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Puc.1. MpuHyun 3¢ekma Xoaaa npu omcymcmauu MazHumH{o20 noAs (a) u npu Haauyuu mazHumuozo noas (b)

Fig.1. Hall effect principle without (a) and with (b) magnetic field

BBEJEHUE

OOTHMAaAbHBIM pelleHHeM [/ KOHTPOJs 3JIeK-
TPUUYECKUX TOKOB SBJISETCS UCII0JIb30BAHKE MaJIo-
rabapuTHBIX, HaJle>XXHBIX YCTPOMCTB Ipeobpaso-
BaHHS MAaTrHHUTHOIO IO/ B 3J1eKTPUYECKUI CHUT-
Ha/l - AaT4YUKOB. OCHOBHOHM HHCTPYMEHT I/
3TOr0 ~ KJaCCHU4YeCcKHe JAaTYUKHU XoJJIa U YyCTPOH-
CTBAa HAa aHMU3O0TPOIHBIX MAaTHUTOPE3UCTUBHBIX
mieHkax - AMR-ipeobpasoBaTenu.

Bo Bcex 061acTsIX IpUMeHeHHUS ATUUKOB QU3H-
YeCKHUX BeIMYHUH IIPU H3MEepPeHUU CUTHAJIOB Cyle-
cTByeT Habop mapaMeTpoB, KOTOPBIK Heob6X0IHUMO
OTCJIeXKHUBATh 151 CTAOMIBHOM PpaboThl yCTPOMCTBA,
Ha KOTOPBIH IOCTyIIaeT CUTHAJ C 3TOro JaT4HKa.
B naHHOI paboTe mpencTaBleHbl OCHOBHBIE IIPEH-
MYIIeCTBa M HEeJOCTATKH Ka’K[0ro M3 JNBYX THIIOB
IpencTaBJIeHHBIX JATYMKOB, METOABl OIITHMHM3a~
LMH MX XapaKTePUCTHUK, TAaKUX KaK HaIpsAKeHHe
cMemeHHe Hyas U 1/f dauKKep-myMsl, a TaKXe
pe3yabTaThl, KOTOPBIX YAA/OCh JOCTUTHYTh KOM-~
MaHUM “3e/IeHOrpaCKUI HAHOTeXHOTOTUYeCKUH
LeHTP” B OCBOEHUH U IIPOU3BOJCTBE MAaTrHUTHBIX
npeobpasoBaTenen.

KOHTPO/JIb TOKOB C MOMOLLbIO IATYHUKOB
OU3UYECKUX BETUYUH

JaT4MKU MAaTHHUTHOTO II0JIS MIKPOKO MCIIOJIb3Y-
IOTCS BO MHOTHUX chepax NPUMEeHEeHHSs, TAKUX KaK
IIPOMBIIIIEHHOCTDh, MeIUILIMHA, MOOMIIbHBIE TEXHO-
JIOTUU U, B 0COO@HHOCTH, aBTO3JIeKTPOHH KA, KOTO-
pas sBiusieTcs Benymel (06peM BrIIlycKa boee 50%
0T obmero o6pemMa prIHKA) 06/1ACTHIO UX IIPHMeEHe-
HUs [1]. OHH obecrieunBaIOT ynobHbIe, 6@CKOHTAKT-
Hble, IPOYHBIe U HaJeXHble paboule ycTporcTBa
10 CPaBHEHUIO CO MHOTUMHU JPYTUMHU JAaTUHKaMHU.
B 3THX OTpac/isx C LleJbl0 MCII0/Jb30BAHUS UX B
HM3MepUTelbHbIX CHCTeMaX JOMUHUPYIOT ABA BUA
OAaTUYMKOB - JaTUMUKH, paboTarpmue Ha 3pdeKTe
Xomnna, ¥ Tak Ha3biBaeMble AMR-IaTUYUKHU.

INTRODUCTION
The optimal solution for monitoring electrical current
is the use of small, reliable magnetic field to electri-
cal signal conversion devices called sensors. The basic
tools for this are classic Hall sensors and devices on
anisotropic magnetoresistive films - AMR converters.
In all applications of physical values sensors in
signal measurement, there is a set of parameters
that must be monitored for the stable operation
of the device where the signal from that sensor is
applied. This paper presents the main advantages
and disadvantages of each of the two types of
sensors presented, methods for optimising their
characteristics, such as zero offset voltage and 1/f
flicker noise, and the results achieved by Zelenograd
Nanotechnology Centre in developing and producing
magnetic transducers.

MONITORING CURRENTS WITH PHYSICAL VALUES
SENSORS

Magnetic field sensors are widely used in many appli-
cations such as industry, medicine, mobile technol-
ogy and especially automotive electronics, which is
the leading (over 50% of the total market volume) area
of application [1]. They provide convenient, non-con-
tact, robust and reliable operating devices compared
to many other sensors. Two types of sensors - Hall-
effect sensors and so-called AMR sensors - domi-
nate in these industries for their use in measuring
systems.

The Hall effect in semiconductors is manifested
when it is placed in a magnetic field. The Hall voltage
will then be generated perpendicular to both the
current and the field. Figure 1 shows a thin sheet
of semiconductor material (a Hall element) when
a current is passed. The output connections are
perpendicular to the current direction. If magnetic
field is absent (a), the current distribution is uniform
and there is no potential difference at the output.
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Puc.2. lMepmannoesas mazHumope3ucmusHas nneHka AMR-
damyuka
Fig.2. Permalloy magnetoresistive film of an AMR sensor

O¢dekT Xo/sa B MOJYIPOBOSHUKAX IIPOSB-
JseTCsl, KOTJa OH IOMellleH B MarHHUTHOe IIoJe.
Torma HanpsikeHHe Xosaa OyneT reHepUPOBATHCS
[IepHeHJIUKYJISAPHO KaK TOKY, TakK U mojaw. Ha
puc.l u3o6paskeH TOHKHUI JUCT MONTYIIPOBOJHUKO-
BOro MaTepuaa (3/meMeHT XoJ/1a), yepe3 KOTOPBIH
[IPOIIyCKAeTCs TOK. BEIXOAHBIE COeJUHEHU S PaCIIO-
JIO’KeHBI MePIeHAHUKYASIPHO HAallPaBJIeHHUIO TOKA.
IIpy OTCYTCTBHU MarHUTHOIO nojs (a) pacmopene-
JIeHHe TOKa paBHOMEPHOe U PAa3HOCTh IIOTeHIIHaJIOB
Ha BbIXOJle He HabmomaeTcs.

IIpy HaIMYUU HEepHeHJUKYJIIPHOTO0O MAarHUT-
Horo 1o (b) mericTByeT cuia JlopeHIa. ITa cuia
HapyllaeT paclipenejeHue TOKa, YTO IPHUBOJUT K
BO3HHMKHOBEHHUIO Pa3HOCTH IIOTeHIIHMaJ/IoB (Halps-
SKeHUI0) Ha 06KJIafikax. DTO HAIIpsIKeHHe SIB/ISeTCS
HanpsbkeHuem Xosaa (Vy) [2].

B ocHOBe mpUHILHKIA JeHCTBUS paboTel AMR-
JaTUYHKOB JIeXKUT 3QPeKT H3MeHeHH I MaTHUTHOH
[IJIEeHKW B MAarHUTHOM II0Jie, KOT[la COIIPOTUBIIEe-
HHe MaTepHalia UMeeT TeHIeHIIHMIO U3MeHAThCH
Iof, BO3JelCTBHeM BHEIIHHUX MaTHUTHBIX MOJIeH.
B aHI/IBOTpOHHOI;I MarHHUTOPe3UCTUBHOCTH (AMP)
conpoTuBiaeHHe (AR) U3MeHsIeTCsl B 3aBUCHUMOCTH
oT yria 0 Mexxay 3/eKTpUYeCKHMM TOKOM M HaMar-
HUUYHBaHHeM MeTaja (puc.2). Kak u B cyvae fatT-
4YHKOB C 3@ PperTOM X0J/I71a, OCHOBHOU NPHUUHUHOM
MarHUTOPE3UCTUBHOCTH ABJseTCsA cuia JlopeHna,
KOTOpas 3aCTaB/IseT 3JIEKTPOHBL ABUTAThCS 110 KPU-~
BOJIMHEHMHOMY ITIyTH Me>XXZy CTOTKHOBEHHUSIMHU [3].

HaTtyuku c 53ppexkToM Xoj/ia pearupyioT Ha Mar-
HUTHBIE II0JIs, HMePHeHIUKYISAPHbIe NATYHKY.
Jaturky AMR sKe pearMpyIoT Ha IJIaHapHBIe I10/15
Y pearupyroT Ha 06a MarHUTHBEIX MONI0ca. [IoaToMy
JaT4yuK AMR MMeeT HeCKOJIbKO JOCTYIIHBIX CXeM
pasmemeHHUs Aas1 o6HapyKeHHUsS IJIaHAPHBIX
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When magnetic field is perpendicular (b), a
Lorentz force acts. This force disturbs the current
distribution, resulting in a potential difference
(voltage) across the coils. This voltage is the Hall
voltage (V) [2].

The principle of AMR sensors operation is based on
the effect of a magnetic film changing in a magnetic
field, where material resistance tends to change under
external magnetic fields influence. In anisotropic
magnetoresistance (AMR) the resistance changes (AR)
depending on the angle 6 between electric current
and metal magnetisation (Fig.2). As in the case of Hall
effect sensors, the main cause of magnetoresistance
is the Lorentz force, which causes electrons to move
along a curved path between collisions [3].

Hall effect sensors respond to magnetic fields
perpendicular to the sensor. On the other hand, AMR
sensors respond to planar fields and react to both
magnetic poles. Therefore, AMR sensor has several
layout options available to detect planar magnetic fields
and as a result it offers a wide design flexibility. Hall
effect sensors, in opposite, typically perform accurate
magnetic field detection in perpendicular direction,
and because it is recommended that the magnet be
located directly above the Hall effect sensor and at close
range, it has limited design flexibility (Fig.3) [4].

Hall sensors have a higher linearity (Hall EMF is
linearly dependent on the applied magnetic field)
than AMR sensors. This linearity is evident in the
range up to a few thousand Gs. The nature of AMR
sensors is different, as the linear section of their
transfer characteristic is short, and saturation occurs
at induction of a few tens (maximum hundreds) of
Gs. However, AMR sensors sensitivity is much higher
than that of Hall effect sensors, which allows them to
detect even the weakest magnetic fields (from 1mT).

Another difference between AMR and Hall sensors
is that they can be manufactured in bulk on silicon
wafers and mounted in commercially available
integrated circuit packages. This allows magnetic
sensors to be automatically assembled with other
circuit and system components. Hall sensors are
often also integrated directly into a wafer with
necessary amplifier stage to generate signals.

However, when using with both Hall and AMR
sensors, you must be aware of the problems that
can occur when using them. The zero offset voltage
in sensors is voltage that can be measured at the
sensor output if magnetic field is absent. It arises
due to imperfect sensor design and, just like noise
in sensor structures, can lead to measurement
errors. Therefore, in order to accurately measure
electrical currents with physical values sensors,
these parameters must be taken into account and
compensated for.
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MarHUTHBIX IIOJIeH, U B pe3yabTaTe oH obramaet
IIUPOKOM IMOKOCTHIO KOHCTPYKUHH. JaTUUKHU
sddexTa Xom1a, ¢ APyroi CTOPOHBI, 0OBIUHO BBIIIOJ-
HSIOT TOYHOe OOHapyskeHHe MAarHUTHOTO IO/ B
[epIeHJUKY/ISPHOM HallpaB/leHUH, U II0OCKOJIbKY
peKoMeHAyeTCsl, YTOOBI MAaTHUT HAXOJHUJICS HEII0-
CpeACTBeHHO Hal AAaTYHMKOM 3¢ deKTa Xojaa U Ha
6IM3KOM PACCTOSSHHUH, OH HMeeT OrpaHHUYEHHYIO
rubKoCTh KOHCTPYKLIKUU (pHcC.3) [4].

Jatuuku Xojaa XxapaKTepu3yoTcs bonee BBICO-
Ko¥ nmuHenHocThio (DJIC Xo/1a IMHEHMHO 3aBUCHUT
OT IPHUJIOKEHHOTO MAarHUTHOIO I10JI5I), B OTIIHUYHe
0T AMR-IaT4HKOB. ITa JUHEHNHOCTb IIPOSIB/ISIETCS
B JHalla30He N0 HeCKOJAbKUX ThicAY ['c. IIpupona
AMR-IaTUKMKOB NPOSIBASIETCS MHA4ve - JTUHEU-
HBIM yYaCTOK UX IepefaTOYHON XapaKTepUCTHUKH
KOPOTKHH, a HaChblIleHHe HACTyIlaeT IPHU UHAYK-
LMK B HECKOJIPKO eCSITKOB (MaKCHMYM — COTeH) Ic.
OmHaKO YYBCTBUTENBHOCTh AMR-TaTYUKOB
HaMHOIO BhBIIIE, YeM Yy JATUYHKOB Ha 3dpdexrTe
XoJ11a, 4TO IO3BOJISIeT UM O pefle/IsiTh faske CaMble
ciabple MarHUTHEIe o4 (oT 1mTi).

Eme odtHUM oT/IMYMEM JAaTYUMKOB AMR OoT gaT4du-
KOB XoJ1J1a IBJISeTCS TO, YTO OHU MOTYT M3TOTaBJIH-
BaThCSI OIITOM Ha KPeMHUEBBIX IIJITACTUHAX U MOH-
TUPOBATbCI B KOMMepUeCKHe IIaKeThl MHTerpajlb-
HBIX CXeM. DTO MO3BOJsIET aBTOMAaTHUYeCKHU Cobu-
PaTh MarHUTHBIE JATYHUKHU C APYyTUMH KOMIIOHEH-
TaMH CXeMBI U CUCTeM. [JJaTYKUKHU X0JI/1a 3a4aCTYI0
>Ke MHTeTPUPOBAHBI IIPSIMO B IIJITACTUHY C Heobxo-
OHMBIM YCHJIUTEIbHBIM KaCKaJoM 111 GOpMHUPO-
BaHMUS CUTHAJIOB.

OpHako npu pabore u ¢ JaTyuKaMu Xojaa, U
¢ AMR-IaTYMKaMU HY>KHO IIOMHHUTB 0 IIpobieMax,
KOTOpble MOTYT BO3HUKHYTbh IIPH UX HCIIONb30Ba~
HUU. HanpsskeHHe CMeIlleHHUS HYld B JaTYMKaX -~
3TO HAaIpsIKeHHe, KOTOPOe MOXKeT OBITh H3MepPeHO
Ha BBIXOJe JaT4YHMKa IPH OTCYTCTBUH MarHUTHOIO
rnoyig. OHO BO3HHUKAaeT M3-3a HeCOBEPIIeHCTBA KOH-
CTPYKL MU JATUYKKA U TOYHO TaK Ke, KaK K HIyMBI,
BO3HHUKAIOIIKe B CTPYKType LATYHMKOB, MOKET IIPH-
BEeCTH K OIIKOKAaM M3MepeHHH. [103TOMY I TOU-
HOTO U3MepeHHUSs IIeKTPUUEeCKHUX TOKOB C IIOMOIIBIO
IATYUKOB QU3HUYECKHUX BeIMUHH HeobX0o MO yUu-
TBIBATh U KOMIIEHCUPOBATh 3TH [IapaMeTpHI.

KOPPEKLINSA HANMPSKEHUSA CMELLEHUSA U 1/F
OINKKEP-WIYMOB AN AATYMKOB XOJJIA

[ns Toro 4To6Bl YyMEHBIIHUTh CMelleHHe BbIXOJ-
HOI'0 CUTHaJjla, CyllecTByeT HeCKOJIbKO MeTO/OB.
[TepBBIE METOJ IIOJpa3yMeBaeT CXeMy KOPPeKIUHU
Ha BXOJle YCHJIMTelbHOro Kackazga. Ha Bxox ycu-
NMUTens, IOMKUMO II07Ie3HOT0 CUTHala, bymeT moga-
BaThbCsl HAIIpsIKeHHe, PaBHOe I10 BeJIMYHHe HaIlpsi-
SKeHHIO CMellleHHU s, Ho oOpaTHoOe eMy I10 3HaKy. TeMm

30Ha 0bHapyxeHus gaTymka Xonna
Hall sensor detection area
Jatynk Xonna
Hall sensor

— R

r—-r

AMR-gaTymK
AMR sensor

30Ha obHapyxeHns AMR-gaTymka
AMR sensor detection area

Puc.3. KoHcmpyxkuyus damyuka Xonaa u AMR-0amuuka
Fig.3. Design of Hall and AMR sensor

OFFSET VOLTAGE AND 1/F FLICKER NOISE CORRECTION
FOR HALL SENSORS

In order to reduce the output signal bias, there are several
methods. The first method involves a correction circuit
at the input of the amplifier stage. A voltage equal in
magnitude to the offset voltage, but opposite in sign,
will be applied to the input of the amplifier in addi-
tion to the useful signal. This method will thus com-
pensate the voltages and minimise the error (Fig.4).
By varying the number of trim inputs and the resis-
tors size, accuracy and magnitude of the offset cor-
rection can be varied.

The second method uses an even number of Hall
elements connected orthogonally. The bias voltage
depends on the Hall sensor geometry, whereas the
Hall voltage and, hence, sensitivity are independent
functions. As a result, the outputs of the devices can
be connected in such a way that the corresponding
Hall voltages are averaged and the bias voltages are
compensated [5]. Thus, Fig.5 and 6 show that using
this method makes it is possible to reduce the bias by
almost half.

With the third method (chopper stabilisation
method) low frequency errors such as 1/f noise and
drift will be modulated and filtered out along with
the offset [5]. This can be seen in Fig.7, which depicts
the chopper stabilisation method in the frequency
domain. Firstly, the signal is modulated and noise
and bias are superimposed on this modulated signal
(Fig.7, b). After amplification and modulation it is
necessary to demodulate the signal back to DC and
low frequency noise and offset are modulated at the
clock frequency, appearing as a ripple at the amplifier
output (Fig.7, c). A low pass filter is then used to
remove the modulated offset and 1/f noise, resulting

VoLr.16 No. 3-4 2023 NANO INDUSTRY
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L
NlaTynk Cxema Koppekuumu
Xonna U.+U HanpsHKeHns cMeLLeHns
Hall R Offset voltage
SEnsor correction circuit
—
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_ Ycunurtens Ky
Uat Ueun™ U Amplifier Ky Ky (Uax S Ucmz)

Puc.4. BHeceHue cxembl KOppeKUuUU HanpsikeHUs cMelieHuUs 8 cucmemy 06pabomku cuzHanos ¢ damyuka Xonaa
Fig.4. Incorporating a bias voltage correction circuit into the Hall sensor signal processing system

CaMbIM JAaHHBIK MeTOZ, [103BOJIUT CKOMIIEHCHPOBAaTh
HaNpsKeHUs] ¥ MUHUMHU3UPOBaTh omubKy (prc.4).
M3MeH s KOJIMYeCTBO BXOJIOB IIOACTPOUKH U pas-
MepBbl Pe3HCTOPOB, MOKHO BAPbHUPOBATh TOYHOCTh U
pa3smax KOppeKLMH CMeIlleHU .

Bropon MeTop IpeAIiosaraeT HCI0/NIb30BaHHUe YeT-
HOTO YMCJ/Ia 37IeMeHTOB X0Jj1JIa, CBA3aHHBIX OPTOIO-
HajabHO. HallpsisKeHHe CMeIeHH S 3aBUCUT OT TeoMe-
TPHUH JaTUyKKa X0J/Ia, TOrAA KaK HallpsixkeHHe XoJia
M, CJIe[0BaTeJIbHO, YYBCTBUTEIBHOCTD ABIAIOTCH
He3aBUCHMBIMH QYHKIHAMU. B pesynbraTe BHIXOIBI
YCTPOMCTB MOTYT OBITh MOAK/IIOYEHEl TAKUM 06pa-
30M, YTOOBI COOTBETCTBYIOIHE HANIPSKeHU s Xo1a
YyCPeoHSAIUCh, a HANIPSKeHKU I CMeLleHKU S KOMIIeH-
cupoBanuch [5]. Tak, Ha puc.5 U 6 BUAHO, YTO IPU
KCII0JIb30BAHUHM JAHHOTO METO/Ia BO3MOKHO YMEHb"
IIMTh CMeLleHHe IIPAKTUYeCKH B 1Ba pasa.

in only low frequency signal with no offset or 1/f
noise (Fig 7, d) [6].

To remove the 1/f noise completely, the chopper
frequency must be higher than angular frequency of
the 1/f noise. This method can successfully remove
error and noise from the amplifiers that are the basis
of the processing channel. However, this method only
removes error and low-frequency noise at the amplifier,
but does not do the same for the transducer output.

The fourth method involves the use of a current
rotator circuit, which is an alternative method of
obtaining a signal from the probe (current rather
than voltage mode of operation). During each
phase F<1:4> the bias current I;,, is delivered to
two consecutive arms; for a zero magnetic field it
is divided into two equal parts, assuming that the
voltages on the remaining two pins are equal. The
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Puc.5. CmeueHus 00Ho20 3nemeHma Xoana
Fig.5. Single Hall element offsets
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Puc.6. CmeLeHUs 08yX CB513aHHbIX 0PMO20HAAbHbIX 3AeMeHmMo8 XoAna
Fig.6. Offsets of two connected orthogonal Hall elements
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LLym 1 cmelenms | Noise and drift
MoAaynMpoBaHHbIN CUrHaN
Modulated signal

Y2 CurHan
Signal

fffen

MoaynMpoBaHHbLIN
LIYM CMeLLEeHNs
Modulated offset noise

flfen

Puc.7. MpuHyun umenb4eHust 8 Yacmomuoli 06aacmu
Fig.7. Grinding principle in the frequency domain

IIpy HCIIONIb30BAaHUHU TPeThero MeTona (MeTo[
YOIIEepHON CTabUIM3aLlUMU) HU3KOUYACTOTHEIE
omMOKH, TakHe Kak mym 1/f u gpend, 6yayT mozmy-
JIUPOBATHCHI U OTPUIBTPOBBIBATLCSI BMECTE CO CMe-
meHHeM [5]. 9To MOXHO BHJeTh Ha PUC.7, KOTO-
pbIM H306paskaeT MeTOJ UONIEPHOM CTabUIM-
3allMK B YaCTOTHOM o61acTH. BHauasle CUTHal
MOAYIHUPYeTCs, a LIYM M CMelleHKWe HaK/aJblBa-
IOTCSI Ha 3TOT MOAY/JIHMPOBAHHBIN CUrHa (puc.7b).
[Tocse ycuJeHUSI U MOAYIHUPOBAHUS Heob6X0A MO
OeMOAyIHUPOBaTh CUTHAJI 06PaTHO Ha MOCTOSIHHBIN
TOK, 3 HU3KOYaCTOTHBIM MyM U CMeIlleHHe MOIY-
JTUPYIOTCS Ha TaKTOBOM YacCTOTe, MOSBISIOIHeCs
B BH/le Iy/JIbCAallMH Ha BBIXOJE YCHUIUTens (puc.7c).
3aTeM [J1s yAaaeHH s MOLYIHUPOBAHHOIO CMeILeHU
u myma 1/f ucronp3yeTcss GUIBTP HU3KUX YACTOT,
YTO IPUBOLAUT K YUCTOMY HHU3KOYACTOTHOMY CHTI-
Hany 6e3 cmemeHus wiu myma 1/f (puc.7d) [6].

YT06B MONHOCTBIO yAANUTh myM 1/f, yactora
YoIlIepa J0/I>KHA OBbITh BBIIIE, YeM YIJIOBAS 4aCTOTa
myma 1/f. JJaHHBIH MeTOA IO3BOJISIET YCIEIIHO
YCTPAaHHUTh MOTPEIIHOCTh U IIYM YCHIHTeJeH,
SIBJISIIOIIUXCSI OCHOBOM KaHasa 06paboTku. OpHAKO
3TOT METO/ II03BOJIIeT YCTPAHMUTh IIOTPEIIHOCTD U
HH3KOYAaCTOTHBIU IIyM TOJIBKO Ha YCHUJIKMTeJe, HO He
1103BO/IsIeT JOOUTHCS 3TOTO Ke [IJ151 BBIXOJHOTO CHUT-
Haja JaTYHKOB.

YeTBepTHIM MeTOJ IpejIllosaraeT MCIONb30-
BaHMe CXeMBbl TOKOBOIO BpalllaTesisg, KOTOPBIH
SIBJISETCS a/JIbTePHATHBHBIM METOLOM IOTYYeHU I
CHUTHaJ/a C JaTuyuKa (PeKUM paboThl C TOKAMH, a
He C HaOpsS>KeHUSIMH). Bo BpeMs KaxJ0Hu $aswl
F,<1:4> ToK cMeleHU A I;, IOCTYIIAeT B ABa I10CTIe-
JOBaTe/JIbHBIX IIJIeYa; OJIs HYJIeBOro MarHUTHOTO
I10JI51 OH JIeJIMTCS Ha JBe paBHbIe YAaCTH, IpeIioia-
ras, 4TO HaOps>KeHHs Ha OCTABIIMXCS IBYX BBIBO-
JlaX paBHBI. BRIXOAHBIE M ITUTAKIIKE KJIeMMBbI KasK-
JIOH IIJIACTHHBI X0/1/1a MepUOAUUYEeCKH MeHSITCS
MeCTaMHM, TaK YTO HOJSIPHOCTh BXOJHOIO TOKa
MeHSeTCsd B KaXIOM COCTOSHHUM, B TO BpeMs Kak
CMellleHHe IOSABIAeTCSA Ha BBHIXOOHBIX KJIeMMax.

output and supply terminals of each Hall plate are
periodically reversed, so that polarity of the input
current is reversed in each state, while the bias
appears on the output terminals. At the end of a
complete rotation operation, the average offset value
becomes zero (Fig.8) [7].

Since the current rotator implementation involves
only the Hall elements themselves and CMOS
switches, this circuit will not take up much space
on-chip and it also successfully combats 1/f noise and
sensor bias. The disadvantages are the output signal
attenuation, which can be eliminated by using an
amplifier with a higher K.
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Fig.8. Time diagram of current rotator use
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Fig.9. Effect of SET/RESET coil on transmission response

B KOHIle IIOJHOM OllepalllMU BpallleHUS cpefHee
3HayeHHe CMeIlleHHUs CTAHOBUTCSA PaBHBIM HYJIIO
(puc.8) [7].

Tak KaK peanr3aliisg TOKOBOIO BpalllaTessl BK/IIO-
yaeT B cebs TOJIBKO CAMHU 3/ieMeHTHI Xojia 1 KMOII-
IepeK/oYaTeNu, JaHHAs CXeMa He OyZeT 3aHUMATh
MHOTO MeCTa Ha KpHCTajjle, a TaKKe OHa yCIIeIIHO
6opetcs c 1/f mymaMu u cMelneHHeM ceHCOpoB. U3
He[0CTAaTKOB MOYKHO BBIAEJIHUTH 0cj1abjieHue BhIXOMI -
HOT'O CHUTHAaJIa, OT KOTOPOT0 MOXKHO M30aBUTHCS IIPHU
HCIIONIBb30BAHUHU YCHUIHTeNS ¢ 60/lee BBICOKUM Ky.

KOPPEKLUA HANPSXEHUA CMELLEHUA U 1/F
OJINKKEP-IIYMOB A9 AMR-AATYUKOB

9P deKTUBHBIN CIIOCOO6 CHUKEHHU S TeMIIepaTyp-
Horo apelida HaNpsisKeHH I CMelleHU s [10CpeICTBOM
HCII0/Ib30BaHU S CTAaOMIN3HUPYIONIEro IepeMeHHOTO0
oS OB npenaoxkeH TYMaHCKHUM (1984). Ons ero
peann3aluu UCIO/Ab3yeTCs ClellhaJlbHas IIJIaHap-
Hasl KaTylIKa, TeHepUPYIoIIas cTabuin3upyomiee
nosie. Ha puc.9 nmpeacTaBieH MeTO[, UCIIOIb3YIOIUHI
curHansl copoca (RESET) u yctaHOBKH (SET).

[lepenaToyHas XxapaKTepUCTHUKA AATYHKA [10KA3bI-
BaeT UHBEPCHUIO HAKJIOHA U TOYKY IIepeceuyeHHUs [IPU
HY/IeBOM HAIIpPSIKeHUU CMelleHU . [I151 U3MepeHU st
IIPUJIOKEHHOIO0 101 H JaT4YMK cHavyala aKTHBU-
pyeTcs curHanom yctaHoBKH SET (puc.10).

[Tocyie ycTaHOBJIEHHSI HAIIPSIKeHUS V. OHO CUU-
TBIBAETCSI U 3alUChbiBaeTCs. [locie 3TOro mogaeTcs
curHasn cbpoca ¥ CYUTHIBAETCS HAIlPsSIKeHUe V
Taxk MBI [TOJIy4aeM [Ba 3HaUeHH:

reset:
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Puc.10. BpemeHHas dudazpamma 8bIX00H020 CU2HAAAG C 0amMYuKd
Fig.10. Time diagram of the sensor output signal

OFFSET VOLTAGE AND 1/F FLICKER NOISE CORRECTION
FOR AMR SENSORS

An effective way to reduce temperature drift of the bias
voltage by using a stabilising AC field has been proposed
by Tumansky (1984). It uses a special planar coil to
generate stabilising field. Figure 9 shows this method
using reset (RESET) and set (SET) signals.

The transfer characteristic of the sensor shows
slope inversion and the crossover point at zero offset
voltage. To measure the applied field H, the sensor is
first activated by a SET setting signal (Fig.10).

Once the V,, voltage has been established, it is read
out and recorded. The reset signal is then applied and
the V . voltage is read. This gives us two values:

Vspr = SHy + Vopeser @
Vreser = “SHy + Vopgser- )

The difference between two values is only
proportional to the field magnitude and the bias
voltage is not taken into account [8]:

Vser ~ Vreser = 2SH,. ©)

In addition, advantage of performing modulation
methods using switching pulses is to reduce the 1/f
noise within the desired bandwidth [9]. In addition
to the SET/RESET coil there is possibility of using an
OFFSET coil which will compensate for any external
magnetic field if required.
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Puc.11. Mukpocxema 5202HX01H4 (a) u mukpocxema 1382HX065 (b)

Fig.11. 5202HX01H4 (a) and 1382HX065 (b) microcircuits

Vser = SHy + Voprser @
Vreser = “SHy + Vorpser- )

PasHHIA JBYX 3HaYeHHUMN MPONOPLMOHATbHA
TOJIPKO BeJIMYHHE 10/, A HAaIIpsikeHHe CMelleHHU s
He y4HuTBIBaeTcs [8]:

Vser = Veeser = 2SH;. (3)

Kpome TOro, mperMyIeCTBOM BhIIIOJTHEHH I METO"
OB MOAYJISALIMU C UCIIO/JIb30BAHKUEM IlepeKInyYalo-
IHUX MMIIYJIbCOB SIBIseTCSl yMeHbIIeHHUe 1/f myma
B IIpejfie/lax >KejaeMOM II0JIOCH IIpoIycKaHUS [9].
INomumo katymwKku SET/RESET, eCTb BO3MOKHOCTD
KCII0/IB30BaHUS KaTymKu OFFSET, kotopas byzmer
KOMIIEHCHPOBATh IIPU HeoOX0AMMOCTH 1000e BHeIl-
Hee MarHMTHOeE I10J1e.

NPOAYKLIAA AO "3HTL"
B 3eseHOrpaaCcKOM HAaHOTeXHOJIOTHMYECKOM LieH-
Tpe 0CBOeHA TeXHOJIOTUS II0JIyYeHH I MarHUTOPe3U-
CTHUBHBIX YyBCTBUTE/IbHBIX 3JIEMEHTOB (MYD3), BKJIIO-
4Jarpmlasg HaHeCeHHe MaTrHHTOPe3MCTHBHBIX IIJe-
HOK C MarHHUTOPe3HUCTUBHBEIM 3¢ deKToM OT 2 [0 3,5%,
bopmupoBaHue poTonuTOorpaduer Ha UX OCHOBE
CHUCTeMBl IIPOBOAHHKOB M3 HECKOJIBKHX CJIOeB U
cbOpKy KX B KOpITyca.

3TO I03BOJIMJIO Pa3paboTaTe U OCBOUTH B IIPOK3-
BOJCTBE TaKHe cxeMbl, Kak 5202HX01H4 u 1382HX065.
[lepBas mpefHasHaveHa )i HABUTallMM, HaBeJeHH

JSC“ZELENOGRAD NANOTECHNOLOGY CENTER"
PRODUCTS

Zelenograd Nanotechnology Centre developed a technol-
ogy for producing magnetoresistive sensitive ele-
ments (MRSE), which includes applying magneto-
resistive films with a magnetoresistive effect of 2%
to 3.5%, photolithography to form on their basis a
system of multiple-layer conductors, and assemble
them into packages.

This led to development and manufacture of
circuits such as 5202HX01H4 and 1382HX065. The
first one is designed for navigation, guidance and
orientation in space, object movement detection
and anomaly detection. MRSE of the first circuit
is based on 80Ni, Fe film, with magnetoresistance
effect value ~ 2.2%. The MRSE of this chip has
characteristics similar to Honeywell’s HMC1022
Sensor.

The second microcircuit is designed for tracking
systems of rudder angle control of aircrafts
and tracking system drives parameters. Second
MRSE circuit is made on 74Ni; Fe,;Co film with
magnetoresistance effect value ~ 3.5%. As a
result, this circuit achieves 100 mV output at 5 V
supply voltage with high degree of output signal
synchronization. The chip is an analogue of the
world’s leading microcircuits in its characteristics.

In addition, in ZNC JSC was developed the
design and manufacturing base and has mastered
production of a range of Hall and AMR sensor
microcircuits, including not only microcircuits for
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M OPHeHTHPOBAHMUS B IIPOCTPAHCTBe, A/ Ollpeesie-
HUS ABUKeHUS! 06B5eKTOB U 06Hapy>KeHU s aHOMa-
auu. MYD mepBOH CXeMEl BBIIIOJIHEH Ha IIJIeHKe
coctaBa 80Ni,,Fe c Be/IHYNHON MarHUTOPE3UCTHUB-
Horo 3¢dexTa ~ 2,2%. MUD FaHHON MUKPOCXEMBI
MMeeT XapaKTepPUCTUKH, 61M3KHe K AATUYHUKY
HMC1022 Honeywell.

BTopas MUKpocXeMa mpeaHasHadyeHa JIJis Cliefs-
KX CUCTEM YIJIOB II0BOPOTA YIIPaBJIeHUS PyIIMU
JIeTaTe/JbHBIX AllllapaTOB U KOHTPOJ/IA IIapaMeTpPoOB
IIPHUBOJOB CIeASMUX CUCTeM. MU BTOpOH CxeMBbl
BBIIIOJIHEH Ha IIJIeHKe cocTaBa 74Ni; Fe,Co c Benu-
YMHON MarHUTOpPe3UCTHUBHOro s3¢dekrra ~ 3,5%.
B pesynbTaTe B 3TOM CXeMe IIOJy4deHa BeJIMYMHA
BBIXOAHOTO CHMrHajla 100 MB mpu HaIpss>keHHUH
NHUTaHHUS 5B ¢ BBICOKOI CTeleHbI0 CHHXPOHH3ALUHU
BBIXOJHBIX CUTHAJIOB MeXAy coboil. MHUKpocxema
SABJISETCS 10 CBOUM XapaKTePUCTHKaM aHaJIOrOM
MHKPOCXeM Be[yIIHUX MHPOBBLIX IPOU3BOJUTEIEH.

[Tomumo 3Toro, B AO "3HTLL" co3maHa KOHCTPYK-
TOPCKO-TeXHoJIoru4yecKkas 6a3a M 0CBOEHO IIPOM3-
BOJCTBO psAJla MUKPOCXeM Ha JaTuyHMKax XoJjaa U
AMR-IaTYHMKaXx, BKAKOYAIIMUX B cebs He TOIbKO
MHKPOCXEMBI [IJIsI KOHTPOJIS 3JIeKTPHUYECKUX TOKOB
0ONMBIIMX BeJIUYHUH, HO U [Ji U3MepPeHHUs yria
IIOBOPOTa, 06pabOTKKM HOHUYCHBIX CUTHAJIOB, 3HKO-
Tephl, YIJIOBOTO IIOJIOKEHHU ST, & TaK3Ke 151 paboTHl B
YCTPOMCTBAX CIIeLIHMa/IbHOTO Ha3HAYeHHU S U T.J.

Mukpocxema K1382HVO01AS5 (puc.12) npenHa-
3Ha4yeHa [/ peobpa3oBaHUs M3MEePEeHHOIO0 3Ha-
YeHH S MarHUTHOIO I10JI IIPOBOAHUKA C TOKOM B
BBIXOJHble CUTHAJIbl CTAHJAPTHBIX HHTePpeHCoB
6eCKOHTAKTHOTO HAaTYHMKa TOKAa. B KayecTBe 4yB-
CTBUTEJIBHOIO 3JIeMeHTa 6eCKOHTaKTHOIO JaTUHKa
TOKa MOYKET MCII0/Ib30BaThCsl BHEIIHUH MarHUTOpe-
3UCTHUBHBIA MJIK BCTPOEHHBIU JAaTYUK Ha 3 deKkTe
Xonna. [JaTYMK pacliojiaraeTcs HaJ IIPOBOJHHUKOM
Ie4yaTHOM IJIaThl. MUKPOCXeMa YCH/IHMBaeT CHUT-
HaJIbl laTYMKaA, mpeobpasyeT M BeIaeT CUTHAIN B
BUJe CTAaHAAPTHEIX HHTepdericoB. MuKpocxeMa
COEpP>KUT BCTPOEHHYIO CHUCTEMY KOPPeKLIMU TeM-
IepaTypHOU 3aBUCHMOCTH MarHUTOYYBCTBUTE/Ib"
HOTO 3JIeMeHTa.

BbIBO/1bl

B 3aK/I04YeHUH He0OXOLMMO OTMETHUTD, YTO YCTPOH-
cTBa Ha AMR-gaTyHKaX M Ha gaT4yHKaXxX XoJaJia
SBJISIIOTCA NPaKTHU4YeCKH He3aMeHHMbIM HUHCTPY-
MEeHTOM IpH paboTe ¢ MATHUTHBIMH IOISMH 32
CUeT CBOe OTHOCHUTEeJIbHON TeXHOJOTUUYEeCKOM IIPo-
CTOTHI, Ha/Ie>KHOCTH M HEBBICOKOM IleHBI. BbI6Op
Me>XAy HUMHU Ol pefie/sieTCs TOJIbKO TEXHUYECKUM
3a/laHMeM 3aKa3uyHKka, IPaKTHYeCKH BCe cepbe3Hble
HeIOCTAaTKH 000U X AATUKNKOB MOKHO Y6paTh € IIOMO-
IO METOMOB, OIIMCAHHBIX B CTaThe.
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Puc.12. MC damyuka moka K1382HY01AS5
Fig.12. K1382NUO1AS integrated circuit

monitoring electrical currents of large magnitudes,
but also for measuring rotation angle, processing
nonius signals, encoders, angular position, and for
use in special-purpose devices, etc.

Microcircuit K1382NUO01A5 (Fig.12) is designed
to convert the measured value of magnetic field of
conductor with current into the output signals of
standard interfaces of proximity current sensor. An
external magnetoresistive or internal Hall effect
sensor can be used as a current proximity sensor.
The sensor is placed over the conductor of the printed
circuit board. The chip amplifies the sensor signals,
converts them and outputs the signal as standard
interfaces. The chip contains a built-in system for
correcting magnetosensitive element temperature
dependence.

CONCLUSIONS

In conclusion, AMR and Hall sensors are virtually
indispensable tools in magnetic field applications
due to their relative technological simplicity, reli-
ability and low price. The choice between these two
devices is determined solely by the customer’s spec-
ifications, virtually all of the serious drawbacks
of both sensors can be removed using the methods
described in this paper.
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QX MEMHLMNOL MX NPOSKTMPOBaHME 1M pabothl, cnocobll BHEADPEHMA, METOARI MX MOCKMPOBKMK,
BLISBASHMA B MMKDOCXEMOX, O TOKME 3aLLMTE ¥ NpoTHBoAsicTamMs, B ragsax ¢ 10-5 no 12-i0 npea-
CTABASH ABTAABHBIM CROBHUTEABHBIM PETDOCNEKTMEHBIA AOHOAM3 OCHOB NOCYAQPCTBEHHOM NOAMTHERK
8 CLUA v Poccuum B obaactn obecneyeHms BelonacHOCTHM KOHOACE NOCTABKM MHMKROCXE M.

KHWMrO OpHEHTMRPOBOHA HA LUMPOKME KRYT YMTaTeAS; OT MHAXSHEPOs, CNEUMOAMCTOR Mo MHODoP-
MOUMOHHON BE30NACHOCTH, YMHOBHMKOE MHUHHUCTERCTE KM BEAOMCTE AC LUKOABHHMESE W NeHCHOHEROSs,
CKTHMEHO HMCMOABIYIOLLLAX COUMOABHBIE CETH,

Kak 3aka3aTtb HallK¥ KHUMKU?

Mo noute: 125319, Mocksa, a/a 91

110 (PAKDY [494) 499-5045 WHOOPMALIYA O HOBUHKAX
E-mail: knigi@technosphera.ru

sales@technosphera.ru www.technos phE ra.ru




