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HoBocTtu

BbICOKOTO4HbIE M3MEPEHNS CTAHOBATCA 60M1ee JOCTYMHbIMU C HOBLIM TOKOU3MEPUTENb-
HbIM ycunutesiem komnasum Tl

Diodes npeacrtasuna agantuBHble CUHXPOHHbIE NOHWKatoLe DC/DC npeobpasosaten
¢ (pVKCMPOBaHHbIM BpeMeHeM NpsiMoro xoaa

Atmel npuctynaet K MaccoBOMYy NPON3BOACTBY CaMbIX BbICOKOMPON3BOAUTESbHbIX
MUKPOKOHTpONepoB ¢ aapom ARM Cortex-M7 ans npoMbILLEHHbIX NPUNOXKEHUI 1
/IHTepHeTa Belen

PagnovactoTHbin MOMC kommyTatop komnanuu DelfMEMS Bbigepan oanH munnuapg
nepeknoYeHunit

HOBbI Lu3aneKTpuyecknin matepman komnaxun Litecool kapAnMHanbHO M3MEHUT Xapak-
TEPUCTUKN MOLLHBIX CBETOAUOA0B

Socionext ¢ napTHepamu NPonU3BeNna nepeaady faHHbIX Ha PACCTOSHME CBbille 762 KM C
peKopaHol Ans C-auanasoHa CKopoCThbio

Torex paspa6oTana camble MUHUATIOPHbIE B MUPE MOLYU NOHMKAOLLMX Npeobpa3oBa-
TeNen C MHTErpUPOBAHHOM KaTyLUKON UHAYKTUBHOCTU

natdopma maketuposanus MicroZed o6beauHsercs ¢ Arduino
Crystek Ha4ana npon3BoACcTBO HOBbIX ['YH € yNbTPAHU3KMM YPOBHEM (Pa30BbIX LLIYMOB
ViccnepmoBarenu pa3paboTany TEXHONOTMIO NMeYaT KPEMHUEBLIX CTPYKTYP Ha 6ymare

Analog Devices BbiNycKaeT yCUNUTENI MOLLHOCTY C pacnpeeneHHbIM YCUNeHneM ans
nonockl YactoT oT 2 oo 50 My,

C&K Components paspaboTtana ynbTpaHU3KoNpoubHble KHONKK Ans MOBEPXHOCTHO-
ro MOHTaXa

Silego pacwmpseT ceMencTBO ABYXKaHANbHbIX MHTErpanbHbIX KOMMYTaTOPOB NUTaHMS

Toshiba paspa6otana nepsyto B Mupe 48-CnoiHy0 MUKPOCXeMy (PN3LL-NamMATL
eMKOCTbI0 256 [out

Dialog Semiconductor gocTuraet BbICOYalLLIMX 3Ha4eHNiA yaensHoi mowwHocT u KM
QNS MUTAHNUS KOMNbOTEPOB ByayLLEro

BcokoyactotHbie LDMOS yeunutenu mowHocTyn Freescale paclumpsitoT paguyc
JENCTBNA U YIyHLLAKT 9KOHOMUYHOCTb YCTPONCTB NPON3BOLCTBEHHOI PAAMOCBA3L

Allegro BbINYCTMNA HOBbIA CUMLHOTOYHbI CUHXPOHHbIN MOHIKAIOLLMIA NPeo6pa3oBa-
TeNb ¢ 60MbLUUM AManasoHOM BXOAHbIX HAMPSKeHWiA

HoBas TexHonorus komnaxuu Litecool no3sonseT BTPOe CHU3NUTL TeMn0Boe CONPOTMB-
NeHne CBETOANOHbIX CO0POK

Fujifilm n Imec npoaeMOHCTPUPOBANK NOMHOLBETHbLIE OPraHNYecKne CBETOANObI,
BbINOJSTHEHHbIE N0 POTOPE3UCTUBHON TEXHONOMNN

Linear Technology aHOHCUPYET LUMPOKOMOOCHBIN BbICOKONUHEHbIA ABOMHOI 6anaH-
CHbIN CMecuTeNb AN ananas3ona 2 ... 14 Ty

Ctatbu

CmepTb 3aKkoHa Mypa facT TONYOK MHHOBALNSIM
OTKPBITBIA NCXOAHBIA KO MOXET GbITb HE TOMbKO MOME3HbIM, HO 11 OMACHbIM

Jsontouns npeobpasosatenei AaHHbIX komnaHum Analog Devices n 3BykoBble LIA.
Yactb 2

HekoTopble NPaKTU4EeCKIe BOMPOCHI MPOEKTMPOBAHNS HU3KOYACTOTHbIX (OUNBTPOB.
YacTb 2

BBC npenctasuna BBC micro:bit
Co3pnaBaiite COBCTBEHHbIE MPOEKTbI HA MMOKNX niaTax
Ksagpokontep Crazyflie Nano Quadcopter

ICTOPWNA SNEKTPOHWKIA. )Kn3Hb 1 paboTa nuoHepa CBETOAMOAHBIX TEXHOMNOTUIA.
Mamsat Ponanpa Xanua

Cxembl

CpasHeHune mukpocxem NE555 n LIM386 npu ncnonb3oBaHun B 6e3bIHAYKTUBHbIX
DC/DC npeo6pa3oBatensx

[Mpeun3noHHbIn gpaisep 8-kaHanbHoro 18-6utHoro ALIM Ha ocHOBE MUKPOMOLLHBIX QY
BbICOKONMHENHbIA CMecUTeNb A5 HafexHbIX YKB npuemHukos
YCOBEPLUEHCTBOBAHNE CXEMbI HBEPTUPYIOLLErO 3apAAHOIo Hacoca

CABOEHHbIA 9-amnepHbIii MUKPOMOAYb Npeobpa3oBaTens ¢ LundpoBoil CUCTEMON
yNpaBneHus NUTaHnem
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BbICOKOTOUYHbIE U3MEPEHUA CTaHOBATCA 6onee AOCTYNMHbLIMMU C
HOBbIM TOKOU3MepUTE/IbHbIM Yycuautenem Komnauuu Tl

Yempoticmeo ynpolwaem kanubposky, a makxe CHUXaem cmoumMocms U 2abapumbsl KOHMPO!lb-
HO-U3MepumersbHbIX ycmpoticme, cucmem MOHUMOPUHa2a Ha2py3KU U UCMOYHUKOE NUmaHusi

KomnaHus Texas Instruments (Tl) npeacta-
BUIa NepsbIN B OTpacnn TOKOU3MepUTENbHbIN
ycunuTerne, B OAHOM KOpryce C KOTOPbIM yCTa-
HOBMEH NPeLM3MOHHbIN LLYHTOBOW pe3nucTop C
HU3KUM OperndoM COMpoTMBIEHUs, obecneymn-
BalOLL M BbICOKY TOYHOCTb U3MEPEHUI B LUNPO-
KOM AnanasoHe TemnepaTtyp. B mukpocxeme
INA250 o6beanHeHbl TOKOM3MepPUTENbHbIN
pes3ncTop 1 ABYHanpaBreHHbIN YCUUTErb CUr-
HanoB [JaTyuka Toka C HyrneBbIM Apendom,
NO3BONSAOLWMIA N3MEPATb TOK Kak B MOSOXMW-
TENMbHOM, Tak W B OTpuUaTeNibHOM Monkce
Harpysku. Beicokasi TO4HOCTb U Manbli gpendd
YCTPOMCTBA MOTYT CHU3UTb TPYOOEMKOCTb
KanmbpoBKM MHOTUX CUCTEM, WS, BO3MOXHO, U
BOBCE cernaTb ee HeHyXXHOW. 1o cpaBHEHUIO C
KOHKYPUPYIOLLMMU peLLeHNaMU Takas NHTerpa-
uMa gatdmka n ycunuTterns nos3BonseT CHU3UTb
CTOMMOCTb CUCTEMbI M COKPATUTb 3aHNMAEMYHO
Ha nnaTte nnowap.

BbicoKasi TOMHOCTb U3MEPEHUI NPU HU3KON
LeHe cucteMbl U Marnon nnowagu nnatol gagyT
BO3MOXHOCTb MOBbICUTb YPOBEHb TEXHUYECKNX
XapaKTEPUCTUK TakKUX MNPUMOXEHUA, KaK KOH-
TPONbHO-U3MepuUTENbHbIE NPUBOPLI, CUCTEMBI

Precision current sensing
without compromise

Industry’s first
integrated current
sensing amplifier
and precision
'shunt resistor

@ TEXAS INSTRUMENTS

MOHUTOPUHIA HarpyskMm KOMMYHUKALMOHHbIX
YCTPONCTB U UCTOYHMKN NnTaHusi. C HOBOW MUK-
poCXemMoW pa3paboTUMKM KOHTPONbHO-U3MepU-
TenbHbIX CUCTEM CMOryT obecneunTb Tpebye-
MbIl YPOBEHb XapakTepPUCTUK, IKOHOMS 0 76%
Ha annapaTHbIX 3aTpaTax, U, BEpOsITHO, NOSTHOC-
ThHO UCKMIOYMB onepauun kanudposkn. Cosna-
TENN BbICOKOKAYECTBEHHOIO MPOMBbILLIIEHHOIO U
TENEKOMMYHMKaLUMOHHOro o6opyaoBaHns Nony-
yaT BO3MOXHOCTb BbINOMHATL pacnpenenex-
Hble U3MepEeHUs, YToObl MakCMMarbHO MOBbI-
CUTb 9((PEKTUBHOCTE CUCTEM U MOBbLICUTb
KayeCTBO X O0CNyXNBaHWSI.

MuTtaHue yctporicTea

LLnHa nutaHus (2.7B...36B) Cegypass
(0B ...36B) o 0.1 uF
0 |
IN+| SH+ VIN+ VS
REF
AN
L MuikpokoHTponnep
out | —

IN—- SH- VIN- GND

b ] - AUN

Harpyska

YnpouweHHas cxema INA250.
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KntoueBbie 0CO6EHHOCTH 1 MpenMyLLeCTBa
ToKousMeputenbHoro ycunurens INA250

e Camoe mo4yHoe uHme2pupo8aHHoe peuie-
Hue e ompacnu:

o IHTerpnpoBaHHbIN LUYHTOBOW Pe3NCTop C
conpoTtusnexHem 2 MOM C [OMNYCKOM
10.1% n TemnepaTypHbIM KOS PULIMEHTOM
15 ppm/°C B agmanasoHe ot —40 °C po
125 °C nosBonsieT NOBbICUTbL YPOBEHb
XapaKkTepuCTUK KOHEYHOrO 060opyA0BaHUS.

oYcunutenb, WMEKLWNA TOK CMELLEeHUs
12.5 MA, ¢ TemnepaTtypHbiM Opendom
250 MkA/°C n pgpendomM ycuneHus
30 ppm/°C.

o VIHTerpmpoBaHHas TEXHOMNOMS KOpnycupo-
BaHuUs obecrneynBaeTr ONTUMU3UPOBAHHOE
YEeTbIPEXMPOBOAHOE MOAKMOYEHNE pPE3MNC-
Topa K Mukpocxeme (nogkntodeHne Kenb-
BMHA)

o MakcumanbHas owmnbka yeunutensi paBHa
0.75% B TemnepaTypHOM [uana3oHe OT
—-40°C po+125°C.

e [lo3sosisem c3koHoMumb 00 76% Ha
cmoumocmu cucmembl U o 66% Ha nso-
wadu ne4yamHou niamasl
MO CPaBHEHUIO C KOHKYPUPYHOLUMM PELLEHN-
SIMW 3@ CYET MHTErpUPOBAHHOIO LUYHTOBOIO
pesncTopa.

e Huzkoe nompebieHuUe MOUHOCMU:

He npesbiwatowmin 300 MKA Tok notpebne-
HUS MUHUMU3UPYET [LOOMOMHUTENbHYIO
Harpysky Ha UCTOUHUK NUTaHUS CUCTEMbI

Cpe/cTBa MofaepXKi U YCKOpeHus paspaboTku

[emoHcTpauunoHHbin Moayrnb INA250EVM
Nno3BonuT paspaboTymkam fnerko n 6uICTPo oLe-

uSo- o
GND'

REF

out

BEm B,
5

3 {I’ Texas
o INA250EUM INSTRUMENTS

LemoHcmpayuoHHbIt Modyrib INA250EVM.

HUTb To4HOCTb INA250. Mogynb MOXHO KynnTb
HenocpencTBeHHO Yy komnaHun Tl nnn ee aBTo-
pY30BaHHbIX ANUCTpubbioTopoB 3a $49. C caiita
Tl moxHo 3arpy3uTtb mogenu TINA-TI u TINA-TI
Spice ons INA250.

Ha gopyme Current Shunt Monitors goctyn-
Ha nogaepxka coobuwecTtea Tl E2E, roe uHxe-
Hepbl MOTYT NOUCKaTb rOTOBbIE PELLEHMS, NOMY-
YUTb MOMOLb, MNOAENUTLCA 3HaHUAMU U
pewnTb npobrnembl CO CBOMMWU Komnferamu u
akcneptamn Tl.

Kopnyc, JOCTYNHOCTb M LigHbl

TokounsmeputenbHbln  yeunutens INA250
BbIyckaeTcsa cepunHo B kopnyce TSSOP pas-
Mepom 5 x 6.4 MMm. MuKpocxeMbl MOXXHO Npro6-
pecTtu no ueHe $1.40 3a WTyKy npy ob6beme 3aka-
3a 1000 npubopos. BapuaHTbl ¢ ApyrMmm Koag-
dmuneHTaMn ycuneHusi, Kotopble nNosiBATcs B 4
kBaptane 2015 roga, no3BOMAT WHXeHepam
ONTUMU3NPOBATb LUKarbl BbIXOAHbIX Hanpsxe-
HWA B COOTBETCTBUMN KOHKPETHLIMU AManasoHa-
MU U3MePSIEMbIX TOKOB.

Diodes npeacrasuna aganTuBHble CUHXPOHHbIE NOHMXKaOLWMUe
DC/DC npeo6pa3zoBatenu ¢ PUKCMPOBaHHbIM BpeMeHeM

nNpPAMOro xoaa

KomnaHus Diodes npeactaBuna agantue-
Hble CMHXPOHHbIE MOHMXaloLLMe nNpeobpasoBa-
Tenn HanpsxxeHna AP65455 n AP65455 ¢ coumk-
CUPOBaHHbLIM BPEMEHEM MPAMOro xoga, obec-
neuymBawowmne apdekTMBHYO CcTabunusauuio
HU3KUX HanpshKeHU, OTNMYHbIE MNepexodHble
XapaKTEPUCTUKM U BbICOKYH TOYHOCTb NpW Anu-
TernbHO oTAaBaembiX Tokax 3 A n 4 A, cooTse-
TCTBEHHO. TMNNYHbIMK 00NacTAMN NPUMEHEHUS

PapuoJloyman - asrycr 2015

MoryT ObITb TakuMe YCTponcTBa noTpebute-
NbCKOW 3MNEKTPOHMKKN, KaK UrpoOBble KOHCOMW,
TEeNeBMU3NOHHbIE 1 KOMMNbIOTEPHbIE MOHUTOPbI, a
Takke ceTeBble CUCTEMbl U «3erieHas» arek-
TPOHMKA.

AJanTuBHOE ynpasreHne BpeMeHeM NpsiMo-
ro xoga rapaHTUpyeT MMaBHOCTb MNEepPexoaoB
MeXay pexnmamu HenpepbiBHOW NPOBOANMOC-
TU MPU TSBKENbIX Harpyskax v npepbiBUCTOM NPo-
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BOOAMMOCTU npu obneryeHHblX Harpyskax,
NMOCTOSIHHO NMoAAepPXnBasi MakcMmarsbHbIA yYpo-
BeHb KI1[. YcTponcTBa OpUEHTMPOBaHbI Ha
LUMPOKUIA KPYT MPUNOXEHNI C BXOAHBbIMU Hanpsi-
XeHuamm ot 4.5 B o 18 B 1 BbIXogHbIMKU Hanpsi-
»xeHnammn ot 0.76 B oo 6 B. MuHumanbHbIn
COOCTBEHHbIN TOK NOTPebrneHusa n NHTerpupo-

BaHHbIE KIOYM BEPXHErO M HWXKHEro nneva c
HW3KMM COMPOTUBIIEHMEM OTKPbLITOrO KaHana
NMOMOraroT yMEHbLUNTb NOTEPU SHEPTUN.
BriokvpoBka npu NOHWKEHHOM HanpsXXeHnu,
a Takke 3awuTa OT neperpysku no Toky 1 nepe-
rpeBa KpucTanna npeaoxpaHsitoT NOOKMYeEH-
Hble K NpeobpasoBaTensamM aNeMeHTbl CXeMbl OT
noBpexaeHunsi, a cam npeobpasosartenb — OT
npexaeBpeMEHHOro Bbixoga M3 cTpos. Bxogpl
paspelleHns BblAepXMBaKT MakcumanbHoe
HanpsbkeHne, paBHoe BXoAHOMY. Mukpocxembl
noHwxarwLwmx npeobpasoBatenen AP65355/
455, noctasnsemsle B kopnycax U-DFN3030-10
CO CTaHAapTHbIM PacronoXeHWeM BblBOAOB,
nogoVAYT Kak ANs CYLeCTBYIOLIMX KOHCTPYK-
UM, Tak U Ons HOBbIX pa3paboTok C Takumu
HeobXOAMMBIMU U NErko peanu3yembiMu OyHK-
UMMM, KaK TporpaMMmpyemMblin MArKui 3anyck.

Atmel npuctynaer K maccoBomy Npou3BOACTBY CaMbIX
BbICOKOMNPOU3BOAUTE/IbHbIX MUKPOKOHTpOA1epoB ¢ agpom ARM
Cortex-M7 pna npombIlNIEHHbIX NPUAOKEeHUA U UHTepHeTa Belueit

lNpednazasi obWUPHYO 3aKocucmemy rpospammMHO20 obecriedyeHus, MoAdepPXKY mpembux
¢upm, pacluiupeHHble 803MOXHOCMU nodcucmem namsimu u nepughepuliHbix 6110K08, MUKPO-
KoHmpornnepbl obecrieyusarom Ha 50% 6oree 8bICOKYH rpou3eodumesibHocmsb, Yem bruxad-

wiue KOHKypeHmsbl

KomnaHus Atmel o6baBmna o 3anycke B Mac-
COBO€E MPOU3BOACTBO CaMbIX BbICOKOMNPOU3BO-
ANTENbHbIX HA COBPEMEHHOM pbIHKE MUKPO-
KoHTponnepos cepuri Atmel | SMART SAM S70
nE7O0.

Ha 50% o6orHaB 6nvxanwmnx KOHKYpeHTOB
no nNpPoOu3BOAUTENBHOCTU, MPEBOCXOOA WX MO
o6bemy SRAM u BcTpoeHHon Flash, a Takke no
NPOMNYCKHOW CnocobHocTM nepudepun, 3Tu
yCTponcCTBa obecneynBatoT naearnbHoOe coveTa-
HMEe KOMMYHWKALMOHHBIX CpeacTB, obbema
namatv n obwmx xapaktepuctuk. Cepun SAM
S70 1 E70 no3BonaT noTpebuTtensam nepenT Ha
CrneayloWwnin - ypoBeHb MPOM3BOANUTENBHOCTH,
obbema NnamMaTU U PYHKLMOHANBHOCTH, B TO e

6 HOBOCTU

BpEMSs, COXpaHMB MPOCTOTY WCMNOfb30BaHUA
npoueccopoB cemerictea Cortex-M n makcu-
MarsbHYy0 BO3MOXHOCTb MOBTOPHOIO MCNOMNb30-
BaHMWSA NPOrpamMmmMHoOro obecneyeHus.

HoBble ycTponcTBa B YeTbIpe pasa NnpeBoCXo-
OAT N0 NpOM3BOAUTENBHOCTM CyLLEeCTBYHOLINE
MuKpokoHTponnepsbl Atmel | SMART ¢ gaapom
Cortex-M. Bripocwas go 300 MI'y, paboyas yac-
TOTa HOBbIX MPUBOPOB, yBenuyeHHbIn 40 384 Kb
o6beM koHurypupyemoro SRAM n 6onee Obic-
Tpasa nepudepusa faroT paspaboTymkam Xopo-
lee coyeTaHne KOMMYHUKALMOHHbIX BO3MOX-
HocTeln, obbeMa NamMATU U XapakTepUCTUK Nepu-
depun Ang NPOMbILLMEHHbIX 1 TENEKOMMYHMKa-
UMOHHbIX NpoekToB. SAM S70 n E70 nmetot yco-
BEPLUEHCTBOBAHHYIO apXUTEKTypy namsatn C
obbemom MHoronoptoeon SRAM go 384 KB, 13
KoTopbix 256 KB mMoryT 6bITb CKOHGpUryprpoBa-
Hbl KaK CUNbHOCBSI3aHHasi NnamMATb, paboTatoLas
0e3 UMKNoB oxkmnaaHusa Ha Yyactote go 300 MIu,
Bo BCe MUKpoOCxeMbl MHTErPUPOBaHbI paboTato-
LLine B pexxmmMax Xxocta 1 yCTponcTBa uHTepden-
cbl USB 2.0 ¢ BbICOKOCKOPOCTHbIMM PHY 1
dnaw-namate oobemom 512 Kb, 1 Mbun 2 MB.

PapuoJloumaH - asrycr 2015
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MwukpokoHTponnepbl Atmel | SMART c
sapom ARM Cortex-M7 nogaepxmBaroTcst 3KO-
cuctemon naptHepoB ARM 4yepes cpenctsa
pa3paboTkn N MHTErpuUpOBaHHbIE NaKeTbl Apan-
BepoB 1 moaynenn OCPB, yckopsiiowme Bpems
BbIXOA4a Ha PbIHOK KOHEYHbIX YCTpoucTB. [oc-
TYMHbl WHCTPYMEHTbI pa3paboTkn nporpamm
Atmel Studio, Keil MDK-ARM komnaHun ARM u
IAR Embedded Workbench. C MukpokoHTpors-
nepamu paboTalT TakMe onepaunoHHbIE CUC-
Tembl kak Express Logic ThreadX, FreeRTOS,
Keil RTX, NuttX n Segger embOS. B nakete
nporpamm komnaHum Atmel nmeercs nonHbIN
Habop NpMmepoB nepudepuiiHbIX ApanBepoB n
mexnnatopmeHHoro MO ¢ OTKpbITbIM UCX04-
HbIM KOOOM.

Atmel Surpasses

Them Alll

EEMBC CoreMark Score

100 ] 500 : ‘10(.)0 1500 ; 2000
"dIInnnnnnnnn ,
" e 1y
T |
VT — 1]
Atmel® | SMART ARM® Cortex®-M7-based MCUs

- 2.5 times Cortex-M4 MCU
- 50% over nearest competitor

PaguouactotHbii MIMC KommyTtaTop KomnaHum DelfMEMS
BblAEepXKan 0AUH MUNNTNAPA NepeKIioYeHU

BanameHmoeaHHass mexHonoauss FreeFlex u3zomoseneHus paduodacmomHbix MOMC
ycmpoticme pa3pabomaHa 051d paduKkasbHO20 yrydweHusi napamempos BY krwoueli, komo-
pbie 6ydym ucrionib308ambcsi 8 MOBUMIbHbIX ycmpotlicmeax cmaHdapma LTE-A cnedyrouwezo

MoKoOJieHuUs

KomnaHnus DelfMEMS coobwuna, 4to B npo-
Lecce JONrOBPEMEHHbIX UCNbITAHUI €€ 0QHOMO-
NOCHBIN paguoyacToTHbin MOMC nepekntova-
Tenb C OMUYECKMMN KOHTaKTamun Ha 12 Hanpas-
neHun HegasHO npeoponen G6apbep B MUMANU-
ap4 UMKIOB KOMMYTaUUKU U MOSTHOCTbK COXpa-
HWUIT CBOIO paboTOCNOCOBHOCTb.

KuGena PonnaH (Cybele Rolland), ncnonHum-
TenbHbin  anpektop DelfMEMS, ob6bacHserT:

UcnonHumenbHbIl dupekmop DelfMEMS
Kubena PonnaH.
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PaouoyacmomHtbii MOMC knrou FreeFlex kom-
naHuu DelfMEMS.

«lMpeogoneHne pybexa B Munnuapg nepexrto-
YEeHUN — KpynHoe JOCTUXKEHWEe AN Hallen Tex-
Horormn FreeFlex. Be3ycrnoBHO, nokasartenu,
OOCTUTHYTbIE 3TUM MNEPBbLIM MPOMbILLSIEHHbBIM
nepekntovarenemM ¢ pagmodactotHeiMn MOMC
KOHTaKTaMu, UMeKT OFPOMHOE 3HaJYeHne, ogHa-
KO 3TO BCEro N1Lb Ha4yano. Hawwm knoumn BTOopo-
ro NOKONEHUS, OTTPY3KY KOTOPbIX Mbl HAYHEM B
KoHue 2016 roga, kak oxxuagaetcs, byayT Bolgep-
xmBatb 50 mnpa. cpabaTtbiBaHUn. TO O3HAYaeT,
YTO MO YPOBHIO HAAEXHOCTU OHW rAapaHTUPOBaH-
Ho BygyT cooTBETCTBOBATh TpEbOBaHNAM, Npea-
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BABMSEMbIM K CriegytowmnmM NoKONEHNAM COTO-
BbIX TenedgoHoB, obopyaoBaHUst MOOGMMABHON
cBA3n ctaHgapta LTE-A n gpyrux ycTpOWCTB,
obecneunBas CBEPXHMU3KME BHOCUMbIE NOTEPH,
BESMKOMENHY U30MSUMI0 U NPEBOCXOAHYHO
NMHENHOCTb, YTO A4S KOHEYHOrO Nofb3oBaTerns
Oynet o3Havatb Gonbllee BpeMsi aBTOHOMHOM
paboTbl OT 6aTapen, nyyllee Ka4eCcTBO BbI30BOB
N CyLleCTBEHHOE YBENnYeHne CKopoCcTu nepe-
Aa4n JaHHbIX».

[OoCTUrHYTb CTOMNb BNeYaTNALWwmx pesynsra-
ToB DelfMEMS ypanoce OGnarogaps ABywm
OCHOBHbIM WHHOBALMOHHbLIM pelleHnam. Bo-
nepBbIX, HECMOTPS Ha TO, YTO OCHOBHbLIM MaTe-
puanomM KOHTaKTOB cendac aBngeTcs 30510To, B
MaCcCOBOM MPOU3BOACTBE OHO ObINIO 3aMEHEHO
MeTanmnnMyeckum coeguHeHneM, [oKasaBLUUM
CBOK HagexHocTb nocrne 50 mnpg. UMKIoB
XOnogHon kKoMmyTauun. Bo-BTopbIx, 3anaTteHTo-
BaHHasa TexHororusa FreeFlex wu3rotoBneHus
MOMC nepekntoyaTenen rapaHTMpyeT, 4TO
TOYKa KOHTaKTa CMeLLaeTCs NOCIE KaXkaom akTu-
BaLMK, YTO yBENMYMBAET CPOK CNYXObl KNtova.

B HoBoOW CTpyKTYype pagmnodactoTHbeix MOMC
nepekniovarenen komnaHun DelfMEMS
NCNonb3yeTcsl MHTErPMPOBAHHbIA MUKPOMEXa-
HUYECKNUIN KOHCTPYKTUBHbIN 3N1IEMEHT, OCHOBaH-
HbI HA HAAEXHbIX NHHOBALMOHHbIX PELUEHUSIX,
CEeMb 13 KOTOPbIX YXKe 3aLyuLleHbl nateHTamu. B
HEeM OTCYTCTBYIOT KOHCOMbHasi 6anka unm mocT,

MexaHnyeckune

. cTonopsl
Mem6paHa CToiku p
£

3aKopauu-
BaloLan
nepemblyka

-]
f—
;-
BHyTpeHHU BHewHnin
3N1eKTpos, 371eKTpos,
JnHunAa
nepesayv

BHewwHwit BHeWHWI

3N1eKTpos,

3NeKTPOs,

- BE3 AKTUBALUMN -

KoHcmpykyus knwda FreeFlex komnaHuu
DelfMEMS.
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Tecmoesasi nnama DelfMEMS.

BMECTO KOTOPbIX WCMONb3yeTCH 3NeKTpos C
BbICOKOW 3N1EKTPONPOBOAHOCTLIO U 3fIEKTPOCTa-
TUYECKOW aKTMBaLMen, co3aatoLmn OMNYeCcKui
KOHTaKT B pesynbrate MexaHn4eckom KoMmyTa-
ummn. bonee crapble KOHCTPYKLMM HE MO3BONANN
pewnTb Takne nNpobrnembl, Kak BO3HUKHOBEHME
HanpsbkKeHnn B 06nacTu KpenneHnst MOABMXKHO-
ro KOHTaKkTa, BO3MOXHas AedopMaLmst KOHTaK-
Ta, BEPOSATHOE 3anunaHne N HM3Kass CKOPOCTb
nepeknioveHns.

PesynbTaToM WHHOBALMOHHOIO noAxXo4a
DelfMEMS crana paspabotka nnaBatoLlen
CTPYKTYpbl ANA MeXaHW4eCKoW KoMMyTaLuu
paamnoYvacToTHbIX CUrHaNoB, KOTopasa He NPOCTO
cMsrymMna OCTPOTY 3TUX AABHUX KOHCTPYKTUB-
HbIX NTPOBEM, HO NOMHOCTLIO yCTPaHWNa ux.

OneKkTpocTaTuyeckn akTuBMpyemasi ABYMS
Habopamn anekTpogoB MembpaHa FreeFlex
BCErga HaxoauTCcst B M3BECTHOM YNpaBrisieMoMm
COCTOSIHUWN. JNEKTpOoCTaTUYeCcKoe BKITHOYEHUE
aKTUBMPYeETCS co3aaHnem mM3n4ecKkoro KOHTaK-
Ta Mexagy MemOpaHon M NMHMEN nepegayu, a
yrnpaBnsieMoe aHanornmyHbIM obpasom BbIKIIHO-
YeHne OCYLLEeCTBSIeTCA co3daHnem usndec-
KOro NpomexyTka Mexay KOHTakTHOM 06nacTbio
MeMbpaHbl 1 NMMHNEN Nepedayn. ATO O3HAYAET,
yTO obnacTb KOHTakTa MembpaHbl bygetr nubo
NpUTArMBaTLCS K NPOBOAALLEN IMHUK, NN6Oo
OTTankuBaTbCH OT Hee. [lepexos 13 BKMOYEHHO-
r0O COCTOSIHMS B BbIKIOYEHHOE NPOUCXOaNT
NOCPEeACTBOM aKTMBHOIO 3reKTPOCTaTU4ECKOro
BO30YyXXOEeHMs, NpeoaoneBatoLLlero BOCCTaHaB-
NMBatoLLMEe MOMEHTbI, KOHTAKTHbIE CUMbl U MeXa-
HU4Yeckune CBOMCTBa MeMbpaHbI.

Ewe ogHMM cCyLleCTBEHHbIM NpenMyLlec-
TBOM Mepeknyatowen cTpyktypbl FreeFlex
SABNAETCH BO3MOXHOCTb CYXeHUs 3asopa
Mexay memOpaHoM U NMHMEN nepedayn, 4To
COKpallaeT ANWHY Xoda W MexaHu4yeckoe
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HanpshkeHue 3a cYeT YMEHbLUEHUS MakcuMarb-
HOr0 OTKNOHEHUS MeMOBpaHbl. OTUM yBeENnuyMnBa-
€TCA KOHTAKTHOE YyCunme B COCTOSHUU
«BKJTKOMEHO» npn ogHOBPEMEHHOM CHUXE-
HUX yNpPaBnAOLWEro HanpshkKeHnsa u, cooTBe-
TCTBEHHO, BHOCUMBbIX NOTEPb.

PapguoyactotHble MOMC knitoun DelfMEMS
npeacTaBnaAT cobon NOBEPXHOCTHbLIE MUKPO-
MaLUWHHbIE YCTPOWCTBA, WCMOMb3yeMble AriS
3aMblkaHUs UM paspbiBa NIMHUK Nepegayvn
BbICOKOYACTOTHOMO curHasna. TexHonorus obec-

neymBaeT HE3aBUCMMOCTb XapakTEePUCTUK OT
4YacToTbl M YMCIa HanpaBnNeHUn NepeknioYeHns.
Mo BCeM OCHOBHbIM MapamMeTpam, TakMM Kak
NMHENHOCTb, BHOCUMMblE MOTEPU WU KayeCcTBO
N30NAUNKN, KIOYN 3HAYUTESNBHO MNPEBOCXOOAT
CyllecTBylLINe TBEpPAOTElNbHbIE YCTPOWCTBA.
Mepekntoyatenu DelfMEMS nepsoro nokorne-
HUS M3roTaBMMBalOTCS Ha 3aBode KOMMaHuu
Honeywell/Tronics, pacnonoxeHHon B danna-
ce, Texac, v NOMHOCTbIO NPOVAYT KBanuduka-
LIMOHHbIEe cnbiTaHus K koHUy 2015 roaa.

HoBbi¥ AnaneKTpruyecKun matepman KomnaHum Litecool
KapAWHAZIbHO U3MEHUT XapaKTEPUCTUKNU MOLLHbIX CBETOANO0A0B

KomnaHus Litecool narotoBuna csetoanoa-
Hble COOpPKM C MCMONb30BaHMEM HOBOIO ANSMEK-
TpUYECKOro matepuana, MMeLLEero Tenonpo-
BogHocTb 1000 BT/MK, 4yTO B Tpn pasa nyuwle,
yem y meam u B 30 pas nyywe, 4eM y KOpyHao-
BOW KEPAMUKN.

[naneKkTpukn NCnonb3ykTcs Npn Kopnycupo-
BaHUWM CBETOAMOO0B ANS U30NALMM SneKTpuyec-
KMX MPOBOAHMKOB, OAHAKO OHW MPENSITCTBYHOT
BbIXOAY Tenna, YTo NPUBOLMIT K Neperpesy cBe-
Toouoaa. B geweBbiX MarOMOLLHbBIX CBETOOMO-
Aax B Ka4yeCcTBe OCHOBHOIO AMINEKTPUYECKOro
mMatepuana ucnonb3yetcs nnactuk. MoluHble
Joporne CBeToAMoAdbl M3ONUPYHT KepaMUKoW,
Takon, Hanpumep, Kak KopyHa. HoBbli MaTepu-
an Black X nmeet tennonposogHocTb B 30 pas
Gonee BbICOKYI0, YEM Y KOpPYHAA.

Litecool ycnewHo wucnbiTana onbITHbIE
o6pasubl CBETOANOAHbLIX COOPOK, B KOTOPbIX B
KayecTBe OuanekTpuka ucnonbadyetcs Black X.
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LED Times

B 3aBMCUMOCTU OT KOHCTPYKLMK, COOPKMN UMEIOT
TennoBsoe conpotueneHne ot 0.2 °C/Bt go
0.5 °C/BrT, uto 60nee 4em B 6 pa3 HWXe, YeM Y
ONMXKanWMX KOHKYPEHTOB. OTO O3HA4aeT, YTo
CBETOANOA MOXHO NUTaTb TOKOM B 6 pa3 60nb-
wrm 6e3 prcka ero neperpesa.

«OTO NPOCTO HEBEPOSATHLIN MaTepuan. Mol
BCErga cuutanu, Y4To OUINEKTPUKU YXyaLaroT
TennoBble XapaKTepPUCTUKN CBETOANOAHBIX CHO-
POK, HO 9TOT maTepuarn, Kak HU yAUBUTENbHO,
yny4waeTt nx. Tennosoe conpoTuBreHue cae-
NaHHbIX HaMM CBeTOAMOAOB OKa3anocb
HACTOMbKO HU3KUM, YTO Y Hac 6binv npobnemsl ¢
ero usmepexvem. [Ona nonydeHus aHepruu,
KoTopou Obifo 6bl 4OCTAaTOYHO, YTOObI BbI3BATh
XOTb Kakune-TO 3aMeTHble U3MEHEHUS B Temne-
paType, HaM NpULNOCL UCNosb3oBaTb COOPKY
13 9 MOLLHbIX CBETOAMOAOBY, — rOBOpPUT PobepT
KopbuH (Robert Corbin), uHxeHep-npoekTu-
poBLKMK KoMnaHuu Litecool.

«3TO KapAnHanbHOe U3MEHEHNE B XxapakTe-
pUCTUKaxX CBETOAMOAHbLIX cOopoK. Mbl cMoxeMm
YCTaHOBWUTb HOBbIE NOPOrM NAOTHOCTU CBETOBO-
ro notoka 6e3 Heob6xoaNMOCTM UCMONTb30BaHMS
A0pOorMx TennooTBOAO0B, TEMMOBbLIX TPYOOK Mnn
BEHTUNATOpPOB. Mbl NnaHMpyemMm nepBoHavanb-
HO MNPUMEHUTb 3TOT MaTepuan B TOYEYHbIX
MCTOYHUKAX CBETA, HO Mbl TakKe HaMepeHbl
BKMIOYNTb €r0 B KOHCTPYKLMIO HaLLMX U3Oenui
Lumen Block ans 6onee wmpokoro pbiHKa cBe-
TOOVOAHbLIX CBETUNBHUKOBY, — ckalan [xenmc
Pusc (James Reeves), ncnonHuTenbHbIn
aupekTop Litecool.
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Socionext c napTHepamu npoussena nepeaavy AaHHbIX Ha
paccToaHue cBbiwe 762 Km ¢ peKopaHou ana C-anana3oHa

CKOpPOCTbIO

HoBewiwne cBepxbbicTpoaencTBytomne und-
po-aHanoroBsie (LIAIM) n aHanoroeso-ungpoBbie
(ALIT) npeobpasoBaTenu komnaHum Socionext ¢
YyacToTom anckpeTmnsaumm oo 92 N'ewi6/c n WNMpo-
KOW Noriocor aHanoroBoro curHana obinmv nHTer-
pupoBaHbl B KOFEPEHTHbIE NMPUEMHUKN N Nepe-
OaTYMKKN, WCMONb30BaHHbIE MPWU NPOBEAEHUN
PEKOPAHOro 3KCNEpPUMEHTA.

Bnepeble Obinia npou3BegeHa nepepavda
MHGOPMALMN CO CKOPOCTbKD B HECKOSIbKO
OEecATKOB TepabuT B CeKyHAy Ha pacCTosiHue
cBblle 762 kM no mapwpyTty JlnoH-Mapcenb-
JINOH NO ONTOBOMOKOHHOW IMHUM KOMMaHUU
Orange.

soclonexbt

Habopbl paspabomuyuka Rotta (AUl u Oola
(LAT), cripoekmupogaHHble U U320Mmoe8r1eHHbIe
KomnaHuel Socionext 8 pamkax npoekma Celtic-
Plus SASER.

O6beanHMBLUNCH B €QMHY0 KOMaHAY C BbICO-
KOKIacCHbIMUM creynannuctaMm mn3 KoMMaHui
Orange, Coriant, Ekinops n Keopsys, Socionext
yCMNeLWHO NpoaeMOHCTpUpoBana BO3MOXHOCTb
nepegayM OaHHbIX C HauBbICLLUEN CKOPOCTbIO,
korga-nméo pocturHytonm B C-guanasoHe. B
«KUBOW» CETEBOW Cpee UCnonb3oBanuch cre-
ayroLme hopmaTtbl MOSYNALNN:

¢ 24x1 Téut/c / DP-16QAM (= 24 Téut/c),
¢ 32x1 Tout/c / DP-32QAM (= 32 T6ut/c),
¢ 32x1.2 Téut/c / DP-64QAM (= 38.4 TéuT/c).

B aTtown xe «knBony» cpeage 6bin ycTaHOBMNEH
HOBbIN pekopa nepeaaym gaHHbIX Ha 762 KM, 4YTO
bonee 4yem BOBOE MNPEBbLILAET PACCTOSHUS,
OOCTUTHYThbIE B NpeablayLLMX SKCNepUMeEHTax ¢
mogynauuen 32QAM, a Tak ke Bnepsble Gbina
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oCyLLecTBMNeHa pernoHanbHasa nepegaya AaH-
HbIX B popmate 64QAM. 3Tn JOCTUXKEHNA ABNSA-
IOTCS BaXXHOWN BEXOW B MCCNEA0BaHUAX U paspa-
©0TKe BbiCOKOMacLUTabupyeMbiX, CNeEKTparibHO
3PP EKTUBHBIX ONTUYECKMX CETEBLIX TEXHOSO-
rMn ons dygyLiero pasBuTus CeETeN.

YTtobbl AaTb NapTHepamM BO3MOXHOCTb OLie-
HATb M ONTUMWU3NPOBATbL METOAbI MOZYNAUUN
BbICLLEr0 NopsiAKka 1 anropMTMbl HOBOrO Nokore-
HWS, KoMNaHus Socionext B pamkax Npoaorika-
lOLLIErocsl  TEXHONOrMYeCcKoro COTpPyAHMYEeCTBa
npegocTaBuia HoBeNLIME TEXHUYECKue pelue-
HWS 1 KOMMOHEHTbI B )OpMe KOMMEKTOB paspa-
6otuunka. Mpn ycTaHOBRNeHUn pekopga nepena-
YN [aHHbIX MCMONb30BanMCb NepenaTyukm U
NPUEMHMKN HOBOFO MOKOMNEHUs, OCHAaLLEHHble
cBepxBblcokockopocTHbiMK LIATT n AL, paspa-
GOTaHHbIMWU W  W3rOTOBMEHHLIMU KOMMAHWEN
Socionext Network SoC Business Unit no ctaH-
naptHou 28-Hm KMOIT texHonoruu. NMpeobpaso-
BaTenu OXBaTbIBAKOT LUMPOKUIA AManasoH CKO-
pocTel BbIGOPKM C MaKCUMarbHbIM 3HAYEHNEM
92 BbIb/c. Bbicokoe adhhbekTmBHOE paspeLule-
HWe W LWMpoKasa aHanoroBas nofioca nNpornycka-
Hus, npesbliwawowaa 20 My, nossonsawT B
O[HOM YCTPOWCTBE peanu3oBaTb MacLTabupy-
eMYI0 apXUTEKTYpY OS5 HECKOMbKMX ASIMH BOJTH
pasnuMyHbiX BWOOB CMOXHOW MOAYNALUN.
JononHutenbHbIMM 0COOEHHOCTAMN OAHOKPUC-
TanbHbIX NpeobpasoBaTtenen SBNSTCA UCMOSb-
30BaHNEe HOBEMLUMX TEXHONOIMMM KoprnycupoBa-
HUS U OYeHb HW3Koe NOoTpebneHne aHeprun —
TpeboBaHug, obsizaTenbHble Ans Oyaywmx cmuc-
TEM JanbHeN CBA3KN, ropoaCcKon NHPPaCTPYKTY-
pbl M NPUNOXEHUI AoCcTyna.

Mpn NpoBeaeHM peKopOHOTO SKCNEpPUMEHTa
ObINN UCNONBb30BaHbI NOCNeAHNE AOCTUXKEHNS B
cpenctBax ONTUYECKOW CBA3N CBEPXBbICOKON
NPoMnyckHon cnocobHocTu. Llenbko KomnaHum
Socionext, Coriant, Ekinops n Keopsys 6bino
npoBepka COBMECTMMOCTM UX CaMbIX nepeno-
BbIX PELLUEHWU N5 ONTUYECKON nepedayn gaH-
HbIX C peanbHbIMU PU3NYECKUMN OTPaAHNYEHNS-
MU B «KMBOW» TpaHCMOpTHOM ceTn. HecmoTps
Ha To, 4to Orange npegocTaBuia ycTapeBLUYHo
BOMOKOHHYIO MHPACTPYKTypy, OHa cMmorna
obecneuntb MynNbTUTEPAOUTHYIO MPOMYCKHYHO
CMocoBHOCTb.
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MoneBble NcNbITaHUA NPOBOAUIIUCE B pam-
kKax npoekta European Celtic-Plus SASER
(Safe and Secure European Routing — besonac-
Has W HagexHas eBporenckas MapLupyTusa-
uMs), coBMecTHO duHaHcupyemoro BMBF
(Bundesministerium fur Bildung und Forschung
— ®epepanbHbiM MUHUCTEPCTBOM Ob6pasoBa-
HUS N HayudHbIX nccnegosaHuii) u DGE (IeHe-

panbHbIM AMpEeKTopaToM Mo npeanpuHMMar-
enbCTBYy) W nNogAaepXmBaeMoMy MPOEKTOM
IDEALIST (Industry-Driven Elastic and Adaptive
Lambda Infrastructure for Service and
Transport Networks — [NpombILIneHHO npoaBu-
raemas rmbkas n agantmeHasa nambaa nHdgpac-
TPYKTYypa ANA CEpPBUCHbIX M TPAHCMOPTHbIX
ceten).

Torex pa3paboTtana cambie MMHUATIOPHbIE B MUPE MOAY/U
NOHUXKAKOLWKMX NpeobpasoBareneit C UHTErpPUPOBAHHOMN KaTyLLKOMN

UHAYKTUBHOCTU

Torex Semiconductor paspaboTtana «MUKpO
DC/DC npeobpasoBatenu» cepun XCL219/
XCL220 ¢ wHTerpupoBaHHOW KaTyLUKOW W
ynpaensowen MUKPOCXeMon. ITO camble
MarneHbK1e B M1pe npeobpasoBaTtenu B kaTero-
pun NpubopoB, CNOCOOHbLIX OTAaBaTb Hernpe-
pbIBHbIN TOK 1.0 A.

Y

Mpu pasmepax 2.5 x 2.0 Mm 1 BbicoTe 1.0 MM
mogynu XCL219/XCL220 sasndawTca cambiMu
MUHUATIOPHBIMW N CaMbIMW HU3KOMPOUITbHbI-
MU B MuUpe npubopamn cpeam MOHMXKaKLLMX
npeobpasoBaTenenn C HenpepbiBHbIM BbIXO4-
Hbim Tokom 1.0 A. CoxpaHuB pasmepbl
yCTponcTB npexHux cepun XCL205/XCL2086,

Tunoeasi cxeMa 8KIIHOHEHUS.
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pa3paboTymMku CMOIMM YBENUYUTL BbIXOOQHOM
TOK HOBbIX Mogyneu n nosbicntb K.

[nsa co3gaHnsa 3aKOHYEHHOW CXeMbl K MOAY-
N0 HeobxogMmo npocTo AobaBuThL ABa BHELL-
HUX KEpPaMUYECKNX KOHOEeHcaTopa, YTO CBOAMUT K
MUHUMYMY KaK 3aHMMaeMmyl Ha nnarte nno-
wagb, Tak 1 BpeMs pa3paboTku. IHTerpupoBaH-
Has KaTyLUKa ynpoLlaeT TPacCUpPOBKY NeYaTHON
naThbl, CHWKAET YPOBEHb HEXenaTenbHbIX N3My-
YEHUI 1 MUHUMN3NPYET BEPOSTHOCTL 3KCMsya-
TaUMOHHbIX OTKa30B.
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Tunioeas 3asucumocms Kl modyns XCL220 om
moka Haz2py3KuU.

Moaynu moryT paboTaTb B Juana3oHe BXoa-
HbIX HanpskeHu oT 2.5 B 0o 5.5 B, a BbIxogHbIE
HanpskeHust BbIOMpaKTCA 3akasyMkoMm U3
nHTepsana 0.8 ... 3.6 B ¢ warom 0.05 B n Tou-
HocTblo 12.0%. Yactota KOMMyTaumm Ans
oboux mogynem paBHa 3 MIu. B XCL219
ucnoneadyetrca WM ynpaenenne, a XCL220
MoxeT pabotatb B pexumax LWWAM nnn YAM,
npuyeM UMeeTCH BO3MOXHOCTb aBToMaTu4ec-
KOro nepeksitoveHns Mexay pexmmamu.
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B moaynax cepun XCL219/XCL220 peanu-
30BaHa TexHonorusa ynpasneHna HiSAT-COT,
obecneunBatoas yBeNMYEHHYKD CKOPOCTb
OTKMMKa Ha nepexogHble NpoLecchbl, naeanbHO
COOTBETCTBYIOLYIO TpeboBaHWAM, NpeabsBns-
eMbiM K 0bopyooBaHWIO ONTUYECKUX FIUHUIA
cBA3NM 1 nepudpepuiiHbiM  yctponcteam [1K.
Ecnn makcumanbHaa pabouass Temnepartypa
OKpy>atoLien cpeabl ANsi NPEeXHUX YCTPOMCTB
coctaensana 85 °C, To Tenepb OHa pacluMpeHa
no 105 °C, 6narogaps 4Yemy nosiBunacb BO3-
MOXHOCTb MCNONb30BaTh HOBbIE Npeobpa3oBa-
Tenu B NPOMbILUNEHHBIX MPUNOXEHMUSAX.

[oGaeneHne HOBbIX MoAyrnen B NpoAyKTo-
BYIO NMMHENKY KOMMaHWWN CYLLECTBEHHO pacLuu-
pUo BO3MOXHOCTW BbIGOpa KOMMOHEHTOB U UX
agantaumm Kk TpeboBaHUSIM KOHKPETHOMN
KOHCTpYKLMK. BHMMaTenbHO cnegsa 3a notpeb-
HOCTAMW pblHKa, Torex HamepeHa W Aanblie
npogomkaTe pacllMpeHne ceMencrsa «MUKPO
DC/DC npeobpasoBaternen» cepum XCL.

Oco6enHocTi Moayneii cepuit XCL219/XCL220

e Camble ManeHbkve B Mupe MOHWXawwue
DC/DC npeobpasoBatenu cpean YyCTPONCTB
C BbIXxoAHbIM TOKOM 1.0 A 1 MHTerpmpoBaH-
HOW KaTyLUKOW;

e CobCcTBEHHAdA 3anaTeHToBaHHasi TEXHOMOrs
ynpaenenna HiSAT-COT yBenuuuBaer
CKOPOCTb peakuMu Ha nepexogHble npouec-
Chbl;

o [logaepxmBatoT LUMPOKUI AnanasoH npuno-
)KEHUIN, BKMoYas OnTUYECKMEe NMHUK CBA3W,
nepudepunnHole yctponctaa K, noprtatme-
Hoe obopygoBaHMe U NPOMbILSIEHHbIE CUC-
TeMbI;

o Buicokuit KMNA: 93.3% (BxogHOEe HanpseHue
5.0 B, BbixogHoe HanpsbkeHne 3.3 B, Tok
Harpy3ku 300 MA)

e /lneanbHoe pelleHne Ons MUHUMU3auuu
nnoLiaam nevyaTHoOM Nnathbl;

o [lonycTmasa TemnepaTypa OKpyxatoLien
cpeablgo 105 °C.

Mnarpopma makeTuposaHua MicroZed o6veguHsaertca ¢ Arduino

Susan Nordyk

C nomouybto Hecyuen nnatbl Avnet MicroZed
nosiBunacb BO3MOXHOCTb OObEAMHUTb CUCTE-
My-Ha-moayne (CHM) MicroZed c 6orbLUon 3Ko-
cuctemon moaynen Arduino gans ucnonb3oBa-
HUS B TaKMX MPUINOXEHUSAX, Kak ynpasreHue
NPOM3BOACTBEHHbLIMM MpoLEeccaMmun, ANCTaHLN-
OHHble U3MepPEeHUs1 N BCTpanBaeMble CUCTEMbI
MaLUMHHOIO 3PEHMs, a Takke B pa3HOOOpa3HbIX
ycTponcTBax WHTepHeTa Bewen. Hecyuwas
nnaTtauMmeeT uHTepdenc, COBMeCTUMbIN C MOAY-
namu pacumpenmns Arduino Uno R3, cBazaHHbIN
C nporpaMMupyemMbiMn FOTMYECKMMWU BXOAa-
mu/Bbixogamm CHM MicroZed, 4yto nossonser
paspaboTynkam co3gaBaTb HacTpauBaemble
UHTepencsl Mexay MOAYNAMU pacLLUMpPeEHUs U
nporpaMmMmpyemMom fIOrmKkomn.

[MomMMMO 3TOro, Ha HecyLlen nnarte ycTaHoB-
NeHo NoagMHOXeCcTBO COBMeCTUMbIX ¢ Arduino
pasbeMoB, NMpeaHasHavyeHHbIX AM9 NOAKMNYe-
Husa CHM MicroZed k oLgHO4YHOW NnaTte ¢ Mano-
NnoTpebnsioWmMM MUKPOKOHTPONNEpoM. MHTep-
denc He Tonbko obecneymBaeT coeguHEHMue
MWKPOKOHTpONNepa C pPacnofioXeHHOW Ha
MicroZed npoueccopHoOn cUCTEMON, OCHOBAH-
HOM Ha nporpamMmMupyemMon cucteme-Ha-
kpuctanne Zyng-7000 komnaHum Xilinx, HO
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Jake npefocTaBnseT MUKPOKOHTPOepy BO3-
MOXHOCTb YMpaensATb LWWHAMKU NUTAHUS
MicroZed. 3To NO3BONSET UCMOMbL30BaTh Takne
pelweHns, korga noTpebnaemMas MOLLHOCTb
MOXET ObITb CHMXXEHA 3a CHET BbIrpy3KkM 3a4ay B
MUKPOKOHTPONIEP, B TO BPEMSI KaK pecypchl
CHM MicroZed pe3epBupyoTCS ANt BbINOMHE-
HUS  YHKUMA, Tpebylowmnx crneymanbHbIX
cpencTB 06paboTku.

PaspabotaHHaa Avnet Hecywad nnarta
MicroZed pna Arduino ctout $89. CHM
MicroZed npogaetcs oTaenbHO.
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Crystek Hauana npoussoacTeo HOBbIX NYH ¢ yAbTpaHU3KMM

ypoBHeM ¢a30BbIX LWYMOB

Komnanusa Crystek Hadana npousBOACTBO
HOBbIX YNpaBnseMbIX HaNpPs>XKeHMeM reHepaTo-
pos (M'YH) CVHD-957 ¢ ynbTpaHU3knum ypoB-
HeM (ha30BbIX LUYMOB M BbIXOAHLIMW flOrMyec-
knmn ypoBHaMn HCMOS. Tunosoi ¢a3oBbIN
wym NYH paseH —90 obH/T'y npu oTcTponke
yactotel Ha 10 lu, a ypoBeHb wWyma npu
otcTponike 100 kl'y coctaenseTr —168 abH/L,.
Takass COBOKYMHOCTb XapaKTepUCTUK Aenaet
HOBOE CEeMENCTBO reHepaTopoB My4ylWnM B
OoTpacnu BLIOOPOM AN TaKMX NPUMOXEHUI, Kak
umMcpoBoe pagunosellaHne, npodeccuoHasnb-
Hoe obGopygoBaHue gns ayauo CD, a Takxke
aHarnoro-ungposble 1 UUppo-aHanorosbie
npeobpasoBatenu Ons BblICOKOKAYeCTBEHHbIX
3BYKOBbIX MPUITOXEHWN.

Kpome Toro, CVHD-957 umetoT pexmm noHu-
)KEHHOro 3HepronoTpebneHns, Korga BHYTPEH-
HWI reHepaTop MOSTHOCTbIO OCTaHaBUMBAETCS, U
ero BbIXO4 MepexoauT B TPeETbe COCTOSHME.
CemencTBO BbIMyCKaeTCH B Koprycax afist noBep-
XHOCTHOIO MOHTaXa C pasmepamun 9x14 mm,

| cRYSTEK CORPORATION
iy

paboTaeT npu HanpskeHun nutanma +3.3 B un
noTpebnsaer OT UCTOYHMKA TUMNOBOW TOK 15 MA.
[onroBpemeHHbIn yxoa Yactotbl CVHD-957 He
npesbilaeT 3 ppm B TedeHWe NepBoro roga u
1 ppm B nocnegytowme rogbl. 'YH moryT reHepu-
poBaTb curHanbl ¢ 4actotom ot 10 MIy go
50 MTu.

CVHD-957 npousBoasaTca KomMmnaHuen
Crystek Ha Tepputopumn CLUA, n moryt 6bITb
nprnobpeTeHbl Ha ckrnagax ouumnanbHbIX AUc-
TpnObIOTOPOB.

UccnepoBartenu paspaGOTanM TeXHO/Nornio NnevyaTm KpemHuesBbIiX

CTPYKTYp Ha 6ymare

Amy Norcross

Ncenenosatenu na JendTckoro TexHudec-
Koro yHuBepcuteta ([onnangus) B COTPYOHMU-
4yecTBe C YYeHbIMM M3 ANOHCKOro WUHCTuTyTa
nepenoBOV Hayku U TeXHonornn paspabotanmu
MEeTOoZ, MO3BOSMSIOLWNA C MOMOLLBI fasepa u
XNOKNX KPEMHUEBBIX YEPHWUIT co3faBaTh KpeMm-
HMEBbIE CTPYKTYpbl HENOCPEACTBEHHO Ha Moa-
noxke. OT4eT 06 aton pabote Gbin onybnuko-
BaH B eXXeHeaeNbHOM XXypHare AMepUKaHCKOro
nHctutyTa hmsnkn Applied Physics Letters.

B cBoen ctatbe B EEE Spectrum aBTop pas-
pa6boTkm Yapne3s K. Yon (Charles Q. Choi) otme-
YaeT, YTO «BO3MOXHOCTb MevyaTu KPEMHUEBbLIX
CTPYKTYP Ha NoAnoXkax nosiBunach yxxe gocra-
TOYHO [ABHO, OQHAKO MNOflyYeHne TBepaoro
KPEMHUS U3 XUAOKUX MOSIMCUNAHOBBLIX YEepPHUI
TpebyeT HarpeBa 0o 350 °C, 4TO 4pe3mepHO
MHOro Ansi 6oNbLUNMHCTBA MMOKMX MOBEPXHOCTEN,
Ha KOTOPbIX XOTENOCh Obl NPON3BOANTL NeYaTby.
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lMonukpemHuessbili crioli ¢ 8bICOKOU MOJ8UX-
HOCMbHO 371€KMPOHO8 CchopMUpPO8aH Heroc-
pedcmeeHHO Ha bymaze nocpedcmeom HaHe-
CEeHUSI XXUOKO20 KPEeMHUS], OMOXXXeHHO20
€8emosbIM My4YKOM UMI1Y/IbCHO20 Jfla3epa.
(Pomo: R. Ishihara, M. Trifunovic,
Hengpmckuli mexHu4Yeckul yHusepcumem).
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HayuHbIn KonnekTrue obollen atan oTkura u
CyMer npeBpaTuUTb XUOKUA KPEMHUIN Hernocpe-
OCTBEHHO B MOMMKPUCTaNIMYECKNIA KDEMHUN.

«3T0 6bINO OYEHb MPOCTO, — pacckasbiBaeT
Puownun Mcuxapa (Ryoichi Ishihara) npodeccop
[endTcKoro TexHMYEeCcKoro yHmMBepcuTeTa U
OOMVH 13 aBTOPOB cTaTbn. — Mbl HAHOCUNK XKAa-
Kum nonucunaH B GeckncrnopoagHon cpene
npsiMo Ha Oymary C NoMOLLbO MeOULMNHCKOM
nonartku. 3aTemM Mbl OTXXUranu Crioh 3KCUMep-
HbIM J1Ta3epom, 1 BCe 3TO paboTanoy.

OHeprun nasepa 6bINo AOCTATOYHO A4 nNpe-
BpaLLlEeHNs] KPEMHUEBBIX YEPHWUIT B MOJIMKPUC-
TanMyecknn KpemHuUn, N3 KOTOPOro MOXHO
co3aBaTb ANEKTPOHHbIE CXEMbI, PU 3TOM TEM-

nepatypa octaBanacbk Huxe 150 °C, 4To uckno-
Yyano kakoe-nMbo Bo3gencrTane Ha bymary.

TecTupoBaHME TOHKOMSIEHOYHbIX TPaH3uC-
TOPOB MoOKasano, 4YTO MO XapaKTepUCTUKam
YCTPOWCTBA CXOAHbI C 0ObIYHBIMU NOSIMKPEMHN-
€BbIMW MPOBOOHMKaMWN U NPEBOCXOAAT Apyrme
Martepuanbl Ha ocHoBe 4epHun. Mo cnosam
nccriegoBaTenen, ata pabota MOXET NPUBECTU
K co3faHuio geleBbiX ObICTPOAENCTBYIOLLMX
ANEKTPOHHbIX CXEM, KOTOpble ByayT rmbkummn n
OnopasnaraemMbiMn, U CMOTYT UCMONb30BATLCS
B HOCMMOW 3MEKTPOHMKE, CONTHEYHbIX 3IEMEH-
Tax, paguMoyacTOTHbIX METKax, CEeHCOPHbIX
yanax MiHTepHeTa Bellen n gaxe B cbegobHOM
SMNEKTPOHUKE.

Analog Devices BbinyCKaeT yCMIUTE/IM MOLLHOCTU C
pacnpeaeneHHbIM YCUIeHuem ANA Noaocbl 4acTot ot 2 Ao 50 My,

Analog Devices BblinycTnna HoBble MUKPOC-
XeMbl yCUnNuTenem MOLHOCTU C pacnpenenex-
HbIM ycunennem HMC1127 n HMC1126. lNoc-
TaBnsieMble Ha KpucTanmnax HoBble npubopsl,
pabGoTatowime B nonoce yactot oT 2 go 50 My,
No3BOMAT cAenatb KOHCTPYKLUMIO CUCTEMbI MPO-
LLie, a XapaKTepPUCTUKM fNy4LLie 3a CHET UCKNIoYe-
HUA U3 CXeMbl BbICOKOYACTOTHbIX KOMMYTaTO-
POB, UCMOMb3yeMbIX ANS NepeKNioYeHNa Mexay
4YacTOTHbIMW AnanasoHamu. Bxogbl 1 BbIXoabl
obonx ycunutenem UMEKT CcornacoBaHHbIe
umnegaHcel 50 Owm, ynpouiaroLime nHTerpauuio
npmbopoB B MHOrOKpUCTallbHble MOOYIIN.
BbinonHeHHble Ha apceHna-rannmeBbix pHEMT
(TpaH3MCTOpbI C BLICOKOW MOABWXHOCTBIO 3reK-
TpoHOB) Mukpocxembl HMC1126 n HMC1127
ngeanbHO NoaowayT ANs M3MePUTENbHbIX Npu-
bopos, paguoycTtponcte CBY guanasoHa u

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

HMC1126 AND HMC1127
DISTRIBUTED POWER
AMPLIFIERS SIMPLIFY
INSTRUMENTATION
AND MICROWAVE
RADIO APPLICATIONS
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VSAT aHTeHH, a3pOKOCMUYECKMX U BOEHHbIX
cucTeM, TeENEeKOMMYHUKALNOHHON MHAPaCTPyK-
TYPbl M1 ONTOBOMOKOHHbLIX MPUIOXEHNNA.

OcHoBHble oco6eHHocTn yeunuteneit HMC1127

e Touka neumbenbHom komnpeccun: 12.5 obm
e HacbllLieHHasa BbIXoAHAs MOLLIHOCTL: 17.5 obm
o KoadhpuumeHTt ycunenus: 14.5 ob

e Touka nepeceyeHuss TpeTbero nopsaka no
Bbixogy (OIP3): 23 nbm

e HanpsipkeHune nutanus: +5 B/80 MA
¢ 50-omMHOe cornacoBaHue BXxo4a 1 Bbixoaa

e Pasmepsbl kpyuctanna 2.7 x 1.45x 0.1 mm

OcHoBHble oco6eHHocTH yeunureneit HMC1126
¢ Touka geumbensHon komnpeccun: 17.5 gbm
e HacblleHHas BbIxoaHasa MOLWHOCTb: 21 Abm
e KoadboumumeHT ycunenus: 11 ob

e Touka nepeceveHunss TPETbEro Mopsigka no
Bbixoay (OIP3): 28 abm

e HanpsipkeHne nutanus: +5 B/65 MA
¢ 50-oMHOE cornacoBaHme BXoaa v Bbixoda

e Pasmepsbl kpuctanna 2.3 x 1.45x 0.1 mm

foctyn- | CepwuiiHoe LI:H::;:J "
Mpu6op HOCTb npous- 13 1000 Kopnyc
obpa3uoB | BOACTBO npn6opos
HMC1127 | Ceiuyac Cenvac $113 Kpuctann
HMC1126 | Ceivac Celtyac $103 Kpucrann
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C&K Components pa3paboTtana ynbTpaHU3KonpopuabHbie
KHOMKU A9 NOBEPXHOCTHOrO MOHTa)Ka

KHonku 0nsi nogepxHocmHo20 MoHmaxka cepuu KXT umerom ceepxmaryto ebicomy 0.58 mm

Komnanus C&K Components paspabotana
YNbTPaHM3KoNpoMUbHbIE TakTOBble KHOMKM
NMOBEPXHOCTHOINO MOHTaXxa, npegHasHavYeHHble
ONA NPUNOXeHUN, 0co00 KPUTUYHBIX K pasme-
pam KOMMOHEHTOB, BKIOYash HOCMMYO 3nek-
TPOHWKY, CRyXxOBble annapaTtbl, HayLHUKN-
BKNagblilwn, MobunbHble TenedgoHbl 1 apyrue
nopTaTuUBHbIE YCTPOMCTBA. KHOMKW HOBOW cepun
KXT, nmetowme pasmepbl Bcero 3.0 x 2.0 x 0.58
MM, pa3geneHbl Ha rpynnbl No ycunuio cpabathbl-
BaHUA U paccydntaHbl Ha 300,000 uymknos nepe-
KITHOUEHMSI.

OpaHonontocHble kHonkn cepun KXT Ha ogHO
HanpasneHue 6e3 mkcauumn ¢ HopmasnbHO pas-
OMKHYTbIMW KOHTaKTaMn MMEIOT X0 TonkaTens

0.13+0.05 mm. [locTynHbl yCTpOMCTBA C YCUMU-
eM cpabartbiBaHna 100130 rc, 180x50 rc u
240+70 rc. KHOMKM MOryT KOMMYTUPOBAaTb TOKM
00 50 MA npu HanpsPKeHUU NMOCTOSIHHOMO TOKa
0o 12 B B gnanasoHe paboymx TemnepaTyp ot
-30°C po+85°C.

Silego pacwmpsneT ceMmeicTBO ABYXKaHa/IbHbIX MHTErPa/ibHbIX

KOMMYTATOpPOB NUTaHUA

BbicokokadecmeeHHbIl d8yxKaHaslibHbIl KoMMymamop numaHusi 4.5 A/16 MOm ¢ 6riokupoekol

obpamHo20 moka

Silego Technology coobuiuna o pacLumpeHum
CBOEro ceMencTBa ABYXKaHanbHbIX MHTerpanb-
HbIX CMIOBbIX KNtoven. OT aHanormyHbIX Nnpmodo-
poB, pa3paboTaHHbIX koMnaHuewn Silego paHee,
HoBble MuKpocxembl SLG59M 1603V otnuyatoT-
cs nosiBNieHnem uenen 6rokMpoBkn obpaTHOro
ToKka. Knoun onTMMmnamnpoBaHbl ANs HU3KOBO-
NBTHBIX CUCTEM pacnpeneneHHoro nNUTaHusa u
nobbIX APYrnx NPUNOXEHUNA C OBYMSA LUMHAMMU
nUTaHus, rae HegonycTUMO BO3HUMKHOBEHUE
obpaTHbIX MOTOKOB 3HEPrMn OT HarpyskM K
ncToyHnKy. SLG59M1603V moryT pabotaTtb npu

o
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HanpskeHun oT 2.5 B o 5 B, a opurMHarnbHas 1
3alMLLeHHas naTeHTaMn TEXHOMOrMS X U3ro-
ToBneHust CUFET nossonset npubopam B MUHK-
aTopHoM kopnyce TDFN BbigepxuBaTtb Henpe-
pbIBHbIM TOK 4.5 A Ha KaHarn.

O6a kaHana SLG59M1603V umetoT cob-
CTBEHHbIM BHYTPEHHU 3apsgoBbIA  Hacoc,
Luenb paspsga eMKOCTU Harpysku, oTAernbHble
BXOAbl BKITHOYEHUS/BBLIKNIOYEHMA U abCOMOTHO
He 3aBUCAT Apyr oT Apyra. Takum obpasom, Kax-
Abli KaHan 3TOr0 BbICOKOUMHTErPUPOBAHHOMO
CWMOBOrO KIto4a MOXET ObITb CKOHMUIypmpo-
BaH 4N KOMMYTaLUK CBOEN LWNHbI MNTaHUS, HE
oKa3sblBasi HUKAKOro BNUSiHUS Ha paboTy BTOpO-
ro kaHana.

[ns yBennyeHns KoMMyTMpPyeMOoro Toka Tex-
Honorua CuFET nossBonsieT obbeauHATb oba
KaHana napannenbHo, HO Tak, YTobbl paccenBa-
eMasi MOLLHOCTb OcCTaBanacb B npeagenax
OONYyCTUMBbIX ANd Kopryca,  CYMMapHbIN TOK He
npesbiwan 8.5A.

Bbinyckaemasa B KOMNakTHOM 14-BbIBOOHOM
kopnyce STDFN pasamepom 1.0 x 3.0 MM MUK-
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pocxema SLG59M1603V paccuntaHa Ha pabo-
Ty B Anana3oHe Temnepatyp ot—40 °C 0o 85 °C.

OcHoBHble napameTpbl SLG5IM1603

e CBEPXHUN3KME COMPOTUBMAEHUS OTKPbIThIX
kaHanos: 16 MOm

o [INUTEnNbHbLIM TOK Harpy3ku: 0o 4.5 A Ha
KaHan

e HanpsikeHune nutaHua: 2.5B...5.5B

o LlInpoknin oManasoH HanpsXeHUn KoOMMYTU-
pyeMbIX LUWH

e HM3kmii 0BpaTHbIN TOK YTEYKM B pPeEXMME
BbIKIMKOYEHO: 0.5 mkA

e CKOpPOCTb HapacTaHus BbIXOAHOIO TOKa W

HanpaxeHud, 3agaBaemada ogHUMM BHELLHUM
KOHOEHCAaTOpPOM

e 3awuTa oT Neperpesa kpucTanna

o HM3KMin COBCTBEHHbIN TOK MOoTpebreHns B
akTUBHOM pexume: 50 MKA

eHu3kun TOK nNoTpebneHus B pexume
BbIKITKOYEHO: 1 MkA

e BHyTpeHHMe Lenu bbicTporo paspsiga

OcHoBHble cchepbl MpUMeHeHHS

° YHpaBneHme nocnenoBaTernibHOCTbBIO NoA-
KNMOYEHNA LWNH NMUTaHUA

e MynbTUNnekcMpoBaHue OByX LWUH nuTa-
HUS

e HoyTOykun n nnaHweTbl
o MHOroyHKUMOHanNbHbIE NPUHTEPDI
e BCTpOEHHbIE KOMMbIOTEPDI

Toshiba paspa6oTtana nepsyio B mupe 48-c/10ifHYI0 MUKpOCXeMy
$n3Ww-namAaTm emKocTblo 256 Méur

UHHOBaUUOHHas mpexmepHasd MHO20ypo8Hegas CmpyKkmypa yeseriudugaem obbem U nossiwa-
em mexHu4ecKue XapaKkmepucmuKu MUKpocxem CPJ'ISLU-I'IaMFImU

Toshiba America npegcraBuna HoOBoe NOKO-
nexne dnaw-namatn BiCS FLASH c Tpexmep-
HOM MHOFOYPOBHEBOW CTPYKTYPOW 3arnoMuHato-
LWMx Ayeek. HoBas Mukpocxema siBnsieTca nep-
BbIM B Mupe 48-CrnonHbiM 256-rmrabuTtHbIM
dnaww-yctporctBoM. Kpome Toro, oHO OCHoBa-
HO Ha camoW COBEpPLLEHHOW B OTPACI N TEXHOIO-
rmn TLC (Triple-Level Cell — TpexypoBHeBas
sivenka). NoctaBka o6pasLoB Ha4yHeTCs B Gnu-
Xawnwiee Bpems.

BiCS FLASH ocHoBaHa Ha HOBEWLLEM MpO-
Lecce npomsBoacTtBa 48-CnourHbIX CTPYKTYP,
Mo3BoONAlOLLEM co3gaBaTb nNamaATb OOMbLUMX
obbemoB, C OONbLUMM KONMUYECTBOM LIMKMNOB
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3anucy YTeHns 1 66nbLUEN CKOPOCTBLIO 3amnncu,
yeM TpaguUMOHHAA ABYMepHas hnaw-namarb
NAND. Hoebin npubop obbemom 256 [6ut
(32 6anT) HarMaeT NpMeHeHne BO MHOXeCTBe
pasnuyHbIX NPUOXEHWI, BKNOYasa notpebute-
nbCKkMe TBepAOTeNbHble HAKONUTENu, cmap-
TGOHbI, NMaHWeETbI, KapTbl NaMATU U TBEPOO-
TernbHble HakonNuTenu Ang LeHTpoB 06paboTkm
OaHHbIX.

Co BpemMeHM aHoHCa TEeXHOMOrmn B UIOHE
2007 Toshiba npogomnxana pa3paboTku € Lienbto
ee onTMMu3aLmm ons BO3MOXHOCTM UCMOSb30-
BaHus B MaccoBoM rnpoussoactese NC. MpuHu-
Masi BO BHUMaHWE OXWOAEMbIA POCT pblHKa
dnaw-namaty B 2016 n nocnegyowmx rogax,
Toshiba nnaHomepHo nepexognt Ha BICS
FLASH, pacwupsas accopTMMEHT HOBOW Mpo-
OyKUMK, npedHasHayeHHOW ANns MpuroXeHun
B6onbLioro obbema, Takunx, Hanpumep, Kak TBep-
AoTenbHble HAaKOMUTENW.

Toshiba nmeet 6oratbii ONbIT CO3A4aHUSA KOM-
NMOHEHTOB NAMATU M B HACTOSILLIEE FOTOBUT K Mac-
coBomy npounseoacTey BiCS FLASH HoByto ghab-
puky Fab2 B VlokkanT — OCHOBHYIO MmroLaaky
no Bbinycky dnaw-namatn NAND. Ctpour-
enbcTBO Fab2 6yaet 3aBepLUeHO B NepBOK NOMO-
BuHe 2016 .
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Dialog Semiconductor agocturaeT BbicoyalluUX 3HAYEHUN
vAaenbHoi mowHoctn u KMNA ana nuTaHMA KOMNbIOTEPOB

6yaywero

20-amnepHas mukpocxema DA9312 edeoe cokpawaem obbem ucmoYHUKa numaHusi Hoymbyka
u obecrieyusaem 6ecripeyedeHmHsbit KM/ e 98%

Dialog Semiconductor o6bsiBuna o
BbIMyCKE MWKPOCXEMbl YynpaBneHns
nutanmem DA9312, nossonsoLwen
co3gaBaTb Oonee KOMMNakTHbIE U TOH-
Kve HOYTOYKWN 1 NNaHLWWETbI C NITaHUEM
OT [ABYX3JIEMEHTHbIX (2S) nuTun-
WNOHHbLIX UNN NUTUA-NONMMEPHbIX aKKyMYynsaTo-
poB. MHAyCTpUA nopTaTUBHbLIX KOMMbIOTEPOB
OBWXETCHA B CTOPOHY KOHCTPYKUUIA C NUTaHWEM
OT ABYX-, @ He TPEXaneMeHTHbIX akKyMynaTop-
HbIX 6aTapeln, a NnaHLWeTbl NePEXOAAT OT O4HO-
3NIEMEHTHbIX K OBYXANEMEHTHbIM aKKyMymnaTo-
pam. Dialog nogoepxuBaer 3TW TeHOEHLUMMU
CcaMblM BbICOKOMHTErPUPOBAHHbLIM U3 [OCTYM-
HbIX CErofiHs peLleHeM Ans ynpasneHus nuta-
HUeM.

Mpn wncnonb3oBaHun DA9312 Tpebyetcsa
NN HECKONBbKO BHELLUHUX KOMMOHEHTOB, 3aHK-

MaloLWwmx Ha nedatHon nnate Bcero 80 MMZ —

coBceM HebonbLUylo YacTb OT NfoLlaaun, KoTo-
pas Tpebyetcsa npeobpasoBaTensmM MOLLHOCTU
Ha [OWCKPETHbIX KOMMOHEeHTax. YCTPOMCTBO
nmeet nyydwmn B otpacnu Krng s 98%, MuHumMu-
3mpys npobrembl oTBoAa Tenna M NoBblLIAs
HaZEeXHOCTb KOHEYHOro NpoayKTa.

PaccuntaHHas Ha mowHocTb 90 BT Mukpoc-
xema DA9312 saBnsercs nepBbiM B OTpaciu
CUITOBbLIM YCTPONCTBOM Takoro Tuna. Ha ee Bxoz
MOXHO nogaBaTb HanpsbkeHne oT 5.5 B po
10.5 B, koTOpOE 3aTeM NOoCTynaeT Ha Tpu He3a-
BUCUMbIX UCTOYHMKA NUTaHus. OCHOBHOW Mpe-
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gdizlog
DA9312

oOpasoBartenb HanpsbkeHust Ons
XpaHeHns 3apsga MCnornb3yeT KOH-
OeHcaTopbl U He TpebyeT BHELUHEN
WHOYKTMBHOCTU. [1Ba BXOOSLMX B
COCTaB YCTPOWCTBA BbICOKOYACTOT-
HbIX MOHMXaKLWmMxX npeobpasosa-
Tensa paboratoTt Ha YacTtoTe 1.5 MITu, 4TO NO3BO-
ngeT ncnonb3oBaTb MUHWATIOPHbIE WUHOYKTUB-
HOCTU BbicOTOM 1 MM M O4YeHb MareHbKue
BbIXOAHbIE KOHAEHCATOPbI.

VBAT/2 (10 A)

-

MpeobpasoBarens
HanpshxeHus

VBAT

npeobpa-
3oBearelb
#1

DA9312

Lindpposoe MNamsT.
AApo QoTP
Cwewierne MpocTpaHcTeo|
Cynepeusop | oeryoroon
TeHepatop
3] )X

| i

MoHmxKaroLyit
npeobpa-
30Barens

#2

1’c
GPIO's

Cxema skrrodeHusi DA9312.

MpeobpasoBaTtenb HanpsKeHWs, BbIXOQHOE
HanpsKeHne KOTOPOro paBHO MNOMOBMHE BXOAHO-
ro, MOXeT oTAasaTb B Harpysky Tok go 10 A, a
Kaxkabln U3 ABYyX NOHWXatoLWmx npeobpasosaTte-
nen paccymMTaH Ha BbIXO4HOM TOK 40 5 A nHanpsi-
XeHune o1 2.8 B go 5.35 B. Kpome T0r0, BbIXOAbI
noHwXxaroLwmx npeobpasoBatenen Moryt 6bITb
o6beanHeHbl, YTobbl NpeBpaTUTbL YCTPONCTBO B
OBYX(asHbIN perynatop, CNoCobHbIV BblOepXKU-
Batb Tok Ao 10 A Ha kakgom mn3 BbIxogoB. Bce
BXOASLLME B COCTaB MUKPOCXEMbl MCTOYHUKK
NUTaHUA coaepXaTt BCTPOEeHHble cunosblie MOIT
TPaH3UCTOPbI, YTO MUHUMU3UPYET KONUYECTBO
BHELLUHMX KOMMOHEHTOB W pasMepbl Nnarhbl.
Cxeme He TpebytoTcs gnogbl LoTTkn.

B DA9312 npegycMoOTpeHbl BO3MOXHOCTb
nporpaMMmMpyemMoro Msirkoro 3anycka, MHauka-
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Tok (A)

3asucumocmb KT/ om moka Hagpy3Ku.

LLMsi COCTOSAAHNSA BbIXOAHbLIM curHanom «lutaHme
B HOpME», a TaKkKe AUNCTaHUMOHHOE CYHUTbIBA-

HVe, rapaHTMpytoLLee BbICOKYH TOYHOCTb NOA-
AepXaHus TpebyeMoro HanpskeHust B TOYKe
NOAKMIOYEHMST HArpy3ku, He3aBUCKMO OT TOrO,
Kak pasBegeHa nevyatHas nnata. Kpome Toro,

MUKpOCXemMa UMeeT COBMECTUMbIN C 1’C nHTEpP-
denc ynpasneHus, KOHpUrypupyemblii pacLim-
puTenb NOPTOB BBOAA/BbIBOAA, a Takke Lenu
3alMThl OT Neperpesa 1 neperpy3km no Toky.
DA9312 noctaensietca B kopnyce WL-CSP
pasmepom 6.345 x 2.815 MM ¢ hupmMeHHOM cuc-
Temon RouteEasy pacnofioXXeHUs KOHTaKTHbIX
LIAapUKOB, MO3BONAOLLEN BbINOMHATL Tpaccu-
POBKY BbICOKOW MNOTHOCTU Ha AeLleBbIX nevar-
HbIX Nnatax. Mukpocxema paboTaeT npu Temne-
paTtype kpuctanna ot —40°C go +125 °C.
DA9312 moxHOo npnobpecTtu yxe cenyac.

BcoKouacTtoTHbie LDMOS ycunutenm mowHoctu Freescale
PaCcWMPAIOT PagUyC AEUCTBUA U YIYUYLLIAIOT SKOHOMUYHOCTD
YCTPOMCTB NPOU3BOACTBEHHOW PaauOCBA3U

KomnaHus Freescale npeactaBuna pasa
HOBbIX LUMPOKOMNOMOCHBIX PagnoyacTOTHbIX
yeunutensa mowHoctn — LDMOS uHTterpansHoe
paguodacTtoTHoe ycTponcTBo Airfast AFIC901N
n LDMOS TtpaHsuctop AFTOSMSO003N. Mpunbo-
pbl, paccynTaHHble Ha paboTy Npu HaNpPsPKEHW-
sx 3.6 B unu 7.5 B, npegHasHayeHbl 4ns npuno-
XEHWN, rae KnwyeBbiMM TpeboBaHMAMU ABNSA-
I0TCS yBENMYeHHasi BbIXO4Has MOLLHOCTb ANs
paclmpeHus paguyca OEeWCTBUS M BbICOKUN
KMA ansa npoanexus pecypca 6atapen.

CurcTembl NOABUXHOW PaaMOCBA3N NepexoasT
OT aHaroroBblX K LMPOBLIM CxemaMm Moaynsi-
UMK, 4TOo OBBLIMHO TpebyeT KOHCTPyMpOBaHUS
HOBOW paamMo4acTOTHOW YacTu ycTporcTea. Bbico-
Kast apPeKTMBHOCTbL HOBEMLLUNX CUITOBbLIX pagno-
YacCTOTHbIX KOMMNOHEHTOB Freescale nossonser

18 HOBOCTU

OEM npowusBoguTensiMm cpeacts Ha3eMHOMN
MOOWIBHOM PaguoCcBA3M  yBENMYMBATL Bpems
paboTbl YCTPOWUCTB C aBTOHOMHbIM MUTAHUEM.
Kpome TOro, BbICOKUI KOI(PMPULNEHT yCUneHns
HOBbIX NPMOOPOB AaET BO3MOXHOCTb MUHUMWN3U-
poBaTb CTOMMOCTb KOHEYHOIO PELLEHUS 3a CYHET
COKpaLleHNsa KonmyecTBa WCMNOMb3yeMbIX B
CXeMe TpaH3uCTopoB. Paspabotuukm pagmoyc-
TPOWCTB MOIYT YCKOPUTb BbIXOA HA PbIHOK CBOMX
NpoAyKTOB, BOCMOMb30BaBLUMCL MNpeasiaraeMbi-
Mu Freescale cxemamMu 6a30BbIX MPOEKTOB.
CospgaHHble Freescale nHterpansHoe paau-
oyactoTHoe LDMOS yctponcteo Airfast
AFIC901N nu LDMOS TpaH3ucTop
AFTO5MSO003N npegHasHayeHbl 4ns paboTbl B
Lwmnpokor nonoce 4vactot ot 136 go 941 Mlu.
Mpnbopsbl, OTNMYaOLLNECS BEICOKMMU 3HAYEHU-
AMN 3PDEKTUBHOCTU U KOIPPULIMEHTOB yCcune-
HUS, BbIMYCKAlOTCA B KOMMAKTHbIX M Nerkmx dop-
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MOBaHHbIX NSIACTUKOBbLIX Kopnycax. VX uckno-
YMTENbHO BbICOKAasl YCTOMYMBOCTb K paccorna-
coBaHuto Harpyskn (KCBH > 65:1) nossonser
co3gaBaTb BbICOKOHALEXHble MNOpPTaTUBHLIE
paanocTaHuuu.

TpaH3MCTOpbl XOPOLLO NPUCNOCOobneHb! Ans
COBMECTHOIO UCMOSb30BaHNSA C MUKPOKOHTPOJ-
nepamn Freescale B Takmx NpUNOXEHUNX, Kak
YCTPOWCTBa aBTOMATMYECKOro CHATUSA MoKasa-
HUIM SMEKTPOCYETUMKOB, paboTatoLlmne B agnana-
30Hax 169, 434 nnn 868 MI'u, rae npu He3HaYK-
TerbHbIX 3aTpatax OHW MOryT yBENUYUTbL arb-
HOCTb paguocesa3n. Kpome Toro, npubopskl nae-
anbHO NOAXOAAT AN MEXMALUNHHBIX KOMMYHU-
kaun (M2M) n SCADA-cuctem.

Ha yactotax YKB ot 136 go 174 MI'y aByx-
kackagHein LDMOS ycunutens AFIC901N
MOXET OTAaBaTb HEMPEPbLIBHYHO BbIXOAHYH MOLLL-
HocTb 1 BT npu KN4 pasHom 63% n ycuneHuu
30 ob. YcTpoWcTBO BbINyCcKaeTca B Kopryce
QFN pasmepom 4 x 4 mm. NMonHOM HOMUHANBHOM
BbIxogHoM MmowHocTn 30 ABM Npy BXOOHOW MOLLL-
HocTn Bcero 0 ogbm gocrtaTtoyHo, 4YTobbl paspa-
6oTunKky He notpeboBancs npeaBapuUTErbHbIN
yeunutens. Mukpocxema AFIC901N ckoHCTpymn-
poBaHa Tak, UTO BXOOHOE, BbIXOOHOE, a TaK Xe

MeXKackagHOoe corracoBaHne BbIMOHAETCS
BHELHMMU Lenamun. OTo AaeT paspaboTynkam
BO3MOXHOCTb 3aMEHOM NULLb HECKOMNbKUX AUC-
KPETHbIX KOMMOHEHTOB Ha nnarte rmbko onTumm-
3MpoBaTb CBOW YCTPOWCTBA MNOL KOHKPETHbIE
CUCTEMHble TpeboBaHMSA, B 4aCTHOCTW, nog
BblOpaHHbIN YaCTOTHbIN Anana3soH.
AFTO5MS003N paccunMtaH Ha Henpepbis-
HYI0 BbIXOOHYIO MOLHOCTbL 3 BT. TpaHsuctop
MOXET YyCUnMBaTb CUrHambl B MOSIOCE 4acToT
136 ... 941 MI'u, npnyem B amManasoHe YKB ero
ycunenue pasHo 17 ab, a KMNA — 67%. Mpnubop
repMeTM3npyeTcs B MiacTMaccoBbIi POpPMO-
BaHHbIN kopnyc SOT-89. HoBble TpaH3uCTOpbI
OOMOMNHAT CEMENCTBO YCTPOUCTB Freescale ¢
paboynm HanpsxkeHnem 7.5 ... 12.5 B, npeaHas-
HaYeHHbIX A5t MobuIbHbIX 1 M2M paguo npu-
NOXXeHWI C BbIXOQHOW MOLLHOCTbo oT 1 00 75 BT.

JlocTynHoCTb

Tpananctopbl AFTO5SMS003N yxe Bbinycka-
toTca cepuinHo, a Mukpocxembl AFIC901N noka
AOCTYNHbI NULWLbL B BUAE €AVHUYHBIX 06pa3uoB.
Ons oboux KOoMNOHeHTOB uMetoTcs 6a3oBble
npoekTbl B BapuaHTax YKB (135 ... 175 MI'y) n
YBY (350 ... 520 MI'w).

Allegro BbinycTtuna HOBbIA CUIbHOTOUYHbIA CUHXPOHHDbIN
NOHMXAOLWKUK npeobpasosartensd ¢ 60abWIMM AMaNa3OHOM

BXOAHDbIX Hal'lpﬂ)l(eHMﬁ

Bornbwol ebixoOHOU MOK fpuU 8eIUKOAENHOU ycmolyugocmu KOHMypa peayiupogaHusi U Masiom

8peMeHU peakyuu Ha rnepexoOHble npouecchl

Allegro MicroSystems BbinycTuna HoOBYHO
CUMBbHOTOYHYO MUKPOCXEMY CUHXPOHHOTO MNOHK-
Xatowero npeobpasoBartens C UHTErpupoBaH-
HbIMW KIto4aMu BEPXHEro N HUXKHEro nreya Ha
ocHoBe N-kaHanbHbix MOSFET ¢ Huskumn
COMpPOTMBIEHNSIMU OTKPLITOro KaHana. Mukpoc-

Wide Input Voltage,
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xema A8654 peanuayet LUMM-perynuposaHue ¢
obpaTHOoN CBA3bHO MO TOKY MHOYKTUBHOCTU, 06ec-
neymBaloLLiee NPOCTOTY YaCTOTHON KoppeKuuu,
OT/INYHYHO YCTOMYMBOCTb KOHTYpa ynpaBreHus
1 6ONbLUYIO CKOPOCTb peakunm Ha NepexoaHble
npoueccol. YactoTHast komneHcauusa netnu OC
BHELWHVMW LensMu Mo3BONSieT MOACTpanBaThb
XapaKTEPUCTUKM CXeMbl NOS pasfnuUYHbIe CUMNOo-
Bble KOMMOHEHTbI, YTOObl B KaXgoM criyyae
MMETb KaK BbICOKY CTabUNbHOCTb, TaK 1 XOpo-
lUMEe XapaKTEePUCTUKN MNEepeEXOQHOro pexuma.
HoBasi Mukpocxema noHwxatoLero npeobpaso-
BaTens npegHasHayeHa AN PbIHKOB aBTOMO-
OWNBbHOW, MPOMBILLSIEHHON U N3MEPUTENBHOM
9NEeKTPOHUKN. K TMNMYHBIM 06nacTsm npyuMmeHe-
Hus oTHocaTca GPS HaBuraTopsl, aBToMobunb-
Hoe ayauo v Buaeo obopyaoBaHue, OblTOBblE
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aKyCTMYeCKne CuUCTeMbl M MPOMBbILSIEHHbIE
YyCTpPONCTBA.

HoBoe ycTponcTBO CTabunmanpyet BXOAHbIE
HaMNpsPKEHUST B HOMUHAINbHOM guanasoHe OT
4.0 B po 36 B, n octaetcsa B pexume perynupo-
BaHNA MPU CHUXKEHUM BXOAHOIO HaNpsiKeHUs Oo
2.6 B. Korga ypoBeHb BXOQHOIO HanpshKeHus
npmnbnmxaeTcs K BbIXOAHOMY, 451 NOAAEPXKaHWS
pexuma ctabunmsaumm KoadULIMEHT 3anosHe-
HUS yBENUYMBAETCH OO MakCMMarnbHOIo 3Hade-
Hus. AB654 MoXeT oTAaBaThb B HarpysKy Henpe-
pbiBHbIN TOK 40 3 A. Cpean OCHOBHbIX 0COBEH-
HOCTen NpMBopOB MOryT ObITb BblAENEHbI:

e BHELUHAS YCTaHOBKA BPEMEHU MSATKOro
3anycka;

e BHELLUHAS LeMnb 4YacTOTHOM KOoMMeHcaumn
netnn OC gns onTumMmsaumm paboTbl cuno-
BbIX y3I10B;

e Bxoa EN ana otknoyeHusa Bbixoaa;

e Bxog SYNC/FSET ans BHELHEN CUHXPOHMU-
3aumm cxeMbl Unu yctaHoBku YacToTbl LUMM;

e HONKALMA BXOXOEHMWS B peXxum ctabunmsa-
umm curHanom Ha Bbixoge NPOR.

MukpocxeMa MMeeT NonHbIN Habop 3almT-
HbIX YHKLUMIA, BKITHoYasa GrOKMPOBKY MpW MOHU-
XEHHOM BXOOHOM HarnpshKeHWW, MOoLMKNoBoe
orpaHvyeHne Toka Mpu neperpyske, nepeknto-
YeHVe B PEXUM KMKaHMS» NPU KOPOTKOM 3aMbl-
KaHuM 1 OTKNoYeHne npu neperpese. NMNomnmo
aToro, Mmmkpocxema A8654 3awymuieHa ot obpbl-
Ba Harpysku, B3aMMHOro 3aMblkaHUSA COCEAHUX
BbIBOAOB U 3aMblKaHWS BCEX BbIBOAOB Ha 3eM-
Mo, COOTBETCTBYs, Takum obpasom, Gonbun-
HCTBY CTpornx TpeboBaHnn, NpeabaBNAeMbIX K
aBTOMOOBUITbHBIM M UHBIM NPUITOXKEHNUSIM.

MakcumanbHas TemnepaTypa nepexopa
paBHa 150 °C. A8654 BbinyckatTca B 16-
BbIBOgHOM koprnyce e TSSOP ¢ BCKpbITbIM OCHO-
BaHMeM AN ynyJweHust otsoga Tenna. MNMpubo-
pbl HE COOEPXXUT CBUHLA; UX BbIBOOHAs pamka
UMeeT CTOMPOLUEHTHOE MOKPbITUE MAaTOBbIM
ONIOBOM.

HoBasa TexHonorua KomnaHuu Litecool nossonser BTpoOeE
CHU3UTDbL Teéna10B0€e conpoTuesineHume ceeTtoanoaHbIX C50pOK

KomnaHusa Litecool 3anyctuna npousBo-
ACTBO CBETOAMOAHbIX COOPOK C BEpTUKaIbHOM
OpueHTaumen, 3aMeHUBLLIEN NCNOSTb3YyeMYIo 40
CUX MOp TOPU3OHTANbHYI OpUEHTaLu. ITO
O3HayaeT, 4YTO Croun AM3NeKTpuKa Nuilb He3Ha-
YUTENbHO BIMAIOT HA TeMNepaTypHble XapaKkTe-
PUCTUKM CBETOAMOAHON COOPKM U MO3BOMNSAIOT
adhpeKTMBHEE OTBOANTL TEMNSIO Yepes MeTanun-
YyecKkue arnemeHTbl kopryca. OT0 ABMseTcs 3Ha-
YUTeNbHbIM MPENUMYLLLECTBOM NP UCNONb30Ba-
HUK TexHonorum kopnycuposaHusa Flip-Chip
(meTon mepeBepHYTOro Kpuctanmna), rge cnowu
ANAneKTpuka OObIYHO PacnofoXeHbl OYeHb
Gnun3Kko K kpucTanny guoaa.

L i
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LED Times

[nanekTprkn MCnonb3yTCcs B CBETOAMOA-
HbIX COOpKax Ans U30NAUMK SNEKTPUYECKUX
NPOBOAHWNKOB, HO OHW MNPENATCTBYIOT OTBOAY
Tenna, 4To B CBOK OYepeab NPUBOAUT K nepe-
rpeBy cBeToanoaa. B TpaanuUMOHHBIX KOHCTPYK-
LUMSIX CBETOAMOOHBLIX COOPOK 3neKkTpuyeckue
NPOBOOHWKN W OU3NEKTPUKU pacnonararTcs
ropu3oHTanbHO. M3-3a aTOro TenmoBOW MNOTOK
OOMMKEH NPOXoANTb CKBO3b OAMH UM HECKOSbKO
CNOEB AM3NEKTPMKA C HU3KOW TEMMONPOBOAHOC-
TbH0, YTO CO34AET TPyAHOPa3peLuMMble Npobne-
Mbl TennooTeoaa. lNMpu NoBopoTe 3TUX CIOEB Ha
90 rpagycoB Tenno oTBOAMTCS Yepe3 MeaHble
NPOBOAHMKM, @ HE Yepe3 ANBNEKTPUK. Tennosoe
conpoTumeneHune céopok [C°/BT], narotaBnueae-
MbIX TaK1MM CnocoboMm, B TPy pasa MeHbLUE, YeM
npy KNnaccuyeckom TEXHOOormm KoprnycupoBa-
HWUS. Takoe yMeHbLUEeHNe TennoBoro ConpoTmBe-
NEeHUs1 3HaYNUTENbHO CHWXaeT TpeboBaHusa K
TENNoOTBOAY, MO3BONSAS NUTaTb CBETOAMOAbI
OOMbLWIMM TOKOM AN YBENMYEHUSI CBETOBOIO
noToka.

MaTeHTyemas B HacTosILLee BpeMsi TEXHOMO-
sl BEPTUKANbHOIO pacnonoXeHNsa AN3neKTpu-
Ka no3BonseT B npeaenax oaHon cbopku pacno-
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naratb CBETOAMOAbI HaMHOro Onwvke Apyr K
Apyry nNpyv MUHUMANbHOM BANSHMM HaA Tenso-
Bble XapaKTepUCTUKN, a Tak e obecnevnTb 3Ha-
4YUTeNbHOE CHWXEHWe TeNnoBOoro ConpoTuBne-
Hua B cbopkax Flip-Chip. OrpaHnyeHuns, Hakna-
OblBaeMble Ha TONLUHY NPOBOOHUKOB U 3230kl
npv TPaguUMOHHOM NPOU3BOACTBE ANEKTPOHU-
KW, CHUMAOTCS, npegoctaenas 66nbLuyo rmod-
KOCTb TEMMOBOrO NPOEKTUPOBAHUS.

OgHMM M3 KOMMEPYECKMX MpeumMyLlecTB
ABNSETCA TO, YTO AN AUINEKTPUKOB MOXHO
OornbLle He UCnonb3oBaTb AOPOryH KEpaMUKy ¢
BbICOKOW TennonpoBogHocTblo. [losBunack
BO3MOXHOCTb NpMMeHATL Bonee aelweBble na-

NEeKTPUKM Ha ocHOBe nonumepos. Litecool yxe
pa3paboTana KOHCTPYKLMIO U TEXHONOTUIO U3ro-
TOBIMEHWS, MO3BOMAILLY BbIMyCKaTb TaKue
cbopkum B 6onbLUMX obbemax.

«Cama no cebe ata koHLenunsa npocTa, ogHa-
KO, OHa crnoxHa B npou3soacTee. Mbl paspabo-
Tanm HOBbIN TEXHOMNOMMYECKNA NPoLIecc, NO3BO-
nawowmn decnpeueneHTHO N3MEHNUTL TpeboBa-
HUS K COOTHOLLEHNIO pa3mMepoB NPOBOLAHMKOB U
3a30p0B, B pesynbrate 4ero XapakTepUCTUKK
npnbopoB NPeB30OLIM BCe, YTO MMeeTCcs Ha
COBPEMEHHOM pbIHKeY», — ckasan Pobept Kop-
6uH (Robert Corbin), nHxeHep-npoeKkTMpoBLLMK
KomnaHuw Litecool.

Fujifilm n Imec npoaemoHcTpupoBsanun NoAHOUBETHbIE
OpraHuYecKue CBeToamnoAabl, BbinoHEeHHble N0 GoTope3UCTUBHOM

TéeXHonormm

Kopnopauus Fuijifilm n mukpo- n HaHoanek-
TPOHHbIN HAY4YHbIN LLEeHTP Imec NpogeMoHCTpU-
poBanu MOMHOLBETHbIE OpraHMyeckne CBEeTO-
avogbl (OLED), narotoBneHHble C MCNOMb30Ba-
HMEeM COBMECTHO paspaboTaHHoi doTopesnc-
TMBHOW TEXHOMOIrMM NPOM3BOACTBA OpraHn4ec-
KMUX NOSTlynpoBOLHMKOB, No3BondtoLwen opmu-
poBaTb 3neMeHTbl CYyOMUKPOHHOro pasmepa.
OTn Bnevatnsiowme pesynbtaTtbl OTKPbIBAKOT
nyTb K NPOM3BOACTBY OOMbLUMX OpraHN4YecKmx
anekTpontoMuHecueHTHbIXx (A1) aucnnees
BbICOKOIo paspeLleHns 1 BO3HUKHOBEHMUIO KOH-

[YBenuyeHHble n3obpaxeHnsa matpuubl OLED]

20 pm
A—

N3o6paxeHne B ONTUYECKOM MUKpOCKONE

DOTONMUHECLEHTHOE U306paKeHne

KyPEHTOCMNOCOBHbIX MO CTOMMOCTM METOLO0B
npon3BoacTBa.

OpraHnyeckune 3J1 gucnnen Bce vaue
NCNomnb3ylTCA B TeneBu3opax U MOOMUMbHbIX
YCTPOWCTBAX, BKAto4asg cMapTdOHbl 1 HOCUMYHO
9MNEeKTPOHMKY. HoBasi TexHonorns no3sonsieT
caenatb AUCnnen TOHKUMN U TMOKUMU, C MarbiM
BPEMEHEM OTKITMKA U BbICOKOW KOHTPACTHOCThLHO
n3obpaxeHus. [nsa COBPEMEHHbIX YCTPOMWCTB
Heobxoaumbl JJ1 Ancnnen ¢ BbICOKOW NIIOTHOC-
Tbto Nukcenen: nopsaka 200 Toyek Ha gonMm Ans
4K TteneBumsopoB, 500 To4ek Ha AworMM Ans

20 pm

-—

ANeKTPONIOMUHECLIEHTHOE N306paxeHue

B matpuue OLED npwm wware anemeHToB
20 MKM NOJy4eHO BbICOKOE paspeLLeHmne
640 Touek Ha aronm.

V1306paskeHie, nonyyeHHoe npu 0byyeHm
matpuubl OLED ynbTpacdnoneTossim
CBETOM, NOATBEPAWIIO, YTO KpacHbIe,
3ereHble U CUHUE 3NEMEHTbI U3ryyatoT
CBET pa3fenbHo.

W306pasxeHre Nonyy4eHo npu MPUIOXEHHOM
HanpskeHnn BMecTo YP obnyyerms.
lMapameTpbl KpacHbIX, 3eMEeHbIX 1 CUHNX
3NEMEHTOB COOTBETCTBOBAIN OXMAAEMbIM
3HaYEHNAM.

PapuoJloyman - asrycr 2015

HOBOCTU

21



http://www.rlocman.ru/

MOBUNBHBIX YCTPONCTB ¢ nogaepxkon FullHD, n
C ewe bonee BbICOKOM MMAOTHOCTBIO ANA Marno-
pasMepHbIX OUCNIEEB HOCUMbIX YCTPOUCTB. B
CBA3NW C 9TUM BENWUCb aKTUBHblE Hay4HO-
nccnegosarenbckue paboTbl B 06racTn opraHu-
YecKkux MnonynpoBOAHUKOB, OCHOBHOW LienbHo
KOTOpLIX siBnsiniack paspaboTka crnocoba dop-
MUPOBaHUSA CTPYKTYpP 13 opraHnyeckux Of1 mate-
puarnoB C BbICOKOW NSIOTHOCTbIO 9N1EMEHTOB 415
NCNONb30BaHUA B 3TUX NPOAYKTaX.

B 2013 rogy Fuijifilm 1 imec coBmecTHO pas-
paboTanu OCHOBaHHYK Ha doTonuTorpadun
POTOPE3UCTUBHYIO TEXHOSOIMMIO U3rOTOBMEHUS
OpraHn4eckMx NonynpoBOAHNKOB, obecneynea-
IOLLY0 CyOMMKPOHHOE paspelueHne Ha 6onb-
Wnx noasnioxkax 6e3 paspyllieHust opraHmyec-
KMX MOnynpoBOAHMKOBLIX MaTepuanos. BHea-
peHve 3TON TexHonorum He TpebyeT JONOMHMU-
TENbHbIX KanUTanoBOXEHUN, MOCKONbKY BCe
onepauum BbINOMHAKTCA Ha CyLeCTByHOLLEM
obopynoBaHun pgns dortonutorpadum C
MCNonb30BaHNEM ANUHbI BOMHbI 365 HM. MmeH-
HO MO3TOMY TEXHONorus npuenekna kK cebe
LLMPOKOE BHMMAHME YXXe C MOMEHTA NOSIBIEHMS
nepBbIx Nyornvkaunn, n gana Hagexay Ha nosie-
NeHne 3KOHOMMYECKM 3appeKTMBHOrO crnocoba
N3roTOBNEHUS OPraHNYECKMX NOSynpPOBOAHNKOB
01151 YCTPOWCTB BbICOKOIO paspeLLeHmst.

MocnegHum poctmkeHuem Fujifilm n Imec
cTano usrotosneHne nonHouseTHbiX OLED no
(POTOPE3NCTUBHOM TEXHONOMMM U yCnellHas
npoBepka WX XxapakTepucTuk. [Onsa cospgaHus
nonHousetHon OLED naHenu Ha nognoxky ¢
warom 20 MKM BbINTM HAHECEHbI KpacHbIE, 3ere-
Hble 1 cMHMe opraHunyeckmne OJ1 matepuansl. B
pesynrarte nony4unacek Mmatpuua OLED 13 40 x
40 Touvek ¢ paspelueHnemM 640 ToUek Ha OONM,
obnyyeHne KOTOpPoN ynbTpaduoneToBbiM CBe-

TOM MOATBEPANIIO, YTO KaXKablil 3NIEMEHT UCMyC-
Kan CBEeT caMoCTOsITeNbHO. M3ny4yeHue kpac-
HbIX, 3€MeHbIX N CUHUX 3NIeMEHTOB Takxe Bblno
NpoBEpPEeHO HEMOCPEACTBEHHBLIM MPUNOXEHNEM
K HAM MUTaKOLLETNO HAMNPSPKEHUS, YTO MO3BONUIIO
caenaTtb 3aKrYeHre 0 COOTBETCTBMM NapamMeT-
POB CBETOAMOA0B OXMAAEMbIM 3HAYEHMSIM.

OTU pesynbTaTbl OTKPbIBAKOT HOBbIE BO3MOX-
HOCTU, Takme Kak UCMOorb3oBaHWe OpuUrnHarsb-
HbIX MeTo4OoB hoTonuTorpacumn ¢ MysnbTUNIK-
Kaumen wabnoHoB. Hanpumep, GygeTt BO3MOX-
Ho B maTpuue OLED k kpacHomy, 3eneHomy u
cvHeMy uBeTam [o06aBUTb YeTBepTbin, UK
co3gaTb Takue, 40 CUMX MOp He CylLlecTBOBaB-
LUMe YCTPOWCTBA, Kak HOBble AaTynku, oobeam-
Haowme OLED c opraHnyecknmun dpotoaeTek-
Topamu.

PesynkraThl MccrneqoBaHuin 6uinm npegcras-
nexbl Ha Hepene coobuwectea SID — ogHon 13
caMbix 60nbLIMX MeXayHapoaHbIX BbICTABOK
MHGOPMALIMOHHBIX Auchnnees, NpoBOAMMONM B
CaH Xoce, Kanudoprus, CLLA.

C Havamna COBMECTHbIX WccnegoBaHUA B
Hosibpe 2012 roaa Fujifilm n Imec yaanock npe-
040N€eTb rpaHnLbl TPAAULMOHHOM TEXHONOMNN U
BHECTM CYyLLLECTBEHHbI BKNa B pa3BuTMe MeTo-
A0B NPON3BOACTBA OpraHNYecknx nosynpoBosa-
HWKOB, pa3paboTaB, B YaCTHOCTM, OCHOBAHHYO
Ha ncnonb3oBaHUN GOTope3ncTa TEXHOMOTUIO,
NMO3BOMSAOLLYI M3roTaBnMBaTb OpraHn4eckue
nonynpoBOAHMKKN, obecnevmBatome BbICOKOE
paspelleHre 1 cybMUKPOHHbIE pas3Mepbl are-
MeHTOB. [1Be KOMMaHMK npogoskat HaydHo-
nccnegosarenbckue paboTbl B obnactu nonyn-
POBOAHMKOBLIX MaTtepuarnoB, TEXHONOMMYECKNX
NMpPOLIECCOB U CUCTEMHOW MHTErpaumm, Ytobbl
peLnTb NPpodnembl, C KOTOPbIMU CTankMBaeTcs
CerofHsi otTpacnb OpraHU4YeCKOM SMEKTPOHUKMN.

Linear Technology aHOHCUpYeT LULMPOKONONOCHbIN
BbICOKOZIMHEHbIN ABOIMHOM 6anaHCHbIX cmecuTenb aNA

AuanasoHa 2 ... 14 I'Ty,

Linear Technology aHoHcupoBana BbInycK
ABoMHoro ©OanaHcHoro cmecutensa LTC5549,
KOTOPbIA MOXET MCMNOMb30BaThbCsl B KayecTBe
NOBbILLAKOLLETO UM MNOHMXatoLLero npeobpaso-
BaTensa B O4€Hb LUMPOKOM AnanasoHe 4acToT oT
21Ty po 14 Iu. Mukpocxema LTC5549 otnuya-
€TCH UCKMIOUYNTENBHO BbICOKOWN IMHEMHOCTBIO —
BXOJHas ToYKa nepeceveHnsi No HTepMoayns-
umm Tpetbero nopgaaka (IIP3) anavactotel 9 MMy
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HaxoouTcsa Ha ypoBHe 24.4 pgbm. LTC5549
nossonsieT cosgaBaTb 3M®MOEKTUBHLIE CXEMbI
CBY nepepaTtymMkoB 1 NPUEMHMKOB, UCKIHOYMB
N3 CXeMbl BHELUHUIN YCUNUTESNb MOLLHOCTU CUr-
Hana retepoanHa, NOCKoNbKy Gnarogaps UHTer-
pupoBaHHOMY Oydepy reTepogmMHa YpOBEHb
curHana Ha Bxoge LO moxeT cocTaBnsATb BCEro
0 obm. Kpome Toro, LTC5549 nmeet BHyTpEH-
HUN OTKMNOYaEMbI YABOUTENb YacTOTbI CUrHana
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reTepoamvHa, YTo f4aeT BO3MOXHOCTb MCMOSb30-
BaTb B CxeMe Gornee gelleBble 06LWeaoCcTynHbIe
CuMHTe3aTopbl 4YacTtoT. B cmecutene nmeetcs
LLUMPOKOMOSOCHBLIN  CUMMETPUPYIOLLMIA  TPaHC-
dopmartop, oNTMMU3MPOBaHHbIV AN pacLumpe-
HWS nosockl YactoT go 2 Iy ... 14 I'Ty npu
HECUMMETPUYHOM BKItodeHuKn. onoca pabo-
4YMX YacToOT MnopTa MNPOMEXYTOYHOM 4YacToThl
Takke LWMpoOKa M HaxoguTca B AvanasoHe
500 Ml'y, ... 6 I'Ty. Bce Tpu nopta umetoT corna-
coBaHHble umnegaHcbl 50 Om. Bbicokui ypo-
BEHb MEXMOPTOBOW M30NALMN CMECUTENS MUHK-
MU3NPYET HeXenaTernbHY yTEYKy CUrHana rete-
poavHa n CHwXaeT TpeboBaHMs K BHELUHEWN
douneTpaymn.

XapakTtepuctukn LTC5549 nossonsioT
ncnonb3oBaTb NpMOOpPbLI B LUMPOKOM AuanasoHe
CBY npunoxeHun, BKo4Yas peTpaHCNATopbl
paguopernenHon cea3un, 6asoBble CTaHLMM CTaH-
napta LTE Advanced, paboTatoline B BEpXHeEWN
4YacTu HenuvueHanpyemon obnactm cnekrpa,
LLUIMPOKOMOSIOCHOE CMYTHUKOBOE paano, nokaum-
OHHble cuUcTeMbl, NpuemMorniepeaTynkm X n Ku
AnanasoHoOB, KOHTPOSbHO-UCMNbITATENbHOE
o6opyaoBaHNE 1 CMYTHUKOBbIE MOAEMBI.

Bce BbiBogbl LTC5549 nmetoT ynyylleHHyto
3alUTY U BbIAEPXKUBAIOT ANEKTpoCcTaTuyeckme
paspsagbl go 2000 B, cooTBeTCTBYOWMNE MOAe-
NN YenoBevyecKoro Tena. YCTPOMCTBO BblinycKa-
eTca B MUHMaTIOPHOM 12-BbIBOAHOM Kopryce
QFN pasmepom 3 x 2 mm. bnarogaps He6onb-
LOMY KONMUYECTBY HEOOXOANMbBIX BHELLHMX
KOMMOHEHTOB, MWUKPOCXEMa MOXET CIyXMWTb
OCHOBOW O4E€Hb KOMMAKTHbIX KOHCTPYKLMA. MuK-
pocxemMa coxpaHsieT paboTocnocobHOCTb Npu
TemnepaTtype kopnyca ot —40 °C 0o 105 °C, uto
AaeT BO3MOXXHOCTb MCMOMb30BaTb €€ B pacLuu-
peHHOM Ananas3oHe pabouymx TemnepaTyp.
OnTMM3nMpoBaHHbIA ns paboTbl Npy Hanps-
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XeHun nutanusa 3.3 B cmecutenb notpebnser
HOMUHanbHbIN TOK 115 MA. LTC5549 nmeet
BXO[, paspeLueHuns 4ns oTKINoYEeHNS MUKPOCXe-
Mbl. B HEaKTUBHOM peXxume TOK NMOKOHA coCTaB-
nset nuwb 100 MKA. Bxog paspeLueHns MoXeT
HaNpsiMylo yNpaBnsaTbCA BHELHUM CUTHarom,
4YTOObI BBICTPO BKMNKOYATL U BbIKHOYATb YCTPO-
NcTBO 3a Bpems meHee 0.2 MKC nNpu Heobxoau-
MOCTW peanu3auuun B paguocucteme Oynrek-
CHOW nepefayv C pasgerieHMeM Mo BpeMeHu
UM NakeTHOro pexmma. Ha Mukpocxemy
LTC5549 ycTaHoBNEHbI LieHbl, HaYnHaroLwmecs
ot $9.50 ansa notoB 13 1000 npuGopoB. Kak
eOuHUYHble 06pasubl, Tak U NPOMbILIIEHHbIE
napTumn OTrpy>KarTcsl HEMEANEHHO CO cknaga
KoMMaHuu.
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lMomepu npeobpasosarHus u IIP3. (UHxekyus
2emepoduHa Huxe pabodyel Yacmomsl, rpome-
XXymoyHasi yacmoma 1890 MI'y).

CBoaKa 0CHOBHbIX 0cobeHHocTei LTC5549

e Pabounin gmanasoH 4vactotr ot 2 [Tu go
14Ty

o [10BbILLEHNE VAN MOHWXKEHME YaCTOThl

e [lnanasoH NPOMEXYTOYHbIX YacToT OT
0.5Mupo6ITL

e Bricokasst nuHenHocTb no Bxogy: [IP3 =
24.4 nbm

¢ Huskune notepu npeobpasosanus: 8.0 ab

e BbicOkasi 4yBCTBUTENBHOCTbL BXOA4a retepo-
OWHa: JOCTaTOUHbIN ypoBeHb curHana 0 obm

e ConepXuT OTKMOYaeMbli yaBOUTENb YacTo-
Tbl CUrHanNa retepoanHa
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CmepTtb 3aKoHa Mypa

AacT TON4Y0K UHHOBALNAM

Andrew “bunnie” Huang

IEEE Spectrum

Kozada mpaH3ucmopbl nepecmaHym yMeHblWambCsl, HacmaHem epeMsi OMKpPbIMo20 arnrnapam-

Hoeo obecrnie4yeHusi

KomnanZ, NPON3BOASLLMX OTKPbLITOE anna-
paTtHoe obecneyeHne, O4YeHb Masno, U HaxoasT-
CS OHM laneko Apyr ot apyra. o kpanHen mepe,
OHW, ecnn onNpeaennTb UX OBbIYHBIMU NOHATUS-
MU, ABRSKOTCA NpeanpuaTuaMu, NpeaocTasns-
IOLMMU JOKYMEHTaLMIO U paspeLleHns, gocTa-
TOYHble 4Ns TOro, 4Tobbl Apyrne MOrnmn BoCcnpo-
n3BOAUTb, MOAMULMPOBATD, YNy4LlaTb 1 Aaxe
co3gaBaTb CBOM COOCTBEHHblE Bepcun npoaa-
BaeMbIX UMW YCTPOMCTB. N xoTa B obnactu
OTKpbITOM annapaTypbl B nocnegHee BpeMs
ObINN AOCTUMHYTbI YCNexu, B YaCTHOCTU, YBENU-
YMIIOCb YUCMO KOMMNaHWn, cobrnogarowmx npu-
HUMNbI OTKPBLITOCTK NnatdopM, U gaxe Obina
cosfaHa Accolumaumns nponssoguTenen oTkpbI-
TOro annapaTHoro obecrneveHus, Bce Xe 3TO
OCTaeTCs HULLEBOW OTpaCHIblO.

PucyHok: Serge Bloch

Bbl MOXeTe nogymathb, YTO 3TO NPOCTO M3-3a
TOro, YTo NoAOOHblIE KOMMaHWM COo3a4alTca U
ynpaenawTcs uaeanuctam, He UMELIMMM
npeanpuHUMaTenbCKoro YyTbs. Ho ato He Tak!
CaepxuBaeT ABWKEHNE OTKPbITOroO annapaTHo-
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ro obecneyeHnss BOBCE He OTCYTCTBUE AEMNOBOW
XBaTKu, a 6bICTpOE pa3BUTUE ANEKTPOHHbIX TEX-
HOSMOrUMN.

MpWYMHBI 9TOr0 TPYAHOYNOBMMbI, HO Kak £
O0ODBbACHIO HWXKe, BbICTpoe pa3BUTUE INEKTPO-
HHbIX TEXHOMNOMMN, NO CyTW, BnaronpuaTcTByET
OONbWNM  «3aKPbITbIM» KOMMAHUAM, a He
HebonblWMM KOMaHAaM Unn oTaenbHbIM HOBa-
Topam, kKoTopble 60MbluUe BCEro BbIMIPbIBAKOT OT
paboTbl C OTKPbITbIMK cuctemamu. o KparHen
Mepe, Tak 6bino go cux nop. Ho Ha noaxone
N3MEHEHWS, KOTOPbIE, KaK S OXKMAAK, CKITOHAT
Yally BECOB B ApYryt0 CTOPOHY.

CooTBeTCTBYIOWME COBUMM NPUHLMNNANBHO
npuBsA3aHbl K TEMNaM MUKPOSNEKTPOHHON MUHN-
aTiop13aLmm, KOTopble Ha NPOTSHXKEHUN AeCATU-
NeTUn XOpPOLLO ONMCbIBaNnChb 3akoHoM MopaoHa
Mypa. Tak 4To, KaxeTcs yMeCTHbIM, 4YTO Ha 50-1
ro4oBLUMHE ero ocHosornonaratwoLen nybnvka-
LM Ha 3Ty TEMY Mbl Jenaem nayay, Ytobbl 06ay-
MaTb, KaKyto CyLLIECTBEHHYIO MONb3y HaaBUrato-
LNNCa KoHew, 3akoHa Mypa vnu, no kpanHen
Mepe, ero 3aameasieHne MoXeT NPUHEeCTU MHO-
rm NnpomssoanTensam n notpebutenam. Ho npe-
Xae, Yem s NpeacTaBnto CBOWM HeCTaHO4APTHbLIN
NPOrHO3, S AOIMKEH paccka3aTb MOOAbIM YnTa-
Tenam o TOM, Kak Mbl nonanu Tyaa, rae cenyac
HaxoamMmcs.

BHavane 6bina anekTpoBakyymHas namna. A
noyTW BCe annapaTHble CpeacTBa Ha ee OCHOBe
CeroHsi Mbl Ha3Banu bbl «OTKPbITbIMWY . PaHHWe
notpebutenbckMe aNeKTPOHHbIE NPOAYKTHI,
Takue Kak paguno 1 Tenesmsopbl, YacTo NocTas-
NANUCh C PYKOBOACTBaMMU, KOTOPbIE COAEpKanu
MonHble CXeMbl, CMMCOK 3anacHblX 4acTeu, a
Takke noapobHble MHCTPYKUMK Mo obcnyxuBa-
HWM0. Mano 4YTo M3MEHUIOCb M C NOSIBNEHNEM
nepBoro TpaH3ucTopa.
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JenctButenbHo, B 1980-x rogax BmecTe C
KoMnbloTEPaMM YacTo npegnaranucb MpuHLUK-
nuaneHble cxembl nnat. Apple Il, Hanpumep,
NoCcTaBnANCa Co CrpaBOYHbIM PYKOBOACTBOM,
BKNiOYaBLMM B cebsi MOMHYH CXeMY OCHOBHOWN
nnaTbl KOMNbIOTEPA — apTedaKkT, KOTOPbIN CUIMb-
HO MOBNUAN Ha MeHs, NobyanB NPOAOCIKUTb
Kapbepy B cdhepe pa3paboTku INEeKTPOHUKN.

CoBpeMeHHbIM pyKoBOACTBaM MoNb3oBaTe-
NS He xBaTaeT Takou rmybuHbl. Hanbonee cnox-
Has cxema B HegaBHeM pykoBoacTee Mac Pro
WHCTPYKTMpPYET NoKynaTens o TOM, Kak CUaeTb
33 KOMMbKTEPOM: «HWXKHSISI YacTb CMUHbI OMNK-
paeTca Ha CNUHKY CTyna», «begpa crerka
HaKMOHEHbI», «Nfeyn paccnabneHbl» M Tak
panee.

Uto Xe cnyumnocb? OneKTpoHMKa cTana
TaKOW CITOXHOW B OOCNYyXMBaHWUM UINK yryydLle-
HUK?

He coBcem. Ha camom gerne coBepLUEHCTBO-
BaHWe 3NEeKTPOHHbIX MPOAYKTOB CTano CrMLIKOM
NPOCTbIM, OCOBEHHO ANA CUCTEMHbIX UHTErpa-
TOPOB. B TeueHne MHOrmx AecaTUNeTUn, oHn, B
CYLLHOCTM, NpegnoynTany CuaeTb B OXXMAAHUN
HOBbIX MMWKPOCXeM, YTOObl Yyny4ylwnTb CBOWU
neyaTHble nnaTbl, HEXENu B NoTe nuua pabo-
TaTb HaL COBEPLUEHCTBOBAHMEM MMEIOLLLErocs
npogykta. Hanpumep, Ha npotsbkeHun 1990-x
rogoB U B Hayane HOBOMO ThiCAYeneTus npo-
rpammMmmcTam Obifio peKoMeH4OBaHO OTKa3aTbCs
OT OMTMMU3UPYEMOIO BPYYHYIO SA3blka accem-
Gnepa B Nonb3y N306MNyHLLNX BO3MOXHOCTAMMU
A3blkOB Gonee BbICOKOrO YpoOBHSA. Bbixog Ha
HOBbI/ YPOBEHb NapaMeTPOB NPOMCXOAMI €CNK
W He B AeHb penunaa, To JOCTaTO4HO CKOPO C Npu-
XO[,0M CreaytoLLEero NoKoreH1s NnpoLeccopos.

MoHO OTYEeTNMBO YBMAETb 3TOT 3hdekT,
€Cnv NOCTPOUTb rpaduk 3aBUCUMOCTUN «Kadec-
TBa» 9MEKTPOHHbIX YCTPOWCTB 3a 3TW roabl.
Bbibepute npaktuyecku nobon nokasatenb —

NPON3BOAUTENBHOCTb, Habop YHKUUR, 4TO
YrogHO — 1 MOCTPONTE CBOWN rpacdmk Takum obpa-
30M, YTOObI OTOGpaXkaeMble NapamMeTpbl yaBan-
Banucb Kaxable 18 mecsueB B COOTBETCTBUN C
3akoHoM Mypa. Ho genante 810 Ha rpaduke ¢
NNHENHOWN BepPTUKaNbHOW OCbHO. BOMbLINMHCTBO
avarpamm, wusobpaxawwmx 3akoH Mypa,
NCNOMb3YHT NTorapnMmnyYeckyro BepTuKarbHYH0
LKany, Kotopasi BblpaBH/BAET Pe3KO BOCXOAs-
LM TpeHa KpvBoOW B Gonee npurnagHyro nps-
MYIO NTVHUIO.

3ameanum 3akoH Mypa: Tex ycunun, Koto-
pble B COCTOSHUM MNPeAnpuHATbL Hebonbluas
KoMnaHus [YepHasa nuHus, 75% B rog), HegocTta-
TOYHO, YTOBbI KOHKYpUpPOBaTb C 3aKoHOM Mypa
[kpacHas nuHKSA], ecnn Bpems YyOBOEHUSN
CcocTaBnseT Bcero nuub 18 mecsiuee [n3obpa-
»XeHue cnesa). Ho Bpemsi yaBoeHus B 36 mecs-
ueB [mn3obpaxeHne cnpaea] nNpemocTaBnsieT
LNPOKME BO3MOXHOCTW [Mnolwiagb, BblgerneH-
Has XenTbiM].

Tenepb CpaBHUM Pe3KO BOCXOOALLYIO KpW-
BYIO 3akoHa Mypa ¢ Tem, 4TO MOXeT npegno-
XWUTb rpynna pa3paboTymkoB Manoro npeanpus-
TVs, ycepaHo gopabatbiBatoLLlasi IpOLLNBKY Unn
coBepLUeHCTBYoLLasn cnocob coeanHeHns namsi-
TV C APYrMMU KOMMNOHEHTaMU, YTOObI yny4lwnTb
CBOM MocregHun Npoaykt. MNpeanonoxum, 4to
Takas KoMaHAa MOXeT A0CTUYb MOCTOSAHHbIX, HO
3HauMTeNbHbIX TeMnoB nporpecca. Ckaxem,
nepBbI ro4 Takow paboTbl ynydlwaer Kadec-
TBEHHbIE MoKasaTenu npoaykra Ha 75 npoLueH-
TOB OTHOCUTENBHO Ha4aribHOro YPOBHS, 1 TAKON
TeMN pocCTa YIyYlWEHUN CoXpaHsaeTcsa rog 3a
rogoM. Kak 6bl BbIrnsigenu pesynsratbl, ecrnu 6bl
3Ta KomaHga pa3paboTymkoB NPOCTO cugena u
gana Bonwe6cTea 3akoHa Mypa?

He ouyeHb xopowo. [lencTBUTENBbHO, ECNU BbI
HapucyeTe obe nuHWMK, CpaBHUBAs NMHENHOE
yIyylleHne C SKCNOHEHLManbHOM KPMBOK 3aKO-
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Ha Mypa, To yBuguTe nuiib HebOonbLLYO Nonoc-
Ky BO3MOXXHOCTEMN ANsA ycepaHon paboTbl mano-
ro npou3BoguTenst Hag ynydlweHnem CBOEro
n3genusi. 1 ata BO3MOXXHOCTb MCHE3AET B TeYe-
HWe OByX NeT nocne 3anycka npoaykra, NoToMy
4YTO Ha TOT MOMEHT NosABNsTCS Bonee coBep-
LUEHHbIE MUKPOCXEMbI, Tpebytolume OT KoMMa-
HUM CO30aHUs Ha UX ocHoBe abCcosOTHO HOBOIO
npoaykTa, 4Tobbl HE NPOUrPaTh B KOHKYPEHTHON
bopbobe.

[1Be KpuBble, KOTOpbIE S TONbKO YTO onmncarn,
BbICBEYMBAIOT LIeHTpanbHyo npobnemy, ¢ KoTo-
pol HebonblUMe HOBAaTOPbl CTanKMBanuCb B
TeYeHme NnocriegHNX HECKOSTbKNX OECATUITETUN.
[MoyT noBCEMECTHO MM ObINO BbIFOAHEE
CnOeThb M XaaTb, YeM M300peTaTh YTO-TO HOBOE.
B yacTtHoCTK, ecnn Ha NOHUMaHMe N BHECEHNE
M3MEHEHU B MNPOEKT, KOTOpble YOBOAT €ro
KayecTBO, TpebyeTcsa gBa roga, BaM U BallMm
KnueHTam OGyger nydwe HuMYero He genatb U
Yyepes aBa roga 06HOBUTbL NPOAYKT NOCNEaHNMMU
OOCTYMNHbIMU MUKpocxemamu. onbiTka Bbinr-
paTb B roHke c¢ 3akoHoM Mypa 6bina cmnsndo-
BbIM TPYAOM ANS MHXEHEPOB MHOIMMX MarsbIX
npeanpuaTun.

[encTBuTenbHO, 3KCMOHEHUManbHbIM POCT
3akoHa Mypa paboTaeT NpoTMB HMX, N B TO Xe
BpeMsi 6naroBOnMT KPYNHbIM NPEeAnpUATUSM,
NMeIoLLIMM pecypcbl AN paboTbl Hag TpeMs Unm
YETbIPbMST NMOKONEHNAMMU MPOAYKTOB OOHOBpPE-
MeHHO. Ho pgaxe gnga GonblUMX KOMMNaHWN 3TO
HenpocTo.

[OHKa, BbIHYyXAalowasi npousBoauTeNnen
MOt B HOry ¢ Temnamu 3akoHa Mypa, nmeet
Heckornbko narybHbix nocnencteuin. Hanbonee
CYLLECTBEHHbIM W3 HUX SBNAETCA TO, 4TO
HeBONbLLIOW BbINIPbILL (BO3MOXXHO, B HECKOSbKO
MecsLeB), NofydYaeMbll 3a CYET COXPaHEHUs
npas Ha pas3paboTKy W BbIHYXOAKLWMIA KOHKY-
pPEeHTOB MNepenpoeKkTMpoBaTb CBOU MNPOAYKThI,
AaeT 3Ha4ynUTeNnbHOE MPENMYLLIECTBO, KOTOpPOE
NpPoOn3BOANTENN, E€CTECTBEHHO, bosTcsa ynyc-
™MTb. WX HexenaHue oTKasaTbCA Adaxe oT
Manenwero nNPeBOCXOACTBA B KOHKYPEHTHON
bopbbe mnomoraetr O6BLACHUTL, MOYEMY OHM
penko OensiTcs CXemamu, KOAOM U OpYyrumu
TEXHUYECKMMU OeTansiMU, OTHOCALLIMMUCS K UX
NPOAYKTY.

K cyacTtblo, 3akoH Mypa 3amegnsercs, a c
HUM U3MEHSAETCS U TONMbKO YTO ONMCaHHas MHO
JOVHaMuKa.

Mpexge 4Yem s nNosiCHO, Kak obpasom,
Nno3BosibTe MHE 3alMTUTb MOE yTBEpXOEeHMe,
4yTO 3aKoH Mypa 3amegnsetca. MHorve aHanm-

26 | CTATBU |

TUKA N KOMMEHTATOpbl B MNocnegHee BpeMs
npegynpexaganu, YTo apa 9KCMOHEHLUManbLHOro
pocTa B MUKPOSMIEKTPOHMKE MOAXOOUT K KOHLLY.
Ho Ha camom fgene MHe He Hy>XHO OBOCHOBbI-
BaTb CBOK aprymMeHTaumio ux nporHo3amu.
YMeEHbLUEHNE pa3Mepa 3fEKTPOHHbLIX KOMIMO-
HEHTOB, B YaCTHOCTW TPaH3NCTOPOB, Beccrnop-
HO, MOBMEKMO 3a COOOM POCT TOKOB YTEYKM U
TennoBbIOENEHNSA, 4YTO, B CBOK o4epedb, B
nocnegHve rogbl 3amenrivmno ycTonunsoe noBbl-
LUEeHWE TaKTOBOW YacTOThbl. PaccMoTpum, Hanpu-
Mep, TaKTOBbI€ YAaCTOTbl Pas3fnnMYHbIX NPOLIECCO-
pos Intel Ha MOMEHT X NpeacTaBNeHNs Ha PbiH-
ke. lNoka3zaB BHa4ane 3Hau4nTeNbHbIN POCT, 3TU
4YacToTbl MPAKTUYECKM MepecTann pactn npwu-
MEpPHO AeCATb JIET Ha3aga.

C Tex nop M3roToBUTENM MUKPOMPOLIECCOPOB
OISt NOBLILUEHNSA MPOM3BOAUTENBHOCTU CTanm
MCMNOoNb30BaTb MHOrosiAepHble TEXHOMNOruu,
HECMOTPS Ha TPYAHOCTU peanu3aumm Takon
cTpaternn. Ho nHXxxeHepbl BeCbMa OrpaHNYeHbI
B cBOeM Bblbope. PyHaameHTanbHble pusnyec-
Kne orpaHuUYeHns He NMO3BOMST yBENUYMBATb
TaKTOBbl€ 4acTOTbl, MO3TOMY €OWUHCTBEHHbIN
cnocob umcnonb3oBaTb OonblUee YMCNO TPaH-
31MCTOpPOB Ansi cobniogeHns 3akoHa Mypa —
co3gaBaTb Oonblue saep.

[MNOTHOCTb TPAH3UCTOPOB MPOAOIIKAET JKC-
MOHEHUManbHbIM POCT, Kak W npenckasbiBan
3akoH Mypa, HO Temn 3amegndetca. B 1990
rogy 4Yucrno TPaH3UCTOPOB YOABaMBaANOChb Kax-
able 18 mecsueB, cerogHs 310 NPOMUCXOANT Kax-
able 24 mecsaua nnm bonee. Beckope Temn NOBbI-
LEHNST MMIOTHOCTU TPaH3UCTOPOB COKpaTUTCS
Jo 36 mecsueB 3a MOKOJSIEHME U B KOHEYHOM
nTore AOCTUTHET Npegena.

Korma ato 6yget? Ecnm KopoTko, TO Ha
CaMOM [erie HUKTO He 3HaeT. Ho B ogHOM U3
nccnegoBaHuin NokasaHo, YTo POCT OCTAHOBUT-
Cs NO AOCTWXEHUM ONWHbI 3aTBOpa nopsaka 5
HM, rge-To mexay 2020 n 2030 rogamu. Mate
HaHOMETPOB — NPUMEPHOE PACCTOSHUE MEXAY
10 atomMamu KpeMHusl, Tak 4YTO Aaxe ecnu
BbiCKa3aHHOe MpeanonoxeHne OLWNBOYHO,
oLwmnbka aTa He OYeHb Benvka.

MocnencTema ByayT OWyLLATLCA O4EHb CUTTb-
Ho. Korga-Hnbyab B 0603puMom ByayLem Bbl He
CMOXeTe KyNnuTb Ha CrneayroLlun rog KOMIMbo-
Tep, KOTOpbIA ByaeT nydwie TOoro, 3a KOTOpbIM
paboTaete cenvac. Criegytowmn KynmeHHbIN
BaMu pnaw-HakonuTenb ByaeT CTOUTb CTOMNbKO
e M XpaHUTb TO e KONmM4ecTBO BUT, CKONbKO
HaKonuTerb, KOTOPbIN Bbl 3ameHsieTe. U Bbl
nepectaHeTe HageATbCs Ha TO, YTO CrieayroLnii
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PucyHok: Serge Bloch

Baw TernedoH Oyaet 6onee MowHbLIM K OyoeT
aenatb 6onblue MNOTpAcalowWwmx Bellen, 4em
HbIHELLHWIA.

BmecTo TOro 4tobbl OxmaaTtb, YTO Yepes
HEeCKOIbKO NeT nocrne npuobpeTeHns anekTpo-
HHOW LUTYKOBMHbI Bbl NPOCTO BbIKUHETE €€, CTa-
HeT pa3yMHee XpaHUTb ee, noka oHa Oyaet
paboTaTb.

lMpy Takom MONOXeHuWn Oen BaMm, HaBepHO,
3axo4veTcsa npuobpeTatb BeLM, KOTopble, npe-
Xae Bcero, caenaHbl 6onee kpacuso. Mages o
«HOYTOYKe — (hbaMUMbHOW PENUKBUUY» CErogHs
MOXET 3BydaTb Heneno, HO Korga-Hubyab Mbl
OEeNCTBUTENBHO CMOXEM BOCMPUHUMATbL HaLun
KOMMbIOTEPbI KaK CeMEeNHble papuTeTbl, KOTO-
pble MOXHO nepefaTb HalMM OeTSM, Tak Xe,
Kak HeKoTopble MoAmM CerogHs nepeaaroT Hapyy-
Hbl€ Yacbl NN aHTUKBaPHYO Mebens.

Takoe 3ameasieHne 3akoHa Mypa npeaseLua-
€T cBeTnoe byayliee Ang MHOMMX NpeanpusaTun
Marnoro 61sHeca, a Takke AN NPakTUKN OTKPbI-
TOoro annapatHoro obecnedyeHusa. YToObl
MOHATb, MOYEMY 3TO Tak, AaBaWTe BEPHEMCS K
COENnaHHOMY MHOK paHee CpaBHEHUID Mexay
3KCMOHEeHUUnarnbHbIM pocToM 3akoHa Mypa u
JNIMHENHBbIM POCTOM pPa3BUTUA TexHornornn. Ho
Ha 3TOT pa3s NycTb 3aKoH Mypa nonaet no gpyro-
My CLieHapuo — BpeMS yOBOEHUS yBENUYMM L0
36 mecsues BMecTo 18 mecsiLieB.

HapucoBaB aTu gBe NMHUK, Bbl OGHapyXnTe,
YTO MWHEWHbIW POCT MOXET MPOAOIKaTbLCH
Oonee BOCbMM NET, Npexae Yem ero ObroHuT
KpuBas 36-meca4vHoro 3akoHa Mypa. U npumep-
HO Ha BTOPOM UIMM TPETbEM rofy Nnocne Bbinycka
npoaykTa OygeT Touka, Korga kKoMnaHus nmena
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Obl 3HAUMTENBbHO NYYLWWA NPOAYKT, ecnu Obl
NMOCTEMNEHHO ONTUMMU3MPOBANa €ero KOHCTPYK-
LMI0 BMECTO TOro, 4YTobbl XXaaTb, korga 3apabo-
Taet 3akoH Mypa. VIHbiMn cnoBamu, ecTb nae-
anbHOE PbIHOYHOE OKHO A1 NoNy4YeHns Npubsbi-
NV OT MHHOBALIMOHHBIX YNyYLLEHWIN, CAENaHHbIX
B Temne, KOTOpblA B COCTOSIHUM BblAepXaTb
WHXXEHepbl ManbIX NpeanpusiTun.

Ewe ogHMm npeumyLlecTBOM, KOTOpoe
MOXXHO OXXMOaTb BCNEACTBME 3aMeaneHunst 3aKo-
Ha Mypa, aBnaeTcq noBbIWEHNE YPOBHS CTaH-
paptusauum nnatgopm. [decatb net Hasapg
Obino Obl Hemeno cosgaBaTb CTaHAAPTHbIN
nnaHLWeT unm MobunbHbIN TenedgoH ¢ B3aumo-
3aMeHsIEMbIMWN KOMMNOHEHTaMM — fexalime B Ux
OCHOBE TEXHOMNOrMK pasBMBanacb CrULLKOM
ObICTpo. Ho Tenepb 31O CTano pasymHbIM Npea-
NOXEHNeM.

CosgaHue cTabunbHbIX OTKPbITLIX MnaT-
POPM C KOHKYPEHTOCNOCOBHBLIMWN XapakTepuc-
TMKkamu OygeT [OoCTynHO Manomy Ou3Hecy.
Takne KOMMaHUM NO-NPEeXHEeMy MOryT OCTaB-
NSATb CBOM pa3paboTKM 3aKPbITbIMU, HO MPU 3TOM
OHM ByayT BbIHYXAEHbI COo3daBaTb COOCTBEH-
HY0 MHMPACTPYKTYpy ONS NOAAEPXKKM paspa-
GOTKM N M3rOTOBNEHMSA CBOUX NpoaykToB. MHO-
rme 13 Takmx KOMMaHun nonmyT, 4To 6eccmbic-
NEHHO TPaTAaT yUMY BPEMEHU 1 SHEPTUN Ha pas-
paboTKy oOLlelr annapaTHOM YacTu, Torga Kak
3TO X€ BPeEMS MOXHO Obinio 6bl ncnonb3oBaTb
Ha ynyJyweHne OTAEeNbHbIX 3NeMEHTOB MPOekK-
TOB, YTOGbI CAENaTb CBOU NPOAYKTbl OPUrMHASTb-
HbiMK. [NoaToMy BCce GonbLue 1 6onblue koMmna-
HUM 6yayT BbIOMpaTb PaboTy C OTKPbLITLIM anna-
paTHbiM obecnedeHMeM, Tak Xe, Kak MHorue
NPeanpUATUS yXXe nepeLLnv Ha OTKpbIToe Mpo-
rpaMmmHoe obecneyeHue.

Ele ogHo n3ameHeHue, KoTopoe s NpeaBuxy,
3akn4yaeTca B TOM, YTO MNporpaMmMmumpyembie
BeHTUNbHble Matpuubl (MIIWC) moryt cocta-
BUTb JOCTOMHYIO KOHKYPEHLMIO npoueccopam C
XecTkon cTpykTypon. OgHa m3 nNpu4vMH OYeHb
npocTa: MOCKOMbKY TPaH3MCTOPbl COKpaTATCA
A0 MaclwTtaboB aTOMOB, OedeKTbl, BO3HMKaI0-
LiMe B npolecce NponsBoacTBa, CTaHyT bonee
pacnpocTpaHeHHbIMU. B cny4ae ¢ npouecco-
poM Takume fedeKkTbl MOryT paspywutb BCe
ycTponcTteo. Ho B cniyvae ¢ NJIMC Bbl moxeTte
obonTn menkue aedekTbl, U3SMeHMUB u3nyec-
KO€e pacnonoXxeHve Balumnx Lernen.

Opyras npuynHa oxmnaatb ceeTrnoe byayllee
ana MIMNC BblTekaeT U3 OTHOCUTENBHON CIOX-
HOCTU KOHQUrypmpoBaHust ux uenen. Takas
3agadva, 6e3ycrnoBHO, TpebyeT 3HaHWUS A3blka
onucaHus annapatypbl, Hanpumep, Verilog.
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XoTs OHa M HanoMuHaeT 06bl4HOE MPorpamMmmu-
pOBaHWe, Kak NpaBumo, 3TO HAMHOTO CIOXHee.
Ho eavHcTBeHHass peanbHas anbTepHaTUBa
npeanonaraeT MporpamMmnpoBaHMe MHOros-
[AEpHbIX MPOLIECCOPOB C LENbI Mony4yeHns
Gonbluelt NPOM3BOAMTENBHOCTM 3a cyeT obec-
ne4yrBaemMoro MMy MaccoBOro napannenuama, u
3TOT NpOLECC, UTaK yXe TpyAHbl1, obellaeT
cTanb elle TpyaHee Mo Mepe yBenuyeHus Konu-
YyecTBa s4€ep.

Takum obpasom, B BygyLiem nporpaMmmmnpo-
BaHMEe MHOMOsIAEPHbIX MPOLIECCOPOB U KOHMUry-
puposaHue MNJIVC moryT goctudb naputeTta C
TOYKN 3peHust 3aTpadmBaeMblx ycunumin. Ecnu
3TO MPOM3ONAET, TO elle Gonblie YCTPOWCTB,
BesycnoBHo, Byaet co3gaHo Ha ocHose MJTAC.
M korga kOoMnaHWM ¢ OTKPbLITbIM annapaTHbIM
obecneyeHneM nepenayT Ha WUCNOMb3oBaHUE
MJINC BMecTO NpOLIECCOPOB, OHM TaKkKe Noae-
NATCA CBOMMM pannammn onucaHus annapary-
pbl. [pyrne xe notom OyayT MMeETb BO3MOX-
HOCTb CBOGOAHO NepeKkoHMrypmpoBaTb cXxemy
BMNMNOTb 00 oOTAenbHblX BeHTunen B [JIAC.
Taknum obGpasom, OBWMXEHME B HanpaBreHuu
OTKPbITOro annapaTtHoro obecrnedyeHnss MoXeT
MPOHMKHYTb B NpoLecc pa3paboTkM MUKPOIeK-
TPOHMKWN OYEHb IMy0BOoKO.

Ewe ogHo gonroxaaHHoe M3MeHeHWe, npu-
BGnnKeHme KOTOPOro S BUXY — 3TO POCT KYFbTYpbl
pPEMOHTA, MOCKOMNbKY TEXHOMOormsa nepecraeT
ObITb O4HOPa30BoOW U cTaHoBUTCS Bonee NocTo-
SAAHHON. 3aMeHa W3HOLLIEHHbIX YacTen KOMMbHo-
Tepa yYepes NATb NeT ¢ Aathbl UX NPUobpeTeHnst
He OydeT KasaTbCs HACTONbKO FMynon, korga
HoBasi AeTanb OygeT UMETb NPaKTUYECKUN Te e
XapaKkTepPUCTUKN U LiEHY, 4YTO 1 cTapas. ATo name-
HEHMe B MNOAXOOE COXpaHU-UNM-BbIGpoOCHK
NnopoXaaeT Crpoc Ha CXeMbI U 3aMnacHble YacTy,
KoTopble, B CBOK o4yepenb, byayT cnocobCcTBO-
BaTb POCTY 3KOCUCTEMbI M OM3HECA OTKPLITOrO
annapaTHoro obecneveHus.

3amegneHve 3akoHa Mypa yxe nposBnsaet
cebsi Ha Tex pblHKaX, KOTOpble HEe OCOOEHHO
YyBCTBUTENbHbI K MpOM3BOAMTENBHOCTU. Pac-
CMOTPUM, HarnpuMep, MMUKPOKOHTPOIINEPHYHO
nnatgopmy Arduino.

MNpeobapnaemble nonb3oBatenaMmm Arduino
TpeboBaHMA K NPOU3BOAUTENBHOCTM (AnNS
00y4eHuns, PU3NYECKNX BbIYUCIIEHUIN U NPOCThIX
NPUNOXEHUIN YNpaBreHns) CyLEeCcTBEHHO He
BblpOCnK, W, Takum obOpasom, nnatdopma
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MOXeT ObITb OvYeHb cTabunbHa. [Jencreutenb-
HO, BO MHormx nnatax Arduino ucnonbayoTcs
NpaKkTU4YeCKN OOHM U Te XKe annapaTHble cpe-
actea, HadnHaa c¢ 2005 ropa. Ota ctabunb-
HOCTb, B CBOK oudepedb, nossonuna Arduino
nycTUTb rNy0boKne KOPHN B NpoLBeTatoLLyto 6asy
notpebuTtenen, KOTopble NOMb3YHTCSA OTKPbITbI-
MU CTaHgapTamu s peanuaauumy annapaTHbIX
pacLUNPEHUNA.

OpyriuMm npumepom 4BRASETCS KUTaWCKUI
deHoMeH waHuy3an (shanzhai). 3tum crnoeom,
yacTo MepeBOAUMbIM KaK «nupaTtbl», 4alle
BCEro HasblBaloT Marnble MNpPeanpusitusi, KOTo-
pble, OCHOBbIBasiCb Ha OOLLUMX BHYTPUM CBOErO
Kpyra npoekTtax, Co3gatT NpocTble MOOUIbHbIE
TenedoHbl. PbIHOK 3TMX TenedoHOB B OCHOB-
HOM HeYyBCTBUTENEH K abCONIOTHLIM YPOBHAM
TEXHUYECKUX XapaKTEPUCTMK, a 3Ha4yuT, U K
COBEPLUEHCTBOBAHMSIM TEXHOMOMMN MPOLLECCO-
poB. Takum obpasom, wWaHLu3an nony4yaeT BO3-
MOXHOCTb 6€e3 yuiep6a 4ns KOHKYPEHTOCNOCO6-
HOCTW CBOMX KOHEYHbIX MPOAYKTOB Ha MPOTsKe-
HUW MHOMUX JIET UCMOSb30BaTh, MO CYTU, OAMH U
TOT e Habop Mukpocxem. Takas cTaburnb-
HOCTb, B CBOO OYepeb, AaeT 3TUM HEOOMbLLINM
1 NPOBOPHbLIM HOBaTOpaMm BPeMS, YTOObl OCHO-
BaTESIbHO M3Yy4nTb NNaTtopMy 1 SBOMOLMOHHO
COBEPLUEHCTBOBATb OAMH U TOT XKe NPoAyKT. Bbl
MoOXeTe 0OBMHUTbL MX B HapyLUEHUN 3aKOHOB O
3aLnNTE UHTENNEKTyanbHON COBCTBEHHOCTU, HO
BaM crieqyeT NpusHaThb, YTO NPy OrpaHUYEHHOM
OogKeTe OHM YacTo AOCTUralT YyOUBUTEMBHbIX
TBOPYECKMX PEe3yNnbTaToBs.

A gymato, none pacyuLLEHO Ans pacuBeTa u
MHOIMX ApYrvx BUOOB 3KOCUCTEM OTKPbLITOro
annapatHoro ob6ecne4dyeHuns. HeunsbexHoe
3ameqnieHne 3akoHa Mypa MOXeT npuHecTu
NPoOGnemMbl CEroAHAWHUM  TEXHONOMMYECKNM
rMraHTam, HO OHO TaKXXe CcOo34acCT BO3MOXHOCTU
AN HEONEePUBLLMXCS NPeaNPUATUIA BbIPpacTu CO
CBOVMMU OTKPbITbIMK NNaTopMamMm B HEYTO, YTO
NOTEHLManbHO MOXET CTaTb O4YEHb OOMNbLLNM.

JIn4HO 5 C HeTepneHueMm Xay N3MeHeHuin, B
TOM YMCrne BO3BpaLLeHNs NHXEHEPHOIO peMec-
na, rge aneraHTHOCTb, oNTUMM3aLUus U banaHc
npeobnagatoT Hag OOCTUXKEHWEM CKOPOCTU U
doyHKUMOHarnbHocTW. [laxke ecrnv AencTeme 3ako-
Ha Mypa 3aKOHYMTCSA CKOPO UIN BHE3AMHO, NHXe-
HEePbI-aMNEKTPOHLUNKA M NOTPEOUTENN OOIMKHbI
HayunTbCs nepectatb OECNOKOUTLCA U TOTO-
BUTbCS NOOUTL TO, 4TO ByAeT B marasuxe.[Z1]
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OTKpbITbIA NCXOAHDbIA KoL
MOXeT ObITb He TONbKO NOoJIe3HbIM,

HO 1 ONACHBIM

Tracey Schelmetic

CeFOLI,HFI MHOrMe KomnaHuu, paspabartbiBa-
lowme nporpamMmHoe obecneveHne, crewa
BbIBECTU HOBbIE NMPOAYKTbl HA PbIHOK, B 3Ha4Yn-
TENbHOW CTEMEHM nonaralTCcad Ha nporpam-
MHbl€ KOMMOHEHTbI Java C OTKPbITbIM UCXOOHbIM
KogoM. 3a4acTyto 3TO O3HAYaET, YTO OHU CKaYu-
BalOT OTKPbITbIM UCXOAHBIN KOO U3 My6ruyHbIX
penosnTopueB, Ha KOTOpbIX paspaboTymnku
Jenartca CBOMMW KOMMOHEHTamMun C OpyrumMmu
nonb3oBartenamu. Komnaxnusa Sonatype, ynpas-
ngaLwas ogHUM U3 KpYNHENLINX OTKPbITbIX peno-
sutopues Central Repository, pasmectuna gns
paspaboTunkoB crneaywuiee coobuieHue:
«Bawm KOMMOHEHTblI C OTKPbITbIM MCXOOHbIM
KOOOM MOryT 6bITb Hebe3onacHbI».

TonbKko B NpOLUNOM rogy KpynHble KOMNaHuu,
paboTatoLume B chepax nporpammHoro obecne-
yeHnsa (MO) n dMHAHCOBBLIX yCnyr, 3arpy3unm
MOYTN YETBEPTb MUMMMOHA KOMMNOHEHTOB. Cor-
nacHo Sonatype, okorno 15,000 (unu 7.5%) n3
3TUX KOMMOHEHTOB MMENM WU3BECTHble YS3BU-

MOCTHW.

Paspabomuuku, naoxo nposepusuwiue OMmMKpbI-
mbIl UCX00OHbIU KOO, cKadyeHHbIU uMmu ¢ becrinam-
HbIX pero3umopues U Uucrosb3yembll 8 ux rpo-
Oykmax, Mo2ym [puHecmu 8 ceou KomraHul
makue rnpobrnemsl, Kak yss3aumocms Heartbleed.
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Design News

Mo cyuwecTtBy, cOTBEPHbIE KOMMNAHUW,
NCnonb3yoLne 3TM penosmtopum 6e3 Hagnexa-
LWMX NpoLeayp KOHTPOMs, BCTpanBaroT OLLIMOKN
N NpoYne n3bsiHbl NPAMO B Nporpammbl, KOTO-
pble OHW pPacnpPoOCTPaHSOT U NPOAAT KMWEH-
Tam. Ecnu npeacrtaButb, YTO KNMEHT NOKynaeT
Takylo nporpammy Ans ynpasneHus NpoMbiLl-
neHHbIM obopygosaHuem (ICS) unun asTomaTn-
3MPOBAHHOrO AUCNETYEPCKOro YnpaBfeHns u
cbopa gaHHbIx (SCADA), TO AanbHenwmn cue-
HapwWi CTaHOBUTCSA HAMHOTIO CTPaLLUHee.

Mo paHHbIM Sonatype Bce MOXeT ObiTb
HaMHOrO Xy>e: MHOrMe copTBEPHbIE KOMMAHWUN,
BHEAPUBLLNE YS3BUMOCTW B CBOW NPOAYKTHI, U3-
3a MJI0XOM NPaKTMKN NPOBEPOK HE CMOryT cKa-
3aTb, Kakoe W3 UX MNPUNOXEHUIA 3aTPOHYTO
N3BECTHOWN OLLUNGBKOW.

KomnaHun, pepxawme penosmtopumn c
OTKPbITbIM UCXOOHbIM KOAOM, M B 4aCTHOCTH,
Central Repository, npoBepky kayecTBa Bblkna-
AblBaeMbIX KOMMOHEHTOB He MPOU3BOASAT, OHU
npocTo pa3mellaroT ux. Paspabotunkm oTKpbl-
TOro Koa AOMKHbI CaMu faBaTb rapaHTuio, YTO
MX KOMMOHEHTbI He coaepat owmnbok. B npo-
TMBHOM crny4yae pa3paboTymKn KOHEYHOro Npo-
rPaMMHOrO NpoAyKTa AOMKHbI Y4OCTOBEPUTHLCS,
4yTO B NpuobpeTaembiX UMW KOMMOHEHTaX HET
YSI3BUMOCTEN.

CornacHo Jlnamy O’Mypuy (Liam O'Murchu),
BedyLleMy Hay4yHOMY COTPYAHWKY no Gesonac-
HOoCTM B Symantec, ncnonb3oBaHne OTKPbITOro
MO He aBnsAeTcs 6e3pnCKoBLIM, 1 pa3paboTym-
KV AOIMKHBI TPUHUMATL 3TO BO BHUMaHWMeE.

«CerogHsi cyLlecTByeT MHOXECTBO YA3BU-
MOCTEN, U UX BbISIBNIEHNE 3aBUCUT OT TOro, Kak
ncnonb3yeTcs nporpammHoe obecrneveHue, —
ckazan O'Mypuy wmsgaHmio Design News. —
HepaBHel cepbe3HON ya3BMMOCTLIO B 0bnactu
OTKPbITOro MporpamMmMHoro obecneveHus Gbina
Heartbleed B OpenSSL. Heartbleed nossonuna
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3M10YMbILUMIEHHWKAM MnofyyaTb MOSHbIA - KOH-
TPOrnb HaZ BblMUCAUTEMNBHLIMU MalUMHAMU, Ha
KOTOpbIX BbInv yCTaHOBMNEHbI MPOrpamMMbl C 3TOW
owmnbkon. [pyrne ysa3BUMOCTM MO3IBONSIOT
B3MOMLUMKaAM KpacTb MHpopmauuio, nonyyatb
ynpaBreHve Ha 3apaxXeHHbIMW MallnHamu
WU BbIBOOUTb UX U3 CTPOSI».

OOHUM 13 peLleHnin MoXeT ObITb BCeobLuni
3anpeTr Ha WUCMorb3oBaHWEe KOMMOHEHTOB C
OTKPbITbIM MCXOOHBbIM KOAOM, HO AN MHOMMX
pa3paboTyMKOB 3TO MPOCTO HEMpPaKTUYHO. Heko-
TOpbl€ 3NIEMEHTbI C OTKPbITbIM KOAOM NPUMEHS-
FOTCS NOYTM MOBCEMECTHO M3-3a UX NONE3HOCTH,
creynanusaumm n us-3a Toro, YTo Ux JocTarTouy-
HO TPy4HO NepenncaTb C HyNs.

KoHKypeHUMst B oOTpacnu nporpaMmMHoro
obecneyeHnss 3a4acTylo O3Ha4aert, 4YTo 3agep-
XKW B BbIMyCKe NpoOAyKUMW UM OBHOBMEHUU
BEPCUN MpPOCTO Heponyctumbl. OTBETCTBEH-
HOCTb pa3paboTYMKOB, MCMOSb3YOLLMX MaTepU-
arnbl C OTKPbITbIM MCXOAHbIM KOOOM, 3aKntoyaeT-
Cs B TOM, 4YTOGbI rapaHTUpoBaTh, YTO BCTPOEH-
Hble B (MPMEHHbIE MPOAYKTbl KOMMOHEHThI
YUCTbI U HE codepXaT yA3BMMOCTEN, U YTO OHU
co3ganu npocTon 1 appeKkTnBHbIN cnocob yse-
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OOMIEHUS1 KNMEeHTOB 06 OBHapyXeHHbIX Mpo-
onemax.

«PaspaboTtunkn JomkHbl BbITb OcBEegOMITe-
Hbl O TOM, Kakoe oTKpbIToe MO oHKM cnonbayioT,
N OOMKHbI KOHTPONMPOBaTb 3TW MPOEKTbl ANA
yBegomMneHun o6 yA3BMMOCTSAX, — cKasan
O’'Mypuy. — OHM TakkKe OO0MKHbI UMETb MNNaH,
4YTOObI NPV OBHaPYXXEHUN B 3TUX MPOEKTax yAs-
BMMOCTEN MpaBUibHO cpearnpoBaTb U BbIMycC-
TUTb UCMIPaBMEeHNs NN OBHOBNEHNSAY.

lMnaHbl AENCTBUI UMEIKOT peLlatoLlee 3Ha4e-
Hue ansa cosgartenen ICS n SCADA, no3sonss
um n3beratb noetopeHusi Heartbleed, koTopas
3aTpoHyrna 6u3Hec KpymnHbIX KOMMaHWWA, Takmx
Kak Siemens u Innominate, n npusena k psgy
onacHbIx Knbep-atak, HanpaBeHHbIX Ha CUCTe-
Mbl yMpaBneHus, — cymTaetr areHTcTBo ICS-
CERT, gaensatoweecs 4acTtbio [enaptameHTa
BHYTpeHHen 6e3onacHoctn CLUA. Korga kpyn-
Hbl€ Lienu, Takme kak 6aHku, ObICTPO ncnpasunu
YySI3BUMOCTHU, Xakepbl 06paTnnmn cBon B30pbl Ha
MeHee o4YeBUAHble, HO HE MeHee 3aMaHuuBble
XepTBbl, N NPOMbILLIIEHHbIE CUCTEMbI OCTaBa-
NUCb YA3BUMbIMM CMNYCTA elle HEeCKOmNbKO
Hepenb. 21
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JBONIOLMA

npeobpa3oBartene faHHbIX
komnauum Analog Devices

u 3ByKoBbie LIAl

Yactb 2

lpoodomkeHue. Ha4ano e Homepe 07-2015

KOpudi lNemponasnosckuu

1990-e roabl

B aTom gecsaTunetnn ocHOBHbIMU cdhepamm
ncnonb3oBaHUA npeobpasoBartenen ABNANUCH
CUCTEMbI YNpaBneHnss NPOMbILWNEHHbIMU TeX-
HOMOrMYecknMn npoueccamn, MeaumumHcKas u
n3mepuTenbHasa TeXHUKa, ayano u BUOeoTEXHU-
Ka, CpefcTBa KOMMbIOTEPHOW rpadmkm, a Takke
CUCTEMbI CBSA3W, pagvoBeLLaHna U Tenesuae-
Hus. Wnpokoe BHeapeHne MOGUNBHOW CBA3W
notpeboBano co3gaHUA BbICOKOMPOU3BOAM-
TeNbHbIX M 3HEProadHeEKTMBHbIX NpeobpasoBa-
Tenen Ansi coToBbIX TenegoHOB, MOAEMOB WU
H6ecnpoBogHON HPPaCTPYKTYypbl. HOBbIMK TEH-
AEHUMSMU B KOHCTPYMPOBAHWUWN 3MNEKTPOHHOM
annapaTypbl CTanu UCnonb3oBaHWe OfHOMOo-
NSIPHOTO HU3KOBOJSTBTHOIO NUTAHUSA U CHWXKEHWE
rabaputoB annapatypbl. [pyron TeHOeHuunen
cTarno CoOBMeLLeHWe Ha OOHOM KpucTanne npe-
obpasoBaTenein ¢ OpyrMMu yCTpoMCTBamMn —
MynBTUNNIEKCOPaMM, NPOrpaMMmnpyemMbiMn yCu-
nUTEeNAMN, yCTPONCTBaMM BbIBOPKM N XpaHEHUS
n ApyrMMu aHanorosbiMu U LMOPOBLIMU CXeMa-
mMun. CTanu akTMBHO CO3[1aBaTbCA MUKPOCXEMBI,
Ha KpucTannax KoTopblx coBMmelanucb AL n
LIAIT (kogekn), a Takke 3aKOHYEHHbIE aHanoro-
Bble 6rnokn (Analog Front End) un yctponcTtea
Ansa cmewmBaHusa curHanos (Mixed-signal Front
End).

Mosblwatowmecss TpeboBaHMA K KayecTBy
3BYyKa LMdpoBon ayanoannapatypbl ctanu gak-
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TOPOM A4S yBENNYEHWS paspeLuatoLLemn cnocob-
HOCTW NpeobpasoBartenen; nossunucs 18- n 20-
paspsagHble LA, Hanpumep, B 1990-1997-x
rogax KomnaHuga Bbinyctuna 18-paspsgHble
LIAM AD1860, AD1861, AD1864, AD1865 1 20-
paspsagHbii AD1862 — oguH M3 nyywmnx napan-
neneHbIX LIAM. 3T MUKpocxemMbl NpUMEHSNU
MHOIMe NPOM3BOAMTENN BbICOKOKAYECTBEHHOW
3BykoBon annapatypbl (Audio Note, Denon,
Luxman, Nakamichi, Wadia, Yamaha).
¢ AD1862 — ceepxmarnowymawmn 20-paspaa-
HbIn LIAT ¢ 16-kpaTHOM nepeanckpeTnsaum-
€W, BbINONHEeHHbIN no TexHonorum BiMOS I
Ha OCHOBE OMMONSAPHBIX 1 NONEBbIX TPAH3MUC-
TOpoB. PAn CXeMOTeXHUYECKUX pelLeHui
3TOM MMUKPOCXEMbI 3allMLLEeH naTeHTamu,
aBTOpaMn COOTBETCTBYHOLLUNX N300peTeHun
asnaTca Mon Bpoka n Pobept KpaseH
(Robert B. Craven) [5]. MHorumu cneumanuc-
TaMmn 1 NIOUTENSMU BbICOKOKQYECTBEHHOMO
3Byka LUAIM AD1862 (ncnonHeHne AD1862N-
J) n aHanornyHele No Knaccy MUKPOCXEMbI
dupmbl Burr-Brown PCM63 (ucnonHeHue
PCMG63P-K) npusHatoTcst 0gHUMM 13 Ay4LLnX
napannensHbix LLAM ana Hi-End npunoxe-
HWi [6]. OcobeHHocTn 1 napameTpbl PCM63
paccMOTpeHbI B CTaTbe aBTopa [7].
Cnegyet OTMETUTb, YTO MUKPOCXEMY MNpO-
OOIKaoT NPUMEHATL Kak OTAeNbHble pa3paboT-
YMKW, TaK U KOMNaHUK, crneunanuanpyrolimecs
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PucyHok 7. [Tnama modyrns Argentum.

Ha KOHCTPYMpPOBaHWUM U NMPOU3BOACTBE BbICOKO-
KayeCcTBEHHOW 3BYKOBOM annapartypsl. Hanpu-
Mep, ocHoBaHHas B 2005 rogy sinoHckasi komna-

PucyHok 8. Kum [J)KOHCOH.

Husa Altmustech (AnbTepHaTyBHbIE My3blKarb-
Hble TexHonorun), ncnonb3yet LIAI AD1862 B
moaynax Argentum Essence HDCD Profes-
sional DAC Block (pa3pabotka 2008 roga). Ha
PucyHke 7 nokasaH bparMeHT nnatbl MOayns ¢
ycTaHoBMeHHoN Mukpocxemon AD1862N-J. B
ero cocTaB BXOASIT UCKINIOYUTENBHO BbICOKOKa-
YeCTBEHHbIE MUKPOCXEMbI U «ayAnoduUbCKMe»
KOMMOHEHTbI, B TOM 4ucne nogobpaHHble ans
neBoro v npaeoro kaHanos napbl LIAIM n OY ADI
n Burr-Brown (cenyac Tl). Ha Bxoge mogyns
yCTaHOBMNEH OOUH M3 NyYLLNX B MUPe LnpoBbIX
dunsrpos PMD100 (DF 1C6) komnanun Pacific
Microsonics, paspaboTaHHbIi MNpodeccopom
Kutom [xxoHcoHoMm (Keith O. Johnson) — ogHuM
13 BeOyLUMX NHXeHepoB LUMAPOBbLIX U aHanoro-
BbIX YCTPOWCTB B MUpe ayamo v rnaypeaTom
Heckonbknx Harpag Grammy (PucyHok 8).
CtpykTypa Mmukpocxembl AD1862 npuBegeHa
Ha PucyHke 9. B ee cocTaB BXogAT:
¢ 20-pa3psaHbin npeobpasoBaTens BXOAHOIO
nocnegoBaTerbHOro KoAa B napansenbHbIn;

e cXema UMdpoBOro CMeLLEHNS;

e 20-pa3psaHbl TpUrrep-3aLlernka;

¢ 20-pas3psaHbl perynupyemMblii napannenbs-
HbIn LIAT ¢ TOKOBLIM BbIXOO0M;

® ICTOYHMK ONopHOro HanpsixkeHus (MOH).

Hwn3skoe 3HaveHne KoapdpunumeHTa rapmMoHuK
1 GonblUOM AMHAMMUYECKMA Omnanas3oH obecne-
4YMBAIOTCH 3a CHET MPUMEHEHUSA psiia CXeMOoTeX-
HUYECKMX peLleHnI: cneynanbHOom cxembl Lindp-

TRIM
NR1 ADJ
PEFUCTP _
NN AAN— OBPATHOWM
A T | CBSAI3U
UOH PA——AAA—  20-PA3PSOHBIN LIAN > ;gll%Bﬂbm
AGNDJ NR24I X
[ Wi
LATCH
ENABLE PEFMCTP CBOPA
— U XPAHEHUS
_VL /, I
OEKOLOEP U
4 LIMdPOBOE
CMELLIEHUE
CLOCK—l |
BXOOHOM j
DATA MOCNENOBATENbHbIA
* PETUCTP

DGND

PucyHok 9. LJA[TAD1862.
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NUTAHUE
LUU®POBbIX Y3/10B

BbIBOP BXOA4
BbIXoA PEXWUMA TAKTOBbIX
MOH  CMHXPOHM3ALMA UMNYNbCOB

i REN
16/18/20- -
PA3PSTHbIN _|  BXxonHown J
LMOPOBOV MOCMNEA0B. AD1857/AD1858 WOH CXEMA
BXOJI MHTEPOENC CHHXPOHU3ALMM
3
[
128-KPATHbIA " AHANOFO- .
MOCNEQOB. i BNOKK- MYNbTUBUTHBIN 4 BbIXOHOW
WHTEPOERG VHTEPTOTHPYIOUMA—>1 ‘pomka [ ~| zamomynsor [~ Y41 | BBV =1 kackan
YNPABINEHUS I AHATIOT OBbIE
128-KPATHbIV AHANOrO BbIXOAbI
. . BIOKM- MYNbTUEUTHBIA o BbIXOOHOW
MHTEPMONMPYHOLLMA—> | —»{ uAn > BbW |—> >
ONIBTP POBKA A MOLYNSTOP OUNBTP KACKAZ

T T

KOPPEKLMA BNOKUPOBKA
NPEObLICKAXEHUN

PucyHok 10. LIATTAD1857.

POBOrO CMELLEHUSA U cerMeHTaumm, Manowyms-
wero MOH c 3anpeLLeHHOM 30HOM Ha Hanpsike-
Hue 9 B, ynpasnsaemoro ycunutensa AT, BHeLwu-
HWUX LLYMOMoAaBnsoLWnX KOHAEeHCaTopOoB, Noa-
kntovaembix K BoiBogam NR1, NR2. NpumeHe-
HUe nepeyvncrnieHHbIX peLLeHnii No3BOMNnNO yBe-
NNYNTb OTHOLLEHME CUTHAN/LWYM MUKPOCXEMbI
0o 120 pob.

B apxuTekType MUKpOCXeMbl UCNonb3yeTcs
KOMBUHaUNS CcermMeHTUpOBaHHOro Aekodepa,
nectHunyHon R-2R Tonomormn wn undpoBoro
cMeLLeHus, 4To obecneynBaeT Mmanble UCKaxe-
HUS NMpu NOObIX YPOBHAX curHana. Cxema umd-
pOBOro cMeLeHns obecneynBaeT CABUT BbIXOA-
HOro HanpsbkeHus B obnactn Hynsa (Midscale
Output Voltage) Taknum obpasom, 4TO cTapLume
paspagbl (MSB) uudposoro koga npu Manbix
YPOBHSAX CUrHANoOB He NoABeEPrarTCs LWyMOBO-
My BoO3dencTBumio. BoamoxHa Takke pyyHas
perynmpoBka 30Hbl B 06racTu Hyns Npu ManbIx
YPOBHSIX CUrHama c MOMOLLbI0 MEPEMEHHOro
pesucTtopa, nogknwyaemoro Kk BbiBogy TRIM
MUKPOCXEMBbI.

[ononHuTeneHbIM CPeacTBOM  yIy4LlEeHUs
KayecTBa 3BYyKa SIBNSIeTCA MOMHOCTbIO pa3fenb-
Hoe nuTaHne undposbix (DGND) n aHanorosbix
(AGND) y3noB MMKpPOCXEMbI, BbIBEOEHHOE Ha
pasHble KOHTaKkTbl Kopryca. OCHOBHble napa-
MeTpbl ncnonHeHna AD1862N-J crneaytowne (B
ckobkax npuBedeHbl aHanorMyHble napameTpbl
PCM63P-K):

e dopMmart 3BYKOBLIX JaHHbIX: NocrneaoBaTenb-
HbI, NePBLIN pa3psa] — CTapLUnii, 4BOUYHBIN
pononHuTenbHbii koa (Serial, MSB First,
BTC);
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T b

BbIKNMYEHUE/CBPOC NMUTAHUE
AHANOrOBbIX Y3110B

e O6LMI ypoBeHb rapMoHuK 1 wyma (THD+N):
o Ha ypoeHe 0 b: —98 0b/0.0012% (—100 ab),
oHaypoBHe —20 ab: -84 0b/0.01% (—88 ob),
oHaypoBHe —60 ob: -45 nb6/0.56% (—48 ob).

e [InHammnyecknin gnana3oH He meHee 102 ob
(108 gb);

e OTHOLWEHWe curHan/wym He meHee 113 ab;

e [InHenHoCTb Ko3adhhuunmeHTa nepenayun
+1 nb (£0.3 ob);

e BbixogHon Tok £1 MA (2 MA), BbIxogHOW
nmnegaHc 2.1 kOm (670 Om).

B koHue 1990-x rogoB Ha pbIHKE NOSIBUINCH
nepsble KOMMepdeckme curma-gensta LIAlM. He
ocTanacb B CTOpoHe oT a1oro 1 Analog Devices;
nepBbIMK cuUrmMa-gensra npeobpasoBarensamm
komnanum ctanmm AD1857, AD1858 n AD1859,
paspaboTaHHble B 1996 rogy v BeinyckatoLmnecs
Ha npoTsbkeHun 6onee 15 net (AD1859 nveet-
cs B kaTanore komnaxnmm 2015 roga).

MwukpocxeMbl NpeacTaBnsaT cobon cTepeo
curma-gensta LAT ¢ pasnuyHom paspsagHoCTbio
BCTPOEHHbIX WHTEPNONUPYIOLWNX UNBTPOB.
Ctpyktypa wmukpocxem AD1857 un AD1858,
BbINOSTHEHHbIX B kopnycax SSOP-20, npusege-
Ha Ha PucyHke 10. Mukpocxembl moryT pabo-
TaTb C pasnNU4YHbIMU popmMaTaMy BXOAHbIX CUT-
HanoB (C neBbIM K NpaBbiM BblpaBHUBAHUEM,

IZS) W npegHasHaveHbl ONA 3BYKOBbIX TPaKTOB
annapaTtypbl 6rogKeTHoOro knacca. Mukpocxema
AD1859 (cTpyktypa ananormyHas AD1857/
AD1858), BbinonHeHHasn B kopnyce SSOP-28,
OTNIMYaeTCd HanuMumMem nocnenoBaTeribHOro
WUHTepdenca ynpasneHnsi, COBMECTUMOrO C
SPI, yepes koTopbIi BO3MOXHA LndpoBasi pery-
NMPOBKa rpOMKOCTU 1 BNOKMpPOBKa 3BYyKa.

| CTATBU | 33


http://www.rlocman.ru/

B 1999 rogy komnaHua paspabortana curma-
nenbra LAMAD1852, AD1853 nAD1855 6onee
BbICOKOrO Kfnacca, Hawegwuve npMMeHeHue B
annapaTtype MHOIMX NpousBoguTenen BbICOKO-
KayeCTBEHHOW 3ByKOBOM annaparypsbl, Takux Kak
Accuphase, Denon, Meridian, Micromega,
Sherwood. Hanpumep, 24-paspagHbin  LIATT
AD1855 npumeHeH B CD pekopaepe Denon
CDR-1000 (PucyHok 11), obGecneuymBatoiem
BocnpoussegeHne CD/CD-R/CD-RW guckoB ¢
CcoBCTBEHHOrO TpaHCNoOpTa U BHELLHMX aHanoro-
BbIX 1 LIPPOBLIX MICTOMHUKOB. AnnapaTt obecne-
yumBaeT 3anuck Ha gucku CD-R, CD-RW c BHelw-
HUX NCTOYHMKOB Yepes ONTUYECKUI, KoaKkcuanb-
HbI 1 aHanoroBble BXoAbl, Mpy 3TOM NPOCHyLUMK-
BaHMe BO3MOXHO C KOHBepTauuMen BXOAHOro
umndcpoBoro notoka B 6onee BbICOKOKA4eCTBEH-
HbI (C Bonee BbICOKMMU BUTPENTOM 1 paspsaa-
HOCTbH0).

PucyHok 11. Pekopdep Denon CDR-1000.

Mukpocxema AD1855 npeacrtaBnseTr cobon
MynbTUOUTHBIM curma-gensta LA ¢ ogHono-
NSPHBbIM NUTaHMeM 5 B, BbINOMHEHHbIV B KOPMYy-
ce SSOP-28. lNpubop oTnn4aeTcst rmMbKOCTbHO
NCNoNb30BaHUA: MNOAAEPXKUBAET PasNNYHYIO
paspsagHOCTb BXOAHbLIX curHanos (16/18/20/24),
yacToTbl AnckpetTmusaumm oo 96 klu, popmatbl
BXOAOHbIX curHanos c nesbim (LJ/Left Justified) n
npaeblM (RJ/Right Justified) BbipaBHMBaHUeEM,

I°S, COBMECTMOCTb C pasnnuHbIMU UCTOUYHMKA-
MU umndpposblx curHanos (AUI, curHanbHble
npoueccopbl, MNPUEMHUKM MO CcTaHAapTam
AES/EBU).

B Mwukpocxeme peann3oBaHO HECKOIbKO
WHHOBALIMOHHbLIX CXEMOTEXHUYECKUX PELLEHUN.
e LIAl1 c «coBepLUeHHbIM BOCCTaHOBMEHNEM
andbdepeHuymnansHon nuHenHocTny (Perfect
Differential Linearity Restoration) ansi cHmxe-
HUA YpOBHEW 3ByKa B Mays3ax U (pOHOBOro
wyma.
e Llnhpo-aHanorosoe npeobpasoBaHne c
HenocpeaCcTBEHHbIM CKpemMbrMpoBaHUeEM
OaHHbIX (Data Directed Scrambling DAC)
ana obecneyeHnss HauMeHbLUen 4YyBCTBU-
TEINMbHOCTLIO K AXKUTTEPY.

o [IndbdbepeHumnansHble BbIXOAbl NEBOMO U
npaBoro KaHarnoB And onTMMmU3auumn corna-
COBaHUs C BbIXOOHbIMU punsTpamm u OVY.

e Hannyme BbIXO40B AN UHAMKALUWN HYNEBbIX
YPOBHEN BXOAHbIX CUrHaNoB feBOro 1 NpaBo-
ro KaHanos.

e LincppoBas perynmpoBka rpomkocTu Ha 1024
wara n markas OGecknukoBas OrokMpoBka
BbIXOHbIX CUTHAOB.

B 90-rogbl koMnaHus Bena pa3paboTku npe-
obpasoBartenenn no MHOMMM HanpaBIEHUSIM,
[OCTATOYHO MOSTHO PaCcCMOTPETb KOTOpble B
cTatbe 3aTpyaHuTensHo. OCTaHOBUMCSH TOMbKO
Ha HEeKOTOpPbIX Hanbonee 3HaA4YMMbIX Hanpasne-
HUNAX.

B 1996 roay 6binn paspabotaHbl 1 3anyLe-
Hbl B MPOW3BOACTBO NepBble «nepefaroLmer
LIAIM TxDAC cepnn AD976x, npegHa3Ha4YeHHbIe
ONSA pasnuyHbIX CUCTEM CBSA3M U NONyYmBLUNE
pa3BuTME B nocnegywowmne rogbl. Hanbonee
wunpoko TxDAC npumeHsoTca ans opmMmnpo-
BaHWSA CUrHaroB C KBaapaTypHON MOZynauunen,
Hanpumep QPSK, QAM, wncnonb3yemon ans
LUMdpPOoBbIX NepeaTyMKoB PasfiMyHOro HasHa-
YeHua (coToBasi CBA3b, Lindposoe TB u pagno).
[nsa npumepa Ha PucyHke 12 npuBeneHa CTpyk-
TypHas cxema nepegaroLLero Tpakta ¢ aHanoro-
BOW KBagpaTypHOW MOAYNSLMEN HA OCHOBE MUK-
pocxem AD9760. lNMpon3BoauTenbHOCTb 3TOrO
10-paspgagHoro LAl coctasnger 125 MSPS
(MunnnoHoB npeobpasoBaHun B cekyHay). B

10
+— AD9760 NG
DSP

FEHEPATOP
unun HECYLLEN

@ 090 —

P

K CMECUTENIO

asic |19 N[O é
AD9760 A\
/ N
OUNBLTP KBAOPATYPHbIA
HAMKBUCTA MOOYNATOP

PucyHok12. [Nepedarowuti mpakm ¢ keadpamypHol modyrnsyued.
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3aBMCUMOCTN OT Ha3HayYeHUs KBaApaTypHbIX
curHanoB | 1 Q, MMKpocxeMbl MOryT ObITb
ncnonb3oBaHbl Asns popMmupoBaHus TB curha-
noe (PAL/NTSC) B undposbix TB npucraskax,
LUMpPOBLIX CUrHanNoB nepedaTymMkoB roroca,
BMAEO M AaHHbIX B 6ECNPOBOAHbLIX KaHanax cBs-
31, B 6a30BbIX CTaHLMAX COTOBOM CBSA3U, B CUC-
Temax npsamoro uudpooro cuHtesa (DDS) un
OPYTUX MPUNOXKEHUSX.

B 1993 rogy komnaHusi paspaboTana nepeyto
MUKPOCXEMY AN CUCTEM MPSAMOro LmMdpPOBOro
cuHtesa (DDS - Direct Digital Synthesis)
AD7008. l'eHepupyemble cuctemamm DDS cur-
Hanbl CUHTE3UPYIOTCS CO CBOMCTBEHHON LNpO-
BbIM CMCTEMAM TOYHOCTbIO — YacToTa, aMnAnTy-
Aa v pasa curHana B Ntobon MOMEHT BpeMEHU
AO0CTaTOYHO TOYHO M3BECTHbI M NEerko ynpasrnse-
Mbl. OcHOBHble gocToumHcTBa DDS — BbiCcOKOE
paspelueHve no YyactoTe (4O Jonen repu npu
BbIXOQHOW 4YacToTe B [AeCATKM Merarepu) wu
dase, aKcTpemarnbHO ObiCTpas nepecTporika
YyacToTbl 6e3 pa3pbiBa hasbl, BBIGPOCOB U Apy-
rMX aHoMarnum, CBA3aHHbIN C BPEMEHEM YCTa-
HOBIIEHWNSA, NErkocTb peanuaaunn ynpasreHus
OT MUKPOKOHTPOSINIEPOB U CUTHAsbHbIX NpoLec-
copoB. [lepeuncneHHble ocobeHHocTn DDS
0COOEHHO BaXHbl Ansi UMPOBLIX CUCTEM CBSI-
31n. Mukpocxema MOXeT ObITb UCNONb30OBaHa
ANnsa opMUPOBAHUA CUrHANOB C Moaynaunen
AM, UM, ®M, QAM, PSK, FSK, a Takxe B kayec-
TBE CMHTe3aTopa YacToThl.

B 1995 rogy KomnaHusa BbinycTuna nepeble
undposble noteHumometpbl (DigiPOT) cepun
AD84xx Ha ocHoBe Lyrosoro KMOIT LJAI (String
DAC), npegHasHaveHHble 4518 3aMeHbl MeXaHu-
YeCKMX MOTEHLUMOMETPOB. 8-pa3psaaHble 0aHO-,
OBYX- W ueTblpexkaHanbHble LA AD8400/
8402/8403 moryT Mcnonb3oBaTbCs B NMporpam-
MUpPYyEMbIX PUNbTPaXx, NMHUAX 3a0EPXKKN, pery-
naTtopax rpPOMKOCTM, COrnacylwmx YycTpo-

OkoH4aHue e criedyrow,eM Homepe
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NCTBaXx, perynupyemMbiX UCTOYHUKAX NUTaHWs U
apyrux npunoxeHuax. Hanpumep, 4-kaHanb-
HbI undposor noteHumnomeTp AD8403 obecne-
ynBaetr 256 3HAYEHUN CONPOTUBIIEHMS MpWU
HomuHanax 1/10/50/100 kOm. Ynpaensetcs
MuKpocxema 4yepes3 10-merarepuoBbli UHTEpP-
dernc SPI.

B 1990-e rogbl koMnaHus paspabotana u
Hanagmna npovsBoACTBO LWMpoYanLLen HOMeH-
knatypbl AL n cneunanmnanpoBaHHbIX MUKPOC-
XeM, B cocTaB KoTopbix Bxoaunv AU n LIATM:

e Kopepbl/gekogepbl ronocoBoro kaHana
(BOKOOEPDI) M ayamo Kogepbl/gekodepsl.

e KomnbloTepHble ayauokoaepbl/aekonepsbl
AC’97 SoundMAX. Kogek AD1885, Hanpu-
Mep, Hallen WMPOKoe NpUMEHeHe B maTe-
puHckmx nnatax MK v ayanokaptax ans Hux.

e TepMuHanbl CMeLlaHHbIX CUrHarmoB, Moae-
Mbl.

e [lpeobpaszoBatenu curHanos MN3C gatumkos
n3obpaxkeHus.

e [lepepatoLume n npyHMMaloLmne curHanbHble
npoLieccopsl.

eYyncetbl gns npamoro npeobpasoBaHus
Othello, DDS npoueccopbl, 4yuncetbl Ans
MOOUNbHbIX TENEGOHOB.

eBugeo AL, Buoeokoaepbl/aekogepbl U
MHOrMe gpyrue crneumanusampoBaHHble MUK-
pocxemsbl. [ 1]

Jlutepartypa

5. http://www.google.com.ar/patents/US4349811,
https://www.google.com/patents/US3961326

6. http://www.fetaudio.com/archives/595

7. Metponaenosckun FO., «LUJAIM PCM63 1 umdpo-
BOW MHTepnonupyowmi counstp DF1700 komna-
Hun T1/Burr-Brown B BbICOKOKa4€CTBEHHOW 3BY-
KoBOW annapartype», PEMOHT SNeKTPOHHON Tex-
HUKN, 2007, Ne6
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HekoTtopbie

NpaKTU4yecKue

BONPOCHI NPOEKTUPOBAHNS
HU3KOYaCTOTHbIX (hUNbTPOB

Yactb 2

OkoH4yaHue. Ha4yarno e Homepe 07-2015

Bnadumup PeHmiok, 3arnopoxese, YkpauHa

D,nﬂ yBENMYEHUs NoaaBneHnst UCMOMb3yoT
KackagHoe BKJHOYeHME OO4MHOYHbBIX 3BEHbEB. B
npogeccrnoHansHoM TEXHUYECKON NuTepaTtype,
Hanpumep, B [1] roBopuTCA, YTO YacToTa cpesa
4515 cry4vas n 3BEHbEB C O4MHAKOBbLIMW YacToTa-
MU Cpesa paBHa

Fo = -, (4)

roe
Fci—y4acToTa cpesa oaHOro 3BeHa,

o — KoadhpumumeHT, onpegensemMbin No gop-
myne:

o =432 -1, (5)

roe n—Konm4yecTBO 3BEHLEB B UILTPE.

R1 R2 R3
—
16K 16K 16K
1 2
Ue(t) < ¢ es Ua(t)

a)R1=R2=R3;C1=C2=C3

ABTOp BCTpeyarn B TEXHUYECKOW NuTepaType
N UHble «NPUBNMKXeHHbIe» opMyIbl Ana pac-
yeTa nogo6HbIX CTPYKTYP, Hanpumep,

~Fa
Fe T’
HO BCe OHMW AdalT 60MblUyto NOrpeLlHoCTb, U
nonb30BaTbCA UMW Aaxe ANs OLEHOYHbIX pac-
4yeToB He cTouT. Popmyna (4) xopoLua B Teopuu,
HO He Ha npakTuke. Ha PucyHke 3 nokasaHbl
ABa, COBEPLUEHO OOWHAKOBbLIX C TOYKN 3pEeHUs
Teopun GHY.

Kak Mbl BUOUM, npeacraBneHHasi Ha PucyHs-
Ke 3 CTpyKTypa £BMASeTCqd MHOFO3BEHHbIM
VNLTPOM, COCTaBNEHHBIM U3 (PUNBTPOB NEPBO-
ro nopsigka. Ecnv Beputb Teopuu, To 3aTyxaHue
JormkHo bbiTb 18 ab/okTaBa unun 60 ab/aekapa.
lMockonbKy YacToThbl Cpe3a BCcex 3BeHbEB PaBHbI

R1 R2 R3
_| |_4—
1K6 16K 160K
Ue(t) c1 c2 :gs Ua(t)
—FOOn —FOn 1n

6)R1=0.1R2=0.01R3; C1=10C2=100C3

PucyHok 3. []ea sapuaHma mpex3geHHbix ®HY Ha ocHose RC-38eHbes.
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N cocTtaBnalT npumepHo 1 KM, To onATb Xe,
COrfacHoO Teopuun, YacToTa cpesa Takoro Tpex-
3BeHHOro comnerpa pasHa 506 U, a nepeBopoT
dasbl Ha 180° gormKeH NPoMcXoanTb Ha YacToTe
1.7k,

Ha camom gene:

e 171 BapMaHTa a) YacToTa cpesa paBHa npu-
mMepHO 192y,

efs BapuaHTa 6) vacToTa cpes3a paBHa
455 Iy,

B yactn ®YX n koachpununeHToB 3aTyxaHus
Mbl UMEEM:

e [11151 BApmnaHTa a) 3atyxaHue 26 ab/gekaga B
nepeow aekage, nepeBopoT a3kl Ha 180° Ha
2.4«lu;

e Ans BapunaHTa 6) 3atyxaHune 40 ab/nekapa B
nepBov Aekage, nepeBopoT a3kl Ha 180° Ha
1.8 kW,

Kak Buaum, nepen Hamu ABa COBEPLUEHHO
pa3sHbIx unerpa (Mx A4X nokasaHbl Ha PUcyH-
Ke 4), N He OOWNH U3 HUX B MOSTHOW Mepe He COOoT-
BETCTBYET Knaccuyeckon teopuu. ABTOp 3TON
cTatbu, byayun yxke 4OCTaTOUHO OMbITHBIM UHXKe-
HepoMm, gonyctun nodobHyt rpybyto owmnbky
npu paspaboTke GunbTpa AN NOAaBIEHMUS
4YacToTbl BbIOOPKN CUrHAmNa B MHOrOKaHarbHOM
cucteme cBssn. Takum obpasom, npu NoCTpoe-
HUN MHOrO3BeHHbIX ®HY BbLIGOP HOMWHaNOB
3N1EMEHTOB ANs MX peanu3aumm Heobxogumo
npubnmkaTth K BUAY, NpyBegeHHOMy Ha PrucyHke
36, unun pasgenaTtb 3BeHbs BydepHbIMU yCunu-
TensiMu, YTO CBOAWUT Ha HET psig AOCTOUHCTB
3TUX PUINBTPOB: YBENUYNBAET YPOBEHDb LLYMOB,
YMEHbLUaeT AMHAMUYECKUA OManasoH, yBenu-
YMBaeT HeNMMHENHbIe NckaxeHus. Kpome Toro,
MOBTOPIOCb, 34eCb ANdA ynpoweHus Obin pac-
CMOTPEH naearnbHbI BapnaHT UCMNONb30BaHNSA
dunbTpa, Koraa BbIXOOHOE COMPOTUBIIEHME
WCTOYHMKA CUrHana paBHoO Hymo, a ConpoTmuene-

HWe Harpysku punsrpa — 6eckoHevHocTn. Cre-
AoBaTernbHO, HeOBX0AUMO yunTbIBaTb, Kak 3TO
OblI0 NokKasaHO Bblwe AN O4HO3BEHHOIO
dunbTpa, U peanbHble YCIoBUS UCMONb30BaHWS
douneTpa.

Ecnn paccmatpuBatb otgernbHble HY kak
HensbeXXHble YacTu HEKOW 0OLLel CXeMbl, TO Mbl
MOXeM YBUAETb, YTO OHN MOryT BbITb 06pa3oBa-
Hbl NMMHUSIMU Nepefayn curHana, yeunuTerbHbl-
MM KackagaMmu (BCe€ OHU MMEIOT OrpaHNYEHHYo
nonocy nponyckaHusa B 0b6nacTu BbICOKMX Yac-
TOT), BbIXOAHbBIM COMPOTUBIIEHWEM U EMKOCTbIO
Harpysku. Bce aTn NMMHENHbIE NCKAXXEHWUS B KOM-
nnekce CNOXHO NoAAalTCa aHann3y n TpebyoT
TLWaTenbHOro MOAENMPOBaHNUS.

A KaknMm MOXET U AO0ImKeH ObiTb noaxop K
GounsTpam BbICOKOM YacToTbl? 3aeck Hanbornee
TUMWUYHBIV CnyYan — MHOro3BeHHble ®BY, HO He
Kak oTgenbHas CTpyKTypa, Tuna npeacraBneH-
Hol Ha PucyHke 3, a B BUe HECKOMbKMX Kacka-
OOB C pasgenuTenibHbIMU  KOHAEHCaTOpaMu.
Takune kackafbl MOXXHO M HY>KHO CUUTaTb 3KBMBa-
neHTHbIMKM ®BY nepsoro nopsaka (PucyHok 2a).
Ecrnn gna cnyyaa ¢ ®HY, kak 310 OTMEYEeHOo
Bbllle, MPOBECTM OLEHKY OOCTAaTO4MHO CIOXHO,
TO ANSA OTAENbHbIX anemMeHTapHbIXx ®BY nx cym-
MapHyto AYX OTHOCUTENbHO NErko oLeHUTb No
dopmynam.

Mogynb nepegaTovyHOM (PYHKUMKM dounbTpa
OMUCbLIBAETCHA TAKUM XKE BblPaXXEHMEM, KaK 1 O
OHY:

Al =V1+ 0,

roe:
o — LMKINn4Yeckas 4acTtoTa, paBHas 2nxf,

T — MOCTOSIHHAsA BPEMEHW, paBHad B Hallem
cnyyae RC.

Bode Plotter-XBP1 [ | Bode Plotter-XBP1 X
o <y w Mode — — p—————— 'y (e
e~ Horizontal Vertical i it Yosd
) )
Fls ez ||Fo [ ] 150 CERIEN
B 1% He 150 Controls
+ 192,753 Hz -2.999d8 3 + In = + Out = + || 454856 Hz 299408 L2 + In - +8 Outis) -
AYX epunbmpa (PucyHok 3a) AYX punbmpa (PucyHok 36)
PucyHok 4. AYX npocmetiwux mpexsgeeHHbix ®HY, usobpaxeHHbix Ha PucyHke 3.
CTATbMU
PapuoJloumaHt - asrycr 2015 |_CTATbU | 37


http://www.rlocman.ru/

3aecb, Anst 6onbLIMHCTBA CryYaes:

R — BxogHoe conpoTtuerieHne, C — eMKOCTb
pasfenuTenbHOro KoHaeHcaTopa.

MockonbKy Moaynb nepefaTtodHon PyHKLUN
aHanornyeH ®HY, To 1 yacToTa cpesa onpege-
NSAETCs aHanorn4yHo, Kak

F=e
27RC

A BoT ®UX hunsTpa nmeet otnnyne ot PHY:

=)
¢ =arctg| — |.
0T

Kak npaBuno, BbIXOOHOE COMPOTUBNEHNE
MCTOYHMKA CuUrHana 3HayuTerbHO MeHbLue
COMpPOTMBIEHNST Harpy3Kku, NO3TOMY NpUBEAEH-
Hble OPMYIbl MOTYT UCNOSb30BaTbCA Ha Npak-
Tuke 6e3 ocobbix orpaHuveHun. Ecnun xe ato
ycnosue He cobnogaercd, TOT B dopmynax
Heobx04MMO yYnTbIBaTb CyMMapHoOe COnpoTUB-
neHwve.

[na cnyyas nocnegoBaTenbHOrO coefuHe-
Hna OBY pesynbtupylowas 4vactota cpesa
MOXET ObITb NIerko onpegeneHa no NpubnmxeH-
Hon cpopmyne:

Fo~ [SFS -

3pecb Takoe npubnukeHwe yMecTHO Anis
NPakTUKM U He gaeT OOonbLIOW MOrpeLlHoCTu.
BbilLen3noxeHHoe Kacanocb WCKITOYMUTENBHO
dunesTpoBs. Ho, kak 6bINo yxxe ckasaHo, Bce, YTO
Obl Mbl HE NPOEKTUPOBANN, B UTOre OKa3blBaeT-
CA HEKUM OUNBTPOM, TO €CTb YCUIUTENbHbIN
TpakT anpuopu OygeT UMETb HEKOTOPbIN ypo-
BEHb NMHENHbIX UCKaXkeHUI. [1oaToMy Ha npak-
TMKE HaM 4acTo ObiBaeT HeobxooMMo pacrpe-
AENUTb OONYCTUMblE JMHENHbIE WUCKaXKEHUs
Mexay kackagamu. lMpuuem, nydwe cgenatb
3TO BCe 3apaHee, YTOObl He OKa3aTbCs B CUTYa-
LMK nNepcoHaxa 13 U3BeCTHOro aHekgoTta («AX,
ecnu 6bl a1 Oblf TAKON YMHbBIA cenvac, Kak Mosi
XeHa notoMm!»). NoBepbTe, Nyylle BCe, YTO MOX-
HO, 3apaHee paccuynTaTb U OLEHUTb, YeM CUOETb
NoTOM C NasiNbHWKOM, noabupas arnemMeHTbl 1
UCnosb3ysa Npy 3TOM U3BECTHbIE uaMoMaTnyec-
KMNe BblpaXkeHus1.

YTt06bI n36exaTb NogobHOM cnTyaumm, Heob-
XOAMMO NPUBECTU IKBMBASNEHTHYIO CXEMY TpaK-
Ta K CUCTEME 3feMEHTapHbIX JUHENHbIX
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UNbLTPOB NEpPBOro nopsaka U pacnpegenntb
Mexay HUMW OONYyCTUMbIE JIMHEWHbIE UCKaXe-
HWs. B onpegeneHnmn sneMeHToB afieMeHTapHo-
ro 3BeHa Bam NomoXeT opmyria, BblBeAeHHas
aBTOPOM CTaTbW eLLe B Ha4Yane ero MHXeHepHoOn
Kapbepbl. 3a OCHOBY DepeTcs N3BECTHOE 3KBU-
BaneHTHoe comnpoTuBreHne R anemeHTapHown
AYEeNKW, HanpumMep, 3TO MOXET ObITb BXOAHOE
conpoTMBneHne kackaga (ansa cnydas ¢ ®BY),
COMpPOTMBMEHNE WCTOYHMKA CUrHana wunu
BbIXOOQHOE COMpOTMBIEHWe Kackaga (ansa cny-
Yyas ¢ ®PHY). [Inga kaxxaon saneMmeHTapHoOu a4en-
Kv Ha 3afaHHon YacToTe F 3aknagpiBaetcst mak-
CUManbHO [JO0MyCTUMbIA YPOBEHb JIUHEMHbIX
nckaxkeHunn N (B geumbenax) n paccumTbiBaeTcs
MakcumarnbHO (ansa cnydasa ®HY) unu MuHu-
ManbHo (ansa cnyyasa ¢ ®BY) gonyctumas ang
3TUX YCNOBUI €MKOCTb KoHaeHcaTtopa C. [Ons
cnyyasa ¢ ®HY aToT koHAeHcaTop OyaeT eMKoc-
THOWM YacTblo Harpy3ku, a ons cnydas ¢ ®BY —
pasgenuternbHbiM. Popmynbl  Ang  pacyeTa
UmeloT BUA;

C> L -
21FRy (10 )7 -1
ana dBYn
C< L

20FRy (10" ) 1

ans ®HY.

Mpn HeobGXoAMMOCTM UX MOXHO Nerko
pewnTb oTHocuTeNnbHO Runn F.

Ecnu nepenTtu K cMeLaHHbIM CTPYKTypam, TO
OOHWUM M3 CaMblX PaCnNpPOCTPAHEHHbIX U UHTE-
PECHbIX C MPAKTUYECKOM TOUKM 3PEHUS BapuaH-
TOB SBNSIETCA 4aCTOTHO KOMMEHCUMPOBAHHbIV
Jenutenb HanpsbkeHusl, Hepeako MMeoLnia
€MKOCTHYI0 Harpy3ky. Hanpumep, OH MoxeT
OblTb HArpy>xeH Ha NMHUI Nepegayn, a obbly-
HbI 3KPaHMPOBaHHbIV Kabenb UMeET TUMUYHYHO

I
ez
Ue(t) Ua(t)

PucyHok 5. HacmomHO KoMreHcupoeaH-
HbIU Oenumerb.

PapuoJloumaH - asrycr 2015


http://www.rlocman.ru/

S
Lo

C
Ue(t) R2 T

Bapuarm a)

2
Ua(t)

PucyHok 6. lpocmediwue II1®.

noroHHyto emkocTb 100 nd/m, o yem paspabor-
YMKM YacTo 3abbiBatoT. B obwem Buae Takas
cuctemMa uMmeeT BuA, NPeacTaBreHHbId Ha
PucyHke 5.

He 3arpyxas uuTtaTenen BbIYUCNEHUSMNU,
cpasy [faaum npaktudeckyto dopmyny. Ong
MOSIHOW KOMMEeHcaunm eMKOCTU Harpyskm Heob-
Xoanmo BbInonHuTbL yerosme C1/C2 = R2/R1.
lMpoBepka NpaBUITbHOCTU BbIGOpPA KOMMEHCUPY-
towen emkoctn C1 ocyliecTBnsieTcs nogaden
Ha BXO4 AenuTenst MMMynbCa HanpsbkeHust U
OLIEHKOW ero uckaxeHuin. [lNpaBunbHO nogo-
OpaHHas YacToTHasl koMneHcauus Ha koadpdpu-
LUMEHT nepegayvv genntenst BIIMSHUS He OKa3bl-
BaerT.

CoBMecTuB ogHo3BeHHble PHY 1 ®BY, mbl
noslyyMm MNPUMUTUBHBIA NOSIOCOBOM  PUNBTP
(MM®), nsobpaxeHHbI Ha PucyHke 6.

B obliem BMAe MUMEHHO K TakoMy puUNbTpy
MOryT ObITb NPUBELEHLI 3KBMBAIEHTHbIE CXEMbI
bonbwunHcTBa Yycunutenen. ®BY obpasosaH
anemeHTamun C1 1 R2, a PHY — anemeHtamn R1
n C2. CooTBEeTCTBEHHO, OH MOXET ObITb Nerko
paccyMTaH C y4eTOM NPUBEAEHHbLIX Bbille dop-
MY 1 YTOYHEHU.

LleHTpanbHaa 4actota dunbtpa Oyaer
coBrnagarb C YacToTamm cpesa ob6pasyroLmX ero
®BY 1 ®HY, n paBHa

F, = 1 )
2n7RC

®a3za punbrpa 6yget meHaTbes ot +90° oo
—90°, a ba30BbIV CABUI HA LIEHTPAarnbHOM YacTo-
Te OyaeT paBeH HyrHo.

dopmynbl ANA NPakTUYEeCKOoro pacyeTa cne-
ayroLime:

Ons BapyaHTa a)

R2=R,

C2=C,

R1=mR2,

C2=C/m,

Q:Fcz_Fm __m
F,  1+2m
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R2 Ua(t)

i

BapuaHm 6)

AnsiBapmaHTta o)

R2=R,

C2=C,

R1=mR2,

C2=C/m,

Q:Fcz_Fm: 1 ]
Fo 2+m

30ecb Fco U Foq — BEPXHSS U HUXKHAS YacTo-
Tbl cpe3a puneTpa, COOTBETCTBEHHO.

OTa CTpyKTypa MOXET UCMONb30BaTbCs U B
KayecCTBe CENeKTMBHOro ourbTpa c MakcumMarb-
How fobpoTHocTbo Q = 0.5; B aTOM cnyyae R1 =
R2=R,aC1=C2=C.KoachdununeHT nepegaun
Ha YacToTe pe3oHaHca byaeT paeeH 1/3, a yac-
TOTa pe3oHaHca OydeT paBHa LUeEHTpanbHOM
yactote FO.

Ecnun aToT oMnbTp AONONHUTL AenuTernem
HanpskeHnsi ¢ KoaddurumeHTom nepegayum 1/3,
a CuUrHan CHsiTb C AuaroHanu nonyYMBLIErocs
MOCTa, TO Mbl NPUAEM K U3BECTHOM CXEME MOCTa
BuHa-PobepTcoHa. OTa cxema sIBNsSieTCcsa yxe
NONOCHO-3arpaxgatoLmm omnsTpom, a BepHee,
UNLTPOM C NoAaBNEHMEM HacTOTbl Pe30HaH-
ca. Ero ®4X Ha vacTtoTe pesoHaHca Oyamer
nMmeTb ckadyok ¢ —90° po +90°. B kavectBe
dounbTpa Takas CTPYKTypa UCMonb3yeTcsa Kpau-
He pegko, OHa Halusa CBOE NMPUMEHEHNE B reHe-
paTtopax CMHycouaanbHbIX KorebaHun.

Hanbonee yacto gns nogaeneHns Hexena-
TeNbHOW YacTOoTbl UCNONb3yeTcs ApYron Bapwu-
aHT KOMOMHMpPOBaHOro unsTpa, a MMEHHO,
n3obpaxeHHbin Ha PucyHke 7, aBonHom T-
00pasHbIn.HecMOTpsa Ha HU3KYHO, XapakTepHYH

R
L T '
[IC [|C
Il |
2C
I

PucyHok 7. []lgoliHol T-o6pa3Hbil mocm.

Ue(t) Ua(t)
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PucyHok 8. A4YX dsoliHoeo T-mocma (R = 16 kKOwm,
C=10H®, Fp=1000T).

ansa Bcex RC-unetpos, 4OGPOTHOCTb, AaHHbIV
T-mMOCT MOXEeT nogaBUTb CUrHam C 4acTtoTom
CBOEr0 pe3oHaHca, Nno KpanHen mepe, Ha 50 gb
(PucyHok 8). YacTtoTa pesoHaHca cbanaHcmpo-
BaHHoOro mocta (PucyHok 7) onpegenserca no

dopmyne

F, = 1 )
2nRC

Mpn HeOBXOAMMOCTU CHU3UTb YPOBEHb MO-
OaBneHus napannenbHO MOCTY BKIHOYaeTcs
nobaBoyHbIN  pe3ncTop. Yaue Bcero Takas
cXema ucrnonb3yetca B Lenu oTpuuaTtesnibHomn
obpaTHow cBs3n. B aTom cnyyae oHa CTaHOBUT-
CA He noaaBnsAwLWeEn, a CeNneKTUBHOMN.
AHanorn4yHble unsTpbl UCNONb30BaNUCh B NpU-
CTaBKax «Bay-Bay» 4119 dreKkTporntap.

MopobHble cxembl aBTOP WUCMONb3oBasn B
COCTaBe KOHEYHbIX CTyneHen ¢hopmupoBaHus

Tembpa B cBomx MU cepumn « CUMOHA» 1 cun-
TesaTtope «Ansi» [3]. Ha ocHoBe T-mocTa Obin
BbIMOSTHEH perynuMpyemMbli GOpMaHTHbIN
dunetp [2]. Vicnonb3oBaHMe Takoro MpoCToro
peLLeHnsa NoMoXeT Bam oboratnTb U YKpacuTb
3ByYaHue, Hanpumep, reHepatopa My3blKasnb-
HbIX CUrHarnoB, 3By4aHue KOToOporo B 06bI4HOM
NCNOMHEHNW ABMAETCS NPOCTON, U3BUHUTE, «MK-
nukankony», nNnbo noTpebyeT CHOXHbIX MNpo-
rpPaMMHbIX pelueHui. (TemOp, MOMyYeHHbIn C
NMOMOLLbIO TaKoro unsTpa, MOXHO MpPOCHy-
wartb, ckadas ¢ [3] camnnbl JKOMU «CUMO-
HA»).

B 3aBeplueHue Ha PucyHke 9, ncknioumrens-
HO B Ka4yecTBe npumepa NCnonb30BaHUSA CIOX-
HbIX PMNBTPOBLIX KOMOKHAaLMIA Ha ocHoBe RC-
uenen, NnpMBeaeHa cxema TPEXnOoNOCHOro pery-
naropa Tembpa, KoTopbli Obin paspaboTaH aBTo-
pom ctatbn B 1983 rogy ans nepsoro B CCCP
MOHOB04YHOrO My3blKasribHOIo LeHTPa BbICLLErO
knacca «Takt-011 ctepeo».

B cnepylowen cratbe, MOCBSILLEHHON 3TON
Teme, OyayT pacCMOTPEHbI MPaKTUYeCKne BOnpo-
cbl npoekTnpoBaHus LC- n RLC-cpunbtpos. 1)

Jlutepartypa

1. Tutue VY., Wenk K. MonynpoBogHukoBasa cxemo-
TexHuka. 12-e nsg. Tom 1, 2: [ep. ¢ Hem. — M.:
OMK TMpecc, 2008.

2. PenTiok B. «CuHTE3 My3blkanbHbIX TEMOPOBY,
umkn ctaren, Pagnoamatop, Ne10, 11 2011, Ne1,
3,4 2012.

3. My3sei coBETCKMX CUHTE3aTopPOB
http://www.ruskeys.net/base/alya.php
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PucyHok 9. TpexnonocHblil peaynsimop membpa My3bikaribHO20 yeHmpa « Takm-011 cmepeox.
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BBC npeacrasuna

BBC micro:hit

EpI/ITaHCKaFI LUMpoKoBeLlaTenbHas Kopno-
pauna BBC npeacrtaBuna kKapmaHHbIA Mpo-
rpammupyemblin komnetotep BBC micro:bit co
cpencTBaMu OBGHapyXXeHUs OBWMXKEHWs, BCTPO-
€HHbIM KOoMMmacoMm un TexHonoruen Bluetooth,
KoTopbI JosmkeH 6bITb 6ecnnaTHo npegocTas-
neH kaxgomy 6pmutaHckoMy pebeHky B Bo3pac-
Te 7 ner.

ABnasdcb pesynbratoMm coTpyaHuyecTBa 29
napTtHepoB, micro:bit npencraensetr cobon
caMbli ambuunosHbIn obpasoBaTenbHbIA NpPo-
ekT BBC 3a nocnegHue 30 NeT, KOTOPbIN OOIMKEH
BAOXHOBUTb HOBOE MOKOSNIEHNE MUOHEpPOB B
00nacTu TEXHONOMMi Ha TBOPYECKNE N3bICKaHNS
N MHHOBALIMOHHbIE pa3paboTku.

ol

BenukobpuTaHus B HacToslLLIEe BpeMsi CcTarl-
KMBAETCHA C Cepbe3HOM HexBaTKom npodeccuno-
HanbHbIX KaApOB B TEXHOMOIMYECKOM CEKTOpPE,
n BBC ¢ naptHepamn HamepeHa crnocobCcTBo-
BaTb U3MEHEHUIO TaKOM CUTYaL UK.

B 1980-x rogax BBC Micro BnepBble no3Ha-
KOMUNa MHOIMX OETEN C KOMMNbIOTEPHON TEXHU-
kon, n BBC micro:bit, kak 4actb MHUUMATUBBI
BBC Make it Digital 2015, 6yneT onmpaTtbcs Ha
Hacnegue aToro NpPoekTa, HO yxxe B LndpoBom
3noxe.

HoBbI NpoayKkT Npu3BaH pasBMBaTb TBOP-
Yyeckoe MblLUIIeHne MonoabIX Noaen n BAoXHOB-
NATb UX Ha co3gaHue LdpoBbIX YCTPONCTB A5
pa3BUTUSA HaBbIKOB B 06NaCTU HayKu, TEXHOO-
T N TEXHUKN.
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BBC

K koHuy 2015 roga micro:bit noctynut B Linpo-
Kyl0 Mpogaxy, U nonb3oBaTbCA MM CMOTYT He
TOINbKO cCeMuUneTHUE OeTu.

MporpammupoBaHue 3a CEKYHAbI

«Mbl Cc pagocTblo faeM AeTAM KUCTOYKM Ans
pUCOBaHMS, KOr4a OHU OHbI U HE UMEIOT OMbITa;
C TEXHOSOMMAMMW JOMKHO ObITb TOYHO TaK XKe» —
ckasana luHen Pokc (Sinead Rocks), rmaea
BBC Learning.

Lluned Pokc, enasa BBC Learning.

«BBC micro:bit npegHasHaueH ans monoapbix
nogen, NoCTUraLwmnx 3HaHns, YTobbl Bbipa3uTb
cebsi B uMdpoBOM MUPE, N ITO TO YCTPOWCTBO,
KOTOPbIM OHM JOSMKHbI BNaAeTby.

«3TO Halwa camas amBuunosHas nHULMaTK-
Ba B obrnactn obpasoBaHus 3a nocnegHue 30
net. U, nockonbKy micro:bit cnocobeH nogxrto-
4YUTLCA KO BCEMY, OT MOBUNbHbBIX TENedOHOB A0
LBeTOuYHbIX ropLikoB 1 Raspberry Pi, oH MoxeT
ObITb oNa VIHTepHEeTa BeLLEN TEM Xe, YeM Obin
BBC Micro gnst OpuMTaHCKMA UrpoBOW MHAYC-
TpUm».

BBC micro:bit HauHeT nocTynaTtb B LLKOSbI B
KOHUe OkTAbps, OaBas AeTAM BO3MOXHOCTb
OCBOUTBLCA B HOBbIX LLUKOMaX, a yuntenam cgop-
MUpPOBaTb y4eOHbIE NIaHbl Ha OCTalbHYO YacTb
y4yeBHOro roga ¢ y4eToM 3TOro HOBOBBEAEHUS.
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Pa3amepbl nnatbl cocTaBnaAwoT 4 x 5 CM; OHa
JOCTyMNHa B pasfuyHbIX LBETax U paccyuTaHa
Ha MpoCToe M Beceroe mcnonb3oBaHue. Hec-
NOXHble 3a4a4un, Takmue Kak MuraHme cBeToamno-
JamMu unu otobpaxeHue ysopa MOXHO 3anpor-
pamMuMpoBaTb 3a CUYUTaHHble CeKyHAbl, 0e3
npeaBapuUTENbHOrO 3HaHUSA BbIYUCNNUTESNLHOM
TEXHUKN.

lMnata nogknoyaeTca Takke K Apyrum ycTpo-
ncteam, gaTymMkam, Habopam n obbekTam, a,
Kpome TOro, MOXeT paboTaTb COBMECTHO C
Arduino, Galileo, Kano, littleBits n Raspberry Pi,
cnyxa TpamnnvHOM Ans nepexoga k Gonee
CNOXHbIM CTYNEHAM 0By4eHus.

Kaxabli anemeHT ABnseTCst NONHOCTLIO Npo-
rpaMmMupyembiM C MOMOLLbIO CpeacTs, pa3me-
LLIEHHbIX Ha cneyunanbHoOM canTte (GyoyT AoCTyn-
Hbl Ha [1]), BOMTM Ha KOTOpPLIM MOXHO ¢ K, nnaH-
LueTa unm MobmnbHoro TenedgoHa.

JInyHbin kabuHeT Ha canTe no3BonseT
nonb3oBaTesisiM COXPaHsATb CBOWM HapaboTku n
TeCcTMpoBaTb UX B CUMYNSTOpe, Npexae Yem
OHW ByayT nepeHeceHbl Ha micro:bit. MNpu aTom
YPOBEHb CIMOXHOCTU LOCTYMHbIX UHCTPYMEHTOB
OyoeT coOTBETCTBOBATL YPOBHIO Naen, Boobpa-
YKEHMWS 1N HaBbIKOB.

PapuoJloyman - asrycr 2015

KntoueBble ocobeHHOCTM micro:bit:

¢ 25 KpacCHbIX CBETOOMOOOB AN1s MOACBETKYU,
WHOWKaUMK, CO3[4aHUA WUrp WU HanucaHus
LMPPOBbLIX UCTOPUNA.

e [1Be nporpamMmmupyemble KHOMKKU, akTUBUpYe-
Mble Mpu Haxatun. MoXHO ucnonb3oBaTb
micro:bit B kauecTBe MrpoBOro KOHTponnepa,
CTaBWUTb Ha Nay3y U1 NPONMCTbIBaTb NECHU
B CMMCKEe BOCMPOM3BEAEHUS.

e BCTPOEHHBIN EeTEKTOP ABWXKEHUS UK «aKce-
nepomeTp», CMOCOBHLIN perncTpupoBaTb
nepemeLleHnss n cooblatb O HUX OpYyrum
yctporictBaM. OH Takke pacnosHaeT TPSCKY,
HaknoHbI 1 cBoboaHOe nageHne. Kpome Toro,
OETEKTOp MOXET MpeBpaTUTbL micro:bit B
YpOBHEMEp, 3axuraTb CBeTOAMOAbl Mpu
obHapyxeHun nepemMeLLeHI, Unn NCNorb30-
BaTb €ro B Urpax A akTmBauum BMKEHNEM.

e BCTpOEHHbIM KOMNac wunvM «MarHMToOMeTp»
ANs onpegeneHvs HanpasneHus nepemMetLLe-
HUSA B rpagycax u mectononoxeHusa. Cogep-
XUT MarHuT 1 MOXeT 0BHapyXMBaTb HEKOTO-
pble TUMNbl METanNsOoB.

e Bluetooth Smart Technology ons coegnHe-
HMS ¢ VIHTepHeTOM W B3auMOOeucTBuda C
BHELUHUM MWUPOM, MOAKMOYEHNSA micro:bit k
apyrum micro:bit, yctponcrteam, Komnrek-
Tam, TernedoHam, nnaHweTam, Kamepam wu
NpPo4YMM OObEKTaM MOBCEOHEBHOIO OKpYXe-
Hus. YTOoObl NogennTbCs TBOPEHUAMU UMK
o6beauHUTL yeunusa Ons co3gaHvus yauBu-
TeNbHbIX BELWlEen U3 HEeCKONbKUX micro:bit,
jenatb cendwu, octaHasnueate DVD wunn
ynpaBnsiTb CMUCKOM BOCMPOM3BEAEHNS.

¢ [19Tb BXOAHBIX U BbIXOOHbIX KONbLEBUOHbBIX
KOHTaAKTOB [Ans NoaknodeHns micro:bit k
YCTPOWCTBAM MMM JAaTyvkaM C MOMOLLbIO
3aXMMOB  «KpoKOaUI» UNn  4-MUnNnumeT-
poBbIX LITekepoB Tuna «banana». Micro:bit
MOXET UCMONb30BaTb KOHTAKTbI A5l OTNpaB-
K/ 1 MpUEeMa KOMaHA, a Takke Ansi MUTaHus
TaKnX YCTPOWCTB, Kak pobOTbI 1 ABUraTenn.

EEE

Jloeomun BBC micro:bit.
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Micro:bit 6611 3agymar BBC Learning B 2012
rogy, a nepBoHayanbHOE MNPOEKTUpPOBaAHUE
BbIMOJSTHANOCb COBMECTHO C Y4OCTOEHHbLIM MHO-
MMM Harpagamu otgenom paspaboTku u uccne-
posaHu BBC. OgHako npuaatb 9TON yHMKanb-
HOM MHMUMATMBE MacwTab M LUMPOKUI OXBaT
yaanocb Tornbko 6narogapsi 6ecnpeueneHTHO-
MYy COTpyOHMYECTBY C 29 MexayHapOAHbIMU
opraHuMsauusmMin, ctaptanamu n obpasoBarerb-
HBIMW YYpPEXOEHNAMN.

OanH MUANMOH micro:bit

BBC saBnsieTcs rmaBHbIM HaA30pHbIM Opra-
HOM 1 pykoBoauTeNnem npoekta micro:bit, koop-
OVHUPYIOWMM NapTHEPCTBO, pa3paboTky u
noctaeky micro:bit, npegocrasngatowmm obyya-
lOLLME pecypcbl, a Takke OCYLUEeCTBISIOWNM
3hUPHOE N OHMarH CTUMYNMPOBAHME YyuuTe-
newn, WKon u paguontodutenei no scen Benu-
KobpuTaHuu.

CnuUcokK napTHepoB.:

¢ ARM — npegoctasneHne annapatHoro obec-
nevyeHnsa mbed, KOMNMAEKTOB A4 ero paspa-
GOTKM 1 yCryr KOMNUNALUK

e Barclays — nopgepxka oOwWwux nocTaBok
npoayKumMm u WHAPOPMAaLMOHHO-NPOCBETU-
Ternbckasa 0eaTenbHOCTb

eclement14 — noctaBka KOMMOHEHTOB U
yrnpasreH1e NPpon3BoACTBOM

e Freescale — noctaBka AaT4YMKOB M KOHTPOI-
nepos USB

e JlaHkacTepckuin yHnBepcuTeT — paspaboTka
N HaNMcaHne NCMOSTHUTENBHOM CUCTEMBI

e Microsoft — npegocTtaBneHune OHNaNH
WHCTPYMEHTOB MporpaMmmupoBaHus Touch
Develop, xocTuHra, a Takke MeTOAUYECKMX
MaTepuarnoB Afs NOAroTOBKM NpernofasaTte-
nen

e Nordic Semiconductor — noctaBka OCHOBHO-

ro npoueccopa c noaggepxkon Bluetooth
Smart
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e Samsung — nogkntodyeHme BBC micro:bit k
TenedoHaM M nnaHweTtaMm K paspaboTka
npunoxeHun ans Android

e ScienceScope — pacrnpocTpaHeHe B LUKO-
nax v paspaboTtka npunoxeHun ansaios

e Technology Will Save Us — paspaboTtka
dopMbl, BHELLHETO BUAA U CTUNSA YCTPONCTBA

e The Wellcome Trust — npegocTtaBneHue
BO3MOXHOCTEN 0byyeHus Ans yuuTenen u
LLIKOS

Jlngepsbl B cBOMX 06nacTsx, KOTopble CMOryT
noaaepxaTb YCTPOMCTBO Yepes peknamy, yyac-
Tne, obpasoBaTternbHble pecypcbl U OOMNOSHU-
TenbHble ycnyru — ato Bluetooth SIG, Bright
Future, Cannybots, Cisco, Code Club,
Coderdojo, Code Kingdoms, Creative Digital
Solutions, CultureTECH, Institution of Engi-
neering and Technology, Kitronik, London
Connected Learning Centre, MyMiniFactory,
Python Software Foundation, STEMNET,
TeenTech n Tinder Foundation.

OcHoBow ycnexa BBC micro:bit craHeTt Tec-
HbI KOHTaKT BBC 1 mapTHepoB ¢ yuutenamu,
negaroraMmm v LWKonamm, Ytobbl rapaHTUpOBaThb,
YTO pecypcbl, MHPoOpMaLMa 1 nogaepxka dyayT
JOCTynHbl K Hadany oceHn 2015 roga. Kpome
Toro, BBC Learning 6yger npegoctaenaTb
pecypcbl Ans nogaepXkm ydebHoro npouecca,
BKIKOYast XKUBble YPOKK, obyyatoLme BMaeo ans
HOBMWYKOB, MPOEKTbI N y4ebHble Nocobus.

BBC u napTHepbl TBepOO HaueneHbl Ha To,
YTOObI, COBEPLUMB MOLLHbIA PbIBOK, NpeaocTa-
BUTb K KOHUY roga A0 OOHOr0 MWIINIMOHA
micro:bit.

TexHu4eckas 4OKYMeHTaunsa Ha yCTPOMCTBO
Oyget o6LenocTynHom, n coobLLecTBO NapTHe-
pOB MfaHMpyeT COBMECTHO pa3BMBaTb HEKOM-
MepYeECKYHo opraHM3aunio ansa odLero Hagsopa
1 npoaswxeHnsa micro:bit. (1]

Ccbinku

1. www.microbit.co.uk
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Co3pasaite

COOCTBEHHbIE NMPOEKTbl
Ha rMbxux nnarax

Dave Gladwin, CIT Technology

[osenenve Taknx MUKPOKOHTPOMMEPHbIX
mMoayren kak Arduino OTKpbINO BO3MOXHOCTb
cosfgaBaTb U MpPOrpaMMUpoBaTb MHTEPaKTUB-
Hble 00BbEKTbI LLleNTOMY MOKOMEHNIO paanontodun-
Tenen. CerogHa aTv Moaynu nossonsoT 6e3
Tpy4a ynpaBnaTb YEM YrogHo, OT CamoaernbHbIX
po60TOB OO0 AWCTAHUMUOHHbBIX ABEPHbIX 3BOH-
KoB. OTO obyyvatrouiee cpeacTBo NoagepXmnBa-
eTcs LONONHUTENBbHLIMKU MOAYNAMM, Ha3bliBae-
MbIMUK «wnnabi» (shields), cpeam KOTopbIX eCTb
aucnnen n gpameepbl, NpUBOAbLI ABUraTenen,
AaTtynkm n mogynu ceasn. B BonblmHcTBE
CcBOEM OHW aBnATCS ycTporcTBamu Plug and
Play, n 6narogapsa nogaepke NoCTOSHHO pac-
wupdawuwencsa 6ubnmotekn nporpamMmHOro
obecneveHuns, OTKpbINK ON4a paguontobuTtenen
N HOBATOPOB HOBbIE BO3MOXHOCTU MPOBEPKM
CBOMX MOEN.

HekoTopble nnatgopmel, Takne kak Printoo,
OCHOBaHbl Ha rMOKOW ANEKTPOHMKE, KOTopasi, No
cyTn, nob6aBnsaeT NnpoekTam HOBOE N3MepeHne —
UM BorbLue He HYXXHO BbITb NIIOCKMMKU OBYMEpP-
HbiMK oObekTamn. [obGaBbTe gocTynHyto 3D
neyarb, U nopor ansa paspaboTkM MHHOBALMOH-
HbIX MIHTEPAKTUBHbIX MAEN CHUXKAETCSA AarnbLue.

Ho4yto genatb, ecnu 4ns BbINOMHEHMS HEO6-
Xoanumon Bam YHKUMM HET CTaHAapTHOro
moayns?

Co3paiite cob6cTBEHHOE YCTPOMCTBO

OTBeT NpocCT — caenaTtb COOCTBEHHbIN. Heao-
porve NpoToTunbl MMBKMX NeYaTHbIX Nnat aBns-
IOTCS1 OAHMM W3 KIOYEBbIX 3NIEMEHTOB B 3TOM
npouecce 1 NnpekpacHbIM AOMNOSIHEHNEM K TpeX-
MepPHbIM KOHCTpykunsam. KomnaHua CIT
Technology paboTana c KOHCTpyKTOpamu, pagu-
onbutensMmn M HoBaTopamMu BCEX YPOBHEN

PapuoJloyman - asrycr 2015

EDN

KOMMETEHUMA, YTobbl MOMOYb WM BOMMOTUTb
CBOW NOeu B XUn3Hb. Bce aneMeHTbl, HaunHas ot
CEHCOPHbIX KHOMOK, MOM3yHKOB, CBETOAMOAOB,
ONHaMWKOB U OaTYMKOB, ObINM HanevaTaHbl Ha
AeleBbIX U MMOKMX MonuatuneHtTepedTanar-

HbIX MOAJ10XKKaX.

Cxema «YMHo20 uHeansimopa» ¢ Bluetooth cre-
oum 3a Yyacmomol UCrosib308aHUS.

CerogHs neyatb rMbkux nnat ctana ansd
paguontobuTenst HegopPoron N AOCTYMHOW anb-
TepHaTuBown. TexHornorus paspabartsiBanachk Ha
NnpoTsiKeHMM Oonee AecAaTU §eT, U Tenepb
CO34aHHble C MOMOLLbLIO LMdpoBOM neyvaTn rmob-
Kne cxembl MPpodeCcCnoHarnbHOro Ka4yecTea npe-
BpaTUINCb B pearibHOCTb He TONbKO ANs crneum-
anncToB, HO U ANd 3HTY3MacToB. OTW Nnarthbl,
UMeroLLMe HEM3MEHHOE KavyecTBO U Npeackasy-
€Myl MpPOBOAUMOCTb, MOryT ObITb MEpPBbIM
warom K mMacwtabupoBaHUO, eCrl KOHEYHOMN
LLenbHo ABNSIETCS MacCoBOE NPON3BOACTBO.

[nsa Toro 4To6bl CAKOHOMUTL BpeMS, paspa-
GOTYMKM MOTYT UCMOMb30BaTb MHOMOMNOAX0AHOE
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NPOTOTUNUPOBAHME; OPYIMMWU ClIOBaMU, MPOU3-
BOANTb pa3nun4yHbIe BapuaHTbl NPoOeKTa 1 OLEHU-
BaTb, kakas Bepcus paboTaeT nydwe — gapsu-
HUCTCKMI noaxod. KOHCTPYKTOpbl MMeEKT BO3-
MOXXHOCTb BOCMOJNb30BaTbCA NPENUMYLLIECTBOM
TOrO, YTO BbINOSTHEHHbIE C MOMOLLLIO LIMGPOBON
nevatu rmbkue nnartbl NPON3BOAATCA C UCMNOSb-
30BaHWEM HernpepbIBHOMO npoLecca «C pyrnoHa
Ha pyrnoH», HenocpeacTBEHHO Ha OCHoBe hal-
noB npoekTa. No3aTomy HanevaTaTb 4EeCATh pas-
HbIX MPOEKTOB HNYYTb HE CIIOXHEE, YeM OECHATb
pas pacne4yaTtaTb OANH N TOT XKe NPOEKT.

Fubkyro ceemoduodHy0 Mampuuyy MOXHO 0bep-
Mmblieamb 80KpPYye U302HYMbIX 1ogepxHocmed.

MMbKoe TaK)Xe BbITb TaKXe NN0CKUM

MGKMe cxeMbl He Bceraa OOMmMKHbl U3rnbathb-
CS1; 3a4aCTy0 OHUN CBA3aHbI C KaKMM-TO XXECTKUM
ocHoBaHueM. Kpome Toro, oHM MOryT U3MEHSATb
dopmy Tak, YTOObl BMMCATLCS B W3OTHYTYH
KOHCTPYKUMI0. Pa3paboTynkmn Takxke MoryT CBO-
pauMBaTb U CKragblBaTb CBOM CXEMbl B CIIOX-
Hble (hOpMbl, U co3aaBaThk, HaNPUMep, KOHTaKTbI
aKKyMYINSiITOPOB, U30THYTbIE MON3YHKNU U KHOMKK

Cxema Bluetooth 0amyuka. OHa cknadbisaemcsi
8 onpedesnieHHy0 ¢hopMy U MOKpbIeaemcs rnnac-
MUKOM.
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UNN CBETOANOAHBbIE MHONKATOPbI BOKPYr 06beM-
HOro oobekTa.

L

Tecmosbie cmpykmypbl Ornisi 2UbKUX Hazpeea-
mesibHbIX 37IEMEHMO8.

Tawm, rge yctponcTea UMEKT CNOXHble dop-
Mbl, 3NEKTPOHUKa OyadeT TpaauMuMOHHO npen-
CTaBnsATb cob0M HECKONbKO OObIYHbIX MIOCKUX
neyaTHbIX NnaT ¢ pasbemMamu 1 NnpoBogamMm Ans
nXx coeauHeHusi. brnarogaps rmMbKoCcTU U HU3KOM
CTOMMOCTM HOBbIX CXeM pa3paboTynkm cmoryT
coBmeLLaTb (PyHKLMM HECKOSBbKMX MaT B O4HOMN
B3anmocBsa3aHHoOW cxeme. MukpornpoLleccopbl,
cpeactea 6ecnpoBOAHON CBSI3W, E€MKOCTHbIE
CEHCOPHbIE 3NIEMEHTLI, CBETOAMOAHbIE NHONKA-
TOpbI, 4ATYMKLA U OUHAMUKKM MOTYT ObITb Mome-
LeHbl Ha OAHOM cCxemMe W pacnpefeneHbl Ha
NMOBEPXHOCTU CINOXHOIO TPEXMEPHOIo 0ObekTa
©e3 HeobXoaANMMOCTHM UCMONb30BaHMS pa3beMOB
M NpOBOMOB.

CIT pacwwmpuna cdepy ycnyr no npoToTunum-
pPOBaHMIO MeYaTHbIX MNNaT, BKMAYMB BO3MOX-
HOCTb BbiOOpa MaTepuanoB MOAMNOXKN, YTO
paHbLUe ObIIO0 AOCTYMHO TOMBbKO B YCINOBUAX

LLlabrioH ¢ MOHKUMU NTUHUSIMU Or1s1 MPUSTIOXKEHUU
3auWumsl 0m HecaHKUUOHUPOBaHHO20 MPOHUKHO-
BEHUSI.
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KpYynHOCEPUIHOIo Npou3BoAcTBa. Tenepb K HAM
no6aBMNUCL OMTUYECKU MPO3paYdHble N TEPMOC-
TabunuanpoBaHHble MAEHKA. Takue MreHKn
0COBEHHO 3hPEKTMBHBI AN1s1 CO34aHMUsS eMKOC-
THbIX CEHCOPHbIX 3NEMEHTOB, KOTOpble MOryT
UMeTb MOACBETKY W coaepXaTb 3SMNeMeHThbl
yrnpaBfeHnsi, CBeEToaMoAbl U OpYyrMe 3nekTpo-
HHblE KOMMNOHEHTbI — BCe Ha ofgHoM cxeme. [nb-
KOCTb NO3BOSMSIET MbICNUTL 1 CO30aBaThb B TPEX-
MEPHOM MPOCTPaAHCTBE — TaK YTO NoaxoamTe K
BOMpoOCy TBOpYECKN!

PapuoJloyman - asrycr 2015

B ceBoem goknage komnaHua Gartner npo-
rHo3upyert, 4yto k 2017 rogy nonosuHa npeano-
XEHUN, CTUMYNUPYEMbIX pacnpoCcTpaHeHnem
MHTepHeTa Bewen, byaet ncxogutb OT HOBa-
TOPOB W CTapTanoB, a He OT TPagULMOHHbIX
KPYMHbIX MNpou3BOAUTENEN M MNOCTaBLLUKOB
yCnyr.

Tak 4TO, ecnu Bbl 3agymManucb Hag paspa-
OOTKOM M co3gaHMeM crieayrowero G6orbLoro
npoekTa, — 3HanTe, YTO Nyyllero cpeacrTea ans
ero peanusaumm y Bac eie He 6bino.[J1]
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KBagpokontep
Grazyflie Nano Quadcopter

Crazyflie Nano Quadcopter — 310 MUHKMaTIOp-
HbI KBaApPOKOMNTEP, YMELLAIOLWMIACA Ha BaLlewn
napoHun. OH BecuT Bcero okoro 191, a paccros-
HMe mexagy MoTtopamu coctaensiet 9 cMm. CmoT-
peTb 3a MofeToM KBafpoKonTepa — 3aHsTue
Becernoe W yBriekatenbHoe, OAHaKo OCHOBHOW
uenbio ObINO co3gaHve yHMBepcanbHOW nnart-
GopMbl, KOTOPY MOXHO Obifio Obl UCMONb30-
BaTb 4115 9KCNEPUMEHTOB, pa3paboTku 1 uccne-
OOBaHUSA PasfMyHbIX TEXHOMOMMYECKUX peLle-
HUI.

Kak a mory ucnonb3osatb
KBagpokonTtep?

[na 3anycka kBagpokontepa Heobxogumo
NOAKMIYUTL K XOCT-cucteme 6ecnpoBogHOW
USB agantep 1 KoHTponnep OMCTaHLUOHHOMO
ynpaBneHus, nocne 4ero 3arpysvtb Kine-
HTckoe 1O. OTo MOXET ObITb KOMMbLIOTEP NOA
ynpaenennem OC Linux nnu Windows, Android
ycTponcTtBo ¢ nogaepxkon USB OTH/HOST
Unn xe BCTpauBaemas cuctema, nogobHas
Raspberry Pi.

[nsa ynpaBneHus roasatcsi MHOrMe UrpoBble
KOHTPONNepbl, ECNN TONbKO MMEETCA BO3MOX-
HoCTb Mx nogkntoveHnsa k MNK. Kpome Toro, ectb
KOHTpOnnepbl AUCTAHUMOHHOIO YnpaBsrieHus,
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Bitcraze

KoTopble Bbl MOXeTe nogknoyaTte K Crazyflie
Nano Quadcopter Hanpamyto. Nonyunts 6onee
noapobHyo MHOpMaLMIO MO KOHTponnepam
MOXXHO Ha CTpaHuLe paspabotumka[1].

Mnatpopma Crazyflie

Crazyflie Nano Quadcopter sBnsietcs 4ac-
Tbto nnatdopmebl Crazyflie. NMnatdopma cogep-
XXMT HECKOMBKO PasfnYHbIX KOMNOHEHTOB, BKIHO-
yaa Crazyradio, cpeacTtBa nogdepxku paspa-
©oTku n npunoxenunsa ansa NKnAndroid.

TexHuyecKkue XapPaKTepUCTUK"
KBagpoKonrtepa

Cneundukaumn Bepcun Crazyflie Nano
Quadcopter 6-DOF:

e ManeHbknin 1 nerkun: sec okono 19 r, pac-
CTOsIHME Mexay MoTopamu okosno 90 Mm;

e Bpemg noneta 4o 7 MUHYT Npu UCMONb30Ba-
HUM cTtaHgaptHoro Li-Po akkymynaTtopa
eMKocTbio 170 MA-Y;

¢ 3apsiika Yepes CTaHOapTHbIV pa3beM micro-
USB 3aHuMmaeT npumepHo 20 muHyT ans Li-
Po akkymynstopa 170 MA-y;

¢ YCTaHOBINEHHbIN HA NnaTte ManonoTpeobnsio-
Wwun paguomonynbe Ha ocHoBe nRF24L01
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+Chip. JanebHocTe gencteua go 80 m (B
3aBucuMocTn ot obopygoBaHud) npu
ncrnonbs3oBaHmm USB aganTtepa Crazyradio;

e Pagno 3arpy3yuk, No3BonsioWwniA AUCTaHL-
OHHO OOHOBMATH NPOLLMBKMY;

e BricokonpounssoanTenbHbin - 32-pa3psagHbIn
MukpokoHTporiep STM32F103CB ¢ Takto-
Boun YyactoTtom 72 Ml'u, 128 KB Flash n 20 Kb
ogsy;

e BbicokokavecTBeHHbIn 3-oceBont MOMC
rupockon Invensense MPU-6050 c 3-
OCEeBbIM AATYNKOM YCKOPEHUS;

o 20-KOHTaKTHbIN ABYXPAOHbLIN pa3beM pacLum-
peHus ¢ warom BbiBogoB 1.27 MM, Ha KOTO-
pbivi BbiBEOEHbl HanpsXkeHue nuTaHus, cur-
Hanbl I2C/UART n SPI/AUM. UmeeTtca Takke
10-koHTakTHBIN pasbeM ARM Cortex JTAG;

e ManoLymsilas KOHCTPYKUMS Ha 4-CroHOM
neyaTHOW nnate c pa3aenbHbiMKU cTabunusa-
TOpaMu HanpshkeHusl Ans nuTaHus umudpo-
BbIX 1 @HAOroOBbIX Y310B.

Xapaktepuctukm Crazyflie Nano Quadcopter
10-DOF aHanorn4yHbl, HO B yCcTponcTBo Aobas-
neHbl ABa faTymKa:

¢ 3-oceBon marHnTomeTp HMC5883L (komnac);

e BbICOKOTOYHbLIN anbtumerp MS5611-
01BAO03.

[ONnA yero A mory UCNoAb30BaTb
KBagpoKontep?

KoHeuHo xe, Bbl MoXeTe 3anyckaTb Crazyflie
Nano Quadcopter npocTto Ans yaoBONbCTBUS,
HO OCHOBHOE €ro Ha3Ha4YeHue — CNyXuTb nnar-
dopmon s pa3paboTku, oByYeHUs n sKkcnepu-
MeHTOB. HekoTopble wugeu, Kacarouwmecs
NCMorb30BaHWs KBagpoKonTepa, MOXHO novep-
MHYTb Ha CTpaHuue [2] nnu n3 4eMoHCTpaLnOH-
Horo Bugeo.[Z1l

Ccbinku

1. https://www.bitcraze.io/controllers/
2. https://www.bitcraze.io/development/

[eMoHcTpaunoHHoe BUaeo

PapuoJloyman - asrycr 2015

| CTATBU | 49


http://www.rlocman.ru/
https://www.youtube.com/watch?v=3WBUVYZkODI
https://www.youtube.com/watch?v=3WBUVYZkODI
https://www.bitcraze.io/controllers/
https://www.bitcraze.io/development/

MGTOPHA anCATPORGN

Xu3Hb n pa6ora

nuoHepa cBeToANOAHbIX TEXHONOrUi.

Namatu Ponanpa Xauuya

Maury Wright

LEDs Magazine

Co30amernb mexHonoauti meepdomeribHO20 0C8eWeHUsT U aemop 3aKkoHa Xalya CKOH4Yarics 8
so3pacme 80 riem, HO e2o Hacsiedue euwle donzo 6ydem ornpedernsimb X00 pesosnoyuuU 8 ceemo-

mexHukKke

B KoHue mnoHa 2015 roga B cBoemMm Aome B
MopTtona Bannu, KanudgopHus, B Bo3pacTte 80
net ckoH4ancs pgoktop Ponang Xany, (Roland
Haitz), sHauMTenbHaga YacTb Kapbepbl KOTOPOro
Oblna cBsA3aHa C TEXHOMNOrMem CBETOAMOMAOB.
Mybnukaumen sTonm ctaTbM Mbl OTAAeM LaHb
YBaXXEHWUS XXM3HN N OOCTMXKEHMAM Xaiua, oka-
3aBLUEr0 OrPOMHOE BIUSAHWE HaA pa3BUTUE CUC-
TeEM TBepaoTenbHOro oceelleHus (solid-state
lighting — SSL). [lenctBuTenbHo, Xawny Nnpeasu-
Oen nepexog Ha CBETOAMOOHOE OCBELLEHue
3a00Mro A0 OCTalbHbIX CneumanucToB, HO
camMbIM, BO3MOXHO, BblAaloLMMCS CTarno ero
npegckasaHue, OTHOCSLLIEECH K Pa3BUTUIO TEX-
HOmNMorMM CBETOAMOOOB, Ha3BaHHOE 3aKOHOM
Xanua.

Bnepsble 3akoH Xaviua Obin cchopmynmpo-
BaH Xanuem Ha npoxoamsLien B 2000 rogy KOH-
depeHummn Strategies in Light. Ha npotspkeHumn
JONroro BpPEMeHM napannenbHO C 3aKOHOM
Mypa pgns nonynpoBOLHMKOBOW MHAYCTPUN
3aKoH Xanua ons KopnycupoBaHHbIX CBETOAMO-
00B CBsI3blBas 3KCMOHEHLManNbHbIN POCT CBETO-
BOr0 NMOTOKa B IIIOMEHAX C COOTBETCTBYHOLLUM
CHWXXEHNEM LieHbl O HOrO NIOMEHa B ionnapax.
Bbonee Toro, Xany nporHoauposarn, 4to k 2020
rogy addektnBHocte SSL gocturHer 200
nm/BT. MNpegckasaHusa ¢ 60mbLlIONn TOYHOCTBIO
cbblBanMCb Ha NPOTSXKEHUN nocnegHux 15 net
3BONOLNN CBETOANOAOB.
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Ponand Xaty. ®omo: EdisonReport.

Hanbonee wncyepnbiBawoWmMin pacckas o
KU3HU M KapbepHbIX AOOCTUXEHUAX Xawnua
MOXHO HaWTM Ha cante QuarkStar [1].
QuarkStar — ato cTapTtan, cneumanmsnpyoLnii-
Csl Ha WHTEerpaumm ONTUYECKUX TEXHOMOruMn,
yrnyJwawwmx pacnpegeneHne ceera B SSL
npogykTax. Ynas U3 otpacnu, Xany B Bo3pacTte
76 net npucoeguHunca k QuarkStar n Hesagon-
ro 4O CMepTu Jaxe nogan nocrnegHo 3asaBKy
Ha naTeHT.

Bonblas vyacTtb Kapbepbl Xanua 6bina ces-
3aHa ¢ komnaHuen Hewlett-Packard (HP) u ¢
KOoMnaHuamu, BblaenmsLummmcs n3 HP, Bknioyas
Agilent Technologies, Lumileds u Avago. B
QuarkStar otmeTunun, 4To Xany, pykoBogmn pas-
paboTKON MHOXECTBa TEXHOMOrMA W3Ny4eHus
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CBeTa, KOTOPbIE CTanm LWMPOKO NCMONb30BaThLCA
B CaMbIX PasfinyHbIX NMPUNOXEHUSX — OT Kap-
MaHHbIX KaIbKyNAaTOPOB 4O BHELUHMX CBETOBbIX
npnbopos aBToMOOUIEN.

Takum ObiNno BuAeHWe Xanuem Toro, Kak
Jarneko npoABMHETCA CBeToAMOOHas TEXHOIO-
rmsa B npolecce Habngaemoro Hamu rnobanb-
HOro Nepexoga Ha CBeTOANOAHbIE NCTOYHUKKN B
obuiem ocBelleHun. M gaxe B nocnegHue Mecs-
Ubl XXW3HWN Xanu, nNpogorkan CMOTPETb B Oyay-
wee. B ogHOM 13 cBOMX NOCNEAHNX KOMMEHTa-
pueB, KacatoLmxca TexHonorum SSL, Xany, cka-

PapuoJloyman - asrycr 2015

3an: «TBepaoTeNnbHOE OCBELLEHNE HaxOAuTCS
cenyac TaM xe, rge 6bin MHTepHer 1980-x
rogax. Tak e, Kak Mbl He MOIMM Npeackasarb,
BO 4TO npespartutca MIHTepHeT Tenepb, 30 net
CnycTsl, Mbl HE MOXeM NpeaBUAETb BCE, YEM
CTaHyT CBET M OCBELLEHME B Crieayowmnx aecs-
Tunetusx. Mbl 3Haem TOmnbko, YTO 3TO OyAeT
nopasutenbHo 1 kpacusox» .1

CcbinKku

1. http://www.quarkstar.com/roland_haitz.html
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CpaBHeHue MuUKpocxem
NE555 n LM386

npy UCNONb30BaHUN

B 0e3bIHAYKTUBHDIX

DC/DC npeo6pa3oBatensx

Petre Petrov

Electronic Design

Ymobbi cOenampb ebibop yeHmMparbHo20 arnemMeHma 6e3biHOKkymugHo2o DC/DC npeobpasosa-
mersis mex0y dgyms obuw,edocmynHbIMU U ripedrazaeMbIMU MHO2UMU U320mMo8umesnsiMu MUK-
pocxemamu — matimepa NES55 u ayduo ycunumens LM386 — mpebyemcs paccmompems ux
OCHOBHbIe Xapakmepucmuku U rnogedeHue 8 murosbix cxemax

EI/II'IOJ'IFIpHaFI MuKpocxema Tanmepa NESSS
LUMPOKO Mcnonb3yetca B 0e3blHOYKTUBHbIX
DC/DC npeobpa3zoBartensx, 4alie Bcero B cxe-
Max C yOBOEHVWEM WU WHBEPTUPOBaHUEM
HanpshkeHns. OgHaKo NMeeTcs eLle ogHa BeCb-
Ma nonynsipHas MWKPOCXeMa — ayauo ycunu-
Tenb LM386, koTopada ons Takoro NpunoXxeHns
MOXET ObITb axe NydliMM pelueHnem. 3ame-
TUM, YTO pe3ynbTaTbl CPaBHEHWUS 3aBUCAT OT
KOHKPETHOIO M3roTOBUTENSA 3TUX MUKPOCXEM,
npegnaraembiX MHOTMMU KOMNAHUSIMU, a Takke
OT KayecTBa AOMOSTHUTENbHbBIX KOMMOHEHTOB.
(Ang MMHMMM3aLMKM NOTEepb HanpPsXXeHUs Mbl
Oyaem ncnonb3oBaTh TONbKO Anoabl LLoTTkM).

CpaBHeHMe OCHOBHbIX NapameTpoB
mukpocxem NE555 n LM386

MonHbIM  AnanasoH HanpsbkeHun nuUTaHus
NE555 coctaBnset 4.5 ... 16 B, HO npu ucnonb-
30BaHNM MUKPOCXEMbl BONN3M MaKcUmMaribHOro
NATAIOLLEro HanpsbkeHna npu  Hanbonbliem
ponyctumom Toke 200 MA Ha BbICOKNX pabo4mx
yacToTax MOryT BO3HUKHYTb npobnembl. Y
LM386N1 atoT AnanasoH YyTb y>ke—oT4 00 15B
(npn paboyem gmanasoHe 4 ... 12 B), a ana
LM386N4 oH onpeneneH kak 4 ... 22 B (pabouni
ananasoH 5 ... 18 B). Takum obpasom, ycunu-
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Tens LM386N4 nmeeT npeumyLlectBo nepeq
Tanmepom NESS5, nockornbky moxeT pabotaTb
npu 6Gornee BbICOKMX HaMNPSXKEHUSX MNUTaHKUS.
Cob6CcTBEHHBIV TUMOBOM TOK NoTpebneHus NE555
00bI4HO paBeH 3 MA (MakcuMarbHbIn — 6 MA), ay
LM386 — 4 MA (He 6onee 8 MA), uTto gaet NE555
HeboMbLUOE NPenMyLLEeCTBO.

YKasaHHbIN B [OKYMEHTauuuM Makcumarsb-
HbI BbIxogHom Tok NE555 paBeH 200 MA, HO
nageHue Hanps>keHuUst Ha BbIXOAHbIX TpaH3uc-
Topax yxe npu Toke £100 MA gocturaet npu-
MepHO 2 B, 4TO CTaBUT nop BOMPOC BO3MOX-
HOCTb MCMOSIb30BaHMS 3TON MUKPOCXEMbI Mpu
06nbLINX ToKax. MakcuMarnbHbIl BbIXOQHOM TOK
LM386 He cneumduumpoBaH, HO OH HaMHOrO
Bblle, YeMm y Tanmepa NES55, nockonbKy Tnno-
Baf BbIXOAHad MOLWMHOCTb, OTAaBaeMmas
LM386N1 B Harpysky 8 Om npu nutaHum Hanpsi-
*eHnem Ve =9 B pasHa 0.7 BT, a LM386N4 -1

BT npu HanpskeHun nutaHna 16 B u conpoTue-
neHun Harpyskm 32 OMm. (3TK pesynbraTbl OCHO-
BaHbl Ha Krnaccu4eckmx opmynax ans ycunu-
Tenen knacca AB, B KOTOPbIX WUCMOMb3YKOTCSH
MOSHbIN pa3Max BbIXOOHOIO HaNPSKEHUS U MUKO-
BOE 3Ha4YeHMe BbIXOAHOIrO TOKa).

MakcumanbHas MOLLHOCTb, paccenBaemas
mukpocxemonn NES55 B kopnyce DIP8, paBHa
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Bcero 600 MBT, B TO BpeMsi kak TOT e napameTp
ana LM386 coctasndet 1.25 BT, uTo 3HaunTenb-
HO ©orblue No cpaBHEHMIO ¢ TanmepoM. Makcu-
ManbHas TemnepaTtypa nepexoga NES55 B
CMpaBOYHbIX JaHHbIX ABHO He yKkasaHa, a Ans
LM386 atoT napameTtp coctaBnset 150 °C. Ten-
NoBOE COMPOTUBIIEHNE Nepexon-kopnyc Ans
LM386 paBHo 37 °C/BT, a no tanmepy NE555
WHOPMALMS OTCYTCTBYET.

B Hawwux Tectax mMbl Oyaem MCnonb3oBaTb
HanpsbkeHne nutanus 10 B. B ¢Bs3u ¢ Tem, 4to
aHanms aTUX MUKPOCXEM NpU UCMNONb30BaHUM B
kayectBe DC/DC npeoGpasoBatenen Oyget
Npou3BOAMTLCA Ha YactoTe okono 25 kly (T =
40 MKC), KOTOpasi 3HAYUTENbHO HMXE MaKCu-
ManbHO BO3MOXHOW paboyel 4acToTbl, HeT
HeobXoOMMOCTN CpaBHEHUS CKOpPOCTEeN nepe-
KINtOYeHus, BpEMEHM HapacTaHusa 1 Apyrux napa
METPOB, CBsI3aHHbIX C YacToTon. Kak npaBusio,
3TN MUKPOCXEMbI fy4Lle UCMOMb30BaTh Ha Yac-
ToTax, He npesblwatowmx 50 KMy (T =20 mc).

Toukn A n B Ha cxemax ¢ yeunutenem LM386
MOryT MCNONb30BaTbCA OS5 OCTAaHOBKWN reHepa-

UMM rieMeHTaMUn C OTKPbITbIMU KOMekTopamm
NN OTKPbITBIMW CTOKamMKU. [na MUKpoCXembl
NE555 aTy e yHKLMIO BbinonHseT Bxog RES.
[na namepeHns BbIXOQHOrO TOKa mnocnegosa-
TENbHO C BbIXOA4AMWU MUKPOCXEM LOSTKEH OblTb
BKMoYeH pe3uctop 1 Om. 3To no3Bonut Habnto-
haTb PopMy TOKa Ha aKpaHe ocuwunnorpada.
HoMnHanbHasi MOLWHOCTb BCEX PE3VCTOPOB B
cxemax paBHa 0.25 BT, a TouHoCcTb — £5%; BCe
KOHAEHcaTopbl Kepamuyeckme ¢ paboymm
HanpsbkeHnem 30 B 1 gonyCTUMbIMK OTKIOHE-
HUAMKN eMkocTn £10%.

CpaBHeHMe pPa3/IMYHbIX TOMNO/IOrUN
npeobpa3soBarenei

YoeoeHue nosoxcumenbHo20 HarnpA-
HEeHUA NumaHuA

Ha PucyHke 1a npencraeneH npeobpasoBa-
Ternb-yaBoUTENb, B KOTOPOM UCMOSb3yeTCcs Npo-
CTOW reHepartop ¢ Tpurrepom LLmntTa. Yactota
3aBMCUT, NPEXae BCero, OT BbiIbopa HOMUHANoB
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R2 C4_L _L 5
RES 1k 100 nF 220 UF25 V
L v I
4 8 = =
DSCH S| RES Ve |, D2 oyt
> " DSCH ouT )}Es o D> T
IC1 100 uF/f25 vV
cv
5 1 c7
cv GND C6 _I+
L 100 ur25 VT~ 100 nk
TFG THR = GND
2 6 F =25kl
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PucyHok 1. B ydgoumerisix nonoxumersbHo20 HanpsixeHus Ha ocHose NE5S55 (a) u LM386 (6) ucrionb3yem-
¢S npakmuyecku 0OUHaK080€e Kou4ecmso 0OHOMUIMHLIX MaCCUBHbIX KOMITOHEHMOo8.
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Tabnuuya 1. CpasHeHue 8bIXO0HbIX HanpPsXKeHul
npeobpasosamenel

Tanmep NE555 Ayawvo ycunutens LM386
+Vour | Rioap | loap | +Vour | Rioap | lLoap
+18.6 B |be3 Harp.| 0 MA +18.6 B |be3 Harp.| 0 MA
+17.7B 1kOm | 17.7mA | +179B 1kOm | 17.9 MA
+16.7B | 4700m | 35.5mMA | +17.7B | 470 Om | 37.7 MA
+15.6 B* | 235 Om* | 66 MA* | +17.4B | 235 Om 74 MA
+15.3B | 156 Om* | 98 MA* | +17.1B | 156 Om | 110 mMA

*NE555 HayuHaem nepeepesamscs, U U3MepeHue memrepamy-
pbl CMaHOBUMCS HEB803MOXHbIM; 8 MO epeMsi kak LM386 He

rnepezpesaemcs.

30ech, v B cneagytowen Tabnuue:
+VouT — BbIXOAHOE HanpshkeHue,
RLoap — CONPOTUBMNEHWE HArpy3Kku,
ILoaD — TOK Harpysku.

anemeHtoB R1 n C1, n cnerka 3aBucuT OT
Harpysku. 3aecb o4eHb BaxXHO obecneuntb no
BO3MOXHOCTWU OAWHAKOBble [ONIUTENbHOCTU
nonynepuoaoB reHepupyemMoro TanMepom Cur-
Hana. (Mveetca Hemano Apyrux cxem reHepa-
TopoB, ucnonb3ytowmx NE555, Ho oT BbiGopa
BapunaHTa CXeMbl BbIXOAHbIE HAMPSXKEHNS Npe-
obpasoBaTens 3aBMCAT He3Ha4UNTENbHO). lMpe-

Tabnuuya 2. CpasHeHue npeobpaszosamerned,
UHBEPMUPYOWUX MOSIOXUMETbHOE HanpsKeHue
numaHusi

Tanmep NE555 Ayawvo ycunutens LM386
+Vour | Rioap | loap | *Vour | Rioap | lLoap
-8.1B |[be3Harp.| 0MA —-8.7B |be3Harp.| 0MmA
-79B 1kOm |-79mMA | -8.0B 1 kOm -8 MA
-7.7B | 5000m |-154mA| -7.9B | 500 Om |-15.8 MA
-58B [ 1000m | -58 MA | -7.35B | 100 Om |-73.5 MA
—-4.8B | 40 Om* |-120 mA*| —6.4 B 400Om |[-160 mA
-3.5B | 200m* |-175MA*| —4.24B | 200m |-212 MA

*NE555 HayuHaem nepeepesambcs, U U3MepeHue memnepamy-
pbl cmaHo8UMCST HEBO3MOXHbIM;, 8 MO 8peMsi kak LM386 He
rnepezpesaemcsi.

obpasoBaTenb Ha ocHoBe LM386 nsobpaxeH
Ha PucyHke 16.

B Tabnuue 1 cpaBHMBaKOTCA BbIXOOHbIE
HanpsbkeHust npeobpasoBaTenen Npu pasnuy-
HbIX CONPOTMBMEHMAX Harpy3ku. Npeobpasosa-
Tenb ¢ Mukpocxemon LM386 otgaet 66nbLine
HanpskeHns Npm 6OMbLINX TOKaX Harpy3kn. ATo
OXWOaeMblil pesynbraT, MNOCKONbKY BbIXOAHOM
kackag LM386 paccuntaH Ha GOMbLUNA TOK U
UMeeT MeHbLLEee NageHne HanpsXKeHNst Ha TpaH-
3ucTtopax.

Vee
R2 1 Lics
RES 1k T 000F T 220uFf25 v
>4 — L
4 8 =
= c3
DSCH ; RES Vee 3 100 uF25V D2 Vour
> DSCH ouT .
Ic1 o1
cv
> 1 c7
< GND _L 100 nF
TFG  THR L
- = GND
= Fzaskry  LOOWF/TF
c2 — R1 § 25V
T 100nF T 22nF 1ok IC1 = NE555 1
a) = == D1, D2 = 1N5819 = =
Vee
F =25kl * °
1| s sl cal cs |+
100 nF T 220 puF/25 VT
4 1 s = 100 uF25V D2 = Vour
L LM386 ¥
- 7 L C2 D1
- LHF c7
2l 3| R2 10k 1 100 nF
A AN =l o
B Y 100 uF/ 5
1k T 18nF 1

6) =

D1, D2 = IN5819 =

PucyHok 2. Mukpocxembl NE555 (a) u LM386 (6) npu Hebornbwux UusMeHeHUsIX 8 CXxeMax Mo2ym Ucrosb30-
8ambCs1 07151 UHBEPMUPOBAHUS HAMPSXKeHUS MOMOXKUMebHOU WUHBI.
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UHeepmuposaHue nonoxumenbHO20
numarouw,eco HanpaixeHusa

B Tabnuvue 2 npu pasnunyHbiX conpoTuene-
HUSIX HarpyskuM COMOCTaBMAKTCA BbIXOOHbIE
HanpsHkeHNa ABYX CXeM, WHBEPTUPYHOLLMX
NONOXUTENbHOE HanpsKeHne NUTaHud, — Ha
ocHoBe NE555 (PucyHok 2a) u LM386 (Pucy-
Hok 26). N BHOBb npeobpasoBaTensb ¢ ayano
ycunuternem LM386 moxeT otgaTh B Harpysky
Gonblue 3HEpPrumn, YTo SBMAETCA CreaCTBUEM
NyYWKnX Harpy3odHbIX XapaKTepucTuk ero
BbIXOLHOrO Kackaza.

YdeoeHue u uHeepmupoeaHue
M0AOHCUMENbHO20 HANMPANWCEHUSA
numaxus

Mbl MOXemM 0BbeauHWUTL ABe npegblayLime
cxeMbl npeobpasoBaTtenen B ogHy, BbipabaTbl-
BalOLWY [Ba BbIXOAHbIX HaMNpsiKeHUs: OfHO
nonoXxutenoHoe ¢ Gornee BbICOKUM YPOBHEM,
yeM HanpsbkeHne nutaHma VCC, a BTopoe —
oTpuuaTensHoe. Ha PrucyHke 3a nokasaH Takom
DC/DC npeobpa3soBatenb Ha ocHoBe NE555, a
Ha PucyHke 36 — Ha ocHoBe LM386. Cxema ¢
Tanmepom NESSS5 otaaet B Harpysky MeHbLLMI
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PucyHok 3. OcHosaHHble Ha NE555 (a) unu LM386 (6) cxembl ydgoumenel u UH8epmopo8 MOXHO 06bedu-
HUMb, Ymobbl MOIy4YUMb CXeMbl, 8bIMOMHsIIOWUE cpa3y obe thyHKUUU.
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TOK M MEHbLUYHO MOLLHOCTb, YEM CXema, UCMOosb-
sytoasg LM386.

lMoaBogs uTor, MOXHO ckasaTb, UTo 0be nony-
ngapHble dunonspHble 8-BbIBOAHBIE MUKPOCXe-
Mbl Tanmepa NES555 u manomouiHoro ayguo
yeunutena LM386 MoryT wmcnonb3oBaTbCs B
KayectBe oOcCHOBbl 6e3blHOyKTUBHLIX DC/DC
npeobpasoBarenen. LM386 nmeeT HekoTopble

56 | CXEMbI |

npenmywectea neped NE555, HO okoHuaTenb-
HbI BbIOOP MOXKET 3aBUCETb OT PaKTOPOB, KOTO-
pble 3aecb He nccnegosanvcs. [

MaTtepuanbl no teme

1. Datasheet Texas Instruments NE555P
2. Datasheet Texas Instruments LM386N-1
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lipeuun3vonHbIi ApaiBep
8-kaHanbHoro 18-6utHoro AL
Ha 0CHOBEe MUKPOMOLLHbIX OV

Guy Hoover, Linear Technology

OI‘IepaLWIOHHbIe yeunutenu (OY), ucnorsb-
3yemble ons ynpaeneHms 18-6MTHbIMK aHano-
ro-umdgposbiMn npeobpasosatenamun (ALM),
Kak npaBuro, noTpebnsoT CTOMbKO Xe ToKa,
ckonbko 1 cam ALIM, a nx cmelleHne Hepenko
3HauYUTENbHO MpeBbiaeT cMmelweHne ALMM.
Korga e HeobxogMMo ynpaBnsATb HECKOMNbKU-
Mn kaHanamu AL, paccemBaemasi MOLLHOCTb
pe3Ko yBENMYMBaETCH U JOCTUraeT Henpuemse-
MbIX YPOBHEN.

Ecnn Tpebyetca 18-OuTHasi TOYHOCTb, HO
BbICOKasi CKOPOCTb BbIOOPKM He HY>KHa, U YacTo-
Ta BXOAHbIX CUrHanoB marna, Ans yrnpasneHus
18-6uTHbIM 8-kaHanbHbIM AL LTC2348-18 ¢
OOHOBPEMEHHOW BbIGOPKON MOXET MCMOoSb30-
BaTbCs ONUCLIBaeMbI B cTaTbe Oydep. MNpwu
3TOM OCHOBHbIE XapaKTEePUCTUKN CXeMbl, onpe-
AensioLne ee TOYHOCTb, TakMe Kak OTHOLLEeHWe
curHan/wym, obLiMe rapmMoHUYEeCKUe UcKaxe-
Hus (THD) u cmeleHne, GyayT COOTBETCTBO-

AIN £10.24 B =—— C1

>
©
=
(S]
>
[OF]
=2
[S]

I 330pF

INX*

INX™

Design Note 541

BaTb TUMOBLIM TEXHUYECKUM crneumndukaLmnsam
Ha LTC2348-18, a paccenmBaemas MOLLHOCTb
OyaeT o4eHb HU3KOW.

OnucaHue cxembl

LTC2348-18 — a10 8-kaHanbHbIN 18-OUTHbIN
ALMN nocnepoBaTenbHbIX NPUGAMKEHUIA C OQHO-
BPEMEHHOW BLIGOPKOW U LUMPOKUM AMana3oHoM
CUHAa3HbIX BXOAHbLIX HanpsbkeHun. B nosHom
JnanasoHe BxoAHbIx curHanos +10.24 B Tuno-
Bble 3Ha4yeHns THD un oTHoLweHus curHan/wym
paBHbl, COOTBETCTBEHHO, —109 ob 1 96.7 ob, a
HanpshkeHne CMeleHns He npeBblwaeT
1550 mkB. TunoBas MowHoOCTb, NoTpebnsemas
MUKPOCXEMOW Ha MaKCcMMarnbHOW 4acToTe
200 Tbicay BbIGopok B cekyHay (kSPS), paBHa
140 mBT. INMpwn paboTe B onuckiBaeMom Npunoxe-
HUKM Ha ckopoctn 10 kSPS Tvnosas MOLLHOCTb
paccevBaHua AL B cnyyae vcnonb3oBaHUK
pexuma «gpemoTbl» (NAP) nagaet oo 45 mBT.

No* N LTC2348-18
N0~
®
o
(o}
S ”
& 18-BUTHbI AL
o = nocneos. [— M|
= MPUBAVDKEHNA
=
=
®
IN7*
N7~ |~

PucyHok 1. Bygpep LT6020, ynpaensrowuli 8-kaHanbHbiM ALT nocrnedosamernbHbix npubnuxeHul

LTC2348-18.
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LT6020 npenctaBnsieT cobor COBOEHHbLIN
MUKPOMOLLHbIV NpeunsnoHHbin OY co ckopoc-
Tbl0 HapacTaHusa 5 B/MKC. BXOAHBIM Hanpshxe-
HMeM cmeleHnsa meHee 30 MkB 1 makcumarnb-
HbiM TOKOM noTpebneHns Bcero 100 MKA Ha
ycunuTens.

Ha PucyHke 1 nokasaHn OY LT6020 B koHu-
rypaumm HeumHesepTupytowero ydepa, ynpas-
nawwmnn aHanorosbiMu Bxogamm LTC2348-18.
MakcumanbHaa MOLWHOCTb, pacceuBaemas
kaxxgbiMm QY, paBHa Bcero 3 mBT. [1ns1 Bcex BOCb-
MW KaHarnoB 9To gobaBnseT nuilb 24 mMBT, 4YTO
cocTaBngeT NPUMEPHO MNOMOBUHY OT MOLLHOCTMU,
paccenBaemomn ALIIM Ha ckopocTn 10 kSPS.

RC-dunetp Ha BbIxoae 6ydepa MUHUMUIK-
pyet Bknag wyma LT6020 u cHmxaeT nomexu
BbIOOPKM, cO3aaBaeMble BXOAHbIM MYIbTUMNIEK-
COpPOM U 3arnoMUHaLWMM KoHAeHcaTopoM. [1ns
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PucyHok 2. 6[1® maccusa u3 8192 8biIXOOHbIX
3Ha4yeHul 0518 cxembi Ha PucyHke 1.

100 -70

98 ‘
CILL (dBFS)
9% S i R

94 / -85

) ~90

% y 95

88 ~100
/THD (z6)

86 105

THD (ab)

OTHOLLEHWE CUIHAI / LUYM (dBFS)

— g
84 -110
82 AIN =-1dBFS -115
le =100 Fu
80 -120
0 5 10 15 20

YACTOTA BbIBOPKM (ksps)

PucyHok 3. 3asucumocmb OMHOWeEHUs cue-
Han/wym u THD om ckopocmu ebibopku 0Onsi
cxembl Ha PucyHke 1.
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BblGpaHHOM NocTosiHHOM BpeMeHn RC Benunum-
Hy conpoTuerieHusa R crnegyet 6patb HAaCKOMNbKO
BO3MOXXHO Marion, YTobbl yMEHbLUUTL NageHne
HanpsbKeHUs Ha pe3ucTope. OTO nNpuBedeT K
owmnbke yCcuneHus, ecnu BbIXOAHOMY CUrHany
unbTpa He XBaTUT BpeMEHU A1 MOSTHOro ycTa-
HOBrneHus. B TO >xe Bpems, COMpoTUBREHUE
pesuctopa R gomkHo ObiTb AoCTaTOMHO 60nb-
WwuM, 4Tobbl HE [ONYCTUTb BO3HWKHOBEHUS
3BOHa Ha BbIxoge OY, yBenuumsaroLero ncka-
XKEHMS N BpEMS YCTaHOBMNEHNS.

LTC2348-18 moxeT paboTaTb B ABYX pasnuy-
HbIX pexunmax. B nepBom, NOnHOCTbIO andde-
peHumanbHOM pexume, Ans 06omx aHanorosbIx
BXOOOB KaXkaoro kaHana TpebyeTcs OTAeNbHbIV
ycunutens. Bo BTOpoM pexume, nceBao-
anddepeHumansHOM, YNpaBnsaTh HYXXHO TOSb-
KO OZLHUM aHanoroBblM BXO40M, NMOCKOSbKY BTO-
pon Bxop 3asemMmnsetcd. Bropon pexum ncnones-
3o0BaH B cxeme Ha PucyHke 1. [lcespo-
anddepeHumanbHbIN PeXMM NO3BOSISIET COKpa-
TUTb KONMYECTBO HEOOXOAMMbIX KOMMOHEHTOB U
CHU3UTb noTpebnsaemyto MowHocTb. HegocTar-
KOM MCMONb30BaHMUA 3TOM0 pexuma siBnsaeTcs
3HAYMTENbHbLIM POCT MHTErpasibHOM HenuHen-
HOCTW.

XapaKTepuCcTUKn cxembl

Ha PucyHke 2 MOXHO yBuMAeTb pesynsrart
BlI®, BbinonHeHHOro gnsi maccuBa n3 8192
BbIXOOHbIX 3Ha4vyeHun LTC2348-18 B nceBpo-
andbdepeHUmanbHOM BKITFOYEHUN MpKY ynpaerne-
Hum 6ycpbepom LT6020 (PucyHok 1). Mpu yactote
Bbloopkn 10 ksps THD cocrtaensietr —109 b a
OTHOLWIEeHMe curHan/wym pasHo 95.8 b, uTto
NPaKTUYECKN HE OTINYAETCA OT TUMOBbIX 3HaYe-
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PucyHok 4. 3asucumocmb OMHOWEHUS cue-
Han/wym u THD om 4yacmombl 6x00HO20 cueHara
0rn1si cxeMbl Ha PucyHke 1.
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1LSB =78.125 mkB

CYMMAPHOE CMELLEHWE (LSB)
o

R

-10
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PucyHok 5. 3asucumocmpb cymmapHoU ouwubKu
cMeuweHus, eHocumoli Opatisepom LT6020 u
AU, om yacmombl ebl6OpKU Orisi cXeMbl Ha
PucyHke 1.

HWUI, YKa3aHHbIX B CIPaBOYHbIX AAHHbLIX HA MUK-
pocxemy LTC2348-18. Ha PucyHke 3 nokasaHsl
3aBMCUMOCTWN OTHOLLEHUSI CUrHan/lwym n obLmx
HENMHeNHbIX uckaxeHnn (THD) oT ckopocTu
BblGOpKkM. Kak MOXHO BMAETb, KpuBasi 3aBUCU-
MOCTM OTHOLUEHUA curHan/wym ocTaeTcs
OOBOSbHO NfocKou B parioHe 96 dBF S (oeunben
OTHOCUTENbHO MNOMHOM LWKanbl), a poct THD
Ha4nHaeTcsa oT ypoBHA—108 ab.

PucyHok 4 unnooctpupyeTt 3aBUCUMOCTb OTHO-
weHus curHan/wym n THD oT YacToTbl BXOAHOIO
curHana. Kak curhan/wym, Tak n THD, HaunHas

PapuoJloyman - asrycr 2015

cyactoTtbl 100 'y, MeaneHHo yxyaLwarTcsl OTHO-
CUTENbHO TMMNOBBLIX 3HAYEHWM, yKa3aHHbIX B
CNpaBOYHbIX JaHHbIX HA MUKpocxemy LTC2348-
18, n Ha yacToTe 1 KL OTHOLLEHME CUrHan/Wwym
nagaet oo 94 dBFS, a THD yeBenuumatotca oo
-85 gb. Ha PucyHok 5 nsobpaxeHa 3aBucu-
MOCTb CyMMapHOW OLUNGBKN CMeLLEeHNs1, BHOCK-
Mon gpamsepom LT6020 n AU, oT yacToTbl
BblGOpKK. [MepBoHa4YanbHoe CMmelleHne Haxo-
OUTCA Ha ypPOBHE MeHee eAnHWULbl MITagLlero
paspsga (LSB), u HaumHaeT yxyawaTbes, korga
yacToTa Bblibopke npeBbicuT 10 kSPS.

3aKknuyeHue

Mpocton ppanBep 18-6uTHOoro AL
LTC2348-18, cocTosimm 3 MUKPOCXEMbI Maro-
MOLLHOrO MNPeuM3noOHHOro caBoeHHoro QY
LT6020, BKNOYEHHOro B KOHMUrypaumm HeuH-
BepTupytowmx OydepoB, paccemBaeT BCeEro
3 MBT (Makcumym) Ha oavH kaHan, a cam AL
npu vyactote Bbl6opkmn 10 ksps notpebnser moLw-
HocTb 45 MBT. Mpun yactote BbIGOpKM 10 ksps
N3MEpPEHHOE OTHOLUEHWE CUrHan/luym paBHO
95.8 ob, THD coctaBnset —109 ab, a namepeH-
HOe CMeLLleHne He AOCTUraeT gaxe ogHow eau-
HULbI MnaaLwero paspsiaa. @

MaTepuanbl no teme

1. Datasheet Linear Technology LTC2348-18
2. Datasheet Linear Technology LT6020
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BbICOKONVMHENHbIN
CMECUuTeJib

ana HapexHoiX YKB npnemMHukoB

Andy Mo, Linear Technology

BesepeHue

Bce 6onbluee 4ncno npunoxeHui oceanea-

€T YacToTHbIN gmnanasoH YKB ot 30 My go 300
Ml u. Tene- n pagmoBsellaHne, HaBUraLuMoHHOE

ynpaeneHune u nobutensckoe pagno

— JTO

NULWb HECKONbKO YacTHbIX npumepoB. CoBpe-

Mme

HHble pa3paboTkn BY KOMMNOHEHTOB OpueH-

TUPOBaHbI Ha ropasfo Horee BbICOKME YacTOThl,
ncnosnb3yemble B CUCTEMAxX Nepegayn peuv u
[AaHHbIX. 3HaYMTENbHbIN NPOrpecc B CXEMOTEX-
HUKE U NPOU3BOACTBEHHbIX NpoLeccax hopmu-
PYEeT NOBbILLEHHbIE TPEGOBaHNSA K XapakTepuc-

Design Note 515

TMKaM paguMoCUCTEM CredyoLero NoKoNeHus.
MpumMeHeHne aTnx meTogoB B 6onee HM3Koyac-
TOTHbIX KOHCTPYKLMAX MOXET 3HAUYUTENBbHO YIyY-
LUNTb NX XapaKTEPUCTUKM.

LTC5567 — 3TO WIMPOKOMOSOCHBIA CMeCK-
Tenb, pa3paboTaHHbI M ONTUMU3UPOBAHHBI
ans nonockl Yactot oT 300 MMy go 4 'y, Kowm-
NMaKTHOCTb peLUEeHWA, OCHOBAHHbIX HA MUKPOC-
xeme LTC5567, obGecneunBaerca WHTErpupo-
BaHHbIMW cornacyLwmmMmm TpaHcopmaTopamm
Ha Bxogax BY (RF) u retepoaunHa (LO). Otnny-
Hyt0 NHerHocTb LTCS5567 xapakTtepuayeT BXOA-
Has ToO4YKa nepecedeHus UHTepMOoAynSaLun
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PucyHok 1. Cxema cmecumernsi duanasoHa YKB.
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Tabnuua 1. HomuHanbl asnemeHmos uernel
coenacoeaHusi umrnedaHcos 05151 Ouana3oHa YKB

Cornaco-| Bxop
BaHue RF

A 150 MI'y| 8.2 HIH | 56 N® [ 200 MI'w| 3.9 HIH | 47 n®
B 200 MlNu| 6.8 HIMH | 39 nd | 250 MITy| 2.7 HIH | 33 nd
C 250 MINu| 3.9 HIH | 27 nd [ 300 M| 1.5 HITH | 27 nd

Bxop
L3 Cc4 LO L4 (o]}

TpeTbero nopsgka (11P3), Haxogsawiaacsa Ha ypoB-
He 30 obm. CHmXeHne pabounx yactoT TpebyeT
NPUHATUA Mep ANsi COXPaHEeHUs NMHENHOCTH
BCTPOEHHbIX TpaHCOPMaToOpPOB, a Takke KO-
duumeHTa npeobpasoBanus. Npun cTonb BbICO-
KOW NWHENHOCTM credyeT HayuMHaTb C Takou
MoandmKkauum cxembl CMecUTeEnsl, KoTopas
nossonuna 6l 06ecneynTb BbICOKME NapameT-
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PucyHok 2. Pesynbmamesl uamepeHud IIP3 u
KoaghpuyueHma nepedayu npeobpasosameris.
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PucyHok 3. 3asucumocms 8038pamHbIX nomepb
om yacmomel 0risi 6xo0a RF.
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pbl 1 B Gonee HM3KoMm guanasoHe YKB vacTtoT.
[ocTurHyTble 3Ha4YeHUs napamMeTpoB NOATBEp-
XOEeHbl pesynbraTamMmu TECTUPOBAHNSA CXEMBI.

Cxema cornacylowmx ueneu

Ha PucyHke 1 nokasaHa cxema cMecuTens ¢
LensiMmn corrnacoBaHus nmnegaHcos. B Tabnu-
ue 1 gaHbl HOMUHanbI 3NIEMEHTOB Lenen, pac-
wmpsowmx obnactb CorfacoBaHUA BXOAHOMO
nopta ot 300 MI"y BHM3 o 150 MI'w,

Ha PucyHke 2 n3obpakeHbl 3aBUCUMOCTHU
KoadhduLmeHTa nepegadn npeobpasoBartens u
[IP3 oT yactoTbl BXOoAHOro curHana. Kak BuaHo,
NNHENHOCTb CMecUTeNda HaYMHaeT yryJlaTbes
no Mepe npubNmKeHUs BXOOQHOW 4acToTbl K
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PucyHok 4. 3asucumocmb 8038pamHbIX 10mMepb
om yacmomsi 0r1d 8xoda LO.
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PucyHok 5. 3asucumocms 8038pamHbIx romepb
om yYacmomsbi 05 8bixoda [MPOMEXYMOYHOU
yacmomel.
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Tabnuuya 2. P1dB u npoHuKkHogeHue cueHana
eemepoOuHa 8 KaHarsl rpoMeXymo4yHoU Yacmo-
mo! (IN4) 8 3asucumocmu om 8Xxo0HOU Yacmomel.
BbixoOHasi yacmoma pasHa 50 MIu, uHxekuusi
eemepoduHa 8biule paboyel yacmomeil.

YacToTta curHana p1dB | MPoHUKHOBeHMe curHana
Ha Bxoae RF (aBm) reTepoauHa B kaHan M4
(M) (ABM)
150 12.29 -35
160 12.9 —42
170 12.9 42
180 12.75 —42
190 12.70 —41.2
200 11.61 —43
210 12.48 —43
220 12.7 —44
230 11.7 —44
240 11.08 —44
250 12.89 —44

150 MlNy. YacToTHble 3aBMCMMOCTM BO3BpaT-
HbIX NoTepb Ansa Bxogos RF, LO 1 BbIxoga noka-
3aHbl Ha PucyHkax 3, 4 n 5, cOoTBETCTBEHHO.
Kak MOXHO BMaeTb, yxyalweHus paboymnx xapak-
TEPUCTUK MO CPABHEHWUIO C UX 3HAYEeHUSAMMU Ha
fbornee BbLICOKMX YacTOTax He Mpom3oLsio. JTo
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O3Ha4aeT, YTO MNPV WUCMONMb30BaAHUM CXEMbl B
pagMoyCcTponcTBax BbiCOkMe 3HadeHus [IP3 u
KoahduumeHTa npeobpasoBaHna obecnevat
MakcumMarnbHbIn AMHAMUYECKUA Ouanas3oH. A
bornee BbICOKMA OUHAMWYECKU OuanasoH, B
CBOK ouyepedb, MUHUMU3UPYET MOMEXU OT
coceagHero kaHana. B npuHumne, npu CHMKeH-
HOM Ko3dhduLMeHTe NpeobpazoBaHNS BO3MOX-
Ha paboTa M Ha 4acToTax BXOAHOro curHana
Huxe 150 MI'u, ogHako genatb 9TO HE PEKOMEH-
OyeTcsa n3-3a yBenuMyeHus notepb BO BXOAHbIX
TpaHcdopmaTopax.

3aKknuyeHue

LTC5567 ob6ecneuymBaeT BENMKOSEMHYIO
NWHENHOCTb AN BXOAHbLIX CUrHANOB Auanaso-
HoB YKB n YBY. Beicokne 3HaueHus [IP3 1 Toukun
aeunbenbHon komnpeccun P1dB (Tabnuua 2)
JenalT MUKPOCXemMy uaeasibHbiIM KOMMOHEH-
TOM ANs BbICOKOKAYeCTBEHHbIX paguoyc-
TPOWCTB, paboTarolmx B LLUMPOKOM AnanasoHe
yacToT.[ 1

Ma'repuanbl no Tteme
1. Datasheet Linear Technology LTC5567
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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


http://www.decima.ru

YcoBepLueHCTBOBAHME CXeMbl

WHBEPTUPYIOLLEro
3apsAAHOro Hacoca

Tim Davis

Electronic Design

O6beduHu8 MUKpOCXeMbl 3apsi008020 Hacoca ¢ O0NMONHUMENbHbIMU QUCKPEMHbIMU KOMIMOHEH-
mamu, MOXHO cOerlamb UHEEPMUPYHOW YO0 CXeMY, M0380JISIOULYH0 YMEHbUWUMBb YPOBEHb Mybca-

yull U CHU3UMb 8bIXOOHOU uMnedaHc

MHBepTMpyroLu,MPl 3apaAnoBbLIN HAcoc Bblpa-
fOaTbiBaeT oTpuuaTenbHOe HanpshkeHue nuta-
HUS M3 BXOOHOrO MOSIOXKMTENBHOIO Hanpsixe-
HUS. 3apsaoBble HACOChI HA OUCKPETHBLIX KOM-
NoHeHTax obbIMHO OTNM4YatoTcs 6onee HU3KUM

BbIXOAHbLIM MMMNEAAHCOM, CHUKEHHbLIM YPOBHEM
nynbcaLnii BbIXOOAHOIO HANPSXKEHUs!, ynpasrnsie-
MbIMUW TOKaMu 3apsiaa 1 6ornee BbICOKMMN pabo-
4YuMK HanpsbxeHusMK. CyLlecTBytoLLmMe B HAacTo-
Alllee BpeMsi MUKPOCXeMbl He MOryT paboTaTb

+158 U3
TLE2426 v *1o8
SPLIT _-l-_
- T 10uF
In Out _L
1 qu GND ? 1pF

J_ Ul
I 0.1 F

u2 r“j
V+ 8
2

CAP+  0SCH—AAA—
|10 WF 3 TC1044S 1k

1 GND
sl | [LYa
, Ve Hcap- vouTP-e—s-
CAP+ OSCH- _L v
TC1044S WHBepTupyloWnini ——10 F
10uF— _3 3apAfoBbIn
" 5 4 GND 5 HacocC
CAP- VOUT 4 ¢+
VIHBepTMpylou.l,MVlJ_ V= o
3apAa0BbI 10 uF J7_”_00.1 HF Bb\I/);)p,
HacocC y 1 nF 15k 10 |J-F 20—' @
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[ o 3 —X5
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4.7 nF ¢_|| m
NPO 100 BAT54 4| mcP1401T
— ——AAM—
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4,99k
2N7002
1k 1N4148
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PucyHok 1. Cxema uHgepmupytowe2o npeobpasosamerisi ¢ Hakadkol 3apsida codepxum rnapy MUKpOCXem
3aps1008bix Hacocos u ocHosaHHyto Ha MOSFET uernb 06Hapy»eHusi (ppOHMO8. U y080eHUSs Yacmomsl, obec-
requsatoWyo CUHXPOHU3ayUo ycmpolicmea U yrlyquiarouyro e2o xapakmepucmuKu.
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PucyHok 2. B amoUl cxeme obHapyxeHUs1 (hppoHMo8 u y080eHUs1 Yacmombl, HapuCo8aHHOU 8 cuMyrnsimope
LTSpice, M1 ebidenisiem Hapacmarowuti ppoHm Vi, a M2 — cnadarowjud.

npv HanpskeHun 15 B, HO BKIOYNTL UX B CXEMY
XOTenochb Bcerga, 4Tobbl caenatb YCTPOUCTBO
bonee pewesbiM. [lpegnaraemoe pelueHue
ABMNSETCH LWaroM K 3TOu Lienu.

B onucbiBaeMbIX 30€eCb €MKOCTHbIX CXeMax
Hakayku 3apsga Ha ONCKPETHbLIX KOMMOHEHTAaXx,
paboTatoLmx npu HanpsbkeHun +15 B, ncnonb-
3YI0TCA [Ba CUHXPOHHO TaKTUPYyEMbIX KOHOEH-
caTopa Haka4ku. M3obpaxeHHas Ha PucyHke 1
cXema copepXuT Lenb obHapyXeHus (OpPOHTOB
N yOBOEHUS 4acToTbl, OTAENbHO CMOAENUPO-
BaHHYIO W MPOBEPEHHYIO B Spice-cumynsarope
(PvncyHok 2).

MakcumanbHoe BXOOHOE HanpsiKeHue MUK-
pocxem 3apsigoBbix HacocoB U1 n U2 (13roto-
BuTens Microchip Technology) pasHo 12 B, uto
AOCTaTOYHO ONM3Ko K XKenaemMoMy 3HayeHuto
15 B. Mukpocxema U3 genut nononam Hanpsi-
XEHMe MOMNOXUTENbHOM0 WMCTOYHWKA MUTaHWS,
4YTOOblI MOHM3UTL €ro 4O YPOBHS, AOMNYCTUMOrO
ans exoga mukpocxembl U1. U1 n U2 BKIOYEHbI
B CTaHOapTHOM WHBEPTUpYHOLLEen KoHdurypa-
ummn. K Kaxkaon U3 aTux MUKPOCXeM NOOKIOYEH
OTAENbHbLIN KOHOEHCATOP Hakayku (Mexay BbIBO-
namu CAP+ n CAP-) 1 3anoMuHaoLL M KOHOEH-
catop (mexgy BbiBogamm VOUT u GND).
[ononHuTtenbHas cxema, coctosilasi M3 AByX
TpaHaucTtopoB 2N7002 n pgpamBepa 3aTBOpa
MCP1401T, dopmupyeT npoTMBodasHble Tak-
TOBble MMMYNbChl AN KOHOEeHCATopa Hakavku
Mukpocxembl U2. Takum obpasom, B Kaxaom
nonynepuoge CUHXPOHHO paboTaeT TO OAMNH, TO
OpYyron 3apsiAoBbI HacocC.
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B nogocxeme BblgeneHust ppoHTOB (Pucy-
HOK 2) nonoxuTenbHbli PPoHT umnynbca VIN,
nponga 4yepes koHgeHcatop C2, oTkpbiBaeT
MOSFET M1, a otpuuatenbHbin— MOSFET M2.
MageHune HanpsbkeHnst Ha R1 oT cymmapHoro
TOKa COEeAUHEHHbIX CTOKOB TPaH3UCTOPOB
pasHo 7.5 B. U4 cpoBuraet ypoBeHb curHana
CVYHXPOHU3auun, 4Tobbl NPMBECTU €ro B COOTBE-
TCTBME C HanpskeHnem nutanma U1 n U2,
nocrie Yyero curHan nocTynaeTt Ha BXof reHepa-
Topa MukpocxeMbl U2. C yyeTom cxembl, gens-
LLen Hanps>xeHue Ha Ba, CUrHar c KoHaeHcaTo-
pa HakadkM Mukpocxembl U1 yaBamBaeTcs.
CpaBHUTE 3Ty CUHXPOHHYIO cxemy ¢ PrucyHkom 4
B CNPaBOYHbIX [JaHHbIX Ha MUKPOCXEeMY
TC1044S (cm. «Matepunansl no teme», n. 1).
PucyHok nmeet nognuck «MapannenbHoe BKIto-
YeHne YCTPOMCTB YMEHbLUAET BbIXOAHOW NMMe-
OaHC», N, Kak BUOHO U3 CXeMbI, KaXkaast MUKPOC-
xema TC1044S Ttakxe oTaaeT CBOW 3apsa[, B 3ano-
MUHaIOLWLMIA KOHAEeHCATop, O4HAaKo, B OTNNYmMe OT
ONUCbIBaeMOro ycTponCTBa, 3TO NPOUCXOAUT B
crnyyYyanHble MOMEHTbI BpDEMEHN.

B mukpocxeme TC1044S nmeetca Bpemsiaa-
JaloWnMin  pes3ncTop Ansi HacTPOWKU 4acToTbl
HaKayku, NO3BONSOLNIA CHU3UTL paboyyto Yac-
TOTy. [1ns 3TOro He0BX04MMO BKIOYMUTL KOHOEH-
caTtop mexay BbiBogamn 7 (OSC) n GND Begy-
wero 3apsigoBoro Hacoca U1. CHMXeHne vyacTo-
Tbl NOTPebyeT yBENMYEeHUs eMKOCTU KOHOEeHCca-
TOPOB, HO YNIPOCTUT peanu3aLmio CXeMbl Nocrie-
Aytouero perynatopa. He Bce nuHenHble cTabu-
nn3aTopbl HANPSHKEHUA MOryT paboTaTb B KO-
repuoBOM AnanasoHe 4acToT.
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PucyHok 3. Ha akpaHe uyembipexkaHaribHO20
MUKpPOCKOa rnoka3aHbl criedyrowjue cueHarbl:
CH1— nanpsixeHue Ha wuHe V—;
CH2 - 8b16800 2 mukpocxembi U1;
CH3 - pacwenneHHoe HanpskeHue Vspy (7.5 V);
CH4—eb1800 2 mukpocxembl U2.

CmeuweHue rno eepmukarnu 6 kaHanax CH2 u CH4
ycmaHo8/1eHo Ha 0OUHaKo80M ypOBHe.

Ha ocuunnorpamme (PucyHok 3) nokasaHbl
OpMbl CUTHAMNoOB Mpu BbIXOOAHOW Harpyske
200 Om. ObpaTtuTe BHUMaHWE, YTO CUrHarbl B
kaHanax CH2 n CH4 caBuHyTbl No case Ha
180°. B TO Bpems, korga OOWH KOHAEHcaTop
HaKkayuku 3apshkaeTcs, [OpYyron otaaeT CBOW
3apsg B 3anoMuHarowmi koHgeHcatop. CHA1
unncTpupyet addeKkT MOoMnHOro nepeHoca
3apsiga KOHAEeHcaTopa Hakayky B 3anOMUHato-
LN KOHOEHCATOpP, NPOUCXOOSALLENO B KaXA0M
nonyuukne. NMynbcaumm HanpsXeHms co3gatoT-
CSl KOHOeHcaTopaMu Hakadku, nocnegoBaresb-
HO paspsKalLWMMNCA Ha 3anOMUHAIOLLMIA KOH-
aeHcatop. CH3 nokasbiBaet, 4To Onarogaps
TaHTanosoMy koHgaeHcaTtopy 100 MK®, Bknto-
YeHHoOMY Ha BbIxode U3, B cpeaHeln Touke pas-
AENEeHHOro NUTaHUs NynbcalumMm MUHUMarbHbI.

Harpy3ouHble nNuHUM Ha PucyHke 4 6binn
nony4yeHbl WM3MeHeHueM Harpy3kn Ripap C

ncnonb3oBaHMemM eKagHoro marasmHa conpo-
TUBMEHUN, a TOK Harpy3ku ILOAD paccynTbiBancd

kKak Vout/RiLoap (VouTt — BbIXOOHOE Hanpsike-

HuWe). HakrnoH Harpy3o4yHou npsiMoOM COOTBe-
TCTBYET BbIXOQHOMY COMPOTUBMEHUIO (B OMaXx).
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PucyHok 4. Kak MOoXxHO sudemb U3 pe3yribmamos
usmepeHul, 8bIx00Hble uMnedaHchl npeobpaso-
samenel Zoyt paznudaromces bosnee 4yem 8 dsa

pasa: 21.5 Om dns eepcuu ¢ 08yMsi 3aps1008bIMU
Hacocamu u 50.3 Om dr1si cmaHOapmMHoOU cXxeMbl C
OOHUM HacoCoM.

BbixogHOE COMpPOTUBMEHNE CXEMbl C AOBYMS
Hacocamu paBHo 21.5 Om, B TO BpeMs Kak ans
CXEeMbl C OQHMM Hacocom OHO paBHO 50.3 Om.
YacTb BbIXOAHOro conpoTueneHms obycnoene-
Ha CONPOTMBIIEHMUSIMU OTKPbITLIX KAHANOB BHYT-
peHHux MOSFET mukpocxem U1 n U2, Bknto-
YeHHbIX NocneaoBaTenbHO C 3aroMUHAKLLUMK
KOHOeHcaTopaMu M KOHAEHCATOpaMN HaKayku.
MN3MEHNTb 3TO MOXHO TOSTbKO 3aMEHOWN MUKPOC-
XeM Ha OUCKPETHbIE KOMMOHEHTbI.

Bbinu Takke MaMepeHbl nNynbcaumm BbiXoa-
HOMo HanpsPKeHUst AN BapUaHTOB C OOHUM U
OBYMS1 3aps40BbIMK Hacocamu. Mpu BLIXOGQHOM
HanpskeHun —6.6 B DC BbIxogHble Nynbcauum
CXeMbl C ABYMS 3apsaoBbiIMM HacOCaMm COCTaB-
nanun scero 180 MB nuk-nuk, B TO BpEMS Kak B
CXeMe C OOHUM HAcOCOM Myrnbcauun JocTuUranm
550 mB nuk-nuk. [0

MaTtepuanbl no teme

1. Datasheet Microchip TC1044S
2. Datasheet Microchip MCP1401T
3. Datasheet Texas Instruments TLE2426
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CABoeHHbIN 9-aMmnepHbI

MUKpoMoOAyb npeobpa3oBarens
c HudpoBoi cuUcTemoi
ynpasJjieHud NUTaHNEM

Jian Li, Yingyi Yan u Marvin Macairan, Linear Technology

BeBepeHue

Mwukpomogynbs LTM4675 caoBoeHHoro 9-
aMnepHoro unM OJWHOYHOro 18-amenpHoro
noHwxkatowero DC/DC npeobpasoBaTens ocHa-
weH wuHo PMBus, sBRsOWENCS OTKPbITOM
pPa3HOBMOHOCTLIO UHTEP(ENCHOrO MNpoTOKONa
12C, c nomoLbio KOTOPOW MOXKHO ANCTAHLUNOHHO
KOHoMrypupoBaTb YCTPOMCTBO U Nosiyvathb Tene-
METPUYECKY0 WHOopMaumMio O napamerpax
cucTeMbl ynpasnenuns nutadunem (PSM — power
system management). B ero kopnyce BGA c

Design Note 542

pasmepamn 16 x 11.9 x 3.51 MM cogepxatcs
aHanoroBble LUenu perynupoBaHus, TOuYHblE
cXeMbl cMeLlaHHbIX curHanos, EEPROM, cuno-
Bble MOSFET, MHOYKTMBHOCTM 1 BCIOMOraTenb-
Hble KOMMOHEHTbI. YCTPOMCTBO npeobpasyer
LUMPOKUIA OMana3oH BXOAHbIX HaNpshKeHUn oT
4.5 B po 17 B B BbIXOQHOE NOCTOSAHHOE Harnpsi-
xeHwne 0.5 B ... 5.5 B, ctabunumsmpyemoe ¢ Tou-
HocTbio +0.5% BO BceM AmanasoHe paboumx
Temneparyp. XapakTepuCTUKM MOLLHbIX BbIXO4-
HbIX KackagoB LTM4675 moryT HacTpamBartbCs
no UundpoBbIM KaHanam yrnpaeneHus ans ycra-

" 1111 VouTo, 1.0B
ViNo S &= VouTo PEYIIMPYEMbIN
575B...17B +I O I gz'Nﬁ': E Vin §>8w = TSNy 109 A
Taf G Deyy S
. + —_
VHTEP®ENC SMBus VVORBO+ HATPY3KAg
C HABOPOM KOMAH[, PMBus S
YNPABIIEHVE Voneo- 1— i_
MOCNEAOBATENBHOCTHIO ® RUNg LTM4675 Voass — " Vour, 18B
BKMOYEHVS/BBIKNIOUEHMS, & RUN; ORB1 ouT, 1- )
. OBPABOTKA S GPIOg Vourt PEMYIIVPYEMBIV
ABAPUIHBIX CUTYALIA o GPIO TSNS, [IO9A
CUHXPOHVI3ALA LM ® SYNC TSNS1p
OMOPHb I TEHEPATOP —& SHARE_CLK
I WP
+ AIPEC BEJOMOTO = 1001111_R/W (0X4F) =
+ YACTOTA NEPEKMIOYEHMS: 500 kT PoQoQ HATPY3KA
S8 =2 G6536S  Vosns
* B MHOTOMOY/TbHbIX CUCTEMAX ) LSS 2 2ESE52 o SOND[—9
HE TPEBYIOTCS HU TPASUYECKUM MHTEPOEC | © 55 5 5 FPI3EIE Z —
MONL3OBATENS ANS KOHOUTYPUPOBAHMS, -
HY CMELANILHOE MPOrPAMMUPOBAHVE. LorrirrTfLL
PEKOMEHAYETCS 3AIAHVE AIPECOB ILVH otk
*INSIVIN <5 B YCTAHOBUT: %
VIN_OFF < VIN_UV_WARN_LIMIT < VIN_.ON < 4.3 B +50ppm/°C

PucyHok 1. DC/DC npeobpasosamenb 1 B/9 A u 1.8 B/9 A Ha ocHoge MukpomoQdyrisi ¢ nocriedoeameribHbIM

uHmepgheticom.
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PucyHok 2. 3asucumocmsb Kl odHoz20 kaHana
LTM4675 om moka Haepy3Kku rpu 6X00HOM
HanpsikeHuu 12 B.

HOBKW rPaHWYHbIX 3Ha4YEeHWI, CKOPOCTM Hapac-
TaHWs, NOCnenoBaTENbHOCTU BKITHOYEHUSA N ANN-
TeNbHOCTM 3agepxek. MakcumanbHoe Bpems
BKSto4eHUs paBHO 70 mc. [laHHble TenemeTpum
cogepxaT UHopMaumio 0 BXOAHbIX U BbIXOA-
HbIX HANPSPKEHUSX U TOKax, Temneparype, Teky-
LWUMX MUKOBbIX 3HAYEHUSAX, BpPeMeHU paboTbl,
HeuncrnpaBHOCTAX M Npegynpexgennax. Owmnobka
n3MepeHus napameTpoB TerneMeTpum nNpu Toke
Harpy3kn 9 A He npeBblwaeT +2.5% BO BCeM
AnanasoHe pabounx Temnepartyp.

LTM4675 obGneryaer KOHCTpyuMpoOBaHue
BbICOKO3(P(PEKTUBHBIX U HAOEXHbIX WUCTOYHU-
KOB NUTaHWsi ¢ 6ONbLLION NAOTHOCTHH MOLLHOC-

PucyHok 3. VamepeHHble Ha OeMOoHCmpayUoH-
Hou nname DC2053A mernnosbie xapakmepuc-
muku LTM4675 6e3 060ysa rpu 8X0OHOM Haripsi-
)XeHuu 12 B u napamempax Hazpy3sku 1 B/9 A 8
00HOM KaHare u 1.8 B/9 A 8 Opyeom. Makcumarib-
Hast memnepamypa nepezpesa 61.1 °C npu mem-
nepamype okpyxaroujel cpedbi 23 °C.
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TW, He0BXOOUMBIX ANA TENEKOMMYHMUKaLMOHHO-
ro obopyaoBaHusl, CUCTEM Nepeaayn aHHbIX, a
Takke AN NPOMbILINEHHbIX N U3MEPUTENbHbIX
npunoxexnun. LTM4675 noctaBnatTcs B KOpny-
cax BGA pasmepom 16 x 11.9 x 3.51 MM, KOH-
TakTbl KOTOPbIX MOryT ObITb W3rOTOBMEHbI U3
ONMOBAHHO-CBMHLUOBOrO Cchnfasa, WUIn xe
NOSMHOCTbIO YAOBMETBOPATbL TpeboBaHUAM
anpekTtmebl ROHS.

[ABYXKaHaNbHbIU PEryasaTop c
BbIXOAHbIMM TOKaMuU 9 A u
uMdpoBbIM ynpaBieHUEM
nUTaHuem

Tunosas cxema BkntoveHust LTM4675 noka-
3aHa Ha PwucyHke 1. BxogHoe HanpsikeHue
MOXET HaxoauTbCcAa B gmanasoHe ot 5.75 B go
17 B, a BbIXxoAHble HanpsXXeHusa paBHbl 1 B n
1.8 B npu makcumaneHOM Toke Harpy3ku 9 A. Ha
PucyHke 2 nsobpaxeHbl 3aBucmumoctu KM kax-
[AOro KaHarna OT ToKa Harpysku npu pasnmnyHbIX
BbIXOAHbIX HanpskeHnax Vo. LTM4675 moxet

nmeTb Bbicokmn KI1[ B wWMpoOKOM OuanasoHe
pabounx pexunmoB. 3 PucyHka 3 BugHo, 4to
Temneparypa Kopnyca B OTCyTCTBME BO34YLLHO-
ro oxnaxgeHusa JocTuraeT MakCumaribHOro 3Ha-
yeHua 84.1 °C, korga moaynb paboTaeT npu
BXOAHOM HanpsbkeHun 12 B, a HanpsikeHne Ha
Harpyske pasHo 1 B npu Toke 9 A B 04HOM KaHa-
nen1.8B/9ABapyrom.

YactoTHasa komneHcaunsa netnu OC moayns
LTM4675 ocyLecTBnseTcs BHYTPEHHUMU Lens-
MU, OQHAKO ANA oNTUMMU3aLmMmM OTKIIMKA Ha cKay-
KM Harpysku B KOHKPETHbIX pexumax paboTbl
BO3MOXHO UCMOMNb30BaHNE N BHELLHUX CXEM.

LTM4675 nopoepuBaeT COBMECTUMbIA C
PMBus uHTepdenc SMBus, paboTtarowmin Ha
yacTtoTe 0o 400 klMy. K goCcTynHbIM Ans YteHns
OaHHbIM OTHOCATCS BXOAHOE W BbIXOAHOE
HanpsbKeHWsl, TOKW, TemnepaTtypbl, TeKyLue
NMUKOBbIE 3HAYeHUs, BpeMs paboTbl, Hencnpas-
HOCTW, npeaynpexgeHus u coobuweHns o6
owmnbkax 3anucum BO BcTpoeHHoe EEPROM.
3anucbiBaTb B MOAYMb MOXHO Cny>ebHyto
MHdopMaUmMio 1 NapaMeTpbl KoHdUrypauumm,
BKMNIOYas BbIXOAHOE HanpshkeHwe, nocnegosa-
TENbHOCTb U 3aJEepXKKM BKIIOYEHUSA Hanpsixe-
HUA, UnpoBblIE NapamMeTpbl MArkoro nyc-
ka/ocTaHoBa, moporn GrOKMPOBKM MPU MNOBbI-
LLIEHHOM/NOHMKEHHOM Harnps>KeHun 1 neperpe-
Be, YacToTbl 1 hasbl CUHXPOHM3aLMK. [apaHTu-
pyeTcs BbICOKast TOMHOCTb CYMTbIBAEMOW Tere-
MeTpudeckon uHdopmaumm, obecneymBaemas
NHTErpupoBaHHbIM 16-6UTHLIM AX AL,
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PucyHok 4. Ternnosol nopmpem MHO20MOOy/1b-
HoU cxeMbl co credyrouwumu napamempamu:;

8X00Hoe HanpsixeHue: 12 B,

8bIx00Hoe HarpsixeHue: 1.0 B,

mok Hazgpy3ku: 125A,

ckopocmb 06dysa: 400 ¢pymos 8 MuHymy.

MakcumanbHasi memrnepamypa nepezpesa
66.2 °C npu memnepamype okpyxarouw,el cpedbl
23°C.

CoeanHeHMe HEeCKONIbKMX moaynei
ANA YBeNIMYeHUs BbIXOAHOrO TOKa

B LTM4675 peanuaoBaHa apxutekTypa C
PUKCMPOBAHHOW YaCTOTOW U ynpasBrneHneM o
NMMKOBOMY TOKY MHAYKTUBHOCTM, NO3BONSAOLWANA
MOLMKIOBO OrpaHMynBaTh TOK U pacnpenensrb
ero mexagy asamu npu napannensHomn pabote
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KaHanoB. [ns yBenu4eHus BbIXOQHOrO ToOKa
HeCKOmnbKO MoAynen nerko BKAYarTea naparn-
neneHo. Kpome Toro, LTM4675 moxeT Bbinosn-
HATb OYHKLMM BeOyLLEro yCTPOMCTBA B cUCTEME
c apyrmmu mogynsamu 6e3 dpyHkumn PSM, obec-
neynBas MHOrOKpaTHOe yBenuyeHne BbIXOA4HO-
ro Toka. Hanpumep, ynpaensas TpemMs MOgynsamm
LTM4630, LTM4675 moxeT perynupoBaTb
BbIxogHOM TOK o 125 A. TennoBoin nopTpet
Takown cxembl nokasaH Ha PucyHke 4. MNpu o6ay-
BE CO cKopocTbto notoka 400 pyTOB B MUHYTY
Temneparypa camon ropsyen TOYKM NogHuma-
eTcsa Bcero nuwb o 66.2 °C. EgnHoobpasHoe
pacnpegeneHne Temnepatypbl Mexay Mogyns-
MU roBOPUT 00 OTNIMYHOM pasaeneHnm TOKOB.

3aKnuyeHue

LTM4675 aBnaeTcs BbICOKOIEEKTUBHBIM
MUKPOMOAYJIbHBIM  PErYNIATOPOM C  GOnbLUON
NIIOTHOCTLO MOLLHOCTU U BCTPOEHHOW LNpo-
BOW cucTeMon ynpasneHuns nutaHnem. Co Bcem
nepeyYncrneHHbiM Bbille Habopom  hyHKUKUI
LTM4675 npoeanbHO nogxogaT AN MCNOMb30-
BaHWs1 B TENEKOMMYHMKALMOHHOM ob6opydoBa-
HUM, cucTeMax nepedadn AdaHHbIX, NPOMbILL-
NEHHbIX U U3MEpPUTENbHbIX NpUnoxeHnsax.[Zi

MaTtepuanbl no teme

1. Datasheet Linear Technology LTM4675
2. Datasheet Linear Technology LTM4630
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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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