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Multimedia Player System Design of The Microcontroller

student : Win-Pin Lin Advisors : Dr. Sire-Kuan Lin

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

ABSTRACT

In recent years, the applications of multimedia have widely appeared in our
daily lives, for instance, GPS.navigation systems, cellar phones and electronic
books. You can easily spot multimedia applications everywhere.

The purpose of this.study was to gain an understanding of the design of
embedded hardware-software systems-based on commonly-used ARM micro
-controllers and through the “application-of multimedia. In terms of hardware,
pulse-width modulation (PWM) was employed to replace digital-to-analog
converter (DAC) output. For software, an underlying SD card process was
developed and integrated with the FAT file system, which enables rapid file
storage when developing an embedded system. The encoding and decoding
process of pulse-code modulation (PCM) is used in playing WAVE music files.
In addition, by playing MP3 music files we can understand the encoding and

decoding process of music compression.
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#2358 £ 4 1 RCC_Initial ()
PO A LR T SR

H
oo

» P HSE » PLL #F % %k

viod RCC_Initial (void)

{ RCC->CFGR [=(7<<18);
RCC->CFGR |= (0<<17);
RCC->CFGR |= (1<<16);
RCC->CFGR |= (0<<11);
RCC->CFGR |= (4<<8);
RCC->CFGR |= (0<<4);

// PLLMUL[3:0] : PLL * 9 = 72MHZ
// HSE clock not divided

//PLLSRC =1 : HSE INPUT

// PPRE2[2:0] APB2CLK=HCLK

// PPRE1[2:0] APBICLK=HCLK/2
// HPRE[2:0] AHBCLK=SysCLK

RCC->CFGR |= (2<<0); // SW[1:0] : SYSTEM CLK = PLL CLK

RCC->CR  |= (1<<16); /| B Fc HSE
while (RCC->CR & (1<<17))==0); /| % % HSE ready
RCC->CR  |= (1<<24); /| B Ec PLL

while (RCC->CR & (1<<25))==0); /| % % PLL ready

® 2-6 RCC 47 403K TAZ 5"

Bl 2-7 51t * YiFac Al fri e STM32 Initc 4258 & » # ps2 5 RCC
Tr Bk EHE o JIF TR E 7 gV ke k M kR PLL B4

B

CF RIVE R g e

[¥) Blinky - M Vision4 E”E]@

File B3t Wiew Puject Flash Debuz Pedphewmls Toclk SVCS  Window Help
=a=N- ) 9 S SR 28 [ Q (oX
> WA W $§  MCBSTMIZ = 4 dh
Pumject - o X 4 E-I STM32 Init.c* I - X
- 53 MCBSTM32
E-&3 Startup Code Expand All Collapse All Help
[3] STM32F10xs | I
—_ 1
323 Flash Options Option Value —
() STM32F10%OPT 5 | = Chok Configadtm =
= N e @ e wmmwmem e [ o T
S ff"‘;ge‘ ‘1 - =_Clock Control Begitter Configuration (RCC_CR) r |
: [._1]: etagets w = PLLON: PLL emnlle | = I
el ’:’go i P PLLMUL: PLL Multjplication Factor | PLLSRC *g |
[ Soile P PLLXTPRE: HSE divites for PLL entry | HSE I
3 lD o t\: _ e PLLSRC: PLL entry clock Sowgce | HSE (PLLXTPRE output) |
il it TMST;B;M - CSSON: Clock Security System enable_ | © |
. - g R, ~ S HSEBYP: External High Speed clock Bﬂmg I I
=SNG e _ - HSEON: Esternal High Speed clock enable v |
g %J BIHEyE HSITRIM: Internal High Speed clock trimming >~ | 16 |
SR=| ‘_”'3;’:*’“““”“ HSION: Internal High Speed clock enable A - |
ey Abstrct Ok = Clock Configuration Register Configurstion (RCC_CFGR) | I
MCO: Microcontroller Clock Output | MCO=noClock |
USBPRE: USE prescaler | USBCLK =PLLCLK/!15 |
ADCPRE: ADC prescaler | |aDCCLK=PCLK2/6 -] |
PPREZ: APE High speed prescaler (APB2) EDCCLK =PCLEZ72
PPRE1: APE Low speed prescaler (APE1) | ADCCLK —PCLE2/4 |
L Ca s {
HPRE: AHB prescaler | [ADCCLE=FCLEZ/8 |
SW: System Clock Switch | ¥ K=F K |
HSE: External High Speed Clock [Hz] | 8000000 I
# 1 t | - I ~
____________
Text Editor }\Eonﬁgural:ion Wizard /
) ULINK Coutex Debuggex

Bl 2-7 %848 7 RCC 3% 2
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2.2 i ﬁ%l » /@?J 41 38 (General Purpose 1/0s - GPIOs)

T B~ /B R (4 GPIO) ESTMB2F ket B chk A 4 » /i 1+ it
% — 2 GPIO¥R G 16133&4r » T 2 & 2 4raf ¥ rjh > dhd ik & & 7
a3 TEHESY 0 il v g~ B D R(GPIOVAP 44 L L EM 2 P
i * £ p RMO0008 Referance Manual ch.7 [1] °

GPIO# #5715 #% ¥ 4 GPIO CRH2GPIO CRL# 5 B k& ¥ eh> H%
Z 3 e & 2-1977  CENx[1:0]% %38 % » /B 21 #05° » MODEX[1:0]% %

RO R B

Fe 2-1 3% gy~ [y R ORI (1]

Configuration mode CFN1 CFNO MODE1 MODEO PxODR
General purpose Push-pull 0 0 01 Oorl
Output Open-drain 1 10 Oor1l
Alternate function Push-pull 1 0 11 X
output Open-drain 1 X
Analog input 0 0 X
Input Input floating 1 00 X
Input pull-down 1 0 0
Input pull-up 1
MODE[1:0] Meaning
00 Reserved
01 Max. output speed 10MHz
10 Max. output speed 2MHz
11 Max. output speed SOMHz

Ak SLH B8 T B HGPIO# it i€ * 4o 2-2475] » PA[2] 5 SD+ 0§ iR
H130 8L > PA[8] 5 1 ;B|SD+ ¢13& » > PA[4:7] 5 SPIHi = 3% » PB[1:2] & TIM3
éﬁPWMﬁ%J 4 PB[8:15] LED%ﬁ%fﬁ%] 3 PC[4]5 & b év’ﬂADCéi%J IS

PC[S:8] 5 42c st it e B1 ~ 1 @ i G * Flenied 313 5 9% 5

11




ARE R R RIS Y TR L

%22 AR T B GPIO # i & *

GPIO Mode Discription
PA[2] Push-pull output SD card & R3]
(%% %81 > B 4) 0 : power on 1 : Power off
PA[8] Floating input SD card #& » if i
(%% "3 » B 4) 1 : No SD card 0 : SD card insert
PA[4:7] Alternate function output SD card SPI #-5% 455
(54 viteeT > B 4) PA4:CS PAS : SCLK
PA6 : DATO PA7 : CMD
PB[1:2] Alternate function output | TIM3 PWM i 1 4% %r
(%% "8I > W S)
PBJ[8:15] Push-pull output 8 iz~ LED # !
(%% '8l > W 4)
PC[4] Analog input PN N~ R L
(3481 > B S5) PC4: ADCI channel 14
PC[5:8] Pull up/down input i SAR T e
(%% "3 - B 4) PCS5 : Function PC6 : Play
PC7 : Next PCS8 : Stop
PC[8:12] Alternate function output = [SD card SDIO 3" 4= %r
PD[2] PC8..DATO PC9:DAT1 PCI10:DAT2
(57 "D > B 4) PC11:DAT3 PC12:CLK PD2:CMD

A R YR8 T B enSTM32 Init.cA2 N B

2% iy 0 3 B GPIOs L 145 - B]2-85 i@ * T PiEH

1 EREN o

12

% P 4 2-247 7

%3 & GPIO




@J Gpio - P Yisiond

File Edit View Fuoject Flash Debuz Pedphels Tools SVCS Window Help
HR-1" 1 IR .Y B BB EE | [l At R 00683
S EE S s Iy
Prect YEX 3 sme2hite | v X
= i MCBSTM32 f
= {4 Startup Code ExpandAl | Colapse Al He
[2] STM32F10xs - I P I A
-»jlnmhm_\\ gpmn_ ________ - | Value A
¢ J:lSTMﬂ lmtj =) General purpose 10 Configuraion. v
=1 Sowe [~ < GIOA - GPIO portA ved_ _-7 7
~ [Hpioe Talwde S~ Maglpd ]
oR | DUWI}:B""’"‘J" Pin1 used as DAY | Anlog Input |
D Abstract bt P2 used a5 A IAmlog]m;ut ﬂ :
Pin 3 used as : gnm]ug IInput |
i atng Input
gm ; use: - | {Input with pull-up / pull-down :
?“ Tec. a2 | |General Purpose Ovutput push-pull {max speed 10MHz) |
Pin 6 used as | |General Purpose Output open-drain (max speed 10MHz)
Pin 7 used as | |Generel Purpose Output push-pull (max speed 2MHz) :
P 8 vsed as : 2 oo I
P 9 used as | |General Pu:fpose Output open dram (max speed S0bHz) |
Pin 10 need as | [Aternate Function push-pull (max speed 10MHz) |
|
Pin 1 sed s | [AMtermate Function open-drain (max speed 10MHz) I
: | [Altermate Function push-pull (max speed 2MHz)
Pin 12 vsed a5 | |Alernate Function open-drain (max speed 2MHz) |
Pin 13 used a5 (bl Fonction push-puil (max speed S0MHz) '
Pin 14 wsod g || Atemiate Function open-drain (max speed 50MHz) : =
Pin 15 uged'as : Analog Tnput i
+ GPIOB : GPIO port B used ) R\
+ GPIOC : GPIO port C ised v bt
Text Editor )\Con@r_ation Wizard _/
e A\ NEETTE /& vax

B 2-8- %0 ¥ #ic 8 7 GPIO % 7

B & mSDiefi+ T Rhipdl e+ PR TR KPP GPIOH

n,

BN ER AR RS R o F29NT R 0 B BPA[2]4#]P-MOSFET R
BB § B 5 LT P P-MOSFETH# & 5 2 R 4SDeh+ « %
BOERT R RIMP LR -

ISDizfo =+ &F 46 » 2 40% iieRF WY 05 - 1RC/D
A RWRF R e PR ENE O ZC/DH T MR
k

PA[8]* % i

a3
—d
\

—\

18

- e

PR ARG B ATRRT o A AR TR T
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Y. R R 00__DAT2 JP24 SPI1
DATZ 1= TT RM W DA DATO 1 > .
DAT3 R 00 DAT4 SCLA a i )
~ e WoS vﬁ;‘\\;ﬁm CID i3 5 3 2.
M 75 & oo DA QF1 DATS il ) 5
e I K CID S12301 +3.3V == .
:Uzn Vs8] ; R AATK o33V S0T23/SMD ? P 2 —-—
% LCEE ! TIK___RZr— MO0 SCLK - || o
[ DATE ——J
— DaTe (-2 R AAIN_ DATE
VSS2 faT
1 R 100 DATT
8] 5);‘_{5 13 TS0 R3 100 DATO
E SaTi |14 R32 100 DATT
?5 wip =
@ cnp 8
GND
EC { —
SD/MMC/SDSN13 =
MMCPLUS/SDSN13/05C
<Pin Mames Visible> )
A
Function Pin 1/0 High State Low State
SD Power Control PA2 Output Power Off Power On
SC Card Detect PAS Input No SD card SD Card Inserted

B 2-9SD = fa+

B2-10% & &

SRRSO T

#23% &4 © check_sd_insert (),
SD_power_off ()
¥ e &t o

B B SD card § %k

R+ 23> » B SDcard 7

R R

X 18 BISD+ - & * GPIOA. ODR % 2 i

SD power-on ()

oo

TR B~ W RT B

¢l F 5 0 @ * GPIOA_IDR% 8

Ao KR R

ﬁ] > = PAS8 i+ B
i NIPA2 R HIR R R

#define SD PWRON() GPIOA->ODR &= ~(1<<2)

#define SD_ PWROFF() GPIOA->ODR |= (1<<2)

#define SD_INS()
u8 check_sd_insert (void)
{ if (SD_INS())

GPIOA->IDR &= (1<<8)

Stat = STA NOSDCARD;
else Stat = STA SDCARD;
return Stat; }

u8 SD_power_on (void)
{ SD_power off ();

if (check sd insert () == STA_NOSDCARD)

return 0;
Delay (140);
SD PWRON ();
return 1; }
void SD_power_off (void)
{ SD_PWROFF (); }

// PA2:Low = Power On
// PA2:High = Power Off
// PA8:Low = SD insert

[l R R R R
/| #5135 3% 5 no SD card
/] #5182k % SD card insert

/I B B SD card &
Il R EE
/EmE R Ew 0
/] 2 & 140m sec

/I B SD card & /&

//% B SD card 7 &

B 2-10 SD e fp+ T iR d1 2 5 » P4zt

14



2.3 ¢b3ve @rr § i (External Interrupts and Events - EXTI)

STMB32F et B ehr £ ¢ #7424 B(NVIO)H 27 60 B 7 i ¥ v 13l
Eofr 16 BV ARTLREA L sniMat B R F frd Sl - v 87/ 2 i)
B([{ A EXTDE A 19 B A2 F /¢ 878 RenB ot Bérrie > 5 B
g~ v pe B A AR S R )R R g B e
TR e A (10, 2]

e £ 0 $TE 3 BNVIOFAF 43 A2 Lo d o » £ p
RMO0008 Referance Manual ch.8 [1] > 12 2 ARM = @ 5 Cortex-M3 Technical
Referance Manual [2] °

FI2-11 5 & s Steneh 309 Sgao @@ » & % 0 PC[S:8] K b & 42 (v
gty ~ 0 PC[S] 5 & # 5 tz4i e ik > PC[O] & 2 v 464t > PC[7] 5 &
# A0 Feat o PCI8] 5 iBak #f3cddd -

JP29

PC5 2,4
SPC6 2,4
PC7 2,4

0——<§Pcs 2,4
4x2
PC7 PC7 JP4X2/DIP/P2.54
1 1
odh b0t 1R03h g TCH
SWITCH 4P SWITCH 4P
, = EXTI

-

B 2-12 5 ¢ #7H5 ~ 3% % EXTL Init ()42 » 3% %L AFIO_EXTICRx
% % > & GPIOC #7PC[5:8] 4 ¢ #7i » %k EXTLIMR % §* %
B fc? %77 i > EXTI FTSR # BRI E X 2@ S =i 5 v 7T #4500
F ood 3 EXTI # i ch? $7f 8 5 3¢ 45784 9> #* - B¢ % e 8
EXTIO 5> F]pt a4 (77 %7 R AR PF > 3 8 § ¢ 2|87 70— B Byrff

¢ g o

15



23 L4 EXTLInit () ﬁf] ~ i ¥ ¥ B PC8~5

# 5 it ¢ R 2 _EXTI ¢ %5 (PC5 .. PC8) ﬁf] 4 EXTI9~5 IRQ # ¥ £

void EXTI_Init(void)

{ RCC->APB2ENR |=(1<<0); /I AFIO enable
AFIO->EXTICR[2] = 0x0002; /I Set external interrupt source as PC8
AFIO->EXTICR[1] = 0x2220; // Set external interrupt source as PC7-PC5
EXTI->IMR = 0x000001EO0; // EXTI mask enable TR8-TRS
EXTI->FTSR = 0x000001EO0; // Set Falling edge

NVIC->Enable[0] |= (1 << (EXTI9 5 IRQChannel & 0x1F));
B 2-12 EXTI % = & 425"

BI2-13 5 @ * ¥ 8048 #73; 42 ;8 B > B Configuration Wizard ® 5 #
EXTI 5 Bk 2 8 o #4 LA B ™ o 878 ~ 2% L RER T L

PR T

() Gpio - Visiond CEX

Elle Edit ¥iew FPoject Flash Debuz Feriphenls [Jools | SVCS  Window' Help
-1 1- Iy S NGB\ A /A LA @ X JEERY
& [ ¥ $9  MCBSTMS2 r N A%
Froject ¥ A X7 [E sTM32 hit.c* = =\ v X
= 4 MCBSTM32 '
=9 Startnp Code ExpandAl | Colapse Al Help
] STM32F10xs j J -—J
=3 Initialisatio :
v % erggn Tnitc —Ci-],\I!JI_L --------------- Value &
o o — [ = External interrupbevent Confignration R v
-3 Source F v BT EER b rermbie - = ---" "
[#) Gpioe : \ -
= {3 Documentation - Y r
[:] Abstract bt ; Y r
\
| BLEKTIE EXTLipe. s __ _ . B
1 (= EXTIS5: EXTI line 5 ensble
: iterrupt enable
' generate interrupt
: generate event
| use rising trigger for interruptevent
' use falling trigger for intermptevent
| oNeinbreabentoe
+ EXTI6: EXTI line 6 enable
+ EXTI7: EXTI lne 7 enable Defalt: pin = PAS
+ EXTI8: EXTI line 8 enable
+
+!
)
+ v
Text Editor )\ Configuration Wizard /
ULINK Cartex Debugger

Bl 2-13 34048 5 EXIT 3% %
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2.4 i * 2+ #c B (General Purpose Timer - TIMXx)

STM32F ficty B e * 3 e B (f #TIM) » SN D o & S
BEAES T RS P T A K R PR S S -
FET B SAEHE AL RS A PR B ELR BT R A 2
PWM# 1. 7) % -

A2 oard PIAATIMA FEH0EE 5o b3 Befic st & P 3 A 3 R (PWM)HE

0 RI2-14 5 TIMBC 2 eha (P58 4 » P B TIMAR 5 » b 3 8cfics’ > 4

Iy

TR adfey £ KA 2 BP0 5 (Sample frequency)- Ik eh

N
T
R

TRIAZS § F - S F wrEE A R B - R EFH (1]

¥ o TIM33K %5 7% BF B A S PWM) RS o d 30— S0 el
BAAGRG N R E g (DAC)H G F A PR F TS E
PWM= 3¢ % & 4 4p $Hfesrid 2785 4 o 59 1538 it B (LPF) % -PWMI
ﬂ’ﬁ‘; FT J‘Eﬁ o

TIM4 * g4z 3¢ [||]|::> TIM3 * #5428 ["]|:> LPF

PWM &5
EaS T =

Memory Buffer /\N\/\/\"

Bl 2-14 TIM # 78 % 4

<

Fmed v P EBTIMFRF 4 A2 2 EMa P r £p

RMO0008 Referance Manual ch.13 [1] °



2-4-1 w } 2838 (Up counting mode)

e b PR Y P B RO T # o B(TIM_ARRE % ¥)

o AL - BENFEE LT EITOR St B0 FI2-155 7 & F e
P PR B Y B S (CK_CNT) &k 56 5 (CK_INT)* 4

TIM_ARR# % Bk 2 536 % 3 BB R PR T E(=36)F > § 5 1135 287

FTE R dok F BAY 8 DR EF AP EOEIE -

CNT_EN |

Timer clock = CK_CNT

—1
—]
—]

=

Counter register 0035 0036 0000 :]: 0001

17

Counter overflow

Update event (UEV)

-] 3

Update interrupt flag (UIF)

Bl 2-15 St A (1]

TIM3  #ic B i & 1 1048 F(fiNT) EXAPBL R B A48 @ ke 3280 E €
%@ TIM_PSCH 3 % ohif & 4 Fliic > R - 8§ o ol 5 (fovr) © §
TIM:* 5 B3 8P| f & X475 B(TIM_ARR)P shlic @ pF > ¢ 3 I TIM? 7

ot e Flpt AP o o P s gL 0 a5 (frim) -

fint = fapB1 (1)
fCNT = fINT - (TIM_PSC[lS 0] + 1) (2)
fTIM = fCNT - (TIM_ARR[lS O] + 1) (3)

H?farp1p it AR BRE S A & XL s T2MHz - fint 5 TIM42- 8 % e
»d fapB1FR i o font 5 TIM4ZH #ic B 5 7P &4 4F B {8 o & o frim 5 TIM4

%&%&%ﬁ S

)

o

3
_L,“:L

18



B 2-16 5 ¥ty ik &

Wizard ® if # TIM4 - B 475

B TR H e SUE R e B

() Blinky - 1 Visiond

er1 STM32 Init.c 425" E >

Fer e T e

T2 i B 0 40 TIMA - 5 ok %

. Configuration

~

E-WW'M*M&WWIﬂE\’GE Help
AT IR At R0 008[T18
SlEe ) o
P_ﬂ!‘“ - v X
= 5 MCBSTMZ2
5 5 Strtop Code
[2) STM32F10Ks
~ .;:j Flach Options A
(] STM2FI0NPT s = Nolee
- €5 Rebuge | | '
[5) Retrzete | B :
- & Limy _ _ | | .
[5) LD _fbite ; : |
- = TIM4: Tier 4 enabled ~< F |
[ Sessle ~_ | |
i _‘ bdzion TIM4 period fu] ~ W0 |
._1 STM3? ]MB\ = TIM4 detaled wm | [V |
N —— TIMA PSC: Timer 4 Pifbcalee |0 |
[£) Blakyc TIN4ARR: Jutrd K iond | |
&-&5 Docwnenksicn = Timer 4 Contl Régter 1 mﬂ (TIM4.CR1) | |
3 bt TIM4_CRY CKD: Clock divison : DTS =K INT |
TIM4_CR1 ARPE-Aui-rlosd Fieloal eneble [ [
T1HA/CR1 CHS Coii g mate ek tion : Edge-signed |
-TIM4_CR1DIR: Direction | Counter need as up-counter |
STIM4_CR1.CPM: One pulse mode#nable | r |
TIM4_ CR1.URS: Update reqet sdume I Counter over-hundeeflov, UG b, Sleve mode controller |
TIM4 CR1 UDIS: Dpdete dishle y T :
# Timét 4 Control Re gister 2 Configusstion (TIH4 CR2) | |
# Tuer & Slave mode cofib] regaster Confignrabon (TIMASMO), - | |
# Channe] 1Coufigiintion | |
# Channe] 2 Conflguition | |
# Channel 3 Configuration I |
% Channel  Configumation | |
= TIM4 imerrophs : g |
TIM4 _DIER. TDE: Trigger DMA request ensbled | E |
TIN4 DIER CCADE. Cophue/Comper 4 DMA rxvestensbled | ™ |
TIM4_DIER CCIDE: CeptuselCompare 3DMA requestensbled | [ |
TIM4_DIER CCIDE: CaphueiCompars 2DMA muectensbled | [
TIM4_DIER CCIDE: Captue/Compare 1 DMA requestensbled | [~ :
TIM4_DIER UDE; Update DMA request enabled | r |
TIM4_DIER. TIE: Trigger interruptensbled | r |
TIMA_DIER CCAIE: Captore/Compare 4 mierrupt enabled | - I
TIM4_DIER CCIIE: Capture/Compare  nterrupt enabled Ir |
TIN4_DIER CC2IE: Capte/Compere 2 nerrupt enabled lr |
TIM4_DIER CCLIE: CapturiCompare | inbrupt ensbied I r |
TIM4_DIER. ULE: Update iterrupt ensbled 'L [ |
+. J 41 aon - r ______________
# Tu E
# By r
B AR r v
< >
Text Edtor j, Configuration Wizard |
TILINK Corte Debager CAP NUM

B 2-16 33388 :H TIM4 % 2
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2-4-2 % fEE R A % 78 (PWM mode)

R AR RPWM) A - AR S5 § T A BE DR
B 2-17 5 2 AP P 31 TG H ehp 282358 2 50 (5 3 P and 5°
1IEFY T L R MR 5L PWM 5L R i T i
B0 Tl A enix e pFy ’PWM%%J:".? €73 0 1y - FZEO0Ar 1
SR T RER > (S)FFE 3 TR PR RO B T Mg
SRR FAE R IR P R RAFHSY 0 TP AT LB AR R

BB #PWM)e 58 400 ik [1],[3] -

'-'.'U) n I ] T
Duty Cycle : D
~— T, — N/ E=ITA1 0<D<1
0 = Complement : D’
O DT‘ r‘_ .f D, — 1 - D
Switch E E
position: L E 2 i 1
1{;(!) A
Ve To (v,)=2 [ v, (bt
........... area = .| Sw=or, | 1
DTV, (v,)= 7 (DTY,) =DV,
0 . s
0 DT, I, i v=({v,)=DV,
B 2-17 PWM duty cycle ;&3 [3]
D= (1-Tp)/Ts (4)
Vs =D XV, (5)

HdDEPWMenL (k8 o Tos kP P A PR - Tsh FBEDERF - Vs

SIBETR Vei TR

20




F12-18 5 TIM3* e § 7% e 3 & 33 R (PWM)HESS chid ) - i 1 - i

(6)3 & 1 iF4g F HTIM_ARR# 5 B3k 2@ > o (8)3 & &k & HTIM_CCRH
HOER LB APWME L o ¥ b TIMP B HPWMF & 81 (T8 > &
PWMH 17T » § 8 > CCRP% » PWM#i 1 5 HIGH ; &PWMH-27 »

#2485, ®E >CCRFF > PWM# ) 3 LOW -

Counter duty TIM3_ARR TIM3_CCR

A A A

\
PWM
Mode 1
PWM
Mode 2

B 2-18 PWM 58 122 5558 2 435

e E R R (PWM)H S ch1 (F4EF » 7 ud TIM_PSCH# 5 B2
TIM_ARR# 3 B kjii-zH ¢ TIM ARR# 3 Bx 7 -2 % rg R A ¥ 0

fait & o G RTIM_CCRAT i3 Bk TLE - 7 2197 & 1 fEgyy -

fownm = fint = [(TIM_PSC + 1) X (TIM_ARR + 1)] (6)
D = TIM_CCR = (TIM_ARR + 1) (8)

# ¢ fowm 5 PWMHBC 2 e (48 5 o Newm 5 PWME 2 cnfgds & o

21



BI2-19 % f347 B K 5 2560 » 1 ivx ¥ 5 CCR=42 CCR=255 mﬁ%] i)’ 4
A5 § FEE @B CCRF14p % p# > ¢ 3 11 Capture/Compare ® %731 5L » ¥ ¥

—_ -

PWM# 41 5 1% 0 & FI3- B @if % 5 065 - PWMA g5 3 2 i e
% TIM_PSC=0>TIM_ARR=255(0xFF)p% » ¥ {# ] PWM 1 e 45 = (fowm)

22 PWM it 8 f247 & (Npwm) &

fowm = 72MHz = [(0 + 1) X (255 + 1)] = 281.25KHz
% CCRXx &% 5 4> 1173 D=4/(255+1)=1.56%

¥ CCRx % % 255 % » 1 f£i¥ 3 D=D=255/(255+1)=99.6%

Counter register:x 0 X 1 X 2 X ) X 4 X X254X255X 0 X p X:

OCxREF |
CCRx=4 : |
CCxIF |
OCxREF
CCRx=255 |_|
CCxIF |

B 2-19 CCR % 4 #2 255 £ PWM #3134 2 [1]

#12-20 % TIM3_Init()#l 42 5% > 3% 2 TIM33 e B K95 181> < fa i1 & » ¥

1 IEHE A 2044 1KHze PWMGR 25 > %k B F & enPWML (84 5 & f2 45 &
# B FETIM3? ¥ £ & { A7CCRIE - - &4 * FDACH 41 § 8 ~ 1297161

Ao gt Z AR R AR R T o PWMeL (PAE S 4

TIM3 ARR = 2Ffr=rE = {256 > 4096 > 65536}
FrwM(8bit) =72MHz /256 =281.25KHz
FrwM(12bit) =72MHz /4096 =17578.125Hz

22



FrwM(16bit) =72MHz / 65536 =1098.6Hz
EFPWMehL (E4F & & 30 X Bofdf F P ’PWM@?] N4 REFFE RAE
FltF 3 R AR S8 A nig T PWMen1 (P4 5 4 ¢ ~ *+44.1KHz -

#11 TIM3_ARR¥ 5 B 72k %8 5 2° — 1 = 255 o

238 L4 TIM3_Init () # > i TIM3_PSC > TIM3_ARR
# ikt 1 % 2 TIM3 PWM #5¢ #® B :TIMIIRQ Y ¥%

void TIM3_Init (void)
{

RCC->APBI1ENR |- (1<<1); // TIM3 enable

TIM3->PSC = 0x00; // CK_CNT =72MHz/ (0 + 1) = 72MHz
TIM3->ARR = OxFF; // CK_TIM =CK_CNT /255+ 1) =281.25KHz
TIM3->CCMR1 = 0x0000; /.OCIM/2M = FROZEN

TIM3->CCMR2 |- (6<<4); /" OOUPUT-COMPARE 3 MODE = PWM MODE 1
TIM3->CCMR2 |- (7<<12); // OOUPUT COMPARE 4 MODE = PWM MODE 2
TIM3->CCER = (1<<12); /I CC4E enable

TIM3->CCER |= (1<<8); /I CC3E enable

TIM3->CR1 = (1<<2); // UPDATE REQUEST SOURCE ENABLE
TIM3->DIER |= (1<<0); /I UPDATE INTERRUPT ENABLE
NVIC->ISER[0]  |= (1 <<(TIM3 IRQChannel & 0x1F));

B 2-20 TIM3 - # B K 2

B 2-21 5 - ] Bf A i Bese R Y o A B AR -
Foktd TIM4 & 4 8KHz P~ R & %y 21 7] TIM3 0 PWM fioie » 3 T

CCR3 1 ¥ #°% 1> CCR4 1 ¥ & f 2> 2 17 12 & PC[0:1]/8 ] & &

R

A M 9 PWM i 4 3 3
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R o (c)s HAp M -
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Bl 2-23 = Ff M gk B AT

F12-24 (a) 5 4 i A0 iRk B 12 7 ki SATENE N iR - 1R AL
BABMHPR)TE £ #* R 5 10KQ2 C 5 2.2uF pbo 2 4 &8 4 (10)

3dB # 4% L 7.23Hz > (b): - F# RCHPF i 468 » (c) » 2 4p =[] o

Grpr(s) = s+455.45 (10)
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2.5 B 7% ¥ /i w (Serial Peripheral Interface)

STM32F ciz B P 225 A i 538 4 & (4 SPI) > o3 gk Bl i
AR IR G IR AT AR > STM32 Mcdr B SPL /i g
TOUARE B A O N (Master) 2 55N (Slave) [1]e e A2 enZ LR ¢
- SPIHE B T 58T > % R SD e it M F A o

B 2-28 % SPI fiiVeie if AR A W 5 B 7 PFP% ~ 4 I~ ~ 2 »
o B EHINSS)MEL G4 5 BHEERE o &1 H5NT > B 7% (SCK)H

AEERE &4 d MOSI sgiag > Fald MISO ELAE T - NSS

SEERACERER A - BEEE T LB HNSSIEE -

SPI SCK SCK SPI
Master “MOSI MOSI Slaw
MISO MISO
INSS1 _INSS
/NSS2 SCK__ SPI

MOSI Slaw
MISO
INSS

B 2-28 H — SPI Master % ;i £ ¥14§ # Slave [1]

FHPE R A6 (SPDF LG43 L2 L EM 7 i v L
RMO0008 Referance Manual ch.23 [1] °
% 2-3 5 & 5 SLen SPI e 7 s en /O 424082 4 e s p? o
SCK : ¢ "% > d 2 % fy IR S > B R ol 5 -

MISO * 2 »/BEIFESr s 3 0 T 3 r R 3 N enFl o AT

MOSI: 2/ rd&%r s i TAEXEFEFL AT AEFEN T
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NSS: HXEEE#H od - B* REREXE /Y vEL LT 7 NED
PRSI EAREN WL FTEASE S R ONSSE X FHZWT i
* GPIO kBt » * ML EE il o

# 2-3 SPI #-5% B %rp &4 [1]

PIN Function SPI1 SPI2
NSS WEEEE Y REHI/EER PA4 PB12
SCK BAIpE4s > (T 5 SR anfy ) PAS PB13
MISO AR B R B ARy PA6 PB14
MOSI N S S RS S R PA7 PB15

B 2-29 5 STM32F jicdr Ben SPL -2 = BB » 2 5:1E 4 B SPI 775 B
kfz#l o SPLCRI %% F* %2l SPL ficke cHi i &~ MSB/LSB # 4 =
F16/8 A @ 3¢ % G SPLCR2 #i s B H 3k 2 SPI i en? #rip 4] |
SPLSR #7% B * X »|4rigeik i | SPLDR # i B* ks B & ffeeh

Address and data bus

A A
{ )
v L4
Read
Rx buffer
MOSI LH-+ L E SPI_CR2
| mxe Jrxve] Erm Irxom| rxom] +
' o | o |ssog \
l | snint register IJ I AEN | AEN | |
MISon LSBfirst o SR
: moo| cre i
Tx buffer [ esy fovm |"EC &R | o | o [P [P0 :
LEEEEES Yo Tk 4
Write
-1
Communication e—1 V)
J control 1
SCHK e i
Baud rate generator - BR[2:0] * _’ * I
[ i
| |r|n57| SPE Ianz I BA1 Iano Ius‘r;rlcpoc_lcpml |
i i SPI_CR1 i
Master control logic : eiol | st | crel cac RX !
1| |moog o | en | next [OFF Jonuy| SSMESS! |
f -

NSS[[
B 2-29 SPI #i-ie.= ¥ [1]

SPI #i-ke st i 08733 BP 5 4% &2 2 #4 = © RMO008 Referance
Manual ch22 [1]i# * £ 3 SPI -2 304 o
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%245 27 457

Cm\év
T
[

el
X

@7 Lp e SPIpEEdf S Bwm > & §

EELETHEEE

# 2-4 SPI ;& i

77 RM0008 Referance Manual ch22 [1]

RERHE RS E L Ay

s F (1]

31:8 7 6 5 4 3 2 1 0

Res BSY OVR MODF CRC UDR CHSIDE TXE RXNE
ERR

Res R R R R R R R R

BSY : R
0:SPI %}

UDR @ T i fhigiz~
0: A#27 3

EE TR

CHSIDE : #-f
0: F & & 42 4c = Bf
1D f & BE S et

MODF : #7545 3%
0: )‘Z’ﬁ fﬁf}i}k pig‘
5: ’}'3—4\‘@: 5—

TXE : 4 % 5 5 %
LR ety

1 #FEgdri 2

CRCERR : CRC 45 #4538
0 : 4c ¥ CRC g f= SPI_ RXCRCR #575 B ® ehig 7 fe
1 4|7 CRC &= SPI_RXCRCR #75 & ¥ g 4 7 fe

RXNE : ¥z firzt 7
0: Jcgirs %

TRy 3 ]

% 2-5SPI #4195 & 2 [1]

31:8 7 6 5 4 3 2 1 0
Res TXEIE RXNEIE ERRIE Res SSOE TXDMAEN RXDMAEN
Res RW RW RW Res ‘ Res RW RW RW

TXEIE : 3% rF 2 ¢ 7 i
0: # ) TXE" %7
1: w3 TXE ® %75 4 TXE %Y =1 d 4 B g,

SSOE : SS%?J RINE

04 i B TSSE N HRAT UL TS IR
T

=X

X B BT SS@?J:‘! P ERE A

2

(SR A

RXNEIE : #:c ffrf 222 ¢ #5718 it
0: # RXNE" #%f
1: uz#RXNE ¥ %7> % RXNE £33 A4 4 HErd £

TXDMAEN : % i% & &% DMA# i » § 3% = 24k 2t B
o TXEfRih— L4k % = ’b)f}u t‘!DMA%ﬁ".‘]“»

0 : # 4 3% & 7% DMA

1 a3 % % v % DMA

ERRIR : 4:%¢ %7 it » % 4 3#(CRCERR ~ OVR ~ MODF)
RN et RER ERR

0: #4357 &

1: iF4gipv %t

RXDMAEN : $4c’ % DMAR i > & 3% = A4k % &
P¥ RXNEfR35- LAk i % s I DMAGH+

0: # 1} 2’ % DMA

11 fads 420 B % DMA
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% 2-6 SPL F 414775 & [1]

31:16

15:0

DR{15:0}

RW

DR[15:0] : F4L45 % %

&

FEE A SR OFR BT BHES BE I

BRCHETHBINFEEETR | FREREr BT E BFRARDTHR -

Do R (HEEE) T - BN (R

% 2-7 SPI #;’;%'J%‘FT% B 1[1]
31:16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
0 BIDI | BIDI | CRCEN | CEC | DFF | RX | SSM | SSI | LSB | SPE BR[2:0] MSTR | CPOL | CP
MODE | OE NEXT ONLY FIRST HA
R RW RW RW RW | RW | RW | RW | RW | RW | RW | RW ‘ RW ‘ RW | RW RW | RW

BIDIMODE: =+ & #1#3% & it
0 E B A S
1: lgﬁ“ﬁ ":‘ﬂ%‘?’”ﬁt;\‘

SSL: 386Gk & E 3
=

= 0 & NSS 51 %t 11/0 4 i* & 5%

%105 B SSM =5 IPPFFF R& o U AT NSS It ehg

BIDIOE: (£ 554 ™ éhiii 41 5 i » o BIDIMODE= 4222
M AR TR T TR S
(5t

{
Loy R (7 8 1050

BR[2:0] < # 71 i fiji¢ 5 434

000 :» fPCLK/2 001 : fPCLK/4 010 : fPCLK/8
011 = fPCLK/16 100 : fPCLK/32 101 : fPCLK/64
110 : fPCLK/128 111 : fPCLK/256

CRCEN: # % CRC &5 3 it
0:# ) CRC ¥
1 : fx# CRC 38

SPE!'SPI 3 i:
0: A SPI % #
1:@ESPI % # -

CRCNEXT: * - % :i# CRC
FEEHTR -

% i CRC %35 % o

0 F - g i %

17— g Eai kg

LSBFIRST : {228 ;¢
0: 43 MSB
1:4#:% LSB

DFF: #cdpies 4 5¢
0: i % 8 AT 78 E/4T

L @* 16 i~ FAedE st & 78 & /3t

MSTR: i &84
0:fe® 5 E3KH
el 3i%H%

RXONLY : ¥ #4c > v BIDIMODE = - 42/ 2 & “FFRE+"”
S TR
0 2B (5 Efofkfo)

Lt 250 B (7 e eiiest)

CPOL: Pt afalt
0: ZMkips  SCK #dF M =
1o 2Rk ER > SCK #4535 T i

SSM : HHEEGk & ¥ 32 > SSMALE pF » NSS 314rt ¢h
T imd SSI i eniE k%
0: # . FoiGRE §I12
S CETE E]

CPHA: Fréadp i~
0: FHBFEMS - BPFsmgismi
1 FRSFHRES - B m
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2.5.1 SPI 355\ cg= 4538 2
A R R > STM32F fcdr B i% 5k Suenfhw > &SP it
® L5 Master * K41 SD e+ HFr A Bl > Afrost i B a S

1 IEARR RE P B R A BT

I % % SPLCRI %5 % Eeh# 7 #5i¢ & 44 ==& BRI2:0]> & (11)3+ § e
Yo B E 5 o b SD st R T AL R B (ST iR SR 7 T
A2 P o SCK B 7| pF ik ool 5 2 7 A6 400KHz > 44 7 % 3e o+ 2|70

mARS o A A R & 3] 25MHz -

fgr = fPCLK/Z(NBR[Z:OHn (11)
H ¢ fpr & SPIH & ernid ﬁiaq] o fperk & SPIHC e m@‘] »#F % o NBR & SPIfic e
FiE Al e
2. 3 #_SPI CR1 % 3 £e7CPOL 4= CPHA =~ > B] 2-30 ® % STM32 jiciy

™~ 7

Bl
Rl

f

% SPI #rleahffd nﬁ%ﬁr FIPFE B Afp B R R > AR A 49

X‘

P A B 0 o CPOLCIE S 4R 2) o~ ] il 5 71 @ prpr s en s R 6
T fode% CPOL i 4 00 SCK 8 4 r e Pl f 4% M 340 % CPOL
XEL LR SCK#i%J:"m’%%T’é_?; Bk m4ER e ¥ bo%k CPHAME
Fap)EAREE S 1 P FR AL SCK Faas - Bl
{7 CPHA = ~Ag i 5 00 B & SCK pra e — b f /018 17 R R4k o
3. % % SPI CR1 %77 BehDFF =~ % % 8 & 16 =~ T4 5% SD e /f
+ I SPL @t e » 8 it F)-DFF =~ E 5 0

4. % % SPI_CRI %3 ® ¢ LSBFIRST =~ % & F#4#54 »SD ze g+ ¢ SPI

@ faj ficst 1 MSB i @ > F]0 - LSBFIRST 2230 % 5 0
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CPHA =1

' 1 ' , ' ' ! B
' ! ' N ' . :
. | ) H . i '
MISO V5

'. A ! D oy : X
(from master) MSB't ! l;\ ' fx\ ' ‘): N ,}-\ ! X ' }( L$Bit /
8‘ or 16 bils dependling on Dala Fran’.le Formal (see SHI _CR1)

MOSI K \/ ' \/ Y ' W : . \ "
(fromSmM’ﬂ MSB""‘ A A L g .-‘i_ : A : }{ ; I‘x LSBit >—

NSS \". ' . : ! « H ' : ' f.]
(to slave) ' | 3 r ' ! !
CAPTURE STRCBE | ‘ | ) | | l |
CPHA =0

cooL - 1 —+_|_L_l_|_LJ_l_|_|_|_|_|_|_|—
CPOL=)4+I_}JI—JI—,I—|I—‘[—II7

. : f Sy —

mso AKX MSB'“’ X : X A : | 1£7'f
(from master) 8 ot 16 bits dependmg on D#lla Frﬂme Fonnal 1(see SPI L CR1) :

{ S G O LSBit —
oy~ wsde X0 00 X P N X X e O

I ! ! 5 : : ; , r
NSS \ : . : L : : ; : _
{to slave) . 4 T
casrume strose | | | | | | | i

| | | |y | | | 1

) 2-30 SPL#i-3% 7L @ﬂzﬂmfﬁﬂiﬁ [1]

5. T:"/{ _BE_ SPI CRI ‘%‘r ]? MSTR = 2\ ]FBj&_SPI 7}—3_;9 2r Master 3 %‘é

?,)1’(

B oo TP - MSTR =~k ¥ 5ol
6. 3% % SPI CRI1 %+ ® SPE(Enable) ==~ » * /B gz SPI #-e § B34 it o
7. % B NSS #2470 GPIO #5538 » #-H ¥ R eh%r = 2% %_% Push-pull Output -
PR EE AR ol R

B 2-31 % SPI #5354~ 43k 2 &) 4#%3% SPI Configuration( ) > g £
#-SPI 8 T A R e /O B %rskikat &k ki * SPIL #i-ke » FU H R
3] GPIOA #:n PA[4:7]- 3% i{ e SD e+ g 3 N ek 230 %
SPI CRI1 # % % » $. 44 SPI CR1 ¢n SPE =~k % % 1> * &k pad SPI #°

‘E"«‘;B&XIJ,,BE o
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#23% &4 : SPI_Configuration ()
# g st ¢ SPI e A4k E

ﬁi > IR

ﬁaj LI

void SPI_Configuration(void)

{
RCC->APB2ENR |= (1<<2); /| kx> GPIOA
GPIOA->CRL &= 0x000FFOFF,
GPIOA->CRL |= 0xB8B00300; /I 3% Z_PA4,5,6,7 5"
RCC->APB2ENR |= (1<<12); /| Fcts SPI1 #F &
SPI1->CR1 = 0; // ’}ja’”,lf CR1
SPI1->CRI1 |= 0<<15; I B TR
SPI1->CRI1 |= 0<<13; /I B B CRC # &
SPI1->CRI1 |= 0<<11; /I FAH 5 8bit
SPI1->CR1 |= 0<<10; M g H50
SPI1->CR1 |= 1<<9; I BB R
SPI1->CRI1 |= 1<<8; [ NIRIEGEH EH
SPI1->CRI1 |= 0<<7; Il 3 fi;u;t@ii%]
SPI1->CRI1 |= 6<<3; /I f?iﬁis?]i?“ fpclk / 128
SPI1->CR1 |= 1<<2; I REGE KR
SPI1->CR1 |= 0<<I; MO A S R S ]
SPI1->CR1 |= 0<<0; // First clock at first data
SPI1->CR1 |= 1<<6; /] x> SPI H-%

}

B 2-31 SPI #-5% 3%k = &l A25"
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2.5.2 SPI fic5t engrsfd @@?]
SPIH53¢ s AL @ vt 1 i i &t 5 doo] H o 24 0t ] 2-32 4 2

7 e T4 e SPL WriteByte( ) &4%3% R & (57042 7Rl i 048

@
(3
e

Ao § TR BT T EL o SPL e )I}gﬁw SR EFENAL B
- BEAFTRES > FREFTBHATREALT OB FTEN > A S5

SPI_CR1 # 7 ® ¥ e LSBFIRST = = % - % £ _MSB & LSB £ % i¥ ¥] MOSI

grivt o F FHRGIROFTRABEIB T ELS > KLY O TXE =
AERAE L D AFEEELT P TP ARTREE > TRY S B ’

FERAMTXE & AE T 2 1 @47 g FTHREFR -

#23% #4 © SPI_WriteByte () ﬁ] »o: unsigned char data
Hikt R SPIREFE L er e #. % ~SPIDR F#

u8 SP1_WriteByte (u8 data)

{
while ((SPI1->SR & 1<<1) == 0); i s FE A & 2 SPITXE=0,
SPI1->DR = data; //load date to SPI_ DR
while ((SPI1->SR & 1<<0) == 0); // ﬁs?l ¥ 3 ® 5 72 SPIRXNE =0,
return SPI1->DR; // receive SPI_DR data

H

SPI DR = Data
Return SPI_DR
No
Yes
End

Bl 2-32 SPI -5 e a8 i @l 4250
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SPI #55¢ s gt fed £t 1 =~ 5 A8 o SPI i & T AL4S

—_

TR A RXH G EY BRI OTHEFT LA BED TR FER
T hE - BRI KREREY S B RXNE ki~ 5 10 &7
FARZERRE - §APFZ TR T EF SPICE § Ew ez
?ﬂ‘*”lzpi“,’f RXNE i+ =~ o

B 2-33 & SPI Himd&fc 1 == = F 420 SPI ReadByte( )fil 4255 » #-18

?
By
R
-\_‘_

25
o
=
r
-
Ef‘

s F 13‘:";1’1‘ {{E\%”T e RXNE *B-TL‘F'\-& B3 % 4r% RXNE

PP RLE W TG ER T .

#23% & 4L : SPI_ReadByte () ih?] r> &
FHic kit SPIfcEHE1 f:‘;”&fﬁ?i}ﬂ ﬁé‘.] a2 SPI_DR ?‘7}4
u8 SP1_ReadByte (void)
{

while ((SPI1->SR & 1<<1) == 0); //ﬁs?l A5 Ea0i 7 SPITXE =0,

SPI1->DR = DUMMY,; /FDUMMY =0xFF

while ((SPI1->SR & 1<<0) == 0); // ﬁ%l X% ® 5 7 SPIRXNE =0,

return SPI1->DR;
}

SPI_DR = OxFF
Return SPI_DR
NO
Yes
End

Bl 2-33 SPI -5 ehf i e ol 42 50
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2.5.3 SPI #-;¢ * e DMA l@ﬁﬂ

STM32F gty B e SPI #2711 8 * DMA 5% K 4e i @ ﬁg?];i oo oaE
DMAL £ DMA2 & e4r4] % > DMAL 741 % 3 7 2 sg » DMA2 2 41 % 7
S & - BHPHE- B 5 BEE e~ e SPII RX -l i *
«7§_DMAI1 1 Channel 2 » % SPI1 RX & * cn¥_DMAI 7 Channel 3 - & —
B3 3E 307 0L K B 3 BAoss iR a2 B4 7 DMA @gﬁl [1] -

i DMA P TG sy i 2 o @ enig * £ RM0008
Referance Manual ch.9 [1] -

Bl 2-34 % ¢ * DMA i i &k &% SPI1 #i-% 3 ¢ stm_dma_transfer( )
&% FB A5 [18] 0 STM32 fcdr ®#4SPI1 1 RX %3] & DMAI il i 2 »
TX R il 3o

DMALI id 3¢ 2 * K27 SPIl «HRX =4z # it > & DMAI CPAR2 #r
% E¢ 4~ SPI & 9 SPIL DR 45 Fehid » 2 & DMA @ i pF
Kikiza 5 & DMA1 CMAR2 #5382 X E e g rw iyt o @éﬁl_&ﬁ
FTALKR-E i BB inF & 2 DMA CCRZIT B X B T l?@%]
F e DIR =2 00 £ 7 TR RBGRMFEP > BT R UK rss
BeF 5 A 2 DMA CNDTR2 #3 B¢ ¥ MK § 7% & cnF L € ' DMA
P AfcE - LF41 > CNDTR #ci® ¢ 3£ > % L# 5 2 > DMA
FHolrdir g izt o

DMAL ¢ if 3 % sk i& {7 SPIl ch TX @ 58 i¥ > & DMAI_CPAR3 4

B
&%

v

¥ % SPI # ¢ SPII_DR 47 % Feiiznt » 2 5 DMA @ B gL

R

7
poens 5 f DMA_CMAR3 #7735 B ¢ 20 B 52 il ak - fﬁﬁ%ﬁjﬂi%ff%“—’

wE
i1 b B & DMA_CCR3 7% B ¥ 3 B FAL @ E 5 o 3§ o3



WP B AR AT R TR
SEARFHE . 45 LFRORE i
f25% %4f : stm32_dma_transfer () L
7L gt 1% DMA SIS & B/

SPI F #.(rx only) g4

BHcE g LR e

1 u8 *buff ¥ W% %
u32 btr BB hrA wikE
Pu8*buff FHB»BHFR-E

void stm32_dma_transfer(const u8 *buff, u32 btr)

{
ul6 rw_workbyte[] = { Oxffff };
RCC->AHBENR |= (1<<0);
DMAI1->IFCR |= DMA1 Channel2 IT Mask;
DMAI->IFCR |= DMAI1 Channel3 IT Mask;

// DMAT1 channel2 configuration SPI1 RX
DMAI1->CPAR2 = (u32)(&(SPI1->DR));
DMA1->CMAR2 = (u32)buff;
DMA1->CCR2 = 0x3080;
DMA1->CNDTR2 = btr;

// DMAT1 channel3 configuration SPT1 TX
DMAI1->CPAR3 = (u32)(&(SPI1->DR));
DMAI1->CMAR3 = (u32)rw_workbyte;

DMA1->CCR3 =0x3010;

DMA1->CNDTR3 = btr;

DMA1->CCR2 |= CCR_ENABLE Set;

DMA1->CCR3 |= CCR_ENABLE_Set;

SPI1->CR2 |= (SPI_I2S DMAReq Rx | SPI I2S DMAReq_Tx);

/
while (DMA_GetFlagStatus(DMA _FLAG SPI SD TC RX)==
DMA1->CCR2 &= CCR_ENABLE Reset;

DMA1->CCR3 &= CCR_ENABLE Reset;

/| kx#> DMAL #7 %
// % %_DMAI ch2 = SPI RX

/I 3% = DMAI ch3 =SPITX

3w

%% %R SPII_DR
il %R buff

1
1

1
1

%% %R SPI1_DR
B4 kR workbyte

/| ¥c#» DMAI ch2 RX
/| ¥c#» DMAI1 ch3 TX
/| Fets SPIRX TX 3+

% % DMAI1_Channel 3 Transfer Complete, DMA1_ Channel 2 Receive Complete

0 1)
/I H B DMAI ch2 RX

/I B B* DMSI ch3 TX

SPI1->CR2 &= (ul6)~(SPI_I2S_DMAReq_Rx | SPI_I2S_DMAReq Tx); // B B SPI RX TX 3

i) 2-34 SPI i ﬁis?l 1 DMA & T_&| 42 5¢
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Bl 2-35 & i * @ B2 DMA i 3¢ 0 SPI TR {425t > 4rig * ;

BACTHR ¢ T3R5 I ik

R %

CRAN

#23% &4 : SD_ReceiveData ()
Lk 0 % DMA @HHES R fek i o
SPI 42

) %

-

Fm

’
7
7

E
™

C i TR T B

h5 )
s

\

e @it % DMA % B TR > Bl § FETRRAPR -

ﬁ.’f] > :u8 *data FHEFER-E
u16 len EP B chFHEE
u8 release CS & _Z %

w ' ru8*buff FHA SRR

u8 SD_ReceiveData(u8 *data, ul6 len, u8 release)

{

ul6 retry = 0;
u8 rl;
SD_Enable();
do {
rl = SPI RWByte(DUMMY);
if (retry++ > 5000) return t13

} while(rl != 0xFE);
while (len--) ¢
rl = SPI RWByte(DUMMY);

*data =rl;

datat++;
SPI RWByte(DUMMY);
SPI RWByte(DUMMY);
if (release == 1)
{
SD_Disable();
SPI RWByte(DUMMY);

}

return 0;

(a) @ Blfics

u8 SD_ReceiveData(u8 *data, ul6 len, u8 release)

{

ul6 retry = 0;
u8rl;
SD_Enable();
do {
rl.= SPI RWByte(DUMMY);
if (retry++ > 5000) return rl;

} while(rl != OxFE);

g g S NP

SPI RWByte(DUMMY);
SPI RWByte(DUMMY);
if (release == 1)
{

SD_Disable();

SPI RWByte(DUMMY);
H

return 0;

(b) DMA #3¢

] 2-35 SPI ¢ * i E]&r DMA éﬁ@ﬁlﬁ_i‘
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2.6 SDIO -

P

}u-

STM32F gty Bp 8 7 & S A o + 24240 % e SDIO #- e > 0 ¥

B2 B ming2 it ] o (B3) 4 =~fr 8 =~ » SDIO #ice
g B Rese) BIFRPFHBRE L | A B2 TAY 2 SD =
Bt s pd Lo [1]0 Fwen SDIO e sl 54 L2 2 2
7 g * £ 0 RMO0008 Referance Manual ch.19 [1] -

STM32 ey B0 SDIO e & 3 10 93508 > £ 2-8 & W[z p H #

22 44 1 e GPIO 3% -
SDIO_CMD 3 g @ﬁ%lév’ﬂgm%b:' v 3 @ﬁ%lp LB ERYE -
SDIO_SCK * *t# i SD 3z enpF4a4f 5 » SDIO - %211 SCK pF4s4f &
¥ 12 A OMHz & 25MHz 2 B ik e
SDIO_DI[7:0]#* *+ 4 @ﬁealr » SDIO -2 &£ ¥ {2 » 3k @2 * SDIO _DI[0]

WEOR %] e F Ar e T S AR R A F A e it e R

FA RSB SATR > 4o 4 2 5-SDIO-D[3:0]2 8 == 5 SDIO_D[7:0] -
# 2-8 SDIO #-le & %rt i [1]

Pin Direction Description GPIO

SDIO_CK Output MultiMediaCard/SD/SDIO card clock. This pin is the PC12
clock from host to card

SDIO_CMD Bidirectional MultiMediaCard/SD/SDIO card command. PD2
This pin is the bidirectional command/response signal.

SDIO_DO0 PC8

SDIO_D1 PC9

SDIO_D2 PC10

“bho pe Bidirectional MultiMediaCard/SD/SDIO card data. PC11

SDIO_D4 These pins are the bidirectional databus PB3

SDIO_D5 PB9

SDIO_D6 PC6

SDIO_D7 PC7
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2.6.1 SDIO #* ¢ 3P
STM32F ficr B e SDIO # 4t ¢ 7 & B3R B 2-36 5 SDIO Hie ™ K
B> PNz SDIO # 4% %87 AHB ®/n i & BHice > 2 ¢ SDIO Adapter ## 3%
Bhoer kR IR B MMC/SD/SD-1/0 /i & =+ er7 3 # 5p > 4 SCK #F 5
g4 L feFaBE E o AHB ®ing /i m * k3% (¥ SDIO Adapter #

BE AR LT ALY ETE DMA Gk -

=

sbio > SDIO_CK
Interrupts and -
DMA request _ - » SDIO_CMD
AHB - sSDIO > SDIO_D[7:0]
interface adapter
AHB bus -« -
y
HCLKIZ2 SDIOCLK

§12:36 SDIO $i-2 > HL ] [1]

1 2-37 & SDIO Adapterf& & BH-ni= bl 27 5 T BAEE 5 5
£ i 3¢ (Command path) ~ 7 4L

AL

(Adapter registers) ~ 474 ¥ - (Control unit) ~ ¢

“-"}‘s

i

i if (Data path)2? fichy FIFO % 5 B384 » A P-4 4 6 £ 3 3 &

(e
=

F]g o

SDIO adapter

| Control unit | —t— SDIO_CK
c @
SDIO_CMD | 2
path ]
Adapler T
registars 3
L
Joats A Data path
. a
- {7:0]
=8 SDIO_D{7:0)
HCLK?2 SDIOCLK

Bl 2-37 SDIO # 4 B H- e = W | [1]
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# 4 i 3 (Command Path)
A EIARF SHMFFERL TR F I w ehE A~ 5
£ i (TR E 6 4 ik B (CPSM) % = & e o ] 2-38 5 SDIO & 4 i

FER G BB AL RS CPSM At R E(dle) » § &4 3B

¢

m

* ¢ 4 775 B(SDIO_ CMD)# % % 7 CPSMEN == > ﬁﬁg BasdiE el

b Lo S pE s b4k L8 (CPSM)K B K 1k %735 B(SDIO _STA) 3k
Bk T A ZREw R ZFRE D § R v RS 0 BT 9 CRC

g 2R A 4 SCRCAS Y o BRI B A el Bthak s § i~ ¥ i3
AR AL EBRLEE  F CPSM 2 » Bgik iz wi4r% 4

PE o B § 3 B AZPEIRAE R 2 AR

CE=ATA Command
Completion signal
receivedor | 7T |
CPSM disabled or

Command CRHC failed

On reset

CPSM Enabled and

pending command PN e received or Response Received in CE-ATA

:!:isnac;blfegil odr command mode and no interrupt and
alle wait for CE-ATA Command
Completion signal enabled

Receive

Response

@ started
Wait for response @

Response Received in CE-ATA mode an
no interrupt and wait for CE-ATA
Command Completion signal disabled ai14806b

CPSM
disabled

Enabled and
command start

CPSM Disabled or

CPSM disabled or command timeout

Last Data no response

B 2-38 SDIO # 4 i ik fi 5= 3| [1]
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B 2-39 2 % %3 & 4 49 SDIO Send Command( )& #25% » #-& 4 %
#B ~ SDIO ARG 3 B » fo-b £ 231 B (@i B9 > R b4 2

lenw itk o LR B Y X 8 WAITRESP v &=~ » fvk B CPSM
Fads 70 B fs B B 4 enTRAE AT BB ~ SDIO_CMD #7735 B » e =
o & B E AR -

#23% &4 : SDIO_SendCommand () ﬁe?] > *SDIO_CmdInitStruct
¥ it ik @ 3% SDIO & £ ii&i SN

void SDIO_SendCommand (SDIO_CmdInitTypeDef *SDIO_CmdInitStruct)

{
u32 tmpreg = 0;
SDIO->ARG = SDIO_CmdInitStruct->SDIO_Argument; // & %_Argument %#c

tmpreg = SDIO->CMD; /I 3 P SDIO_CMD & | tmpreg
tmpreg &= CMD CLEAR MASK; 1 4r‘ SDIO CMD %% #Z_i
tmpreg |= (u32)SDIO_CmdInitStruct->SDIO- CmdIndex /3K 2. CMD # 4 %3

| SDIO_CmdInitStruct->SDIO_Response /[ 2% = WAITRESP =~

| SDIO_CmdInitStruct->SDIO. Wait /3% % WAITINT and WAITPEND i ~
| SDIO_CmdInitStruet-=>SDIO_CPSM; Jl- 3% %_CPSMEN i =~
SDIO->CMD = tmpreg; // & » 3] SDIO_CMD #75 B
H
> tempreg | cmdindex
v
15 tempreg tempreg | response
v v
Fas:“ t Arg = tempreg | wait state
v v
tmpreg = SDIO_CMD tempreg | CPSM_EN
v v
tmpreg & OxFFFFF800 SDIO_CMD=tempreg

End

@l 2-39 SDIO ¢ £ % i% fl 425"
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7 ki ¢ (Data Path)
TR AL K et 2 F"*m@@?]‘“%» » STM32 fecdr B en
SDIO #i-ke s B 02 1 i~ TR e in 2 5 4~ 453K BPF4&FY © A SDIO DO

-
b @y 1 A FA > & SDIO_CLKCR 4% E¢ » 7 113 & WIDBUS[1:0]

~\

Ak L RTREBME DT A - B 2-40 3 SDIO # k2 ¢0 DPSM 7k 3 R
A= BB kL E B 18 DPSM gt 3 Wk (Idle) » 43K i 4 9030 3%
Z_®% » SDIO DCTRL #33 %> ¢ % % SDIO DCTRL #7135 % ch3 ic DTEN
s FANE R B AR B 0 e (F i A B0~ Wait S &
Wait R i o

3 ¥ pF DPSM & » Wait S ki » 4% 3 ¥ FIFO ¢ 3 F# » | DPSM
{3 R fi(Send) 0 Fe PE AL B AL e S LR i T o
¥ DPSM i& » -Wait Rk &5 & FR4s -~ d e fl B o~ s o

DPSM & » #1k i (Reveive) * o oo i s B 4076 5 4588+ 2

o — DPSM disabled
- — DPSM enabled and . Read Wait
— T Read Wait Started
e  ———and SD /0 mode enabled
Disabled or FIFO undemun or —
——
end of data or CRC fail ) ~—
Disabled or CRC fail /
°’ timeout Enable and not send /
Disablad or ReadWait Stop
end of data
Disabled o
Rx FIFD emot)' or timeout or
start bit erml
Nol busy
Enabla and sand Data raceivad and
Read Wait Started and
5D O mode enabled
End of packat
End of packet or
end of data or
FIFO overrun
Disabled or CRC fail
Data read\,r }
ai148090

B 2-40 SDIO F 443 % fi 6 B8 [1]
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Bl 2-41 5 3O g5k s 48 (DPSM) ek T @l 425¢ » L #-Time Out 3K T

&% » SDIO_DTIMER # 5 % » ## & & % » SDIO DLEN # 3 % » £ #

-

"

FHACL @B P R0 R ~ SDIO_DCTRL 4% & » #1838 £ DPSM

Febs im Ao T A TR R R R
3 &4 : SDIO_DataConfig () ii.?] > *SDIO_DatalnitStruct
A DR AT A ﬁ] R

void SDIO_DataConfig(SDIO_DatalnitTypeDef* SDIO_DatalnitStruct)

{
u32 tmpreg = 0;
SDIO->DTIMER = SDIO_DatalnitStruct->SDIO DataTimeOut; // 3 %_TimeOut value

SDIO->DLEN = SDIO_DatalnitStruct->SDIO Datal.ength; /I 3 %_DatalLength value
tmpreg = SDIO->DCTRL; // # B~ SDIO_DCTRL & | tmpreg
tmpreg &= DCTRL_CLEAR _MASK; // /ﬁ"“,f SDIO_DCTRL % #_i
tmpreg |= (u32)SDIO_DatalnitStruct->SDIO- DataBlockSize /I 3% Z_DBCKSIZE -~
| SDIO_DatalnitStruct->SDIO_TransferDir /| 3% #_DTDIR =~
| SDIO_DatalnitStruct->SDIO  TransferMode /I 3% = DTMODE i~ t
| SDIO_DatalnitStruct->SDIO_DPSM; /I % Z_DEN =~
SDIO->DCTRL = tmpreg; // & » 3| SDIO_DCTRL # 75 %
}
> tempreg | block size
v
15 tempreg tempreg | dir
v v
I%’t— time out tempreg | mode
v v
l%“‘rj:’ block length tempreg | DPSM_EN
v v
tmpreg = SDIO_DCTRL SDIO_DCTRL=tempreg
v
tmpreg & OxFFFFFF08 End
L

B 2-41 DPSM #* Z_&| 425"
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STM32 #e4r F 0 SDIO ek 2

@i * SDIO fwz = > 7 &% SDIO

Bl 2-42 % gx#s SDIO i ¢ SDIO Init( )%

/\
T
5 E o ¥ R LM 5 (F= SDICLK/[CLKDIV+2]) » £ 3% ® & F i

B 0 B (s B T AF e

25 &4 1 SDIO_Init () ﬁe?]
¥ g sxit | STM32 #cdr B e SDIO 283k 2 ii‘.] 4

[EaK

L/mﬁ.r_

&

‘/ /

‘v

ﬁ:?’

{

K
i

%4 » SDIO CLKCR %75 B} 2% & 2% %

o

-

> SDIO_InitTypeDef* SDIO_InitStruct

void SDIO_Init(SDIO_InitTypeDef* SDIO_InitStruct)

{

u32 tmpreg = 0;

/* Clear CLKDIV, PWRSAV, BYPASS, WIDBUS, NEGEDGE, HWFC EN bits */

tmpreg &= CLKCR_CLEAR MASK;

/* Set CLKDIV bits according to SDIO” ClockDiv value *

/* Set PWRSAV bit according to SDIO_ClockPowerSave value */
/* Set BYPASS bit according to SDIO_ClockBypass value */

/* Set WIDBUS bits according to SDIO_BusWide value */

/* Set NEGEDGE bits according to SDIO. _ClockEdge value */

/* Set HWFC_EN bits according to SDIO. HardwareFlowControl value */

tmpreg |= (SDIO_InitStruct->SDIO_ClockDiv
| SDIO_InitStruct->SDIO_ClockPowerSave
| SDIO_InitStruct->SDIO_ClockBypass
| SDIO_InitStruct->SDIO_BusWide
| SDIO_InitStruct->SDIO_ClockEdge
| DIO_InitStruct->SDIO_HardwareFlowControl);

/* Write to SDIO CLKCR */
SDIO->CLKCR = tmpreg;

B 2-42 SDIO #i-5% &

47
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SDIO %% & 4 %

AN

% 2-93F 2-13 8450 Rz X EpMe

7 RMO0008 Referance Manual [1]

STM32 pcfy B * £ p e SDIO /e ¥ 3 B3P T4 > ¢ 7 SDIO fice

% eh1 ¥4 £ > SDIO_CLKCR # % E4:-4] SDIO H#-ke ¢

7

PSP S SDIO CMD ¥ 3 B e 7 4 g 3l&ragd] » * kg

~

1

=
5.
&

¥
Z

CPSM ; SDIO_ARG #7 B i s & 4 ehi- 304 » * k1% 32 A hék

LB

4

~>m

7

-

L

\\?’;r

# ; SDIO_DCTRL #75 B * k44| 7 4L 4 4% DPSM ; SDIO_STA #15 ¥

* %85 SDIO f-ieht (e fi

4 2-9SDIO Fréadr#1497 % B [1]

31:15 14 12 11 10 9 7:0
Res HWFC EN | NEGEDGE! |, WIDBUS | BYPAS | PWRSAV | CLKEN | CLKDIV
Res RAW R/W R/W R/W R/W R/W

HWFC_EN : A # /n ¥4 5K it NEGEDGE : SDIO_CK #p i i% # =~

0: BB ALRE A 0: #:i p#45 SDIOCLK e+ 27 &2 4 SDIO_CK

12 3Roa A R de 4 31 pF4s SDIOCLK 7 "% ;5 2 4 SDIO_CK

WIDBUS : F #in##38 Ra BYPASS: = B pr4s o 4F B

0 @ FEE B ;Y - @ * SDIO_DO 0 B3 B# SDIO CK@?] EINES: e LI E /3

01:4 =~ ®ingt A » & * SDIO D[3:0]
10: 8 =~ %2405 » & * SDIO D[7:0]

CLKDIV gxm 4+ SDIOCLK 4 #f

I %t % # ! SDIOCLK E £5#% SDIO_CK ﬁs.] RINES &

PWRSAV: 4 @ fie =~ 27 4% » gt i 2P »

% % PWRSAV =~ 7 12 B SDIO_CK P+ & i !
0: 45% 51 SDIO_CK
|t A miasES pE 8 2 SDIO_CK

CLKEN : B4 it =~
0 : SDIO_CK B B
1 : SDIO_CK 3 it

CLKDIV : p4s A 4 1% 8

i3 % & 0 By~ preB(SDIOCLK) & 5 1 o 48(SDIO_CK)
R e O Gl
SDIO_CK #f % = SDIOCLK/[CLKDIV + 2]

48




% 2-10 SDIO Fa# x4l % [1]

31:15 14 13 12 11 10 9 8 7:6 5:0
Res SDIOEN PWMOD RWSTOP RWSTART DBLOCKSIZE DMAEN DTMODE DTDIR DTEN
R R/W R/W R/W R/W R/W R/W R/W R/W R/W
SDIOEN:SD I/O 5 i # it »4r% % % 7 3% =~ > B| DPSM | DMAEN : DMA X i; ==
417 SD I/O + # 2 ik 1% 0: B DMA
1: & i DMA
RWMOD : i % & H5% DTMODE :  #* i # #i-5¢
0: ik SDIO CK 43 & & 0 F BT 8y
1: 1% SDIO D234 % # 1o g xw%]
RWSTOP : 3 % & i5 1 DTDIR : F 4 @857 &
0:4c% 2 % 7 RWSTART > #, 73 % 4 o.mug;; =5+
1:4c%3%% 7 RWSTART » & 1t 3§ & & 1Rt 2848
RWSTART : 3f # % @4 3 B2~ Bdosh ¥ FakiF o | DTEN : FR @ =n 0 k8 5 1 IR LT
DBLOCKSIZE @ F# & & » § &8 7 AT GRS > 28 LR THAL BT
0000 : (L2 O)ME R =20=1 ==k 1000 : (L Q)M £ B =28=256 =< &
0001 : (L& DHER =21=2=~% 1001 @ (L2 ) E B =29=512 =< &
0010 : (L2 2)WE R =22=4 =~k 1010 : (L 10)HE B =210=1024 == e
0011 : (L= 3)MER =23=8i~% 101L: (L ID¥E B =211=2048 =
0100 : (L2 HHER =24=161~ % 1100 (L i = 12)8. £ B =212=4096 =~ &
0101 : (L= 5L R =25=32 =~ L101 S (Lug 13)8. £ B =213=8192 =~ &
0110 : (L= 6)MER =26=64 =~ 10t (R 14 £ B =214=16384 =< e
0111 : (L )L R =27=128 == & T (Lt 15) 59

% 2-11SDIO® 4 s % [1]

31:15 14 13 12 1l 10 9 8 7:6 5:0
Res ATACMD | nIEN | ENCMD |SDIOSuspend” | CPSMEN |WAITPEND | WAITINT |WAITRESP | CMDINDEX
R R/W R/W R/W R/'W R/'W R/W R/'W R/W R/'W
ATACMD : CE-ATA # 4 » 4o% % % 3% = » CPSM # 3 WAITPEND : CPSM % ?—*f IEJ%TJ % & (CmdPend p % %
CMD61 B) ok B o f CPSM BB EE- BHL 2

W EETROE S

nlEN : 7 Ry ? %7 4o AKX B Z =~ > B3kt CE-ATA | WAITINT : CPSM % #4%r& > ok XK B 2=~ > B
K H Y ¥r CPSM B B & £ s PRy 415 8 FHR¥TE R

ENCMDcompl : 5% it CMD = & » 4ok K B 3%~ » PR | WAITRESP: & & F iz~ 22 i ~dg7s CPSM A E §
AR A REFT R WEFREFY R MRS v B

SDIOSuspend : SD VO # i ¢ 4 » 4% 3% & 3% 25 » pl# | 00 &% &> % & CMDSENT fhs
foiEing L - BEEEL(SL P2 SDIO ) 01: % fi; » % % CMDREND # CCRCFAIL {34

100 & % & » ¥ % CMDSENT #:%
1: &%k %% CMDREND ¢ CCRCFAIL #-:4&

'

'

CPSMEN : & 4 i if % fi #(CPSM) 3% it =~ » 4c% 3% % | CMDINDEX : & 4 % 31 £.i% 5 & £ eh— 304 4 i 5+ ¢
A Pl i CPSM
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% 2-12 SDIO %#% 3 % [1]

31:0

CMDARG

CMDARG[31:0] | CMDARG : L - A ek - B R G- B A ER AL

% 2-13 SDIO i i 45 %

31:24 23 22 21 20 19 18 17 16 15 14 13
Res
Z = 23]
25 2 2 m m e <3 = T
E &) = —
s |2 |8 | |2 | E |2 | & | B |E |®
Res R R R R R R R R R R R
12 11 10 9 8 7 6 5 3 1 0
= = & e E o) & 5 5 = =
s | ¢ |2 | & |82 | & | 2 | & | g |2 |28 | £ |%
< a 3 = < 2 & = g g @) @
o a 7 A 3] 3 2 = a 5 a o]
R R R R R R R R R R R R R
CEATAEND : & CMD61 #:1c 3| CE-ATA ¢4 % & 15 5L CMDACT.: & {L@;ﬁ% 4
SDIOIT : 4z 3| SDIO * %7 - DBCKEND™: & 4 /4% 42 T2 3. (CRC & B = #)
RXDVAL : #4&4c FIFO ¥ enffi# * STBITERR - & F ®im 058 » L &g FA G5
B Bl AS Sy
TXDVAL : %3 i% FIFO ¥ chf e * DATAEND:: F#% & (F# 3 # % > SDIO_DCOUNT = 0)
RXFIFOE : #1z FIFO z CMDSENT : & 4 ¢ #i%(7 § & v &)
TXFIFOE : # i# FIFO % CMDREND : @ $#4z3|% J&(CRC # B = #)
RXFIFOF : #z FIFO /% RXOVERR : #:4c FIFO * &%
TXFIFOF : # i# FIFO /% TXUNDERR : % ¥ FIFO T /Z 4 %
RXFIFOHF : 414z FIFO X% : FIFO® 1 >#3 8 B F DTIMEOUT : #icy A2 p*
TXFIFOHE : # % FIFO £ 3 1 FIFO ¥ 1 “:8v 128 » 8 | CTIMEOUT : & £ v A2 pF 4 L AP R 4~ B H D
[ > 5 64 1 SDIO_CK P¥4aik 3
RXACT : &+ fedifcFad DCRCFAIL : & 4 i# /4% {2 F# #(CRC P £ p2)
TXACT @ & a3 Fat CCRCFAIL : = 42 3] & £ FR(CRC B £ po)
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»=% SD:i+

SD e+ > & % Secure Digital Memory Card #_ - 2 A3 - e i B
(NAND Flash)eiE 5 %% » @ p &> (Toshiba) ~ 4 3~ (Panasonic)! % % K
Fra o 7 (SanDisk)*t 1999 # X AT B > HE2 87 3T% o @ P s iy
+ 4z MLC (Multilevel Cell) #jfep & € 229 NAND ¥ > SD
e AR B AL g AL AL S AL R Multi Media Card (MMC)*72f

% SD s fp+ RAE®P > 2 £ 12 SD Group #7  # < Physical Layer
Specification L. % [4] £ SanDisk SD Card Product Manual # -3 2 [5]
s F 5 55 0 8 R bIARS S STMicroelectronics £ Design Support

(http://www.st.com/internet/mcu/product) ™ 2 Helix Community

(https://helixcommunity.org/downloads)# i =77 Helix Player 11 Gold f 4545 »

FHAE A ke F iy B Y RS e o
B 3-1(a) = SD Association #7 = f# 7 SD e+ 35 > (b)% SD e+
ek < B 4o L % 9 SD el t s HEAS ¢ R4 T 1 24 SD

Association (http://www.stcard.org) °

| 24 | '_41.1
| S
F =

-

™

Secure Digital
(a) szt 38

B 3-1SD e+ ke &
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3.1 SD e+ it

e+ B% 22000 £ 2 F R A L V90 B2+ 3§34 & 2GB 1/
oo 32006 & 37 FEA V20RFBT P AEZIEFLBEE SDRS
* f£ % SDHC - SDHC #2 SD ¢hi & £ B 3% > VIO R~ ¢ * FATIO # %
AR B S R EIL 65536 BAh K L Y g* BALE B 5 32KB h
97 SDF & F AR 4 FliE 2GB - SDHC #c* 7 FAT32 #2354 kK f#4
VIOAEFEF WO ZREETH > 3 2R A7 EF]32GB- g % SD
Group © 5 T & ZF £ 7 £ #1 2TB e SDXC 3.4 -

SD ze i+ i diyid & » L4 P& CD-ROM % e 150 KB/s @ #i5i¢ 5

kE &S 1B - HehSD B ERsER 62 m@ﬁﬂ % (900KB/s ) »
m SD e+ B ® it @2@] 166,12 (25MB/s ) &i:¢ & » 2Fme SD e i+ # it

WP ¥ %4 SA Association (http://www.sdcard.org)£? & L F

(http://en.wikipedia.org/wiki/SDcard) 7 Secure Digital Memory Card 2% i o

D g+ hi &5 e 2 5L 4]
e SD4¥ 427 2GB 3 £ > SDHC 44t £ 32 % £ 7 426 2GB 1 } o
e 3 SD Bus ¥ SPI Bus @;ﬁi%lfé’aﬁ;o
o Rifen1 (FRRFER 0 K20V I 3.6V
s IV %mﬁi&l > 1TERE S M S 0 3 25MHz
e WEH/AEI B EES N o

o AR ‘#a‘ﬁ/\/ﬁ%ﬁ it ©
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3.1.1 SD iz + s e &

SDicfRtEaArE =i - Birle miry BT @ﬁ%]miﬁe i3
0 Block % H i~ > i ¥ # * chBlock 27 & 5 512 eni=~ % > B 3-2 5 SD
et Ao R B8 B 31T 4 & & % Block~ Sector £2 WP Group
=% E5H 5]

Block

Block #_SD &g+ % (¥ B~2 B » ¢ & cfp B H = > Block & ¢ - i
B z’v’?fif'u,féﬁ"(Byte)’—"”r’}#é\i e Block i+ o] ¥ 0 E_FH w2y Fod A2 k%
%> B % &t SD efa+ o CSD # % €9 > 5 READ BL LEN #

WRITE BL LEN d (12)22(13)z* & 3 Block ¢+ -] » i % SET BLOCK LEN

5 ¥ ke Block iE £ &) e
NRBS — ZREAD_BL_LEN (12)
NWBS — ZWRITE_BL_LEN (13)

H ¢ Nrps 2 FBFehRsE & 5Nwes = B > BFeRHEE -
Sector

Sector #_# f P& eip b H 0 d BB Block #rHE = i SD eiRt
Sector ~ /] X HEH2 7 HY{ > HT&xp SD =R+ CSD #r3F¢ o

SECTOR_SIZE =~ » SECTOR _SIZE % 7 iz~ F# %" » #cE 5 0 & 7

1 B Block » #ig 2 127 %4 7+ 5 128 i Block

NSector = (NSector_Reg + 1) X NBlock_size (14)
ﬁ ¥ Nsector = Sector m,ﬁ.‘ ;’E‘_ ’ NSector_Reg ,:-'3 CSD ‘%’? T? % ¥ o SECTOR_SIZE

[Rada VI NBlock size ,=~ Block rTJ o
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WP Group
WP Group £ 3% » & 4 b ] 8 = Ed §iclf Sector “TH & 7> &
CSD #775 ® 7 WP_GRP_SIZE # % % # % -] - ¥ & * WP_GRP_ENABLE

Ak T AE BRI R~ i

Nwpg = (Nwp Gre size T 1) X Ngector (15)
H ¥ Nwp_Grpsize » CSD #13 B¢ 9 WP_GRP_SIZE =~ ;Nwec 5 WP Group

[P

1%

|k

o]

SD Memory Card

/VVP [ Sector 1 Block Block Block }\

Group 0

k i Sector N Ej

[ WP Group 1 ]

[ WP Group N ]

B 3-2SD =t s > ;¢ [5]
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3.1.2 SD &g+ 2 f#
el e R TR AW 33 4TF 0 T A G A 6 SR E

FAREHE PR D RAE G R B REE

— Vpp

]

DAT2 CMD CLK  DATO
CD/DAT3 Interface driver DATA

OCRJ[31:0
CID[127:0]
~ATIZ Card
RCA[15:0] interface
DSR[15:0 controller
reset

CSD[127:0] |4

SCR[63:0

‘ Memory core interface . |..qet

Power on detection

R Ol E e U S T T S N

= L\ L\ "

L L e J e s T T L S S N

R S BRI
Memorycore rrrrrr
,,,,,,,,,,,,,,

< - - - - -r - - r
P e S

L L S R T SO SO RO o A S
T a 3 ciersa a0 T T3

A e R e T N S ST

« - = s o v

F S S S S SRS P S S S S S

B 3-3SD3efa~+ %4 [4]

A & Bg# B (Interface driver)
P RBA LR EE NG BB LR SEE 5 4P 53 MMC @
fa+ G SPI 54 22 % & e SD bus 58 & 48 o
+ /i & $#] B (Card interface controller)
Bt A BRI 0 KR 4 8 TR (T /R RS chde 1F o
P 3% &3 E (Registers)
D+ x5 6 Bp43% 2% OCR~CID ~ RCA ~ DSR ~ CSD

21 SCR > 1 & § et hi 8 2838 2o
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7 JRaz# 1§ Bl (Power on detection)

TRAE R B R D T RAE ke i 180 € Be i+ £ B (Reset)
QL CONY SF R
R4 4 % (Memory coard interace)

kA e REF TR ITRER Rl T AR ER R
B chds (TpF > ¢ Be B AR ok £ AT /345 0 ¥ 4 NAND Flash ;=88 e —
[ = A O L)X LB
= B8 % # (Memory core area)

SD g+ * kit s T4l % & 22 * NAND Flash = (&% > » SD .+

FAHEFE 5 32MB~64MB~128MB>256MB~512MB~1024MB £2 2048MB -

m SDHC £+ L £ % €421 2GB -
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3.1.3SD jelf+ shm it i

SD e+ £ 2 2 #8550 1 SPLHSR (3 % % MMC 4 % )82 SD Bus

Bt o & 3-1 5% SDzefa+ a5/ & 2%,k 5 9 935%° & SPL#:°

-

¢* 7 CS~DI~DO~CLK ¥ 4 133%%"; & SD Bus i34 T ¢ * 7 CMD ~

CLK ~ DATO ~ DATI1 ~ DAT2 £ DAT3 &%k @ iE3 5 o

# 3-1SD e+ 425%rs it 4 i [6]

SD Mode SPI1 Mode
Pin
Name 10 type Description Name 10 type Description
1 | CD/DAT3 I/O - PP Data Line [Bit3] CS I Chip Select
2 CMD PP Command/Response DI I Data In
3 VSS1 S Ground VSS1 S Ground
4 VDD S Supply/Voltage VDD S Supply Voltage
5 CLK I Clock CLK I Clock
6 VSS2 S Ground VSS2 S Ground
7 DATO /O PP Data Line [Bit0] DO O-PP Data Out
8 DAT1 /O PP Data Line [Bitl] RSV - Reserved (*)
9 DAT2 /O PP Data Line [Bit2] RSV - Reserved (*)

/

11111111

I12345678
9
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SD Bus % #

SD Bus ®inifE 3 6 1330 5.5 (CMD ~ CLK ~ DATO0-3)%2 3 19§ iR & (%
T4 3-1) B3-4K KR AT SD Rt kT o fry st
AR BRadi o BAEEVURERTTE et o LR hd et
et P B LB ETE - BeRT 0 £ A BIE N (RCA)

% - Biat (6]

HOST
CLK CLK
vdd \ Vdd
Vss A Vss SD Memory
Card (A)
DO-3(A), 1 DO-D3, CMD,,
CMD(A) v
CLK
| Vdd
A o L L Vss_ SD Memory
Card (B)
D0-3(B), DO-D3 CMD,>
cMD@)l o 7 B
CLK
Vdd
Vss | MultiMediaCard
(©)
DO-3(C)! DO. CS. CMB\| 14802 Not
CMD(C Connected

] 3-4 SD Bus % 1 [6]
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SP1 Bus &1

SPI Bus % 4 193 5.4 (CMD ~ CLK ~ CS ~ DAT)# 313§ iR & -
Bl 3-5 887 4 %% H 17 SPLH ek jn™ » #7% 2efg+ «7 CLK ~ CMD £
DAT A5 At - Aechs & - Bop+ 3 2o CS EH Y L X8
THEECSHEPRERLERY efRT BERGEFREFLFES - BHLFF
#-CS BHrk & MR = (Active Low)» R+ #4%:E ¢ » I 4 & B SPI Bus @ﬂi%]

GATE ¢ R KT [6]

. SD Card (A)
Master — p—— »
CS1
» | CS
CS2 >
CMD, DAT
CLK
SD Card (A)
-
» | CS

] 3-5 SPI Bus 7 1 [6]
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3.14SD e+ ¥y 3 B

mig* SD zefi+ o & Fary 4 P anEm Tl A A S L A il (73
Eom+ Pt BTG RAPN R EE? > £ 32747 SDiRi
+ ] BFATFE S H S OCR~CID ~CSD~RCA ~DSR £ SCR > & 75
PipE TG RNTHEIESERHREDHLS A NHE R Fen i BN R

RN %+ SD Memory Card Specification [4] -

% 3-2SD e+ P24 s B [4]

Name Width Description
CID 128 Card identification number; card individual number for identification
RCA 16 Relative card address; local system address of a card, dynamically

suggested by the card and approved by the host during initialization

DSR 16 Driver Stage Register; to'configure the card’s output drivers
CSD 128 Card Specific Data; information-about the card operation conditions
SCR 64 SD Configuration Register; information about the SD Memory Card’s

Special Features capabilities

OCR 32 Operation ‘condition register

OCR #73 ® (Operation Conditions Register)

OCR ¥ %4 32 =7~ » ik SD e+ e (v T RFEFH » J i lh
Foen T A LT R TT R 0 47 OCR ¥ 75 B € 3k Big skl
Sl (TR RFER - F - BEAKE- BREBAHC ok ZEAL 1 RET
AEDZTRFEFR F 2072 2EFZTRFEF

Foho g3l mAade 30 1 ARk ETR o okt oD kA

PR TR » F ot A BUSY jh i

P
So
fe=
R
0%
=
K

M
IRy
-3‘\»%
s,h‘ﬂ

gh‘i

i&—@%ﬁ&’ﬂzf
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FRRAH AN TR 0§ 30 = A(CCS)E it R AR
TowiBFERRT CAMCCS €RES 1o wRBALFR/EAZRTR
= B CCS7* §#KE -

B 3-6 5 &k stid * 4] A (Transcend) 2GB SD zz i+ » H 3 B~ 7 OCR

& % 0x80FF800 » ¥ 1/ {8 v H 3% IFQE%@ % 2] IV~3.6V > ¥ e+ ik
s RAhRARGRS > 2 LEF FEH - F B OCRYG 5 Fhs ¥

4 % ACMD41 (SEND _APP _OP COND) -

OCR = 0x80FF8000

31 30 [30:24] [23:16] [15:8] [7:4] [3:0]

1 0 00 FF 80 0 0

L Reserve
Openating Voltage
2.7-3.6V

Reserve

v

v

Card capacity
status

v

Busy bit

v

] 3-6 OCR A4 7 [4]

CID # % ® (Card IDentification)

CID %3 Bcng #4355 128 ==~ » & * CMDIO(SEND_CID) ¢ 4 &
HP o B ZSDERFT AU RF - AS R AERSEERNT
oo F - kg ARG - BrE- SBR[ ELR(PSN) 0 A ki Sl
(Transcend) 2GB SD zz g+ CID & 5 :

CID= { OxI1E > 0x41 > 0x42 > 0x53 » 0x44 > 0x43 > 0x20 - 0x20

0x10 » 0x4B » 0x60 > 0xDO » 0x50 » 0x00 > 0xA9 » 0x47 }
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CSD #7 % ® (Card-Specific Data)
CSD #3s B4k 4o Tielpt cnF - 2 5 128 ATt 4
BTFHFE HFERIAN A GEFF 2 L FET 2@ DSRAT
FREFM TR * CMDY (SEND_CSD)# 4 %3 B~ CSD #7 5 B ehjfd o
* 5 ki * g L (Transcend) 2GB SD 4+ CSD & 5
CSD = { 0x00 » 0x2F » 0x00 » 0x32 » 0x5F > 0x5A > 0x83 » 0xB6

OxED - 0xB7 » 0xFF » 0xBF » 0x96 » 0x80 - 0x00 > 0xF7 }
RCA #7733 ® (Relative Card Address)

RCA #5 BH - 16 =+ P g dis R o+ Pavuliagd g
ol ZEF R Py iiﬂ 23z g+ > RCA 453k 2 _iE & 0x0000 - CMD3
(Send_Relative Addr) & 4 7 7 % k5 43751 RCA x> 7 * CMD7 (Select/
Deselect Card) & 4 R iEF#H 32 RCA ptarsfi+ o
DSR # 7+ ® (Driver Stage Register)

DSR # % Bk ie it d £ 2 MR AP Rs Tat S > 1 KR

F,

VLR DSR K LB R FARTR ~ B S~ F PR Reeg

¥

B EEE i 4 0 JURE B S 0x0404 - 7 % CMDA4(SET DSR) & 2 %% %
DSR #7 % %
SCR # %5 &

64 == SCR(SD CARD Configuration Register)# 1 B 4 _* X 3§ &
CSD #73 B » B3 et FaRs ok T > g E

ERECRE

;&
i)
$ T FARK R 0 @ 7 ACMDS1 (SD_APP_SEND_SCR)# 4 % 3 SCR
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3.1.5CRC & 4. 75

6Pk AR & 45 (Cyclic Redundancy Check f§ - CRC)E_* % & @ 742
b BiEEAY A E W2 4% CRC F 82 AR sk enFofl » % X 2 h
%&%éi“%%&JP%&Wéﬁ%ﬁﬁﬁﬁﬂRC%ﬁ%’@ﬁ%%?
bl fo TR - AL A 0 A AR fesh Y S Rk A TR AT B A
2FEL¥ [6]-

CRC16
CRCI6 2 16 = ~fg 445 @ * A Bfanifzy -2 424 2 4o

Generator polynomial : G(x) = x1® +x? + x5+ 1 (16)
M(x) = (first bit) * x" + (second bit) * x2~% 4 --- + (last bit) * x° (17)
CRC[15...0] = Remainder [(M(x) *x*¢)/G(x)] (18)
CRC7

CRC7 3 7 Atk 445 R* HliE & & fovr B(v 3 1) G » 1Y

2P CISE CSDHFBFRER* » HF 4 et 2 50 4o

Generator polynomial : G(x) = x” +x3 + 1 (19)
M(x) = (first bit) * x" + (second bit) * x®~1 + ... + (last bit) * x° (20)
CRC[6...0] = Remainder [(M(x) *x”)/G(X)] (21)

“frst bit” EimAavienk 2z SN n” & BT AR Ak
Flebldrd s 248~ pfd T CRCE | omim )k s P ZF

& mE s Acs 40 A (n=239) -
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# 7] CRC7 kp >

ERES

CMDO & £

»CRC #& &

BB e ot

T en T A A B I RS

NG = x"+x3+ 167 % ¢

» CRC7 & % 0x4A > B 3-7 5 28 5 s

I »nﬁ@; s PR S 41 E o CRC & 445 o bl4e SD

& (XOR)iE &

e fpF o

0100 0000 0000 0000

0000 0000 0000 0000

0000 0000

0000 000 CMDO

M) *x7)

G =x"+x3+1

100 0100 1
100 1000 0
100 0100 1
1100 1000
1000 1001
100 0001 '0\
100 0100 1
1011000 0
100 0100 1
11100 100
1 0001 001
1101 1010
1000 1001
101 0011 0
100 0100 1
10111 100
1.0001 001
110 1010 0
100 0100 1
10 1110 10
10 0010 01
1100 1100
1000 1001
100 0101
100 0100

y
1

0
1

1000000
0001 001
1001 0010

1000 1001

11011
1 0001
1010
1000
10

10

000

001

0010

1001

1011 00

0010 01

1001 010 CRC-7 = Ox4A

430 CRCIAMBNAE L ARAET LB

BE A %31 v A SPI

CMD59(CRC

% k31 1% & SDIO #5538 BF > STM32 3 SDIO #- e

®) 3-7 CMDO 1 CRC7 3+ & i 4%

KO PE 5 & % SD it e

ON_OFF) 4

N
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CRC =%

i REEIC g | Bl e

SEE
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3.2 SPI fi’ﬁ;f]ﬁ:;‘

SD =g+ g’v’ﬂ@ﬁe?]{d 4 fo R AT S e SPL N B iR eh®
%]Jfﬂ—‘\ vl - BAAr AR E - B kAT ‘l_ﬁ;@] Lo L AT
Fld 8 i - f’,}j&@ﬁs?l.%f > I %A CS EL -

SD e+ ¢h SPI ®im gt 4 6+ 49 % *° MMC e+ 24 > % 44321
B HUBLM R A S CLK: 1§ PP%3u 5t Dataln @ 1 % § 788 )
5 DataOut © 2 % B T ~ 35 - CS 1 2 BB+ P st -

SPI l?@ﬁiﬂfs— #_d ¢ 4 (Command) ~ * & (Response) & 7 # & H
(Data-block tokens)*7TH % o #r§ 1 X ¥ &iefp+ 2 Bl a4 1KY
hprdl o L EEF R EIF MCSRARK S T = [6]

Bl 3-8 % SPI #i @4 24X F A Bl > aptife? CS LHLm
FEEFARKTIE MNATERBIRERE 5 LEER ﬁé@‘lﬂ’llf%ﬁﬁ:ﬂ?’
CMD :u 524 ’f R ALE N A v DAT A kF gm0 B3

CS CS = LOW

CLK

CMD

DAT i

B 3-8 SPI p5 & [6]
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3.2.1 SPI #-5 5 %

P
5‘;2

SD 3z i+ e3F 3k @0 5 SD Bus 5% » b L7 4 AU Az &
BTN S SPI 558 e AR Rt Ris % - Bt pPEEE 4
CMDO (GO_IDLE_STATE) » i ¥ ze g+ dE # M EL(CS) /f 5 M T > 4ok
gt r SDBusH: » RI2 € vk dk 4 » #8454 SD Bus fo58 T o 4r
Fleplp b X AR L SPL R o RleRt F s S v
R EATE TR RELH AR 0 A ac ik w T SD Bus fi5t [6]

Bl 3-9 % SD zzfg+ 236 5] SPI 1 (¥ H- N chpr A5 B > & SD Rt 2
[6] ch& F - 2 %% Z & A3 0 74 B SPLAR F ) L+ » Ris#
CS MELMFIF T = ¥ 2 FE CMDO & 4 > 4% SD i+

A 7% 35 (In_Idel State)sw & P& 77 & 7 & > SPI #i3¢ o

74 clocks 48 clocks 8
CLK |
CS -
CMD CMDO
DAT R1

B 3-9 SPI Power On F¥ & [6]

SD s+ hT mEcd AR BB SD 2 [6] *TTHZ R » 4
3-10 #77 » T A A LT 30 I
Power up Time

Bde BT B > iE 3] VoominAZ 8 2.0V & 1k o
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Supply ramp up time
PR AR TRET 2V {8 A KR Exd CLK 22 CMD A ELAR k3 7
itz hoieBARAEE - Bl BFREE 5 Ims & 74 B SPI CLK
FH oo i SD et o p AL AR R o
Initializattion process
SD e+t &t ® 2(¢ MBI g & » 3 R i (idle state) > Aigfihk
fe ™ > SD et K€ LRy I HF ﬁ?@lﬁ%ﬁ%%’i R &

ACMDA41 & £ - ACMDAl & £ 8- fEfskenle # & £ % 3058+ e (%

!

TREF TR TRAETRY 53 ARG Y kAP

ZRRFT ATV ARGFIIRAE D LEE R FEFZEARE 1o# R B+

e

TALRE P2 BARELF o

Supply voltage Logic working level
A
Vpp max
. Valid voltage
Bus master supply voltage © - Valid voltage range range for all

for commands CMDO,
15, 55, and ACMD41

other commands
and memary
access.

N N, Nt -
Initialization sequence | A'iTD — A?;m [ A‘f‘:fb " l~mD2
| — - Optional repetitions of AMCD41
Initialization delay: until no cards are responding
, The maximum of with busy bit set.

1 msec, 74 cock cycles
and supply ramp up time

Bl 3-10SD z=fg+ + TP A [6]
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322 &4

Rt e d AR A8 A A TR T MSB 5 iR A

W

WiF o f L) Fhod 337 4L 6 BIA [6]
B4~ (Startbit) > % 47 Bz~ > X% 0o

@ﬁ]@_"u(TransmiSSion bit)» % 46 B =~ » XFE5E 1o

&4 &3 (Commandindex) » 6 =g £ &3l > B - g KA o B
ki 0 &4 CMDO H %#5 5 '000000' ~ CMD39 # %'100111 -

£ $#(Argument) » 32 =& 5 dicF AL o
CRC 5% i % 7 ~aiCRCH a5 o
%k 2 (Stop bit) B i - Bl sRag s 1o

% 33SD =i+ & 4R [6]

Bit position a7 46 [45:40] [39:8] [7:1] 0
Width (bits) 1 1 6 32 7 1

Value 0 1 X X 1
Description Start bit | Transmission bit | Command index Argument CRC7 End bit

v

Dt basi 2B R+ - s 18- 2o
CSD # 1 B e CCC[11:0] 4 #ic* % 2e4v * ehd £ %53 » A& SD Bus 5
2 SPLHCR en™ % 4 Bt A2l Al > B9 52 02452 8

EAEF I FAE e L e @ SPIH 2 L4453 132 9[4] > ¢

=
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SPI #-58 endp £ B iE A28

SPI #0384 3% & 4 PR AR I AZ4cB] 3-110 7 L #- 6 e 4

-
PN

(command index) *r » B 4> i 7 (start bit)¥? & i¥ i ~ (transmission bit) » f] *
cmd or 0x40 #h= ;4 & 28 5 8 =~ » FHF R 32 =~ L Bic(argument) s = 4
aed R ALABELERTAE R BETZATCRCTIRAMS -

bl B NS SPL 3> ¥ uEFeRt v g PR TE

=i

%?@wﬁﬁﬁ&’&ﬁﬁ%@ﬁ%?@ﬁﬁﬁ—%%gﬁéﬁ@ﬁﬁﬁ

[1], [6] -

X g,;f;::SD_SendCMD() @?] x &L %ilemds &4 f¥karg > CRCY
FHa kit B LS > X EFr KRLD 3‘1;-.] v R RL
u8 SD_SendCMD (u8 cmd, u32 argyu8'cre)
{ u8rl; ul6 retry=0;

SPI_ RWByte (cmd | 0x40); It % 28l |0x40 > * kg 4 BE

SPI RWByte (arg >> 24);

SPI RWByte (arg >> 16);

SPI_ RWByte (arg >> 8);

SPI RWByte (arg);

SPI_ RWByte (crc); /Il CRC7

do { /] EFw R

rl = SPI RWByte (DUMMY); /] #Bw

} while((r] == 0xff) && (retry++ <=5000)); VRl S )

return rl; /] Ew W R iE
H

+ Yes
% 1% Gbytes CMD @
CMD index
Arg (32bits) No
I— Yes
End Ewrw

B 3-11 SPI #-58 3% & £ glie s



B 3-12 % SPI % i¥ CMDO (GO _IDLE STATE)&#ut2; » % - B iz~
% # £ %31 CMDO (000000b) » %I AL b4 %8 0x00000000 >
Bfs- Bl CRCTHAMBE 4— @izt =< » CRCT 5 0x4A > 8

+iEw CMDO ¥ fi 5 0x01 > % 7 sefi+ fo A fL o

| w*“

,_T_..:_.Céi.'. i wwwmmm Sal ggt .

_.....:....:..r————1| £ Arg| i _CRO |- o JRERE 1 Response |
. . N - T
| Cmdo | : 0x0 [ 0x05 | - ;

. e O

0 U e U WG CHTIE ™ 1,84 U
| Cursor

®1:3-12.SPI #-53%-CMDO & 7
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3.2.3. SPI #-5V evw i
SDefa~+ G i te g v & 2 #87 Foe £ 5l ¢
ARANOT I s RRYET A e B 2 FRYBDRHAS

(be)~ Z & W e £ (ber) ~» a4 AT BR(ac)E &4 F F

'

| %

#  th(adot) [4] -

% & 1 (R1)

SD elft bitfcdl % - B &4 > WEHF N v IR %7 CMDI3
(Send_Status) & 4 e B 1 enFTHRE R L F 8=~ @ 2 F =A% 5 0
P A NN IEF S NS WITRTEIN SRR ey S

>

L’"—i‘il; %\, E:‘;/"J“&c% o

% 3-4 SPI'v i 1 $97% [6]

Bit Field Description
0 In idle state The card is in idle state and running the initializing process
1 Erase reset An erase sequence was cleared before executing because an

out of erase sequence command was received.

2 lllegal command An illegal command code was detected

3 Communication CRC error The CRC check of the last command failed

4 Erase sequence error An error in the sequence of erase commands occurred

5 Address error A misaligned address, which did not match the block length,

was used in the command

6 Parameter error The command’s argument (e.g. address, block length) was out
of the allowed range for this card

7 Reserved Always 0
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¥ f& 1b (R1b)

F U 1b g A e FAAEE B IARR 0 E et - BB (Busy)
BkA TR BT P BUELSR E A
Fo F T RMERA L BT NT UG- BAHL

+ v lbpFr R > H Y P a(Busy) U ELR A E 1 2

CS
CMD CMDx
R1 Busy
DAT
Bl 3-13SPI w J& 1b e & [6]
¥ & 2 (R2)

T2 AT HERENF2BERE S SRR L AR

3
i

Brreimwhr ke FEORS145rR2OFAR £ 355

B2y Bt iR & o

CS

CMD CMDx

DAT

B 3-14 SPI w Jis 2 chpE A [6]
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% 3-5SPI w Jit 2 #3% [6]

Bit Field Description
15:8 | R1 Same as response 1

7 Out of range /CSD overwrite

6 Erase param An invalid selection, sectors or groups, for erase

5 Write protect violation The command tried to write a write protected block

4 Card ECC failed Card internal ECC was applied but failed to correct the data

3 CCerror Internal card controller error

2 Error A general or an unknown error occurred during the operation

1 WP erase skip, lock/unlock This status bit has two functions overloaded. It is set when the host

cmd failed attempts to erase a write protected sector or makes a sequence or
password error during card lock/unlock operation

0 Card is lock Set when the card is locked by the user. Reset when it is unlocked

¥ & 3 (R3)
vk 3 5 et Jo 3] CMD58 (Read OCR) & £ pFerss ) chdd u w i n

BoHFTHERLSBEAE - RB3155 wR3DTREESN S S - B

[
OCR

B 3-15SPI # J&& 3 #.5% [4]

¥ & 4 £ 5 (R4 & R5)

TR Bk FTLESDIO KGR * - SDp+ 2 @ ¥ o
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¥ & 7 (R7)
w i 7 E3zla+ JcF| CMDS(SEND IF COND) & £ pf#igf dyeh s H 3
HERL SBrAir gk Av il ik Ede Brrrs

<3 fr echo-back #& & 75 fs » B 3-16 2 w & 7 ch st

Tl

39 32 31 28 27 12 14 i 0
0 ‘echo back'
i ‘ | L check pattern
R1 voltage accepted
reserved bits

command version

B 3-16 SPI-» J& 7 #: 5% [4]

+ 4B BT JF’rsq‘? FRAAEE T RERR G
MR gk TR AL o AEBE RSB R «}'bti?l#’)\_%’i-—i]}sp F‘~
FLpF > H ?7}"%4{??} F- Bl Fgﬁé?iﬁi@i’fu‘}"/,’%OXFE » 2 1 513 =

6 CRCIE A/ -m B » B F

Al
&
TR

R
St
=
e

N
=
K

Al
e
I
[E—

BLEALE AR F IR TR GRSy BE S OXFCH B R T B ko
Bl 3-17 5 2 K% & CMD25 & 4 kB » 7 B R TR EOEEF -
B

R F R - BRATRE S §FNRBIGRE DT R Y BALEE > e
FREE O PLERBEENT - BRATH ABLTHE AL

FAl@Eiw & OXFD k% & FR @k -
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48

CLK
CS
CMD CMD25 OxFC Block 1CRC OxXxFC Block NCRC OxFD
DAT
1 xxx0 0101 xxx0 0101
B] 3-17 SPI B 42 OXFC 22 % 4 0 xFD i w fis chp 5 [6]
PR

3=
(ﬁn
RE
N
A
I
v
“&&
._\_.
{?:
.\J
i
(9,
K
¢
=
UJ
*—"%
=
=
=
3\
=
L
B
¢

LA FHRE RS 1007 EF 3 ORC BrF s “1107 4

FEA R BETHESRL A0 FHLE 17 -

‘010’ - Data accepted.

‘101° - Data rejected due to a CRC error.

X |0 | Status | 1

’110’ - Data Rejected due to a Write Error

@ 3-18 SPI Falw b te 54 [4]

FREIBREAD B o Rw 57 SRy  pZE2wT
% CMDI2 kB B rfifodob i@ i % 110b> 1 5% B7 Ni5iE
CMDI3 k@3] % » 438 chh F> B 3-19 5 8 » H B Hbendf (FpF B> 1 %
EHFECMDI2 &4 et #F vkl LR E#FE “OxFE” 47 B4

BHRFTH B FENSR2 A FTHEIrCRCIO BBt Er TR YK
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48 512x8
CLK
CS
CMD
CMD24 Data Block
DAT
R1 xxx0: 0101b

] 3-19 SPI 72 % Jis chp B [6]

PR 43y
kPR TR A R SR B RETA RIERE TR
AL TSR 3200 EAZ 8 X2 AR 4 BEA

kAT TR Bk ST B 2 - FRG

7 0
Lof ool of 4T T

| L— Enor
‘ CC Error
Card ECC Failed

out of range

B 3-20 SPI F#l4s v & [6]
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3.2.4 + w0

i

7

EawARER

P

£ P hi

2 QL 22
& 35 RATe:

st P F g H A

2zl + ¢hfEsg » 4o MMC ~ SD V1.0 ~ SD V2.0 5 SDHC % >

2 Pee it el BERE o B 3-21 5 SDARHEE [4] #r 2 b
Uk ulingr o B ¥ CMD8 & 4 k2 W ETFE L V2.0 #4: > CMDSS & 4

k2wl §_F 5 SDHC 44 o

Not Mandatory to send CMD58
Not Mandatory to send CMD58:
Though it is recommended

to be done in order fo get

the suppoerted voltage range

of the card.

Ver1.X SD Memory Card
or Not SD Memory Card

Cards with non
compatible voltage

[

Card (READ OCR)
llegal Commad 1
ACMD41
(argument=0x0)

/
Card returns
'in_idle_state=0"
r
Verl X
Standard Capacity
SD Memory Card

Card retums
'in_idle_state'=1

If host supports
high capacity,
HCSissetto1

Power-on

0

CMDO0+

CS Asserted("0")

CMD8

Voltage range

(READ OCR)

___________ =

ACMD41
with HCS=0or1

CMD58
(Get CCS)

Gard with compatible

Card retums response
without illegal command

Non-compatible voltage range
or check pattern error

and check pattern is comrect

\\ Card

Cards with non compatible voltage range

Card retumns
'in_idle_state'=1

Card retums
in_idle_state’=0

Ver2.00 or later
Standard Capacity
SD Memory Card

Ver2.00 or later
High Capacity
SD Memory Card

B 3-21 SPI 5% eht 247542 [4]
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SPI $25% et 3w JR AR 3P 22§ 6] 4238 4 ] 3-22
TR ECts o 4 % CMDO (GO_IDLE_STATE) & 4 & #-CS &% i
F R i sl tr 4 ) SPI RS o
3 ¥ CMDS (SEND_IF_COND)# £ » &k 2|¥rzefg+ £ F 5 V2.0 71+ en
KA ocdrkeRFBFENYRT M AT LB R V200 aRA o
£ % i ACMD41 (SEND_OP_COND)# 4 %3 B~ OCR # i3 £ & » & ¢
FuElRT AT AR FERS -
bk 2w+ 3 CMDS8 & 4 R w Jis 5 2552 & 4 % £ (0x05) 0 B2 2= 1h
+ 4 V9.0 54 & § MMC + -
£ % i ACMD41 (SEND_OP..COND)# 4 %33 OCR %3 B & » 4r%
g+ H ACMD41 & £ chif A v @l & Tt e+ 5 VIORA -

dodk et 3 ACMDAL 4 & Z@® g P47 5 MMC s+ -

"

)

#&23% &4 : SD_initialize () & >R
gl R T L R AR 73 5 SPI #y 0 SD ik g (Stat)
BER - ¥ 30
u8 disk_initialize (void)
{ u8rl, buff[7]; ul6 retry=0;
if (SD_INS()) return SD_EXIT; /| %% SD+ & F 5 4&»?
SPI_Configuration (); /I F=41v SPI ok
SD PWROFF (); /M BE TR
Delay (5000000); // % ¥& 140m sec
SD_PWRON (); /| TR
SPI Delay (500); // ﬁﬁ 1= 3+ 74 % SPI clock cycle
Stat |= SD_NOINIT; /| 3% % SD KL 5 & A4
do { r1 =SD_SendCMD (CMDO, 0, 0x95, 1); // # # CMDO (go idle state)
if (retry++ > 1000) return rl; /] AR PER 2
} while (r1 != 0x01); // 2% % Rl » & » ¥ R1=0x01
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rl =SD_SendCMD (CMDS, 0x1aa, 0x87, 0)

if (r1 == 0x05)

{ SD_Disable ();

SD_Type =SD_TYPE_V1;

SPI RWByte (DUMMY);

retry = 0;

do { rl =SD_SendCMD (CMD55, 0, 0, 1);
rl =SD_SendCMD (ACMD41, 0, 0, 1);
} while ((r1 = 0x00)&&(retry++ < 1000));

if (retry >= 1000)

{ retry =0;

bl

do { r1 =SD_SendCMD (CMDI, 0, 0, 1);
} while ((r1 = 0x00)&&(retry++ < 1000));

SD_Type = SD_TYPE_MMC;

else if (r1 == 0x01)

{ for (retry=0; retry<=4; retry++)

buff[retry] = SPL RWByte (DUMMY):

SD_Disable ();

do { r1 =SD_SendCMD (CMDS55, 0, 0, 1);
rl =SD_SendCMD (ACMD41, 0x40000000,0,°1);
} while ((r1 = 0x00)&&(retry++ < 1000));

rl = SD_SendCMD (CMDS58, 0, 0, 0);

for (retry=0; retry<=4; retry++)

buff[retry] = SPI RWByte (DUMMY);

SD_Disable ();

If (buff[0] &0x10)

else

}

SPI SetSpeed (SPI_HIGH);
rl =SD_SendCMD (CMD59, 0, 0x95, 1);
rl =SD_SendCMD (CMD16, 512, 0x95, 1);

Stat =

SD_INITOK;

return Stat;

SD_Type =SD_TYPE_V2HC;
SD Type=SD_TYPE V2;

1
1
1
1

I

1

1

1

1

/I

1/
1

1

1

/I

1
1

1
1
/

7% 3% CMDS8 > V2.0 hiép £

7 &% CMD8 > % V1.0 & MMC
+ % # CS # HIGH

® L SD A% VIO

2 ¥ ACMD41 » SEND OP_COND
# % R1 % & > R1=0x00

dr S AR T A Y R

i CMDI

% = SD 3|5 i MMC

% CMDS > 57 5 V2.0 11}

#1c CMDS8 7 R7 ¥ J& 7 42
+ ¥ # CS + HIGH

% ¥ ACMD41 - SEND_OP_COND

% ¥ CMD58 » READ _OCR

+ i # CS 3+ HIGH

3% %_SD 4|5 % SDHC
% Z_SD A5 5 V2.0

% ¥ CMD359 » CRC_ON_OFF
% ¥ CMD16 » SET BLOCKLEN
F T_SD AL & A it =

B 3-22 SPI 5% e+ &) 7 gy 4750
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3.2.5 P‘”“J[—' @ﬂi%J
et e £ R s ¢ X T CRC ehifsf > & SPT #0347 38
B HEET B FERN(F27F CRCHEA) & 407 UH %H T fke A
2 frte & CRC ehwdap » % 10 MARN BT R R TR R » B/ el iz T o
w4~ v el F & CRC =~ Rm > B PR &5 “don’tcard” §
BLAEE B AR skt 4 SR W LR % CMD59 (CRC_ ON OFF) & £ %
FEEP CRC#i [6]°
Bl 3-23 5 BAcE BB CRC # it eh@l42;t > @ * CMD39 & 4 kfa#

1> BRSO

1)1’<

CRC B » ¢ 4 o8& K

#23% &4 : SD_EnableCRC () ﬁ] rciuBenable @ 1= BEx 0= MPF
R it L B AR M B CRC # % ii?] N resp v sk fE
u8 SD_EnableCRC (u8 enable)
{ u8 resp;
u32 arg;
if (enable = 1) arg = 0x00000001; I/ fxds CRC > ¢ 4 o8k |
else arg = 0x00; /| B CRC: &4 $8% 0
resp = SD_SendCMD (CMD59, arg, 0); /I FE &L
return resp;
}

Bl 3-23 B Exes B B CRC # s &l 42.5%

SD g+ chE A @%J " ¥ Bu(Block) it 5 H B/ H = > CSD #7715 B e
READ/WRITE BL LEN # A % & RH.ar+ ] » 2 ¥ 7 g CMDI6
(SET BLOCKLEN)# £ %% T R st [ -SD e+ - 44 28— B R H
L0512 A o s P MMC + > B Rs < ] 70003 512 A

Bl 3-24 5% %% M. % | 0 SD SetBlockLen( )& 423 -
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#23% & 4L : SD_SetBlockLen () @?] » :u32 length

s RLFRA ) W diresp v KA
u8 SD_sSetBlockLen (u32 length)
{
u8 resp;
resp = SD_SendCMD (CMD16, length, 0);
return resp;
§

Bl 3-24 K TLH B S ] B4R

SPI fi23t e 3 >

e

Rt E3 2 BHEEA4 CMDL7 &4 S5 H w354 CMDI8

Y

¥

£ LB S RHFHE ) CMDI2 &4 5%

2L - #¢ CMDIS

=

CNL

SRAFE 4L F & p OMDI2 B b £ S L TR A

¥ % H3 > (CMDL17)

_—

e+ CMDI7 &4 sk (vpF B 4ol 3-25 #7o1 » A LR FE 4 L 3%

2

Rt o R T FE N B O0X00 AT A HiETA L o REFFRBRTETE

- \\

Bl OXFE 77 FHER 28 (5 (7 B4R TR it

i gpderzlln TEFT-B&EHEL

fromi from data from card Next
host card to host Command w
to card\-\! to host
Dataln command ................................................ command .
DataQut-------rormemerene response | data block CRG - rrrrrrerrreenens

B 3-25 # P~ H % B (CMDI17)cndk i(epF B [4]
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\

SDzelg+ kit B &L kR FE P £ 5 2GB(Z )L T

V2.0 5K A 0 H 32 = A L2dkch Bt nim AR mig o F]p A PSS g

W

W I:h—rﬁ‘ﬁ‘fﬁl PI@S\??‘E_(SI bytes) > 4 R T_RI ‘f-'—l"' P iBER R

BEET 2 DR

\\\ﬁr

BFHR G 2 X512 ek 23 3 EA 0 B
N ASETIET A 0 P ERBETEE - B 3-26 56 * CMDI7 & 4

gﬁB’»—— fﬁ;l}/‘éf\? ’}'m“ﬁﬁi; ,i}IJQJ{?éF’gﬁiﬁj*?Oﬁr]{,

pruu
—

-
m

3 %4 : SD_ReadBlock () ﬁe?] »> :u32sector > u8 *buffer
o Akit B BH RHE T (512 bytes) ﬁ.".] a1 resp WK AR

u8 SD_ReadBlock (u32 sector, u8 *buffer)

{
if (SD)Type != SDHC)
sector == sector << 9; [ 38 B 2 T okt
if (SD_SendCMD (CMD17, sector, 0, 1) !=0x00) /M CMDI17 # & Fw = #
return SD FAIL;
SD_ReceiveData (buffer, 512, 1); ¥z 512bytes » I 5 » buffer
return SD_OK;
}

B) 3-26 SPI 5\ 3% B~ H T B gl 42\

% % ¥ B (CMD18)
Dzzcfg+ chCMDIS & £ 3 it B 4B 3-27 > L EE FE &L Ll
cpFF v R 1 (0x00)£ F FH# Bkt > EFehFEr TR
HrAhF e i OXFE (8 » B4ndd e 78 CRC- 4 2 £ ezl
FRBEDAFRATHE > APZTREELEAMEF R FEY RFATHER =L
FTHw b 1R RATH Sted A KR # ¥ CMDI2 &4 kit

B o T %}4"’
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from from datz from card ‘:tor\ Trans~_ from
host " card to host mission ~— card

to ca’d\ / to host /_ \ Command \ / to host

Dataln - . ...... L ................. I .................... l ...... command ¢

DataOut --------- oo response | ---|data block|CRQ -| data blocklCRC| [ response

Bl 3-27 # B~ % ® H(CMDIQ)erdk (7 5 [4]

Bl 3-28 5@ * CMDI8 & £ # P B ® F il amizst » L2 Wi F
FRFRE N o ded B R HEE R S12 R A o Riga i
CMDI8 & 4 T B4eBic Tk > 4 FHRERZ 288 E CMDI2 &4 kit

+ 0 AL B

#23% & 4L : SD_ReadMultiBlock () ii%] » 1 u32sector > u8 *buffer > u8 count
ikt B RATH iiq?] 1 resp W ORK RS

u8 SD_ReadMultiBlock (u32 sector, u8 *buffer, ug8 count)

{
if (SD)Type != SDHC)
sector == sector << 9; /] 3 3 B e
if (SD_SendCMD (CMD18, sector, 0, 1) != 0x00) /i 41 CMD18 & % & v i = #
return SD_FAIL;
do {
if (SD_ReceiveData (buffer, 512, 0) != 0x00) /[#4z 512bytes » 73 » buffer
break;
buffer += 512; //buffer address + 512
} while (--count); //block counter — 1
SD_SendCMD (CMD12, 0, 0, 1); //i% 41 CMD12
SPI_ RWByte (DUMMY);
return SD_OK;
}

W] 3-28 SPI #i-5% 3f B~ ¥ & Mgl 425"
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i% i SPI BUs #4c 7

Bfo B B TR 0 SPT 258 4o ] 3-29 % SD e+ el Bh 4 0 I H
AN il ] %t%’_fj%‘u? PUAE O~ Bt 512 £ F A 8 aenfrst o X e
B+ N FHREE = A hFTR w5 OXFE » # * SPL RWByte ()&l 425¢ % 3#
Be ]l £ 8 AT SMTHG M EEHFERN A1 BN kR 512

T TR 0 Bt Bt CRCI6 12545 » 4o% M P e+ ¢ CRC # & #

W R R 2B SPLEY 0 IR TR R RS o

#23% & 4L : SD_ReceiveData () ﬁe?] > : u8 *buffer > ul6 length
it 4Zit T SPI BB F AL (512 bytes) ﬁa’.’l a1 resp R A

u8 SD_ReceiveData (u8 *data, ul6 len, u8 release)

{ ul6 retry =0;

ud rl;
SD_Enable (); Il =R+ EH#H CS=LOW
do { rl=SPI RWByte (DUMMY); /T
if (retry++> 5000) /I A2 3% 25000 times
return rl;
v while (r1 1= OXFE); I EEAE R % 4 ¥ i OXFE
while (len--) I/ FHE R len 3]0
{ rl=SPL RWByte (DUMMY); /I #efc SPI 74
*data=rl; J/ARERSECY) X i L AR
data++; /] e lB Al a4 1
}
SPI_ RWByte (DUMMY); /I #¥< CRC16

SPI_RWByte (DUMMY);

if (release == 1) /I B3 #xCS

{ SD_Disable (); /I 3=+ 7 %% CS=HIGH
SPI_RWByte (DUMMY);

}
return SD_OK; /] Ew W R

Bl 3-29 SPI 5% 2 70 W sl @l 250
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SPI N enF AL B »
SD iz g+ enFT g » 4 - BRELHEAE = SPI 5
»

F L33 B oCMD24 4T B A>HEBERLATH > CMD2S 447 &

TR -

B %58 » (CMD24)

SD e+ 7 CMD24 & £ 3 (¥p% B 4o B 3-30 > 2 %
+ o s E A r R 0x00 £t A FH R E L

OXFC % 7t B e BT > @7 B4 B S12 £ 74> 4 1 %% B HE
BRAFTHE > > SD e+ &4 Data Erroe Token :h% & “00101b”
Fom TAL AR 2 o dor )i “01001b" %7 FAt3 CRC 43 40w &
“01101b” % 7 FAL B & sk

Start
Block
from from / Token ata Tom Data new command
host ——— carc host response and from host
to card R" / to host ‘{ [—4 to card e husy from
card
Dataln - command|----- L ......... datablock|------- - f i command|---

DataQut.- - --corereeens

response

...................... data_response| busy

B 3-30 B » B % 5.(CMD24) 3k (cpF & [4]

Bl 3-31 5 B~ H BRET TREDRES > LABET 2372t P
R e A

EERET A o R CMD24 & 4 T B 4ol I F R
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3 #.4f : SD_WriteBlock () # > fuSZsector - ug *data
Akt C B BEFH (512 bytes) w & fresp ¥ K

u8 SD_WriteBlock (u32 sector, const u8 *data)
{ if (SD)Type != SDHC)

sector == sector << 9; /] B3R R A
if (SD_SendCMD (CMD24, sector, 0x00, 1) != 0x00) /| %3 CMDI8 ¥ % v & #
return SD FAIL;
SD_Enable (); /I =R+ EHE CS=LOW
SD_WriteData (data, OxFC); /I & » 512byte
SD _Disable (); /I =i+ 7 & # CS=HIGH

SPI RWByte (DUMMY);
return SD_OK;

B 3-31 SPI #1554 % » ¥ & Bl &l 425"

5B %HB ~» (CMD25)

B 3-32 5 SD et chCMD25 &4 e A 1L KEFEH 4 Ll
+ o et v g 0x00 AT A HEICHL TV LB LEFRRTE
b i 0 3 K A E T e s OXFC &m B 4e @R T AL i 7 0L B 4 1B 1
512 £ 5K Bz it €8 v 0010167 &7 FARESL
Bodrkeft AR B TRG 0 TV SEFET - BRADTR > F ot

FRAFHFEREL > LI EEFEB L BEOTHER OXFD LR+t £

FREM FERE > Rkt g r IDLERE > ¥ 5 FT - B L o
Start Stop
Block Tran
from fror; Token data from Data Token ne#ﬂc;m;n;nd
hos car host response and
to cah to host r to card busy from f
card
Dataln | command |- f- datablock |-/ command
DataOut.-.--.---oovvnnnn FeSPONSe |-+ e data_response busy, .. busy .......

B 3-32 B » % 0 FH(CMD25)3k (e & [4]
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FOERE 0 de % F B RN T - BEE TR B N

Y s K A R B AT o

#23% &4 : SD_WriteMultiBlock ( ) ﬁa] * 1 u32 sector » u8 *buff > ul6 num
HRs B FBRRATH ﬁ] il wRK

u8 SD_WriteMultiBlock(u8 *buff, u32 sector, u8 num)
{ if (SD)Type != SDHC)

sector == sector << 9; /] T Lk
SD_Enable (); e+ E4# CS=LOW
if (SD_SendCMD (CMD25, sector, 0x00, 1) == 0) /B~ 5 B
{ do{
if (!SD_WriteData (data, 0xFC)) AN S B8 S B
break;
data += 512; /1VU3E fa kY okt 4 512
} while (--count); /] sl BoR 1
if (\SD_WriteData (0, 0XFD)) [f i ok i %
count = 1;
H
SD_Disable (); /ZEdp+ 7 E# CS=HIGH
SPI RWByte (DUMMY); // 1dle (Release DO)

return count ? RES ERROR : RES OK;

B 3-33 SPI 5% B » & % s @l4g5t
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% 1§ SPIBus B » Fif

Bl 3-34 5 SPL#ENen® » FAlinAz - 4 1 KB /Ein SD e g+ 23l &
£ 15 0 ¥ B 4 @ YR T R (Start block) s AL v iy OXFC » 3% & * SPI #2
F 7 SPI RWByte OflA2 kB » 1 B i mchFal L f]* w B> 0 kx
FS2EFTRAB x> BHFE2 A HCRCIOth 545 K18 % Feht
FAFHEB A LEHFHY o F ¥ s “00101b7 A7 FRER &

@,%iﬁﬁ%aﬁfﬁﬁg»@ﬁo

#23% & 4L : SD_WriteData () ﬁe?] > : u8 *buffer > u8 Dtoken
i 4it 0 B~ SPI BB F AL (512 bytes) iia?] Al w R

u8 SD_WriteData (u8 *buff, u8 Dtoken)
{
u8rl, w=0;
if (wait_ready () != 0xFF)
return SD__WFAIL;

SPI RWByte (Dtoken); /I" 3% data token
if (token != 0xFD) //-data token = OxFD
{
for (w=0; w <512; w ++) /| @i% 512 =
SPI_ RWBYyte (*bufft+); /I @i lbyte F#L
SPI RWByte (DUMMY); // @i CRC16 (Dummy)

SPI RWByte (DUMMY);

rl = SPI_RWByte (DUMMY); // Reveive data response

if ((resp & 0x1F) != 0x05) /I If not accepted, return with error
return SD_ WFAIL;

H
return SD_WOK;

B 3-34 SPI HC5% i 1% 7R % 4 @il 42 5
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3.3 SD Bus @@?ﬁi}“

SD zefg+ &t %16 > F % eha i3 5 SD Bus @ﬁiﬁ%ﬁ;‘ » 22 SPI Bus
o Bl s s w R By TR TS [6]

& 4 (Command)

] 3-35 5 SD Bus @3¢ e £ 155% » H &2 SPLHCES a0 2 4l 5

Command content: command and

, Transmitter bit: address information or parameter,
1'=host command protected by 7 bit CRC checksum
Start bit End bt:
always 'U'\ / always '1"
o | 1| content | cre |

Total length =48 bits

L
’

i
-

] 3-35SD Bus ¢4 #.5% [6]

¥ B (Response)
SD Bus # & 5% chw g & CMD U530+ @85> F] 3-36 #h7 4 R1

R2-R3IZ RO ¥ Ecni st 2 ¢ R2w s 136 m~ 2 5 48 == o

Response content: mirrored command and status

) "I'ransmitter bit: information (R1 response), OCR register (R3 response)
0'=card response or RCA (R6) protected by 7 bit CRC checksum
Start bit End bt:
always 'O'\ / always '1'
0 | 0 | Content | 1
R1,R3,R6 _
P Total length = 48 bits - End bt:
<k 3 / always '1"
Rz [0 ]| o [ content=ciDorcsp | cre | 1
., Total length = 136 bits -
< >

B 3-36 SD Bus ¥ & [6]
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iy @ ﬁ%l (Data)

SD Bus #5% eridfcdy BT Mk 75 1 & 4T RM kg7 @g > ¥
7% A (MSB)L @i 0 Bl 3-37 5 1 A4 AT B 2
Bd A FARRHEN 0 DAT3 ¢ @ MSB» @ CRCI6 ¢ 4-%t5 - 1R
TR e

MSB (4095) LSB (0)
Start bit _[ | End bt:
always '0’ always '1"
1 vy A\ 4
Standard busy I 0 I I CRC | 1 |
(only DATO used): L H H H H
P Block length >
MSN LSN
atls\:firyttsb'ié)‘\ aEvnac:f E 1':1 '
vy Y '
DAT3| 0 |4095| | 3 | CRCl 1 |
Wide bus (all four DAT2| 0 |4094| | 2 | CRC | ! |
data lines used):
DAT1| 0 |4093| | 1 | CRC | 1 |
paTo | 0 4092 [ o |cre] 1|

L. Block length /4 |
1 -1

M 3-37 SD Bus 7 @ ##5° [6]
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3.3.1 FRMAN K T

SD Bus -t sl et » L3F 1l mafrd aAad BFHEATR > 3o
BE AT TH  FROFTHATRZ 1 =~ADATO) > #F 1 XETE AL
CMDO (GO_IDLE_STATE){$ > zsfa+ €& » Z B R AT w 7| | =50 o
GEE AR SRt e dn AR 0 F ALY AT A 4 RAES 4o
% BT i CMD7(SELECT/ DIESELECT CARD) %% @ SD =g+ » £ * &
4 ACMDG6(SET BUS WIDTH) % *» 3 5 & FH &R H0 [6]

Bl 3-38 5 3% T4 o FF A ezt 42 SD_EnWideBus( ) -
% 1% 16 FindSCR (RCA, scr) & 4#25% %k % B~ RCA =4t ezsfg+ » 33 B SCR

=3
s BERo ¥ EE A EARATEAS ok F L ERE D ACMD6
RN

#23% &4 : SDEnWideBus () ii.?] » i FunctionalState NewState
% feit © f #% SD Bus 558 en R R g LB IRE o

BAE LR 4 it

static SD_Error SDEnWideBus(FunctionalState NewState)
{
SD_Error errorstatus = SD_OK;
u32 scr[2] = {0, 0};
if (SDIO_GetResponse(SDIO_RESP1) & SD CARD_LOCKED)
{
errorstatus = SD_LOCK UNLOCK _ FAILED;

return (errorstatus);

}

errorstatus = FindSCR (RCA, scr); /I 3 P~ SCR %775 B

if (errorstatus != SD_OK) I/ %a&Lv
return(errorstatus);

if (NewState == ENABLE) /] Frds 4 (e

{ if ((scr[1] & SD_WIDE_BUS_SUPPORT) != SD ALLZERO)
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{ SDIO_CMD (CMDS55, (RCA<<16), RESP S, Enable);
errorstatus = CmdResp1Error(SDIO_APP_CMD);
if (errorstatus != SD_OK)
return(errorstatus);
SDIO_CMD (ACMD6, 0x02, RESP_S, Enable);
errorstatus = CmdResp1Error(SDIO_APP _SD SET BUSWIDTH);
if (errorstatus != SD_OK)
return(errorstatus);
}
else
{ errorstatus = SD REQUEST NOT APPLICABLE;
return (errorstatus); }
}
else
{ if((scr[1] & SD_SINGLE BUS SUPPORT) !=SD ALLZERO)
{ SDIO_CMD (CMDS55, (RCA<<16), RESP S, Enable);
errorstatus = CmdResp1Error(SDIO” APP_CMD);
if (errorstatus != SD_OK)
return(errorstatus);
SDIO_CMD (ACMD®6, 0x00, RESP 'S, Enable);
errorstatus = CmdResp1Error(SDIO._APP SD. SET BUSWIDTH);
if (errorstatus != SD_OK)
return(errorstatus);
}
else
{ errorstatus = SD_REQUEST NOT_ APPLICABLE;

return (errorstatus); }

/I % % CMDS5 APP_CMD

Il & &5 Ik

/] % % ACMD6

I #&&ELEY R

/] Exde 1 o R

/I % % CMDS5 APP_CMD

Il & &5 Ik

/] % % ACMD6

I #&&ELEY R

] 3-38 SD Bus 5% % L @ ﬁﬁj)&z@v Bl Az 50

92



3.3.2 SD Bus -5\ 0w &

SD Bus #5% e 4 w A & CMD MELAR L > F #REJEF =~
MSB B 4 & i% > ® e 4
i I AANEE

T A e
](R1/R1b ~ R2 ~ R3 ~ R6 & R7) > #7
u’}) R T

BB 7 e g3 e & 0 SD Bus fic5t e
| CRC shig3 [4], [6]

A e [@(K,éf 7
v R ELE d B s (Start Bit) L @32 o @ B s oXig s 07

v 2o
FHEY- B g ﬁiaaj i* ~(Transmission Bit) » @ @iz~ ~s 2
rE RO

’ j%_
A /—\‘ — 1 ”‘: “0” , 7,?‘; %é E]IJ {
B tsE 7=~ CRCH 224 =~EndBit) 2& s “17 >
B 3-39 5 SDBus -V i p £ s+ $ g I w ReopF &
From From
host to host to
card{s)\

CMD

From
card \ / host
Command l.
DAT

card to
......... Command |- | Response |e e e e—-
4_Operatic:n (mo regaonseL"_Operation (no data) >
) 3-39 SD Bus ? Ly s A [6]
v R 1
AEEELF Nt SDERF v BRI By ROTHEAR S 48 =

Ao & 3-6 747 Rl w iR NEEE 53 40 o iP & v Een

B2 % 39 2 8 A G el kA o acbtagtﬁ@ggj R

@}ﬁﬂj——‘ T@‘ﬁi%ﬁul@ ’?ﬁ‘ég VIR — '@‘} }ml H“’: ;%_%_)@"I‘ﬁﬁ
b gk ek A o
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% 3-6 SD Bus #58 R1 w 1455 [4]

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) 1 1 6 32 7 7
Value 0 0 X X X 1
Description Start bit | Transmission bit Command index Card status | CRC7 | End bit
<---- Host command ----> | <-N¢g cycles->|<-------- Response --------- >
CMD S|T| content [CRC|E|Z]|Zz|P[***|P|S|T] content |CRC|E|Z|Z]Z
v & 1b

YR IbOTERESAE T B LR

BB o

¥ & 2 (% 5 CID £ CSD)

Al t »
BN 1

R BRI §F - B EDE

® * CMD9 & 4 P~ CSD % 3 & CMDI0 & 4 # 2~ CID %7 %

pE o SD st 3 4 BRI 0 v B 2 TR N dr A 370 B BHE

B % 136 a3 @ [127..1]7#~ % SD e+ 7 CID & CSD #5 B4 o

% 3-7SD Bus #-5% R2 w B #.3% [4]

Bit position 135 134 [133:128] [127:1] 0
Width (bits) 1 1 6 127 1
Value 0 0 ‘11111 X 1
Description Start bit Transmission bit Reserved | CID or CSD reguister include | End bit
internal CEC7
<---—-Host command > <-Nip cycles -> <—CID or OCR --->
CMD S|T|[ content [cre|E[Z[Z|P|***|P[s]T content z|z|z
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¥ & 3 (% & OCR)
T3 E ACMDAL 4 ehgF s v L AR Y XEPEOCRE B F

o HFHER S48 A0 £ 38 L v BT HRRAEER -

4. 3-8 SD Bus #ic3% R3 w g 5% [4]

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) | | 6 32 7 7
Value 0 0 ‘e X ‘e 1
Description Start bit | Transmission bit | Command index OCR register CRC7 End bit
<---- Host command ----> |<-N¢g cycles-> [<--mnmm-- Response --------- >
CMD S|T| content [CRC|E|Z|Z[P[***|P[S]|T] content [CRC|E[Z]|Z]Z

¥ & 6 (* & RCA)

ielF o] CMD3 % £ “paf dighr i 7 3 %R i@ * CMD3 & £ 3

'7
RCA 4k 0 % 39 5 W [ 607 RN R > = A[45:40]5 & v o ché
» B E RS “000011b” o = =[39:8]E F 16 AR E* k&7 lh

A

—+ 7 RCA i~ Rt o

% 3-9 SD Bus #:5% R6 W B :5¢ [4]

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width (bits) | 1 6 16 16 7 7
Value 0 0 X X X X 1

Description Start Transmission | Command | New published | [15:0] card CRC7 End bit
bit blt index RCA[3 116] Of status bits

(000011) the card
<-— Host command --—-> <-Ncr cycles-> <-—----—- Responsg --------- >
CMD s|t] content [crRCc|E[Z[Z]|P|***[P|S|T| content [crc|E|Zz[Z]Z
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¥ & 7 (% & Card Interface Condirion)

fcF] CMD8 & £ (F B~1 (e 2 R T8 N ehw i > 4 3-10 5 2 Ff
Bt 48 i~ > B¢ = A19:16]88 7 3%+ 0T Bk 1% 4 ] -
% 3-10 SD Bus #i£;% R7 w B f237% [4]
Bit position 47 46 [45:40] [39:20] [19:16] [15:8] [7:1] 0
Width (bits) 1 1 6 20 4 8 7 7
Value 0 0 001000 00000h X X X 1
Description Start Transmission | Command | Reserved Voltage | Echo-back | CRC | End
bit bit index bits accepted of check bit
pattern
<---- Host command ----> [<-N¢g cycles->[<-------- Response --------- >
CMD S|T| content [CRCIE|Z[Z[P]***|P|S|T] content [CRC|E|Z[Z]Z

Ao pEARR G BT R L D&

S

T

p—u

>~ O N ™

B 45 > = (Start bit=0)

i ﬁ%l iz 7 (Transmission bit = 0)

— 1B 4g & 1% ¥ (One cycle pull-up = 1)

% & =< (End bit = 1)

B FEFuk ds (B gl & = = High)

N

-~

N

#4 >- 7 (Data bits)

&£ 1% i+ = (Don’t card data bits = 0)

% 48 (Repeater)

CRC 7 iz~ CRC 75
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3.3.3 SD Bus #3¢ e+

S B 5N
B 3-40

2= T # =\ =0 o5 10 J—
E 'hsés'{: ’fﬁ: iT 7 SD Bus %Er}\‘ e+ {:ﬁ" B o AR £ SPI «}Pﬁ? lFJf.B\—
= 3 Nt o 24 b e
B TRARAD 0 0 %Y 324 ) F o
/'_'_\
PO\VQF(ﬁ
N
CMD8

Mo responge —_—— (Card returns response

Var2.00 or later SD Mernory Card( vcllage mlsmalch éfr?[pi 00 Orlériter ‘ Non compatible voltage range

or Verl X 5D Memary Card amory Card/ o1 check pallem is nol curect
or not SD Memory Card
Vald Unusable
ACMD41 eSPOWSV Card
No response with HCS=0 ~
Card reluins T Compatible voltage range
busy | Card with cornpatible and check pattern is correct
< Unusable >‘_<Card i5 Voltage range
_ Gard ready? 5 .
cards with non ccmpahblc ~ / IT sl suppurls high capedily, HCS is sel o 1
voltage range(card goes to ACMDA1
‘irga(; ?geér?sr:igﬁﬂls occurs wih Hes=0or] cards with non compatible vollage range
{ ponse yios Ve Sa re;ldg]y /l\ ¢ ortime  out(no response or busy) occurs
Card |elu;ns '/Card |5\- Unusable \
Teddy ~eady? — Card
Mot SD M Card
[‘x. © ooty b - Card relumswad)/
CCSin CGS-1
\Bgipmwﬂ"
v CCs- OI
Verl X \ p
< Standard Capacity )
5D Memory Card

(

Ver2.00 orlatar \
Standard Capacity
5D Memary Card

Ver2.00 or later \
< High Capagcity

!
SD Memory Card

®] 3-40 SD Bus -7\ e+ 2

=4

=] BT AR [4]
Bl 3-41 & SD iz fh—+ 4= 4>
Bt ¥

Lt g B k] AR SDInit ()0 B A3k . SDIO
4 e GPIO » T3k B g B e SDIO #icie » £ i % [ 3-42 #77)
SD _PowerON ()& 4%;" kX[ w]izfh+ chfdsg 22 sx & > & ¥ * [§] 3-43 977
SD_InitializeCards ( )& #2.5% % 2% P~ SD =+ 7 RCA ¥ CID #733
d > SD e g+ A= 4o it chiAR? > F
426 400KHZ > F]g* & 2 & 2o fat oo 4o
BEPARET R SRR BT

a1 iv4g
By
1 17



2

¥

£ 24 1 SD_Init () BoOroR
i gt 1 SD B e 451U 250 BN HERERL

SD_Error SD_Init(void)

{

2

¥

3¢ &4 - SD_PowerON ()
it gt 1 SD ge it hfiaE £ R & B St

SD_Error errorstatus = SD_OK;

GPIO_Configuration (); // 3% %_SDIO # * =1 GPIO
RCC_AHBPeriphClockCmd(RCC_AHBPeriph SDIO, ENABLE); // B fc SDIO AHB Clock
RCC_AHBPeriphClockCmd(RCC_AHBPeriph DMA2, ENABLE); / B ¥z DMAZ2 Clock

SDIO_Delnit (); /I %41 SDIO fi ke
SD_PWRON (); /I &1 SD + % ik
errorstatus = SD_PowerON (); /| # {7 SD + Z| 7742

if (errorstatus != SD_OK) return(errorstatus);

errorstatus = SD_InitializeCards (); /] 3 P~ SD + #75 = 3L
if (errorstatus != SD_OK) return(errorstatus);

SDIO_Init Setup Value (&SDIO_InitStructure, TRANSFER CLK DIV, BusWide 1b, Enable);
SDIO_Init (&SDIO_InitStructure); /| £ 3% SDIO #icie

return (errorstatus);

8] 3-41 SD z& it &g 40 it 47 50

YSEF}
PrATRER L

A

#
¥

SD_Error SD_PowerON(void)

{

SD_Error errorstatus = SD_OK;

u32 response = 0, count = 0;

bool validvoltage = FALSE;

u32 SDType = SD_STD CAPACITY;

SDIO Init Setup Value (&SDIO_InitStructure, INIT CLK DIV, BusWide 1b, Disable);

SDIO_Init(&SDIO_InitStructure); /] #=4&1 SDIO #i-%e

SDIO_SetPowerState(SDIO_PowerState ON); /| B f SDIO #-2 7 ik

SDIO ClockCmd(ENABLE); /" Fxds SDIO #iE e #f

SDIO_CMD (CMDO, 0x00, RESP_No, Enable); I/ # % CMDO

errorstatus = CmdResp1Error(SDIO_GO_IDLE STATUS);

if (errorstatus != SD_OK) I ¥ d &t vk
return(errorstatus);
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SDIO_CMD (CMD8, SD_CHECK_PATTERN, RESP1, Enable);// ¥ CMD8

errorstatus = CmdResp7Error(); /l FA RT w i

if (errorstatus == SD_OK) /| #x CMDS8 & 4
SDType = SD_STD CAPACITY /I A% 5 #8 SD

else /| * ¥4z CMDS & £

{ SDIO_CMD (CMD?55, 0x00, RESP_S, Enable); /I % ¥ CMDS55
errorstatus = CmdResp1Error(SDIO_APP_CMD); }

SDIO_CMD (CMD55, (RCA<<16), RESP_S, Enable); I/ # % CMDS55

errorstatus = CmdResp1Error(SDIO_APP_CMD);
if (errorstatus == SD_OK)
{ while ((!validvoltage) && (count <SD MAX VOLT TRIAL))

{ SDIO_CMD (CMD55, 0x00, RESP_S, Enable); /% % CMDS55
errorstatus = CmdResp1Error(SDIO_APP_CMD);
if (errorstatus != SD_OK) I ¥ d &t vk
return(errorstatus);

SDIO_CMD (ACMDA41, SD_VOLTAGE -WINDOW_SD | 0x40000000, RESP_S, Enable);

errorstatus = CmdResp3Error();

if (errorstatus != SD_OK) I & &tr R
return(errorstatus);

response = SDIO_GetResponse(SDIO RESP1);

validvoltage = (bool) (((response >>31) == 1)-211 :0);

count++;
}
if (count >= SD MAX VOLT TRIAL)
{ errorstatus = SD_INVALID VOLTRANGE;
return (errorstatus); }
if (response & 0x40000000)
SDType = SD_HIGH CAPACITY; // A5 % SDHC
if (SDType == SD_HIGH_CAPACITY)
CardType = SDIO_HIGH CAPACITY SD CARD; /I A%, % SDHC
else
CardType = SDIO_SECURE_DIGITAL _CARD; /I 215 % MMC Card
H
return(errorstatus);

B 3-42 SD e+ enfd 4 87 45 & 2| 747 50
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#23% &4 © SD_InitializeCards () %
#a st 1 P SD iR i A iﬁl

2

r L
CHPRERL

IACS

SD_Error SD_InitializeCards(void)
{ ul6rca=0x01; SD_Error errorstatus = SD_OK;
if (SDIO_GetPowerState() == SDIO_PowerState OFF)
{ errorstatus = SD REQUEST NOT APPLICABLE;
return(errorstatus); }
if (SDIO_SECURE DIGITAL 10 CARD != CardType)
{ SDIO_CMD (CMD2, 0x00,RESP_L., Enable);
errorstatus = CmdResp2Error();
if (errorstatus != SD_OK) return(errorstatus);
CID_Tab[0] = SDIO_GetResponse(SDIO_RESP1);
CID_Tab[1]=SDIO_GetResponse(SDIO_RESP2);
CID_Tab[2] = SDIO_GetResponse(SDIO_RESP3);
CID_Tab[6] = SDIO_GetResponse(SDIO RESP4);
if (SDIO_SECURE DIGITAL CARD== CardType)|

(SDIO_SECURE_DIGITAL. 10 CARD == CatdType) ||

/] % % CMD2

N

I ¥ d &t vk
/| # 3 CID ¥ 13 B

(SDIO_SECURE_DIGITAL: [0 COMBO.CARD == CardType) |

(SDIO_HIGH_CAPACITY- SD_CARD == CardType))

{ SDIO_CMD (CMD3, 0x00,RESP_S; Enable);

/I % % CMD3

errorstatus = CmdResp6Error(SDIO. SET REL ADDR, &rca);

if (errorstatus != SD_OK) return(errorstatus);

if (SDIO_SECURE_DIGITAL_IO_CARD != CardType)

{ RCA=rca;

SDIO_CMD (CMD?9, (rca<<16),RESP_L, Enable);

errorstatus = CmdResp2Error();
if (errorstatus != SD_OK)

CSD_Tab[0] = SDIO_GetResponse(SDIO_RESP1);
CSD_Tab[1] = SDIO_GetResponse(SDIO_RESP2);
CSD_Tab[2] = SDIO_GetResponse(SDIO_RESP3);
CSD_Tab[6] = SDIO_GetResponse(SDIO_RESP4);

SD_EnableWideBusOperation(SDIO_BusWide_4b);

errorstatus = SD_OK; /* All cards get intialized */

return(errorstatus);

bl

return(errorstatus);

Il e &4 vk

/] % % CMD9

I #&&ELEY R

/] # B~ CSD #73% ®

}

Bl 3-43 # B~ SD 2 h+ 475 Bzt
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3.3.4 SD Bus fic3" et @,ﬁ%}

>
47},

d 30 SD et AR AN TG - BE TS BERE T
CMD7 ik i * %iE % # L SD se ot - @ v AT BERE T do¥k + S0
B SD el BACT BERE R &1 KR M E TR 2 § v T
Fsk s o % A %% 8 0 RCA =ak 5 “0x0000” 9 CMD7 # 4 > #7% th

it g E T R [6] 0 B 3-44 5 SD zeift chf A gL In
ZH -
b t t

Card ldentiflcation

""""""""" [omD3 | [cmD15| | cMDO |
mode —
e 4 Sending-data
~ X | \_ state (data) /
Data-transfer From all states in - .
mode data-transfer mode
CMD13, CMD55, | CMD12 CMD17, 18, 30, 56(r)
Mo state transition "operation ACMDS1
in data-transfer mode complete"
/': e
y Y CMD7 |- -.\}'
ol “Stand-by state Transfer CMD 16, 32...37
SR sty) " MMD? " \ state (tran) /| ACMDS, 13,42
- N 4 ACMD 22,23
N - cMD4. - / / ' S E— J
9,10 ‘ "Operation CMD24, 25, 26,
EMD28, i complete’ 27, 42, 56(w)
"Operaticn SO N 1' B J
complete” ) /" Receive-data
i ‘-.\ _ state (rev) 4
W - oot ~ L
wf Disconnect o - Programming CMD12ar
state (dis) | . e State(prg) J “transfer end”

*{_omor |
Bl 3-44 T BEHCR LB (6]
¥ RAFTHRE S (CMDL7 & CMD18)

SD Bus # #ij 3% el B~ F kL & £ § CMD17 & CMDI8 % & » CMD17
READ SINGLE BLOCK) 3 gxc#s H = 2§ B~ gy B e (7 > (8 ﬁi@lé t e
B+ w I E F ki - CMDI8 (READ MULTIPLE BLOCK)R| % _fx#> % B #c
Py B 7738 B-iF (T - CMD17 & CMDI18 s (TP R 4o ] 3-45> 1 %5 % & CMD
NERNFPFHL BRIy R -E Y T RpFEFE CMDI2 &k E';i‘x%] AN

RS T S S
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from — ~ from _ data from card stop command
card to host stops data transfer

host
ta r?:frd l to host
CMD command|.| response | ................................................ Commal‘ld|'| I’esponse
DAT e, | data block |crc|l » | data blocklcrc|n- | data block|crc{ ----------------
” block read operation J " data stop operation. ]
¢ ..multiple block read operation N

] 3-45 SD bus 3# B~ fichh 3k (FPE A [4]

¥l 3-46 = SD Bus en¥ — RAFTAFH B bAoA G5 T
ik A (DPSM) » £ @ * CMDI6(SET BLOCKLEN) & 4 %% 2% 8%
£ & ¥ & % SDIO HleehF R if & i #(DPSM) » & (56 T & CMDI17
(READ SINGLE BLOCK) & 4 » # 3% jz— B R H % | hF A - ¢ TR ERR

=188 > A SDIO STA %3 B et BrgEdk > &k ¥

#23% & 4L : SD_ReadBlock () in?] » u32 addr » u32 *readbuff - ul6 BlockSize
st SDBus N E B RATR # R T A

SD_Error SD_ReadBlock(u32 addr, u32 *readbuff, ul6 BlockSize)
{ SD_Error errorstatus = SD_OK;
u32 count = 0, *tempbuff = readbuff;
u8 power = 0;
if (NULL == readbuff)
{ errorstatus = SD_INVALID PARAMETER;
return(errorstatus); }
SDIO_DPSM_Setup Value(&SDIO_DatalnitStructure, 0x00, 1, ToCard, Disable); // ’)ﬁ"“,f DPSM %k Z_
SDIO_DataConfig(&SDIO_DatalnitStructure);
SDIO DMACmd(DISABLE);
if (SDIO_GetResponse(SDIO_RESP1) & SD CARD_LOCKED)
{ errorstatus = SD_LOCK_UNLOCK FAILED;
return(errorstatus); }
if ((BlockSize > 0) && (BlockSize <= 2048) && ((BlockSize & (BlockSize - 1)) == 0))
{ power = convert_from bytes to power of two(BlockSize);
SDIO_CMD (CMD16, BlockSize, RESP_S, Enable); /I % % CMDI16
errorstatus = CmdResp1Error(SDIO_SET BLOCKLEN);
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if (errorstatus != SD_OK) { return(errorstatus); } I ¥%h&tw

} else

{ errorstatus = SD_INVALID PARAMETER;

return(errorstatus); }
SDIO_DPSM Setup_Value(&SDIO_DatalnitStructure, BlockSize, (power<<4), ToSDIO, Enable);
SDIO_DataConfig(&SDIO_DatalnitStructure); /l 3% #_DPSM
SDIO_CMD (CMD17, addr, RESP_S, Enable); /I % % CMDI17

errorstatus = CmdResp1Error(SDIO_READ SINGLE BLOCK);
if (errorstatus != SD_OK) { return(errorstatus); } I ¥ d &t vk
if (DeviceMode == SD_POLLING_MODE)
{ while (!(SDIO->STA &(SDIO_FLAG RXOVERR | SDIO FLAG DCRCFAIL |
SDIO FLAG DTIMEOUT | SDIO FLAG DBCKEND | SDIO FLAG STBITERRY)))
{ if (SDIO_GetFlagStatus(SDIO_FLAG RXFIFOHF) != RESET)
{ for (count = 0; count < 8; count++)
*(tempbuff + count) = SDIO_ReadData();
tempbuff += §;
by
if (SDIO_GetFlagStatus(SDIO, FLAG-DTIMEOUT) != RESET)
return (errorstatus);
while (SDIO_GetFlagStatus(SDIO FLAG RXDAVL) !=RESET)
{ *tempbuff = SDIO_ReadData();
tempbuff++; }
SDIO ClearFlag(SDIO_STATIC FLAGS); // Clear all the static flags
}
else if (DeviceMode == SD DMA MODE)
{ SDIO ITConfig(SDIO IT DCRCFAIL | SDIO IT DTIMEOUT | SDIO IT DATAEND |
SDIO_IT RXOVERR | SDIO IT STBITERR, ENABLE);
SDIO_ DMACmd(ENABLE);
DMA_RxConfiguration(readbuff, BlockSize);
while (DMA_GetFlagStatus(DMA2 FLAG TC4)==RESET) {}
}

return(errorstatus);

] 3-46 SD bus 3 P~ T FL & & Bl 4250
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BEH B > (CMD24 22 CMD25)
SDIO &8 » FHHA T 2.4 B T M. & £ (CMD24-27) % & {7 ] 3-47

Br FRERREHEAR > L KRR - B S BFRBROE I RS

ETINS

PO R AE BERRHRGOEYBE 16 25 CRC B - FTA RH L]
- $d CMDI6 k3 %o 4ok B » FHBHPFF 2 CRC sk M e
la+ ¢ i 46 SDIO_DATO 3USLAUE w & gt flo @ B enF AR T ) 3 4L B

o AT (RS WAR ) B SRR R L

cre ok
response
from from data from and busy stop command
host card host from stops data trans-
to card to host card fer
o host

command

OMD - [command | [response |+ [ [ [ response

DAT - data block |erc| -

.- data block |crc|-ﬂ busy|------

data stop operption .,

" block write operation -
e ... multiple block wrlte operatlon e

Bl 3-47 SD bus & » Wil % (v B [4]

B 3-48 % SD Bus ¢hH - FHFTARB > he ¥ 54 g AFEFTHREY

5 A ¥ (DPSM) > £ # * CMDI6(SET BLOCKLEN) & 4 %2k 2 % .+ /| »

k1 * CMDI3(SEND_STATUS)m:uzsR+ k& > &% 5= CMD24

(WRITE SINGLE BLOCK) # 4 > # e+ /v B > R LT A8 ki
]

(DPSM) » 2 {6 37 @if— B % ] PR LR -

-\\

' # & SDIO_STA #773 Fen g BrE{R > R H|¥r@ L7 ahm il o

3¢ & 4L : SD_WriteBlock () ﬁ] > :u32 addr » u32 *writebuff» ul6 BlockSize
st cSDBusHC B » E R RATH ﬁ] G 20 % N

SD_Error SD_WriteBlock(u32 addr, u32 *writebuff, ulé BlockSize)
{ SD_Error errorstatus = SD_OK;

u8 power = 0, cardstate = 0;
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u32 timeout = 0, bytestransferred = 0;

cardstatus = 0, count = 0, restwords = 0; *tempbuff = writebuff;

if (writebuff == NULL)

{ errorstatus = SD INVALID PARAMETER; return(errorstatus); }
TransferError = SD_OK; TransferEnd = 0; TotalNumberOfBytes = 0;
SDIO DPSM Setup Value(&SDIO DatalnitStructure, 0, 1, ToCard, Disable);
SDIO DataConfig(&SDIO_DatalnitStructure);

SDIO DMACmd(DISABLE);

if (SDIO_GetResponse(SDIO_RESP1) & SD CARD LOCKED)

{ errorstatus = SD LOCK UNLOCK FAILED; return(errorstatus); }

if (CardType == SDIO _HIGH CAPACITY SD CARD)

{ BlockSize =512; addr /= 512; }

if ((BlockSize > 0) && (BlockSize <= 2048) && ((BlockSize & (BlockSize - 1)) == 0))

{ power = convert from bytes to power of two(BlockSize);

SDIO_CMD (CMD16, BlockSize, RESP_S, Enable); /| % ¥ CMDI6

errorstatus = CmdResp1Error(SDIO_SET. BLOCKLEN);

if (errorstatus != SD_OK) { return(errorstatus); } I d &L vk
} else

{ errorstatus = SD INVALID PARAMETER;  return(errorstatus); }
timeout = SD_DATATIMEOUT;

do { timeout--;

SDIO_CMD (CMD?, (RCA<<16), RESP' S, Enable); /I %% CMD?
errorstatus = CmdResp1Error(SDIO” SEND-STATUS);
if (errorstatus != SD_OK) { return(errorstatus); } I ¥ d &t vk

cardstatus = SDIO_GetResponse(SDIO_RESP1);
} while (((cardstatus & 0x00000100) == 0) && (timeout > 0));

if (timeout == 0) { return(SD_ERROR); }

SDIO_CMD (CMD24, addr, RESP_S, Enable); // % i CMD24
errorstatus = CmdResp1Error(SDIO. WRITE_SINGLE BLOCK);

if (errorstatus != SD_OK) { return(errorstatus); } I d &L vk
TotalNumberOfBytes = BlockSize; StopCondition = 0; SrcBuffer = writebuff;

SDIO_DPSM Setup_Value(&SDIO_DatalnitStructure, BlockSize, (power<<4), ToCard, Enable);
SDIO_DataConfig(&SDIO_DatalnitStructure);
if (DeviceMode == SD POLLING MODE)
{ while ({(SDIO->STA & (SDIO_FLAG DBCKEND | SDIO_FLAG TXUNDERR |
SDIO_FLAG_DCRCFAIL | SDIO_FLAG _DTIMEOUT | SDIO_FLAG_STBITERR)))
{ if (SDIO_GetFlagStatus(SDIO_FLAG_TXFIFOHE) != RESET)
{ if ((TotalNumberOfBytes - bytestransferred) < 32)
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{ restwords = ((TotalNumberOfBytes - bytestransferred) % 4 == 0) ?
((TotalNumberOfBytes - bytestransferred) / 4) :
(( TotalNumberOfBytes - bytestransferred) / 4 + 1);
for (count = 0; count < restwords; count++, tempbuff++, bytestransferred += 4)

SDIO WriteData(*tempbuff);

} else
{ for (count = 0; count < 8; count++) SDIO_WriteData(*(tempbuff + count));
tempbuff += &; bytestransferred += 32;
ool
if (SDIO_GetFlagStatus(SDIO_ FLAG DTIMEOUT) != RESET)
{ errorstatus = SD DATA TIMEOUT; return(errorstatus); }

+ else if (DeviceMode == SD_INTERRUPT MODE)
{ SDIO ITConfig(SDIO IT DCRCFAIL | SDIO IT DTIMEOUT | SDIO IT DATAEND |
SDIO_FLAG TXFIFOHE | SDIO IT TXUNDERR | SDIO _IT STBITERR, ENABLE);
while ((TransferEnd == 0) && (TransferError == SD_OK)) {}
if (TransferError != SD_OK) { return(TransferError); }
} else if (DeviceMode == SD DMA .MODE)
{ SDIO ITConfig(SDIO IT DCRCFAIL|SDIO IT DTIMEOUT | SDIO IT DATAEND |
SDIO_IT TXUNDERR [SDIO_IT STBITERR, ENABLE);
DMA TxConfiguration(writebuff, BlockSize);
SDIO DMACmd(ENABLE);
while (DMA_GetFlagStatus(DMA2, FLAG TC4) ==RESET) {}

while ((TransferEnd == 0) && (TransferError.==SD_0K)) {}
if (TransferError = SD_OK) { return(TransferError); }
}
SDIO_ClearFlag(SDIO_STATIC FLAGS); /* Clear all the static flags */

errorstatus = [sCardProgramming(&cardstate); /* Wait till the card is in programming state */

while ((errorstatus == SD_OK) && ((cardstate == SD_CARD_PROGRAMMING) ||
(cardstate == SD_CARD_RECEIVING)))

{ errorstatus = IsCardProgramming(&cardstate);  }

return(errorstatus);

B 3-48 SD bus B » FHE F #4250
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P RFELITE LAY o R FAT 5L % 12 iz 4 H g
S FE S 32MB o A& B AR R LS o FRF A 1984 E o itk
FA 16 A Th S N FAT kst x iz 5 FATI6» B 3 &7 2 71|
2GB © B AT FAT s # 32 i 2hk= 5% 0 ff2 5 FAT32 [7] 4 4-1
L7 i~ FAT & St gl o

16 > Eofedfhd ki - R LRY iy ki L&Y
B? ZRMEFRKAE (& 2GB), > 4w NAND Flash > % &4+ (MMC)
fo SD sefa+ £ 0 % v B2 AL TL o T 0 A F Y FAT 2

ERNEFRP > M FPuashER BN B0

% 41 FATI12/16/32 k& i [7]

FAT12 FAT16 FAT32
Uses Floppies and small hard Small to large hard Medium to very large
disk volumes disk volumes hard disk volumes
Size of each FAT enter 12 bits 16 bits 32 bits (28bits)
Maximum cluster count 4077 65517 268435437
Volume size (maximum) 32 Mbytes 2 GBytes about 241 bytes

AFE IR AL FATI6 k3> H P 9rig % ch FAT £ % % Sufesd o

¥_Helix Community = # (https://helixcommunity.org) #t# i 7 Helix Player

11 Gold i 4578 i8 {7 i3 sxerr o
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4.1 FAT % supzs

J%

FAT = & s 3iend | TR 32 F 5 £ & (Cluster) > 2 3 £ 72 7 &£:§
32 Kbytes » B > d R4~ BE 3 PR RHEE Z 2DEHK * bR

% OF BT UG 5121024 > 2048 2 4096 bytes > @ B F @ * TR T E

i

512 byte » #E]Tflﬁ - BEEE ST LG 64 BEF [8] °

N

it FAT #h%k L3 g AR TR 20— B Cluster sh 3 £ 0 2R €

B — i Cluster> AR * hZ B RZEHUVAHZRY o« ok fHE T HLSE
- i Cluster 7% & Al ¢ &5 73> 8B Cluster p > @ ® 7 * J& P Cluster
ER R BRI E € Rk B
FAT #6 % 4 Svefh 5 & B &R a 2 P &% (DIR)» # & 5 &4 £ &
B £A BN 0 ko MR EOE P - et Lo R 2 B BT
CESLRER FESEE S E SIS T R P R A
i~z p e B S F A% B v A8dE Cluster mn & F3 o § AP &
PR AP ETHE > 2 ADIRFEBH NI IRIEDE&HTH > R
Aot ph e gy Cluster a2 T4 % £ o £ d 424y Cluster = ak45 3 342
AR T k0 T P& TR
b P v EFE B E T E R PP &(DIR) ~ % i 4 fie £ (FAT)
foFAL(DATA) R 8 FI % S tedl (7 FAT Hh f SpF 5§ R A F 5 45 o)
DIR ~ FAT £ DATA % & 9§ $88 % =4t (Physical Sector Address) » 4yt
fe PAEORE (TR R B o
AR THESES BET A FHETPSN)EHE T LY %

T BB B BAEE R (LSN) R A B A T oo ko T B 40 -
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AP 4-1 % 233 Boph R Ui AR 0 B R 35 ASO00D6.WAV 4%
E L > 5 L * Boot sector #3545 115 #Bic(RevdSecCnt = 131 ~ NumFAT =

2~ FATSz16 =238 ~ RootEntCnt =32 » & % 4-4) %+ & FAT -~ DIR ¥ DATA
F T ez de s % 2 uk (FAT start sector = 132 » DIR start sector = 608 » First
Data Sector = 640) > 4 {5 d DIR ¥ 3 3f B~ 32 bytes 1 & P &3 3 » I H[#¥r
B2 LR efh% > Bl(a) s DIR BB ehp § o 35 P15 2 97 fchiznb (4
WAL E R A ST A (£ 0x1A > FstClus = 0x0002) » 1 * 5
T OR-ECE T a(0x0002) G R a0 BI(D) E AR E TR OB LR R

7 Cluster 3 2 hF 42 % o § Cluster FHF B2 & 15 > £ B(d) FAT
2R FTHAEFT - B Cluster enfuhk o Cluster 2 =t endieie 5 30 £ 7 4%

T kT4 A 5 %% & Cluster 3> Rl(e)E Cluster 5 3 e ® 5L o

Mame bt [size | Created +- Jodified | Accessed |atr J1steestot  Hidden sector = 131
L (Rootdiedtond  _ __ M18OKB o o o W_2, PSN=LSN + 131
[ Jasaocdbuay_ _war 1331 I010AD18 2157458 SANEGNS O02BED  o0nmn kS |

_JaspoodSmay  wav  115KB 20104048 21:57:200 201%3115_00 2750 monong A 4 _10_21 FATLSN = 1

Dffzet 0123456?59ABCDEF iR DIR LSN = 477

|"0003BA00 41 53 47 4F 4F 44 36 20 57 41 56_20 16 BE-23 AE.-ASG00D6 WAV ‘%) | DATA Start LSN = 509
( _D003BAL0_ 52 3D 52 3D 00 00 60 03 eF 3G 02 Dﬂ EEI AS 0300 B=R=' 1 o€ 2 | Sector per Cluster = 64

=

0003BR20 41 53 47 4F 4F 44 35 20 5? A2 %
0003BA30 52 3D 52 30 00 0D CD B3 49 KL I _
il Cluster 2 LSN = 509
Sector 477 0f 3895165 Oﬁset:// 3BA00 =165 Block: Cluster 3 LSN =573
e
a
@

Name |EMSize |Crea,ted/= ‘Mudiﬂed ‘Accessed ‘Attr MStsectu} Name |EMSize |Created : ‘Mudiﬂed ‘Accessed ‘Attr ‘1stsectu|
{Raot directany 16 D@ s i {Raot directan) 16.0KB i

| asuoodGwa wav S8 20101018 20.87:19.9 20100315 00:28:00 wonoe A 608 jasgnodﬁwav way  233KB 20101018 2087198 20100315 D0:28:00 wonme A &08
0ff59t_ﬂ’123456789AECDEF Mffsst 01 234567 39LBCDETF &)

T OU3EA0D |52 49 46 46 D8 9 03 00 57 41 56 45 66 60 74 20 RIEFW WAVEERS | ODO47A00 | 44 5C 3D 44 4F 5C 62 6C 7B 7B 7A 61 60 7E 7B 7F DCDONBL{{alI™{l
DOD3FALD 10 D0 OO DO 01 0O D100 11 2B 00 D0 11 2B 0000 + o+ 00047210 B2 B1 BOBI B3I TE A 7C 7C 7A 7C 7E TF 85 8B 90 INNNIz||z|~1HII
D003FA20 01 D0 0 D0 A4 61 74 61 62 A5 03 00 95 9B 52 93 datal¥ 11/ 00047220 94 92 BF OF D 8D 8B 92 99 9C 9% 91 98 A3 99 93 ["HIIII"LIILN

Sector 50 of 3895165 Offset IFAD =82 Block // Sector 573 of 3895165 Offset 4TA00 =68 Block

/
(b) / (©)

Offset 0 1 2 3 4/5 & 7 B8 9 A B CDEFTF

00000200 F8 FF FF FFI03 00104 00 05 00 06 00 07 00 08 0D
00000210 09 00 FF FF (B 00 OC 00 0D 00 FF FF OF 00 10 00
000002200 11 00 12 00 13 00 14 00 15 00 16 00 17 00 16 0O

Sector 1 of 3895165 Offzet 200 =B
(d)
Bl 4-1 38 B FAT #h% 788 61:(@)DIR £ % 7 43(b)Cluste 2 £ F 7 #;
(c)Cluste 3 & % 7 #1;(d)FAT & % 7 n‘~~'
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FAT #h% i v ® 58 4{# g 3w B ARz o %F % & (Reserved
Region) ~ ~ i+ & fiz & % & (FAT Region) ~ 12 P 4% % %* (Root Directory Region)
2 T AL F £ (Data Region) © B 4-2 5 ~ 4 5L 2GB SD e+ e B % 3 ede

WRER TR BEE T ERE

File System Layout Physical Sector Logic Sector
Number 5 Number
Partition Master Boot Record 0to 130
Area and Partition Table (65.5KB)
[ 4 Partition Boot Sector 131 0
(0.5KB)
File Allocation Table Region 132 to 607
[ FATI Area (119KB) ] (132 ~ 369) 1to 476
System <
Area [ FAT2 Area (119KB) ] (370~ 607)
Root Directory Region |
Regular [ DIR Ated (16KB) ] 60810639 i 47710508
Area k -----------------------------------------
4 Data Region :
V4 640 to 3895295 : 509 to 3895164
["Cluster 3 :
Cluster2 :
User < Cluster=64sector :
Area ) | | . Sector=512bytes
1901.7MB
oy
\ .

Bl 4-2 FATL6 & st F L% # [9]
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4.2 FAT eni%§ & &
FAT %% % & ¢ 3£ 7 MBR B {2 % ( Master Boot Record)#? BPB kx#:
% (BIOS Parameter Block) » 2 ¢ MBR — F_i#3"REG (% ch% TR "

S U T
¥ ¥ ¢ 7 B~ % 4 (Disk Partition Table):h 3 3t o @ BPB i3tk A ¥
e BPB TAL [7] -

$- BER O F BEESRIE T
Bl 4-3 5 FAT B8& % 97414 fi > Fl(a) > MBR & #&@A % 4 - BPB

=% MBR pr > (b) 5 MBR 7 Z#-4 % # 73 > BPB P =3t @ des % 4

I de R o

MBR

MBR BPB

Disk Partition Table
(Start Sector Offset N)

Start Sector N
BPB

(b)

() A F 4 (D)7 [ B R 2

(a)

Bl 4-3 FAT B $8 2 & chs 4243

KT RAVHBEBETR (MBR) s B ?‘:%\,(DPT)E}? 4 JL»?]%') i

(BPB):g {730 o
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42.1 88 F

B HRMBR) G HEE DY FE%® > MBR (i & p end 2@
WARR LT @ s MBReOFRF R 5 S12bytes» H ¥ & EEREA T
% F o & 42 5 MBR e 9 446 bytes 5 fads T 5o v 7 ARNAE
BFLABEL T4 0 HE 73 64bytes hF AL B8 5 2 bytes e & %

 &3570x55 0XAA” [7] °

3042 BB B (7]

Offset Description Size
000h Executable Code (Boots:Computer) 446 Bytes
1BEh 1* Partition Entry 16 Bytes
1CEh 2° Partition Entry 16 Bytes
1DEh 3" Partition Entry 16 Bytes
1EEh 4* Partition Entry 16 Bytes
1FEh Executable Marker (55h AAh) 2 Bytes

HE AR OB BEFMBR)T LG EELS FE LT BELS F A
pF > BPB =3t MBR #T i % b 3§ 7 BEEA & BF 0 MBR #7T e &
TR A €232 BPB T @ BPB B 3y 3t E BRAAS T ol BT
P\ o

B 44 54~ ks * 2 SD e+ o MBR F3 > Bl(a) s EedA
% 7 MBR F 3 > BPB 73 =3 MBR ehdedniznt o (b)fet - BRELS F o
s MBR % £ 5 BPB 7t > & f & B ipaihs F e w 2l 0

¢ e g T a5 0x83 (131) 0 4 &t ¥ 3 BPB T o
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0| 'EB 30 90 4D 53 44 4F 53

16102
32000
48140

b4

a0

96
112

28
144
160
176
192
208
224
240
256
272
288
304
220
336
35¢
Kl
384
400
416
432
448
464
480
496

00 02 00 DO F8 FZ 00
26 1E 00 00 00 29 1A
45 20 20 20 20 46 41

01 BC FQ ZE_EF Do RO

35 2E 30 00 02 20 04 DD'
3F 00 FF 00 00 00 00 DD:
96 20 6C 4E 4F 20 4E 41
54 31 36 20 20 20

00 20 gk C0 FC

B4EM4TD

& b % BPB

172 1C

66 AL 1C 7C 26 66 3B 07
B8 56 02 80 C3 10 73
16 03 46 1C 13 56 1E
89 46 FC 69 56 FE BE
48 F7 F3 01 46 FC 11
7239 26 38 2D 74 17
74 32 4E 74 09 83 (7
7D B4 7D 8B FO AC 98
07 00 CD 10 EB EF A0
(D 16 CD 19 26 8B 55
00 72 EB 5B 84 96 24
7D 7 46 F4 29 7D AC
06 96 7D CB EA 03 00 00
66 03 46 1C 66 8B DO 66
44 41 B2 46 0D 32 E4 F7
43 52 50 06 53 62 01 GA
D2 F7 FB 91 F7 F 42 87
0 CC 02 DACC BO 0L 02
BB F4 82 56 24 CD 13 61
SE OB 49 75 06 F§ C3 41
B0 4E 54 4C 44 52 20 20
6D 6F 76 65 20 64 69 73
B8 B 72 20 6D BY b4 BD
BB 20 65 72 72 6F 72 FE
b1 BE 79 20 6B 6% 79 20
72 74 0D 0& 00 00 00 00

(a)

26 BA 57 FC 75
EB 33 C9 BE 46
03 46 OE 13 D1
20 00 F7 Ef GB
4E FE 61 BF 00
60 BL 0B BE Al
20 3B FB 72 Eb
40 74 0C 48 74
FD 7D EB EE A0
14 32 B0 01 BB
BE (B 7C 8E FC
9 89 4E FZ 89 4E F6 C6
20 OF B6 CB 66 8B 46 FB
(1 EA 10 EE S5E 0OF B6 CB
E2 03 46 FC 13 55 FE EB
10 51 BB 46,1895 92 33
CA F7 7601A7BA-F2 BA EB
B0 7E.02 DE 75-04 B4 42
61 72.0B 40 75 01 42 03
BB 00.00 &0 66 GA OO-EE
20 2020020 0D 0 52 65
6B 73 20 GE 72 20°6F 74
b1 2E FF 0D DA 44 89 73
00 0& 50 72765 737320
74 BF 20 72 8% 73 74 6l
00 00 00 AC CB DA 55 A3

11
BB
3E
0o
7D F3 k6
EB DC AD
13 B4 (E
FC 7D EB
00 00 EB
7 46 FO

16
2
48
b4
a0
9
112
144
160

00 00 00 0o
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 0O 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 a0 0o
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
00 00 00 00
0000 00 0o

00 00 DO
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 0O
00 00 00
00 00 00
00 00 00
00 00 00
00 00 00
00 00 DO

0n 0o nn

00
00
00
0o
0o
0o
0o
00
00
0o
0o
0o
0o
00
00
00
00
0o
0o
0o
00
00
00

an

00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 0
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 00
00 00 00 00 0
00 00 00 00 00
00 00 00 00 00
0000 00 pa 10.00.00 00 0f
0000 0o | B H B A ]un iy
DR 000000 00 00 1 00 0000 00 00 00
OG0 00 00 00 00 00} 00 00 00 00 00 00

S TR s N s

Uu A0 00 On 00 0o oo nn
m| ¥ - BEsAs %A
go 00 0o 00 00 00 00 oo

(b)

iy 0o a0 oo UD
00 0O 00 oo
00 00 00 00 00

00 0o
00 00
00 00
00 0o
00 0o
00 0o
00 0o
00 00
00 00
00 00
00 0o
00 0o
00 0o
00 00
00 00
00 00
00 00
00 0o
00 0o
00 0o
00 00
00 00
00 0o
00 00
00 0o
00 0o

_____

00 0o
00 00
55 AA

Bl 4-4 B %
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422 Bl T &

Bk~ W% # (Disk Partition Table) >+ MBR 3 0x1BE ] Ox1FD + 7 64

B -

bytes> H % 4= BREBELS RSl - BRFEET LI BELTE

B - BAE R 16bytes s A A B A Sl d Rt - R €4 - BRE

¥ oo # 43 5 FAT JSanpdAh RTS8 H 27 o0 324 % bR
Tl FE AL ETM A BPBFR TG R ATA RORLERD 0 A

PR Y ks k kP 5 B EE (Head)# 46 (Cylinder) % 3 > 4o MMC

2 SDzelg+ % [7]-

# 43 FATB#A % B4 [7]

Offset Description Size
00h Current State of the Partition 1 Byte
01h Beginning of the Partition - Head 1 Byte
02h Beginning of the Partition — Cylinder/Sector 2 Bytes
04h Type of Partition 1 Byte
05h End of Partition - Head 1 Byte
06h End of Partition — Cylinder/Sector 2 Bytes
08h # of sectors between MBR and Partition 4 Bytes
0Ch # of Sectors in the Partition 4 Bytes
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4.2.3 Febs 58T

F-BEAFE G E L Bt 28 (BPB) ) Hiedh 0 EEA T
L SBc 2 70 FATH R (i B2 R2E 32828 ~-FAT £
e p R P BehiicE ~ BB RIKE TR R BPB TR B
55 = (8]

i chFAT A% s 2 F 35 BPB & % ez i A2 4c@ 4-5 0 %
#-Sector 0 HMBR FAL ¥ » B rf p > X 2% 8 F 5 £ 2 OMBR FAL %
£t d a 0x36 ¥ F 5 FAT #% & sedug 3 & » 40 FATI2 ~ FATI6 &
FAT32 % % 2|47 BPB T £ 7 i &> F & FAT # % k Ssg a4 > Rk
2% - BAEA B O0xIBE h(RA42)F F F BEA B b A BT
AR F A o Bl AT eRE W AR ey BEA R A

Bl & =4 0x1C6 (OxIBE +0x08 » & & 43)irE % a4 8 > ¥ % 7

x“\‘

p

4 >4 L BPBEF L a #H L o

& %4 : Load_BPB () % R
i it T~ FAT i 30 BPB & W % & :BPB

u8 Load BPB (void)
{ FATFS *fs = FatFs;

u32 set =0;
if (disk read (fs->buf, sect, 1) == RES_OK) // Load master boot record
{

if (LD_WORD(&(fs->buf[510])) == 0xAASS5) /1 1s it valid?

{

if (Imememp(&(fs->buf[0x36]),”FAT12”, 5))
return FS FAT12;

if (!mememp(&(fs->buf[0x36]), “FAT16”, 5))
return FS FAT16;

if (Imememp(&(fs->buf[0x52]), “FAT32”, 5) && (fs->buf[0x28] == 0))
return FS FAT32;

}
if (fs-=>buf[0x1C2]) // Is the partition existing?
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sect=LD DWORD (&(fs->buf[0x1C6])); // Partition offset in LBA
if (disk _read (fs->buf, sect, 1) == RES_OK) // Load master boot record
{

if (LD_WORD(&(fs->buf[510])) == 0xAAS55) // s it valid?

{

if ('mememp(&(fs->buf[0x36]),”FAT12”, 5))
return FS_FAT12;

if (!mememp(&(fs->buf[0x36]), “FAT16”, 5))
return FS_FAT16;

if (\mememp(&(fs->buf[0x52]), “FAT32”, 5) && (fs->buf[0x28] == 0))

return FS_FAT32;

}
}
¥
return Not FS;
¥

- Buf[0x1C2]
% Exist ?

Read Sector 0

Yes
Read
Success ? > Sector buf[0x1c6]
No

Success ?
Buf[510] =

0xAAS55?

Buf[510] =

A 4

0xAAS55?

Buf[0x36] =

FAT12? Return FS_FATI12

A 4

Buf[0x36] =
FAT12?

Buf[0x36] =

FAT16 Return FS_FAT16

A 4

Buf[0x36] =
FAT16?

Buf[0x52] =

FAT327 Return FS_FAT32

A 4

Buf[0x52] =
FAT32?

No

Return FS_FAT12

A 4

Return FS_FATI16

Return FS_FAT32

[
»

P
«

A 4

( No FAT )

®l 4-5 FAT §* » BPB 7 3 #l 2.5
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i 5L35 3] BPB F it 9T el W (50 SR R-H f25 0 18 B] FAT 4 % & Sien
354 0 4o FATL6 2% FAT32» 22 % B4 %% » 4 FAT size ~ BytePerSector
SectorPerCluster & F (L "4k =) - ¥ i& & 1 FAT # % &« L0 FAT ~ DIR
22 DATA % 3 chdede@ % =ht o 2 ¢ FAT Base Sector 5 < i% 4 fie % 42
do i 0 % k1T FAT & 4 9% ¥ =3 ; DIR Base Sector & ¥ ¢ P &
A2he B T k0 TR EETE L 0 52 2P a3 EE ; DATA Base
Sector i FALGE B~ B » crdedn S mako 7 LA R 2 ARk B R ko

FALRBAFES 02 EE L Lama 7 7 s RWT T (8]

kit % % (MBR)$ BPB B % a3t & (33 ek =)

Nmpr = 0 (22)
BPB & % ut 3+ B (55 =)
1. #ea- 2% » R BPB Aoz % & -

Ngpg = 0 (23)
2. 7 B4~ A% > R BPB AR & C

Nppg = Npart (24)
H ¥ Nmer 5 MBR 42428 % > Nees 5 BPB 42408 % > Npant 5 BA A & e
YR Fe o
2 A fe A (FAT)AS bR T mak 3t B (%4 édz)

Nrat1 = NmBr + Nres (25)

NrAT Tsize = NFAT size X Nnum (26)
H P Nrari & FATI e 452 % > Nies 5 % 2 % #c > NFAT size & =+ B FAT

:;f’),{:;z ?\2 ﬁ;’: ’ NFAT_Tsize f‘—g« FAT T:’f"l‘,?y@’} ?\? ﬁ:’:’g_ > Nnum ?} FAT rﬁﬁxﬁ °
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12 B &x(Root directory)dz 4o/ % =4t 3+ 8 (%% *ék =)

Npir = Npat1 + NEaAT Tsize

NDIR_size = (NRootEntCnt X 32)/NBytePerSec

H ¥ Nbr 3 DIR e42 452 % 5 NDR size = DIR 94302 % &

DIR &+ & * #&

T (Data)Ae 48 T =4k 3

Npata = NmBr + NEAT Tsize T+ NDIR size

H Y Npata & F# & e ® o

A~ B f225 BPB B o M2 T EEE

B 4-6 1 fs mountdrive () &) 4% ;% 225470 H
F (disk_initialize) »

FAT ~ DIR & DATA % &

#23% &4 1 fs_mounrdrive () ﬁ]
s syl ¢ W] SD + o FEin FAT k335 &0 ii?]
§ » FATFS &

; NBytePerSect f; - ﬂ}@ ?P e

B (37 k=)

EER SO
¥ o BPB 7 3t (li0ad BPB) . »

S e4e 45 (= hE S Hic o

(27)
(28)
; NRootEntCnt ;‘%

(VN

Il

(29)

1‘#4, BN T é
A7 4o il 2+ 42

u FAT 43¢ £ 345

2

LR
: 2+ B FATFS gt %8

IACS

u8 fs_mountdrive (void)
{ u8fs rsp;
u32 sector, end, max;
FATFS *fs = FatFs;
if (disk_initialize() & SD_NOINIT)
return FAT NOT _READY;
if (!(fs_rsp = Load BPB())
return FAT NO FILESYSTEM;
fs->fs _type =fs_rsp;
fs->sects fat
fs->sects_clust
fs->n_fats
fs->fatbase
end = fs->sects_fat * fs->n_fats + fs->fatbase;
=LD_WORD(&(fs->buf[0x11]));

= fs->buf[0x0D];
= fs->buf[0x10];

fs->n_rootdir

118

=sect + LD WORD(&(fs->buf[0x0E]));

/e ket A
/I &3 BPB & ¥ i ht

/] 3% %_FAT &)

= (fs_rsp==FAT 32)? LD_DWORD(&(fs->buf[0x24])) : LD_WORD(&(fs->buf[0x16]));

S SN S r A 3
/I 3% %_FAT e p
/| 33 FAT B 408 % (240

// % #_DIR e+ #c g



if (fs_rsp == FAT 32)
{ fs->dirbase

fs->database = fatend;
} else
{ fs->dirbase = fatend;

fs->database

}

= fs->n_rootdir / 16 + fatend;

max = LD _DWORD(&(fs->buf[0x20]));

if (!max)
fs->max_clust
return FAT OK;

FATFS *fs = FatFs

SD initial

Success ?

Load BPB

Success ?

¢ Yes

A 4

= LD _DWORD(&(fs->buf[0x2C]));

max = LD WORD(&(fs->buf[0x13]));
= (max - fs->database + sect) / fs->sects_clust + 2;

Set FAT type

Return FAT Fail

v

Set FAT size
Fat16 = buf[0x16]
Fat32 = buf[0x24]

v

Set SecPerClus

v

Set FAT number

v

++ % FAT base
3+ 8 FAT end

// FAT32: Directory start cluster
// FAT32: Data start sector (physical)

// Directory start sector (physical)
// Data start sector (physical)

// Calculate maximum cluster number

Set max.DIR entry

FAT327?

¢ Yes

Dir base = buf[0x2C]

Data base =FAT end

A 4

<

Dir base = FAT end
Data base=
(FAT end+Dir size)

al

\ 4

Set max.setcor
Fatl6 = buf[0x13]
Fat32 = buf[0x20]

v

3+ & max.cluster

v

Return FAT _OK

A 4

B 4-6 ¥ ~ FAT f %
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43 = fiév\}ﬁa%\' ¥ B

st RR(HAFAT) IR G A LT AP & TR %o
FTAERET ARBEETREG cFAT €3 - B i PRI > &4d

A h g dMaY R ¥ FATI B34 &3%pF > v ud FAT2 83| e B

SRR EF T B8 SIE

FAT & - f@? {4 ? Fler g i orid % ggasl 'v—'q = —ﬂ}]{“; "v [ERy Ao
AEOAAFREEESR - F B FRFBrOTHEFET R %?—%ﬁﬁ

FBEEIR A2 ZEZRBREA G ARG EIHAIEIRETE %
HFAT 47 cFAT A & £.% kestb 2837 % 5V - BEE T FAT
4 h mht & W R A hE & 4510 B e Offset address = 0x02 % % = &
@ pA RN F LT BEEEN AT SR B o & 44 5 FATI6

‘:’fj'\? fi > E, \' “Lf#bt;]]\ H]!‘]' ®

% 4-4FAT16 ~ & & pedoenidH (8]

Table FAT entry Description
0 FFF8 Table 0 must be FFF8h
1 FFFF Table 1 must be FFFFh
2 0003 0000h ZRAE
3 0007 0001h T EE
0002h — FFFEh AiE* g R dpe T - BEE
N FFFF
N+ 0000 FFFOh — FFF6h g
0000 FFF7h Tl B
M FFF7 FFF8h - FFFFh kot - BEE

Bl4-7 5 th% = 2455 . FATI6 ¥ e S4aid4 > & DIR p &7 ¥
FEIRE LS B E e blde XTXT 4% B 4ed & a5
0x0002 » ¢ FAT £ ¥ 12 {8 3] H #8485 0x0002 B 45 > & F 5 0x0003 > &

15 0x0004 & d > 26 3BEETE o
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Offset Value

0000h OXFFF8
0001h OXFFFF
DIR — | 00020 0x0003 |====| X TXT | 0x0002 | 0x0003 | 0x0004
File name Cluster 0003h 0x0004
XTXT 0x0002 0004h OXFFFF —p| YTXT | 0x0006 | 0x0008 |

Y.TXT 0x0006 0005h 0x0000

ZTXT 0x0009 _I—> 0006h 0x0008 | ztxt [ ox0009 |
0007h 0x0000 I

0008h 0xFFFF

0009h 0xFFFF

B 4-7 FAT16 4 % £ f 42 [10]

FAT chigip S g 32 2onFHF v il 7 § 5@ R p
BAMAE FATiE s bt B 4-8 5 F45 T - B E B 588 o0 get_cluster ()
BlAgst > B2 A a3 B ATE AR > R 5 R ILB AT
FAT 2 % = 4-(30)22 i 45 8b(31) > 4 fc @37 - BEEFAB DTN -

Nsec = Nrat Base + (Ncus/Nx) (30)

Noffset = Nejus mod-0x200 (31)
H ¥ Neee 3 B Apthor e % 2hb - NpaT Base 3 FAT fode sk 0 Nx 3 -

BET T i Bdcp > FATI6 5 256 1 » FAT32 % 128 %

#2352 4L ¢ get_cluster () # » RS
Hauskit cHET- BEREES ﬁ;—,} M- BEBEEE

u32 get_cluster (u32 cluster)
{ ul6 wc, bc;

u32 fatsector;

FATFS *fs = FatFs;

if ((cluster >=2) && (cluster < fs->max_clust)) Il 5B ET G %

{ fatsector = fs->fatbase; /| FAT % 4=45=4+
if (Inext_block(fatsector + cluster / 256)) break; I F35 ﬁ%l » 2B 58 e FAT =kt
return LD WORD(&(fs->win[((ul6)cluster * 2) % 5121));  // :Ew & — B E 5 545

}

return 1;

Bl 4-8 F 45T - B E B 5L Rl
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4.4 P &% B

P &% 2 (H #- DIR)??#%& FAT %82 1 > LR FMEL P& LHET
MenH R & - BRHINP el 32 bytes Tl 0 A2 H wehk T AR R AP D
LR BARE B2 e E s R P ST AR R a
PhEPHNFEEFFTH o LA ETHELILF € 1395 DIR efrdzdn ki
Bimn o BE FAP&V MATE AR AR G EE Y T in ok * ahy

B A% & P &% 3 032 Bytes TR S5 fidk= [8] -

IS

Bl 49 5 & 45 * ¢ ASGOOD6.WAV # % 74 > Fl(a)s % &P &

7

.\.

TEM o VO EE R RARE B a S 0x0002 0 A% % £ 5 233.5KB -
fd (30)7 17 T Bl(c) s 4 B AR TR 0 L 5B B(b)FAT 4 737 -

B E & a5 0x0003 18 o~ ggd B0)F EI| BI(d) T AL -

Offset 0123456789ABCDEF|&I

/'ﬁDDBBADD\ I1 23 47 4F 4F 44 38 20 57 41°56 20,18 BE 29 AFI A3G00DE WAV %)
\QDDBBAID/ |52 3D 52 3D 00 00,80 03 BF 30

02 00 E0 A5 03 00] R=R= 1 o< &%
OOATEED0 AT 53 47 4F 4F 44 35.20 57 41756\ 20 18 04 ZA AF ASGOODS WAV — *
B 4@ % (=4 P 3D 52 3D 00 0075 03 e - yo< I
[ 41 56 41 55 44 49 4F AR A baproway 1.
0003BAS0 52 3D 52 3D 00 00 4C R=R= Lfu< . I

ASGOOD18WAY 13
E=R= 1 0<3 Q
ASGOODZOWAY 3
R=R= I o<D E

0003BABD
0003BATO DIR B ﬁ‘;‘xﬁf'
0003BABOD

0003BA90 52 3D 52 3D 00

Offset __\5 6 7 g 9
00010800 F&8 FF FF(pB 0o 04 00 05 00
00010810 09 0O T0 o¢ oo 0D oo

oooloszo 11 00
nooinss0 19 00 T - BEE L
2Cc 0o 2D 00

[ FAT < i A e %
34 00 35 00

0oo1o08e0 31 00

Offset o1 2 3 4 C D E F| )@l
(ﬁDDSFADD‘>I2 49 46 46 D8 66 6D 74 20 RIFFE¥ WAVEfmt _ Dffeer | 01 2 3 4
O003FALD | 10 00 00 00 01 11 2B 00 00 + o+ <\EUSE;EU,U/44 3C 3D 44 4F
ONQ3EE20 01 00 08 00 64 wess: 95 98 94 98 datay¥ 1111 | e o
DATA ?‘x,},l 84 7E 76 73 76 7B | 11117 xzrjngguvsyy 00047430 | 94 8C 81 75 B3
87 8B 7776 7R 79 “LILILLILNN buvzy 00047840 | OF AR AC AD Ad

(©) (d)
Bl 4-9190 &% BT T
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FAT #h% i R B P& LA Z B EE LM LA AR &4
A LR R D BT RRH B - BRI S ERRY  TR Y T
AOG EFR LR R o KT B TP [8] 0
(1) 4r% DIR_NAME[0] 3 OxE5 > % 77 }* P 4x5 % o
(2) 4r% DIR_ NAME[0] 5 0x00 > % 77 $* B & 5 % (4ol OxES) > @ 2 gt =4t

2{6AEF PETH -

(3) 4% DIR NAME[0]% 0x05 > %15 OxE5 £.p < eh& & 5 #1004 7

&% OXES PF - &% 0x05 % A% o
(4) DIR NAME[0]# 3% @& * 0x20 2 v S8 F 5 - B3 & o
(5) DIR NAME ¢ & 384 o8 i i~ ke 4§ &4 3 B o~ gl %

2o dek FHF HPESF 0x20 5 Rk o
(6) # ¥ Ihg & FoF I HE i 0x22 2 0X2A » 0x2B » 0x2C  0x2E » 0x2F >

0x3A » 0x3B > 0x3C = 0x3D " 0x3E » 0x3F > 0x5B » 0x5C » 0x5D » 0x7C -
(7) WELHE LfE2 Faogh@dgl “ 7 77 75 &> DIR_ NAME[ ]2 & o
(8) FAT #/% 4« st DIR NAME[]Z 2% 4 * B 52 o

(9) DIR NAME # 7 3F & * — s 35k {55 > 4" 1%/ 1 ;<=>2[\ ]! -
¥ S|P SRR T e AL TS 0 T R R P e TR ehie 7 3

o410 SHPHANEHE - RFFE MRS P HREZFR

FhEHEE F e read dir_info( )@l A2 5% o
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2

¥

3¢ &4 ¢ f_read_dir_info () @?]
R At B EFR grg]

y
<

# 35 4% DIR *scan
v i 33L& FILINFO *finfo

5=
4

u8 f_read_dir_info (DIR *scan, FILINFO *finfo)

{

u8 *dir, c;
FATFS *fs = FatFs;

while (scan->sect)
{
dir = &(fs->win[(scan->index & 15) * 32]);
¢ = *dir;
if (c==0)
{
scan->index = 0;
scan->sect = fs->dirbase;
break;
i

E LR

if ((c 1= 0XES) && (c 1= ") && !(*(dir+11) & Attr_Volume))

{
finfo->fattrib = *(dir+11);

finfo->fsize = LD DWORD(dir+28);
finfo->fdate = LD WORD(dir+24);
finfo->ftime = LD WORD(dir+22);
}
if (Inext_dir_entry(scan))
scan->sect = 0;
if (finfo->fname[0])
break;

}
return FAT OK;

/it
Wx g e
/(R 2
/1

I - B P ERET

/| B BT BT A

B 4-10 :#B~= 2 p T A gl
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FTHFH(HADATAI R S HEFTHO®RES > v bR G EE S L0
CELTE S A SRR A

2 B g\% Ed mBAEE '3'1"9%\'””/;‘5 F T Bl '”'T#?E“-F T BCE BT RE ¥g | F

=

P Rl 5 R B 4-11 & FAT % w?;}—'—?
KRR FEX L FERMG A P EF BT 52928 24 BPBF
3 ¢ e SectorPerCluster 28k id-%_» ¥ =2 BE R B < ZE 3 7 1A

32Kbytes> Flt AR F £ R FFECOF > AR R g dp- B

<

BB daaeRzFaZzptde e 2arigr [8]-

Nclus_size = (Nsec _per_clus X Nsec_size) < 32KB (32)

—,ﬁ\ 0 Nsec_per_clus :f;\ %E::}?;”}S IV F ;g(l%‘ ) Nsec_size 7‘% B e z .E.— o

/Data Area ( \

Cluster 2 Sector 0 Sector 1 | eeeees Sector N

\_ J

4 N
Cluster 3 Sector 0 Sector 1 | = eeeees Sector N

\_ J
Cluster M

\ =/

Bl 4-11 T % 88 0 s B i
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FhAEFTHELRRBEAE BT EEEYL AR EFETHRE TR
EFEFBNHREIER R E R AR AS I FTHGOE R 2u o d 2
FEHBOE ]l ZETRARY L AR EETR o TP EESB2 G
b BaASE TUE RSB 2 R A BEERTERL A FRED
AL T iy T T R FECR R R ak(33) ) Bl 4-12 & H i g st o

NclusZsec = (Nclus - 2) X NSecPerClus + NDATA (33)

—,E! v Nelus2sec 7‘% %L?: 3}};‘] vf;i}_%j—}"‘%@ ?v—' > h o Nelus ::‘.\ %LE:#]Z] ’f%l— [l L NSecPerClus f‘%

PR EERE

#2355 &4 : cluster2sector () ii.?] »> B %5E cluster
vy i L KR S AT By 2L A E b sector
u32 cluster2sector (u32 cluster)
{

FATFS *fs = FatFs;

u32 sector;

cluster = cluster - 2; I E &5 -2

if (cluster >= fs->max_clust) /l %2 E B8 mETREELE

return 0;

sector = cluster * fs->sects_clust + fs->database; /BB

return sector; /] EW® B Ak
}

B 4-12 @34 =0 F a4z 5

FAT 2 i 33

FAT# % p TR BB A2 2 R F 2B T o > W 4-13 5 &
PR BT chy B RE B FAT ~ 2 T ehf read ()@l Azt » Hinfe i L3~
% % B (fsize)sr « 5% £ iR(p) K- X #14% E(ln) > 4ofl4% £ 5

B o ORI T 5 R (EOF) MR o £ 1% i B 3 e it of B b > 4

126



v

LAERERFRSE A - BEBFRE AR BRI AN

S BEH G - BERHIAAY G F AHETROES 3

FEBHBTT -

#2:% &4 1 f_read_dir_info () ﬁ.’f] > @ FIL *fp » u8 *buff » ulé btw
#oap st B B ER ﬁ] M EY FATRE
u8 f_read (FIL *fp, void *buff, ul6 btr, ul6 *br)
{
u32 cluster, secter, In, a, b;
ul6 rent;

u8 cc, *rbuff = buff;
FATFS *fs = FatFs;

*br = 0;
a = fp->fsize; I FEEE
= st 5 B %
In=a-b; S R
if (In==0) 1% 250
fp->eof = 1; /3% EOF 7#18=1
else
fp->eof = 0; 5 ‘ﬁ% EOF #1&=0
if (btr > In) I3 3 b N Rl 3 4
btr = (ul6) In; I EwE dpth=Ad 7 2
for ( ; btr; rbuff += rent, fp->fptr += rent, *br += rent, btr -= rent)
{ if ((fp->1ptr % 512) ==0) /&2 F 5 AERR
{ if (--(fp->secter_cluster)) VA E-E € Y AR D s &
secter = fp->curr_secter + 1; /% ak+]
else /| BECT - BEEEH

{ cluster = (fp->fptr == 0) ? fp->org_cluster : get cluster(fp->curr_cluster);
if ((cluster < 2) || (cluster >= fs->max_cluster))
{ fp->flag |= FAT ERR;
return FAT R ERR;

H
fp->curr_cluster = cluster; /IR TP w g Rtk
secter = cluster2secter(cluster); /] FP o E R L
fp->secter_cluster = fs->secter_cluster; / €&k BE % E R 5K F
H
fp->curr_secter = secter; /] E Z_P W R hE
cc=btr/512; I FlkF EF®R)= AHEBEF E/512
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if (cc) Il F14
{ if (cc > fp->secter_cluster) Il 14
cc = fp->secter_cluster;
if (disk_read(rbuff, secter, cc) I=SD _OK) // #P¥ % &% 7
{ fp->flag |= FAT ERR;
return FAT R ERR;

SFEEFR)>=1
w5 E(

(B %) > ’Fﬁﬁ%ﬁm@%gﬂ?&‘%

§

fp->secter_cluster -= cc - 1; I FlEEEEETE)-1
fp->curr_secter +=cc - 1; /] B w R R hk + ]
rent = cc * 512; /e #BFE(RERET)

H
if (disk_read(fp->buffer, secter, 1) I=SD_OK) // :#B—- BEF 74!
{ fp->flag |= FAT ERR;

return FAT R ERR;

H
H
rent =512 - ((ul6)fp->fptr % 512); Il #B~F it A
if (rent > btr)
ront = bir; IS E G R REET)
memcpy(rbuff, &fp->buffer[fp->fptr % 5121, rent);
H
return FAT OK;

\_.
|

B 4-13 FAT & iv= & 73 B mil A2 50

D

“-’%

FAT = i 58 »

AEELA BB SRR A E AR * ] FAT £ % 5 SuehE
BB r 2k FIERP P rBRS N BFTEE A EREREY LR
FHI- AR * DE R T A2 ELRA(FAT)E P 8DIR)E F & =

MHERBFR > ETH O e BEHALE- BEREIFE MR
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$7% WAVE 3 »ch

WAVE < #4538 § - fd fegii{o [BM B & B4 en 20 i 5 fEen
F M~ 24R% v £ * RIFF (Resource Interchange File Format) < & 423\ e
SAE [11]- WAVE < & 44 5 @RSmE 2 > 4 A5 5 BT Al 5
TIE e b Bag 0 A 44.1kHz BRI S5 & 16 AP frdiceng & CD
S Y

WAVE < A cnipab s @ JH 2@ ask 2 §Lmiga
AR BRI TERADFHELZIF o WAVE < 23 8@ % = B Sk 4
7T B MEL T P4k 2 Be(Sample per bits) ~ B~ AE 5 (Sample rate)f B-if #ic
(Channel number) - #-if #¥ 4 5 H %1 (Mono)fr & i #(Stereo) » B~ 47 &
- 4% * 03 8000Hz ~~11025Hz ~ 22050Hz = 44100Hz = & » P~k i+~ #ic

4 8bits ~ 16 bits & f& - (34) 2 WAVE = 4% & ik 5 7 £355 2 4 o

Nsize = fsr X Npjit X Ny, X T/ 8 (34)
HP Nsie 2 5% F £ > Now 5 B =B Non 5 B3 #c for 3 AR 5 o
g WAVE i el fic s B - SR 5 5 44.0KHz > o i ~

Bei 16 =R > B L 60 £ 0 BIZ T % €45 10Mbytes -

Nisize = 44100Hz x 16bits x 2ch x 60sec / 8bits = 10584000 bytes
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5.1 WAVE # % L& 4
WAVE = ¢ 82 RIFF #5280 5 4 > 2502 - 975 1
WAVE ~ #3875 — Bizghg FAL ek EE (1 T ff AL Header) » ¥ ® < 2 5

d 3F 5 FAB (T f fE Chunk)#f i = ¢ - WAVE < i 42 4¢0 Header 42 %

£ 57 3 r? %A H 58 (40 PCM 2 IEEE Float)£? 4% - fic(d- F 4L &
FE B BHES PR l0)% S8 & Header (82 % B TR
FoOHABGARNTH B FRE TR R L B LR o R

o o W R Mg SR 0 TP O EY AR R

A

¥ o AT H#4f WAVE * s R Fap [11].
RIFF chunk

RIFF &_% #-88~> e B 3Var- iy % B eg M “RIFF” T 5 29 &
7 0 @ RIFF X 3 5 48 5408 3R 5% 0 0% Gk 2 42 WAV 3 #1458 > £

“WAVE”i® & @8] {&7 o & 5-1 & RIFE-WAVE < ﬁ?p‘r}if‘éﬁ; » B ER D

Chunk # %] 7 % “RIFF” » % #4&7 S RIFF < 2 2745 28 {4 5 Chunk size

x\“\‘
RS

FRARTHEEF EHE S WAVE chunks < et 4 =2 o d s

LS
Y

’

’ 2

=)

\_

WAVE 54 % » ¢ § 1“WAVE” & &7 thChunk ID » & % %3 # F

WAVE chunk (¢ 5 Format §= Sampled data) [12] °

% 5-1 WAVE ~ & 24 [12]

WAVE File Format Structure

Field Length Contents
Chunk ID 4 Chund ID : “RIFF”
Chunk Size 4 Chunk size : 4 + n bytes
WAVE ID 4 WAVE ID : “WAVE”
WAVE chunks n Wave chunks containing format information and sampled data.
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Format chunk

% WAVE chunk 73 34 8L(f§ #£ 5 sub-chunk)> % 5-2 % Format chunk
AR R mt VIR B Ror o RS R FER A EKES 160
188 40> * k& 7 BB chunk hFRZF £ > BF 5 %HB > Tk
PR R BB E T o

#. 5-2 WAVE Format chunk #% ;% [12]

WAVE Format Chunk

Field Length Description
SubChunk11D 4 Contains the letters "fmt "(0x666d7420 big-endian form).
SubChunk1Size 4 This is the size of the rest of the Subchunk
Chunk size : 16, 18 or 40, (16 for PCM.)

AudioFormat 2 Format code, PCM = 1 (i.e. Linear quantization)

NumChannels 2 Mono =1, Sterco = 2, etc.

SampleRate 4 8000, 44100, etc.

ByteRate 4 SampleRate * NumChannels * BitsPerSample / 8

BlockAlign 2 NumChannels * BitsPerSample / 8

BitsPerSample 2 8 bits =8, 16/bits = 16, etc.

ExtensionSize 2 Size of the extension (0 or 22)

ValidBitsPerSample 2 Number of valid bits

ChannelMask 4 Speaker position mask

SubFormat 16 GUID, including the data format code

WAVE format chunk =7 Audio Format % #c4r# 5-3 #75]> .*% k& 7 5
NG F 5N o

% 5-3 WAVE %35 = & [12]

Format code Preprocessor Symbol Data
0x0001 WAVE FORMAT PCM PCM
0x0003 WAVE_FORMAT __IEEE _FLOAT IEEE float
0x0006 WAVE FORMAT ALAW 8-bit ITU-T G.711 A-law
0x0007 WAVE_FORMAT__MULAW 8-bit ITU-T G.711 u-law
O0xFFFE WAVE FORMAT EXTENSIBLE Determined by SubFormat
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Fact chunk

“r§ 28 PCM %f§ 454 §7¢ L & § + Fact chunk -

\\\

H oy “fact” 17 5 &

TR SAGHETREEE A FLEFARRM ARG AFE S P - &

% 5-4 WAVE fact chunk %1 [12]

Fact Chunk
Field Length Contents
Chunk ID 4 Chund ID : “fact”
Chunk Size 4 Chunk size : minimum 4
SampleLength 4 Number of samples (per channel)
Data chunk

% 5-5 % Data chunk £33 2 4 » " “data” i 2 B 454577

ARG R R F BB R bk TR

Al& e € % — 1 pad byte

% 55 WAVE data chunk 3§ [12]

FE A E

Data Chunk
Field Length Contents
Chunk ID 4 Chund ID : “data”
Chunk Size 4 Chunk size : n
Sample data n Samples
Pad byte Oorl Padding byte if n is odd

Data Chunk #_§ "% 3% wav § # 3 # e & > {39 Format Chunk

¢ Borl 2 Bk A Bk 0 wave TR Epy > 4R 5-1 7

e fER s AN 0 Bl(a)h 8 mAH By o (b)h 8 AEEYE 0 (0)i

16 =~ 8 45 > (d) 7 16 =~ S -
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H B Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
8 i A = B = B v e v = B = B
(@) 8 =~ H #if

gl Sample 1 Sample 2 Sample 3
8 =~ e . ieg | vy Ly .
(b) 8 =~ A
g Sample 1 Sample 2 Sample 3
16 =~ = B = 1] =
R B M ‘ B [ B
(c) 16 =~ & #if
B Sample 1 Sample 2
16 =~ = BE + B = BsE
wies | ges wies | ges i n Py
(d) 16 =~ g ¥p
Bl 5-1 WAVE 3 = ;u* g B ;#*}ﬁ

¥ WAVE = i 4 31 4850 PCM %86 +5 5% > Nen 3 33 i > B3 47

H L NsF» Bk~ i NB ' B4 Nso R|H Header s ezt & = 3\

4o 5-6 17 o

% 546 WAVE G4 5 [12]
Field Length Contents

Chunk ID 4 Chund ID : “RIFF”
Chunk size 4 Chunk size : 4 +n
Wave ID 4 Wave chunk ID : “WAVE”

Sub chunk ID 4 Chunk ID : “fmt “

Sub chunk size 4 Chunk size : 16
AudioFormat 2 WAVE_FORMAT_PCM = 0x0001
i NumChannels 2 Nch
i SampleRate 4 NSF
i Byterate 4 NSF * Nch * NB/ 8
i BlockAlign 2 Nch *NB/ 8
i BitsPerSample 2 NB

Data chunk 4 Chunk ID : “data”

Data chunk size 4 Chunk size : Nch * Ns * NB/ 8
E Sampled data Nch * Ns * NB /8 Nch * Ns
pad 0orl
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B 5-2 5 Wave header p 7 #= 5] » 24 ¥ r/ 5 T Header B ¥ % 4 bytes

Chunk ID — % £ ”RIFF” > & * Format } % 3 "WAVE” > ¥ ¥ 7 3 84§ #¢
AR PO S

9770498 bytes ¥ F

chunk descriptor = ‘RIFF’
52 49 46 46
R | F F

Subchunkl size = 16

10 00 00 00

Block Align BitPerSample
=2 =8
02 00 ‘ 08 00
Sample 3 Sample 4
(L/R) (L/R)
78 6D

‘ 7D 74

%

T o

chunk size = 9770534
26 16 95 00

Audio Format  NumChannels
=1(PCM) =2
01 00 02 00

Data subchunk = ‘data’

64 61 74 61
d a t a

Sample 5 Sample 6
(L/R) (L/R)

7E 75 83 82 ‘

22050Hz > P~ =~ #ci 8 bits> F»F 4l £

57 41 56 45
W A \% E

Sample Rate = 22050

22 56 00 00

Subchunk?2Size = 9770498

02 16 95 00

Sample 7 Sample 8
(L/R) (L/R)
84 84 82 8C

B 5-2 RIEF WAVE #, 88 #% 3¢
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fmt subchunk = ‘fmt *
66 6D 74 20
f m t

Byte rate = 44100

44 AC 00 00

Sample 1 Sample 2
(L/R) (L/R)

95 90 ‘ 9B 96

Sample 9 Sample 10
(L/R) (L/R)

83 90 ‘ TF 85




5.2 WAVE #, % 3% %

7 PCM ¥a#% 35 3% e Wave § 7%

9 WAVE $§3cin 420 4 & & 5 K5 f3 48 ~ 4§30

=
2

BAE S o R B~ WAVE § w3 T

Pre Fit
Buffer

g B PWM ¥ g 0 % A

Set Sample |,
Frequency

AR T A

PR
ﬁ;?]

o (v

Read data
8 orl6 bit
1 or2ch

7’

PWM
output

Buf prt- 1

End

B 5-3 WAVE #2<i2 42 H [13]
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5.2.1 WAVE ¥4 2f %75

WAVE #4 57 f# 46 in A2 40 B] 5-4 2§ 64238 > # L3 B WAVE =+ 0%
- BT o & 36 A e T » WHEADER &4 ¢ > £ 2]%F Format
chunk 7 BH =82 5 18> 4ol ISHIMEEZE S 2B Ao BEFX

TR A B A 0 B i A e R R R SR

#23% %4 : decord_wav_header () L > WAVE Header buffer data

4 ¢ typedef struct WHEADER
i fcit T RA5 WAVE © & Hhsf R 2 § yp

void decord_wav_header (void)

{
int i;
WHEADER *wh = (WHEADER *) winfo->buf; //iz 5k 45 = buffer
winfo->fptr =0;
winfo->fsize = wh->ChunkSize; //3% B= Chunk size
winfo->channel = wh->NumChannel; /{3 P~ _number of channel
winfo->align = wh->BlockAlign; /%% B~.Block align
winfo->samplerate = wh->SampleRate; //3 B=* Sample rate refquency
winfo->sample = wh->BitPerSample; /7%~ Bit per sample
if (wh-> SubChunk1Size == 16) // & 35 I Fx e header 5 BF
1=0;
else if (wh-> SubChunk1Size == 18)
i=2;

winfo->dsize = LD _DWORD(winfo->buf[40+i])
winfo->start =36 + 8 + i;

if (winfo->sample == BITS) /17 #_flag
p_sample = BITS;

else if (winfo->sample == BIT16)
p_sample = BIT16;

winfo->flag = WAV_INITOK; /173% %_flag

Bl 5-4 WAVE 4 #¢ 278 &l 423
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BFHER RS L N 2 18 o R PRARER AP~ RIE S B kR T TIMA R E
e $TAF 50 3K R TIM4_PSC 5 00 pb p3- o B 447 5 (font) 5 72MHz
& SAE K (fays) o B % fonT HEF PR A <%u&ﬁﬁ$§ﬁﬁ—’$?umﬂ
TIM4 - pF B e ARR #7715 B K 2 %% o B 5-5 ehset wav_freq ()&l 42 5¢

SR PE R e BTHE K TR AR BB R HE S % % (35)F (B 3] TIM4 4F 3

\?{.r

#ic o 0~ TIM4 ARR %35 Bz 23 2o

Narr = (frima/fsr) — 1 (35)

HY Narr % ARR %773 BR @ 458 frie 5 3 F B e (B4 5 o for 5 Bk
HE % o
3 &4 - set_wav_freq () ii.?] »* 1 u32freq
i foik 1% R WAVE 2 3% % 3 # o 32 TIM4_ARR
void set_ wav_freq (u32 freq)
{
u32 f set;
TIM4->PSC = 0x0000; // TIM4 clock’rate = 72MHz / (0 + 1) = 72MHz

if ((freq<=44100) && (freq>=8000))

f set = (72000000 / freq) - 1;
else

f set=0x2327; // 8KHz
TIM4->ARR = (ul6) f set;

B 5-5 B~ &2k T gt
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522 %% ® T
Gfhcd Bk T 0 L PEHCE € TIM4 ¢ SRR 0 2 BB

EF R T RFPEEFP DF TR FEEFRN TR IR

[
;;_\
(\

R & BT - é’viﬁom T‘F’~ PIL. ICEE R P ,i’z‘r;j%,v‘;; F B o
hit - BPEBHERDFRT > FHERRERFRPN DT RS AR
METRSA NIRRT R CFR R R S AN LT REER
TRAPERT o PEBRETFROEFT R L o ok PR O AZER R
B €iF RGBT ARk o g I L WAVE = i g
BAE F 5% 5 44.1KHz > RIE B ¥ % mB*Fa’“,T}ud Sl 22usec 1 A €
A AEH e I g o

e §3E ¥R 3N 22usee (ARFE SN iBBT 0 — SR B &

Wi

.
# )

AN

=

EP e FP oK £ R P 2 R KR T eI g o
B 1 e B h 2R EFAEE H0RE L g R 1 i
FB2oHETER 1 AR BXF BEERGOE L5 S12bytes H e A
16 =< ~44.1KHz " WAVE = 2 pF > & - B rE 7 #3505 AL &7 d

(B6)F i 128 4 » ¥ 2P d (37)1F 4 5 2.95m sec > FIpt % 4 % i

PERF B & -] 3 2.95msec WA € 2 A SR IR % o

Ns = Npusr / (Nen X (Npie + 8)) (36)
Tpg = Ng / fsr (37)
ﬁ v Ns 3 B"’f‘i ‘} Q;E Nbuff =3 i [i i e m,ﬁ.‘ + (Bytes) > Nch ,:-'3» ﬁ‘lﬁﬁi > Nbit f:‘.»

Ptk iz Adic ) T 5 3708 7% 972 (pF P (sec) » T 5 BAHRIE 5 o
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Bl S-6 5~ kg 2egirw Rigng &5 E H e AR

#2354 : wav_2buffer_select () ﬁe?] > DB Wi P ¥R > winfo->ctrl
FHRs 2B EERERR T % N REFTHOTFEFER 0 buf_sel

int wav_2buffer_select (void)
{ intbuf sel;
switch (winfo->ctrl)

{ case O: /B wEEFEO
if (winfo->ptr[0] == 0)
buf sel = 0; /l %% 0 5 %
else if (winfo->ptr[1] == 0)
buf sel =1; /%1 5%
break;
case 1: I/ B iR
if (winfo->ptr[1] == 0)
buf sel =1; Il %% 1 5%
else if (winfo->ptr[0] == 0)
buf sel = 0; [ ¥H%0 2%
break;
}

return buf sel;

A 4

—» Sel = 0 (Buf 0) Sel=1 (Buf 1) ¥

—» Sel=1 (Buf 1) Sel = 0 (Buf 0) |

B 5-62 =% ¥ R T RA2
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523 3 A4

WAVE = 38 § & % ehg 20 %0f8 > 3% 2% #egg 33 % (PCM) o #% fbefs 2
RA-BESPE T HBRS D SR AT TN BRI R S
+

CE e Fp o - BEBREALT FHIEHPPN T NTE > BB IR D

B R EE TR WA R F e R B T R O
i n s PR B PR G TR U B Y RT AL fE

Afed| & op auiig b AR E I RAseng 2o

WAVE = #aBfi iz ki 8=~ 6 ~d AFaa 8¢ 8
TR B~ 3N G & Bdkc(unsigned) snF AL A5 0 TR 0x00 T OxFF #7i% %
fciE 5 0% 2550 @ 16 A FARB R 5 7 SLlik(signed)shE AL A5
g i A(bit 15)k A7 el AT Hos B fLL PELEA O §ERR
AL 0P AT s THcim by i IS AT S f B Ft TR 0x0000

N

% Ox7FFF # 4 ehiic iz 520 3 327675 7 F 4 0x8000 & OxFFFF % e i

5-32768 3 -1 Tt AR EFEALESR R > £ K4 Pl L B
HfcEiie L 05 65535, F]pt & B /f 4e 0x8000 % #% & > ¢ B % 5 32768

3 655355 @ f BcE R 0x8000 kA E - H %5 32767 1 0 Bl 5-7 L%

16 1=~ § $iiicolic i #45 5 E BBl .

#2355 &4 trans2signed () ﬁ] » :temp_reg
Hapkyt @16 A Bk Rk i‘e?] 31 1 temp_reg
ul6 trans2signed (ul6 temp_reg)
{ if (temp_reg < 0x8000) /I ¥ & A F 5 ¢ Bk (0~0x8000 =0 ~32767)
temp_reg = temp _reg + 0x8000; [l he i i Heoo B 4e 0x8000 (0x8000~ OXFFFF = 32768 ~ 65535)
else /| 4o b f B (0x8000~OXFFFF = -32768 ~ -1)
temp_reg = temp_reg — 0x8000; // i 0x8000 (0~0x7FFF =0 ~ 32767)
return tesmp_reg
}

Bl 5-7 7 SLlici 3% 5 & HLlchR AR
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Bl 5-8 2 & i 5% KK WAVE #h% ¥ » RBReTE chim e B ik

@B T AL efE A AR5 o

#23% &4 wave_decorder () ﬁ] > L FHEE R o winfo->buff
FO st 345 WAVE 3 TR B/ @?] S YEN 2
8/16 =~
u8 wave_decorder (ul6 *Iv, ul6 *rv)
{

u32 ptr;

ul6 tmp 1, tmp r;

if (winfo->fptr == 0) winfo->bptr = 0; I FEREES 0?7 FHdpikis 0

if (winfo->fptr >= winfo->dsize) I FAig Aty g ?

{ winfo->flag = WAV_EOD; /] R BFEE G R
mute_pwm(); /I #% » PWM ﬁ% K50
return winfo->flag;

}

if (winfo->fptr < winfo->start) I FA - bR =g 2

{ winfo_pointer_inc (0x01); /¥ gt 1 2k
mute pwm(); / #% > PWMsiz & 50
return winfo->flag;

}

if ((ptr = get_wav_offset(winfo->ctrl)) == 0) [ #B-E kA rw a‘ﬁ 05 &FH

{ mute pwm(); /I #% > PWM ﬂis?l =0
return 0;

}

switch (winfo->sample) /] & &Ptk ik

{

case BITS: /I B~#k =~ #i = 8bits
switch (winfo->channel) /] ¥ & B
{
case MONO: /] H Bp

tmp_1 = winfo->buf[winfo->ctrl][winfo->bptr]; I #P1 i e H g
tmp_r=tmp_l; /I + 85 = = 85
break;
case STEREO: Il B
tmp_1= winfo->buf[winfo->ctrl][winfo->bptr]; /] F B 1 imne l Bp
tmp_r = winfo->buf[winfo->ctrl][winfo->bptr+1]; I/ Rl WA R 5]
winfo_pointer_inc (0x01); I #Frg TRt 1 22l
break;
}
winfo_pointer_inc (0x01); I #rs podpthie 1 rke
break;
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case BIT16: /| B~#k =~ #c = 16bits

switch (winfo->channel) Il ¥ & B ik
{
case MONO: /] B g
tmp_| = (ul6) winfo->buf[winfo->ctrl][winfo->bptr]; /| FP-2 g iz
tmp_1 = tmp_1 + (ul6) (winfo->buffwinfo->ctrl][winfo->bptr+1] << 8); // HB- L ¥ 3 =~
tmp_r=tmp_l; /I + 85 = = B
winfo_pointer_inc (0x02); /I ¥rxer ";?‘,J#F Ede 2 ol
break;
case STEREO: /] R
tmp_1 = (ul6) winfo->buf[winfo->ctrl][winfo->bptr]; I Pz g iz e
tmp 1=tmp 1+ (ul6) (winfo->buf[winfo->ctrl][winfo->bptr+1]<<8); // F B ¥ig g =~ e
tmp_r = (ul6) winfo->buf[winfo->ctrl][winfo->bptr+2]; /] FPt g e
tmp r=tmp_r + (ul6) (winfo->buf[winfo->ctrl][winfo->bptr+3] << 8); // F B+ ¥ § =~ e
winfo_pointer_inc (0x04); /] ¥icer ?#liﬁ Hie 4 e
break;
}
break;
}
if (winfo->bptr == ptr) TTHeddh = # o5 41 2 (6% 20
{
set_wav_offset(winfo->ctrl, 0); IR % & e dn 1
winfo->ctrl ++; J AEHET - B R
winfo->bptr = 0; I ' Hedp i
if (winfo->ctrl >= WAVBUF_NUM) ¥ E R T Ab s - BEFR ?
winfo->ctrl = 0; IEE Y- BEER
}
*Iv =tmp _1; IF R B He ok 7oA
*rv =tmp_r; IRE SN S ST

return winfo->flag;

B 5-8 3 {245 B A2
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52.4 i A%

B5-9 5 A& ks WAVE ffciinie ] > 17 4 % 6 BH 3> § 8
5| WAVE = i {5 » ¥ 12358 PLAY ~ STOP ~ NEXT 34 & #2833 &
FEAE ek it > B 5-10 5 WAVE 4§22 4] infechg 4258 o

Playlnit & f& > 24T PLAY 4%4&i% » #{%k i& ¢ % 5 Playlnit > st p¥
¢ L3t 7 WAVE #58 0f345 fr TIM4 ¥ $rf2 5% i 3% 2> = & {8 M8k
A A3 5 Play »

Play j £ » 'k i ™ € Lo B B R 804 > £ &7 WAVE a2

Ao Tehe BT L > T STOP &7 NEXT F4 > ¢ ik 4323

=z
D
a
P
=
F_k
35
o
ﬁ
&
2
=S
v
-
Z
eyl
<
H
%%
’f*‘r
SS:
My
S
-
)
1@
=
>
”
vyl

Stop & ik > 47 STOP 48dis o€ B 5 ¥ Srdf e > T 4=
Ap i i"f v 5 £ 4T PLAY #£PF 0 ¢ JEFE B 4pdfic o

Pause ;& i > A 3f iz 3T PLAY 47 &g &5 8 7|4 &
T PLAY 4 ¢ ¢ ¥ ¥ M4k o

EOF # & > % WAVE 2 3§2c 3 416 > 4§30 ¢ % 5 EOF & fi -
SEPF M PF TIM4 @ #7700 0 & @ PWM e diy i 3 00 5|35 0% » &
ZHT- B WAVE = 2 o

AutoPlay ;& » § p F 3B R T > F R - B WAVE = #

GBE A BEST - B WAVE % 2 5 £ B 7430k 1T o
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Bl 5-9 WAVE #§ 3% 5t /4%

#23% &4 - wav_play_flow () @’f]
# i sk P WAVE < 23§ 3cig Eunfe ﬁ]

r>ov B aEAOR G 0 p_state
1T - REEGR E 0 p_state

void wav_play_flow (void)
{ switch (p_state)

{ case S PLAYINIT:
wav_init (fil);
p_state=S PAUSE;
if (p_auto==S_AUTO)

p_state=S PLAY;
break;
case S PLAY:
play_wav(fil);
p_auto =S AUTO;
break;
case S_EOF:
p_state =S NEXT;
break;
case S NEXT:
turn_off pwm();
found song(dir, fil, filinfo); }
p_state =S NEXTGO;
break;

//Wave #7 g stk ik

1ok f

EES S S

I - F R

case S NEXTGO:
if (p_auto ==S AUTO)
p_state=S PLAYINIT;
else
p_state=S STOP;
SysDelay(1000);
while (TDelay !=0);
break;
case S_STOP:
set_top_of wave ();
p_auto =S NOAUTO;
p_state =S PAUSE;
break;
case S PAUSE:
turn_off pwm();
break;

/18 3k 32k

J/465 B % 11 4

B 5-10 WAVE 3§37 it &l 425
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71 F MP3Fregid
Moving Picture Experts Group Audio Layer IIl * #& 4L 5 MP3 > &% 7 &
L oon - ﬁéﬁ'{]_‘ﬂ B ﬁn,ﬁ%frg{i&}'}}i fﬁv}é}\ s T ALK T H * x bg R B FE

M MFHE A SR F R £ AR Ry T b

iy

Sham REER AR LG P AR eDT IR o

MP3 2 - BFRREGRS > vHER T FNFTH AR ERB D % (Pulse
Code Modulation) * $* R E 2 £ & hF L > KA F 37 @‘{ﬁ%\' LR S
Kenp e R B AR G R 0 & 1 i (Ners)y it 0 2 n
@ i;, 1 & - fyim A TR aun g > ¥ =4 bps (bit per second) o @ H-i A~

gk b B’»ﬁfﬁ?&ﬂ}u? v RO R B eEiE 5 B (Nsize) [14] o

1 CD #izf g Ba b s BPgin~dics 16 2~ BARAEF 5
441KHz » BEHE 3 3 R F i K d (38)F 5 B 1411.2kbps » & ~ 48
AR eniE T 7 B d (39)F B 510584000 . bytes o & iE# 128Kbps i F &k
17 MP3 RAERF > 7 B M H R G 11.025(1411.2/128) > & 2 gy & 7
g AEeg B ooa A g SRR 0 T FE 09MBytes &%
TREITT o

Npps = fs X Npjt X Nep (38)

Nsize = Npps X Ts / 8 (39)

:fi ? Nsps ; adie® -_-?‘ » fs % =S %"f{‘ﬁ:ﬁ’ -1' » Nbit & =S B"*i = 7 » Nch & =S ;%.L‘LEJ%: > Nsize

TS
*“-“3&

SHEE 0 Te 5 R EEER -
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6.1 MP3 = i chff f 42 ¢

MPEG Layer I~Layer II £2 Layer II(MP3)§ #f & 5* T2 5 p ¥ 5 15 4

NEe N m T fRAie- A MP3 2 251~ 7 “Studio 37 eiERE
o * kjedkg Fe Fam 0 & 6-1 5 MP3chfg R B - 2 SN

RFM > AU 56 adh% 28 TAG] & 45 % B 5 7 TAG2 -

R (TAG)T " #Zfcd cp M T e b B LA~ & 2 @B E ~ I &
AR EFEF T A R MP3 MR 0 PR EF Y R
ID3: 4 5 VI V2 i BiRA » B9 V2 g stk chBeg > @ VI gEg
*E oo KT B 4 ID3VI & ID3V2 %ﬁ‘%—é&m’*ﬁ& Frma ID3 A BT 3 N

# %% ID3 F > % F http://wwwiid3lorg £ ID3 tag version 2.3 < i -

W

% 6-1 MP3 #h % S

MP3 File Structure

TAG 2 Frame 1 | "7 eeeeeses Frame N TAG 1

ID3V1 &

ID3VI hi R B4 7 i b AR jass - 1 FRE R 5 B 128
o Tt MP3 ARk kg o d R H BT Ly R k-ki
Gy B F AT LT 7 5 0 B 6-1 5 ID3VI R T
FoBegivg it CREMFERL T - BEFELZ30BF A
#EEPF LB T HEM

=1
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#23% &4 © typedef struct TaglD3V1
g 42t ¢ MP3 1ID3V1 .3‘—,!;—’}#{5;

typedef struct TagiD3V1

{
char Header[3]; /l “TAG”
char Title[30]; /| AT
char Artist[30]; |
char Album[30]; /l %iE
char Year[4]; I/
char Comment[28]; /] W AR
char reserve; /&g, 0
char track; /I %
char Genre; /I 3g 3
y ID3VI;
B] 6-1 ID3V1 pﬁfiiéfﬁ T
Bl 6-2 2 & ki@ * cnMP3 5 ® < 2 /r3e4kn ID3VI 40 7 » A
LR E R S F R AR L -
00445030 |00 00 00 00 00.00 00 00 | 54 4% 47 4P GE 6F 77 69 TAGKnowi
004a5D40 :EE b7 20 4D B5 2L 20 4B BE BF 7% BY BE 67 Z0 59 ng Me, Enowing ¥
004A5D50 6F 75 00 00 00 00000 00 0041742 42 41 00 00 00 ou LBBA
004A5DR0 |00 OO 0O OO OO OO OO00 OO OO OO OO OO OO0 00 00
00445D70 :EIEI 0o oo 00 00 00 00 47 6F e B4 00 00 0O OO OO0 Gald
0o4a5D80 100 OO OO0 OO OO0 OO OO0 OO OO0 OO 00 00 Oo0 00 OO oo
00445D90 :EIEI 0o oo o0 00 31 39 37 37 20 30 30 30 30 31 35 1977 000015
004A5DA0 137 36 20 30 30 30 30 30 36 41 41 20 30 30 30 30 76 000006AA 0000
004A5DE0O :43 37 33 32 20 00 o2 ap ]I c73z
B] 6-2 MP3 ID3V1 ?#*’P\ g
ID3V2 & &
2]

ID3V2 chF e 8 2% & ID3VI #2 7 F -

HE G R hRERS G

7~

g AT ERY FiRAi o PR ERY Y HIDIV2 5L 2k fun

WAL S ID3V2.3 > d v ID3VI © ‘5 ikh fkh % chd k34 )t ID3V2.3 4%

CRSE EEES R RO PRELES T
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B
3

Z(Frame) > Header + 3 10 & B K% 4B ID3V23 ity B 4

o B R 4B 6-3

#23% &4 ¢ typedef struct TaglD3V2.3_H
F i it ¢ MP3 1ID3V2.3 .s%“f#‘ii

typedef struct TaglD3V2.3 H

{
char Header[3]; // “ID3”
char Ver; /l =A% ID3V2.3 ... “3”
char Revision; /| Bl A, 5 707
char Flag; /] &%
char Size[4]; /g L)
+ H ID3V2.3;

Ml 6-3 ID3V2.3 & 2k

G R LR ARR R R OR B L L 87 4 R
ZEF 4bytess e H & = Fbyte B &% T B bit> BB A RHF > Fy ot

PEFRPER LA e (B0 S E g o] 64 ¢

#* &4 : Count_ID3V2_Size()
i #it 135 MP3ID3V23 3 #

u32 Count_ID3V2_Size (u8 *Size)
{
u32 ID3V2 size;
ID3V2 size = (int) (Size[0] & 0x7E) << 21
+ (int) (Size[1] & 0x7E) << 14
+ (int) (Size[2] & 0X7E) << 7
+ (int) (Size[3] & 0x7E);
return ID3V2_size;

B 6-4 ID3V2.3 % €35 4250
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ID3V2 4 d BRI B BRI A A - LR

- N 4 2 o N P

Fomr LBV D FE > ERiEd 10 =~ iz Ef (Header) s 247

LB FAres s Bl 6-5 5 ID3V23 R zEg ch ‘ifwf# B 6-6 = ~

% ’ 13 . F Fo N2 . L=

Js r hMP3 3 #0243k IDIV23 RN 0 AT LS D E B

o B 1
[ R A
3 &4 : typedef struct TagiD3V2.3_H

i #cit @ MP3 ID3V2.3 B4 2%

typedef struct TaglD3V2.3_F

{ char FramelD[4]; /AR AR

char Size[4]; 4 1Y L
char Flags[2];
} F_ID3V23;
B '6-51D3V2.3 Frame ,fé‘—;—q‘# T
Offset _ 0_1_2_ 3.4 5 & 7 8.9 & B C D_E_F
goooooon |49 44 33 03 00 00 OO0 Qo 11 1 54 49 54 32 00 DD] EDS TIT2
gooooolo IDD 15 00 00 OO0 4B 6E BF ¥ B9 BE BV 20 4D BS 2C| Enowing Me.
gooooozo |2D 4E BE BF F7 59 BE BT 20 59 gF F5 54 41 402 42| Enowing YouTALB
gooooos0 IDD oo 0o 0S5 00 DOCoge 4% 6F B2 B4 54 52 43 4B DDl GoldTRCE
gooooo4n0 IDD oo 05 00 oo 00 .32 2F 31 39 54 50 4F 53 00 DD| 2-19TFP0O=
gooooos0 IDD 0o4 00O 00O OO0 31 2F.31 54 59 45 52 00 00 OO0 05| 1-1TYER
gooooos0n IDD oo 0o 31 39 37 3¥ 54 43 4F 4FE 00 00 00 05 00| 1977 TCON
goooooFo IDD oo 28 31 33 29 54 45 4E- 43 00 00 00 11 00 00 | {13 )TENC
gooooos0 IDD 69 54 F¥5 B6E B5 73 20 76 36 2E 30 2Z2E 32 2ZE 32| 4iTunes w6.0.2.2
goooooso |33 43 4F 4D 4D 00 OO0 OO0 SF 00 00 00 65 BE 67 00 | 3COMM _ eng
goooooaD |2D 30 20 30 30 31 35 37 36 20 30 20 30 20 30 35| 00001576 000006
goooooBO |41 41 20 30 30 30 30 43 37 33 32 20 30 30 30 30| &Ad 0000OCF3Z 0000
ooooooco | 3e 35 3¥ 33 20 30 30 30 32 32 33 43 31 20 30 30| 6573 000223C1 OO0
ooooooho |30 32 36 36 42 31 20 30 30 30 30 38 32 37 38 20| 0266B1 0ODODB278
ooooooEQ |30 30 30 30 38 34 34 30 70 30 30 30 33 31 42 31| 0o00OS440 00031EBE1
goooooFo |41 20 30 20 30 21 34 32 41 37 43 4F 4D 4D 00 00| & 000142A27C0MM
goooo100 |00 79 00 00 00 b5 BE 67 00 20 30 30 30 30 30 30| W eng gooooo
ooooolin |30 30 20 30 30 30 30 30 32 31 30 20 30 30 30 30| 00 DODODOZ10 OOOO
00000120 |30 38 31 43 20 30 30 30 30 20 30 30 30 30 320 41' 081C O0000000000A
00000130 |33 44 42 44 34 20 30 30 30 30 30 30 30 30 zZ0 SDI 3DED4 Q0000000 o
ooooo1l40 |30 30 30 30 30 30 30 20 30 30 30 30 30 =30 30 3D| ooooooo oooooooo
goooolso | zo 20 o S0 30 30 30 30 30 20 30 30 30 30 30 BDI gooooooo oooooo
ooooolso |30 30 2o 30 30 30 30 30 30 30 30 2Z0 30 30 30 SDI 00 0ooooooo oooo
oooool7o |30 30 30 30 20 30 30 30 30 20 30 30 30 50 52 I o000 O0O00O0O0O0OPEI
gooool1s80 |56 oo 0o 0O OE OO0 oo 50 65 61 BB 56 61 BC 75 I FPeakValues
goooolso IDD FF YF 00 00 50 52 49 56 00 OO0 OO0 11 00 o0 : il PRIV =N
gooool1a0 I?B 65 Y2 61 67 B85 4C 65 76 B85 BC 00 FC 19 00 IverageLevel i
goooo1B0 |54 43 4F 4D 00 00 00 OE 00 0O o0 53 74 B9 B7F 2D TCoM Stig
goooolco :41 BE B4 BS Y2 F3 BF BE 54 50 45 31 00 00 OO0 D5| AndersanTPFEL
goooolDo 00 00 OO 41 42 42 41 54 43 50 00 00O OO0 OO0 O3 00 ABBATCP
Ooo0oOo01EOQ IDD o0 31 00 43 4F 4D 4D 00 00 00 40 00 OO0 00 65 1 CokM @ =]
ooooo1F0 :GE 67 B9 54 ¥5 BE K5 73 SF 43 44 44 42 5F 49 44| ngiTunes_ CDDEBE_ID
goooozono I?S oo 31 39 2B 3o 42 37 45 34 37 46 39 32 36 3?| = 19+6B7E47F9267
goooozio |38 41 35 44 33 36 45 34 34 36 44 45 42 33 43 38| SASD3EF445DEB3ICS
goooozz20 |37 44 34 37 37 2B 33 36 37 39 34 32 35 00 00 00| FD477+36759425
gooooz30 |DD oo 0o 00O o0 oo oo oo o0 00 oo oo oo oo 0O o0 |
Bl 6-6 MP3 ID3V2.3 Fp %
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6.2 MP3 § +=(Frame)t% 3\

MP3 #§ % eh4 3 F AL Ed § 1=(H A Frame)#7 2 = 9> & i Frame 7+

g ERREEEAST A2 B 6-7 5 MP3 § 2554 > &  Frame #84_d

Header ~ CRC -~ Side Information §= Main data & » 384 #7 % = 1> 3w eh

MP3 it % 4

2

ISO-ICE IS11172-3MPEG Information Technology [15]

Header (4 bytes)

MP3 CRC (0 or 2 bytes)

Audio Frame Side Information (17 or 32 bytes)

Main Data

Bl 6-7 MP3 3 {25148 [15]

=8¢ (Header)

F 1B 456032 1= (4bytes) & t=Ef 3t o 3 Bodp 5 A B 6-8 Fror 0 d
12 7 e # F 7 (Syncword) B 4 <

Header Information
Sync word (8bits)
Sync word (4 bits) ID (1bit) Layer (2bits) CRC (1bit)
Bitrate index (4bits) Sample freq (2bits) Padding bit Private (1bit)
(1bit)
Channel mode (2bits) Mode extension (2bits) Copyright Original Emphasis (2bits)
(1bit) (1bit)

l 6-8 MP3 3 {257 S 4£(32 =) [15]

FEFETHE RSN S 40) 2 d A F(NBR)frP R 4E F (Fo kb2 e

Ns = Nyer X Npg / Fg + Npad

BY NsmF1=FE ' NBR 2 27~ 5

(40)

* > Fs & B"ﬁ\ﬁﬁ & Npad % Padding Bit »

4% MPEG % ~ 5 Layer I P Nver 5 144 > 4 % Layer Il p| 5 72 -

|
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oy

=5

Lo H4zeg 7o L OxFFFBA040 > B #

il

Bl 6-9 5 mdq BHF L
=
= 160 kbpsSample rate = 44.1KHz ~ Padding bit=0> 3+ & 1 v =T # & &

R
b

1 % % Syncword = OXxFFF ~ ID = MPEGI ~ Layer = Layer 3 ~ Bit rate

iy

% FrameSize = (144 x 160000) / 44100 + 0 = 522 bytes °

Offset 0123456?89ABCDEF|_-’§J

033B5840 00 0D 00 00 00 OD FF FBE A0 40 00 00 03 46 BE 3F i@ FI7?
033B58E0 &1 01 3B 70 71 D1 27 FO 20 27 GE 4E 52 35 08 03 1 :pghl's 'nNRS

D33B58C0 85 4D C9 B1 46 61 40 70 A9 B9 00 21 84 22 27 CA  IMEIFa@p®: |1"'E
033B58D0 22 27 FC 63 FC &F FF 02 ES E3 7F FC 63 19 9F F7 | "'iicloy a81ide 1=
033B58E0 EB7 DE E6 19 FF FF E3 EE8 63 79 FF FE 79 86 7F FF U= iiiéscyibyl 1y
D33B58F0 FS5 3F DB FF 6B FB FF 31 FE 67 43 0C 33 57 &1 9F  &70vkaylpgl 3Wil
03385900 FD SF 3C F5 1B 93 3C GE EC C7 9E 7B 9E 79 E3 73  ¥_<& 1<niCI{lyas
033B5910 07 01 E1 62 80 FO 68 D4 08 00 60 38 1& OE 1& 37 ablahd 8 7
03385920 71 BA OD 04 40 78 34 20 64 7C 94 18 34 30 CB CC g2 @x4 4|1 40EI
033B5930 1A 10 30 00 86 10 28 &2 7D AZ 27 FF C6 F8 DF F1 01 (ble'VEaBi
03365940 &C 63 18 CF F3 F5 18 DF F& OC 30 C6 CC CC 6F F3 1o Cud Be 0Fiice
033B5950 DE 7B 7F BF 43 10 Cf FF. _B7 CF 3D FD F& 1E 7B FE F{1{C Fi-I=vu {b
033B5960 F3 1B ED CF 3C FA .98 OF - 3¢ F7 FD 0C 31 BF 9E 79 & iI<ull<sy 1lily
03385970 86 18 66 79 E7 89.30°F3 F4 EF BF.F9 86 7& 18 63 1 fygl<ddgiulz c
033B5980 7& BF 79 E& Ef 31 8A 7306 2B 98 G0 8E OF C6 EE  =TyeellyE+l 1 Ei
03385990 10 09 0z 20 02 03/ 82 E3 46 A9 EF &0°D0 1E 09 OC I5F01 B

033B59&0 00 15 DO FO.FO OD 22 6B - 68 F7 64 DF D3 7F 32 37 PA& "kh-dRII27
033B59B0 AD 1E 7A 20°E8FC &F DF DF BB BE 53 7D E6 7F EF | - z &ii RBRYMES}eli
033B59C0 AF 54 A7 De. 9D 1F 74 DE 9B 3F FF Ef E& F7 6F FD TS0 thl7yeicoy
03385900 ED DA SA FD'26 D7 BF R&’ 3D 1B BB 23 E6 73 4& 10 il0ly&x-j= »fesJ
0D33B59E0 Bl A4 45 A9 (3 34/30°28 AE 71 99 1& 17 0B C1 02  +"FOR40 @gl A
033B59F0 16 86 AZ 24 64 22, 0F AE 79 S1-68 HA 2C 04 04 63 1esd” @yQhj, o
0D33B5&00 12 B4 C3 84 43 D1 3C 90 F3 09 C2 EO0 7& 3C 3D 45 | 1EI1CH<16 Aaz<-E
033B5&10 72 52 33 54 A1'@5 E7 02 A4 GB-AS DF ES DC EF 2E  rR3Tile =k¥R4UIL.
033B5420 6B D6 BE 5D 4E 9F /33 FB ~FA EC 9F DF ED 4E DF 6B  kO¥]NI305ilRiMEk
D33B5230 EF FF AF 45 B3 53 FE F7 F4 FE FF BF FF D1 7F 65 iy EsSh-apyéviile
033B5&40 FS5 EF ED EE FD &F &F FF D3 BD OC 30 F7 75 28 69 &iiive 0% 0:u(i
033B5A50 &7 90 92 8& E7 98 42 26 98 31 1F 94 2ZA 38 FO 9C  1171glB&I1 IxGal
033B5&60 1F 15 86 82 A8 5D 10 1& 61 OB 93 29 74 71 50 7a 11"] a 1)tgP=z
033BSA70 4A 79 56 52 EE 5D E9 00 0S5 7B 76 76 EF 31 24 53  JyVRile {vvilss
033BSA60 |90 02 FE 29 51 7A 47 2F B3 B9 85 96 04 33 25 65 | 1 ~)Qz3 1411 3%e
03385290 BS B4 39 4C BF BA 9& 52 69 FF 37 98 EB B3 7D AE  p SLEMIRiy7I&s )@
033BS2A0 6F 45 D2 D3 4A 9B FC D4 7A 18 DB EE DD B6 44 Ha oEUOJNEOz UiveDZ
033BSAE0 FF FE A2 40 1C 00 04 23 BE 41 80 A1 53 72 8& F1 yac@  #1A1iSrld

F 6-9 MP3 % = 7 4
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% F 3 (Side Information)

FRMWAR N R LB ARGEETT R R ET A TR
A e F AR el HEEESE R G 17 bytes e T B 5 EEE R
§H +c 5 34byteso Mz 3 TR (L MP3 RS BT i 34 A

Fgrri- BELE & ko [16] -

H % #5050 1 136bits

Main data begin Private bit Scfsi[ch][scfsi_band] Gr0 side information Gr1 side information
(9 bits) (5 bits) (4 bits) (59 bits) (59 bits)

B Mesg H050 1 256bits

Main data begin Private bit Scfsi[ch][scfsi_band] Gr0 side information Grl side information
(9 bits) (3 bits) (4*2 = 8 bits) (59*2 =118 bits) (59*2 = 118 bits)

Gr side information

Part2 3 length | Bigvalue | Global gain- | .Scalefac compress | Window switch flag

(12 bits) (9 bits) (8 bits) (4 bits) (1 bit)
Window switch flag Block type Mixed block flag Tablesselect[region] | Subblock gain[window]
= True (2 bits) (1 bit) (10 bits) (9 bits)
Window switch flag Table select[region] Region0 count Regionl count
= False (15 bits) (4 bits) (3 bits)
Preflag Secalefac scale | Count table select
(1 bit) (1-bit) (1 bit)

B 6-10 MP3 = ?;‘%%’fﬁ [16]
1 F# (Main Data)
1 F AL d Granule 0 & Granule 1 #7le = e3> @ & — & Granule F L%
e B L BE & - BOASE P T iE MP3 A {5 ¢ 00 3] 1152

»

2

N

[ide
old
4

Dy

Main Data

Granule 0 Granule 1

Left channel Right channel Left channel Right channel

B 6-11 MP3 1 744 45 [16]
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ﬁ |# lﬁ

6.3 MP3 #7542

MP3 g cn% — BH 5 R e R A TR AP T REBE A
15 7| 32 =~ & Frame Header ¥ #-2_ f2 75 » £+ % £ f##5 Side Informaton ¥ ]
FA % A5 0t 5| F]#E T £ ¥ Main Date 1395 F 2 § £ KB {7278 >
FOUEP 32 eFAEAME . HY ZRIEF T e 5 18 BARATF T
pLpE R F R 576 B AE 3 By o

FoBHFLEEN R FEELRGEE ARG 576 B

BAE BB Ao RS FL Aol SRS R -
B85 8 F AT H R RIS PR S R T AL IR 0 d 4 MP3 it

FRGS TP 0 ¢ AR B TR AR B R A R e

B KR B R BOE L 32 EIHRS EL o Bl 7S d R B

5% i 3% (IMDCT)#-% — (3 473 e 18 = 4iF TR (TF A BB R 2 R

b T B 5 v B {4 ﬁ‘“_ #Pbd\‘/fé/}igg;}z‘fﬂﬂ']m3 B F'% %J%’Eur»
5 18 B. ~ & B, 32 5 PCM 5 280 [17] -
Huffman
l Decoding L >
Sync * A Join
Bit And Hulffi Inft R tizati Reorderi a St
— . u man. nfo eqUANtZAtioN |y, eordering > eref)
Stream Error Decoding Decoding
Checking 4
—_— Scale factor r—
Decoding

| Aliaé . | IMDCT | | Freque'ncy . | Synth?sis Polyphase | Left channel
Reduction Inversion Filter Bank PCM

Alias IMDCT Frequency . Synthesis Polyphase Right channel

Reduction Inversion Filter Bank PCM

Bl 6-12 MP3 j2m 425 [17]
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6.4 MP3 f275 425

kv iR 4Fd MP3 B ®eiit v o B Y ARM ohr B hdhc 4L
B b SR AT T K3 8 MP3 245 B 1 A7 R ILiE (7R ~ B3t o A
& FuATiR * o MP3 245 47 5% £_Helix Community 2 & # i 1 Helic Player 11

Gold & 4~#5 (https://helixcommunity.org/downloads) °

B 6-13 &_Helic Player 11 Gold % 4~#% 7 MP3 375 B /L 42.8] > B] 6-14
& B RS e AR

\|/ Yeas

| unpack scale factor |

Huffiman decoder

Drequantize

Mo
ch = 2

Yes

IMNDCT

Sub-band transfarm

End

Bl 6-13MP3 245 i A2
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#23% %4 : MP3Decode () @?] > : MP3Decoder,
ot kit C MP3 2 A2 5 f&l 41 ¢ *outbuf

int MP3Decode(HMP3Decoder hMP3Decoder,  unsigned char **inbuf, int *bytesLeft,
short *outbuf, int useSize)

int offset, bitOffset, mainBits, gr, ch, thBytes, siBytes, freeFrameBytes;
int prevBitOffset, stBlockBits, huffBlockBits;

unsigned char *mainPtr;

MP3Declnfo *mp3Declnfo = (MP3Declnfo *)hMP3Decoder;

if (Imp3DeclInfo)
return ERR MP3 NULL POINTER;
| ____________________________________________________ a
| // unpack frame header
: fhBytes = UnpackFrameHeader(mp3DeclInfo, *inbuf);
: if (fhBytes < 0)
| // don't clear outbuf since we don't know size (failed to parse header)
: return ERR MP3 INVALID FRAMEHEADER,;
| *inbuf += fhBytes; |

: // unpack side info

: siBytes = UnpackSidelnfo(mp3Declnfo, *inbuf);

if (siBytes < 0) {
MP3ClearBadFrame(mp3Declnfo, outbuf);
return ERR MP3 INVALID.SIDEINFO;

H

"

inbuf += siBytes;

/* if free mode, need to calculate bitrate and nSlots manually, based on frame size */
if (mp3Declnfo->bitrate == 0 || mp3DecInfo->freeBitrateFlag)

{
if (!mp3DecInfo->freeBitrateFlag)

{
/* first time through, need to scan for next sync word and figure out frame size */
mp3Declnfo->freeBitrateFlag = 1;
mp3Declnfo->freeBitrateSlots = MP3FindFreeSync(*inbuf, *inbuf - fhBytes - siBytes, *bytesLeft);
if (mp3Declnfo->freeBitrateSlots < 0)
{
MP3ClearBadFrame(mp3Declnfo, outbuf);
return ERR_MP3_FREE_BITRATE_SYNC;
H
freeFrameBytes = mp3DeclInfo->freeBitrateSlots + fhBytes + siBytes;
mp3DecInfo->bitrate = (freeFrameBytes * mp3DecInfo->samprate * 8) /
(mp3DecInfo->nGrans * mp3DeclInfo->nGranSamps);
i
// add pad byte, if required
mp3Declnfo->nSlots = mp3Declnfo->freeBitrateSlots + CheckPadBit(mp3Declnfo);
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}

/* useSize = 0 means we're getting reformatted (RTP) packets (see RFC 3119)
* —- calling function assembles "self-contained" MP3 frames by shifting any main_data

*

from the bit reservoir (in previous frames) to AFTER the sync word and side info

* _- calling function should set mainDataBegin to 0, and tell us exactly how large this

*

frame is (in bytesLeft) &

if (useSize)

{

}

mp3Declnfo->nSlots = *bytesLeft;
if (mp3Declnfo->mainDataBegin != 0 || mp3DecInfo->nSlots <= 0)
{
// error - non self-contained frame, or missing frame (size <= 0), could do loss concealment here
MP3ClearBadFrame(mp3Declnfo, outbuf);
return ERR. MP3 INVALID FRAMEHEADER;
H
/ can operate in-place on reformatted frames
mp3DecInfo->mainDataBytes = mp3DecInfo->nSlots;
mainPtr = *inbuf;
*inbuf += mp3Declnfo->nSlots;
*bytesLeft -= (mp3Declnfo->nSlots);

else

{

// out of data - assume last or truncated frame

if (mp3Declnfo->nSlots > *bytesLeft)

{
MP3ClearBadFrame(mp3Declnfo, outbuf);
return ERR_MP3 INDATA .UNDERFLOW;

H

// fill main data buffer with enough new data for this frame

if (mp3Declnfo->mainDataBytes >= mp3DecInfo->mainDataBegin)

{
// adequate "old" main data available (i.e. bit reservoir)
memmove(mp3Declnfo->mainBuf, mp3Declnfo->mainBuf + mp3DecInfo->mainDataBytes

- mp3DecInfo->mainDataBegin, mp3DecInfo->mainDataBegin);

memcpy(mp3DecInfo->mainBuf + mp3DecInfo->mainDataBegin, *inbuf, mp3DecInfo->nSlots);
mp3DecInfo->mainDataBytes = mp3Declnfo->mainDataBegin + mp3Declnfo->nSlots;
*inbuf += mp3Declnfo->nSlots;
*bytesLeft -= (mp3DecInfo->nSlots);
mainPtr = mp3Declnfo->mainBuf;

H

else

{
// not enough data in bit reservoir from previous frames (perhaps starting in middle of file)
memcpy(mp3Declnfo->mainBuf + mp3DecInfo->mainDataBytes, *inbuf, mp3DecInfo->nSlots);
mp3DecInfo->mainDataBytes += mp3Declnfo->nSlots;
*inbuf += mp3Declnfo->nSlots;
*bytesLeft -= (mp3DecInfo->nSlots);
MP3ClearBadFrame(mp3Declnfo, outbuf);
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return ERR_MP3_MAINDATA_UNDERFLOW;

}
bitOffset = 0;

| for (gr = 0; gr < mp3DeclInfo->nGrans; gr++)
: {for (ch = 0; ch < mp3DecInfo->nChans; ch++)
{ /* unpack scale factors and compute size of scale factor block */
prevBitOffset = bitOffset;
offset = UnpackScaleFactors(mp3DeclInfo, mainPtr, &bitOffset, mainBits, gr, ch);
sfBlockBits = 8*offset - prevBitOffset + bitOffset;
huffBlockBits = mp3DecInfo->part23Length[gr][ch] - sfBlockBits;
mainPtr += offset;
mainBits -= sfBlockBits;
if (offset < 0 || mainBits < huffBlockBits)
{ MP3ClearBadFrame(mp3DecInfo, outbuf);
return ERR._ MP3 INVALID SCALEFACT;
H
/* decode Huffman code words */
prevBitOffset = bitOffset;
offset = DecodeHuffman(mp3Declnfo, mainPtr, &bitOffset, huffBlockBits, gr, ch);
if (offset < 0)
{ MP3ClearBadFrame(mp3Declnfo, outbuf);
return ERR_MP3 INVALID HUFECODES;
H

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
_ |
mainPtr += offset; :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

}

/* dequantize coefficients, decode‘stereo;.reorder short blocks */
if (Dequantize(mp3Declnfo, gr) < 0)
{ MP3ClearBadFrame(mp3DecInfo, outbuf);

return ERR_ MP3 INVALID DEQUANTIZE;
H
/* alias reduction, inverse MDCT, overlap-add, frequency inversion */
for (ch = 0; ch < mp3DecInfo->nChans; ch++)
{ if IMDCT(mp3Declnfo, gr, ch) <0)

{ MP3ClearBadFrame(mp3DecInfo, outbuf);

return ERR_MP3 INVALID IMDCT;

}

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

: mainBits -= (8*offset - prevBitOffset + bitOffset);
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

: /* subband transform - if stereo, interleaves pcm LRLRLR */
| if (Subband (mp3Decinfo, outbuf + gr*mp3Declnfo->nGranSamps*mp3Declnfo->nChans) < 0)
: { MP3ClearBadFrame(mp3DecInfo, outbuf);
: return ERR_MP3 INVALID SUBBAND;
|
|

|}

e e e s e s e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Bl 6-14MP3 255 & #2.5°
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BT MP3 ARSI UEHE - KRR AREF AT AF A
YR EOREPER > I AR - BRGNP ST R T G T
EFERLHERF L 62 AR REREA - B R OPETEE - BT
LT 1k vt B o

# 6-2MP3 43 & ® B end (TP

i EXREAPRRE Rz | r Lk
Unpack Frame Header () 5.04us 1 0.02%
Unpack Side Information () 76.4us 1 0.34%
Unpack Scale Factor () 30us 4 0.54%
Huffman decoder () 314us 4 5.66%
Dequantize () 880us 2 7.93%
IMDCT () 3.14ms 2 28.29%
Sub Band () 5.88ms 2 52.97%
Other process 942.56us 1 4.25%
Total MP3 Decoder Process () 22.2ms 1 100%
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GRIB R o S RS P LR R E B R 2 ARMA: B

PR ET R R 20 GagIR AP R PWMESY kB~ X DAC
R > T RS A R R R 3 o B2 F T 4247 1 SD memory card iR
Rl TR - R FF L DISDie Rt 4 g T e enfi 2 R ASD
memory card#Lfe 3 » A H ¢ ¥ 4 07 f27|SDis Rt b L e ui;@,]
e AT At ¢ AP RSPIHC 2 SD BusHicst R K AR R 2E 2 A
FRUCHHERTEFORSBEEER o
?KWSD?ﬁ*ﬁ%%ﬁﬁ%$@’%%ﬂg§ﬁ4jéi%$§ﬂ

A FAT fh% % L B9 5 A ek g2 ks v BT %k 55 SD

0
o
-

et o FL A PR-FAT % A e i SD et Sy » @
ME R AiEF AR e

BRI AR E AR LA B AR EFAIL ) ATER
WAVE # MP3 & & k& (74%% > 2 ¢ WAVE § £ %2 PCM % » A {9 &
% - PCM E #3549 60 PWM 5 11 77 o & MP3 a5 H_pif fecnfy
Eood AP EFEN MP3 2 EAFT Y 0 TN R Bk
FBhefe kAL F] kT o

BB FIEICRIEFE O PR G R - BEEGR KT TEM B ¢
FOERAE kR s e d 3E B 512 bytes + X F & Imsec s 714 € id A R AE
fmaa’%@@a@&éﬁ%ui%HW%whﬁwﬁo%¥E%ﬁ@$ﬁ
A & ch S pE(F Y 225500Hz) @ & F 8 4 B aukiR s S BT L

RE 303 B~ SD e+ e P frig ey 8 % SD Bus itV 7 U f2 4R 4E -
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9 e MP3 275 BE £ = & 18 TR A PE IR B Rl
Y T KW TR F RS & MP3 25 B - B 2R
HEAE 0+ X S0msec b T oo ipt B B YRR #E2% 26msec chpE R E 4

H- BAOPERE o FlPtid 2 g B4R B T o SERE BARS ERSE

She

TR E AT F R A 2 PWM & en? SRR TR E R o § Y

\\

©f Y EEAJEPER > Tt ¢ BB F] MP3 245 B eiB B o &3 5k PWM

o]

fiy d AR AR TS 0 T E R i MP3 § #
SR SRR AR o KPR RE ~ N K SR AR F L
A#AARM i B o il DB he - Hh B2 chr s B Lok » 4 @A
P ARM s B 2 BB LR E o d 5T USB e 2 12
% ¢ Internet ?—‘E, AR RAR S g s FRh A RGBT 2 & & USB Lk 5L Internet

% % %51 USB & & Internet KFu5 S it 59 & 5 88 s g o
AR ERN B BTRERTNEEIREAET I AE SN %

H

FARP P BE S H ey S hitp://www.cninctu.edu.tw/faculty/sklin/ »
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STM32F103x

o R P B

e vd

5 7

ouPTP R

08000 0000
Ox5FFF FFFF

0x0000 0000

OxFFFF FRFF 512-Mbyte
block 7
Cortex-M3's
internal
0xE000 0000| peripherals
0xDFFF FFFF
512-Mbyte
block &
Not used
0xC000 0000
0xBFFF FFFF
512-Mbyte
block 5
FSMC register
OXoFFE FPET
* 512-Mbyte
block 4
FSMC bank 3
& bank4

512-Mbyte
block 3

FSMC banki

& bank2

512-Mbyte
block 2
Peripherals

512-Mbyte
block 1
SRAM

512-Mbyte
block 0
Code

Reserved

SRAM (64 KB aliased
by bit-banding)

Option Bytes

| Systemmemory |

Reserved

Flash

Reserved

Aliazed to Flash, system
memory or SRAM
depending on BOOT pins

Reserved

FSMC register

FEMC bankd PCCARD
FEMC banks NAND [NANDZ)
FSMC bank2 NAND [NAND1)

| FSMC banki NOR/PSHAM 4 |
FSMC banki NOR/PSRAM 3
FSMC banki NOR/PSRAM 2

| FSMC banki NOR/PSHAM 1 |

Reserved

CRC

Reserved

Flash interface

Reserved

RCC

Reserved

USART2

Resarved

SPI3IS3

SPIZPS2

Reserved

IWDG

0x3FFF FFFF
0x2001 0000
%2000 FFFF
0x2000 0000
1 FFF FBOO - Oxd FFF FBOF
1 FFF FOOO- Ox1FFF FTFF
OxiFFF EFFF
0xDBOS 0000
0xDBOT FFFF
0xDBO0 0000
OxD7FF FEFF
0xDOOE 0000
0xDOOT FFFF
0xDO00 0000

OmADOD 1000 - 0xBFFF FFFF
OwADDD D000 - OxADDD OFFF
0x@000 (W00 - OnBFFF FFFF
08000 (W00 - OnBFFF FFFF
0x7000 (W00 - OnTFFF FFFF
Ox&C00 0000 - In6FFF FFFF
OwEB00 (000 - OnEBFF FFFF
OwB400 (000 - 0nETFF FFFF
08000 (000 - OnB3FF FFFF
Ox4002 4400 - Ox5FFF FFFF
w4002 3000 - nd002 33FF
0x4002 2400 - Ind002 2FFF
w4002 2000 - 0x4002 23FF
0x4002 1.400 - 0nd002 1FFF
04002 1000 - 0xd002 13FF
0x4002 0400 - 4002 OFFF
0x4002 0400 - 04002 OTFF

0x4002 (000 - 4002 03FF
Ox4001 8400 - 0nd001 FFFF
Ox4001 8000 - Ond001 B3FF

Ox4001 400 - 0x4001 TFFF
Ox4001 3C00 - 0xd001 3FFF

0x4001 3800 - Oxd001 3EFF
0x4001 3400 - 0x4001 3TFF
%4001 3000 - 0x4001 33FF
%4001 2C00 - (%4001 2FFF
0x4001 2800 - Ox4001 2BFF
%4001 2400 - 0xd001 2TFF
Oed 004 2000 - Tnd0H 23FF
Dx4001 1G00 - 0%4001 1FFF
Dx4001 1800 - Ox4001 1BFF
%4001 1400 - 0xd001 17FF
0x4001 41000 - 0x4001 13FF
0x4001 DCOO - 0x4001 OFFF
0x4001 CB00 - Oxd001 OBFF
0x4001 0400 - 0x4001 OTFF
0x4001 D000 - 0x4001 D3FF
0%4000 7800 - 0x4000 FFFF
0x4000 7400 - 0x4000 TTFF
0x4000 7000 - %4000 73FF
0x4000 &C00 - 0x4000 6FFF
0x4000 800 - 0x4000 SEFF
0x4000 8400 - %4000 6TFF
0%4000 S000 - %4000 63FF
0%4000 5C00 - 0x4000 SFFF
0%4000 5800 - 0x4000 SEFF
0x4000 5400 - %4000 5TFF
0x4000 5000 - %4000 53FF
0x4000 400 - 0%4000 4FFF
0%4000 4800 - Ox4000 4EFF
0x4000 4400 - %4000 47FF
04000 4000 - Txd 000 43FF
0x4000 3C00 - 0%4000 3FFF
0%4000 3800 - 0x4000 3EFF
0x4000 3400 - %4000 37FF
0x4000 3000 - x4000 33FF
0x4000 2C00 - 0x4000 2FFF
0%4000 2800 - Ox4000 2EFF
0x4000 1800 - %4000 27FF
0x4000 1.400 - %4000 17FF
0x4000 11000 - %4000 13FF
04000 0000 - 0x4000 OFFF
0%4000 0800 - Ox4000 OBFF
0x4000 0400 - 0x4000 OTFF
0x4000 D000 - %4000 D3FF

ai14753¢c
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Basic commands (class 0)

5 = -

CMD type argument resp Abbreviation Command description
CMDO be [31:0] stuff bits GO IDLE STATE Resets all cards to idle state
CMD1 reserved
CMD2 ber | [31:0] stuff bits R2 ALL_SEND_CID Asks any card to send the CID numbers
on the CMD line (any card that is
connected to the host will respond)
CMD3 Ber | [31:0] stuff bits R6 SEND RELATIVE ADDR Ask the card to publish a new relative address
(RCA)
CMD4 be [31:16] DSR SET DSR Programs the DSR of all cards
[15:0] stuff bits
CMDS5 reserved
CMD7 ac [31:16] RCA R1b | SELECT /DESELECT Command toggles a card between the
[15:0] stuff bits CARD stand-by and transfer states or between
the programming and disconnect states.
In both cases, the card is selected by its
own relative address and gets deselected
by any other address; address 0 deselects
all. In the case that the RCA equals 0,
then the host may do one of the following:
- Use other RCA number to perform
card de-selection.
- Re-send CMD3 to change its RCA
number to other than 0 and then use
CMD7 with RCA=0 for card deselection.
CMD8 | Ber | [31:12]reserved bits R7 SEND IF_COND Sends SD Memory Card interface
[11:8]supply condition, which includes host supply
voltage(VHS) voltage information and asks the card
[7:0]check pattern whether card supports voltage. Reserved
bits shall be set to '0".
CMD9 ac [31:16] RCA R2 SEND_CSD Addressed card sends its card-specific data
[15:0] stuff bits (CSD) on the CMD line.
CMDI10 | ac [31:16] RCA R2 SEND' CID Addressed card sends its card identification
[15:0] stuff bits (CID) on CMD the line.
CMD11 reserved
CMDI12 ac 31:0] stuff bits Rlb | STOP TRANSMISSION Forces the card to stop transmission
CMD13 ac [31:16] RCA R1 SEND_STATUS Addressed card sends its status register.
[15:0] stuff bits
CMD14 reserved
CMDI15 ac 31:16] RCA GO_INACTIVE _ Sends an addressed card into the Inactive

[15:0] reserved bits

STATE

State. This command is used when the
host explicitly wants to deactivate a card.
Reserved bits shall be set to '0'.

Block-oriented read commands (class 2)

CMD type argument

resp

Abbreviation

Command description

CMDI16 | ac [31:0] block length

R1

SET BLOCKLEN

In the case of a Standard Capacity SD
Memory Card, this command sets the
block length (in bytes) for all following
block commands (read, write, lock).
Default block length is fixed to 512 Bytes.
Set length is valid for memory access
commands only if partial block read
operation are allowed in CSD.

In the case of a High Capacity SD
Memory Card, block length set by CMD16
command does not affect the memory

read and write commands. Always 512
Bytes fixed block length is used. This
command is effective for LOCK _UNLOCK
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command.

In both cases, if block length is set larger
than 512Bytes, the card sets the
BLOCK LEN ERROR bit.

CMD17 | adtc | [31:0] data R1

address2

READ SINGLE_BLOCK

In the case of a Standard Capacity SD
Memory Card, this command, this
command reads a block of the size
selected by the SET BLOCKLEN
command. 1

In the case of a High Capacity Card, block
length is fixed 512 Bytes regardless of the
SET BLOCKLEN command.

CMDI8 | adtc | [31:0] data R1

address

READ_MULTIPLE_BLOCK

Continuously transfers data blocks from
card to host until interrupted by a
STOP_TRANSMISSION command.
Block length is specified the same as
READ SINGLE BLOCK command.

Block-oriented write commands (class 4)

CMD type argument resp Abbreviation Command description
CMDI16 | ac 31:0] block length R1 SET_BLOCKLEN
CMD24 | adtc | [31:0] data R1 WRITE_BLOCK In the case of a Standard Capacity SD
address Memory Card, this command writes a
block of the size selected by the
SET_BLOCKLEN command.
1
In the case of a High Capacity Card,
block length is fixed 512 Bytes regardless
of the SET BLOCKLEN command.
CMD25 | adtc | [31:0] data R1 WRITE_MULTIPLE BLOCK | Continuously writes blocks of data until a
address STOP_TRANSMISSION follows.
Block length is specified the same as
WRITE BLOCK command.
CMD?27 | adtc | 31:0] stuff bits R1 PROGRAM CSD Programming of the programmable bits of

the CSD.

Block-oriented write protectio

n.commands (class.6)

CMD type argument resp Abbreviation Command description
CMD28 | ac [31:0] data R1 SET WRITE PROT If the card has write protection features,
address this command sets the write protection
bit of the addressed group. The properties of
write protection are coded in the card specific
data (WP_GRP_SIZE). A High Capacity SD
Memory Card does not support this command.
CMD29 | ac [31:0] data R1 CLR_WRITE PROT If the card provides write protection features, this
address command clears the write protection bit of the
addressed group. A High Capacity SD Memory
Card does not support this Command.
CMD30 | ac [31:0] write protect RI1b SEND_WRITE _PROT If the card provides write protection features, this
data address command asks the card to send the status of the
write protection bits. 1
A High Capacity SD Memory Card does not
support this command.
Lock card (class 7)
CMD type argument resp Abbreviation Command description
CMDI6 | ac | [31:0] block RI SET BLOCKLEN
length
CMD42 | adtc | [31:0] Reserved R1 LOCK_UNLOCK Used to set/reset the password or lock/unlock the
bits (Set all 0) card. The size of the data

block is set by the SET BLOCK LEN
command.

Reserved bits in the argument and in Lock
Card Data Structure shall be set to 0.

Application specific commands (class 8)
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CMD type argument resp Abbreviation Command description

CMDS5 | ac 31:16] RCA R1 APP_CMD Indicates to the card that the next command is an
[15:0] stuff bits application specific command rather than a
standard command
CMD56 | adtc | [31:1] stuff bits. R1 GEN_CMD Used either to transfer a data block to the
[0]: RD/WR card or to get a data block from the card for

general purpose/application specific commands.
In the case of a Standard Capacity SD Memory
Cards, the size of

the data block shall be set by the

SET BLOCK_LEN command. In the case of a
High Capacity SD Memory Cards, the size of the
data block is fixed to 512 byte. The host sets
RD/WR=1 for reading data from the card and
sets to 0 for writing data to the card.

I/0O mode commands (class 9)

CMD type argument resp Abbreviation Command description

CMDS52 | ac reserved for I/O mode
. (refer to the "SDIO
CMD54 Card Specification")

Switch function commands (class 10)

CMD type argument resp Abbreviation Command description
CMD6 adtc | [31] Mode R1 SWITCH_FUNC Checks switchable
0:Check function function (mode 0)
1:Switch function and switch card
[30:24] reserved (All ’0°) function (mode 1).

[23:20] reserved for function group 6 (Oh or Fh) See Chapter 4.3.10.
[19:16] reserved for function group 5 (Oh or Fh)
[15:12] reserved for function group 4 (Oh-or Fh)
[11:8] reserved for function group 3-(0Oh or Fh)
[7:4] function group 2 for command system
[3:0] function group 1 for access mode

Application specific commands used/reserved by SD memory card

CMD type argument resp Abbreviation Command description
ACMD6 ac 31:2] stuff bits R1 SET BUS WIDTH Defines the data bus width (’00’=1bit or ’10’=4
[1:0]bus width bits bus) to be used for data

transfer. The allowed data bus widths are
given in SCR register.

ACMDI3 adtc [31:0] stuff bits R1 SD STATUS Send the SD Status.

ACMD22 adtc [31:0] stuff bits R1 Send the number of the written (without
errors) write blocks. Responds with
32bit+CRC data block.

If WRITE BL PARTIAL='0', the unit of
ACMD?22 is always 512 byte.

If WRITE_BL_PARTIAL='1", the unit of
ACMD?22 is a block length which was
used when the write command was

executed.

ACMD23 ac [31:23] stuff bits R1 SEND NUM_WR _ Set the number of write blocks to be preerased
[22:0]Number of BLOCKS before writing (to be used for faster Multiple
blocks Block WR command). “1”=default (one wr

block) 2.

ACMD41 ber 31]reserved bit R3 SD_SEND _OP_COND Sends host capacity support information
[30]JHCS(OCR[30]) (HCS) and asks the accessed card to
[29:24]reserved bits send its operating condition register
[23:0] VDD Voltage (OCR) content in the response on the
Window(OCR[23:0]) CMD line. HCS is effective when card

receives SEND _IF COND command.
Reserved bit shall be set to ‘0’. CCS bit

is assigned to OCR[30].
ACMD42 ac [31:1] stuff bits R1 SET CLR_CARD Connect[1]/Disconnect[0] the 50 KOhm
[0]set_cd DETECT pull-up resistor on CD/DAT3 (pin 1) of
the card.
ACMDS1 adtc 31:0] stuff bits R1 SEND_SCR Reads the SD Configuration Register
(SCR).
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FAT B % N 5 22 5141

Ji

4

FAT boot sector and BPB structure

Name

Offset

Size
(bytes)

Description

BS_jmpBoot

(byte)
0

3

Jump instruction to boot code. This field has two allowed forms:

jmpBoot[0] = O0XxEB, jmpBoot[1] = 0x??, jmpBoot[2] = 0x90 and

jmpBoot[0] = 0xE9, jmpBoot[1] = 0x??, jmpBoot[2] = 0x??

0x?? indicates that any 8-bit value is allowed in that byte. What this forms is a
three-byte Intel x86 unconditional branch (jump) instruction that jumps to the
start of the operating system bootstrap code. This code typically occupies the rest
of sector 0 of the volume following the BPB and possibly other sectors. Either of
these forms is acceptable. JmpBoot[0] = OXEB is the more frequently used
format.

BS_OEMName

“MSWIN4.1” There are many misconceptions about this field. It is only a name
string. Microsoft operating systems don’t pay any attention to this field. Some
FAT drivers do.

BPB_BytsPerSec

Count of bytes per sector. This value may take on only the following values:
512, 1024, 2048 or 4096. If maximum compatibility with old implementations is
desired, only the value 512 should be used. There is a lot of FAT code in the
world that is basically “hard wired” to 512 bytes per sector and doesn’t bother to
check this field to make sure it is 512. Microsoft operating systems will properly
support 1024, 2048, and 4096

BPB_SecPerClus

Number of sectors per allocationunit. This value must be a power of 2 that is
greater than-0.- The legal values are 1; 2, 4, 8, 16, 32, 64, and 128. Note however,
that a value should never be used that results in a “bytes per cluster” value
(BPB_BytsPerSec * BPB  SecPerClus)greater than 32K (32 * 1024).

BPB_RsvdSecCnt

Number of reserved sectors in the Reserved region of the volume starting at the
first sector of the volume. This field must not be 0. For FAT12 and FAT16
volumes, this value should never be anything other than 1. For FAT32 volumes,
this value is typically-32.

BPB_NumFATSs

The count of FAT data structures on the volume. This field should always
contain-the value 2 for any FAT volume of any type. Although any value greater
than or equal to-l.is.perfectly valid, many software programs and a few operating
systems” FAT file system drivers may not function properly if the value is
something other than 2. All Microsoft file system drivers will support a value
other than 2, but it is still highly recommended that no value other than 2 be used
in this field.

BPB_RootEntCnt

For FAT12 and FAT16 volumes, this field contains the count of 32-byte
directory entries in the root directory. For FAT32 volumes, this field must be set
to 0. For FAT12 and FAT16 volumes, this value should always specify a count
that when multiplied by 32 results in an even multiple of BPB_BytsPerSec. For
maximum compatibility, FAT16 volumes should use the value 512.

BPB_TotSecl6

This field is the old 16-bit total count of sectors on the volume. This count
includes the count of all sectors in all four regions of the volume. This field can
be 0; if it is 0, then BPB_TotSec32 must be non-zero. For FAT32 volumes, this
field must be 0. For FAT12 and FAT16 volumes, this field contains the sector
count, and BPB_TotSec32 is 0 if the total sector count “fits” (is less than
0x10000).

BPB_Media

21

0xF8 is the standard value for “fixed” (non-removable) media. For removable
media, 0xFO is frequently used. The legal values for this field are 0xFO0, 0xF8,
0xF9, 0xFA, 0xFB, 0xFC, 0xFD, 0xFE, and OxFF.

BPB_FATSz16

22

This field is the FAT12/FAT16 16-bit count of sectors occupied by ONE FAT.
On FAT32 volumes this field must be 0, and BPB_FATSz32 contains the FAT
size count.

BPB_SecPerTrk

24

Sectors per track for interrupt 0x13. This field is only relevant for media that
have a geometry (volume is broken down into tracks by multiple heads and
cylinders) and are visible on interrupt 0x13. This field contains the “sectors per
track” geometry value.

BPB_NumHeads

26

Number of heads for interrupt 0x13. This field is relevant as discussed earlier for
BPB_SecPerTrk. This field contains the one based “count of heads”. For
example, on a 1.44 MB 3.5-inch floppy drive this value is 2.

167




BPB_HiddSec

28

Count of hidden sectors preceding the partition that contains this FAT volume.
This field is generally only relevant for media visible on interrupt 0x13. This
field should always be zero on media that are not partitioned. Exactly what value
is appropriate is operating system specific.

BPB_TotSec32

32

This field is the new 32-bit total count of sectors on the volume. This count
includes the count of all sectors in all four regions of the volume. This field can
be 0; if it is 0, then BPB_TotSec16 must be non-zero. For FAT32 volumes, this
field must be non-zero. For FAT12/FAT16 volumes, this field contains the sector
count if BPB_TotSec16 is 0 (count is greater than or equal to 0x10000).

BS_DrvNum

36

Int 0x13 drive number (e.g. 0x80). This field supports MS-DOS bootstrap and is
set to the INT 0x13 drive number of the media (0x00 for floppy disks, 0x80 for
hard disks).

BS_Reservedl

37

Reserved (used by Windows NT). Code that formats FAT volumes should
always set this byte to 0.

BS_BootSig

38

Extended boot signature (0x29). This is a signature byte that indicates that the
following three fields in the boot sector are present.

BS_VolID

39

Volume serial number. This field, together with BS_VolLab, supports volume
tracking on removable media. These values allow FAT file system drivers to
detect that the wrong disk is inserted in a removable drive. This ID is usually
generated by simply combining the current date and time into a 32-bit value.

BS VolLab

43

Volume label. This field matches the 11-byte volume label recorded in the root
directory. FAT file system drivers should make sure that they update this field
when the volume label file in the root directory has its name changed or created.
The setting for this field when there is no volume label is the string “NO NAME”.

S_FilSysType

54

One of the strings “FAT12  ”,“FAT16 7, or “FAT 7. NOTE: Many
people think that the string in this field has something to do with the
determination of what type of FAT—FAT12, FAT16, or FAT32—that the
volume has. This is not true. You will note from its name that this field is not
actually part of the BPB. This string is informational only and is not used by
Microsoft file system drivers to determine FAT type because it is frequently not
set correctly oris notpresent. See the FAT Type Determination section of this
document. This string should be set based on the FAT type though, because
some non-Microsoft FAT file system drivers do look at it.

FAT 32 bytes directory entry structure

Name Offset Size Description
(byte) (bytes)
DIR Name 0 11 Short name.
DIR_Attr 11 1 File attributes:
ATTR_READ_ONLY 0x01
ATTR HIDDEN 0x02
ATTR_SYSTEM 0x04
ATTR VOLUME ID 0x08
ATTR_DIRECTORY 0x10
ATTR ARCHIVE 0x20
ATTR_LONG_NAME ATTR_READ_ONLY |
ATTR_HIDDEN |
ATTR_SYSTEM |
ATTR_VOLUME_ID
The upper two bits of the attribute byte are reserved and should always
be set to 0 when a file is created and never modified or looked at after
that.

DIR_NTRes 12 1 Reserved for use by Windows NT. Set value to 0 when a file is created
and never modify or look at it after that.

DIR CrtTimeTenth 13 1 Millisecond stamp at file creation time. This field actually contains a
count of tenths of a second. The granularity of the seconds part of
DIR_CrtTime is 2 seconds so this field is a count of tenths of a second
and its valid value range is 0-199 inclusive.

DIR CrtTime 14 2 Time file was created.

DIR_CrtDate 14 2 Date file was created.

DIR_LstAccDate 18 2 Last access date. Note that there is no last access time, only a date. This
is the date of last read or write. In the case of a write, this should be set
to the same date as DIR_WrtDate.

DIR_FstClusHI 20 2 High word of this entry’s first cluster number (always 0 for a FAT12 or
FATI16 volume).

DIR WrtTime 22 2 Time of last write. Note that file creation is considered a write.

DIR_WrtDate 24 2 Date of last write. Note that file creation is considered a write.

DIR FstClusLO 26 2 Low word of this entry’s first cluster number.

DIR FileSize 28 4 32-bit DWORD holding this file’s size in bytes.
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MP3 4 {245 f 3

Bytes Bits
o [ 1 [ 2 [ 3 | 4 [ 5 [ 6 |
0 A
1 A | B | C
2 E F G
3 I | J K [ L M
Sign Length Description
A 11 Frame sync (all bits set)
B 2 MPEG Audio version
00 - MPEG Version 2.5 01 —reserved 10 - MPEG Version 2 11 - MPEG Version 1
C 2 Layer description
00 - reserved 01 - Layer III 10 - Layer II 11 - Layer I
D 1 Protection bit
0 - Protected by CRC (16bit crc follows header) 1 - Not protected
E 4 Bitrate index
Bits VI, LI VI, L2 VI, L3 V2, L1 V2,12 V2,13
0000 free free free free free free
0001 32 32 32 32 32 8 (8)
0010 64 48 40 64 48 16 (16)
0011 96 56 48 96 56 24 (24)
0100 128 64 56 128 64 32(32)
0101 160 80 64 160 80 64 (40)
0110 192 96 80 192 96 80 (48)
0111 224 112 96 224 112 56 (56)
1000 256 128 112 256 128 64 (64)
1001 288 160 128 288 160 128 (80)
1010 320 192 160 320 192 160 (96)
1011 352 224 192 352 224 112 (112)
1100 384 256 224 384 256 128 (128)
1101 416 320 256 416 320 256 (144)
1110 448 384 320 448 384 320 (160)
1111 bad bad bad. bad bad bad
NOTES: All values are in kbps
V1 - MPEG Version | V2 - MPEG Version 2 and Version 2.5
L1 - LayerI L2.- Layer II L3 - Layer lII
"free" means variable bitrate.
"bad" means that this is not an.allowed value
F 2 Sampling rate frequency index (values are in Hz)
Bits MPEGI MPEG2 MPEG2.5
00 44100 22050 11025
01 38000 24000 12000
10 32000 16000 8000
11 Reserved Reserved Reserved
G 1 Padding bit
0 - frame is not padded 1 - frame is padded with one extra bit
H 1 Private bit (unknown purpose)
1 2 Channel Mode
00 - Stereo 01 - Joint stereo (Stereo)
10 - Dual channel (Stereo) 11 - Single channel (Mono)
J 2 Mode extension (Only if Joint stereo)
Value Intensity Stereo MS Stereo
00 Off Off
01 On Off
10 Off On
11 On On
K 1 Copyright
0 - Audio is not copyrighted 1 - Audio is copyrighted
L 1 Original
0 - Copy of original media 1 - Original media
M 2 Emphasis
00 - none 01 -50/15 ms
10 — reserved 11 -CCITJ.17
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STM32F103 = IC E#& % {F

Item Quantity Referance Part Name
1 2 BOOT1,BOOT2 JMUPER 3X1
2 2 CE1,CE2 47uF/16v
3 4 C1,C2,C3,C4 10pF
4 5 C5,6,C7,C8,C9 0.1uF
5 4 JP1,JP4,JP5,]P7 JMUPER 8X2
6 3 JP2,JP35,JP36 JMUPER 2X1
7 1 JP3 JMUPER 10X2
3 1 LEDI LED DIP2.54
9 3 WKUP1,TAMPER,RESET1 SWITCH 4PIN
10 1 R1 22K
11 3 R2,R3,R4 0
12 4 R5,R6,R7,R12 10K
13 2 R8,R9 100K
14 1 R10 M
15 1 RI11 470
16 1 Ul STM32F103-64
17 1 U2 LDO1117-3.3V
18 1 Y1 XTAL 32.768KHz
19 1 Y2 XTAL 8MHz
20 8 JP8,JP9,JP10,JP11,JP14,JP15,JP16,JP17 JMUPER 8X1
21 2 JP12,JP13 JMUPER 4X1
RS232 T
Item Quantity Referance Part Name
1 1 COMI D-SUB9 FEMALE
2 1 U3 RS232 IC MAX232
3 5 C10,C11,C12,C13,C14 0.1uF
4 4 JP37,JP38 JMUPER 2X1
USB A% 1E
Item Quantity Referance Part Name
1 1 USB1 USB 1.1 PORT (DIP)
2 1 USB2 MINI USB POER (SMD)
3 1 Ql BC857B
4 1 D1 1H4001/DIP
5 1 D2 RB160M-30V
6 1 PWRI DC PWR JACK 5V
7 2 JP39,JP40 JMUPER 2X1
8 1 JP18 JMUPER 3X1
9 1 R16 1.5K
10 1 R17 10K
11 1 RI18 3K
LCD-AC162 FE it
Ttem Quantity Referance Part Name
1 1 VR1 VR 10K DIP7P
2 1 LCD1 LCD-AC162
3 1 R19 10K
4 1 Cl15 0.1uF
TEST I/O PORT 4 %1%
Item Quantity Referance Part Name
1 1 JP19 JMUPER 7X2
2 1 JP20 JMUPER 3X1
3 1 JP21 JMUPER 20X2
4 2 JP47,JP48 JMUPER 20X1
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SWITCH PORT F*& %1+

Item Quantity Referance Part Name
1 4 PC1,PC2,PC3,PC4 SWITCH 4P
2 1 JP29 JMUPER 4X2
LED PORT F#4 &1
Item Quantity Referance Part Name
1 8 LED8,LED9,LED10,LED11,LED12,LED13,LED14,LED15 LED DIP2.54
2 1 RNI RNOPIN 470X8
3 1 JP28 JMUPER 8X2
SD CARD FF&F{F
Item Quantity Referance Part Name
1 1 CON1 SD/MMC CON 13PIN
2 1 JP26 MUPER 10X2
3 2 JP24,JP29 MUPER 4X2
4 2 JP41,]P42 MUPER 2X1
5 1 QF1 MOSFET P-CH S12301
6 1 LED2 LED DIP2.54
7 10 R20,R21,R22,R23,R24,R27,R28,R29,R31,R32 100
8 1 R25 1K
9 1 R26 47K
10 5 R30,R57,R58,R59,R60 100K
11 1 R56 330
12 4 R61,R62,R63,R64 NC
AUDIO AMPFIEY AND LOW PASS FILTER {555 %1+
Ttem Quantity Referance Part Name
1 4 JP43,JP44,]P45,JP46 JUMPER 2X1
2 4 R33,R34,R40,R41 220
3 2 R36,R43 1K
4 2 R39,R46 10K
5 2 R38,R45 33K
6 1 R47 100K
7 1 R48 4.7
8 1 VR2 VR 10K DIP 7P
9 4 C16,C17,20,C21 33nF
10 2 CE3,CE4 2.2uF/16V DIP
11 2 (C24,C25 0.1uF
12 4 CES5,CE6,CE7,CE8 47uF/16V DIP
13 1 PHONE1 PHONEJACK STEREO DIP3P
14 1 U4 BH3544 SOP8
MICROPHONE F#& % 1F
Item Quantity Referance Part Name
1 1 U5 TL3472 OPA
2 1 JP31 JUMPER 2X1
3 1 R50 10K
4 2 R54,R55 100K
5 1 R49 470
6 1 RS1 470K
7 1 R52 150K
8 1 R53 100
9 1 C26 0.1uF
10 3 RC1,C27,C28 47pF
11 1 C29 1uF
12 1 CE9 47uF/16V DIP
13 1 MIC1 PHONEJACK STEREO DIP3P
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