KOHTPOJINNEPbl KOMIMAHUU EPSON
Ana YNPABNEHUA EPD-ANCITJIEAMMU

i H.Kopones korolev@ineltek.com

Auncnnen Ha 3nekTpoHHoM 6ymare (Electronic Paper Display, EPD) elue
HeCKO/1IbKO 1eT Ha3aj, cymnTasnachb 3K30TUYECKUM peK/IaMHbIM Npoek-
TOM C HEAACHbIMU NepcrnekTUBamMm, a CerogHs y>e HUKOro He yanBULLb
3NeKTPOHHbLIMU KHUramu (pmaepamm) cCaMbliX pasHbiX pa3MepoB U Ansamn-
HOB, NpeasiaraemMbiMn U3BECTHLIMU U HE OYeHb NPOU3BOAUTENAMM.
BONBLWWMHCTBO YNTaTENIeN INEKTPOHHbBIX KHUT, NS4S HA CTpaHULYy, Aaxke
He 3alyMbIBaOTCS — KaK 3TO 4yao paboTaeT. Mexay TeM, Kpome cob-
cTBeHHO EPD-3KkpaHa B puaepe Takxe eCTb MUKpOCXemMa-KOHTpo//iep
avcnnes, kotopas obecnevynsaet opMupoBaHue N 06HoBNEHUE N30-
6paxeHuns, — EPD-koHTponsiep. OgHMUM M3 OCHOBHbIX MPOM3BOAUTENEN
TaKUX KOHTPO/1I/1IepoB ABNSeTCca KoMmnaHusa Epson.

neKTpoHHass 6ymara 6p1a paspaboraHa

B 1970-e rogpl B KoMIIaHUU Xerox (CIIIA).

[IlupoKoe PaCIpPOCTPaHEHHe 3Ta TEXHOJIO-

THIO IIOJIYYHJIa IIOC/e TOro, Kak B 1990-e

ronbl [Iko3ed SIko6con (Joseph Jacobson),
ocHoBarens KommaHuu E Ink Corporation, ycosep-
IIEHCTBOBAJI €e M YAYUYIIHI OTPebUTeNbCKHe Kade-
CTBA 37eKTPOHHOM Oymaru. IIpHHIMI AeHCTBUS
"3/1IeKTPOHHBIX YepHUI" (TaK Ha3BaJl CBOIO TEXHOJIO-
THUI0 JMeKTPOHHOM bymaru [isko3ed SIK06COH) mocTa-
TOYHO IIPOCTOM - B IIPOCTPAHCTBO MEXAY ABYMS
IJIACTUHAMH IIOMeIlleHBbl IIpo3pavyHble chepruyiecKkue
MHKPOKAICY/Ibl AuaMerpoM 50-100 MKM, 3amos-
HeHHBle YepPHBIMU U OeNBIMH YaCTULIAMH, [IpU-
YyeM 4YepHble MMeIOT OTpHLIATeNbHBIM 3apsf, a
Besble - ONOKUTENBHBIN (prc.l). ECIM K MHUKpPOKAII-
Cy/le IIPUIOKHUTH HAIIPSKeHHe, TO B 3aBHCHMOCTH
OT IIOJIIPHOCTH 4YepHBle U Oesble YaCTHULBI IIepepac-
npefensiTca BHYTPU MHKPOKAIICYIbl TaK, UTO IIpU
B3IIsifle CBepxy OyneT BUAHA TeMHasl MIH CBeTias
TOYKa.

Ecniu cBepxy Takoro 4epHo-6es0oro mucILIes
[IOMEeCTHUTh MAaTPUYHBIM LIBETHOM QHIIBTP, TO IIONY-
YUTCS LBEeTHOM AHUCIIIEl, KOHEeYHO, LIeHOU IIOTEPHU
KOHTPAaCTHOCTH u306paskeHHs. Tak Kak IBeTa
B JUCILIesX 6e3 IMoACBeTKH GOPMHUPYIOTCS MeTOLOM

BBIYUTAHUS, B QUIBTPE HCIIONB3YIOT TOayboM, Imyp-

IIYPHBIH U >KeJITHIH IBeTa.

ITpeumywecmsa EPD 8 cpasreruu ¢ KK/

[IupoKui yroa ob3opa.

+  Bblcokoe paspemreHue 3KkpaHa (mo 300 dpi, Dot
per inch - uucio Touek Ha AIOUM).

*  OTCyTCTBHe MepLaHHS H300paskeHHU .

*  OTCyTCTBHE IIOJCBETKH.

«  CBepxHH3KoOe IIOTpebieHMUe.

*  Majble Macca ¥ TOJILIMHA.
Hedocmamku EPD 8 cpastenuu ¢ KK/

»  Huskoe ObICTpOJEICTBHE.

* CJIOKHOCTH B NPHUMEHEHHUH aHMMHPOBAHHBIX

MeHIO.

e DbdeKT HaMsiTH.
*  Bosee BbICOKaA LleHA.

OcHOBHBle 0CODeHHOCTH COBpeMeHHBIX EPD
(HeBBICOKOE OBICTPOZEICTBHME K XOpOLIasi YMHTa-
OelbHOCTH MNPHU SPKOM BHENIHEM OCBeIleHHUH)
ompenensiloT 067acTH IpPUMeHEHHUS TAaKHX [HC-
IIJIeeB - 3JIeKTPOHHBIe KHHUTH, IaHeIH OTobpaske-
HUSI CTaTHU4YeCKOHM HHPOPMalMH, 4Yackl, AUCIIIEH
O71s IPOMBIIUIEHHBIX U MeAUIIMHCKUX IIpH60pOB,
OoQuCHBIE IJIAaHIIeTHBbIe KOMIIBIOTEPHI, BCIIOMOIa-
Te/IbHBIe JUCIIEN B HOYTOyKax U T.A. B mocienHee
BpeMsi mpuobpeTaeT MOMYJISPHOCTb HOBBIM KJacc
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BepXHWI Npo3payHbIi
3NeKTpos,

Cybnukcensl, obecneymBatoLLme
BbICOKOE pa3peLUeHne N306paxkeHns

Y

MonoxunTensHo
3aPSHKEHHbIN
6enbi MUrMeHT

Yucras XMAKOCTb ————— >

OTpuuaTensHo
3aPSHKEHHbIN
YepHbIn
NUrMEeHT

CBeT/10e COCTOsIHNe

Puc.1. CTpykTypa moayns E-ink

npubopoB - 37eKTPOHHBEIe IL[eHHUKH B CyllepMap-
KeTax, KOTOpble MOILYT OOHOBISTP MHGOPMAILHIO
I10 PafiiOKaHay.

TunoBbie napaMeTpbl COBpeMeHHbIX
MOHOXpOMHbIX EPD

TeXHOMOTHSA ..vvvvvvnniiiiiinnnnnn.. Active Matrix TFT
Yrom o630pa ........ceeeveeneennnn...... JIpuMepHO 180°
YHCIIO TPAJALIAM CEPOTO ..vvviiinnrinnneinnnesnn...10
BpeMst 0OGHOB/IEHUS 9KPAHA ............... 120-600 mc
JHaroHasab 3KPaHa ....ccovvvvnnnn. OT 2 0o 12 m10MMOB
TOMIIHMHA TUCTITIEST vuvvrvrenenrenenreneanenennes 1,2 Mm
Pa3pemieHHe 3KpaHa ... 200 ToueK Ha JIOKM U BhIIIIe
Pabouas TeMIeparypa ................... OT 0 7o 50°C
Temriiepatypa XpaHeHHUS ................ OT 25 10 70°C
CPOK CITYSROBL «.uvenuvinniinniiiianienniennnes 50 ThIC. 4

Komnanus Epson, cTpaTerMuecKuil Iap-
THep KomnaHuu E Ink, sBnsercs Bemymum mpo-
M3BOAHTEJIeM KOHTPOJIJIEPOB [Jisd YyIpaBleHUS
OUCIIIeIMH. B IIMPOKOM CIeKTpe IIPOAYKIHH

HWXXHWIM 3nekTpos

TemHoe cocTosiHMe

KOMIIAaHUU eCTh Takxke EPD-KOHTposieps (cM.
Tabnuiy).

Koutponnep Epson S1D13521 obecmeumnBaer
BBICOKYIO IIPOM3BOAMTEIBHOCTD U MOKET YIIPaBJIATh
Pa3sIUYHBIMU THIIAMM [JOUCIIJIE€B Ha 3JIEKTPOH-
Hol bymare. KoHTpoJsiep, BBHIIIOJHSIS MHOXeCTBO
GYHKLUMK LeHTpPaJbHOIO IIpolleccopa, 3Haudu-
TeJIbHO CHMXKaeT Harpysky Ha LIIY. KoHtTpoiiep
S1D13521 mo3BojiseT BBIIIOJAHATH KaK obliee, Tak
M He3aBHCHMOEe 4YacTH4YHOe OOHOB/IeHHe 3KpaHa,
4uTo obecreynBaeT BBICOKYIO CKOPOCTh OTK/IHKA.
HIMeHHO BBICOKOCKOPOCTHOM OTKJIMK obecrieunBaeT
paboTy 37eKTPOHHOrO CTHJIYCA U MOAJEPXKKY I10/Ib-
30BaTe/lIbCKOTO 3KPaHHOTO HHTepdelica. TaKkxke
B KOHTPOJIIEp BCTpPOeHa MoAJepxkka HmabioHOB
YIOPaBASIOMIKX [0C/IeJ0BaTeJIbHOCTeH [JHCIIIe-
asmu (Waveform) ¢ 16 u 32 ypoBHSIMH TIpaJalluH
I10 IIKaJie ceporo.

Koutponnep S1D13522 (puc.2) - 3TO YycoBep-
IIeHCTBOBAHHBIK KOHTposuep S1D13521. OH
HMeeT Ha KpHCTa/ule 2 MB CTekoBOM HaMSTH
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JlononHuTenbHas
dnew-namsTb
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npoueccop NHTepdenc (SPI nnam 12C)

) CeHCOpHbIN "
NHTEpdenc

YnpaeneHue
nuTaHvem

Puc.2. CTpyKTypHasa cxema KoHTposiepa S1D13522

U IoAJepKuBaeT QYHKIMHU, CYIIeCTBeHHO CHHKa-
fonye 3arpysKky LIIIY mpu paboTe Cc IPUIOKEHUSIMHU
EPD. BO3MOKHOCTb YaCTHYHOI0 U 0611ero ob6HoBIIE-
HUS JUCILIes obecriedrBaeT KOHTPo/aepy S1D13522
MOAMEPKKY HHTepdercoB [/ HeIoCpeACTBEeH-
HOT'0 PHCOBAaHHUS CTHIYCOM HJIH IIPUKOCHOBEHHUEM.
®dyHKIMKU "KapTUHKa-B-KapTHHKe", "moBopoTt",
IIPO3PaYvyHOCTh M aAIlMapaTHBIM KYPCOP IOBHIIIAIOT
rubrocTh paboTsl ¢ OHCIIIeeM Ha 31eKTPOHHOM
bymaru.

Koutponnep S1D13524 (puc.3) obecmeunBaeT
IIOAJEePKKY MMCIIJIeeB C BHICOKHMM paspelleHHeM,
a TakKKe LIBeTHBIX JHCIIJIeeB. BCTPOeHHBIM IIpolec-
cop 06paboTku IBeTa KOHPUIYPHUPYeTCs IIOf KOH-
KpeTHBIe IIPUJIOKEHUS W 3HAYUTEJIbHO CHHXKaeT
3arpy3Ky OCHOBHOIO IIpolieccopa. st paboTbl KOH-
Tposiepa S1D13524 TpebyeTcst BHeHIHsIsl aMsTh DDR
unu SDRAM, a TakKe BHEIIHSSI MHKpPOCXeMa yIIpaB-
JIeHHW S MUTaHKeM. JIOTIOTHUTEIbHO MOKHO IIOAK/IIO-
YHTh TEPMOJATYMK U QJIelI-TIaMATh, e XPaHATCS

OcHoBHble NapamMeTpbl EPD-KOHTpONepoB KOMMNaHnu Epson

Yucno
_ o PaspeLue- _
Ha3Ba- NHTepdenc | rpagauumnm, H';e AncnnenHole BHewHsaa JononHnTenbHbIe
Hue CPU rnybmHa MaK(; OYHKLUNM namsaTb GYHKUMM
uBeta ;
Bblcokas ckopocTb
poc YteHne Waveform
Ao32no OGHOBAEHNA SKpaHa L0 64 MB | u3BHeWHeN NnamMaTn
S1D13521 16-6UTHLIM | WKane 4096x4096 | MynbTUpernoHasb- -
SDRAM MHTepdenc Tepmogatymka
ceporo HOe 06HOBIeHMEe
BcTpoeHHas ®ATMY
MosopoT
MynbTUpernoHasb- I MEB KapTunHKa B KapTuHKe
16-64THBIG Jo16 no Hoe 0bHOB/IeHME BCTDO- YTeHne Waveform ms
S1D13522 _ . | wkane 1024x768 MosopoT P - BHELIHEN NamMaTn
CepunHbLIv eHHOM .
ceporo MofepskKa rpaHnLbl MHTepdenc TepmogaTymka
SDRAM
naHenn BcTtpoeHHas ©AMY
0512 Mb
. | 4KuBeToB LiBeTHoe A Mpoueccop 06paboTkun
16-bnTHbIM [o16 no 2560%x2048 MynisTUperorans: | Mobunb- OMO/THUTE/IbHbIX LIBETOB
S1D13524 | CepunHbLIN HOe 06HOB/IEHME Has DDR A 4
wKane Cepoe O6HoBNEHNE
TFT ceporo 3200%x2560 fosopor m 015 pernoHos
P sorRAM | A9 PP
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Y

nocnefoBaTesbHbIN
OCHOBHOM 7
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TFT-uHTepdenc 1
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Puc.3. CTpyKTypHasa cxema KoHTponsepa S1D13524

mab7I0HBl BPeMEeHHBIX JUAarpaMM YIIPaBIeHUs! KOH-
KpeTHBIM JucivieeM. Kak u Bce EPD-KOHTpOJIIEPEL
KoMmIaHuu Epson, S1D13524 monnepskhBaeT OOHOB-
JleHHe BCero s3KpaHa MM He3aBHCHMoe 0OHOBIeHHUe
3KpaHa II0 perHoHaM. B cocTaB QyHKLIMH BXOAHUT
IIOBOPOT M306paskeHHUsI, IIPO3PaYHOe HAJIOKEHHe.

Jlis mpUIOkKeHUH, Ile He TpebyeTcsi IpHMe-
HeHHe IpaduyecKkoro AucIiuies, Epson BhIIycKaer
yHHBepCa/JibHble MHKPOKOHTpO/Iepsl cepuu S1C17
CO BCTPOEHHBIM KOHTPOJIEPOM cerMeHTHoro EPD.
MukpokoHTponnep SIC17F57 (puc.4) paspaboran
IJ1sl IPUMeHeHHUs B CUCTeMax C 6aTaperHBIM IIHUTa-
HHEM, COIEeP>KUT Ha KPUCTAJIIe MOAY/Ib YacoB peab-
HOTO BpeMeHH, Ipeobpa3oBaTenb HAIPSIKEeHUS
U TEPMOJATYHK.

TumnoBoe mnoTpebneHue KoHTposnepa SICI7F57
B aKTHBHOM peXHMe COCTaBasgeT 12 MKA MmOpu
YacToTe TaKTHUPOBaHUs 32768 I'1, mnorpebieHue
B pesxuMe oXuUAaHus - 120 HA. B KauvecTBe OMC-
Ijiess MOTYT HCIIO/Ib30BaThCsl, HaIlpUMep, CerMeHT-
Hele EPD-manenu SURF mpou3BOACTBA KOMIIAHHH
E Ink. TumoBble HpPHIOKEHHS - 3IeKTPOHHBIE
MeTKH, HHTe/UIeKTYyajbHble AUCIJIEM KU MaJiora-
bapuTHBle MHOOPMALIMOHHBEIE TablO0 C BO3MOXKHO-
CTBIO TUCTAaHIIMOHHOIO 06HOBJIEHUS 0TOOpasKaeMOH
UHPOpPMALIUH.

IlopTBepskaasi CTAaTyC Cepbe3HOr0 HIPOKA Ha
pbirike EPD-KOHTpO/I€pOB, B Mae 2011 rojja KOMIIaHH
Epson coBmecTHO ¢ kommaHued E Ink mpepcraBuia
KOMIUIEKT pa3paborynka S4J21010 Evaluation Platform
(puc.5, 6), KOTOPEIE MOXKHO KCIIO/Ib30BaTh ISl Pas3pa-
6otku EPD-nipubopos c paspemntenuem 300 dpi.

YTeHue ID naHenu
(SPI nunm 12C)

Y

TTF
E

KomIiekT co3maH Ha 6a3e Habopa MHKpocxeM
Epson u EPD-maHe/JIX BBICOKOIO pa3pelieHHsi KOM-
naHuu E Ink. B KayecTBe OCHOBHOIO IIpolieccopa
HCIIO0/Ib30BaH [BYXbsAepHBIN KOHTposaep CortexA9.
Kpome Toro, Epson pa3paborana cobcTBeHHBIN
KOHTpOJLJIep yIipaBieHHus HuTaHueM PMIC (Power
Management Integrated Circuit).

Maxenb EPD
64 cermeHTa

S1C17F57
Anpo S1CI7F57

RTC — yacol
peanbHoro
BpeMeHun

Ddnew- [pansep
namsaTb EPD

MoHuTOp
nuTaHus

NHTepdernchbl
SPIn12C

3BYKOBOW
reHepatop
MopTt
BXOAa/Bbixoaa

PagunoyactoT-
HbIV Npeo6paso-
BaTesb

FeHepaTop

B o

KHomnku

Puc.4. CtpykTypHas cxema MUKpoKoHTposnepa SICI7F57
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MporpaMmMHas yacTtb

MporpaMMHbIv NakeT [pansep ynpasieHus Linux-gpaviesep Epson
paspaboTumka nuTaHuem (kagpoBbint 6ydep) Waveform

$4)21220B

—>
> S$4)21230B

<«

<«

LP-DDR

Puc.5. CTpykTypHas cxema S4J21010 Evaluation Platform

CocraB $4)J21010 Evaluation Platform

JHCIUIeHHBIA MoAy/ab: EPD-TIaHesb C pa3pelle-
HueM 300 dpi, 4yHrcio Todek 2400x1650, muaroHasib
9,7 A0¥Ma; aJITOPUTM yIIpaBjeHUs aHenbio EPSON
high speed waveform.

Habop MHKpocxeM: [ByXbsifiepHbIE CortexA9
CPU Epson S4J21220B; EPD-koHTpos/ep Epson
S4J21210B; koHTpo/iep mnuTaHus PMIC Epson
S4J21230B.

OcHOBHasi maMsaTh: RAM: 256MB, LP-DDR (Low
Power DDR) 32-paspsiiHasi IIMHA AAHHBIX, DDR400;
ROM: ¢pnemr-namats 8 I'b, ¢prenr-mamMaTs Ha MHUKPO-
cxeme Embedded MultiMediaCard 8 I'b (Embedded
MultiMediaCard - sTto MukpocxeMa B Kopmyce BGA,

Puc.6. KomnnekT S4J21010 Evaluation Platform

<«

HE B

®Onew

Mopaynb EPD-nanenn

S4J21210B 2400 x 1650

>

(300 dpi)

LP-DDR  EPD Power IC

KOTOpasi COOEP’KUT COOCTBEHHO KPHUCTA/UI MaMSTH,
a Tak>Ke YIIPaB/SION UK KOHTPOJLIED).

Bugeonamsarte: 128MB, LP-DDR 16-6ut bus,
DDR400.

HHuTtepdericer: USB-meBaric mopt: USB2.0 BBICOKO-
cropocTHO; USB-xocT mopT: USB2.0 BRICOKOCKOPOCT-
Ho; SD card and SDIO; cTepeo-ayiH0 BXOJ,/BBIXOZ.

DHepromoTpebieHHe (TUIIOBBIE 3HAYEHUS):
aKTUBHBIN peXXuM 1,11 BT; sxAoymuil pexxuM 7,4 mBT;
peskum System-off.

Kommanuga Epson coTpygHHYAeT C pas3Iny-
HBIMH KOMIOAHUSAMU-IIPOU3BOOUTeNAIMH EPD-
naHener. Hampumep, B okTssbpe 2010 roma Kom-
naHus Epson u BeAylias TaklBaHbCKasi KOMIIAHUS
mo BeImycky EPD-manener CHI LIN Technology
Co. (CHILIN), 3aKJIIOYHIN [IapTHepCKoe corjalie-
HHe 0 COBMeCTHOH pa3paboTke KOMIIOHEHTOB EPD
JUISL IIPOMBIIIJIEHHOTO IIpUMeHeHUs. Eme omHHUM
napTHepoM Epson sBjsieTcs KoMIaHHs Pervasive
Displays, xoTopast BelmyckaeT EPD-maHenu
BBICOKOTO pa3pelleHHs C AHaroHaabo oT 1,44
no 10,2 grorMa, a TakKXXe 3aKOHYeHHBbIe IIPOJYKTHI
Ha 6a3e CBOMX ITaHeJIeH.

JIMTEPATYPA

1. CemwuHap xomnanuu Epson, utonp 2011, Fepmanus,
XaHIe/nbxalM.,

http://www.epson-electronics.de
http://www.eink.com/
http://www.chilintech.com.tw/
http://www.pervasivedisplay.com/
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