Pa3pab6oTka undpoBou annapartypbl HeTpagULUOHHBIM
metoaom: KoHtponnep USB 1.0 Ha SpinalHDL

ABrop: 3anara Pycian HukonaeBuu

[Ipomomkasi pasBUBaTb CBOK CHHTe3UMpyeMyl cucreMy-Ha-kpucramuie g IUVIAC, o
KOTOpOW 51 y)Ke HalucajJl HeCKOJbKO CTareM, CTOJKHY/ICS C HeoOXOAMMOCTBIO TIOJK/IHOYATh
yCTpOICTBa BBOZAA THIMA K/IaBMATyPa, MAHUITY/ISTOP MBIb WM HKOMUCTUK. Ecm obpatuthes K
TOMY, YeM 3aHHUMaOTCsl peTpo-(haHbl, TO TpobieM 0COObIX HET — cTapblil 100pbIit uHTepdetic PS/2
OYeHb IPOCT B peanr3aliviy, OH INO3BOJISIET JIETKO B3aMMOZENCTBOBATh C K/IaBUATypPOM U MBILIBIO C
MUHUMaNbHbIMM pecypcamu. Paxktuuecku PS/2 3T0 mnocienoBaTesbHbId CUHXPOHHBIM TOPT
paboTaroiuii Ha HU3KHUX CKOPOCTSIX, Pear30BaTh ero MOKHO MPOrpaMMHO. C peTpo-/KOMCTHKaMHU
TOXKe TIpo0sieM HeT - T0JIo)KeHHe [HKOMCTHKA 3TO BCEro JIMIIb 3aMblKaHHWe KOHTAKTOB, UTO JIETKO
obpabatbiBaeTcst mporpaMmMHo. [IpoGsiema B TOM, UTO BCE 3TO «PeTpPO» IOCTENIEHHO YXOAWUT W3
Halllell >KW3HHW, K/aBUaTypbl M MbILKM C HUHTepdeiicom PS/2 BCE ellje MOXKHO MpHOOpecTH Ha
MapKeTIuieiicax, HO BCé )Ke pefKoCcTb. M OT /PKOWMCTHKA XOUeTCs Uero-To OOJBbIIero 4eM IpoCTO
3aMbIKaHUs TSITH KOHTaKTOB, & MMEHHO — Tpajlaliiu TOJI0OXKeHUs CTHKa. Takas ¢uua JoCTymHa
b0 Ha OYeHb CTapbIX AHAJIOTOBBIX [PKOWCTHUKAX, JIMOO Ha COBpeMeHHBIX reiimmazax c USB
uHTepdelicoM. B KoHIle KOHIOB 51 pa3pabaThiBai0 XOThb U MUHHMAaJIMCTUUHYIO, HO COBPEMEHHYIO
cucteMy C coBpeMeHHOM apxutektypod (RISC-V) mnpeagHasHaueHHYI0 [Jii COBPEMEHHOIO
TIPOMBILLIJIEHHOTO TIDUMEHEHUs, a He [/Is peTpo-TeliMMHra. ;-) B oOijem, BcTaq BOMpPOC Kak
nogx/rouats npoctsle HID ycrporicTBa BBoga uepe3 USB k cBoelt cuHTesupyemor OBM.

Wntepdeiic wuHbl USB HAcTOMBKO IIMPOKO BoOIIe/N B 0OOMXOA, YTO MBI Jaxe He
3a/lyMbIBaeMCsl, UYTO TaM BHYTPU: CKOJIbKO CHTHa/lbHBIX TPoBOZIoB B USB Kkabese, Kak OHU
TIOAK/IIOUeHbl, KaK TepellaloTCsi M0 HUM JlaHHble, Ha KaKWX CKOPOCTSX W Kakve MOTYT ObITh
orpaHrnyeHus. Bcé uro mbl 3HaeM 3710 TO, uto USB ObIBaeT pa3nbix Bepcuii: 2.0 — MeZJIeHHBINA U
3.0 — ouenb ObICTPHIA; 1 uTo USB ycTpoiicTBa ObIBatOT C pa3HbiMU BUZamu pa3beMoB: USB type
A u, c HegaBHux 1op, USB type C. [Ins OonbIIMHCTBA 10/1b30Baresieii u nporpammuctoB USB 3to
TakKasi ILITyKa, KOTOPYIO «BCTaBWI M paboTaeT». A ec/id HeT, TO HY)XHO BbIHYTb, TepeBepHYTb
YCTPOMCTBO /iBa pasa BOKPYI ero OCHM W BCTaBUTb B KOMIIBIOTep emje pa3. Ecim u Tak He
3apaboTasno, TO UCKYIIeHHbIN T0JIb30BaTe/Ib BO3MOXKHO BCTIOMHUT KOMaH/y Isusb uToObl BBISICHUTD
KakKue ceiyac yCTPOMCTBA MPUCYTCTBYIOT B CUCTEME WM JjaKe 3arvisiHeT B dmesg UToObI BBISICHUTD
Ha/iMyve OMIMOOK TpU JIeTeKTUPOBaHWU ycTpoicTBa. Ho uTo o3HauatoT 3TH coobijeHus? Eire
MeHblilee UKc/I0 T0Ib30BaTe/iell MOHUMaeT pe3y/bTaT BbIBOJA KOMaH/b! Isusb -v. HemHorum nyurie
obcrosiT fesia ¢ noHuManueM USB y pa3paboTurkoB 371eKTpoHUKU. OObIYHO Ha ux ypoBHe USB 310
yetsipe nipoBoga: GND, VBUS, D+ u D-, npu 3TOM KaXZIbIM 3/1eKTPOHIIMK 3HaeT yTo D+ 1 D- 310
mddepentanbHas  napa  KoTtopyro  Tpebyercsi  TpaccMpoBaTh  Ha  [e4aTHOM — Tuiate
CooTBeTCTBYHOIMM 06pa3oM. Ho Tak /i 310 Ha camoMm zene?

Pa3 y>X BO3HMK/Ia HeOOXOUMOCTh, TO Ha/[0 TIOTPY’KaTbCsl B TeMY eC/Id He TI0 YIIH, TO XOTs
OBI T10 TIOSIC ¥ BBISICHUTB, @ HACKOJIBKO CJIOXKHO Pearn30BaTh CBOW COOCTBEHHBIM MUHUMAaTMCTHUHBIHI
USB konTposinep. Beap 3a1aua To oueHb rpocrasi — cuurtaTh rnapy 6ait ¢ USB KnaBUaTyphbl, U, Kak
MHe Ka3a/0Ch, OCUJIUTh €€ MO)KHO 3a Iapy-TPOMKY HOYHBIX celTHOB. Ho 1 U He mogo3pesasn, uTto
BBUILETCSI 3TO TIOUTH B TIOAYTOJWYHBIN e€keAHeBHbBHE €XeHOIL[HbIM 3aBUCOH B OOHUMKY C
ocuuiorpadoM M aHanu3aTopoM CUrHAJIOB.
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Puc. 1. Pazsembl cmandapma USB 1.0: Tun A (caesa) u USB mini (cnpasa).
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1. Yrto Takoe USB ?

Universal Serial Bus (ganee USB) — 3T0 00bemMHbIN HabOp CTaHAAPTOB OIMUCHIBAFOIIAX
LU(POBYIO IMHY C MOC/IeA0BaTe/IbHbIM ClI0COO0M OpraHM3alyu Tepefaud JaHHbIX, KOTOPbIN ObLI
BBeJleH B cepefrHe 1990-x B KaueCTBe 3aMeHbl JPYrOM LIMHBI C TOC/IeOBaTe/JbHOW Iepeauei
nanHbix — Universal Asyncronous Receiver-Transmitter (6osiee u3BectHod kKak UART, wim
RS-232, uniu «COM mnopt»). Kak u UART, mmHa USB sBrsercs moc/efoBaTe/ibHOU U
aCMHXPOHHOM IIMHOM CBsI3bIBaIOLLeN iBa YCTPOICTBa, TO eCTh JaHHbIe 10 Hell repefaroTcs OUT 3a
OWUTOM OT OZIHOTO YCTPOMCTBA «MCTOYHUKA» K IPYyTOMY «IIPHEMHHUKY», a Hauasio repefayu JaHHbIX
MOXKeT TIPOMCXO/IUTh B JIF000I MOMEHT BPeMeHH 110 Mepe WX FOTOBHOCTH Ha Tepe/iarollieil CTOpoHe.
Opnako, B oyinunu oT UART, miHa USB sBisieTcst ofHOHanpaB/ieHHOW, TO eCThb Nlepejada JaHHbIX
B OZIMH U TOT K€ MOMEHT BpeMeHU BO3MO)KHA TOJIbKO B OJHOM HarlpaB/leHHWH OT «UCTOYHHKa» K
«TIPUEMHHUKY», a JJIsl TOro, uToObl JaHHBbIe MOKHO OBIJIO TepesaTh B 0OpaTHOM HampaB/ieHUH,
yCTpOMCTBAaM He0OXOMMO CHayasia IOTOBOPUTHCS O CMeHe posiei. Takoi pe>XuM paboThI MPUHSITO
Has3bIBaThb «IIO/IY-AYIIJIEKC», KOTOPbIM MOKHO ITPOTHMBOIOCTABUTH «IIOJHOMY ayruiekcy» B UART
rle B OJUH U TOT >K€ MOMEHT BPeMeHU JaHHble MOTYT Tepe/iaBaThCsi B 00a HarpaB/eHUs
He3aBUCUMO. [IpyrMM OT/IMYUTe/IbHBIM CBOMCTBOM IIMHBI USB fBAsieTcst TO, UTO B CBA3Ke /BYX
USB ycrpoiicTB ofHO Bcerja siBasieTcss BegyiiuM («host»), a apyroe BemombiM («device»). Eiie
ogauM cymiectBeHHbIM oTuneM USB or UART sBnsieTcss croco®d KOAMPOBaHUSI [JaHHBIX
(mpexncTaBieHUss «HyAel» U «eQUHUL» 37ekTpuueckumu curHanamu). Kak m y UART B USB
uMeeTCs ZBa (U3MUECKUX MPOBOAHMKA [JIsl TTepeiaud JaHHBIX, OZJHAKO CII0CO0 MX MCIOb30BaHUS
omnyaetcs pagukanbHo. B UART sty npoBosHvku npuHATO HasbiBaTh TXD u RXD. IlepBblit
VICTIO/Ib3YyeT sl /IS Tlepefiauy JaHHbIX OT YCTPOWCTBA, BTOPOU /Il IIpUeMa JIaHHBbIX Ha yCTPOUCTBO.
«Hymu» n «eguaunpl» B UART npezcTaBiastoTcsl pa3ivuyHbIMU YPOBHSIMM HalpSDKEHUM Ha 3THX
NpOBOJHUKAX, Hanpumep, +3,3 B Moxer koguposarh «eauHuLy», a 0 B — cooTBeTCTBEHHO
«HO/b». CyllleCTBYIOT U [pyrye BapvaHThbl KogupoBaHus JaHHbIX B UART, Hanpumep cTaHzapT Ha
¢usnueckuii naTepdeiic EIA RS-232 onuckiBaeT ypoBHU +3..15 B [/11 10rnueckoro «Hyns» U -3..-
12 B gns noruueckoit «eaunulipl». B USB g mepesaun JaHHBIX MCIOJb3YeTCs OAHOBPEMEHHO
[lBa TIPOBOJHMKA KOTOpble MPUHATO HasbiBaTb D+ u D- (uHorga DP u DM), Kaxablii MOXeT
MpYHKWMAaTh [Ba ypOBHS HarpsbkeHus +3,6 B u 0 B, 4uro mo3Bo/isieT MpeACTaBUTH YeTbIpe
Pas/IMUHBIX COCTOSIHUSA LIVHBL. KofMpoBaHue «Hy/s» WK «eAUHULIBD NIPOM3BOJUTCS He YPOBHIMU
HarMpsDKeHUH, a T0C/1ej0BaTe/IbHOCTBI0 CMEHBbI «IoJIsipHOCTel» Mexay D+ u D-. Takoi crocob
KOZIUpOBaHUsi TMNpUHATO Has3biBaTb Non-Return-to-Zero (NRZ). Ux cyiiecTByeT HeCKOIBKO
BapuaHTOB, TOT UyTO Ucnojb3yeTcsi B USB Ha3biBaeTcss NRZi ot «NRZ IBM» unu «NRZ-inverted»
(oba BapmaHTa BepHbI, KOMy Kak Oosbiie HpaButcsi). NRZi kopvpoBaHue, BO-TiepBbIX, Oosee
YCTOMUMBO K IIOMeXaM Ha BBICOKMX CKOPOCTSIX, a BO-BTOPBIX, IO3BOJISIET IPUEMHOM CTOpPOHE
TIOCTOSIHHO TepeCMHXPOHM3UPOBAThCs, TO eCTb He cOMBaTbCsl MpH TpyeMe AaHHbIX. f1 ceituac
roeopto npo USB 1.x u USB 2.0. B USB 3.x BCé ropa3no ClI0XHee U CUrHaJbHBbIX JIMHUM TaM
Gosbiiie (Tpu mapsel), HO 00 3TOM MOAPOOHee UyTh HIDKeE.

Tak 3auem 1 KOMy MOI/Ia TOHa/I00UTHCS TaKasi CTPaHHasi OJHOHATIPAB/IeHHAsI IIMHA TIPY TOM,
uytro UART k cepeauire 90-x uMes MOUTH TIOBCEMECTHOEe TMPOHUKHOBeHHEe U Jitoboe mudpoBoe
obopyJj0BaHHe TOTO BpeMEHM CHabka/lioCh MOC/eoBaTe/bHbIM HUHTepdeiicom RS-232. I'maBHBIM
nBuratesieM HoBoro ctadzapra (USB) 6bi1a codTBepHast Komranusi Microsoft, KoTopast K cepesiiHe
90-x roJj0B TIPOIIJIOTO BeKa UyTh OOjiee ueM TIOTHOCTBIO JOMUHHPOBAJa Ha PhIHKE TIePCOHATbHBIX
KOMITBIOTEPOB U C MOMOLIBI0 cBoero cucreMHoro I10 mpogsurana, wim faxe opoy Hassi3bIBasa,
TI0/Tb30BaTe/ISIM HOBBIE CTAaH/IapThl, B TOM UKMC/ie Ha 000pyzoBaHue U Gu3ndeckre uHTepdeticel. Ho
3auem? Jleno B ToM, uTo Ha 90-e rogel mpuxoAuTcs 6ym pacrpera apxuTekTypsl IBM PC n3BecTHOI
HaM celuaC KaK «MepCOHabHbIM KoMmribloTep» (win «[1K»), eé MaccoBoe NPOHHMKHOBEHHE
TIOB/IEKJ/IO TOsIBJIEHWe OIPOMHOIO KOJIMYeCcTBa Pas/MUHbIX Mepu(epuiHbIX YCTPOWCTB, TaKUX KakK
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CKaHepbl, IPUHTEpPhI, 3ByKOBble YCTPOMCTBA, MOJIEMbI, BHEILLIHMEe HAaKOMWUTeNd MHGOpPMaLu U T. [.
OTH yCTpoiicTBa UMeNM pa3Hble, HECOBMeCTHMbIe MexXy coboli crocobwl nogxkmouenust K 1K -
Kakue-To nogkaoyannchk yepes «COM-nopt» (RS-232), kakue-To uepe3 mnapasienbHbIA TOPT
npuHTepa «Centronics» (LPT), kakue-To uepe3 BHelHU «cKa3u» (SCSI), a HekoTopbie TpeGoBamu
ycraHoBkH B 1K cBoero cobcTBeHHOro afjanrepa. 51 mpuroMmuHa, Mo nepseiid pusog CD-ROM
TIpO-Ba ATOHCKOW Gupmbl Mitsumi, mprobpeteHHbiit MHOM B 1995 roay, umen ATAPI untepdeiic u
JJ1s1 ero MOAK/II0YeHHs NPULLIIOCh KYTUTh CIieljialbHY0 BepCHUI0 3BYKOBOM KapThl popmata ISA Ha
KoTopou mpucyTtcTBoBan pasbeM ATAPI (a elje mpuILIOCh 3aMOPOYUTLCS C TOMCKOM [ipaiiBepoB
IUis omiepariioHHOM cuctembl OS/2). B o6rmieM, momHbIM pa3dpog u miataHue. [Ipuy Tom, 4TO
T10/Ib30BATe/I0, Kak IIpaBU/IO, XOTeJIOCh MOAK/IouYaTh K cBoeMy IIK u wucronb3oBaTe Bce 3TH
TroJie3Hble TraJpKeTbl OJHOBPEMEHHO, a C KaXAbIM [JHEM MOsABIs/IUCE BCé HOBble. IITnHa UART,
TeopeThyecku, Morsa Obl 3aMeHWTb STH pa3HOIIepCTHble WHTepdeichkl ecnu Obl He psf
BPOXK/JEHHBIX HeJOCTaTKoB. Bo-nepBbix HU OAuH U3 craHgaproB cepun EIA RS-232 He
TIPeZIOCTaB/Is/T BO3MOKHOCTH 00ecrieunThb 1[eJIeBOMYy YCTPOMCTBY TMOJIHOLleHHOe muTaHue oT [1K.
Bo-BTophIx, ucnonb3yemele B crangaptax EIA RS-232 tunbl U BUABI pPa3beMHBIX COeJUHUTE/eN
Oobu oueHb rpomo3gkumu (DB-9, DB-25) u He oueHb MNPUTOAHBIMHM [/l TIOCTOSTHHOTO HX
noziK/iroueHust/oTkmouenus. B Tpetbux, EIA RS-232 3a 30 neT cunbHO «0OpOC MXOM» U coziepyKat
M30BITOK peJKO HCTO/b3yeMbIX CUTHAbHBIX JUHUN — momuMo curHasoB RXD, TXD u GND,
CTaH/IapT TpeJNKChiBal Ha/jMuve B pa3beMe elle Oosiee AecsTKa [OTMOTHUTENBHBIX CUTHAIbHBIX
eried, kak-to DTR, DSR, RTS, CTS, RI, DCD u T. 1., uTto B 0011]eM-TO 00yC/ilaB/TMBa/0 rabapuThl
pa3beMOB U TONMIIMHY Kabens. Hy v ueTBepThIM HeMa/ioBaXXKHBIM (akTopoM Ob1io To, uTo RS-232, B
BU/ly CBOEel aCHHXPOHHOW MPUPO/BI U C TTIOMeX0-HeyCTOMUMBBIM ClIOCOO0M KOAMPOBaHUS [JaHHBIX,
paboTan Ha OTHOCUTETbHO HU3KHUX CKOPOCTSX - Ao 115200 60z (koTOpble To3Ke yBemuwid 1o 1,5
u gaxe o 12,500 Merabog), B TO BpeMsi KakK TO/b30BaTell0 TPeOOBAUCh «AeCITKH Merabwut B
cekyHay». A K Hauany 2000-x u 3TOro okaxercs mano! Kopoue, UMerOInMi IIMPOKOe XOXKZeHHe
cradgapT EIA RS-232 6b11 X0po1 BceM, KpoMe TOro, UTo TpeboBasl pajjuKaibHOU nepepaboTtku. 1
Takasi repepaboTKa COCTOSIIACh.

15-ro sHBaps 1996 rojJa KOHCOpPLMYM U3 KOMIIAHWW CIeLMa/IM3UPYIOLMXCS  Ha
npou3BogcTBe TTK-ITHOTO JKeme3a, cpeyi KOTOPLIX ObLTM M3BeCTHBIE MO TeM BpeMeHaM OpeH/ibI
Compaq, Hewlett-Packard, Intel, Lucent, NEC wu Philips, u Bo3rnaBasieMblii Kopriopaijuei
Microsoft, mpeayiokun creLqu@UKali0 HOBOTO CTaHJAPT YHHBEPCAJbHOM M0C/ef0BaTebHOM
WHbI TonyuuBlled HasBaHue Universal Serial Bus Revision 1.0. [laHHasi crnenudukanus
npeZlycMaTrpuBasa ciaefymole Guun:

* KOMIMAaKTHBIM (opmdakTop pa3bemMHOro coeavHutesnss AByx TuroB (Type A u Type B)
TI03BOJISIFOILIETO JIETKO TIOAK/IIOUaTh W OTK/Iouath ycrpoiictBa K IIK Ha ropsuyro, 6e3
OTBEPTKM U JIMILIHUX TeJIOJBWKEHUH;

* nurtaHue ycrpoiictea ot xocta (1K) Hanpsbkenuem +5 B u 1o 500 MA Ha 1nopT;

* 7IBa CKOPOCTHBIX pexxuma: 1,5 Mbur/cek (Low Speed) u 12 M6ut/cek (Full Speed);

* Oonee yCTOMUMBBIA K TIOMeXaM MeTOJ] KOAMPOBaHWS TIepe/aBaeMbiX AaHHbIX NRZi c
VICTIO/Ib30BaHUEM [IByX CHUTHA/bHBIX JIMHUA BMECTO OJIHOM, KOTOPBIA Y)Ke YCIIeLIHO
WCTIO/Tb30BasIcs B Apyrux Buax untepdeticos u cereii (FastEthernet);

* BO3MOXXHOCTb CO€JMHEHUs YCTPOWCTB KackKaZioM C TMOMOILbIO TIPOCTOrO /I0MOJTHUTEIBHOTO
yctpoiictBa — HUB-a, Takke 1o aHasnoruu ¢ Ethernet;

* TPOTOKOJ oOMeHa 10 IIMHe Ha OCHOBEe TaKeTOB Pa3HbIX BU/IOB, C KOHTPOJIbHBIMU CyMMaMH
[J1s1 TIOBEPKM LIeJIOCTHOCTH T[epeflaHHbIX [AaHHBIX, WX IIpOBepKa M aBTOMaTUuecKas
nieperniockblyika (Retransmission);

* MexaHu3Mbl SHeprocbepexenwss (Power Management) TM03BOJISIIOIIE —TI€PEBOJUTH
YCTPOWCTBO B PEXKHUM «CHa» C HU3KUM TOTpeOsieHeM SHepPruu B Cjlyuyae eC/ii C HUM He
oCyIecTBsieTcst 0OMeH B TeueHWH OTpe/ie/IeHHOTO BpeMeHH;
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*  BO3MOXXHOCTh aBTOMaTHueCKOM HAeHTU(HUKALIY MTOJK/II0YaeMbIX YCTPOWCTB OMepaLiOHHOM
cucremotii ITK, aBromMaTryeckuii BEIOOP U 3arpy3Ka COOTBETCTBYHOILIETO /ipaiiBepa.

B To Bpems KommaHusi Microsoft oueHb ycepAHO MpoJBUrasa Ha PHIHOK CBOKO TapaZiurmMy
6e33a60THOTO KOH(MUTYPUPOBaHUS YCTPOUCTB - «Plug and Play», 1, Kak BUJHO U3 OIMCaHUs, HOBBIM
CTaHJApPT TOJIHOCTBIO el cooTBeTcTBOBajA. Ho mnpouio Gosee 10 ser npexzge uem USB
JeliCTBUTE/IbHO Hayajq paboTark Tak, KaK 3TO TPEAIo0Jarajoch - «BCTaBWI W T0eXaa», a Ha
Haya/IbHBIX JTarax BHePEHWs 3TOT0 CTaHJapTHa BCé ObLI0O He oOuyeHb pajyxHo. Hampumep,
MO/K/IIOYEHe MaHUIY/ISATOpa TUIA «MbIlb» 4Yepe3 USB MOIIO 3arpocCcTo  «I10ABEeCUTbH»
OrepalMoOHHYH0 CUCTeMY WM OTIPaBUTh eé B «panic!» (BbIAAaTh «CHHUWM KpaH cMepTu» B OC
Windows). Ho He Byziem 0 rpyCcTHOM.

Kak oTmeuanoch Bblllle, repBasi cieliiukanus craHjgapra Ha mmHy USB npepsarana aBa
ckopocTHBIX pexknma: «Low Speed» - 1,5 Mbwut/cek u «Full Speed» - 12 M6ut/cek, ux Hadaau
o6o3Hauath Kak USB 1.x «Low Speed» u USB 1.x «Full Speed» cooTBeTcTBeHHO. Pexxum «Low
Speed» mpejnarancsi A7 UCIOIb30BaHUSI B YCTPOMCTBax BBOZA, TAKMX KakK K/aBHAaTypa, Mbllllb,
CBETOBOE Mepo, relMITa/Ibl U HKOUCTUKY, a pexkuM «Full Speed» /151 Bcero octaibHOr0 — MOZIEMBI,
TIPUHTEPHI U CKaHepbI.

Yepe3 HEKOTOpOe BpeMsi CTajo TMOHSATHO, UTo Aake 12 MO6uT/ceK 3TO KaTacTpoduuecku
MaJio, 0COOEHHO [I/isT TaKMX YCTPOWMCTB KaK 3BYKOBBIE KapThl M Hakomurtenw, u B amnpesne 2000-ro
roga Beiuia crneuvéukanus USB 2.0 omuchiBatoiiass 0OMeH MO TOC/e/loBaTebHOM IIMHe CO
ckopocTeio 480 M6uTt/cek. Bepcus 2.0 6pu1a 06paTtHO coBMecTuMa € Bepcuert 1.0 1 BKirouana eé
KakK TIOZIMHOXKECTBO, UTO T03BOJIs/Io 6e3 rpobnem mogkmtodats crapble USB ycrpoiictBa («Low
Speed» u «Full Speed») B mopt USB 2.0. Ho HOBBIe ycTpoiicTBa, Takve Kak Hakonutenu USB
Flash, BeimonHeHHbIe B COOTBETCTBUU C Bepcueid 2.0 He Mmoriu paboTath B ropTax USB 1.x. UToOBI
00/1erYnTh T0/H30BaTeNIsIM «IIOMCK HEHMCTIPABHOCTU TaM TZe eé HeT», ObIJIo Tpe/IoyKeHO TPaBUIIO
— MapKupoBaTh pa3beMbl pa3/MYHbIX BEePCUM CTaHAapTa IJIACTUKOBBIMM BCTaBKaAMU DPa3HOIrO
1[BeTa: pa3beMbl MOPTOB U ycTpoiicTB Bepcur USB 1.x — 6Gesoro uBeta, a USB 2.0 — yepHoro.
[MTo3xe K 3TOMy TipaBuUny AobaBuiu USB 3.X, pa3beMbl 3TOM BepCMM MapKUPYHOTCs TJIaCTUKOBOU
BCTaBKOM romy6oro 1Beta. [IoMruMo 3TOro Ha KOprycax pa3beMOB Haua/lud HaHOCHTH CIelhaTbHbIe
JIOTOTUNBI OT/IMYaloIIMecs [Jisg pa3HbIX BepPCUM CTaH/JapTa M yKasblBalole Ha COOTBETCTBHE
u3envs CTaHAapTy (puc. 2).

USB 1.0 USB 1.1
(LS=Low Speed) (FS=Full Speed) (HS=High Speed)
1996 1998 2000
SUPERSPEED s SUPERSPEED + 'I 0
S -.G | RUSBa  SS<7.
USB 3.0 Gen 1 USB 3.1 Gen 2
(SS=Super Speed) (SSP=Super Speed Plus)
2008 2013
SGbps tobos — fHytandoh N

Puc. 2. J/locomunbl 0215 pazsemos USB paziuuHbix gepcuil.
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Hanee mMbl OyzeM paccMaTpuBaTh peanu3salio Ha s3bike SpinalHDL konTtposnnepa USB
Bepcuu 1.x («Low Speed») u HemHoro 3arjennum USB 1.x («Full Speed»). Bepcuu 2.0 1 3.X 1IMHBI
USB peTanpHO paccMarpuBath He OyzfieM, XOTSl M YIIOMsSIHEM WX OCHOBHbIe ominuus. [IpuunH s
3TOTO [iBe: BO-TIepPBbIX, crelu¢purKkanysa Ha mrHy USB karacTpoduuecku cioxHasi faxe B CaMOM
TepBOM BepCcuM — 4TOOBI peanr30BaTh U OMHCATh €€ BCHO TpeOyeTcs CyIeCcTBeHHO Oosblie
BpPeMeHH; BO-BTOPbIX, CKOpOCTU 0bMeHa B 480 M6ut/cek u Bbilie peanu3oBarb Ha [IJTMC MoXHO
TOJTBKO C TIPUMEHEeHHeM CIIeL[ia/IbHbIX TIporipueTapHbiX [P-6/10k0B «cepramzatopoB» (SERDES) ¢
nopgepxxkoi LVDS, a wux wucnosnb3oBaHve cesaeT Hally MMITIEMEHTALMI0 KOHTpOJulepa
HEMepeHOCMMOM U TPMBSA3aHHOM K KOHKpPeTHOMYy mnpou3BoguTento mukpocxem [IJIMC, uyero
X0Tesnoch ObI 30eXKaTh.

2. LWunHa USB Ha ¢pusnueckom ypoBHe

2.1. AneKTpUYecKne XxapakTepucTuku

Ha ¢usuueckom yposHe 1mHa USB Bepcuu 1.0 1 1.1 (11 2.0 Toxke) COZi@p)KUT BCEro YeThipe
ripoBofiHUKa (cM. puc. 3 Hwke). [Ia u3 Hux, VBUS u GND ucnonb3yrorcs Ajis nepejaud NUTaHUs
ot xocta/TIK («host») kK yctpoiictBy («device»). HampsbkeHue nuTaHusl TepefiaeTcs MO JUHUU
VBUS u moxeT BapbupoBaThcs oT 4,75 10 5,25 B. Ha mnpakTrke GOJIBITMHCTBO XOCTOB BbIZIAeT
HarpspKeHUe 10 BepxHel rpanHulie 5,25 B 7/11 KOMIeHcal[uu majieHust HarpsDKeHUs1 B Kabesie mpu
OonbilioM TOKe. MaKCHUMa/IbHBIM TOK OTOMpaeMbIM ycTpoicTBoM W3 ogHoro USB mopra mo-
YMO/UaHUIO He Alo/pkeH npeBbliath 0,1 A, ofHaKo npeAycMaTprBaeTCsl BOSMOKHOCTh OT/laBaTh B
ycrpoiictBo ToK A0 0,5 A. Tlpy 5TOM yCTpPONCTBO [O/DKHO 3asiBUTh B XOCT, Ha CTaJuu
VHUL[A/T3aLMH, KaKOW KOHKPEeTHO TOK OHO COOMpaeTcs MOTpebsisiTh, a XOCT B MPaBe «pa3pelinThb»
WM «OTKa3aTb». ECcM ycTpoicTBY A1t paboThl TpebyeTcss ToK Oonbie 0,5 A, To mpeaycMoTpeHa
BO3MOXKHOCTb 3aluTKH OT 7AByX USB TOpTOB crienrasbHBIM pa3BeTBI€HHBIM Kabesem C /IByMsi
pazbeMamu Type A Ha ogHOoM KoHue. g USB 3.x u pa3bema Tuna Type A MaKCUMabHBIU
oTOupaembIii Tok moBeiieH A0 0,9 A. [Ins paspema Type C MaKCMMasbHBIN JIOMYCTUMBINA TOK
cocTasisieT yxxe 1,5 A u HarnipsbkeHre no JinHUKM VBUS MoXXeT mporpaMMHO U3MEHSITCS B LUIMPOKUX
npesenax. Ha mpocrtopax cetn KHTepHeT oOHapyxunack cBofgHast Tabmuia (cm. Tab. 1) ¢
3/1eKTPUUECKMMU XapaKTepuCTUKamu 1MHbl USB pa3iuuHbIX BepCcHid.

Tabauya 1. Dnekmpuueckue Xapakmepucmuku wuHbl USB

Cnenudukanus Makc, Tox | Tanpbie- Makc.
HHe MOII[HOCTh
Low-power device / USB 1.x, 2.0 100 mA S5V 0.50 W
Low-power SuperSpeed / USB 3.x device 150 mA 5V 0.75W
High-power device / USB 1.x, 2.0 500 mA 5V 25W
High-power SuperSpeed / USB 3.x single-lane device 900 mA 5V 45W
High-power SuperSpeed / USB 3.x dual-lane device 1.5A 5V 7.5W
Battery Charging (BC 1.2) 1.5-24A 5V 7.5-12W
USB4 1.5A 5V 75W
Type-C current (1.5 A) 1.5A 5V 7.5 W
Type-C current (3 A) 3A S5V 15W
Power Delivery SPR S5A Upto 20V 100 W
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Power Delivery EPR ‘ S5A Upto48V 240 W

Ba)kHO OTMETWTB, UTO TOTpebuTeneM 3eKTposHeprur Ha mopty USB MoxeT OBbITH Kak
KOHEUHOe YCTPOMCTBO, Tak M KoHueHTparop (HUB), KoTopelii B CBOIO OYepe/b MOXKeT pasfiaBaTh
NIUTaHKe TIOK/TFOYeHHBIM K HeMy TIoTpeOuTessiM iajiee B HU3 TI0 1ierodke. Ho cyMMapHbIii TOK Bcex
YCTPOWCTB B 3TOM «THp/sHAE» He [O/DKeH IIpeBbIIlaTh YCTAaHOB/IEHHBbIM Ccrel(ukaLyen aas
BepCHUU IOpTa.

5 meters max

VBus sl {ﬂ] VBus
D+ - D+
D L 0000 00K D-
GND o \7— GND

Puc. 3. ®usuueckuil yposeHb USB: uembipe npo80OHUKA — 08d CUSHA/bHbIX
u 08a 0/151 NUMAHuUsl.

Teneps paccmoTpuM Kak B USB 1.x nepegatorcs fanHele. [l 3TOro, Kak y>ke 0TMe4asoch
BbILlIe, MTpe/iHa3HaYeHbl CUTrHa/IbHble MMHUM D+ 1 D-. Kakzaas Ux 5THUX JIMHUKA MOKeT HaXO[UThCS B
JBYX COCTOSTHUSIX: MO0 HU3KOro HarpsbkeHus «low» (0...0,3 B), 1100 B COCTOSSHMM BBICOKOTO
HarnpsbkeHust «high» (2,8...3,6 B). Bcero y 1mmHbl USB ueThipe MOWMeEHOBAHHBIX COCTOSTHUS
00pa30BaHHbIX KOMOWHaIeH cocTosiHuk Ui D+ u D-: coctosinue «Idle» (um «J»), coctostHre
«Inversed» (unmu «K»), cocrosinue «Single-ended Zero» (umu «SE0») u coctosinue «Single-ended
One» (unu «SE1»). I1pu stom gy USB 1.x «Low-Speed» u USB 1.x «Full-Speed» 3T1 cocTosiHus
orpefiesieHbl T0-pasHOMy. UTOObI He 3amyTaThbCsl IpefJiarard cpasy MOCMOTPUM B Tabmury 2
TI03aMMCTBOBaHHY!0 co crpanuibl Wikipedia mocssimeHHOM npotokoay oomeHa USB.

Tabauya 2. CocmosiHusi wiuHbt USB eéepcuu 1.0 u 1.1

Low speed | Full speed
Hazsaume | Cocrostume Onucanue npoiecca Ha MIMHE (noaTsika (MOATIKKA
CUrHaJia IIUHBI pont Ha D-) Ha D+)
D+ | D- | D+ | D-
BespelicTBre M nepexofiHOe COCTOSIHUE TIPU . .
J» Idle A Pexon P 11ow | high |high | low
repejiaye 1aHHbIX.
«K» Inverse of J |ITepexogHoe cocTosiHus 1pu repefaun AaHHbix |high | low | low | high
O6e uaun D+ 1 D— noATsHYTHI K HYJTHO.
Single- |MoxeT yKa3bIBaTh Ha KOHel] TlakeTa, Ha
«SEO» 8 y ] ’ low |low |low | low
ended zero |coctosiHMe cOpoca («reset») UM OTCYTCTBUS
noakmoueHus («disconnect»).
. O6e nuann D+ u D- noATsSHYTHI K
Single- . . . .
«SE1» ended one | OIOKUTEIHOMY TOTEHLHMAITY. 3anpeieHHoe |high |high |high | high
COCTOsIHMe, yKa3blBaeT Ha aBapuio.

Kak BugHO U3 ornvcaHus, B ctaHgapTte «Low Speed» u «High Speed» curHanbHble JTUHUU
D+ u D- B mmHe USB 1.x He siBisitoTcs AuddepeHlMasbHOM Mapoil, TO eCTb OHU He CTPOTro
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https://en.wikipedia.org/wiki/USB_communications

CMMMETPUYHBIE, a 3a/laHbl OTHOCHUTE/LHO 00mel mHuM «3eMau» (GND) u 00bIYHO He TpeOyroT
TepMUHALIMK (Harpy30uHOro Pe3ucTopa).

HamporuB, mmna USB Bepcu 2.0 («High Speed») pabortaer kak HacTosias
IuddepeHLManbHasl Napa, YpPOBHM HampsbkeHUM B Hel onpefeneHbl Kak -0,4..+0,4 B (1w
maddepenrranpHoe 0,8 B), mepemaya JaHHBIX OCYIIECTB/SIETCS TOKOBBIM CIoCOO0OM — OfHa
JIVHUS SIBJ/ISIeTCSl UCTOUHUKOM ToKa 17,7 MA, a fipyras ero notpeburesiem. [lluHa USB 2.0 gomxHa
ObITb TEpMHHMPOBaHa Ha 00eux cTopoHax /b0 pesucropom 90 Om mexay D+ u D-, mubo aByms
pe3uctopamu 1o 45 Om mexxay D+/D- u LieHTpa/ibHOM TOUuKoM («3eMJieii»). [lepes TeM Kak repenTn
B nuddepeniuansHbiii pexxuM («High Speed»), ycrpoiictBo USB Bepcuu 2.0 cHavasa paboraet B
pexxume «Full Speed».

Ha cropone xoctra nvHuu D+ u D- Bcerga moATSHYTHI K HU3KOMY «low» HampspkeHMIO
pesucropamu 15 KOM, 4TO MO-yMO/YaHUIO Y NPU OTCYTCTBUM NOAK/IIOUEHMS NePeBOAUT LIMHY B
cocrosiHre «SEO0» umm cocrosinve cbpoca (6omnee 2,5 mMc) u ganee B coctosiHue «disconnect». [lis
TOrO, YTOOBI OTIpe/Ie/TUTh KAaKOW THIl yCTPOMCTBA HA JAHHBI MOMEHT TOJK/II0YeH K InHe, «Low
Speed» nmu «Full Speed», Ha cToOpoHe MOAK/IHOUaeMOro YCTPOWCTBA OAHY W3 CUTHA/bHBIX JIMHUN
JKeCTKO TIOATSTMBAKOT K BbICOKOMY «high» HampsbkeHUto pe3ucTopom coripoTuBieHveM 1,5 kKOm
(cMm. puc. 4). [Inst 3TOoro 06bIUHO MCTIO/Nb3yeTCsl HalpsbkeHHe BHYTpeHHel IIKMHbI uTaHus - 3,3 B.
OTOT pe3ncTop TepeTsaruBaeT JUHUIO, TIOATSAHYTYIO0 Ha CTOPOHe X0cTa K «low» B cTopoHy «high» u
COOTBETCTBEHHO MepeBOAUT LIMHY B cocrosHue «Idle» («J»). OTO cocTOsiHMe [eTeKTUpyeTCs
XOCTOM M 3amycCKaeTcs Tpoljeypa uHALuanu3anyyu. Ho 06 3Tom mo3xke, a ceffuac pacCMOTPHU Kak
KOJVIPDYIOTCS laHHble Ha muHe USB.

USB HOST +3.3V USB HOST +3.3V
(HUB) 1.5K T (HUB) 1.5K
VBUS=+5.25V VBUS=+5 .25V
D+ D+
D- D-
GND GND
X X — ¥ ¥ —
o in in in
- Ll - -
USB 1.0 DEVICE USB 1.0 DEVICE
"Low Speed" "Full Speed"
v 1.5 Mbit/s v 12 Mbit/s

Puc. 4. ®usuueckuli yposeHb USB: pe3ucmopbl noOmsjicKu
npu nookaoueHuu «Low Speed» (cneea) u «Full Speed» (cnpasa) ycmpoticmea.

2.2. Nepepaya gaHHbIX Mo WuHe USB

He cmotps Ha 1o, uTo A1 «Low Speed» u «Full Speed» coctosinus «J» u «K» kogupyrorcs
M0-pa3HOMY, MPOTOKO/ OTepupyeT MMEHHO COCTOSHUAMU («J» m «K») A onmcaHus mporecca
riepe/jaui JaHHBIX. [Ipy MMIIEeMeHTalWMu HaM HaZi0 OBbITh BHUMAare/lbHBIMH M He TIeperyTaTh uTo
ecTb «J» 1 uto ecth «K» /1151 KoHKpeTHOM Bepcur USB. Tak Kak Mbl OyZieM peasii30BbIBaTh TOJTBKO
Bepcuto USB 1.0 «Low Speed» TO 3amoMHMM, UYTO MAacCUBHOE COCTOsSIHUE «J» [ Heé
orpeziensieTcss Kak D- B cocrosHuu «high», a D+ B cocrosinuu «low». CocrostHue «K» OygeT
CTPOTO MPOTHBOMNOJIOKHBIM: D- B cocTosinum «low» 1 D+ B coctosiHuu «high».

O6men ganHHbIMM Ha 1mMHe USB BefeTcs makeTamMyd HECKOJIBKUX THUIOB. VIHUIIMAaTOpOM
oOMeHa Bcerjja BBICTYIIAeT XOCT, OH TepefjaeT 3arpoC YCTPOMCTBY, a YCTPOWCTBO MO0 OTBeuaer
OZIHUM U OoJiee TIaKeToM, JIMOO0 MOTUMT.

[Mepen HauasmoM nepenaun mmHa USB Bcerna gomkHa HaxonuTcsi B coctosiHum Idle («J»)
HEKOTOpOe BpeMsl PaBHOE MHMHUMYM [BYM HHTepBajiaM. Ka[plii MakeT HauMHaeTcs C Iepejauu
npeamOysibl «SYNC» — uepefyroiiascsi moc/ieioBaTebHOCTb cocTostHA «K» U «J» pimHO#N
mects uHTepBanoB («KJKJKJ»), mocrme xkoropoi cnenyer paBa coctosiHUS «K»  («KK»).
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JuTeIbHOCTh HAXOXKJeHUsl IIIMHBI B OJHOM M3 TaKUX COCTOSIHMM (OJWH WMHTepBasl) OIpeZessieTcs
yactoTod paboTsl wHbl — 1,5 win 12 MI'u/cek. Ha nepefauy «K» 1 «J» MOXKHO CMOTpeTh Kak Ha
nepesauy 6utoB B UART, HO Ba)KHO MOHMMAaTh, UTO 3TO He OWUTHI JAHHBIX, a KpPAaTKOBpPeMeHHbIe
COCTOSIHUSI LIMHBI. TakuM 06pa3oM KaxkJpll MakeT HAUMHAETCS C TI0C/Ie/j0BaTe/IbHOCTH U3 BOCBMU
uHTepBasioB nipeaMOysbl («KJIKJKJKK») KOoTOpble UCTIONb3YIOTCS /Il CHHXPOHU3AI[UK TIPUEeMHMKA
no yactore U ¢aze. CreoM 3a npeamOysioii repejaroTcss BoceMb 6uT Tuma nakera («Packet ID»
win «PID») 3a KOTOPBIM MOTYT CJIe[[0BaTh [IOTIOJTHUTE/TbHbIE C/TyKeOHbIe JaHHbIe W/WMA T10JIe3HbIe
naHHble. [TakeT Bcerjia 3akaHUMBaeTCsl MOC/ieoBaTe/IbHOCTb cocTostHUM «SEQ SEO J», To ecTb ABa
untepBasa SEQ (D+ u D- noatsaHyThl K «low») 1 ojuH UHTepBas cocTosiHus «J». [1o 3aBepilieHNI0
repefjaud IIMHa BCerJa OcCTaeTcss B coctosHur «J» («Idle») u uepe3 oauH WHTepBaa TOTOBa K
repefiaue C/IelyIOLero rnakera.

KogupoBanue 6utoB gaHHbix B USB 1.0 u 1.1 mipoucxoguT cieAyroiuM obpa3oM: eciu
TpebyeTcst mepefath OUT «0», TO TepedaroIasi CTOPOHA UHBEPTUPYET COCTOSTHHUE IIUHBI: ObIT0 «K»
ctano «J», ¥ Ha0bopoT — ObUIO0 «J» cTano «K». UToObI nepeaars OUT «1» mepearoiias CTOPOHA
HE u3MeHsieT COCTOsIHME IIMHBI B CIeAYIOIeM WHTepBajie BpeMeHH, T. e. Ob110 «K» 1 ocranocs B
«K», 6B1710 B «J» 1 octanmock B «J». Haripumep, fs niepefaun nByX Hysed («00») cpa3y mociie
npeaMOy/ibl, KOTOpasl 3aKaHUMBaeTCs cocTtosHueM «K», Ha 1muHe OyAyT T0C/Ief0BaTebHO
BBbICTaB/IeHbI CiieAyrolue cocTosiHusl - «JK», a pgns mepepaum aByx eauHHUL («11») - «KKb».
BadicHbIM MOMeHIMoM sié/1siemcsi mo, Ymo mun nepeoasaemoz0 COCMosiHUsI 3agucum om 6uma
nepedaeaemoli uH¢opmayuu u om npeobidyujez0 COCMOSIHUS WUHbI!

Ha puc. 5 Hwke npuBefieH nprMep IOC/Ie0BaTe/IbHOCTA CMeHbl COCTOSIHMM 1vHbBl USB
Bepcun 1.1 («Full Speed») mpu nepenaue opgHoro makera tvna «NAK». B pganHoM ciydae
coctosiHue «J» kopupyetrcs Kak D+ B «high» u D- B «low». [lepeaua HauMHaeTCsi U3 COCTOSIHUS
«J» («Idle») c mpeambynbr «KJKJKJKK», 3a koTopoii ciegyeT BoceMb OWTOB THIA TakeTa
«JJKKKJJK» («01011010»), a 3a HUMM cpa3y cjieayeT rpu3Hak KoHua maketa «00J» (umu SEO,
SEO, J).

Al = m == 83 ns AV =3V

+
Voltage signal in D

the differential pair /—\ /¥ \
’——_ \/ K_/ \ /_/ \ AT
K

Differential decoding K J K K K K K J K0 0 ]
NRZI decoding 001011010

Start of packet Packet ID End
Packet format / clock sync (LSB first, 1010 = NAK) || of packet

Puc. 5. IMocaedogamenbHocmb cmMeHbl cocmosiHull wiuHbl USB 1.1 «Full Speed»
npu nepedaue nakema muna NAK.

Emje ofofi 0co00eHHOCTBIO KOAMPOBaHUS JIaHHBIX Ha mmmHe USB sB/sieTCsl UCIO/Ib30BaHUS
«but-cradpunra» — MeTOJUKHU T03BOJIsIONeH M30e)KaTh A0/roe HaX0oXKeHHe IITUHBI B KAKOM JIH00
u3 coctosiHni («K» unm «J») Mpu mepesiauu rakeTa JaHHBIX. DTO HEOOX0AUMO [/t IBYX Lienneid: 1)
MO3BOJIUTh TNPUHMUMAIOLLeH CTOPOHE TIOCTOSIHHO IepeCMHXPOHU3MPOBAThCS OT (PPOHTOB CMEHBI
nosispHOCTer JiuHUKA D+ 1 D-; u 2) yznaneHre NOCTOSIHHOM COCTaBJISIFOIEN 3/IeKTPUUeCKOTO TOKa
Juist GosibIleli moMexo3atuieHHocTy. but-craddunr B USB pabotaet ciesytomum obpa3om: rpu
riepeziaue 1IeCTH W Oojiee MOC/TeNOBaTeNbHBIX «eIUHUI (a8 «eJIUHUIIBI» KOAUPYIOTCS OTCYTCTBHE
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CMeHbI COCTOSIHUSI LIWHBI), B Tepefjauy BCTaB/ISeTCA OJHA [OMOJHUTEIbHAasi CMeHa COCTOSTHUM.
HanpuMep, ecnu mMHA HAaXOAWUTCS B COCTOSIHUM «K» M C 3TOro MOMeHTa TpeOyeTcs TiepejaThb
mectb «eguHul» («111111»), TO mMOCHeA0BaTe/IbHOCTL COCTOSSHUM MOXKHO OINHUCATh Kak
«KKKKKKJ» - 3TO 3KBMBa/JIeHTHO BCTaBKe B OHWTOBBI TOTOK «HY/IeBOro» 6Ourta (B Cymme
TIOJTYYUTCS TIOCTIej0BaTe/TbHOCTh OUT «1111110»). Ha cTopoHe TipreMHHKa 3TOT [OTIOTHUTE TbHbIM
«HY7TeBOM» OUT OTC/IeXXUBaeTCss M yjAanseTcs W3 T10TOKa. OTO 3HAuuT, UTO KaxKzas
nocsegoBatenbHOCTh « KKKKKKI» umu «JJJJJJK» 3ameHsieTcst Ha 11ecTb «eJUHUL («111111»).
Ecau npuHumarouwjasi cmopoHa no Kakoli-mo npuyuHe nosjay4yaem cemb NOC/1e008ame/1bHbIX
«eduHUuYy», mo npou3souwien cooii nepedayu!

2.3. MNepepaya cnyxeO6HbIX CUTHA/IOB

Crerndukaupeit USB 1.0 u 1.1 npepycmarpuBaetcs riepefiada 1o mmHe USB cyxeGHBIX
CUTHAJ/IOB BJ/IMSIIONIMX Ha pabOTy YCTPOMCTB TOJK/IIOUEHHbIX K IMHe. Iloflaua CUTHAIOB
TIPOU3BOAMTCS C TIOMOIIbI0 KOMOMHALIMK PA3/IMYHBIX COCTOSIHUN W WHTepBasia BpeMeH! OOJIbIIHiA
yeM OTBOZMTCS TP Tepejjaue ogHOro 6uTa AaHHbIX. YTo-To momobHoe ecth U B ctapoM UART (s
uMmero B Bualy nepenauy curHana BREAK), Ho B USB crnekTp ciy>keOHBIX CHUTHAIOB TOpas/o
boraue.

B crietmdukarm USB 1.X pa3iuuaroT ciefyroiye Ciay>keOHble CUTHAbI (UM COCTOSTHUS)
bl USB:

* «Disconnect» - oTK/IIOUeHHe yCTporicTBa. Ecm mmHa Haxogurcst B cocrossHun «SEO» Gomnee
2 MKC, YTO CUMTAeTCsl UTO CBSA3b C YCTPOMCTBOM MOTepsiHa. Takoe BO3MOXKHO €C/IM Ha LLIUHe
HeT ¢u3nueckux TmnoAkmodeHnii kpome 10 KOM pe3UCTOPOB TOATSKKM K «low»
YCTaHOBJ/IEHHBIX B CXeMe XOCTa.

* «Connect» - TmOAK/IIOYeHHWe YyCTpolcTBa. EcauM 1IMHA mMepexoguT W3 COCTOSHUS
«Disconnect» B coctosinuu «Idle» («J»). I[Ipu aTom «J» ornpezeneHo 1o pasHoMmy st «Low
Speed» u «High Speed», uto mo3BosisieT onpeieuTh KAKOTO THIA YCTPOMCTBO MOJK/II0YEHO
K LIMHe.

* «Idle» («J») - maccuBHOe cocTosiHve Ge3 oOMeHa JaHHBIMH, CM. I71aBy «Ilepedaua OaHHbIX
no wuHe USB».

* «EOP» - xoHel mepefaud (KoHel] maketa). Eciu 1mmHa mociefoBaTelbHO MNPOXOJUT
coctosiHust «SEO», «SEO0» 1 «J» B TeueHUM TpeX BpeMeHHbIX UHTEePBAJIOB.

* «Reset» - cOpoc. IHULIMUpyeTCsl XOCTOM IyTeM IepeBofia IIMHbBI B cocTosiHue «SEO» u
yAep>KaHue e€ B 3TOM COCTOssHUM Oosee 2,5 mc. Ha cTopoHe yCTpoOWCTBa MpHeM CHrHaa
«cObpoc» 00si3aH TIPUBOAWTH K COPOCY BHYTPEHHeH MalllMHbI COCTOSTHUH.

* «Bus Reset» - monHbIi cOpoc mmHBL. OCyIeCTB/ISETCS TIePeBOAOM IIIMHBI B COCTOSTHHE
«SE0» Ha Bpemst ot 10 0 20 Mc. [Tocne «1mosiHOTO cOpoca» TOTHOIIEHHOe B3auMOJIeHCTBHE
C YCTPOMCTBOM BO3MOXKHO TOJIBKO TIOCJIe TIOBeZieHre TpoLielypbl MHALMan3auuu. ITomHbIi
cOpoc OOBIYHO BBITIO/IHSIETCSI TIOC/Ie [eTeKTMPOBaHUS TOAK/IIOUeHUsT HOBOTO YCTPOMCTBA,
yT00BI TaPaHTUPOBATH €r0 MOJHYI0 MeperHULIMaTN3aLHIo.

* «Suspend» - epexof B peXxuM 3HeprocOepekeHusi («CHa»). VIHULIMMPYETCs XOCTOM ITyTeM
riepeBo/ia IIIMHBI B COCTOsIHUE «J» U yiep>KaHHe eé B 9TOM COCTOSIHUHU B TeueHuH Oosiee 3 MC.
YCTpOMCTBO TOMyYMB TakKOM CHrHaa OOSI3aHO TIEPeTH B PeXHWM 3HeprocOepexkeHusl.
[ManbHelilias KOMMYHHUKalUsi C yCTPOMCTBOM BO3MOKHA TO/MbKO /MO0 TMOJauM CHrHaia
«Resume», m1b0 mocsie mozgauu curHana «Reset» ¢ mocenyoiei MHAIMATH3al[UeH.

*  «Resume» - BBbIXOJ U3 peXUMa sHeprocOepexxeHus (BBIXOZ M3 «CHa»). OcyljecTBsieTcs
nogaveit curHana «K» B reuennn 20 mc ¢ nocneayroieit nogaueit curnana «EOP». Curnan
«Resume» Mo)keT ObITh WHMLIMMPOBAH yCTPOWCTBOM, AJii 3TOTO YCTPOWCTBO TIEPEBOJUT
IMHY B cocTosiHue «K» Ha Bpemst 6osiee 1 Mc 1 oxxufiaeT curHana «Resume» ot xocra.
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* «Keepalive» - He TM03BO/IATH YCTPOWCTBY TMEPeXOAUTb B DPEXHUM 3SHEpProcbeperkeHusl.
OcyiectnsieTcs nepefaveit curHana «EOP» kaxayro MuwirceKkyHga. OripeziesieHO TOJIBKO
nnst «Low Speed» ycTpoicTB.

* «SOF» - npu3Hak Hauasa BpemeHHOro ¢peiima (Start of Frame). [TakeT gaHHoro ¢opmara
pacceiaetcst XoctoM Tio mmHe «Full Speed» nma «High Speed» ¢ unTepBanom B 1 Mc.

BakHbIM MOMEHTOM SIB/ISIETCSI TO, 4YTO €CAd YCTPOMCTBO Tepelyio B  PeXUM
3HeprocbepeskeHus («CHa»), TO B3aMMO/IeMCTBOBATh C HUM MOXKHO TOJIBKO TIOC/Ie T0Jau CUTHaja
«Resume» nmm «Reset», uTo 3aHMMaeT HeKOTOpoe BpeMms. Ec/u yCTpOWCTBO Meperuio B pexuMm
«CHa», TO OHO TpeKpalljaeT OTBeYaTh Ha 3arnpockl. /11 mozo, umo6bl ycmpoticmeo He nepexoous10
8 PeXtcuM «CHa», Xocm 00/1%#CeH nepuoouyecKu, ¢ UHmepeaaiom 1 mc, nocbL1IAMb NO WUHE CUZHA
«Keepalive». /lna pexcuma «Full Speed» cuznan «Keepalive» He onpedesneH, evecmo 3mozo &
OaHHOM pejicuMe Xocm 00s13aH ebicbLiamb nakem «Start-of Frame» (SOF) ¢ unmepeasiom 6 1
mc. U «Keepalive» u «SOF» ucnoib3ylomcs 6 mom uucse 0415 CUHXPOHU3AYUU 6HYMpeHHUX
uacoe Ha ycmpoticmee. Xab c¢opmupyem «SOF» 011 6cex c8ux nopmoe camocmosimesnabHO
UCX0051 U3 C80€20 6HyMpeHHe20 cHem4uKd pemMeHuU.

3. MpoTOKONbLHbLIW YPOBEHb WNHLI USB

Kak ObIZIo OTMeueHO BbIlle, B mpoiiecce obmeHa 1o muHe USB aHHBIE TiepearoOTCs
naketamMu. Kakzpiii makeT HauuHaeTcsi ¢ ripeaMOynbl «SYNC», comep>xut ueHTU(GUKaTop THIMa
nakera «PID», monesHble JaHHble M 3akaHuuBaeTcsi curHaioM «EOP» (mocnemoBaTenibHOCTb
coctosiauit: «SEO», «SEO» u «J»). [Ipu nepesiaue faHHbIe POXOASAT TIpoLieAYpPy «OuT-cTaddrnrar
- Ha 1epeiaroliieii CTOpoHe K KaK/I0M 1oc/iefloBaTe/TbHOCTH U3 LLIeCTU «eJUHUL» 100aB/sieTcss OfUH
«HOMb», @ Ha TIPUEMHOW 3TOT «HOJb» yAasnsercs. JlaHHble TepefaroTCsi OT MaJmuX OWTOB K
CTapLKM, OT MIaJMKX 6aiToB K ctapinm (mpuHLmn «LSB First»).

[Tone «PID» cofep>XUT BoCeMb OWUT M3 KOTOphIE TIEpBbIe UeThIpe OWTa HEroCpeACTBEHHO
3a/Ial0T TUII, a CJiefytoliye yeTbipe OMTa TOBTOPSIIOT TepBble /IBa B WHBEPCHOM COCTOSTHUU. OJTO
CJles1aHo Ji7Ist TOTO, YTOOBI MOXKHO OBIIO /1eTeKTUPOBaTh NPaBU/IBHOCTh MPHeMa TIPOCTHIX MaKeTOB He
cofeprKalux 3aluTHbIX LUKIndeckux kKogoB (CRC). B crangaprax USB Bcero Bo3mo)kHO 16
TUIOB TaKeTOB, U3 HUX B Bepcuu 1.0 u 1.1 3azeiictBoBaHO TosbKO BoceMb: ACK, NAK, STALL,
IN, OUT, SETUP, DATAO u DATA1. [lasiee Mbl pacCMOTpY Ha3HayeHUe 3TUX I1aKeTOB.

3.1. Tunbl naketoB (PID) ansa USB 1.x

[To cMBICTIOBOMY Ha3HAUeHUIO TIAKeThI repejaBaeMble 10 mmHe USB 00beuHSIOTCS B TpU
rpynibl: Tokenbl (Token), Ynpasnenue norokoMm (Handshake) v makeTsl nepefiauu gaHHbix (Data).
B npuBeseHHOlN Himke Tabsuile 3 onvcaHbl CrPYMITAPOBaHHbBIE TI0 HA3HAYEHHUIO KCIIO/Ib3yeMbIe B
USB 1.0 u 1.1 ugentudukaropsl raketoB. butel uaentrudukaropa «PID» yka3aHbl B Tabuile Tak,
KaK OHM CJIe/IyIOT B IaKeTe — CJIeBa HarlpaBo, OT MJIa/IIero OMTa K CTapIivM.

Tabnuya 3. Ilepeuenb udenmucgpukamopoe nakema (PID) das USB 1.0 u 1.1

PID Tuna nakera A HaumeHoBaHue Ha3nauenmue
0100 1011 Handshake ACK [ToaTBep)KJeHWe TIPUHATOTO TlakeTa C
JlaHHBIMU.
0101 1010 Handshake NAK «Het maHHBIX» [I/ISI OTBeTa.
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0111 1000

Handshake

STALL

Bo3Hukna — Hepaspemmmasi  OIIMOKa,
TpeOyeTcst  BBIMOJIHEHWe  TIPOLeyphl
BOCCTAHOBJIeHHUsI (€ITOr recovery).

1011 0100

Token

SETUP

3ajjlaHMe  ajpeca KOHEUHOM  TOYKHU
(«endpoint») asist mocneaytomero ooMeHa
cty>keOHOM — uHGbOpMaLen — MeXxay
XOCTOM M YCTPOWCTBOM.

1001 0110

Token

IN

3ajlaHde  ajpeca KOHEUHOW  TOYKHU
(«endpoint») JIsT rocieayoiiei
repefiauy JAHHBIX OT YCTPOMCTBA K XOCTY
(Device-to-Host transfer).

1000 0111

Token

ouT

3ajlaHde  ajpeca KOHEUHOW  TOYKHU
(«endpoint») hib rocieaymoiiei
repefiayy JAHHBIX OT XOCTa K YCTPOWUCTBY
(Host-to-Device transfer).

1010 0101

Token

SOF

Hauano BpemeHHoro unrepsana (Start of
Frame), wucrnonb3yeTcss KakK HWCTOUHHUK
CMHXPOHM3AllMM YacoB Ha YCTPOMCTBe U
TOYKM TI€PeroChbl/IKH B M30XPOHHOM
pexxume.

1100 0011

Data

DATAOQ

UYeTHbIl TIaKeT C JJaHHBIMM.

1101 0010

Data

DATA1

HeuéTHbIl MakeT C JJaHHBIMMU.

Bce Tpu Buzia MaKeTOB MMEIOT CBOM (hopMar U CBOHM Crocob 3aiiyThl OT OLIMOKU MpH Tepeiaun
(cBoii ko CRC, KOTOpBIM pacCCMOTPEH HIDKeE).

3.1.1. ITakets! ynpasaenus notokom (ACK, NAK, STALL)

[TakeTsl ynpaB/ieHUs1 [IOTOKOM cozeprkarb TonbKO PID u He 3amuiiens! ¢ nomouisro CRC,
TpOBEpKAa WX TIPaBUIBHOCTH OCYILECTB/ISIeTCS CBEPKOM CTapilero M MJajiiero rmosybaiita
uieHTUPUKATOpa TlaKeTa, OWUTHI KOTOPBIX [O/DKHBI ObITh WHBEPTUPOBAHBI JIPYT OTHOCUTETBHO
Japyra. K yripaBieHuro MOTOKOM OTHOCSTCS TlakeThl ¢ ugeHTUdrKaropamu PID paBHbiM ACK, NAK
u STALL. OHM UCTIONB3YIOTCS AJ1s1 yIIpaB/ieHus Tiepefjadeid JaHHbIX U 00BIYHO MOCHUIAOTCS B OTBET
Ha nakeT ¢ gaHHbIMU DATAOQ nmu DATA1 (BMecte DATAX) C Lie/ibl0 MOATBEPAUTD NMPABUIBHOCTh
TIOJTyYeHHsI [JAHHBIX Ha TPUEMHOW CTOPOHE WM CUTHa/IM3UpOBaTh 00 OmnbOKe (HEBO3MOXKHOCTH
JanbHele nepegaun). @opmar yripapJisifolllero rnakeTa rnpuBeieH B Tabsuie 4.

Tabnuya 4. @opmam nakema ynpasnexus nomokom (Handshake).

ITonie SYNC PID EOP
buToBbIe 8 8 3
UHTEepBaJIbl
CurHan KJ KJ KJ KK XXXX XXXX SEO SEOJ

[Tepenaua ympaB/sitolLero makera 3aHWMaeT 16 OUTOBBIX MHTEpBa/JOB + TpPU OUTOBBIX
WHTepBasna Ha curHan koHra naketa (EOP), uroro 19 6utoBbIX MHTepBaioB. Ha3HaueHue rakeToB

criefiytoliee:
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ITaker ACK — BbICBUTaeTCs B OTBeT Ha MPUHSATHIM makeT DATAX ecnu makeT C JaHHBIMH ObUT
NPUHSAT YCIELIHO, T. e. 6e3 omMO0K U Nepejatolijasi CTOPOHa MOXKET IPOJ0/DKaTh repesiauy.

ITaker NAK — BbIChUIaeTCsi €C/Id B OTBET Ha 3arpoc K coo0I1jaeT, uTo y 3arnpaliiBaeMoi CTOPOHe
cerMyac HeT [aHHbIX WX OHa He rorosa. OtnpaBka NAK o3HawaeT, yTo nepezaroljasi CTOpPOHA
Jl0/DKHA TTOBTOPUTH OTIIPABKY MakKeTa C JaHHBIMHU (3alpoC) yepe3 HEKOTOPOe BPeMs.

ITaker STALL — Bbicbl1aeTcsi B OTBeT Ha MNpUHATHIM nakeT DATAX B ToMm ciyvae, ecid Ha
TIPUHUMAIOIIEN CTOPOHE TPOM30IiIa HEBOCCTAaHOBUMAs OIIMOKa (He BepHBINM (hopMar JaHHBIX, He
nioziep>kuBaeMasi QyHKIMS Wi cOoil KOHeYHOro aBTomara). I1ochklyika 3TOro rakeTa 03HadaeT, UTo
JasbHelIas repesiaua JaHHBIX HEBO3MOXKHO M TpeOyeTcsi YaCTHUHAst WJTH TIO/THAsi MHUL[AA/TU3aLs
YCTPOMCTBA.

3.1.2. ITaketbi-ToKeHbI (IN, OUT, SETUP u SOF)

K Tak Ha3biBaeMbIM «TOKE€HaM» OTHOCSITCS TakeThl € ujaeHTUdukatopamu IN, OUT wu
SETUP. IlakeTbl 3TOM Trpymmbl, NMOMUMO WieHTHdHKatopa PID  cogmepkatr 7 OWTOB azpeca
ycrporictBa («device address»), 4 Gura HOMepa KoHeuHOW TOYkHM («endpoint») W MATH OUTOB
KOHTpobHOU cyMMbl CRC5. KoHTposibHOM cymMMoOM 3aiuinaetcst Bcé, uto cienyet 3a PID. Takum
obpa3oM B TokeHax mog 3amuty CRC5 momagaror mons «device address» u «endpoint». OOGImii
dopmar TokeHa TpuBefieH B Tabmuiie 5. Tlosisg «afipec yCTpOWCTBa» M «HOMEP KOHEUHOW TOUKH»
(«endpoint») ripuHsTO cOKpalijeHHO uMeHoBaTb ADDR 1 ENDP.

Ajpec yCcTpolCTBa — 3TO HOMep YCTPOMCTBA IIPUCBOEHHBI €My B IIpoLecce
MHULMam3auyy. Ecmm ycTpolcTBO He ObIZI0 MHULMATM3UPOBAHO, TO OHO OTBedaeT Ha azipec «0».
Homep koHeuHOM TOUKM 3TO BHUpPTya/lbHasi CYLJHOCTb — HOMEp HeKOero Npu/oKeHHsl (KaHasa,
Oydepa) BHYTPU YCTPOWCTBA C KOTODOM B KOHKDETHbI MOMEHT BpeMeHH TPOUCXOJUT
B3auMo/eiictBue. HysneBoli («0») HOMep KOHeUHOW TOUYKM 3ape3epBUPOBAH [/l CYKeOHbIX HYX[, U
aKTMBHO WCIIONB3YeTCs TIPYM WHUIMAIU3alu ycrpoiictBa. Takum obpasom, Bce USB yctpoiicTBa
nogaep>xuBatoT oomed ¢ ADDR:ENDP = 0:0.

Ba)kHo, UTO Mocsie 3aBeplieHKs MHULMAIU3alUi yCTPOMCTBO MOXKeT CMEHUTh CBOM HOMep,
NP 3TOM HOMepa KOHEeYHBbIX TOYeK Ha YCTPOWCTBe He MeHstOTCs, a kKombuHanus 0:0 Bcerga
0CTaeTCsl JOCTYITHOM.

Tabauya 5. Popmam nakema-mokena (Token).

Device address| Endpoint
ITone SYNC PID (ADDR) (ENDP) CRC5 EOP
BuroBsbie 3 3 7 4 5 3
HHTepBaJIbl
CurHan | KJ KJKJKK| XXXX XXXX | XXXX XXX XXXX | XXXXX |SEO0SE0J

[Tepenaua makera turna Token 3aHuMaer 32 OMTOBBIX MHTepBana + TPU OMTAa Ha CUTHAs
koHlla mnakera (EOP), urtoro 35 OWUTOBBIX HHTepBasoB. PaccMoTpum mofpoGHee Ha3HaueHUe
Ka)K[JOTr0 U3 TOKEHOB.

Token SETUP wucnone3yercss A/ WHULMAIW3ALUM YCTPOMCTBA W/IM €ro IepeHacTPOUWKHU. 3a
TokeHoM SETUP Bcerga cienyer maker DATAQ craHgapTu3oBaHHOrO ¢opmaTta (CM HIKe)
coziep>karuid poBHO 8 GaiiT maHHBIX. Kak mpaBusio, repBoHaya/ibHas MPolieAypa WHUIMAIU3aIun
HaripassissieT SETUP Ha azgpec 0:0.
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Token OUT mnepeziaeTcst OT X0CTa K YCTPOMCTBY afipec KOToporo 3ajaH B nosie ADDR u coobirjaer
YCTPOMCTBY UTO CJIe/IOM 3a 3TUM T1akeToM OyzieT repesiad oguH U 6osiee maket ¢ AaHHbIMU (DATAX)
ripeJHa3HaueHHbIMU /i1 yKa3aHHoW B r1osie ENDP koHeuHoil Touku (mpuioxkenusi). Ilocre
TIO/TyYeHHsl TakeTa C JaHHBIMH yYCTPOWCTBO 00s13aHO TIOATBEPUTH YCIEIIHOCTb MPHUEMa KaXKIoro
naketa ornpaBkor nakera ACK, NAK wm STALL.

Toxken IN mepefaeTcss oT XoCTa K YCTPOHCTBY afipec Kotoporo 3azaH B noie ADDR u coobujaer
YCTPOMCTBY UTO IOCJ/Ie 3TOTO MaKeTa XOCT O)KUZAeT OT yCTPOUCTBa nakeThl ¢ AaHHbIMU (DATAX), TO
ecTb OyZieT MPOM3BOAWTHCS Tepefada JAHHBIX OT YCTPOMCTBA K XOCTy. AHasoruuHo roge ENDP
yKa3bIBaeT Ha HOMep KOHeYHOM TOUKHU Ha YCTPOWCTBe OT KOTOPOM XOCT >KeJlaeT I0JIydaThb JlaHHbIe.
YcrpotictBo monyunB miakeT IN o6si3aHO0 oTBetuTh ¢ momoufpto NAK wmmu STALL wnm HauaTh
nepefjauy AaHHbIX € rnomolgpo naketoB DATAX. YcrpoiictBo Bo3Bpawjaetr NAK ecnu B faHHbIe
MOMEHT y Hero HeT [aHHbIX A otnpaBku. STALL Bo3BpaljaeTcs eciv Mpousolilla BHYTPeHHSS
omMbKa B KOHEUHOM aBTOMare YCTPOMCTBAa W Ja/ibHellliee B3auMOJeHCTBUe HeBO3MOXXHO. Ha
KaXX/IbIi TIomyueHHbIN makeT DATAX xocT 06s13aH otBeTuTh C Tiomolrpio ACK wim NAK (zmaHHBIe
NIpUHSATHI 6e3 ombku wiu ¢ ombkoi), mpu 3ToM NAK 0T XocTa cUrHanmu3upyeT YCTPOMCTBY O
TOM, 4TO TpeOyeTcs IepernockuIKa (retransmission).

Token SOF miepezaeTcst oT XocTa 110 1mmHe paboratoireit B pexkuma «Full Speed» ¢ uaTepBaniom 1
Mc. @opmar nakera SOF ominyaeTcsi OT oCTalbHBIX TOKEHOB TeM, uTo B 11-Th OMTHOM Tone
ADDR:ENDP BMmecTO aspeca yCTpPOMCTBA M KOHEUHOM TOUKM IlepeflaeTCs UYUCIO — HOMep
BpeMEeHHOro uHTepBana (¢peiimMa). JTOT HOMEpP MOHOTOHHO BO3pacTaeT C KaXK/bIM HOBBIM
¢peiimoM. TokeHn SOF ucnionb3yeTrcs [ji1 HyMepalLMy BpeMeHHbIX OTPe3KOB, UTO MCOb3yeTCs [J1s
CUHXPOHHM3aLlM B U30XPOHHOM peKUMe Iepesiaudd - XOCT WM YCTPOWCTBO MOTYT MOMPOCUTh JIpYyT
Jpyra BO300HOBWUTH Tiepefauyd TIOTOKa [JAHHBIX C KaKOM-TO KOHKPETHOW TOUKHA BO BpEMEHH,
onpezesissemoMm HoMepoM B SOF.

Crangaprom USB 1.0 nmpeanuceiBaeTcsi mpuopureT TokeHa SOF Haj BCceMM OCTa/IbHbIMU
BUZIAMH TTaKeTOB. DTO O3HAYaeT, UTO BCE JJaHHbIe U C/Ty>KeOHbIe TTaKeThbl (TOKEHBI, IO TBEPK/IEeHHS)
JIOJDKHBI TlepeZiaBaThbCsl MeXAY [AByMsl TOociefoBaTe/lbHbIMU ToKeHaMd SOF orpaHuuMBaronimx
BpeMeHHOW OTpe30K. HUKaKoi TOKeH WM TakeT C JAAHHBIMA He MOXKeT ObITb repejjaH BMeCTO
TokeHa SOF.

3.1.3. I1aketsl ¢ ganHbiMHu (DATAO u DATA1)

[ns nepenauu nosie3Hbix AaHHbIX B USB 1.0 u 1.1 ucnosnb3yetcs gBa uaeHtrdukaropa PID:
DATAO u DATA1. TlakeTsl ¢ JaHHBIMU JO/DKHBI C/1e[J0BaTh TOJIBKO MOC/e 0gHOTO U3 TOKeHOB (IN,
OUT wm SETUP) kotopbie 3aJal0T ajpec yCTPOWCTBA M HOMep KOHEUHOW TOYKH Jjisi oOMeHa
JNaHHbIMU. Pa3Mep HemocpeACTBEHHO TI0JIs [jisl O/Ie3HBIX AaHHbIX B crierdukaimu USB 1.0 u 1.1
oripefiesieHbl C/lelyIOIKMM obpa3oM: He Gosiee 8 GaiiT 111 «Low Speed» 1 He Gosiee 64 GaiT /17151
«Full Speed». B USB 2.0 pa3mMep mosie3HbIX MM0Js [jis AaHHBIX yBeandeH Ao 1024 Gaiit. [Taket c
JAHHBIMH BCeryla COAepXKUT Tmosie mukauueckoro koga CRCI16 gy oripefeneHust OIIHOKH
BO3HHUKIIIEH npu repeaud. [ToHbIN GopMaT rakeTa JaHHBIX MPUBeEH B Tabsuile 6.

Tabauya 6. @opmam nakema ¢ daHHbimu (DATAO u DATAL).

ITose SYNC PID Data CRC16 EOP
BbuTtoBbIe 8 8 64 16 3
UHTEepPBaJibl
CurHan |KJKJKJKK| XXXX XXXX | XXXX ... XXXX XXXX XXXX | SEOSEO)J
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| XXXX XXXX |

CemaHTuKa ucriosnb3oBaHus naketoB DATAQO v DATA1 cnenyromas. Ilepenaroiiasg ctropoHa
HauuHaeT nepejauy c rakera cogepskaiuii PID paBnbiii DATAOQ. ITonyuuB noaTrBepxxaeHue (ACK)
riepeiatoiiiasi CTOpoHa TepefiaeT mnakeT ¢ uaeHtudukaropom DATA1L. TTonyunB ACK u Ha 3TOT
TIaKeT, Tiepe/iaroliasi CTopoHa mepezaet rmaket ¢ DATAOQ u Tak 1o kpyry. Takum o6pazom, DATAO u
DATA1 oTpaxaroT MOC/IefHUM OWUT B B HOMepe IepefaBaeMOro TlakeTa B TIOTOKe JaHHBIX.
[Mepepatolijasi cropoHa o6si3aHa Ao aaTbcsi moATBepskAeHrss ACK Ha KaXK/IbIi OTTIpaB/IeHHBIN MakeT
Y TOJIBKO II0CJIe TI0JlyYeHUs TOATBep)KeHUs IepexOofUT K OTIpaBKe C/Ie[yIOLero, U3MeHss Ipy
stoM PID. Ecmu ke B OTBeT Ha IakeT C JaHHbIMU He IPULUIO TOATBepPK[EeHUs I10 MCTeUYeHUIO
HEKOero BpeMeHHU (CUTyalusl «TaikMayT»), TO CYUTAETCS] UTO MaKeT MOTHOCTBIO MOTepsiH (He [oIes
J10 TIPUEMHOM CTOPOHBI), U Nlepejaroliasi CTOPOHa ellle pa3 BbIChblaeT MpebIAyIIni NakeT He MeHss
ero PID.

Ha ripyeMHOI CTOpDOHe Ha BCe YCIeLIHO TOoydyeHHble TakeThl (He cofepKalljie OIIHNO0K
CRC16) Beicbinaercas ACK, HO faHHbIe M3B/IEKAlOTCS TOJBKO U3 IAKeTOB C Yepeayrommmcs PID,
oTOpachIiBasi AybnuKaThl (1Ba U O6osiee maketa ¢ ofHUM U TeM ke PID). Eciii Ha rpyeMHOM CTOpOHe
Bo3HHKaeT ommbka CRC16, To mpueMHasi CTOpOHa TMPOCTO OTOpachIBaeT TIOMyUeHHBIA TaKeT U
HUUETO B OTBeT He BBIChIJIAeT, YTO MPUBOAUT K cpabaThiBaHUIO TailiMayTa Ha Iepe/arolieii CTOpOHe
Y TIOBTOPHOM TTOCBHUIKe TOTO ke TakeTa ¢ TakuMm ke PID. Ynpasnsromui naketa NAK orcbutaercs
TOJILKO B TOM CJlyyae, eC/id TIIpUeMHas CTOpPOHAa >KejlaeT pa30opBaTh CeaHC IepeZiaud JaHHbIX C
JlaHHBIM YCTPOMCTBOM U KOHe4yHOM ToukoM. Taxke NAK yacTo mucnonb3yercs /sl CUTHa/IU3aLyy O
HEroTOBHOCTH CTOPOHBI K Iepefiaue Wiu IpyueMy JaHHbIX.

Baxno, uto PID mociezHero oTnpas/eHHOIO IakeTa C JaHHbIMU YUWUTHIBAETCS OTZe/IbHO
nnst koHKpeTHoM napel ADDR:ENDP, a 3To 03HauaeT, UTO KOHeUHbIM aBTOMAaT Ha CTOPOHe XOCTa
Jo/pkeH 3aromuHathk PID fj1a mocsiejHero oTnpas/ieHHOIO NakeTa U Moc/iejHero NpuUHATOro nakeTa
pasgenbHO Ais Kaxzaol rnapel ADDR:ENDP. Kaxxabiii pa3 nociie nepecbiiky IN, OUT wiu SETUP
auist 3aganHou mapel ADDR:ENDP HoMep makeTa B TIOTOKe cOpachIBaeTCs U repefiaua HauMHAeTCs C
PID = DATAO. COpacbkiBaeTcss HOMep TlaKeTa TakKKe U TIPpH BBIMOJHEHWH TIPOIeAypPhl
VHULIAa/IU3aluu.

3.1.4. Anroputmsl pacuyeta KOHTPo/ibHBIX cyMM CRC5 u CRC16

Bhluncsienne LUKIMUecKUx KOHTposbHbIX cyMM («Cyclic Redundency Check») sBrnsiercs
TPAJIUIIMOHHBIM CTIOCOO0M OOHapy>KeHHsi OIIMOOK TIpYU Tepefaud [JaHHBIX 0 KaHajaM CBSI3U.
[TpUHIUI CTPOWUTCS Ha TOM, UTOOBI [T KaXX0ro O/I0Ka repesiaBaeMbIX JAHHBIX BBIYUCUTL UHCIIO
HeOo/bIIoN 6uTHOCTH (00BIUHO 8, 16 Wim 32 6ura) TaKUM 00pa3oM, UTO TIPU U3MEHEHHH JII000ro
OWTa B MCXOAHOM IaKeTe [aHHBIX 3HaueHWe CyMMbl Toke Oyzer u3meHeHo. T.e. ciyvaifHas
Mo (UKaLKs OFHOTO WX IByX OUTOB TPU Tiepe/iauy I0/DKHA BbI3bIBaTh HECOBIIaJieHe Ha CTOPOHE
TpUeMHUKA CyMM T[lepelaHHOM BMeCTe C JaHHBIMA W BbIUUC/IEHHOW TIpU TpHeMe [aHHBIX.

TpaguimoHHo anroputMoM Ajist pacyeta CRC siB/isieTCs BIUMC/IEHWE OCTaTKa OT Je/eHUst
OOJIBILIOrO UMC/la COCTABIEHHOTO W3 Tepe/laBaeMbIX [JaHHBIX M Kakoro MO0 M3BeCTHOTO YMCIia-
JlenuTesisi 3a7laHHoro pasMepa. C MaTreMaTHueCKoW TOUKU 3peHUs JiesieHre OOMbIINX IIe/TbIX UHCes
Tipe/iCTaB/sieT COOOM JefileHWe C OCTaTKOM TonMMHOMOB B mosie T'amya GF(2) — kaxapiii Out
JeNMMOro, Jie/iuTeNiss W OCTaTKa MOXHO TMpeAcTaBUTh Kak Ko3pduiment (0 wmm 1) y
COOTBETCTBYIOLI|Er0 Y/ieHa IOJIMHOMA, HarpuMmep IOJMHOM 4-U CTeleHM BHAA X*+x°+1 B Koje
BBIVIAUT Kak paponuHoe urciao 0b11001. Tlommuom P(x) crenmenn M TipeAcTaBisieT cOOoO
riepeJjaBaemMbie JlaHHble, TAe M+1 — unc/io mepefaBaeMbix OUT. TlomHom G(x) cremeHu N
ripe/icTaB/isieT cob0M enuTesb pa3MepHOCTbI0 N+1 OUT — MOPOXK/AAOL[UI TTOJTMHOM Ha KOTOPBIN
nenst P(x). Tlocne BBITIOHEHUS /ie/ieHHst OCTaToK R(X) OyzeT MeTh CTereHb Ha eUHUIYY MEHbIIIe
nopoxzaroiiero nomvHoMm (Bcero 2M-1 ocratkoB wiad N OuT). [Ias  yayullleHWss KauecTBa
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pe3y/IbTUPYIOIIEro Kojla Ha KOPOTKUX MOC/IeZ0BaTeTbHOCTSIX BXOJHBIX JAHHBIX (T. €. UTOOBI CZiesiaTh
ero Gosiee UyBCTBUTE/NBHBIM K TIOBPEXKIEHWIO JaHHBIX), P(x) yMHOXaloT Ha X" , TO eCTb
NIpUITUCHIBatOT N Hy/eBbIX OUTOB cripaBa (T. e. cMmeliatoT BieBo Ha N 6ur). Torga Berurciedne CRC
510: R(x) = P(x) * X" mod G(x). B iBOWUHOIi CiCTeMe OCTaTOK BLIYMC/ISIETCS ITyTeM LIUK/IHUeCKOTO
BBIUMTAHUS Jle/IUTe sl C roMollbio orepauyd XOR u cMeltieHUs pa3psiioB 1eJTMMOr0 — OTCHO/la U
Ha3BaHHe «IUK/IAYecKasi CyMMay.

BbIUuNC/IeHHBIN TaKUM CITIOCOOOM OCTaTOK TepefaeTcss B KaueCTBe KOHTPOJIbHOW CYMMBI U
TIPOBepsIeTCsl Ha MpUHUMaroIlell ctopoHe. OueBUIHO, UTO OT JenuTesisi (GopMbl TTOPOXKIAIOILIETO
nosimHoMa - G(X)) B HEKOTOPOU CTeleHW 3aBUCUT TO, HAa CKOJIbKO XOPOIIO JAHHBIA aJrOpuTM
T03BOJIsIeT 0OHapy»KMBaTh OLIMOKU. Tak)ke OUeBHHO UTO Jie/iuTe/ieM He MOXKeT ObITb UKC/IO HOJIb.
[TosTomMy (hopMy TOpOKAAIOIIEr0 TOMMHOMA TOAOUPAIOT M0/, KOHKPETHBIX CJy4Yai, WUCTIONb3YIOT
HenpugoOuMble TIOJIMHOMBI, a BXOJHble JaHHble B anroputMe pacyera CRC mnogsepratot
JIOTIOJTHUTE/TbHOM  00paboTKM —  [00aBAsSIOT OWTBI B WCXOAHYIO  TI0C/I€/IOBATE/ILHOCTD,
VHBEPTUPYIOT OUTHI WM MEHSIIOT TOPSIZIOK UX CeJjoBaHusi, MO0 U TO U Jpyroe OfHOBPeMEHHO.
Ecmv B mepesiaBaeMbIX [IaHHBIX M3 KOTOPBIX COCTaB/SIeTCs Je/MMOe COJeprKaTcs IUAUPYHOLre
HY/IM, TO TIO/lyueHHasi CyMMa He OyzleT UyBCTBUTe/IbHA K «IIOBPEXAEHUsIM» B 3TUX O6urtax. YToOb
anroput™M ObIT UYBCTBUTEJIEH K TaKUM C/ydasM, B CAaMOM Hadajie K pe3y/lbTaTy TpHOaB/sieTcs
Kakoe-TO M3BeCTHOe YMUIOo (HarmpyuMmep, MaKCUMajbHOe 4YMC/I0 [AaHHOM pa3psiiHOCTH). bosee
JleTajibHO 00 anropuTMax pacueTa KOHTDPOJIBHBIX CYMM MO)XHO O3HAKOMUTBLCSI B COOTBETCTBYHOIIIEH
crathe Ha Wikipedia.

VHTEepecHO TO, UTO eC/id TIOPOXKAAIOIUIUM JIe/TUTeNh COAEP>KUT BCEro OAWH OWT paBHBIM
eIMHUL[e, TO OCTaTOK R(Xx) mpezcTapisieT coboil «bUT yeTHOCTH». Takoi criocob 3aluThl AAHHbBIX
OT NOBPEXX/IeHUs [IpU Tepe/iauu TakKe LIUPOKO UCII0/b3yeTcs, HarpuMep BO BCé ToM ke UART.

B USB mnaketax nose CRC5 pa3MepoM TisiTb OUT COZEP)KUT IIUKINYECKYI0 KOHTPOJBHYIO
CYMMY U UCTIO/b3yeTcs [Jisi 00Hapy»KeHHUsl OLTMOKY Tiepe/iauy TlakeToB TUMa « Token», Tipy 3TOM TIO7,
3alUTY TOMNaZaoT TOABKO AaHHbIe Toselt ajfpeca ycrpoiictBa (ADDR) 1 HoMepa KOHEUHOUW TOUKH
(ENDP), To ectb Bcero ofuHHa/aTh OuT uHpopmaiyu. [lone Tuma makera (PID) 3armmumiijeHo
WHBEPTUPOBAHHOW UETHIPEX-OMTOBOM KOMUeH caMoro ceOst M 3TO CUMTAeTCs BeCchMa HaJ|eXKHBIM.

PasMep KOHTPOJILHOW CyMMbI B TiSiTb OWUT BO-TIEPBBIX T103BOJISIET 00eCIeUrTh BBICOKYIO
BEPOSITHOCTh OOHapy>keHWsI OLIMOKM TIpU Tiepe/iaud TOKEHOB, a BO-BTOPBIX yAAUHO BBIPAaBHHBAET
TakeT C TOKEHOM 110 rpaHuie 16 6ut (He yuuThiBasi npeambyny «SYNC», oHa He HeceT B cebe
none3Hoil MHpopmauuun). B cranzapre USB pans pacuera CRCS wmcnonb3yeTcss MOPOXKIAROLUN
no/mMHoOM: X° + x2 + x°, B Kofie 370 npejcrasisercs Kak 0b100101. Koz moposkaaroiiero nojMHoMa
BCETZIa Ha OJWH OWUT /i/TMHHEee ueM pa3Mep OCTaTKa (B JAHHOM CJiyuae OH UMeeT JJTUHY 6 OuT), HO
TaK KakK y Hero BCerJia CTapiivii OUT paBeH eMHMULIE, TO 3Ty €JWHUIL]Y TIPUHITO He TIOKa3bIBaTh, a
3HAUUT KO, Mopoxkatolijero nomvHoma ajis anropurma CRC5-USB pasen 0b00101 (0x05).

[1pu BbIUMC/IEHWH OCTaTKa Haua/JbHOE 3HaueHWe [Isi pacueTa ycraHaBiauBatoT B 0b11111, a
pe3ysibTaT MOOWTHO WHBepTUPYIOT omepanedi XOR w  3amuceiBator B obOparHOM
nocneznoBatenbHOCTU (reversed). Ilpumep mporpaMmMbl Ha si3bike CH /iji1 pacueTa KOHTPOJIbHOM
cymmbl CRC5-USB mnpescraBieH Hwke B juctuHre 1.1. B He#t g1 ynoOCcTBa BBIUMC/IEHWHA KOZ
MOPOJKZAOIIlero TOJIMHOMA, €ero TMpPUHSTO HasbiBaTh «polynomial», Takke TmpexcTaBieH B
WHBEPTHUPOBAHHOM BH/le 0e3 MUIUPYIOIel eJUHULIB.

JIuctunr 1.1. IIporpamma gjia pacuera CRC5-USB

// https://qgithub.com/pointcheck/code_snippets/tree/master/C/crc5usb

// Cortesy: https://electronics.stackexchange.com/questions/718294/how-is-
crc5-calculated-in-detail-for-a-usb-token
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#include <stdio.h>
#include <stdlib.h>

#define REV_POLYNOMIAL 0x14 // Reversed polynomial: 0b00101

unsigned char crc5usb(unsigned short input)

{
unsigned char res = 0Ox1f;
unsigned char b;
int 1i;
for (i =0; i< 11; ++i) {
b = (input A res) & 1;
input >>= 1;
if (b) {
res = (res >> 1) N REV_POLYNOMIAL; /* 10100 */
} else {
res = (res >> 1);
}
}
return res N Ox1f;
}

int main(int argc, char *argv[]) {
unsigned short data = 0x0000;
unsigned char mask = 0x01;

if(argc > 1)
data = strtol(argv[1], NULL, 0);

unsigned char crc = crc5usb(data);

printf("CRC5-USB: data = Ox%03x, crc = 0x%02x, bits to send: ",
data, crc);

for(int 1 = 0; 1 < 5; i++)
printf("%d ", (crc & mask) ? 1 : 0), mask <<= 1,

printf("\n");

return crc;

3

IlaHHast MporpaMma Io3BoJisieT pacCUMTaTh 3HaueHue rmatu out koga CRCS npu BxoaHbIx 11
OuTax JAHHBIX, TaK, UTO MJjajinve 7 OWT BXOJHOTO 3HaueHWs1 TpefcTaBisstoT mone ADDR, a
crapiime 4 6ura — mosie ENDP. BeixofiHOe 3HaueHMe BbIIaeTCsl B BU/IE I11e CTHAZATePUUHOro Ko/a,
a Takke B BHJe T0OC/e0BaTeTbHOCTA HY/Med W eJUHUI] KOTOpble HeoOXOAWMO OTIPaBUTh TIPU
nepeaud TokeHa. CTOWT HArlOMHUTH, uTo OMTEI B USB makeTe TepearoTCs OT MJIAZIIETO C
crapiiemy («LSB goes first»). Hike B svcTuHTe 1.2 mprBe[ieH MPOTOH MPOrPaMMBbI [I/Is1 YeThIpex
pa3nuuHbIX 3HaueHuM napbl ADDR:ENDP.

JlucmuHne 1.2. IIpumep 8bi1308a npoepammbl CRC5-USB 015 Hekomopbix eapuaHmos ADDR:ENDP.

$ ./crc5usb 0x000 # addr = 0, endp = 0
CRC5-USB: data = 0x000, crc = 0x02, bits to send: 0 1 0 0 0

$ ./crcbusb 0x001 # addr = 1, endp = 0
CRC5-USB: data = 0x001, crc = O0x1d, bits to send: 1 06 1 1 1

3anara P.H. «Pa3pabotka 1juchpoBoii anmaparypsl HeTpaguiioHHeIM MeTozioM: Kontpostep USB 1.0 Ha SpinalHDL». ¢.20
000 «®abmukpo», r. TromeHs, 2025r.



$ ./crc5usb 0x080 # addr = 0, endp = 1
CRC5-USB: data = 0x080, crc = 0x14, bits to send: 06 6 1 0 1

$ ./crcbusb 0x081 # addr = 1, endp = 1
CRC5-USB: data = Ox081, crc = 0x0b, bits to send: 1 1 0 1 0

s 3aiuTel 6osiee JIMHHBIX TTAKETOB TepefaBaeMbIX IO IMHe USB, TakuX Kak MaKeThbl
DATAx, mpumeHsieTcsi [pyroid ¢opmar KOHTPO/IbHOW cyMMbl, a UMeHHO — «CRC16-USB».
CornacHo pokymeHTy «CYCLIC REDUNDANCY CHECKS IN USB» gns pacuera CRC16
UCII0/Ib3yeTCsl TOPOXKAAIOIMI MTOJIMHOM 16-i1 cTenenu Buza: X' + x + x? + x° |, uT0 B ABOMYHOM
koze 6e3 suaupytoiiei emuHMLbl Aaer: 0b1000000000000101 (v 0x8005). IlapameTps
anroputMa CRC16-USB aHasiornuHble: Haya/ibHOEe 3HaYeHWe OCTaTKa [Jig pacyeTa yCTaHaB/IUBaKOT
B Oxffff (Bce 16 equnuiy), a pe3ynbraTr MobuTHO MHBEPTUPYIOT orepanyert XOR u 3anuchiBaroT B
obparHoli mocneoBatenbHOCTH (reversed). ITpumep mporpamMmbl Ha sisbike Cu it pacyeTa
KOHTpOJIbHOU cyMMbl CRC16-USB npescTaiieH HiKe B aucTUHre 2.1. B 1aHHOI nporpaMMe Kof,
TIOPOJKZAIOIIIEr0 MOJTMHOMA TaKyKe TMpeZiCTaB/ieH B 00paTHOM Topsijike Oe3 TUAUPYOLeld eIUHULIBI U
paBeH 0xa001.

Jlucmute 2.1. IIpoepamma 011 pacuema CRC16-USB.

// https://github.com/pointcheck/code_snippets/tree/master/C/crcl6usb

#include <stdio.h>
#include <stdlib.h>

#define REV_POLYNOMIAL 0xa001 // Reversed polynomial: 0b1000000000000101

unsigned short crcl6usb(unsigned short input, unsigned short res)

{
unsigned short b;
int 1i;
for (i =0; i< 16; ++i) {
b = (input A res) & 1;
input >>= 1,
if (b) {
res = (res >> 1) N REV_POLYNOMIAL; /* 1010 0000 0000
0001 */
} else {
res = (res >> 1);
}
}
return res;
}

int main(int argc, char *argv[]) {
unsigned short data;
unsigned short crc = Oxffff; // initial value
unsigned short mask = 0x001;

if(argc < 2) {
printf("Usage: %s <16bit_data®> <16bit_datal>
<16bit_data2> ... <16bit_dataN>\n", argv[0]);
return -1;
}
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argv++;

while(argc-- > 1) {

are valid

b

crc

data = strtol(*argv++, NULL, Q) & oxffff; // only low 16 bits

printf("CRC16-USB data: 0x%04x\n", data);

crc = crcl6éusb(data, crc);

crc N Oxffff; // XOR all bits as per USB specification

printf("CRC16-USB: crc = 0x%04x, bits to send: ", crc);

for(int 1 = 0; 1 < 16; i++)

printf("%d ", (crc & mask) ? 1 : 0), mask <<= 1;

printf("\n");

return crc;

3

ITpu BeI30Be mporpamme crcl6usb mepesaercs: 670K JaHHBIX B BH/e CIMCKA 16-TH OUTHBIX
cnoB. Ilporpamma mocnenoBatesibHO Bblunc/sieT 3HaueHne CRC16-USB s kakzgoro cjiosa
OT/ZleJIbHO, COXpaHss Npejplyliiee COCTOsSIHUE, U BBIBOAUT pe3y/IbTUPYIOLIMM KOJ, B CaMOM KoHLe. B
JUCTUHre 2.2 mpuBefieH npumep Bbi3oBa mnporpammbel CRC16-USB s pacueta KOHTPOJIBHOM
cymmbl i 3aripoca «Device Description Request» v /151 11akeTa JaHHBIX 3aII0/ITHEHHOI'O HYJISIMMU.

Jlucmune 2.2. IIpumep 8bi308a npoepammbl CRC16-USB 015 HeKomopblx 3anpocos.

# Zero-filled packet

$ ./crcléusb 0x0000 O0xO0000 OxOO000 OXxOO000

CRC16-USB data: 0x0000
CRC16-USB data: 0Ox0000
CRC16-USB data: 0Ox0000
CRC16-USB data: 0x0000

CRC16-USB:

crc = Oxf4bf, bits tosend: 11 1111010061061111

# Device Descriptor Request: Ox80 0x06 Ox00 Ox01 O0x00 OXx00 0x12 Ox00

$ ./crcléusb Ox0680 OxO100 OxO0EO OxOO12

CRC16-USB data: 0Ox0680
CRC16-USB data: 0x0100
CRC16-USB data: 0Ox0000
CRC16-USB data: 0x0012

CRC16-USB:

crc = Oxf4e0, bits tosend: 9 0 000 111001061111

3.2. TpaH3akuuu

B3aumopelictBue xocta M ycrpouctBa mno wmyHe USB mNpou3BOAUTCS J10rMYeCKUMH
eMHULIaMU 0OMeHa KOTOpble TPUHSTO Ha3bIBaTh «TpaH3akKI[usi». TpaH3aKiys 00bIYHO COCTOUT U3
«3arpoca» U «OTBeTa», MMeeT Hayaslo, MPOXOXKZAeHUe, YCIIelIHOe 3aBeplleHre WIM aBapuiHOe
3aBepiieHre. B mporjecce TpaH3akiuM oOMeH JaHHBIMM OCYIIECTB/SIETCS C 33/laHHOM B Hauase
Tpan3akuyy napor ADDR:ENDP, KoTopyro NpUHATO Ha3bIBaTh «IIOTOK» («pipe»).
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Wuantmatopom mro6o# Tpan3akiuu B USB 1.0 u 1.1 Bcerga siBnsietrcst XocT. HaunHaetcs
TpaH3akLus ¢ orrpaBku ofHoro v3 TokeHoB: SETUP, IN win OUT. 3a TokeHOM MOXeT C/iefloBaThb
ofvH makeT ¢ gaHHbIMU DATAX B OTBeT Ha KOTOpble npueMHas CTOpoHa BbicbliaeT ACK — 310
yCIlelIHOe 3aBepllieHre TpaH3akKLMU. TpaH3aklUs TakKe YCIIellHO 3aBepllaeTcs eC/Id NpueMHast
CTOpPOHA OTBeYaeT Ha IakKeT C JaHHbIMU YIpaB/AouM naketom NAK.

JIrobasi TpaH3aKLKs 3aBepIlaeTCsl aBapUIHO eC/ld Ha IIMHe BO3HMK/IA OfIHA U3 CJIeyHOIUX
CUTYyaLUl:

* cocrosiHue «Idle» (mmmmHa B «J») B Teuenuu 10 MKC u 6oree;
* cocrosiHue «Disconnect», «Reset» nnn «Bus Reset» (amurensHoe «SE0»);
* cocrosiHue «SE1» B TeueHUU OfHOTO U Gosiee GUTOBBIX UHTEPBAJIOB;
* TpUHMMarOLasl CTOPOHA BbIChLIaeT ympasastouui naket STALL Bmecto naketa ACK nmm
raKeTa JJaHHbIX.
[Tocsie aBapwifHOTO 3aBepIlleHUs] TPAH3aKIWM, KaK TMPaBWIO, YCTPOWCTBO TpeOyeT TIOHOW WM
YaCTUYHOW MHULMATA3aLUN.

B USB 1.0 u 1.1 BbIZie/ISIIOT UeTbIpe BUA TPaH3aKLWM:
* «Control Transfer» - mepegaua ciy>ke6HOM nHMOpMaLUY;
* «Interrupt transfer» - nepegaua pariopta (TipepbiBaHUsI) OT UK K YCTPOUCTBY;
* «Isochronous Transfers» - mepuofuHasi u peryssipHasi (M30XpOHHas1) Mepefiaya;
* «Bulk transfer» - nepesjaua 60sb111KX 6/10KOB /JaHHBIX.

PaCCMOTpI/IM nono,qp06Hee Ka)lﬂ[[bll‘;l M3 3TUX 4YeThbIpeX BHU0B TpaH3aKL[Hﬁ.

3.2.1. «Control Transfer» - nmepegaua ciyxed6Ho¥ HH(MOpMaILUK

IaHHBIA BUJ, TpaH3aKUWN C/IYy)KUT [/ Tiepefaud ciiy)kebHOW WHGOpMAaLMK, TakOW Tak
yTpaBJisitolljasi KOMaH/la, TapaMeTpPOB HAaCTOWKU, CTPYKTYP OIMCAHHs 3JIeMEHTOB YCTPONCTBA WU
TojlyueHue TeKylllero craryca. Ilepejaua JaHHBIX B paMKax /JaHHOTO BHUJA TpaH3aKLUi
rapaHTupoBaHa (T. e. He TofiBep)keHHa Tiotepsim). «Control Transfer» akTMBHO ucCHONb3yeTCs st
VHUILMa/IW3alid yCTPOMCTBA MpU MOAKIIoUeHUU. B mpoljecce MHULIMAMM3ALUU XOCT UCIIO/b3YyeT
JaHHBIA BUJ] TpPaH3aKLUW [Jid CUUTHIBAHUS CTPYKTYphl oOmnucaHusi ycrpoiictBa («Device
Descriptor»), a Takke /s CUWTBIBAaHMWS CIMCKA TOJfep>KuBaeMbix HHTep(deticoB («Interface
Descriptor») M acCOIMMPOBaHHBIX C HUMH KOHEUHBIMU TOYKamMu. Hibke TipuBe/ieHa Cepust
TpaH3aKUWH A/1s1 TIoJyueHusi CTPyKTypbl «Device Descriptor».

Tpan3akiua 1. XocT vHULMUpYyeT 3anpoc oTrpaBkoii TokeHa SETUP Ha agpec motoka 0:0
(medonTHBIN «Mai»), 3a HUM cieayet ofauH naketa DATAO cozpepykaiiero 8 6aiT 3arpoca «Device
Descriptor Request» dopmar koToporo OyzeT pacCMOTpeH fajiee. YCTPOWCTBO TPHHSB 3arpocC
MOJATBepXKAaeT ero oTnpaBkou yrpaessitomlero nakera tuna ACK. Tlocne ormpaBku ACK
YCTPOMCTBO TOTOBO OTTPaBUTh XOCTY 3ampalliiBaeMble JAaHHbIE, HO 3TO MPOM30MeT TOIbKO Moc/ie
TOro, Kak xocT npuuuier TokeH IN. YcrporictBo oxupaer IN B TeueHun nociegyromux 10 MKc,
ViHaue TPaH3aKLUs 3aBepllaeTcsi aBapyUKHO.

Tabauya 6.1. 3anpoc «Device Descriptor Request» om xocma K ycmpoticmey.

Homep nakera _ Device address | Endpoint
M HATIpaB/TeHEe SYNC PID = SETUP (ADDR) (ENDP) CRC5 EOP
No 1 SEO
B . KJ KJKJKK| 8b0010_1101 | 7'b000_0000 4'b0000 | 5’00010 | SEO
Host — Device j

3anara P.H. «Pa3pabotka 1juchpoBoii anmaparypsl HeTpaguiioHHeIM MeTozioM: Kontpostiep USB 1.0 Ha SpinalHDL». ¢.23
000 «®abmukpo», r. TromeHs, 2025r.



Howmep makera | oo | prp = pATAD _ 8 6aiT panmpIx CRC16 | EOP
M HalpasJ/IeHue (Device Descriptor Request)
SEO
Ne 2 , 8’h80, 8’h06, 8’h00, 8’h01, 8’hE0
Host — Device KJKJKJ KK/ 8°b1100_0011 8’h00, 8’h00, 8’h12, 8’h00 8’hF4 SJEO
Howmep nakera | oo\ PID = ACK EOP
Hu HanpaBnel-me
No 3 SEO
. KJ KJ KJ KK 8'b1101_0010 SEO
Device — Host j

Tpan3akiusa 2. X0CT roTOB NPUHATH JJaHHble OTBeTa Ha CBOM 3ampocC, OH OTIpas/sieT ToKeH IN u
TYT Xe nepexogut Ha npueM. [TonyunB naker ¢ gaHHeiMUA (DATA1) xoCT mOATBep)KJaeT MpUeM
ornpaBkoii ACK. Xoct noBropsier IN ¥ npuHumaer cieayrouui nakeT ¢ gaHHbeiMu (DATAO),
noaTBep>kaaet ero ¢ nomoipio ACK 1 Tak /10 Tex mop, rmoka b0 yCTPOUCTBO He TPUILIET MakKeT
C ZJAHHBIMU HYJIEBOM [IJIMHBI, MO0 XOCT MOCUMTAET, UTO OH Y)Ke MPHUHST JOCTaTOUHOe KOTUYeCTBO
J@HHBIX M TOTOB 3aBepLIMTh TPaH3aKLuIo (pasmep CTPYKTyphl «Device Descriptor» u3sBecTeH X0CTy
3apaHee).

Tabauya 6.2. Omeem om ycmpolicmea codepacawjutl «Device Descriptor».

Homep nakera _ Device address | Endpoint
U HampasJ/ieHue SYNC PID =IN (ADDR) (ENDP) CRC5 | EOP
No 4 SEOQ
B . KJKJKJKK | 8b0110_1001| 7'b000_0000 4'b0000 500010 | SEO
Host — Device J
Homep makera | oo pip - pATAL 8 Gaiir paHmbIx CRC16 EOP
U HamnpasBJ/ieHUe (Device Descriptor Response)
SEO
Ne 5 , 8’hXX, 8’hXX, 8’hXX, 8’hXX, | 8’hXX
Device — Host KJKJKJ KK | 8b0100_1011 8’hXX, 8’hXX, 8’hXX, 8’hXX | 8’hXX SJE 0
Homep maxera | gy, PID = ACK EOP
U HampaBJ/IeHHe
No 6 SEO
B . |KIKJKJKK 8'b1101_0010 SEO
Host — Device I

Tpanszakuua 3. XoCT npogo/rKaeT rnpueM CTpyKTypbl «Device Descriptor», A/ 3T0Oro oH pas 3a
pa3om riockuiaeT TokeH IN, oxxugaer nakeT ¢ gJaHHBIMA DATAX M TOATBEPXKAAET ero C MOMOILBIO
ACK.

Tabauya 6.3. TIpodondceHue npuema OaHHbIX cmpykmypbl «Device Descriptor».

Homep nakera SYNC PID = IN Device address | Endpoint

U HamnpasJ/ieHue (ADDR) (ENDP) CRCS | EOP
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SEO

Ne 7 . KJ KJ KJ KK |8b0110_1001| 7'b000_0000 4'b0000 |5'b00010| SEO
Host — Device j
Homeb Hakera Eme 8 0aiiTa JaHHBIX

P SYNC PID = DATAO| (Device Descriptor Response + |[CRC16 | EOP
4 HampasJ/IeHHe 8)

Ne 8 8’hXX, 8’hXX, 8’hXX, 8’hXX, | 8hXX SEO
Device — Host | & KIKIJ KK 8°D1100_0011 g, ++" 0 x X ghXX, 8°hXX | 8’hXX SJEO
Howmep nakera | oo\ PID = ACK EOP
Y HampasBJ/IeHHe

Ne 9 SEO

B . |KIJKJKJ KK 8'b1101_0010 SEO
Host — Device j

Tpansakiua 4. XoCT 1ocuuTaa, YTO OH IPUHSJI [JOCTaTOYHOE KOJMYeCTBO [aHHBIX M X04yeT
3aBepIIMThL 00MeH, AJisi 3Toro oH oTnpasssieT TokeH OUT 3a KOTOpbIM ciiefiyeT OfivH IMyCTO# MaKeT
c paHHbiMu DATAX. B TakoMm IakeTe roJjie C JaHHbIM OTCYTCTBYyeT, T. e. 3a roseM PID cpasy
cnepyer CRC16 u curnan «EOP» kKoH1ja rakeTa.

Tabauya 6.4. YcnewHoe 3agepuieHue mpaH3akyuu co CmopoHbl xocma nycmbiv DATAX.

Homep nakera _ Device address | Endpoint
U HamnpasBJ/ieHUe SYNC PID = OUT (ADDR) (ENDP) CRC5 | EOP
Ne 10 SEO
B . KJKJKJKK | 8b1110 0001 | 7'b000 0000 4'b0000 5'b00010| SEO
Host — Device J
Howmep nakera | oo PID = DATAL1 CRC16 EOP
Y HampasBJ/IeHHe
No 11 SEO
h . KJ KJ KJ KK 8’b0100 1011 8’hXX 8’hXX SEOQ
Host — Device J
Howmep nakera | oo\ PID = ACK EOP
Y HampasBJ/IeHHe
No 12 SEO
o KJ KJ KJ KK 8'b1101_0010 SEO
Device — Host j

B npuBesieHHOM Bblllle TIpUMepe TMpeArosaraeTcs, YT0 MakKCUMa/bHbII pa3mep [laHHbIX B
nakete DATAX cocTtapssieT 8 6aiiT, uTo cooTBeTCTBYeT crieijudukamu «L.ow Speed». ITepezatoriiast
cTopoHa pa3buBaer cTpykTypy «Device Descriptor» pa3mepom 18 6aiiT Ha ABa makera 1o 8 u 2
OaliTa COOTBETCTBEHHO, HO XOCT MIPUHMMAET TOJILKO ZiBa O/10Ka 1o 8 GaiiT u 3aBepiuaet obmeH. st
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«Full Speed» pa3mep makera /jo/bkeH ObITh 64 OaiiTa, 3a UCK/TIOUEHHUEM TIOC/IEIHETO TIepe/IatoIero
OCTAaTOK 3arpallivBaeMbIX JaHHbIX.

Cnedyem o6pamumb eHumaHue Ha mo, umo DATAO u DATA1 uepedyiom Opyz opyza Ha
npomsijiceHUU 8ce20 06MeHa KOMOpbIll cOCMoum u3 Yembipex pasauyHbIX mpax3akyuii! O6meH
uHuyuupyemcsi mpa3akyueti ¢ mokeHom SETUP, a 3aeepuiaemcs mpan3zakyueti ¢ mokeHom IN
u nycmbiM nakemom oaHHbix DATAX.

3.2.2. «Interrupt Transfer» - nmepegaua panopra (mpepbIBaHUA)

MHorum nporpaMMHUCTaM MMEBIIUM /[leJI0 C MUKPOKOHTPOJIJIepaMU UM HU3KOYPOBHEBbIM
NporpaMMHpOBaHMEM arlfapaTypbl KM3BEeCTHO, UTO TpepbiBaHUSI TeHEepUPYIOTCS YCTPOWCTBOM B
KaueCcTBe CUTHaja LIeHTPaJIbHOMY MpOLIECCOPY O TOTOBHOCTU JAHHBIX WA CMeHe BHYTPEeHHero
cocTosiHusi, uTo TpeOyeT ero (mporieccopa) BHuMaHus. B USB 1.0 u 1.1 ycTpoiicTBa He UMEIOT
BO3MO)KHOCTU WHULIMUPOBATh KakoW 1bO0 0OMeH 1o IMHEe, BMECTO 3TOr0 XOCT TPOW3BOAUT
neprouueckuii onpoc («poll») ycTpolicTBa Ha MpeaMeT HaaWUMs Y HEr0 BaKHOTO COOOIIeHUS
KOTOpOe TIDUHATO Ha3biBaThb «pamopT» («Report»). YcrpoiictBo Oydepusnpyer BHyTPeHHHe
npepbiBaHUs (M JlaHHbIe C HAM acCCOLIMMPOBaHHbIE) U [JOXKU/AeTCs MOKa XOCT He OMPOCUT ero C
niomotpio «Interrupt Transfer». Takue onpockl MOTYT ObITH He MEPUOAUYHBIMU, HO [JOJDKHBI OBITH
perysisipHbIMU. OUeBHU/IHO, UTO BpeMsi Peakliy Ha TpepbIBaHUsl 3aBUCHT OT TOTO, KakK 4acTO XOCT
OTpalllMBaeT YCTPOMCTBO Ha Hanuuue paropra. «Interrupt Transfer» wmeer ciexyroiue
XapaKTepUCTHKU:

* rapaHTHUPOBAHHYIO 3a/IePXKKY;

*  OZIHOHaNpaB/eHHY!O Iepejiauy JaHHbIX — OT ycTpoicTsa K xocTy (IN) unm ot ycTpoiicTsa K
xocty (OUT);

* mo0asi KOHUeHas TOUKa MOXKeT ObITh HICTOUHHUKOM TIPepPhIBaHMS;

* oOHapykeHHe OLIMOOK ¥ peTPaHCMUT TIPH CJIeIyOILeM OTpoce.

Pasmuuarot gBe pasHoBugHOCTH «Interrupt Transfer» - «Interrup Transfer IN» u «Interrupt
Transfer OUT».

Ilepepaua «Interrupt Transfer IN» - or ycTpoiictBa K XocCTy. XOCT MepUOAWYECKH
orpallrBaeT KOHEUYHYIO TOUKY C UHTepPBa/JIOM BpeMeHH 33/JaHHOM B CTPYKTYype ONMCaHHS1 KOHeUHOU
touku («Endpoint Descriptor»). Ornpoc nogpa3ymMeBaeT OTHpaBKy TokeHa IN Ha 3aZjlaHHYIO Tapy
ADDR:ENDP. Eciiu ycrpoticTtBo ycriemrHo nionyunso IN (T. e. 6e3 omm6ok CRC), To npu HaMuriu
y Hero OXUjarolero paropra, OHO BbIChIIaeT ero JaHHble B nakete DATAX. B cBOrO ouepefib XOCT
TIOATBEP K/aeT MpUeM JlaHHbIX yrpas/stoiumM naketoM ACK. Eciu >ke Ha CTOpOHe yCTpOWCTBa HET
rOTOBOIO paropra (HeT >XAyIIMX IIpepblBaHMM), TO Ha BXoAHOW TokeH IN OHO oTBeuaer
ynpassstroiuM iaketoM NAK. Ecmm ke ycrpotrictBo npussyio IN ¢ ommbOKo#M, TO OHO TPOCTO
WTHOPUPYeT ero [0 c/eAyrolero onpoca. Eciv y faHHOM KOHeYHOM TOYKW BO3HMKJ/IA BHYTPEHHS
omMbKa TpensTCTByIOIjasi eé HOPMaabHOMY (YHKI[MOHMPOBAaHMIO, TO Ha BXOJHOM TokeH IN
ycrpoiictBo oTBeuaerT Taketom STALL, uTo yka3biBaeT XOCTy Ha HeOOXOAUMOCTH BBHITIOJTHUTh
YAaCTUUHYIO WM TIOJIHYI0 MHUIManM3anuio. [IpuMep Takoro 3aripoca INpvBefieH HIKe B Tabmvie
7.1. Takue 3arpocChbl MOT'YT HCITI0/Ib30BaThCs J1/151 TToTyueHus1 paropra o coctosHny HID ycrpoiicTBa
BBO/]a (Ha)KaTHe KJIaBMIL Ha K/laBUaType, lepeMellleHue MaHUITY/IITOPa «MBbILLIb» U T. [1.)

Tabnuya 7.1. Ilepedaua panopma om ycmpoticmaa uepe3 «Interrupt IN».

Homep nakera _ Device address | Endpoint

U HampaBJ/ieHHe SYNC PID =IN (ADDR=1) |(ENDP=0) CRCS EOP
Ne 1 . |KJKJKJKK| 8b0110_1001 | 7'b000_0000 4'b0000 | 5b11101 SEO

Host — Device SEO
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Homep nakera SYNC PID = DATAx 8 GaiiTa JaHHBIX CRC16 | EOP
U HarnpaBJ/ieHue (Report)

Ne 2 KT KKK 8 b11£;)£0011 8’hXX, 8’hXX, 8’hXX, 8’hXX, | 8’hXX SS}?E%
Device — Host 8°b0100_1011 8’hXX, 8’hXX, 8’hXX, 8°hXX | 8’hXX j
Howmep nakera | oo PID = ACK EOP
¥ HampaB/IeHHe

No 3 SEO

- . KJ KJ KJ KK 8'b1101_0010 SEO
Host — Device J

ITepepaua «Interrupt Transfer OUT» - oT xocTa K yCTPOMCTBY. XOCT MOXeT TepeZarhb
CpOYHble [IJaHHBIX B KOHEUHYH) TOUKY YCTpoOWcTBa B /000 MOMeHT BpeMeHW. [ljisi 3TOrO OH
orrpasisier TokeH OUT ciegom 3a KOTOpbIM uUzaeT OAWH Tmaker ¢ JaHHbiIMU DATAx. Ha uro
YCTPOMCTBO OTBeyaeT OfHMM M3 ynpasstoinux rnaketoB: ACK — fmaHHble pamopTa YCIeIHO
TIPUHSATBI U MOCTaB/eHbl B 00paboTKy; NAK — yCTpOMCTBO 3aHSITO U HEe MOXKET Celuac TIPUHSIT
JIAHHBIM pariopT, HY)KHO MOBTOpUTh mo3ke; U STALL — mnpou3soiina ommbKa U yCTPOHCTBO
TpeOyeT YaCTUUHOW WM TIOJHOW WHHUI[Ma/IM3alui. [IpakTHKa TOKa3bIBaeT, UTO WHOTAA /ISt
B0O300HOB/IEeHHsI PpabOTOCTIOCOOHOCTH OBbIBaeT /AOCTATOYHLIM T€PeMHULIMAIU3UPOBaTh  OJHY
KOHEUHYI0 TOUKy B KOTOPOHM Tpom3oliuia ommbka. IIprMepoM Takoil repeaurl MOXKET CJTy>KUThb
OTITPaBKa XOCTOM pariopta [ OOHOB/IEeHHsI CTaTyCHbIX cBertoguoZoB Ha HID knaBuarype. B
Tabnviie 7.2 ripuBeieH (hopMar TakoM TPaH3aKIMU B 00IIIeM BU/IE.

Tabauya 7.2. ITepedaua panopma e ycmpolicmeo uepe3 «Interrupt OUT».

Homep naxkera _ Device address | Endpoint
U HamnpasBJ/ieHUe SYNC PID = OUT (ADDR=1) |(ENDP=0) CRCS EOP
No 1 SEO
} . |KJKJKJKK]| 8b1110_0001 | 7'b000_0001 4'b0000 | 5b11101 | SEO
Host — Device J
Homep nakera SYNC PID = DATAx 8 baiiTa JaHHBIX CRC16 | EOP
U HamnpasBJ/ieHue (Report)
Ne 2 KJ KJ KJ KK 8 blly?}?goon 8’hXX, 8’hXX, 8’hXX, 8’hXX, | 8hXX SSI;:E%
Host — Device 8’50100_1011 8’hXX, 8’hXX, 8’hXX, 8’hXX | 8’hXX ]
Homep maxera | gype PID = ACK EOP
U HampaBJ/IeHHe
No 3 SEO
. KJ KJ KJ KK 8'b1101_0010 SEO
Device — Host j
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3.2.3. «Isochronous Transfer» - MoCTOAHHBIN MEPUOJUIHBIN 00MeH

MHorue yCTpOMCTBa, Takhe KakK ayAuo U BH€0 KOAeKH, TpeOyrT HernpepbIBHOTO TOTOKA
JAHHbIX 0e3 BpeMeHHbIX 3ajiepkek. JIrobast 3a/iep)kKa BbI3BaHHAs MEPENOChIIKON MaKeTa MOXKeT
0Ka3aThbCsl KDUTUUECKOH [i71s1 paboThI yCTPOWCTBA U MPUBOAUTH K MOTepe CUHXPOHU3al[UM TTOTOKOB
ayauo u Bugeo. C Jpyroil CTOpOHBI, C/ydaiiHas W peJKa TIOTeps TMakKeTa MOXKET TIPOUTU
He3aMeueHHOM /1S 1osib30Baresist. [Iisi paboThl TaKUX TIOTOKOBBIX YCTPOWMCTB, He TPeOyHOIMX
rapaHTUM [JOCTaBKU [JaHHBIX, U TIpe[Ha3HaUeH pEeXUM HW30XPOHHOM TMepefiaud JaHHBIX
(«Isochronous Transfer»), KOTOpPbIM XapaKTepU3yeTCsi Cie[yOL[UMHA CBOMCTBaMHU:

* T'apaHTHpoOBaHHas 10J0Ca NporyckaHvs Ha wnHe USB;

» Tlpenckasyemasi 3a[1epKKa;

*  OpHOHArpaB/eHHOCTh MOTOKA;

*  OO6HapyxeHue omM0O0K repeaaun ¢ moMoisio CRC, HO 6€3 BO3MOKHOCTH TT€PEToChUIKH;
* TlogmepxkuBaetcs Tonbko s «Full Speed» u «High Speed» yctpoticte (USB 1.1 u 2.0).

MakcumanbHell pa3mep 0si0Ka TIONE3HBIX [AHHBIX i JIAaHHOTO DeXHWMa OTIpe/esisieTcCst
napameTpoM B CTpyKType «Endpoint Descriptor» [s1i KOHEUHBIX TOUeK TO//1epP>KUBAIOILIUX
M30XPOHHBIM peXKUM (YCTaHOB/IEH COOTBeTCTBYHOIIMH (rakok). s «Full Speed» MakcrmManbHbI
pa3mep Osi0Ka /JaHHBIX He [Jo/bKeH rpeBbiiiath 1023 Oaiita, gy «High Speed» - He Gonee 1024.

M30XpOHHBIEe TIepefiaud TakXe MOTyT ObITh AByX BuoB: «Isochronous Transfer IN» - ot
yCTporcTBa K Xocty, U «Isochronous Transfer OUT» - oT xocTa K ycTporcTBy. B Tabnuijax 7.3a u
7.30 HIKe MpYBe/IeHbI PUMePHI ByX pa3HOHAIIPAB/IeHHBIX N30XPOHHBIX Tepe/ay.

Tabauya 7.3a. [Tepedaua daHHbix om ycmpolicmea uepe3 «Isochronous IN».

Homep nakera _ Device address | Endpoint
Y HamnpasJ/ieHue SYNC PID =IN (ADDR=1) |(ENDP=0) CRCS EOP
No 1 SEO
i} . ' KIKJKJKK| 8b0110_1001 | 7'b000_0001 4'b0000 | 5b11101 | SEO
Host — Device j
Homep nakera | gynG \pIp = DATAX| 0 - 1024 Gaiira ganmbix  CRC16 | EOP
4 HampaBJ/IeHHe
No 2 8’b1100_0011 | 8’hXX, 8’hXX, 8’hXX, 8 hXX, 8 hXX SEO
Device - Host KJ KJ KJ KK Win hXX SEO
- 8’b0100_1011| 8’hXX, 8’hXX, 8’hXX, 8’hXX J

Tabauya 7.36. [Tepedaua daHHbIX K ycmpoticmay uepe3 «Isochronous OUT».

Homep nakera _ Device address | Endpoint
Y Hamnpas/ieHUue SYNC PID = OUT (ADDR=1) |(ENDP=0) CRCS EOP
No 1 SEO
i} . |KIKJKJKK]| 8b1110_0001 | 7b000_00001 | 40000 | 5b11101 | SEO
Host — Device j
Homep makera | g e pip = DATAx|  0-1024 Gaiita gammeix | CRC16 | EOP
Y HampaBJ/IeHHe
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8’b1100_0011 | 8’hXX, 8’hXX, 8’hXX, 8’hXX, 8hXX SEO
KJ KJ KJ KK W 8hXX SEO
8’b0100_1011| 8’hXX, 8’hXX, 8’hXX, 8’ hXX J

Ne 2
Host — Device

Kak BupHOo, mnaketel JaHHbIX DATAX B [JaHHOM BHJe TpaH3aKLUM He UMEIOT
noATBepKAaromux ympassstoiux makeroB ACK/NAK/STALL, a moTok ZaHHBIX He MOKET ObITh
TpePBAaH WM OCTAHOBJIEH B paMKax J/IaHHOTO BHUZA TPaH3aKIMid. Iyt TOro, uTOOBI BBICHUTH
COCTOSIHWE TPUHUMAIOIe CTOPOHBI, Tepefaroliasi CTOPOHA HYXXJAeTcsl B OT[e/bHO 3arpoce
cTaryca (pariopra), Haripumep depe3 pexkuM «Interrupt Transfer».

115 CMHHXpOHM3aLMKY [T0TOKa U30XPOHHBIN PEXXHUM Iepe/iauy 1o/1araeTcsi Ha epuoAuyecKre
TokeHbl ThNa SOF, koTopbIe BbIChbUTAtOTCSE XOCTOM Kaxkable 1 mc. Kaxapiii TokeH SOF copepyxkut 11-
TH OMTHBI HOMep TEeKyIllero BpeMeHHOro WHTepBasa (TeKyiero ¢peiima). YCTPOHCTBO WK XOCT
OCYILeCTBIISIIOIIME Tiepe/iady B M30XPOHHOM PEXHWMe MOTYT TOoTpebOBaTh y ApPYrod CTOPOHBI
BO300HOBUThL TMOTOK [aHHBIX C KAakOW-TO BpeMEeHHOW TOUKWM B TIPOLUIOM, HarpuMmep, ec/u
00HApY)XHUTCSA OIMOKa Tiepefiaud. JTa TOUYKe BO BpPEMEHM OIpe/esisieTcss HoMepoM (¢peiima.
OueBU/IHO, YTO TIEpPeCUHXPOHM3aLMs U TIeperoCchlKa BO3MOXKHA B Tipefienax 2-x cekyH/, (2048 mc).

3.2.4. «Bulk Transfer» - nmepegaua 60/1bIINX 0/I0KOB JaHHBIX

HeKkoTopble yCTPOICTBa, Take Kak MPUHTED WM CKaHep, HY>KJAITCs B Criocobe Tiepeaun
O0/BIIMX 00BEMOB JJAHHBIX C MUHUMA/IbHBIMUA «HAK/IaZIHBIMUA PacXoJlaMU» U C TapaHTHel ZI0CTaBKU
(c moaTBepxxaeHreM). «Bulk Transfer» u ects Tako# crioco6. Ilpu ucrons3oBanuu «Bulf Trnasfer»
IIMHY [IOMyCKaeTCs 3aHWMaTh TOJBLKO TOT/[a, KOTZa OHAa CBOOOJHA OT APYrMX BUJIOB Tepe/aud
(«Control Tansfer», «Interrupt Transfer» wmu «Isochronous Transfer»), To ecTb 3ajep)kKka Tipu
riepe/jaui TakKuM CIIocoO0M MOXKeT OBbITh JTF000H, a C/iefoBaTe/TbHO ero HeJlb3si UCIIO/b30BaTh AJIs
YYBCTBUTE/IbHBIX KO BpeMeHU Tiepefauu TMpuaokKeHU. [laHHbIA BUJ, TiepeJjaud XapaKTepusyeTcs
C/Ie[lyOLUMH CBOMCTBAMU:

* Vcnonw3yeTcs Jjis Tiepeiaur 60/IbIIMX 00BEMOB IaHHBIX;
* OOHapyxeHue ommboK mepefaud c momompto CRC W rapaHTusi JOCTaBKM 4epe3

TOBTOPHYIO TIOCHIKY (retransmit);

* Hu npomnyckHas rosioca, HU 3a/lep)KKa He TapaHTHPYeTCs;
*  OpHOHarpaB/eHHOCTh Mepeauy;
* Tloppep>kuBaetrcs TonbKo Ajist «Full Speed» u «High Speed» ycrpoticts (USB 1.1 u 2.0).

Pasmep mosie3Horo 6sioka gaHHbIX 4y «Bulk Transfer» onpemenen cnemyroimm obpasom:
anist «Full Transfer» - 8, 16, 32 wu 64 6atita; g «High Speed» - 512 6aiiT. Ec/ii makeT He MOXeT
ObITb 3aroJHEH JAaHHBLIMU Ha TIO/IHYIO, TO JOIMYyCKaeTcsl oTmpaBKa TMakera DATAX C 4aCTUYHBIM
3aro/IHeHHWeM, TIpU 3TOM BbipaBHMBaHHe («padding» HynsiMu) He TPOW3BOAUTCS. TpaH3aKIUs
JJAHHOTO TWIA CYMTAeTCs 3aBeplIeHHOM eciy TMepejalollas CTOPOHA Tepefiasia 3aJaHHOe
(omIpesie/IeHHOM B 3arpoce) KOJHMYeCTBO OAWT AAHHBLIX, TiepefiaeT He TMOJHOCTBIO 3arlo/THEeHHBINA
TakKeT C JaHHBIMU WU TIaKeT C JJaHHBIMU HY/IeBOM AJIUHBI.

Ha Kaxapifi ycriemHo MpUHATHIM rakeT DATAX mipyieMHasi CTOpOHa oOsi3aHa OTBETHTHb
ynpagJsitoiiium rakerom ACK. Eci nmakeT mpUHAT € OMIMOKOM, TO MPUHUMAROIIasi CTOPOHA HUKaK
He pearupyeT U >KJeT IOKa Iepejaroliasi CTOPOHA TOBTOPHO TMPHIIET 3TOT >Ke TakeT (Ha
riepefiarolliell CTOpoHe cpaboTraeT TakimayT). IIpuHMMaroIiass CTOPOHA MOXKET OTBETUTH TAKeTOM
NAK ecnu oHa He roToBa K MpHEMY JaHHBIX U TpeOyeT MOBTOPUTH MOCBIIKY 3TUX K€ JaHHBIX
no3xke. B ciayuyae omMOKM Ha MPUEMHOH CTOpOHE OHA WHAWI[UPYET CBOE aBAapUHHOE COCTOSTHHUE
OTIpaBKoOH yripassstoiero nakera STALL.
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Kak u fji1 Bcex ocCTa/bHBIX PEKMMOB 3/leCh TOXKe orpefesieHbl ABa Buja: «Bulk Transfer
IN» - mepezsaua ot ycrpoiictsa K xocty, U «Bulk Transfer OUT» - /151 mepefiauut JaHHBIX OT XOCTa K
YCTPOMCTBY.

«Bulk Transfer IN». Koryja XocT roToB NpuHSTh JjaHHbIe OT YCTPOMCTBA, OH mepesaeT TokeH IN c
ykazaHueMm azipeca ADDR ycrpoiictBa u HOMepa kKoHeuHou Touku ENDP. Eciu ycTpolicTBo
npuHnMaetr IN c owmmbkol, To mpocto wrHopupyer ero. Ecim ke IN mpuHAT Ha CTOpOHE
ycTpoiictBa 6e3 omMOKM, TO YCTPOMCTBO HauWHaeT TOCHUIKY C repBoro mnakera DATAX, wiu
BeicblTaeT NAK ecnu anHble He roToBbl, Wi STALL ecim npowr3onuia BHYTPeHHsIs OMKOKa. X0CT
TIOJTyYMB TAKeT C JaHHbIMU 00si3aH moaTBepAuTh ero c momoifpio ACK. Utobbl momyuuThb
ciieyromi 610K aHHBIX XOCT onsATh ornpasiser IN Ha Ty ke mapy ADDR:ENDP u mporiecc
noBropsieTcst. OTCyTCTBUE MOATBEPXKJeHUs B TeueHUU ~10 MKC NPUBOJUT K TOMY, UTO YCTPOHCTBO
npu cieaytoieM 3arpoce IN BbIIUIET MOBTOPHO 3TOT ke 0710k JaHHBIX. Ecmm y ycrpoiicTBa 60sibiie
HeT JIaHHbIX /11 OTTPaBKU, TO OHO BbicbulaeT DATAX HyneBoM JJIMHBI /11 UHAWKALMWU OKOHYaHUS
obmena nmi NAK ecnm TpeGyeTcst TofioXKjaTh TOTOBHOCTH HOBBIX JJaHHBIX. [IpriMep laHHOTO BUZA
oOmeHa nipuBe/ieH B Tabsnulle 7.4a.

Tabauya 7.4a. Ilepedaua daHHbix K xocmy uepe3 «Bulk Transfer IN».

Homep nakera _ Device address | Endpoint
Y HampaBJ/ieHne SYNC PID =IN (ADDR=1) |(ENDP=0) CRCS EOP
No 1 SEOQ
i} . |KIJKJKJKK| 8b0110_1001 | 7'B000_0001 4'b0000 | 5b11101 | SEO
Host — Device j
Homep nakera SYNC PID = DATAx 8, 32, niu 64 GaiiTa JaHHBIX CRC16 EOP
Y HarpasBJ/iIeHUe ans «Full Speed»
No 2 8’b1100_0011 | 8’hXX, 8’hXX, 8’hXX, 8’hXX, XX SEOQ
Device — Host KJ KJ KJ KK W1 8 hXX SEOQ
vice = 8°b0100_1011| 8’hXX, 8’hXX, 8’hXX, 8’hXX J
Homep naxera | gy PID = ACK EOP
4 HampaBJ/IeHHe
No 3 SEOQ
i} . |KIKJKJ KK 8'b1101_0010 SEOQ
Host — Device j

«Bulk Transfer OUT». Korza xoCcT roToB OTIpaBUTh 0O/bIIONM O/I0K /JaHHBIX B YCTPOMCTBO OH
nepenaetr TokeH OUT c ykaszanuem agpeca ycrporictea ADDR v HOMepa KOHEUYHOM TOYKH JJIst
ENDP g1 koTOpOM TipefiHa3HauaroTCs AaHHble, a cjefoM 3a OUT otnpaB/sieTCsl TiepBbIM MaKeT
DATAX. YcrpotictBo otBeuaeT ACK ecsi jaHHbIe TTPUHSATHI KOPPEKTHO WM UTHOPHUPYET COOMHBIMI
TIaKeT, UTO BbI3bIBAET [TOBTOPHY!O MOCBLIKY 3THX K€ JaHHBIX C CTOPOHBI X0CTa. Ecim ycTpoicTBo He
TOTOBO K TIPUEMY JIaHHBIX, TO OHO MOXKET OTBETUTH C TIoMolipi0 NAK wiv HHIUIMPOBATh OMIMOKY C
nomotibio STALL. Xoct poxkugaercs ACK u moBTOpsieT TpaH3akI[UIO /s CyieAyroiero 6yo0ka
naHHbIX. [TocseqHUM BhickTaeTcs makeT DATAX ¢ Hy/eBOU JTMHOM O/I0K MOJIe3HBbIX JAaHHBIX, UTO
yKa3bIBaeT Ha KOHel] oOMeHa.
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Tabnuya 7.46. Ilepedaua daHHbix K ycmpolicmey uepe3 «Bulk Transfer OUT».

Homep nakera _ Device address | Endpoint
U HamnpasBJ/ieHUe SYNC PID = OUT (ADDR=1) |(ENDP=0) CRCS EOP
No 1 SEO
} . ' KIJKJKJKK| 8b1110_0001 | 7'b000_0001 4'b0000 | 5'b11101 | SEO
Host — Device J
Homep nakera SYNC PID = DATAx 8,32,64 baiiTa JaHHBIX CRC16 | EOP
4 HampaBJ/ieHHe ans «Full Speed»
No 2 8’b1100_0011 | 8’hXX, 8’hXX, 8’hXX, 8’hXX, hXX SEO
Host — Device KJ KJ KJ KK W 8 hXX SEO
- e 8’b0100_1011 | 8’hXX, 8’hXX, 8’hXX, 8’ hXX J
Homep naxera | gy PID = ACK EOP
Y HampaBJ/IeHHe
No 3 SEO
. KJ KJ KJ KK 8'b1101_0010 SEO
Device — Host J

C TexHuueckod Touku 3peHusi «Bulk Transfer» maso uem omimuaercs ot «Interrupt
Transfer». OCHOBHOe OT/IMUMe COCTOMT B TOM, UTO LMK/IWdeckue TpaH3akuuu «Bulk Transfer»
riepe/jaloT pa3Hble JaHHbIe CMeIasich 1Mo GosbinoMy 610Ky, B TO BpeMsi Kak «Interrupt Transfer»
Ka>K/IbIi pa3 repesiaeT OAWH U TOT ke O/I0K [JaHHBIX (paropr).

3.2.5. IIponeaypa 3aBepiueHusi 00MeHa

B crnetudukarm USB yeTko cKa3aHO, UTO JI0OOH 0OMeH /JO/DKeH 3aBepIaThCsl OTChUTKOM
naketa DATAX cofepskaruii 00K JJaHHBIX pa3MepoM MeHblile ueM rapameTrp wMaxPacketSize
3a/laHHBIA JIJI1 IaHHOW KOHeuHoW Touku (MeHee 8 Oauit ansi «Low Speed»). Eciu jgaHHBbIE
OKaHYMBAIOTCS POBHO Ha TPaHMIIe ITOTO 3HAUeHHs, TO 00s13aTe/IbHO OTChIIAeTCS «ITyCTOM» TakeT
DATAx. Takxe B crieljudurKaliyd yKa3blBaeTCs, TO JaHHasl 3ajlauya BO3/araeTcss Ha JpaiiBep
KOHEYHOro ycTporicTBa. [lanee, Ha oCLU/I/IOTpaMMax CHATBIX C aHaaM3aTopa, Mbl YBUAUM Kak 3TO
TIPOMCXO/TUT, a TIOKa HeOOoJIbIlast [UuTaTa U3 crerudukauu:

Delimiting USB data transfers with packets smaller than wMaxPacketSize

Compliant USB 2.0 and USB 1.1 drivers must transmit packets of maximum size
(wMaxPacketSize) and then end the transmission with a packet of less than maximum size,
or delimit the end of the transmission with a zero-length packet. The transmission isn't
complete until the driver sends a packet smaller than wMaxPacketSize. If the transfer size is
an exact multiple of the maximum, the driver must send a zero-length delimiting packet to
explicitly terminate the transfer

The device driver is responsible for delimiting the data transmission with zero-length
packets, as required by the USB specification. The system USB stack doesn't generate these
packets automatically.
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3.2.6. MeHeIKMEHT MPOMYCKHO! CIOCOOHOCTH

CornacHo crierdukaimy Bcs paboTa 1o obecrieueHHI0 TIPaBUIBHOM 3arpy3ku muHbl USB
JIOKWATCSL Ha XOCT. B mporiecce MHUIMAIU3alMd yCTPOMCTBA XOCT BBISCHSIET Y KOHEUHBIX TOUeK
PEeXXUMBI UX PabOoThI cuMThbiBass CTPYKTypbl «Endpoint Descriptor», mocie uero HacTpauBaeT UX
UCXOsl U3 MMEIOLIUXCsl pecypcoB. B mpoiiecce paboThl € HMIMHOW XOCT KOHTPOJIMPYeT HarpysKy
UCXOZl ¥ TOTO, YTO Harpyska co3jaBaemasi epruoguueckuM TpadukoM («Isochronous Transfer» u
«Interrupt Transsfer») He AomkHa npeBwiaTh 90% oT Bcero pecypca muHbI A1s «Full Speed» u
80% pna «High Speed». OcraBmmecs 10% pe3epBUPYIOTCS [i/i YTNPaB/SIOLIMX TpaH3aKLUM
«Control Transfer», a U3 TOro 4yro ocraHeTcs Moc/e 3TOr0 MoXKeT ObITb oTAaHo A «Bulk
Transfer».
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3.3. Aeckpuntopbl USB

Kaxgoe USB ycTpoiicTBO TipefocTaB/isieT B XOCT UHGoOpMaluio o cebe, 0 TIPOU3BOAUTETE
YCTPOMCTBA, O TOA/ep)KUBaeMbIX MPOTOKOJaX, KOMyecTBe UHTep(eliCcoB M KOHEUHbIX TOUEeK, MX
TUTIe W crocobax B3auMoJercTBUs. JTa MHGOpPMAILUs COMEP)KUTCS B BHe HepapXuyecKuX
CTPYKTYP [laHHbIX Ha3blBaeMbIX «JAeckpurntopamu»  («Descriptors»). Haubosmee uacto
yrnoTpeb/sieMbl C/ie[yOL1e TUTIbI e CKDUTITOPOB:

* «Device Descriptor» - CTPyKTypa OIMUChIBAIOIIast 001[1ie XapaKTepPUCTUKH YCTPONCTBA;

* «Configuration Descriptor» - Habopbl KOHPUTYpaLUii TIOAIep)KUBaeMble YCTPOHCTBOM;

* «Interface Descriptor» - cTpyKTypa omnuchIBatolasi MHTepQeiic 1 ero CBOMCTBa;

* «Endpoint Descriptor» - CTpyKTypa OMUChIBalOIlasi KOHEUHYIO TOUKY aCCOLIMMPOBAHHYHO C

KaKuM 7100 HTepdeiicom;

* «Additional Descriptor» - mpor3BoJibHasi CTPYKTYypa JaHHBIX He orpejiesisieMasi CTaHZapTOM.
*  «String Descriptors» - MpoHyMepOBaHHbIE CTPOKU CUMBOJIOB;

YCTpoliCcTBO MOXKET MMeThb TOJIbKO OfHY CTpyKTypy Tumna «Device Descriptor». [laHHas
CTPYKTypa cofiepkutT o0mue cBegeHuss 00 ycTpoiicTBe: Bepcuto crieludukarmu  USB,
IByXx0ailToBBIe HeHTU(PHUKATOPHI Mpou3BoauTesisi U TipoaykTa («Vendor ID» - VID u «Product ID»
- PID) KoTOpbI€e MCIO/Ib3yHOTCS OTlepaljMOHHOM CUCTEMOM [/ TIOMCKa U 3arpy3kKu JpaiiBepa. Takke
«Device Descriptor» cogepxxut uucino KoHurypauuii  («Configuration Descriptors»)
rozi/iep)KuBaeMbix  yctpoiictBoM. «Configuration Descriptor» cofep>XuT WH(POPMALUIO O
noTpeb/sieMol yCTPOHCTBOM MOILHOCTH, CIIOCO0€e 37eKTPOnUTaHust (OT XOCTa WA OT BHEITHEero
VICTOYHMKA) U HEKOTOpbIe Apyrue napaMmeTphl. Kaxkaas koHpuUrypaiusi 3To JpeBoBUHasi CTPYKTypa
B COCTaB KOTOPOM BXofs CTPyKTyphl Tuma «Interface Descriptor», cofiep»aiiiie B CBOIO ouepelb
ctpyktypel Thrna «Endpoint Descriptor». Hwke Ha puc. 6 m3o0pa)keHa ApeBOBUJHAsI CTPYKTypa
nanHbix USB ycTporicTBa.

DevicaDescriptar

bHumCeonfigurations

! !

Configuration Configuration
Drescriptor Drescriptor

|bNumInterfaces |bNumInterfaces

L ' Y i

Interface Interface Interface Interface
Cescriptor Descriptor Crescriptor Descriptor

bHumEndpaints bHumEnRdpoints bHumEndpoints bHumEndpoints

Endpoint Endpoint Endpoint Endpoint Endpoint Endpeint Endpoint Endpoint
Descriptar Descriptor Descriptor Descriptor Descriptar D escriptor Descriptor D escriptor

Puc. 6. /lpegosuonas cmpykmypa 0aHHbix USB (Oeckpunmopbl).

B nporjecce nHUIMaMM3alyd XOCT CUUTBIBaeT CTPYKTYpy Turia «Device Descriptor», o Heit
orpefie/isieT Kakie BapuaHTbl KOHPUrypalyii Mo/ep>KUBatoTCsl YCTPOMCTBOM U aKTUBUPYET OHY
13 HUX. Hanprmep, yCTpOWCTBO MOXKeT MOA/Jep>KMBaTh [jBa BH/a KOH(UTrypaluu B 3aBUCUMOCTU OT
WUCTOUHHWKA TMMUTAHUS: «OT XOCTa» WIH «OT BHEIIHero O/ioKa», MPU 3TOM Kax/asi KOHMUTyparjus
MOXKeT TMOTpeO/SATh Pa3MuHYI0 MOIIHOCTh. BbIllle TOBOPU/IOCH O TOM, UTO YCTPOMCTBO MOJKET
OTOMpAaTh OT OIHOTO MOPTAa XOCTa OTPAHUUYEHHYI0 MOIIIHOCTb. EC/TH 3TOM MOI[HOCTH HE/I0CTaTOUHO,
TO YCTPONCTBO MOXKET MepPexX0o/iuTh B CIelMaJbHbIN PEeXXUM OrPaHHUeHHOTO SHeprornoTpebsieHus U
paboTaTh «B TIO CUJIbI». VK JKe YCTPOMCTBO MOXKET OBbITh TIOAK/IFOUEHO K CBOEMY HE3aBUCHUMOMY
WCTOUHUKY MUTaHUs oOecreunBaroliero rnosHeid ¢yHkimoHan («self powered»). Xoct moxeT
BbIOpAaTh OIMH W3 3THUX [BYX CIIOCOOOB TMUTAHUs IyT€M aKTUBAI[UM OJHOW W3 KOHMUryparui
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(Tonmbko OofHA KOH(GUrypauysi MOKeT ObITh akTHBHOM). [Io MHMO 3TOro, pa3Hble KOH(HUrypauyu
MOT'YT CO/iep>KaTh pa3/iMuHble Habopbl MHTep(erCcOB M KOHEUHBIX ToueK. He CMOTps Ha Takymo
r'MOKOCTb, MHOTHE YCTPOMCTBA TIO/IeP>KUBAIOT BCEr0 OIHY KOHPUTYPALHIO.

Crpykrypa «Interface Descriptor» Mo)keT pacCMaTpUBaThCSl KaK OMMCAaTe/bHbIN 3aroJioBOK
7151 HeCKOTbKUX KOHEUHBIX TOUeK CIPYIITUPOBAaHHBIX M0 (PyHKLIMOHATEHOMY TIPHU3HAKY U C 0OIIMMU
napametrpamu. Hampumep, yctpoiictBo ogucHoro MFU («Multi-Functional Unit» - mpunTep,
cKaHep, akC) MOXKeT MMeTb TpU UHTepdelica: OAUH /1 B3aUMO/MCTBUSL C YCTPOMCTBOM Kak C
TIPUHTEPOM, BTOpPOM — i paboThl CO CKaHepoM U TpeTUH il OTIpaBKU (DakCOB WM
3JIEKTPOHHBIX MHCeM. XOCT IMojay4yaeT CIIMCOK WHTep(delcoB B TMpoliecce WHULMAIU3ALUU U
aKTUBUPYeT HY)XHble eMy B [laHHbIi MOMEHT BpeMeHH WHTepdeichl. YCTPOWCTBO MOXKeT HWMeTb
ozivH 1 60siee aKTUBHBIN UHTepQeiiC.

WHTepecHOlt 0COOEHHOCTBIO SIBMSIETCSI TO, UTO y CTPYKTyphbl Tuma «Interface Descriptor»
umeetcsi ABa mnons (bInterfaceNumber u bAlternateSetting) uzeHTudULIMpYyIOLe 3aJaHHBIN
uHTepdeiic (Habop KoHeuHbIX ToUek). [lepBoe rosie orpeziesisieT HoMep uHTepdetica, a BTopoe —
BapyaHT peXkUMa Iepefjaud M HeKOTOPBIX Crieluduueckrux HacTpoek. Hampumep, ofuH U TOT ke
uHTepdeiic ¢ Homepom bInterfaceNumber paBHeiIM 1 MOXeT uUMeTb [jBa peXuma
bAlternateSetting = 0 115 nepenaun npepbiBanuii (Interrupt Transfer) u bAlternateSetting = 1
[t niepefaun Gosbimx 670koB faHHBIX (Bulk Transfer). Xoct MokeT MeHSITb HaCTPOMKH
uHTepdelica Ha X0/ly U NepeK/IruaThbCsl MeXX/y AByMs BapUaHTaMM OJJHOTO U TOTO >Ke UHTepelica C
riomMolifbto KomaH/bl SetInterface. CTpykTypa Takoi KOHpUrypaiuu rokas3aHa Ha puc. 7.

| Configuration Descriptor |

—ae|Interface Zero [escriptor, bARernateSetting =0

| Endpoint Descriptor One

L Endpoint Descriptor Toa

—|—|Interfac=e One Descriptor, bAlternateS etting =0

—a Endpoint Descriptor One

{Interrupt Pipes)
L Endpoint Descriptor Toa

——llnterfac:e One Descriptor, bAlternateS etting = 1|

| Endpeint Descriptor One

(BulkPipes)

L | Endpoint Descriptor oo

Puc. 7. IIpumep KoHgpueypayuu uHmepgeticac 08yms aabmepHAmMueHbIMU HACMPOUKAMU.

Crpykrypa «Endpoint Descriptor» cogep)Xut uHbOpMalMI0 O Crocobe Tmepegauu,
HarpaB/ieHUX OOMeHa, WHTepBajie OMpoca M MaKCUMajbHOMY pa3Mepy IMakeTa st obMeHa C
JAaHHOW KOHeuHOM Toukoil. KoHeuHas Touka c HomepoM Hoib («default endpoint») Bcerga
paccMaTpuBaeTCs KakK yMpaB/siiolasi KOHeUHas TOYKa W TI09TOMY HUKOTJl|a He COZAEepP)KUT
JeCKpUITOpA.

Bce geckpumTopbl WMeEROT OO [BYXOAMTOBBIA 3arojioBOK COCTOSIIUN WX JBYX
napametpoB: bLength — yka3biBaroiuii Ha A/MHY CTPYKTYpbI B Oaiitax, 1 bDescriptionType —
COOCTBEHHO THUIT CTPYKTYPBI. 3a 3TUMH ABYMs OaiiTaMu CIeAyIoT crieriuduueckre i KaKIOro ux
TUIOB /IeCKPUIITOPOB [aHHbIe. [lajsiee MbI JeTaqbHO pa30epeM CTPYKTypy HEKOTOPBIX YacTo
yroTpe0/sieMbIX /1€ CKDUTITOPOB.

3.3.1. «Device Descriptor»

Kak oTmeuasnoch Bblllle, JaHHasi CTPYKTypa UCIOb3YeTCs [Jisl ONUCAHUsl BCEro yCTPOMCTBA
B 1IeJIOM U COJIEP>KUT BaXKHYIO /i1 paboThl ycrpoiictBa nHdopmaimio. Kaxkgoe USB ycTpoiicTBO
MMeeT TObKO OfHY CTPYKTYPY TakOro THIa, opMar KOTOpO#i rpuBefieH B Tabmuiie 8.1.

3anara P.H. «Pa3pabotka 1juchpoBoii anmaparypsl HeTpaguLiMoHHbIM MeTozioM: Kontpostep USB 1.0 Ha SpinalHDL». ¢.34
000 «®abmukpo», r. TromeHs, 2025r.



Tabauya 8.1. OnucaHue noseli cmpyKkmypbl napamempos ycmpolicmea «Device Descriptor»

CMmerne ITose Pa3mep, | Tun uiun Ha3nauenue
-HUe OaiiT |3HaueHHe

0 bLength 1 Number |/InuHa seckpuritopa B Oaiirax (18).

1 bDescriptorType 1 Constant | @ukcrpoBaHHoe uncio (0x01).

2 bcdUSB 2 BCD |Homep Bepcuu cremdukauuu USB ¢
KOTOpPOM COBMECTHMO yCTPOMCTBO. 3a/laeTcsi
B ¢opmare BCD. IIpumep:
0x0100 — Bepcus USB 1.0,
0x0110 — Bepcusa USB 1.1.
0x0200 — Bepcus USB 2.0.

4 bDeviceClass 1 Class |Knacc ycTpoiicTBa COriacHO
yTBep)KleHHOMY opraHu3aiyeid USB-IF
CITUCKY.
Ecmu paBen 0x00, To Kaxkzapbiii uHTepdetic
VMeeT CBOW COOCTBEHHBIN K/accC.
Ecnu paBen 0xFF, To Knacc onpepesisieTcst
Mpou3BoAUTe/IeM (HeCcTaHJapTHOe
yCTPOMCTBO).

5 bDeviceSubClass 1 SubClass |[Togknacc ycTpoiicTsa.

6 bDeviceProtocol 1 Protocol |Kog npoTokona.

7 bMaxPacketSize 1 Number | MakcumabHbIM pa3Mep rnakeTa Jis
«HyJ1eBOW» (Ze(poNTHOM) KOHEUHOM TOUKHU.
Bo3moxxHble BapuaHThL: 8, 16, 32, 64.

8 idVendor 2 ID Npentudukarop npousogutens (Vendor
ID), Ha3HauaeTcst opranu3anueit USB-IF.

10 idProduct 2 ID Npentudukarop npoaykra (Product ID),
Ha3HavaeTCsl TPOM3BOAUTETIEM.

12 bcdDevice 2 BCD |Howmep Bepcuu ycTporictBa B popmate BCD,
aHasiornuHo mosto bcdUSB.

14 iManufacturer 1 Index |WHaeKcHbIN HOMep CTPOKM OINMUCHIBAIOILIEM
TIPOW3BOAUTEISI.

15 iProduct 1 Index |VHAeKCHBIN HOMEP CTPOKH OIKChIBAOIIIei
TIPOAYKT.

16 iSerialNumber 1 Index |VHAeKCHBIN HOMEP CTPOKH Cofiep Kaiieit
CepuiiHbII HOMep yCTPOUCTBA.

17 | bNumConfigurations 1 Integer |Ywucso nopep)KuBaeMbIX KOH(GUTypaLuii.

Bax#o! ITonsi bDeviceClass, bDeviceSubClass and bDeviceProtocol vicrions3ytorcst st
TOMCKa M Ha3HaueHHWs JpaiiBepa /Jisi 0OC/TYy>KUBAaHWs JaHHOTO yCTPOWCTBa, HO He Bcerga. Yacto
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YCTPOWCTBA TIPEATIOUUTAIOT HAeHTHU(PUIIMPOBaTh cebsi uepe3 wuHTepdec, TO ecTh MO
bDeviceClass, bDeviceSubClass B ctpykType «Device Descriptor» coaepxatr 0x00, a kmacc u
TIOAKJ/TACC OTIPeZIe/ITFOTCS aHAIOTUYHBIMH TI0JISIMH B CTPYKTYpe «Interface Descriptor».

3.3.2. «Configuration Descriptor»

USB yCTpOICTBO MO’KET UMeTh HECKOJIBKO Pa3/IMUHbIX KOH(PUIYpaLUii, XOTs OO/BIIUHCTBO
YCTPOMCTB MOJJEeP)KUBAOT TO/MBKO OfHY. KoH(urypaiusi yCTpoiiCcTBa ONMCHIBAETCSI CTPYKTYPOM
«Configuration Descriptor» KoTOpas COAEPXUT HWHPOpPMaLMi0 O Crocobe 3IeKTPONUTAHHUS
YCTPOMCTBA - «OT XOCTa» WM «OT BHELIHEro UCTOuHuKa» («bus powered» nam «mains powered»,
oHO ke «self powered») u MakcumanbHOM TIOTPeO/IsIEMOM MOIHOCTH (TOK B MWIIMAMIIEPaXx).
Takke [aHHBIM [eCKPUIITOP COJAEPXXUT 4YMC/IO WHTepdelicoB TMoA1ep>XKUBaeMbIX YCTPOMCTBOM.
Ormmcanue nosieid cTpyktypbl «Configuration Descriptor» npruBezseHo B Tabsmiie 8.2.

[Tocne ToOro, Kak XOCT TOJAyuyW7 OT YCTPOWCTBA W TIpOaHa/JIW3UpPOBaa [laHHble BCeX
KOH(UI'ypPaLMOHHBIX /IeCKPUIITOPOB, OH 00si3aH aKTMBUPOBAaTh OJIWH U3 [IeCKPUNTOPOB (OJHY M3
KoH(UTypalLuii) TTyTeM oTrpaBKy KomaH el SetConfiguration c yka3zaHueM HeHy/1eBOrO 3HaUeHHs B
none bConfigurationValue coBnajaroiiero ¢ HOMEpPOM OJHOTO M3 JOCTYIIHBIX B YCTPOWMCTBe
KOH(UTYPAIL[MOHHBIX [JIeCKPUINITOPOB. BhiOpaHHasi TakuM o00pa3oM KOHGUrypaiysi CTaHOBUTCS
aKTUBHOM.

Tabauya 8.2. OnucaHue nosnell KoHuzypayuoHHoli cmpykmypbl «Configuration Descriptor»

Cwmerne ITone Paszmep, | Tun win HasznaueHue
-HUe 0aliT |3HaueHue
0 bLength 1 Number | [IyvHa geckpunropa B Oairax (0x09).
1 bDescriptorType 1 Constant | ®ukcrpoBaHHoe uncio (0x02).
2 wTotalLength 2 Number |O6miee uncio 6alTOB BO3BpalllaeMoe B
OTBeTe.
4 bNumlInterfaces 1 Number |KomvuectBo  uHTepdelicoB B AaHHOU
KOH(Urypauuu.
5 bConfigurationValue 1 Number |I[TopsiakoBbiii HOMeED JlaHHOM

KOH(UTI'YPaLMOHHOM CTPYKTYPBHI.
Vcrnone3yercsi [yl akTUBALlMd B KauecTBe
napameTpa /151 komaszbl SetConfiguration.

6 iConfiguration 1 Index |WHpekcHbIi HOMep TeKCTOBOM  CTPOKHU
OTUCHIBAIOIIUY JaHHYI0 KOH(PUTYPaLIUIO.

7 bmAttributes 1 Bitmap |bur 7 pmaas USB 1.0 yka3biBaeT Ha
MOA/IEP)KKY ~ pekuma — mutaHusi  «Bus
Powered». [list ocTanbHBIX Beerjja paBeH 1.

but 6 ykasbiBaeT, UTO YCTPONCTBO MOXKET
paborath B pexxume «Self Powered». Eciu
yCTpPOMCTBO TmOTpeb/sieT TOK OT  XOCTa
(wmHBI), TO B mnapamerpa bMaxPower
yKa3bIBaeTCsi KaKoi UMEeHHO.

BuT 5 yka3biBaeT, UTO yCTPONUCTBOM MOXKET
VHUIIMMPOBaTh  TPOLIEAYPY  yAaJeHHOTO
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nipoOy>kaenus xocta («Remote Wakeup»).

burtsl 4..0 3ape3epBUpOBaHbl U YCTaHOB/IEHBI
B 0.

8 bMaxPower 1 mA | MakcumasbHbIN OTpebsisieMblil TOK B 2MA
efuHULIaX. [laHHOe 3HaUeHue He MOXKeT
nipesblath 250 (uto paBHO 500MA). Ecn
YCTPOMCTBO TepsieT MUTaHWe OT BHeLlIHero
WCTOYHMKA, TO OHO He ZI0JDKHO MOTPeOsISTh C
11MHbI O0s1ee 3asiBieHHOro B bMaxPower
3HaueHusl.

OcobeHHOCTb PaboTHI C /JaHHOM CTPYKTYPOH COCTOWUT B TOM, YTO KOTZIa XOCT CUMTHIBAeT
«Configuration Descriptor», yCTpPoOWCTBO BO3BpalllaeT Cpa3y BCIO BeTKy [epeBa BK/IOUYast
COOTBETCTBYHOLIME UHTepdeichl U KoHeuHble Touku. [lapameTrp wTotalLength yka3seiBaeT XocTy Ha
Ko/I4ecTBO OalT jaHHBIX B BO3BpaljaeMoi nepapxuu. OnpezieNiTh Hayasa0 BJAOKEHHBIX CTPYKTYP
JlAaHHbIX MOKHO 1o napameTtpaM bLength u bDescriptionType — oHu Bcerza uzyT MepBbIMU U
OZJHO3HAYHO WJEHTU(ULMPYIOT TUI U [JIMHY COOTBETCTBYHOLLEH CTPYKTyphl JaHHbIX. [Iprmep
TaKoW MepapxuH NpuBeJieH Ha puc. 8.

Device Descriptor

-D-| Configuration Descriptor One

Interface Zero Descriptor

Endpoint Descriptar One

ConfigurationDrescriptord
Endpaint Descriptar Two -=wTotallength

Inteface One CDescriptor

—# Endpoint Dezeriptor One

- Endpoint Dezcriptor Twoe

F
) ) ) _F
—b-l Configuration Descriptor Two

Interface Zero Descriptor ConfigurationC escripto2

-=nTotalLength

HIC Descriptar

Endpaint Descriptar One

Puc. 8. IIpumep koHpu2ypayuoHHol uepapxuul.

3.3.3. «Interface Descriptor»

HNeckpuntop wuHTepdeiica 5TO TPYNIOBOM 3aroJioBOK /[Jii CIUCKAa KOHEUHBIX TOYeK
00befUHeHHBIX (PYHKIMOHAMbHO. DopMaT 3TOM CTPYKTYPHI Mpe/cTaB/ieH B Tabmuie 8.3.

Tabauya 8.3. OnucaHue noneti cmpykmypbl «Interface Descriptor»

CMmerne ITose Pa3mep, | Tun nin Ha3nauenmue
-HUe OaliT |3HaueHUe
0 bLength 1 Number | [InvHa geckpunropa B Oairax (0x09).
1 bDescriptorType 1 Constant | ®ukcrpoBaHHoe uncio (0x04).
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2 bInterfaceNumber 1 Number |I[TopsiikoBbili HOMep HMHTepdeiica HaUMHasK C
HY/JISL.

3 bAlternateSetting 1 Number |3HaueHwe wucmosnb3yemoe AJsi  BbIOOpa
a/ibTepHaTMBHOTO Habopa HacTpoek (CM.
BBILLIE).

4 bNumEndpoints 1 Number |KosiviuecTBO KOHEUHBIX TOYeK B J@HHOM
nHTepdelice 3a UCK/IIOUEHHEM HY/IEBOM.

5 bInterfaceClass 1 Class |Kop knacca ycTpoiicTBa InpefonpesesisieMblid
opranusanuent USB-IF.

6 bInterfaceSubClass 1 SubClass |Kog ~ mop-knmacca  ycTpoilicTBa, — Takxke
ornpepesnsieMblid opranusanuert USB-ID.

7 bInterfaceProtocol 1 Protocol | Kopg MPOTOKO/Ia MO/ ieP>KUBAEMOr0
YCTPOWCTBOM, TOXe onpezensieMbli
opranu3sauueit USB-ID.

8 ilnterface 1 Index |WHAekcHbIE HOMep CTPOKHM TeKCTa C
orvcaHWeM JIaHHOTO UHTepdeiica.

[Tapametpnl bInterfaceClass, bInterfaceSubClass u bInterfaceProtocol moryTt O6bITH
WCTIO/Tb30BaHbl [l OTIpe/ie/ieHrsl apaiiBepa [yt 00C/Ty)KMBaHMSI JAHHOTO WHTepdelica COIIacHO
KJlaccy ycrpoiicTtBa (Hanpumep, «HID», «communications», «mass storage» U T. [i.). 3TO MO3BOJIsSIET
WCTI0/Tb30BaTh OAIMH W TOT ’Ke JpaiBep AJisi COBePIIeHHO Pa3HbIX YCTPONCTB €C/IM UX UHTeP(euCh
TIO/IZIeP>)KUBAIOT COOTBETCTBYIOIINI K/IaCC ¥ TTPOTOKOJ.

3.3.4. «<Endpoint Descriptor»

[ecKpurnTop KOHeYHON TOUKU OTHCHIBaeT XapaKTePUCTUKU TOUKKM 0OMeHa, B TOM YHCJIe TUIT
obmena («Transfer type»), uacToTy ompoca OT XOCTa W UCIO/MB3yeMYI0 MAaKCUMaIbHYHO
TIPOITYCKHYIO CIIOCOOHOCTh. XOCT 00s13aH 3arpOCUTh 3TH JlaHHBIEe Mepesi TeM KaK HauaTh 0OMeH C
JaHHOW Toukol. KoHeuHass TOUKa C HOMEPOM «HOJIb» BCerja roroBa K obmeHy, He TpebyeT
TIpe/IBapUTe/IbHOM HACTPOMKHM M HCIob3yercs Ay caykeOHbIX («Control Transfer») Hy»x[z.
CTpyKTypa mapaMeTpOB 3TOTO /leCKPUIITOPa MpHBeZieHa B Tabnuiie 8.4.

Tabauya 8.4. OnucaHue noseti cmpykmypbl «Endpoint Descriptor»

Cwmerne ITone Paszmep, | Tun win Ha3znaueHnue
-HUe OaliT |3HaueHue
0 bLength 1 Number | [InvHa geckpurnropa B Oairax (0x07).
1 bDescriptorType 1 Constant | ®ukcrpoBanHoe uuncio (0x05).
2 bEndpointAddress 1 Endpoint | Aapec koHeuHOM TOUKH — OHUTOBOE TIOJIE:

burtsl 0..3 3a7at0T HOMep KOHEUHOM TOUKH.
butel 4..6 3ape3epBUPOBaHbI U yCTAHOBJIEHBI
B «HOJIb».

but 7 onpepesnsier Harpas/ieHus nepegauu: 0
= OUT, 1 = IN. [HOna cuoyxebHOM
KOHTPO/JIbHOU TOUKM (C HOMepoM 0), JaHHBIN
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OWUT UTHOPUPYETCH.

3 bmAttributes 1 Bitmap |burtoBoe rosie orpeessitolee
XapaKTepuCTHUKU oOMeHa:
burtsl 0..1 orpezenstoT Tt obMeHa:

00 = «Control Transfer»

01 = «Isochronous Transfer»

10 = «Bulk Transfer»

11 = «Interrupt Transfer»
butsl 2..7 3ape3epBUpPOBaHLI.
butel 3..2 3a7al0T TWUN CUHXPOHU3ALUU
(«Synchronisation Type») /is W30XPOHHOTO
peXxuMa:

00 = be3 cuHXpoHMU3aLU

01 = ACHHXPOHHBIM

10 = AanTUBHBIN

11 = CUHXpPOHHBIN
buter 5..4 omnpefensroT 1jenb C KOTOPOU
WCIIO/Ib3yeTCs JiaHHas KOHeyHasi TOuyka B
130XpoHHOM pexxuMe («Usage Type»):

00 = Data Endpoint

01 = Feedback Endpoint

10 = Explicit Feedback Data Endpoint

11 = 3ape3epBHUpOBAHO.

4 wMaxPacketSize 2 Number | MakcumanbHbI pa3smep T[akeTa KOTOPBIM
JaHHasi ~ KOHeYHas  TOYkKa  CriocobHa
MIPUHUMaTh WY Tlepe/aBaTh.

6 bInterval 1 Number |[dns pexuma «Interrupt Transfer» 3azaer
VHTEepBa/l BPeMeHH 4Yepe3 KOTOPbIM JaHHast
TOYKA [IO/DKHA OIpallMBaThCsl /Il Mepefadyu
gannbix. g USB 1.x mapamerp 3azaer
Bpemsa B 1 Mc egunuuax. g USB 2.x — B
125 mkc. MoxeT npyHUMaTh 3HayeHus oT 1
1o 255.

HOnst «Isochronous Transfer» aomkeH OBITH
ycTaHoB/eH B 1, TO eCTb MHHUMaJbHBIN
VIHTEepBaJl BpeMeHU.

Ina «Bulk Transfer» u «Controls Transfer»
JlaHHBIM TTapaMeTpbl UTHOPUPYETCS.

3.3.5. «Additional Descriptor»

[eckpunTop [JaHHOTO THWIIA TO3BOJIsSIeT TepeiaBaTh HeCTaHJapTHbIe CTPYKTYPhl JaHHBIX
crieubUYHBIe 171 JAHHOTO YCTPOWCTBA WA CTPYKTYPHI JaHHBIX Orpe/iesisieMble B CcrieliuUKausax
,0omee BbICOKOTO YypoBHs. POpMar 3TOro JecKpUITOpa 3apaHee He OmpejesieH, HO TepBble JBa
OailiTa Tak >ke Kak M y OCTaJIbHBIX [IeCKPUIITOPOB Orpe/iesisitoT pasmep cTpykryphl (bLength) u eé
tut (bDescriptorType).
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Ecmu bDescriptorType = 0x24, To AaHHBIA [eCKpunTop TmpeactaBiser coboi «Class
Specific Descriptor» ¢opmMar ¥ Ha3HaueHHWe KOTOPOTO OIpeAessieTCS COOTBETCTBYHOIIUM
JOKyMEHTOM OTNHCHIBAIOIIMM [JaHHBIA Kiacc ycTpoicTB. O6buHO TpeTbuM OaiitoB asisi «Class
Specifc» uget nmone bDescriptorSubType.

Ecimu bDescriptorType = 0x21, To 310 feckpunitop «HID» ycrpotictBa. TpeTbum OaiiTom B
JaHHOM ciydae cnefyet napametp becdHID onpepenstomumii Bepeuto «HID» crienydukanyu.

W tak panee.

3.3.6. «String Descriptor»

[aHHBIA [1eCKpUNTOpP TMpejHa3HaueH /s XpaHeHWs TeKCTOBbIX CTPOK CUMBOJIOB.
CNO’KHOCTb C 3TUM /IeCKPUTITOPOM COCTOUT B TOM, UTO CTPOKHU TeKCTa MOTYT OBbITh Mpe/CTaB/IeHbI
Ha pa3/IMUHBIX $3bIKaX, a caM TeKCT CTPOKU mpejcTapisitoTcs B (popmare Unicode UTF-16LE
(bmaromapHOCTH OTIIpaB/IsiiTe B KoMIaHui0 Microsoft). CTpoka ¢ MHJEKCOM «HOJIb» MPe/ICTaB/IsIeT
co00i TMyCTYI0 CTPOKY M WCIIO/IB3YeTCS B CIY)KEOHBIX Lie/isiX, HarpyuMep B TOM C/ydae ecjd
oTMcaHue JeCKpUITopa (UM UHOTO 3/1eMeHTa JJaHHbIX) OTCYTCTBYET.

[Tepen Tem Kak 3arpoCHTh Yy YCTPOMCTBa CTPOKY MO €€ WHJEKCHOMY HOMepy, CHauasa
HeoOXOJUMO 3arpOCUTh CITUCOK TIOAIeP)KUBAEMBIX $I3bIKOB. JlenaeTcsi 3TO 3ampoCOM CTPYKTYPHI
«String Descriptor» i CTPOKM C HHJAEKCOM «HOIb». PopMaT CTPYKTyphbl B /IaHHOM CydaeT
nipezcTaBisier coboii gBa mapamerpsl bLength u bDescriptorType, 3a KoTOpEIM C/ieZlyeT MacCUB
NByx0anToBbIX 371eMeHTOB «LANGID» nieHTH(hHUKATOPOB S3bIKa. 3HAUEHHST 3THUX KOJIOB 110 UMCTOMN
CJIy4allHOCTH COBMAJAIOT C UAeHTHU(HKaTopamu si3bIKOB «Microsoft for Windows» ommcaHHBIX B
nokymenTe «Developing International Software for Windows 95 and Windows NT, Nadine Kano,
Microsoft Press, Redmond, Washington». Ilpumep Bo3BpalaeMoii CTPYKTYpPbl C KOJaMH
TNo/iiep>KUBaeMbIX SI3bIKOB TIpYBe/ieH B Tabnuiie 8.5.

Tabauya 8.5. OnucaHue cmpykmypbl «String Descriptor» 051 Hy/1e8020 UHOeKca
codepacum CcnucoK no00epicu8aemblx 53bIKO8.

CMmerne ITose Pasmep, | Tun wim Ha3naueHnue
-HUe OaiiT | 3HaUYeHHe
0 bLength 1 Number |/InvHa geckpunropa B 6abitax (X).
1 bDescriptorType 1 Constant | @ukcupoBaHHoe unco (0x03).
2 wLANGIDI[0] 2 Number 'Hynepoit smemeHT ¢  KOZOM  s3BIKa,
HaripuMmep:

0x0409 English - United States

4 WLANGID[1] 2 Number | [Teppgiit 3memeHT ¢ KOZOM S13bIKa, HAIPUMep:
0x0c09 English - Australian

N wLANGID[x] 2 Number | N-ji siemeHT ¢ KOZOM s13bIKa, HAIPUMED:

0x0407 German — Standard
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[To crnokuBLIeKCS TPpaAULMU HYJIEBbIM 37IeMEHTOM 3TOro MaccuBa Bcerga ciegyer «0x0409
English - United States», a 3T0 03HauaeT YTO MO>XHO CMeJI0 UTHOPUPOBATh 3arpoC CIKCKa SI3bIKOB U
BCeryja yKa3biBaTh B KauecTBe kKozia 0x0409 B rmone windex rpu 3anpoce Tpebyemoii CTpOKH.

Crpykrypa maHHbIX «String Descriptor» jisi CTPOKM C UHAEKCOM OTJIMYHBIM OT HYJIEBOTO
OyzeT UMeTh CieIyrOIUi BUI;

Tabauya 8.6. Onucavue cmpykmypbi «String Descriptor» 0715 HeHy/n1e68020 UHOeKca
cooepxcum mekcm Ha yKa3aHHoM 8 windex si3bike.

Cwmere ITose Pasmep, | Tun wim Ha3znauenue
-HHUe 0aiiT | 3HaueHue
0 bLength 1 Number |/InuHa geckpunropa B 6aiitax (X).
1 bDescriptorType 1 Constant | @ukcrpoBaHHoe yncio (0x03).
2 bString N Unicode | Tekcr crpoku B popmare UTF-16LE.

3.3.7. Kiiacchbl yCTpPOWCTB

B [gomonHeHWe K OCHOBHOW crelmdukaiuu, B JAekabpe 1997 roga Obin BBeJeH
JIOTIOJTHUTE/IbHBIM TOKYMEHT OINWCHIBAIOLIUM pa3Hble BHU/bl YCTPONCTB CIPYIIMPOBAHHBIE T10
o01KM cBoicTBaM. JTOT [JOKyMeHT mosnyuun Ha3BaHWe «Universal Serial Bus Common Class
Specification». [JoKymMeHT BBOAUT KjacCU(PUKALMIO YCTpPOWCTB 1o TpeM mnapamerpam: Class,
SubClass u Protocol, To ecTb TosiBlsieTCsl ellje OAWH YpOBeHb aOcTpakiuu. OrnepalioHHbIe
CHCTEMBbI BOJIbHBI MCIIOMb30BaTh TPU STHX IapameTpa Jjs TOro, uToObl HAaWTH M Ha3HAYWTH
TIOAXOASAILIMIA /IpaiiBep K BHOBb TOJK/IHOUEHHOMY YCTpPOMCTBY. Takod TMOAXOZ, OYeHb CHIIBHO
YIPOCTUN Pa3paboOTKy YCTPOWCTB U JIpaliBepoB K HUM — Y TIPOU3BOAUTENIEH YCTPOMCTB OTIasa
HeoOX0UMOCTb B pa3paboTKe COOCTBEHHBIX [paliBepOB eC/ii ero yCTPOWMCTBO COOTBETCTBYET
crierpyKay Jisi KaKOro-TO M3 YKe CyIeCTBYHOLMX KaaccoB. Hipke ro3Bomo cebe mpuBecTH
HeOOo/bIIYI0 BbIIEPXKKY U3 IMaBkl «3.2 Why Have Classes?» [aHHOTO JOKyMeHTa OOBSCHSIOIIYIO
3aueM HY’>KHbI K/1aCChl:

3.2 Why Have Classes?

Grouping devices or interfaces together in classes and then specifying the
characteristics in a Class Specification allows the development of host software which can
manage multiple implementations based on that class. Such host software adapts its
operation to a specific device or interface using descriptive information presented by the
device. A class specification serves as a framework defining the minimum operation of all
devices or interfaces which identify themselves as members of the class.

By developing in compliance with a Class Specification, entities other than the
device manufacturer are able to develop software which can interact with the device. This
relieves the device manufacturer from having to develop software for every combination of
host platform and operating system that potentially could support the device. It also makes it
easier for a device to fit into a platform/operating system’s system management schemes
without requiring additional support from the manufacturer. Thus, the device can be more
compatible in areas such as power and connection management.

3anara P.H. «Pa3pabotka 1jupoBoii anmaparypsl HeTpaAuLMoHHbIM MeTofioM: KorTposutep USB 1.0 Ha SpinalHDL». c.41
000 «®abmukpo», r. TromeHs, 2025r.



In addition, operating system vendors desiring to support a number of USB devices
need to develop only a few class-specific drivers in order to make a wide-range of USB
devices available for their environment. In this way, end-users have the ability to attach the
latest USB devices to their system and device manufacturers get another market for their
devices without requiring the development effort and distribution problems related to the use
of device-specific drivers.

HaromHto0, uTo Ha pyOexke BeKOB y To/b3oBatesieit ITK cyijecTBoBana cepbesHasi mpobiema
C TIOMCKOM M YCTaHOBKOM «IPaBU/ILHOTO» JipaiiBepa [jisi MpuoOpeTeHHOro yCcTpoicTBa. JlpaiiBepsl
OT TIPOM3BOAWTENIEN «Keye3a» He OTIWYaINCh BBICOKMM KayeCTBOM Koja W CTaOM/IBHOCTBIO
pabotel. Co3faHue YHUBepCa/JbHBIX OTKDBITHIX JpaiiBepOB B KOHEUHOM CueTe peLIWIo 3Ty
npobsiemy, HO yxxe 6mke K 2010-y roay.

K crierfudmkariuu «Universal Serial Bus Common Class Specification» mpuiaraercst crimcok
C TIepeyHeM KJIaCCOB YCTPOWCTB M WX KPAaTKUM OIMCAaHWEM, a K KaXKJOMy K/accy To3ke ObLT
pa3paboTaH U BBINYILEH OT/AebHbIM J0KYMeHT ¢ Ha3BaHueM B BHje «Universal Serial Bus Class
Definitions for XXX», tme XXX — Ha3BaHWe Kjacca, MOAPOOHO perTaMeHTHPYIOLHMA
B3aMMO/IeliCTBUe C yCTPOMCTBOM JaHHOTO Kacca. Hampumep, ais knacca «CDC» B sinBape 1999-
ro roga Obut BeimyieH gokymeHT «Universal Serial Bus Class Definitions for Communication
Devices» onuchIBaro11ii paboTy MOIEMOB U YCTPOMCTB TipeoOpa30BaHUs TelleKOMMYHHUKAL[MOHHBIX
uHTepdeiicoB. KomuecTBo K1accoB U IMOJKIACCOB YCTPOWCTB MOCTOSIHHO PaCLUMPSIeTCs], HIKE B
Tabsuile 9 TipuBe/ieHa MoA00pKa K/IacCOB YCTPONCTB AeicTBYOmUX Ha 2023 rog.

Tabnuya 9. TlepeueHb HeKOMOPbIX KAdccos U hodkaaccoe USB ycmpolicms.

Knacc ITopkacc IIporoxkon OnucaHue / Ha3HaYeHHUe
(Class) (SubClass) (Protocol)
0x00 0x00 0x00 IaHHBI K/Iacc-Kof, Hcnonb3yeMeld B «Device
Descriptor» yKa3bIBaeT Ha TO, 4yTO
KaccuduKaus TIPOM3BOAUTCS COrvIacHO
naHHbIM 13 «Interface Descriptor».
0x01 0xXX 0xXX Audio device
0x02 0xXX 0xXX Communications and CDC Control
0x03 0xXX 0xXX HID — Human Interface Device
0x05 0xXX 0xXX Physical device class
0x06 0x01 0x01 Still Imaging
0x07 0xXX 0xXX Printer device
0x09 0x00 0x00 Hub - Full speed Hub
0x09 0x00 0x01 Hub - Hi-speed hub with single TT
0x09 0x00 0x02 Hi-speed hub with multiple Tts
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0x0A 0xXX 0xXX CDC-Data

0x0B 0xXX 0xXX Smart Card

0x0D 0x00 0x00 Content Security

0x0E 0xXX 0xXX Video

0xOF 0xXX 0xXX Personal Healthcare

0x10 0x01 0x00 Audio/Video Device — AVControl Interface

0x10 0x02 0x00 Audio/Video Device — AVData Video Streaming
Interface

0x10 0x03 0x00 Audio/Video Device — AVData Audio Streaming
Interface

0x11 0x00 0x00 Billboard Device

0x12 0x00 0x00 USB Type-C Bridge Device

0x13 0x00 0x00 USB Bulk Display Protocol Device Class

0x14 0x00 0x01,0x02  'MCTP Management-controller and Managed-
Device endpoints

0x14 0x01 0x01, 0x02 | MCTP Host Interface endpoint

0x3C 0x00 0x00 I3C Device

0xDC 0xXX 0xXX Diagnostic Device

0xEO 0xXX 0xXX Wireless Controller

0xEF 0xXX 0xXX Miscellaneous

0xFE 0x01 0x01 Device Firmware Upgrade

OxFE 0x02 0x00 IRDA Bridge device

OxFE 0x03 0x00 USB Test and Measurement Device

OxFE 0x03 0x01 USB Test and Measurement Device conforming
to the USBTMC USB488

OxFF 0xXX 0xXX Vendor specific

OueBH/IHO, UTO CITMUCOK JEMCTBYIOIIUX K/IAaCCOB JABHO He TIOJUMIIAJICS, a HEKOTOpble W3
K/1accoB ycTpoicTs (Haripumep «Billboard Device») Boobiije HUKOT/]a He BBIXOAWUU B CBET. ;-)
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3.3.8. IIpumep nepapxuueckou CTPYKTYPbI JeCKPUNITOPOB /ISl PeajlbHOro
yCTPOMCTBA

Huxe B muctuHre 3 npuBefieH ¢pparMeHT BbIBOZ, cucTeMHOM yTumuThl usbconfig -vv Ha OC
FreeBSD, oToOpaskarolijiii BCI0O MepapXuuecKyr CTPYKTYpy AaHHBIX ycTpoiictBa «Logitech USB
Receiver» noakmouenHoro Kk USB nopty ¢ HomepoM 0 ¥ NIPHUCBOEHHBIM €My aJpecoM YCTPOWCTBa
2. AHa/loruuHbIi pe3ynbTaT MOXKHO moyuuTb B OC Linux 1o komaHge Isusb -vv.

W13 sToro ¢parmMeHTa BUAHO, UTO CaMblii TIepBbIi 010K MH(GOpPMALUK TIpeCTaB/seT coboi
cTpykrypy Tumna «Device Descriptor» Tak kak eé bDescriptorType = 0x0001. 3a HuM ciegyet
crpykTrypa «Configuration Descriptor» c mopsifkoBbiM HoMepoMm 0, U TaKux KOH(UTYPALMOHHBIX
CTPYKTYp Bcero ofHa. /I3 KOH(UrypaljMoHHOTO /eCKpUIITOpa C/e/lyeT, UTO YCTPOWCTBO IOJyuyaeT
nuTaHue ot xocta («bus powered») u morpebdssiet Tok He 6osee 92MA (bMaxPower = 0x0031).

BHyTpU KOH(UTrypaLMOHHOM CTPYKTYpbI TIPUCYTCTBYeT ABa Jeckpuritopa Tuma «Interface
Descriptor». HTepdeiic c HomepoM 0 oTHeceH K kiaccy 3/1/1 uro cootBetrcTBYyeT «HID keyboard»,
a unHrepdeiic 1 x kmaccy 3/1/2 - «HID pointing device» (To ectb «wmbilib»). Oba uHTepdetica
cofiepXkaT T0 OfAHON KoHeuHOM Touke Tuma «Interrupt Transfer IN», Kaxzpas U3 KOTOPBIX
TipefiHa3HaueHa /sl TOro, YToObI MeproJuYecKy IoJjiyuaTb OT YCTPOWMCTBA pariopT COZep Kalljuid
M3MeHeHWe COCTOSIHHSI YCTPOWCTBA (/MO0 COCTOSIHME HaXKaThIX K/IaBHUI, JIMOO TepeMeleHus
yKaszareJisi MbIILIN).

AJpeca KOHeUHbIX TOUEK OT/IMYAlOTCs Ha efuHUIly: y ogqHoU bEndpointAddress = 0x0081
yto cooTtBeTcTByeT ENDP = 1, a y apyroii bEndpointAddress = 0x0082 — 1o ectb ENDP = 2.
Taxoke KaXkJblii U3 UHTep(eiicoB CO/IeP>KUT 110 ofiHOM cTpyKType Tura «Additional Descriptor» rze
bLength = 0x9 u bDescriptorType = 0x21, uto cootrBercTByeT «HID Descriptor». HasHaueHue
10/l 3TOM CTPYKTYPbl UWTaTeN0 TMPUAETCS 3aryIJIMTh CaMOCTOATEIbHO, HO CKaXy cCpasy —
HUKAaKOU 110/1e3HOW MH(OpMaL[MX TaM He COJIePXKUTCS. ;-)

dakThuecku, MogKIroueHHoe ycTpoicTBo «Logitech USB Receiver» mpeacrapiseT coboi
JIBa CTaHAAPTHBIX JIOrM4YecKux ycrpoictBa — «HID knaBuatypy» u «HID MbIlib», KaXKI0OMYy U3
KOTOPBIX OMepalMOHHOM CUCTeMOU Ha3HadyaeTcsi cBov HID-zapaiiBep. OTu ApaliBepbl neproAnueCcKy
OTpAallMBalOT U TOAYYarOT paropT OT CBOeM KOHEYHOW TOUKM, [JOCTalT W3 paropTra JaHHble O
COCTOSIHMW/Ha)KaTHX KJIaBUII (TepeMelrieHus yKa3aresisi) U GOpMUPYIOT B CHCTeMe COOBITHS depe3
ycTpoiicTBa BBojia (/dev/input/eventXX).

Jlucmune 3. @paemeHm 8bigo0a komaHob! usbconfig -vv ¢ ungopmayueli
06 ycmpoticmee «Logitech USB Receiver».

ugen0.2: <Logitech USB Receiver> at usbus®, cfg=0 md=HOST spd=FULL (12Mbps) pwr=0ON (98mA)
ugen0.2.0: usbhid®: <Logitech USB Receiver, class 0/0, rev 2.00/29.01, addr 1>
ugen@.2.1: usbhid2: <Logitech USB Receiver, class 0/0, rev 2.00/29.01, addr 1>

bLength = 0x0012

bDescriptorType = 0x0001

bcdUSB = 0x0200

bDeviceClass = 0x0000 <Probed by interface class>
bDeviceSubClass = 0x0000
bDeviceProtocol 0x0000
bMaxPacketSize® = 0x0008

idvendor = 0x046d

idProduct = 0xc534

bcdDevice = 0x2901

iManufacturer = 0x0001 <Logitech>
iProduct = 0x0002 <USB Receiver>
iSerialNumber = 0x0000 <no string>
bNumConfigurations = 0x0001

Configuration index 0

bLength = 0x0009
bDescriptorType = 0x0002
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wTotalLength = 0x003b

bNumInterfaces = Ox0002
bConfigurationvalue = 0x0001
iConfiguration = 0x0004 <RQR29.01_B0016>
bmAttributes = Ox00a0

bMaxPower = 0x0031

Interface ©
bLength = 0x0009
bDescriptorType = 0x0004
bInterfaceNumber = 0x0000
bAlternateSetting = Ox0000
bNumEndpoints = 0x0001
bInterfaceClass = 0x0003 <HID device>
bInterfaceSubClass = 0x0001
bInterfaceProtocol = 0x0001
iInterface = Ox0000 <no string>

Additional Descriptor

bLength = 0x09

bDescriptorType = 0x21

bDescriptorSubType = 0x11

RAW dump:

0x00 | Ox09, O0x21, Ox11, Ox01, Ox00, O0x01, 0x22, 0x3b,
0x08 | 0Ox00

Endpoint 0
bLength = Ox0007
bDescriptorType = 0x0005
bEndpointAddress = 0x0081 <IN>
bmAttributes = Ox0003 <INTERRUPT>
wMaxPacketSize = 0x0008
bInterval = 0x0008
bRefresh = 0x0000
bSynchAddress = 0x0000

Interface 1
bLength = 0x0009
bDescriptorType = 0x0004
bInterfaceNumber = 0x0001
bAlternateSetting = 0x0000
bNumEndpoints = 0x0001
bInterfaceClass = 0x0003 <HID device>
bInterfaceSubClass = 0x0001
bInterfaceProtocol = 0x0002
iInterface = Ox0000 <no string>

Additional Descriptor

bLength = 0x09

bDescriptorType = 0x21

bDescriptorSubType = 0x11

RAW dump:

0x00 | 0x09, 0x21, Ox11, Ox01, Ox00, O0x01, 0x22, Oxbi,
0x08 | Ox00

Endpoint 0
bLength = Ox0007
bDescriptorType = 0x0005
bEndpointAddress = 0x0082 <IN>
bmAttributes = Ox0003 <INTERRUPT>
wMaxPacketSize = 0x0014
bInterval = 0x0002
bRefresh = 0x0000
bSynchAddress = 0x0000
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3.4. CtaHpapTHble 3anpochbl K ycTpoiicTBy no wnHe USB

CornacHo crielfupvKallid XOCT MOXKeT B /000 MOMEHT OTIIPaBUTh YCTPOUMCTBY
ynpasssitoiui naket ¢ TokeHoM SETUP Ha koHeuHyto Touky ENDP ¢ HomepoMm 0 («default pipe»),
TIpu 3ToM B T110J1e azipeca ADDR MoxkeT cofiepskaThbCsl TMOO HOMEP YCTPOMCTBA paHee TTPUCBOEHHBIH
eMy xoctoMm, b0 uucio 0 eciM yCTPOWMCTBY elje He TIPUCBAaMBAIOCh afipeca WM JKe
TIpeIBapUTe/IbHO OBIT BBITTOJIHEH TOMHBIN cOpoc («Bus reset»). Cnegom 3a TokeHom SETUP momkeH
csieioBath makeT ¢ gaHHbIMM DATAOQ aymuHON poBHO 8 GaiT. Takasi moc/ie0BaTe/TbHOCTh MAaKeTOB
Ha3biBaeTcss USB 3arpoc («USB request»). Ha Kaxkplii 3ampoc, ec/id oH Jobpasics o yCTpoicTBa
6e3 ommbOK, yCTpoWCTBO 00s3aHO cdopmupoBaTh W BbiciaTh USB orBeT («USB response»).
OOuuii dopmar Takod TpaH3aKI[MK [eTanbHO orucaH B TnaBe «3.2.1. «Control Transfer» -
nepedaua cayscebHoll uHgopmayuu», a MpUMep 3arnpoca npuBegeH B Tabmuie 6.1. USB 3ampockl
T7IaBHBIM 00pa3oM C/y»KaT /i1 0OHapy>KeHHs1 yCTPOWCTB, BBITIOJTHEHHUSI UX HACTPOMKHU U M3MeHEeHUsI
HEKOTOPBIX TTapaMeTpOB B TIporiecce paboThl.

Ha o6pabotKy 3ampoca ¥ (opMHpOBaHME OTBeTa YCTPONCTBY OTBOJUTCS OrpPaHUYeHHOe
KosmuecTBO BpeMeHu. Crieljudukaliyeli ipenuchiBalOTCs CeyolIe BpeMeHHbIe OrpaHuyYeHUs:

* Tlaker DATAO cnenytoiuii 3a TokeHoM SETUP ObITh TIOATBEP)KIEH CIy>XeOHBIM TTaKeTOM
ACK B Teuenun 18-Tu 6uTOBBIX HHTEepBaIoOB (uTo /715 «Low Speed» cocraBnisieT 12 MKC)
1oc/ie CUrHaja Mpu3Haka KoHila raketa («EOP»). [1o uWcTeueHHIO 3TOr0 BpeMeHU XOCT
JIOJDKEH TTOBTOPUTH MOMBITKY OTIPaBUTh 3alPOC W/IM 3aBEepLIUTh TPAH3aKLMIO aBapUKHO.

* Jlng TpaH3aKLMM 3arpoca paropTa U YCTaHOBKHU CTaTyCa MaKCHMaJ/lbHOe BpeMsl UCTIO/THEeHUS
cocrasseT 50 mc.

e Jlng TpaH3akI[Mi yCTaHOBKM HOBOro ajipeca yctpoiictBa (SET_ADDRESS) makcumanbHO
BpeMsi OTBeTa Takke cocTapisieT 50 MC, HO y YCTPOWCTBA T0C/Ie 3TOro OyzeT 2 MC Ha CMeHY
ajpeca.

* Ecm oTBer Ha 3ampoc mpejroiaraet rnepejgauy 670Ka JaHHBIX B OTBETE, TO MaKCUMa/IbHOE
BpeMsi Ha oTBeT cocTtassieT 500 mc.

» JlrobGast TpaH3akius (C caMbIM JJIMHHBIM OJIOKOM [JaHHBIX B OTBETe) 00s13aHA 3aKOHUUTHCS B
TEYeHUHU 5 CeK.

* AHasoruyHble TaliMayThl JEHCTBYIOT M B OOpaTHOM HampaB/ieHUd — eC/i Tepefadeit
JlAHHBIX 3aHMMaeTCsl YCTPONCTBO, TO XOCT 00si3aH OTBETUTH B COOTBETCTBYIOLMM MHTEpPBas
BpeMeHH.

Ecmu XoTs OBl OfIHO U3 3TH YCJIOBUM HapyIIaeTCs CO CTOPOHBI YCTPOMCTBA, TO YCTPOWMCTBO
TIpU3HAeTCsl HepabOTOCITIOCOOHBIM M JlanbHeMHIee ToBefeHHe mMHEI USB 3aBUCHT OT JpaiiBepa.
[paiiBep, HanipyMep, MOXKET BBINIOJHUTEL «Bus reset» 1 MOBTOPUTH IOMBITKY BBIMOIHUTH 3arpoc, a
MOJKET TIPOCTO TepelTH B PeXUM «CHa» Ipe/BapUTebHO OIMOBECTHUB CHUCTEMY O BO3HMKIIIEH
omnbke. B r000M ciiyuae pasbHellllee B3aUMOIEHCTBHE IO IIIMHE BO3MOXXHO TOJIBKO TIOC/Ie
BBITIOJIHEHUS «Bus reset».

Ecmu HapyllieHHsi TIDOUCXOZASIT CO CTOPOHBI XocTa (xocT He BoBpemsi ormpaBun ACK,
HarnpuMep, uiu He mipucian IN), To yCTpPOWCTBO MOXeT IepelTU B aBapUilHOe COCTOSIHUE U
JlanbHelIee B3aUMO/eNCTBHEe C HUM BO3MOXKHO TakKXKe M0CJ/Ie BbIMO/HeHUs: «Bus reset».

Ba)XKHbIM MOMEHTOM B 3TOM /ie/ie SIBJISIETCHA TO, YTO TaMayThl OUeHb KOPOTKHE U eCJIH
A1 OTJIQJKM JpaiiBepa MCHO/Ib3yeTCs HH3KOCKOPOCTHOM KaHa/l BbIJa4d OTJ/Ia0YHOU
uHdopmanmu (ucnosn3lyercs pynkuus printf() pis BeiBoga B UART), To 3a/iep)KKa Ha BBIBOJ,
CKOpee BCero MpeBBICUT YCTAaHOBJ/IEHHbIE MHTEPBA/Ibl BPeMeHH, UTO OyAeT NMPUBOJUTH K
aBapUI{HOMY 3aBepIIEHHI0 TPAH3aKI[UHM, «3aBHCAHHMIO» YCTPOWCTBA M HEOKUJAAHHBIM
pe3y/ibTaTaM B MpoIjecce oT/iajgKu!
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Kak Obut0 CKa3zaHO BBbIlIe, 3alpOC BCETAA COAEPXKUT 8 OalT maHHBIX B Takete DATAQ
cnenyroiuM 3a TokeHoM SETUP. Hwke B Tabnuiie 10 ripuBesieH ¢gopmar rnakera «USB request»
COCTOSILLUM U3 MATH MOJIeN.

Tabauya 10. @opmam nakema «USB request».

CwMmere Ilone Pa3zmep, | Tun wim Ha3nauenue
-HUe 0aliT | 3HaUYeHHUe
0 bmRequestType 1 Bitmap |but 7 — HaripaByieHue nepefauy JaHHbIX:

0 = Host to Device
1 = Device to Host

Butel 6..5 — Twurn 3anpoca:

0 = Standard
1 =Class
2 = Vendor

3 = Reserved

butet 4..0 — yKa3bIBalOT Ha CYL[HOCTb,
KOTOpasi IB/ISIeTCs MoJiydaresieM 3arpoca:
0 = Device
1 = Interface
2 = Endpoint
3 = Other
4..31 = Reserved
1 bRequest 1 Value | Kop 3anpoca.
2 wValue 2 Value | 3yauenue yCTaHaB/IMBaeMoe JJAaHHBIM

3arpocoM. Hapumep, gnsi SetAddress 3zech
OyzeT HOBBII afipeC YCTPOUCTRA.

4 windex 2 Index/ |Ecnu  oreer Ha 3arpoc  TpejroJiaraeT
Offset | nepegauy B xoCT G/I0Ka JaHHBIX, TO B 3TOM
Mojie  yKasblBaeTCs C  KAakKOW  TIO3WLUU
(cMerienue) OyayT BBIOMpAThCS JAHHBIE ISt
OTBeTa.

6 wLength 2 Count | KommyectBo 6aiiT [aHHBIX B OTBeTe
O’KM/JaeMBIX XOCTOM.

3anpoc ueHTU(ULMPYeTCsl YCTPOMCTBOM 0 ero Kozly cofepxkailemycsi B one bRequest.
[nst Toro, yTOOBI TIepeAaTh C 3alpoCOM pacIIMpeHHbIe TapameTpbl, MOTYT MCII0/b30BaThCS OISt
wValue u windex.

3arpockl MOry OBbITh HECKOJILKMX THIMOB: craHzapTHbele («Standard Request») -
o0Osi3aTesibHBIe i1 peanu3aliuu JitoObiM USB CcOBMeCTUMBIM YCTPOMCTBOM, KiaccoBble («Class
Request») - 3aBucsiquMe OT Kjaacca YycTpoictBa (wid uHTepdelica) U orpefie/ieHHble B
COOTBETCTBYIOIIeN crieljidrKalvy Kacca, U BeHZopo-3aBucuMble («Vendor-specific Request»).
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B cnemudukaiuu USB 1.0 ans kaxgoil u3 cymHocredr «Device», «Interface» wumm
«Endpoint» onpesienieHO HEKOTOpPOe KOJIMUECTBO CTaH/JapTHBIX 3arpocoB. PacCMOTPUM KaKAbIHM 13
3TUX BU/IOB 3aIIPOCOB MOpOOHee.

3.4.1. «Standard Device Requests»

Crnetudukauueii USB 1.x mpeaycmaTpuBaeTCsi BCero BOCEMb CTaH/JapPTHBIX 3alpOCOB K
yctpotictBy. B Tabmmuiie 10.1 nprBeieHbI 3HaUEHUS T10J1€H [7IsT KaXK/I0TO M3 3THUX 3alpOCOB.

Tabauya 10.1 3HaueHus noneli npu popmuposarus «Standard Device Request».

bmRequestType bRequest wValue windex | wLength | Bo3Bpamjae-
MbIe JdaHHbIe
1000 0000b GET_STATUS (0x00) 0 0 2 «Device Status»
0000 0000b CLEAR FEATURE Feature Selector 0 0 Her
(0x01)
0000 0000b SET_FEATURE (0x03) Feature Selector 0 0 Her
0000 0000b SET_ADDRESS (0x05) Device Address 0 0 Hert
1000 0000b GET_DESCRIPTOR Descriptor Type & 0 wm Pa3smep 3arparmBaeMbIid
(0x06) Index LANGID | peckpumnropa |/eCKpUITOp
0000 0000b SET_DESCRIPTOR Descriptor Type & 0 nm Pa3mep 3ampaivBaeMbli
(0x07) Index LANGID | peckpumropa | eCKpUIITOp
1000 0000b GET_CONFIGURATION 0 0 1 KOIf’QJHrypauHOH—
(0x08) HBIM Jle CKpUIITOD
0000 0000b (S(i Eé?ONFIGURATION Configuration Value 0 0 Het

B otBet Ha 3anpoc GET_STATUS ycrpoiicTBo Bo3Bpatut 610K AaHHbIX DATAX pa3mepom
JBa OaiiTa B KOTOPBIX 3HaUeHHe MMEIOT TOJbKO Mjajiive /Ba burta: 6uT 0 - yka3biBaeT Ha TO, UTO
yCTpolcTBO uMeeT BHelnHee nurtaHue («Self Powered»), a 6uT 1 — TOBOPUT O TOM, YTO
YCTPOMCTBO MOXKeT MpoOYy»KJaTh XOCT (BLITIOMHATH Tpoliefypy «Remote Wakeup»). Bur 1 moxer
obiTe u3MeHeH 3arpocom SET _FEATURE wmu CLEAR_FEATURE c yka3aHuem HoMmep ¢uuu
DEVICE_REMOTE_WAKEUP (0x01).

3anpocel SET_FEATURE u CLEAR_FEATURE wucnosns3yroTcs A u3MeHeHWs 3HaueHust
ofHO-OMTOBOM HacTtpodiku (¢puum). [dna 3anmpoca Tuma «Standard Device Request»
nipegycMarpuBaetcs ToabKo e ¢puun: DEVICE_REMOTE_WAKEUP u TEST_MODE.

3aripoc  SET_ADDRESS wucnons3yercss B Tpoljecce WHUI[MAIM3allid yCTPOWCTBA /IS
HasHaueHUs1 eMy yHHKaabHOro HoMepa (ADDR) koTopbIii MOXXeT NpUHHMMaTh 3HaueHus oT 1 go 127.
AJipec MeHsieTCsl TOJIBKO M0 3aBepLLUeHUI0 TPaH3aKLUU M Ha U3MeHeHHe ajJipeca yCTPOMCTBY JaeTcst
2 McC.

3anpocet GET_DESCRIPTOR wu SET_DESCRIPTOR Bo3BpamjamT COAepXUMOe
COOTBETCTBYIOLL[eM CTPYKTYphbl (#eckpurnitopa). Ilpu 3ampoce geckpumnTopa ero TUIT 3a/laeTcsl B
crapmiix 8-mu 6urtax nosis wValue, a MopsaKOBbIM HOMep AeCKpUIITOpA 3a/laeTcsl B MJIAJIIAX
OuTax 3Toro e nosist. Takum o6pa3om mosie wValue Mo)keT MPUHUMATH CIeAYOIMe 3HAUeHHSsI:

0x01XX — «Device Descriptor»;

0x02XX — «Configuration Descriptor»;

0x03XX — «String Descriptor»;

0x04XX — «Interface Descriptor»;

0x05XX — «Endpoint Descriptor».
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rie XX — HOMep 3ampainuBaeMoro feckpunropa. B mone wlndex ykaspiBaercst b0 HOb, 1100
naeHTudukarop si3bika B (opmare UTF-16LE. Ecnu 3anpaiivBaeTcs KOH(UrypaljuoHHbIN
JIeCKPUIITOP, TO MOKeT ObITh BO3BpallleHa BCsS HMepapxus JaHHbIX B OfHOM oOTBere: «Device
Descriptor», «Configuration Descriptor» 1 BCé MHOXeCTBO BXoJsIIMXx B Hero «Interface
Descriptors» u «Endpoint Descriptors». [Insi 3Toro B mone wLength HeobxoauMo yka3aTh 4MC/IO
BO3BpalljaeMbIX 0aliTOB B OTBeTe COCTaBJsIOlee CyMMY JJMH BCeX BCeX /1@CKPUITOPOB (MOXHO
yKas3aTb 4ncro 255).

Baxno! 3anpoca GET_DESCRIPTOR mnoazepsxvBaeTcst Tobko 51 «Device Descriptor»,
«Configuration Descriptor» u «String Descriptor». Jeckpumnrtopsl Turna «Interface Descriptor» u
«Endpoint Descirptor» Bo3Bpaiijatotrcs B coctaBe «Configuration Descriptor».

3anpocel GET_CONFIGURATION wu SET_CONFIGURATION BO3BpaliatoT WIH
yCTaHaB/IMBalOT HOMep TeKylleld KOoH(uUrypauuuy, Jjs 3TOr0 HUCIojb3yeTcss mnose wValue.
SET_CONFIGURATION Takxe npuMeHsieTcs [i/Isl aKkTMBaL[Mu yCTpoMcTBa. Bo3Bpalliaemblii rakeT
nanHbix Ha 3arpoc GET_CONFIGURATION cogep>kuT TosibKo ofauH 6ait. Eciti 3ToT GaiiT paBeH
HY/IFO, TO YCTPONCTBO He ObIJI0 aKTMBUPOBaHO. VHaue BO3BpalljaeTcsi HOMep TeKylleil (aKTUBHOM)
KOH(UrypaLuu.

3.4.2. «Standard Interface Requests»

Crnetndukanueii USB 1.x ornpezensieTcs nisiTh 3anpocoB Tuna «Standard Interface Request»
(3armpocoB K wuHTepdeticy), mose wlndex ajuHOW fABa Oalita cozmep)KUT HOMep uHTepdetica B
Mutajiem 6aliTe, a cTapivii OaT Bcerza paBeH Hy/t0. B Tabmuiie 10.2 npuBeieHbI 3HAUEHUS T10J1EH
J/1s1 STUX 3alpOCOB.

Tabauya 10.2 3HaueHus noneli npu popmuposarus «Standard Interface Request».

bmRequestType bRequest wValue windex | wLength | Bo3Bpamjaem
ble JdaHHbIe
[Ba Gaiita
1000 0001b GET_STATUS (0x00) 0 Interface 2 cTaryca - Bcerza
Hy/u!
0000 0001b CLEAR _FEATURE Feature Selector Interface 0 Her
(0x01)
0000 0001b SET_FEATURE (0x03) Feature Selector Interface 0 Her
1000 0001b GET_INTERFACE 0 Interface 1 fmbTepHaTIU/IBHLI
(0x0A) ¥ uHTpedeiic.
0000 0000b (S(i {)I_BI)N TERFACE Alt. Setting Interface 0 Het

B otBet Ha 3aripoc GET_STATUS Bcerga Bo3Bpaijaet nakeT DATAX copeprkaljuii aBa Hy/Is
(0x00, 0x00).

3anpocel SET_FEATURE u CLEAR_FEATURE wucnons3yrorcs A/ u3MeHeHus 3HaueHUst
ofiHO-OuTOBOM HacTpoiku (dbuum). B crierudukanya USB 1.x u 2.0 He orpefiesieHO HU OAHOW U3
TaKUX HACTPOeK.

3aripocel  SET_INTERFACE wu GET_INTERFACE wucrionb3yroTcss i yCTaHOBKU
anbTepHaTMBHOW (DYHKLIMU Ha ZlaHHOM MHTepdelice (cM. onucanue «Interface Descriptor» Belile).
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3.4.3. «Standard Endpoint Requests»

Crneuudukauueii USB 1.x ompenensiercs ueTbipe 3aripoca Tuma «Standard Endpoint
Request» (3armpocoB K KOHEUHBbIM TOYKam). AHanoruyHbiM obpa3om mose wlndex jmiHOM /Ba
OaliTa Ccofep)XUT HOMep KOHEUHOH TOUKM B MJIAJIIMX YeTblpex Outax, BUT 7 3TOrO Xe mMoss
yKasbIBaeT HampaB/ieHHe 3arpoca - «K KOHeUHOU Touke» Ui «oT Heé» (OUT wmm IN), ocranbHbie
OuTel paBHBI Hym0. B Tabmuiie 10.3 mpuBefieHbI 3HAU€HWs TIOJeM /1T UEThIPeX JIOCTYITHBIX
3arpoCOB K KOHEUHBIM TOUYKaM.

Tabauya 10.3 3HaueHus noneli npu popmuposarus «Standard Interface Request».

bmRequestType bRequest wValue windex | wLength | Bo3Bpaimjaem
ple JaHHbIe

[Ba baiita: out

1000 0010b GET_STATUS (0x00) 0 Endpoint 2 0 — Halt
0000 0010b CLEAR FEATURE Feature Selector Endpoint 0 Het
(0x01)
0000 0010b SET_FEATURE (0x03) Feature Selector Endpoint 0 Hert
1000 0010b SYNCH_FRAME (0x0C) 0 Endpoint Two Homep kagpa

B otBer Ha 3anpoc GET_STATUS Bcerma Bo3BpaujaeT naker DATAX cofepkaliyid /Ba
OaiiTa, B KOTOPBIX 3HaAuall[UM sIB/sieTCsl ToabKo oguH: but 0 — Halt. Eciu 6ur Halt ycraHoBneH B
«l», TO [MAaHHasg KOHeYHas TOYKa HAXOAWUTCA B OCTAHOBJIEHHOM pexume. M3menutr Halt
(«3aryCTUTb» UK «OCTAaHOBUTB» TMOTOK ZaHHbIX) MOKHO 3arpocamu Tvuna CLEAR_FEATURE unu
SET_FEATURE.

3anpocel SET_FEATURE u CLEAR_FEATURE wucnons3yrorcs A U3MeHeHUs 3HaueHUst
ofiHO-OUTOBOM HacTpouku (duuu). [/ KOHEUHBIX TOUEK AOCTYIHAa TOMbKO OJHAa HAaCTpOWKa —
ENDPOINT_HALT (0x00), mo3Bossitoijasi XOCTy BPeMeHHO TPUOCTAHAB/IMBaTh TMOTOK JJaHHbBIX.
ManHas uua orpesiesieHa TOJIBKO [I/ist KOHEUHBIX TOUEK OTJIMUHBIX OT HyseBoi («default pipe»).

3armpoc SYNCH_FRAME wucnonb3yetcs [jisi CAHXPOHU3al[MM KaJIpoB JaHHbIX («frame») u
TIPUMeHsIeTCs B U30XPOHHOM pexkxume (cMm ommcaHue «Isochronouse Transfer»). Ilpeamnonaraercs,
YTO B TaKOM peXUMe [aHHble MepejaloTCsl KagpaMu C TOC/ie[oBaTe/bHOM HyMepailueidl. XocCT
MO>KeT TIOMPOCUTh YCTPOUCTBO MOBTOPUTH (MM HauaThb) Mepefiauy JaHHbIX C OTpe/ie/IeHHOTO KaZpa,
HarpuMep, eC/IM Ha CTOPOHe X0CTa Oblia 3ahUKCUpPOBaHa TIOTepsi IaHHbBIX.

3.5. Heckonbko cnoB o xa6ax (USB Hub)

Cnemudukanpeirt USB 1.0 mmHa USB nipefcTaB/isieTcsl Kak JpeBOBU/Hasi CeTh YCTPOWCTB
CTPOrOM MOAUMHEHHOCTU. B y37ax ceTM MOryT pacrosiaraTbCsi KaK KOHEUHble YCTPOMCTBO
(«device»), Tak U ycTpoWCTBO pa3BeTBieHUs MHBI — «USB Hub». Xabbl ¢ ofHON CTOPOHBI
TIOZIK/TIOYAOTCSI K XOCTYy W BelyT cebsi Kak yCTpOMCTBO orpenesneHHoro kiaacca (Hub Class), c
JPyroii — BBICTYTIAIOT B KaueCTBe «XOCTa» JI7Isi OHOTO U Oojiee MOPTOB uepe3 KOTOPble MOTYT ObITh
TIOZIK/TFOUEHBI KaK KOHEeUHbIe YCTPONCTBA, TaK U Apyrue xadbl. Bcero B ceTv MOXKET pacriosiararbCst
He Oosiee 27 = 127 ycrpoiicTs (7 6UT 0TBeIeHO Ha HOMep yCTpoiicTBa B rosie ADDR) BK/rouast camu
xa0pbl, a 3HAUNT I7TyOMHA TAKOTO JiepeBa OrpaHrHYeHa 7-K0 ypoBHSIMH (cOasiaHCHPOBAHHOE [IePEeBO).
[Topt xaba HCIO/b3yeMbIid /ST CBS3U C XOCTOM Ha3bIBAaeTCS «root port», a TOPT JAJs CBSI3U C
TIOZIUMHEHHBIM YCTPOUCTBOM - «downstream port». B MpoMe)KyTOUHBIX XabaxX MOPT /sl CBSI3U C
xaboM «BBepX» Ha3bIBAeTCs «upstream port».

C TOYKM 3peHusi XOCTa, JIo00i Xab 3TO Takoe )Ke YCTPOMCTBO KaK M OCTa/ibHbIe, HO 3TOMY
ycTpoiictBy mipucBoeH Kinacc Hub Class (0x09) u oHO peanmu3yeT HabOp KOMaH[ TTO3BOJISOIIHI
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yTIpaBasTh CBOMMHU «downstream» ITOPTaMH, TakK, KaK 3TO JenaeT OOBIUHBIA XOCT — TO eCThb
BBIMO/IHATL COpPOC IIMHBI HA TIOPTY, JeTeKTUPOBATh Ha/luuue TOJK/IHUYeHHs/OTK/IIOUeHHUs
YCTPOMCTB, OTIIPAB/IATbH W I0JydaTh [aHHbIe uyepe3 Hero, NPOBOAWTH WHULMA/IW3ALAI0 IIMHbI
TIOJK/TFOUeHHOM K TopTy (BbIMONMHATh «Device Enumeration»). CTpykTypa Xaba rpuBe/ieHa Ha pHC.
9.1.

B cocraBe USB xaba umeercsi kontposiiep (Hub Controller) xoTopbiii pabotaer o
creqyroiieMy  npuHOuny. Kaxzapnii xab B cetm  (QyHKIMOHMDyeT Kak IIpOCTefIiee
peTpaHC/IUpyroljee yCTpoicTBo. B ormumn o toro ke Etherenet kommyraropa, USB xab He
3arioMHHaeT HOMepa (ajipeca) YCTPOMCTB Ha3HauyaeMble XOCTOM. Korza XocT oTrnpaBisieT MakeT, OH
TIOCTYTIaeT Ha «upstream» 1opT xaba. O6HapyxuB rpeam6byny SYNC (umu «Start of Packet») Ha
CBOEM «upstream» TIOPTY, Xa0b MPOM3BOAUT KOMMYTAI[MI0 CBOETO «upstream» TOpPTa CO BCEMH
aKTUBHBIMU (He 3ab/0KMpOBaHHBIMM) «downstream» IOPTaMU U PeTPaHC/IMpYeT MPUHHMMaeMbli
«CBepxXy» TakeT «BHM3» BO BCe MOPThl [0 oOkoHuUaHusi makera (EOP). DTo mo3BossieT XocTy
OTMPaBUTh IMaKeT K JIF000MY M3 YCTPONCTB B CeTH. YCTPOWCTBO 00si3aHO OTBeUaTh TOIbKO Ha TaKeThI
azipecoBaHHble eMy v Ha azgpec 0. Korga xab petekrupyet Hamurie nipeam0Oysisl SYNC Ha ofHOM
13 CcBOMX «donwstream» MOPTOB, TO OH MPOU3BOAUT KOMMYTAL[MIO 3TOr0 MOpTa C «upstream»
TIOPTOM U PeTPaHC/IMPYeT TIPUHUMAEMbIA «CHH3Y» TIaKeT «BBepX» IO /IepeBy, OJIOKUPYS TPU 3TOM
OCTaJ/IbHble TOPThHL. JTO B CBOK OYepe/lb I03BOJISeT XOCTY TMO/Ay4yaTb OTBEThI OT aJpecyemMoro
ycrpoiictBa. Xab yziepkKrBaeT KOMMYTALMIO /10 TeX T0p, TIOKa He TIO/TyYHT MPU3HAK KOHI[a TaKeTa
(EOP) unu He mpowusoiijieT TaiMayT Ha JJIMTE/IbHOCThL Iepejaud ofHOro makera. Ha puc. 9.2.
TpUBe/IeHbl TPY BapraHTa KOMMYyTaLWu 1opToB BHyTpu USB xaba.

Y USB xaba ecTb 1 ipyrve peKuMbl pabOThl U 3a/lauy, Takve Kak Harpumep yIipaBjieHHe
nutanveM um copocom. ITo ckonmbKy paspabotka USB xaba Hameit 3azaueii He CTaBUTCS, TO s He
Oyzly BAaBaTbCs B 3TH MOJPOOHOCTU U HaJieroCh, uTo OOIM npuHLMI (yHKIMOHUpoBaHus USB
xaba monsaTedH. OCHOBHOW MOMEHT TYT COCTOMT B ToM, uTo USB xab ¢ TOuku 3peHHsi XOCTa 3TO
Takoe ke USB yCTpoICTBO Kak 1 BCe OCTaJIbHbIe.

Port 0

Root port

[ 1

Hub Hub
Repeater Controller

L1 [ "ea L1

Portl Port2 Port N
Downstream Ports

Puc. 9.1. Cmpykmypa munoeozo USB Hub-a.
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Puc. 9.2. Bapuanmbi kommymayuu nopmoe eHympu USB xaba.

3.6. Mpoueaypa nHnuuanusauma USB ycTpoicTBa

Teneppb Korja y HaCc eCTb IIOHMMaHUe TOI'O, KakK IepejaroTcs AaHHe o muHe USB, Kakue
(hopMaThbl JAHHBIX B Hel WCIO/b3yHOTCS U KaK (DOPMUPYIOTCS 3aripoChl, Mbl MOXKEM ITOTOBOPUTH O
TOM, KaK MPOMCXOAWT MPOLEeCC WHULMAIU3al[Md BHOBb TMOJK/IFOUEHHOIO yCTPOMCTBA K IIuMHe. B
cnelpUKaMM  3TOT mporecc Ha3biBaeTcsi «Device Enumeration and Configuration»
(mepeuncieHre U KOH(UIYpUpPOBaHME YCTPOMCTB), OJHOW M3 CTaJuell 3TOro rpolecca sB/sieTcs
BbISICHEHME YMCJla YCTPOMCTB Ha IIMHE W MPUCBOEHUE KaXK[OMYy M3 HUX OT[ebHOr0 YHHUKAJbHOTO
HoMmepa (agpeca). Cpa3y OoTMeuy, YTO TpoLeypa MHULMA/IMA3ALMM BeCbMa 3amlyTaHa, 3aBUCUT OT
K/lacca MO/K/TF0UeHHOT0 YCTPONCTBA U Ha/IMUKS LIeTI0YKU XaboB. [17is MOTHOThI KapTUHBI 100aBIHo,
YTO MO/JHAas WHULMA/IW3alUs LIMHBI C OJHUM YCTPOWCTBOM Ha HeW CcofepXWUT nopsigka 60-tu
TpaH3aKLUWM, KaKJas M3 KOTOPbIX COAEPXXUT ABa WIA TPU [aKeTa, He yUWTHbIBasi BO3HUKAIOL[Me
TIeperoChbUTKUA. VIHUIMAM3aliyisi TIOBTOPSIETCSI PEKYPCHUBHO /I/IsT BCEX TOPTOB KaXKAOTO M3 XaboB U
MO>KeT COCTaBJ/ISITh HeCKOJIBKO ThICSIY TpaH3akUui (cM. «Appendix B» B fokyMeHTe «AN57294
USB 101: An Introduction to Universal Serial Bus 2.0» ot kommnanuu CYPRESS). Msr xe
OrpaHUUMMCSI MUHUMA/TUCTUYHOM MPOLieAyPOU MHULMAIM3auy 6e3 yuacTus xaboB.

I[Tpouesypa MHULIMANIM3alMK BCerja HauMHAeTCsl C BINO/IHEHUs1 cOpoca MMHBI (UM MopTa
xaba) cpa3y mocne oOHapykeHMss Ha Hel ycTporcTtBa. Ilocime cbpoca B3aUMOJeNCTBHE C
TIOZIK/TFOUEHHBIM YCTPOWMCTBOM HauMHaeTcsi ¢ oOMeHa uepe3 HY/IeBYI0 KOHEUHYIO TOUKYy (4epe3
«default pipe», ADDR:ENDP = 0:0). Korza USB ycTpoHCTBO MOAK/IOUaeTCsl K LIMHE WU
ornpefienisieT curHana cbpoca, OHO TpucBauBaeT cebe HyIeBOM ajpec, a 3HAuUUT IAKeThI
oTrpasssieMble XoctoM Ha 0:0 OyayT gocturate storo ycrpoiictBa. OfHOW W3 MEPBOCTENeHHBIX
3a/lau CO CTOPOHBI XOCTa TP BBINOJHEHUH TPOLeAYpPbl MHUL[MAIN3aALMM BHOBb IOAK/IHOUEHHOIO
YCTPOICTBA SIB/ISIETCS BbISICHEHWE MaKCHUMabHOTO pa3Mepa TakeTa Jijisi Hy/IeBOi KOHEUHOW TOYKH,
[JI1 9TOro 3arpaiivBaioTcs TmepBble 8 06alT cTpykTypbl «Device Descriptor» u U3 oTBeTa
usBnekaercsi rone bMaxPacketSize) — oHO TOKa3biBaeT TpefesbHBIN pasMep 0s0Ka [JaHHBIX
OTIIpaB/sieMOr0 B HY/EBYI0 KOHEUHYI0 TOUKy Ha ycrpoiictBe. HaromHio, uro ansi «Low Speed»
YCTPOMCTB MaKCHMa/lbHBI pa3mep O/0Ka TO/e3HbIX [JaHHBIX B makeTe DATAX He MoxeT
nipeBbiiiaTh 8 6Gaiit, a gs ycrpoiictB «Full Speed» u «High Speed» pa3smep 670Ka JaHHBIX yKe
cymectBeHHO Gosbiie — 1023 u 1024 6aiiT coorBeTCcTBeHHO. OTCHIKA OOMBIIOrO 6/10Ka JaHHBIX
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MOXKET CO37iaBaTh MPOOIEeMBI MPOCTHIM YCTPOMCTBAM He MMEIOL[UM TAaKoro oObema orepaTHBHOM
TaMsITy 7151 BXOAHOTO Oydepa v 3TOT MOMeHT TpeOyeTcsi MPUHKMMAaTh BO BHUMaHHUe.

3areM yCTpPOWCTBY TIPDUCBAaUBaeTCs YHUKA/JbHbIM HOMED KOTOPbI B Ja/ibHeUlleM
VCTOb3yeTcss Kak azpec. Korzja ycTpoMCTBy NPUCBOEH HOMEp OTIMUHBIM OT Hy/s, TO OHO
NpUHUMaeT, 0O0pabaThIBaeT M OTBeYaeT TOJBKO Ha TAKeThl/3alpOoChl ajpeCcoBaHHbIE STOMY HOMepY U
Oosiee He pearvpyeT Ha IakeTbl ajipeCOBaHHble HYJI€BOMY YCTPOMCTBY [0 ouepesHoro cbpoca
IIWHBL. JTO 3HAYMT, UTO I10C/Ie IPUCBOEHUS HOMepa, XOCT NPOZoJDKaeT MpoLeypy UHALIMaIU3aLun
YCTPOMCTBA OTIIpaB/IsAs TaKeThl y)Ke M0 KOHKpeTHoMy azpecy. [locse mnpucBoeHusi Homepa,
NIPOU3BOJUTCSL TIOJTHOE CUYMUTBIBAHUS [leCKPUITOpA YCTPOMCTBA, KOH(UIYPALIMOHHBIX CTPYKTYP,
akTUBaLs TpeOyeMol KoH(UrypaLyu, HaCTPoMKa HHTep(eiiCcoB U KOHEUHBIX TOUeK.

CoriacHO BbIllIe CKa3aHHOMY YIIPOILleHHasi MpolieJlypa UHULMa/NIM3aLii MOXeT BbIIJIsZeTh
cJle/[ytoIM obpasom:

1. BpInosHUTL cOPOC MIMHBI (OTIIPABUTH 110 1IMHe «Bus reset»).

2. 3anpocuth cTpykTypy «Device Descriptor» otnpaBuB «Device Descriptor Request» Ha
azpec 0:0, 13 oTBeTa Io/yuUTh TOJBKO TIepBbIi 610K JaHHBIX pa3MepoM 8 GalT U BLIICHUTH
NoZilep)KuBaeMyto ycTpoiictBoM Bepcrto USB, a Takke 3HaueHue bMaxPacketSize0.

3. Cpenath MOBTOPHBIA cOpoc 1mmHBI («Bus reset»). 3To, Kak 0OKa3ajoCh, He o0si3aTesibHOE
TpeboBaHre mpeAnuchiBaeTcsi crienukanys USB 1.x anas Toro, utoObl «pasryIrounTh»
YCTPOMCTBA PaHHMX peasin3aliii KoTopble ObUIN CKIOHHBI 3aBUCATh.

4. TloBropHO 3ampocuTbh CTPYKTypy «Device Descriptor» otnpaBuB «Device Descriptor
Request» Ha azipec 0:0, 0JTHOCTBIO PHHSATH U COXPAaHUTh BCIO CTPYKTYPY.

5. IlpucBoWTb ¥ yCTAaHOBUTb YHUKA/bHbIM HOMEp YCTPOMCTBY (oTmpaBuTh «Device
SET_ADDRESS Request» Ha azapec 0:0).

6. 3ampocuTth fepeBo KoHurypaiuu (orrpaBuTh «Configuration Request» Ha aapec X:0, rae
X — BHOBb MpHUCBOEHHBIM ajpec), TOJYyUUTb W COXPAHUTb CTPYKTypy C JepeBOM
KOH(UrypaLuu.

7. BbiOpaTh TOAXOASALYI0 KOHOUTypalui0 W aKTUBHpOBaTb eé (orrpaButh «Device
SET_CONFIGURATION Request» Ha aapec X:0).

NanHas mipoueAypa faneko He rmomHas. OOBIUHO TIOC/Te OIMMCAHHBIX BhIIE JeMCTBUNA
BBITIO/THSIFOT KOH(UTYpUpOBaHue MHTeP(eliCOB U KOHEUHbIX ToueK. OHaKo, eé BIOJIHE J0CTaTOYHO
JJ1s1 MHOTHX MPOCTBIX YCTPOMCTB, TAKMX KakK ycTporcTsa kinacca HID.

Hwke B Tabmuile 11 mpezcTaB/ieHa IMOC/IeA0BaTebHOCTh TPAH3aKLUKA MEXAYy XOCTOM U
YCTPOWCTBOM B TIpoliecce MHULManM3auvu. [laHHasi rpoleiypa yrpolleHa, B Hel OTCyTCTBYyeT
JBOWHOMU 3ampoc CcTPyKTyphl «Device Descriptor» zisi BeisicHeHusi mapamerpa bMaxPacketSize0 -
3TO BaJIM/IHO TOJBKO [ijisl IIMHBI paboTatoieii B pexxume «Low Speed» rje pasmep 6710Ka JaHHBIX
He MOXKeT TpeBbIIaTh 8 OailT.

Tabauya 11. ITpoyedypa uHuyuanuzayuu USB (ynpowjeHHbiii eapuaHm 015 «Low Speed»).

Tpansakyua 1. COpoc u ormpaBka 3ampoca «Device GET_DESCRIPTOR Request». ITose
bRequest = 0x06, none wLength = 0x12. 3anpaiBaeM cpa3y BCIO CTPYKTypy pa3mepoM 18 Gaiir.

Homep nakera Device address | Endpoint
U HamnpasBJ/ieHUe SYNC PID (ADDR) (ENDP) CRCS EOP
Ne 1 SEO gnvuTenbHOCTBIO He MeHee 20MC j
Host — Bus (Reset)
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SEO
Ne 2 8'b0010_1101 | 7'b000_0000 4'b0000 :
Host  Device | < K KIKKI ™ cprop)y | (ADDR=0) | (ENDP=0) | °P00010 Sfo
, 8°h80, 8’h06, 8’h00, 8’h01, , SEO
Ne 3 . | KJKJKJKK 8’b1100_0011 8’h00, 8’h00, 8’h12, 8’h00 8,hEO SEO
Host — Device (DATAO) . . 8’hF4
(Device Descriptor Request) J
SEO
Ne 4 8'b1101_0010
Device — Host KJKIKIKK (ACK) S?O
Tpan3akius 2. [TonyueHue riepeoro 6/710ka JaHHBIX (8 6aliT) oTBeTa comepskaiiero «Device
Descriptor Response». Bcero B oTBeTe oxugaeM 18 OaidT.
Ne 5 8'b0110_1001| 7'b000_0000 4'b0000 SEO
Host - Device | [ KIKJKK (IN) (ADDR=0) | (ENDP=0) |°P00010 s;zo
, 8’hXX, 8’hXX, 8’ hXX, 8’hXX, | ,, SEO
. Ne 6 KJ KJ KJ KK 8°b0100_1011 8’hXX, 8’hXX, 8’hXX, 8’hXX 8,hXX SEO
Device — Host (DATA1) . X 8’hXX
(Device Descriptor Response) J
SEO
No 7 8'b1101_0010
Host — Device KIKJKIKK (ACK) S}EO

Tpan3akuus 3. [Tonyuenue ciiepyroriero 6/10ka JaHHbIX (8 6aliT) oTBeTa cofeprKaiiero «Device
Descriptor Response».

SEO
No 8 8'b0110_1001 | 7'b000_0000 | 40000 | _,
Host - Device | ) KIKIKK (IN) (ADDR=0) | (ENDP=0) |°P00010 S}EO
8’hXX, 8’hXX, 8’hXX, 8’hXX
N9 i BP0 00T (e rtor Response + | E1XX | S5
Device — Host (DATAO) g) P ghXX | 7]
SEO
Ne 10 8'h1101_0010
Host — Device KIKJKIKK (ACK) S?O

Tpau3sakuusa 4. [TonyueHue nocnenHero 6/0ka JaHHbIX (2 Oaiita) oTBeTa cogepxkaiero «Device
Descriptor Response»

SEO

Ne 11 8'b0110_1001| 7'b000_0000 | 4'b0000 | _,
Host - Device | <) KIKIKK (IN) (ADDR=0) | (ENDp=0) |°P00010 Sfo
Ne 12 KJ KJ KJ KK |8°b0100_1011 8’hXX, 8’hXX 8’hXX | SEO
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(Device Descriptor Response + SEO
Device — Host (DATA1) 16) 8’hXX ]
SEO
Ne 13 8'b1101_0010
Host — Device KIKJKJKK (ACK) S?O

Tpan3akuusa 5. 3aBepiieHue odmeHa [yis 3arnpoca «Device Descriptor Request». XocT momyuumn
BCe 18 GaiiT 3ampaiiiBaeMoi CTPYKTYphI U oTiipaBsieT TokeH OUT c «mmycTbiM» TlakeToM DATAX,
YTO SIBJIIETCSI IPU3HAKOM KOHI[a OOMeHa.

Homep nakera Device address | Endpoint
U HarnpaBJ/ieHUe SYNC PID (ADDR) (ENDP) CRC5 | EOP
Ne 14 SEQ pyvrennbHOCTBIO He MeHee 20Mc j
Host — Bus (Reset)
Ne 15 8'b1110_0001 | 7'b000_0000 4'b0000 SEO
Host  Device | & KIKIKRKE 6o (ADDR=0) | (ENDp=0) |°P00010 Sfo
SEO
Ne 16 8’b0100_1011 8’h00
Host - Device KJ KJ KJ KK (DATA1) (maHHBIE OTCYTCTBYIOT) 8°h00 SJEO
SEO
Ne 17 8'b1101_0010
Device — Host KJKJKJKK (ACK) S?O

K 3ToMy MoMeHTy y XocTa umeetcsi CTpykrypa «Device Descriptor» copepskaiasi 0011yto
vHbopMalio 00 yCTpoiicTBe, B TOM uHCIe HOMep TiojjepkuBaemoii Bepcuu USB,
uaeHTudukaropsl npousBoautens VID u mpoaykuuu PID, a takke Class/SubClass ycTpoiicTsa.

XocT fo/mKeH rpoBepuTh Bepcuto USB, a Takke BBISICHUTb UMEETCS JIW Y Hero JipaiiBep AJis
nanHoro VID/PID u Class/SubClass ecnu mociieiHve He paBHbI Hy/t0. HaromHio, 4TO eCiu 3Tu
rapaMeTpbl paBHBI HYJIO, TO KJIaCC yCTPOMCTBA oripeesisieTcsi B cTpyKType «Interface Descriptor».
Ecmm Bepcust USB He nopziep>kuBaeTCst UM XOCT HE UMeeT COBMECTHMMOTO0 iparBepa, TO rpoLeaypa
VHMLIMa/IM3alUuM 3aKaHUMBaeTCs U LLIMHA [1epeBOJUTCS B COCTOSTHHE «CHAa».

Tpan3zaknua 6. [IpucBoeHre yCTpoMCTBY HOBOrOo HoMepa (azpeca) myTeM OTIIpaBKM 3amnpoca
«Device SET_ADDRESS Request».

SEO
Ne 18 8'b0010_1101 | 7'b000_0000 4'b0000 \

Host — Device KIKJKIKK (SETUP) (ADDR=0) | (ENDP=0) >b00010 S}EO
8’h00, 8’h05, 8’h01, 8’h00, SEO
Ne 19 KJ KJ KJ KK 8’b1100_0011 | 8’h00, 8°h00, 8’h00, 8’h00 8’hEB SEO

Host — Device (DATAQO) |(Device SET_ADDRESS =1| 8’h25 ]

Request)

Ne 20 8'b1101_0010 SEO
Device - Host KJKIKIKK (ACK) SEO
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| B

C 3TOro MOMEHTa YCTPOMCTBO OyleT OTBeYaTh TOJBLKO Ha 3arpocChl OTMpaBJeHHbIE Ha
ADDR=1. [JanbHelasi WHULMAIU3ALMS TIPOAO/DKAETCSl C UCIOMb30BaHWEM HOBOTO ajipeca. XOCT
00BIYHO BEJIET YUEeT UCIO/IH30BaHHBIX a[JpeCOB ITyTeM MOHOTOHHOTO yBeJTUUeHUs] HOMepa.

Tpan3zaknua 7. OtnpaBka 3aripoca «Configuration Descriptor Request» Ha ADDR=1. Ilone
windex = 0 ykasbiBaeT Ha Hy/neBOMl KOH(UrypauuoHHbii mnpo¢unb. Ilone wLength = 0xff
yKa3bIBaeT Ha TO, YTOObI YCTPOMCTBO BbIZIazio BCIO BETKY JiepeBa BK/touasi HyneBoi «Configuration
Descriptor», Bxoasiue B Hero HyneBoi «Interface Descriptor» u HyneBoit «Endpoint Descriptor».
wLength B faHHOM mpeBbIlIaeT CyMMy [JIMH BCEX TPeX CTPYKTYp. Tak Kak 3arpoc OTMpaB/sieTcst
Ha HOBBIM aJipec, TO OH HaunHaetcd ¢ nakerta DATAOQ.

SEO
Ne 21 8'b0010_1101 | 7'b000_0001 4'b0000 .
Host  Device | < KIKIKKI ™ cprop)y | (aDDR=1) | (ENDP=0)| °P1101 Sfo
8’h80, 8’h06, 8’h00, 8’h02, SEO
Ne 22 KJ KJ KJ KK 8’b1100_0011 | 8’h00, 8’h00, 8’hff, 8°’h00 8’hE9 SEO
Host — Device (DATA0) (Configuration Descriptor 8’hA4 ]
Request)
SEO
Ne 23 8'b1101_0010
Device — Host KJKJKJKK (ACK) S}EO

Tpan3akuusa 8. [TonyueHue nepBoro 6/10Ka JaHHBIX (8 6aliT) oTBeTa cozepkaiiero «Configuration
Descriptor Response». Bcero B oTBeTe oxkuziaem 25 OauT.

SEO
Ne 24 8'b0110_1001| 7'b000_0001 4'b0000 .
Host — Device KIKJKI KK (IN) (ADDR=1) (ENDP=0) >b11101 S}EO
8’hXX, 8’hXX, 8’hXX, 8’ hXX, SEO
Ne 25 KJ KJ KJ KK 8’b0100_1011| 8’hXX, 8’hXX, 8’hXX, 8’hXX | 8’hXX SEO
Device - Host (DATA1) (Configuration Descriptor 8’hXX ]
Response)
SEO
Ne 26 8'b1101_0010
Host — Device KJKJKJKK (ACK) S}EO
Tpan3zakuus 9. [TonyueHue ciienyroriero 6/10Ka JaHHBIX (8 6aliT) OTBeTa CO/lEpIKAIIero
«Configuration Descriptor Response».
Ne 27 8'b0110_1001| 7'b000_0001 4'b0000 SEO
Host - Device 1 KIKJKK (IN) (ADDR=1) | (ENDp=0)  °PH1101 Sfo
Ne 28 KJKJKJ KK |8’b1100_0011 | 8’hXX, 8’hXX, 8’hXX, 8’hXX | 8hXX | SEO
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8’hXX, 8’hXX, 8’hXX, 8’hXX
Device - Host (DATAO) ( Configuration Descriptor 8hXX SEO
Response + 8) J
SEO
Ne 29 8'b1101_0010
Host — Device KIKIKIKK (ACK) S}EO

Tpanzakiusa 10. [Tosmyuenue elije offHOTO 6/10Ka JaHHBIX (8 6aliT) OTBETa CozleprKallero
«Configuration Descriptor Response».

SEO
Ne 30 8h0110_1001 | 7'b000_0001 | 4'b0000 |,
Host - Device | & KIRIKKE2200 (ADDR=1) | (ENDp=0) |°P11101 s;zo
8’hXX, 8’hXX, 8’hXX, 8'hXX
N3 BRI 1011 peacriptor | EIXX | Oy
Device - Host (DATA1) 8 P 8’hXX
Response + 16) J
SEO
Ne 32 8'b1101_0010
Host — Device KIKJKIKK (ACK) S}EO

Tpan3akuusa 11. TTonyueHue nocsiefHero 6/10Ka aHHBIX cofieprkaiiero 1 6aliT) oTBeTa Ha 3arpoc
«Configuration Descriptor Response». YCTpoiCTBO BbIChI/IaeT He TOJIHBIM TaKeT, 3TO 03HayaeT uTo
y Hero 0oJibIlie HeT JaHHBIX, TO €CTh BCEe CTPYKTYPhI ObL/IM TIepeaHbI.

SEO
Ne 33 8'b0110_1001 | 7'b000_0000 4'b0000 .
Host - Device | W KIRIKKE2200 (ADDR=0) | (ENDp=0) |°P11101 Sfo
8’hXX SEO
Ne 34 8’b1100_0011 (Configuration Descriptor 8’hXX
Device — Host KJKIKIKK (DATAO) Response + 24) 8’hXX SJE 0
SEO
Ne 35 8'b1101_0010
Host — Device KIKJKJKK (ACK) S?O

Tpan3akuyua 12. 3aBepiieHue odmeHa i 3arpoca «Configuration Descriptor Request». XocT
noyuyus 25 GalT 3arpaiiBaeMoi CTPYKTYPBI U MPU3HAK TOTO, UTO JJaHHBIX [i7Isi Hero Oosbliie Her,
orrpasssieT TokeH OUT c «mycTbiM» maketoM DATAX fi715 3aBepiiieHusi oOMeHa.

SEO
Ne 36 8'b1110_0001 | 7'b000_0001 4'b0000 .
Host — Device | ) KJKJKK (OUT) (ADDR=1) (ENDP=0) >b11101 SFO
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SEO
Ne 37 8’b0100_1011 8’h00
Host — Device KJ KJ KJ KK (DATA1) (maHHBIE OTCYTCTBYIOT) 8°h00 SJEO
SEO
Ne 38 8'b1101_0010
Device — Host KIKIKTKK (ACK) S?O

K 3ToMy MOMeHTy y X0CTa UMeeTCsl ueTbipe MH(POPMaI[OHHbIe CTPYKTYPhI OIMHCHIBAIOIIHE
ycrporictBo:  «Device Descriptor» copepxkarrjas  o0miyro  uHdopMaldio 00  YCTPOKCTBE,
«Configuration Descriptor» cogepskamumii uHbOpMauio 0 JedhoNTHOM KOoH(UTrypaluu, HyIeBou
«Interface Descriptor» B maHHOW KoH@urypaumu, u HyneBod «Endpoint Descriptor» B gaHHOM
uHTepdetice.

Xoct Moxer eimle pa3 nipoBepuTh Class/SubClass mnonyueHHble yxe u3 «Interface
Descriptor» uyTo6bI BEIOpATh ApaiiBep OCHOBBIBasICh Ha K/lacce YCTPOMCTBa.

Tpanm3akousa 13. AkrtuBanus (BbIOOp) KOH(uUrypanmu myTeM OTIpaBKA 3arpoca «Device
SET_CONFIGURATION Request». Kak oTMeuasioch BbIllle, TMofaB/stoiiee 0onbirHCTBO USB
YCTPOWCTB MMEIOT TOMbKO OAHY KOH(urypauuto. Ilepes akTvBaieid, XOCT JO/DKEH BBISICHUTH €6
WHEKC U3 TIo/iyueHHOM CTpyKTyphl «Configuration Descriptor». OObYHO HyMmeparus
KOH(UTypaLMOHHBIX CTPYKTYP HAaUMHAETCS C eUHHUL{b], T03TOMY Mojie wValue = 1. Eciu B wValue
yKasaTb HOJb, TO 3TO IpMBeZleT K AeakTHUBamuu yctporctBa! wLength = 0 Tak Kak HMKakoro
OTBeTa OT YCTPOMCTBA He OXKUaeTCsl.

SEO
Ne 39 8'b0010_1101 | 7'b000_0001 4'b0000 .
Host - Device 1 K KIKKE gprip) (ADDR=1) | (ENDp=0)| °P1H101 S?O
8’h00, 8’h09, 8’h01, 8’h00,
Ne 40 8’b1100_0011 87h00, 8100, 8 h00, 8°h00 8’h25 SEO
Host — Device KJKIKIKK (DATAO) (Device 8’h27 SEO
- SET_CONFIGURATION =1 J
Request)
SEO
No 41 8'b1101_0010
Device — Host KIKJKIKK (ACK) S}EO

Tpan3zaknus 14. 3aBepiieHue obmeHa myTeM oTrpaBku naketa tuna IN ¢ «mycteiv» DATAX.

SEO
Ne 42 8'b0110_1001 | 7'b000_0001 4'b0000 .
Host - Device | & KIRIKKE200 (ADDR=1) | (ENDp=0) |°P11101 Sfo
Ne 43 8’b0100_1011 (ZaHHBIE OTCYTCTBYIOT) 8’h00 SEO
Host - Device | K KIKIKK patan 8°h00 SJEO
SEO
Ne 44 8'b1101_0010
Device — Host KIKJKIKK (ACK) S}EO
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C 3TOro MoMeHTa YCTPOWMCTBO roToBo K pabote! ITporpammHoe obecrieueHre Ha XOCTe
MOXKeT TIPOZO/IKUTL BBISCHATH TOAPOOHOCTH 00 YCTpOMCTBe IMyTeM 3arpallidBaHUs WH/EKCHBIX
CTPOK C OMMCaHWeM TIPOW3BOJUTENS U T. [I., a JipaliBepsl O0jiee BEICOKOTO YPOBHSI MOT'YT TIPOBECTH
JIOTIOJIHATE/IbHYI0 HAaCTPOWKY MHTep(eiCcOoB U KOHEeUYHbIX TOUeK (Harpumep, JpaviBep K/aBUaTypbl
MOJKET YCTaHOBUTBH CBETOAUOAHYIO MHUKALIUIO B COOTBETCTBYIOLIee COCTOSTHUE).

OmnpefienieHHO, TIPHBEJEHHYIO BBILIE IPOLeSypy WHUILMAIU3aLM MOXHO COKPAaTWUTh ele
Oonee, HarmpuMep He 3arpailiMBaTh CTPYKTypy «Interface Descriptor» u copepxkaijuiics B Heu
«Endpoint Descriptor», HO TorZa Mbl He CMOXeM TMPaBWIbLHO OIpe/eIuTh KIacC yCTPOWCTBA U
OT/Ie/TUTh «MBILIb» OT «K/JaBUATypbl». IMEHHO TaKyto TpoLefypy Mbl OyieM BBITIOIHATL B Halllel
peanm3auyy USB KoHTpoOsIepa ¥ NporpaMMHOro iparsepa.

3.7. Nunymnanunsauma USB ycTpoiicTBa Ha 3KpaHe aHanm3aTopa
CUrHaJ10B

C nesnbro 6osiee TOTHOTO TTOHUMAaHUS KapTUHBI S1 BOCIIO/B30BAJICS aHA/IA3aTOPOM CHUTHAJIOB
Saleae Logic 8, paboTratoiium oz yripasieHueM oTKpbiToro [10 Sigrok/PulseView, v 3amnuican Bech
obmen mo mwmHe USB (B pexxume «Low Speed») B mpoljecce HWCIOTHEHHWs] OIMHUCAHHOW BBIIIIe
npoueaypsl mHUIManu3auuy USB HID ycrpoiictBa Tumna «kiaBuarypa». Hwke mpefcTaBieHbl
YUaCTKH «OCIW/UIOTPAMM» 3alliCaHHOTO 0OMeHa B TOM BHJie U B TOU TOC/Ie0BaTeIbHOCTHA KaK OHU
peasibHO NepeZiaBanvchk. Ko BceM ocLiiorpaMMam s IpeZiCTaBU/ CBOU KOMMEHTapHH.

Ho mepepn 3TuM 1o3Bomo cebe HECKOTBKO CJIOB MPO He3aMeHUMyro yTuanuty PulseView.
HanHasi yTunuTa ripefcrapisier coboit rpaduueckuit uHTEpdeiic s Sigrok - mogcucTemMbl 3axBara
U JleKoAMpoBaHUs LUGPOBBIX CUTHanAoB. Y Sigrok Takke MMeeTcsi W TEeKCTOBbIM HHTepdeiic
nipefocTaBisieMblid yrunuTon sigrok-cli. Sigrok B cBsizke ¢ PulseView mpegocraBnsieT ymoOHBIM
uHTepdelic 3axBaTa CUTHAJOB Yepe3 TIOAJep)KUBaeMOe YCTPOMCTBO, BU3ya/lu3alluM ero |
JeKoAUpOBaHUsT TpoToKona. CrMCcOK yCTpoucTB Hemasnbli. CHMCOK TMOAJAep>KUBaeMbIX — [I/Ist
JIeKOTUPOBaHUs TIPOTOKOJIOB TOXKE ZI0CTAaTOUHO OOIIMPHBIH, cpeau HUX umeercst USB «Low Speed»
u «Full Speed».

Hnst pabotel ¢ PulseView HeoOGXoouMO YCTaHOBUTH B CHUCTEMY CJIe/IyIOLHe TaKeTbl C
ToMolIbI0 yTHUINTHI apt-get (Linux) i pkg (FreeBSD):

libsigrok-0.5.2_5 Framework for hardware logic analyzers, core library
libsigrokdecode-0.5.3 Framework for hardware logic analyzers, protocol decoders library
sigrok-cli-0.7.2_2 Framework for hardware logic analyzers, CLI client
pulseview-0.4.2_7 GUI client that supports various hardware logic analyzers

[Tocsie yero cieilyeT MOAK/IIOUNTE aHanu3aTop curHanoB K USB mopty Bamtero T1K u yObeauthes B
TOM, UTO aHa/M3aTop JleTeKTUpyeTcsl orepalyoHHOM cuctemoil. Komanza usbconfig -v mnu Isusb
-V J[o/DKHa OToOpakaTb YCTPOMCTBO aHaiv3aTopa B CHMCKe OOHapy)keHHBIX. B MoéM ciydae
aHasm3atop Saleae Logic 8 onpezensieTcst cyiefyrommM o0pa3oMm:

ugen0.4: <vendor 0x0925 product 0x3881> at usbus®, cfg=0 md=HOST spd=HIGH (480Mbps) pwr=0N
(166mA)

bLength = 0x0012

bDescriptorType = 0x0001

bcdUSB = 0x0200

bDeviceClass = 0x00ff <Vendor specific>
bDeviceSubClass = Ox00ff
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bDeviceProtocol = Ox00ff
bMaxPacketSize® = Ox0040

idvendor = 0x0925

idProduct = 0x3881

bcdDevice = 0x0001

iManufacturer = 0x0000 <no string>
iProduct = 0x0000 <no string>
iSerialNumber = 0x0000 <no string>
bNumConfigurations = 0x0001

3amycTuTh yTUIATY Ppulseview MO)XHO 00 M3 KOMaHJHOM CTPOKH, MO0 M3 MEeHI0
Applications — Development rpaduyeckoii 06010uky. B yTrmMTe He0OX0AUMO HaCTPOUTh KaHAJIbI
VICTOUHMKM JI/151 IBYX aHaIU3UpyeMbIX cUrHaioB: D0 (yepHBIi NpOBO/) Ha aHa/IW3UpyeMbli CUTHasl
USB_DM c uyeneBoro ycrporictBa, 1 D1 (kopuuHeBbIM 1poBoz) Ha curdHaa USB_DP storo ke
ycrpouctBa. ITogkmrounTs mynel curHaapHbIX JuHUM DO 1 D1 MOXHO mapasiensHO K pasbeMy
USB Ha 11e/IeBOM yCTPOMCTBE He 3a0bIB ITPU 3TOM TakKe CoequHHUTD uHNI0 GIND (cepblii TpOBOJ).
B KkauecTBe llesieBOro ycTpOCTBa B MOEM Cjayyae BbICTymnaeT rsara «KapHo» C MHUKpOCXeMOM
I[VIUC u c 3arpykKeHHbIM OUTCTPUMOM COJePXKAIllUM Y>Ke CHUHTe3MPOBaHHYH) CHUCTeMYy-Ha-
KpUCTe/Ule B COCTaBe KOTOPOM TPUCYTCTBYyeT pa3paboTaHHbi MHOM KoHTporsiep USB 1.0 u
JipariBep K HeMy.

[locne moOAKIIOYEHWs] HCTOYHMKOB CHrHajJa HEOOXOAMMO  YCTaHOBUTh — YacTOTY
COMITIMPOBaHUs B 3HaUeHHe Ha OJ[UH TMOPsJ0K 0oJibllie ueM YacToTa aHaIu3upyemMoro curHana. s
USB «Low Speed» s BbiOupato yactoty camruiupoBanus 24 MTI'1 (¢ 3amacom), 00bemM BBIOOPKH [IjIsT
3armicu - 50M C3MIUVIOB BMOJIHE [JOCTAaTOYHO. 3alliCh CHMIHA/IOB HauWHAeTCsl HajkaTueM KHOIIKU
«Run». YToOBI BK/IIOUNTH [AEeKOJUpPOBaHHE, HeOOXOAUM K/IMKHYTh Ha 3HauoK «Add protocol
decoder» u BeIOpaTh B crivicke «USB Request» yka3aB Ha KaKUX JIMHUSX HAXOJSATCsS CUTHasbl D-
(USB_DM) u D+ (USB_DP).

Wrak, nocne BK/IIOUEHUsS 3alvcU BCTas/sgeM LuTekep or USB kiaBuarypel B pasbeM Ha
1|e/IeBOM YCTPOMCTBe, [OKWJAeMCsl OKOHYaHMs 3alMCU M HauyMHAaeM aHaau3upoBaTh 3alMCaHHbIN
curHasi. OO1ui BUf, BCel miporieypbl nHuipanu3aun ycrporictea (USB HID Keyboard Device),
KoTopasi 3aHsizia okono 80 mc, mpefcTaBieH Ha ocuuiorpamMe puc. 10.1. B Heli BuAHO fABa
«cbpoca» (po30BbIe «POMOBI») TIOC/IE KaXK/[OTO U3 KOTOPBIX, CITyCTs Tay3y B 14 mMc, uMeeTcsi 0OMeH
(cepble «oBasibl»), IPU 3TOM 0OMEH MOCJIe BTOPOTro cOpoca CyliecTBeHHO Oosiee IMHHBIN 110 YUCTy
repeCc/IaHHbIX TTaKeTOB M 3aTPAauYeHHOr0 BDEMEHU, 5TO BUJHO 10 pPa3Mepy «OBasia».
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} USB signalling: Symbols il ‘ ‘

» USB packet: Packet fields | ‘ | |

» USB packet: Packets ‘ ‘ ‘

Puc. 10.1. O6bwuti sud npoyedypbl uHuyuasuzayuu USB ycmpoticmea.

Ha ocuunnorpamMmme BUAHO, 4YTO CIyCTs mpumepHo 150 McC Tmoc/ie WHMIMA/IW3ALIUY,
HAuMHAeTCsl Pery/ysipHbld, ¢ uHTepBasioM B 20 Mc, oOMeH C ycTpoicTBoM. Takxe Ha I3TOU
OCLIM/JIOTPaMMe BH/IEH «4aCTOKO/I» U3 curHaioB «Keepalive» ciemgyromux ¢ uHTepBasioM B 1 Mc,
yTo xapakTtepHo 151 USB «Low Speed».
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3.7.1. IlepBbIii cOpoc U 3anpoc cTPYKTYphI «Device Descriptor»

[Ipubnusumcs ¥ TMOCMOTPUM KakK BBIVIAAUT OOMeH Tiocjie TepBoro cOpoca IIMHBI
HamomHio, 4To B Halleli MHHHMAaJMCTUUHOW TIpOLieAype ToC/e repBoro cbpoca BBIMOTHSIETCS
TI0JIHOE CUMTBIBaHUe CTPYKTYpbI «Device Descriptor». Eciii yBesTMunTh NepBbId Cepblii 0Basl, TO Mbl
yBuauM naketr tuna SETUP (puc. 10.2a) oTrpaBieHHbI XOCTOM Ha HYJIEBYIO KOHEUHYHO TOUKY
HyneBoro ycrpoictea. Cnenom 3a HuM uziet raket Tira DATAOQ (puc. 10.206) cogepykaiifuii 3ampoc
Buza «Device Descriptor Request». B Tene 3amnpoca 6-if 6aiit paBen 0x12 — 310 nosie wLength
3ajiaro1iee pa3Mep OKHUZAeMOoro OTBeTa B 18 6aliT, UTO COOTBETCTBYET pa3Mepy CTPYKTYphl «Device
Descriptor».
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» USB signalling: Symbols

0000 ) 00000 DN @b I
» USB packet: Packet fields SYNC: 00000001 O EmisEuP T Addresso ) Endpoint:0 CRCS5: 0x02

» USB packet: Packets ( SETUP ADDR O EP 0

Puc. 10.2a. Ilakem SETUP adpecosaHHbll Ha 0:0.
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Puc. 10.26. Tlakem DATAO codepacawyuti 3anpoc «Device Descriptor Request».

Cnenom 3a DATAO mbl BuauM nakeT tuna ACK (puc. 10.2B) — 3TO MOATBep)KeHUE OT
YCTPOICTBA CHTHA/MU3UPYIOIlee O TOM, UYTO TaKeT C 3arpocoM NpuHAT 6e3 omumbok. st
HaIIgJHOCTH, Ha pyc. 10.2r npezcTaB/ieHbl BCe TPU 3TUX JKe MaKeTa Ha OHOM OCLIWIZIOrpaMMe.
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» USB packet: Packet fields SYNC: 00000001 . Y
ket: Packets ACK

Puc. 10.28. IlTakem ACK om ycmpolicmea noomeepxcoaiowjutl ycnewHblll npuem OaHHbIX.
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Puc. 10.22. ITakembt SETUP, DATAO u ACK Ha o0Holl ocyuniozpamme.

[anee, XOCT MPOU3BOAUT HeOOBIIYIO 3a/lep’)KKy M HauMHAeT OIpallnBaTh YCTPOMCTBO Ha
IpefiMeT Ha/IMuusl y TOrO [JaHHBIX COCTAB/IAMOLIUMX OTBeT Ha 3arnpoc. [l 3TOro XocCT IochbulaeT
naketsl ¢ TokeHoM IN (puc. 10.3a) Ha Bcé Ty ke mapy ADDR:END = 0:0. Ha sToi1 xe
OCLW/I/IOTpaMMe Mbl BUZIMM, YTO XOCT I0/Iy4aeT OT yCTPOMCTBA OTpULIaTebHbINA OTBET TOTOBHOCTH
JaHHbIXx - TokeH NAK. XoCT MOBTOpsieT OnpoC HEKOTOpOe BpeMsl, I0Ka He IIOY4YMUT IakeT C
nanHbiMuA. Ha puc. 10.36 BHHO, UTO XOCTYy TPHIIUIOCh MATh pa3a oTpaBuTh IN mepen TeM, Kak
yCTPOICTBO BbIzlano nakeT ¢ AaHHbIMA DATA1. Bcé 510 Bpemst moTpeboBanoch yCTPOWCTBY UTOObI
MOJrOTOBUTH OTBET Ha MPHUC/IaHHBIN paHee 3amnpoc.
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» USB packet: Packets IN ADDRO EP O < NAK

Puc. 10.3a. Xocm onpawueaem ycmpoticmeo Ha npedMem Hajnuvue omeema omcbuias mokeH IN.
Ycmpoticmgeo ompuyaem 20mogHocmb 0aHHbIx mokeHom NAK.
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Puc. 10.36. Xocm omnpagasiem nsamb pa3 IN neped mem, Kak noayuum nakem ¢ 0aHHbiM DATAI.
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» USB packet: Packets IN ADDR 0 EP O ) § DATAT[12 011001 00 00 00 08] X ACK

Puc. 10.38. Xocm omnpasnsiem mokeH IN, nonyuaem nakem ¢ 0aHHbiM DATA1 u noomeepaicoaem
e2o npuém mokeHom ACK.

Ha puc. 10.3B npuBefieHa yBe/MueHHasi ocLyiorpaMma TokeHa IN v mocsiejoBaBiiero 3a
HUM TaKerta C gaHHbiMa DATAT.

[TonyuuB niepBbie 8 6alT OTBeTa XOCT TPO/I0/DKAET OMpaIlUBaTh YCTPOWCTBO OTITPABKOM elrle
ofHoro TokeHa IN B Hazie)k/ie TIOJTyUUThb CeyIOLui 610K JaHHBIX OTBeTa. B 3TOT pa3 ycTpoicTBO
BbICbuIaeT nakeT C AaHHbIMA DATAQ He3zamegmuTenbHO (puc. 10.3r). XoCT Takke MOATBEp>KAaeT
YCIeLHOCTh TTpuémMa TokeHoM ACK.
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» USB signalling: Syn\]bo\s M

 USB packet: Packét ficlds S/ PIDMINIHAGAR0) EP ) C ) m-( DB: 6D Xnata OAXData 1c)(Data cs\/Data 00\<Data AQXData o1>(Data 02_

Puc. 10.32. Xocm noemopsiem mokeH IN, HezamedaumenbHo nonyuaem nakem ¢ 0aHHbiM DATAO u
noomeepcoaem e2o npuém mokeHom ACK.

XocCT npojo/pKaeT OIpallivBaTh YCTPOMCTBO OTCBIIKOM TokeHa IN fo Tex mop, moka He
nonyundT Tpebyemoe KomuuecTBO OalT AaHHBIX (B JaHHOM ciydyae 18 6aiit). Ha puc. 10.3p
TIpe/iCTaB/IeHa OCLM/JIOrpaMMa ellje OLHOM TpaH3aKL[UM OCYLeCTB/IsIeMOM XOCTOM /IS T10J1yYeHUs
JaHHBIX OT ycTpolcTBa. B naHHOM ciyuae ycrporcTBo Bosppamtaer naker DATA1 ¢ aByms
GaifTamy To/e3HO Harpy3kKd — 93TO BCE, UTO OCTaJoCh y YCTPOMCTBAa OT C()OPMHPOBAHHOTO UM
oTBeTa Ha 3arpoc «Device Descriptor Request».
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» USB packet: Packet fields SYNC [EP: 0){ CRC5 [ sync (PIDIDAT...) Data:00 { Data: 01 ) CRCl6:0xBF3F ) SYNC
» USB packet: Packets ( IN ADDR O EP O { DATA1 [ 00 01] ] ACK

Puc. 10.30. Xocm 8 ouepedHoli paz omnpasnsem mokeH IN, Ha umo ycmpoticmeo ebldaem
nocnedHutl 610k 0aHHbIx pasmepom 2 b6alima 8 nakeme DATAL.

Bosspar HernosiHOro wiv mnycroro nakera DATAX cursaausvpyer XOCTy OT TOM, 4YTO Y
ycTpoiicTBa Oosiblile HeT aHHbIX /ISl TlepechbUIKU. XOCT, [IOCUMTaB YTO OH MPHHSI HeobXogumoe
KOJTMUeCTBO OalT [JaHHBIX, 3aBepilaeT 0OMeH 10 JaHHOMY «IaiIy» oTrpaBkou TpaH3akiuu OUT c
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nycteiM DATAX. Ota TpaH3akius mpejcraBieHa Ha puc. 10.3e. YcTpoiicTBo 00si3aTesibHO
MO TBep)KZaeT yCIelHOCTh fpyueMa AaHHbIX TokeHoM ACK. Eciv nogTBepkzieHue He mpuzer B
TeUeHWH 3a/IaHHOTO BPEMEHH, TO XOCT OyzieT BeIHYX/IeH repernocyath TokeH OUT u naketr DATA1
ele pa3 (TaiMayT).
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Puc. 10.3e. Xocm omnpaensiem mokeH OUT u caedom nycmol nakem DATAI cueHaausupys
0 KOHYe obmeHa. Ycmpoticmeo noomeepicdaem npuem mokeHom ACK. KoHey obmena!

K 3TOMy MOMEHTY XOCT MOJIHOCTBIO IOJIyYW/ 3arpallivBaeMyl0 UM CTPYKTypy «Device
Descriptor». Mbl MOXeM MOMbITaTbCSA A€KOAUPOBaTb TPUHSTbIE XOCTOM J/IaHHble U BBISICHUTH
VID/PID ycTpoiicTBa U ero Knacc. [IpUHATBIN MOTOK JaHHBIX CKJIa/[bIBAeTCSs U3 TPeX MaKeTOB:

nepBbIi nakeT: 0x12, 0x01, 0x10, 0x01, 0x00, 0x00, 0x00, 0x08

Bropoii naket: 0x6D, 0x04, 0x1C, 0xC3, 0x00, 0x49, 0x01, 0x02

tpetuii naket: 0x00, 0x01.

Hanoxum 3T aHHBIe Ha CTPYKTYpY OIMMCaHHe KOTOpoi jJaHo B Tabmuie 8.1. «OnucaHue noseli
cmpykmypbl napamempog ycmpolicmea «Device Descriptor»»:

typedef struct {

uint8_t bLength; // 1 Length of this descriptor = 18 bytes
uint8_t bDescriptorType; // 1 Descriptor type = DEVICE (01h)
uint16_t bcdUSB; // 2 USB specification version (BCD)
uint8_t bDeviceClass; // 1 Device class

uint8_t bDeviceSubClass; // 1 Device subclass

uint8_t bDeviceProtocol; // 1 Device Protocol

uint8_t bMaxPacketSizeO; // 1 Max Packet size for endpoint ©
uint16_t idVendor; // 2 Vendor ID (or VID, assigned by USB-IF)
uint16_t idProduct; // 2 Product ID (or PID, assigned by the manufacturer)
uint16_t bcdDevice; // 2 Device release number (BCD)

uint8_t iManufacturer; // 1 Index of manufacturer string

uint8_t iProduct; // 1 Index of product string

uint8_t iSerialNumber; // 1 Index of serial number string

uint8_t bNumConfigurations; // 1 Number of configurations supported

} USB10_Description;

Pesynbrar:

bLength = 0x12 — 18 6aiT;

bDescriptorType = 0x01— Tun CTPYKTypbl: «Device»;

bcdUSB = 0x0110 — USB Bepcumn 1.1;

bDeviceClass = 0Ox00 — Knacc ycTpoiicTBa 6ygeT onpegeneH B cTpykType «Interface Descriptor»;
bDeviceSubClass = 0x00;

bDeviceProtocol = 0x00;

bMaxPacketSize® = Ox08— MaKcumManbHbiii pa3Mep nakeTa gns nainta 0:0 cocTaBnseT 8 6aiT;

idvendor = 0x046D — cooTBeTcTBYeT «Logitech Inc.»;

idProduct = 0xC31C — cooTBeTcTBYeT «USB Keyboard»;

bcdDevice = 0x4900 — peBu3us (Bepcusi) yCTpPONCTBa;

iManufacturer = 0x01 — WHAEKCHbII HOMEpP CTPOKW C OMMCaHWeM Mpou3BOAUTENS;
iProduct = 0x02 — WHAEKCHbI HOMEP CTPOKM C OnucaHuem npoayKTa;
iSerialNumber = Ox00 — cTpoKa C CepuUitHbLIM HOMEpPOM OTCYTCTBYET;

bNumConfigurations = Ox01 — uymucno noggepxvBaemMbiX KOHQUIypaLuii.

3anara P.H. «Pa3pabotka uudpoBoH anmaparyps! HeTpaguLoHHEIM MeTogoM: Kontposuiep USB 1.0 na SpinalHDL». .64
000 «®abmukpo», r. TromeHs, 2025r.



3.7.2. Bropoii coOpoc u 3anpoc mpucBoenus agpeca «Device SET_ADDRESS
Request»

[Ipogosmkasi aHaIM3UpPOBaTh 3anycaHHbii ¢ IMHBI USB curHan, Mbl yBUJYUM BTOPOM CHUTHAI
cOpoca Tako ke TIPOAO/DKUTENBHOCTEIO 14 Mc. TTocse 3Toro curHassa copoca u rnay3bl B 12 MC MbI
yBuguM eite oguH TokeH SETUP Tak ke ormpasneHHbld Ha azpec 0:0. Ciemom 3a HUM XOCT
niepegaet naket DATAOQ ¢ HoBbIM 3aripocoM - «Device SET_ADDRESS Request» B KOTopoM 11oJie
wValue ycranosnero B 1 (cMm. puc. 10.4a). 3TUM 3ampoCOM XOCT MbITAeTCsl Ha3HAUNUTh yCTPONCTBY
HOBBIM azipec — 1. YCTpOUMCTBO MOATBEPIK/JaeT yCIelllHbIN ITPUeM JaHHOIo TlakeTa C 3aripOCOM.
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Puc. 10.4a. Xocm omnpagasiem mokeH SETUP u nakem ¢ 0aHHbiMU 3anpoca «Device
SET_ADDRESS Request». Ycmpolicmeo noomegepxcoaem ychewHocmb npuema mokeHom ACK.

Terepb XOCT JO/DKEH BBISICHUTB, ObLI /I 3arpoc 06paboTaH YCIEIIHO WM >Ke BO3HHK/IA
KaKasi-TO BHYTPeHHsisI oinbKa Ha yctpoiictse. [y 3Toro oH ornpassnsier TokeH IN (cm. puc. 10.4a)
CUTHaJIM3UPYs YCTPOMCTBY O TOM, UTO XOCT >KeslaeT MOAyYWUTh OT Hero OJIOK JIaHHBIX. YCTPOWCTBO
He3aMeJ/INTe/IbHO BbICblIaeT myctod nakeT DATA1. OT1o o3HauaeT, uto 1) y yCTpOMCTBa HeT
JQHHBIX JIJI1 XOCTa WM BO3BpaT JaHHbIX He IpeJyCcMaTpUBaeTCsl 3arpocoM, U 2) YCTPOMCTBO
¢GyHKIMOHUPYeT HOpManbHO. Ecmu Obl B mipouiecce 0OpaboOTKM 3arpoca BO3HMK/IA OLIMOKa, TO
yCTpoicTBO oTBeTU/0 OBl ToKeHOM STALL u xocTy morpeboBasiock Obl HauMHATH TIPOLIEAYPY
VMHULMA/IU3aliMd C CAMOTO Hauasia. XOCT TIO/yYMB IMYCTOM TMakeT C JAHHBIMH TIOATBEPXKJaeT ero
npueM otrnpaBkoii TokeHa ACK 1 Ha 5ToM 3aBepiliaeT 0OMeH B paMKax IaHHOTO 3armpoca.
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» USB packet: Packets { IN ADDR 0 EP O ! DATA1[] > ACK

Puc. 10.46. Xocm omnpaensiem mokeH IN umobbl y3Hamb cocmosiHue ycmpolicmea. Ycmpolicmeo
omeeuaem nycmbim nakemom DATA1 — npusHak moeo, umo ecé e nopsioke, 3anpoc 0bpabomat.

Tem BpemMeHeM yCTPOMCTBO MPOU3BOAUT CMEHY ajipeca U BCE [lajbHellee B3auMOZENCTBHE C HUM
JO/DKHO OyzeT pou3BOAUTHCS 0 HOBoMy aapecy ADDR:ENDP = 1:0.
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3.7.3. 3anpoc koHurypauuoHHoi cTpyKrypbl «Configuration Descriptor
Request»

[Tocne mpucBOoeHWss HOBOIO ajpeca, Jajee MO IUIaHY MWHUMAaJVMCTUYHOM IIPOLieAYpbI
VHULMa/IN3ali1, XOCT JO/DKEeH 3arpoCUTh Ae(ONTHYI0 CTPYKTYpPY € KoHdurypauueil. HamomHro,
YTO BMeCTe C KOH(UTYpaI[MOHHBIM /1e CKPUIITOPOM YCTPONCTBO MOXKET BbI/IaTh MOAUMHEHHYIO UacCTh
nepeBa, B ToM umcie «Interface Descriptor» u «Endpoint Descriptor» BXoAsI[uii B COCTaB
MHTep(}eNCHOr0 [eCKpUMNTOpa. XOCT MOXKET BOCIOb30BAThCS 3TOM BO3MOXKHOCTBIO UTOOBI
COKpaTUTh 4MC/I0 3ampocoB. s storo B 3arpoce «Configuration Descriptor Request» B mose
wLength Heo6xXomuMO yKa3ath pa3Mep (urcio 6aliT) paBHBINM WK TIPEBBILIAOIIAN CYMMY pa3MepoB
BCeX 3TUX IMOAUYMHEHHBIX CTPYKTYp BMecTe C pa3mepoM cTpyKTypbl «Configuration Descriptor».
Ecmy uncno CTpykTyp M MX pasMep 3apaHee Heu3BeCTeH, TO XOCT MOXKeT YKa3aTb KaKoe-TO
TIpOM3BO/IbHOE Gostbitioe urciio, HarpuMmep Oxff. ['psi3HBIN XakK, CKakeT yuTaTesb, HO OH paboraer!
Bosee mpaBuibHOe pellieHHe COCTOUT B TOM, YTOOBI 3aIIPOCUThL CHauasa repBbie 8 6alT CTPYKTYpbI
«Configuration Descriptor», mo6biTb U3 Hux 3HaueHWe nosii wTotalLength, oHo ykasbiBaeT Ha
MakCUMaJibHOe UHCA0 OalT i1 BCex CTPYKTyp, a IIOTOM ele pa3 I[epe3arnpoCuTh
KOH(UT'ypal[MOHHYIO CTPYKTYPY yKa3aB 3TO 3HaueHHe B 1ojie wLength

Eciu B 3anpoce yctaHoBuTh 1osie windex = 0, To yCTpOMCTBO B OTBeTe BbIJaCT HY/eBOM
KOH(UTypalMOHHBIN NTPOGKU/IbL U BCE UTO K HEMY OTHOCUTCS. [IprMep Takoro 3aripoca rnpuBefieH Ha
puc. 10.5a. 3ampoc, KaK Mbl BUAWM, OTIpaB/sieTcs Ha HOBbIM agpec ADDR:ENDP = 1:0. B
TIOAB/ISIFOIEeM  OOJIBIIMHCTBE  YCTPOMCTB TPUCYTCTBYeT TOJILKO OJWUH KOH(UTrypallMOHHBIM
npoduab, TO3TOMY [JAHHOTO 3alpoca [JOCTAaTOYHO YTOOBI TOYYWTH MCUEPIIbIBAIOLIYIO
vHbopMaluio 00 yCTpoCTBe.
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» USB packet: Packets SETUP ADDR 1 EP 0

Puc. 10.5a. Xocm omnpagasiem mokex SETUP u nakem DATAO codepotcawjuti 3anpoc
«Configuration Descriptor Request». Ycmpolicmeo nodmeepicddem npuem 3anpoca.

YroObl MOMYYUTh OTBET, XOCT OIMpAIIMBaeT YCTPOHCTBO OTCHIIKOM ToKeHa IN. OOBIUHO
YCTPOWCTBY TpeOyeTcsi HEKOTOPOe BpeMsi UTOObI MOITOTOBUTh OTBET, M €CJTM OTBET ellle He TOTOB, TO
ycTpoiicTBo oTBeuaeT TokeHOM NAK (4to o3HauaeT «mpuxogute To3xke»). ITonyunB NAK xoct
TIPO/I0/KaeT MOoCkuiaTh TOKeHbI IN U B KaKOW-TO MOMEHT yCTPOMCTBO OTBeYaeT MakeToM C JaHHBIMU
cofiepyKallliM OTBeT Ha 3amnpoc. [lepBrbiit Takoi maker DATA1 nipuBeseH Ha puc. 10.56.
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Puc. 10.56. Xocm omnpaensiem mokeH IN, Ha umo ycmpolicmeo omeeuaem nakemom DATA1
codepxcawjuli uacmb omeem Ha 3anpoc «Configuration Descriptor Request». Xocm
noomeepotcoaem npuem mokeHom ACK.

XocT npojo/KaeT MEeTOAUUHO OMpallivBaTh YCTPOMCTBO nockuiasi TokeH IN u pa3 3a pasom
To/IyvaeT MOPLMIO0 JaHHbIX OTBeTa Ha 3arpoc B cieayromux nakerax DATAQ, DATAL,..., DATAO.
Ha puc. 10.5B HWwKe TNpuBeJeHbl OCLIM/IZIOTPaMMbI BCel CepUM TMakKeToB IPH TMOJyYeHUHd XOCTOM
OTBeTa Ha 3ampoC KOHPUTYPaLIMOHHOTO Jie CKPUTITOPA.

+1320820 us +1320840 ps +1320860 ps +1320880 us +1320900 ps +1320920 ps
| ‘ | | ‘ | | ‘ | | ‘ | | ‘ | |

D0 4
S | 111010 50

DI s st @B E) ) 6 6 @
s gt o DRES0H TS 9R R B A R R SRR R S K O DRI ) i 4]

+1321040 ps +1321060 ps +1321080 ps +1321100 ps +1321120 ps +1321140 ps

WEENERIES I USB signalling: Bits

» USB signalling: Symbols

+1321260 ps +1321280 ps +1321300 ps +1321320 ps +1321340 ps +1321360 ps

[ETEED» uss signalling: sits {sesesiifecilafosheastessleli @i besesliealitiasslel{fcubecslebebifilasteslelefeshissheesifeatockeeilesteletifellifestes s el leles e H O
» UsE signalling: Symbols H A e T
> USB packet: Packet fields  ( SYNC )(PIDJIN){Adar) EP)( C

3anara P.H. «Pa3pabotka 1j1hpoBoii anmaparypbl HeTpaguLroHHeiM MeTogoMm: Kortposiep USB 1.0 sa SpinalHDL». ¢.67
000 «®abmukpo», r. Tromens, 2025r.



+1321480 s +1321500 ps +1321520 ps +1321540 ps +1321560 s +1321580 ps +1321600
| | ‘ | | ‘ | | ‘ | I | ‘ | | ‘ | I |

S use signalling: Bits
eS— R e e TR

+1321700 ps +1321720 ps +1321740 ps +1321760 ps +1321780 ps. +1321800 ps +1321820 ps
| | ‘ | | ‘ | | | | ‘ | | ‘ | | ‘

[m

> 1 1A A T 0000000

ISR oo v QA 5 ) Qo ) ) ) ) 601 © @
134 3 ) e

» USB signalling: Symbols 1 kIl

+1322060 ps +1322080 ps +1322100 ps +1322120 ps +1322140 ps +1322160 ps
| I A4 ‘ | |

S 11 T 010 A
S 1 1 10t A N

T use sgnatng:sies (F] B o FAReRceec o e @ Rl W e e e el a4 e 2 o e GER2 (e et
D080 0080003830008 Roeir TSk R AR RIUBRREIN RIETTLRICRiiee

» USB signalling: Symbols

Puc. 10.58. Xocm mHo2okpamHo omnpagasiem mokeHbl IN u nonyuaem om ycmpoticmea
cnedyroujyro nopyuto 0aHHbIX 8 nakemax DATAx nodmeepacdas npuem omcbLikol mokeHa ACK.
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» USB signalling: Symbols

Puc. 10.58. (npodoniceHue)

B Kakoii-To MOMEHT MOJIyuuB B ouepeJHOM pa3 TokeH IN ycTpoiCcTBO OTBeyaeT Hero/IHbIM
naketoM DATAO (cm. puc. 10.5r). DTO 03HauaeT, U4TO y YCTPOWCTBAa 0Oosiee HET JAHHBIX AJIS
OTIIPAaBKH XOCTY, TO eCTh BeCh OTBET Ha 3arpoc ObUI repe/jaH.
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Puc. 10.52. Ha ouepedHoli mokeH IN ycmpoticmeo omgeuaem nakemom DATAO ¢ pasamepom 610ka
OGHHbIX MeHee MaKCUMA/AbHO20, UMO 518/151emcsi NPU3HAKOM KOHYdA nepedasaemoz0 omeemd.
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[TonyunB TakoOM YKOPOUEHHBIN MaKeT XOCT, Kak 00bIuHO, otnpasssier TokeH OUT ¢ mycTbiM
6nokoMm aHHbIX B makeTe DATAX uToObI 3aBepIIUTh OOMEH.
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» USB packet: Packets OUT ADDR 1 EP O { DATA1[]

Puc. 10.50. 3agpukcupogaH coboti npu nepedauu nakema DATA1 — HegepHbili CRC16 (0onxicHO
6b1mb 0x0000, a npunsimo 0x1000).

Ha puc. 10.54. mokasaH MOMEHT KOIZa Ipu repejadyd XoCcToM Iycroro nakera DATAI, ansa
3aBepieHust 0OMeHa, Bo3HHMK/a omrbka CRC16. ®akr omumbky 6611 3aKCPOBAH aHATH3aTOPOM
CUrHasa o yeM OH coobirjaer mosb3oBaresito TekctoM «CRC16 ERROR» B mosie KOHTPOTBHOM
CYMMBI. YCTPOUCTBO TOyYMB «COOWHBIN» MaKeT C JaHHBIMHU IPOCTO UTHOPUPYET €ro.
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Puc. 10.5e. INepenocbiika 3agepuwjaroujeco OUT u nycmozo DATAL.

XOCT HeJoXKABIIMCh OT YCTPOMCTBa moATBepskaroiero TokeHa ACK B TeueHuu 14 MKC
[IpUHMMaeT pellleHue Ieperoc/iarh AaHHble. X0CT NoBTOpsieT NMocbUIKy TokeHa OUT u cienom 3a
HUM OTIIpaB/sieT TOT ke myctout akeT DATA1. Ha 3ToT pa3 makeT goxoguT ycreiiHo (puc. 10.5e),
yCTpOMCTBO noATBepKaeT ero nprieM TokeHoM ACK 1 00MeH OKOHYaTeIbHO 3aBepIIaeTcCsl.

YcTpolicTBO mepesiaio XOCTY BOCeMb MakKeTa C JaHHbIMM (UCK/TFOYasi MyCTOM TMakKeT), CeMb 13
HUX [JIMHOW 8 GaliT U OAWH, MOC/AeAHWMN, TakeT JauHON 3 Oaiita. [TompoOyeMm [eKoAMpOBaTh
MO/TyYeHHbIe XOCTOM JIaHHbIe TaK)Xe KaK MbI 3TO Zesiaau co cTpykTypou «Device Descriptor». Ho
riepe/; 5TUM HaM TT0TpeOyeTCs BbIJ|e/TUTh U3BECTHBIE HAM THUITbI CTPYKTYP OMHUPAasCh Ha HOMEP THUIIa
u amuny (rosis bLength 1 bDescriptorType npucyTCTBYIOT y BCeX CTPYKTyp B CaMOM Hauase).
XO0CTOM MOJTyueHbl C/ie/lytolye AaHHbIe:

nepBbii nakeT: 0x09, 0x02, 0x3B, 0x00, 0x02, 0x01, 0x03, 0xAO0;

Bropoi naket: 0x2D, 0x09, 0x04, 0x00, 0x00, 0x01, 0x03, 0x01;

Tpetui naket: 0x01, 0x02,

YeTBEPThIN TAKeT: 0x07, 0x05, 0x81, 0x03, 0x08;

naTei maket: 0x01, 0x0A, 0x09, 0x04, 0x01, 0x00, 0x01, 0x03;

mecroi nmaket: 0x00, 0x00, 0x02,

CceJIbMOU MaKeT: 0x07, 0x05, 0x82, 0x03;

BocbMoM makeT: 0x02, 0x00, Oxff;
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PasHbIM 1[BeTOM 0003HaueHbI [JaHHbIE OTHOCSIIMECS K TPEM Ppa3JHuYHbIM CTPYKTypaM
Bo3BpaileHHbIM B oTBeTe: «Configuration Descriptor» (kom 0x02) - 3esmenbiM, «Interface
Descriptor» (kog 0x04) - kpacHbiM u «Endpoint Descriotor» (koz 0x21) - cunum. B miporecce
pacKpallvBaHUs BbISIBUIOCh, YTO y HaC MMeeTCsl OflHa KOH(UIypallMOHHasi CTPYKTypa B KOTOpPOM
coziep>KuTcs 1Ba WHTep(detica (gBa 3esieHBIX 0/0Ka), B KaXKZOM IO OIHOM KOHEUYHOM Touke (zBa
cuHux 6710Ka). Takke y HaC UMeROTCS ABa OJIOK JaHHBIX CTPYKTYPhI C KofioM 0x21 Bbiie/IeHHBIX
JKeNThIM L[BETOM — 3TO CTPyKTypa Tuna «Additional Descriptor» 0 Ha3HaueHHWU KOTOPON MOXKET
ObITb U3BECTHO TOJILKO JIpaiiBepy OT MPOW3BOJUTE/ISI yCTPOUCTBA. DTy CTPYKTYPY [1€KOAUPOBaTh He
Oyzem.

PacripesienniiM jlaHHbBIE U HAJIOXKUM UX Ha (pOPMaThl COOTBETCTBYIOIINUX CTPYKTYP.
Jekogupyem cTpyKTypy «Configuration Descriptor»:

Haunnbie: 0x09, 0x02, 0x3B, 0x00, 0x02, 0x01, 0x03, 0xAO0, 0x2D

DopMaT CTPYKTYpHI:
typedef struct {
uint8_t bLength; // 1 Length of this descriptor = 9 bytes
uint8_t bDescriptorType; // 1 Descriptor type = CONFIGURATION (02h)
uintl6_t wTotalLength; // 2 Total length including interface and endpoint
descriptors
uint8_t bNumInterfaces; // 1 Number of interfaces in this configuration

uint8_t bConfigurationValue; // 1 Configuration value used by SET_CONFIGURATION
to select this configuration

uint8_t iConfiguration; // 1 Index of string that describes this
configuration

uint8_t bmAttributes; // 1 Bit 7: Reserved (set to 1), Bit 6: Self-
powered, Bit 5: Remote wakeup

uint8_t bMaxPower; // 1 Maximum power required for this configuration

(in 2 mA units)
} USB10_Configuration;

Pesynbrar fekogupoBaHus:

bLength = 0x09 — pa3mep camoli CTPYKTypbl cocTaBnseT 9 6aiT;

bDescriptorType = 0x02 — Tun CcTpyKTypsl «Configuration Descriptor»;

wTotalLength = Ox003B — KoAMYecTBO 6alT [aHHbLIX BKAKWYasi BCe MOAYMHEHHbIE UHTEpPOencbl U KOHEe4Hble
TOYKWN cocTaBnaeT 59 6aiT;

bNumInterfaces = 0x02 — KONMYECTBO WHTepOeicoB BXOAAWMX B 3Ty KOHPuUrypauuwo: 2;
bConfigurationvalue = 0x01 — nAEHTUPUKALMNOHHbLIA HOMEP AAHHON KoHurypauum: 1;

iConfiguration = 0x03 — ngeHTUOUKALMOHHLIA HOMEpP CTPOKM ONuUChIBawWel AaHHYyl KOHPurypauuwo: 3;
bmAttributes = OxA® — 6uToBble nona c atpubytamu: self-powered = off, remote wakeup = on;
bMaxPower = 0x2D — noTpeb6nsembii TOK 45 * 2 = 90 MA;

Jexkogupyem cTpyKTypy «Interface Descriptor»:
Haunnbie: 0x09, 0x04, 0x00, 0x00, 0x01, 0x03, 0x01, 0x01, 0x02

dopmar CTpyKTYpbI:

typedef struct {

uint8_t bLength; // 1 Length of this descriptor = 9 bytes

uint8_t bDescriptorType; // 1 Descriptor type = INTERFACE (04h)

uint8_t bInterfaceNumber; // 1 Zero based index of this interface

uint8_t bAlternateSetting; // 1 Alternate setting value

uint8_t bNumEndpoints; // 1 Number of endpoints used by this interface (not
including EPO)

uint8_t bInterfaceClass; // 1 Interface class
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uint8_t bInterfaceSubclass; // 1 Interface subclass
uint8_t bInterfaceProtocol; // 1 Interface protocol

uint8_t iInterface; // 1 Index to string describing this interface

} USB10_Interface;

Pe3ynbTaT 1€KOAUPOBaHUS:

bLength = 0x09 — pa3mMep CTPYKTypbl cocTaBnseT 9 6aliT;

bDescriptorType — TN CTPYKTypbl «Interface Descriptor»;

bInterfaceNumber — WHOEKCHbIE HOMep uHTepdeiica (HayuHas Cc Hyns) paBeH 0;
bAlternateSetting — anbTepHaTuBHas OyHKUMS uHTepdeiica: O (OTCyTCTBYeT);
bNumEndpoints — KO/MIMYECTBO KOHEYHbIX TOYeK B AaHHOM UHTepdeica: 1;
bInterfaceClass — knacc 3 (HID ycTpo#cTBO);

bInterfaceSubclass — nogknacc 1 (knaBuaTtypa);

bInterfaceProtocol — npoTokon onpoca 1 (Ans knaBmaTypel 3To «Interrupt Transfer»);
iInterface — WHAEKCHbIA HOMEp CTPOKW cojepxalel onucaHue uHTepdeiica: 2;

B pesynbrare pekopvpoBaHus CTpyKTyphl «Interface Descriptor» Mbl

TIOJJK/TFOU€HHOe YCTPOMCTBO TIpeAcTaBisseT coboii ycrpoictBo kmacca HID («Human Interface
Device»), a 1o MofK/Iaccy orpejensieMoe Kak «KjaaBuarypa». HaroMHIo, UTo B MOy4eHHOU paHee
cTpykType «Device Descriptor» Take MpHUCYTCTBOBa/IU rapameTpsl class 1 subClass, Ho oHM 6bUTH
yCTaHOBJIeHbl B HOMb, 3TO YKa3blBaeT Ha TO, UTO KJIacC YCTPOMCTBAa OIpeJesisieTcsi B CTPYKType

vuHTepdetica.

Jekoaupyem cTtpykTypy «Endpoint Descriptor»:

Haunnbie: 0x07, 0x05, 0x81, 0x03, 0x08, 0x01, 0x0A;

(DopMaTCprKTypbK

typedef struct {
uint8_t bLength; // 1 Length of this descriptor = 7 bytes
uint8_t bDescriptorType; // 1 Descriptor type = ENDPOINT (05h)
uint8_t bEndpointAddress; // 1

// Bit 3...0: The endpoint number
// Bit 6...4: Reserved, reset to zero
// Bit 7: Direction. Ignored for Control

// 0 = OUT endpoint

// 1 = IN endpoint
uint8_t bmAttributes; // 1

// Bits 1..0: Transfer Type

// 00 = Control

// 01 = Isochronous

// 10 = Bulk

// 11 = Interrupt

// If not an isochronous endpoint, bits 5...2 are reserved and must be

// set to zero. If isochronous, they are defined as follows:
// Bits 3..2: Synchronization Type

// 00 = No Synchronization

// 01 = Asynchronous

// 10 = Adaptive

// 11 = Synchronous

// Bits 5..4: Usage Type

// 00 = Data endpoint

// 01 = Feedback endpoint

// 10 = Implicit feedback Data endpoint

// 11 = Reserved
uintl16_t wMaxPacketSize; // 2 Maximum packet size for this endpoint
uint8_t bInterval; // 1 Polling interval in milliseconds for interrupt

endpoints
// (1 for isochronous endpoints, ignored for control or bulk)
} USB10_Endpoint

Pe3ynbTaT 1eKOAUPOBaHUS:
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bLength = 0x09 — pas3mep CTPYKTypbl cocTaBnseTr 9 6aiTt

bDescriptorType = 0x05 — Tun CTpPYKTypsl «Endpoint Descriptor»
bEndpointAddress = 0x81 — ENDP=1, HanpasneHue — Kk ocTy (IN)

bmAttributes = 0x03 — ANS AaHHbIX, Tun nepepavnm «Interrupt Transfer»
wMaxPacketSize = 0x0108 — MaKCUManbHbIi pa3mep 6510Ka AaHHbIX Npu obmeHe: 8 6anT
bInterval = Ox0A — MHTepBas onpoca XocTom: 10 mc.
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3.8. «Device Class Definition for Human Interface Devices» (HID)

Tak Kak OCHOBHOM TPWYMHOM W CTUMY/JOM K u3ydeHuto TeMbl USB i MeHsi Obina
HeoOXOMMOCTh MOJK/TIOUATh M UCTI0/Ib30BaTh COBpEMEHHbIE YCTPOMCTBa BBO/ja K pa3pabaTbiBaeMoii
MHOM cuHTe3upyemoit CHK gisi mukpocxem ITJIMC, To mipessiarato 1MoBepXHOCTHO PacCMOTPeThb
OfMH U3 caMbIX Momy/sipHbiXx KiaaccoB USB ycrpoiictB — «Human Interface Device — HID».
Bbillle MbI y)Xe BUJeNM KakK BBIVIIASAT OCHOBHbIe JeckpunTopbl s HID ycrpoiictBa Tumna
«KJlaBHUaTypa», HO KakK MPOMCXOJUT 0OMeH JaHHBIMHA C TaKUM YCTPOWCTBOM U B KakOM (opmare
YCTPOMCTBO BbIJ@eT B XOCT MH(OpPMALMI0 O HaXKaTblX K/aBuimlax? Kak OTIMUWUTL JaHHbIe
«KJIaBUATypbl» OT JIaHHBIX TIOCTYMAIOLUUX OT «MbIIM»? YToObl TOHATH 3TO, HaM OMNSATh
notpebyeTcst TIOrPy3UTHCS B CrieLUUKALIHIO.

Knacc «HID» siBnsieTcsi OfHUM M3 CaMbIX MPOCTBIX BUZOB YCTPOWCTB MOJK/IHOYaeMbIX K
mmmHe USB. Ero cnetmdukaius «Device Class Definition for Human Interface Devices Revision
1.11» Opina npunsita B Mae 2001 roza, coctaBnisier Bcero 97 crpanwmil. [lo3ke ObUTM TPUHSTHI
pa3nMuHbIe JOTIO/IHEeHUS, HO B 11€JIOM 3TOT JOKYMEHT SIB/ISIeTCSI aKTya/lbHbIM 10 celt leHb. OfHaKo
3TO TOJILKO YacTh aiicbepra. Cnenmdukareir USB HID BBoguTcs Takoe roHsTHe Kak «UsagelD» -
3TO Hekoe COObITHE TIOCTyMaroliee OT YCTPOWCTBA BBOZA  CO3/laBaeMOE  UeJIOBEKOM
vHboOpMUpYIOlllee O TeKyLleM TOA0KEeHUd WM COCTOSTHUM 3jleMeHTa YrpaB/ieHus (K/IaBULLIU
K/IaBUATYPBbI, TTOJIO)KEHHUST PhIUaXKKa «/I)KOHCTHUKA»). Bce BO3MOXKHBIE COOBITHSI TPOHYMEPOBAHBI - UM
TIPUCBOEHbI UKC/IOBble HAeHTU(UKATOPbI, W TIOMMEHOBaHbI - TIPUCBOeHbI WMeHa. CoObITHS
coOpaHHBI B pa3/iMuHble TPYMIbl - «CTpaHMIIb» («Pages»). ITosHOe ommcaHue BCeX COOBITHIA
TIDUBOAUTCS B OTZAE/NbHOM JIOKyMeHTe KoTophwlii o3aryiaBieH «HID Usage Tables FOR Universal
Serial Bus (USB)» umu mpocto «Usage Tables». 3TOT JOKyMeHT MOCTOSSHHO OOHOBJ/ISIETCS, €rO0
aKTyasjbHasi BepCusi Ha JaTy HamnucaHus 3TON cTatbu uMeeT Homep 1.6 ot 2025 roga. B maHHOM
Bepcuu «Usage Tables» omumceiBaeTcsi 6osee 30 OTAENBHBIX «CTPAHUI», B KaXKIOW W3 KOTOPBIX
TIPUCYTCTBYeT OT HECKOJIbKO [eCATKOB [0 HeCKOIbKUX coTeH KoaoB «UsagelD». B nmokymeHTe
TIPUBOJATCS TIOAPOOHBIE OINMUCAHWS KaKAO0TO COOBITHUS - B KAKOM MOMEHT OHO (OPMUPYETCS
YCTPOMCTBOM M KaK OHO J[IOJ/DKHO WHTEpIpeTUpPOBAThCsl JApaiiBepoM ycTpoiicTBa. Hampumep, Ha
crpanurie 0x05 «Game Controls Page» ompegeneno cobeitue 0x21 «Turn Right/Left» - 310
COOBITHE OT aHa/IOTOBO TeliMIiajia MpH TiepeMelleHUN CTUKa «BJIeBO/BIpaBO». bosiee 1oapobHO
HEKOTOphbIe U3 «CTPaHUL» AoKymeHTa «Usage Table» Mbl pacCMOTPUM UyTh HIXKE, a TIOKAa BepHEMCSI
K 061memMy ormcanuto HID ycTpoiicTs.

Crneyudukanueii HID nokpbsiBaroTCs cefytolliyie BU/bl yCTPOMCTB BBOJA:

e KnaBuaryphl ¥ yCTPOMCTBA YKa3aHUS - «MBbIIIb», «TPEKOOJI», «HKOUCTUK;

* SJieMeHThl yMpaB/eHWsl Ha TaHesssX YIpaB/ieHusi - MOBOPOTHbIE Pery/siTOpbl YpPOBHeH
(TPOMKOCTB), mepeK/ItouaTe/ i ¥ MOMA3YHKOBbBIE Pery/saTopbl («Caaizepbl»);

* 9J/IeMeHTHI YIIpaB/ieHWs] Ha Pa3/MUHBIX YCTPOWCTBA, TaKUX KaK MOOW/BbHbIE TesedOHBI,
My/IbTHI JUCTAHIIMOHHOTO YTIpaB/eHUs] BUAeOMarHuTOPOHaMU, My/IbThl UTPOBBIX KOHCOJIEH,
3/1eMeHThbI YIIpaB/ieHusi CUMY/SITOpaMu («rlepuaTka», rejanb «rasa», py/JeBoe yrnpaBjieHue U
neganu, PY/I).

» Takxe ormpezeneHbl YCTPOWCTBA, KOTOpble He MpeAHa3HaueHbl /i B3aUMOAEWCTBUS C
YyesI0BEKOM, HO MOTY BblJjaBaTh /laHHbIe B aHAJIOTMYHOM BHJe — cuuTthiBaTesii BAR u QR
KOJIOB, TEPMOMETDbI, BOJILTMETPHI U T. .
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3.8.1. lonoiHuTE/IbHBIE AecKpUNTOPHI A1 HID

K craHgapTHOMYy Habopy /1eCKPUNTOPOB (CTPYKTYp KOH(UTypaIrjMiOHHBIX —JAHHBIX)
cnerdukarert HID pobapnsietcsi eme Tpu Tumna AeckpunTopoB: «HID Descriptor» (0x21),
«Report Descriptor» (0x22) u «Physical Descriptor» (0x23), Bce OHU SIBASIFOTCS TOJUYMHEHHLIM
nogmMHokecTBoM «Interface Descriptor», T. e. pu dopmupoBanuu 3arpoca GET_DESCRIPTOR
HeoOX0MMO yKa3bIBaTh HOMep nHTepdetica B rosie windex, a B mone wValue B crapiem Oaiite —
TUII, B MJIaZillieM — HOMeP Jle CKpUITTOpa.

Crpykrypa «HID Descriptor» omnuvcbiBaer kKakue emle gapyrue HID peckpunropsl
TIPUCYTCTBYIOT B YCTPOMCTBe, Takue Kak «Report Descriptor» u «Physical Descriptor». CTpykTypa
«Report Descriptor» omuceiBaeT ¢opMaThl JAHHBIX T€HEPUPYEMBIX YCTPOMCTBOM — COOBITHS WJTH
nu3MepeHus. dakThuecku, [aHHasi CTPYKTypa COJEP)KWT I[epeueHb 3/IeMEHTOB YIIpaBleHUs U
pa3Mepbl JJaHHBIX KOTOpble OHU (POPMHUPYIOT B pariopTe MpH ONpoce ycTpoiicTBa. OniMoHa bHas
cTpykTypa «Physical Descriptor» onucbiBaeT Kakve 4yaCcTH YeJI0BeUeCKOro Tejla UCTIONb3YITCS /1S
aKTUBAl[MM 3JIeMEHTOB YIIpaB/IeHUsl JAaHHOIO yCTPOMCTBA U MpUMeHseTcsl oueHb pefko. Kcrary, B
crietbUKalMU TIPUBOJUTCS TabMLla B KOTOPO# Mepeurc/ieHbl U TPOHYMepPOBaHbI BCe YacTH Tesa
NIPUrofiHble /I BBOZA JaHHBIX M ()OPMUPOBAHHMS YMNPaB/SIOLEr0 BO3[EMCTBUS, UX TaM ax 39
IITYK, BK/IFOUasi JIeBYIO U TIPaByt0 OPOBb. :-)

O6muii Buz fepesa AeckpurntopoB st HID ycrpoiicTBa ripuBesieHa Ha puc. 11.1. ®opmarst
cTpyKTyphl «HID Descriptor» rpuBezieH B Tabsuiie 11.1.

Device String
descriptor descriptor

l

Configuration
descriptor

l

Interface
descriptor

Endpoint HID
descriptor descriptor

Report Physical
descriptor descriptor

Puc. 11. [lepeso deckpunmopog dast HID ycmpoticmea.
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Tabauya 11.1. Onucaxue noseti cmpykmypbl HID ycmpolicmea «HID Descriptor»

CwMmere ITone Pa3smep, | Tun nim Ha3nauenmue
-HUe 0aliT |3HaueHHe
0 bLength 1 Number | [InivHa geckpurrtopa B 6aiitax (9+N*3), rae

N — 4uMC/I0 JOTIO/HUTEbHBIX 1@ CKPUTITOPOB
3a BeIueToM IepBoro («Report Descriptor»
BCerja MpUCyTCTBYeT).

1 bDescriptorType 1 Constant | @ukcrpoBaHHoe uncao (0x21).

2 bcdHID 2 BCD |Howmep Bepcuu cnetmdukanuu USB HID

0x0100 — Bepcus HID 1.0,
0x0110 — Bepcusa HID 1.1.
0x0111 — Bepcus HID 1.11.

4 bCountryCode 1 Number | Kog cTpaHsbl Ajis ToKa/ivd3aliy yCTPOMCTBA:
0x00 — yCTpOMCTBO He JIOKaIM30BaHO.
0x08 — France.

0x09 — Germany

0x14 — Italy.

0x23 — Russia

0x32 — UK

0x33 — US

[TonHBIN CITUCOK CTPaH MPUBE/IEH B
crieljuUKaIiu.

5 bNumDescriptors 1 Number |Yucno noJUrMHeHHBIX JeCKpUNTopoB. Kak
MUHUMYM OZIMH - «Report Descriptor».

6 bDescriptorType 1 Constant | IgeHTHdUKaTOp 1MepBOro rnoJYMHEeHHOTO
neckpunTtopa («Report Descriptor»)

7 wDescriptorLength 2 Number | Pa3mep nepBoro nourHeHHOro
nmeckpunTopa (pa3mep «Report Descriotor»)

8 [bDescriptorType] 1 Constant | nzenTuduKaTop cieAyroiiero
(omLMOHA/ILHOTO) MOJUUHEHHOTO
JleCKpHUITopa

10 [wDescriptorLength] 2 Number | Pa3mep crepyroliero (onuoHaabHOrO)
TIO[YMHEHHOTO Jle CKPUTITOPa

3.8.2. CTpykTypa onucanusi ¢popmaroB JaHHbIX «Report Descriptor»

@opmat cTpykTypbl «Report Descriptor» y HID ycTpOHCTB HeCKOJIBKO 0Oosiee CIOXKeH.
[nvHa u cofiep>Kumoe JaHHOTO 1eCKPUNTOPa MOXKeT MEeHSIThCSl B 3aBUCUMOCTH O UMCJ/Ia 3/1eMEeHTOB
JAHHBIX TpeOyeMbIX [jiss OMUCaHWs (HOPMHUPYEMOrO YCTPOMCTBOM TIOTOKA JAaHHBIX B pariopTe.

«Report Descriptor» COCTOMT W3 MacCHBa 3/71eMEHTOB TlepeMeHHON [JIMHbI. OeMeHThbI
ObIBalOT ABYX BUIOB «short item» (KopoTkue) aymHoM OoT 1 o 5 6aiiT, u «long item» (A/MHHBIE) —
ot 3 g0 258 Gaiit. Oba BUzA ornucaTebHBIX 37IeMEHTOB COCTOSIT M3 /IByX uacTeil: TiepBasi 4acTb
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3/IeMeHTa Ccofiep>XXut 0aiT ¢ 6uroBbiMu nioisimu bSize[1:0], bType[3:2] u bTab[7:4] — omwmceiBaet
TUMN [JAHHBIX, BTOpasl uyaCTb COIMPOBOXKZIAET 3JIeMEHT [IOTIOJIHUTE/bHBIMU [JaHHbIMU. DopMathbl
3/IeMeHTOB 000X BU/IOB MPUBeeHbI B Tabmuiax 11.2 u 11.3.

Tabauya 11.2. dopmam onucamenbHO20 31eMeHMa euda «short item».
baiit 4 baiit 3 baiir 2 baiit 1 Baiit 0 (mepBast 4acTb)

[data4] [data2?] [datal] [dataO] bTag | bType | bSize
[7:4] | [3:2] | [1:0]

Ha3sHaueHue 6UTOB B TIepBOM YaCTH /i/is1 KOPOTKOTO 3/ieMeHTa CJieflytolijee:

* Ilone bSize KogupyeT KoMMueCTBO AOMONHUTENbHBIX OaiiT B a5eMeHTe: 0 — oTCyTCTBYyeT, 1
— ofuH 0Oaiit, 2 — aBa 6aiiTa, 3 — yeTkIpe OaiiTa;

* Tlone bType 3amaet tun snemenrta: 0 — Main, 1 — Global, 2 — Local, 3 — Reserved;

e DsnemeHT TWUra Main Herocpe/iCTBEHHO OMUCHIBaeT ()opMaT JaHHBIX Iepe/jaBaeMbIX
YCTPOICTBOM B pariopTe ¥ MoKeT OBbITh MATH pasHoBHAHOCTei: Input, Output, Feature,
Collection 1 End Collection.

* Onement Tuna Global 3ajaeT xapakTepucTUKy 37eMeHTa (Harpy¥Mep, MUHUMAJbHOe U
MaKCHUMaJibHOe 3HaueHue);

* DnemeHt Tvna Local Takke 3a/jaeT XxapakKTepUCTUKU 3/1eMeHTa, HO T03BOJIseT C/leaTh
3TO JIOKAJIbHO, [JI7IS1 OHOTO 7IeMeHTa.

* [lone bTag ykasbiBaeT Ha (DyHKIMOHA/JbHOE Ha3HaueHWe 3/1eMeHTa, OHO 3aBUCHUT OT TUIIa
s/ieMeHTa 3ajaBaemoro rosieM bType (a1 nogsugoB Main, Local u Global onpenenensi
pasHble 3HaueHus1 bTag).

* Tlons dataX copepykaT [JOMOJIHUTENbHYI0 MH(OPMAILMIO; [Jisi KOPOTKOTO OIMCaTebHOTOo
3/1eMeHTa 3TO T0JIe COZIePXKUT pa3Mep JaHHbIX aCCOLMMPYEMBIX C 3TUM 3/IEMEHTOM.

B Tabnmuue 11.4 npuBefeH nepeueH Bcex (DYHKI[MOHA/IBHBIX 3/IEMEHTOB WCITIO/Ib3YeMbIX /IJIsi TUTIOB
Main, Global u Local.

Tabauya 11.4. PyHKYUOHA/NbHbBIE HA3HAYeHUsl 31emeHmos 0151t muna Main, Global u Local.

Twur semenTa | 3HaueHHe TiepBOTO Oaiita| BuTthbl B G/10Ke Ha3sHaueHue 6uToB
(bType) (bTag, bType, bSize) | nannbix (dataX)
bType = Main
Input 8’b1000_00_nn bur 0 {Data (0) | Constant (1)}
bur 1 {Array (0) | Variable (1)}
bur 2 {Absolute (0) | Relative (1)}
bur 3 {No Wrap (0) | Wrap (1)}
bur 4 {Linear (0) | Non Linear (1)}
bur 5 {Preferred State (0) | No Preferred
(€3]
bur 6 No Null position (0) | Null state(1)}
bur 7 Reserved (0)
bur 8 {Bit Field (0) | Buffered Bytes (1)}
butsl 31-9 Reserved (0)
Output 8’b1001_00_nn bur 0 {Data (0) | Constant (1)}
bur 1 {Array (0) | Variable (1)}
bur 2 {Absolute (0) | Relative (1)}

3anara P.H. «Pa3pabotka 1juchpoBoii anmaparypsl HeTpaguiioHHeIM MeTozioM: Kontpostep USB 1.0 Ha SpinalHDL». ¢.76
000 «®abmukpo», r. TromeHs, 2025r.



bur 3 {No Wrap (0) | Wrap (1)}
bur 4 {Linear (0) | Non Linear (1)}
bur 5 {Preferred State (0) | No Preferred
)}
but 6 {No Null position (0) | Null state(1)}
bur 7 {Non Volatile (0) | Volatile (1)}
bur 8 {Bit Field (0) | Buffered Bytes (1)}
butsl 31-9 Reserved (0)
Feature 8’b1011_00_nn bur 0 {Data (0) | Constant (1)}
bur 1 {Array (0) | Variable (1)}
bur 2 {Absolute (0) | Relative (1)}
bur 3 {No Wrap (0) | Wrap (1)}
bur 4 {Linear (0) | Non Linear (1)}
bur 5 {Preferred State (0) | No Preferred
)
bur 6 {No Null position (0) | Null state(1)}
bur 7 {Non Volatile (0) | Volatile (1)}
bur 8 {Bit Field (0) | Buffered Bytes (1)}
butsl 31-9 Reserved (0)
Collection 8’b1011_00_nn 0x00 Physical (group of axes)
0x01 Application (mouse, keyboard)
0x02 Logical (interrelated data)
0x03 Report
0x04 Named Array
0x05 Usage Switch
0x06 Usage Modifier
0x07-0x7F Reserved
0x80-0xFF Vendor-defined
End Collection 8’b1100_00_nn 3aKpbIBaeT rpymiy 3/1eMeHTOB
Reserved 8’b1101_00_nn - He onpezeneno.
8’b1111 00 _nn
bType = Global
Usage Page 8’b0000_01_nn be33HakoBoe 16-T1 6UTHOE UKCIO0
HoMepa «cTpaHuLbl» (Usage Page).
Homep «cTpanuupi» Mecte ¢ 16-Ttu
outHeiM HoMepoM «UsagelD»
OTIpe/IeISOT MoJTHoe 32-X OUTHOe
3HaueHue «UsagelD».
Logical 8’b0001_01_nn MuHuMaILHOe JI0TUYecKoe 3HaueHue
Minimum KOTOpOe MOXXeT IIPUHKUMATh JJaHHbIN
rapaMmeTp Wiu rpyrina. Hampuwmep,
«MBIIIb» MOXKET IepejaBaTh
KOOpJMHATHI B rariazoHe ot 0-128,
CJieioBaTeIbHO MUHUMAJTbHOE
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3HaueHue paBHO HY/I0. 3ajaHO B
JIOTUYeCKUX eIMHHULIA.

Logical 8’b0010_01 _nn MakcuMaJibHOe JIOTUUeCKoe
Maximum 3HaueHue MapameTpa Wiv IPyNibl.

Physical 8’b0011 01 nn MuHuMasbHOe (hr3uuecKoe 3HaueHue
Minimum rnapameTpa.

Physical 8’b0100_01_nn MakcumasibHOe (hpusrueckoe
Maximum 3HaueHue rapameTpa.

Unit Exponent 8’b0101_01_nn 3HaueHue 5KCIIOHEHTEI 110
ocHoBaHuto 10 3azaronier nopsoK
eIUHUL] U3MepeHHUs (MUKPO, MUJIH,

KWJIO, Mera):

0x5=>5,0x6=>6

0x7 =>7,0x8 => -8
0x9 => -7, 0xA => -6
0xB => -5, 0xC => 4
0xD => -3, OxE => -2

OxF => -1
Unit 8’b0110_01_nn EnnHuLb! n3mepeHus (CaHTUMETPBI,

JIFONMBI). CM. Tabuiy Ha CTp. 47
crieguukaiuu USB HID.

Report Size

8’b0111 01 nn

Llesio 6e33HaKOBOE UKMCIIO 3ajjaroliiee
pa3mMep roJiei (B Outax) B paropre.

Report ID

8’b1000_01_nn

Llesio 6e33HaKOBOE UKMCJIO 3ajjaroliiee
WaeHTU(UKaTop paropra.

Report Count

8’b1001_01_nn

Lleno Ge33HaKoBOe UKC/IO 3afiaroliee
YKCJIO TI0JIeld B paropTe AJisl [aHHOTO

3/1eMeHTa.
Push 8’b1010 01 _nn [TomelrjaeT B CTeK TeKylllee
COCTOSIHHE I7I00a/IbHOM TaOMULIBI
3/IEMEeHTOB.
Pop 8’b1011_01_nn 3ameljaeT TeKYIIyIO TaOIHLy
3/1eMeHTOB 3HaYeHUSIMU 13 BepILIUHbI
CTeKa.
Reserved 8’b1100_01_nn - 3ape3epBUPOBaHO.
8’b1111_01_nn
bType = Local
Usage 8’b0000_10_nn Npentudukarop UsagelD
Tipe/jiaraeMbii jist JAHHOTO
3/IeMeHTa.
Usage 8’b0001_10 nn Munumanesbii UsagelD niist
Minimum MacCHBa 371eMeHTOB.
Usage 8’b0010_10 _nn Makcumanbhbivi UsagelD anis
Maximum MacCHBa 371eMEHTOB.
Designator 8’b0011_10_nn Npentudukarop yacty Tena (pyka,
Index HOTa) MCII0JIb3yeMblIi AJist

y1ripaBJ/ieHUS OaHHBIM 3/IEMEHTOM.
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CchbulKa Ha 3/1eMeHT CTPYKTYPbI
«Physical Descriptor».

Designator 8’b0100_10_nn MuHUMabHbIN UIeHTUDUKATOD
Minimum YyacTH Teja, [/l MaCCUBA 3/1IeMEeHTOB.
Designator 8’b0101 10 _nn MakcuMasibHbIN UAeHTUhHKATOD
Maximum YyacTU Tesa, AJis MacCUBa 37IeMEeHTOB.
String Index 8’b0111_10_nn CcblnKa Ha CTPOKY TeKCTa B «String

Descriptor» OnMCHIBAIOLYO JaHHBIX
3/1eMeHT YIIpaBJIeHMUs.

String 8°b1000_10 nn MuHUMa/bHBIN UHJEKC CTPOKH
Minimum OIMMCAaHUSI MaCCUBA 3/IEMEHTOB.
String 8’b1001 10 nn MakcumanbHbIN UHJEKC CTPOKU
Maximum OITMCAaHUSI MaCCUBA 3/IEMEHTOB.
Delimiter 8’b1010 10 _nn OrmpeiesisieT Haua/Io0 U KOHLIe

JIOKa/IbHbIX TlapamMeTpoB. 1 —
Hauaso, 0 — KoHell.
Reserved 8’b1011_10_nn - 3ape3epBUPOBAHO.
8’b1111 10 nn

Kak yke ObUIO OTMeueHO BbIlle, 37eMeHTbl Tha Main Input, Main Output u Main
Feature wucronb3yrorcs Asi co3faHus (OMucaHusl) Mojield B pariopTe — TIepefiaBaeMOM TaKeTe
JlaHHBIX. JrneMeHThl TunNa Input onuceiBalOT MHGOpPMALMIO O AAHHBIX (OPMUPYEMBIX OJHUM U
Oosiee hU3MUECKUM CPEICTBOM yTIpaB/ieHUs (KHOTKU, PEry/IATOPhl YPOBHEH, PhIUaXKKH PKOMCTHKA)
U Tepe/laBaeMbIX OT YCTPOMCTBA K XOCTy. JrieMeHTbl Tuma Output ONUCHIBAIOT [JaHHbIe
riepeJilaBaeMble B CTOPOHY YCTpPOMCTBA, HarpuMep COCTOSHUSI CBETOJHOJOB WM TIOJIOKEeHUe
pbIUaroB yripaBjieHusi. OrneMeHThl Tvrna Feature omnuchIBalOT KOH(UIypalMOHHbIe TapaMeTphbl
riepeJiaBaemMbie OT XOCTa K YCTPOMCTBY.

OnemenThl Ta Collection 1 End Collection ucrosb3ytoTcs A/ opraHu3aljiy JaHHBIX B
rpymmny (Kosneknuto). Hampumep, «MbIlllb» MOXKET OBITh ONMUCAHA KaK KOJIJIEKIMS OT JIByX [0
yeThIpex 3/IeMeHTOB JlaHHBIX: X, y, buttonl, button2, rae x U y — cMellleHre COOTBETCTBYHOIIeM
KoopAuHaThl, a buttonl u button2 — OuUTOBBIe MO/ OIpeJesSIONIMe TIONOKEHUE K/IaBUII Ha
Manurnyssatope. OsieMeHT Collection co3gaer rpynmy, a End Collection 3akpruiBaeT eé. Bce
seMeHThI TuTia Main cienyroinye 3a snemeHtoM Collection u o snemenTta End Collection Bxozs
B OJJHY Y TY >Ke rpynmny. JJonyckaeTcsi co3/iaHre BIO)KeHHBIX TPYIIIL.

Crneuudukauueii USB HID omnpezensieTcsi HECKONMbKO THIOB Tpynm  (KOJUIEKLIUA)
3a/laBaeMbIX riepBbIM OaiiToM B 10716 dataX. VX 3HaueHUs Tak>Ke TpUBeieHbI B Tabuile 11.4.

Y «IJTUHHOTO» 371eMeHTa (opMar oT/iMdaeTcs. B ero rnepsoit yacty (B TiepBoM OaiiTe) momst
bTag, bType u bSize Bcerma umetrotr ¢ukcrpoBanHoe 3HaueHue: 8'b1111_11_10 uto siBisieTcs
TIPU3HAKOM <«/IJTMHHOTO» 371eMeHTa. Crexayromuii 6alit bDataSize 3ajmaet miuHy 6/I0Ka JAHHBIX,
tpetuii Oaiir bLongltemTag 3azaeT ¢yHKIMOHAIbHOE Ha3HaueHWe 3ymeMeHTa. B Tabmume 11.3
ToKa3aH o01muii hopMaT «IJTMHHOTO» OTUCaTeIbHOTO 3/IeMeHTa.

Tabnuya 11.3. @opmam onucamenbHo20 31emeHma euodd «long item».
baiir 3-261 baiir 2 baiir 1 baiit 0 (mepBas yacTb)

[data gyiuHoM 3-258 Gaiit] | bLongItemTag| bDataSize bTag = bType = | bSize =
4“b1111 | (2“b11) |(2“b10)
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OnucartesnibHbIe 37IeMEHTHI «JJJIMHHOTO» BU/a B cietiudukaiuu HID He paccmaTpuBaroTcs, a
JlaHHbIM (opMaT OTJAeTCsl Ha OTKYIN MPOU3BOJUTENIO anmnaparypbl, T. e. MpeAriosaraeTcsi 4ro
ZipaiiBep yCTPOICTBA 3HaeT Kak paboTaTh C TAKUMH 3/IeMEeHTaMH.

W3 nipuBeieHHOr0 BbIIIe ONMCaHUs CTPYKTYpbl «Report Descriptor» MOXHO cpasy cZenarb
BBIBO/l, UTO /Jisi e€ [eKOJAUPOBAHHUSI TIPUJETCS CO37aTh Hebosbllyro OaiT-Koj MalluHY, KOTopas
IIPOXOJMT IO IaHHBIM [IeCKPUITOPA, U3bIMaeT U3 Hero 3JIeMeHThbl OfIVH 32 OJHUM, [eKOAUpYyeT U
«HUCTIONHSIeT» MX Kak nporpamMMy. Ha ckonbko oO60OCHOBaHa Takasi C/IO)KHasi CUCTeMa OIMCAHUS
(hopMaTOB JJaHHBIX MHe CY[UTh CJIOKHO, HO X0UY 3aMeTHTh, uto ApaiiBepbl USB HID B coctaBe OC
Linux 1 OC FreeBSD 5TuM He 3aHMMalOTCsl TaK Kak /[ ILIMPOKOrO Kpyra yCTPOWMCTB BBOJA
(«MbIlIb», KI1aBUATypa, «relMIazibl», CEHCOPHbIe 3KpaHbl) (OpMaT [JaHHbIX [JaBHO YCTOSJICS U He
MeHsieTCsl. A pa3 Tak, TO ¥ HaM 3TOTO JiesiaTh ToKe He rmoTpebyercs. :-) OfHAaKO TTIOHUMaHWe TOTOo,
KaK TPOMCXOAUT pa3bop u uHTeprpertanys ¢opmatoB aaHHbix B USB HID moxeT oka3arbcst
TI0/1e3HBIM TIPU paboTe € SK30TUUECKWMH YCTPOMCTBAMU TPU TOJTHOM OTCYTCTBUM JOKYMEHTALUH.
Hwxke B /MCTUHTe TipuBeleH NpUMep MHTepIipeTaluu CTPYKTypbl «Report Descriptor» as
YCTPOMCTBA TUMA «TelMIIaZ» COCTOSALLEr0 M3 pbluara C JAByMs KoopAuHataMd X U Y, TpeMms
KHOTIKaMH U PyUKOM «Tra3a».

3aripocuTh gamil cTpyKTypbl «Report Descriptor» gy HID ycrpoiictBa B OC Linux MOXXHO
c nomo1bro yTuauTel usbhid-dump. B OC FreeBSD ananoruunas ytunuta HasbiBaetcs: usbhidctl.
KcraTtu, nocneHssi He TOMBbKO BBIBOAMT JaMIl B IIeCTHaJLlIaTepUYHOM (hopMaTe, HO U JIeKOJUpYyeT
ero rnpespaiasi B 4eJJ0BeKO-UnTaeMbIi KO,

Jlucmume 3. Tlpumep uHmepnpemayuu cmpykmypbl «Report Descriptor» onucbieatoujeti popmam
OaHHbIX ycmpoticmea muna «2elimanao».

// Cortesy: https://wiki.osdev.org/USB Human Interface Devices

static const uint8_t hidReportDescriptor [] =

{

0x05, 0x01, // UsagePage(Generic Desktop[1])

0x09, 0x04, // Usageld(Joystick[4])

OxA1l, 0x01, // Collection(Application)

0x85, 0x01, // ReportId(1)

0x09, 0x01, // UsageId(Pointer[1])

OxAl, 0x00, // Collection(Physical)

0x09, 0x30, // UsageId(X[48])

0x09, 0x31, // UsageId(Y[49])

0x15, 0x80, // LogicalMinimum(-128)

0x25, OXT7F, // LogicalMaximum(127)

0x95, 0x02, // ReportCount(2)

0x75, 0x08, // ReportSize(8)

0x81, 0Ox02, // Input(Data, Variable, Absolute, NowWrap, Linear, PreferredState,
NoNullPosition, BitField)

0x05, 0x09, // UsagePage(Button[9])

0x19, 0x01, // UsageIdMin(Button 1[1])

0x29, 0x03, // UsageIdMax(Button 3[3])

0x15, 0x00, // LogicalMinimum(0)

0x25, 0x01, // LogicalMaximum(1)

0x95, 0x03, // ReportCount(3)

0x75, 0x01, // ReportSize(1)

0x81, 0x02, // Input(Data, Variable, Absolute, NoWrap, Linear, PreferredState,
NoNullPosition, BitField)

0xCo, // EndCollection()

0x05, 0x02, // UsagePage(Simulation Controls[2])

0x09, OxBB, // UsageId(Throttle[187])

0x15, 0x80, // LogicalMinimum(-128)

0x25, Ox7F, // LogicalMaximum(127)

0x95, 0x01, // ReportCount (1)

0x75, 0x08, // ReportSize(8)

0x81, 0x02, // Input(Data, Variable, Absolute, NoWrap, Linear, PreferredState,
NoNullPosition, BitField)

0x75, 0x05, // ReportSize(5)
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https://wiki.osdev.org/USB_Human_Interface_Devices

0x81, 0x03, // Input(Constant, Variable, Absolute, NoWrap, Linear, PreferredState,
NoNullPosition, BitField)

0xCo, // EndCollection()
3

3.8.3. 3anpocsk1 k HID ycrporicTBy

CornacHo crietudukany USB HID monyuenue wuHdopmaiid o6 yCTpOHCTBe, ero
KOH(UTypaLuy WM COCTOSIHWY, a TaK >ke MU3MeHeHHe KOH(Urypalud WM COCTOSIHUSI OTZAe/bHbIX
«(ru» OCYILeCTB/IAeTCS CTaHJAPTHBIMM 3allpoCcaMy THUIA «KJIacC» OTIIPaB/sieMbIX Ha KOHEUHYIO
TOuKy no-ymosuanuio («default endpoint», To ectb ENDP = 0) nipejHa3HaueHHYO J/is1 yIpaBaeHust
Y VHULManM3anuen ycrporctsoM. [1py 3ToM Ha3HaueHMe IoJ1ell B 3ampoce criefyrolee:

*  bmRequestType MoxxeT NpUHUMaTh 0HO U3 ABYX 3HaueHuid: 0b00100001 — ps1s1 mepesaun
naHHbIX Host — Device n 0b10100001 a5 Device — Host. B JaHHBIX OUTOBBIX 3HAUEHMSIX
3akoAupoBaH TuI 3anpoca: Type = Class u nonyuarens: Recipient = Interface.

* bRequest cogep>xuT ofuH 6alT Kofia 3arpoca:

* 0x01 — GET_REPORT;

* 0x02 — GET_IDLE;

* 0x03 — GET_PROTOCOL;

* 0x09 — SET_REPORT;

* O0x0A — SET_IDLE;

* 0x0B — SET_PROTOCOL.

* wValue cozepxur aBa baiiTa HOMepa 3ampalliyMBaeMOro NapameTpa/3HaueHus (3aBUCHUT OT
3aripoca).

* wlndex cozep>xurt fBa 6aiiTa cMelljeHs TIPU BbIjauM OTBeTa.

* wLength cogep>xut gBa OaiiTa ykasplBarOIIMX Ha MAaKCMMa/bHYIO JJIMHY 0/I0Ka TIO/Ie3HBIX
JAHHBIX TIpU BblJaye OTBeTa.

3anpoc «GET_REPORT Request» 1103Bo/isleT XOCTY TIOAy4YaTh pariopThl uepe3 «default
pipe». Pamopt mpenctaBnsier coboii Habop COOBITUH WM W3MEPeHUN HaKOTUIEHHBIX 3/IeMEHTOM
ynpasjeHusi (WM TPYIION 37eMeHTOB B cocTaBe ofHoro ReportID) K mMoMeHTy 3arpoca Wau
MOJIyYeHHbIX B MOMEHT 3amnpoca. [laHHbIM 3ampoCc He TpeJHa3HaueH [Jid PerysipHOro orpoca
YCTpPOWCTBA TaK Kak co3faeT OGosbinoii o6beMm Tpadurka, HO MO)KeT ObIThb ObITh TPUTOfAeH st
TOJIyYeHUs] COCTOSIHWSL 37IEMEHTOB YIIpaBJ€HMSs, @ TAKXKe CUWUTBHIBAHUSI U YCTAHOBKU COCTOSTHUSI
OAHOOUTOBLIX TTapamMeTpoB («(uu») B MOMEHT UHHUL[MA/IH3aL[1H.

Tabnuya 12.1. @opmam nakema «GET_REPORT Request».
Cwmerge ITone Pa3smep, Tun uiu Ha3znauenue
-HHe OauT 3HAYeHHe

0 bmRequestType 1 0b10100001 |But 7 = 0b1 - HanpaBnenue «Device to Host»
butsi 6..5 = 0b01 - Tumn 3anpoca «Class»
burtei 4..0 = 0b0001 — nonyyarenb

«Interface».

1 bRequest 1 Value 0x01 — GET_REPORT

2 wValue 2 Value B mnagiem baiite yka3biBaeTcs
3anpammBaeMbiii Report ID wnm 0 eciiu He
MIPUMEeHHUMO.
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Crapmmii 6aiT comepxut Report Type,
yCTaHaB/IMBAETCS B OFHO U3 CIeYIOIINUX
3HaYeHUN:

0x01, Input — 3arpoc BXOAHBIX JAaHHbIX. [
3TOrO BH/IA 3arpoca ucrosb3yercs «Interrupt
Transfer IN», a 3ampoc MOXXeT OBITH
HarpasJieH TOJIbKO Ha KOHEUHYH0 TOUKY Y
KOTOpOU yCTaHOBJ/IeH (iar Mo/ep>KKu
«Interrupt IN». @opmMar JaHHBIX B pariopTte
Tako e Kak y «Interrupt Transfer».

0x02, Output — ycTaHOBKa 3HaueHHUst
napametpa («buun»). Haripumep, usmeHeHue
COCTOsAHME UHAMKATOPHBIX LED cBeToauomos.
AmnanorunuHo 3anpocy Input ucrnosnb3yercs
dopmar npunsThI 4715 «Interrupt Transfer», a
KOHEeUHasi TOUKa /J0/DKHa UMeTh iar
«Interrupt OUT». Ec/iv Ha yCTpOMCTBe HET HU
OZIHOM TOYKHM C ZJaHHBIM (hy1arom, To
JIOTTyCKaeTCsl OTIpaBUTh 3aripoc Output Ha
7e(ONTHYIO KOHEUHYHO TOUKY.

0x03, Feature — 1103BoJsieT 3arpoCUTb
COCTOsIHMe OHOOUTHOTO TTapametpa (puun).

6 wLength 2 Count KomuecTBo GaliT JaHHBIX B OTBETE
OKHZIA€MBIX XOCTOM.

3anpoc «SET_REPORT Request» 1o3Bo/isieT XOCTy OTIIPaBUTh PariopT Ha YCTPOWCTBO
yToOBbI TNepesiaTh TaKWe-TO JJaHHble WM YCTaHOBWUThb COCTOSIHWE 3/1IeMeHTOB yrpasieHusi. dopmar
aHanornueH 3anpocy «GET_REPORT Request». YCTpoHWCTBO MOXeT UTHOPUPOBAThb TaKOM 3arpocC
ec/Id OH He NMPUMEHUM WM He TOAJep)KUBaeTcsl. B HEKOTOPBIX YCTPOMCTBax JaHHBIM BUJ, 3arpocC
MOXKET WCTI0/Ib30BaThCsl AJIsi OOHy/meHust cMmeljeHusi (cOpoca M CHHXPOHM3ALMH) TIOTOKAa [AaHHBIX
KOHEYHOU TOUKH.

Tabnuya 12.2. @opmam nakema «SET_REPORT Request».
Cwmewe ITose Pasmep, Tun uiu Ha3nauenue
-HUe oaiiT 3HaueHue

0 bmRequestType 1 0b00100001 |BuTt 7 = 0b0 - HaripaBnenue «Host to Device»
butsi 6..5 = 0b01 - Tum 3anpoca «Class»
burtei 4..0 = 0b0001 — nonyyarenb

«Interface».
1 bRequest 1 Value 0x09 — SET_REPORT
2 wValue 2 Value Report Type u Report ID, cm.

«GET_REPORT Request».
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4 WIndex 2 IndEX/Offset HOMep HHTepcl)ef/'Ica.

6 wLength 2 Count KomuuecTBo 6aiiT aHHBIX B 3ampoce (B
nakete DATAX).

3anpoc «GET_IDLE Request» mo3Bo/isieT XOCTy BbISICHUTH cocTosiHve, a «SET_IDLE
Requet» - mepeBecTH yCTPOMCTBO B MacCMBHOE COCTOSIHWE WM CHU3UTh MHTEHCHBHOCTb TMOTOKA
(dhopMrpyembIX TpepbiBaHHN. XOCT MOXKET TepeBeCcTd yCTPOMCTBO B TACCUBHOE COCTOSIHWUK Ha
HeKoTopoe BpeMs. EciM yCcTpoKCTBO HaXOAUTCS B TTACCUBHOM COCTOSIHMM, TO OMPOC J@HHBIX C HEro
Oyzet Bo3Bparath NAK. Bpewmst ripeObiBaHNsT yCTPOMCTBA B TAKOM COCTOSIHUM YKAa3bIBaeTCs B T10JIe
wValue B ero crapmem Oaiite (eciii 0 - GeckoHeuHoe Bpemsi). Muagmmii 6aiit mons wValue
cozmepxxut ReportID (ugeHTH(dUKATOp pariopTta) [jis KOTOPOro TpeOyeTcss BPEMEHHO IPeKpaTHTh
dbopmupoBanue otueta. Eciu ReportID paBeH Hysto, TO (hOpMUpOBaHUe pariopToB TipeKpalljaeTcst
nnst Bcero uHTepdetica. [Tose windex copepxut Homep uHTepdeiica. [lone wLength = 0 ans
SET_IDLE u 1 ana GET_IDLE. Bo3BpaiiiaeMblii OTBET JIMHON OAWH OaMT HaxoguTcsi B Groke
JaHHBIX TepesaBaeMoro cieoM naketa DATAx. Tlone bmRequestType paHo 0b00100001 asis
SET_IDLE u 0b10100001 n1s GET_IDLE.

VHTepecHO, UTO TMO-yMOMYaHWIO WHTepBas (DOPMUPOBAHUS PAriOPTOB il K/aBUATypPbl
paBHa 500 Mc. 1151 IPKOMCTHUKOB M «MbIIIIel» - 6 CKOHEUHOCTD, T. €. ParopThl (HOPMUPYIOTCS TOJBKO
TIPU U3MEHEHHH COCTOSTHUSI.

Tabauya 12.3. ®opmam nakema «GET_IDLE Request».

Cwmeme ITone Pa3mep,| Tun wam Ha3nauenue
-HUe oaiT 3HaueHue

0 bmRequestType 1 0b10100001 |But 7 = 0b1 - HaripaBnenue «Device to Host»
burtsi 6..5 = 0b01 - Turm 3aripoca «Class»
butsi 4..0 = 0b0001 — nonyuaTenb

«Interface».
1 bRequest 1 Value 0x02 — GET _IDLE.
2 wValue 2 Value Crapumii 6aiT = 0. Mnagmmit 6aift

copepxut Report ID g koToporo
3ampaIMBaeTCs UHTepBas Oe31elCTBYS.

4 windex 2 Index/Offset | Homep unrepdeiica.
6 wLength 2 Count 1
DATAx 1 0xXX | Copepsut Bo3BpamaeMoe 3HaueHUe

napameTpa Idle Duration B efguHuMIIax 110 4MC
(moctyne auarazoH ot 0.004 o 1.020
CeKyH/bI).

Tabauya 12.4. ®opmam nakema «SET_IDLE Request».

Cwmee ITone Pa3mep,| Tun wam Ha3znauenue
-HUe OaiT 3HaueHue

0 bmRequestType 1 0b00100001 |But 7 = 0b0 - HaripaBnenue «Host to Device»
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burtsi 6..5 = 0b01 - Turm 3aripoca «Class»
butsi 4..0 = 0b0001 — nonyuaTenb

«Interface».
1 bRequest 1 Value 0x0A — SET IDLE.
2 wValue 2 Value Crapimii 6aiT COZIeP)KUT 3HaUeHHe

ycTaHaB/MBaeMoro Duration B eAMHMLIAX T10
4mc, uto gaet auanasoH ot 0.004 go 1.020
cekyHbl. TouHO 3aganus — 10% +/- 2mc.

Munamii 6aiT comepkut Report ID st
KOTOpPOTO TpeOyeTcsi yCTaHOBUTh UHTEPBAJT
Ge3peticTBusi. Ecsiu paBeH HyJo, TO laHHOE
3HaueHue Duration npuMeHseTcs KO BCeM

ReportID.
6 wLength 2 Count 0

3anpoc «GET_PROTOCOL Request» T103BOJISIET XOCTY BBISICHUTb KaKOW IPOTOKOJ
TI0/TyYeHHs1 pariopTOB Ha JIaHHbIM MOMEHT aKTUBUPOBaH. Bcero npezycmarpuBaeTcst iBa MPOTOKOJIA:
«Report Protocol» - uepe3 «GET_REPORT Request» u «Boot Protocol». 3Hauenus mnosnen
cnepytomye: bmRequestType = 0b10100001, wValue = 0, windex — Homep uHTepdelica,
wLength = 1.

JlaHHBIN 3arpoc Bo3BpalaeTcs ofuH 0allT B O1oke AaHHBIX OoTBeTa B makete DATAX. Ero
3HaueHue cienymollee: 0 — aktrBUpoBaH «Boot Protocol», 1 — aktuBrpoBaH «Report Protocol».

Tabauya 12.5. @opmam nakema «GET_PROTOCOL Request».
Cwmere ITone Pa3smep, Tun uim Ha3znauenue
-HHe OaiT 3HaYeHHe

0 bmRequestType 1 0b10100001 |bur 7 = 0b1 - HanpaBnenue «Device to Host»
butsi 6..5 = 0b01 - Tumn 3anpoca «Class»
butel 4..0 = 0b0001 — nonyuaresnb

«Interface».
1 bRequest 1 Value 0x03 — GET_PROTOCOL
2 wValue 2 Value 0
6 wLength 2 Count 1
DATAx 1 0xXX Copep>xuT Bo3BpaljaeMoe 3Hayenue: 0 —

Boot Protocol, 1 — Report Protocol.

3anpoc «SET_PROTOCOL Request» 1o3Bo/sieT XOCTy aKTUBUPOBAaTb OAWH U3 [BYX
TIPOTOKOJIOB TIOJIyYeHUs1 pariopToB. 3HaueHus noseu caeayroiiye: bmRequestType = 0b00100001,
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wValue = 0 g «Boot Protocol» umu 1 ans «Report Protocol», windex = Homep unHTepdetica,
wLength = 0. byiok faHHBIX OTCYTCTBYET (IIyCTOM).

Tabnuya 12.6. @opmam nakema «SET_PROTOCOL Request».
Cwmerrge ITone Pa3smep, Tun uim Ha3znauenue
-HHe OaiT 3HaYeHHe

0 bmRequestType 1 0b00100001 |bur 7 = 0b0 - HanpaBnenue «Host to Device»
butsi 6..5 = 0b01 - Tumn 3anpoca «Class»
butel 4..0 = 0b0001 — nonyuaresnb

«Interface».
1 bRequest 1 Value 0x0B — SET_PROTOCOL.
2 wValue 2 Value 0 — aktuBHpoBaTh Boot Protocol mmu 1 —

akThBUpoOBaTh Report Protocol.

4 WIHdEX 2 IIldEX/Offset HOMep HHTepcl)ei/’Ica.

6 wLength 2 Count 0

CornacHo crietdukaiuy, Bce USB HID ycTpoiicTBa mo-ymoa4aHU0 aKTUBUPYIOT «Report
Protocol». B crendukaiiuu Takxe mofuepkuUBaeTCs, UTO JpaiiBep Ha CTOPOHe XOCTa He A0/KeH
T0/1araTbCsl Ha 3TOT HeHaZleXKHbIN (DaKkT U 00si3aH aKTUBUPOBAThH YAOOHBLIM €My TPOTOKOJ SIBHBIM
crocobom.

3.8.5. USB HID «Report Protocol»

Kak ormeuanocs Beiie «Report Protocol» co3paH /s mosyueHUs] COCTOSIHUSL 3/1EMEHTOB
yrpaB/eHus] WM pe3y/lbTaTOB H3MepeHHH HaKOILIeHHBbIX (I0/lyueHHbIX) K MOMEHTY 3arpoca.
[laHHBIe pariopTa TMepechlIaloTCs OT YCTPOMcTBa K XocTy mbo uepe3 «Interrupt Transfer IN», 6o
yepe3 3aripoc «Control Transfer IN» k pedontHoii koHeuHoii Touke (ENDP = 0). Takxke
TpeJyCMaTpUBaeTCcs OTMpaBKa paropToB OT XOCTa K YCTPOWCTBY [IByMsS aHa/JOTMYHBIMU
MexaHu3MaMu — depe3 «Interrupt Transfer OUT» wiu uepe3 «Control Transfer OUT». ITepenaua
paropToB OT XOCTa K yCTPOMCTBY IO3BOJISIeT YCTaHAB/IMBATh MOJIOKEHUSI 37IEMEHTOB yIpaB/eHUs
WY 3HaueHus TpubopoB uHAvKaiuu (Indicators), Harpumep, BKrouath LED cBeToguozpl.

[MepBoIii GaiiT parnopta cozepxuT ReportID. B pamnopre mnepejatoTcsi JaHHbIe TOMBKO TeX
3JIEMEHTOB yIIpaB/eHUsl, KOTOpble COOTHOCATCS C 3anpammBaeMbiM ReportID (ecin B 3ampoce
ReportID = 0, To nepefatoTcsi JaHHbIe BCeX 3/IeMEHTOB), YIIaKOBaHHBIE 110 rpaHuLle OuTa, T. e. Oe3
BbIDaBHMBAHUS U CMeIlleHus, OAUH 3a [PYTUM, B TOW IOC/Ie[0BaTeJbHOCTH KaK OHU ONMCaHbl B
«Report Descriptor». Pa3mep (B OuTax) Kak[Joro 3/ieMeHTa Tak)Ke OIpefiesisieTcsl CTPYKTYpOu
«Report Descriptor».

Ecmu B ctpykrype «Report Descriptor» orcytcTtByet oripegenenve ReportlD, To cunTaercs
YTO BCe JIaHHble OTHOCATCSA K OJHOMY U TOMY JKe pariopty, a ReportID He BK/rouaeTcs B nakeT. To
eCTb JJaHHbIe B paropTe CIeAYIOT 3JIeMeHT 3a 37ieMeHToM, 6e3 Tera ReportID. O6muii Buz popmara
parnopra rpuBefieH B Tabnure 13.1

Tabnuya 13.1. opmam 6a0ka daHHbIx panopma (obwjutl 8ud).
bursl: 2322 212019181716 14 14 bure: 1312111098 bute: 76543210
CocrosiHue ssieMeHTa 1 CocrosHue semeHTa 0 ReportID (onuuoHanpHO)
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Eciy y ycTpoiicTBa ecTb HECKONBbKO pariopToOB JJis BbIJAud XOCTY, TO B paMKaxX OJHOTrO
oOMeHa [AHHBIMH, MOTY TIepeJaBaTbCs HECKOJBbKO PpariopTOB, KaXKIbIi CO CBOMM YHHUKA/IbHBIM
ReportID.

Ha ¢opmar paropra nepezaBaemoro uepe3 «Report Protocol» Hak/iaibIBalOTCs CieyIOIIye
OrpaHUYEeHUS:

* CobbITHe OT 3/1eMeHTa YIipaB/ieHusl He MOXKeT 3aHuMarh bosee 4-x GaliT.

* Tonbko oguH panopt Bo3MoxeH B ogHoM USB TpaH3akuyy.

* PamopT MoxeT 3aHuMMaTb Gosiee ofjHOM TpaH3akUMu. Hampumep, parnopT 3aHuMaromuii 10
OaiiT moTpebyeT ABe TpaH3akuuu A7 «L.ow Speed» (6710ku 8 1 2 Gaiita).

* KoHer] nepesaur pariopta MHULIMUPYeTCs Tiepe/iaueli yKOPOUeHHOTO rakeTa (ocTarka). Eciu
paropT TOJHOCTbI0 BXOJAWT B MaKCUMajbHbIM pa3Mep TMakeTa, T. €. €ro JjIMHa paBHA
wMaxPacketSize, To HUUero He riepe/iaeTcs.

* PamopThl BBIpaBHMBAIOT 10 TrpaHuile Oaiita. Ecmm HeoOXofumo, B KoHer] 100aB/stOT
HyJ/IeBble OUTBI [/t CO3/jaHus T10/THOTO OaiiTa.

3.8.6. «Report Protocol» /s K/1aBHaTypHBIX YCTPOUCTB

PaccMoTpuM  Kak 3T0 paboTaeT AJisi  YCTPOWCTB CHAO)KeHHBIX MAaCCHBOM  KJIABHILI
(knaBUaTypel M «reMmnazbl»). B Takux yCTpoMCTBax HakaThe K/aBUILM BbI3bIBAaeT TOSIBJIEHUS
cobbiTisi ¢ ugeHtudukaropom UsagelD, mpyu 3TOM KaK[OW KJaBUWIlle TPUCBAUBAETCS CBOU
yHaukanbHbili UsagelD. Vgentudukaroper coobituii UsagelD oT pa3iMuHbIX UCTOYHUKOB COOPaHBI
W CrpynnupoBaHbl B Tabmuily Ha3biBaemyro Usage Pages, Tak uTo COOBITHSI OT OAHOTO BUJA
WCTOUHHWKA (OT KJ/IaBUATyphl) HAXOASATCS Ha OFHOM «CTpaHUIe» 3TOM Tabmuipl, To ecTh «Usage
Page» onpezensiet rpyrmimy cobbiTuii. 1151 KiaBuaTyp otBefieHa crpanuiia «Keyboard/Keypad Page»
c kogom O0x07, OHa COAEP)KUT TMepeueHb BCEX W/EHTU(PHUKATOPOB COOBITHI KOTOpbIE MOTYT
(hopmHpoBaTh K/1aBUaTypHbIe ycTpoiicTBa. CoriacHO 3Toi Tabmuiie, kaBuina «Escape» ¢popmupyet
cobwrte «Keyboard ESCAPE» ¢ kogom UsagelD = 0x29. TTosiHbIIM TiepeueHb BCeX AeHCTBYIOLIMX
kogoB UsagelD npuBeznen B gokymeHTe «HID Usage Tables FOR Universal Serial Bus (USB)»
KOTOPBIM MOXKHO MOMYYUTh Ha caiiTe accoimaiiu «USB Implementation Forum (USB-IF)».

Cpenu MHOXecTBa kKof0oB UsagelD MoryT mpuCyTCTBOBAaTh CiIy)KeOHbIe KOJbl KOTOpBIE
oTOOpakaroT 00lljee COCTOsIHME YCTPOMCTBa (HarpyuMmep, aBapUHYI CHUTyalui0). OObIUHO TaKue
KO/Ibl HaXOJATCs B HIDKHeM Auaria3oHe 3HaueHuid UsagelD (oT HyseBoro) st JaHHOM CTPaHULIbI
kozoB. B Tabmume 13.2 mpuBeseHbl Cy>keOHble M HeKOoTOpble 00bIuHBIE KoAbl UsagelD s
KJ/IaBUaTyPHbIX YCTPOMCTB.

Tabauya 13.2. Hekomopble kodbl UsagelD das cmpauybt 0x07 (Keyboard/Keypad).

UsagelD HaumeHoBaHMe OmnucaHue
0x00 Reserved 3ape3epBHUPOBaHHbBIN KO/, OOBIYHO WCIIO/IB3YeTCs s
3aro/IHeHUs MY CThIX IaHHbIX [PU OTIYCKaHUU KJ/IaBHILL.
0x01 Keyboard OmmbouHoe COCTOSTHHE BO3HUKaroLLee KOrJa

ErrorRollOver ~ KomMOMHAl[Msi Ha)KaTbIX K/IABUIII HE MOXKET OBITh
MpaBU/IBHO 3aKO/[MPOBaHa MaTpuLiel K/1aBUaTyphl.

0x02 Keyboard POSTFail (Ommbka ammapaTtypel Bo3HMKaromasi Ha craguu POST
TeCTUPOBAHHUSI.
0x03 Keyboard OG6r1ast (He orpesenieHHast) OIMOKA K/IaBUATYPBI.
ErrorUndefined
0x04 Keyboard a and A HaykaTa knaBuiiia «A»
0x05 Keyboard b and B Haskara knaBuiiia «B»
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0x06 Keyboard c and C Haskara k1aBuiia «C»
0x28 Keyboard Return |Harkara knaBuiiia «Enter»
(ENTER)
0x29 Keyboard ESCAPE |Haskara kaBuiiia «Escape»
0x2A Keyboard DELETE |Haxara knaBuia «Backspace»
(Backspace)
0x2B Keyboard Tab HaykaTa knaBuiia «Tab»

IIpy Ha)kaTUM HECKOJbKUX KJaBHWIL OAHOBPEMeHHO B paropt nonagarT UsagelD konbl
TOJILKO TeX KJ/IaBUILl KOTOPble HaxoAATCs B HakaToM («key closed») cocTositHUM B MOMEHT 3aripoca.
[TocnemoBarenbHOCTh KOZIOB B pariopTe COOTBETCTBYeT MOC/Ie[0BaTe/IbHOCTA MX Haxarus. [Ipu
ornyckanuu kKjaaBum UsagelD kopbl OTOyLeHHBIX K/IABUII yAaIsIOTCd M3 paropra,
Ha)kaTble/y/iep’KMBaeMble K/IaBUIIW MPU 3TOM OCTAlOTCSl M CMELAOTCs 3aro/HsAS MYyCTOM «CJIOT».
Takum 00pa3oM OTC/IeXvBasi JaHHbIE [BYX TIOC/IeI0BAaTeNbHBIX DPArlOPTOB MOXKHO OIPeZAeTUTh
TI0C/Ie/IOBATe/IbHOCTh HaXKaTW M OTITyCKaHUM Jitoboro uncsia Kinapuil. OfHako, Tak Kak jyis USB
«Low Speed» pa3mep 6m0ka faHHbIX B makeTe DATAX He MOXKeT TpeBbIIaTh 8 OaiiT (HaroMHIO,
yro «Interrupt Transfer» rpegycmarpuBaeT repejauy TOJBKO OfHOrO O0Ka J@HHBIX), TO CITUCOK
coObITHIT OTpaHNueH 6-10 OZHOBPEMEeHHO Ha)KaThIMU K/IABUIIIAMHU.

He cMoTpst Ha TO, UTO /151 K/IaBUII-MOJHU(UKAaTOPOB MpeaycMoTpeHbl cBou Kokl UsagelD,
COOBITHSI OT HUX TEPeAalOTCsl B BUJIE TPYIITbI OMTOBBIX TOJIeM (MacCHUB U3 OZJHO-OUTOBBIX TOJIei).
CraHzapTHbIe KIaBUATyphl MpeyCcMaTpuBaloT BCero 8 MOAU(PUKATOPOB, TO eCTh MepejaeTcsl OAUH
6aiit. Hike B Tabnmutie 13.3 ripuBe/ieH repeueH K/IaBUII-MOAW(UKAaTOPOB CTaHAaPTHOM K/IaBHUATYPhI
Y acCOLMMPOBaHHbIE C HUMU OUTHI.

Tabnuya 13.3. Knasuwu-moouguxkamopebl.
Howmep 0uTa HauMeHoBaHHe KJIABHIIIH
0 LEFT CTRL
LEFT SHIFT
LEFT ALT
LEFT GUI
RIGTH CTRL
RIGHT SHIFT
RIGTH ALT
RIGTH GUI

N U A WIN |-

PaccMoTpuM miprMep K/laBUaTypHOTO yCTpoicTBa (opMasjibHOe OMKcaHue KOTOpOoro, T. e.
cozlepXXuMoe CTPYKTyphl «Report Descriptor», mpuBeileHO B TUCTUHTE 4.

Jlucmume 4. IIpumep «Report Descriptor» 045 cmaHOapmHoU Kaaeuamypbi.

Usage Page (Generic Desktop),

Usage (Keyboard),

Collection (Application),
Report Size (1),
Report Count (8),
Usage Page (Key Codes),
Usage Minimum (224),
Usage Maximum (231),
Logical Minimum (0O),
Logical Maximum (1),
Input (Data, Variable, Absolute), // Knasuum-mogudunkaTopsl
Report Count (1),
Report Size (8),
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Input (Constant),

Report Count (5),

Report Size (1),

Usage Page (LEDs),

Usage Minimum (1),

Usage Maximum (5),

Output (Data, Variable, Absolute),

Report Count (1),

Report Size (3),

Output (Constant),// BblpaBHMBawwWme 3 6uTa nocse 5-Tu GUTOB MHAUKALUK

Report Count (6),

Report Size (8),

Logical Minimum (0),

Logical Maximum(255),

Usage Page (Key Codes),

Usage Minimum (0),

Usage Maximum (255),

Input (Data, Array),
End Collection

// Pe3epBHbIN 6anT

// CseTognogHas uwHaukauua (LED report)

// 6 wt UsageID KoAoOB B Auana3oHe 3HayeHui oT O go 255

CornacHo pyBeJeHHOMY BBIIIIe OITMCAHKIO, PArlOPT OT TAKOTO YCTPOMCTBa OyieT coepkarhb
8 OaliT: HyneBoil OaliT — OWTOBLIM MacCHMB /s K/IaBUIL-MOAW(MUKATOPOB, TepBbIM OalT —
pe3epBHbIid 1 paBeH 0x00, 6aiiTel ¢ 2 o 7 — aanuHble (UsagelDs) o HakaThIx KinaBumiax. CrenyeT
oOpaTUTh BHUMaHWE HAa TO, UYTO [JAHHBIM [JEeCKDUIITOPOM He YycTaHaBiuBaeTcsi ReportlD,
COOTBETCTBEHHO B pariopTe OH Oy/leT OTCYTCTBOBaTh Tak Kak ReportID c uaeHtudukaropom 0x00
He IepeJjaeTcsi eC/IM B paropTe BCe JaHHble OT ogHoro U toro ke ReportID. Ilpumep parnopra
Takoro ¢opmara mpuBefeH B Tabmuie 13.3, OH SB/IsETCA CTaHAAPTHBIM /il OOJIBIIMHCTBA
K/IaBHarTyp.

Tabauya 13.3. @opmam panopm om cmaHoapmHol KAaeuamypbl, ¢ NpUMepOM.

Homepa 63...56/55...4847...40| 39...32|31...24 23...16|/15...8 7...0
OUTOB:

Ha3nauenue: UsagelD| UsagelD | UsagelD | UsagelD | UsagelD |UsagelD | Reserved| Bitmap
[Tpumep: 0x00 0x00 0x00 0x00 0x00 0x29 0x00 0x14
Ornucanue: Hert Hert Het Het Het ESCAPE| Hert L_ALT

JAHHBIX | JaHHBIX | [JAHHBIX | [JAHHBIX | JAHHBIX Jannbix | R_CTRL

3.8.7. «Report Protocol» /11 MaHUNYy/IATOPOB «MBbIIIIb»

B ymmctuHre 5 mpuBesieHO (GopManbHOE OIMCaHWe pariopTa [yl YCTPOWCTBA BBOJA THIIA
«MbIIIb». Paropt [/s Takoro yctpoicTBa OyzeT coctosaTh u3 omHOro Oaiita ReportlD = 0x0A),
JByX OaMT Jyi1 OTHOCHTENbHBIX KoOpAMHAT X U Y M OofiHOrO 0OaiiTa COCTOSIHUS KHOMOK (MJIaZiiye
Tpu Outa). Bcero B paropre Oyzmer mepenaHo 4 Oaiita. [IpuMep Takoro pariopra NpHBeieH B
Tabnuie 13.4.

Jlucmune 5. Ilpumep «Report Descriptor» 015 MAHUNYAIMOpA «Mblllby.

Usage Page (Generic Desktop),
Usage (Mouse),
Collection (Application),
Usage (Pointer),
Collection (Physical),
Report ID (OA), // YcTaHOoBUTb unaeHTudéukatop ReportID = OXOA
Usage (X), Usage (Y), // pBa UsagelD gns MO3ULMOHHBLIX YCTPOICTB
Logical Minimum (-127),
Logical Maximum (127),
Report Size (8), Report Count (2),
Input (Data, Variable, Relative), // pABa 6aiiTa NO3ULMOHHLIX AaHHbIX (X 1 Y)
Logical Minimum (@), // [Anana3oH 3HayeHwuin: -127 .. 127
Logical Maximum (1),
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Report Count (3), Report Size (1),
Usage Page (Button Page),
Usage Minimum (1),
Usage Maximum (3),
Input (Data, Variable, Absolute), // Tpu 6uta gna kHonok (1, 2, 3)
Report Size (5),
Input (Constant), // 5 6uT BblpaBHMBAHMA NOCNE KHOMOK
End Collection,
End Collection

Tabauya 13.4. opmam panopm om MaHuny1ssmopa «mbluib», C NPUMEPOM.

Homepa 6u1TOB: 31...24 23...16 15... 8 7...0
Ha3nauenue: Bitmap UsageID | UsagelD ReportID
[Ipumep: 0x01 0x1E 0xFB 0x0A
Ornucanue: Haskara Y=30 X =-5 Npentudu-
KHOTKa 1 KaTop paroprta

[l1st KOMOMHUPOBaHHBI (COBMEIL[eHHBIX) YCTPOMCTB B OMUCAHUH MOJKeT TIPUCYTCTBOBATh /IBe
u Oosiee KOJ/UTeKIMK € pa3mnuHbiMUA ReportID u pa3HbIM HabopoM 3/eMeHTOB. Takue yCTpPOHCTBa
reHepupyrOT 0osiee C/IOKHBIE paroOpThl, pa3dupaTh (MApCUTh) KOTOpble He TaK TO TPOCTO 0e3
Ha/Inyusi TOUYHOTO (OpPMaSbHOTO OMMCAHHMS, a KaK Mbl Y)Ke TIOHSUIM, TIONy4YMTh U pa3obpartb
orncanue «Report Descriptor» - 3agaua He 13 NpoCThIX. OfHAKO >Ke, Ha MpaKTHKe, N0JaB/IAoLas
YacTh KOMOWHMPOBAHHBIX YCTPOMCTB THUIA «KJIAaBUATYPa+MbIIIb» TPEACTAB/SIOT HECKOJIBKO
UHTep(elCcoB C pa3lMuUHbIMU KOHEUHbIMU TOUKaMH, [0 OFHOM Ha KaX/loe Cpe/CTBO BBOZA, UTO
T03BOJISIeT /IpaliBepy paboTaTh C TaKMMH YCTPOWCTBaMM KaK C OTAEIbHBIMH He3aBUCHMBIMHU
yCTpOICTBaMHU CBOZs 3a/iauy pa3bopa pariopToB K [IBYM BbILiIe [TPHUBe/IeHHbIM IIPUMepaM.

3.8.8. USB HID «Boot Protocol»

B Kakoii-To MoMmeHT pa3paboturiku crietdukanyu USB HID oco3Hanu, 4To NMpUAyMaHHbIN
VUMW YHHMBEpCajbHBIA criocob ommcaHus ¢opMara repefiaBaeMbIX [AHHBIX OKa3ascCs KpaiHe He
TIPOCT TIPY peanu3aliii Ha «TOJIOM >Kesie3e» 0e3 C/IOKHOM CHCTeMbl ApaliBepOB U MOXET CO03/aTb
Maccy rpobieM COBMeCTUMOCTHU. [IpumMepoM Tako# cucteMbl MOXKeT ObITh BIOS McroiHsieMblIi 1pu
3arpy3ke IIK, koj KoTopoil orpaHuueH pasmepoM MHKpocxembl [13Y (B Konije 90-x o06beMm
mukpocxem II3Y Obu1 Hebosbiioro pasmepa). MHbIME cjioBamMu, TOTPeOOBasoCh BBOAWTH
yropolleHdss ¥ 3aduKCUpoBaTh (cAe/aTb HeHW3MeHSIeMbIM) HECKOJBbKO IIHMPOKO UCII0/Ib3yeMbIX
(hopMaToB /i1 YCTPOWCTB BBO/A, TAaKUX KaK KJaBUATypa M «MbIIlIb», C LIeJIbI0 JaTh BO3MOXXHOCTb
vcrnonb3oBaHusi Mx B BIOS-ax u B 3arpy3udkax OmnepalyOHHBIX CUCTeM [Jisi OpraHu3aluu
uHTep(eiica Tosb30BaTeNiss B TPOLiecce 3arpy3kKW. YCTPOMCTBa, pabOTy C KOTOPBIMH HYKHO
obecrieunuTh B MOMEHT [0 3amycka Ha IIK mMosiHOLIeHHOW OrepaljioHHONM CHUCTeMbl, TIPUHSATO
HasbIBaTh «Boot Devices».

B cnetudukammo USB HID 6but gob6asnens! npunokenusi (Appendix B.1 u Appendix
B.2) onuceiBaroljie ympolijeHHble (GopMaThl [JeCKPUMNTOPOB [/ K/IaBUAaTypbl M MaHHUITY/ISATOpa
«MbIlIb». T (¢GopMaThl >KEeCcTKO 3a(UKCUpPOBaHbI M He U3MEHSIIOTCSl, 4YTO T03BOJISIET
HEeM30L[PeHHOMY TPOrPAMMHOMY O0eCreyeHUI0 JIerKO TMapCUThb AaHHBIX OT «Boot» yCTpOWCTB.
YroObl YCTPOMCTBO Hauaso BbiZaBaTh JaHHbIE B TAaKOM TIpe/ioripesiesieHHOM ¢opMare, He0OX0aUMO
YCTaHOBUTb THUIl aKTHMBHOTO IIPOTOKO/Ia B cocTosiHMe «Boot Protocol» ¢ momomipio 3arpoca
«SET_PROTOCOL Request» (wValue = 0). Cam MexaHH3M 3aripoca U Tepejiau JaHHbIX HUUeM
He OTVIMYAeTCsI OT OTMMCAHHOTO BBILIIe CII0coba ornpezeneHHOro Assi «Report Protocol».

Hwoke B iMcTuHrax 6 v 7 rnpuBefieHbl onvcanus ()opMaToB yCTPOMCTB BBOZAa OMNpe/ie/IeHHbIX
cornacHo mpwiokeHusM B.1 (knaBuarypa) u B.2 («Mbliib») crierdukanyu. B tabmurax 13.5 u

3anara P.H. «Pa3pabotka 1juchpoBoii anmaparypsl HeTpaguiioHHeIM MeTozioM: Kontpostep USB 1.0 Ha SpinalHDL». ¢.89
000 «®abmukpo», r. TromeHs, 2025r.



13.6 mpuBefeHbl TIpUMEpPHI ParoOpTOB TMOCTYMHAKIIMX OT TaKUX YCTPOMCTB B pexume «Boot
Protocol». OTvMu «ynpoleHHbIMU» (opmMaraMd Mbl BOCIIO/Ib3yeMCsl Jajee TpPU HalvMcaHUM
TIPOCTeMIIero gparsepa.

JlucmuHe 6. «Report Descriptor» 015 cmaHdapmHoll kaaguamypbl coenacHo Appendix B.1.

Usage Page (Generic Desktop),
Usage (Keyboard),
Collection (Application),
Report Size (1),
Report Count (8),
Usage Page (Key Codes),
Usage Minimum (224),
Usage Maximum (231),
Logical Minimum (0),
Logical Maximum (1),
Input (Data, Variable, Absolute), ;Modifier byte
Report Count (1),
Report Size (8),
Input (Constant), ;Reserved byte
Report Count (5),
Report Size (1),
Usage Page (LEDs),
Usage Minimum (1),
Usage Maximum (5),
Output (Data, Variable, Absolute), ;LED report
Report Count (1),
Report Size (3),
Output (Constant), ;LED report padding
Report Count (6),
Report Size (8),
Logical Minimum (0),
Logical Maximum(255),
Usage Page (Key Codes),
Usage Minimum (0),
Usage Maximum (255),
Input (Data, Array),
End Collection

JlucmuHe 7. «Report Descriptor» 045 MaHunyasmopa mbluib coznacHo Appendix B.2.

Usage Page (Generic Desktop),
Usage (Mouse),
Collection (Application),
Usage (Pointer),
Collection (Physical),
Report Count (3),
Report Size (1),
Usage Page (Buttons),
Usage Minimum (1),
Usage Maximum (3),
Logical Minimum (0),
Logical Maximum (1),
Input (Data, Variable, Absolute),
Report Count (1),
Report Size (5),
Input (Constant),
Report Size (8),
Report Count (2),
Usage Page (Generic Desktop),
Usage (X),
Usage (Y),
Logical Minimum (-127),
Logical Maximum (127),
Input (Data, Variable, Relative),
End Collection,
End Collection
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Tabauya 13.5. dopmam panopm om cmaHoapmuoli kaaguamypbl, coenacHo Appendix B.1.

Homepa 63...56/55...4847...40| 39...32|31...24 23...16|/ 15...8 7...0
OUTOB:

Ha3nauenue: UsagelD| UsagelD | UsagelD | UsagelD | UsagelD UsagelD Reserved| Bitmap
[Tpumep: 0x00 0x00 0x00 0x00 0x29 0x00 0x14
Onucanue: | Her Her Hert Her |ESCAPE| Peseps | L_ALT

JAHHBIX | JAHHBIX | JIaHHBIX | JAHHBIX | JIaHHBIX R_CTRL

Tabauya 13.6. @opmam panopm om MaHunyIssmopa «mblub», coenacHo Appendix B.2.

Homepa 6uToB: 31...24 23...16 15...8 7...0
HasHaueHue: (Optional) UsagelD | UsagelD Bitmap
[Tpumep: 0x00 0x1E 0xFB 0x01
Ornucanue: CocrosiHue Y=30 X=-5 Haskara

«Kojeca» KHOIKa 1
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3.8.9. IIpumep 3anpoca K HID ycTpoiicTBy: yCTaHOBKA COCTOSIHUS CBETOAUOAHOU
WH/MKAL[UU

YToObI cTasmo Gosiee TOHATHO Kak paboraroT 3ampockl K HID ycTpoiicTBam mpejjiaraio
paccMOTpeTb OJUH U3 CaMbIX MPOCTBIX M, HA MOM B3IVISil, OUeHb MOJIe3HBIX 3allpOCOB — 3arpocC K
USB HID knaBuaType Ha YCTaHOBKY COCTOsiHUSI cBeToAuoaHol nHaukaimu (CapsLock, NumLock,
ScrollLock LEDs). Cpasy nepeiiieM K [ie/ly ¥ TOCMOTPUM Ha OCLIW/I/IOTPaMMBbI TIpe/iCTaB/IeHHbIe Ha
puc. 12.1,12.2n 12.3.

BuzHo, uTo XocT cHauana otrpas/sieT TokeH Turia SETUP u naket DATAO, cofepskaiiuii
TeJIO 3ampoca, Ha Hy/eByIo (JedonTHYI0) KOHEUHYI0 TOUKY YCTPOMCTBa € agpecoM #1. YCTpoilcTBO
YCIIeLLHO MPUHAJIO 3TOT [aKeT, YTO MOATBepsKaaeTcs rnocaeayromym TokeHom ACK.

+1689620 ps +1689640 us +1689660 Ws +1689680 ps. +1689700 pis +1689720 ps
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» USB signalling: Symbo\s
» USB packet: Packet fields S E C & DB: 02 / DB: 01 / DB: 00 / DB:01 / DB:00

Puc. 12.1. 3anpoc «<SET_REPORT Request» k ycmpolicmgy #1 Ha 0eponmHYI0 KOHEUHYIO MOUKY
(ENDP=0).

1689950 ps +1689960 s +1689970 s +1689980 is +1689990 s +1630000 s +1690010 ps +1690020 ps +1690030 s
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e S e )
usasaogsos RDRIGODIROMMORMUROREIIARIONINN  MIEIROBRARIDIIRINDRIRIRISORIRRONIICHMOND SLONIRRIIGIIRRENY
» USB packet: Packet fields EP: 0}/ CRes < SYNC (PID: DATA1)| Data:0o { CRC16:0xBF40 ) >
» USB packet: Packets OUT ADDR 1 EP O DATA1[00] ACK

Puc. 12.2. ITepedaua 610ka 0aHHbix 015 3anpoca «SET_REPORT Request». Codepacum oOuH batim
nosesHoll Haz2py3Ku.

Crnenom 3a TokeHamu SETUP xoct ormpaensier TokeH OUT U TyT e OTIpaB/isieT 00K
naHHbIX B makeTe DATA1. BloK JaHHBIX COAEP>KUT BCEro ofuH OAWT 10/Ie3HOM Harpy3KH PaBHBIN
0x00. ITpreMm 3TOrO MaKeTa TOXKe YCIeITHO MOATBEePKJaeTCsl yCTPOKMCTBOM.

+1690060 ps +1690070 ps +1690080 ps +1690090 ps +1690100 ps +1690110 ps +1690120 ps
| ‘ | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | ‘ |
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[IEEETESD UsE signalling: Bits X@@@@@@@@@@D@@@@@@@@@@@@@@X@@@( ‘@@@%@@@@@@6
» Us signalling: Symbols Kkl il Dk kR DKOKDKKDD0B@Y  KOKIKDKKLRKKDOKEE)
» USB packet: Packet fields CRC5 : snc {PIDINAK ) >

Puc. 12.3. 3asepweHue obmeHa nocne 3anpoca «<SET_REPORT Request». Ycmpoticmgo omeeuaem
mokeHom NAK coobujas, umo HUKakux OaHHbIX y He20 051 xocma Hem.
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Hanee xoct nockinaet TokeH IN Ha atot xe agpec (ADDR:ENDP = 1:0) ¢ uemnto 3aBepmuThb
oOMeH B paMKaX [JaHHOTO 3arpoca, Ha YTO YCTPOMCTBO oTBeuaeT TokeHOM NAK coobmasi XocTy,
YTO JIaHHBIX /I/Is1 HEro HeT U oOMeH B paMKax JIaHHOTO 3arpoca YyCIelllHO 3akoH4yeH. Ha mepBbIit
B3IVIsl[, MOXKET T0Ka3aTbCs, uTo 3Ta (uHanu3upytoiias rnociegoBarenbHocTe IN/NAK siBasieTcs
YKUCTO PUTYaJbHOM, HO 3TO He COBCeM TakK. XOCT JO/DKeH yOequTbCs, UTO JlaHHbIe KOTOpble OH
riepe/iasl He TOJIBKO YCIEITHO /IOIUTH [I0 YCTPOMCTBA, HO U OBl KOPPEKTHO obpaboranbl uM. Ecm
JlaHHble HEKOppeKTHble WM yCTPOWMCTBO He CMOIVI0O MX 00paboTaTh MO KakoW-TO TMpUUYMHE, TO B
otBeT Ha IN xoct momyuut TokeH STALL u ans ganbHedinedt paboThl yCTPOMCTBO TOTpedyer
cbpoca u nnuimanusauu! Takum obpazom 3ToT putyanbHbiii IN/NAK faeT XoCTy MOHSATB, UTO C
YCTPOMCTBOM BCe B TOpsiIkeE M MOXXHO TIPOZIO/DKaTh paboTy. OmBIT MOKa3as, uTo ec/ii XOCT He
nocbuiaeT IN/NAK, To GO/BIIMHCTBO YCTPOMCTB TIPO/IO/DKAIOT KOPPEKTHO paboTaTh, HO TPUSIThIE
JlaHHble MOTYT He IIPUMEHUTHCS/aKTUBUPOBAThCS - HEKOTOpble K/aBUATyphbl, Halpumep, He
VI3MEHSIIOT COCTOSTHUE CBETOMOJHOW MHUKALIUH.

Beinuiiiem JjaHHbIe M3 3arpoca, HaJloXKUM UX Ha CcTpykTypy «USB Request» (cMm. Tabmuily
10) n nonyuum cefyroie 3Ha4YeHUs 10JIer 3arpoca:

3arpoc: 0x21, 0x09, 0x00, 0x02, 0x01, 0x00, 0x01, 0x00.

* Tlone bmRequestType = 0x21 — 3anpoc tura «Class», JaHHbIe OyayT mepesaBaTbCsi OT
XOCTa K YCTPOMWCTRY, IoJiyuaresieM siBsieTcsi MHTepgderic.

* [lone bRequest = 0x09 — 3anpoc Bysa SET_REPORT.

* [lone wValue = 0x0200 — copepxxut ReportType = 0x02 (Out), ReportID = 0x00.

* Tlone windex = 0x0001 — COZlep>KUT HoMep UHTep(delica #1.

* [lone wLength = 0x0001 — yka3biBaeT Ha TO, UTO CJeJOM IIpUaraeTcs OfuH OalT

MMOJIe3HBIX JAdHHBIX.

Msbl BuiMM, uTO 3TOT 3ampoc mpenctasiser coboii USB HID «SET_REPORT Request»,
CJ/IefIoM 3a KOTODBIM TepeJjaeTcsi TeJIo pariopTa COCTOSILLero U3 ofHoro Oaiira. PamopT tuma «Out»
J/1s1 K/IaBUATyPHBIX YCTPOWCTBO 3TO YCTAHOBKA CBETOAMOAHOW WHAWKanuu. IlepenaBaemblii B
pariopTe OalT CO/EP)KUT OWUTOBLIM MacCHUB JIaHHBIX [Jisi 7eMeHTOB OTOOpa)keHWs:, ero ¢opmar
oripeziesieH Ha crpanuile «Usage Page (LEDs)» u npuBezieH B Tabnumiie 13.5 Hibke. YcTaHOBKA OUTa
B jioT «1» uau B «0» 3a’KUTaeT U TacUT COOTBETCTBYIOIMe OuTaM UHAMKaTophl. CorsacHoO Tab/uiie
MBI BUIUM, 4TO Tepejas 3HaueHre 0x00 xocCT )KesiaeT roracyuTh BCe CBETOAMO/bI Ha K/laBHUarype.

Tabauya 13.5. CeemooduodHble UHOUKAmMOpbl 0/51 KA1aguamypHbIx ycmpoticms.
Homep 0uTa HauMeHoOBaHMe K/IaBUILHU
0 NUM LOCK
CAPS LOCK
SCROLL LOCK
COMPOSE
KANA
Reserved
Reserved
Reserved

N U A WIN|-=
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3.8.10. ITpumep 3anpoca K HID ycTpoicTBy: no/iyueHre COCTOSHUSA
KJ/IaBHaTyphbl coryiacHo Appendix B.1

YrtoObl CUATaTh COCTOSTHUSI Ha)KaThsl KaBHIl Heobxoaumo 6o mociate «GET_REPORT
Request» Ha AedoATHYIO KOHEUHYIO TOUKY, JIU0O, eCM YCTPOHCTBO OBLIO CKOH(UIypUPOBAHO
(akTHBUpOBaHa KOHGUryparys), TO JOCTaTOUHO (U JaKe He0OXOAMMO) Pery/sipHO OIpPAIMBATh €T0
coctosiHMe ucronb3ys «Interrupt Transfer IN». HaromH:o, uTo B 3TOM C/Ty4ae XOCT repe/iaeT TOKeH
IN appecys ero 3aZjaHHOMYy YCTPOMCTBY W KOHEYHOM TOUKe C HOMEpOM, OIlpe/ileJleHHOM B
(Bo3BpalljaeMoM) KOH(GHUTYPALIMOHHOM JlecKpuritope. [I/ist IIMPOKO MacChl K/IaBUaTyp OOBIYHO 3TO
KOHeyHasi ToukKa ¢ HoMepoM #1. YcTpolcTBO oTBeuaeT rnakeToMm JaHHbIX DATAX, npuém KOToporo
noaTBepxxaaeTcss TokeHoM ACK co cTopoHBI XocCTa.

B npumepax Ha puc. 12.4 u 12.5 npuBejeHsl 0CLA/UIOIPAMMb] HEeCKO/IBKUX TaKUX OIIPOCOB
CoJieprKallliX OTBeT COCTOSIHUSI K/IaBUAaTypHOIO YCTpPOWMCTBa B ¢opMmaTe coriacHo Appendix B.1,
T. €. IPU MHUL[MA/TM3aLWK OBl ycTaHoBseH ¢iar «Boot protocol».

+1879400 pus +1879420 us +1879440 us +1879460 us +1879480 us +1879500 us +1879520 us
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» USB packet: Packet fields. _)_/ B B B B g B B

» USB packet: Packets { IN ADDR1EP 1

Puc. 12.4. Onpoc cocmosiHus kaasuamypbl omnpaeneH Ha ADDR:ENDP=1:1. Ycmpolicmeo
omeeuaem panopmom 8 ¢popmame onpedeneHHom Appendix B.1. Hyneeoti 6atim 3HaueHuem 0x05
nokasbleaem Ymo Haxcambl 08e KJAasuiu MoouguKamopos.
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» USB signalling: Symbols

» USB packet: Packet fields SVNC Addr EP C )
()

» USB packet: Packets < IN ADDR 1 EP 1 \’ DATA1 [00 00 2C 28 2A 00 0000 ] )

Puc. 12.5. Onpoc cocmosiHus kaasuamypbl omnpaeneH Ha ADDR:ENDP=1:1. Ycmpolicmeo
omeeuaem panopmom 8 popmame onpeoeneHHom Appendix B.1 — oOHO8peMeHHO Haxcambl mpu
kaasuwiu ¢ kooamu 0x2C, 0x28 u 0x2A.

W3 nepBoii ociuiorpammel (puc. 12.4) BUAHO, YTO B MOMEHT OTpOCa Ha K/laBUaType ObLH
Ha’KaThbl /IBe KJIaBUIIIK MOAU(UKATOPOB, uTo coobiraeTcsi OuToBOM Mackoi 3HaueHuem 0x05. Eciu
MbI 0OpatumMcs K Tabmmiie 13.3, To sierko onpesenum, yto 310 Kiaasuiim Left Ctrl u Left Alt.

W3 Bropo#i ocuuiiorpaMMsl (puc. 12.5) Mbl BUAMM, UTO BCE€ KJ/IAaBUIIM MOJU(UKAaTOPOB
otnyireHsl (HyneBoi OadT paBeH 0x00), a B ciotax 0, 1 U 2 Haxo[ATCS HEHy/eBble 3HAUeHMUSI
UsagelD HakaTbix M yaep)kuBaembix kKiaBull: 0x2C — Spacebar, 0x28 — Enter u 0x2A —
Backspace. IlpuueMm, moce[oBaTelbHOCT Ha)KaTWH TOBTOPSIET HOMepa CJIOTOB, T. €. ObUH
ToCJIeZloBaTe/IbHO HaKaThl KaaBuiv Spacebar, Enter u notom Backspace.

Ecnmy npuy ornpoce X0CTOM y YCTPOWCTBa HeT JaHHBIX (WIM YCTPOWCTBO He TOTOBO), TO B
otBeT Ha TokeH IN ycrpoiictBo BbiziacT TokeH NAK. [IprMep Takoro otBeTta Ioka3aH Ha puc. 12.6
— XOCT B OUepeIHOM pa3 3arpoCu/l KJIaBUaTypy BbljaTb COCTOsIHME, HO noayuna B otBeT NAK. 3To
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He sIB/ISIeTCs] OLIMOOYHBIM COCTOSIHHEM, a TOBOPUT O TOM, UTO XOCTY CJielyeT ITOBTOPUTH TOTBITKY
YyTb TIO3XKeE.

+1468590 us +1468595 s +1468600 ps +1468605 ps +1468610 ps +1468615 ps +1468620 pis. +1468625 ps +1468630 ps +1468635 ps
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» USB packet: Packet fields Address: 1 > EP:1 | CRC5:0x0B )

» USB packet: Packets { IN ADDR 1 EP 1 ) { NAK )

Puc. 12.6. Onpoc cocmosiHus kKaasuamypbl omnpaeineH Ha ADDR:ENDP=1:1. Ycmpolicmeo
omeeuaem omcymcmauem 20mosbix 0aHHbix (NAK).

3.8.12. ITpumep 3anpoca K HID ycTpoiicTBy: no/iyueHre COCTOSHUSA
MaHUIY/ISITOPA «MbIMb» corsiacHo Appendix B.2

JIst MaHUITY/IITOPOB THMA «MBIIIb» (2 TaKXKe IJIS1 «TaurafZioB» U «TPeKOO/IoB») TMOAXOZ,
TOUHO Takol ’ke — YTOObl y3HATh COCTOSIHME YCTPOWMCTBA MOXKHO JIMOO BBITOJTHUTh
«GET_REPORT Request» Ha [edonTHYH0O KOHEUHYIO TOYKYy, /KOO, eCiu y YCTPOMCTBa
aKTMBMpPOBaHa KOH(Urypalsi, MPOU3BOJUTb pery/sipHble OINPOChl €ro COCTOSIHUE WCIOJb3Ys
«Interrupt Transfer IN». Kak u pgns knaBuaryp, Ha «Interrupt Transfer IN» oObluHO OTBeuaet
KOHeuHas Touka ¢ HomepoM #1. Huke Ha puc 12.7 nipuBe/ieH pyMep Takoro OIpoca.

+464970 ps +464980 s +464990 s +465000 s +465010 s +465020 s +465030 s +465040 s +465050 s +465060 s +465070 us
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» USB packet: Packet fields (sync {(PIDIIN {Addr: 1) P ) C ) sync_{(DATAD ) Data: 00 ) Data: 05 | Data: BF Data: 00 / CRC16: OXEAF )
[ osmopeooserooy )

» USB packet: Packets { IN ADDR1EP 1

Puc. 12.7. Onpoc cocmosiHusi MaHUNyaamopa «mbliib» omnpasened Ha ADDR:ENDP=1:1.
Yempoticmeo omeeuaem panopmom & popmame onpedeneHHom Appendix B.2.

BHUMaTe/IbHBIM yMTaTe/b 3aMeTHUT, UTO B JaHHOM OCLU/UIOrpaMMe oTCyTCTBYeT TokeH ACK
MOATBEPKAAIOIINN YCIEIHOCTh MNprUéMa JaHHbIX Ha cTopoHe xocTta. Cyzas MO TMpollefiieMy
VHTepBajy BpeMeHu rocsie nonyuyenusi DATAOQ, Ha cTopoHe xocTa Obiia BbisiByieHa otbka CRC16
Y XOCT He BbIC/1aJ NoATBepxjeHue. [IpeanonaraeTcs, yTo 1o UCTEYEHHUIO TaliMayTa XOCT BbITIOJTHUT
TTOBTOPHBIM OIPOC Y MOJIyYUT JJaHHbIE 3TOTO JKe paropra.

Wcnonb3ys tabmuiy 13.6 ornpefenum, UTo C MOMeHTa TOC/eHEr0 OMpoca MaHUITY/sITopa
ObLI0 TIpOU3BeE/IeHO ero du3nueckoe cMelrieHre 1o ocu X Ha -41 egunuiy (0xBF), mo oct Y — Ha
+5 egunn (0x05) 1 HU OfjHA U3 KHOTIOK He Ha)kaTa B MOMEHT OIpoca.

Vcnonbp3oBaHue cokparjeHHoro (opmara («Boot Protocol») - 3T0 yacTo pacrpocTpaHeHHast
MpaKTHKa, Jaxe ApaiiBep KnaBuatypbl B OC Linux ucrnonb3yeT ero BMeCTO CI0KHOTO ¢opmara
«GET_REPORT Request», koTopblii TpeOyeT IpeABapuUTe/ILHOTO pa3bopa CTPYKTyphl «Report
Descriptor».

Ha aTom, no)kany#, 3akoHUMM ¢ pa3bopom ¢opmaToB AaHHbIX HID yCTpoWCTB ¥ MPUCTYTIUM
K pa3paboTKe KOHTpOJIIepa.
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4. TporpamMmmHbIii HTepheiic USB XOCT-KOHTpoOJsIIepa

4.1. CywecTByloume nporpammHbie MHTepdencbl XOCT-KOHTPONNEPOB

ArnmaparHoe ycTpoiicTBo obecrieunBaroiijee ¢pyHKIuo USB xocTa B cocTaBe repcoHaabHOM
O9BM (HanomHio, yto USB mmHa mosiBUIach Kak CPeJCTBO YHU(PUKAIIMM KOMMYHUKAI[MOHHBIX
uHTepdeticoB IBM PC coBmectumbix OBM B cepeaune 1990-x) mpuHsTOo Ha3biBaTh USB xocT
kouTposiiepom (USB Host Controller). [Ins Toro, utoObl mporpamMma WX JipaiiBep B COCTaBe
OTepalMOHHOM CUCTeMbl MOIJIM  B3aUMO/IEMCTBOBaTH C  XOCT-KOHTPOJUIEPOM, HeoOXoauM
NIPOTrpaMMHO-aNTapaTHbli WHTephelc — Habop pPerucTpoB [JaHHBIX, CTAaTyCca W KOMaHZ, [IJis
poctymna K mmHe USB u peanusaiuu eé (GyHKLMNA B MPOrpaMMHOM obecrieueHHH. PaccMoTpum
HEKOTOphbIe 13 W3BeCTHBIX peanu3aluii uHTepdeiica USB xocT-KOHTpoO/IEepa.

4.1.1. Xoct-KoHTpo/siep UHCI

Kommanust Intel Oblia mepBoii KTO 03alaumsicsi BOMPOCOM IPOTPaMMHOTO HMHTepdeiica
B3auMoyeiictBusi ¢ USB XOCT-KOHTpOJ/UIEpOM, €€ WH)KeHephl pa3paboTasu W 3amaTeHTOBaId
uHTepdeiic KoTopwlid monmyuwsn Ha3BaHue «Universal Host Controller Interface» (UHCI).
Unrepdeiic UHCI 611 mpescTaBieH BMecTe ¢ TiepBoii Bepcueld crnenudukanuu mmHsl USB 1.0.
W3navanpbHo Intel He mnpousBogMIa MHKPOCXEMbl XOCT-KOHTPO/JIEPOB, a pelluia CHauvajla
3apabatbiBaTh Ha JmieH3upoBaHuM crenyduka UHCI ApyrvM KOMITaHUSIM-TIPOW3BOUTE/ISIM
yurioB. [Tepsbiit UHCI xocT-KOHTpOJIIep HerocpeCcTBeHHO pa3paboTku Intel mosiBusicst B cocTaBe
«HKHOTO MOCTa» uut-ceta Intel 82801BA (I/0O Controller Hub 2) Tonbko B centsiope 2001 roza.

UHCI-coBMeCTHMBIN XOCT-KOHTPOJIIEP TO/IepP>KHBa ABa pexkuma pabora: USB 1.0 «Low
Speed» (1,5 Mo6wurt/cek) u «Full Speed» (12 M6uTt/cek) u obecrieurBan nojgkaroueHre nByx USB
yCTpPOUCTB (ABYX He3aBUCHMBbIX TopToB). UHCI BBINOMHS/ JOCTaTOUHO OrpaHWYeHHbIM Habop
(yHKIMI1 CBSI3aHHBIX HENOCPEeACTBEHHOM C OTMpaBKOM M MpuemMoM TMakeToB Mo IvHe USB,
pacueToM KOHTPOJIbHBIX CyMM, U TIO3BOJISIT BBIO/IHATH aBTOMAaTUYeCKUI OMPOC IIWHBI C 33 aHHbIM
VHTepBa/oM. Peanu3aliyisi OCHOBHOM JIOTMKM (MallWHbI COCTOSTIHUI) MTPOTOKO/IA JIOXKU/IACh Ha IJIeYn
JpaiiBepa, KOTOpbIM 00si3aH Obl1 0bOecreunTh 00pabOTKy COOBITHI OT KOHTpOsUiepa (M XaboB),
obpabaTbIBaTh MOJK/IIOUEHNE U OTK/IIOUeHHe YCTPOMCTB, BBITIONHAT MPOLeyPy UHULMAMA3AL|H, a
TaK)ke peasiM30BbIBaTh BCIO JIOTHKY 00jiee BEICOKOTO YPOBHSI.

Texnuuecku, Bcs creuudukauys uHTepdeiica UHCI cBoaunack K OMKWCAHHIO BOCHBMU
oTobpakaeMbIX B MaMsITh PErUCTPOB YIIPaB/eHUsl U CTaTyca, UX CITUCOK MpuBejeH B Tabmuie 14.1.
Hpatiep UHCI ycraHaBmuBan 00pabOTUMK mpepbiBaHUsI OT KoHTposiepa USB, B KOTOpOM OH
MOChL/1a/1 KOHTPOJIepy KoMaH/bl yepe3 peructp «USB Command», onpaiivBai perucTpsl cTatyca
Y T10JIy4asl WU NepesiaBajl NakeTsl C JaHHbIMU. [lepesiaya makeToB JaHHBIX OCYLLeCTB/IAIACh Yepes
obupe Omoku mamsiti (Oydepa), CIHMCOK MakeToB K OTIpaBKe 3aiaBajics B BHE MacCHBA
yKa3zaresied Ha Jeckpuntopbl OydepoB (mo 1024 mT) W 3aHMMAan Lyl CTPaHWIy IaMsATH
BBIUMC/IUTE/IBHOM CUCTeMbl. AZipeC TOJIOBbI MaccuBa 3ajaBajicsa B peructpe «Frame List Base
Address». UHCI paboran B 32-X OUTHOM peXXuMe.

Tabauya 14.1. Pecucmpbl unmepgetica USB xocm-koHmponnepa UHCI.

CMmeljeHue ot HaumeHnoBaHue
5 Ha3naueHue perucrpa Pa3mepHoCTH
a30BOr0 ajjpeca perucrpa
0x00 USBCMD USB Command 2 bytes
0x02 USBSTS USB Status 2 bytes
0x04 USBINTR USB Interrupt Enable 2 bytes
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0x06 FRNUM Frame Number 2 bytes
0x08 FRBASEADD Frame List Base Address 4 bytes
0x0C SOFMOD Start Of Frame Modify 1 byte
0x10 PORTSC1 Port 1 Status/Control 2 bytes
0x12 PORTSC2 Port 2 Status/Control 2 byte

Bonee moapobHyto mHbopMaluio 06 ynpaeneHnn USB xoct-koHTposinepom uepe3 UHCI
uHTepdeiic MoxHO mnonyuuTh Ha caiite OSDEV.wiki B pasgene «Universal Host Controller
Interface».

4.1.2. Xocr-KouTposuiep OHCI

Mownononus Intel Ha uaTepdeiic USB xocT-KOHTpoOJIIepa Anuiack Hefonro. Yepes napy Jier,
B 1999 roay, mo uHMuMaThBe KommaHuu Compaq, npu nopagepkke National Semiconductor u
Microsoft Obi1 pa3paboTaH W OMyOJMKOBaH OTKPBITHIM CTAHZAPT KOTOPBIA TOJMyUW/l Ha3BaHHUe
«Open Host Controller Interface for USB» umu cokpaienHo OHCI. Pa3ymeetcsi, mosiBieHue
OTKPBITOTO CTaH/|apTa 3aCTaBU/I0 PyKOBO/CTBO Intel mepeocMbIC/IUTE pellieHre 10 B3UMaHUIO JleHer
u onybmikoBath crieijudukaiyio UHCI Kak OTKPBITBIM CTaHZApPT.

OHCI wuHTepdeiic mpepnaran TMosb30BaTent0 (MPOrpaMMUCTY CO3/atolleMy JpaiiBep)
OTepupoBaTh TIOTOKAMM Ha ypOBHEe KOHEUHbIX Touek (endpoints), TakuM o0Opa3om Bo3jarasi Ha
arnraparypy XOCT-KOHTPOJI/Iepa BCIO CJIOXKHYIO JIOTUKY 10 00eCriedeHH0 11eJI0CTHOCTH TPaH3aKI|i
Y pa3rpaHUueHus MOTOKOB JaHHbIX. [Tomumo 3Toro, OHCI coBMeCTHMBIN XOCT KOHTPOJLJIEP [I0JIKEeH
Opatb Ha cebsi Bce (YHKIMM TI0 WHWLIMAIM3ALMKA  YCTPOMCTB, 00eCIeYeHUI0 MeHeKMeHTa
TIPOMYCKHOM CITOCOOHOCTH MIMHBI ¥ TIPUOPUTH3ALIMK TpaduKa pa3HbIX BUJOB. HariomHio, uTto B
USB «Interrupt Transfer» umeeT HauBBICIIIHI TTPUOPHUTET, TaK KaK HeceT B cebe mH(OpMALHIO O
nipepbIBaHUsIX (popMUpyeMbIX ycTporicTBoM. Elrje ogHuM BaxkHbIM HOBOBBeZieHreM OHCI 65110 TO,
uyto comiacHo crenudukary, OHCI coBMeCTHUMBIN XOCT-KOHTpO/UIep 00si3aH ObIT UMEThb yiKe
BcTpoeHHbIM KopHeBo USB xab («USB root hub»). OueBraHO, UTO peann30BaTh TaKyk CIOKHYHO
MallllHy COCTOSIHUM C TOMOIIbI0 TOMbKO ammapatHoi (RTL) sorvku 3asaua KpaiiHe HempocTas,
Mo3ToMy B XoOcCT-KOHTposiepax OHCI mnosiBUnoch nporpaMMupyemMoe MHMKPOIIPOLIeCCOPHOe
YCTPOMCTBO — CBOSI MUHKaTIOpHast DBM co cBoeii nporpaMmMoii («IpoIImuBKok» umm «firmware»).

Texunuecku, OHCI uHTepdeiic npeacTaBiseT gpakiBepy Habop u3 21-ro oTobpa)kaemMoro B
namsTh 32-X OUTHOTO pervcTpa yrpaB/ieHWs W pasfe/sieMoi 06/1acTH OrepaTUBHOW MaMATH [IJIst
XpaHeHWs] CBs3aHHOTO crvcka OydepoB. CaM  XOCT-KOHTpO/Jiep TIpeAcTaBisieT  CcoOoi
nepudepuiiHoe ycTpoiicTBo B coctaBe IBM PC coBMecTHMOU MalllMHbI MOAK/IIOUEHHOE K LIWHe
Peripheral Component Interconnect (PCI). B pamkax PCI, kontposnepy OHCI npucBauBaeTcs
Class ID = 0x0C, subClass ID = 0x03 u Interface ID = 0x10. /IpaiiBep go/bkeH Haiiti Ha PCI
IIIMHe TaKoe YCTPONCTBO M CUMUTaTh peructp Oa3oBoro ajpeca (BARO), copepkumoe KOTOPOTO
yKa3biBaeT Ha 00/1acTh TIaMsSTH OTOOpa)kaeMbIX DErvucTpOB yIipaBjieHUs. IlepeueHb perucTpoOB
OHCI unTepdeiica npuBesieH B Tabmure 14.2. Tak >ke kak UHCI, untepdetic OHCI onepupyert B
32-X OUTHOM peXXHMe.

Tabauya 14.2. Peczucmpbl unmepgetica USB xocm-koHmponitepa OHCI.

CwMmenieHue oT HaumeHoBaHue
Ha3naueHue perucrpa Pa3mepHocTh
0a3oBoro aspeca perucrpa
XPpaHUT HOMep Bepcuu crielirKaluu
. KOTOPOI COOTBETCTBYeT XOCT-
0x00 HcRevision 4 bytes

KoHTposiep B popmate BCD (0x11 asist y
Bepcuu 1.1).
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OrmpegesnsieT peXXuM paboThI XOCT-

0x04 HcControl KOHTpoJITepa. 3Hauarue 6uthl [11:0].

4 bytes

PerucTp /151 oripaBKU KOMaH/, B XOCT-
KOHTPOJIIep

0x08 HcCommandStatus 4 bytes

Comep>KUT OMTOBBIE TT0JIS
0x0C HclInterruptStatus WHWLUPYIOL1e BO3HUKHOBEHHE 4 bytes
Pa3MUHBIX COOBITHH (TPEPBIBAHUM).

Coaep>XuT OUTOBBIE MAaCKH /ISt
paspellieHue npepbIBaHUMN OT

0x10 HclnterruptEnable .| 4 bytes
COOTBETCTBYIOIIMX UCTOYHHUKOB COOBITHIA
(3amuch «1» paspeliaer).

0x14 HelnterruptDisable CopepsxuT 6UTOBBIE MACKH I/ 3ampeTa 4 bytes

rpepbiBaHUM (3aMmUch «1» 3ampelijaer).

Copepxur (3azaet) dhusnueckuii azipec
pazgesnsieMoro 670ka namsty «Host
0x18 HHCCA Controller Communication Area». 3ToT 4 bytes
6/10K cofiep>XUT cricku 6ydepos ¢
JAHHBIMU Y TIPOYHE YTIPaBJISIOIIHe

ctpykTypsl (Endpoint Descriptors).

Copepxut ¢u3nuecKuid afipec TeKyllero
«Endpoint Descriptor» (ED) gns
«Isochronous Transfer» wmm «Interrupt
Transfer».

0x1C HcPeriodCurrentED 4 bytes

CopepxuT hr3udeCcKUii aJjpec TOJI0BHOTO
0x20 HcControlHeadED  |«Endpoint Descriptor» B criricke Control 4 bytes
List.

CogepXuT hU3NUeCKHid aipec TeKYIIero
0x24 HcControlCurrentED |«Endpoint Descriptor» ucmnosbs3yemoro 4 bytes
Juist obxoza crivicka Control List.

Copepxut ¢pu3nyeckuii azipec rolOBHOTO
0x28 HcBulkHeadED «Endpoint Descriptor» B criucke Bulk 4 bytes
List.

Copepxut ¢r3nuecKuid afipec TeKyl1lero
0x2C HcBulkCurrentED  |«Endpoint Descriptor» ucrosib3yemMoro 4 bytes
s obxoga crivcka Bulk List.

Conepxut hr3nueCcKUii afipec rnepBoro
0x30 HcDoneHead «Transfer Descriptor» B cricke Done 4 bytes
Queue.

Mnagive 14 6UT 3a/1at0T BpeMSsI MEXIY
ZByMs nocsiefoBaresibHeiMu SOF. Erje

0x34 HcFminterval 15 6UT 3a1at0T MaKCUMaIbHBIN pa3Mep 4 bytes
raKeTa KOTOPbIM OyzieT OTrlepupoBaTh
KOHTposuiep B pexxumMe «Full Speed».

HenpepbIBHO YMeHbLIAOIIUNACS CYETUYMK

0x38 HcFmRemaining BpemenH 710 cieaytowero SOF.

4 bytes

16 OUTHBIN CUETUMK UCITO/Ib3yeMbIA KaK

0x3C HcFmNumber
pedepeHc A/ hopMHUpOBaHKsI HOMepa

4 bytes
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¢peiima B SOF10

14 OGUTHBIN CUETUUK 3a/laeT UHTEPBAJI
0x40 HcPeriodicStart BpeMeHU C KOTOPbIM KOHTPOJLIEp 4 bytes
obpabaTbIBaeT repruoAuYecKre CIrCoK.

Cny>xebnbIii peructp assi «Low Speed»

0x44 HcLSThreshold 4 bytes
pexxuma.

0x48 HcRhDescriptorA I1epBbiit perncTp OMmHCHIBAOL{Hi 4 bytes
xapakTepuctuku Root Hub.

0x4C HcRhDescriptorB Bropoit pernctp onHChIBatoLt 4 bytes
xapakTtepuctuku Root Hub.

0x50 HeRhStatus Cofiep>KUT OUTHI COCTOSTHUSI U OUTHI 4 bytes

ynpasnenus s Root Hub.

[ToMuMO TIpMBEJIeHHBIX BBIIIe PErMCTPOB, HauuMHasi co cMelrienusi 0x54 nobarsseTcs 1O
OJHOMY PperucTpy Jjs Kaxzaoro u3 mnoptoB Root Hub-a, 3TM peructpel HasbIBalOT
HcRhPortStatus[1:NDP], rne NDP — unciio nopToB KOpHeBOro xaba, OIpeesisieTcsi ToieM
NumberDownstreamPorts B pervctpe xapakTepuctuk xaba HcRhDescriptorA. Kaxapiii Takoi
PErvCTp COZIEP)KUT OWUTOBBIE TIOJIS /11 CUMTBHIBAHMS CTaTyca MopTa WK yrpasneHus uMm. C 6omee
nogpo6HbIM onrcanveM OHCI uHTepdeiica Takke MOKHO 03HAaKOMUThCS Ha caiite OSDEV.wiki B
paszene «Open Host Controller Interface».

Vcxoms w3 mpuBefeHHOTO B Tabmuile ormcanust peructpoB ympaeieHus OHCI MoxkHO
3aMeTUTb, YTO BCE YyIpaB/ieHHWEe XOCT-KOHTPOJIJIEPOM CBOAMUTCH K (DOPMHPOBaHHIO CITMUCKOB C
Jeckpuntopamu KoHeuHbix ToueK (Endpoint Descriptors) ¥ cBoeBpeMeHHOU MaHUMyJsLen
ouepeissMu. Takoll MoAXo[ CyllecTBeHHO oOsieryaeT 3ajiauu jpaliBepa mepeksazibiBasi OOJIBbILYIO
yacTh paboTHI Ha armaparypy KOHTPOJIIepa.

4.1.3. Ipyrue xocr-koHTposuiepsl: EHCI u xHCI

C npunstuem crnetdukaim USB Bepcuu 2.0 TOABWICS W COOTBETCTBYIOL[UHN el
uHTepdeiic, oH monyuna Ha3BaHWe «Enhenced Host Controller Interface» (EHCI). He cmotrpst Ha
TO, UTO XOCT-KOHTPOJIJIEphI coracHo creiudukarmy USB 2.0 ObulM «BHU3 COBMECTHUMBD» U
noAaep>xuBand pabory c¢ ycrpoiicteamu USB 1.0, untepdeiic EHCI He o6si3aH obecrieunBaTh
pabory ¢ USB 1.0. B cBs3u c 3TUM, Kaxkablii xocT-koHTposuiep USB 2.0 momomHUTE/NBsHO
nogaep>xuBaer UHCI vt OHCI unTepdeticel, umm oba cpasy. s EHCI takke ucmosnb3yercs PCI
Class ID = 0x0C u subClass ID = 0x03, Ho Interface ID = 0x20.

Wutepdeiic EHCI o cBoeMy GyHKIIMOHa/Ty TIOX0K Ha cBoero Miaziiero coopara OHCI, on
TaK)Xe OIepupyeT MOTOKAMM JAHHBIX MeKJy KOHEUHbIMM TOYKaMH, a BCE MPOrpaMMHUPOBaHUe
CBOJUTCS K COCTaB/IEHUIO CITMCKOB C /e CKPUIITOPAaMH M OTCJIEXKUBAHUIO COOBITHH (TIpephIBaHMA) OT
KoHTposuiepa. /[laHHbl BuA uHTepdeiica ajna USB  XOCT-KOHTpO/JIepa SIB/ISIETCS  CaMbIM
pacripoCTpaHeHHbIM, B TOM YHC/e OH YacTO HCIOb3yeTCs B TMPOCTbIX MUKPOKOHTPOJUIEPHBIX
YCTPOMCTBAX.

C nmpuxofoM craHjapra Ha muHy USB Bepcuu 3.0 Obljia TIpUHSTA crieliiuKarss HOBOTO
yHUBepcasibHOro HHTepdeiica - «eXtensible Host Controller Interface» (xHCI). [daHHbii Buf
uHTepdelica noagepKrBaeT paboTbl CO BCeMH TMPeAbIAYIIIMMA BepCUSIMU IIHHEBL, TO ecTh USB 1.x,
2.x 1 3.x, 6e3 HeOOXOAUMOCTH B JOTIONTHUTETBLHOM «KoMraHboHe». [t XHCI ycranosnens! PCI
Class ID = 0x0C, subClass ID = 0x03 u Interface ID = 0x30. JanHbiii uHTepdeiic siBasercs 64-x
OWUTHBIM, TI03TOMY 0a30BbIM aZipeC PACIOIOKEeHHs] TAO/MUILI PErMCTPOB B TIAMSTH I10TyYaeTcs
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KOHKaTeHal[iel AByX 32-X OMTHBIX CJIOB COZIePIKaIUXCsl B KOH(MUTYpaI[MoHHbIX peructpax BAR1 u
BARO mmnb PCI.

He cMOTpst Ha TO, UTO KaXkJbli HOBBIN MHTepdelic TiepekafbiBaa Bcé Gonblile (GyHKLMN Ha
anmnaparypy (Ha XOCT-KOHTPOJIJIEP), CIOXKHOCTb B3aUMOJENCTBUS C KOHTPOJIJIEPOM TMOCTOSIHHO
Bo3pacTana, a o00beM Koza /paiiBepa JJs1 COOTBETCTBYIOLEro uHTepdelica CylecTBEHHO
YBeJIMUUBAJICSA. JTO HECI0KHO MPOCIeAUTh M0 UCXOAHBIM Kogam faapa OC Linux. [lnsg sToro B
KOPHEBOM Karasiore pero3uTopus C UCXOAHBbIMU KOZAMU s1/ipa BBeJleM C/Ie[yIollie KOMaH/bl:

rz@devbox:~/1linux-kernels/linux-5.0-truncated$ cat drivers/usb/host/uhci* | wc
5210 18552 142434

rz@devbox:~/1inux-kernels/linux-5.0-truncated$ cat drivers/usb/host/ohci* | wc
11582 35746 345118

rz@devbox:~/1inux-kernels/linux-5.0-truncated$ cat drivers/usb/host/ehci* | wc
15637 49897 471188

rz@devbox:~/1linux-kernels/linux-5.0-truncated$ cat drivers/usb/host/xhci* | wc
27952 92787 796012

KomaH,qa WC BbIJA€T TPH UKCJ/Id: KOJIMYECTBO CTPOK, KO/IMUYECTBO CJIOB U KOJIMUECTBO OaliT TeKcTa.

[MapagokcansHo, HO UHCI umeet camyro MasieHbKYHO KOZIOBYIO 6a3y Aake TPy TOM, UTO OH
BBITIOJIHSIET TOpa3fo Oosbiie paboThl MO0 MeHeMKMeHTY IHMHbBL. OOBSICHAETCS 3TO TPOCTOTOMN
NIPUHSATBIX KOHLIETILIUH.

xHCI uHTep@deiic OUTH BBITECHWI BCe OCTajbHble BU/bI MHTepdelicoB Ha pbiHKe 1K, HO
cmeto mipearnonoxkutb, uto UHCI/OHCI u EHCI emie oueHs gonaro OyayT ¢ HamMu B cdepe
«embedded» u 10T, rjie mpocToTa peanu3alyy UMeeT HeMaJIOBaXKHOe 3HaueHue!

4.2. KoHuenuusa uHTepdenca peasimayemoro XocT-KOHTposnnepa

OueBHHO, UTO peanr30BbIBaTh XOCT-KOHTPOJLIEp C NoAjepkkor uHTepdericoB tuna EHCI
u XxHCI MBI He cTaHeM IO NIPUYMHE TOrO, YTO 3TU UHTepdeichl rpejHa3HauyeHsl A/ Bepcuii USB
2.X 1 3.X, 4TO BBIXOJUT 3a paMKM I0CTaB/IeHHOH 3ajauu. OcTaeTcs [iBa BapuaHTa KOHTPOJIEPOB: C
«UHCI-nogobueiM» u «OHCI-nomo6HbiM» uHTepdeiicom. Kak 6bio ckazano Bbime, UHCI
peanu3yeT TOJMbKO 0Oa3oBble GYHKLMM Tepefayd eJUHUYHOrO TaKeTa M HEeKOTOPbIM MeHe[)KMeHT
TIPOITYCKHOU criocobHocTH, B To BpeMsi Kak OHCI Gepet Ha cebst 3a/jaurt M0 OpraHU3aL{iy TIOTOKOB
JAHHBIX MEXXy KOHEUHbIMM TOUKaMH. XOCT-KOHTpos/ulep ¢ uHTepdelicom turna OHCI 6Gonee
TIpUBJIeKaTe/IeH C TOYKW 3peHHs NIPOrpaMMUCTa, TaK Kak I103BOJiseT MepesioKUTh Ha arraparypy
Gonbumii Tiact pabor. B toxxe Bpemss OHCI KoHTposulep MMeeT CyllieCTBeHHO Oosiee C/IOXKHOe
YCTPOUCTBO — OH COZAEPXKUT OTZAe/NbHBIA TPOrPAMMUPYEMbIN BBIUMC/IUTEh KOTOPBIM TpebyeT
pa3paboTKy CrieljaaM3upoBaHHOrO NporpaMMHOro obecrieuenus («firmware») asst Hero. OLjeHUB
BCIO (JIOXKHOCTb KOHTpo/ulepa ¢ OHCI M npuHSB BO BHHMaHUe OrPaHUUYEHHOCTb PecypCoB
mukpocxembl TIJIMC ycraHoBieHHOUM Ha rjiate «KapHo», sl TIDUHS pellieHWe He YIIyOnsaThCcsi B
pa3paboTKy ellje OJHOTO BBIYUCIUTENBHOTO SI/Ipa, @ BO3JIOKWATH BCe (DYHKLUM YIIpaBIeHUs
IIOTOKAMU Ha LieHTpa/bHblM IpPOLIeCCOp, OCTaBUB IPU 3TOM CaMblii MHWHUMYM  araparypbl
peanv3yroleu caefyronye 3afaqn:

[eTekTUpoBaHUe MOAK/I0UEHUs] U OTK/IFOUeHUsI YCTPOMCTBA.
ABTOMarT BhbINoHeHKe cOpoca MIKHbL.

ABtomar perysnsipHoro ¢opmupoBaHusi curdana «KeepAliver.
4. Asrtomar niepesaun Kopotkux TokeHOB (ACK, NAK, STALL).

whh e
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Aprtomar nepesauu AyiHHBIX TOKeHOB (SETUP, IN, OUT) c annaparHbiM pacuetom CRCS.
Aprtomar nepeziauu naketa gaHHbIX (DATAQ, DATA1) c annapatHbiM pacuetoM CRC16.

7. ABTOMat npuéma 0/10Ka JaHHBIX MPOW3BOILHOM JJIMHBI (TOKEHA WM TIaKeTa), C arrapaTHbIM
pacuerom CRC16 gis1 riosiyyaemoro 6710Ka AaHHBIX, U GOpPMHUPOBaHUS (pyiara KOPpeKTHOCTH
TIPUHSTBIX JaHHBIX.

»

Ha mnporpammHyr0 4YacTe (HM3KOYPDOBHEBBIM [ipaliBep), KOTOpas TOJJIEXXUT peaju3alid Ha
L[eHTpa/IbHOM BbIUYMC/IUTE/ILHOM sifipe apxuTekTypbl RV32IMAC, Bo3/aratoTcs cieyrolye 3ajaquu:

1. MOHUTOPHUHT COCTOSIHUSI IWHBI, 3allyCK TMpOLIeAyphl HWHUI[HA/M3AMM B  C/Iydae

oOHapy’KeHHs yCTPOMCTBa.

BrirosHeHWe ofHOM TpaH3aKI[MK C KOHEUHOUM TOUKOM.

BrinosHeHre KOMILIeKCa TPaH3aKI|i MPU UCTIOIHeHWH TIPOM3BOJILHOTO 3arpoca.

4. BebinosHeHWe MpoLieAypbl MHULMATM3ALMM YCTPOMCTBA (KOMIJIeKCa 3arpoCoB), MOayueHue
Y COXpaHeHUe [1e CKPUIITOPOB.

5. PerynspHbIii ompoc ycTpoiicTBa TpaH3akiuel «Interrupt IN» c 3alaHHBIM WHTEpPBa/iOM
BpeMeHU.

6. MeHeIKMEHT IIMHbI — KOHTPO/b TPOIMYCKHOW CITIOCOOHOCTH U OTOMpaeMol MOIIHOCTH
(Toka).

W

Cpasy cpenaro 3ameuaHue I0 IOBOAY MeHe[)KMeHTa IIMHBL. Tak Kak B paMKax JaHHOU
3a/laui Mbl OpHeHTHpyeMcst TosibKo Ha HID ycrpoiicTtBa 1 6e3 rojep>Kku XaboB, TO KOHTPOJIEM 3a
3aroJ/iHeHre MKUHBI TParKOM MOXKHO CMeJIO TIpeHeOpeub, TOTOMY KakK TakKve YCTPOWCTBA He MOTYT
co3zaBaTth OosbllON 00BEM TepefjaBaeMbIX I10 ILIMHE J[aHHbIX. AHAJOTMYHO OOCTOAT fena c
y/IeKTponuTaHueM — OosbimHCcTBO HID ycTpoticTB moTpebsisitoT oT mmHbI TOK 10 100 MA, uTo
BbIlIe iuMuTa B 500MA, a 3HauMT 3TOT BOIIPOC TOXKE MOYKHO OT/IOXKUTh «Ha IIOTOM».

[MporpamMHbIii uHTepdetic pa3pabarsiBaemoro Hamu USB XocT-KoHTposiepa OyzeT CHU/IbHO
yIpoleHHbIM BapuaHToM uHTenoBckoro UHCI mpeaHasHaueHHbIM TO/MBKO Aj1s USB 1.0 «Low
Speed». Tak Kak MakCcuMMa/bHbIM pa3mep ToJie3HOW Harpy3ku B rakete DATAX s 3TOW BepcUu
USB mnipoToKosia He mpeBbIiaeT 8 6aiT, To 00MeH IM0/Tb30BaTe/IbCKUMU IaHHBIMU OyzleT peanu3oBaH
yepe3 zABa 32-x OuTHBIX peructpa 6e3 FIFO Oydepusaiuu. ¥ koHTposiepa OyaeT ABa Habopa
PerucTpoB JJaHHBIX — OZIVH /IJIsl TIepefiauu, Apyroi s npyuema. KoHtposiiep Oyzer momerrars B
«PErucTp TIPUHATBHIX [JAaHHBIX» TPUHHMMaeMblii OT yCTpPOWCTBa ONOK [JaHHBIX W yCTaHABIMBaTh
(naru: «maket puHAT» U «BamugHOCTE CRC mpuHSTOrO NMakeTax». I1pyu HeOOXOAMMOCTH OTIIPABUTh
670K JaHHBIX, /paiiBep [Jo/DKeH Oy#eT 3amucaTh B «PErMCTP OTIPAB/sieMbIX JAHHBIX»
riepe/iaBaeMbiii 010K JJAHHBIX U BBIMOJIHUTh KOMaH/y «Tiepe/iaTh OJIOK JaHHBIX». [Toc/ie puHSATHS
KOMaH/Ibl, KOHTPOJ/IED YCTaHOBUT (lar «3aHAT», a B C/ayyae YCIeIIHOM OTIpaBKW IakeTa —
B3BefeT (rar «peropt». dnar «MakeT MPUHSAT» Takke OyneT B3BOAUTH (uiar «pemopt». [Ipu
ycTaHOBKe (prara «peropT», KOHTposuiep Oyaer (opMHUpOBAThH arirapaTHOe TpepbiBaHue TI0
cooTBeTCTByOIel smHUA. KoHTposiep OyzeT mopajep>KWBaTh KOMaH[bl «OTIIPABUTH JJTMHHBIN
ToKeH» (cozepkut CRC5), «0TIpaBUTh KOPOTKHi TokeH» (6e3 CRC) 1 «cOpoC MIKHBD».

[ToMuMO HH3KOYpOBHEBOTO [paiiBepa pabotawijero c muHOW USB, Ham mnpuzgercs
peanu3oBatk fApaiviBep HID ycTpoicTB («K/iaBUaTypa», «MbIlb» W «TeldMamnaj»), a Takxke
TI0/Tb30BaTe/IbCKOe TIPUIIo)KeHHe 00paboTKM MOTOKA BXOJSAIUX IaHHbIX.
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4.3. OnucaHne perucTtpoB U KOMaHp,

[lepBBIM Ie/IOM OMMIIIEM CTPYKTYPY C PerMCcTpaMH pa3padaTbiBaeMOro XOCT-KOHTPOJIIEpa.
Hwxke B Tabnuiie 15.1 niprBefieH repedyeHb U3 9-TU arirapaTHLIX PETUCTPOB CTaTyca U yIpaB/eHus,
no 32 6ura Kak/plid. Bce perucTper OyfyT AOCTYIHBI Ha UTE€HHE U 3aITUCh.

XoCT-KOHTpOJI/IepoM OyAyT TIO//Iep’KUBATbCsl UeThipe OCHOBHBbIE KOMaH[Ibl TIpUBeJeHHbIe
tabmiie  15.2.  XocT-KoHTpos/uiep OyzneT  omepupoBath 8-10  00s3aTeNbHBIMU — TOKEHaMU
TIpyUBeleHHBIMU B Tabsuile 15.3.

Tabauya 15.1. OnucaHue pe2ucmpos ynpas/neHus xocm-koumposaiepa USB 1.0

CwmenieHue oT HaumeHoBaHue
0a3oBoro aapeca perucrpa

Ha3nauenue perucrpa Pa3mepHocTh

Copep>xut ¢1arv ¥ Koz, MalliuHbl
cocrosiHus (FSM):

but 30 — ERROR. Ecmi «1», TO
TIPOM30I1Ia ONIMOKa Ha IIUHe
(ycTpoiicTBo oTK/It0UeHO). Ecrn «0» -
YCTPOMCTBO TIOAK/IFOU€HO U KOHTPOJIIep
TOTOB K paborTe.

but 29 — REPORT. Ecnu «1», TO eCcTb
TipepbIBaHUe OT KOHTPOJIIEpA.
O6paboTurK /10/HKeH COPOCUTH 3TOT
¢siar o 3aBeplLeHUIO.

0x00 STATUS but 28 — BUSY. Eciu «1», koutponiep | 32 6urta
3aHSITh UCITOJTHEHHEM KOMaH/Ibl T
TIPUEMOM JIaHHBIX.

but 27 — RECEIVED. Eciu «1»,
KOHTPOJI/IEp NPYHS/I MaKeT U IaHHbIe
MIPUCYTCTBYIOT B PETHCTPe MPUHATHIX
JlAHHBIX.

but 26 — CRC16_OK. BanugHocTb
CRC npunsiToro nakera. Ecim «1», To B
MIPUHSTOM IakeTe HeT onmbok CRC16.

burtsl [7:0] — STATE. Kog maiimHbI
cocrosiHus (FSM).

Peructp KomaHnz:

but 31 — ycTaHOBKOM B «1»
3aIyCKaeTCsl BHITIOJTHEHUE KOMaH/bI.

butsi [30:24] — Azpec ycTpolicTBa

(mone ADDR) nnst mepesauu.

0x04 COMMAND 32 oura

burtsi [23:20] — HoMep KOHEUHOU TOUKH
(mone ENDP) a1 nepeziau.

burtel [19:8] — LEN. [InuHa
riepe/ilaBaeMoro 0/i0Ka JaHHBIX B OUTax.

buter [7:4] — PID. ITone Packet ID anst
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riepejaum.

burtsi [3:0] — CMD. Cofiep>KuT Kop

KOMaH/Ibl.

0x08 RECV_DATA_LOW PerucTp NpuHATHIX JaHHBIX, MJIaJLIAe 32 Gura
32 buTa.

0x0C RECV_DATA HIGH lgsll;IZCTp TPUHATBIX JaHHBIX, cTapiuve 32 32 Gura

0x10 SEND_DATA_LOW Peructp nepesaBaeMbIxX JaHHBIX, 32 Gura
miagime 32 6ura.

0x14 SEND_ DATA_HIGH Peructp nepesaBaeMbIxX JaHHBIX, 32 Gura

crapuve 32 6ura.

[TepBrIii perucTp craTyca NpreMHHUKa:

burtsel [7:0] — LEN. [InuHa (B 6uTax)
MIPUHATOrO naketa, BKaoyass CRC16.

0x18 RX_STATUS burte [15:8] — PID. Vpentudukarop 32 bura
Packet ID npunsiTOro rakera.

burtsi [31:16] — CRC16 npunsToro
rakKeTa repeflaHHOe YCTPOWCTBOM.

Peructp yripaBneHnwus:

but 31 — ENABLE. Pa3periaet pabory
KOHTpOJIIepa ecyiu «1».

but 30 — KEEPALIVE — Paspeluaet
PEry/SpHYIO OTIIPABKY COCTOSHUS
«Keepalive» ecrmn «1».

butel [15:0] — RESET_DELAY.
[ImuTebHOCTh CUTHAMA «COpOC» B
TaKTaX IIVHBL.

0x1C CONTROL 32 bura

Bropoi peructp craryca npuemMHHKa:

Bbutel [15:0] — CALCULATED_CRCI16.
CopepskaT BbIUMC/IEHHOE 3HaUeHUe
CRC16 pj11 npyHUMaeMoro rakera.

0x20 RX_STATUS2 32 bura

ITaHHOe 3HaUeHHe CPaBHUBAETCS CO
3HaueHreM RX_STATUS.CRC16 u oba
3HaueHWs COBMA/AKOT, TO
yCTaHaBIUBaeTCst dyiar
STATUS.CRC16_OK.
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Tabauya 15.2. OnucaHue kKomaHo xocm-kKoHmposaiepa USB 1.0

HaumMmeHoBaHHe Kop

Ha3nauenue
KOMaH/bI KOMaH/bI
NOP 0x00 Hert onepauuu. Vicrione3yeTcs A/ OT/IaJKHU.
SEND_LONG_TOKEN 0x01 OTIpaBUTB T10 LIVHE JITMHHBIN TOKeH CO/lepXKallivii

CRC5 (SETUP, IN, OUT).
OTtnpaBuTh 110 1TMHE KOopoTKuii TokeH 6e3 CRC (ACK,

SEND_SHORT_TOKEN 0x02

NAK, STALL).
SEND_DATA 0x03 OTripaBuUTH 110 1IMHe MakeT gaHHbIX (DATAO, DATAT1).
BUS_RESET 0x04 BrInomHuTS NporieAypy cOpoca IIHHBI.

Tabauya 15.3. Tokepbl noddepatcugaemble Xocm-koHmpoaiepom USB 1.0
3HayeHHe

HanmMeHoBaHuUe TOKeHa (8 6ur) Ha3znaueHue
SETUP 0b00101101 |YcTaHOBKa ajipeca 1 OTMpaBKa 3arpoc K yCTPONCTBY.
DATAOQ 0b11000011 [TTaket c ganHbiMH DATADO.
DATA1 0b01001011 |TTaket c janHbiMU DATAL.

YcTaHOBKa azipeca /ijisl Tepe/iaul JaHHBIX OT

IN 0b01101001 o
yCTPOMCTBA K XOCTY.

YcraHoOBKa afipeca /iJisl Tiepe/iauM IaHHbIX OT XOCTY K

ouT 0b11100001 o
yCTPOMCTBY.

ACK 0b11010010 [ToxgTBepKAeHKe 6e301IMO0UHOTO MOJTyYeHH s T1aKeTa C
JAHHBIMU.

[Tpu3Hak TOro, 4TO MaKeT C AAHHBIMK/3aIIPOCOM He

NAK 0b01011010
TIPUHST, TpebyeTcs reperockiika.

STALL 0b00011110 |TIepemaua HeBO3MOYKHA, BO3HHK/IA OILIMOKa.

4.4. OnucaHne CoCTOSAHUIA XOCT-KOHTponnepa

OcHOBHOM aBTOMAT XOCT-KOHTpOJIJiepa, B3auUMOJENCTBUE C KOTOPbIM OCYIIeCTB/sIeT
JpatiBep, OyZieT UMeTh BOCEMb COCTOSTHHMIM, UX OIMHUCaHWe TpuBefeHO B Tabmuie 15.4. CocrosiHue
StateWaitCMDorSYNC siBnsieTcsi HOPMa/bHbIM COCTOSIHMEM KOHTpOJIiepa MpY MOJK/IHOUeHHOM
YCTPOMCTBE M OTCYTCTBUM aKTMBHOCTM Ha ILuMHe. EC/M Ha LIMHe OTCYTCTBYIOT YCTPOMCTBA, TO
KOHTpOJIIep mepexoauT B coctosiHve StateUnconnected u ycranasivBaer 6ut ERROR B peructpe
craryca STATUS. OcranbHble COCTOSHUSI KOHTpOJIIepa SB/ISKOTCS BPpeMEeHHBIMY, Iepexofi B HUX
BBITTOJ/THSIETCSI KPATKOCPOUHO Ha MOMEHT WCIIOJIHEeHWsT KOMaH[bl WM TipuemMa O/l0Ka JaHHBIX OT
YCTPOMCTBA.

Tabauya 15.4. Koobl cocmosiHuli Xocm-KoHmponiepa USB 1.0

HaumeHoBaHHe COCTOAHUS Kop, Onucanue
0 |Her nmoaxiroueHui K mmuHe, obe muHur D+/D- B
StateUnconnected A ’
«LOW».
KonTposnnep roto. OxkuziaeT MO0 KOMaH/bl OT
StateWaitCMDorSYNC 1 |mpunoxenws, mubo curHana SYNC mog mmHa st
Hayasia ripyeMa nakera.
StateKeepAlive 2 | Kontponnep BbimonHseT pyHKuto «Keepalive».
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StateSendLongToken 3 KoHTposinep HaxoguTCs B TIpoLiecce OTIIPaBKU J/IMHHOTO
(CRC5) TokeHa.
StateSendShortToken 4 KoHTpoiiep HaxoguTCs B IIpoLiecce OTIIPaBKU
kopoTtkoro (6e3 CRC) TokeHa.
StateSendData 5 KoHTposnep HaxoguTcs B IIpoLjecce OTIIPaBKM MakeTa
JaHHbIX (oTrpabssieTcs TokeH ¢ CRC16).
StateSendReset 6 KoHTpos/iep BhIMOHSIET MpoLeypy cOpoca IMHbI.
StateReceive 7  |KOHTpoJu1ep HaXOAUTCSL B COCTOSIHUM NIpUeMa JIaHHbIX.

Ha sToM onmcanue mporpammHoro uHrepdeiica USB XxocT-koHTposisiepa 3akaHUHMBaeTCsl.
[eTtanu ¥ TOHKOCTH €ro MCI0/Ib30BaHUSI Mbl pacCMOTPUM B miaBe 6. «Peaausayus opalieepa USB
XOCM-KOHMpOoA1epa», a cenyac nepenieM K anrnapaTHON peau3alyu.
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5.

AnnapartHada peanusauna USB XOCT-KOHTponniepa

5.1. CtpykTypa KOHeYHoro aBtomata USB XocT-KOHTpo/nepa

B XOCT-KOHTpOJI/Iepe peasu3yroTCsl CIeflytoliie KOHeYHble aBTOMATh:

1.

OcHoBHasi MammHa coctossHud — USBMain. 3aHuMaeTcss opKecTpaiueill HeCKOIbKHX
BCIIOMOTaTe/IbHbI MalllMH U KOHTPOJIeM COCTOsTHUS 1iKMHBI USB.

BcriomorarenbHasi ~— MalllMHa — Tlepeflaud  KOpOTKOoro  TokeHa 6e3 CRC  —
USBSendShortToken. [Tepesaet no mmHe 16 6ut: 8 6ut ripeambynbl u 4 6urta PID + ero
VHBEpPCHOE 3HaueHue.

BcriomorarensHas MaimHa nepegaud gauHHoro TokeHa 1 CRC5 — USBSendLongToken.
[MTepenaet no muHe 32 6urta: 8 6ut npeam6Oysbl, 4+4 6uta PID, 7 6uT agpeca ycTporcTBa
(ADDR), 4 6uta Homepa KoHeuHou Touku (ENDP) u 5 6ur CRC5 paccuuTaHHOro u3
niepegaBaemoro 3HaueHrss ADDR u ENDP.

BcriomorarenbHasi MailivHa repejaud rakera JaHHbIx — USBSendData. [Tepegaet 8 6ut
npeamOynbl, 4+4 6ura PID, mpousBosbHOe (70 64) KomMuecTBO OWUT AaHHBIX U 16 OUT
paccurTaHHoro 3Hauenuve koga CRC16.

BcriomorarenbHass MarmHa ripueMa 0Osoka gaHHbix — USBReceiver. TIpuHMMaeT maket
JJaHHBIX OT YCTPOMCTBA U MOIyTHO Bhiunc/sieT kKog CRC16 mo rosiyyaemMbIM JaHHbBIM.
BcriomorarenbHasi MallivHa BbITO/IHeHUs Tipolieyphl «KeepAliver.

BcriomorarenbHasi MalliiHa BbITo/HeHHsST copoca (Bus Reset).

Hwke Ha puc. 13.1 mipeAcTaBieHa [AuarpaMma IepexofjOB COCTOSIHUM [I/Ii OCHOBHOTO

KOHEUHOro aBTOMara (OCHOBHOM MalluHbl cocTtosiHui) USB XOCT-KOHTpO/uUiepa peaivi3yemMoro B
paMKax [aHHOrO TpOeKTa U ero CBSi3W CO BCIIOMOrare/ibHbIMM aBToMaramu. Ha puc. 13.2-13.6
Tipe/iCTaB/IeHbl AUarpaMMbl MIEPEeXOA0B COCTOSTHUM 1/ BCTIOMOT'aTe/TbHbIX aBTOMAaToB.

B mpencraBneHHBIX fanee JuarpaMMax IepexofioB COCTOSHUMA HCIIONb3YeTCsl CliefyroLast

HOTaLUs:

CKpyI/IeHHbI# NPSIMOYTOJIBHUK TIPe/[CTaB/IsieT OfHO U3 COCTOSIHUM aBTOMaTa. B BepxHei
yacTu (Urypel [JlaHO KOJJ0OBOe Ha3BaHWe COCTOsiHUs. B HIbKHel [aHO ornuvcaHue
VHULMaM3auu (JelictBus npu repexoge KA B faHHOe cOCTOsiHME) Ha (POpMaibHOM SI3bIKe.

PomboBugHass ¢urypa rmnpexacrasiaseT cob0d KOMOMHAILIMOHHYIO CXeMYy KOAUPYIOIIYIO
ycioBue. BrIosiHeHrWe 3TOro yCAOBUST WM YCTaHOBKA YKa3aHHOro B ¢urype ciara
TIPUBO/IMT K aKTMBAL[UM CJEJYIOIIero yJyacTKa CxeMbl aBToMmaTta. CTpeska «BHH3 B/IEBO»
TIOKAa3bIBaeT Mepexo/l eC/IM YC/IOBHE BBIMTOJIHSETCS, «BHU3 BIIPABO» - HE BBITTO/THSETCS.

IIpAMOYro/IbHHMK 3a/iaeT /1eliCTBHe KOTOpOe TIPOMCXOUT TIPU aKTUBHOM BXOZHOM yCJIOBUH.
B BepxHeli uacTu ZlaeTcsi Ha3BaHWe JJaHHOMY JIeHCTBUIO, B HW)KHEW — omnucaHue JeUCTBUs
Ha ¢opMaTbHOM  si3bIKe. MoOXKeT TIOpOXKAaTh KaK KOMOWHAIIMOHHYIO, TaK U
TI0C/IeZI0BaTeIbHOCTHYIO CXEMY.

[TpumeuaHue: npe/CTaB/ieHHbIe HIDKe JUarpaMMbl [OrOTOB/IEHbI ¢ TOMOLLbI0 yTUIUThl GraphViz,
WX UCXOJIHBINA KO/ Ha si3biKe .dot HaXoUTCs B pero3uTopuu B Karasore ./doc/graphs/USB10/.
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5.1.1. OcHoBHOM KOHeuHbIM aBToMaT USBMain

Ecm k mmHe USB He mMOAK/IOUEHO YCTPOMCTBO, TO oOcHOBHasi MaimHa USBMain
npeObiBaeT B coctosHud StateUnconnected, Kyia oHa TiomafaeT 1o cOpocy Wi TIpH
BO3HMKHOBEHHs OIIMOKM Ha ImmHe. EciM K IIMHe IOJK/IIOYaeTCss YCTPOWCTBO, TO MalldHA
USBMain nepexoaut B coctosinve StateWaitCMDorSYNC.

cmd _start && cmd === CMDBusReset

StateSendReset
send_se0.io.valid := True;
send_se0.io.len := 15000;
send_se0.io.usb <> io.usb;

busy_flag := True;

[ StateWaitCMDorSYNC )
Lbusyiﬂag := False; cmd_start := False;)

keepalive_enable &&
T2 === SpeedKeepAliveClocks

StateKeepAlive

send_se0.io.valid := True;
send_se0.io.len := 2;
send_se0.io.usb <> io.ush;
busy flag := True;

send _se0.io.ready

( StateWaitCMDorSYNC )
Lbusyiﬂag := False; cmd _start := False;)

StateUnconnected

StateReceive

receiver.io.valid := True;
receiver.io.usb <> io.usb;
busy flag := True;

receiver.io.ready

[ StateWaitCMDorSYNC )
{received flag := True; busy flag := False; )

StateUnconnected

StateUnconnected

cmd start := False;

StateWaitCMDorSYNC

T1++; // Guard timer
T2++; // Keepalive timer

@ cmd_start && omd === CMDSendShortToken

( StateSendShortToken )
StateUnconnected

send_short_token.io.valid := True;
send_short_token.io.usb <> io.usb;

send short_token.io.pid := cmd _pid;
busy_flag := True;

s error

StateUnconnected

send_short_token.io.ready

( StateWaitCMDorSYNC )
Lcmdistart := False; busy flag := False;)

cmd start && cmd === CMDSendLongToken

( StateSendLongToken

send long. token.io.valid := True;
send long token.io.usb <> io.usb;
send_long._token.io.pid := cmd_pid;
send_long token.io.addr ;= cmd_addr;
send_long token.io.endp = cmd_endp;
busy _flag := True

send_long. token.io.ready
( StateWaitCMDorSYNC )

Lcmdistart := False; busy flag := False;)
cmd_start && cmd === CMDSendData

| StateSendData

send_data.io.valid ;= True;
busy flag := True;
send_data.io.usb <> io.ush;
send data.io.pid := cmd_pid;
send_data.io.len := cmd len;
send_data.io.data := send_data_high ##
send_data_low;

send_data.io.ready

( StateWaitCMDorSYNC )
{(emd_start := False; busy flag := False; )

StateUnconnected

Puc. 13.1 /Juaepamma nepexo0o8 cocmosiHuli 0CHO8HO20 KOHeuHo20 asmomama USBMain.

Haxopsick B cBoeM 0CHOBHOM cocTosinud StateWaitCMDorSYNC maiiiviHa HerpepbiBHO
aHa/M3upyeT coctosiHue 6utoBoro (ara cmd_start pervcrpa komanza COMMAND. Ecim diar
cmd_start ycTaHOB/IeH, TO B 3aBUCMMOCTH OT KOJla KOMaH/[bl Haxo/siecsi B 4-x OUTOBOM Tiofe
cmd >3TOro Ke pervcTpa TPOU3BOAUTCS CMeHa COCTOSIHUSI OCHOBHOM MalllMHbl Ha OJHO U3:
StateSendReset, StateSendShortToken, StateSendLongToken nnu StateSendData, mipu 3TOM
aKTMBUPYETCSl OJjHA M3 BCIIOMOraTe/bHbIX MalllMH yCTaHOBKOM curHasa io.valid Ha eé Bxoze u
TIPOU3BOAUTCS KOMMyTalus 1MHbl USB - KomrijiekcHbIM curHaa io.usb.usb ocHoBHoro KA,
copepxaiyii dm u dp, CBsSI3bIBaeTCsl C aHAJIOTMUHBIM KOMILJIEKCHBIM CUTHAJIOM BCIIOMOTaTe/TbHOTO
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KA (omepatop «<>» Ha pauarpamme). BmecTe ¢ 5TMM Ha BXOZ BCIIOMOTraTe/lbHOM MallIWHbI
nofaroTcsi Tpebyemblie f7isi e€é paboThl BxoAHble AaHHble: Packet ID (cmd_pid), pa3smep makera
(cmd_len), nannbie gns nepesauu (send_data_high u send_data_low), azpec ycrpoticTBa
(cmd_addr) u Homep koHeuHoM Touku (cmd_endp).

BcriomoraresnibHble MalllMHbI BBITIOJHSIOT CBOM 3a/laHUsi U UHJULIMPYIOT OKOHYaHHe paboThI
B OCHOBHYI0 MalllMHYy C momoulbto curHana ready. CHsitve curtana valid co cTopoHsl 0CHOBHOM
MallllHbI [1epeBOAUT BCIIOMOraTeIbHYIO MalllMHy B Haya/JbHOE COCTOSIHWE, MPU 3TOM curHan ready
cOpackiBaeTCsi BHYTPH BCIIOMOTaTe/TbHBIX MalllKH.

[Tepexos, OCHOBHOM MalllMHBI B COCTOsiHUe StateReceive mpou3BoAUTCs MpU cpabaTbiBaHUU
¢nara bus_activity, KoTopbiii akTUBUpYyeTcs ecyu Ob1 3admKCHpoBaH repexof mHbl USB w3
MaCCUBHOTO COCTOSIHUSL «J» B cocTosiHMe «K», UTO paccMaTprBaeTCsl Kak IMPU3HAK BXOZSLETO
nakera JaHHbIX. B cocrosHuu StateReceive akTHBHMpyeTCs BCIlOMoOraresibHasi —MalllHa
USBReceiver. Mamina USBReceiver no/HOCTbIO TIPUHMMaeT BXOZSIIMM MaKeT JaHHbIX BMeCTe C
6nokom CRC16. B mporiecce nprema mammHa USBReceiver BezieT pacueT CBOero BHYTpPeHHEro
3”HaueHusi CRC16 no npuHsaTeiM AaHHbIM. [lo 3aBepiieHuto npuema MaiivHa USBReceiver
TIOMeIIaeT B BBIXOAHOU Oyhep NMpUHATHIN MakeT JaHHBIX, BbilaeT paccunTaHHbid el Kogq CRC16 u
aKTUBUpYeT BbIXoAHOW (iar ready. OcHOBHas MalllMHa BBIYMUC/ISET (hiar BaJuZAHOCTH MPUHSITOIO
naketa crcl6_ok cpaBuuBasi ripuHsThii ko CRC16 c paccuMTaHHBIM, TEPEHOCUT TOTy4YeHHbIe
JaHHble W (naru B perucTpbl  AoctynHble  nonb3oBarenro  (RECV_DATA_LOW,
RECV_DATA_ HIGH, STATUS wu RX_STATUS) wu Bo3Bpamjaercs B  COCTOSIHUE
StateWaitCMDorSYNC.

[Tepexoz ocHOBHOM MalMHbI B cocTosiHue StateKeepAlive npousBogurcs no taiimepy T2.
B 5TOM cocrosHuu aktuBupyeTcsi curHaa valid y BcromoraTesibHOM MallMHBI - KOTOpast
KpaTKOBpeMeHHO (Ha /iBa OMTOBBIX WHTepBasa) mepeBogaut muHy USB B cocrosiHue «SEO», uTto
CUTHaJ/IM3MpyeT YCTPOMCTBaM Ha IlIMHe 00 aKTMBHOCTHM XOCTa. BBIXOZ M3 3TOr0 COCTOSIHUSI TaKKe
MIPOU3BOAMTCS TI0 CUTHA/Ty TOTOBHOCTH ready OT BCIIOMOrare/IbHOW MalllHBbI.

5.1.2. ®dj1aru oCHOBHOIr0 KoHeuHoro asromara USBMain

OcHOBHasi MallluHa COCTOSTHUMA COJIeP)KUT HeCKONbKO (1aroB MHAWLMPYIOLUX eé TeKyllee
COCTOSIHHE Y JJOCTYITHBIE 10/Ib30BaTe/F0 Ha IPOrPaMMHOM YPOBHe.

@nar busy_flag ycranaBnuBaeTcsi Ka/blii pa3 Korja OCHOBHas MalllHa IepexoJuT B
COCTOsSIHME OTJIMYHOE OT StateWaitCMDorSYNC, TO eCcTb aKTUBUDYeTCS OJUH U3
BcrioMorarenibHbIXx aBroMaroB. @Pnar busy_flag cOpaceiBaeTcsi korga oOcCHOBHasi MallMHa
BO3BpailjaeTcs B coctosiHue StateWaitCMDorSYNC. ITosb30BaTenib MOXKeT MPOBEPUTH 3TOT (yiar
riepe/| TeM KakK OTIPaBUTh KOMaH/ly B XOCT-KOHTPOJiep UToObl yOeuThCs, B TOM, UTO KOHTPOJIIEP
He 3aHSAT KaKoi-To paboToi (HampuMep oTrnpaBkoi KeepAlive wiu npreMoM rakeTa JIaHHBIX).

@nar cmd_start ycTaHaBIMBaeTCsl TMOJIb30BaTe/ieM TPOrpaMMHO uepe3 6wt 31 perucrpa
koMaHz, COMMAND wu cOpacbiBaeTCsi OCHOBHOM MallIMHOM TIOC/Ie 3aBepIlieHre BbITIOJTHEHUS
KoMaH/Ibl. [To/Ib30BaTe/Ib MOXKET MCII0JIb30BaTh JaHHbIH OuT peructpa COMMAND a5t o)KuiaHust
3aBepLLIeHUs BbITOTHEHUS] KOMaH/Ibl.

@nar received_flag cOpaceiBaeTcst Korjjla OCHOBHasi MallliHbl BXOUT B COCTOSIHUE TpHeMa
naketa (StateReceive) ¥ ycTaHaB/IMBaeTCsl TIOC/Ie 3aBepIlieHUss pabOThI BCIIOMOTaTeTbHOTO
aBromata USBReceiver. OTor ¢sar ortobpakaercsi B 6ur 27 perucrpa craryca STATUS wu
JIOCTYTIeH ToJib30Bare/t0. [Tob30BaTe/lb MOXKET OMpallvBaTh 3TOT OMT perucrTpa craryca uToObI
oripefie/iuTh (DaKT MOMydeHus: MakeTa.

Ha u3mMeHeHus m000ro U3 3TUX (IaroB MOXKET OBITh TOJK/IFOUEH TPUITED BbI3BIBAIOIIMNA
cpaboTKy KOHTpOJIepa rpepbiBaHUM.
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OcnosHas maimHa USBMain co/iep>KUT HeCKO/bKO BHYTPeHHUX (D/iaroB reHeprupyeMbIX B
KaK/IbIM TaKT U HeJIOCTYTIHBIX [10/Ib30BaTesIto:

@nar bus_error ycraHaBnuBaercsi eciu wwmMHa USB Haxogutcs B cocTosiHUM «SEO».
[anHblli Qnar wucnonb3yeTcsi /s IepeBofa MallMHbl B cocrossHue StateUnconnected 110
JNOCTWXKEHUIO 3alUTHOro TariMepa T1 npefenbHOro 3HaueHUs.

®nar bus_present ycraHaB/ivBaeTcsi ecid 1iMHa USB HaxoguTcs B MacCUBHOM («J»)
cocrosiHuM. Mcnonb3yeTcs As nepeBofia MallMHbl B cocTosiHWe StateWaitCMDorSYNC wu3
cocrosiHus StateUnconnected.

@nar bus_activity ycTraHaBiuBaeTCsi eC/IM COCTOSIHME IIMHBI U3MeHsieTcsi Ha «K», uTo
paccMarpuBaeTCsl KakK MpPU3HAaK aKTUBHOCTM Ha IIMHe (TOMbITKA YCTPOMCTBA WHULIMMPOBATh
repefjauy JAaHHbIX). Mcronb3yeTcss A/ MepeBoja MalllMHbI B cocTosiHWe StateReceive u3
cocrosiHus StateWaitCMDorSYNC.

5.1.3. BcnomorarenbHbIN KoHeuHbIH asToMaTr USBSendSEQ

OtrnipaBKy curHaioB «Bus Reset» u «KeepAlive» MOXHO peanu30BaTb BCEro OfHOU
TPUMUTHMBHOM MAaIlIMHOW COCTOSIHMM COJeprkalljel JBa MOC/ie[oBaTe/IbHbIX CueTyvka. [lepBbiii
(clock_div) ans cdopmupoBanusi curHana crpoba clock_strobe cremytoiiero ¢ BpeMeHHBIMHU
WHTEpBa/iaMi PAaBHbIMHM OZIHOMY OWUTOBOMY WHTEpBa/lly Ha IIMHEe (J/IUTe/JbHOCTb OAHOTO OuTa).
Bropoit cuetunk — bit_count, g5 mozacuera uncsia 6utoB. Ha3oBeM Takoil KOHEUHBLIM aBTOMAT
USBSendSE(Q Tak kak ero 3ajaua mnepeBojuTh 1MHy USB B cocrosiHue «SEO» Ha 3ajaHHOe
KOJTMUEeCTBO OUTOBBIX MHTEPBa/IOB. [Ipy aKTHBAIMM 3TOT aBTOMAt OyzmeTr mepeBoauTh mmHy USB B
coctosiie «SEO» ¥ 10 3aBepIieHHI0 cueTa OWTOB BO3BpAlllaTh €€ B COCTOsIHUE «J» (TTaCCHMBHOe
COCTOSIHUE IITUHBI).

USBSendSEOQ

io.ready := False;
clock div := 0;
bit_count := 0
/¥ SEOQ */
io.usb.dm := False;
io.usb.dp := False;

Clock Divider

clock div === io.clock_div
clock strobe ?
clock div := 0;
bit_count++;
bit_count === jo.len

io.ready := True;
i

io.usb.dm := True;

io.usb.dp := False;

Puc. 13.2 /luaepamma nepexo0o8 cocmosiHuli ecnomozamenbHo2o asmomama USBSendSEQ
(ucnonb3yemcs 012 «Bus Reset» u «KeepAlive»).
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Huarpamma cocrosinuii A1 MaiiiHa USBSendSEQ nipuBesieHa Ha puc. 13.2. OTa MalliMHa
OyzieT akTUBMPOBAThCSI M3 OCHOBHOW MamnHbl coctosiHnid USBMain B IByX C/lyyasix: B COCTOSTHUN
StateSendReset 1151 hopmupoBanus «Cbpoca» Ha AJUTENBHOCTh 3KBUBasieHTHYI0 10 mc (15000
orcuetoB bit_count ams ckopoctu 1,5M6ut/cek USB 1.0 «Low Speed»); ¥ B COCTOSTHUM
StateKeepAlive a1 mnoceuiku curHana «KeepAlive» [WTenbHOCTb KOTOPOTO, COIVIACHO
crielubUKaIK, COCTaB/IsieT 2 OUTOBBIX UHTEPBAJIa.

5.1.4. BcnomorarenbHbIM KOHeuHbIM aBToMaT USBSendShortToken

3agaua MamuHbel coctossHud USBSendShortToken, nuarpamma mepexofoB COCTOSTHUM
KOTOpOM mpe/cTaB/eHa Ha puc. 13.3, CBOAUTCA K Tepejiaue M0 IIMHe KOPOTKOIO TakeTa (TOKeHa)
aymHOM Bcero 16 6ut: 8 6ut SYNC (mpeambysna) + 4 6ura PID + 4 6ura uaBeptupoBanHbiid PID.
Unentudukarop makera (PID) moctyraetr Ha xof mo 4-x GuToBoMy curHanay io.pid Bmecte c
curHasioM akTuBaiuu io.valid. V3 BxogHBIX AaHHBIX (Gopmupyercs BHyTpeHHui Oydep buffer
nyTeM KoHKateHaiu PID u GutoBoro mpezcraBieHusi ipeaMOysibl, U3 3TOro Oydepa M3bIMArOTCS
JAHHBIe /7151 Tiepefiaun (CHHTaKCUUecKasi KOHCTPYKIUS ## 03HauaeT «OMTOBasi KOHKaTeHarus»). [1o
3aBeplIeHNI0 paboThl MalllMHA yCTaHaB/IMBaeT BBIXOJHOW CHTHas io.ready u ocTaeTcsi B TakoM
COCTOSTHUM 710 cOpoca BxogHoro io.valid.

Cocrosinue MaiudHel  USBSendShortToken ripesicTaBisieTcsi OJHUM — PervCcTPOM
CYUETUMKOM TIepefaHHbIX OWTOB faHHbIX bit_count. CueTuWk TmpuUpalUBaeTCs Ha €JUHULLY C
KaX/bIM TepeJjaHHbIM OUTOM JaHHBIX. B mporjecce mepemaurd OuTa JaHHBIX TIPOU3BOAUTCS €TO0
KOZUpOBaHUe B CUMBOM «J» (mpexacrtapssieTcsi Kak usb.dm := True, usb.dp := False) wim «K»
(usb.dm := False, usb.dp := True) B 3aBUCMMOCTH OT TOTO, KaKOW TpPeJbIAYIINIA CUMBO OBLT
niepesiad. [Insi coxpaHeHUs Mpe/blAyliero rnepejaHHOro IO ILIMHE CUMBOJIA MCIOJb3yeTCsl OJHO-
6urosbiii peructp last_kj. ITporenypa «out-cradgdunra» B gaHHON MallliHe He OCYILeCTBIISeTCS,
Tak Kak 3HaueHusi PID nogo6paHbl TakuM 00pa3oM, YTOObI MCKJTFOUMT TIOSIB/IEHHE Ha IWHE [1eCTH
TI0C/Ie/[OBaTe/IbHBIX eVHUL].

sendKJ()

( USBSendShortToken )

bit_count := 0;
io.ready := False;

buffer := ~io.pid ## io.pid ## B"10000000";

sendK](bit_to_send)

last_kj := new kj;

bit to send ?
1

Clock Divider

new kj := last_kj; ‘ new kj := !last_kj; ‘

io.usb.dm := False; io.usb.dm := True;
io.usb.dp := True; io.usb.dp := False;

clock div === io.clock div

Bit Counter

clock div := 0;
bit_count++;

bit count === 18
or
bit count === 19

bit count === 16
or
bit_count === 17

bit_count < 16 bit_count === 20

Ready, Send EOP: 'J'

SendBit

bit_to_send := buffer(bit_count);
sendK]J(bit_to_send);

Send EOP: 'SEQ'

io.usb.dm := False;
io.usb.dp := False;

Send EOP: 'J'

io.usb.dm := True;
io.usb.dp := False;

io.usb.dm := True;

io.usb.dp := False;
io.ready := True;
bit_count := 20;

Puc. 13.3 /luazpamma nepexo0dos cocmosiHuli ecnomozamenbHo2o asmomama USBSendShortToken.
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Korma cuetuuk bit_count pocturaetr 3HaueHuss 16, mammHa USBSendShortToken
nepegaer no mwvHe USB cHavana fgBa cuMBosa «SEO», a wiegom faBa cumBona «J». Ota
TI0C/IeZIOBaTe/IbHOCThL  SIB/IIETCS TIPU3HAKOM KOHIla Tiepefiaun maketa (EOP). Takum ob6pa3zom
niepeziaB 20 CMBOJIOB MalllHA 3aKaHUMBaeT paboTy ¥ MofiHUMaeT cUrHait io.ready.

[lpoliecc mepemauu JaHHBIX TpefcTaB/ieH Ha pAuarpamme ¢yHkiuelr sendKJ(), oHa
NPUHUMAeT HA BXOJ, 3HaueHUWEe TeKydero IiepeJjlaBaeMOro OWTa /[aHHBIX W TIPOU3BOAUT BCE
repeurc/ieHHble Mpeobpa3oBaHust B cUMBOJ. [aHHasi QyHKI[USI TIOPOXKJAeT KOMOWHALIMOHHYIO U
M0C/1e[I0BaTe/IbHOCTHYIO CXeMy U MOXKeT PaCCMaTpUBaThCs Kak BAOXKeHHbIN KA.

5.1.5. BcnomorarenbHb1i KoHeuHbIl aBToMat USBSendLongToken

®yukimonupoBanue MaivHbl coctosHuii USBSendLongToken, aguarpamma KoOTOpoi
ripejicTaBiieHa Ha puc. 13.4, Bo mHorom cxoxa c MaiivHoii USBSendShortToken. Paznuuue
COCTOMT B TOM, 4YTO Jj/IMHA TepefiaBaeMoro 0OJioKa [aHHbIX COCTaBjsieT 32 OWTa W BK/IFOUAeT
JoroHATeTbHBIE T1071s1: i0.addr — 7 6uT azpeca ycrpoiictBa (ADDR), io.endp — 4 6uta HoMepa
koHeuHo Touky (ENDP) 1 BbIUHC/IIEMOTO 3HAUEHHUsT Crc5_out JMHOM 5 OUT. 3HaueHue crc5_out
MOXKeT OBITb pacCuMTaHo 1Mo (opmysie MpeCTaB/ieHHON Ha Auarpamme (dyHKuMel calc_cre5_usb()
Topokzaroiieli KoMOMHALMOHHYI0 cxeMmy. BHyTpenHuii Oydep buffer, u3 kotoporo uspiMarotcs
JlaHHbIe /17151 Tlepe/iaul, aHaJIOTUYHO (hOPMHUPYETCsl MMyTeM KOHKaTeHaliy BXO/JHBIX /JaHHBIX B OJHO
6osbitioe 32-x GUTHOE CI0BO.

B wmammHe USBSendLongToken Take WCIob3yeTcss perucTp-cuetyvk bit_count B
KauecTBe BHYTPEHHero perucrpa COCTOSIHUM U Mo/icyeTa repelaHHbIX CUMBOJIOB. I1pu JOCTW>KeHUH
bit_count 3HaueHus 32 MPOMCXOAUT TIOC/e/lOBaTelbHasi Tepejilaya ABYyX CUMBOOB «SEO», 3arem
JBYX CUMBOJIOB «J» U 1o/ibeM (piara rOTOBHOCTH io.ready.

sendKJ()

( USBSendLongToken )
bit_count := 0; io.ready := False; J

sendK](bit_to_send)

last_kj := new _kj;

bit_to_send ?
1

crc5_out := calc_crc5_usb(io.endp ## io.addr);
buffer := crc5_out ## io.endp ## io.addr ## ~io.pid ## io.pid ## B"10000000";

Clock Divider K K K
new kj := last kj; ‘ ‘ new kj := llast_kj; ‘

/clockdiv === jo.clock div @
lock_strobe ? K

io.usb.dm := False; io.usb.dm := True;
clock div := 0 |—_
bit_count++

io.usb.dp := True; io.usb.dp := False;

bit_count === 32
or
bit_count === 33

bit_count === 34
or
bit_count === 35

w

Ready, Send EOP: 'J'

io.usb.dm := True

SendBit Send EOP: 'SE0' Send EOP: 'T'

bit_to_send := buffer(bit_count); io.usb.dm := False io.usb.dm := True
sendK](bit_to_send); io.usb.dp := False io.usb.dp := False io.ready := True
bit_count := 36

Puc. 13.4 /lTuaepamma nepexodos cocmosiHuli ecnomozamenbHo2o asmomama USBSendLongToken.
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5.1.6. BcnomorarenbHbIM KOHeuHbIN aBToMaTr USBSendData

MammHa cocrosHuii USBSendData periaetr 3ajauy otnpaBku 1o 1mmHe USB makera
JlaHHBIX TPOU3BOJbHOW JMHBL. Hamomuio, uto gns USB 1.0 pasmep mosie3HOM Harpysku
orpaHuueH 64 6utamu. Ha BXoj [JaHHasi MallliHa TIPUHUMAET CIeAyIolre CUrHasel: io.pid — 4
oura unentudukarop PacketID, io.data — 64 Gura mose3HbIX AaHHBLIX, io.en — 6 6uT ATHMHA
TI0/Ie3HOM Harpy3kH B OuTax, u io.valid — pa3spermaromuii curHait.

®dyHKIMOHMpOBaHWe MailiiHbl coctosiHuii USBSendData Bo MHOro rnoxoke Ha paborty
TIpeJbIYIIMX OBYX, HO eCTb DSifi Cepbe3HbIX OTIMuUMil. Bo-mepBbiX, mpoijecc repejaud MakeTa
pa3zensiercss Ha ueTbipe (asbl: (as3a nepegaun npeamOynel U PID, ¢asa mepesaud Tose3HbIX
naHHbix U BblunciieHuss CRC16, da3a nepepaun paccumtanHoro koga CRC16 u dasza mepegauu
3aBepliuatolel nocsiegosaresibHOCTH EOP.

Bo-BTOpBIX, B BH/ly MepeMeHHOMN /JTUHBI 6/10Ka JaHHbIX paccuntath CRC16 cpa3y Ha Bech
MakeT He TPeJCTaB/seTCs BO3MOXKHBIM, MO3TOMY IIPOLIECC BBIUMC/AEHUS] KOHTPOJBHOU CyMMBbI
BBIMTO/IHSIETCST  O/iokamu 10 8 OuT. B mporjecce mepesaud OWUTHI /IaHHBIX 3a/IBUTAOTCS  BO
BHYTPeHHUN pervuctp crc_byte u Kaxkabiii 8-if OMT aKTUBUPYeTCs pacueT. PaccuuTaHHBIA KOJ
CRC16 nomerriaetcst Bo BHyTpeHHUi peructp crcl6_buf.

W B-TpeThUX, B MpoLiecce KOAUPOBAHUS AAHHBIX (Mpeobpa3oBaHusi B CUMBOJIbI) TpebyeTcs
OCYIL|eCTB/IATh ~ TIPOLIeAypy «OuT-cTadduHra», T. €. TOC/Ie KaXKIbIX IIeCTH HelpepbhIBHO
riepe/laHHBIX eUHUL] HeoOXOAWMO BCTaBUTh OAWH HO/Mb. HariomMHIO, 4TO KOAWDOBaHWE HYJIS
TIpeJICTaB/IsieTCsl KaK CMeHa COCTOSIHUS IIMHBI Ha MPOTUBOIMOJIOXKHOe (€ «J» Ha «K» wi ¢ «K» Ha
«J»), a eIMHULIBI KaK TTOBTOPeHUe TIPe/bIAYILero CUMBOJIA.

Ha puc. 13.5 noka3aHa guarpamMma coctossHui Maiiiibl USBSendData. B Heli BU/IHBI Bce
(ha3pl pabOTHI MAIMHEI OTIPeZie/IsieMbIX PErMCTPOM COCTOSIHUY state, B TOM UMC/ie TPH OCHOBHBIX
(a3el: «State 0: Send SYNC and PID», «State 1: Send data bits» u «State 2: Send CRC bits».
Ons kaxaoh w3 3Tux Tpex (a3 wucnomb3yeTcss cBoM Oydep TmepefaBaeMbIX —JaHHBIX:
sync_pid_buffer, io.data u crcl16_buf coorBercTBenHo. Bydep sync_pid_buffer dopmupyercs
nyTeM KoHKareHauuu io.pid u mipeamOynel. Bydep crcl6_buf Berumcnisercs ¢yHkiuei
calc_crc16_usb() myrem mogaun Ha BXOZ TpeJbIAYIero 3HaueHusi KOHTPOJIbHOW CyMMBI U Gr10Ka
riepe/jaBaeMbIX JIaHHBIX [JIMHOW 8 OWT HaKOIUIeHHOTo B perucrpe crc_byte. lanHas ¢yHKIMsA
TIOPOXK/IAeTCsI B CIOKHYI0 KOMOMHAL[MOHHYIO CXeMy, eé Mbl Oosiee TIoIpOOHO pacCMOTPUM Jiajiee.

IMporienypa «but-craddunra» peamusyercss BHyTpu ¢(yHkimu sendKJ() Bbi3oBOM erije
opHoii ¢yukumu — make_stuffing(). Ota ¢yHKUMS NPOM3BOAWUT ydYeT UUC/IA HeNpepbIBHO
Tiepe/JaHHbIX eIVHUL] B PETUCTPE ones 1, eC/ii HeoOX0IMMO BBITIONHUTD «OUT-cTadGUHT», 3aMeHsieT
rosie3HbIi OUT Ha Hy/eBoe 3HaueHWe, TMPU 3ToM YycraHaBiuBaeT (ar stuffing. OtoT Quar
WCTIO/Ib3YeTCsl [J1s BpeMEeHHOW OCTaHOBKY cueTurKa bit_count, yTo npyuBOAUT K Mepejaue Mo IIMHe
OIHOTO [IOTIOJTHUTeNIbHOTO OWTa JaHHBIX paBHOTO Hym0. [locsie yero CUeTUMK HaAKOTUIEHHBIX
equaMl] oOHynsieTcs. (ar stuffing cOpaceiBaeTcs u Tiporiecc mepefaud TOe3HBIX /TaHHBIX
nipogo/kaeTcs. dynkims make_stuffing() mopoxzgaer eije oguH BrokeHHbIM KA cocrosiHue
KOTOPOT'O ONpe/ie/isieTCsi perucTpoM ones.
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‘ USBSendData |

state := 0; io.ready := False;

sendK]J()

sendK]J(bit_to_send)

last kj := new kj;

bit_to_send := make_stuffing(bit to_send) ‘

( State 0: Send SYNC and PID )
bit_count := 0;stuffing := False;
sync pid_buffer = ~io.pid ## io.pid ## B"10000000";

SendSyncBit r State 1: Send data bits \

bit_to_send := sync_pid_buffer(bit_count); bit_count := 0;
sendK](bit_to_send); crcl6_buf := B"16'hFFFF";

/ l

stuffing === False

new kj := last_kj; ‘ new _kj := !last_kj; ‘

:K \
io.usb.dm := False; io.usb.dm := True;
io.usb.dp := True; io.usb.dp := False;

bit_count < io.len

make_stuffing()

SendDataBit

make_stuffing(bit_to_send)

ones := ones + bit to send;
ret := bit_to_send;

1 0

State 2: Send CRC16 bits

bit_count < 16

bit to send := io.data(bit_count);

sendK]J(bit_to_send);
stuffing === False

ShiftInBitForCRC16 SendCRC16Bit rState 3: Send EOP SEO\

io.usb.dm := False
io.usb.dp := False

ones := 0;
stuffing := False;

crc_byte := bit to_send ## crc byte(7 downto 1);
bit_count++;

bit to send := crc16_buf(bit count);
sendK]J(bit_to send);

|

State 4: Send EOP SEO

io.usb.dm := Flse
io.usb.dp := False

ones := 0;
stuffing := True;
ret := False;

stuffing === False

bit_count(2 downto 0) === 7

stuffing := False;

State 5: Send EOP J

io.usb.dm := True
io.usb.dp := False

crc_buf := calc_crc16_usb(crc16_buf, crc_byte)

bit_count++

State 6: Ready

io.ready := True

Puc. 13.5 /luaepamma nepexodos cocmosiHuli ecnomozamenbHo2o asmomama USBSendData.

5.1.7. BcnomorarenbHbIN KOHeuHbIN aBToMaT USBReceiver

[Tepen TeM Kak OMMCHIBaTh MalllMHY COCTOSIHWM [/ aBTOMara Ipuema rnakeTa JAHHBIX OT
USB ycTpoiicTBa, crnefyeT U3/I0KUThL UJel0 Ha KOTopoi oH OasupyeTcsi. OcHOBHasi mpobiema Trpu
ripyeMe [JaHHBIX COCTOMT B TOM, UTO Y HaC HeT 4eTKOro pedepeHCHOro TaKTOBOTO CHTHaja To
KOTOPOMY MbI MO>KEM COMILTUPOBaTh IIIMHY U KOHBEPTUPOBATh €€ COCTOSIHUS («CUMBOJIbI») B OUTHI
JJaHHBIX. Y Hac eCTb CBOM BHYTPEHHUM TaKTOBBIM CUrHA/ KOTOPBIA MOYKET HEMHOT'O PacXOJUThCS 110
YyacToTe M UMeTh CMellleHHe 1o (a3e OTHOCUTENHHO TiepeJaBaeMbIX MO IIIMHEe CHMBOJIOB, UTO
BBI30BET TMOsIB/IEHHe CyYalHBIX OIIMOOK COMIUTUPOBaHUs. BTopast mpobiemMa KOTOPYHO MpeiCTOUT
peluTb — 3TO yAajleHue JUIIHUX Hyned («ge-ctaddunr»). U tpetbss — pacuer CRC16 ans
BXOJHOIO IIOTOKa JaHHbIX. Kak gelictBoBath ¢ BblumciaeHneM CRC16 B 1eloM TOHATHO —
HEoOXOJUMO CK/Ia/IbIBaTh BXO/HbIe OWUTHI JAHHBIX B OT/AEIbHbIM 8-MU OWTHBINA Oydep U Korma oH
3aroyHUTCS (Kakaeli 8-0UT) mepemaBath ero B 070k pacuera CRC16, mpu 3TOM COXpaHSs
pe3y/ibTaT B elle ogHOM Oydepe. YianeHue JUIIHUX HyJIeHd 3a/jaua TOXKe Hec/IoKHass — Oyzem
YUUTBHIBaTh KOIMYECTBO €/WHHL] B OTAE/bHOM PerucTpe ones U MO AOCTI)KEHUIO ero 3HauyeHHs
yrciaa 6 OyneM MporyckaTh OJWH OMT JaHHBIX, TI0 AHAJIOTMU C TEM KakK 3TO BBIITOJIHEHO B MallllHe
coctosinuii USBSendData. Ho uTto fiesiaTh C TAaKTOBBIM CUTHAJIOM [I/Isl COMIUTMPOBAHUS JaHHBIX ?
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M3yurB HeCKoJbKO MpoCThiX peanu3auuii USB npoTokona BeloKeHHbIX Ha Github-e, s ¢
yAuB/IeHeM OOHapy>KW/, UTO MHOTHe pPa3paboTuuK TMpejroyuTaroT TpobieMy ¢GHopMUpOBaHKS
TAKTOBOIO CUTHaja Ha TPUEMHOM CTOPOHe «3aMeCTH TM0fi KOBPHK», TO €CTb JeWCTBys TIO
CJle/lyroleMy TIPUHLUITY: BbIOMParOT BHYTPEHHIOK YaCTOTy COMIUIMPOBaHUSI PABHOM UM G/TM3KOM K
yactore cyiefioBaHuss 6uToB Ha mmHe (1,5 MI'1 B HaiieMm ciydae), [0XKWAIOTCSI TIOSIBJIEHUST Ha
murHe cuMBojia «K» (cmeHa nossipHoctd curHaioB usb.dm u usb.dp u3 cocrosinusi 1/0 B 0/1) u
HAYMHAIOT COMIUIMPOBAHKE 10 OJHOM OWTY 3a TaKT BHYTPeHHel 4acToThl. Takoi MogXxof UMeeT psif
V3bsSHOB. Bo-IepBbIX, MoayunTh 4acToTy paBHytr0 1,5 MI'y gaxke c nomoipro PLL ynaercs He
BCeraa (HeT MOAXOZASALMX Je/nTesieil), YacToTa Ha MPUHUMAIOLeld CTOPOHe Bcerja OT/IMYaeTcs, U
JIOCTaTOYHO CYLIeCTBEHHO, OT YaCTOThl COMIUIMPOBaHUSl Ha Iepejarolieil cTopoHe. Bo-BTOpHIX,
CTapT IpHeMa JaHHBIX MO0 TepBoMy ke ¢poHTy D+ (Wmm cnagy D-) He Bcerja NMpUBOAWT K
TIOTalaHMI0 B Hadajo OMTOBOrO WMHTepBaia (Ha Hayaso OuTa) 3a cueT pasHUIlbl ()a3 TAKTOBBIX
CUTHAJIOB Ha MPUEMHOH U Tepefaroiiell CTOpoHax. Bce 3To mpuBOAUT K OOMBIION BepOSTHOCTH
BO3HUKHOBEHUs OLIMOKM TpueMa, T.e. K OOJbIIOMY YMC/IYy TaKeTOB TPUHSTBIX C OIIMOKOW. A
HEKOTOpble OIEeHCOPCHBbIe peajv3aliyd Ha CTOJIBKO aCKeTHYHBI, YTO Jia)Ke He UMEKT pacuera u
ripoBepku Koza CRC16.

Opna w3 Ttakux peamm3aguii USB 1.0 KoHTposiiepa, WIMPOKO Ppa30ekaBLIasiCs TI0
MOOUTE/IbCKUM TIPOeKTaM, TIpe[CcTaBieHa Tiosib3oBatesieM Gitub-a ¢ Hukom hi631 (Hiromichi
Kitahara), cozgarenem mpoekTa sMynsTopa urpoBoit npuctaBkyd NES g niatel TangNano-9K. B
1[eJIOM, JIaHHasi peanu3alusi faxke paboTaeT, HO OueHb U OueHb HeHafle)kHO. OcobeHHO TIPO6IeMBI
3aMeTHbl TIpyM nofk/arodeHMd USB  kjaBuaTypbl — KaXKJo0e BTOpOe Ha)kaTuhe BblJaeTcsi C
OLITMOOYHLIM KOZIOM Ha)KaToW K/aBUIIK. TeM He MeHee JaHHBIN MpoekT U peanu3anus USB 1.0 B
HEM OYeHb MHTEpeCHBI, a ero U3y4yeHue HaTOJKHY/I0 MeHSl Ha MbIC/Ib KaK CZieslaTh IpYeM JaHHBIX
TIPU pacXoXK/IeHWH B 4YacToTax U (a3ax Oonee ctabuibHbIM. Peanmu3zaruss USB 1.0 or Hiromichi
Kitahara nHTepecHa elije ¥ Tem, YTO OHa camas MUHUMa/JUCTAYHAsl U3 UMEIOIMXCSl Ha CEerofiHs B
cBobopHoM foctyrie. Eé kof Ha si3bike Verilog cocrasssiet nopsigka 600 crpok. ITnroc 200 cTpok
KOZla TIpOTpaMMbl Ha CITeL[MaIM3UPOBaHHOM acceMOrepe TpeAHa3sHAYeHHOM [i7isi BHYTPEHHero
BbiurcuTe s, Ilnoc Hebosbiol kKoMmruasiTop Ha sisbike Perl (okomo 100 cTpok kofga) st
npeobpa3oBaHus acceMOsiepa B MallIMHHBIN Kof|. IIpOeKT orpeziesieHHO 3ac/TykKMBaeT BHUMaHUS, HO
He MbITaliTeCh MO HeMy TOHATh ycTpoulcTBo USB XocT-KOHTpoJIiepa. YBepsito, y Bac Huuero He
TIOJTYUUTCS, TaK Kak mpezcTapieHHbild Hiromichi Kitahara koz cuibHO 3a0NMTUMU3KMPOBaH, HamMcaH
HeOpe)XHO U C OYeHb CTPAHHBIMHU JIBYX-Tpex OyKBEeHHbIMU 0003HaueHUsIMU perucTpoB. [ToHATE ero
pasiuKaabHO Heslb3s!

Yrobbl pemmTh MpobsieMy YacTOThl COMIUIMPOBAHUSI s DLW/l BOCIIO/b30BAThCS TeM
¢akToM, yTO BCce makeTbl TiepeaBaemble 1o nmHe USB 1.0 cogepxar mpeambyny SYNC
COCTOSIIIYI0 M3 3-X TOC/Ie/joBaTe/IbHbIX mepexofioB «K-J» (MX MOKHO BbIpa3uThb Tak: «K-J-K-J-K-
J»), mocne kotopbix cnenytoT gBa cumBosia «K-K». Mbl Mo)keM MCHOMB30BaTh 3TH TPU Mepexoza
«K-J» pna toro, uToOBI OMpeAe/NUTh AJUTENBHOCTh OfHOrOo OuUTOBOrO WMHTepBana bit_duration
BBIDAKEHHYIO B TaKTax 0a30Boi uacToThl. JTa 6a3oBas yacToTa Ao/DKHA ObITh B 8 (a ayulie B 16)
pa3 BbIllle YaCTOTHI CJe/JOBaHUSI CHMBOJIOB, UTOObI B OJWH OWTOBBIM WHTEpBaJ IOMEIAl0Ch
JIOCTaTOYHOE YHC/IO TaKTOB 0a30BOM YACTOTHI [jii KOPPEKTHPOBKH CMeljeHHsl (a3bl BHYTPU
buToBOrO MHTEpBasa. 3Hasi AJIMHY OUTOBOTO MHTEpPBasa B TAKTaX MbI MOXKET C XOPOLIel TOYHOCThIO
OTpe/ieIATh CepefivHy OWTOBOTO WHTEepBajia ITyTeM OTCUMTHIBAHUS TIOJIOBHHBI  3HAYeHUs!
bit_duration ot Hauasa ppoHTa (WM craza) Ha JuHUSAX usb_dm/usb_dp — 310 u 6yger MmomeHT
comruiupoBanus. [losmydaeTcs, yTO Hall MPHEMHHUK OyZeT repeCHHXPOHHU3WPOBATHCS C KaXKAbIM
HOBbIM (DPOHTOM (WM CIaZloM) BBIUMCJIsISE €r0 CepeJuHy OWTOBOTO WHTepBajia [jisi CUUTHIBAHUS
riepe/jaBaeMoro o muHe cuMmBosia. Casur (asbl Ha OAWH, [Ba WIM AaXe TPH TakTa 0a30BOii
YacTOThl HMKAaK He TIOB/IMSIeT Ha KauyecTBO TpveMa TiepeflaBaeMoro OWTa Tak, Kak MOMEHT
COMIUTUPOBAHUS BCe PaBHO IOTa/ieT B OUTOBBIN MHTepBasI . Takoil aropuTM XOpoLlI ellle ¥ TeM, UTO
yacToTa C/1e/loBaHus CUMBOJIOB MOJKET «I1/IaBaTb» B JOCTAaTOUYHO IIMPOKUX Tpejiesiax.
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https://github.com/hi631/tang-nano-9K/blob/master/NES/fpganes/src/ukp2nes.v
https://github.com/hi631/tang-nano-9K/tree/master/NES

Takum o6pa3om paboTa MamMHbI COCTOsIHUE peanu3yromleli aBromar USBReceiver s
nipyeMa ZilaHHbIX 110 1mrHe USB 1.0 B pexxume «Low Speed» 6GyzeT cknabiBaThCs U3 Tpex ¢a3:

* ®da3a [: «KammbpoBKa» 1 pacueT [IMTeTbHOCTA OUTOBOTO MHTEPBasia BHIP)KEHHOM B TaKTax
6a30B0ii YaCTOTHI.

* ®aza II: «Oxuganuve koHija mnpeamOysnbl SYNC» - MmofgokaaTh TOKa 3aKOHUATCs JiBa
cumMBosia «K» ripeamOyiib.

* ®aza III: «Ilpyem fgaHHBIX» - COMIUIMPOBaHUE U [€KOAUPOBaHME TPUHUMAEMBbIX [AHHBIX
rocepejuHe OMTOBOTO MHTepBasa, BK/touasi nepejaBaeMbiii 6ok CRC16. Pacuer cBoero
3”HaueHuss CRC16 no xopy npuema.

PaGora mammHel coctosHuii USBReceiver mpekpaijaercs korga Ha USB  mumHe
JeteKktupyetcsi coctosinue «SEO» U OHO TPO/I0/DKAeTCsT HelpephiBHO B TeUEHUU OJHOTO OMTOBOTO
VHTepBasa (UTo yuuThiBaeTcs Talimepom T1);

Hwke na puc. 13.6.1, 13.6.2 n 13.6.3 npuBefeHbl JuarpaMMbl I€pex0f0B COCTOSTHUM
pasgie/nibHO [ KaXi0M 13 Tpex (pa3 koHeuHoro aBTomara USBReceiver.

r Prepare for Calibration\

io.ready := False;
bit_count := 0;

TO : = 1; state := 0;

Y
( Calibrate 'K' duratiorq

L TO++; )

StateReady bit_count++;

T
Y
( Calibrate 'J' duration\

L TO++; )

StateReady

bit duration := TO0 >> 2;

\

Wait End of SYNC

Puc. 13.6.1. /[luaepamma nepexodoe cocmosiHulli cnomozamenbHoz2o asmomama USBReceiver
0715 ¢asbt I «Kanubpoeka».
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B ¢aze I «KanmbpoBka» mammna coctosanii USBReceiver HaunHaeT paboraTth Korja Ha
IIMHe TIPUCYTCTByeT cuMBOn «K» (mepBbli cumBon B Tmipeam0Oyne). OHa Tmoc/ieoBaTebHO
MepexoIuT W3 COCTOSIHUSI OXKUJaHUsi CUMBO/MA «J» K OXWU[aHUIO ciiefyroilero cumbona «K»
ucrnonb3ys cuetudk TO [/ mozcyera uuc/ia TakToB 0a30BOTO TaKTOBOro curHasa. CueTumk
bit_count ncrnonb3yeTcs /15 yyeTa ync/a LIMKIOB. Kak TO/IBKO MPOIIO ABa MOJHBIX LUK/IA «K-J»,
TO ecThb 3HaueHne T0 === 3, MalIMHa BBIYMC/ISIET 3HAUeHUE [IUTEJbHOCTA OJHOTO0 OWUTOBOTO
uHTepBasia rmyteM fenenusi TO Ha 4 (cMelleHre Ha JjBa OWTa BIIpaBO), COXpaHSeT 3TO 3HauUeHWe BO
BHyTpeHHUl peructp bit_duration u nepexogut K (asze 2. OueBUAHO, YTO [JIi TPOCTOTHI
peanu3aliy 1eecoobpa3Ho UCIIO/Ib30BaTh TOMBKO /iBa IUKia «K-J» U3 Tpex, Tak Kak JieJMTh Ha 6
anmapaTHO Topa3zao cyiokHee ueM Ha 4. Ho make 4-x OUTOBBIX MHTEPBA/OB (ABYX LUK/IOB «K-J»)
ZI0CTaTOYHO YTOOBI C XOPOIIIel TOUYHOCTHIO BBIYUC/UTE JI/TMHY OfHOTO OMTOBOTrO MHTEepBasa. UToOb
KOMITeHCUPOBaTh OJJMH TaKTOBbIM CUTHAJI, KOTOPBI He YUMTHIBAeTCSl B COCTOSSHUYA UHULIMAIN3aL1H,
MbI nHULManusupyeM T0 eqrHuLIel, a He Hy/eM.

(Wait End of SYNC )

( T0:=0, )

StateReady

TO === bit duration * 2

CReceive Data)

Puc. 13.6.2. /luaepamma nepexo0o8 cocmosiHull ecnomozamenbHo2o asmomama USBReceiver
01 ¢asbl II «OxcudaHue KoHYa npeambybi».
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B daze II «OkuziaHre KoHIla ipeaMOy/ibl» aBTOMAT JI0XKHAAeTcs TosiB/ieHrs Ha mHe USB
cumBoia «K» W BBIUMC/ISIET €ro JJIUTe/bHOCTb C moMouipto cyetudka T0. Eciv oHa paBHa
yaBOeHHOMY 3HaueHuio bit_duration, To cnegyrommii O6UTOBBIM WHTepBan OyneT cofep>kaThb
T0/Ie3HbIE JaHHBIE KOTOPBIE C/IeAyeT MPUHUMaTh B Oydep, a 3HAUUT aBTOMAT repexoaut B a3y I11.

B ¢aza III «[Ipuem [aHHBIX» YCTpPOEHa HECKOJbKO cioHee. B a3Toil (ase wmailivHa
ucnonb3yer cyetuyrk TO [y TOro utoObl BBIUMCIUTH cepeauHy OuroBoro uHTepBasia (T0 ===
bit_duration/2) npu 3tom cuetunk TO cOpacbiBaeTcsi KaXKblii pa3 KOrjja Ha LIMHE TPOUCXOJUT
CMeHa MOJSIpHOCTU curHaza io.usb.dp, f/1s yero ero mpezpiiylijee 3HaueHUe COXPaHSETCS BO
BHyTpeHHeM peructpe last_dp. Ecmy cueTynk pocumran o cepeuHbl OMTOBOTO WHTEpBasa, TO
TIPOMCXOJIUT JIeKOAUPOBaHUe TeKyIllero repeiaBaeMoro cuMBosia B 6uT faHHbix bit_received. Eciu
cuetunk T0 gocTur npeesbHOrO 3HaueHUs 255, TO Takasi CUTyalvsi IPUHUMAETCS 3a aBapUMHYH0 U
MallliHa COCTOSIHMM 3aBeplliaeT CBOK pabOTy, TO eCTh IepexofuT B cocrosiHue StateReady u
NoZiHMMaeT (h1ar FOTOBHOCTH io.ready.

( Receive Data \
LTO := 0; T1 := 0; bit_count := 0; ones := O;J

last_dp := False; last_symbol := True;

lio.usbh.dp
and
lio.usb.dm

io.usb.dp =/= io.usb.dm

Overflow ? Valid data ? SEO ?

TO++; ;
last_dp := io.usb.dp;

TO === bit_duration /2

ime to sample

/* Sample one bin */
* Re- *
StateReady ! .ﬁ}g S_yr(l)c / bit_received := (io.usb.dp === last_symbol)
T last_symbol := io.usb.dp;

StateReady

packet(bit_count) := bit_received;
crcl6_buf := bit_received ## crc16_buf(15 downto 1);
bit_count++;

calculated_crcl6 := calc_crc16_usb(calculated_crcl16, crc16_buf

Puc. 13.6.3. /[luaepamma nepexodoe cocmosiHulli gcnomozamenbHoz2o asmomama USBReceiver
01 ¢paswbl 111 «IIpuem OaHHbIX».

Ha kax[plii MPUHATHIM OWUT [AaHHBIM MallliHa TIPOM3BOAMT YYeT UHC/Ia HETPephIBHO
TIPYHUMAaeMbIX eIMHUL] B peructpe ones. Ecii 3T0 uncio MeHblile 6, TO IPOU3BOAUTCS HHKPEMEHT
CUeTUMKA TIPUHATBIX OUTOB aHHBIX bit_count, MpUHATEIA OUT JaHHBIX CK/IABIBAETCS B BBIXOAHOU
O0ydbep packet u ofHOBpEeMEHHO 3aJBWTAeTCSI BO BHyTpeHHuUM peructp crcl6_buf gns
MOC/IeAYIOLero  WCrosib30BaHusi B pacuete koja CRC16. ®yskius calc_crcl6_usb()
BBITIOJTHSIFOIIIAst 3TOT pacyeT BbI3bIBAeTCs pa3 B 8 OUT (T. e. Ha KaXK/bli MPUHSATHIN OaiiT). PesynbTar
pacyeta TmomeljaeTcs B BbIXOAHOM peructp io.calculated_crc16. Eciu 3HaueHue uucia
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T0C/Ie/l0BaTe/IbHO MPUHATBIX eIUHUL] locTUraeTcs 6, To MHKpeMeHT bit_count He mpou3BogUTCS, a
peructp ones copachiBaeTCsi B HOJb. TakvM 00pa30M IPOIyCKaeTcsi OWH MPUHSTHIN OUT JaHHBIX.

B ¢asze III aBToMar oTc/ieXXuBaeT MosiBjieHUe Ha 1irMHe cuMBosia «SEQ» U ITUTe/NbHOCTh ero
nipeObIBaHUS MyTeM UHKpeMeHTa cueTurka T1 B aToM cocrosinuu mmHbl. Ecin T1 foctur 3HaueHust
paBHOTO JA;MTeNbHOCTH OutoBoro wuHTepBasa (T1 === bit_duration), To Takoe cobbITHE
BOCTIDUHMMaeTCsi Kak KoHel] Tiepefaud makera (EOP) u MamivHa mepexofuT B COCTOsTHUe
StateReady c nogHsTueM ¢uara io.ready.

5.1.8. TakTHpOBaHUe KOHEYHBIX ABTOMATOB X0CT-KOHTPO/I/Iepa

TaktupoBaHre oOcHOBHOrO aBroMara USBMain MoXeT TMpPOM3BOAUTCS OT J100O0r0
BHYTPUCUCTEMHOTO TAaKTOBOTO CHUTHAsIa KOTOPBIH /I0/DKeH ObITh Ha TIOPSiZIOK (B 8 1 Oonee pa3) Bhilie
10 YaCTOTe UueM CKOPOCTh TepeZiauu JJaHHbIX (UacToTa CeloBaHUs CUMBOJIOB «K» U «J») Mo muHe
USB u fo/mkeH OBbITh KPaTHBIM CKOPOCTH Tepeaun gaHHbIX. i mHel USB 1.0 «Low Speed»
CKOPOCTh Te€peJjaud JJaHHbIX M0 KOTOpPOW paBHOM 1,5 MOUWT/ceK, BMO/HE J0CTaTOYHO TAaKTOBOTO
CcUrHasa yactorou 12 MI'n,.

TakTUpoBaHWe BCIIOMOTaTe/IbHbIX ABTOMAaTOB TIPOU3BOAUTCS OT BHYTpPeHHero ctpoba
clock_strobe koTopbIii BeIpabaThiBaeTCsl cueTUMKOM-JenureneM dacToTel clock_div. IIpegensHOe
3HaueHHWe CYeTUrKa Iepe/laeTCsi BCeM BCIIOMOTaTe/IbHBIM aBTOMaraMm Ha Bxo[, io.clock_div. 3to
3HaueHWe MOKeT ObITh BBIUMC/EHO Ha CTa/IuK KOMIWISIUUA B 3aBUCHMOCTH OT 3HaueHUs YaCTOTHI
TaKTOBOTO CHrHAaJ/la WCIOJIb3yeMOro /il TaKTUPOBaHUSI OCHOBHOTO aBToMara. [lamee Mbl
MOCMOTPUM KaK 3TO MOXXHO OTHcaTh Ha sisbike SpinalHDL.

3anara P.H. «Pa3pabotka 1jupoBoi anmaparypsl HeTpaAuLMoHHbIM MeTozioM: KonTposutep USB 1.0 Ha SpinalHDL». ¢.118
000 «®abmukpo», r. TromeHs, 2025r.



5.2. UMnnemMmeHTauusa XOCT-KOHTponnepa Ha sisbike SpinalHDL

Tak Kak Bcsi cuHTe3upyeMasi cucTeMa-Ha-kpuctamaie (KarnixSoC) co3maercs Ha s3bike
orrcanus armnapatypsl SpinalHDL, To sioruuHbiM OyzeT peanm3oBath Haml USB XocCT-KOHTpOJIIep
Ha 3TOM >Ke s3blKe. B MpeaplAyIMX CTaTbsAX 3TOTO LMKIA 51 Y)Ke MoApoOHO paccMarpuBan
CUHTAKCHC U BO3MOXXHOCTH 3TOTO si3bIKa. [To3TOMY He Oyzy 3a0CTpsITh BHUMaHUsI HA TOM MOMEHTe,
a cpasy mnepelJy K OIMCaHUIO arrmapatHoro uHTepdelica wwmHbl USB. 3ameuy suib, uTO
NIpYBeJIeHHbI B JMarpamMmax TeKCT Ha (opMarbHOM si3blke — 3TO U ecTb Koj Ha SpinalHDL
B3ATbIM NPSMO W3 peanu3allid, a CaMU Juarpammbl IIOCTPOEHbI MOCT-()aKTyM U TOTHOCTHIO
OTpakaloT TEeKYLYH peau3allii0 XOCT-KOHTpOJIepa, 3a UCK/IHUeHHeM MOMEHTOB CBSI3aHHBIX C
uHTerpaueii B mHy APB3 cunTesupyemoii CHK.

5.2.1. UnTepdeiicanie kaaccobl USBInterface u USB_IO

Onwmiiem unTepdeticHbiit Knacc USBInterface, yHacnenoBaHHbIN OT OMOIMOTEYHOTO Kilacca
ImasterSlave, copepxxaiuii ABa curHana mmHel USB: dm (D-) u dp (D+). Ilo cBoeii nipupofe
mmHa USB JByHaripaB/ieHHass U MOXKET MeHSITb CBO& COCTOsiHMe B /11000 MOMEHT BpeMeHH,
no3tomy curdasbl dm v dp oObsiBUM [IByHarnpaBieHHbIMU (inout) u aHanoroBeiMu (Analog). Eie
HaMm TmioTpebyeTcsi repeonpefenuTb Tporieaypy asMaster() 6a3oBoro uHTepdeiicHOro Kiacca,
KOTOpasi MeHsIeT HarpaB/IeHUs] CUTHAJIOB [IJIT «MacTep» KOMIIOHEHTOB, TaK UTOObI OHA OCTaBJIsi/Ia
curdHanbl dm v dp AByHarpaBieHHbIMH (WM BOOOIIle He WM3MeHs/la U3 amrulya). JTa Tpoleaypa
HesIBHO BbI3bIBAeTCS M3 Pa3HbIX MeCT CBs3ytolei 1oruku CHK, 103ToOMy ZaHHbIN MOMEHT SIB/ISIETCSI
Ba>KHBIM.

Wtak, untepeiichbiii knacc USBInterface Ha SpinalHDL:

Jlucmume 8.1. UHmepcpelicHbiti knacc USBlnterface.

case class USBInterface() extends Bundle with IMasterSlave{
val dm = inout(Analog(Bool()))
val dp = inout(Analog(Bool()))

override def asMaster(): Unit = {
inout(dm, dp) // make dm and dp always bi-directional
}

}

Onwuiiem eme oauH uHTepdeticHpl knacc USB_IO kotopeiii OyemM HCMOIb30BaTh /ISt
oripefie/ieHUs] BHEIIIHUX CBsi3el Pa3/IMUHBIX uyacTel Halllero XOCT-KOHTposiiepa. [lob6aBuM B Hero
KOMIUIEKCHBIH CHUTHa/a usb omnMchbiBaeMblii TOMBKO UTO CO3/aHHBIM MHTEp(hEHCHBIM K/IaCCOM
USBInterface, Takke 06aByuM 0011[1ie CUTHa/IbI yIpaBieHUs: BXoAHoW curHan valid; BbixogHOM
curHan ready; BxoaHoit curHan clock_div, copepskaiuii paccuuMTaHHbI MapaMeTp JeauTerst
YacTOThI /JIs1 BbIpabaThiBaHUsI CTPOOA; M OJUH BBIXOJHOW TEeCTOBBIN CHTHas test. [IaHHBIN Kacc
OyzeT oOIUM /711 BCeX BCIIOMOTaTe/IbHBIX MaIllMH COCTOSIHUM Halllero XOCT-KOHTposuiepa. Ha
SpinalHDL ero onucaHue TIpuMeT C/ieyroIui BUJ;

Jlucmune 8.2. HumepdgelicHblili kaacc USB_IO.

class USB_IO0 extends Bundle {

val usb = USBInterface()

val valid = in Bool()

val ready = out Bool()

val clock_div = in UInt(8 bits)

val test = out Bool()

ready := False // default value, it will be changed in implementation
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CurHany ready TyT >ke IpUCBauBaeTCsl 3HaueHue 1Mo ymosiuaHuto — False. B nocnencteuy,

TIpY peasM3aliii KOHKPETHOTO aBToMarta, Mbl OymeM pacimpsite kKinacc USB_IO nobaBnsisi B Hero
TpeOyemble HaM UHTep(eliCHbIe CUTHAIBL.

5.2.2. Ba3oBsbIi Ki1acc USBSendReceive

Us NMpUBEAEHHBIX BbIIIE NWAarpdMM BHUJHO, UTO BCE BCIIOMOIr'daT€/IbHbIE€ KOHEUYHbIE dBTOMATHI

TIOCTPOEeHBI e[MHO0OPA3HO, a 3HAYUT UX pear3aluu OyayT cofeprkath o0lue (TiepeceKaromyecs)
KYCKU Kogia. BriosiHe JIOTHYHBIM SIB/IsieTCsl cOOpaTh BeCh TepeceKaronics: PyHKLIMOHAM B 00Ut
0a30BbI K/laCC UM WCMOb30BaTh €ro KakK OCHOBaHHWe [ BCeX BCIIOMOTaTe/IbHBIX MallliH
cocrosinuii. HaszoBem stor kimacc USBSendReceive 1 momecTM B Hero CreAyrolive IO
(lepeMeHHBIe TIpe/ICTaBJISIOLIe COO0M CUTHABI U PETUCTPbI) U MeTO/[bI ((PYHKI[UM 1 TIPOLIEAYPHI):

Curnan ctpoba clock_strobe hopmMupyemblii fieuTesIeM 4aCTOTHI.

Peructp penutens yactotsl clock_div.

Peructp bit_count 151 cueTurka 06paboTaHHBIX (MEpeAaHHBIX/TIPUHATHIX) OUTOB ZIAHHBIX.
Peructp last_kj a/1s 3anmomMuHaHus oc/iefHeTo TepelaHHoro 110 1IMHe CUMBO/IA.

Peructp ones /151 yueTa umc/ia HelpepbIBHO TiepeaHHbIX/TIPUHSATBIX eIUHUL.

Peructp ¢uara stuffing ykaswiBaroiuii Ha HeOOXOJUMOCTb BCTaBUTh (WM TIPOMYCTUTB)
OZIVH [IOTIO/THUTE/TBHBINA Hy/1eBO# OUT («OUT-cTadduHr»).

Peructp crcl6 151 coxpaHeHue MPOMeKyTOUHOT0 3HaueHUs1 PACCUYUTHIBAEMOW KOHTPOJIbHOM
CYMMEBI.

[Mponienypy make_clock_strobe() /11 BeipaboTku curnana crpo6a clock_strobe.
[Mponienypy inc_bit_count() a1 mpupaiieHus cueTurMka 0OpabOTaHHBIX OWUTOB JAHHBIX
bit_count.

[Mpoueaypy make_stuffing() g/ mojcuera unc/ia HeNpepbIBHO TepelaHHbIX eAUHUL] B
peructpe ones u yrnpasyieHus ¢siarom stuffing.

[Mpoueaypa sendSEOQ() nns mepeBosa mivMHBI B coctosiHue «SEQ» (io.usb.dp := False;
io.usb.dm := False).

[Mpoueaypa sendK() /s iepeBoza 1mHb1 B coctosiiue «K» (io.usb.dp := True; io.usb.dm :=
False).

[Mpouenypa sendJ() A/isi mepeBofa IIMHBI B COCTOSIHUE «J» - IPOTHUBOMOIOKHOE «K».
[Tpouenypy sendKJ() a5t BeIuMC/IeHUs1 TeKyLero repejaBaeMoro cumBosa («K» umm «J»)
WCXO[s U3 TPeJbIAYILEero MepeJaHHOr0 CUMBOJIA U TEKYIIero repejaBaeMoro OuTa JJaHHBIX
W COXpaHeHHsl TIOCHe/lHero repefaHHoOro cumBosia B peructp last_kj. Wcrnonbsyet
npotienyps! sendK() u sendJ().

IMpouenypy reset_last_kj() asis cbpoca peructpa last_kj B HauasnbHOe cocTosiHMe TIO
curHasny io.valid.

dyukiuo calc_crcl6_usb() s pacyera mipomexytouHoro 3HaueHusi CRC16 s
TIPUHSITOTO W/ TT€PeJIaHHOTO OaliTa JIaHHbIX.

Tak Kak Pa3Hbi€ aBTOMATHIL GYAYT TMOJ/Ib30BATbCA PA3HbIM Ha60p0M 3THUX Cl)l/lq, TO OJid TOrO,

yTOOBI B CHHTe3UpyeMoi 1[UpOBoI cxemMe He 1ybnMpoBanuch becrione3Hbie (He 3aZieliCTBOBaHHbIE)
KyCKM amraparypbl, CJejlaéM WX OTK/IHuaeMbIMH. [T 3TOro BBeZieM B KOHCTPYKTOpP 6a30BOTro
knacca USBSendReceive() ciieyrolue napamMmeTphbl:

hasStrobe : Boolean — Bxsitouaet B kacc peructp clock_div u curnan clock_strobe, a
takxke npouenypy make_clock_strobe();

szBitcount : Int — 3az1aeT pa3mep (6UTHOCTB) cueTurka bit_count, cenaem ero paBHbIM 0
TI0 YMOJTYaHHI0, UTOOBI OTK/IIOUaTh bit_count ecyiv oH He 3a/1eMICTBOBAH;
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* hasSendKJ : Boolean — Bktouaer peructpel last_kj, ones u stuffing, a Taxke
niporjeaypbl reset_last_kj(), sendKJ() v make_stuffing() koropbie paboTatoT C 3TUMH
PerucTpamu;

* hasCRC16 : Boolean — Bk/itouaeT B kjacc ¢yHKIMIO pacueTa calc_crcl16_usb().

B pe3synbraTte nonyuum cneayroiuii kog Ass kiacca USBSendReceive:

JIucmuHe 8.3. Basosnblii knacc USBSendReceive.

class USBSendReceive(var hasStrobe : Boolean = true,
var hasSendKJ : Boolean = true,
var szBitcount : Int = 0O,
var hasCRC16 : Boolean = false) extends Component {

if(hasSendKJ) { hasStrobe = true; if(szBitcount == ©) szBitcount = 13; }

val clock_div (hasStrobe ) generate Reg(UInt(8 bits)).addTag(crossClockDomain)

val clock_strobe (hasStrobe ) generate False

val bit_count = (szBitcount>0) generate Reg(UInt(szBitcount
bits)).addTag(crossClockDomain)

val stuffing = (hasSendKJ ) generate False

val ones = (hasSendKJ ) generate Reg(UInt(3 bits)).addTag(crossClockDomain)
val last_kj = (hasSendKJ ) generate Reg(Bool()).addTag(crossClockDomain)

val crcl6 = (hasCRC16 ) generate Reg(Bits(16 bits)).addTag(crossClockDomain)

def reset_last_kj(io: USB_IO) = hasSendKJ generate {
when(!io.valid) {
last_kj := False // 'J'

}

}

def sendK(io: USB_IO0) = {
io.usb.dm := False
io.usb.dp := True

}

def sendSE@(io: USB_IO0) = {

io.usb.dm := False
io.usb.dp := False

}

def sendJ(io: USB_IO) = {
io.usb.dm := True
io.usb.dp := False

}

def sendKJ(io: USB_IO, input_bit: Bool) = hasSendKJ generate {
val new_kj = Bool()

// convert bit to K/J symbol depending on last symbol sent
when(clock_strobe && ((input_bit === False) || stuffing)) {
new_kj := !last_kj // Transition
last_kj := new_kj
} otherwise { // No transition
new_kj := last_kj
}

// Transmit symbol, USB 1.0 Low Speed

when(new_kj) { // 'K' (True)
sendK(1o0)

} otherwise { // 'J' (False)
sendJ(io0)

}

def calc_crc16_usb(crc_in: Bits, din: Bits) : Bits = hasCRC16 generate {
val ret = Bits(16 bits)

ret(0) := din(7) A din(6) A din(5) A din(4) A din(3) A
din(2) A din(1) A din(@) A crc_in(8) A crc_in(9) 2
crc_in(10) A crc_in(11) A crc_in(12) A crc_in(13) A
crc_in(14) A crc_in(15)
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ret(1) := din(7) A din(6) A din(5) A din(4) A din(3) A din(2) A
din(1) A crc_in(9) A crc_in(10) A crc_in(11) A
crc_in(12) A crc_in(13) A crc_in(14) A crc_in(15)

ret(2) := din(1) A din(®) A crc_in(8) N crc_in(9)

ret(3) := din(2) A din(1) A~ crc_in(9) A crc_in(10)

ret(4) := din(3) A din(2) A crc_in(10) A crc_in(11)

ret(5) := din(4) A din(3) A crc_in(11) A crc_in(12)

ret(6) := din(5) A din(4) A crc_in(12) A crc_in(13)

ret(7) := din(6) A din(5) A crc_in(13) A crc_in(14)

ret(8) := din(7) A din(6) N crc_in(®) A crc_in(14) A crc_in(15)

ret(9) := din(7) AN crc_in(1) N crc_in(15)

ret(10) := crc_in(2)

ret(11) := crc_in(3)

ret(12) := crc_in(4)

ret(13) := crc_in(5)

ret(14) := crc_in(6)

ret(15) := din(7) A din(6) A din(5) A din(4) A din(3) A din(2) A

din(1) A din(®) A crc_in(7) A crc_in(8) A crc_in(9) A
crc_in(10) A crc_in(11) A crc_in(12) A crc_in(13) A
crc_in(14) A crc_in(15)

return ret

def make_clock_strobe(io: USB_IO) = hasStrobe generate {
when(io.valid) {

clock_div := clock_div + 1

when(clock_div === io.clock_div) {
clock_div := 0

}

when(clock_div === 0) {
clock_strobe := True

} otherwise {
clock_div := 0
}
}

def inc_bit_count(io: USB_IO) = (szBitcount > 0) generate {
when(io.valid) {
when(clock_strobe) {
bit_count := bit_count + 1

} otherwise {
bit_count := 0

}

def make_stuffing(io: USB_IO, bit_to_send: Bool) = hasSendKJ generate {
when(io.valid) {

when(ones === 6) {
stuffing := True
}

when(clock_strobe) {

when(bit_to_send) { // Count ones if bit_to_send == '1'
ones := ones + 1

} otherwise {
ones := 0

}

when(stuffing) {
ones := 0

}

when(!stuffing) { // Advance bit_count only if not stuffing zero
bit_count := bit_count + 1
}
}

when(stuffing) { // Substitute current bit to '0@' if stuffing
bit_to_send := False
}

} otherwise {
ones := 0
bit_count := 0
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}

HebosbIlioe 3amMeyaHue CTOWUT CjielaTh OTHOCHTeNbHO KOHCTPYyKuuu BHja (hasStrobe)
generate — TakuM CriocoboM TipoBepsieTcsi 3HaueHHWe rapametpa hasStrobe u Bkmtouaer (uiu
OTKJ/TFOYaeT) C/IeAYIONIUNA 3a Hel KOof, eCld TlapaMeTp yYCTaHOBJ/eH B true. AHajoruuHoM obpa3om
paboTaeT omeparop generate CTOSIIIMI B 3arosioBKe (YHKIMH WX TIPOLeAypbl. B ocTanbHOM,
TIpUBe/IeHHBIN BhIlle Koj Ha SpinalHDL jsierko unurtaeTcst mr00bIM IMTPOrpaMMUCTOM Jlaxke 6e3 3HaHUS
CUHTAKCHCa s13bIKa Scala u He TpeOyeT pa3BepHYTOrO KOMMeHTapHsl.

Ho ctout HemMHOTo 06CyauTh BHIOOP /1e(hONTHBIX 3HAaUeHUM [I7Is TTapaMeTPOB KOHCTPYKTOpPa
OTpeie/IIFOIMX YC/AOBHYIO T'eHepaljMio arraparypbl. bobIIMHCTBO BCIIOMOrare/bHbIX KOHEYHbIX
aBTOMaTOB 3aHUMAIOTCSl MEPeCchlIKOM [JaHHBIX 0 IIMHEe, a 3HAYUT OHU 3aBUCAT OT MPOLIeYPhI
sendKJ() 1 eé perucTpoB, Mo3TOMy 3HaueHHe 1o yMoauaHuto Ajisi napametpa hasSendKJ = True.
AHanoruuHbIM 00pa3oM BbIOpaHO 3HaueHue /s mapameTp hasStrobe = True — Bce aBTOMAThI
TpeOyIoT reHeparuy curHana crpoba. Pasmep perucrpa bit_count Bo Bcex aBTomatax MOXeT OBbITb
pa3HbIM, TT03TOMY T10 yMOIUaHuo napametpy szBitcount npucsoum 0. ITponienypa pacueta CRC16
WCIOJ/Ib3YeTCs B [IByX W3 IMATU BCIIOMOTaTe/bHbIX aBTOMAarax, a 3HAUUT MO YMOJYaHUIO yCTaHOBUM
3HaueHWe rmapamerpa hasCRC16 = False. 3HaueHusi 3TUX TiapaMeTpOB jajnee MbI Oyzgem
repeonpeensaTh PYU peann3aliii KOHKpeTHbIX KA.

Taxke CTOUT cKaszaTb mapy cioB mpo ¢yHkuuio calc_crcl6_usb(). [JanHas dyHKIMs
peanusyet pacuer nomHoma CRC16 mo anroputMmy (MaTemaTuueckoil ¢opmysie) KOTOPbIA ObLT
paccMoTpeH B raBe 3.1.4. «Anzopummbl pacuema KOHmMpoabHblx cymm CRCS5 u CRC16». JOta
(GyHKIMS TIpUHMMaeT Ha BXOJ [Ba mapamerpa crc_in u din. [lepBblii MapamMeTp COAEP>KUT
npefbiylllee paccuuTaHHoe 3HaueHWe Koja CRC16, OHO Kax/blii pa3 COXpaHsIeTCs B perucTpe
crcl6 koHeuHoro asToMmara. IIpu akTHMBaLUMM aBTOMara 3TOT PEruCcTp WHULIMAIU3MPYETCS B
HauasibHOe 3HaueHWe 16'hFFFF coracHo anropuTmy, a mpu 3aBepiieHUM paboThl Ha BBIXOBI
TofiaeTcst ero oroOpaxkeHHoe (reversed) 3HaueHHe TakKe COIVIACHO a/JrOPUTMY. BTopoii mapamerp
din cogepxuT 16 OUT NPUHATHIX (WK TepefaBaeMbIX) JAHHBIX KOTOpble HeoO0XoaUMO 0OpaboTaTh
anropuTMoM. OTH JlaHHble HaKallJIMBAalOTCS (3a/BUralOTCsl) BO BHYTPEHHEM pervcTpe aBToMara B
rpoLjecce mepefaun (WaM TpuemMe) U «CKapMauBaroTcsi» B ¢yHkUuio calc_crcl6_usb() korza
HabpaHO TO/THOe C/I0BO. DTO MOXKHO HAOJIOJaTh B TIPUBE/IEHHBIX BBIIIEe AWarpaMMax MepexofoB
cocrostHUM J7151 BcnoMmoraTtenbHbIX aBToMaTroB USBReceiver 1 USBSendData.

5.2.3. Kinacc USBSendSEQ

CrnefyroluM 1aroM Mbl PaCCMOTPUM peajiM3alijii0 caMoro MPOCTOro U3 BCIIOMOTaTe/bHbIX
KOHEUHBIX aBTOMAaTOB C OJHOMMEHHBbIM Ha3BaHuWeM. HariomHIo, 4YTO 3ajlaya [JaHHOTO aBTOMaTa
nepeBectd mMHY USB B cocrosinne «SEO» - 310 Korja obe curHanbHbiX uHuu (D+ u D-)
TIOATSHYTHI K «3emyie» («K HYJIO» WA «HaXoAsaTcs B coctosiHuM False») Ha 3aZilaHHOe KOMUeCTBO
OWUTOBBIX WHTEpBA/IOB, T/le OJWH OWTOBLIM WHTEPBAj] PaBeH TI0 BPEMEHU IPOO/DKUTETBHOCTH
riepe/iaur OZHOTO OUTA JAHHBIX (OJHOTO CUMBOJIA).

Astomar USBSendSEQ 3aBucut ot curtana crpoba clock_strobe u Tpebyer st paboTbl
CueTUMK OMTOBBIX MHTepBasioB bit_count, mpyuyeM pa3mep CueTuMKa JO/DKeH OBITb [JOCTAaTOUHO
OosbimuM uT0OBI CchopmupoBaTh curHan «Bus Reset» B Teuenun 6Gonee 10 mc (6omee 15000
oTcueToB). JlaHHBIN aBTOMAT He 3aHMMaeTCs MepechUIKOM WM TIPUeMOM JlaHHBIX, a 3HAUUT He
3aBucUT OT miporieaypbl sendKJ() 1 OoT Bcero uTo C Heli CBI3HO. VICXOfst U3 3TOTO, B KOHCTPYKTOPE
K/Jlacca peav3ylolllero JaHHbIM aBTOMaT, yKakeM ciiefytoiiue rapamerpbl: hasStrobe = True,
szBitcount = 16 u hasSendKJ = False. ITonHas peanu3auus kinacca USBSendSEQ Bwirisiaut
CJieIyIOIIMM 00pa3oMm:
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JIucmuHe 8.4. Knacc ecnomoeamenbHo2o asmomama USBSendSEQ.

case class USBSendSEQ() extends USBSendReceive(hasSendKJ = false, hasStrobe = true,
szBitcount = 16) {
val io = new USB_IO {
val len = in UInt(16 bits) // number of bit intervals
}

make_clock_strobe(io)
inc_bit_count(io)

when(io.valid) {

when(clock_strobe && bit_count === io.len) { // Ready, EOP: 'J'
sendJ(io0)
io.ready := True

} otherwise {
sendSEO(1i0)

Pabora laHHOTO aBTOMaTa akKTMBUpPYeTCs TI0 curHasy io.valid u 3aBepiaeTcsi yCTaHOBKOM
io.ready := True B MoMeHT, Korza peructp bit_count gocturaer 3HaueHus io.len mepegaBaemoro
BO BXOJHOM KOMILJIEKCHOM CHTHajie i0 ormpefesseMbiM HHTepdelicHbiM Krnaccom USB_IO wu
JIOTIOJTHEHHBIM HOBBIM MapaMeTpoM len.

B mporiecce paboTel y aBTOMara MOpPOXKAAeMOTrO JaHHBIM KOZIOM TOCTOSTHHO (Ha KayK/IbIi
TakT 0a30BOro curHasa) BbI3biBaeTcsi Tipoijeaypa make_clock_strobe() koropasi moposkiaer
anmapartypy Bpaujaromnyto cuyetyrk clock_dev u dopmupyromyro ctpob clock_strobe. Takxke Ha
KKIbIM TaKT BbI3bIBaeTCs mpoueaypa inc_bit_count(), oHa mnopo)kJgaeT arrmapaTrypy AJis
TipypallieHyst 3HaueHre peructpa bit_count Ha eUHUITY 0 CUTHATY CTpOOa.

Ecii mocMoTpeTh Ha AvarpaMMy H300pakeHHYIO Ha pucC. 13.2, TO MOYKHO 3aMeTHTh, UTO
TIOUTH BeCh KOl JAHHOTO KJlacca TPe/ICTaB/IeH Ha 3TOW Auarpamme, a OTiepaTophl si3blka 00pa3yroT
CBSI3M MeX/[y YacTSIMU KOjla UTO BbIp@KeHO Ha JuarpaMme B BHjle CTPeJioK-CBsizedd. OrmepaTop
when() Ha AuarpaMmax mpezicTaBieH «pOMOOM» U SIB/ISIETCS OTIepPaTOPOM YC/IOBHOTO MICTIOJTHEHUSI.
[Tpy peanu3alMM OCTa/bHBIX BCIIOMOTaTe/bHBIX aBTOMAaToB BCe OyJeT BbIVIsZeTb aHaJOTUYHBIM
obpasom.

5.2.4. Knacc USBSendShortToken

3azaua BcriomorarensHoro aBTomatra USBendShortToken coctout B TOM, uTOOBI TiepeciaTh
1o mmHe 16 OUT JaHHBIX BKItouass rpeamOyny u PID. UtoObl mepesaTk Ha BXof, 3HaueHuwe PID,
peammzaius  knacca USBSendShortToken pacimvipsier uHTepdeiicHbiii  kaacc  USB_IO
JIOTIOJTHUTeTbHBIM curHasioM pid pasmepHocThio 4 Gurta. B Tenmo kmacca go0aBiisieTcsi perucTp
buffer — Oydep u3 kKoTOporo wu3bIMAlOTCS JAaHHBIE [Jisi Tlepefaud W curHaa bit_to_send
CChINIAIOIIUIMCA Ha 6uT Oydepa cofiepyKaluii TeKyIHi riepefiaBaeMblii OUT JAaHHBIX.

Asromar USBSendShortToken 3aBucur ot curHasa crpoba clock_strobe, TpeOyer ast
paboThl cueTuHMK OWTOBBIX HMHTepBasoB bit_count pasmepom 5 OUT W HCTOB3yeT MPOLIEAYPY
sendKJ(). [ToTomy B mapameTpax KOHCTPYKTOpa yKakeM TO/MbKO szBitcount = 5, Tak Kak Bce
ocTasbHble TlapaMeTphl 0 YMOJYaHWI0O WMeloT TpeOyemble 3HaueHuWsi. Peasu3aiusi Ksjacca
USBSendShortToken npesicTaBieHa HUXe.

JIucmune 8.5. Knacc ecnomozamenbHo2o asmomama USBSendShortToken.

case class USBSendShortToken() extends USBSendReceive(szBitcount = 5) {
val io = new USB_IO {
val pid = in Bits(4 bits)
}
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val buffer = ~io.pid ## io.pid ## B"10000000"
val bit_to_send = buffer(bit_count(3 downto 0))

make_clock_strobe(io)
inc_bit_count(io)
reset_last_kj(io)

when(io.valid) {
when(bit_count === 20) { // Ready, EOP: 'J'
sendJ(io)
io.ready := True
bit_count := 20
elsewhen(bit_count === 19) { // EOP: 'J'
sendJ(io)
elsewhen(bit_count === 18 && clock_strobe) { // EOP: 'SE@' - coner case
sendSE0Q(io0)
elsewhen((bit_count === 17) || (bit_count === 18)) { // EOP: 'SEO'
sendSEO(1io0)
elsewhen(bit_count === 16 && clock_strobe) { // EOP: 'SE®' - coner case
sendSEO(io0)
otherwise {
sendKJ(io, bit_to_send)

L N

B ot/mumnu ot npefpiAyiero, 6oee MpoCcTOro aBTOMara, B peasu3aryio JaHHOTO A00aBuics
BbI30B TMpoueaypbl reset_last_kj() xkoTopasg mopokzaeT arrapaTypy WHULManW3aldd perucrpa
last_kj npu cOpoce curnana io.valid.

Bydep npeacraisier coboii buffer 16-tv OuTHBINM cUrHan MOTyYaeMblii KOHKaTeHal[uen
WHBEPCHOTO 3HaueHWs ~io.pid, mpsimoro 3HauyeHus io.pid v mpeamOynbl B OMTOBOM BbIpa’KeHUH
KoTopas pasHa "10000000" .

HaromHto, uTo aHHbIe TI0 mrHe USB mnepenaroTcs ot Maagimmx OUTOB K CTapIliuM, TO eCThb
CHauasia OyAyT TmepesaBaThCsl 7 Hy/led 3a KOTOPBIMM IIPOC/IEAyeT OAHA efuHuLa. Tak, Kak
HauasbHOe 3HaueHue last_kj ycraHaBnuBaeTcss B «J», TO Tepejaua MepBOrO Hy/si TMpPUBEAET K
CMEHbI COCTOSTHUSI JIMHUM Ha TIPOTHBOIIONIOXKHOE, a 3HAUMT TepBbIl OTMpaB/IeHHbI CUMBOJ OyzneT
«K». Tlocse yero ciepyronyii HOJMb ellje pa3 CMEHUT COCTOSIHWe JMHWK Ha CUMBOJ «J» U Tak
HECKOJbKO pa3. B pe3ynbrare 1o 1muHe OyzeT TepeJaHa I10C/e[0BaTeIbHOCTE CHMBOJIOB
«KJKJKJKK», rae nocsiennuii cumBos «K» 3T0 mepeiaHHast e IMHULA U3 TTPeaMOyJIbl.

[Tocne Toro Kak aBTOMAaT TepeAacT Mo wiMHe 16 OWUT JaHHBIX, OH TepejacT CHayajaa /JBa
cumBosia «SEO», a morom JBa cuMBOia «J», 4TO WH(POPMUpPYyeT TPUHKUMAIOLIYI0 CTOPOHY O
coctosiuui EOP (koHel makeTa). ABTOMAar OCTAaHOBUTCS Ha 3HaueHuu bit_count === 20 c
NOAHATHIM CUTHaIoM io.ready 1 cocTosiHUEM «J» Ha IIMHe.

5.2.5. Knacc USBSendLongToken

3amaua BcriomoraresnbHoro aprtomara USBSendLongToken cocrour B TOM, 4YTOOBI
Triepec/iaTh M0 IIMHe pacIIMpeHHbINA TOKeH pa3MepoMm 32 bura cofepskariuii momumo PID ere 7 our
azpeca yctpoiictBa (ADDR) u 4 6urta Homepa koHeuHou Touku (ENDP). B KoHile makera
nobasnsiercss 5 6utor kox CRCS paccuntsiBaemoro 110 11 6uram ganHbIX (Tonbko ADDR + ENDP,
uznentudukarop PID He yuacTByet B pacuete CRC5).

[ns pelieHusi mocTaBieHHOM 3afaun umiuieMeHTanust knacca USBSendLongToken
pacivpsieT KOMIUIEKCHBIA CHUTrHas i0 mpezcTaBiseMblid uHTepdelicHbiM Kinaccom USB_IO Tpems
JOTIOTHATETbHBIMU curHanamu: pid (4 6uta), addr (7 6ur) u endp (4 6ura) u HobaB/sgeT B TEIO
knacca ¢yHkouio calc_cre5_usb() ¢ oguuM BxogHBIM TlapameTpoM din pa3mepHocThiO 11 OUT.
HNanHasi (yHKUYS TIOpOXKAaeT KOMOWHAIIMOHHYIO CxeMy BblUMC/swoIyt0 3HaueHre CRC5 mo
aITOPUTMY ONMCaHUe KOTOPOro paccMOTpeHO B mase 3.1.4. «Anzopummbl pacuyema KOHMpPO/AbHbIX
cymm CRC5 u CRC16».
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Bydep Bxopubix nanHbeix buffer, kak v y mpegpigyijero aBromara, ¢opMHpyeTCsl MyTeMm
KOHKaTeHal[uM BXOAHbIX JaHHbIX. K HuUM gobGaensiercs koja CRCS5 mnosyuaembiii  (yHKLMeH
calc_crc5_usb().

Peanu3aiusi aBtomara USBSendLongToken wucrione3yer Te ke O70Kd, 4YTO U
USBSendShortToken, no3TomMy napameTpsl KOHCTPYKTOpa aHaroruyHbl. [1o/HbIN KOZ, peanu3auyu
k1acca USBSendLongToken BbIrISIAUT CrieyrOL{UM 0Opa3oM:

Jlucmune 8.6. Knacc scnomoeamenbHo2o asmomama USBSendLongToken.

case class USBSendLongToken() extends USBSendReceive(szBitcount = 6) {

val io = new USB_IO {

val pid = in Bits(4 bits)
val addr = in Bits(7 bits)
val endp = in Bits(4 bits)

}

def calc_crc5_usb(din: Bits) : Bits = {
val ret = Bits(5 bits)
val din_rev = din.reversed;
ret(0) := din_rev(10) A din_rev(9) A din_rev(6) A din_rev(5) A din_rev(3) A din_rev(0)
True
ret(1)

>

din_rev(10) A din_rev(7) A din_rev(6) N din_rev(4) A din_rev(1) A True

ret(2) := din_rev(10) A din_rev(9) A din_rev(8) A din_rev(7) A din_rev(6) A din_rev(3)
A din_rev(2) N din_rev(©) A True

ret(3) := din_rev(10) A din_rev(9) A din_rev(8) A din_rev(7) A din_rev(4) A din_rev(3)
A din_rev(1)

ret(4) := din_rev(10) A din_rev(9) A din_rev(8) A din_rev(5) A din_rev(4) N din_rev(2)
A True

return ret.reversed A B"11111"

}

val crc5_out = calc_crc5_usb(io.endp ## io.addr)
val buffer = crc5_out ## io.endp ## io.addr ## ~io.pid ## io.pid ## B"10000000"
val bit_to_send = buffer(bit_count(4 downto 0))

make_clock_strobe(io)
inc_bit_count(io)
reset_last_kj(io)

when(io.valid) {
when(bit_count === 36) { // Ready, EOP: 'J'
sendJ(1io0)
io.ready := True
bit_count := 36
elsewhen(bit_count === 35) { // EOP: 'J'
sendJ(io)
elsewhen((bit_count === 33) || (bit_count === 34)) { // EOP: 'SEO'
sendSEOQ(1i0)
elsewhen(bit_count === 32 && clock_strobe) { // EOP: 'SE®' - coner case
sendSE0Q(io0)
otherwise {
sendKJ(io, bit_to_send)

[ R B

AnropuT™M [eMcTBUS TIpU Mepefauyd |y [JaHHOIO aBTOMara TakoOM JXe KakKk Uy
USBSendShortToken, pa3xuiia muiiib B O0/bIIIEM YHC/Ie TIepeaBaeMbIX OUTOB JJaHHBIX (32 BMeCTO
16). Apromar USBSendLongToken, ocraHaBiuBaeTcs Korja cyeTuvk bit_count pocturaer
3HaueHuss 36. B 3TOM cCOCTOSHMM TIPOM3BOAWTCS TMOAbEM curHana io.ready, a Ha IIWMHe
YAEeP)KUBAETCSI COCTOSTHUS «J».
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5.2.6. Kitacc USBSendData

Krnacc peanusytoiiuii BcriomorartesibHbi aBTomMar USBSendData f/1s1 mepesiauu 1o IvHe
TI0/Tb30BaTeIbCKOT0 O710Ka ZIAHHBIX TOXKe pacLIUpsieT CTPYKTYpy CUrHasza io ryteM JoOaBrieHUs B
uHTep¢eiicHpi Kmacc USB_IO cneayromux mnoneii: mosie pid ans 4-x 6uros Packet ID, mose len
pa3MepoM 7 OUT /11 yKa3aHusl [IMHBI Tlepe/jaBaeMoro 6/10Ka JJaHHbIX, U 1ojie data pasMepHOCTBIO
64 OuTa comepkaiijee repeJaBaeMyro 0 IIHHe MMOC/IeA0BaTe/IbHOCTh JJAaHHBIX (HAlTIOMHIO, UTO /ISt
USB 1.0 «Low Speed» MakcrMa/nbHBIN pa3Mep TI0/Ie3HOM Harpy3KH COCTaBsieT 64 6uT).

Peamu3arus knacca USBSendData wcronb3yeT cieyromye (GyHKI[MOHATbHbIE OJIOKU:
niporierypy make_clock_strobe() moposkgaroryto Aenvrenb 4acTOThl U (DOPMHUPYIOIIYIO CTPOO
clock_strobe; cuetunk OutoB bit_count pasmepHocTs 8 OWUT W TIpoLieAypy €ro TMpHpaljeHHs
inc_bit_count(); npoueaypy sendKJ() a5 npeobpa3oBaHus JaHHBIX B CUMBOJIOB M OTIIPAaBKU UX
Ha ILIKHY, a TaKXe npouenypy uHuimanusanuu pervcrpa last_kj(). [Ipu nepesaye jaHHBIX aBTOMAtT
USBSendData wucrnionb3yetr mnpoueaypy cacl_crcl6_usb() gns pacyera koga CRC16 pjis
Triepe/iaBaeMoro Tio IiHe 0s0Ka aHHBIX. Vicxoas w3 3Toro, KOHCTpyKTOp Kinacca USBSendData
OyzeT comep)kaTh TlapaMeTphl co cieayomyMy 3HaueHusMu: hasCRC16 = true, szBitcount = 8.
Bce ocranbHble apaMeTpbl OCTalOTCS B CBOUX J1e()ONTHBIX 3HAUEHUSIX.

[Mporiecc TmepecbUIKA JaHHBIX o0OCyx7ancs B rnaBe 5.1.6, a [guarpaMma I[epexo/ioB
COCTOSIHUM TipuBefieHa Ha puc. 13.5. OH cocTouT U3 HecKoMbKuX (a3, B ToM umcre: (pas3a State 0:
Send SYNC and PID» - nepeznaercs npeam0ysia 1 gBa pa3a PID (mpsiMoit ¥ MHBepCHBIM), (ha3a
«State 1: Send data bits» - kogrpoBaHue 1 COOCTBEHHO Iepeaua OUTOB 1M0JIe3HO C yueToM «OuT-
craddunra», gasza «State 2: Send CRC bits» - mepefiaua 16-T OUT pacCUNTaHHOTO 3HAUEHHs Kofja
CRC16, u HecKoNMbKUX KOPOTKUX (a3 MOCHIIKK 3aBepllliatolileii 1oc/ieoBaTe/lbHOCTH 3aBepIlleHus
EOP.

Insi kopupoBaHusi Tekylreld ¢asbl morpebyercsi 3-x OWTOBBIN pervcTp state KOTOpbie
VMHULIMAU3UPYeTCsl B Hy/leBoe 3HaueHWe Tipu cOpoce BxopHoro curHana io.valid. [Ins mepenauu
npeamOysibl B HyseBoi ¢ase morpebyercsi Oydep sync_pid_buffer mnoctpoennbiii myTem
KOHKaTeHal[UM BXOJHBIX JaHHbIX i0.pid 1 OUTOBBIM TipezcTaBieHreM rpeamOysibl. Tak Kak pacueT
CRC16 Begercsi 1mo-0aiiToB, TO B peanv3aljid aBTOMara TPHJETCS 3aBeCTH BHYTPEHHHU 8-Mu
OUTHBIN peructp crc_byte /115 HakoTIeHUs Tiepe/laHHBIX OUT. B pe3ysbraTe MOMyudM CrieyOLHMA
kog, a5t Knacca USBSendData peasnu3yroriuii o[HOMMEHHOMN BCTIOMOTaTe/IbHbIN aBTOMaT:

JIucmune 8.7. Knacc ecnomozamenbHo2o asmomama USBSendData.

case class USBSendData() extends USBSendReceive(hasCRC16 = true, szBitcount = 8) {
val io = new USB_IO {

val pid = in Bits(4 bits)
val data = in Bits(64 bits)
val len = in UInt(7 bits)

}

val crc_byte = Reg(Bits(8 bits))

val sync_pid_buffer = ~io.pid ## io.pid ## B"10000000"

val state = Reg(UInt(3 bits)).addTag(crossClockDomain) init(0)
val bit_to_send = False ; // value of data bit to be sent

make_clock_strobe(io)
make_stuffing(io, bit_to_send)
reset_last_kj(io)

when(io.valid) {

switch(state) {
is(0) { // sending SYNC + PID
bit_to_send := sync_pid_buffer(bit_count(3 downto 0))
sendKJ(io, bit_to_send)
when(clock_strobe && bit_count === 15) {
bit_count := 0
state := 1 // send data
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when(io.len === 0x7f) { // max len in this phase means send empty packet
state := 2 // send CRC16 right away
}
}

}
is(1) { // sending DATA block
bit_to_send := io.data(bit_count(5 downto 0))
when(clock_strobe && !stuffing) {
val crc_byte_next = bit_to_send ## crc_byte(7 downto 1)

when(bit_count(2 downto 0) === U"111") {

crclé := calc_crcl6_usb(crcl6, crc_byte_next.reversed)
when(bit_count === io.len) {

state = 2

bit_count := 0
crc_byte := crc_byte_next

// J: D- =1, D+ =0, K: D- = 0, D+ = 1
// KIKIJKIKK + PID + DATA + CRC16
sendKJ(io, bit_to_send)

1
is(2) { // sending CRC16 block
// CRC out is reversed and XORed

val crc_rev = ~crcl6.reversed
bit_to_send := crc_rev(bit_count(3 downto 0))
when(clock_strobe && bit_count === 16) {
sendSEO(10);
state := 3

} otherwise {
sendKJ(io, bit_to_send)

}

}
is(3) { // sending EOP: 'SEQ'
sendSEOQ(1i0)
when(clock_strobe) {
state := 4
}

}
is(4) { // sending EOP: 'SEO'
sendSE0Q(io0)
when(clock_strobe) { // sending EOP: 'J'
sendJ(io0)
state := 5

}

}
is(5) { // sending EOP: 'J'
sendJ(io0)
when(clock_strobe) {
state := 6
}

}
is(6) { // Ready, EOP: 'J'
sendJ(io)
io.ready := True
}
}

} otherwise {
state :=
crclé :=

}

W o

"16 "hFFFF"

OueBHHO, UTO KOZA //Isi 3TOTO aBTOMATa TMOIyYMIOCh HECKOJBKO 1obosiee, ueM /il aBTOMAaToB
TiepechlTKH TOKeHOB. TeM He MeHee JIOTHKa ero paboThl XOPOIIIO MPOC/IEXKUBAETCS.

5.2.7. Knacc USBReceiver

Knacc peanusyromuii BCIIOMOTaTeNbHBIM aBTOMAaT [ijid TpUeMa JaHHbIX J100aBjsieT
CJle/lytollie 1oJisi B KOMIUIEKCHBIN CUrHa io paciuvpsis uHTepgeiicHbli knacc USB_IO:
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* mone io.packet mpexcTaBnser coOOM BBIXOJHOM CHTHAl pa3MepHOCTBIO 128 6T asst
MIpUHATOTO Os10Ka AaHbiX (BK/Itodass CRC16);

* mione io.bits_recv — BbIXOZHOM CHUTHa/M Pa3MePHOCTBIO 7 OUT COeprKaluii CUETYMK YKC/Ia
TIPUHSTBIX OUT (3alryCaHHBIX BO BHYTpPeHHUI Oydep packet);

* mose io.calculated_crc16 — BbIXOAHOUM CUTHAM pa3MepPHOCTBHIO 16 OUT copep)Kalfuil Kop
CRC16 paccuuTaHHbBIN B IpoLjecce MpreMa Io MoyuyaeMbIM JaHHbIM;

* u mone io.received_crcl6 — BBIXOJHOW CHrHa/M pa3MepHOCTHIO 16 OHUT copepKaryii
nocsefHue 16 MpPUHATBIX OWTOB /JaHHBIX, B HOPMAaJbHOM CUTyallUd 3TO TIPUHSITBIA KO[
CKC16 paccunTaHHbIN 1 NIepeJjaHHbIN y/laleHHOM CTOPOHOU.

IIpouecc mpuema paHHbIX 10 wvHe USB npeacrasieH Ha AuarpamMma Ha puc. 13.6.1 — 16.6.3 u
orucaH B miaBe 5.1.7. «BcnomozamenbHblili KoHeuHblli asmomam USBReceiver». OH ToXe COCTOUT
13 HeCKOMbKuX (a3, B ToM umcie: ¢a3bl «I — KamubpoBka» B Tporjecce KOTOPOW MPOWU3BOAUTCS
pacyeT JJIMTeTbHOCTH OMTOBOTO MHTEpBasa 1o NMpUHUMaeMoi ripeamOyre; dasa «II — Oxkujanue
koH1ja mipeamOynbl SYNC», ¢dasbr «III — Tlpuem [gaHHBIX» B TPOLECC KOTOPOH TPOMCXOUT
JeKOAVPOBaHWe TIPUHUMAaeMbIX CHUMBOJIOB B OWUThI JaHHBIX U pacueT CRC16; M HeCKOIBKUX
3aBepLIAOIIUX (a3.

Pabora BcriomorarenbHoro aBTomata USBReceiver Cu/IbHO OT/IMYaeTcsi OT BCex
NpeAbIAYIINUX, W3 o0mux OJIOKOB HCIIONB3yeTcsl TO/BKO bit_count v mpoieaypa pacuera Koza
CRC16. 3HaueHusi rapaMmeTpoB /jisi KoHCTpykTropa Kiacca USBReceiver OyayT ciiefyrolumu:
hasStrobe = false, hasSendKJ = false, hasCRC16 = true, szBitcount = 7.

BcnomorarensHbiii asromar USBReceiver comepxuT Tpu cuetuumka-tavimepa: TO0 — asst
BBIUMCJIEHUS] W TIOC/IEAIYIOIIEr0 y4eThl [IMTebHOCTH OuTOBOro WHTepBasa, T1 — pans yuera
pmatenbHoctTd  EOP  mnocnepoBarensHocty v T2 — 3aujuTHBIM  TaWiMep /1 aBapUHOIO
3aBepllieHus TIpUeMa ecyiu yjlaieHHasi CTOpOHa OTKa3bIBaeTCsl Mepe/iaBaTh JaHHbIe.

Taxke [ni1s paboThl TIpUeMHHKa TMOTpeOyroTCsi ciiefyoljde BHyTpeHHUe Oydepbl U
PerucTphl: state — [l XpaHeHHWsl COCTOsiHUs/(a3bl paboThl aBTOMAara, received_crcl6 — s
HakoruieHusi paccuutbiBaemoro koga CRC16, bit_duration — 77151 coxpaHeHUs1 paCCUMTaHHOTO Ha
CTa[ UM Ka/IMOPOBKHU 3HaueHWs [JIMTeIbHOCTH OWUTOBro mHTepBasa, ready s OydhepusmpoBaHus
BBIXOJJHOTO CMTHajia TOTOBHOCTH, packet — /11 XpaHeHus ToslydyaeMbIX JaHHbIX, last_dp — pns
3arOMUHAHWS TIOC/IeIHET0 COCTOsIHMS 1iMHBIL, U last_symbeol — /s 3ariomuHaHus mocjieHero
NpUHATOr0 cuMBojia. Peructp last_dp TpebyeTcst /s BbleneHusi ppoOHTa WM CriaZia Mo JTMHUAU
io.usb.dp koTopas ucronb3yeTcs [ijisi CIMIIMPOBAHKS [JaHHBIX, @ CMeHa COCTOSTHUSI Ha 3TOW JIMHUU
WCTIONb3yeTCsl [/l TlepeCMHXPOHM3alMu U cbpoca Taiimepa OurtoBoro uHTepBasia TO0. Peructp
last_symbol HeoOxoqum 11 Tipeobpa3oBaHUs TMO/yUyaeMOro MOTOKA CUMBOJIOB B OWTHI JaHHBIX.
Peructp ones Kcrionb3yeTcs [/1s1 OACYETe YMC/Ia HeNPepbIBHO C/IeAYIOLUX eJUHMULI.

Tenepb, Korjla Mbl 3HaeM Ha3HaueHue BCeX PEervcTpoB U CUIHA/IOB, TIOCMOTPHUM Ha KOZ
peasv3aliuy BcrioMorarenbHoro aBTomara USBReceiver nipe/icTaB/ieHHBIN HUKe U BbIDa’KeHHBIN Ha
SpinalHDL.:

JIlucmune 8.8. Knacc ecnomoeamenbHoeo asmomama USBReceiver.

case class USBReceiver() extends USBSendReceive(hasStrobe = false, hasSendKJ = false,
hasCRC16 = true, szBitcount = 7) {
val io = new USB_IO {
val packet = out Bits(128 bits) // PID(8) + DATA(64) + CRC16(16) + ALIGN
val bits_recv = out UInt(7 bits)
val calculated_crcl16 = out Bits(16 bits)
val received_crc16 = out Bits(16 bits)

}

override val ones = Reg(UInt(3 bits)).addTag(crossClockDomain)
val received_crcl16 = Reg(Bits(16 bits)).addTag(crossClockDomain) init(0)
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val bit_duration = Reg(UInt(8 bits)).addTag(crossClockDomain) init(0)
val state = Reg(UInt(3 bits)).addTag(crossClockDomain) init(0)

val TO = Reg(UInt(8 bits)).addTag(crossClockDomain) init(@) // Bit timer
val T1 = Reg(UInt(8 bits)) init(@) // EOP timer
val T2 = Reg(UInt(12 bits)) init(©@) // Guard timer

val ready = Reg(Bool()).addTag(crossClockDomain) init(False)

val packet = Reg(Bits(128 bits)).addTag(crossClockDomain) init(0)
val last_dp = Reg(Bool()) init(True)

val last_symbol = Reg(Bool()) init(True)

io.packet := packet

io.bits_recv := bit_count
io.calculated_crcl6 := ~crcl6.reversed
io.received_crcl16 := received_crcl6

when(io.valid) {
io.ready := ready
switch(state) {

is(®) { // SYNC: begin calibration
when(io.usb.dp && !'io.usb.dm) { // First 'K' - start calibration

state := 1

bit_count := 0

ones := 0

bit_duration := 7 // default is 8 clocks
packet := 0

crcl6é := B"16'hFFFF"

ready := False

last_dp := True

last_symbol := True

TO := 1 // compensation for init state which takes just one clock
T1 := 0

T2 := 0

}
3

is(1) { // SYNC: 'K' is going, waiting for 'J'
TO (= T0 + 1
when(!io.usb.dp && io.usb.dm) { // 'J' received

bit_count := bit_count + 1
state := 2

1

when(TO@ === 255) { // Too much, error
state = 7

}

}

is(2) { // SYNC: 'J' is going, waiting for 'K'
TO (= TO0 + 1
when(io.usb.dp && !io.usb.dm) { // 'K' received

bit_count := bit_count + 1
state := 1
when(bit_count === 3) { // TWO 'KJ' cycles received
bit_duration := (TO@ >> 2).resized // calculate bit duration: div by 4
state := 3
TO = 0
}
}
when(T0@ === 255) { // Too much, error
state := 7
}

}

is(3) { // wait for end of SYNC: two 'K's
when(io.usb.dp && !'io.usb.dm) { // 'K' received
TO (= TO0 + 1
when(T0.asBits === bit_duration(6 downto 0) ## B"0") { // TO === bit_duration*2
TO = 0
state := 4
bit_count := 0

} otherwise {
TO := 0
}
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when(TO@ === 255) { // Too much, error
state = 7
}

}

is(4) { // Receiving data
when(io.usb.dp =/= io.usb.dm) { // valid data are only when DP != DM
TO (= TO + 1
last_dp := io.usb.dp
when(last_dp =/= io.usb.dp) { // sync on each edge

TO = 0
} _ _
when(TO === bit_duration) { // end of symbol ?
TO = 0
when(TO === bit_duration(7 downto 1).resized) { // sample one symbol in the
middle of tick
var bit_received = (io.usb.dp === last_symbol) // convert symbol to bit

last_symbol := io.usb.dp
when(bit_received) {

ones := ones + 1
} otherwise {
ones := 0

when(ones =/= 6) { // save current bit
bit_count := bit_count + 1
packet(bit_count) := bit_received
received_crcl6 := bit_received ## received_crc16(15 downto 1)
when(bit_count > 23 && bit_count(2 downto 0) === U("000")) {
crcl6 := calc_crcl16_usb(crcl6, received_crcl16(7 downto 0).reversed)

} otherwise { // skip current bit because it's stuffing bit

ones := 0

when(bit_count === 127) { // max data size achieved
state = 7

}

io.test := True

3
}
}

is(6) { // EOP received
TO (= TO0 + 1

when(TO@ === bit_duration) { // wait for 'J' after SEO
state := 7
}
}
is(7) { // Ready
ready := True
io.bits_recv := bit_count
io.test := True
1
default {
state = 7
packet (87 downto 80) := state.asBits.resized
io.test := True
}

}

// Check for EOP (SEQ)
when(!io.usb.dp && 'io.usb.dm) {
T1 (= T1 + 1
when(T1 === ((bit_duration << 1) - U(2))) { // is SEO for two bit intervals - report
EOP
state := 6
TO = 0

} otherwise {
T1 := 0

}

// Check for hung state ('J')

when(!io.usb.dp && io.usb.dm) {
T2 (= T2 + 1
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when(T2 === (bit_duration << 3)) { // is 'J' for more than 8 clocks - report error!
state = 7

} otherwise {

T2 = 0
}
} otherwise {
state (= 0
ready := False

}

5.2.8. Knacc Apb3USB10Ctrl

Knacc Apb3USB10Ctrl Gyzet BbImonHATh cpa3y ABe (YHKIUW: BO-TIEPBBIX, B HeM Oyzer
COZleprKaThCsl peajin3alisi OCHOBHOTO KOHEUHOTO aBTOMara JJisi XOCT-KOHTPOJUIepa, U BO-BTOPBIX, B
HeM OyzleT HaxXOOWTChsl BCS CBS3yIOLIasi JIOTHKA [JIs1 WHTerpaldu KOHTposulepa B muHy APB3
cuHTe3upyemor CHK.

Ho HauHeM MbI pa30uparh yCTPOMCTBO 3TOTr0 Kjacca C OMWCAHUS JBYX TepPeuyrCIeHHN:
USBMain - /s mepeuHsi COCTOSIHUM OCHOBHOTO aBToMaTa, © USBCommand — g5 crivcka
TIO/i/Iep>KUBaeMbIX KOMaH/I;:

Jlucmune 8.9. [ToumeHoB8aHHbIe nepeuHuU COCMOSIHUU U KOMAHO.

object USBMain extends SpinalEnum{
val StateUnconnected, StateWaitCMDorSYNC, StateKeepAlive,
StateSendLongToken, StateSendShortToken,
StateSendData, StateSendReset, StateReceive
= newElement ()

}

object USBCommand extends SpinalEnum(defaultEncoding = binarySequential){
val CMDNone, CMDSendToken, CMDSendShortToken, CMDSendData, CMDBusReset
= newElement()

Ha craguu xomnunsiiuu coctosHusM StateUnconnected, StateWaitCMDorSYNC u T. 1.
ByzneT mpucBOeHbI KOHCTAHThI HauWHasi C HYJ/IsA, 3TO aHAJIOTUYHO TOMY, Kak paboTaeT oreparop
enum B s3bikax C/C++. Bce Toke camoe c mepeuHeM KomaHz. Komanze CMDNone Oyzet
nipucBoeHa koHcTaHTa 0, CMDSendToken = 1, CMDSendShortToken =2 u . f.

B 3ToM MecTe cTouT czenath HeOOJbIIOE 3aMedaHHe MO0 CTUIH. [IBIT/IMBBLIM UWTaTeNlb
MOJKET 3a/laTh CIpaBe//IMBbIA Bonpoc: noueMy s aBTomata USBMain B Kofle XOCT-KOHTpOJIIepa
VICTIO/Ib3YKOTCSl TIOMMEHOBaHHbIE COCTOSIHUS, a [Jig BCeX BcromorarenbHbIX KA HCMONb3yrTCS
TOJILKO UMCJIOBbIE KOHCTAHTHI ? OTBET NPOCTOM — HET CMbIC/1a MIOJUTh JIULLIHUE CYLIHOCTH. Y Hac
BCEro /JBa BCIIOMOTaTe/JbHBIX aBTOMaTa C BbIJEJIEHHOW IlepeMeHHOM (perucrpom state) s
XpaHeHus1 coctostHus, 370 aBToMathl USBSendData 1 USBReceiver. B 060oux aBTOMarax repexof
W3 OJJHOTO COCTOSIHUSI B APYTOe TPOU3BOAUTCS MOC/e/I0BaTeIbHO C yBe/indeHreM HOMepa ¢asbl, B
HUX HeT IIPOU3BOJIbHBIX [1epeX00B MeXKAY pPasHbIMU COCTOSHUSIMH, B KaXK/IOM COCTOSIHUM aBTOMaT
nipeObIBaeT TOJBLKO OfUH pa3. [103ToMy MHe MOKa3anoch yA0OHBIM MCITO/Ib30BaTh MOC/IE/I0BATETbHO
MIPOHYMEpPOBaHHbIE UKWC/IOBbIE COCTOsIHMS. B rnaBHOM KoHeuHoMm aBTomate USBMain sorvka
TIePeXOZIOB MEXY Pa3TUUHbIMHA COCTOSTHUSIMA MOYKeT ObIThb BeChMa 3allyTaHHOM, TI03TOMY BCe
COCTOSIHUSL 3TOT0 aBTOMaTa [POHyMepPOBaHbl U UM IPUCBOEHbI 0CMBbIC/IeHHbIe Ha3BaHUS.

Krnacc Apb3USB10Ctrl sBnsieTcs  armapaTHbIM ~ KOMIIOHEHTOM  (CJIOKHBIM
(hyHKIIMOHABHBIM OI0KOM), a 3HAUMT Hac/ieAyeTcs oT kjacca Component sBJISIFOIIETOCS YaCThIO
o6ubmioreku SpinalHDL. KoHCTpykTop Kiacca TpuHMMaeT ofuH Tmapamerp  usbFrequency
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33/lal0IIMM  YaCTOTy OCHOBHOTO TAaKTOBOIO CHrHajaa OT KOTOPOTO TaKTUPYKOTCS KOMIIOHEHThI
KoHTposuiepa. [To ymonuaHuio OyzieM HCI0/b30BaTh yA0OHYHO HaM vactoty 12 MI'h. CTpykTypa
KOMIUIEKCHOTO CHWTHajia 10, OIMHUCHIBAKOIIasi BHEIIHWe WHTepheNCchl 3TOr0 KOMITOHEHTa, OyzeT
coZlep>kaThb CaeAyoLye CUTHA/Ibl Y IIWHBIL:

[ITuHa usb — omnuceiBaeTcs: nHTepdeiicHbM kKnaccom USBInterface mHKarncynvpyromnmm
nBa curHana usb_dp u usb_dm umner USB. Komnonent Apb3USB10Ctrl sBnsietcs
MacTepoM Ha IlIMHe, TI03TOMY TPOrOoHUM KOHCTpPykTop kKiacca USBInterface() uepes
6ubmmoTeuHyro QyHKIMIO master(), oHa repeHacTpouT JiedoTHOe HarpaB/ieHUs] CUTHAIOB
Ha IIIMHE COOTBETCTBYHOIUM 00pa3oM U BepHeT «MOJU(HUIIMPOBAaHHBIN» WHTEP(erCHbIN
KJ1acC.

[ITuHa apb — onuckiBaeTcss uHTepdeicHbIM Kiaccom Apb3, copepxuT Bce HeoOXoaUMbIe
CUTHaJIbI [/l TIOAK/I0YeHus1 KomrioHeHTa K 1mHe APB3. Knacc Apb3 siBrisieTcsi uecThbro
oubmuoreku SpinalHDL, Tak kak kommnoHeHT  Apb3USB10Ctrl Oyzmer sBAsTHCS
nieprdepriiHbIM YCTPOMCTBOM Ha LimHe APB3, To mepeHacTpouM IIMHY COOTBETCTBEHHO
nporHaB KoHCTPYKTop Apb3() uepe3 6ubmuoreunyio ¢yHkiuio slave(). B koHCTpyKTOp
Apb3() mpu sSTOM yKa)keM TlapaMeTpbl 3ajarollyde pa3Mep aZpecHoro TMpPOCTpaHCTBa
KOMIIOHEHTa U IMpYHY IMHbI JaHHbIX: addressWidth = 12, dataWidth = 32.

BxopHoit curHan usb_clk pgnd  TakTMpoBaHMSI KOMIIOHEHTOB 1uHbBI (12 MI'm)
c(opMUpOBaHHbIN T[le-TO YPOBHEM BbIllle B apXuUTeKTypHoW uepapxuu CHK. [lanee, Ha
CTaJJUM UHTErpaLiiu, MbI IOCMOTPUM Kak 3TOT curHas ¢opmupyetcs B «KarnixSoCo.
BeIxogHOM 0fHO-OUTOBBIN CHTHaN interrupt st GOPMUPOBAHMS 3arpOChl TIPephIBaHUS B
KOHTDOJI/JIep MpepbIBaHUH.

BbIX0HOM OfHO-OUTOBBIN CUTHAI test KOTOpBIN OyfeM HCII0/Ib30BaTh B 1ieJIsIX OTIaZKH IS
npobpoca Ha ¢u3nueckuii BbiBog, MuKpocxeMbl [TJIMC moboro BHYTPeHHEro OJHO-
6uToBOrO CHrHama WM (rara. 3To JacT BO3MOKHOCTD MOACMOTPETh 3a MOBe/IeHHEeM JIOTHKH
C NIOMOLIIBIO aHa/IM3aTopa CUrHajI0B WM ocLy/Iorpada.

Bcé Bbime ckasaHHoe usnaraetcsi Ha SpinalHDL B Heckonbko cTtpok. Hwke mpuBeneH

yuacToK Kogia 3arosioBka Jy1s1 kjacca Apb3USB10Ctrl onuceiBatoiyii MHTepQeiic KOMIIOHEeHTa.

Jlucmume 8.10. Knacc Apb3USB10Ctrl: 3a201080K.

Kogia:

case class Apb3USB10Ctr1l(usbFrequency : HertzNumber = 12.0 MHz) extends Component {
val io = new Bundle {

val apb = slave(Apb3(addresswidth = 12, datawidth = 32))
val usb = master(USBInterface())

val interrupt = out Bool()

val usb_clk = in Bool()

val test = out Bool()

Cnenyrouum maroMm Oyzer mogkmoueHue K mmHe APB3. [lenmaercsi 3T0 OfHOM CTPOKOU

val busCtrl = Apb3SlaveFactory(io.apb)

Ota crpoka co3gaetr HaMm o0vekT busCtrl knacca Apb3SlaveFactory KOTOpbIii TTOMUMO

TOTO, UTO CaM SIBJISIETCS] 3/IEKTPOHHBIM KOMITOHEHTOM, TIpe/I0CTaBsieT Habop (yHKIUK U TIPOLIeAyp
A7t pabotsl ¢ muHoW APB3, B 4aCTHOCTHU - MOJK/IIOYEHHe BUUMBIX BBIUUC/IUTEIBHOMY sSpy (U
IIPOrPaMMHUCTY) PerUCTPOB.

Bocnonb3yemcsi cBoiictBamu busCtrl, ornuiiem Bce peructpsl nporpamMmmHoro API Haiero

XOCT-KoHTpo/iepa (cMm. tnaBy 4.3. «OnucaHue peeucmpog u KOMAaHO») W, A yAoOCTBa
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JanmbHelIeit paboTel, pa3o0beM PerucTphl Ha OTZAe/bHbIe TOMMEHOBAHHbBIE TOMs, KOTOpble OyayT
TIpe/iCTaB/ATh OO0 CUrHasIbI pa3HoOl OUTHOCTH:

Jlucmune 8.11. Knacc Apb3USB10Ctrl: obwssien1eHue npo2pammHo 00CMynHbIX pe2ucmpos.

// Ox00 - STATUS

val usbStatusWord = busCtrl.createReadOnly(Bits(32 bits), address = 0) init(0)
val error_flag = usbhStatusWord(30).addTag(crossClockDomain)

val report_flag = usbStatusWord(29).addTag(crossClockDomain)

val busy_flag = usbStatusWord(28).addTag(crossClockDomain)

val received_flag = usbStatusWord(27).addTag(crossClockDomain)

val crcl6_ok_flag = usbStatusWord(26).addTag(crossClockDomain)

// ... more flags here
//val received_pid = usbStatusWord(23 downto 16).addTag(crossClockDomain)
// ... reserved for FSM states

val fsm_state = usbStatusWord(2 downto 0).addTag(crossClockDomain)

// ©x04 - COMMAND

val usbCommandwWord = busCtrl.createReadWrite(Bits(32 bits), address = 4) init(0)

val cmd_start = usbCommandWord(31).addTag(crossClockDomain)

val cmd_addr usbCommandwWord (30 downto 24).addTag(crossClockDomain)

val cmd_endp usbCommandword (23 downto 20).addTag(crossClockDomain)

val cmd_len = usbCommandword(14 downto 8).asUInt.addTag(crossClockDomain) // len in bits -

val cmd_pid = usbCommandWord(7 downto 4).addTag(crossClockDomain)
val cmd = usbCommandWord(3 downto 0).addTag(crossClockDomain)

// 0x08 - RECV_DATA_LOW
val usbDataReceivedLowWord = busCtrl.createReadOnly(Bits(32 bits), address = 8) init(0)
val received_data_low = usbDataReceivedLowWord(31 downto 0).addTag(crossClockDomain)

// OxO0C - RECV_DATA_HIGH
val usbDataReceivedHighWord = busCtrl.createReadOnly(Bits(32 bits), address = 12) init(0)
val received_data_high = usbDataReceivedHighWord(31 downto 0).addTag(crossClockDomain)

// 0x10 - SEND_DATA_LOW
val usbSendLowWord = busCtrl.createReadWrite(Bits(32 bits), address = 16) init(0)
val send_data_low = usbSendLowword(31 downto 0).addTag(crossClockDomain)

// 0x14 - SEND_DATA_HIGH
val usbSendHighwWord = busCtrl.createReadWrite(Bits(32 bits), address = 20) init(0)
val send_data_high = usbSendHighWord(31 downto 0).addTag(crossClockDomain)

// 0x18 - RX_STATUS

val usbReceiverStatusWord = busCtrl.createReadOnly(Bits(32 bits), address = 24) init(0)
val received_bits = usbReceiverStatusWord(7 downto 0).addTag(crossClockDomain)

val received_pid = usbReceiverStatusWord(15 downto 8).addTag(crossClockDomain)

val received_crc1l6 = usbReceiverStatusWord(31 downto 16).addTag(crossClockDomain)

// 0x1C - CONTROL

val usbControlWord = busCtrl.createReadWrite(Bits(32 bits), address = 28) init(22500) //
Reset delay: 15 ms at 1.5 Mbit/sec

val bus_enable = usbhControlWord(31).addTag(crossClockDomain)

val keepalive_enable = usbControlWord(30).addTag(crossClockDomain)

val reset_delay_bits = usbControlWord(15 downto 0).asUInt.addTag(crossClockDomain)

// ©x20 - RX_STATUS2
val usbReceiverStatusWord2 = busCtrl.createReadOnly(Bits(32 bits), address = 32) init(0)
val calculated_crcl6 = ushbReceiverStatusWord2(15 downto 0).addTag(crossClockDomain)

Mertop (pyukuus) createReadOnly() knacca Apb3SlaveFactory co3znaeTr u nojgk/itodaeT K
mriHe APB3 peructp 3a/jaHHOM pa3psiHOCTBIO U C 3a/laHHbIM B apameTpe address cMellieHueM B
aZipeCHOM TIPOCTPAHCTBE OTHOCHTENbHO Hauaia 0Ji0Ka BbIZ|e/IEHHOTO [iisl JAHHOTO KOMIIOHEeHTa
(oTHOCHTeNnbHO OasoBoro azpeca). [laHHbINA peructp OyfeT AOCTyIeH BBIYUCIWUTENBHOMY SIZPY
ToMbKO Ha uteHue. IlpuBsizka komroHeHTa Apb3USB10Ctr]l k myHaMm BBIUMC/IUTENBHOTO sifpa
OyZieT BbINIO/IHEHA YPOBHEM BBILLIE.

Metog createReadWrite() knacca  Apb3SlaveFactory co3paer peructp AOCTYIHbIN
BBIUMC/IUTE/IbHOMY SI/IPy KaK Ha UTeHHe, Tak U Ha 3allvCh.
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Merog, init() y perucrpa mo3BosisieT 3afiaTh €ro HavyagbHOe (1o cOpocy) 3HaueHwe. [TouTu
nnsi Bcex peructpoB  API, kpome peructpa usbControlWord (0x1C - CONTROL)
yCTaHaB/lMBaeTCcsl Hy/neBoe 3HaueHue. [Ins peructpa usbControlWord 3agaercs pedontHoe
3HaueHWe JIIUTebHOCTU cUrHazia «Bus Reset» BbIpa’keHHOe B KO/iMdyeCcTBe OMTOBBIX MHTEPBAJIOB
rpu ckopocTH wrHbl USB paBHo 1,5 Mbut/cek.

BeizoB wmetoza addTag(crossClockDomain) y perucrtpa WiM CWrHaaa TOSICHSIET
oubmoreku SpinalHDL, uTo AOCTYn K HEMY MOXKET OCYILIECTBJSTHCS U3 PA3/IMUHBIX TAaKTOBBIX
JIOMEHOB, a Cje[joBaTeJlbHO TIPM TeHepaluy anrapaTtypbl HeoOXOJUMO 3TO YUWThIBaThb U, TI0
BO3MOXHOCTH, /100aB/isiTh MexaHu3mbl CDC. Bce perucTpsl v CMrHasIbl IPOrpPaMMHOTO UHTepderica
USB xocT-KoHTpo/iepa OyAyT MCIOMb30BaThCsl KaK M3 CUCTEMHOTO TaKTOBOro AomeHa (60 MI'g
asist iatel «KapHo»), B KOTOPOM paboTaeT BBIUMC/IUTEBHOE SiIPO, TaK M U3 CBOETO BHYTPEHHEro
(12 MI'y), noatomy Bce oHM noMeueHbl ToroM crossClockDomain.

Crnepytomum 1arom c¢ momolpio Kinacca ClockDomain co3gazumM ¥ OmnuIleM TaKTOBbIM
JOMeH [ijisi paboThl XOCT-KOHTPOJUIepa. DTOT TAKTOBBIMA JOMeH OyzleT TaKTHPOBAThCS OT CHTHasIa
riepefjaBaemMoro 1o uHrepdericHoi uHuM io.usb_clk, a curtan c6poca Gyzer mopoxaaTbcsi GUTOM
bus_enable perucrpa usbControlWord (31-i1 6ut perucrpa 0x1C — CONTROL):

Jlucmune 8.12. Knacc Apb3USB10Ctrl: obwsseneHue makmogozo domeHa usbClockDomain.

val usbClockDomain = ClockDomain(
clock = io.usb_clk,
reset bus_enable,
config = ClockDomainConfig(resetkKind = SYNC, resetActivelLevel = LOW),
frequency = FixedFrequency(usbFrequency)

Tenepb ¢ momorpio kKnacca ClockingArea oruiiem o6sacTh amrmaparypbl Kotopasi OyzeT
BXO/IUTh B 9TOT TAaKTOBBIM JJOMEH:

val usb_area = new ClockingArea(usbClockDomain) {

// .. 30ecb pa3MecTUTCS BeCb KO peasiM3ylluii OCHOBHOW KOHeYHbi aBTomMaT USBMain

Mexay ¢GurypHeiMu CKoOKaMu, TO eCTb B Osoke umrieMeHTanuu Kinacca ClockingArea,
OyzeM romeniath BeCh KOj 0CHOBHOrO KA Halllero XocT-KOHTpoJuiepa.

5.2.9. Peamu3ainua 0CHOBHOIo KoHedyHoro asromara USBMain

Kak yke cTaso MOHSATHO, KOJ, OCHOBHOro KA XOCT-KOHTpOJiepa pacriosiaraeTcs B CBOeM
TaKTOBOM [OMeHe U IOojy4yaTb TaKTHUpPOBaHUE OT BXOAHOro HMHTepdeiicHoro curhHana io.usb_clk.
Bce BcriomorarenbHble KA OyfyT HaxoQUTBCS B 9TOM >Ke TAaKTOBOM JIOMeHe W YHacJe[yIOT ero
TaKTOBBIN CUTHAJ M CUTHas cOpoca.

[lepen peanusaiiyieii KoHeuHoro aBTomMara USBMain onpefenvM Tpu T[apameTpa
HeoOXOMMBIX [JIs1 ero (PyHKLMOHMPOBaHUs, 3HAUeHHUs] KOTOPBbIX BBIUMC/IUM CPeZACTBAMH si3bIKa
Scala:

* Ilepemennass usbslowspeedclockdiv u curnan USBSlowSpeedClockDiv (8 6ur) —
coziepkaT pacCyMTaHHOe YWC/IO0 TaKTOB JlelWTessi 4acTOThl /s ()OPMUPOBAHUS CUrHasa
cTpoba OWUTOBOTO WMHTepBaja BO BCIIOMOTAaTe/bHBIX KOHEYHbIX aBToMartax. CTpob mo/mkeH
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(hopMHpOBAaThCS C YaCTOTON paBHOU YacToTe pabotsl mmHbI USB, B Hamem ciyuae — 1,5
MTI'1. 3HaueHue 3TOro MapameTtpa OyJeT mepeaBaTbCsl Ha BXOJ, BCrioMoratebHbIM KA fijist
WCT0/Tb30BaHUsl B flenuTesie yacToThl clock_div.

* [lepemenHa usblowspeedkeepaliveclocks v curnan USBLowSpeedKeepAliveClocks (16
6UT) — copep)KaT pacCUMTaHHOE YKUC/I0 OUTOBBIX MHTEPBAJIOB /1Jisi (HOPMUPOBAHKSI CUTHAA
«KeepAlive» BblpakeHHOe B OMTOBBIX MHTepBasax. ComiacHo crenudukaipm USB 1.0
«Low Speed», curHan «KeepAlive» o/keH MOSIB/ATLCS Ha IIMHE He Pe)ke yeM Kakyro 1
mc. Ham HeoO6xouMo 3HaTh CKOIBKO TAKTOB 0a30BOI UaCTOTHI TEKYILETO TaKTOBOTO /I0MeHa
3TO COCTaBJISIeT.

* [lepemenHasi usblowspeederrorclocks u curnan USBLowSpeedErrorClocks (16 6ut) —
CozlepKaT pacCUMThIBAeMOE UMCJ/IO0 TAaKTOB TEKYII|ero TakTOBOTO JOMeHa B TeYeHWH KOTOPbIX
npucytcTBue Ha mmHe USB cocrosiHusi «SEO» OyneT paccmarpuBaThCs Kak aBapUiHOe
(Bpemsi [leTeKTMpPOBaHUsSl OTK/IHOUEHMs YCTpoiicTBa). B crieudukaly HeT KOHKPeTHbIX
pekOMeHJiaLMii Ha cell CueT, 1O 3TOMy BbiOepeM WUHTepBaa ONMU3KUI K TIepUoAy
«KeepAliave», T. e. paBHOe 0,8 Mc.

Bce Tpu mnapamerpa WuCIONB3yHOT BxofHOW mnlapamerp usbFrequency. B mporecce
BBIUMC/IEHUN OyZieM BBIBOAWThH pacCUMTaHHbIe 3HaueHWsi Ha KOHCOJIb C TIOMOLbI0 OHUOMMOTeuHOM
¢byukupu println(). Mel cMokeM HaO/oziaTh 3a BBIBOZIOM Ha CTaguM reHepaumu Verilog mpu
vcrionHenn SpinalHDL nporpammel B Java VM. Kop /s pacuera 3THX IapaMeTpOB MpHBe/leH
HIKe:

Jlucmume 8.13. Knacc Apb3USB10Ctrl: pacuem napamempos.

println("Apb3USB10Ctr1l: :usbFrequency = %d Hz".format(usbFrequency.toInt));

val USBSlowSpeedClockDiv = UInt(8 bits)

val low_speed_baudrate : HertzNumber = 1.5 MHz;

val usbslowspeedclockdiv = (ClockDomain.current.frequency.getValue / low_speed_baudrate +
0.5).toBigInt - 1

USBS1lowSpeedClockDiv := usbslowspeedclockdiv

println("Apb3USB10Ctr1l: :USBSlowSpeedClockDiv = %d".format(usbslowspeedclockdiv));

val USBLowSpeedKeepAliveClocks = UInt(16 bits)

val low_speed_keepalive : TimeNumber = 1.0 ms; // Send KeepAlive interval

val usblowspeedkeepaliveclocks = (ClockDomain.current.frequency.getvValue * low_speed_keepalive +
0.5).toBigInt - 1

USBLowSpeedKeepAliveClocks := usblowspeedkeepaliveclocks

println("Apb3USB10Ctr1l: :USBLowSpeedKeepAliveClocks = %d".format(usblowspeedkeepaliveclocks));

val USBLowSpeedErrorClocks = UInt(16 bits)

val low_speed_error : TimeNumber = 0.8 ms; // Time to detect disconnect or error

val usblowspeederrorclocks = (ClockDomain.current.frequency.getValue * low_speed_error +
0.5).toBigInt - 1

USBLowSpeedErrorClocks := usblowspeederrorclocks

println("Apb3USB10Ctr1l: :USBLowSpeedErrorClocks = %d".format(usblowspeederrorclocks));

Tenepr mepelizieM COOCTBEHHO K OMMCAHHIO amiaparypbl OCHOBHOTO KOHEUHOTO aBTOMAra.
CHavasia 0OBbsSIBUM DerucTp cocrtosiius state u apa tavimepa T1 u T2, mocne uero go6GaBuUM
0OBsiB/IeHNe OHO-OMTOBBIX ()IarOBBIX PErUCTPOB UCIONMb3yeMbIX BHYTpU KA:

Jlucmume 8.14. Knacc Apb3USB10Ctrl: obssi81eHue 8HympeHHUX pe2ucmpos U matiimepos.

val state = RegInit(StateUnconnected).addTag(crossClockDomain)
val T1 Reg(UInt(16 bits)).addTag(crossClockDomain) init(®) // Guard timer
val T2 Reg(UInt(16 bits)).addTag(crossClockDomain) init(@) // Low-Speed Keep-Alive timer
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val error = Reg(Bool()).addTag(crossClockDomain) init(False)
val report = Reg(Bool()).addTag(crossClockDomain) init(False)
val busy = Reg(Bool()).addTag(crossClockDomain) init(False)

val received Reg(Bool()).addTag(crossClockDomain) init(False)
val crcl6_ok Reg(Bool()).addTag(crossClockbomain) init(False)

TpaHc/ivpyeM 3HaueHWsI STHUX BHYTPEHHHUX PETHCTPOB B OHUTOBBIE TIONS PETHMCTPOB

AOCTYIIHBIX I10/Ib30BaT€/IF0, KOTOPhbI€ MBI OIMHCaJ/id B HPEABIAYMEﬁ [VlaBe IIpH IIOAK/TFIOYEHHH K LIHNHE
APB3:

Jlucmume 8.15. Knacc Apb3USB10Ctrl: mpaHcaayus 3HaueHuli BHympeHHUX pe2ucmpos 8
Npo2pamMMHO OOCMynHble pe2ucmpebil.

error_flag := error
report_flag := report
received_flag := received

busy_flag := busy
crcle_ok_flag := crcl6_ok
fsm_state := state.asBits

[Mopeskem nar report_flag k curHany BefyliieMy K KOHTPOJUIepY MpepbIBaHUM:

io.interrupt := report_flag

Hanee B TeKCTe peanu3aluu OyZieM yCTaHaB/IMBaTb BHYTPeHHUM ¢uiar report BCSKHM pa3 Korzaa
Heo0XorMo 0()OPMUTE TTPOTPAMMHOE TIpephbIBaHMUE.

OOBSIBUM BCe BCIIOMOTaTe/bHble aBTOMAaThl W TIPUCBOUM Jie()ONTHBIE 3HAUEHUS /IS UX
BXOAHBIX curHa/soB. CurHanbl *.io.valid ycraHoBuM mo ymonuaHuto B coctosiHue False, To ecTb
BCcriomorarenibHble KA He akTuBHbIL. Takxke rmepesazuM Ha Bxofbl *.io.clock_div 3HaueHue
paccuutaHHoro Bbille napamerpa USBSlowSpeedClockDiv:

Jlucmune 8.16. Knacc Apb3USB10Ctrl: nodkatoueHue cnomozamenbHbix KA

val send_long_token = new USBSendLongToken()
send_long_token.io.pid := 0
send_long_token.io.addr (0]
send_long_token.io.endp := 0
send_long_token.io.valid := False
send_long_token.io.clock_div := USBSlowSpeedClockDiv

val send_short_token = new USBSendShortToken()
send_short_token.io.pid := @
send_short_token.io.valid := False
send_short_token.io.clock_div := USBSlowSpeedClockDiv

val send_data = new USBSendData()

send_data.io.pid := 0
send_data.io.data := @
send_data.io.len := 0x7f // zero data bits

send_data.io.valid := False
send_data.io.clock_div := USBSlowSpeedClockDiv

val send_se® = new USBSendSEO()
send_se0.io.valid := False

send_se0.io.len := 0

send_se0.1io.clock_div := USBSlowSpeedClockDiv

val receiver = new USBReceiver()
receiver.io.valid := False

OrmnuieM BCrioMorareabHble CUTHaIbI MpeaCTaB/IAOIINE Pa3/IMYHbIE COCTOAHUA LINHBI USB:
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Jlucmune 8.17. Knacc Apb3USB10Ctrl: obwss61eHUe 8CnOMO2amenbHbIX CU2HA/08.

val bus_error = !io.usb.dm && !io.usb.dp; // Both DP and DM low means nothing is connected
val bus_present = io.usb.dm && !'io.usb.dp; // Low Speed device connected
val bus_activity = !io.usb.dm && io.usb.dp; // Polarity changed to 'K’ indicates some activity

Peanu3yeM 3amuTHbIN TaliMep T1 KOTOpBIN C/IY)KUT AJisi TlepeBofa OCHOBHOW MalllMHbI B
cocrosinue StateUnconnected eciv Ha IIMHE JETEKTUPYETCSI COCTOSIHHE bus_error ¥ Tpy 3TOM CaM
aBTOMaT He TIPOBOAUT cOpoC:

Jlucmune 8.18. Knacc Apb3USB10Ctrl: peaauzayus 3aujumHozo matimepa T1.

// Guard timer T1 checks for error state on the bus

when(bus_error && state =/= StateSendReset) {
T1 (= T1 + 1

when(T1 === USBLowSpeedErrorClocks) { // DM/DP is low for quite some time ?
T1 := 0
state := StateUnconnected
error := True
report := True
received := False
busy := False
cmd := CMDNone.asBits.resized // clear last cmd
cmd_start := False

} otherwise {
T1 := 0
}

Terepb mpucTynmuM K 00pabOTKe COObITUI B pa3/MUHBIX COCTOSTHUSIX. [lepBbIM [jei0M
obpaboraem coctosHue StateUnconnected. HamomHIO, UTO B 3TOM COCTOSSHMM OCHOBHOUW KA
HaXOAUTCS Tocsie cOpoca v MomajaeT B Hero Npy OTCyTCTBUU Ha muHe USB ycTpoiicT. M3 3T0TO
cocrosauss KA mepexoput tonbko B coctosiHUe StateWaitCMDorSYNC npu ycioBuM eciu
ycTaHoB/eH ¢uar bus_present. Bo Bcex ciyuasix, Ipy CMeHe COCTOsTHUSI IOAHUMaeTcs1 ¢iar report
KOTOPBIN CBSI3aH CUTHAJIOM [i/1s1 KOHTpOJI/Iepa IpephIBaHUM.

Jlucmume 8.19. Knacc Apb3USB10Ctrl: obpabomka cocmosiHus StateUnconnected.

// Main FSM
switch(state) {

is(StateUnconnected) { // Unconnected
report := False

when(bus_present) {
busy := False

cmd_start := False
error := False
report := True
state := StateWaitCMDorSYNC // Low Speed device just connected
}
}

O6pa6otaem coctosiHue StateWaitCMDorSYNC. B Hem ocHOBHOM KA MOXeT UCIOJHSITD
KOMaH/Ibl T107laBaeMble T10/1b30BaTesieM B OuToBOM rose cmd M COTIPOBOXK/jast X YCTAaHOBKOM OWTa
cmd_start. Takxke B 3ToM cocTosiHUM ocHOBHOW KA Bcersja cOpachiBaeT cUrHan report, TakuM
obpa3oM TMpe/ionaraeTcsi YTo 3TO TIAaCCHBHOE COCTOSHME MalllMHbI He TpeOlyroljee BHUMaHUS
TIPOrPaMMBI.
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Jlucmute 8.20. Knacc Apb3USB10Ctrl: obpabomxka cocmosiHus StateWaitCMDandSYNC.

is(StatewaitCMDorSYNC) { // Wait command or SYNC
report := False

when(cmd_start) {
switch(cmd) {
is(CMDSendToken.asBits.resize(4)) {
state := StateSendLongToken
busy := True
received := False

is(CMDSendShortToken.asBits.resize(4)) {
state := StateSendShortToken
busy := True
received := False

}

is(CMDSendData.asBits.resize(4)) {
state := StateSendData
busy := True
received := False

is(CMDBusReset.asBits.resize(4)) {
state := StateSendReset

busy := True
received := False
}
default {
cmd_start := False
report := True
received := False

}
}
}

B cocrosiHuu StateWaitCMDorSYNC ocHoBHOM KA MoXeT NMpUHMMaTh BXOJHble TaKeT ec/u
oOHapy>keHa aKTUBHOCTb Ha 1rHe USB:

when(bus_activity) { // Activity on the bus ?

state := StateReceive
busy := True
received := False

}

Vmu BeimonssATh npoueaypy «KeepAlive» ecim ona paspeiiena 6utom keepalive_enable (6ur
perucrpa yrnpas/ieHus) 1 Ha mvHe USB HeT ommbku:

when(keepalive_enable && !(bus_error)) { // Keepalive enabled and not Error state ?
T2 (= T2 + 1

when(T2 === USBLowSpeedKeepAliveClocks) {
state := StateKeepAlive
busy := True

}

}

} // is(StateWaitCMDorSYNC)

B cocrosinuu StateSendLongToken ocHoBHO# KA mojiaeT HeoOX0UMble JJaHHbIE Ha BXOJ
BCIIOMOTaTeIbHOTO aBTOMara USBSendLongToken Tipe/iCTaB/IeHHOTO riepeMeHHOM
send_long_token, kommyTupyert mmHy USB coenunsisi curHans! send_long_token.io.usb 1 io.usb,
nojgaer curHan akrtuBauuy  send_long token.io.valid u kger curHana rOTOBHOCTH
send_long_token.io.ready. Ilo roroBHOCTH, ocHOBHOM KA BoO3BpaljaeTcs B COCTOsSIHUE
StateWaitCMDorSYNC nozbimMasi diar report /s reHepaljii MPOrpaMMHOr0 TpepbIBaHus:
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Jlucmune 8.21. Knacc Apb3USB10Ctrl: obpabomka cocmosiHus StateSendLongToken.

is(StateSendLongToken) { // Connected, send Token

send_long_token.io.pid := cmd_pid
send_long_token.io.addr := cmd_addr
send_long_token.io.endp := cmd_endp
send_long_token.io.valid := True

send_long_token.io.usb <> io.usb

when(send_long_token.io.ready) {
state := StateWaitCMDorSYNC
report := True
cmd_start := False
busy := False
T2 := 0

}

}

AHanornuHoe rioBefieHue y ocHOBHoro KA fijist BceX OCTa/IbHbIX COCTOSIHUM aCCOLMMPOBAHHBIX C
aKTUBall¥eM BCIIOMOraTe/lbHOTO aBTOMara.

Jlucmume 8.22. Knacc Apb3USB10Ctrl: obpabomka ocmasnbHbix COCMOSIHULL 0151 BCNOMO2AMe/IbHbIX
KA.

is(StateSendShortToken) { // Connected, send Short Token
send_short_token.io.pid := cmd_pid
send_short_token.io.valid := True
send_short_token.io.usb <> io.usb
when(send_short_token.io.ready) {
state := StateWaitCMDorSYNC

report := True
cmd_start := False
busy := False
T2 (= 0
}
}
is(StateSendData) { // send DATA packet
send_data.io.pid := cmd_pid
send_data.io.data := send_data_high ## send_data_low
send_data.io.len := cmd_len // in bits - 1
send_data.io.valid := True

send_data.io.usb <> io.usb
when(send_data.io.ready) {
state := StateWaitCMDorSYNC

report := True
cmd_start := False
busy := False
T2 =0
}
}
is(StateSendReset) { // Bus Reset condition is SEO@ (D+ and D- are low) for 1ims
send_se0.io.valid := True
send_se0.io.usb <> io.usb
send_se0.1io0.len := reset_delay_bits

when(send_se0.io.ready) {
state := StateWaitCMDorSYNC

report := True
cmd_start := False
busy := False
T2 := 0
}
}
is(StateKeepAlive) { // KeepAlive (Low-Speed only) is SE@ for just two bit intervals
send_se0.io.valid := True
send_se0.io.usb <> io.usb
send_se0.io.len := 2

when(send_se0.io.ready) {
state := StateWaitCMDorSYNC
cmd_start := False
busy := False
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}

}

is(StateReceive) { // Receive data piece
receiver.io.valid := True

receiver.io.usb <> io.usb
when(receiver.io.ready) {
state := StateWaitCMDorSYNC

received := True

busy := False

report := True

received_pid := receiver.io.packet(7 downto 0)

received_data_low := receiver.io.packet(39 downto 8)

received_data_high := receiver.io.packet(71 downto 40)

received_bits := receiver.io.bits_recv.asBits.resized

received_crcl6 := receiver.io.received_crcl6 //receiver.io.packet(87 downto 72)
calculated_crcl6 := receiver.io.calculated_crcil6

crclé_ok := receiver.io.received_crcl6é === receiver.io.calculated_crcil6

}
}

} // switch(state)

Ins cocrosiHusi StateReceive mocse mosnyueHUsi CMrHajga TOTOBHOCTH receiver.io.ready
TIPOU3BOJMTCSI KOTIMPOBaHUe TIPUHSTHIX JaHHBIX, TOAYYeHHOro U paccuuTaHHoro kogoB CRC16, a
Tak ke ¢uiara crc16_ok Bo BHyTpeHHUe Oydepsl, U3 KOTOPOTO 3TU JaHHbIe MOMaAyT B MPOrPaMMHO
JIOCTYTIHbIE PErMCTPbI (CM. TPAHC/ISILIUIO CUT'HAJIOB BhILLIE).

U, cobctBeHHO Bcé! Ha 3TOM 3aKaHUMBAaeTCsl peasiv3alivsi OCHOBHOrO aBToMaTa u Bcero USB
XOCT-KOHTpOsuiepa. [lamee Mbl pacCMOTPUM KakK 3TOT KO, TMOAK/IKOUWATH K CyIIeCTBYHOLLEH
cuHTe3upyemor CHK 1 HanuieM npocTeiImii JpariBep K HEMY.
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5.3. UHTerpauyunsa koga xoct-KoHTposiiepa B CHK 1 coopka npoekTa

CunTtesupyeMasi CHK «KarnixSoC», ¢ koTopoii s pabotaro (Kak ¥ BBIUMC/IUTE/ILHOE SIIPO
VexRiscv Ha 0a3e KOTOpPOro OHa TOCTpPO€HA) TMOJHOCThIO HarvcaHa Ha SpinalHDL u siBisieTcs
yacTbl0 perno3uTopusi mnpoekra SpinalHDL, 10ka uTO TOJBKO COMPOBOXK/AAeMOM MHOMU
Heo(PUIIMa/TLHOM BeTKM C OJHOMMEHHbIM Ha3BaHHeM. K/IOHMpOBaTh pemno3uTOPU C TIOZAepP>KKOM
«KarnixSoC» mokHo ¢ Github-a ciiegyroreit KomaH/0M:

$ git clone https://github.com/pointcheck/KarnixS0C.git

B BHyTpu [epeBa KarTajoroB 3TOr0 peno3uTopus Becb Kof Ha Scala/SpinalHDL
pacrionaraeTcsi B Iofkaraiore ./src/main/scala. B sToM mnogkaranore s 3aBen  OTZAe/bHBIN
nozkarasor mylib gn1s cBoux Hapabotok. Bech kog USB 1.0 XoCT-KOHTpoOJ//iepa OMHMCAHHBIN B
rnaBe 5.2 cobpaHn B opuH ¢aiin Apb3USB10.scala BHyTpu mylib, 3a wuckmoueHrem
uHTepdeiicHoro kimacca USBInterface Kkojg KOTOporo BbiHECeH B  OTAe/bHBIN  (aiin
USBInterface.scala.

Jlucmune 8.23. Ilepeuerb ¢atinoe annapamypbl 8xodsawux 8 CHK «KarnixSoC».

rz@devbox:~$ cd KarnixSo0C/

rz@devbox:~/KarnixS0C$ ls -1 src/main/scala/mylib/

total 156

-rw-rw-r-- 1 rz rz 1255 Oct 7 20:47 Apb3MacEthCtrl.scala
-rw-rw-r-- 1 rz rz 1216 Oct 7 20:47 Apb3Timer.scala
-rw-rw-r-- 1 rz rz 28434 Oct 7 20:47 Apb3USB10.scala
-rw-rw-r-- 1 rz rz 911 Oct 7 20:47 Apb3watchDog.scala
-rw-rw-r-- 1 rz rz 18846 0Oct 7 20:47 Axi4SharedToQSPI.scala
-rw-rw-r-- 1 rz rz 4694 Oct 7 20:47 Axid4SharedToSRAM.scala
-rw-rw-r-- 1 rz rz 15873 Oct 7 20:47 CGA4HDMI.scala
-rw-rw-r-- 1 rz rz 4121 Oct 7 20:47 HDMI.scala

-rw-rw-r-- 1 rz rz 18688 Oct 7 20:47 HUB.scala

-rw-rw-r-- 1 rz rz 6874 Oct 7 20:47 KarnixTestHDMI.scala
-rw-rw-r-- 1 rz rz 952 Oct 7 20:47 MachineTimer.scala
-rw-rw-r-- 1 rz rz 6301 Oct 7 20:47 MicroI2C.scala
-rw-rw-r-- 1 rz rz 1932 Oct 7 20:47 MicroPLIC.scala
-rw-rw-r-- 1 rz rz 1034 Oct 7 20:47 PWM.scala

-rw-rw-r-- 1 rz rz 3231 Oct 7 20:47 Sram.scala

-rw-rw-r-- 1 rz rz 275 Oct 7 20:47 USBInterface.scala

daiin  Apb3USB10.scala vMeeT 3aBHUCMMOCTM TO/MBKO OT CTaHAapTHOro Habopa 6uOMMOTEK
SpinalHDL u conepxxut meHee 900 CTpoK Koja:

rz@devbox:~/KarnixS0C$ wc src/main/scala/mylib/Apb3USB10.scala
882 3278 28434 src/main/scala/mylib/Apb3USB10.scala

daiin USBInterface.scala cogep>kut Bcero HeCKOIbKO yKe 3HAKOMbIX CTPOK:

Jlucmune 8.24. Koo ¢atina USBInterface.scala.

rz@devbox:~/KarnixS0C$ cat src/main/scala/mylib/USBInterface.scala
package mylib

import spinal.core._
import spinal.lib._
import spinal.lib.io.TriState

case class USBInterface() extends Bundle with IMasterSlave{
val dm = inout(Analog(Bool()))
val dp = inout(Analog(Bool()))
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override def asMaster(): Unit = {
inout(dm, dp)
}

Brisenenue koga uHTepdeiicHoro knacca USBInterface B otaenbHbIl (aiin caenaHo ass
TOr0, YTOOBI 3TOT MHTEP(EMCHBIN KIacC MOXXHO OBLJI0O MMITOPTHPOBATh (TIOAK/IIOUATh B TIOMOIIIBIO
oreparopa import) ¥ WCIMOAb30BaTh B [IPyTMX MecTaXx, B TOM UWCIe B [JIaBHOM daiiie
orucekiBaroiieM CHK «KarnixSoC» pacrionoxeHHOM B []pyroM MecTe:

rz@devbox:~/KarnixS0C$ 1s -1 src/main/scala/vexriscv/demo/KarnixSOC.scala
-rw-rw-r-- 1 rz rz 33226 0Oct 7 20:47 src/main/scala/vexriscv/demo/KarnixSOC.scala

rz@devbox:~/KarnixS0C$ wc src/main/scala/vexriscv/demo/KarnixS0C.scala
968 3020 33226 src/main/scala/vexriscv/demo/KarnixS0C.scala

OAns toro, utobbl wuHTerpupoBath KoMIioHeHT USB xoct-koHTposiiepa B CHK u
MIPOTECTUPOBATh €ro, He0OXOAYMO BBITIOHUTD C/IeIYIOLHe AeHCTBUS:

*  @usnuecku nogxaounTh USB pasbem Tura A K ruiate U COeIMHUThL curHanel D+ u D- co
CBOOOHBIMU BbIBOZIaMU MUKpOcxeMbI TTJTHC.

* Jo6aButb curdanbl D+ u D- mumHbl USB B ¢aiin koHduryparwm ITJIMC u accolurpoBarth
UX C (JU3MUeCKHMU BbIBOJAMU MUKPOCXEMBI.

* JobaButh ommcanve mmHbl USB B wuHTepdeiic knacca KarnixSOC onuchiBaroiero
cTpykTypy CHK U ero BHellIHUe CUTrHasIbl.

* Buytpu CHK co3gate curnan taktupoBanus usb_clk 1 copmrposarts ero ¢ nomorpsto PLL
(yTubo MeTOLOM JiesieHUs] OCHOBHOM YaCTOTHI — 3TO TOXKe paboTaert).

* Co3parb o6wekT kiacca Apb3USB10Ctrl u, ¢ ofHOM CTOPOHBI, OAKIIOUNTE €ro K IIhHe
APB3, a c gpyroii — K uHTepdelicy myHel USB 1 curHamy TakTUpOBaHUsl.

Hanee pacCMOTpUM fieTalbHO KaXKIbld M3 3TUX INATOB, MOC/e Yero TpoBeneM COOpPKy (CHUHTe3)
CHK.

5.3.1. ITogknrouenue pazbema USB Kk niare « KapHo»

Ha minare «KapHo» MHOM ObUTM BBIOpPAaHBI Ba CBOOOAHBLIX BBIBOZA Ha pa3beMe GPIO s
curHasioB D+ u D- mmnHbel USB. Tak nonyuwnock, 4to 370 OKasanuck BbiBoAbl GPIO_22 (D-) u
GPIO_23 (D+). Ons mmatel «KapHo» Ha CKOpyro pyKy ObUla H3roTOB/ieHa MakeTHas Tijiara
pacimpenust copieprkairiast pasbeM USB type A. K BoiBogam 2 u 3 USB pa3zbema ObUTM TIOATIASHBI
npoBOAHUKU U3 MI'T® coemunsromue ux ¢ guHussMu GPIO_22 u GPIO_23 cOOTBeTCTBEHHO.
BeiBoz, 1 coepuneH ¢ vHUen nutanus +5 B, BeiBog 5 — ¢ «3emsieii» (GND). Pgpom B pazsemMom
Ha MaKeTHOM IjlaTe ObLTH 3arasiHel Ba pe3uctopa 1o 15K moarsruBaromue curHanbl D+ u D- kK
«3eM/ie» B COOTBETCTBMM CO CXeMOW TpuBeZieHHOW Ha puc 4. TyT ke ObUI yCTaHOB/IEH OJWH
pa3Bsi3biBaroLMii KoHAeHcaTop 4.7 MK®P B nuHuto nutadus +5 B (VBUS).

Bcsi 3Ta KOHCTpyKLusi TipuBefieHa Ha (otorpaguu puc. 14. Ha ¢oTto BuAHBI [Ba
TIPOBOZHUKA, Oe/bIil 1 >KeNThIN, BBIXOASIIME 3a Mpe/iesibl TIaThl. DTO OTBOABI OT CUrHanoB D+ u D-
TIpeZIHa3HAUeHHbIE /I/1s1 TTOIK/TFOUeHUst TpUOOopOB (aHaM3aTopa CUTHAJIOB).

[To3ke BBISICHW/IOCh, UTO Pe3UCTOPHI TIOATKEK He TPeOYIOTCSI, TaK KaK BHYTPU MUKPOCXEMbI
[TJIUC Lattice ECP5 110 yMO/UaHHIO BCe BBIBOJbI UMEIOT «C/Ia0yI0» MOATSDKKY K «3emJie» U IIHHa
USB B pexxume «Low Speed» 3ameuaresibHO paboTaet 6e3 HuX. IlosyuaeTcs, uTo Jjis TOTO, YTOObI
HauaTh paborath ¢ USB ycrpoiictBamu B ITJIMC 3TOl cepuM AOCTAaTOYHO IIPUIASTh UEThIpe
TPOBOJHUKA — /IBa CUTHAJIbHBIX, +5 B U «3eMin».
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Puc. 14. IInama «KapHo» u makemHasi nnama ¢ USB pa3semom: cnega — pasoenbHo, cnpasa —
MakemHasi niama ycmanosneHa Ha HEX-cmotiku u nookmoueHa k pazsemy GPIO.

5.3.2. Mopupuxkanus ¢aiia konpurypanuu IIVINC

Hns nnatel «KapHo», copepxkaitieit Mukpocxemy ITJIMC Lattice ECP5-25F ucnoHeHHOM B
KOpILyCe caBGA256, BHYTPU Pero3uTopus Co37aH OT/Zle/IbHbIN rozKaraaor
J/scripts/KarnixSOC/ECP5-25F _karnix_board/ cofiepyKatiyi daiin KOH(pUTrypauuu
karnix_cabga256.lpf nns stoit [IJIMC wu daiin cobopumka Makefile. B 3Tom e mopkarasore
BezieTCs COOpKa, B HEro K/IaZyTCsi BpeMeHHBIN U pe3y/IbTUPYoIe OUHapHbIe (aiisibl.

OtpenakTrupyeM KoH(puUryparronHeiii ¢aiin karnix_cabga256.lpf 1o6aBuB B camblii KoHell
CJIeAyIOIIe CTPOKH:

LOCATE COMP "io_usbl_dm" SITE "R4",; # USB1_DM/GPIO_22
IOBUF PORT "io_usbl_dm" IO_TYPE=LVCMOS33;
LOCATE COMP "io_usbl_dp" SITE "T3"; # USB1_DP/GPIO_23

IOBUF PORT "io_usbi1_dp" IO_TYPE=LVCMOS33;

OTH CTPOKU MPUBSIKY BHyTpeHHHe curHasbl io.usbl.dm u io.usb1.dp x BHeiHuM BbiBoJjaM R4 u
T3 mukpocxemsl! [TJIVC, KoTOpeIe B CBOXO Ouepe/b BbiBeJeHbl Ha Iate «KapHo» Ha passem GPIO,
u nepeeyT 3Tu BeiBOABI [IJTNC B pexxum LVCMOS33.

5.3.3. /lo6aBnenue uaTepdeiica mmabl USB B CHK KarnixSoC

Kak yxe 0Obuto oTMeueHo Bbille, Bce orucaHie CHK «KarnixSoC» HaxoguTcsi B OJHOM
¢aiine src/main/scala/vexriscv/demo/KarnixSOC.scala. Otpegaktrpyem 3T0 (aiin criefyromyum
obpazom:

Crauasa 7100aBMM B 3arosioBoK (aiisia TOAK/IIOUeHHe HOBBLIX TPOTPAMMHBIX MOAY/ed (C TOUKU
3peHust Komnussitopa Scala Bech Hai Koz Ha SpinalHDL 510 nporpamma):

import mylib. {USBInterface, Apb3USB10Ctr1}

3anara P.H. «Pa3pabotka 1j1hpoBOii anmaparypbl HeTpaguLoHHeiM MeTooM: Kontposiep USB 1.0 Ha SpinalHDL». ¢.144
000 «®abmukpo», r. Tromens, 2025r.



Teneps Hatiem B kozie CHK ommcanue knacca KarnixSOC u B CTPYKTypy i0 l00aBUM /[Bé HOBBIE
repeMeHHble: OflHy TpejcTaB/stomyto mrHy USB, BTOpyl0 — A/l CUrHana TaKTMPOBaHUSI 3TOU
mHbl. [lob6aBnsieMsblii Kof, (BbiZe/ieH )KUPHBIM) OyZieT BBITVISAETh TakK:

Jlucmume 8.25. Koo ¢atina KarnixSOC.scala.

class KarnixSOC(val config: KarnixSOCConfig) extends Component{
val io = new Bundle {
//Clocks / reset
val asyncReset = in Bool()
val mainClk = in Bool()
//Peripherals I0

val gpioA = master(TriStateArray(32 bits))
val gpioB = master(TriStateArray(16 bits))

val usbl = master(USBInterface())
val usb_clk = in Bool()

5.3.4. [lo6aB/ieHHe KOMIIOHeHTa X0CT-KOHTpo/iepa B CHK

B Tene knacca KarnixSoC pgob6aBum mnepemendyro usb1Ctrl tuma Apb3USB10Ctrl
OTMCHIBAIOIIYI0 KOMIIOHEHT XOCT-KOHTpoJuiepa. [l 3TOro HaifieM B Tejle Kjacca CeKLUIO C
orucanrieM mMocta Axi4SharedToApb3Bridge u no6aBuM creayrolmii Kof, rmocie Hero. Takxke
Jn00aBUM TIPUBSI3KY a/IpeCHOTO MPOCTPAHCTBA B JieKoziep azpecos mmHbl APB3.

class KarnixSOC(val config: KarnixSOCConfig) extends Component{

mval io = new Bundle {

}
val axi = new ClockingArea(axiClockDomain) {

..Qal apbBridge = Axi4SharedToApb3Bridge(

addresswidth = 20,
datawidth = 32,
idwidth =4

)

val usbiCtrl = new Apb3USB10Ctr1(usbFrequency)
io.usbl <> usbiCtrl.io.usb
usbiCtrl.io.usb_clk := io.usb_clk
plic.setIRQ(usbiCtrl.io.interrupt, 10)

Qal apbDecoder = Apb3Decoder (
master = apbBridge.io.apb,
slaves List(

gspi®.io.apb -> (0xC2000, 4 kB),

usbiCtrl.io.apb -> (0xD1000, 4 kB) // USB 1.0 implemented in SpinalHDL

)
)
}

B ,ELO6&1BJ'IH€MOM BBIIIE KOJZe TIPOUCXOAUT C/ieayroljee:
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1. Cospaetcs oobekT knacca Apb3USB10Ctrl cogeprkarnyii KOMIIOHEHT XOCT-KOHTPOJIIepa Ha
KOTOpBIN cchliaeTcsi nepeMeHHasi usb1Ctrl.

2. C nomorpro orieparopa <> IPOU3BOAUTCS KOMMYyTaLUs CUrHajaoB WMHBI USB mexay
KOMITIOHEHTOM XOcCT-KoHTposulepa usb1Ctrl.io.usb v BHemHuM wuHTepdeiicom io.usbl
Teky1ero kjaacca KarnixSoC.

3. Tlpou3BoguTCs Tioflaya TAaKTOBOTO CHrHaja C BHelnHero uHTep(eiica io.usb_clk Ha
TaKTOBLINM curHaa KomroHeHTa usb1Ctrl.io.usb_clk.

4. TIpou3BoAUTCS TIPMBSI3KAa CUTHaJ/a JIMHUM TpephIBaHUN OT KOMIIOHEHTa XOCT-KOHTpOJiepa
Ha 10-1 KaHa/1 KOHTPOJUIepa MpepbIBaHUU.

5. IlpuBsizka mmHel APB3 xocT-koHTposiiepa usblCtrlio.apb k mmHe APB3  mocta
apbBridge.io.apb, npu sTom 3azaetcs agpec 0xD1000 npencrasnstoiuii cob60i cMeleHe
OTHOCHTEJIbHO Hauasla a/[peCHOr0 MPOCTPaHCTBA BbijlesieHHOro 1oz MocT APB3.

B pamkax KarnixSoC nopg ycrpolictBa Ha 1MHe APB3 BbiziesieHO ajpecHOe MPOCTPaHCTBO
eMkocTeio 1MB HaunHast ¢ 0xF0000000. Takum obpa3om, 6a30BeIi azipec obmactu peructpoB USB
XOCT-KOHTpoJiepa Bbiuncssiercs Kak: 0xF0000000 + 0xD1000 = 0xF00D1000. HauvHasi ¢ 3TOrO
azipeca OyayT pacrosaratbCsi IpOrpaMMHO ZIOCTYITHbIE PETUCTPHI YIIPAaBIeHUS XOCT-KOHTPOJITIEPOM.

5.3.5. BeiBop minHb1 USB Hapyxy

Bblile Mbl  y)Ke OMMCaaud KOMIUIeKCHbIM curHan io.usb B kimacce KarnixSoC,
VHCTaHLMUPOBA/IM U TOAK/IIOUWIM K HEMY Hall XOCT-KOHTposuiep. OcCTanoch COeJUHUTH 3TOT
KOMITJIEKCHBI CHUTHa/l C BHEIIHUM MupoMm. [Insg 3toro HakgeM oObsiBleHHe —Kjacca
KarnixSOCTopLevel u ananornuHbsiM 06pa3oM [00aBUM B CTPYKTYpY i0 orvcaHue curHaia usb
orpesiensiemoro uHTepdeticHbiM kiaccom USBInterface:

case class KarnixSOCTopLevel() extends Component{
val io = new Bundle {
val clk25 = in Bool()
val uart_debug_txd = out Bool() // mapped to uart_debug_txd
val uart_debug_rxd = in Bool() // mapped to uart_debug_rxd

val usbl = master(USBInterface())

Knacc KarnixSOCTopLevel copepxut nepemenHyto karnix_soc tura KarnixSeC kortopasi B
CBOIO ouepesb cofepxuT Bech Haml CHK. /Io6aBUM KOMMYTAIMIO /IByX KOMIUIEKCHBIX CHUTHAJIOB
karnix_soc.io.usb1 u io.usb1 ofHoii cTpokoii Kofja:

karnix_soc.io.usbhl <> io.usb1

910 cespkeT wmMHBI USB BHyTpu karnix_soc ¢ BHelrHuMM BbiBogamMu Mukpocxembl [TJIMC. Ha
3TOM JIeiCTBUS 110 MHTerparuu komrnoHeHTa USB xocT-koHTposiepa B CHK 3akoHueHbl. OcTanoch
pa3pelrTh BOMPOC C TaKTOBbIM curHanioMm usb_clk.

5.3.6. @opmupoBaHue TakToBOro curnasa usb_clk

Y wucrnonb3yemoii B minate «KapHo» mukpocxemsl [IJIMC Lattice ECP5-25F umeercs Ha
Oopty nABa BCTpoeHHbIX PLL M Tak MOMyuymsioch, 4ro 00a W3 HUX YK€ 3aHSATHI: OJUH IO
(hopMHupoBaHUe CUCTEMHOW TaKTOBOW 4acTOThl siipa (60 MTI'1)) oT BxomHOrOo reHeparopa 25 MI'L.
Bropoii PLL 3ageiictBoBan nog CGA Bugeoagantep, 3toT PLL dopmupyet uactoty 250 MTI'1y asist
6noka TMDS, uto ¢opmupyet curHan Ha HDMI pa3wem. BcraeT Bonpoc — oTKyzia B3sTh 12 MI'1g
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anst USB ? MHoii 6buti mepenpoboBaHbl pa3/iMyHble BapyUaHThI (OHM, KCTaTH, TIPEJCTaBIeHbl B
¢aitie KarnixSoC.scala B 3akoMMeHTHPOBaHHOM BH/Ie) U TIPUILIeN K BbIBOAY, UTO CaMblii TIPOCTO U
Oonee-meHee paboumii BapuaHT 3TO momayuuTh uactoty usb_clk myrem genenuss yacToTh
karnix_soc.io.pixclk_x10 rcrnoss3yemoii B 6;10ke CGA Bueoagantepa ajsi dopmupoBanus TMDS
CUrHasa.

[7isi omycaHusi CueTurKa JieJIuTesisi YaCTOThl HaM ToTpeOyeTcst 3aBeCTH ellje OfUH TaKTOBBIM
nomeH pixclk_x10_ClockDomain v BHyTpy Hero BbnonHUTh cueTurK usb_clk_div taktupyemsiii
ot karnix_soc.io.pixclk_x10. /JanHbIi1 cueTunk OyzeT HerpepbiBHO cuuTtath OT 0 70 20 TaKTOB U
uHBepTHpoBaTh curHaa usb_clk B Toukax 10 u 20, To ecTs OyAeT MPOMCXOAUTH Jie/ileHre YaCTOTHI
250 MTI'ry Ha 21, pe3ysibTHUpYROLiasi yacToTa Ha curHanbHO# mHuA usb_clk Gyner 6mm3koit k 11.9
MTr . ITpakTHKa Toka3asa, 4To 3TOr0 BIIOJIHE JOCTATOUHO /i1 HOpMasibHOW pabothl «Low Speed»
USB ycTpoiicTB.

Kop nenvrenst yactoTel g1s1 dopmupoBanust usb_clk:

Jlucmune 8.26. Koo ¢atina KarnixSOC.scala: umniemeumayus cuenana usb_clk.

val pixclk_x10_ClockDomain = ClockDomain(
clock = karnix_soc.io.pixclk_x10,
config = ClockDomainConfig(resetKind = BOOT),
frequency = FixedFrequency(250.0 MHz)

val pixclk_x10_area = new ClockingArea(pixclk_x10_ClockDomain) {

val usb_clk_div = Reg(UInt(5 bits)) init(0)
val usb_clk = Reg(Bool()) init(False)

usb_clk_div := usb_clk_div + 1

when(usb_clk_div === 10) {
usb_clk := True
}

when(usb_clk_div === 20) {
usb_clk := False
usb_clk_div := 0

}

var dcca_usb DCCA()

dcca_usb.CE := True

dcca_usb.CLKI := usb_clk
karnix_soc.io.usb_clk := dcca_usb.CLKO

B npuBeseHHOM Bblllle Koze pe3yabrupyromuii curHan usb_clk mporonsieTcs uepe3
BcTpoeHHbld B TTJIMC 650k DCCA(), a ero BeIXof, yKe mojkmodaercs K karnix_soc.io.usb_clk
JUI1 TakTUpoBaHUs ammapatypbl USB XocT-KoHTposiiepa. 3TO HEOOXOAWUMO /il TOTO, UTOObI
CUMHTe3aTop YOSyS MOHWMaJ, 4YTo C(OpPMHUPOBaHHBIM cueTumkoM curHaa usb_clk copepxxur
«CHUHTEeTUYeCKUl» TaKTOBbIM CUTHA/A KOTOPbI HY)KHO TPacCHUpPOBAThb WCIIO/Ib3Ysl CIIeL[a/bHO
BblJlesieHHble BHYTpU [IJIMC nMHMM TaKTOBBIX CUrHA/OB. Ec/v 3TOro He cjenaTh, TO B HEKOTOPBIX
(v oueHb YaCTBIX) C/y4yasx Ha JMHUM TAaKTOBOTO cHUrana OyayT (opMHpOBaThCs 3a/IePXKKU W
[PKUTTEp, UTO TJIOXO CKa3bIBaeTCs Ha Mepesiauu JaHHbIX 110 mrHe USB.
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5.3.7. Coopka npoekta CHK «KarnixSoC»

Brinosinenrie c6opku Bcero npoekra CHK «KarnixSoC» ocyiijecTBisieTcst U3 TofKarasora
Jscripts/KarnixSOC/ECP5-25F_karnix_board/, B Hém copepxutcs Makefile ommceiBaroriuii
aJIrTOPUTM COOPKHU. DTOT aTOPUTM COCTOUT M3 CJIeYOLIHX 11aroB:

1. Kommunsimmss C/C++ Koga KOTOPbIM OyzeT HCIO/b30BaThCsl B KadyecTBe TPOTPaMMBbI
Haua/IbHOTO CTapTa AJisi cuHTe3upyemoro ripotieccopa VexRiscV (ROM). Ilo ymonuanuto
cobupaeTcss MPUMHUTHBHBIA 3arpy3urk karnix_bootloader, ero omucanue gaHo B (aiiie
./src/main/c/karnix/karnix bootloader/README.md.

2. TlogroroBka Apyrux GuHapHBIX (aliIoB /151 MHUIMAIU3aM CUHTe3UPYyeMOU armapaTyphbl.
Hanpumep, ¢opmupyercs ¢aiin ¢ pacTpoBbiMu wipudTamMu s 3HakoreHepatopa CGA
BU/ieoajanTtepa.

3. Kommunsauus SpinalHDL mporpamMMbl ¥ BCeX HCMOMb3yeMbIX MOAYyJeH C TOMOIIbIO
KOMMu/IssTopa Scala U yTUInTHI sbt.

4. VcromHeHWe TonMyueHHOro OalfT-Koja Java MalivMHOW, B pe3y/bTaTe uero reHepupyeTcs
¢atin ./KarnixSOCTopLevel.v Ha si3bike Verilog c onrcanvem Bceli annapatypbsl CHK.

5. Verilog ¢aiin mogaetcss Ha BXOJ CHUHTe3aTOpy BO IiaBe C yTHIUTOW Yosys. CuHTe3aTop
TIPOU3BOJIUT CHUHTe3 LIM(POBOM CXembl (HETIMCTa), €€ OMTUMH3AlUI0, TPaCCUPOBKY U
pa3memienvie B IIJIMC. Ha Bbixoge mosy4yaeTcss OMHApHBIA (aiin (OUTCTPUM) TOTOBBINA K
3arpy3ke B [IJIMC.

bonee mospoOHO O TOHKOCTSX TMPOUCXOIAIIMX «I0f Kartotom» SpinalHDL B mpoiiecce cO60pku
MOXXHO TIpoYecTb B Moeill cTatbe «Pa3pabomka yugpoeoli annapamypbl HempdaouyuUOHHbIM
Memodom: Yosys, SpinalHDL, VexRiscv», 37ecCb >Xe Mbl OIPAaHMUMMCSI TOJIbKO Tapod KOMaH[
HeoOXOAMMBIX ZIJIsT 3aITyCKa MpoLecc cOOpKH.

YroObl 3amyCTUTh TOJHYIO COOpPKY TIpOEKTa JO0CTaTOYHO BBITIOJIHUTH KOMaHAy make
generate compile. llens generate 3aHrMaeTcsi BceM TeM, UTO cBsizaHO co Scala u SpinalHDL. Lens
compile 3anyckaet cunTesarop Yosys. Harpumep:

Jlucmune 8.27. dpazmeHm 8b1800A HA KOHCO/b NpU COOPKU NpoeKma.

rz@devbox:~/KarnixS0C/scripts/KarnixSOC/ECP5-25F_karnix_board$ make generate compile

(cd ../../..; sbt "runMain vexriscv.demo.KarnixS0CVerilog")

[info] welcome to sbt 1.6.0 (Ubuntu Java 11.0.9.1)

[info] loading settings for project karnixsoc-build from plugins.sbt

[info] loading project definition from /home/rz/KarnixSOC/project

[info] loading settings for project root from build.sbt ...

[info] set current project to VexRiscv (in build file:/home/rz/KarnixSO0C/)

[info] compiling 1 Scala source to /home/rz/KarnixSOC/target/scala-2.12/classes ...
[warn] four deprecations (since ???); re-run with -deprecation for details

[warn] one warning found

B sTOoM MecTe, T.e. mpu KOMNWISOUM W wucnonHeHuu SpinalHDL nporpammel, MOryT
TIOSIBIISITCST COO0ITIeHnst 06 OIIMOKaxX: CHHTAKCUUeCKUX OT KOMITUISTOpa Scala, Wiu ToruuecKux —
or O6ubmorekn SpinalHDL. IIpu wucnomHenwu SpinalHDL mnporpamma BbijJaeT B KOHCOJb
OT/Ia[JOYHYI0 UH(OPMALUIO:

[info] running (fork) vexriscv.demo.KarnixSOCVerilog

[info] [Runtime] SpinalHDL v1.10.2a git head : a348a60b7e8b6a455c72e1536ec3d74a2eal6935
[info] [Runtime] JVM max memory : 8294.0MiB

[info] [Runtime] Current date : 2025.10.08 21:02:51

[info] [Progress] at 0.000 : Elaborate components

[info] Apb3uUSB10Ctr1l::usbFrequency = 11900000 Hz

[info] Apb3usB10Ctr1l::USBSlowSpeedClockDiv = 7

[info] Apb3uUSB10Ctr1l::USBLowSpeedKeepAliveClocks = 11899
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https://habr.com/ru/articles/801191/
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[info] Apb3usSB10Ctr1l::USBLowSpeedErrorClocks = 9519

BrigenieHHble JKUPHBIM COOOIIIEHHsT 3TO HAaIlM OT/IaJ04YHble COOOILeHHsT M3 Kijacca
Apb3USB10Ctrl BriBesieHHbIe ¢ momotibio GyHkuM println(), oHu 0TOOpaXkaroT pacCUMTaHHbBIE
3HaueHUs rapaMeTpoB (CM. I1aBy 5.2.9).

Eciu BO3HUKHYT OLIMOKM, TO MX cCJjieflyeT yCTpaHWThb, uTobbl SpinalHDL mnporpamma
YCIIeIIHO MCIIO/HWAack U cpopmupoBana Verilog daitn. Ilpu ycrnemHol reHepauuu Verilog
BBIIVIIAUT Ha KOHCO/M OyAyT COOOILeH s CO CTaTUCTUKOM CJIeYIOILero Xapakrepa:

[info] [Progress] at 6.443 : Checks and transforms

[info] [Progress] at 9.224 : Generate Verilog to .

[info] [warning] 729 signals were pruned. You can call printPruned on the backend report to
get more informations.

[info] [Done] at 11.297

[success] Total time: 36 s, completed Oct 8, 2025, 9:03:03 PM

Nanee co3gaercs mopkarasor bin. B Hero OygyT mnomernatbcsi BpeMeHHbIe |
pe3yabTUPYIOIIWI OMHAPHBIN (aii/bl, a Mporecc COOPKHU MePeXoAUT K yTumure YOsys:

mkdir -p bin

yosys -1 yosys.log -v2 -p "synth_ecp5 -abc9 -top KarnixSOCTopLevel -json
bin/KarnixSOCTopLevel.json" ../../../KarnixSOCTopLevel.v
../../../src/main/verilog/TMDS_encoder.sv ../../../src/main/verilog/OBUFDS. sv
1. Executing Verilog-2005 frontend: ../../../KarnixSOCTopLevel.v

B mpoiiecce cuHTe3a TOKe MOTYT BO3HHMKATh OIIMOKH, HO 4Yallle BCETO OHM CBSI3aHBbI C
HEXBaTKOM Kakux 6o pecypcoB IIJIMC. WMHdopmaiysi o MOTpebIsseMbIX pecypcax TakkKe
BbI/IA€TCSI HA KOHCOJIb!

Info: Device utilisation:

Info: TRELLIS_IO: 121/ 197 61%
Info: DCCA: 6/ 56 10%
Info: DP16KD: 55/ 56 98%
Info: MULT18X18D: 9/ 28 32%
Info: ALU54B: 0/ 14 0%
Info: EHXPLLL: 2/ 2 100%
Info: EXTREFB: 0/ 1 0%
Info: DCUA: 0/ 1 0%
Info: PCSCLKDIV: 0/ 2 0%
Info: IOLOGIC: 0/ 128 0%
Info: SIOLOGIC: 0/ 69 0%
Info: GSR: 0/ 1 0%
Info: JTAGG: 0/ 1 0%
Info: 0SCG: 0/ 1 0%
Info: SEDGA: 0/ 1 0%
Info: DTR: 0/ 1 0%
Info: USRMCLK: 0/ 1 0%
Info: CLKDIVF: 0/ 4 0%
Info: ECLKSYNCB: 0/ 10 0%
Info: DLLDELD: 0/ 8 0%
Info: DDRDLL: 0/ 4 0%
Info: DQSBUFM: o/ 8 0%
Info: TRELLIS_ECLKBUF: 0/ 8 0%
Info: ECLKBRIDGECS: 0/ 2 0%
Info: DCSC: 0/ 2 0%
Info: TRELLIS_FF: 8417/ 24288 34%
Info: TRELLIS_COMB: 22947/ 24288 94%

Info: TRELLIS_RAMW: 697/ 3036 22%

ITocne BbINOIHEHUSA TPAaCCHUPOBKHM W Ppa3MelleHrsd Hd KOHCOJIb BbIAAE€TCA MWTOroBad
CTaTUCTHKa II0 TIIpeAe/IbHbIM YaCTOTdM Ha Pda3/IMUHBIX TAKTOBBIX CHI'HAJIAX. Ecnu 3dJaHHbIE
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YaCTOTHI TIPEBBLILIAIOT TIpe/ie/lbHble, TO CHHTe3 OWTCTpUMa Tpekpamjaercs. B stom ciydae
TpeOyeTcst MPOBeCTH ONTUMU3ALUI0 KOZla WK 3allyCTUTh CUHTe3 ellje pa3 Co CJyYalHbIM «seed» —
BZIPYT Ha 3TOT pas3 MoBe3eT? ;-)

Info: Max frequency for clock '$glbnet$io_lan_rxclk$TRELLIS_TIO_IN': 131.89 MHz (PASS at

25.00 MHz)

Info: Max frequency for clock '$glbnet$hdmi_p1l1_CLKOP': 379.08 MHz (PASS at
250.00 MHz)

Info: Max frequency for clock 'io_hdmi_tmds_clk_p$TRELLIS_IO OUT': 42.65 MHz (PASS at 12.00
MHZz)

Info: Max frequency for clock '$glbnet$io_lan_txclk$TRELLIS_IO_IN': 104.96 MHz (PASS at
25.00 MHz)

Info: Max frequency for clock "io_clkusb$TRELLIS_IO_OUT': 116.02 MHz (PASS at
12.00 MHz)

Info: Max frequency for clock '$glbnet$io_clkcore$TRELLIS_IO_OUT': 65.55 MHz (PASS at 60.00

MHz)

B urore Bech npotiecc c60pKM 3aKaHUYMBaeTCs CO0O1eHeM BUa:

Info: Program finished normally.

ecpbram -v -i bin/KarnixSOCTopLevel _random_25F.config -0 bin/KarnixSOCTopLevel _25F.config -f
../../../KarnixS0CTopLevel_random.hexx -t
../../../src/main/c/karnix/karnix_bootloader/build/karnix_boot loader .hexx

Padding to_hexfile from 2769 words to 18432

Loaded pattern for 32 bits wide and 18432 words deep memory.

Extracted 1152 bit slices from from/to hexfile data.

ecppack --svf bin/KarnixSOCTopLevel 25F.svf bin/KarnixSOCTopLevel 25F.config
bin/KarnixSOCTopLevel 25F-karnix_bootloader.bit

OTO  03HauaeT, UTO pe3ylIbTUPYIOL[UM OUTCTPUM TOTOB U  HAXoAUTC B (aiine
bin/KarnixSOCTopLevel_25F-karnix_bootloader.bit :

rz@devbox:~/KarnixS0OC/scripts/KarnixSOC/ECP5-25F_karnix_board$ 1s -1 bin/
total 67204

-rw-rw-r-- 1 rz rz 34867485 Oct 8 21:06 KarnixSOCTopLevel.json

-rw-rw-r-- 1 rz rz 709859 Oct 8 21:13 KarnixSOCTopLevel 25F-karnix_bootloader.bit
-rw-rw-r-- 1 rz rz 10581041 Oct 8 21:13 KarnixSOCTopLevel 25F.config

-rw-rw-r-- 1 rz rz 1501646 Oct 8 21:13 KarnixSOCTopLevel_25F.svf

-rw-rw-r-- 1 rz rz 10564390 Oct 8 21:08 KarnixSOCTopLevel_placed.svg

-rw-rw-r-- 1 rz rz 10579662 Oct 8 21:12 KarnixSOCTopLevel_random_25F.config

Terepb ocTaeTcsi TOBLKO TIOAK/MIOUUTE T1aTy «KapHo» ¢ USB nopty paboueli MalvHbI Ha
KOTOPOW TIPOU3BOJUTCSI COOPKa MPOEKTa U 3arpy3uTh B Heé OUTCTpUM credytoleli KomaH 01 make

prog:
Jlucmune 8.28. Bbl800 Ha KoHCoMb npu npowusku bumcmpuma 8 IT/IUC.

rz@devbox:~/KarnixS0OC/scripts/KarnixSOC/ECP5-25F_karnix_board$ make prog

openFPGALoader bin/KarnixSOCToplLevel_25F-karnix_bootloader.bit
write to flash

No cable or board specified: using direct ft2232 interface
Jtag frequency : requested 6.00MHz -> real 6.00MHz

Open file DONE

Parse file b3bdffff

DONE

Enable configuration: DONE

SRAM erase: DONE

Detail:

Jedec ID : ef
memory type 1 70
memory capacity : 18
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flash chip unknown: use basic protection detection
start addr: 00000000, end_addr: 000bOOOO

Erasing: [ ] 100.00%
Done
Writing: [ ] 100.00%
Done

Refresh: DONE

OpHako, faxke ecy cOOpPKa arrapaTHOW YaCTH TPOILIIA YCIelHO M OUTCTPUM 3arpy3usics B
mukpocxemy ITJIMC, nMpoKy B 3TOM HEMHOTO, TaK KakK y HaC HeT HU MPOrpPaMMbI UCIIOJb3YIOLIeH
HOBYIO anmaparypy, HUA [paiiBepa el ympasstoriero. Crefyrouiie T/iaBbl OyAyT TOCBSILIEHbBI
HalMCaHWI0 HU3KOYPOBHEBOTO JpailiBep W TPOCTOM TeCTOBOM IiporpaMMbl Ha sisbike Cu s
npoBepkH paboTtocniocobHocTr USB X0CT-KOHTpOII/Iepa.
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6. Peanunsauyuna gpaiiepa gna USB XoCT-KOHTponnepa

Haunem HamvcaHue HM3KOypOBHeBOro jApauiBepa s Hamero USB xocT-KOHTposiepa C
CO3[jaHusl MPOrpaMMHBIX TNPUMWUTHBOB /Il OTHPaBKM KOMaHJ U OXHJAAHUS CTaTyca, a Takxe
BBITIOJIHEHWS cOpoca IIMHBI. 3areM TiepeiijeM K Oosiee CIOKHBIM (PyHKUUSIM paboOTBl C
tpansakuusmu: IN, OUT u SETUP. Ilocne dero peanusyeM QYHKUMWA [/ BbIIOJIHEHUS
NIPOM3BO/IBHOIO 3aMpoCa, CUMThIBAHMS /leCKPUIITOPOB U YCTAaHOBKY NlapaMeTpoB. [lanee peanusyem
(OYHKLMIO MHULIMAIM3alMy YCTPOMCTBA KaK IMOC/e0BaTe/IbHOCTh 3arnpocoB. M B camMom KoHILle
peanuszyem QyHkuvio usb1l0_init() mo3BossirOLyI0 MPUIOKEHHIO BbISICHUTH, €CTh /I Ha LIKWHE
YCTPOMCTBO, @ TaK »>ke BBIMOJIHSIOLIYI0 TOHBIA LMK/ WHULMaIW3alyd yCTpoucTBa. Beck kof
npaiiBepa OyzieT pacronaratbCs B IByX (aiinax:

J/src/main/c/karnix/karnix_soc/src/usb10.h
u
J/src/main/c/karnix/karnix_soc/src/usb10.c

Co3pagum ¢aiin usb10.h u 106aBUM B Hero onvcaHue CTPYKTYPHI arfapaTHLIX PerCcTPOB
KOHTpoJuiepa (MCTUHT 9.1), orpezeneHUss MaKpOCOB Ji/1s IO//leP’KMBaeMbIX KOMaH/, U TOKEHOB
(yucturry 9.2 11 9.3), a Tak yKe MaKpooIipe/ie/ieHus /151 paboThl C OMTOBLIMMU TTOJIIMUA PETHCTPOB
(yuctuHr 9.4).

Jlucmunz 9.1. Cmpykmypa pe2ucmpos xocm-koHmposiepa USB 1.0.

typedef struct {

volatile uint32_t STATUS; // Controller Status register
volatile uint32_t COMMAND; // Command register
volatile uint32_t RECV_DATA_LOW; // Received data register, low 32 bits
volatile uint32_t RECV_DATA HIGH; // Received data register, high 32 bits
volatile uint32_t SEND_DATA_LOW; // Send data register, low 32 bits
volatile uint32_t SEND_DATA_HIGH; // Send data register, high 32 bits
volatile uint32_t RX_STATUS; // Receiver status register 1
volatile uint32_t CONTROL; // And configuration register
volatile uint32_t RX_STATUS2; // Receive status register 2

} USB10_Reg;

Jlucmume 9.2. KomaHobl xocm-kKoHmposnnepa USB 1.0.

#define USB10_CMD_NOP 0x00 // No-operation (does nothing)
#define USB10_CMD_SEND_TOKEN 0x01 // Send token with CRC5
#define USB10_CMD_SEND_SHORT_TOKEN 0x02 // Send short token

#define USB10_CMD_SEND_DATA 0x03 // Send data packet

#define USB10_CMD_BUS_RESET 0x04 // Initiate Bus Reset state

Jlucmumz 9.3. TokeHbl noddepatcusaemble Xxocm-kKoHmposaiepom USB 1.0.

#define USB10_PID_SETUP 0b001601101 // "1011 0100" SETUP Address for host-to-
device control transfer

#define USB10_PID_DATAO 0b116060060011 // "1100 0011" DATAO Even-numbered data
packet

#define USB10_PID_DATA1l 0b016060106011 // "1101 0010" DATA1 0dd-numbered data
packet

#define USB10_PID_IN 0b01101001 // "1001 0110" IN Address for device-

to-host transfer
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#define USB10_PID_OUT 0b11100001
device transfer

#define USB10_PID_ACK 0b11010010
#define USB10_PID_NAK 0b016011010
accepted; please retransmit

#define USB10_PID_STALL 0b00011110
do error recovery

//

//
//

//

"1000 0111"

"0100 1011"
"0101 1010"

"0111 1010"

ouT

ACK
NAK

STALL

Address for host-to-

Data packet accepted
Data packet not

Transfer impossible;

JlucmuHe 9.4. Makpocbl 0151 pabombl ¢ GUMOBbIMU NOASIMU pe2UCMPO8 XOCM-KOHMpo/iepa.

// Get and set ADDR bits of COMMAND word

#define USB10_CMD_ADDR_S 24
#define USB10_CMD_ADDR_M Ox7f
#define USB10_CMD_ADDR(X) (((X) >> USB10_CMD_ADDR_S) & USB10_CMD_ADDR_M)

#define USB10_CMD_SET_ADDR(X)  (((X) & USB1@_CMD_ADDR_M) << USB10_CMD_ADDR_S)

// Get and set ENDP bits of COMMAND word

#define USB10_CMD_ENDP_S 20
#define USB10_CMD_ENDP_M oxof
#define USB10_CMD_ENDP(X) (((X) >> USB10_CMD_ENDP_S) & USB10_CMD_ENDP_M)

#define USB10_CMD_SET_ENDP(X)  (((X) & USB1@_CMD_ENDP_M) << USB10_CMD_ENDP_S)

// Get and set command length bits of COMMAND word

#define USB10_CMD_LEN_S 8
#define USB10_CMD_LEN_M oxFff
#define USB10_CMD_LEN(X) (((X) >> USB10_CMD_LEN_S) & USB10_CMD_LEN_M)

#define USB10_CMD_SET_LEN(X) (((X) & USB10_CMD_LEN_M) << USB10_CMD_LEN_S)

// Get and set PID bits of COMMAND word

#define USB10_CMD_PID_S 4
#define USB10_CMD_PID_M oxof
#define USB10_CMD_PID(X) (((X) >> USB10_CMD_PID_S) & USB10_CMD_PID_M)

#define USB10_CMD_SET_PID(X) (((X) & USB10_CMD_PID_M) << USB10_CMD_PID_S)

// Get and set command bits of COMMAND word

#define USB10_CMD_S 0
#define USB10_CMD_M Ox0f
#define USB10_CMD(X)

(((X) >> USB10_CMD_S) >> USB10_CMD_M)

#define USB10_CMD_SET(X) (((X) & USB10_CMD_M) << USB10_CMD_S)

u T. . [TonHOe onucaHre Bcex MaKpooIipeZie/ieHUi CM. B perio3utopud B datine usb10.h.

6.1. OnucaHne nporpaMmmMHbIX NPUMNTUBOB

[ns Toro, utoObl OTIPAB/SATH U TOJyuaTb IaKeThbl IO IIMHe, BBLIMOJHATh TpPaH3aKLWH,
OCYIIeCTB/IATh MPOLeAYPy WHULIMAIM3aluy WM cOPOC IIMHBI, BBeZIeM C/eAyIOIiye IpOrpaMMHbIe
NPUMUTHBSI B (aiin ./src/main/c/karnix/karnix soc/src/usb10.c.

YToObl KOMIU/IATOP He pa3bvBas 3aMvch B anraparHbiii 32-X OUTHBINA PerucTp KOHTpo/uiepa
Ha HEeCKOJIbKO OTlepalyii, UTO MOXKeT BBECTH KOHTDPOJIIep B 3ab/yk[eHue, a BBITIOJIHSI 3aIliCh B
PErucTp «aToMapHO», BBeJeM WHIauH QyHKUMIO subl0_write_reg() cocrosiuyro M3 OJHOU

acceM01epHOM MHCTPYKLH:

static inline void usb10_write_reg(volatile uint32_t* reg,

asm volatile ("sw %0, (%1)" : : "r"(val),

}

"r'(reg));

uint32_t val) {

75 cuMMeTpuH BBeZieM UHJIaH GyHKLMIO yTeHust 32-x 6utHoro peructpa usb10_read_reg():
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static inline uint32_t usb10_read_reg(volatile uint32_t* reg) {
return *reg;
}

®ynkus usb10_write_reg() mo3Bo/IMT HaM OTIIPaB/SATb KOMaH/bl KOHTPOJJIEPY OFHOM CTPOKOM,
Harpumep:
// RESET

usb10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT | USB10_CMD_SET(USB10_CMD_BUS_RESET));

Ins  oxujaHus ~ OCBOOOXKAEHWsSI ~ KOHTpO/Ulepa  BBeJEM  WHAAWH  (QYHKIUIO
usb10_wait_while_busy(). TlepBriii mapamerp 3Toi (yHKIMM yKa3biBaeT Ha 0a30BbIM ajpec
MPOCTPAHCTBA arIapaTHbIX PEruCTPOB KOHTposuiepa. BTopoi mapameTp 3a/aeT MaKCUMaslbHOE
BpeMsl O>KUZIAHHMSI BbIp@)XXKEHHOE B IMK/IaX rpoijeccopa. PyHKIMs BO3BpaIljaeT UYHUC/IO OCTaBIIMXCS
1LIVKJ/IOB O)KMJaHust WK 0 eci BpeMst O)KH/JaHUsI UCTEKIIO.

Jlucmume 9.5. PyHKYUs 0HCUOAHUSI 0CBOOOHCOEHUSI XOCM-KOHMPO/1epd.

static inline int usb10 _wait while_busy(USB10_Reg* reg, int timeout) {
int i;
// Wait for execution to complete
while(timeout--)
if((usb10_read_reg(&reg->STATUS) & USB10_STATUS_BUSY_BIT) == 0)
return timeout;

return 0; // Fail

}
AHaIOTHYHBIM obpazom oripeieiuM Gonee CJIO>KHBIN TIPUMHUTHB
usb10_wait_cmd_complete() — dyHKUHIO A1 0)KUJAHUSI 3aBepIleHUsT BbITIOJIHEHUS] KOMaH/IbI.

[aHHasi QyHKLMs CHauala OKUZJaeT KOrJa KOHTPOJI/iep HauHeT BbIMO/IHeHHe KOMaH/bl (UTO MOXKeT
NIPOMCXOJUTh He MOMEHTAa/JBbHO IIOC/de 3allMCU KOMaH/Jbl B PEerucTp), a IOTOM J0KU/AAeTcs
3aBeplleHMs BbINOIHeHUsl. HasHaueHre mapaMeTpoB U BO3BpalllaeMblii pe3y/bTaT TakKoM ke Kak U y
Npe/ibIAYILero NpUMUTHBA.

JlucmuHe 9.6. DyHKYUs 0HCUOAHUS 3a8epuieHUs 8bINOAHEHUsI KOMAHObI XOCM-KOHMPO//1epOM.

static inline int usb1@_wait_cmd_complete(USB10_Reg* reg, int timeout) {
int 1i;

// Make sure command execution has begun
for(i = 0; 1< 50; i++)
if(usb10_read_reg(&reg->STATUS) & USB10_STATUS_BUSY_BIT)
break;

// Wait for execution to complete
while(timeout--)
if((usb10_read_reg(&reg->STATUS) & USB10_STATUS_BUSY_BIT) == 0)
return timeout; // OK

return 0; // Fail
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5t TOrO, UTOOBI BECTH YUET THIIA MOC/IeIHETO TMepeJaHHOTO W MPUHSATOrO MakeToB DATAX,
3aBefleM MaCCHB JJIsi CTPYKTYP COCTOSIIIMX U3 ZByX OaiiToB send U recv B KOTOpOM OyZieM XpPaHUThb
tun (0 uam 1) mocsieHero OTNpPaBIEHHOTO U MO/yUeHHOT0 TaKeTOB /Il KaXK/0ro U3 yCTPOWCTB Ha
LIMHe.

Jlucmune 9.7. Maccug cmpykmyp 04151 COXpaHeHUsi muna noc/ieoHe20 nakema OaHHbIX.

struct _usb10_last_data_pid {
uint8_t sent;
uint8_t recyv;
} usb10_last_data_pid[MAX_ADDRESSES][MAX_ENDPOINTS];

3nauenusi MakpocoB MAX_ADDRESSES u MAX_ENDPOINTS onpegenum B daiisie usb10.h
C/ie[ytoImM obpa3om:

#define MAX_ADDRESSES 4 // How many devices should be supported
#define MAX_ENDPOINTS 4 // How many endpoints per device

6.2. ®YHKLUN BbINOSIHEHNA TPaH3aKUUi

Terepp y Hac BCEé TOTOBO /il peanu3aliuu TepBOM MpOLefypbl OTCHUIKM KOMaH/pbI.
Peanuzyem Habop dyHKLU# [/ BBITIOIHEHUS TPaH3aKIMii Ha 1uHe USB.

OnvcaHHble  HUXe ¢yskiuu  usb10_in_request(), usb10_out_request() u
usb10_setup_request() sBnsrOTCS He0OXOAUMBIMU 0a30BBIMU 37IeMEHTaMU [I7Isl BBITTOTHEHHs 6ojiee
CJIOKHBIX 0OMEHOB OTMCaHHBIX B r71aBe 3.2. « TpaH3akyuu».

6.2.1. dyukuus usb10_bus_reset() g5 cOpoca IMHBI

Jinst BBITONHEHWsT TIpoLieAypbl cOpoca mwmHBI co3gaauM (yHkuuio usb10_bus_reset()
KOTOpasi BOCIIO/Ib30BaBIIKCh BbIIIE OMWCAHHBIMU TPUMUTHMBAMM TIOLIJIET XOCT-KOHTPOJUIEPY
komaHzy USB10_CMD_BUS_RESET u nofoXzaeT TOKa YCTPOWCTBA HAa IIWHE BbITIOJIHAT
BHYTPEHHUI LUK/ [epe3anycka:

Jlucmume 9.7. DyHKYus 8bINOAHEHUS1 npoyedypbl cOPOCA WUHBDI.

#define USB10_DEVICE_RESET_STR '"usb10_device_reset"

int usb10_bus_reset(USB10_Reg* reg, int wait_us)

{
if(usb10_read_reg(&reg->STATUS) & USB10_STATUS_ERROR_BIT) {
usb10_printf("%s: device not connected!\r\n", USB10_DEVICE_RESET_STR);
return -1;
}
// RESET
usb10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET(USB10_CMD_BUS_RESET));
if('usb10_wait_cmd_complete(reg, 600000)) { // ~30ms timeout
usb10_printf("%s: hung after %s packet!\r\n", USB10_DEVICE_RESET_STR,
"RESET");

return -2;

}

for(int addr = ©; addr < MAX_ADDRESSES; addr++)
for(int endp = 0; endp < MAX_ENDPOINTS; endp++) {
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usb10_last_data_pid[addr][endp].sent
usb10_last_data pid[addr][endp].recv

USB10_PID_DATA1;
USB10_PID_DATAO,;

}

if(wait_us)
delay_us(wait_us); // Usually wait for 20 ms for device to settle

return 0;

B ciyuae yCITeITHOrO HWCIIOMHEHWS KOMaH/bl XOCT-KOHTposiiepoM (yHKIMsa usb10_bus_reset()
MPOM3BOAUT WHULIManu3aiuio mMaccvBa usb10_last_data_pid HavanbHBIMU 3HaueHUSIMU U
BO3BpalllaeT Hy/eBOW Kof ouiOKu. Ecim B miporjecce paboThl C XOCT-KOHTPOJIJIEPOM BO3HUK/IU
oImMOKH, TO JaHHas (YHKIUS BO3BpAIllaeT OTPHUIIATE/IbHBIA KO/ TIOKA3bIBAIOIMN Ha KaKOM IIlare
YTO-TO TIOIIO He TaK.

6.2.2. ®ynknus usb10_in_request() A/is1 mosiyueHUs JaHHbIX OT YCTPOMCTBA

Cnenytomas ¢dyHkius usb10_in_request() otrpasnsier no umMHe TokeH IN c yka3aHHbIM
azpecom ycrpoiictBa address 1 HoMepoM KoHeuHol Touky endpoint, 1ocse uero pUHUMaeT OJUH
U Oonee makeT AaHHBIX DATAX mopaTBep)KAasi MPUeM KaXkKZoro. OTa (GYHKLUS BBITOIHSET 1[e/y0
TpaH3akuuoo IN mosyueHusi faHHBIX OT ycrpoucrBa. Kak BHAHO u3 yMctuHra 9.8 kop maHHOM
(byHKUMU AoCTaTOuHO 00BEMHBIN, rornpoOyem pa3obparbcsi B HeM. DyHKius usb10_in_request()
JleMICTBYET I10 C/IeAYIOLeMY aJrOpUTMy:

1. OxugaeT OCBOOOKIEHHS XOCT-KOHTpOJUlepa OT TipeAbiaylned 3ajaur (WM TipUeMa
JTaHHBIX).

2. BbluMc/isgeT UYMCI0 TaKeTOB JJaHHBIX KOTOpOe OXKUZAeT TO/b30BaTe/lb YyKa3aB BXOJHOU
napameTp response_size. Eciu nonb3oBarens ykasan 0, TO MpUHUMaeTCsi MUHUMYM OZAUH
TaKeT, a Jja/ibllle — Kak MOJyuYnuTcs (MPUHUMAeTCsl CTO/IbKO, CKOJIBKO €CTh Y YCTPOWCTBA /ISt
repesiaun).

3. Xocrt-koHTpOJiiepy mnepenaercas kKomanHza USB10_CMD_SEND_LONG_TOKEN c
ykazanveM Tuna TokeHa USB10_PID_IN, BmecTe C KOMaHZOM TMepefaroTcsi 3HaYeHUs
address v endpoint.

4. OxujaeTcs TIpUeM TMakeTa OT  yCTPOMCTBA MyTeM  MOHUTOpUHra  (ara
USB10_STATUS_RECEIVED_BIT.

5. TlpoBepsietcsi kakoi maket mpuHAT: STALL, NAK v DATAx. B ciyuae STALL, NAK
WY BO3HUKHOBEHHMsI TaliMayTa MpOLieCC 3aBePIIaeTCsi C COOTBETCTBYOIUM KO/ OIITMOKH.

6. Eciu mpuHAT TakeT ¢ JaHHBIMH, TO TIPOBepsieTCsl OMT BaMHOCTHA KOHTPOJIBHOW CYMMBbI
USB10_STATUS_CRC16_OK_BIT. Ecm 3aduxcupoBaHa ommbka CRC16, To
TIPOM3BO/UTCS TIOBTOPHAs TOMbITKA MpUeMa, T. . Mepexof, Ha Iiar 3 JJaHHOTO aaropuTMa C
YMeHbIIeHUeM YMCJIa TIOMbITOK.

7. Ecmm oummbka npuema He 3adukcupoBaHa (OWUT BalMJHOCTH YCTAHOBJIEH), TO YCTPONCTBY
BbiCbUTlaeTcd mnoATBepxaeHrne ACK myTeM OTOpaBKA XOCT-KOHTPOJUIEPY KOMaH/bI
USB10_CMD_SEND_SHORT_TOKEN.

8. Ilocne 3aBepuieHusi KomaHzAbl OTCbUIKM TOKeHa ACK mnpousBogurcsa cBepka PID
TMOJTyUeHHOTO TakeTbl C TeM, uTo 3adurkcrpoBaHo B MaccuBe usb10_last_data_pid. Eciu
3TU 3HAuUeHMs COBIIAJIAIOT, UTO TIOJyYeH AyOnMKaT TakeTa JaHHBIX, OH BbIOpAChIBAeTCS W
L[UKJI [IpieMa MIOBTOPSIeTCSl.

9. Ecm PID mnonyueHHoro makera u 3adukcupoBaHHoro B usb10_last_data_pid He
COBMA/Ial0T, TO CYMTAeTCs TO TPUHAT HOBBIM MakeT C JaHHbIMU. [IpuHSTbIe JaHHbIE
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TepeKIaIbIBalOTCI B BBIXOAHOW Oydep mMosb30BaTeniss Ha KOTOPBIA  yKa3bIBaeT
response_data, 3HaueHrie usb10_last_data_pid o6HoBnsieTcs.

10. IIpoBepsiercst pasmep II0/Ie3HOM Harpy3kM TIIpUHATOrO Iaketa. Ecm OH MeHblle
MaKCHMaJIbHOTO BO3MOXKHOTO [/l TIaKeTa, TO CUATAeTCS UTO TIOJyUeH «XBOCT» U OoJbllie Y
YCTPOMCTBA AAHHBIX [Jisl Tepefiauu HeT. IIpoljecc 3aBepiaeTcsi C MOJOKUTETbHBIM KOJIOM
olTMOKM (yCriex) paBHBIM CyMMAapHOM [/TUHE TIPUHSITHIX OJIOKOB.

11. TIpoBepsieTcsl MaKCUMaJIbHO ZOMyCTUMasl [IiHA TIPUHMMaeMoro O/l0Ka JaHHBIX 3ajlaHHast
T0JTb30BaTe/ieM B response_size. Ec/iv oHa JOCTUTHYTA, TO TaKXKe TIPOMCXOAUT 3aBepliiieHune
TIPOTIeIYPhI C TTOJIOXKUTETbHBIM KOZIOM OIIMOKW paBHBIM 3TOU JJTUHE.

12. B pOTUBHOM C/Ty4ae LIUKJI TIpreMa TTOBTOPSIeTCs My TeM Tepexofia Ha 1mar 3.

Jlucmune 9.8. @yHkyus ebinoaHeHus mpavzakyuu IN 015 nosmyyeHus OaHHbIX om ycmpoticmea.

#define USB10_IN_REQUEST_STR "usb10_in_request"

int usb10_in_request(USB10_Reg* reg, uint8_t address, uint8_t endpoint,
uint8_t* response_data, uint32_t response_size)
{

if(address >= MAX_ADDRESSES || endpoint >= MAX_ENDPOINTS)
return -999;

// Wait till bus is free
if(!usb10_wait_while_busy(reg, 10000)) { // ~1ms timeout
usb10_printf("%s: bus is busy for too long!\r\n",
USB10_IN_REQUEST_STR);
return -1;
}

csr_clear(mstatus, MSTATUS_MIE); // Disable Machine interrupts during I/O

int ret = 0;
int bytes_received = 0;

int num_of_data_packets = response_size % USB10_LOW_SPEED_DATA_SIZE ?
response_size / USB10_LOW_SPEED_DATA _SIZE + 1 : response_size /
USB10_LOW_SPEED_DATA_SIZE,

if(response_size == 0)
num_of_data_packets = 1; // read at least one data packet

for(int i = @; i < num_of_data_packets; i++) {
// Request part of response data

uint32_t rx_status;
int timeout;
int retry = 8;

int packet_size_bits = (i + 1) * USB10_LOW_SPEED_DATA_SIZE <=
response_size ?
(USB10_LOW_SPEED_DATA SIZE * 8 + 8 + 16) : // PID8 +
DATA*8 + CRC16
(response_size % USB10_LOW_SPEED_DATA_SIZE) * 8 + 8 +
16;

again_data:

usb10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET_PID(USB10_PID_IN) |
USB10_CMD_SET_ADDR(address) |
USB10_CMD_SET_ENDP(endpoint) |
USB10_CMD_SET(USB10_CMD_SEND_LONG_TOKEN));

timeout = 25000;
while(timeout--)
if(usb10_read_reg(&reg->STATUS) & USB10_STATUS_RECEIVED_BIT)
goto rcvd2;
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usb10_printf("%s: no response after %s(%d:%d)\r\n",
USB10_IN_REQUEST_STR, "IN",
address, endpoint);

if(retry--)
goto again_data;
ret = -6;
goto fail;
}
rcvd2:

rx_status = usb10_read_reg(&reg->RX_STATUS); // read once, use many

times
int received_pid = USB10_RX_STATUS_PID(rx_status);
if(received_pid == USB10_PID_NAK) {
ret = -8;
goto fail;
}
if(received_pid == USB10_PID_STALL) { // STALL indicated fatal error
ret = -12;
goto fail;
}
// Note: Some short token packets missing CRC16 which also considered
as fail

#if (1)
if(!(usb10_read_reg(&reg->STATUS) & USB10_STATUS_CRC16_OK_BIT)) {
usb10_printf("%s: CRC16 error (%d), STATUS = %08X, RX_STATUS
= %08X, RX_STATUS2 = %08X, DATA = %08X:%08X\r\n",
USB10_IN_REQUEST_STR, i, usb10_read_reg(&reg-
>STATUS), rx_status,
usb10_read_reg(&reg->RX_STATUS2),
usb10_read_reg(&reg->RECV_DATA_HIGH),
usb10_read_reg(&reg->RECV_DATA_LOW)

delay_us(20);

if(retry--)
goto again_data;

ret = -10;
goto fail;

#endif
// Send ACK for received packet

usb10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET_PID(USB10_PID_ACK) |
USB10_CMD_SET(USB10_CMD_SEND_SHORT_TOKEN));

if(!'usb10_wait_cmd_complete(reg, 20000)) { // 2ms timeout
usb10_printf("%s: hung after %s packet!\r\n",
USB10_IN_REQUEST_STR, "ACK");
ret = -7,
goto fail;
}

// Now analyze what we've got here

if(received_pid != USB10_PID_DATAQ && received_pid !=
USB10_PID_DATA1l) {
usb10_printf("%s: expected %s packet instead of 0x%02X,
RX_STATUS = %08X\r\n", USB10_IN_REQUEST_STR,
"DATA", received_pid, rx_status);

if(retry--)
goto again_data;

ret = -9;
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goto fail;
}

if(received_pid == usb10_last_data_pid[address][endpoint].recv) {

usb10_printf("%s: received %d dupe data, RX_STATUS = %08X,
DATA = %08X:%08X\r\n",
USB10_IN_REQUEST_STR, i, rx_status,
usb10_read_reg(&reg->RECV_DATA_HIGH),
usb10_read_reg(&reg->RECV_DATA_LOW)

14

if(retry--)
goto again_data;

ret = -10;
goto fail;
}

usb10_printf("%s: packet received (%d), RX_STATUS = 0x%08X, DATA =
%08X :%08X\r\n",
USB10_IN_REQUEST_STR, i, rx_status,
usb10_read_reg(&reg->RECV_DATA_HIGH), usb10_read_reg(&reg-
>RECV_DATA_LOW)

)

usb10_last_data_pid[address][endpoint].recv = received_pid; //
Remember last received DATA PID

if(response_size && response_data) { // collect data if response
expected
*(uint32_t*)(response_data + i * 8 + Q) =
usb10_read_reg(&reg->RECV_DATA_LOW);
*(uint32_t*)(response_data + i * 8 + 4)
usb10_read_reg(&reg->RECV_DATA_HIGH);

bytes_received += (USB10_RX_STATUS_LEN(rx_status) - 8 - 16) / 8;

#if(1) // Enable this if packet size matching is necessary
if(USB1O_RX_STATUS_LEN(rx_status) !'= packet_size_bits) {
usb10_printf("%s: received bogus data packet (%d) size: %d
bits != %d, DATA = %08X:%08X\r\n",
USB10_IN_REQUEST_STR, i,
USB10_RX_STATUS_LEN(rx_status), packet_size_bits,
usb10_read_reg(&reg->RECV_DATA_HIGH),
usb10_read_reg(&reg->RECV_DATA_LOW)

’

break;
}
#endif
}
usb10_printf("%s: RX DATA: ", USB10_IN_REQUEST_STR);
usb10_printf("%s: RX %d bytes of DATA: ", bytes_received, USB10_IN_REQUEST_STR);

for(int i = 0; i < bytes_received; i++)
usb10_printf("%02X ", response_data[i]);

usb10_printf("\r\n", 0);

ret = bytes_received;

fail:

csr_set(mstatus, MSTATUS_MIE); // Enable Machine interrupts

return ret;

3pechk crefyeT cjenarb psJ, 3aMedaHUN [0 peajau3aliid IMPOBEpOK IIpU peanu3aliiv
TpaH3akLMu. Jlesio B TOM, YTO XOCTY OTBOJUTCSI OUeHb Majlo BpeMeHH Ha peakLUi0 Ha MOoJTyYeHHbIHN
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naketr (MeHee 12 mkc). Ecim gpaiiBep OyzeT BBHINOMHATL BCe HeOOXOAMMBbIe TIPOBEPKH TIOC/IE
TIOSTyYeHHsl TakeTa, TO OH He CMOXKeT BOBpeMsi oTpearvpoBaTb (BoBpeMsi oTociath ACK), urto
NpUBeJieT K OueHb HeXenaTeTbHOMY 3(¢dekTy — ycTpoicTBO OyzeT BOCIIPUHHMATb 3TO Kak
oMOKy repefiauu ¥ OyzieT MOCTOSTHHO TIOBTOPSTh TIOCBUIKY OHOTO M TOTO >Ke TlakeTa (Jinbo BbIZACT
STALL). Utober m3bexxatb Takoro 3¢dexra, B paiiBepe, B mpolecce oOMeHa BO-TIEPBBIX
3anperjaercsi 00paboTKa NpepbIBaHUM, U BO-BTOPBIX [ie/laeTCsi MUHUMYM TIPOBEPOK, a KoJ, (DYHKLIUU
YCTPOEH TakK, UTOObI WCIIOMHS/ICS KaK MOXKHO ObIcTpee. OTO KacaeTcs BCeX JaabHEHIINX
peanu3alyii TpaH3aKIUH.

6.2.3. ®ynkuus usb10_out_request() 4/1A 0OTIPaBKH AAHHBIX B YCTPOICTBO

Cnenytomjass ¢ynkuusi  usb10_out_request() ormpaBasier no mmHe TokeH OUT c
yKa3aHHbIM ajpecoM ycrpoiictBa address u HomMepaMm KoHeuHOU Touku endpoint, rocsie 4ero
OTITPAB/ISIET OAWH W OoJjiee TakeT AaHHBIX DATAX, KaKAbIA pa3 AOKWAsiCh MOATBepXKAeHHs. Ha
riepe/iaBaeMblii O/I0K JIAHHBIX CChUIAETCS yKasaTesb request_data, AyMHa 3a/jaeTCsl NepeMeHHON
request_size. JTa QyHKLUs BbINoHseT TpaH3akuyoo OUT nepenaun JaHHBIX B YCTPONCTBO.

@ynkuus usb10_out_request() moxer mnepexath maker DATAX ¢ 60koM TiO/e3HOMU
Harpy3Kku pa3Mep KOTOpOW MeHee MaKCMMaJIbHO JIOIyCTUMOTO (Tiepefiaya «XBOCTa») UK C BOOOIIe
MOXeT ObITh MyCTbIM (0e3 JaHHBIX). IlocieqHee YacTO WCMOMb3YeTCs [Jis CUTHAIW3AlU KOHIIA
obmeHa. Peanmzanysi ¢GyHKUUM TipuBefeHa B JMcTUHTe 9.9. AJNTOPDUTM JeUCTBUS (QYHKIUU
usb10_out_request() ciemyroiuii:

1. Oskuzaetcsi 0CBOOOXK/[€HHE XOCT-KOHTPOJUIEPA OT BBITTOJTHEHUsI MPEbIAYIIEH KOMaH/bl UK
ripyeMa JIaHbIX.

2. Bbruncnsietcsi kommuectBOo maketoB DATAX HeoOXOJUMBIX i1 OTIIPABKU BCero 0O/ioka
naHHbiX. Ecniy pa3Mep niepesiaBaemMoro 6710Ka request_size paBeH HysIo, TO OyzeT repeiaH
opvH nlakeT DATAX ¢ myCThIM G/I0KOM I10J/I€3HOM Harpy3KH.

3. Ha kaxapii mnepenaBaemoii mnakeT DATAX BbluMc/isieTcss 3HaueHue packet_size_Dbits
3ajaroijee pa3mep mnakera B 6utax u packet_pid (PID makera) ucxofs W3 3HaUeHUs
coxpaHeHHoro B MaccuBe usb10_last_data_pid.

4. C nomorsto komasasl USB10_CMD_SEND_LONG_TOKEN X0CT-KOHTpOJI/Iepy CHavasa

no mrHe miepegaetrcs TokeH OUT. BmecTre ¢ TOkeHOM TMepefiaeTcsi afipeC yCTPOMCTBa

address v HoMep agpecyemoii KOHeUHOl Touku endpoint.

[IpousBoaUTCS OXKUAHUE 3aBeplleHUs] UCIIOJIHeHHs KOMaH/ibl OTTIPaBKX TOKeHa.

6. C nomousro kKoMaHgel USB10_CMD_SEND_DATA X0CT-KOHTPOJI/Iepy IepefaeTcs NakeT
¢ nanHeiMu DATAX. BmecTe ¢ KoMaH/[0 niepeiaeTcs TUI raketa packet_pid u ero g1vHa B
burax packet_size_bits.

7. Cpa3y 1moc/e OTIpaBKM TMakeTa C [JaHHbIMK JipaiiBep MepexoguT K ompocy duara
USB10_STATUS_RECEIVED_BIT perucrpa craryca XOCT-KOHTpoO/UIepa. YCTaHOBKa
3TOro ¢uiara CUrHa/JM3upyeT O MOoJyueHUH MOATBeP K/Aarollero naketa oT yCTPOMCTBa.

8. B «ayuae et TIOATBEPXKAAIOIIMM T[MaKeT He TOAyuYeH TI0 HWCTeYeHWIO TaiiMayTa,
TIPOU3BOJUTCS MOBTOPHAs MOIBbITKA OTIIPAaBUTH JJaHHbIE, TO eCTh [epexo/, Ha 1iar 4.

9. AmHanmu3upyeTcsi ~TUN  TOJYYEHHOTO  TOATBEp)KJarwllero Takera. Eca  Tumna
noATBepkAatoilero rnakera He ACK, TO MpoucxoguT 3aBepllieHre U BbIXO[ U3 (YHKLUU C
OTpULIAaTe/TbHBIM KO/JIOM OIIMOKM OTpaykarolieH 1iar Ha KOTOpOM OHa MPOU30IILIa.

10. Ecn xe ACK mnonyyeH, ToO NpOM3BOAUTCS COXpaHEHVe HOMeP TOJIbKO YTO OTIIPaBI€HHOIO
nakeTta packet_pid B maccuB usb10_last_data_pid u ynpaBneHue repejjaeTcsi Ha Hadyasio
L[MKJIa J/1s1 OTIIPaBKU CJ/Ie[yIOILero rnakera, T. e. Ha 1ar 3.

11. TTocne ycrelHOM OTMpaBKU BcexX MakeToB (yHKuus usb10_out_request() 3aBepiiiaetcs
kozioM 0 (ycrex).

v
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Jlucmune 9.9. @yHkyus ebinoaHeHus mpavzakyuu OUT 0151 omnpaeku OaHHbIX Ha ycmpoticmeo.

#define USB10_OUT_REQUEST_STR "usb10_out_request"

int usb10_out_request(USB10_Reg* reg, uint8_t address, uint8_t endpoint,
uint8_t* request_data, uint32_t request_size)

{
/* NOTE:
is zero !!! */

request_data buffer should be at least 8 bytes long, even if request_size

if(address >= MAX_ADDRESSES || endpoint >= MAX_ENDPOINTS)

// Wait

return -999;

till bus is free

if('usb10_wait_while_busy(reg, 10000)) { // ~1ms timeout

}

usb10_printf("%s: bus is busy for too long!\r\n", USB10_OUT_REQUEST_STR);
return -1,

csr_clear(mstatus, MSTATUS_MIE); // Disable Machine interrupts during I/0

int ret

int num_

USB10_LOW_SPEED_|

= 0;

of_data_packets = request_size % USB10_LOW_SPEED_DATA_SIZE ?
request_size / USB10_LOW_SPEED_DATA SIZE + 1 : request_size /
DATA_SIZE;

if(request_size == 0)

for(int

request_size ?

num_of_data_packets = 1; // send at least one data packet
i =0; 1 < num_of_data_packets; i++) {

// Send part of request data

uint32_t rx_status;

int timeout;

int retry = 8;

int packet_size_bits = (i + 1) * USB10_LOW_SPEED_DATA_SIZE <=

(USB10_LOW_SPEED_DATA_SIZE * 8 - 1) : // DATA*8 - 1
(request_size % USB10_LOW_SPEED_DATA_SIZE) * 8 - 1;

// Calculate new DATA PID depending on last used/received
int data_pid = (usb10_last_data_pid[address][endpoint].sent ==

USB10_PID_DATA®) ?

0));
4));

"OUT");

USB10_PID_DATA1l : USB10_PID_DATAO;
again_out:

// Prepare data to send, if such were provided
if(request_size && request_data) {
usb10_write_reg(&reg->SEND_DATA_LOW, *(uint32_t*)(request_data +

usb10_write_reg(&reg->SEND_DATA HIGH, *(uint32_t*)(request_data +

}

// Send OUT token first

usb10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET_PID(USB16_PID_OUT) |
USB10_CMD_SET_ADDR(address) |
USB10_CMD_SET_ENDP(endpoint) |
USB10_CMD_SET(USB10_CMD_SEND_LONG_TOKEN));

if(lusb10_wait_cmd_complete(reg, 20000)) { // 2ms timeout
usb10_printf("%s: hung after %s packet!\r\n", USB10_OUT_REQUEST_STR,

ret = -2;
goto fail;
}

// Send DATA packet
usb10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
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USB10_CMD_SET_LEN(packet_size_bits) |
USB10_CMD_SET_PID(data_pid) |
USB10_CMD_SET (USB10_CMD_SEND_DATA));

if('usb10_wait_cmd_complete(reg, 5000)) { // ~0.5ms timeout
usb10_printf("%s: hung after %s packet!\r\n", USB10_OUT_REQUEST_STR,
"DATA" ),
ret = -3;
goto fail;
}

timeout = 2500;
while(timeout--)
if(usb10_read_reg(&reg->STATUS) & USB10_STATUS_RECEIVED_BIT)
goto recvi;

{
usb10_printf("%s: no response after %s(%d:%d)\r\n",
USB10_OUT_REQUEST_STR, "DATA",
address, endpoint);

if(retry--)
goto again_out;
ret = -6;
goto fail;
1
recvl:

rx_status = usb10_read_reg(&reg->RX_STATUS); // read once, use many times
// Now analyze what we've got here
int received_pid = USB10_RX_STATUS_PID(rx_status);
if(received_pid == USB10_PID_NAK) {
ret = -8;

goto fail;
}

if(received_pid != USB10_PID_ACK) {
usb10_printf("%s: expected %s packet instead of Ox%02X, RX_STATUS =

%08X\r\n",
USB10_OUT_REQUEST_STR, "ACK",
USB10_RX_STATUS_PID(rx_status), rx_status);
if(received_pid == USB10_PID_STALL) {
ret = -9;
goto fail;
}
if(retry--)
goto again_out;
ret = -9;
goto fail;
}
usb10_last_data_pid[address][endpoint].sent = data_pid;
usb10_printf("%s: packet sent (%d), RX_STATUS = 0x%08X, DATA = %08X:
%08X\r\n",

USB10_OUT_REQUEST_STR, i, rx_status,
usb10_read_reg(&reg->SEND_DATA_HIGH), usb10_read_reg(&reg-
>SEND_DATA_LOW)

)i
}
fail:
csr_set(mstatus, MSTATUS_MIE); // Enable Machine interrupts

return ret;
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6.2.4. ®ynkuusa usb10_setup_request() J/1s1 OTIPaBKH 3alipoca U MoJIyuyeHus
oTBeTa

Oyukiusa usb10_setup_request() siBiisieTcst CBoero poja KOMOMHaI[MeH MepBbIX /IByX, OHa
CIY)KUAT [Jig OTIpaBKU mo mmHe TokeHa SETUP copepxkaljero maketr € JaHHBIMM 3arpoca, C
MOC/eAYIOLMM OKHUJaHUeM U TOoJIyyeHrWeM OTBeTa Ha 3TOT 3aripoc. Bmecrte ¢ TokeHoM SETUP
riepefaroTcsl azipec ycrpoiictBa address 1 HoMep KoHeuHOM Touku endpoint. OOBIYHO 3arpoChl
tuna SETUP ornpansitorcs Ha eONTHYI0 KOHEUHYIO0 TOUKY C HOMepoM 0 U SIB/ISIFOTCSL YaCThbIO
KoH(puryparonHoro mpoijecca. CoracHo crniendukanuu, otripaBka SETUP Bcerga copacbiBaeT
CYUETUMK T[1aKeTOB Ha YCTPOWMCTBe, a 3HauuT (YHKLMS yCTaHaB/IMBAaeT Haua/bHble 3HAYeHHs B
MaccuBe usb10_last_data_pid 151 saHHOrO yCTPOMCTBA U TOUKM IOCTYTIA.

®yukius usb10_setup_request() mpuHMMaeT B KaueCTBe IapaMeTpPOB [iBa yKa3aTeJs:
request_data — ykasbiBaeT Ha Oydep cofepskaliuii Kof, 3arpoca (COriacHO cCrierfudHrKaI[iu 3TO
Bcerja 8 0Oaiir), u response_data — yka3biBaeT Ha Oydep B KOTOpBIH TpeOyeTcsi MOMeCTHUTh
TIPUHSATBIM OTBeT. MakcUMa/ibHbI pa3Mep OTBeTa 3aZlaeTcsi TapamMeTpoM response_size. OTBeT
MOXKET COJiep>KaTb MeHbIllee Unc/io 0aiiT, HO He MOXKeT ObITh Oosibllle response_size. OYHKIWS
usb10_setup_request() peas3yeT cieyIOLHANA aNTOPUTM:

1. Oskupaetcsi 0CBOOOXK/[eHME XOCT-KOHTPOJIIePA OT BBIMOJTHEHUs MpebIAyIel KOMaH/bl WK
ripyeMa JIaHHbIX.

2. YcraHaBIMBalOTCA 3HAYeHWs [0 YMOJYaHWIO [ TUMA T[lakeTa B MacCUBe
usb10_last_data_pid B 06e cTOpoHBI - Ha TIpHEM U Ha Tiepeayy.

3. C nmnomoupo kKomaHgbel  xocT-kKoHTpos/uiepa USB10_CMD_SEND_LONG_TOKEN
ormnpassisieTcsi TokeH SETUP cozepskaiiuii afpec ycrpoiictBa address v HomMep KOHEUHOM
TOukH endpoint.

4. O)xupjaeTcsi 3aBeplleHHe HCIOJIHeHWe KOMaHZbl XOCT-KOHTposulepoM. Eciu mpowusorien
TaliMayT, TO BbIIIOJIHEHUE (PYHKLIMY 3aBepllaeTcs C OTPULATeTbHbIM KOZIOM.

5. C nomowpbto koMaHgel USB10_CMD_SEND_DATA otmnpaB/isieTcsi IakeT C JaHHBIMU
DATAO cofepskariuii 8 6aiiT ZaHHBIX 3arpoca.

6. Oxxupaercs rpuem MOJATBEPKAAOLET0 rakeTa nyTem omnpoca ¢nara
USB10_STATUS_RECEIVED_BIT perucrpa craryca XOCT-KOHTpos/uiepa. Ecmm
TIPOU30LLIe/T TaliMayT, TO MOBTOPSIETCS MOMbITKA OTIIPaBUTh TOKEH M MaKeT [JaHHBIX 3arpoca
ellle pa3, T.e. mepexof K wary 3. Ecav mombITKM uUcyepriaHbl (BCero 8 MOMBITOK), TO
(yHKIIMsT 3aBepILaeTCsi C OTPULIATETIbHBIM KOZIOM.

7. AHammusupyeTcsi TN NpuHATOro naketa. Eciu 310 He ACK, TO mpearno/araeTcs, 4ro Ha
NIPUEMHON CTOPOHE TaKeT TPUHSJICA CO cOoeM, T03TOMY TIPOM3BOAMTCS CJieAyroIast
TMOMbITKA OTIIPAaBUTh TOKEH M MakeT 3arpoca, T.e. Iepexof K wary 3. Ecau mombITKu
vicuepraHbl, TO (PyHKLIYS 3aBepIliaeTcs C OTPULATeTbHBIM KOZIOM.

8. Ecam nonyueH mnoxarBepzatoiuii maker ACK, To ucrnosHeHue (QYyHKLMM TepexXOAuT B
CTaiuI0 TIpUeMa OTBeTa.

9. Beruncnsiercss unciio nakerop oreera num_of_data_packets kotopeie Heobxogumo Oyzmer
NpUHATh, a TakKKe MaKCHMajbHBI pa3Mep TIPUHUMAeMOro TakeTa B OuTax
num_of_data_packets.

10. C nomougpro komanzel USB10_CMD_SEND_LONG_TOKEN ortmpasnsiercsi TokeH IN
cofieprKallliii Bce TOT >Ke afipec yctpoiictBa address ¥ TOT ke HOMep KOHEUHOW TOUKHU
endpoint.

11. OxupjaeTcss  TOJyuyeHHs1 ~ [aKkeTa  [yTeM  MOHWUTOPWMHTA  COCTOsHUSA  (piara
USB10_STATUS_RECEIVED_BIT perucrpa craryca X0CT-KOHTpOJIepa.
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12. AHanu3supyeTcs TUII IOTy4YeHHOro naketa. Ecimu 310 naket tuna STALL, To Ha yCcTpoHCTBe
npousoiia omKbka TpeOyroilasi BBLITIOJHEHUS TOJHOTO cOpoca. JDTOT COCTOSIHHE
VH/ULMPYeTCs] COOTBETCTBYHOLIMM KOZIOM OIIMOKH C OTPHULIaTe/IbHBIM HOMEPOM.

13. TTpoBepsiercst but USB10_STATUS_CRC16_OK_BIT peructpa craryca UHAALUPYIOIIETO
BaIMAHOCTB Koga CRC16 npuHATOrO rakera.

14. Ecnu 5TOT GUT ycTaHOB/eH (TIPUHST Ba/IU/HBIN MaKeT C JaHHBIMH), TO C TIOMOILbI0 KOMaH/[bI
USB10_CMD_SEND_SHORT_TOKEN MoMeHTanbHO OTHpAaB/seTCs MOATBEPKJAOLLINN
naket ACK.

15. Ecsim mpom3sonwia onmbka CRC16, To MpOU3BOAXTCS TOBTOPHAS TIOTBITKA OTIIPABUTH TOKEH
IN ps1 monyuyeHus: JaHHBIX OTBETA, T. €. Ilepexo/ Ha war 9.

16. Emi makeT C JaHHBIMUA TIPUHAT KOPPeKTHO, TO aHanusupyercs ero tun (DATAO wm
DATA1) u cpaBHHBaeTCsl CO 3HaueHHeM 3aHeceHHbIM B MaccuB usb10_last_data_pid. Eciu
OHHM COBMAJAIOT, TO TPEATOJaraeTcsi 4Tto IojaydyeH AybOnukar. B 3Tom ciiyyae mpuHSITHIE
JlaHHble UTHOPUPYIOTCS Y TIPOM3BOAUTCS NTOBTOPHBIM LIMKJI [IPUEMa, T. €. Iepexof, Ha 1mar 9.

17. Eciu PID npuHsiTOrO TIakeTa He COBMaZaeT ¢ TeM, uTo 3aHeceHO B usb10_last_data_pid, To
CYUMTAeTCSl UTO TIPUHSAT HOBBIM TMakeT C JaHHBIMU OTBeTa, JaHHbIe TepeHocATcs B Oydep
nprvema response_data, a PID nonyuenHoro nakera coxpansiercss B usb10_last_data_pid.

18. TTpouecc moBropsieTcs (repexoy Ha Iar 9) roka He OyzeT TMOMy4eHO YKa3aHHOe UHMCIIO
MakeToB, 00 He Oy#eT MPUHAT TIAKeT C pa3MepoM 0Ji0Ka IMOJIe3HBIX [JaHHBIX MeHbIIle
MaKCHMMa/JbHO BO3MOKHOTO (MM Hy/eBOro pa3Mepa). DTO pacCMaTpUBaeTCs KakK KOHell
obmeHa.

19. dyHKIMS 3aBeplaeTcs C MOJI0KUTETHLHBIM KOZIOM BO3BpaTa PaBHBIM UMC/Ty TIPUHSTHIX OalT
OTBeTa.

Jlucmune 9.10. @yHkyusa ebinoaHeHuss mpanzakyuu SETUP 0as omnpasku 3anpoca u nosayyeHust
omeema.

#define USB10_SETUP_REQUEST_STR "usb1®_setup_request"

int usb10_setup_request(USB10_Reg* reg, uint8_t address, uint8_t endpoint,
uint8_t *request_data, uint8_t* response_data, uint32_t response_size)
{

if(address >= MAX_ADDRESSES)
return -999;

// Wait till bus is free

if(!lusb10_wait_while_busy(reg, 10000)) { // ~1ms timeout
usb10_printf("%s: bus is busy for too long!\r\n", USB10_SETUP_REQUEST_STR);
return -1;

}

usb10_printf("%s: request %02X %02X to addr = %d\r\n", USB10_SETUP_REQUEST_STR,
request_data[0], request_data[1], address);

csr_clear(mstatus, MSTATUS_MIE); // Disable Machine interrupts during I/0

uint32_t rx_status;

int timeout;

int retry = 3;

int ret = 0;

int bytes_received = 0;

usb10_last_data_pid[address][endpoint].sent
usb10_last_data_pid[address][endpoint].recv

USB10_PID_DATA1;
USB10_PID_DATAO,;

again_setup:

// Prepare DATA to be sent
usb10_write_reg(&reg->SEND_DATA_LOW, *(uint32_t*)(request_data + 0));
usb10_write_reg(&reg->SEND_DATA_HIGH, *(uint32_t*)(request_data + 4));
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int data_pid = (usb10_last_data_pid[address][0].sent == USB10_PID_DATAQ) ?
USB10_PID_DATA1l : USB10_PID_DATAQ,;

// SETUP I/0 with 0:0

usb1l0_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET_PID(USB10_PID_SETUP) |
USB10_CMD_SET_ADDR(address) |
USB10_CMD_SET_ENDP(endpoint) |
USB10_CMD_SET(USB10_CMD_SEND_LONG_TOKEN));

if('usb10_wait_cmd_complete(reg, 20000)) { // ~2ms timeout
usb10_printf("%s: hung after %s packet!\r\n", USB10_SETUP_REQUEST_STR,
"SETUP");
ret = -2;
goto fail;
}

usb10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET_LEN(8*8-1) |
USB10_CMD_SET_PID(data_pid) |
USB10_CMD_SET(USB10_CMD_SEND_DATA));

if('usb10_wait_cmd_complete(reg, 5000)) { // ~0.5ms timeout
usb10_printf("%s: hung after %s packet!\r\n", USB10_SETUP_REQUEST_STR,
"DATA");
ret = -3;
goto fail,
}

timeout = 2500;
while(timeout--)
if(usb10_read_reg(&reg->STATUS) & USB10_STATUS_RECEIVED_BIT)
goto rcvdl;

{
usb10_printf("%s: no response after %s(%d:%d)\r\n", USB10_SETUP_REQUEST_STR,
"DATA", address, 0);
if(--retry)
goto again_setup;
ret = -4;
goto fail;
1
rcvdl:

usb10_last_data pid[address][0].sent = data_pid; // remember last used DATA PID
rx_status = usb10_read_reg(&reg->RX_STATUS); // read once, use many times

if (USB10_RX_STATUS_PID(rx_status) != USB10_PID_ACK) {
ush10_printf("%s: expected %s packet instead of Ox%02X, RX_STATUS =
%08X\r\n", USB10_SETUP_REQUEST_STR, "ACK",
USB10_RX_STATUS_PID(rx_status), rx_status);

if(--retry)

goto again_setup;
ret = -5;
goto fail;

}

//delay_us(10); // Let device process request
int num_of_data_packets = response_size % USB10_LOW_SPEED_DATA_SIZE ?
response_size / USB10_LOW_SPEED_DATA_SIZE + 1 : response_size /
USB10_LOW_SPEED_DATA_SIZE;
for(int i = 0; i < num_of_data_packets; i++) {

// Request part of response data

retry = 8;
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int packet_size_bits = (i + 1) * USB10_LOW_SPEED_DATA SIZE <=
response_size ?
(USB10_LOW_SPEED_DATA_SIZE * 8 + 8 + 16) : // PID8 + DATA*8
+ CRC16
(response_size % USB1O_LOW_SPEED_DATA_SIZE) * 8 + 8 + 16;

again_data:

ush10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET_PID(USB10_PID_IN) |
USB10_CMD_SET_ADDR(address) |
USB16_CMD_SET_ENDP(0) |
USB10_CMD_SET(USB10_CMD_SEND_LONG_TOKEN) ) ;

timeout = 2500;
while(timeout--)
if(usb10_read_reg(&reg->STATUS) & USB10_STATUS_RECEIVED_BIT)
goto rcvd2;

{
usb10_printf("%s: no response after %s(%d:%d)\r\n",
USB10_SETUP_REQUEST_STR,
"IN", address, 0);

if(retry--)
goto again_data;
ret = -6;
goto fail;
}
rcvd2:

rx_status = usb10_read_reg(&reg->RX_STATUS); // read once, use many times
int received_pid = USB10_RX_STATUS_PID(rx_status);

if(received_pid == USB10_PID_STALL) { // STALL indicates fatal error
ret = -12;
goto fail;

}

// Note: NAK packets missing CRC16 which also considered as fail

#if(1)
if(!(usb10_read_reg(&reg->STATUS) & USB10_STATUS_CRC16_OK_BIT)) {
usb10_printf("%s: CRC16 error (%d), STATUS = %08X, RX_STATUS = %08X,
RX_STATUS2 = %08X, DATA = %08X:%08X\r\n",
USB10_SETUP_REQUEST_STR, 1, usb10_read_reg(&reg->STATUS),
rx_status,
ush10_read_reg(&reg->RX_STATUS2), usbh10_read_reg(&reg-
>RECV_DATA_HIGH),
usb10_read_reg(&reg->RECV_DATA_LOW)

);

delay_us(20);

if(retry--)
goto again_data;

ret = -10;
goto fail;

#endif
// Send ACK for received packet

ush10_write_reg(&reg->COMMAND, USB10_CMD_START_BIT |
USB10_CMD_SET_PID(USB10_PID_ACK) |
USB10_CMD_SET(USB10_CMD_SEND_SHORT_TOKEN) ) ;

if('usb10_wait_cmd_complete(reg, 20000)) { // 2ms timeout
usb10_printf("%s: hung after %s packet!\r\n",
USB10_SETUP_REQUEST_STR, "ACK");
ret = -7;
goto fail;
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}

// Now analyze what we've got here

if(received_pid != USB10_PID_DATAO && received_pid != USB10_PID_DATA1l) {
usb10_printf("%s: expected %s packet instead of 0x%02X, RX_STATUS =
%08X\r\n", USB10_SETUP_REQUEST_STR, "DATA",
USB10_RX_STATUS_PID(rx_status), rx_status);

if(retry--)
goto again_data;

ret = -8;
goto fail;
1

if(received_pid == usb10_last_data_pid[address][0].recv) {

usb10_printf("%s: received %d dupe data, RX_STATUS = %08X, DATA =
%08X:%08X\r\n",
USB10_SETUP_REQUEST_STR, i, rx_status,
usb10_read_reg(&reg->RECV_DATA_HIGH),
usb10_read_reg(&reg-RECV_DATA_LOW)

’

if(retry--)
goto again_data;

ret = -9;
goto fail;
3

usb10_printf("%s: packet received (%d), RX_STATUS = 0x%08X, DATA = %08X:
%08X\r\n",
USB10_SETUP_REQUEST_STR, i, rx_status,
usb10_read_reg(&reg->RECV_DATA_HIGH), usbl10_read_reg(&reg-
>RECV_DATA_LOW)
)i

usb10_last_data_pid[address][0].recv = received_pid; // Remember last
received DATA PID

if(response_size && response_data) { // collect data if response expected
*(uint32_t*)(response_data + i * 8 + 0) = usb10_read_reg(&reg-
>RECV_DATA_LOW);
*(uint32_t*)(response_data + 1 * 8 + 4) = usb10_read_reg(&reg-
>RECV_DATA_HIGH);
}

bytes_received += (USB10_RX_STATUS_LEN(rx_status) - 8 - 16) / 8;

#1f(1) // Enable this if packet size matching is necessary
if (USB10_RX_STATUS_LEN(rx_status) != packet_size_bits) {
usb10_printf("%s: received bogus data packet (%d) size: %d bits !=
%d, DATA = %08X:%08X\r\n",
USB10_SETUP_REQUEST_STR, i, USB10_RX_STATUS_LEN(rx_status),
packet_size_ bits,
usb10_read_reg(&reg->RECV_DATA_HIGH), usb10_read_reg(&reg-
>RECV_DATA_LOW)
)i

break;

#endif

usb10_printf("%s: RX %d bytes of DATA: ", bytes_received, USB10_SETUP_REQUEST_STR);

for(int 1 = ©; 1 < bytes_received; i++)
usb10_printf("%02X ", response_data[i]);

usb10_printf("\r\n", 0);

ret = bytes_received;
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fail:
csr_set(mstatus, MSTATUS_MIE); // Enable Machine interrupts

return ret;

6.3. DYyHKLUN ynpaB/fieHUs1 yCTPOUCTBOM

C TIOMOII[BIO OTMTMCAHHBIX BhIlle 0a30BBIX OJIOKOB He CJIOKHO pear30BaTh HaboOp (GyHKIMIA
JUIsl B3aMMOJIEMCTBHUSI C YCTPOMCTBOM: CUMThIBaHME KOH(Urypaluyd WM YCTaHOBKM TapaMeTpOB.
[y peanu3aliu TIPUMUTUBHOTO [paliBepa HaM TIOTpeOyeTcsl BCEro /iBe TakKux (YHKLUU:
usb10_get_device_descriptor() gna 3ampoca cTpykrypbl «Device Descriptor», u QyHKUWs
usb10_set_value() a/7151 ycTaHOBKY TIPOM3BOJILHOTO MIapaMeTpa B 3a/laHHOe 3HaueHue.

O6e 3™ GyHKOMM HUCTIONB3YIOT CTpyKTYpy USB10_SetupRequest koTopasi OIMChIBaeT
TIPOM3BOJ/IbHBIN 3arpoC K YCTPOWCTBY. 3a/jafiiM OrpeZiesieHre 3TOW CTPYKTyphl B (ailie usb10.h
CJieIyroIIMM 00pa3oMm:

Jlucmune 9.11. Cmpykmypa cmaHoapmHozo 3anpoca USB10_SetupRequest

typedef struct {
uint8_t bmRequestType; // D7: O - host->device, D6-5: 00 - standard, 01 - class,
D4-0 - recipient: © - Device, 1 - Interface
uint8_t bRequest;
uint16_t wValue; // Extra parameter to the request
uintl16_t bIndex; // LANGID, Endpoint number, Config number, Interface number
uint16_t wLength;
} USB10_SetupRequest;

IlaHHasi CTPYKTypa UMeeT pa3Mep pOBHO 8 OalT W momeriaercs B oguH nakeT DATAX ais
USB 1.0. Crpykrypa 3ampoca USB10_SetupRequest Bcerza oTnpaB/isieTcsi B YCTPOWCTBO
rocpezicTBoM ucronHeHusi TpaH3akiud SETUP, To eCTh C MOMOILbIO OMMCAHHOM BbIllle (YHKIUN
usb10_setup_request(). 3arpockl MOTyT OBITh KakK C OTBETOM, TakK 1 0e3 Hero. Ecim Ha 3ampoc He
Tipe/iriosiaraeTcs MojiyueHre oTBeTa, TO B rapamMeTp response_data nepefaetcst ykasatesb NULL, a
rapaMeTp pa3Mepa OTBeTa response_size ycraHaB/iviBaeTcs B 0.

6.3.1. ®ynkuum usb10_get_device_descriptor() A/1s1 CYNTBIBAaHMSA CTPYKTYPbI
«Device Descriptor»

Oyukums usb10_get_device_descriptor() focTaTouHo MpocTa B peanu3aliid, eé KoJ Ha
s3blke Cu npyBefieH B mMcTHUHre 9.12. Bech anropyut™M CBOAMTCS K 3allO/IHEHUIO T10J1eM CTPYKTYPbI
3anpoca USB10_SetupRequest, oTnpaBKM 5TOro 3ampoca W MOJy4YeHUI0 OTBeTa C TMOMOLLbIO
usb10_setup_request(), 1 oTrpaBKe MpH3HaKa 3aBepilIeHUss 0OMeHa — MyCTOro TakeTa C TOKeHOM
OUT c nomorpio usb10_out_request().

Bosmee mompoOHO opmar oOMeHa TIpU 3ampoce KOH(UIYpAarMOHHON CTPYKTYpPhI
obcyxpasncs B tnaBe 3.7.1. «Ilepebiil copoc u 3anpoc cmpykmypbl «Device Descriptor».

JlucmuHe 9.12. ®@yHkyuu usb10_get_device_descriptor() 01 cuumbleaHusi cmpykmypbl «Device
Descriptor».

#define USB10_GET_DEVICE_DESCR_STR "usb10_get_device_descr"

int usb10_get_device_descriptor (USB10_Reg* reg, uint8_t address, uint8_t endpoint, uint8_t

descr_type, uint8_t descr_itenm,
uintl6_t resp_len, void* descr_resp)
{
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int ret = 0;
int bytes_read = 0;

USB10_SetupRequest request;

request.bmRequestType = 0x80; // device->host, standard, device
request.bRequest = 0x06; // GET_DESCRIPTOR

request.wvalue = (descr_type << 8) | descr_item;

request.bIndex = 0; // LANGID

request.wLength = resp_len;

usb10_printf("%s: %s\r\n", USB10_GET_DEVICE_DESCR_STR, "begin");

// Begin of transaction

if((ret = usb10_setup_request(USB1, address, endpoint, (uint8_t*)&request,

(uint8_t*)descr_resp, resp_len)) < 0) {

usb10_printf("%s(%d): setup ret = %d\r\n", USB10_GET_DEVICE_DESCR_STR,

descr_type, ret);
return ret;
}

bytes_read = ret;

// End of transaction

if((ret = usb10_out_request(USB1, address, endpoint, NULL, 0)) < 0) {
usb10_printf("%s: out ret = %d\r\n", USB10_GET_DEVICE_DESCR_STR,

return ret;
}
usb10_printf("%s: %s\r\n", USB10_GET_DEVICE_DESCR_STR, "ok");

return ret < 0 ? ret : bytes_read;

6.3.2. ®ynknuu usb10_set_value() /151 ycTaHOBKM 3HaueHUsl NapaMeTpa

Oynkuus usb10_set_value() eme mnpome. OHa 3ano/nHseT CTPYKTYpy CTaHZApTHOIO
3anpoca USB10_SetupRequest, B ToM uyuc/ie nomellaer B Heé 3HaueHWe YCTaHaB/IMBaeMOI'O
rapameTpa, Y BBINO/IHAeT 3anpoc ¢ nomoupro usb1l0_setup_request(). Peanusanys paHHOU
¢bynki Ha s3pike Cu mpuBefieH B suctuHre 9.13. 3aBepiueHune oOMeHa OCYIIeCTBIISIETCS

OTIIpaBKOM MycCTOro naketa ¢ TokeHoM IN ¢ momonibio usb10_in_request().

Oynkus usb10_set_value() peamusyer 3apoc Tuna SET_VALUE koTOpbIi aKTUBHO
UCIIONB3yeTCsl B TIPOLIeCC HAaCTPOMKM ycTpoiictBa. bBosee gperanbHO ¢opmar obMmeHa AaHHOTO
3anpoca obcyxzaancs B miaBe 3.7.2. «Bmopoli cbpoc u 3anpoc npuceoeHuss adpeca «Device

SET_ADDRESS Request».

Jlucmune 9.13. @yukyuu usb10_set_value() 0158 ycmaHo8KuU 3Ha4eHUs1 napamempad.

#define USB10_SET_VALUE_STR "usb10_set_value"

int usb10_set_value(USB10_Reg* reg, uint8_t address, uint8_t endpoint, uint8_t bmRequestType,

uint8_t bRequest,
uint16_t wvalue, uint8_t bIndex, uintl6_t wLength)
{

int ret = 0;

USB10_SetupRequest request;

request.bmRequestType = bmRequestType;

request.bRequest = bRequest;

request.wVvalue = wvalue;

request.bIndex = bIndex;

request.wLength = wLength;

usb10_printf("%s: %s\r\n", USB10_SET_VALUE_STR, "begin");

// Begin of transaction

if((ret = usb10_setup_request(USB1, address, endpoint, (uint8_t*)&request, NULL, 0)) < 0) {
usb10_printf("%s: setup ret = %d\r\n", USB10_SET_VALUE_STR, ret);

return ret;
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}

// End of transaction
for(int 1 = 0; i < 5; i++) {
ret = usb10_in_request(USB1, address, endpoint, NULL, 0);

if(ret > 0)
break;

if(ret == -8)
continue; // NAK, try again

usb10_printf("%s: in ret = %d\r\n", USB10_SET_VALUE_STR, ret);
return ret;

}

usb10_printf("%s: %s\r\n", USB10_SET_VALUE_STR, "ok");

return ret;

6.4. dyHKumsa usbh10_init() ana getekTMpoBaHUA U UHNLMANU3aLUN
ycTpoiicTBa

[Mporienypa WHULIMAIA3ALMK YCTPOWCTBA AOCTAaTOYHO IMOAPOOHO pa3obpaHa B raBe 3.6.
«[Ipoyedypa uHuyuanuzayus USB ycmpoticmea» U, TI0O CyTH, OHa COCTOUT U3 TI0C/IeZl0BaTeIbHOCTH
BBI30BOB OIMCaHHBIX Bbille GyHKIMM. Ho nepes Tam Kak Mbl MPUCTYNIMM K €€ peanu3aliid, Ham
noTpebyeTcst 3aBeCTU HECKOJIbKO CTPYKTYP AAHHBIX /11 COXpaHEeHHUs IMOJydyaeMbIX OT YCTPOMCTBa
KOH(UTYPAIL[MOHHBIX CTPYKTyp, TakuxX Kak «Device Descriptor», «Configuration Descriptor»,
«Interface Descriptor» u «Endpoint Descriptor».

CHauasia onuiieM ux B 3arosioBouyHoM ¢atiine usb10.h, cpasy nocie USB10_SetupRequest,
C/ieytoImM obpa3om:

Jlucmume 9.14. KoHguzypayuoHHble cmpykmypbl USB ycmpoticme

typedef struct {

uint8_t bLength; // 1 Length of this descriptor = 18 bytes
uint8_t bDescriptorType; // 1 Descriptor type = DEVICE (01h)
uint16_t bcdUSB; // 2 USB specification version (BCD)
uint8_t bDeviceClass; // 1 Device class

uint8_t bDeviceSubClass; // 1 Device subclass

uint8_t bDeviceProtocol; // 1 Device Protocol

uint8_t bMaxPacketSize0; // 1 Max Packet size for endpoint 0
uintl16_t idVendor; // 2 Vendor ID (or VID, assigned by USB-IF)
uint16_t idProduct; // 2 Product ID (or PID, assigned by the manufacturer)
uint16_t bcdDevice; // 2 Device release number (BCD)

uint8_t iManufacturer; // 1 Index of manufacturer string

uint8_t iProduct; // 1 Index of product string

uint8_t iSerialNumber; // 1 Index of serial number string

uint8_t bNumConfigurations; // 1 Number of configurations supported

} USB10_DeviceDescriptor;

typedef struct {

uint8_t bLength; // 1 Length of this descriptor = 9 bytes

uint8_t bDescriptorType; // 1 Descriptor type = CONFIGURATION (02h)

uint16_t wTotalLength; // 2 Total length including interface and endpoint
descriptors

uint8_t bNumInterfaces; // 1 Number of interfaces in this configuration

uint8_t bConfigurationValue; // 1 Configuration value used by SET_CONFIGURATION to select
this configuration

uint8_t iConfiguration; // 1 Index of string that describes this configuration

uint8_t bmAttributes; // 1 Bit 7: Reserved (set to 1), Bit 6: Self-powered, Bit 5:
Remote wakeup

uint8_t bMaxPower; // 1 Maximum power required for this configuration (in 2 mA

units)
} USB10_ConfigurationDescriptor;
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typedef struct {

uint8_t bLength; // 1 Length of this descriptor = 9 bytes

uint8_t bDescriptorType; // 1 Descriptor type = INTERFACE (04h)

uint8_t bInterfaceNumber; // 1 Zero based index of this interface

uint8_t bAlternateSetting; // 1 Alternate setting value

uint8_t bNumEndpoints; // 1 Number of endpoints used by this interface (not
including EPO)

uint8_t bInterfaceClass; // 1 Interface class

uint8_t bInterfaceSubclass; // 1 Interface subclass

uint8_t bInterfaceProtocol; // 1 Interface protocol

uint8_t iInterface; // 1 Index to string describing this interface

} USB10_InterfaceDescriptor;

typedef struct {

uint8_t bLength; // 1 Length of this descriptor = 7 bytes
uint8_t bDescriptorType; // 1 Descriptor type = ENDPOINT (0O5h)
uint8_t bEndpointAddress; // 1

// Bit 3...0: The endpoint number
// Bit 6...4: Reserved, reset to zero
// Bit 7: Direction. Ignored for Control

// 0 = OUT endpoint

// 1 = IN endpoint
uint8_t bmAttributes; // 1

// Bits 1..0: Transfer Type

// 00 = Control

// 01 = Isochronous

// 10 = Bulk

// 11 = Interrupt

// If not an isochronous endpoint, bits 5...2 are reserved and must be
// set to zero. If isochronous, they are defined as follows:
// Bits 3..2: Synchronization Type

// 00 = No Synchronization

// 01 = Asynchronous

// 10 = Adaptive

// 11 = Synchronous

// Bits 5..4: Usage Type

// 00 = Data endpoint

// 01 = Feedback endpoint

// 10 = Implicit feedback Data endpoint

// 11 = Reserved
uintl6_t wMaxPacketSize; // 2 Maximum packet size for this endpoint
uint8_t bInterval; // 1 Polling interval in milliseconds for interrupt

endpoints
// (1 for isochronous endpoints, ignored for control or bulk)
} USB10_EndpointDescriptor;

Tak Kak Halll ZipaiiBep oueHb MUHUMAa/MCTUYHBIA U pacCUMTaH Ha PabOTy TOMBKO C OAHUM
USB ycTpoiicTBOM Ha ILIKMHe, TO 3TH CTPYKTYPbl OyZeM XpaHUTb B 00/7acTH 1100ambHBIX JAHHBIX.
Co3pazuM AJ1s1 KaKJ0l U3 CTPYKTYP 10 OIHOM T7100a/1bHOM riepeMeHHOM. [ToMecTrM uX orvcaHue B
3aronoBke (aiisa usb10.c u TyT ke MPOUHULIMATM3KPYEM HY/IeBLIMU 3HAUEHUSIMU:

uint8_t usb10_device_address = 0;
USB10_DeviceDescriptor usb10_device_descr = {0};
USB10_ConfigurationDescriptor usb10_config_descr = {0};
USB10_InterfaceDescriptor usbl10_interface_descr = {0};
USB10_EndpointDescriptor usb10_endpoint_descr = {0};

ITobaBrM 00BSIBIEHUS STUX TlepeMeHHbIX B (haiin usb10.h:
CUTyaLUA
extern uint8_t usb10_device_address; // last used device address
extern USB10_DeviceDescriptor usbl10_device_descr;
extern USB10_ConfigurationDescriptor usb10_config_descr;
extern USB10_InterfaceDescriptor usb10_interface_descr;
extern USB10_EndpointDescriptor usb10_endpoint_descr;

AmnanornunbiM o6pa3om 06aBuM obanbHyo epemeHHy0 usb10_device_address kotopast Oyzer
cozepXaTh TEKYIIWH aJpec MPUCBOEHHbIN noakmoueHHOMY K USB mmHe yctporictBo. Kaxpiit
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pas, Korzia yCTPOMCTBO Oy/ieT OTK/TIOUaThCs M IOJK/II0UAThCSl 3aHOBO, Oy/leM yBe/IMuMBaTh 3HaYeHHe
3TOM nepeMeHHOU Ha 1.

Tenepb y Hac Bce roToBo Ayis peanu3aiuu GyHkimu usb10_init(). @yHKIMsA nonyyaeT Ha
BXOJI yKa3are/b reg CChUIAOIIMICA Ha 00/1aCTh TIAMSTH PETMCTPOB XOCT-KOHTPOJ/Iepa, yKa3arelb
new_device_address Ha mepeMeHHyI0 B KOTOpyIO OyZeT ToMellleH afipeC TIPUCBOEHHBIM BHOBhb
nogkroueHHOMYy USB ycTpoiicTBy, 1 ueThIpe yka3aressi Ha ykasatenu (device_resp, config_resp,
interface_resp 1 endpoint_resp) ccbuiatoiyecst Ha 6/10KM NaMATH KOH(MUTYPALMOHHBIX CTPYKTYP,
KOTOpble OyAyT 3arosHeHbl Pa3IMYHbIMKA JIaHHBIMUA TIOMyUYeHHBIMH OT YCTPOMCTBA B TIpOLiecce
VHULIMAIA3aL1u.

@ynkuus usb10_init() Bo3Bpaijaer 0 ecrm B mporiecce paboTsl el yaanock 06HAPYKUTh U
TIOJTHOCTBIO TPOMHULIMAIM3UPOBATE HOBOE YCTPOWMCTBO. Takke OHa W3MeHsieT IJ100a/lbHYHO
nepemeHHyto usb10_device_address, 3annomuHas B Heit agpec USB ycrpoiictBa. Eciu B mponecc
VHULIMAMU3alyd yCTPOMCTBA TMPOUCXOAUT OMIMOKa (MM YCTPOMCTBO OTCYTCTBYeT Ha IIHMHE), TO
JaHHas TiepeMmeHHast cOpaceiBaercsi B 0. [lanee, B KoJje TIPM/IOXKEHHs], Mbl CMOYKEM HCITIO/Ib30BaTh
JJaHHYO0 TlepeMeHHYI0 Kak (psiar: ec/ii OHa paBHa HY/IHO, TO HY>KHO BbI3BaTh usb10_init(), nHaue —
MO>KHO paboTaTh C yCTPOWCTBOM (OTpaIliMBaTh UK TiepejaBaTh eMy KOMaH/IbI).

®yukuus usb10_init() npuepskrBaeTcs C/ieAyIOLLero aropuTMa:

1. BeimonHsieT nepBblii cOpoc mKHBI MyTeM Bbi3oBa usb10_bus_reset().

2. C nomouisto usb10_get_device_descriptor() genaeTcs momnbiTKa CUMTaTh C yCcTpoucTBa 0
cokpaieHHy0 Bepcrio (18 6aiit) koHduUrypaimoHHOW CcTpyKTypy «Device Description».
Ecmu monbiTKa 3aBepiiuniach HeyJauHO, TO TIPeATOJiaraeTcsi UTo Ha IMHE HeT HOBOTO
TIOAIK/TFOUEHHOTO YCTPOMCTBA M paboTa (DyHKIIMY 3aBepIIIAeTCsl C OTPUIIATETbHBIM KOZIOM.

3. Ecm urtenue ctpykTypy «Device Description» ¢ Hy/seBoro ycTpoiCTBa MpOIIO yCHEIHO,
TO 3TO TPU3HaK TOrO, YTO HA LIMHE WMeeTCs HeHMHULMATU3MPOBAHHOE YCTPOMNCTBO U
TIPOLIeCC MPO/I0/DKAeTCS.

4. BeInonHSIeT BTOPO cOpoc muMHbI myTeM Bbi3oBa usb10_bus_reset().

C nomompbio usb10_set_value() ycTpoilCTBy TmpucCBavBaeTCsi HOBBIM a/ipeC paBHbIU

usb10_device_address + 1.

6. C nomoibto usb10_get_device_descriptor() noBTOpHO 3amnpaiivBaeTcsi CTpykrypa «Device
Descriptor», HO y)ke OT yCTPOWCTBa C HOBBIM afipecoM. CTpyKTypa UMTaeTCsl ITOJIHOCTBIO
(255 6aiir).

7. TlpousBoguTtcs pa3b0p CUMTAHHOW CTPYKTYPBI, BBIJENSIOTCS W KOMUPYIOTCS BJIOYKEHHBIE

CTPYKTYPBIL.

C nomoubto usb10_set_value() ycraHaBnvMBaeTcsi HOMep akTHBHOW KoH¢uryparuu 1.

9. 3anonusitoTcs ykasatenu new_device_address, device_resp, config_resp, interface_resp u
endpoint_resp, 1 BbITIOJIHEHYUE 3aBepIIaeTCs C HY/eBbIM KOZIOM.

v

®

Kak yke HeEOZHOKpaTHO OTMeuasroCh BbIllle M0 TEKCTY, [aHHbId aJrOpUTM HWHHULMAIU3aLUH
BBIITOJIHSIET ~ MHUHMMA/JbHO  [JOCTaTOUHble JI€HCTBHS JJI1  TOTO, UTOOBI MOXKHO  OBbUIO
B3aUMO/IE/iICTBOBaTb C YCTPOMCTBOM Ha MpPOTrpaMMHOM YpOBHe. [laree Mbl pacCMOTPUM Kak
OMpallrBaTh YCTPOMCTBO (MOMy4YaTh C HEro JJaHHbIe) UK MOChUIaTh eMy KOMaH/bl U3 MPU/IOKEHHS.
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Jlucmune 9.15. @ynkyuu usb10_init() 018 demekmupoeaHus u uHUyualu3ayuu ycmpoticmea.

#define usb10_init_STR "usb1lO_init"

int usb10_init(USB10_Reg* reg, uint8_t* new_device_address,
USB10_DeviceDescriptorUnion **device_resp,
USB10_ConfigurationDescriptorUnion **config_resp,
USB10_InterfaceDescriptorUnion **interface_resp,
USB10_EndpointDescriptorUnion **endpoint_resp)

{
/* NOTE: descr_resp, config_resp, interface_resp and endpoint_resp can be NULL
pointers,
so do not use these here, use global data structures instead! */

int ret = 0;
usb10_printf("\r%s: Scanning for devices...\r\n", usb10_init_STR);

if((ret = usb10_bus_reset(USB1, 12000)) < 0)
goto ushbl@_error;

if((ret = usb10_get_device_descriptor(USB1, USB10_UNNUMBERED_DEVICE, USB10_EPO,
USB10_DESCR_TYPE_DEVICE,
0, 18, &usb10_device_descr)) < 0)
goto usbl1@_error;

//usb10_printf("\r%s: Device detected: VID/PID = 0x%04X/0x%04X, "

printf("\r%s: Device detected: VID/PID = Ox%04X/0x%04X, "
"class/subclass = Ox%02X/0x%02X, bcdUSB = 0x%04X\r\n",
usb10_init_STR,
usb10_device_descr.device.idVvendor,
usb10_device_descr.device.idProduct,
usb10_device_descr.device.bDeviceClass,
usb10_device_descr.device.bDeviceSubClass,
usb10_device_descr.device.bcdUSB);

if((ret = usb10_bus_reset(USB1, 12000)) < 0)
goto ushl@_error;
int device_address = (usb10_device_address + 1) % MAX_ADDRESSES;

// Assign new device address to device_address
if((ret = usb10_set_value(USB1, USB10_UNNUMBERED_DEVICE, USB10_EPO, 0x00,
USB10_REQ_SET_ADDRESS,
device_address, 0, 0)) < 0)
goto usbh10_error;

// Request as many as possible description data
uint8_t bulk_config_data[256];
if((ret = usb10_get_device_descriptor(USB1, device_address, USB10_EPO,
USB10_DESCR_TYPE_CONFIG,
0, 255, bulk_config_data)) < 0)
goto usbl@_error;

usb10_printf("%s: total config size = %d\r\n", usb10_init_STR, ret);

uint8_t *p = bulk_config_data;
int bytes_parsed = 0;

// Mark old descriptors as obsolete
*(uint8_t*)&usb10_config_descr = 0;
*(uint8_t*)&usb10_interface_descr = 0;
*(uint8_t*)&usb10_endpoint_descr = 0;
while(bytes_parsed < ret) {

usb10_printf("%s: descriptor type = %d, size = %d\r\n", usb10_init_STR,
p[1]1, plol);

// Save first ocurance as default descriptor of its type
switch(p[1]) {

case 0x02: // Config
if(*(uint8_t*)&usbh10_config_descr == 0)
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memcpy (&usb10_config_descr, p,
sizeof(usb10_config_descr));
break;
case 0x04: //Interface
if(*(uint8_t*)&usb10_interface_descr == 0)
memcpy (&usb10_interface_descr, p,
sizeof(usb10_interface_descr));
break;
case 0x05: // Endpoint
if(*(uint8_t*)&usb10_endpoint_descr == 0)
memcpy (&usb10_endpoint_descr, p,
sizeof(usb10_endpoint_descr));

break;
}
bytes_parsed += p[0];
p += p[o];

}

// Activate 1st configuration
if((ret = usb10_set_value(USB1l, device_address, USB10_EPO, 0x00,
USB10_REQ_SET_CONFIG, 1, 0, 0)) < 0)
goto usb1@_error;

usb10_device_address = device_address;

//usb10_printf("%s: Device addr = %d, Config: bLength = %d "

printf("%s: Address = %d, Config wTotal = %d, "
"Interface Class/Subclass/Proto = %d/%d/%d, "
"EPAddress = 0x%02X, Interval = %d ms, MaxPacket = %d\r\n",
usb10_init_STR,
usb10_device_address,
usb10_config_descr.config.wTotalLength,
usb10_interface_descr.iface.bInterfaceClass,
usb10_interface_descr.iface.bInterfaceSubclass,
usb10_interface_descr.iface.bInterfaceProtocol,
usb10_endpoint_descr.endp.bEndpointAddress,
usb10_endpoint_descr.endp.bInterval,
usb10_endpoint_descr.endp.wMaxPacketSize);

ok:
// Fill-in returning data structures

if(new_device_address)
*new_device_address = usbl10_device_address;

if(device_resp)
*device_resp = &usb10_device_descr;

if(config_resp)
*config_resp = &usb10_config_descr;

if(interface_resp)
*interface_resp = &usb10_interface_descr;

if(endpoint_resp)
*endpoint_resp = &usb10_endpoint_descr;

usb10_printf("%s: %s\r\n", usb10_init_STR, "ok");

return 0;

usb10_error:

usb10_device_address = 0; // this can be used as flag to indicate device is ready
usb10_printf("%s: %s\r\n", usb10_init_STR, "fail");

return ret;
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7. BsanmopgeiictBne npunoxeHua ¢ USB 1.0 ycTpoucTBOM

Beiie y>xe oTMeuanock, yTo caMmbIM npocThiM TUioM USB ycrporictB siBasitorcs USB HID
Class ycTpoiicTBa Takue Kak KjaBuaTypa, Mblllb WM JHKOWMCTHK. B rnaBe 3.8. «Device Class
Definition for Human Interface Devices» (HID)» TmipuBeieHO JeTajibHOe OMNKWCAHWe 3STOrOo
pacimpenus npotokosia USB. HamomHto, uto 6onbimHcTBo USB HID yeTpoticTB MoryT paboTarh
B JIByX pexxumax «Report Protocol» n «Boot Protocol». ITocnegHuii siBisieTcsi o4eHb MPOCTBHIM C
TOYKH 3peHHs] UHTeprpeTaLyy MojlyyaeMbIX JaHHbIX — B «Boot Protocol» Bce 3Hauenust ot Usage
IDs HaxopATCsl Ha CTPOro mpejonpeie/leHHbIX (PMKCUPOBAaHHBIX MO3ULIMSAX B €IMHCTBEHHOM I1aKeTe
TIO/TyYaeMbIX [JaHHBIX, a 3HAYMT PAClapCUTh TAKOMW TIAKeT He COCTAaBUT TpyZa. Janee MbI rorpobyem
cZiesaTh 3T0 A1 Tpex ynoMmsHyTeix HID ycTponcTs.

7.1. TectoBOoe npunoxeHue karnix_usb10_test

C 1e/1bl0 MIPOTECTUPOBATh OMMCAHHBIN BhIle ApaiiBep pa3paboranHoro Hamu USB xocT-
KOHTpOJI/Iepa, TOATrOTOBUM  Hebosbiioe  TectoBoe mnpwiokeHue karnix_usb10_test. 3Jra
TIpOCTeidiliasi porpaMma Ha si3bike CU CHauasia MpOWHULMAIU3UpYyeT pa3paboTaHHBbIA HaMHM XOCT-
KOHTpOJUIep, Tocie uYero Bbi3oBeT (QyHKUMi0 usbl0_init() f/1 BbIMOMHeHUs TIpOLeAYPbI
WHULIMAM3aldd  yCTPOWMCTBA U TIOJiyueHWs OT Hero Habopa CTPYKTYpP KOH(UTryparjMoHHbBIX
JeCKPUIITOPOB. 3aTeM, B IMKJe Oy/eT OrpalliBaTh YCTPOHCTBO (hOPMUPYS TpaH3aKiuio «Interrupt
IN» c yacToTOl He MeHbIIIed ueM TOro TpedyeTcst yCTpoiicTBOM B TlapaMeTpe bInterval cTpykTypsl
«Endpoint Description». IlonyueHHble [aHHble OygyT oOTOOpa)kaTbCsi Ha TepMHUHalA B
I1IeCTHa/ILIATEPUYHOM BUJE.

HaunemM ¢ Toro, 4ro CO3[a[M TOAKAaTajsor [jii TEeCTOBOTO  TPUIOKEHUs
J/src¢/main/c/karnix/karnix_usb10_test u ckomupyem B Hero 3arotoBky Makefile-a wu3
rofkarasora ./sr¢/main/c/karnix/karnix_soc:

rz@devbox:~/KarnixS0C$ mkdir -p src/main/c/karnix/karnix_usb10_test
rz@devbox:~/KarnixS0C$ cd src/main/c/karnix/karnix_usb10_test
rz@devbox:~/KarnixS0C/src/main/c/karnix/karnix_usb10_test$ cp ../karnix_soc/Makefile ./

Otpenaktupyem Makefile Tak, uToObI ero 3aryiaBHasi UaCTb UMeJia CJIeIyFOIINN BU;

JTucmune 10.1. 3azonoeok moduguyuposaHHozo Makefile-a 015 c6opKu mecmoeo2o npun0H#CeHUsl.

rz@devbox:~/KarnixS0C/src/main/c/karnix/karnix_usb10_test$ head -30 Makefile

PROJ_NAME=karnix_usb10_test
#MODEL ?= ram

MODEL ?= xip

#

DEBUG=no

BENCH=no

MULDIV=yes

ATOMIC=yes

FPU=yes

COMPRESSED=yes

SOCDIR=../karnix_soc/src

CRT_RAM=$(SOCDIR)/crt_ram.S
LDSCRIPT_RAM=$(SOCDIR)/linker_ram.1ld -W1l

CRT_XIP=$(SOCDIR)/crt_xip.S
LDSCRIPT_XIP=$(SOCDIR)/linker_xip.1ld -W1l

SRCS += $(wildcard src/*.c)
SRCS += $(SOCDIR)/utils.c
SRCS += $(SOCDIR)/usb10.c
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SRCS += $(SOCDIR)/memops.S
SRCS += $(CRT)

OBJDIR = build

B sTom c60pouHOM CKpunTe Mbl MOAK/IHOUaeM B cOOpKy ApaiiBep usb10.c, HabOp «yTHUIUTHBIX»
¢byHkimid asst pabotel ¢ TepMuHasiom utils.c ¥ ontummsupoBanHywo 1of CHK peanmmsaiyio
(yHKIIMM memcpy/memmove U3 (aiiia memops.S.

[Monubiii  TekcT cbopouyHoro daiina ./src/main/c/karnix/karnix usb10 test/Makefile Mo)kHO
TIOJTYYUTh U3 PErO3UTOPUSI.

Tenepr BHyTpHM Karasnora ./src/main/c/karnix/karnix_usb10_test/ co3maaum mnojkaTanor
.J/src/ i1 pa3melteHrst UCXOLHOIO KOZia POrpaMMBbI:

rz@devbox:~/KarnixS0C/src/main/c/karnix/karnix_usb10_test$ mkdir -p src
Y [IOMeCTHM B Hero ¢aiis1 main.c ¢ TeKCToM OyayIieli TeCTOBON MPOrpaMMBbl.

Harmmcanue nporpaMMbl HaYHEM KdK 00OBIYHO C IMIOAKJ/IFOUEeHMHSL TpE6yeMbIX 3droJIOBOYHbIX

(atinos. Cpeau Mpounx HaM MOTpeOyeTCst 3aro/IOBOUHbIHN (halina ¢ onmMcaHusIMH GyHKLUN ApaiiBepa
usb10.h:

Jlucmune 10.2. HcxoOHblil Koo npoepammbl karnix_usb10_test (¢patin main.c).

#include <stdint.h>
#include <stdio.h>
#include <stdlib.h>
#include "soc.h"
#include "plic.h"
#include "riscv.h"
#include "usb10.h"
#include "utils.h"

ITobaBMM CCBIJIKYM Ha 17100abHbIE CUMBOJIBI HEOOXOZMMBIE /11 MHULManu3alyu 6uomoreku LIBC:

extern void __sinit(void *);
extern unsigned int _IMPURE_DATA;

ﬂ06aBI/IM Iapy HUCII0/Ib3YEMBIX B IIPOTpdMMe r7100a/IbHBIX rnepeMeHHbIX:

const char *WELCOME_TEXT = "Welcome to Karnix USB 1.0 Test. Copyright (C) 2024-2025,
Fabmicro, LLC.\r\nBuild #%04u at %s %s. Main addr: %p\r\n\r\n";

uint32_t reg_sys_counter = 0;
uint32_t reg_usb_error_count = 0;

[TepemenHas WELCOME_TEXT yka3biBaeT Ha CTPOKY IIPUBETCTBUS COZleprKalllylo fary u
BpeMsi COOpKM IpOrpaMMbl — HHOT/A OueHb I10/Ie3HO IOHMMaTh, Kakas BepCHsl MPOrpaMMbl
TIPOLIMTA U UCTIOJHSETCS B CUCTEME.

[TepemenHasi reg_sys_counter OyfeT BBINOJHATH (PYHKLMIO CHCTEMHOro 1 MC cueTuyMKa
HeoOXOAWMOro  [/is  CHHXPOHHM3allMd JeWCTBUM TIpOrpaMMbl  T0 BpeMeHHW (pery/sipHOoe
cKaHyMpoBaHue IMHbI USB 1 peryssipHbIi OIpoC yCTPOKCTBA).
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https://github.com/pointcheck/KarnixSOC/blob/KarnixSOC/src/main/c/karnix/karnix_usb10_test/Makefile

[lepemenHass  reg_usb_error_count OyzeT BBINOMHATH (YHKIMIO CUETYMKA OLIMOOK
BO3HUKaromux rpu pabore ¢ USB ycrpoiictBoM. Byzmem uconb30BaTh €€ 3HaueHWe sl TOTO,
uyTo0BI onpefennTs pabotocriocodHocTs USB ycrpoiictBa. Eciu 3HaueHune reg_usb_error_count
npeBeICUT 3, TO OyleM cuWMTaTh UTO YCTPOMCTBO HepabOTOCOCOOHO W TpebyeTcs TOBTOPHO
BBITIO/THATE LIMK/T CKAHWPOBAHKS/MHULA/T3aLIH.

Hanee onwuiieM Teno (yHKMM main() B Hauaje KOTOPOTrO TPOBeZieM WHULIMAIU3ALUIO
anmnaparTypsbl.

JTucmune 10.2. Hcxo0Hblil Koo npoepammbl karnix_usb10_test (npodondiceHue ¢patina main.c).

void main() {

csr_clear(mstatus, MSTATUS_MIE); // Disable Machine interrupts during hardware init
PLIC->ENABLE = ©; // Disable MicroPLIC interrupts

delay_us(2000000); // Wait for FCLK to settle

init_sbrk(NULL, ©); // Initialize heap for malloc to use on-chip RAM
_ sinit(&_IMPURE_DATA); // Init LIBC impure_data structure

xprintf(WELCOME_TEXT, BUILD_NUMBER, _ DATE__, _ TIME__, &main);

// Enable USB1

USB1->CONTROL &= ~USB10_CONTROL_ENABLE_BIT;

delay_us(1000);

USB1->CONTROL |= USB10_CONTROL_RESET_DELAY_SET (1500000 / 1000 * 10); // Set reset
duration to 11ms (num of ticks at 1.5 MHz

USB1->CONTROL |= USB10_CONTROL_KEEPALIVE_BIT;

USB1->CONTROL |= USB10_CONTROL_ENABLE_BIT;
xprintf("USB1 enabled\r\n");

csr_set(mstatus, MSTATUS_MIE); // Enable Machine interrupts

B nipuBesieHHOM BbIIlIe KOJie MPOUCXOAUT C/IeAyrollee:
1. 3ampet Bcex anrapaTHbIX ITpepbIBaHUM;
2. Orkmouenne koHTposnepa PLIC, Tak Kak B paMKax JaHHOTO TNPWIOXKEHWS B HEM HeT
HE0OXOTUMOCTH);
3. OxujgaHue ~2 CeK XOJIOCTBIX LIMKJIOB TIpolieccopa C IieJibl0 CTabW/In3aliu CUCTeMHOTO
TaKTOBOI'O CUTHAJIa;
Muunmanu3anus «Kyun» B ¢ moMolbio GyHkumu init_sbrk();
Wnnimami3anus robanbhbiii ctpyktyp LIBC ¢ momorpio dyHkum __sinit();
6. BroiBog mipuBeTcTBeHHOro coobirienusi Ha TepmuHan B UART ¢ momoibio 06epToyHOro
Makpoca xprintf();
7. KondurypupopaHue u pa3peiiieHre pabotsl USB X0CT-KOHTpOJLIEPA;
8. BriBoj COOOIIIeHNsI TOTOBHOCTHY M Pa3pelleHre BCeX arrapaTHBIX MTPePhIBAHMUH.

o1&

B panHOM TecToBOW mporpaMMe Mbl He OyzeM HCIIO/b30BaTh IpepbIBaHMs, BCS pabOTHI C
anmnaparypoii OyzieT IpoMCXOAUTb MeTOZAO0M IIOCTOSIHHOTO TIepUOANYeCKOro onpoca (MeTofoM «poll-
a»).

[anee BBesjeM ITIaBHBIN LMK/, B HEM Cpa3y BBIIOJIHUM 3a/lepXKKy B 1 MC ¥ IIpUpacTUM Ha
e/JUHULlYy 3HaueHUe [lepeMeHHOW CUeTUrKa LIUKJIOB:

while(1) {
delay_us(1000);

reg_sys_counter++; // This is 1ms counter
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A Temepb caMoe WHTepecHOe. Bocronb3oBaBUIMCH — I7I00abHONM  MEepeMeHHOU
usb10_device_address, kotopasi cofepXUT TeKylUi azapec mogkaoueHHoro K USB 1mwmHe
ycTporictBa (u1v 0 ecd HUUEro He TOAK/IFOUEHO), MPOBEPUM OTCYTCTBHE Ha IIMHE TOTOBOTO K
paboTe yCTpOICTBa M BBITIOJTHUM TOMBITKY UHULIMAIA3ALMK MyTeM Bbi30Ba (yHKUMK usb10_init().
BBITIONHATE 3Ty NMPOBEpKY OyzieM OfiiH pa3 B CEKyH/y, TO eCTh KOI/ia OCTaTOK OT /ieJIeHUsI CUeTurKa
Ha 1000 paBeH HyJIt0.

JTucmune 10.2. Hcxo0Hblil Koo npoepammbl karnix_usb10_test (npodondiceHue ¢patina main.c).

if(usb10_device_address == 0 && reg_sys_counter % 1000 == 0) {
// Perform USB bus scan each 1 sec
xprintf("USB bus scan: reg_sys_counter = %d... ", reg_sys_counter);

// No devices connected at the moment, try to init
// Note: usb10_device_address is gobal variable holding address of
connected device

int8_t ret;
uint8_t new_device_address;

if((ret = usb10_init(USB1, &new_device_address, NULL, NULL, NULL,
NULL)) == 0) {

// New device detected and initialized
reg_usb_error_count = 0;

xprintf("\r\nUSB1: new device addr = %d, VID/PID =
OX%04X/0x%04X, "
"class/subclass/proto = %d/%d/%d, "
"EndpointAddress = %d, Interval = %d, MaxPower = %d
mA\r\n",
new_device_address,
usb10_device_descr.idVendor,
usb10_device_descr.idProduct,
usb10_interface_descr.bInterfaceClass,
usb10_interface_descr.bInterfaceSubclass,
usb10_interface_descr.bInterfaceProtocol,
usb10_endpoint_descr.bEndpointAddress & 0Ox0f,
usb10_endpoint_descr.bInterval,
usb10_config_descr.bMaxPower * 2
)i
} else {
xprintf("failed with ret = %d\r\n", ret);
}

Hamomnto, uro dyskims usb10_init() Bo3BpaliaeT oTpuijaTe/lbHbIM KO/, OIIMOKW €C/TH IOMbITKa
HalTU ¥ npouHULManu3upoBatb USB yCTpoiiCTBO He yBeHUanach yCrexoM, WM HOJb eCIU HOBOe
YCTPOMWCTBO YCITeITHO CKOH(UTYPUPOBAHO U TOTOBO K paboTe.

B iyuae ycremmHoro 3aBepilieHHs [JaHHOM (YHKIMM, B T7100a/MbHBIX TepeMeHHbIX
usb10_device_descr, usb10_interface_descr, usb10_endpoint_descr u usb10_config_descr
COJZlep’KaTCsl laHHbIe TIOJTYYeHHBIX OT YCTPOMCTBa AeckpunTopoB «Device Descriptor», «Interface
Descriptor», «Endpoint Descriptor» u «Configuration Descriptor» COOTBeTCTBEHHO, YaCTb 3THUX
JAHHBIX BBIBOJUTCS B TepMHHan C miomoinbio xprintf(). [damee ™Mbl Oyzmem aHa/iIu3UpOBaTh
CO/ZIEP>)KUMOE ITUX CTPYKTYP UTOOBI BBIICHUTH C KAKUM THTIOM YCTPOMCTBA Mbl UIMEEM [IeJ10.

Kaxapie 20 mMc OyzeM TpoBepsiTb MMEETCS JIM Ha IIIMHE TOTOBOe K paboTe yCTpPOWCTBO
(usb10_device_address > 0), rocsie yero cjjesaem MoIbITKY €ro orpoca C MOMOIIbI0 TPaH3aKIUU
«Interrupt IN». HariomHto, uto B pexxume «Boot Protocol» USB HID ycTpoiicTBa omnpaiiiBatoTCs
MMeHHO TakuM criocoboM. CaMa TpaH3aKLMsi COCTOUT B OTIIPaBKU ToKeHa IN Ha afipec yCTpOMCTBa
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C yKa3aHHeM HOMepa KOHUeHOU TOUKH 00bsiBeHHOTOo B TlapameTrpe bEndpointAddress cTpyKTypbl
«Endpoint Descriptor», c rnocieaymIM YTeHHeM OJMHOUHOTO TakKeTa JaHHbIX (PUKCHPOBAHHOTO
pa3mepa.

YroObl BBISICHUTH pa3Mep uuTaeMoro 0si0Ka BOCMOb3yeMcsl WeHTH(UKAL[MOHHBIMU
JAHHBIMA KOTOpbIe TIPUC/TAHBI  YCTPOMCTBOM, a WMEHHO - 3HaueHUSIMH T[1apaMeTPOB
bInterfaceClass, bInterfaceSubclass u blInterfaceProtocol. Bynem jeiicTBoBaTh COIVIaCHO
C/iefiyroleMy MpoCTOMY aJrOpUTMY:

e Ecmu bInterfaceClass == 3 u bInterfaceSubclass == 1 u bInterfaceProtocol == 1, To MBI
umeeM Jenio ¢ HID ycTpoiicTBoM TuMNa «K/IaBHATypa», AAMHA 0/0Ka J@HHBIX JJisi Hero
paBHa 8 OaWT.

e Ecmu bInterfaceClass == 3 u bInterfaceSubclass == 1 u bInterfaceProtocol == 2, To MBI
umeeM ziesio ¢ HID yCcTpOCTBOM THIA «MBbIIIb», pa3Mep 0/10Ka aHHbIX — 4 fauTa.

¢ FEcmu xe bInterfaceClass == 3 u bInterfaceSubclass == 0 u bInterfaceProtocol == 0, To
K 1mmHe nogksroueHo HID ycTpoticTBo Tria «redMmajy, pa3mep 0/10ka JaHHBIX — 8 OaMT.

* B npoTuBHOM C/lyuae Ha IIIMHE HAXOJUTCS YCTPOMCTBO HEM3BECTHOTO THIIA, Oy/ieM CUuTaTh
UTO OHO BBIZ@aeT O/IOK AAaHHBIX pa3MepoM 8 OaiT.

BrisicHuB pa3mMep 6710Ka mosie3HbIX AaHHBIX copmupyeMm IN 3ampoc ¢ momorbio GyHKIMN
usb10_in_request().

Ecmu ke ¢ynkuus usb10_in_request() BepHeT OIMOKY OTIMUHYIO OT KOZIOB -8
(USB10_IN_ENAK — Het gansbix) U -9 (USB10_IN_ETIMEOUT — TaiimayT), TO Takas
oirmbka OygeT BOCIPUHUMAThCS Kak (aranbHas, T.e. TpeOyromias monHoro cbpoca u
nepeMHULIManu3auyy. B sTom ciyuae mpocTto yctaHoBuM nepeMeHHyt0 usb10_device_address B
3HaueHue 0, yTo ripuBeZieT K BbI30BY PyHKIMM sub10_init() B cyieayroiieit urepalyy LUKIIA.

Ecmm xe ¢yHkuys usb10_in_request() BepHeT M0/10)KUTeIbHOE YHC/IO, TO y HaC MUMeeTcs
670K JaHHBIX OT YCTPOMWCTBA - BbIBEJEM €ro Co/iepXkKMMOe Ha TepMUHAs B IIeCTHaZLlaTepUUHOM
BUJIE.

W3n10>KvB BCE BblIllle CKa3aHHOe Ha si3biKe CH MOyYUM C/IeAYIOLIUNA KOZ:

Jlucmute 10.2. HcxooHbiil ko0 npoepammbl karnix_usb10_test (npodoniceHue ¢patina main.c).

if(usb10_device_address > 0 && reg_sys_counter % 20 == 0) {
// Perform USB "Interrupt IN" transaction every 20ms

uint8_t endpoint = 1; // Commonly used 1, but should be
usb10_endpoint_descr.bEndpointAddress & OxOf

uint8_t response_data[8] = {0};

int response_size;

int device_type;

// Try to guess response data packet size using class info

if(usb10_interface_descr.bInterfaceClass == 3 &&
usbh10_interface_descr.bInterfaceSubclass == 1 &&
usb10_interface_descr.bInterfaceProtocol == 1) {

// We have to check RX packet len (88 bits) to skip empty
packets

response_size

= 8; // HID keyboard
device_type = 1,
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} else if(usb10_interface_descr.bInterfaceClass == 3 &&
usb10_interface_descr.bInterfaceSubclass == 1 &&
usb10_interface_descr.bInterfaceProtocol == 2) {

response_size

= 4; // HID mouse
device_type = 2;

} else if(usb10_interface_descr.bInterfaceClass == 3 &&
usb10_interface_descr.bInterfaceSubclass == 0 &&
usb10_interface_descr.bInterfaceProtocol == 0) {

response_size = 8; // HID gamepad

device_type = 3;

} else {
response_size

= 8; // Unknown
device_type = 0;

// Poll Endpoint for new data
int ret = usb10_in_request(USB1, usb10_device_address, endpoint,
response_data, response_size);

if(ret >= 0) {
reg_usb_error_count = 0;

xprintf("\rusBl (%d:%d) data received: ",
usb10_device_address, endpoint);

for(int i = 0; i < response_size; i++)
xprintf("%02X ", response_data[i]);

xprintf(", class = %d/%d/%d, RX_STATUS: 0Ox%08X, RX_STATUS2:
Ox%08X, STATUS: 0Ox%08X\r\n",
usb10_interface_descr.bInterfaceClass,
usb10_interface_descr.bInterfaceSubclass,
usb10_interface_descr.bInterfaceProtocol,
USB1->RX_STATUS, USB1->RX_STATUS2, USB1->STATUS);

} else if(ret == USB10_IN_ENAK || ret == USB10_IN_ETIMEOUT) { // NAK
or timeout (dupe)
// These are legitimate error codes for not ready device, do
nothing
goto usb_end;
} else {
if(++reg_usb_error_count > 3) { // More than 3 errors in a
row means connection is broken
xprintf("\rusB1 (%d:%d) failed, ret = %d\r\n",
usb10_device_address, endpoint, ret);
ush10_device_address = 0; // flag USB as broken
goto usb_end;

}

// Some data processing code can be put here
// ..

usb_end:;

[TpuBesieHHON BBIllle TECTOBOM MpOrpamMMbl JOCTaTOYHO UYTOOBI IPOTECTUPOBATh BCE BHU/bI
umetoruxcsi USB HID ycrpoiict. B cnefytortieii riiaBe Mbl BBIIIOHAM COOPKY 3TOM MPOTPaMMB,
3arpysum eé B obnactb NOR flash mamsate oTBefjeHHOW [/1s1 MPUIOKEHHST M MOCMOTPUM Kak
BBIIVISIAAT AaHHble nocTtymnatoiye oT HID ycTpolicTB Tpex pa3inMuHbIX TUIOB. [To/HbIN TeKCT (aiina
main.c C MCXOJHbIM KOJOM T[pOrpaMMbl ~ MOXHO  IIOCMOTPeTb B  PElO3UTOPUMU:
./src/main/c/karnix/karnix usb10 test/src/main.c.
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https://github.com/pointcheck/KarnixSOC/blob/KarnixSOC/src/main/c/karnix/karnix_usb10_test/src/main.c

7.2. CoopkKa u 3anyck npunoxeHus karnix_usb10_test

Ecm Makefile co3man BepHo, To cOOpKa TeCTOBOrO MPHUIOKEHHs 3aIyCKaeTCs OIHOM
KomaHzol make 13 mogkarasnora ./src/main/c/karnix/karnix_usb10_test/. Pe3ynbrar cOopku —
3T0 7Ba OWMHApHBIX (MCTOMHSeMbIX) (haiiia: ouH /7151 pa3MelrieHus: 6a3oByr0 RAM, BTopoit — s
pa3merienust v ucrionHeHust 3 NOR Flash namsatu. Otu dabinbr OymeT HaXOgUTLCS B TIOKaTaaore
/build. O6b1YHO TIPOIECC COOPKU BBITVISIANT TaK:

Jlucmune 11.1. Bbidepaicka u3 8bigooda npu cbopke npoepammbl karnix_usb10_test.

rz@devbox:~/KarnixS0C/src/main/c/karnix/karnix_usb10_test$ make

make ram

make[1]: Entering directory '/home/rz/KarnixSOC/src/main/c/karnix/karnix_usb10_test'

*** Building for RAM ***

make MODEL=ram build_sources build/karnix_usb10_test.hexx

make[2]: Entering directory '/home/rz/KarnixSOC/src/main/c/karnix/karnix_usb10_test'

mkdir -p build/src/

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-gcc -c -march=rv32imafc -mabi=ilp32f
-DNDEBUG -flto -fno-common -MD -fstrict-volatile-bitfields -fno-strict-aliasing -fno-builtin-printf
-DBUILD_NUMBER="cat build/build_number +1 -0s -I./src -I -I/include -I../karnix_soc/src
-I../karnix_soc/src/include -o build/src/main.o src/main.c

Memory region Used Size Region Size %age Used
RAM: 14576 B 72 KB 19.77%

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-objcopy -0 binary
build/karnix_usb10_test_ram.elf build/karnix_usb10_test_ram.bin

make xip

make[1]: Entering directory '/home/rz/KarnixS0C/src/main/c/karnix/karnix_usb10_test'

*** Building for XIP ***

make MODEL=xip build_sources

make[2]: Entering directory '/home/rz/KarnixS0C/src/main/c/karnix/karnix_usb10_test'

mkdir -p build/__/karnix_soc/src/

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-gcc -c -march=rv32imafc -mabi=ilp32f
-DNDEBUG -flto -fno-common -MD -fstrict-volatile-bitfields -fno-strict-aliasing -fno-builtin-printf
-DBUILD_NUMBER="cat build/build_number +1 -0s -0 build/___/karnix_soc/src/crt_xip.o
../karnix_soc/src/crt_xip.S -D__ASSEMBLY__=1
/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-gcc -march=rv32imafc -mabi=ilp32f -DNDEBUG
-flto -fno-common -MD -fstrict-volatile-bitfields -fno-strict-aliasing -fno-builtin-printf
-DBUILD_NUMBER="cat build/build_number +1 -0s -0 build/karnix_usb10_test_xip.elf build/src/main.o
build/__/karnix_soc/src/utils.o build/__/karnix_soc/src/usb10.0 build/__/karnix_soc/src/memops.o
build/__/karnix_soc/src/crt_xip.o -march=rv32imafc -mabi=ilp32f -specs=nano.specs -1lnosys -1lc_nano
-nostdlib -1lgcc -mcmodel=medany -nostartfiles -ffreestanding

-Wl, -Bstatic, -T, ../karnix_soc/src/linker_xip.1ld -W1, -Map, build/karnix_usb10_test_xip.map, --print-
memory-usage -Lbuild

Memory region Used Size Region Size %age Used
FLASH: 12088 B 15 MB 0.08%
RAM: 2608 B 60 KB 4.24%

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-objcopy -0 binary
build/karnix_usb10_test_xip.elf build/karnix_usb10_test_xip.bin

W3 ripuBesieHHOro BbIlle JIMCTHUHrA BU/HO, UTO cOOpKa pa3buBaercst Ha ABe Lieau: make ram u
make xip, B pe3ysibTare rosyuyaeTcsi fiBa UCTO/HsIeMbIX (paiina:

rz@devbox:~/KarnixS0C/src/main/c/karnix/karnix_usb10_test$ 1s -1 build/*.bin
-rwXrwxr-x 1 rz rz 12060 Oct 15 18:31 build/karnix_usb10_test_ram.bin
-rwXrwxr-x 1 rz rz 12088 Oct 15 18:31 build/karnix_usb10_test_xip.bin
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@aiin ¢ cyddukcom _ram.bin ripegHasHaueH /15 pa3MellieHre B 6a30BoM MaMsiTH C ajipeca
0x80000000, uto 3azaercst B KoHpuUrypauuu arHkepa (./karnix_soc/src/linker_ram.ld), u TpeGyer
[yt pabotbl 14576 Gaiit. UToObI pa3mMecTUTh 3TOT OWHApHBIA KO/ B IMaMsITM HaM TMOTpeOyeTcst
nepecobpars BeCh TIPOEKT C ammaparypoil yka3aB Ha mnpuMmeHeHue karnix_usb10_test BmecTo
karnix_bootloader. JTOT mnpollecc J0CTaTOYHO [JOATMM W HeNpakTUYHbIA. [lo3TOMy MBI
BOCITO/Tb3yeMCsI BTOPBIM OMHApHBIM (aiiioM.

@aiin ¢ cybhdukcom _xip.bin npegHazHaueH /151 pa3MelrieHUst B 00/1aCTh TIPUIOKEHHUS Ha
umMetorierics Ha rate «KapHo» NOR Flash mamsatn. Ota namsare Flash mamste orobpaxaercs B
aZipecHOe TIPOCTPAHCTBO BBIUMCIUTeNbHOU cucTeMbl CHK HauumHasi ¢ agpeca 0xA0000000, ripu
5ToM nepBbiid Merabaut (0x100000 Gaiit) 3aHsT OUTCTpUMOM 3arpykaembiM B ITJIVIC u ero Hemb3st
WCTIO/Tb30BaThCs TIO7, TPUIOKeHHsI. A BOT o6macte Bbiie azgpeca 0xA0100000 crobogHa aAsist
npunoxeHul. Kongurypanmonnsiii ¢aiin ../karnix_soc/src/linker_xip.ld g5 nvHkepa HacTpoeH
TaK, YTOObI MPUIOKEHHE Pa3Melasioch C 3TOr0 azipeca. Takod peXKUM HCIIOTHEeHHs MPOrpaMMBbl,
T.e. psimMo u3 Flash mamstu, npuHaro Has3biBaTh XiP oT «eXecution in Place» (ucronHeHue mo
MecCTy  pa3MellleHus). Hama  TecroBasgs  mporpamMma  Haxojsmiascs B daiine
karnix_usb10_test_xip.bin Tpebyer 12088 Gaiit Flash mamsitu mog ko u eme 2608 Gaiit ajis
repeMeHHbIX U cTeka B RAM. O6nacTb fjisi riepeMeHHbIX JIMHKep BbIIe/IUT HauWHasi C ajpeca
0x80003000 (riepBeie 0x3000 6Gaiir RAM 3ape3epBUpPOBaHbI TIOfi HYXJBbI 3arpy3uka
karnix_bootloader).

st TOro, yTOOBI pa3MeCcTUTh (3amKrcaTh) UCTIOMHSIEeMBbIN KoJ, TeCcTOBOTO rnpuioykeHusi B NOR
Flash Bocnionb3yemcs ytunutoii openFPGALoader, BbINOTHUM CeAYIOLIYIO KOMaH/Y:

Jlucmume 11.2. Bbigoo ymuaumsbt openFPGALoader npu npowugke mecmoeoli npo2pammbl .

rz@devbox:~/KarnixSOC/src/main/c/karnix/karnix_usb10_test$ openFPGALoader -f -o 0xA0100000
bin/karnix_usb10_test_xip.bin

empty

write to flash

No cable or board specified: using direct ft2232 interface
unable to open ftdi device: -3 (device not found)

JTAG init failed with: unable to open ftdi device
rz@butterfly:~ % openFPGALoader -f -0 OxA0100000 karnix_usb10_test_xip.bin
empty

write to flash

No cable or board specified: using direct ft2232 interface
Jtag frequency : requested 6.00MHz -> real 6.00MHz

Open file DONE

Parse file DONE

Enable configuration: DONE

SRAM erase: DONE

Detail:

Jedec ID . ef
memory type 1 70
memory capacity : 18

flash chip unknown: use basic protection detection
start addr: a0100000, end_addr: a0110000

Erasing: [ ] 100.00%
Done
Writing: [ ] 100.00%
Done

Refresh: DONE

Cpasy nocne copoca n nanipamm3anun [IJIMC Gyzpet 3amyien 3arpy3urk karnix_bootloader, on
10 CIleLjaabHOM CUrHaType HalzleT MPUIOKeHe B a[jpeCHOM MpOoCTpaHCTBe 0TBeieHHOM 1o, NOR
Flash u mepegact emy ymnpaBnenue. Ecim >xe Bo Flash panee Obina 3arpyskeHa mporpamma
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«Monutop» (karnix_monitor), To ynpaBneHue OyneT TiepejaHO €l W TOrAa HeOoOXOAMMO
BOCMO0Jb30BaThesi KomaH oM call 0xa0100000 MoHuTOpA, YTOOBI 3aMyCTUTh MPUJIOXKEHHe.

[Tpegmonokum, YTO Hallle TeCTOBOe IIPU/IOKeHHWe siBisieTcsl efuHCTBeHHbIM BO Flash
namaTy. Torza, MOAK/IOUMB TEPMUHA/ K OT/IaZl04HOMY TOPTY U HakaB KHOIKY «RESET» Ha minate
«KapHo», MBI YBU/IUM CleAyoI1e COOOIIeH s :

Jlucmune 11.3. Bblgod 6 omaadouHbili nopm npu ucnoaHeHuu mecmoeoll npoepammbl (USB
ycmpoticmeo omcymcmayem).

rz@devbox:~/KarnixSOC/src/main/c/karnix/karnix_usb10_test$ sudo minicom -D /dev/ttyUSB1 -b 115200
Welcome to minicom 2.10

OPTIONS: I18n
Compiled on Apr 28 2025, 22:28:07.
Port /dev/ttyUl, 00:18:35 [U]

Press CTRL-A Z for help on special keys

[Bootloader] Karnix SoC Bootloader, build #31 on Aug 21 2025 at 21:43:03
[Bootloader] calling application at 0xa0100000

Welcome to Karnix USB 1.0 Test. Copyright (C) 2024-2025, Fabmicro, LLC.
Build #0011 at Oct 13 2025 19:02:21. Main addr: 0xa0100d58

USB1 enabled

USB bus scan: reg_sys_counter
USB bus scan: reg_sys_counter
USB bus scan: reg_sys_counter

1000... failed with ret
2000... failed with ret
3000... failed with ret

-1
-1
-1

W3 mpuBeJeHHOro BbIlle JMCTWHITA BHU/JHO, UYTO CHayasja 3alyCTWICS 3arpy3udK Bbl/laB
npuBeTcTBUe «Karnix SoC Bootloader», oH o00OHapyXun Haille TPUIOXKeHHEe TI0 aJ[pecy
0xA0100000 u nepeznan emy yrnpasieHue. [Ipuno)keHue BblJjanio CBOE npuBeTcTBHe « Welcome to
Karnix USB 1.0 Test» coobiijuB Ham uto (GyHKIMs main() ucrosnHsieTcs ¢ aapeca 0xA0100D58,
3TOT azipec HaxoauTcs B obmactu Flash mamsaru.

7.3. TectupoBaHue karnix_usb10_test ¢ pasHbIMK TUNaMKN YCTPOUCTB

Ecmm k USB mopTy He TMOJKIIOUEHO YCTPONCTBO, TO TIPUJIOXKeHWEe OyZieT HenpephIBHO
BbIZjaBaTh coobiieHre o6 oumbke Buga «failed with ret = -1 ». Ko ommbku -1 Bo3BpaijaeMbiii
¢dyskimeit usb10_init() o3Hauaet, yto Ha USB 1mmHe Huuero HeT. [laBaiite mogkmounm USB 1.0
coBmectumoe HID ycTpoiicTBO ¥ MOCMOTPUM Kakue coo0IeHust Oy/ieT BblJaBaTh HaM TIPUIOKEHHe.

7.3.1. TecTupoBaHue ycTpoucTBa TMna «gamepad»

USB HID yctpoticTBo Thna «gamepad» (W11 M0 HalleMy «PKOWCTHK») UHTePeCHO TeM, UTO
(dopmar BbIjlaBaeMbIX UM J@HHBIX O4YeHb TMPOCT: 3TO 8 0alT, KaKAbIii U3 KOTOPHIX OTBeyaeT 3a
TI0JIO)KEHWe OJHOIO W3 YCTPOMCTB ympaBjeHus (TIO/IOKeHHe «CTHKa»), a COCTOSIHMEe KHOIIOK
cobpaHbl B OUTOBBIE T0JIST U TOXKe UMeIOT (PMKCUPOBAaHHbBIE TIO3ULIUH.

[Topkmrourm USB 1.0 COBMeCTUMBIN «/I)KOMCTUK» U TTIOCMOTPUM Ha BbIZIauy B OT/IaZ0YHBIN
nopt ot rporpamMMmbl karnix_usb10_test:

Jlucmune 11.4. Bbieod npoepammbl karnix_usb10_test npu nodkawueHuu ycmpolicmea mund
«gamepad».
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usb10_init: Device detected: VID/PID = 0x0079/0x0006, class/subclass = 0x00/0x00, bcdUSB = 0x0100
usb10_init: Address = 1, Config wTotal = 41, Interface Class/Subclass/Proto = 3/0/0, EPAddress =
0x81, Interval = 10 ms, MaxPacket = 8

USB1: new device addr = 1, VID/PID = 0x0079/0x0006, class/subclass/proto = 3/0/0, EndpointAddress =
1, Interval = 10, MaxPower = 500 mA

USB1 (1:1) data received: 7F 7F 00 80 80 OF 00 00 , class = 3/0/0, RX_STATUS: Ox4A6E4B58,
RX_STATUS2: Ox00004A6E, STATUS: 0x04000001

USB1 (1:1) data received: 7F 7F 00 80 80 OF 00 00 , class = 3/0/0, RX_STATUS: Ox4A6EC358,
RX_STATUS2: Ox00004A6E, STATUS: 0x04000001

USB1 (1:1) data received: 7F 7F 00 80 80 OF 00 00 , class = 3/0/0, RX_STATUS: Ox4A6E4B58,
RX_STATUS2: OX00004A6E, STATUS: 0x04000001

Cpa3y mocsie TIOAK/IIOYEHHUs] [PKOWCTHKA, TMpH CJlelylolleld WTepalud CKaHHMPOBaHMS,
nporpamMmMoii 6b110 o6Hapy>keHo USB yctpoiictBo ¢ kiaccom Class/Subclass = 0x00/0x00. 3to
O3HauaeT, UTO MpaBWIbHbIE 3HAUEHMs Kjacca M MOJK/Iacca HY)KHO MCKaTh B CTPyKType «Interface
Descritor», KoTopasi AJii JaHHOTO YCTpoucTBa cozepkur Tpu napamerpa Class/Subclass/Proto
paBHble cooTBeTCTBeHHO 3, 0 u 0. CornacHo HID pacmmpeHuto 3TO M eCTb YCTPOWCTBO THIIA
«gamepad».

W3 BbIBOZIA TakKe BUHO, UTO YCTPOWCTBO MMeeT BIIOJIHe OMNpefie/ieHHbI WeHTU(HKaTop
nipousBoautensi VID = 0x0079 u ugentudukarop npogykra PID = 0x0006. CpenaB 3aripoc B
m000¥ TTOUCKOBUK 110 ceTy VIHTepHeT, Mbl 0OHApYKMM UTO MTPOM3BOAUTE/IEM [JaHHOTO YCTPONCTBA
seisieTcs: «Shenzhen Longshengwei Technology, Co., Ltd.», a camo ycTpoiiCTBO UMeHyeTCsl Kak
«PC TWIN SHOCK Gamepad».

Taxke W3 BbIBOJla Hallled TNPOrpaMMbl Mbl YBHUJUM, UTO J@HHOE YCTPOWCTBO MPOCUT
OTIpAIlIMBATL €T0 He peXke 4eM C WHTepBasioM 10 mMc, a MakcMMaibHO MOTpeb/sieMbiii TOK — 500
MA. Buanmo pa3paboTuvKy MOJIeHWIMCh U3MePUTh U YKa3aTh peasibHOe 3HaueHHe MoTpeb/sieMoro
TOKa, ¥ TIPOCTO OCTAaBU/IM MaKCMMaJIbHO I0IyCTUMOE.

Ewe ogHO BakHOe 3HaueHWe M3 3TOro BbiBoga cofepxutr napametrp EPAddress = 0x81.
3mecs myafmve 4 6uTa 3a7ar0T HOMep KOHEYHOUM TOUKM KOTOPYIO CJle/lyeT OTpallrBaTh U OHa PaBHA
1, a crapumii 7-6UT Korza yctaHoB/ieH B 1 yKasbIBaeT Ha TO, UTO OIPOC JIO/DKEH TPOU3BOAUTHCS
meTozoM «Interrup Transfer».

CyMMuHpysl MpoaHaIM3MPOBaHHYI0 MH(OPMALMI0 MOXKHO CKa3aTh, JJ1 MOAy4YeHUs JaHHBIX C
yCTpOMCTBa HaM TpelOyeTcst fenarh 3anpock! «Interrupt IN» kaxabie 10 MC, HO HUKTO He 3arpelaeT
Jlenatb UX pexe. :-)

Tenepp, TIOC/Ie TOTO KAaK Mbl MOJK/IIOUMIN DKOWCTHK, MPOrpaMMa HETPepPhIBHO BBIZAET B
OT/IaZIOUHBIN TIOPT COO0IIeHNe cofieprkalriee CTpoKy Buja: data received: 7F 7F 00 80 80 OF 00 00.
OTU BOCeMb IIeCTHA/I[ATEPUYHBIX 3HAUE€HWH W €eCTh /aHHbIe II0Jy4aeMble OT J[PKOMCTHKA
O0TOOpakaroT TeKylljee COCTOSTHME 37eMeHTOB yripaBieHus. [TormpoOyem pa3obparbcs kKakoil OauT
3/1eCh 3a UTO OTBeYaerT.

[TOKpYTHUB HEMHOTO JIEBbIM «CTUK» B pa3Hble CTOPOHBI Mbl YBU/IUM TIPUMEDPHO C/IAYIOIINe
JJAHHBIE:

Jlucmune 11.4. Bbieod npoepammbl karnix_usb10_test npu nodkawueHuu ycmpolicmea mund
«gamepad» (npodondiceHue).

USB1 (1:1) data received: 80 00 00 80 80 OF 00 00 class
USB1 (1:1) data received: 5C 00 00 80 80 OF 00 00 , class
USB1 (1:1) data received: 00 2E 00 80 80 OF 00 00 class
USB1 (1:1) data received: 00 80 00 80 80 OF 00 00 class

, 3/0/0, RX_STATUS: Ox89AF4B58, RX_STATUS2: Ox000089AF, STATUS: 0x04000001
’
’
’
USB1 (1:1) data received: 00 EB 00 80 80 OF 00 00 , class
’
’
’
’

3/0/0, RX_STATUS: 0x80A2C358, RX_STATUS2: 0x000080A2, STATUS: 0x04000001
3/0/0, RX_STATUS: OXEB694B58, RX_STATUS2: OXx0000EB69, STATUS: 0x04000001
3/0/0, RX_STATUS: 0x2126C358, RX_STATUS2: 0x00002126, STATUS: 0x04000001
3/0/0, RX_STATUS: OXE7FC4B58, RX_STATUS2: Ox0000E7FC, STATUS: 0x04000001
3/0/0, RX_STATUS: 0x86A0C358, RX_STATUS2: 0x000086A0, STATUS: 0x04000001
3/0/0, RX_STATUS: 0x25694B58, RX_STATUS2: 0x00002569, STATUS: 0x04000001
3/0/0, RX_STATUS: OXEBEDC358, RX_STATUS2: OxOQO0OEBED, STATUS: 0x04000001
3/0/0, RX_STATUS: 0x2C6B4B58, RX_STATUS2: 0x00002C6B, STATUS: 0x04000001

USB1 (1:1) data received: 80 FF 00 80 80 OF 00 00 class
USB1 (1:1) data received: FF 80 00 80 80 OF 00 00 class
USB1 (1:1) data received: FF 55 00 80 80 OF 00 00 , class
USB1 (1:1) data received: DD 00 00 80 80 OF 00 00 class
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A moHa)KvMaB pa3/TMUHbIe KHOTIKA YBUIUM CJIeIyIOIIHe COOOIIeHUS:

UsB1
USB1
UsB1
UsB1
USB1
UsB1

data
data
data
data
data
data

7F
7F
7F
7F
7F
7F

7F
7F
7F
7F
7F
7F

00
00
00
00
00
00

80
80
80
80
80
80

80
80
80
80
80
80

CF
CF
CF
CF
CF
CF

0B
OE
OE
OE
oD
09

00
00
00

, class
’
’
00 ,
’
’

class
class
class
class
class

received:
received:
received:
received:
received:
received:

3/0/0,
3/0/0,
3/0/0,
3/0/0,
3/0/0,
3/0/0,

RX_STATUS:
RX_STATUS:
RX_STATUS:
RX_STATUS:
RX_STATUS:
RX_STATUS:

0Xx4669C358,
©x166A4B58,
0X166AC358,
0X166A4B58,
OXE66AC358,
0X26684B58,

RX_STATUS2:
RX_STATUS2:
RX_STATUS2:
RX_STATUS2:
RX_STATUS2:
RX_STATUS2:

0x00004669,
OX0000166A,
OXx0000166A,
0OXx0000166A,
OXOOOOEG6A,
0x00002668,

STATUS:
STATUS:
STATUS:
STATUS:
STATUS:
STATUS:

0x04000001
0x04000001
0x04000001
0x04000001
0x04000001
0x04000001

00
00

BuziHO, UTO B TIepBOM CJTyyae M3MeHEeHHs KaCcaroTCs Hy/IeBOro U repBoro 6atita. Bo Bropom
— mAtoro u miectoro. He TpebGyercsi Oombliiol (aHTasuu uToObI [j0ralaThCsl, HY/IE€BOW OalT
OTBeUaeT 3a KOOPAWHATy «X» JIeBOTO «CTHKa», TepBbId 0OalT — 3a KOOpAWHATy «Y» JIEBOTO
«CTHKa», a I11ecToi 6aiT siBsieTcst OUTOBBIM T0JIEM [I7Isi OTOOpaXKeHUs COCTOSIHMS KHOTIOK.

C mpaBbIM «CTUKOM» HECKOJIBKO CJIO)KHee. B JaHHOM yCTPOMCTBe «CTHKH» MOTYT paboTaThb
B aHAJIOTOBOM U JVCKPETHOM peXkuMax. B aHasoroBom pekume TmosiokeHue «X» U «Y» mpaBoro
«CTHKa» OTOOpa’kaloTCs B TPeTbeM W UeTBepTOM OaiiTe. B AMCKpeTHOM — II0JIO)KEHHe IPaBOro
«CTHKa» COBIIAZIaeT C KHOMKaMH «1», «2», «3» U «4» B IITOM 0Oatite.

HeMHOro TO3KCTIepUMEHTHUPOBAB TOYYMM CJIeIYIOIIYI0 TaO/MIy COOTBETCTBHUSI MEXIY
37IeMeHTaMU YTIpaB/ieHus U HOMEepPOM 3/IeMeHTa B MaCCUBE MOTyuyaeMbIX OT JP)KOMCTUKA JaHHBIX:

Tabauya 16.1. Coomeemcmeue 31eMeHmMO8 ynpaeneHus 8 Maccuge OAHHbIX ycmpolicmea muna

«gamepad».
Pexxum baiit 0 | baiir 1 Baiit 2 baiit 3 baiitr 4 | Baut5 | baiit 6 | Baut 7
Amnanorossiii |Och «X»| Ock «Y» 0x00 Ocb «X» | Ocb «Y» | [IBeTHbIe |UepHbie | 0x00
JIEBBIA | J1eBBbIU MpaBbld | MpaBbli | KHOIMKU | KHOIIKH
CTUK CTHK CTHUK CTUK | «1», «2»,| «1»,
«3», «d» | «2»,
«Start»,
«Select»
HuckpeTtHbiii |Ocb «X»| Och «Y» 0x00 0x80 0x80 | IMpaBeiii |Uepubie| 0x00
JIeBbIM | JIeBbIM CTHUK U | KHOIIKK
CTUK CTUK LiBeTHble | «1»,
KHOIIK! «2»,
«1», «2», | «Start»,
«3», «d» |«Select»

Yrox, Ternepb y HaC eCTh HKOHUCTUK U Mbl MOXKEM 3a/IeliCTBOBATh €r0 B pa3paboTKe Kakol HUOYIb

WTDBI

Wil Ojsd  I1yJabTad

yrnpaBjieHusi KBaJpOKOIITePOM

3-)-

Hanee

MbI

«IporaTyYrum»

neMoHcTpaluoHHy0 Bepcuto Urpbl «TetRISCV» B cocraBe KarnixSoC Ha ucnosnbs3oBanve USB

reiimriajia.

7.3.2. TecTupoBaHue yCcTpoMcTBa TMNa «mouse»

Pa3o6paBimch C JHKOMCTUKOM, TTIOCMOTPHM Kak BefleT cebsi yKasyroljee YCTPOWCTBO THIIA
«MbIIb» («mouse pointing device»). IlogkmounB B mopt USB mnnarel pacmiypeHusi IpOBOAHYIO
«MbIlIb» ¢ moagepxkoit USB 1.0 u HaxkaB KHOTIKY «RESET» MbI TIofyunM cieAyroliye coobiieHus
B TEPMHMHaJIe OT/IaJJ0uHOr0 1opTa:

Jlucmune 12.1. Bbigo0 npoepammbl karnix_usb10_test npu nodkaooueHuu ycmpolicmea mund
«mouse».
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usb10_init: Device detected: VID/PID = 0x046D/0xCO77, class/subclass = 0x00/0x00, bcdUSB = 0x0200
usb10_init: Address = 1, Config wTotal = 34, Interface Class/Subclass/Proto = 3/1/2, EPAddress =
0x81, Interval = 10 ms, MaxPacket = 4

USB1: new device addr = 1, VID/PID = 0x046D/0xC077, class/subclass/proto = 3/1/2, EndpointAddress =
1, Interval = 10, MaxPower = 100 mA

Buaum uto nepes Hamu USB 2.0 Class HID ycrtpoiictBo, VID/PID koTtoporo paBeH
0x046D/0xC077. BBoguM 3TH [JaHHbIe B MIOWCKOBBIN CePBUC B CeTU VIHTEpHeT U Ha BbISICHSIEM, UTO
niepeq Hamu «USB Optical Mouse» nipou3sBozctea «Logitech, Inc.».

[laHHOe yCTpOWCTBO, TaK)Ke KaK «relMriafi», cOOOIeT uTo ero TpeOyeTcCs OIpAllUBATh C
uHTepBasioM 10 Mc 10 HOMepy KOHeuHOW Touku 1 ucnonb3ys ToT e «Interrupt Transfer» metof
(3anpoc Tuma «Interrupt IN»). Ho, B oTmure oT «TreiiMajia», YCTPOMCTBO THUIA «MBIIIb» OyaeT
BbI/[aBaTh TAKeT JaHHBIX MakcuManbHOU AyiHbl MaxPacket = 4 Gaiira!

Ternepb, ecM HauaTh TIepeMeIl|aTh «MBIIIb» TI0 CTO/Y, TO B TepMHUHa/e OyAyT TOSBISTHCS
cJleflyroliye cooo1eHus:

JlucmuHe 12.2. Bbi8o0 npozpammbl karnix_usb10_test npu nepemewjeHUU «MbllUU» NO CMOY.

USB1 (1:1) data received: 00 EE 18 00 , class = 3/1/2, RX_STATUS: OXEE95C338, RX_STATUS2: OXO00OQEE95, STATUS: 0x04000001
USB1 (1:1) data received: 00 04 1C 00 , class = 3/1/2, RX_STATUS: 0xDAB64B38, RX_STATUS2: 0x0000DAB6, STATUS: 0x04000001
USB1 (1:1) data received: 00 1F 11 00 , class = 3/1/2, RX_STATUS: 0x4DC2C338, RX_STATUS2: 0x00004DC2, STATUS: 0x04000001
USB1 (1:1) data received: 00 36 F7 00 , class = 3/1/2, RX_STATUS: OxE5594B38, RX_STATUS2: Ox0000E559, STATUS: 0x04000001

Eciv Ha)kvMaTh U OTITyCKaThb KHOIIKU «MBIIIW», TPH 3TOM He repeMelias yCTPOMCTBO,
TIOJTY UMM CJIeAYIOIIe COODIeHNST:

Jlucmume 12.3. Bblgod npoepammbl karnix_usb10_test npu HaXcUMaHuu KAaguwl Ha «MblUie».

USB1 (1:1) data received: 01 00 00 00 , class
USB1 (1:1) data received: 02 00 00 00 , class
USB1 (1:1) data received: 03 00 00 00 , class
USB1 (1:1) data received: 02 00 00 00 , class
USB1 (1:1) data received: 03 00 00 00 , class

3/1/2, RX_STATUS: 0x27FE4B38, RX_STATUS2: 0x000027FE, STATUS: 0x04000001
3/1/2, RX_STATUS: Ox63FEC338, RX_STATUS2: 0x000063FE, STATUS: 0x04000001
3/1/2, RX_STATUS: Ox9FFF4B38, RX_STATUS2: Ox00009FFF, STATUS: 0x04000001
3/1/2, RX_STATUS: 0Ox63FEC338, RX_STATUS2: 0x000063FE, STATUS: 0x04000001
3/1/2, RX_STATUS: Ox9FFF4B38, RX_STATUS2: 0x00009FFF, STATUS: 0x04000001

Hy ¥ ec/ti MOKPYTHUTD «KOJIECO», TO TIOTYUHM:

Jlucmune 12.4. Bbieod npoepammbl karnix_usb10_test epawjeHuu ponuxka 6bicmpoli NpOKpymku.

USB1 (1:1) data received: 00 00 00 FE class 3/1/2, RX_STATUS: Ox5B7E4B38, RX_STATUS2: 0x00005B7E, STATUS: 0x04000001

USB1 (1:1) data received: 00 00 00 FE class 3/1/2, RX_STATUS: 0Ox5B7EC338, RX_STATUS2: 0x00005B7E, STATUS: 0x04000001
USB1 (1:1) data received: 00 00 00 FF class 3/1/2, RX_STATUS: 0x9BBF4B38, RX_STATUS2: 0x00009BBF, STATUS: 0x04000001
USB1 (1:1) data received: 00 00 00 FF class 3/1/2, RX_STATUS: Ox9BBFC338, RX_STATUS2: Ox00009BBF, STATUS: 0x04000001
USB1 (1:1) data received: 00 00 00 FE class 3/1/2, RX_STATUS: 0x5B7E4B38, RX_STATUS2: 0x00005B7E, STATUS: 0x04000001

3/1/2, RX_STATUS: Ox1B3EC338, RX_STATUS2: 0x00001B3E, STATUS: 0x04000001

USB1 (1:1) data received: 00 00 00 01 class 3/1/2, RX_STATUS: Ox1B3E4B38, RX_STATUS2: 0x00001B3E, STATUS: 0x04000001

'
'
'
'
'
USB1 (1:1) data received: 00 00 00 01 , class
'
'
'
'

USB1 (1:1) data received: 00 00 00 01 class 3/1/2, RX_STATUS: 0x1B3EC338, RX_STATUS2: 0x00001B3E, STATUS: 0x04000001
USB1 (1:1) data received: 00 00 00 01 class 3/1/2, RX_STATUS: 0x1B3E4B38, RX_STATUS2: 0x00001B3E, STATUS: 0x04000001
USB1 (1:1) data received: 00 00 00 FF class 3/1/2, RX_STATUS: Ox9BBFC338, RX_STATUS2: 0x00009BBF, STATUS: 0x04000001

WutepnipetripoBaTh (hopMar Mo/yuyaeMbiX [JaHHBIX He Tpe/CTaB/seT HUKAKOro Tpyza.
OTHOCUTeTbHOE CMell[eHHe YCTPOMCTBA MO 0CsM «X» U «Y» repezaercs B Oakite 1 u 2. Baut 0
CoZlepXXUT OWUTOBOEe Tojle OTOOpaXKarollee COCTOsIHME HaXKaTHsl KHOTIOK, a OaliT 3 — cMmelreHue
pO/MKa OBICTPOI MPOKPYTKHU.

YcrpoiicTBo paboTaet cieayroiM o6pa3oM. Eciii «MblIIib» HAXOAUTCS B COCTOSTHUU TTOKOS,
TO OHA He BbIZIaeT HUKaKUX JaHHbIX (BbickliaeT NAK B oTBeT Ha 3aripoc tuna «Interrupt IN»). Ecn
HayaTh TepeMelriaTh eé OTHOCUTE/TBHO CTO/Ia, TO AaHHBIE OyyT rOTOBHI K Bbifjaue ¢ yactotod 100
I'y (uatepBan 10 mc). [TepenaBaemble 3HaueHUs 3a/1al0T OTHOCUTE/IbHOE CMelljeHre YCTPONCTBa, B
JuariaszoHe ot -128 o 127, ¢usnuecky TpoiileHHOe yCTPOMCTBOM 3a 3TOT WHTEepBal BpeMEHHU.
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AHanornyHasi CUTyarysi C pOJIMKOM OBICTPOM TIPOKPYTKH — Tepe/jaBaeMOe 3HaueHUe «IPOKPYTKI»
pOJIMKa HaxoAWTCS B [Auaria3oHe oT -128 po 127. 3HaueHwe 0 mMoKa3bIBaeT, UTO IO AAHHOU
KOOpAWHATe W3MeHeHUW He 3adukcupoBaHo. CoOCTBEHHO 3TO Bce, uTO TpebyeTcs 3HaTh
TPOrpaMMHUCTY PO YCTPOMCTBO TUTA «MBbILIb».

7.3.3. TectupoBaHue yctpoiictea Tuna «keyboard»

Tak MbI MMOCTENeHHO Z00paMuch 0 TPEThEro THIA YCTPONCTB - K/aBUATypbl. YCTPOKWCTBA
tuna «keyboard» (unmm «keypad») BblarOT JaHHbIe HEMHOTO MHaue — B BU/e CTeKa, M0J, KOTOPbI
OTBOZAATCA OaliThl C HOMepaMu OT 2 A0 7. IlpM Ha)XMMaHWUM KIaBUIIM (€C/IM 3TO He KJIaBHIIA
Mogudukarop), eé Usage ID Kop romeljaeTcsi B CTEK M3 3THUX I1eCTHU 371EMEHTOB M OCTaeTCsl TaM
TOKa /IaHHasl KJIaBUILIA Y[ep)KUBAeTCsl B Ha)KaTOM To/ioykKeHUU. Ha)kuMaHue ellle OfHOM K/IaBUIIU
OZJHOBPEMEHHO C Y)Ke y/ep)KUBaeMbIMU TIPUBOJUT K /100aBleHHUIO ellje OJHOTO 3HaueHHsi B CTeK.
Ecmu kakasg /imb0 W3 K/IaBHII OT)KMMaeTcsl, TO eé Kof yOupaeTcss W3 CTeKa, a BCe OCTa/bHbIe
3HaueHWs B HEM CIBUTAlOTCS B/IeBO. HyseBoe 3HaueHHe B cTeKe 03HAYaeT OTCYTCTBHE Kakoro aubo
neiictBusi. HaxkaTrie K/1aBUII-MOAU(DUKATOPOB MPUBOAUT K U3MEHEHHIO 3HaueHWl OUTOB B OUTOBOM
none — GaiiT 0.

He Bce KOMOWHAI[UM KJIABHWII MOTY ObITh JIeKOJUPOBAHHBIM BHYTPEHHEH armmaparypoi
K/IaBUATypbl H3-3a YCTPOWCTBAa €€ wmarpullbl. Ecmu Takoe cocTosiHMe OOHapy)KUBaeTcs, TO
K/laBUaTypa BbiZIaeT MaCCUB U3 IiecTy 3HaueHui 0x01 B MeCTo [JaHHBIX CTeKa HaXKaTUM.

Jlucmune 13.1. BbiBo0 npoepammbl karnix_usb10_test npu nodkaooueHuu ycmpolicmea mund
«keyboard».

usb10_init: Device detected: VID/PID = 0x046D/0xC31C, class/subclass = 0x00/0x00, bcdUSB = 0x0110
usb10_init: Address = 1, Config wTotal = 59, Interface Class/Subclass/Proto = 3/1/1, EPAddress =
0x81, Interval = 10 ms, MaxPacket = 8

USB1: new device addr = 1, VID/PID = 0x046D/0xC31C, class/subclass/proto = 3/1/1, EndpointAddress =
1, Interval = 10, MaxPower = 90 mA

[Mepen namu USB 1.1 Class HID yctpoiictBo ¢ VID/PID paBHbiM 0x046D/0xC31C. Tlouck
B Ceru noka3biBaeT, uto 370 Hekas «USB Keyboard» npoussogactBa «Logitech, Inc.».
MuHuUMa/bHBIN 3asiBlIeHHbIM UHTepBasl oripoca — 10 mc. MeTof, onipoca Bcé ToT ke «Interrupt IN»
Ha KOHEUHY0 TOUKy ¢ HomepoM 1. MakcuMabHbIHM pa3mep 0/10Ka JaHHbIX — 8 OalT.

Haira TecToBasi mporpaMma IpOIO/DKAeT BbIJjaBaTh B TePMUHAN C HeOOJbIIONW YaCTOTOM
coo0I11ieHus C/ieIyOIero BU/ja:
USB1 (1:1) data received: 00 00 00 00 00 00 00 00 , class

USB1 (1:1) data received: 00 00 00 00 00 00 00 00 , class
USB1 (1:1) data received: 00 00 0O 00 00 00 00 00 , class

3/1/1, RX_STATUS: OxF4BF4B58, RX_STATUS2: 0x0000F4BF, STATUS: 0x04000001
3/1/1, RX_STATUS: OxF4BFC358, RX_STATUS2: Ox0000F4BF, STATUS: 0x04000001
3/1/1, RX_STATUS: OxF4BF4B58, RX_STATUS2: Ox0000F4BF, STATUS: 0x04000001

[MTocnenoBaresibHO 3a>kMeM U OyzieM yaep>KuBaTh KIaBUIIH: «A», «B» u «C». B TepmuHae
TIOJTYUUM CJIeIyIOLHe COODIeHus:

USB1 (1:1) data received: 00 00 04 00 00 00 00 00 , class
USB1 (1:1) data received: 00 00 04 05 00 0O 00 00 class
USB1 (1:1) data received: 00 00 04 05 00 00 00 00 class

’ 3/1/1, RX_STATUS: OX70BE4B58, RX_STATUS2: Ox000070BE, STATUS: 0x04000001
’
’

USB1 (1:1) data received: 00 00 04 05 00 00 00 00 , class
’
’
’

3/1/1, RX_STATUS: 0x70724B58, RX_STATUS2: 0x00007072, STATUS: 0x04000001
3/1/1, RX_STATUS: 0x7072C358, RX_STATUS2: 0x00007072, STATUS: 0x04000001
3/1/1, RX_STATUS: 0x70724B58, RX_STATUS2: 0x00007072, STATUS: 0x04000001
3/1/1, RX_STATUS: 0x7072C358, RX_STATUS2: 0x00007072, STATUS: 0x04000001
3/1/1, RX_STATUS: 0xF8724B58, RX_STATUS2: 0x0000F872, STATUS: 0x04000001
3/1/1, RX_STATUS: 0xF872C358, RX_STATUS2: 0x0000F872, STATUS: 0x04000001

USB1 (1:1) data received: 00 00 04 05 00 0O 00 00 class
USB1 (1:1) data received: 00 00 04 05 06 00 00 00 class
USB1 (1:1) data received: 00 00 04 05 06 00 00 00 , class
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BugHo, uto B cTek mocsenoBaresibHO fobaBnsitorcs UsagelD kogael 0x04 (kiaBumma «Ax»),
0x05 (xnaBuiua «B») u 0x06 (knaBuiia «C»).

Terepp OTIyCTUM CHauaja K/aBUlly «A», TOTOM OTIYCTUM KiaBuuly «C», a 10oToM
K/IaBULLY «B»:

USB1 (1:1) data received: 00 00 05 06 00 00 00 00 , class
USB1 (1:1) data received: 00 00 05 06 00 00 00 00 , class
USB1 (1:1) data received: 00 00 05 06 00 00 00 00 , class
USB1 (1:1) data received: 00 00 05 00 00 00 00 00 , class
USB1 (1:1) data received: 00 00 05 00 00 00 00 00 , class
USB1 (1:1) data received: 00 00 0O 00 00 00 00 00 , class

3/1/1, RX_STATUS: 0xA1374B58, RX_STATUS2: 0x0000A137, STATUS: 0x04000001
3/1/1, RX_STATUS: 0xA137C358, RX_STATUS2: 0x0000A137, STATUS: 0x04000001
3/1/1, RX_STATUS: 0xA1374B58, RX_STATUS2: 0x0000A137, STATUS: 0x04000001
3/1/1, RX_STATUS: OxA1BFC358, RX_STATUS2: 0x0000A1BF, STATUS: 0x04000001
3/1/1, RX_STATUS: OxA1BF4B58, RX_STATUS2: 0x0000A1BF, STATUS: 0x04000001
3/1/1, RX_STATUS: OxF4BFC358, RX_STATUS2: 0x0000F4BF, STATUS: 0x04000001

BuzHO, uTO CHauasa u3 cTeka Obin yaneH kop 0x04 v Bce faHHBIE B CTeKe CIBUHYTHI BJIEBO
Ha ofHy rno3uLuto. [lanee u3 creka ypanstorcs koAbl 0x06 u kox 0x05. Terneps CTeK myCcT — B HEM
OZJHU HYJTH.

HaxxmeMm OHOBPEMEHHO IIATb PA0M PACIIO/I0>KeHHBIX KJ/IaBHIII:

USB1 (1:1) data received: 00 00 01 01 01 01 01 01 class
USB1 (1:1) data received: 00 00 01 01 01 01 01 01 , class
USB1 (1:1) data received: 00 00 01 01 01 01 01 01 , class
USB1 (1:1) data received: 00 00 01 01 01 01 01 01 class

3/1/1, RX_STATUS: 0x89134B58, RX_STATUS2: 0x00008913, STATUS: 0x04000001
3/1/1, RX_STATUS: 0x8913C358, RX_STATUS2: 0x00008913, STATUS: 0x04000001
3/1/1, RX_STATUS: 0x89134B58, RX_STATUS2: 0x00008913, STATUS: 0x04000001
3/1/1, RX_STATUS: 0x8913C358, RX_STATUS2: 0x00008913, STATUS: 0x04000001

1 Habmrozaem, Kak Bech crek 3aHAT Usage ID kozmom ommbku 0x01. Terepb oTmycTym Bce
K/IaBUILLIH YTOOBI COPOCUTH «aBapUitHOE» COCTOSIHUE:

USB1 (1:1) data received: 00 00 00 00 00 060 00 00 , class = 3/1/1, RX_STATUS: OxF4BFC358, RX_STATUS2: OX0000F4BF, STATUS: 0x04000001

OueBUzIHO, UTO JJIs1 IPaBUIBHOTO [J€KOAUPOBaHMS IMOC/Ie[0BaTebHOCT Ha)KaTUK KJIaBUILL
noTpebyeTcst peasM30BaTh MPOrPaMMHYI0 MaIlIMHY COCTOsiHUUM. CrienaTh 3TO HEeCJI0XKHO, ropasfio
cnoxkHee mpeobpa3oBate Usage ID kofbl (M UX coueTaHUsi C KJaBUIlIaMU-MOAW(UKaTopaMu) B
nocsiefioBareibHOCTE ASCII cMBO/IOB UTOOBI OpPraHM30BaTh TEPMHHAILHBIM BBOA. HO 3TO Tema
OT/Ie/IbHOTO pasroBopa U sl HaJlekoCh, MHE yIAaCTCSl OCBETUTh €€ B MOMX JlarbHeNIINX MyOIUKaLysX.
Cefiuac >ke HaM BIIOJTHE JOCTAaTOUHO HWMEIOIIUXCS JIaHHBIX YTOOBI OpraHM30BaTb HECTIOKHOE
yTipaBseHusi B urpax wim ajs anmaparypbl ACY TII. Tak morpobyem nipornatunth « TetRISCV».

7.5. Apgantupyem urpy «TetRISC-V» k USB ycTtpoiicTBam BBOAA

B penosutopun «KarnixSoC» uMeeTcsi TpocTeimiasi peanu3anusi urpbl  «TeTpuc»
pacrosiokeHHasi B Karasore ./src/main/c/karnix/karnix tetriscv/. Wrpa Obuia jgobaBjieHa MHOU
npu peam3aiur CGA BuzieoajanTepa B KaueCTBe JI€MOHCTPALIMU TIPUMeHEeHUsT Criell.3peKToB —
KOMOWHAIH TeKCTOBOTO U rpaduueckoro pe>xkuMoB. [Ijis yripaBieHus purypamu (OHU Ha3bIBAIOTCS
«TETPOMMHO») B 3TOW WUTPe MCIO/b3YIOTCSl YeThIpPe arnrapaTHbIX KHOMKK PacIo/IOKeHHBIX Ha TjiaTe
«KapHo». OTo oueHp HeynoOHbIN criocob. Hactano BpeMsi UCTIpaBUTH 3TOT HeJoOUeT U J00aBUTH
TIOZI/IePIKKY yTIpaB/IeHUsI C TIOMOLI[bIO K/TaBUATYPhbI, [PKOMCTHKA U «MaHUITY/ISTOPA THUTA «MBbIIIIb».

HauHem c Toro, 4yto [00aBUM HEKOTOpble H3MeHeHHsi B (a1 cOOPOUHOrO CKpUIITa
Makefile. Bo-niepBbIX, B ClIMCOK MakpoonpezieneHnl 3a/ilaBaeMbix TiepeMeHHOM okpy>keHuss DEFS
nobaBuM ellle ofHy KOHcTaHTy mperipoiieccopa ¢ umeHem USB10_ENABLE, gn1s 3Toro B
3arosioBKe (haiiia 06aBUM CJIe[YIOIIYIO CTPOKY:

DEFS += -DUSB10_ENABLE
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https://github.com/pointcheck/KarnixSOC/tree/KarnixSOC/src/main/c/karnix/karnix_tetriscv

AmnanornuHbiM 00pa3oM B repeMeHHY0 OKpyeHusi SRCS no6aBuM nMs daiisia ¢ KOZOM

npaiieepa USB XocCT-KOHTpoJiiepa AJii TOro, uToObl (DyHKI[MM [paiiBepa TIOAK/IIOUATUCh TPH
cbopke:

SRCS += $(SOCDIR)/ush10.c

Terepb co37laiIM HOBBIH 3arosioBouHbIi (aiin src/usb_hid_keys.h g5 koHcTanT ¢ kogamu Usage
ID s knaBuaTypel. JJo6aByM B HETO UeThIpe Ko/ia [I/Ist K/IABUIII YTIPAB/IEHUS] KYPCOPOM:

#define KEY_RIGHT 0x4f // Keyboard Right Arrow
#define KEY_LEFT Ox50 // Keyboard Left Arrow
#define KEY_DOWN 0x51 // Keyboard Down Arrow
#define KEY_UP 0x52 // Keyboard Up Arrow

Teriepb HauHeM MOJUGUIIMPOBaTh HCXOAHOTO Koja mporpamMmbl  karnix_tetriscv

Haxofsmmiics B (aline src/main.c. Vcrmonb3ysi yC/JIOBHYH) KOMITWJISILIMIO OCHOBAaHHYH Ha
onpenenenuu koHctaHTel USB10_ENABLE, nogx/atounM 3arosioBouHble ¢aiisibl gpaiisepa USB u
(daii ¢ KojaMH K/laBUaTyphl, a TakKKe BBeJEeM HECKOJBbKO IVI00a/lbHBIX IMepPeMeHHbBIX, 00aBUB B
3aroJioBKe (haiisi creyrolyi Koj:

#1if (USB1O_ENABLE)
#include "usb10.h"
#include "usb_hid_keys.h"

uint32_t reg_usb_timestamp = 0; // Timestamp of last USB transfer

uint32_t reg_usb_error_count = 0; // Number of errors on USB bus

uint32_t reg_usb_response_size = 0; // Recall max transfer size in bytes

uint32_t reg_usb_device_type = 0; // Recall device type: 1 - keyboard, 2 - mouse, 3 -

gamepad, O - unknown
#endif

Ha3HaueHue 3TuX 17100a/bHBIN TTepeMeHHbIX CleyIolee:

reg_usb_timestamp — coJep>KUT BpeMeHHYI0 OTMETKy MOMEHTa KOrja IMOC/IefHUA pa3
npoucxouTo obpaiteHue Kk USB ycTpoiicTBy.
reg_usb_error_count — OyzieT coJep)KaTb CUETYMK UHMCJIA HAKOIUIEHHBIX OMIMOOK

BO3HMKINKX Ha myHe USB. Ec/iv U3 KOMMUYeCTBO MPEBBICUT HEKOTOPOEe 3HaueHue, To Oyzem
cbpaceBate USB 1MHYy ¥ MHULIMA/TA3UPOBATh YCTPOMCTBO TTOBTOPHO.
reg_usb_response_size — OyzneT cogep>xaTb pa3Mep O/0Ka JaHHBIX TIOy4aeMOro OT
yCTpOiicTBa. 3HaueHWe 3TOW TepeMeHHOW OyfeT BBIUMC/IATHCS B 3aBUCHMOCTH OT THIIA
TIOJK/TFOUeHHOTO yCTPOMCTBA.

reg_usb_response_size — OyzieT cozep»kaTh KOf TWIa yCTPOWcTBa: 1 — KiaBuarypa, 2 —
«MBIlIb», 3 — «rekiMnaa» uiu 0 — HeusBectHoe HID ycTpoiicTBo.

Hanee, B Tesie pyHkimu main(), nociae nauuuanusanuu CGA Bueoaantepa, BCTaBUM KO/

vHulManm3anuu USB XocT-KoHTpoJiepa:

to 1ims

// Enable USB1
#if (USB10_ENABLE)
USB1->CONTROL &= ~USB10_CONTROL_ENABLE_BIT;
delay_us(1000);
USB1->CONTROL |= USB10_CONTROL_RESET_DELAY_SET(1500000 / 1000 * 10); // Set reset duration
(num of ticks at 1.5 MHz
USB1->CONTROL |= USB10_CONTROL_KEEPALIVE_BIT;
USB1->CONTROL |= USB10_CONTROL_ENABLE_BIT;
printf("USB1 enabled\r\n");
#endif
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OTOT KOA TIOMHOCTBIO TIOBTOPSieT TOT, YTO MbI Y)Xe KMeeM B TeCTOBOW IpOrpamMmMe
karnix_usb10_test.

Tenepp B Hauajao I[VIaBHOTO IMKJIa, Cpa3y TIOC/le Kofia OToOpakeHWsi HaKOMJIeHHOU
CTaTUCTHUKH, [00aBUM KyCOK Koza B3aumopgeictBusi ¢ USB xoct-koHTposnnepom. Ilo cBoemy
COJZlep>KaHUIo OH Oy/ieT oueHb O/IM30K K TOMY, UTO MbI [leJla/ii B TECTOBOM TPUJIOKEHUH:

Jlucmune 14.1. IMoodepycka USB HID ycmpolicme & uepe «TetRISC-V»: demexkmupoeaHue
ycmpoticmea.

#if (USB1O_ENABLE)
if(timestamp - reg_usb_timestamp >= 100000) { // Send USB command every 100ms

reg_usb_timestamp = timestamp;
if(usb10_device_address == 0) {
uint8_t new_device_address = 0;

if(usb10_init(USB1, &new_device_address, NULL, NULL, NULL, NULL) ==

0) {
reg_usb_error_count = 0;
xprintf("\ruUSB1: new device addr = %d, VID/PID =
Ox%04X/0x%04X, "
"class/subclass/proto = %d/%d/%d, "
"EndpointAddress = %d, Interval = %d, MaxPower = %d
mA\r\n",

new_device_address,
usb10_device_descr.idVendor,
usb10_device_descr.idProduct,
usb10_interface_descr.bInterfaceClass,
usb10_interface_descr.bInterfaceSubclass,
usb10_interface_descr.bInterfaceProtocol,
usb10_endpoint_descr.bEndpointAddress & 0xO0f,
usb10_endpoint_descr.bInterval,
usb10_config_descr.bMaxPower * 2

);

// Try to guess response data packet size using class info

if(usb10_interface_descr.bInterfaceClass == 3 &&
usb10_interface_descr.bInterfaceSubclass == 1 &&
usb10_interface_descr.bInterfaceProtocol == 1) {

// We have to check RX packet len (88 bits) to skip
empty packets

reg_usb_response_size = 8; // HID keyboard
reg_usb_device_type = 1;

} else if(usbi1e_interface_descr.bInterfaceClass == 3 &&
usb10_interface_descr.bInterfaceSubclass == 1 &&
usb10_interface_descr.bInterfaceProtocol == 2) {

reg_usb_response_size = 4; // HID mouse

reg_usb_device_type = 2;

} else if(usbi1e_interface_descr.bInterfaceClass == 3 &&
usb10_interface_descr.bInterfaceSubclass == 0 &&
usb10_interface_descr.bInterfaceProtocol == 0) {

reg_usb_response_size = 8; // HID gamepad
reg_usb_device_type = 3;

w

’

} else {
reg_usb_response_size = 8; // Unknown
reg_usb_device_type = 0;

o

’
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Kak u B TecroBom mpunokeHuu karnix_usb10_test, mpuBeseHHbI Bbille (parMeHT  Kofa
Npou3BOUT perynsipHyto (10 pa3 B ceKyH/y) MPOBepKy cOCTOsiHUS 1MHbI USB 1 MHULManusupyeT
BHOBb TOJK/IOUEHHOEe YCTPOWCTBO BbI30BOM (pyHkimu usb10_init() gpaiiBepa. Eciu HoBoe
YCTPOICTBO TOTOBO K paboTe, TO BLIUMC/ISIET TUIT YCTPOMCTBA M pa3Mepa IakeTa /JaHHbIX, COXpaHseT
UX B I7I00a/bHBIX TIepeMeHHbIX reg_usb_device_type u reg usb_device_type ns Toro, uto0bl
BOCIT0/1b30BaThCs STUMU [JaHHBIMU B C/eZlytoleM (parMeHTe Koza:

Jlucmume 14.2. TToodepacka USB HID ycmpoticme 8800a & uepe «TetRISC-V»: onpoc ycmoticmea.

else {
uint8_t endpoint = 1; //should be
usb10_config_resp.conf.endp.bEndpointAddress & 0x0f ?
uint8_t response_data[8] = {0};

// Poll Endpoint for new data
int ret = usb10_in_request(USB1, usb10_device_address, endpoint,
response_data, reg_usb_response_size);

if(ret >=0) {
reg_usb_error_count = 0;

} else if(ret == USB10_IN_ENAK || ret == USB10_IN_ETIMEOUT) { // NAK
or timeout (dupe)
// No new data, do nothing
goto usb_end;
} else {
// Three errors is enough to disable USB
if(++reg_usb_error_count > 3) {
xprintf("\ruUSB1 (%d:%d) failed, ret = %d\r\n",
usb10_device_address, endpoint, ret);
usb10_device_address = 0; // flag USB as broken
goto usb_end;

}

[TpuBeseHHbIN Bbillle (pparmMeHT Kofa BoinosHsieT ornpoc USB HID ycrpolicTBa MeTomom
«Interrupt IN» TpaH3akIi[uu UCIO/b3ys QyHKLMIO ApaiiBepa usb10_in_request(). B ciyuae eciu B
Tporiecce MCIO/JIHEHHWS] TPAH3aKLWM BO3HUK/A OMIMOKa, TIPOW3BOAMTCS TIpUpAIlleHHe CUYeTyHKa
OIMMOOK W, eC/TM OH JOCTUT 3HaueHus Oomee 3-X, YCTPOWCTBO IMOMeYaeTCsl Kak «Hepabouee»
npucBavBanreM usb10_device_address = 0. Eciu B mpoljecce TpaH3aKL{K BO3HMK TalMayT WU
nonyueH Koz omrbku ENAK (rpu3Hak TOro, UTo y YCTPOMCTBaA ceiuac HeT /IaHHbBIX), TO MPOLeCC
3aBepImaeTcs TepexoqoM K meTke usb_end 6e3 kakux nmbo JanbHeMIUX AeicTBuid. VHaue, B
c/lyyae ycriexa, TIpPOIIeCC TepeXoAuT K 00paboTKe TIOMyYeHHBIX [JaHHBIX IIPeCTaB/IeHHOU
CJieIyroIyM (hparMeHToM Kojja:

JlucmuHe 14.3. IToddepacka USB HID ycmpoticme 8 uepe «TetRISC-V»: mpaHcasiyusi cocmosiHull
3/1eMeHMOo8 ynpasneHusi 60 6HympeHHuUl Koo.

// Process USB HID data

switch(reg_usb_device_type) {
case 1: // keyboard
switch(response_data[2]) {
case KEY_UP: keys = last_keys =
GPIO_IN_KEY1,
break;
case KEY_DOWN: keys = last_keys =
GPIO_IN_KEYZ2,
break;
case KEY_LEFT: keys = last_keys =
GPIO_IN_KEY3,;
break;
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case KEY_RIGHT: keys = last_keys =
GPIO_IN_KEYO,
break;

}

break;

case 2: // mouse

if(response_data[1] >= 0x90) // left

keys = last_keys = GPIO_IN_KEY3;
if(response_data[1l] > 0x10 && response_data[1] <

0x80) // right

keys = last_keys = GPIO_IN_KEYO;
if(response_data[0] & 0x01) // Up

keys = last_keys = GPIO_IN_KEY1;
if(response_data[0] & 0x02) // down

keys = last_keys = GPIO_IN_KEY2;
break;

case 3: // gamepag
if(response_data[0] == 0x00 || response_data[5] ==
0x8f) // left
keys = last_keys = GPIO_IN_KEY3;
if(response_data[@] == Oxff || response_data[5] ==
0x2f) // right
keys = last_keys = GPIO_IN_KEYO;
if(response_data[1] == 0x00 || response_data[5] ==
ox1f) // up
keys = last_keys = GPIO_IN_KEY1;
if(response_data[1] == Oxff || response_data[5] ==
0x4f) // down
keys = last_keys = GPIO_IN_KEY2;
break;

}

usb_end: ;
}
#endif

Kak BugeHo, mpoiecc 00pabOTKM TMO/MyueHHBIX [aHHBIX COCTOMT B TOM, UTOOBI B
3aBHCUMMOCTHM OT TWUIAa YCTPOMCTBa XpaHsllerocsi B mepemeHHou reg_usb_device_type (roe 1 —
K/IaBHaTypa, 2 — «MBbIIlIb», 3 — «Teimrazy»), TPaHCIUPOBaTh COCTOSTHUS 371eMEHTOB YIIpaB/IeHUs
WM HaXKaThIx KiaBuil Bo BHyTpeHHUH Ko7 (GPIO_IN_KEYX) coxpaHsieMsblii B iepeMeHHoO# keys
[J1s1 TlepeMelLieHUs TeTPaMUHO.

Ha stom mMogudukauusa koga urpbl « TetRISC-V» 3akaHUMBArOTCS 1 MOXKHO TIPUCTYTIATh K
TeCcTUpOBaHuI0. [/ 3TOro 3anyctum cbopKy komaHzoii make:

Jlucmune 14.3. TIpoyecc c6opku uepbl «TetRISC-V».

rz@devbox:~/KarnixS0C/src/main/c/karnix/karnix_tetriscv$ make

make ram

make[1]: Entering directory '/home/rz/KarnixS0C/src/main/c/karnix/karnix_tetriscv'

mkdir -p build

echo 1 > build/build_number

*** Building for RAM ***

make MODEL=ram build_sources build/karnix_tetriscv.hexx

make[2]: Entering directory '/home/rz/KarnixS0C/src/main/c/karnix/karnix_tetriscv'

mkdir -p build/src/

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-gcc -c -march=rv32imafc
-mabi=ilp32f -DNDEBUG -flto -fno-common -MD -fstrict-volatile-bitfields -fno-strict-aliasing
-fno-builtin-printf -DBUILD_NUMBER="cat build/build_number +1 -DUSB10_ENABLE -0s -I./src
-I -I/include -I../karnix_soc/src -I../karnix_soc/src/include -o build/src/tetris.o
src/tetris.c

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-gcc -S -march=rv32imafc
-mabi=i1p32f -DNDEBUG -flto -fno-common -MD -fstrict-volatile-bitfields -fno-strict-aliasing
-fno-builtin-printf -DBUILD_NUMBER="cat build/build_number +1 -DUSB10_ENABLE -0s -I./src
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-I -I/include -I../karnix_soc/src -I../karnix_soc/src/include -o build/src/tetris.o.disasm
src/tetris.c

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-gcc -c -march=rv32imafc
-mabi=i1p32f -DNDEBUG -flto -fno-common -MD -fstrict-volatile-bitfields -fno-strict-aliasing
-fno-builtin-printf -DBUILD_NUMBER='cat build/build_number +1 -DUSB10_ENABLE -0s -o
build/__/karnix_soc/src/crt_ram.o ../karnix_soc/src/crt_ram.S -D__ASSEMBLY__ =1

Memory region Used Size Region Size %age Used

RAM: 37760 B 72 KB 51.22%
/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-objcopy -0 binary
build/karnix_tetriscv_ram.elf build/karnix_tetriscv_ram.bin

make xip

make[1]: Entering directory '/home/rz/KarnixS0C/src/main/c/karnix/karnix_tetriscv'

*** Building for XIP ***

make MODEL=xip build_sources

make[2]: Entering directory '/home/rz/KarnixS0C/src/main/c/karnix/karnix_tetriscv'

mkdir -p build/__/karnix_soc/src/
/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-gcc -c -march=rv32imafc
-mabi=ilp32f -DNDEBUG -flto -fno-common -MD -fstrict-volatile-bitfields -fno-strict-aliasing
-fno-builtin-printf -DBUILD_NUMBER="cat build/build_number +1 -DUSB10_ENABLE -0s -0
build/___/karnix_soc/src/crt_xip.o ../karnix_soc/src/crt_xip.S -D__ASSEMBLY__ =1

Memory region Used Size Region Size %age Used
FLASH: 34932 B 15 MB 0.22%
RAM: 3664 B 60 KB 5.96%

/opt/xpack-riscv-none-elf-gcc-14.2.0-2/bin/riscv-none-elf-objcopy -0 binary
build/karnix_tetriscv_xip.elf build/karnix_tetriscv_xip.bin

Awnanornuno, B mogkaranore ./build/ monyuaem paBa OuHapHBIX (MCMOMHSEMbIX) daiia s
BapyuaHTOB pa3MelleHus B RAM u XiP:

rz@devbox:~/KarnixS0C/src/main/c/karnix/karnix_tetriscv$ 11 build/*.bin
-rwWXrwxr-x 1 rz rz 34900 Oct 17 23:48 build/karnix_tetriscv_ram.bin*
-rwxXrwxr-x 1 rz rz 34932 Oct 17 23:48 build/karnix_tetriscv_xip.bin*

Bocrione3yemcss BapuantoM pnsi XiP, 3anmmemM ero B NOR Flash mnamars yrtunuroit
openFPGALoader B 06/1aCTh OTBe/IEHHYIO /151 IPU/IOYKEHUI:

$ openFPGALoader -f -o 0xA0100000 karnix_tetriscv_xip.bin

empty

write to flash

No cable or board specified: using direct ft2232 interface
Jtag frequency : requested 6.00MHz -> real 6.00MHz

Open file DONE

Parse file DONE

Enable configuration: DONE

SRAM erase: DONE

Detail:

Jedec ID : ef
memory type 1 70
memory capacity ;18

flash chip unknown: use basic protection detection
start addr: a@100000, end_addr: a0110000

Erasing: [ ] 1600.00%
Done
Writing: [ ] 100.00%
Done

Refresh: DONE

[Mopk/mourM TepMUHa/I K OT/IaZlOUHOMY TIOPTY U TOC/Ie BBHITIOJTHEHUS arrapaTHoro copoca
(Haxxatust kHOTIKK «RESET») Hab/rojaeM B HEM C/ieyIOL|e COOOIIeHMS:
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TetRISC-V for Karnix SoC. Build 00002 on Oct 17 2025 at 23:48:31
Copyright (C) 2024-2025 Fabmicro, LLC., Tyumen, Russia.

=== Configuring ===

Press '*' to reset config.....

eeprom_probe(0x50) done

config_load() CRC16 mismatch: OxBOO1 != OXFFFF
Defaults loaded by EEPROM CRC ERROR!

=== Hardware init ===

Filling SRAM at: 0x90000000, size: 524288 bytes...
Checking SRAM at: 0x90000000, size: 524288 bytes...
Enabling SRAM...

SRAM at 0x90000000 is enabled!

CGA init done

USB1 enabled

UARTO init done

TIMERO init done

TIMER1 init done

audiodac_init: divider = 234

audiodac@_isr: tx ring buffer underrun!
audiodacO_start_playback: done, fifo depth is 1024 samples
AUDIODACO init done

Video double-buffers allocated

=== Hardware init done ===

audiodacO_isr: tx ring buffer underrun!

audiodac@_isr: tx ring buffer underrun!
audiodacO samples available: 0 -> 2047

[MoakmounMm «reiiMriaz» B mopt USB MakeTHOU miaThl ¥ HabmofaeM ciieiyroriiye coo0IIeHus:

usb1l0_init: Device detected: VID/PID = 0Ox0079/0x0006, class/subclass = 0x00/0x00, bcdUSB =
0x0100

usb10_init: Address = 1, Config wTotal = 41, Interface Class/Subclass/Proto = 3/0/0,
EPAddress = 0x81, Interval = 10 ms, MaxPacket = 8

USB1: new device addr = 1, VID/PID = 0x0079/0x0006, class/subclass/proto = 3/0/0,
EndpointAddress = 1, Interval = 10, MaxPower = 500 mA

HakvMasi K/IaBUIIIM WM «CTUKW» B DPa3Hble CTOPOHBI HabrofjaeM Ha SKpaHe TepeMelleHus
(urypsl, py 3TOM B TePMHHAJ BBIJAIOTCS CeAYIOIIME OTIaZlouHble COOOIIeHusI:

Inputs: last_keys = 0001, new_keys = 0000
Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0001, new_keys = 0000
Inputs: last_keys = 0001, new_keys = 0000
Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0001, new_keys = 0000
Inputs: last_keys = 0001, new_keys = 0000
Inputs: last_keys = 0002, new_keys = 0000
Inputs: last_keys = 0001, new_keys = 0000
Inputs: last_keys = 0004, new_keys = 0000
Inputs: last_keys = 0002, new_keys = 0000
Inputs: last_keys = 0002, new_keys = 0000

= 0002, new_keys = 0000

Inputs: last_keys

OTK/IIOUMB «TelMTIIa/l» U TIOAK/IIOUMB B MECTO HETO K/IaBUATypy YBH/UM B TepPMHHa/ie 3HaKOMbIe
COOOILeHUS:

USB1 (1:1) failed, ret = -6

usb10_init: Device detected: VID/PID = 0x046D/0xC31C, class/subclass = 0x00/0x00, bcdUSB =
0x0110

usb10_init: Address = 1, Config wTotal = 59, Interface Class/Subclass/Proto = 3/1/1,
EPAddress = 0x81, Interval = 10 ms, MaxPacket = 8
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USB1: new device addr = 1, VID/PID = 0x046D/0xC31C, class/subclass/proto = 3/1/1,
EndpointAddress = 1, Interval = 10, MaxPower = 90 mA

Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0001, new_keys = 0000
Inputs: last_keys = 0004, new_keys = 0000
Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0002, new_keys = 0000

To ke caMmoe C «MBILIBIO»:

USB1 (1:1) failed, ret = -6

usb10_init: Device detected: VID/PID = 0x046D/0xCO77, class/subclass = 0x00/0x00, bcdUSB =
0x0200

usb10_init: Address = 1, Config wTotal = 34, Interface Class/Subclass/Proto = 3/1/2,
EPAddress = 0x81, Interval = 10 ms, MaxPacket = 4

USB1: new device addr = 1, VID/PID = 0x046D/0xC077, class/subclass/proto = 3/1/2,

EndpointAddress = 1, Interval = 10, MaxPower = 100 mA
Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0008, new_keys = 0000
Inputs: last_keys = 0001, new_keys = 0000

[lepeMelljeHUe «MBILIKW» [0 CTOJNy «TOPWU30HTA/bHO» TPOU3BOAUT TiepemellleHre (UTypbl
TeTPOMUHO, Ha)kaTWe JieBOM KHOIKH «MBbIIIKW» TNPOW3BOAUT BpallleHWe (Urypbl, a IpaBod —
[BUKeHUe eé BHU3 CTaKaHa.

YToK, Ternepb, HAKOHEL[-TO MOXKHO CITOJTHA HAaCAaJUThCst UTpoit B TeTpuc mcronb3ys moboe
13 yI00HBIX YCTPOMCTB BBOJA!
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8. BbIBOAbI M3 NOJSTYYEHHOIO ONbITA

O6rem koga USB XocCT-KOHTpOJ/Iepa Bbillles odeHb HebOosbinyuM, mMeHee 900 CTpoK Ha
SpinalHDL u okono 1000 ctpok koja Ha s3bike Cu asis ApaiiBepa. Koj XxocT-KOHTposiiepa
TIOTyUM/ICST  XOPOIIO YWTaeMbIM M JIeTKO OOCIy)KMBaeMbIM — €ro He CJI0KHO HapaljuBaTh
yBe/lruMBas (PyHKLMOHAJ, UTO TO3BOJISIET HaJesiThbCsl Ha MPOJO/DKEHWe U peau3aliyi0 peXuma
«Full Speed» (12 MTI'y) umu gaxke USB 2.0 «Full Speed» 6e3 mpuBieueHus armapaTHBIX OJIOKOB
SERDES.

B mporjecce oTnafKM MHe HH pa3y He MPUXOAWIOCH Tpuberatb K MCIIOIb30BAaHUIO
cumynsun Ha Verilator-e. Bce mipo6iembl 110 OosibIliel 4acT BO3HHMKAIM M3-3a HETOJHOTO W/IH
HeIpaBU/IbHOIO MOHMMaHUsA TpoTtokosia USB, uTo paspemianoch 3arnuceblo JamIioB aHaaIvu3aTOpoOM
CUTHAJIOB C MOC/eYIOIUM MOrpy>keHHeM B UX aHa/lu3 BIEpPeMeLIKy CO YTeHHeM CreLu(uKaLiu.
MHe mnpuIuIoch W3pUCOBATh OOJBIIOE KOIMUECTBO Oymaru Ha py4yHOe JeKOAWPOBAHHE CHSTBIX
OCLIW/IJIOTPaMM.

B mponiecce HanucaHust CTaTby, KOrja s MOCTPOW/I AMarpaMMsbl Iepexo0B COCTOSIHUM [i/ist
BCEX aBTOMAaTOB, TO NPOaHAIU3UPOBAB MX «C BbICOTHI MTUYBLETO I10JIeTa» MHE CTaj0 MOHATHO, UTO
peanu3aliisi XOCT-KOHTPOJIZIEPAa BBIVISAUT OueHb HEONTHUMaabHOM U TpeOyeT cepbe3HOM
niepepaboTKy. B yacTHOCTH, /Ba BCrioMoOraTe/ibHbIX aBTOMara Jjist opmupoBaHust «Bus Reset» u
«KeepAlive» okasamvce gyommupyromumu GYHKLUA APYT-Apyra, UX si cpa3y oObeAVHWI B OfWH
USBSendSEQ c BXoiHbIM TTapaMeTPOM 3a/Iaf0LL{UM YKC/I0 OUTOBBIX HHTEPBAIOB.

Bo-BTOpBIX, CTaM 0YeBH/HBI TOBTOPSIFOIIMECS MTaTTePHBI, TaKKe Kak (opMUpoBaHre cTpoba
clock_strob u mpuparienue bit_count, KoHBepTUpoBaHue 6uta B cumBoj, pacuer CRC16. Jror
TIOBTOPSIIOIIMICS KO, ObUl BbIHECEH B OT/e/bHbIe MPOLieAypbl 0a30BOT0 Kiacca, YTO CHUJIBHO
COKpaTWIo 0o0beM TeKCTa M cjenasio ero Oojiee MOHATHBIM. HO B TO >Xe BpeMsi MPOSIBUIICS
HeKesaTesibHBIN 3¢dekT — B mopokaaemoMm Verilog kKoze mosiBUIoch MHOTO Jy6nmpytormeit
anmnapaTypbl, BeJlb Ha KaK[blid aBTOMaT IPUXOAWUTCA OAHA peanu3alysl Kjacca CO BCEMU ero
GYyHKIMSMU ¥ TlepeMeHHBIMH (peructpamu). OTa npobrieMa J1erko peliviach MyTeM YCIOBHOM
aKTMBALlMM Ko7la TI0 TapaMeTpaM TIlepe/laBaeMbIM B KOHCTPYKTOp 0a30Boro ksacca (aHajor
napameTtpu3saiuu B Verilog).

B oOmiem, Bu3yanu3alUs W TOBTOPHOe TePeOCMbIC/IMBaHWE KoOJia  BbI3BaHHOE
HeoOXOIMOCTBIO M3/I0JKEHHSI eT0 B JJAHHOMW CTaThe, MOJIOKUTETBHO CKa3aloCch Ha CTPYKType Koja.
B mipouiecce pedakropuHra Ja)ke ObLIM BBISBI€HBI M UCIIPaB/Ie€Hbl HECKOIBKO CE€Pbe3HBIX OIIMO0K
OCTaBaBILIMXCsl He3aMeueHHbIMU paHee. K cokaneHuto, MOM TMO3HaHUs B si3blKe Scala Ha KOTopom
ocHoBbiBaeTcst SpinalHDL routu yTo HUUTOXHBL. S yBepeH, UTO OMBITHBIA pa3paboTuuK-CKaIuCT
cpa3y OOHapy)KUT MacCy MecCT Jjisi ele Oosblile ONTHUMU3ALMU W ClelaeT Koj eile Oomee
HargAHbIM. [Ipu3biBat0 MPOrpaMMMCTOB JKeIaroIUX TOrPy3UThCS B LIM(POBYIO amnmaparypa
usyuatb Scala u SpinalHDL, u npucoegunaTecst K MoeMy npoekTty KarnixSoC.

ITpu HanmcaHuM [ipaiiBepa 51 CTOJIKHYJICS C TeM, YTO OYeHb YacTo (HO He Bcerza), paiBep He
ycreBaeT OTIPaBUTh IOATBEP)KJAIOLMM IaKeT yCTPOMCTBY, UTO TNPUBOAWIO K CTPaHHBIM W,
Ka3asioch Obl, COBepIIIEHHO HeoOBsICHUMBIM 3¢ derTaM. Ho s ObICcTpo Aoragascs B uem mpobsema u
BBICTPOWU/ KOJ, JpaiiBepa TaK, 4TOObl MHHMMH3HDOBAaTh UHC/IO TIPOBEPOK U OTMPAB/AThH
TIO/ITBEPXK/IeHHe C OTepeXXeHWeM, eC/id 3TO AOonycTuMo. B 1enom, rnpobieMa pa3pelmniack, XOTS
3TO CZesiazio JIOTUKY paboThl JpaiiBepa HEMHOTO 3amyTaHHOW. Ho s paj ToMy, 4TO He TPUILIOCH
JienaTb acceMOsiepHble BCTaBKU U ellle 0oJblile HapyllaTh «UACTOTY KOZia».

Kakue 13 Bcero 3Toro MoKHo C/ie/iaTb BbIBOZbI?

Bo-miepBBIX, s yOeAw/ics B TOM, UTO TMPH /[O/DKHOM CTapaHUW W HAJUUUKM OTPOMHOTO
KO/IMYeCTBa BpeMeHH, OFJHOMY Ye/IOBEKY BIIOJIHE TI0 CUjlaM pa3obparbCs B TOM, UTO HaBepueHo
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COTHEH [JPyTHX 3a /1eCATOK yieT. OcobeHHO ec/TH 1o, pyKOi MMEeIOTCSI XOpOoIve TPHOOopHI, JOCTYITHA
JOKyMeHTaLust/crie[juprKaLus U TaKOW MOILHbIA UHCTPYMEeHT Takol Kak SpinalHDL.

Bo-BTOpBIX, BU3yanu3alusi — 3TO 00s3aTesbHbIM WHCTPYMEHT TpH pedaKkTOPHHTe WU
TIOTPY)KEHHH B CJIOKHYIO cuUcTeMy. MHe HUKOrJa paHee He [JOBOAW/IACh CTPOWThH Auarpammbl /s
COOCTBEHHOTO KO/Ia, TaKasi /IesiTe/IbHOCTD BCerja Ka3anach MHe OeCCMBICIEHHOM TPaToil BpeMeHn —
Be/lb BIIOJIHE [IOCTAaTOUHO KOMMeHTapHueB 1 Habopa TecToB. ;)

B Tperpux. [lake Takyro C/IO)KHYH TexHOnorvio kak USB (cioxHee, Mo)kaayW, TOJIBKO
PCle), MOXXHO peanu3oBaTb B OYeHb MHHMMAaIUCTUYHOM, TIOHSAITHOM U JIOCTaTOUHOM [JId
TIOKPBITUSIX OOJIBIIOrO CIieKTpa 3ajad, WCIOMHeHWH. VIHBIMHM C/I0BaMH, C/IOXKHAsi CHCTeMa MOXKeT
ObITb pOCTOM U MOHSATHOM. Ho J/1 TOrO, YTOOBI C/lenaTh eé MpocTol, He0OX0JUMO TIPUK/IAZbIBATh
MacCy YCHWIMA, TIPOBOAWTE HEOJHOKPATHYIO 1epepaboTKy He TOMbKO e€ OT/e/IbHBIX 37IeMeHTOB, HO
U Bcell CTpPyKTyphl. [IpocToTa M JTaKOHUYHOCTH TPeOyrOT BpeMeHU M YCWIHM, U B COBPEMEHHOM
MUpe 3TO, KOHEYHO Xe, HeJoCTXKUMO. Ho K 3TOMy CTOUT CTpeMuUThCs !
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