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USB
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USB USB 1.1 uUsB
2002 20 40 USB
1.3 USB
USB USB
USB USB MCU USB
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USB Cypress EZ USB( 8051
USB
USB USB
Philips PDIUSBD11 12C PDIUSBD12( NS
USBN9603/9604( NetChip NET2888 USB
USB PC USB
14 MassSorage FAT16
USB Mass Storage Class

1. USB Mass Storage Class Control/Bulk/Interrupt (CBI) Transport 2. USB
Mass Storage Class Bulk-Only Transport 3. USB Mass Storage Class ATA Command Block 4.

USB Mass Storage Class UFI Command Specification / /
USB Bulk- Only Bulk / / CBI
Control/Bulk/Interrupt / /
ATA UFI USB
Microsoft Windows Mass Storage USB
Mass Storage PC Flash
FAT16 Windows
Windows FAT16 USB FAT16
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usB USB Host USB
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PDIUSBD12
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USB 4
E | 4 | 128'
2( )
C )
0 0 16
1 16
1 2 16
3 16
2 4 128"
3( / )
C )
0 0 16
1 16
1 2 16
3 16
2 4 64
5 64
2
1 USB CPU
2 DMA 110
3
4
2.2 Mass 3Sorage
USB USB
USB Monitors Communication
devices Audio Human input Mass storage
class subclass
Configuration
configuration interface USB
uUSB endpoint
USB USB Device Class Definitions
descriptor USB
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usB

USB Host

usB

USB Mass Storage Class

Device
Descriptor
I
| |
Configuration Configuration
Descriptor Descriptor
|
| I
Intemacea INnterface
Descriptor Descriptor
| |
Endpoint Endpoint Endpoint
Descriptor Descriptor Descriptor
usB

usB

ROM Tape Solid State Mass Storage Class Data
Bulk Input Bulk Output
General Mass Storage Device
CPU SCSl 2
Direct Access Storage Device USB SCSl 2
logical blocks
Bulk Only Mass Storage
USB Mass Stroage
0 i Serial Number Serial Number
Offset |Field Size | Value |Description
] blengih Byte 12h  |Size of this deseriptor in bytes.
| bDescripiarType Byte 01k [DEVICE descriptor type.
2 bedlUSE Word | ?77h | USE Specification Release Number in Binary-Coded Decimal
(i.e. 2,10 =210h). This field identifies the release of the LISE
Specification wath which the device and 15 descriptors are
compliant.
4 hleviceClass Byte 00k [Class is specified in the interface descriptor.
5 hleviceSubClass Byte 00h  [Subelass is specified in the interface descriptor.
[ bDeviceProiocal Byte 00k [Protocol is specified in the interface descriptor.
7 bMaxPackeiSizell Byte 77h [Maximum packet size for endpoint zero. (only 8, 16, 32, or 64
are valid (08h, 10h, 20h, 40h)).
2 id Vendor Word [ ?77'h [Vendor ID (assigned by the USB-1F).
10 il roduct Ward | ™77h [Product 1D (azsigned by the mamfacturer).
12 bedllevice Word | ?77'h | Device release number in binary-coded decimal.
14 iManutaciurer Byte 77h |Index of string descriptor describing the manufacturer,
15 iProduci Byte " [Index of string descriptor describing this product.
16 iSerial Number Byte ?h [Index of string deseriptor deseribing the device’s serial numbser.
{Details in 4.1.1 below)
17 bNum Conficurations | Byte ?7h  |Number of possible v:nnfiﬁumti-:-ns.
Device
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usSB
4 1
Offset [Field Size | Value |Description

0 blLensth Byte 09k [Size of this descriptor in bytes.

| bl lescripiorTvpe Byte 02h  |CONFIGURATION Descriptor Type.

2 wiotalLengih Ward | ?77h |Total length of data retumed for this configuration. Includes
the combined length of all deseriptors { configuration, interface,
endpeoint, and class- or vendor-specific) returned for this
configuration.

4 bNumlnierfaces Byte T |Mumber of interfaces supported by this configuration. The
device shall support at least the Bulk-Only Data Interface.

5 bConfigurationValwe | Byte 77h  |Walue to use as an argument to the Sef Configurationd) request
to select this confipuration.

1] FCenfiouration Boyte 77 |Index of string descriptor describing this configuration.

T bmAnributes Byte T0h  |Configuration characteristics:

EBit Description

7 Reserved (set to one)

[ Self-powered

5 Remoate Wakeup

4.0 Reserved (reset to zero)
Bit 7 15 reserved and must be set to one for historical reasons.
For a full description of this b Adtiribuies bitmap, see the
USE LI Specification.

2 MaxFPower Byte ?"h |Maximum power consumption of the USB device from the bus
in this specific configuration when the device is fully
operational. Expressed in 2mA units (Le. 50 = [00mA)

Configuration
Bulk Only Data
Bulk In Bulk Out binterfaceSubClass
bl nterfaceProtocol
Offset |Field Size | Value |Description

0 blenath Byte 09k Size of this descriptor in byvtes,

| ElbescriptorTvpe Byte O4h INTERFACE Descriptor Tvpe.

2 BlnterjaceNumber Byte 07h Mumber of interface. Zero-based value identifying the index
in the array of concurrent interfaces supported by this
configuration.

3 b lernateSening Byte 'h Value used to select altemate setting for the interface
identified in the prior fizld.

4 BN wmEndpoinis Byte Th Number of endpoints used by this interface {excluding
endpoint zero ). This value shall be at least 2.

5 BlnterfaceClass Byte 0&8h MASS STORAGE Class.

BinierfaceSubClass Byte 07h Subclass code {assigned by the USE-1F). Indicates which

industry standard command block definition to use.
Does not specify a type of storage device such as a floppy
disk or CD-ROM drive.
(See USE Masy Storaee (hverview Specification)

T bBlnterjacePratocol Byte S0h BULK-ONLY TRANSPORT.
(See USE Masys Storase hverview Specification)

2 ilnierfoce Byte Th Index to stnng descriptor describing this interface.

Interface
Bulk In  Bulk
Out
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Offset [Field Size | Valie |Description
0 blLengih Byte 07h  [Size of this descriptor n bytes.
| hDescripiorType Byte 053k [ENDPOINT Descriptor Type.
2 blEndpoiniAddress Byte 87h | The address of this endpoint on the USE device, The address is
encoded as follows,
RBit Description
3.0 The endpoint number
6.4 Reserved, set to 0
7 1 =In
3 D Airributes Boyte 02h | This is a Bulk endpoint.
4 witaxPackeiSize Word | 0077h |Maximum packet size. Shall be 8, 16, 32 or 64 bytes (08h,
1 0h, 20h, 40h).
[ binterval Byte 00k |Does not apply to Bulk endpoints.
Bulk In
Offset |Field Size | Value |Description
0 bllenaih Byte 07h  [Size of this descriptor in bytes.
| blescrigiorTvpe Byte 05h  |ENDPOINT descriptor type.
2 hlndpoinidddress Byte 07 |The address of this endpont on the USB device. This address 1s
encoded as follows:
EBit Description
3.0 Endpoint number
6.4 Reserved, set to 0
7 0 = Out
3 bmAnributes Byte 02Zh  |This is a Bulk endpoint.
wlaxPackeiSize Word | 0077h |Maximum packet size. Shall be 8, 16,32 ar 64 bytes (08h,
10h, 20h, or 40h).
4] blnierval Byte O0h  |Does not apply to Bulk endpoints.
Bulk Out
SubClass Code |Command Block Specification Comment
0lh Reduced Block Commands (RBCIT1O | Twpically, a Flash device uses RBC command blocks.
Project 1240-D However, any Mass Storage deviee can use RBC
comimand blocks.
02h SFE-80201, MMC-2 (ATAPD Typically, a C/DVD deviee uses SFF-B0200 ar
MMC-2 command blocks for its Mass Storage
interface.
03k QIC-157 Typically, a tape device uses QIC-157 command
blocks.
4k LIFI Twpically a floppy disk drive ( FDD) device
05h SFF-8070 Typically, a floppy disk drive (FDDY device uses
SFF-80701 command blocks. However, an FDD
device can be in another subclass (for example, RBC)
and other types of storage devices can belong to the
SFF-80701 subclass.
ish SCSI transparent command set
(07h — FFh Reserved for future use.

biInterfaceSubClass
binterfaceProtocol |Protocol Implementation Comment
00h Control/Bulk/Intermipt protocol LISB Mass Storage Class
{with command completion internipt) Control/Bulk/ Interrupt (CBI Transport
Olh Control/Bulk/Internipt protocal ISR Mass Storage Class
{with no command completion interrupt ) Contral/Bulk/Interrupt (CBI) Transport
S0k Bulk-Only Transport LISB Mass Storape Class Bulk-Only
Transport
02h — 4Fh Reserved
51h — FFh Reserved
Mass Storage
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2.3 Bulk Only

uUsB USB uUsB
Host Bulk Only Mass Storage
Bulk Only USB Bulk In
Bulk Out
uUsB CBW Csw
CBW Command Block Wrapper USB Host
bl nterfaceSubClass SCSl USB
SCSl CBW Host
CSW Command Status Wrapper Host csw
CBW Host UsB
Csw Host uUsB
o Ready }
Command
Transport
(CRAWY
Data - Out Data - In
{from host) {10 host)
Status
Transport
IES“-]
USB Host CBW
it
Byt ’ 7 ] & 4 E! i 1 i
35 BV S natur
47 dCBW Tag
B11 T
“ﬁh-ﬂ'ﬂ-h} ORIV o Fransferfamgin
12 Foi i B T E g
(0Ch) Pt Tl R
[ P N
{0k Reserved (O hCBIVLLL
ﬂll":"h Reserved () OB WCR Lengih
1530 .
e CRWCR

CBW
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dCBWSignature 43425355h LSB CBW dCBWTag
dCSWTag Host dCBWDataTransferLength CBW
bmCBWHags 0 Host 1 Host
bCBWLUN
bCBWCBLength CBWCB
CBW CBWCD SCS
Bulk Out Host
USB Host CSW USB
CSW
LT
By e 7 L1 5 4 A 1 1 ]
-3 R RS marerare
-7 dCSW Tag
#-11 S
‘H'Hh} dCEW DeiaResidue
12 -
(i hiCS WSt
Ccsw
dCSWSignature 53425355h  dCSWTag dCBWTag
dCSwWDataResidue dCBWDataTransferLength
Host CBW
bCSWStatus 0 csw Bulk In
24 SCS
Bulk-Only cCBW CBWCB Command
Block Descriptor  SCSI-2 6 10 12 Microsoft Windows
12
Bit T 5 =4 4 3 2 1 [
Byte=
a Operation cods=
1 Logical unit mmber Reserwved
2 (HER)
j LIogical block address (if reguoired) —
5 |1.E;
] (HER)
T Transfer length (if reguired) T
Param=t=r list l=ngth (if r=guired) —
2] Allocation length {if required) ]
9 [LEB]
10 Res=rved
11 Control
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12 SCSI
Operation Code 3 Group Code 8
8 5 Command Code 32
Logicol unit Number SCSl 1
Logical block address 2
3 45
Transfer length Write
Parameter list length Mode Sense Allocation length
SCSl Direct Accesss Mass Storage
USB
Host
SCSI — Direct Access Opcode
INQUIRY 12h
TEST UNIT READY 00h
FORMAT UNIT 04h
LOCK-UNLOCK CACHE 36h
MODE SELECT(6) 15h
MODE SENSE(6) 1Ah
PRE-FETCH 34h
PREVENT-ALLOW MEDIUM REMOVAL 1Eh
READ(6) 08h
READ(10) 28h
READ CAPACITY 25h
READ DEFECT DATA 37h
READ LONG 3Eh
WRITE LONG 3Fh
REASSIGN BLOCKS 07h
RECEIVE DIAGNOSTIC RESULTS 1Ch
SEND DIAGNOSTIC 1Dh
RELEASE 17h
RESERVE 16h
REZERO UNIT 01h
SEEK(10) 2Bh
SET LIMITS 33h
START STOP UNIT 1Bh
SYNCHRONIZE CACHE 35h
VERIFY 2Fh
WRITE(6) 0Ah
WRITE(10) 2Ah
WRITE AND VERIFY 2Eh
WRITE SAME 41h
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INQUIRY
1 INQUIRY
Bit 7 g 5 4 4 2 1 0
Byl
L Dperation Code [1:2h])
i Logical Unit Mumber Reasrved EVFD
(L}}
i Page Code
3 Feseryed
4 Bllescation Length
5 Hesarved
[+ Resered
7 Reserved
] Hesarvad
a Resared
10 Regsred
11 Fegerved
Bit T <] ] 4 ] 2 1 1]
Byte B B i
1] Resened Ferpharal Device Typs
1 RME | Resanved
] IS0 Versian | ECMA V ersian | AR5 Yearsion (D0h)
3 Ressrved | Response Data Format
4 Additicnal Length (31}
E Fesameed
7
H Vendor Information
15
16 Froduct [demification
31
32 Product Rewision Level
35 r,0n
Host INQUIRY Read Capacity UFI Mode Sense
Host READ 0 O MBR

PREVENT-ALLOW MEDIUM REMOVAL  TEST UNIT READY
CSwW Flash READY CSwW

24 FAT16

24.1 FAT

FAT FAT12 FAT16 FAT32
Flash
1 Reserved Region
Reserved Region BPB(BIOS Parameter Block)
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BS jmpBoo

BS OEMName

BPB_BytsPerSec

BPB_SecPerClus

BPB_RsvdSecCn
t

BPB_NumFATs
BPB_RootEntCnt

BPB_TotSecl6

BPB_Media

BPB_FATSz16

BPB_SecPerTrk

BPB_NumHeads
BPB_HiddSec

BPB_TotSec32

11

13

14

16
17

19

21

22

24

26
28

32

Up-Tech frank

2002

12

LI ” 1 ”

EB 03 jmpBoot[Q] = OXEB, jmpBoot[1] = 0x??, jmpBoot[2] = 0x90
90
jmpBoot[0] = OXE9, jmpBoot[1] = 0x??, jmpBoot[2] = 0x??
0x??
Microsoft FAT
“ MSWIN4.1"

512, 1024, 2048 4096
512 Dos 512 512
Flash Page 512

2, 4, 8, 16, 32, 64 128
BPB_BytsPerSec*BPB_SecPerClus>32K (32 * 1024)

32K
1
FAT12  FAT16 1 FAT32 32
FAT 2
FAT12  FAT16
32 FAT32 32
BPB_BytsPerSec FAT16
512
FAT
BPB TotSec32
FAT32 FAT12  FAT16
0x10000  BPB TotSec32
OxF8
FO OxFO, OxF8, 0xF9, OxFA, OxFB, OxFC, OxFD, OXFE,
OxFF FAT FAT[O]
FAT12/FAT16 FAT32
0
BPB_FATSz32 FAT32
FAT
FAT32 FAT12/FAT16
0x10000
12 wxjbuaa@sohu.com



USB 13
BS DrvNum 36 1 0x00 0x80
BS Reservedl 37 1 NT 0
BS BootSig 33 1 (0x29)

BS VollD 9 4 BS VolLab
FAT
BS VolLab 43 11 11
BS FilSysType 54 8 “ FAT12” “ FAT16” “ FAT”
Executable Code 62
Executable 510 55 AA
Marker
2 FAT
FAT  FileAllocation Table
32K FAT 16
FAT FAT
FAT
0 |Frre | FFF8
1 FFFF |
2 0003 0000h
0005 FFFOh-FFF6h
5 FFFF FFF7h
6 0000 FFF8h-FFFF
FAT

FAT

FAT
FAT FAT16 FAT32 FAT16
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16 16 65536 2 16
32KB FAT16
65536x32 KB 2048MB 2G
FAT16 2G
2G
FAT FAT FAT
FAT
3 Root Directory Region
FAT
32 ( )
ASCII
00H=
05H= E5SH
O0H 8
05H, E5H
ES5H=
2EH=
08H |3 ASCII
7 6 |5 |4 3 |2 |1 |0
OBH |1
OCH |10
164 o (unsigned 16 hit-bit integer) |*:
time=Hr*2048+Min* 32+Sec+2 LSB
184 |l (unsigned 16 bit-bit integer) |*:
time=(Yr-1980)*512+Mon* 32+Day LSB
FAT
1AH |2
1CH 4
32 512
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24.2

FAT FAT
FAT

5 MBR DBR FAT

DIR DATA
0 0 1 MBR

0 1 1 DBR

0 1 2 FAT

0 1 /32K FAT16
2+i-1 i= 2 512 512
0 1 FAT FAT

0 1

2+2i-1

0 1 DIR

2+2i i
0 1

2+2i+j)-1

0 1 DATA

2+2i+j

1 MBR MainBoot Record
0 0 1
512 MBR 446 0 1BDH
64 1BEH 1FDH DPT(Disk Partition Table
, "B5 AA" 1FEH 1FFH

0000 MBR
446

01BD

01BE

16
01FD 64
01FE 55
01FF AA
MBR
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USB
MBR Fdisk.com
MBR 16
RmE | KE BrEREMEN
SEEE Mo—JEEshnE
¢ P s0—> iGan B
1 ¥ Ee gk (HEAD)
2 F (S B e o B S LS
Zar KR, 82> Linux Nativemr[X
4 P 83——» Limm Swap (%
5 ¥ [EerKEElEsk (HEAD)
& F 1Zar [RET I R K FNES |E ¥
g W Eao R kaeeit
C WF o EKBEEE
B o1 01 00 08 Fe B FC EF0000100 FEBEEEI00
"80" "01 01 00"
01 01 00 "oB"
04 FAT16 07 NTFS "FE BF FC"
63 764 "3F 00 00 00"
63 "7E 86 BB 00" 12289622
2 DBR
DBR Dos Boot Record
1

BPB Bios Parameter Block

lo.sys Msdos.sys
BPB
FAT FAT
3 FAT
DBR FAT File Allocation Table

4 8 16 32 64......
4 DIR
DIR Directory FAT FAT

FAT

16

FAT32
254

MBR
DOS

DIR
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5 DATA
DIR
2.4.3 Flash FAT
Flash U Flash
16M K9F2808U0OA-Y CBO Flash 1024  Block Block 32
Page Page 512+16 528
1 Block =32 Pages
/ / = (16K + 512} Byte
| Paga = 528 Byt
1 Block = 528 Bytes x 32 Pages
J2K Pages —— = (16K = 51Z) Byte
{=1024 Blocks) I"_._"“:_' T e | Duvice = 526Byte x 32Pages = 1024 Blocks
= 132 Mbits
1\ ‘-‘-‘-\-‘Hﬁ bt
= 5128 Byle i’ﬁ\‘.t‘
[ m-:— F':E'qIEJE'I' E L
e S12Bye - 1:-B;.'.¢
Flash
Flash 1 Page 2
3 Block Block
Flash Page 1 2 Block 64
512 64 32K FAT16
FAT LBA Logical Block
Address Flash LBA  0x40 1
1 Logical Block Address
Flash  Block Logical Block Address 0x20
Flash  Page Logical Block Address %0x20
32
Logical Block Address
Block Page Flash Block Page
BPB
LBA
U Flash MBR DBR FAT DIR
DATA
Flash Block
LBA Block Page
0 0,0 512 MBR BPB Excutable Codet55AA
1~-2 0,1~0,2 1024 FAT FAT
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3~4 0,3~0,4 1024 FAT FAT
5~39H ( BPB )
40H~
Host READ Fash Host MBR
PC
Read  Write
USB READ WRITE Fash
Hash
2.5 Flash
Fash
USB Host 512 Fash
Block Block
Block
USB Host
32K ARM7 2M SDRAM
8051
Fash
Block Hash
usB Firmware
UsB
UsSB
PC (
BusHound WINRT USB USB (
uUsB
PC UsB
3.1
PDIUSBD12
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USB 19
DaTA<0= [T] S = a0
DATA= > E E Youras
DaTA<2= [3] =g D+
DaTA<2= [4] = o-
GND E E Voo
DATA<4> [E] 2] xTaLz
DATA<S= [7] 2] xTaL1
DATA<E> [B] 21 cLn
DATA<T= [5] = RESET_N
aLE [T [1q ECT_N
cs_N 1] [1§ Dmack_n
SUSPEND [12 [17] DMREC
cLkouT [3 iERGEY
INT_N |§| [ RO_N
PDIUSBD12
1)GND VDD 33V 5V 3.3V Vout3.3 VDD
3.3V 5v Vout3.3 3.3V D
3.3V USB 5V
GND USB GND VDD USB VDD D D
USB
2)DATA<0>~DATA<7> WR_ N RD_N INT_N XTAL1 XTAL2
3) GND M USB VCC USB VCC D
D GND 10K M 10K EOT_N
usB usB SoftConnect
D12 uUsB SoftConnect
4)CS N DMACK_N DMA
DMACK_N CS N
5 ALE AO USB MCU
a) ALE MCU ALE AO
D12 ALE USB
DO D12 USB DO
MCU ALE D12 DO D12 b)
MCU ALE A0 DATA<O>~DTAT<7>
A0 A0 D12
DO
AO D12
6 CLOCKOUT MCU SUSPEND 10 GL_N
USB
a)
PDIUSBD12 D) USB Host
Setup )
USB host
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0 usB
PDIUSBD12
PDIUSBD12

usB

usB

D12

Philips

USB
USB
USB
USB
USB
0
0
USB
USB
Us8 USB
D12 0
b)
D12
UsB D12
RXEP, M- RITiaee et
e '-I-l-l .
,.r’l,’:"_% RS Tl ]

& N (ISR |

l B R J EXWP, ISR (8 F1 T i

Philips
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usB
usB
D12

0 D12
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32 U
usB
Main.c
Fat16.c flash.c Fat16 Flash
Flash
Chap9.c bulk-only.c Chap9 0
USB Bulk-Only
Mass Storage Bulk-Only
Isr.c
D12ci.c D12
1 USB
m 13 ” U% 2
usB uUsB VID PID PC
3
PC 4 Mass Storage
Bulk Only PC Mass Storage Device 5 Bulk
Only  Inquiry 6 UFI
SCSl 0 BPB FAT16 Flash
7 Write
Flash
8 U
FAT16 FAT16
FAT16
3.3 USB
usB
usB CLKOUT 12M
aM CLKOUT 12M aMm uUsB
usB
SoftConnect GL_N
PC usB
Bus Hound usB

usB
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MCU
MCU
D12 INT_N
SoftConnect 1
0
Setup Setup
D12
PDIUSBD12 INT_N 0
(DO DY)
PDIUSBD12
Control IN 64Bytes
3.4
USB
Windows USB
GetDeviceDescriptor Length
2 type 0x01 Device 2
Device
DeviceDescriptor DeviceDescriptor
SetAddress 02 03
3 GetDeviceDescriptor 18B
2
GetConfigDescriptor 2 0x02 config
Configuration Descriptor  Interface Descriptor EndPooint Descriptor
GetStringDescriptor String
Languagel D product string
ConfigDescriptor
2
Plugin
SetConfiguration GetConfiguration  Getlnterface
USB LSB
MCU ARM LSB
8051 MSB Phlips VID 0471H Device Descriptor
iDVendor 71H 04H

usB
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uUsB
BusHound
Bus Hound usB
Phase
Data Device Device
Device
Info USB
GET DESCRIPTOR SET CONFIG
Save
Devices Settings
Phase Bus Hound uUsB

Bus Hound
3.5 MassSorage
Mass Storage Bulk  Only BusHound DI
55534253 Bulk Only CBW
USB
Buk In Bulk Out In Out
Device Host Host Device Bulk In
Device Host
Bulk Out
UFl SCSI

Bulk In
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Host
CsSw
Bulk Out
3.6 SCS
SCSl WRITE READ Host
512 512
64 8 Host
Device
CSwW Host
WRITE Host
Flash
3.7 Flash
Flash ReadPage WritePage 528
512 16
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4.1 ©
C
C
C
Host WRITE 512 UsB
64 8 8 Device
CsSw 7
7 CSW Host
Host Ccsw
4.2

, www.t10.0rg ,BusHound ,
www.DriverDevelop.com
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