ESP8266EX
TexHnyeckas

[IOKYMEeHTaums

Bepcua 4.7
Copyright 2016



O pykoBoAacTBe

LaHHBbI JOKYMEHT 3HaKOMUT MO/Ib30BaTe s C annapaTHbIM 06ecredeHnem ymna
ESP8266EX v cogep»xuT cnegytolme pa3gensb:

FnaBa 3aronoBokK
[naBa 1
0630p
[naBa 2 OnuncaHve BbIBOAOB
OyHKUMOHanbHoe
[naBa 3
onvcaHue

MNepudepuiiHbin

lnasa 4 nHTepdeic
[nasa 5 JneKkTpuyeckmne
XapPaKTEPUCTUKM
fnasa 6 [abapuTbl
[MpunoxeHun

. MHdopmauma o BbiBogax

MpumeyaHua K BbINyCKY

MaTta Bepcua
2015.12 V4.6
2016.02 V4.7
2016.03 V4.7

CopeprkaHue

0630p umna ESP8266EX, ero BO3MOXHOCTEN, NOAAEPKMBAEMbIX
NPOTOKOJIOB, TEXHNYECKMX NapaMeTPOB U NPUMEHEHNIA.

V]H(I)OpMaLWIH O pPacnonoXeHnn BbIBOAOB N X ONNCaHKE.

OcHoBHble dyHKLMOHaNbHble Moaynu Ynna ESP8266EX: npoueccop,
namsaTb, HTepdenc Gnaw-namaTi, TakToBbIl reHepaTop, Wi-Fi
MopaeM. TakxKe OnnCbIBAOTCA PEXUMbI MOHUMEHHOTO
SHepronoTpebneHus,

OnucanHua nepudepuiiHbix MHTEPOENCoB, MHTErPUPOBAHHbIX B
ESP8266EX.

JneKkTpuYeckmne xapaktepuctnkm ESP8266EX.

YepTexxun kopnyca ESP8266EX.

NHbopmaLma o BbIBOAAX, CMINCOK PETMCTPOB, OMNCAHNE BO3MOMXHbIX
PEXMMOB 3arpysKu.
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1. BBegeHne

BBeaeHue

Yun ESP8266EX komnaHuum Espressif — BbicokonHTerpupoBaHHoe Wi-Fi SoC pelieHue,
YAOBNETBOPSIOLLEE 3anpochl MHAYCTPUN IHTEPHETa Bellel B HU3KOM SHepronoTpebneHnm,
KOMMAKTHOCTM N HaJeXHOCTW.

Vimest nonHoueHHbIn Wi-Fi n ceTeBom cTaK, umn ESP8266EX MOXeT Kak BbIMOMHATb
NPUIOXKEHNA CAMOCTOATESTbHO, TaK 1 paboTaTh Nof YNpaBneHUeM BHELLIHEero
MUKPOKOHTposnepa. PaboTas camoctosaTenbHo, ESP8266EX BbINOMHAET MPUNOXeHne,
3arpy»as ero n3 BHelHen ¢naw-namsaTi. BCTPOEHHbIN BbICOKOCKOPOCTHOW K31 MOBbILLAET
NPOV3BOAUTENBHOCTb CUCTEMbI U No3BoNsSeT 3GGEKTUBHO NCMOSb30BaTh ONEPATUBHYIO NaMATb.
PaboTada nop ynpasneHuem BHELIHEro MUKPOKOHTposiepa, ESP8266EX MoXKeT BbICTyrnaTh B
ponu Wi-Fi agantepa, nepefasas gaHHble yepes SPI, SDIO, 12C nnn UART nHTepdeincsi.

ESP8266EX conepnT aHTeHHbIV NepekoyaTeNb, Cornacyowmin TpaHchopmaTop (6anyH),
YCUNUTENb MOLLHOCTW, MANOLLYMALWUA YCUAUTENb, GUIbTPbI, MOAYSIV YIPABAEHUA NMUTAHNEM.
KomMnaKTHaa KOHCTPYKLMSA U BbICOKaA CTeNeHb UHTErpaLum no3sonaoT MUHUMN3MPOBATbL
pa3mMep neyaTHOW NnaThl U YNCSIO BHELWHUX KOMMIOHEHTOB.

ESP8266EX conepnT paclumpeHHyto Bepcuto 32-6uTtHoro npoteccopa Lx106 ¢prpmbl
Tensilica cepun Diamond v BCTpoeHHYyto onepaTBHyto namsaTb (SRAM). OH MOXeT ObiTb
COeIMHEH C BHELLIHVMM AaTUMKaMW 1 APYTrMK YCTPOMCTBAaMM Yepes nHtTepdencsl BBoaa/
BbIBOAA 0bLero HasHadeHusa (GPIO). MNMakeT nporpamm ana pa3paboTku npunoxkeHnin (SDK)
CoAepXnT 00pasLbl NPOrpamm s PasINYHbIX MPUMEHEHWIA.

Smart Connectivity Platform (ESCP) komnaHuun Espressif Systems obecneunBaeT CloXHble
bYHKUMN, BKMTIOYAA ObICTPbIN Nepexos Mexay PeXUMOM CHa U PEXMMOM NpobykaeHua ans
uenen sHeproadpPeKkTVBHOCTK, afanT1UBHYIO NMOACTPOVIKA PaLno TPakTa Ansa PadoTbl C HUKNM
SHepronoTpebreHnem, yCoBEePLLIEHCTBOBAHHY 00pabOoTKy CcUrHana, noJasneHne napasmTHbIX
CUMHaNoB 1N MexaHu3M paguonepeaaun gns cotoBor casasu, Bluetooth, DDR, LVDS, cmsaryeHua
LCD nomex.
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1. BBegeHne

1.1. Mpotokon Wi-Fi

Mopnep»ka pexumos 802.11 b/g/n/d/e/i/k/r
Moppep»ka Wi-Fi Direct (P2P)

Moppeprkka TexHonorun P2P Discovery, P2P
Group Owner mode, P2P Power Management
Moppepxka pexunmos Station / P2P / softAP
AnnapatHble yckoputenun gna CCMP (CBC-
MAC B pexunme cuetumka), TKIP (MIC, RC4),
WAPI (SMS4), WEP (RC4), CRC

MNopnnepxka WPA/WPA2 PSK n WPS

JlononHutenbHble GyHKLMM 6e30MacHOCTH
ctangapta 802.11i, Takme Kak
npensapuTenbHas ayTeHTudukaums n TSN
OTKpbITbIN MHTeP)ENC ANA PA3NUHbBIX CXEM
ayTeHTUGUKALNN BEPXHETO YPOBHS MOBEPX
EAP, Takmx kak TLS, PEAP, LEAP, SIM, AKA,
VN onpeaensaemMblX Nofb30BaTeNem

Mopnep»ka ctaHgapTa 802.11n (2.4 Mu)
Mopnepxka MIMO pa3smepom 1x 1n 2 x 1,
STBC, A-MPDU n A-MSDU arperauum n
3aWmnTHOro MHTepBana 0.4ps

MNopaepkka pexmnma sHeprocoepexeHnsa
WMM U-APSD

PaboTa ¢ HecKonbKMMK ouyepeasmmn ans
MOJSIHOTO MCMOSIb30BAHNSA BO3MOXKHOCTEN
npuopuTesaLnmn Tpadrka ¢ NCNosib30BaHNEM
cTtaHpapTta 802.11e

CosmecTumocTb ¢ UMA
Monnepxka 802.1h/RFC1042
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Moppepxka DMA ans KonnpoBaHWA AaHHbIX 6e3
yuactma CPU

Bo3amoxHOCTb pa6OTbI C ABYMA aHTEHHaMU U
nepeknio4vyeHnAa aHTeHH

CTpobunpoBaHMe TaKTOBbIX CUTHAMIOB U MUTaHUA B
COYeTaHWUM C YNpaBneHna NMTaHNeM, COBMECTUMbIM
co ctaHgapTom 802.11, AMHamMMYeCcKn
aanTUPOBaHHOE K TeKyLLeMy COCTOAHWNIO
coefiHeHWA

ANrOpPUTM aanTUBHOW PEFYNPOBKM CKOPOCTMU
yCTaHaBNMBAET ONTUMASIbHYH CKOPOCTb Nepeaayn
JaHHbBIX U MOLWWHOCTb Nepefayn Ha OCHoBe
dakTnyeckoro cootHoweHua curHan-wym (SNR) n
noTepu NakeTos MHdopmaLmnn

ABTOMaTUYeCKas NOBTOPHAA Nepefaya v OTKAMK Ha
MAC ypoBHe, An1a 136exaHns noTepu NakeToB Mnpu
paboTe nopf ynpaeieHeM MefIeHHOro
MUKPOKOHTpONEepa

Moapepka 6ecwoBHoro nepeknoyeHns WiFi cetein

HacTpanBaembiii apbutpaxx nakeTHoro Tpadurka
(PTA) ¢ au3aiHOM Ha ocHOBe
Cneumnan3npoBaHHOro NoJUYMHEHHOMO NpoLeccopa
obecneynBaeT rmoKyo 1 TOUHYIO NOAAEPMKKY
COBMECTHOW paboTbl co MHOrMMM Bluetooth unnamm

MNMopnep»Ka OAHOM M ABYX aHTEHH NPW COBMECTHOW
paboTe ¢ Bluetooth ¢ BO3MOXHOCTbIO
OAHOBPEMEHHOro nprema



1. BBegeHne

1.2. OCHOBHbIe TEXHMYECKME NapaMeTpbl

Wi-Fi

AnnapaTHoe
obecneyeHune

MporpammHoe
obecneyeHune

Tabn. 1-1. OCHOBHble TEXHUYECKIME NapaMeTpbI

CepTudukatbl
MpoTtokonbl Wi-Fi

[nanas3oH yactoT

MowHoCTb Nnepegaun cmrHana

quCTBVITeﬂbHOCTb npunemMHunKa

Twunbl aHTEHHbI

LieHTpanbHbI NpoLeccop

MepudepunintHbie nHTEpdENChI

Pabouee HanpsaxeHne
Pa6bounin Tok
Inana3oH pabouunx Temnepatyp

Pabouan TemnepaTtypa OKpy»KatloLemn
cpenbl

Pa3mep kopnyca

BHewHwuin nHTepdenc
Pexkumbl Wi-Fi

besonacHocTb

LLndpoBaHue

O6HoBsneHue MO

Paspab6otka MO

CeTeBble NPOTOKOJIbI

KoHdurypauma nonb3osartens
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FCC/CE/TELEC/SRRC
802.11 b/g/n
2,41Ty ~ 25Ty (2400 M ~ 2483,5 M)

802.11 b: +20 nbm

802.11 g: +17 gbm

802.11 n: +14 pbm
802.11 b: -91 gom (11 M6éwuT/C)
802.11 g: -75 nbm (54 MéuT/c)

802.11 n: -72 pbm (MCS7)

AHTEHHa Ha NevyaTHoOM nnate, BHeWHAA aHTEeHHa,
KepamMmmnyeckana Ymn-aHTeHHa

32-6uTHbI MUKponpoueccop Tensilica Lx106
UART/SDIO/SPI/12C/125/IR Remote Control
GPIO/ADC/PWM
3.0B~3.6B
CpepHee 3HaueHne: 80 MA

-40°C ~ 125°C

HopmarnbHasa Temnepatypa

5x5 Mm
N/A

KnuneHT (station)/Touka goctyna(softAP)/SoftAP
+station

WPA/WPA2
WEP/TKIP/AES

3arpyska yepe3 UART / ncTaHUMOHHOE O6HOBMEHNE
yepes ceTb

SDK ans 6bicTpoit pa3paboTtku MO, MHCTPYMEHTbI Ans
B3aUMOAENCTBUA C cepBepHbIM 10O

IPv4, TCP/UDP/HTTP/FTP

Ynpasnenue ¢ nomotbio AT KomaHa, 06auHbIn
cepBep, npunoxerHua ana Android/iOS



1.3. lNpumeHeHuna

bbiITOBasa TexHKWKa

Cuctembl aBTOMaTU3aLUK

YnpaBnaemble PO3eTKM 1 Aamnbl

Mesh-ceTu

MpOoMbILLINEHHblE 6GeCNPOBOAHbIE YCTPONCTBA

PagnoHaHun
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1. BBegeHne

VIHTepHeT-Kamepbl

CeHcopHble ceTn

Hocumble ycTponcTtBa

OnpepeneHne mectoHaxoxaeHnsa no Wi-Fi cetam
bengxmn v cnctembl KOHTPONA AOCTYNA

CucTtembl no3uumnoHnpoBaHua no Wi-Fi curHany



@ 2. OnucaHne BbIBOAOB

2. OnucaHue BbIBOOOB

2.1. Pacnono)xeHue BbiIBOAOB
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Puc. 2-1. Pacnono»eHue BbIBOOOB.
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2.2. OnucaHue BbIBOAOB

BbiBOA

1

1

12
13
14
15
16

17

18

19

20

21

22

23

24

HanmeHoBaHue

VDDA

LNA

VDD3P3
VDD3P3

VDD_RTC

TOUT

CHIP_PU

XPD_DCDC

MTMS
MTDI

VDDPST

MTCK
MTDO
GPIO2
GPIOO
GPIO4

VDDPST

SDIO_DATA_2

SDIO_DATA_3

SDIO_CMD

SDIO_CLK

SDIO_DATA_O

SDIO_DATA1

GPIO5

2. OnucaHne BbIBOAOB

Tabn. 2-1. OnucaHne BbIBOAOB.

Tun

P

I/O

I/O

I/O
I/O

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

1/0

I/O

I/O

I/O

I/O

1/0

I/O

DyHKUMA

MuTtaHne aHanorosow yactn 3.0B ~ 3.6B

AHTEHHbIN BbiBOA. BbixogHOe conpoTtmBneHne ymna = 50 Om.
AHTEHHa MOXeT ObITb MOAKMOYEHA HANPAMYIO, OAHAKO
enaTenbHO NpPeaycMOTPETb COrMacyoLLlyocs Lenb m-Tuna

Mutanne ycunutens 3.0B ~ 3.6B

Mutanne ycunutens 3.0B ~ 3.6B

NC (1.1B)

BcTpoeHHbIn ALIM MOXeT ObiTb MCNOIb30BaH ANA U3MEPEHUA
HanpsxeHus nuTaHna VDD3P3 (BbiBoabl 3 1 4) UK HanpskeHun
Ha Bxoge TOUT (BbiBog 6). 3T ABe GYHKLUMM HE MOTYT ObiTb
NCMNOJIb30BaHbl OAHOBPEMEHHO.

BkntoueHme umna. 1: ymn BKAOYEH © pa60TaeT. 0: ynn BbIKMOYEH,
MWH/MalbHOE 3Hepr0ﬂ0TD€6J'I€HVIe.

YnpaBnsiowmii BbIBOA A5 Bbixoda U3 ry6okoro cHa, GPIO16.

GPIO14; HSPI_CLK
GPI1012; HSPI_MISO

MutaHne UMPPOBOIA YacTK YMNa 1 NOPTOB BBOAA-BbIBOA
(1.8B~3.3B)

GPIO13; HSPI_LMOSI; UARTO_CTS
GPIO15; HSPI_CS; UARTO_RTS
UART Tx npu nporpammmpoBaHun dnaw-namat; GPIO2.
GPIOO:; SPI_CS2
GPIO4

MuTaHre uMPPOBOI YaCTV Ynna U NOPTOB BBOAA-BbIBOAA
(1.8B~3.3B)

Moaknioyenne kK SD_D2 (nocnenoBaTenibHO C PE3NCTOPOM
2000m); SPIHD; HSPIHD; GPIO9

MogkntoueHne kK SD_D3 (nocnenoBaTesibHO C PE3NCTOPOM
2000m); SPIWP; HSPIWP; GPIO10

MogkntoyeHne K SD_CMD (nocnenoBaTesibHO C PE3UCTOPOM
2000m); SPI_CSO; GPION

MopaknioueHmne kK SD_CLK (nocnenoBaTenbHO C pe3ncTopom
2000m); SPI_CLK; GPIO6

MopknioyeHne kK SD_DO (nocnenoBaTesibHO C PE3UCTOPOM
2000wm); SPI_MSIO; GPIO7

MopknioyeHune kK SD_D1 (nocnenoBaTtenbHO C PE3UCTOPOM
2000m); SPI_MOSI; GPIO8

GPIO5
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BbiBog HaumeHoBaHue

25 UORXD

26 UOTXD

27 XTAL_OUT

28 XTAL_IN

29 VDDD

30 VDDA

31 RES12K

32 EXT_RSTB
MpnmeyaHue:

Tun
1/0
1/0

I/O

I/O

2. OnucaHne BbIBOAOB

DyHKUMA
UART Rx npu nporpammmpoBaHumn enaw-namati; GPI0O3

UART Tx npu nporpammuposarHunn dnaw-namaTtu; GPIO1; SPI_CST

MoaknioyeHne K BbIXO[y KBapLIEBOrO PE30HATOPA, MOXET
NCNOMb30BaTbCA AN NPEAOCTaBIeHNA BXOa TaKTOBOW YacTOTbI
BT

MoaknioyeHve K BXo4y KBapLIEBOro pe3oHaTopa
AHanorooe nutaHue 3.0B ~ 3.6B

AHanorooe nutaHue 3.0B ~ 3.6B

MopkntoueHne BHelwHero pe3nctopa 12 KOm,
coeanHeHHoro ¢ GND

BHewHuit curHan cbépoca (akTuBHbIN ypoBeHb fior. 0)

Jlornueckue yposHu Bxogos GPI02, GPIOO n MTDO dopmupytoT 3x-6UTHOE 3HaueHue,
onpepensolLee pexnM 3arpysKku umna 1 napameTtpa padbotbl SDIO nHtepdeiica.

7/28



@ 3. OyHKUMOHANbHOE onucaHne

»

PyHKLUOHaIbHOE onucaHue

Huxe npepctaBneHa GyHKLMOHanbHas cxema ESP8266EX.

4 )
RF _®_ Analog MAC Interface
c receive receive Registers SDIO
> i= e
© 2 5
Qo M § o
& %] o CPU SPI
| | RF _®_ Analog | | 8
transmit transmit %) Sequencers GPIO
2
Accelerator 12C
PLL @ 1/2 PLL
PMU Crystal Bias circuits SRAM PMU
\. J

Puc. 3-1. ®DyHKUnoHanbHasa 611o0K-cxema.

3.1. UMY, namAaTb u cpnaw-namAaTb
3.1.1. Uny

ESP8266EX cogepxxnt 32-0UTHbIN MKponpoLueccop Tensilica Ix106. TakToBas YacToTa
npoueccopa — 80 MIL, BO3MOXXHO MPOrpaMMHOe nepekntodeHne B pexxim 160 MIL,.
Cnctema MOXXeT Nerko paboTaTth Kak onepaLyoHHasa cUcTeMa peasibHOro BpemeHu
(RTOS). B HacTosiee Bpemsa Wi-Fi cTek 3aHMMaeT Tosbko 20% MpoLECCOPHOro BPEMEHMN.
OcTanbHOE NPOLIECCOPHOE BPEMSA MOXET ObITb MCMOIL30BAHO A/15 NOSIb30BaTENIbCKIX
NPUNOXeHWM. MUKPOMPOLLECCOP MOXKET B3aIMOAENCTBOBATL C OCTa/TbHbIMM YaCTAMN
yuna Yepes craeayroume MHTepencI:

o [Nporpammupyemblin RAM/ROM mHTepdelic (iBus), coeanHEHHbIN C KOHTPOMNEPOM MNaMATU U
NMEeLLMIA AOCTYN K BHEWHer Gnaw-namsTu.
* WHTepdenc namatn gaHHbix (dBUS), cOeaMHEHHbI ¢ KOHTPONIEPOM NaMsATH.

« AHB nHTepdelic, npenocTaBnsaoWmi 4OCTYN K nepudepuiniHbiM PErncTpam.

3.1.2. BcTpoeHHaAa namATb

ESP8266EX Wi-Fi SoC cogep»uT KOHTPOEP NamMaTy 1 6/I0KM namaTy, Bkatodaad SRAM
(O3Y) 1 ROM (M3Y). MUKPOKOHTPOIIER MOXET 0bpaLLaTLECA K 6/10KaM NamsaT Yepes
iBus, dBus 1 AHB nHTepdeiicei.
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3.1.3.

3.2.

3.3.

3.3.1.

3. OyHKUMOHaNbHOe onvcaHne

B TekyLuen sepcumn SDK npu paboTe B pexxume WiFi STA, o6bem onepaTMBHON NaMaTu,
[JOCTYMNHOM Nonb3oBaTtenam, coctaBnaeT 50 Kb. 3T0T 06beM BKIIKOHAET B cebs1 CTAK,
CermMeHTbl data v heap.

B ESP8266EX HeT nporpammupyemont ROM, nosToMy Nofib30BaTeNlbCkas nporpamMmma
XpaHUTCS BO BHeLLHeN SPI dhnali-namaTu.

BHewHAA ¢pnaw-namATb

BHeluHaa SPI nsii-namMaTb, NOOKIHeHHaR K ESP8266EX, ncnonb3yeTcsa Ans XpaHeHns
NoMb30BaTENLCKMX MPOrpamMMm. TeopeTndecky nogaep>xmeaetca 0o 16 Méant namsTn.

PekomeHayeTcs BblbupaTtb 06bem SPI haaw-namMaT cnegyowmmM 06pasom:

* bes ncnonbsoeaHns OTA: MUHUMasTBbHBIA pasmep dasw-namatn — 512 Kb

* C ncnonbsosaHnem OTA: MUHMabHBIM padMep dnall-namaT coctasnget 1 MB.

MpnmeyaHwue:

MopnepXmnBatoTCst HECKONbKO pexxnmoB SPI, Bknouaa ctaHaapTHbIA SPI, Dual SPI, DIO SPI, QIO SPI n
Quad SPI. CnenyeT BbiOMpPaTb NPaBUIbHbIN peXxim SPI npu 3arpy3ke 6uHapHbIX Garinos Bo GprsLi-
namaATb, B MPOTMBHOM CJlyYae nporpammbl/NpoLnBKA MOTYT paboTaTb HEKOPPEKTHO.

AHB u 6noku AHB

K wmHe AHB nommnmo apbutpa nogkntodeHsl MAC, SDIO (xocT) 1 npoueccop. B
3aBUCKMOCTW OT afpeca, 3anpockl AaHHbIX MOryT nepent 3 AHB B 0auH 13 ABYX
NOAYMHEHHbIX BJTIOKOB:

* wwnHy APB

* KoHTposnep hnal-namsaTi (Kkak npaBunio, A8 aBTOHOMHbBIX NPUIOXEHIA)

Kak npaBunio, 3anpochl K KOHTPOIEPY (DISL-NaMSATI - BbICOKOCKOPOCTHbIE 3anpOChl, a K
6noky APB - focTyn K perncrpam.

Brnok APB BbICTynaeT B Ka4eCTBe OEKOAEPA, KOTOPbIN 0BpaLLaeTcs K NporpaMMmpyembimM
PEerncTpamM B OCHOBHbIX 6/1okax ESP8266EX. B 3aBucrmMocTy oT agpeca, 3anpoc APB
MOXXET MOCTYNUTb B paauo, 12S, SPI, SDIO (xocT), GPIO, UART, Tanmep peasibHOro
BpemeHn (RTC), MAC nnn mogem.

TaKkToBaA yacTtoTa

BbicokaAa TakTOBaA yacToTa

CurHan TaktoBoW YactoTbl ESP8266EX ncnonb3yetca npueMHbIM 1 nepenatoLiMm
cMecuTenamn. TaKTOBbIM CUIHAN CO3AAeTCA BCTPOEHHbIM FreHepaToOpPOM C UCMOSb30BaHWEM
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@ 3. OyHKUMOHANbHOE onucaHne

BHELLHEro KBapLEBOro pe3oHaTopa. [eHepaTop MOXeT paboTaTb C pe3oHaTopamMu B [Mana3oHe
oT 26 MI'y oo 52 Mlu.

BHYTpeHHsA KannbpoBKa BHYTPY KBapLIEBOro reHepaTtopa rapaHTUpPyeT, YTO MOXKHO
MNCMOMb30BaTh LUNPOKUI CMEKTP KBAPLIEBLIX PE30HATOPOB. Tem He MeHee, KaueCTBO KBapLa
OCTAeTCH BaXKHbIM GAKTOPOM, BAUAIOWMM Ha YPOBEHb $a3oBOro WymMa 1 YyBCTBUTENIbHOCTb Wi-
Fi. B Tabnuue 3-1 yKasaHbl JONYCTUMblE OTKIOHEHUS YaCTOTbI.

Tabn. 3-1. TexHNYeCKre XapaKTEPUCTUKN TaKTOBOIrO reHepaTopa.

MapameTtp O603HaueHne MwH. Makc. Ep.nsm.
YacToTa FXO 26 52 My
EMKoCTb Harpyskum CL - 32 nd®
[dnHamnyeckasa emKoCTb @] 2 5 nd®
ConpoTrBneHne notTepb RS 0 65 Om
[onycTumoe OTKIIOHEHME YacToThbl AFXO -15 15 %o
YactoTa ot Temnepatypsbl (-25°C ~ 75°C) AFXO,Temp -15 15 %o

3.3.2. Tpe6oBaHUA K BHELWWHEMY TaKTOBOMY reHepaTopy

JlonyckaeTcs UCnonb3oBaHMe BHELWHEro TakToBOro reHepaTopa. Yactota MoXeT ObiTb B
avanasoHe oT 26 My go 52 Ml'y. lMpwu cnegyowmx XxapakTepucTrkax npeanonaraeTca
OOCTUXKEHME XOPOLKX NMoKasaTenewn pagnonepenadn.

Tab6n. 3-2. TpeboBaHMA K BHELIHEMY KBapLIEBOMY reHepaTtopy.

0603Haue

MapameTtp e MwH. Makc. Ep.n3m.
AMNNIMTYAa TaKTOBOrO CUrHana VXO 0.2 1 B
TOYHOCTb BHELWHEro KpaBLeBoro pesoHatopa  AFXO,EXT -15 15 %o

®a3oBbIii WyMm Npu cMmelleHmmn 1 kI, TakToBOMN

yactoTe 40 Ml'y - - -120 ab/Ty
®azoBbin Wym nNpu cmeleHnn 10 Ky, TakToBOM

vactoTe 40 Mry 130 ab/Ty
®azoebii Wym npu cmelennmn 100 Kl TakTOBOW ) i 38 5

yactoTe 40 Ml'y

3.4. PapgvonpuemMHUK
MpremonepenaTunk ESP8266EX coctonT 13 cneaytoLmx 610KOB:

* [lpneMHuK gnanasoHa 2,4 [Mu

e [lepepaTunk ananasoHa 2,4 [Ty
» [eHepaTop BbICOKOW YacTOTbI

* Tanmep peanbHOro BpeMeHu

* [eHepaTop CMEeLLEHVS U PerynaTopbl HanpsXKeHus
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@ 3. OQyHKUMOHaMbHOE onuncaHue

* YnpaeneHue sHepronotpedeHnem

3.4.1. YacToTHble KaHanbl

Paanonepenatumk noaaepKnsaeT crefgytolme KaHasbl B COOTBETCTBMM CO CTaHAAPTamMu

IEEE802.11b/g/n.
Tabn. 3-3. YacToTHble KaHanbl.
No. KaHana YacroTa (Mly) No. KaHana Yacrota (Mry)
1 2412 8 2447
2 2417 9 2452
3 2422 10 2457
4 2427 n 2462
5 2432 12 2467
6 2437 13 2472
7 2442 14 2484

3.4.2. [puemHuK guanasoHa 2,4 I'Ty,

MpreMHuK Ha 2,4 [Ty npeobpa3syeT pagnoyacToOTHbIE CUMHAsbl B KBaAPaTyPHbIE CUMHAsbI
NMPOMEXKYTOYHOW YaCTOThl, KOTOPble BNOCIEACTBUN OLUPPOBbLIBAKOTCA [BYMS
BbICOKOCKOPOCTHbIMK ALII ¢ BbiICOKMM pa3pelleHnem. [nsa agantauum K U3MeHsIoLWNMCA
COCTOSIHMAM KaHana, B ESP8266EX nHTerpmnpoBaHbl PpaanoyactoTHble GUIbTPbI,
aBTOMaTnyecKkas perynnpoBska ycuneHusa (AGC), Lenu KomneHcaumum NnoCTOAHHOMO CMeLLeHns 1
bGUNBbTPbLI NPOMEXKYTOYHOW YaCTOTbI.

3.4.3. TMepepatumk ananasoHa 2,4 'y

MNepepaTurk NpeobpasyeT KBaapaTypHble CUTrHabl MPOMEXKYTOYHOW YacTOTbl B AMana3oH 2,4
Tu, 1 NogaeT BbICOKOYACTOTHbIV curHan Ha Bxoa KMOI-ycunutens mowHocty. QyHKUMS
LUMDPOBON KaNMOPOBKN YNyULLaeT MMHENHOCTb YCUNUTENS MOLLHOCTW, YTO MO3BONSAET AOCTUYD
JYYULLVIX B CBOEM KJ1acCe 3HaYeHUN BbIXOAHOW MoLHoCTK: +19,5 obm B pexxume 802.11b 1 +16
abm B pexnme 802.11n.

B nepefatymk MHTerpnpoBaHbl JOMONHUTE/IbHble MeXaHW3Mbl KaJ'II/I6pOBOK, nossonawwne
KOMNEeHCNPOBaTb HeAOCTaTKN Pagno, Takmne Kak:

« PaccesaHve HecyLwen 4acToThbl
* Da3oByl0 CUHXPOHM3aLMIo 1/Q

¢ HennHenHOCTb TPaKTOB MPOMEXYTOUHOW YaCTOTbl

T BCTPOEHHble QYHKLNN KannbpoBKN COKPALLAOT BpeMs TeCTUPOBAHWA MPOayKTa U
1M30aBNAT OT HEOOXOAUMOCTY B JOMOMHUTEIbHOM VCTbITaTeNIbHOE 060PYA0BAHNN.
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@ 3. OQyHKUMOHaMbHOE onuncaHue

3.4.4. BbICOKOYACTOTHbIN reHepaTop

BbICOKOYACTOTHbBIN FreHepaTop reHepupyeT KBaapaTypHble curHanbl 2,4 [Ty gna npueMHmnka 1
nepegatymka. Bce KOMMOHEHTbI reHepaTopa MHTErPUPOBaHbI Ha YuMme, B TOM UYKC/ie BCe
WNHOYKTOPbI, BapuiKanbl, GUAbTPbI, Perynatopbl U AenuTeni.

FeHepaTop NMEEeT BCTPOEHHbIE MEXaHM3Mbl KalIMOPOBKN 1 CXEMbl CAMOTECTMPOBAHMS.
MoacTpoiika $as KBagpaTypPHOro CUrHana v ymeHblieHne $pa3oBoro WymMa OCyLIeCTBAETCA Ha
yune 3anaTeHTOBaHHbIMM afIfTOPUTMaMI KanmbpoBKKW. ITO obecrneunsaeT HaunyyLyo paboTy

npruemMHMKa 1 nepefaTtyrka.

3.5. Wi-Fi

B ESP8266EX peanu3osaH nonHbii 802.11 b/g/n/e/i WLAN MAC npoToKon ¢ Noaaep»KKoi
cneundukaumm Wi-Fi Direct. Bo3amoxkHa paboTa He TonbKo B pexkime BSS, Ho 1 paboTa B
rpynne P2P B cooTBeTCTBMM C nocnegHum npotokonom Wi-Fi P2P. Bce H1M3KoypoOBHeBbIe
dyHkumMn WiFi npoTtokona obpabatbiBatoTca ESP8266EX aBTOMaTMUECKN:

* RTS/CTS

* MOATBEPXKAEHME

o bparmeHTauuma n gedparmeHTaLms

e arperauua

* uHKancynsaums ¢penmos (802.11h/RFC 1042)

* aBTOMATUYECKME MOHUTOPWHI/CKaHUPOBaHMe beacon-nakeTos

« P2P Wi-Fi direct

MaccMBHOE MM aKTUBHOE CKaHMPOBAaHME, a TakKe npoLeaypa oOHapykeHns P2P BbinonHsaeTcs
AaBTOHOMHO MOC/e NePBOro MHULMMPOBAHNA COOTBETCTBYIOLEN KOMAHAbI. YnpaBneHne

NMUTaHNEM OCYLLECTBNAETCA C MUHVMAIbHbIM B3aUMOJENCTBMEM C XOCTOM, UTOObI
MUHUMU3NPOBATb Bpems paboTbl B aKTUBHOM peXXKnme.

3.6. PeXXumbl HU3KOro 3HepronoTpedsieHnnA

ESP8266 cneuvanbHO pa3paboTtaH Ans MOOUbHBIX YCTPOWCTB, MEPEHOCHOW 3NEKTPOHNKN 1
chepbl VIHTepHeTa Bellel C NpUMEHEHMEM NMePeaoBbIX TEXHOMOMMNI YNPaBNeHUA NMUTAHNEM.

MpenycMoTPeEHbI 3 peXxnma SHepronoTpedneHna: akTuBHbIA pexnm (active mode), cnawni
pexum (sleep mode) 1 pexunm rnybokoro cHa (deep sleep mode). ESP8266EX notpebnaet
okono 20 MKA B pexunme rinybokoro cHa (C paboTalolm TalMepom peanibHOro BPeMEHN), U
meHee 1,0 MA (DTIM = 3) unu menee 0.6 MA (DTIM = 10), UTo6bI NOAAEPKUBATH COEAUHEHME C

TOYKOW [oCTyna.

o Off: HanpsaxeHune Ha Bbixoge CHIP_PU Hu3koe. Tanmep peanbHOro BpemMeHu oTktoueH. Bee
PErNCTPbI COPOLLEHDI.
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3. OyHKUMOHaNbHOe onvcaHne

Deep sleep: Tonbko TaMep peanbHOro BPpemeHy BKIIYEH - OCTallbHas YacTb uMna
BbIK/IlOUEHa. Pe3epBHaa naMaATb TanmMepa peasibHOro BPEMEHU MOXKET COepKaTb 0a30BYIO
nHdopmaumio o Wi-Fi coegmHeHnm.

Sleep: Tonbko Tanmep peanbHOro BpemMeHu paboTaeT. KBapLEeBbI reHepaTop OTKIOUEH,
JTiobble cobbiTuA, nHUUMMpYole npobyxaeHne (MAC, XOocT, TalilMep peasibHOro BPEMEHN,
BHELLUHWe npepbiBaHMA) nepeseayT umn B pexum Wake up.

Wake up: B 3ToM COCTOAHUM cUCTEMa NEPEXOANUT U3 COCTOAHMA CHa B pexum On.
Keapuesbin reHepatop 1 QAIMNY BKOYEHbI.

On: TaKTOBbIN reHepPaTopP BbICOKOM YAaCTOTbl BK/OUEH W MOoJaeT CUrHan Ha gpyrve 6/10KM B
COOTBETCTBUW C PETUCTPOM YNpPaBneHNsa TakTOBbIM CUTHANOM. YNpaBneHne nogaden
TAKTOBOIO CUMHaNa Take peanv3oBaHO BHYTPU OTAeNbHbIX 6/10KOB. Hanpumep, nogaya
TAKTOBOIO CUMHasMa Ha NMpoLeccop MOXET ObITb MPUOCTAHOBIEHA NPV MOMOLM UHCTPYKLNN
WAITI.

l CHIP_PU

CHIP_PU
Off

Deep Sleep

Sleep Criteria

Sleep Criteria

Sleep XTAL Off

WAKEUP Events

Wakeup

XTAL_SETTLE

Work

[ oA ]

Puc. 3-2. YnpaBneHue sHepronotpebneHnem.
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@ 4. MepudepuiiHblie NHTEPHENCH

4. MNMepucepunHblie nHTEepdencol

4.1. WNHTepdeunc BBoaa-BbiBoaa obuero HasHayeHua (GPIO)

ESP8266EX nmeet 17 BbiBogoB GPIO, KoTopble MOryT ObiTb Ha3HauYeHbl AN PA3TUUHbIX
bYHKUMIA NyTEM NPOrpaMMMPOBaHKA COOTBETCTBYIOLLNX PEMNCTPOB.

Kaxabin GPIO aBnAoTCA ABYHANPaBNEHHbIM M HEMHBEPTUPOBAHHbBIM, UMEET BHYTPEHHME
MOATAMKW Ha HAaNPSKEHWE MUTAHVA UK Ha 3eMITI0, U MOXKET OblTb NMepeBefeH B COCTOAHME C
BbICOKUM nmMmneaaHcom. Korga GPIO ckoHOUrypmnpoBaH Kak BXof, BXOAHbIE 3HAaUYEeHWs MOTyT
OblTb MPOUNTAHbI U3 PETUCTPOB. BXOM TakKe MOXET OblTb UCMOMb30BaH Kak UCTOYHMK
NPEepPbIBAaHNI MO YPOBHIO UK NMepenajay HanpaKeHnA.

ITW BbIBOAbI MOTMYT ObITb 06beAnHeHbI ¢ ApYruMn QYHKLUAMY, Takumm Kak 12C, 12S, UART,
PWM, IR, n T.4.

[Ina paboTbl B pexunme sHeprocoepexeHmsa Bbiogbl GPIO MoryT noaaepmeatb CBOe
COCTOsIHME. Hanpumep, KOraa Ymn BbIK/HOYEH, BCE BbIXOAbl MOTYT ObITb OTKJTHOUEHDI.

[ononHuTenbHaa GyHKLMA YOepKaHUsa Moy HEOOXOAUMOCTM MOXKET ObiTb BCTpoeHa B 0. Koraa
IO He ynpaBnsaeTca BHYTPEHHEeN U BHELIHeN cxemol, QYHKLUA yaep»KaHua MOXKeT ObITb
MCMOMb30BaHa A1 COXPaHeHUA NOCNeAHEero NCrnosb30BaHHOIo cocTosHMA. QyHKLMA
yIePXaHUA NAET HEKOTOPYIO MONOXKUTENbHYIO 0OPATHYIO CBS3b HAa KOHTAKTHYIO niollanky. B
CBA3U C 3TVIM, BHELIHAS CXeMa YNpaBAoLWas KOHTAKTOM, AOSIKHA NoAaBaTh TOK OOMbLUNK, YeM
TOK 0bOpaTHoV cBA3N. Heobxoamnmas cuna Toka HeBenvKa - B npefenax 5 MkA.

4.2. WHTtepdenc Secure Digital Input/Output (SDIO)

ESP8266EX nmeet ognH SDIO, paboTatolimii B pexkume slave, onucaHne KOToporo AaHO HUXKeE.
MNoppepxmBatotca 4-6utHbin SDIO v1.1 ¢ yactoTon 25 MI'y n 4-6utHbin SDIO v2.0 ¢ yacToToM

50 Mlw.
Tabn. 4-1. OnucaHwue BbiBoaos SDIO.
HaumeHoBaHuMe BbiBOAA Homep BbiBOAA 10 OyHKUNOHan
SDIO_CLK 21 106 SDIO_CLK
SDIO_DATAO 22 107 SDIO_DATAO
SDIO_DATA1 23 108 SDIO_DATAI
SDIO_DATA_2 18 109 SDIO_DATA_2
SDIO_DATA 3 19 1010 SDIO_DATA 3
SDIO_CMD 20 101 SDIO_CMD
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@ 4. NepudepninHble nHTEpdENChI

4.3. MocnepoBaTenbHbIM UHTepdenc nepuepunHbIX yCTPOUCTB
(SPI/HSPI)

ESP8266EX nmeet oanH obwmin Slave/Master SPI, ogun Slave SDIO/SPI, n ognH obwmin Slave/
Master HSPI. OyHKL1K BCEX X KOHTAKTOB MOTYT ObITb peann30BaHbl C MOMOLLbIO anmnapaTHbIX
cpencTB. OnvcaHMe KOHTAKTOB NPUBEAEHO HUXKeE.

4.3.1. General SPI (Master/Slave)

Tabn. 4-2. OnuncaHue BbiBogoB SPI.

HanmeHoBaHune BbiBOAa Homep BbiBOAA 10 QOyHKUMoHan
SDIO_CLK 21 106 SPICLK
SDIO_DATAO 22 107 SPIQ/MISO
SDIO_DATA1 23 108 SPID/MOSI
SDIO_DATA 2 18 109 SPIHD
SDIO_DATA_3 19 1010 SPIWP
SDIO_CMD 20 101 SPICSO
UOTXD 26 101 SPICS1
GPIOO 15 100 SPICS2
MpumeyaHus:

e Pexum SPI MoXeT ObITb peann3oBaH C MOMOLLbIO NMPOrpaMMHOro obecrneyeHns. MakcrmanbHas
TakToBas 4YacTtoTa - 80 M,

» WHTepdeiic Slave SDIO/SPI peanv3oBaH C MOMOLLbIO anmnapaTHbIX CPeAcTs, nogaepxnaetcs DMA
(MpAMol pocTyn K namsiTi) C UCMoSb30BaHNEM CBA3AHHbIX CMUCKOB. Mpu ncnonb3oBaHuy DMA
HaKnagHble Pacxo/bl Ha KOMMPOBaHME AaHHbIX OyayT meHblue, MHTepdeiicol SPI n HSPI He nmetoT
nooaepku DMA, cnepgoBaTefibHO, CKOPOCTb Nepeaayn faHHbIX OyaeT CAepKMBaTbCA CKOPOCTbIO
06pPabOTKM AaHHbBIX MPOrPaMMHbIM 0becreyeHreMm,

4.3.2. SDIO/ SPI (Slave)

Tabn. 4-3. OnucaHune sbiBogoB SDIO/SPI (Slave)

HanmeHoBaHue BbiBOAA Homep BbiBOAA 10 QyHKUMOoHan
SDIO_CLK 21 106 SPI_SLAVE_CLK
SDIO_DATAO 22 107 SPI_SLAVE_MISO
SDIO_DATAI1 23 108 SPI_SLAVE_INT
SDIO_DATA_2 18 109 NC
SDIO_DATA_3 19 1010 SPI_SLAVE_CS
SDIO_CMD 20 1011 SPI_SLAVE_MOSI
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4.3.3.

4.4.

4.5.

4. NepudepninHble nHTEpdENChI

HSPI (Slave)
Tabn. 4-4. Onucanue Boisogos HSPI (Slave)
HanmeHoBaHue BbiBOAa Homep BbiBOAA 10 OyHKUMOHan
MTMS 9 1014 HSPICLK
MTDI 10 1012 HSPIQ/MISO
MTCK 12 1013 HSPID/MOSI
MTDO 13 1015 HPSICS

UHTepdeinc 12C

ESP8266EX nmeeT oauH 12C nHTepdeinc, Ncnosb3yembili ans nogkIoyeHns
MUKPOKOHTPONEPOB N APYrVX BHELWHWX YCTPOWCTB, Hanpumep, Aatumkos. OnncaHve BbiIBOAOB
[2C npencTaBieHo Huxe.

Tabn. 4-5. OnucaHwue BbiBogos 12C.

HanmeHoBaHune BbiBOAa Homep BbiBOAA 10 OyHKUMOHan
MTMS 9 1014 12C_SCL
GPI102 14 102 12C_SDA

MNMoppepxmsatotcs u [2C Master, n 12C Slave. OynkumoHan 12C nHtepderica peanr3oBaH B
NPOrpamMmmHOM obecrneyeHnn, MakcmasbHasa TakToBaa YactoTa - 100 kl'u. CnegyeT oTMeTUTb,
yTO TakTOBasA yacToTa |2C JomKkHa ObiThb Bbille, YEM MUHUMalbHAs TakToBasA YacToTa
NOAYMHEHHOIO YCTPOWCTBA.

UHTepdeunc 12S

ESP8266EX nmeeT oauH 12S nHTepdenc BBoga AaHHbIX 1 oaunH 12S nHTepdeinc BbiBOAa JAaHHbIX.
12S nHTepdencobl B OCHOBHOM NCMOSb3YIOTCA B MPUIOXKEHMAX A1 CO0pa AaHHbIX, 06paboTKN 1
nepefaun ayamo faHHbIX, a Takke BBOAA M BbIBOAA MOC/eAoBaTeIbHO NepefaBaeMblX JaHHbIX
(k npuMepy, nogaepxKa ceetogmonos cepum WS2812). OnucaHune BbIBOAOB 12S npeacTaBnieHo
Huke. OyHKUMoHan 12S nHtepdeiica moxeT 6bITb OCYLECTBEH C MOMOLLbIO NPOrPaMMHOro
obecrneyeHua C UCNOJIb30BaHWEM MyNbTUMIEKCHbIX GPIO, cBA3aHHbIN cncok DMA

noggepXxmBaeTCA.
Tabn. 4-6. OnucaHne BbIBOAOB |2S.
12S BBOAA AaHHbIX
HanmeHoBaHue BbiBOAa Homep BbiBOAA 10 OyHKUMOHan
MTDI 10 1012 I12SI_DATA
MTCK 12 1013 12S1_BCK
MTMS 9 1014 12S1_WS
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4. NepudepninHble nHTEpdENChI

12S BBOAA AaHHbIX

HavumeHoBaHue BbiBOAa Homep BbiBOAa 10 OyHKUMOHan
MTDO 13 1015 12SO_BCK
UORXD 25 103 12SO_DATA
GPIO2 14 102 12S0_WS

4.6. YHuBepcasnbHbIN aCUHXPOHHbIN nNpuemonepenatyumk (UART)

ESP8266EX nmeet aBa UART nHTtepdeinca: UARTO n UART, nx onucaHns npeacTaBieHbl HUXe.

Tabn. 4-7. OnucaHue BbiBogos UART.

HanmeHoBaHune
Tun BbiBOAA BLIBOGA Homep BbiBOAA 10 OyHKUMOHan
UORXD 25 103 UORXD
UOTXD 26 101 UOTXD
UARTO
MTDO 13 1015 UORTS
MTCK 12 1013 UOCTS
GPI02 14 102 U1TXD
UART1
SD_D1 23 108 UIRXD

MNepepaya AaHHbIX B/13 UART vHTepdelncoB MoXKeT ObiTb peanr3oBaHa C MOMOLLbIO
annapaTHbIx cpeacts. CKOpoCTb Nepefayn AaHHbIX Yepe3 nHTepdencol UART pocturaet
115200 x 40 (4,5 M6éuT/c).

UARTO moxeT 6bITb MCMonb30oBaH Ana cBasn. OH NogaepK1MBaET yrpaBieHe NOTOKOM.
Mockonbky UARTT nmeeT TonbKo CurHan nepeaaun gaHHbix (Tx), To OH 06bIYHO UCMONb3yeTca

[151 BbIBOAA OTNaf0uHON MHbopMaLmu.

MpumeyaHwue:

Mo ymonuanuto, UARTO BbIBOAUT HEKOTOPYIO MHPOPMALMIO, KOrAa YCTPONCTBO BKIOUEHO 1
3arpykaetcsa. CKopocCTb nepenayn neyaTHom MHGOPMaLIMN 3aBUCUT OT YaCTOTbl BHELLIHErO
KBapLeBOro pesoHartopa. Ecnu yactota KBapueBoro pesoHaTopa coctasnset 40 Ml'y, To CKOpocCTb
nepepgaun gaHHbix ana nedyatn 115200; ecnu yacToTa KBapLEBOro pe3oHaTtopa coctasnsaeTt 26 Mlu,
TO CKOPOCTb Nepefaun AaHHbIX ana nedyatn 6ynet 74880. Ecnv neyaTHas nHbopMaLmsa OokasbiBaeT
Kakoe-nnbo BnusHME Ha GYHKLIMOHANbHOCTb YCTPOWCTBA, NpeaiaraeTca 6/10KMpoBaTh neyaTb BO
Bpems BKoYeHUs nutaHua nytem nepeknoveHuns (UOTXD, UORXD) Ha (MTDO, MTCK).
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4.7.

4.8.

4.9.

4. NepudepninHble nHTEpdENChI

LLnpoTHOo-umnynbcHaAa mogynauua (PWM)

ESP8266EX nmeetr PWM nHTepdelic Ha yeTbipe BbIBOAA, HO OHU MOTYT ObiTb PacllUpPEHbI
cammu nonb3osatenamu. OnncaHune BbiBogoB PWM nHTepdenca npeactaBneHo Huke,

Tabn. 4-8. OnucaHue BbiBogos PWM uHTepdelica.

HavmeHoBaHue BbiBOAa Homep BbiBOAa 10 DyHKUNOHan
MTDI 10 1012 PWMO
MTDO 13 1015 PWM1
MTMS 9 1014 PWM2
GPI04 16 104 PWM3

OyHKumoHan PWM nHTepdeiicoB MOXKeT OblTb pean3oBaH C MOMOLLbIO MPOrPaMMHOro
obecneyeHua. Hanpumep, B AEMOHCTPALNUN YMHOMO ocBellieHns dyHKuma PWM
OCYLLECTBNAETCA NyTEM NPepPbIBaHMA TaliMepa, MUHUMAaNbHOE pa3peLleHne AoCTUraeT LenblxX
44 Hc. AnanasoH vyactoT PWM perynupyetca B npegenax ot 1000 mkc 4o 10000 MKC, TO eCTb,
mexay 100y v 1 kly. Korpa yactota PWM pasHa 1 KM, Ko3dduLmeHT 3anonHeHns oyaet
1/22727, v pa3pelueHne 6onee 14 6UT byaeT JOCTUTHYTO NpKW YactoTe obHoBneHns 1 KL,

UK auctaHUMOHHOE ynpaBneHue

Huxe npenctaBneHo onmncaHne BbIBOLOB OHOro nHtepdenca VK Y.

Tabn. 4-9. OnucaHue BbiBoAoB UHTepdenca VK Y nynbta Y.

HaumeHoBaHuMe BbiBOAA Homep BbiBOAA 10 DyHKUMOHan
MTMS 9 1014 IR Tx
GPIO5 24 105 IR Rx

NHTepdenc nHdpakpacHoro nynbta Y (¢ moaynaumnen n aemoaynsaumen) peanmsyertcs
nporpammHo. ViHtepderic ncnonbsyet NEC KoanpoBKy. YacToTa MOAYNNPOBAHHOIO HECYLLEro
curHana coctasnaeT 38 KL, CKBaXKHOCTb paBHa 1/3. [JanbHOCTb Nepefayn CoCTaBasAeT OKoso 1
M, UTO onpeaensaeTca AByMsa GakTopamn: NepBbivi -~ MAaKCUMasbHOE 3HaYeHe HOMUHANbHOro
TOKa, BTOPOW - 3HauYeHune BHYTPEeHHEro TOKOOrpaHWYmMBaoLWero conpoTtmenenunsa B K-
npuemHuke. Yem 6onblie 3HaUeHVe CONPOTUBIIEHMSA, TEM MeHbLLE TOK, a COOTBETCTBEHHO
MOLLHOCTb, 1 HA0HOPOT, Yron nepefaust HaxoguTcs B npomexytke mexay 15 ° 1 30 ° uTo
onpegenseTca HanpasneHnem U3nydyeHns MHPPaKPACHOTro NPUEeMHMKa.

AUN (AHanoro-uudposon npeodpasoBarte’sib)

B ESP8266EX BcTpoeH AL nocnegoBaTenbHOro npubnmkeHus ¢ paspaaHoctobio 10 6ut. TOUT
(BbIBOL 6) OMNMCaH HIKe.
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4. MepudepuiiHblie NHTEPHENCH

Ta6n. 4-10. OnuncaHue BbiBogos ALIMM.
HanmeHoBaHue BbiBOga Homep BbiBOAa DyHKUMOHanN
TOUT 6 ADC Interface

Cnepytowme ase GyHKLMM MOTYT ObITb peanr3oBaHbl ¢ nomoubio ALIM (BbiBoa 6) (Mpw 3TOM
OHU He MOryT ObITb Peann3oBaHbl OJHOBPEMEHHO):

» [poBepka HanpsaxeHua nutanus VDD3P3 (Bbioabl 3 n 4).

[MpoekTnpoBaHue TOUT B cBOGOIHOM COCTOSHMMN.
annapaTHoOro obecneyeHus

MapameTp uHMLmanmsauun  107-in 6aiT esp_init_data_default.bin (O ~ 127 6awT), "vdd33_const” aomkHbl
PY 6bITb YcTaHoBMeHbl B OXFF.

Ontrmm3auma ycnosui PY cxembl Ha OCHOBE pe3ynbTaToB TeCTUPOBAHWA

Mlpolees en e B VDD3P3 (BbiBoab! 3 1 4).

Mporpamma nonb3osatens  Vlcnonbsosate system_get_vdd33 Bmecto system_adc_read.

« [poBepka HanpsaeHua Ha Bxogde TOUT (BbiBog 6).

[MpoekTpoBaHue [lnana3oH BXOAHOro HanNpsKeHus Ao/KeH ObiTb B Anana3oHe ot 0 ao 1.0 B,
annapaTtHoro obecneuveHna  koraa TOUT NoAkoueH K BHELWHEN Lienn.

3Hauenue 107-ro 6avita esp_init_data_default.bin (0 ~ 127 6anr),
"vdd33_const” 4onXHbl ObITb YCTAHOBMEHbI HA HANPAXKEHNE peanbHOro
I'Iapame'rp NHUYmanusaunn NCTOYHUKa NMUTaHNA (BbIBOAbI 3n 4).
P4 Pabounin arnana3oH HanpsaeHua nutaHua ESP8266EX Haxoantca mexay 1.8 B n
3.6 B, B TO Bpemsa Kak eamHuua "vdd33_const" coctasnsiet 0.1 B, nostomy,
3PPeKTMBHBIN Anana3oH 3HaveHui “vdd33_const” coctasnsaeT oT 18 go 36.

OnTmmsaumsa ycnosuii PY cxembl Ha ocHoBe 3HaueHunsa "vdd33_const”.

Mpouecc kanubposku PY
poy P [onyctnumaa norpewHocTb coctaBnAeT + 0.2 B.

Mporpamma nonb3osatens  Vcnonb3osate system_adc_read Bmecto system_get_vdd33.
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@ 4. MepudepuiiHblie NHTEPHENCH

MpumeyaHne:

esp_init_data_default.bin npepoctasnaetca B SDK nakeTe, KOTOPbIN COAEPKUT NapameTpbl
nHuumanmsaymm PY (0 ~ 127 6anr).

107- 6ainT B esp_init_data_default.bin onpepensaetca kak "vdd33_const”. OnucaHue
“vdd33_const” npefcraBneHo HUXe.

o Ecnu vdd33_const = Oxff, HanpsxeHne nuTaHuAa Ha BoiBogax 3 v 4 6yaeT NpoBepeHo
BHYTPEHHMM MPOLIeCCOM CaMOKanubpoBKy camoro ymna ESP8266EX. Ycnosua PY cxembl
JIOJKHbI ObITb ONTMMU3NPOBAHbI B COOTBETCTBUM C pPe3ysibTaTaMy TECTUPOBAHUS.

o Ecnn 18 = <vdd33_const = <36, PY kannbpoBsKa 1 npouecc ontuMmmsaunmn ESP8266EX
peanusytoTtcs ¢ nomolbto (vdd33_const/10).

o Ecnum vdd33_const <18 nnn 36 <vdd33_const <255, PY kannbpoBKa 1 npowLecc onTummn3aumm
ESP8266EX no ymonuaHuio peanm3ytTcsa C NoMollbto 3HaveHns 3.0 B.

4.10. CBeTtoautoabl u KHoONkKwu

ESP8266EX nmeeT 17 GPIO, KOTOpble MOTyT UCMOMb30BaTbCA ANA NOAAEPKKN PA3NNUHbIX
bYHKUMIA cBETOAMOA0B U KHOMOK. OnncaHne HekoTopbix GPIO, KOTOpbIM Ha3HayeHbI
onpepaeneHHble GyHKUMM B pa3paboTKe 4eMO-MPUIOXKEHUI, MPUBEAEHbI HUXeE.

Tabn. 4-11. OnncaHue BbIBOAOB CBETOANOAOB N KHOMOK.

HaumeHoBaHue BbiBOAa Homep BbiBOAa 10 ®yHKUMOoHan
MTCK 12 1013 Button (Reset)
GPIOO 15 100 Wi-Fi Light
MTDI 10 1012 Link Light

B obuien cnoXxHocTu onpeaeneHbl Tpu nHtepderica, OguH - Ana KHOMKK, ABa - ANs
ceeToamofa. Kak npasuno, MTCK ncnonb3yetca ansa ynpasneHua KHomnkow copoca, GPIOO
MNCMONb3yeTCs B KayecTBe CUrHana ansa nHgvkauum padoyero coctoanuns Wi-Fi, MTDI
NCMOMb3yeTcA B KayeCTBe CBETOBOIO CUrHana ansa MHONKALUK COCTOAHWA CBA3M MeXay
YCTPOWCTBOM 1 CEPBEPOM.

MpumeyaHne:

BonbwmHCTBO NHTEPDENCOB, ONMUCAHHbIX B TOW raBe, MOryT ObiTb MYSbTUMNEKCHbIMU. DYHKLN
KOHTAKTOB HE OrPaHNUYMBAETCA TEMM, KOTOPbIE OMMCaHbl B JAHHOM JOKYMEHTE, Mosb30BaTeN MOryT
3aAaTb GYHKLMM KOHTAKTOB B COOTBETCTBUN C X KOHKPETHbIMI CLIEHAPVAMY NMPUIIOKEHWNI C
MOMOLLIbIO MPOrPAMMHOI0 0becrneyeHuns 1 NPOEKTUPOBaHKA 000PYA0BAHMSA.
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@ 5. JnekTpuyeckme XapakTepucTmKm

AnekTpuyeckKune
XapaKTepucTuku

o

5.1. JneKTpuyeckue xapakKTepucTuku

Tabn. 5-1. dnekTpryeckmne xapakTepucTuku.

T
MapameTtp CoctosAHMe MwuH. urosoe Makc. Ep.nsm,
3HauyeHune
[nanasoH TemnepaTyp XpaHeHuns - -40 KomHaTHasn 125 C
. IPC/JEDEC J- .
MakcrmanbHaa Temnepatypa nanku STD-020 - - 260 C
Pabouee HanpsaxeHue - 3.0 3.3 3.6 B
V||_/V|H - ‘0.3/0.75V|0 - 0.25V|o/3.6
B
1/O Vou/Von - N/0.8Vio - 0.1Vie/N
Imax - - - 12 MA
dneKkTpocTatmyeckuii paspsaa (HBM) TAMB=25C - - 2 KB
dneKkTpocTaTnyeckuii paspsag (CDM) TAMB=25C - - 0.5 KB
5.2. JHepronoTtpebrieHue
Tabn. 5-2. JHepronoTpebneHue.
MapameTtp MwH. GRS Makc. Ep.nsm.
3HayeHune
Tx802.11b, CCK 11 Mbut/c, P OUT=+17 gbm - 170 - MA
Tx 802.11g, OFDM 54 mbuT/c, P OUT =+15 gbm - 140 - MA
Tx 802.11n, MCS7, P OUT =+13 gbm - 120 - MA
Rx 802.11b, anunHa 6noka aaHHbIx 1024 6aita, -80 Abm - 50 - MA
Rx 802.11g, pnviHa 6noka AaHHbix 1024 6aiita, -70 gbm - 56 - MA
Rx 802.11n, annHa 6noKa gaHHbIx 1024 6ainTa, -65 gbm - 56 - MA
Modem-Sleep® - 15 - MA
Light-Sleep@ - 0.9 - MA
Deep-Sleep® - 10 - MKA
Power Off - 0.5 - MKA
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@ 5. JNeKTpUYecKme XapakTepucTKkm

MpnmeyaHus:

o Pexunm Modem-Sleep ncnonb3yeTcs, Koraa npunoxexusa, Hanpumep PWM uvnn 12S, tpebytoT
paboTbl Npoueccopa. B cootBetcTBUM ¢ cTaHaapTamu 802.11 (Hanpumep, U-APSD), OH oTKnovaeT
koHTYp Wi-Fi mogema, coxpaHsas npu stom coegnHeHne Wi-Fi 6e3 nepepaun Kaknx-nnbo
JaHHbIX, 415 ONTUMMU3aLnK SHepronoTpebnenus,. Hanpumep, B DTIM3, korga ESP8266EX cnnt B
TeueHne 300 Mc 1 NpobyxaaeTcst Ha 3 MC, YTobbl NoflyyaTb beacon nakeTbl OT NpoBanaepa
[l0CTyna, obllee cpenHee noTpebneHne Toka Ha MHTePBan CoCTaBnAeT okoso 15 MA.

o Pexunm Light-Sleep ncnonb3yetca ana NpunoXeHuin, Npu KOTopbIX paboTa npoLeccopa MoXeT
ObITb MPUOCTAHOBNEHA, Takux Kak Wi-Fi kommyTaTop. B cooTBeTcTBMM C cTaHaapTamu 802.11
(Hanpumep, U-APSD), 6e3 nepepauun aaHHbIX cxema Wi-Fi Mogema MoXeT ObiTb OTKMOUYEHa, a
paboTa npoLeccopa NPUOCTaHOBEHA 15 SKOHOMUKM 3Heprn. Hanpumep, B DTIM3, Koraa
ESP8266EX cnut B TeueHne 300 Mc 1 npobyxaaeTcs Ha 3 Mc, 4Tobbl NosyyaTb beacon nakeTbl
OT NpoBaiaepa A0CTyna, obliee cpefHee NoTpebneHne Toka Ha UHTepBan coctaBnaeT okono 0,9
MA.

o [Mpu pexume Deep Sleep Wi-Fi oTkntoueH. [1ns NpunoXxeHnn, KOTopble nepenatoT AaHHble C
ANNTENbHBbIMY MPOMEXKYTKaMM Mo BpemMeHn (Hanpumep, TemnepaTypHbI AaTUNK, N3MePAIOLLAI
Temnepatypy Kaxable 100 c), ESP8266EX cnuT B TeyeHre 300 ¢ 1 npocbkinaeTcs, 4toobl
NoaKNOUNTBCA K TOUKe focTyna (4to 3aHumaeT okono 0,3 ~ 1 ¢), obliee cpegHee notpebdreHne
TOKa MeHblLue, 4yem 1 MA.

5.3. Xapaktepuctuku Wi-Fi paguo

Cnepytolime faHHbIe MOMyYeHbl MO pe3y/bTaTamM UCMbITaHUK, NPOBEAEHHbIX MNPV KOMHATHOM
Temnepartype C UCTOYHUKaMM NTaHuA Ha 3.3 B n 1.1 B.

Tabn. 5-3. Xapakrepuctuku Wi-Fi paguo

MapameTtp MwH. ;'v;r‘l*:::ee Makc. Ep.nsm.
BxogHas yactoTa 2412 - 2484 Mly
BxonHoe conpoTtuBneHune - 50 - Om
KoaddurumeHT oTpaxeHnsa Ha Bxoge - - -10 ab
BbixoaHas MOLI.l,HO,\;'l;b ycunutena gna 72,2 155 165 175 B
ut/c
BbixofjHaA MOLYHOCTb ycuUnmTens ana 195 205 215 2Bm
ctaHgapta 11b
YyBCTBUTENbHOCTb - - - -
DSSS, 1 Mbut/c - -98 - nbm
CCK, 11 MbuT/c - -91 - nbm
6 MbwuT/c (1/2 BPSK) - -93 - Abm
54 Mbut/c (3/4 64-QAM) - -75 - abm
HT20, MCS7 (65 MbuT/c, 72.2 Mburt/c) - -72 - abm
MopaBneHWe NOMeX OT COCE[HEro KaHana
OFDM, 6 Mbut/c - 37 - nb
OFDM, 54 Mébut/c - 21 - ab
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HT20, MCSO
HT20, MCS7
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6. FabapuTbl

[[aGapuThbl

PIN #1 DOT

BY MARK]NG\ 5.000+0.050
5.0000,050 3el T/SLP
o (5xSmMm)
TOP VIEW
NOTE:

1> TSLP AND SLP SHARE THE SAME EXPOSE OUTLINE

BUT WITH DIFFERENT THICKNESS:

TSLP SLP
MAX. 0.800 0900
A NOM. 0.750 0.850
MIN. 0.700 0.800

3.700£0.050
Exp.DAP PIN #! IDENTIFICATION
* /CHAMFER 0.300 x 45°
JUuuugduy
0.400£0050- [ -
} -] -
) O
0.250£0,050d [ O] 3.700£0050
* ) ] Exp.DapP
—D -
_f—D ]
0.500 Bsc. D) ]
A0NNnnnnn
-—3.500 Ref.
BOTTOM VIEW
| 0.203 Ref
A
P i

0.000—0.050]

B

SIDE VIEW

Puc. 6-1. YepTex Kopnyca ESP8266EX
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MNpunoxeHne

NMpuno)xeHue - Cnucok
BbIBOAOB

MpunoxeHre NpeaoCcTaBnAeT AeTanbHy0 MHGOPMALIMIO O BbIBOAAX:
« Digital Die Pin List

» Buffer Sheet

e Register List

» Strapping List

MpnmeyaHus:

* INST_NAME oTtHocuTca k I0O_MUX PEECTP, onpegeneHHom B eagle_soc.h, Hanpumep MTDI_U
oTHocutcA K PERIPHS_IO_MUX_MTDI_U

* Net Name ccbinaeTca Ha MMA KOHTaKTa B CXeMe,
« Function ccbinaeTcs Ha MHOro3HauHyto QYHKLMIO KaXXgoW KOMMYTALUOHHOWN NaHenu.

» Homepa ¢yHkuum 1~ 5 cootBetctBytOT OyHKUMAM O ~ 4 B SDK. Hanpumep, yctaHoBuTte MTDI B
GPI012 cneaytowmm o6pasom.

- #define FUNC_GPIO12 3 //defined in eagle soc.h
- PIN_FUNC_SELECT(PERIPHS IO MUX MTDI U,FUNC GPIO12)
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MNpunoxeHne

YBepgomneHvie 06 OTBETCTBEHHOCTU 1 ABTOPCKUX NpaBax

NHdbopmaums, copepaliasca B [aHHOM [OKymeHTe, BKmouyaa URL ccbiiku, MoxeT ObiTb
n3meHeHa 6e3 NpeaBapuUTeNIbHOro yBeoMIIEHUA,

3TOT LOKYMEHT MPEAOCTABNAETCA KAK ECTb, BE3 KAKUX-NIMBO TAPAHTWW, BKIOYASA
JIIOBbIE TAPAHTWU TOBAPHOW MPWUTOOHOCTW, COBSOOEHUA TPAB, MPUTOAHOCTA ONA
KOHKPETHbIX LENEM WM JOBbIE TAPAHTWW, BbLITEKAIOWWE W3 KAKUX-NUBO
NPEANONOXEHWI, CNELIMOUKALIA UM OBPA3LIOB.

Bcs OTBETCTBEHHOCTb, BKI/IOYasA OTBETCTBEHHOCTb 3a HapyLeHWe KaKuX-Mb0 MMYLLECTBEHHbIX
npaB, CBA3aHHbIX C WCMOMb30BaHMEM CBefleHWI B 3TOM [OKYMeHTe, oTpuuaeTca. Hukakumx
NNUEH3UI, ABHbIX UM NOAPa3yMeBaeMbIX, MO MPOLIECCYaNlbHOMY OTBOAY WK APYrM 06pa3om,
Ha KaKylo-nnbo WHTENNEKTYaNbHYI0 COOCTBEHHOCTb He MNPEAOCTaBAAETCA B HACTOSLEM
[OKYMEHTe,

JNorotun Wi-Fi Alliance Member aBnseTca ToBapHbIM 3Hakom Wi-Fi Alliance. Jlorotun Bluetooth
ABNIAETCA 3aPErMCTPMPOBAHHON TOProBO MapKov komnaHun Bluetooth SIG.

Bce Toprosble HaUMEHOBAHWA, TOBApPHblE 3HAKW W 3aPErMCTPUPOBAHHbLIE TOBAPHbLIE 3HAKM,
YMNOMAHYTbIE B HACTOALEM [JOKYMEHTe, ABMATCA COOCTBEHHOCTbIO COOTBETCTBYIOLIMX
BMIAZENbLEB W NPV3HAITCA B HACTOALLEM [AOKYMEHTE.
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