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OdmumansHble Bepcun
XypHasa pacrnpocTpaHaAlTcA
6ecnnaTtHo 1 6e3 pernctpaumm
TOJNIbKO Ha canTe
PagvofloumaH

Mpu Nto6OM MCTIONb30BaHUN MaTepUaros, onyo-
NMKOBaHHbIX B XXypHare, ccblnka Ha Paauollou-
MaH obs3atenbHa. lMonHoe WmM YacTuyHoe
BOCMPOM3BEAEHNE UMK TUPXMPOBAHUE KaKIM
6bl TO HM BbINO CMOCOBOM MaTEpPMasnoB HacTos-
LLero U3fiaH!s AOMyCKAETCS TOMBKO C NMCbMEH-
HOTO pa3pELLEHNS pefaKLyn.

MHeHus aBTOPOB He BCErda OTpaxaloT TOuky
3peHUsi pefakLun.
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HoBocTtu

Vishay Intertechnology aHoHcupyeT nepsble 500-BosbToBbIe MOSFET, OCHOBaHHbIE Ha
TexHonoruy Super Junction

Texas Instruments npeactasuna 700-B0NbTOBbIA UMMYSILCHBIA PErYNATOP HANPSXKEHNS
¢ ToKoM nokost meHee 100 MKA

Atmel n Arduino BbinyckatoT nnaty paclumpenus Arduino Wi-Fi Shield 101

Linear Technology npefcTaBuna MUKPOCXeMy A1 BbICOKOTOYHOTO KOHTPONS 3HEprun B
nuHmnax nutadnsg go 100 B

E-Switch aHoHCMpOBana cepuo MUHMATIOPHbIX TAKTOBbIX KHOMOK C YHUKANbHbIM
COYeTaHNeM XapakTepucTuk

Taiyo Yuden Bbinyctuna doepputosble YN apoccenu ¢ pekopaHbIM Ans 0Tpacnu
J0NyCTUMbIM TOKOM

TE Connectivity BbinycTNa HOBblE YNPOLLEHHbIE TMOPUAHbIE PasbeMbl

Linear Technology BbinycTuna fparsep TpaHctopmatopHoro asyxtaktHoro DC/DC
npeo6pasosarenis ¢ NnporpammMmpyembiM KOIMULIMEHTOM 3aMOSTHEHUS UMMYNbCOB

Texas Instruments npeacTasuna nepeoe yCTPOCTBO U JeMOHCTPALMOHHBIA MOAYAb ANs
NIR-cnekTpockonum, 0CHoBaHHbIe Ha TexHonoruu DLP

Melexis u Freescale 3anyckatot 6a30Bblil NPOEKT AN aBTOMOGUIbHBIX NPUITOXEHNT,
cosmeLatonin NFC 1 6ecnpoBoHyI0 3apsaky

NXP BbInycTiNa NepBble TPAH3UCTOPbI C HU3KIM HANPSKEHNEM HACILLIEHUS B KOPMycax
DFN2020

Toshiba pacLunpsert cemeiicTBO CBEPXMUHWNATIOPHBIX ONTOU30NIATOPOB L)1 YNIPaBNeHUs
3arBopamu IGBT u mouHbix MOSFET

Tl paclwmpseT acCopTUMEHT BbICOKOBObTHbIX LDO npubopamu Ans nutaHus ycTpoincTs
HEMOCPELCTBEHHO OT aKKyMynaTopa aBToMoOuUns

CemencTBo 4yun nHAYKTMBHOCTE HP, co3naHHbIx komnanueii Coilcraft, npesocxoaut
nto6ble Korga-nnbo cosfaHHbIe aHanoru

ZMDI pacwmpsieT ceMencTBO MUKPOCXEM ynpasJieHus 6atapesmu

FTDI Chip npenctaBnseT ceputo A04EpHUX Moayneit ans noaaepxkn Arduino-
coBMecTUMON nnatcpopmbl EVE

Linear Technology coo6Lyuna o co3aaHnu onepaunoHHbIX yeunuTenei c
hemTOamMnepHbIMI BXOAHbIMI TOKaMu 1 nonocoi 500 My,

Ctatbu

BakyyMHbIA TpaH3UCTOP: YCTPOMCTBO, CAENTAHHOE U3 HUYEro
YnpasneHue apuratensmin NOCTOAHHOIO Toka. HacTb 1

icnonb3oBaHue cTaHgapTHbIX Mukpocxem NXP i npeo6pa3oBaHus NOrn4eckux
YpOBHeN

Otnagka nporpamm MK AVR u ocuunnorpad. Yacts 1

NCTOPWNA SNTEKTPOHWKIA. 21 okTa6ps 1949 r. 6bina 3anaTeHTOBaHa NaMATh Ha
MarHUTHbIX CepLevHMKax

B NTU co3faHbl akkymynsiTopbl CO CBEPXMasbiM BpeMeHeM 3apsaa u CPOKOM CRyXObl
20 ner

Cxembl

becnpoBoaHble aaTunkn Ha ocHoBe Mukpocxem NXP 74AXP1G57

BbicokoadphekTuaHbIN 100-MUnmMamnepHblil CUHXPOHHBIN MOHMKAIOLLWA
npeo6pa3osaresib C AMaNa3oHOM BXOAHbIX HanpskeHui ot 4 B go 150 B

[TpocTas cxema 3aMeHsIeT NporpamMMHbIA ONPOC MATPUYHOI KaBuaTypsbl
Cxema pacrno3HaeT 1 BOCCTaHABNNBAET 3aLLyMEHHbIE UMMYITbChI

AHTUnOrapudmMmnyeckuii npeobpasosaresib NMHeapU3yeT AaTYMK YrIEKUCOro rasa
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Vishay Intertechnology aHoHcupyeT nepsbie 500-BonbTOBbIE
MOSFET, ocHoBaHHble Ha TexHonoruu Super Junction

Vishay Intertechnology o6bsBMna o Bbinycke
nepBblX TPaH3UCTOPOB M3 HOBOMO CEMeNCTBa
500-BontToBbiXx MOSFET, nmetowwmnx takue xe
HMU3KMe MoTepV NPOBOAUMOCTU WU Mepeknoye-
HWUS, KaKk M BblNyckaemble komnaHuen 600- n
650-BonkToBLIE NpMbOpPLI cepun «Ex». Huskoe
COMPOTMBIIEHME OTKPLITOrO KaHama M Manbii
3apsg 3aTBopa HOBbIX TpaH3WCTOPOB OyayT
nmeTb 6onbLUIOe 3HaYeHVe ANnst 3KOHOMUMW JHEP-
MMM B MOLLHbIX BbICOKOKAY€CTBEHHbIX NOTPebu-
TENbCKUX YCTPOWCTBAX, OCBETUTENbHbIX NPMBO-
pax 1 B UMMNYNbCHbIX MCTOYHMKAX NUTaHUS KOM-
NbOTEPOB.

T
500 V E Series MOSFETs |

OcHoBaHHble Ha BTOPOM MOKOMNEHUN TEXHO-
norum Vishay Super Junction, HoBble 500-
BoribToBble MOSFET SiHx25N50E pononHsaoT
cywectsytowyto 500-sonstoByto ceputo «D»,
N3roTaBnMBaemMytd Mo BbICOKOKAYECTBEHHON
nnaHapHonm TtexHonorunn. ConpoTuUBNeEHNE
OTKPbITOro KaHasna TpaH3MCTOPOB HOBOIO CEMe-
ncrtea paBHo145 mOM, a MakcuMarsbHbIN TOK
ctoka — 25 A. [locTynHbl pasnnyHble BapuaHTbl
kopnycoB, Bkroyasa TO-220 n TO-247AC, a

Takke ONTUMU3NPOBAHHbIE A5 HU3KONPOUITb-
HbIX MNPOAYKTOB TOHKMe kopnyca TO-220
FULLPAK.

HoBble npubopbl OTANYAKTCA CBEPXHU3KUM
3apsiaoM 3aTBopa, paBHbIM 57 HKN, n marnbeim
BpEMEHEM BKIHOYEHUS — KINOYEBbIMM NMOKa3aTe-
namu kadyectea MOSFET, wucnonb3yembix B
cunoBbIx Npeobpasoartensax. Tak e kak B 600-
n 650-BONbLTOBLIX TpaH3uUcTopax cepun «Ew»,
HW3KOe COMpOTMBIIEHNE OTKPbLITOrO KaHana wu
ONTUMU3MPOBAHHAsA CKOPOCTb MNepeKrtoyeHns
500-BOMLTOBLIX YCTPOWCTB MOTYT YBENUYAUTH
KM v nnoTHOCTb MOLLHOCTU B KOpPEKTopax
KoahpuumeHTa MOLLHOCTHN, NPSMOXOLOBbIX
MOCTOBbIX KOHBeEpTepax K 06paTHOXOQO0BbIX
npeobpasoBartensx.

KoMMoHeHTbI COOTBETCTBYHOT TpeboBaHUsIM
anpektuebl ROHS, nmetoT NOBLILLEHHYIO YCTON-
YMBOCTb K BbICOKOIHEPreTUYECKUM UMMNysibcam
B peXMMax nepeknioyeHns 1 laBUHHOro npobos
1 MPOXoQAT CTONPOLIEHTHYHO NPOBEPKY Ha OTCY-
TCTBME K 3allernkuBaHusa npu KOMMyTaLuuu
WUHOYKTUBHOWN Harpy3ku.

TexHu4eckue XapaKTepuCTUKY TPaH3UCTOPOB:

Ip Rbs(on) Qg
Mpubop npu '\f.la';(:' m,rl:l Kopnyc
25°C  |Ugs=10 B |Ugs=10 B
SIHG25N50E | 25A | 145MOm | 57 HKn | TO-247AC
SiHP25N50E | 25A | 145MOm | 57 HKn | TO-220
SHA25NSOE | 25A | 145mOm | 57wKn | foaa0 o

Texas Instruments npeacrasuna 700-80nbTOBbIA UMMNY/NIbCHBIN
perynaTop Hanpa)XeHUA C TOKOM NoKoa meHee 100 mkA

Pacwunpsaa nuMHeNKy BbICOKOBOMNbTHbIX
yCcTponcTB anga aBToHOMHbIX AC/DC npeobpa-
3oBatenen, Texas Instruments npegcrasuna
700-BONLTOBbIV UMMNYILCHLIN PETYRASITOP HanNps-
XeHusa ¢ Tokom nokoss meHee 100 MKA, 4TO
BABOE MEHbLUE, YEM Y CYLLEeCTBYIOLLMX aHamno-
roB. B mukpocxeme UCC28880 uHTerpnpoBaHbl
700-BonbToBbIV MOLWHbIN MOSFET u BblcOKO-
BOMbTHbIA MCTOMHMK TOKa, YBENuMuuBaroLmne
o6y 3h(PEKTUBHOCTL MOCTOAHHO BKITHOYEH-

4 HOBOCTU

HbIX HEW30NMPOBAHHbLIX CUCTEM MNUTaAHUS C
BbIXoAHbIMM Tokamu go 100 MA, Takux Kak
WHTENNeKTyanbHble CYETYMKN, JOMALLHSAS aBTO-
MaTu1Ka U KpynHble ObITOBbIE NPUBOPLI.
BbICOKOBOMNbTHbLIN K04 MUKPOCXEMBbI
UCC28880 cHmxaeT cTtoMMocTb 1 obLune pas-
Mepbl UICTOYHUKA NUTAHWUSA, COXPaHSst MPU 3TOM
Bblcokun Kl n akcnnyaTaunoHHble xapakte-
pUCTUKM Bcen cucTembl. KOHCTPYKTOPbI MOTyT
NCMorb30BaTb 3TOT PEryNATOp B CXEMax MOHU-
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XaroLmx, NOHWXKaoLLe-NoBbILLAKLWNX U 0bpaT-
HOXO4O0BbIX Npeobpasosatenen 6e3 gobasne-
HUA  OONONHUTENbHbLIX MOMYNPOBOAHNKOBBIX
KOMMOHEHTOB.

Integrated 700-V switcher
with lowest quiescent current

>
Prmver

7o B\ .1

uts quiescent power
onsumption in half

+ Reduces solution size 2
and BOM cost i
\"J{i{:ﬁ INSTRUMENITS

KntoueBbie 0COGEHHOCTH 1 MPenMyLLECTBa
UCC28880

e HaumeHbwee e ompacnu nompebrieHue
MowHOCMU:

Mpn CHWXEHUN Harpy3kn TOK MOKOsi nagaet
00 100 MKA;

e CokpawieHue pasmepos u obuwel cmou-
mMocmu ycmpolicmea:

B 7-BbiBogHOM kopnyce SOIC nnowagbto

29.4 mm? nHTerpmpoBaHbl 700-BONLTOBLIN
MOSFET, MCTOYHMK NYCKOBOro TOKa U BHYT-
peHHun paTtymk Toka. Kpome TOro, yctpo-
NCTBY He TpebyloTCHA BHELLIHMe Lenu YacToT-
HOW KOppeKunn, YTo Takke 3KOHOMUT MeCTO
Ha neyaTHou nnare;

e [l[pesocxo0HbIe paboyue xapakmepuc-
muKu npu mokoeol nepezpy3kKe:

KomOrHaumsa uenen orpaHvyeHust Toka wu

L2
D2 1 MMH

3alWnTbl OT pPes3Koro BO3pacTaHuUs ToKa
WHOYKTMBHOCTM obecnednBaeT 6e3onacHyto
N HagexHyto paboTy yCTponCcTBa B YCrIOBUAX
KOPOTKOrO 3aMblKaHus;

e Tennoeas 3awuma:

MukpocxeMa cHabxeHa Lenbi 3aliuTbl OT
rneperpesa C rMcTepe3ncHbIM Nepesanyckom
rnocrne BOCCTaAHOBMEHUS paboyelt Temnepa-
Typbl;

e YeennuyeHHble nymu yme4kKu rno Kopmnycy
u o eblieodam:

BbICOKOBOIMLTHLIE BbIBOAbLI BblHECEHbI Ha
OfIHy CTOPOHY MMKPOCXeMbl ONS Fy4llero
pasnerneHnsi ¢ HU3KOBOMBTHOW YacTbio MUK-
pOCXeMbl.

ba3zoeniti npoekm PMP8550 noHuxarouw,e2o rpe-
obpaszosamernisi HanpsKeHUs C UHMeepuposaH-
HbIM KITHOYOM.

OcHoBaHHbIN Ha UCC28880 6a30BbIN NpOeKT
(PMP8550) aBToHoMHoro AC/DC npeobpasosa-
Tensi N03BONUT KOHCTPYKTOpaMm BbICTpO co3aaTb

10 Om 1N4007 m

Cc2
4.7 Mk®

D1
600 B
trr <75 HC

LI
::400 B HVIN

AC 4.7CA;IIK¢ 4[] VbD

(115B/230B) _| 400B

@ | 13(\)/ DHD¢ :| FB

| 10B

uccC28880

GND

DRAIN |:

Res2

51 kOm
+1%

D3
1N4007

Cxema rioHuxaroujee2o rpeobpasosamerisi ¢ yHU8EpcasibHbIM 8X000M U 8bixodom 12 B/100 mA.
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JelleBbll, ManoMOLLHbIA, HEen3onMpoBaHHbIN
npeobpasoBaTenlb HaMNpPsKeHUS BEPXHEro
nredya c BbIXOAHbIM HanpsXeHnem o 13 B u
ToKOM Harpy3ku go 100 mA, nmetoLmii rabapuTbl
38 x 32 x 22 mm. lMNMoHwxkatowmi npeobpasoBa-
Tenb HanNPsXKeHNs C UHTENPUPOBAHHbBIM KIHOYOM
MOXET WCMOonb30BaTbCA BO MHOXECTBE Mpo-
MbILUSIEHHBIX YCTPOMCTB. CxeMy nnatbl, ansbl
npoekTa 1 pesynbraTbl UCCNegoBaHUA MOXHO
BecnnartHo 3arpy3uTb Ha canTe KOMMNaHuu.

[LOCTYNHOCTb U LieHbI

Perynatop UCC28880 co BcTpoeHHbIM 700-
BOSLTOBbLIM MOMEBbIM TPAH3UCTOPOM CEPUNHO
BbiNyckaeTca B 7-BbiIBogHOM kopnyce SOIC u
npogaetcsa no ueHe $0.55 3a ak3emnnsp npu
3akase oT 1000 wT. OueHoYHbIe Moaynu Npeoob-
pasoBaTenen BEPXHEro N HWXKHEro nneva Ha
ocHoBe UCC28880 moxHo npuobpecTn 3a $49.
[ocTtynHa ans 3arpy3km PSpice mogens.

Atmel n Arduino sbinycKalot naaty pacwmpenua Arduino Wi-Fi

Shield 101

lNnama pacwupeHus dns ecex Arduino nnamagbopm obecriedusaem 3awuuweHHoe Wi-Fi nodknio-
YyeHue u npedHasHavyeHa 0115 UHmeriekmyarsbHbIX yempoutcme MIHmepHema seuel

Komnanus Atmel n coobuectso Arduino o6b-
SIBUNN O BbINyCKe NnaTbl paclumpenns Arduino
Wi-Fi Shield 101, koTopast yckopuT NpoTOTUNN-
poBaHue npunoxeHun cdepbl VIHTepHeTa
Bewew (loT) Ha nnatdopme Arduino.

BrompkeTHas M npoctasi B MCMOMb30BaHUN
nfaTta paclmnpeHns, KoTopas MOXET UCMOSb30-
BaTbCs ¢ nodon nnator Arduino, obecneymBaeT
3almueHHoe coeguHeHue no npotokony Wi-Fi.
Tenepb paspaboTumkn nonyyaroT Gonblie BO3-
MOXHOCTEN Onsl peanusauumn 6e3onacHoro u
3aLUMLLEHHOMO MOAKMIOYEHMS Pa3fIMYHbIX Npu-
noxeHun 10T, oT NOTPEBUTENBCKNX YCTPOWCTB
00 HOCUMOW 3MEKTPOHUKM, POBOTOTEXHUKM W
BbICOKOTEXHOMOMMYHbIX YCTPONCTB. «Cepauem»
nnaTtbl paclMpeHus sBnseTrca ceptudumumpo-
BaHHbIN CETEBOW KOHTponnep 6ecnpoBoagHOro
uHTepdpenca IEEE 802.11 b/g/n komnaHuu
Atmel, Bxogswwmm B cemenctso Atmel
SmartConnect. besonacHocTb 6ecnpoBogHOro

6 HOBOCTU

coeanHeHns obecnevmBaeTcsa crneumannanpo-
BaHHOMW MUKPOCXeMOW ayTeHTudumkaumm
ATECC108, koTopasi, MMed BCTPOEHHbIE MeXa-
HU3MbI LUNPPOBAHUS 1 OAHO- U ABYXNPOBOA-
HOM WHTepdenc ynpasneHusi, obecneynmBaeT
cambll NPOCTON Ny Tb BCTpavBaHUs annapaTtHom
ayTeHTMduKaLmMm B NPOEKTbl U MO3BONSAET pas-
pabaTbiBaTb NOMHOLIEHHbIE N HEOOPOINE CXEMbI
©e30nacHOCTM B CMCTEMAX XOCT-KITUEHT.
Ceteon npoueccop ATWINC1500 6ecnpo-
BoaHoro uHTepdenca IEEE 802.11 b/g/n un3
cemenctea SmartConnect npeacraBsnsieT cobon
3aBEPLUEHHYI0 N CEPTUDULMPOBAHHYIO CUCTE-
My-Ha-KpucTanmne C ynsTPaHU3KUM SHepronoT-
pebneHnem, oNTUMMU3NPOBAHHYIO AN CUCTEM C
batapenHbim nuTaHnem. B ATWINC1500 uHTer-
pupoBaHbl Flash-namaTb, KOMMYHUKAUNOHHbIE

nHTepgencol (UART, SPI, I2C), yCUNuTEenb MOLLL-
HOCTM, ManowyMsAWNN yCcunuTerb, KOMMYyTa-
TOp, NogcucTema yrnpaeneHus NMTaHMeEM, CTeK
TCP/IP, kpuntorpaduyeckne npoToKosnbl 6e30-
NMacHOCTM TPaHCMOPTHOIO YPOBHA U (OYHKLMO-
Han SoftAP gns opraHu3auun nporpaMmmHoOun
TOYKM JOCTyna.

MopkntoyeHne Arduino Wi-Fi Shield 101 k
nnate Arduino ocyLllecTBnseTca nocpeacTsom
CTaHOapTHbIX pasbemMoB (hopM-ghakTopa nnat
pacwmpenus Arduino, YTo roBOpUT O BO3MOX-
HOCTM HapalLmBaHus OyHKUMOHaNna n ogHoBpe-
MEHHOro MOAKIOYMEHMST AOMNONHUTESNbHLIX nnaT
pacLmpeHus.

[na paboTbl ¢ Nnaton pacwmpeHnsa paspa-
OoTyMkam npeanaraeTcs nporpaMmmHas 6ubnu-
oTeKka YHKLNIN C OTKPbITbIM MCXOAHBIM KOLOM.
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Linear Technology npeacraBuna mmukpocxemy ana
BbICOKOTOYHOIO KOHTPOJ/IA 3HEeprum B IMHUAX nutaHua oo 100 B

Linear Technology npencraeuna Mukpocxe-
My LTC2946, npegHasHa4YeHHY0 47151 KOHTPOIS
MOLLHOCTU U 3HEPTUN B aKTUBHOW N 3EMIISTHON
LUMHAX UCTOYHWUKOB MUTaHUS C HanpPsXKeHUAMU
ot 0 B 0o 100 B. NHTerpupoBaHHbii 12-6UTHbI
AUM c norpewHocTbio £0.4% 1 NPeun3noHHbIN
BHELWHUI reHepaTtop TaKTOBbIX MMMNYIbCOB
NO3BOMSAT MOMYYUTb TOYHOCTb WU3MEPEHUS
ToKa 1 3apsga +0.6%, a MOLHOCTUN 1 aHeprnm —
11%. MNpun ncnonb3oBaHUN BHYTPEHHEN CUHXPO-
HM3auumn norpewHocTb coctaBuT +5%. Bce
n3aMepeHHble LMEpPOoBbIE [OaHHble, BKoYas
MUHUMYMbl 1 MaKCUMYMbI HanpsXXeHnd, Toka u
MOLLIHOCTU, XPaHATCHA B pernctpax, AOCTYMNHbIX

yepes MHTepdenc 1°C/SMBus. Ecru n3mepeHx-
Hble JaHHbIE NPEBbLILLAOT YCTaHOBMNEHHbIE MOPO-
roBble 3HAYeHWs, BbIXOAHbIE CUrHarnbl TPEBOMU
ocTaHaBnueatoT onpoc. LTC2946 obecneunea-
eT 4OCTYN KO BCeM napameTpam, HeobxoanumbIm
A8 TOYHOro KOHTPOISA 3Hepruun, notpebnsemon
Ha ypOBHe nnaTbl B briena-cepsepax, TeNekom-
MYHUKaLMOHHBLIX YCTponcTBax, B obopyaoBa-
HWUM COMHEYHOM SHEPTETMKMN, B NPOMBbILLSIEHHOM
annapaTtype ¥ crneumanm3npoBaHHbIX MOAYNAX
ctraHgaptaAMC.

0V 1o 100V DC

To Load

Fe/SMBus S

Ly nene T i T

Ona nutannsa LTC2946 MUKpOCXeMY MOXHO
HaNpsMY NOAKMYAaTb K MCTOMHWUKY Hanpsihxe-
HUA 2.7 ... 5B, unn Kk nctouHnky 4 ... 100 B yepes
BHYTPEHHUA NUHEVHBLIN PErynsatop, WnNn xe
ncnonb3oBaTb HanpsikeHne cebliwe 100 B, noa-
Kntoyas ero K BCTPOEHHOMY LLYHTOBOMY perynsi-
Topy. [1Ba 13 Tpex BbIBOAOB 06Lero Ha3Ha4YeHus
KOH(UTypMpyloTCA Kak BXO4 paspeLleHus
HaKoMneHns n BbIXod TpPeBOrn. BHyTpeHHUR
AU moxeT pabotaTtb B MOCTOSAHHOM Wi OQHO-
KpaTHbIM pexume. B pexume oxumaaHua
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notpebneHne MUKPOCXEMbI
900 mMkA 1o 15 MKA.

Mukpocxema BbinyckaeTcs B ABYX BapuaH-

CHMnXaetca cC

Tax: LTC2946 ¢ nHtepdencom 1°C, umeert pas-
JenbHble BXoabl U Bbixoabl SDA ANs BO3MOX-
HOCTW NOAKMNIOYEHNSI CTAaHOAPTHbIX ONTON30Ms-
TOpPOB, B TO Bpemsi kak LTC2946-1 nmeet nHeep-
cHble BbiBOAbl SDA, paccuntaHHble Ha UHBEPTU-
PYIOLLYIO KOH(Urypaumo OnTOU30NATOPOB.
PernctpaTtop npeanaraetcsi B Bepcusax Ansi KOM-
MEepYeCKOoro, NPOMBbILLIIEHHOrO U aBTOMOOWIb-
HOro TemnepaTtypHbiX Anana3oHoB B 16-
BbIBOgHbIX kopnycax MSOP unu DFN pasme-
pomMm 4 x 3 mMm. LleHa ogHoro aksemnnspa npu
3akase 1000 wTt. HaunHaeTcs ¢ $3.95. O6pasubl
N OUEHOYHbIe NNiaThl AOCTYMNHbI OHMANH UK B
MeCTHbIX opucax npogax Linear Technology.

OcHoBHble oco6eHHocTH LTG2946:

e KOHTpOnupyeT HanpsiKeHust MUTaHusi, TOK,
3apsa, MOLLHOCTb U NOTPEbNeHnn SHEPTUK;

e KoHTponupyeT HanpsbkeHne ot 0 B go 100 B
HenocpeacTeBeHHo, a cebiwe 100 B — ¢
NMOMOLLbI0O BHYTPEHHENO LUYHTOBOIO perynsi-
TOpa;

e 12-6utHbIN AL ¢ NOCTOSIHHBIM UM OAHO-
KpaTHbIM PEXMMOM paboThl;

e Lindbposon nHtepdenc I>’C/SMBus;
e [apaHTMpPOBaHHbIE NOKa3aTeN TOYHOCTU:

0+0.4 % onsa 12-6UTHbIX N3MepeHnn Hanps-
XKeHns;

010.6 % ans 12-6UTHbIX N3MepeHUIA ToKa U
32-OUTHbIX U3MEepeHUI 3apaaa;

0 +1% ans 24-6UTHbLIX UBMEPEHNIN MOLLIHOCTU
N 32-OUTHbIX UBMEPEHNIN SHEPTUN;

e CYHXpOHU3aunsa KkBapLeBbiM pe3oHaTopoM,
OT BHELUHEro MCTOYHMKA UIN BHYTPEHHSAS (C
TOYHOCTbIO £5%);

e CoxpaHeHne MWHMMarbHbIX U Makcumarb-
HbIX U3MEpPEHHbIX 3HaYEHWUI;

e [InanasoHbl HanpskeHna nutaHus ot 4 B oo
100Bunmnor2.7Bpo5.9B;

e [lpenynpexgeHne O NpeBbILLEHUM MOporo-
BbIX YPOBHEN U3MEPAEMbIX BEMUYNH;

e Tok noTpebrneHuss B pexuMe OXuaaHus
meHee 40 MKA;

e 16-BbiBogHbIE Kopriyca MSOP n DFN (4 x
3 MM).
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E-Switch aHOHCMpoBana cepuio MUHUATIOPHbIX TAKTOBbIX
KHOMOK C YHUKa/IbHbIM COYEeTaHUEeM XapPaKTepPUCTUK

KomnaHnusa E-Switch aHoHcmpoBana ceputo
TL6210 MMHMATIOPHBIX TAKTOBbIX KHOMOK C BbIBO-
JamMu Ons NOBEPXHOCTHOINO MOHTaXxa M CTe-
neHblo 3awmnTbl IP67. KHONKM C yHMKamNbHbIM
COYETAHMEM XapaKTEePUCTUK CHabXeHbl Takke
CBETOAMOAHOW MNOACBETKOM, KOTOpasi MOXET
MMETb KPaCHbIW, 3eMeHbIN, XenTblin, CUHUIA UK
OenbIn LUBET, UMK e KoMOMHaLUN LBETOB Kpac-
HbllA/3eNeHbIN U 3eNEeHbIN/KENTbIN.

HoBble TaKTOBble KHOMKW MOTYT HanuTu npu-
MEHEHME B MNOTPEOUTENLCKOM SNEKTPOHMKE,
MEANLMHCKON TEXHUKE, U3MePUTENbHbLIX Mprubo-
pax 1 BO MHOTMX APYIMX MPUITOXKEHNSAX.

TL6210 vmeeT creagylolme OCHOBHbIE TEX-
HUYECKME XapaKTEPUCTUKMN:

e[lpenenbHble 3MNEKTPUYECKNE PEXUMDI:
50 MA npu HanpsixkeHun 12 B DC

Ik 4,20 4.|
2.20 !
1

- 6.20 —»

e Onektpuyeckui pecypc: 100,000 unknos
o MexaHunyeckun pecypc: 100,000 umknos
¢ KoHTakTHOEe conpoTusrieHune: 500 MOm

e ConpoTuBneHne Wu3ONAUUN: He MeHee
100 MOwm npwu HanpsixkeHnn 100 B DC

e HanpsikeHne nsonsaumm: 250 B AC B TeueHne
1 MUH

e [lnanasoH pabounx Temnepartyp: —20 °C ...
70°C

e Temnepartypa xpaHeHusi: —20°C ... 70°C

e Yeunue Haxatna 200 £80 rc

e Xopa kHonku: 0.45 +0.15 mm

e KoHpurypaums koHTaktos: SPST

e CTeneHb 3awnTbl OT BNnaru: IP67.

Taiyo Yuden Bbinyctuna ¢peppurosbie YU apoccenm ¢
pPeKopAHbIM ANA OTPAC/U AO0NYCTUMbIM TOKOM

UdeanbHoe 0515 cxem asmoaneKmpOHUKU U MPOMbIWIIeHHO020 06opydoeaHuUsi codemaHue 8biCo-
Kol HadexxHocmu u 60r1bwo20 AomycmuMoz0 moka

Taiyo Yuden pacwumna cBow fMHeENKy dep-
putoBbix YWIT gpoccenen nogasneHna 3MI
cepuun FB Tnna M, BbinycTunB pag npubopos co
CHWXEHHbIM YPOBHEM LLYMOB 1151 UCMONb30Ba-
HWUS1 B UICTOYHMKaX NuTaHusa. CemencTso nonon-
Hunocb mogensmu FBMJ1608 Tunopasmepa
EIA 0603 (1.6 x 0.8 x 0.8 mm), FBMH2016 Tuno-
pa3mepa EIA 0806 (2.0 x 1.6 x 1.6 Mm) u
FBMH3216 Tnunopasmepa EIA 1206 (3.2 x 1.6 x
1.6 Mm).

OTn M3pgenns NCnonb3yTca ANS CHUKEHUS
WYMOB B NMHUAX MNUTAHUA 06opyaoBaHUSA C
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NOBbILLUEHHbIMU TPeOOBaHMAMM K HAOEXHOCTH,
Hanpumep, Ansi CXEM aBTOSMEKTPOHMKM N NPO-
MbILUIEHHbIX ABUraTenen NoOCTOSHHOMO ToKa.

Opoccenn FBMJ1608HS220NTW (c nmne-
daHcom 22 Om) u FBMJ1608HM180NTW (c
umnegaHcom 18 OM) MMEKT HavBbICWIMIA Ha
cerogHs gonyctumbln gnsa tunopasmepos EIA
0603 pabouwnin Tok 7.5 A. Kpome Toro, bnaroga-
pa paspabotaHHon Taiyo Yuden yHuKanbHOW
TexHonormm nutbsa, FBMH2016HM121NTV un
FBMH3216HM221NTV mMoOryT CyLlecTBEHHO
CHM3UTb LWYMbl TaKKe M B BbICOKOYACTOTHOM
obnacTtu cnekTpa.

Mpon3BoaCcTBO 3TUX U3AENUIA B KONMYEeCTBe
1 MITH. WT. K&XXQ0ro Tunopasmepa B MecsiL, 0CBO-
€eHOo Ha 3aBogax koMmnaHun B HakaHoe (AnoHus)

TexHu4eckme xapakrepuctiuku YW apoccenei:

n Nanynany-Cutu (®ununnuHel). LleHa ogHoro
apoccens coctaensiet $0.30.

O6nactn npumeHeHunsa: [OnNa CHUXeHUN
LLIYMOB B FIMHUSAX MUTaHUS pasnm4Horo obopyno-
BaHUs, BKMOYasi aBTOMOOUIbHYHO 3MNEKTPOHUKY
ctaHgapta AEC-Q200, npomblLneHHble ABura-
Tenn NOCTOAHHOIO TOKa, NOPTaTUBHbIE KOMMbHO-
Tepbl, cepBepbl, NpuHTEpPbl, KK Tenesnsopsl 1
©asoBble cTaHumm 6ecnpoBOLHOM CBA3N.

)

HoMuHanbHbIN YacTtora Conpotuenene OonycTumbin L R
Uspenue mMnenaHc nM3MepeHumn noc'r:;éusugnme%'row, TOK ﬂ:";::-:g:
[Om] [(Mru] [Om] [A] camopa3sorpesa)
FBMJ1608HS220NTW 22 + 30% 0.004 7.5
FBMJ1608HM180NTW 18 £ 30% 0.004 7.5 .
FBMH2016HM121NTV 120 + 30% 100 0.015 4.5 —40...125°C
FBMH3216HM221NTV 220 + 30% 0.02 4.0

TE Connectivity BbinycTuna HOBble YNpoLleHHble rMbpuaHble

pa3bembl

HU3KOI'IpOd)UﬂbeIe pasbemMbl muria rriama-nriama u kabenb-rnama seako MOHMuUpPyromMcs u
omIsIu4Ho nodxo0sm orns rIpUMeHeHUHA 8 pa3/iluU4HbIX 0c8emumersibHbIX cucmemax

TE Connectivity (TE) obbaBuna o Bbinycke
HU3KONPOMUMBbHBIX MUHUATIOPHBIX KOMOUHMPO-
BaHHbIX pa3beMOB 4151 NOBEPXHOCTHOIO MOHTa-
Xa (SMT). Paztbembl pazpaboTaHbl 4ns nepena-
4YM NUTAHUSA MEXOY CMEXHbIMU CBETOANOAHbLIMU
OCBETUTENbHLIMW  JIMHENHBIMX  MOAYNAMU U
neHtamu, n obecneymBaroT NOBbILLEHHY CKO-
pPOCTb MOHTaxa U 60MnblIYy0 HaOgEXHOCTb,
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Nno3BOsss Nonb30BaTeENsIM COeaAUHATb U pasbe-
OVHATb NTIMHEHbIE CBETOAMOAHbIE MOAYIN Kak B
OJHOW MITOCKOCTU, TaK U B3aMMHO MepneHaunKky-
NAPHO.

PasbeMbl NoCTaBnsATCS B ABYX- YETbIPEX- U
LUECTUKOHTAKTHOM rMOPUAHOM UCNOMTHEHUN ONS
NOOKNIOYEHUS K OCBETUTENbHbLIM, YNpaBnsto-
WM 1N MHAPOPMALIMOHHBIM yCTponcTBam. [ns
MWUHMMU3ALMN NPENSATCTBUN NPOXOXOEHUNIO
cBeTa Yrnbl HU3KONPOMUIbHBIX pPas3beMoB
CcKkpyrneHbl. [Mnockass BepxHsii MOBEPXHOCTb
NMo3BOMNSIET YCTaHaBNMBaTb WX BaKyyMHbIMU
3axBaTamu, a BbICOKOTEMMEPATYPHLIN MaTepu-
an Koprnyca ycTOMYMB K narke OnsiaBleHneM.
[na npynoXxeHnin ¢ orpaHM4eHHbIM MNpocTpa-
HCTBOM MeYaTHOW NriaTbl 4OCTYMHbI TAKKE KOM-
OMHMpOBaHHbIE pas3beMbl B BapuaHTax cC
OAHOMO3ULMOHHbLIM HOXXEBbIM KOHTAKTOM M COOT-
BETCTBYIOLLEN OTBETHOW YacCThlO.
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PaccunTtaHHble Ha Tok 3 A 1 HanpsxkeHue 300
B pasbembl paboTtatoT B AManasoHe TeMmnepartyp
oT =40 °C go 105 °C 1 nmMeloT aneKTpU4ecKyro
npo4yHocTb m3onsaumm 1600 B AC. lNo cteneHu
YCTOMHMMBOCTM K FOPEHMIO KOopryca pa3beMOB
COOTBETCTBYIOT TpeboBaHusam cTtaHgapta UL
94V0, yCTaHOBMEHHbIM A51 TEPMONIACTUYHbIX
NMoNMMMEpPOB, @ KOHTaKTbl M3roTaBNMBAKTCS U3
MMEILLEro OJIOBSIHHO-HUKENEeBOe MNOKPbITUE
MELHOro crnnaea C BbICOKOW 3reKTpOnpoBOA-
HOCTbIO.

«[ABYXNO3NUNOHHBbIE HanpaBnsowmne BbIBO-
Obl Ans nogkntoveHus kabenb-nnata paspabo-
TaHbl C Y4ETOM TOrO, YTO pa3beM ByaeT 3akpen-
NATLCA ABYCTOPOHHEN TENMONPOBOAALLEN NEH-
Ton, — ckasan Anekc XaHnt Il (Alex Hunt IlI),
MeHemKkep no npoaykuun TE. — 3T no3sonsieT
0TKa3aTbCs OT 3aLLeNKMBaOLLMXCA YacTen unm
Ck00, KoTopble yBenuuunun 6ol rabapuTtbl cuMno-
BOro COEANHEHNS CBETOANOLHBIX NIEHTY.

MuHMaToOpHble KOMOWHWPOBaHHbLIE pasbe-
Mbl AN NOBEPXHOCTHOrO MOHTaXa HanayT npu-
MEHEeHMEe B apXUTEKTYPHOM W1 peKknamHOM OcBe-
LLIeHMs1, NoACBETKE BUTPUH U AUCMNEEB, B PET-
POUTHBIX CBETOAMOAHbLIX CBETUINBHUKAX U OIS
KOHTYPHOIO OCBELLEHUS KOMMEPYECKUX W
XUIbIX OObEKTOB.

Linear Technology Bbinyctuna gpaisep TpaHcopmaTopHOro
AsByxtakTHoro DC/DC npeobpasoBaTens ¢ nporpammupyemMmbim
Ko3PpPuumMeHTOM 3anoIHEHUA UMINY/IbCOB

Linear Technology obbsBuna o Bbinycke
WHTErpanbHOro [fpamsepa W30NMPOBAHHOIO
OBYXTakTHoro TpaHcdopmatopHoro DC/DC
npeobpasoBatens C [OBYMS 3alMLLEHHBbIMA
OOHOAMMEPHbIMU CUIOBbLIMWU  Kntodamun. Muk-
pocxema LT3999, paccuntaHHas Ha guanasoH
BXOAHbIX HanpshkeHun ot 2.7 B no 36 B, npea-
HasHayeHa [Ans YCTPOMCTB MOLLHOCTbI [0
15 BT 1 MOXeT UCNonb30BaTbCs B aBTOMOOUITb-
HbIX, NMPOMBbILUIIEHHbIX, MEOULNHCKMX U BOEH-
HbIX MPUINOXEHUSIX.

YpoBeHb BbLIXOQHOIO HanpshKeHusa onpege-
nsieTca nporpaMmmupyemMbiM KO3 PULMEHTOM
3anonHEeHNS MMMNYITbCOB M COOTHOLLEHMEM KO-
yecTBa BWTKOB OOMOTOK TpaHcdopmaropa.
KoHCcTpyupoBaHue 3akOHYEHHOro YCTpOWMCTBa
ynpowaeT nNpuBeOeHHbI B OOKYMEHTauuu K
MMKPOCXEME CMUCOK peKOMEHO0BaHHbIX 0bLLe-
OOCTYMNHbIX TpaHchopmaTopoB. 3HayeHue
paboyen 4acToTbl npeobpasoBaTens MOXET
perynupoBatbca B npegenax ot 50 kl'y go
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1 Ml'y; BO3MOXHa €ro BHELUHAS CUHXPOHU3a-
umsa. Pabounn puanasoH LT3999 3apaetcs
BbICOKOTOYHbLIMMW LIENSIMU BITOKMPOBKM MPY NMOHK-
YKEHHOM W NOBLILUEHHOM BXOAHOM HanpsiKeHu-
n.Tok noTpebrieHns B pexume oXXvaaHus MeHb-
we 1 MkA. C nomMoLLbto BbIOMpaemon nNornb3oBa-
Tenem BpemMsasagarowen RC-uenovkm MOXHO
HaACTPOUTb PEXMM MSIABHOMO 3anycka, orpaHu-
yYmBas NyCKOBOW TOK, @ BCTPOEHHAs Lienb 3aLln-
Tbl OT CKBO3HbIX TOKOB MOBbILLIAET HAAEXHOCTb
MUKPOCXEMBI.
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LT3999 Bbinyckaetcsa B kopnycax MSOP-10
n DFEN-10 3 x 3 MM C NOHWXEHHbLIM TEMNOBLIM
conpotumsnenunem. MNMpubopsl rpynn E n | pabota-
10T Npu Temnepartypax nepexoga ot —40 °C go
+125 °C. PaboTtocnocoBbHOCTb ApanBepoB rpyn-
nbl H rapaHTupyeTcs B guanasoHe Temnepartyp
nepexoga ot —55 °C go +150 °C, a rpynnel MP —
oT —40 °C pgo 150 °C. Mukpocxembl rpynnsl E
npopatTca no ueHe $2.75 npu 3akase oT
1000 wT. Bce npmbopbl NocTaBnsATCS Hemnoc-
PEACTBEHHO CO CKNnaga KOMMaHuu.

Kparkas cBo/ika 0CHOBHbIX 0COGeHHOCTEf
LT3999:

e HonbLUOM AManas3oH BXOAHbLIX HanpshKeHUN:
oT2.7Bno36B;

° ,El,Ba OAHOaMNepHbIX KItko4a;

e [lporpammnpyemasi paboyass 4actora OT
50 k'upo 1 MIMu;

e BO3MOXXHOCTb CUHXPOHU3aLUMN OT BHELLIHETO
MUcTo4YHMKa c4yactoton go 1 Mlu;

e /IameHeHne KoadbpuumeHTa 3anofiHeHus
UMMYNbCOB AN PEryfimpoBaHns BbIXO4HOIO
HanNpsXeHns;

° MaJ'IOIJJyMﬂ LLlaA TOMoJ10rn4;

e [lporpammupyemMasi GriokMpoBka Npu MOHU-
)XEHHOM ¥ NOBbILLEHHOM BXOAHOM Hanpsixe-
HUK;

° Ll,el'lb 3aLlNTbl OT CKBO3HbIX TOKOB;

e PacLuMpeHHbIN 1 MPOMBbILLNIEHHbLIW Ananaso-
Hbl paboynx TemnepaTyp nepexoga: OT
—-40 °Cpo+125°C;

e ABTOMOGUIbHbIN AnanasoH pabounx Temne-
paTyp nepexoga: ot—40 °C go +155 °C;

e BoeHHbI ananas3oH pabouynx Temnepatyp
nepexoga: ot—55°C o +155°C.

Texas Instruments npepcTaBuMaa nepBoe yCTPOIACTBO U
AEMOHCTPAUMOHHbIN moaynb ana NIR-cneKTpockonum,

OCHOBaHHbIe Ha TexHonoruu DLP

Hoebie uzdenusi mozym cOenlamb 803MOXHbIM CO30aHUe MpoapammMupyemMbiX MopmamueHbIX
criekmpomempos 6rIUXHe20 UHgpakpacHo2o duanasoHa, CrioCobHbIX 3Ha4YUMeslbHO CHU3UMb

cmoumocmab cucmem

Texas Instruments o6bsBUNA 0 BbINycKe nep-
BOro ycTporcTea Ha ocHoBe DLP, a Takxe cooT-
BETCTBYIOLErO [AEMOHCTPALNOHHOIO Moayns,
ONTUMWU3NPOBAHHBLIX ANA U3MepeHun B Grvx-
Hem nHdppakpacHom (NIR) ananasoHe. (DLP —
Digital Light Processor — undpoBon ceeTonpo-
ueccop). Mukpocxema DLP4500NIR n mogynbe
DLP NIRscan 3HaMeHyOT Ha4aso NpOHNKHOBE-
HUS OTMeYeHHon Harpagamn MOMC-TexHomno-
rmn komnaHum Tl Kak B MUp oTpaxkaTeribHON U
nornoLatoLLEer CNeKTPOCKONUK, Tak U Ha apyrue
pbIHKK. TexHonornsa DLP no3sonuT napameTpbl
CMEeKTPOMETPOB, WCMNOMb3yeMbIX B MULLEBON,

DLP4500NIR (cneesa) u npoueccop Sitara
AM3358.
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drapmMaLieBTUYECKON, HedTerasoBon M Apyrux
oTpacnsax MNPOMBbIWMEHHOCTN, MOBLICUTbL [0
YPOBHSI TabopaTopHbIX YCTPONCTB.

Ycrpoitcteo DLP4500NIR

Mopsioka MUnMoHa Mukposepkan ¢ umdpo-
BbIM MPOrpaMMnUpoOBaHNEM, ABMSHOLMXCHA Cep-
guem TexHonormm DLP, ocrtaBnsawT nosaan
nobble ApyrMe KOMMOHEHTbl U peLleHnsi, 40C-
TynHble B HacTtodwee Bpema ana NIR-
cnekTpockonuu. B komnnekTe ¢ ogHO3MNeMeH-
THbIM getektopom, DLP4500NIR nosBonser
paspaboTyMkaM 3aMeHUTb LOpOrMe MaccuBbl
NNUHENHbIX YyBCTBUTENbHbLIX 3N1EMEHTOB MU
co3aaTb YCTPOMCTBA C BbICOKMMU XapaKTepuc-
TUKaMK, COKpaTMB MpU 3TOM KOSIMYECTBO
NCNonb3yembIX KOMMOHEHTOB. OnTumMuampo-
BaHHbIN ana auanasoHa ot 700 go 2500 Hm,
DLP4500NIR moxeT 6bITb 3anporpamMmmMmpoBaH
ANS OQHOBPEMEHHOWN CenekumMu n atTeHaumm
MHOTMX AJTMH BOJTH CO CKOPOCTSIMU NEPECTPOMKN
0o 4 kl'y. ApxutekTypa DLP Takke nossonsiet B
TeYyeHne yCTaHOBIIEHHOro nepnoaa n3mMepeHun
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yNyylwnTb OTHOLUEHWE CUrHan-wym A0 3Haye-
Hun, npesblwatowmx 30,000:1, v nonyyatb
pesynbTaTthbl 3a MeHbLLEee BpeMs 1 ¢ 6onee BbICO-
KOV TOYHOCTbIO, YEM C MOMOLLbIO CMEKTPOMET-
pPOB, UCMOMNb3YIOLLNX TPAOULMOHHbIE PELLEHMS.

Kaxgoe mukposepkano B DLP4500NIR ans
nonyyeHns 3agaHHbiX KOMOUHaAUMN MOXET
ynpaBnsTbCa MHAMBMAYANbHO, OCTaBMAS MNpwu
3TOM MOSb30BaTEN0 BO3MOXHOCTb AalibHen-
wen 6onee TOHKOW HACTPOWKK CneKTpanbHOro
paspeLLeHnst 1 Auanas3oHoB AJIMH BOSH, a TaKKe
ONA YCTaHOBKM BPEMEHW WHTErpupoBaHus u
BblpaBHMBaHUA CBeTONpPonyckaHus. B pesynb-
TaTe Nosfb30BaTenm ¢ NMOMOLLbI €ANHCTBEHHOM
CUCTEMbI CMOTYT NPUMEHATb a4anTUBHbIE METO-
Obl CKAHMPOBaHUSA ANs ONTUMM3aUUK aHanuaa
«Ha neTty» bornee WMpoKOro Kpyra BELLECTB.

Pasmepbl DLP4500NIR nossonswT paspa-
BoTyMKam ncnonb3oBaTh YCTPOMCTBO B Manora-
©apUTHBIX KOHCTPYKLUMSX U CO34aBaTb CUCTEMBI,
KaK Ansi NoneBbIX, Tak U AN 3aBOACKMX YCITOBUIA
akcnnyaTtaumum. lomMuMO CREKTPOCKONUu
DLP4500NIR Takke MOXET MCNONb30BaTbCA U B
APYrnX NPUNOXEHUSX, BKITHOYAs O4HOMUKCESb-
Hble KaMepbl, NasepHble Leneykasartenu u Muk-
poCKONuio.

OueHoyHbli Moaynb DLP NIRscan

OueHouHbin mogynb DLP NIRscan npeg-
OCTaBMsieT HOBblE BO3MOXHOCTU WHXEHepam,
co3falolnM Heaoporne nopraTvBHbIE MHOMO-
PYyHKUMOHarbHble CNeKTpoMeTpbl. 3asBneH-
HbIN, Kak nepsasi nnargopma paspaboTkm npu-
©opoB A5 cnekTpockonuu Ha 6ase TeXHONorum
DLP, DLP NIRscan vMmeeT MHOroYmMcrieHHble
nHTEpdencol, obecneymBaroLme BbICOKYHO rmo-
KOCTb KOHCTpympoBaHusa. B coctae DLP
NIRscan, nomumo DLP4500NIR n undpposoro
koHTponnepa DLPC350, BxogutT ogHO3nNeMeH-
THbI pacwupeHHbin InGaAs-getektop, obbe-
OVHEHHBbIN ¢ Npo600TOOPHLIM MOAYNEM U rano-
reHHOW Nammnomn.

OueHoyHbIt modynb DLP NIRscan.

BbiumncnuntenoHaa mouHocte DLP NIRscan
obecneunBaeTcsa npoueccopom Sitara AM3358
ARM c agpom Cortex-A8 n 24-6UTHbIM curma-
penbta AUIM ¢ 4acTtoton npeobpasoBaHus
30 Toicay  BbIGOpOK B cekyHay (ADS1255).
BcTtpoenHble noptel Ethernet u asa USB o6ec-
ne4ymBatoT Kak NpoBoAHOe, Tak n becnpoBogHoe

CMNPOEKTUPOBAHHOIO
cBeTa

OnopHoenonomeHMe

MNMnockoe
(«napkoBo4HOEY)
nonoxeHue
MUKpoO3epKana

A_ A

KpemHueBasi nognoxka

Mukpo3sepkano
B COCTOSIHUU
«BknroyeHo»

Mukpo3sepkano
B COCTOSIHUM
«BbIKkntoyeHo»

———

KpemHueBasi noanoxka

KpaliHue nonoxeHust MUKpo3epKasa u ceemosbie nymu.
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nogknioveHue ans obMeHa gaHHbIMU C KOMMbO-
Tepom. (Wi-Fi n Bluetooth nepexoaHuku npoaa-
OTCS OTAENBHO).

lMpeaycTaHoBNEHHas onepauuoHHasa cucte-
Ma Linux n BCTpoeHHbIN BeG-cepBep Ha anna-
paTHon nnaTtdopme BeagleBone Black nosso-
NAT HacTpamBaTb YCTPOMUCTBO 6e3 ckaunBaHus
cneumansHoro MO. Paspabotynkm moryTt npo-
cto nogkntounTe DLP NIRscan ¢ komnbioTepy
yepes USB wu 3anyctutb 6Gpaysep. Be0b-
UHTepdenc penaetr BO3MOXHbIM yOaneHHoe
NnoaknovYeHne K pasBepTbiBAaeMbiM CUCTEMAM
nocpeacTBOM pa3HOOOpa3HbIX YCTPOMCTB, BKITHO-
Yyasi cMapTdOoHbl UK nnaHweTsbl. MNonb3oBare-

M TaKke MOryT NofyYnTb SOCTYN K CPeacTBam
NOAAEPXKKN U MHCTPyMeHTam coobuiectsa pas-
paboTumkoB O ¢ oTkpbITbIM KogoM BeagleBo-
ard.org.

JlocTynHOCTb

Yctponcteo DLP4500NIR u koHTponnep
DLPC350 goctynHbl yxe cendac. DLP NIRscan,
paspaboTaHHbii komnaHuen Keynote Photo-
nics, npogaetca no ueHe $8,499. MonHbIn Kom-
nnekt pgoctynHelx DLP-ycTtponcte n gemo-
HCTPaUMOHHbLIX nnatcopm Obin nNpeacTasneH
Ha MexayHapoaHown BeicTaBke Pittcon B Yukaro
BMmapTe 2014 r.

Melexis u Freescale 3anyckatoT 6a3oBbiv NpoeKT ana
aBTOMODOUALHDLIX NPUAOKEeHUH, coBmeLlatowmia NFC u

6ecnpoBOAHYIO 3apAAKY

BecnpoBoagHas 3apsigka OTKpbiBaeT nepen
noTpebuTensamMm HoBble BO3MOXHOCTU Noaaep-
XaHUsi TOTOBHOCTM KOMMYHUKaLMNUOHHbIX
cpencTts, umerwmnx Oonblioe 3HavyeHue Ons
NnoBbIWEHNA kavecTBa XusHu. [NMpegynpexae-
HWUS 0 pa3psige 6aTtapeun Bcerga HENPUATHBI, HO
KaXkyTca Henpekpalarowmmmnca Ha oHe pac-
Tylwen 3aBUCUMOCTM OT MOPTATUBHOMW 3nek-
TPOHUKN B Hallen NUYHOM 1 npodeccnoHanb-
HOM *Kn3HN. OBbeanHeHne paspaboTaHHOro Ans
CXEM aBTOJMEKTPOHMKN TpaHcmBepa OnvxkHen
6eckoHTakTHOM cBasn (NFC) npoussoacTea
Melexis ¢ TexHonornen 6ecnpoBOAHON 3apsaKn
KoMnaHun Freescale, gaet rotoBbI BapuaHT
6asoBon nnartgopmbl, 0cBOBOXAAKOLLEN HAC OT
nyrarowero NpeaynpexaeHns 0 HU3KOM ypOBHE
3apsiga baTtapen.

B nocnegHue rogsl ctangapt NFC ansa 6e3o-
nacHowv nepegayn 4aHHbIX Ha KOPOTKME ANCTaH-
LUK, NPUMEHSEMbIN B MyHKTax onnatbl 1 yrnpas-
neHus [OoCTynoMm, 3aBoeBblBaeT [MpPOYHbIE,
NMOCTOSIHHO YKpennsaLwmecs no3numm Ha pbiHKe
MOOBUIbHbIX TeNnedoHOB. BbinyCcTMB MUKpocxe-
My NFC TpaHcueepa MLX90132, Melexis cTtana
nepBon KOMMaHWeW, BHeOPUBLLUEA B aBTOMO-
OunbHbIE CUCTEMbI TEXHONOTMN BECKNIOYEBOIO
AocTyna u 3anycka gsuratensi. BHegpeHwue 6ec-
NPOBOAHOM 3apsaKn pesko yckopsieTcd. Paspa-
©oTaHHbIN Melexis coBmecTHO ¢ Freescale 6a3o-
Bbln npoekT WCT-SWTXAUTO Bobpan B cebs
nydywee 13 o6enx TexHonorun. Melexis pabota-
€T C aBTONPOn3BOAUTENAMM ANA UHTErpauun B
aBTOMOGUM Taknx pelieHnin NFC, kak aBToma-
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TMYECKOEe YCTaHOBIEHNE CBA3W MeXAy MOOUIb-
HbIM YCTPOWCTBOM W aBTOMOOMIbHBIM Meguva-
LueHTpoM (Hanpumep ¢ nomoibto Wi-Fi unu
Bluetooth) n aBTomatnyeckas ngeHTudmnkaumns
nonb3oBaTternsi BMECTE C 3arpy3Kon ero JIMYHbIX
HacTpoek. TexHonorns NFC Takke MOXeT
NCNonb30BaTbCA AN5 KOHTPONSA A0MYCKa U BKIHO-
YeHUS 3aXKnraHusi, YTO NO3BONAET MOBUNBHOMY
TenedoHy cTaTb «KMNKOYOM», OTKpbIBAOLLUM
aBTOMOOMIb M 3anyckallum ero gBuraTtenb.
Mpn TakoM MpPOHUKHOBEHUN 6eCcnpoBOAHbIX
TEXHOSIOTMA B MOBCEAHEBHYI XW3Hb KpanHe
BaXXHO, 4TOObI MCMONb3yeMoe YyCTPOUCTBO, Oyab
TO CMapTOH UMM NNAHLLET, UMEeNo Makcumarb-
HbI 3apsa akkymynsaTopa. O4yeBMAHbIM pelue-
HMeM 3Ton Npobrembl SBMSIETCA OpraHu3aums
LLIMPOKOW ceTn Tovek BecnpoBogHON 3apsakm B
aomax, aBTomobunsax, ogmcax n obLieCcTBeH-
HbiXx MecTax. Ob6beguHeHnem ©GecnpoBOOHON
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3apsagkm n TexHornorun NFC cosgaetcst HOBbIN
ypOBeHb ya06CTB M BO3MOXXHOCTEN.

[MepBoHa4anbHOM UENb 3TOro 6Ga3oBOro
npoekTa sIBNATCA aBTOMOOUIIbHbIE KOHCOMb-
Hble npunoxeHusi. TpeboBaHua, npeabaBnsie-
Mble K M0ObIM 3M1EKTPOHHBIM CUCTEMAM, YyCTa-
HaBNMBaeMbIM B carloHe aBTOMOOMNA, CTPOro
pernaMmeHTUpyT napameTpbl 3NeKTpoOMarHuT-
HOW COBMECTMMOCTU N YPOBHW paguornomex B
pasnuyHbIX AuanasoHax YacTOTHOro crekTpa
npy pasnuyHbiX MOLLHOCTAX curHana. CoBmec-
THbI Ga3oBbii npoekT Melexis u Freescale
OEMOHCTPMPYET BO3MOXHOCTb [OCTUXEHUS
yCcnewHoro pesynsrarta, NpuUrogHoro Ans aKc-
nnyartaumm B asTomobunsx. MpoekT ocHoBaH Ha
NFC-tpaHcuepe Melexis MLX90132 n mukpo-
koHTponnepe Freescale MWCT1003AVLH.

B 6a30BbI MPOEKT BKIKOYEHLI BCE HEOOX0AM-
Mble annapaTHble KOMMOHEHTbl U COOTBETCTBY-
loLLME NPOrpaMMHbIe AparBepbl, NO3BOMSOLWMNE
nogcucreme 6ecnpoBOAHONM 3apsadkn paboTaTb
abConTHO aBTOHOMHO W yNpaBnATbCS Yepes
uHtepgenc, cosmectumblin ¢ NCI (NFC
Controller Interface). CoBmecTHasa pabota aTux
cocTaBngaLWmMxX obecrnevmBaeTcs Ha annapart-
HOW CTOpPOHe TwartenbHo npopaboTaHHON
KOHCTPYKLUMEN aHTEHHbl, a Ha MporpaMmmHoMn
CTOpPOHE — crneuunanbHbIM MHTEpdEeNCcoM yrnpas-
nexusa. Cuctema moxet paboTtaTb NMnMbo NomHoc-

baszoenitinpoekm WCT-5WTXAUTO.

Tbt0 @BTOHOMHO, NMOO yNpaBnATbLCA Nporpam-
MaMu BEPXHEro YPOBHsSl, COBMECTMMbIMU CO
craHgaptom NFC (Hanpumep, NFCStack+ kom-
naHun Stollmann).

MomumMo aBTOMOBUITBHONM cpeabl, 3TOT 6a3o-
Bbl NPOEKT naeanbHO NOAXOAUT ANS peLueHus
3a4ay LWMPOKOro Kpyra noOoYHbIX PbIHKOB, CBSI-
3aHHbIX C TaKMM MCMNOSb30BaHNEM MOOUIbHbIX
YCTPOWCTB, Npun KOTOpOoM TpebyeTcsa coveTaHme
rapaHtTum ©e3onacHon wuageHTUduKkaumm wu
COBEpPLLEHUS NraTexemn ¢ BO3MOXHOCTbIO 3apsi-
ha ux 6atapen. 310 MOryT ObiTb, K NpUMepY,
WH(POPMAaLIMOHHbIE U peKkNaMHble CTeHObl B
3anax oXugaHus u pectopaHax, unm G6ecnpo-
BOAHblEe AOK-CTaHLMMW.

NXP BbinycTuna nepsblie TPAH3UCTOPbI C HU3KUM HanpAXXeHuem

HacbiweHua B Kopnycax DFN2020

NXP obbsiBuna o Bbinycke nepBbIX TPaH3nC-
TOPOB C HU3KMM HanpsikeHWem HacbILeHUs B
HoBbIX Koprnycax DFN2020D-3 (SOT1061D),
npegHasHayYeHHbIX AONS NankM K TopueBbIM
NMOBEPXHOCTAM KOHTaKTOB. [lJonyctumoe Hanps-
XeHue Konnektop-amuttep oboux TpaH3UCTo-
poB PBSS4330PAS n PBSS5330PAS pasHO
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30 B, a HanpsiKeHWe HacbiWweHsa B onpeaeneH-
HbIX peXxunmax HopMUpyeTcs Ha ypoBHe 45 MB.
Momumo GonbLuoro gonyctumoro Toka 3 A u
BbICOKOr0O KOadhpuumneHTa ycuneHns Toka 6asbl,
naxe npu 6onblunx Tokax gocturatowero 500,
TPaH3UCTOPbl OTNNYAKTCA  YIYyYLEHHbIMU
XapakTepucTukaMm naseMocTu.

HoBble TpaH3WUCTOpbI CTanu nepBbiMU U3
npuoopoB NXP ¢ HU3KMM Hanpsi>KeHUs HacblLLe-
HUS, BbiMycKalWUMNCA B HEGOmnbLUNX Ge3Bbl-
BOAHbIX nnacTtukosblx kKoprnycax DFN2020D-3
(SOT1061D), npurogHbIX ANA aBTOMaTU3Mpo-
BaHHOro ontunyeckoro koHTpons (AOl) kayecTBa
nasiHbIX COeAUHEeHn, 0cobeHHO BocTpeboBaH-
HOrO B aBTOMOOWITbHON MPOMbILLIIEHHOCTH.
Mpnbopbl yooBneTBOpPsSOT TpeboBaHUS CTaH-
napta AEC-Q101, pernameHTumpytoLLero napa-
MeTpbl YCTPOWCTB 41151 CUCTEM aBTO3NEKTPOHU-
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K1, N COXPaHAIT rapaHTUPOBaHHbIE XapakTe-
puctukm npu pabodnx Temnepatypax Ao
175 °C.

MopTdens npurogHbix ans AOI TpaH3ucTo-
poB B kopnycax DFN2020D-3 6yget paclumpeH
B KOHLIe rofia 3a CYeT BKIOYEHWs B HEro npmbo-
pOB CpeaHEen MOLHOCTM C HU3KUM HanpsiKeHU-
€M HacblILLEeHWs, @ HECKOMbKO NO3AHee K HEMY
006aBATCS TPaH3UCTOPbI C HANPSPKEHNAMM KOS-
nektop-amutTep go 100 B.

Oco6eHHOCTH 1 NpeUMyLLIeCTBa

e HU3Koe HanpshkeHne HacbILeHWs1 KOrnmnek-
TOP-aMUTTEP

e HOMbLUOM MOCTOSAHHBLIM U UMMYSTbCHBIA TOK
Konnekropa

e Bricokunin koadhdmumMeHT nepegaydn Toka npu
BGonbLUNX TOKaxX Konnekropa

¢ Bbicokast adpdpekTMBHOCTL, 0BycnoBneHHas
MarbIM TENnoBblAENeHneM

e Pabouyas Temnepatypa nepexogago 175 °C

e MeHblUuas nnowanb, 3aHMMaemMas Ha nedyart-
HoW nnaTe

e MuHnaTiopHbIN 6€3BbIBOAHON NIACTUKOBbIN
kopnyc DFN2020D-3 ans noBepXHOCTHOro
MOHTaXka C KOHTaKTaMu A58 nanku K Topue-
BbIM MOBEPXHOCTSAM

° BCKprToe TennooTesoasALlee oCHoBaHME aAnd
yny4dlweHuna Tensio- n arneKTponpoBoaAHOCTH

e [1lpurogHbl AnNs aBTOMaTU3MPOBaAHHOIO ONTU-
YECKOro KOHTPOss KadecTBa NasHbIX coean-
HEeHUNn

e COOTBETCTBYIOT TpeboBaHMAM CTaHgapTa
AEC-Q101

OcHoBHbIE 06,1aCTV MPUMEHEHMS
e KomMyTaTopbl Harpy3ku
e YcTpowncTBa ¢ 6aTapenHbiM NTaHUeM
¢ YCTpOWCTBa ynNpaBneHns nuTaHnem
e 3apsgHble ycTponcTea

e CunoBble KIoUKM CXem ynpasneHna MoTopa-
MU N BEHTUNATOPAMU

Toshiba pacwmpser cemeiicTBo CBepXMUHMUATIOPHbIX
ONTOU3ONATOPOB ANA ynpasaeHua sarsopamum IGBT n mouwHbIX

MOSFET

Onmou3sonsmopei 8 koprycax SO6L umerom pasmepsi ecez2o 10x 3.8x 2.1 Mm

Toshiba Electronics Europe npeactasuna
OBE HOBble HU3KONPOMUITbHBIE MUKPOCXEMBbI
ONTOM30MATOPOB AN HenocpeacTBEHHOro
ynpasneHus 3atBopamu MowHbIX MOSFET unu
IGBT cpeaHen mowHocth. TLP5701 n TLP5702
NOCTaBNATCA B CBEPXMUHNATIOPHBIX KOpnycax
SO6L paamepomBcero 10 x 3.8 x 2.1 mm.

5000Vrms

o L

HecmoTpsa Ha cTonb Hebonblune pasmepsbl,
HOBblE YCTPONCTBA MMEIOT HanpshKeHne n3ons-
unn 5000 B ¢.k.3. nrapaHTUpOBaHHbIE MY TU yTeu-
KM MO KOpMycy M Mexay BbiBOAaMM, paBHble
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8 mm. Taknm obpasom, Nnpmbopbl MOryT CNoCo-
6CTBOBaTbH COKpALLEHUIO Pa3MepOB YCTPOWCTB,
Hy>XOalLwmuxca B cepTudukaumm Ha cooTBe-
TCcTBME TpeboBaHMsAM cTaHAapToB 6e3onacHoc-
1. Kpome TOro, Bce napameTpbl U XxapakTepuc-
TMKN ONTOM3ONATOPOB rapaHTMPYHOTCA B Anana-
30He TemnepaTtyp ot—40°C o 110 °C.

HoBble ONTOM30MATOPbI MOrYT HanTU Npume-
HeHVe B YCTPOWCTBAX LUMpoYanLLen HOMeHKNaTy-
pbl, OT ObITOBOW TEXHWKW W WHBEPTOPOB [0
CpeacTB aBTOMaTM3auum Npou3BoacTBa U U3Me-
puteneHoro obopygosaHus. TLP5701, cnocob-
Hble oTaaBaTb NUKOBbLIN BbIXOOHON TOK A0 0.6 A,
ONTUMM3NPOBAHbBI A1 YNPaBneHWs MarOMOLLHbI-
mn IGBT n mowHbiMn MOSFET. TLP5702 ¢ mak-
CMMarbHbIM BbIXOAHBIM TOKOM 2.5 A naeansHo
nogonayT AN yCTPONCTB cpeaHen MOLLHOCTW.

BbICOKMA ypOBEHb XapaKTepPUCTUK HOBbIX
npnbopoB obecnevnBaloTCs MCMNOMb30BaHNEM
caMbix nocnegHux paspabotok GaAlAs nHgpa-
KpacCHbIX CBETOOVOAOB W WHTErpuUpOBaHHbIX
ObICTpOAENCTBYOLWNX (DOTOOETEKTOPOB C 6OSb-
LWNM KO3 DULMEHTOM YCUNeHus. BHyTpeHHUN
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akpaH Papagesa rapaHTUpyeT YCTOMYMBOCTb K
CVMHa3HbIM NOMexam CO CKOPOCTb HapacTa-
Hua go 20 kB/mkc. MakcumanbHoe Bpems
3aepXKn pacnpocTpaHeHns pasHo 500 He ons
TLP5701 1200 HCc ansa TLP5702.

Mo cpaBHEHUO ¢ aHanorn4yHbIMM nNpudopa-
MU, BbiNyckaeMbiMy B kopriycax DIP8, onTpoHbl
B SO6L Ha 43% MeHblUue No 3aHMMaeMOoW Mno-
waan nedatHon nnatbl U Ha 54% MeHblle no
BbICOTE.

Tl pacwuMpsaeT aCCOPTUMEHT BbICOKOBOJIbTHbIX LDO npubopamm
ANA NUTaHUA YCTPOMUCTB HENOCPEACTBEHHO OT aKKYMYAATOPA

asTomobunsa

Paclmpsasa cBor o6beMHbI nopTdens cTa-
OUNM3aTopoB C ManbIM NageHNEM HanpPsKEHUS
(LDO), komnaHusa Texas Instruments (TI) npea-
cTaBuna 17 HOBbIX BbICOKOBOSIBTHbIX MPMGOPOB,
cooTBeTCTBYOWMX TpeboBaHnsm AEC-Q100 u
npegHasHaYeHHbIX AN UCNonb30BaHUA B aBToO-
MOBUNBHOM W NPOMBbILLNEHHOM 060pyA0BaHUN.
Hoebie LDO ¢ ynbTpaHuskum noTpebneHvem
TOKa BKMoYalT cemenctBo TPS7A16xx-Q1 ¢
BXOOHbIM HanpsbkeHnem go 60 B, cemenctsa
TPS7A66xx-Q1 n TPS7B67xx, a Takxe
TPS7B4250-Q1, nogaepxmBaroLime MHOXECTBO
NpUNoXeHun, Tpebyowmnx HenocpeaCcTBEHHOro
MOAKIIOYEHNST K aKKyMYIATOPY 1erkoBoro wnmu
rpy30BOro aBToMobunsi, Hanpumep, NpnbopHbie
naHenun, ycunutenu pyns, MHGOPMaLMNOHHO-
pasBriekaTefibHble CUCTEMbI, ABEPHbIE MOZYN U
YCTPONCTBA yNpaBfieHns OCBELLEHNEM.

Tl ultra-low power,
high-voltage LDOs

support direct-to-hattery automotive applications

KnioyeBble XapakTepuUCTUKU 1 MPEVMYLLIECTBA
HoBbIX LDO:

e YnbmpaHu3kuli cobcmeeHHbIll MOK
nompe6neHus npodnesaem epemMs pabo-
mbI aKKyMyJisimopa:

HoBble cTabunusaTtopbl noTpebnsaT yvpes-
BblYAWHO Marsbli TOK, B peXUMe OXuoaHus
He npesbiwatowmnn 10 MkA, Gnarogaps Yemy
CHWXaeTcs notpebnsemasi MOLWHOCTb U yBe-
nnymBaeTcH BpeMs paboTbl akkymynsitopa.
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e BHympeHHsisi KkoMneHcayusi sKeueasieH-
mHoeo nocsedoeamesibHO20 COMPoOMu8-
neHus1 (ESR) moxxem nomMoyb onmumu3su-
posamb cmoumMocmb U cmabunbHoCmMb
pabomsbi cucmembei.

Paspabotumnkmn nonyyator csoboay Bbibopa
N3 LUMPOKOro Anana3oHa TUMOB KOHAEHCATO-
poB, BKItoYasa kepamuyeckme, YTobbl NOBbI-
CUTb CTAabUNBHOCTbL CUCTEMbI U CHU3UTL €e
CTOMMOCTb.

¢ Bbicokoe 8x00HOe HanpsiKeHuUe no3eorssiem
noodkmo4ames rnodcucmemMbl asmomobursist
HernocpeodcmeeHHO K €20 aKKyMYJIsImopy.

CTtabunuaaTtopbl NooaepXmMBatoT BXOAHbIE
HanpsbkeHnsa o 40 B B HopmanbHoM pabo-
yeM pexume, U o 45 B npu nepexogHbixX
npoueccax B nuTaHunm ob6opyaoBaHUA.
TPS7A1601-Q1, Kpome TOro, MOXET HOp-
ManbHO paboTaTb npu HanpsikeHuu oo 60 B,
4YTO OTBevaeT TpeboBaHusM, NpeabsBnse-
MbIM K 9SfIEKTPOHMKE TPYy30BOro aBTOTpPaH-
cnopTa n obopynoBaHus, npeaHasHau4eHHOro
ONSA TSHXKENbIX yCroBuin paboThbl.

e DyHKUUsI criexxeHusi no3eosisiem Mosny-
Yyamb 60s1ee docmoeepHble OaHHblIe Oom
8HeWHux 0am4uKos:

CnexeHne MUHUMU3NPYET pasnuume Mexay
HanpsKeHneM NUTaHuA nnatbl U BHELUHUM
HanpskeHnem. Bnarogapst aton dyHKUUK
notpebutenu nony4arT OT BHELUHUX JaTuu-
KoB Bonee ToYHble AaHHbIE.

e BcmpoeHHbIl OKOHHbIU cmopoxeeolU
matlivep obecrnedueaem yHKYUOHaslb-
Hyro 6e3onacHoCcMb:
MHTerpnpoBaHHbIA OKOHHbLIA CTOPOXEBOW
Tanmep nossonseTr notpebutenam BbINOM-
HATb TpeboBaHus byHKUMOHaNbHOW 6e30-
NacHOCTU Ha CUCTEMHOM YPOBHE.

WHCTpyMeHTapuid M nofaepxka

Paspabotunkn moryT onpoGoBaTb HOBblE
cTabunusaTtopbl Hanps>KeHUsi, UCNONb3ys
Heckomnbko npeanaraembix Tl cneuwanusmpo-
BaHHbIX OUEHOYHbIXx moaynen wn SPICE-
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MoZernen, KoTopble CyLIECTBEHHO YynpoLiarT
aHanus un pa3paboTky.

KOHCTPYKTUBHOE MCTOHEHME W CTOMMOCTb

Crabunusatopsbl HanpsxeHma TPS7A16xx-
Q1 cepuiiHO BbINyckaloTCs B 8-BbIBO4HOM KOpP-

nyce MSOP-PowerPad n npogatotca no ueHe
$1.65 3a eguHuuy npu nokynke 1000 wTyk.
TPS7A66xx-Q1, BbiNyckaemMble B TakOM Xe
kopnyce, B naptum n3 1000 npmboposB cToaTt
$0.60 3a wTyky, a TPS7B67xx-Q1 B 20-
BbIBOAHbIX koprycax HTSSOP —$0.80.

CemencTBO uMn nHAYKTUBHOCTE HP, CO3aaHHbIX KOMNaHuen
Coilcraft, npesocxoaur noboie Korga-nnbo co3gaHHble aHaNoruU

Takozo coyemaHusi HebonbwWux paamepos, OMITUYHbIX Mapamempos U KOHKYPEHMOCMIOCOBHbIX
ueH, kak y uHdykmueHocmet 0402HP u 0603HP, He Halimu Ha ce200HAWHEM PbIHKe

ConpoTtumBrieHne MeHbLUe, 40OPOTHOCTb fy4-
e, 4ONYCTUMbIN TOK BblLLIE

KomnaHus Coilcraft noctaeuna nepegn cobom
3agady cosfgaTb CEMENCTBO UMM MHOYKTMBHOC-
Ten, NpeBOCXoAALLMX NyYLInE NPOAYKTbI HA PbIH-
Ke. W gocturna nopasurenbHbIX pesynbraTos!

Blue Chip

Performers

Exceptionally high Q.

Low DCR. Tight tolerance. i@

B cpaBHeHun c Onmxanwmmm aHanoramu,
WHAOYKTMBHOCTU cepun HP B cpeagHem nponycka-
0T BABOE OOMbLUNI TOK M UMEIOT Ha TPETb MEHb-
LUee ConpOoTUBIEHNE NOCTOAHHOMY TOKY. A bna-
rogapsi MPOBOSIOYHOM KOHCTPYKLMM YCTPONCTBA
OTNNYAOTCH UCKITIOYNTENBHO BbICOKOW 406POT-
HOCTbIO.

0402HP

e [InanasoH 3Ha4yeHUn MHAyKTMBHOCTK OT 1.0
00220 HIMH

e /ckniountensHo 60mnbLUIOM AONYCTUMBIN TOK:
0o 2300 mA

e OyeHb BbicOkast gobpoTHocTb: Ao 105 Ha
vactote 1.7 Twu!

e 3Ha4YeHnsa 4acToT cCOBCTBEHHOrO pe3oHaHca
pgocturarot 16 ML

0603HP

e [lnanasoH 3HayYeHWUn UHOYKTUBHOCTM OT 1.8
0o 390 HIMH

e bonbLuon gonyctumeln Tok: 4o 2100 MA

e VICKNounTENBHO BbICOKas 4OOGPOTHOCTL: A0
154 Havactote 1.7 'Twu!

e 3Ha4YeHnsa 4acToT COBCTBEHHOrO pe3oHaHca
pgocturarot 16 ML

ZMDI pacwimpaeTt cemercTBO MUKpPOCXeM ynpasseHna 6aTapeamum

PacnonoxeHHast B [Jpe3geHe nonynpoBog-
HukoBasi komnaHust ZMD AG (ZMDI), cneuyunanu-
3vpytoltasaca B obnactm cosgaHusa aHeproad-
PEKTUBHbIX PELLUEHNIA, aHOHCMpPOBara nosiere-
HMEe [OBYX CUCTEMOOOPA3YKLNX MMUKPOCXEM

(System Basis Chips — SBC) ZSSC1750 wu
ZSSC1751, — BbLICOKOTOYHbLIX OOHOKPUCTamb-
HbIX cucTem cbopa AaHHbIX, NONMHOCTHLIO OTBEYa-
IOWUX BceM TpeboBaHWSIM CTaHOApPTOB aBTO3-
NEKTPOHUKKN. ABNSASICL MUPOBbLIM MOCTaBLLMKOM

PapuoJlouman — okra6ps 2014 HOBOCTH 17


http://www.rlocman.ru/

aHanoroBbIX M CMELUAHHbIX PeLUeHN ANs HyX4
aBTOMOOUITbHBIX, MPOMBbILMEHHbIX, MeAULUUH-
CKMX, WH(OPMALMOHHBIX M MNOTPEOUTENLCKNX
npunoxexHu, ZMDI npogormkaeT paclumpatb
CBOE CeMencTBo npubopoB ANs ynpasBneHus
aKKyMynaTopHbiMu 6aTtapesmun. Kak ZSSC1750,
Tak n ZSSC1751 cogepxat ABa Npeumn3noHHbIX
AL BbicOKOro paspelueHnsa ans ogqHOBpeMEH-
HOro U3MepeHNst HaNpPs>KeHNsa U Toka baTtapeu, a
TakKe BHYTPEHHEN N BHELLUHEN Temneparypsbl.
Kpome Toro, paspabotyumkm npegycmoTpenm
HECKOMMbKO PEXUMOB 3HEprocoepexxeHust, BKIto-
Yyasi nepuogmyeckoe nNpobyxaeHne U3 pexunma
CHa, KOTOpOe MOXET MPOUCXOAUTb MOMHOCTbLIO
aBTOHOMHO. B cnyyae oTkasa, BblpaxatoLerocst
B NPEBbLILEHUN 3a4aHHOIO TOKa, HaNpsPKEHUN
unu TemneparypHoro nopora, atm SBC asToma-
TMUYECKM NPOCHINATCA 1 NOChINaloT U3BeLLeHne
KOHTponnepy BepxHero yposHs. O6e SBC
ynpaBnswTcsa 4yeped uHTepgenc SPI, a
ZSSC1750 pgononHuTenbHO cHabxeHa duan-
YECKMM KOMMYHUKALUMOHHBbIM WHTepencom
LIN.

«Cuctemoobpasywuime MUKPOCXEMBI
ZSSC1750 n ZSSC1751 ngeanbHo noaxoasaT
AN To4Horo cbopa AaHHbIX B TaKUX KPUTUYECKU
BaXXHbIX MPUNOXEHUNAX, Kak, Hanpumep, KOH-
TPOSb KUCMOTHbIX aKKyMyNnAaTOpOB B aBTOMOOU-
nax», — ckasan [kosed [DxenHuw (Josef
Janisch), meHempxep ZMDI no MynbTUPLIHOYHOM

npoaykuumn. [IBa CUHXPOHHbIX ALLIT BbICOKOrO
paspelleHuss B COYeTaHUuM C YCUIUTENaAMW,
KOO PULMEHTBLI YCUIEHMA KOTOPbIX Nporpam-
MUPYIOTCA B LUMPOKUX Mpedenax, nos3BonstoT
peluaTb CNoXHble 3agayn ynpasneHuns batape-
MM B Anana3oHe TOKOB OT Munnuamnep Ao
kunoamnep. CrtaHgapTHbIM uHTepdenc SPI
Jenaet aTu NpoAyKTbl COBMECTUMbIMU C MUKPO-
KOHTponnepamu nioboro pasmepa v tuna, npea-
naras KrnveHTam Haunydlive BapuaHTbl AN
Bbl6opa cambIX SKOHOMUYHbIX pPeLUeHNin, yaoB-
NEeTBOPSAIOLLMX X TPeOOBaHUAM.

Oco6enHoct ZSSC1750 n ZSSC1751

e [peumn3noHHoe UHTerpanbHoe peLleHe ans
TOYHOrO NPOrHO3MPOBAHUSI COCTOSIHWA BaTa-
pewu, ee 3apsiia U kKayecTsa PYyHKLUMOHNPOBa-
HUSA

e[IBa BbICOKOTOYHbIX 24-OUTHBLIX cuUrMa-
penbra AL, 18-6buTHoe paspelueHne 6es
npomnycka KogoB

e KaHan namepeHusi HanpsikKeHUss ¢ BXOOHbIM
ananasoHom ot 3.6 B 0o 28.8 B 1 TOYHOCTbIO
+60 ppm B npeaenax BCew LWKan.l

o /I3amepeHns BHYTpEHHEN U BHELLHEN TeMne-
paTtypbl ¢ 16-pa3psiAHbIM paspeLleHemM

e TvnoBoe NoTpebneHne Toka B CMSILLEM PEXM-
mMe Bcero 60 MkA

e BCTpoeHHble cpeacTBa CamMOTECTUPOBaHMS
1 ANarHOCTMKM

J10CTYMHOCTB W LigHbI

O6e mukpocxembl ZSSC1750 n ZSSC1751
BbINycKatoTCs cepuiHO. [JOCTYMNHbI Takke ean-
HUYHbIe 0Bpa3sLbl U OLEHOYHbIE HAabopbl, KOTO-
pble MOXHO nNprnobpecTtun y komnaHum ZMDI.

B naptusx ns 1000 npmbopoB kaxxaast MUK-
pocxema ZSSC1750 ctout €4.05 unun $5.67, a
ZSSC1751-€3.91unmn $5.47.

FTDI Chip npeacrasnneT cepuio aouepHUX MoAayaei ana
nopaepkm Arduino-coemectumon nnatrpopmbl EVE

lNnamei, pacwupsirowue uHmMepgelicHble B03MOXHOCMU riamgopmbsl EVE

Bcnepn 3a BbinyckoM OCHOBaHHbIX Ha MHHOBA-
umoHHon texHonormn EVE (Embedded Video
Engine — BCTpOEHHbLIN BWOEO OBWXOK) nnar-
dopm paspabotkn VM8OOP, ynpolialowmx u
ynyyllaoLwmx peannsaumio YenoBeko-MallnH-
Horo nHtepdetrica (HMI), FTDI Chip npeacrasu-
na cepuio CoOnyTCTBYIOLLMX JOYEPHMX MNaT.

18 | HOBOCTH |

Cewmencteo coBmecTuMbIX ¢ Arduino nnar
VM800P «PLUS» ocHOBaHO Ha OTMEYEHHOM
Harpagamu rpadunyeckom KoHTponnepe FT800
EVE, B ogHOM 4une KOTOPOro MHTerpmMpoBaHbl
dYHKUUKM gncnnes, ayamo U CEHCOPHOW NaHenu.
Ha kaxgow nnate yCTaHOBMEHbl Takke 8-
paspsagHbii MUKpoKoHTponsiep ATmega u TFT
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VISBOOA-RELAY

aucnnen ¢ gnaroHanblo akpaHa 3.5”, 4.3” nnu
5.0”. lecTb HOBbIX Ao4epHUX NnaT gobaBnsaT
HOBble BO3MOXXHOCTW BBOAA/BbIBOAA W pacLUn-
PSOT KpYr BO3MOXHbIX MPUKaaHbIX CLLEHAPWEB.
[nsa nogkntoyeHnsa kK VM8B0OP B HUX ucnosnbay-
IOTCS OOMH UMW ABa MWHMATIOPHbLIX pasbema
Micro-MaTch.

VIBO0A_TTLU npenctaensieT cobon CMeH-
HbIn Mogynb Anda nnat PLUS, nossonstowun
nogkmodate UART ¢ ypoBHamu TTL. Ota
JoyvepHsasa nnarta BedeT cebs nogobGHO MOCTy
SPI-UART wn gononnset nnaty VISO0OA-RELAY,
3(P(PEKTUBHO BLINOMHAOLYH (DYHKUMM MOCTa
SPI-pene gna nnat PLUS, n aengtoLytocs noa-
YNHEHHbIM YCTPONCTBOM, nNpeobpasyowmm
curHanbl uHTepdenca SPI B penenHbii nHTep-

denc. VIBOOA-ETH npegHasHayeHa ans nog-
KroyeHust BHelHero nHtepgenca Ethernet, a
VI800A-PoE nossonseT n3enedyb BCce npenmy-
LecTBa U3 BO3MOXHOCTM MUTaHMA No kabento
Ethernet (PoE). VI800A-N485U BbInonHsieT
dyHkumm mocTta SPI-RS485, a VIB00A-232U —

VISBOOA-ETH

VIB00A-PoE

mocTa SPI-RS232, obecneunBas cpeacrtsea B3a-
NMOOENCTBMSA C ycTapeBLNM 060pyaoBaHNEM.
Mnatel VIBOOA-TTLU, VIBOOA-ETH, VI800A-
PoE, VI800A-N485U un VI800A-232U wumetot
ofuHakoBble pasmepbl 63.5 x 37.5 MM, B TO
Bpemsi kak rabaputbl VISB0O0A-RELAY paBHbI
68.90 x 48.75 mMm. LleHbl Ha godepHue nnatol
ans VM800P HaunHatoTcs ot $24.95 3a WTyky.

Linear Technology coobwuna o cosgaHnmu onepaLuoHHbIX
ycunurteneit ¢ emroamnepHbiMU BXOAHBIMU TOKaMU U NOJIOCOM

500 My,

Linear Technology coobwuna o Ha4ane npo-
nasoacTtea mukpocxem LTC6268 n LTC6269 —
OOWHOYHBIX M COBOEHHbIX ONEpPaLMOHHbIX YCU-
nuTenen ¢ NoneBbIMW TPaH3UCTOPaMWN Ha BXO-
Jax, BbICOKOe ObicTpogencTesme u OonbLiown
ONHAMUYECKUA OManas3oH KOTOPbIX MO3BOMAT
co3faBaTb TpaHcumnegaHcHble (TIA — trans-
impedance amplifier) n 6ycepHble ycunutenu ¢
NCKNIOYMTENBHBIMWN XapakTepucTukaMmu. Ycunu-
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Tenu ¢ BxoaHbIMu Tokamn 3 oA npu 25 °Cn4 nA
B MOMHOM Auana3oHe Temnepatyp —40 °C ...
125 °C cmoryT pasnuyaTb BXOAHbIE CUrHarnbl OT
HEeCKONMbKNX pemToamnep A0 eOuHWL amnep.
LLInpokononocHble WyMbl HaNPsXXeHWUs U Toka,
COCTaBMSIOLIME, COOTBETCTBEHHO, 4.3 B/ 1
5.5 d)A/\/Fu, obecneunBaroT cXxemam LUMPOKUIA
ANHaMn4Yecknin aunanasoH. BbICOKOCKOPOCTHbIE
N OHOBPEMEHHO MNPELM3NOHHbIE MUKPOCXEMBbI
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LTC6268 nmetoT npomsBeneHMe Morockl Npo-
nyckaHust Ha KO3 PULIMEHT YCUINEHUA paBHoe
500 MI'L, BXOAHYI0 eMKOCTb MEHEE OOHOW NNKO-
dapagpbl 1 rapMmoHuyeckme nckaxenna —100 ob
Ha yacTtoTte 1 MI'u. Nomnmo cxem ¢ doToamoaa-
MU 1 poToymMHOXUTEenamu, LTC6268/9 moryT
yCMnewHo NCNonb30oBaThCa B NHOOLIX Npunoxe-
HUAX C BbICOKOMMMEOAaHCHbIMW AaTyukamu, a
Takxke B kayecTBe BXOAHbIX ycunutenen ALM.

B cnpaBoyHbIX AaHHbIX Ha MUKPOCXEMY
LTC6268 onncaHbl cnocobbl KOHCTPYMPOBAHMS
CXeM W MnevaTHbIX Nfat, NOo3BOoNsLWMe nosny-
YATb HaWUNyulne XapakTePUCTUKM B pexunme
TIA. MNpuBegeH NpuMep cxembl C AManasoHoOM
TpaHCMMNEOaHCHbIX KO3IMULIMEHTOB Yycune-
Hus ot 20 kOm npm nonoce 65 MMy go 499 kOm B
nonoce 11.2 Mrlu.

LTC6268 npennaraetcs B 6-BbIBOAHOM KOp-
nyce SOT-23 u B 8-BbiBogHOM SOIC ¢ 0OXpaHHbI-
MU BbIBOgAMM 4115 3aLMUTbI OT YTEYEK No nnarte,

20 HOBOCTU

a LTC6269 — B kopnyce MSOP-8 co BCKpbITbIM
TENNOOTBOASLLMM OCHOBaHMEM W B Kopnyce
DFN-10.

LTC6268 n LTC6269 BHyTpEHHE CKOPPEKTU-
pOBaHbl O €OUHUYHOIO YCUreHus. YCTponucTaea
paccyMTaHbl Ha JKCnyaTaumio B NPOMbILLNEH-
HbIX AnanasoHax Temnepatyp —40 °C ... 85°Cwu
—40 °C ... 125 °C. UeHbl gna naptun n3 1000
npubopoB HaumHatotcs oT $2.90 3a ogHy MuUK-
pocxemy LTC6268, 1 $4.90—3aLTC6269.

CB0JiKa OCHOBHbIX XapakTepucTuk LTC6268

e [Mpon3BegeHne nonocbl MPONyCcKaHUa Ha
KoahpuumeHT yemnenmsi: 500 My

e [lonoca nponyckaHus no ypoBHto —3 ab (npwu
eOVHUYHOM yeuneHun): 350 My,

e H13Knnm BXOOHOM TOK:
0 £3 pA (TVn.) Npy KOMHaTHOW TemnepaType
o4 nA (makc.)npn 125°C

e TOKOBbLIN WyM Ha 4acTtote 100 «klu:
5.5 ANy

e HanpspkeHne wymoB Ha vactote 1 Mlu:
4.3 HBAIMY

e CBepxmanasi BxogHast eMKocTb: 450

¢ Bbixoa Rail-to-Rail

e CkopocTb HapacTtaHus: 400 B/mkc

e [InanasoH HanpshkeHun nutanus: 3.1 B ...
5.25B

e Cob6CTBEHHBIV TOK NOTPEbneHus: 16.5 mA

e HennHenHble UCKaXeHns (Mpy BbIXOAHOM
HanpskeHun 2 B nuk-nuk):

0—-100 gbHayvacTtote 1 Ml
0-80 gbHayvactote 10 MIy,
¢ [lInanasoH pabounx temnepatyp: —40 °C ...
125°C
e Kopnyca:
o OONHOYHbIN yCUNNTENDL: 8-BbIBOOHOWN
kopnyc SO n 6-BbiBogHON TSOP-23

oCOBOEHHbIN ycunuTenb: 8-BbIBOOHOM
kopnyc MS8 u 10-BbiBOogHOM DFN pasme-
poM 3 x 3 MM
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BaKkyyMHbIN
TPaH3uCTOP:

YCTPOMCTBO,

GACNaHHOE U3 HUYEro

Jin-Woo Han, Meyya Meyyappan

IEEE Spectrum

3Amom nrbornbimHbIt 2ubpud arnekmposakyymHou namrsi U MOSFET oOHax0bl 3aMeHuUm mpa-

OUUUOHHBIU KpeMHUU

B ceHTs16pe 1976 roga, B cambin pasrap
XonogHow BoWHLI, Buktop MBaHoBMY BeneHko,
COBETCKMN NWNOT, HEOOBOMbHbIA YCIOBUAMMU
CBOEWN XN3HW, BbINOSHAS Ha Mul-25 TpeHupo-
BOYHbIV noneT Hag Cnbupbto, ywwien ¢ Kypca, Ha
Marnow BbiCOTe C BOMbLUON CKOPOCTLIO Nepecek
AnoHckoe Mope 1 nocagmn caMoreT B rpaxaaH-
CKOM asponopTy XoKKanao ¢ ocTaTkoM Tonsnea
Ha 30 cekyHg. Ero gpamartmyeckoe feseptu-
pPCTBO CTano MO4apKOM AN aMepUKaHCKUX
BOEHHbIX aHanuMTUKOB, BMEPBbIE MOMYYMBLUMX
BO3MOXXHOCTb BOMM3M N3y4nTb 3TOT BbICOKOCKO-
POCTHOM NCTPEBUTEND, KOTOPLIN, KAk OHN AyMa-
nn, ObINT OOHUM U3 CaMblX COBEPLLEHHbLIX CaMo-
NeToB B MUpe. YBUOEHHOE NOpa3unsio ux.

C ogHoM CTOPOHbI, KOpMyC ObliT M3roTOBMEH
HamHoro 6onee rpybo, Y4eMm y COBPEMEHHbIX
camonetoB CLUA, n coenaH He U3 TuTaHa, a, B
OCHOBHOM, 13 ctanu. Ho ewe 6onbliee yauene-
HWe BbI3Baro TO, YTO CEKLMM aBUOHWNKM camore-
Ta OKasanucb 3anofiHeHbl 00OopyAOBaHMEM,
OCHOBaHHOM He Ha TpaH3ucTopax, a Ha anek-
TPOHHbIX NamMnax. 3aknoyeHne aKCnepToB pas-
BEASIO NPeXHue CTpaxu; oKasarnocb, YTo Jaxe
camble nepenosble TexHonormn COBETCKOro
Coto3a cMexoTBOPHO OTCTaBanu ot 3anaga.

Kak-Hukak, B CLLUA BakyyMHble namnbl yCTy-
nunn gopory 6ornee MUHUATIOPHBIM U MeHee
NPOXOPNUBbIM TBEPAOTENbHBIM YCTPONCTBAM
Ha OBa OecATUNeTUMs paHblue, BCKOpe nocne
TOro, Kak Yunesm LWoknu, [xoH bapavH n Yon-
Tep bpaTtTenH n3rotoBmMnNu NepBbIi TPaH3UCTOP

22 | CTATBU |

B Bell Laboratories B 1947 rogy. EAnHCTBEHHbIE
3NeKTpoBakyyMHble npubopbl, KOTOpble Bbl
MOrnv obHapyXMTb B 3anagHON 3MEKTPOHMKE B
cepeanHe 1970-x, ObinM rMy6oKO cnpsiTaHbl B
Hegpax OnpedeneHHoro Buaa cneumanmsmpo-
BaHHOW annapaTypbl, HE CYMTas!, KOHEYHO, BE3-
OEecyLlunX KMHEecKonoB TenesusopoB. CerogHs
ncyesnn gaxe U OHW, OCTaBMB BbIMEpPLUEN TEX-
HOMOMMK 3NEKTPOBAKYYMHbIX MPUOOPOB NULLIb
HEeCKONbKO crneundunyeckmx Huw. NMoatomy, Bos-
MOXHO, OyAeT HEeOXWOAHHOCTbIO Y3HaTb, YTO
HeKoTopble, O4eHb Hebonblune, M3MEHEHUST B
TEXHOMOIMSIX, UCMOSb3YEMbIX CEroAHA ANnd npo-
W3BOACTBA MHTErparbHbIX CXEM, MOryT BOOX-
HYTb B BAKyYMHYH SI1EKTPOHMKY HOBYH XKMN3Hb.

Ha npoTsbkeHun nocnegHux nNATU NeT Mbl
pabotaem B lccrnegoBaTtenbCkoM LEHTpe
Onmca (otgeneHue areHTctBa NASA) Hag
co3aHNeM TPaH3UCTOPOB C BaKyyMHbIM KaHa-
nom. Mbl HaxogMmcs BCe €elle Ha paHHen cTa-
OUn nccnegoBaHuiM, HO MPOTOTUMBI YXe noa-
TBEPXAaloT, YTO 3TW HOBATOPCKME YCTpOMCTBA
UMEIOT SKCTPaopAMHapHYyo nepcnekTuay. TpaH-
3UCTOpPbl C BaKyyMHbIM KaHanom B OecATb pas
ObicTpee, YeM 0bblYHbIE KPEMHMEBBIE TPAH3UC-
TOPbI, U, B KOHEYHOM MUTOre, CMOryT paboTaTb Ha
TeparepuoBbIX YacToTax, Hegocsaraembix AnNs
nobbIX TBEPOOTENbHbLIX YCTPOUCTB. K TOMy Xe,
OHM 3HaYUTENbLHO Bosee YyCTOMYMBBLI K BbICOKOM
Temneparype v paguaumm. Ytobbl NOHATL NoYe-
MY, HaZJ0 HEMHOIO BCMOMHUTbL YCTPONCTBO CTa-
pon [obpon pagmonamnei.
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BakyymHbie namribl, 58715159Ck NomomMkamu 06b14-
HbIX f1aMm HakaaueaHusi, CeoUM pasgumuem 0bsi-
3aHbl uccrniedosaHusmM Tomaca O0OucoHa, Moka-
3asweao0 crocobHocmb Haepembix Humedl
ucrlyckamb 371€KmMpPOHbI. Oma nepeasi ycunu-
mernbHas namna, usobpemeHHas 8 1906 200y u
Ha3gaHHasi AyOuoH, demMoHcmpupyem b6ru3skoe
cxo00cmeo ¢ namnol HakanueaHusi, Xomsi HUMmhb,
0asHo caopeswasi 8 3MOM KOHKPEMHOM 3K3eM-
nnsipe, Ham He sUOHa. 3ma HUMb 0OHO8PEMEHHO
criyXuna KamoOoM, U3 KOmMOopo20 31eKMPOHbI
riemernu K aHoly, pacriofioXeHHoMy 8 cepeduHe
cmekrsiHHoU mpy6ku. Tokom, udyuwum om Kamo-
0a K aHOo0Y, MOXHO yripaernsimb, U3MeHsIs Harpsi-
JKeHue, NpUsioxXeHHoe K cemke — 3ue3a2o0bpas-
HOU rpOo80II0Ke, KOMOPYI MOXHO 8U0emb HUXe
aHoOla.

Mans4nkoBble pagvonamnsl, ycunveasLine
CurHanbl B 6eCKOHEYHOM MHOXeCTBe paguo- u
TEeNEeBM3NOHHbIX NMPUEMHMKOB NEPBON MOSOBU-
Hbl ABafuUaToro CToneTus, Ha nepBbl B3rNsa,
He MMeIoT HU4ero obLLEero ¢ NoneBbIMN TPaH3UC-
TOpaMn CTPYKTYpbl MeTans-oKCua-KpeMHUN
(MOSFET), perynapHo nopaxatwLwmmm Hac
CBOMIMMW BO3MOXHOCTSIMN B COBPEMEHHOWN Lndo-
POBOW 3r1eKTPOHMKe. HO BO MHOMMX OTHOLLEHUSIX
OHW OYeHb Noxoxu. HaynHasa ¢ Toro, 4Yto oba
npnbopa ABMAKTCA TpexanekTpoaHbiMu. Han-
pshXeHue, NpuknagbiBaeMoe K O4HOMY U3 3rekK-
TPOOOB — CETKE B ClyyYae NpoCTOro BakyyMHOro
Tpuoga, unu 3ateopy B cnydyae MOSFET —
ynpaBnsieT KOM4YecTBOM TOKa, MPOTEKalLLEro
Mexay ABYMS OCTanbHbIMW 3reKkTpodamu:
Mexay KaToAoM M aHOOOM Y namnbl, U Mexay
nctokom n ctokom y MOSFET. Takoe cBOMCTBO
NMo3BOSIUMNO 3TUM YCTPOMCTBAM BbINOSTHATb
YHKUMK ycunuTtenen, unn, npu OocTaTtodHo
3HEPrMyHOM yrnpaBneHum, — KIoyen.

Bnpoyem, TOK B BakyyMHOW namne Te4veT
COBCEM He Tak, Kak B TpaH3ucTtope. B ocHoBe
paboTbl nammbl NeXUT npouecc, Ha3bliBaeMblii
TEPMOINIEKTPOHHOW 3MUCCUMEN: HarpesaHue
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KaToda 3acTaBIsSiET €ro MCNyckaTb SMEKTPOHbI B
OKpy>KatoLLmin Bakyym. [NpnymHamm BO3HUKHOBE-
HUS TOKa B TPaH3UCTOpe ABMATCA Apend u
Onddy3ns anNeKTPoHOB (MK «ObIPOK» — MECT, B
KOTOPbIX OTCYTCTBYHOT 3NIEKTPOHbI) MEXAY NCTO-
KOM 1 CTOKOM Yepes pasgenstowmn ux Teepabii
nonynpoBoAdALLMIA MaTepmarn.

[Moyemy aneKTPOHHbIE Nambl MHOIO AeCATU-
neTui Hasag yCcTynunu Jopory TBepaoTeNbHOM
3NneKTpoHnke? [loToMy, 4TO MNONyNnPOBOAHMKM
OTNNYalTCA OT JlaMn MeHbLUEN CTOMMOCTbIO,
HECOM3MEPUMO MEHbLUMMK pasMepamu, HeOo-
csaraeMbIM 41151 lamn CPOKOM CIy>KObl, NPOYHOC-
TbHO, HAOEXHOCTbK M CTPYKTYPHOW OOHOPOA-
HOCTbIO. HecmoTps Ha 3TM NpeuMMmyLlecTBa,
€Cnun paccMaTpuBaTtb NPUBOPLI UCKITHOUYNTENBHO
Kak cpeny ons nepeHoca 3apsaa, fiamMnbl BbInr-
pbIBaOT Y NOMYNPOBOAHUKOB. ANEKTPOHbI CBO-
©04HO pacnpoCTpaHSTCs Yepes NycToTy BaKy-
yma, Tora Kak B TBEp4oM Tene UM NpensitTcTey-
0T CTOSMKHOBEHWUs1 ¢ aToMamu. (DTOT mpouecc
Ha3blBAETCA pacCestHUeEM KpuUcTann4yeckon
pelueTkon). Kpome Toro, Bakyym He noaBep>keH
KakKnm-nmbo paguauMoHHbIM MOBPEXOEHNSAM,
nopakaroLnum MNonynpoBOAHMKM, a Takke Mpo-
N3BOAUT MEHbLLE LUyMa N UCKaXXEHUIN, YeM TBEp-
[oTernbHble MaTepuansl.

HepocTaTkM BakyyMHbIX Namn pasgpaxxanu
He TaK Y> CWIbHO, €CNKN peyb LUfa O BalleMm
paguo- unu TeneBn3NOHHOM npuemHuke. Ho B
Oonee CMNOXHbIX CXeMax OHW [AoCTaBnsANn
HacTosiwmne HenpuaTHocTu. K npumepy, Kowm-
netotep ENIAC, noctpoeHHbin B 1946 rogy ¢
ncnonb3oBaHMeM 17,468 aneKkTPOHHbIX namn,
notpebnan mowHocte 150 kunosatT, Becwun
Oonee 27 TOHH 1 3aHuMan nnowaab 200 kBag-
paTHbIXx MeTpoB. K TOMy e, OH MOCTOSIHHO
nomancs us3-3a Toro, YTo Kaxkable OAnH-aBa OHSA
B HEM BbIXOAMIIA U3 CTPOS o4epedHas namna.

TpaH3ucTopHaa peBonoUMSa Monoxuna
KOHel, TakuMm HenpusiTHoCcTsaM. Ho nocnegyto-
wme rnobanbHble U3MEHEHUS B MUPE 3nek-
TPOHWKM MNPOU3OLLMN He CTonbko Gnarogaps
COBCTBEHHbIM MpenMyLLecTBaM MOMynpoBOA-
HWKOB, CKOSbKO MOTOMY, YTO MHXEHEePbl Nornyyu-
N BO3MOXHOCTb MacCOBOro MpOun3BOACTBA
TPaAH3UCTOPOB, OOBLEAMHEHHbIX B WHTErpasb-
Hbl€ CXEMbl, Hay4YMBLUNCb C MOMOLLbIO TEXHOIO-
MU XMMUYECKON rPaBUPOBKU UMW TpasBfieHust
co3gaBaTb HYXXHblE€ PUCYHKM Ha KpPeMHWEBOW
nnacTtuHe. o mepe pasBUTUSE TEXHONOMMK Npo-
N3BOACTBA MHTErpanbHbIX CXEM Ha OQHOM Yune
ymelanoch Bce bonblle 1 6onblle TpaH3nCTo-
poB, Aernas Kaxgoe criegytowee nx nokoreHue
Gonee cnoxHbIM, Yem npeabigyliee. BaxHo u
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lpocmediwum anekmposakyyMHbIM fpubopom,

CriocobHbIM  ycunueamps CuU2Harsbl, Se/semcs

mpuo0, Ha3eaHHbIU mak o Yucy UMeruuxcs y
Heao anekmpodos: kamolda, aHola U Cemku.

TunuyHass kKoHcmpykyuss mpuoda obrnadaem

yunuHdpudeckol cummempueli U umeem Kamoo,

OKPY)KeHHbIU cemKol, Komopasi, 8 C80t0 04epelhb,

OKpyxeHa aHoOom. 1o npuHyuny pabomsi mpuod

MOXOX Ha Mofeeol mMpaH3ucmop: HarnpsKeHue,

MPUIIOKEHHOE K Cemke, yrpasrisiem moKoM, meKy-
wum mexx0y ocmaribHbIMU 08yMs1 arieKmpodamu.

(BnekmposaKkyymHbie mpuodbl 4acmo umerom

rnsme 86180008, 08a U3 KOMOPbIX OONoIHUMEsb-

HO 8biOerieHbl Ol TUMaHusi HUmu Hakarna).

TO, YTO 3MEKTPOHMKA, CTaHOBSACL ObICTpee, He
CTaHOBUNAch JOPOXeE.

OTOT poCT CKOpPOCTM 0BYCMOBEH TEM, YTO MO
Mepe YMEHbLUEHUS pa3MepoB TPaH3UCTOPOB,
nyTb, KOTOpbIN HeobxoaMmo npeofonesBatb
3MNEeKTPOHaM MeXay UCTOKOM M CTOKOM, NMOCTO-
SIHHO COKpallaeTcd, NO3BOMAS KaK4oMy TpaH-
3MCTOPY BKIOYATLCA M BbIKMOYaTLCA ObICTpee.
C apyron CTOpOHbI, BaKyyMHble flaMnbl Bceraa
Ob1nKn 60NbLIMMK 1 TPOMO3OKMMU, U U3rOTaBMy-
BanuCb WHAMBMAYaANbHO C WCMNOMb30BaHUEM
MexaHundyeckon obpaboTku. Hecmotps Ha To,
YTO Ha NPOTSAXKEHMM MHOIMX NET Namnbl NOCTO-
SIHHO COBEPLUEHCTBOBANMCL, FOBOPUTb O YeM-
nnbo, XOTb OTAANEHHO HaNOMWHALWEM 3aKOH
Mypa, npuMeHuTenbLHO K namnam HuUKorga He
NPUXOAMNOCH.

OpHako nocne 4eTblpex AecATUNEeTUn
nocnegoBaTeribHOr0 yMeHbLUeHUs pa3MepoB
TPaAH3UCTOPOB TOMLMHA OKCUOHOrO Crosi, U30-
NUPYIOLLEro anekTpog 3arBopa TUMUYHOro
MOSFET, gocturna HeCcKomnbKMX HAHOMETPOB, a
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MUCTOK M CTOK pas3gensdlT BCEro HeCcKOfbKo
AEeCATKOB HAHOMETPOB. [lBuratbcsa ganblue no
nyTM MUHMUATIOPM3aUUN OObIYHBIX TPaH3UCTO-
poB NpakTU4eCcKn cTano Hekyaa. Tem He MeHee,
npouckn 6onee OLICTPLIX U 3HEProadEKTUB-
HbIX peLleHnin B 00nacTu TBepaoTENbHON SMeK-
TPOHMKKM NpogosmkatoTcs. Kakon Byget cneayto-
LLlasi TEXHONOrMS U3roTOBMNEHMS TPAH3UCTOPOB?
NHTEHCUBHO pa3BMBalOTCSi HOAHOMPOBOAHMKN,
yrnepogHble HaHOTPYOKKM 1 rpadyeH. BoaMoxkHO,
YTO-TO 13 3TOr0 NPeobpPas3nT ANEKTPOHHYHO NPO-
MbILLNEHHOCTb. A MOXET BbITb, BCE 3TW TEXHO-
norumxaet gonacko.

Mbl paboTaem Hag co3gaHMeEM eLle OfHOro
kaHauaata anst 3ameHbl MOSFET — npnbopa, k
KOTOPOMY mccrieqoBaTeny NposBASNM U TEPANN
WHTEpEeC Ha NPOTSXKEHUN MHOTUX JeT: TpaH3uc-
TOpa C BaKyyMHbIM KaHanom. OTO pesynbraTt
coto3a TpaguLMOHHOM TEeXHOSOrMKM 3NeKTpo-
HHbIX flamn 1 TEXHONOrMn NPON3BoACTBa CoBpe-
MEHHbIX MOMYyNPOBOAHMNKOB. OTOT HEOObIYHLIN
mbpua, obbeguHAKLWKWN ny4yline CBOWCTBA

3ATBOP

CTOK
NCTOK

MOSFET

TPAH3UCGTOP C BAKYYMHbIM KAHAJIOM

TpaH3ucmop ¢ 8aKyyMHbIM KaHaJIOM O4EHb Harlo-
MuHaem 06bI4HbIU MemarsiooKCcUOHbIU rnosiesol
mpaH3ucmop (MOSFET, Ha pucyHke crniesa). B
MOSFET senu4uHa HanpsikeHusi, NpurioxeHHo-
20 K 3ameopy, onpederiiem yposeHb 311eKmpu-
YEeCKOoe0 Mosis 8 Haxo0suwemcs nod HUM Mamepu-
are. mo norne, 8 €800 o4epeldb, yrpasssiem
rnepeHocom 3apsi008 8 KaHase mex0dy obracmsi-
MU UCmOKa U cmoka, mo ecmb, KOHMposiupyem
8erlu4uUHy rpomekarouje2o moka. Hepes 3ameop,
U30/1UpPOBaHHbIL OM r10OI0XKU OKCUOGHbIM CITI0EM,
He meyem HukakolU moK. B paspabomaHHoM
asmopamMu mpaH3ucmope C 8aKyyMHbIM KaHa-
Jiom (crnipaea) aHarnoau4HbiM 06pa3oM UCOoNb3y-
emcsi moHKuUl crioli duanekmpuka 01 U3osyuu
3ameopa om Kkamoda U aHo0a, PEe3KO CyKaroujux-
Cs1 Ha KOHUax 07151 y8esludeHUsT HarpsKeHHOCmu
371EKMPUYECKO20 I101151.

PapauoJloumaH - okra6ps 2014


http://www.rlocman.ru/

BaKyyMHbIX flamn 1 TPaH3MCTOPOB, MOXET BbITh
caenaH TakuM e MUHUATIOPHbIM U AelUeBbIM,
Kak ntoboe TBEpOOTENBHOE YCTPONCTBO. MIMeH-
HO BO3MOXHOCTb cAenatb WX ManeHbKUMn
n3baBnsieT OT XOPOLLUO N3BECTHbIX HEAOCTATKOB
ANEKTPOHHbIX Namr.

[ns HarpeBa katoga oo TemnepaTyphbl, 40C-
TaTO4YHOM AN SMUCCUN SMEKTPOHOB, B BaKyyM-
HOM namne WCNONb3yeTcsd 3NeKTPUYEeCcKun
HarpeBaresb, MOXOXUIN Ha HUTb NaMnbl HaKanu-
BaHUSA. IMEHHO NoaTomy Anis pa3orpesa arek-
TpOBaKyyMHbIX namn TpebyeTcst onpeaeneHHoe
BPEMSl, | UMEHHO MO3TOMY OHW NOTPebnsawT
Takyo GOMbLUYIO MOLLHOCTb. 10 3TOM e npuin-
He OHM YacTo cropaloT (Hepedko BcreacTeBue
HUYTOXHOW YTEYKM B CTEKINSAHHOMW Konbe ycTpo-
nctea). Ho TpaHaucTopam ¢ BakyyMHbIM KaHa-
noMm He TpebyeTca HUTb Hakana Unu ropsaYvnn
katog. [lMpun pocTtatodHO Manbix pasmMepax
YCTPONCTBA 3MEKTPUYECKOro Nong BrnosiHe 4oc-
TaTtouyHO Ans 3PdEeKTUBHOrO rnepeHoca arek-
TPOHOB OT WCTOKa MNOCPeacTBOM Mpouecca,
M3BECTHOTO KaK aBTO3AMEKTPOHHas 3MUCCUS.
OTcyTcTBME HEOOXOOUMOCTM B Hakane aaet
BO3MOXHOCTb UCKMIOYUTL FPOMO3OKNIA Harpesa-
TENbHbIA 3IEMEHT, COKPATUTb NIowaab, 3aHu-
MaeMyto KaxablM Npubopom, 1 caenartb HOBbI
TUN TPAH3UCTOPOB OYEHb SKOHOMUYHbBIM.

ELle ogHum cnabbiM MecToM niaMn ABnsieTcs
TpeboBaHMe noggepxaHusi B HUX TryboKoro
BaKkyyma, TUMUYHbIN YPOBEHb KOTOPOro COOTBE-
TCTBYET ThICSYHbIM 4ONSAM atMocdepbl, YTOObI
WCKITIOYNTb CTONIKHOBEHMS 3NEKTPOHOB C MOrle-
Kynamu rasa. [pu cTonb HU3KOM JaBMNEeHMMW Noo-
XUTEnNbHbIE WOHbI, BbiOUBaeMble M3 MOMEKyr
OCTaTOYHOrO rasa u yckopsieMble arieKTpudec-
KuM nonem, 6ombapaunpyoT katod, co3gaBas Ha
HeM n3mepsieMble HaHOMEeTPaMu BbICTYMbl, KOTO-
pble NPUMBOAAT K Aerpagaumm u, B KOHEYHOM
cyeTe, MONTHOMY pa3pyLUEHUNIO KaToaa.

OTn paBHME nNpobnemMbl BakyyMHOW Srlek-
TPOHMKN HE ABNSATCA HENpPeoaonMMbIMU. YTO
€Cnn paccTosiHMe Mexay KaTogom M aHoOOoM
OyaeT MeHbLUe CpeaHero paccTosiHWsS, NPeoao-
NeBaeMoro 3M1eKTPOHOM 4,0 COoyAapeHNs ¢ More-
KyfioM rasa, M3BECTHOIo Kak CpedHsiss ANunHa
cBobogHoro npobera? Torga Bam He NpuaeTca
GecnokomTbCA MO NOBOAY CTONKHOBEHUS 3reK-
TPOHOB C MoreKkynamu rasa. Hanpumep, cpean-
HASA gnvHa cBobogHoro npobera arekTpoHoB B
BO34yxe Npu HopMaribHOM aTMocdepHoM AaB-
neHum coctaenget nopsaka 200 HM, 4TO B Mac-
WwTabax cerogHsILHNX TPaH3UCTOPOB AOBOSbHO
MHOro. Mcnonb3ynTte renui BMECTO BO3ayxa, 1
cpegHas onvHa ceobogHoro npobera npubnu-
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3UTCSA NPMMEPHO K 1 MKM. OTO O3HaYaeT, 4To A4
3MNeKTpOoHa, NpoxoasLlero yepes renun nyTb B
100 HM, BEPOSATHOCTb CTOSTIKHOBEHMUSI C MOSEKY-
nown rasa dyget Bcero nuwb nopsgka 10%. Coe-
nanTe 3a30p MeHbLUE, N BEPOSATHOCTb CTOSKHO-
BEHWIN CTAHET eLLe HUXKe.

Ho pgaxxe npu HEBLICOKOW BEPOATHOCTU CTON-
KHOBEHMS MHOrMe 3NeKTPOHbl BCce Xe OyayT
cTankMeBaTbCAd C Monekynamu rasa. Ecnu B
pesynesrate coydapeHua K3 MOMeKynbl rasa
BblOMBaeTCA 3MEeKTPOH, OHa npeBpallaeTcs B
NONOXUTENBHO 3aPSPKEHHBIN NOH, KOTOPLIN Nog
OencTBMEeM areKTPUYEeCcKoro nons oTnpasndeT-
cs Kk katogy. Bombapanposka NoNoXUTenbHbIMM
WoHaMu NpUBOAUT K Aerpagauunn katoga. Takmm
obpasom, o04eBMOHO, 4YTO BAUSHWE 3TOrO
achbdekTa HaQO CTPEMUTHLCS CBECTU K abBContoT-
HOMY MUHUMYMY.

Mo cyacTblo, ecnu HanpsbkeHne OyaeT Hus-
KM, Y 9reKTpoHa HUKOrga He XBaTWUT SHepruu
48 noHm3aumm renus. Noatomy, ecrnv pasmepsl
BaKyyMHOIo TpaH3MCTOpa CYLLECTBEHHO MEHb-
we AnuvHbl cBobogHoro npobera 3MeKTPOHOB,
YTO cAenaTb HECNOXHO, a paboyee HanpsixeHne
AOCTaTO4YHO HM3KOe (4TO Takke nNpocTo obecne-
YUTb), YCTPONCTBO CMOXET NPEKpacHO paboTaTb
npy o06blMHOM aTmMocdepHoM faBneHun. To
€CTb, haKTU4ECKM, BaM BOOOLLE HE HYXHO 3a60-
TUTbCS O NOAAEPXKAHUW KaKoro-nnbo Bakyyma B
YCTPONCTBE, KOTOPOE HOMWHANBHO CYMTaETCs
KyCOYKOM «BaKyyMHOWN» SNEKTPOHUKN.

Ho kak Bbl BygeTte BKrovaTb M BbIKOYaTb
3TOT HOBbIN BUA TpaHauctopa? B cnyyae anek-
TPOBaKyyMHOro Tpuoda npoTekawLwmm 4Yepes
Hero TOKOM Bbl YMpaBnsieTe, MEHss Hanpsixe-
HWe, NPUIOXEHHOE K CETKe — anekTpoay, pacno-
NOXeHHOMY MexAay KaTogoM W aHogom. Yem
Onuxke ceTka pasMelleHa K KaToay, TEM BbllLe
KauyeCTBO 9reKTpOCTaTUYECKOro YyrnpasreHus,
HO OIHOBPEMEHHO YBENUYMBAETCA U TEKYLLNIA B
ceTKy ToK. B ngeane yepes cetky BooGLle He
OOJIMKEH NPOTEeKaTb KakoW-rMbo TOK, ABMSOLLMIA-
CS1 UICTOYHUKOM JTULLHUX NOTEPb SHEPTUU, @ UHOT-
Ja faxe 1 NpuyYnMHOM BbIXoda fambl U3 CTPOS.
Ho Ha npakTuke HebOonNbLLOW CETOUHbIN TOK BCET-
Oa npucyTCTBYET.

Ona npeogoneHna aTux npobrnem, TOKOM,
npoTeKaoLMM Yepes Halll BaKyyMHbIN TpaH3uC-
TOP, Mbl yNpaBnsgem TOYHO Takke, Kak B 00bly-
Hom MOSFET, ncnonb3ys anekTpod 3arteopa,
N30NMPOBaHHbLIN OT TOKOBOIO KaHana guanek-
TPUYECKMM MaTepuarioM (AMOKCMAOM Kpem-
HUS). [dnanekTpuyeckni M3onsatop He npens-
TCTBYET 3NEKTPUYECKOMY MOS0, HO HEe MycKaeT
TOK B 3aTBOp.
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PagvoBonHbI Cset
Cchepa TpaH3ucTopoB Cchepa nasepos
CBY KpacHbii m
[ [ | [ [
300 MIN'y 3IMMy 30y 300 My 3Try 30 Try 300 Tly
1™ 10 cm 1cm 1 Mm 100 MKM 10 MKM 1 MKM
460 Mu: BbICTPOOENCTBUE 3KCNEPUMEHTANbHbIX
BAKYYMHbIX TPAH3UCTOPOB

40 I'u: MAKCUMANBHOE EbICTPOAENCTBUE
KPEMHUWEBbIX TPAH3UCTOPOB

100 Mu: MAKCUMANBHOE BbICTPOAEWCTBUE
OKCMEPUMEHTAIbHbBIX TPAGEHOBbLIX TPAH3UCTOPOB

TpaH3ucmopsbI ¢ 8aKyyMHbIM KaHaioM OMKpPbI8arm MepCrnekmuebl UCMob308aHUs1 HaCmMomHoe2o duanaso-
Ha, pacrionoxeHHo20 mexdy CBY u uHgbpakpacHbiMu 805THamMu — obrniacmu criekmpa, uHozda Ha3blieaemol
«mepazepuyosbiM MposasioM» U3-3a mpyOHOCMU UCMOMb308aHUs 8 Heli 6orbUWUHCMea rosynpo8ooOHUKO-
8bix ripubopos. K nepcrnekmusHbIM NpuioxeHUsiM 015 mepazepuy,o8020 duana3oHa omHocsmces cpedcmea
HaripasseHHbIX 8bICOKOCKOPOCMHbIX KOMMYHUKauul u demeKkmophb! Or1acHbIX Mamepuasios.

MTakK, Bbl BUOUTE, YTO BaKyyMHO-KaHasbHbIN
TPaH3UCTOpP COBCEM He CrioXeH. HanpoTus, npu-
HUMN ero paboTbl HAMHOrO NpoLLe, Yem y nbo-
ro TMna TPaH3nCTOPOB, CO3AaHHbIX K HAacTosLLe-
MY BPEMEHMW.

Mbl HaxoguMcs elle Ha caMon paHHen cTa-
AUV uccrnegoBaHUIM, HO BEPUM, YTO nocregHue
YCOBEPLUEHCTBOBAHUS, BHECEHHble HaMu B
KOHCTPYKLMIO TPaH3UCTopa C BaKyyMHbIM KaHa-
1IOM, B OAMH NPEKpacHbI AeHb CMOryT oKa3aTb
KoroccanbHOe BIUSHWE Ha 3NEeKTPOHHYI0
NMHAOYCTPUIO, NPEXAe BCEero B YacTu Tex npuro-
XKEHUN, ONs KOTOpbIX NEPBOCTEMNEHHOE 3Haye-
HMe mmeeT ckopocTb. CaenaB nuwb nepBble
Luaru, Mbl yXke Cymenu cosgaTtb yCTPOWUCTBO, CMo-
cobHoe paboTaTb Ha 4actoTe 460 [Ty 1 npeB3o-
weaLee ny4yne KpeMH1UEBbIe TPaH3UCTOPbI NO
ObicTpogencTauto, rpydo roeopsi, B 10 pas. 3to
Aernaet TPaH3UCTOPbl C BaKyyMHbIM KaHarioM
O4eHb NepPCreKTMBHBIM Npnbopom Anist paboTbl B
obnacTty, HasblBaeMOWN «TeparepLoBbIA MpPo-
Ban», — 4acTW 3NEKTPOMarHUTHOro CcrnekTpa
mexay CBY n nHdpakpacHbIMy BOfTHaMu.

OTn yacToThl, 3aHUMatoLwme ananasoH ot 0.1
0o 10 Ty, nonesHbl, Hanpumep, Ansg obHapyxe-
HUS onmacHbIX MaTtepuanoB K obecnevyeHus
CKPbITHOCTM BbICOKOCKOPOCTHbIX KOMMYHUKa-
umnn. Cdepa BO3MOXKHbIX MPUMEHEHUIN, KOHEYHO
e, He OorpaHu4MBaeTCs napow npuBedEeHHbIX
npuMmepoB. Ho BOCMonb3oBaTbCA npenmyLlec-
TBaMW TeparepLioBbIX BOSTH O4E€Hb CITOXHO U3-3a
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HecrnocobHOCTM OObIYHbLIX MOMYNPOBOAHMKOB K
reHepauumn uUnu yCUneHuo CUrHanoB Ha TaKuXx
yacToTax. BakyymHble TpaH3MCTOpbl MOrYT,
N3BMHUTE 3a Bblpa)KeHWe, 3anosfHNUTb 3Ty ObIpY.
OTW TPaH3MCTOPbI TakkKe MOryT HaWTu CBOe
mMecto B OyaywimMx MuKpornpoueccopax, Beb
TEXHOMNOrnsA WX NPOM3BOACTBA MNOSTHOCTLIO
coBMeCTMMa C TexHomnormen obbluHbix KMOI
cxeM. Ho, npexage 4em 310 Npon3onaET, HY>KHO
OyaeT pelunTb HECKOSTLKO Mpobnem.

[MpoToTUN HaLlero BakyyMHOro TpaHancTopa
paboTaeT npu HanpsbkeHnn 10 B, 4yTo Ha nopsi-
OOK Oonblle HanpsKeHusi, UCMonb3yemoro B
coBpemeHHbIx KMOI cxemax. Ho nccneposa-
Tenam u3 MNuttcbyprckoro yHuBepcuteTa yaa-
nocbk caenatb BakyyMHble TPaH3UCTOpPbI C pabo-
YMMWN HanpskeHusMn Bcero 1 unum 2 BoOMbTa,
XOTS1 U LLEHOWN CYLLECTBEHHbIX KOMMPOMUCCOB B
OTHOLLEHUN TMOKOCTU KOHCTpYKUMU. Mbl abco-
NIOTHO YBEPEHbI, YTO TOXE CMOXEM CHU3UTb
TpeboBaHUS K MUTAHMIO HaLLEero ycTponcTea Ao
TakMx >e YPOBHEWN, COKpaTMB paccTosiHue
Mexay aHogoMm m katogom. Kpome Ttoro, cte-
NeHb 3a0CTPEHHOCTM 3TUX SNEKTPOOOB onpeae-
NAET KOHLUEHTPaUWIO SN1EKTPUYECKOro Nons, a ot
CcoCTaBa MaTepuvarna katoga 3aBuUcuUT BeNnYMHa
nonsd, HeobxoaAMMOro Ans U3BMNEeYEeHUst U3 Hero
3NeKTpPoHoB. Takum o6pasomM, Mbl MoOrnu Obl
CHM3NTb Tpebyemoe HanpsxeHne 3a cyeT
KOHCTPYKLMM SMEKTPOAOB, caenaB ux OGornee
OCTPbIMM Ha KOHLaX, a Takke 3a cyeT Bbibopa
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Gornee nogxoasiLero XMMMUYECKOro cocTaBa C
MeHbLUMM GapbepoM AN1s BbIXOASALLMX U3 KaToaa
3MeKTpPoHOB. HecoMHeHHo, 3To Gyaer cBoero
poga 3KBUMMOPUCTUKONM, MOCKOMbKY W3MeHe-
HUS, HanpaBlieHHble Ha CHWXeHne paboyero
HanpsKeHUsi, MOryT NOCTaBUTb Mo Yrpo3y Aor-
rOBPEMEHHYI0 CTabUNbHOCTb 3MEKTPOAoB U
pe3ynbTUPYOLLNIA CPOK CIyKObl TpaH3UCTOpPAa.

Cneayowmm BaxkHbIM ANg Hac warom byaet
pasmMeLlleHne GOoNnbLIOro KOnMyecTBa BaKyyM-
HbIX TPAH3MCTOPOB B MHTErpasibHon cxeme. [ns
3TOr0 Mbl JOIMKHbI 6bITb B COCTOSIHUN MCMOMb30-
BaTb MHOXECTBO CYLLECTBYIOLLMX CPeaCTB KOM-
NbIOTEPHOIO NPOEKTUPOBAHUS U MOAENMpPoBa-
HWUS, paspaboTaHHbIX AN KOHCTPYMPOBaHUSA
KMOI mukpocxem. Ho npexae 4em Mbl nonbiTa-
eMcs 9To caenaTtb, Ham NpuaeTcd U3MEHWUTb
HaLLW KOMMNbIOTEPHbIE MOAENM 4151 3TOF0 HOBOTO
TpaH3ucTopa W BblpaboTaTb onpeaeneHHble
npasuna nNPOEKTUPOBaHMA ANA COefVMHEHMS
MHOXeCTBa TPaH3MCTOPOB B 04HY cxemy. Kpome
TOro, mMbl Gyaem [OMmKHbI NpuayMaTb COOTBe-
TCTBYlOLME MeToAbl KOPMYCUPOBHUA 3ITUX
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YCTPOWCTB, HaMoOSIHEHHbIX renvemM nog Aasne-
Huem B oHy aTMocdepy. Ckopee Bcero, TEXHO-
norun, ncnonb3yeMble B HACTOsILLIEE BPEMS 115
repmetmsauun pasnuyHeix MOMC paTumkos,
TakuX Kak akcenepoMeTpbl U r’MpOCKOMbI, BMOs-
He ycnewHo cMoryT ObiTb NPUMEHEHbI U K CXe-
MaM Ha TpaH3MCTopax C BaKyyMHbIM KaHarloMm.

MpaBoa, npexae YeM Mbl CMOXeEM npeano-
XWUTb PbIHKY KOMMEPYECKMI NPOAYKT, Ham npea-
CTOVWT eLle Npodenartb o4YeHb OonbLuyo paboTy.
Ho korga oHa 6yaeT, B KOHLE KOHLOB, 3aKOHYe-
Ha, 39TO HOBOE MOKOSIEHNEe BaKyyMHOW 3nek-
TPOHWUKM YOMBUT HAC MHOTMMM CBOMMMW BO3MOX-
HocTamu. Xaute atoro. B npotnBHOM cnyyae
Bbl MOXeTe UCMbITaTb HEYTO HEMHOIO MOXoXee
Ha YyBCTBa TEX BOEHHbLIX aHANNTUKOB, KOTOPbIE
obcneposanu cosetckuin Mul-25 B AnoHun B
1976 roay. [No3xe OHW NOHANN, YTO OCHOBaHHas
Ha BaKyymMe aBMOHMKA MOXET MPOTUBOCTOSATb
3MNEeKTPOMarHUTHOMY UMMNYINbCY SAEPHOrO B3pbl-
Ba NnyuLle, Yem BCe, YTO MMENOChb Ha caMmorieTax
3anapga. Tonbko Toraa oHWM HavYanm oco3HaBaTb
LLeHHOCTb HebOorbLIOro HebbITUS. [Z1]

Jin-Woo Han

Meyya Meyyappan
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ynpasneHue

ABUratenamm

NOCTOAHHOIO TOKa

Yactb 1

Brnadoumup PeHmirok, 3arnopoxee, YkpauHa

B cmambe 0aemcsi Kpamkuti 0630p U aHasu3 rnornynsipHbIX cxem, npedHa3HaqyeHbix 0115 yripasrie-
HUSI KOM71IeKMOPHbIMU O8u2amerisMu MocmosiHHO20 MoKa, a makxe npednazaromcsi opuauHarb-
Hble U Masiou38ecmHble CXeMOMexHU4YecKue peweHust

3neKTpquv|raTenv| ABMAIOTCSA, HaBepHOe,
OOHWM M3 CaMbIX MACCOBbIX U3OENUA ANeKTpo-
TexHukn. Kak roBopuT Ham BcesHawowasa Bukn-
neavs, aNeKTPUYEeCKUn aBuratenb — ANeKTpu-
yeckasi MalmHa (dneKTpoMexaHU4Yecku npe-
obpa3soBarenb), B KOTOPOW aNeKTpuyecKkas aHep-
rms npeobpasyeTcs B MexaHnyeckyto. Havyanom
€ro UCTOPUN MOXHO CHMUTATb OTKPbITUE, KOTOPOE
caenan Mankn ®apagen B ganekom 1821 rogy,
YyCTaHOBWB BO3MOXXHOCTb BpaLLeHNs NPOBOOHM-
Ka B MarHuTHom nosie. Ho nepBbIn 6onee-meHee
NpaKkTUYEeCKUn anekTpoaBuraTens C Bpallato-
LLUMMCSI POTOPOM XAarn CBoero nsobpeTteHns 4o
1834 roga. Ero Bo BpeMsi paboTbl B KEHUrcbepre
n3obpen Mopuy lepmaH cdoH Akobu, Gonee
N3BEeCTHbIN Y Hac kak bopruc CemeHoBMY. Onek-

TpoaBuraTenu XapakTepusyloT ABa OCHOBHbIX
napameTpa — 3TO CKOpPOCTb BpalleHus Bana
(poTopa) 1 MOMEHT BpaLleHusi, pa3BMBaeMbIN
Ha Bany. B o6wem nnaHe oba aTnx napametpa
3aBUCAT OT HanNpPsHXeHus1, NogaBaeMoro Ha ABu-
ratenb U Toka B ero obmotkax. B HacTosiwee
BpeMsi MMeeTCa AOCTaTOMHO MHOrO pasHoBMA-
HOCTEW anekTpoAaBuratenen, u nocKombKy, Kak
3aMeTuUN Haw W3BECTHbIN NUTepaTypHbIN nep-
coHax Kosbma MpyTKOB, HEMb3s 00bSATL HEOOb-
ATHOE, OCTaHOBMMCSI Ha PACCMOTPEHUN OCO-
GeHHoCTeln ynpaBneHns aBuratensiMm nocTosH-
HOro TOKa (aanee anekTpoasuratensammn).

K oBuratensim NnOCTOSIHHOrO TOKa OTHOCSTCSA
ABa TMna — 3TO NPMBbIYHbIE ANSA HAC KONMEKTop-
Hble ABuratenu n 6ecKonnNeKTopHble (LaroBble)

6)

PucyHok 1. KonnekmopHsbiti 08uzamerib ¢ pedyKmopoM (a) U murnogasi KOHCmpYKUUSI KOrsIeKmopHo20 d8u-

eameris (6).
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D1 LM317T Vourt = Vrer(1 + R2/R1) D1 LM317T Vout = Vrer(1 + R2/R1)
I = Vger/R R I = VRer/Rum

+Vpe 9 Rum REF/RLIM +Vour +Vbc 2 LIM +Vout
° 2N ouTP—] e o—+ °lIN outP—] ®

c1 Adj c2 I c1 Adj c2

= 1 R1 2= — 1 R1.2 2=

100n 100 100n R1A 100
*—— ® © 1 2 e
—Vpe GND -Vpc «CKopocTb GND

|R2 «CkopocTb I:‘:IRZ BpalLeHus»
BpaLleHuns»
a) 6)

PucyHok 2. CxeMbl yripagrnieHusi MasioMOUW,HbIM KOIIIeKmMopHbIM 0guzameriem Ha 6ase UMC LM317.

asuratenu. B nepBbIX nepeMeHHoe MarHuTHoe
none, obecneynBaroLLee BpalleHne Bana ABu-
ratensi, obpasyetcss obMoTKamu potopa, KoTo-
pble 3anUTbIBAKOTCSH Yepes LWETOYHbI KOMMYTa-
Top — Konnektop. OHO M B3auMoOJEencTByeT C
NMOCTOSIHHBIM MarHMTHbIM Nofem craTopa, Bpa-
waa potop. Ona paboTbl Takmx gBuratenen
BHELUH/ME KOMMYTATOpPbl HE TPEeBbYHTCH, UX Porib
BbIMOSTHAET komnnektop. Ctatop MOXeT ObITb
N3roTOBMIEH KaK M3 CUCTEMbl NOCTOSHHbIX Mar-
HUTOB, Tak U U3 aNeKTpoMarH1ToB. Bo BTopom
TMne anekTpoasuratenen obmoTtku obpasytoT
HenoaBWXHYIO 4YacTb Apuratens (ctatop), a
poTOp cAenaH 13 NOCTOSAHHbIX MarHUMToB. 34ecb
nepemMeHHoe MarHutHoe none obpasyeTtca
nyTem KOMMyTauMm oOMOTOK cTaTtopa, KoTopas
BbIMOSTHAETCS BHELUHEN YNpaBnsAoLLEe CXeMON.
Laroebie pgBuratenu («stepper motor» B
AHIMMMNCKOM HanucaHum) 3HaYnTENbHO JOPOXKE
KOSMMNEKTOPHbIX. 3OTO AOCTAaTOMHO CIIOXHblE
YCTPOWCTBa CO CBOUMM creungmnyeckumm oco-
beHHocTsaMn. WX nonHoe onucaHune Tpebyer
oTAenbHOM nybrnvkauum n BbIXOOUT 3@ PaMKu
AaHHon ctatbu. [1na nonyyeHusa 6onee nonHom
WHopMaLMM MO ABUraTendam 3TOro Tuna u mUx
cxemaM ynpaBrieHuss MOXHO obpaTutbcs,
Hanpumep, K[1].

KonnektopHble psuratenu (PucyHok 1)
Oonee fgelwleBbl U, Kak NpaBuno, He TpeldytoT
CMNOXHbIX cUCTEM ynpasrneHus. [Ana nx yHkum-
OHUPOBAHUA OOCTATOMHO MOAAYM HanpsXKeHus
nUTaHuMs (BbINPSAMMEHHOrO, MNOCTOSAHHOrO!).
Mpobnembl HauyMHalOT BO3HWUKATb, Korga nosie-
nseTca HeobxoaAMMOCTb B peryrnmpoBKe CKOPOC-
TV BpaLleHWs Bana Takoro ABuraTtens unv B crne-
UManbHOM pexume ynpasfieHUs MOMEHTOM
BpaLLeHusi. OCHOBHbIX HEOOCTATKOB TakuUX ABU-
ratenen Tpy — 370 Manbli MOMEHT Ha HU3KUX
CKOPOCTSX BpaLleHns (No3ToMy 4acTo TpebyeT-
CSl pedyKTop, a 9To OTpaXaeTcs Ha CTOMMOCTU
KOHCTPYKLMN B LENOM), reHepauns BbICOKOrO
YPOBHS 3NEKTPOMArHUTHbIX U pagnonomex (13-
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3a CKOMNb35ILEro KOHTaKTa B KONMeKTope) U H13-
Kas HageXHOCTb (TOYHee Marnbli pecypc; npu-
YMHa B TOM e konnektope). [pu ncnonb3osa-
HUW KOMNEKTOPHbIX ABuratenen Heobxoanmmo
yunTbIBaTb, YTO TOK MNOTPebrneHnsa n ckopocTb
BpaLleHns1 UX poTopa 3aBUCAT OT Harpysku Ha
Bany. KonnektopHble asuratenu 6onee yHuBsep-
canbHbl U MMetloT Bonee Wnpokoe pacnpocTpa-
HeHVne, OCOBEeHHO B HedopOrnx YCTPOMCTBAX,
rae onpeaensiowmm akTopoM SBASETCA LieHa.
MoCcKOnbKY CKOPOCTb BpaLLeHMs1 poTopa Kors-
NEKTOPHOro ABuratens 3aBUCKT, B NEPBYHO OYe-
pedb, OT NOAaBaeMOro Ha ABuUratenb Hanpshke-
HWs, TO €CTECTBEHHbIM SIBMSIETCA UCMONb30Ba-
HWe Onga ero ynpaeneHns CXem, UMeKoLLMX BO3-
MOXXHOCTb YCTaHOBKM MW PEryriMpPOBKN BbIXO4-
HOro HanpskeHusi. TakuMu peLueHnsiMU, KoTo-
pble MOXHO HanTu B WHTepHeTe, SABNSAOTCS
CXEeMbl Ha OCHOBE perynupyemMbix ctabunmnsaro-
pOB HaMpsKeHWs1 N, NOCKONbKY BEK OUCKPETHbIX
cTabnnmMsaTopos AaBHO NpoLLen, Ans 3TOro Luene-
coobpa3HO MCnonb30BaTb HeOoporve UHTer-
parnbHble KOMMEHCAUUOHHbIE CTabunusaTopsbl,
Hanpumep, LM317 [2]. Bo3amoxHble BapuaHThbl
TaKoW CxeMbl NpeacTaBneHbl Ha PUcyHke 2.

CxemMa NpUMUTMBHASA, HO KaXeTCsl O4YeHb
yOa4HoOW u, rnasHoe, Heaoporon. NocMoTpUM Ha
Hee C TOYKM 3peHust nHxeHepa. Bo-nepsbix,
MOXXHO N OrPaHMYMTb MOMEHT BpaLLEeHUs unm
TOK Apuratena? OTO pellaeTcs YCTaHOBKOW
OOMNONMHNTENBHOro pesncTtopa. Ha PucyHke 2 oH
0b03Ha4eH kak R . Ero pacuet nmeetcs B cne-

uMurKaLmm, HO OH yXyALwaeT XapakTepUCTUKy
CXeMbl Kak cTabunu3atopa HanpspkeHus (06
aTom Byaet Huxe). Bo-BTOpbIX, Kakon 13 Bapu-
aHTOB ynpaBneHuns CKOPOCTbIo nydwe? Bapu-
aHT Ha PucyHke 2a paeTt ygoOHyto NUHENHYHO
XapakTepucTUKy perynnpoBaHusi, NO3TOMY OH U
6onee nonynspeH. BapuaHT Ha PucyHke 26
UMEET HENMNHENHYIO XapakTepucTuky. Ho B nep-
BOM crly4ae npu HapyLleHUM KOHTakTa B nepe-
MEHHOM pe3ncTope Mbl Mosly4aemMm Makcumarb-
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5.00

HuUue mMexay BXOAHbIM HanpaxXeHunem

4.00

VN ¥ BbIxogHbIM Voyt, paBHon 3 B,

OyoeT pacceuBaTbCA MOLWHOCTb He

MeHee

P (BT)

P= (VIN_VOUT)XI =3x1=3Brm.

Takum obpasom, HyXeH paguaTtop.

OnsATh BONPOC — Ha Kakylo paccevBae-

0.00

MYyt0 MOWHOCTb? Ha 3 BT? A BOT 1 HeT.

2 3 4 5 6 7 8 9 10
Vour (B)

PucyHok 3. papuk 3agucumocmu MouwHocmu, pacceusae-
mou Ha MIMC pezayrnsamopa, 0m 8bIXO0HO20 Harpsi>KeHUs.

HYHO CKOPOCTb, @ BO BTOPOM — MUHUMAaIbHYHO.
YT0 BbIOpaTh — 3aBMCUT OT KOHKPETHOTO NpUMe-
HeHus. Tenepb pacCMOTPMM OAWH NpUMep Ans
Asuvratens ¢ TMNoBbIMKU NapameTpamn: paboyee
HanpsbkeHne 12 B; makcnmanbHbI paboyunii Tk
1 A. UMC LM317, B 3aBUCUMOCTU OT cydpdmk-
COB, UMEET MaKCMMarsbHbIA BbIXOAHOW TOK OT
0.5A o 1.5 A (cm. cneundoukaumto [2]; umetrotes
aHanornyHblie UMC n ¢ 661bLInM TOKOM) 1 pas-
BUTYIO 3amnTy (OT neperpysku n neperpesa). C
3TOWN TOYKW 3PEHUA AN HaLlen 3agayvm oHa noa-
XoauT naeaneHo. Npobnembl cKpbiBalOTCS, Kak
BCerga, B Menovax. Ecnv asurarens 6yaet BoiBe-
OEH Ha MakCUMarbHYH MOLHOCTb, YTO Ans
Hallero NpUMeHeHUs BeCbMa pearnbHO, TO Ha
NMC, paxxe npu MMHMManbHO 4ONYCTUMOW pas-

12 Ecnn He nomeHuTbCcA M paccuuTaTb
rpadpmk Harpysku IMC B 3aBUCUMOCTH
OT BbIXOL4HOMO HaNPsKeHWUs (3TO Nerko
BbINOMHUTL B Excel), To Mbl nonyyaem,
YTO MPK HaLWMX YCNOBUSX MaKCcUmarib-
Has moLHocTb Ha MMC 6yaet pacceu-
BaTbCA HEe nNpU MaKCMManbHOM BbIXOAHOM
HaNpsPKeHUN perynatopa, a npu BbIXOAHOM
HanpshkeHnn paBHoM 7.5 B (cMm. PucyHok 3), u
OHa cocTtaBuT noyTn 5.0 BT!

Kak Bngum, nonyyaeTtcsi 4TO-TO yKe He AelLue-
BO€, HO OYeHb rpomosakoe. Tak 4YTo Takom nog-
X0 FOAUTCA TONbKO 4S5 MarioMOLLHbIX ABUraTe-
nen c pabovnm TokoM He 6ornee 0.25 A. B atom
cnyyae MOLWHOCTbL Ha perynupytowen KMMC
Oyaet Ha ypoBHe 1.2 BT, uTo yXe byaeTt npmem-
nemo.

Bbixog 13 nonoxeHust — ncnonb3oBaTtb AN
ynpaBneHus MeTo LWUPOTHO-UMMMNYNbCHON
mogynaumn (LWAM). OH, [encTBUTENLHO,
cambln pacnpocTpaHeHHbIn. Ero cyTe — nogaya

12V AC 10R
- 1—%¢
INPUT
s lhce
2200uF 10uF
! 25v ! 25V
+12Vv +12Vv +12V
==
FasT
RVY
10k
SPEED
RvVE
10k S
6
— 1 sLOW ]
100nF RV3
10k

REVERSING
SWITCH

PucyHok 4. «<Knaccudyeckasi» cxema yrnpasnieHusi KornnekmopHbIM dgu2amerneMm Ha ocHose LLIMM (coanacHo

opueauHany [3]).
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Ha gBuratenb NPOMOAYNIMPOBaHHbIX MO Anu-
TENbHOCTU OAHOMNOSAPHbLIX MPSAMOYTOSbHbIX
nmnynbcoB. CornacHo Teopun CcurHanos, B
CTPYKType Takow nocrneaoBaTenbHOCTU UMeeT-
Csl MOCTOSAIHHas COCTaBNAwLWas, nponopumno-
HanbHas oTHoLeHwto /T, rae: T — ANUTENbHOCTb
umnynsca, a T — nepnoa nocrnegoBaTenbHOCTH.
BoT OHa-TO 1 ynpaBnseT CKOpOCTbIO ABUraTens,
KOTOPbIV BbIOENSIET €€ Kak MHTerpaTop B 3TON
cucteme. NockornbKy BbIXOAHOW Kackag peryns-
Topa Ha ocHoBe UMM paboTtaeT B KIo4eBOM
pexXnMe OH, Kak NpaBuro, He HyxXaaeTcs B 6onb-
LWMX paguaTtopax Ans oTBoAa Tenna, gaxe npu
OTHOCUTENbHO OONbLUMX MOLLHOCTAX ABuUrarte-
na, n Krh Ttakoro perynsatopa HecpaBHEHHO
Bbille npegblaywero. B paae cnyvyaeB MOXHO
NCNonb30BaTh MOHWXAOLWME MMM NOBbILIAO-
wne DC/DC-npeobpasoBartenu, HO OHU UMEIOT
PS4 OrpaHuyeHni, Hanpumep, no rmy6uHe pery-
NIMPOBKM BbIXOLHOMO HaNPsHKEHUSA U MUHUMAaTb-
Hon Harpy3ke. [Moatomy, kak npasuno, yaiie
BCTpEYaloTCs MHble pelleHuns. «Knaccuyeckoe»
CXEMHO€e pelleHne Takoro perynstopa npea-
cTaBneHo Ha PucyHke 4 [3]. OHO ncnonb3oBaHo
B KayecTBe gpoccens (perynsitopa) B npogec-
CMOHanbHOW MOAENW Xene3HoW 40POru.

Ha nepBom onepauuvoHHOM ycunuTtene
cobpaH reHeparop, Ha BTOpoM komnapartop. Ha
BXOZ KOMMNapartopa nogaeTcsi CUrHan ¢ KOHAeH-
catopa C1, a nytem perynupoBaHusi nopora
cpabaTtbliBaHMS (POPMUPYETCS YXKe curHan nps-
MOYTrOrnbHON (POPMbI C HY>XHbIM OTHOLLIEHMeM T/ T
(PvicyHOK 5).

' Four channel oscilloscope-XSC1

10 Vo A E:: FF ol e
5 ..-‘:.‘4 R a B e [ v
€
EEIrEE] [(Seogie J{ tormal | [ Auto J(RERE)HST)

PucyHok 5. [uacpamma yripaeneHusi Korisek-
mopHbIM dguzamerniem Ha ocHose LLIMM. BepxHsisi
mpacca — HarnpsikeHue Ha koHOeHcamope C1;
CpeOHsAs (Mepecekaem BepXHII0) — cuaHar
yrnpaerneHus (HanpskeHue Ha 08UXKe pe3ucmo-
pa RV2); HuxHsIs1— HanpsikeHue Ha dguzamerie.
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[dnana3oH perynupoBkn YycTaHaBnMBaeTCA
noAacTpoeyvHbiMu pesnctopamm RV1 (GbicTpee)
n RV3 (MeaneHHee), a cama perynmpoBka CKo-
pocTu ocyLecTBrnsieTcs peanctopom RV2 (cko-
pocTb). ObpaLiato BHUMaHME yMTaTenemn, Yto B
NHTepHeTe Ha pycCcKoA3blYHbIX (hopyMax rynsiet
noxoxasi cxema ¢ oLumbkamv B HOoMMHanax genu-
Tensd, 3agaroLlero nopor komnapartopa. Ynpas-
neHne HenoCcpeaCTBEHHO ABUratenem ocylie-
CTBNSAETCA 4epe3 KoY Ha MOLLHOM MOSIEBOM
TpaH3ucTtope Tuna BUZ11 [4]. OcobeHHoCTH
aToro TpaHauctopa Tuna MOSFET — GonbLuon
paboun Tok (30 A mocTtosaHHoro, n go 120 A
MMMNYNbCHOMO), CBEpPXMaroe COnpoTUBIEHNE
OTKpbITOro kaHana (40 MmOm) u, cnegoBaTternbHO,
MUHUMarbHasi MOLLHOCTb NOTEPb B OTKPbITOM
COCTOSIHUWN.

Ha 4To Hy)XHO B nepByto ovepenb obpalyatb
BHMMaHMe Npu UCMoNb30BaHMM Takmx cxem? Bo-
nepBbiX, 3TO WCMOMHEHNE LEenu ynpasBreHus.
3pecb B cxeme (PucyHok 4) ectb HebonbLuas
HegopaboTka. Ecnn co BpeMeHeM BO3HUKHYT
npobnemMbl ¢ NOABUXKHBIM KOHTAKTOM NepemMeH-
HOro pes3ncTopa, Mbl MOSYYUM MOSMHbLIA MOYTK
MrHOBEHHbIA pa3roH Asuratensi. 3TO MOXeT
BbIBECTU M3 CTPOS Hawe ycTponctso. Kakoe
npotmneBosiamMe? YCTaHoBUTb 4OGABOYHbIV AOCTa-
TOYHO BbICOKOOMHbLIN PE3NUCTOpP, HanpuMmep,
300 kOm c BbiBoga 5 MMC Ha obwmii nposoa. B
3TOM crnyyae npuv OTKase perynatopa Asurartenb
OyaoeT oCTaHOBMEH.

Ewe ogHa npobnema Takux perynsitopos —
3TO BbIXOOHOW Kackaf unuv gparisep gsuratens.
B nogo0bHbIX cxemax oH MOXeT ObITb BbIMOMHEH
Kak Ha noresblX TpaH3McTopax, Tak n Ha Buno-
NAPHbIX; NOCreAHMEe HEeCPaBHEHHO [eLlleBne.
Ho 1 B nepBom 1 BO BTOPOM BapmaHTe HeOOXo-
ANMO y4UTbIBaTb HEKOTOPbIE BaXKHbIE MOMEHTbI.
[nsa ynpaBneHus nonesbIM TPaH3NMCTOPOM TUNa
MOSFET HyxHO obecneunTb 3apsag v paspsag
€ro BXOHOM EMKOCTU, a OHa MOXET COCTaBIATb
Tbica4n nukodpapan. Ecnn He umcnonb3oBaTtb
nocrnegoBaTenbHbIN C 3aTBOpOM pesncTtop (R6
Ha PucyHke 4) unm ero HomuHan 6ygeT CrmLLKOM
Man, TO Ha OTHOCUTESIbHO BbICOKMX YacToTax
ynpaBneH1s onepaumoHHbIN YCUNUTENb MOXET
BbINTU M3 CcTposi. Ecnu e ucnonb3oBatb R6
fonbWworo HomuHana, TO TpaH3ucTop Oyager
JOonblUe HaxoauTbCA B aKTUBHOW 30HE CBOEN
nepenaTodHOM XapaKTepuUcTUKM W, crepoBa-
TenbHO, UMeeM POCT NOTEPb U HArpeB KItoya.

Ewe ogHo 3ameyvaHune kK cxeme Ha PucyHke 4.
Mcnonb3oBaHue pononHuTenbHoro auopa D2
NWLWLEHO CMbICNa, TakK Kak B CTPYKType TpaH3uc-
Topa BUZ11 yxe mmeeTrca CBOW BHYTPEHHWI
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PucyHok 6. [pumep cxem pezyrnsimopos ¢ LLINMM u usmeHeHuUeM oriopHol Yacmomel.

3aLlNTHBIN BbICTPOAENCTBYOWMIA OMog C Nyy-
LMW XapaKTepUCTUKaMK, YeM npeasiaraembii.
Ovog D1 Takke SBHO NULIHWA, TPaH3UCTOP
BUZ11 ponyckaeT nogavy HanpsXeHusi 3aTBop-
nctok £ 20 B, ga n nepenontocoBka B LENK
yrnpaBreHnsi Npy 0gHOMONSAPHOM NMUTAHUK, KaK 1
HanpsbkeHue Bollwe 12 B, HEBO3MOXHbI.

Ecnu ncnonb3oBatb GMNonspHbIN TpaH3uc-
TOp, TO BO3HMKaeT npobnema copmmupoBaHns
[0CTaTO4YHOro No BenuymnHe 6asoBoro Toka. Kak
N3BECTHO, ANS HacCbILLEeHWs Kntova Ha Gunonap-
HOM TpaH3ucTope ToK ero 6a3bl AOMKeH ObIThb,
no kpawmHen mepe, He meHee 0.06 oT ToOKa
Harpysku. NMOHATHO, YTO onepaunoHHbIA YCUMN-
Tenb Takon TOK MOXeT He obecneunTb. C aTON
Lenbio B aHanorMyHoMm, no cyTu, perynstope,
KOTOPbIV UCMONb3yeTcs, Hanpumep, B nonynsp-
HOM MuHK-rpaBepe PT-5201 komnaHum Pro’sKit,
npumeHeH TpaH3uctop TIP125, npegcraensio-
wmn cobon cxemy fapnuHrtoHa. TyT uHTepec-
HbIi MOMEHT. 3TN MUHU-TPaBEPbLI MHOIAA BbIXO-
OSAT U3 CTPOsi, HO He 13-3a neperpeBa TpaH3uc-
TOpPa, KaKk MOXHO ObIf1o 6bl NPeAnonoXnTb, a na-
3a neperpeea MMC LN358 (makcumanbHas
paboyas temneparypa +70 °C) BbIXOQHbIM TpaH-
31MCTOPOM (MakcMMarnbHO JonycTumas Temne-

Nnonb30Baricsl aBTOp CTaTbW, OH Oblfl BNIIOTHYIO
npwxat K kopnycy MMC n nocaxeH Ha Krei, 4To
HegonycTtumo Harpesano VIMC n noytu 6rnoku-
poBaro Tennooteod. Ecnu Bam nonanacb Takoe
NCNOSHEHME, TO NyyLle «OTKNENTb» TPaH3UCTOP
oT MMC 1 makcumanbHO OTOrHYTb. 3a 310 know-
how aBTOp cTaTby ObIN NPEMNPOBAH KOMMAHUEN
Pro’sKit Habopom mHCcTpymeHTOB. Kak Bugute
BCE HY)XHO peLuaTb B KOMMSIEKCE — CMOTPETb He
TONMbKO HAa CXEMOTEXHWUKY, HO U BHMMAaTENbHO
OTHOCUTCS K KOHCTPYKLWUN perynsatopa B LierioM.

EcTb elle HEeCKONbKO WHTEpPEeCHbIX CXeM
oonee npocteix LWNM-perynatopoB. Hanpu-
Mep, ABe CXeMbl Ha OAMHOYHOM OnepaLNoOHHOM
ycunuTene ¢ gpareepom onyonukosaHbl B [5]
(OpHa u3 Hux npuBegeHa Ha PrcyHke 6a). EcTb
cxeMbl 1 Ha Gase NnonynApHOro TaMMmepa cepum
555 [6] (PucyHok 606). 9T gelwleBble pelleHns
He OOSMKHbI BBOOUTL Bac B 3abnykgeHne cBoen
KaxyLiernca npoctoton. Benomuum A.C. IMNMywwku-
Ha: «He roHancs Okl Tbl, NOM, 3a AELLEBU3HONY.
Mnn dpaHuy3oB: «3a Kagoe yOoBOSbCTBUE
HY>XHO NnatuTb». O6e 3TN cxembl POPMUPYIOT
cypporatHbiin curHan LWMM ¢ usmeHeHnem onop-
HOM YacToTbl. Tak cxeMbl Ha QY un3 [5] meHsaoT
4acTOTy yrnpaBneHus BO BpeMs perynmpoBaHus

patypa +150 °C). B wusgenusx, koTopbiMu oT 170 Ny go 500 Ny, a cxema Ha Tarimepe — OT
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PucyHok 7. Cxembi pe2ynsimopos ¢ LLIVIM 6e3 usameHeHus  oriopHoU Yacmombl.

150 Ny, o 1000 Ny, n ee gnanasoH perynnpoBKu
(BEpXHWUI OManasoH) OrpaHUYeH CKBaXXHOCTbIO
9.5. [Ina HeKoTopbIX NPUMEHEHUI 3TO MOXET
ObITb HEQONYCTUMO, TaK Kak Ha 6onbLINX YacTo-
Tax ABuUraTtenb MOXET U He 3apaboTaTb, Unn He
AaTb HY>XHbI MOMEHT BpaLleHus. OTO NPOUCXO-
OWT n3-3a TOro, YTo TOK B 0OOMOTKe ABuratens,
KoTopasi npeacTaBnser cobon UHOYKTUBHOCTb,
yCTaHaBNMBaETCS HE MTHOBEHHO, a HapacTaeT u
crnagaeTt no 9KCroHeHTe. bonee KoppekTHble
cxembl Ha 6ase Tarimepa 1 oguHo4vHoro QY npu-
BeaeHbl Ha PucyHke 7.

AHanormyHble Mo CTPYKType perynsaropbl
MOXXHO MOCTPOUTb N Ha LINPPOBLIX NOrMYECKNX
aneMeHTax, HO OHW UMEIOT Masyto Harpy304HyHo
CMOCOBHOCTL U TPEeOYOT OTAENBbHOrO UCTOYHMKA
NUTaHUS, NO3TOMY B AAHHOW CTaTbe He pac-
cmatpuBatotcs. NpumeHeHne xe Tanmepa 555
WHTEpPEeCHO TeM, YTO 4YacToTa reHepaTopa,
BbINOSIHEHHOrO Ha ero 6ase, MpakTU4YecKkn He
3aBUCUT OT HanpsXxeHus nutaHus. Kpome Toro,
OOMbLMHCTBO HbIHE BbiNMyCKaeMbIX 3apyOeXHbIX
aHanoros, BbINOSIHEHHbIX NO BUNONAPHOW Tex-
Honoruu, gonyckaet BbixogHoW Tok 40 200 MA u

OkoH4aHue e criedyrouieM HoMmepe

PapwoJloymaH - okrs6pb 2014

CTATbU

©onee. To eCTb, OHM MOTYT JTETKO CNPaBUTLCS U C
eMkocTbto 3atBopa MOSFET 1 ¢ MOLLHBIMY KIHO-
Yyamu Ha BUNONAPHBIX TpaH3ucTopax. bnunskui K
TanmMmepy 555 COBETCKO-POCCUICKUIA aHanor —
ato MMC (KP)1006BN1. MakcumanbHbI
BbixogHoM Tok Ans KP1006BM1 n KMOIT-
Bepcuii Tanmepa coctaenseT 100 mA. 21

Jlutepartypa:

1. PenTiok B. «lllarosble gBuratenu n ocobeHHocTu
X NpUMeHeHUsi». KOMMOHEHTbI U TEXHOMOruK,
Ne10,2013

2. LM117/LM317A/LM317-N Three-Terminal Adjus-
table Regulator, Texas Instruments Inc., Jan. 2014

3. http://www.talkingelectronics.com/EMR-2/Simple
PWMThrottle.pdf

4. BUZ11 N-Channel Power MOSFET 50V, 30A,
40mQ, Fairchild Semiconductor Corp., 2001

5. [iBe cxembl UM perynsatopa Ha 12 BOnbT.
www.joyta.ru/6363-dve-sxemy-shim-regulyatora-
na-12-volt

6. UMM perynsatop obopotoB asuratenst 12 Bonst
Ha Tavmepe NE555. www.joyta.ru/4324-shim-
regulyator-oborotov-dvigatelya-12-volt-na-
tajmere-ne555
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Ucnonb3oBaHue CTaHAAPTHbIX

mukpocxem NXP

[Ang npeobpa3oBaHus
NIOrMYecKux ypoBHen

Ali Zeeshan, NXP Semiconductors

EEWeb

Bo MHoz2ux cospeMeHHbIX MopmamueHbIX cucmemax codemaromesi ycmpoulcmea ¢ pa3iudyHbIMU
paboyumu HanpsikeHusmu. OOHOHarnpasneHHble MPaHCsmMopsbl, coguaarouue ypo8eHb Harpsi-
JKEHUSI 88epx UslUu B8HU3, Moaym clOerlamb COBMECMHYy0 pabomy amux ycmpolicme 6ornee
agpgpekmusHou. Ceolicmeamu, no380AAWUMU UCMOMb308amb UX 0511 mpaHCsuuu yposHel ¢
HU3KO20 Ha 8bICOKUU UMU C 8bICOKO20 Ha HU3Kul, obrnadarom MUKPOCXeMbl U3 HECKO/IbKO

cemeticme crmaHdapmHoU r102uKuU.

OcHoBHasA npen

CerogHsa paspaboTynkam Hepeako Mpuxo-
ANTCS co3aaBaTb YCTPOMCTBA U3 pa3HOPOAHbIX
3MIeMEHTOB, ANdA NUTaHUSA KOTOpbIX TpebyeTcs
HECKOSTbKO pasfnU4YHbIX HanpsiXeHun. 10 0Co-
GeHHO cnpaBeanMBO B OTHOLUEHWMM MopTaTUB-
HbIX MPUITOXEHWI, rae paboudne HanpsKeHUs
npoueccopa, namsaTn n nepmudepmmn ¢ 6onbLIoN
BEPOSITHOCTbIO HEOAMHAKOBBI. B Takux cnyyasx
YPOBEHb BbIXO4HOMO HanpsiKeHusi YyCTPOMCTBa-
ApanBepa O0MmkKeH ObiTb CMeLLUeH BBEPX UMK
BHM3 Takmm obpasom, 4YToObl NMPUEMHUK MOT
WHTepnpeTupoBatb ero npasunbHo (Pucy-
HOK 1).

1.8B

33B

iginl
TUL

EcTecTBEHHO, YTO CABUI YPOBHEN HYXXEH He
caM no cebe, a ang obMeHa KakuMu-To JaHHbI-
mu. MNepenaya gaHHbIX MOXET NMPOUCXOAUTL B
OOHOM HanpasreHun (oAHOHanpaBneHHas) Unu
B OBYX (OoByHanpasneHHasi). Mbl 6ygem pac-
cMaTpvBaTb BOMPOCHI MOCTPOEHWUs OAHOHar-
paBreHHbIX TPAHCNATOPOB.

MpeobpasoBaHne HU3KUX YPOBHEN B
BbICOKMKE

D,J'Iﬂ TpaHCNAUNN HU3KUX NTOTMYeCKnxX yDOBHeVI
B BbICOKME MOIYT MCMNOJ1b30BaTbCA J1Orm4eckume

yCTpOIZCTBa, nverume HM3KMe ypoBHU BXOOHbIX
NOpPOroB Ui BblXodbl C OTKPbITbIMU CTOKAMW.

3.3B

3B m
;e

.8B

1.8B
IT1UL

PucyHok 1. COgu2 yposHs 8bIXOOHO20 HaMpPsKEHUSs 88epX UJIU 8HU3.
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PucyHok 2. YnpoweHHas cxema exoda KMOIT eeHmunsi ¢ 8X00HbIMU
rnopozamu nepeksoYeHuUs], 6onee HU3KUMU, 4eM y 0ObIYHbIX MUKDOCXEM.

Yempolicmea ¢ HU3KUMU nopo208biMu
YPOBHAMU HA 8X00aX

Ona npeobpasoBaHMs HU3KUX JTOMMYECKNX
YPOBHEW B BbICOKME MOTYT ObITb MCMOSNb30BaHbI
KMOI ycTporcTBa ¢ BXOAHbIMW MOporamum nepe-
KInoveHust, 6onee HU3KMMK, YeEM Y CTaHOAPTHbIX
MUKpocxem (PUCYHOK 2).

BxogHon nopor onpegensercss KOMOUHaum-
€ reoMeTpUYECKNX napaMeTpoB TpaH3UcTopa
N1 1 nageHuna HanpskeHns Ha guoge DA1.
Kpome TOro, P-kaHanbHbI TpaH3uctop P2 cHu-
XaeT nepeKkpecTHbIN TOK Yepes3 MHBEPTOP.

[nsa aTux uenen npurogHbl NorMyeckne Mmk-
pPOCXeMbl HECKOSbKMX CTaHOAPTHbIX CEMENCTB.
Hanpumep, Bbinyckaemblie NXP cepumn AHC n
HCT, paboTatuwue B guanasoHe HanpsKeHui
nuTaHns oo 5 B, mMoryT mcnonb3oBaTbCs AN
CABUra BbIXOAHbIX YPOBHEW MUKPOCXeM, MNog-
KIMHOYEHHbIX K WnHe nuTaHua 3.3 B. Cepuwm
AUP1T 1 NX3 c HanpshkeHveM nuTaHmsa 0o 3.6 B
MOryT NoBbILWAaTh lornyeckne yposHu 1.8 B.

Voo

MogTAruBarownm
pe3uctop

Bxon

. —

/

GND

PucyHok 3. Wcnonb3oeaHue Onsi mpaHcasyuu
YPOBHS1 8bix00a C OMKPbIMbIM CIMOKOM U M00msi-
ausarouwezo pesucmopa.

PapuoJloumaH - okrs6ps 2014

Ycmpolicmea c omkpbimbiMmu
CMOKaMu Hd 8bIXo0ax

Ecnn BbIXOAbl NOrMYECKUX 3NEMEHTOB
UMEIOT OTKPbITbIE CTOKW, UX MOXHO NOAKIMIOYUTL
Yyepes noaTArMBaroLLme pe3ncTopbl K UCTOYHUKY
HanpsbkeHusa, oTBevawwero TpeboBaHUAM
ynpasnsieMoro yctponctea. Takas cxema
TpaHCcNAUMKM YpoBHSA n3obpaxeHa Ha PucyHke 3.

B ka4ecTBe npumepa paccMOTpMM UCMONb30-
BaHMe ManomMoLHoro 6ydepa ¢ OTKpbITbIM CTO-
koM NXP 74AUP1G07 ansa TpaHcnaumm ypoBHS
1.8 B B 3.6 B. [Npn BXOAHOM YpOBHE U1 Hanpsixe-
HUM NuTaHusa 1.8 B BbIXod C OTKPbITbIM CTOKOM
MOXHO Yepes pe3ncTopbl NOAKIYUTL K Hanps-
XeHuto 3.6 B, n ynpaenaTtb cnegylowmm Kacka-
OOM, VMEWLWNM YpPOBEHb «JIOT. 1», paBHbIN
3.5 B. ToyHO Takke C NMOMOLLBID MUKPOCXEMbI
NXP 74AUP1G07 ypoBeHb 3 B MoxHO npeobpa-
3oBaTb B 5 B. lNpun HanpskeHun nutaHus 3 B
OTKPbITble CTOKM BbIXOA4OB Yepe3 noaTsarmsato-
LLine pe3ncTopbl MOXHO NOAKMNoYaTh K lWnHe 5 B.

Mpwn ncnonb3oBaHUn NOAOOHBLIX CXeM, OfHa-
Ko, crnegyeT MpuUHUMaTb BO BHUMaHWEe OAWH
CylecTBEHHbIN MOMeHT. Wcnonb3oBaHue
BbIXOAHbIX HArpy3o4HbIX PE3NCTOPOB B Lendx
CTOKOB YyBeNnuYMBaeT TOK, noTpebnsaembin
YCTPOWCTBOM, NOCKOSbKY Ha pe3ancTopax pacce-
nBaeTcsa 3aMeTHasi MOWHOCTb. Kpome Toro, ot
COMpPOTMBIEHNS 3TUX PE3NCTOPOB 3aBUCHAT Bpe-
MeHa HapacTaHus U cnaga.

MpeobpasoBaHue BbICOKOro YpOBHA
B HU3KUM

B KaTteropuio npegHa3HavYeHHbIX OJ1A 3TOro
MUKPOCXEeM BXOAOAT yCTpOVlCTBa C 3allNTHbIMA
anogamMmm n TOKOOrpaHm4mearwWMMU pPe3NCTO-
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KMOIN Bxopn, yctonumBbIn
K neperpy3ke rno HanpsbkeHuro

f VVec=3B

VT BxogHon
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Paswem Kabenb

PucyHok 4. TpaHCcisyusi 8bICOKO20 YPOBHS 8 HU3KULU.

pamMu Ha BXofax, a TakxKe yCTpOWCTBa, BXOAbI
KOTOPbIX WMEKT 3aluTy OT MOBbILEHHOIO
Hanps>KeHUs.

Korga HanpsbkeHne nutaHus gparvisepa npe-
BblLUAET HarnpsikeHne nuTaHus nNpUuemMHuKa,
BbIXOOHOW YpOBEHb ApanBepa Heobxoanmo
CHWXaTb, Y4TOObl NPMBECTM B COOTBETCTBUE C
NMoporomM nepeknioYeHnsa npuemHuka (Pwucy-
HOK 4).

OT0 3awmLiaeT BXoabl MPUEMHUKA OT MOBbI-
LLIEHHBbIX Y MNOHWXEHHbIX BXOAHBLIX HANPSXKEHNNA,
a Takke OT neperpysku no Toky. BbixogHoe
conpoTuBreHne apariBepa AoMKHO OblTb corna-
COBaHO C MMnegaHcoM kabens unv neyaTHoro
NPOBOAHVKA Taknm 06pa3om, YTOObI UCKITHOYNTL
OTPaXeHusi CO CTOPOHbI NpuemMHuka. VHTerpu-
pOBaHHas 3aLumTa OT ANEKTPOCTATUYECKNX pas-
pPsSiAOB MOMOraeT Takke MNoAaBnATb Hexena-
TenbHble BbIBPOCHI, 0BYCrNOBEHHbIe nepeHan-
PSKEHMAMUN Ha NPOBOAHUKAX NeYaTHOW NnaTbl.

3awuTa ot ACP

Yecmpoliicmea ¢ 3auyumHosimu duodamu
U mMoKoozpaHu4yusarowumu
pe3ucmopamu Ha 8xo0ax

Ha Bxogax HeKOTOpbIX NTOrMYECKUX CXEM UME-
IOTCA AMoabl, NOAKMIOYEHHbIE K WnHaM Ve U

«3emns» (PucyHok 5). 3T gnoabl npegHasHa-
YeHbl ANS 3aWuUTbl BXOOOB OT Ype3MepHbIX
HanpsKeHU 1 3aNeKTpocTaTUYeCcKnx paspsanos.
Ecnn KMOI ycTporictBa MMelT Ha Bxodax
pe3ncTopbl AN OrpaHUYEeHUst TOoKa, BXOOHOe
HanpsKeHne MOXET NpeBbILaTh paspeLleHHoe
B CNPaBOYHbIX AaHHbLIX A0 Tex nop, noka Bxoa-
HOW TOK He JOCTUI MakCMMarbHO AONYCTUMOro
3HaYeHus.

Hepepgko, 1, npexage Bcero, B NPOMbILLIIEH-
HbIX 1 aBTOMOBUIBHBIX NPUOXEHWUSIX, NOrnyec-
Kve ycTpomncTBa TpebyeTcs noaknovaTb K cxe-
MaM, HanpsKeHWe NUTaHUsS KOTOPbIX HaMHOro
npesbiwaeT 5 B. B Taknx cnyyasix cnegyert Bblou-

~ )
Vee
] Dukcupyrowmmn
Dz
VCC =15B _ -~ gXOAHOVI
Yctponcteo A ? ycbep
A A
ReL
A )
R Imin| 15B - (5.07 - 0.7 B) \ J
cc =

Ix

BenuuuHa ly HarieHa B Tabnuue npegenbHbIX

3Ha4YeHUN u3 cnpaBoOYHbLIX AAaHHbIX HA MUKPOCXemMy

3awwmTa ot 3CP

PucyHok 5. Vicrionb3oeaHue mokoozpaHu4umerbHo20 peaucmopa Orisi peobpasosaHusi 8bICOKO20 yPOBHS

8 HU3KULU.
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paTb JIOTMYECKNE SfieMEHTbI C BXOOHbIMU
3alMTHLIMM gMogaMn 1 UCNoNb3oBaTh pesunc-
TOpbl ANsl OrpaHNYeHust Toka. 3alnTHble OMo-
Obl, NOAKMOYEHHbIE K WKWHEe Ve, MMEKTCs Ha
Bxogax BbinyckaeMblix NXP Mukpocxem
cemencts LV, HC n HEF. 9T mukpocxembl npu
nobaBneHnn Ha BXOAbl TOKOOrpaHUYMBAOLLMX
pPEe3nUCTOPOB MOXHO MCMONb30BaTb AN TPaHC-
NSLMM BbICOKUX YPOBHEM B HU3KME.

Ycmpoliicmea c exodamu,
ycmoUii4usbIiMu K nepezpy3Kam rno
HanpsaxeHuo

HoBble cxemoTexHuU4Yeckne pelleHus B
obrnacTtu 3almTbl BXOAOB OT driekTpocTarmyec-
KMX paspsiioB He codepkaT AMOoO0B, MOAKMO-
YeHHbIX K WnHaMm Ve U «3emnsay» (PUcyHok 6).

Ha Bxoabl Takmx MUKPOCXEM MOXXHO MNnogaBaTb

KMOI1 Bxoa, ycTon4nBbIN
K neperpyske no HanpsbKeHUro

Vcc=3B

__ BxogHon
6ydep

il

3awuTta ot ACP

PucyHok 6. Ycmodluyusble K rniepeepy3kam 1o
HarpspkeHuro 8xo0bl, He uMerowue 3auumHbiX
duodos.

noboe HanpshkeHne, He BbiXoasllee 3a npene-
nbl, onpeaensieMmble 0COBEHHOCTSAMM TEXHOMO-
rMYeckoro npotecca, UCNofb30BaHHOMO MpuU KX
NPOV3BOACTBE, U UMETb MPU 3TOM rapaHTUio
OTCYTCTBUSI MyTEN NPOTEKAHUS TOKa B LUNHY
Vce. OTO 3HauuT, 41O, He Hapywasa paboTty

yCTpOVICTBa, K BXO4aM MOryT ObITb NMPUNOXeEHbI

PapuoJloumaH - okrs6ps 2014

norm4yeckune ypoBHU, NpeBbILIaoLLne Hanpsxe-
HVe NUTaHus.

MockonbKy B yCTporcTBax ¢ BXogamu, yCTON-
YMBBIMU K MOBbILLIEHHBIM BXOAHbIM Hanps>KeHu-
SIM, BXOAHOE HarnpshKeHWe MOXeT npeBblaTtb
HanpsbkeHne nuTaHusa Veg, @ pasmax BbIXOAHO-

ro CurHana He BbIXoguT 3a rnpeaernbl Vcc, nogo-

OHble nNpubopbl O04eHb YAOOHO MCNoNb3oBaTb
Ansa npeobpas3oBaHNs BbICOKUX YPOBHEN B HU3-
kne. Mukpocxembl B cemenctBax LVC, LVT,
ALVT n AHC umetoT Bxoghbl, BblaepXusaroLime
HanpskeHune go 5.5 B, npu ycrnosuu cobnitoge-
HUWS OrpaHNYeHNin No BXOOAHbLIM TOKaM. Ha Bxoabl
mukpocxem cepun AUP n AVC ponyckaetcs
nogasaTb HanpsbkeHue Ao 3.6 B, 4To no3sonser
NCnonbL30BaTb UX B YCTPOMCTBaAx CO CMeLLaH-
HbiM NuTaHnem 1.8 n 3.3 B.

3aKknwuyeHue

MNpu paspaboTke cMCcTeM HepeaKo BO3HUKAET
HeobxoQMMOCTb B OAHOHaMNpaBfieHHOM Npeo6-
pa3oBaHUM BbLICOKUX YPOBHEW HanpsiXeHus B
HU3KME UMM HU3KNX B BbICOKME. XOPOLUNM
WHCTPYMEHTOM [N pelueHus 9TOW 3ajayu
4acTo MOryT OblTb MUKPOCXEMbl CTaHOAPTHON
norvkn. [ns ogHoHanpaBfeHHON TpaHCHAsaUUK
noaxogaT NOrMyeckne MUKPOCXeMbl MHOMMX
CEMENCTB, MMetLLne

® BXO[bl C HU3KMMW NOPOroBbIMU HANPSXXEeHNS-
MU,

® BbIXObl C OTKPbITbIM CTOKOM,

® BXOAbl CypoBHAMM TTL,

e BXOHblE 3aLlUMTHblE OMOoabl,

® TOKOOrpaHnyMBawLLmne pes3ncTopbl Ha BXO-
nax,

© BXOAbl, YCTONYMBbIE K MOBbILLEHHOMY HaMnps-

XKEHNH0.

B pesynbraTte cMCcTEMbI CO CMELLaHHbIM NUuTa-
HMem MoryT paboTtatb, He noaBeprasiCb PUCKY
BO3HUWKHOBEHNSA pa3pyLUUTENbHbIX TOKOB WK
notepu curHanos. lNpn aToM 3aPPeKTUBHOCTL
cucTeM MOBLILLAETCH, a noTpebnaemas MoLw-
HOCTb CHUxaeTcs. [1]
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OTnagka nporpamm

MK AVR

U ocuunnorpadg

Yactb 1

B. UN. UeonauH, 2. Tambos

HaBepHﬂKa MHOIMM N3BECTHO, YTO rMaBHOE
He paspaboTaTb W M3rOTOBUTb 3MEKTPOHHOE
YCTPOWCTBO, a OTNaguTb ero, JOBECTU, Kak roBO-
putcs, oo yma. U, noxanyn, B HanbonbLuen cte-
MEeHN 3TO OTHOCUTCS K KOHCTPYKLMSM C npume-
HeHnem MukpokoHTponnepos (MK). ®yHkuum
Takux yCTPONCTB B LileriloM 00bI4HO onpeaensitoT-
Ca NporpaMmon, 3asioXXeHHOW B ero namsTb,
KOoTopas Yallle BCero  CTaHOBUTCSA MCTOYHNKOM
npobnem. Ee paspaboTka n HanNnncaHne SBNAT-
Cs1 AENOM HEMNpPOCTbIM, HO, K CHACTbHO, A1 3TOM
uenu paspaboTaHbl cneumnannaMpoBaHHbIe NPo-
rpaMMHbIe CPEACTBA, C MOMOLLbIO KOTOPbIX y>Ke
Ha paHHMX 3Tanax ygaeTcs BbISBUTb U yCTpa-
HUTb OONbLUMHCTBO CUMHTAKCUMYECKUX, a Takxke,
XOTH U B MEHbLLIEN CTEMEHU, N NIOTUYECKMX OLLIN-
Ook. Ecnn roBopuTb KOHKPETHO O MUWKPOKOH-
Tponnepax komnaHum Atmel, To Ans HUX Takon
cpepon siensetcsa AVR Studio, npegocrtasnsto-
len B 3TOM nfaHe Gonblunme BO3MOXHOCTU U
No3BOSISOLLEN BbIABUTL U YCTPaAHUTbL NoAaBns-
toLee 60MnbLUMHCTBO OWMBOK NporpamMmel. [Nove-

mov tmp, RegX
rcall OutPC,

rae B NepBON CTPOKE 3Ha4YEeHME MHTEPECYIOLLIErO
peructpa, Hanpumep, peructpa RegX MUKpO-
KOHTpoOmnnepa, MNepeHOCUTCS BO BPEMEHHYHO
nepemMeHHyo tmp (tmp — cumBonuyeckoe nvs
nepemMeHHon), a BO BTOPOK Yepes nognporpam-
My KaHana cBdA3n OutPC yxe 3aTa BenuymHa
BbiBoauTCa B K. U ewle ogHa HebonbLuas Tex-

38 | _CTATbU |

My xe He Bce 100%7? NpunymnH 3aecb MOXeT BbITb
MHOTO, U pa3HblX. Pag 13 HMX kpoetcs, Hanpu-
Mep, B ocobeHHocTax B3ammopenicteuss MK ¢
BHELLUHMMW YCTPOMCTBaMM, KOTOpble He Bcerga
OTBeYalT naearbHbIM NpeacTaBneHnsMm o6 nx
BO3MOXHOCTSAX. M 3TO MOXEeT cTaTb MPUYMHON
TOrO, YTO HEKOTOpPbIE OLINBKM B NporpaMmme «Bbl-
nesyT» TONMbKO NPW 3KCNnyaTaumm ycTponcTea.

Ona peweHna nogo6HbIx npobnem obbl4HO
NCNonb3yT TECTMPOBAHME YCTPOWCTBA B PEXM-
Me pearibHOro BpeMeHun nocpeacTtBOM UCMNOMb-
30BaHUSA NpOrpamMMHbIX MpepbiBaHUA NN KOH-
TPOMbHbLIX TOYEK W MOCnenywLllero BbiBOAA
MHOpMaLMM O COCTOSAHUM MUKPOKOHTposiepa
Ha T1K wnu gpyroe peructpupylollee ycTpo-
ncteo. Mcnonb3oBaHne nogoOHoro nogxopa
0ObIYHO HEe COMNPSAXXEHO C OCOOLIMU CITOXXHOCTS-
MU, ecnv Ha MK yxxe peannsoBaH KaHarn cBs3u C
K. Torga, B npocTenwem criyvae, B nporpaMmve
ONA Lernen otrnagku B HYXXHbIX MECTax BpeMeH-
HO paccTaBndAwTCA ornepaTopbl, Hanpumep,
Takue unv um nogobHbIe:

HMYeckasi NoApo6HOCTL: Ans 60nbLUeil yHuBep-
canbHOCTM NporpaMM B HEKOTOPbIX MecTax
BMECTO MMEH KOHKPETHbIX NEPEeMEHHbIX Nyylle
yKasblBaTb HEMOCPEACTBEHHO CaMW PErucTpsbl,
Ha3BaHHble 3TUMW MMeHaMKU. DTO BMOSIHE BO3-
MOXXHO Gnarogapsi ToMy, YTO CTPyKTypa peruc-
TPOBOM NaMsiTy NoAaBnstoLWero 6onbLINHCTBA
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8-paspsaaHbix MK ot AVR ogHoTtunHa. Torga ¢
Yy4EeTOM NpPMBEAEHHbLIX COODpaXXeHUn nydwe

mov r28, RegX
rcall OutPC

OTmeTuM Takxe, YTO 34echb U Jarnee npume-
pbl NPOrpaMm 1 ux pparMeHToB NpUBEAEHbI Ha
accembnepe AVRASM2, a ux TectupoBaHue
nposoannocb HaATmega48 nATmega1284P.

MonyyeHne nogoGHbIM obpaszom nHhopma-
umn o coctostHum MK B KOHKpPETHbIX MecTax
nporpamMbl MO3BOMSET YTOYHUTb TOYKY BO3-
HUKHOBEHMST Npobrem n saBnseTca 6onbLIMM
nogcnopbemM npuv UHULLHOM OTnagke mnpo-
rpammbl. Ho ecnu Takoro kaHana cedasun ¢ K
HEeT, TO ero peanusauusi TONbKO AN uenen
oTnajku SBNseTCcs HaknaaHon, Aa u He Bcerga
BO3MOXHOW. OgHako ecnv psgoM Ha cTone
eCTb ocuunnorpad, To geny MOXHO MOMOYb
[O0CTaTOYHO NMPOCTO, UCNOSb3YS €ro B KavyecTse
pPErMcTpupyoWero ycTpomcTBa, MOCKOMbKY
opraHmMsauumsi KaHana CBSA3M B TakOM cny4ae
MOXET ObITb OYeHb Aaxe npocTon. MU xoTsa
Takas 3ameHa He OyaeT 9KBUBANEHTHOW, HO
Norie3HoON — HaBepHsIKa.

PaccmMoTpyM HECKOMNbKO BapMaHTOB OpraHu-
3auum Takoro kaHana ceasn MK ¢ ocumnnorpa-
oM. VI HauyHeM c npocTenLero, TpedytoLlero
NCNonb30BaHUA MWHUMarbHbIX PECypCcoB Tec-
TMPYEMOro MUKPOKOHTposnnepa — 1 BbiBOAa U
npumMmepHo 50-60 6anT NnporpaMMHOM NAMATK.

Byoem ucxogutb n3 TOro, 4To HeobxoaMmo
npeacTaBnTb Ha aKpaHe ocuunnorpada 3Hadve-
HWS ogHOro-AByx 6GaWToB B hopme, COOTBe-
TCTBYHOLLEN MX OBOMYHOMY Kogdy. Takoe npen-
cTaBneHwe npeanonaraet WCMNoNb3oBaHWe
undp 0 1 1, 3anMcaHHbIX B CTPOKY rpynnamm no
8 3HakomecT. HeT cMbicna nblTaTbCs B NPOCTEN-
Lem criydae nsobpaxarb Ux oOLENPUHATBIMU
cMMmBonamu. BnonHe [oCTaTtodHO BbIBECTU
MHOpPMaLMIO B CTPOKE B BMAE WX YCITOBHbIX
0603HayeHun. Hanpumep, 1 n3o6pasntb y3Kknum
NPSAMOYTofbHbIM UMMNYNbCOM, a 0 —6onee wnpo-
KMM, nnn HaobopoT, Kak 3TO NpeasiaraeT, Hanpu-
mep, asTop [1]. B aTom cnyyae BbiBOg MHOpMa-
uun GyaeT NnpencTaBnsaATbCA BbIBOAOM Ha dKpaH
ocuunnorpada npPAMOYrofibHbIX WUMMNYbCOB

OyaeT nepenucatb 3TOT oparMeHT, Hanpuvep,
Tak:

OBYX TMMOB, COOTBETCTBYHOLLMX BUTOBOMY Npes-
ctaeneHuto 6arvita (6antoB). N ansa aton uenu
aocTatovHo 6yaet ogHoro cBob6oaHOro BbiBoAa
MUKpPOKOHTponnepa. Npaega, He obongercsa u
©6e3 npobnem. Beuay TOro, 4to GOMNBLLUMHCTBO
aHanoroBbIx ocuunnorpados He obrnagaeT Bo3-
MOXXHOCTSIMU ANUTEMNbHONO COXPaHEHUS U30-
OpakeHns Ha aKpaHe (0 NPUMEHEHUN ansa aTUX
Lernemn undpoBbIX OCLUMNIIorpadoB — HECKOBbKO
nosxe), Ans pereHepaumm n3odpaxeHnsa npmxo-
autca ucnonb3osBatb uccrnegyembin MK. 370
NPUBOAMNT K NPEKPALLEHNIO BbINONTHEHNSA OCHOB-
HOM MporpamMMbl B KOHTPOSIbHOW TOYKE U3-3a
nepeBoAa MMUKPOKOHTpOSepa B PEXUM MOCTO-
SIHHOTO BbiBOAA MHbopMaLMK.

OcHoBoOW NporpaMmMHOro obecneveHust npu
OFOBOPEHHbLIX BbILIE YCMOBUSIX SABMSETCA MOA-
nporpamma OutByte (cM. ganee), kotopas
dopMMpPYET NOCNegoBaTENbHOCTb NPAMOYTOSb-
HbIX UMMYMbCOB HEOOXOAMMOW ANUTENBHOCTU B
COOTBETCTBUN C OWUTOBLIM NpeacTaBneHnem
banTa. Ee pasmep coctaBnset 42 GanTa, B Hel
Ncnornb3yrTcs 2 perncTpa obLuero HasHa4YeHus
— r28, r29, Kotopble 6e3 orpaHN4YeHnn MoryT
ObITb 3a€NCTBOBaHbI 1 B OCHOBHOW YacTu Npo-
rpammbl MK. TepBbI U3 HUX CRYXUT An4a nepe-
HOoca B nognporpaMmmy 3HadeHusa Ganta Ons
BbIBOAA, a UHGhopmaLms B r2 9 BOCCTaHaBNUBa-
€TCs NoCcrie OKOHYaHus paboTbl NnognporpamMmbl
00 ee HavanbHoro 3HadyeHud. WMHdopmaums
BbIBOOWTCS cTapwum OWTOM Brnepen, BbIBOA
O[HOro «3HaKomecTa Ansi 6uTa» No BpeMeHu
COOTBETCTBYET 16 TakTam paboyelr 4acToTbl
npoueccopa, BbiBog GanTa — COOTBETCTBEHHO,
128 TakToB. lNpn yactote 2 Ml ato Bpems
cocTaBuUT 64 MKC, a 4acToTa BbiBOga OOHOrO
6anTa — okono 15 kl'y. Nognporpamma dopmun-
poBaHus BbiBoAa Ganta OutByte, npuBeaeH-
Has HWXKe, He COAEPXWUT KaKMX-NnMbo ocobeH-
HocTeln. Pazobpatbcesa B ee pabote npu Heobxo-
OUMOCTW MOMOIYT cogepalmecss B HEW KOM-
MEeHTapuMu.

OutByte: ;=== BHBOJA 6aMTa Ha SKpaH ocuuInorpada
push r28 ; r28-coxpaHuUTe 6aMlT, KOTOPHM OyneT BHBEOEH
push r29 ; r29-CcOXpaHMTE SHadYeHMEe MJisi BOCCTAaHOBJIIEHUS
1di r29,8 ; CUeTUYMK elle He BHBEeIEeHHIX 6uT B Oanre
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ByteCode: ; pasIoxuTBE 6anT Ha OMTH
1sl r28 ; BBOBMHYTB CTapumii 6MT BJIeBO B 6MT nepeHoca
bres OutByte 1 ; ecnm c=1, To 6mma 1, nepeutm Ha OutByte 1
sbi PortB, 0 ; ecniu c=0, To dopMmMpyeM OGPOHT «HYIAT»
rjmp OutByte O ; npomonxuTe QopmmpoBaume 0
OutByte 1: ; bopMmpomBaTe 1 (yBkKmMM MMIOYJIBLC)
cbi PortB, 0 ; MCIONBSOBAaHa MOJs BallepXKM Ha 2 TakKTa
sbi PortB,0 ; bopmmpoBanme «bpoHTa» MMIyNIBCA €IMHMIIE!
cbi PortB, 0 ; bopMmpoBaHMe «cHama» MMIyJIbCa €IMHMLIE
cbi PortB, 0 ; WUCIONBbSOBaHa MOis BallepXKM Ha 2 TakKTa
rjmp  EndOutByte ; mepexon Ha NPOBEPKYy — BCEe OMTH BHBEIEHEH?
OutByte O0: ; nDpomonxuTs GopMmpoBaHme 0 (IMPOKMI MMOYJIBLC)
sbi PortB,0 ; WUCHONBbSOBaHa OJsA BallepXKM Ha 2 TakKTa
sbi PortB, 0 ; McCHojb3OBaHa QOJsI BajepxXKM Ha 2 TakKTa
cbi PortB, 0 ; bopMmpoBanMe «cnaga» MMIyJlIbCa HYNIS
nop ; WUCIHONBSOBaHa MOJsA BaJlepXKu Ha 1 TakT
EndOutByte: ; IDpoBepka — BCe OWMTH BHBEIEHSHI?
dec r29 ; YMEHBPUMTE CcYeTuMK 6muT Ha 1
brne ByteCode ; ecim r29 He 0, TO HNPOAOIXMTE BEHBOJL OMTOB
PoP r29 ; BOCCTaAHOBMUTE BHadeHMe permcrpa r29
PopP r28 ; BOCCTaHOBMTE SBHaueHMe permcrpa r28
ret ; BaBepumTk noxnporpamMMmy OutByte

B aTon nognporpamme ons nogayun curHana
MK Ha Bxopg ocuunnorpada ykasaH Hynesow
BblBOA nopTa B (PortB, 0). Tem He MeHee, npwn
COOTBETCTBYIOLLEN pedakumMn noanporpammbl,
ONa 9TOW uenuM MOXeT ObiTb Mcrnonb3oBaH
ntobon ceoboaHbIN BbiBog Ntoboro nopra. [Mae-
Hoe, 4Tobbl npu nHMumanmsaumm MK oH 6bin
YCTaHOBIEH KaK BbIXod. XOTS Mpu OTCYTCTBUU
TaKoBOro MOXHO nonpoboBaTtb NCNOMbL30BaTh U
3aHATbIN BbIBOA. KpuTepun ero npurogHoCcTu
ONA 9TOW Uenu npocTble: 3TO AOMKeH ObiTb
BbIBOA, HACTPOEHHbIN KaK BbIXO4, N U3MEHEHUS
COCTOSIHUSA 3TOr0 BbiBOAA HE AOMKHbI MEHATb
pexunm pabotbl MK-cuctembl Ha MOMEHT BbIBO-
na Ganta (6antoB). Hanpumep, ecnu BbiOpaH-
HbI BbIBOA YNPaBIisieT BKIOYEHNEM CBETOAMO-

Aa UHOuKaumm, To ero MOXHo Byaet ncnonb3o-
BaTb 6e3 orpaHn4eHuin, HO ecnu 3TO BbIXO C
npepbiBaHMEM MO YPOBHIO NN OPOHTY, TO BPSA
nn. Bnpodem, n aty npobnemy MOXHO CHATb
3anpeTtoMm npepbiBaHUA Ha BpPeMs BbIBOAA.
OpnHuM cnoBoM, NpakTUYecKkn Bcerga ans BolBo-
Ja banTta MOXHO HalTU NoaxodsLni BeiBOA, U
HeobA3aTenbHO OH AOMMKEH ObiTb cneumansHO
BblAENeH TONbKO A115 3TOW Lienu.

Tenepb MOXHO nonpoboBaTb BbIBECTU 3Ha-
YyeHne Kakon-nMbo nepemMeHHOW, Hanpumep
Flag, 13 HEKOTOPOW TOYKM OCHOBHOW Nporpam-
Mbl Ha ocuunnorpacd. Ona atoro, B cooTBe-
TCTBUWM C BbILLEN3NOXEHHBIM, HY>KHO ByaeT pas-
MECTUTb B 3alaHHOW TOYKE TECTMPYyeMOW MNpo-
rpamMmmbl Takme CTPOYKM KoAa:

Contrl: ;=== MHOT'OKPATHHI BHBOJL 6amnTa Ha ocuuanorpad
cli ; BamnpeT npepsBaHUN
wdr ; cbpoc cToOpoOXeBOI'O TarMepa
mov r28, Flag ; coxpaHuTE B r28 BHaueHmue nepeMeHHou Flag
call OutByte ; BHBOB n/n BHBOjJa bBamTa
jmp Contrl ; BEepHYTBhCsI Ha Hauayno Contrl m nmoBTOPHUTH

roe HasHadeHue cTpok 4 n 5 yxe obcyxaa-
nochb, a 3a cyet gobaeneHusa ctpok 1 n 6 ocy-
LLieCTBNSAETCS BbIXOL M3 OCHOBHOW NporpamMmbl
MK n nepexopg k pereHepauumn nsobpaxeHus
©anTa Ha skpaHe ocuunnorpada. lNpegoTtepa-

LLIeHMe NoMeX CO CTOPOHbl OCTAHOBIIEHHOW NpPo-
rpaMmbl NPON3BOANTCA 3aNPETOM B HEWN npepbl-
BaHUI 1 OCYLLECTBIEHNEM perynspHoro copoca
CTOpOXeBOro Tammepa. [Ons obecneyeHns kop-
PeKTHOWN paboThbl NporpamMmmbl nepemeHHas Flag
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He MOXeT coBnajaTtb HU C O4HUM U3 UCMOMb3ye-
MbIX pernctpos - r28 n r29. Kpome toro, npu
NCnonbL30BaHMM MNpUBELEHHOW MporpamMmbl B
MK ¢ nporpaMmmHOi namsaTbio MeHee 8 kGawnT
onepaTtopbl call v jmp AOMKHbI TPUMEHATLCA
B Agpyron dopme — rcall n rjmp. Ob6bem
Contrl coctaengert 10 6aiTOB, HO MOCKOMbLKY
oHa paboTaeT coBMecTHO c OutByte, TO HEOb-
XOAMMO y4eCTb M ee COOTBETCTBYIOLLMI Napa-
MeTp —42 6anta. Itoro: 52 6anTa.

Ho, yBbl, BONpekn oXuaaHUaM MornyvuTb Mnpu-
eMneMbli pesynbTaT B BUAE WU300pakeHui
YCINOBHbIX HyNewn 1 equHUL, yoaeTcsa He cpaay.
MpuumHa 3aknyaeTcd B O4YEHb KamnpusHOWM
HacTporke pasBepTkn — ee ANUTENbHOCTY,
PEXMMOB N YPOBHEN MOPOroB CUHXPOHU3ALNN.
Ho paxe npu ctabunmsaunmn nsobpaxxeHus He
Ccpasy MOHATHO — CMHXPOHM3aAUUS YCTaHOBWU-
nacb co ctapuwero 6uta 6ainTa, Kak NomnoXxeHo,

UIK C Kakoro-To crniyvarHoro? Y npuynHa 3gecb
npocta. Jeno B TOM, YTO NpU HenpepbiBHOM
nepegadye 6Gamta no cnocoby nporpaMmmbi
Contrl ero Hayano W KOHel MpaKTU4eCcKu
Hepasnuunmbl. ToyHee, ANA NePBON MOCHIKU
OanTta Hauano onpegenseTcs ocuunnorpadom
COBEpLUEHHO OAHO3Ha4yHO MO cpabaTbiBaHWUIO
CUMHXPOHM3aLunKn pa3BepTKu, a BOT NpU3HaKa ero
OKOHYaHWSA, MOHATHOIO NPUEMHUKY, T. €. OCLUN-
norpady, 3gecb HeT. K cyacTblo, opraHM3oBaTb
ero Ans 3asBrieHHbIX YCIOBUA OYeHb MPOCTO.
HyxHo B 6asoBow nporpamme Contrl nocne
OutByte nepea yxo4oM Ha NOBTOPHbIN BbIBOA
BBeCTU 3aaepxky Delay Contr, kak 370 ”
cOenaHo B HWKenpuBeAEeHHOW nporpaMmme
Contr2. B stom cny4yae o6beM NporpammMHO
namMsTu, 3aHMMaemMbli Contr2 1 nognporpam-
Mamu, obecneunsatroummn ee paboty, cocTas-
NsieT B COBOKYMHOCTW 68 6anT.

Contr2: ;=== MHOT'OKPaTHHI BHBOJ 6anTa co cTabmuamusauuemn
cli ; BampeT npepsBaHUN
wdr ; c6poc cTOpoOXeBOI'O TamMepa
mov r28, Flag ; COXpaHMTBL B r28 BHauveHMe nepemMeHHom Flag
call OutByte ; BHBOB I/m BHBOXA 6aiTa
call Delay Contr ; Bagepxka sl crabunmsaumm msobpaxeHus
rjmp Contr2 ; BaJepxKka OKOHYeHa, IOBTOPMTE BHBOJL 6anra

roe 3agepkka ans crabunusauum msobpaxe-
Hua Delay Contr cogepxuT Hukenpuse-

[AEHHbIN TEKCT M 0hopMIeHa B BMae Noanpor-
paMMbl.

Delay Contr: ;=== Bagepxka OIs cTabunmszaumum mnso06paxeHus
push r29 ; COXPaHMTE Iepe] MCIOJNbSOBaHMEM
1di r29, $2A ; YCTaAHOBMUTE HNPOIOJIXMTENBLHOCTE BalepXKu

L Contr2: ; 6ok bopMMpPOBaHMS BamepPXKM
dec r29 ; YMEHBUMTE BEIMYMHY OCTaTKa BHIOEPXKM
brne L Contr2 ; ecnin r29 He 0,TO NPOJONXUTE BafepPXKY
popr r29 ; BOCCTAHOBMUTEL BHaUYeHME
ret ; BEPHYTBECSI B OCHOBHYI NpPOI'PaMMy

OnuTenbHOCTb 3a4epXKKn 34eCb yCTaHOBIe-
Ha NPUMEPHO paBHOW BPEMEHW BbIBOAA OAHOIO
fanTta. JTa BENMYMHA HEKPUTUYHA U MOXET
U3MEHSATLCS B LUMPOKUX npedenax, HO YMeHb-
waTb ee 6onee 4em 4-5 pa3 Bpag nu cTout. Busy-
arnbHO 3aJep>KKa B KOHLe BUTOBOro noToka gop-
MUPYET «XBOCT» HYNEBOro YPOBHSA (Mpu3HaK
KOHLIa GUTOBOW NOCbINKK), KOTOPbIA NPU NCNOMb-
30BaHMN pexuma XAayllen pa3BepTKM MOXKeT
ObITb BbIBEAEH 3a Npeaenbl aKpaHa ocLmninor-
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pada. Ho Ha nprMBegeHHOM HUXE PUCYHKE BO
BCEX Clny4yasx OH nokasaH B nosiHom ob6beme. Ha
PucyHke 1a paHo msobpaxkeHue 6GawnTta, nony-
YeHHoe Ha ocuunnorpade C1-73 npu ero cTaH-
[apTHOM Ucnonb3oBaHMn. [lelwndpmpoBaTh 9TO
n3obpakeHne He 04eHb yao6HO, XOTS 30eCh Bce
MOHATHO: KOPOTKMI NO OANIMTENbHOCTU MPSIMOY-
ronbHbIA UMNYINbC COOTBETCTBYET €OUHUYHOMY
6uTy, a 6onee ANWHHLIN — Hynesomy. M owwu-
OUTbLCSI HEBO3MOXHO.
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PucyHok 1. 13o06paxkeHue batima 10110101.

MOXHO MonbITaTbCH YNYYWUTb BU3yarnbHOe
BOCMPUATUE YCMNOBHbIX HyNen 1 eguHnL, 3a cyeT
nogayun curHana Ha Bxod ocuunnorpada Jyepes
nocnenoBaTernbHO BKITHOYEHHbIA PE3NCTOP B
HECKONMbKO KUIooM. Pesnctop n napasuTHble
eMKOCTM BXoga ocuunnorpada u kabens
BbIMOMHAT pPONb WHTerpatopa, KOTOPbI
HECKONbKO «3aBanuT» (POHTbI WUMMYNbLCOB,
BCNEACTBME Yero pasnuuve B OSIMTENbHOCTH
MMMyNbCOB CTaHeT penbedHee. HekoTopas
pacdokycupoBka nyya n nogbop yaobHoro pas-
Mepa no BepTMKanu Takke He nomellatoT. U 3a
CYET ATUX MeP, KOHTYpPbI UMNyNbcoB 0 1 1 cTaHyT

OkoH4aHue e criedyrouw,eM HoMmepe

42

onmke K ectectBeHHoM dhopme undp 0 mn 1.
Takon «MoauUdULMPOBaHHbLIA» BapuaHT M30-
OpaxkeHuns aToro xe 6anta npusedeH Ha PUcyH-
ke 16. Ha PucyHke 1B gaHo ero e nsobpaxe-
HMe Ha umcpoBoM ocuunorpade B pexume
BEKTOPHOro otobpaxeHus. NpumeHeHne nocne-
AoBaTerbHOro pesncropa Ans Koppekumm n3o-
BGpaxeHus 6anTa B 9TOM Cnyvae U3nuLLHe, XoTs
1 BO3MOXHO.

MOHATHO, YTO «pas3bopPUNBOCTL TEKCTa» MU30-
OpaxeHus 6anta 6ygeTt 3aBMCETb U OT €ro pas-
Mepa Mno LUMPUHE Ha 3KpaHe. YBenuMuneasi 3Ha-
YeHVe KOHCTaHTbl B TekcTe Delay Contr,
BblOENEHHON KpaCHbIM LBETOM, MOXHO MOMbl-
TaTbCS BbIACHUTb, Kakue MUHMMarnbHbIE pa3me-
pbl 6anTa OyayT ewle yoobHbl Ans HabnogeHus.
OTa nHpopmauma MOXET oKaszaTbCs NONIE3HON B
JanbHenwem Npyn Mogndmkaunmn npuBeaeHHbIX
Jaree nporpamMm.

Cnepayert Tak e nog4epkHyTb, YTO NEPEMEH-
Has Flag, ucnonb3oBaHHas B 0b6enx nporpam-
Max, SIBNsieTCsl OOHWM M3 PernctpoB OOLLEro
HasHaveHus (POH), TouHee, nma Flag asnseT-
CS CMMBOINMYECKUM MMEHEM, MPUCBOEHHbLIM B
nporpamme ogHomy 13 POH. VI novyemy aTo yTou-
HeHMe ¢4BNAETCA BaXHbIM, CTAHET MOHsSATHee
nocne ob6CyXaeHus CTPYKTypbl CTaTUYECKOWN
namMsTM paccMaTpuBaeMbIX MUKPOKOHTpOIe-
poB.

1. «OTnagka cucteM Ha HeBOMbLUMX MUKPOKOH-
Tponnepax ¢ NoMoLLbto ocuunnorpadga». Pagno-
JloumaH, 2014, ntonb, cTp. 61.
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HGTOPHA SACKTPONHAA
21 oxTa6pa 1949 .

Obina 3anaTeHToBaHa NaMmAaThb
Ha MarHUTHbIX cepaeYHUKax

Jessica MacNeil
EDN

65 ner Hasag, B
3TOT [eHb, Bowen-
LN B UCTOPUIO TEX-
HUkM, Ban AHb (An
Wang, yacTo ncnorb-
3yetca Gonee 6nus-
Kas K aHrnMmckomy
A3bIKY TPaHCKpPUNUMS
OH BaHr) nogan 3asB-
Ky Ha naTeHT, cTaB-
LUNIN OCHOBOW NaMATU  Bay AHb.

Ha MarHUTHbIX Ccep-
OEYHUKaxX.

Mocne nonyyYeHWst OOKTOPCKOW CTEMEHU B
obnacTu npuknagHon pusmkn, Ban npuctynun k
pa6ote B NapBapackon JlTabopatopum Beluncne-
HWIA nog pykoBogcTBOM [oBapaa JlikeHa
(Howard Aiken). OnkeH nopyuun BaHHy HanTu
HEe WMCNOMb3YHLUNA MEXAHNYECKOTO ABMXEHUSNA
crnocob 3anuMcu M cuYUTbiBaHUA WMHGOPMaLMK,
XpaHsLLenca B MarHuTHon oopMe u He Tepsito-
LLleiCsl U3-3a pa3MarHmymBaHus.

lMocne Heckonbkux Hepenb paboTbl BaH
MOHSAS, YTO NHpopMaLMsA crocobHa ocTaBaTbCA
B cepaevHuke B opme onpeneneHHoro
HanpaBneHus MarHUTHOIO MO WU, Npexae Yem
notepsieTcs, cMoxeT ObITb WCMNOMNb30BaHa

OTO yCTPOMCTBO TOUHO PErynnMpoBano noTok
MarHUTHOM 3HEepPruu, 1 caenano NamaTb Ha mar-
HUTHBbIX cepae4YHMKax peanbHOCTbHO.

B 1955 rogy 3a $500,000 oH npogan npasa
Ha CBOW NaTeHT komnaHuu IBM v BHeapwn ero B
cobctBeHHo Wang Laboratories, ogHon 13
caMbIX YCMNelHbIX Koprnopauui Hadana Beka
MHopMaLMK.

MHOrO pas.
Moeda umMknoB «3anucu nocrne CYMTbIBAHUS» e e 75
npueena BaHHa K co3gaHMio M NaTeHTOBaHUIO chvemaronl— ;:% 64 é8 6;‘4‘-'
«YCTPOWCTBa, NepefaoLLero MMnynbc yrnpasne- 7 / —I st gewemaron —
HUS», OCHOBAHHOIO Ha crnocobe, KOTopbIM Mar- é0 6z ) —

HWUTHOeE normne cepae4HMKoB MOIT10 ObITb UCNOSb- A Wane
30BaHO A4 ynpaBlieHnda nepeKkrnivyeHnem Toka

B 3J1EKTPOMEXaHNYECKNX CUCTEMAX.

[MameHnm BaH AHs Ha namMsmp Ha Ma2HUMHbIX
cepOeyHUKax.
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Wang Laboratories passuBanacb, HadaB
NPOU3BOANTbL MEPBble HACTONbHbIE KOMMbIOTE-
Pbl, CNOCOGHbIE BbIYUCNUTL NorapumM ogHUM
HaxaTMeM KnaBuvLIM, CO34aBasi HaCTOrMbHblE
3MNEKTPOHHbIE KanbKynATOpbl, NOCTaBMNSAS KOM-
nbloTepbl NabopaTtopunsiM 1 LIKonam v paspaba-
TbiBas MNOIy4YMBLUME B CBOE BPEMS LUMPOKYHO
N3BECTHOCTb CreLuanm3npoBaHHble MalUWHbl U
MUHUKOMMbIOTEPbI AN 06paboTKM TEKCTOB.
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[lo cux nop HeT eanHOro MHEeHUs1 B OTHOLLIE-
HUWM TOro, KOMY MPUHAANEXUT MPUOPUTET U30-
OpeTeHnst NaMATM Ha MarHUTHbIX CEepAeYHMKaX,
MOCKOSbKY BblgaBanncb W gpyrue naTeHTtbl. Ta
xe IBM 3a $13 mMnH. npuobpena elie oavH
nateHT y xesa dopectepa (Jay Forester) us
MaccadyceTCcKoro TEXHONOrM4eCcKoro MHCTUTYTA,
HO KOHLenumMsa MarHUTHoMm namaTth Bada Obina
BaXKHbIM 3TarNoM B CO3AaHnM KoMnbtoTepos. (1]
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B NTU co3aanbl

aKKYMYNATOPbLI
CO CBepxmanbiM BpeMeHeM 3apaaa
U CPOKOM cnyXobi 20 ner

NTU

Yienble HaHbsHCKOro TexHOMOMM4ecKoro
yHusepcuteta u3 CwuHranypa (Nanyang
Technology University — NTU) paspabotanu
aKKyMynsTop CO CBepXmarnbiM BpeMeHeM 3apsi-
Aa, KOTOpbI MOXET BbITb Nepe3apsieH 40 YpOoB-
HA paBHoro 70% OT MakcumarbHOro Bcero 3a
ABE MUHYTbI.

Cpok cnyxbbl GaTtapen HOBOro MOKONEHMUS
Gonee 4eMm Ha MOPSOOK MPEBOCXOAUT pecypc
HbIHELUHUX JIMTUN WMOHHbBIX aKKyMYnsiTOPOB W
cocTtasnset npumepHo 20 neT.

OTOT NPOpPLIB OKaXXET OrPOMHOE BNUSIHUE Ha
BCE OTpaciu TEXHWKK, HO B NEPBYI0 o4epedb Ha
3NEeKTPUYECKNE TPaAHCMOPTHbIE CPEACTBA, OTMy-
rmearoume notpedbutenen 6onbLLIMM BPpEMEHEM
3apsaga 6atapen n KOPOTKUM CPOKOM UX CIyX-
Obl.

C paspabotaHHon B NTU HoBOW TexHomnoru-
en BoguTenu anekTpomobunen céeperyt gecar-
KW TbICSIY JONIapoB Ha 3aMeHe b6atapen n cMo-
ryT 3apshkatb CBOM aBTOMOOWMNKM BCero 3a
HECKOMbKO MUHYT.

LLInpoko ncnomnb3yemble B MOOUIBbHLIX Tene-
dooHax, NriaHLeTax 1 ANEeKTPUIECKNX TPAHCMNOpP-
THbIX CpeacTBax NIMTUN-UOHHbIE aKKyMYynaTopbI
00bl4HO BblaepxuBatoT nopsigka 500 umknos
nepesapsiga. OTO 9KBMBASIEHTHO ABYM-TPEM
rogam TUMMYHOW 3KCNSTyaTaumm, Korga ass Kax-
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AOro uMKna nonHoro 3apsga Tpebyetca npwu-
MEepHO ABa Yaca.

B HOBbIX ycTponcTBax, co3gaHHbix B NTU,
TPagULMOHHLIA rpaduT, WUCNOMNb3yeMbln B
KayecTBe MaTepvana aHoga (oTpuuaTenbHOro
nontoca) B MMTUN-MOHHBIX aKKyMynaTopax, 3ame-
HEH MM1HOMOPOLLKOM U3 AMoKcHaa TUTaHa.

Ounokecna TutaHa — 3TO NOBCEMECTHO pac-
NPOCTPaHEeHHbIN, AeLleBbIi U 6e30nacHbI MaTe-
pwan, cogepxawmnca B novse. OH LUMPOKO
NCnonb3yeTcs B KayecTBe NuLLLeBon A06aBKu 1 B
COMHUE3alUNTHBIX JIOCbOHAaXx, MormnoLarLmnx
yneTpacmoneTosble Ny4n.

pynna wuccneposatenen m3 NTU Hawna
cnocob6 TpaHcdopmauum OUOKCUa TuTaHa,
CYyLLieCTBYIOLLETO B MPUPOAE B BUAE YacTul, cge-
pudeckon oopMbl, B KPOLLEYHbIE HAHOTPYOKK, B
TbiCAYM pa3 Gonee TOHKME, YeM YeNOBEYECKUN
BOMOC. OTO YCKOPSIET XUMMUYECKMe peakuuu,
NPOUCXoasiLLMe B HOBOM akKyMynsaTope, 1 gena-
€T BO3MOXXHOM CBEPXObICTPYHO 3apsAKY.

Hay4yHble OCHOBbI CO34aHNSA HOBOFO IUHO-
nopoLLKa U3 Anokcuga TmtaHa, n3obpeTeHHoro
poueHTom YaHb CaogyHom (Chen Xiaodong) ns
LLkonbl maTepnanoBegeHns n UHXeHepumn npu
HTY, Obinn n3noxeHbl B 0AHOM W3 MOCHEAHNX
HomepoB xypHana Advanced Materials — Begy-
Lero MeXxayHapOO4HOro Hay4yHOro wu3gaHus B
obnacTtn matepnanoBeneHus.

[ns gokasaTtenbCTBa NPaBUIbHOCTU CBOEW
KoHLenuun npodgeccop YaHb 1 ero rpynna Hame-
PEeHbl M3rOTOBUTL KPYMHOMAacLUTabHbIA NpoTOo-
T1n 6aTtapen. C nomouwbio NTUitive, gouepHen
koMmnaHun NTU, yuypexageHHOn ans nogaepxkm
cTapTanoB, 3anaTteHTOBaHHas TEXHOMOMUS yxe
npuenekna BHUMaHMe NPOMbILLIEHHOCTN.
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MAROT

suae miwos sake s BIG pim

(Mo uacoeol cmpenke om ueHmpa): doyeHm
NTU YsHb Cs0dyH (Chen Xiaodong) ¢ Hay4HbIM
compydHukom TaHom KOkcuHa (Tang Yuxin) u
acriupanmom [sH L{susiHom (Deng Jiyang).

B HacTosiLee Bpems TEXHOMOMNSA NULEH3N-
pyeTcsi KoMnaHWen ansa NpeacTosilero npoms-
BoacTBa. [NMpodeccop YaHb 0XXMOaET, 4TO HOBOE
MOKOSNEeHNe akKkyMynaTopoB ¢ GbICTpoun 3apsaa-
KOW MOSIBUTCS Ha PbIHKE B TeYeHne bGrvkanwmx
ABYX neT. TexHonornsa Takke MMeeT noteHuman,
4TOObI CTaTb KMOYEBbLIM peELLUEHNEM B NPeoao-
FNIEHNN OONTrOCPOYHbIX Npobnem aHeproobecne-
YeHUsl, CBSAA3AHHbIX C ANEeKTPUYECKOn Mobunb-
HOCTbIO.

«OneKkTpnyeckme aBToMOOMAN CMOryT 3Ha-
4YUTENbHO YBENUYUTbL CBOWM Npober, 3aTpaynsas
Ha 3apsaKy BCEro NaATb MUHYT, YTO COM3MEPUMO
C BpemMeHeMm, HeobxoauMMbiM AN 3anpaBku
0b6bl4yHOro aBTOMOOUNA BEH3UHOMY, — f06aBuUnN
YaHb.

«He meHee BaXHO 1 TO, 4TO Tenepb Mbl CMO-
XeM pe3KO COKpaTUTb KONMUYECTBO TOKCUYHbIX
BELLECTB, COAEPKALLNXCA B aKKyMynaTopax, Tak
Kak Hawwm 6atapen cnyxart B AeCATb pa3 4ofb-
LIe, YEM HbIHELLUHEE MOKOSEHNE NINTUN-MOHHbIX
aKKyMynAaTOPOBY.

10,000 uuknoB nepesapsga HOBbIX akKyMy-
NATOPOB O3HAYAKT TaKkKe, YTO BOOUTENMN AneK-
Tpomobunen OyayT SKOHOMUTb Ha CTOMMOCTM
3aMeHbl baTapen, Kaxagas M3 KOTOPbIX MOXET
cTouTb 6onee $5,000.

lNMpoctoTa nsrotosneHus

CornacHo AaHHbIM BeayLen KOHCanTUHIO-
Bon doupmebl Frost & Sullivan, nporHosmpyembiit
Ha 2016 . 06beM pbIHKa NUTUN-NOHHBIX aKKyMY-
natopos cocTaBuT 23.4 mnpg. gonnapos CLUA.

[na cBa3n anekTpodoB C aHoOOM fUTUR-
NOHHbIX aKKyMyrnATOPOB OBbIYHO UCMONb3YHTCH
AobaBkn, BNMSIOLWME Ha CKOPOCTb, C KOTOPOM
MOryT NepeMeLLaTbCs NOHbI U 3NEKTPOHbI.
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OpHako ans co3gaHHbix YaHeM HOBbIX nepe-
KPECTHO CLUMTbIX 3M1EKTPOAOB, OCHOBAHHbIX Ha
HaHOTpyOKax 13 guokcmuaa TuTaHa, 3T gobaBku
He HY>Hbl, YTO JaeT BO3MOXXHOCTb B TOM e 00b-
eMe 3anacatb 6onbLUe aHEPTUK.

Mpouecc Npom3BOACTBa 3TOrO HOBOTO MMMHO-
nopoLlka u3 HaHoTpybok oveHb npocT. Cmech
anokcmaa TuTaHa M rmgpokcuaa Hatpusa nepe-
MeLUMBaOT Mpu ONpeaeneHHon TemnepaTtype,
noatomy npoussogutenam Oartapen Oyger
nerko uHTerpupoBaTb HOBbI Matepuan B
CYLLIECTBYHOLLIME TEXHONOMMYECKNE NPOLIECCHI.

O6Lwenpn3HaHHbIX COaBTOP
n3o06peteHna coBpeMeHHbIX NUTUN-
MOHHbIX aKKYMYNATOPOB

Mpodbeccop NTU Paung Assmm (Rachid
Yazami), oguH ua tex, kto 30 net Hasag nsobpen
nMTUA-rpadUTOBLIA  aHoA, WUCMOoSib3yeMbll B
COBPEMEHHbIX NUTUA-NOHHBIX aKKyMynsTopax,
cumTaeT, 4To M30bpeTeHne npodeccopa YaHs
CTaHeT creayoLmnm 60mnbLINM CKa4YKOM B pa3Bu-
TUK TEXHONornMm 6atapen.

lpogbeccop Pa4ud 533mu.

«XOoTH UeHa NUTUN-UOHHBIX akKyMynsTOpPOB
3HAYUTENbHO CHU3MMACh, @ UX XapaKTEPUCTUKM
yny4ywmnnuce 3a Bpems, npowenwee ¢ 1991
roga, korga Sony Hadana MX KOMmepyeckoe
NPOV3BOACTBO, PbIHOK CTPEMUTENBHO pacLUnps-
€TCs B CTOPOHY HOBbIX NPUNOXEHMI B 0bnacTtu
3MNEKTPUYECKON MOBUITbHOCTU U XpaHEHUS SHEp-
rmm», — ckasan A3amu, He NPUHMMaBLUNIA y4ac-
TWS B UCCreaoBaTenbCKOM NpoekTe npodecco-
paYaHs.

3a CBOKW MHHOBAUWOHHYK pa3paboTky
NUTUN-NOHBIX aKKyMYMsSiTOPOB B MPOLUSIOM rogy
npodyeccop A33Mmn BMECTe C TPeEMS Konreramm
ObIN HarpaxxgeH npecTuxHon npemunen Draper
Prize, y4ypexaoeHHON amepukaHckon Hauwmo-
HanbHOM akageMunen NHXeHepum.

«TeM He MeHee, BO3MOXHOCTWU ANSA COBep-
LUEHCTBOBaHUA elle eCTb, U OOHOW U3 Kntoye-
BblX 0bnacTewn 3aecb ABMSETCH NIIOTHOCTb MOLL -
HOCTU, TO €CTb, KONIMYECTBO IHEPIUN, KOTOPYHO
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MOXHO 3anacTu B onpegeneHHoMm obbeme, 4To
HenocpeacTBEHHO CBA3aHO C BO3MOXHOCTbIO
ObicTpon 3apsagku. B noeane, Bpems 3apsga
aKKyMynaTOpOB 3riekTpomobunen [OMKHO
ObITb MeHbLle 15 MWHYT, 1 HAHOCTPYKTYPHbIN
aHopg npodyeccopa YaHs gokasar, 4To 3TO BO3-
MOXHOY.

B HacTosiwee Bpemsi npodpeccop A3amu
pabotaet B NTU Hag cosgaHnem HOBOro Tuna
aKKyMYyIATOPOB AN aNeKTpoMobunen.
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[nsa 3aBepLueHns aTUX uccnegoBaHum rpyn-
ne u3 4YeTblpex yyYeHbix noTpebyeTcsa Tpu roga.
PaboTta duHaHcupyeTca HaunoHanbHbIM
nccrnegosatenbckum goHgom (NRF) 1 KaHue-
nspven npembep-mmHmucTpa CuHranypa B pam-
kax [lporpammbl nogdepXkn wuccnegosaTte-
NbCKOro MacTepcTBa M TEXHONOrMYeCcKoro npea-
npuHMMaTenscTea B 06nactn HaHoMaTepuanos
ONS QHepreTMKn u ynpasneHus BOOHbIMU

pecypcamu. [
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becnpoBoaHble AATYUKH
Ha OCHOBE MUKpOCXeM

NXP 74AXP1G57

Robert Kong

B cratse pacckasaHo, Kak, MWCrnonb3ys
Bbinyckaemble koMmnaHnen NXP koHdurypupye-
Mbl€ NTOrM4Yeckne MUHN-anemMeHTbl 74AXP1G57
(cm. MpunoxeHune), MOXXHO oLMGPOBbLIBATL CUT-
Hanbl aHanoroBbIX AaT4YMKOB W NepedaBatb
MONy4YeHHy MHdOPMaLUnUo No paguokaHany.
B03MOXHOCTb CKOHGUIrypupoBaTb 3T MUKPOC-
XEMbI Kak MHBEPTOPLI ¢ Tpurrepamu LmutTa Ha
BXOAax UCMNosb3oBaHa 34ecb AN NOCTPOEeHUs
penakcaumoHHbiXx RC-reHepatopoB, Heobxoau-
MbIX KaK Ansi ANCKpeTn3aumMm CUrHanoB aHano-
roBblX OaT4YMKOB, Tak U ans ¢opMmMpoBaHuS
pagmo4acToTHOro curHana, siBNsitoLLErocs OCHO-
Bon GecrnpoBO4HOW Mepedayn pesynbraTtoB
namepeHuin. Onmncan 6a3oBbIN NPOEKT Gecnpo-
BOAHOIO Aatyumka TeMneparypbl C aMMinNTygHON
Moaynsaunen. 3aTpoHyT TakKe BONPOC UCMOSb-
30BaHMsA 6GecnpoBOAHbIX AAaTYMKOB B KayecTBe
RFID meTok 6e36aTapenHblX 4aTYNKOB.

BsepeHue

Kak BumagHo wun3 PucyHka 1, cxema RC-
reHepatopa, OCHOBaHHas Ha fOrM4Yeckom
WHBEPTOpPEe C BXOAHbIM Tpurrepom LmuTTa,
O4YeHb npocTa.

PucyHok 1. PenakcauuoHHbIl RC-2eHepamop.

YacTtoTta reHepauuu, onpegensemas pesuc-
TOopoM R 1 KoHAeHcaTopoM C, yMeHbLLIaeTcsl ¢
yBenMyeHneM HOMMHANoB Mo6Oro M3 KOMMo-
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Embedded Developer

HeHTOoB. B Tabnuue 1 nokasaHbl YacToTbl reHe-
paumm cxembl Ha BeHTUNe 74AXP1G57 npu pas-
NINYHBIX 3HAYEHUAX CONPOTUBIIEHUI pe3ncTopa
R n dukcnpoBaHHON BENUYMHE EMKOCTU KOH-
neHcatopa C, paBHown 22 nd. AHanoroeble gat-
UYMKN MpPEenCcTaBnsitoT cobon yCTPOWCTBa, CBO-
NCTBa KOTOPbIX 3aBUCST OT O4HOIO UM HECKOSb-
Knx (B ugeane, ot ogHoro) omamyeckux napa-
METPOB.

Ta6bnuya 1. 3asucumocmb yYyacmomsbl RC-
2eHepamopa om ConpomMueeHus.

R (kOm) 1 10 [ 15 [ 18 | 22

Yacrtora (MI'y) | 17.5 3.4 2.3 1.9 1.7

K npumepy, conpoTuBneHwe TepMmucTopa
3aBMCUT OT TEMMepaTtypbl, HA €MKOCTb 3JiEK-
TPETHOro MUKpOhOoHa BNUSIET AaBreHne BO3ay-
Xa, a eMKOCTb AaTymka OTHOCUTENbHOW Bna-
HOCTU M3MEHSIETCA NMPU U3MEHEHUM copepXka-
HUS Bnaru B atmocdepe. 3aBMCUMOCTb YacToThl
reHepauum penakCaunoHHOro reHepatopa OT
3HadeHnn R n C ncnoneayetcsa ans popmupo-
BaHWS curHana, Yyacrtota KOTOpOoro 3aBMCUT OT
COMPOTMBIIEHUS 1 EMKOCTU aHaroroBoro garym-
Ka, T.e., akTn4eckn, ansa npeobpasoBaHus aHa-
FNIOroBOro curHana B Mg poByto hopMmy, a Takke
ansa opMUpOBaHMS OMNOPHOM YacToThbl Nepe-
aatyuka.

AnckpeTnsaumna BbIXo4HbIX
CUTHaNO0B aHAa/N0roebiX 4aT4NKOB

YNOMSIHYTbIMU BbILLIE aHaNoroBbIMU AaTyn-
Kamu, BegyLummMmm cebs kak nepemMeHHble pesuc-
TOPbl UNN KOHOEHCATOPbl, MOXHO Nerko 3ame-
HSITb, COOTBETCTBEHHO, PE3NCTOPbI UMW KOHAEH-
catopbl RC-reHeparopa, Kak 370 NnokasaHo Ha
PucyHkax 2a n 26, yactota kotoporo 6yaet
npeacTaBnATb oungpoBaHHOE 3HaYeHne n3me-
psiemoro napameTpa.
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PucyHok 2a. Pe3ucmugHbili dam4yuk.
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PucyHok 26. EmkocmHoU Oam4uk.

SamevaHusi:

Heucnonb3yembie 8x00b1 O0KHbI 6bIMb MOOKIIHO-
YeHbl K WuHaM numadusi uiu 3eMsau 8 coomee-
mcmeuu ¢ pekomeHOauusiMu, rnpueedeHHbIMU 8
cripasoyHbix OaHHbIX. [ pe3ucmueHbix damyu-
Koe rodbupalime emkocmpb KoHOeHcamopa C
makoUl, Ymobbl Mosy4ums MpUeMIeEMyH 4acmo-
my eeHepauyuu. [ eMKOCMHbIX 0am4yuKos rnoo-
bupatime conpomuesieHue pesucmopa R makod,
4Ymobkl MoAy4UMb NPUEMIIEMYIO Hacmomy 2eHe-
pauuu.

Ecnu notpebyetca ouncposatb curHan gat-
yunka, NpeacTaBneHHbIN NepeMeHHbIM Koadhdu-
LIMEHTOM 3arofIHEHUS, MOXXHO BOCMONb30BaTh-
Csl CXeMOW, npeacTaBneHHon Ha PucyHke 2B.

T4AXP1G57

o—ﬁ—_{é—o

TR1 D1

N

R
e D2

T

PucyHok 28. [JekoduposaHue KoaghguyueHma
3aronHeHus.
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Kak BUOHO M3 CXeMmbl, PE3UCTUBHBIM AaTYUKOM
onpenenseTcs BepXHU YpoBeHb CUrHana, B TO
BpeMsi Kak OT conpoTtueneHus R 3aBucut ero
HWKHWU YPOBEHb.

MpocTton 6ecnpoBOAHON AaTUMK

TwartenbHo nogobpae 3HaveHnss R u C,
MOXHO cAaenaTtb reHepartop, paboTtatowuin Ha
Tpebyemon 4vactote. Ecnu BbibpaTb 4actoTy
JOCTaTOYHO BbICOKOW, TaKOW CUrHan MoXxHo 6e3
NPOBOAOB Nepeaath K pagnonpuemMHuky. Kpome
TOro, €Cnn HanpshkeHne aHanoroBoro gartyvka
ncnonb3oBaTh ANA Moaynauun, paguonpuem-
HWK 3aTeM CMOXET M3BMeYb NoresHyt nHdop-
Mauulo gatyvMka u3 NpUHATOro curHana. Ha
PucyHke 3 npuBegeHa oyeHb npocTtas cxema,
oundpoBbIBalOLLAs CUrHanm aHanoroBoro aat-
ynka (TepmucTOopa) M nepepawowas ero c
NCMoSib30BaHMEM YaCTOTHO-MOAYIMPOBAHHOIO
(YM) pagmocurHana.

’_|CZ

7T4AXP1G57
0—ﬁ7 L1
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PucyHok 3. [Jamyuk memnepamypsi ¢ YM nepe-
dam4yuKom.

3ameyvaHusi:

1) Bce Heucnonb308aHHbIe 8x00bi O0MKHbI 6bIMb
MOOK/OYEHb! K WUHaM numasusi uiu 3emrnu 8
coomeemcmeuu ¢ pekoMeHOauusmu, npueedeH-
HbIMU 8 CripaBoYHbIX OaHHbIX.

2) Ecnu ucrions3yemcss OeMoHcmpayuoHHas
rinama NXP 0ns mukpocxembl 74AXP1G57, ybe-
dumecb, 4Ymo pe3ucmop, nodmseusarowuli
8b1800 3 K 3emrie, yoarsieH.

Ecnn emkoctb koHpeHcatopa C paBHa
22 n®, a BblbpaHHbIi Tepmuctop TR1 Mmeer
HOMMHanbHoe conpoTtmerieHme 18 kOm, reHepa-
Top 6yadet pabotatb Ha vactote 1.9 My (cm.
Tabnuuy 1). lNMockonbKy conpoTuBIieHne Tep-
MUCTOpa MEHSIETCSA C U3MEHEHMEM TeMrepaTy-
pbl, YacToTa reHepaummy Takke ByaeT MEeHSATLCS,
B pesynerarte 4ero ccoopmmpyetrca UM pagwmo-
CUrHan c ueHTpanbHom Yactoton 1.9 MI"u. Bknto-
YMB nocriegoBaTenbHO C TepMucTopoMm TR1
AONOSTHUTENbHbINA PE3UCTOP, MOXHO YNPaBnATb
3aBUCUMOCTbIO OTKIIOHEHMS YacTOThbl OT Temne-
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paTypsbl. [lnsa 6onee TOYHON YCTAHOBKM YaCTOThl
reHepauumn, BO3MOXHO, NoTpebytoTcs nogodop
nnn nogctponka emkoctn C. [nsg yactotbl 1.9
Mly emkocTb koHAeHcatopa C2 porkHa paB-
HATbCs 100 NP, a MHOYKTMBHOCTL L1 MOXHO
N3roToBUTb, HAMoOTaB 55 BUTKOB aMannpoBaH-
Horo megHoro nposoaa anameTtpom 0.315 mm Ha
deppuToBbI cTepeHb anuHon 10 cm. [Mpu
HeobXoaUMOCTH ONTUMK3ALMM AanNbHOCTU pac-
NPOCTPaAHEHUs1 CUrHana MOXHO B OMNpeaereH-
HbIX Npeaernax BapbupoBatb 3HaYeHns C2 n L1.
K coxaneHuto, xoTa a10T gatymk ¢ YM moayns-
LMen O4eHb NPOCT 1 AeLleB, MPUEMHUK 151 BOC-
CTaHOBIIEHUS ero curHana 6ygeT HaMHOIO CNoX-
Hee. Hyke Mbl yBUANM, KakumM 06pasoM MOXHO
caenatb 6ecnpoBOAHOM JATYMK C aMNNUTYLHOM
mogynauuen (AM), ns KOTOPOro cxema npuem-
HuKa 6yaeT 4OCTaTO4YHO MPOCTON.

BecnpoBOAHOM AATUMK C
aMnNAUTYAHOU moaynauuen

Kak 0600LLeHne Bcero BblLLeCcKasaHHOro, B
3TOM pa3sgene onucbiBaeTca 6a30Bbi NPOEKT
GecnpoBogHOro AaTyuka TemnepaTtypbl C
amnnuTygHon wmopynsuven (PucyHok 4). B
KayecTBe YyBCTBUTEMNbHOIO arieMeHTa UCMNOofb-
30BaH Tepmuctop conpotueneHnem 100 kOm.
YacTtoTta Hecywen pagumocurHana BbibpaHa
paBHon npumepHo 1.9 My notomy 4TO, BO-
nepBbIX, OHA COOTBETCTBYET ObICTPOAENCTBUIO
Mukpocxembl 74AXP1G57, a BO-BTOpbLIX, 4OCTa-

TOYHO 6nu3ka K AnanasoHy OelueBbIiX cpegHe-
BOJTHOBbIX pagnoBeLlaTenbHbIX NPUEMHUKOB, O
yem OydeT ckasaHO 4YyTb HWXKe. TepMucTop U
koHaeHcatop 0.02 mk® 3agatot yactoty 11 kl'y
nepBoro reHepartopa, cobpaHHOro Ha MMKPOC-
xeme T74AXP1G57, CKOHMUrypMpoBaHHOM
nHBepTopoM C Tpurrepom LWmmnara Ha Bxoge.
Hecywas yactota 1.9 Ml'u, 3Ha4yeHne koTopown
onpegensieTcs koHaeHcatopom 22 nd u pesnc-
TopoM 18 kOwm, reHepumpyeTcst BTOPON MUKPOC-
xemomnt 74AXP1G57, BKItoMeHHON B KOHUrypa-
umm anemeHTa «2M-HE» ¢ Tpurrepamu Lmutta
Ha Bxodax. HemHBepTupyoLw M BXOA dneMeHTa
«2N-HE» wucnonb3dyetca Ana  NOAKNHYEHMUs
uenu obpaTHou cBA3u reHepaTopa 1.9 MMy, a Ha
WHBEPTUPYIOLLMI BXOA NOAAETCA CUrHan reHe-
patopa Aartyuka, MOZYNMPYHOLIMA aMnnuTyay
HecyLen.

Ha cnegytowen ocuunnorpamme nokasaH
curHan gatyuka, cbopMMpOBaHHbIV Ha BbIXo4e
nepso MnkpocxeMbl AXP (U1, BbiBog 4):

6 =11.86080KHz

CHi~ 1,680 CH1 /-38.8mU

20us

u1 CUrHAN u2
3 4 PATHMKA HECYLLAA
g 4 WA oo
6
74AXP1G57 100pF
100k 74AXP1G57
‘ R1 L1
1
| I |
_1C1 TR1 c3 18k
0.02pF -
22pF
GND GND GND

PucyHok 4. Jamuyuk memnepamypsi ¢ AM nepedamyukom.

3amevaHusi:

1) Bce Heucrnonb308aHHbIEe 8b1800b1 QO/MKHBI Bbimb MOOKITOYEHbI K LWUHAM rnumaHusi Ui 3eMsiu 8 coomee-
mcmeuu ¢ pekoMmeHOauusiMu, npueedeHHbIMU 8 CripagoYHbIX OaHHbIX.

2) Ecnu ucnionb3yemcs OemoHcmpayuoHHasi nnama NXP dnsi mukpocxembl 74AXP1G57, y6edumecs, 4mo
pesucmopsl, nodmsausaroujue 8b1800b1 3 U 6 K 3emrie, yoaneHsi.
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Ecnu BbiBoA 1 MukpocxeMbl U2 NOAKIMOUNTL Coegunue L1 ¢ koHgeHcaTtopom C2, nonyya-
K 3emrie BMeCTO BbiBoAa 4 mukpocxembl U1, Mbl eMm cnegywouwee: (Ocumnnorpamma curHana
YBUOUM TaKyH OCLUINIIOrpaMmy: Jatyvka nsobpakeHa CMHMM LIBETOM)

CHiw 1,880

Ecnu BbiBOg 4 Mukpocxembl U1 coeguHeH ¢ O6paTnTe BHUMaHWe Ha To, YTO amnnuTyaa
BbIBOAOM 1 MuKpocxeMbl U2 B COOTBETCTBUM CO AM curHana Tenepb BbIpocna MNPUMEPHO B
cxemom Ha PucyHke 4, Ho L1 oTkntoueHa, hopma wecTb pa3. lNogobpas BenuuunHbl L1 n C2,
cvrHana byaeT Takon: aMnnnTyay, BO3MOXHO, Y4acTCH yBEMUYUTD eLLe
fonbLue, 1, COOTBETCTBEHHO, eLle GonbLue pac-
LUMPUTb pagnyc AenNCTBUSA nepeaaTymka.

MpocToinr u pewesbiii AM
paguonpmemHuK

Ecnn yactota Hecywen BblbpaHa mexay
525 kl"'yn 1.6 MI'y, Ansa nppuema curHana gatym-
e Ka MOXHO MCMNONb30BaTh CTaHO4APTHbIV cpeaHe-

CHi 180U T P BOJTHOBLIN pagnoBellaTenbHbii MPUEMHUK U
npocnywmeaTe BOCCTAHOBIIEHHbIN CUIHan

IC1
BATAPEA LM317L2
> 3 2 1.3V
o5 VI VO * o
1o}
o c1L__Aby | S

IC2C

JP1 1 R
0.1 N e L 10 \8 Jc28
240 I}JF \7

9/
o _ .
=l S of 13 LM324N 6
GND o ELe GND Sl 324N
» X
l R8 1 2 x| |6
— — p
R2 GND 1k “lVRA1
510 — 100k
12 C6
+ 14
13 0.1
- R11
LM324N —
360k
- GND
3||o' R12 3IINC2A | HAHHBIE
! 10k ) 1o
- 20
LM324N | EaTAPES
GND

GND

PucyHok 5. AM paduornpueMHUK U cxemMa 80CCmMaHO8/1eHUs cu2Hara.
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Yyepes ero guMHamuk. NockonbKy B npegnarae-
MOM 6a30BOM NMPOEKTE HecyLLas YacTtoTa BbIXO-
ANT 3a BepxHIoto rpaHunuy 1.6 My, yctaHoBnek-
Hyl0 ONA CpegHEeBONTHOBOrO AuanasoHa, Ans
npuemMa n OeKogmpoBaHUA npeariaraeTca cxe-
Ma, NoKa3aHHas Ha PucyHke 5.

HecmoTps Ha TO, YTO B CXeMe MCMNOSb30BaHO
HaMHOro 6onblUe KOMMOHEHTOB, YEM B paamo-
nepegaTtymke Aatyunka, BCe e, OHa O4eHb Npo-
cta. OCHOBHbIM €€ KOMMOHEHTOM SBMSIETCA
Mukpocxema U1, BbinonHawoLWas Bce Heobxoaum-
Mble pyHKUMN pagunonpuemHuka. L1 n nogcrpo-
€4YHbI KOoHOeHcaTop 00pasyltoT pPe30oHaHCHbLIN
KOHTYP, KOTOPbIA AO0/mKeH OblTb HAaCTPOEH Ha
HecyLlyto YacTtoTy nepegatuvka (1.9 Mlu). C
BbIxoga U1 cHMMaeTca curHan, KotopbiM Gbina
npomoaynupoBaHa Hecyllaa vacTtota B nepe-
Aartyuke.

HanpsibkeHue 1.3 B, ycTaHOBNEHHOE Ha BbIXO-
Oe nuHenHoro crtabunusatopa LM317 (IC1),
ucnonb3yeTca Angd NUTaHNs MUKPOCXEMbI paaun-
onpuvemHuka MK484 (U1). MNockonbky BbIXxoA-
Hon curHan U1 MOXeT okasaTbCs O4YeHb cra-
ObIM, OH ycunmBaeTcsa Mukpocxemon IC2B, ycu-
fieHNe KOTOPOW perynmpyeTcsl NoacTpPOeYHbIM
peanctopom VR1.

[ns BoccTaHoBneHMs nHdopmauumn gatydmka
NCNonb3yeTcs TEXHOMNOrMs, NoNy4YMBLIAas Ha3Ba-
HMe «Hapeska AaHHbIX». Pe3nctopbl R5, R6 1
Mukpocxema |IC2C dopmupyloT onopHoe
HanpshkeHne, paBHOE MOSTIOBUHE MPUXOOALLEro
Ha pasbeM JP1 HanpskeHUs, NnuTaHud, onpege-
nswowee MOPOroByd amnnuTydy, HaduMHasa C
KOTOpOW curHan gatymka byaeT ycunmeaTbCs.

YcuneHHbIn curHan noctynaet Ha OAuH U3
BXOAOB KOMMapartopa, OCHOBOW KOTOpPOro crny-
XUT Mukpocxema IC2A. IToT Xe curHasn, Ho
ycpeaHeHHbIn uenoykon R9, C6, n 6ydepuso-
BaHHbI Mukpocxemon |IC2D, nogaetcs Ha gopy-
rov BXog KOMMapartopa, Ha BbIXO4Ee KOTOPOro

6=11.853

CHi~ 1,889 CH1 /-168mV

PucyHok 6. BoccmaHoesneHHbIl cugHan dam4yuka.
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dopmMMpyeTCA MOMHOCTBIO BOCCTAHOBIIEHHbIN
CUrHan gartymka, YTo BMAHO Ha ocumnorpam-
Max, NpeAacTaBneHHbIX Ha PucyHke 6.

CwuHewn ocumnnorpammMon Ha PucyHke 6 npea-
CTaBNEeH UCXOOHbIW CUTHaI AaT4ynka, a >KenTom —
BOCCTaHOBJIEHHbIV CUrHan.

Bonpocbl nuTaHuA 6ecnpoBoaHbIX
AATYMNKOB

[o cux nop Huyero He GbINO ckaszaHo 00
MCTOYHMUKE MNUTAHUA [NS MUKPOCXEM
74AXP1G57. OgHako Hago NOMHUTL, YTO paau-
onepepaTyuK ABNAETCS yCTPONCTBOM, Npeobpa-
3YIOLUMM SMEKTPUYECKYD 3HEPIUI0 B SHEPTUIO
paguousnyyveHus, u ana obecnevyeHms npuem-
nemoro paguyca OelcTBuUst UCTOYHUK NUTaHUSA
OOMKeH ObITb B COCTOSAHMM OTAaBaTb 4OCTATOM-
HbI TOK. Hanpumep, npu ncnonb3oBaHuu cTa-
pON LWeno4YyHon baTapenkn ¢ HanpsXkeHnem Ha
KoHTakTax 1.3 B yBepeHHbI npuem curHana
AaTtynka 6b1n BO3MOXEH Ha pacCTosHUK nNopsa-
ka 30 cm.

XoTa And nuTaHus NpoToTMna OMNUCaHHOWM
BblLLUE CXeMbl UCMONb30Banack NosypaspsiKeH-
Has LWenoyHaa Gatapenka C HOMWHaNbHbIM
HanpsbkeHnem 1.5 B, cnocoBHOCTbL MUKpocxe-
Mbl NXP paboTaTtb Npy 04eHb HU3KOM Hanpsike-
HAM K cBepxmanoe noTpebrneHne MOLLHOCTH
BMOSIHE MO3BOMAKT CO34aBaTb XXM3HECNOCob-
Hble 6e30aTapeiiHble peLleHNs.

CyLliecTByeT MHOXECTBO CXeM cbopa OKpy-
XaroLlen aHeprum, cpeamn KOTopbIX eCTb Takue,
KOTOpble MOTYT MCMOMb30BaTb PAAMOYACTOTHYHO
QHEpruio OT BbIWEK TenepagnoBeLllaHnus unm
COTOBOWM CBA3N. Vcnonb3yst HA3KOE 3HEPronoT-
pebnenne mukpocxembl 74AXP1G57, mMoxHO
peanu3oBatb paboTocnocobHbIi GecnpoBoa-
HOW [OaTyMK, OCHOBAHHbIA Ha MOAENU METKM
paguodacToTHom ngeHtudpurkaumm (RIFD). Oat-
YMK JernaeTcs N0 cxemam, aHanorMyHbIM U30-
OGpakeHHbIM Ha PucyHkax 2a u 26, a uenb ero
NUTaHUA AOMONHAETCA CXeMOWN 3apsifa KOHAEH-
caTopa OT paguocurHana, Takow xe, kak B pagu-
O4acTOTHbIX MeTkax. [lpn HeobxoammocTu
y3HaTb NoKa3aHusa gaTyMka CUUTbIBATENb reHe-
pupyeT pagumocurHars, KOTOpbIA MCMNoMb3yeTcs
AN akTMBaUMK AaTtyvka, a 3aTeM MoaynupyeT-
Cs1 mocne Toro, Kak JaTyuk Bkoyaetcs. [emo-
Aynaunsa paguocurHana npoucxoguT B CYUTI-
BaTene.
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HemoHcmpayuoHHas rnnama 0s1s1 MHO20hyHKUUO-
HarnbHo20 floeudeckoeo anemeHma 74AXP1G57.

B 3aknoueHue

OnuncaHHbIe BbllLE CXEMbI ObINU UCTbITaHbI C
NMOMOLLbIO AEMOHCTPALMOHHOM MNaThbl A5si Foru-
Yyeckux anemeHToB 74AXP1G57, BbinyckaeMon
komnaHuen NXP. bes agemMoHCTpauMOHHOM
nnaTbl 3KCNEPUMEHTMPOBATbL C 3TUMU KPOLLEY-
HbIMW YCTpOWCTBaMMU, He uW3roTaBnuBas
cobCTBEHHOM NeyaTHOM nnatbl, Obino 6bl Kpan-
He cnoxHo. [ Z1

NMpunoxkeHne. Mukpocxema 74AXP1G57

Obuiee onucaHue

Mukpocxema 74AXP1G57 npeacrtasnsier
coboM MHOro(yHKLUMOHAMNbHbBIA  NIOrNMYECKUIA
anemeHT c Tpurrepammn LLmuTTa Ha BXxogax.
YCTpONCTBO MOXET ObiTb CKOH(UIypMpoBaHO
Ans BbINOAHEHUA dyHKumMn «Nx», «ATMN», «WU-
HE», «WUIN-HE», wnckniovatowee «UJTN»,
nHBepTopa n bydepa. Bce Bxodbl MOXHO nog-
KnovaTb HEMOCPEACTBEHHO K LUMHAM MUTaHMUSA
unn «3emnu». Mukpocxembl OTAMYaKOTCH
NCKINIOYMTENBHO HU3KUM NOTpebrneHnem cratu-
YEeCcKon U AMHAMWYECKON MOLLHOCTU BO BCEM
aunanasoHe HanpsbkeHun nutadms ot 0.7 B go
2.75 B. KoHcTpykumss npubopoB no3sonser
NCNonb30BaTh UX B NPUMNOXEHUAX C YaCTUYHbBIM
CHWXEHNEM aHepronoTpebneHnsa. 3To BO3MOX-
Ho Briarogaps TOMy, YTO MPW OTKITOYEHHOM NUTa-
HUN MUKPOCXEMbI criebunarnbHasa uenb 6rokmpy-
€T BbIX0[, MCKINIoYasi BO3MOXXHOCTb €ro NoBpeX-
OeHns o6paTHbIM TOKOM OT BKITHOMEHHbIX coce-
HUX 31IEMEHTOB.

AS >c
1 >

B T >0 O

——O
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OcobeHHOCTU 1 NpeumyLecTBa
o LLInpoknin onanasoH HanpsXXeHnn NMTaHus ot
0.7Bpno2.75B

e Hn3kas BxogHass eMKOCTb: TUMNoOBOe 3Hade-
Hne 0.5 N

e Hn3kasi BbIxogHast eMKOCTb: TUMOBOE 3Ha4e-
Hne 1.0 n®

e Hnskoe notpebneHne gUHaMU4YECKON MOLL-
HOCTW. TUMOBOE 3HA4YeHWE 3SKBMBANEHTHON
emkoctTn—2.7 nd

e Hnskoe notpebneHme ctaTmyeckom MOLLHOC-
Tn: He 6onee 0.6 MkA npu Temnepatype 85 °C

¢ BbicOKkasi noMexoyCTon4MBOCTb

¢ YCTOMYMBOCTb K 3aLLleNKUBaHMIO MpeBbILaeT
100 MA, pernamMmeHTUpPOBaHHbIE CTaHOAPTOM
JESD 78 Class I

e BXxobl, yCTONYMBbLIE K HANPsKeHWo 0 2.75 B

e LLlymoBble BbIGpOCHI M NpoBarnbl, He NPeBbl-
watouwme 10% oT HanpsKeHNA NUTaHNA

e Cxema BGNoKMpoBKKM BbiXxoda AN 3alinTbl OT
noBpexaeHnst obpaTHbIM TOKOM

e bonbLuor BbIGOp KOopnycoB

¢ [lInanasoH pabounx temnepatyp ot —40 °C oo
+85°C

SOT886 SOT1115 SOT1202
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BbICOKO3(h(DEeKTUBHDLIN

100-munnanamnepHbIi CUHXPOHHDBIN
NOHWXaKWuii npeobpa3oBarenb
C AWana30HOM BXOAHbIX HANPAXEeHNN

oT4B no150B

Charlie Zhao, Linear Technology

BeBepeHue

LWnpoknit amMana3oH BXOLHbLIX HanpsXeHWin
noHmxatowero DC/DC npeobpasoBartens
LTC3639 nossondaet pa3paboTymkam yCTPpONCTB
aBTO3MEKTPOHMKN, aBUOHMKN U CUCTEM WU pac-
npeaeneHHoro NMTaHns

e cobnogath Bce TpeboBaHUSA K NepexoiHbIM

XapakTepucTmKam;

® KOHCTPYMpPOBaTb MHOTOBXO40BbIE MCTOYHUKMN
nuTaHns ¢ 6onbliMM pasbpocoM BXOAHbLIX
HanpsbKeHWn, Takue, HaNnpuMep, rae Hapsay
C MICTOYHMKOM BbICOKOrO NOCTOSAHHOIO Hanpsi-
YKEHMS NCMNonb3yeTcsi HU3KOBOMLTHAs pesep-
BHas baTapes;

eco3faBaTb YHMBEpCanbHble WCTOYHUKMK
nuTaHus, 4Tobbl, COKpPATUB acCCOPTUMEHT
CKINaACKMX 3anacoB, CHM3UTb 3aTpaTbl Ha
pa3paboTKy 1 NpoM3BOACTRO.

brnarogaps WHTErpupoBaHHbLIM MOLLHbLIM
MOSFET BepxHero n HWXKHero nreda yaanocbh
Joctndb BecbMma Bblicokoro KIO mukpocxembl
LTC3639. lNpeobpasoBartens MMeEET nporpam-
MUPYEMBbIA MOPOr OFPaHNYEHMST TOKA U MOXET
oTaaeaTb B Harpy3ky go 100 mA. [lnanasoH ero
BbIXOAHbIX HAMPSHKEHUA OYEHb LLUMPOK, U, HAYK-
HasiCb OT MMHMMarnbHOro 3Ha4yeHunsa 0.8 B, B mak-
CMMYME paBHSETCA BXOOQHOMY HaMpPsHKEHMIO.
BHyTpeHHuin MOSFET BepxHero nrneya MoXxeT
paboTatb npu KoapULUMEHTE 3anoNHEeHUs
100%, 4TO 1 NO3BONSIET NONyYaTb CBEPXMarble
YPOBHU Ha BbIxoge. Bbicokaa appekTMBHOCTb
MUKPOCXeMbl 06ecnevnBaeTcs B LUMPOKUX Oua-
nasoHax BXOAHbLIX W BbIXOOHbLIX HaMNPSKEHWN.
Heobxoanmo oTMETUTL TakKe Hanu4vme nynbcu-
pyloLero pexmma paboTbl U HU3KUN COBCTBEH-
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Design Note 532

HbIA TOK NOTpebneHuns npeobpasosatend. Muk-
pocxemMa MCKMYUTENBHO MpocTa B MCMONb30-
BaHWM BGrnarogaps TOMy, 4TO Uenb netnm obpar-
HOW cBA3W obnagaeT BHYTPEHHEN YCTONYMBOC-
Tbt0, U3HA4YanbHO NPUCYLLEN CXEMaM C rucTepe-
31CHOM apXUTEKTYPON.

MoHuxKalowmit npeobpasosartenb ¢
BXOAHbIM HanpaXeHunem ot 4 B go
150 B, BbIXOAHbIM HanNpAXXeHUuem
3.3 B 1 BbixogHbIMm TOKOM 100 MmA

Ha PucyHke 1 nsobpaxkeHa cxema CUHXPOH-
HOro NoHMXatoLlero npeobpasosaTtens ¢ BbIXo4-
HbiM HanpsbkeHnem 3.3 B, MakcumarnbHbIM
ToKkoM Harpy3ku 100 MA 1 0YeHb LLUIMPOKUM auna-
Na3oHOM BXOAHbIX HanpsxeHun ot 4 B oo 150 B.
Ha Bbixoge LTC3639 MOXHO YCTaHOBUTb Tpu
PMKCUPOBAHHBIX BbIXOAHbLIX HanpskeHus: 1.8 B,
3.3 B n 5 B. 311 dmkcupoBaHHbIe HanpsXXeHns
OPMUPYIOTCS C NMOMOLLIbIO BHYTPEHHNX pe3unc-

VN TDK SLF12555T-102MR34
4B...150B 1000uH Vout
o VIN SW 3.3B
M 100 MA
—— 2008 LTC3639 —
- RUN VEB -
OVLO SS
E Vprg1  VPRG2 j
= GND

=

PucyHok 1. CUHXPOHHbIU MOHWXarouwul npeob-
pa3osamerib ¢ 8X00HbIM HarpsikeHuem om 4 B 0o
150 B, 8bix00HbIM HanpsixeHuem 3.3 B u 8bixo0d-
Hbiv mokom 100 MA.
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PucyHok 2. 3asucumocmb Kl om moka
Haepy3Ku 0r1s1 npeobpasosamerisi, U30bpaxeHHOo-
20 Ha PucyHke 1.

TMBHbIX AenuTenen 1 BbIoMparTcst KOMOUHaLK-
en HanpsbkeHun Ha BbiBogax Vprgi U Vpreo.

Hanpumep, onst toro, 4tobbl YCTAaHOBUTH Ha
BbIxofe HanpseHue 3.3 B, BbiBog Vprg1 HAOO

NPOCTO NOAKMIOYMTB K «3emne», a Vprga — K KOH-

Takty SS. BeiBog VFB nogkniodeH K Bbixogy
HanpsMYK, MUHYS PEe3UCTMBHbIN OEenUTerb.
3aBucumocTb KI[ npeobpasoBatensd oT Toka
Harpy3ku npu pasnuyHbiX BXOL4HbIX HANPsXKeHn-
SIX MOKa3aHa Ha PucyHke 2.

MoHuKalowmin npeobpasosaresnb €

BXOAHbIM HanpsaXeHunem ot 36 B ao
72 B, BbIXOAHbIM HanpAaXeHuem 24

B n BbixogHbim TOKOM 100 mA

Ho Bbixoge LTC3639 MOXHO MONyyYnTb
HanpsbkeHne ot 0.8 B Ao HanpsixkeHns, paBHOro
BXoAHOMY. [Momnmo Tpex BblGpaeMbix orKcu-
POBaHHbIX HAMPSKEHWI, C MOMOLLIbIO BHELLHETO
PE3NCTUBHOIO AENUTENST MOXHO YCTaHOBUTb
NPON3BOJSIbHOE BbIXOAHOE HanpskeHue. Ha
PucyHke 3 npuBegeH npumep cxembl CUHXPOH-
HOro NOoHMXatoLLero npeobpasoBaTens C BbIXOA-
HbIM HarnpsbkeHueM 24 B M TOKOM Harpysku
100 mA. BO3MOXHOCTb MporpaMmmMmpoBaHus
NnoporoB OGMOKMPOBKM MO3BONUIIA OrPaHNYUTL
AnanasoH AO0MNyCTMMbIX BXOAHbIX HanpsKeHuin
nHTepBanom ot 36 B go 72 B. [1ns atoro gocta-
TOYHO, KaK 9TO MoKa3aHo Ha PucyHke 3, Bknto-
YNTb PE3UCTUBHBIN AeNUTeNb Mexay BbiBogamu
Vins RUNn OVLO.
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220uH Vout
Vin Vin SW 2B
36B...72B 100 MA
2.2M LTC3639 187k
RUN VEB
6ok FBO f—
WF—— IseT [— ——10uF
QOVLO SS j
VPRG1 19,9 é
30.9K VPRG2 e
GND

+ -

PucyHok 3. [NoHuxarowjuti npeobpaszosameris €
8X00HbIM HanpsixxeHuem om 36 B do 72 B, 8bixo0-
HbIM HarpsbkeHuem 24 B u 8bIXOOHbIM MOKOM
100 MA, 3auUUeHHbIU 0m ro8bIWLEeHHO20 U MOHU-
JKEHHO20 8XOOHO20 Harnpsi»KeHusl.

NMpunoXKeHuna c oTpuLaTeIbHbIM
BbIXOAHbIM HaNpAXeHuem

Ewe ogHMM nonesHbiM MNpPUMEHEHUEM
LTC3639 moxeT 6bITb Npeobpa3oBaHue norno-
XWUTENbHOIO HanpsbKeHUs B OTpuULATENbHOE.
Mpu 3TOM BbIXOAHOE OTpULIATENBHOE Hanpshke-
HMe No abComnMTHOW BENUYMHE LaXe MOXET
ObITb GonbLUEe, YEM MOXHO NOMY4YUTb B CXEME C

L1

y 220pH
IN ViN SW
4B...135B CiN
1F LTC3639
I: 2008[_feuy Ve
I: SS FBO | Cour
— 10pF
Veret T 25%

Vout
-15B

Vprg2 OVLO
|_ GND

PucyHok 4. [peobpaszosamerib 8Xx00HO20 10710~
XKumernbHo20 HarnpsixeHus 4 ... 150 B e ompuya-
mersibHoe 8bIX00HOe HarnpsixxeHue 15B.

NOMNOXUTENbHbIM BbIXOAHBIM HAaNpskeHnem. Ha
PucyHke 4 nokasaHa cxeMHasi peanmsaung npe-
obpasoBartensa BxO4HOro HanpsbkeHus 4 B ...
135 B B HanpsikeHne —15 B. NMocKonbKy BbIXOA,
CXeMbl COEANHEH C LUIMHOWN 3eMMn, MakcuMmarnb-
HOe BXOAHOE HarnpsiKeHne orpaHuyeHo CyMMOWn
150 B 1 perynupyemoro BbIXO4HOro Hanpsxe-
Hus —15 B, T0 ecTb, paBHo 135 B. Makcumarnb-
HbI BbixogHoM Tok ans LTC3639 B koHGurypa-
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LM NnpeobpasoBaTtens NONOXUTENbHOro Hanpsi-
XEeHUs1 B oTpuuaTenbHoe npubnManTenbHO
paBeH

100 MA-L

VlN + ‘VOUT|.

3aKknuyeHue

LTC3639 paboTaeT B 04EHb LUMPOKOM AMa-
nasoHe BXOAHbIX W BbIXOOHbIX HaNpPsKeHWUN,
coaepxnt BctpoeHHble MOSFET, umeeT HU3Kui
CcOBCTBEHHbBIN TOK NOTpebneHus (1.4 MKA B pexu-
Me OTKITHOYEHUA 1 12 MKA B CNSILLEM PEXMME) U
obecneuymBaet Bbicokur Kl B 6onbliom gua-
nasoHe TOKOB Harpysku. boraTtbii Habop BO3-
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MOXHOCTEN MWUKPOCXeMbl BKIOYaeT nporpam-
MUPYEMBIA U HacTpaMBaeMbIn BbIXOd, pery-
nMpyeMbll  NMOPOr OrpaHu4yeHust Toka, OTCy-
TCTBME HEeobXoOUMOCTU B LENsX KOppeKuuwu,
BHYTPEHHEE UIM BHelLHee yrpasneHue napa-
MeTpaMu MSArKOro 3arnycka, nporpaMmMmmpyemMble
noporn 6roKMPOBKN MPU NMOHMXXEHHOM U NOBbI-
LLUEHHOM BXOAHOM Hanps>xeHnn. MuHnaTiopHbIn
kopnyc MSE co CHWXeHHbIM TennoBbIM COMNpo-
TUBIIEHMEM M NMPOCTasi CXema BKINIOYEHMWS NO3BO-
NAT co3faBaTb BbICOKOKAYECTBEHHbIE, KOM-
nakTHble n Hegoporne DC/DC npeobpasoBaTe-
nw ans yCcTpomcTB aBTOSMNEKTPOHUKM, aBUOHUKN,
cucTemM pacnpefeneHHoro nuTaHus, MeauumnH-
CKux NpnbopoB U cpeacTB ynpaBneHnss TeXHO-
nornyeckumu npouieccamu. [Z1)

PapauoJloumaH - okra6ps 2014


http://www.rlocman.ru/

HacCTosLlee HeMeLluKoe Ka4eCcTBO

Testbay )»'o'(ﬁgﬁa'.@

GmbM, Germary

WHCTPYMEHT ans
pa3paenku kabens
W CHATUA U30NALUN

KOHTPOJIbHO-
u3mepuTenbHoe
o6opynoBaHue

© BERNSTEIN

safe solutions

NpoMmblLLNIeHHble Kopnyca
BbIKNIOYaTeNu
AATYUKK

Knemmbl
Ha DIN peiiky
W ANA neyaTHbIX nnat

NMOCTABKA 3JNNIEKTPOTEXHUYECKOIO OBOPYJOBAHUA

OUNCTPUBBLIOTOP B POCCUA WWW.DECIMA.RU
BEEEEE MOCKBA, 3ENEHOIPAL, +7(495) 988-4858 EEEEEEE

B OELIMMA



http://www.decima.ru

lipoctas cxema

3aMeHsieT nporpamMmMHbIf onpoc
MaTpU4HON KnasuaTtypbl

Rick Malley, Independent Designs LLC

3Ta cxema, ucnonb3yruwasi BoceMb LNg-
pPOBLIX BXOAOB, ynpoLiaeT AeKkoguvpoBaHue
MeMbpaHHOM KnaBnaTypbl C MaTpuLen KHONOK
4x4 n penaeTt HEHYXXHbIM TPagULUMOHHOE cKa-
HUpPOBaHME PSAO0B UM KOMOHOK. CxeMa MOoXeT
paboTtaTtb ¢ nobon X-Y matpuuen nepeknova-
Tenen, BXOAsILIEN B COCTaB Kakoro-nmbo
ycTponcTea.

B cxeme ncnornb3oBaHbl BOCEMb LIMPPOBbLIX
TpaHaucTtopoB — YyeTblpe NPN un yetbipe PNP.
Mpun HaxkaTun Ha BbIGpaHHYO KHOMKY ABa TpaH-
3MCTOpa BKIHOYATCS TOKaMK, MNpOTeKarLuMm
yepes MX BHYTpPEHHME pesncTtopbl. CreHepupo-
BaHHbIM B pe3ynbrarte Kopg, KoTopbli OyaeT yHu-
KanbHbIM NS KAXA0ro Knoya, MOXXHO cYMTaTh C
NMOMOLLBIO MPOCTON KOMaHAbl BBOOa OanTa.

Electronic Design

Ecnu paspewnTb npepbiBaHWsS MO U3MEHEHUIO
COCTOSIHUSA BCEX BOCbMW BXO4OB, Nporpamma
AeKooMpoBaHus knaBnaTtypbl 6yaeT NOnMHOCTbIO
yNpaBnaTbCA NpepbIBAHNSMN.

3TN BOCEMb NMHUI MOXHO Takke NOAKIto-
YUTb K COBUIOBOMY PErMCTPY Y COKPATUTb KOMKU-
4YeCTBO WCMOMb3yeMbIX NMHUIA BBOAA/BbIBOAA
MUWKPOKOHTpOMepa 40 ABYX UK TpexX, Heobxo-
ONMbIX ANS yNpaBneHus CABUIOM U YTEHUEM.

B npoctenwem BapuaHTe BCe BbiBOAbl 8-
BUTHOro NopTa KOHMUIYPUPYOTCA Kak BXOAb!, a
BHYTPEHHNE PE3NCTOPbI NOATArMBAOTCA K NUTa-
Huo B paspsgax 0-3, n K «3emne» B pasps-
pax 4-7 (PucyHok 1). CnepyeT cpasy Oroso-
pUTbCS, YTO Takue rmbkne HacTPOMKWM nogaep-
XXMBaOT [aneko He BCEe MUKPOKOHTPOSNep:I.

Q5
LLLI Nec PDTC124
[y a By a By s I
PAO
| Qé
> PAI PDTC124
<
(BHYTPEHHME PA2
pe3ncTopsl) Q7
PDTC124
PA3
STM32F100 | [
(STMicroelectronics)
Q8
PDTC124
<

O A
| ]
3
6
9
#

VC(I:

sy

L —
- —1

% NN
Ol | U | N
OO0 || > |

PucyHok 1. []nsa ynpoweHus 0ekoduposaHuUsi Mampulbl KHOMOK 4x4 8b1800bk1 8-6UmH020 rnopma ckoHguay-
puposaHbl xo0amu, KOmopble Mo0Msi2u8aromcsi K UMmMaHUr U K «3eMsie» C MOMOWbI0 8HYMPEHHUX pe3uc-

mopos.
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PucyHok 2. AfibmepHamueHasi cxema, 8 Komopou UCMO/b3YHMCS HEWHUE MampuUb! Pe3UCMOopO8.

OgHuMm 13 nopobHbIX NpubopoB ABNSETCA
STM32F100 komnaHuu STMicroelectronics, Ha
KOTOPOM 1 Obin1 cobpaH NpoToTUN CXEMbI, MOKa-
3aBLUMIN OTIIMYHBIE pe3ynbTaThl.

B cxeme Ha PuUCyHKe 2 Ncnosb3yoTcs BHELL-
HWe pe3ncTopbl. Jlyylue Bcero B3siTb Napy LUMpo-
KO pacnpoCTpaHEHHbIX YEeTbIPEXANIEMEHTHbIX
PE3NCTOPHbIX MaTPUL, — OHN KOMMAKTHbI, HeAO-
poru, n 4o6aBnsaIT K NEPEYHIO 3fIEMEHTOB BCETO

PapuoJloumaH - okrs6ps 2014

ABa KOMMOHeHTa. B GonblKnHCTBE cryyaes
nogonayT matpuubl ¢ conpotmerieHnemM 10 kKOm.

KoHe4yHo e, Npu 0Q4HOBPEMEHHOM HaxXaTum
OBYX KnaeBuw Takke OyayT reHepupoBaTbCs
YHUKanbHble Koabl. Ho aTa cuTyauus He co3gaet
HWKaKNUX JOMNOMHUTENbHbIX CIIOXHOCTEN; ntobas
KOMBUHaLKs, B KOTOPOW ABE KNaBULIN HE UMEIOT
o6Len cTpokn nnm ctonbua, MoxeT ObiTb Npo-
rpamMmHo aekoamposana. [
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Cxema pacno3Haer
W BOCCTAaHABNUBALT

3dllyMJIEHHbIE UMNYIbCbI

Vladimir Rentyuk

npeqnaraelvlaﬂ cxema NosiBMIoCh B pesyrib-
TaTe pelleHus criegylolen sagadu: Tpebosa-
nocb chopmmpoBatb UMMNYNbLC onpenereHHONn
ONNTENBHOCTN U3 «TPA3HBIX» BXOAHbLIX UMMY-
NbCHbIX BCMNECKOB, KOTOPbIE MOMN MEHATLCS
no amnnutyge B AmnanasoHe Ao 60 ab. Takke
TpeboBanocb obecneynTb MUHUMaNbHOE
BPEMS 3a€PXKKN MeXAY BXOOAHBIMU U BbIXOAHbI-
MU MMMyNbCamu, Tak YTO aBTOP He MOT UCMNOMb-
30BaTb MHTErpatop unuv gpyrme oOblyHble B
3TOM cfnyyae cxeMHble peleHus. OnucbiBae-
Masi cxema WUCnonb3yeTrcd B paamoroKaLlMoH-
HOM AanbHOMepe, NO3TOMY Marnas U NOCTOsIH-
Hasi NO BPEMEHN 3a4epKka Mexay BXOAHLIMU U
BbIXOAHbIMU UMMNYNbCaMU ABMAETCS onpeaens-
towen. Npegnaraemoe peLleHne nNpoLuno npak-
TMYECKYIO MPOBEPKY W MOKa3ano OTANYHYH
pabory.

Cxewma, npegcrtaeneHHas Ha PucyHke 1, reHe-
puypyeT MMMynbCbl CTPOro 3agaHHOW AnuTenb-
HOCTW M3 NOObIX BXOOHbBIX «TPA3HBLIX» UMMYSb-
coB. 31O MOryT 6bITb, HANPUMEpP, NAYKN UMMYSb-
COB rapMOHUYECKNX kKorebaHun (pagmommMmnysb-
Cbl), WMNyNbCHble BCNNECKW, WUMMYNbChbl
HeornpeaeneHHon AnNuTenbHOCTM M T. A. C
amnnutygamum ot 10 mB go 5 B. Beixog cxembl —
3TO YMCTblE UMMYSbCbl C KOHTPONMPYEMOW ANn-
TENbHOCTBIO U NIOTMYECKMMWN YPOBHAMM NOSOXKMN-
TeNbHOM MNONAPHOCTU.

BxoaHble MnynbCbl NOCTYNatoT HAa HEUHBEP-
TUpyrowmin Bxod komnapartopa IC1 yepes aud-
depeHumanbHyto Lenodky C4, R5, noctosaHHas
BPEMEHM KOTOPbIV foSmKHa ObiTb BbIGpaHa MUHK-
MarnbHO NPUEMNIEMON AONs BalIero npunoxe-
Hus. MNogcTpoeyHbiM pe3nctopom R6 ycTaHas-
nuBaeTcA nopor KomnapaTtopa, KOTOpbIA B

60 | CXEMbI |
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HalleMm criydae MoXeT USMEHATbCH B npegenax
oT 13 mB go 60 mB. B kOHKpeTHOM npakTnyec-
KOM NpUMEHEeHUX NMopor KomnapaTopa O0SKeH
ObITb YCTAHOBMEH HA MUHUMAIbHO A0NYCTUMbIN
YPOBEHb BXOAHOMO CUrHana.

Koywun mynstMBMOpaTop, BbINOSTHEHHbIV
Ha 1C2-1, reHepupyeT BbIXOAHbIE WUMIMYIILChI.
BTopon xaywmin mynstMBmbpaTtop, BbIMNOMHEH-
HbI Ha 1C2-2, hopMupyeT 3alUNTHbIA MHTEPBAI
UM «Creny» BPEeMEHHYI0 30HY, B KOTOPOW
BXOOHbIE MMNYIbChl He ByayT 3anyckaTb reHe-
paumio BbIXOOHbLIX MMMYNbCOB. OTOT UHTEpBan
(ero ANUTENbHOCTb YCTaHaBMBAETCH 3NlEeMEH-
Tamn R10, C7) gomkeH 6bITb 6onbLue, Yem anu-
TENMbHOCTb BbIXOAHbLIX MMMYNbCOB, HO KOpOYe,
YyeM MUHUMAaTTbHbIV OXXngaeMbli nepuog cnego-
BaHWs BXOOHbIX «MOME3HbIX» UMMYNbCOB, HECY-
LMX MHpOpMaLMIO.

Koraa ypoBeHb BXOOHbIX MMMYNbCOB Nagaet
HWXe YCTaHOBINEHHOro rnopora Komnaparopa
IC1, nornyeckunit ypoBeHb Ha ero BbIXO4e MeHs-
€TCa C BbICOKOrO Ha Huskui. (Mpumevanue:
HayanbHas yctaHoBka anga IC2-2 — normyeckas
eovHuua Ha BbiBoge 12). MMpu aToM XOyLLui
MynsTuBMbpaTop Ha IC2-1 reHepupyeT uMmnynb-
Cbl Mo oTpuuaternbHOMy POHTY Ha BXoAe
3anycka (BbiBoa 1). MonoXntenbHbIn PPOHT ero
BbIXOAHbIX MMMNYSbCOB 3anyCKaeT XAYyLLUNA My b-
TMBMOpaTop Ha |C2-2 (4epes Bxof 3anycka rnoso-
XutenbHbiM ppoHTOM, BbiBOA 10), bopmupyto-
WKW 3alNTHBIN MHTepBan. B TedyeHue Bcero
3TOro MHTEpBara BpeMEeHU BbIXO4 C OTKPbITbIM
KONIEeKToOpoM KomMnapatopa MpUHYOUTENbHO
OyoeTr yaepXkuBatbCs B HM3KOM JIOTMYECKOM
cocTosHuN. BpemeHHasa guarpamma 3Toro npo-
uecca npeacrasneHa Ha PucyHke 2.
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PucyHok 1. JuckpumuHamop.
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PucyHok 2. BpemeHHasi duagpamma umysibco8 ouc-
KpumuHamopa, 5 mkc/dern.

Ocuyunnoepammsbi:

1 — BXOOHOU «2psi3HbIlU» cu2Hars ¢ WyMOM (3arosiHe-
Hue 1.5 MI'y, dnumensHocme paduoumryrbca 12 MKc,
nepuod nakema 34 MKc);

2— BbixodHou cueHarn komnapamopa (ebi800 7 IC1);
3— BbixoOHou umryrisbe, 6 MKc (8b1800 131C2-1);

4— 3awumHbilt uHmepsarn, 17 Mxc (8b1600 12 1C2-2).
Bpewms 3a0epxxku cxembl, npedcmaesneHHoU Ha PucyH-
ke 1, cocmaensem okono 120 Hc, u moxem 6bimb
yMeHbWweHo nymem gblbopa bonee boicmpodelicmey-
rowux UMC. JuHamudeckul duana3oH ycmpolicmea
6onee 60 0b.
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OnemeHTbl R3 n C10 npegHasHayeHbl
ONg Ha4yanbHOM YCTaHOBKN 0B60MX XAOYLLUNX
MYNbTUBMOPATOPOB MpY BKIIKOYEHUN NUTa-
HuS, a uenodka R7, C6 obecneymBaeT cTa-
OunbHOCTbL UX 3anycka. bes Hee umnynbc
3anycka bygeT umeTb ANUTENbHOCTb BCEro
HecKOmnbKO HaHocekyHA. Auoa V1 cnyxut
anga 6bICTporo paspsiga BCex napasuTHbIX
€MKOCTelN, COEANHEHHbIX C BbIXOAOM KOM-
napatopalC1.

Kak MOXHO BuOeTb, HUKaKMe AOMOSiHKU-
TenbHble BXOAHbIE WMMMYNbCbl HE CMOTyT
3anyckatb IC2-1. OnemeHTbl R13 V2 aBnsa-
toTca  obga3aTernbHbIMKM, OHM  3aliuLiaoT
BXOJ KOMMnapaTtopa OT CUrHanoB C amnunTy-
damMmu, BbIXogAwmMMKM 3a npegenst 5 B.
EcTectBeHHO, 4YTO npegnaraeMoe CXemo-
TeXHUYeckoe pelweHne MoxeT ObiTb
NCMOMb30BaHO M B Crnyyae, €Crniv BXOAHble
UMNYMbCbl UMEKT MOSTOXKUTENbHYIO Nonsp-
HOCTb. [11151 3TOro HY>XHO N3MEHUTb MNOAKITHO-
YyeHue BxoaoB koMmnapaTopa. [
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0KO Apxus ABTO GPS/GSM
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AduTunoraputdmuyecKui

npeobpa3oBarenb
JINHeapu3yeT AaTUYUK

YrNeKucnoro rasa

Jordan Dimitrov

HeCMOTpﬂ Ha TO, YTO AN onpeneneHns
KOHLUEHTpaumM YrmeKkUcrnoro rasa 4vaiie BCero
NCNOnb3YTCA MHpPaKpacHble AaT4MKK, Anek-
TPOMEXaHN4YecKne aHanory CoCTaBnAlT UM
CepbesHy0 KOHKYpeHUuto briarogapsi BbICOKOWM
YyBCTBUTENBHOCTU, LULMPOKOMY Anana3oHy nsme-
PeHUn N JeleBu3He. JreKTpomMexaHu4eckune
AaTYMKM MOOKMYAKTCA K MUKPOKOHTPONIepY,
Kak npaBuno, Yyepes GydepHbIn yeunuTens co
cBepxmarnbiM BXOOHbIM TOKOM (MeHee 1 nA).
Ycunutenb HeobxoaMMm AnNs  NUHeapusauumu
norapudmMmnyecKoro OTkNMKa AaTtymka. Xopo-
LIMM MPUMEPOM TaKOro peLUeHUss MOXeT Chy-
xnTb mogyrnb SEN-000007 komnaHum Sandbox
Electronics, B KOTOpOM UCMOnNb3yeTca AaTyuk
CO,; MG-811, BbinyckaeMmbli KOMMaHWeWn

Hanwei Electronics. K coxxanenuto, B [1] npuse-
AeHbl NoapobHble CxeMbl AaTyvka M nporpam-
MHbIe KOAbl, HO HM CITOBa He cKa3aHo O ero Tou-
HOCTMW.

Vs, MB
330
*
320 -
310 ~
y = —17.644Ln(x) + 264.76
300 A R2 = 0.9955
290 -
280 -
270 -
260 : r r r
0.0 0.2 0.4 0.6 0.8 1.0

KoHueHTpauumsa CO2, %

PucyHok 1. [lam4uk umeem ro2apugmuyecKyto
Xapakmepucmuky co cmeujeHuem 265 vB.
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B crtatbe npeacTtaBneHo 4ncTo annapaTHoe
pelleHne npobnemMsl NMHeapusaunmn, OCHOBaH-
HOe Ha Heoporon cxeme, fnerko NoAcTpanBae-
MON n obecneyvmBatoLLen XOPOLLY TOYHOCTb.
BbIXOOAHOW cuUrHam MOXHO HanpsiMyto NOLAKIto-
4yaTb K LUMTOBOMY NpUBopy Nnm MUKPOKOHTPOS-
nepy, npuyeM curHan He TpebyeT HUKaKOW CrIoX-
HOM 00paboTKku, CBSI3aHHOW C BbIYMCNEHUSAMMU
norapumoB nnun aHTunorapngmos.

Oatunk MG-811 mamepsieT KoHUeHTpauuto
CO2 B guanasoHe ot 400 go 10,000 ppm (ot
0.04% po 1%). Ha PucyHke 1 nsobpaxeHa nepe-
AaTovHasa xapakTepucTuKa Aatymka. TOYKM Ha
rpadouke B3 Tbl N3 TEXHUYECKOro onucaHms MG-
811 [1]. AnnpokcummpytoLLas Kpueasi U ypaBHe-
Hue nogobpaHsl ¢ nomoLbio Microsoft Excel.

Cxema npegcrtaBneHa Ha PucyHke 2. B Hen
NCMNONb30BaHbl CHETBEPEHHbIN OnepaunoHHbIn
YCURUTENb U COrnacoBaHHasi napa TPaH3UCTo-
poB. Llenb HOpmanusaumm Ha MUKpoCxemax
IC2A 1 IC2B obecneuymBaeT BbICOKOE BXOOHOE
COMpOTMBIEHNE NS AaT4MKa, BblYMTAET U3 CUr-
Hana gaTymka NnocToaHHoe cmelleHmne 265 mB n
yCuUnmBaeT pe3ynsTupyowmii curHan. KoHyeHom
uenbto 4enseTcs npeobpasoBaHuMe OTKIMKa
JaTyuvka, usHadanbHO nmeroLero norapugmu-
yeckmi xapaktep Vg = InC (C — kOHUeHTpaums
COy), k Buay, obecneymsaroLLlemMy FUHENHYHO
CBSA3b BbIXOAHOrO curHana Voyrt C KOHUEHTpa-
umen CO,. Ona atoro Ha Mmukpocxemax IC2C,

IC2D v nape cornacoBaHHbIX TpaH3ancTopos Q1,
Q2 [2] coenaH aHTUNorapugmmuieckun npeob-

pasoBaTenb, peanuayoLumii pyHkumio e = C.
Mukpocxema TGS4161 mcTovHMKa OMOPHOro
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l R7
1k
R2 .
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IC1 = LM385-2.5
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] 1,??; Q1, Q2 = LM3046

PucyHok 2. CyemeepeHHbIl orepayuoHHbIU ycunumersib U coaracosaHHas rnapa mpaH3ucmopos r1o360/1s-
Fom npocmo U ¢ MUHUMaJsIbHbIMU 3ampamamu JiuHeapu3osams xapakmepucmuky 0am4yuka. R7 amo cmaH-
OapmHbIU KOMIIeHCUpyrWUl pe3ucmop, makou Haripumep, Kak npubopsi ceputi AT35 unu ST35, ebinyckae-

Mble komnaHuell PRC.

Owmwubka, %
0.3

A
: o\
/

C, %

PucyHok 3. Takol mo4Hocmu docmamoyHo Onisi
3.5-paspsadHoeo yughposozo u3MepumesibHo20
npubopa.

HanpskeHnst 2.5 B no3BonsieT Mcnonb3oBaThb B
CXemMe Apyrve ra3oBble AaTyuku, Hanpumep,
TGS4161 komnaHum Figaro [3], ana koToporo

PapuoJloymaH - okrs6ps 2014

TpebyeTcs MCTOYHMK NUTaHus He 6 B, a 5 B. He
3abbiBanTe, 4TO AaTyMK noTpebnser Becbma
CYLLIECTBEHHbIN TOK.

[ns HacTponku cxeMbl He TpebyeTcst HUYero,
KpoMe KanmbpoBKM NOMHOM LUKarbl C MOMOLLbHO
nogctpoeyHoro pesunctopa R11. ToyHoCTb
10.3% (cm. PucyHok 3) cooTBeTCTBYET NapameT-
pam 3.5-paspsgHoro UnMgpoBoro namepuTenbs-
Horo npubopa. OTO HAMHOro fy4lle Toro, YTo
MOXHO ObIno Obl OXMAaTb OT AaTyuMKa Takoro

vna. @10

Ccbinku

1. MG-811 CO2 Sensor Module —
http://sandboxelectronics.com/?p=147

2. AN-30 Log Converters, National Semiconductor
(T1) — http://www.ti.com/analog/docs/
litabsmultiplefilelist.tsp?literatureNumber=snoa6
41b&docCategoryld=1&familyld=57

3. TGS4161 Carbon Dioxide detector — http://www.
datasheet-pdf.com/datasheet-
html/T/G/S/TGS4161_Figaro.pdf.html
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P YKypHan s Tex, KTo MHTEPeCYeTcst aNeKTPOHIKOIA
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Hebe3pas3nn4yHbl TEMbI:

nnm Bbl aBnsieTecb HOCUTENEM
nepenoBbIX 3HAHUIN B Opyrmx
obnacTax aneKkTPOHUKM N TOTOBbI UX
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