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OTO0 TEXHHYECKOE OIHCaHKE BKIIOYAET B cebs onucanue nporpaMmmel USB Game Pad, a
TaKXKe OMUCHIBAET CTaHAAPTHBIC 3alIPOCHI U 3aIPOCHI XapaKTepHsbIble A ycTpoiicts HID-kmacca.

Bces uadopmanms, npencraBieHHas B 7TOM JOKYMEHTE, MOJKET OBITh UCIIOJIF30BaHA TOJIBKO
JUISL 03HAKOMUTENBHBIX 1eneil. Hu ofHa U3 riiaB 3Toro 10KyMeHTa He MOKET OBITh HCIIOIb30BaHa B

Kaxoii 1160 opme 6e3 npeasapurensHoro cornacus ¢ KS Labs.
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[Ipouenypsl Kacatomuecs kiacca ycrpoictsa HID



I'nasa 1. PazpadarsiBaem USB GAME PAD

Ilepen TeM Kak HayaTh U3y4YEHHUE ITOU IJIaBbl O3HAKOMTECH C IVIaBamMH 8 U 9 B
USB Specification 1.1.

Wrak, yTo0bI cuctema yBuesa Bare yctpoiictBo, Bam Heo6xoaumo nmpoiTu
npouenypy: Enumeration process (riaBa 9, crp.195). Bkparie npouenypy
"Enumeration" MmoxHo onricath Tak: HUB, kK KOTOpOMY MOJKIIFOYEHO YCTPOKWCTBO
yBegomisieT Xoct o noakiaodeHun. [Tocne ncredenns 100 mMc (moka nuranue He
CTaHeT CTa0MIbHBIM) XOCT HHUIIMUPYET KOMAaH/IbI pa3peuIeHUs OPTa U BBIACT
"Reset" na mpotsbxkenuu 10 mc. [Tocne cuarus curnana ‘Copoc’ mopt nepexoauT B
cocrosinue "Default state" (¢ 0 anpecom). Uepes "Default adress" Xoct HaunHaeT
YUTaTh IecKpunTop ycrpoiicta ("Device descriptor'"), ais onpeneneHus
MaKCHMaJIbHOM BeIMYUHBI NakeTa qaHHbIX ('Data payload"). ITocne storo Xoct
BBIUMTBIBAET eckpunrop koHpurypauu ("Configuration descriptor"). B nem
ycTpoiicTBo Bo3BpamaeT Xocrty: Configuration Descriptor, Interface Descriptors,
Endpoint Descriptors u AecKpunTOp XapakTepHbIi T Kilaca K KOTOPOMY
IPUHAIIIEKUT 3TO YCTPOICTBO.

Urak ects aBe 3agaun: noaxmounts USBN9604 u mpoiitu "Enumeration
process".

I'nmasa 1.1 Hoaxkarouenne USBN9604 k AT9058515

Jns noaxmtouenust USB konTposuiepa USBN9604 k MUKPOKOHTpOILIEPY
AT9058515 BeiOepeM pexxum "Multiplexed Mode" Mode 1: (Mode 1 moacoeauneH k
mmHe GND, Mode 0 moacoenunen k +5B).

B 3TOM pexume ncnonap3yercs AByHANPaBICHHAS IIIMHBI apeca/TaHHbIX
AD7...ADO, curnan CS - BeiObopa mukpocxemsbl, RD - yrenne, WR - 3anucs, ALE -
CUTHAJI 3aIliCH ajipeca (aKTUBHBIM ypoBeHb Joruyeckas "1"). Bpemennble nuarpamMbl
paboThl nHTEpdEiica B 3TOM peskuMe naHbl Ha cTp. 15 B USBN9603.pdf.

Ilpoyeodypa 3anucu 6avima USBN9604:
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IIpoyedypa umenus 6aiima uz USBN9604.:
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Pa6ota ¢ USB kontposmepom USBN9604 ocHoBaHa Ha 0oOpaboTke
HpepbIBaHuUs, KOTOPOE YCTaHABIUBAIOTCS B X011 0OMeHa ¢ XoctoM. Ha ocHOBe 3TOTO
Bbixo INTR {USBN9604} moncoenunen Ha Bxox INTO {AT9058515}. Tlpuuem
ucnonb3yercs "Active low push-pull Out" (INTOC=11).

I'masa 1.2. Hanucanue 1eCKpUNTOpa yCTPOMCTBA

UYro xe Takoe AecKpunTop? ITo OJIOK JaHHBIX XPaHSIIUXCS B yCTPOICTBE,
KOTOPBIN OMUCHIBAET KaK pabOTaeT yCTPOWCTBO U €r0 B3aUMOCBSA3h C CUCTEMOI
(XocTtom). XocT 3ampamuBaeT JeCKpUIITOPHI yCTpoiicTBa Bo Bpems "Enumeration
process" 17151 TOTo, YTOOBI BBIJICJIUTH COOTBETCTBYIOIINE IAaHHOMY YCTPOMCTBY
PECYPCHI U 3arpy3HUTh COOTBETCTBYIOMUM ApaiiBep. 1o 3anpocy Get Descriptor Xoct
noJiydaet Tpu tuna aeckpuntopos: Device, Configuration and String. Tun
3alpalIuBaeMoro JeCKpunTopa XocT yKka3bplBaeT B cTapiieM Oaiite mons wValue.
[Tpu 3ampoce neckpunropa KOHPUryparuu, yCTpOHCTBO BO3BPAILIAET JECKPUIITOP
Kondurypanuu, neckpunrop Uarepdetica u neckpuntop Koneunsix Touek (Endpoin
descriptors). [lanee npusenen Device descriptor:
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Configuration descriptor:
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Interface descriptor:
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Class specific descriptor (Hid Descriptor):
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Endpoint descriptor:
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KoHcTaHTBI HCIOJIb3YEMBIC B 1€CKpUIITOpAaXx:
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I'naBa 1.3. Hanmcanue HID Report 1 USB GAME PAD

Munumanbsno GAME PAD umeeT 2 Ki1aBuIiu a1 U3MEHEHUSI KOOPJUHAT 0
ocu X (BJIEBO/BIPaBO), 2 KJIABUIIY JIJII U3MEHEHUS KOOPJIUHAT MO OCH Y
(BBepx/BHU3) U ABe kiaBuun: Fire/Jump u Trigger. {1 KogqupoBaHUs TOJI0KEHUS 110
OJIHOM M3 ocell KoopauHaT noctatoyHo 2 ourta. Hanpumep: Bripaso - "00", Baeso -
"11", B uentpe - "01". CoOTBETCTBEHHO, /111 KOJUPOBAHUS MMOJOKEHHS B ABYX
KOOpAHHaTax HeoOoxoaumo 4 Outa (2 6uta - X ocb, 2 6uta - Y ocb). Eme nBa 6ura
HE00X0AUMO JUTsl KOAUpOoBaHUs Haxkatus kiasuul: Trigger u Fire ("1" - knaBuina
Haxara). 3uauut HID Report or Game Pad-a Oyzaert coctosTs u3 2 Gair:

x 1 OalT - 3Havanmx 4 OUTa KOAUPYIOT TOJIOKEHHUE.

x 2 0aiT - 3HaYanmx 2 OUTa KOAUPYIOT COCTOSIHUE KHOTIOK.

[Tpumep HID Report-a ans Game Pad-a co3manoro npu momMomy yTHIUTBI
HID Descriptor Tool:
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I'masa 2. IIpouenypsl uHHIMAAU3aNUU U 00cayxuBanusi USB
KOHTpOJLIepa

I'nasa 2.1 Uanmuaausanusa USBN9604

[Tocne Bxmouenus nuranust USB koHTposiep HE00X0AMMO
IpOMHHULIMATU3UPOBaTh. Hinke cienyer onucaHne MHUIMATN3ALIN:

Init USBN9604().

Ouuiraem perucTp craryca (ycTaHaBJIMBAaEM YTO HaXOJAUMCS HE B PEXKHUME
BBIJJAUU JIECKPUITOPA, peropTa U MysbTunakera). CopacbiBaeM perucTp Homepa
KoHuryparun. Maumumnpyem nporpamuslii coOpoc, ycranasinusas out "SRST" B "1"
B peructpe "MCNTRL". YcranaBnuBaem 4To MUKpocxema OyJIeT TeHepUpOBaTh
npepbIBaHUE CUTHATIOM HU3KOro ypoBHs Ha BeiBojie INTR (6uter "INTOC" B
peructpe "MCNTRL"), a Takke BKiIrOYaeM onopHbId uctouHuk Ha 3,3 B (out "VGE"
B peructpe "MCNTRL"). ITepeBoaum USB kouTpostep B "Default adress state"
ycranaBiuBast 6uT "AD EN" B "1" u ycraHaBnuBas HyJeBOU ajipecc B PETUCTpE
"FAR". [lanee B peructp ynpasienus "0 Endpoint" EPCO 3anuceiBaem 0,
CUTHAJIM3UPYsl, UTO HyJeBas KoHeuHas Touka He reHeput "STALL handshake". Jlanee
OIIpe/ieNsieM yCIIOBHUS MPH KOTOPBIX MUKpOcXeMa OyJIeT FeHepupoBaTh NpephIBaHuE,
nyTEM yCTaHOBKU COOTBETCTBYIOIIMX OUTOB B pErUCTpax-Mackax. Y CTaHAaBIMBAEM
yto Oyznem oOpabatsiBaTh "NAK" coOpiTus Ha OUT maker (korja npou3oliia
omnoka rpu tpanzakuu XOCT - koHeuHas To4Ka). Y CTaHaBIMBaeM, 4To OyieM
obpabarsiBath "TX" cobprTus (korna ganusie u3 TXFIFO u TXFIF03 Obutn BbInanb:
B XOCT u IN Tpan3akius 3aBepiieHa). Y cCTaHaBIMBaeM 4To OyJeM o0pabaThiBaTh
"RX" cobbrtre (korga 3aBepiuiock BeinosHeHne SETUP unu OUT Tpan3akuuu ans
RXFIFOO u gansabie ot XOCTa npunuiy B KOHEYHYIO TOUKY). A TaKKe B PETHCTPE
ALTMSK ycranaBiuBaeM Macky, 4to oopadateiBaeM coObIThs "Suspend 3 mc" (Ha
muHe ycraHosieH curdai "IDLE" - ycTpoicTBO HOIKHO NEPENTH B PEXKUM CHA) U
"Reset" (mepeiitu B "Default Adress state"). B ocHoBHOM peructpe macok MAMSK
pasperiaeM CoOTBETCTBYIOIIKE COObITH. 3anpemniaeM Bbiauy qaHHbeix U3 TXFIFOO u
paspemaem npueM B RXFIFOO. ITocne 3TOro B peructpe ynpasieHHs] COCTOSTHUS
NFSR ycranasnuaem pexum "Node Operational” - ycTpoiicTBO ckoOH(DUTYpHpOBaHO
Jutst paboThl Ha mMHY. W HakoHel, yctaHaBnuBaeM B peructpe "MCNTRL" our
"NAT" B "1" - 3T0 yKa3bIBaeT, YTO YCTPOHUCTBO rOTOBO K OOHAPYKEHUIO TIPH
noakmoueHnnn Kk USB mmne. [Tocne noakmouenus ycrpoiictea XOCT Haiiger
HOBBIH y3e1 U nepeiaer k npouenype Suymepanuu "Enumeration procedure".

Hwxe npuseneH Teket npoueayps! nHunuanusanuu USBN9604.
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I'nasa 2.2. IIpouenypa oopadorku npepoiBanust or USBN9604

Bce mprienypst oomena ¢ XOCTom mpoucxoasT Ha O9€Hb OOJIBIION CKOPOCTH,
nostoMy padora ¢ USBN9604 npencrasiseT co00il pa3BeTBICHHYIO CPYKTYPY
00paboTku nmpepriBaHuii. Eciy Ha MIMHE MPOUCXOANT KaKOe-TO COOBITHE, TO OHO
otoOpaxkaetcs B peructpe coobituii "MAEV". [IpepbiBaHre BO3HUKAET TOJIBKO JIUIIIb
B TOM CJIy4dae, €CJIM OHO Pa3perIeHo (yCTaHaBJIEH COOTBETCBYIOLINI OUT B perucTpe
Macok). 3ajaya npoueaypsl 00paboTKH IPEepPhIBAHUSA COCTOUT B UTEHUH PETUCTPA
COOBITHI, OIpeIeIeHHs KaKOE€ M3 HUX BBI3BAJIO MPEPHIBAHNE U BHI30B
COOCTBETCTBYIOIICH PYHKITMH 00pabOTKE 3TOr0 COOBITHSI.

[Tpouenypa o6padboTku npepbiBanus HaszbiBaeTcss USB ISR() u BeimonHsIeTCS
1o npuxoxay ypoBHs jgorudeckoro "0" Ha BeiBox INTO MukpokxoHTpoiiepa
ATI9058515.

B nepByto ouepenb cuuThiBaeM peructp coctosiHus coosituiit MAEV n
nepenucbiBaeM ero B peructp Event. [lociie 3Toro anaausupyem 4To BbI3BAJIO
npepsiBanue. Eciu 310 66110 RX coObITHE, TO Mpolieypa BbI3bIBaeT QYHKIHIO
00pabotku RX cobsitus. Eciu aTo 66110 HEe RX cobpiTHE, TO TIpOIIEaypa
aHaJIM3KUpyeT ObLIO JIM BBI3BAHO NpepbiBaHue oHUM U3 TX coObiTuil. Ecin aTo TX
coosiTre TO B peructp EVENT cuutkiBaem cocrosinue TX coowrtuii u3 TXEV, u
aHanu3upyeM kakoe u3 TX coObITrii npousonnio: 1u60o TXO0 - BeI1aya TaHHBIX U3
TXFIFOO, mu6o TX3 - Beinaua nansabix u3 TXFIFO3 (endpoint 5). Jlanee Bei3piBaeM
COOTBETCTBYIOITUE PYHKIIMU 00pab0OTKH 3THX coObITHii. Eciu e npepriBanme
BbI3BaHO He TX coObITHEM, TO aHAIM3UPYEM He ObLIO JIM Ha IIMHE aTbTePHATUBHBIX
coObITHii (Reset, Suspend nmu Resume). Eciin BO3MOXHO OIHO U3 3TUX COOBITHIT TO
BbI3bIBaeM ¢GyHKIo USB alt() 00paboTku anbTepHATUBHBIX COOBITHIL. B camyto
nociuenHioo ouepens HauuHaeM mpoBepky NAK IN u NAK OUT cobbrtuii -
HEMOATBEPKACHUS TPUHATUA JaHHBIX cOOTBETCTBEHHO XOCTOM 1 ycTpoiicTBOM.




B peructp Event cuutsiBaeM coaepxxkumoe peructpa NAKEV u ananuzupyem
K KaKoi KOHEYHON TOYKE OTHOCUTCS 3TO coObITHE. B 3aBUCHMMOCTH OT pe3yibTara
aHanu3a BeI3biBaeM QyHkuio onak0() - oopadorku NAK OUT nns Endpoint 0, mu6o
inak3() - o6padotku cobbiTnss NAK IN mns Endpoint 5. Jluctuar nporpamma
00pabOTKH COOBITUH CIIeTyeT HUXKE:
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L1 (YH Qw 7)) 2 Ecnm naxeT IOaHHBEIX OBl BBIOAH M3 7;) ., )2
w[ B BeI3ElBaeM npouenypy o0paboTkM COOBITMSA BBEOAYUM OAHHBIX
/&8 &20 [lepexomoMM Ha BTOPYK CTPOKY &
/ &B 675 7 BelBOoOmMM HaOIUCh 7 ;
H OVH
L1 (YHQW 7 0,2 Ecam naker IJAaHHBIX OBLII BBIODAH M3 7;) ) 2
wB Ber3elBaeM nNpoluenypy o00pabOTKM BBOAYUM IOAHHEIX
I & B &2 [lepexonyM Ha BTOPYK CTPOKY /&
I & B675 7 BrlBOOMM HaOOMCB 7 ;
HOV H VHaue
LI Y HQWwW $/ 7 Ecim »T0 CcOOHITHE 5 HV HW  6XVS HQG 5 H VXPH
X VE B DO W BeI3bIBaeM NpoLenypy OOpabOoTKM aJibTEPHATMBHEIX COOEITUMN
/& B& 0 [lepexonyM Ha BTOPYK CTPOKY /&
/& B6T 58 7, BrlBOOMM HaOONMCH s 77
HO V H VHaue
L (YH Qw 15 . Ecau »TO 13 . COOBITHE
(Y HQW 8% BS5 18 . (9 HaumHaeM IOPOBEPKY C KakoM KOHEUHOM TOUKOM
OHO CBS3aHO
L1 (YHQW 1% B2 Ecam »TO T'eHepalud 1s.287 IOJIS ( QGSR L QW
RQD N BelzplBaeM NpouLenypy oOOpaboTKM COOBITUS 1s.287
I & B &2 [lepexomoMM Ha BTOPYK CTPOKY &
/ & B 675 1$ . BelroomM HaAONIMUCB 1 s.




HO V H
LI ( YHQW 1% B, Ecam »To I'eHepaluued is..1 OJIS ( QGSR L QW

n

1Q DN BerzeiBaeM npouenypy O0OpabOTKM 1s. 287 OIS ( Q6 SRQ W
/& ' B&Z 0 [lepexoImMM Ha BTOPYKH CTPOKY &
/& ' B67 5 1 $. BbIBOJII/IM HaOIIMCb 1s.

I'naga 2.3. Ilpouenypa o6padoTKu AJbTEPHATHBHBIX COOBITHIH
USB _alt ()

IIpouenypa cuuThIBaET B IPMEKYyTOUHBINA peructp Event us peructpa ALTEV
COCTOSIHME (DJ1aroB yKa3bIBAIOIIUX KAKOE U3 albTEPHATUBHBIX COOBITHH ITPOU30IIIO0
Ha muHe. Jlanee o6pabateiBaroTcs 3 anbTepHAaTHBHBIX coOBbITHS Reset, Suspend,
Resume.

Ecnu npepbiBaHue 65110 BbI3BaHO cOOBITHEM Reset, To mpolieaypa ycTaHaBIUBAET B
peructpe ympasienus coctossnueM NFSR coctosnue "Node Reset". B perucrpe
aapeca ¢pynkuun FAR ycranaBnausaetr out AD-EN u c6paceiBaer aapecc B "0"
(nepeBoaum ¢ynkimio B "Default adress state"). Pa3peniaem Toiapko 0 KOHEUHYIO
TOuKy, cOpaceiBast Bce 6uthl peructpa EPCO B 0. Ounmiaem TXFIFOO u pa3pemraem
npuem nanubeix B Endpoint(. [Tocne storo nepeBoaum USB xonTposep B "Node
operational state" ycrananusas Outsl NFS B peructpe NFSR B "10". YerpoiicTBo
yCIenrHo nponwio Reset u roToBo k KOH(MUTYPUPOBAHUIO.

Ecmu USB konTposep nerexkrupoai pesxkuM cHa "Suspend Event", To B
perucTpe MacKku ajabTepHATHUBHBIX COOBITUI yCTaHABIMBAEM, YTO TeMeph OyaeM
oTciexuBaTh coobITHsI Reset u Resume. B peructpe ynpasnenus cocrosauem NFSR
ycroHaBiuBaeM coctosHue "Node Suspend", nepeBoaum USB koHTposuiep B pexxum
HU3KOT'O SHEPTrOnoTPeOICHNS.

Ecnu Ha mmHe Obl1a MPOACTEKTUPOBaHA KaKas-TO akTUBHOCTh, TO USBN9604
BbIpabaTeiBaeT npepeiBanue "Resume Event". [Iponexypa o6paboTku
aJIIbTEPHATUBHBIX COOBITHH yCTaHABIMBAET B PETUCTPE MACKH AIbTEPHATUBHBIX
coObITHH, YTO Tenepb OyIyT OTcaeKUBaThCs coObITHS Reset u Suspend, a B peructpe
ynpasiienus cocrosinueM NFSR ycranaBnuBaet pexxum "Node Operetional" -
HOPMAJIbHBINA PEKUM pabOTHI.

I'nasa 2.4. Ilpouenypa npuema gannbix B Endpoint 0: RX0 ()

[Tponienypa RX0 obpadareiBaer crangaptabie USB 3ampocs! K yCTpOHCTBY,
3anpockl THIHYHBIE 17151 Kiaca ycrporictBa (HID 3ampocsr), a Takke obecrieynBaet
npueM nanHbix o Control Transfers.

C caMoro Havajna CYUTHIBAEM COCTOSHUE MPUHATOTO MaKeTa U3 PETUCTPA
ctaryca npuema RXSO0. [lanee ananusupyem npussateii naker ("Setup” nimm "OUT"
naket). Ecnu 510 "Setup" maket To ero nnuHHa paBHa 8 Oaiitam. CuntbiBaeM § OaiiT B
O0ydep npuema. 3anpemniaem npueM gaHHbIX B RXFIFOO u 3anpemaem Bbiiauy
nannbix u3 TXFIFOOQ. 3anpemiaem Beauy "STALL".




Hanee B mosie bmRequestType (USB_BUF [0]) ocTaBisiem ToabK0 6 U 5
6uThI, onpeaenstomue Ui 3anpoca. ['ne D6, D5: 0 - crangapTHbiit THIT 3ampoca, 1 -
3apoC XapaKTEPHbIN JJIs KJIAcca, 2 - 3aIpOC ONPEAEIIeMbIN IPOU3BOIHBIMHU.

Ecnu 370 OBIT cTaHAapTHBIN 3ampoC TO Janee 1o noiro bRequest
(USB_BUF][1]) oonpenensiem kakoit 3anpoc noaain XOCT. B 3aBucuMocTu OT OT
MOJYYEHHOTO 3apoca Mpoleaypa BbI3bIBAET COOTBETCTBYIOIIYIO (DYHKIIHIO,
00pabaThIBAIOLIYI0 ATOT CTaHAAPTHBIN 3anpoc. Eciu jxe mpuHATHIN 3a1poc He
nojaaepxxkuBaercs, To Mbl orBeuaeM STALL-om. Ecnu sxe 3To ObLT 3a1ipoc
XapakTepHbIi i kinacca ycrpoiictBa "Class Request" To B 3aBHCHMOCTH OT 3arpoca
(USB_BUF][1]) BbI3bIBacM (hyHKIIHIO €T0 00pabOTKH.

Kaxnas u3 ¢pynkiuii o6padotku 3anpca ot XOCTa moxkeT 3arpy3uts a0 8
0aiiT oTBETa Ha yCTaHOBIICHBIH 3anpoc. [lociae 06padoTKH MOTYyUYEHHOTO 3aIPOCa MBI
paspemaeM Bbiiady AaHHbIX U3 TXFIFOO ¢ DATA1 PID, a takxke B peructpe DATA
PID ycranaBnmuBaeM, uto cinenyromnuii naket B XOCT Oynet uatu ¢ DATAO PID.

Ecnu sxe npunsteiii maket ot XOCTa He aBnsiercs "Setup"” makeTom, To 3TO
HaBepHoe "OUT" maker. Ecnu 3T0 maHHbIe KOTOphIEe UAYT B (pa3e JaHHBIX KOMaHIbI
Set Report, To BeiBoauM nx Ha uHauKaTop. [locme atoro nmepexoanm B "Status" dazy
u Ha "IN Token" ot XOCTa orBeuaem nakeroMm 0 munsl ¢ DATAT1 PID. Ecnu ke 3to
He ¢aza qaHHBIX KoMaH bl Set Report, To 3anpeniaem Beigauy gaHHbX u3 TXFIFOO,
BBIXOJIUM M3 peXHMMa BbIJIa4H JECKPUIITOpa U pa3pelraeM npueM aanHbix B Endpoint
0.

YRLG U[ B YRL G

A

XQ VLI QHG FKDU UV WD W CocTogHUue IIPMHATOI'O IIakKeTa
XQ VLI QHG FKDU L
UV WDW 86 %B5'5 6 CuMTEIBAEM COCTOSHUE IIPMHATOI'O IlakeTa
Ll U[ VWD W 6(7 83BS HpMHHJ'H/I B6HWXS IIaxkeT
IRU L L L CunTeIBAEM IPUHATEIN MM OaMTHEIL HakeT B Oydep
XVEB EX> L@ 8 %BS5 57
) B 645 3amnpemaeM OpMeM OaHHEX B ) Ha BpeMsa o06paboTkKu
) 18 6 +7 3anpeumaeM BHIOAYY HOAHHEIX M3 )2
8 VE % LW & OU( 3& 6 79I SanpemaeM BBEIOAYY 67%/(QGS RLQW
VZL WFK X V E B EXI>@ [ B moJsie epsHtxhv wns H OCTaBJIAEM TOJIBKO
OUTHL '
FDV H [ Beur Tun 3arnpoca  eswbQebuw!:
VZ L WF K XVE BE XI > @ OnpenesigeM TUII 3amnpoca
FDVH &/ (% B)S 78 ( Banpoc &/($5B) ( $785 (
& U)H D WX UH
EU H DN
FDVH * (7B &21) ., *8 587 , 21 3anpoc *(7B&21),*85$7, 21
8 %B: 57 ;' XVE BFl J
EU H DN
FDVH *(7 ' (6& 5,3 725 Banpoc *(7B'(6&5 , 3725

*H W'H V FU L SWRU

EU H DN
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FDVH * (7B 176 ) $& (

86 %B: 5 7

3amnpoc

*(7B,17(5)$&(

EU H DN

FOV H * (7B 6 7%7 86 Banpoc *(7B67$786
*H WBW D WXV
EU H DN

FOV H 6 (7B $"5 (66 3amnpocC  e.ss( 66

DG GUHW XVEB EXI >@_§ B( 1
EUHD N
FDOV H 6 ( 7B & 21) , *8 5%7 , 21 Banpoc 6(7B&21), *85%$7, 21
6H W& RQI LJXU DWL RQ
EUHD N

FDV. H 6 ( 7B ) (87 8 5( Banpoc 6(7B)($78 5 (

6H W) HDW X UH
EUHD N

FDV. H 6 (7B , 17( 5)% & (

LI XV EB EXI>@ Ecau VIHTep(l)eIZC 3° TO BbIlOAEM 67$/
8V E %L W 6HW (3& 6 7% I/ y InaHHOM KoHQuTypauum OIUH
EU H DN NuTepbenic

GHI DX0 W

8V E %L W6 HW(@3& 67 s/ HpI/IHHTbHZ 3alpoc He
EUHD N IIoOoIOepPXmnpaeTCHd
EUHD N

FDV H [ Bell Tun 3arpoca eoow:

VZ L WFK XV EB EXI > @ OnpenesnsaeM THUII 3alpoca

FDOV H * ( 7B 5 (32 57 3anpoc *(7B5(3257
*H WB5H S RUW
EU H DN
FOV H 6 ( 7B 5 (32 57 Sanpoc 6(7B5(3257
6H WS5H S RUW
EU H DN
FOV H * (7B , I 3anpoc s
*H WG OH
EU H DN
FOV H 6 ( 7B , '/ Sanpoc 6(7B,'(
6H W, GOH
E UHD N
FOV. H * (7B 3527 2&2 |/ 3anpoc *(7B35272 &2/
*H W3 URW R FRO
EUHD N
FDVH 6 (7B 3527 28& |/ Sanpoc 6(7B35272 &2/
6H W3 URW R FRO
E UHD N
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GH | DX OW

8V E %L W6 HW(3& 67 $ 1/ HpMHHTbIﬁ[ 3allpoC He

EUHD N nogmepxXxrnpaeTrcda

E UHD N
G HID X ow
678 |/ [IpMHATE THUII 3alpoca He

InognepXxmpaeTrcda

8 VE %LW 6 HW(3&

EU H DN

Ecnu IIPVMHVIMaeM IOaHHBIE I1O 6HW5HSRUW
6es3 BHIOAUM IaHHEX

L TO IIPOCTO

" razpemaeM IMIpmMeM B 5 , ) 2

V WDW X V2 X W3 D FN

8 %B: 5 5 & 5B (1
HOVH JlHaue oTBeYaeM Ha eHwxs IIaxKkeT IHOaHHBIMM 3aIl'PYyXEeHHBIMU B

A byHKUMAMM OTBEeTa Ha 3amnpoc

51,2

Paspemaem BrImauy OAHHEIX '$7$ 3/
crenymnimuil OynoeT s s

86 %B: 5 7 & 7B 724 7 B (@1

& OU % W5’ DwD 3/ ™ 3,

Eciu 5TO OBII HE 6 783 I[IAKET BHAUUT STO HOOJIXKEH OBITH 287 nmaxkeT

BbIXOJ];VIM V3 BBIOAYNM 0XOW LS D F NHW M paspeumaeM IIpMeM IOaHHBIX B 5))2
HOVH
Ll V WDW X V2 X W3 D FN U[VWD W5 ; B/$67 Ecam »To IOAaHHBIE MIOylmme I10
KOMaHIOE 6HW 5HSRU W UM IIaKeT IIPMHAT YCIEIHO
A [loka He ocylmecTBJAeM NPOBepky Tumna u penopTa
&OU%. W5 VW DWXV 2 XwW3 DFN Brxonoum m3 (basbl IOAHHBIX KOMAHIBL 6HW
5H S RUW
& B& 20 HepexonMM Ha CTPOKY B 3S3HaKOMeCTO
IR UL L 55 WB& QWL BbIBO,J:U/IM IIPMHATEIE T1O KOMAHIOE 6HW5HSRUW
JaHHBIE Ha MHIMKATOP
18 B& + 586%B 5 7 [ TO KOJIMYECTBO YyTO OBIJIO YKas3aHO B
ZIHQIKW
86 %B 57 & 7B T 24 7 B [lepexommMm B QPazy CraTyca
&0U%. W5 DWD 3/ ™ 3, YCTaHaBJIMBad TPV S5TOM '¢7$ 3/
HO V H
L1 V WDW X VO 8 /7 3$. HaXO,JIMMC,q B COCTOSAHWMNM BBIIIAYNM O0XOWLSDFNHW
)y 86+ 7 ; BanpemaeM BBEIDAYY IOAHHBIX M3 7))
86 %B: 5 5 & 5B (1 PaspemaeM IIprmeM IHOaHHBIX B (QGSRLQW
&OU% W5 VW DWXV * (7' ( 6& BeixomuM m3 pexmmMma BbOAYUM JecKpunTopa
&OU%L W5 VW DWXV 0 87 , 3% YCcTaHaBJMBaAeEM UTO HE BHIOAEM

0XOWLSD

FNH W
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I'nasa 2.5. Ilpouenypa Boiaauu JanHbix u3 Endpoint 0: TXO0 ().

[TpepbiBaHuE KOTOPOE BO3HMBAET 110 BbJJau€ MaKeTa 03HAYAET, YTO HaKeT
naHHBIX, KoTopble MBI ooxmid B TXFIFOO 6bu1 Bergan B XOCT ycmnentHo, 1100
Ipu nepegade BO3HUKIN omnOku. [To-3ToMy ¢ camoro Hadana mpoueaypa CUuThIBaeT
perucTp craryca nepeaTiuka, YToObl ONpeIeIUTh He BO3HUKIIO JIU IIPU Iepegayue
JaHHBIX OoMOO0K. Eciy nepenava mpou3onnia yCcrenHo ¥ Mbl HAXOJUMCSI B pEKUMeE
BbIlaun MynbTunakera (Beinaun Jleckpunropa ycrpoiicta , Konurypamuu nim
HID penopra ), Toraa 3arpy»xaemM ouepeayto nopuuto gaiusix B TXFIFO,
BeIOMpaeM DATA PID u B peructpe DataPid mensiem ¢urar PID Ha
IIPOTUBOIIOJIOKHBINA. ECIM MBI HaX0qMMCs B PEKUME YCTAHOBKHU a/Ipeca yCTPOUCTBA,
TO Ha3HAYEHHBIH X0CT-0M ajipec 3anucbiBaeM B peructp FAR u BeIXOAMM U3 pekuma
YCTaHOBKH aJipeca yCTPOUCTBA, pasperas mpu 3Tom npueM aaHHbix B RXFIFOO.

Ecnu xe npu nepenaye makera Bo3HUKIN omnoOku, T.e. XOCT orBetnn NAK,
TO MBI BBIXOJMM U3 PEXKUMa BblIauM Jleckpunropa u paspelacM IpueM JaHHBIX B
RXFIFOO.

YRLG W[ B Y RLG

n

XQV LJQ HG FKDU W[ VWD WL

WV WDW 86 %BS5 76 CumMTeEIBAEM COCTOSHME IIOCJIe OTCHUJIKM IakeTa
L W[V WDW 7, B 21 Ecan rnepenada HOaHHEBEIX BHIIOJIHEHA
)Y 86+ 7; OummaeM 7)) 1 3alripeliaeM BbBa4vy IOJaHHBIX
Ll W[ VWD W $& B67 $7 Ecynm OBJIO TMOJIYUEHO IIOOTBEPXIOCHNME s&
LI VWD WXV 087 , 3 Ecam wMel BelmaeM MyJbTHIIAKET
I RU L L L 3ar'py>1<ae1v1 OdUepeHYI0 IIOPLMI0 IOaHHBIX B 7))
P OWL B SNW
L1 ‘D WD3, ' 7% 3 ' YcTaHaBJITBAEM 's7$3/ C KOTOPEIM IIOJIXHEL
86 %B : 57 D& 7, B 72" /7 ; B( 1 BbEIDABATCHA IOaHHBIE
HOVH
86 %B : 57 ; & 7 B(@
' DWD 3/ A 7% 3, Mensgem ¢yar owos Ha HpOTVIBOHOJ‘IO)KHbIVI
HOV H Ecnim HaxomuMcd He B pexuMe BblIladl MyJ’IbTVIHaKeTa
LI DG G UHV V A HaxXoOMMCHd B PEXIMME 6HWS$GGU HVV
8 6% B 5 ) $5 DG GUHV V 3anmuceiBaeM alpec HasHauYeHHBY XOCTOM
D GG U HW BeIxoOuMm M3 pexuMa yCTAHOBKM ampeca yCTpoMCcTBa
8 6% B 5 5& 5 ; B( 1 PaspemaeM IIprmeM IHOAaHHBIX B 5))2
HOVH Ecmm xe XoCcT OTBETUII s [Ipomzomwny ommOKM IpK IIepelade
&0 U%L W5 VWDW XV * (7 ' (6& BrixoouMm M3 pexmMma BHIOauM JecKpunropa
& U %L W5 VWDW XV 08 7,38 . YcTaHaBJIMBAEM UTO He BBIIIAEM O0XOWLSDFNHW
86 %B: 55 ;& 5B (1 PaspemaeM npmeM OaHHBIX B s5))2
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I'naBa 2.6. Ilpouenypa oocayxxkuBanusi NAK orsera misi Endpoint(.

Co0brTie NAK - 310 0711H 13 IyTel cka3zaTh XOCTY, YTO YCTPOMCTBO HE
TOTOBO BBINOJIHUTH N€peady AaHHBIX.

B nannom ciyuae npoueaypa NAKO() ornasnuaer NAK oreer Ha OUT
TpaH3akuuuu paspemaet npueM gaHabix B RXFIFOO. Kakas ke cuTyarus MoxXeT
BbI3BaTh NAK o1Ber? Hanpumep, yctpoiicTBo HaxoauTcs B (pa3e BbLAaYN
neckpunitopa B XOCT. Ilocne Beaun ycrpoiictBoM nakera Device Descriptor -
1uHHOM B 8 6aiiT, XOCT mpepbIBaeT NpueM OCTAIbHBIX JAHHBIX U MHUIIUUPYET
OUT naxker. Y yCTpoHCTBa B ’TOT MOMEHT pa3pelleH TOJIbKO MePeIaTUuK, T.K. OHO
BBIIAET JECKPUITOP, a IPUEM JIaHHBIX 3anpenieH. CooTBeTcTBEHHO oTBeToM Ha OUT
tpanzakuuo sBisgercss "NAK Handshake". UToObI MOCTOSHHO HE OCTaThCs B MEPTBOM
ke reneparui NAK Ham HeoOxoaumo ounctuth ouepenb B TXFIFO u 3anperuts
BbIJauy AaHHbIX n3 Endpoint 0, a Takxke BBIATH U3 peXHMMa BbIAAYM JECKPUIITOPA.
DTy mocaen0BaTeaIbHOCTh AeicTBUi U BIONTHAET QyHKIms NAKO().

YRLG RQDN YRL G
Ll VWD WXV 08/7 , 3% . Ecam HaxommMmcAa B pexuMe BbOaumM MyJsbTuiakeTa
&0 U%L W5 VWDW XV * (7 ' (6& BrxomoyMm M3 pexmma BHIOaUM JecKpunropa
& U %L W5 VWDW XV 08 7 .,3% . YcTaHaBJIMBAEM UTO He BBIIIAEM O0XOWLSDFNHW
)Y 86+ 7 qumaeM 7:) ., )2 M 3arpelmaeM BBEIOaYY
IAaHHBIX
86 %B: 55 ; & 5B (1 PaspemaeM InprmeM IaHHBIX B s5), ) 2
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I'naBa 3. USB crangapTHbIe 3a11pOChI

I'naBa 3.1. Ilpouenypa Get descriptor()

Kak y>xe 6bu10 yKka3aHo Bbllle, JlecKpunTop yCTpoicTBa 3TO OJ0K JaHHBIX
OMHCBHIBAIOIIUN PEKUM PAOOTHI YCTPONCTBA (KOJIMYECTBO KOHEYHBIX TOYEK, THIT
nepeavr JIaHHbIX, BpeMsi onpoca ycTpoiicta u T.1.). XOCT 3amparuBaer
JECKPHUIITOP YCTPOICTBA BO BpeMsi Ipoliecca SHyMepaliy s paBHUIbHON
MHUITMAIA3AIUH (BBIOOpA COOTBETCTBYIONIETO JIpaiiBepa) 1 BbIACICHUS HEOOXOUMBIX
pecypcos. 3anpoc "Get_Descriptor" npeacrasisier coboit 8-mu 6aiiToBbiit naket. Tum
3anpanImBaeMoro y yCTpoicTBa IeCKpUIITOpa yKa3bIBaeTcs B cTapiieM Oaiite wValue
(USB_BUF [3]). B mose wLength XOCT yka3bIBaeT pa3mep kKenaeMoro OTBeTa oT
ycTpoiicta B 6aittax (USB_BUF[6...7]). Ecnu geckpuntop umeer pazmep Ooibliie,
yeM 3anpocuil XOCT, To BO3BpamaroTcs TOIbKO MepBbie AaHHbIe. Ecnu xe
JECKPUNITOP UMEET pa3Mep MEHBIIIE 3alpalTiBaeMOT0, TO MbI JOJKHBI OTBETUTH JINOO
HYJICBBIM TIAKETOM, JTUOO TTAaKEeTOM JITTMHHOW He Oosiee ueM "payload size".

Oynkius odpadareiBaromias 3ampoc "Get Descriptor" nepBoHadanbHO
ycranaBiuBaeT ¢aru GetDesc u MULTIPAK, 4To cooTBETCTBYET peXUMY BblIaun
Heckpuntopa. T.K. IECKPUIITOP MOXKET MPEJCTABIATE COOON CTPYKTYpPY pa3mep
KOTOpOH Oouiblie 8 OaiT, u 3a ogHy IN TpaH3aKI1IO HEBO3MOYKHO BbIIATH BECh
JECKPUITOP, TO Mbl BXOJIUM B PEKUM MYJIbTHIIAKETA - BBIIAYN JAHHBIX 32 HECKOJIBKO
oOpamenwii. [Tocie 3Toro GyHKIMS aHATU3UPYET KaKOH K€ JECKPUITOP 3apPOCHIT
XOCT (crapmmuii 6aiiT wValue). B 3aBUCHMOCTH OT 3aIipoca yCTaHaBJIMBAEM pa3Mep
Y MHJIEKC COOTBETCTBYIOIIETO AECKpUNTOpa. B KOHIIe mporenypbl JaHHbIE
3arpyxatorca B RXFIFOO ms Bergaun B XOCT.

YRLG *HWH VFU SWRUY RLG

n

XQV LJQ HG FKDU L

6HW % LW 5 V  WDWX V * (7' ( 6& YCcTaHaBJIMBAEM UTO BBIAEM HY FUS WRU
6HW %LW 5 V WDWX V 0 8 /7 , 3% YcTaHaBJIMBaeM UTO BbBIOJAEM 0X OWL SDFNH W
GHV B W S XVEBEX | > @ CoxpaH;{eM TUII 3alpamrMBaeMoro OeCKPpUIITopa
VZL WEK  GHVBW \ S AHaIM3UPYyeM KaKOM IECKPUIITOP 3alpocuil XOCT
FDVH ' (9.& Ecim 3TO OeCKpUITOp yCTPOMCTBa
GHV B LG [ HauHeM BBEIZAUy C BanTa m3 TabJauib
OecKpuIrTopa y Ba
GHV BV] H ‘(9 B'( 6&B6 , =( YcTaHaBJIMBaeEM IJIVIHY BBIIaBaeMOI'O
EUH DN OeCKpUIIToOpa
FD VH &21)* 858 7,2 1 Ecam »TO OECKPUIITOP KOH@MI‘ypaLLMM
GHV BLG [ HauheM BEIAUy C BavrTa m3 TabOIMLE OeCKPUITOPa
KOHOUT'ypauum
GHV BV] H &) B' 68&B6 , =( YcTaHaBJIMBAEM IOJIVIHY BBEIIAaBaAeMOI'O
EUH DN OeCKpurrTopa
FDVH ;6751 * Ecom sTO CTpOKOBbHZ OECKPUIITOP
GHV BLG [ XVE BEX | >@ BarpyxaeM MHIOEKC 3allpallMBaeMOoI o

CTOPKOBOT'O HOECKPMUIITOPA / 2% <7 ( Z 9DOX H
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VBV ] H YCTaHaBIMBaEM Pas3MEP 6WUuLQJ ' HVF ULSWR U tanra
H DN
VH 0)B 6 75 Ecim Xoco 3anpamryBaeT o0DbQX DFWXU HU 6 WU LQJ
VBV ] HO ) *B675B 1 YcTaHaBIMBaeM BEJIMUMHY 0DQX | DFWX UHU 6 WULQ J
KOJIM4YeCTBO CHMBOJIOB ¢ HVF  ULSW RU7\S E/ HQ J WK
VBL G| YCcTaHaBJIMBaEM MHIOEKC TI'Ie HAaXOOUTCH IIEPBHMU
H DN BamT 0DQX | DFWX UHU 6WULQJ B MACCHUBE 6 7 5B$7$>@
VH 3B 675 Ecim XocT 3anpallMBaeT 3 URGX F WG HQW 6 WULQ J
VBV ] H3 ‘B 675 B/ YcTaHaBJIMBAEM BEJIMMUMHY 3 URG X Fw, GHQW 6 WUL QJ
VBL G| 0) * B6 7 5B/ YcTaHaBJIMBAEM MHIEKC I'ge HaXoIMTCHA
H DN [IEPBBI OaMT 3 URGX F W,GHQW6W ULQJ B MACCHUBE 6758 ' $713 >@
VH 6 1% B67 5 Ecnomu XocT 3anpamrBaeT sHuL DO 1 XP EHU 6 WULQ J
VBV | H6 1 %5 B67 5B/ YcTaHaBIMBaAeEM BEJIMMUMHY 6 HU L DO1 X P E HU
VBL G[ 0) * B6 7 5B/ 3, ' B6 758 / YCTaHaBJIMBAEeM MHIEKC 6HUL DO
H DN 1XPEHU B MaCCHUBE 675 B' $78 > @
VH &)B 6 75 Ecimu Xoct 3anpamrBaeT &RQIL J XUDW L RQ 6 WULQ J
VBY ] H& ) *B 675 B/ YcTaHaBIMBaeEM BEJIMUMHY &RQl L JXUD WLRQ 6WUL QJ
VBL G| 0) * B6 7 5B/ 3, ' B6 75B / 61% 5B67 B/ YcTaHaBJIMBAEM MHIEKC
H DN & RQI LJX UDWLR Q 6 WU LQ B MaACCHUBE 675B'$ 7 $@
VH 178 675 Ecam XocT 3anpammBaeT , QWHU | DFH 6 WU LQ J
VBV ] H, 17B 675 B/ YcTaHaBIMBaeEM BEJIMUMHY , QWH UI DFH 6 WUL QJ
VBL G| 0) * B6 7 5B/ 3, ' B6 75B /| 61% 5 B675B/&)* B67 5B/
UHD N YCcTaHaBJIMBAEM MHIEKC , QWHU DFH6 wuLQJ B
MaCCHUBE 67587 $>@
N
+ Ecim XocT 3amnpammBaeT +, ' ' HVFUL S WRU
LG &) *B |/ Q1 * 7+ , 17 B 1T o+ YcTaHaBJIMBaAEeM MHIEKC +, °
'HVFULSW RU B MaCCHMBE &) *B (68 @
V] H &) *B ' (6 &>& )y B /(1 * 7+ 178 I (1*7 + @ YcTaHaBJIMBAEM
N BEJIMUMHY +,' ' HVFU LswRU I[I€PBEM OalT B +,  IeCKPUITOPEe
+, ' 53 257 Ecam XocT 3anpammBaeT +.s HS R UW
LGI YcTaHaBJIMBaAeEM uTo 6yneM BbBIDABATB 5HS RUW U3
MaCCHMBAa 5 HSR UWHV FUL SW R U>@
V] H 537B ' (6 &BS6, = ( YcTaHaBJIMBaeEM BEeJIMUMHY + /5 HS R UW
N "HVF ULS  WR U
X OW Ecam MBI He InogrnepxrnepaeM BaHpaLUMBaeMbHZ JeECKPpUIITOP TO
B LG [
BV] H
DN
EX > @ XOoCT 3anpoCuil pasMep OeCKPUIITOpa MeHbIle dant
VIH ! XYE BEX | > @ CMOTpMM IJIMHa Haller'O OeCKPpUIITOoOpa He
IIpeBeaeT sanpmeHHoﬁ OJIVIHBI"
XVEB EXI > @ HpeBbIUlaeT 3HauUMT YyCTaHaBJIMBaeM IJIVMHY

mDeckpunropa nepenaHuyio XOCTowm
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Beimaem BanT M3 TabaMUE OEeCKPUITOPa B 7. ) )2
IRU L L L

POWL B SN W

I'masa 3.2. IIpouenypsl Setfeature() n Clrfeature()

3ampoc Set feature ucmonb3yercs sl yCTAHOBKU KOHEUHOM TOYKHU B
cocrostaue renepaunu STALL, ecnu oOpamenue uaer k endpoint (wValue), m160
paspemenue onmun "Remote wakeup", ecnu oOpamenue uaer k Device, 160
YCTaHOBKY KaKUX-JIMOO APYTruX BO3MOKHOCTEH, KOra oOpaleHue uaeT K
unTepdeiicy. s nannoro npumepa "Remote WakeUP" He ucnionb3yercs, He
ucnosbzyercs Takke "Feature interface", coorBercTBeHHO mporieaypa Set feature()
urHopupyet obpamenue k Endpoint. Eciiu oOpatiienue 6110 K KOHEUHOM TOYKE, TO
¢bynkmus cunteiBaeT u3 windex (USB_BUF[4]), k kakoli *UMEHHO KOHEYHOU TOYKE
ObL10 OOpatieHue, 3ateM B peructpe ynpasieHust Endpoint EPC ycranaBnuBaer 6ur
STALL, tem cambim ununuupyst reaepanuio "STALL" Ha mo0oe oOpaiieHne K SToi
Endpoint. B nporpamuom peructpe "STALLD" ycraHaBnuBaeTcsi COOTBETCTBYIOLIUH
out B "1" (HEOOXOaMMO TSI BBIJTaaYH COCTOSTHUSI KOHEUHBIX TOUYEK 1Mo komaH e Get
Status()).

T.x. ynpasmsttouuii kanan (Endpoint 0) e moxxet Haxoaurcs B STALL-e, To B
peructpe ynpasieauss EPCO mMb1 He ycTaHaBiuBaeM STALL 6uT, a nuib Gukcupyem
ero B peructpe STALLD.

YRLG 6HW)H DWXU HY RLG

n

VZL WF K X VEBE X I> @ [ OCTaBJISEM B EP5 H TXHV W7\ SH OWTH +
SHFLSL HQw K KOMY o6pameHI/Ie
FDVH ObpalleHre K ( 9 &
EUH DN
FDVH ObpaleHre K 1 76 ) $&
EUH DN
FDVH ObpawmeHre K @ ' 32 , 17
VZL WF K XV EBE XI> @ [ ) YGI/[paeM ' L UHF WLRQ ELW oCcTaBJIigeM
TOJILKO OWMTEH - ' YKa3bIBawiume
A N4 KakKom Q GSR L Qw HeO@XOJ:LI/IMO YCTaHOBUTDL )s$ 78 5(

FDVH
YnpapagomyMy KaHaJl He MOXEeT HaXOOUTCS B 67 s/ / (

6 HW%L W5V WDO OG %,7 [ToaToMy (l)MKCMpyeM STy YCTaHOBKY TOJIBKO B
E U H DN permucrpe COCTOAHMSA ( QGSR L Qw
FDVH
8 VE% L WeH W ( 3 & 678/ ! YcTaHaBJIMBAEM +% 7 & RQ G LWLR Q Y (3
6 HW% L W5 VWD O0G %7 3anMceBEM B PEeIMCTP COCTOSHMA (@ GSRL QW
EUHD N
FDVH
8 VE% L WeH W ( 3 & 678 1/ YcTaHaBJIMBAEM +3/ 7 &RQ GLWIR Q Y (3
6 HW% L W5 V WD O OG %,7 3amnmcelBEM B permcrTp COCTOAHMA QG SRL QW

E UHD N
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FDVH

8 VE% L WeH W ( 3 & 678 /[ / YCcTaHaBJIMBAEM +% 7 & RQ GLWLR Q VY (3
6 HW% L W5 VWD OO0G %7 3anmceBEM B PEI'MCTP COCTOSAHMSA (@ GSRL QW
EUHD N

FDVH
8 VE% L WeH W ( 3 & 678 /[ / YcTaHaBJIMBAEM +$/ 7 &R Q G LWLR Q VY (3
6 HW% L W5 VWD OO0G %7 3anuceBEM B PETUCTP COCTOSHMS (@ GSRL QW
EUHD N

FDVH
8 VE% L WeH W ( 3& 678 /[ / YcTaHaBJIMBAEM +% 7 & RQ G LWLR Q VY (3
6 HW% L W5 VWD O00G %7 3anucelBeEM B pPermcrTp COCTOAHMA (@ G SRLQW
EUHD N

FDV H
8 VE %L W6BHW B & 6 7%/ / YcTaHaBJIMBAEM + s/ 7 &RQG LWLRQ Y (3
6 HW%L W5V WDO OG %,7 3amnmMcelBEM B permMcTp COCTOAHMA ( QG S RLQW

E UHDN

GHI DXO0 W

E UHDN
EUHD N

GHID X ow

EUH DN

[Tpouenypa Clr Feature() urHopupyet Bce 3ampchl K YCTPOUCTBY U
untepodeiicy. Ecnu 3anpoc 6bu1 K KOHEUHOM Touke, TO B peructpe EPC
cootBercTBytomieil Endpoint coOpacsiBaercst 6ut STALL, u koneunast Touka u3 HALT
mode mepexoIuT B pekuM HopMalibHOU paboThl "Normal operation”. Takxe B
peructpe STALLD cOpacbiBaercs (hiar, COOTBETCTBYIONIUN KOHEUHOH TOUKE K
KOTOpO# ObLIO OOpalieHue.

YRLG &OU)H DWXU HY RLG

n

VZL  WF K XV EBE X I> @ [ OCTaBRJIIEM B EP5 H TXHV w7\ SH OWTH +
SHFLSL HQw K KOMY o6pameHMe
FDV H ObpalleHMre K ( 9 &
E UHDN
FDV H ObpalleHre K 1 76 ) $&
E UHDN
FDV H ObpameHMre K @ ' 32 , 17
VZLWF KXY EBE XI> @ [) Y6MpaeM L U4 FWLRQ ELW ' OoCTaBJIdeM
TOJIBKO OUTEL t YKa3keIBawimme
A N KaKoOM (QGs RLQwW HEeODXOIMMO OUMCTUTDL )s 785 (
FDVH
8 VE %LW& OU ( 3& 67 $ I YGMpaeM 4 /7 &RQGLWLRQ Y (3
& OU % LW5 VW D OO G %, 7 3anmuceBEM B permcTp COCTOAHMA (QGSRLQW
EUH DN
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FDVH

8 VE% L W& U ( 3 & 678 /[ / Y6MpaeM + /7 &RQGLWLRQ Y (3

& OU% L W5 V WD O OG %,7 3anmcelBeEM B permcrp COCTOAHMA (@ GSRL QW
E UHD N

FDVH
8 VE% L W& U ( 3 & 678 [/ YGI/IpaeM 4 /7 &RQGLWLRQ Y (3
& OU% L W5 V WD O OG %,7 3amnmMceBEM B permcTp COCTOAHMA ( QG SRL QW
EUHD N

FDVH
8 VE% L W& U ( 3 & 678 /[ / Y6I/IpaeM + /7 &RQGLWLRQ Y (3
& OU% L W5 V WD O OG %,7 3anmcelBeEM B permcrp COCTOAHMA (@ GSRL QW
EUHD N

FDVH
8 VE% L W& U ( 3 & 678 [/ YGI/IpaeM + /7 &RQGL WL RQ Y (3
& OU% L W5 V WD O OG %,7 3amnmuceBEM B permcTp COCTOAHMA (@ GSRL QW
EUHD N

FDVH
8 VE% LW& U ( 3 & 678 /[ / Y6MpaeM + /7 &RQGLWLRQ Y (3
& OU% L W5 V WD O OG %,7 3anmcelBeM B permcrTp COCTOAHMA Q@ GSRL QW
EUHD N

FDVH
8 VE% L W& U ( 3 & 678 /| YGI/IpaeM 4 /7 &RQGLWLRQ Y (3
& OU% L W5 V WD O OG %,7 3amnmceBeEM B permcrTp COCTOAHMSA (@ GSRL QW

E UHD N
GHI DX OW

EUHD N
EUH DN

GHI DXO0 W

E UHDN

I'nasa 3.3. IIpouenypa Get Status()

3anpoc Gert Status Bo3BpamaeT 2 Oaiita otBeta B Xoct. [lepBbiii 6aiiT oTBETa
B 3aBHCUMOCTH OT TOT0, K ueMy uzet ooOpamenue (Device, Interface, Endpoint) umeer
onpenenennoe 3nadenue. Ecim obpamienne k Device (BmRequest Type D1,D0=00)
TO XOCT XKeJIaeT MOJIy4YnTh UH(POPMALIHIO O BOZMOKHOCTH 3aIIpoca yCTPOMCTBOM
Remote WakeUp - 3to 6ut D1, u uadopmarnuto o nuranuu ycrpoiictsa Self Powered
- ato 6ut DO. Ecniu 6ut DO - ycranosnen B "1", To ycTpoHCTBO MUTAETCS OT
BHEIIIHEr0 MICTOYHMKA MUTAaHUs, €ClIi ycTaHoBJeH B "0", To muTaHue O6epercs ¢ MUHbI
V+. Otot 6ut He MoXkeT ObITh H3MeHeH 3anpocamu Set Feature u Clear Feature. but
D1 yka3biBaeT Ha BO3MOXKHOCTb YCTaHOBKH ycTpoiicTBoM Ha USB mmHe curnana
Remote WakeUp, ecu on B3BesieH B "'1". butoBoe mosie Remote WakeUp moxxer
ob1Th MoauuupoBano komanaamu Set Feature u Clear Feature. Ilo ymonuanuio 6ut
copomren B "0" - 3anpemnieH Remote Wake Up.

Ecnu obpamenne 3anpoca Get Status HanpasneHo k Interface, To 6aiiT oTBeTa
1o crienu@uKanuu 3ape3epBUpoBaH u paseH "0".

Ecnu obpamenne HanpasieHo k Endpoint, To B otBeTe 6ut D0 00603HauaeT
tekymiee coctosture Endpoint. Eciin koneynaast Touka HaxoguTcsi B coctostHun "Halt
Condition", To 6ut DO Heo6xoanMo0 ycTaHOBUTH B "1". ONIIMOHAIEHO OYHUCTHUTD
cocrostnue Halt moxno npu nomonu komanas! Clear Feature. Taxke coctosnue Halt
ouutaercs mocie npuema komang Set Configuration u Set Interface.
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Bropoii 6aiit oTBeTa Ha KoMaHy Get Status 3ape3epBupoBaH u paBex "0".

YRLG *HW6W DWXVY YR LG
VZL WF K XV EBE X I> @ [ OCTaBJISEM B EPSH TXHW 7\ SH OMTH +
SHFLSL HQw K KOMY OGan.LeHMe
FD VH ObpalleHMe K ' (9 &(
86 % : 5 7 [lepBEIM OaMT OTBEeTa pPaBEH T K
EUHD N 5HPRXW H: DNH 8'S VI 6HO | 3RZH UHG
FD V H ObpameHMre K , 17( 5 )s&
86%B : 5 7 [lepBEIM OaMT OTBEeTa 3aAPE3EPBMPOBAH U pPaBeH
EUHD N
FD V H ObpameHMre K (13 2 17
VZLW FK XVE BEX | > @[ ) YGMpaeM " L UHF WLRQ ELW ocTaBJideM
TOJILKO OWUTH - ' YKa3keIBawimme
" N KaKoM (3 Y3HaeM 6w Dwx Vv COCTOAHNME + $17 VMJIVL 1RUPDO 2SHU DWLR Q
FDV H 3 675 78 %7
FDV H (3 675 78 %7
FDV H 3 675 78 %7
FDV H (3 675 78 %7
FDV H B 675 78 %7
FDV H 3 675 78 %7
FDV H 3 675 78 %7
GH DXO W
E UHDN
EUHD N
GH | DX OW
86 %8 : 5 77
EUH DN
86%B 5 77 BelmaeM BTOPOM OaMT 67 $ 786D OH 3ape3epBMPOBaH U

paBeH

I'nasa 3.4. IIpoueaypa Set Configuration() u Get Configuration()

[To BKIIIOUEHMIO TUTAHUS WK TTociie cOpoca, USB ycTpoiicTBO HaxoauTes B
HECKOH(UTYPHUPOBAHOM COCTOSIHUHU. DTO O3HAYaeT, YTO y HEro pas3perieHa Toiabko 0
KOHEUYHas TO4Ka, IPU ITOM YCTPOICTBO 3aHUMAET OTPAHUYECHHYIO I10JIOCY Ha ILIUHE U
HaxoauTcs B coctossHuu Low Power. [Tocne nporiecca "Enumeration” Xoct
CUMTHIBAET AECKPUITOPHI YCTPOICTBA U ONPENEesieT MOKET I OHO OBITh
YCTaHOBJIEHO B cucTeme. HekoTopblie ycTpolicTBa MOAAEPKUBAIOT HECKOIBKO
KoH(uryparnuii. Llenb 3Toro cocTout B ToM 4TOOBI 17151 OTIPEACTIEHHON pabOThI
YCTPOWCTBO 3aHMMAJIO HAMMEHBIIIEEe KOJIMYECTBO PECYPCOB (TI0J0CHI IPOIYCKAHUS
IIUHBI, IOTPEOJICHUE MTUTaHUs).
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3anpoc Set Configuration ucrosib3yercs Juisi BBIOOpa KOHGUTYpaIUH (€CIIu X
HECKOJIbKO B YCTPOMCTBE) MJIH JUIsI BHIKIFOUEHUS YCTpoiicTBa (eciu XOCT nepenaer
KOH(UrypauonHoe 3HaueHue pasHoe 0). Hamie ycTpolicTBO HMEET TOJIBKO OIHY
koH(purypanuio (Homep "1"). IIpu npuxoze 3anpoca Set Configuration npoueypa
aHATM3UpYeT MIaamui 6aiit wValue - kakyro KOHQUTYpaLKIO0 X04eT yCTaHOBHUTD
Xocrt. Ecnm aTo 3Hauenue orauuHo ot 0, To mpoueaypa paspemraet In Endpoint mo
aapecy 5, copaceiBaet Data Toggle Pid B Data 0 u ounmraer TXFIFO3. Homep
YCTaHOBJIEHHOW KOH(UTrypauu 3aHocutcs B peructp usb_cfg. Eciu sxe Xocr
ycta"aBiuBaet "0" KOHGUTYpaIMio, TO IPOIEAypa MPOCTO 3aMpeliacT Bce KOHSYHBIC
To4kH, kpome Endpoint 0.

YRLG 6HW&RQ ILJ X UD WLR Q YR LG

A

XVE BF J XVEBEX | > @ 3arpyXxaeM HOMEP &RQ I LXU DWLRQ M3 z9DOXH
Ll XV E BE X I> @ Y Hac 1nokKa TOJIBKO OIHa KOH@)MI‘ypaLLMH
D wb3 , YCTaHaBJIMBAaEM ' bwps ,* B ' $7$
VW D 00 G YCcTaHaBJIMBAEM UTO BCe€ HaXO0OIMTCHA HEe B 67 $/H
Y 86+ 7 Ouumimaem 7 ;)2 V 3allpellaeM Iliepenayvdy
86 %B: 5 ( 3& (3 (1 PaspemaeM @3 10 agpecy
HOV H
8 %B: 5 ( 3& 3anpemaeM (3
86 %B: 5 ( 3& BanpemaeM (3
8 %B: 5 ( 3& BamnpewaeM (3
8 %B: 5 ( 3& 3anpemaeM ( 3

[Tpouenypa Get Configuration BHenpeHa B rx(0 npouenypy. OHa nmpocto
BO3BpaliaeT HoMep KOHpHUrypanuu XpaHsuiics B peructpe usb_cfg.

I'naBa 3.5 IIpoueaypa Set Address()

3anpoc Set Address siBIsIeTCsl OTHUM U3 CaMBIX MEPBBIX B IIPOIIECcCe
"Enumeration". YcranoBka nepenannoro "Device Address" (Mnaammuii 6ait wValue)
JIOJKHA MMPOU30MTTH MOCJIE YCIEIIHOTo 3aBepiieHus ""Status stage" sToro 3ampoca.
st atoro B mponeaype rx0() mpu aexoaupoanuu 3anpoca Set Address B
nepeMeHHyto address 3anmuchIBaeTCs epeIaHHBI XOCTOM aJIpeC U yCTaHABJINBACTCS
out ‘Address Enable’. B ¢aze craryca, 1.e. B mpoueaype tx_0(), 1aHHbIe U3
nepemeHHol address nepe3anuceiBaroTcs B peructp aapecca pynknuu FAR, a B
nepeMeHHyto address 3aHocuTcs 0 - BEIXOJ U3 PeKUMa YCTAHOBKH aJipeca.
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I'nasa 4. IIpoueaypsl kacawmmuecs Kjacca ycrpoiicrsa HID

3ampocsl Kacaroluecs Kjlacca yCTpoicTBa MO3BOJISIOT XOCTY Y3HATh
BO3MOKHOCTH JIaHHOT'O YCTPONCTBA, a Takke ycraHoBUTh "Output” u "Feature" items.
JlaHHble TpaH3aKLMK BBIIOIHSIOTCS yepe3 Default pipe (koHeunyio Touky 0).

I'nasa 4.1. IIpouenypa o6padorku 3anpoca Get Report()

3anpoc Get Report no3Bosisser Xocty nmosyuuts penopT uepee3 Control pipe.
DTOT 3ampoc HEOOXOIUM JIJIsi CYMTHIBAHUS a0COTIOTHBIX 3HAYEHUH U3 YCTPOMCTBA, a
Takxke onpezeneHus cocrosHus Feature items. [Ipouenypa npocto coxpaHnser HOMEp
(ID) u tun 3anpammBaemMoro penopra, eciu Xoct 3anpocui IN-penopt, T0 B
RXFIFOO 3arpyxaroTcst JaHHBIE TEKYIIEero cocTostHus KHOTIOK Game Pad.

YRLG * HWS5H S RUW YR L G

55W B, ' XVEB EX > @ CUmMTEHBaEM sHS RUW
5SW BW\ S XVE BEX | > @ CoxpaHfaeM THUIl 3alpalrBaeMoOr'o pernopTa
,1 287 )HDWXUH
L 5SWBW S Ecam XocCcT 3anpammBaeT , 1 UHS RUW
TX HXH BUS W7 ' BrimaeM s (3257 Jepe3 &RrQ WURO 3 LSH

I'nasa 4.2 Ilpouenypa oopadorku 3anpoca Set Report()

3anpoc Set Report no3Bosrsier X0oCTy NOCBHUIATh PENOPTHI YCTPOUCTBY, YTO
SIBJIIETCS] OCHOBHOM BO3MO>KHOCTBIO YCTAHABIMBATh COCTOSIHUE PA3JINYHBIX OPraHOB
ynpasiieHus (Harmpumep cOpoCHUTh UX B IIepBOHaYalbHOE cocTostHue). [Iponenypa
00paboTKH ATOTO 3ampoca nepBoHadaibHo cunThiBaeT Report ID u Report Type,
TaK)Ke CUMTHIBACT U3 Miajauiero 6aiira wLength konuuectBo OaiiT, nepenaBaeMbIX
Xoctom u ycranaBiusaer out Out Pack B perucrpe status, 4To 03Ha4aer 4To B
npouenype rx_0() Heo6xoauMo OyIeT NPUHATH JaHHBIE PETopTa ciaeayrouue B ¢aze
JAaHHBIX.

YRLG 6 HWS5H S RUW YR L G

n

55W B, ' X VEB EXI > @ CUMTEIBAEM 5HS RUW

55W B &Q W XVEBEX | > @ CuuTHBaAEM U3 z/ HQl wk KOJIMYUEeCTBO IIPVMHMMaEeMBIX
IOAHHEBEIX B @ase IOAHHBIX / RZ%W H 2ZH QJ WK

55W B W S XVE BEX | > @ CoxpaHaeM TUIl 3alpallMBaeMOoT'0 pernopTra
1 287 )HDWXUH

6HW %LW 5 V WDWX V 2 X W3 DFN YcTaHaBJIMBAEM UTO pgajiee ciyiegyerT (basa

IOJaHHBIX KOMAHIBL 6 HW 5H SRUW
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I'nasa 4.3. IIpouenypsi 00padoTku 3anpocos Set Idle() u Get Idle()

3anpoc Set Idle 3amaeT Bpemst uepe3 KoTopoe XOCT 0KHAAET YBUACTD
cienyroumii penopt no Interrupt In pipe. IToT 3anpoc ucnonap3yercs 1is
YMEHBIIIEHHSI YaCTOTHI BbIJIauH pernoptoB B Interrupt In pipe. ItoT 3anpc 3acrasut In
Endpoint BernaBate NAK 1moka penopT octaeTcs 6e3 u3meHeHuil. Bpemst uepe3
KOTOpOE HE0OX0oAMMO BbIIaBaTh penopt (Duration) 3agaercss XocToMm B cTapiiemMm
Oaiitre wValue. Ecniu 510 3HaueHue paBHo 0, TO KOHEYHAs! TOYKA OTBEYACT JAHHBIM
0e3 3aJIep>KKH, KaK TOJIBKO ObUIO U3MEHEHHE B JJaHHBIX PEIopTa.
Ecnu 3nauenue Duration He paBHO 0, TO Hcmonb3yeTcs (PUKCUpOBaHas 3aIepPiKKa.
Munanmuii 6ut 3HaueHus Duration cOOTBETCTBYeT 3anepikke B 4 Mc. Eciin Xoct 3aman
Duration MeHbIIIe YeM 4acToTa Onpoca KOHEUHOH ToukH (3amaercst B Endpoint
descriptor), ToO penopThl FTEHEPUPYIOTCS C YACTOTOM OMPOca KOHEYHOU TOUKH. B
miaamem oOaiite wValue Haxoaurcs Report ID - Homep penopra kK KoTopomy
NpHKpeIuIsieTcs nepenanoe 3naueHue Duration. Eciiu Report ID pasen 0, To 1aHHOE
3HayeHue Duration XocT HakJIabIBaeT Ha BCe JOCTYyMHbIe Report-bI ycpolicTBa.
[Ipouenypa o6padoTku 3ampoca Set Idle mpocTo coxpansier 3Hauenune Duration B
nepemenHoit USB _idl. Ilpouenypa o6pabotku Get Idle cuntsiBaer 3HaueHue
ycranoBieHoi Duration u3 nepemennoit USB _idl u Beigaer ero o6patao B XocT.

I'naBa 4.4. Ilpouenypsni 006padoTku 3anpocos Set Protocol() u
GetProtocol()

3anpoc Set Protocol nognepxuBaetcs ycrpoiictBamu Boot moakiacca.
3HayeHue ctapiuiero Oaiita wValue yka3piBaeT Kakoi MPOTOKOJ JTOJIKEH OBITh
ucnosib3oBaH. Korja ycTpoiicTBO MPOMHUIIMATU3UPOBAHO OHO BBIJAET report
npoTokoi. OxHako XOCT He 3HaeT B KAaKOM [I€PBOHAYaIbHOM COCTOSIHUM HAXOUTCS
YCTPOWCTBO U O3TOMY 3ampocoM Set Protocol oH ycTaHnaBnuBaeT Bbauy
YCTPOHCTBOM >keaeMbiii TpoTokoiL. [Tponieaypa Set Protocol() cunteiBaeT 3HaYCHHE
u3 crapirero 6aiita wValue (Tun BeimaBaemoro oreera Xocty: 0 - Boot Protocol, 1 -
Report Protocol ), u coxpansieT ero B nepeMenHoit Prt_ Typ.

I[Npouerypa Get Protocol() mpocTo BeIIaeT COXpaHEHHOE 3HAYECHHE M3
nepemenHoit Prt_ Typ o6paTtHo B XocT.

I'nasa 4.5. IIpouenypa onpoca kjiaBuil 4 resepauuu Report:
Update()

[annas npouexnypa cunteiBaeT u3 PINC cocTosiHue KiaBulll epeaBUKeHUS
1o ocsiM X 1 Y, a Takxke u3 nopra PIND cocrosiHus HaxkaTeix kHonok Button 1 u
Button 2. [ToToM B 3aBHCUMOCTH OT Ha)KaThIX KJIaBULI IpoLexypa reuepupyet Report
pa3MepoM B 2 GaiiTa: nepBblii OalT NMpeacTaBisieT cCoO0N JaHHbIE MOJIOKEHUS
Kypcopa 1o ocsim koopauHat X 1 Y (D0, D1 - X ock; D2, D3 - Y ocb). Bropoii 6aiit
MpeICTaBIsIET COOOM MaHHBIC YKa3bIBAKOIINE Kakas U3 KHOMOK Haxkara (DO - Button 1,
DI - Button 2). "1" - yka3bIBaeT, 4TO KJIaBHILA HaXaTa.
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I'nasa 4.6. IIpouenypa Boigaun Report B Xoct u3 Endpoint S: tx_3()

XocT omnpammBaet koHeuHY0 ToUKy (Endpoint5) ¢ wacToToii yka3aHoii B
Endpoint Descriptor B 3Hauenuu Interval. Otu 3anpocel o0padaTbiBatoTCs
npoueaypoi tx_3().

[IepBoe, uTo fenaer 3Ta npoleaypa - YTeHUEe perucTpa craryca nepeaaruynka TXS3.
ITocne aToro ouniaem u 3anpemaeM Boiiavy qaHHblx u3 TXFIFO3. Ecnu
npenpaynmi maket Obul Bbiian ycernemHno u3 FIFO (ycranosnenst 6utet TXDONE u
ACK_STAT B peructpe cratyca TXS3), To Bbi3piBaeM nporenypy Update(), koTopas
OTNPOCHUT KJIABHUIITH M CO37aCT HOBBIM 2-X OaiiToBbiii Report. [Tocie atoro 3arpyxaem
HoBbIi Report B TXFIFO3 u BeiOpaB cootBercTBytonmii DATA PID pa3zpemas
BbiTauy JaHHbix U3 TXFIFO3.

YRLG W[ B Y RLG
XQV LJQ HG FKDU W[ VWD W
WV  WDW 86 %B5' 76 CuuTEBaEM COCTOSHME lepeladn
LI W[ VWD W $& B67 $7 W [ VW DW 7,8 t21( Ecam BEIIIaUa IOAaHHBIX
npoms3ouyia yCIIEWHO
)Y 86+ 7 OummaeM 7, ) 2 n 3alripelmaerl rnepenavy
BrelOvpaeM COOTBETCTBYIOWMM ' D wps,
L D wD3 , 7 /3 Ecaim mo »Toro OB 78 3
&OU% LW5 DW D3, ' 7 */3 s To ycTaHaBJIMBaeEM ' s7s 3,
HO V H
6 HW% L W5 DW D3, ' 7 * /3 ! VHaue yCTaHaBJIMBAEM $ 783
XS GD WH BrspiBaeM npouenypy oOnpoca KJaBMI *op  H
3DG  TeHepHrupyeM 5 HSRU w
TXHX HBU sSw7 ;° 3arpyxaemMm CPeHepMpOBaHHbH‘/JI SHSRUW B 7)) 2
Hanee BbI@MpaeM 'S TS 3, U pal3pelaeM BBIOAYY IOaHHBIX M3 ), )2
LI ' DWwD 3/ 71 3 Ecan H@O@XOHMMO YCTAaHOBUTDL ' $7%$ 3,
8 6% B 5 7:& 7 , BT 2% 7B /% 77 ; Bl YcTaHaBJIMBAEM s 7% 3, )Z8
paspeliaeM BbBIDAYY IOAHHEIX M3 7;) ) 2
H O VH Ecau HeoOXoomMMO YCTaHOBUTHL ' $7s 3,
8 6% B 5 7& 7 ;B $67 7B (1 YCTaHaBJIMBaEM ' $7 3 VI pazpelaeM
BEIOAYY IOAHHBEIX U3 7;) ) 2

I'nasa 4.7. IIpouenypa oopadorku codbiTusi NAK nst Endpoint 3:
inak 3 ()

Ecnu npu Beiaue penopta u3 Endpoint 3 B XocT npousomen c6oii u Xoct
orsetus1 NAK, To HaM HE00X0AMMO ITOBTOPUTH CHOBA Bbllady Tekyuiero Report. [l
sTOro Heooxoxumo B3BecT 6UT RFF B perucrpe kontposs nepenaun TXC3 - uto
o3Hayvaet nepe3arpy3ky TXFIFO3 temu ke JaHHBIMU (BOCCTAHABIMBACTCS yKa3aTelh
TXRP). [Tocne 3Toro BeIOUpaeTcs COOTBETCTBYIONIMI JaHHOM TpaH3akiuu Data PID
U pa3pemaercs Bbigava nanubix u3 FIFO.
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) /18 6 +7 OummaeM 7;) )2 U 3alpellaeM BOA4Yy IOaHHBIX
T XH X HB U SW 7 BarpyxaeM CI‘eHepI/[pOBaHHbHZ 5HSRUW B 7)) )2
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Ll ‘D wWD3 , ' ™ /3 Ecrnu TeKYLLU/HZ '$7% 3,
86 %B : 5 7 & 5 ) 7 ;B2 */ 7B |/ $ 7 7B (1 YcTaHaBJIMBAEM ' $7 s 3,
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HO V H Ecam Texkymmm ' s7s 3.
86 %B: 5 7 ; &b5) ) 7, B I$6 77 ;B 1 YcTaHaBJIMBAEM ' s 78 3, u
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