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Figure 1. USB application hierarchy
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Application Interface layer-High Layer

stm32f10x_it.c

usb_prop(-h,.c) 1USB_LP_CANI_RX0_IRQHandler(void)
usb_pwr(.h,.c) DEVICE Device_Table ={EP_NUM., 1}; void USB_HP_CANI_TX_IRQHandler(void)
void Suspend(void); B e
Void Resume(RESUME_STATE ...); g usb endp(.c
RESULT PowerOn(void); SRR, HEE qu-IStr(‘h"C) - p( )
RESULT PowerOff(void); 8 —T—*0id USB_Istr(void); void EPX IN Callback(void);  |<q
Fep o] void EPX OUT Callback (void);
EPLIN Callback, T
g -
Gt MAX PACKET SIZE*); usb_conf(.h)
usb_desc(.h,.c) USER_STANDARD REQUESTS User Standard_Requests ={ P
Speaker_GetConfiguration,
Speaker_SetConfiguration,
Speaker_Getlnterface,
Speaker_Setlnterface,
™" Speaker GetStatus, e
Speaker Clear
Speaker_SetE: ature,
Speaker_Set re, i " CAI
Speaker_SetDeviceAddress}: /*idefine ESOF_CALLBACK*/
usb COI‘C(.h, .C) STM32_USB-FS_Device_Driver—-medium Layer

(ypedel sruct_ENDPOINT_INFOL.. ENDPOINT_INFO;
[iypedef siruet_DEVICEL.]DEVICE:
[ypedef siruct_DEVICE_PROPY...) DEVICE_PROP:

et 3

(ypedef stuct_USER_STANDARD_REQUESTS[...
USER_STANDARD REQUESTS:

RESULT Standard_SetEndPoinFeatre(void):
RESULT Standard_SetDeviceFesture(void):
uin _t*Standard_GetConfigurstion(int16 Lengihy:

e RESULT Standard SetConfiguration(void).

usb_init(.h,.c) ]
Wran | e RESULT Standard_Setlnterface(voi 1
Fithe G Ui Samdn GeDosr o usb_sil(.h,.c)
DEVICE_INFO  Device_Info; uintS_t *Standard_GetStatus(uint16,_t Length);
DEVICE_INFO*  plnformation; RESULT Standard ClearFeature(void): uint32_t USB_SIL_Init(void);
DEVICE_PROP*  pProperty; i 1) uint32_t USB_SIL_Write(uint8_t...);
USER_STANDARD_REQUESTS uin 1 Sctupd_Process( win32 t USB_SIL Read(uint8 1..);
*pUser_Standard Requests;

uint16_t SaveState ; =

uint16_t winterrupt_Mask; :lol‘\ n
[

STM32_USB-FS_Device_Driver-Low Layer

usb_int(.h,.c)
STM32_USB-FS-Device Lib_V3.1.0

usb_reg(.h,.c) i usb_mem(.h,.c
= void CTR_LP(void): |
2009. 12. 14 : - Tt
donghongyong@l ive. cn void CTR_HP(void);
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€12 STM32 USB-FS-Device Lib V3.1.0 £f4&]

FIICARIEE O —HE, 42 2IUSBTNT S, #E Astm32f10x_it.c'[FJUSB_LP_CANI_RX0
_IRQHandler()ATUSB_HP CANI1_ TX IRQHandler()"' Wik %5 725 . b tsege i
USB_HP_CAN1_TX IRQHandlerdb 2, PL/e KA IFHUSB_LP_CANI1_RXO0_ IRQHandlerkt
B,

% TUSB_HP_CANI_TX_ IRQHandleri& %, ‘& Ei#ifi/Husb_int (.h, .c)7F ¥
CTR_HP(), KRG ILEFEZEZE P, &I Husb_endp(.c)+ IEPX_IN_Callback()E¥,

EPX OUT_ Callback()& #{ . %I T'EPX_IN_CallbacklTEPX OUT Callback()iX 14/ & % ( X=1,
2..7) 'EAfl1{Fusb_conf(.h)+ it
#define EPX IN Callback NOP_Process
#define EPX OUT Callback NOP_Process
e, Sk P g A2 e e FL AR SE TR A o 1R e AT TRIC TR _HPIE R AE S 454
fEusb_istr(h,.c) LA N THIRE AL H -
void (*pEpInt_IN[7])(void) ={
EP1_IN_Callback,

EP7 IN_Callback,};
void (*pEpInt OUT[7])(void) ={
EP1 OUT Callback,



EP7 OUT Callback,};

X F"USB_HP_CAN1_TX_ IRQHandlertfi %, ‘& BEL#EUH Husb_istr(.h,.c) ' IFJUSB_Istr(),
USB_Istr()AR 4 HAK 37 3K i & 1 FHusb _istr(h,.c) ™ [ R 2
void CTR_Callback(void);
void DOVR_ Callback(void);
void ERR_Callback(void);
void WKUP_Callback(void);
void SUSP_Callback(void);
void RESET _Callback(void);
void SOF_Callback(void);
void ESOF_Callback(void);

I Husb_int(h,.c)" ivoid CTR_LP(void). X T F I XA BRBUE 5 48 i 8
X, JEHH P AEusb conf(.h)H, # L R ZE R E )

/*#define CTR_CALLBACK?*/

/*#define DOVR_CALLBACK*/

/*#define ERR_ CALLBACK™*/

/*#define WKUP_ CALLBACK?*/

/*#define SUSP_ CALLBACK*/

/*#define RESET CALLBACK*/

#define SOF_ CALLBACK

/*#define ESOF_CALLBACK?*/

WHA T CTR_LPOMEL, CTR_LP() R EH U A b s 038 >k, AN
CTR_LP—FERIMUFACEE S 2 w250, &1 Husb_core(h,.c) )
uint8 t Setup0 Process(void);
uint8 t Post0 Process(void);
uint8 _t Out0_Process(void);
ulnt8 t In0_Process(void);

W EFRERNE R, (E I Husb_core(h,.c)H 1R THI ¥ BR 2L
RESULT Standard_SetEndPointFeature(void);

RESULT Standard_SetDeviceFeature(void);

uint8_t *Standard GetConfiguration(uint16_t Length);
RESULT Standard_SetConfiguration(void);

uint8 _t *Standard Getlnterface(uint16_t Length);

RESULT Standard_SetlInterface(void);



Uint8_t *Standard GetDescriptorData(uintl6 t...);
uint8 t *Standard GetStatus(uint16_t Length);
RESULT Standard_ClearFeature(void);

void SetDeviceAddress(uint8 t);

iXeepg %, FTJUSER_ STANDARD REQUESTSZ:#d5 & ), F /' {Eusb prop(h,.c)h
52 SRR I BAS bR K, W DEVICE PROPSS ¥4 & (), 11/ #Fusb_prop(.h,.c)
Hh e SR R B A — L6 R 5

TS AT IR

usb_conf.h

usb_confh! [fJ#define IMR_MSK (CNTR_CTRM |CNTR_SOFM | CNTR RESETM )
Kk sEUSB_CNTREAFA7#E IR AN USBAH G H W13 Bl 72 Bt ik «

usb_istr.c

HEAUSB_Istr()f5, B 5eile 2 CTRA T, RIS Re— AR I IE Ab A4, an i,
Jf H A B IMR_MSK % 4 Bt i, wt Id ] usb_int,c 1 i) CTR LPO) BR300, W e X T
CTR_CALLBACK, WA e LFCTR Callback (O %k,

SR R & A5 S RESETAZ W7, Wi 2, IF HARSL o B e A B ki, 0 2 v 48
USB_ISTRZ A7 HHAH R 1) i A7, 4R 5 18 HIHI 7 #Eusb_prop.cff]Device_Property4fi #4 /&t IH 78
() K N () B8 A o B € T %% RESET _CALLBACK i ¥ i 1 A Sk b & X 11
RESET Callback()e& %5 .

AR

HE: ARRIMNEBHRURZMRKEEE S, WASEA CTR_LPOM
CTR_Callback(), XFEHE, BATHBEAISKRGHIXLEIE, Frol, WRIREABESE
X %8 I B E AR 54 2 XDOVR_CALLBACK, F32{tDOVR_Callback( %% .

usb_int.h

HEANCTR_LPORREG, 1 el A A= v Kt s AT ID An SR A i 0, DUPRRR A2 S N3 S i
WA . W EIN, WH Fusb_core(h,.c)" fIn0 Process()BRIEL; 3 4G I A& 75 J& SETUP,
A& 1) 1 I H usb_core(.c) H' [¥) Setup0_Process() PR % , A~ J& 11 16 1 H usb_core(c) H [
Out0 Process() PR £1 . W1 H A 52 i s 0 W) 3§ H usb_endp(.c) ' EPX_IN_Callback() 1
EPX OUT Callback()-

HEACTR_HP()G, BRye R4z AP AR AW ZE ph X Btk s AR R b (), o US4
TIEINIEZOUT, 1 Husb_endp(.c)'l' EPX IN Callback()FIEPX_OUT_Callback().



usb_core(.h,.c)

Setup0_Process()

HE\Setup0_Process( PR, WIHIL/EICONTROL STATEIRZSANEPAUSEN, 78
pInformationfi [i] (YDEVICE_INFOZi 141k, #8)5 8 E CONTROL_STATEIL/EIRZA N
SETTING UP, R/ M4 Hd (K 8 2 75 4 01k HINoData_Setup0()u{# Data_SetupO() ¢,

NoData_Setup0()

HE ANoData_Setup0()J, 1 56 HI W& R HCH 2 B8 T HoagbrdEig sk, i A2 R4 K
12 FISET CONFIGURATION. SET ADDRESS. SET FEATUREFICLEAR FEATUREX
P HIRZ SO AR BR E AR5 HIIRR A B 7 4 1 0T HORARHETTR, an S i 2 1
SET_INTERFACEXK U HI S AH N K ek £ JL KT 5 Bl 7 v s B2 ARiEiE K,
WM PECLEAR_ FEATURERISET FEATUREK A HIAH I AR SCHE v eR 5, 75 045 S 4%
' l{USB_UNSUPPORT,

B ok, aniRgh 2t USB_UNSUPPORT, Wi Husb_prop(.h,.c)f'DEVICE_PROPZ 4 {4
HHIE S RESULT (*Class NoData_Setup)(uint8_t RequestNo)pi %, FoAT 1AL 1% R 25 AL BLA
JERE T O SEIIE K

Data_Setup0()

Ht A\Data_Setup0()Ji7, T 5EH MG KA & 75 £GET_DESCRIPTOR, WA &M ik
FFIE K, 4378 Husb_prop(h,.c)"'DEVICE PROPZE MR H I 7R 1) % - B 75 AL B A
PRV 7 o 008 A 1) R K AR R I SR AR 2 15 & GET STATUS, 4 S 52 Jul ifd
Standard GetStatuse %; H V2 75 7 GET_CONFIGURATIONFIGET INTERFACE, 1
SR ARG R £

I AN A2 b T 4% 0 3R P usb_prop(h,.c) " DEVICE_PROP 45 #) 44 rp 42 75 1)
RESULT (*Class_Data_Setup)(uint8_t RequestNo)pA%, A THLEI% R B H AL EEA RS FEp 2
L IIE K

I a AR SR CEAINOIRES, H T RO s .
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2.1 STM32_USB-FS_Device_Driver-Low Layer

X TUSB-FS_DeviceK ifiLow Layeriji /8 USB-FS peripheral interface, 't Hi Table 17154
H
Table 1. USB-FS_Device peripheral interface modules

File Description

ush reg (h, .c) il - % )2 Hardware abstraction layer

ush_intc B S Wi 5 26 #2 - Correct transfer interrupt service routine
ush_mem(.h,.c) BAiAL i # Data transfer management (from/to packet memory area)

2.1.1 usb_reg(.h, .c)

usb_regs BEHUSEIL TS, E4R M T — M7 USB-FS_Device 41l B % 25 77 4%
IRBEES . X MEA S Common register functions. Endpoint register functions
Buffer description table functions 1 Double-buffered endpoints functions Y™ b %
%
TR X AT DUR S T 2OR ek ) T 2GR
— % #3: NameofFunction(parameterl,...)
— M#E A NameofFunction(parameterl,...)
2.1.1.1 Common register functions:

X8 bR Fn] DAHT SR B B3R5 USB-FS_Devicesl [ 538 75 £7- s (1 E ;  HL 27 748l LL2
CNTR. ISTR. FNR. DADDR. BTABLE,

Table 2. Common register functions

Register function

CNTR void SetCNTR (uint16_t wValue)
uintl6_t GetCNTR (void)

ISTR void SetISTR (uint16_t wValue)
uint16_t GetISTR (void)

FNR uint16_t GetFNR (void)

DADDR void SetDADDR (uint16_t wValue)
uintl6_t GetDADDR (void)

BTABLE void SetBTABLE (uintl16_t wValue)
uint16_t GetBTABLE (void)

2.1.1.2 Endpoint register functions:
JIT A Rl 55 35 A7 4% (Endpoint register )AH G 145:/E & 1T LA SetENDPOINT and GetENDPOINT R 40K 5
Be T H., AT LRk H e A BB DITERRE A (field) 424t A B Pud ik

a) Endpoint set/get value
SetENDPOINT : void SetENDPOINT(uint8_t bEpNum,uintl6_t wRegValue)

bEpNum = Endpoint number, wRegValue = Value to write




GetENDPOINT : uint16_t GetENDPOINT (uint8 _t bEpNum)
bEpNum = Endpoint number

return value: the endpoint register value

b) Endpoint TYPE field

USB_EPnR #7783

15 14 13 12 11 10 9 8 7 6 ] 1 3 2 1 0
CIR | DTOG STAT RX . EP EP_ CIR | DIOG STAT_TX .

RY ik [1:0] SEIUE TYPE[1:0] EIND TY TY [1:0] EAL3:0]
rc wl t t t r rw rw W rc wl t t t W rw Tw W

HOPEP_TYPEMRHESB_EPnR (A7 B A i s SRR b 45t 1 T 2 7€ X
#define EP_ BULK (0x0000) // Endpoint BULK

#define EP_CONTROL (0x0200) // Endpoint CONTROL

#define EP_ISOCHRNOUS (0x0400) // Endpoint ISOCHRONOUS

#define EP_INTERRUPT (0x0600) // Endpoint INTERRUPT

it iR R R GRY
EP_TYPE[1:0] P
00 BULK: b i i
01 CONTROL: 4 filli 11
10 ISO: [0 ¥ pii
1 INTERRUPT: [ it 1

SetEPType : void SetEPType (uint8_t bEpNum, uint16_t wtype)

bEpNum = Endpoint number, wtype = Endpoint type (value from the above define’s)
GetEPType : uintl6_t GetEPType (uint8 t bEpNum)

bEpNum = Endpoint number

return value: a value from the above define’s

¢) Endpoint STATUS field

JLHSTAT TX/ STAT RXARHESB EPnRH (147 B Aty s S B G 25 th 1 T 1) % 2

#define EP_TX DIS (0x0000) // Endpoint TX DISabled
#define EP_TX STALL (0x0010) // Endpoint TX STALLed
#define EP_TX NAK (0x0020) // Endpoint TX NAKed
#define EP_ TX VALID (0x0030) // Endpoint TX VALID
#define EP_RX DIS (0x0000) // Endpoint RX DISabled
#define EP_RX STALL (0x1000) // Endpoint RX STALLed
#define EP_ RX NAK (0x2000) // Endpoint RX NAKed
#define EP_RX VALID (0x3000) // Endpoint RX VALID

BICRE Y
STAT_RX[1:0] Eitipa
00 DISABLED: i i U0 T i oK .
01 STALL.: i i LASTALL S 20 Wi 3 T A7 ) 401 5K o

10 NAK: i 5l LINAKZ 2N T R0 K o




1 VALID: i ]+ 320

RILRE G
STAT_RX[1:0] Eitipa
00 DISABLED: i s 2L T 7 1 R4 K
01 STALL.: i s LASTALL S 2H Wi B T 7 ) A IR 3K
10 NAK: i £ ANAK 2 2000 8745 1) R 3% K
1 VALID: i (AT %

SetEPTxStatus : void SetEPTxStatus(uint8 t bEpNum,uintl6_t wState)
SetEPRxStatus : void SetEPRxStatus(uint8 t bEpNum,uint16_t wState)

bEpNum = Endpoint number, wState = a value from the above define’s
GetEPTxStatus : uint16_t GetEPTxStatus(uint8 t bEpNum)
GetEPRxStatus : uint16_t GetEPRxStatus(uint8 t bEpNum)

bEpNum = endpoint number

return value:a value from the above define’s

d) Endpoint KIND field

SetEP_KIND : void SetEP_KIND(uint8_t bEpNum)

ClearEP_KIND : void ClearEP_KIND(uint8_t bEpNum)

bEpNum = endpoint number
Set_Status_Out : void Set_Status Out(uint8_t bEpNum)
Clear_Status_Out : void Clear_Status Out(uint8 t bEpNum)
bEpNum = endpoint number
VER: {Eusb regs.h™' #define Set Status Out(bEpNum)  SetEP KIND(bEpNum)
#define _Clear_Status Out(bEpNum) _ClearEP_KIND(bEpNum)
SetEPDoubleBuff : void SetEPDoubleBuff(uint8 t bEpNum)
ClearEPDoubleBuff : void ClearEPDoubleBuff(uint8_t bEpNum)
bEpNum = endpoint number
VER: {Eusb regs.h/' #define SetEPDoubleBuff(bEpNum)  SetEP_KIND(bEpNum)
#define _ClearEPDoubleBuff(bEpNum) _ClearEP_KIND(bEpNum)

e) Correct Transfer Rx/Tx fields

ClearEP_CTR_RX : void ClearEP_CTR_RX(uint8_t bEpNum)

ClearEP_CTR_TX : void ClearEP_CTR_TX(uint8_t bEpNum)

bEpNum = endpoint number

f) Data Toggle Rx/Tx fields

ToggleDTOG_RX : void ToggleDTOG RX(uint8 t bEpNum)

ToggleDTOG_TX : void ToggleDTOG_TX(uint8 t bEpNum)

bEpNum = endpoint number

g) Address field itk

SetEPAdress : void SetEPAddress(uint8_t bEpNum,uint8_t bAddr)

bEpNum = endpoint number
bAddr = address to be set
GetEPAdress : uint8_t GetEPAddress(uint8 t bEpNum)

bEpNum = endpoint number



2.1.1.3 Buffer description table functions
T2 by ISR B AR AT I 4 32 MUAIR G2 i X L HE AR
a) Tx/Rx buffer address fields
SetEPTxAddr : void SetEPTxAddr(uint8_t bEpNum,uint16_t wAddr);
SetEPRxAddr : void SetEPRxAddr(uint8_t bEpNum,uint16_t wAddr);
bEpNum = endpoint number
wAddr = address to be set (expressed as PMA buffer address)
GetEPTxAddr : uint16_t GetEPTxAddr(uint8 t bEpNum);
GetEPRxAddr : uint16_t GetEPRxAddr(uint8 t bEpNum);
bEpNum = endpoint number
return value : address value (expressed as PMA buffer address)
b) Tx/Rx buffer counter fields
SetEPTxCount : void SetEPTxCount(uint8 t bEpNum,uint16_t wCount);
SetEPRxCount : void SetEPRxCount(uint8_t bEpNum,uint16_t wCount);
bEpNum = endpoint number
wCount = counter to be set
GetEPTxCount : uint16_t GetEPTxCount(uint8_t bEpNum);
GetEPRxCount : uint16_t GetEPRxCount(uint8_t bEpNum);
bEpNum = endpoint number

return value : counter value

2.1.1.4 Double-buffered endpoints functions

FERLE AR AR, O TR KR ARt &, double-buffered FisX bR Re.
FERXANMRAERI,  — S (U A7 A% AR G2 X FlA R B o0 5 B gz X AR AT AN A 35 e
h TN Gy AR XA, — e Bl vt Hik .

SetEPDoubleBuff() : — ™ TAEEA R R ) i 1 i LU 35 B EP-KIND A SCRE HE B RO
L2, SetEPDoubleBuff() XA ek S AT LLSE X FEIRIAE S5 o
FreeUserBuffer:{i:double-buffered =X, 1% st 28 R m) iy il , - I H AN AN 77 1) (B HSOR!
FIR) TG T X AT I 7 Tl B 28— A2 X
Mt R TR B A0 AN R 0 7 A EE . RxAITx HuhbAIvF204s 2 7048 B Buffer0 and
Bufferl¥.c. JfH, 7EPETH EBRHLIZFEERAIE DD RER) B2
et AR D, USBEIHI RS — AN Zenh X AN, 55— N Genh X N R Fe IR SS . A
FEFP L ZRAE N — MR AR 7 22— D22 P X AT AL B 5 80 o IXAMIRSS T B RS P e 20
e LI BT
FreeUserBuf fer /e Mt I RBEIBNY FHRE AL T I 22 X 1)
FreeUserBuffer: void FreeUserBuffer(uint§ _t bEpNum, uint8_t bDir);
bEpNum = endpoint number
a) Double buffer addresses
X2 p ISk AEdouble buffered s, FRAFANBEE G2 DX IR P 22 i X A ML BB
SetEPDbIBuffAddr : void SetEPDbIBuffAddr(uint8 t bEpNum,uint16_t wBuf0Addr,uintl6 t
wBuflAddr);
SetEPDblbuf0Addr : void SetEPDbIBufOAddr(uint8 t bEpNum,uint16_t wBufOAddr);



SetEPDblbufl Addr : void SetEPDbIBufl Addr(uint8_t bEpNum,uint16_t wBuflAddr);
bEpNum = endpoint number
wBuf0Addr, wBufl Addr = buffer addresses (expressed as PMA buffer
addresses)
GetEPDbIBuf0Addr : uint16_t GetEPDbIBufOAddr(uint8 t bEpNum);
GetEPDblbuflAddr : uint16_t GetEPDbIBufl Addr(uint8_t bEpNum);
bEpNum = endpoint number
return value : buffer addresses
b) Double buffer counters
X2 p F ISk AEdouble buffered i s, FRAFAIBEE G2 X IR P 22 o DX A TH B
SetEPDbIBuffCount: void SetEPDbIBuffCount(uint8 t bEpNum, uint8_t bDir, uint16_t wCount);
SetEPDbIBuf0Count: void SetEPDbIBuf0Count(uint8_t bEpNum, uint8_t bDir, uint16_t wCount);
SetEPDbIBuf1Count: void SetEPDbIBufl Count(uint8_t bEpNum, uint8_t bDir, uint16_t wCount);
bEpNum = endpoint number
bDir = endpoint direction
wCount = buffer counter
GetEPDbIBuf0Count : uint16_t GetEPDbIBuf0Count(uint8_t bEpNum);
GetEPDbIBuflCount : uint16_t GetEPDbIBufl Count(uint8_t bEpNum);
bEpNum = endpoint number
return value : buffer counter
¢) Double buffer STATUS
The simple and double buffer modes use the same functions to manage the
Endpoint STATUS except for the STALL status for double buffer mode. This
functionality is managed by the function:
FALR DX ORI Xz i XA A T AH [ £ R B 254 i s STATUS, B T STALLIR A . IXANTh g
AT THT AR B A B
SetDouBleBuffEPStall: void SetDouBleBuffEPStall(uint8 t bEpNum,uint8 t bDir)
bEpNum = endpoint number

bDir = endpoint direction

2.1.2 usb_int (.h, .c)

usb_int B BEIE G LA D WSS RE R e iR At T USBUMI S 1A R 1% #%
STM32F10xxx USB-FS_Device #[l15 #& 42 15 A 1A 1 Ak 2 R 4
AL S L+ WiLow-priority interrupt:. #f CTR_LPORAZLE H, HFHEH. Sl
A (RGO,
o= L SE S HH BT High-priority interrupt:#f CTR _HPORRECE EE, H T PudifEimsi=t, IR
AR ORGP,
2.1.3 usb_mem (.h, .c)

usb_mem#R 11 5145 VIEHE M ' A7 X Cuser memory area) B USBARE R P 47X (packet
memory area) ( PMA) 54 MUSBHER A FEIX (packet memory area) ( PMA) FIH] 7 N AEIX

(user memory area) . ‘&AL AN AN [F] T R 4L

void UserToPMABufferCopy(uint8_t *pbUsrBuf,uint16_t wPMABufAddr, uint16_t wNBytes);
void PMAToUserBufferCopy(uint8_t *pbUsrBuf,uint16_t wPMABufAddr, uint16_t wNBytes);



2.2 STM32_USB-FS_Device_Driver-medium Layer
Table 2. USB-FS-Device_Driver medium layer modules

File Description

usb_init (h,.c) USB device initialization global variables

usb_core (.h, .c) USB protocol management (compliant with chapter 9 of the USA 2.0 specification)
usb_sil (.h,.c) Simplified functions for read & write accesses to the endpoints (abstraction

layer for both USB-FS_Device and OTG-FS_Device peripherals)

usb_defh/usb_type.h | USB definitions and Ttypes used in the library

2.2.1 usb_init(.h,.c)

usb_init 52 5 BB 71 AN A 2 1 usb W AA 10 B O 42 JR) AR 4
/PR

void USB_Init(void);

/178 5

uint8 t EPindex;

/*uint8_t Device_no; */

DEVICE_INFO Device_Info;

DEVICE_INFO* pInformation;

DEVICE_PROP* pProperty;

USER_STANDARD_REQUESTS *pUser_Standard_Requests;
uintl6_t SaveState ;

uint16_t winterrupt_Mask;

2.2.2 usb_core (:h, .c)
usb_coreMHURIXANEEN) “4%", BSEIL TUSB 2.0 HE 2595 ik 1 i R 45

R rp 1) - Ak B 2 41 BT 5 (ENDPO) I USBRRHETE 3K, B AL 2 20 (K AR 25 52 1k
setup F 2 B 1 7175 3K o

A state machine ¢ SZHL, A T 2 AbE setup LA A BEIE K

USB#Z A E th H User_Standard_Requests2t 14, £EAnfE 115 KA F S22 (], SEHL-—
MR,

M TP, USBRZ Iy R —SeR [P e i SR R ek S on FH P R . X e A # R

J7#t Device_Property'' {5 i€
X LR N S s S5 R AT pR AR, A6 TR SCEE TR PRI IR A -

1. Device table structure

The core keeps device level information in the Device_Table structure. Device_Table
is of the type: DEVICE.

Wk % %2 C device level) fi5 B {717 7 Device_Table%! 1 /4 7' . Device_Table/Z DEVICE
K,



typedef struct _DEVICE
{

uint8 t Total Endpoint; /* Number of endpoints that are used */

uint8 t Total Configuration ;/* Number of configuration available */
}
DEVICE;
2. Device information structure
The USB core keeps the setup packet from the host for the implemented USB Device in the
Device_Info structure. This structure has the type: DEVICE_INFO.

USBHZH I FEWL3RAT (1 setup (015 B LR 17 7 Device_InfoZ: #2414+ . Device_Info[l)2 Kl &

DEVICE_INFO.
typedef struct DEVICE_INFO

{

uint8_t USBbmRequestType; /* bmRequestType */

uint8_t USBbRequest; /* bRequest */

uint16_t uint8 t USBwValues; /* wValue */

uint16_t uint8 t USBwIndexs; /* windex */

uint16_t uint8 t USBwLengths; /* wLength */

uint8_t ControlState; /* of type CONTROL_STATE */

uint8 t Current_Feature;
uint8 t Current_Configuration;  /* Selected configuration */
uint8_t Current_Interface; /* Selected interface of current configuration */
uint8_t Current_AlternateSetting; /* Selected Alternate Setting of current interface®/
ENDPOINT_INFO Ctrl_Info;
}DEVICE_INFO;
7EDEVICE_INFO'[', It451Auintl6_t wint8 t#l & X, ‘& LA L) (K17 uint16_t ok
uint8_t %3 .
typedef union
{
uintl6_tw;
struct BW
{
uint8 tbbl;
uint8_t bb0;
1bw;
} uintl6_t uint8 t;

Description of the structure fields:

— USBbmRequestType is the copy of the bmRequestTipe of a setup packet

— USBDbRequest is the copy of the bRequest of a setup packet

— USBwValues is defined as type: uint16_t_uint8 t and can be accessed through 3 macros:
#define USBwValue USBwValues.w
#define USBwValue0 USBwValues.bw.bb0



#define USBwValuel USBwValues.bw.bb1
USBwValue is the copy of #e whalue of a setup packet
USBwValuel is the low byte of w/z/ue, and USBwValuel is the high byte of w/a/ue.
— USBwIndexs is defined as USBwValues and can be accessed by 3 macros:
#define USBwIndex USBwIndexs.w
#define USBwIndex0 USBwIndexs.bw.bb0
#define USBwIndex1 USBwIndexs.bw.bbl
USBwIndex is the copy of the w/ndex of a setup packet
USBwIndex0 is the low byte of w/ndex, and USBwIndex1 is the high byte of w/nder.
— USBwLengths is defined as type: uint16_t_uint8 t and can be accessed through 3 macros:
#define USBwLength USBwLengths.w
#define USBwLengthO USBwLengths.bw.bb0
#define USBwLengthl USBwLengths.bw.bbl
USBwLength is the copy of the wilengr/ of a setup packet
USBwLength0 and USBwLength1 are the low and high bytes of w/eng#4, respectively.
— ControlState is the state of the core, the available values are defined in CONTROL STATE.
— Current_Feature is the device feature at any time. It is affected by the SET FEATURE and
CLEAR_FEATURE requests and retrieved by the GET STATUS request. User code does not
use this field.
— Current_Configuration is the configuration the device is working on at any time. It is set and
retrieved by the SET CONFIGURATION and GET CONFIGURATION
requests, respectively.
— Current_Interface is the selected interface.
— Current_Alternatesetting is the alternative setting which has been selected for
the current working configuration and interface. It is set and retrieved by the
SET INTERFACE and GET INTERFACE requests, respectively.
—  Ctrl_Info has type ENDPOINT_INFO.
Since this structure is used everywhere in the library, a global variable pInformation is defined for
easy access to the Device_Info table, it is a pointer to the DEVICE_INFO structure. Actually,
pInformation = &Device_Info.

3. Device property structure

The USB core dispatches the control to the user program whenever it is necessary.
User handling procedures are given in an array of Device_Property. The structure has
the type: DEVICE_PROP:

typedef struct  DEVICE_PROP

{

void (*Init)(void); /* Initialize the device */
void (*Reset)(void); /* Reset routine of this device */
void (*Process_Status_IN)(void); /* Device dependent process after the status stage */

void (*Process_Status OUT)(void);
/* Procedure of process on setup stage of a class specified request with data stage */
/* All class specified requests with data stage are processed in Class Data Setup

Class_Data_Setup()



responses to check all special requests and fills ENDPOINT _INFO

according to the request

If IN tokens are expected, then wLength & wOffset will be filled

with the total transferring bytes and the starting position

If OUT tokens are expected, then rLength & rOffset will be filled

with the total expected bytes and the starting position in the buffer

If the request is valid, Class_Data_Setup returns SUCCESS, else UNSUPPORT

CAUTION:
Since GET_CONFIGURATION & GET_INTERFACE are highly related to
the individual classes, they will be checked and processed here.
*/
RESULT (*Class_Data_Setup)(uint8_t RequestNo);

/* Procedure of process on setup stage of a class specified request without data stage */
/* All class specified requests without data stage are processed in Class NoData_Setup
Class_NoData_Setup

responses to check all special requests and perform the request

CAUTION:
Since SET_CONFIGURATION & SET_INTERFACE are highly related to
the individual classes, they will be checked and processed here.
*/
RESULT (*Class_NoData_Setup)(uint8_t RequestNo);

/*Class_Get_Interface Setting
This function is used by the file usb_core.c to test if the selected Interface
and Alternate Setting (uint8_t Interface, uint8_t AlternateSetting) are supported by
the application.
This function is writing by user. It should return "SUCCESS" if the Interface
and Alternate Setting are supported by the application or "UNSUPPORT" if they

are not supported. */

RESULT (*Class_Get_Interface Setting)(uint8_t Interface, uint8 t AlternateSetting);

uint8_t* (*GetDeviceDescriptor)(uint16_t Length);
uint8_t* (*GetConfigDescriptor)(uint16_t Length);
uint8 t* (*GetStringDescriptor)(uint16_t Length);

uint8 t* RXEP_buffer;
uint8 t MaxPacketSize;

VDEVICE_PROP;
4. User standard request structure



The User Standard Request Structure is the interface between the user code and the management of
the standard request. The structure has the type: USER_STANDARD_REQUESTS:
typedef struct USER_STANDARD REQUESTS

{

void (¥*User_GetConfiguration)(void); /* Get Configuration */
void (¥*User_SetConfiguration)(void); /* Set Configuration */
void (¥*User_Getlnterface)(void); /* Get Interface */

void (¥*User_SetInterface)(void); /* Set Interface */

void (¥*User_GetStatus)(void); /* Get Status */

void (¥*User_ClearFeature)(void); /* Clear Feature */

void (¥*User_SetEndPointFeature)(void); /* Set Endpoint Feature */
void (*User_SetDeviceFeature)(void); /* Set Device Feature */
void (¥*User_SetDeviceAddress)(void); /* Set Device Address */

}
USER_STANDARD REQUESTS;

If the user wants to implement specific code after receiving a standard USB Device request he has
to use the corresponding functions in this structure.

An application developer must implement three structures having the DEVICE_PROP,
Device_Table and USER_STANDARD_REQUEST types in order to manage class requests and
application specific controls. The different fields of these structures are described in Seczion 7.4.4:
usbh_type.fr /usb_defh.

2.2.3 usb_sil(.h, .c)

The usb_sil module implements an additional abstraction layer for USB-FS Device and OTG-
FS_Device peripherals. It offers simple functions for accessing the Endpoints for Read and Write
operations.

Endpoint simplified write function

The write operation to an endpoint can be performed through the following function:

void USB_SIL Write(uint32_t EPNum, uint8_t* pBufferPointer, uint32_t wBufferSize);

The parameters of this function are:

e EPNum: Number of the IN endpoint related to the write operation

o pBufferPointer: Pointer to the user buffer to be written to the IN endpoint.

o wBufferSize: Number of data bytes to be written to the IN endpoint.

Depending on the peripheral interface, this function gets the address of the endpoint buffer and

performs the packet write operation.

Endpoint simplified read function

The read operation from an endpoint can be performed through the following function:
uint32_t USB_SIL Read(uint32_t EPNum, uint8 t* pBufferPointer);

The parameters of this function are:

e EPNum: Number of the OUT endpoint related to the read operation



e pBufferPointer: Pointer to the user buffer to be filled with the data read form the OUT endpoint.
Depending on the peripheral interface, this function performs two successive operations:

o Gets the number of data received from the host on the related OUT endpoint

o Copies the received data from the USB dedicated memory to the pBufferPointer address.

Then the function returns the number of received data bytes to the user application.

uint32_t USB_SIL Init(void); 7Eusb_prop .cH ) xxx-inti B Z0H i H
USB_SIL Writef1IUSB_SIL ReadH " 1] LA ‘&A1 H ity i A (R 40040

2.2.4 usb_type.h / usb_def.h
These files provides the main types and USB definitions used in the library.

2.3 Application Interface layer-High Layer
Table 3. Application interface modules

File Description

usb_conf'h USB-FS_Device configuration file

usbh_desc (4, .c) USB-FS_Device descriptors

usb_prop (4, .c) USB-FS_Device application-specific properties

usbh_endp.c Correct transfer interrupt handler routines for non-control endpoints
usb_istr (h,.c) USB-FS_Device interrupt handler functions

usb_pwr (4, .c) USB-FS_Device power and connection management functions

2.3.1 usb_conf(.h)

The usb_conf.h is used to:

For USB-FS_Device peripheral

e Define the BTABLE and all endpoint addresses in the PMA.
e Define the interrupt mask according to the needed events.
For OTG-FS_Device peripheral

e Define the Endpoint number.

e Define the interrupt mask according to the needed events.

2.3.2 usb_prop (.h, .c)

The wusb_prop module is used for implementing the Device_ Property, Device_Table and
USER_STANDARD REQUEST structures used by the USB core. ‘& 1i] i) B 1k & X ¢
use_core.h/.cH i .

2.3.4 USB_endp (.c)

USB_endp module is used for:

o Handling the CTR “correct transfer” routines for endpoints other than endpoint 0 (EPO) for the
USB-FS_Device peripheral.

o Handling the “transfer complete™ interrupt routines for endpoints other than endpoint O(EPO) for
the OTG-FS_Device peripheral. It also allows handling the Rx FIFO level interrupts for
isochronous endpoints.




For enabling the processing of these callback handlers a pre-processor switch named
EPx IN Callback (for IN transfer) or EPx OUT Callback (for OUT transfer) or
EPx RX ISOC_CALLBACK (for Isochronous Out transfer) must be defined in the USEB_confh
file.

2.3.5 usb_istr(.c)

USB_istr module provides a function named USB_Istr() which handles all USB interrupts.

For each USB interrupt source, a callback routine named XXX Callback (for example,
RESET Callback) is provided in order to implement a user interrupt handler. To enable the

processing of each callback routines, a preprocessor switch named XXX Callback must be
defined in the USB configuration file USEB_confh.

USB Istr() £ USB [ rh Wk 45 7 FEF stm32f10x_it.c H (%) void USB_LP_CAN1 RX0
IRQHandler(void) i ], XA LIRS .

2.3.6 usb_pwr (.h, .c)

This module manages the power management of the USB device. It provides the functions
shown in Zable §.
Table 8. Power management functions

Function name Description

RESULT Power_on(void) Handle switch-on conditions

RESULT Power_off(void) Handle switch-off conditions

void Suspend(void) Sets suspend mode operation conditions
Void Resume(RESUME_STATE eResumeSetVal) | Handle wakeup operations

uint32_t Power_on(void); 7tusb prop .c' ff)xxx-intip& Z i H
SuspendfResume /% 7i-void USB_Istr(void); 47, 48R I/ th ] LA SRR S 0L i -







