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B cratbe pacckasbiBaercs 0 npeumyliecTsax kapéuaa kpemuus (SiC) n npu6opos

Ha ero OCHOBE MO0 OTHOLIEHUI0 K KpemHuio (Si).

pOMI)IH_U'IeHHbIe CHUCTEMBI, TAKHNE KaK UCTOY-

HUKJ OUTAHUS CEPBEPOB, HCTOUHUKU bec-

nepe6oitnoro nurauus (MBIT) u MmoTopHbIe
[PHUBOIIBIL, TOTPEGIISIOT 3HAYUTETBHYIO YaCTh BhIpaba-
THIBAEMOI MUPOBOI 9Hepru. Takum 06pasom, o6oe
noBbIIIeHne 9O PEKTHBHOCTH NCTOYHUKOB ITUTAHUS
CYLIeCTBEHHO CHU3HUT IKCIUTyaTalHOHHBIE PACXOBI
kommaHuu. Cpoc Ha BEICOKOA(PeKTHBHbIE HCTOY-
HUKH € O0JIBIIIei IUIOTHOCTHIO MOIIHOCTH U JTYYIITUMU
TEIUIOBBIMU XapaKTEPUCTUKAME [IUTAHUS PACTET 9KC-
MOHEeHITHAIBHO.

JIBIDKyIIIEl CUIIOH 3TOTO POCTa SABJIAIOTCS HECKOTIBKO
axTopoB. Bo-TiepBbIX, pacTyias ro6arbHas OCBEIOM-
JIEHHOCTB 06 0COGEHHOCTSIX 9HEPTETUKY U BCe O0JIee Ha-
CTOsITeNIbHAS HEOOXOMMOCTD UCIIOIb30BATh SHEPTHIO
60:ee pasymHoO 1 9 dexruBHO. Bo-BropsIX, «IHTEpHET
Beriei» (IoT — Internet of Things), koTopslit mpuBen
K BHEJPEHUIO HOBBIX TEXHOJIOTUI 1 CEPBHUCOB BCEX BU-
OB B HpOMI)IH_UIeHHbIe HpI/UIO}KeHI/ISI. Bnaro;[(apsl HUHTEII-
HeKTyaHbeIM OTpaCJIeBbIM MHHUIIMATUBAM, B Y4aCTHOCTHU
«Hpycrpus 4.0», 060pynoBaHue, 3aBOIbI U paboune
MeCTa CTaHOBSITCsL O0JIee MHTEIUIEKTYIbHBIME U HHGBOP-
MUPOBAHHBIMU B CBSISH C UCIIOIB30BAHUEM YCTPOICTB,
obecIeqnBaOIINX OOJIBIIYI0 AaBTOHOMHIO, 3 ()eKTHB-
HOCTb, HAJIE)KHOCTD U 6€30I1aCHOCTb.

OpnHako BHeIpeHNE TPOMBIIIIIEHHO aBTOMATH3AIIHY,
B TOM 4HCJie pOOOTH3HPOBAHHBIX U MOTOPU30BAHHBIX
[POU3BOICTBEHHBIX JIMHIIA, COIPOBOYKAAETCS POCTOM
HOTpe6IeHNs 9TIeKTPOIHEPTHHI U 3aTPaT Ha 9HEPro-
[UTAHUE TaHHBIX CHCTeM. UTOGBI 0CTaBaThCS KOHKY-
peHTOCHOCO6HbIMI/I, HpOI/ISBOIII/ITeHI/I JOJIKHBI UMETh
BO3MOXHOCTH paBpaGaTbIBaTb HOBBI€ T€XHOJIOTHUHU, HaA-
[paBJIeHHbIE Ha CHIDKEHUE TPOU3BOJICTBEHHBIX 3aTpar.
OHH TaKsKe TODKHBI MAKCUMAJILHO UCIIOTB30BATh KaK-
IBIA KBaIPATHBIA METP TePPUTOPUH, HOCKOJIBKY IIIO-
IIab, 3aHIMaeMast 060pyIOBaHIEM, HEITOCPENCTBEHHO
BJIMSECT HA BKCHHyaTaHI/IOHHble paCXOI[])I.

PocT aHepromoTpebaeHNs PacIpoOCTPAHIETCS
1 Ha HeHTPH 00pabOTKHU TaHHBIX, Ie Pa3MeIIaloTCs
cepBepbl, O/IeP;KUBAIOLINE IIPOMBIIIUICHHbIE TPUIIO-
JKeHUs. YBelIndeHNe IOTOKa JaHHBIX 3a CUeT aBTOMa-
THU3aI[1H1, UCKYCCTBEHHOTO MHTEJUIEKTA 1 MAIIMHHOTO
00y4eHUs, B CBOIO O4€pe/ib, IIOBBIIIAET TPpeOOBAHUS
K BBIYUCIIATEIBHBIM PecypcaM, HEOOXOIUMBIM IJIS TTOJI-
nepskaHus paboTocrnocobrocTH 060pynoBanus. He me-
Hee Ba)KHBI U TEIUIOBBIE XapPaKTePUCTUKU, OCOOCHHO
C y4eTOM TOro, 4To 10 20% 5Hepruu, norpedieMoi
LeHTpaMu 06pabOTKK TaHHBIX, PACXOAYeTCs Ha paboTy
COOTBETCTBYIOIIUX CHCTEM OXJIAKICHMSL.

Cnpoc Ha nosbiweHne adichekTMBHOCTN
M CHM)XEeHMe CTOMMOCTY

IToCKOIBKY IIPOMBIIILIEHHOE 000PY/I0BAHIIe 3a9aCTYIO
paboraet B pexxnme «24x7», moboe nooiiieHre 3 dex-
TUBHOCTH OY€Hb OBICTPO TPAHCHOPMUPYETCS B peaib-
HOe ¥ 3HAUUTeIbHOE CHIDKEHUE HEPronoTpe6IeHusI.
CaMblil OBICTPBII CIIOCO6 peIIeHus] IHePTeTHIeCKUX
1po6iieM — moBbIIeHHE 9HePTroaPEeKTUBHOCTH CH-
CTeM, IUTAMIINX 9TU IPOMBIIIIEHHbIE cucTeMbl. Kak
ckazan Jxxon ITanmyp, ognn n3 ocHoBareinen Cree |
Wolfspeed, «camast merreBast 9Heprus — 910 9HEprus,
KOTOPYIO BbI He UCIIOIb3yeTe».

PesysibTaTOM SIBISIETCSI OTPOMHOE JaBJICHHE CO CTO-
POHBI IIPOMBIIILIEHHOCTH, [IPABUTEILCTBA U IPOU3BO-
nuTenedt, TpeOyroux pa3paboTku 6osee sHeprocoepe-
TafoIINX HCTOYHUKOB NUTaHMSL. Takue CTaHIAPTHI, Kak
Energy Star u 80 Plus, crioco6crsyior addexrusrOMY
UCIOJIb30BAHUIO oHepruu B 6okax nutanus (PSU).
BoImonmsis Tpe6OBaHUsI 9TUX CTAHAAPTOB, IPOU3BOLU-
teru PSU moryT mponemoncTpupoBath 3 HeKTHBHOCTD
CBOMX CHICTEM B3bICKATeIbHOMY PBIHKY.

Tpu Tpe6oBaHMs: IUIOTHOCT MOIIHOCTH, TEILIOBbIE
xapakrepuctuku 1 KI1J] — cozpaioT HanbosbIime mpo-
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SiC NO3BOJIAET CUCTEME
BbITb

HEE FBBICTPEE

HAOEXXHEE

MEHBbLUIE

MO CPABHEHUIO C Sl

Puc. 1. lMpenmvyiiectsa SiC-npurbopos
no cpaBHeHta ¢ Si-npubopamu. /IcTouHMK:
Wolfspeed, Cree Company

20 kBt AC/DC-koHBepTep 6rioka 3apsifHON cTaHUmMmn
OkcneprMeHTanbHble pesynbraThbl: NMkoBasa addekTnBHOCTb >98,5%
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Puc. 2. V1amepernbin KM (cnnowHas anHmra) v THD (nyHKTUPHARA MHWA) B 3aB1CUMOCTY OT BbIXOAHOM
MOLUHOCTY ANt Pa3HbIX BXOAHbIX HANPsXeHni (Fg, = 48 KL, Ly,e, = 400 MkIH). VicTouHnk: Wolfspeed

671eMBI 1J1s1 pa3pabOTINKOB HCTOTHUKOB [IUTA-
Hus. Kpome roro, pemenue aTux 3agad 0JKHO
COIIPOBOKIATHCS CHIDKEHUEM OOIIeil CTOMMO-
cty cucreMbl. TpaguImOHHBIE TOAXOMBI K IIPO-
exTupoBanuio PSU obecrieqnBaoT HEKOTOpOE
yJIydllleHne yKa3aHHbIX IapaMeTPOB, HO B OY€Hb
OTpaHMYeHHOM JIMarna3oHe, IIOCKOJIbKY B TeUeHHe
MHOTHX JIeT pa3paboTInKu ObLIH COCPENOTOYEHB
Ha TOM, 4TOOBI «BbDKATh» BCE BO3MOKHOE U3 CH-
creM IUTaHuA. J[jid KapUHAIBHBIX U3MEeHEeHH
HeoOXOIUMBI HOBBIE ITO/IXOIBL.

Kap6upokpemHuneBbie npnéopbl

Kap6uy kpemuus (SiC) — 310 mupoxo-
30HHBII ITOJTYIPOBOJHUKOBBIN 6a30BbIIl Ma-
Tepuat. Ero MOKHO MCIIONB30BaTh KaK IIOJ-
JIO3KKY MaTPHIIBI Ul IIPOU3BOJICTBA TUCKPET-
HBIX KOMIIOHEHTOB, TakuX Kak nuoxs! HlorTkn
u MOSFET-TpaH3uCTOpPBI HJIH CHIIOBbIE MOLLYJIH.
McTopudecKy B KadecTBe MOJIYIPOBOIHUKOBOI
OCHOBBI IJIs1 GOJIBIITIHCTBA IPIMEHEeHHI CUIIO-
BO1 9JIEKTPOHHUKH HMPUMEHSIICS KpeMHui (Si).
Onnaxo 3¢ dexTuBHOCTD Si-puGOPOB B CHCTE-
Max [IUTAaHUs TOpasfo Hivke, 1eM SiC, KoTopbie
HMEIOT MHOYKECTBO IIPEUMYIIECTB (puc. 1).

Kap6up xpemuus (SiC) umeer cienyiomue
IPEUMYIIeCTBa Mepel TPAJUIOHHBIM KPeMHH-
em (Si):

o [Tpubops! Ha ocHOBe SiC MMEIOT MeHbIIle TOKI
YTEUYKH 110 CPABHEHUIO ¢ Si-aHaJIOraMu. DTO
0OBSCHSIETCS TeM, ITO QJIEKTPOHHO-[HIPOTHbIE
napel B SiC reHepupyloTcs MejeHHee, 4eM
B Si, 4TO O6ecrevnBaeT MeHbIIINE IIOTEPH B 3a-
6JIOKMPOBAHHOM COCTOSIHUH.

o SiC-CTPyKTypBI UMEIOT IINPOKYIO 3aIIpeIeH-
HYI0 30HY (3 €V), OHU CIIOCOOHBI BBIIEP/KUBATH
B 8 pa3 GOJIBIINI IPAIUeHT HAIPSDKEHIS, IeM
Si, 6e3 puCKa TaBHHHOTO IIpo60sL. I1oBbIIIeHHAsT
KPHUTHYECKas yCTONIUBOCTD K IPOOOIO TI03BO-
nsieT SiC-KOMITOHEHTaM BBIIEp>KUBATh Ooee
BBICOKOE HaIIPsDKeHNUE IIPH TAKOM JKe pa3Mepe

WWW. power-e.ru

KPHCTAIIA, 4To U Si. biaropaps aTomy SiC-
npubopsl, Takue kak MOSFET, moryT umers
610KMpYIOIIee HAIIPsDKEHHe IPUMepPHO B 10
pas BhIIIIe, 9eM Si. DTO MO3BOJISAET IIPOU3BO-
IUTH MOMAYJIH C O9eHb BBICOKMM HaIIpsDKe-
HHeM ¥ BBICOKOI MOITHOCTEI0. Kpome Toro,
SiC-KkpuCTaILIBI Pa3MeIIAIOTCsT 0UeHb GIIH3KO
IPYT K OPYTY, 94TO obecrednBaeT OOIbLIYIO
IUIOTHOCTD YIIAKOBKH.

e DoJee BBICOKAsI TEIIOIPOBOIHOCTD 0becIIe-
quBaer 60see 9P HEeKTUBHYIO OTAATY TEILIA.
Kpowme Toro, 6;1aroiapsi HISKOMY COIPOTHBIIE-
HHIO OTKPBITOTO KaHaJIa YMEHBIITAIOTCA ITOTEPH
IIPOBOIUMOCTH.

e TIpubops! Ha ocHoBe SiC MoOryT paboTarh
Ha 6oJiee BBICOKHX JaCTOTAX HePeKITIOUeHH s
DT0 MoBHIIIAET HUKOBYIO 9D PEKTUBHOCTD
npeoGpasoBanus 10 >98,5%, uro obecredn-
Baet coorsercTue cranaapty 80 Plus Titanium
(puc. 2).

MpombILsieHHbIE NPUIIOXKEHU,
B KDTOprX BbIrogHO
ucnonb3oBatb SiC

Ocobennoctu SiC-pr6OPOB MO3BOJISIOT pas-
paboTynKaM CUCTEM IIUTAHUS JOCTUYIb HOBBIX

yposHeit addexruBHOCTH. [IpenmyIriecTBa Kap-
6u/a KpeMHUSI MOJKHO YBUIIETH B Psifie IPOMBIIII-
JIEHHBIX CUCTEM:

Koppekrops! k03¢ duIneHTa MOIIHOCTH
(PFC). PFC — 910 TeXHOJI0T U, II03BOJISIONIAs
3HAYMUTEIbHO YMEHBIIUTD IOTEPU IHEPTUH
3a cueT yBenudeHus KoadduiueHTa MOIHO-
CTH UCTOYHHUKA IUTaHUs. be3 aToro ycrpoii-
CTBa UCTOYHUK ITUTAHUS TOTPeOIsIeT TOK KO-
POTKMMHU UMITYJIbCAMHU C BBICOKOM aMIUIUTY-
noit. Koppekrop koadduiineHTa MOIIHOCTH
CTJIQKHUBAET 3TH MUMITYJIbCBI, YTO YMEHbBINALT
BXOJHOI cpenHekBanparudHbiii (RMS) Tok
1 BXOIHYI0 MOIHOCTG. Y3en PFC apdexruBHO
KOppeKTupyeT GopMy BXOTHOTO TOKA, YTOOBI
MaKCHMHU3UPOBATh MOIIHOCTD, [I0JIy4aeMyIo
OT UCTOYHUKA ITUTAHUS.

Hcnosp3oBaHue 6ojiee BLICOKMX YaCTOT KOM-
MYTAIUH, TOCTIKUMBIX ¢ SiC-KII09aMH, TI03BO-
JISIET YMEHBIIUTD Pa3Mephbl i CTOMMOCTH KOMIIO-
HEHTOB 00BsI3KH (puc. 3).

Kak BunHO Ha puc. 3, rubpugHas cxema ¢ uc-
nosb3oBanneM SiC MOSFET tpefyer meHbIte-
IO KOJINYeCTBAa KOMIIOHEHTOB, OHA 9KOHOMMUY-~
Hee 1 obecrednBaeT 60Jiee BBICOKYIO INIOTHOCTD
MOI[HOCTH. DTO HPUBOAUT K COKPAIIEHUIO
pasMepa, Beca U CTOUMOCTH CHCTEMBI (pHC. 4).

PFC no cxeme «aBorHoro 6yctepa»
Ha ocHoBe Si-KOMMOHEHTOB

Puc. 3. CpasHeHue cxem PFC Ha ocHose Si— 1 SiIC-komnoHeHToB. VcTounmk: Wolfspeed

mbpuaHasa aByxTakTHas cxema PFC
Ha ocHoBe SiC-KOMMNOHEHTOB
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25%

o 25%
HWXe noTepw

SiC-npubopbl Wolfspeed

*Ipun cpaBHeHUM ¢ TpaAULMOHHBIMK Si NONYNPOBOAHMKAMM

60%

o 60%
MeHbLUe pa3Mepsbl

Puc. 4. MNpnbopbl Ha ocHoBe kapbuaa kpemHus (SiC) MeroT 3amMeTHbIe NpenMyLLECTBa nepen
TpamuUMOHHbIMM NprBopamm Ha ocHoBe kpemHust (Si). VicTounuk: Wolfspeed

[o 20% meHbLue
CTOMMOCTb CUCTEMbI

Kpome cHIKeHUS 9HepromoTpebieHus, mo-
BoinreHne 9 GexTUBHOCTH Mpeobpa3oBaHUs
yJIydIIaeT TeIIOBble XapaKTePUCTUKHU, UTO
obecriednBaeT NOMOTHUTENIbHOE YMEHbIICHIE
pasMepa U Beca HCTOYHUKA TUTAHUS.
3apsgka 6aTapeit aIeKTpoMOOMIIeit: dIeK-
TPUYECKIe TPAHCIIOPTHDIE CPeACTBA TPeOYIOT
o dexTuBHOM U OBICTPON 3aPATKU, ITOOBI
CBECTH K MHHEMYMY BpeMsl IPocTost. BeicTpblie
3apsHble CTAHIUU UMEIOT 3HAUHTeJIbHbIE
IPeHMYIIeCTBa 110 CPABHEHHUIO ¢ 60PTOBBIMU
sapsinHpIME ycrpoiictBamu (OBC), mockoIbKy
00€eCIednBaloT BpeMsi 3apsAanKu 0KoIo 30 MUH
o cpaBHeHHIo ¢ >4 4 g OBC. 3apsannuble
CTaHIUU SBJSIOTCS 60Jee THOKUME CHCTeMa-
MH, 06J1a1asi BO3MOXKHOCTBIO TOPsIIeil 3aMeHBbI
6J10KOB ITPeoOpa3OBaHU SHEPTUH NI YBEJIH-
yeHust BpeMeHu 6e30Tka3HOi paboTsl. Takue
CTaHII U MOI‘YT IIPOEKTUPOBATHCA C BO3MOXK-
HOCTBIO MacCIITaOMPOBAHUSI, YTO FAPAHTHPYeET

OBICTPBIIT BHIXOJ] HA PBIHOK M CHIJKEHUE 3aTpar
Ha paspaboTKy. st JOCTIKEHUS PLIHOTHOTO
ycllexa 3apsiiHas CTaHIUS TOJDKHA UMeTh 60JIb-
11y10 9(pPeKTHBHOCTD U INIOTHOCTD MOII[HOCTH,
BBICOKYIO HaJ[e)KHOCTb, @ TAKKe 00eCIednBaTh
IBYHAIIPABJIEHHBII TOTOK 9HEPTHH 1715 pPa6OTHI
¢ cersimu smart grid.

IIpu ckopocTu mepexnodeHus B 2—3 pasa
BBIIIIE, YeM Y KPeMHHUEBBIX KJIIOYeH, 3apsi/iHble
ycrpoiicTBa Ha ocHOBe SiC-IIprOOpPOB reHepupy-
10T 10 30% MeHbIIIe IOTepb U TpebyIoT Ha 30%
MeHbIIIe KOMITIOHEeHTOB. Kak BUIHO U3 CTPyK-
typuoit cxemsr AC/DC-rouBeprepa (puc. 5),
ucnonb3osanue SiC-KI04ell MO3BONAET CHU-
3UTh KOJUYECTBO KOMIIOHEHTOB B CHCTEME,
YMEHBIIUTD €€ Pa3MepPbl © CTOMMOCTD U IPH
9TOM 06eCIIeYnTh IBYHAIPAaBICHHYIO IIepefady
MOIIIHOCTH.

Kax Bumno u3 6n0ok-cxemun AC/DC-
KOHBEpTepa, UCIOJIb30BaHNEe KOMIOHEHTOB

CunoBas anemeHTHas 6aza

Ha ocHOBe SiC 103BOJIsIeT COKPATUTh KOJIMIe-
CTBO 9JIEMEHTOB B CXeMe, YMEHBIIIUTh Pa3MePhI
U CTOMMOCTb CHCTEMBI U OTHOBPEMeHHO obecrre-
YUTb IIBYHaHpaBJIeHHYIO Hepeua‘ly MOIITHOCTH.

Kpowme Toro, 6omee Boicokuit KITII u myumiue
TeIIoBble XapakTepucTuku SiC rapaHTHPYIOT
IIOBBIIIEHNE IUIOTHOCTH MOIITHOCTH (B CpefHeM
Ha 65%). DTO 0O3HAYAET, ITO Ka)KIask CTAHI[HS
crnoco6Ha reHepupoBaTh OOJIbIIe IHEPTHUH,
9TO MPUBOAUT TUOO K COKPAIIEHUIO BpeMe-
HU 3aps/IKU, 100 K YBEIHYEHUIO KOJINIECTBA
TPAHCIIOPTHBIX CPEIICTB, 3apPsDKAEMbIX OT OJJHOI
CTaHI UK. B HacTosIIee BpeMsi CloCOOHOCTH 3a-
PsDKaTh OOJIbIIIee KOJTMIECTBO IJIEKTPOMOOUIIE,
KaK IIPaBUJIO, BayKHEe, 4eM YCKOpeHHe Iporecca
3apsIIKH. DTO CBSI3AHO C TeM, ITO TeXHOJIOTUS
AKKYMYJISITOPHBIX GaTapeit 0TCTaeT OT BO3MOXK-
HOCTEl COBPEMEHHbBIX HCTOYHUKOB ITUTAHUS,
KOTOpbIe MOTYT IepefjaBaTh 9HEPTHI0 B 6aTa-
peto ObICTpee, YeM HeoOXOMUMO J1ist 6e30IIacHOI
3aPSIIKH.

VcTOYHMKM MUTAHMA CEPBEPOB: B HACTOS -
1iee BpeMs HEHTPBl 06pabOTKM JaHHBIX HC-
onb3YIOT 3% Bceit oHepruu B CIIA. DTa nnd-
pa, II0 OIL[eHKaM, BBIpacTeT 10 15% B TeyeHue
crepytomux cemu neT. C pazsutueM loT men-
TPbI 00pa0OTKM ITAHHBIX U CBA3aHHBIE C HUMHU
OHEPreTUIECKUE U SKCIUIYaTaMUOHHbIE 3aTPATHL
MOTYT CTaTh KJI0YeBbIM (HAKTOPOM IPHU OIIpe-
neneHnu 3(pHEKTUBHOCTH MIPOMBIIIIEHHBIX
CHCTeM M MHTEJUIEKTYaJbHBIX IPOU3BOJCTB.
ITpenmyniectBa SiC-TeXHOJIOTHH BO MHOTOM
CIIOCOOHDI TOBBICHTH 9 (HEKTUBHOCTD PabOTHI
[[eHTPOB 06pabOTKY MAaHHBIX B OJIIIKAMIIITeE
rozel. Hanpumep, MOSFET u nuopsr Ha ocHO-
Be SiC, mcmoab3yeMble CeroJHS B I[EHTPax
006paboOTKHN TaHHBIX, YJYYIIAIOT TEIJIOBbIE
XapaKTePUCTUKU CepBEPOB, 00ecrednBast 9K0-
HoMHUIO 40% TOJNBKO 32 CUET CHUKEHHUS 3aTpaT
Ha OXJIaXK]IeHUeE. .|

CoBpeMEeHHbIV ansaiiH
Ha OCHOBE KPeMHUsI
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Cxema ¢ ncnonb3oBaHnem Si MOSFET
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SiC AC/DC-koHBepTep

SiC noBblwaeT npon3BoaunTENIbHOCTb N CHMXaeT CTOMMOCTb MO CPpaBHEHUIO C Si
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Puc. 5. CrpyktypHas cxema SiC AC/DC-koHBeptepa. VicTouruk: Wolfspeed

BosmoxHoe pelueHne Ha ocHose SiC

TO-247-4 Pacage

AC/DC-koHBepTEpP
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