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KOMIT'IOTEPHI CUCTEMM TA KOMIIOHEHTH
V]IK 681.324
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AHAJII3 APXITEKTYPH AL IOPO3PSITHOT O
BPIBHOBAKEHHS TA MIJIXOAIB JO ii
BJOCKOHAJIEHHS

'IBano-DpaHKiBCHKHMIT HAL[IOHATBHIIT TeXHIUHMI YHiBepCHTET HaTH i rasy, [BaHO-DpaHKIBCHK
’BiHHUIBKAN HAIOHALHUN TEXHIUHMIA yHiBepcuTeT, BiHHUIS

AxoTauis. Ananoro-undposi neperBoprosadi (ALIII) mocitigoBHOro BpiBHOBaXKeHHs 3aiiMaroTh Oinbiry yactury puky ALl i3 cepenHbor0
Ta BUCOKOIO po3ainbHOI0 3natHicTio. Cydacui ALIT mociioBHOTO BpiBHOBa)XEHHSI JO3BOJLSIIOTH 3a0€3MEUHTH YaCTOTY JUCKPETH3ALl TOHA
100 MTI't; ipu po3ainibHiii 3aqatHocTi Big 10 g0 12 6it. OcobauBoctsimu apxitektypu AL Takoro THIly € MpoCcToTa, BUCOKA eHEProeeKTr-
BHICTB Ta, 3QJIOXKHICTh Yacy NEpPEeTBOPEHHS BiJ po3pi3HeHHs. J[Boma ocHoBHMMHU KoMmoHeHTamu ALIII mociifoBHOTO BpiBHOBa)KEHHS, SIKi
BILUIMBAIOTH HA HOr0 OCHOBHI XapaKTEPUCTHKH, € KOMIIAapaTop Ta nudpo-ananoropuii nepersoprosay (LIAIT). HaituacTiiie BUKOPUCTOBY€ETHCS
IIAIT Ha ocHOBI MaTpuili KoHIeHcaTopiB. Ha npaktuui npu peanizauii AL B iHTerpaisHOMY BHIJISAAL PH i ABUIIEHHI PO3PSIHOCTI MPHU-
poane 36iJ’[BIHeHH}I HHOH_[i Ha KpI/ICTaIIi, 3pOCTaHHA eHepri'l', CIOKHBAHOT l'IiZI Jac NEPpETBOPEHHS, Ta 3HUKCHHS HpOHyKTI/[BHOCTi TTIOCHJTROETHCA
TEXHIYHMMH Ta TEXHOJIOTIYHKUMHU (hakTopamu. B poGoTi po3ristHyTo 0co0IMBOCTI Ta 0OMeKeHHs 6a30Boi apxiTektypu AL mociigoBHOro
BPIBHOBa)KEHHSI, IIPOAHAIII30BAHO PsIJ] CYJaCHHUX IiIXOJIB, L0 3aCTOCOBYIOTBCS Ul TOKpaleHHs XapakTepuctuk AL mociigoBHOro BpiB-
HOBaXXEHHS 301IbIICHOI PO3IUIBHOI 34aTHOCTI. 30KpeMa, cermeHTanist konneHcatoproi marpuui I{AIT abo mozin KOHAEHCATOPHOI MaTpPHII
Ha MaTPHUILIO IBIMKOBO-3Ba)KEHMX KOHJEHCATOPIB Ta MAaTHUIIO KOoHaeHcaTopiB C-2C 103B0JIsI€ CKOPOTHUTH Jliana3oH MOTPiOHNX 3HaYE€Hb EMHO-
CTell KOHIEHCATOPIB Ta 3MEHIIMTH 3arajbHy €MHICTh MaTPHIIi. 3aBASKH [[bOMY 3a HOPIBHSAHHAM 3 0a30BOI0 apXiTEKTYPOIO MPH 301IbIICHH]
pospsimHocTi AIIT s peamizamii MaTpHIll BUMaraeTbCsi MEHIIA IUIONIA HA KPHCTaN Ta 3a0e3nedyeThcs Oinbllla NPOXYKTHBHICTE. 3aMiHa
KOHJICHCATOpa CTapLIOro 3HAYYIIOr0 PO3PSAY MATPHIIi, TOYHO KOIE IHIIOI ii YaCTHHH JO3BOJISIE 3MEHIINTH €HEPTiI0, 0 CIIOXKHUBAETHCS
BiJl JKepesia OMOPHOI HANIPYTH Ta BUTPAYAETHCS Ha TIEPEPO3IIO/ILT 3apsay MisK KOHIEHCATOPaMHU MAaTPHII ITijl Yac epeTBOPEHHS.

Kurouosi ci1oBa: anajoro-ungpoBuii neperBopoBay nocJ1i10BHOro BpiBHOBaKeHHs, EMHiCHUI nu$po-aHaoroBmii nepeTsopoBay,
MaTpPHIUS ABiiKOBO-3BajKeHMX KOH/IEHCATOPIB, CErMEHTHA KOHEHCATOPHA MATPHIIS, MATPULS 3 PO3IiJIEHUM KOHIEHCATOPOM.
Abstract. Successive approximation register analog-digital converters (SAR ADC) represent the majority of the ADC market for medium- to
high-resolution ADCs. Modern SAR ADCs allow to ensure a sampling frequency of more than 100 MHz with a resolution of 10 to 12 bits.
Features of the ADC architecture of this type: simplicity, high energy efficiency and dependency of conversion time from resolution. The
two main components of a SAR ADC that affect its basic characteristics are the comparator and the digital-to-analog converter (DAC). The
DAC based on a capacitor matrix is most often used. In practice, when implementing an ADC in an integrated view, when increasing the
resolution, the natural increase of the chip area crystals, increase of the energy, which is consumed during the transformation, and decrease in
productivity is intensified by number of technical and technological factors The work analyzes a number of modern approaches that are used
to improve the characteristics of the SAR ADC in increased resolution. In particular, the segmentation of the DAC capacitor matrix or the
division of the capacitor matrix into a matrix of binary weighted capacitors and a matrix of C-2C capacitors allows to reduce the range of
required values of capacitor capacities and reduce the total capacity of the matrix. Due to this, in comparison with the basic architecture,
when the ADC bit rate is increased, a smaller area on the crystal is required for the implementation of the matrix and higher performance is
ensured. Replacing the capacitor of the most significant discharge of the matrix with an exact copy of its other part allows to reduce the ener-
gy consumed from the reference voltage source and spent on redistributing the charge between the capacitors of the matrix during conver-
sion.

Key words: successive approximation register analog to digital convertor, capacitor digital-to-analog convertor, array of binary
weighted capacitors, segment capacitor array, array with a split capacitor.
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Beryn
Awnanoro-iudposi nepersoproBaui (ALIT) mociigosHoro BpiBHOBaXkeHHs (SAR ADC — Successive Ap-
proximation Register Analog to Digital Converter) Binpi3HsIHOTbCS MPOCTOI CTPYKTYPOIO, HU3bKOK CIIOXKHBA-
HOIO MOTYXXHICTIO, TAPHOIO MacIITa0OBaHICTIO Ta MOPIBHSHO MaJIUM 4acoM IeperBopeHHs. Lle, MaOyTh, oauH 3
HalOub BuKoprucToBYBaHUX THIIB ALl Cyuacni ALIII mociitoBHOTO BpiBHOBaXKEHHS {03BOJISIIOTH 3a0e3me-
YHUTH 4aCcTOTY Juckperusarii noxnan 100 MI 'y mpu po3ainbHii 3qatHocTi Big 10 go 12 6it [1] — [3].

AHaJni3 oco0auBocTeil 6a30B0i apXiTeKTypH

He 3Baxatoun Ha iCHyBaHHS 3HAYHOI KiJTbKOCTI BapiaHTiB MOJuBOi peamizarnii AIIIl mocmigoBHOTO
BpiBHOBa)KeHHs, 0a30Ba apXiTEKTypa € JA0BOJi mpocToro (puc. 1) i 3abe3neuye aHamoro-mudppoBe MepeTBOPEHHS
3a anroputMoM Ginaproro momuryky [4], [5].

MurtteBe 3HaueHHs Uy aHanoroBoi BxigHoi Hanpyru U, yTpuMyeThCs y IpUCTPOi BUOIpKH/30epiranus.
Js peanizamii anroputMmy 6iHapHOTO MOIIyKy N-pO3psaHM PETicTp CIOYaTKy BCTAHOBIIOETHCS Ha CEPEelUHY
MIKaIH, TOOTO 3 OMMHUYHUM 3Ha4YeHHsM y cTapiiomy 6iti (N = 1000...0,). V pesynbrati Hanpyra Upac Ha BHXO-
ni mu¢po-anaiorosoro nepersoproBada (LIAIT) mpuiimae 3HaueHHs Uggr/2, ne Uggr € ONOpHOIO Hampyroro
AIIII. 3a nomoMoror kKommaparopa BUKOHYeTbes mopiBHSHHS Uy Ta Upac. SAxmo U,y Outemie, Hik Upac, Ha
BUXOJII KOMIMaparopa Oy/ae BHCOKHMH JIOTIYHMH piBeHb, IO 3aJUIINTH piBHMM | crapmmii 6it N-pospsaHoro

4 © C. I. Menbunuyk, M. I'. Tapaoscebkuii, O. I'. Myparmenko, 2023



ISSN 1999-9941, “TH®OPMALIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA IH)XKEHEPIA”, 2023, Ne 2

JBifiKOBOTO KoMy y perictpi. | HaBmaky, skmo Uy MeHmie, Hik Upac, Ha BUXOJI KoMOapaTopa OyJe HH3bKHA
JIOTIYHUI piBeHb, 1 cTapmmil O0iT perictpa ckuHeTbes B 0. I1oTiM cxema KepyBaHHS HEPEXOAUTH 0 HACTYITHOTO
OipII MOJIOAIIOTO GiTa, BCTAHOBIIIOIOYH 1IeH OiT Y BUCOKHI piBeHB 1 BUKOHYIOUH HOBe mopiBHAHHA. Lleit mporec
MIPOIOBXKYETHCS IO MOJOAIIOTO 3Hauymoro Oita. ITicisa BH3HaYSHHS 3HAUYEHHS MOJIOJIIOTO 0iTa IMepeTBOPEHHS
Oyze 3aBepmeHe. Pe3ynpTat mepeTBopeHHs Oyne npenctasieHni N-po3psaHuM IBIHKOBIM CIIOBOM y PETicTpi.

N KomnapaTop
Uy [pucrpin U
——»  BUOGipKH/ >+
36epiraHHs Cxema
Upac KepyBaHHsI
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N-pospsaHuit
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N
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NBIMKOBUH KOJ
Pucynok 1 — bazosa apxitektypa ALII mocnigoBHOTO BpiBHOBaKEHHS

Ha puc. 2 naBenenuit npukian 4-0itHoro meperBopeHHs. ['padik mokasye 3miHy Hanpyru Upac Ha BU-
xozi LIATI mix gyac mepeTBopeHHS. Y mpukiaai nepire mopiBaHASA (y perictpi 1000,) mokasye, mo Uy < Upac.
Takum gmHOM, OiT 3 Oyne ckunyTtHil B 0. [ToTiM B 1 BcTaHOBMIOETECS mpyTHit OiT (y perictpi 0100,) i BUKoHY-
€TBCA NIpyTe MOPIBHAHHS. Y mpukiami y ubomy Bunanky U,y > Upac, ToMy OiT 2 3amumaetbes piBauM 1. [lami B
1 BcraHoBmOeThess mepumii Oit (y perictpi 0110,) 1 BUKOHYeTbCS TpET€ INOPIBHSAHHSA. Y LIOMY BHIAIKY
Uin < Upac, Tomy 6iT 1 cknpaetsest B 0. Ha 3aBepinansHOMYy etari B 1 BCTaHOBIIOETHCSL HYJIbOBHH OIT (y pericT-
pi 0101;). Ockinbku npu 1bomy Uy > Upac, 0iT 0 3amuimaeTses piBHUM 1.
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Pucynox 2 — Ilpukinan 4-6itHoro nepersopenHsi ALIIT nociiiToBHOro0 BpiBHOBaKEHHSI

Sk BunHO, nust 4-pospsianoro AL HeoOXiaHI YOTHPH HMKIM MOPIBHSAHHS, a ToMy N-pospsimauid ALIT
BuMaratuMe N IIUKIIIB MOPIBHSHHA 1 HEe Oyae OTOBHI J0 HACTYIHOTO NEPETBOPEHHS, JOKH HE 3aBEPLIMTHCS
notouHe. Tomy Taki ALII pigko 3acTOCOBYIOTBCS KOJIM MOTPIOHO OTpUMATH PO3JUIBHY 3AaTHICT y 14-16 GiT
IPH KUTbKOX MeTra-BUOIpOK 3a ceKyHy [4].

JiBoma ocHOBHMMHU KomnoHeHTaMu ALIIT mocioBHOTO BpiBHOBa)XKEHHS, SIKi BIUTMBAIOTH HA HOr0 OCHO-
BHI Xxapaxrepuctuku, € kommaparop i L{AIIL. IIpuctpiit Bubipkn/36epiranns moxe 0ytu BOynosanuit B LIAII i,
oTXXe, MoXe He OyTu ssBHUM OsiokoM ALIIT nkoro Tuiy.

IBunkicte AIIIT mocigoBHOTO BpiBHOBaXKeHHsT 0OMekeHa dacoM BcraHoBiieHHs1 LAl wacom crmpa-
IIOBAaHHS KOMITapaTopa Ta CXeMH KepyBaHHSA. MakcuManpHHN yac BcTaHOBieHHS LIAIl 3a3Buuail mepeBaskHO
BHU3HAYAETHCS YaCOM BCTAHOBJIEHHS CTApIIOTO 3HAYYHIOro OiTa, OCKUIBKH IPH IIbOMY CIIOCTEPIraeThcsi HaiOi-
nema 3Mina Hanpyru Ha Buxoai LIAIL. Kpim toro, minitHicTe ALIT o6mexxena niniiHicTIO LIAIL Yepes wi 06-
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MEKEHHS y3ropkeHHst komnoHeHTiB ALIIT mocigoBHOrO BpiBHOBAXKEHHS 3 PO3JLIBHOIO 3AaTHICTIO MOHA 12 OiT
Y4acTO BUMAararoTh IIeBHOI ()OPMH MiZACTPOIOBaHHs a00 KaniOpyBaHHs AJIsl TOCSTHEHHS HEOOX1HOT JIiHIFHOCTI.

Basosa apxitektypa L{AIl OyxyeTbcss Ha OCHOBI Pe3MCTHBHOI MaTpHIll ab0 MaTpHUIl KOHACHCATOPIB. Po-
3BUTOK cyOMikpoHHUX KMOH TexHOMOoTii CipusB CTBOPEHHIO KOMIAKTHUX Ta ToUHHX L[AIl 3 komyTOBaHUMH
KOHJICHCATOpaMH, 10 00YMOBHJIO CTBOpeHH: HOBoro mokomiaHsA AL mocimoBHOTO BpiBHOBaKEHHS, IO BiIpi-
3HSIOTHCS MaJMMH PO3MipaMu, BapTICTIO, CIIOKUBAHOIO MOTYKHICTIO Ta BUCOKOIO TouHIicTIO. Ille oxHiero mepe-
Baroio eMHicHOTO L{AIl € MOeMHAHHSA Y HHOMY BIIACTHBOCTEH MPUCTPOIO BUOIPKH/30€piranus, Mo J03BOJISIE 3€-
KOHOMUTH MicIle Ha KpucTadi [6].

E€wmuicHuil [{AIl BUKOPHCTOBY€E NPHUHIMIT MIEPEPO3NOILTY 3apsiay sl CTBOPEHHS aHAIOTOBOI BUXiTHOT
Harpyru. Bin cknanaerbes 3 MacuBy 3 N KOHA€HCATOPIB 3 ABINKOBHMH 3BXKCHUMH 3HAYSHHSIMH €EMHOCTEH TITFOC
OJIMH KOHJIeHCATOp «PIKTHBHUN Moyommuil po3psa» [4], [7]. Ha puc. 3 HaBeneHuid npukiaa 4-po3psAaHOTO €M-
HicHoro [{AIl, miakaroueHoro 10 KoMIaparopa.

3-un 2-un 1-uit 0-uit
po3psz po3psz po3psz po3psiz Ucom Buxin
KoMIlapaTopa
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o0 o0 o0 o0
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Pucynox 3 — €muicanii LIATII 3 kommaparopom st 4-pospsigaoro AL mocifoBHOTO BpiBHOBa)KEHHS

[Mporeaypa nepeTBOPEHHS CKIAAAETHCSA 3 TPHOX OCHOBHHX eTarmmiB: (ha3u BUOIpKH, (a3u yTpUMaHHS Ta
pexxumy nepeposmnoniny. Iig yac ¢a3u Bubipku 3aranbHa JIiHIS MacHBY KOHAEHCATOPIB, OO SKOI MiA €XHAHI 1X
BEpXHi OOKIIAIKH, IiJKIFOYAIOTECS O 3€MIIi, a yCi HIDKHI OOKIaJKH KOHICHCATOPIB MiTKITIOYAIOThCA A0 KIIEMH
BximHOTO curHamy Uy. BiamoBimHO KOXHUI 3 KOHIEHCATOPIB, 3apsKalovnch 10 Hanpyru Uy, Hakomudye 3a-
pan Qi = Cj - Uy, e Cj — eMHICTh i-T0  KoHAeHcaTopa. CyMapHuUil 3apsj, HAKOMMYCHUI Ha BEPXHIX OOKIaJKax
KOHJICHCATOPIB, CKIIAJIe:

gr = —BC Uy — 4C Uy — 20 Uy — C Uy — O Uy = —16C - Uy

HactynauMm ertanom e ¢asza yrpuMaHHsi, i yac K01 3arajbHa JIiHis Bil'€IHYEThCS BiJ 3eMJIi, a BUIbHI
KJIEMH, 10 3’€JHAHI 3 HIDKHIME OOKJIaJKaMK KOHJCHCATOPIB, BiA'eqHy0ThCs Big Uy 1 3’ €mHy0TH 13 3emiieio. Y
pe3yJbTaTi 1BOro, Ha 3araibHii kiemi yrBoproetses Hanpyra Ucov = -Ujy (ix yac ¢asu Hakonu4eHHs 3apsay
MOTEHI[ia]l BEPXHBOT 0OKJIaIKK KOXKHOTO KOHJIEHCaTopa J0PiBHIOBAB HYJIIO, a HIKHBOT Ujy).

OcCTaHHIM €TanoM € PeXUM HepepOo3NOo iy, i/l Yac SIKOr0 BU3HAYAIOTHCS 3HAYCHHSI JIBIHKOBUX PO3Psi-
niB. Ha niepuiomy erari anropuTMmy OGiHApPHOTO MOIIYKY HIDKHS OOKJIAJKa KOHAEHCATOPA CTApIIOro 3HAYYIIOTO
po3psany (Ha puc. 3 1e koHmeHcartop eMHicTIo 8C) Bin €AHYETHCS Bil 3eMIIi Ta migkmodaeTbest 10 Uggr. BinOy-
BAETHCSI TIEPEPO3IOILT 3apsly MiX [[MM KOHJIEHCATOPOM Ta IPYIO0 3 4-0X MapajieibHO BKIIOYCHUX KOHJICHCA-
topiB 4C, 2C, CTa C:

_Lﬁc * l[ri:':u' = EE{UCDM - UREF:] + {‘1": + 2': + E + E:IUCDM-

3Bigku

—J.ﬁ-lf.' * UEN + ECURE}-—
Ueon =
8C + (4C + 2C + C + C)

1
= _UIN+EUR.EF- (1)

TakuM YHHOM, MiJKITIOYCHHS HIDKHBOI OOKIIAQJKH KOHJCHCATOpa CTAPIIOTrO 3HAYYIIOTO PO3PSAy JIO
Uger 3MilIy€e TIOTEHITIAT Ha BiJ’€MHOMY BXOJIi KOMIIapaTopa y o3uTHBHOMY Hampsimi Ha 1/2Uggk.

Kommnaparop nopiaioe Hanpyry Ucom 3 HyaeM. SIkiio Ucom < 0, To6T0 Uy > 1/2URgr, Ha BUXOJI KOM-
nmapaTtopa Oyze jorigHa 1, i HIKHS 00KTajgKa KOHIEHCATOpa CTApIIOro 3HAYYIIOTO PO3PSIAY 3aNUIIA€THCS TTiIK-
r0ueHOr0 10 Uggr. Skmo Ucom > 0, 10610 Uy < 1/2UREE, Ha BUXOi KoMmapaTopa Oyse joriunuii 0, i HKHS
00KJIaJIKa KOHIEHCATOpa CTApIIOro 3HAYYIOTO PO3PSIAY 3HOBY MiAKITIOYAETHCS 10 3€MITi.

IToTim 10 Uggr miAKIIOYAETHCS HIKHS 00KIIaIKa KOHIEHCATOPA HACTYITHOTO OUIBIT MEHIIIOTO PO3pPsy,
110 BUKITHKaE 30imbmenHs Hanpyrd Ucom Ha 1/4Uger. HoBa Hanpyra Ucom 3HOBY nopiBHIOETBCS 3 0. 3a pe3yib-
TaTaMU MOPIBHSHHS HIDKHS 00KJIaKa KOHIECHCATOpa a00 3aIHIIA€ThCS MiIKIT09eHOr 10 Uggr, 200 3HOBY MijK-
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JroyaeThes 210 3emii. Llei mpouec npoaoBxKyeThCs, JOKK He Oy/e BU3HAUYEHE 3HAYEHHs MOJIOJIIOrO 3HAYyIIOTO
pospsiny. Ilicis 3aBepuieHHs neperBopenHs Hanpyra Ugoy Ha HEraTUBHOMY BXOJI KOMIaparopa Oy/e BU3Haua-
THCS BUPa30M:

isghic izjh2
Ugore = —Uiy +TURE}'= _U}N'l'TUREF. (2)
ne b — 3ssavenns i-ro Gira.
Hus N-pospsaroro LIAIT Bupas (2) HaOyae BUTIIALY:
Sz b2
Ueom = Uy + — 5 Urer. (3

AHaJi3 cyyacHHX MiIX0IiB 10 BAOCKOHAJTeHHS 06a30B0i apXiTeKTypHn

B ineansHOMy LIAII K0XeH 3 KOHACHCATOPIB BIAMOBia€ IEBHOMY JBIHKOBOMY PO3pSIy, a TOMY IIOBHU-
HCH MaTH 3HaUYCHHS €MHOCTI TOYHO B/IBiUi OiNTbIIIe 3HAYEHHS €MHOCTI MOMEPEIHHOTO MEHIIIOTO KOHACHcaTopa. B
AIIIT 3 BUCOKOIO pO3ALIBHOIO 3aTHICTIO (Hampukian 16 0iT) 1ie mpu3BOAMUTE 10 3aHAATO IUPOKOTO Jialla3oHy
3HAYCHb [UIS peaji3allil B eKOHOMIYHO MPUHHATHOMY po3Mipi. OJHUM i3 METO/IiB 3MEHIIICHHS IUIOMIi € MiHIMi3a-
Iis1 3HAYCHHS €MHOCTI OJMHHUYHOI'O KOHJCHCATOpa, aje I1¢ MOXKE MPU3BECTH 0 MOTIPIICHHS XapaKTEPUCTHK
niiaOCTI [8]. 3 iHIIOrO OOKY, Yepe3 0OMEKEHHsSI EMHOCTI OAMHUYHOTO KOHICHCATOpA 3 MMiJBUINCHHIM PO3.i-
nbHOT 3natHOCTI ALIIT 30inbuIyeThest 3aranpHa emHicTh LIATL, 110 3MeHIye MBUAKICTh IEPETBOPEHHSL.

T ALIIT 3 BUCOKMM PO3PI3HEHHSM y TOMTOBHEHHS 10 3a3HAYCHUX BHIIE MPOOJIEM 30UIBIIYETHCS CHEP-
rocrioxuBanHs [9]. OCHOBHA €HEpTrisi CIOXHBAETHCS B MPOIIECCI 3apSAKEHHS Ta PO3PSAPKECHHs KOHICHCATOPIB.
[Tpu upoMy mix yac mepepo3noiy 3apsay MiX KOHIEHCATOpaMH MaTpHIi Oiblila YacTHHA €HEeprii BUTpayaeTh-
Cs1 BITCTY, OCKUIbKH HAKOMMYCHHU 3apsi/] po3psipKaeThest Ha MaTpuiio [10].
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Pucynok 4 — JIBocermeHTOBaHUI MacHB KOHJICHCATOPIB

OnHuM 3 TIXO/IB 10 3MEHIIIEHHS 3arajibHOI EMHOCTI € CETMEHTAIlisl MacuBy KoHzeHcaTopis [9], [11] -
[15]. Inst ABOCerMeHTOBaHOT apXiTeKTypH, 1110 300pakeHa Ha pucC. 4, 3arajbHa EMHICTh MaCHUBY KOH/ICHCATOPIB
CKJIaIa€:

Cr= (2P + k(27 — 1))-C.
TOAl K 11 0a30BOT

Jie P — KIIBKICTh MOJIOAIINX 3HAuyIuX OiT LSB;
g — KUIBKICTh CTapIIKMX 3Hauymmx 6iT MSB;
N — po3psinHicTs dposoro xkoxy; N =p + Q;
C — eMHICTb KOHJIEHCATOpa HYJIHOBOTO PO3PSIY.

3MEHIIeHHS 3aralbHOi €MHOCTI, a 3HAYNTh 1 IO KpUCTalla, € ONTHMAIBHIM, KOJIM CETMEHTH MOJIO-
X i crapmux po3psaaiB € ogHakoBumu (K =1, p = q = N/2). YV upoMy BUNaaKy 3araibHa €EMHICTh CETMEHTHOTO
MacuBy Oyze NMpUOIH3HO Y N2t pas3iB MEHIIOO 3a 3arajibHy EMHICTh 0a30Boro MacuBy. TuMm He MeHII, YuM Oi-
JIBLIN CETMEHT CTapuX po3psiaiB (4 > P), TUM Kpaiuoro € niniiHicts [9], [11].

CerMeHTH 3’ € JHYIOTBCSI MOCTOBUM KOHAEHCATOpoM C,, U 3HAYCHHS EMHOCTI SKOTO Ha IiJCTaBi BHpa-
3iB, OTpUMaHuX B [12], MOXHa 3anmcaTH:
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k
o= ¢ Cua @)

ne Cisg — CyMapHa €EMHICTh CETMEHTY MOJIOIIINX PO3PSIIiB.

Biamosinsao 1o puc. 4 Cisg = 2”. Toxi npu kK = 1 3HAYEHHS EMHOCTI MOCTOBOTO KOHICHCATOPA CKIIa/Ie

TOOTO Oyze ApoOOBUM YHUCIIOM.

JlpoGoBe 3HaUYEHHSI EMHOCTI MOCTOBOTO KOHZEHCATOpa MOTIpINYy€ Y3ro/KEHHs 3 IHIIUMH KOHAEHCATO-
pamu MaTpuIli Ta 30inbmye HeminiiHicTs AL [9], [12].

JAnst mofosiaHHs bOTO HEAOJIKa SIK KOHJEHCATOp «(pIKTHBHOTO MOJIOALIOTO po3psday» (KpalHii JiBuii
Ha puc. 4) BUKOPUCTOBYIOTh KOHJEHCATOp €MHICTIO Cy. Y I[bOMY BHUIAJKy 3arajibHa €MHICTh CETMEHTY MOJIOJI-
mmx po3psais LSB ckiane

Crsg =(2P — 1) - C+ C;

Toni Bupa3 (4) HaOyne BUTIAAY:

k
Cczﬂ-[@’—l]-ﬁ'+fd]_ (5

[MinOupatoun neBHUM YMHOM 3HaueHHs P, K Ta Cy, MoxkHa oTpumath nijie 3uauenus C,. Tak B [12] 12-
OiTHuI MacuB koHIeHcaTopiB LIATI moniisieThes Ha 8-Mu OITHUIN CErMEHT CTAPIIUX 3HAYYIIHMX PO3PSIIB Ta 4-0X
Oitamit Mosjoanmmx (P =4). s exonomii miomi K=1. ¥V upoMmy Bumajaky BigmoBimHo a0 Bupasy (5)
C, = (1/15)-(15C + Cy). IIpu Cy = 15C 3nauenns C, Oyne nopiBaioBatu 2C, a npu Cyq = 30C C, nopisHroe 3C.
3ananTo Benuke 3HaYeHHS C, BUKIJIMKa€e 3HAUHY Mapa3sUTHY €EMHICTbh, 0 HETATUBHO MO3HAYUTHLCS Ha JIHIHHOCTI
ALIT[12].

[le onuH BapiaHT 3MEHIIIEHHs TOBHOI EMHOCTI, 1110 3anporioHoBaHui B [ 10], nepeabauae BUKOPUCTAHHS
METOAY MoABiiHOI BUOipkH Ta moOynoBy LIAIl 3 BUKOpHUCTaHHSAM MacUBY JBIKOBO-3BaKCHUX KOHACHCATOPIB Ta
MacuBy koHzaeHcatopiB C-2C (puc. 5). 3a mOpIBHIHHSAM 31 3BHYAHOIO CTPYKTYPOIO, aHAIOTOBI BXi/IHI CHTHAIH
JMCKPETU3YIOThCA ABOMA CTOPOHAMM KoMIlaparopa. Ha HeraTHBHOMY BXOJli 3a JIOIIOMOTOI0 MacHBY JABIHKOBO-
3Ba)KEHMX KOHJIEHCATOPiB Ta MacuBy koHneHcaTopiB C-2C. Ha mo3nTuBHOMY BXOJi JOJATKOBUM KOHJEHCATO-
pom Bubipku CS, 1110 HiIKITI0OYSHHU I JI0 TepeMHrKada, KepOBAHOTO CTapiIkM 3Hauyium G6itom (b9).

Urer O_(L

by

\o

o) [eXe] [eXe} [eXe]
Un o—e

Urgr ©

L

Pucynoxk 5 — 10-6itHuii ITAIT Ha OCHOBI MacuBY JBIHKOBO-3BOKEHUX KOHJIEHCATOPIB Ta MACHBY KOHJICH-
caropie C-2C [10]

ITpu Bukopucranni macuBy konaeHcaropiB C-2C € nsi npodiemu. [To-nepiie, HeMiHIHHICTb, BUKIIMKAHA
HEBIIMOBIIHICTIO 3HAYCHh EMHOCTEH KOHIECHCATOPIB y MacuBi KoHaeHcaTopiB C-2C, € ripIioro, HiX y 3BU4aiiHO-
TO MacHBY KOHJICHCATOPiB 3 OiHApHUMH 3BaXyBaHHAMHU. [lo-Ipyre, eKBiBaJIGHTHUH iMIIEITaHC MacHBY KOH/IEHCa-
TopiB C-2C € 6inpInM, Hi’)K MacHBY KOHJICHCATOPIB 3 JABIHKOBUMHU 3BaKyBaHHAMH. 11[00 3MeHmmMTH 11 edekTy,
pospsinHicTh MacuBy KoHaeHcatopiB C-2C BuOmMpaeTbcss MeHmoo. BiamoigHo mo mporo B 10-pospsimHOMYy
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HAII, mo npencrasienuii B [10], MacuB KOHJEHCATOPIB 3 ABINKOBMMH 3Ba)KyBaHHSIMHM, BIJIOBINAE IIICTHOM
pospsimam 10-Tu GitHOTO ABiiikoBoro koxy (6itTu b3-b8), a macus kouaeHcaropie C-2C — 4OTHPHOM pO3psIaM
(6it b0—b2). 3aransHa eMHICTH MACHBY KOHIICHCATOPIB CTAHOBHUTSH 1pu nbomy 73C + Cs [10].

Ha 3aBepmeHHs 3a3HaYUMO, IO TOJIOBHOIO Tipobiemoro cermeHTHHX L[AI € HemiHilHICTE XapakTepuc-
TUKHU TIEPETBOPEHHA Yepe3 IX BHCOKY UYTIHBICTH /10 HEY3TOIKEHOCTI HOMIHAIIB KOHICHCATOPIB Ta Mapa3sUTHUX
emHOocTeld. Oco0MHMBO I TIEPETBOPIOBAUIB BUCOKOI po3AiIbHOI 31aTHOCTI. Lle BuMarae ix xamiOpyBanssa. Cho-
roJHi icHye 0araTo e(heKTUBHUX apXiTeKTyp HU(pPOBOTO KaiOpyBaHH:, MPOTE BOHU OJHOYACHO 1 YCKIIATHIOIOTh
CXeMy TepeTBOPIOBaya, i 30UIBIIYIOTh 3aTajbHy IDIONTY KpucTamy [9].

Sk OyIno 3a3HaYECHO BUIIE, KOXKHUHI KPOK MEPETBOPEHHS PO3MOYMHAETHCS 3 TOTO, [0 HIDKHS O0KIJIa/IKa
4eproBoro KoHjaeHcaTopa miakiarodaetbes 10 Uger. IToTiM TPOBOIUTHCS MOPIBHSHHSA, 32 PE3yJIbTaTaMU SKOTO
MOXYTb MaTH MicCIie /1Ba Nepexou. SIKI0 MOPiBHAHHS MPOMIUIO YCHINTHO, HWKHS o0KiIaaka KonaeHcatopa C;,
IO BI/IMOBiA€ {-OMY OIIIHIOBAHOMY OiTY, 3aJIHUIIAETHCS MiAKITI0YeHOX 10 Uger, 1 10 Urgr MIIKITIOYAETHCS HUKHS
oOknaznka konaeHcaropa Cy.g, 110 BIANOBiga€ HACTYITHOMY, OUTBII MOJIOJIIOMY po3psay. SKio notouHa uugpo-
Ba OL[IHKA 3HAYEHHs BXI/JHOI HAIpyTy BUSABHUJIACS HEBIPHOIO, HIKHS 00KIaka KoHAeHcaTtopa C; IepeMUKAEThCS
Ha 3eMJIIO 3 MiAKII0YeHHIM 10 Uggr HIKHBOT 00KIanku KoHAeHcaTopa Cpj. [lepmuii Bumagok Mo>kKHA Ha3BaTH
MIEPEXO0IOM «BTOPY», a APYTUH — MIEPEXOJIOM «BHH3Y.

B [16] 3ampomoHOBaHO MiAXiJ 70 ONIHIOBAHHS CIIOXKMBAaHHS €HEPTil BiJ JDKepena OMOPHOI Halpyrd
Uger i 9ac muX mepexofiB. BiAmoBigHO 10 IBOTO MigX0Ay 3HAYCHHS CHEPTii, 0 OTPUMYETHCS KOHICHCATO-
poM Bin mxepena Upgr Mk MOMEHTOM dacy tl, ko #oro HIKHS oOKIaaKa miakiarodaeTbest 10 Uger, Ta MOMEH-
ToM 12, KOJIM Hampyra Ha HbOMY CTa01NTi3yeThCs, MOJKHA 3HAHTH 32 BUPa30M:

rz rz d
E= J‘ Upgr -1(t)dt = —Uggp _Qﬂ‘t = —Uper - [Q(t2) — Q1)1
t e dt

abo
E = —Unsr - G- [U(£2) - U(eD)], (6)

ne U(tl) Ta U(t2) — nanpyru Ha KOHAEHCATOPi B MOMeHTH Yacy tl Ta t2, BimnosiaHo.

3 BUKOpHUCTAaHHIM BHpa3y (6) 3a METOIUKOI0, 3alPONOHOBAHOIO B [16], 3HalieMO eHeprio, CIOKHBAHY
Bix joxepena Uggr NpH Iepexosiax «Bropy» Ta «BHH3» IiJl Yac BU3HAUCHHS 3HAYEHHs CAMOTO CTapIIOro 3Hady-
IIOT0 PO3PSIY, SKOMY BiAnoBigae KoHaeHCATOp Cp g.

ITpu nepexoxi «Bropy», BiIIOBIIHO JI0 BUKJIAJIEHOTO Yy MEpIIiid YaCTHHI JIaHOT CTATTi, HAIIPYTa Ha KOH-
nercatopi C.q 3MIHIOETBCS 31 3HAUCHHS

Uprr
Ug,_,(t1) = (_Um+ R;r] — (Uges)

Ha 3HAYCHHA

Uper  Uner
Uc.:-.':tz]:(_U:N+ R; + R:- J_ (Ugzr ).

(y Bupa3ax mepiie 3HaUYCHHA y AY)KKaX € HAIPYTrol Ha BepXHiH OOKIAMMi KOHIEHcAaTopa, Apyre — Ha HIDKHII).
Ha xornencatopi C,.; = Cp.1/2, BiTNOBITHO, 31 3HAYCHHS

Uger
Ug, ,(t1) = (—um +T] - (0) (7
Ha 3HAYCHHA
Upere  Unzr
Ue (£2) = (—U;;u,r+ R;r + R;rjl — (Uger ). (8)

BinnosinHo 1o Bupasy (6) BUTpaTu eHeprii npu bOMY CKJIayTh

Eu;:l = gcn—LUH:EF'

ITpn nepexoni «BHU3» TiNbKkKH KoHIeHcATOp Cp., mepe3apsypkaeTbest yepes jkepeno Uggr, 31 3MiHOIO
HaNpyTH HAa HbOMY Bif 3Ha4eHHs (7) 1o 3HadeHH (8). Burparu eneprii npu npomy OyayTsb

3 .
Egn = gCH—LUﬁE}"
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Orxe nst 6a30BOT apXiTEKTYpH Ha IEpeXil]] «Bropy» BUTpayaeTbCs MEHIIE SHEprii, HiK Ha Inepexin
«BHU3.

Pucynox 6 — [Ipuknan Matpumi KoHAeHcaTopiB 4-0x po3psaaaoro LIAII 3 po3aineHNM KOHIEHCATOPOM CTap-
IIOT0 3HAYYIIOTO PO3PSLY

OnmHUM 3 OCHOBHUX IiJXO/IB IUIA MiIBUIICHHS SHEProe(EeKTHBHOCTI IIEPETBOPIOBAYIB 32 PaXYHOK 3Me-
HILICHHS CHEPrii, sSika BUTPAYaE€ThCs Ha Mepexi]] «BHHU3Y», 110 3alpornoHoBaHuil B [16] 1 Bukopucranuii B [17] —
[19], € po3aineHHs KOHACHCATOPA CTAPIIOrO 3HAYYIIOrO Po3psiay. BiH moisirae y 3aMiHi KOHACHCATOPA EMHICTIO
2" TounoI0 KOMi€o iHIIOT YacTHHY MaTpuIi eMHicHOro LIAI, mo ckmagaeThes 3 2" ABIHKOBO-3BaXKEHUX KOH-
JeHcaTopis (puc. 6).

Ha mouarky mepeTBOpeHHs HMXKHI OOKIaJKK KOHICHCATOPIB MATPHIIi, IO BIAMOBIAE CTAPIIOMY PO3-
pany, miakarouaroThest 10 Uggr. Y HacTynmHUX HUKIax nepexia "Bropy" aHaJOTiyHMN 3BHYalHINM MpoLeaypi me-
pEeMHKaHHs, TOOTO i-ii KOHICHCATOP OCHOBHOI MaTpulli minkmovaetbes 10 Urgr s i-ro pimenss. [Ipu mepexo-
Il «BHH3» Ha 3€MIII0 NEPEMHKAEThCA i-if KOHACHCATOp y MATpPHIl, sIKa BIJIIOBiZa€e cTapiioMy pospsamy. Y
pe3ynbTaTi IPH Iepexoax «BHU3» He BiOyBaeThCs Iepe3apsy KOHACHCATOPY HACTYITHOTO, O1IbII MOJIOIIIOTO
po3psany Bin mxepena Uggr. Uepes ocobmmBocTi peanizamii KOHACHCATOPHOI MATPHINl B iHTETPaIbHOMY BHKO-
HaHHi, IOJ1J1 KOHICHCATOPa CTAPIIOrO 3HAYYIIOr0 PO3PSIAY HE IPH3BOJHUTH O CYTTEBOTO 30UIBIICHHS IUIONI Ha
kpucTtani [16].

BucHoBknu

ALIT nociioBHOTO BPIBHOBaYKEHHS € OJJHUM 3 HalO1IbII IIMPOKO BUKOpHCTOBYBaHUX THiB ALIIL, 110
3HAXOSTh 3aCTOCYBAaHHS y 0aratbox cdepax. 3aBIsKU MPOCTOTI 0a30BOi apXiTEKTypH Ta HU3BKIN CIIOKHUBaHII
MOTY)KHOCTI BOHH € HalKpalll¥M pillIeHHSM y THX 3aCTOCYBaHHSIX, JIe IOCTaTHIM € po3pisHeHHs Bia 10 mpo 12 6ir
IPU 4acTOTi BUOIPOK TOPSAKY 10%c. [Mopsin i3 MM, BIPOBAIDKYIOTHCS HOBI MiZAXOJM, SIKI JO3BOJISIOTH JTOBOJI
VCIIITHO BUPINTYBATH 3aBIAHHA 31 30UTBIICHHS PO3IUIBHOI 3aTHOCTI Ta mpoaykrtuBHocTi AL Takoro Tumy, mo
BIZIKPHBAIOTH HOBI IIEPCHIEKTHBY /10 PO3LIMPEHHS KOJIa BUPIIIyBaHHUX 3a/1a4, SKi BUMAararoTh peaizalii aHagoro-
I (pPOBOTO MEPETBOPEHHS.
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BinomocTi npo aBTopis

Menpanuyk Crenan IBaHOBHY — JTOKTOp TEXHIYHUX HayK, Mpodecop, 3aBigyBau Kapeapu KOMI'TOTEPHUX CHC-
TeM 1 Mepex [Bano-DpaHKIBCHKOT0 HAI[IOHAILHOTO TEXHIYHOTO YHIBEPCUTETY HATH 1 razy

TapnoBcbkuii Mukosa I'eHHagiiioBU4 — KaHAMIAT TEXHIYHUX HAYK, TOLUEHT Kadeapu oOUMCIIOBAIBLHOT TeX-
HiKM BiHHHMIIEKOTO HAI[IOHATBHOTO TEXHIYHOTO YHIBEPCUTETY

Mypamenko Osexcannp I'ennagiioBuy — KaHIUIAT TEXHIYHUX HAYK, JOUEHT Kadeapu 0OUHCIIOBAIBLHOL Te-
XHIKH BiHHHIIPKOTO HAITIOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY
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