMOCTUTE MEXAY HanpexeHusiTa 1 TokoBeTe
Ha u3BoauTe:

v 1/Z, 0 0] |uy
u, |=| 1 re Of]i
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z

B ka4ecTBOTO Ha MOHOSIMTHW ONEPaLMOHHN yCUnBaTENW Ha TOK MOraT fa Ce U3MNon3BaT UHTErpasiHuTe cxemu
AD844 (Analog Dev.), OPA615, OPA861 (Texas |.) n OPA860 (Texas I.).

- AKTBHM GM/C — nHTerpaTop Ha HanpexeHue cbc CCll+

lNpedasamenHa ¢hyHKUUS:

u, G 1
Ay(p)=—"~—"
u; pC pt

- BPEMEKOHCTaHTa Ha UHTerpaTopa Ha HanpexeHue

m _ , KbETO

- AkTnBHM Gm/C — nHTerpaTop Ha Tok cbc CCII+

lNpedasamenHa yHKYuUS:

i, G 1
Al(p)zl_ﬁz—mz— , KbAETO
i pC pt

T= C/Gm - BpEMEeKOHCTaHTa Ha UHTerpaTtopa Ha ToK




- HuckouectoTeH nporpammupyem aktueeH Gm/C — ¢ounTbp oT NbPBU pea

lpedasamernHa ¢hyHKUUS 110 HanpexeHue:
1 G
G C C
=2 P Gut; — Ho =5 U
11— p+—m2
Gm2 rC " rC
Gml
u C @,
App=—t=——rm=Hyp
u; P+ m2 p+a,
pC
G, G,
H —Iml n o = m2
oLP sz (] C

- BucokovectoTeH nporpamupyem aktuBeH Gm/C — ¢ounTbp oT NbpBU pen,

MpedasamenHa hyHKUUSI M0 HarpexeHue:

1 G
G, G,
Uy = 1 w2 1 Gm]”i - Uy = 2 u;
- t— i p+ =
Gy pC C
u
o
Gml
- P
A _Uy G2 - H p
HP — G = H1oHP
u; P + m2 P + ('00
C
G
H,pp = mly WDy = énZ
m2

-YHuBepcaneH (HNCKOYeCTOTEeH, BUCOKOYECTOTEH, JIEHTOB, 3arpaxaall 1 Bcenponyckaly)
nporpamupyem aktuBeH Gm/C — ountbp

B 3aBucumocT OT pexuma Ha paboTta yHuBepcanHuTe aktmBHu Gm/C — cunTpu ce pasgenat Ha
n3bupatenin Gm/C — ycuneatenu Ha HanpexeHue (voltage-mode active Gm/C - filters) n nsbuparentu
Gm/C - ycuneaTenu Ha Tok (current-mode active Gm/C — filters).

M3bupatenHute Gm/C — ycunBaTenu Ha TOK Ce XapakTepusupaT C rofisiM M3XOAEH MMMeAaHc, KaTto
BXOAHaTa W U3xoaHaTa BenuunHa e Tok. OCBeH ToBa Te OCUrypsiBaT MO-LUMPOKa YeCTOTHA NeHTa, no-ronsma
TIMHENHOCT W NO-ToNAM OUHa-MWU-YeH OManasoH B cpaBHeHWe C usbupaTtenHute Gm/C — ycunsaTenu Ha
HanpexeHwue.

Cnopepn 6post Ha BxofdoBeTe U M3xoauTe usbupatenHute Gm/C — ycuneaTenu Ha TOK Ce pasgensT Ha
CXeMW C eQuH TOKOB BXOZA, U HAKOJKO TOKOBW M3xoaa (single-input, multiple-output — SIMO circuits) n cxemu ¢
HSIKONKO TOKOBW Bxoga v eauH uaxon (multiple-input, single output — MISO circuits). OT cxemoTexHnyHa
rnegHa Tovka duntpute ot Tun MISO ca ¢ no-npocta cTpykTypa B cpaBHeHue ¢ dunTtpute ot Trn SIMO.
3aTtoBa MISO cxemuTe ca no-pa3anpocTpaHeHN B eNeKTPOHHaTa TeXHMKa.




- Cxema Ha Tangsrirat — Surakampontorn (Circuits, Systems and Signal Processing, vol. 25, No 6,
2006)
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Cucmema om ypagHeHuUs Onuc8awu ef1eKmpoHHama cxema:

. .
iy =——y +iz)
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iy =—(ii3 +1,
=2 =~(i3 +iz3) MpedasamesHa hyHKUUST 10 MOK:
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AHanus Ha npegasartenHaTa q)yHKuMﬂ Mno TOK:

-BYP npun i =i =0 i > i3 ; KoedumumeHT Ha npefaBaHe B nieHTaTta Ha nponyckaHe: H . p :% ;
x4 x5
-Nonpn i =i3=0 ijp =i;, ;  KoedwuuneHT Ha NpeaasaHe B nNeHTaTa Ha nponyckaHe: H,gp =1 ;
-HY® npun i =iz =0 i1=i, ; KoeduumeHT Ha npenaBaHe B NeHTaTa Ha nponyckaxe: H,.p :Mr"fzrxs ;
-3®npu i =0 u i =i3=i;; KoeduuneHT Ha npeaasaHe B NeHTaTa Ha nponyckaHe: H ge :% ;
x4 x5

- PO NpU iy =iy =iz =iy M g =1y + s KoedMUMEHT Ha NpeaaBaHe B NeHTaTa Ha nponyckane: H,p =1 ;




KawyecmeeH chakmop u nosnocHa (2paHuyHa) yecmoma Ha e/leKmpoHHama cxema:

o = 1 " 0- L [naCy _nmatns (1 .
0 ’
N GGy H, \ raC ) Le

Mpw ycnoswe, ve ce usbepat Ig =Ig3=Ip n C;=C,=C

_2pl
or C

@,

1 1
o |Q=lp|—+-— Kbaeto 1y =@ /21y
Ips 1Ips

- MpaHnyHaTa YecToTa @, MOXe Aa Ce NPOMEHS HEe3aBUCUMO Ypes Iz =1p3=1p
- KauecTBeHusT dhaktop O MOXe fa Ce NPOMEHSI HE3aBUCUMO Upe3 1 gy unn (1/154) + (1/155)
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