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PA3SOEJ 7. NATYUKN TEMMNEPATYPbI

Yont Kecrep, [pxevimc bpaviHT, YonTt fOHr

m Pa6ota TepMonap n KOMneHcauusa TeMmnepaTtypbl Xo0210AHOro cnas

B Pe3uUCTUBHbIE faTYMKN TeMnepaTypbl

B TepMucropbl
H NMonynpoBOAHUKOBbIE AATYMKUN TeMNepaTypbl

B MOHMTOPUHI TeMnepaTypbl MUKPOMPOLLECCOPOB

BBenenune

B COBpEMEHHbIX 3/IEKTPOHHBIX YCTPOMCTBaX W3MEPEeHWe TeMnepaTypbl Ype3BblyaliHO
Ba)XXHO, OCOBEHHO €CnM peyvb MAET O [AOPOrMX ManorabapuTHbIX KOMMbIOTEPAX WU OPYrux
MOPTATMBHBIX YCTPOWCTBAX C MIOTHO YMaKOBAHHLIMK 3/1EKTPOHHLIMMA KOMIMOHEHTaMM, KOTOpbIE
pacceMBalOT 3aMETHYI0 MOLLHOCTb B BWAE TENIOBOW 3HEPrun. 3HaHWe TemnepaTypbl CUCTEMbI
MOXHO TaKXXe MCMonb30BaTb AN YNPABNEHWUS 3apsiAoM aKKyMyNsSITOPHbIX OGaTapeit u ans
NpeaoTBpaLLEHMSI NMOBPEXAEHUS AOPOrOCTOSALMX MUKPOMPOLIECCOPOB.

MopTaTMBHOE BbLICOKO MoOTpebnsiolee 060pyAOBaHME YACTO MMEET OXJ1aXKAaoLWN
BEHTUNIATOP A/ NOAAEPXKaHMSI BHYTPEHHEN TeMrepaTypbl Ha HY)KHOM ypoBHe. [/ TOro YTobbl
NPOASIUTb XXM3HEHHBIV LMKIT aKKYMYJISITOPHbIX 6aTapei, BEHTUNISTOP AO/MKEH paboTaTb TONbKO
Toraa, korga 3To Heobxoaumo. To4yHOe ynpaBneHWe paboTor BEHTUNSTOpa TPebyeT 3HaHMS
KPUTUYECKUX TeMmnepaTyp, KOTOpbleé W3MepsitoTC C MOMOLLbO COOTBETCTBYIOLWMX [AATUMKOB
TEMNepaTypbl.

¢ [1ns MoHUTOpMpOBaHUs (HabnogeHus)
+ [lopTtatmBHOro ob6opyaoBaHus
¢ TemnepaTypbl LEeHTpaabHOro npoueccopa
¢ TeMnepaTypbl akKyMynsiTOpHOWN 6aTapewn
¢ TeMmnepaTypbl OKpy>KatoLlen cpeabl
+ [1nsa koMneHcaumm
¢ [1ns koMneHcauuu apevida reHepaTopa B COTOBbIX TenedoHax
¢ [1ns KOMNeHcaunun TemnepaTypbl XON04HOrO Cnas Tepmonap
¢ [Ina ynpasneHus
¢ 3apsaoM akkyMynsaTopHoM 6aTapeu
¢ YnpasneHue NpoueccoM yaep)KaHus TemnepaTypbl

Puc.7.1. MpuMeHeHVe AaTUMKOB TeMnepaTypbl.

TouHble M3MepeHusi TemnepaTypbl TpebyeTcs M Ana Apyrux NPUNOXKEHUIA, TakuX Kak
ynpaBfeHne TEXHONIOMMYECKUMI MPOLECCaMM U CNeUManbHbI MHCTPYMEHTapuiA. B 6onblumMHCTBE
C/lyyaeB, BCNEeACTBME MasblX BbIXOAHbLIX CUFHANOB U UX HEIMHEMHOCTW, BbIXOAHbIE CUIHasbl C
[AATUMKOB AO/MKHbI 6bITb OTHOPMMPOBaHbI COOTBETCTBYIOWMM 06Pa3oB M yCUNEHbI nepes Tem
KaK BbIMNONHATL UX NOCNeayoLwyo obpaboTky.
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PASQEN 7: OaTuvkn TemMnepaTypbl

WMckntoyass WHTerpanbHble  AaTyuMku, BCe TeMnepaTypHble AaTyuMku  obnapatoT
HeNMHeNHON dyHKUMeNn nepedauyn. B npownom, ans KOppeKUMW HENMHEMHOCTM AaTymka
KOHCTPYMPOBANMCb  CMeuuarnibHble  C/IOXKHbIE  aHaNoroBble CXEMbl  HOPMUPOBaHMSA. [ns
AOCTUXKEHUSt TpebyeMoM TOYHOCTM AaHHble Uenu 4Yacto TpeboBanu pyyHOW KanmbpoBKuM W
NMPUMEHEHNS MPELM3MOHHBIX PE3UCTOPOB. B HacTosiiee BpeMsi BbIXOAbl AATYMKOB MOXKHO
KBAHTOBATb HEMOCPEACTBEHHO C MoMolubto ALIM BbICOKOro paspelleHusi, 3aTeM BbINOMHUTb
NNHEap13aumMio U KannbpoBKy UMGPOBbLIM CMOCOO60M, YMEHbLUMB TEM CaMblM CTOMMOCTb W
CNOXXHOCTb CUCTEMBI.

Pe3ncTnBHbIE AaTYMKM TEMNEPATYpPbl SBNSAIOTCA AOCTAaTOYHO TOYHbIMM YCTPOMCTBAMU, HO
TpebyloT BHELLHEro ToKa BO36Y>XAEHUSt U OBbIYHO MCMOSb3YHOTCS B MOCTOBbIX M3MEPUTENbHBIX
cxeMax. TepMUCTOpbl MMEIOT HaMBBICLLYHO YYBCTBUTEILHOCTb, HO B TO XXe BpeMsi obnapatoT
Hanbonbluen HeNMHENHOCTbI0. OAHAKO, OHM NOMYNAPHbLI B MOPTATMBHbLIX MPUIOXEHMSIX, TaknuX
KaK M3MEepeHue TeMnepaTypbl akKyMynsaTOpHOM 6aTapeM M B ApPYrMX CUCTEMAX W3MEpPEHUs
KPUTMYHbIX TeMnepaTyp.

CoBpeMEHHbIe MONYMNPOBOAHMKOBbLIE AATYMKM TEMMEPATYPbl AAKOT BbICOKYH TOYHOCTb U
06naaatoT BbICOKOM JIMHEMHOCTLIO MO Anana3oHy paboumx Temnepatyp oT — 55°C go + 150 °C.
BHYTpeHHWe ycunuTenu MoryT MacliTabupoBaTb BbIXOAHOW CUrHan A0 YAOOHbLIX 3HAYEHWU Ha
BbIxoZe, Hanpumep, 10 MB/°C. OHM TakXe MONE3Hbl ANS NMPUMEHEHMS B LIENSIX KOMMEHcaumm
TeMnepaTypbl XO/I0AHOr0 cnas AN WMPOKOAMana3oHHbIX AaTYMKOB TEMMNepaTypbl - TepMonap.
MonynpoBOAHMKOBLIE TEMMEPATYPHbIE AATYMKN MOXHO 0O6BEAUHATb B MHOMO(MYHKLUMOHaNbHbIE
nHTerpanbHble cxembl (UC), KOTOpbIE BbIMOMHAOT paf APYrMX MOHUTOPUPYHOLWMX (PYHKLMIA.

Ha Puc.7.2 nepeuncneHo 60nbWMHCTBO M3 Haubonee MONynsipHbIX — TMMOB
npeobpasoBaTenei TeMnepaTypbl U AaHbl UX XapaKTEPUCTUKMN.

Tepmonapbl POT Tepmucropbl MonynpoBoaHUKOBLIE
OaT4YMKu
Temneparypbl
uwaizggLeTgﬂﬁgggﬁyp' [vana3soH: [vana3soH: [vana3soH:
. (o] (o] (o] (o] o] (o]
-184°C [0+2300° C -200°C po +850°C 0°Cpo+100° C -55°C po +150°C
Bbicokasi TOMHOCTb U . - NuHeitHocTk: 1° C
Bbicokast NIMHENHOCTb Huskasa NnUHenHOCTb s o
NOBTOPAEMOCTb ToyHocTe: 1°C
Hfggﬁgﬂgromcl;b TpeObyeT BHeLUHEro TpeObyeT BHeLUHEro TpeObyeT BHeLUHEero
" BO30OY>XOeHUSI BO30OY>XOeHUSI BO30Y>XOeHUSI

XOJnogHoro cnas

Tunosown BbIxogHOM
curHan: 10 mB/K,
20mB/K unu 1 mA/K

Hun3koe BbixogHOE Bbicokas
Hu3kasa ctommocTb
HanpsxeHne YYBCTBUTEMNBLHOCTb

Puc.7.2. Tunbl gaTYNKOB TEMNEpPaTypbl.
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PASQEN 7: OaTuvku TemMnepaTypbl

PaboTa TepMonap 1 KOMMeHcaLms X0noAHOro Cras

Tepmonapbl  9BASOTCA  HEOONMbWMMKW, TOYHBIMM U OTHOCUTENBHO  HEeZOopPOruMu
yCTpoMCTBaMM 1 paboTaloT B LUMPOKOM AuanaloHe TemnepaTtyp. OHM 0CO6EHHO MONe3Hbl Mpu
BbINOJIHEHNUN U3MEpPEeHUs BeCbMa BbICOKMX TemrepaTyp (4o + 2300°C) B arpeccvBHbIX cpefax.
OHM [aloT Ha BbIXOAE MUINIUMBOSLTHBIE CUMHAMbI U TPEDYIOT TOYHOrO YCUEHNUS ANS NpoBeAeH s
AanbHenwen nx 06paboTkn. OHKM Takxke TpebyrOT NPUHATUS MeP NO KOMMEHCaUMM TeMnepaTypbl
XONOAHOro cnasi, 4YTo 6yaeT obcyxaaTbCs KOPOTKO Aanee. OHM 6onee NMHENHbI, YeM MHOrue
Apyrve AaTyvMku U UX HEIMHEMHOCTb Xopowo dopManusoBaHa. Hekotopble u3 Hanbonee
M3BECTHbIX  TepMonap rokasaHbl Ha Puc.7.3. [nA co3gaHusi Tepmonap WCMONb3yTCS
cnepytowme MeTannbl: Xeneso, nnatuHa, poavn, peHun, Bonbdpam, Meab, anoMenb (CrnnaB
HUKENS U antoMUHUA), XpoMen (CNiaB HUKENS U XpOMa) U KOHCTAHTaH (CniaB Meau U HUKens).

Tunoson HomuHanbHasn O603Ha4yeHue
MaTepuanbi .
KOHTAKTa TemnepaTypHbIi YYBCTBUTENLHOCTb no
AnanasoH (°C) (mkB/°C) ANSI
MnatuHa (6%)
Pogun-NMnatuHa (30%) 38 oo 1800 7.7 B
Poann
Bonbdpam (5%)
Pennii-Bonbdpam(26%) 0 oo 2300 16 C
PeHunn
Xpomen - KoHcTaHTaH 0 fo 982 76 E
XKeneso - KoHcTaHTaH 0 pno 760 55 J
Xpowmen - Antomenb - 184 po 1260 39 K
0,
MnatvHa(13%) 0 1o 1593 11.7 R
Poaunn-NnatnHa
0,

Mnatvka (10%) 0 1o 1538 10.4 S
Poaunn-NnatnHa
Meab-KoHcTaHTaH -184 no 400 45 T

Puc.7.3. TepMmonapbl.

Ha Puc.7.4 nokasaHbl KpuBble 3aBUCMMOCTW HaMpshKeHWst OT TemrnepaTypbl Ans Tpex
LWMPOKO WCMOMb3yeMbIX TepMonap npu  (UKCUMPOBAHHOW TeMmnepaType OropHOro Cras
(xonogHoro cnast) 0°C. M3 nokasaHHbIX TepMonap, TepMonapbl J ABASOTCA Haubonee
YyBCTBUTE/IbHbIMM, MPOM3BOAS Haubonbluee BbIXOAHOE HanpshKEHME Ha 3aAaHHbI nepenajg
Temnepatypbl. C ApyronM CTOpOHbl, TepMonapbl S SIBASOTCA HaWMEHee YyBCTBUTENbHLIMMU.
MNpvBeaeHHble XapaKTEPUCTUKM O4YeHb MOME3Hbl ANs1 PacCMOTPEHUs Npu pa3paboTke cxem
HOPMWPOBAHWS CUrHANOB. B TOM CMbIC/e, YTO TepMonapbl C OTHOCUTENBHO MasibIMU BbIXOAHbLIMM
CUrHanamm  TpebyloT ycunutenen ¢ 6onee HU3KMMKU LWyMaMu, ManbiM ApendoM M BbICOKUM
YCUNEHWEM.

[ns NOHMMaHMs NOBEAEHUS TepMonapbl HEOBXOAMMO PACcCMOTPETb HEIMHEMHOCTb €e
OTK/MKA Ha nepenajg TeMmnepaTtypbl. PUC.7.4 nokasbiBaeT COOTHOLUEHME MEXAY TemnepaTypow
N3MEpUTENbHOIO Cnasi U BbIXOAHBLIM HAMNpsbkeHneM ans psga Tepmornap (BO BCeX Ciyyasx
X0NoAHbIN cnan noaaepxusaetcsa npu Temnepatype 0°C). OYeBMAHO, YTO OTK/IMKN HE COBCEM
NIMHEVIHBI, B TOXE BpeMsl, MpUpoaa 3TOM HENIMHENHOCTM He TaK OYeBMAHA.

Ha Puc.7.5 nokasaHo kak koapduumeHT 3eebeka (M3MEHEHUe BbIXOAHOrO HamnpsKeHWs
NMpU U3MEHEHWM TeMMepaTypbl YyBCTBUTENbHOIO Cras - T.e. MEPBOV MPOM3BOAHON BbIXOAHOMO
HanpsDKeHWsl OT  TeMnepaTypbl) MEHSIETCA C  TEMMNepaTypon W3MEpUTENbHOro  Cnast
(npeanonaraeTcs cyyan, Koraa TemnepaTypa X0n04AHOro cnasi noaaepxmsaercs npu 0°C).
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Mpn Bblibope TepMonapbl ANS BbINOMHEHWUS W3MEPEHMN B 3aAaHHOM Avana3oHe
TemnepaTyp Mbl AO/KHbI BblbMpaTb Tepmonapy, koddduumeHT 3eebeka KOTOPOM B MeHbLUEN
CTEneHn MeHsIETCS B 33aHHOM paboyeM ananasoHe.
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Puc.7.4. BbixoAgHble Hanps>kxeHua ans repmonap tunos J, K, S.
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Puc.7.5. 3aBucumoctb ko3 dpumumeHta 3eebeka TepMonapbl OT TEMNEpPaTypbl.

Hanpumep, TepMonapa Tvna J umeeT ko3dduumeHT 3eebeka, MEHAOWUIACS MEHEE YEM
Ha 1 MkB/°C B npomMexyTke oT 200°C o 500°C, YTo AenaeT ee uaeanbHOM AN U3MEPEHWUIA B
AaHHOM AmnanasoHe.

Hannume 3TuUX pAaHHbIX MO TepMmonapaMm npecneayetr Ase uUenu: nepsas, Puc.7.4
WNIOCTPUPYET AManasoH U YyBCTBUTENbHOCTb TPEX TUMOB TepMonap Tak, YTO pa3paboTumk
Cpa3sy MOXEeT onpeaenuTb, 4YTO TepMorapa Tuna S MMeeT Haubonee LWMPOKMI pabounii
JManasoH, a TepMonapa Tuna J 6yaet Hanbonee YyBCTBUTENBLHOMN.

Bropasi, koadduumeHT 3eebeka [nOaeT ObICTPYHO OLIEHKY JIMHEMHOCTM TepMonap.
Ncnonb3ys AaHHble Puc.7.5 pa3pabotunk MoxeT BblbpaTb Tepmonapy Tuna K 6narogaps
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NUHEMHoCTU ee KoadduumeHTa 3eebeka aAns paboTbl B AvanasoHe oT 400°C go 800°C wnwm
TepMonapy Tuna S ans pabotbl B AnanasoHe ot 900°C go 1700°C. MNMoBeaeHue koadhdurumeHTa
3eebeka TepMonapbl BaXXHO B TeX MPUIOXEHUSX, rae NpPeacTaBisieT UHTepeC M3MeHeHue
TeMnepaTypbl, a He ee abCoNTHOE 3HaYeHne. DTU AaHHbIE TAaKXKE NOKa3blBalT, Kakne pabouve
XapaKTepUCTUKKN NOTPebyroTcs OT Lenu HOPMUPOBaHUS CUrHAsOB.

[na ycnewHoro MCcnonb30BaHUS TepMonap MOMe3HO MOHUMATb OCHOBbI UX pPaboThbl.
PaccMoTpuM cxembl Ha Puc.7.6.

A. TEPMOQJNEKTPUYECKOE HANPAXEHUE B. UBMEPEHUE C MNOMOLLbIO TEPMOMNAPbI
METAIM A V1—V2 METAIMI A
METAIMIT A
Vi T1 TEPMO 3.4.C. Vi Tl T2 V2
METAI1 B METAI1 B
5. TEPMOMNAPA r. \BMEPEHME C NOMOLLbIO TEPMOIAPbBI

METANN A LA METANNA  METANNA METANN A
ed
| —
vie( 11 T2 WV2 Vi V2
METANN B METANN B
R = NOMHOE COMPOTMBIEHVE LIENM V= (V1-V2), ECIIA T3 = T4
I=(V1-V2)/R

Puc.7.6. OcHoBbl pa6oTbl TEpMONapbl.

Ecnn coeavHuTb ABa pasHOPOAHLIX MeTansna npu TemnepaTtype Bbiwe abCcontoTHOro
HYNS, TO MeXAy HUMU NOSIBUTCA Pa3HOCTb noTeHuuanos (Tepmo 3C unn KOHTaKTHast pa3HoCTb
NOTEHUMANoB), KOTopas sBnsetcs QyHKuMeh TemnepaTypbl cnasi (coeamHenus) (Puc.7.6,a).
Ans Toro u4tobbl cdopmupoBaTh ABa cnas (Puc.7.6,6) coeanHuM Mexay coboin aBa
TepMonapHbIX npoBoga € 06oux KoHUoB. Ecnnm oba cnas HaxoasaTcs npu pasinyHbIX
TeMmnepaTypax, TO B Lenu nosiBuTcs pesynbtupytowas 3C M noTeyeT TOK, onpeaensieMbii
BennunHon 3AC v nonHbIM conpoTuBneHneM uenn (Puc.7.6,6). Ecnv pasopBaTb OAMH M3
NMPOBOAOB, TO HaMpshKEHWE B TOYKax pa3pbiBa OyAET paBHO BE/IMYMHE pPe3y/IbTUPYIOLLEA TEPMO
24C B uenn, n ecnv U3MepuUTb 3TO HanpsH>KeHWe, TO MOXXHO MCMOoJSb30BaThb €ro A/1s pacyeta
pa3HOCTU TemnepaTtyp AByx cnaeB (Puc.7.6,C). Bcerga HeobXxoquMo rOMHUTL, YTO TEPMOINapa
U3MEPSIET PasHULy TEMNEPATYp AByX Craes, a He abCoIIOTHYIO TEMNEPATYPY OAHOIo U3 Craes.
MOXHO U3MepATb TemrepaTypy Ha W3MepuUTeNIbHOM Crae TOJNbKO TOorAa, Korga M3BeCTHa
Temnepartypa Apyroro cras (Ha3blBaeMOro 4acto OMOPHbLIM UM XONOAHBIM CraeMm).

Ho He cTonb MPOCTO M3MEpPUTbL HaMpsDKEHME CO3AaHHOE TepMornapoi. MpeanonoXxmm,
YTO Mbl MOAKMIOYMIM BOSILTMETP K Uenu Ha Puc.7.6,c (Puc.7.6,r). MNpoBoaa, NOAK/IOYEHHbIE K
BOMbTMETPY, Takxe 00pasyloT crnam TepMonap B MecCTax WX noaknodeHus. Ecnn oba aTux
[OMOSTHUTENbHBIX CMasi HAXOAATCS NMPU OAHOW M TOM e TeMnepaType (HeCyLeCTBEHHO KaKoM
BE/IMYMHBI), TOraa «3aKOH O MPOMEXYTOYHbIX MeTasnax» YTBEepXAAeT, YTO OHM He BHeCyT
Huyero B obwyto IC cuctembl. ECnn e cnam HaxXoAaaTcs Npu pa3HblX TeMnepaTypax, TO OHU
6yayT BHOCUTb OWWOKW. Tak Kak Kaxgas rnapa pa3HOPOAHbIX METAs/IoB Haxogslynxcs B
KOHTGKTe [Apyr C APYroM reHepupytoTr TepmoasiekTpudeckyro 34C (Bkno4vas napbl:
Meab/npunon, Koeap/Meab [KOBap - CnfaB, MCNonb3yembli Anst BbiBogoB WC] u
antOMUHKI/KOBap [COEANHEHMUSI BHYTPU MUKPOCXEMBI]).

OueBMaHO, 4YTO ANs peanbHblX CxeM npobneMa ewe 6onee CnoxHa, U HeobxoaMMO
06paTuTb 0c060e BHMMaHME Ha TO, 4YTOObl BCE Mapbl KOHTAKTOB B LiEMNW, coAepXallewn
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TepMonapy, UCKHoYas COBCTBEHHO M3MEPUTESbHBINA U OMOPHBIM CMan, HAXOAMUMUCL NPU OAHOM U
TOW Xe TeMnepaType.

Tepmonapbl AalOT Ha BbIXOAE HaMpsKEHUE, XOTS U AOCTAaTOYHO Masion BEIMYUMHBI, U HE
TpebyloT BHelHero Bo3byxxaeHus. Kak nokasaHo Ha Puc.7.6,r, ans u3MepeHusi NCnonb3yoTcs
ABa crnas (71 - n3MepuTENbHbIN cnak U T2 - oNopHbIN cnan). Ecnm T1 = T2, T0 VI = V2 n
BbIXOAHOE HanpsbkeHue V = 0. BbIXOoAHble HaMpshKeHWUsl TepMonap 4acTto ONpeaensitoTcs Mo
OTHOLLEHMIO K TeMnepaType ornopHoro crnas npu 0°C (0TKyAa cneayeT TEPMUH XO/I04HbIV criav
WM Criavi TOYKM TasiHus 7ibAd), TakuMm obpa3oM, TepMonapa AaeT BbIXOAHOE HanpshkeHve 0 B
npu TemnepaTtype usmeputenbHoro crnas 0°C. [ns Toro, 4Ytobbl COXPaHUTb BbICOKYH) TOYHOCTb
N3MEPEHNSI CUCTEMbI, OMOPHbIN Cnar AO/IKEH HAXOAUTLCS MPU XOPOLLO U3BECTHOWN TemnepaType
(Heobsi3aTenbHo npu 0°C). KoHuenTyanbHO NPOCTOM METOA BbIMOSIHEHWUS 3TOro TpeboBaHMs
nokasaH Ha Puc.7.7. XoTs MonyyuTb BaHHY TasWero nbAa AOCTaTOYHO MNPOCTO, AaHHbIM
METOZOM MO0J/b30BaThCA KpaHe Heyao6HO.

METANM A METANM A
o———
V1-V(0°C)
vi@( 11
METANN B
V(0°C)

BAHHA

TAALLEro

nbAOA

Puc.7.7. Knaccnyeckasi KOMNeHcaluus TeMrnepaTtypbl XO/I0AHOro cras
MNPy UCNOJIb30BaHMUM ONMOPHOro cnasi HAaxoAsiLWerocs nNpu Temnepartype TasHusa noga (0°C).

B HacTosLee BpeMsi, 06bl4HO, BaHHA TasILLEro JibAa 3aMEHSIETCS 3N1EKTPOHWUKON. [pyroi
TEMNEpaTYPHbIN AaTUMK (Y4acTO MOMYNPOBOAHWMKOBLIN AATUMK, @ UHOTAA TEPMUCTOP) M3MEPSIET
TemnepaTypy XOJIOAHOrO Crasi M €ero CUrHan WCMNosb3yeTcs ANS BBEAEHUS HamnpsikeHus B
N3MEPUTENbHYIO Lienb TepMonapbl. CUrHan KOMMEHCUMPYET pasHULY Mexay AeNCTBUTENbHOM
TEMMNEepaTypoi XON0AHOMO cnast U ee naeanbHon BennymHon (0°C), Kak nokasaHo Ha Puc.7.8.

V(OUT)

CXEMA
V(COMP) TEMMEPATYPHOM
KOMMEHCALIMU

MEOb MEOb

METAIMI A METAIMIT A

>
OOVHAKOBAS
Vi TEMMNEPATYPA V(T2)
DATYUK
TEMMEPATYPbI

M3OTEPMUYECKUW BINOK

METAJI1 B

peecedecccdocas

V(COMP) = (T2)
V(OUT) = V(T1) - V(T2) + V(COMP)
ECJIM V(COMP) = V(T2) - V(0°C), TO V(OUT) = V(T1) — V(0°C)

Puc.7.8. Ucnonb3oBaHue gaTuMKa TeMnepaTypbl 4Jisi KOMINEHCaLUuun X0JI0AHOro cnas.

B ngeanbHOM cnydyae, KOMMEHCUMpYIoLee HanpsXeHne AO/MKHO TOYHO COOTBETCTBOBATb
TpebyeMon pasHULIE HaMPSHKEHMIM, MO3TOMY Ha CXEMEe AAETCS HanpshkeHue Kak QyHkums f(T2)
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PASQEN 7: OaTuvku TemMnepaTypbl

(yHKuna ot T2, a He K-T2, rae K - KOHCTaHTa). Ha npakTuke, MOCKOMbKY TemnepaTtypa
X0NOAHOro cnas peako otnn4vaetcs ot 0°C 6onee 4eM Ha HECKONbKO AECATKOB rpagycos, M
O6blYHO MEHSIETCA MEHbLUE, YeM Ha =+10°C, OT HOMMHANbLHOM BENIMYUHbLI, JMHENHas
annpokcumaumst (V = K-T2) SiBNSIETC AOCTAaTOYHO TOYHOM M 4acTo UCMONb3yeMon hyHKUMEN.
(BblpaxkeHne ans BbIXOAHOMO HAMpsHKEHUSI TepMonapbl C TeMNepaTypor €e U3MEepPUTENIbHOro
cnas T°C 1 ornopHoro crnas npu TemnepaType 0°C BblpaXKaeTcst MOSMHOMOM V = K1-T + K2-T? +
K3-T° + ..., HO BENINYMHBI KO3(DPULMEHTOB K2, K3 1 T.A. BECbMa Masnbl A1 60/bLIMHCTBA
M3BECTHbIX TUMNOB Tepmonap). B /8/ w /9/ paloTcs BeNWUMHBI 3TUX KO3 @PUUMEHTOB ANS
LunMpokoro Habopa Tepmonap).

Mpn MCNONb30BaHUM 3NEKTPOHHOM KOMMEHCAUUM XONIOAHOrO crasi, OBWenpuHSATO He
AenaTb AONOSHUTENBLHOrO Cnasi TepMonapsl, @ yCTaHaBAnBaTb CBOOOAHbIE KOHLbI TepMONnapb! B
cneumanbHOM M30TepMUMYECKOM 6noke, Kak Moka3aHo Ha Puc.7.9. CoeavHeHusi: Metann A -
Meab 1 Metann B - Meapb, €Cnm OHM HaxoasTCA NpU OAMHAKOBOW TEMMEpaType, SKBUBANEHTHbI
TepMonapHoMy cnato Metann A - Metann B, Kak noka3aHo Ha Puc.7.8.

MEfb
i o
V(OUT) = V1 - V(0°C)
_MEfb .
METANM A
CXEMA
vie(vi TEMMNEPATYPHOM
/ KOMMEHCALIMU
OATYMK
METANM B TEMMNEPATYPbI

MEOb

M3OTEPMUYECKUW BINOK

Puc.7.9. YcraHoBKa TepMoOnapHbIX NPOBOAHUKOB HENOCPEeACTBEHHO
B U30TEepMUYECKOM 6noke.

CxeMa Ha Puc.7.10 HopMMpYyeT BbIXOAHOM CUrHan Tepmonapbl Tuna K 1 oHOBPEMEHHO
obecneymBaeT KOMMEHCaUMIo XOnogHoro cras, ans temnepatyp ot 0°C go 250°C. Cxema
paboTaeT OT OAHOro WMCTOYHMKA NuTaHus oT +3.3 B go + 12 B 1 npegHasHayeHa AaBaTb
nepefaTovHYIO0 XapaKTepUCTUKY BbIXOAHOro HanpsbkeHust 10 MB/°C. Tepmonapa Tvna K nmeet
koadpdpuumeHT 3eebeka npubnuantensHo 41 MkB/°C; noaToMy Ha XONOAHOM crnae
yctaHaenmeaetcds MC TMP35-gaTtunk TemnepaTtypbl C TemnepaTypHbiM Ko3dduumeHToMm 10
MB/°C. OH WuCNONb3yeTcsa COBMECTHO C AenutenemM RI wu R2 pgns TOro, 4tobbl BBECTU
KOMMNEHCUPYIOWMI TeMNepPaTypHbI KO3(PDOULMEHT XONOAHOMO Cnasi NPOTMBOMOIOXHOMO 3HaKa,
BENNYMHON -41MKB/°C. YKa3aHHOE BK/HOYEHME NPENATCTBYET MOSIBIEHUIO OLUMOKM U3MEpPEHUS
TemnepaTypbl, 0OYC/OBMEHHOW HEMOCPEACTBEHHbIM COEAMHEHMEM MexXay MNPOBOAHMKAMM
TepMonapbl M TpaccaMu MeyaTHbIX MPOBOAHMKOB nnaTbl. [aHHas KoOMneHcauusi paboTtaer
UCKTIOUYUTENBHO XOPOLLO B AMANa3oHe TeMMepaTyp OKpyxatowen cpeabl oT 20°C ao 50°C.

Mo gnanasoHy nsmepeHunss 250°C Tepmonapa AaeT U3MEHEHWE BbIXOAHOMO HaNPsHKeHUs
B 10.151 MB. lockonbky TpebyeMoe n3MeHeHue BbIXOAHOrO CUrHana no BepxHeMy npeaeny
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PASQEN 7: OaTuvkn TemMnepaTypbl

coctaBnsietr 2.5 B, ycuneHne B uenu coctaBuT 246.3. Bolibop R4= 4.99 KQ pact BennuuHy
R5=1.22 MQ. MMockonbKy 6nwxanwas BennunmHa 1% pe3nctopa R5 coctaBnseT 1.21 MQ,
MCNONb3YyeTCsl AOMNONHUTENbHBIA NOTEHUMOMETP 50 KQ ANns TOYHOW HACTPOMKM BbIXOAHOrO
HanpsbkeHnsa rno BepxHeMmy npegeny. Xota UC OP193 sABnseTca onepaumoHHbIM yCUnuTenem C
OAHOMONSIPHbIM MUTAHWEM, €ro BbIXOAHOM Kackag He paboTaeT B pexuMe OT-NMUTaHWUA-A0-
MUTaHWs, M €ero BbIXOAHOM CUrHan AOXOAWUT TOMbKO A0 noTeHumana +0.1 B oTHocuTenbHO
3emMnu. Mo 3TOW NpUUMHE, ANS CMELLEeHUs! BbIXOAHOMO HanpsXeHUs NpubnuantenbHo Ha 0.1 B,
yCTaHaB/IMBAETCS AOMOIHUTENbHbIN PE3NCTOP R3 Ha UCTOYHMK NUTaHUS 5 B. 3TO HanpshkeHue
cMelleHns (10°C) cnepyeT BblMeCTb, Koraa 6yaer npoBoauTLCS M3MepeHue u 06paboTka
BbIXoAa ornepaumoHHoro ycunutens OP193. Pesuctop R3 Takxke obecneuvBaeT onpeaeneHue
obpbiBa Lenu TepMonapsbl, yCTaHaBMBasi BEIMUMHY BbIXOAHOMO HanpsbkeHus 6onbe 3B, ecnn
TepMonapa obopBaHa. Pe3uctop R7 6anaHcMpyeT BXOAHOW MMMEAaHC onepaumMoHHOro
yeunutens OP193, a nneHouHbl koHAeHcaTop 0.1 MK® yMeHbLIaeT BEMUMHY LWyMa Ha
HEVHBEPTUPYIOLLEM BXOZE.

@ O 33-55B
................... 3 | 0.1 Mk®

TEPMOINAPA Ra*
TUNA K TMP35 4.99KQ
0°C < T < 250°C
_\ Vour
\ 01 -26B
OP193

XPOMEIJb Cu 100 MB/°C

+ R6
100KQ

XONoAHbIX CMAK

AJIOMENb
R2*
102Q

M3OTEPMUYECKUH
BNoK

* NICMONb3OBATb 1% PE3UCTOPDI

Puc.7.10. Ucnonb3oBaHue aaTuuka Temnepatypbl (TMP35)
A1 KOMMNEHcaLlMn XOJIOAHOro crasi TepMonaphbl.

NC AD594/AD595 4BNSeTCd KPUCTANZIOM C  3aKOHYEHHbIM  MHCTPYMEHTAsIbHbIM
YyCUNUTENEM M KOMMEHCAaTOPOM XOMI04HOro cras Ans tepmoriap (CM. Puc.7.11). OH BK/IOYaET B
cebsl KOMMEHCATOp XOMOAHOrO cnasl Ha TemnepaTypy TasHusl NbAa W KannbpoBaHHBLIN
YCUNUTENb C HEMOCPEACTBEHHbLIM MOAK/TIOYEHNEM K BbIXOAY TEPMOMNapbl U BbIXOAHbLIM CUTHAIOM
BbICOKOr0 ypoBHs (10 MB/°C). lNepekntoveHre nepemblyeKk Ha BblBOAAX YCTAHOBKM pexuMma
MO3BONSIET UCMONb30BaTh MC B KauecTBe NIMHENHOMO YCUIUTENS-KOMINEHCATOPa UK PeNeMHOro
perynatopa TemnepaTypbl, MCNOAb3yowero (UKCMpPOBaHHOE 3HAYEHWEe WU AUCTaHUMOHHOEe
yrnpaB/ieHWe TOYKOWN YCTaHOBKM TeMnepaTypbl. IC MOXHO MCMO/Ib30BaTb A4St NPSMOro YCUNEeHNS
HanpsHKEHMs1 KOMMEHCaLUMK, Nony4Yas TeM CaMbIM, OTAENbHbIN NpeobpasoBaTenb TEMNEPaTyphl B
rpagycax C € BbIXOAHbIM curHanom 10 MB/°C. Bo Bcex NPUIOXEHUSIX BECbMa BaXKHO, YTOObI
YN UC 6bin Npu TOM Xe caMoin TeMnepaType, YTO U XONOAHbIN Cnai TepMonapbl, YTO 06bIYHO
JIOCTUraeTcsl YCTaHOBKOW WX 06OMX B HEMoCpeACTBEHHOW 6nv3ocT Apyr OT Apyra u
N30/IMPOBaHMEM OT UCTOYHMKOB Tensa.

NC AD594/AD595 BktovaeT B cebsi pexunM reHepaumn curHana npegynpexaeHus o6
obpbiBE TepMonapbl, KOTOPbIA UMEET MECTO, eCiv OAMH UK 0ba KOHLA TepMonapbl 060pBaHbI.
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Bbixog npepynpexaeHuss BecbMa TMOOK M BKAKOYMAEeT BO3MOXHOCTb ynpaeneHus TTL
MUKPOCXEMaMW. YCTPOWCTBO MOXHO MMTaTb OT OAHOMOJISIPHOrO MCTOYHMKA (KOTOPbLIN MOXET
6bITb He 6onee + 5 B), HO, NOAKMOUMB OTPULIATENbHBIA UCTOYHWUK MUTAHUSI, MOXXHO M3MEPATb
Temnepartypbl HMxe 0°C.

[ns Toro 4ytobbl MMHMMM3NPOBATL BENMUMHY CamopasorpeBa AaHHas WC paboTaeT c
noTpebneHmemM Toka A0 160 MKA, HO OHa TaKXe CnocobHa ynpaBnsTb Harpy3kod C TOKOM
notpebnenus oo +5 MA.

AD594 npenBapuTenbHO KannbpyeTcsl na3epHOWM MOATOHKOW [ANsi COrnacoBaHusl C
XapakTepucTukamm TepMonap Tuna J (kene3o/KOHCTaHTaH), a AD595 noacTpavBaeTCs Ha
Tepmonapbl Tuna K (xpomen/aniomenb). MoxHO nepekanubposate WC ansg pabotbl C
Tepmornapamm apyrux TurnoeB (He J u K), yCTaHaBnvMBas BHELIHWE PE3UCTOPbI YrpaB/ieHns
HanpspKeHnsIMKM - TemnepaTypHOro npeobpasoBaTtens U ero ycuneHmeM. BHelHWe pe3uncTopbl
no3BONSAOT Takxke 6onee ToyHO kKanubposaTb (TOYHee, YeM Ha 3aBoae) MC B cTaHAApTHbIX
NPUNOXEHUAX, KaK Ans TepMornap, Tak U ana tepmomertpa. AD594/AD595 AOCTYNHbI B ABYX
BEpCUSX UCnonHeHus. Bepcum C - A UMeOT TOYHOCTM KanmbpoBknm =+1°C u +3°C,,
cooTBeTCTBeHHO. O6e UC npeaHasHadeHbl Ans paboTbl C TeMnepaTtypaMu XONOAHbLIX CraeB B
AnanasoHe oT 0 Ao +50°C. CxeMa, nokasaHHas Ha Puc.7.11, aacT 3aAaHHbIN BbIXOAHOW CUIHAs
c Tepmonap tuna J (AD594) vnu tuna K (AD595) B AnMana3oHe namepenus O ... +300°C.

>

J_ +5B
0.1 Mk® 4.7 KQ

CUrHAN PA3PbIBA

TEPMONAPDBI
N . Vout
l ~ I 710 MB.°C
O o o o
ONPEAOENEHUE
TWUN J: AD594 NEPErPY3KU
TUN K: AD595 \I []
TEPMONAPA
AD594/AD595 7

—Q -TC

KOMMNEHCATOP
TOYKU TAAHUA
NbOA

: 1
v v

Puc.7.11. MoHoMTHbIE yeunuTtenu Tepmonap AD594/AD595
C KOMNeHcauMei X010[QHOoro cnas.

O +TC

AD596/AD597 aBNAOTCS penenHbIMU  perynstopaMu C YCTaHOBKOW TeMnepaTypbl,
KOTOPbl€ OMTUMU3MPOBAHHbIE AN UCMOSIb30BaHMS NMPY BbICOKMX TeMnepaTypax, HanpuMmep, B
MPUNOXKEHUSIX, CBSI3aHHbIX C YrpaBfeHMeM nedyamu. [Ns nosyyYeHusi BHYTPEHHEro curHana
MPOMOPLMOHANILHOrO TEMNEpaType YCTPOMCTBO BbIMOMHAET KOMMEHCALMIO XONOAHOro cras u
yCUNUBAET curHansl Tepmonap tuna J/K.

MOXHO CKOHMUIypupoBaTb Tak, YTObbl OHM obecneunBann BbixogHOE HanpsbkeHue (10
MB/°C) HenocpeacTBEHHO OT CWUrHANOB TepMoMnap YKasaHHOro Tuna. [aHHble YCTPOWMCTBa
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cobpaHbl B [AeCATUMBLIBOAHOM METAN/IMYECKOM KOprnyce W HacTpoeHbl Ans paboTbl npwu
TeMnepaType OKpyxatowen cpeabl oT +25°C pgo +100°C. UC AD596 yCUnMBAET CUrHambl C
TepMmonap B AvanasoHe oT —200°C ao +760°C, KOTOpbI peKOMeHAOBaH Ans TepMonap Tuna J,
a AD597 aganTuMpoBaHbl K MCMO/b30BaHUIO Ha BXodax Tepmonap Tuna K B gvanasoHe OT —
200°C po 1250°C. OHM MMEIT TOYHOCTb KannbpoBku +4°C Mpu TeMnepaType OKpyXKatoLlewn
cpeabl 60°.C, a ux cTabunbHOCTb MO TemnepaType cocrtaensieT 0.005°C/°C B AuanasoHe
OKpYy>atoLLen TemnepaTypbl oT +25°C ao +100°C.

OAHaKo HU OAHO YCTPOWCTBO, M3 OMUCAHHbLIX Bbille, HE KOMMEHCUPYET HENIMHENHOCTU
TepMonapbl, OHW obecrneunMBalOT Wb HOPMUPOBaHME CUrHanNa W €ero ycuaeHue no
HanpsbkeHuto. ALM ¢ BbICOKMM paspelueHneM, Hanpumep, ALM cemelictBa AD77XX, MOXHO
NCMNOb30BaTb AN HEMNOCPEACTBEHHONO KBaHTOBAHWSA CUrHANOB C TepMonap, YTO MO3BONSET
MWUKPOKOHTPOS/IEPY BbIMONHATL SIMHEApU3aUMIO yHKUMM nepedaydy TepMorapbl, Kak nokasaHo
Ha Puc.7.12. N KBAHTOBAHWS HAMpsPKEHUS C TepMonapbl U BbIXOAa TEMMepaTypHOro AaTymka
XONI0AHOMO cnasl WMCMONb3YKTCs ABa MyNbTUIMIEKCHbIX Bxoga ALM. BxoaHow ycunuTenb
nporpaMMmpyeTcs Ha ycunernuve ot 1 o 128, a paspewenve ALIM coctasnser ot 16 go 22
pa3psaoB (B 3aBUCMMOCTM OT BblbpaHHOro KOHKpeTHoro ALMT). MUKpOKOHTponnep BbiNOAHSET
apudMeTnyeckme AeNCTBUS MO KOMMEHCaUuMM TeMnepaTypbl XOMI0AHOMO cras U NiMHeapusauum
XapaKTepUCTUKM TepMonapebl.

+3/+5B
B 3ABUCHUMOCTM OT TUMA ALIM
0.1 mk®
g A I A
. .
. .
H '
H '
: :
TMP35
' : O—f AINL+ . PEFUCTP YMPABNEHMS |
H ' > <€
: : ‘ I I
' : g
: : AIN1- ]
1 : XA y
: ; MUX BbIXOAHOM PETUCTP |«—@
: ' ALN
: ! O— AIN2+ “
.
H . - o
: : G=1Ro128 MOCNEQOBATENbHbIN
: : Nl YR WHTEP®ENC <
H 1
: e CEPUS1 AD77XX
e ' (16 — 22 PA3PSI10B)
TEPMOAPA AE ‘ o
L.
Cd »
K MUKPOKOHTPOINEPY

Puc.7.12. AN cemeiictBa AD77XX, UCNOJIb3yeMbli COBMECTHO C TEMNEpPaTyPHbIM AAaTYMKOM
TMP35 ans koMneHcauum TeMrnepaTtypbl XO/I0OAHOroO cras.
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Pe3MCTMBHbIE AATUYMKM TEMMEPATYPbI.

Pe3nctnBHble gaTumkmn Temnepatypbl uav PAT - 3TO AaTyYMKK, CONPOTMBIIEHME KOTOPbIX
MEHSIETC C M3MeHeHueM TemnepaTypbl. PAT 06bIMHO W3roTaBAMBAKOTCA M3 MNAATUHOBOIO
npoeoaa (MT), HAMOTAHHOrO Ha KepaMU4yeckuii kapkac. Xapaktepuctuku PAT 6onee TOYHbI U
NIMHEVHbI B LUMPOKOM AMana3oHe TemnepaTyp, YeM B cCiydyae Tepmonap. Ha Puc.7.13 ans
CpaBHEHMs1 MoKas3aH TemnepaTypHbin koadpduumeHT 100Q PAT n  koapdumumeHT 3eebeka
TepMonapbl TMNa S. Mo BceMy ananasoHy (npubnuautensHo ot —200°C go +850°C), PAT 6onee
nuHeiHbl. CnegoBaTenbHO, Npouecc nnHeapusaummn PAT MeHee CNOoXKeH.

¢ 06bl4HO NnaTuHa (Pt)
¢ CTaHAapTHble BennumHbl PAT 1009, 1000Q
¢ TUNOBOW TeMnepaTypHbI koadduumeHT = 0.385 Q/°C ans 100Q nnatuHosoro PAT
¢ BbICOKasi IMHEMHOCTb - NyYlle, YeM Y TepMonap, KOMMNeHCUpyemasi NPoCTbIMU METOAAMM
o
~ 0400 [— . —/ 115 Hn
o 100Q NAATUHOBBI PAT x
% 0.375 105 g
& 950 A
T 0.350 H
w
S 850 ™
m =
= 0.325 T
= 750 W
(@] s
% 0.300 g
c 6.50 Y
3] | e
£ 0275 550 8
0 400 800 =

TEMMNEPATYPA (°C)
Puc.7.13. Pe3ancTtuBHble AaTunku Temnepatypsl (PAT).

B npotnBOnonoxHocTb TepMmornapaM, PAT ABNAOTCA NMACCMBHBLIMM AATYMKaMM U ANS
MOSMIYYEHUS] BLIXOAHOIO HAMpPSDKEHUS TPeOyloT Hanuuusi Toka BO30OYxaAeHus. Manbin
TemnepaTypHbIn koadduumeHt PAT TK = 0.385%/°C TpebyeT cXxeMbl HOPMUPOBAHWNSA CUrHANOB
C BbICOKMMW pabounMn XapaKTepucTukamum nofobHO TeM, KOTopble MCNOSb30BaSnChL Npu
06paboTke curHanoB C TepMonap; B TOXe BpeMs nageHue HanpsbkeHuns Ha PAT MHoro 6onblue,
YyeM BbIXOAHOE HanpsbkeHne TepMmonap. PaspaboTtunk MoxeT BblibpaTb PAT 60/bLUOM BENUUYNHDI
c 6onee BbICOKMM BbIXOAHbIM CUrHANOM, HO PAT 60MblION BENNUYNHBI AAIOT CIMWKOM 60bluve
BpeMeHa OTK/IMKa (nepexofdHble XapaKTepucTukm). XoTta ctommoctb PAT wn Bbiwe, yem
CTOMMOCTb TepMorapbl, B HWX TMPUMEHAIOTCA MeAHble BbIBOAbI WM  TEpMO3/IeKTpuyeckme
3(peKTbl, CBSI3aHHbIE C COEAVHWUTENIbHBIMW MNPOBOAAMM, HE BAMSAKOT Ha MX TOYHOCTb. W,
HaKOHeL,, MOCKO/bKY MX COMPOTUBNEHUE ABNSeTCS (yHKUMENH abcontoTHOM TemnepaTtypbl, PAT
He TpebyloT KOMMeHcaumm X0noaHoro cnasl.

Mpn  wucnonb3oBaHMM  ToKa  BO3OYyXaeHMsi  HeobxoaMMO  6blTb  Ype3BblYalHO
OCTOPOXHbIMKM, MOCKOJIbKY MpoTeKkaHue Toka 4yepe3 PAT npuBoaMT K ero pasorpesy. JTOT
camopasorpeB u3MeHsieT TeMmnepatypy PAT v nposiBnseTtcs KaKk olunbka wu3MepeHus.
CnepoBatenbHo, ocoboe BHMMaHWe cneayeT yaenuTb KOHCTPYMPOBAHUIO CXeMbl HOPMUPOBaHUS
C TeMm, u4tobbl BenMuMHa CcaMopasorpeBa cocTaBnsna MeHee 0.5°C.  WM3rotoBuTenmu
cneunauunpytoT ownbkM CBA3aHHbIE C CaMOpPA3orpeBOM ANS  Pas3/IMYHbIX HOMWHANOB U
pa3mepoB PAT B BO3AYWHOM NoToke u 6e3 Hero. [na Toro 4tobbl yMEHbWNTb OWKMOKM M3-3a
caMopasorpeBa cnefyeT WCMosb30BaTb MUMHMMANbHO BO3MOXHblE TOKM BO36yXaeHus Ans
AOCTMXKeHUs TpebyeMoro paspelleHust CUCTEMbl WU Bblbupate PAT ¢ Hambonbwnmu
HOMMHaNaMu, AatoLWMMK, OAHAKO, NMPUEMIEMBIN MO BEIMYMHE BPEMEHHOM OTKIIMK.
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ApyruMm 3deKToM, KOTOpbIM MOXET AaTb OLWMOKM W3MEpPEeHUsi SBNSETCs NafaeHue
HanpsKeHUs1 Ha coeanHUTENbHbLIX npoBoaax K PAT. 3To 0cobeHHO BaXXHO Mpu UCNOSb30BaHNN
HM3KOOMHBIX ABYXMpoBoAHbIX PAT, MOCKONMbKY TeMnepaTypHbl KO3hdUUMEHT U abcontoTHas
BenuunHa conpotuenenmsa PAT manel. Ecnv PAT pacnonaraetcs Ha 3Ha4YMTENbHOM PacCTOSHUN
OT CXeMbl HOPMWPOBAHMSA CUrHANOB, TO COMPOTMBIIEHWE COEAMHUTESNIbHBLIX MPOBOAOB MOXET
COCTaBNSATb eANHNULBI MK gaxke aecatkn OM, K, Kasanocb bbl, Manas BenMymHa ConpoTUBIEHMUS
NPOBOAOB MOXET BHECTU 3HAYUTENbHYIO OWMOKY B M3MepeHue TemnepaTypbl. [ Toro 4tobsl
MPOVANIOCTPUPOBATbL 3TO YTBEPXKAEHME, NPeanonoXxum, 4yto 100Q nnatuHoBbiM PAT C
CoeauHUTENbHBIMU  MeaHbIMK npoBodammn  30-kanubpa pacnonaraeTcs Ha pacctosHum 100
¢yTOB OT KOHCONM Aucnnes KoHTpossepa. MNoroHHoe conpoTuBneHve megHoro nposoaa 30-
kanubpa coctasnset 0.105 Q/¢dyT, a ABa nposoda k PAT BHecyT B cymMe 21Q B Lenb, KOTopas
nokasaHa Ha Puc.7.14. DTO AOMNONHUTENbHOE COMPOTMBEHWE AAcT OWWOKY B M3MEpeHun B
55°C! TK npoBOAOB MOXET BHECTU AOMOSIHUTENBbHYIO U, BO3MOXHO, 3HAYMUTENbHYLO, OWNOKY B
n3mepeHun. Jns Toro 4Tobbl NCKAOUYMTL BAUSIHUE CONPOTUB/IEHNS NMPOBOAHMKOB NUCMOMNb3YHOTCS
4-npoOBOAHONM METOA BKJIOUEHMSI.

R =10.5Q
(e, T
MEAOb

100Q
Pt POT
R =10.5Q

le 1

L

MEOb

TEMHEPATVPHbIIZI KO3®®ULIMEHT COMPOTUBJIEHUA MEOWN = 0.40%/ °C @ 20°C
TEMMNEPATYPHbIA KOQ®OULMEHT COMPOTUBINEHUA Pt POT = 0.385%/ °C @ 20°C

Puc.7.14. NnatuHoBbiii PAT 100 oM € coeAnHUTENIbHbIMWU MeAHbIMU NPOBOAAMMU
30-kanubpa pgamHoi 100 ¢pyToB.

Ha Pwuc.7.15 nokas3aHo 4-nposBoaHoe wnuv KenbBMHOBCKOE noAkayveHne k  PAT.
MOCTOSAHHBIN TOK NOAAETCS Yepe3 cus1oBbie rnpoBogHuku PAT, a HanpsbxeHue ¢ PAT nsmepsietcs
AVCTAHUMOHHO C TMOMOLUbIO YYBCTBUTE/IbHBIX POBOAHMKOB. 3MEpUTENbHBIMU YCTPOMCTBaMU
MOryT 6bITb LMcbpoBON BONLTMETP MM UY. MOXHO AOCTMYbL BbICOKOM TOUHOCTU M3MEPEHUS NPU
YCNOBWU, YTO M3MEPUTENBHOE YCTPOMUCTBO 06/1aAaeT BbICOKMM BXOAHLIM MMNEAAHCOM M HU3KUM
BXOAHbIM TOKOM. [MOCKONbKY YyBCTBUTE/IbHbIE [POBOAHUKM HE NepefatoT 3aMeTHOro TOKa,
[aHHbIA METOA M3MEPEHUSI He YyBCTBUTENEH K A/IMHE NPOBOAHWMKA. WCTOYHMKaMKM OwMbBOK B
3TOM MeToaMKE SIBNSIOTCS CTabWMNbHOCTb MOCTOSIHHOrO TOKa BO30OYXAEHMSI M BXOAHOW
UMMeaaHc, U BXOAHbIE TOKW yCunuTens nnv umdpoBoro BoNbTMETpA.

CMNOBOW NPOBOAHUK YYBCTBUTENbHbIN MPOBOAHUK
1
e
RLEAD
o K U3MEPUTENbHOMY
| 100 YCUMNWUTENIO UMW ALN C
Pt POT BbICOKUM UMMELAHCOM
RLEAD
1
e
CMNOBOW NPOBOAHUK YYBCTBUTENbHbIN MPOBOAHUK

Puc.7.15. NoBbiWeHNs TOYHOCTU U3MEpPEHMSA C UCNOJIb30BaHUEM 4-NTPOBOAHOIO NN
KenbBuMHOBCKOIro nogknroueHus k PAT.
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PASQEN 7: OaTuvku TemMnepaTypbl

POT 06bIMHO BKIOYAOTCA B 4-pe3UCTOPHYID MOCTOBYHO  Lierb. Bbixogq MocTa
yCUNMBaeTCs Ans AanbHenwen ob6paboTknm c nomowpto MY. OpHako npuMeHeHne Aans
namepeHns AL C BbICOKMM paspelleHneM, Takux Kak B ceMencTBe AD77XX, MO3BONSET
KBQHTOBAaTb HEMOCPEACTBEHHO BbIXOAHOW curHan ¢ PAT. TakuMm e o06pa3oM MOXeT
BbIMOMHATLCA Ha LM(MPOBOM YpOBHE W JMHeapu3auus, 4TO YynpowgaeTr TpeboBaHus K
AHasIoroBbIM LensM.

Ha Puc.7.16 nokasaH 100Q MNT PAT nuTaeMbil TOKOM OT UCTOYHUKA TOKa BO36YyaAeHMS
400 MKA. BbixogHOM curHan Aatumka kBaHTyeTcs AL cemeinctBa AD77XX. OTMETUM, 4TO
NCTOYHMK TOKa BO36yxaeHust PAT Takxke co3daeT OnopHoe HanpsbkeHue 2.5 B agnga AL,
ncnonb3ys pesuncrtop 6.25 KQ. UameHeHne Toka BO36Y>XAEHUS He BNMSIET HA TOYHOCTb CXEMb,
MOCKOJIbKY KaK BXOAHOE HarpsbkeHne, TaK W OrOpPHOE HarpshkeHne U3MepsoTCcs
OTHOCUTENbHBbIM 06pa3oM. B Toxe BpeMsi pe3nctop 6.25 KQ pgomkeH obnagaTtb, Kak MOXHO
MEHbLIMM TeMNepaTypHbIM KO3(P@MUUMEHTOM, C TeM, 4Tobbl M3bexaTb OWMOOK M3MepeHus.
MNpumeHeHnne AL C BbICOKMM paspelleHneM, B COCTaBe KOTOPOro WMeEeTCs YCWiuTenb C
nporpaMMmMpyeMbiM ycuneHmeMm (ycuneHme oOT 1 Ao 128), ucKIoYaeT HeobxoauMMoCTb
MCNONb30BaHUS AOMNONHUTENBHON HOPMUPYIOLLEN LIENN.

+3/+5 B
B 3ABUCUMOCTMU OT TUNA ALN

+VREF e
RREF —VRerF
6.25 KQ ) PETMCTP YNIPABNEHUS |
+
CT) 400 MKA )_ AIN1+ I ’,
1000 )
PLPOT MUX PGA ZA BbIXOOHOW PEFUCTP |«—@
ALRN
— A ’
Nl Py )
G=100128 NOCNEQOBATENBHbIN
WHTEPDEMNC €
CEPUA AD77XX
(16 — 22 PA3PSIOB)
£\

O\
A4

v v .

L4 »

K MUKPOKOHTPOJJIEPY

Puc.7.16. Nopgknouenune MT PAT k ALLI ¢ BbICOKMM pa3pelueHneM.

NC ADT70 9BNSiIETCA 3aKOHYEHHOW CXEMOW HOPMMpOBaHus curHanos c MT PAT; oHa
obecneumBaeT BbIXOAHOE HanpsxeHne 5 MB/°C npu ucnonb3oBanun PAT BennumHomn 1 KQ (cm.
Puc.7.17). NT PAT wn onopHbii pe3uctop 1 KQ Bo36yxaaloTca ABYMS COrlacoBaHHbIMM
MCTOYHUKAMWN TOKa. DTO MO3BOJMSET BbIMOMHATL M3MEpPEeHWs TeMmnepaTypbl B Auana3oHe oT
-50°C po +800°C.

ADT70 coaepXXuT ABa COrMacoBaHHbIX UCTOYHMKA TOKA, NPELM3NOHHBIN UY C BbIXOAHOM
OT-NUTaHUA-A0-NUTAHUS,, WUCTOYHMK OMOPHOrO HanpshkeHns 2.5 B W [AOMONHUTENbHLIN
HENOAKMOYEHHbIN OY C BbIXOAOM OT-MUTaHUS-Ao-NuTaHus. UC ADT71 nogobHa ADT70, 3a
NCK/IIOYEHNEM BHYTPEHHErO WCTOYHMKA OMOPHOrO HanpsbKeHus. [nsi NPUNIOXEHUN C
6aTapeliHbiM NuTaHneM o6e UC nMetoT yHKUMIO OTKIOUYEHMSI MUTaHWS, KOTopasi YMEHbLIAeT
cTaTMYecknin Tok ¢ 3 MA 1o 10 MKA. YcuneHune unv BepXHWUM Npeaen BbIXOAHOrO HampshKeHUs!
ana MT POT wn cuctembl  ADT70/ADT71 ycCTaHaBnMBaeTCa C MOMOLLLIO MPEUn3NOHHOro
BHELLHEro pe3ucropa, NOAK/IKYaEMOro K U3MepUTENbHOMY YCUIIUTENIO.
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HenoaknoueHHbIN ~ M3MepUTENbHLIM ~ YCUIUTENlb  MOXHO  UCMONb30BaTb  ANS
MacWwTabupoBaHUs Hanps>KeHUsi BHYTPEHHEro OMOPHOr0 WCTOYHMKA HaMpshKeHwus, Ans
nonyyeHus npegynpexaawowero curHana «uenb [T PAT pa3oMKHyTa», 418 MN0AydYeHus
npegynpexaaroLwero curHana «npesbilleHne TemnepaTtypbl» WNW ANna MosyvyeHus curHana
yrnpaBneHus BHEWHWM HarpeBatenem wu T1.4. ADT70 cneunduumpyetca ans pabotbl B
AvanaszoHe ot —40°C go +125°C n noctasnsetcs B 20-BbIBOAHLIX Koprnycax DIP nnu SOIC.

+5B
9
J_ 0.1 MK®
1KQ Pt POT » ADT70 \{ / —J}
_E L 4 J) C
® UOH25B
—0

1KQ
e v
7”7 COrNNIACOBAHHbIE

NIAY

\‘[ : MUCTOYHVKMN TOKA 1 mA
CXEMA
~ ’_\ YNPABINEHUA [—Q

+
NOTPEBNIEHUEM
ny !
o—1- «3EMNSA»
WOH

Rc = 50KQ
> BbIXO[ =5 mB/°C

_1BOO-5B ansa ACHOCTU OBO3HAYEHUA
HEKOTOPbIX BbIBOOOB ONYLWEHDbI

X

«
P

Y/

Puc.7.17. Ucnonb3oBaHue ADT70 B KayecTBe yCTPOMCTBa HOpMMpoBaHusa curHanos NT PAT.
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PASQEN 7: OaTuvku TemMnepaTypbl

TepMucTopsl

TepMucTopbl 06nagaloT  QyHKUMAMUM  CXOAHBIMM € DyHKUMsMM PAOT wn  gaBnstoTcs
TeMnepaTypHO-YyBCTBUTEIbHBIMU PE3NCTOPAMMN HEBO/BbLLON CTOMMOCTU. OHM M3rOTaB/IMBAKOTCS
M3 MOMYNPOBOAHMKOBLIX MaTepuanoB, KOTOpble WMEKT KakK MOMOXMUTENbHbIM, Tak W
oTpuuUaTenbHbIM  TeMnepaTypHbil  KO3(dUUMEHT. XOTA YCTPOMCTBA C  MONOXUTENbHLIMM
TeMnepaTypHbIMU KOIPOULMEHTOM M CYLLECTBYIOT, HaMbonee 4acTto UCMOsb3YTCH TEPMUCTOPbI
C OTpUUATeNbHLIMM TeMnepaTypHbiMKU KO3 duumeHTamn. Ha Puc.7.18 nokasaHa 3aBUCMMOCTb
COMpPOTUB/IEHNSI TEPMUCTOPA C OTpULUATENbHBLIM TeMnepaTypHbiM  Ko3dduumeHtoM (OTK)
[Negative Temperature Coefficient - NTC] oT TemMnepaTypbl. TepMUCTOp ABNsSieTCH Havbonee
HENMUHENHbIM YCTPOMCTBOM M3 PACCMOTPEHHbLIX paHee, HO B TOXe BpeMsl OH Haubonee
YYBCTBUTEIEH.

40

30 P\eerrrrnnnnes . .............. .. ............. . .............. .. .............

IO [ TTTTIRR W fenernnnianes danrenansnens foerennnnianens danennassanen

HOMWHANBHAS :
10 fevenvnnnnnnes +BENMUYUNHA @ 25° =sesresens . .............

CONMPOTUBIIEHUE TEPMUCTOPA (KQ)

0 20 40 60 80 100

TEMMEPATYPA (°C)

Puc.7.18. NoBepeHne conpoTusBneHnss Tepmucropa 10 KOm c OTK.

Bblcokasi 4yBCTBMTENbHOCTb TepMucTtopa (06blHO -44000 ppm/°C npu 25°C, Kak
nokasaHo Ha Pwuc.7.19), no3sonser ornpegensdts C €ro Nnomowbi0 MrHOBEHHbIE W3MEHEeHUS
TeMnepaTypbl, KOTopble Henb3a 6bino 6bl Habnwgate ¢ nomowbto PAT unu Tepmonap. JTa
BbICOKAsi YyBCTBUTENbHOCTb SIBASIETCS OCOObIM MpeuMyLecTBoM TepMucTtopoB Haa PAT, npu
3TOM HeT 0cobo HeobXOoAMMOCTM KOMMEHCMPOBATb OLMOKKM, CBSI3aHHbIE C KOHEYHbIM
COMPOTUB/IEHMEM COEANHUTENbHBLIX TMPOBOAOB, KaK 3TO AenaeTtcd B ciydae ¢ PAT, nytem
NCMNONb30BaHMSA 4-NpoOBOAHOIO KenbBMHOBCKOrO MOAKMIIOYEHUS AaTyumka. [ns Toro 4Tobbl
NPOUNNIOCTPUPOBATL 3TO 3aK/oYeHUe NpeanonoXuM, 4to 10 KQ tepmuctop ¢ OTK 1 TMnoBsoMn
BenmMumHon ero npu 25°C OTK = -44000 ppm/°C 3ameHsin 6bl cobon MT PAT 10092 B paHee
npuBeAeHHOM MpuMepe, TorAa rnosiHoe CONpOTUB/IEHNE COeANHUTENbHBIX NPOBOAOB OCTaBasioCh
6bl paBHOe 21Q, 1 owmnbka namepeHus coctaBuna 6ol MeHee yeM 0.05°C. YTo coctaBnset 500-
KpaTHOE YMeHbLUEHNE OLWMOKM n3MepeHust No cpaBHeHuto ¢ PAT.

OpHako BbICOKasi YyBCTBUTENLHOCTb MO TemnepaType TpebyeT onpeaeneHHoW nnaTbl.
Kak noka3aHo Ha Pwuc.7.18, TeMmnepaTypHbll KO3(PMUUMEHT TEPMUCTOPOB YMEHLLUAETCA He
JTMHENHO C YMEHbLUEHNEM TeMNEepaTypbl, Kak 3TO UMeEeT MecTo B ciiydae PAT; no 3Toi npuunHe
TpebyeTca BbINOMHEHWE NMHEeapu3auMn Ans BCeX BENMYMH TemnepaTypbl, UCKIKYas TOMbKO
BECbMA Y3KWIA AMana3oH M3MepeHuit. MpunoXxeHne ¢ UCrnosib30BaHMEM TEPMUCTOPOB, B JTyYLLEM
cnyyae, oOrpaHuuMBaeTcs paboTon B 06MacTM HECKONIbKMX COTEH rpadycoB, MOCKOSIbKY
TEPMUCTOPbI MOABEPXKEHbI Pa3pyLLUEHNIO MPU BbICOKMX TeMnepaTtypax.
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Puc.7.19. TemnepaTtypHbii ko3 puumeHT 10 KQ Tepmucropa c OTK.

Mo cpaBHeHWO ¢ TepMonapamu u PAT, KOHCTPYKUMSI TEPMUCTOPOB 6onee xpynkas u
TpebyeT TwWaTeNnbHbIX Mep NpPeaoCTOPOXHOCTU nNpu  MOHTaxe. bnarogaps Hebonbwnm
pasMepaMu TEPMUCTOPOB MX BPEMS OTK/IMKA Masio, Npu 3TOM TeMrepaTypHble Maccbl AeNnatT nx
BECbMa YyBCTBMTENIbHbIMU K OIMOKAM, CBSI3aHHbIM C CAMOpPa30rpeBOM.

TepMUCTOpbl ABASKOTCS O4YeHb YYBCTBUTENIbHbBIMW M HEeAOpOrMMn TemnepaTypHbIMU
Aatunkamu. OAHaKo Mbl MOKasanu, YTO TeEMMEpPaTYpHbIN KO3(MULIMEHT TEPMUCTOPA MEHSETCA
oT -44000 ppm/°C npu 25°C go -29000 ppm/°C npwu 100°C.

[aHHas HENNHENHOCTb SBNSIETCS HE TOJIbKO CaMbiM 60MbLUINMM UCTOYHMKOM OLIMBOK npu
N3MEPEHNAX TeMMepaTypbl, OHA OrpaHNM4YMBAET 06/1aCTb BO3MOXHbIX MPUMEHEHWUA MaslbIM
TeMnepaTypHbIM AMana3oHOoM, eC/fii HE UCMOSb3YIOTCS CrneunanbHble MeToAbl JIMHeapu3auum.

BO3MOXHO MCnonb30BaHNE TEPMUCTOPOB B LUMPOKOM AnarnasoHe TemnepaTtyp, HO TOJIbKO
B TOM C/ly4ae, ecnv pas3paboTumk MOXET AOMYCTUTb MOJyYEHUE YNy4lEeHHON JIMHEMHOCTU 3a
cyer 6onee HWM3KON YyBCTBUTENbHOCTU. OAMH W3 METOJAOB JNIMHEApU3aLMU TEPMUCTOPOB
npeactaBnsieT cobo €ero npocToe LYHTUPOBaHWE AMCKPETHbIM PE3UCTOPOM. YCTaHOBKA
pe3ncTopa napanniefbHO TEPMUCTOPY CYLIECTBEHHO Y/y4llaeT JIMHEMHOCTb. Kak Moka3aHo Ha
Pnc.7.20, napannenbHoe coeavHeHve AaeT 60MblMI Anana3oH Ans NMHENHOO U3MEPEHUS OT
TeMnepaTypbl N0 CPABHEHUIO C MUCMOJIb30BAaHWMEM eAUHCTBEHHOIO0 TepMmncTopa. B To e Bpems,
YyBCTBUTE/IbHOCTb Mapanfie/IHOro0 COEAMHEHUS OCTaeTcsa Bce elle 6onee BbICOKOW MO
CpaBHeHUIO ¢ Tepmonapamu unu PAT. OCHOBHOW HEAOCTAaTOK 3TOr0 METo/la COCTOMT B TOM, YTO
JNINHeapu3auuIo MOXKHO MOSyYUTb BHYTPU AOCTAaTOYHO Y3KOro AManasoHa.

BennmunHa AUCKPETHOro pe3ucropa MoOXeT OblTb paccuMTaHa U3 paBeHCTBaA:

_ RT2-(RT1+RT3)-2-RT1-RT3
RT1+RT3-2-RT2

R

roe RT1 - COMpPOTUBNEHME TepMUCTOpa MNpu TemnepaType T1, HWKHWMA npeaen
TEMNepaTypHOro AxarnasoHa;

RT3 - COMpOTUBNEHME TepMUCTOpa Mpu TeMmnepatype T3, BEPXHUA npeaen
TeMnepaTypHOro Avara3oHa;
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RT2 - cCONpoOTMBIEHME TepMucTopa nMpu TeMmnepaTtype 72, CpegHas Touka
TeMmnepaTypHOro avanasoHa, 72=(T1+T3)/2.

40

30 P\ererenenens ., .............. , ............. ‘ .............. , .............

20 bereeensNern ¢ .............. ;. ............. ¢ .............. ereeera—
{ TEPMUCTOP i

NAPANMNENLHOE
COEOVHEHME

10

CONMPOTUBIIEHUE TEPMUCTOPA (KQ)

0 20 40 60 80 100

TEMMEPATYPA (°C)

Puc.7.20. Jinneapusaumns tepmucropa ¢ OTK nyrem nogxksroyeHus
napannenbHoOro pesucropa 5.17 KQ.

Onsa tmnosoro 10 KQ Tepmuctopa ¢ OTK, RT1I = 326502 npu 0°C; RT2 = 6532Q npwu
35°C u RT3 = 1752Q npn 70°C. 3T0 npuBOAUT K BenmunHe R = 5.17 KQ. TO4YHOCTb,
HeobxoamnMasl Ans HOPMUPYIOLLEA CXEMbI, 3aBUCUT OT JIMHEMHOCTM Uenu. [ns npuBeaeHHOro
Bbille npuMepa, Uenb AaeT HeNMHEWHOCTb OT -2.3°C go +2.0°C. BbIxogHOM curHan uenm
MOXHO nogaTb Ha ALM ans BbINOMHEHMS AanbHEWLIEN NMHEapu3alMK, KakK MOKa3aHO Ha
Puc.7.21. OTMETUM, YTO BbLIXOAHOM CWUrHan LEnM C TEPMUCTOPOM MMEET BENNYMHY OKOJIO
—10 MB/°C, npu 3TOM, pa3pelleHus 12-paspsgHoro AL 6onee yeM f4OCTaTOYHO.

Vour=0.994B @ T =0°C
Vour=0.294B@ T =70°C

A Vout !/ AT =-10 mB/°C

10 KQ 517 KO YCUNUTENDb
TEPMUCTOP [] NMHEAPU3YIOLLUI umu
C OTK PE3UCTOP AL

NNHENHOCTb = +2°C, OT 0°C 10 +70°C

Puc.7.21. Yennuteno € iuHeapn3oBaHHbIM TEPMUCTOPOM.
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lNonynpoBOoAHMKOBbIE AATUMKM TEMNEpPATYpbI.

CoBpeMeHHble MoyrnpoBOAHMKOBbLIE AATYMKM TeMNepaTypbl AA0T BbICOKYO TOYHOCTb U
BbICOKYIO JIMHEMHOCTb B paboyeM auanas3oHe oT -55°C ao +150°C. BCTpoeHHble yCunutenu
MOryT MacwTabupoBaTb BbIXOAHbIE CUMHAMbI AaTUMKa, NMPMBOAS UX K yAOOHbIM BENMUMHAM, Kak,
Hanpumep, 10 MB/°C. [JaTtuvkmn Takke BecbMa MonesHbl B Lensx KOMMeHcaumMm TemnepaTypbl
XOJI0A4HOrO0 Cras Ans LWMpOKOAMANa3oHHbIX TepMonap.

Bce nonynpoBOAHWMKOBbIE AATYMKM TeMnepaTypbl WCMOMb3ylOT B CBOen paboTe
COOTHOLWIEHME MexXay HanpsbkeHnem 6a3a-amMutTep OMNONSIpHOrO TpaH3MCTopa M ero

KOJITEKTOPHBIM TOKOM Ve
kT |
=K {1
q Is

roe k - noctosiHHas bonbuMaHa, T - abcontoTHas TemnepaTypa, q - 3apsia dNeKTpoHa, /s
- TOK, 3aBMCSALIMIN OT reoMeTpMM M TeMmnepaTypbl TpaH3ucTopa (CooTHOWEHME Mpeanosaraer,
YTO HaMpPSHKEHME Ha KOMJIEKTOPE TPaH3MCTOpPa COCTABASIET, MO KpaHeN Mepe, HECKOJIbKO COTEH
MB, a adpdeKT Ipnm nrHopupyetcs).

Ecnn B3aTb N TPaH3UCTOPOB WMAEHTUYHbLIX OAMHOYHOMY TPaH3UCTOPY (CM. PUC.7.22) u
pa3fenntb TOK /¢ MOPOBHY MeXAYy HWMM, OKaXeTCs, YTO HOBas BeMYMHA HanpshkeHus 6asa-
aMuTTEp byaeT UMeTb CrieaytoLLyo BEeNNYMHY:

 Ic

7\

VBE VN
o0 (o,
OOWH TPAH3UCTOP N TPAH3UCTOPOB

Puc.7.22. OCHOBHblI€ COOTHOLUEHUS 4151 MOTYNPOBOAHMKOBbIX AAaTYMKOB TEMMNEpPaTypbl.

Hv oaHa v3 pdaHHbIX Lenei He NpeAcTaBNsSiET MHTepeca cama no cebe BcneacTsue
60nbLION TEMNEPATYPHON 3aBUCMMOCTU TOKa /s, HO €Clv cAenaTb Tak, YTO TOKW, TEKYLIME Yepes
OAMHOYHbIM TPaH3UCTOP M Yepe3 N TpaH3UCTOpPOB OyayT paBHbl, TOrAa BblpaXKeHuwe ans
Pa3HOCTM [ABYX 3MUTTEp-6a30BbIX HanpsbkeHu OyaeT nponopuMoHanbHO  abContoTHOM
TemnepaType u He byaeT coaepxaTb yneHa /.

AV%:ﬂQE—VN=EIJHKEJ—EIJn[IC j
q I q N -1

AVye =Vge =V, _K in[ e | _pn[ e
q ls N-Tg

©ABT3KC CaHkT-lNeTepbypr (812) 252-0140, http://www.autex.spb.su E-mail: inf@autex.spb.su

7-18


http://www.autex.spb.su
mailto:inf@autex.spb.su

PASQEN 7: OaTuvku TemMnepaTypbl

Cxema, nokasaHHas Ha Pwuc.7.23, ucnonb3yeT MpuUBEAEHHOE BbIe pPaBEHCTBO U
M3BECTHA, KaK «s4erka bpokay» /10/. HanpsikeHne AVge = Ve - Viy NPUNIOXEHO K PE3UCTOPY
R2. MNoaToMy, Tok aMuTTepa Q2 A V BE/R2. Llenb 0bpaTHOM CBSA3M OMEpaLUMOHHOIO yCUmMTens
N pe3ncTopbl R 06ycnaBnMBaloT MpoTekaHMe TOro e Toka yepe3 Q1. Toku uvepes QI un Q2
paBHbl M CYMMMPYIOTCS B 06WWMI TOK, BTekarowmi B peamctop R1. COOTBETCTBYIOLLEE NafeHNe
HanpsbkeHMss Ha R1 nponopuMoHanbHO abcontoTHon Temnepatype (MMAT) u  paetcs
BblpaXXeHWEM:

\Vi - -~
fr R2 R2 q
@
+VIN .
[] . . AYEUKA BPOKAY

+ Veanpcap = 1.205 B

/
\ |/

AVBE R2 (Q1)

R1

Puc.7.23. Knaccuueckuii gaTumk TeMnepaTtypbl N0 3anpeLyeHHoi 30He.

OnopHoe Hanpsi)XeHne 3arnpeLLeHHON 30HbI, Vaavpcar NOABNSETCA Ha 6ase Q1 v ABNsSeTcs
cyMMOon Vp(QI) W Vmar. Ve Q1) 9BNsSieTCa AOMOSIHEHMEM K abConOTHOM TemnepaTtype W,
CYMMMPOBAHWE €ro C Vjar MPUBOAUT K TOMY, UTO HanpshKeHWe 3anpeLleHHOM 30Hbl He byaeT
3aBMCETb OT TeMnepaTypbl (Npeanonarasi NpaBubHbIA BbIOOP OTHOWEHMS R1/R2 1 N, 4TO Aaet
BE/IMYMHY HanpsKeHUs 3anpeLleHHon 30Hbl = 1.205 B). [laHHasi cxeMa SIBNSIETCS OCHOBOM AN
MOCTPOEHUS AaTyYMKOB TEMMNEPATYPbl 0 3aMPELIEHHOM 30HE W LUMPOKO WCMONb3yeTcs B
MoNynpoOBOAHUKOBbLIX AAaTUMKaX TeMNepaTypbl.
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JaTymKkn TeMnepaTtypbl C BbIXOAOM HaMNpsXXEHUA U ToKa.

KoHuenuun, unCnonb3oBaHHble MNpW  pacCMOTPEeHMUM AaTyvka TemrnepaTtypbl Mo
3anpeLLeHHOM 30HEe, MOXHO WMCMOMb30BaTb Kak OCHOBY MOCTPOEHWUSI MHTErpanbHbIX AAaTYMKOB
TemnepaTypbl reHepupylowmnx Ha Bbixoge Nnbo ToK, nMbo HanpsxxeHue. AD592 m TMP17
(cM. Pnc.7.24) - paTumKkun € TOKOBbIM BbIXOAOM, KOTOpble UMEIT KoadduumeHT npeobpasosBaHus
1 MKA/K. [aTumkm He TpebyloT BHELHeN KanuMbpoBKM M MMEKT HECKONbKO rpagauui no
TOYHOCTU. AD592 uMeeT Tpu rpagaumm no TOYHOCTUM. Hambonee BbiCOKas Bepcusi rpagaumu
(AD592CN) uMeeT MakcuManbHyto owmnbky npu 25°C +0.5°C n ownbky +1 B AnManas3oHe OT —
25°C po +105°C. Owmnbka HenmHenHocTn npeactaBnseT +0.35°C. TMP17 uMmeeT aBe rpagauum
Nno TOYHOCTKH, Hanbonee Bbicokas Bepcusl rpagaumm (TMP17F) wMeeT MakCMMasibHYHO OLUMOKY
npu 25°C +2.5°C n owmnbky +3.5°C B amanaszoHe ot —40°C go +105°C Tunosas owwmbka
HEeNMHeNHOCTN cocTaBnseT +5°C. AD592 noctaBnstoTcs B kopnycax TO-92, a TMP17 B
Kkopnycax SO-8.

V+
AD592: KOPYC TO-92
TMP17: KOPMYC SO-8
V—
¢ KoadhdumumeHT npeobpazoBaHus: 1 MkA/K
¢ HoMuHanbHbIM BbIxoAHOM TOK @ 25°C: 298.2 MKA
¢ [InanasoH paboyero HanpsKeHUs: 4B..30B
¢ MakcumanbHas ownbka @ 25°C: +0.5°C, +£1°C BO BCeM aManasoHe
Tunosasi HenMHeHoCcTb (AD592CN):  +0.1°C
¢ MakcumanbHas ownbka @ 25°C: +2.5°C, £3.5°C BO BCeM AManas3oHe
Tunosasi HenuHeHocTb (TMIML17F): +0.5°C
¢ AD592 cneunduumnpyeTcs ans: —25°C po +105°C
¢ TMP17 cneundunumpyetca ans: —40°C po +105°C
Puc.7.24. JaTuMKmn C TOKOBbIM BbIXOAOM: AD592, TMP17.
Vs =+3.3B
%ﬁ! MKP
Y | A onopPHOE
: ¢ \ ¢ v Q HANPSKEHME
1 1vs) :
[] AD22103 AU
5 N 5
: + :
E > &— & Bxon
i R(T)
§ Py ;:: 3 :l) 3EMNA

Puc.7.25. laTymkm C BbIXOAOM B BUAE OTHOCUTESIbHOIO HaNpsiXXeHUs.
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B HeKoTOpblX Cny4yasix >xenatenbHo, 4TObbl BbIXOAHOE HamnpshkeHue AaTymka
TeMnepaTypbl 6blS1I0 OTHOCUTENBHBIM K €ro NUTalrLWeMy HanpskeHnto. AD22103 (cM. Puc.7.25)
NMeeT BbIXOAHOE HarnpshKeHWE, KOTOPOe OTHOCUTENBHO K HarnpshKeHUIo ero nutaHus (06bl4HO
3.3 B), B COOTBETCTBMM C BblpaXXEHNEM:

\Y 28 mB
Vour =———x|0.25 B + xT
T T33p [ Aj

[e]

CxemMa, nokasaHHas Ha PuC.7.25, UCnonb3yeT UCTOYHMK nNuTaHus AD22103 B KayecTse
OMopHOro HanpsbkeHust AL, TemM caMbiM uCKIO4as HeobxoaAMMOCTb  WMCMNOSb30BaHUS
NPEUM3NOHHOrO0  UCTOYHWMKA OMOPHOro  Hanpshkenusi. AD22103 cneumduumpyetcs Aans
AnanasoHa Temnepatyp ot 0°C ao 100°C M MMeeT TOYHOCTb Jydwe *+2.5°C U NIMHENHOCTb
nyduwe +0.5°C.

TMP35/TMP36/TMP37 saBnsatoTca HU3KOBOMbTHbIMKM (OT 2.7 B go 5.5 B), B kopnycax
SOT-23 (5 BbIBOAoB), SO-8 wnm TO-92, TemnepaTypHbIMM AaTyMKaMu C BbIXOAOM B BUAE
HanpsbkeHus. TMP35/36 uMmeloT KoadduumneHT npeobpaszosaHus 10 mB/°C n TMP37 - 20 mB/°C
(cM. Puc.7.26). TlloTpebneHne OT WUCTOYHWMKA MUTaHMSA cocTaBnsieT MeHee 50 MKA, 4TO
obecneumBaeT 4pesBblYAMHO HU3KYKD BeENMUMHY camopasorpeBa (MeHee 4yem 0.1°C npwu
OTCYyTCTBUM BO3AYLUHbIX MOTOKOB). [pefycMaTpMBaETCsl PEXUM OTKITHOYEHUSI MUTAHUS, KOTOPbI
yMeHbLuaeT notpebneHune Toka Ao 0.5 MKA.

TMP35 paet BbIxoaHOe HanpsbxeHue 250 MB npu + 25°C 1 npeobpasyeT Temneparypbl
oT + 10°C po +125°C. TMP36 cneunduumpyeTcs Ans TeMnepaTypHOro ananasoHa ot - 40 °C
Ao +125°C wu paet BbixogHoe HanpsbkeHune B 750 MB npu 25°C. Kak TMP35, tak n TMP36
nmeroT KoadpduumeHT npeobpasoBaHus +10MB/°C. TMP37 npeaHa3HayeH Aanst NpuUioXXeHui
paboTalowmx B TemnepaTypHOM amanasoHe oT +5°C go +100°C v paet KoappuuMeHT
npeobpaszoBannsa 20 MB/°C. BbixogHoe HanpsbkeHne TMP37 npu Temnepatype + 25°C.
cocrasnset 500 MB.

—_— +Vs=27BA055B
OTKNIOYEHUE

MUTAHUA
Vour
TMP35
—_ TMP36
0.1 mk® TMP37

SOT-23-5
A TAKXE SO-8 UNN TO-92

¢ BbIxogHOe HanpshkeHue:
¢ TMP35, 250 MB @ 25°C, 10 mB/°C (+10°C go +125°C)
¢ TMP36, 750 MB @ 25°C, 10 MB/°C (- 40°C po +125°C)
¢ TMP37, 500 MB @ 25°C, 20 mB/°C (+ 5°C go +100°C)
¢ +2°C owwmnbka no BceMy TemnepaTypHOMY Anana3oHy [cpea.]
+0.5°C HennHenHocTb [cpea.]
¢ cneunduumposaHo ans —40°C go +125°C
¢ 50 MKA TOK B CTaTU4eCKOM pexume
0.5 MKA TOK B peXuMe OTKITHOUEHUNS MUTAHUS

Puc.7.26. [laTyMKm C BbIXOAOM B BuAe abCoONOTHOro HanpsHXeHus
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C P€)XXMMOM OTKJIHOHEHUA NMUTaHUA.

ADT45/ADT50 4BnAlOTCA AaTyvMKaMu TemnepaTypbl C BbIXOAaMu B BUAE HaMpsdXKeHUus.
OHn noctaenstoTcs B Koprnycax SOT-23-3 U npeaHa3HayeHbl Ans paboTbl C HanpshKeHWEM
NUTaHWa B AManasoHe oT 2.7 B go 12 B (cM. Puc.7.27). Yctponctea cneunduvumpyotcs ans
paboTbl B AmanasoHe Temnepatyp oT —-40°C po +120°C. KoadduumeHT npeobpasoBaHus
BbIXOAHOrO HanpsbkeHus ans ob6oux yCTpoWcTB coctaBnsieT 10 MB/°C. TunoBble TOYHOCTM
coctaensatoT +1°C npu +25°C 1 +2°C no gnanasoHam oT —40°C go +125°C.

ADT45 paeT BbixogHOe HarnipsbkeHne 250 MB npu  Temnepatype +25°C w
cneunduumnpyetcsa ansa  pabotel Nnpy Temnepatypax ot 0°C go +100°C. ADT50 aaeT BbiIXogHOe
HanpsbkeHne 750 MB npu 25°C n cneunduumpyetca ans pabotel npu TemnepaTtypax oT —40°C

jo +125°C.
H +Vs=27BO012B

Vout

ADT45
ADT50

0.1 MKk®

SOT-23

¢ BbIxogHOe HanpshkeHue:
¢ ADT45, 250 MB @ 25°C, koaduumeHT npeobpasoBaHuns 10 MB/°C
¢ ADT50, 750 MB @ 25°C, koaduumeHT npeobpasoBaHuns 10 MB/°C
¢ +2°C owunbka no BceMy TemMnepaTypHOMY AnanasoHy [cpea.]
+0.5°C HenuHenHocTb [cpea.]
¢ cneunduumposaHo ans —40°C go +125°C
¢ 60 MKA TOK B CTaTU4ECKOM pexunme

Puc.7.27. faTtunkn ADT45/ADT50 € BbIXOoAOM
B Buae abCosIIOTHOro HanpsKeHus.

Ecnn patumkn ADT45/ADT50 WMMEIOT HaAEXHbIN TEMNEPATYPHbIN KOHTAKT CO Cpeaon U
XOpOLIO 3alUMLLEHbl, TO MX MOXHO WMCMONb30BaTb B JOObIX MNPUIOXKEHWUSX, CBSA3AHHBIX C
n3MepeHMeM TemnepaTtypbl cpeabl B paboyeM auanasoHe oT —40°C go +125°C. byayum
NPUKPENNEHHLIMA UN NMPUKIEEHHBIMU K HEKOTOPOM MOBEPXHOCTU, MOKa3aHUSt 3TUX AaTUYMKOB
6yayt B npegenax 0.01°C oT TemnepaTypbl AaHHOM MOBEpPXHOCTM. Ecnn nepexon BO34yx-
NMOBEPXHOCTb HEM30TEPMUYECKUI, TO MOCKOJIbKY KaXXAbl NPOBOAHMK OT AaTyMKka A0 YCTPOWCTBa
AENCTBYET KaK MNPOBOAHWK Temnna, BO3HMKAOT OWMOKM wm3MepeHus. [daHHas npobnema
peLlaeTca nyteM TepMOU30NALNKN BbIBOAOB AaTUuMKa, NPONycKkas Mx CKBO3b TepMOMN30aMpYyloLmne
anoKcuaHble 6ycuHKW. 370 6yaeT rapaHTMpoBaTb, YTO Ha TemnepaTypy Kpuctanna
ADT45/ADT50 He oOKasblBaeT B/MSHME TeMmrepaTypa OKpyXatowero Bo3gyxa. B cnyvae
ncnonb3oBaHua Kopnyca SOT-23-3, TeMmrnepaTypHOe COMpOoTUBIEHWE nepexoda KpUCTanii-
Kopnyc, Oy, coctaBnsieT 180°C/BT. TennoBoe CONpPOTUBIEHUE KOPMYC-OKpYXXatoLen cpeabl,Oca
npeactaBnsieT cobov pasHuly Mexay 6O, U O, WU OonpeaensieTcs  XapakTepucTUMKamu
TEMMNEepaTypHOro KoHTakTa. [py OTCYyTCTBMM BO3AYLIHOMO MNOTOKA, M €CIM YCTPOMCTBO NpunasiHo
K neyaTtHon nnate, 6, = 300°C/BT. TeMnepaTypa AaTuMka CBsi3aHA C MOLLUHOCTbIO paccesiHus,
Pp, ABNAOWENACS NPOM3BEAEHNEM TMOSIHOrO HAMpPSHKEHUSI Ha YCTPOWCTBE M MOJSIHOrO
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noTpebnsieMoro Toka (BKIOYas TOK, NMOAABaeMbId B Harpysky). YBenuueHue TemnepaTypbl
KpUCTasiia OTHOCUTENBHO TeMNepaTypbl OKPY>XatoLLEN Cpeabl, AAETCS COOTHOLUEHWNEM:

T,=h X(HJC +0CA)+TA

TakmMm 06pa3oM, pocT TeMnepaTypbl HeHarpyeHHbIX ADT45/ADT50 (B kopnyce SOT-23-
3), MpuMasiHHbIX Ha naaty B OTCYTCTBUMM BO3AYWHOrO MoToka, npy 25°C M HanpshKeHun
nMUTaHus +5B (CcTaTuyeckmnit Tok = 60 MKA, P,=300 MKBT) coctaBuT MeHee 0.09°C. [nsi Toro,
yTOObl MPEeAoTBPaTUTb AaNbHEMLUNA POCT TeMnepaTypbl HEO6X0AMMO MWHUMW3MPOBATb TOK
Harpysku, noaaepXxumeas Bcerga ero MeHee 100 MKA.

OTknnk  patumkoB ADT45/ADT50 Ha CTyneH4YaToe W3MeHeHWe TemnepaTypbl
onpeaensieTcs TENMOBbIMMA COMPOTUBIIEHMEM W TEPMUYECKOM MACCOM KpuCTania M Koprnyca.
TepMuyeckass Macca Kopriyca MeHSieTCa C U3MEHEHWeM cpefbl, rae MnpoVUCXOAUT U3MepeHue,
MOCKOJIbKY Cpefia HaxoAUTCA B HEroCcpeaCTBEHHOM KOHTaKTe C CaMMM KoprnycoMm. Bo Bcex
NPaKTUYECKNX CIy4asix TepMuyeckasl Macca Kopryca SIBSIETCS OrpaHW4YMBaloWMM (PaKTOpPOM
ANS BPEMEHM peakuuy AaTuMka M MOXeT OblTb NpeacTaBfeHa MOCTOSSHHON BpeMenn RC
ogHonontocHoro HY dwunbTpa. TepMuyeckytd MacCy 4acTO pacCMaTpuBalOT B KadecTBe
TEMMNEepaTypHOro 3KBUBAIEHTA 3/IEKTPUYECKON EMKOCTW.

Mo onpepeneHuvio, TeMmnepaTtypHas MOCTOSHHAs BpPEMEHW [aTyuka TemnepaTypbl
SIBNSIETCS BPEMEHEM, KOTOpPOE MNOTPebyeTcs AaTumKy, 4YTOObl AOCTUrHYTb 63.2% KOHEYHOW
BE/IMYMHBI TeMnepaTypbl Ha CTyrneH4yaToe uM3MeHeHue. Ha Puc.7.28 nokasaHa TemnepaTypHas
MOCTOSIHHAs BpeMeHu AaTtumkoB ADT45/ADT50 (kopnyc SOT-23-3 3anasiHHbIi Ha MefHbIM
NPOBOAHMK NeYyaTHOW nnaTbl 0.338 x 0.307 AtoriMa) Kak (PyHKLUMS CKOPOCTM ABMXXEHUS BO3AYXa.
OTMeTMM BbICTpoe najeHuWe MOCTOSIHHOM BpeMeHu C 32 cek Ao 12 cek Mo Mepe Toro, Kak
CKOPOCTb BO3AyXa Bo3pactaeT oT 0 (oTcyTcTBue noTtoka) Ao 100 ¢dyTtoB B MuHYTY. Ans
CpaBHeHus, npu noMelleHmnmn ADT45/ADT50 B BaHHY C nepeMelunBaeMbliM MacsioM, MOCTOSHHAN
BPEMEHN COCTaBUT MEHEE OAHOW CEKYHZbl, YTO MOATBEPXKAAET TE3UC O TOM, YTO MOCTOSIHHAS
BPEMEHWN B OCHOBHOM OMNpeaensieTcsl KOHCTPYKLUMEN Kopnyca.

35

30 [

25

20

15

10

NOCTOAHHASA BPEMEHMU (cek)

0 100 200 300 400 500 600 700
CKOPOCTb OABWXEHWUA BO3OYXA (dbyT/MnH)

Puc.7.28. TeMnepaTypHbIiA OTK/IMK ANs kopnyca SOT-23-3
B ABMKYLLEMCS1 BO3AayXe.
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BblBOAbI  MOAKMOYEHMS MUTaHUSI AAHHOMO  JaTyvMka crneayeT  3abnokvpoBaTb
KepaMM4eckuM  koHZgeHcaTopoM 0.1 Mk®, uMMelWMM BecbMa KOPOTKME  BblBOAbI
(NpeanoYTMTENBHO 3NIEMEHT MOBEPXHOCTHOMO MOHTaXa) WM pacrnofiaraTb HACTONbKO 6/M3KO K
BbIBOAAM MUTaHWUS, HACKOJSIbKO 3TO BO3MOXXHO.

Tak Kak AaTuMKy TeMrepaTypbl paboTaloT C OYEHb ManbliM TOKOM NOTPeGNEHUs], U MOryT
noaBepraTbCsl BO3AEWCTBUIO  SNIEKTPUYECKMX TMOMEX BbICOKOrO YPOBHS, O4YEHb BaXXHO
MUHMMM3NPOBATb BNIMSIHWUE 3NEKTPOMArHUTHOM MHAYKLMM U paamoyvacToTbl Ha 3TW YCTPOWCTBA.
[leficTBME paaMoYacToTbl Ha TEMMEpaTypHble AATUYMKM MPOSIBNSIETCS KakK M36bITOYHO 60/bLLIOW
COBAr  MOCTOSIHHOM  COCTaBNAIOWIENM  BbIXOAHOrO  HamnpsbKEHUs  M3-3a  BbINPSIMIEHMS
BbICOKOYACTOTHbLIX CMIHANOB BHYTPeHHMMMU nepexodamn UC. B cnyyasix, korga yCTpOWCTBa
paboTaloT B MPUCYTCTBUM PaamMOYaCTOTHOrO WM3y4YEHMS] BbICOKOM 4acTOTbl MM HaBEAEHHOro
llyMa YCTAHOBKA TaHTANOBOrO 3/1EKTPOSIMTUYECKOrO KOHAEHCATopa OKofo 2.2 MKD
napansenbHO KEpaMUYEeCKOMY MOXET 06eCneunTb AOMOSTHUTENbHYIO YCTOMYMBOCTD K LUYMaM.

[aTunkn TeMnepatypbl C UMPPOBbLIM BbIXOAOM.

[aTumkn TemnepaTypbl C LMPPOBLIM BLIXOAOM UMEIOT psj NpeuMMyLLEeCcTB Had AaTYMKaMm
C aHaNoroBbIM BbIXOAOM, OCOBEHHO B Cllyyae AUCTAHLUMOHHbLIX Mpunioxenui. K Tomy xe, ans
obecneyeHnsi ranbBaHWYECKON pasBsi3kM (M3019UMM) MeXAY AUCTAHUMOHHBLIM AATYMKOM W
N3MEPUTENIbHOM CUCTEMOM MOXHO MCMOMb30BaTb 3/IEMEHTbI  OMTOPa3BA3KM. Hanpumep,
(byHKUMIO YCTPOMCTBA C UMPPOBLIM BLIXOAOM BbIMOSHSIET AAaTYMK TEMMNEPATYPbI C HANPSHKEHNEM
Ha BblXxoAde, 3@ KOTOpbIM creAyeT KOHBEpPTOp HanpshkeHue-4acToTa, XOTS CywecTByloT 6onee
M30WpeHHbIE  TUMbl  MUKpocxeM, 6onee addekTMBHble W Jatlowme  AONOSHUTENbHble
npenMyLLecTBa B pabore.

TMP0.3/TMP0.4 - CEMENCTBO [AaTuMKOB C UMMPOBLIM BbIXOAOM BKJ/IOYAOT B Ce6S
OMOPHbIN UCTOYHMK HaMpsDKEHUs!, reHepaTop Vmr, curMa-gensta AU v TakToBbLIN reHepaTop
(cM. Pnc.7.29). BbIxOgHOM CUrHan AaTyMka KBaHTYeTCs CMrMa-genbTa MoAyNsiTOpOM MeEpBOro
nopska, KOTOpbIM TakXe W3BECTeH, KakK aHanoro-umdpoBor npeobpasoBaTtenb «C
YpaBHOBELUMBAHMEM 3apsifa». TOT npeobpasoBaTenb UCMONb3yeT KBAHTOBAHWNE C U3ObITKOM BO
BPEMEHHON 06/1aCT! M TOYHBIA KOMNapaTop, KOTopble 0becneunBatoT 12-pas3psiaHyto TOYHOCTb
npu BecbMa ManblX pa3Mepax CXeMbl. BbIXxogHOW CurHan curma-gensTa Moaynsitopa
KOOMPYeTCs,  WUCMONb3ys  COOTBETCTBYIOWYKD  CXeMy, KOTOpas [JdaeT Ha  BbiIxoAe
nocnefoBaTeNlbHbiM - UMMPOBOM KOA4 B BWAE YacTOTHO-MOAY/IMPOBAHHOrO CUrHana (cM.
Pnc.7.30). [laHHbIi curHan BecbMa MpOCTO AEKOAMPYETCS C  MOMoWwbl  Ntoboro
MMKPOMpPOLIECCOpa, B 3HAYEHUAX TeMnepaTypbl B rpaaycax Llenscusi nunn ®dapeHreiita, n Bceraa
nepefaeTcs No ogHomy nposody. Hambonee BaXHO TO, YTO AaHHbIN METOA KOAMPOBAHMS
UCKTIOYAET OWMOKM, CBOMCTBEHHBIE APYrMM METOAAM MOAYNSILMM, NOCKONBbKY OH HE 3aBUCUT OT
abCoNTHOr0 3HayeHns 4YactoTbl. HOMMHanNbHas BbIXOAHAs 4YacTtoTa coctaBnseT 35 'y npwu
+25°C ¥ ycTpoMcTBO paboTaeT C  (MKCUPOBAHHOW ANUTENbHOCTBIO  WMMNynbca T,
cocTasnstoLlern 10 mc.
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............................... Arvezasemore

Pereccccccccccccccccccccccnccnn

Puc.7.29. flatumkm ¢ uncpposbiM BbixogoMm: TMP03/04.

Vs=45BA07B

WCTOYHVK TAKTOBbI

OMOPHOIO FEHEPATOP
HAMPSKEHUS (1 MFu)

|
TATUNK
TEMMEPATYPbI |— c"'”‘"ﬁ'ﬁ'ﬁ”bm
C Vnar
TMPO3/TMPO4

®opMbl BIXOAHOrO curHana ang TMP03/TMP04

BbixogHom

*

* & & o o

«—T1 —>

A

T2 >

HomuHanbHas AnvTenbHOCTb uMnynbca T1: 10 Mc
Owwnbka B ananasoHe TemMnepaTtyp:
TunoBas HENMHENHOCTb:
Pabouunin ananasoH:
HoMuHan oTHoweHus T1/T2 @ 0°C:
HoMuHanbHasa yactota @ +25°C:
MNoTpebnsiemast MOLWHOCTL @ 5 B:

Twun kopnyca: TO-92 SO-8 nnn TSSOP

curHan  TMP0O3/TMP0O4

TeMnepaTtypa onpeaensieTcs BbIpaXKeHNEM:

Temnepamypa (°C) = 235 —[

Temnepamypa (°C) = 455 — [

npeactaBnsieT  cobomn

400xT1
T2

720xT1
T2

+1.5°C
+0.5°C

—40°C po +100°C

60 %
35Ty
6.5 MBT

Puc.7.30. OcHOBHbIe XapakTtepuctukm TMPO3/TMPO4.

J
J

BbIXOA (TMPO4)
5 BbIXOL (TMPO3)

NOTOK WMMyNbCOB, "

Takne nonynspHble MUKponpoueccopsl, kak 80C51 n 68HC11 uMeloT B CBOEM COCTaBe

TalnMepbl,

C

NOMOLLbIO

KOTOpbIX

MOXXHO

O4Y€Hb

NpocTto  AEKOAUPOBATb

4aCTOTHO

MOAYNMPOBaHHbIM curHan ¢ TMPO3/TMP0O4. TunoBow MHTepdenc K MUKpOKOHTponnepy 80C51

MokasaH Ha Puc.7.31.
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+5B
l KBAPL| |:|
0.1 MKD ! [ 1
VVJ' FEHEPATOP |— 12 TAAMEP 0
BbIX0A LIEHTPANbHbIA YNPABNEHUE -
TMP04 Q———0— "npoLEcCOP [| TAMMEPOM TAVIMEP 1
O 80C51 MUKPOKOHTPOINEP
I3EMJ1$I a

AnA ACHOCTU AONOJIHUTENbHbIE
BbIBOAbl OMYLUEHbI

Puc.7.31. UnTepdpeiic TMPO4 kK MMKPOKOHTpOJINEpY.

[lBa TaiiMepa 0b603HauyeHHble, kak Tarimep 0 1 TaiimMep 1, MMEKOT AMHY 16 pa3psiaos.
CUCTEMHas YacToTa MUKPOKOHTPONEepa, AENeHHasi Ha 12, ABAseTCs BXOAOM Ansi TalMepos.
CUCTEMHYIO YacTOTy OBbIMHO MOJY4YaOT C MOMOLLBIO KBapLEBOrO reHepaTopa, TakuMm 06pasom,
BPEMEHHbIE N3MEPEHUSI YPE3BbIYANHO TOYHBI.

MOCKONbKY BbLIXOAHOW CWUrHan AaTuvMka SIBASIETCA BEIMYMHOM OTHOCUTENbHOM, TO
abCconoTHasi BE/IMYMHA TakTOBOWM YaCTOTbl HE 3HAUMTENIbHA. DTO CBOMCTBO MHTErPasibHOM CXEMbI
BeCbMa MOJIeE3HO, MOCKOJSIbKY TaKTOBash 4acTOTa MUMKPOKOHTPOJIIEpa 4acTo ornpeaenseTcs
HEKOTOPbIMKU BPEMEHHbLIMU  OrPaHMYEHUsIMW, TaKMMKU KakK CKOPOCTb MOC/efoBaTesIbHOro
obMeHa.

MporpaMMHoe obecneyeHne AaHHOMO WHTepdeinca o4eBMAHO. MUKPOKOHTpONNep
MOHMTOpPUpPYeT cBok nopT P1.0 u 3anyckaeT TavimMep O MO MOMOXWUTENbHOMY Mepenaay
BbIXOAHOrO CUrHana pAaTtymka. MUKpPOKOHTpOMNep ocTaHaBnuBaeT TaiMep O M 3anyckaet
TaiMmep 1 no oTpuuaTenbHOMY Nepenagy BbIXOAHOMO CWUrHana Aatymka. Korga BbiIXOAHOM
CUrHan CHoBa NpuWAET B BbICOKOE COCTOSIHUE, COAEPXKMMOE TaMepoB 71 n T2 nepenucbiBaeTcst
B peructpbl Tanmep O u TaiMep 1, COOTBETCTBEHHO. [anee, Ans pacyeTa TemnepaTypbl,
noAnporpamMmMbl UCMOJb3YIOT PaBEHCTBA, NPVBEAEHHbIE BbiLLE.

TMPO3/TMP04 vaeanbHbl ANt MOHUTOPUPOBAHUSA BHYTPEHHErO TEMMEPaTYPHOro pexunMa
3NEKTPOHHOro 060pyaoBaHus. Hanpumep, KOpnyc MOBEPXHOCTHOrO MOHTaxa 6yaeT TO4HO
oTpaxxaTb TEMMepPaTypHbIE YC/IOBUS, KOTOpPbIE BO3AENCTBYIOT Ha 6nmnsnexalume UHTerpasbHble
cxeMbl. Kopnyc TO-92, ¢ Apyroi CTOPOHbI, MOXXHO MOHTMPOBATb HaZ MOBEPXHOCTbIO NeYyaTHOW
nnatel ANa TOro, 4Ttobbl M3MepATb TeMMepaTypy BO3AYWHOrO MOTOKa Hag NnaTow.
TMPO3/TMP04 wu3MepsitoT TemnepaTypy CO CBOei COBCTBEHHOM mnoBepxHocTU. Korga oHu
NCMOJb3YIOTCA A1 U3MEPEeHUs TemnepaTypbl COCEAHEro UCTOYHMKA Tenna, cneayeT yunTbiBaTb
TeMmrnepaTtypHoe COMNpoTMBIIEHME MeXAy [AaHHbIM WCTOYHMKOM U AaTyuMkoM. Yacto ans
M3MepeHnsa TeMmnepaTypbl WCTOYHWKA Tenna WCNOMb3YKTCA TepMonapbl WM Apyrue
TemnepaTypHble AaT4MKN, B TO BPEMS KaK U3MepeHue TemnepaTypbl ¢ nomowpsio TMPO3/TMP0O4
CBOANTCS K MPOCTOMY U3MEPEHMIO BPEMEHHbIX MHTEpBanoB 71 n T2. Kak TONbKO onpeaeneHo
TemMnepaTypHOe COMpoTMBAEHNE, TeMmnepatypa WCTOYHMKA Tenna MoxeT OblTb TyT Xe
BblUMCIIEHA.

MpuMep ncnonb3oBaHns TMPO4 ansa MOHUTOPUPOBaHUS TeMnepaTypbl MUKpOMpoLeccopa
C BbICOKOM MOLUHOCTBbIO paccesiHbsi NokKa3aH Ha Puc.7.32. TMP0O4 B Kopnyce Aans
NMOBEPXHOCTHONO MOHTa)a MOHTUPYETCH HenocpeACTBEHHO MoA KOPMyCcoM MMKporpoueccopa C
MaTpW4HbIM PacrnosioXXeHMeM BbiBOAOB. B TMnosom npunoxeHnn soixoq TMP04 MOXHO 6b1710 6bl
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NOAKIUNTL K CreuMannu3upoBaHHOMY W3MepUTeNnto TeMmrnepaTtypbl. B HaweM cnydae Bbixoa
MOAK/IOYAETCA HEMOCPEACTBEHHO K MOPTY M3MEPSIEMOro MuKpornpoueccopa. WMMnynbCHbIN
Bbixoda TMP04 paeT 3HauuTenbHOE MNPEUMMYLLECTBO B AAHHOM MPUNOXEHUWN, MOCKOSIbKY OH
ABNSIETCS NIMHEMHbBIM TEMMEPATYPHbIM BbIXOAOM, N5 06CNY)XMBAHUS KOTOPOro TpebyeTcs Bcero
OOVH BXOA4 MMKponpoueccopa, 6e3 HeobxoaAMMOCTN UCNOb30BaHMUS A0NOAHUTENBbHOro ALLM.

BbICTPbIA MWKPOMPOLIECCOP, MPOLIECCOP

OBPABOTKW CUIrHAJNOB U T.M., B KOPNYCE C

MATPUYHLIM PACMNONOXEHMEM BbIBOOOB
| ]

PGA COKET

Py “

~ MEYATHAS MNATA

TMP0O4 B KOPIMYCE anAa
NOBEPXHOCTHOIO MOHTAXA

Puc.7.32. MOHUTOpPUHI TeMNepaTypbl MUKPONpoLIeCcCopa C BbICOKUM
noTpebneHnem vnm DSP ¢ ncnosnb3oBanmem TMPO4.

TepMopene 1 perynaropbl C YCTAaHOBKOW TEMMNEepPaTypbl.

[aTuvkn TemnepaTypbl, UCMNONb3yeMble COBMECTHO C KOMMapaTopamu, paboTalT B
KayecTBe Tepmopene. Tepmopene npeacTaBnsioT cobor  MpocTeliee  OAHOMOPOroBoe
YCTPOWCTBO C (PUKCMPOBAHHOM BENMYMHONM TeMmnepaTypHoro nopora. Hepoporas UC ADTO.5
BbIMNOMHSET 3Ty (YHKLUMIO M MO3BONASET C MOMOLWbLID €AMHCTBEHHOrO BHELLHEro pe3nctopa
yCTaHaBNuBaTb TeMrepaTypy nepekntoyeHns ¢ To4HOCTbio 2°C B auanasoHe ot —40°C go
+150°C (cM. Pnc.7.33). YCTpOMCTBO AA@eT BbIXOAHOM CUIHANM Ha OTKPLITOM KOJIIEKTOpe, Koraa
OKpYy>Kalolllaa TemrepaTypa NpeBbILLAET TeMNepaTypy yCTAaHOB/IEHHYIO Nofb3oBaTeneM. ADTO0.5
obnagaeTr rnctepesmcomM okono 4°C, KOTOpbI NpeaoTBpallaeT ObiCTpble OCUMANSLUMKM LENW.
ADTO0.5 npeaHasHayeHa Ans paboTbl C OAHOMOASIPHBIM MUTaHMEM B Avana3oHe oT +2.7B Ao
+7B, 4YTO MO3BOJMISIET UCMO/Ib30BaTb €€ B MPUIOXEHUSX C BaTapeilHbIM NUTaHUEM, @ TakXe B
WHAYCTPUanbHbIX CUCTEMax YynpaBneHus. BcneactBuve HM3KOWM paccemBaemon molyHocT (200
MKBT npu 3.3B), owmnbkM 1M3-3a camMopa3orpeBa MUHMMAsIbHbI, @ BPEMSI paboTbl aKKYMYNSTOPHOM
6atapen - MakcuManbHO. B UC BKAOYEH pe3nCTop MOAKOYEHUS BbIXOAA K MUTAHUIO AN
ynpasfieHnsa TakMMu Harpyskamu, kak sxogbl KMOIT.

BennunHa pesncropa ycTtaHOBKM paboyelt TeMnepaTypbl ONpeaensieTcsl paBeHCTBOM:

39 MQ°C

Regr == ——90.3KQ
Teer (°C) +281.6°C

Pe3nctop ycTaHOBKWM crieayeT MNOAKIYATb HEMNOCPeACTBEHHO MeXAY BbIBOAOM Rser
(BbiBOA 4) 1 BbIBOAOM GND (BbIBOA 5). ECNivt Ha nnaTe MMeEeTCs «MNOJIMIOH 3eM/IN», TO pe3ncTop
MOXHO MOAK/OUYNUTL HEMOCPEACTBEHHO HA MOJIMIOH, HO B BanKanLen K BbiIBOAY 5 TOUKE.

PesncTop YCTaHOBKM MOXET O6biTb N06Oro Tuna, HO €ro HayanbHbIA [A0MNYyCK W
TEMMNEPATYPHbIN Aperd OKaXyT BAMSHUE HA TOYHOCTb YCTAHOBKM TeMmnepaTtypbl. [ns
60NbLIMHCTBA MPUIOXEHNIA METANIONSIEHOYHbIA PE3UCTOP C AOMYCKOM 1% AacT Hauny4luuni
KOMMPOMMUCC MexXAay CTOMMOCTbIO M TOYHOCTbIO. PacueTHast BennumMHa pe3ncrtopa Rs:r MOXET He
COrnacoBbIBaTbC C WMMEOLENCs CTaHAapTHOW CETKOM pe3nCTOpoB AaHHOrO Aonycka. [Ans
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nony4eHunsa paCHeTHOVI BEMNUYMHBI  OOMYCKAETCA WCNONb30BaTb MNOCNEAOBATENbHOE WU
napannesibHoe CoeaANHEHNE HECKOJTIbKMX PE3NUCTOPOB.

1 +Vs=27BA0O7B
ADTO5 : T
i 200KQ 0.1 Mk®
' RpuLL-uP
QNEMEHT BbIXO[,
U3MEPEHWS
TEMMEPATYPbI J]_
CXEMA
——O—— YCTAHOBKM
TEMMEPATYPbI
— SOT-23-5
e
RseT
¢ TOYHOCTb ycTaHOBKU: £2°C
¢ BHyTpeHHuI ructepesuc: 4°C
¢ CneunduvumpoBaHHbIM pabounii ananasoH: -40°C go +150°C
¢ PaccenBaemMas MowWwHOCTL: 200 MKBT npu 3.3B

Puc.7.33. Perynsatop TepMocTaTa.

TMPO1 penemnHbli perynsitop Temnepatypbl C ABYMSI TOYKAMW YCTAaHOBKW, M BbIXOAOM
HanpsbkeHus MAT (cM. Puc.7.34 u 7.35). OH BblpabaTbiBaeT CUrHaN yrnpasfieHUs Ha O4HOM U3
ABYX BbIXOAOB, KOrAa YCTPOMCTBO HaxoAMTCS BbILE WM HMXE 3a4aHHOro TemrnepaTypHOro
Avana3oHa. Kak BepXHSsi/HWXHAS TeMrnepaTypbl NepektoyeHns, Tak U BenymMHa rmcrepesmca
onpeaensitoTCs BHELWHMMN pe3ncTopamMm, BblIbMpaeMbiMu Nosib30BaTeNEM.

Veer | 25B OATYMK TMPO1 e
o< TEMMNEPATYPbI U
UCTOYHWK OMOPHOIO
HAMPSIKEHUS
R1
SETHIGH
® S o I/—() BbILLE
Rz[] / |
KOMMAPATOP
ser OKHA WV
dsETon | \ P —
R3[] *— / |
SEMNA FEHEPATOP
[ S——t < >
MCTEPE3UCA < 1 >0 Vnar

\Y4

Puc.7.34. TMPO1 - perynsitop € nporpaMmMmMpyeMbiMU TOHYKaMMU
YCTaHOBKM TeMnepaTypbl.
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TMPO1 COCTOUT W3 OMOPHOrO WCTOYHMKA, MO HAMpPsHKEHWUIO 3anpeLLeHHOW 30Hbl,
06bEAMHEHHOIO C Mapoi COrMlacoBaHHbIX KOMMapaTopoB. VICTOYHMK OMOPHOro HampsbKeHMUs:
JaeT Ha BblxoAax, Kak CTabunusmMpoBaHHOe HanpsbkeHue 2.5 B, Tak u HanpsbkeHue [AT,
KOTOpOE MMEET TOYHbIN TeMnepaTypHbi kKoadduumeHT 5 MB/K 1 coctaBnsieT npu 25°C 1.49 B.
KomnapaTtopbl CpaBHMBAIOT 3HayeHue Vjpzar C  YCTAHOBMIEHHBIMW  BHEWHMM  06bpa3oM
TeMmnepaTtypaMm TOYEK TMEepeK/IloYeHns M [aloT Ha BbIXOoAaX C OTKPbITbIM  KONJIEKTOPOM
COOTBETCTBYIOLUME CUTHANbI.

'McTepesnc Takke nporpaMMUpyeTcs C MOMOLLBIO BHELLHMX PE3UCTOPOB W OrnpeaenseTcs
BE/IMYMHON MOMHOIO TOKA, BbITEKAMLLIErO M3 MCTOYHMKA OMOPHOMO HanpsbkeHus +2.5 B. 31oT
TOK BblAENSeTCqd M MCMONb3yeTcsd AN reHepaumMyM rucrepesvca HanpshkeHus CMeLleHus
COOTBETCTBYIOLLEN MOMSIPHOCTM MOC/E TOro, Kak COOTBETCTBYIOLWMI KOMMapaTop cpaboTann.
KoMnapaTopbl COeauHSIIOTCA MnapassiefibHO, YTO rapaHTUpyeT OTCYTCTBUE TMEPeKpbITUS KX
MMCTEPE3NCOB M UCK/TIOYEHNE OWMOBOYHbIX CpabaTbiBaHWIA MO CMEXHBLIM 30HAM.

B TMPO1l MCMNonb3ylOTCS TOHKOMJIEHOYHbIE PE3NCTOPbI C JIA3EPHOM MOArOHKOM Ans
MOSIyYEHUS TUMOBOW TOYHOCTM YCTaHOBKM TeMnepaTypbl +1°C BO BCEM AMana3oHe TemnepaTyp.
BbIxoabl C OTKPbITbIM KO/IIEKTOPOM CMOCOBHBI MPONYCTUTL BTEKatoWMIi ToK A0 20 MA, 4To AaeT
BO3MOXXHOCTb YNpaBnsTb HenocpeacTBeHHO pene. MNpu paboTe C UCTOYHMKOM nuTaHus +5 B
MaKCUManbHbIA CTaTUYECKUIA TOK COCTaBNsIET BCero 500 MKA.

ADT22/23 noxoxu Ha TMPO1, HO MMEeIOT BHYTPEHHWUI FMCTEPE3NC U NpeaHa3HaYeHbl Ans
paboTbl C UCTOYHUKOM MuTaHMsa 3B. CyllecTByeT perynstop C YeTblpbMs TOYKaMW YCTaHOBKM
Temnepatypbl (ADT14).

Ve:45Bpo 13.2B
TemnepaTypHbIi BbIX0A Vpar, +5 MB/K
HoMuHanbHbIM Bbixoa npu 25°C: 1.49B
TwunoBas TOYHOCTb MO Ananas3oHy TemnepaTyp: +1°C
CneundunumpoBaHHbIi paboumnin aAManasoH: —55°C go +125°C
'McTepesnc NporpaMMMpyeTcs pe3mcTopamm
TOYKM YCTAHOBKW TeMrepaTypbl NpOrpaMMMpYOTCA pe3ncTopamm
Mpeun3noHHoe onopHoe HanpsixkeHue: 2.5 B +8 MB
CraTnyeckuit Tok notpebnenns 400 MA, B peXXnMe BbIK/HOYEHUST 1 MKA
Kopnyca: 8-koHTakToB DIP, 8-koHTakTOB SOIC, 8-KOoHTakToB TO-99
Mpoune perynatopbl C yCTaHOBKOM TeMMNepaTypbl

¢ Perynatop c AByMS TOUKaMW YCTaHOBKM TeMnepaTypbl: ADT22/ADT23

(3-BonbToBas Bepcms TMPOL1 € BHYTPEHHUM MMCTEPE3NCOM)
¢ Perynatop c YeTbipbMsi TOYKaMM YCTAaHOBKM TeMmnepaTypbl: ADT14

L R ZER ZER R R 2R R 2R R 2R 4

Puc.7.35. OCHOBHbIE€ XapaKTEPUCTUKN perynsitopa C yCTaHOBKOW
TemnepaTtypbl (TMPO1).

AUIM ¢ faTyMKoM TemnepaTypbl Ha OAHOM KpUcTasse.

UndpoBble aaTumkn TemnepaTypbl cepuv AD7816/7817/7818 WMEKT BCTPOEHHBIN
TEMMNEPATYPHbIN AaTuMK, BbIXOA KOTOPOro KBaHTyeTcs 10-paspsigHbiM AL ¢ pernctpom
nocnegoBaTenibHbiX npubnuxennin (PMIM) Ha KOMMYTUMPYeMbIX KOHAEHCATOpaX M CO BPEMEHEM
npeobpasoBaHus 9 MKC. Ero nocnepoBaTenbHbI MHTEPGENC COBMECTMM C NOCNEA0BATENbHbLIM
MHTEP(ENCOM TaKMX MUKPOKOHTPONNepoB kak INTEL 8051, MOTOROLA SPI™ u QSPI™ u
MICROWIRE™ ¢upmbl  National Semiconductor. [nsi obecneyeHns rnbKoCTH, YCTPOMCTBA
[JAHHOrO CeMencTBa NpeaycMaTpuMBalOT — Pas/iMYHble  BapWaHTbl  OpraHM3auuMu  BXOAOB.
YcTponctBa cemelncTBa AD7416/7417/7418 CXOXWN, HO MMEKOT CTaHAAPTHbIM NOCNeA0BaTENbHbI
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nHTepdenc. PyHKUMOHanbHble 610K-cxeMbl AD7816,AD7817,AD7818 noka3aHbl Ha Puc.7.36,
7.37, 7.38, @ OCHOBHblE XapaKTepUCTUKN NpUBOAATCA Ha Puc.7.39.

REFIN +Vpp=2.7BO0O55B
o o
AD7816
OATUMK VOH PEFUCTP —_
TEMMEPATYPbI 25B MEPEFPEBA [ A>B —>Q OTI
¥ TAKTOBbI/
FEHEPATOP [ ) Diniout
BbIXOQHOW 3
§ § SCLK
AHAJIOrOBbIM 1 10-PasPagHLIN [ PETWCTP
MYNbTUNNEKCOP | Auncennc
NEPELENOM
3APSIIOB
PEFUCTP & rofe
YNPABJEHUS RD/WR
£~ £~
7 7
AGND CONVST

Puc.7.36. 10-pa3psiaHbiii uudhpoBoOil AaTUMK TEMNEpaTypbl
C nocnenoBartesibHbIM MHTepdeiicom (AD7816).

REFIN +Vpp=2.7BO0O55B
o o
AD7817
OATUMK VOH PEFUCTP —_
TEMMEPATYPbI 25B NEPEFPEBA [ 7] A>B —>Q OTI
v TAKTOBbI/
FEHEPATOP [~ Dout
Ving SCLK
BbIXOQHOW .
v 5 5 RD/WR
N AHAJIOrOBbIM 1 10-PAsPsHBIA [ PErUACTP
Vin MYNbTUNNEKCOP | Auncennc
NEPELENOM
3APSIIOB
Ving PEFUCTP
YNPABNEHUSA Din
cs
O O O O
AGND  DGND BUSY CONVST

Puc.7.37. 10-pa3psaaHbiii ALUN ¢ MynbTyUn. BXOA4aMM U faTYMKOM TeMnepaTypsbl (AD7817).
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+Vpp=2.7BO0O55B
O

|_ AD7818
OATYMK WOH PEFUCTP —
TEMMEPATYPbI 25B MEPEFPEBA [ ] A>B —>Q OTI
l TAKTOBbI
FEHEPATOP [ ) DinjouT
BbIXOAHOM
AHATIOrOBbIiA | 10PaspspHLIn [ L___PETUCTP & serk
Vine Q> MynbTUNNEKCOP | Auncennc
>|  NEPEOENOM
3APS[IOB
PEFUCTP _
YMNPABMEHUA O RD/WR
o o
AGND CONVST

Puc.7.38. 10-pa3psaHbiii ALLN c ogHMM BXOAOM M AaTYMKOM TeMnepaTtypbl (AD7818).

10-pa3psigHbii ALIM ¢ BpeMeHeM npeobpa3oBaHus 10 MKC

'bkuii nocneaoBaTenbHbI MHTepdeic (Intel 8051, SPI™, QSPI™, MICROWIRE™)
Hannuuve Ha kpuctanne gatymka TemnepaTtypsbl: -55°C go +125°C

ToyHOCTb U3MepeHns Temnepatypsl: +2°C ot —40°C go +85°C

Hanunuyme BCTPOEHHOro ONOpPHOro UCTOYHMKA: 2.5B +1%

[Avana3oH HanpskeHus NuTaHus: +2.7B oo +5.5B

PaccenBaemast MOLWHOCTb 4 MBT Ha yacToTe Bblibopok 10 Iy

PexxrMa aBTONOHMXXEHMS NUTaHWUS NOCe 3aBepLueHnss npeobpa3oBaHus
Bbixoa «npepbiBaHMS» MO Neperpesy

AHanorosble BXOAbI, YeTblpe ansg AD7817, oanH ans AD7818
AD7416/AD7417/AD7418 noaobHbl NEPEUNCIEHHbIM, HO UMEIOT 1°C nHTepdeiic

L JEE JER R ZER R 2R JEE 2R JEE NN 4

Puc.7.39. Cepus naTuMkoB TeMnepaTtypbl ¢ 10-pa3psaHbiMm AN (AD7816/AD7817/AD7818).

TeMnepaTypHbIii MOHUTOPUHI MUKPOMPOLIECCOPOB

CoBpeMeHHble KOMMNbIOTEPbLI TPEOYIOT, YTOOLI B paBHOWM CTEMEHW, KaK annapaTypa, Tak u
nporpamMmbl  paboTanu AOMKHbIM 06pa3oM, HECMOTPS Ha MHOMOYMCIIEHHbIE MeLuatoLwwme
akTopbl, KOTOpble MOryT Bbi3BaTb pa3pylleHue CUCTeMbl MM ee 3aumknveaHue. Lenb
annapaTHOro MOHWUTOPUHIa COCTOMT B TOM, 4YTObbl CneauTb 3a KPUTUYECKUMM napaMmeTpamm
KOMMbIOTEPHOM CUCTEMbI U MpeanpuHMMaTb afieKBaTHOE KOPPEKTUPYIOLLEE BO3AENCTBUE, NMPU
nosiefieHnn npobnem.

NCTOYHMK nUTaHMsa MUKpOnpoleccopa n Temnepatypa SBASOTCA ABYMS KPUTUYECKUMM
napameTpamu. ECnn HanpsbkeHue WCTOYHMKA NUTaHus Nagaer Huke cneunduumpoBaHHOIrO
MUHMMANbHOMO YPOBHS, TO paboTa MMKponpoueccopa A0/MKHA 6biTb OCTaHOBIEHA A0 Tex nop,
NMoKa HamnpsbkeHne He BEpHETCS K CBOEMy [JOMNyCTUMOMY YPOBHKO. B HeKoTopbiX cnyyasx
XenaTenbHO BbINOMHUTL COPOC MMKpOrpoueccopa NpW MOHWXEHUW HanpPsKeHUs MUTaHuS.
SBnsetcs o6WenpuHSATON NPaKTUKOW COpackiBaTb MMKPOMPOLIECCOP MpU rnoaaye, NMb0 CHATUM
nutaHns. EcnM  BennuMHa NUTalOWEro  HanpshkeHust Hu3Ka, MOoXeT noTpeboBaTbCs
nepekstoyeHme CUCTEMbI Ha pe3epBHYIO HbaTapeto. [pn NOHMXKEHHbBIX Hanps>KeHUsIX CyLuecTByeT
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obsizaTenbHoe TpeboBaHWe 3anpeTUTb MUKPOMPOLECCOPY BbIMOMHATL 3aMUCb BO BHELLHION
KMOM-namaTb MNyTeM MNojayu CUrHana «3anpeta» Ha BXOA pa3pelleHus Bblbopa BHELLUHEN
namatu (CE).

MHorme MMKpornpoLeccopbl MOXHO 3arnporpamMMMpoBaTh Ha MEPUOAMYECKYIO reHepaunio
CUrHana «CTOPOXEBOro TaliMepa». MOHMTOPWMHI 3TOMO0 CUrHana AacT yKa3aHMe Ha TO, 4To
npoLeccop 1 ero nporpaMmmHoe obecrneyeHre paboTatoT AO0/MKHBIM 06pa3oM UM HANPOTUB, YTO
npoueccop rnonan B NeTN0 6ECKOHEYHOrO LUMKNA.

HeobxoaMMOCTb annapaTHOro MOHWUTOPWHIa npueena K nosisneHuto UC, TpaaMuMOHHO
Ha3blBaeMbIX  «CyrNepBMU30PHbIMW  YCTPOWCTBaMM (AN MMKPOMPOLIECCOPOB)»,  KOTOpble
BbIMOHAOT HEKOTOpblE MM BCE MEpeYUC/IEHHble Bbiwe (yHKUMM. CneKkTp 3TUX YCTPOWMCTB
BECbMa LUMPOK OT MPOCTbIX MEHEepaTopoB C PyYHbIM COpPOCOM (C yCTpaHeHueM apebesra) Ao
3aKOHYEHHbIX MOACUCTEM  MOHWUTOPUHIa Ha OCHOBE MMWKPOKOHTPOJIJIEPOB CO BCTPOEHHLIMU
patunkammn Temnepatypbl n ALM. CemelictBo m3genuii Analog Devices (ADM) cneumanbHO
npegHasHayeHo AN BbIMOSHEHUS  Pa3/IMYHbIX  (PYHKUMM MO KOHTpPOA  paboTol
MMKpOMNpoLeccopoB, TpebyemMoro pasinyHbIMM CUCTEMAaMMU.

TeMnepaTypa LUEHTpanbHOrO npoueccopa OCOBEHHO HYXHa AN MUKPOMNpOLECCOpoB
cepun Pentium Il. Mo 3ToM npuuMHE, BCe NOCNEAHWEe YCTpoucTBa Pentium Il uMetoT
BCTPOEHHbIV B MOANOXKY PNP-TpaH3MCTOp, KOTOPbLIN NpeaHasHayaeTcst Ansi MOHUTOPMPOBAHUS
AENCTBUTENBHOW  TeMnepaTypbl Kpuctanna. Konnektop BCTPOeHHOro PNP-TpaH3ucTopa
COEANHSAETCS C MOANOXKOM, a 6asa M 3MUTTEp BbiBEAEHbI HapyXy OTAENbHbIMU HOXKAMWU Ha
MUKPOMpPOLLECCope.

NC ADM1021 - MOHMTOP TeMmnepaTypbl MUKpOMNpoUeccopa npeaHa3HavyeH cneuyanbHo
Ans 06paboTkM CUrHanoB C 3TMX BbLIXOAOB W MpeobpasyeT HanpsbkeHuve B LUMpPOBON koA,
npeacTaensitoWmi cobor TeMnepaTypy Kpuctanna. YNpoLeHHO YacTb cxeMbl AD1021 noka3aHa
Ha Pwnc.7.40.

MeToabl, UCNONb30BaHHbIE A1 U3MEPEHUs TeMnepaTypbl, MOEHTUYHbLI PAaCCMOTPEHHOMY
Bbllle NpUHUMNY u3MepeHnss «AVpe». [ABa pasHbix Toka (/ v N*/) npuknagbiBalOTCA K
N3MepuUTeNbHOMY TPaH3UCTOPY, U N3MEPSIETCS HaMNPsHKEHWE AN KaXkaoro u3 Hux. Ana ADM1021
HOMUWHanbHbIE BeNWYMHbI coctaBnsaT: / = 6 MkA, (N = 17), NI = 102 MKA. Pa3HoCTb
M3MEPEHHbIX HanpshKeHW 6a3a-aMutTep, «AlVp>» aBnsieTca HanpsbkeHnem [MAT u paetcs
BblpaXXEHNEM:

Ha Pwuc.7.40 nokasaH BHEWHWI [AaTuMK, UW306pakalolwmin cobon TpaH3UCTop Ha
MOAJIOXKKE, BbIMOMHAIOWMNIA TEMMNEPATYPHBbIA MOHUTOPUHI MUKPOMPOLIECCOPA, HO C TaKUM Xe
YCMEXOM UM MOXET 6biTb U BHELIHWUI ANCKPETHbIN TpaH3UCTOp. Ecnn ncnonb3yeTcs ANCKPETHBIN
TPaH3UCTOP €ro KOMeKTop HeobXoANMMO NOAKNIOUNTL K 6a3e u He 3a3eMnaTb. s UCKYEHNS
MELIAIoOWero LwyMa CO CTOpPOHbl 3eMnuM  6onee oTpUUATENbHbIA  3aXWUM  JaTyMka He
NOAK/TIOYAETCA K 3eMJle, @ CMELLAETCS Bbille ee C NMOMOLbI0 BHYTPEHHero anoaa. Ecnm gatumnk
paboTaeT B cpeae C WwymMamMu, MOXHO A06aBuTb KOHAeHcaTop C B Ka4ecTBe LWYyMOBOro (punbTpa.
Ero BenuuuHa 06bi4HO coctaBnseT 2200 nd , Ho He 6onee 3000 nd.
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l Vpp = +3B 4O +5.5B

I l IBiAS FEHEPATOP
U3MEPUTENBHBIA | = eeefecccccccccccccfoccmccoccccccccccccccccccccaeee
TPAH3UCTOP
YOANEHHOIO
MWKPOMPOLEECCOPA|
£\
AVer = KT/QIn N HY-OUNbTP
65 KNy,
T4
SPNP O E
ovon YCUNWUTENb C NPEPLIBAHUEM U
CMELLEHMS CUHXPOHHbIV BbINPSIMUTESNb

Vout = GKT/Q:In N

v

Puc.7.40. Cxema HOpMMPOBaAHUA BXOAHOI0 CUrHasla MOHMTOpa
TemMnepaTypbl MUKponpoueccopa (ADM1021).

[Ansi n3MepeHust AVp: YyBCTBMTENbHBIN TPaH3UCTOP NepeKSIoYaeTcs Mexay paboummm
TokaMn | wn NI. Ona yMeHbleHUs LWYMOB pe3yfnbTUPYIOLee MepeMEHHOE HanpshKeHne
nponyckaeTcs Yepe3 HY-bunbTp ¢ YactoTon cpesa 65 KIu, M 3aTeM NOCTyNaeT Ha yCUNUTEND,
CTabunM3npoBaHHbIN NPepbIBAHMEM, KOTOPbIN YCUIMBAET CUMHA/ U BbIMOSTHSIET €M0 CUHXPOHHOE
BbinpsiMnieHve. [loflydeHHOe MOCTOSAHHOE HarpshKeHne npornopunoHanbHO AlVg: KBAHTyeTCs
8-paspsiHbiM ALM. [ns 60onbluero yMeHbLUEHMS AEWUCTBUSA LUIYMOB BbIMOSHSAETCS UMdpoBast
punbTpaumnsa curHana, nyTeM ycpeaHeHus pesynbTaToB 16 LMKI0B U3MEpeHUs.

AD1021 coaep>XUT BCTPOEHHbIM AaTYMK TemnepaTypbl, 1 HOPMUPOBAHUE N U3MEpeHUue
€ro CUrHanoB BbINOSIHAETCS NOA06HbIM e 06pasoM.

OanH M3P AUM cooteBetctByeT 1°C, TakmMm obpas3oM, AL TeopeTuyeckm MOXeT
n3MepsaTb TemnepaTtypy OT —-128°C pgo +127°C, XOTS, MpakTM4yecKasl BenYMHA HUXKHEro
npegena cocraBngetr —65°C, B COOTBETCTBME C MpedenbHO [AOMyCTUMbIMKM MapaMeTpamu
YCTPOWCTBa.  Pe3ynbTaTbl  WM3MEPEHUS  BHYTPEHHEN  TemnepaTypbl W TeMnepaTypbl
MUKPOMPOLIECCOPA 3aMMCbIBAOTCS B PErMUCTPbl JIOKaNbHOM W AMCTAHUMOHHOW TemnepaTypbl U
CpaBHMBAIOTCA C npeaenamu, 3anporpaMMUpOBaAHHLIMU B PErucTpax BEpXHEro M HWKHEro
npeaenoB Ans NIoKanbHON M AUCTAHLMOHHOM TOYEK M3MEPEHNS TEMMNEPATYPbI, Kak MOKa3aHO Ha
Pnc.7.41.

Korga BHYTpeHHSS TeMmnepaTypbl KpuCTanna Wau TemrnepaTtypa KOHTPOSMpYyeMoro
npoLeccopa HaxoAsTC BHE 3anporpaMMMpOBAHHbLIX MPeAenoB, BblpabaTbiBaeTCs BbIXOAHOM
curHan «TPEBOIA». 3TOT BbIXOA MOXHO MCMOMNb30BaTb B KAYECTBE CUrHaNa rnpepbiBaHUs unm
KaK CMrHan TPeBOrv LWKHbI ynpaBieHust cuctemon (SMBuUS).

Uepe3s nocneaoBaTeNbHbil  MHTEPdENC WWHbI  YNPaBAEHUS CUCTEMOW  MOXXHO
nporpaMMMpoBaTb PerucTpbl NPeaenoB, YNpaBnsiTb YCTPOWCTBOM M KOHMUrypuposaTb €ro.
Coaepxxvmoe ntoboro pernctpa Takke MOXHO MPOYUTaTb MO 3TOW WKHe. OYHKUMM ynpaBieHu st
N KOH(UIrYpMPOBaHUS COCTOSIT M3: NEPEK/TIOYEHNS YCTPOMUCTBA U3 peXnMa HOpMasibHOM paboThl
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B PEXMM BbIK/TIOYEHUSA NUTAHUS, U3 MAaCKMPOBaHUSA WK paspelleHns curHana «TPEBOIMA» u un3
YCT@HOBKM 4acToTbl Npeobpa3oBaHust, KOTopasi MOXET 6biTb B Anana3oHe oT 0.0625 Ny ao 8 I'u.

D+
O- HOPMUPOBAHME U 3 PEMUCTP
AHATOIOBbIN g—| TEMMNEPATYPHbIA VKA3ATERS <
o MYNbTUIMNEKCOP OATYMK ANPECA
PEMUCTP pa
OHOBUBPATOP
PEMUCTP
YACTOTbI <
NMPEOBPA30BAHMSA
PEMUCTP KOMMAPATOP < PErUCTP
TEMMNEPATYPbI | HWKHErO NPEAENA / | HWKHEroO NPEOENA »a
NOKAJIbHOI O IATYMKA -‘ NOKAJIbHOI O IATYMKA NOKANBbHOI0 OATYUKA
A
KOMMAPATOP <€ PEMUCTP
\A A4 | BEPXHEIO NPEAENA / BEPXHETO NPEAENA |
NOKAJIbHOI O IATYUKA NOKANBbHOIr0 OATYUKA
8-PA3PSIAHBIN | _|
Aun
KOMMAPATOP < PEMUCTP
A | HWXHErO NPELENA / | HwxHEro nPEmENA >
YOANEHHOIO OATUUKA| YOANEHHOIO OATHYMKA
Y
o PEMUCTP KOMMAPATOP < PEMUCTP
= TEMMNEPATYPbI 3| BEPXHEIO NPEAENA / | BEPXHErO NPERENA €
T YOANEHHOIO OATHYMKA 'Y YOANEHHOIO OATYMKA | YOANEHHOIO OATHYMKA
S
PABOTA/OTKIMIOYEHUE PEMUCTP <€
KOHOUrYPALUM |0
STBY
PA3PbIB LIEMW BHELLHEFO OUOOA l
YWY
PEMUCTP MACKWPOBAHUE
/ COCTOSAHUSA 3| MPEPLIBAHUS —
Y Y
UHTEP®ENC SMBUS
o o (o] o o o o o I I I I
TEST Voo NC GND GND NC NC  TEST SDATA SCLK ADDO ADD1

Puc.7.41. YnpoweHHas 6nok-cxema ADM1021.
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M3MepeHne TeMnepaTypbl: KpUCTania v B yAaneHHON TOUKe
TOYHOCTb Ang BHyTpeHHero aatymka: 1°C

To4HOCTb ANng yaaneHHoro gatumnka: 3°C

MporpaMMupyeMble BEPXHUI U HUXXHWUIA Npeaenbl Mo TeMnepaType
Hannune aByxnpoBOAHOrO NocieaoBaTeNbHOro nHTepderica: SMBus
MaKcMMarnbHbIN pabounii Tok: 70 MKA

Tok B peXXuMe BbIK/TIOYEHNS NNTaHNS: 3 MKA

[Jnana3oH nuTanusa: ot +3 B o +5.5B

Kopnyc 16-BbiBOAHOM QSOP

L ZEE Z2ER R 2R R R JEE R 4

Puc.7.42. OcHOBHbIe XapaKTepucTtukm ADM1021.
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