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USB 3.1 Specification

Universal Serial Bus Revision 3.1 Specification (.zip file format, size 56.6 MB) provides the technical details
to understand USB 3.1 requirements and design USB 3.1 compatible products. Modifications to the USB
3.1 specification are made through Engineering Change Notices (ECNs). Enclosed in this zip file are the
following documents:

Home About USB-IF Channel Press Developers Members Products

USB Type-C™

Hi-Speed USE

USB On-The-Go and
Embedded Host

Tools

| - Store
USB-IF eStore Home > Developers » Documents >  USE 2.0 Decuments

Documents USB 2.0 Documents Index

USB 2.0 Documents
LUSE 2.0 Specification

USE 2.0 Adopters Agreement

USE 2.0 On-The-Go Specification Supplement Adopters Agreement
Low Voltage Inter-Chip Adopters Agreement Amendment
High-Speed Inter-Chip Adopters Agreement Amendment

Intellectual Property Rights MNotice

USB 2.0 lcon Design Guideline

Wireless USB Documents

USHE Device Clazss
Specifications

Technical White Papers

Presentations [ Other

Documents About USE-IF Developers
Archived Documents | Home > Developers ® Documents = USE Device Class Specifications
e .c i s il | USB-IF Device Class Documents
LISE FAG ) : e . : - N
The USE Device Working Group ("DWG") enables and promotes increased interoperability and reliability
Events ETETUSB products through documents that augment, enhance and extend USB specifications. USB-IF
members may participate in the development efforts of a Working Group only after having executed the IP
Join USB-IF, Inc. | Agreement corresponding to the specification under development by that Group. If you are interested in
working on a Device Class document, you will find the various IP Agreements and can submit your request
Resources ! to join in the members-anly section of this site. The current set of Defined 1.0 Class Codes is available.
ExpressCard | These specifications recommend design targets for classes of devices. For HID related information, please

‘,’ go to the HID Web page.
lte.augmented | Approved Class Specification Documents




USB W

ot

|
di)

} ‘ <A 1) B A
4% (12Mbps): >EE -5 T
v, E > B PR
v R I LA > B e
v'500kbps — 10Mbps >F 5T X o {%EE@E%
°1EEEEE;

: > LI o P
mssowe | Cwew T
WE. KRR | e HHLE

15117 9

Lys

life.augmented




USB R4 4514

<
SEhr B 158
<>

EHE LH5E




USB 41 Fh45 M 7 45
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EE
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FHL

!!!!!!!!

?1“5 (pipe)

r“% \ /

EOCAEREAN): HTHERREIf, Ba&E TR

L——9'%ﬁ(—4ﬁ§¢)=%%%%%ﬁ%
>> Wi T fREREL,
>> 5T E. BRABHREEKE. ..



USB 211 &

Mini-A Mini-B Micro-A Micro-B

o | o

mini ABAO mini BN
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USB 5 28 ) Fe ARSI R0 3 5 44 )

3.

Full Speed Dewvice Low Speed Device

O+ o+ O+ O+
HOST or HUB QE‘ DEVICE HOST ar HUB ';E DEWVICE
O- * O- . 0O-
32 = =
I I

A —
NPT

SV
1.5K +- 5%

O-

II—W
| 18k +- 5%
18K +/- 5%
| 18k +- 5%
18k +- 5%

SR, WERE: D+ AR b KE B &: 7ED- h&ERL b

« EALIEN WA LED+ELD- - A 1.5K I Fr SRAsr il 15 24 32 42 il
WS4, kb A ) v 8 P BE

CEHL IR R A Iy A, SRS i “Chirp
Tk Dt S P VN Y 4
K__; S /4

1|||'I'I|




JE AN BT i 5

* BOH B E L EHL
« D+FID-¥fin sk LI F R, (0 AT, EHURE AR SEOHR
A FIREM, AR EINSEORAHES BN T, Ak bl LIRS

B L AL
o AEAURIN R A E e 2 f T i s R OREE T B IR], O e E Bk T
o ML TAEIKENSECIRA AR AL B4 LA, SLZIRAF J IR A RPN W e 6 1Y) 3 5

VIH -
p+/D- FS/HSH&% |
VIHZ (min)-----=-==-===nm=mmmmmme e s mmm oo . L N . o

Vss
T < Tocnw
Device Connect
|7/ USRS R R — Connected Detected
D-/D+
Vss — D-
+——  Topis ——» VIH -
Device Disconnect LS‘&%J@_[:
Disconnected Detected D+

Vss

‘, I T +—— ToDCNN —————»
Device Connect

life.qugmented Connected Detected
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Bit 15 DPPU: DP pull-up control

This bit is set by software to enable the embedded pull-up on the DP line. Clearing it to '0°
can be used to signalize disconnect to the host when needed by the user software.

usvy
CN#
USB-typeB conrector —C#
1 Ui 100nF
Ve
D- 2 | - o1 o1 =& ity L PAT_ - Uss DM
D+ | 2 GND \bus S LY,
GND —= ' 3_ o2 102 RE& w2 PAR _ysB pp
SHEL —— USBC 6-2F6
SHEL —e
L3 1 R
e | +3al ' AAN
¥ 1.5K
=c» $Mm
A.7vF
 Ro o R& |||
—— usv SVAA '
= . Mﬁ 36K |
T
3 1 +3V3
&
o~ 47K 21_1_|||
2013 ' |_-3 P81 1158 Dscanect

JPH U$
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© FHLCRARH)AR S A Bes?

* B ( N FKD):12.01.0100

« HARA LA I gE?

* D:09 02 09......Configuration Descriptor

* HEEADhREA JLA R H?
* D:09 04 00......Interface Descriptor

o AN A PR LA 22
* D:06 05 82.....Endpoint Descriptor

A1 VA

iﬁ

« HERTE VRS e 1, T L dei e !

* D:OK, Read Go ©

Lys
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#iE F U5

Device Descriptor

#RFHKE

i T HIRE G5

Descriptor Types

DEVICE

CONFIGURATION

STRING

INTERFACE

EMDPOINT

DEVICE_QUALIFIER

OTHER_SPEED_CONFIGURATION

INTERFACE_POWER

OoTG

DEBUG

INTERFACE ASSOCIATION




4 —/USB1
SBT3

USB 1 #5 Fr s
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tban, —4NUSBHE
[¥ICD—ROM, fEN—
M, CHEHAERF
Dife, EEOCE MR
itco, Frblg2A

Configurationfi i £F .
— /N TR ) S E B
M2, iy
COFETHLE BT, 7
EEHE O, [FBE

T I CONL R

1142 1) i 2 43
VF2um A ZH R, B
A 55 55 57 5T 171 CDAIL
RIEAT, AR
T 5T OR H COHLHY
. S

eeeeeeeee

Device

Descriptor

Configuration

Configuration

Descriptor Descriptor
|
|
Interface Interface
Descriptor Descriptor
| |
Endpoint Endpoint Endpoint
Descriptor Descriptor Descriptor




USB7 il # 4 _E 1 iy 452X

Offset Field Size Value Description
— \ Iﬁ
0 bmRequest Type 1 Bitmap Characteristics of request: >> */“I-\‘{ﬁﬁ I lj s

DY: Data transfer direction

0 = Host-to-device > A

1 = Device-to-host >> gs*ﬁ 9%6;[ g
D&..5: Type

0 = Standard

2= Vender >> | h B X R

3 = Reserved

D4...0: Recipient
0 = Device
1 = Interface
2 = Endpaint
3 = Other
4...31 = Reserved

1 bRequest 1 Value Specific request (refer to Table 9-3)
2 wlWalue 2 Value Word-sized field that varies according to
request
4 windex 2 Index or Word-sized field that varies according to
Offset request; typically used to pass an index or
offset
3] wlangth 2 Count Mumber of bytes to transfer if there is a

Data stage




bmRequestType USB 1“/]?\/”7[;&

b6:b5=00

bmReguestType

OOQO0NIE
Q00000018
0000001 0B

wWalue windex | wlLength Data

Featura Zary Zero M
Selactor Interface

Endpaint

100000006

T _COMFIGURATION Zaro Zaro One Configuration
Walue

GET_DESCRIPTOR DCiescriptor Zaro or Drescriptor Diescriptor
Type and Language Length
Degeriplor I

Incle

bRequest

GET_STATUS

GET_INTERFACE Lerm Inbesrlacs One Allermate
Irilerface CLEAR_FEATURE

Interface Interface, ar

Status B

Basapaad-for Baura—ae

SET_ADDRESS Diavica Zare Zero Mone
Addrass

SET_ADDRESS

SET _COMFIGURATION B Configuration Zare Zero Mone
Walue GET_DESCRIPTOR

SET_DESCRIFTOR Descriptor Zaro or Drascriptor Descriptor SET DESCRIPTOR
Typa and Languagea Length -

Descriptor icr
Index GET_COMFIGLURATION

SET_FEATURE Feature Zero Zero Mone SET_CONFIGURATION
Selector Interface

Endpoint GET_INTERFACE

SET_INTERFACE Allarmate Inberlace Zein M

Selling SET_INTERFACE

‘ GET_STATUS Zarn Zero Two Device, Radanaad-for halura g
| SYNCH_FRAME Zern Endpoint Two Frame Mumber SYNCH_FRAME




WA T (Device Descriptor)

0  bLength 1 ZHR FESHETEE — #2118
1 bDescripotorType 1 C ﬁ [ & &R H ] 1

2 bcdUSB 2 BCD 1% 1% & 15 4181 B U SB ) iU A 5

4 bDeviceClass 1

5 bDeviceSubClass 1 SubClass HUSB-IF 4 EC Y

6 bDeviceProtocol 1 Protocol

7 bMaxPacketSize0 1 0F EPOI 3 KL K Hsﬁﬁz‘aﬁ%
8 idVendor 2 ID USB-IF 7 EC /) 0x0483
10 iProduct 2 ID 5y ) 0x5710
12 bedDevice 2 BCD ZkE H SHRAE S

14  iManufacturer 1 Index

15 iProduct 1 Index ZEHEAZ ZRFEHRBTFRIFS

16  iSerialNumber 1 index

o 2B AT T R /DR

17  bNumConfigurations 1 Configuration

Lys
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Pl Joystick N1

Joystick_DeviceDescriptor| ] =

{

0x12,
0x01,
0x00, 0x02,
0x00,
0x00,
0x00,
0x40,
0x83, 0x04,
0x10, 0x57,
0x00, 0x02,

/* FE A DescriptorfJ K. 18T */

/* DescriptorfJ25%l): Device Descriptor(0x01) */

/* WA TG IUSB MM IR A5 : 2.00 */

[* WA P SEER RIS AR D R A7 5 B SEER pY 8%/
[* WA PTSEILR 128 e LR FF ik */

[* WA PTIEE M EER] . A D IR fFfaid */
/* i OH B REAR BT : 647 1*/

/* IDVendor: 0x0483 (for ST) */

/* IDProduct: 0x5710 */

/* bcdDevice: 2.00*/

/* TR A= mE e Rg 5 */

/* H T8 i B A IR AT R R 5 5/

/* TR 5 R 5 PR R TR 5l 5%/

[* WRFTCRFBCE S : 1%/

18



Mt B4R FF (Configuration Descriptor)

bLength
bDescripotorType

wTotalLength

bNuminterfaces
bConfigurationValue

iConfiguration

bmAttributes

bMaxPower

%ﬁ[

'y

T

T

index

mA

3B eIy = ) — B HR 29
[mﬁﬁﬁﬁm%iﬁﬁl 2
X: HEHER

18 THARATIRE (e, S
B0, swel. EBMHEX. T EHER SN e
FFAR LR [B]
ZEEAE N ED
mEZIER, fRid%n
SetConfiguration() #1241
EREZFHERMBRFTTIHFS

D7: {RE A1
p NPt e R AR IE 7 2
: B R OxEO
D4~D0: & ~0
%% % fEi%configuration F 43 T
TEBT =R E NSRRI B (L
2mA N EAL)

19



PLJoystick 1]

Joystick_ConfigurationDescriptor[ ] =

0x09, [* FRRFFHIACREE: 9T */

0x02, /* FEIRFFEZET: 0x02 it B HIIR T */

JOYSTICK_SIZ_CONFIG_DESC, 0x00, i m%ﬁ’ﬁ” :@ﬁ@? e ANET DUV
ity Jo 10 IR AR IR R K B */

0x01, [* BCE AT SRR DB H . 1%/

0x01, /* HSetConfigurationiZt £ AT & i Frds e A &5 */

0x00, /* TR ML B F A AR /ARG 5: 0%/

OxEO, /* L L E . B7(1 fRFH), B6(H k), BS(IEFEMLfE), B4-

BO(0 ) */
0x32, /* B RINHE, LL2mAN AL THE: 0x323K 78 100mA */

20



iR %7 (Interface Descriptor)

E“ﬂ_-

bLength ZHEARFESHFETHE — AR 29
1 bDescripotorType 1 & i‘:ﬁ [ & O#FRRFEAE ] 4
2 binterfaceNumber 1 Bx 238 HB&}Z%% ]IIEEI?HEE ﬁﬁ%ﬁ? SCRFHY MOFF1hH
3  bAlternateSetting 1 B+ FSRiEFZE O i3 setting
TSR I A0
4  bNumEndpoints 1 T ZEOZEHEZ/OAJE0REP ZEOFERER
PNk IBRRE

Class
SubClass HUSB-IF4- i

binterfaceClass

binterfaceSubClass

binterfaceProtocol

Protocol

index ERZ I EHRTFRRFS

O~ O O,

1
1
1
iinterface 1

W Hix &2 Classsrfid: AUDIO=1; COMMUNICATION=2; HID=3; MSC=8

** B ikT-Class, A% HKE X:

Class = 3 (HID)##&#%. T, SubClass = 1 (BOOT) = 0 (no-BOOT) Protocol = 1 (KeyBoard) = 0
(Mouse)

1R BN S, —NPCAERE N, Foxbiosa sl gEiRn - H 1%k & SN RBEEOSE3IEA
HE

21



PLJoystick 1]

Joystick_InterfaceDescriptor| ] =

0x09,
4,

0x00,
0x00,
0x01,
0x03,
0x01,
0x02,
0,

[* FRFIKEE: 975 */

[* IR FFHIZETY . 0x044% I IR fF (Interface) */

[* BB ORI RS 5, MNOHETHE: 0%/

/* AT B EENERSIS: 0%/

/* SEPREE O 7 B A w8 H : 1%/

/* WeE: I PTiE g 2R : HID Class */

/* e O FTEE R 1-258: 1=BOOT, 0=no boot */

/* WO BT SZF s 0B 8 X 18E5L. 25FFR */
/* T e O AR R 5 5 */

22
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Vi o A 17

bLength
bDescripotorType

bEndpointAddress

bmAttributes

wMaxPacketSize

binterval

—_—

%ﬁ

Ty

RFF (Endpoint Descriptor)

R TR R — AR T
[!ﬁﬁ)ﬁﬁ)&ﬁﬁ‘]%i%ﬁ] 5

Bit7: JiJa (0-OUT; 1-IN)
Bité~4: {78 ~0
Bit3~0: i A5

Bit1~0: f&%#i25%! (CTRL. ISO.
BULK. INTR)

Bit3~2: A O

Bit5~4: f#HER (FIEEP. &Ik
EP. FEERHI RIREIEEP.

% R R K

FHLEHEPHEIRG, LABiEi oA AL
FS/HSHIISO EP: BU{f1~16, [&]Fg & 20nterval-1)
FS/LSHIINTR EP: H{E1~255

HSHIINTR EP: BUEZE1~16, [A]fE 2 (knteval-1)
HSHIBULK/CTRL OUT EP: #%7E T i% & 1 ANAK
ZF (AN RmiHRZ EJLINAK) ; BU{E0~255

23



PLJoystick 1]

Joystick_InterfaceDescriptor|[ ] =

0x07,
5,
0x81,

0x03,

0x04, 0x00
0x20,

[* IR : 79770 */

[* FERFFEAY: v SRR/

/* i SRR B3-BO(¥i A 5), B6-B4(0), B7(1=IN, 0=0UT)
0x81: Endpointl/IN */

/* v SRS B1-BO(00=121l 01=[F]2 10= K& & 11=11 1)
0x03: H Bt 1 */

/* et KA AR K 4 70T %/

/* FEALA ) v 20 B[R] BRI 18] (1msER125us HA7):
0x20: 32 ms */

24



= A5 h

TR IR FT (String Descriptor)

Get String Descriptor (value= type3, index = 0)

bLength ZHEARFESHFETHE
1 bDescripotorType 1 # ff[ [ 55 R IR F 3] 3
2  wLANGIDIO] 2 H+ EE 5 Hmig0
N  wLANGID[X] 2 H+ B S 5 g

Get String Descriptor (value= type3, index = NI 4 15 2| #JLANGID)

bLength TR FEEHET
1 bDescripotorType 1 # ff[ [FFFH ﬁﬁﬁm%’@i i ﬁ]
2 bString N B+ F 15 & FJUNICODEZR 5

Lys
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Joystick_StringVendor[ ] =
{
JOYSTICK_SIZ_STRING_VENDOR,
USB_STRING_DESCRIPTOR_TYPE,

ISI, 0’ 'TI, 0’ 'MI, 0’ 'i', 0’ lcl, 0’ Irl, 0, o

" 0’

[* TR */
/* FEETFHIHT.
e', 0,

III, 0, Iel, 0’ 'C', 0, |t|’0 lrl 0 |0| 0 |n| 0 lil 0

'¢’,0,'s", 0 [* IR T TR 1 N 2

gmented

FIFIRRT */

"'STMlicroelectronics" */

26



PLJoystick A1
Joystick_ConfigDescriptor|[ ] =

{
BB iR RF: Configuration Descriptor

+

ZOMRBRRF: Interface Descriptor

+

SR POYSE

+

Class Descriptor

L

% S #ARAF: Endpoint Descriptor




H{=. Packet. Transaction. Transfer




USBi#

Control
HS FS
PRAE

P e
L 20% 10% 10%
= N
1SN ET )
64 64 8
K
R R B | RFO. PIDEIR
Setup stage +
ZH A% Optional Data stage
+ Status stage
REUEHGE MES

BRI

Ffitransferzs Ay

nterun

LS HS FS LS HS LS HS FS
A TRIE ﬁﬁﬁlﬂ‘ﬁ%mﬂ?ﬁ TRIE Féiau%lﬁ
23.4M S22 800 Sk 2.9M
Bl/s K Bl/s K B/s
B/s B/s
512 64 N.A 1024 64 8 1024 1023 N.A
#TFHE. PIDME  ET0. PIDR ToE R 5
—/l\gi%/r_Data —“ Data transaction ﬂ/l\EE%/l\_Data
transaction (IN) transaction
(IN or OUT) (IN or OUT)
U#. CDC# W45, HIDRE FUHFEDSHIE
T ZHIET A& 5



k% . A FtransferZd B4

sor | akbtem e R
sor | bt | PBHER] B | B R
sor | bt | 1R Bt AR R

N— _/
~

2HEEE: Ims / BHIEEE: 125us

S S S S S S S S

\_Y_/

ATREL: Ims / BEBKE: 125us

life.al



PEfAE 5. 45
Setup Stage Data Stage (Optional) Status Stage

/—HK \/—H
ersts G OE0) BE0) D CH0H SN

prietn (GG GhON DRON 0 WeH) Oeo)
pe e zeclles ll Setup( ) CINQ) |
Idle Idle
Token Token Token
Data Data Data
Handshake Handshake Handshake
ACK ACK ACK

Lys
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125 il A . SEAD

" Transfer Control | ADDE (SRS bReques JesCriptors Time Stamp
0 a GET_DESCRIFTOR DEVICE t‘g,fpe D}{ODOO DEVICE Descriptor 9.215 240 050
“ Transaction [F| SETUP ADDR [EEREIN C ACK Time Stamp
0 S a QD-=H| 35 |D|  0x06 O><D1OU DXOODO B 0x4B 9. 215240 050

Packet =yne SETURP CRCH OF dle Time Stamp
41 00000001 DxB4 9,215 240 050

Packet =yng DATAD |ERE IS =1et EOF dle Time Stamp
42 00000001 OxC3 8 bytes |0xD729|250.000ns|| 215.000ns 9.215243 382

Facket ile ACK Time Time Stamp
43 00000001 = 250.000 ns 5973 ms 9215251850

* Transaction F EMNDP ACK Time Stamp
1 5 0 0 118 bytes 0xB 9221 225066

Facket Syne I ADDRE ENDP Time Stamp
50 00000001 Jx96 0 O}(OS 233.330ns || 250.000 ns 9. 221225066
Packet Sync DATA1 " Data CRC16 P dle Time Stamp
51 00000001 0xD2 8 bytes |Ox88BE [250.000ns || 350.000 ns 9.221228 216

Facket H Syne ACK ime Time Stamp
52 00000001 0B 250000ns || 808316 s 9 221236816
ansaction QT EMNDP ACK Time Stamp
2 Ox87 4] 0 1|0 bytes OB g9 222045132

Facket Syne ouT ADDR ENDP CRCS ECP dle Time Stamp

53 00000001 Ox87 0 0x08 |233330ns|| 434.000ns 9 222045 132
Packet Sync DATAT " Data |[CRCIE OF dle Time Stamp

54 00000001 OxD2 0 bytes |(x0000|250000ns|| 217330ns g 227 048 466
Facket Sync ACK Time ime Stamp

55 00000001 0B 250000 ns 5187 ms g 2322 051 B0

fe.augmented



12 1A% 4 (3)

o
4 v

% l’t’:
o BENUSBIR AR A 2 il i i1, SCRFE T TR AT oy S AR ES
AL 5

o USB - HLAR AN 18 1o 478 il A i 15 USB IS A O 428 | g )L, S8 FIUSB
VLA RS R

Ji 1
o PaBILE XA AL, A0 EHINFTOUTIN AN 7 Tal b 1 B Sk 52 ik
PN T A BB R 1E A S

life.augmented
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USB transaction

- Transaction ™ LAy il =2
« Setup transaction: ZENLHER 71 & K iXEH] a4
« Data IN transaction: AR M 15 & e B HE
« Data OUT transaction: FEALA R m) 15 4% &% EdE

- TransactionfJpacketZf i
« Token packet: MEZHBFEHEH
« Data packet: {5t iXtransactionff)5#5 714, wILISRE EHL, AT DR E k&

« —WKtransferBEHKBHEEMpacketl K, WE T Htransfer&h b4
transactionZH %,

1%k Handshake packet

life.augmented



K — 1 transfer

e R L

. ¥ Data

1 014 bvtes

Ox4B

= |[FELCEEEERCCETTEE fransaction

* HID XMaove YMove Wheel
Mouse || 0x00 0 -5 0 g .066 116 482

1 1 |4 bvtes

Ox4B

| 32.001 ms 5. 066 116 482

* HID XMaove YMove Wheel
Mouse || 0x00 g.098 117 000

. ¥ Data

138 014 bvtes

| 31.999 ms 5 .0398 117 000

Transfer ENDF’ bRequest U=
GET GET_DESCRIPTOR DEVICE type DXDDDD DEYICE descriptar|| 0 ns

4 0B | 1 | O-=H |S|D|SET_DESCRIPTCOR |DEVICE type | 00000

bRequest

wiLength

095 '1|12 01 00 0Z 00 00 00 08

095

095

ouT

OxB87

PR E f -

Kitransaction




Packet[] N % (1)

SOP SYNC EOP

Token 4 & OUT /INT /SETUP/ SOF £/, SOFE ARFEHKH
Data $i# DATAO /DATAL /DATA2/ MDATA ygam 8 HE
- SR
andshake #F ACK /NAK /STALL /NYET BFE  hrm
Special #%  PRE/ERR/SPLIT/PING ...

Lys
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Packet '] N & (2)

SOP SYNC EOP

MSB
W28 Hu bk I Addr, I Addr, I Addr, I Addr, I Addr, I Addrg I Addrg I

q LSB wsg [ SEERFITEA

ﬁﬁﬁ‘){—f’:f@,ﬁt I Endp, I Endp, I Endp, I Endp, I

FS/HSE & &% 16/ i 1

> ENLEE A —A W, Wi A 3 inl

> U S IE BITFRHIN, o IH T FH BT AT
Lys > AAEBEAN TR ol 5 A% s — IR SOF &L



Packet/'] A % (3)

> WA A AN ], e da d ) E e 1 S
MOFN 1024775 %%
Control Bulk Interrupt

. As|ps|us|Hs|Fs|Ls|Hs|Fs|Ls | Hs | Fs|Ls

> Token CRC: it& b3 Fmi 535 () CRC
» Data CRC: 1HHE AR FICRC




Packet=z|

ALK
00000001 0B 233330 n5
DATAL
00000001 (w3 80 06 00 01 00 00 12 00|0x072F|250.000 ns
SR : =
(0000001 (A5 16117 | Ox11 | 250000 ns

(0000001

SETUR

UxBd

ADDE




— KRR

M zETracer file

[CA_Workdd, STM32 USENCAEIMini Project\2. CompaositeDevice(KB +Meo..\HID Mouse original deme.usb]

T Transfer Contral | ADDR. IS8
7 GET 1 0

whfalue windex

Descriptors

| 1.375 ms 4.021155 182

T Transfer Contral ADDR J=S§=
2 GET 1

999,932 us 4. 022 530 100

T Transfer Contral ADDR ==
9 GET 1 ]

5503 ms 4 . 023 530 032

T Transfer Contral | ADDR S0
10 0
T Transfer Contral | ADDR [S1 G
11 SET 1 0

SET_ CDNFIGURATIDN New Configuration 1|0x0000] 0 |

wilalue windex wiength Time

T Transfer Contral  ADDR ===
12 GET 1 0

Time Stamp

30,499 ms 4 . 029033 300

3.319 sec 4 . 060 029 432

T Transfer Contral | ADDR J=§e=
13 GET 1 0

GET_DESCRIPTOR|STRING type, Index 1| Language ID 0x0409 | STMicroelectronics

Descriptors

1.500 ms T .379 347 482 |

Transfer I ! | Contral ADDR

bRequest
SET_IDLE | 00000 | Ox0000

whfalue ‘windex wlien -:|th

G53.270 ms T .380 847 416 |

Transfer ENDF [[F HID XMove YMove Wheel
Mouse|| 0x00 31.999 ms 8.034 117 650

™ Transfer EMDP |[* HID XMaove YMove Wheel
16 1M 1 1 Mouse|| 0x00 ] -5 a0 32.001 ms g.066 116 482

T Transfer EMDP|[* HID XMove YMove Wheel
17 1M 1 1 Mouse|| oxoo0 ] -5 0 31.999 ms g.09% 117 000




H &R

Lys
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WWwWWw.usb.org

Home About USB-IF Channel Press Developers Members Products

1 ] .
SuperSpeed USB
LSB Power Delivery

Home » Developers * Documents

USB 3.1 Specification

Universal Serial Bus Revision 3.1 Specification (.zip file format, size 56.6 MB) provides the technical details
to understand USB 3.1 requirements and design USB 3.1 compatible products. Modifications to the USB
3.1 specification are made through Engineering Change Notices (ECNs). Enclosed in this zip file are the
following documents:

Home About USB-IF Channel Press Developers Members Products

USB Type-C™

Hi-Speed USE

USB On-The-Go and
Embedded Host

Tools

| - Store
USB-IF eStore Home > Developers » Documents >  USE 2.0 Decuments

Documents USB 2.0 Documents Index

USB 2.0 Documents
LUSE 2.0 Specification

USE 2.0 Adopters Agreement

USE 2.0 On-The-Go Specification Supplement Adopters Agreement
Low Voltage Inter-Chip Adopters Agreement Amendment
High-Speed Inter-Chip Adopters Agreement Amendment

Intellectual Property Rights MNotice

USB 2.0 lcon Design Guideline

Wireless USB Documents

USHE Device Clazss
Specifications

Technical White Papers

Presentations [ Other

Documents About USE-IF Developers
Archived Documents | Home > Developers ® Documents = USE Device Class Specifications
e .c i s il | USB-IF Device Class Documents
LISE FAG ) : e . : - N
The USE Device Working Group ("DWG") enables and promotes increased interoperability and reliability
Events ETETUSB products through documents that augment, enhance and extend USB specifications. USB-IF
members may participate in the development efforts of a Working Group only after having executed the IP
Join USB-IF, Inc. | Agreement corresponding to the specification under development by that Group. If you are interested in
working on a Device Class document, you will find the various IP Agreements and can submit your request
Resources ! to join in the members-anly section of this site. The current set of Defined 1.0 Class Codes is available.
ExpressCard | These specifications recommend design targets for classes of devices. For HID related information, please

‘,’ go to the HID Web page.
lte.augmented | Approved Class Specification Documents




USBZ£4#15(USB Class Codes)

- USBE X [class codesg HRIX 71 5 DhRe, FHat T H I8 hn#g i 44 I
o, HA=1FE 4R Base class-Subclass-Protocol

« RTUSBEGIS(E B v LUKAE W &IN5 : Device Descriptorffl
Interface Descriptor (7284505 K BEIAE &R FF, AL R geife %
FHRIR AT, A L83 P A1 T #RAT)

Class | Usage Class | Usage

00 Bevies T NIRRT Interface Smart Card
XRER oD Interface Security
01 Interface Audio OE Interface Video
02 Both CDC control OF Interface Healthacre
03 Interface HID 10 Interface Audio/Video Device
05 Interface Physical 11 Device Billboard
06 Interface Image DC Both Diagnostic
07 Interface Printer EO Interface Wireless
08 Interface Mass Storage EF Both  Msc.
09 Device Hub FE Interface App. Spec.

‘1’ 0A Interface CDC data FE Both Vendor Spec.
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HID % 4528,

* HIDZEZmAS . A

* HIDZEAH K a2

« HIDZSAH ¢ 1 B s A% T

BFF

DL bR

191




HIDZX 1] Class-Subclass-Interface

» HID Class
o USBU&HE I AR 22800 SR E SR, HEA R HE & 2ok
o —PNUSBI A LI —PNEMPIES], BF 22NN EERE
- e.g. FHUEHHID. 4. telephonyZ:% 4~ fifeature

* HID Subclass
« HIDZEAME Fsubclassk e SCHM, 12 A8 R G IR RF ok 08 © A B U1 5 7
o WARIMFHIRNIG, HIDRIZRIRB) RS #IR R I AT i 2515 FoRE) [k ]
- fffSubclass kF/RZ K& (RAPSEEAD SCRETIUE LAY (B E—/Booti %

« HID Protocol
« HIDB A SR AN A B MY
« Jff (binterfaceSubClass @ % F b #7) K B 1% 15 %% S FFboot interfacely, %04

A HINEE O
P

0 JESubclass 1 sy
m 1 Boot Interface Subclass 2 SN

2~255 fREH 3~255 TR
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@ HID1 11

- HIDHIARF ORar#Bes) 2 iz H e A MR LEHIDISA ¢ 13I8 75 47
1E, aiReportffii& fFFPhysicalfiid fF, LU BATIA & 1515 4L

- Reportffiid 7. b 15 & 7= A B AR 2 HE AR i = 8
o X EhtnHE IR AL B A AR S Witem, 1. F SRS R EHLX LA H G route 5, L
WNea WAREE EARIEFTAPL; 2. i34 S N B S et L D RE, B dn e B i x4 A4
SETPANG et A

* Physicalffi& #F: wldeli, F K2 Vr AL AN A4 [0 0 L 5 A7 S B 1
Fr LR A A

Report descriptor

HID descriptor
Type Present Size
Report ¥ n

Physical ¥ n

Physical descriptor set

v v

r Report Physical
’I descriptor descriptor set
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Device ] T FHIDZREI R % %, class type S & 7E
descriptor WAARIRFT— 2 W, TAafEs: Ok

| e i

l

Configuration
descriptor

]
) A USB device may have one or more configurations,
Each is defined by the Configuration descriptor. A HID
class device typically has only one configuration; thus it

would have only one Configuration descriptor.
]

The Class field of this descriptor defines the
®/  device as a HID class device.
Interface
descriptor I

Endpoint I

descriptor

. descriptor

. ' '

I Report | Physical
descriptor descriptor

HIDZE V% 28 B I8 14 25 14




HID A #F

: HIDTmLf?%tﬁE*ﬂ&F?mLf?rB’J/\éﬁu&*i

bLength 1 ZHARFOESHESHE ...

1 bDescriptorType 1 _ Ox21

2 bcdUSB 2 ENEFIHIDRE R A5

4 bCountryCode 1 B Ak B £ [ X B TR E K R 2 il
PR T AMA, FIZEN0; (HR2&
A AT DR 8k R R HE 5
page 23 @ HID1 11.pdf

5 bNumDescriptors 1 HEREMRBERFNE ZEOEL: BARDF -IMHRERHR
¥

6 bDescriptorType 1 [ RRRF R ) 0x22

7 wltemLength 2 R 21 00 (33777 [ & IR TF)

- Rapoo fi bx
« 3HIDE O, 3NHIDHIARET

o

o}

=
«

3

[}

3

=
[l

Q



RapooH) =/~ L BIHIDHE A FFF

bLength zmtresnyran D
bcdUSB TEAE I HID A E R A5 10 01 (1.1) 10 01 (1.1) 10 01 (1.1)
bCountryCode B Ak B £ [l X 00 00 00

bNumbDescriptors . J5 FIHIDZE IR FF N5 0

1 01 01

wltemLength e P AR A I RE 3B 00 (59 %% 9400 (148%% 2100 (33
Pk S HARRT) MRS RS HIAR)

Transfer F EMNDP bRequest w\alue
17 S GET 4 0 GET_DESCRIPTOR | REFPORT_DESCRIPTOR type 0x0000 REPORT Descriptor

Transfer F ENDP bRequest wValue
19 S GET 4 0 GET_DESCRIPTOR | REPORT_DESCRIPTOR. type 0x0001 REPORT Descriptor

" Transfer F EMNDP bRequest w\alue
21 S GET 4 0 GET_DESCRIPTOR | REPORT DESCRIPTOR type 0x0002 REPORT Descriptor

~N o o0 A N P O
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250 Bl B3 R AT

Main item Usage Page (Generic Desktop),
Usage (Mouse),

Global item Collection (Application),
Usage (Pointer),
1 it Collection (Physical),
ocal Item — Report Count (3), )

Regort Size (1§, ) 1577 % A report
Usage Page (Buttons),
Usage Minimum (1), Huftior
Usage Maximum (3), HORIERIMAE TSR
Logical Minimum (0), —

Logical Maximum (1),
Input (Data, Variable, Absolute),
Report Count (1),
Il —
B AT AN el e Report Size (5),
Input (Constant), —

Report Size (8), — .

Report Count (2), 2575 Nreport
Usage Page (Generic Desktop), L T T T
Usage (X), —| AN
Usa_ge (Yl., . HUt 127 ~ 127

Logical Minimum (-127), B B AR

— Logical Maximum (127), —
Input (Data, Variable, Relative),
End Collection,

"I End Collection
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@ HID1 11

* HIDZR V28 AN A Lo B HID SR 9K 50 458 FH BRI B 4% il pipe B A Wr pipe i (5
- (WMD) $=EifilpipeH T

o S ] i RN SRAT OB E AT BRSO i o _
o« fEHIDZIKFN{{ ] Get_Reportfr & HEATR N, RIZEIEL 01
o« Bk B EHLRIEEE

- dil¥rpipe T _

o EHLENCR B i &7 25 (unrequested)
o RIBRIEIR I EHE 45 W 4%

o HHIRIIOUT pip&RIiEfY), EHLA] T Koutput report; WS A RIWE, FALELEEH
Set_Report>k [\ ¥ foutput report

Control pipe

(default)
HID = g HID 4
Class Device Interrupt pipe Class Driver
Kys R GnEEEE -
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HIDZEAH o<

7.2.1 Get_Report Request

The Get_ Report request allows the host to receive a report via the Control pipe.

7.2.2 Set_Report Request

The Set_Report request allows the host to send a report to the device, possibly
setting the state of input, output, or feature controls.

7.2.3 Get_ldle Request

The Get_Idle request reads the current idle rate for a particular Input report (see:
Set_Idle request).

7.2.4 Set_ldle Request

The Set Idle request silences a particular report on the Interrupt In pipe until a
new event occurs or the specified amount of time passes,

7.2.5 Get_Protocol Request

The Get_Protocol request reads which protocol 1s currently active (either the boot
protocol or the report protocol.)

7.2.6 Set_Protocol Request

The Set_Protocol switches between the boot protocol and the report protocol (or
vice versa).
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>4
/
4

Ztracer

T Transfer Contral | ADDR J=0 =2
| 10 SET 1 o

windex  wlength

30.499 ms

4 . 023 033 300

T Transfer Contral ADDR J=@= =
11 SET 1 o

bRequest

wifalue windex  wlength

" Transfer Contral ADDR J=@E=
12 GET 1 o

Descriptors

Correct Value of O
| 498.6606 us 4 . 059 532 7G4
3.319 sec | 4 080 029 432

T Transfer Caontral  ADDR J=@e=
13 GET 1 o

GET_DESCRIPTOR|STRING type, Index 1 (Language |0 0x0409 [ STMicroelectronics

1.500 ms T.379 347 482

Transfer I ! | Contral ADDR

bRequest

SET_IDLE | 0x 0000 [ Ox0000

wifalue [windex wL-=-n-:|th

| G53.270 ms T .380 847 416

Transfer ENODF [[* HID XMove YMove Wheel
Mouse || 0x00 31.999 ms g.034 117 650

" Transfer EMDP|[* HID XMove YMove Wheel
16 Ik 1 1 Mouse || 0x00 0 -5 0 32.001 ms g.066 116 482

" Transfer EMDP|[* HID XMove YMove Wheel
17 1M 1 1 Mouse|| oxoo0 0 -5 ] 31.999 ms g.098 117 000

™ Transfer EMDF | [* HID XMaove YMove Wheal
18 I 1 1 Mouse|| 0x00 0 -5 ] 31.968 ms g.130 115 850

" Transfer EMOF |[* HID XMaove YMove Wheal
19 I 1 1 Mouse|| 0x00 0 -5 0 31.999 ms g.162 083 882

" Transfer EMDF |[F HID XMove YMove Wheal
20 I 1 1 Mouse|| o0x00 0 -5 0 31.999 ms g.194 083 366
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USBTHM.. . & PIIRES. ..

Attached

Powered

Default

Address

Configured

Suspended

State

No

Device is not attached to
the USB. Other attributes
are not significant.

Yes

Device is attached to the
USB, but is not powered.
Other attributes are not
significant.

Yes

Yes

MNo

Device is attached to the
USB and powered, but
has not been reset.

Yes

Yes

Yes

Mo

Device i3 attached to the
USB and powered and
has been reset, but has
not been assigned a
unigue address. Device
responds at the default
address.

Yas

Yes

Yes

Yas

Device is attached to the
USB, powered, has been
resetl, and a unique
device address has been
assigned. Device is not
configured,

Yes

Yes

Yes

Yes

Yes

Mo

Device is attached to the
USB, powered, has been
reset, has a unique
address, is configured,
and is not suspended.
The host may now use
the function provided by
the device.

Yes

Yes

Yes

Device is, at minimum,
aftached to the USB and
is powered and has not

seen bus activity for 3 ms.

It may also have a unigue
address and be
configured for use.
However, because the
device is suspended, the
host may not use the
device's function.

Attached

Hub Reset
or Hub

Deconfigured Configured

Bus
Inactive

Bus Activity

[ suspended |
Powered | P

Inactive

Suspended ‘

Bus Activity

Address
Assigned

Inactive

Suspended
Bus Activity ‘

Device Device
Deconfigured Configured

Inactive

Configured | Suspended ‘

Bus Activity




MUSB KT Suspend

* Suspend & ¥ & 1A 2 IR A H 1 —Fil

- — Hffpower [, m%ﬁﬁﬁﬁﬁﬂﬁ%ﬁ)\suspendﬁ%& TrwEREGD
Wi 7 H R B 8 5e i T ok H EALRIIC &

« WS > RFremote wakeupfEtE, EAE Qaﬁﬁgﬂﬁi@ﬁ,ﬁ*tljﬁ/%%
RS RRITE, 4B WA S S Frhost R ok 2 Rt e B A28 11
fijrequest

D7: {2EH1 .
D6: A7 AL {tH B A 18 A

DTS D5: 7 & OXEQ
D4~DO: 7€ 40
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Feature...

bmRequestType bRequest wValue windex | wlLength Data
00000000B CLEAR_FEATURE Feature Zero Zero None
00000001B Selector Interface
00000010B Endpoint
00000000B SET_FEATURE Feature Zero Zero MNone
00000001B Selector Interface
00000010B Endpoint
Feature Selector Recipient Value
DEVICE_REMOTE_WAKEUP Device 1
ENDPOINT_HALT Endpoint 0
TEST_MODE Device 2
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PCIRHR T E

b

A nife i

Transfer Bytes Transferred
17 87996 ms 0361179 450
Transfer Bytes Transferred
18 31.998 ms 0449175 182
Interrupt  ADDR Bytes Transferred Time Time Stamp
1126 sec 0481173 582
Transfer Contral | ADDR bRequest whWalue windex wlength
20 SET_FEATURE | DEVICE_REMOTE_WAKEUP | 0x0000
Packet
2045 16.263 sec 1655 108 232
Packet Resume
2046 46.830 ms 203.889 ms 17 - 918 054 100
Control w‘u’alup whdex wLength Time
ST | 2 | CLEAR FEATURE [0x000110x0000] 0| _3.000ms ]|
Control 3 | Tp K [bReguest| wValue [Windex) wLength
22 SET 2 0 H=D|C 1] 0x0A |0:x0000|0x0000 0 008
Transfer Contral | ADDR. =8R8 1 alue [windex wlength STALL
23 SET 2 0 H=D|C [ 1| 0x0A |0x0000|0x0000 0 0x08
Transfer
24 5.000 ms 26 721531 450
Transfer
25 5.000 ms 26 . 729 531 060
Transfer 5 Transferred
26 5.000 ms 26 . 737 530 BAO
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P CAR IG5 Bl v Mo B2

Transfer Bytes Transferred

344 63.997 ms 5. 305 548 916
Transfer Bytes Transferred

345 63.997 ms 5. 369 545 850

Interrupt ~ ADDR Bytes Transferred Time Time Stamp

4 || 1178sec 5433 542 752

Control | ADDR bReguest whalue windex wlLength
SET_FEATURE | DEVICE_REMOTE_WAKEUP | 00000

14.163 sec \ B . 653 475 332

Resume
1.506 sec 1.664 sec 20 . 816 025 832

Control ADDR anIup v.ildex wLength Time

-_ ___3.000ms ||

Contral | ADDR | Tp H [bReEguest wvalue [Windex) wlLength

——

Control ADDR g=gin]=
SET 1 0

Transfer

351 1§ 1 8.000 ms 22 489 561 716
Transfer

352 I 1 8.000 ms 22 497 561 316
Transfer Bytes Transferred

353 1§ 1 8.000 ms 22 505 560 916
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PCEAKHR AT &

Trmsfer

L Cﬂ ntrDI

ADDF’ ENDP bRequest whalue windex wlLength

SET_FEATURE | DEVICE_REMOTE_WAKEUP | 0:0000 0

e
l SETL.IP
00000001

i ll 00000001

T I 00000001
ENDP

S 0x96 1 0 110 bytes

ll 00000001

L
T D 00000001
IS

“ Transaction [L
823

Packet

Tp R bReguest wValue |windex wlength
0:0001 | 00000

Packet

8576

EOQP
1.867 ps

ldle
2 666 ps ]

ADDR [El;) [EREE
1 0

017

Packet

B5TT

DATA[J
0xC3

BEIE CRC16 EOP
00 03 01 00 00 00O 00 OO0|0xB1A4| 1.867

Packet

B5TH

EOP
1.867 ps

‘ 904934 ps 6. 611 580 916

0x4B

6. 612 485 840

Ox4B

Packet

5580

EOP ldle
1.867 us 4.000 ps 6

ADDR [E1E:) [EREE
1 0

EIxBE- 0x17

Packet

8581

DATA1 ' Data

0xD2

CRC16
00000

EOP
2.000 ps

ldle
3.999 ps

Time
6.612

Packet

8621

8582

Suspend
14163 sec

EOP Time Time Stamp

~|| 00000001 1.867 ps 40 940 ms 6 612 540 382

Time Stamp
6. 653 475 332

I & L FE M i feature mem
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a ) —=

P CHE b A P R i 9 A e L

R iR feature mm

Transfer
348

L Control AN EMNDP
s 0

w\a

bRequest

CLEAR_FEATURE | 0x0001 | 0x0000 0

lue [windex| wLength Time Stamp

22 479 562 250

Transaction

Tp R [BReguest wValue [windex| wlLength

0200071 | 00000

l SE'I'LIF’l
00000001

ADDR [EIZ[ERES
1 0

EOP
1.867 ps

ldle

017 2666 ps 22

DATAU
0 C3

00 01

i ll 00000001

Data CRC16
01 00 00 00 00 O00|0x75A7

EOP
1.867 ps

T I 00000001

EOP
UX4B 2.000 ps 804.934 ps 22 479 657 182

Transaction [L

ENDP
0x96 1 0

110 bytes

625 S5

22 480 562 116

0x4B

Packet
8786

L
i l __000001

096

ADDR [EIEZ] [ERES
1 0

EOP Idle

0x17 | 1.867 ps 4.000 ps

DATA1
0xD2

Packet Data

8787

L
T D 00000001

0 bytes|0x0000

CRC16  EOP

2.000 ps

Idle
4133 ps

Packet EOP

H

Control ADDR

Tp K bReguest
H=D|C || 0x0A

349

Time Time Stamp

L K

wWalue ‘windex wlLength
00000 | 00000 0

008 3.000




