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JIMH U3 CII0COO0B M3MEPEHNSI TOKA B dJIe-

KTPUYECKOI IIeTTN — 9TO U3MEpPeHHe I1a-

IeHUsI HaIIPSDKEHHS Ha TOKOM3MepH-
TeJBHOM Pe3UcTOpe (IIyHTEe) H3BECTHOTO CO-
IIPOTHBJICHUS], BKIIFOYEHHOM I10CIIeI0BATEIbHO
¢ Harpy3Koit. YToObI COIPOTUBIICHNE IIIYHTA
OKa3bIBAJI0 MUHUMAJIbHOE BO3JIEHCTBHE HA pe-
KUM paboThI HATPY3KH, OHO BBIOMPAETCS MU~
HUMaJIbHO BO3MOKHOI BEJTUMIMHBI, 9TO TIPEJ-
II0JIaraeT MoCyeyolee YCHIeHHEe CUTHAA.

B Tabiuie 1 mepevncieHs! IPOU3BOIUTENN
9JIEKTPOHHBIX KOMIIOHEHTOB, BBINYCKAIOIIHe
KaK CIIeI[aIN3NPOBAHHbIE U3JIeIINS, TIPeIHAa3-
HadeHHbIE JIsI KOHTPOJIS TOKA, TaK ¥ MEKPOCXe-
MBI YCUJINTENIEN, TTOAXOIAIINX IS 9TOM IIeJIH.

CrenuanusupoBaHHbIE MUKPOCXEMBI IS
KOHTPOJIS (M3MepeHMsI) TOKa IIPOU3BOIUTEIISI-
mu HazBaHbl Low-Side Current Sense Monitor
(Amplifier) n High-Side Current Sense Monitor
(Amplifier). BykBabHBIIT [IEPEBO ITUX TEPMU-
HOB Ha PYCCKHUII SI3BIK JIA€T TaKMe JKe 3arajod-
Hble Ha3BaHMUs, KaK «IOJKHBIIA MOCT» B MATEPHH-
CKOM IIJ1aTe KOMIIBIOTEpa.

dupma Maxim omnpenenser High-side current
sensing Kak n3MepeHue TOKa 110 MaJeHHIO HaIIpsi-
KEHUSI Ha Pe3UCTOpe, BKIIOYEHHOM MEX]Y UC-
TOYHUKOM IIUTAHUS U HArpysKoii, a Low-side
current sensing — Kak H3MepeHHe TOKa I10 T1a-
IEHUIO HAIIPSDKEHUS Ha PE3UCTOPE, BKIIIOYEH-
HOM MEX/y Harpy3Koil # 0OIIUM IPOBOJOM
(«3emitert»).

Bocronb3yemcst 17151 faTbHEHIIIero ONUCaHUs
TOHATUSIMH U3MEPEHHUS TOKA B ITOJIOKUTEITBHOM
1 OTPHUILIATEILHOM IOJIF0CAX HATPY3KH IIPEeJIIo-
JIarasi, 4TO IIMHA MUTAHUS HMEeT HOJIOKUTEIb-
HBII [TOTEHIIMAJI OTHOCUTEILHO OOILel IIINHBI,

Mukpocxembl

a1 USMepeEHNUA TOKa

U3mMepeHHe, KOHTPONb U PeryMpoBaH1e TOKa — pacnpocTpaHeHHbIe 3afa4u
B Pa3/IMYHbIX MPUIOKEHUAX INeKTPOHUKH. lpepnaraemas BHUMaHHUIO
uuTaTenem cratba npeacTaBaset coboi 0630p CXeMOTEXHUUECKUX peLueHU I
M KOMMNOHEHTOB, MPUMEHSIEMbIX AJISl 3TUX LieNeu.

YTO CIIPABEMIIUBO 1T TIOIABILIIOIIETO OOJIBIITAH-
CTBa COBPEMEHHBIX JIEKTPOHHBIX cxeM. Criemry-
€T OTMETHUTD, YTO IIPUBEICHHBIE HIKE CXEMBI
ITO3BOJIAIOT KOHTPOJIMPOBATh HE TOIBKO IIOCTO-
STHHBIN, HO ¥ MMITYJIbCHBIN TOK, ITPaB/a, C COOT-
BETCTBYIOIIUMU UCKAKEHUAMH, OIIPEJeNseMbl-
MU I10JIOCOM TIPOITY CKaHUSA Y CUJINTEIbHBIX dJIe-
MEHTOB.

U3mepeHue ToKa
B OTPULATE/IbHOM MOJIIOCE Harpy3KH

IIpenmymiecrna:
® HH3KOe BXOHOE CHH(DA3HOe HALPSDKEHME;
® BXOJIHOII U BBIXOJJHOU CHTHAJI HIMEIOT OOIIIYIO

«3EMITIO;
® [IPOCTOTA pean3aly C ONHUM UCTOYHUKOM

MIATAHUA.

Hepocrarkn:
® Harpyska He IMeeT HeIOCPENCTBEHHOM CBA-

31 C «3eMJICI»;
® OTCYTCTBYET BO3MOKHOCTb KOMMYTAallM1 Ha-

IPY3KH KJII0OYOM B OTPHUIATEIbHOM IIOJIIOCE;
® BO3MOKHOCTb BBIXOJIa M3 CTPOSI U3MEPHUTEIIb-

HO CXeMBbI IIPU KOPOTKOM 3aMbIKaHUU B Ha-

TpysKe.

MsmepeHnne TOKa B OTPUILIATEIBLHOM IIOJIIO-
ce Harpy3KHU He IpeNCTaBIAeT CIOXKHOCTH.
JL71 9TO1I 11eJIM OAXOUT MHOKECTBO OIlepalu-
OHHBIX yCHIIUTEJIEl, TIpeIHa3HAYeHHbIX IJIS pa-
6OTBI C OIHOTIOJISIPHBIM ITUTAHUEM C BXOIHBIM
cnH()A3HBIM HAIIPSDKEHNEM, BKIIOYAIONIHM 10~
TEHIMAJ OOIIIei IIINHBI, @ TAKKe MHOTHE U3 UH-
CTPYMeHTAJIbHBIX ycumuTesneid. I1o aToit npuan-
He CrIelMaTn3upoBaHHbIe MUKpocxeMbl Low-Side
Sense Monitor (Amplifier) mpakrmaecku OTCyT-

Ta6aunua 1. DupMbI-NPOU3BOANUTENM MUKPOCXEM-MOHUTOPOB TOKA

Wsrotosutens

Analog Devices, Inc.
Integration Associates Inc.
International Rectifier
Ixys Corp.

Linear Technology Corp.
Maxim Integrated Products
National Semiconductor

Semtech Corp.

Texas Instruments, Inc.

Zetex Semiconductor

cTByI0T. CXeMbI HI3MepeHNs TOKA C IPAMeHeHH~
eM OIIepallMOHHOTO U MHCTPYMEHTAIBHOTO yCH-~
JIATeIeN IpUBeieHbl Ha puc. 1 1 2 COOTBETCT-
BEHHO. BbI6OOP KOHKPETHOTO THIIA yCHIUTEIS
olpeniensieTcs TpedyeMoit TOYHOCTHIO, Ha KOTO-
PYI0 B OCHOBHOM BIIHISIET CMEIIIeHNe HYJIS YCH-
JINTEJIsST, €T0 TeMITePaTy PHBII Aperic u morper-
HOCTb YCTAHOBKH YCHJIEHHSI, U HEOOXOIUMBIM
OBICTPO/IEIICTBIEM CXeMBI. B Havyasie ITIKajIbl He-
n36eXHa 3HAYUTENbHAS IOTPEIIHOCTD IPe0l-
Pa3oBaHNS, BEI3BAHHAS HeHYJIEBBIM 3HAUCHUEM
MUHIMAJIbHOTO BEIXOJHOTO HAIIPSUKEHUS YCH-
JIUTEJIS, 9TO IJIs OOJIBIIIMHCTBA IPAKTUYECKUX
IIPUMeHEHHH HeCyIecTBeHHO. [T nckimode-
HHSI 9TOTO HeJlocTaTKa TpebyeTcs b0 IBYXII0-
JISIPHOE TIUTAHUE YCHIUTENIS, TH60 CMelleHne
YPOBHSI BBIXOTHOTO CHTHAJIA TOTKIIOYEHIEM BbI-
Boza REF mHCTpyMeHTaNbHOTO yCHIUTENIS K HC-
TOYHHUKY OIIOPHOTO HAIIPsDKEHN.
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Puc. 1. Cxema U3MEepPEHUs TOKa B OTpULaTe/IbHOM MOJIoCce
C onepauruOHHbIM yCUnuTenem
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Puc. 2. Cxema U3MepeHHs ToKa B OTpHULIATENIbHOM MoJ0Ce
C U3MEepHTE/IbHbIM YCUAUTENIEM
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UsmepeHHe TOKa

V.
B NONOXXUTENIbHOM MOJIIOCE Harpy3Ku D i
0,0015

HocTonHCTBa: v+
® Harpyska 3a3eMJICHa; AN LTC6800
® 00HApY’KMBAETCS KOPOTKOE 3aMbIKaHUE B Ha- e

T - OUT 100 MB/A
Tpy3Ke. = Ce ==C,4 .
Henocrarku: —IN > Vour Harpyaka

® BLICOKOe CHH(A3HOe BXOTHOE HAIIPSDKeHNe
(3agacTyio 0O4eHb BBICOKOE);
® HeoOXOIMMOCTD CMEITIeHNsI BBIXOIHOTO CUTHA-

J1a IO yPOBHSI, TIPHEMJIEMOTO IS IOCIeyFOITIei [1] 150 L{
L

REF [RG V= 10k

00paboTKH B crcTeMe (IIPHUBSI3KA K «3eMIIE»).
PaccMoTpHM CXeMBI H3MePEHHs TOKA B IIOJI0-
JKUTETbHOM II0JIF0CE HATPY3KH C UCIIOTb30Ba-

0,1 MK

HHeM OTIepPAIOHHBIX YCHIHTENEN. Puc. 5. CxeMa H3MepeHHs TOKa B NONIOKWTEIbHOM NONIOCE C UHCTPYMeHTaNlbHbIM ycunuTenem LTC6800
B cxeMme Ha puc. 3 MOYKHO IIPUMEHUTD JIHOOOT

13 TOIXOIAIIINX IO IOITYCTHMOMY HAIPSDKEHHIO

IIMTaHMSA X TOTHOCTHBIM XapaKTePHCTUKAM OIle-  HOM CHUH(A3HOM HaNlpsUKeHUH, 3HAYUTeTbHO JnddepeHnuanbHble yCHIATENH, TOIXOMS-
PAIVIOHHBII YCHTHTENIb, IPeIHA3HAYCHHBIH UL IIPEBBIIIAIONIEM HAIIPsUKeHUe MUTAHUA. B cXe-  IIie JJIS HOCTPOEHMS CXeM MOHHTOPOB TOKa
PabOThI C ONHOIOJSIPHBIM IIUTAHUEM U Makcu-  Me ¢ npuMmeHenneM OY LT1637, n300pakeHHON B IOJIOKHUTEIBHOM IIOJIIOCE, MEPEeIHCICHBI
MaJIbHBIM BXOIHBIM CHH(A3HBIM HALPSDKCHN-  Ha PUC. 4, HAIPsDKEHIE TUTAHIS HArPysKu MO- B Tabuurie 2. HekoTOpbIe M3 HUX MMEIOT O9eHb
eM, IOCTUTAIONIUM HAIPSUKEHNS IINTAHUS, Ha-  JKeT HOCTUTaTh 44 B py HANPsDKeHUN MUTAHKS  IIHPOKUIl AUAIIa30H BXOZHOTO CHH(AZHOTO

mpumep AD8603. MakcumanpHOe Hanpsbkenne OV, pasHOoM 3 B. HaIpspKeHUsI, PacIpOCTPAHSIOLINICST U B 00~
IUTAHUS CXeMBI He MOYKET IIPEBBIIIATh MaKCHU- JIJ1s1 m3MepeHus TOKa B IIOJIOKUTETBHOM IO~ JIACTh OTPHUIIATeIbHBIX 3HAYEHHIH, UTO O3B0~
MaJbHO JOIYCTUMOTO HaNlPsUKeHUS MUTAHUS  JIIOCE HATPY3KHM C BeChbMa MAJIOi ITIOTPEITHOCTEIO  JIieT OPTaHM30BaTh IPU HEOOXOAMMOCTH N3~
YCHUTHTEA. TOAXOMAT TaKKe HHCTPYMEHTAIbHbIe YCHIUTe-  MepeHHe TOKa U B HarpysKe, IOJKIIOYeHHOM

7w, kak LTC2053, LTC6800 ot Linear Technology, K MCTOYHMKY MUTAHUS OTPULATEIBHOI TOJIIP-
INA337 ot Texas Instruments. Ha puc. 5 moka-  HOcTH. Pekopaubre mokasatenn y LT1990, nme-

+U
s 3ana cxema ¢ mpumenennem LTC6800. Hampsi-  fomrero guama3oH BXOZHOTO CHHGbA3HOTO Ha-
,_‘% JKeHMe MTUTAHHIS CXeMBI He MOJKeT TIPEeBIIIaTh  MpspKeHHs oT —37 1o 250 B mpu ogHOMONSApHOM
200 2N7°°2J MaKCHMaJIbHO JOITYCTUMOTO HApsDKeHUs nmu-  muTtanun u +250 B mpu apyxmomsiproM. Cxema
R Y tanus ycunurens (5,5 B). C €ro UCIOIB30BaHIeM N300 pakeHa Ha pHC. 6.
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Puc. 3. Cxema n3mepeHHsi TOKa B NOJIOXKUTENIbHOM NOJOCe
C OnepaLruoHHbIM yCHAUTENEM

Koaddpuumenr nepepaun G, B/B
npu +25 °C, %, makc
nepepauu, ppm/°C, makc
MorpewHocTb Ko3adhthHUUeHTa Nepefaun B
Monoca nponyckanus —3 aB, k'y
BobixogHoe conpotuenenne, Om
Hanpskenue nutanus VS, B
Tok notpebnenus, MA, Makc
Pa6ouuii guanasoH remneparyp, °C
pesncTopom

MorpewHocTb Ko3hpuuMeHTa Nnepepasn
BbiKkNioueHHe NUTaHHS

JlnanasoH BXoAHOro HanpsixxeHus, MB
CuHdasHoe BXOAHOE HanpsixeHue, B
Mepekniouaemoe ycunexue

TemneparypHbl

pabouem ananaszone remnepartyp, %, Makc

BbiBoA Ansi opraHu3auuu unbTpa
YcTaHOBKa YCHNEHHA BHELWIHHM

Tax HasbiBaemble Over-The-Top Rail-To-Rail

Input u Output Amplifier (LT1494, LT1636, - - - - A"a'gg Beyices) '"Cz- - R—
AD =27 1 05 ] 1 5 £(25-18)] 1 | —40..+85 | N-8, SO-
LT1637, LT1672, LT1782, LT1783, LT1784 ot i 25719
. AD2205T 200 | —1..24 | 4% 05 [625 30 | 2| 3-36 | 05 |—40..+125 | N-8,S0-8
Linear Technology) pa6oTocrioco6HsI Ipu BXOZ- (1-160)
AD8200 | 500 | —2..24 | 20 1 20 50 | 2 | 47-12 | 1 |—40.+125| SO-8
AD8202 | 500| —8..28 | 20 03 |25 50 | 2 | 35-12 | 1 |—d0.+125] MSOP-8,
S0-8
+Ug=(3..44) B WSOP-5
AD8203 | 700 | —6..30 | 14 03 |25 60 | 2 | 3512 | 1 |-d0.4+125 VoS +
,_‘% AD8205 | 100 | —2..65 | 50 1 13| 50 |200]45-55| 2 |—40..+125| SO-8
200 ADB8206 | 250 | —2..65 | 20 1 13| 100 |200] 45-55| 2 |—40..+125| SO-8
+3B 2N7002 Linear Technology Corp.
Rs LT1990 -37.250 | 1,10 | %8 |20 7 27-30 | 0,18 [-40..+125| sO-8 | +
[] (G=10) (G=10)
0,2 LT1637 20 DFN-10
Uour ]2N3904 LT1991 —0,5..5,1| 1-13 |0,08-0,12| 3 (6=9) 2,7-36 | 0,18 | —40..+125 | \DERCTY
l IL Maxim Integrated Products
R2 MAX4198 | 100 | 0.Vs | 1 01 |6 175 2,7-55 (0,055 | —d0..+85 | SOB +
Harpyska 2k uSO 8_
MAX4199 | 100 | 0...Vg 10 0,1 6 45 27-55 | 0,055 | —40..+85 | Mg +
Texas Instruments Inc.
= INA145 0...2Vs-2) | 1-1000 © 1010) 45-36 | 0,7 |-55..+125| SO-8 +
DIP-5,
INA147 £200 1 005 |10 200 +(5-18)| 2 |-55..+125| SO-8,
Puc. 4. Cxema u3mepeHus ToKa B NOJIOXNKHUTEIBHOM NMOJIOCe T0-99
¢ Over-The-Top onepaunoHHbIM ycHnUTeNeM INA148 0...200 1 0,075 10 100 2,7-36 | 0,3 |—55..+125| SO-8
INAT52 0.2V 1 0,1 10 800 2,7-20 | 0,65 | —55..+125 | MSOP-8
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Puc. 6. Cxema 13MepeHHs TOKa B NOJIOXKHUTENIbHOM Moitoce ¢ AudchepeHLanbHbiM ycunutenem LT1990

Ta6nm.|a & MMKPOCXeMbI MOHWTOPOB TOKa C TOKOBbIM BbIXO40M
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JlnanasoH BxogHoro
HanpsxeHus, MB

CuHdasHoe BxogHoe
HanpseHue, B

Koadpuument nepepaun, MA/B
MorpewHocTb Ko3thhuyueHTa
nepepaun npu +25 °C, %, Makc

MorpewHocTb Ko3thhuuueHTa
Temneparyp, %, Makc

nepepayu B pa6oueu AWanasoHe

Monoca nponyckaHus

=3 ab, kl'y
HanpsxeHue nutanus, B
Tok notpebnenus, MA, Makc

Pa6ouni guanasoH
Temneparyp, ‘C

JlononHutenbHble hyHKUUM

YcraHaoBka
ko3duyMeHTa nepeaaun
BHELHUMH pe3UCTOpPaMH1
BcTpoeHHbIH AaTunk
Temneparypbl
BbiknioueHue nuTaHus
[AByHanpaBneHHbIH
BbiBOA CMrHaNM3auuu

Muxpocxemam AD629 n INA117 tpebyercs
IIBYXIIOJSIPHOE IIMTAaHHe, IPU 9TOM JHANa30H
BXOZIHOTO CHH(A3HOTO HAIIPSKEHMS COCTABIIS-
er 270 B m 200 B.

MHTerpanus npakTHIecKy BceX HeoOXonu-
MBIX KOMIIOHEHTOB B OJIH KPHUCTaJII IIpHBeJa
K CO3JIAHHIO CTIEIINATI3UPOBAHHBIX MUKPOCXEM
MOHHTOPOB TOKa. Kak ImpaBmIo, 3TM MUKpocxe-
MBI He 00€CIIeYnBaIOT TOYHOCTH, TOCTIKIMOM
C FICTIOTb30BAHNEM IIPEIU3MOHHBIX yCHINTe-
seit. OHAKO IS MOJABIIIONIETO OONBITHHCT-
Ba NIPUMEHEHUI, 0COOCHHO ecIu TpebyeTcs
TOJIBKO KOHTPOJIb TOKA, 4 He H3MePEeHHUe ero TOU-
HOTO 3HAYeHHWs, 3asBJISIeMOIl TPOU3BOHUTEI-
MH TOYHOCTH BIIOJHE TOCTaTOYHO.

ITo BBIXOTHOMY CHTHAJTy MAKPOCXeMBI MO~
HO Pa3feInTh Ha TPU IPYIIIBL: C TOKOBBIM BBI-
XOOM, ITOTEHIINAILHBIM BhIXxomoM u IIIMM-BbI-
XOJIOM.

XapaKTepHUCTHKI MEKPOCXeM C TOKOBBIM BBbI-
XOZIOM IIpHBefieHbI B Tabsutie 3. Ha puc. 7 moka-
3aHa cxema ¢ mpumeHernem INA139, B koTopoit
KpOMe TOKOBOTO IITYHTa TPeOyeTCs eIMHCTBEeH-
HBII BHEIITHUH KOMIIOHEHT — pe3nuctop Ryyr.
B cxeme Ha puc. 8 c mpumenennem LTC6101HYV,
KpOMe TOro, Heo6X0IuM pe3ucTop Ry, BKIIIO-
JaeMBIH B IIeITb BCTPOEHHOTO HCTOYHMKA TOKA.

EratioAssoTiaTEs ITOCKOJIBKY BBIXOIHOE COITPOTHBIICHUE CXEM
1A2410 | 100 | 5-36 | | | ‘ 5-3 | 009 | —40..+85 | Sg%g,_ 5 | ¥ | + | ¥ | | TOCTHUTIAET HECKOJIBKUX IECATKOB KHUIIOOM, CXe-
T MBI HOCJIeyIOIIell 06paboTKH CHTHANA JJOJDK-
76101 | 500 | a0 200 | 4-60 | 0,45-0,69 Iéos(ﬂ)é'é MSOPE T HbI IMeTh BHICOKOE BXOJHOE CONIPOTHBIICHNE.
oo oo Toci 0 om0 lomcoes | —00. | 1503 Oco6eHHOCTD TPeXBBIBOTHBIX MHKPOCXEM
- —-100 | 0,45-0, o+
+(85)125 | SOT23-5 ZXCT1008 u ZXCT1009 ot Zetex — mpoTeKa-
Maxim Integrated Products
Z AXE HHe COOCTBEHHOTO TOKa MOTPeOIeHNS MUKPO-
MAX4172 ‘ 150 ‘ 0-32 ‘ 10 ‘ 2 ‘ 3 ‘ 800 ‘ 332 | 16 ‘ —40..485 ‘ HMAXSS, ‘ ‘ ‘ ‘ ‘ +
- | CXeMBblI depes pesuctop Ryyr, 4T0, ecrecTBeH-
exas Instruments Inc.
INAT38 [ 100 [27-36] 02 | 1 [ 2 ] 800 [2,7-36] 0045 |—40..+125] 507235 HO, BHOCHT IOTIONHUTENBHYIO NOTPEIIHOCTD.
INAT68_ | 100 [ 2,760 02 | 1 2 | 800 |27-60 | 0,045 |—40..+125| SOT235 Onuaro BBU/TY IPe3BBIYAIHO Maoro coOCTBeH-
INA139 100 | 2,7-40 1 1 440 | 2,7-40 | 0,125 —40...+85 | SOT23-5 HOTO HOTpe6 JIEHUS 9Ta TIOTPEITHOCTh He3HAYU -
INAT69 | 100 |2,7-60| 1 i 440 | 2,7-60 | 0,125 | —40..+85 | SOT235
d d : TeJIbHA, 0COOEHHO B KOHI[E IITKAJIBI, X BIIOJIHE
INAT70 | 100 [2,7-40] 1 2 400 | 2,7-60 | 0,125 |-55..+125| MSOP-§ + ? H ?
Zatex Semiconductor npuemiema. Ha puc. 9 mokasaHo npumeHenmue
ZXCT1008 | 500 [25-20 [ 10 | 25 2000 [2,5-20] 0015 [—40..+125] SOT23 ZXCT1009 B cxeme 3apsITHOTO YCTPOMCTBA IS
ZXCT1009 | 2500 |25-20 | 10 | 25 2000 [25-20 | 0015 | —40.485 | SHI2> Li-Ion akkymynsTopa.
ZXCT1010 | 2500 | 25-20| 10 | 25 2000 | 25-20 | 0018 | —40..+85 | SOT235 B rab6siie 4 puBeIEHBI XaPaKTEPUCTUKI M-
ZXCTI011 | 500 | 2,5-20 3 1500 | 25-20 | 0015 | —40.+125| SOT235 | + KPOCXeM-MOHHTOPOB TOKA C MOTEHIHATBHBIM
| R
Rs ||_ < L S
— — —
1 RIN
el . +IN i
1k I:I []1 K
5k 5k
Harpyaxa Harpyska
L oND v-| \ / v+
(2,7-40JB
i+
= +
— —
INA139 U= K =
out LTC6101HV  |}— (5—105)B
ouT I,RgR, /1 kOm
out
I;IRL U =
10 k Rout outr=
1 [1]4,99 k |LRsRL/R,

Puc. 7. MoH1TOp TOKa B NONIOXMTENIBHOM MOtOCE C TOKOBbIM BbixogoM INA 139

Puc. 8. MoH1TOp TOKa B N0N0XKNUTENIbHOM MoJlioce € ToKoBbIM BbixogoM LTC6101HV
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Ta6nm.|a 4. MHKpOCXeMbI MOHWTOPOB TOKa C NOTeHUWalbHbIM BbIXOLOM

[JlononHutenbHbie pyHKLUM
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Analog Devices, Inc.
AD8210 1 250 =2..65 20 0,5 07 | 450 2 [45-55] 2 —40..+125 SO-8 ¥
ADM4073T | 1 150 2-28 20 2 2 1800 | 12000 | 3-28 | 1,2 —40..+125 SOT23-6
ADM4O73F | 1 150 2-28 50 15 3 1700 | 12000 | 3-28 | 1,2 -40...+125 SOT23-6
ADMA073H | 1 150 2-28 100 15 3 1600 | 12000 | 3-28 | 1,2 —40..+125 SOT23-6
Ixys Corp.
IXig8 [ 1 ] 150 | 27-40 | 10,50 [07mun [ 1tun | [ 33000 [27-40 | 0,13 | —40.485 | SO-8 E
Ixig48A | 1 [ 150 | 27-60 | 10,50 [ 0,7tun | 1rwn | | 3300 [27-60] 0,13 | —40.485 | SO-8 ElE
Linear Technology Corp.
LT1787 1 500 2,5-36 8 3 100 | 20000 | 2,5-36 | 0,12 | —40(0)...+(85)125 MSOP-8, SO-8 +
LTI787THV | 1 500 2,5-60 8 3 100 | 20000 | 2,5-60 | 0,12 | —40(0)...+(85)125 MSOP-8, SO-8 +
L6100 | 1 | 300 4,1-48 13513155200 06 1 150 27-36 | 0,17 | —40(0)...+(85)125 MSOP-8, DFN-8 I S N T

Maxim Integrated Products
MAX4069 | 1 | 50,75 | 1,35-24 | 50,100 1 2,5 | 40,100 2,7-24 | 0,25 —40..+125 UMAX-10 + F+ ]+
MAX4070 | 1 | 50,75 | 1,35-24 | 50,100 1 25 | 40,100 36-24 | 0,25 —40..+125 UMAX-10, TQFN-8 + Fl+ [+
MAX4071 | 1 | 50,75 | 1,35-24 | 50,100 1 25 | 40,100 2,7-24 | 0,25 —40..+125 UMAX-10, TQFN-8 ¥ |+ |+
MAX4072 | 1 | 50,75 | 1,35-24 | 50,100 1 2,5 | 40,100 2,7-24 | 0,25 —40..+125 UMAX-10, TQFN-8 + + |+
MAX4073T | 1 150 2-28 20 45 65 | 1800 | 12000 | 3-28 | 1,2 —40..+125 SC70-5,S0T23-6
MAX4073F | 1 150 2-28 50 45 65 | 1700 | 12000 | 3-28 | 1,2 —40..+125 SC70-5, SOT23-6
MAX4073H | 1 150 2-28 100 45 65 | 1600 | 12000 | 3-28 | 1,2 —40..+125 SC70-5, SOT23-6
MAX4080F | 1 1000 4,5-76 5 0,6 12 | 250 01 |45-76 | 0,19 —40..+125 UMAX-8, SO-8
MAX4080T | 1 250 4,5-76 20 0,6 12 | 250 0,1 |45-76 | 0,19 —40..+125 UMAX-8, SO-8
MAX4080S | 1 100 45-T6 60 0,6 12 | 250 0,1 | 45-76 | 0,19 —40..+125 {MAX-8, SO-8
MAX4081F | 1 | £1000 | 45-76 5 0,6 1.2 150 01 |45-76 | 0,19 —40..+125 UMAX-8, SO-8 +
MAX4081T | 1 | £250 4,5-76 20 0,6 1.2 150 01 |45-76 | 0,19 —40..+125 UMAX-8, SO-8 +
MAX4081S | 1 | =100 45-76 60 0,6 1.2 150 0,1 | 45-76 | 0,19 —40..+125 LUMAX-8, SO-8 +
MAX4173T | 1 150 0-28 20 25 4 1700 | 12000 | 3-28 1 —40..+85 SC70-5, SOT23-6
MAX4173F | 1 150 0-28 50 25 4 1400 | 12000 | 3-28 1 —40..+85 SC70-5, S0T23-6
MAX4173H | 1 150 0-28 100 2,5 4 1400 | 12000 | 3-28 1 —40..+85 SC70-5,S0T23-6
MAX4210 | 1 | 100,150 | 4-28 ‘5&%7255‘ 1,5 3 220 05 |27-55| 0,57 —40...485 UMAX-8, TDFN-6
MAX4211 | 1 | 100,150 | 4-28 15;1%%5; 15 3 | 220 | 05 |27-55] 096 —40..485 TSSOP-16, QFN-16 + |+
MAX4372T | 1 150 0-28 20 25 55 | 215 15 | 27-28 | 0,06 —40..+85 S0-8, SOT23-5, UCSP-5
MAX4372F | 1 150 0-28 50 25 55 | 200 15 | 27-28| 0,06 —40..+85 S0-8, SOT23-5, UCSP-5
MAX4372H | 1 100 0-28 100 2,5 55 110 15 | 27-28 0,06 —40..+85 S0-8, SOT23-5, UCSP-5
MAX4373T | 1 150 0-28 20 17 27 | 200 15 | 27-28| 01 —40...+85 UMAX-8, SO-8
MAX4373F | 1 150 0-28 50 17 2,7 120 15 | 27-28] 01 —40..+85 LMAX-8, SO-8
MAX4373H | 1 100 0-28 100 17 2,7 110 15 |27-28] 01 —40..+85 UMAX-8, SO-8
MAX4374T | 1 150 0-28 20 17 27 | 200 15 [27-28] 01 —40..+85 UMAX-10, SO-14 ++
MAX4374F | 1 150 0-28 50 17 2,7 120 15 | 27-28| 01 —40...+85 UMAX-10, SO-14 |+
MAX4374H | 1 100 0-28 100 17 2,7 110 15 |27-28| 01 —40..+85 UMAX-10, SO-14 [+
MAX4375T | 1 150 0-28 20 17 27 | 200 15 [27-28] 01 —40..+85 UMAX-10, SO-14 + [+
MAX4375F 1 150 0-28 50 1,7 2,7 120 1,5 2,1-28 0,1 —40...+85 uMAX-10, SO-14 + +
MAX4375H | 1 100 0-28 100 17 2,7 110 15 | 27-28| 01 —40...+85 UMAX-10, SO-14 |+
MAX4376T | 1 150 0-28 20 325 | 6,25 | 2000 5 3-28 | 22 —40..+125 SOT23-5
MAX4376F | 1 150 0-28 50 325 | 6,25 | 1700 5 3-28 | 22 —40..+125 SOT23-5
MAX4376H | 1 150 0-28 100 325 | 625 | 1200 5 3-28 | 22 —40..+125 SOT23-5
MAX437TT | 2 150 0-28 20 325 | 625 | 2000 5 3-28 | 22 —40..+125 S0-8
MAX4377F | 2 150 0-28 50 325 | 6,25 | 1700 5 3-28 | 22 —40..+125 S0-8
MAX437TH | 2 150 0-28 100 325 | 6,25 | 1200 5 3-28 | 22 —40..+125 SO-8
MAX4378T | 4 150 0-28 20 325 | 6,25 | 2000 5 3-28 | 22 —40..+125 TSSOP-14
MAX4378F | 4 150 0-28 50 325 | 6,25 | 1700 5 3-28 | 22 —40..+125 TSSOP-14
MAX4378H | 4 150 0-28 100 325 | 6,25 | 1200 5 3-28 | 22 —40..+125 TSSOP-14

Semtech Corp.

SC310A 150 2,1-25 20 325 | 475 | 2000 60 3-25 1 —40..+125 SOT23-6 +
SC310B 150 2,1-25 50 325 | 475 | 1400 60 3-25 1 —40..+125 SOT23-6 +
SC310C 150 2,7-25 100 325 | 475 | 900 60 3-25 1 —40..+125 SOT23-6 +

Texas Instruments Inc.
INA193 150 ~16...80 20 1 2 500 15 [27-18] 09 —40..+125 SOT23-5
INA194 150 —16...80 50 1 2 300 15 [27-18] 09 —40..+125 SOT23-5
INA195 150 =16...80 100 1 2 200 15 | 2718 09 —40..+125 SOT23-5
INA196 150 —16...80 20 1 2 500 15 | 27-18 | 09 —40..+125 SOT23-5
INA197 150 —16...80 50 1 2 300 15 [27-18] 09 —40..+125 SOT23-5
INA198 150 —16...80 100 1 2 200 15 | 27-18] 09 —40..+125 SOT23-5

Zetex Semiconductor
ZXCT1021 150 2,5-20 10 2 2000 | 15000 | 2,5-20 | 0,035 —40..+85 SOT23-5
ZXCT1022 100 2,5-20 100 3 2000 | 15000 | 2,5-20 | 0,035 —40..+85 SOT23-5
ZXCT1030 500 2,2-VCC 10 3 6000 | 1500 | 2,2-20 | 0,35 —40...+85 MSOP-8 F+
ZXCT1051 300 | 0..(VCC—2) 10 1000 | 3750 | 2,7-20 | 0,07 —40..+125 SOT23-5
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MOD FMMT451 TOKOBOG
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bq2954 220 ZXCT1009 Rep -
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1 _L GND
Puc. 9. Cxema ynpaeneHus 3apsiiHbIM yCTPOMCTBOM Puc. 10. MoH1TOp TOKa B NONOXKNTENBHOM MOJIOCE € NOTEHLMaNbHbIM Bbixogom MAX4372
niepefiady MOHUTOPA «Ha JIETY», YBeJIMYUBasd TOY-
paspsg Rg 3apag,
- O} — HOCTb U3MepeHMs B Hadajie ITTKaJIbl. Hamrare BbI-
BOTA OTKJTIOYEHIISI ]aeT BO3MOKHOCTh 9KOHOMUTD
9HEPTHUIO, KOT/[a HeT HeOOXOIMMOCTH U3MepSITh
TOK. BCTpOeHHBIN NCTOYHUK OTIOPHOTO HATIPS-
3apsaHoe V|N Load Load V|N p p p
R JKEHHUSI CITY)KUT JUISL 3a/IaHuUs 1100 BBIXOJJHOTO
YCTPOWCTBO
+ YPOBHS IByHAIIPaBJICHHOTO MOHUTOPA, IGO0 10~
Harpyaka ZXCT1010 ZXCT1010 = pora cpaGaThIBaH¥si BCTPOEHHBIX WIM BHEIITHUX
KOMIIapaTOpOB.
Muxkpocxema MAX4210 mo3BosisieT OHOBpe-
GND  [lour Vour Vour  [lour |GND p AHOBP
3apAA paspaA MEHHO KOHTPOJIUPOBATH KaK TOK, TaK 1 TOTPe6-
JI5IeMyI0 Harpy3KOi MOIITHOCTB, a MAX4211 co-
TEpIKUT ellle U 1Ba KOMITapaTopa IJIst OpraHu3a-
L LAY IOPOTOBBIX YCTPOMCTB.
Momnwurop toka [A2410 mosxer paboTath 1 Kak

Puc. 11. Cxema KoHTpO/Isi TOKa 3apsifa—pa3psiaa akkymynstopa

BBIXOTOM. OT MOHUTOPOB TOKA C TOKOBBIM BBI-
XOJIOM OHH OTJIMYAIOTCS T€M, YTO COfIepyKaT BHY-
TPEeHHMII pe3ucTop Ry, @ 9aCTh U3 HUX UMeeT
BBIXOTHOM YCUIUTEND, ITO3BOJIAIOIINI YMEHb-
IIXATH BBIXOJIHOE COIIPOTUBJIEHUE [IO €INHUI]
U Jlake 1oJieil oMa. B kauecTBe mpumepa BHYT-
peHHell opranu3anuu Ha puc. 10 mokasas Mo-
HATOp ToKa MAX4372.

ITpu HeOOXOMMMOCTH KOHTPOJIHPOBATH TOK,
KOTOPBII U3MEHSET HalIPAaBJICHKE B 3aBUCHMO-
CTH OT PeKIMa pabOThI CXeMBI, HALIPHMeEP, TOK,
TIPOTEKAIOIITUI Yepe3 PEBEPCUPYEMBIIT 9JIEKTPO-
JBUTaTesIb, WU TOK 3aps/la—pa3psjia akKKyMyJIs-
TOPHOI1 6aTapen, UCIOJIb3YIOTCS IBA MOHUTOPA
Toka. CxeMa MJIsI HOCTIeTHETO CITydast MpuBesie-
Ha Ha puc. 11. 31ech Ka)KIbIit MOHUTOP KOHTPO-
JIPYeT TOK CBOETO HATIpaBJIeHNs. AJTbTePHATHB-
HOE pellleHre — UCII0JIb30BaHUe CIBOEHHOTO
MoHHTOpa ToKa MAX4377 unn nByHanpaBJieH-
Horo (Bidirectional) MoHuTOpa TOKA, CXEMa IpH-
MeHeHUsI KOToporo u3obpakeHa Ha puc. 12.
OmnopHoe HanpsPKeHNe YCTaHABINBAEeT YPOBEHb,
OTHOCHUTEJIbHO KOTOPOTO U3MEHSETCS BBIXOHOE
HanpsbKeHne. BEIXOTHOM CUTHAJI CXeMBbI YBeJIU-
YUBAETCS C POCTOM TOKA IOJIOKUTEIBHOTO Ha-

IIpaBJIeHNs U, COOTBETCTBEHHO, YMEHBIITAeTCS
C POCTOM TOKa OTPUIATETHHOTO HAIPaBICHHSL.
AHATOTHYHBIH pe3yabTaT MOKHO IOTYIUTh
¢ ucronp3oBaHueM aubdepeHInaIbHBIX U HH-
CTPYMEHTATbHBIX YCHIUTENel, TOKIIOIHB BbI-
BoJ REF K MCTOYHUKY OITOPHOT0 HaINpsDKEHUs,
KaK II0Ka3aHO Ha puc. 6.

MOHHTOPBI TOKA MOKHO HCTIONB30BATh U IPH
HaINpspKeHUH NCTOYHUKA ITUTaHUS, TPeBBIIIIa-
I0IIIeM MaKCHMaJIbHOE BXOJHOE CHH(a3HOe Ha-
HpsDKeHHMe, KaK OIMCAHO B TOKyMeHTaIuu [1, 2].
B mocenHeM MOKyMeHTe TIOKa3aHO UCIIOTb30-
BaHHe MUKpocxeMbl MAX4172 ¢ HCTOYHUKOM
nutaHus Hanpspkerunem 100-250 B.

MukpocxeMbl — MOHHTOPBI TOKA C MHHH-
MaJTbHBIM 3HAYeHNEeM BXOXHOTO cHH(a3HOro
HaIIpSDKEHNSI, PAaBHBIM HYJTIO, MOSKHO HCIIOJTb-
30BaTh JIIsI KOHTPOJISA TOKA B OTPUI[ATEIEHOM
momoce Harpysku, a INA193-INA198 — u mis
KOHTPOJISI TOKa B Harpyske, BKJIIOYEHHOM
B IIeTTb HCTOYHHKA OTPUI[ATeTHHOTO HaTIpsIKe-
Husg o —16 B.

HexkoTtopsle 13 MOHUTOPOB TOKa 0OecIieqrBa-
10T JJOTIOJHUTe bHbIe PyHKINH. [Tepexnoyae-
MOe YCrJIeH e TT03BOJISIET MEHSTh KO3 bHIHEHT

JATYHK TEMIIEPATYPBI C IePeKTIOYeHIEM U3 pe-
JKMMa MOHHUTOPA TOKa B PEKUM KOHTPOJIS T€M-
HepaTypbl Hoadeii KOMOMHAIIMY UMITYJIbCOB
na Bxox SHDN.

MoHuTopbi Toka ¢ LLUUM-BbixogoM

[IrpoTHO-UMITYTbCHAST MOTYJISINS BBIXOJ -
HOTO CHTHAJIa IMeeT ITPeUMyIIIeCTBa ITPH COTPsI-
JKeHUU MOHHTOPA TOKA C MEKPOITPOIIECCOPOM.
Xapakrepuctuku Mukpocxem ¢ IIIMM npuse-
ZIieHbI B TabyuIie 5, a IpuMep IPUMEHEHUS MO-
uutopa Toka IR2175 mist koHTpoJIst ToKa dassl
9JIeKTpOIBHUTraTeNss — Ha puc. 13.

CreqryeT yIIOMSIHYTh U IIpaBMJIa BBIOOpPA TO-
KOM3MepHUTeTbHBIX ITYHTOB. EcTecTBeHHO, 4TO
YeM MEHbIIIe COIIPOTUBJICHHE IITYHTa, TeM 00JIb-
Iiee BJIMSTHNE OKa3bIBAeT COMPOTHUBIIEHNE MO~
BOJSIINX IIPOBOAOB. [l TOYHBIX H3MEpPeHNUI
HCIONB3YIOTCS YeTHIPEXBBIBOTHBIC PE3UCTOPHI.

Ecnu 0co6bix Tpe6OBaHMIT K TOYHOCTH He
HIPEIbSIBIISETCS, ITYHT MOKET OBITh BBIITOJTHEH
B BUJIe IOPOKKM Ha IedaTHOH 1raTe. [Tpu atom
OTKJIOHEHNe COIPOTUBIICHHS OT PACIeTHOTO 3HA~
YEeHUS B CEPUH U3MIEIUH MOKET JOCTUraTh £5%),
KpOMe TOTO, TeMITepaTy pHbII K0abuIneHT co-
ITPOTHBJIEHNS MeIM IOCTaTOYHO BeswK. [locmen-
Hee 00CTOATENBCTBO B HEKOTOPBIX CIIydasx He
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Puc. 12. Cxema fByHanpasieHHOro MOHUTOPa ToKa

Tabnuua 5. Monutops! Toka ¢ LLIMM-gbixogom

OyHKuuouaanae
LEELEV

ﬂuana:ou BXOAHOro

HanpsxeHus, MB

A

=
3
T
3
>
=
=
7]
=
<
=

HanpsbkeHue, B

CuHdpasHoe BxogHOe
BXOAHOM TOK,

Monoca nponyckanus
—3 ab, kl'y

MorpewHocTb Ko duLyMeHTa
nepepaun npu +25 °C, %, Makc

€M AuanasoHe
%, MaKc

MorpewHocTb Kot uLyMeHTa
Temneparyp,
HanpsxeHue nutanus, B

nepegauu B pabou

Puc. 14. Cxema u3ameperus nepementHoro toka ¢ LTC1966

u

Tok notpebnennus, MA, Makc
Yacrora BbIxogHOrO
curHana,
Pab6ouuii gnanasoH

Temneparyp, °C

International Rectifier
IR2175 | High-Side | £260 | 0-600 | [ 15 7 5 ] [95-20] 25 [100—180«lu [ —40..+125 | PDIP-8, SO-8
National Semiconductor
LM3812M-1.0 | High-Side 2-525| *1 2 4 2-5,25| 0,16 12,525 —40...+125 S0-8
LM3812M-7.0 | High-Side 2-525| %7 2 4 2-525| 0,16 12,5-25 —40...+125 S0-8
LM3813M-1.0 | Low-Side 2-525| £1 2 4 2-5,25| 0,16 12,5-25 —40...+125 S0-8
LM3813M-7.0 | Low-Side 2-525 | +7 2 4 2-5,25| 0,16 12,5-25 —40...+125 S0-8
LM3814M-1.0 | High-Side 2-525| %1 35 55 2-5,25| 0,16 100-250 —40...+125 S0-8
LM3814M-7.0 | High-Side 2-525 | +7 6 8,5 2-5,25| 0,16 100-250 —40...+125 S0-8
LM3815M-1.0 | Low-Side 2-525| *1 35 55 2-525| 0,16 100—250 —40...+125 S0-8
LM3815M-7.0 | Low-Side 2-525| %7 6 8,5 2-525| 0,16 100—250 —40...+125 S0-8
LM3822M-1.0 | High-Side 2-525| *1 2 4 2-5,25| 0,15 12,5-25 —40...+85 MSOP-8
LM3822M-2.0 | High-Side 2-525| %2 2 4 2-525| 0,15 12,5-25 —40...+85 MSOP-8
LM3824M-1.0 | High-Side 2-525| *1 3 5 2-5,25| 0,15 100—250 —40...+85 MSOP-8
LM3824M-2.0 | High-Side 2-525| %2 6 8 2-525| 0,15 100—250 —40...+85 MSOP-8
N
Voo =t no 600 B
MK IR2175
15B Ve V4
PWM Bbixog, R

GPO PO v S | Kdase

GP1 neperpyskal e st 1 3NeKTpoMoTOpa

Vss COM Vg _.._—,_ ZS

_|

Puc. 13. Cxema konTpossi Toka ¢ IR2175

Tabnuua 6. MrkpocxeMbl A5l U3MEPeHKs NnepemMeHHOro Toka

LTC1966

MakcumanbHas

HanpseHus, B

MakcumanbHbii

Ko3ppuureHT
¢opMbl BXOAHOTO

Hanpsa)XeHusa

MorpewHoctb
Ko3duumeHTa
nepepaun
npu +25°C, %,
Makc

0,3(50 My...1 &lw)

MorpewHoctb
KoapdpuumeHTa

0,4 (50 My...1klw)

nepepaun
B pabouem
AWanasoHe
TeMneparyp,
%, MaKc

Monoca nponyckaHus
(=0,1%), k'
%3 Monoca nponyckanus

Hanpsxenue
nutanus, B
Tok norpebnenns,
MKA, Makc

Pa6ouuit guanasoH
Temneparyp, ‘C

LTC1967

°
4
S
I
=4
)
3
o
©
=
=
=
S
c
=
©
1

1

4
4

| 03(50Tu...5¢Tu) [ 0,4(50Tu..5¢Mu) |

40|

4000 | 45-55 |

390

+85 | MSOP-8 |
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SBIsIeTCsE KpuTHIHbIM. Hanpumep, Mukpocxe-
M1 ZXCT1008-ZXCT1010 nmeroT oTpuIiaTe b=
HBII TeMIepaTypHsIi apeiid xoadduimenta
TIepejadn B IIOJIOKUTEIBHOM JIHAITa30HE TeMIIe-
paryp, 4TO B HEKOTOPOI CTEIIeHN KOMIICHCHPY -
€T ITOJIOKUTETHHBII TeMIIepaTy pHbI K0ahdu-
IWEHT CONMPOTHBIICHUS MEJIN.

MamepeHue nepeMeHHOro Toka

Linear Technology mpon3BonuT MUKpOCXEMBI
HPEIU3HOHHbIX PeoOpasoBaTesIeil CpeHeKBa-
IPaTUYHOTO 3HAYEHM TePeMEHHOTO HATIPsIKe-
HuA B nocrossHHoe — LTC1966 u LTC1967, xa-
PAaKTePICTHKA KOTOPBIX IPHUBE/ICHBI B TabIHIIE 6.
Koaddunument mepenain MEKpOCXeM OIpefe-
asteTcst popMyIIoit

Vour— VOUT_RTN = (VINz -V )2-

Ha puc. 14 usobpaxkeHa cxema BKJIIOYEHHS
LTC1966 nis n3amepeHus mepeMeHHOTO TOKa
C ICIIOJIb30BaHUeM TPaHCPOPMATOpa TOKA.

DobIIoe KOTHMIecTBO MPAKTHIECKHIX CXeM
KOHTPOJISL U PETYTUPOBAHMUS TOKA IIPUMEHEHNS
MHKPOCXeM-MOHHUTOPOB TOKA IIPHBEJEHO B JI0-
KyMeHTax [3, 4].

CyIIecTBYIOT | IPYTHe MUKPOCXEMBI JTaTIH-~
KOB TOKA, OCHOBAHHBIE Ha MCIIOIb30BAHNH 9~
(exra XoJUTa H «THTAHTCKOT0» MarHUTOPE3UC-
TuBHOTO 3¢ dekra. OHM IPUMEHSIOTCS LSt Gec-
KOHTaKTHOTO M3MepPeHHs ToKa. TeM He MeHee,
PaccCMOTpeHHe MX XapaKTePHUCTHK M IIPUMeHe-
HIS BBIXO/IUT 3a PAMKH JJAHHOH CTaThH. |
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