b o

Intel 1994 USB (Universa Serial Bus,
) , N . , USB
N N , USB o
(Plug & Play) o
, USB o
USB o
, uSB o
MOTOROLA s 8
30% - MOTOROLA 8
(CSIC), MPU. RAM. EPROM. SPI. SCI,
USB ,
- MOTOROLA 1996 ) USB
8 ) USB ,
68HCO5BDYA , 68HC05JB2, 68HCO8K L8
68HCO8KH12 o USB ) USB
. 68HC05JB4 USB ,
USB o
USB ,
uSB , USB o
uSB N , USB
o ) USB
MOTOROLA ,
, , USB o
USB ) ) 68HC05JB4,
USB PC, ,




USB (Universal Seria Bus) Intel , Compag, Microsoft,
IBM, DEC, Northern Telecom NEC
, 1994 11 , 1996 2 USB 1.0. USB
127 ) UsB )
12Mbps , o C ¢ 1999 2
uUsB 2.0 , 12Mbps 120-240Mbps. ) USB
(Plug & Play). USB PC /O ,
,  PC o
USB N , USB )
) USB , www.usb.org o
2.1
USB , (hub)
. PC Hub, Hub ;
Hub Hub. USB 5 Hub 127
. 21 uUsB , o

Host (Root Tier)

Tier 2
Tier 3
# * Node Node
|

@ ((Node) ( Node

21 USB

Tier 4




2.2 USB

UsB .
USB , 22 .
5 meters max
VBus s VBUS
D+ D+
GND . GND
2.2 USB
D+ D- ,  VBus GND 15V ,
( Hub) ) .
UsB : 12Mb (full speed)
1.5Mb o USB ,
UsB , &m
, 3m,
° ’ A B) A
, B , o
USB Hub , X
° ’ (endpoint) (pipe) .




USB

uSB

USB

uSB

USB

USB

—)

(

2.3).

< ——)

uSB

Physical Device

|

Function

!

USB Logical
Device

!

USB Bus
Interface

Actual communications flow

(

)

Logical communications flow

(
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2.3.1 Hub

Hub USB s
. Hub
2.4 Hub.

24

2.3.2

USB )

USB , USB

1. Hub

2. Hub

3.

4.Hub )

5 0

6. ,

USB s
s
I 11 11 |
( Port Port Port \
#1 #2 #3
Port

' Upstream
" HUB

#4]

USB

Port Port Port
#7 #6 #5
| ] 1 ] 1 |
(Hub)
, Hub 100mA
0 0




2.3.3

uUSB USB

234

Hub

uSB )

24 USB

USB USB

o USB
USB

uSB (

( )e ,
(HCD) .

2.5):

Host

Client SW

» USB

) USB

b

USB

: USB

Dﬁ

F 3

y

A
USB System SW

r 3

v

USB Host

| —]

Controller

Actual communications flow

e—)

( )

Logical communications flow

( )
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2.5 USB

2.6 uSB o

Host Interconnect Physical Device
e rrarms s s rrsrarsesserrarassnannary ANEE NN EEsEsEEsEEEEEsEEsssEEmEEEERsEmsEREREE
H N\ - K
. [ / S— Function
Client SW H ]
H ° H Interface x acollection of
manages an interface . ’ H interfaces
[ 1
H 7
:Pipe Bu th'e
| y to an interface E [ .
T H
No USB E Interf_at_:e No USB
putrer Format H H Specific Format
2 : : vV
: USB Logical
H : ; Device
USB System SW : H Endpoint
, |: . Zero a collection of
manages devices i Default Pipe H endpoints
to Endpoint Zero 2 USB Device
: y i H 7'}
: Transfers| usB : : Data Per use
H Framed s E EndpointJ Framed
H Data : H 7 o Data
USB Host USB Bus| i i |UsBBus
H Interface | : t | Interface
Host H H
Controller | USB Framed
Data
SIE | sE
Transactions : USB Wire
| — Pipe, represents connection abstraction \_'_/
between two horizontal entities Mechanical
‘ Data transport mechanism( Electrical,
Protocol

t USB-relevant format of transported data

26 USB

, USB . USB
( 0 ) , .
: USBD (USB driver
interface) (IRP, 1/0 Request Packet); USB
, HCD (host controller driver interface), IRP USB
(transfer), IRP USB ; HCD USB
(transaction), (packet) o :




IRP

, usSB USB o
USB ) (frame) o

: USB 1ms , SOF , 1Ims USB

, USB

(Control Transfer )

2. (setup) (status) uUSB

4. ) 8 16, 32 64 )
5. » USB

6. , o
(Isochronous Transfer)

1. N ,

0 1023

ok wbd

6. s 5
7. ) 90%-

(Interrupt Transfer)
1- A} A} s A}

2. USB ( )

w
~
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Data Flow Types

b
b
b
b
b
’

(IRP).
2.6.3,

(transfer)

IRP

Transaction ‘ ‘ Transaction ‘ ‘

Transaction

Control Transfer

IRP

| Data Status

Additional
i Control Transfer:

Interrupt Transfer

IRP

IN Transaction ‘ ‘ IN Transaction

‘ Isochronous Transfer ‘

IRP

‘ Transaction ‘ ‘ Transaction ‘ ‘

Transaction

Bulk Transfer

IRP

‘ Transaction ‘

‘ Transaction ‘ ‘

Transaction
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90%;

8, 16, 32

(transaction)

All transfers are
composed of one or more
transactions. And an IRP
corresponds to one or
more transfers.

A control transfer is anOUT
Setup transaction followed
by multiple IN or OUT Data
transactions followed by
one “opposite of data
direction” Status
Transaction.

One or more IN
Data Transactions.

One or more IN/ OUT
Data Transactions.

One or more IN/ OUT
Data Transactions.

64
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2.6 USB

b A

) s

(Token Packet).

o

(Handshake Packet) o
2.6.1
A (SYNC field): SYNC ,
) 8 . SYNC
( ) . , SYNC .
w (Packet Identifier Field): , PID SYNC
o PID
PID, )
AS (Address Field): )
(ADDR) , PID ,
. ADDR 6 , 127
) 0,
. 0 )
(ENDP) 4 , .
O(endpoint 0). 2 : 0
16 o
A ¢ (Frame Number Field): 11 ,
(Ims) 1, XFF 0.
SOF . SOF o
A (Data Field): 0—1023

%CRC

PID

, PID

10



2.6.2

w (Token Packed):
: IN( ). OUT( ). SETUP( ). SOF(Start of Frame,
) o IN. OUT. SETUP 2.8 o
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PID ADDR ENDP CRC5

|

28 IN, OUT. SETUP
OUT SETUP » ADDR ENDP

s I N s o
Token SOF EOP(End of Packet) o
Token 3 EOP ,
SOF , 29 o (Ims=%0.05 )
SOF . SOF o
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PID Frame Number CRC5
|
29 SOF
w : Data0 Datal o
o PID. DATA CRC C 2100,
8 bits 0-1023 bytes 16 bits
PID DATA CRC16
V
4
2.10 DATA
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w (Handshake Packet): PID (
(
Handshake.
8 bits
PID
211 PID
Handshake
(1) ACK :
2 NAK :
(3) STALL: ,
NAK STALL o
pie (Special) :PID PRE (preamble) ,
6-5)0
2.6.3

(bulk transaction) :

) 212
NAK  STALL
STALL.

A}

2.11). Handshake
)
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roken IJ/ OUT

- | DATAY | NAK | | STALL |
Idle
ACK | ACK | | NAK | |STALL |
U
|:| Host |:| Function
212
2.13 N (segquence hit) PID
26.3).
Bulk OUT (0) OoUT (1) OUT (011)
Write
DATAO DATA1 DATAO0/1
Bulk
Read IN (0) IN (1) IN (0r1)
DATAO DATA1 DATAO0/1
213
(control transaction):
(control transfer) (transaction stage) :
. 2.14 ) )
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Control
Write

Control
Read

No-data
Control

Idle

Token

SETUP
Handshake ACK
—p ldle
|:| Host |:| Function
2.14
215, PID o
Setup Data Status
Stage Stage Stage
A A
! \ T \
| SETUP (0) | | ouT (1) | | ouUT (0) | | OUT (012) | | IN @ |
DATAO DATA1 DATAO DATAO0/1 DATA1
|SETUP(0) | | IN (1) | | IN (0) | | IN (/1) | | ouT (1) |
DATAO DATA1 DATAO DATAO0/1 DATA1
Setup Status
Stage Stage
A A
I/ \ / \
SETUP (0) | | IN @ |
DATAO DATA1
2.15
(interrupt transaction):
, ( 216).
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Idle

Token IN

Data DATAO/
DATAL

| | NAK | | STALL|

Idle

Handshake
Host Device

I:Ac:IK (I ]

— P Idle

2.16

(isochronoustransaction):
) : ¢ 217).

Idle

ouT
E’é E‘ Token

|:| Host |:| Function
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2.6.4

USB
Data0 Datal PID
(data toggle sequence bit) .
( PID) .

218, 219, 2.20

DATAO

Accept
data

ACK

:
.

Transfer i

2.18

o

o

DATA1

Accept
data

ACK

Transferi+1

@~ &

Failed ACK ACK

DATAO DATAO
Reject Accept
data data
NAK ACK

:
.

Transfer i Retry
Transfer i

2.19 ¢

DATAO DATAO DATA1

Accept Ignore
data data

ACK

;

Transfer i Transfer i Transferi+1
(retried)

2.20 ¢
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ACK




) ( PID , Datal
Datal) . , NAK .
s s ACK s s
(] s s
ACK o ) NAK
ACK, o
Hub ) ,
. 221 )
[=]
Hub enables low Hub disables low
speed port outputs speed port outputs
sentparlf?mlb;geed + Token sent at low speed +
—
SYNC PID | Hubsetup| SYNC PID ENDP EOP
Data packet sent at low speed
SYNC PID DATA CRC EOP
Hub disables low
Hub enables low speed port outputs
Preamble speed port outputs
sent at full speed * Handshake sent at low speed +
—
SYNC PID Hub setup SYNC PID EOP
2.21
) PRE . Hub PRE ,
USB o PRE ; 4
s s Hub s [
EOP , Hub o
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(2 o
2.6.6
uUSB ) o
usSB : PID . CRC N EOP
USB ) USB 1.0
, USB, USB o
USB , USB ,
o HID (Human Interface Device)
) (Power Device)
HID o s
(PC) hY (=3
o USB
. ) USB )
USB , o
HID , HID ,
USsB 1996 , USB .
USB, PC
) USB , USB
, UusSB I/0
, USB 127 12Mbs,
) , Hub
, USB R USB
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100Mb,200Mb
usB

ASIC(

HID

o

uSB

b

400Mb,
UsB .
IC) ,PC USB
. Microsoft

°

USB

PC98
» USB

|IEEE1394,

b

PC99

O)

USB
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) MC68HC05JB4
WINDOWS 98 HID o

uSB )
WINDOWS 98 HID )
WINDOWS “ ” o

4.1

MC68HC05JB4 USB 3 ) 0
) 1 2 o 0
) 1 2 o
3 » MC68HC05JB4 3 y 2 (
2 1 ), 0 8 / ) 1

uSB HID )
2K )
uSB

uSB uSB ( N
0 SETUP. IN, OUT )
10 b
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USB , o

b ° USB
(HID), uSB ) HID
BIOS » USB
( )
, ( XY )
411 USB
uSB )
]
[ ]
® SETUP
® OuUT
® |N
o (RESUME)
° (EOP)
. USB HID
4.1.2

: USB HID
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0 GET_STATUS SRQ GET_STATUS
U 1 CLR_FEATURE SRQ CLR FEATURE
S 2 (reserved) PST_STALL
B 3 SET_FEATURE SRQ SET_FEATURE
4 (reserved) PST_STALL
5 SET_ADDRESS SRQ_SET_ADDRESS
6 GET_DESC SRQ GET DESC
7 SET_DESC SRQ SET DESC
8 GET_CONFIG SRQ_GET_CONFIG
9 SET_CONFIG SRQ_SET_CONFIG
10 GET_IF SRQ GET IF
11 SET_IF SRQ SET_IF
12 SYNC_FRAME SRQ SYNC_FRAME
H 0 (reserved) PST_STALL
| 1 GET_REPORT HCR_GET_REPORT
D 2 GET_IDLE HCR_GET_IDLE
3 GET_PROTOCOL HCR_GET_PROTOCOL
4 (reserved) PST_STALL
5 (reserved) PST_STALL
6 (reserved) PST_STALL
7 (reserved) PST_STALL
8 (reserved) PST_STALL
9 SET_REPORT HCR_SET_REPORT
10 SET_IDLE HCR_SET_IDLE
11 SET_PROTOCOL HCR_SET_PROTOCOL
USB HID (  reserved ),
PST_STALL . PST_STALL STALL ,
o USB

HID ) , o
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4.1.3
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, 32«
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5 4, o
_ 0 1
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t Yy
ﬁ-%j -SEE-IE;%E n 4 —————————————
41 SCi
= ’ ( 5
’ ’ . USB ,
: scl ]
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4.1.4

USB s [ » s
4.1.5
) USB (SUSPEND) (RESUME)
USB ) 3ms )
5001 A. MCG8HC05JB4
USB 0 o
o 500 A
( 2201 A),

, 280mA,

MC68HC05JB4 STOP . MC68HC05JB4 STOP )

(73 »”
b [}

(EOP) ) 3ms,
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RC )

b s °©

, MOTOROLA  MC68HC05JB2

4.1.6

29



. O 42

=
o] N
|| (| e
 SiEwEn + ~EEIEIE o tHETAREiH]

l

PEREERE al

SR ET A
E@pE, REEEE
W zp o R

SRR, WAEE
R A

o

Y
RTHFRE

4.2

30



42 HID

WINDOWS 98 o
) WINDOWS 98 ) uSB HID

421 Windows 98

Windows 3.x  Windows 95, Microsoft Windows

o , Windows 95  Windows
NT o , o
Microsoft Windows NT Windows o
Windows 98 Windows 95 , Windows NT
Windows 98 : Windows 95
Vxd ( ) , Microsoft Legacy (
. )Drivers; WDM 1.0CWindows Driver Model
1.0 ) Windows NT 4.0. Windows 2000 Windows
. , Windows 98
WDM 1.0 , Legacy Drivers
Windows . )
WDM 1.0 o

, (Kernel Mode),
sys ; (User Mode),

b o
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o USB )

4.2.2 WINDOWS 98 DDK

Windows 98 , . Microsoft
—Device Driver Kit, DDK,
, o Microsoft
DDK C/C++ s N Visual C++ DDK
© © DDK s
0 s DDK
s © DDK s
42.3 HID
USB , Windows 98
) USB
HID (Human Interface Device, USB ) )
Windows 98 HID
Hidparse.sys Hid.dll. Windows 98 DDK )
4.3 Windows 98 USB )

~ A} °
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Legacy Applications

HID Aware Applications

Userexe
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Applications through
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Directlnput 5.0
Applications
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Setupapi.dil

| Directlnput 5.0 |
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|IRP-based
i_”le_"[aPF__{ _____________________________
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IRP- and callback-based |
Legacy interface :
Minidrivers Legacy Ntkern vxd
Minidrivers
Diriver Stack
Legacy Legacy 8042
Serial Port (PS2) Port USE Bus soegey
4.3
o USB )
HidD_GetConfiguration ( ), HID
HidD_SetConfiguration (), HID ; HidP_GetUsage (), H
) EXE )
WINDOWS 98 HID ) WINDOWS
(MESSAGE) “ ” ) HID
WINDOWS o

4231 HID
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usB INTERNET USB HID
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