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Annomayusn Ilpennaraercss  HoBasg  CTPYKTypa
HU3KOYYBCTBHTE/ILHOT0 aKTHBHOro RC-¢puiabTpa BTOpOro
nopsinka (ARCd) ¢ paciiMpeHHBIM YaCTOTHBIM THANA30HOM.
Cxema ARC¢d peanusyercs Ha Tpex oOnepamHoOHHBIX
yeusuteasx (OY) u pekomenayercst J1Jisi MCIOJb30BaHUS B
Ka4eCTBe YHHBEPCAIBHOIO0 3B€HA MNPH IOCTPOCHHH
MOJIOCOBBIX (MIBTPOB, a TaKXKe AaHTHIWIANZHMHIOBBIX
(GuabTPOB HMIKHMX M BepXHHX YacTOT s padoTel B
CTPYKTYpax ¢ aHaJI0ro-uugpoBbIMH Mpeodpa3oBaTeasaMH
(ALLID). Ioka3aHo, 4TO 0J1arogapsi BBeJeHNIO HOBOW CBSI3U B
nepenatoyHoii  ¢yHkuum  paccmarpuBaemoro  ARCo
NOSIBJISIIOTCS JONOJIHUTETbHbIE Pa3HOCTHBbIE
Kk03(pdunnenTsl, 3aBucAlIe OT MIomageii ycmnenusa OV,
YTO MO3BOJIsIET CHU3UTH BJIMSIHHE YACTOTHBIX CBoiicTB OY
Ha peajin3yemMble XapaKTepUCTHKHU npu MaJIoM
JHEPronoTpedIeHuN.
Knwwuegvie cnosa — yHuBepcanbHblii akTuBHBIE RC-
GunbTp, aHTHIHIANZMHTIOBBIN QUILTP, N0/10COBOI (GUIBLTD,
ONePALMOHHBIN YCHINTEb, IVIOINAAb YCHIICHHS.

|. BBEJEHUE

B Hacrosimee BpeMs aHAJOTOBYIO (DHIIBTpALHIO
3HAYUTEIBHO HOTeCcHWIa IH(ppoBas o0pabOTKa CHUTHAJIOB
(IIOC). Opnako, TpHU IKECTKUX OTPAaHUUCHUSX Ha
sHepronotpebnerune [1] MHOrme 3amaum  MOCTPOEHUS
uHTEepENcoB maT4yuKoB TombKo Ha ocHoBe [[OC He
pematorcst [2,3]. Kpome 3TOro, BXOIHBIC aHAJIOTOBBIC
AQHTHAIAM3MHTOBEIE (MIBTPH! (OTPAHUYUTENN CIIEKTPA),
KaK IMpaBWIO, SBIAIOTCS  HEOTHEMJIEMOH  YacThbiO
pazmmunabix AT [4,5] 1 BAMSIOT HA UX TOTPEITHOCTH.

W3BecTHO 3HAYMTENBHOE KOJMYECTBO aPXHUTEKTYp
bunpTpOB BTOPOTO Mopsi/iKa, obecneunBaromux
BBIJICTICHHE 3a/laHHOTO CIIEKTPAa BXOJHBIX CHUTHAJIOB B
3aja4yax nMpuOOPOCTPOEHUS, CBS3U U aBTOMAaTHKU [6-16], B
TOM YHCJIE PEATM3YIOIINX pa3Hble MPHUHIHIEI paboTs! [11,
15, 2,17, 3].

B Hacrosimee Bpemsi Teopusi anHanoroBeix ARC
¢unpTpoB, B T.4. and 3amad ALl mpeobGpasoBanms,
pa3BHMBaeTCsl B HANpPABJICHUHM HCIIOJb30BAHUS HOBBIX
aKTHBHBIX  dnemeHToB  (AD)  [18-20]  (mynbrm-
b hepeHIHaNbHbIX ONepallMOHHBIX yennuteneit [21-26],
pa3HbIx Mo UKaLNil TOKOBBIX KOHBelepoB [27-29, 16] u
ycunuteneil ¢ TOKOBOM oOparHoil cBsaseio  [30-33]).

Bemytcs  akTHBHBIE ~— HCCIeAOBaHMS B 00JacTu
nepectpanBaeMbix QuisTpoB [1, 4, 3], a Takke B
HANPaBJICHUH IIOMCKA apXUTEKTyp, O0eCHeYnBAIOIINX

MHUHUMH3AIMI0 BIMSHUS IUIOMAAM yCUiIeHus AD Ha
ocHoBHbIe apameTpsl ARCh [34].

OpHako He Bce HOBble AD, KOTOPBIX CETOJHS
HacuuthiBaercs Oonee 150 tumnos [2, 18-20, 3], noctymHb
B BHJIC KOPIYCHPOBAaHHBIX MUKPOCXEM HJIM KPUCTAILIOB. B
ToXe BpeMs Kiaccmdeckne OV, BeIITyckaeMble OOJBITUMHA
THpaXaMU BEIYNIMMH MHKPOAJICKTPOHHBIMU (pupMamu,
SBIISIIOTCS HamOoJiee PaclpoCTpaHEHHBIMA W ACTICBBIMH
AD, mWMPOKO NpHMEHseMbIMH B TpenusHoHHbIX ARChH
[35, 36, 5, 37-42]. Tak, Ha MEXIYHAPOJHOM DPbHIHKE
MHUKPO3JICKTPOHHBIX M3ICIui npeactaieHo Oomee 2 000
HaMMEHOBAaHUH OMEPalOHHBIX ycuinuTene. B a1oil csa3u
mouck HoBbIX apxurektyp ARCd ma OV [11, 15] mo-
MpeXHEMY TpEACTaBIsIET WHTEepec. Bo MHOTHX Cirydasx
takne ARCd MoryT OBITH yCHETITHO peasn30BaHbI B 0azuce
HOBBIX aKTHBHBIX 31ementoB [18, 19, 3.

B kocMuueckoM —MpPUOOPOCTPOSHHUH  JOCTATOUHO
aKTyaJbHOM sIBIIsieTCs 3amada npoektupoanus ARCo s
paboTel B yCHOBHMAX HH3KHMX Temmeparyp [43], korma
TpeOyercsi obecrnednTs Manoe >HepronoTpedieHue. s
9TOrO0 HYXXHBI CHELUAJbHBIE APXUTEKTYpHbIC PpEIICHUS

[43].

Ilens HacToOsImIEd CTAaTbM COCTOUT B HCCIAEIOBAHUM
CBOHCTB HOBOW CXEMBI YHHBEPCAIBHOTO 3BEHa BTOPOTO
MOpsiiKa, B KOTOPOM YMEHBILIAETCS BIMSHHE ILUIOIIAAN
yeunenust (GB) mpumensempix OY Ha aMIUIMTYJIHO-
gactotHele Xapakrtepuctukn ARCd. 3Drto mo3Bomser
paclMpuTh Anana3oH pabo4yux 4acToT (HUIBTPa WM, MPU
MPOYMX PpaBHBIX YCJIOBHAX, CHHU3UTH MOTPEOIIEMYIO
MOIITHOCTh IYTEM MPHUMEHEHUsI MUKPOMOITHEIX OV

1.  MoaneuPOBAHHBIN ARC-®MIIETP BTOPOI'O

MIOPSIIKA

Hns  ymenbinenust BinusiHust GB  omeparimoHHBIX
YCHJIMTENICH Ha aMIUTUTYTHO-YACTOTHBIC XapaKTCPUCTHKH
¢mIBpTpa BTOPOTO IMOPS/AKA TEPCHEKTHBHO HCIIOJIB30BATH
cxemy puc. 1 [44], koTopast COAEPIKUT TPU ONEPAITUOHHBIX
yeunutens (Al, A2, A3) u 9acToTo3aaronme nacCUBHbIE
aneMeHThI — pe3ucTopsl R1-R8 u kounencaropwr C1, C2.

CpoiictBa cxeMbl puc. 1, Ha OCHOBE KOTOpOI
peanmu3ytorcst  monocoBbie  GmiIbTpel  (I1D), ¢mIbTpEI
Hu3kux (OHY) u Beicokux (®BY) wactoT, onpenemnsrorcs
ko3 duimenTamMu ero mepenatouHoit Qyakimu  F(p),
KoTOpass MOeT OBIThb TIpeiCTaBlieHA  Cliexylomei
hopmyoii
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2 pbl =M P2 , (1)
p-+pa, +a,

F(p)= o 2
pe+pd 0, +o,

Te @, — YacTOTa IMOJI0Ca, M — xodpdunmeHT nepenadn
¢uinbrpa Ha wacToTe momoca, d, — 3aTyXaHue IONOCA,
dy, & M b — KOIDPUIMEHTH TEpenaTOIHON (QYHKIUH
F(p), p — xommuiexcras nepemennas Jlamnaca, Q, =1/d, —
JIOOPOTHOCTH TIOJTIOCA.
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Puc. 1. MoauduuupoBaHHas cxeMa yHHBEPCAIbHOIO
KHN-¢uasTpa BToporo nopsiaka [44]

K umciny BakHEHIIMX MapaMeTPOB  MOJOCOBBIX
(GUIBTPOB  OTHOCATCS JTOOPOTHOCTH W KO3 dummeHT
nepenayy Ha 4acToTe KBa3upe3oHanca [6].

Jns  HaxoXAEHWS ~— MapamMeTpoB  MEepenaTOYHOU
GbyHkuun  mpemnaraemoit  cxembl  puc. 1 [44]
BOCTIOJIb3yEeMCSI METOJIOM CHTHAJIBHBIX TpadoB [45]. Jlms
9TOro 00O3HaYMM B CXEME€ pHC. 2a Y3Jbl U COCTaBUM €&
curHaIbHEIH Tpad (puc. 26).
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Puc. 2. YuuBepcansnblii ARCo (a) n
ero curiajbHblii rpad (6)

Haiinem nepenatouHyro (yHKIMIO CXEMBI pUC. 2a CO
BXoZa | Ha BBIXOA 5, 4TO COOTBETCTBYET MOJIOCOBOMY
¢unpTpy. Ilpm 3TOM MOXHO mOKa3aTh, YTO Teperadd
BeTBeld rpada puc. 20 ompemensdioTcs CIeIYIOIUMHU
¢dopmynamu:
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B pesynbpTaTe nmepenady ¢ BXoja MOJIOCOBOTO (GHIBTPA
Ha  €ro Beixog ~ Outll®  MoxHO  HallTH 1O
dhopmyne Meiicona

Y12Y 23V 35

Fs(s)= .
" 1 Y5aYasYs0 = VasVsaVaz — Va3YasVea

IToacraBmnss B mocieaHIO0 GOpMyITy Iepenadi BETBEH
rpada U cpaBHHBAs MOJYYCHHOE BBIPAXKCHUE C POPMYION
Q) HaXOJIUM HJICaTM3UPOBAHHBIE rapaMeTphl
paccMaTpuBaeMoi CXeMBI puc. 2a:

° KO3(1)(1)I/IIII/ICHT nepeaavu Ha 4aCTOTe IMOJIrF0Ca

M =2, @
6
®  YaCcTOTA IOJIFOCA
k
o, = =, ®)
P
®  3aTyxaHHe IOJIOCa
T
d, =(1+k, +k;) by = 4)

ol

Koaddunment ycunenus peanprHoro OY 3aBHUCHUT OT
4yacToTel. Bo MHOrMX ciyuasix ckoppeKkTupoBaHHbI OV



MOKHO TpEACTaBUTh MEpeaTOYHON (PyHKIMEH mHepBOro
nopsiKa

, GB
Foa(P)=p—>"—= )
p+0)oa p+woa

roe p — koddouumenra ycunenus OY Ha MOCTOSHHOM
TOKe (Ha HyJIeBOH wYacToTre), o, — uYacTora cpesa OV
(gacrora, Ha KOTOpO# | yMeHbIIaeTcs 10 yposus 0,707),
GB - mmomane ycunenus OY.

AHanu3 cXeMbl Ha pUC. 2 C Y4YETOM OrpPaHUYECHHOU
mojocel  mpomyckanus  OY  (5)  mokasam, — 4TO
KO3 UITMEHTHI 3HaMeHaTelNsl e€ mepenaToyHol QyHKITII
(1) onpenensroTCs CASAYIOMIAMY BEIPAKCHUSIMH:

By(1+k; +k;) + B (1+k, +k,)

T, GB,1y1,
Q=7 1 K, B.(lek 1K)
1+ + 2 4T 12
GB,t, GB,t, GB1, GB,1, ©)
., 1 1 1+k +k, k,
o,(—+ + )+
B GB, GB, GB, GB,11,
L1 K, +[31(1+kl+k2)’
GB,t; GB,t, GB1, GB;,1,
k2
Tl
a, = . (7
14 1 . 1 N k, +B1(1+kl+k2)
GB,t; GB,t1, GBr1y GB,t,

rae GB,, GB,, GB, — miouwaau ycuinenust OY Al, A2 un
A3 COOTBETCTBEHHO.
BhIMOMHUM  fajiee  aHAJIOTHYHBIA aHAIU3  [IUPOKO

NPUMEHIEMON CXEMBI PHUC. 3a, KOTopas W3BECTHA Kak
yrusepcanbpubiii KHN-¢mistp [10,25].
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Puc. 3. Cxema kinaccndeckoro KHN-¢uasTpa (a)
u eé rpad (0)

Jnst cxembl puc. 3a kod(QQUIMEHTH TEepeaaToOuYHOM
¢byHkuuu, aHajormuHele  Qopmymam  (6) - (7),
OIIPEICISIIOTCS yPAaBHEHHSIMU:

Bl ki) | Bu(lek, +k,)

a - T, GB,1y1, _
14 1 N 1 +Bl(1+k1+k2)
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4T
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Crenyer Takxke 3aMeTuTh, uTo M3 (opmyn (6) — (9)
npu GB — o, HAXOIATCS HIEaTU3UPOBAHHbBIC MapaMeTphbl
cxeM QuibTpoB (2) — (4). OTH ke GOopMyIIbI ClIpaBeINBBI
1 71 cXeM QWIBTPOB, pabOTAIOIMKX HAa HU3KMX YacTOTaX,
rae BiIUsSHHE IUomanei ycwieHus OY mpeHeOpekumMo
MaJio.

I1l.  PE3VIBTATHI KOMIIBIOTEPHOI'O MOJEJIMPOBAHU S

Ha puc. 4 mnokazaHbl pe3yiabTaTbl MOJEIMPOBAHMS
HOBOW cxeMbl ¢uibTpa pHuc. 1 mna Beixoga IID wu
n3BectHoro yHusepcansHoro KHN-¢uinstpa puc. 3a npu
pPa3HBIX YacTOTaX KBa3Wpe3oHaHca B nuamnasone oT 10 mo
100 I,

N3 anammza rtpadukoB puc. 4 cueayer, 4TO TIpH
onHOTHIHEIX OY B CpaBHHMBAaeMBIX CXE€MaX YaCTOTHBIN
JIMana3oH HOBOM CXEMbl pACIIUPSETCS] MPUMEPHO B
noiropa pasa. IIpm 3TOM OTHOCHTENBHBIH BBIUTPHILI TI0
YaCTOTHOMY IOHalasoHy 6y11eT TEM BBIINIC, YEM MCHbBIIC
GB npumensiemsix OY.

dB(Uout)

10 50 100
F(kHz)

Puc. 4. AUX HoBoii cxembl (1) u cxembr KHN-¢uibTpa (2)

AHaJI0THYHBIE PE3YNBTATHI MOTYT OBITH MOJTYYEHBI JUIs
®HY- u ®BY-BeixomoB ¢uibrpa. OmHAKO, TIPU BHIBOJIE
OCHOBHBIX ypaBHEHMH mis naHHbIX BapuantoB ARCH
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cienyer ydectb BimsHue GBl , GB2 , GB3 Ha
k03¢ dunuent by B popmyie (1).
IV. 3AKJIIOYEHUE
Ipeanaraemass cxemMa yHHBEPCAIBLHOTO — (HUIBTPA
BTODOTO  MOPSJKA yMEHBIIAET  BIMSHHE  IUIOIIAIA
ycunenuss  GB  omepanuoHHBIX  yCHIHMTENled — Ha

aMIUINTY/IHO-4YaCTOTHbIE XapaKTepUCTUKHU. B 3aBrcuMocTH
OT peanu3yeMoil TOOPOTHOCTH M YaCTOTHBIX CBOHCTB OV
YaCTOTHBI ~ JWAma3oH  PAacCMOTPEHHOTO  ITOJIOCOBOTO
(bunpTpa OKa3pIBaeTCS MpUMEPHO B 1,5 pasza Gonbine, yemM
B IIUPOKO Hcronb3yeMoM KiaccumaeckoM KHN-¢pumbTpe.
IIpruem stoT 3ddexT mocturaercs 6e3 KaKUX-THOO

JIOTIOJTHUTENIBHBIX ~ DJIEMEHTOB — 33 CUeT BBEACHHMS
€UHCTBEHHOM HOBOM CBSA3M MEXIY JJIEMEHTaMUu
U3BECTHOTO KHN-¢punsTpa (coenuHeHUs

HenHBepTUpyomero sxona OY A2 ¢ HEHHBEPTHPYIOIIUM
BxogoMm OV A3).

B wuccnenoBanHOM < cxeme  (uubTpa  MOTYT
UCTIONIBb30BaThCS MUKPOMOIIIHBIE OIepalOHHbIE
YCWIMTENIN, 4YTO IO3BOJISIET PEKOMEHIOBaTh €€ Ui
NPUMEHEHHUS] B HU3KOTEMIIEPATYPHBIX aHAIOTO-IHU(pPOBBIX
uHTepdericax aBTOMaTHKH U CUCTEM CBs3H. [lepcreKTHBHO
TaKXKe MPUMEHEHUE MPEIaraéMoro CXeMOTEXHUYECKOTO
pemierus npu peammzanud ARC-GHIBTPOB Ha HOBBIX
KllaccaX AaKTHBHBIX DIJIEMEHTOB, B TOM 4HCIE€ Ha
MynbTHAA (D HEpeHINATBHBIX ONEPAIIMOHHBIX YCUIIUTEISIX.
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Abstract - At present, the theory of RC-filters most actively
develops in the direction of tunable filters and filters on
switched capacitors. In this frame, the new types of active
elements, including multi-differential operational amplifiers
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and various modifications of current conveyors, are also
considered. The search for architectures that minimize the
effect of the areas of amplification of active components on
the main parameters of the active RC-filter continues.
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However, not all the new active elements, which number
exceeds 150 variants today, are available in the form of serial
microcircuits. At the same time, the classic operational
amplifiers are produced in large numbers, including in the
not compact version for *'systems in the case". Operational
amplifiers are the most common active elements. So, on the
international market of microelectronic products, more than
2 000 names of operational amplifiers are presented. In this
connection, the search for new architectures of the active
RC-filter on operational amplifiers is still of interest. At the
same time, it should be noted that in many cases, the
architecture of active RC filters based on operational
amplifiers can be successfully implemented on the basis of
new active elements. The paper proposes a new structure of a
universal low-sensitivity active RC-filter of the second order
with an extended frequency range. The active RC-filter
circuit is implemented on three operational amplifiers and is
recommended for use as a universal link in the construction
of bandpass filters, as well as low and high-frequency filters.
It is shown that due to the introduction of a single new
connection in the circuit of the known KHN-filter in the
transfer function of the active

RC-filter under consideration, additional coefficients appear
that depend on the amplification areas of the operational
amplifiers. In the final analysis, this reduces the influence of
the frequency properties of operational amplifiers on their
real characteristics. Computer simulation of the proposed
active RC-filter showed that for the case of a bandpass filter
the frequency range of operation is approximately 1.5 times
greater than in the widely used KHN-filter. And this effect is
achieved without the introduction of any additional active
and passive elements. In this case, the relative gain on the
frequency range will be the higher, the smaller the
amplification area of the operational amplifiers used. In the
investigated  filter scheme, micro-power operational
amplifiers can be used, which allows recommending its use in
low-temperature analog-to-digital interfaces.

Keywords — universal active RC-filter, antialiasing filter,
bandpass filter, operational amplifier, the effect of gain area,
frequency characteristics, frequency range, KHN-filter
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