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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

Hanomoaynu SIMPLE SWITCHER n3meHsT N0AX0A K KOHCTPYMPOBAHUIO MUHMATIOPHbIX
MCTOYHNKOB NUTAHNS

Cree npucTynuna K Npou3BOACTBY NEPBbIX B OTPAC/M CBEPXAPKUX MOLLHBIX CBETOAMO-
0B, PAANKANbHO CHIDKAIOLLMX CTOMMOCTb OCBETUTENbHbIX YCTPONCTB

Raspberry Pi 2 nony4aet 4eTbipexbaepHblii npoLeccop

Imec npeacTasnset mukpocxemy RFID TpaHcnoHzaepa ¢ yibTpaHU3KUM SHEPronoTped-
neHnem

K koHuy 2014 roga GS Nanotech npoussena nepsble noaMunnuoHa Yunos SiP Amber S2

Ocuumnnorpadbl BbICOKOI YeTKocTh 0T Rohde & Schwarz no3sonsioT uccneaosatb
CUTHaNbI C BEPTUKANTbHbIM paspeLLeHunem 16 6ut

Komnanua EPC npefnaraet MOLLHbIE MOHONUTHBIE HUTPUL ranfineBble TPAH3UCTOPHbIE
MONYMOCTbI AN BbICOKOI(DEKTUBHBIX Npeobpa3oBaTenen aHeprum

GyeenPeak Ha4YnHaeT NPON3BOACTBO HOBOIO NOKOJNIEHUS PAN0YMNOB U paguoMoaynei
ZigBee ansg YmHoro foma u iHTepHeTa BeLlen

Infineon nopgaepxmBaet NpoekT Arduino ABymS Crneuuanu3npoBaHHbIMI NnaTamin pac-
LLINpeHns

HOBbIN KOHTPOSIEP CUHXPOHHOTO BbINpsMUTENs KomnaHun Diodes agpecoBaH U3roTo-
BUTENAM 32PALHbIX YCTPONCTB 11 NOPTATUBHBIX YCTPONCTB

Infineon npeacrasnser HOBbIN Knacc IGBT co CBEPXHU3KUMI 06LLMMU NOTEPAMU 1A
4acToT nepekntoyeHns ot 50 'y go 20 ky,

[\l;lljnse pa3paboTana nepeblii B 0TPACNM ApanBep anekTpoaBuraTens ¢ MHTepgencom

ViccnepmoBarenu cosfany camblil TOHKWIA B MUPE UCTOYHUK SHEPruu

Powervation aHoHcMpoBana HoBeliLLyto cepuio Ludposbix KoHTponnepos DC/DC npeo6-
pasoBarenei

Microchip Bbinyckaet HoBble apaiisepbl MOSFET ¢ npuHUMnuansHO HOBOWM apxUTEKTYPOR
Y4eHble co3hanu MUKpPOCXeMbl, paboTatoLyme npu Temnepatype cebiwe 350 °C

Renesas Electronics npeacTasnsieT HOBOE CEMEICTBO 32-PaspsaHbIX MUKPOKOHTPOMINE-
POB C MO/EPXKKOM BMKOCTHbIX JaTYNKOB NPUKOCHOBEHMSA

Peregrine Semiconductor Ha4yMHaeT NOCTaBKM NePBbIX B OTPAC/N BbICOKOYACTOTHBIX
KOMMYTaTOpOB, PA6OTAKOLLMX HA MOCTOSHHOM TOKE

ANADIGICS pacLumpsiet npoayKToBYH NMHeKy Ans uHgpactpyktypsl WiFi

Linear Technology BbinyckaeT BbICOKO3((DEKTUBHbIA MOHMXAOLLMIA Npeo6pa3oBatesb C
BXOZAHbIM HanpshxeHnem 140 B

Ctatbu

PaspaboTka HageXHbIX LMdpoBbIx nHTEpdeiicos ana ALIM nocneaoBatenbHbIX
npUGIIMKEHWIA

Red Pitaya n SmartScope npeBparaT Balw CMapTOH UK NAaHLWeT B ocuuanorpadg
LllaroBble gBuratenn: 0CO6EHHOCTM U NPAKTUYECKNE CXEeMbI ynpaBieHus. HacTb 2
Oco6eHHocTU MUKPOKOHTponnepoB PIC16F170x/171x. Yactb 2

MACTEP-NTOMACTEP+MCTOPIA 3NIEKTPOHWKI. HacTonbHble TexHonorun 1969 ropa:
BHYTPM Kopnyca kanbkynstopa GCompucorp

Cxembl

MOHONNTHBIA CUHXPOHHbIF MOHMKAOLLMIA NPeo6pa3oBaTesib ¢ PYHKLMUAMU KOHTPONSA
BXO/JHOTO 11 BbIXOZHOTO TOKOB W TEMMEpaTypbl

CTpo6OCKON Ha CBETOANOMLAX C HE3ABUCUMON PErYNNPOBKON 3aAePXKN 1 LIUTENbHOCTM
umnynbca

He60nbLLOIA, NPOCTOI NCTOYHUK BbICOKOTO HanpskeHus Ha ogHoii IMC
JInHeiHbIN reHepaTop NMNo06PasHbIX CUrHAN0B Ha OLHOM OMEepPaLMOHHOM YCUNnUTene
[ToBbiLaOWMIA Npeo6bpa3oBatesib OTPULATENBHOMO HAMPSXXEHUS B NONOXUTESIbHOE

[lnHamuyeckas aNekTpOHHAA Harpy3ka Ans NCCNes0BaHNs NepexofHbIX PEXMMOB
WCTOYHMKOB NUTAHUA

[pocTas cUMUCTOPHAA CXeMa BbIKITHOHATEN C KOHTPOJSIEM NepeceyeHuns Hyns
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Hanomoaynu SIMPLE SWITCHER uameHAT noaxoa K
KOHCTPYUPOBAHUIO MUHUATIOPHbIX UCTOUHUKOB NUTAHUA

Cawmblie MUHUamopHbIe 8 ompacsiu 8bICOKOahpekmuesHbie peweHus 0nss DC/DC npeobpa3osa-
mernel UCMOYHUKO8 numaHusi PpOMbIUIEHHbIX, KOMMYHUKaUUOHHbIX U KOPropamueHbIX cucmem

K cemencrtey cunosbix mogyrnen SIMPLE
SWITCHER Texas Instruments (TI) no6asuna
yeTblpe HOBbIX npubopa CcO cBepxmanbiM
notpebrneHnemM MOLLHOCTU, KOTOpble MO3BOMAT
N3MEHUTb MOAX0A K KOHCTPYMPOBAHUIO UCTOY-
HUKOB NMUTaHNA AN NPUMNOXKEHWI C OrpaHUYeH-
HbIM MPOCTPaHCTBOM. 17- 1 5-BONbLTOBbLIE HAHO-
MOAYfKN, MMELNE BbICOKME TEXHUYECKNE
XapaKTEPUCTUKA NPU PEKOPAHO MarnbiX A
oTpacnu rabapuTtax, agpecoBaHbl paspadboTyn-
KaM UCTOYHMKOB NMuTaHmsi ¢ Tokamu ot 100 mA
00 2 A, ncnonb3yemblX B TakUX MPOMBbILLIIEHHbIX
YCTPONCTBAX, Kak cepBepbl, cpeacTBa NPOMbILL-
nNeHHOM aBTOMaTU3auUUN, KOHTPONbHO-
nameputenbHoe oOOpydOBaHME W CeTeBble
Kamepbl BUOeOHabNtogeHUs.

SIMPLE SWITGHER®
nano modules

For space-constrained applications up to 17V

Vin =12V, Vout = 1.2V
= LMZ21701 = Competitor

* Smallest solution size - 39 mm?

« High efficiency - up to 96%

* Superior EMI performance —
integrated shielded inductor

| A -

WEBENCH

Design Center

Cunosble mogynu DC/DC npeobGpasoBate-
newn, N0 CPaBHEHWUIO C OUCKPETHBLIMWN peLLeHns-
MK 3KoHowmsALre go 40% nnowaan nevyaTHoOM
nnarbl, pasnuyalTcs cneayrlmmn napamer-
pamu:

Mopynb HanpsokeHue Tok
LMZ21700 17 0.65
LMZ21701 17 1
LMZ20501 5 1
LMZ20502 5 2

B npubopax codetatotca Bbicokun KM c
WCKIMIOMUTENBHOM MAOTHOCTBIO YNAKOBKU U CHU-
XXEHHbIM YPOBHEM 3MEKTPOMAarHUTHbIX U3nyye-
HURN, gaxe Npy obrnerYeHHbIX Harpyskax. YeTbl-
pe mMoaynsa nos3BonAT pa3paboTynmkam paclum-
pUTb PYHKLUMOHAINBHOCTb CBOMX CUCTEM, OHO-

4 HOBOCTU

BPEMEHHO COKpaTMB WX pa3Mepbl U YCKOpUB
BbIXOA Ha LUMPOKMIA PbIHOK.

Mmes 3a nnevyamm nsmepsieMbli 4eCATUNETU-
SIMK OMbIT CO30aHMUS1 UHHOBALMOHHLIX peLleHn
ansa ynpaeneHus nutaHnem, B 2015 rogy Tl otme-
yaet 25-netHun obunen cemenctea SIMPLE
SWITCHER. Tepsble perynatopbl LM257x u
LM258x ¢ wupokum OuanasoHOM BXOAOHbIX
HanpsbkeHun Tl npegctasuna B 1990 roay.

BCTPOEHHbIV NEYATHAA
KPUCTAINN MNATA-
PEMYINATOPA MHAYKTVBHOCTb NOONOXKA

=== \egHasn ponbra
= [lepexoaHble OTBEPCTUSA

lNonepeyHoe ceyeHue kopryca Modyrisi.

OCHOBHbIE OCOGEHHOCTY W MPEUMYLLECTBA
e CamMble KOMMaKTHbIEe B oTpaciun peeHnd (OT

30 MMZ), No CpaBHEHUIO C BapmaHTaMu Ha
OVUCKPETHbIX 3fleMeHTax Mno3Bofsolme
cokoHoMUTb A0 40% nnowaan neyaTHOM
nnarthbl;

eHebonblloe KONMMYECTBO KOMMOHEHTOB
ynpoLLaeT KOHCTPYKLMIO U NOBbILLAET Hagex-
HOCTb CUCTEMBI;

e Bricokumin KM Bo Bcem gmanasoHe paboumx
PEXMMOB;

PapuoJloumaH - despans 2015
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e H3kme nynbcaLmm BbIXOAHOIO HanpsikeHusl,
He npeBbliwatowme 10 mB nuk-nuk, No3sons-
0T MCMNONb30BaTb MOZYNN ANS MNUTaHUS
BbICOKOYYBCTBUTENbHbLIX CUCTEM;

e HM3KMI ypOBEHb 3MEKTPOMAarHUTHbIX U3Sy-
YeHuI, oTBevaroLWwmnn TpeboBaHNAM cTaHaap-
Ta CISPR 22 (Class B), pernameHTupyoLLe-
ro napameTpbl N3ny4aemMblX N KOHAYKTUBHbIX
rnomex;

¢ BuiBog «[TaHme B HOpMme» ynpoLlaeT opra-
HM3ALIMI0 MHOTOLUMHHbBIX CUCTEM NUTaHUS.

JI0CTYNHOCTb M LieHb

Bce udeTbipe Mogyns yxe BblnyckarTcs
cepuiiHo. Ha npnbopsbl, npnobpeTaemblie napTu-
amm ot 1000 wT., ycTaHoBMNeEHbl criegyoline
LieHblI (32 0OVH MOAYIb):

¢ LMZ21700-$1.55,

*LMZ21701-$1.75,
¢ LMZ20501 - $1.55,
¢ LMZ20502 - $1.90.

Cree npuctynuna K Npou3BoACTBY NepBbiX B OTPACAK
CBEpPXAPKUX MOLHbIX CBETOANOA0B, PAANKA/IbHO CHUXKAIOLUX
CTOMMOCTb OCBETUTEJIbHbIX YCTPOICTB

BebinonHeHHbIe Ha mexHornoaudeckol rnrnamgpopme SC5, ceemoduodsi XHP umerom yd8oeHHYo

ceemoomoayy

KomnaHus Cree coobuimna o KOMMep4eCKon
AOCTYNHOCTM CBEPXMOLLHbIX CBETOANOLOB
cepun XLamp Extreme High Power (XHP) —
HOBOrO Knacca npubopos, NO3BOMSOLWMX CHU-
3UTb CTOMMOCTb CBETOTEXHUYECKUX MPUNOXKe-
HUn 0o 40%. XLamp XHP50 n XHP70 — nepBbie
CBETOAMOAbI, CO3daHHbIE Ha PEBOJSTHOLIMOHHOM
TexHonornyeckon nnargopme SC5, ceetooTaa-
Yya KOTopbIX, Npy Gonee BbICOKON HAaLEXHOCTH,
BABOE NPEBbILLIAET CBETOOTAAYY N0OLIX Npeabl-
AyLwmx npubopoB Takoro e pasmepa. [Npopbis-
Has TexHomnorms HoBbiX cBeTtognogoB XHP
MOCNYXXWUT TOMYKOM K CO34aHWUI0 MHHOBALMOH-
HbIX KOHCTPYKLIMA MCTOYHMKOB CBETA.

KMcnonbays ceetoanonbl XHP, narotosutenu
CBETOTEXHUKM CMOrYT pagukanbHO CHU3UTb
pasmepbl U CTOMMOCTb UX U3Aennin, nony4vas ToT
e ypOBeHb APKOCTU NPY MEHbLLIEM KONMYecTBe
cBeToauoadoB U bonbluen HapexHocTn. CeeTto-
avoaobl XHP gagoyT BO3MOXHOCTbL CcO34aBaTbh
HOBbI€ KOHCTPYKLNN OCBETUTENbHbIX NPUOOPOB,

PapuoJloumaH - despans 2015

COKpaTMB KONMUYECTBO OMNTUYECKMX KOMMOHEH-
TOB, M YMEHbLUMB Kak pa3Mepbl Ne4yaTHoON nnathbl
1 Kopnyca, Tak 1 o06bem cOOPOYHbIX onepauuin.
Ceetogunoabl XHP, HecmoTpsi Ha Gonee BbICO-
Kve No cpaBHEHWUo ¢ Npubopamu npeablayLmx
nokorneHnn paboyne TemnepaTypbl U TOKM,
nMeroT 6onbLUMI CPOK CNyXbbl, NO3BONSAS NPO-
N3BOAUTENSM MUHUMU3UPOBATb pasmepbl Ten-
NOOTBOAOB M CTOMMOCTb KOHEYHbIX n3genuin 6e3
yuwiep6a Ang nx 4onroBe4HoCTH.

Kpome Toro, B XHP 3anoxeH gononHuTenb-
HbI pe3epB CHUXXEHNS cebeCTOMMOCTI Ha CUC-
TEMHOM YPOBHE, HEAOCTWKMMbIV AN CBETOAMO-
OOB [Opyrnx KOHCTPyKuun. Hanpumep, npwu
ncnonb3oBaHun ceetoamonos XHP ansa ocee-
LLleHMs aBToCcTpag v ynuu, npnbopbl He TOMNbKO
obecnevyar CHMXXEHME CTOMMOCTU CBETUITbHU-
KOB, HO U MO3BOJIAT 3HAYUTEINbHO CHU3UTb UX
pa3smepbl 1 Bec. CTOMb Xe OWYTUMYK 3KOHO-
MUWIO CPEACTB MO CPaBHEHUIO C CYLLECTBYIOLLM-
MU PELUEHNAMMN MOXKHO MOMYYNUTb U BO MHOXEC-
TBEe [PYrMx CBETOTEXHUYECKUX MPUIOXEHUN,
BKItovas OeroBble OOPOXKKW, CTAANOHLI U Noa-
BECHbIE CBETUITbHUKN.

XHP — nepBble cBeTOAMOAbI, BbINOSTHEHHbIE
Ha HOBEWNLWEeW TexXHoMornyeckon nnatgpopme
SC5, no3BoOnuMBLLEN CYLLIECTBEHHO YMy4LlINTb
XapaKTEPUCTMKM NMPMOOPOB B YacTK CBETOOTAA-
YK, HACbILLEHHOCTM LiBETA Y TMOKOCTM KOHCTPYK-
umn. Ceetoguogbl XLamp XHP50 n XHP70
BHOBbL JTOMatoT oTpacreBble bapbepbl NpeaenoB
MIOTHOCTU CBETOBOIO NOTOKA, OTAaBas 2546 nm

HOBOCTU 5
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npu mowHocTtn 19 BT B Kopnyce 5.0 x 5.0 MM, 1
0o 4022 nm npu 32 BT B kopnyce 7.0 x 7.0 MM,
COOTBETCTBEHHO. 3a CYeT YCOBEPLUEHCTBOBA-
HMS npouecca npeobpasoBaHust cBeTa Cree
yAanocb CHU3UTb Pa3bpoc KONOPUMETPUYECKNX
XapaKkTepucTuK 1, MOMUMO APYrnx Onuun, npea-
noxutb ceetoguoabl XHP, mmetowme nocne
NPOXOXAEHNA ABYX- U TPEXCTyneH4yaTon pas-
OpakoBku LBeTOBYO Temnepatypy ot 3500K o
2700K ¢ nHpekcamu usetonepegaym 80 mn 90.

Ceetoanoabl XHP BbinyckaloTcsi B HOBbIX MHHO-
BaLMOHHbIX Koprycax, Aarolux npoussoguTe-
nam BblIGop Mexay 6- 1 12-BonsToBbIMU KOHGU-
rypaumsMm OgHUX 1 Tex ke npubopos 3a cyeT
M3MEHEHUSI TOMOMOIMMN KOHTaKTHbIX MNoLlaaok
nevyaTHoOW nnaTbl.

O6pasubl npudopos XLamp XHP50 n XHP70
MOXXHO NONYYUTb HeMeaneHHo. NocTtaeku Npo-
MbILUNIEHHbIX MNapTUN OCYLLECTBNAIOTCA B paM-
Kax CTaHAAPTHbIX CPOKOB.

Raspberry Pi 2 nonyuyaet yeTbipexbvagepHbii Npoueccop

William Wong

Mbl goxganuck nosieneHusa Raspberry Pi 2.
OTO 3HaUMTENbHbIV LWar Bnepes no CpaBHEHWUIO
¢ Raspberry Pi B+, npuHecLuein B cBoe BpeMs
yeTblpe nopta USB, Hapsagy ¢ noptamu HDMI n
10/100 Ethernet. 40-koHTaKTHbIA LUTLIPEBOW
pasbeMm u cnot microSD B Raspberry Pi 2 octa-
nnck npexxHnmn (PucyHok 1). O6bem RAM yaBso-
uncsa ao 1 ', ogHako rnaBHble M3MEHEHMSI CBSI-
3aHbl C MCMOMb30BaHNEM HOBOMO YeTbipeXbs-
aepHoro npoueccopa BCM2836, paboTatoLero
Ha TakToBomn Yactote 900 Ml L.

PucyHok 1. Raspberry Pi 2 umeem yembipexbsi-
OepHbit npoueccop BCM2836 u 1 6atim RAM.

B coctaBe Broadcom BCMZ2836 wnmetoTcs
rpadpuyecknin npoeccop, UMdpoBonN CUrHanb-
HbI Npoueccop U YeTbipe 32-paspsagHblx agpa
ARMVvV7. Mo 6GbICTPOOENCTBUIO OH B LLECTb pas3
npesocxoauT Raspberry Pi npegblaywmnx sep-
cuin. Ha nnate ycTaHOBMEHbI TakKe YeTbIpexno-
NIOCHbIN pasbeM CTePEO BbiXxoAda 1 NOpPT KOMMO-
3UTHOrO BMAeo, AononHswowmin nopt 1080p
HDMI. Cpegu OOMOMHUTENBbHBIX JIMHUIA BBO-
Ja/sbiBoga ectb nopt kamepbl CSI n nopt DSI
ONS  MNOAKMKYEHUS CEHCOPHOro gucnnes
Raspberry Pi.

6 HOBOCTU

Electronic Design

[nsi 3HeproHe3aBNCUMOro XpaHEHNsT OAaHHbIX
nNpeaycMoTpPeH CnoT KapTbl microSD, B oTnuyve
oT BeagleBone Black, umetowein 2 I'b 3anasHHoM
Ha nnaty namat eMMC, unu Texas Instrument ¢
nx nnator AM335x, anst kotopbix microSD siensi-
€TCS TONbKO A0MNONHUTENBHOW ONLMEN.

3a [ononMHUTEnNbHYK nnaty KoMMaHus
Element 14 noctaBnsieT kapTy microSD emkoc-
Toto 8 GanT ¢ npepyctaHoBneHHbiIM NOOBS
(New Out Of the Box Software —HoBoe IO, roto-
BO€ K ucnonb3oBaHuio). Monb3oBaTtento npea-
ocTaBneH BbIOOP M3 MHOXeCTBa BapWaHTOB,
BKMNtodasa Takme onuum Linux, kak Arch Linux,
Raspian (Ha ocHoBe Debian), Ubuntu wnu
Pidora (pemukc OC Fedora), nntoc BapuaHThl,
HecoBMecTUMbIe ¢ Linux, Hanpumep, RICS OS
(PvcyHok 2).

NOOBS v1.3.2 - Built: Nov 2 2013
@ 4

Online help th)  Exit (Esc

==
‘ indsl ()

Edit config (e

Raspbian [RECOMMENDED] (4]
A Debian wheezy port, optimised for the Raspberry Pi /
Raspbian [RECOMMENDED] Q
A Debian wheezy port, optimised for the Raspberry Pi
Arch B
R An Arch Linux port for ARM devices
‘-l OpenELEC Q
-,‘ OpenELEC is a fast and userfriendly XBMC Mediacenter distribution.
Pidora B
Pidora is a Fedora Remix optimized for the Raspberry Pi
RISC 05 E
y RISC OS is a very fast and compact system =
™ RaspsMC ) (=)
~Disk space
Needed: 2510 MB
Available: 6267 MB

PucyHok 2. NOOBS: 0kHO npocmoeo 8 ucrosib30-
8aHuU MeHedxxepa ycmaHoeKu 0511 Raspberry Pi.
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MHTepeCHbIM U HeOXMAAHHbIM CTano 3asB-
nexwne Microsoft, yto Ha Raspberry Pi 2 cmoxeT
yctaHasnmatbeda Windows 10. Noka ee HeT, Tak
41O, ecnu Bbl byaeTe npuobpertaTb nnary B 6num-
Xallee BpeMsi, BaM npuaetcsa BblovpaTb 13

nepevncrneHHsbIxX Boilwe onuun. Mosa nnaTa cen-
yac 1aeT no nouyTe, HO Koraa oHa ob3aBeneTcs
Windows 10, 9 06s13aTenbHO coobLLy.

Raspberry Pi 2 MoxHO npuobpectn y komna-
HuM Element 14 3a $35.

Imec npeacrasnsetT mukpocxemy RFID TpaHcnoHaepa ¢
Y/IbTPAaHU3KUM 3HepronoTpebaeHnem

MUKpPO- 1 HAHOSMNEKTPOHHbIN HAYYHbIN LEHTP
imec B pamkax MexayHapoaHom KoHbepeHUun
no anektpoHunke IEDM 2014 npogeMoHCTpupo-
Ban mukpocxemy RFID TpaHcnoHgepa ¢ ynberpa-
HU3KNUM SHepronoTpebneHvem. BbinonHeHHas
Nno TEXHOMOrMn BblpalMBaAHUA TOHKOMIIEHOY-
HbIX TpaHancTopos (TFT) Ha nnacTukoBow NNeH-
Ke, MuKpocxema paboTaeT npu Hanps>KeHun
MeHee 1 B. HoBbil TpaHcnoHaep OTKpbiBaeT
O0pory Ans Taknx yHuBepcasbHbIX, TPEBYHOLLMX
OCHaLLeHWs gaTtymkamm NpunoxeHmm, kak RFID-
MapKMpOBKa Ha YPOBHE 3f1IEMEHTOB, CETU MOHMU-
TopuHra coctosiHus Tena (Body Area Network —
BAN) 1 MOHUTOPWHTI OKpY>KatoLLen cpeapbl, KOTo-
pbIM HY>XHbI NPOJOSMKUTENBHOE BpPEMSI aBTO-
HOMHOW paboTbl, NpeaenbHO Manas TomnwuHa,
NOBbILLEHHAas TMBKOCTb U HAAEXHOCTb.

OaHowm 13 rmaBHbIX ABUMXYLLMX CUI NOSynpo-
BOAHWKOBOW MPOMBILLIIEHHOCTU SBNsIETCSH
NHTepHeT Bewel (10T). MporHo3bl pbiHKa pucy-
T MUP, rae Munnuapabl aBTOHOMHbIX CEHCOp-
HbIX Y3I10B, OPraHN4yHO BCTPOEHHbIX B OObEKTHI,
B OKpy)XaloLlylo cpegy W Ha 4enoBeyeckue
Tena, He3aBUCMMO paboTaltT Ha MPOTSHKEHUMU
MecsAueB, B3aMMOOEWUCTBYS Apyr C APYromM U
nogknto4vasack kK cetn VIHtepHet. C pasButnem
0T cBA3aHbl OXnaaHWS yrnydlleHus KadecTea
NoOBCEOHEBHOW XN3HU Gnarogaps NosiBNEHUHO
YMHbIX JOMOB M YMHbIX MalUWH, NOCTOSIHHOMY
MOHUTOPUHIY 300POBbS U MHOTOMY OpPYromy.
KomnaHuun, 3agencTtBoBaHHbIE B LIEMOYKE MPO-
N3BOACTBA 3MIEKTPOHHbIX YCTPOWCTB, chewiaT
onpegennTtb CBOE BUAEHWE W CTpaTernio u
NOHATb, KakMm obpasom NHTepHET BeLlen BNn-
CbIBaETCS B KOHLENLMIO pasBUTULA NX NPOLYKTO-
BbIX JINHEEK.

Utobbl caenaTtb Takoe BuaeHue loT peansb-
HOCTbO, imec adpEeKTUBHO MUCNOSb3YyeT CBOU
3HaHMA M OMblIT B 00MAcCTM TOHKOMMEHOYHOMN
3NEKTPOHUKN, KOMMOHEHTOB C YrbTPaHMU3KUM
3HepronoTpebneHnemMm n OaTyYMKOB, pellasi Ha
3TOM MNYTU MHOXECTBO TEXHOMOIMMYEeCKUX npo-
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6nem. Pa3paboTynkm npogeMoHCTpMpoBanu
MUKpOCXemy 8-pa3psgHoro TpaHcnoHgepa,
BbINMOSIHEHHOTO MO TEXHONOMMN TOHKOMIEHOY-
HbIX TpaH3ncTopoB. Mukpocxema pabotaet npu
HanpsbkeHun nutanua 0.55 B, noTpebnas npwu
aTom Bcero 2.5 mkBT. O6blvHas 6ataperika Tuno-
pasmepa AAA moxeT obecneunBaTb €€ NnTaHu-
em bonee 20 net. Kpome T0Oro, TeXHonorus npo-
N3BOACTBA MUKPOCXEM Ha MONIMMEPHOW MNeHKe
25 MKM COBMECTUMA C UHGPACTPYKTYpOn Npo-
N3BOACTBA NOTPebMTENbLCKNX TOBapoB (dabpu-
Ky NO NPON3BOACTBY NaHenewm aAns niockux aKkpa-
HOB), YTO pelwaeT npobrnembl MexaHW4YecKown
rMOKOCTU, LieHbl, TOMNLWMHbI U HAAEXHOCTU. Yun
MOXeT ObITb BCTPOEH B 3aLiuLLaeMble JOKYMEH-
Tbl, YMHbIE€ YMNaKOBKW, OQHOPA30BbIE€ 3MEKTPO-
HHbl€ YCTPONCTBA UIN TKaHMW.

WccnepoBaHmsa npoBoAUNMCE B paMKax Tex-
HUYECKON NPOrpaMmbl CO34aHNUst TOHKOMMEHOY-
HOWM 3MNeKTPOHUKK, BbinonHaemon Holst Centre
(ocHoBaHHbIM imec 1 TNO), 1 npu nogaepxke
EBpocoto3a, okasbiBaBLIENCS 4Yepe3 NpOoekT
COSMIC, pesynbratom peanuaauum KOTOporo
cTana paspaboTka TexHonornm Npou3BOACTBA
KOMMfeMeHTapHbIX TOHKOMSIEHOYHbIX CXeM AN
Takux YCTPOWCTB, Kak [panrBepbl ynpaBrneHus
3aTBopamu ansa rmbkux akpaHos, AU, AJTY wn
RFID-meTku.
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K KoHuy 2014 ropaa GS Nanotech npoussena nepsbie
noAMUANUOHA uunoBs SiP Amber S2

B 2014 20dy npednpusmue GS Nanotech, exodsiuee 8 cocmas UHHOBAaUUOHHO20 Kriacmepa
«TexHononuc GS» e KanuHuHepadckol obmacmu, repsbiM 6 Poccuu Hanaduso maccossbil
8bIMyCK MHO20KPUCMaribHO20 MUKPOMPOUeccopa KOMMEPHECKO20 Ha3Ha4YeHUs 1o mexHonoauu
SIP (System-in-Package, « Cucmema-g-kopriyce») — GS Nanotech SiP Amber S2. Yempotcmeo
6b110 noslHocmbio  pa3pabomaHo Hay4YHo-uccriedoeameribCKUM-roopasdeneHuem GS
Nanotech. Camo npednpusmue sienissemcs KpynHetuwum 8 cmpaHe UeHmpom paspabomku u
rpoussodcmea MUKPOIEKMPOHHOU MpodyKuUU nompebumenbcKkoao HasHadyeHuUs U eou-
HCMEEHHbIM 3a8000M, pedocmasssowuM ycryau o npoekmupo8aHuro u cbopKke MHO20KpUC-
maribHbIx MoOyriel no mexHonoauu SiP Ha KOHmMpakmHoU OCHoee.

Ha cerogHsLWHMA AeHb BO MHOMMX 3NEKTPo-
HHbIX ObITOBbIX YCTPONCTBAX — LM POBbIX POTO-
Kamepax, COToBbIX TeniedpoHax, MP3-nneepax —
NMOBCEMECTHO WMCMOMb3YTCA MHOIOKpUCTarb-
Hble Mukponpoueccopsbl. [Npegnpuatne GS
Nanotech ctano nepsbim B Poccumn, KTo Havan
NpPUMeHATb TexHomnormo SiP onsa notpebute-
NbCKOro pblHKa U BbinyckaTb 6onbLine o6beMbl
TakUX MUKPOCXEM B KOMMEPYECKUX LIeNsX. OTO
MOXXHO Ha3BaTb BaXKHbIM LLAroM B obnacTtu pas-
BUTMS OTEYECTBEHHON NOTPEOUTENbCKON anek-
TPOHHOW UHAYCTPUN.

Mwukpounn, cosgaHHbI No TexHonornn SiP, —
3TO KOMOMHaUMS B €4MHOM MOAYJ1e HECKOSbKMX
aKTUBHBIX 3JTIEKTPOHHbLIX KOMMOHEHTOB pPa3HOM
PYHKLMOHANBHOCTM, YTO MO3BOMSET CO34aTb
BbICOKOUHTErPMPOBAHHbIA NPOAYKT, Heobxoau-
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MbI AN KOHKPETHOro YCTPOMCTBA U YalLe BCero
BblNyckaemMbln Ha 3aka3. GS Nanotech SiP
Amber S2 npegctaBnsiet cobon LeHTpanbHbI
npoLeccop C MHTErpMpoBaHHbIM COMNPOLLECCO-
pom GS Lanthanum, onepaTvBHON MaMATbIO
DDR3 n NOR FLASH Hakonutenem. [otoBas
KOHCTPYKLMA obnagaer KOMMaKTHbIMU pa3me-
pamu, NOBbILLIEHHOW 3aLLMLLEHHOCTLIO JAaHHBbIX,
3Ha4nTENbLHO Boree BbLICOKOW CKOPOCTbIO Nepe-
Aayn CUrHanoB U UMEeeT CHUXEHHYI0 cebecTon-
MOCTb, YTO BaXXHO AN151 COBPEMEHHbIX MPON3BO-
anTenen SnekTPOHUKN. OTU XapaKTepPUCTUKK
onpeaenunn WpoyanLlyto cpepy BO3MOXHOMO
npumMeHeHns mukponpoueccopa GS Nanotech
SiP Amber S2: TenekoMMmyHuKauuMn, CUCTEMbI
BesonacHocTu, MeanUUHaA N T.A.

Ha cerogHawHui geHb Mukpocxema GS
Nanotech SiP Amber S2 aBsnsetcsa uLeHTpanb-
HOM YacTblo BbiNyckaeMoro xonguHrom GS
Group nog 6peHgom General Satellite coBpe-
MEHHOro CryTHMKOBOrO pecuBepa, NoaaepXu-
BaloLero npuem kaHanos B HD kadectBe. B
Hosi6pe 2014 roga cocTosnca 3anyck MacCcoBoO-
ro NPOn3BOACTBA HOBOW JIMHENKM aBOHEHTCKMNX
ycTponcTB Ha 6a3e GS Nanotech SiP Amber S2.
[o koHua 2014 roga 3aBog Bbinyctun 500,000
MWKPOYMIOB AaHHOro TMNa, a K koHuy 2015 roga
NPOV3BOACTBO BbIMAET Ha NNaHOBbIE MOLLHOCTH
— 2 MITH. MUKPOYMNOB B rOA.
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MpoekT no pas3paboTke MUKPOCXEMBI MO TEX-
Honorum SiP cTapToBan Ha npegnpuaTumn
GSNanotech B ceHTs16pe 2013 roga. B aHBape
2014 ropa 6bina npomsBeaeHa ycnewHasa Banum-
Jauus MepBoro nNpoTtoTuna, M YXe BECHOWN
cocTosniack Banugaumsi BToporo npoToTuna, a B
aprycte 6bin 06bsABMNEH CTapT MaccoBOro Npo-
n3soactBa GS Nanotech SiP Amber S2. PosHo
yepes3 rog OT Hayana npoekTa — B CeHTsbpe
2014 roga — nepBas napTus MUKPOYUNOB Bbina
OTrpy>XeHa 3aKasuuky.

http://www.gsnanotech.ru/

Ocuunnnorpadbi BbiICOKOU YeTKocTh oT Rohde & Schwarz
NO3BONAIOT UCC/IEA0BATb CUrHA/Ibl C BEPTUKA/IbHbIM

pa3speweHuem 16 6ur

Pexxum ebicokol 4yemkocmu (HD) ysenu4yusaem sepmukanbHOe pa3peweHue ocyusnozspagos
R&S RTO uR&S RTE erinome 8o 16 bum, ymo 6 256 pa3 niy4uie 8 cpasHeHUU ¢ 8-6UmHbIMU rpu-
6opamu. OcyurnnoepaMmbl cmaHossimces boriee YemkKuMU, 038015 pasfiudams Mesikue dema-
Ju cueHarna, komopsble 8 06b14HOM pexxume bbiu bbl 3amackuposaHsl wymamu. [Nonb3oeamernu
rony4yarom 803MOXHOCMb ewe boriee mo4yHO20 aHasu3a pe3ysibmamos UsMepeHul.

PeXum BbICOKOW YeTKOCTM Mo3Bonser
ncnonb3oBatb ocuunnorpadbl R&S RTO n R&S
RTE ons paboTbl ¢ NpunoXeHnsamu, rae nepBoc-
TeneHHoe 3Ha4YeHne UMeeT BbICOKOe paspeLue-
HWe no BepTuKanu. ATo 0COBEHHO aKTyarnbHO
npu HeobXOOMMOCTU [eTanbHOro U3yyYyeHus
cnabblx COCTaBMAKLWMX CUrHANOB Ha (OHe
BbICOKOBOSIbTHbBIX KOMMOHEHTOB. TWUMUYHbBIM
npuMepoM SBNSAETCH UCCrefoBaHUe WMny-
NbCHbIX NCTOYHUKOB NUTaHUSA. XapakTePUCTUKM
HanpsPKeHMNn Ha y3nax KOMMYTUPYEMBbIX
YCTPOWCTB BO BPEMS UX BKIHOYEHWS U BbIKOYE-
HUS OOMXHbl oNpeaensaTbcs 3a O4HY BbIOOPKY.
IMOCKOMNbKY N3MEHEHUS HaNpPsPKeHUs1 BO BpeMS
TakuX LMKITOB NepPeKNoYeHns MOryT JOCTUraThb
HECKOMbKMX COTEH BOJSbT, ANsi TOYHOTO U3Mepe-
HUS ManblX COCTaBMALWMX CUrHana BbICOKOE
paspelueHne MMeeT UCKUYnTENbHO BonbLuoe
3HaJeHue.

Pexunm Bbicokon veTkoctn (HD) yBenunumBa-
€T BepTuKanbHOE paspeLleHne ocuunnorpa-
doB R&S RTO 1 R&S RTE Bnnotb ao 16 owur,
41O B 256 pa3s ny4ylue B CpaBHEHUM C 8-BUTHBIMU
npubopamu. [Ina 4OCTMKEHUSA BbICOKOrO paspe-
LEeHNs1 cuUrHan nopBepraeTcsi HU3KOYaCTOTHON
dunsTpaLmMmM HenocpeacTBEHHO nocre aHamno-
ro-undgpposoro npeobpasosartens. PunbTp CHU-
)KaeT ypoBeHb LLUYMOB, yBENnunBasi, Takum obpa-
30M, OTHOWeHWe curHan/wym. lNonb3oBatenu
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MMEKT BO3MOXHOCTb MNOACTPOMKM punbsTpa
HWXHUX YacToT nofd nbon nccnegyemblii cur-
Har, n3aMeHada ero nonocy nponyckaHus ot 10
KI'y go 500 M. Yem yxxe nonoca nponyckaHus
GuneTpa, TEM BbiLLE pa3peLLEHmE.
[MoBbIWEHHOE pas3pelleHne AernaeT ocuun-
norpammbl 6ornee 4eTkMMK, NokasbiBas geTanu
curHana, Kotopble B 06bIMHOM pexume Obinn Gbl
3amMackupoBaHbl LWyMamu. [1ns peanusaumm Bos-
MOXHOCTW AeTanbHOro aHanmsa opMbl CUrHa-
1noB, YyBCTBUTENBLHOCTL BXOAOB ocuunnorpada
Obina noebiweHa oo 500 mkB/gen. bnarogaps
NCNOb30BaHMIO ManoLLyMSALLErO BXOOAHOIo hop-
MMpoBaTeNst CUrHaNoOB N BbICOKOTOYHOIO OQHOS-
aepHoro ALIM, ocumnnorpadsl R&S RTO 1 R&S
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RTE nmetoT NpeBOCX0AHbIM ANHAMUYECKUA ana-
NasoH 1 OTNNYHYIO TOYHOCTb U3MepeHun. [Nepek-
NOYEHNE B PEXUM BbICOKOW YETKOCTM NO3BOMNSET
nonb3oBaTenieM aHanuanpoBaTb pesyrnbTaThbl
N3MepeHui ¢ ele 6onbLIen TOYHOCTbLIO.
YyBCTBUTENBLHOCTU pa3paboTaHHo Rohde &
Schwarz yHukanbHoW cucTeMbl LMGPOBON CUH-
XPOHM3auuKn BMNOMHe XBaTaeT ANng 3anycka pas-
BEPTKU Jaxe B PeXMMe CaMoro BbICOKOIo pas-
peweHnsa. Kaxgasa ns BbIGOPOK, paspsgHOCTb
KOTOpPbIX MOXET JOCTUratb16, NnpoBepsieTcs Ha
BbINOSIHEHME YCINOBMI 3anycka, U MOXET MHULK-
MpoBaTb Hayano pasBepTKN. ATO 0O3HAYAET, YTO
ocuunnorpadbl Rohde & Schwarz cnocobHbl
BblAENATb 418 AeTanbHOro aHanmaa gaxe menb-
YyanLne KOMMOHEHTbI CUrHAsOoB.
[MepekrntoyeHne B pEXNM BbICOKOM YETKOCTU
HUKaK He CKa3blBaeTCs Ha CKOPOCTU N3MEPEHUN

UNN Ha BbINOMHAEMbIX PYHKUMSX. Mockonbky
umcpoBasg punstTpaums, ysenmumeatoLlasa pas-
peLLeHne 1 NoAaBAoLLAs LWYMbI, BbIMONIHAETCA
B peanbHOM BpPEeMEHWU crneumanm3MpoBaHHOMN
MUKpOCXeMon ocuunnorpadga, CKOpoOCTH
BbIGOpKM M 06paboTkm CcurHamnoB oOcCTaroTCA
BblcOkMMM. Ocumnnorpadsbl paboTaroT ycTon4m-
BO 1 GbICTPO, 6€3 nay3 Ha BLINOJIHEHNE BbIYUC-
nenun. bonee Toro, Bce cpencTea aHanusa,
Takue, Kak agToMmaTudeckune namepenus, brod n
PEXNM COXpPaHEHWUs UCTOPUKW, Tenepb MOryT
NCNonb30BaTbCs Takke U B PEXUME BbICOKOWN
YEeTKOCTW.

Rohde & Schwarz yxxe paspabortana v npeg-
naraet noTpedbutenam onuuM NporpamMHOMN
NnoaaepXXkn pexnma BbICOKOM 4eTkocTn R&S
RTO-K17 nR&S RTE-K17.

Komnanua EPC npegnaraet MouwHble MOHOJIMTHbIE HUTPUA,
rajiimeBble TPaH3UCTOPHbIE NOJIYMOCTbl ANA
BbICOKO3(dPeKTUBHbIX NpeobpasoBaTteneit saHeprum

Efficient Power Conversion aHoHcupyem 60- u 80-8onbmosbie mnonymocmbl EPC2102 u
EPC2103, pacwupsrouwue ommedeHHoe Hagpadamu cemelicmeo MowHbIx GaN mpaH3ucmopos

Konanuga Efficient Power Conversion (EPC)
aHOHcMpoBasia HOBble MOHOMUTHbIE MOyMOC-
ToBble cxembl EPC2102 n EPC2103 ¢ gonycTu-
MbiMK HanpsixkeHusmu 60 B n 80 B, cootse-
TCTBEHHO, OCHOBaHHble Ha oboraweHHbix GaN
MOIT TpaH3ucTopax. WHTerpauma AByX MOLL-
HbIXx eGaN MOI1 TpaH31CTOpOB B OAHOM YCTPO-
NCTBE MUHUMU3NPYET MHAYKTUBHOCTU MEXCcoe-
OVNHEHMN N BOBOE CHmxaeT Tpebyemyto nno-
Wwaab nevyaTHon nnatbl. Bnarogaps atomy yBe-
NNYMBAKOTCS Kak MIIOTHOCTb MOLLHOCTMU, Tak U
KM/, ocobeHHO Ha BbICOKMX YacToTax, a Takke
CHXXaeTCd CTOMMOCTb MOHTaXa AN KOHYEHbIX
nonb3oBaTtenen cucteM npeobpasoBaHUs aHep-

Integrated GaN Power

.+ Smaller & -
|+ More Efficient ,
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rmn. lMonymocTbl npea-
Ha3Ha4eHbl 4115 BbICOKO-
yacTtoTHbIx DC/DC npe-
obpasoBarernen Hanps-
XEeHUS.

Mpn wncnonb3oBaHum EPC2103 B TMnosown
CXeMe MOHWKatLLlero npeobpasosatensa 42 B/
12 B ¢ paboden vactoton 500 klu Krh npwu
BbIxogHom Toke 20 A npeBbiwaeT 97 %. KM noHu-
arowero npeobpasosartens 42 B/14 B ¢ nony-
moctom EPC2102, pabGotatowlero Ha 4acrtote
500 kl'u, gocturaet 98% npu Toke Harpy3ske 18 A.

DOpaneep _ Vgx_'_
3aTBOPOB
Bop eGaN/C 1
KOHTOMNNep a Vin
B ke &
HO W\ - VBbIX
VS GR1
vee I—_ G2 [FAQ Ruarp
LO AN —
GTD Penp
\Y4

Tunosas cxema skroveHUss EPC2102/EPC2103.
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O6a npubopa BbiNycKakTCs B KOpyce € pas-
Mepamu kpuctanna (6.05 x 2.3 mm), noBblLwako-
LLMM NIOTHOCTb MOLLIHOCTU, @ Takxe yrny4liato-
UMM CKOPOCTb MNEPEK/IOYEHMS U TENoBble
XapakTepuCTUKH.

OCHOBHbIE XapaKTepUCTUKW TPaH3UCTOPHBIX
MOMyMOCTOB

Moaynb EPC2102 | EPC2103
HanpsbkeHne 60 B 80 B
Rps(on) (Tvn.) 320m | 3.80m
Qg (06wWwmi 3apsig 3aTBOPA) 6.8 HKn 6.5 HKn

215 A 195 A

VIMNynbCHbIN TOK CTOKa (Makc.)

OTnapoyHbie mnathbl

Ha otnapoyHbix nnatax EPC9038 wu
EPC9039, kaxgas n3 kKoTopbiX UMEET pasmepbl

50.8 MM x 50.8 MM, ycTaHOBMEHLI NOTYMOCTO-
Bble KoMmnoHeHTbl EPC2102 unn EPC2103, cooT-
BETCTBEHHO. B 060ux BapnaHTax ucnonb3yeTcs
MUKpocxema aparisepa 3atsopoB LM5113 kom-
naHun Texas Instruments, a Takke MCTOYHUK
NUTaHUA 1 pasBA3bIBalOLME KOHOEHCATOPbI.
OTnagoyHble nnaTtbl, TOMNONOMNSA KOTOPbIX ONTK-
MU3npoBaHa Ans obecneyeHnss MakcMManbHO
BbICOKMX XapakTEPUCTUK NepPEKoYeHns, cHab-
XeHbl MHOFOYMCNEHHbIMU KOHTPOSbHbLIMU TOY-
Kamu, obneryaroLmMmmn nsmepeHne napameTpoB
curHanos u pacyet KA.

LleHbl 1 OCTYNHOCTb

B naptuax n3 1000 npuGopoB NOsyMOCTbI
EPC2102 n EPC2103 ctoaT $6.85 n $7.58 3a
LUTYKY, COOTBETCTBEHHO. Bce npmbopbl MOXHO
npuobpectn y ANCTPUOBLIOTOPCKON KOMMaHUN
Digi-Key.

GreenPeak HauMHaeT NpoM3BOACTBO HOBOIro NOKO/NIEHUA
pagmuounnos u paguomopayneu ZigBee gna YMHOro goma 1

WHTepHeTa Belyeun

Hoeble paduoyurbl u uHmMeepuposaHHble MOAyruU 1038ossom paspabomyukam e2ko u bbic-
mpo dobasume byHKUUOHaIbHOCMb YMHO20 Ooma unu VMiHmepHema eewieli K c80UM yCmpo-

ticmeam u peuwieHUsIM

KomnaHua GreenPeak ocBouna npousBo-
OCTBO MUKpocxeM ZigBee KOMMYHUKaLMOHHbIX
KoHTponnepoB GP691 u uHTerpupoBaHHbIX
ZigBee moagynen GPM6000, npeaHasHa4YeHHbIX
Ons ceTen 1 YCTPONCTB B NPUSTOXKEHUAX YMHOIo
aoma n VIHTepHeTa BeLlen.

HoBbI KOMMYHUKAUMOHHbBIA KOHTpOsep
GP691 oTBeuyaeT TpeboBaHWAM cTaHOapTa
IEEE 802.15.4 HageXHOoW LMPOKOMNOSIOCHOM
nepenayun gaHHbIX B gnanasoHe 2.4 'y 1 noa-
OEpXMBaAET MOSHbIA CTEK M MPUNOXEHUS Ans
ZigBee, Bkntovasa npocpunu ZHA n ZLL. GP691
COOEPXUT paaModacTOTHBIM NpuemMonepeaar-
unk, MAC npoueccop pearnbHOro BpeMeHM, MUK-
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poKOHTponnep, mogyne 6esonacHoctn, 16 Kb
O3Y un 248 Kb Flash ana o6bHoBneHus1 npoLun-
BOK. [loMMMO noOsHOM nopaepXku nocnegHemn
crneundumkaumm ZigBee 3.0 (Bknovas ZHA 1.2)
ansa 6ecnpoBoAHbIX CETEN 4aTYMKOB U yNpaBns-
HOLMX ceTen, HOBbIM Ynn GP691 nonyyun nepe-
OaTyYnK N NPUEMHUK, 3PPEKTUBHOCTL KOTOPbIX
He nmeet cebe paBHbIX B OTpacnun. ATO OYEHb
BaXXHO NpW CO34aHUM YCTPOWUCTB ANA YMHOro
aoma n MHTepHeTa Bellewn, MUTaltoLWmMxca oT
OaTtapen unu OT okpyxawwen aHeprun. lNpo-
LWMBKa KOHTpornnepa, OOHOBMEHWE KOTOPOW
MOXET BbINOMHATLCS HENOCPEACTBEHHO Ha Mna-
Te, NnogaepXmnBaeT HOBble NPOTOKOSbl CTaHaap-
Ta 802.15.4, Takue, Hanpumep, kak Thread.
Cneundumkauna ZigBee 3.0 nogoepxuBaet
LUMPOKUA AManas3oH AOMaLLHUX MU KopropaTuB-
HbIX MPUMOXEHUN, a TaKKe TakMe NPOMbILLNEH-
Hble cucTtembl, kKak Smart Energy u Light Link.
CosmecTtumasn co ctangaptom |IEEE 802.15.4,
cneunukaumna onncsIBaeT MexaHn3Mbl paspe-
LIEHNS KONnu3aun, obycnoBrneHHbIX MepTBbIMU
30HaMU rnpuemMa M MNoOMexamMm OT SAYEUCTbIX
ceten WiFi, obecneumBas nonHoe MOKpbITUE

| HOBOCTH | "


http://www.rlocman.ru/

MHOroaTaXHbIX 3aaHunin. ZigBee 3.0 nogaoepxu-
BaeT Takke Oonbline ceTn, obpasoBaHHbIE
TbiCiMaMM YCTPOWCTB, YTO MO3BOSISIET UCMOSb-
30BaTb €ro B NMPOMbILLUSIEHHOCTM M B CUCTEMAX
aBTomatmsaumm 3gaHvin. [lommmo 3TOro, B
ZigBee 3.0 BkntoveHa onuus Green Power, kak
yacTtb npocunen ZHAnZLL, opueHTMpoBaHHas
Ha ycTponcTtea cbopa aHeprum n 6esbatapen-
Hble Npubopkbl. He Hyxxaasack B baTapesx, Takme
camonogaepxuealrLmnecss yCTpomctea MoryT
cobupaTtb 3HEPrno0 B KONMMYECTBE, BMNOJIHE OOC-
TaTOYHOM [fs nepedadynm B CeTb KOPOTKMX
KomaHz ¢ nomoLubto ZigBee.

B naptHepcTBe ¢ komnaHuen USI (Universal
Scientific Industrial), LLlaHxawn, Ha ocHoBe GP691
GreenPeak co3gana WHTerpupoBaHHbIN

MOAyrb, KOTOpbIA, ocBO6OAMB pa3paboTynkoB
OT Npobnem nHTerpauumn n 3abot o cobnogeHnn
MeXOYHapOAHbIX pernameHToB CBS3W, cyliec-
TBEHHO COKPaTUT UM BpeMs BbliBOAA NPOAYKTOB
Ha LUMPOKUIA PbIHOK. KOoMMakTHbINA, rOTOBbIA K
NCNONb30BaHWD CEPTUDULMPOBAHHBIN MOAYIb
pasmepom 25 x 17 x 2.5 MM COOEPXUT yCUnu-
TenbHbIN Kackag C BbIXOQHOW MOLLHOCTbIO [0
20 gobwm, cneumanbHble cXxembl nepegaTtyvka u
NpUeMHUKa, UHTENPUPOBAHHYHO aHTEHHY U pa3b-
eM Ons OONOSHUTENbHOW BHELUHEN aHTEHHbI.
COBOKYMHOCTb 3TUX CPEACTB YBENUYMNBAET Aalb-
HOCTb M HaOeXHoOCTb CBA3K, obecnedvnBas
MOKpbITUE LenbIX 34aHuin. OTOT mMmoaynb Oyaer
nepBbIM ycTporcTBoM B cepun GPM6000, ontu-
MU3NPOBAHHbBIM A1151 TPUIOXKEHWI YMHOIo oMa.

Infineon noaaepxusaet npoekt Arduino Asymsa cneuuanmsmpo-

BaHHbIMMU NJ/1IaTaMHU pPaCllUupeHuUun

Infineon Technologies coobwwmna o Bbinycke
ABYX nnaT pacwmpeHus ana coobuiectsa pas-
pabotunkoB Arduino. lnaTtel npegHasHaveHbl
Ansa npunoxeHunn ynpaeneHna RGB nctoyHuka-
MU CBETA M 3reKTpoaBuratensmu.

O6e nnatbl coBMecTUMbI ¢ Arduino Uno R3 u
MoryT paboTaTtb B cBA3Kke ¢ Habopom paspaboT-
ynka XMC1100 Boot Kit, ocHalweHHbIM 32-
pa3psgHbIM - MUKPOKOHTPOMIEPOM CEMENCTBa
XMC1100. Bo Bcex npogyktax XMC1000
ncnonbayerca npoueccop ARM Cortex-M0. B
nnate ynpasneHna RGB ceetognopgamu (RGB
LED Lighting Shield) ycTtaHOBneH MWKPOKOH-
Tponnep XMC1202 ¢ ycTponcTBOM ynpaBreHns
apkocteto (Brightness Color Control Unit —
BCCU). CunbHoTOYHas nnaTa ynpaeneHns Asu-
ratensiMy nocrosiHHoro Toka (DC Motor Control
Shield) copepxut BbiNnyckaembin Infineon
MHTEerpanbHbIM  NOYMOCTOBOM ApanBep Ans
ynpaBneHus anekTpoMoTopamu.

Habop paspabomyuka XMC 1100 Boot Kit.
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Mnara Infineon RGB LED Lighting ¢
nporeccopom XMC1202 ans Arduino

”’0. 00000000 00000000®
Sl

SNe GND 5V
E!sn eeoe e’y
msC e 0o e 1N

Cl
(Infineon
P2.10

RGB LED shield |& SV GND " pEBUG

vith XMC1202 A 1
[ T8 isolated sl
[ IN+®] DMX512 =

: : p— THERER

lMnama RGB LED Lighting.

RGB LED Lighting komnaHum Infineon — ato
WHTENneKTyanbHaa oueHoYHasa nnata Aans
Arduino, npegHasHayeHHast ons HegoOpPOrom u
ObicTpon cOOpKM M OTNALKU MaKETOB CUCTEM
ynpasrneHns pasfnnuyHbiMU CBETOANOAAMM.
Mnata ¢ MukpokoHTpornnepom XMC1202 ceme-
ncrea XMC1200 wumeeT Tpu HE3aBUCUMBbIX
BbIXOAHbIX KaHana, obecneymBatoLmnx cBoboa-
HOe OT MepuaHWUin, KOHTPONMpyemMoe ceevyeHne
MHOMOLIBETHbIX CBETOAMOAO0B. JOKOHOMWUYHbIE
MUKpOKoHTponnepbl XMC1200 cogepxaTt Bce
cpeacTtBa, Heobxogumble AN BblCOKOKavec-
TBEHHOW nepefayn LBeTa, BKMYasd MofHoe
ANMMUMPOBaHMe, He CONpoBOXAaemMoe mepua-
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HMeMm npu NbbIX YPOBHAX ApKOCTU. BeTpoek-
HblW MOAyMb aBTOMaTUYeCKOro YnpaBreHus
apkocTbio 1 usetom (BCCU) nossonset cosna-
BaTb BbICOKOKA4YeCTBEHHbIE, TMbKne n mano3sar-
paTHble, NIErKO KOHUrypmpyemble yCTponcTBa
CBETOONOAHOrO OCBELLEHUS C NMaBHbIM yrpas-
NEeHMeM WHTEHCUBHOCTbIO W COOTHOLLEHUEM
uBetoB. Mcnonb3ya uHTepdenc DMX, MOXHO
pacwmpuTb (YHKUMOHANbHbIE BO3MOXHOCTM
nnarbl, YTo6bI UCMOMb30BaTh ee, HafnpuMep, B
coCTaBe CBETOBbIX W ayauo Y3roB wunn 24-
rmrarepuoBbIX pPaguoniokaLMOHHbIX [aT4YNKOB
AN AETEKTOPOB ABUKEHWS.

Mnara Infineon DC Motor Control ¢ apaitBepom
BTN8982TA anq Arduino

uith BTN8982

lMnama DC Motor Control c modyrnem
BTNB8982TA.

NMnata DC Motor Control ¢ mogynem
BTN8982TA npeagHasHavyeHa ans ObICTPOro u
Mano3aTpaTHOro MaKeTUPOBaHUS MNOfy- WK
NMONTHOMOCTOBbLIX CXEM YMNpaBIieHns ABuraTens-
Mu. [nata MOXeT ynpaBnaTb ABYMS OOHOHan-
paBneHHbIMXU WU OOHUM ABYHarnpaBneHHbIM

XMC1100
Boot Kit  Vpp

Arduino Uno Vss

I/0 1/0 1/0 1/0 1/0

BHewHni
nnu WUCTOYHWK NUTaHUSA

ABuratenem nNocTosiHHoOro Toka. Ha nnare ycra-
HOBMEHbl ABa MOSTHOCTbI WHTErpupOBaHHbIX
CUITbHOTOYHbIX MOSIYMOCTOBLIX AparnBepa
NovalithiC BTN8982TA, onTUMM3MPOBAHHbIX
ONs NPUNoXeHun ynpasneHna geuratenamu. B
kopnyce agpavnBepa BTN8982TA cmoHTMpoBaHbI
aBa kpuctanna MOSFET (p-kaHanbHbI B BEp-
XHEeM nreye U N-KkaHamnbHbIN B HAXHEM) U UHTEr-
panbHasa cxema gpanisepa ¢ 0gHON JIOrMyeckon
CXeMOW Ans ynpaBneHus U KOHTPOMS MOLLHOC-
1. Kpome TOro, Heo6xoANMMO OTMETUTbL Hanu-
yme Takux PYHKUWUIA, Kak guarHoCTMKa coCcTos-
HUSA NyTEM N3MePEHUS BbIXOOHbIX TOKOB, ynpas-
neHve CKOpPOCTbK HapacTaHus, reHepaums
WHTEpBanoB «MepPTBOro» BPEMEHW, 3alumnTa oT
neperpesa, a Takke OT Meperpysku no TOKYy w
KOPOTKMX 3amblkaHui. MNogknioveHme K MUKpPO-
KOHTpONSepy He COCTaBNsAEeT HWKaKoro Tpyaa,
NocKorbKy Bce Bxoabl ynpasneHns BTN8982TA
UMeIoT CTaHOapTHbIE NOrnYeckne ypoBHW.

Novalith|IC BTN8982TA no3sonsieTr co3ga-
BaTb ONTUMarbHbIE MO 3aTpaTtam N O4eHb KOM-
NaKkTHbIE peLUeHns Ans 3alMLLEHHOro CUMbHO-
ToyHoro LWWM-ynpaBneHua pasuratensmu.
Mnata DC Motor Control ¢ papaneepom
BTN8982TA chopmupyeT curHans! LUMM, yacto-
Ta KoTopbix MoxeT gocturatb 30 klu. lNnata
cnocobHa B HEMPEPbLIBHOM pexume ynpaenatb
LETOYHbIMU OBUraTens MM MNOCTOSIHHOTO TOKa
MoLLHOCTbIo Ao 250 BT (Hanpumep, 12 B/20 A), B
TO BpeMs, Kak cam pgpavBep BTN8982TA
BblOepKnBaeT NMKOBbIe Opocku Toka Ao 55 A.

JlocTynHoCTL

O6e nnatbl pacwmpeHns ans Arduino MoXxHo
npuobpectn B koMmnaHusix Farnell element14 n
Newark element14, nnu xe yepes gucTpmnbbio-
Topos Infineon.

3aLmMTa OT HENPABUbHOW
NONAPHOCTM NOAKOUYEHNA

IPDxOPO3PxL

Cxema skrroveHusi ninamsi DC Motor Control Shield.
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HoBbliA KOHTPOANEP CUHXPOHHOTO BbINPAMMUTENA KOMMNAHUU
Diodes aapecoBaH U3rotoBuTeNAM 3apAaHbIX YCTPOMUCTB ANA

NOPTAaTUBHDbIX YCTPOMCTB

Diodes Incorporated BbinycTna HoOBYK MUK-
poCXxeMmy KOHTposfepa CUHXPOHHOIO BbINPAMM-
Tena APR343. [lNpubop npeaHasHadeH nOns
CO34aHUSA BbICOKOMHTErPUPOBaHHbIX, 3ddek-
TUBHbIX 1 Mano3aTpaTHbIX 3apsaHbIX YCTPOWCTB
ANsi COTOBbIX TenedOHOB M aHanornyHblx
MOPTaTUBHbIX YCTPONCTB.

B APR343 nHterpuposaH gparisep MOSFET
BTOPUYHOW CTOPOHbI C PYHKUMEN U3MEPEHUS
BbIXOOQHOTO HanpsXXeHus Ang ynpasneHns nep-
BUYHOW CTOPOHOWM CUCTEMbI. Takasa KoHdurypa-

LMS cXxeMbl MO3BOMSET OCYLLECTBNSATb CUHXPOH-
HOE BbINPSMIIEHNE B PEXUME HENpepbIBHON
NPOBOANMOCTUN, U3MEPSSt HaNPsDKEHUE MexXay
ctokoM n muctokom MOSFET u BblpabatbiBas
nepuogu4deckmnin curdan ynpasneHns MOSFET,
Korga BbIXO4HOE HanpsikeHne onycKaeTcs HUKe
onpegeneHHoro nopora. bnarogaps GeicTpomy
OTKIMKY Ha UBMEHEHUSA HanpsXKeHUs1 BTOPUYHOMN
CTOpPOHbI, APR343 MOXeT yny4ywmTb nepexon-
Hble XapaKTepUCTUKM CUCTEMbI YNpaBreHus
NepBUYHON CTOPOHOW M CHU3UTb MNOTEPU MOLL-
HOCTW B BbINPsiMUTENE BTOPUYHOW CTOPOHbI.

APR343 cHabxeHa 3alMTon OT neperpysku
Nno HanpsXeHuo 1 GNOKMPOBKON NPW NMOHMXKEH-
HOM BXOLHOM HanpskeHUn. KOHCTPYKUNA MUK-
pPOCXEMbI MUHUMU3NPYET KONTMYECTBO HEOOXO-
OUMbIX BHELUHMX KOMMOHEHTOB. Bbinyckaemblii
B kopnyce SOT25 koHTponnep obecneunBaet
BbICOKME XapaKTEPUCTUKN BbINPSAMUTENbHbIX
CXeM, yOOBMNETBOPSIOLLNE BO3paCTaOLUM Tpe-
©oBaHuAM, NpeabaBnNgemMbIM K NnpeobpasoBate-
NSIM UICTOYHMKOB NMUTaHWUS ANS PbIHKOB NOTPebun-
TEINbCKOW N BbITOBOW TEXHUKN.

Infineon npeacrasnsaer HoBbIM Knacc IGBT co cBepXHU3KMMMU
obwmmm notepamm ana 4acTot nepekatoueHus ot 50 Ny, ao 20 Ky,

Infineon Technologies npeacTtasuna HoOBbIN
knacc IGBT ¢ manbiM HanpshkeHMeM Hacbllle-
HUSA, cneynanbHO ONTUMU3UPOBAHHBLIX ANA
paboTbl Ha HM3KkMX YyacToTax oT 50 'y go 20 klu.
TunuyHbiMKM  0BNacTaAMM NPUMEHEHMSA  TakKuX
npubopoB MOryT GbITb GecrnepeboriHble NCTOY-
HUKM NUTaHUA, a Takke MHBEPTOpPbI doToranb-
BaHWYECKMX U CBApOYHbIX cucTeM. HoBoe ceme-
ncteo L5 ocHoBaHO Ha TexHosorum TRENCH-
STOP 5, ucnoneaytoLien ocobo TOHKME NNacTu-
Hbl, NO3BONAOLLME NONyYaTh O4eHb HU3KME NoTe-
py NPoBOANMOCTU. [JONONHUTENBHOE CHUXEHME
notepb OOCTUraeTcs onTumusaumen npoduns
pacnpegeneHns HocuTenen 3apsiaa.

C TUNUYHBIM HaMNpsKEHWEM HacCbILEHUS
1.05 B npu 25 °C MOXHO JOCTUYb HOBbIX YPOB-
Hen adhdbekTmBHOCTU. Tak, npu 3ameHe IGBT
TRENCHSTOP, npealwecTBoBaBLINX CeEMe-
nctey L5, Ha HoBble NpMbOopBLI, B TEX e cxeMax
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MOXxHO noBbicuTb KM Ha 0.1% npu Tononorun
NPC1 (ons BbICOKMX YaCTOT KOMMyTaLuK), 1 Ha
0.3% npw Tononornn NPC2 (ansa HU3Kkux 4acTtoT
KommyTaummn). CodeTaHme HU3KOro HanpsiKeHus
HacbILLEHUs C MNONOXMUTErNbHLIM Temneparyp-
HbIM KO3(PULMEHTOM MO3BONSET CO3[aBaTb
BbICOKOS(P(EKTUBHbLIE YCTPOUCTBA MNyTeEM
napannenbHOro BKMoYeHUst Heckonbkux IGBT.
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Mcnonb3yemas npu M3rotoBrneHMrM npubopos
HOBOro cemencTBa L5 TexHonornyeckas ocCHoBa
TRENCHSTOP 5 He Tonbko obecneunsaet 6ec-
npeuegeHTHO HU3KMe noTepu MpOBOAMMOCTH,
HO 1 NO3BONISIET COKPaTUTL 0BLLME NoTepu nepe-
kntodeHns o 1.6 mx npu 25 °C. CoBOKYMHOCTb
nepevYncneHHbIX XapakTepUCTUK NO3BONUT yBe-
nnuntb K, noBbICUTbL HaOEXHOCTb U COKpa-
TUTb pasMepbl CUCTEM B HU3KOYACTOTHLIX NpU-
NOXEeHNAX.

MepBble npubopbl HoBoro cemenictea IGBT
L5 Bbinuv BbinyLLEHbl B CTaHAAPTHLIX 41151 OTpac-
nu 3-BbIBOAHbLIX kKopnycax TO-247. Kpome Toro,
OIS NpUnoXeHun, Tpebyrwwmx ewe donblien
adppekTnBHocTH, Infineon npegnaraer L5 B
WHHOBAaLMOHHbIX 4-BbIBOAHLIX kopnycax TO-247
C [JOONONHUTENbHLIM 3AMUTTEPHLIM  BbIBOAOM
KenbBuHa. o cpaBHEHMO CO cTaHOAPTHbLIM 3-

BbIBOOHbIM KOpPMycoM, 4-BbIBOAHOW MO3BONSET
CHM3NTb NoTepu nepeknodeHns ewe Ha 20%.
Takmm o6pasom, L5 B coueTaHnn ¢ 4-BbIBOOHLIM
kopnycom TO-247, obecneumBas KpamHe HU3-
Kne noTepu nepekntoveHmns, no3sonstoT Infineon
COXpaHATb NuAMpyoLWmMe nosnuunm Ha pblHKE
CUIOBbIX MHHOBALMOHHbIX MPOAYKTOB, Anddoe-
pPEeHLMPOBaHHbIX N0 06nacTaM NpUMEHEHUS.

JlocTynHocTs

HoBble TpaH3ucTopbl cemenctea L5 ¢ Hu3-
KM Hanps>keHMeM HacbILLeHNs BblMyCcKalTCcs
Ha Tokm 30 A n 75 A, KaKk oAVHOYHbIE, TaK U
cogepxawme B 0o6WMX Kopnycax ynbrpabbic-
Tpble KpemHueBble amoabl Rapid 1 n Rapid 2.
MpnBopbl C aMUTTEPHBLIM BbIBOAOM KerbBrHa B
4-BblBOAHbIX Kopriycax TO-247 6yayT paccynTa-
Hbl Ha paboune Tokn 75 A.

THine pa3paboTtana nepsbi¥ B OTPacaAu gpainBep 3N1eKTpoaBura-

Tensa c uutepdeitcom LVDS

Bbicoyvatiwas nomexoycmol4ueocms U rpocmoma rnoOKIHYEHUST 8 8bICOKOCKOPOCMHbIX Mpo-

MAXKEeHHbIX JTUHUAX nepeanu OaHHbIX

THine Electronics coobwunna o paspaboTtke
nepBoro B OTpacnu gpaviBepa anekrpogsurate-
na ¢ wuHtepdgenicom LVDS (Low Voltage
Differential Signaling — Hn3koBonsTHasa andde-
peHumanbHasa nepegaya cUurHarnos).

HoBbln gpansep THM3561 ¢ guddepeHuu-
anbHblMu1 MHTepdencamn LVDS Ha Bxogax u
BbIxogax Bobpan B cebs Becb GoraTtbii OnbIT
THine B obrnactn pa3paboTkM BbICOKOCKOPOC-
THbIX NOCreaoBaTenbHbIX MHTepdencor. OTnu-
yarLmecs MNOBbLILWEHHONW MNOMEXOYCTONYNBOC-
Tbto LVDS Bxoabl/BbixOAbl NO3BONAKT Nnepena-
BaTb JaHHbIe C O0MbLLON CKOPOCTbIO M Ha 6onb-
Wwne paccrtoaHusa. B noprtdene npogykToB C
nHtepdencom LVDS y THine ecTb 1 gpansepsl
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CBETOANOA0B, KOTOPbIE 04eHb YyA0BHO Mcnonb-
30BaTb COBMECTHO C HOBOW MUKPOCXEMOW, OObe-
OVHAA Npnbopbl KackagHbIMU UM MHOMOTOYEY-
HbiMK cBA3AMU. COBMECTHOE WCMNOoNb30BaHNe
ApanBepoB asurartenen n ceetogmoaos ¢ LVDS
BXO4aMW/BbIXO4aMM MO3BOSNT YNPOCTUTb BHYT-
peHHue wuHTepdpencobl obopygoBaHna M nNpu-
KnagHbIX CUCTEM.

O6beguHuB OByxnapHbIM kabernem rpynny
Mukpocxem THM3561 B eguHyto cuctemy,
MOXHO WHAMBUAYANbHO YNPaBNATb KaXabiM
npubopoM. ATo AaeT BO3MOXHOCTb COKPaTUTb
Konu4yecTtBo Kabenen, CHU3UTb 0O0bemMbl MOH-
TaXHbIX obnacTten 1, B KOHEYHOM cuyeTe, cae-
natb NpoaykT 6onee geLeBbiM, a NyTb K PbIHKY
Oonee kopoTkuM. Tak, Hanpumep, kKackagHoe
coegnHeHune Heckonbkux THM3561 ¢ warom 3 m
Nno3BOrsieT BCEro No AByM napam kabenen ocy-
LecTBNATb CrnoxHoe ynpasneHve 30 moTopamu
Ha anctaHuum nopsigka 100 m. MoxHo oxnaaTb,
4yTO AparBepbl ByQyT MCMONb30BaTbCA B CTaH-
KOCTPOEHUM, cpeacTBax NpPOMBbILLSIEHHOW aBTO-
MaTtu3aumm, poboToTeEXHMKE, U Be3ae, rae Tpe-
OyeTca ynpaBneHue 60MNbLIMM KONUYECTBOM
apuratenen no NpoTsKEHHbIM NHUAM. K npu-
Mepy, MWKPOCXeMbl MOryT YMpaBnsaTb TpuAa-
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uaTblo CcycTaBamu nanbLeB Ha obeux pykax
rymaHoungHoro po6ora.

Kpome Toro, THM3561 mnmeetr nocnegnosa-
TenbHbIA UHTEPdENC ANs nepegayn ynpasnso-
LLleMy KOHTpOMnepy BbIXOAHbLIX CUrHanoB Aart-
ynkoB nonoxeHus. THM3561 moxeT cyuiec-
TBEHHO COKPaTUTb KONMYECTBO KOMMOHEHTOB U
caenaTb cuctembl 6ornee NpocTbiMKU, YNpaBnss
MOTOpaMu B COOTBETCTBUM C CUrHanamm, nocTy-
nawLwmmMm OT OAaTYMKOB, KOMMYECTBO KOTOPbIX
CTPEMUTENBbHO YBENUYMBAETCA C pacnpocTpa-
HeHneM VIHTepHeTa BeLLen.

Momumo anekTpoasuratenen, THM3561
MOXET YNpaBnsTb 4-KaHanbHbIMU 3nEeKTpoMe-
XaHM4YecKMMW coneHovaamu, nepemellas ux
NOABWXHbIE Xene3Hble cepaeyHnku ¢ 6onbLmm
ycunmem mn 60onbLllon ckopocTbio. HoBas muk-
pocxema THM3561 no3BonuT cokpaTtutb odLLee
yncrno kabenen, HeobGxoouMbIX ONs1 ynpaerne-
HUs coneHongamu. OHa HangeT NpUMeHeHVe B
pasnuyHbIX cdepax NoTPebuTenbCKOro pbiHKa,
B YCTpOMCTBax 06paboTkun AOKYMEHTOB M OPYTUX
cpencTBax 0pUCHON aBTOMaTU3aunm, B Cxemax
yrnpaBneHns 3NeKTPOMarHMTHbIMW BbIKMOYaTe-

16
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— 3almTa OT Neperpysku Nno ToKy

NAMW 1 pene, B TOProBbIX aBTOMaTax 1 npoyem
NMPOMbILLIIEHHOM 060pYyAOBaAHUN.

THine nnaHupyerT, oTcnexuBas noTpebHoCTH
pblHKa, NPoAoMXaTb pa3paboTKy HOBbIX Apan-
BEpOB, paclmnpsas ceMencTBo, NepBon MUKPOC-
xemom B koTopom ctana THM3561.

Oco6eHHocT THM3561

¢ [1pariBep asuratens
o [1pariBep 2-cha3Horo LWaroBoro Asurarens
o[lpanBep YHUNOMNSAPHOro ABuratens c
NMOCTOSIHHBIM HaMNPsH>KEHUEM NUTaHMUS
o MakcumanbHbIN BbixogHon Tok 1.5 A Ha
dasy npu Temnepatype nepexoga 25 °C
o[MporpammupyemMbin BbIGOp MeXay pexu-
Mamu pa3oBON MU MMMYFIbCHOW CUHXPO-
HU3auum
e [locnenoBaTesibHbIN UHTEPdIENC
o MakcnmarnbHas CKOpoCTb nocrnegoBaTesib-
HoM Nepeaayun gaHHbix — 10 MéuTt/c

oBbibop mexay HeCMMMETPUYHON nepena-
yen nncnonb3oaHnem LVDS
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o®PyHKUMA nosTopuTeEnsa 3-kabenbHOro
nocnegosaTesnibHoro nHTepdgenca LVDS ¢
BOCCTaAHOBEHMEM (OPMbI CuUrHana wu
Koppekumnen dasbl

o AgpecHbIn cenektTop Ha 30 ycTponcTB

0 BO3MOXHOCTb OTMNpPaBKM LUMPOKOBELLA-
TernbHbIX BbI30BOB

o [1porpaMmmupyemblii BHyTPEHHUIN agpec

¢ [1pouee

obrioknpoBka npwv MNOHWXEHHOM BXOLHOM
HanpsKeHWW, 3alumta oT KOPOTKOro 3ambl-
KaHus u neperpesa

o[leTekTupoBaHne neperpyskn Mo TOKYy U
neperpesa

OpanBep
aBurarenem
cepun
THM35XX

OpanBep
aBurartenen
cepumn
THM35XX

o BHyTpeHHWI perynatop HanpsikeHns 5 B
o MuHnaTtiopHbIvi 48-BbiBogHOM Koprnyc QFN
pasMmepom 7 x 7 MM

(06nact1 npUMeHeHms

o IHOyCTpuA passnevyeHunn

e O6paboTka JOKYMEHTOB 1 Apyrve cpeacrea
ochrcHoM aBTOMaTmM3aLmm

e [MpombiwneHHoe o6opyaoBaHmne

e Kamepbl BuaeoHabnogeHusi, cMcTeMbl Tex-
HMYECKOrO 3peHUs

e PoboTOTEXHUKA
e [MoTpebuTenbckas anekTpoHUKa

UccnepoBatenu co3pany camblii TOHKUIA B MUPE MCTOYHUK SHEPrum

Stephen Mraz

KomaHzom nHxeHepoB 13 TEXHOOrM4eCcKoro
MHCTUTYTa [XOpoKuKn, 06beanHUBLLEN yCUNUA
c uccnegosatenamu Lkonbl MHXXeHepun wTaTa
Konymbus, n3 HeCKonbKnMx CNOeB TOHKOMW NIieH-
kn gucynbduga monnbaeHa (MoS,), Kaxabin 13
KOTOPbIX MMEET TOMWMHY B OAMH aToM, Obin
CO3[aH CBEPXTOHKMI reHepaTtop. B reHepatope

Machine Design

n3 MoS,; ncnonb3dyeTcs Mbe3oanekTpUu4eckuin
achdpekT, Nnpeobpasyowmin usndeckne Hanps-
XEHNSA 1 MEXaAHNYECKYIO SHEPTUIO B ANeKTpuyec-
TBO. OTO HEOObIMHO TeMm, 4YTO B OOBLEMHOMN
dopme maTepuasn He NPOSABSET NbE303ANEKTPU-
Yyeckoro adpdekTa, NOCKOSbKY COCTOUT M3 CNo-
€B, OPMEHTUPOBAHHbIX B Pas3fnnYHbIX Hanpaene-
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Sy,

U3 crioes ducynbguda monubdeHa (MoS»), nodo-

O6HbIX meM, Komopbie 8bl 8UAUMEe Ha ¢homozpa-
¢uu, moeym bbimb cghopmuposaHbl 2ubkue u
MpO3payHbIe AMeKMpPUYECKUEe 2eHepamopbl Mori-
WUHOU 8CE20 8 HECKOJTbKO amoMos.

HUsAX. YToObI caenaTb TOHKOMNNIEHOYHbIN reHepa-
TOp, Heobxoanmo 6biNo 0ObEANHUTL HEYETHOE
yncno croeB MoS,. Kpome Toro, ang reHepawumm

3MEeKTPUYECKOro TOKAa OHW OOMKHbI AedopMu-
poBaTbCs B CTPOro onpeaeneHHoOM Hanpaere-
HUW.

B okcnepumeHTe TOHKMe Jewwynkn MoS,

nomMeLlanmch Ha rmbKyo NNacTUKOBYH NMOAMOX-
Ky. 3aTem pas3paboTumnkm NpuwxMManu K YeLlym-
Kam MeTannmyeckme aneKkTpoabl U UCNonb3oBa-
N UX 4N UBMEPEHUS HAMNPSXKEHUS U MPOTEKato-
wero Toka. VMiccneposartenu oTMETUNM Takxe,
4yTO Npu AedopmMaLnn NOANOXKKMA B MPOTUBOMNO-
NOXHOM HanpaBfiEHUN HaMpsHKeHNEe MEHSAO0
3HaK, 1 ncyesarno npv AobasneHnm eLLe 0gHoro,
YEeTHOrO, Cros.

PaspaboTka OTKpbIBAET HOBbIE NEePCNeEKTUBbI
NS Nbe303MeKTPUKOB Ha ocHoBe MoS,, a Takke

N Opyrux matepuanos, KOTOpPblE MOXHO UCMOSb-
30BaTb AN CO30aHWS reHepaTtopoB, HAMHOIO
Bonee yCTOMUYMUBBIX K U3rMbY 1 pacTsKEHUIO, YeM
TpagUUMOHHBIE Nbe303MeKTPUYEecKne matepmna-
nbl, BOCOBEHHOCTH, KEpamMuKa, KoTopas SsBNAeT-
Cs1 AOBOSBbHO Xpynkon. Hanpumep, paspaboTtum-
KA HaMepeHbl MHTerpupoBaTb rMbkue ycTpo-
NCTBa B oaexay, YToobl, npeobpasoBLiBasi S3HEP-
rMI0 ABMXXEHUSI Tena B 3NeKTPUYecTBO, NUTatb
el JaTYMKN U MEeOULMHCKME YCTPOMCTBA, UNN
Aaxe 3apsikaTb COTOBbIE TenedoHbI.

Powervation aHoOHCcMpoOBana HoBeuLylo cepuio LnudpoBbIX
KoHTponnepos DC/DC npeobpasoBaTteneit

lpoepammupyemel yughpossie koHmposiepbi DC/DC npeobpasoeamenel 051 cepsepos U rpo-

CpeCCUOHaﬂbeIX HacmorlibHbIX KOMIMbOMepos

MpnaHackaa komnaHus Powervation aHoH-
cupoBaria HOBENMLLYIO CEPU0 LIMAIPOBLIX KOH-
Tponnepos DC/DC npeobpasosatenen nns
CepBepPOB, HACTONbHbLIX KOMMBLIOTEPOB BEPXHETO
LIEHOBOrO CEerMeHTa 1 BCTPOEHHbIX KOMMbIOTEP-
Hbix cuctem. [Mpmbopbl PV3103, PV3104 wu
PV3202 c ogHo- 1 AByxdasHbiMW Bbixogamu
nogaepxueatoT Kak wunHy PMBuUs, Tak 1 nocne-
posatenbHbli uHTepdenc Intel VID VR12.5
(SVID). WckntountenbHO rmbkue, MOSIHOCTLHO
nporpaMmmMmupyemMble LUGPOBbIE KOHTPOMEpbI
npegHasHayeHbl 4nsi BbICOKOTOYHOW CTabunu-
3auuu n cbopa TenemeTpmyeckon nHopmMaLmm
B BbICOKO3(hEKTMUBHbLIX KOMMbBIOTEPHLIX CUCTE-
Max.

IMonHodYyHKLUMOHaNbHbIN ABYXda3HbIN Lnd-
posoi koHTponnep PV3202 ¢ nHTepdencom
VR12.5 obrnagaetr npeBOCXOAHbIMU Mepexon-
HbIMW XapaKTepUCTUKAMU M BO3MOXHOCTbIO
agjantauuun B peasibHOM BpeMeHU napaMmeTpoB
uenn YyacTtoTHo kKomneHcauum netnn OC.
OpHodasHbin KoHTponnep PV3104 Bobinycka-
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eTcsa B kopnyce QFN pasmepom 5 MM x 5 MM 1
NOMHOCTLI COBMECTMM No BbiBogam ¢ PV3202.
3aBepwarmwmn cemencteo SVID-koHTpon-
nepoB UUEPOBON KOHTPOMNEP CUHXPOHHOIO
noHmxatowero npeobpasosatena PV3103,
npegnaraembini B MUHMATIOPHOM Kopryce C
pasmepamu 4 MM x 4 MM, ngeanbHO nogonaet
OIS YCTPOWCTB C BbICOKOW NITIOTHOCTBIO KOMMO-
HOBKMW.

Bo Bcex npnbopax cepumn peannsoBaHa yHk
uMsa apganTuBHoM kKomneHcauum Auto-Control,

VR12/12.5 Digital Controllers
PV3103, PV3104, & PV3202
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npencraensawowas cobon oAuH U3 PEXUMOB
pa3paboTaHHoi Powervation TexHonormm aBTo-
HacTponkn xTune, yBENMYMBAIOLLEN CKOPOCTb
peakunn Ha NepexoaHble NPOLECCHI N YCKOPSItO-
LLien BbIBOA NPOAYKTa Ha PbIHOK 3a CYET cyLlec-
TBEHHOIO YNpOLLEeHUsa npouecca pas3paboTKku.
YHUKanbHas apxuTekTypa C SHeproHe3aBUCU-
MOV M onepaTUBHOM NaMATbiO JaeT pas3paboT-
YMKaM MHCTPYMEHT rMOKOro KOHUrypmpoBaHus
1 XpaHeHus napameTpoB cTabununsartopa.

XapakTepUCTUKM HOBbIX KOHTPOSNEPOB ONTU-
MU3MPOBaHbI 4118 y00CTBa CONPsiKeHUs ¢ 60sb-
LUMHCTBOM Haubonee nonynsipHbIX ApanBepoB
MOSFET vn npnbopoe DrMOS, ncnonb3yembix B
cxemax nuTtaHusa namatn DDR4 u gpyrmnx Harpy-
30K, nogkrntovaembix Kk wuHam SVID n PMBus B
BbICOKONPOM3BOANTESNbHbLIX KOMMBIOTEPHbLIX W
KOMMYHUKaUMOHHbLIX cucTemax. OTeevarowme
npegnucaHuam ampektmebl ROHS ycTtpolictea
rOTOBbI K CEPUAHOMY NPOU3BOACTBY.

CBO/1Ka OCHOBHbIX 0COGEHHOCTEH
e OgHO- N gByxdasHble KOHTPOMMEepbl CUH-
xpoHHbIX DC/DC npeobpasoBarenei;
e TexHornorna Auto-Control aBTomMaTnyeckom
agjantauuMu B peanbHOM BPEMEHM MapamerT-
pOB Lenu YactoTHoM koMneHcauum netnn OC;

e CoBMECTUMOCTb C nocriegoBaTelibHbIM
nHtepdencom Intel VID VR12.5 (SVID);

e NHTepdenc SMBus ¢ nogaepXKon NpoToKo-
naPMBus;

e TOYHOCTb CTAbUINM3aUMM BbIXOAHOIO Hanpsi-
»eHnsa £0.5%, BbixogHoro Toka — +1.5% Bo
BCEM AnanasoHe paboymx Temnepartyp;

e TOYHOE M3MepeHne 3HaYeHUN BbIXOOHOro U
BXOAHOrO HanpshkKeHusi, BbIXOQHOMO TOKa,
BbIXOOHOW MOLLHOCTU, TeMnepatypsbl, KOad-
duumMeHTa 3anofiHEHNS U YaCTOTbl KOMMYTa-
(H17178

e [Iporpammupyemble napameTpbl 3alnTbl OT
neperpy3km no TOKY W HanpsbKeHuwo, OT
KOPOTKOro 3aMblkaHWs BbiXxoga W noTepu
curHana obpaTHoM CBsI3W, OT MOBLILLEHHOIO
WITN MOHMXXEHHOIO BXOAHOIO HamnpsiKeHUs u
OT neperpesa;

o KoHburypupyemasa yHKUMS  BKITHOYEeHUs/
OTKINOYEHUST KOHTPONSA (has (aBTOMaTUYECKN
UK C NOMOLL b0 KoMaHabl PS1);

e EqnHcTBeHHbIN BoiBOog CONFIG gns 3arpys-
Ku B NaMsiTb BOCbMU Tabnuu npodounei;

e DHeproHe3aBncMMasi namsiTb C OfHOKpaT-
HbIM MPOrPaMMMPOBaHUEM;

e TepMOKOMMNEHCUPOBAHHas CxemMa W3Mepe-
HWSI U COrnacoBaHus a3 Toka;

e BrixogHoe HanpsikeHne o1 0.6 B oo 1.52B;

e YacToTa nepeknoyeHns, nporpaMmmmpyemas
B AmnanasoHe ot 375klMy go 1 MIw.

Microchip Bbinyckaer Hosble gpasepbl MOSFET ¢ npuHuMnu-

a/IbHO HOBOI apPXUTEKTYPOM

MCP14A005X u MCP14A015X, 3aHUMas MUHUMasibHoe Mecmo Ha re4amHoul rsiame, ¢ 8bICo-
KoU CKOpOCMbIO NMepeKdaom 601bwue eMKOCMHbIE Hagpy3KU

BbinycTuB ABE NepBble CUITOBbIE MUKPOCXeE-
Mbl, Microchip Technology aHoHcupoBana
co3fgaHne HOBOro CeMencTBa [panBepoB
MOSFET. B wmwukpocxemax MCP14A005X wu
MCP14A015X BnepBble B ceMencTse npoayk-
ToB MCP14A peanusoBaHa npuvHLUUNNANBHO
HOBasi apXMTEKTypa, 3HAYUTENbHO Yyrydliato-
wasa ObicTpogencTene npubopos. Beinyckae-
Mble B kopnycax SOT-23 n DFN 2 x 2 MM, HOBble
YCTPONCTBA 3aHSM MECTO B P4y CamMbIX MUHK-
aTOPHbIX KOPNYCUPOBAHHLIX ApanBepoOB
MOSFET, npencTaBneHHbIX Ha CErogHsILUHEM
pbiHKe. ManorabapuTHble Koprnyca Mo3BOnsAHT
paspabaTtbiBaTb KOHCTPYKLMN MEHLLUNX pa3Me-
POB 1 C YBENUYEHHON NNOTHOCTBIO MOLLHOCTH,
TOorga Kak BbICOKad CKOPOCTb HapacTaHus u
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Manble 3a4epXKKn YnyylwarT Bpems peakuum
cxembl. Kpome Toro, atu gpavisepbl MOSFET
NMET HMU3KME MOPOroBble HAaNPSHPKEHUS BXOA,0B,
aenawowme ux COBMECTUMbIMUA C HWU3KOBO-
NbTHBIMKM  MUKpOKoHTponnepamu (MK), uyTo,

Power MOSFET Drivers
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PaspelueHne

C nHBepcuen

AGND
Voo

Bxopn

Bes nHBepcum

AGND

QyHKYUOHarnbHas cxema opalieepos.

OfHaKo, He MOBMeKo 3a coboW yXyALeHUs nxX
NMOMEXOYCTONYMBOCTY U HEOBXOAMMOCTH OKa-
3aTbCs OT FrMCTepesuca.

Huskne noporoBble HaMNps>KeHUs BXOO0B
apavsepoe MCP14A005X n MCP14A015X
coBMeCTUMbl ¢ MHOxecTBoM MK 1 umcpoBbix
CUrHanNbHbIX KOHTPOMMEPOB, BbINyCKaeMbIX
koMmnaHuen Microchip, n gaxe ¢ Temu, KoTopble
paboTatoT NPU MOHMXKEHHbLIX HANPSXKEHNAX. ITO
Nno3BornsieT Nonb3oBaTensM co3gaBaTb MPuUIo-
xenua ¢ MK, nutarowmmmnca Hanps)keHmem ao
2.0 B, n, ucnonbays apanesep MOSFET, 4Tto0bl
ycunueaTtb BbIXxogHble curHanbel o 18 B, cHu-
KaTb NOTEPM MOLLHOCTU B KOHTPOSNEPE U MUHK-
MU3NPOBaTb NOTEPU NEPEKIIOYEHNS B CUIOBbIX
MOSFET. YpoBHuM noporoBs BbIGupanuck ¢ yye-
TOM HeobxoaumocTu cobnoaeHns b6anaHca
MeXay MOMEXOYCTOMYMBOCTbIO U CMOCOBHOC-
Tbto paboTaTb C MakcMmanbHO OOMbLIMM YKC-

MCP14A0151 C nHBepcuen
MCP14A0152 be3 nHBepcun

9—O Vpp

131

@—O Buixon

TAT

NIOM KOHTPOSNEPOB, BKIOYas YCTPOWCTBA,
Bbinyckaemble Microchip. OpanBepbl co3gaHbl
ONS MCNoNb30BaHMS B MCTOYHMKAX MUTaHUS,
OCBETUTENbHbIX MTpUBopax 1 n3nenuax ansa aBTo-
MOOUMBHOIO M MNOTPEBUTENBCKOINO PbIHKOB,
BKITHOYaAsA, cpean nNpo4vero, BCTPOEHHbIE Npeob-
pasoBaTenn aHeprn, GeclleTouHble 3MeKTpo-
MOTOPbI, YHUNONSAPHbIE LWAroBble ABUraTenu u
YCTPOMCTBA yNpaBreHnsi CoONeHonaamu, pene u
KnanaHamu.

LleHbI 1 fOCTYMHOCTL

MCP14A005X n MCP14A015X B kopnycax
SOT-23 1 DFN pa3smepom 2 x 2 MM AOCTYMHbI
noTpebutenam Kak B eanHNYHbIX o6pasuax, Tak
1 B NPOMBbILLIIEHHbIX KonnyecTBax. Mpu 3akynke
naptuammn ot 10,000 npmnbopoB ueHa ogHoN
MUKpOCXeMbl BapbupyeTtcs B npeaenax ot $0.50
00$0.61.

YyeHble co34anM MUKPOCXeMbl, paboTalowme npu Temneparype

csbiwe 350 °C

Sam Davis

WccnepoBaTtenn ns ApkaH3accKoro yHuUBep-
cuTeTa paspaboTanu MHTerparibHble CXeMbl,
CNOCOOHbIE COXpaHATb PaboTOCNOCOBHOCTb
npu Temneparype, npesbiwatorten 350 °C.

«BblCOKass BbIHOCNMBOCTb MUKPOCXEM
No3BOSIsieT pa3mellaTb UX B TakMx MecTax, rge
CTaHAapTHble KPEMHWEBbIE KOMMOHEHTHI
BbDKUTb HE MOrYT, — CKa3as 3acrnyXeHHbIN Npo-
deccop AnaH ManTyT (Alan Mantooth). — Cnpo-
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Power Electronics

€KTMPOBaHHbIE HAMW BITOYHbIE SNTIEMEHTbI CXEM
00paboTku cUrHanoB, KOHTPOSIIEPOB 1 ApanBe-
POB MMEKT MPEBOCXOAHbLIE XapaKTEPUCTUKWN.
Mbl 04eHb AOBOSbHbLI BCEM, YEro yaanocb Ham
AOCTNYb K HACTOSILLEMY BPEMEHM».
AKTyanbHOCTb 3TUX UCCNEAOBaHUN WUCKIHO-
YNTENbHO BbICOKA, MOCKOSbKY TPeTbsl 4YacTb
BCel aHepruu, BoipabaTtbiBaemon B CoeanHeH-
Hbix LUTaTtax, nepen Tem kak nonacTb K noTpe-
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GuTento, NPoOXoauT Yepes pasrmyHble CUMOBbIE
npeobpasoBartenu nnu gpaneepbl ANEKTPOABU-
ratenen, ycrioBusa 3KcnnyaTaumm B KOTOpPbIX
OTNMYarTCs OCODEHHOW XeCTKoCThio. Paspa-
GoTaHHble B ApKaH3acCKOM YHMBepcuUTeTe
CXeMbl NpeaHasHavyeHa ans paboTbl UMEHHO B
Takmx ycrnosusix. Kpome TOro, OHM MNOBbICAT
anektpudeckmin KIMNO v ogHOBpPEMEHHO COKpa-
TAT 00Wwme rabapuTbl N CHU3AT CIIOXKHOCTb 3TUX
CUCTEM.

Wccneposatenu pabotanu ¢ kapbngom kpem-
HMS — NONyNnPOBOAHUKOBBLIM MaTepuanom,
HamHoro 6onee CTOMKMM, YEM UCMONb3yEMbIE B
3MNEeKTPOHWKE TpaguLUNOHHbIe maTepuansl. Kap-
O1a KpeMHusa cnocobeH NPOTUBOCTOATL OYEHDb
BbICOKMM Temneparypam, U, SsBNSAsiCb XOPOLLUMM
NpOBOAHMKOM Tenna, MoxeT paboTtatb npwu
BbICOKMX TEMMepaTypax, He Hyaascb B 40NOs-
HUTENbHOM 060pPYAOBaHMM A8 ero 0TBOAA.

WccnepoBatenbckasa rpynna, BO3rnaensie-
Mast MaHTyTOM 1 NpodheCcCopoM BbIMUCTIUTENb-
Hon TexHukn Li3a Ou (Jia Di), komOmHMpys kap-
6ug C pasnMyHbIMKM TEXHOMOMMAMU NPOEKTUPO-
BaHWSA, CMOrfa 3Ha4YUTENbHO YNyylWnTb Xapak-
TEPUCTUKM NONYNPOBOAHMKOBOrO Matepuana. B

MUpE CUITOBOW 3NEKTPOHUKM U MHTErpanbHbIX
cxem ux paboTa crtana nepBon peanuaauuen
uenoro psga (pyHoaMmeHTanbHbIX aHanoroBbIX,
UMPOBLIX N CMeLLaHHbIX 6a30Bbix 6GMOKOB,
Takux, HanpMmep Kak cxema ¢pa3oBon aBTOMO-
ACTPOWKM YacTOTbl, CO3A4aHHasa Ha OCHOBE KOM-
nreMeHTapHon kapbuna-kpeMHMEBON TEXHOMOo-
rmn. d®asoBasi aBTONOACTPOMKA 4acTOThbl, UMK
DAIY — 310 cucTeMa ynpasreHusl, reHepupyto-
Las BbIXOAHOW curHarn, pasa KoToporo cesidaHa
C (pas3on BXOAHOro curHana. Takas yHKuMs
KPUTUYECKM BaXkHa BO MHOXECTBE CXEMHbIX
NPUOXEHWI, BKNOYaa YyCTPOMCTBA CUHXPOHU-
3aLMmn CUrHanoB, CUHTE3 YaCcTOT U CXeMbl 4EMO-
aynsumn.

WccnegoBaHusa npoBogunmnch B pamkax nog-
aepxmeaemon HaumnoHanbHbIM Hay4YHbIM OOH-
aom CLUA nporpammbl HapawmBaHusa UHHOBA-
LMOHHOIO noTeHuunana, npu3BaHHOM 3a CYyeT
00begMHEHNSI UHTENNEKTYarnbHbIX YCUMUA YHU-
BEPCUTETOB 1 MPOMbILLIEHHOCTN JOBECTU HOBa-
TOpCKME naeun 4o ypoBHS CO34aHNd NPOTOTUMNOB
1 BHeApeHUsa B MaccoBoe Npon3BoacTso. OcHo-
BY WHHOBALMOHHOW 3KOCUCTEMbI COCTaBUIIN
ApKaH3acCKUn YHUBEPCUTET U [BE TEXHOSOrn-
yeckne komnavum mn3 Parerteunna — Ozark
Integrated Circuits n Arkansas Power Electro-
nics International. KnioueBbiM napTHeEpoMm co
CTOPOHbI NMPOMBILLNIEHHOCTU Takke BbICTynaeT
komnaHus Raytheon.

Kommepuunanmnsaumen TeXHONOrM1M BbICOKO-
TemMnepaTypHbIX CXEM 3aHMMaeTCsl KOMMNaHus
Ozark Integrated Circuits. KomnaHusa Arkansas
Power Electronics International cocpegoTtounna
ycunua Ha paspaboTtke pekomeHgaumi no npu-
MEHeHMo NpubopoB B YCTPOWCTBAX CUIOBOW
ANEKTPOHUKN.

Renesas Electronics npeacrasnaer HoBoe cemeiicTBo 32-
pa3pAAHbIX MMKPOKOHTPO/11€POoB C NoAAEP*KKO eMKOCTHbIX

AATYUKOB NPUKOCHOBEHUA

MukpokoHmpornepsl RX113 no38osisrom ucrnonb308ame CEHCOPHbIE KHOMKU Ha MaHesnsix Crox-

HOU ¢hopMbI UnU C 8/1a)KHOU 108epXHOCMbH

Renesas Electronics pacwupsiet cdepy npu-
MEHEHWSI CEHCOPHbIX KHOMOK B 34paBOOXpaHe-
HUK, chepe aBToMaTU3aALUN 34aHUA U BBITOBON
TEXHUKE, BbIMYCTUB HOBOE CEMEWCTBO MUKPO-
koHTpornepoe (MK) RX113. Aenasacb 4yacTtbio
cepum RX100, HoBble MK npeacTaBnsitoT cobom
OOHOKpUCTarbHble YCTPOWCTBA C YHUKANbHbIM
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3anaTeHTOBaHHbIM peLUeHNEM AN OaTYMKOB
NMPUKOCHOBEHUS 1 NEPEAOBLIMU TEXHOMOMMSIMU
CHWXEeHUs aHepronoTpebneHna. OHU No3BonsAT
3HaUMTENbHO COKPaTUTb MOTpPebnsemyo MoLL-
HOCTb, pa3Mepbl U CTOMMOCTb pa3paboTku
YCTPOWCTB HayaribHOro YPOBHSI, Kak Ha nepeync-
NMEHHbIX PbIHKaX, Tak U B YyBCTBUTEMbHbIX K
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NM3MEHEHUIO LeHbl npunoxeHuax WHTepHeTa
Bewen (loT). BanateHTOBaHHOE WMHHOBALMOH-
Hoe pelleHne Renesas ana AaTymMkoB MPUKOC-
HOBEHUSI OTNIMYAETCH COYEeTaHWEM BbICOKON
YCTOMYMBOCTU K LUYMaM U BbICOKOW YyBCTBU-
TenbHOCTK, Brnarogaps Yyemy NosABNSETCS BO3-
MOXXHOCTb MCMONb30BaHUSI CEHCOPHbIX KHOMOK
Ha BNa)HbIX M UCKPUBITEHHbBIX MOBEPXHOCTSAX.

CemenctBo MUKpoOKoHTponnepoB RX113,
OCHOBaHHOE Ha NMAaMpyloLemM B OTpacnim MUK-
ponpoueccopHomM saape RX komnaHum Renesas,
obecneunBaeT BbICOYaWLLYO MNPOU3BOAUTENb-
HOCTb, MWHWMarnbHOe 3HepronoTpebrneHuve,
pacLiMpeHHble BO3MOXHOCTUM COEOMHEHUS C
BHELLHMMW YCTPONCTBAMM W MOSTHbIN (PYHKLINO-
Han umndpoBon obpabotkn curHanoe (LLOC),
npesocxos apyrue 32-paspsagHole MK Havanb-
HOro ypoBHSl. B gononHeHne K Moayro eMKoc-
THOrO AaT4yMKa NPUKOCHOBEHNS 1 becnpeueneH-
THO HMU3KOMY 3HepronoTpebneHunto, 3TN NosHo-
dyHKUMOHarnbHble 32-paspsaHble MK Takke
nogaepxusatot ynpasneHue XK-gucnneewm,
USB 2.0, ayano n MHoroe gpyroe. YcTponcrtea
RX113 nmetoT pasHoobpasHble kKoHUrypaumm
namMsaTM W KOMMYHMKALMOHHOM nepudbepun,
4yTOObI MATU B HOTY C BO3pacTarLwmmm Tpebosa-
HUSMW, NPeabSABMSEMbIMU K BCTpavBaeMbIM
cucTemMam, B TOM yncre:

¢ [10 512 Kb donew-namsatu n 64 Kb SRAM

¢ BO3MOXHOCTb ynpaBneHns CcerMeHTHbIM
KK-gucnneem Bnnotb Ao 288 cermMeHToB
O719 NOAOEPXKKN HOBEMLLNX ANCNIIEEB;

« 1°S ans o6pabotku ayavo, SSI (nocnenosa-
TenbHbIN 3BYKOBOW MHTepdenc) n SPI (no-
cnepoBaternbHbli  NEPUEPUNHBIN  UHTEP-
deic);

e 12-paspsagHbin AL ¢ BCTPOEHHBIM NCTOYHM-
KOM OMOPHOro HanpsikeHusi, 12-paspsagHbin
LA n gatynk Temneparypsl;

e [NonHbiI dpyHkumoHan LIOC, Bkntovas anna-

paTHbIi genutenb ans addekTmBHOM o6pa-
OOTKM AaHHbIX C 4ATYMKOB.

22 | HOBOCTH |

WHHOBaLMOHHas TeXHONIOMS eMKOCTHBIX
[IaTYMKOB NPUKOCHOBEHMSA 0OecnevuBaeT
npeBocxXoHble NapaMeTpbl 1 BO3MOXXHOCTU

[na onpeneneHna MaHUNynsauun ¢ KHonka-
mMn MK RX113 cnocoGHbl M3MepsiTb Kak
COOCTBEHHble, Tak W B3aWMHble €MKOCTMW.
Mogynb €MKOCTHOro gatymka MpUKOCHOBEHUS
MOXeET obcnyxuBatb 40 36 BXOAHbLIX KaHaroB
KHOMOK (B pexumMe wun3MepeHUs B3aUMHON
emkocTtun). Metog wuamepeHns COBCTBEHHOM
€MKOCTW 3HAUYMTENBHO Yry4llaeT nomexo3aLlm-
LLIEHHOCTb M YyBCTBUTENBHOCTb MO CPABHEHWIO C
npegwecTeyoWnMmM peanmsaunsamn. B HoBbIX
MK Takke peanusoBaH BrnepBble paspaboTaH-
Hbln Renesas Electronics metog mamepeHus
B3aMMHON €MKOCTU, MMELWNA BbiCOYaNLLYHO
YCTOMYMBOCTb K JIOXHbIM cpabaTbiBaHUAM W
NMO3BOSSIHOLLMIA BbIMOJTHATL Onepauumn ¢ CEHCOp-
HbIMW KHOMKaMu Jaxe B TeX crydadax, korga
nonb3oBaTernb HageBaeT nepvartku, WU kKoraa
KHOMKW CMO4YeHbl Bogon. Moaynb €MKOCTHOro
JatuvMka noaaepXvMBaeT akpuroBble MNaHenm
TonwuHon go 10 MM, NO3BONASA U3roTaBnNMBaTh
rmbkme u, B YaCTHOCTU, WCKPUBMEHHbIE
KOHCTPYKUMU. Renesas noBbicMna 4yBCTBU-
TENbHOCTb NPUMEPHO B 5 pas, caenas BO3MOX-
HbIM CO3[aHue NosSib30BaTeNbCKUX UHTEpdEen-
COB C HETPagULMOHHBIMK TMOBEPXHOCTAMM,
COXpaHSIoLWNMM paboTocnocobHOCTb, Hanpu-
Mep, NpY cMa4MBaHMM BOAOW UM NPUKOCHOBE-
HUKW Yepes nepyaTky.

VICTHHHas TexHOMorMs Manoro notpeGneHus

CewmelrictBo RX npegoctaenseT rubkyo cuc-
TeMy ynpaBrneHusi 3NeKTponuTaHuem u onTu-
MarnbHoe aHepronoTpebneHne onsa Bcex cny4a-
eB ucnonb3oBaHua. 32-paspsagHbie MK RX113
OOCTUraloT BbICOYAWMLLEro B OTPacin YpPOBHS
3HeproaddeKTUBHOCTH, NOTPebNAsa B paboyem
pexume nuwb 0.1 MA/MIL (TMNoBoOe 3Ha4YeHNE)
n Bcero 0.44 MKkA B pexnme aHeprocoepexeHms
(copepxmmoe onepaTMBHOW NamATU NPy 3TOM
coxpaHsieTcst). A B peXxume KoHTponnepa guc-
nnes oHn notpebnstoT Bcero nuwb 1.6 MKA (C
BCTPOEHHbIM MoBbIWaKLWmMm npeobpasoBaTe-
nem un npw pabote co cmeleHnem 1/3).

CemerictBo RX113 umeeT Tpu pasnnyHbIX
pexvnma paboTbl, TpU pexuma aHeprocbepexe-
HUS N TMBKY0 cUCTEMY CUHXPOHM3aumun. K npu-
Mepy, BO3MOXHOCTb B6bICTPOro BbIXoaa U3 aHep-
rocbeperatowiero pexuma (Low Power Fast
Wakeup) nossonget MK pabotatb npu notpeb-
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nedun 0.1 MA/MIy B akTMBHOM peXumMe WU
0.44 MKA B NporpaMMHOM peEXMUME OXUAAHWUS,
13 KOTOPOro OH MOXET BblITW BCero 3a 4.8 Mkc. B
YCTPONCTBO MHTErpupoBaHa dreL-namsatb 6e3
LUMKITOB OXWOAHMS C HanpskeHnem ctupa-
Hus/3anncu scero 1.8 B n BO3MOXHOCTLIO pabo-
Tbl B OHOBOM pexume. [pu pasamepax 6nokos
ctupanud no 1 Kb Ha ouncTky kaxgoro Tpebyert-
canuwb 10 mc.

JKocucTema pa3paboTku

OGpasubl kKaxxgoro n3 gBeHaguatn BapuaH-
ToB MK RX113 gOCTynHbI yXXe cendac B Kopny-
cax ¢ Yncnom BbiBoaos oT 64 o 100 n oo6bemom
BCTpoeHHon dhnew-namsaty ot 128 go 512 Kb.
MaccoBoe npoun3BOACTBO MNaHUpyeTcs HavaTb
B doespane 2015 r., a BbIXog, Ha NPOEKTHYHO CyM-
MapHyt MolHocTb B 1,000,000 wTyk B Mecsy,
oxuaaetcs K aHeapto 2016 T.

Peregrine Semiconductor HauMHaeT NOCTaBKM NepBbIX B OTPAcAU
BbICOKOUYACTOTHbIX KOMMYTaTOpPOB, paboTaloWwmx Ha NOCTOAHHOM

TOKe

Ha o0Hom Kpucmarnine uszomoernieHHo20 o mexHornoeauu UltraCMOS knroya PE42020 uHmeapu-
posaHbI paduodacmomHsbie, Uughposblie U aHaio2o8ble yeru, obecredusaroujue 4erocmHoOCmMb
cueHarso8 8 duara3oHe om rIocmosiHHo20 moka do 8T

KomnaHusa Peregrine Semiconductor coo6-
wuna o goctynHoctn mukpocxemsbl UltraCMOS
PE42020 — nepBoro n eAMHCTBEHHOIO B OTpac-
NN MHTErpanbHOro Krya ¢ HKHen pabouer
4YacTOTOW HOMb repu. ATOT, NONy4MBLUMI BpeH-
noBoe HasBaHue «True DC» («[encTBUTENBHO,
paboTatoLLmin Ha MOCTOSHHOM TOKe» ) paamnodac-
TOTHbIA MepeknyaTenb, CNocobHbIM ynpas-
NATb CUrHanamm ¢ BbICOKUMU YPOBHSAMMW MOLLL-
HOCTW, WMEET OTNINYHble BbICOKOYaCTOTHbIE
XapaKTEPUCTUKM U IMHEMHOCTb B AnanasoHe oT
noctosiHHoro Toka o 8 Muy. PE42020 ctanet
HaOeXHOW ansTepHaTUBOM NPOoBbneMHbIM Mexa-
HUYECKNM PEerie N MUKPOSNIEKTPOMEXAHNYECKNM
cuctemam (MAOMC), 3amMeHMB UX B U3MEPUTENb-
HOM ” aBTOMAaTM3NPOBAHHOM KOHTPOJIbHO-
ncnbiTatenbHOM 060pygoBaHUN.

Now Shipping...
the world’s first RF switch
operating at zero Hertz

%%HE%Qg; gx%@

30 dBm @ zero Hertz

Power

0 Hz 8GHz
Frequency

«BnepBble B UCTOPUN MHTErparibHbIN paamo-
YaCTOTHbIV KoY MOXeET paboTaTb Ha NOCTOSH-
HOM TOKe 1 peanbHO NepeKpbiBaTb BECb YaCTOT-
HblM amana3oH — roBoput KuHaHa XyccenH
(Kinana Hussain), ctapwwuin meHemxep Pere-
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grine no mapkeTuHry. — [lo cux nop nponyckatb
MOCTOSIHHBIA TOK MOFMN TOMbKO MeXaHu4yeckme
pene nnn MOMC kntoun, ogHako ¢ 3TMMK Npo-
AykTamu GbInn cBsi3aHbl NPOGNeMbl HageXHOC-
TM W HEBO3MOXHOCTM uHTerpaumu. CeroaHs
Bbinyck UltraCMOS PE42020 ctan o4epegHbiM
AoKasaTenbCTBOM crnocobHocTu Peregrine oTBe-
YaTb Ha CaMble CMOXHble BbI30BbI, CTOsSILME
nepen pagnoy4actToTHOM OTPachbo».

PaspabotaHHas Peregrine TexHonorus
UltraCMOS no3BonseTt WHTennekTyanbHo
WHTErpMpoBaTh paamoyacToTHble, LndpoBbie 1
aHarnorosble Leny Ha 04HOM MOHOJTUTHOM KpUC-
Tanne. B mukpocxeme True DC ob6beaunHeHb!
pagnmoyacToTHbLIN nepekn4yaTtenb, cxema
OTCNEXMBaHUA CUrHana NoCTOsIHHOIO TOKa, Ld-
poBasi ynpaenstLLas iormka n cxema ynpaerne-
HUSA MnNegaHcamu. VIHTerpaumim Bcex 3Tux oyHkK-
UMM gact paspaboTyMkam BbICOKOYACTOTHbIX
YCTPONCTB MHOXECTBO NPENMYLLECTB, BKIItOYas
yNy4lLEHNE TEXHNYECKNX XapakTePUCTUK co3aa-
BaeMbIX YCTPOWCTB, COKpalleHne pa3Mepos,
NoBbILLEHNE YPOBHS HAOEXKHOCTM U TMBKOCTH.

Oco6eHHoCTY, KopryCcMpOBaHme, LiEHbI U
J0CTYMHOCTb

OpHonontocHbIn nepekntovatens PE42020
Ha ABa HanpaBneHns KOMMYTUPYET CUrHanbl B
rnonoce oT noctosiHHoro Toka go 8000 MIw,. KoH-
durypupyemasa kak 50-OMHbIN MOrnoLaroLLmn
UK OTPbLITLIN OTPaXKaloLLMIA KN4, MUKpOCXxema
PE42020 moxeT nponyckaTb 1 KOMMYTUPOBaTb
MowjHocTe 30 gBbM Ha nNOCTOSAHHOM TOKE U
36 pbmHavacToTe 81T,
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YCTPONCTBO XapakTepusyetrcss OTANYHOM
NIMHENHOCTbIO M O4EHb HU3KUMU UCKAXKEHUSMUA:

eTOYKA MNepecevyeHns UHTepmoaynaunm
TpeTbero nopsiaka no sxoay (IP3): 62 abm,

eObLMe HenuHenHble wuckaxeHus (THD):
—84 nbH,

e TOYKa AeunbernbHON KoMnpeccumn Npy YacTo-
TecurHana 8Ty (OPg 145): 38 AbM.

Bpewms nepekntoveHna PE42020 coctaBnseT
10 MmKc, a BpeM4a ycTaHoBreHua — 35 Mkc. Bce
BbIBOAbLI MepekntoyaTens 3aluLlieHbl OT arekK-
TPOCTATUYECKNX Pa3psiioB U BblAepXuBaoT
HanpskeHne 1000 B no tectam HBM (mogenb
YyeroBeyeckoro Tena). PagmovactoTHble NopThl
npubopa mMoryT pabotaTb € NOCTOSAHHLIMU UNN

nepeMeHHbIMU HanpsXXeHUsMu B AnanasoHe oT
+10 B 0o —10 B n cnocobHbI nponyckatb NOCTO-
sAHHbIN ToK 00 80 MA. 3TO pekopaHble Nokasarte-
Ny Ans KnoYven nogobHoro Tuna.

MoTpebutenam AOCTYMHblI Kak eOUHWYHble
obpasubl, Tak U NPOMBbILLIIEHHbIE 0ObEMbI MUK-
pocxeM. Kpome Toro, A4ns ycKopeHuUst OCBOEHUS
HoBbIX npubopoB Peregrine npeanaraet
HEeCKONbKO OLEHOYHbIX HabopoB. Kniouun
PE42020, noctaBnsemble B 20-BbIBOOHbIX KOP-
nycax QFN pasmepom 4 x 4 MM, COOTBETCTBYHOT
HopMaMm aupekTMBbl ROHS n npogatotca no
ueHe $14 3a wryky B naptusix n3 1000 npubo-
poB, unu $11.35 nNpu MUHMManNbHOM oGbeme
3akas3a 5000 wTyk.

ANADIGICS pacwimpsaeT npoAyKTOBYIO IMHEUKY ANA nHpac-

TpYKTYpbl WiFi

Hoenbll ycunumernb mowHocmu WiFi, umerowuli nydwiue 8 ompacniu napamempbs! U cmerneHb
uHmezpayuu, npedHasHa4yeH Onsi UHPacmpykmypHbIX U MyfbmuMeOUUHbIX MPUIOXeHUU
802.11ac Wave 2, gknrodass moyku docmyria, poymepsbl, Meduawiio3sl U abOHEHMCKUe mesiesu-

3UOHHbIEe ripucmasku

ANADIGICS npegcrasuna ycunutens MoLy-
HocTn AWL5911, ONTMMU3MPOBAHHbIN ANs
NCNOMNb30BaHUA B MHPPACTPYKTYPHbIX U MYIb-
TuMeaunHelx npunoxernnsx WIiFi ctangapta
802.11a/n/ac. Pa3paboTtunkam ycunurens yaa-
nocb AobUTLCA nyyLlero B oTpacnun coveTaHus
FIMHENHOCTU, 3PPEKTUBHOCTU, YCUINEHUS U TEP-
MOCTabUNbLHOCTU NPY MUHUMArbHOM KOnnyec-
TBE HEOOXOAMMbBIX BHELIHUX KOMMOHEHTOB.
Takne napameTpbl W BbICOKaa MWHTerpauums
YyNPOCTAT CO34aHWe MHOronosb3oBaTenbCKuX,
MHOrokaHarnbHbIX No Bxogy W Bbixogy (MU-
MIMO) cuctem ctangapta 802.11ac Wave 2, u
nNpeaocTaBAT BO3MOXHOCTb MCMOMb30BaHUA

5 GHz 802.11ac
WiFi PA
Optimized for 802.11ac Wave 2
Infrastructure and Multimedia Applications

Industry-Leading Combination
of Linearity, Efficiency and Gain

Exceptional Integration Minimizing

External Components.
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AOMOSTHUTENBHbBIX NPOCTPAHCTBEHHbBIX NOTOKOB
B 160-merarep-LoBbIX KaHanax. ATu yHKLUK
MoryT obecneunTb Gonee BbICOKYHO CKOPOCTb
nepegayv npu GonbLUen 30HE MOKPbITUA, YeM
peweHns, 6Gasupyowmecs Ha AOMNOMHEHUN
Wave 1.

CospaHHoe komnaHuenn ANADIGICS ceme-
ncteo ycunutenen mowHoctn 802.11ac WiFi
Ons MHOPaCTPYKTYPHbIX MPUoXKeHnn Basunpy-
€TCs Ha 3anaTeHToBaHHOM TexHonorum InGaP-
Plus n yHukanbHomn apxuTtekType, obecneunsa-
IOLMX BbICOYAMLUYK CTEeNeHb WHTerpaumm wu
TEXHUYECKME XapaKTEPUCTUKM MUPOBOIO Krac-
ca. Yeunutenb mowjHoctn AWL5911 otnnyaet-
CS UCKITHOUMUTENBHOW NUHENHOCTLIO, GonbLInM
KO9(hPULMEHTOM YCUIEHUS MOLLHOCTU, paB-
Hbim 33 b, n BENMUMHOM BEKTOPHOW MOrpeLu-
HocTu (EVM) 1.8% npu BbIXOQHOW MOLLHOCTU
22 abM, 4TO NpuK cambIX CIOXHbIX hopmartax
Moaynsauun obecrnevnBaeT cTabunbHOe, Hagd-
exHoe WIiFi coeguHeHne C BbICOKOW Mporyc-
KHOM cnocoBHocTbio. Mukpocxema nMeeT umd-
poBOM WHTepdeNnc ynpaeneHns ycunutenem
MOLLHOCTHU, YCTpPaHAKLWMUN HeobXxogMMoCTb BO
BHeLLHeM OydepHOM ycunutene, a Takke BHYT-
PEHHUIN OeTeKTop, YNPOLLAOLWMA TOYHbLIN KOH-
TPOrb BbIXOOHOW MOLLHOCTU B Pa3fUYHbIX YCIo-
Busix Harpy3kun (KCB 3:1). Ctonb BbICOKUIA ypo-
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BEHb MHTErpauMm no3BossieT COKpaTUTb KOmu-
4eCTBO HeobXoAMMbIX BHELUHUX KOMMOHEHTOB,
YNPOCTUTb KOHCTPYKLIMIO pamMo4acToTHONM Yac-
TW, YMEHbLUMTb Nolaab, 3aHMMaeMyto Ha nna-
Te, U, B KOHEYHOM CYeTe, YCKOPUTb BbIXOA Ha
PbIHOK KOHEYHOTO NPOAYKTA.

KnioueBbie 0COGEHHOCTU CeMecTBa yeunuTenei
MotuHocTi ANADIGICS ans nHdppacTpyKTypbl
WiFi 802.11ac:

e bonblloe ycuneHve W BbLICOKME YPOBHMU
BbIXOAHON MOLLHOCTU, ONTUMU3NPOBaHHbIE
ANS MHPPacTPYKTYPHbLIX Y MyNbTUMEANHbIX
NPUNOXEHUN;

e CBEpXHM3Kass amnnMTyda BeEKTopa OLMOKK
npu camblX XeCTKMUX popmaTax Moaynauum
ctaHpapta 802.11ac, obGecneuuBarollas
WCKITIOUMUTENBHO BbICOKYH CKOPOCTL Nepeaa-
YM AaHHbIX;

¢ BbICOKOTOYHBIV MHTErpPMPOBaHHbLIV AETEKTOP
YPOBHS MOLLHOCTU AN onepatuBHOW ajan-
Tauun K U3MEeHEHUAM Harpysku u paclumpe-
HWUS AMHaMWYECKOro AnanasoHa;

e Jlydwaa B cBoem knacce a(pdeKTUBHOCTb,
ynydwatowiasg TennoBble XapakTepPUCTUKK
npunoxexHui MIMO;

¢ KMOI-coBMeCcTUMbIN MHTepdenc ynpasne-
HWUS, yNpoLLaLWnin ncnonb3oBaHne npmnbo-
poOB;

e KomnaktHbin kopnyc QFN c pasmepamu
4x4x08 MM C BHYTpeHHUM 50-OMHbIM
cornacoBaHMeM BCeX BbICOKOYACTOTHbIX
NOPTOB U UCKITHOYEHNEM NOCTOSIHHON COCTaB-
NALLEN, CHKaLWUN TpeboBaHMs K NnoLla-
O nevyaTHom nnaTbl.

Cemeiicteo ycunureneii MoruHocti ANADIGICS
ans WiFi 802.11ac 5 I

Monoca | BuixogHas v
Mpopykr | 4acToT | MowHocTb | EVM cungl-me
(M) (aBwm) (AB)
AWL5905 +19.5 2.0% 30
AWL5910 | 4900...5900 +22 1.8% 31
AWL5911 +22 1.8% &8

AWL5911 ocBoeHbl B CEpPUMHOM MNPOM3BO-
OCTBe 1 AOCTYMHbI 4114 3aKasa.

Linear Technology BbinycKkaeT BbICOKO3I(PPEKTUBHDIA NOHUMKAIO-
WMk npeobpasosarenb € BXOAHbIM HanpaXkeHuem 140 B

Linear Technology aHoHcupoBana BbINycK
BbICOKO(O(EKTMBHOIO MOHMXKAKOLEro npeob-
pasoBatensa Hanpskenuss LTC7138 ¢ makcu-
ManbHbIM BXOOHbIM HanpskeHnem 140 B un
BbIXogHbIM TokoM A0 400 MA. MNonHbI anana-
30H BXOOHbIX HanpshkeHun npnbopa coctasnsaer
4 ... 140 B, uTo MaeanbLHO oTBEYaeT TpeboBaHM-
SIM CaMOro LUMPOKOro ChnekTpa NpUoXeHun,
BKIMOYasi TENEKOMMYHUKALMOHHbBIE Y NPOMBbILL-
NEeHHble CUCTEMbI, aBUOHWKY 1 aBTO3MNEKTPOHN-
Ky. B mukpocxeme LTC7138 peanusoBaHa npo-

Vi
5V to 140V

Lic7138 '

VPRG1
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rpaMmupyemasi ructepesvcHas KOHCTPYKLUS,
ontummampytowwas Kri s 6onbiom gnanasoHe
TOKOB Harpysku. HapgexHaa v addekTuBHas
paboTa obecnevmBaeTcsa BCTPOEHHBIM MOLLHbIM
MOSFET ¢ conpoTuBneHnem OTKPbITOrO KaHa-
na 1.8 Om. lNMporpammupyembIii Nonb3oBaTenem
NMopor orpaHN4YeHns BbIXOAHOIO TOKa, B 3aBUCK-
MOCTM OT TpebOoBaHWUM MPUMOXEHUSA, MOXET
ObITb 3agaH Ha ypoBHe oT 100 MA go 400 mMA.
BbixogHoe HanpsikeHne LTC7138 nubo npo-
rpaMMHO BbiOMpaeTcs u3 3HavyeHnin 1.8 B, 3.3 B
n 5 B, nubo yctaHaBnuBaeTca pPe3nCTUBHbLIM
penvtenem B ananasoHe oT 0.8 B oo Hanpsixe-
Hus, paBHoro BxogHomy (Vin). B kopnyce MSOP

CO CHWXEHHbIM TEennoBbIM COMPOTUBIIEHNEM
NnpeaycMOTPEH AOMONHUTENbHbIN 3a30p MeXAay
BXOJaMM BbLICOKOIro Hanpshkenus. MuHmnatop-
HbI KOpNyC 1 HeBOoNbLLOE KONMYECTBO HEOOXO-
ONMbIX BHELLUHUX KOMMOHEHTOB (B TUMUYHOM
crly4ae [OCTaTOMHO YeTblpex) MO3BONSAT Ha
ocHoBe LTC7138 cosgaBaTb 04eHb KOMMNAKTHbIE
peLLeHNs ANns LUMPOKOTo Kpyra NPUNoXeHUH.
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B otcytcTBume Harpy3kun LTC7138, octaBasich
B pexmMe cTabunmsauumn BbIXOQHOMO Hanpsxe-
HUS, NOTpebnsieT Tok Bcero 12 MKA, 4YTo No3Bo-
NsieT UCNonb30BaTb MUKPOCXEMY B MOCTOAHHO
BKIMOYEHHbIX YCTPOWCTBax ¢ baTapenHbiM nuTa-
HueM. BHyTpeHHe ycTonumBas cxema npeobpa-
30BaTerns He HyXJaeTcs BO BHELUHUX dreMeH-
Tax kKoMneHcauumn netnm obpaTtHon ceasn. Muk-
pocxema MMeeT BCTPOEHHbLIN BbICOKOTOYHbIN
WCTOYHUK onopHoro HanpsbkeHust 0.8 B +1%,
MOXeT paboTatb B TPaH3UTHOM pexume ¢
MasnbiM MPOXOAHbIM HanpsbkeHnem npu 100-
NPOLEHTHOM KoadhduumeHTe 3anosiHeHUS,
COLAEPXMUT Lenu BHELUHEro uUnuM BHYTPEHHEro
yrnpaBneHusi napaMeTpaMmm MArkoro 3anycka u
BbIXOA, KOMNapaTopa obpaTHOW CBS3U, NO3BOMS-
IOWUN  COeANHATb napannenbHO HEeCKOMbKO
NprnbopoB ANs yBENNYEHUS BbIXOAHOMO TOKa.

LleHa mukpocxem LTC7138EMSE HaunHaeT-
csa ot $3.80 3a wrtyky. LTC7138IMSE - Bepcus
ONS NPOMBILWSIEHHOrO AMana3oHa Temneparyp
—40 °C ... 125 °C npopgaeTtcs no ueHe $4.18 3a
WTYKY. BapnaHT gna ycTpoucTB aBTOANEKTPO-
HUkn — LTC7138HMSE, paboTatoLmii npu tem-
nepatype —40 °C ... 150 °C, — ctout $4.43 3a
WITYKy. M, HakoHel, B rpynne LTC7138 ecTb Muk-
pocxeMbl, NapamMeTpbl KOTOPbIX TECTUPYIOTCH U
rapaHTUpylTCA B AMana3oHe Temnepartyp nepe-
xoga oT =55 °C go 150 °C. 3K MUKpPOCXEMbI
npoaatotcs no ueHe $11.29. Bee LeHbl ycTaHOB-
neHbl onsa naptui obbemom He meHee 1000
npubopos. MukpocxeMsbl NOObIX BEpPCUA UMe-
OTCS B HANMYMM Ha CKNnage KOMMnaHuu.
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Csopika ocHOBHbIX ocobeHHocTeid LTC7138

e lllnpoknn pmnanaszoH paboymx BXOAHbIX
HanpskeHnn: 4B ... 140 B;

e BHyTpeHHun mowHbii MOSFET ¢ Hu3kum
COMpOTMBIEHNEM OTKPbLITOrO KaHana;

e BHyTpeHHe ycTonumBas cxema, He Tpebyto-
LLIasi AIEMEHTOB YaCTOTHOW KOPPEKLMK;

e [Topor orpaHn4YeHns MakCUMarnbHOro BbIXOA-
HOro TOKa, perynupyembli B npegenax oT
100 mA 0o 400 MA;

e Pabota ¢ mManbiM nageHMeM HanpskeHus
npu koadhpuumneHTe 3anonHeHns 100%;

e Hn3kuin cobCTBEHHbLIN TOK MNOTPebneHus:
12 MKA;

e [InanasoH BbIXOAHbIX HanpskeHnn ot 0.8 B
noV;

e OnopHoe HanpsiXeHne ycunutens odbpatHon
cBsA3n: 0.8 B £1%;

e BbICOKOTOYHbBIN YpPOBEHb MOpora Ha BXxofde
RUN;

e BHyTpeHHee wnn BHellHee YynpasreHune
napameTpamMu MSIrkoro 3arnycka;

¢ [lporpammupyemsble (1.8 B, 3.3 B, 5 B) nnu
perynupyemble YpOBHM BbIXOAHOIO Hanpsixe-
HUS;

e HebornbLuoe KonMyecTBO BHELUHWUX KOMMO-
HEHTOB;

e [Iporpammumpyembiin nopor 6roKMPOBKN NpU
NOHMKEHHOM BXOQHOM HanpsXeHuu;

e BbicokoBonsTHLIN Koprnyc MSOP co CHUXeH-
HbIM TENOBbIM COMPOTUBIIEHNEM.
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Pa3paboTka Hafje)XXHbIX
UudpoBbIX UHTEPENCcoB

ana Al

nocnefoBaTeNbHbIX NPUONMKEHNN

Steven Xie, Analog Devices

BeBepgeHue

AHanoro-undpoBbie npeobpasoBaTenu
(ALIT) nocnepoBaTenbHbIX NPUBNVKEHWIA, HA3bl-
BaeMble TaK M3-3a BXOASLLEro B WX COCTaB
permctpa nocnegoBatenbHbIX NPUBAKEHUN,
LLUMPOKO MUCMONb3YIOTCSH B MPUITOXEHNUSX, Tpeby-
IOWKUX paspeweHns go 18 GUT npu cKopocTu
npeobpa3oBaHnsa 40 5 MNH. BbIGOPOK B CEKYHAY.
K npeumywectsam Takmx AL oTHocaTcs
HebGonblwne pasmepbl, HU3KaAs MOLLHOCTb
notpebneHus, oTCyTCTBME KOHBENEPHOW 3a4ep-
XKV 1 MPOCTOTa UCMONb30BaHUS.

Ynpasnsowuin npoueccop MOXET CYHUTbI-
BaTb AaHHble u3 AL unu nepegaBatb emy
KOMaHAbl ynpaBneHusi, Ucnonb3ys pasHoobpas-
Hble rnocnegoBarternbHble M napannenbHble

NMHTepdencol, Takme kak SPI, I°CuLVDS. B aton
cTaTbe 0bCcyaakTca MeToAbl MPOEKTUPOBAHMUS
HaOEeXHbIX WHTerpanbHbIX LMEPPOBbLIX WUHTEp-
dencoB, BKMYasi ypoOBHU M nocnegoBatesb-
HOCTW BKMIOYEHUA HaNpPSXXEeHUW NuUTaHus,
COCTOSIHUS BXOAOB/BLIXOAOB B MpoLuecce ycTa-
HOBIIEHUSA HanpsKeHWsi, BPEMEHHbIe 3aBUCK-
MOCTM, KQ4eCTBO CUrHanoB 1 oLwnbKK, Nopoxaa-
eMble paboTon UM PoBbIX Y30B.

Hanpsa»keHne nutaHmMa uudpposBbIxX
BX04,08B/BbIX0A40B U NOPAAOK €ro
BK/1lOYeHUA

[ns nogknoyeHus nutaHna LmdpoBbIX BXO-

poB/BbixogoB y bonblimHeTea AL nocnegosa-
TenbHbIX NPUONMKEHN €CTb OTAENbHbIN BXOA,
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Analog Dialogue

obo3HavaemblIn Vo unu Vpgrve, KOTOPLIN 1 onpe-

AensieT napameTpbl COBMECTUMOCTU paboymx
HanpsKeHWIN N TOrMYeckuX ypoBHeN nHTepden-
COB. OTOT BbIBOA AOSMKEH HAXoAUTbCS Mog Tem
XXe HanpskeHneMm, OT KOTOPOro Nofy4varoT nuTa-
HMEe BHELLUHME YNpaBnsioWmMe KOHTPOMepbI,
LICIT nnn MITUC. Kak npaBunnio, YToObl HE BbINTH
3a rpaHuubl 4ONYCTUMbIX PEXMMOB, HanpsiKe-
HWMe Ha UM POBbLIX BXOAO0B AOMKHO HAXO4UTCA B
ananasoHe mexay DGND — 0.3 B 1 Vprive +

0.3 B. Mexay BbiBogamu Vpgrive M DGND (undp-

poBas 3eMns) cnegyeTt ycTaHaBnNuBaTb pas3Bs-
3bIBalOLLNE KOHOEHCATOPbI, CBA3AHHbIE C BbIBO-
Aamun AUI neyaTHbIMM NPOBOOHUKAMW MUHK-
MarbHOW OAJINHBI.

B cnpaBoyHbIX gaHHbIX Ha AL, nutatowme-
Csl OT HECKONbKUX WMCTOYHWUKOB, MOXET ObITb
4YeTKO nponucaHa nocrenoBaTeribHOCTb WX
BKIMOYEHUS. XOPOLLIMM UCTOYHUKOM MHAOpMa-
Uy ans pa3paboTynKoB CUCTEM NUTAHUSA NOAO-
OHbIx AL nocnyxut [1]. YToObl HE gonycTutb
NPSIMOrO CMELLIEHNSA BXOAHbIX 3aLUTHbLIX AWO-
AOB 1 nepexoaa uMdpoBOoro sapa B Heonpeae-
NeHHoe COCTOsiHWe, NTaHume BXOOO0B/BbIXOAOB
crnefgyeT BKNOYaTb paHblue, Y4eM MuTaHue
NHTEpPMENCHBIX uenen. AHanoroBoe nutaHue
06bIYHO nogaeTcs nepeq BKNOYEHNEM NUTaHUS
BXOO0B/BbIXOO0B, OAHAKO 3TO NPaBUIIO He SBNS-
etcs obwmm ana scex AL, B nobom cnyyae,
npexage Yem MNPUCTYNUTb K KOHCTPYUMPOBAHWUIO
WUCTOYHUKA MUTAHWUSA, BHUMATENbHO W3y4yuTe
CrpaBOYHYO JIOKYMEHTaLMIO.
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[nsa npaBvNbHON WHMUMANM3auunm HEKOTO-
pbix AL nocnepoBatenbHbIX NPUBAMKEHUI
TpebyeTcsa cobntogeHne onpeaeneHHon nocrie-
J0BaTENbHOCTU JIOMMYECKNUX COCTOSIHWUIN, obec-
NneyYnBatoLLMX BbIMOMHEHME TakuX OYHKLMIA, KakK
cbpoc, Nepexoq B PEXMM MOHMKEHHOIO 3HEPro-
notpebnexHvs nnun BblknoyeHne. MNocne ycra-
HOBMEHNSA BCEX MUTAKOLWIMUX HanpsKeHun AOns
rapaHTMpoBaHHoro nepesoga AUl B HyxHoe
NCXOQHOE COCTOSIHME HAa MUKPOCXEMY HeobXxo-
OMMO nogaTb WUMMYMAbC MWW  KOMOMHaLMIo
UMMYMbCOB C YKa3aHHbIMU B TEXHUYECKOW JOKY-
MeHTauMM napametrpamu. Hanpumep, 4TOObI
rapaHTMpoBaTb HOpMasnbHOe PYHKLMOHUPOBA-
Hue mukpocxeMbl AD7606, nocne BKIOYEHMUS
nutaHnsa Ha Bxod RESET Tpebyetca nogatb
UMMYSbC BbICOKOIO YPOBHSI OJIUTENBHOCTBLIO HE
meHee 50 He.

CH1: 2.00V

PucyHok 1. [Noda4ya 8bICOKO20 YpOBHSA Ha 8x00
CNVST 60 spemsi ycmaHoerneHusi HanpskeHul
umaHusi MoXxem cmamb MPU4YuUHOU Heorpede-
JieHHo20 cocmosiHusi ALIT.

[Jo nonHoro ycTaHOBMEHUA HanpsXeHuin
nMTaHna nogaBaTb Ha UUGPOBbIE BbIBOAbI
Kakue-nnbo curHanbel Henb34a. Y AL nocneno-
BaTesbHbIX NPUONMXKXEHWI BbIBOAbI Mycka npe-
obpasoBaHus CNVST moryT ObiTb 4YyBCTBU-
TenbHbl K NnomexaMm. Ha PucyHke 1 npuBeaeH
npumep, B Kotopom ynpasngatowaa MNINC ycra-
HaBnMBaeT BbICOKMA YPOBEHb Ha BbIBOAE
CNVST B TO Bpems, NoKa €eLLe He 3aKOHYNITOCh
yCTaHoBneHne HanpsbkeHmn AVCC, DVCC un
Vprive (MUTaHue aHanorosow, UUGPOBONA U

MHTEepPdENCHOM YacTeN, COOTBETCTBEHHO). ITO
MoxeT nepeBectn AD7367 B HeonpeaeneHHoe
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COCTOSIHME, MO3TOMY OO0 YCTaHOBMEHUSA nuTa-
HUS YyNpaBnsaLWMA NPoLEeCcCop OOMKeH yaep-
*uBaTtb Ha Bxoge CNVST Hu3ku normyeckmmn
YPOBEHb.

Mocne 3aBepweHus npeobpa3oBaHUA XOCT
JOIMKEH cuuTaTbh [aHHble 4Yepes3 nocrnenoBa-
TenbHbIA NHTEepdenc. [1na KOPPEKTHOro CYUThI-
BaHuns TpebyeTcst cobniogaTb OnpeaeneHHble
napameTpbl BPEMEHHOW OuarpaMmmbl, 3aBUCS-
lwne, Hanpumep, oT Bblbopa pexnma paboTbl
wuHbl SPI. He HapyLwanTe ykasaHHbIX B crieuu-
durKaumnax BPEMEHHbBIX COOTHOLLUEHU MeXay
curHanamu uHtepderica, B 0cobeHHOCTH, Bpe-
MeHa ycTaHoBreHus n ygepxadums ALMN n xocta.
MakcumanbHaa CKOpOCTb nepedadn LaHHbIX
onpeaenseTcs NofHbIM LIMKIIOM, @ He TOMbKO
yKaszaHHbIM B AOKYMEHTauuu MWUHUMasnbHbIM
nepnoaomM TaKTOBOW 4acToTbl. PUCYyHOK 2 u
nocneaywowmne opMynbl UAMKOCTPUPYIOT MNpuU-
Mep pacyeTa LOMNYCKOB 4151 BPEMEHWN YCTaHOB-
neHna n ygepxaHusi. XoCT nocbinaeT uMnynbc
3anycka npeobpasoBaHus Ha AL n cunTbiBaeT
[JaHHbIe C ero BbIxoaa.

teveLe
A~
torrer

CLOCK (XOCT) (

tPROPicLK
tSETUF‘

CLOCK (ALM)

tDRV

DATA (AL|M)

tP ROP_DATA

DATA (XOCT)

(e——’

tMARGIN

PucyHok 2. 3anackl No epeMeHuU ycmaHo8reHuUst
u yoepkaHusl.

tevcLe = turter + tsetup * tProP _DATA t+
tpror cLk * tbrv * tmARGINS

roe
tCYCLE: TakToBbIl nepuoa = 1/fCLOCK

tTTER: ,D,)KVITTep TaKTOBbIX UMNYJI1bCOB
tseTup: BpeMFI YCTaHOBIIEHUA XOCTa

thoLp: Bpemsa yoepxaHus xocTa
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—-|
CNV
<—tCONV tACQ >
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30BAHUE ¢
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SCKXXXXXXXX 1 2 3 14 15 16:X:X:X
tEN tHS (6] tSCKH
- l“tDSDO N - tDIS

SDO

I~
D15 D14XD13X XD1XDO

PucyHok 3. BpemeHHble duaspaMMbl CU2HA/08 Ha NUHUSX uHmepdgelica
SPI mukpocxembl AD7980. (Tpexnpo8odHbIU pexxum).

tPROP_DATA: 3a,£|,ep>KKa pacnpocTpaHeHna
OaHHbIX B NUHUK nepedadn mexay AU m
XOCTOM

tpRop_CLKI 3anep>|<l<a pacnpoCcTpaHeHUsA
UMMYMNbCOB CUHXPOHU3AUUKN B NUHUU Nepe-
naudn mexgy xoctom n AL

tpry: Bpemsi coxpaHeHusa OaHHbIX nocne

nepenHero/3agHero @QpoOHTa TaKTOBOro
nmnynbca

tvarciN: Heobxoaumbiil  AONONMHUTENBHbIN

3anac BpeMeHu. tyargin = 0 03Havaert, 4To

TpeGoBaHMs No BPEMEHW YCTaHOBMNEHNS UK
yOoepxaHusi yooBnNeTBOPSAIOTCS, a B cly4ae
tmarain < 0 —He y10BNeTBOPSIOTCS.

FpaHmua BpeMeHN yCTaHOBINEHNA OANnA XOCTa
(tMARGIN_SETUP) OMpeAenserTcs cneaytowmmm
COoCTaBnALWUMN:

tmarGIN_seTuP = tcycLe, min — tiTTER — tseETUP
—tpror_pATA — tPROP_cLK — tDRV, MAX-

BblpaxkeHne Onsi BPEMEHWU YCTaHOBIIEHMS
onpegensieT MMHMManbHO SONYCTUMbIN Nepuog,
TaKTOBOM 4acTOTbl Kak (PYHKLUMIO Makcumarb-
HbIX CUCTEMHbIX 3adepek. [ns cobniogeHus
yKa3aHHbIX B JOKYMEHTaLNN BPEMEHHbIX Xapak-
TEPUCTUK AOSMKHO BbIMOSTHATLCA COOTHOLLEHME
twarciN seTup = 0. Ecnn HepaBeHCTBO He

BbINONHAETCS, 1 HEOBXOAMMO KOMMEHCUPOBaTh
AOMNOMHUTENbHbIE CUCTEMHbIE 3a0EpXKK, yBe-
nnyste nepuog (MOHM3bTE YacTOTy) TaKTOBbIX
nmnynscoB. [ns 6ydepos, TpaHCNSATOPOB YPOB-
HSl, U3OMSITOPOB W ApYrMx BCMNOMOraTenbHbIX
KOMMOHEHTOB Ha LwunHe fo6aBbTe K tprop cLk U

tPROP_DATA AOMOSTHUTENbHBIE 33 PXKKN.
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AHanorun4yHo, AonycK Ha BpeMA yaepXxaHud
XOCTa paBeH

tmarGIN_HOLD = tProP DATA *+ tPROP CLK *
torv — turTER — tHOLD-

dopmyna Ond BpeMeHU yaepxaHus
tMARGIN_HOLD yCTaHaBnnBaeT Tpe6OBaHV|ﬂ K

MUHMMaIbHOW CUCTEMHOW 3aepikke, cobnoge-
HME KOTOPbLIX MO3BONMUT M3bexaTb BOZHMKHOBE-
HUS Nornmyeckux olwmnobok. CornacHo TexHu4yec-
KUM cneundounkaumsiM, 3T0 BPeEMSI HE OOJDKHO
ObITb MeHbLLE HYNs (twaraiN_ HoLD = 0).

MHorne AL nocnemoBaTenbHbIX Npubnu-
XeHunn ¢ nHtepdencom SPI TakTupyloT cTap-
NN 3Havalmn 6ut cnagarowmm ppoHTom CS
unn CNV, B TO BpeMsi, Kak ocTalnbHble OUTbI AaH-
HbIX caBuratoTcs no 3agHemy gpoHTy SCLK, kak
3TO nokasaHo Ha PucyHke 3. Npu uteHun ctap-
Lero 3Havawero 6uta BMecTo tpry NOACTaBMAAN-
Te B hopmyrnbl «10».

Takmm 06pas3om, HamBLICLLAS CKOPOCTb Lnd-
pOBOro MHTepenca 3aBUCUT HE TONBbKO OT Mak-
CUMaribHON YacTOTbl CUHXPOHU3ALMK, HO eLle U
OT BPEMEHU YCTaHOBIIEHUS, BpEMEHU yaepXa-
HWS, BDEMEHU COXPaHEHUs faHHbIX Ha BbiXode,

ten = 10 HC tseTup = 5 HC

tpp=5Hc

tospo = 11 HC

thoLp = 2 HC

L=76mMm "}
(3)

L =229 mm
(9")

tyrrer = 1 He
uen

PucyHok 4. L{ughposoli uHmepdgbelic mexdy LICI1
umukpocxemol AD7980.
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3a[EePXKN pacnpoCTpaHeHUs U 4XuTTepa CUH-
XpOVMIMYbCOB.

Ha PucyHke 4 nokasaHO TpexnpoBogHoe
NOAKITIOYEHNe ynpaBngaoLwero npowueccopa und-
poBon obpaboTkn curHanos (LICI), obpatluato-
weroca k mukpocxeme AD7980, npu Hanpsike-
HUK nNuTaHusa uHtepdenca SPI Vprve = 3.3 B.

LICIN 3awenkueaet curHan SDO no cnagatoue-
My cppoHTy nmnynsca SCLK. YkasaHHble B OKY-
MEHTaLuMM Ha 3TOT MPOLECCOpPp MMHMMAasbHbIE
BPEMEHA YCTaHOBMEHUS U yAEPXaHUSA paBHbI
5 HC 1 2 Hc, cooTBeTCTBEHHO. Bpems pacnpoc-
TpaHEeHUs1 NO NIMHUSAM MNeYaTHON NnaTbl, U3roToB-
NeHHou 13 Tunu4Horo matepuana FR-4, cocrae-
nsaet npumepHo 180 nc/aronm. 3agepxka curHa-
na B 6ydepe paBHa 5 Hc. O6Llas 3agepkka pac-
npocTtpaHenna ana curdanoB CNV, SCLK wu
SDO paBHa

tprop = 180 nc/atonim x (9" + 3") + 5HC =7 Hc.

tyrTER =1 HC.

YacTtoTa TakTOBOro curHana, nocTynaroLlero
Ha Bxoa SCLK ot xocTa, paBHa 30 My, cneno-
BaTeNbHO, tcycLe = 33 He.

tMARGIN_SETUP =33 HC—1HC—5HC—7 HC —

11 HC—7 HC =2 Hc.

tMARGIN_HOLD =11HC+7HC+7HC—1HC—

2 HC = 22 Hc.

MTak, oonycKku, Kak Ha BpEMS yCTaHOBIEHUS,
TaK U Ha BpeMd yaep>XaHud, NOoroXWUTenbHbI,

YTO NO3BONSET CUHXPOHM3NpoBaTb AL yacTo-
Ton 30 MIw,.

KauectBo uudposoro curHana

[MoHATHE LenocTHOCTU LMpoBOro curHana
00beanHAET COBOKYMHOCTb TpeboBaHUM K napa-
MeTpaM BpeMeHHOW anarpaMmbl 1 CO6CTBEHHO
K Ka4eCTBYy CUrHana, v npeanonaraet, YTo CUrHa-
nbl:

e JOXOOAT A0 MPUEMHMKA, CoxpaHasa Tpebye-

Mble YPOBHW HanNpsiXeHun,

e He BNUAIOT Apyr Ha apyra,
e He HapyLaoT paboTy ApyrMx yCTPOUCTB,
e He 3aCOPSAIOT ANEKTPOMArHUTHbIN CNEKTP.

KayecTBO curHana onpegensietca MHoOXec-
TBOM COCTaBrsOWMX, Hanbonee BaxHble U3
KOTOpPbIX NOKa3aHbl Ha PucyHke 5. B aTom pasge-
ne Mbl OCTAaHOBMMCS Ha BbIOpocax, 3BOHe, OTpa-
YKEHUAX N NepeKpeCcTHbIX NOMeXax.

OTpaxeHnsa saBnAKTCA CNeacTBUEM pacCor-
nacoBaHuga uMnegaHcoB. MiMnegaHc U3MeHseT-
CS1 Ha KaXXgon HEOAHOPOAHOCTHU, Yepes KOTopble
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100% AMMNINTYObI
90% AMMINTYObI

LIPUHA

50% AMMNINTYObI MNYNBCA —1

10% AMMNNTYObI

- RAAR OEPATHI
il CNADA ) BbIEPOC
BPEMS
HAPACTAHMS]

PucyHok 5. [lapamempsbl, onpedenswouue
XapaKkmepucmuKu UerocmHOoCmu cueHarna.

-10% AMMNATYObI
IS

NpOXoaMUT CUrHam Ha nyTu OT nepedatyuka K
npuemHuKy. YacTb curHana oTpaxaetcs obpart-
HO, @ YacCTb NPOAOIKAET PACNPOCTPAHATLCS MO
NuHUK. OTpaXkeHNs MOryT NPUBOAUTL K BbIGPO-
cam, npoBanam, 3BOHY W HEMOHOTOHHOCTU
(PpPOHTOB TaKTOBbIX UMMYNbCOB Ha BXoAde Mpu-
eMHUKa.

NPEAENBbHBIE SKCMNNYATALUUOHHbLIE 3HAYEHUA
Ta =25 °C, ECIIU HE YKA3AHO UHOE.

APAMETP JonyCTANOE
AV¢cc OTHOCUTENBHO AGND —0.3B..+7B

Vprive OTHOCUTEJIbHO AGND —0.3B...AVcc +0.3B
HAMPSDKEHWE AHANOIOBbIX BXOAOB | +16.5 B

OTHOCUTEINIbHO AGND

HAMNPAXEHUE LULM®POBbIX BXOOOB
OTHOCUTENbHO DGND

HANPSAXEHUE LUM®POBbLIX BbIXOOOB
OTHOCUTEJIbHO GND

REFIN OTHOCUTENIbHO AGND

BXO[HOW TOK JIIOE0r0 BbIBOAA,
KPOME BbIBOLIOB MUTAHUS

-0.3B ... Vprive + 0.3 B

-0.3B ... Vprve + 0.3 B

—0.3B...AVcc +0.3B
+10 MA

PucyHok 6. [lpedenbHbie 3KcrilyamayuoHHbIe
3Ha4yeHus napamempos Mukpocxembl AD7606.

MonoxuTenbHble 1 oTpuuartenbHble BbIGPO-
Cbl HaMPSXXeHNs MOryT pa3pyLunTb Lenb 3allm-
Tbl BXOA4a@ UMW CTaTb MPUYMHOWN COKpaLLeHUs
cpoka cnyxbbl Mukpocxembl. Ha PucyHke 6

PucyHok 7. OkHo aHanuzamopa nonet Si9000
komnaHuu Polar Instruments.
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JOPAWBEP 1

MWUKPOIMOJIOCKOBAA NNUHUA

50 Om, 305 mm

JOPAVBEP 2
43 Om

MUKPOMONOCKOBAA NUHUA
50 Om, 305 mm

PucyHok 8. lNepedaya umnynscog SCLK e ALINMAD7606.

npeacTasBneHbl B3sTble U3 TEXHUYECKOro onuca-
HWUS 3HaYEeHWs NpeaenbHbIX 3KCNyaTaLMOHHbIX
napameTpoB Mukpocxembl AD7606. Hanpsike-
HWe Ha LnpOBLIX BXO4AX OOMKHO HAXOO4MTbLCS
B aAmanasoHe ot —0.3 B go Vpgryve + 0.3 B. MNMpu-

YMHOWM HenpaBWUibHOM PaboTbl NOrMKM MOryT
Takke cTaTb BbIOPOCHI, NPU KOTOPbLIX BXOAHOE
HanpskeHne KpaTKOBPEMEHHO MOXET okasaTb-
CS BblLLIE MaKCUMarbHOro UM HUXXe MUHUMarb-
HOTO NMOPOroB NepPEKIIOYEHNS.

[ns MUHMMKU3aLMN OTPaXKEHWIA:

e [lenanTe nNpPOBOAHWKM MO BO3MOXHOCTU
KOPOTKMMM

e KOHTpONMpynTe xapakTepucTn4ecknin nmne-
AaHC nevyaTHbIX NPOBOAHNKOB

e /136eraritTe pa3BeTBNEHNSA JOPOXKEK

e /Icnonb3ynTe COOTBETCTBYOLWME CXEMbI
corrnacosaHusi

¢ B kauecTBe nyTen Bo3BpaTa Toka UCMOmnb3yu-
Te B OTAENbHbIX CNOSAX CNMowWHble obnactu
MeTannmsaumm ¢ MMHUMarbHbIMY NAoLaas-
MU neTenb

e CH/WKaNTe TOKM B CUTHAIbHbIX JIMHUAX W
yMeHbLLIaIZTe CKOPOCTU UX HApaCTaHUA

[nsa pacdyeta xapakTepuCcTUYecKux umne-
[aHCOB NPOBOAHMKOB NeYaTHbIX nnaTt paspabo-
TaHO MHOXXECTBO NMPOrpaMMHbIX CPEACTB, TAKMX,
CcKkaxkem, Kak aHanusartop nonen Si9000 komna-
Hum Polar Instruments (PucyHok 7). MNogobHeie
WHCTPYMEHTbI MO3BONAT NEerko onpeaenntb
XapaKTepUCTUYECKUA umnegaHc, BbiOpaB
MoZenb nepegarwen NMHUA U yKasaB Takue
napameTpbl, Kak TUMN 1 TOMLWMHA ANIANEKTPUKA,
LUMPUHA M TOJLLMHA NeYaTHOro NpoBOAHUKA, a
TaKXKe ero pacrnorioXXeHne oTHOCUTENbHO cocea-
HUX JOPOXEK.

IBIS siBnsieTcst HOBLIM pa3BMBaOLLMMCS CTaH-
JapToM onucaHnsa noBedeHust LMGPOoBbIX BXO-
OOB/BbIXOAOB aHanoroBbix MukpocxeM. Analog
Devices paspabotana IBIS-mogenn gna scex
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ALM nocnegoBatenbHbIX npubnmxexHnin. Moge-
nupoBaHue, NpeaLwecTByoLLlee KOHCTpPynpoBa-
HWIO NNaTbl, NO3BONSIET NPOBEPUTL pacnpeae-
NeHne CuUrHanoB CUMHXPOHM3auuK, BbIGpaTb
TUMbl KOPMYyCOB, ONpefenuTb Nopsagok Yepeno-
BaHMSA Croes, TOMOMOMMI0 Lienen n crparernm
cornacoBaHus. OHO NO3BONSET Takke chopmy-
NMpoBaTb BPEMEHHbIE OrPaHNYeHNs Ans CUrHa-
noB nocnegoBaTensHOro nHTepdenca u Bolpa-
6oTaTb pekoMeHAauuu Mo pasmeLLeHnto ane-
MEHTOB U TpaccnpoBKe nevatHom nnatel. Moge-
nupoBaHMe paboTbl CO34AHHOrO YCTpOWCTBA
JaeT BO3MOXHOCTb NpoBepuTb cobntogeHue
BCEX TpeboBaHUN U BbISSBUTb UCTOYHUKM TaKUX
HapyLLEeHU, KaKk OTpaXKeHusl, 3BOH U nepekpec-
THblE NOMEXM.

Ha PucyHke 8 nokasaH gpaviBep, Nogxsto-
yeHHbIn K Bxogy SCLK1 ¢ nomowbio 12-
aronmoBon (305 MM) MUKPOMONOCKOBOW NNHNN,
W BTOpPOMW AparBep, NOAKMIOYEHHbLIN K BbIBOAY
SCLK2, mexay BbIX04OM KOTOPOro Y MUKPOMO-
NOCKOBOW NWHMEN AobaBneH nocriegoBaTerib-
HbI pe3ncTop conpoTmeneHnem 43 Om.

Ha PucyHke 9 BuaeH 6onbluon BbIGpoc Ha
BbiBoge SCLK1, Bbixogdwmi 3a gonycTUMbie
rpaHu1Lbl BXxogHoro HanpshkeHna—0.3B ... +3.6 B.

BbIBEPOCbI, OBYCJTOBJIEHHbIE OTPAXXEHUAMU
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PucyHok 9. Pe3ynbsmamsl IBIS-modenuposaHusi
8bI6pocos Ha 8xo0e CUHXpPOoHuU3ayuuAD7606.
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lMocnepoBaTenbHbIN PE3NCTOP CHUXAET CKO-
pOCTb HapacTaHusa uMmnynbca Ha Bxoge SCLK2,
He NO3BONAS CUrHany BbIATK U3 30HbI 4ONYCTU-
MbIX YPOBHEWN.

MepeKkpecTHble MOMEeXu BO3HUKAKT MeXay
napannenbHbiMM  JIMHUAMW nepedayn Bcne-
OCTBME SHEpreTMYeckux CBA3eN Yepes B3anM-
HY0 EMKOCTb (3N1eKTprUYecKoe nose) unm B3anm-
HY0 MHOYKTUBHOCTb (MarHutHoe none). Ypo-
BEHb NEPEKPECTHbLIX NMOMEX 3aBUCUT OT Bpeme-
HW HapacCTaHUsA CUrHanoB, ANWHbI Napannenb-
HbIX NMPOBOAHMKOB NeYaTHOWN nNnaTtbl U paccTos-
HUS MEXAY HUMMW.

BoT HecKkonbko npakTU4eckux pekoMeHpa-
uun, cobniogeHne KOTopbIX MO3BONUT B3SAATb
nepekpecTHbIe MOMEXM Mo KOHTPOSb:

¢ YBenuyMBanTe pacCTodHUs Mexay npoBoa-
HUKaMm

e MMHUMN3NPYNTE OSINHbI
nyTen curHana

e Pacnonarante npoBOAHMKM Brivke K Crosm
NUTaHNS UM «3EMINNY

e /Icnonb3ynTe COOTBETCTBYIOLWMNE CXEMbI
cornacoBaHus

e OrpaHuymBanTe CKOPOCTU HapacTaHuUs
curHana

napannenbHbIX

BanaHue undposbix y3nos

Mpn paboTe UNPPOBLIX Y3NOB XapakTepuc-
Tvkn AUI nocnegoBaTtenbHbIX NPUGAMXKEHUN
YXyOLAKTCA U3-32 CHUKEHUSA OTHOLLEHUSA CUr-
Han/wym, obyCcrnoBAEHHOro WyMamm LWWH LUnd-
pPOBOW 3EMIIM N MUTaHUS, SXUTTEPOM UMMYSb-
COB BbIGOPKM 1 NoOMexXaMu OT LUAPOBbIX CUTHA-
nos..

[poxaHne anepTypbl CUHXPOMMIMYSbCOB Orpa-
HWYMBAET OTHOLUEHUE curHan/wym, ocobeHHO
OnNs BbICOKOYACTOTHbIX BXOAHbIX CUrHarnoB.
Bknag B MXMTTEP CUCTEMbI BHOCAT ABA UCTOYHM-
Ka. anepTypHbIA HKUTTEP PacnosioKeHHOMW Ha
kpuctanne AL cxembl BbIGOpKM U XpaHeHUs
(BHYTPEHHWUI [XKUTTEP) N DKUTTEP UMMYNbCOB
BbIOOPKM  (BHELIHUA DKUTTEP). ANepTypHbIN
DXKUTTEp BO3HUKAET BcreacTeme pasbpoca Bpe-
MeHU BbIGOPKM OT Npeobpas3oBaHnd K npeobpa-
30BaHMIO U 3aBUCUT TOSMBbKO OT XapakTepUCTUK
AUM. DxutTep mMMnynbcoB BbIGOPKM OOBbIMHO
ABNSETCA OOMUHUPYIOLLMM WUCTOYHUKOM OLUN-
0OK, HO KaK BHYTPEHHW, TaK U BHELLHWIA NCTOY-
HUKW NposiBrstoT cebs OAMHAKOBO, Bbl3blBas
OTKINOHEHMS BpeMeH BbIGOPKM aHarIoroBoro BXo-
Ja, 4to npowunnoctpuposaHo PucyHkom 10.
BHelLHe 06a adhdhekTa HepasnMUnMBbI.
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BXOAHOM
CUrHAN

BXOOHbIE
MMNYNbCbI

gCHOLD
BbIBOPKM

o OPANBEP

KIMFOYA
I

dv

I o

HATMPAXEHWE
OLUNBKM

KOONPOBAHUE l

dt
NMIMYNbCbl BLIBOPKA

PucyHok 10. HanpsixxeHue owubku, 0bycriosrneH-
Hoe Oummepom UMIY/1bCO8 8bI60PKU.

O6wun mKUTTEP ABMNSAETCAS UCTOYHMKOM
Hanpsi)keHns OLWNOKKN, OorpaHMYnBalOLEro
nonHoe oTHoweHue curHan/wym (SNR) AL
3Ha4YeHneMm

1
SNR =20lo —
910(2nﬂJj

roe
f—yacToTa curHana Ha aHanoroBom Bxoge,
t,—oBLWwunn pKUTTEP CUCTEMBI (C.K.3.).

O6Lwmin oKTTEp paBeH

ty=(ta)* +(ts)%,

roe
ta—anepTypHbIn pxutTep AL,

ts — AKMUTTEP UMNYNBLCOB BbIGOPKM.

Tak, HanpuMmep, NpU 4acToTe curHana Ha
aHanoroeom Bxoge 10 k'Y n obwem pxuttepe
1 HC npenenbHOe 3Ha4YeHWe OTHOLLEHUS Cur-
Han/wym paBHo 84 ab.

LUymbl MCTOYHMKA NUTaHWUS, co3daBaeMble
LMdPOBLIMU BbIXOAAMN NPU NX NEPEKMIOYEHUN,
OOMKHbI ObITb M30NMPOBaHbI OT YYBCTBUTESb-
HbIX MCTOMHMKOB MUTaHMUSA aHarnoroBbiX Lieneun.
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lMuTaHme aHanoroBbIX U LMPOBLIX Y3110B HEO6-
XoAuMMo pasgenaTb, obpawas ocoboe BHMMa-
Hue Ha obLLme NyTn BO3BpaTa ToKa.

Ha BbicokoTouHble AL nocnegoBaTenbHbIX
NPUBNMKEHNN MOXET OKa3blBaTb BNMsHNE pabo-
Ta umdpoBoro MHTepdenca, gaxe npu npa-
BUIbHOW pa3BsA3Ke 1 N30MSLMM UCTOYHUKA NnTa-
HUA. Xopoluume pesynsraThl MOXET AaBaTb Nepu-
ofuyeckoe OTKIIYEHWe CUHXpoHM3auun. B
CrpaBOYHbIX AaHHbIX, KaK NPaBuUIio, yKa3blBatoT-
CA WHTepBanbl BpeMeHu, Korga uucpoBomn
MHTEpENC MOXET HAXOOUTLCA B HEAKTUBHOM
coctosHun. OOHAKO MUHMMU3AUUS BpeMeHu
paboTbl UMPOBLIX BNOKOB, 3aknyarLascs,
Kak npaBuiio, B WX OTKIIOYEHUW Ha nepuos
BbIOOPKM 1 B KOHLIE Npeobpa3oBaHns BO BpeMS
onpeaeneHna mnagwmux 6MToB pesynerata, Ha
BbICOKMX CKOPOCTSAX MOXET OKa3aTbCs Henpoc-
TOM 3agadven.

3aknyeHue

YT10bbl nonyyats ot AU nocneposatens-
HbIX NPUBNMXKEHU npaBuribHblE pe3ynbTaThbl
npeobpasoBaHuii, obpallante ocoboe BHMUMA-
HWe Ha paboTy uMpPOBbLIX y3N0B, NOMEXN OT
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KOTOpbIX MOryT yctaHoBuTb AL B Heonpeae-
NeHHoe COCTOsIHNE, NPMBOANTL K c60sM B pabo-
Te WM yxygwaTb ero XapakTepucTukui. 3JTta
cTaTbs JOSMKHA NOMOYb pa3paboTynkam B momc-
Ke NepBOnNpUYNH HEKOppeKTHOM paboThbl AL un
HaxoxaeHunr cnocoboB nx yctpaHeHus. [

Ccbinku

1. Application Note AN-932, Power Supply
Sequencing.

2. Kester, Walt. “Data Converter Support Circuits.”
Data Conversion Handbook, Chapter 7. Analog
Devices, Inc., 2004.

3. Brannon, Brad. AN-756 Application Note.
Sampled Systems and the Effects of Clock

Phase Noise and Jitter. Analog Devices, Inc.,
2004.

4. Ritchey, Lee W. Right the First Time: A Practical
Handbook on High-Speed PCB and System
Design, Volume 1. Speeding Edge, 2003.

5. Usach, Miguel. AN-1248 Application Note. SPI
Interface. Analog Devices, Inc., 2013.

6. Casamayor, Mercedes. AN-715 Application
Note. A First Approach to IBIS Models: What
They Are and How They Are Generated. Analog
Devices, Inc., 2004.
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Red Pitaya

n SmartScope

npeBpaTAT Ball cMapThoH

WM NNaHWeT
B ocuunnorpadg

Korqa koMmnaHua National Instruments pas-
paboTana cBOM NepBbIN BUPTYyarbHble Npnbop,
OHa co3sfara HOBbIM PbIHOK 1 MOMOria MHOMMM
pasdpaboTynkamMm OLEHUTb BO3MOXHOCTMU
NCNonb30BaHUSA NepPCoHarbHOro KoMnbloTepa B
KayecTBe nnatdopMbl ANA UCMbITAHUA U U3Me-
peHun. JoctynHocTb MK ana kaxgoro paspa-
GoTuMKka cTana B TO Bpems ABMXYLLEN CUIOoN
pbIHKa, No3BonmBLlen npespaath NKunm HoyT-
OyK B OCHOBY KOHTPOITbHO-M3MEPUTENBHOM NNaT-
dopMbl C HeJopOorMMM annapaTHbIMU U MNpo-
rpamMHbIMW  cpeacTBamMu cbopa [OaHHbIX.
Tenepb, TOMUMO NpeycneBLLEN B 3TOM 0bnactu
National Instruments, Ha pbIHKe NOABUNOCH MHO-
XEeCTBO ApYrMX MENKMUX KOMNaHuin, npegnarato-
wmx USB ycTtponcTtea cbopa AaHHbIX, KOTOpbIE
HasbiBatoTca USB/TK ocumnnorpadbl.

Ho cerogHs y 6onblumnHCcTBa pa3paboTymkoB
3MNEKTPOHWKM €CTb CMaPTMOHBbI, M ANS HUX ObINo
Obl B opsigke BeLLEN NCMONb30BaTh CBOW CMap-
TOH ecnm He B KavyecTBe KOHTPOJSIbHO-
n3MepuTenNbHON NnaTgopmMbl, TO XOTS Obl AN
OTOOpaXeHUA NONyYEHHbIX AaHHbIX. TO OTKPbI-
BaeT HOBOe HanpasfeHue B pasBuUTUM BUPTY-
anbHbIX NPUBOPOB.

Annapatypa ans céopa faHHbIX B COMETaHUM
C BblYMCNUTENBHOM NNaTtOpMOn MOXET ObITb
cAernaHa oO4yeHb KOMMAKTHOW, C pa3mepamu
MeHbLLE KpeaMUTHOW KapThbl.

OTa KoHuenuusa nopoauna ABa UHTEPECHbIX
BUpTYyasnbHbIX Npnbopa, AOCTYMHbIX CErOAHS Ha
pbiHKe. Peub mpgetr o SmartScope komnaHuu
LabNation n Red Pitaya. O6a npoekTa saBnsitoT-
Cs1 OTKpbITBIMK (Open source), u paspaboTaHbl
Ha ocHoBe TN C komnanum Xilinx. OToGpaxae-
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MY0 Ha MOBUIBbHOM TenedgoHe 4YacToTy CUrHa-
na v aMmnauMTyay MOXHO U3MEHSATb C MOMOLLbHO
00bIYHOrO CEHCOPHOro UHTepderca, Gnarogaps
4yeMmy oTnagaeT HeobxoAMMOCTb BO Bpallato-
LLMXCA pyyKaX.

SmartScope KomnaHuu LabNation

SmartScope ctout okono 200 pgonnapos
CLWA. B 3aBucMMoCT OT UMEKLLIENCHA B KOM-
nrekTe OONOMNHUTENbHOW BHELLUHeN nepude-
pyn, LLeHa MOXET HE3HaYUTENbHO BapbUpoBaTh-
CS1 KaK B MEHbLLY0, TaK U B 60MbLLYIO CTOPOHY.

SmartScope MoxeT nonyvatb nUTaHue
yepe3 MOAKITIOYEHHbIM K CcMapTdoHy Kabenb
USB vnn 4epes BHELLUHUIA UCTOYHUK MUTaAHUSA
USB. SmartScope MOXeT BbINOMHATL PYHKLUK
He TomnbKo ocumnnorpada, Ho Takke Norm4yecko-
ro aHanuaaropa v reHepaTopa CUrHasnos.

@ LobNation

SmartScope.
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SmartScope nogoaepxunBaeT pasfnydHble
onepaunoHHble cucTembl, BkMoyas Linux, i0S,
Android n Windows. OgHako npv nogxioyYeHnn
K Nt06OM N3 HUX MOTYT BO3HUKHYTb 3aTPy4HEHMS.
SmartScope moxeT 6bITb pacno3HaH B criyyae,
€CInu Bbl yCTaHOBUTE JKennbpenk-naTy Ha CBoe
ycTtponcTteo iOS (iPhone n iPad). A B cnyyae ¢
Android Bbl 4OMKHbI NPOBEPUTL, NOAAEPXNBAET
nn Baw TenedoH USB OTG. Ho ¢ 6onbLumn-
HCTBOM nocneaHnx TenedoHoB Ha 6a3e Android
Takux npobnem ObITb HE OOIMKHO. M BCe Xe, Mbl
HacToATENbHO pPEeKoOMEeHAyeM BaM YTOYHUTb
Aetanu Ha Beb-cante [1].

Red Pitaya

Red Pitaya ctont gopoxe, Ho 3aTo He 3acTa-
BWT Bac UCNbITbIBaTb HeyA0OCTBa, C KOTOPbIMU
MOXHO CTONKHYTbCS, HadumHas paboTy c
SmartScope. XoTs no 60NbWMHCTBY NapameT-
poB npnbop Red Pitaya cxox co SmartScope, k
HeMy npegnaratoTcs MNPUMoXeHus Ang cmap-
T¢OHOB, KOTOPbIE MOrYT ObITb CKa4YaHbl U3 obna-
Ka Ons KOHKpPEeTHOro npumeHeHus. Bbl Takke
MoXeTe paspabaTtbiBaTb U CBOM COOGCTBEHHbIE
npunoxeHusi. Red Pitaya ocHoBaHa Ha IMJINC
Xilinx Zyng, a B SmartScope wncnonb3yetcs
Spartan komnaHum Xilinx. Wcnonb3oBaHue
coBpeMeHHbIx MITNC genaet pekoHpurypauuio
000MX YCTPOWCTB MakcMMarnbHO npocTon. Mpor-
pammucTbl MJTMC MoryT npuMeHnTL CBOU HaBbI-
KV 4Ns yNyYlWeHnsa XxapakTepUCTUK 3Tux npmodo-
pOB.

Red Pitaya. (®omo Reichelt Elektronik).

Red Pitaya pabotaet kak Beb-cepBep, Aoc-
TYN K KOTOPOMY MOXHO Mony4nTb ¢ Noboro noa-
KntoYeHHoro Kk KMHTepHeTy KomnbioTepa wnm
cmapTdoHa, Beeas |IP-agpec B BeG-6paysepe.
Red Pitaya MOXHO moaknounTb K ceTu nmbo ¢
nomoLLbo ceTeBoro kabens, nmdo yepes Wi-Fi.
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[na nuTaHus yCTpONCTBA, a Takke Ans coeau-
HEHWs1 ero ¢ APYro KOHCOMbO, NPeayCcMOTPeEH
nopt microUSB. Cnuctema noctaBnsaeTcs ¢ npes-
yctaHoBneHHon OC Linux, Grokom nuTaHus,
pazbemamu BNC v wynamu. bnarogaps Hanu-
ymto cobcTBeHHo KoHdurypaunm DHCP,
HacTponka Red Pitaya He cocTtaBnsieT Tpyaa.
MmeeTcs Takke BO3MOXHOCTb PYYHON HACTPOM-
kn. Ha noctaensiemoit ¢ npmubopom kapte SD
nmMmeeTcs Bce Heobxoanmoe nporpammHoe obec-
neyeHve, OAHaKo He BbI3OBET HUKAKMX 3aTpya-
HEHWI 1 3arpy3ka ¢ COGCTBEHHOM KapTbl.

Cnncok OOCTYMHbIX B HACTOSLLEe BpeMsi Npu-
NOXXEHUN BKNIOYaET B cebs ocumnnorpad, reHe-
patop curHanos, aHanusatop cnekTtpa, LCR-
MEeTp MU MHoroe gpyroe. 3arpyxartb UX TaKxke
NpoCTO, Kak 1 nobble NPUNoXeHus Ons cMmap-
TGPOHOB; A1151 ATOrO HY>KHO NOCETUTL CauT [2].

Takke MMeeTcs BO3MOXHOCTb WMMMOPTUPO-
BaTb gaHHble u3 MATLAB, nnun, HaoboporT, akc-
noptupoBaTb Ux B MATLAB.

Pagvontobutensm nnu ctyaeHTam, Kotopble
XOTAT co3aaTtb JlabopaToputo Ha COBCTBEHHOM
CTOSE N HE HYXXOAKTCA B NOfioce NpornycKaHus
Bbille 50 MIy, goporocTtosiume ocuunnorpadbl
nydiue He npuobpeTaTtb.

Red Pitaya Ha $200 popoxe, yem Smart-
scope, 4YTo cocTaBnsaet npumepHo 370-470 gon-
napos CLUA.

XapaKktepuctukm SmartScope:
e [Tonoca nponyckanusa: 45 My (-3 ob)
e YacTtoTa guckpeTtusauyuu: 2 x 100 MiH. BbIGO-
POK B cekyHay
e KonnyecTtBo KaHanoB: 2
e MakcumanbHas no3vuMa npegsanycka:
16x(nonHag wkana)

e MakcumarnbHas 3aflepXKa 3amnycka: nosrnHasa
LLKana

e MakcumanbHbIi MacwTab no BepTUKanu:
10 B/pen+35B

e MMHMManbHbIM MacwTab no BepTUKanu:
20 mB/gen

e [lnanasoH: +35B

e BXxoa CMHXPOHM3aLMK: OTKPbITLIN/3aKPbITbIN

e TOYHOCTL: 8 6UT

e BxogHor umnegaxc: 1 MOwm || 10 nd

¢ Konnyecteo ocumnnorpamm: 200 ocuumnnor-
pamMMm B cekyHay

e 3adepxka npu nepejaye AaHHbIX XOCTY:
meHee 10 mc
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e [My6vHa BbIOOPKN: 10 4 MITH. TOYEK
¢ BHelLHAst cMHXpOHU3auns: ecTb

[nsa nonyyeHns 4ononHUTENbHOM MHpopma-
umm nocetute [3].

Xapakrtepuctuku Red Pitaya:
e PagnoyacToTHble BXoabl
¢ KonnyecTtBo kaHanos: 2
e [lonoca nponyckaxusi: 50 My (—3 ob)

e YacTtoTa guckpetmsauymm: 125 MnH. BbIGOPOK
B CEKyHOY

e PaspsigHocTtb ALIM: 14 6uT

38
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e BXoa CMHXPOHM3aUMN: OTKPbIThIN

e BxogHou ypoBeHb Lwyma: meHee 119 abwm/Ty,
(D)

e BxogHov umnegaHc: 1 MOwm || 10 nd (A, B)

Bonee nogpobHyto uHdpopmauuto o Red
Pitaya moxHo HaiTu Ha cTpanuue [4].[Z1)

Ccbinku

1. https://www.lab-nation.com/fag
2. http://bazaar.redpitaya.com
3. https://www.lab-nation.com/specs

4. http://wiki.redpitaya.com/index.php?title=
Main_Page
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NMpaKTU4eCcKue CXembl ynpasieHus

YacTtb 2. CxemoTexHuka cucTem ynpaBnieHus

OkoH4yaHue. Ha4yano e Homepe 01-2015

Bnadumup PeHmiok, 3arnopoxse, YkpauHa

B biwe 6binm paccMOTpeHbl Hanbonee Bax-
Hble 06LLMe BOMPOCH! NCMOMb30BaHNS LUAroBbIX
auratenen, Kotopble NOMOryT B UX OCBOEHUMW.
Ho, kak rnmacut Hawa nobumas ykpanHckas
norosopka: «He noBipto Nokun He npogipto» («He
noBepto, Noka He nposeptoy»). [NoaTomy nepen-
JeM K MpakTuyeckon CTopoHe Boripoca. Kak yxe
OoTMeYanochb, LWaroBble ABUraTenu — aTo yaoB-
ONbCTBME He 13 AelleBblX. HO oHM umetoTcs B
CTapbIX MpUHTEpax, cyuTbiBaTeNAX MMOKMX W
nasepHbIX guckos, Hanpumep, SPM-20 (waro-
Bbl ABWraTenb A58 NO3ULNOHNPOBAHNS rofnoB-
Kn B guckosogax 5"25 Mitsumi) nnn EM-483 (ot
npuHtepa Epson Stylus C86), koTopble MOXHO
HanTK y cebst B cTapoMm Xxrame Wnn KynuTb 3a

a)

Konewnku Ha pagnobasape. MNprumMepbl Takux ABU-
ratenen npegcrasneHbl Ha PucyHke 8.

Hanbonee npocTbiMM ANs Ha4anbHOro OCBO-
€HUS ABNAKTCA YHUNONAPHbIe ABuratenu. MNMpu-
YMHa KPOETCHA B MPOCTOTE WU AelleBU3HE UX
Apansepa ynpasneHns oomotkamu. Ha Pucyh-
ke 9 NnpuBedeHa npakTMyeckasa cxema gpavee-
pa, MCNONb30BaHHOMO aBTOPOM CTaTbW ANS
YHUMOMSPHOro LWaroBoro Asuratens cepuu
P542-M48 [6].

EcTecTtBeHHO, 4TO BbIGOP TMNa TpaH3ucTopa
AN Knoden ynpaBneHns obMoTKamu OormKeH
NPOUCXOANTb C YYETOM MaKCUMaribHOro TOKa
KOMMyTauuuM, a ero nogkoyYeHne yumThiBaTb

PucyHok 8. Lllazoeble Oguzamernu, UCronb3yeMble 8 ycmapesgulel KOMIbIomMepPHOU MexHUKe.
a) Lllazosbili Osuzamerns SPM-20 051 no3uyuoHuUposaHusi 20/108KU 8 duckosodax 5"25 Mitsumi. (®omo ¢

catima www.roboforum.ru).

6) LLlacosbili 0suzamernb EM-483 om npuHmepa Epson Stylus C86. (®omo ¢ catima www.roboforum.ru).
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PucyHok 9. [lpatisep yHUNonsipHo20 waz2o8020 dguzameris. (Jomnorn-
HUMerbHas UHghopmayusi o NodKtYeHUro Ha PucyHkax 10u 12).

HeobxooMMOCTb 3apsdga/paspsga  €MKOCTU
3aTBopa. B psige cnyyaes npsimoe coeguHeHve
MOSFET ¢ MUMC kommyTtaTtopa MoxeT ObITb
HegonycTumbiM. Kak npaBuno, B 3aTBOpax ycra-
HaBMMBAKOTCA NOCreoBaTeNbHO BKMAKOYEHHbIE
pe3ncTopbl HebonbLINMX HOMUHaNoB. Ho B psge
crnyvyae HeobxoaMMo npeaycMOTpeTb elle U
COOTBETCTBYIOLMI ApaviBep AN ynpaBrneHus
Kntoyamu, KoTopbii obecneuvT 3apsaa/paspsag
NX BXOAHOM €MKOCTU. B HeKoTopbIX peLueHnsix
npegnaraeTcsi B KavyecTBe KI4Yen MCnosrb30-
BaTb OMNonsipHble TPaH3UCTOPbl. TO NOAXOAUT
TONbKO AN151 O4EHb MaNOMOLLHbIX ABUraTenen c
HebonblWwKM TOKOM 0O6MOTOK. [Ina paccmartpu-
BaeMoro gsuratensi ¢ pabounm TokoMm 06MOTOK
| = 230 MA TOK ynpaeneHus no 6ase krnova gorn-
XXEH COCTaBUTb, MO KpanHen mepe, 15 MA (xoTa
Ans HopmarnbHoM paboThbl kKntova HeobxoamMmo,
yTOObI TOK 0asbl paBHsncs 1/10 paboyero, To
ecTb 23 MA). Ho Takon TOK OT MMKPOCXEM CEpUK
74HCxx 3abpaTb HEBO3MOXHO, MO3TOMY NOTPE-
OyroTcs AoNonNHUTENbHbIE ApariBepbl. Kak xopo-
LM KOMMPOMUCC, MOXHO ucnonb3oBaTb IGBT,
coyeTatowme B cebe [OCTOMHCTBA MOMEBbLIX U
BMNONSAPHbLIX TPAH3UCTOPOB.

PapuoJloumaH - despans 2015

C TOuYKM 3peHnst aBTOpa CTaTby, CaMbIM OMNTU-
MarbHbIM ANS ynpaBieHnsi KoMMyTaumen oomo-
TOK ABUratenen HedonbLLIOM MOLLIHOCTY ABMNSAET-
C4 MCMOnb3oBaHME MNOOXOOAWMX MO TOKY U
COMNPOTUBMEHUIO OTKPLITOrO KaHana Rpcon)
MOSFET, Ho ¢ y4yeTOM pekoMeHaaunn, onucaH-
HbIX Bbiwe. MOLWHOCTb, paccemBaemas Ha Krto-
Yyax ans1 BblopaHHOro B Ka4ecTBe npumepa oBu-
ratensa cepum P542-M48, npu nonHoOM oCcTaHOB-
Ke poTopa He NpPeBbLICUT

Pyt = Rocion x I =
= 0.25 x (0.230)? = 13.2 MBT.

TpanauncTtopb! IRLML2803 ¢ Rpcony=0.25 Om

UMelT JOMNYyCTUMYK MOLLHOCTb paccesHUs
540 MB 1 nocTtosiHHbIN TOK cToka 0.93 A npu
Temneparype 70 °C. Tak 4To, OHM MOMHOCTbIO
COOTBETCTBYIOT TpeboBaHUAM 1 obecneyar Haa-
eXHyto paboTy gpansepa. B 6onbunHcTBE Cny-
YyaeB, y4MTbIBAs HU3KME 4acCTOTbl KOMMYyTaLMHK,
NpoBeAEeHHON Bbllle OLEHKM BNOMHE A0CTaTou-
Ho. lNockonbKy AeTanbHoe paccMOTpPeHne 0co-
GeHHocTeln paboTbl KINHOYEN HE BXOAUT B PaMKU
AaHHOW cTaTbM, TO ANs MX Bbibopa M NOMHOro
pacyeTa MOXHO BOCMONb30BaTbLCA METOAMKOW,
npuBeAEHHOW, Hanpumep, B [7].
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PucyHok 10. Cxema yHusepcanbH020 KOMMymamopa Wwaz2oeo2o 0guzamerisi (C peeepcom).

Ewe ogHMM Ba)XXHbIM MOMEHTOB SIBMSIETCS
npaBuibHbIA BbIOOP Tak Ha3biBaeMbiX cHabep-
HbIX AMOA0B, LWYHTMPYOLWMX 06MOTKY ABuUraTe-
na (VD1...VD4 Ha Pwucynke 9). HasHaveHue
aTnx anoaos — racntb JC camonHaykumm, BO3-
HUKAIOLLY MNpU  BbIKMIOYEHUN  YNPaBRSALLINX
kntoyen. Ecnn guoabl BblOpaHbl HEBEPHO, TO
HensbexeH BbIXOO W3 CTPOS TPAH3UCTOPHbLIX
Kntoyen n yctponcrtea B Lenom. Obpatute BHU-
MaHue, YTo B MollHble MOSFET Takue anoasl,
Kak NpaBuIio, y>Ke BCTPOEHbI.

Pexum ynpaeneHuss gpuratenem 3agaeTcs
KoMmyTaTopoM. Kak yxxe 6bIn1o 0TMEeYEHO BbilLe,
Hanbonee yaobHbIM 1 3P PEeKTUBHBLIM SBNSETCA
ynpasneHue ¢ nepekpbituem as (PucyHok 46).
Takon pexunm nerko peanusyeTcs npyv NOMOoLm
Tpurrepos. lNpakTnyeckas cxema yHvuBepcarnb-
HOrO KOMMYyTaTtopa, KOTOpbl WCMONb30Ban
aBTOp CTaTbW KaK B psae 0TnagoudHbIX Moaynemn
(B TOM 4ncne, n ¢ NnpuBeaeHHbIM BbilLe ApanBe-
poM), Tak U ONs NPakTUY4EeCKUX MPUMEHEHUN,
npusegeHa Ha PucyHke 10.

Cxema Ha PucyHke 10 npurogHa gnsi niobbix
TUMOB ABuratenen (YHUNonsipHbIX 1 Gunonsp-
HbIX). YacToTa BpalleHusa aBuratens 3agaercs
BHELUHMM TaKTOBbIM reHepaTopoM (CKBaXXHOCTb
nobasi), curHan ¢ KoToporo NogaeTcs Ha BXon
«WWATI'», a HanpaBneHne BpalleHUs1 yCTaHaB-
nnBaeTtca Yepes Bxog «HAMPABINEHUME». O6a
CcuUrHana uMeroT NTIormyeckne ypoBHM 1, ecnu Ans
nx POPMUPOBAHUSA WCMONb3YIOTCS BbIXOAbl C
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OTKPbITbIM KOMSIEKTOPOM, TO NOTPebyoTcs COoT-
BETCTBYIOLLME PE3NCTOPbLI NOATKKN (HA PUCYH-
ke 10 oHM He nokasaHbl). BpemeHHasa anarpam-
Ma paboTbl KOMMyTaTopa npuBegeHa Ha Pucys-
ke 11.

Xouy o06paTtuTb BHUMaHuWe u4uTaTenen:. B
NHTepHeTe Bbl MOrNM BCTPETUTbL MOXOXYIO CXe-
My, BbIMOSTHEHHYIO He Ha D-Tpurrepax, a Ha JK-
Tpurrepax. byabte BHUMaTenbHbl! B psge atux
cxeMm gonyuieHa owmnbka B nogkntodeHun VIMC.
Ecnu HeT HeoBxoanmocTun B peBepce, TO Cxema

Four channel oscilloscope-XSC1 ﬁ

r L ‘

§
| I | R o
7 v
o Time Chamel A Channel B Chennel_C  Chamnel D
14L18ms 6,000V 0,000V 0.000V 6.000V

12 €9 157.204ms  0.000V 6.000 V 6.000V 0.000V
271 6.056ms 6,000V 6,000V 6.000V .00V G
Timebase Channel A 5 Trigger
Scale: 2ms/iv Scale: 10 V/Div / Edge: £ | i#s Ext
X pos. D) ] Yoos.ON): |1 E Q” B Leven 0 v
() [Soge ) oma! [ uo ) ene ) (=]

PucyHok 11. BpemeHHass Quaspamma yHU8ep-
canbHO20 KOMMymamopa ¢ pesepcoM. BepxHue
0se ocuunnoegpammbl — Q1 D2-2, Q2 D2-2;
HuxHue 0se — Q1 D2-1, Q2 D2-1. Mapkepbi rnoka-
3bigarom obracmb U3MEHeHUs o4epedHocmu
8KIIOHEeHUS ¢has.
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PucyHok 12. YrnpouweHHasi cxemMa KOMMymamo-
pa wazoeoe0 dsuzamerisi (6e3 pesepca).

KOMMyTaTopa MOXET ObITb 3HAYMTENbHO YMNpo-
weHa (cm. PucyHok 12), npu aTom YyactoTa Bpa-
LLIeHMs1 OCTaHeTCsl HEM3MEHHOW, a Anarpamma
ynpasneHus 6yaeT aHanorMyHowm Ton, koTopas
npveegeHa Ha PyucyHke 11 (ocumnnorpammel 4o
nepeknYeHnsa oyepeaHocT gas).

Mockonbky ocobbix TpeboBaHUM K curHany
«WWAI'M» He npegbaBnsaeTcs, ansa ero opmu-
pOBaHMs MOXET UCMONb30BaTbLCA N0OOIM NOAXO-
OSLWMIA NO YPOBHAM BbIXOAHOIO CUrHana reHe-
patop. [1na cBoMX OTNnagoYvHbIX MOAYyen aBTop
ncrnonb3oBarn reHepaTtop Ha 6asze UMC Tanmepa
555 (PucyHok 13).

[nsa nutaHma coGCTBEHHO ABUraTens MOXHO
NCMNonb30BaTh CXEMY, MPUBEAEHHYO HA PUCyH-

* * >
— [c1 b
R2
10K 100nF I.BLITFM
D1
7 8
DIS +Vcc
zsg S9N resPt ||||||||
1 cont ouTE N
2ltric N w
R3
_IEZ _1C29  “NEsssD AKT
0.1puF [100nF

PucyHok 13. Peaynupyembiti 2eHepamop umryrib-
coe 0115 KoMMymamopa waz08020 dguzamerisi.

ke 14, a cxemy KoMMyTaTopa W reHeparopa
nuTaTh UM OT OTAENbHOrO MCTOYHMKA NUTAHUSA
+5 B vnun 4yepes3 AONONHUTENbHLIM ManoMoLL-
HbI cTabununsartop. 3eMnun cMNoBOM U CUrHarnb-
HOM YacTen B NtOOOM criyvyae HeobxogmMmo pas-
OEennTb.

Cxema Ha PucyHke 14 obecneumBaet nogady
OBYX CTabUNbHbIX NO YPOBHIO HAMPSXKEHWUIA ANs
nuTaHnsa odbmoTtok asuratens: 12 B B paboyem
pexvve un 6 B B pexume yaepxanus. (Popmy-
nbl, HeobxoAMMmble ANA pacyeTa BbIXOQHOMO
HanpsbkeHnda, npueedeHbl B [8]). Pabouun
pPeXnM BKIOYaEeTCA nogadven BbICOKOro oru-
4yecKoro ypoBHS Ha KOHTaKT « TOPMO3» pasbe-
Ma X1. [JonyCTUMOCTb CHUXEHUSA Hanps>KeHust
nUTaHUsA onpegenseTcsa TeM, YTo, Kak yXKe oTMe-
Yyanocb B NepPBOW YacTu cTaTbl, MOMEHT yaep-
KaHuWg WwaroBblX ABUraTenen npesbllaeT

DA1

LM2675M-ADJ

CZ|
= 10nF] L1 +Vde
X1 —_ N [ n
(12 B/6 B)
PIN| NAME |1°°“F STONOFF £ gVswpo—4—
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PucyHok 14. Cxema numaHusi Wa208020 08u2amerisi C pexxumMamu yoep)kaHusi U 8bIKTHOYEeHUS.
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MOMEHT BpalleHust. Tak, Ans paccmaTtpmMBaemMo-
ro asuratens P542-M48 moMmeHT yaepkaHus ¢
pegyktopom 25:6 paBeH 19.8 H.cm, a MOMeEHT
BpaLLeHus Bcero 6 H-cm. 3T0T Nnoaxog no3sonsi-
€T npu OCTaHOBKE ABUratens YMEHbLUMTb
notpebnexne mowHoctn ¢ 5.52 Bt go 1.38 BT!
MonHoe OTKNYeHUe ABuratens ocyLlecTBns-
eTcsl nogayen BbICOKOro NOrMyeckoro ypoBHs Ha
koHTakT « BKJ1/BbIKJ1» pasbema X1.

Ecnu cxema ynpaBneHus nmeeT BbIXxog Ha
TpaH3MCTOpPax C OTKPbITbIM KONJIEKTOPOM, TO B
kntodax VT1, VT2 HeobxoaMMOCTU HET, U BbIXO-
Abl MOXXHO NOAKITHYUTL HENOCPEACTBEHHO BMEC-
TO YNOMSIHYTbIX KIHO4EMN.

llpumeyaHue:

B smom eapuaHme ucriofnib308aHue pesuc-
mopoa rnodmsixku Hedorycmumo!

B kadecTBe gpoccenst aBTOp MCMofb3oBan
katywky SDR1006-331K (Bourns). O6uee
nuTaHne opMMpOBaTENSA HaNPsKeHUs ans
00OMOTOK ABUraTens MoXXHO YMEHbLINTL 0 16 —
18 B, 4TO He ckaxeTca Ha ero pabote. Ewe pa3s
oOpaulald BHMUMaHWE: MpU CaMOCTOATENbHOM
pacyeTe He 3abyabTe yunTbIBaTh, YTO hopMumpo-
BaTenb obecneymBaeT pexum C NepekpbITUEM
das, To ecTb HeobxoauMo 3aknagbiBaTbCs Ha

HOMWHAmbHbIA TOK CXEMbl MUTaHWS, PaBHbIN
YABOEHHOMY MaKCUMaribHOMYy TOKY OOMOTOK
npv BbIGpaHHOM HanpsXXeHUU NUTaHUS.

3apava ynpasneHnsa GunonapHeiMU ABUra-
Tenamu 6onee cnoxHa. OcHoBHasa npobrnema B
Opansepe. Ona atux peuratenen Tpebyerca
ApaviBep MOCTOBOro Tuna, U genartb ero, Tem
fornee B COBPEMEHHbIX YCMOBUSIX, HA OUCKPET-
HbIX anemMeHTax — HebnarogapHas 3agava. [a,
3TOro N He TpebyeTcs, Tak Kak UMeeTCs OYeHb
Sonblon BLIGOp cneunanmanpoBaHHbix VIMC.
Bce atn MMC ycnoBHO MOXHO CBECTU K ABYM
Tunam. NepBbii — BeCbMa nonynsapHas y nobm-
Tenen pobototexHukn MIMC L293D STMicro-
electronics [9] nnn ee BapuaHTbl OT Texas
Instruments. OHM OTHOCUTENBHO HEAOPOrn W
NOAXOAAT ANA  ynpaBneHuss ManoMOLLHbIMN
ABuratensamum ¢ Tokom oomotok go 600 mA. UMC
UMEIOT 3alUnTy OT neperpesa; ycTaHaBnNuBaTb
ee Heobxoaumo ¢ obecneyeHnem TeNNOOTBOAA,
KOTOPbLIM CIRYXWUT (pornbra neyatHon nnatbl [9].
BTopon T1n — 310 yXKe 3HaKkoMas YntaTtensam no
nybnvkaumm s [11 UMC LMD18245 [2].

ABTOp ucnone3oBan gpaneep L293DD B
cxeme 4ns ynpasrneHus ounonsipHbIM gsurate-
nem manom MowHoctn Tuna 20M020D2B
12B/0.1 A BO BpemMs wu3yvyeHusa npobrnemsbl
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PucyHok 15. Cxema nookmnrodeHusi Opatisepa L293DD.
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MCNOMNb30BaHUA LIAroBbIX Auraternen. JToT
Apavisep ygobeH Tem, YTO COAEPXMUT 4YeTbipe
NoNyMOCTOBbIX Krtoya, NO3TOMy A yrnpasne-
HUS BUNONAPHBIM LWaroBbiM ABuratenem Tpedy-
eTcsa Bcero ogHa MMC. lMonHasa cxema, npuee-
neHHas B [10] n MHOrokpaTHO NOBTOpPEHHada Ha
WHTEpHeT-canTax, npurogHa gnsi Mcnonb3oBa-
HUSA B KayecTBe TecToBOoW nnatbl. Ha PucyHke
15 nokasaHo BknioyveHne MMC pgpamsepa (c
npuBs3Kon K kommyTatopy u3 PucyHka 10),
NMOCKOSNbKY UMEHHO 3Ta YacTb cenvac npeacras-
naet ana Hac uHtepec, a Figure 6 (Bipolar
Stepping-Motor Control) n3 cneundumkaumm [9]
He COBCEM MOHATHA HadyMHaloLwemy nonb3oBa-
Tento. OHa BBOAMT B 3abnyxaeHue, Hanpumep,
TEM, YTO MoKasaHbl BHELLUHWE ANOAbI, KOTOpble
Ha camom fere BcTpoeHbl B IMC 1 npekpacHo
crnpaBnsTca ¢ 06MOTKaMn MarioMOLUHbIX ABU-
ratenen. EctectBeHHO, 4yTO ApaviBep L293D
MOXeT paboTaTh € MobbIM KOMMYTaTOPOM. BbIK-
noyaetca gpamBep NOrMYecKMM Hyrnem no
Bxoay R.

lpumeydaHue:

UMC L293, 8 3agucumocmu om U320mo8u-
mens u cyghgbukcos, yKkasblearowux Ha muri
Kopryca, uMerom pasnuyusi 8 Hymepauyuu u
Kornuyecmase 8b180008!

[Onsa 6Gonee MOLWHLIX AOBUratenen asTop
cTtatbu ucnonb3oBan fgparveepbl LMD18245.
MonHas cxema TeCcTOBOro mMoayns npueegeHa
Ha PucyHke 16.

B otnnume o1 L293DD, LMD18245 siBnsietcs
He 4eTblipex-, a ABYXKaHanbHbIM ApanBepOM,
NoaTOMYy OS5 peanu3aunmn cxembl ynpasreHns
Tpebytotcs ase WMC. [parsep LMD18245
BbinonHeH no DMOS TexHonoruu, coaepxut
CXeMbl 3aLMThbl OT Neperpesa, KOPOTKOro 3ambl-
KaHUS U BbINOSIHEH B yOOOHOM 15-BbIBOAHOM
kopnyce TO-220, 4yTO NO3BOMNSET NErko OTBO-
OUTb OT ero Kopnyca mnsnuiHee tenno. B kavec-
TBE 3a4aloLLEero reHepatopa MUcnosb3oBasnach
cxeMa, npusegeHHasi paHee Ha PucyHke 13, HO
C yBenu4yeHHbIM o 4.7 kKOM conpoTuBrieHnem
pesuctopa R2. [Ona nogaynm oOAWHOYHbIX
UMMynbCOB Mcnonb3yeTcs KHomnka BH1, nosso-
nsawwas caBuMHyTb POTOpP ABUratensa Ha oguH
war. HanpaeneHne BpalleHusi poTopa onpeae-
nsieTcsa nonoXxeHnem nepekntoyartensa S1. Bknto-
YeHue 1 BbIKMNYeHWe aBuratens ocyLecTBns-
eTcsa BblkntodaTenem S2. B nonoxeHue
«BbIKI» potop gBuratensi oceBoboxgaercs, u
€ro BpaLleHue umnyrnbcamu ynpasneHns ctaHo-
BUTCS HEBO3MOXHbIM. Pexum yaepxaHus
YMEHbLUAET MakKcMMarnbHbI TOK, MoTpebnsie-
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MbIi 0OMOTKaMu gBuratensi, ¢ AByX 40 OOHOro
amnepa. Ecnv umnynbcbl ynpaeneHus He noga-
OTCS, TO POTOP ABUratens octaeTcs B 3amKcu-
POBaHHOM MOSIOXKEHUM C MOHMXEHHOW BABOE
MOLLHOCTbIO NOoTpebneHus. Ecnu e nmnynbcbl
nogawTcs, TO BpalleHue aBuratenss B 3TOM
peXunme OCYLLECTBIAETCS C MOHMXKEHHbIM Ha
MarbIX CKOPOCTAX BpaLLleHNs MoMeHToM. Heob-
XOOUMO 3aMETUTb, YTO MOCKOMbKY NPW MOJIHO-
LLaroBoM ynpaeneHum «two-phase-on» Bknrove-
Hbl 00e 06MOTKM, TOK ABUraTens yaBavBaeTcs, a
cXxema [JpamBepa AOMKHA paccYUTbIBATLCA
ncxoasi u3 TpeboeaHmn obecneyeHmns 3agaHHo-
ro Toka AByx 006mMoTokK (pe3nctopel R3, R8).

CxeMa cogepXuT onucaHHbIN paHee aByHan-
paBneHHbI ABYyXda30BbI (hopmMupoBaTterb Ha
D-tpurrepax (PucyHok 10). MakcumarnbHbI TOK
OpanBepa 3agaeTcs pe3mcTopoM, BKITHOYEHHbBIM
B Lenb KoHTakTa 13 MMC LMD18245 (pesucrto-
pbl R3, R8), 1 ABOMYHBIM KOAOM Ha KOHTaKTax
uenu ynpaeneHunsa Toka (BelBoabl 8, 7, 6, 4). dop-
Myna Ang pacydeta MakCcMmMarsnbHOro Toka npmee-
OeHa B creumdurkaumm Ha gpansep [2]. OrpaHu-
YeHne TOKa OCYLLECTBMAETCA WMMYSbCHbIM
meTogoM. [lpyM AOCTMXKEHUU MaKCMMarbHO
3a[jlaHHOW BerWYUHbI TOKa BbIMOMHAETCS €ero
«Hapeska» («chopping»). [NapameTpbl aTON
«Hape3ku» 3apgatwTca napannensHonm RC
LLeNOYKON, NOAKIHOYEHHON K BbiBOAY 3 ApanBe-
pa. loctonHcteom MMC LMD18245 aBnsietcs
TO, YTO TOKO3a4aloLLMA PE3NCTOP, HE BKMOYEH-
Hbl HENoCPeACTBEHHO B LUernb ABuUrartens,
nMeet pgoctatoyHo 60MnbLON HOMUHaN W
MareHbKylo paccemBaemyld MOLLHOCTb. [ng
paccMmaTpuBaeMom CXeMbl MakCUMarbHbIN TOK B
amnepax, corfacHo npueegeHHon B [2] dhopmy-
ne, cOCTaBnseT:

D 16
V il 5.°
L DAC REF 4o _ 16 _
MAX T 250.10 %Ry 250-107°.10° ’
roe:

Vpac Rerp — ONopHoe HanpsikeHue LAI (B
paccmaTtpuBaemon cxeme 5 B);

D — 3apgencrtBoBaHHble paspsagbl LIAM (B
3TOM pexunme ucnornbayrTca Bce 16 pasps-
A0B);

Rs — conpoTuBneHne TokoorpaHnymsaroLle-
ro pesuctopa (R3=R8=10kOwm).
CoOTBETCTBEHHO, B peXXmuMe yaepxaHud (no-

CKONbKy mcnonb3ytotcsa 8 paspsigos LIAM), mak-
cvMarbHbIV TOK cocTasuT 1A.
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B 3akntouyeHne Heobxooumo OTMETUTb, YTO
apaneep LMD18245 no3sonsaeTt peann3oBaTb 1
MUKpoLLaroBoe ynpaeneHune. Kak ynommHanocb
BblLLE, TAKOW PEXUM YMEHbLLAET, N Jaxe NogaB-
naeT napasuTHbIN pe3oHaHc poTtopa. oaaep-
XKa TaKkoro pexunma ans ykasaHHoro gparieepa
OCYLLIECTBNSAETCS MUKPOMPOLIECCOPOM, YrnpaB-
naowmm sxogamm LIATT.

Kak MOXHO BuaeTb M3 NpeanoXXeHHOn
cTaTby, LWAroBble ABUraTeNun XoTb U CITIOXXHEE B

ynpaBreHUn, Yem KONMNEKTOPHble, HO He
HaCTONbKO, YTODObI OTKa3sbiBaTbCA OT HMX. Kak
roBOpUIM elle OpeBHUE puMnsiHe: «[opory
OCUIUT MAayLWwmi». ECTeCcTBEHHO, YTO Ha MNpak-
TUKE AN MHOMMX MNPUITOXEHUR ynpaereHue
warosbiMu aBuratenaMmu LenecoobpasHo
JenaTb Ha OCHOBE MMKPOKOHTPOSNEPOB, KOTO-
pble Nerko cOOpPMUPYHOT HY>KHbIE KOMaHAbI A5
OpariBepoB 1 BbIMNOMHAT poSfib KOMMYTaTOPOB.
JononHutencHyo wuHdopmauumo un bBonee

+5B +5B
A A
q
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PucyHOK 16. Cxema ynpaerneHus 6UI'IOJ'IFIprIM waaoebIM 08uzamerieM C UCronb308aHUeM
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AeTtarnbHOe paccMoTpeHue npobnem, ceBA3aH-
HbIX C NPUMEHEHWEeM LlaroBbIX ABUraTenen,
KpOMe Kak Nno yrnoMsiHyTbIM BbllUe CCblfikam [3,
4, 7], MOXXHO NOYEPNHYTb N3 CTaBLLEN YXKe Krac-
cvkon MoHorpadun Kenno Takawwm [11] u Ha
cneunann3npoBaHHbIX WHTEpHeT-cauTax,
Hanpumep, [12].

EcTb elle oanH MOMEHT, Ha KOTOpbIN aBTop
cTatbu xoTen 6bl 06paTUTL BHUMaAHWE ymTaTe-
nen. WaroBble aABuratenu, Kak BNpo4em, u Bce

l1|.|F |1000|.|F

OBuratenu nocTosiHHOro Toka, obpatumel. YTo
nmeetcs BBuay? Ecnu npunoxutb BHeLHee
Bpaljaillee ycunue K poTopy, T0 ¢ 06MOTOK
crtatopa MOXHO cHATb JMIC, To ecTb ABuraTenb
CTaHOBUTCS reHepaTtopoM, MpUYeM BecbMa U
BecbMa a(ppekTMBHbIM. ABTOP CTaTbU AKCNEpU-
MeHTMpOBas C 3TUM BapWaHTOM WUCMOSb30Ba-
HWS LWaroBblX ABuUratenen BO BpeMsi paboTbl
KOHCYNbTaHTOM MO CUMOBOW 3N1EKTPOHUKE B KOM-
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Heobxognmo ObINI0O Ha NPOCTbIX MakeTax
oTpaboTaTb psig NpakTUYecknx peweHun. Mo

HabniogeHno aBTopa cTaTby,

adpekTus-

HOCTb LLUAroBOro ABuratensi B TakoM npume-
HeHuUW Oblina Bbllle, YeM Yy aHanorm4yHoro no
napametTpaMm W raGapuTam KONNeKTOPHOro
ABuraTens NocTosiHHOro Toka. Ho ato yxe
apyras uctopus. @i
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Muxaurn Pycckux

Onuckisaemcsi MoOyrib demeKkmuposaHus nepexoda cugHara Yepes Hosb, MOOyrib 2eHepamopa
yacmomsbl € yugposbiM yripasrieHueM U Molyrib onepayuoHHo20 ycunumens. [Npusodsmcs
npeumywiecmesa mexHorioauu exXtreme Low Power.

Mopaynb aeteKTUpOBaHUA Nepexoaa
CuUrHazna 4yepes3 HoJib

Moaynb no3BonsieT onpefenuTb MOMEHT
BPEMEHMU, KOrza CUrHarn nepemMeHHoro Hanpsike-
HUS NPOXOAWT HYNEBOW MOTEHUMarn, YTo ynpo-
LL|aeT NMOCTPOEHNE CXEM YMpaBIieHUs Harpys-
KOW, HanpuMmep, CUMUCTOPHBLIX KOMMYTATOPOB.

BuT nHeeptmpo-
BaHWs curHana

—X

Bnpoyem, cTouT yumTbiBaThb, YTO B AEWCTBU-
TEeNbHOCTM OCYLLECTBISETCS AETEKTUpOBaHME
nepexoga npu nepecevyeHnn CMrHanom ypoBHS
OMOPHOTO HaMNPSKeHWUS, KOTOpPbI BonbLue Hyne-
Boro noteHumanaHa 0.75B.

CurHan nepemMeHHOro HanpsXeHus nogBo-
ONTCS K BbIBOAY MOAYNS AeTEKTUPOBaHUSA Yepes
TOKOOrpaHu4mBatoLmm pesmctop. lNMpu atom gns

Unopt
Rnopt
BbiBoa
Moayns ROFP
e
CurHan
nepeMeHHOro
Rnoar HanpsKeHMs

Bbixog ZCDx_output

D Q Bbixog ZCDx_OUT

K mopynto

\

/ Q1

LE

npepbiBaHU

PucyHok 6. Modynb demekmupogaHusi nepexoda cueHarsa Yepe3s HoJlb.
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noaaepXaHus MOCTOSHHOMO HarnpsKeHWs Ha
BbIBOAE MOAYSb nonepemMeHHo pabotaeT nubo
B Ka4yecTBe MCTOYHMKA TOka, NMnbo B KavecTBe
notpebutensa. Korga npunoxeHHoe Hanpske-
HMe CTaHOBUTCS BOSbLLE OMOPHOro, OH NOTPEL-
nset Tok. Ecnn xe npunoxeHHoe HanpsxeHve
MeHbLLE, YeM OMOPHOE HanpsXXeHne, To MoaYyIb
BblpabaTtbiBaeT ToK. [lpoBepka GuTa crartyca
MOAYNSA NO3BONAET OnpeaenuTb TeKyLui
pexumMm ero paboTbl (MCTOMHUK MK NOTpebu-
Tenb). Ha PucyHke 6 cxemaTuyHo npeacTaBneH
MOAyInb [OEeTeKTUPOBaHWSA nepexoda CcurHana
Yyepes HOorb.

3HaveHne conpoTUBNEHNS TOKOOrpaHN4MBa-
toero pesuctopa (Rorp) 3aBUCUT OT aMMnUTy-

Obl CUrHana nepeMeHHOro HanpsXeHus
(Umakc).- Mpn atom conpoTuBNEHME LOSMKHO

OblTb TAKOro HoMMHamna, 4Tobbl NPOTEKaLLMIA
yepes Hero ToK B MOMEHT, Korga nepemeHHbIN
CUrHan gOCTUraeT CBOEro NMUKOBOIo 3HAYeHWs,
6b1n 6b1 paBeH 300 MKA. [JaHHYO 3aBUCMMOCTb
MO>HO BbIpa3uTb B BuAE popmynbl (1).

_ Uniake
Rore =105 (1)
Kak 6b1110 0TMEYeHO Bbille, AeTEKTUPOBAHMNE
N3MEHeHMs NONAPHOCTM CUrHana ocyLecTBns-
€TCs1 OTHOCUTENbHO YPOBHS OMOPHOTO HaMnpshxe-
HUS1, KOTOPOE NOABOAUTCS K HEMHBEPTUPYHOLLE-
My BXOAYy OMEepauMOHHOro yCUnutenst Mogynsi.
[lnsa Bcex curHanoB, KpOMe TeX, KOTOpble UMEIOT
NPSIMOYToNbHY0 POPMY, CMELLEHNE AAaHHOro
HanpPsHKEHUs OTHOCMUTENbHO HYNEBOW TOYKM
MOXET MPUBECTU K TOMY, YTO AETEKTUPOBaHNE
nepexofa yepes Homnb npou3onaet NMbo cnuL-
KOM paHo, nnbo cnmwkKom no3aHo. [ns CuHyco-
naanbHOro curHana Takoe CMeLLeHne BO Bpe-
MeHn (Tcmew) MOXHO mocuuTaTb no copmyne

(2) npu ero M3amMeHeHUn OTHOCUTENBHO 3EMIU
(Uss), mnbo no coopmyrne (3) npu ero nsmeHeHum

OTHOCUTESNbHO HanpsxkeHnsa nuTanus (Upp).

arcsin[uuon]

Temew = o ;;AAKC @)
arcsin(ufﬁ’_UmJ

TCMELL[ = o ;;AAKC 3)
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B dhopmynax (2)n (3)

Uon — 3Ha4YeHmne ONopHOro HanpsiXXeHus,

F —yacToTta curHana nepeMeHHoro Hanpsike-
HUS.

3710 cMeLLeHne BO BpEMEHN MOXHO KOMMEH-
CMpoBaTb NOAKIMYEHNEM K BbIBOAY NOATArMBa-
towero peanctopa (Rnopr). B cnyyae Bapbupo-

BaHWs curHana otHocutenbHo Ugg Heobxoanmo

NOAKIIOYNTL 3TOT PE3NUCTOP K UCTOYHUKY NOMo-
XutenbHoro HanpsxkeHus (UnopT), @ npy Bapbu-

poBaHMN OTHOCUTENTbHO UDD HYXXHO NOATAHYTb

ero K 3emrie. Pacyet conpoTueneHus pesuncropa
npoussoauTcs no opmyne (4) 4na NsSMeHeHus
curHana otHocutenbHo Uss unu no copmyne

(5) Ana n3mMeHeHwus curHana otHocuTensHo Upp.

ROFP (UI'IO,EI,T B UOI'I )

RI‘IOJJ,T = U (4)
on
R U
R _ NorrpMon 5
noart —UDD “Ugp )

PasHuua mexgy 3HadeHusMu conpoTuene-
HWA, COOTBETCTBYIOLLMX pasnuyatrowmmMmcsa apyr
OT Apyra Ha HebonbLUYI BENUYMHY 3HAYEHUAM
OMOPHOro HanpsXXeHusi, MoxeT OblTb Cyliec-
TBEHHOW. [Mpn aTOM GblBaeT AOBOMLHO TPYAHO
TOYHO U3MEPUTL BENUYMHY ONMOPHOro Hanpsixe-
Hus. OgHako Ha ocHoBaHuKM cdopmyn (4) n (5)
MOXHO BbIBECTU HOBYO hopMmyny (6), rae 3Have-
HVe CONPOTUBIIEHNS NOATAMMBAIOLLENO PE3NCTO-
pa MOXeT bbITb onpeaeneHo Yyepes pasHuLy BO
BpeMeHn (AT) mexagy nepvogamu B3ATbIX C
BbIxoda mogynsi (ZCDx_output) curHanoB BbICo-
KOrO M HA3KOrO NTOrMYEeCKNX YPOBHEMN.

Ucwmew B
Upagc SIN [nF AZTJ

(6)

I:\’nom =Rorp

3necb Ucmew npeactasnset cobon Unopr

npu noaknw4vYeHnn pe3nctopa K WUCTOYHUKY
HanpaxeHus, nmnbéo UDD npn noAaKkr4YeHnmn

pesncTtopa Kk 3emne. CurHan ZCDx_output ans
yaobcTBa MOXHO 3aBECTU Ha BbIBOA MUKPOKOH-
Tponsiepa ¢ NOMOLLbI KOHUTYPUpPYEMOW foru-
YECKOW AYENKN.

Ecnu npegnonaraetcs, 4To amnnutyga cur-
Hana 6ydeT MeHsTbCH, TO pe3nucTop, nocneao-
BaTeNIbHO COEAMHEHHbIV C BbIBOOOM MOAYIS,
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HY>XHO nogobpaTb TakMm 0b6pa3om, YTOObl TOK
He npeBocxoawun bonee Yem B 6 pas MUHUMarb-
Hoe gonyctumoe 3HadeHne 100 mkA. To ecTb,
TOK MOXeT BapbupoBatbcs OT +100 MKA go
1600 MKA. OTO OrpaHuveHue SBNSETCS Cre-
ACTBMEM TOro, YTO MakcMMarbHOe MUKOBOE
3HaAYEeHNEe HanpsHKEHUST He MOXET MpeBbIaTb
MUHMManbHoe Oonee Yem B 6 pa3. 3HayeHue
COMPOTMBIIEHNSI MOXXHO PAcCYMTaThb C MOMOLLbIO

dopmynbl (7).

_ Umake +Uwmn

R
ore 7.1 0_4

(7)

Mogynb moxeT pabotaTb MO NpepbIBaHUIO.
MpepbliBaHWe reHepupyeTcs Npu CMeHe nonsp-
HOCTU CuUrHana mnepeMeHHOro HarpsKeHus.
MNepeBoa MUKPOKOHTPOMMEpa B PEXUM CHa He
BrMseT Ha paboTy npepbiBaHWU JAHHOTO MoAy-
ns.

Mopaynb reHepaTopa 4acToTbl C
uudpoBbIM ynpasaeHuem

OT0T MOgynb NpeacTaBnseT cobom nporpam-
MUPYEMBbIA BbICOKOTOYHBINA NMHENHbIN reHepa-
TOp, CMNOCOOHLI paboTaTh B LUMPOKOM AManaso-
He yacToT (npumepHo oT 1 'y go 500 k). Mo
CYTW, OH SIBNSIETCA TalMepPOM, KOTOPbIN UCNOSb-
3yeT nepenosiHeHne Ansi AeneHns BXO4HOW Yac-
ToTbl. [lpenmyLlecTBo Takoro cnocoba nepen
NPOCTbIM CYETYMKOM Ha OCHOBe Tanmepa

3akroyaeTcd B TOM, YTO paspeluarollas cro-
COBHOCTb NPV AeneHnn He MeHAETCH BMeCTe CO
3HaveHvem genutend. [loaTomy Takon moaynb
reHeparopa rnorieseH nNpu cosgaHum npuroxe-
HUIA, rae TpebyeTcsa TOMHOCTb BOCNPOU3BEAEHUS
4acTOTbl M BbiCOKas paspeluaroias crnocob-
HOCTb NpU (PUKCMPOBAHHOW CKBaKHOCTU. B
KayeCTBE UCTOYHMKA TAKTOBOW YaCTOTbl MOXET
BbICTyMaTb BbICOKOYACTOTHbIM BHYTPEHHWUN
ocumnnartop (HFINTOSC), cuctemHas yactota
aapa (Fosc) v BbIXOQHOM curHan TpeTben KOH-

durypupyemon normdeckon auenkun (LC3_out).
Moaynbe paboTtaeT, NOCTOsSIHHO npubasnas
(PUKCUPOBAHHOE 3Ha4YeHWe K aKKyMyrsTopy,
BMmeLlawLemy B cebs go 20 6uTt, n npeacrae-
NeHHOMY TpeMsi pernctpamu. MHKpeMeHTupo-
BaHMEe MPOUCXOOUT C KaKAblM TakTOM BXOLHOW
yacToThbl. [pn 3TOM akkyMynaTop 6yaeT nepuo-
ANYECKN NepenonHATbLCS, ycTaHaBnmeasa donar
nepeHoca. Yactoty nepenonHeHus (Fpep)

MOXHO BbIpa3nTb Yepes chopmyny (8).

Fury -N
Friep = 2—n (8)
3pnecb

Fuvry—TakToBasi YacTtoTa Mogyn4,

N-— MHKPpEeMEHTUpyemoe 3Ha4yeHne,
N — WnpUHa akkyMmyndaTopa B ouTtax.

TakToBas
qacmTalIlllll|//|||||||I||//||||||||

WHKpemeHTUpyemoe
3HaueHne

o

4000h // 4000h )

3HaveHve
akkyMynsTopa | 00000hX04000rX08000hx / / :XFCOOOfX OOOOOXO4000hX08000hX_- / / _XFCOOOhX OOOOO?X 04000?X 080009

—

I_l 4

[, [ 1

2
|

L
L, [ 1

[MepenonHeHue

MpepbiBaHue

BbixoaHow curHan

B pexvme (OUKCUPOBAHHOM
CKBaXHOCTU /)

BbixogHoi curHan

B YaCTOTHO-MMNYNbCHOM peXuMe
LUMPVHOI B OZMH TAKTOBbIA MMNYILC /)

BbIxoaHoi curHan

B 4aCTOTHO-MMMYNLCHOM PEXMME
LUMPWHON B [1Ba TaKTOBbIX MMNYMbCa /)

| L, 1

PucyHok 7. [Juazpamma pabomsi MOy eeHepamopa 4acmomsbi 8 PeXUMe (hUKCUPOB8aHHOU CK8aXHOCMU

u4acmommHO-uUMrysibCHOM pexXume.
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OPAXIN+

Xp————0

DAC2_output

BbiBOg
+ mMoaynsi

DAC1_output 10 OPAXIN-

FVR buffer 2 11

BuTtel BoIGOpa
curHana gns
HEVHBEPTUPYHOLLIETO
Bxoda

But BbIGOPA
curHana ans
WHBEPTUPYHOLLErO
BxoZa

PucyHok 8. Modyrib onepayuoHHOZ0 ycunumerisi.

B panbHenwem nOMyYeHHbI YacTOTHbLIN
CUrHan MOXHO 3aBECTU Ha TPUITEpP, NN yBENN-
YMTb LUMPUHY ero umnyrneca. MogudununpoBaH-
HblA CUrHanm BMOCNEACTBUN MOAKM4YaeTcs K
Opyrum nepudepuinHbIM MogynsiM, K TakuM, Kak
KOHGUrypupyemasa normdeckas sdenka wnm
reHepatop KOMMMEMEHTAPHbIX MMMYIbLCOB, a
TaKke, NPW XernaHuu, ero MOXHO 3aBecCTU Ha
BbIBOA MUWKPOKOHTponnepa. [lomuMmo 3Toro,
CUrHan neperoriHEHUS akKymMynartopa MOXeT
ObITb HACTPOEH Ha reHepaLuio NPepbIBaHMS.

Moaynb reHepatopa 4acToTbl CnocobeH
paboTaTb B pexxume UKCMPOBaAHHON CKBAXKHOC-
T U B YaCTOTHO-UMMNYNbCHOM pexume. B nep-
BOM Cny4ae npu Kaxaom nepenoniHEHUN akky-
MynsiTOpa BbIXO4 WU3MEHSAET CBOE NOrnmyeckoe
coctosHue. Takum obBpasom obecneynsaetcs
ckBaxHOCTb 50%. Bo BTOpOM crny4ae npu Kax-
AOM nepenonHeHUN akKyMynsTopa BbIXOA4 CTa-
HOBMWTCS aKTMBHbLIM Ha BPEMS OQHOrO MUnv 6onee
TaKTOBbIX MMMYNbCOB, NOCIE Yero BbIX04 CHOBA
BO3BpAaLLAETCs B HEaKTUBHOE COCTOsiHMe. [pa-
dunyeckn paboTty Moayns B AaHHbIX pexmmax
MOXHO 1306pa3nTb Ha PUcyHke 7.

MonApHOCTb BbLIXOQHOTO CUrHama MOXHO
NM3MEHATb NYTEM YCTaHOBKM MNK cbpoca Guta
NONsiPHOCTU, TO €CTb, MOXHO WHBEPTUPOBATb
CUrHan Wnu oCTaBUTb €ro HeWHBEepPTUPOBaH-
HbIM. 3MeHeHne nonsapHOCTM Npu paspeLueH-
HbIX NPepbIBaHMAX BbI30BET COOTBETCTBYIOLLEE
npepbiBaHue.

Mogynb reHepaTtopa cnocobeH paboTtaTb
HEe3aBMCUMO OT CUCTEMHOM YacTOTbl, MO3TOMY
OH MOXET (PYHKLMOHUPOBATL B PEXMME CHA.
[MockonbKy B 3TOM peXMMe OCTaeTCsl aKTUBHbLIM
BHYTPEHHUA BbICOKOYACTOTHbLIA  OCLUMNIIATOP
HFINTOSC, To oH aBTOMaTU4eCKM BbiOUpaeTca
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B KayeCTBe MCTOYHMKA TaKTOBOW 4acToTbl AiS
MOAYIns, B HE3aBUCUMOCTM OT Toro, 6bina nv oo
3TOro B Ka4eCcTBe UCTOYHMKA BblbpaHa cucteM-
Hasa 4vacTtota. Pabota mogynsa B pexume cHa
NpMBOAUT K yBENUYEHMIO NOTPebnsaemoro Toka,
YTO CrnegyeT yunTbiBaTh pa3paboTymkam.

OnepaunoHHble ycunutenm

MukpokoHTponnepbl PIC16F170x/171x
UMEIKT B CBOEM COCTaBe [Ba onepauuoHHbIX
yCUNUTEns, 4YTO MO3BOMSIET COKOHOMUTbL Ha
BHELUHMX KOMMOHEHTaxX Npwv CO3[4aHuWU Mpuro-
XeHunn onst paboTbl C aHaNoroBbLIMM CUrHaNaMm.
Ha PucyHke 8 nokasaHa 6rnok-cxema mogyns
OnepaumOHHOrO YCUnnUTens.

Ha Bxoabl yeunutensa moryT ObiTb 3aBeeHbl
CUrHasnbl HENOCPEACTBEHHO C JIMHUIN MUKPOKOH-
Tponnepa (OPAXxIN+ Ha HeuHBepTUpYOLLMI
Bxog n OPAXIN- Ha nHeepTupytowmn). NMommmo
9TOro, Ha HEWHBEPTUPYIOLWMIA BXO4 BMECTO
BHELLIHEro cuMrHana MoXHO 3aBEeCTU BbIXOAHbIE
curHansl ¢ nepsoro (DAC1_output) nnu sToporo
LIAM (DAC2_output), nnbo co BToporo 6ydepa
MoAyrns (OMKCMPOBAHHOIO OMOPHOMO Hanpsxe-
Hus (FVR buffer 2). Ha uHBepTupyowmn Bxoa
MOXHO 3aBECTU BbIXOLHOW CUrHan ycunutens,
c034aB TeM caMblM, NETNO 06paTHOM CBA3N.

TexHonorusa eXtreme Low Power

Ewe ogHon BaKHOM OCOBEHHOCTBIO MMKPO-
KoHTpornnepoB cemenctea PIC16F170x/171x
ABMNSAETCHA TEXHOMOMMSA MOHWKXEHHOro notpebne-
HWs1 aHeprum eXtreme Low Power (XLP). bnaro-
Aapsi 3TON TEXHONOrMM YCTPOMUCTBO MOXET 3Ha-
YUTENbHO CHU3UTb NOTPebnAemMyd MOLLHOCTb,
Kak B paboveM pexume, Tak 1 B peXxnme CHa.
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Mpyn NMTaHUN MUKPOKOHTPONNEpa Hanpsike-
H1em 1.8 B MOXXHO OOMTbCA cnefyoLwmx noka-
3arenen:

e TOK B pabovem pexmnme npu TakTMpoBaHUn C
nomMolLLbto ocumnnatropa 32 kl'y — 8 MkA,

e TOK B pabo4yeM pexnme npu TakTMpoOBaHUN C
NOMOLLIbIO BHELLHEro reHepaTopa 4acToTbl —
32 MKA,

® TOK B pexxume cHa—50 HA,

e TOK, NOTPeONsiEMbIi CTOPOXEBBIM TaIMEPOM

—500 HA.

Takne xapakTepucTuUKM genarT yCTponcTea
PIC16F170x/171x Haunbonee 3ddeEKTUBHbBIM
peLlueHnem nNpu NOCTPOEHNN CUCTEM SATUNKOB C
aBTOHOMHbIM NuTaHueM. o pacyetam kKomna-
Hun Microchip [1], BpemMs (pyHKLMOHUPOBaHUSA
MUWKPOKOHTpOMsepa, OCHaLWEeHHOro TEXHOMOoru-
en XLP, B ymepeHHOM pexurme paboThl npu nuTa-
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HUM ot OaTtaperkn Tuna CR2032 coctaBut
oKono 6 nert, a npu NuTaHuM oT GaTaperkn Tuna
AA-npumepHo 76 ner.

3aKnuyeHue

MwukpokoHTpornnepbl cemenictea PIC16F170x
/171x, Gnarogapsi HanuMuul He3aBMCUMOW OT
A4pa MHTeNnekTyaneHon nepudepun, manomy
9HepronoTpebneHnto M HU3KOM CTOUMOCTHU
MOryT CTaTb OOCTOMHbIMW KOHKypeHTamu gpy-
rmm 8-pa3psiiHbIM YCTPOWCTBAaM, NpeacTaBreH-
HbIM cerogHs Ha pbiHke. OHM nogonayT Ansa npu-
MEHEHUSI B cocCTaBe ObITOBbIX MPMOOPOB WU
WHCTPYMEHTOB, CUCTEM OCBELLEHUSA U CEHCOop-
HbIX NpUnoXxeHuin. [Z1)

NcTOYHUKMU

1. http://ww1.microchip.com/downloads/en/
DeviceDoc/01146B_chapter%202.pdf
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MACTEP-10MACKEP R 10000 il
HacTonbHble TeXHONOrMM

1969 ropa:

BHYTPKU Kopnyca
Kanbkynsatopa Gompucorp

Michael Dunn

Yy CErofHsALWHNX IOHOLLEN eCTb MHOXECTBO
BO3MOXXHOCTEW, YTOObI BOWTM B MUp Nporpam-
MupoBaHus. B Havane un cepeamHe 1970-x Takmx
BO3MOXHOCTEN ObINO HaMHOrO MeHbLue. Jlyuy-
Lee, YTO CNOCOOHO U3BMNeYb M3 NaMsTn Moe
cepoe BeLEeCTBO — HACTOSNbHbIN NporpaMmmMumpy-
€eMbli KanbKynaTtop, CTaBWMA MOUM MepBbiM
LumdpoBbIM criyrovi rge-to B 1977 rogy.

Omo eam, eaocrioda uHxeHepbl! BepxHul psid
KHOIMOK rpedHa3Ha4eH 01151 Npo2paMmMupOo8aHUsi.

B cpegHen Lwkorne, B KOTOPOW S y4urncs,

Obinn gBe unum Tpu MawmHbl Compucorp —

kaxketca, 125E Scientist — n, Hackonbko 1
NMOMHLIO, MO KpanHen mepe, y OAHON N3 HUX Bbin
avcnnen Ha rasopaspsiaHblX  MHAUKaATOpax.
Tenepb, rogbl cnyctsi, 1 oB6HapyXun B CBOEM
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EDN

«My3ee» Monroe 1655, noXaaBLUytocs BO3MOX-
HOCTM PacKpbITb CBOW CEKPETHI.

Monroe? Compucorp? Kakasa cBs3b? Cyas
no UCToYHMKam B NHTepHeTe, MawunHbl Monroe
Obinn  npepgwecteeHHnkamn Compucorp. Ha
ofHOM 13 nnat B Moer Monroe cTouT yBegomrie-
Hue o6 aBTopckoM npaee: «1969 Computer
Design Corp». 310 kOMnaHus, pa3paboTasLuas
MaLUWHY 415 AaBHO YXXe CyLleCTBOBaBLUEN Ha
TO Bpemst Monroe. Jluwb cnycTa HECKOMbKO net
OHa cama Havarna npogaBaTtb MaLUVHbI NOA4 UMe-
Hem Compucorp. Kogbl gat B MOen MaluvHe
yKa3sbIBalOT Ha TO, YTO OHa Oblfa M3roToBneHa B
1970 vnn 1971 rogy. bonblume MHTerpanbHble
cxembl (BUC) caoenaHbl komnanuen AMI, kyn-
neHHon ON Semiconductor B 2007 roay.

Kpbiwka cHama.
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lMnama numarnus. (OHa pacrionazaemcsi no3adu
nnamsi Oucrinesi). OpaHxesbill KOHOeHcamop
'lytic ucrionb3yemcsi 8 8bICOKO80/ILMHOM UCMOY-
HUKe numaHusi 2a30paspsiOHbIX UHOUKamopos.

Bénbwyto 4vactb cxembl 1655 3aHumaer
31 BUC. A mory Bbicka3aTb CBOM Nnpeanonoxe-

Ecmb ymo-mo mazuyeckoe 8 3o010mol memari-
nusayuu u besol kepamuke. Kak ebi Oymaeme,
01151 4e20 Hy>KHbl 5mu Yuribi?

A

MHoeo 3omomoeo u 6enoeo. B Monroe 1655 morib-
KO 08€ OCHOBHbIX M/1amabl JI02UKU.

Bud cHu3y nocrie useneqeHus 08yx ram 102UKu.

HUS OTHOCUTESIbHO TOrO, YTO U3 HUX ABMSAETCSA
0O3Y, MN3Y u normkon, Ho Noyemy 6bl 3TO He NoMbI-
TaTbca caenatb Bam. OcTanbHble KOMMOHEHTHI,
no-BnaNMOMY, yNpasnsaoT NUTaHUEM, Oucne-
eM 1 nHTepdericom knaesmaTtypbl.[Z1)
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MOHONUTHBIN CUHXPOHHDbIN
NOHNXKAIOLLUA
npeobpa3oBartesb

C (PYHKLMAMU KOHTpONSA
BXOAHOro 1 BbIXOZIHOT0 TOKOB

n TEMneparypbl

Tom Gross, Linear Technology

BeBepeHue

LTC3626 — nepBbIi U3 CEMENCTBA MOHOMUT-
Hbix cTtabunusatopoB SWITCHER+ cuHxpoH-
HbI MOHWXaOLWMIA NpeobpasoBaTesb C KOHTPO-
nem ToKa v Temneparypbl, BblMyLLEHHbIA KOMNa-
Huen Linear Technology. OTOT BbicOKO3hheEK-
TUBHBIN  MOHOJSINTHBIA CUHXPOHHBIN MMMY-

Design Note 511

NbCHbIM NOHWXaOLLNIM cTabunuaaTop cnocobex
oTAaBaTb B Harpys3Ky Tok 4o 2.5 A npu BXogHOM
HanpsbkeHun ot 3.6 B go 20 B (cm. cxemy Ha
PucyHke 1). B LTC3626 peanu3oBaHa yHuKanb-
Has apxuTeKkTypa C KOHTPONMpyemMbiM Bpeme-
HEeM BKITHOUYEHMS NPY NOCTOSIHHOM YacToTe nepe-
KNIOYEHUs 1 ynpaBneHnem no Toky, naeanbHo
noaaepXxuearoLlas pexmmbl paboTbl Ha BbICO-

|—_|_C3
0.1uF
ViN PViy BOOST _ SW H 1uF Vour
36B...20B c2 A
PVIN SW 18B
T 4WF SVin VISHAY o LR < e
= 258 RUN IHLP-2020BZ-ER-1ROMO1 e S 200k 4T :
1210 LTC3626 Voy T P 1% — 63B
PGOOD PGOOD FB R = 1206
R3 100k
100k 1%
TRACK/SS  IMONout ®) oyt -= === - VIOUTHON
o IMONj |———————®) Iy ------- —T—CG R6
INTV N 4 c7 R7 THF S7.32%
ce INTVce T
C5 o 1 c8 THF S 54.9 L
| 220F T~ | MODE/ Tser T WF = Vi
I — | SYNC SDGN PGND = — INMON
! —4—9¢ [/ Thon
| = = 4%
A TseT

PucyHok 1. lNoHuxarowuli npeobpasogamerb ¢ MakcuMalibHbiM 8X00HbIM HarnpsixxeHuem 20 B u paboyel
yacmomoli 2 MI'y omdaem & Hagpy3Ky 00 2.5 A, KOHMPOUPYs napamMmempbl Mmoka u memnepamypabi.
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Vout _
50 meygen | ITH = INTVee N

g —
3AKPbITbIN |7
BXO[4

IL
1 ADEN

20 mkc/OEN

OTKIMK HA CKAYOK HAMPAXEHNA HATPY3K OT 12 B 10 1.8 B,
CKAYOK TOKA 2.5 A, YACTOTA NEPEKMOYEHNA 2 My,
MPUHYOWUTENLHBIA PEXM HEMPEPLIBHOW NMPOBOANMOCTY,
BHYTPEHHAA KOMNEHCALMA.

PucyHok 2. OmKiuK Ha CKa4oK Hazgpy3KuU CXeMbl,
uzobpaxxeHHoU Ha PucyHke 1.

KMX YacToTax C HU3KMMKU KodbdmUMeHTamm
3anonHeHusa LWKM, obecneuunBatowme 6bic-
TPbIA OTKIINK HA U3MEHeHMe Harpy3ku (cMm. Pucy-
Hok 2). Kpome Toro, B yCTpOWCTBE NpeaycMoT-
PEHbl BO3MOXHOCTU Bblbopa pexmma pabdoThl,
OTCMEXUBAHUSA HaMNPsHXKEHUs1 U ynpaBreHus
CUHXpOHM3aLmen. TennoBoe CcOMNpoTUBIEHME
Kopnyca ¢ pasmepaMmn 3 MM x 4 MM, B KOTOPbIN
ynakoBbiBaeTca LTC3626, HacTonbko marno,
4yTo nNpubop MOXeT paboTaTb 6e3 BHELUHero
TEeNnnooTeoaa, Aaxe oTAaBasi B Harpy3Ky Makcu-
MaribHYH MOLLIHOCTb.

MoMyMMO BREYaTNAWMNX PEryNMPOBOYHBLIX
XapaKkTepucTUK, B MUKPOCXEMY 3anoXeHbl (OyHK-
UMM KOHTPOMNS Toka M TemnepaTtypbl, Tpebyto-
LL{Me MUHUMArIbHOIO KONMYecTBa AOMOSNHUTESb-
HbIX KOMMOHEHTOB.

200 , - 20
—— PACCYMTAHO y
180 [ —— W3MEPEHO / 18 &
é; 160 \_ OLLIVBKA /, 16 %
< 140 1 5
2 120 \ ’/ 12 §
< \ / =
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BbIXOMHOM TOK (A)

PucyHok 3. 3asucumocmb cuzHana MoHUmMopa
8bIXOOHO20 MOKa 0m moka 8bixoda.
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N3mepeHune BbIXoaHOro/BXoaHOro
TOKa

LTC3626 namepsieT BbIXOQHOM TOK BO BPEMS
BKMIOYEHHOINO COCTOSIHUSI BHYTPEHHEro CUH-
XPOHHOTO Krf4a W reHepupyeT Ha BbIBOAE
IMON@yt nponopuMoHanbHbIN TOK, pPaBHbLIN

1/16000 n3mepeHHOro 3HayeHus. PucyHok 3
No3BOMSET OLEHUTb TOYHOCTb (POPMUPOBaAHUSA
Toka Ha BbiBoge IMONpyT, CpaBHUB n3MepeH-

HbI/ TOK C pacyYeTHbIMW 3HaYeHnsaMn. BennumHa
owmnbkn ocTtaeTcs Ha ypoBHe MeHee 1% no4Tu
BO BCEM AMana3oHe TOKOB Harpy3ku.
AHanorn4yHo, 13 3TOoro >xe TOKOBOro CurHana
B KOMOMHaLMK C KOS DULMEHTOM 3aMOSTHEHMS
Ha BbiBoge IMON,\ BbipabaTtbiBaeTcs TOK, Mpo-

nopuMoHarnbHbI BXOAHOMY TOKY, ONSATb Xe, C
MacLlTabHbiM koadpdpuumneHTom 1/16000. Mpwu
39TOM BO BCEM AManas3oHe TOKOB LOCTUraeTcs
TOYHOCTb nyuwe 5% (PucyHok 4).

O6e Lenn TOKOBbIX CUrHaNoOB MOAKITHO4YEHbI K
BHYTPEHHUM YCUNUTENAM Hanps>KeHUs, BXOAb!
KOTOPbIX CMELLEHbl OMOPHbIM HaMpsKEHNEM
1.2 B. Ycunutenu MoryT OTKNioYaTb MUKPOCXe-
My MpW BbINOSIHEHUM MOPOrOBbIX YCITOBWNA.
Takum 00pa3omM, BXOOHOW M BbIXOQHOW TOKM
orpaHuvyeHbl noporamu, 3agaBaeMbiMU MNpPO-
CTbIM MOAKMOYEHMEM PE3NCTOPOB K BbIBOAAM
IMONy nu IMONgyT, COOTBETCTBEHHO, KakK 3TO

nokasaHo Ha PucyHke 1. lNopor orpaHnyeHuns
TOKa W COMPOTUBMEHME pe3ncTopa CBA3aHbI
cnegytoLlen 3aBUCUMOCTbIO:
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PucyHok 4. 3asucumocmb cuzHasia MOHUMopa
8X00H020 MOKa 0m moka 8xo0a.
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K npumepy, npy ncnonb3oBaHUn pesnctopa
2 kKOM ypoBeHb OrpaHn4eHuns Toka byaert paBeH
npubnuantensHo 2 A.

OTa npocTagd cxema No3BOMSET Kak KOHTPO-
NMpoBaTh, Tak N aKTUBHO YNPaBnsiTb YPOBHAMM
OrpaHnYeHnst BXOgHOMO U BbIXOQHOMO TOKOB, YTO
paHblle OblNo BO3MOXHO caenatb TOMbKO C
NMOMOLLbIO BHELLIHMX CXEM, COCTOSILLMX, Hanpu-
mep, 13 LIAI 1 HECKOMBbKMX NacCMBHbLIX KOMMO-
HEHTOB.

N3mepeHue TemnepaTypbl

Mukpocxema LTC3626 BbipabaTbiBaeT
HanpsbkeHne, NponopuMoHansHoe Temnepary-
pe ee kpucTanna, KOTopoe MOXHO MCMOosb30-
BaTb AN19 YCTAHOBKWN Nopora orpaHuyeHnst Tem-
nepartypbl. TUNOBOE 3HAYEHNE HaNPSHXKEHUSA Ha
BbIBOAE MOHUTOPA TpoN MPY KOMHATHOM TeMe-

patype coctaensiet 1.5 B. YTtobbl paccumTatb
Temneparypy kpuctanna T, He0o6XoaAnMo yMHO-

XUTb HanpsixeHne Ha BbiBoae Tyon Ha Koadhdom-

UMeHT npeobpa3soBaHus, paBHbii 200 °K/B, n
BblyecTb cMmelleHune 273 °C. LTC3626 comep-
XUT TaKkke KomnapaTop orpaHMyYeHns Temnepa-
TYpbl, K BXO4aM KOTOPOro NOAKITHOYEHbI CUrHarnbl
BblBO4a YCTaHOBKM TemnepaTypHOro mnopora
Tset v BbiBoga Tyon. DTO MO3BONSET HaNpsike-

HMeMm Vysgt Ha BbiBoAe Tsgr 3adaTb BEpPXHUM

58 | CXEMbI |

nopor paboyen TemnepaTtypbl Kpuctanna,
ncnonb3ysa opmyny

V _ T,+273
TSET = 200°K /B”

3agaBwmcb npegenbHbiM 3HAa4YEeHUEM TEM-
nepartypbl nepexoaa, pasHbiM 125 °C, Haxoaum,
4yTO Ha BbiBOAE Tsgr HEODXOOUMO YCTaHOBUTb

HanpskeHune nopsaka 2 B. B atom criyvyae Muk-
pocxema OTKITIUUTCSA, KaK TOSbKO TemnepaTypa
OOCTUIrHET MOPOroBoro YpoBHA Tyon-

3aKknuyeHue

B Mukpocxeme noHmxatowlero npeobpasosa-
Tena LTC3626 dyHKUMM KOHTPONS Toka U TEM-
nepaTypbl COMETAOTCA C BbICOKMMU TEXHUYEC-
KMMW XapakTepUCTUKaMy U MUHUATIOPHBIM KOp-
nycom. C noMoOLLbIO MUKponpoLeccopa wunu
MHOW BHELLUHEN FOMMKN YNpaBneHUsi MOXHO
O4YeHb MPOCTO KOHTPONUPOBATL yCroBust pabo-
Tbl YCTPOWCTBA, UCMNOMb3ysl CUrHanbl BbIBOAOB
MOHUTOPOB BXOOHOMO 1 BbIXOAHOMO TOKOB U TEM-
nepatypbl. [logaB onpegeneHHoe HanpspkeHue
Ha BXOL YCTaHOBKW TemnepaTypHOro nopora,
MOXHO 3ajaTb YCNOBUSI aBTOMaTM4eCKOro
oTkntoveHus.Z1
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GCtpo6ockon

Hd GBeTOAUOAaX
C He3aBMUCUMOMW perynmupoBKoMn

3aflepPKKu

N ANINTEJNIbHOCTU UMNYJIbCA

Michael Page

n0Ka3aHHa$I Ha PucyHke 1 cxema HecrnoxHa,
HO MpW UCNOMb30BaHUN B KA4eCTBE YCTPOMCTBA
AN BU3yanbHOro KOHTPOorns oopMbl 1 NITIOTHOC-
TV obnaka, pacnbinIseMoro TOMMBHbIM NHXEK-
TOPOM, OHa C3KOHOMMIA MHOIo BpemeHu. CTpo-
OOCKOMbl HA KCEHOHOBbLIX Namnax Ans noao-
OHbIX NPUNOXEHU NOAXOAST NSI0X0, MOCKOMbKY
3aHUMAlOT CITULLIKOM MHOFO MecTa, a MHTEHCUB-
HOCTb M3Iy4aemMoro MMM CBETA YPE3MEPHO
BblcOKa. Tak npu nposepke paboTbl 6roka u3
LLIECTN UHXXEKTOPOB C U3ONSALNOHHBbIMW NaHens-
MKW OTpaXKeHusi OT pybaLlKkm unm cTeHbl no3aam
Bac Gyger mellaTb NMPOBEOEHUIO BM3yanbHOro

EDN

ocmoTpa. Kpome Toro, Apyrne UCTOYHWKU CBETa
OyayT BbICTynaTh 3a 30HY PEryrnmpoBKX KaMepbl.
Moatomy BbIGpaH BapmaHT ¢ MmanorabapuTHbIMK
cBeToguodamu, YCTaHOBMEHHbIMUM Ha TMOKOM
aepxatene Tuna «rycuHas wes». B cxeme
MOXHO ObIf10 Obl UCMOMbL30BaTh M XOPOLLO BCEM
M3BECTHbIN Tarmmep 555, ogHako He3aBUCUMO
perynupoBatb B HEM W 3a4epXKy, U OnuTenb-
HOCTb OYEHb HEYOO6HO.

Ha cxeme nokasaHbl BXO4 TaKTOBOW YaCTOThl,
NOTEHLUNOMETPbI YCTAHOBKN BPEMEHMW 3a4EPXKKN
n gnutenbHocTn umnyneca (P4 n Py, cooTtBe-

TCTBEHHO) U BbIX0A ANS NOAKMIOYEeHNst CBETOAN-

LED+
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PucyHOK 1. B amoli cxeme 0rnisi ycmpoacmea 8u3yalilbHO20 KOHMPOJIA UCIOJIb3YKIMCA C8ePXAPKUe ceemo-

OuoO0bl.
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ona. Kpome Toro, cxema BkIodYaeT B cebs
BCTPOEHHbIV 0BbIYHbIV CBETOANOA, UCNONb3Ye-
MbI1 B KAQ4eCTBe MHAMKATOpa BXOAHOrO curHana
0N CTeHAOoBbIX ucnbiTaHui. OpgHako CcTouT
OTMETUTb, YTO Npu paboTe Ha BonbLLMX CKOPOC-
TSAX STOT uHAuKaTop OecrnoneseH. BxoaHow
NUMMNYNbCHbIA CUrHaN TaKTOBOW YaCTOTbl aMMNIiu-
Tyoon 5 B u gnutenbHocTbio okosrio 30 MKC
nocTynaetr oOT CWUHXPOHM3aTopa TOMIMBHOIO
Hacoca. [NoteHumomeTp P4 no3BonsieT uame-

HATb BpEMS 3aJepKKU BKNIOYEHUs cBeToanona
npumMmepHo ot 40 MKC 4O 2 MC, a NOTEHLMOMETP
P, npegHasHaveH Ons perynvpoBkM ANUTEMNb-

HOCTM BCMbILLKN B NPUOGNM3nTENbHOM guanaso-
He oT 15 MKkc oo 15 mc.

BxogHom kackag cxeMbl npeacTtaBnser
co60o NMKOBbLIN JETEKTOP, HA KOTOPLIN NOCTyNa-
I0T TaKTOBble MMMyMbCbl C amnnutygon 5 B,
yepes auopn D4 3apskatowme koHgeHcaTop Cy.
CkopocTb paspsiga KoHAeHcaTopa ycTaHaBnu-
BaeTcsa noteHumomeTpom P4. Tpurrep Wmutta
IC1a OTCIIEXMBAET HAMpPSKEHME HA KOHOEHCATO-
pe C4, N, N0 OOCTMXXEHNN UM HWXKHErO mopora
IC1a, Ha ero BbIxoge yCTaHaBNMBAETCS BbICOKUI

NIOrMYECKNn ypOBEHb, KOTOPbLIN, B CBOK O4e-
pedb, yCTaHaBNMBaeT BbICOKMM YPOBEHb Ha
BbIxoae Q mukpocxemsbl IC,. Mpyn BbICOKOM forn-

4YeCcKOM YpPOBHe Ha Bbixoge Q OTKpbiBaeTcs
KIMOY 13 BKIFOYEHHBIX MO cxeme [apruHrToHa
TpaH3ncTopoB Q4 1 Qy, 1 cBeToamog cTpobocKo-

na saropaeTcs. B aTo e Bpems npoucxoaut
3apag koHaeHcatopa C, CO CKOPOCTbIO, yCTa-

HOBMeHHOW noTeHumomeTpoM P,. Korga Hanps-

XeHne Ha 3TOM KoHAeHcaTope JocTuraer Bep-
XxHero nopora IC4g, Bbixoa IC4c nepekntoyaercs

B «for. 1», Bo3Bpalias Bbixog Tpurrepa IC,

obpatHo B «nor. O», n ceetoguoa ctpobockona
racHet. lNocne atoro cxema rotosa K HOBOMY
uukny. Anon D, obecneunBaeT NonHbIM pa3pss

KoHgeHcaTtopa C, npu cbpoce Bbixoga Q Muk-
pocxembl 1C,. Mockonbky ana aktusauum 1C,

TpebyeTcs curHan BbICOKOrO YPOBHS, SrIEMEHTbI
IC4g 1 1C{c MOXHO UCKINOYNTL, HO TpUrrep LUMnT-

Ta nocne RC-uenoykn obsasareneH aAns Bocnpo-
M3BOAMMOCTM MapaMeTPOB CXEMbl, B OCOOEH-
HOCTM, Mpu BonbLUMX BpeMeHax 3apsiga/pas-
psiaa.

PucyHok 2 wunnwoctpupyetr paboTy ycTpo-
ncTBa npu TaktoBom YacTtote 650 'y 1 3agepxke
nopsaka 250 mkc (nonoxeHue Py — 10%). Onu-

TENbHOCTb UMMynbca NPUONU3MTENBLHO paBHa
600 mkc (nonoxeHune P, — 75%). Ha PucyHke 3

nokasaHO CKOPPEKTUPOBAHHOE W3MEHEHne
3aflepXKN Npy TOM Xe ONMTENbHOCTU, Kak Ha
PucyHke 2. HoBbI nepmog BCMbILLKM NepPEKpbI-
BaeT crnegyloLwunn BrpbIcK Tonnmea. B 3aBucu-
MOCTU OT KOHCTPYKUMW cOMfa WHXeKTopa,
MOXHO B TEYEHME OOQHOW BCNbILWKN 6e30wmnboy-
HO YBMAETb OKOHYaHWEe OAHOro Nogkura Kanuo-
pPOBOYHOW CMeCH B Kamepe CropaHus 1 Hadano
cnegytowero. Kpome TOro, B CXeMe MMeeTcs
KHOMKa ANns KpaTKOBPEMEHHOro YyBenMyeHus
WHTEHCMBHOCTW BCMbIWKM CTpobockona, 3ako-
pauymBatoLlas pe3ncTop R3, KOTOPbIV B 0OLIYHOM
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PucyHok 2. [pu makmoeol yacmome 650 'y u ycmaHoske Py Ha ypogHe

10% 3aldepxka cocmaersem rnpumepHo 250 MKC, a OnumeribHOCMb
umnynbca npu P2 8 nonoxeHuu 75% npubnudumensHo pasHa 600 MKc.

BepxHsisi nuHus (cuHsisi) omobpaxkaem 3adepxxKy cmpoba, HUXHSS (3ere-
Hasi) — npodormkumernibHoCmb umnyrsca Ha 6ase Qq, a 5-eoribmosas Kpac-

Hasi—maKmoayto yacmomy.
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PucyHok 3. Pesynbmam pezynupoeku 3a0epxKKu nokasaH rpu mou xe ycma-
Ho8Ke OnumeribHOCMU, Kak U Ha PucyHke 2. BepxHsisi TUHUS (CUHSIsI) omo-
bpaxaem 3adepxKy cmpoba, HUXHSIS (3er1eHasi) — npodomKUMEIbHOCMb
umMmnyrbca Ha 6ase Q1, a 5-80511bmMoeas KpacHasi — maKkmosyr 4acmomy.

pexume orpaHnUYMBaET TOK CBETOAMOAA Ha YPOB-
He npubnuamtenbHo B 40 MA. lNpu HaxaTum
kHornku BOJIbLWE BkntovyeHHas no cxeme [Hap-
NIMHITOHa napa TpaHaucTopoB 2N2222 no-
npexxHemy OygeT orpaHuyMBaTb TOK, Tenepb
y>Xe Ha ypoBHe nopsigka 400 MA, ogHako crieay-
eT MMeTb B BMAY, YTO AnutenbHoe npebbiBaHne
CXeMbl B 3TOM peXMMe COKpaLLaeT CPOK CNyXObl
ceeToanodoB. [nsi KOHKPETHOro NpunoXeHns
Bbl AOIMKHbI NO400OpaTh 3HAYEHUS ANEMEHTOB

PapuoJloumaH - despans 2015

C4, Cy, P4, Po. VX pacuer Byaet 3aBuCeTb OT
cemencTBa ucnonbdyemblx norunvecknx VIMC,
HO, KaK NpaBuI10, MOXHO BOCMONb30BaTbLCA op-
MYFOMW:

T=0.7xRxC,
roe

T —BpeMg B cekyHaax,

R —conpoTueneHue,

C —emkocTb.[ 1
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He6onbluou,

NPOCTON UCTOUYHUK
BbIGOKOro Hanpsa>xeHus

Ha ogHon UMGC

Alfredo Saab

,u,nsl CcOo3[aHusa AaTyYNKOB, ANeKTpocTaTh-
YeCKUX NOBYLLEK U OPYrMX NPUMOXEHUI Tpe-
OyloTca perynupyemble BbICOKOBOJbTHbIE
WUCTOYHUKM NUTaHUS C HebonblMM TOKOM
Harpysku. XXenatenbHo, 4Tobbl TakMe UCTOY-
HUKM ObINM NPOCTbIMU, KOMMNAKTHbBIMU U
nmenu manolii Tok nokosi. NpuBeaeHHas Ha
PucyHke 1 cxema kak pa3 v OTBeYaeT 3TUM
TpeboBaHMaM, a TpaHcopMaTopHas U3ons-
LUs NO3BONSET NOMyYaTb HA BbIXOAE MONOXM-
TenbHoe, oTpuuaTenbHoe WUnu nnasakwuee
HanpskeHne. CpaenaTb NnaBaloOLWNUA BbIXOA

EDN

BO3MOXHO Ornarojapsi Hanu4yuioo OoTAenbHOW
HM3KOBOMbLTHON OBOMOTKM OBGpaTHOW CBA3U C
HanpsXXeHneM, NpPonopLMOHanbHbIM BbIXOA-
Homy. Takoe pelueHne No3BONAEeT OTKa3aTbCH
OT BbICOKOMEIOMHbIX PE3NCTOPOB B Aenutene
obpaTHoM cBA3KN, KOoTOopble notpeboBanucb
Obl NpM NPSMOM MOAKIIYEHUN AenuTens K
BbIXOAY BbICOKOr0O HanpsiXeHus. OTOT HU3KO-
BOMbTHbIA AeNUTenb COOEPXUT Pe3ncTopbl C
HamHoro 6onee HU3KNMKU CONPOTUBNEHUAMMU,
KoTopble, K TOMY Xe, pacceumBalT Ccyliec-
TBEHHO MEHbLUYI MOLLHOCTb.

BAV21
0 _T_ O
40 BUTKOB 0.1uF  +
0.26 MM 250B
BAV21 BbICOKOBOJBTHbIN
y BbIXO
TOPOUOANBHBIN CEPOEYHUK (] 40 BM’JKOB 0.1 uF A
3 558 FAIR-RITE 5977000301 0.26 wi 250 B
C T 5 BUTKOB
BAV21
0.4 mm ® ° ’I
Vee 40 BUTKOB 0.1 uF
_T_— SHDN LX 0.26 MM —l— 2508 _
26-23“BF__ MAX1605 O
' o um FB 30B|| 1N4148
GND |x' 0 H
5 BUTKOB 0.1 uF
0.4 Mm }' 250 B
0BO—e o O

365k

5.76M
VWA

PucyHok 1. Vicrionb3ysi cugHan obpamHoU ¢es3u 0m HU3KO80TbMHOU 8mopu4Holt obmom-
KU, 3mom 8bICOKOBObMHbIU UCMOYHUK MUmaxusi ¢ MasibIM MOKOM MOKOSi 2eHepupyem

HanpsikeHue 8 500 B.
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BXOOHOE HAMPAXEHWE (B)

PucyHok 2. 3agucumMocms 8bIX0OOHO20 Harpsixe-
HUSI U 8XOOHO20 MoKa 0m 8X00OH020 HarnpsiKeHUs!

OcHoBow cxembl asnsietca MMIMC MAX1605
komnaHum Maxim, cogepxawiasn Bce Heobxoau-
Moe Ans peanv3auun MMMynbCHOro ctabunmsa-
TOpa: MogynsTop, YCUIUTENb OLUNMOKM U MOLL-
HbI kntod [1]. UMC ynpasnsieT TopongarnbHbIM
TpaHcdopmaTtopom C o0OmoTkon obpaTHON
CBSA3M U HECKOMBbKNUMU BbIXOOHBIMW OOMOTKamu.
Mpwn yka3aHHbIX Ha PucyHke 1 HOMnHanax ane-
MEHTOB CxemMa BblaaeT HanpsbkeHne B 500 B
(PvicyHku 2 1 3). BbixogHOE HanpspkeHne MOXHO
perynuposatb B npeaernax £30%), n3ameHsis CooT-
HOLLEHNe CONpOTMBIEHUI PE3NCTOPOB AenuTe-
na obpaTtHon cBs3n. BbixogHoe HanpsikeHue
MOXHO YBENMYMBaTb UNU YMeHbLUATb C HEKOTO-
pbIM LWarom, Ao6aBnsas unu yaansas BbinpsamuTe-
v nnn BeixogHble 06MoTKK. B cxeme ncnomnb3o-
BaH BbICOKOBOSMbTHbIV Anod obLiero HasHade-
H1s BAV21 ¢ HU3kMM 06paTHbIM TOKOM.

Kak n Bce vmnynbcHble npeobpasoBartenu,
cxema SBNSAETCs MCTOYHUKOM 3reKTPOMarHmT-
HbIX NOMEeX, a NnapasuTHble 3NEeMEHTbl CXeMbl
MOryT cO3[aBaTb OnpederieHHble Npobnemsl.
Cxema TpelbyeT TwarenbHo NpogyMaHHOW KOM-
NMOHOBKM NeYaTHOM NnaTthbl B YacTu pasMeLLeHmns

PapuoJloumaH - despans 2015
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PucyHok 3. 3agucumocms 8bIX0OOHO20 Harpsixe-
HUSI U 8XOOHO20 MoKa 0m moka Hagpy3KU.

3rNeMeHTOB (OUNLTPOB WU pasBA3KW, a TaK xe
obuero akpaHnpoBaHus. [Nynbcaunm BbIXOAHO-
ro BbICOKOIO HanpsKeHNs COCTaBNAT npumep-
HO 1%. CHU3NTb NX yPOBEHb MOXXHO BKITHO4EHU-
em pononHuteneHoro RC wnn LC dunetpa
nocnenoBaTernbHO C BbIXOAOM UCTOYHMKA NUTa-
HUS.

lMpumeyaHue pedakyuu:

1. B cxeme ucrione3o08aH MasioeabapumHabil
gheppumosnbili cepOeyHuk (u = 2000, eabapu-
mbl 12.7 x 7.15 x 4.90 mm) komnaHuu Fair-
Rite, cepuliHbili HOMeEpP KOMOpPOo:20 yKa3aH Ha
cxeme (PucyHok 1).

2. BopuesuHane cmambu He yka3aH muri CHa-
b6epHoz0 duoda (30 B). B kayecmee amozo
arieMeHma MOXHO UCronb308ams 1060l
0uod LLlommku cpedHeli MowHocmu, Harnpu-
mep, VS-10BQ030 komnaruu Vishay.[d1)

Ccbinku

1.“30V Internal Switch LCD Bias Supply,” MAX1605
data sheet, Maxim, October 2003.
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JIuHenHbIN resepartop

NUNoo6pa3HbLIX CUrHANOB
Ha O[AHOM onepaLuoOHHOM ycunutene

EinarAbell

B crame NPOAEMOHCTPUPOBaH MPOCTOWN
cnocob hopMnpoBaHNsSt U3 CTYNEHYATOro BXOA-
HOro curHana nMnoobpasHOro HanpsPKEHUS C
MOYTU NMOCTOSIHHOWM CKOPOCTbI0 HapacTaHus. B
6a30BOM CxemMe WUCMNorb3yeTcsl €AMHCTBEHHbIN
onepauuoHHbIn yeunutens (PucyHok 1). Ecnin
Obl Cxema OCHOBbIBanacb Ha WHTerpatope,
Takux ycunuTenemn, B TMNUYHOM cry4vae, notpe-
6oBanocb 6bl Tpw.

Vin R1 D1

Vout

PucyHok 1. [eHepamop nunoobpa3Ho2o Harpsi-
JKEHUS.

OnepaunoHHbIN YCUNUTENb BKIKOYEH NOBTO-
putenemMm HanpsbkeHusi. [Ba uKcmMpytowmnx
anoga D1 n D2 orpaHn4mBaloT BXOAHOE Hanpsi-
XeHvne [0 YpOBHA 6GOnblIEro unnm MeHbLUEero
BbIXOQHOTO Ha BEMWYUHY, PaBHY MageHWuio
HanpsbkeHnsa Ha ogHom guoge. Korga B pesynb-
TaTe ckadka BXOOHOE HanpshKeHne U3MeHUTCS
Ha BonbT unu 6onee, NnageHWe HanNpsKeHUs Ha
R2 6naropaps anogam Gyget octaBaTbCs npu-
MEPHO MOCTOSIHHbIM M paBHbIM 0.3 B (nockonbKy
BbIXOAHOE HanpshXeHne NoBTOPUT BCE U3MEHE-
HUSA BXOOHOro), obecneymBas NOCTOAHHYH CKO-
pPOCTb HapacTaHusi, 3Ha4EHNE KOTOPOWN MOXHO
OLIEHUTb CIeAYOLLNM BblpaXKEHNEM:

0.3B

———— Blc.
R2-C1
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BbixogHOe HanpsikeHue OTCyTCTBYeET, noka
BXOAHOe HanpshkeHne meHblle 0.3 B, a 3aTem
Ha4yMHaEeT pacTu CO CKOPOCTbHO, onpeaensemMon
noctosiHHon Bpemenun (R1+R2)-C1, n gocturaet
KOHYEHOro 3HayeHusl, paBHOrMO BXOAHOMY
HanpskeHuto V)y. YTobbl cxema pabotana nyu-

e, conpoTuBneHne pesuctopa R2 pomkHo
ObITb 6onbLue conpoTuenennsa R1, xxenaTtensHo,
Kak MMHMMYM, Ha NopsiAoK. Hanny4wne pesynb-
TaTbl MOXXHO NOMYYNUTb OT 3TOM MPOCTON CXEMbI
npy AOCTaTOYHO BONbLUNX CTYNEHbKAax BXO4HO-
ro HanpshkeHus, roe 6onbLIoe BPEMS YCTAHOB-
NeHns He UMeeT 0coboro 3Ha4YeHus.

B cxemy Ha PucyHke 2 nob6aBneH JononHu-
TenbHbIA YCUNUTENb, NO3BOSISIOLLMIA 3anycKkaTb
reHepartop curHanamu pasmaxom B HECKOSbKO
MWINUBOSLT.

Vout

PucyHok 2. YcosepuieHcmeogaHHbIl eeHepa-
mop nu1006pa3HO20 HarnpPsXKEHUS.

U1 ycunueaeT pasHoCTb MeXay HanpsiKeHus-
MW Ha Bxode M BbIxode, NO3BOMSS OMOOHOMY
dhmkcaTopy paboTaTtb 40 TEX NOP, NOKa BbIXOAHOE
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HanpspkeHe He CTaHEeT MOYTU paBHbIM BXOAHO-
My. HanpsikeHne Ha Bbixoge byaer nosenaTbCs
nocrne Toro, Kak BXOQHOE HanpsXeHne JOCTUrHET
BENMUYMHbI NPSIMOro HaNpsXeHus avoaa, AeneH-
HOro Ha koathdmuMeHT yeunenuna U1, paBHbIn

R3
1+ —.
R4

Ecnn ycuneHnve cpgenaTb CrnvwwKoMm 6orb-
UMM, CXEMA CTaHeT HeycTonumBon. CobCcTBEH-

PapuoJloumaH - despans 2015

Hasi CKOpOCTb HapacTaHua ycunutena U1 gon-
XHa BbITb, MO KparHEN Mepe, Ha NopAaoK (Yem
fonblue, TeM NnyyLle) Bbile CKOPOCTM HapacTa-
HUSA BbIXOQHOIoO HanpsbkeHus. Ons nogaepxa-
Hus D1 n D2 B OTKPLITOM COCTOSIHUM YCUNUTESHO
U1 TpebyeTca OOMOMHUTENbHBIA 3anac, 4To
00bIYHO 0O3Ha4YaeT HeobXO4MMOCTb TaKoro orpa-
HWYEeHUs JAuanasoHa W3MEHEeHUst BXOOHOro
HanpsKeHusi, YToObl 40 MUHUMAILHOMO N Mak-
CMMarnbHOro 3Ha4YeHW BbIXOQHOTO HanpshXXeHus
U1 octasarnocs 6ornee ogHoro sonsta. @1
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lloBbilwaroWwmi
npeobpa3oBarenb

OTPULATEJIbHOI0 HanpaAXeHus

B NOJIOXXUTEJIbHOE

Mike Wonag, Intersil

npeqnonox(MM, YyTO ANS NUTaHUS CXeMbl
TpebyeTcs NONOXUTENbHOE HaMnpsbKeHue, HO B
BalLUEM PACMNOPSKEHUN €CTb TOSNbKO MCTOYHMK
oTpuuaTtenbHoro HanpsbkeHusi. lonyuntb B
3TOM CIlyyae MONOXUTENbHOE HanpshkeHne n3
OoTpuMUaTenbHOro Npy AocTaToyHo Bbicokom KI1/
MOXXHO C MOMOLLbIO CTaHOAPTHOM MUKPOCXEMBbI
nosbiwatoLlero npeobpasosarens (PucyHok 1).
HanpsikeHune Ha Bbixoe NoBblLlatoLLEero npeob-
pasoBaTens OOMKHO ObiTb Bbllle BXOAHOMO
HanpskeHus. MOCKOmNbKy BbIXOOAHOE Hanpsike-
Hue (B Hawewm npumepe 5 B) Gonblie ypoBHS
«3eMnny OTpULATENbHOrO BXOAHOMO Hanpsike-
HWS, 3TO MNpPaBUIO 34ecb He HapywaeTcsa. B

PGND LX |10

SGND

VDD El—

EDN

cxeme Ha PucyHke 1 mcnonb3oBaH cTaHgap-
THbIN noBblWakwwWmMn npeobpasoBaTtenb
EL7515. 3emnaHon BbIBOO MUKPOCXEMbI COeaN-
HEH C OTpULAaTENbHOW BXOAHOW LUMHOW. Taknum
0bpasoM, «3eMnsa» CTAaHOBUTCA «IMIHOCOM» BXOA-
HOro UcToYHMKa. BeixogHoe HanpskeHne Vour

paBHO:
R2

37.5 kOm
Vour =—Vig —2=-1.33B- 2> "~= =
ouT T PR R, 10 kOMm

-5B.

rae Veg — HanpsikeHne Ha BblBoAe 8 MUKpoCXxe-
Mbl.

D,

EL7515
RT FB

EN SS

7]
[5]e eofs}—o

PucyHok 1. [pu ucnonb3o08aHuU 8bigo0a 3eMru 8 kayecmee 8xo0a ompuuamernbHo20 HarpskeHUs, rnoebl-
warowuli npeobpasosamesib Moxem 3¢hghekmueHO cmabunu3uposame MOMOXUMEbHOE B8bIXOOHOe

Haripsi>keHue.
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PucyHok 2. HecrmaburbHOocmb 8bIX00H020 Harpsi-
JKeHUs1 He ripesbiwiaem +40 mB 8o ecem duarnasoHe
ompuyameribHbIX 8XOOHbIX HAaNMPsKeHUU.

PNP TtpaHauctopel Q1 and Q2 o6pasytot
TPaHCMATOP YPOBHS, MNPUBOAAWMIA MacLuTab
BbIXOQHOrO HanpsbkeHnss 5 B (oTHOCUMTENbHO
3emnu) K Tpebyemomy HanpsikeHuto Bxopa
obpaTtHon cBaA3n FB (oTHocuTenbHO oTpuua-
TENbHOW WWHbI). OTa Napa TPaH3NCTOPOB TaKKe
KomneHcmpyeT adhpekTbl, CBA3AHHLIE C BIUSHU-
eM TemnepaTypbl M NageHNEM HAaNPSHKEHUS.

[nsa onTumanbHoW ctabunmsaumm BbIXogHO-
ro HanpskeHns Toku TpaHaucTopos Q1 1 Q2 npu
HOMMWHAaNbHOM BXOLHOM HarpsiKeHUU OOSTKHbI
OblTb paBHbl. OUEHNTb KA4eCTBO peErynmpoBa-
HWs no3BondaeT PucyHok 2. MakcumarneHasi pas-
HOCTb MeXAy BbIXOAHbIM U BXOAHbLIM Hanpsike-
HMEM He [OMmKHa npeBblWwaTb NPOBGUBHOIO
HanpsKeHUst CTOK-UCTOK BHyTpeHHero MOIT
TpaH3MCTOpa MUKPOCXEMbI, KOTOpOe Ans
EL7515 coctaBnseTt 18 B. 3To 3Ha4mT, YTO BXOA-
HOe HanpsiKeHMe He JOIMKHO ObITh Hke —12 B.
3anac B 1 B komneHcupyeT nageHne Hanpsxe-
HWsa Ha gnoge D1 v nynbcaumm Hanps>KeHust Ha
ctoke mowHoro MOIT TpaHaucTtopa. 3aBucu-
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PucyHok 3. Bo ecem Quana3oHe moKog Haz2py3Ku
8bIXOOHOE HarpsKeHUe U3MEHSIemcs MeHee Yyem
Ha 14 mB.

MOCTb BbIXOOQHOIO HaMNps>KeHUs OT TOKa Harpys-
Kn npegctasneHa Ha PucyHke 3. Makcumanb-
HbI BbIXOOHOM TOK 3aBUCUT OT COOTHOLLEHUS
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PucyHok 4. K[ cxemb! ripu cpedHem 8b1X0OHOM
moke (200 MA) docmueaem 81%.

BXOOHOMO U BbIXOOHOMO HaMpsiKeHU 1 oT ycTa-
HOBIEHHOro B nNpeobpasoBartene nopora orpa-
HudeHns Toka. Kak BugHo u3 PucyHka 4, KIMg
cxeMbl npu BbiIxogHoM Toke 200 MA npeBbilLaeT

80%. 1
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0KO Apxus ABTO GPS/GSM

Cnewnanu3nMpoBaHHblil BUAEOPErncTpaTop ANnA aBTOTPaHCMOPTa
HaJeXHO CXOXPAHAET 1 BOCNPONU3BOAMT BUAEO- 1 ayANONHPOPMALIMIO,
MapLLpYT ABUXeHs, BbIMONHAET OXPaHHble GYHKLMN

BO BpeMA CTOAHKN 1 nepeaaeT uipopmauuto no GSM

TaKXe B Npogaxe Mogenn

OKO Apxus ABTO n OKO Apxus ABTO GPS

Y SERIAL
OKO M06a"" 3G AU1 AU2 RS232 jout2 1IN2 _ U
’ =g
BY€OPErICTPATOP C BO3MOXHOCTbIO i

nepefiaun Buaeo no 6ecnpoBoAHbIM ceTaM 3G e ¥ .
TaKXe B NpoJake MojeNin o
0KO Mobaiin 1 0KO Mobaitn Il - nepeaaua Buaeo no GSM

BUAEOPETMCTPATOPBI CEPUU “OKO APXUB”

nocTrpoeHne I'IpOCTOI7I, HaJIe>KHOI1, aBTOHOMHOI CUCTEMbI BUIEOHAONIOAEHNA NA YACTHOTO U KOMMepyecKoro CeKkTopos

OKO Apxus 4NET OKO ApxuB 4NET LE OKO Apxus LITE CF

nogknioyenue no LAN/internet noakntouenune no LAN/internet 3anucb Ha kapty Compact Flash
CMEHHDbII XeCTKUI ANCK BCTPOEHHDIN EeCTKIil ANCK

MPOOECCNOHANIbHbIE UHCTPYMEHTDI 14 BUAEOHABIOAEHUA

) ”ne““Ma”

MockBa, 3eneHorpap, npoe3n 4922, nom 4, crpoeHue 1
D Ten: +7 (495) 988 48 58

http://www.decima.ru
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NuHamnyeckasn
NEeKTPOHHAA Harpy3kKa

ang uccneaosaHusa

nepexoHbIX PeX1MMoB
NCTOYHUKOB NUTAHUS

Mike Rose

MCI‘IOJ‘Ib3OBaHMG OMMCaHHOM B 3TOW CTaTbe
ObICTPOW AUHAMNYECKOWN Harpy3Kkun Ansi aHanumaa
nepexoaHbIX XapakTePUCTUK UCTOYHMKOB NuTa-
HUS NO3BOSISIET BbISABUTb MHOXECTBO KpUTUYeC-
KN BaXHbIX paboumx napameTpoB. XapakTep
OTKIMOHEHUSA HanpsXXeHus B pesynerate Obic-
TPOro cKadka ToKa Harpy3km Hanpsamyo CBsi3aH C
3anacom no ¢ase netnu obpatHou cBaA3n [2].
Kpome Toro, Ans UCTOMHUKOB NUTaHWS, yoaneH-
HbIX OT TOYKM MOAKMIOYEHUS HarpysKku, Ucnblta-
HUA B MNepexodHbIX pexumax MOoryT nomMoub
onpeaennTb 3Ha4YeHUs1 AKBUBAIIEHTHOW nocrie-
[oBaTeNbHON MHAYKTUBHOCTW, LUYHTUPYIOLLEN
€MKOCTM N 3KBUBANEHTHOro NnocregoBaTerbHo-
ro conpoTuBrieHNd. XoTsa ¢ba3oBbIN 3anac KoM-
MEpYECKMX UCTOYHMKOB MUTaHUS OBbIYHO KOH-
TpOnMpyeTcs W3roToBUTENEM, MNOLKMAOYEHME
yOaneHHbIX OaTyMKoB MOXET HapywuTb CTa-
OUNBbHOCTb NCTOYHUKA. NHOYKTUBHOCTb MEXCO-
€OVHEHUN N eMKOCTb Harpyskm BHOCAT OOMNOS-
HUTENbHLIN (©a30BbIN CABUI B Lienb obpaTHON
CBSA3U perynatopa, yxyalas ero yctondnsocTb.
PesyneraThl 3TOr0 — HA3KOYaCTOTHbIE CUHYCOU-
JanbHble KonebaHusi, HanoXeHHble Ha BbIXOa-
HOE HanpsXXeHne perynsaropa — HaBepHsika npu-
Xoamnocbk HabnwgaTb MHOTUM UHXEHEPaM.

[MpoBepka MepexogHbIX XapakTEPUCTUK Ha
cobpaHHOM cucTemMe MO3BONSET ObLICTPO OLe-
HUTb ee AMHAMMUYECKYID YCTONYMBOCTb M TOY-
HOCTb (PucyHok 1). Y 60nblUIMHCTBA NPOMBbILLI-
TNEHHbIX ANHAMNYECKNX SNEKTPOHHbIX Harpy3oK
CKOpPOCTM HapacTaHua TOoKa A0BOSIbHO Marbl,
YTO OrpaHNYNBaET BO3MOXHOCTM TECTMPOBAHNSA
ObICTPOAENCTBYOLNX NETENb PEerynMpoBaHus,

PapuoJloumaH - despans 2015

EDN

KoTopble nocrie 60MbLIOro ckayka Toka 4acTo
MOTyT BO3BpaLLaTbCA B YCTOMYMBOE COCTOSIHUE
yxe yepes 50 mkc, unu gaxe 6bictpee. [Ons
BONbLUMHCTBA MOLLHBIX CUCTEM NUTAHNA TPeby-
€TCS CKOpOCTb HapacTtaHusi Toka 10 A/MKc unm
BbiLLE.

Ha PucyHke 2 nsobpaxeHa agantMmpoBaHHas
cxema u3 [1] ¢ HECKOMbKMMU CYLLLECTBEHHbLIMM
ycoBepLUeHCTBOBaHNAMN. MakcumarbHbIN ypo-
BeHb MoLHOCTU BbIn yBenudeH o 150 BT, a
cxemMa OnNTUMM3MpoBaHa MNOA KOHKPETHbI
Habop BbIXOOHbIX HaMpPsSKEHUN cTabunusarto-
poe 3.3 B, 5 B 1 12 B. Obpasytowue Harpysky
pesnctopbl R1-R3 KoMMyTMpyloTCSa  KIOYOM
HWXHero nneda Ha ofgHoM N-KaHanbHOM

3.3Vout

lout
(10A/div)

W

I

PucyHok 1. Xapakmep omkriuka mecmupyemozo
KoMmMepyeckoz20 50-eammH0o20 UCMOYHUKa numa-
Husi no3gornisiem npubuXeHHO ornpedenums
3anac no ¢pase [2], nonocy nporyckaHus uenu
obpamHou ces3u U moYHoCMb cmabusiu3ayuu.
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MOSFET. Bapbupys MOLLHOCTb U KONMYECTBO
3TUX PE3UCTOPOB, MOXHO YBEMNUYUTbL YNCITIO BO3-
MO>HbIX KOMBMHaLWI Harpy3ox.

OcHoOBOM cxeMbl sBNgeTca Apansep
MOSFET U1 ¢ tpurrepom LWmntTta Ha BXxoge,
ynpaensowmin TpaHanctopom Q2, 1 BMecTe C
anemeHtamn Q2, R8, R9 n C3 obpasyowmi
aBTokonebaTeneHbIN reHepaTop. pu ykasaH-
HbIX Ha CXeMe HOMWHarax KOMNOHEHTOB KO3(-
dULMEHT 3anonHeHns cocTaBnaeT MPUMEpPHO
5%, a gnutenbHocTb umkna (TCYC) — 20 mc.
CpaBHUTENBHO HU3KNIN KO3 PULNMEHT 3anorHe-
HUSA ynpowaeTr 3afadvy oxnaxgeHusi YCTpo-
ncrea.

R6 1 R7 B koMOMHaLWM ¢ BXOOHOW EMKOCTbIO
MOSFET HesaBucMmo 3agatoT napameTpbl
dpOoHTOB MMMynbca. [1ns nokasaHHbIX Ha CXeme
HOMWHaNoOB Pe3NCTOPOB BpeMeHa HapacTaHus
(TRISE) n cnapga (TFALL) paBHbl npnbnusu-
TenbHo 1 MKc. [Npun Takor CKOPOCTU HapacTaHUs
nukoBbI Tok 3aTBopa MOSFET paBeH npumep-
HO +110/—~75 MA, 4TO CYyLWECTBEHHO MEHbLUE
MakCMMarbHO LOMYCTUMOIO BbIXOAHOIO TOKa
U1, orpaHudeHHoro 3HadeHuem 1.4 A. Ecnu
BO3HUKHET HEOOXOAUMOCTb B AOMOSTHUTENBHOM
CrraXxmBaHUM PPOHTOB UMMYIbCa, MOXHO BKI1t0-
4nTb KoHAeHcaTop C2. MNpun BpemeHn HapacTa-
Hus/cnaga 1 MKC M OTHOCUTENbHO GOMnbLUMX

HaxaTb pns
3anycka

Mosbiwatowmit npeo6pasosatens 3.3 B wim 5 B B 12 B

J; R7 150 BAS40-04
c2

+12 B
R8
56k
C3 R9 2.8k
Teve ~ 20 mc
VWA “e
TON ~ 1 mc 3
1| Q2
BSS138
2
A+12 B

D3
[ IN+ D>
MBRM120 _|C6 R1p
4.7yF
10k g7

0.1pF

v Trise ~ Tran ~ 1 mke L=
DNP
v
P4
L1 4.2pH D2
1 2 N
) T
MBRM1
R10 c8
VIN S 84.5k _{Z7PF
FB

1
3
SHDN# vss |2
R11
LT1935E85# _*_:37 10k

PucyHOK 2. Cxema mecmepa nepexode/xpe»(umoe UCMOYHUKOS8 rumakHus.
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COMPOTUBNEHNAX PE3UCTOPOB B 3aTBope
MOSFET pe3oHaHCHble ABNEHNs Npy KOMMYyTa-
LM 3aTBOpa OyoyT HecyLwecTBeHHbIMU. R4 n C1
NO3BOMST YMEHbLUNTbL PE30HaHCHbIE BbIBPOCHI
Ha INWHUK, BO3HMKAOLLME MNPU  BbIKIHOYEHUN
MOSFET. BbiGop BenuuMHbl COMPOTUBMEHUSA
R4 3aBuCUT OT MHAYKTMBHOCTU FIMHUM N BXOA-
HOM emMKocTU. [Ona OonbLUMHCTBA TUMUYHBLIX
YCIOBUWI NOAKMOYEHUS BNOSTHE 3WEKTUBHBLIM
okasarnocb 3HaveHue 0.5 Owm.

OpHon n3 Havbornee ygobHbIX 0cobeHHOC-
Ten npeanaraemoro BapuaHTa Tectepa saBnseT-
Cs ABYXNPOBOAHOE MOAKMYEeHne K uccrenye-
MOMY YCTPOMNCTBY. [INs TECTUPOBAHNSA CUCTEM C

HanpsbkeHnamun nutaHna 3.3 B n 5 B B cxemy
nobasneH nosblwawowmun npeobpasoBaTens
HanpsbkeHna 12 B, nuTarowmn 3aTBop U Apaun-
Bep MOSFET. Hukaknx gpyrmx BHELHUX MOA4-
KITHOYEHUIA UMM UCTOYHUKOB MUTaHUS He Tpeby-
eTcs. Bbixog nosbiwatoLlero npeobpasoBaTtens
MOXeT oTaaBaTb TOK nopsagka 350 MA npu
HanpsbkeHnn 3.3 B. Takoro Toka MoxeT ObITb
HeJOoCTaToO4HO ANSA 3apsga eMKOCTUM 3aTBopa
HekoTopbix MOSFET. lMpu paboTte ¢ BXxogHbIM
HanpsbkeHnem 12 B nobiwatoLwwmin npeobpaso-
BaTenb crneayeT BbIKMOYNTb, 3aMEHUB KOHAEH-
catop C7 pesnctopom 0 Om. Ha L1 n D2 6yget
nagaTb HEKOTOpoe HanpshkeHwe, HO Ha npa-

TP1
J1
IN+ 02
P2
R1 R2 R3 03 @—‘;‘—*1 lyne
0.5 0.5 0.5 16 B
2 |
R4
IRFP4004 0.5
-
3
p
RS
0.001
12 B/350 wmA
+12 B
A R13
VAVAVA ' ) TP5
4.7
__Cg tLClO MopkniovyeHune
o BeHTUNATOpPA
22uF 2204F P
\Y4
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BUIMbHYIO paboTy cxembl 3TO He nosnusieT. D3
3almuiaeT uenu nosbiwatoLlero npeobpasosa-
Tens oT NepenositocoBKN nuTaHus. (MmenTte B
BMAY, YTO NapasuTHbIN Anod TpaHsuctopa Q1
npu nNepenonocoBKe OTKPOETCH, YyBeNuunBas
MOLLHOCTb, paccenBaemyto MOSFET).

Bcsa cxema, Bknoyasa TennooTsod U Hebonb-
Lwon 12-BONbTOBbLIN BEHTUNATOP, NErko ymella-
eTCa Ha OBYXCTOPOHHEW nevatHou nnarte pas-
Mepom 75 x 125 mm. PaboTtaTb C yCTpONCTBOM,
ANA NOAKMYEHNsT KOToporo TpebytoTca nuLlb
ABa nposoja, o4eHb yaobHo. BeiBoabl TecTepa
OOMKHbI ObITb KOPOTKMMU Y UMETb MUHUMAarb-
HYI0 MHOYKTUBHOCTb, YTOObI MCKNIOYNTL BO3HUK-
HOBeHune 3BOHa. llogkroveHne nccrnegyemoro
YCTPOWCTBaA AOSMKHO NPOU3BOANTBLCS Hemnocpe-
OCTBEHHO BOnM3m Harpysku unu Bosne yaaneH-
Horo aartymka. O6paTtHble NpoBoAa LLyNoB Tec-
Tepa OOMKHbl OblTb NpUcoeanHeHbl K O4HON
Touke. ATy TOUKy crnedyeT BblbnpaTth Tak, 4Tobbl
UMNeaaHc ee NyTU K UCTOYHMKY NUTaHus Obin
Kak MOXXHO 6onee HU3KUM.

HaxxaTne Ha KHOMOYHbIN BbiKMtovaTens PB1
3anyckaeTt aBTokorebaTernbHyo cxemy, U AuHa-
MUYecKas Harpyska HauMHaeT KOMMYTUPOBaTb-
cs. IMpu xenaHmm MOXHO MCMoMb30BaTb BHELL-
HWU NCTOYHMK NuTaHus. R5 n J2 obpasytoT wnpo-
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KOMOSOCHBIN BbIXOA A8 U3MEePEHUI NMynbcaLmmn
Toka. [ins HabntogeHnsa opMbl TOKa B MacluTa-
6e 1 MB/A oTpesok 50-OMHOro KoakcmanbHOro
Kabenst MOXXHO MOAKITHOYNTL HEMOCPEACTBEHHO K
Bxo4y ocuunnorpaga. OgHoBpeMeHHO crneayeT
N3MepATb HanpsikeHne BOMNM3n TOYKN NOAKITHoYe-
HUS Harpyskn WM yaaneHHoro pgartdmka c
NOMOLLbIO OTKPLITOrO BXOA4a BTOPOro KaHana
ocumnnorpada. Marotaenmeath Lynbl HAago C
GOonbLUOM akKypaTHOCTbI. OdEKTbI, NOPOX-
OEHHble MHOYKTUBHOCTb NPOBOAOB, OyoyT BBO-
OnTb Bac B 3abnyxgeHve. [Ons nogaeneHus
BbICOKOYACTOTHOMO 3BOHA OT 3KBMBANEHTHOM
nocrniegoBaTenbHON MHOYKTUBHOCTU  LLYNOB
nocriefoBaTenbHO C KOHTaKTOM LUyna nonesHo
BKITHOUNTb HEOOMbLLON PE3NCTOP CONPOTUBIIEHN-
€M B HEeCKOrbkO oM. Kpome Toro, He nblTantecb
NoAKMYaTh LWynbl APSIMO K KOHTaKTHbIM Mr10-
Laakam pasBsa3blBaloLLMX KOHOEHCATOPOB, KOTO-
pble MOryT UCKa3uUTb pearibHy KapTUHY M3Me-
HEeHWI HanNpPsXKeHWI, nponcxoasaLumx B cxeme. [Z1)

Ccbinku

1. Application note 1716.0, Intersil, Paul Traynham
and Dan Swank, January 26, 2012

2. Application note AN1733, Texas Instruments,
SNOA507, November 2007
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lIipocTas cumucTopHan

CXeMa BbliKNK4YaTteng
C KOHTPONEM Nepece4yeHns Hyns

Dan Meeks

B cratbe onucuisaetcs cxema TBEpPAO-
TENbHOr0 CUMUCTOPHOIO pene Ans KoMMmyTa-
UMM CUMbHOTOYHBIX Harpy3ok B Liensx nepe-
MeHHoro Toka. Cpeay orpoMHOro KonuyecTtea
N3BECTHbIX CXEM TBEPAOTENbHbLIX pene, BKIio-

EDN

YalLUX M BbIKNIOYAKLWNX Harpy3Ky TOMbKO B
MOMEHTbI NPUBNMXEHNA CETEeBOro Hamnpsxe-
HUA K Hynoo, npegnaraeMoe pelleHue, BO3-
MOXHO, SIBNAeTCsH camblM npocTbiM (Pucy-
HOK 1).

CETb
To b1 Qsofr,lwsnp
100k sc1
1% S6S2RP DIFAOGS 600 B/15 A
U1 250 mBT 600 B k3
YMP+ 1%{"( PC357 R3 0.8A R2
. . L g%y‘ b 100
M % 1l
1% 250 mBT T A_ g(l)‘yi .
0.1Br - Q2 600 B -
BCX817-25 s
A 45 B
500 MA R1
2 2.00k c1
1% ——0.1uF
ynP-- 0.1Bt 500 B
R4 R6
43.2k M
1% 1%
0.1Bt 250 mBT
6 6o >
K HAIPY3KE
PucyHok 1. Cxema mupucmopHO20 8bIK/IH0Hamesisi C KOHMpOosieM rnepeceqyeHus Hyrisl.
Tek Run: 2.50kS/s Hi Res [11797]
L I
TpaHsuctop Q2 BbINOMHAET PyHKUMIO orpa- L. L % UL T N
HUYUTENs, NPEenATCTBYIOLWEro OTKPbIBAHUIO BRLSLIN OO SURR SN SRRSO SO I
Tnpuctopa SC1, ecnu HanpsbkeHue ceTu npe- SRR IR
BbILLAET ypoBeHb nopsiaka 15 B. Korga BxogHoe . ;\1 fpmedicns
CETEeBOE HanpsiKeHNe OMyCcKaeTCa HWUXe 3TOro L]
nopora, ontomsonstop U1 HaunHaeT ynpaeBnsTb
3aTBOPOM TupucTopa. [MONoXUTENBHBLIN TOK, : ]
[Ch 2 LI PR T 23Jan 2015

TEKYLUMA B CBETOAMOL ONTPOHA, OTKPbIBAET
NyTb BbINPSMIIEHHOMY MNEPEMEHHOMY TOKYy B
3aTBOp TUpUCTOpa, W BKMoyaeT ero. lNMocne
BKITIOYEHUS] TUPUCTOpPa Yepes BbINPSMUTENb-

17:56:03

PucyHok 2. [lepemeHHOe HarnpsiKeHue BKJlrYa-
emcsi U 8bIKoYaemcsi mosbko 8bnu3u moyku
repeceyeHusi C Hyrem.
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Hbln MocT D1 noTeyeTr TOK, OTKpbIBAKOLLMI
cummcTop Q1.

Mpy BbIKAOYEHUN ONTOM3ONATOPA CXema
Beaet cebst aHanorn4HbiM obpasom. Cummnctop
OCTaeTCs OTKPbITbIM Ha MPOTSKEHUM MOSYLINK-
na, HO ONTPOH NPY 3TOM BbIKIOYEH, U TUPUCTOP,
COOTBETCTBEHHO, TAKXKE OCTAETCH 3aKpbITbIM 0

PapuoJloumaH - despans 2015

Havyana cnegyowen MonyBoSiHbl CETEBOro
HanpsXXeHns.

Ha PucyHke 2 nokasaHbl ocumnnorpammbl
yNpaBnsdoLWero HanpsXeHns Ha CcBeToAauoae
OnTON30NATOPA (BEPXHAS NINHUSA) U KOMMYTUPY-
€MOro MepemMeHHOro HarpsKeHWs Ha BbixoAe
cxembl (HWKHSA nuHus ). 1
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JIO{MAH

YKypHan s Tex, KTo UHTEpeCYeTcs aNeKTPOHIKOIA

‘ Ecnn Bam
/ Hebe3pa3snnyHbl TeMbI:

nnm Bbl aBnsieTecb HOCUTENEM
nepenoBbIX 3HAHUIN B Opyrmx
obnacTax aneKkTPOHUKM N TOTOBbI UX
nonynsipn3npoBaThb -
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