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Anomauyia—B 1iii cTaTTi pO3rIA1aI0THCH Cy4acHi IP00JeMH NPOEKTYBAHHS JaTYHKIB CTPYMY K YaCTHHH iHTerpaJjb-
HUX MiKpocxeM, cepel SIKMX TOYHICTh, 3aiiMaHe Miclie Ha KPUCTAJIl, 2 TAKOK CKJIAAHICTh NPOeKTyBaHHs i po3podku. Po3r-
JISTHYTO, 3arajibHUM 1715 OUIb1IOCTi BUNIAAKIB, «CTPYMOBHI» MiAXil NPOeKTYBaHHS iHTerpaJbHHUX JATYHKIB, 2 TAKOX aJb-
TepHATUBHI MiAX0AM: MiAXi 3 BAKOPUCTAHHS «BipTyajbHOD> 3eMJIi Ta NOBHicTIO Audepenuiinmii miaxin. Jas nux migxonis
NMpoBeJeHO NOPiBHAIbHUI aHAJII3 pa3oM 3 BHOKpPeMJIEHHAM IepeBar i HeqoJ1ikiB koskHOro. Ha ocHoBi aHani3y nux migxoais

3aNPONIOHOBAHO HOBMII KOMOIHOBaHMIA XA, AKKI Oyde MaTH Kpauli XapaKTepUCTHKH.

Knrouogi cnosa — inmezpanvnuii ceHcop cmpymy; 6UMIPIOGAHHA CIMPYMY 6i0 NJIIOCA HCUGTIEHHA; CIPYMOGUIL nIOXIO; 6ip-

myaibHa 3emJA.

I. BcTvin

3aaua BUMIpIOBaHHS 13 33JaHOI0 TOYHICTIO 3HAYEHHS
CTpYMY, LIO IIPOXOJHUTH Yepe3 HaBAaHTAXKEHHS, € BaXKIIH-
BOIO B €JIGKTPOHII, HAPHUKIA JJIS TPUCTPOIB yIpaB-
JIHHS aKyMYJIATOpPaMu, JUIsl IPUCTPOIB YIPABIiHHS JIBU-
TYHaMH, IS MIPUCTPOIB 3aXUCTY Bix mepeHanpyrd [1].
Jlist ioro IcHye KislbKa THIIB JaTYUKIB CTPYMY: IHIYK-
TUBHI JaTYUKK (HAIpHUKIa] KOTymkd Poroecekoro) [2],
JATYUKA MArHITHOTO MOy (Ha OCHOBI edexTy XoJia)
1 IaT4MKH, SKi MIpSIOTh HANpyTy Ha LIyHTi. [HIYKTHBHI
Ta MarHiTHI JaTYUKU JO3BOJISIFOTH OE3KOHTAKTHO BUMi-
pIOBaTU CTPYM 1 A0Ope MiAXOAATH JJIST BUCOKOBOJIBTHHX
3actocyBaHb. OmHAaK IHIYKTHBHI MJATYWKH YYTJIUBI
BHKJIFOYHO /0 3MIHHOTO CTpyMy. TakoX iHIyKTHBHI Ta
MAaTHITHI JaTYNKH BITHOCHO CKJIa (Hi i TOpOTi y BUPOOHH-
ITBi. AJIBTEpHATUBHUM DPIIICHHAM € BUKOPUCTaHHS JaT-
YHKIB, SKi MIpSIOTh HaNPyTy Ha MPEUU3IHHUX PE3UCTO-
pax-mryHtax. OCKiJIbKH BOHU MPOCTI Ta AEIIEBi Y BUPOO-
HHITBI, TO BOHU 3HANIIUIN ITMPOKE BUKOPUCTAHHS B €Je-
kTpoHiri. CroKUBaHUN HABAHTAXKCHHSIM CTPYM MOXHA
BUMIPSATH, PO3MICTHUBIIM MPEUU3IHHUI PE3UCTOp MiX
HaBaHTaXXEHHSIM 1 3eMJIei0, a00 MK IIHHOIO JKUBJICHHS
i HaBaHTakeHHsAM. [lepma KoH(QIrypamis Ha3UBA€THCS
BUMIPIOBaHHSl CTPyMy BiJl MiHyca >KUBJIEHHA (3eMmii),
a Ipyra — BUMIPIOBaHHS CTPYMY BiJ IUTIOCA >KHUBJICHHS
[3].

BumMiproBaHHS cTpyMy Bill TUTIOCA KHBIICHHS Ma€ IBi
OCHOBHI TIEpEBaru HaJl BUMIPIOBAaHHSM BiJ MiHyca »HB-
neHHs: 1) maHuil cnoci® Moke BIMIpSTH BHCOKI CTPYMH
Yyepe3 HaBaHTA)KEHHS, BUKIMKaHI paITOBUMH KOPOTKHUMHU
3aMHUKaHHIMHU B CXeMi; 2) BKJIIOUCHHS B TaKHi c1Ioci0 He
BIUTUBAE Ha OTip MUHHU 3eMyi. OgHAK I BUMiPIOBaHHS
CTPYMY BiJI IUIIOCA >KUBJICHHS JaTYMK Ma€e OyTH B 3MO3i
IpamioBaT 3 Hampyramy, CHH(A3HUH CHTHAN SKUX
BU3HAYA€ETHCS HAIPYTOIO XXHUBJICHHS 1 MOXE CTAaHOBUTH
KiJIbKa JIECATKIB BOJBT [4].

Ha cporonmuimmHiii IeHb Ha pUHKY EJIEKTPOHIKH
€ 06araTo JaTYMKiB, SIKi MOXKYTh MipSITH CTPYM 3 BUCOKOO
TOYHICTIO. 3a3BUYal Ii JATYMKHU € AUCKPETHUMH, TOOTO
BHPOOJISIOTHCS K OKpeMui unr. OJHAK I TaKUX MiK-
pocxeMm sk, Hampuknaj, koHtpoirep BLDC nuryna
B aBTOMOOiNII, MaTYUK CTpyMy Mae OyTH BOyIOBaHHM
B MikpocxeMmy. CTBOpUTH BOYZOBaHHI NaT4YMK 31 CXO-
KHUMHU TapaMeTpaMu K y TUCKPETHUX JATYUKIB — HEMO-
)MBo [5]. Lle 3yMOBIEHO Majowo IUIOLICI0 KpUCTaLy
BIJIBEICHOIO JIsl peastizallii JaT4uKy CTpyMy (TOPSAKY
250000 MrM?).

Ha cporozHi cepent BApOOHUKY IHTErpaibHUX MIKpPO-
CXEM € MOLIMPEHUM BUTOTOBIICHHS BOY/IOBaHUX JATUUKIB
CTpyMY, SKi MIpSIFOTh HAIIPYTy Ha IIYHTI, 3 BAKOPHCTaH-
HSIM «CTpyMoOBoroy miaxony [6]. [Tpuxman cxemu, ska BU-
KOPHCTOBY€E MaHWH MiaXin 300paxkeHo Ha Puc. 1.

Jlst Toro mo6 Taka cxema Moriia GikCyBaTH CTPYM,
0 TIPOTIKa€ y TBOX HAMpsIMKaxX, BiJI JpKepesa IO HaBaH-
TOXEHHS 1 HABMAKU BiJ] HABaHTaXEHHs 10 JDKepea,
HEOOXIJTHO CTBOPIOBATH BOYOBaHE 3MIIICHHS B OIepa-
it migcwioBad [7]. OgHAK Mmig 9ac MacoBOTO BUPO-
OHHIITBA, 3HAYCHHS [[LOT'O 3MIMCHHS BiJ] MIKPOCXEMH JI0
MikpocxeMu Oyae CHIBHO BapitoBaTh. Lle moB’s3aHo i3
MOXUOKaMHU Y TEXHOJOTisIX BUpOOHUITBA. Takoxk naHa
cXeMa € JyKe YyTIUBOI IO Bapialliifi B Hampy3i *KWB-
JICHHSI 1 710 Bapialiil B Hanpy3i CHH(}A3HOTO CUTHAIY, 1110
MOXKE CHPUYMHUTH BEIUKY ITOXHOKY BHMIpPIOBaHHS Ha
BUXOJIi. B Takux cxemax HaIpyroo >KMBJICHHS Oneparii-
HOTO TIJCUIIOBa4a € Hampyra >KABICHHA cxemu |[3].
VY 3B’sA3Ky 3 UM OICpAIliiHUIl MiICHII0BaY Ma€e OyTH
moOyIOBaHWH Ha BHCOKOBOJBTHUX TPAH3HUCTOPAX, SKi
3aiiMaloTh OaraTo Micl Ha KPUCTAJIl, a TAKOXK JIy)Ke 4yT-
JUBI IO TEXHOJIOTIYHOTO TPOIIeCy.
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Orxe, 3amada po3poOKH HOBOTO TiAXOIy TPOCKTY-
BaHHS IHTETPaJbHUX NaTYMKIB CTPyMy, SIKi 3aiMaroTh
Majy IUIONIy Ha KpPHCTajli, BUKOPHUCTOBYIOTH MIHIMyM
BHUCOKOBOJIbTHUX TPAH3HCTOPIB, BUMIPIOIOTH CTPYM i3
BHCOKOIO TOYHICTIO B Jiama3oHi temmeparyp Big -40 °C
10 150 °C, 3 BuCOKMM KoeilieHTOM IoJaBJIeHHS CHH(pa-
3HOTO CHUTHAITy, MMOXUOKH SKUX Majo 3ajeXaTh Bill TeX-
HOJIOTIYHOTO TPOIIECY, € AKTYaIHOIO.

II. ICcHYIOUI OIJIXOAU PO3POBKU IHTEI'PAJILHUX JA-
TYMKIB CTPYMY

[Mpu ornsni mitepatypu Oyo 3HaIEHO KiTbKa MOX-
JIUBUX pimieHs. [lepie 3 HUX - 11e CTBOPEHHS «BipTyaib-
HOT» 3eMJIi i1 HU3bKOBOJIBTHOTO IiJICHITIOBaYa audepe-
HIIIHHOT BXiJHOT HANPYTH B OMHOMOJLSIpHY Hampyry [1].
Ha Puc. 2 HaBeneHO NpHKIIa] CXEMH, 110 BUKOPUCTOBYE
neit miaxin. g cxema BEMIproe CTpyM BiJ| IIFOCA XKHB-
JICHHSL.

Hampyra kuMBJEHHS TMiJCHJIIOBaY BH3HAYAETHCS
Hafpyror, M0 Majae Ha CTaOUIITPOHI, SKa Yy IbOMY
BHITAJKy CTaHOBUTH 5,1 B. Jlani BuxigHa 3 onepamiifHOTO
MICUITIOBaYa HAMPYra KOHBEPTYETHCS B CTPYM, MPOTi-
KaHHS SKOTO uepe3 BHUXIJHUI pe3ucTop BH3HAYAE
HAMpPyTy BUXOAY Jar4yuka. JlaHa Hanpyra Oyjie BU3Ha4a-
THCS BITHOCHO 3eMJIi 1 TOMY MOXKe OyTH Oe3mocepeHbO
BHUKOPHCTAHA JJIsI TIO/IANIBIIOrO aHali3y 1 cxemor0. Buko-
pucTaHHs cTabimiTpoHa 3abe3meuye OesnedHy poOOTy
MICUITIOBaYa 3 HANPYTOI0, sIKA Ma€ BUCOKY CHH(pa3Hy
CKJIaJIOBY, a TakKOXX 3a0e3rnedyro CTaOlibHE 3HAYCHHS
HAMPYTH JKUBICHHS ONEPALiiHOTO MiICHITIOBaYA.

Jpyruii minxia — BAKOPUCTaHHS MOBHICTIO Au(epeH-
wittnoi cucremu. Ilpukiaz cxemu, 10 BUKOPHCTOBYE
TaKWi miaxin, 300paxenHo Ha Puc. 3.

Cuctema CcKIanaeTbcss 3 JBOX OCHOBHHMX OJIOKIB:
IU(epeHIfHOTO MiACHIIOBadYa Ta iHCTPYMEHTAIBHOTO
mijicwiroBava. Bxia migkmodeHuil 1o audepeHmninHoro
migcmwroBada Al gepe3 R1 i R2. Konm BXigHuMiA curHan
CHCTEMH JIOPIBHIOE HYJIO, cTpyMHu yepe3 R1 i R2 piBHi.
Komn nudepeHniansHIi CUTHAT HE € HYJIBOBHM, CTPYM
30UIBIY€THCS Yepe3 OJIMH 3 PE3UCTOPIB, a B IHILIOMY 3Me-
HIIyeThCS. PI3HWIM B CTpyMi MPOMOPIIiifHA PO3Mipy Ta
MOJIIPHOCTI BXIJIHOTO CUTHAITY.

Pizni qudepenniini ctpymu gepe3 Q1 i Q2 nmepeTBo-
PIOIOTECS B AM(epeHLiiiHy Hanpyry 3a gonomoror R3
i R4. TacTpymeHTanmpHMA migcumoBad A2 mepeTBOpIOE
BXiJHY IU]epeHLiiiHy Harpyra B OJHOIOJISAPHY BUXITHY
Hampyry Ha A2.

III.  PO3POBKA HOBOTI'O HIAXOAY
HA OCHOBI AHAJII3Y ICHYIOUNX

[Tigxix 3 BUKOPUCTAHHSAM «BipTYaJIbHOD» 3€MITi JIETKO
MOXe OyTH peasli30oBaHMM, OCKUTBKM BiH HE BHMAarae
BHUKOPHCTAHHS BUCOKOBOJIBTHHX TPAH3UCTOPIB 1 MO/1aTb-
II0To X HAJNAMITOBYBaHHS onHE mix ogHoro [3]. OnHak,
TS BUMIPIOBAHHS CTPYMY, III0 MPOTIKA€E B ABOX HAIPSIM-
Kax, HeOOX1THO CTBOPIOBAaTH BOYTOBaHE 3MIIICHHS, SIK 1€
OyJ10 HEOOXITHO AJIST «CTPYMOBOT'O» MiXOMdY, IO € MPO-
OrreMoro.

BukopucTaHHS MOBHICTIO TU(EPEHIIIHHOTO MiIX0xy
3a0e3neyye CHUCTEMY BHCOKHUM Koe(ili€eHTOM mociad-
neHHs cuHpazHoro curHamy [8]. 3a Takoro migxomy
CTPYM MOXKE MIpATHCS y [IBOX HAaIpsAMKax, MPHIOMY
HeMa€e HeOOXiTHOCTI CTBOPIOBATH I IIbOTO BOyIOBaHE
3MimeHHss. HemomikoM boro MmigXoqy € BHKOPHUCTAHHS
IHCTPYMEHTAJIBHOTO ITiICUIII0Ba4a, OCKLIBKH HOr0 BaXKKO
pealizyBaT CXeMOTEXHITHO [9].

IlepeBar 1 HEHOMIKH MIiAXOJIIB

y Tabmums 1.
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—G)
@ Copyright (c) 2020 Kopuaka M. O.

209861°C°€°020T $960-L197/5€S0T01 10A


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.2020.3.2.198602

DOI: 10.20535/2617-0965.2020.3.2.198602

18 EnexTpoHHi cHCTEMH Ta CUTHAIN
TABJIMLS 1 TIOPIBHSIHHSI IJIXOJIB BUMIPIOBAHHSI CTPYMY Jubepenuilinuii curnan pami Oyne NEPETBOPEHUI
_Minxix Iepeparu Henorikn y CTpyM, a oTiM y He audepenuiiiny Hanpyry [10], sika

«BipryanbHay Jlerko peanisyerscst | HeoOximHicTh  CTBO- N mifie Ha BXiJ aHaJloro-u(ppoBoro nepeTBopoBaya.
3CMIIA CXEMOTEXHIYHO. proBaTn B6yHOBaHe

3MILLEHHS U1 BUMi-
pIOBaHHS CTpyMy B
JIBOX HAMPSMKaX.

MoKHa yHHKHYTH BU-
KOPUCTAHHS BHCOKO-
BOJITHHX TPaH3UCTO-
piB.

Bucokuii koediuieHT
nocnabnenus cuHpa-
3HOTO CHTHAITY

HeoOxinHicts  cTBO-
PIOBATH IOBHICTIO [TH-
(epeHuiitnuid mincu-
JHOBAY.
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Puc. 4 dynkuioHagpHa GJIOK-cXeMa HOBOTO MiAXOLy

B pesynbraTi aHaiisy iCHYIOYHMX IiAXOAIB IPOIOHY-
€THCSI BUKOPHCTAHHS HOBOTO ITiIXOly HAa OCHOBI BUKOPH-
CTaHHs YaCTKOBO AN(EPEHLIIHOTO CHCTEMH 13 BipTyasb-
HOIO 3eMJICIO.

Bxix mepmioro mifcuiroBada € MOBHICTIO Au()epeH-
midHAM. 3a JIONIOMOTOI0 CTBOPEHOI BIpTyaJIbHOT 3eMTi,
Hampyra >KMBJIEHHS LbOTO IiJCHIIOBada Oyae piBHA
Hampy3i aHaJOTOBOTO JKMBIEHHA. ToMy cucrema Oyxe
3aBaJI0 CTIMKOIO 1 ISl HET HEMOTPIOHO BUKOPUCTOBYBATH
BHCOKOBOJIbTHI TPAH3UCTOPH.

Brok miarpamy migxomy 300paxkeHo Ha Puc. 4.

BUCHOBKU

BuxopucTaHHsS HOBUH TiAX0My 3MOKE YCYHYTH iCHY-
104l IPOOIIEMH TS IHTETPATIbHUX JABadiB CTPYMY.

[TomanpImM 3aBIaHHAM € CXEMOTEXHIUHA pearizallis
JTAHOTO PIlICHHS i3 MOJABIIINM MOJICITIOBAHHSAM 1 TOCITi-
JDKEHHSM.
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Abstract—Accurate current sensing is critical in many applications including battery management, motor control, and
over-current protection. Current can be sensed by either placing a small shunt resistor between the load and ground or
between the battery and the load. High-side current sensing has two major advantages over low-side current sensing: it can
detect high load current caused by accidental shorts, and it does not increase the resistance in the ground path. However, it
does require interface circuits that can handle input common-mode voltages up to the battery voltage, which can be several
tens of volts. The first part of this paper consists of a brief review of the existing approaches and methods of current sensing
that widely used nowadays. This is followed by researching and development new schematic solution of the high-side current
sensing which doesn’t need usage of HV amplifiers, has variable gain and has small gain error in temperature range from
—40 °C to 125 °C. Finally, suggested solution will be discussed and compared to existed ones. In previous current approach
was used for high-side current measurement. However, this approach is not appropriative in mass production. So, the task
of this work was to find out or come up with new solution, which would have same or better characteristics then previous
one and would result in good yield in mass production. In reviewing the literature, several possible solutions were found.
First of them is creating virtual ground for low voltage differential-input-single-output amplifier. Second approach is using
fully differential system it comprises two main blocks, a differential amplifier, and an instrumentation amplifier. First
approach is simple to be implemented and it doesn’t need matched high voltage transistors. However, one unanticipated
finding was that it was not easy to create build in offset, so this approach can’t measure bidirectional current. Second
approach system has good noise immunity and it is to create build in offset. At the same time, it is complex because of
presence of instrumental amplifier in the second stage. Instrumental amplifier is hard to design and to match. As a result,
new approach is proposed. This is mixing of differential-input-differential-output amplifier and virtual ground. This finding
supports the ideas of previously described solutions. It has fully differential input, which results in high CMRR and PSRR,
furthermore, it doesn’t require matched HV transistors because of virtual ground for amplifier. In addition, this schematic
can be easily matched in terms of temperature dependence. However, new solution has a drawback, that is relatively big
input current.

Keywords — current measurement; high-side current sensing; automotive; virtual ground; high voltage common mode.
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