LNDOPOBbIE
NMNOTEHUWMOMETPHI




B rnocnegHee BpeMsi BCE pexXe IMPpUXOANTCS BUAETb Ha Maatax euje HeAaBHO [PUBbIYHbIE
rMoACTPOEYHbIE 3/IEMEHThI. bBONbLIAS 4acTb PEryiMpoBOK B [POLIECCE [POU3BOACTBA MW Mpy
06C/Iy)XnBaHMU annaparypbl BO3/araeTcs Ha MUKPOIpPOLECCOopbi. Takod noaxoa WMEET 04YeBUAHbIE
npeumyLLecTBa, a peain3oBaTb ero rnoMorarT UMppoBbie MOTEHLUNOMETPHI.

YXe cuumTaeTtcs AypHbIM TOHOM YyCTaHaBnMBaTb B annapaTypy Kakue-inbo MexaHudeckue
noAcTpoeyHble 3neMeHTbl. [IpuYnH 3TOMY Heckonbko: 6onblive 3aTpaTbl Ha py4YHOM npouecc
perynmpoBKU, HU3Kasd TOYHOCTb PEerysimpoBKW, HEBbICOKasd HaAeXHOCTb MOACTPOEYHbIX 3N1EMEHTOB. B
CBS3W C TeM, YTO COBpeMeHHas annapaTtypa CTaHOBUTCA BCe 6osiee «yMHOW», MHOrMe MOACTpOeYHble
3N1€MEHTbl MOXHO MPOCTO UCK/OUUTb, NEPeNoXMB HYXHble KannbpoBKKM Ha nneym Mmkponpoueccopa.
[encTBuTeNbHO, KaKOW CMbIC/, HanpuMmep, CTaBUTb perynsTop cMmeweHumsa Hyns nepeg AUM, ecnn ato
CMeLleHNEe MOXHO BblYeCTb MPOrpaMMHO? TONbKO HYXHO NM03aboTUTbCS O AOCTAaTOYHOM AMHAMUYECKOM
AvanasoHe, 4Tob6bl ga)xke B XyalweM cny4dae um3-3a pasbpoca napaMeTpoB 3/1EMEHTOB B TpaKTe He
BO3HMKNA neperpy3ka. OgHako B psage cnydaes 6e3 noactpoek He 060MTUCH M MPUXOAUTCA UCKATb
3aMeHy MeXaHWYeCKUM MepeMeHHbIM pe3nctopaM. Ecnu perynmpoBka OCYLLECTBNSETCS MOCTOSAHHbIM
Hanpsi>)XeHMeM, TO BCE MPOCTO — €€ CMOXEeT ocywecTtBuTb tbon LAIM. BbinyckatoTca cneuuvanbHo
npegHasHadeHHble Ana Takux uenen LAlMbI, nMeowme HEBbLICOKYIO TOYHOCTb M 60MbLIOE KOSIMYECTBO
KaHanos B kopnyce. [puMMepoOM MOXET CNyXuTb 8-KaHanbHbii LIAMT AD7808. Ho kak 6biTb, Koraa
TpebyeTca perynmpoBka MepeMeHHOro curHana? YacTMyHO BbIXOAOM M3 MOJSIOXKEHUS SBASETCH
npuMeHeHmne ymHoxawuwero LAIN. Ewé B gaBHME BpeMeHa MHOorme oTe4vyecTBeHHble pa3paboTumkun
npumeHsnu ymHoxawwmin LAMN K572MA1 (oH xe AD7520) aAna nocTpoeHusi aTTeHKaTopoB CurHana v
JaXxe ymMyapsnmcb CTpOUTb Ha HEM nepecTpamBauMble Mo yactote GunbTpbl. XoTa 310T LAIM 1 MOXHO
6bI/10 BK/OYUTL KakK MOTEHLMOMETP, OAHaKO M3-3a OCOBEHHOCTEM ero CXEeMOTEXHMKWU CyLLeCTBOBasno
OorpaHunyeHne — oAnH U3 BbIBOAOB A0/XeH 6biTb 0693aTeNnbHO 3a3eM/1eH, @ Ha APYroi MOXHO nogasaTb
VWb OTHOCUTENbHO Hebonbloe HanpsiXXeHue, WHade yxyAwanacb JMHENHOCTb. s nonyyeHus
MOSIHOLLEHHOW 3aMeHbl MEePEMEHHOro pesncrtopa MoXHo B3aTb KMOIT MynbTUNAEKCOp U NMOAKAKUYUTL K
HEMY LEMNOYKY MOCTOSIHHbIX pe3uMcTopoB. Takoi undposon noteHumometp (UM) 6yner umeTb Tpu
OTAeNbHbIX BbIBOAA, HA KOTOPble MOXHO NoAaBaTth /tobble NOCTOSHHbIE UM NEPEMEHHbIE HanpsXXeHWs B
AONYCTUMbIX A1 3/IEKTPOHHbLIX KOYen npepenax. B HacTosuwee BpeMs HeT Heo6XoAMMOCTW AenaTb
camogenbHble LM, Tak Kak BbiNnyckaeTcs 605bluoe KONMYECTBO FOTOBbIX, MPaKTUYECKM Ha BCe crydau
XKUBHW.

Yro Takoe undpoBoi noreHumomerp (LM)?

YeTtkon rpaHmn mexay UAM-om mn UM HeT. UM gaxe mHorga HasbiBaloT trimDAC, T.e. LAl ans
noAacTporikn. Moxanyn, rnaBHas oTaMuuTenbHas ocobeHHocTb LM — 310 TO, 4TO OH MMeeT 3 BbiBOAA
nepeMeHHoro pesucropa (puc. 1), KOTOpble MOXHO COBeplieHHO cB060AHO noaKAl4aTb K NobbiM
noteHumasnam, NOCTOAHHLIM WU MEPEMEHHbLIM, N1LWb
6bl OHM He BbIXOAWIW 3@ npeaenbl HanpsXXeHus
L nuTaHmsa. BTopoe oTanuMe 3aks4aeTcs B LWKWHe
DA L H ynpaenenus. O6biuHble LIAM AOBOMBHO 4acTO MMeIT

:C NOTVIKA napannenbHyl  WKWHY, KoTopas  obecneumBaeTt
SCL MakcuMmanbHoe b6bicTpogencrteme. Ana UM He
L TpebyeTcs BbICOKOro 6bICTPOAENCTBUSA, MNO3TOMY
NPUMEHSTb FPOMO3AKYHO MapanesibHyl LWUHY 6bino
, 6bl rnyno. Moagasnsawwee 6obwunHcTBO LM unMeer
| j nocsnefnoBaTeNibHYIO WKWHY yrnpasneHusa. Yalwie Bcero
NPUMEHSAIOTCS TPU TUNA WKWH ynpasneHus: SPI, 1°C u
L UDC. HekoTopble npousBoaguMTeNnn He YyKasbiBaloT
BHO, 4TO0 LI mnMeeT MMeHHO wWuHY SPl wmnnun 1°C,
Ha3blBas WMWHbI KaK 3-wire U 2-wire COOTBETCTBEHHO.
Yacto npubopbl € LWIMHOM I°C  HasbliBalOT
agpecyeMbiMM. Ha camMoM pene COBMECTUMOCTb C
COOTBETCTBYOLWMMU WHaMun 06bI4HO
obecneumBaeTcs, XxOTs MorytT OblITb HeKOTOpble
0COHBEHHOCTN, KOTOpble ONMMCaHbl B UPMeHHOW AokyMmeHTaumu. OTAenbHO c/leanyeT OCTAaHOBUTbCS Ha
nHTepderice UDC (Up/Down Control). 3ToT nHTepdeic asnsetcs cneundundeckuMm n npegHasHadveH ans
py4yHoro ynpasneHusa LN c nomowbto KHonok. MHTepdeic nmeet 3 curHana: CS — BbI6op yCTpoiicTBa,
INC — wuHKpeMeHT u UP/DN — curHan HanpasneHusa. [Ona peryinpoBKM TakKoro noTeHumoMeTpa
HeobxogmMo BbibpaTb ero curHanom CS, nogaTtb curHan HanpaeneHumss UP/DN u 3aTeM OCyLWeCcTBUTb
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HY>XHOEe KO/M4YeCcTBO Waros, nogasas WMMNysbCbl Ha INC. BbiBaloT U ucknwyeHud, Hanpumep, UMM
DS1866 nMeeT napannenbHyo WUHY, a DS2890 — 04HOMPOBOAHYIO.

3auem LM sHeproHezaBucMMman NnamMaTb?

Ob6bluHble NepeMeHHble pPe3nCTopbl NOCe peryiMpoBKU COXPaHSAT cBOe nonoxeHue. C UM Bcé
CNOXHee: A0CTAaTOYHO BbIKAKYUTL NMUTaHME, KaK OH «3abbiBaeT» cBoe mnosoxeHue. MNpu cneayrowem
BK/IIOYEHUN nuTaHua LI yctaHaBnmMBaeTcsa B onpeaeneHHoe HayaslbHOe MOJSIoXKEeHUe, KOTopoe 3aBuUCUT
ot Tmna UM. Ecnn B cucteme ecTtb MMKponpoLueccop, To HeT npobnemM: nocsie BKAKYEHUS NUTAHUS OH
Cpa3y MOXeT 3arpy3uTb HY>XHble KOAbl, BOCCTaHOBMB nonoxeHue LM, HangeHHoe npu perynuposBke. A
ecninm UM ycraHoBneH B wu34enuMu, He WMEKLWEeM MUKponpoueccopa WM €ero BMeLwaTesibCTBO
HeXenaTenbHo? [N Takux uenen BbinyckaeTca psa Tvnos LM co BCTpOEHHOW 3HeproHe3aBMCUMOM
namsaTblo. [JOCTaTOYHO OAMH pa3 HacTpouTb Takok LM (KHomKamm mam € NOMOLWbI MMUKporpoueccopa),
KaKk OH 3arnoMMHaeT nMoJIOXKEHME W BOCCTaHaBNMBAET €ro npu BKOYEHUW MUTaHUA. Takue
noTeHUMoMeTpbl BbinyckaeT pupMa DALLAS (unu yxe MAXIM?) nog ¢duvpMeHHbIM Ha3BaHMeM Dallastat,
a upmbl Xicor, Catalyst u Vishay npocto He genatoT LM 6e3 BCTpOEHHOW 3HEeproHe3aBMCUMON NaMsTw.
Mpuuem y HekoTopbiX LM 3Tux duMpM MOXET 3anoMMHaTbCS He OAHO MOMOXEHWE, @ HECKOJSIbKO (4acTo
yeTbIpe), YTO MO3BOJISIET peann3oBbIBaTh pas/iMyHbIe NpeayCTaHOBKKU, HarpuMep, 479 pa3HblX PEXUMOB
paboTbl. HekoTtopble LI MMET BCTPOEHHYO SHEProHe3aBUCMMYyto NamsaTb 60abworo obvema, KOTOpyto
MOXHO MCMONb30BaTb AN NOCTOPOHHMX Lenen. Hanpumep, LN DS1845/46 nMmeloT namaTb 06bemMoM 256
6anT.

AoctomHcTBa UM
Mo cpaBHEHUIO C 0O6bIYHBIMM NEPEMEHHbIMU pe3ncTtopamn LM nmerT psg npemmyLLecTB:

OTCYTCTBME NOABUXKHbBIX MEXaHNYECKNX YacTen

BbICOKAA HaAeXHOCTb

HeT YyBCTBUTENbHOCTM K BUBpaumnsm

HeT NpobsieM C KOHTAKTOM Npu paboTe Ha MasbixX TOKax

He TpebyeTcs peryMpoBOYHbIX OTBEPCTUIN ANS OTBEPTKM

ObICTPbIN NMPOLLECC HAaCTPOMNKMU

BbICOKadA TOYHOCTb perysinpoBKu

KakKk M ans 0b6blYHbIX PEe3UCTOPOB, Hayas bHOE MOJI0XEHWE MOXET OblTb 3arpy>XXeHo us3

EEPROM np BKAKOYEHUN NUTAHUSA

HECKOJIbKO YCTPOMCTB B O4HOM KOPMyce C OTHOCUTENbHbIM OTK/IOHEHMEM MeHee 1%

e KOpnyca MuKpocxeM 6onee KOMMaKTHbl, 4YeM Kopryca MNOACTPOEYHbIX pPe3nCTOpOB.
Hanpumep, UMM BbinyckaoTcsa B Koprycax uSOIC n SOT-23, 4TO No3BOJASET UCNONb30BaTb
nx B PCMCIA-KapTax v B ApPYrMX KPUTUYHbIX K 06beMY NPUNOXKEHUSX.

e CTOMMOCTb UMPPOBbLIX NOTEHLMOMETPOB MEHbLUEe CTOMMOCTM KauyeCTBEHHbIX MepeMeHHbIX

pe3ncTopos

MapameTpsbl LN

BaxHenwunm napametpoMm LI gBnseTca KOANMYECTBO KOMMYTMPYEMbIX OTBOAOB MNEpPEMEHHOro
pe3nctopa (KOMMYECTBO WAros). DTOT MapaMeTp onpenensieT AUCKPETHOCTb peryinpoBku. OB6bIYHO
KOSIMYECTBO LIAroB SBNSAETCS CTeneHbto 4ymcna 2, Ho 6biBatoT UM u ¢ ApyrMM KONM4YeCcTBOM LIAros,
Hanpumep, 100. Hanbonee pacnpoctpaHeHbl UM ¢ konnyectBoM waroB oT 32 ao 256. Ewe oaHum
BaXXHbIM napaMeTpoM LM, BnpoyeM, Kak M O6bIYHOrO MNEPEMEHHOr0 pe3ucTopa, SBASETCS MNOJSIHoE
conpoTtuBneHmne. Hanbonee pacnpoctpaHeHbl LM ¢ noaHbiM conpoTtmeneHnem 10, 50 n 100 Kom. Cpeau
apyrmx napameTtpoB LI HY>XHO OTMETUTb MaKCMMasbHOE Hanpsh)XeHMe Ha BblBOAAX MNEepPeMeHHOro
pPeE3NCTOPA, CONPOTUBNIEHNE KLLETKU>, MaKCUMasibHbIN ﬂOHYCTMMbIIZ TOK, MaKCuMalJibHad paccemBanMas
MOLWHOCTb, LWYM, HEIWHENHOCTb M TeMmnepaTypHbii KO3MPUUMEHT. 3Ha4yeHus STUX MnapaMeTpoB Y
pa3sHbix TMnNos LM MOryt cywecrBeHHO OTAM4YaTbCs, MOAPOOHOCTM MOXHO HaWTn B (UPMEHHOM
OOKyMeHTaLuuu.

KpaTkuin cnmcok Hanbonee pacnpocTtpaHeHHbix UM n nx napamerpos npuBeaeH B Tabnuue 1.



Tabnuua 1.

T™N KONN- KO- ™n Hanuyne [0MYyCTUMBIWA conpoTuBne-Hue, uucno 0co6eHHOCTH
yecTBo 4yecTBoO nHTepdeiica EEPROM AnanasoH KOM BbIBOJOB
waros npu6o- HanpshkeHni
poB B Ha BblBOAAX,
Kopnyce B

Dallas
DS1267 256 2 3-wire - +5 10,50,100 14,16,20
DS1666 128 1 uUDC - +5 10,50,100 14,16 HENIMHENHbIV perynsTop rpoMKoCTM
DS1667 256 2 3-wire - +5 10,50,100 20 BCTPOEHbI 2 OnepaLuoHHbIX yCUanTens
DS1668 64 1 ubC + +8 10,50,100 6 Dallastat, UMeeT KHOMKY
DS1669 64 1 uUbDC + +8 10,50,100 8 Dallastat
DS1800 128 2 3-wire - +5 53 20 norapupmmnyeckmnii +20dB..-63dB
DS1801 64 2 3-wire - +5 45 14,16 norapugmmyeckmnin 0dB..-63dB
DS1802 64 2 3-wire - +5 45 20 TO Xe, NAKC yrnpasieHne KHoNnKamm
DS1803 256 2 1°C - +5 10,50,100 14,16
DS1804 100 1 ubDC + +5 10,50,100 8
DS1806 64 6 3-wire - +5 10,50,100 20
DS1807 64 2 1°C - +5 45 14,16 norapvdmmyeckmin 1dB/war
DS1809 64 1 ubDC + +5 10,50,100 8 Dallastat
DS1844 64 4 12C,5-wire - +5 10,50,100 20
DS1845 100+256 2 1°C + +5 10+10,50,100 14 256 6aiT EEPROM
DS1846 100+256 3 1°C + +5 10+100 20 256 6aiT EEPROM
DS1847 256 2 1°C + +5 10+50 14
DS1848 256 2 1°C + +5 10+50 14 128 6anT EEPROM
DS1866 8 1 P3 - +5 10 8 norapudmmyeckmnin 5dB/war
DS1867 256 2 3-wire + +5 10,50,100 14,16,20 Dallastat
DS1868 256 2 3-wire - +5, £3 10,50,100 14,16,20
DS1869 64 1 ubC + +8, ¥4 10,50,100 8 Dallastat
DS2890 256 1 1-wire - +11 100 3,6 64-6UTHbIV CEPUIHbIN HOMEp
Maxim
MAX5160 32 1 SPI - +5 50,100,200 6 Kopnyc SOT-23-6
MAX5161 32 1 SPI - +5 50,100,200 8
MAX5403 256 2 SPI - +5 10 10
MAX5404 256 2 SPI - +5 50 10
MAX5405 256 2 SPI - +5 100 10
MAX5413 256 2 SPI - +5 10 14 HU3KWUI TeMnepaTypHbIii KO3 PULNEHT
MAX5414 256 2 SPI - +5 50 14 HU3KWUIA TeMnepaTypHblii KO3 PULNEHT
MAX5415 256 2 SPI - +5 100 14 HU3KWUI TemMnepaTypHbIi KO3hPULNEHT
Microchip
MCP41XXX | 256 [ 1 [ SPI [ - [ +5 | 10,50,100 [ 8 [
MCP42XXX | 256 [ 2 [ SPI [ - [ +5 | 10,50,100 [ 14 [
Analog Devices
AD5200 256 1 SPI - +5, £3 10,50 10
AD5201 32 1 SPI - +5 10,50 10
AD5203 64 4 SPI - +5 10,100 24
AD5204 256 4 SPI - +5, £3 10,50,100 24
AD5206 256 6 SPI - +5, £3 10,50,100 24
AD5207 256 2 SPI - +5, £3 10,50,100 14
AD5220 128 1 ubC - +5 10,50,100 8
AD5222 128 2 uDC - +5, +3 10,50,100,1M 14
AD5231 1024 4 SPI + +5, £3 10,50,100 16
AD5232 256 2 SPI + +5, £3 10,50,100 16
AD5233 64 4 SPI + +5, £3 10,50,100 24
AD5235 1024 2 SPI + +5, +3 25,250 16
AD5241 256 1 1°C - +5, £3 10,50,100 14
AD5242 256 2 1°C - +5, £3 10,50,100 14
AD5260 256 1 SPI - +15, £5 20,50,200 14
AD5262 256 2 SPI - +15, 5 20,50,200 16
AD7376 128 1 SPI - +28, +15 10,50,100,1M 14
AD8400 256 1 SPI - +5 1,10,50,100 8
AD8402 256 2 SPI - +5 1,10,50,100 14
AD8403 256 4 SPI - +5 1,10,50,100 24
AD7111 256 1 P8 - - - 16 17-bit LOGDAC 0.375dB/war
AD7112 256 2 P8 - - - 20 17-bit LOGDAC 0.375dB/war
Crystal
CS3310 [ 256 [ 2 [ 3-wire [ - [ +3.75 [ - [ 16 [ 0.5dB/war, 0.001% THD+N
Xicor
X9015 32 1 ubDC + +5 10 8
X9110 1024 1 SPI + +5, 5 100 14
X9111 1024 1 SPI + +5 100 14
X9116 16 1 ubC + +5 10 20
X9118 1024 1 1°C + +5, £5 100 14
X9119 1024 1 1°C + +5 100 14
X9221 64 2 1°C + +5 2,10,50 20
X9241 64 4 12C + +5 2,10,50 20
X9250 256 4 SPI + +5, 15 50,100 24
X9251 256 4 SPI + +5 50,100 24
X9258 256 4 1°C + +5, 15 50,100 24
X9259 256 4 1°C + +5 50,100 24
X9260 256 2 SPI + +5, 5 50,100 24
X9261 256 2 SPI + +5 50,100 24
X9268 256 2 12C + +5, 45 50,100 24
X9269 256 2 1°C + +5 50,100 24
X9271 256 1 SPI + +5 50,100 14
X9279 256 1 1°C + +5 50,100 14
X9312 100 1 ubDC + +15 10,50,100 8
X9313 32 1 ubC + +5 1,10,50,100 8
X9314 32 1 ubDC + +5 10 14 LOG
X9315 32 1 ubC + +5 10,50,100 8
X9317 100 1 UDC + +5 10,50 8




X9400 64 4 SPI + +5, 5 2.5,10 24

X9401 64 4 SPI + +5 10 24

X9408 64 4 1°C + +5, 5 2.5,10 24

X9409 64 4 12C + +5 10 24

X9410 64 2 SPI + +5, 5 2.5,10 24

X9418 64 2 1°C + +5, 15 2.5,10 24

X9420 64 1 SPI + +5, £5 2.5,10 14

X9421 64 1 SPI + +5 2.5,10 14

X9428 64 1 1°C + +5, 5 2.5,10 16

X9429 64 1 1°C + +5 2.5,10 14

X9430 64 2 SPI + +5, 15 10 24 2 BCTPOEHHbIX OY
X9438 64 2 1°C + +5, 15 10 24 2 BCTPOEHHbIX OY
X9440 64 2 SPI + +5, 5 10 24 2 BCTPOEHHbIX KOMNapaTtopa
X9448 64 2 1°C + +5, 15 10 24 2 BCTPOEHHbIX KOMMNapaTtopa
X9511 32 1 ubC + +5 10 8

X9C102 100 1 ubDC + +5 1 8

X9C103 100 1 uUbDC + +5 10 8

X9C104 100 1 ubC + +5 100 8

X9C303 100 1 uUbDC + +5 32 8 LOG

X9C503 100 1 uUbDC + +5 50 8

Catalyst

CAT5112 32 1 ubcC + +5 10,100 8 BCTPOEHHbIN OY
CAT5114 32 1 ubC + +5 10,100 8

CAT521 256 1 3-wire + +5 28 14 BCTPOEHHbIN OY
CAT522 256 2 3-wire + +5 28 14 2 BCTpPOEeHHbIX OY
CAT524 256 4 3-wire + +5 7 14 4 BCTPOEHHbIX OY
CAT525 256 4 3-wire + +5 28 20 4 BCTPOEHHbIX OY
Vishay

VDP221 64 2 1°C + +5, 15 2,10,50 20

VDP241 64 4 1°C + +5, 5 2,10,50 20

VDP312 100 1 ubC + +15 10,50,100 8

VDP313 32 1 ubDC + +5, 15 1,10,50,100 8

VDP314 32 1 ubDC + +5, 15 10 14 LOG

VDP315 32 1 uUbC + +5, 5 10,50,100 8

VDP316 32 1 uUbDC + +5, 15 10 8

VDP400 64 4 SPI + +5, 5 2.5,10 24

VDP408 64 4 SPI + +5, 5 2.5,10 24

VDP410 64 2 SPI + +5, 15 2.5,10 24

VDP418 64 2 SPI + +5, 5 2.5,10 24

VDP420 64 1 SPI + +5, 15 2.5,10 14

VDP428 64 1 12C + +5, 45 2.5,10 16

VDP511 32 1 uUbDC + +5, 5 10 8 yrnpasieHne KHoMKamu
VDP514 32 1 UDC + +5, £5 10 8 yrpassieHne KkHonkamu, LOG

N HepocTaTKMm...

CyLWecTBYIOT HEKOTOpble OTAMYUA LUUDPOBbLIX MNOTEHLMOMETPOB OT O06bIYHbIX MeXaHUYeCcKux
nepeMeHHbIX pPe3NCTOPOB, KOTOPbIE HaKNaAbIBalOT OrPaHUUYEHUs Ha UX NpUMEHeHWe U B 60JbLUMHCTBE
CNy4yaeB ABASANTCS HeAoCTaTKaMu.

AvanasoH AoONYyCTUMbIX HaNps>XeHU Ha BbiBoAaX

Moxanyn, camoe rnaBHoOe OTNM4YME 3akswdaetrcs B ToMm, 4yto LM Henb3s BkAoYaTb B LEMb,
noTeHUMan KOTOPOM BbIXOAWT 3a Npeaenbl AOMNYCTMMOro HarmpshkeHUs Ha BblBOAAX MepeMeHHOoro
pe3ucTopa. Yalle Bcero 3To Hanps>XXeHue He AOJIKHO BbIXOAUTbL 3a rnpeaenbl HanpsXeHus nutaHug UI.
Ona  MHormx LI gonycTMMbIG AnManasoH HanpsiXXeHun nutaHusa paseH 0..+5B, noatoMy u
ucrnosnb3oBatbcs Takue UM MoOryT nvwb B uUendx C TakMMuM noTeHuuanamu. HekoTtopble Tunbl LM
AOMyCKalT HanpsihkeHue Ha BbiBOAAX MEPEeMEHHOro pesuctopa 6osbliee, 4eM HanpsXeHne nuTaHus.
Hanpumep, X9312 npu nutaHum +5B pgonyckaeTt HanpsxeHuwe Ao +15B. HexkoTtopble LI mMoryT nmeTtb
OBYXMONApHOe nuTaHue +5B, n 310 pacwupser cdhepy UX NPUMEHEHUS Ha CXEMbl C ABYXMNOSSPHbIM
nuTaHneMm. B TO e BpeMs B U3MepuTeNbHOW annapaType 4acTo NpUMEHSIeTCs Hanpsi)XeHue nuTaHus
+15B, uto 3aTpyaHsdeTr npuMmeHeHue Tam bonbwuHcTBa LIM. Takoe noBeaeHne npowussogutenen LM
noaumHaeTcs oblwen TeHAeHUMM nepexoda Ha HU3KOoe HanpshXeHune nNuTaHus, +5B unun gaxe +3B. XoTa
eCTb U WUCKN4YeHuns, Hanpumep AD7376, KOTOPbIA paboTaeT Mpu Hanps)KeHUsaxX nuTaHus +15B. B
npuHWNe, ABYXMNOMSPHOE NUTaHWe MOXHO nogatb Ha nwbon LM, HO Toraa HyxxHo 6yaeT noaasaTb
undpoBble YynpasnslLWMe CUrHasabl HE OTHOCUTENbHO 3€eM/IM, a OTHOCUTENIbHO OTpULATEIbHOro
HanpshkeHus nuTaHms. Takux Heyno6CcTB no3sonsaT nlbexartb LM, cneunanbHO npegHa3HayeHHble Ans
paboTbl Npu ABYXMNOASPHOM MUTAHMM N MMEKOLIME CneurasbHbIi BbiBOA OTPULATENbHOrO Hanps>XeHus
MUTaHus.

AMNINTYAHO-YAaCTOTHAasA XapaKTepucTmkKa

N3-3a Hannuusa napasuTHbiX eMkocTen AYX aenutens, Kotopbin obpasoBaH LM, nMeeT cnaa Ha
BbICOKMX 4acToTax. DKBMBaseHTHasd cxema UM nokasaHa Ha puc. 2, oTKyda BuaHO, uyTto LM
npeactaensetr cobon ®HY, yacTtoTa cpesa KOTOPOro 3aBUCUT, B YAaCTHOCTU, OT MOJSIOXKEHUSA. 3HAYEHMUS
€MKOCTEN Ha pUCYHKEe yKa3aHbl OPUEHTUPOBOYHO, OHM 3aBUCAT OT Tvna Ul u oT nonoxeHus. B 1o xe
BPEMSI 3HA4YeHMS Napas3uTHbIX €MKOCTEN MpPaKTUYECKM He 3aBUCSAT OT HOMMUHASIbHOrO COMpPOTUB/EHMUS



UM. Mostomy Tam, rae TpebyeTtcsa
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Lwnpokas nosoca nponycKaHms,
cnenyet npuMmeHatb UM ¢ Bo3MOXHO
ow MEHbLIMM COMPOTMBIEHNEM, KOTOpPbIE

== nmetoT 6onee BbICOKYK  4acToTy
1;109 1;259 ilo" cpesa. [pubnmsauTenbsHo  4aToTa
cpesa ansa UM conpoTtmeneHnem 100K

paBHa 100kly4, 50K — 200kI4, 10K —
Puc. 2. 3kBnBaneHTHas okono IMru (puc. 3). HyxHo
cxema L. OTMETUTD, yTo y 06bIYHbIX
MoACTPOEYHbIX pe3ncTopoB
napasuTHble eMKOCTW KakK npaBusio
3HaunTesibHO MeHblne. CyLecTBYIOT CXEMOTEXHUYECKME METOAbI,
Nno3BOMISAIOWME YMEHbLWUTb BAUSHME NapasuTHbIX emkocten LITM.
OanH 13 TakuxX MEeToAOB OMUCAH HWXE B MpuMepax NpuUMeHeHUs

L.

ConpoTuBNieHNE «<LWEeTKN>>
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Puc. 3. A4X LM AD8400.

Ewé oaHo oTnnume UM oT 06blyHbIX NepeMeHHbIX PEe3UCTOPOB 3aKJlo4YaeTCs B HECKOJIbKO
60nblIeM CONPOTUBAEHUN B KpanHeM MONOXKEHUN (COMPOTUBAEHMNE «LIETKM» NEPEMEHHOro pe3ncropa).
Ons 06bIYHOro NepeMeHHOro pe3ncTopa 3To CONPOTUBIIEHME MOXET COCTaBNATb AecsATble Aoan oMa. [Ans

10-kunoomHoro Ul  conpoTuBnieHMe  «LWETKU»  COCTaBnseTr
150 nopsgka 50 - 100 oM. 3To conpoTtuBieHne o6pas3oBaHo
S 140 CONpPOTUB/IEHMEM KaHana OTKPbITOrO MOAEBOro TpaH3UCTopa u
S o | v o3y \ MMeeT TaKoe Xe noBedeHMe, Kak U Roy Y MuKpocxem
e [ 3NEKTPOHHbIX  katoven. ConpoTUBNEHME  KaHana  3aMeTHOo
flzo 7 BO3pacTaeT Npu MOHWUXEHUWN HanpshxeHns nNutaHusa. Kpome Toro,
%uo OHO 3aBMCUT OT HanpsXXeHWe Ha «J0POXKe» MNOTEeHUMOMETpa
g /TN OTHOCUTENbHO 0bwero npoeoda («MWHYCa» WCTOYHWUKA MNUTAHUS
= Vo= 5V __
6 100 [—A oo™ O Uur. 3t1or 3ddekt 0cobeHHO 3aMeTeH nNpu  MNOHUXEHHOM
§9o Pz HanpskeHnn  nuTanma  (puc. 4). 2Dddekt  moaynsiunm
COMNpPOTUBNEHMUS KaHana ABMAETCs OCHOBHOM MPUYMHON
80 BO3HMKHOBEHUS HEJIMHENHbIX MWCKAXXEeHUA Mpu  MNPOXOXAEHUN
0 05 1.0 15 2.0 25 3.0 35 4.0 45 5.0 o o
HATIPSDKEHVE HA “LETKE” (8) CUrHana 4epes 3/eKTPOHHbIA KA4Y. AHanoru4yHbli  addekt
Habnwogaetca n B UM. ns ero MMHMMauMn Hy>xHo paboTaTb npwu
Puc. 4. 3aBUCMMOCTb COMPOTUBNIEHUS BO3MOXHO 60onblUEM HanNpsXXeHUU NuTaHmsa n obecrneunmBaTtb Takoe
LWETKM™ OT HaNpsKeHNA. BkntoyeHne LM, korga cuHdasHas cocTaBisiowlas curHasa Ha

HEM MWHMManbHa. TunuuHbiM ana UM sasnaetcs kosdpduuMeHT

rapMoOHMK okoso 0.01%. HekoTtopble Tunbl UM nmeloT BCTpoeHHYO ESD-3allnTy, KOTOpad COCTOUT U3
pe3nctopa u crtabunmtpoHa. ConpoTuBAEHWE 3TOr0 pe3ncTopa Takxke BXOAUT B COMpOTUBEHME

KLWETKU>».

3aBMCUMMOCTb COMPOTUBJIEHUS OT TEMNepaTypbl

TeMnepaTypHbIi KO3 MDOULMEHT CONPOTUB/IEHUA PE3UCTOPOB, HA OCHOBE KOTOPbIX MOCTPOEHbI
LN, poctaToyHo BeNMK. OTO O06bIYHO MOSIMKPUCTANIMYECKME KPEMHWEBbIE PE3UCTOPbI, UMetoLlme

— nonoxutenoHbln  TKC. A6contotHoe 3HaveHne TKC wumeet

o BenmMunHy npuMepHo 300 800 ppm/°C. T[loaToMy, ecnu

£ . MPUMEHATb NOTEHUMOMETP B pexume peoctaTa (ABYXMOSOCHUK),
gm Takon xe 6yaet n pesynbtupytowmin TKC. 3TO HYXXHO y4nTbiBaTb
§so \ npun umncnosb3oBaHmu UIMN. Cutyaumsa cyuwecTtBeHHO nyduwe, Koraa
g \ UM  wncnonb3yetcs B pexuMme noTteHumomeTtpa (aenutenb
< HanpsPKeHus, TpexnontoCHMK). KoadduumeHT peneHus umMeer
e 3HAYMTENIbHO MEHbLINI TeMmnepaTypHbin KO3 PuumeHT (06bIYHO
T % e % e 1 e o6 He 6onee 20 ppm/°C). OgHako B6AM3U KpaWHEro MosIoXeHUs OH

2 3HauynTenbHo 6onbuwe (puc. 5), Tak Kak 60MbLWON BKIag BHOCUT

PUC. 5. TeMnepaTypHas 3aBUCHMOCTL COMpOTMBNEHNS KaHana rnoneBoro Kouya, uMerLlee
ans UM B pexuMe noTeHUMoMeTpa. 3HauuTenbHbin TKC (Tbicsunm ppm). HyXHO OTMETUTb, 4TO

CYLLEeCcTBYIOT Ln C MOHUXEHHbIM TKC, Hanpumep,

MAX5413/14/15, nMewowme okono 35 ppm/°C, 4To CpaBHUMO C

TKC KayeCcTBEeHHbIX MPOBOJIOYHbIX NMEPEMEHHbIX PE3NCTOPOB.



Pa36poc conpoTtuBneHunm

CywecTByeT psa npuMeHeun, korga Tpebyetcsa cornacosaHHas perynuvpoBka AByxX M 6onee
MepeMeHHbIX Ppe3ncTtopoB. [pUMEPOM MOXET CAYXWUTb aKTUBHbIN (UALTP BTOpPOro nopsaka ¢
rnepectpanBaeMol 4acToToM cpesa. [ns 3TOM uenn roaaTcs Nub caBoeHHble LM, BbIMOSIHEHHbIE Ha
OAHOM KpuUCTaJyile U uMewLmne pasbpoc conpoTneieHnn He 6onee 1%. A BOT Y pasHbIX 3K3EeMMISpPOB
LM gake ogHoro Tuna pa3bpoc COnpoTUMBAEHWNIA MOXET A0XOANTb A0 30%.

NMpOHMKHOBEHME CUTHAJIOB yrnpaBJ/ieHUs

LN Takxke npucyly, 3p@eKkT NpOHUKHOBEHUS CUrHana ¢ unMdpoBbIX YNpasnsoWmnx BXo40B B Lerb
NepeMeHHOro pesncropa. ITOT aPdeKT 06bACHSAeTCa HanauumMeM napasuTHbIX EMKOCTEN, B NEpBYHO
oyepeab MexAay KaHajaoM M 3aTBOPOM MNOMEBbIX Ktouyeln. MNo3ToMy B npouecce peryinpoBKM BO3MOXHO
BO3HMKHOBEHWE MoMeX. TaM, rae perynvMpoBKa BbIMNOSHAETCA OAHOKPATHO, 3TW MOMEXU MNpaKTUYecKu
3HayeHMUsas He uMelT. A B TakuMX MPUMEHEHUAX, KaK, HanpuMmep, perysmpoBKa rPOMKOCTU, MOMeEXu
BeCbMa HexenaTefbHbl. [103TOMY ANS peryinpoBKM rPOMKOCTU CneayeT NpUMeHaTb crneunanbHbie LM, y
KOTOPbIX MOMEXU CyLeCTBEHHO yMeHbleHbl (glitchless-perynartopsl).

HenuHeHOCTb

Kak un obbikHOBeHHbIM LIAM, LM npucywa nHTerpanbHas n gudpdepeHumnanbHas HEMHENHOCTD.
Bo MHOrmx npuMmeHeHusix LM HeNMHENWHOCTb He MMeeT Oonpeaenstowero 3Ha4yeHusl, XOTS CYLUeCTBYIOT
KPUTUYHbIE TMPUMEHEHWUSsI, TFAe €e HYXHO Y4uTbiBaTb. YMCNEHHble 3HadeHusl HeNMHEeWHCTN Ans
KOHKPETHbIX TMNOB LI MOXHO HaTK B AOKYMEHTaLnn Npon3BoanTens.

O6nactu npumeHeHus LN

O6nactn npumeHeHus LM B HacTosllee BpeMsi BeCbMa pa3HO06pasHbl, K TOMY e UX CTaHOBUTCS
Bce 6osblie B CBA3KM C nosiBneHne 6onee coseplieHHbix LN, BoT HekoTopbie n3 3Tux obnacren:

- undpoBas perynmposka yCusieHus

- peanusauuns peryanpyembiX NCTOYHMKOB OMOPHOIO HampsXeHus

- peryanpoBKa rpoMKOCTU B ayAno-cmcTemMax

- perynpoBKa CMeLleHUs HYNS B YCUNUTENax

- peryavMpoBKa BbIXOAHOI0 HanpshXeHus ctabunmsatopos

- HaCTpoliKa N3MepUTeNbHbIX MOCTOB

- perynmpoBKa YCUNEHUS, YaCTOTbl HACTPOMKKN U AO0O6POTHOCTN (PUNLTPOB
- perynvpoBKa MOSIHOW WKanbl U CMELLUEHUS B YCUNUTENSAX AaTYMKOB
- peryanpoBKa 4acToTbl M CKBaXHOCTU reHepaTopoB

- perynnpoBKa cMelleHuns pin-anoaos B BY aTTeHoaTopax

- perynnpoBKa KoOHTpacTHoCcTn XK-nHankatopos

B HacTosWwee BpeMsA WMPOKO pekNaMUpyeTca BO3MOXHOCTb npuMeHeHuna LI B KadecTse
perynsaTopoB rpoMKoCcTM M Tembpa B ayauoannapatype. OaHako o6biuHble LM wuMmeloT ang aTtoro
C/INWKOM ManeHbKUN ANHAMUYECKMNIA gmana3oH n bonblime nckaxeHus. bonee apdhekTMBHO 3Ta 3agaya
MoXeT 6bITb pelleHa Ha Cneunanm3npoBaHHbIX MUKpocxemax, Hanpumep, TDA8421, TEA6320, KOTOpble
UMEIOT BHYTPU He TONbKO UN@POBbIE MOTEHUMOMETPbI, HO U BCe HeobxoauMble cxeMbl. O uMdpoBbIX
NOTEHUMOMETPOB OCTAEeTCs NNLWb y3Kasa Huwa low-end NpUMMEeHEHUN, TaKNX Kak perynmposka rpoOMKOCTHU
B COTOBbIX TenedoHax, MNepeHOCHOM annapaTtype u ycTtpoucTtBax multimedia. [Ona nocTpoeHus
BbICOKOKAQUYECTBEHHbIX perysigTopoB rPpOMKOCTU BbIMYCKAeTCa psan cneumanndnpoBaHHbIX MUKPOCXEM,
Takux kak AD7111, AD7112 ot Analog Devices, CS3310 oT Crystal n gpyrne. 3T MUKPOCXeEMbI
BKJ/IIOYEHbI B Tabnuuy, NOCKOSIbKY OHWU UMeT cxoxue ¢ UM dyHkumun, XoTa M npeacraBnstotT coboi
Kflaccuyeckne ymHoxawwwme LAM. OnsS nonydYeHus WMpPOKOro AMHaAMMYEeCKOro AmanasoHa CABOEHHbLIN
LA AD7112 wuMeeT paspsagHocTb 17 6uT, a ynpaBnsetcs OH 8-pa3psgHbiM KOAOM C MOMOLLbIO
wundpaTopa, obecneumBatowero 1orapudMMUYEcKy0 XxapakTepucTuky ¢ warom 0.375dB.

MpumMmepbl npuMeHeHus LN

Ha puc. 6a nokasaHa cxemMa WHBEPTMPYHOLLEro ycunutens, KoagdunumeHT yCuneHuss KOToporo
perynmpyetcsa ¢ nomowbto UM B npegenax -0.5..-2. OcCOBeHHOCTbIO CXEMbl SIBASIETCA TO, 4YTO OHa



[IONyCKaeT AManasoH BXOAHOro HanpshxeHuss +10B 6e3 HapyleHWs YyCnoBus, 4YTO Ha BbiBogax LiM
Hanps>XeHMe He AO/IHKHO NpeBblwaTh +5B.

Ha puc. 6b npueBeaeH npuMmep perynmpoBku cmeweHmsa OY ¢ nomowbto LUIM. Bnaropaps
pe3ucTtopaM, BKJIIOYEHHbIM NocnegoBaTesibHO ¢ UMM, uenb peryiMpoBKM CMeWeHnsa yaanocb 3anntaTb OT
MCTOYHMKA +15B 6e3 HapylweHuns orpaHnyenms +5B gna UIM.

Ha puc. 6¢c wun3obpaxeH rupatop, 3HaA4YeHME 3SKBUBANEHTHON WHAYKTUBHOCTM KOTOPOro
perynmpyeTrca ¢ nomouwbro L.

Ha puc. 6d nokasaH ctabunusatop Ha ocHoBe IC LM317, BbIXOAHOE HAMpsXXeHue KOTOporo
perynunpyetcsa Cc nomowbio LMN. B 3Toh cxemMe MaKCUMMasbHOE BbIXOAHOE Hanpsi)XeHue orpaHn4eHo
BO3MOXHOCTSAMM L.

Mpy NOCTPOEHUM LWMPOKOMOSOCHBLIX ycunutenen AYX pgaxe camMoro Hu3koomHoro LM moxert
OKasaTbCsl HEeyAOBNETBOPUTENbHOMW. B TakuMx ciy4dasax MOXHO YMeHbWwUTb 3(@EeKTUBHOE MONHOEe
conpoTtuBneHne LM, BKAOYMB NapannenbHO eMy MOCTOSIHHbIN pe3ucTop. Ha puc. 6e nokasaHa cxema
ycunuTtens, 4Jactota cpes3a KOTOporo perynumpyercsa ¢ nomouwbio LM B npegenax 130 Kluy..1 Mlu, a
Koa(pUMUMEHT ycuneHus - B npegenax 1..2.

B HeKkoTOopbIX NPUIOXEHUAX, HanpuMep Npu peryjvpoBKe TOKa Nla3epHbIX AMOA0B, pa3pelleHuns
06bluHbIX LM MoXeT oKasaTbCA HepocTaTodHbiM. B To xe Bpema npumeHeHue LA BbiCOKOWR
pas3psagHOCTU ABASETCA AOPOroCTOSAWMM peleHueM. Mcnonb3ysa NpoCcTyto BEPHLEPHYIO CXEMY MOXHO Ha
OCHOBEe cuyeTBepeHHOro 64-warosoro LI nmonyuynTe pe3ynbTupytowee ymcno waros 8001 (puc. 6f).
Ecnu coegnHuTb nocnegoBaTenbHO ABa 64-warosble LM, To nonyynMMm ynucno waros, pasHoe 256. Ecnu
ewé asa LM ncnonb3oBaTb AM1S 3a4aHNa HanpsXXeHWM Ha BbiBOAAX 3TOro kackagHoro LM, To nonyyum
63 pas3HbiX WHTepBana HanpsXeHusl, B KOTOpbiXx b6yaeT paboTtaTb KackagHbiii LM (63 nonyvaetcs B
pe3ynbTaTe TOro, YTO BCEraa nonoXeHus ABYX A0NOAHUTENbHbIX LI A0/MKHBbI OTCTOATL APYr OT Apyra
He eanHuuy). Mcnonb3ys 127 nonoxeHwui kackagHoro LM m 63 nonoxeHus AononHuTenbHbiX LM
nonydaem obuee kKonmyecTso wWwaros 8001. TeopeTUYECKN MOXHO YBEINYUTb 3TO KONMYECTBO elé B
ABa pasa, ec/y UCMoJb30BaTb BCE MOSIOXEHUSA KackagHoro LM, oaHako paspellatowyro cnocobHOCTb
6yaet orpaHuumBaTbh HenmHenHocTb UIM. C UM tMna X9241 dupmbl Xicor obwasa amnddepeHumnanbHas
HENIMHENHOCTb He npeBbiwaer 0.008%. CuTyauuto MOXHO eweé ynayywuTb, ecin KackagHbin LM
MoAKAKUYNTbL Yepe3 nosToputenm Ha OY (puc. 6g).
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Puc. 6. MpumMepbl npumMeHeHns L.

Punanko Neonna BaHoBuY, r. MUHCK

e-mail: wubblick@yahoo.com
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