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& 4.1.3.3 pull 3% EME

@ otype
otype IZE > T H A i3 )E— RDOYA . Open-Drain/Push-Pull O -3 E 1T 9
T it NE
GPIO_OTYPE_PP 0x00000000 Push-Pull % 7E
GPIO_OTYPE_OD 0x00000001 Open-Drain i &
# 4.1.3.4 otype X EfH
@ speed
speed (X T A UNMIIE— ROGE, MOEEBROREZIT O, HIEKRBILT A 25
\ZEEED B 5,
EF% B B
GPIO_SPEED_LOW 0x00000000 1K
GPIO_SPEED_MEDIUM 0x00000001 HH ]
GPIO_SPEED_FAST 0x00000002 THU
GPIO_SPEED_HIGH 0x00000003 5]

#* 4.1.3.5 speed &

Re

it

[
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TOPPERS
® altanate

TIHE X — MIVVHREEZT A AZADODANH I L LTHERT AT VEZ 32— MEZRRET
%, E— K728 GPIO_MODE_AF PP OB&DHAELh 705,

4132 A3 —J A R4k
GPIO # ¥R T 5 KT A NE¥E LR ISR,

eEied P EIE HEHE ikt
gpio_setup void uint32_t base base 7 KL Z & pin H 5 CTHIE | 7V ¥ 1 —
GPIO_Init_t *init | s 7= — b &2 HHULT 5, NDEET
uint32_t pin RA AV
REIE Kl
Bobd D

# 4.1.3.6 GPIO &%k

4133 728—Fvy—
HARM 72 GPIO O IR ED 7 a—F v — FHLLTFICRT,

GPIO setup

. mode,pull otype,speed D EETE .
R i mode 7 JLEF—NRTE DI

&. alternate DR EEITO
5|1#ELTGPIOEEET ST
gpio_setup —R(R—RFRLREEVE

DIEVHL ) EMHET —4(GPIO Init t
ADRAUBERET S

% 4.1.1.3.1 GPIO OFE 7 a2 —F ¥ — k

4.1.4DMA
DMA IZCPU Z B EF, EHEAETY LT A RAERIFIAFTY BT —F XA T HOMETH L, TN
AAELEAF VB CTHEBEICT —XBELESGAE, A——TF 0 « 27TV H =T« =T —N¥4AET
% r—AH4% < . Standard Driver TiZ DMA Z{#H/H L T\ 5,

41.4.1 T—R T8
DMA R 7 A N iZ# e EHIC DMA_Init_t B, $l 21T 572D 7L LTHEHRT
DMA Handle t Bl — > DM &2 5>, STM32F4xx / STMF7xx & STM32L4xx / STM32F0xx /
STM32L0xx TIX IP N2 57, HERICE TOERNSH 5,

%5 | HE A BRE
1 | Channel uint32_t DMA O F v F VK7
2 | Direction uint32_t HE 25 5 1)
3 | Periphlnc uint32_t RV T 2IGNA T ) A hE—R
4 | Memlnc uint32_t AEVA L) A FE—FR
5 PeriphDataAlignment | uint32_t XY T2 ITGNVNDT =BT TA LA NERET D
6 | MemDataAlignment | uint32_t AEVDT—HT T4 A NERETDH

14
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7 | Mode uint32_t IR — NERE
8 Priority uint32_t EIENAATER E
9 FIFOMode uint32_t FIFO DA%, MR %% iE
10 | FIFOThreshold uint32_t FIFO DAL v v adh—/V REHRE
11 | MemBurst uint32_t AE VD /N—Z NFRTE
12 | PeriphBurst uint32_t ARY 7 = TN N— R FERIE
# 4.1.4.1 DMA _Init_t #/(STM32F4xx/STM32F7xx)
&5 | HE 7 HhE
1 | Request uint32_t U7 A NFy XNV EE
2 | Direction uint32_t i53% )
3 | Periphlnc uint32_t RV T 2IGNA T ) A hE—R
4 | MemlInc uint32_t AEVA LT VAME—R
5 PeriphDataAlignment | uint32_t XY T2 IGNVNDT =BT TA LA NERET D
6 | MemDataAlignment | uint32_t AEVDT =BT T4 LA NERETDH
7 | Mode uint32_t IR — N E
8 | Priority uint32_t B SENAAT 3% E
# 4.1.4.2 DMA_Init_t %(STM32F0xx/STM32L0xx/STM32L4xx)
@D  Channel
STMF4/F7 TiX 220 DMA TH# 8 2O F ¥ RANMEMFEETH 5,
B il Rk
DMA_CHANNEL_O 0x00000000 T 20
DMA_CHANNEL 1 0x02000000 T 1
DMA_CHANNEL_2 0x04000000 T TV 2
DMA_CHANNEL_3 0x06000000 T FL 3
DMA_CHANNEL_4 0x08000000 T I 4
DMA_CHANNEL_5 0x0A000000 F ¥ XI5
DMA_CHANNEL_6 0x0C000000 F ¥ XL 6
DMA_CHANNEL_7 0x0E000000 T 27
3% 4.1.4.3 Channel i EfE
®  Dirction
Dirction 137 — Z ik OFER & F5k H M 2R ET D,
B fill NE

DMA_PERIPH_TO_MEMORY 0x00000000

AEY NS T = TV~ OHEDE

DMA_MEMORY_TO_PERIPH

DMA_SxCR_DIR_0

RY T =TI E AE Y ~DELE

DMA_MEMORY_TO_MEMORY

DMA_SxCR_DIR_1

AE YN AE Y Dk

5% 4.1.4.4 Direction 3% E{H

@ Periphlnc

ARY T 2 FVRERE, A 7 U AL ME— RRIE,

1

2
JEFR

A

DMA_PINC_ENABLE

DMA_SxCR_PINC

NRYT 2T, T YA NE— RER)

DMA_PINC_DISABLE 0x00000000

YT 2T A7 A bE— NES)

7% 4.1.4.5 Periphlnc i

N
iy
=
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@ Memlnc

AFEVEEERFA 7 A NE—F

TOPPERS

i 2y
JEFR

[

A

DMA_MINC_ENABLE

DMA_SxCR_MINC

AEVA T A R E— AR

DMA_MINC_DISABLE

0x00000000

AEY A7) A bE— FESR)

|
\P\

% 4.1.4.6 MemInc X EH

I

[

(® PeriphDataAlignment

PeriphDataAlignment (%) 7 = VDT —ZT T A A2 S EFRTET D,

% i N
DMA_PDATAALIGN_BYTE 0x00000000 TTA A RRA RRE
DMA_PDATAALIGN_HALFWORD DMA_SxCR_PSIZE O | 7T A4 A k254 FRE
DMA_PDATAALIGN_WORD DMA_SxCR_PSIZE_1 | 79 A4 A N4 A FNRE

3% 4.1.4.7 PeriphDataAlignment ¢ E1E
® MemDataAlignment
MemDataAlignment [ A E VHDOT =27 74 A N &R ET Do

T it N
DMA_MDATAALIGN_BYTE 0x00000000 TIA LA IS NERE
DMA_MDATAALIGN_HALFWORD DMA_SxCR_MSIZE O | 77 A A2 b 231 bRE
DMA_MDATAALIGN_WORD DMA_SxCR_MSIZE_1 | 77 A v A2 b431 bRE

#* 4.1.4.8 MemDataAlignment 3% EfH

@ Mode
TIEFR— NI

e

ax K&

%, &— K7 GPIO_MODE_AF_PP OHEDHRHNE 725,

Jr—
JE 7%

i

TS

DMA_NORMAL

0x00000000

J—=<)LE— R

DMA_CIRCULAR

DMA_SxCR_CIRC

F—Fa7—E—F

DMA_PFCTRL

DMA_SxCR_PFCTRL

N 72707 o—fle— K

% 4.1.4.9 Mode % EfE
Priority
DMA OFEITEREREEIT ).
7% it N7
DMA_PRIORITY _LOW 0x00000000 U
DMA_PRIORITY MEDIUM DMA_SxCR_PL_0 i

DMA_PRIORITY_HIGH

DMA_SxCR_PL 1

A

DMA_PRIORITY_VERY_HIGH

DMA_SxCR_PL

FEFITE W

# 4.1.4.10 Priority 3% EfHE

©® FIFOMode
DMA @ FIFO OfH%h, B2 ET 5,
TEFR fiH A
DMA_FIFOMODE_DISABLE 0x00000000 DMA FIFO %)
DMA_FIFOMODE_ENABLE DMA_SxFCR_DMDIS | DMA FIFO A%}

16




%% 4.1.4.11 FIFOmode & 1fH

FIFOThreshold
FIFO DALY ah—/L REHRETH,

TOPPERS

TE T {2 N
DMA_FIFO_THRESHOLD_1QUARTERFULL 0x00000000 1/4
DMA_FIFO_THRESHOLD HALFFULL DMA_SxFCR_FTH 0 | 1/2
DMA_FIFO_THRESHOLD_3QUARTERSFULL | DMA_SxFCR_FTH_1 | 3/4
DMA_FIFO_THRESHOLD FULL DMA_SxFCR_FTH 7 )

# 4.1.4.12 FIFOthreshold % E1fH
@ MemBurst
A UMD DMA R—Z MRE
T3 fiE Rl
DMA_MBURST_SINGLE 0x00000000 T

DMA_MBURST_INC4

DMA_SxCR_MBURST_0

AT VA4

DMA_MBURST_INCS8

DMA_SxCR_MBURST_1

A7 JVABS

DMA_MBURST_INC16

DMA_SxCR_MBURST

A7 IUAR16

# 4.1.4.13 MemBurst 3% E1H

@ PeriphBurst

AU 7 =T )10 DMA N — R NRE
TE % & R
DMA_PBURST SINGLE 0x00000000 T

DMA_PBURST_INC4

DMA_SxCR_PBURST _0

A7 A4

DMA_PBURST_INC8

DMA_SxCR_PBURST 1

A7 YUARS

DMA_PBURST_INC16

DMA_SxCR_PBURST

A7 U A1 6

# 4.1.4.14 PeriphBurst 7% &1

F5 | HH Al Bt
1 | base uint32_t DMAA RN —Lzar ba—JDN—RX7 R X
2 | Init DMA_Init_t | DMA #IHH{b1E
3 sdid uint32_t DMA X ~U—A 1D
4 | xfercallback void *func BRief& THED o — L8 7 BISL
5 | xferhalfcallback void *func MSER AR T D 22— L8 7 B
6 | xfermlcallback void *func | Mem1 $A5H 22— /L3 7 B%K
7 errorcallback void *func T T —EREO a— Ny 7 B
8 ErrorCode uint32_t =7—a— R
9 localdata void* 02— H LR A~D R A &
# 4.1.4.15 DMA_Handle_t #(STM32Fxx/STM32F 7xx
%5 | BH Al e
1 | base uint32_t DMA F— FO_X—27 KL 2 (H8&RE)
2 chase uint32_t DMA F % R /LDO_X— 7T KL &
3 | Init DMA _Init_t | DMA #JH{L 15
4 | chid uint32_t DMA ¥+ /L ID (H &7 E)

17
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5 status uint32_t DMA A5 —& &
6 | xfercallback void *func AR T D 22— L3 7 B8
7 | xferhalfcallback void *func | PRI TRED 23— LNy 7 BIEL
8 | xfermlcallback void *func | Mem1 #8515l = — L3 o 7 SR
9 | errorcallback void *func | =7 —HAERFOa— 1Ny 7B
10 | ErrorCode uint32_t 7 —a— R
11 | localdata void* 2 — H LRI A~D R A X

# 4.1.4.16 DMA_Handle_t (STM32L40xx/STM32F0xx/STM32L0xx)

D sdid/chid

STM32F4xx/STM32F7xx TiZ DMA % ~ U — A ID 24 %, ZHOEIZHHI LK base L v H
REINS, DMAR N —Aay ha—5D—4 o3y V&R Thb,

e

i

A

DMA1STMO_SID

(0

DMA1 STREAMO

DMA1STM1_SID

@

DMA1 STREAM1

DMA1STM2_SID

2

DMA1 STREAM2

DMA1STM3_SID

3

DMA1 STREAMS3

DMA1STM4_SID

&Y

DMA1 STREAM4

DMA1STM5_SID

6))

DMA1 STREAMS5

DMA1STM6_SID

()

DMA1 STREAMS6

DMA1STM7_SID

)

DMA1 STREAM7

DMA2STMO_SID (8+0) DMA2 STREAMO
DMA2STM1_SID (8+1) DMA2 STREAM1
DMA2STM2_SID (8+2) DMA2 STREAM2
DMA2STM3_SID (8+3) DMA2 STREAMS3
DMA2STM4_SID (8+4) DMA2 STREAM4
DMA2STM5_SID (8+5) DMA2 STREAM5
DMA2STM6_SID (8+6) DMA2 STREAM6
DMA2STM7_SID (8+7) DMA2 STREAM7

# 4.1.4.17 sdid

A EfE

STM32L4xx/STM32F0xx/STM32L0xx TIXF v /v ID #fEH T 5, Z OMEIIHHI LR cbase X

D BEIRE S5,

REES fiEi N
DMA1CH1_ID (0) DMA1 CHANNEL1
DMA1CH2 ID (1) DMA1 CHANNEL2
DMA1CH3 ID (2) DMA1 CHANNELS
DMA1CH4 ID (3) DMA1 CHANNEL4
DMA1CH5_ID (4) DMA1 CHANNELS5
DMA1CH6_ID (5) DMA1 CHANNELSG
DMA1CH7 ID (6) DMA1 CHANNEL7
DMA2CH1_ID (7+0) DMA2 CHANNEL1
DMA2CH2_ID (7+1) DMA2 CHANNEL2
DMA2CHS3 _ID (7+2) DMA2 CHANNELS
DMA2CH4 ID (7+3) DMA2 CHANNEL4
DMA2CH5_ID (7+4) DMA2 CHANNELS5
DMA2CH6_ID (7+5) DMA2 CHANNELS6
DMA2CH7 _ID (7+6) DMA2 CHANNEL7

# 4.1.4.18 chid & EE

@ xfercallback
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DMA MemO f5#& THRED 22— 18N 7 BE%
@ xferhalfcallback
DMA MemO half ¥525& THRED 20— /13 7 BEL
@ xfermlcallback
DMA Mem1 half 505#& TR 22— L3 7 B35
® errorcallback
DMA firpt ™ 7 —3ERED a2 — LN 7 BAEL
® ErrorCode
DMA O = 7 —ikHE
TE T {1 WA
DMA_STATUS_BUSY 0x00000001 DMA BUSY jkrE
DMA_STATUS_READY_HMEMO 0x00000002 DMA MemO half #5588 T
DMA_STATUS_READY_HMEM1 0x00000004 DMA Mem1 half #55#& T
DMA_STATUS_READY_MEMO 0x00000008 DMA MemO %Ih#& T
DMA_STATUS_READY_ERROR 0x00000100 DMA =5 —#&T
# 4.1.4.19 ErrorCode 7% EfH
@ localdata
EAED KT A NP EBEICREFRER R A > & FHIK
4.1.4.2 A8 —J x4 A8
DMA Z il 2% N Z A NEEE L FIZRT,
B4 i 513 Hne %
dma_init ER DMA_Handler t *hdma | 2 Y —2 DMA O#IELZ1T
9, FIHfE L LT DMA_Init_t
L base DREEIT 5, MIHHLE,
VB U Ta— Ny 7 B
ERET D,
dma_deinit ER DMA Handler t *hdma | DMA % &{FHREEIC RS
dma_start ER DMA _Handler t *hdma | A U —2A DMA # A% — &
uint32_t SrcAddr T35,
uint32_t DstAddr
uint32_t Length
dma_end ER DMA_Handler t *hdma | A VUV —24 DMA Z#{EIF &% 5%,
dma_inthandler void DMA_Handler_t *hdma | A kU —2i DMA DE[IAL NV | asp DEAI
rZ P — 2
—F UMD
a—)L9 5

# 4.1.4.17 DMA % &%k

4143

JO—Fv— b

DMA ALER I ML & #5512 501 B b, STM32 084, DMA X2 >HESHTEBY ., %4 DMA IZ
8OFHIFTTHODF ¥ XANE N B THNATWS, DMA #ffifH+TAXL 7= 1L7kiC, ¥ DMA
DEDF ¥ FNVEERHT 50T — FRICHRD 5T 5,
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Wb D 7 v —F v — h &M 4.1.4.3.1107F, £, ##H API Z/HVT DMA AR ZRET D,

LEo#EY, DMA2XF v 3L 8 =16 (F72157=14) OFELARNEREREL 725, EliAH NV KT
ITEHAZ Y —E 2 )L—F o (stream_dma_isr/channel dma_isr) ZfEH4 5, EALY—E R /L—F
VINBENIATZ N KT R BT 72025150 sdid/chid Z 7% ET 2 XLE RN H 5,1 RIC C SrE%FIZ X
HEHT, FRT —2 L LTDMANY RZZHELT, 2R EHWT DMA OKEEITH, ~N—A
7 KL AL LT Stream DMA OD_X—RZA7 KL 2%ty L, N> FZ7KNO DMA_Init t ©OEH 2% E
L7zd & dma_init B THIHIEREZ1T 9, RO DMA 2 LW, N RT~DRA X %
51%& LT dma_deinit Bt =2 — /L CT_U 7 = T L& RENMEIRIEICRE T,

1) BHAZOBRGEITHE APL 2 M3 5720, CERIZRETIER,

DMA#IEi1E

EAHY—E RIL—F 2 TE
ITRONDFHIAPIT . — A
DMA%IJJ‘AHE{ZLE ?Z‘E%s Elﬁksdld’é;&ﬂi
NURSERRRITRE
BICHEY S NURSHOR—IXFRLRE
DMAD AR EE DMA Init tD NBEHRET S
175
dma_initB8 % THIHA WHE, LREDNVRST—4
%175 [XlocaldataZE TR TF
=1k

%] 4.1.4.3.1 DMA #J#i{t;

DMA #52:BRtED 7 1 —F v — F %[ 4.1.4.3.2 12777, DMA OEEEBEHCT T — TS 6%
DOENAFIZCTEIMSND, TDI=H, DMA N> RTFIZa—n Ny 7 —F R EES R ST
W5, BHARIC X DIREERNBE LGS, SIAHRY —E R L—F b a— o3y 7 B O
ENb, a— NNy JEEFNS T 35 EHWVTCDMA 2 H L TWD X A7 2R L CTEMEIT O,
DMA #52%BH#51% dma_start B2k A2 W T, RY 7= I 0% v 7 0t 5, DMA OfE 1T —u A
v 7 BB G OB & T T H AT I THREK T 7 —3/E 2 HE LT, DMA OfE EALEE dma_end
B & VW CALEE S 5,
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IS5—B BT NURSHOI—)LAY I
Bna—)L/\voR FRE.ERERTE., T8
BEHRE EAAHMBIA—ILINVIEINDB
dma_startB#( T Y—RETFRATFA4R—av EER

DMAD RE—F ERERELTOMARS—

BEN T 5— —_ ) NS D3
BRHI= L B iﬁﬁi}g_céz F | }L/\J?E?};b SDEHE
dma_endB#( T = b
DMADEIE { DMAD#

4.1.4.3.2 DMA #5550 44

4.1.5WATCH DOG
WATCH DOG (F¥ AT MR ENRREAE LGS, VY NETHOWETH S, v A7 AL WATCH
DOG TIMER #i&& L. —Ef#H T A ~—D VUVt 24795 Z L1k Y WATCH DOG ([Z1IEFEEA
BEIT %, H—00 Window WATCH DOG #iEZ D, 2D K7 A 3% Window WATCH DOG Timer
DK ZTT 5,
R ZOWELZENT 2121E, 2018 4 11 HUREIZY U —2 &7z TOPPERA ASP 71 —x/L®
CortexM HHOfERI /N> r— LA GDETHEHTLILERNDH D,

4.15.1 T—3 4
Window WATCH DOG |3 —Th 57-0F— FEE 1 OBEDTH D, RIANUFIZHR— FEE
ZHWTHEIEIZITS ., A— K &EITBIZ WATCHDOG 22> 7 4 X a b— g UARIZEL . WIEREZT
Do

#% | HH i B RE

1 WDOG1_PORTID 1 Window Watch Dog IP %7~

#4.1.5.1.1 WATCH DOG ~— r &=

MCounter . WATCH DOG THRE L7-¥ A LT v ;% MCounter DEET H7-DD T 7 H,

%5 | HH Al HEHE
1 | Window uint32_t By h g ZO a7 E(0x40~0x7F)
2 Counter uint32_t 2091 Z OPIHE0x40~0x7F)
3 | MCounter uint32_t BT BYEEE T

#4.1512WATCHDOG =2 7 4 X2l — g LAl
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4.15.2 A3 —D x4 ALk
WATCH DOG #H#li#l42 K74 NEEIZLLTFD@) THbH, WATCHDOG o v Z D7) Ar— b
FEIL 8(PCLK/S)IZEHE & T 5,

B4 i ElES HERE 5

wdog_init ER ID portid F8ER— b ID ® WATCH DOG
WDOG_Init_t *pini RS I I L A )

wdog_deinit ER ID portid WATCH DOG % Aff R REIZ K9

wdog_reset ER ID portid A~<w—DYVty NEITH

# 4.1.5.2.1 WATCH DOG K7 A ¥k

416 TIMER
TIMER 13— S5 A & A ~ —ELARLSMI R SR A FF > b O b 5 5, B 21X PWM
HIIORED LS 727 vy 7AERICHHEAINDG 20O, RTA O APL & —7 5 Z & 138 L, RTOS
DYAT LA A ~—L L THERATIEHAIL. asp-1.9.3 I—F/VNIZEER R HH7-0, Thas LT
HE72W, B A ~—DflE LTHEMEL, 2FETHEATLIXA~Y—RIARNESRLTHEZW,

4.1.7UART
UART HDOT /A A RT A% asp-1.9.2 TEEFDT SA ZARTANEHEH L TWAHIZD, 22T
[ A DEATAN

4.2 Standard Driver
AP HE—= R RITANFILIRAR— K (= R) OFEEIZED, RIARNAPIRT 777 NAZ
H—=RERSTND RTANEET, AL, XU 7 =7 VOEETEEL SN KT 4 N APL L EOR
REFFOLONREL, N— R0 =7 ZHRKIBICHHAT 5 DITJEEA V¥ —7 = A A THRIREAT 9 LB
BdH D,

4.2 1%

TOPPERS BASE PLATFORM & L C, AZ X —RKRITANRE LE=DOF, LFOT7THODONXY 727
NTHDH, WITNb A v Z—T A ZAHORY 7270 THY | Bkl 39—, LCD, GLCD, SD
card, X v N =7 /1—R7 =7 EOKGZOHIEAIZHNLND, [HxDNN—RKT =7 O KT A 35|
B EALIZ GDIC RIANZHE LT IER B2,
12C
SPI
ADC
RTC
USB OTG
QSPI
USB

AB =R RTANTEAMICAR—=FID ZHEEL TN RIZ 2RO LAY RTEHWTRY 7
= 7V EHET DR E IS,

SICISICISICIC)

4.2.212C
I12C (7 A « A7 x7T « =) [FEBELE OBEMRICT 1 Uy 724805 LI RE R > ) 7L/
Thbd, AA B —FR~RZ | FIOBAINRAL—T L) AL—T7 RLRAZF—|IT — XDk
ZAEEAT O, FEAWIB(EHE L 100kbit/sec D@ % E— K& 10kbit/sec DIKHE— FK13H 573, FER
PLlb, 723 BEAUTORE THEZITOLALZWV, AL—7 7 FLRATBEEILXTE Y N TH DN,
JEEELT10E Y hORL—77 RLALBEAREE > TW5D,
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I2C 1 SCL (Z7uvZ) & SDA (F—%) D2 o0 THERITH . EOEIERH A HEEITZ D
2ODMEIAT DIV E D, ~ AL FITHIEEZF > TRV EARD 7 17>y 7 SCL (T~ A Z{HIH
RIET D, (L, AL—7HITRHROLBVERGEIL, AL —7] SCL{E5 % Low 2% & L TR HAREE
ZED, RMEEITHIHLEIR. BEMR7 ey 7i2ibd T SDA LT —4EH5%2FE5, KEO8E
v b HTZAEMA SDA % Low IZL725AIT ACK £ 720, HHOFFRHIENACK &72b, AL—T
7 KL A Toit O—#kH 78T — X iRk x X 4.2.2.1 IZRT,

SDA‘\ / D7-D1 X DO >\

Start Condition Slave Address Write (0) ACK

A= 7 RUAD7bitOEEOILZ T Fr—b

MSB(&R Lty k) LSB(®THIEyh)

SCL 1-7 8 9 1-7 8 9 v /

JACED €D

\ﬂ'—}_Y_)\ﬂ_’;\v_}k v

4221 AL —77 RL & Thit OF — & fixk

4221 T—a %

Write Data

— —
ACK Stop Condition

¥R YASELE  AL-TJ4I

12C R A WAL ORI LT, %4.2.21.12%4.2212012Car 7 4 Fal— g ML
N RTELTHK4.2.2.1.83D12C N> RIRI A,

&5 | HHE Gt} BHE
1 ClockSpeed uint32_t W57 v v 7 2 — R(bps)
2 | DutyCycle uint32_t T A =T AV A T IVEEE
3 OwnAddress1 uint32_t AL —TT7 RLRA 1AL —TOEEDIH)
4 | AddressingMode uint32_t 7 K L A% — K(7bit or 10bit)
5 | DualAddressMode uint32_t 2ODAL—TT RLAZEHODNDOHRTER L —T DA D)
6 OwnAddress2 uint32_t AL =TT RLA2(AL—TDEHAHDRH)
7 GenealCallMode uint32_t XTI )a—)LE— NERE
8 NoStretchMode uint32_t J)—AA RNy IF— RRE
9 | semid int WEHE~741D (0 Ce~74721L)
10 | smlock int BEMHIEH &~ 7 + ID(O CTHEfhHIE 72 L)

#*4.2.2.1.1STM32F4xx I2C 27 4 Fa b — g A

%5 | HHA Al BEHE
1 | Timing uint32_t WEZav I 2A IV TRE
2 | OwnAddressl uint32_t AL —T7 RLA1(AL—TDOYE D)
3 | AddressingMode uint32_t 7 K L Z2%E— R(7bit or 10bit)
4 | DualAddressMode uint32_t 2ODAL—TT KL RAEZFONDFRE(A L —T DEFEDIr)
5 OwnAddress2 uint32_t AL —T T RL A 2(AL—T DA D)
6 | GenealCallMode uint32_t TCrxT)a—E— RETE
7 NoStretchMode uint32_t J)—AA RNV IF— RRE
8 | semid int WEHEt~7+1ID (0 CTkE~7x721L)
9 | smlock int PEMfIE 2~ 7 4 TD(0 CHEMLHIE 72 L)

#4.2.2.1.2STM32F7xx 12C 2> 7 4 ¥ a L — g A
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%% | A Al HEAE
1 | Timing uint32_t WEZav I XA IV TRE
2 | OwnAddressl uint32_t AL =77 RLA LR L—TDEHHDH)
3 | AddressingMode uint32_t 7 K L Z2%E— R(7bit or 10bit)
4 | DualAddressMode uint32_t 2ODAL—TT KL RAEZFFONDFRE(A L —T DEFEDIr)
5 | OwnAddress2Masks | uint32_t AL —T T RLR2DYATRE
6 | OwnAddress2 uint32_t AL —T7T KL A 2(AL—T7 DIFAEDIH)
7 | GenealCallMode uint32_t TR T )a—)LE— RRIE
8 | NoStretchMode uint32_t J—AA MLy UE— RRE
9 | semid int WEHEt~7+1ID (0 CTeE~7x721L)
10 | smlock int PEHIEH &~ 7 + IDO CTHEHIE 72 L)

7 4.2.2.1.3 STM32F0xx/STM32L0xx/STML4xx I2C =2 7 4 X2 L— g U

arZaFal—a AT SoCICE WV FHTRRD, 71y 7 A8 — FORE Z STM32F4xx Tid,
ClockSpeed & DutyCycle TiRET D25, STM32F7xx Tlk, X—RA 7 1 v 7 )b DA THRET D
FIIOEEINTNDHTDTH D, STM32F0xx/STM32L0xx/STML4xx TlX, OwnAddress2Mask 7%
EBENSN TN,

semid (Tt~ 7 +BEHOE~ 7 +H G, ErTRER L, 2O 7 HTEIARE R T A RFOI
ERICHERT 720, RE
THE~ 7+ B EIRET D, TuoiRE CHHblE R L & 725,

72 LOSE . WEEBIENREAET D, smlock 1F. N7 A SOPEAhHIHEIZfEH

%5 | HE Al BHE
1 base uint32_t I2C R—A7 KL A
2 | Init 12C_Init_t 2C=> 7 4 FXalb—va Al
3 pBuffPtr uint8_t * WET — X A~DRA o HF
4 XferSize uint16_t BE A MK
5 | XferCount volatile BEE» A MK
uintl6_t
6 | writecallback void (*)() EEKTa—N Ry
7 | readcallback void (*)() SAER T a—n Ry
8 errorcallback void (*)( T —a—)LNy
9 12cid ID 12C &~"— ~ ID
10 | status volatile 12C KZ A RDifRKe
uint32_t
11 | ErrorCode volatile R2C=7—=—FN
uint32_t
# 4.2.2.1.412C > R 7RI(STM32F4xx/STM32F 7xx)
F5 | HE Gt} e
1 base uint32_t I12C XR—Z2T7 KL A
2 | Init 12C_Init_t 2Car7 4Fal—v g A
3 | pBuffPtr uint8_t * WEF —ZERA~DRA &2
4 | XferOptions uint32_t WEA T a v
5 | XferSize uint16_t BIENA MK
6 | XferCount volatile WEE A N
uintl6_t
7 | XferCount2 volatile WIEFA A MK
uintl6_t
8 | AddrEventCount uint32_t ADDR A X hh &
9 | writecallback void (*)0) EEKTa—A Ry
10 | readcallback void (*)0) EER T a— Ny s
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11 | listencallbak void (*)() LISTEN 22— /LNy 7 (AL —7HHH)
12 | addrcallback void (*)() ADDR 22—/ 3w 7 (AL —T7HH)
13 | errorcallback void (*)0 TT—a— Ny
14 | i2cid ID I12C A~A— K~ ID
15 | status volatile 12C KT A4 "Dk fE
uint32_t
16 | ErrorCode volatile I2C—~7—=a—F
uint32_t
#4.2.2.1.512C 7~ K 7 HI(STM32F0xx/STM32L0xx/STM32L4xx)
@O  DutyCycle
T a—T 4 VA 7 NVERE, (STM32F4xx D #)
TE# fiE N
I12C_DUTYCYCLE_2 0x00000000
I2C_DUTYCYCLE_16_9 I12C_CCR_DUTY
# 4.2.2.1.6 DutyCycle % &l
@  AddressingMode
I2CHO7 KLy« £—F, STM32F4xx & STM32F7xx CIIER 5,

TEF% fitr (32f4xx) N
I12C_ADDRESSINGMODE_7BIT 0x00004000 7y hE—FR
I12C_ADDRESSINGMODE_10BIT 0x0000C000 10y hE—F

% 4.2.2.1.7 AddressingMode &% & 1fE
3 DualAddressMode
FaTIT RLAT— RRE., STM32F4xx & STM32F746 TIN5,

E# it (32f4xx) AR
I12C_DUALADDRESS _DISABLE 0x00000000 T 2 T LE— R
I12C_DUALADDRESS _ENABLE I12C_OAR2_ENDUAL F 2T ILE— RAR

# 4.2.2.1.8 DualAddressMode &% 7EfH
@ GeneralCallMode
VAT a—LE— Ri%iE, STM32F4xx & STM32F746 CTIIEN R 5,

TEF% fitr (32f4xx) R
I12C_GENERALCALL_DISABLE 0x00000000 VxR T )L a— ) LE— NHER)
I12C_GENERALCALL _ENABLE I12C_CR1_ENGC VXTI a—LE— KAL)

# 4.2.2.1.9 GeneralCallMode % &1
® NoStretchMode
J—AA RNy UE— REE., STM32F4xx & STM32F746 CIXEN L5,

2% & A
I2C_NOSTRETCH_DISABLE 0x00000000 J—AA KNy UF— RER
I12C_NOSTRETCH_ENABLE I2C_CR1_NOSTRETCH J—AARNL Y IE— RER

# 4.2.2.1.10 NoStretchMode % &1

4222 43— x4 Rtk
12C #HIi32 K7 A NEHIILLFO®@Y Th 5,
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R4 il 5% e ik
i2¢_init I12C_Handler* | ID portid BEAR—FID ®I2C XY 7 =)L
12C_Init_t *ii2¢ UL L., N RTA~DRA o HF
iR
i2¢_deinit ER 12C_Handler* hi2c 12C R AREICRT
i2¢_slavewrite | ER I12C_Handler* hi2¢ AL —TF— ROT—XEE
uint8_t *pData
uintl6_t Size
i2¢_slaveread ER 12C_Handler* hi2c AL —TE— ROT—HXZE
uint8_t *pData
uintl6_t Size
i2c_memwrite ER I12C_Handler* hi2c VAL —F— NDOT — X EE,
uint16_t DevAddr MemAddSize # ¥ wizt+5 L7 R
uint16_t MemAddr L AE BTN
uintl6_t MemAddSize
uint8_t *pData
uintl6_t Size
i2¢c_memread ER I12C_Handler* hi2¢ VYAHA—F— RKDT — X %15,
uint16_t DevAddr MemAddSize #¥railcd+5 &7 K
uint16_t MemAddr L ASE R TR WN
uintl6_t MemAddSize
uint8_t *pData
uintl6_t Size
i2¢_ev_handler | void 12C_Handler* hi2c 12C A X FEAFZ AN BT B
i2¢_er_handler | void 12C_Handler* hi2¢c 12C = 7 —%iAH 0 KT R
i2¢_ev_isr void intptr_t exinf 12C A X NEAZY— B 2 L—F | F7/F4
Vg
12c_er_isr void intptr_t exinf 12C =7 —Zj ALY —E 2 )L—F > | F7/F4
i2¢_isr void intptr_t exinf 12C ElA A FO/LO

# 4.2.2.2.112C F7 A SB%

4223 720—Fx¥—F

12C O EIL, 12c_init B EZE L THRFR— FES LR ELIZa 7 4 Falb—v g v
RO R A 2 2F8E L £+, BASE PLATFORM Z i+ 2 BETlI~2 2 L LTHEHLETOT,
TAENHANY T 2TV EOBEITFIEICOWTRE L E T, EARMIZ, 2O KT A X TIHELAL Z#H
LTT =4 DEZEET O, £, AZ—F A My 7 ACKAHIRY 7 = T /LA TR 5D T,
Y AADYE, AL —TT RLARLEZET LT —HHBEA~DRA ¥ Lk A X2 fRET 5, AL
—T7OHRE, MELTAL =TT L 22ty FLT, EZEHEKUTAYy 77 OREZITI.
PLATFORM |3 A L —T7 7225 Z L1370 E BN ETOTAL =7 O@RIF TV EEA,

X 4.2.2.3.1 2L 7o —F v — F 2R LE 7, 12c_init THG L72 12C "> KT ~DRA > i
Ltk 12C OHIEAIHERT 5,
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12C#DHEA1E

ITROND #HIAPIT B AHY—E RIL—F 2 TE|
R2CDANUL, IS AHER. BIHUIC2CHR—~
—EAHERTE IDEHRET S

l

PHET—4 120

WEE T—4R12C Init tI&/\ UK

NDHR—HMDZESB|$& — i — o iy o5
LCi2c int£FETRH IHICAE—SNEHBBE
o i HEIRELDIT—5ER
RAERETD L

4.2.2.3.1 giL7 o —F v — |

4.2232Z7AF DT —FEEOTa—F v — | K4.2233IZEOT7e—F ¥ — MR T,
572 5% i2c_memwrite, {5 72 5 1% i2c_memread B & FFOHH IR © A XD EZENTZ D,
EZEOMREIL, BEORY MR TE 5, E_OK UADREVEOSGET T B EZ{T-> T 7EE W,
NY T =2FME, T—FT7 RL2&F>H0 (EEPROM <° RTC 2 &) b0, EZfEnL s, 57
— AT RVADREEITHIOMLEND D, ZDHAE. MemAddr T7 —4% 7 KL A, MemAddSize T7 —
AT RUADNA b A REfRETDH, T—HT RLUADOREZITHOR2WEEATL, MemAddrSize 2
7 LT, EfE A RO,

[2CRY 72 I NVEKT SHIEWGEEIL 518 E LTI2C Y RT~DRA % 2 HE L Ti2¢c_deinit
B AP OHERIE, XY 72T 0y RIIEREREBICRY £9,

12C DELGAFITA N NEAZ L =T —ELABRZH YD | A X2 NELAZRIT 12C WE O T — 2 &EB I
ERHEN, =7 —REFOLT T —EALNEELET, =7 —HNEIX, N> K7D ErrorCode |Z7% E
S5, ErrorCode W ERDOLAIZTT —R LT, =7 —2NRAELTEAED ErrorCode OfEIEFE
4.2.2.3.1 @ ErrorCode D NEIZRT,

E# {1 A
I2C_ERROR_NONE 0x00000000 7=/l
I2C_ERROR_BERR 0x00000001 NAT T —
I2C_ERROR_ARLO 0x00000002 T—ETF— e BA T —
I2C_ERROR_AF 0x00000004 ACK 7 4V =5 —
I2C_ERROR_OVR 0x00000008 F—R—=F o FFT o F—TF T —
I12C_ERROR_DMA 0x00000010 DMA #xit— 7 — (RIE4E)
I12C_ERROR_TIMEOUT 0x00000020 HRi X A LT 0 b (RFEEE)
I12C_ERROR_SIZE 0x00000040 HRs A AT — (REHE)

% 4.2.2.3.1 ErrorCode DINE
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_OKLL4h
I>—H.T

4223212CE#[E7n—F v — |k

BEIET—8%AEY

EET—4EAE)LEICHETY

LicEAE

l

%

AL—TF7RLRET—425ESE

BRET—HEAEY

i2c_memwrite B8k ADRAVBEF AR, LB
ISTT—4%1E SETF—2T7RLREHRELT
BE#a—IL

YE—ETIS—HE

RIET—4EEEAEY LICA

EIRER

l

295

AL—TFFLRET—25B1E

i2c_memreadBE %K (= ADRAVBEF AR LB
TT—43%E SIET—AT7RLREZHRELT
B#a—IL

TOPPERS

YE—ETIS—HE

_OKLLS}
IS8T

4223312C%fE7n—F ¥ — |k

4.2.3SPI
SPIIZSUT N« R_XYTx2T) e LB —T A ZADOIKT, 12C EFFEIZNY 7 = F L OBIEHKE

Th 5, I12C 2 EETE 400kbps Th D DIZ 2 SPI X 1Mbps 7> 5 20Mbps £ T Enl#E %23 Al RE T H
by BRCZETHRT 85EE. A=V v IREALTIIA—R—F v - 25— R ->TLEIRANS
W, SPL X4 RDEBTHEIEEIT)., ALV —7 WP dH 5851, SS(Slave Select) Z LOW (2 L7=A L
— K L CEBEEZITY, TDOD, SS ERIEAL—TOHIETINEEL D, F-, MG MEERT
MISO & MOSI IRl TF — @1+ A0 T, R T — X3RN ThbndEL 5,

O SCLK VA=Y L=

©@ MISO AL —T DT —ZES

® MOSI Y AL NS DT —ZE5
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@ SS

AL —T DLy MER

SPI MASTER MISO

SCLK » SCLK
MOSI » MOSI
< Miso SP! SLAVET
SS1 » SS1
SS2
» SCLK
» MOSI
miso SP! SLAVE2
» SS2

4.2.3.1 SPI ##¢ %

SPI #fE1x, 7 vy 7
ROT =4 « ZA IV TRERSNTND,
B¥m 7 b

O ®—FKO0 : E/VVA, HifgT v T,
@ E®— K1 :1E2UVA, Filgy 7 b,
@ ET—FK2: A/ VVA HIBT vTF,
@ EF—F3 B9V A, BifEYT .
42321 Xb-5 b BRIRE—RODENEX A I 7 HRT,

%7 > F
HBus 7 b
%7 v F

TOPPERS

i (IELR). Z7my 28T 07 —FAREZAILTITED 40DF—

pualalalawa
ST G S S S S T

4232 E—F0, IE/VVA

4231 T—2 L8
SPI R A N IWIELFOTIE LT, %4.2.831.1 %4231 208PI a7 ¥l — g HlL
N RTE LT 4.2.8.1.3D SPI > RIFIAHo,

= 7 L

ik T v F. B 7 x4 I 7K

Fw | HA i HERe
1 | Mode uint32_t SPI v A& — A L —7&IE
2 | Direction uint32_t SPI #5325 1]
3 | DataSize uint32_t SPI#ikT — & A X
4 | CLKPolarity uint32_t SPI #5ik 7 & 7 DOfRE
5 | CLKPhase uint32_t SPI 7 v v 7 hitH
6 NSS uint32_t SPI NSS
7 | Prescaler uint32_t SPI 7 v v 7 53 JHF%E
8 | SignBit uint32_t SPI MSB/LSB & i&
9 TIMode uint32_t SPITI E—F
10 | CRC uint32_t SPI CRC A&
11 | CRCPolynoial uint32_t SPI CRC LG E
12 | semid int BEHE~7+1ID (0 TE~7472L)
13 | smlock int PEML A 2~ 7 + ID(0 CHEMhHIE 72 L)
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#* 4.2.3.1.1 STM32F4xx/STM32L0xx SPI = > 7 ¥ 2 L— g Al

#5 | HA il HEHE

1 | Mode uint32_t SPI v 2 X —A L —T7RE

2 | Direction uint32_t SPI #5125 )7 1A)

3 | DataSize uint32_t SPI #5157 — X A X

4 | CLKPolarity uint32_t SPI #53% 7 1 7 OfRPE

5 | CLKPhase uint32_t SPI 7 v > 7 /i 4H

6 NSS uint32_t SPI NSS

7 Prescaler uint32_t SPI 7 v v 7 455 B&E

8 | SignBit uint32_t SPI MSB/LSB ##7&

9 | TIMode uint32_t SPITI&=— K

10 | CRC uint32_t SPI CRC J#{ A& E

11 | CRCPolynoial uint32_t SPI CRC £k E

12 | CRCLength uint32_t SPI CRC £

13 | semid int HWEHE~7+1ID (0 CE~74721L)

14 | smlock int PEML A 2~ 7 + ID(0 CHEMhHIE 72 L)
*4.2.3.1.2STM32F7xx SPI =27 4 F 2 L —3 g B

Fw | HE i HERE

1 Mode uint32_t SPI v A X — AL —T&RIE

2 | Direction uint32_t SPI #3265 7]

3 | DataSize uint32_t SPI ik T — & A X

4 | CLKPolarity uint32_t SPI #5ik 7 & 7 OfRE

5 | CLKPhase uint32_t SPI 7 v > 7 /i 4H

6 NSS uint32_t SPI NSS

7 | Prescaler uint32_t SPI 7 v v 7 53 JHE%E

8 | SignBit uint32_t SPI MSB/LSB & i&

9 TIMode uint32_t SPITI =— K

10 | CRC uint32_t SPI CRC [ &% &

11 | CRCPolynoial uint32_t SPI CRC £k E

12 | CRCLength uint32_t SPI CRC &

13 | NSSPMode uint32_t SPINSSP £— K

13 | semid int BEHAE~7+1ID (0 TE~74721L)

14 | smlock int eI £~ 7 o+ ID0 CHEfh I 72 L)

#* 4.2.3.1.3 STM32F0xx/STM32L4xx SPI = > 7 4 ¥ = L—3 3 VAl

Oy 7 a¥al—y g AL, STM32F4xx & STM32F746 CH# T-#72 %5, STM32F746 @ J5 7% SPI
NY T 2 T ETOIERENR & 5,
semid [T~ 7 +BEHOE~Y 7 +F S, B TRERL, 2Ot~ 7+3EARE RT A FOR
BRIER LOLA., BEBIENAT D, smlock 1. KT A XOPEAHIHENfE

EHNCE T 2720,

ToHOE~v T A FGEEET D, Eud

BT

THelAHE R L & 722 D,

& | HH 4 HERE
1 base uint32_t SPI X— A7 KL &
2 Init SPI Init_t SPIlz 7 4F¥a2lb— g A
3 | pTxBuffPtr uint8_t * EET — H I A~DRA o H
4 | TxXferSize uint16_t E(E A Nk
5 TxXferCount uintl6_t FBEBEHA A MK
6 pRxBuffPtr uint8_t * EAET — HFEIA~DRA A
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7 RxXferSize uint16_t ZIE A MK
8 | RxXferCount uint16_t AN MK
9 | hdmatx DMA_Handle_t* | 5{EH DMA /N> K5
10 | hdmarx DMA_Handle_t* | Z{EH DMA /N> K5
11 | xmode SPI #5ikE— K
12 | status volatile SPI KT A "DiRHe

uint32_t
13 | ErrorCode volatile SPIl=~5—=a—F|

uint32_t

#4.2.3.1.4SPI > KA1
@O  Mode
SPI D — N iE,
TE 7% B N
SPI MODE_SLAVE 0x00000000 AL —7EF— K

SPI_MODE_MASTER

SPI_CR1_MSTR|SPI_CR1_SSI

AN —F— K

# 4.2.3.1.5 Mode % E1fE

@ Direction

SPI 1815 75 1A% E D F — Nt

FEFR

i

Rk

SPI_DIRECTION_2LINES

0x00000000

274 F—FR

SPI_DIRECTION_2LINES_RXONLY

SPI_CR1_RXONLY

254 ZIED R

SPI_DIRECTION_1LINE

SPI_CR1_BIDIMODE

A HaE— K

# 4.2.3.1.6 Direction 5% EfE

® DataSize
SPI & —#Hiik 'y hH A X, STM32F4xx & STM32F746 T EMEMN R D,

TE 7% fE(STM32F 4xx) F
SPI_DATASIZE_8BIT 0x00000000 F—H YA X8 k
SPI_DATASIZE_16BIT SPI_CR1_DFF F—HHF A X1 6Ly

# 4.2.3.1.7 Direction 5% EfE
@ CLKPolarity
SPI #z1%7 v v 7 Wi E 7,

TE 7% B N
SPI_POLARITY_LOW 0x00000000 it LOW
SPI_POLARITY_HIGH SPI_CR1_CPOL ft: HIGH

% 4.2.3.1.8 CLKPolarity % &1
® CLKPhase
SPI #z1%7 v v 7 i AHE T,

TE 7% fiE N
SPI_PHASE_1EDGE 0x00000000 AR 7 v F
SPI_PHASE 2EDGE SPI_CR1_CPHA BT vF

# 4.2.3.1.9 CLKPhase % &4
® NSS
SPI NSS F#,

HEF fi& %
SPI NSS SOFT SPI CR1_SSM
SPI NSS HARD_INPUT 0x00000000
SPI NSS_HARD_OUTPUT 0x00040000
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# 4.2.3.1.10 NSS % E1fH

(@ Prescaler
SPI 7 v v 7 43 8 beEk B e,

E % fiE [
SPI_BAUDRATEPRESCALER_2 0x00000000 2 73 JE
SPI BAUDRATEPRESCALER_4 0x00000008 4 73
SPI BAUDRATEPRESCALER_8 0x00000010 8 43 )H
SPI_BAUDRATEPRESCALER_16 | 0x00000018 16 43
SPI_BAUDRATEPRESCALER_32 | 0x00000020 32 7y )
SPI_BAUDRATEPRESCALER 64 | 0x00000028 64 7y )&
SPI_BAUDRATEPRESCALER_128 | 0x00000030 128 45 )&
SPI_BAUDRATEPRESCALER_256 | 0x00000038 256 43 JH

% 4.2.3.1.11 Prescaler ;X ElE
SignBit
SPI 5 —# MSB/LSB % & 1#.

E 7% 1B S
SPI_DATA_MSB 0x00000000 sk — 4% MSB
SPI_DATA_LSB SPI_CR1_LSBFIRST 565 — % LSB

# 4.2.3.1.12 SignBit & E 1l
© TIMode
SPI NSS E#%.

E % B E
SPI_TIMODE_DISABLE 0x00000000 TI &— K%
SPI_TIMODE_ENABLE SPI_CR2_FRF TI E— REZD

# 4.2.3.1.13 TIMode & EfE
CRC
SPI H#h CRC /&,

TE 7% B N
SPI_CRC_DISABLE 0x00000000 H &) CRC %)
SPI_CRC_ENABLE SPI_CR1_CRCEN H#) CRC A%)

# 4.2.3.1.14 CRC &R EfE
@ CRCLength
SPI CRC Ei%E. STM32F746 O 7,

TE 7% fiE N
SPI_CRC_LENGTH_DATASIZE | 0x00000000 T — 2 A X LAk
SPI_CRC_LENGTH_8BIT 0x00000001 8t v h
SPI_CRC_LENGTH_16BIT 0x00000002 16 £ k

# 4.2.3.1.15 CRCLength #& &1l

4232 A3 —JxA ALt
SPI # i3 2 KT A4 NEEIZLL FO®Y Th 5, SS D EIL. GPIO 1 - THEEHIE L 721 g
ST AN

[ap gl i 513 B ikl
spi_init SPI_Handler* | ID portid EER—HFID O SPI XY 7 =)L
SPI_Init_t *spii
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ZHHIE L, N RT~DRA &
Bl
spi_deinit ER SPI_Handler* hspi SPI % KA FRABIC R
spi_transmit ER SPI_Handler* hspi SPI EE&#1T9

uint8_t *pdata
uint16_t length

spi_receive ER SPI_Handler* hspi SPI {5 %179
uint8_t *pdata
uint16_t length

spi_transrecv ER SPI_Handler* hspi SPI £ZE%#1T 9
uint8_t *ptxData
uint8_t *prxData
uint16_t length

spi_wait ER SPI_Handler* hspi SPI #4EDK THRH #1T 9
spi_handler void SPI_Handler* hspi SPI HliAH v KT BEL
spi_isr void intptr_t exinf SPI £\ AHY— B R )L—F

# 4.2.3.2.1 SPI K7 A N

4233 Z2A0—Fv—k

SPI R7 A NX, T EZFEEL DMAZFEHTHEIICHFFLTWET, AL—T7DOKEITH £
A, SPI OWHARRE L, spi_init B AZHE L CHRA— FEEFEPMHRELZay 7 4 Fa b —v
a VIEERORA EERELET, NV T I MEREDR, EEOHR, EXENRH Y, ThEh
DEZEREZ B L TV ET,EBRIRIZ E A EDYG  spi_transsrev TT R TOHREEZITZ F9,VIL.1.0
TIHEIE DK THFH HIC spi_wait BEAZ MO LEABN TR TRHHEZLERH D £9, V1.2.0 LIFET
Xz A VA A T SPI_WAIT_TIME (Z 0 % 8 2 5 Bl % % € 74X, spi_transrev N Clisk length
X SPI_WAIT TIME(ms) ® £ 5 % £ 17 L, spiwait A2 FEH T 20 EIIHY ¥ AL,
SPI_WAIT_TIME Z &% L2WGE, £720130 2% E LIS EIE V110 L REOHAEL 2D £,

VU TIIBEEITIRE, HBDORY 7 271D SS{E5% LOW ([ZHIET 50N H Y £4, SSIE
T OEEIL GPIO % BEHEHIE L £,

4 4.2.3.3.1 (2 SPI DUt 7 v —F v — F AL L £, SPIELIAZ, DMA EHAZ, @15 & PEfLiil
AT~ 7+ O API Z AW TEEH L E T, SSHA— FOFEHIX SPI FT A4 XTiIfThR2W\W=H, &
BOAL—TR3H5856, £12. AL—7HIKTSSEREEZERL TV DA, SS A— ko GPIO #I#i
{LALER 24T D72 T T 72 B 720,
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SPI#IEA1E

B AH Y —E R —F U TE

ITRONﬁO)‘ﬁE"JEAPl’G ABEE . BI5I-SPIOH—
SPIDEAAERTE il
% Z{EDMADEIA IDZEET S .
;;QE%E?‘; DMAIZH IS D/ FSIDZEE|
et HTRETS

l

SSIR—RMESPIRYTTTILE

SSTR—FDGPIOE% IFRIERIZHS-0. BHT
E GPIOE A/ EZETHRITAIEL
EH7E

l

LT —HESPI WL T —4SPLInit tIX/\UR
NDR—RD%E5|$h& SRNIZaAE—ShB:=-HBEHE
L Tspi_initZFEUN B EICHERLMEAT—4%%
LNAYRSADRA ET S
UAEREBTS DMA® &% 7€ [Lspi_init A TIT5

¥ 4.2.3.3.1 SPI#J#{L7 v —F v — b

4 4.2.3.32 12 SPI D%ZfED7n—F v — h2L#W L ET, EHOA L —T ORSE1T 9 BE 1T,
SS OFBEEITORITINIER SR, EZEOREX, BEOHRDAL —TRZEOHRDAL—T Th
> Th, spi_tranrecv B CUHAZRHATE 5, EEOHLDA L —T TCZOBEBEMEH L-HE, %G
T—H2 L LTOXFF BZEIN, ZEOHADAL—T7 T, ZOBRKEZRA LGS, SXEMENPEEIR
DD, AL—THITIIEZE LR,

EZEOLA, FEERIIL TRET = PZEERICE Yy NS d, 557 51T spi_wait BIENIZ T
179, RVMEN E_OK UAMI= T —NHEL TS, =T —0iEfiL SPI -~ K ® ErrorCode (2t
v hEnhb,

R i A
SPI_ERROR_NONE 0x00000000 77— L
SPI_ERROR_MODF 0x00000001 E— N7 4V MGE
SPI_ERROR_CRC 0x00000002 CRCx=7—
SPI_ERROR_OVR 0x00000004 F—NN=T =T —
SPI_ERROR_FRE 0x00000008 TlL—h T —
SPI_ERROR_DMA 0x00000010 DMA #sik— 7 —
SPI_ERROR_TIMEOUT 0x00000020 AT —MEHELIA LT T

% 4.2.3.3.1 ErrorCode DINE
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EREREEAEY
LICHERUEET
—8% bk

l

SSIR—b%
LOWERTE

l

spi_transrecvBE £ Mz jos gz

—r

|

spi_wait B HIE U H
LCERE R T 155

l

SSIR—b%
HIGHEE 5

JA—UETIS—HIE

42332SPl xZfg7vn—F ¥ — b

4.2.4ADC
ADC(ZF Rz « F—=4 « av b=, TFRIANT—FETF VLN - F— 4 BT B KT
1 ATH B,

4241 T2
ADC FoANFHHHEHORI L LT, #42411DADC a7 4 Fal—vg M AN RS
ELT# 4.24.1.4 D ADC > R EE>, ADC OREH%., F ¥ R/VOREMICE 4.2.4.1.2 D ADC
Fr FVREME BT LLEREDKLEDRNADC Ut vF Ry Z7HREDT-ODFE 4.2.4.1.3 © ADC
Uy F Ry 7RSS,

X5 | HE Al e
1 | ClockPrescaler uint32_t ADC 7 v v 7 7)) 2 r—Z filil(% ADC | CTHLilfi)
2 | Resolution uint32_t ADCDOVU Y a— g
3 | DataAlign uint32_t ADCfESRT — 27 T4 L EIE
4 ScanConvMode uint32_t ADC AFx vy arN"—Tg F—R
5 EOCSelection uint32_t ADC EOC & 7&
6 ContinuousConvMode uint32_t ADC et — K
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7 DMAContinuousRequests | uint32_t ADC-DMA £=— K
8 | NumConversion uint32_t ADC o —T g UK
9 DiscontinuousConvMode | uint32_t ADC FEfkfeE— N
10 | NumDiscConversion uint32_t ADC FEfkf 2 #akk
11 | ExternalTrigConv uint32_t ADC A5 N Y TEE
12 | ExternalTrigConvEdge uint32_t ADC AN RN Y Hw VERIE
F42411ADC a7 X2 — g A
FE | WA A HEhE
1 Channel uint32_t ADC F v v 2V %HE &
2 | Rank uint32_t ADC 7 > 7 % 5(1-16)
3 | SamplingTime uint32_t ADC > 7Y > IR
4 | GpioBase uint32_t ADC-GPIO X— AT RL- &
5 | GpioPin uint32_t ADC-GPIO v %5
# 4.2.4.1.2ADC F v VR ER
F5 | A i) HEHE
1 | WatchdogMode uint32_t ADCTFual vt vF Ky 7E—R
2 | HighThreshold uint32_t ADC A L v ¥ = R—/b K EFRAE
3 | LowThreshold uint32_t ADC AL vy ¥ ad—/L KRl
4 | Channel uint32_t ADC *H&T ¥ r NV FE
5 | ITMode uint32_t ADC 7T a7 v+ vF Ky 7 EIARGKE
#4.241.2ADC U+ v F Ny 7 ER
#75 | HA il Hne
1 base uint32_t ADCRY 727 )LDO_R—AT KL A
2 | Init ADC_Init_t ADC LR E/ T A —H
3 NumCurrentConversionRank | volatile uint32_t | = X—Y g by &
4 | hdmarx DMA_Handle_t* | SPI 51§ DMA ®/~> K
5 | xfercallback void (*)() HRESE TIRF 2 — L3 7 BER
6 | xferhalfcallback void (*)() N THREFAERED a— LNy 7 BREL
7 | outofwincallback void (*)0) ADC U+ v T Ry 7 Da— "y 7 B
8 | errorcallback void (*)0 ADC =7 —34ERFD 2 — LNy 7 B
9 | status volatile uint32_t | ADC DJRHE
10 | ErrorCode volatile uint32_t | ADC =7 —=a— K

#4.2.4.1.4ADC N> R

@ ClockPrescaler
ADC 7 v v 7 53 JERE,

TE 7% B N
ADC_CLOCK_SYNC_PCLK _DIV2 | 0x00000000 2 43 A
ADC_CLOCK_SYNC_PCLK_DIV4 | ADC_CCR_ADCPRE_O 4 438
ADC_CLOCK_SYNC_PCLK_DIVé6 | ADC_CCR_ADCPRE_1 6 43 )E]
ADC_CLOCK_SYNC_PCLK DIV8 | ADC_CCR_ADCPRE 8 4y

% 4.2.4.1.5 ClockPrescaler 5% EfE
@ Resolution
ADC VY Va—vay (BT —20ry M) &iE,

T filf A
ADC_RESOLUTION_12B 0x00000000 12bit
ADC_RESOLUTION_10B ADC_CR1_RES 0 10bit
ADC_RESOLUTION_8B ADC_CR1_RES 1 8bit
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| ADC_RESOLUTION_6B | ADC_CR1_RES | 6bit
3 4.2.4.1.6 Resolution 7% EfH
@ DataAlign
ADC BHaT — X OFFE, Kt & & iE,

BT fi A
ADC_DATAALIGN_RIGHT 0x00000000
ADC_DATAALIGN_LEFT ADC_CR2_ALIGN

# 4.2.4.1.7 DataAlign % &1l
@ ScanConvMode
ADC A% v »E— R IE,

B i A
ADC_SCANMODE_DISABLE 0x00000000 )
ADC_SCANMODE_ENABLE ADC_CR1_SCAN B

#* 4.2.4.1.8 ScanConvMode % EAH
® EOCSelection
ADC EOC v—/7 v A& — FRiE,

TE 7% fiE N
ADC_EOC_SEQ_DISABLE 0x00000000 i)
ADC_EOC_SEQ_ENABLE ADC_CR2_EOCS Hxh

# 4.2.4.1.9 EOCSelection 7% &1
® ContinuousConvMode
ADC ket — REXIE,

ETE B A
ADC_CONTINUOUS_DISABLE | 0x00000000 7S
ADC_CONTINUOUS_ENABLE | ADC_CR2_CONT Hxh

% 4.2.4.1.10 ContinuousConvMode % EfH
(@ DMAC ContinuousRequests
ADC DMA fifeE— R iE,

TE 7% {1 N
ADC_DMACONTINUOUS_DISABLE 0x00000000 )
ADC_DMACONTINUOUS_ENABLE ADC_CR2_DDS A%h(DMA CIRCULAR)
ADC_DMACONTINUOUS_ENABLEZ2 ADC_CR2_DDS+1<<31 A% (DMA NORMAL)

3% 4.2.4.1.11 DMAContinuousRequests 5% &1
DiscontinuousConvMode
ADC FEfkfEE — RERIE,

% il A
ADC_DISCONTINUOUS_DISABLE 0x00000000 )
ADC_DISCONTINUOUS_ENABLE ADC_CR1_DISCEN B

3 4.2.4.1.12 DiscontinuousConvMode % & fi&
© ExternalTrigConv
ADC A5 R Y Y — AFRE,

% il P
ADC_EXTERNALTRIGCONV_T1_CC1 0x00000000 T1 CC1
ADC_EXTERNALTRIGCONV_T1_CC2 ADC_CR2_EXTSEL_0 T1 CC2
ADC_EXTERNALTRIGCONV_T1_CC3 ADC_CR2_EXTSEL_1 T1 CC3
ADC_EXTERNALTRIGCONV_T2_CC2 ADC_CR2_EXTSEL 1 | | T2 CC2
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ADC_CR2_EXTSEL_0
ADC_EXTERNALTRIGCONV_T2_CC3 ADC_CR2_EXTSEL_2 T2 CC3
ADC_EXTERNALTRIGCONV_T2_CC4 ADC_CR2_EXTSEL_2 | | T2 CC4
ADC_CR2_EXTSEL 0
ADC_EXTERNALTRIGCONV_T2_TRGO | ADC_CR2_EXTSEL_2 | | T2 TRGO
ADC_CR2_EXTSEL 1
ADC_EXTERNALTRIGCONV_T3_CC1 ADC_CR2_EXTSEL 2 | | T3 CC1
ADC_CR2_EXTSEL 1 |
ADC_CR2_EXTSEL_0
ADC_EXTERNALTRIGCONV_T3_TRGO | ADC_CR2_EXTSEL_3 T3 TRGO
ADC_EXTERNALTRIGCONV_T4_CC4 ADC_CR2_EXTSEL_3 | | T4 CC4
ADC_CR2_EXTSEL 0
ADC_EXTERNALTRIGCONV_T5_CC1 ADC_CR2_EXTSEL 3 | | T5 CC1
ADC_CR2_EXTSEL 1
ADC_EXTERNALTRIGCONV_T5_CC2 ADC_CR2_EXTSEL_3 | | T5 CC2
ADC_CR2_EXTSEL_ 1 |
ADC_CR2_EXTSEL_0
ADC_EXTERNALTRIGCONV_T5_CC3 ADC_CR2_EXTSEL_3 | | T5 CC3
ADC_CR2_EXTSEL_2
ADC_EXTERNALTRIGCONV_TS8_CC1 ADC_CR2_EXTSEL 3 | | T8 CC1
ADC_CR2_EXTSEL 2 |
ADC_CR2_EXTSEL_0
ADC_EXTERNALTRIGCONV_T8 TRGO | ADC_CR2_EXTSEL_3 | | TS TRGO
ADC_CR2_EXTSEL 2 |
ADC_CR2_EXTSEL_1
ADC_EXTERNALTRIGCONV_Ext_IT11 | ADC_CR2_EXTSEL A IT11
ADC_SOFTWARE_START ADC_CR2_EXTSEL+1 Y7 NMUH
7 4.2.4.1.13 ExternalTrigConv 7% E1H
ExternalTrigConvEdge
ADC AN b U Ty VB,

EF% il A
ADC_EXTERNALTRIGCONVEDGE_NONE 0x00000000 L
ADC_EXTERNALTRIGCONVEDGE_RISING ADC_CR2_EXTEN_0 FATT
ADC_EXTERNALTRIGCONVEDGE_FALLING ADC_CR2_EXTEN 1 Tx—=V 7
ADC_EXTERNALTRIGCONVEDGE_RISINGFALLING | ADC_CR2_EXTEN [

3% 4.2.4.1.14 ExternalTrigConvEdge % EE

@ Channel
ADC F ¥ R FEFEHRIE,

E 5 i HE
ADC_CHANNEL_O 0x00000000 T 320
ADC_CHANNEL_1 ADC_CR1_AWDCH_0 F X 21
ADC_CHANNEL_2 ADC_CR1_AWDCH_1 F ¥ RV 2
ADC_CHANNEL_3 | ADC_CRI_AWDCH_1 | ADC_CRI_AWDCH_0 Fr ¥ 3
ADC_CHANNEL_4 ADC_CR1_AWDCH_2 F ¥ R4
ADC_CHANNEL_5 ADC_CR1_AWDCH_2 | ADC_CR1_AWDCH_0 F ¥ 2L 5
ADC_CHANNEL_6 ADC_CR1_AWDCH_2 | ADC_CR1_AWDCH_1 F ¥ R 6
ADC_CHANNEL_7 ADC CR1 AWDCH 2 | ADC CR1. AWDCH 1 | | Fv 3%/ 7

ADC_CR1_AWDCH_0
ADC_CHANNEL_8 | ADC_CR1_AWDCH_3 F ¥ /L8
ADC_CHANNEL_9 ADC_CR1_AWDCH_3 | ADC_CR1_AWDCH_0 T 3L 9
ADC_CHANNEL_10 | ADC_CR1_AWDCH_3 | ADC_CR1_AWDCH_1 F ¥ %L 10
ADC_CHANNEL_11 | ADC_CR1_AWDCH 3 | ADC_CR1_AWDCH_ 1 | | F¥v¥x/ 11
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ADC_CR1_AWDCH_0
ADC_CHANNEL_12 | ADC_CR1_AWDCH_3 | ADC_CR1_AWDCH_2 F ¥ 3L 12
ADC_CHANNEL_ 13 | ADC_CR1_AWDCH_3 | ADC_CR1_AWDCH_2 | | ¥+ %/ 13

ADC_CR1_AWDCH_0
ADC_CHANNEL 14 | ADC_CR1_AWDCH_3 | ADC_CR1_AWDCH_2 | | F+v 3%/ 14

ADC_CR1_AWDCH 1
ADC_CHANNEL_15 | ADC_CR1_AWDCH_3 | ADC_CR1_AWDCH_2 | | ¥+ x/ 15

ADC_CR1_AWDCH_1 | ADC_CR1_AWDCH_0
ADC_CHANNEL_16 | ADC_CR1_AWDCH_4 T 3L 16
ADC_CHANNEL_17 | ADC_CR1_AWDCH_4 | ADC_CR1_AWDCH_0 F ¥ /L VREFINT
ADC_CHANNEL_18 | ADC_CR1_AWDCH_4 | ADC_CR1_AWDCH_1 F ¥ /L VBAT

# 4.2.4.1.15 Channel 3% &1
@ SamplingTime
ADC Fx¥ xNY 7V T H A LRE,

ET fiEi kS
ADC_SAMPLETIME_3CYCLES 0x00000000 3 A
ADC_SAMPLETIME_15CYCLES ADC_SMPR1_SMP10_0 15 %4 7 v
ADC_SAMPLETIME_28CYCLES ADC_SMPR1_SMP10_1 28 1 7 v
ADC_SAMPLETIME_56CYCLES ADC_SMPR1_SMP10_0 | | 56 %1 7 v

ADC_SMPR1_SMP10_1
ADC_SAMPLETIME_84CYCLES ADC_SMPR1_SMP10_2 84 %A 7 v
ADC_SAMPLETIME_112CYCLES ADC_SMPR1_SMP10_2 | | 112 %1 27 v
ADC_SMPR1_SMP10_0
ADC_SAMPLETIME_144CYCLES ADC_SMPR1_SMP10_2 | | 144 %1 7 v
ADC_SMPR1_SMP10_1
ADC_SAMPLETIME_480CYCLES ADC_SMPR1_SMP10 480 YA 7 v
# 4.2.4.1.16 SamplingTime 3% E 1
@ WatchdogMode
ADC U vF Ky 7 E— NRE,
EH fiE EA
ADC_ANALOGWATCHDOG_NONE 0x00000000
ADC_ANALOGWATCHDOG_SINGLE_REG ADC_CR1_AWDSGL |
ADC_CR1_AWDEN

ADC_ANALOGWATCHDOG_SINGLE_INJEC ADC_CR1_AWDSGL |
ADC_CR1_JAWDEN

ADC_ANALOGWATCHDOG_SINGLE_REGINJEC | ADC_CR1_AWDSGL |
ADC_CR1_AWDEN |
ADC_CR1_JAWDEN

ADC_ANALOGWATCHDOG_ALL_REG ADC_CR1_AWDEN

ADC_ANALOGWATCHDOG_ALL_INJEC ADC_CR1_JAWDEN

ADC_ANALOGWATCHDOG_ALL_REGINJEC ADC_CR1_AWDEN |
ADC_CR1_JAWDEN

% 4.2.4.1.17 WatchdogMode 7% & fid
ITMode
ADC 7 a2/ vt vF Ky 7EIALE— F&IE,
TR il NE
ADC_ANALOGWATCHDOG_ITMODE_DISABLE 0x00000000 25

ADC_ANALOGWATCHDOG_ITMODE_ENABLE

ADC_CR1_AWDIE

A%

# 4.2.4.1.18 ITMode % &1
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4242 43— A Rk

ADC ZHliHl42 N7 A ~BEEIILL T oY ThHhH, AJero

=
[

TOPPERS

REIL, GPIO % fii o THIE I L 72

TR 570,
¥4 Al ElE: e ika
adc_init ADC_Handler* | ID portid BER—FIDDADC XY 7
ADC_Init_t *pini S SABOELL. ~v RS
NDIRA B i
adc_deinit ER ADC_Handler* hadc ADC % RKfERIREEICE T
adc_start_int ER ADC_Handler* hadc ADC E)AZE— RS
adc_end_int ER ADC_Handler* hadc ADC EAHE— R T
adc_start_dma ER ADC_Handler* hadc ADC DMA & — KE#%A
uint32_t *pdata
uint32_t length
adc_end_dma ER ADC_Handler* hadc ADC DMA &— R#& T

adc_setupchannel ER

ADC_Handler* hadc

ADC F ¥ X VELTE

ADC_ChannelConf t*
sConfig

ADC_Handler* hadc
ADC_AnalogWDGConf_t*
AnalogWDGConfig

adc_setupwatchdoc | ER ADC U vTF Ry /RE

adc_handler void ADC_Handler* hadc ADC EliAH N> R T BEEL

adc_int_handler void void ADC ElijAF N> BT

7% 4.2.4.2.1 ADC F 7 A /SB%

4243 7A8—Fv—F
FATFIEIC R ELE 52 5F— R, UTFTD4-5Th b,
(1) ScanConvMode

BEHOF ¥ XV RESNTHE, HEIICTF v 2V E2E 20135 AD B 21T 9% E

e

(2) ContinuousConvMode

AD B 2 8T 5, 1130 % NumConversion (27 v b5, Z DF— FAELIC L7254 13 single
mode (2720, —FED AD ZH T T,

Singe mode T NumConversion %%/ L7-6, HIAALDOEILEEGRE L 725,

(3) DiscontinuousConvMode

SNER U D%, AD Bz AFIET 5 F v RIVOERET D,

(4) ExternalTrigConv
AXX L DEA I THEINBEY T TRET D,

ADC OBESE R E LT-GA . B 7o —F ¥ — D72 5729, DMAZEMALT1 F¥ 3%
1[EE#S D7 —F ¥y — b &ERT,

ADC OHIHME(X 4.2.4.3. D%, adc_init Bi%2 T ADC 22> e —Z 0L 21T\, D dH &  ADC
F ¥ FIVOFREITH, ADC ZH#iDF1T7(X 4.2.4.3.2)1F ade_start_dma THEH), /> KT N status
DfiEny ADC_STATUS_BUSY DORNZZFEATH, #& 7925 & ADC_STATUS_BUSY LIS DfEIZE D 5,
ADC_STATUS_READY 72 HIXEFK T TH Y, ZNLAOEIZT= T —%/~7F, Adc_end_dma BT
VBRI 2 FRET D,
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ADCOD7R—KIDZ 5|
# &L Tade_initFFE

ITROND F#HIAPIT St MDADCEIAH/NVRST
ADCDEIA#:% B AHEER

E. ZI{EDMADE| DMAIZ® G D/ A\ RSIDZE 5|
AHETEEITD HTHEETD
VT —42E #WEAE T —A2ADC Init_tig/\>

FSRIZaE—Sh 2O BE

VHLNAVESA®D
RAVEERBTS

l

ADC/N\VRSEF ¥
LD WAL EE
58I
adc_setupchanellE
HTFrRILDEE
EEITD

T EICHERLIET—45%
HETD
DMAM % 5E [Zadc_init A TITS

ScanMode = ADC_SCANMODE_DISABLE

CotinuousConvMode = ADC_CONTINUOUS DISABLE
NumConverion = 1

ExternalTrigConvEdge = ADC_EXTERNALTRIGCONVEDGE_NONE

4.2.4.3.1 ADC O E

Tadc_start_dmafs
HEI—ILGES))

X DADCEIAAH/\VRST
ADCOT—4EY EAHER
SAHEEBETER DMAIE3 D/ \RSID%E S|
\b BTEHET S
HERBEEEEL

NURSD
status D{E

ADC_STATUS BUSY

ADC_STATUS BUSY L4}

adc_end_dmaPBi%{a
—JL(fF1k)

AN S 10)
status D{E

ADC_STATUS_READY

ADC_STATUS_READY LL4}

IS—#T

4.2.4.3.2 ADC a0 FE4T

41



4.2.5QSPI

=
[

TOPPERS

QSPI(Z/ 7 v K+ ZAE—=7 AL, QuadSPI 77 v a2 AEVHEDOV YT AAEY LW@EEITH -

DO T IVIEE

RTZARTHD,

4251 T—H ¥

QSPI F7A4 /N2 QuadSPL 77 v+ 2 AV OBWBEEHEMOA L LT, £4.25.1.1 D QSPI =2~
4 Xzl —Ta M N RTLELTHK424.1.4 D QSPI NV FI7MIAEFS, QSPI =7 4 X2 L
—>a i, QUADSPI 77 v a AE VHRIEICREEZIT O LERND D,

F5 | HH Al Here

1 manuf id uint32_t QuadSPI 77 vy a AV D~v=a7 727 F ¥ ID
2 | type_capacity uint32_t QuadSPI 77 v v a AEV DX Y XU T 4 XA
3 | clockprescaler uint32_t AHBZxf4 57U A r—5

4 fifothreshold uint32_t FIFO DA L v ¥ adh—/V K{dE

5 sampleshift uint32_t

6 chipselecthightime uint32_t CHIP Select High Time

7 clockmode uint32_t a7 —RK

8 | flashid uint32_t FLASH ID

9 | dualflash uint32_t DUAL FLASH £— F

10 | ddrmode uint32_t DDR E— K

11 | ddrholdhalfcycle uint32_t DDR 75—/ RO/N—T WA 7 )VERIE
12 | sioomode uint32_t A— RE—FK

13 | addr_size uint32_t 7 RV AP A XHE

14 | inst_type uint32_t WA AT I arDEAT

15 | inst_data_xfer_type uint32_t WEALARNT IS a DEES AT
16 | read_op_code uint32_t READ LB DA Ra— K

17 | read_addr_xfer_type uint32_t READ LB DHEIET KL A Z A

18 | read_data_xfer type uint32_t READ Bl DRET —H H A T

19 | read_dummy_cycle uint32_t READ % X —H A1 7 Ui
20 | write_op_code uint32_t WRITE LB D A ~_a— R
21 | write_addr_xfer_type uint32_t WRITE LB DERIET KL A X A
22 | write_data_xfer type uint32_t WRITE B DRET — X X A
23 | write_dummy_cycle uint32_t WRITE # I —H# A1 7 )L
24 | erase_count uint8_t ERASE /LB D%

25 | erase_size uint32_tx 2 | ERASE OfElk Y1 X

26 | erase_cmds uint8_t x 2 ERASE AX=z— K
27 | erase_secor_idx uint8_t v AHEDOERE
28 | device_size uint32_t FNRL ZADNANA " A R
29 | init_func ER (*)0 HIH B E

30 | enable_write_func ER (*)0 ENABLE WRITE %%

31 | wait_func ER ()0 ERASE/WRITE 7% 5 %%k

32 | friendly_name const char 7T wvaXAEI4

#£4251.1QSPI =27 4 Falb— g Al
%5 | HH it HEHE

1 InstructionMode uint32_t AVANT T arsE—NR

2 | Instruction uint32_t AARNT T ay e FRa—R

3 AddressMode uint32_t 7 KL AE—FR

4 | AddressSize uint32_t T LAY A4 X

5 | Address uint32_t T RV
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6 | AlternateByteMode uint32_t TINT 4 F— b hE— R
7 | AlternateBytesSize uint32_t TIT 4 F— bAoA b A X
8 | AlternateBytes uint32_t TIVT 4 F— b1 |
9 | DummyCycles uint32_t X —HA )
10 | DataMode uint32_t F—HET— K
11 | NbData uint32_t T4
# 4.2.5.1.2 QSPI =1~ > AR
#75 | HH g Hne
1 | Match uint32_t ~vFT—X
2 | Mask uint32_t v FT—H D~ AT H
3 | Interval uint32_t READ LA — b~F v I R—=V U THEDA o H—r3)L
4 | StatusBytesSize uint32_t AT —H ADNRA b
5 MatchMode uint32_t ~vvFE—F
6 | AutomatchStop uint32_t ~ v FHOHEMEIERE
7 4.2.41.3QSPI A — hA—V >/l
%5 | HE Al HEHE
1 | base uint32_t QSPI XU 7 =T )LDRX—RAT KL A
2 | Init QSPI_Init t | QSPI =t 7 4 X al—3 g VRENRT A—X
3 | pBuffPtr uint32_t * T — FHRIRER DR A o F
4 | XferSize uint32_t FEERREY A X
5 | XferCount uint32_t BEDHRET — X T b
6 | timeoutcallback ER (*)0 BANT T NEFEDI— Ny 7 B
7 | errorcallback ER (*)0 TT—Da—nNy K
8 | istatus uint32_t BB AE LTZELABR AT — X ADAE
9 | timeout uint32_t F 74V NEA LT 7 ME(ms)
10 | semid int WEE~74 ID
11 | status uint32_t QSPI DikHE
12 | errorcode volatile QSPI =7 —=a— |
uint32_t

% 4.25.1.4QSPI /N> RS

@O sampleshift
sample shift 5% &,

FEFR

i A

QSPI_SAMPLE_SHIFTING_NONE

0x00000000 7 ML

QSPI_SAMPLE_SHIFTING_HALFCYCLE

QUADSPI_CR_SHIFT

12 7wy 737k

# 4.2.5.1.5 sampleshift & E1fH

@ chipselecthightime

o~ Ko CS STAY HIGH % ED 7 v v 7 %A 7 )V EEIE,

% i WA
QSPI_CS_HIGH_TIME_1_CYCLE | 0x00000000 Leycle
QSPI_CS_HIGH_TIME_2 CYCLE | QUADSPI_ DCR_CSHT 0 2cycle
QSPI_CS_HIGH_TIME_3 CYCLE | QUADSPI DCR_CSHT 1 3cycle
QSPI_CS_HIGH_TIME_4 CYCLE | QUADSPI DCR_CSHT 0| QUADSPI DCR_CSHT 1 | 4cycle
QSPI_CS_HIGH_TIME_5 CYCLE | QUADSPI DCR_CSHT 2 5eycle
QSPI_CS_HIGH_TIME_6_CYCLE | QUADSPI DCR_CSHT 2|QUADSPI_ DCR_CSHT 0 | 6cycle
QSPI_CS_HIGH_TIME_7_CYCLE | QUADSPI DCR_CSHT 2|QUADSPI DCR_CSHT 1 | 7eycle
QSPI_CS_HIGH_TIME_8 CYCLE | QUADSPI DCR_CSHT Scycle

% 4.2.5.1.6 chipselecthightime 7% &
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® clockmode
7 vy E— RERiE,
E % B A
QSPI_CLOCK_MODE_0 0x00000000 CS % ER LOW

QSPI_CLOCK_MODE_3

QUADSPI_DCR_CKMODE

CS s ERf HIGH 1B

% 4.2.5.1.7 clockmode 7% EfE

@ flashselect

FLASH j&GEE,

BT filf A
QSPI_FLASH_ID_1 0x00000000 FLASH 1
QSPI_FLASH_ID_2 QUADSPI_CR_FSEL FLASH 2

#* 4.2.5.1.8 flahselect 5% FEAE
® dualflashmode
Dual Flash £— R &,

TE % B N
QSPI_DUALFLASH_DISABLE | 0x00000000 )
QSPI_DUALFLASH_ENABLE QUADSPI_CR_DFM BHZN

% 4.2.5.1.9 dualflashmode % &
® ddrmode
Double data rate mode % &,

TE 7% B N
QSPI_DDR_MODE_DISABLE 0x00000000 ELil)
QSPI_DDR_MODE_ENABLE QUADSPI_CCR_DDRM YEEY)

#* 4.2.5.1.10 ddrmode 5% FEfE
(@ ddrholdhalfcycle
DDR &— R, 7—% N7 L 4 RIE,
BT filr A
QSPI_DDR_HHC_ANALOG_DELAY 0x00000000 Tru’Zsr g

QSPI_ DDR_HHC_HALF _CLK DELAY

QUADSPI_CCR_DHHC

1/2 clock cycle

3 4.2.5.1.11 ddrholdhalfcycle

sioomode

A EfE

EEA VAT a v T— RRIE,
TE#% & R
QSPI_SIOO_INST EVERY_CMD 0x00000000 TRTCOEEREICA A RNT Vg

VIEE

QSPI_SIOO_INST_ONLY_FIRST_CMD | QUADSPI_CCR_SIOO HELE D I A D F
7 4.2.5.1.12 sioomode & EfH
©® AddressMode
o~y RER, 7 KL AE— RERIE,
TE % {1 NE
QSPI_ADDRESS_NONE 0x00000000 L

QSPI_ADDRESS_1_LINE QUADSPI_CCR_IMODE_O | 11Ine
QSPI_ADDRESS_2_LINES QUADSPI_CCR_IMODE_1 | 2 lines
QSPI_ADDRESS_4_LINES QUADSPI_CCR_IMODE 4 lines

% 4.2.5.1.13 AddressMode

AddressSize

A E fiE
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TOPPERS

L=
JE 7%

i

TS

QSPI_ADDRESS_8 BITS

0x00000000

S8ty N7 KL XA

QSPI_ADDRESS_16_BITS

QUADSPI_CCR_ADSIZE_0

6ty 7 FLA

QSPI_ADDRESS_24_BITS

QUADSPI_CCR_ADSIZE 1

24y F T RL A

QSPI_ADDRESS_32_BITS

QUADSPI_CCR_ADSIZE

32ty R FLX

#* 4.2.5.1.14 AddressSize 5% EAE
@ InstructionMode
avwy RER, A VAT 7 arE— RRE,

TEFE {1 A
QSPI_INSTRUCTION_NONE 0x00000000 L
QSPI_INSTRUCTION_1_LINE QUADSPI_CCR_IMODE_0 1line
QSPI_INSTRUCTION_2_LINES QUADSPI_CCR_IMODE_1 2lines
QSPI_INSTRUCTION_4_LINES QUADSPI_CCR_IMODE 4lines

#* 4.2.5.1.15 InstructionMode % E1fH
@  AlternateBytesMode
g~ RAER, 7/VHF— b3 FE— RRE,

ETE fE A
QSPI_ALTERNATE_BYTES_NONE 0x00000000 L
QSPI_ALTERNATE_BYTES_1_LINE QUADSPI_CCR_ABMODE_0 1line
QSPI_ALTERNATE_BYTES_2_LINES | QUADSPI_CCR_ABMODE_1 2lines
QSPI_ALTERNATE_BYTES_4_LINES | QUADSPI_CCR_ABMODE 4lines

3% 4.2.5.1.16 AlternaleBytesMode % &1
@ DataMode
o~ NERR, 7 —%F— N&EIE,

% i P
QSPI_DATA_NONE 0x00000000 L
QSPI_DATA_1_LINE QUADSPI_CCR_DMODE_0 1line
QSPI_DATA_2_LINES QUADSPI_CCR_DMODE_1 2lines
QSPI_DATA_4_LINES QUADSPI_CCR_DMODE 4lines

# 4.2.5.1.17 DataMode

A EfE

425243 —J x4 A8
QSPI ZHIH+ 25 KT A SEEIZLLFTOMEY Thd, T— X D5 LI - CHa
INDIRECT READ & 2 £ U 2R C#iZ 3 DIRECT READ 7% 5.

B i g% HERE (k=]
qspi_init QSPI_Handler* | ID portid FeER—FID ® QSPI <V 7 =
QSPI_Init_t *pini TNEDEL N BT A~DR
A X HIET
gspi_deinit ER ADC_Handler* hgspi | QSPI K A /N % RKf# FIRIEIC
R
gspi_read ER QSPI_Handler* hqspi | QSPI INDIRECT READ
void *dest
uint32_t src
uint32_t size
qspi_write ER QSPI_Handler* hspi QSPI INDIRECT WRITE

uint32_t dest
void *src
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uint32_t size

gspi_erase ER QSPI_Handler* hqspi | 7 R L AfEEHZE

uint32_t address

uint32_t size
gspi_erase_sector | ER QSPI_Handler* hqspi | &2 & Bif{/ %

uint32_t address
gspi_direct_disable | ER QSPI_Handler* hqspi | DIRECT READ #£%)
gspi_direct_enable | ER QSPI_Handler* hspi DIRECT READ %)
gspi_handler void QSPI_Handler* hspi QSPI EliAH N~ R 7 Bk
gspi_isr void intptr_t exinf QSPI EiAH Y — B R JL—F

# 4.2.5.2.1 QSPI R 1 SEi%k

4253 2720—Fx—F

QSPI #IEITHIHLAE1TV ., ERASE/WRITE/READ ORI %> CF —X DHE, EXIAL, Fik
MLZITAIE LV, EEAITT —#ESIATDTHRIZIE, ERASE BMCHEIKZHET 2 LERH L,

QSPI =7 4 Falb—ar7—4ZE, TOXINERD ZNLSD QSPI 77 v a AE Y &4l
AT 5581, a0 74FXalb—3a v — 22 AETA0ERDL D,

O STM32F769 Discovery : MICRON N25Q512A13GSF40E

@ STM32L476 Discovery : MICRON N25Q128A13EF840E

@ STM32F723 Discovery : MACRONIX MX25L51245G

426 RTC
RTC(Real-time clock) i 2 EFH T 5~ KU =27 Th o, ST~vA /L7 hu=7 AttOR—
RTIiX RTC D7 v v 7 3FESNTWDEN, Ny 277 v 7Ny 7 VIFFEES TR W 2O /ER
W ETEREZENLXY By b Sivd, RTCIERFAEBLIAMNC T 7 — MERDRH Y . 77— MNFA R ET
HEERABRICEY, 77— NEMEZITRA Z ENTE D,
RTC 1% (EXIALEZITI) 77 A NEMEICIIMEOHKETH L2720 R— %2175, /=, o KT
ANRDENNTEE DO Y v 7 BRSO L3R — MEBEIZITD /R,

42.6.1 T—3tH
RTC TIZ UNIX T SN TV D REZE B SR tm &3 L TR T — 2 OV D #1725 X 9
123 4.2.6.1.1 & L THERA ZZE X T2 tm2 MEEREZERT D, 2 OREIEIRIT tm HEA & JRAE L Tl
HENTHELL T —HXDOZIFELEITZ D,
RTC 7 7 — L28EREHICHK 4.2.6.1.2 L LTRTC 77— 2 E AET 5, BliAR & L CEALE
5(16+41)» IRQ_VECTOR_RTC_ALARM % {4 %,

5 | HHA i) BEhE
1 tm_sec int #(0~59)
2 tm_min int 45(1~60)
3 tm_hour int FF(0~23)
4 | tm_mday int HodoH
5 tm_mon int H
6 | tm_year int #1970 % 0 & L=
7 | tm_wday int fied B
8 tm_yday int EDHDH
9 tm_isdst int HER : o LIS OfE
# 4.2.6.1.1 tm2 &R
Fem | HH i) BghE
1 alarm uint32_t 7 — LR

46




TOPPERS
2 alarmmask uint32_t T T — AV AT RE
3 subsecondmask uint32_t TI— LY TEar Rv X7
4 | dayselect uint32_t 75— A B AR E
5 subsecnd uint32_t TP TRa R
6 callback (*)(void) VA =T AN /4
% 4.2.6.1.2 RTC_Alarm %!
@ alarm
TI—ALTURAREREETSH

E T fE E
RTC_ALARM_A RTC_CR_ALRAE TI—AALVYRAXEIEE
RTC_ALARM_B RTC_CR_ALRBE TI5—ABLIUAXEIEE

% 4.2.6.1.3 alarm & EfHE
@ dayselect
T [F IR E 2 T 5,

REES B A
ALARMDAYSEL_DATE 0x00000000 AW oHEZREE
ALARMDAYSEL_WEEKDAY 0x40000000 U4 =TT 4 BIRIE

# 4.2.6.1.4 dayselect i EfHE
@ alarmmask
T I =D ATREEITD,

TE % fE [
ALARMMASK_NONE 0x00000000 ~ AL
ALARMMASK_DATESEL RTC_ALRMAR_MSK4 | HOT 5 — L&~ A7
ALARMMASK _HOURS RTC_ALRMAR_MSKS3 | FfDT7 5 — L%~ A
ALARMMASK_MINUTES RTC_ALRMAR MSK2 | 507 5 — Lk~ A7
ALARMMASK_SECONDS RTC_ALRMAR_MSKI1 | BOT 7 — L&~ A

# 4.2.6.1.5 alarmmask % EfE
@ subsecondmask
BT ar R RV REEYT D,

REES {22 A s
ALARMSSMASK_ALL 0x00000000 T ar R~ yFa LRy
ALARMSSMASK_SS14 1 0x01000000 SS[OIR~ v FTT 7 —2A
ALARMSSMASK _SS14 2 0x02000000 SS[1:0l3~ »FTT 7 — A
ALARMSSMASK_SS14 3 0x03000000 SS[2-0]23~ v FTT 7 — A
ALARMSSMASK_SS14_4 0x04000000 SS[3-0123~ v FTT 7 — A
ALARMSSMASK_SS14 5 0x05000000 SS[4-0123~ v FTT 7 — A
ALARMSSMASK_SS14_ 6 0x06000000 SS[5-0]73~ v FTT7 7 — A
ALARMSSMASK_SS14_7 0x07000000 SS[6-0]73~ v FTT 7 — A
ALARMSSMASK_SS14 8 0x08000000 SS[7-0l3~ v FTT 77— L4
ALARMSSMASK_SS14 9 0x09000000 SS[8-0l3~ v FTT T — L4
ALARMSSMASK_SS14.10 0x0A000000 SS[9-0]23~ v FTT T — A
ALARMSSMASK _SS14 11 0x0B000000 SS[10-0]13~ v FTT 7 — A
ALARMSSMASK _SS14 12 0x0C000000 SS[11-01723~ v FTT 7 — A
ALARMSSMASK_SS14 13 0x0D000000 SS[12-013~ v FTT 7 — A
ALARMSSMASK_SS14 0x0E000000 SS[13-0l13~ v FTT 7 — L4
ALARMSSMASK _NONE 0x0F000000 SS[14-013~ v FTT 7 — A
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% 4.2.6.1.6 subsecondmask 3% &1
4.2.6.2 A08—J x4 REH
RTC R ET D T A N ZLLTITRT,
B4 il 513 Hne %
rtc_init void intptr_exinf RTC o#I#HLE1T 5, BIEIZER L
rtc_set_time ER struct tm2 *pt e A e R N )
rtc_get_time ER struct tm2 *pt B 2D 9
rtc_setalarm ER RTC_alarm_t *parm TI9— bty FTD
struct tm2 *ptm
rtc_stopalarm ER uint32_t Alarm 77— hEEIET D
rtc_getalarm ER RTC_alarm_t *parm | 77— MERZEDY H7
struct tm2 *ptm
uint32_t Alarm
rtc_handler void void BAFH N BT

# 4.2.6.2.1 RTC & &%

4.2.6.3

REFIE

FIHEIE rte_init BA% A HWTIT 9, ATT_INI Z6H L TRENMTAD LB EHE LN, 2
DOFIBICEWRIT v, FHERIZLTFOFNEICHE 9,

@D rtc_set_time

FZ| DR TE

kAN

(1) tm_year
(2) tm_mon
(3) tm_mday
(4) tm_hour
(5) tm_min
(6) tm_sec

@ rtc_get_time

P2 2 B0 9, tm2 HEIE AR I SRR

- 2

X E

SNH2EBEITZUTO7OOHEBETH D,

MOFRE HRE LT2WIGE 1T mktime B E HWCEREEITO LEND D,
(1) tm_year
(2) tm_mon
(3) tm_mday
(4) tm_wday
(5) tm_hour
(6) tm_min
(7) tm_sec

® rtc_setalarm

2179, tm2 #EERPIZEREIHEHTH2DOIELLTO 6 DOIEB CTHOEE IXEK L B

T T —LDREEIT). TT—LLITAXITIALBO —O0H Y BMEICERENTE 5,

T I NIRE E O L BT ar REOREO “FEENRS D,

KA & DDA tm2 HERIC R ORLAREZITV, YA EETY AT DIRWHHE & O
g T L7258 EALNRAET D, a—nA Ny ZEBEZEy M THIEHEIARKEa — Ly 7
BN S D,

TR REDHBOYE, —Botay MEL K LR2NWS A7 REZITV., —BhidH
ABBFEET D,
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@ rtc_stopalarm
TI—ALEEIETS, BIETAT T ALV AKX BRI E LTIET,

® rtc_getalarm
SIED Alarm (27 7 — AV VAR EZFRET H, BHEO L TV AZRNENS RTC_Alarm M 243 %,

4.2.7USB OTG
USBOTG iE, A . 734 A0 USBHBATTH KTA S Th%, USBAA b LTBIESES
FWIIXUSBAA 7 T A RT AN USBT /A AL LTEIESED0ICIE USB 7 27 A 7
TV & EIDOEY 2—LE LTHETOILERD S,

4271 T—3 %%

USB OTG K74 NI ##b R & LT, % 4.2.7.1.1 ® USB OTG ¢k EEsHi L, ~ KT
L1 T#* 4.2.7.1.4 ® USB OTG > R7BIZF>, WEOM L LTy RARA > M E2EHRT L7200
#F 427120 RiRA V NERME, FANTF ¥y XNV EZEHRTHTDODOE 4.271.3 DFRA NI T A
EEMNE LD, TURKRA L FERA NI T AEFITL, USB O L iBOEY 22—V CTRELZIT I MLE
NHb, ZOFRETIE, Stm32Cube DO USB X Ry =2 7 NKEEZIT- TV 5D,

MR EERTLOANEDZE L. 1 DER, 0 DEGOHRE L 25,

#% | HH i HERE
1 | usb_otg_mode uint32_t USB OTG D3FITE— FEE
2 dev_endpoints uint32_t FNRA ZFHDOxZ Y RRA v s D$(1-15)
3 | host_channels uint32_t RA R TF v 2 D%(1-15)
4 | speed uint32_t USB =7 AE— K
5 | dma_enable uint32_t USB DMA HRE DA RN RN R E
6 phy_itface uint32_t PHY OIsE
7 | sof_enable uint32_t T A — R TOD SOF AL DA Zh B ER E
8 low_power_enable uint32_t LOW POWER £ — KOEZhERN R E
9 | lpm_enable uint32_t LPM HHE DA W HEhik iE
10 | vbus_sessing_enable uint32_t VBUS O& v v T HEBE DA B FRE
11 | use_dedicated_epl uint32_t T RARA Vb 1 FHHELGAL DA N E
12 | use_external vbus uint32_t & VBUS OF 3% E
# 4.2.7.1.1 USB OTG 1% & & #574
5 | HH Al HhE
1 | num uint8_t T RRA v +E5(0-15)
2 |is_in uint8 t:1 | =2 R&A > hDF 4 L7 a (LIN 0:0UT)
3 |is_stall uint8 t:1 | A7 4 —/LIKEE(1: AT 1 —/LIREE)
4 | type uint8_t:2 | WEX A7
5 data_pid_start uint8_t:1 | A% —r®» PID(0 F7/1% 1)
6 | even off frame uint8_t:1 | 7L —2A0,3J 7 ¢ (0:EVEN 1:0DD)
7 | tx_fifo_num uintl6_t #%{E FIFO &%=
8 | maxpacket uint16_t R R4 X(64KB L)
9 | xfer_buff uint8_t * | EZENY T 7 ~OFRA X
10 | dma_addr uint32_t DMA 7 RV A@A 514 DT T A 1K)
11 | xfer_len uint32_t BAEER LY A X
12 | xfer_count uint32_t WBEOELEY A X

#4.271.2 = FARA v bEFHEM
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&5 | HEH Al BEAE

1 | dev_addr uint8_t T NA AT KL A(1-255)

2 | ch_num uint8_t RA BT ¥ FNEE(1-15)

3 | ep_num uint8_t T RAKRA > h&E(1-15)

4 | ep_is_in uint8_t TV RARA L bOT 4 L7 v a (LIN 0:0UT)

5 speed uint8_t USBHAA MDA —FR

6 | do_ping uint8_t HS &— RO PING 7’1 b 2V O YR E

7 | process_ping uint8_t PING 7' | =2 VI TIRAE

8 | ep_type uint8_t T RARA L hOR

9 max_paket uintl6_t Ry b A X(64KB L)

10 | data_pid uint8_t PR ET — 4 PID

11 | xfer buff uint8 t * WEN Y 7 7 A~DRA o HZ

12 | xfer_len uint32_t RIEOBET A X

13 | xfer_count uint32_t fREmEYr A X

14 | toggle_in uint8_t INGBIEDO NI NVT T T

15 | toggle_out uint8_t OUT#fED NI N7 7

16 | dma_addr uint32.t | DMAE—RTOT =47 FLAU A FDT F7AV)

17 | err_count uint32_t T T A

18 | urb_state uint8 t URB 25— # A&

19 | state uint8_t RARNAT—H A

#4.2.7.1.2 KA~ T AEFM
& | HH il HEhE

1 | base uint32_t USB-OTG XY 7 =7 /LDX—RT KL A

2 | Inmit USB_OTG_Init_t USB-OTG #JH{LERE/NT A —H

3 | hel15] USB_OTG_HCTypedef | ;x A kF v 3 /L4Ek

4 | IN_epl15] USB_OTG_EPTypedef |IN T FARA > bfEEK

5 | OUT epl15] USB_OTG_EPTypedef | OUT = RARA > Mg

6 | Setup[12] uint32_t Ty N7 v TRy MR

7 | BESL uint32_t BESL 7 — & O {7

8 | lpm_state uint8_t LPM OjRFE

9 | lpm_active uint8_t LPM #nef 2h 2% &

10 | hostsofcallback void ()0 AR A N SOF HliAd 22— L3 7 BA%Y

11 | hostconnectcallback void (*)0 RANaRy Mga—n Ny 7 B

12 | hostdisconnectcallback | void (*)() HRANT 4 ZAaxy MEEa— LNy 7 B

13 | hostchangeurbcallback | void (*)0 ARA N URB ZH Rz —/L Ny 7 Bi%K

14 | devsetupstagecallback | void (*)() TNRARAE Y VT v T AT =V a— LRy
7 B

15 | devdataoutstagecallback | void (*)() TNAAT—=HT 7 NAT =V a— /Ny
7 B

16 | devdatainstagecallback | void (*)( TNRA AT —HA VAT =V a— )Ly
B

17 | devsofcallback void (*)0) T 34 A SOF EliAF 2 — v N 7 BREL

18 | devresetcallback void (*)0 TNA Ry ha— Ny 7

19 | devsuspendcallback void (*)0 TNA AP AN Ra— o3y 7 B

20 | devresumecallback void (*)0 TNA ALY a—ha—)3y 7B

21 | devisooutcallback void (*)0) T34 A ISOOUT = —/1 3 7 B%%

22 | devisoincallback void (*)0) T34 A ISOIN z2—/L 3w 7 B

23 | devconnectcallback void (*)0 TNA ARy ha—nNy 7R

24 | devdisconnectcallback void (*)0 TINA AT 4 Aaxy ha— "y 7B

25 | devlpmecallback void (*)0 T34 A LPM 22— 28 7 B¥k
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26 | pHost void * PR A SNy BT R AAER
27 | pDev void * FALT SA AN R T RN
#* 4.2.5.1.4 USB OTG > K7 &
@ usb_otg_mode
USB OTG O EE— REHRET 5,
EF fiE N
USB_OTG_MODE_DEVICE 0 USB DEVICE [#E &
USB_OTG_MODE_HOST 1 USB HOST & &
USB_OTG_MODE_DRD 2 OTG E=— K
# 4.2.7.1.5 usb_otg_mode 7% EfH
@ speed
USB DiEkEA Y — RERET 5,
EF fiE N
USB_SPEED_HIGH 0 HIGH % v°— RigE
USB_SPEED FULL 3 FULL 2 v°— NigE
7 4.2.7.1.6 speed % E1HE
@ phy_inface
PHY &R EZ1T 9,
ET fiE I
USB_PHY_ULPI 1 ULPI-PHY
USB_PHY_EMBEDDED 2 EMBEDDED-PHY
# 4.2.7.1.7 phy_inface % &1
4272408 —7 x4 Rt#k
USB OTG #1792 K7 A SEEIFILLTO#EY THh 5,
B4 i EIE HERE ik
usbo_init USB_OTG_ | ID portid BERNR—F ID O
Handler* USB_OTG_Init_t *pini USB-OTG VY 7 = 5
V% ML
usbo_deinit ER USB_OTG_Handler* husb USB &3 o —/LDOHER)
e
usbo_getcurrentfram | uint32_t USB_OTG_Handler* husb HEERITHEFDO 7 L— LA
e T 0 724
usbo_setcurrentmode | ER USB_OTG _Handler* husb USB-OTG ® & — FiX
EEZAT D
usbo_coreinit ER USB_OTG_Handler* husb USB-OTG == 7 @ ) #
it
usbo_enableglobalint | ER USB_OTG_Handler* husb USB-OTG 7 o —/ 31
FLA L % NG E
usbo_disableglobalint | ER USB_OTG_Handler* husb USB-OTG 7 o —/ 31
FIA I % BESH R TE
usbo_flushTxFifo ER USB_OTG_Handler* husb EEFIFO% 77 v =a
uint32_t num T35
usbo_flushRxFifo ER USB_OTG_Handler* husb ZEFIFO%Z 7T v a
ERS
usbo_iniFifo ER USB_OTG_Handler* husb %15 FIFO #1¥{LEEE
usbo_hc_init ER USB_OTG_Handler* husb RARNT v 2V &
uint8_t ch_num k35
uint8_t epnum
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usbo_hc_startxfer ER USB_OTG_Handler* husb BRANTF v XV EEE
uint8_t ch_num 5k
usbo_hc_halt ER USB_OTG_Handler* husb RAABMNF ¥ X7
uint8_t ch_num HALT RfEIZT %
usbo_resetport ER USB_OTG_Handler* husb PAZ N N Nl Nl B
95
usbo_drivevbus ER USB_OTG_Handler* husb BAANAH VBUS oA
uint8_t state T ITHRERITO
usbo_hostinit ER USB_OTG_Handler* husb RA S OPIHMLELT 5
usbo_starthost ER USB_OTG_Handler* husb HRA NERMGT S
usbo_stophost ER USB_OTG_Handler* husb HRAMEEIETD
usbo_gethostspeed uint32_t USB_OTG_Handler* husb ARAPFMOaAT7AE—F
ZEY
usbo_hed_irghandler | void USB_OTG_Handler* husb USB-OTG 7 & k #[iA
S ALER
usbo_devconnect ER USB_OTG_Handler* husb USB 7 /31 AR EER
usbo_devdisconnect ER USB_OTG_Handler* husb USB 7 /34 AYJWr3EsR
usbo_activateEndpoi | ER USB_OTG_Handler* husb T RRA LV NT I T
nt USB_OTG_EPTypedef *ep PRV EN ¥y
usbo_disactivateEnd | ER USB_OTG_Handler* husb T RRA U NT 4 A
point USB_OTG_EPTypedef *ep T 4 A NEER
usbo_epsetStall ER USB_OTG_Handler* husb T RRA YV NEAT
USB_OTG_EPTypedef *ep 4 —VIRBEIZEEE
usbo_epclearStall ER USB_OTG_Handler* husb TV RRA L NDRT
USB_OTG_EPTypedef *ep o — VAR RERR
usbo_setDevAddress | ER USB_OTG_Handler* husb FTNA AT KL A&
uint8_t address ET5H
usbo_getDevSpeed uint8_t USB_OTG_Handler* husb USB 7 /3 A AE— R
ZI0
usbo_ep0_outstart ER USB_OTG_Handler* husb T RK&KRA 2+ 0-OUT
uint8_t *psetup BHAREE SR
usbo_epOstartxfer ER USB_OTG _Handler* husb T RARA k0 DS
USB_OTG_EPTypedef* ep BHAREE R
usbo_epstartxfer ER USB_OTG_Handler* husb T RiRA » bOERE
USB_OTG_EPTypedef* ep BEAGEE SR
usbo_devinit ER USB_OTG_Handler* husb USB 5 31 291k
usbo_stopdevice ER USB_OTG_Handler* husb USB 531 221k
usbo_init_lpm ER USB_OTG_Handler* husb LPM o #1H{k
usbo_ped_irghandler | void USB_OTG_Handler* husb USB 7 /34 ADEAI
AILER
usb_otg_isr void intptr_t exinf USB-OTG #[A & H—
R L—F
usb_otg wkup_isr void intptr_t exinf USB-OTG WKUP #|3A
HYP—EAN—=F

# 4.2.7.2.1 USB-OTG K7 A %

4273 780—Fv—F
USB-OTG |37 A MEREE T 341 AEZ L OV 72TV ThD, KA MEEZT A ADHRHi %
o TN OMREZ FITT 5,
(1) &2 ML
USB-OTG "— Ry =7, ey a2a— Otz iTvy, USB RA h&2 A& — 3%, USB D
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>
=

RBIERIIEFNALPIE NS D3 — /3y 7 TERITS N D,

USBRAR ML

usbo_initFAET
N—FHEEENIRS
DEYHL

ERES2—ILOAEA
{EER
usbo_hostinitB 24T
USBRA IR

l

FRED2—ILIZRA
“rER
usb_starthostB# TR
A—REXR
usbo_enableglobalint§
HTTO—/N\ILEAH
ZEFAl

|

usbo_resetportBE % T~
—k) Y ETS

RS

% 4.2.7.3.1 USB 7~ 2 ~ ¥lHi4k

(2) FA LTI ax—T g
USB R A hOFIMULE T T 5 &, T3 AOHERFRF HIRIBICEBAITT 5, IREEER IXELA AL
D=3y T LT Y 2 — VI Bm#ES LD, USB AR M CHEH IS 2 —/A 3y 7 BT
To4>5THD
@D hostsofcallback
SOF O ¥ A 2> 7 CElIARZEHAT D, USB X 1ms HAZIZ SOF 25479 5 72% 1ms MI@IC
aI—Ny T ERD,
@ hostconnectcallback
BA FDOR— FELERAZ(USB_OTG_GINTSTS_HPRTINT) S FEA L AN— " TF =~ v 7 %
fTWa—n Ny 735,
® hostdisconnectcallback
KA DT 4 Aaxy FERAZ(USB_OTG_GINTSTS_DISCINT) S FEARE, a—uNy 7425,
@ hostchangeurbcallback
KA NF ¥ ZVELAR(USB_OTG_GINTSTS_HCINTD) N3 /4EH:, a—u Ny 7945,

Bt O 1L hostconnectcallback BAEFEFON LG EAMET 5, 2 — Ny 7 BT A X MEA
DIHT, BRI Z A7 LYV THEITEN D,
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EmdhY hostconnectcallback

usbo_gethostspeed B £
THEHEAE—FERYH
El

usbo_hc_init B %% >
TEPODIN/OUTMND 2D

DRANIZRAEERT
%
\L DevDescD8/\A 215
DecDescD 18731 h&321{E
usbo_hc_startxferfd #% Device AddressZ 2
FALVTENUMERATION | —— | CfgDesc M9/ N FE2{E
T—ADEZEETS Manufacturer String% 521§
Product String& 5215
Serial Number String& % {8

usbo_hc_startxferfi %
FAULNVTSET
CONFIGURATIONZ 1T
P)

X 4.2.7.3.2 BEGEALER

(3) KA b2 T ADRR L iR

Ereya—nToF I ax— 3 L VES L7 binterfaceClass 267 T AT = — /L& 8
KD, JST 57 FRAED a— LRARWNEAITMBE L 25, 75 AF Y a— LN RE S U8
BE IV TRAEY 2=V TED L RTZFNAT Init GEEH DT FARA  FOERER) >Requests (7
TATHMT 587 A =4 DEESE) 2FTL, EERTTINEY FAEY 2a—LO@E a2
FTT D, CNOOMBIY T AEY 2 — VFICRRDLDT, Hi—Lie7a—Fy— b Cridlx T
20, 22 TREERICHW D 32— 3y 7 B3I hostchangeurbceallback Bt TH %,

(4)7 2 W

WMo =54, USB = A b DOE[AZ DD hostdisconnectcallback 237 b, Z D a—/L
Y70 EAE Y 2 — ABIEHEN AL Y 2 — L OUIRIERM T D, FIEZLLTO 7 2 —F ¢
— hOBEY ThHDH, 7T AEY 2—/L® Deinit BITIZHX A7 L-ULTITOL, & THRERGD L7225,
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hostdisconnectcallback

usbo_stophosti# T7<
ArEEIE

RAEDFrRILEET
—AEWE

J

usbo_enableglobalintf
HTHO—/\LEIAH
Faor)
usbo_drivevbusfi3{ T
VBUSH#4>

J

EITLTWISRED
21— )LD DelnitE & E
U9

J

usbo_resetportBE TR
—k)ybETS

4.2.7.3.3 GIWraLE
TNA ZANEF A MERRICKIS T 2EEARTIT S5, Fo, BREICL - TiX, USB #HiiA
FERECH D, EOERBIZ USB T A ANLDa— Ny 728> TThilb,
@ devsetupstagecallback
OUT = RFA v h® SETUP <7 v M@AIELA
JLN > 7

TOPPERS

ABPNTHLEL % 58

AZ(USB_OTG_DOEPINT STUP)7»H D =1 —

@ devdataoutstagecallback

OUT = R A v b DOEEE[AZ(USB_OTG_DOEPINT XFRCO)/2 6D 2 — )Ly 7
©) devdatainstagecallback

IN = RiRA v FOEEKR TELAAUSB_OTG_DIEPINT XFRC):2 6D 1 — L3y 7
@ devsofcallback

SOF #[AZ(USB_OTG_GINTSTS_SOF) 6Dt — L3y 7
® devresetcallback

ENUMERATION # 7T #AA(USB_OTG_GINTSTS_ENUMDNE) B D 2—)Ls8 0 7
® devsuspendcallback

SUSPEND ZiAZ(USB_OTG_GINTSTS USBSUSP)/)»& Dz — LNy 7
(M devresumecallback

RESUME ZiAZ(USB_OTG_GINTSTS WKUINT) /6 D 2 — L3 7
devisooutcallback

ISO-OUT R5EHEEHAA(USB_OTG_GINTSTS_PXFR_INCOMPISOOUT) 26 D 1 — )Ly 77
©@ devisoincallback

ISO-IN R7efEEIAA(USB_OTG_GINTSTS_IISOIXFR)H 6 D 2 —)L R 7
devconnectcallback

ax7 va ERAZ(USB_OTG_GINTSTS_SRQINT) & D =—)L3 vy 7
@ devdisconnectcallback

T4 Aaxy v a VERAZ(USB_OTG_GINTSTS _OTGINT) 26 D 1 — )Ly 7
@ devlpmecallback

LPM % %R — b T 2855 DREEER a2 —1L /Ny 7

55



TOPPERS
(B)7 /A 24k

USB 7341 2L FINEZ LL T ORISR T,
USBT/ (R

usbo_init B T
N—FHHIEENIFS
DEYHL

usbo_devinitBI2{ CUSB
TN REDHA1E
usbo_devdisconnectf
BTTARARINERE
EZEFIFONAHLE
115

Usbo_devconnectB %k

TaARYMREEICEAT

usbo_enableglobalint§

#HTHrO—/\)LELAH
ZErA]

ERES

4.2.7.3.4 USB 5 /31 2Dk

(6) 7 /3A ABEfi L =F I 2 —va v

USB O#:671%. SUSPEND. RESUME & =t— /L N 7 A EENGRNT- . Uy ha—iaL "y
(devresetcallback)lZ & ¥ | Bifi &2 BRAGT 5, Zhvh | BEEOIRAE IR L AT D AMREMER H 5, 77,
TFI2lb—arETHIOIZTY RARA 2 F 0O IN/OUT 21EKT %, 1EE. LLFOa—nRy
JIWFEL, NEIZES T, 731 AEFHROBIEZIT O,

@ devsetupstagecallback SETUP A7 — Y DHK

@ devdataoutstagecallback T —H ZAFER

® devdatainstagecallback T — A EE R

%2, SET CONFIGURATION #%{5 L7256, USB 7 7 ZADEEICBITT %,
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bl ol devresetcallback

usbo_activeEndpoint[
#%EFALNT, EPO-
IN/OUTD IV RARA 2k
FR ()
\L devsetupstagecallback
devdataoutstagecallback
ENUMRATIONT —4% [ devdatainstagecallback
nYRHY ZEDa— )L\ B R LR
TNNART—AERYZHT

RRRDSDSET
CONFIGURATION®D #£
DSALARILDREIEIC

BT

WIS

4.2.7.3.5 USB 7 /31 A D

(7)SUSPEND & RESUME

USB 731 204, BIEHESI#% b SUSPEND & RESUME OERIC LV | SEARBRMIERTH
RIHER LR, THOOBITEM FOa—A 3y 7 B L > TEREN S, YN, Hegs . -
NHD =Sy 7 BEPIFHEN S DO TEENLETH D,

@D devsuspendcallback BT RE— NEER
@ devresumecallback B R IFER
(8)F /A A

USB 7 A 2O Y)WriZ ik = — /123 » 7 (devdisconnectcallback) OFEFONM LIZ L VAITH, 2D a—)b
Ny 7 OENZ SUSPEND & a—/bXy 7 3644 5,

) BAsA devdisconnectcallback

IS ALR)LDYIEL
BE1TD

ek 2o

X 4.2.7.3.6 USB 7 /31 2 DY

4.3 F7 Depend Driver

4318 &

F7 Depend Driver iZ, STM32F746 "— R = 7 HHDT XA A RTANNTHDH, FIHFEH KT AR
ELTUTORIANEZYR— T 5,

(1) 1tde ROCKTECH 4.3-inch 480x272 LCD-TFT A5 /34 A K F A /3

(2 tp FT5336 % IV 7= touch panel £ > % —7 = A A R F A

(3) sdmme  SoC W™ SDMMC1 % Hv 7= MicroSD card 5 /31 2 KT A /X

(4) audio SoC WD SAI & WMS8994 # WA —F 4 AHT /XA A RFT AN
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4.3.2LTDC
LTDC(LCD-TFT Controller)ix LCD-TFT H®» %7 L)L RGB THlfl+ 22> ha—7TH 5,
ANFLLTFOT =239 5,
(1) ARGBS8888
(2) RGB88s
(3) RGB565
(4) ARGB1555
(5) ARGB4444
(6) L8(8-bit Luminance or CLUT)
(7) AL44 (4-bit alpha + 4-bit luminance)
(8) ALSS (8-bit alpha + 8-bit luminance)
H 771% 24-bit RGB Parallel Pixel Output, 8 bits-per-pixel(RGB88S8)

4321 T—At#

LTDC OIS T — % EAEERICOWCREE T 5, AOREE K 4.3.2.1.1 @ Color_t TEFE

4%, LTDC OoWHkiciZ#E 4.3.2.1.2 @ LTDC_Init_t B AHEHT 2, LA TRELF 4.3.2.1.3 O
LTDC_LayerCfg t BUZfi 4%, # 4.3.2.1.4 I LTDC > RT &2 EHFT 5,

F5 | A i) BghE
1 Blue uint8_t Hh
2 Green uint8_t ok fh,
3 Red uint8_t TR,
4 | Reserved uint8_t V-7
7% 4.3.2.1.1 Color_t %!
%5 | HHE Al Hhe
1 | HSPolaiity uint32_t ARV R AR P R E
2 | VSPolarity uint32_t e [ [ AR P R
3 | DEPolarity uint32_t T — X FF R E
4 | PCPolarity uint32_t | = /s 7 oo+ S
5 | HorizontalSync uint32_t A RIEARR E (1 Ol % 5% 7E)
6 | VerticalSync uint32_t ME R ECL O %R E)
7 | AccumulatedHBP uint32_t FHE EDOKFEAN Y 7 R—=F (-1 D %R E)
8 | AccumulatedVBP uint32_t HEEOEE AN 7 R—FEH(1 DEZRE)
9 | AccumulatedActiveW | uint32_t HE LT 7T 4 ThEEGCL OfEARE)
10 | AccumulatedActiveH | uint32_t SR EOT 7T 4 7@ SE(1 OfE &R E)
11 | TotalWidth uint32_t b~ — %V DIEAE (1 DA R E)
12 | TotalHeight uint32_t b —Z N OE SE(C1 OfE & R E)
13 | Backcolor Color_t Ny 7 7T 00 K
7% 4.3.2.1.2 LTDC_Init_t %!
%5 | HHE A HEHE
1 WindowX0 uint32_t Window DK X — MiiE
2 | WindowX1 uint32_t Window D7KY-A kv 7L E
3 | WindowYO uint32_t Window DHE[E A ¥ — MMLE
4 | WindowY1 uint32_t Window DO IEE A | v &
5 PixelFormat uint32_t e LDT 7y —< vk
6 | Alpha uint32_t TV 7 ERAE
7 Alpa0 uint32_t FI7 XV INTIVT 7E
8 | BlendingFactorl | uint32_t TIT 4T Ty I H—1
9 | BlendingFactor2 | uint32_t TIT AT Ty I HE—2
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10 | FBStartAddress | uint32_t Yy hw v T AEYDAZ— T FLX
11 | ImageWidth uint32_t ARA—=DOE 7 BIVE
12 | ImageHeight uint32_t ARA—=DOE T LGS
13 | Backcolor Color_t Ny 77T 0 KE
7% 4.3.2.1.3 LTDC_LayerCfg_t 7!
#5 | HA | LS
1 Init LTDC_Init_t WL
2 | LayerCfg[MAX_LAYER] | LTDC_LayerCfg_ t | L ¥7
7% 4.3.2.1.4 LTDC_Handle_t !
Total width Z:
HBP HFP
% £ ".'.L . -
=35 Active width
™= < *
FVEVNG vt [
3
VBP
r
I Data1, Line1
E
o
L]
-
k.. Active Display Area
S| Active Height
v | Data(n). Line(n)
¥
VEP
y y
MSVIDBTAV

4.3.2.1.1 LTDC & &Ml

O HSPolarity

AKF RSB RR E 2 SR E T %
EF i A
LTDC_HSPOLARITY_AL 0x00000000 TIT 47—
LTDC_HSPOLARITY_AH LTDC_GCR_HSPOL TI2TA4TA

# 4.3.2.1.5 HSPolerty 7% &l

@ VSPolarity

e B AR E 2 9 5,
EFR i A
LTDC_VSPOLARITY_AL 0x00000000 TIT 47 a—
LTDC_VSPOLARITY_AH LTDC_GCR_VSPOL | 727 7 4 7\ A

# 4.3.2.1.6 VSPolarity &% &
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@ DEPolarity
T — X AR E AT O,

EF fiE N
LTDC_DEPOLARITY_AL 0x00000000 TIT 4T a—
LTDC_DEPOLARITY_AH LTDC_GCR_DEPOL | 77 75 4 7\ A

# 4.3.2.1.7 DEPolarity 7% &1
@ PCPolarity
voeL ey JEREESRET D,

EF B A
LTDC_PCPOLARITY_IPC 0x00000000 Input pixel clock
LTDC_PCPOLARITY_IIPC LTDC_GCR_PCPOL | Inverted input pixel clock

# 4.3.2.1.8 PCPolarity % E il
(® BlendingFactorl
TIT AT Ty A — 1 ERET D,

E2 B RE
LTDC_BLENDING_FACTOR1_CA 0x00000400 Cte Alpha
LTDC_BLENDING_FACTOR1_PAxCA | 0x00000600 Cte Alpha x Pixel Alpha

# 4.3.2.1.9 BlendingFactorl 5% & /&
® BlendingFactor2
TIUT AT Ty I — 1 BRET D,

E {1 A
LTDC_BLENDING_FACTOR2_CA 0x00000005 Input pixel clock
LTDC_BLENDING_FACTOR2_PAxCA | 0x00000007 Cte Alpha x Pixel Alpha

# 4.3.2.1.10 BlendingFactor2 #% & 1A
4322 43— 4 ALH&
LTDC #5KET 2 N7 A N E LU FIRT,

B4 i ElES Hhe ik

Itdc_init ER LTDC_handle_t *phandle LTDC o#J# %17 5 WAZE

Itdc_configlayer ER LTDC_handle_t *phandle index (ZxfIi L7z LA ¥ | WA
LTDC_LayerCfg_t *pconfg RELRTET D
uint32_t index

Itdc_setalpha ER LTDC_handle_t *phandle index IZXIG L7z A ¥ | A7V a
uint32_t Alpha DTNT FEEERET
uint32_t index %

ltdc_setaddress ER LTDC_handle_t *phandle index (2% L7-LAY | 723 v
uint32_t Adress DAHX—FT LR %
uint32_t index BET 5

ltde_setwindowsize ER LTDC_handle_t *phandle index 2o L7 AY | A>3
uint32_t XSize @ Window %A X & A
uint32_t YSize A —hE, & X %%E'ﬁ‘
uint32_t index %

Itdc_setwindowposition | ER LTDC_handle_t *phandle index 2o L7 AY | A>3 v
uint32_t X0 @ Window @ & 5 %
uint32_t YO (XO,YOIZZH T %
uint32_t index

Itdc_configcolorkeying | ER LTDC_handle_t *phandle index IZXIG L7z A ¥ | A7V a v
uint32_t RGBValue DHT—F%—A VT
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uint32_t index BERET D
Itdc_enablecolorkeying | ER LTDC_handle_t *phandle index IZKfIa LAY | A>3 v
uint32_t index DT —F—A T
E AN D
Itdc_disablecolorkeying | ER LTDC_handle_t *phandle index IZ®ISL72LA Y | A7 a v

uint32_t index DHT—F—A T

FEZ NS D

# 4.3.2.2.1 LTDC

4.3.2.3

APBAFEEREL TlZ. LTDC O

E R A

BX

REFIE

=t

Ax &

I Stm32Cube_FW_F7 #® stm32746_discovery_led.c @ BSP #4#E

EHWTEEL TS, ZHUEGUI & LT BSP Of#iEE2Z0E EiHT 5720 THDH, A— RTHEH
L TW5 4.3-inch 480x272 ® % 7 —LCD % 2 LTDC D% EZ1T 9 1= 12i%. LCD (%t L% E
/NT A —2%% LTDC_Init_t B A LTy RZICEE L, ltde_init BAEEZ W TITW, LA TORKE
% . ltdc_configlayer Bz HWCTIT XX LV, BERITR AT — X I L7e RAM FEIB A fEE N 25
> TEXHB X, TONERERT—X L L TLCD IZERREIND,

5 | HE B EfE
1 HSPolaiity LTDC_HSPOLARITY_ AL
2 VSPolarity LTDC_VSPOLARITY_ AL
3 DEPolarity LTDC_DEPOLARITY_AL
4 PCPolarity LTDC_PCPOLARITY_IPC
5 HorizontalSync RK043FN48H HSYNC(41) - 1
6 | VerticalSync RK043FN48H_VSYNC(10) - 1
7 | AccumulatedHBP RKO043FN48H HSYNC - RK043FN48H HBP(13) - 1
8 AccumulatedVBP RK043FN48H_VSYNC - RK043FN48H_VBP(2) - 1
9 AccumulatedActiveW | RK043FN48H_WIDTH(480) + RKO043FN48H_HSYNC +
RK043FN48H_HBP - 1
10 | AccumulatedActiveH | RK043FN48H _HEIGHT(272) + RKO043FN48H VSYNC +
RKO043FN48H_VBP - 1
11 | TotalWidth RK043FN48H_WIDTH + RK043FN48H_HSYNC +
RKO043FN48H_HBP + RK043FN48H_HFP(32) - 1
12 | TotalHeight RK043FN48H_HEIGHT + RK043FN48H_VSYNC +
RK043FN48H_VBP + RK043FN48H VFP(2) - 1
13  Backcolor F—E¥n
# 4.3.2.3.1 480x272LCD @ LTDC_Init_t % D% il
F5 | HH HERE
1 WindowXO0 0
2 | WindowX1 RK043FN48H_WIDTH(480)
3 WindowY0 0
4 | WindowY1 RK043FN48H_HEIGHT(272)
5 PixelFormat LTDC_PIXEL_FORMAT ARGBS8888
6 Alpha 255
7 Alpa0 0
8 | BlendingFactorl EES
9 BlendingFactor2 EEA
10 | FBStartAddress AEVT RLA (A[E)
11 | ImageWidth RK043FN48H_WIDTH
12 | ImageHeight RK043FN48H_HEIGHT
13 | Backcolor F—LE¥n

7 4.3.2.3.2 480x272LCD » LTDC_LayerCfg_t % D% &

i
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43.3TP
TP(touch panel Controller)ix FT5336 Z{H L CE V., LCD %% v F LicHa ., & OFEFE % HiA I
HTENTE D, FT7A AT StmCube TR SN TR Y, 12C A— b 3ITHfH ST 5, 12C
OHFENZEI L Cix, BSP H® stm32746g_discovery.c 23— L CEE L. TP #o#l4HIL BSP F o
stm32746g_discovery_ts.c FDA X —7 = A A AE, TOFEEMHEHL TV 5D,

4.3.4SDMMC
SDMMC(SD/SDIO/MMC card host interface)iZ SD #— K AE VUL SDIO ¢ DA v X —T = A A%
7oV 7270 Thbd, STM32F746 Discovery R— R Tld~A 271 SD h— RV /v MIEESH
TWAH7HSD 1— K, SDHC H—REDA U F—T A A%ITH KO LTS, SDI—FE&
DBEIITEZE L S DMA 2 H L TWb, Cortex-F7 TIET—4 ¥+ v afiE2Ho-0, $v
v 2 ARG RIFIZ T > TV D,

4.3.4.1 T—43 {4k
SDMMC K7 A 73X SD 71— KHIZE&EF L TW\Wb, £ 4.3.4.1.1 12 SDMMC K7 A "D N> RTHY
SDMMC_Handle_t #71~9, % 4.3.4.1.2 12 SD » — KIF# A& € 5 SDMMC_CardInfo_t % %2 EFd

Do
% | HE Al B
1 base uint32_t SDMMC LV AHX _X—RAT R A
2 ClockMode uint32_t HBEersuevyrE—FR
3 | BusWide uint32_t FREN AR
4 | RetryCount | uint32_t U kT A%
5 | cardtype uint32_t 71— RNFEA
6 | RCA uint32_t RCA &
7 | CSD[4] uint32_t CSD f#
8 | CID[4] uint32_t CID f&
9 status volatile uint32_t | fxSIRAE
10 | SdCmd volatile uint32_t | BRtfEE 2~ K
11 | hdmarx DMA_Handle_t * | %{H DMA /N> K5
12 | hdmatx DMA _Handle t* | 2{Zf DMA ~> K<
7% 4.3.4.1.1 SDMMC_Handle_t !
%5 | HH 7 HhE
1 capacity uint64_t KECSA B)
2 blocksize uint32_t Javy ¥ AR
3 maxsector uint32_t WA =RIR/ADE " §
4 | RCA uint16_t SD RCA f#
5 | cardtype uint8_t 71— RiJH
6 status uint8_t AT —H A

# 4.3.4.1.2 SDMMC_CardInfo_t %

@D ClockMode
ruavy 7 E— REEET D,

T il M
SDMMC_TRANSFER_CLK_DIV | 0x0 DIV 72 L
# 4.3.4.1.3 ClockMode % Efi&
@ BusWidth
SDMMC OffE T — % N AR EFHET D,
% | il | W%
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SDMMC_BUS_WIDE_1B 0x00000000 1ty k
SDMMC_BUS_WIDE_4B SDMMC_CLKCR_WIDBUS_ 0 |4t v k
SDMMC_BUS_WIDE_8B SDMMC_CLKCR_WIDBUS_1 |8t v k

7 4.3.4.1.4 BusWidth % E{H

@ cardtype
71— REHRISZHE LT — R
£ i PR

SD CARD V11 0 SD CARD V1.1
SD_CARD_V20 1 SD CARD V2.0
SD_CARD_HC 2 SDHC CARD
MMC_CARD 3 MMC CARDCE%})i?)
SD_10_CARD 4 SD I0 CARDCE%J)i?)
HS_MM_CARD 5 HS MMC CARDCE %}its)
SD_I0_COMBO_CARD 6 SD I0 CARDCE%T)i?)
MMC_CARD_HC 7 MM HC CARDCE%}i)

# 4.3.4.1.5 cardtype % EfH

KA DY EE ER =2— F T

4.3.4.1.6 |2~ 7,

E LTS, SDMMC M A 7 =23 /E L2 BB OIBRER XK

& fi M7
E_SDCOM -80 av Rx=T—
E_SDCRC -81 CRC =7 —
E_SDECMD -82 av KA VT v I AT T —
E_SDVOL -83 HIET T —
E_SDTRS -84 WET7—

* 4.3.4.1.6 =7 —a— N¥LiE

4342 43— x4 Rtk
SDMMC Z#&RET D N7 A NBEBMALLTICRT, FIA4/NTK 4.83.5.2.1 [T HEARMELZITS KT
AL K 4.8.5.22D 8D 1 — ROWMIHEZIT D RTA DD 5 HHEEE N7 A /\Z#% kD Storage

Device Manager %>5 7 — RN, —EDO IO L&1T 5.,

g il ElE: BgHE 5
sdmmec_init void intptr_t exinf SDMMC /~— K1k
sdmmec_sense bool t int id ¥EEID ® SD card & A
T35, HDHGH true T
sdmmc_open SDMMC_ | int id FEEID ® SDMMC K7 A /N
Handle_t A= 5, REVEIEA
* Y RI~DRAH
sdmmec_close ER SDMMC_handle_t *hsd SDMMC K74 %7 w—
AT 5
sdmmc_erase ER SDMMC_handle_t *hsd SD card DA L — X %479
uint64_t startaddr
uint64_t endaddr
sdmmc_blockread ER SDMMC_handle_t *hsd SD card 7257 v v 7 BT
uint32_t *pbuff READ 9%
uint32_t ReadAddr
uint32_t blocksize
uint32_t num
sdmmec_blockwrite ER SDMMC_handle_t *hsd SD card ~7 1 v 7 H{I T
uint32_t *pbuff WRITE 7%
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uint32_t WriteAddr
uint32_t blocksize
uint32_t num

sdmme_wait_transfar | ER

SDMMC_handle_t *hsd
uint32_t Timeout

READ/WRITE #5:5%% 5 217
g

void

sdmmec_checkint

SDMMC_handle_t *hsd

HA 7 B%K

#% 4.3.4.2.1 SDMMC A R A SEi%k

(kg 2

513

B HE

sdmmec_getcardinfo ER

SDMMC_handle_t *hsd
SDMMC_CardInfo_t *pCinfo

ax7 kL7 SD card O
WAERY HY

sdmmec_checkCID ER SDMMC_handle t *hsd CID #H&54 2%

sdmmc_setaddress ER SDMMC_handle_t *hsd fBxt7 KL 2 (RCA) % B &
35,

sdmmec_sendCSD ER SDMMC_handle_t *hsd CSD % g9 5,

sdmmec_select_card ER SDMMC_handle_t *hsd =KL havr K%

uint32_t addr

FATT

sdmmec_configuration | ER

SDMMC_handle_t *hsd

2y 74X al—a
EZAT S

sdmmec_set_widebus ER

SDMMC_handle_t *hsd

NAMRZRET D

sdmmec_getstatus ER

SDMMC_handle_t *hsd

SD 1—FAT—hF&ZHD
AT,

#* 4.3.4.2.2 SDMMC #J#{t K Z A1 /~B%&k

4.3.4.3 BREFIE

SDMMC DO/ — R =7 OHHUBIZERZE AR, V&> FMEIZ sdmme_init BA%A HWTIT 5, SD
H—FRDOGE, Ay MIAT AT RGN0 THILTIEN RS, AT 4 7T OFRTHED
Storage Device Manager 237 9, ff{KAEENA[HE/R A T + 7 D4 Storage Device Manager |
500ms J&H#1Z mci_ses_por % (ARES%:T SDMMC D34, sdmme_init 23O &) ZREODY
ML TAT A TOREEZT =y 735, ThEUEIE, K 4.3.5.3.1 DL T v —ITHu, AT 4 7 23l
ANSNTHAIE, PIHEREEZ1T 9, BB FIZ =T — RN RAE LG E1E. AT « THHAR O
ENTOI, TRTCIEFICKRT LIZEE. AT 4 THMERAREIC 25, A ARERIREEDORE. 77 A
W AT BEHWT, 77 A VBN RREIZ 72D, AT 4 7 BT E 13, mei_cls_por BA% (K
FBBI% ¢ SDMMC D354, sdmme_close 23FFONH S %) 2N L, AT 4 7 2EHAARFNIZT 5,

SD 71— KD R 7 A \% STM32F4xx D456, SPL & 72 %, SPI O3E1X SPI HIZ K7 A ~NZHWT
SD 51— ROWEHLRT 7 B 2 %479, EALENEABEEZ W2 01X, 7 A4 SBEEE AR 2R
D70 7T haBEWA R T T 7 ANV AT AN IEL720TH D,

AT 4 T OHMUEDBHE T L&, FATFs ® RTANJ@Z2 R LT, AT 4 7ICxd 578 v 7 BALO
READ/WRITE & 10 77 B A0 ET 5, 435322 FATFs D KT A N\)pnH07 vy 7 ) — RO
Tn—%aRd, 7w 774 MIETESE mei_wri_blk(sdmmec_block_write) |2 & & #2 z AL L,

BB Ty U—=R IA MOy T 7 HIEORA BN 4N, NT T A 725 T DD, FATFs
DTy 7 V=K T4 RNRKITANEZLINAAL T T4 OB T — X OFiAEXEIRET H, TDI
., SDMMC RZ7A4 07y 7 U—K, T4 MI1AA T 74 DitAEZEHDILTNS,

64




TOPPERS

mci_ses_por
(sdmmc_init)

ATATHL

ATATHY

SDMMCZE{T

mci_opn_por mci_cls_por
(sdmmc_open) I5— (sdmmc_close)
L EEET

MciCheckCID
(sdmmc checkCID) | 15—

ATATHL
®T

| e

MciSetAddress

(sdmmc_setaddress —
) o=

| EreT

MciSendCID
(sdmmc_sendCSD) I5—

| EreT

MciGetCardInfo

(sdmmc_getcardinfo —
) o=

| e

MciSelectCard

(sdmmc_select_card —
) o=

| EaeT

MciConfiguration
(sdmmc_configurati
on)

| EmeT

MciSetWideBus

(sdmmc_set_widebu —
s) o=

L ESET
f mount

FATFsD T ML —
i o=

ERARE
®T

% 4.3.4.3.1 L7 72—
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JoyyY—k

/q/

mci_red_blk
(sdmmc_read_block)
70991 —R%115

ERERT

Mci_wai_trn
(sdmmc_wait_transfar)
LRSS
ERERT

o
retry I h 7y

RETRAY_COUN
No

I>—7iL

IS—H&T

43432 RIARX—=Tmy 7 J—F

4.3.5AUDIO
AUDIO FIANE, AL LTT I un 7 EREGET V4 V0 PCM 7 — 2 \[ZEBZ{TW, )L L
TT VXN PCM 7 —% %7 JEREFITE#T 5, STM32F746-Discovery TiX, 7/ v 7))
FIZ wm8994 M L T 5, wm8994 |X TP D KT A /N L REIFRIC 12C AR — bk 31T STV 5,
12C OB L Cix, BSP H® stm32746g_discovery.c " —fE L CEH L, Tz G4 —T 1 4
41X BSP D stm32746g_discovery_audio.c F DA X —7 = A AR A, TOFEFEMEHL THH]
HAEITH> ZENTE D,

4351 T—3 1%

AUDIO K7 A NIZAJEE oL@z b z17 9, N> RZZHWTA &M OH#E %217
Do ANER L HNAEIIFE AT 28N Z L7213, Ny R da@icfliA+ 5, # 43511 12
SDMMC K7 A NAHOHH{EA SAT Init t 239, 3 4.3.5.1.2 {2~ FZ 4 AUDIO_Handle_t 7 %
EFRT Do N RU = 7 ERMEERIIPHRAER A 35 72 D RITR S 720,

K | HA #il s
1 AudioMode uint32_t AUDIO =— K
2 | Synchro uint32_t SAl7mv 77 uafl
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3 | SynchroExt uint32_t SAL 7' v v 7 v 27 a IR
4 | OutputDrive uint32_t HHT A A
5 | NoDivider uint32_t DIVIDER # %h/ %%
6 FIFOThreshold uint32_t FIFO AL v ¥ 2k —/L RERE
7 | AudioFrequency uint32_t AUDIO > 7V v 7 JEi%#k
8 Mckdiv uint32_t ~ A4 —2 1w DIVIDER
9 MonoStereoMode uint32_t /)7 a/ATVAE—FR
10 | CompandingMode uint32_t AN T 4 TE— R
11 | TriSize uint32_t TRIState ¥ % — A NiRGE
12 | Protocol uint32_t SAI BLOCK 7' & k =/v
13 | DataSize uint32_t SAI BLOCK & —# # A X
14 | FirstBit uint32_t MSB/LSB i &
15 | ClockStrobing uint32_t Iy« A ha—E U RIE
16 | FrameLength uint32_t 7L —AE
17 | ActiveFrameLength | uint32_t TIT 47 « 7L —hE
18 | FSDefinition uint32_t TL—h et AERE
19 | FSPolarity uint32_t FS POLARITY #&/E
20 | FSOffset uint32_t FS OFFSET &€
21 | FirstBitOffset uint32_t 28y NFOBERHIIOT —Z By MIE
22 | SlotSize uint32_t Aa sy fA X
23 | SlotNumber uint32_t Au vy MNEE
24 | SlotActive uint32_t SLOT 777 4 7€
7% 4.3.5.1.1 SAI_Init_t %!
%5 | HH il BEHE
1 | base uint32_t SAL 5/ ZAD_—RAT KL &
2 pcb AUDIO PortControlBlock* | /N— KU = 7 EHZEEE~DRA L HF
3 | Outlnit SAI_Init_t A7 ey 7 WIHERE
4 | Inlnit SAI_Init_t AN 7 vy 7 HIEGE
5 pBuffPtr uint8_t* F— A ~DRA L F
6 | XferSize uint16_t TR AKX
7 | XferCount uint16_t EZEI DT B
8 | hdmatx DMA_Handle_t * EEDMA NS RT~DRA U Z
9 | hdmarx DMA_Handle_t * Z{E DMA N> RT~DRA X
10 | audiomutecallback | void(*)(Audio_Handle_t*) | MUTE ==—/L % 7 B8%%
11 | audioerrorcallback | void(*)(Audio_Handle_t*) EBALHT T —a— L8y 7 B
12 | transcallback void(*)(Audio_Handle_t*) EEKRT a— o3y 7B
13 | transhalfcallback | void(*)(Audio_Handle_t*) N T EERT a— Ny 7 B
14 | recevcallback void(*)(Audio_Handle_t*) EKRT a— Ny 7B
15 | recvhalfcallbak void(*)(Audio_Handle_t*) IN= T AT a— Ny 7 B
16 | errorcallback void(*)(Audio_Handle_t*) T T —a—)LNy 7B
17 | status[2] volatile uint32_t AUDIO AF—# A
18 | ErrorCode volatile uint32_t =7 —a— |

# 4.3.5.1.2 AUDIO_Handle_t !

@O AudioMode
F—F 4 A= FERET D,

Jr—
JE 7%

i NE

SAI_MODEMASTER_TX

0x0000000

~AZERE—F

SAI_MODEMASTER_RX

SAI_xCR1_MODE_0

~ABZEE— R

SAI_MODESLAVE_TX

SAI_xCR1_MODE_1

AL—T7FEE-F

SAI_MODESLAVE_RX

(SAT_xCR1_MODE_0

AL —TZEE—F
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SAI_xCR1_MODE_1)

% 4.3.5.1.3 AudioMode & EfHE

@ Syncro
vrvrnE— REHRET D,

ETE filr A
SAI_ASYNCHRONOUS 0x00000000 TR
SAI_SYNCHRONOUS SAI_xCR1_SYNCEN_O DAV By i S
SAI_SYNCHRONOUS_EXT SAI xCR1_SYNCEN_1 I VA= Sl

# 4.3.5.1.4 Syncro % E i
@ SynchroExt
SAI 7'v w7 vy vt AYLEE
ETE i E
SAI_SYNCEXT DISABLE 0x00000000 7
SAI_SYNCEXT IN_ENABLE 0x00000001 IN H%h
SAI_SYNCEXT OUTBLOCKA_ENABLE | 0x00000002 OUTBLOCKA A%
SAI_SYNCEXT OUTBLOCKB_ENABLE | 0x00000004 OUTBLOCKB A%
% 4.3.5.1.5 SynchroExt 5% & fE
@ OutputDrive
W RT A4 THRE

TE T {2 g
SAI_OUTPUTDRIVE_DISABLE 0x00000000 )
SAI_OUTPUTDRIVE_ENABLE SAI_xCR1_OUTDRIV B2

7% 4.3.5.1.6 OutputDrive % E1fE
(® NoDivider
DIVIER %), &4k
% filr A
SAI_MASTERDIVIDER_ENABLE | 0x00000000 %)
SAI_MASTERDIVIDER _DISABLE | SAI xCR1_NODIV EilE)
# 4.3.5.1.7 NoDivider 3% &1l
® FIFOThreshold
FIFO A L3 2 k—/L RRE

TE T {1 N
SAI_FIFOTHRESHOLD_EMPTY | 0x00000000 0
SAI_FIFOTHRESHOLD_1QF SAI xCR2_FTH_0 1/4
SAI_FIFOTHRESHOLD_HF SAI xCR2 FTH 1 1/2
SAI_FIFOTHRESHOLD_3QF (SAI_xCR2_FTH_ 0| 3/4

SAI_xCR2_FTH_1)
SAI_FIFOTHRESHOLD_FULL SAI xCR2_FTH_2 1
% 4.3.5.1.8 FIFOThreshold 5% EfE
(@ MonoStereoMode
E )V B|AT LAE— NRE

B8 filr A
SAI_STEREOMODE 0x00000000 AT LA
SAI_ MONOMODE SAI_xCR1_MONO '/ 70

#* 4.3.5.1.9 MonoStrereoMode 7% & fE

CompandMode
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ARG T 4 TR RRE

TEFE B E
SAI_NOCOMPANDING 0x00000000 L
SAI_ULAW_1CPL_COMPANDING | SAI xCR2_COMP_1 ULAW 1CPL
SAI ALAW_1CPL_COMPANDING | (SAI xCR2_COMP_1| ALAW 1CPL

SAI xCR2_COMP_0)
SAI_ULAW_2CPL_COMPANDING | (SAI_xCR2_COMP_1| ULAW 2CPL
SAI xCR2_CPL)
SAI_ALAW_2CPL_COMPANDING | (SAI_xCR2_COMP_1| ALAW 2CPL
SAI_xCR2_COMP_O0|
SAI xCR2_CPL)
# 4.3.5.1.10 CompandingMode ¢ EfE
© TriState
TriState v~ % — Y A hEXTE

TE T {1 N
SAI_OUTPUT _NOTRELEASED 0x00000000 ELil)
SAI_OUTPUT _RELEASED SAI xCR2_TRIS 7%

# 4.3.5.1.11 TriState % &1
Protocol
BLOCK & b 2 L% iE

ETE file A
SAI_FREE _PROTOCOL 0x00000000 77—
SAI_SPDIF PROTOCOL SAI xCR1_PRTCFG_0 SPDIF
SAI_AC97 PROTOCOL SAI xCR1_PRTCFG_1 AC97

#* 4.3.5.1.12 Protocol i EfH
@ DataSize
BLOCK 7 —# H A X% E

ETE file A
SAI_DATASIZE_8 SAI xCR1._DS 1 8
SAI_DATASIZE_10 (SAI xCR1 DS 1] 10

SAI xCR1 DS 0)
SAI_DATASIZE_16 SAI xCR1_DS 2 16
SAI_DATASIZE_20 (SAI_xCR1_DS 2] 20
SAI xCR1 DS 0)
SAI_DATASIZE_24 (SAI xCR1 DS 2| 24
SAI xCR1 DS 1)
SAI_DATASIZE_32 (SAI_xCR1 DS 2] 32
SAI xCR1_DS 1]
SAI xCR1 DS 0)
# 4.3.5.1.13 DataSize % E1fH
@ FirstBit
MSB/LSB % &

TE T {1 N
SAI_FIRSTBIT MSB 0x00000000 MSB
SAI_FIRSTBIT LSB SAI xCR1_LSBFIRST LSB

# 4.3.5.1.14 FirstBit i% /EE
@  ClockStrobing
A=A = - S
e G EE
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SAI_CLOCKSTROBING_FALLINGEDGE

0x00000000

RYA =

SAI_CLOCKSTROBING_RISINGEDGE

SAI_xCR1_CKSTR

MHERY Y

# 4.3.5.1.15 ClockStrobing % & fE

FSDefinition
TL—Ah s af ARE

=
AEFR

i

A

SAI_FS_STARTFRAME

0x00000000

START FRAME

SAI_FS_CHANNEL_IDENTIFICATION

SAI_xFRCR_FSDEF

CHANNEL IDENTIFICATION

% 4.3.5.1.16 FSDefintion X EfE

@® FSPolarity
7L —5L 7 a2 POLARITY &7
TEF% fiE EA
SAI_FS_ACTIVE_LOW 0x00000000 TIT 4T a—
SAI_FS_ACTIVE_HIGH SAI_ xFRCR_FSPO | 7 7 5 7~ A
7 4.3.5.1.17 FSPolarity i E1E
FSOffset
TJlL—Ah s uaFA A7y NRE
TE#R B N
SAI_FS_FIRSTBIT 0x00000000 Ty —AREw R

SAI_FS_BEFOREFIRSTBIT

SAI_xFRCR_FSDEF

77 —A ME > NOH]

7 4.3.5.1.18 FSDefintion i &1l
@ SlotSize
Au sy A XARE
EF fiEi E

SAI_SLOTSIZE_DATASIZE 0x00000000 F—HP A X
SAI_SLOTSIZE_16B SAI xSLOTR_SLOTSZ 0 | 16 > b
SAI_SLOTSIZE_32B SAI xSLOTR_SLOTSZ 1|32t v b

# 4.3.5.1.19 SlotSize & EfH

SlotActive

vy KT 7T 4 TRIE
TE T fiE SEA

SAI_SLOT NOTACTIVE 0x00000000 L
SAI SLOTACTIVE_0 0x00010000 0
SAI SLOTACTIVE 1 0x00020000 1
SAI SLOTACTIVE_ 2 0x00040000 2
SAI SLOTACTIVE_3 0x00080000 3
SAI_SLOTACTIVE_4 0x00100000 4
SAI SLOTACTIVE 5 0x00200000 5
SAI SLOTACTIVE 6 0x00400000 6
SAI SLOTACTIVE 7 0x00800000 7
SAI SLOTACTIVE_8 0x01000000 8
SAI SLOTACTIVE_9 0x02000000 9
SAI_SLOTACTIVE_10 0x04000000 10
SAI SLOTACTIVE 11 0x08000000 11
SAI SLOTACTIVE 12 0x10000000 12
SAI SLOTACTIVE 13 0x20000000 13
SAI SLOTACTIVE_14 0x40000000 14
SAI SLOTACTIVE_15 0x80000000 15
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| SAT_SLOTACTIVE_FULL

| 0xFFFF0000

| 7V

# 4.3.5.1.20 SlotActive % EfE

AUDIO "> F7ND =T —EF(ErrorCode) & LA F D FEIZRT,

E T {2 aEA
AUDIO_ERROR_NONE 0x00000000 T7—72 L
AUDIO_ERROR_OVRUDR 0x00000001 F—=N—=F U FEET =T
AUDIO_ERROR_AFSDET 0x00000004 Anticipated Frame synchronisation detection
AUDIO_ERROR_LFSDET 0x00000008 Late Frame synchronisation detection
AUDIO_ERROR_WCKCFG 0x00000010 Wrong clock configuration
AUDIO_ERROR_TIMEOUT | 0x00000040 AA LT T B

#4.3.5.1.21 =7 —a— Kfi

4352 483 —J x4 Rtk
AUDIO K7 A 3 4.3.5.2.1 OFE KT A /3L K 4.3.6.2.2 D AHTTHEIZITH KT A "D _FifA
N5, BIETEET S mode AN E EHHICENAZHET S, mode DFREMEIZLLTFD 2 503 b

5o
O AUDIO_OUT_BLOCK : /)il 217 5
@ AUDIO_IN_BLOCK : AJiill#E1 24T 5
B4 A 5%k FERE ik
audio_init AUDIO_H | IDid AUDIO /~— F#IH#{E
andle_t*
audio_deinit void AUDIO _Handle t* haudio | AUDIO /%[
uint32_t mode
audio_clockconfig void AUDIO_Handle_t* haudio | AUDIO 7 v v 7 % E
uint32_t AudioFreq
void *Param
audio_irqghandler void SDMMC_handle_t *hsd AUDIO #3A 2 B4k
# 4.3.5.2.1 AUDIO % 7E K7 1 /\Bi%k
B4 i ElE: B %5
audio_start ER AUDIO Handle t* haudio | A /IMsEERR1E
uint32_t mode
audio_end ER AUDIO_Handle_t* haudio | AH JIMS$RERR T
uint32_t mode
audio_transmit ER AUDIO _Handle t* haudio | /17 — Z 55545 Hi 7
uint8_t *pData
uintl6_t Size
audio_receive ER AUDIO_Handle_t* haudio | AJj5— Z iz k544 AN
uint8_t *pData
uintl6_t Size
audio_dmapause ER AUDIO_Handle_t* haudio | A /1{£1E
uint32_t mode
audio_dmaresume ER AUDIO_Handle_t* haudio | AHJIF-Bd
uint32_t mode
audio_dmastop ER AUDIO_Handle_t* haudio | AHJI#& T
uint32_t mode
audio_enable void SDMMC_handle_t *hsd SD 71— FKAF— hZE2HVIA
ie,
audio_disable ER AUDIO_Handle_t* haudio | SAI Bi%4
uint32_t mode
audio_gethandle AUDIO Ha | IDid SAT %=1k
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ndle_t*

audio_status void AUDIO_Handle_t* haudio | FEfFikAEEH L
uint32_t mode

# 4.3.5.2.2 AUDIO i K= A S BE%%

4.3.5.3 BREFIE

TR DO FINEIZ SOV CREHT 5, STM32F746 Discovery TldA—F 4 45 — % OE L SAI £
2— )L TIT9 . AUDIO RFIANTSAL EV 2 — LV OHIBENERIEEXThH D, T—TFT 4T —FE 3%
7 ZIZANFF%4T 9 DIE wm8994 73T 9. wm8994 13 I12C3 ICHe STV ., 12C %@ L THIE 21T
Vo TITIEA—T 4 AT OFNEIZOWTHEAZITO, MP3 HHO PCM 7 —# 1331 OMB 7641
0 OMBIZE ST, TRTEAEVIZEATHBEIT) Z LI TE R, HBEAY— NIZADLETT
— X GRS O ISHE AR IR OIS T — 2 i 2 72 < EEIAHL, DMA ZEERE— RIZ L CHEfiE 2%
179, STM32F ® A U — 2 DMA (21X, Yorlidisf& T & 7 — X fHIk 2R O#RERE TIRFIZ5E T HHA A
ERAEIELEENRDH D, a— Ny JEHTA N FERDY LJ% ALV TCEREBZT>TWHH
AT — A EXALETRL TN I E TREEDOHBELZAREICL TV D,
I4Mﬁl@@%%7mgﬂiSMfW$?17®@%m%ﬁ5o:@ﬁﬁ?&ﬂ%yz%w%l
JINAERT 22>, HMARIZHERT 2003 E S TR,

AUDIO/\—KR™H 17
DAL

SAN—R 7 DHH
EZ1T5, MHMEIZRL
g hiL, Audio/\U K
FADRAEZHRD

audio_init

% 4.3.5.3.1 AUDIO #¥J#i4k

X 4.3.5.3.2 DM IERE 7 v —F ¥ — h T, SAI # T — 2R EZITV, wm8994 O %17
D,

X 4.3.5.3.2 DEFFE 7 0 —F v — N T, MEHAOT — X &7 — XKy P L, 2—L 3y 7B
BAaRER., HEZBT 5,

EETIT.X4.3.5.3.3D 2D a— LNy JHOT7a—F v — rD L HIZ FESDT —Z B wm8994
IZHRIEHE TIHRE, DMA N—7#5k a— Ny 7 BN HEAT Sd, 2k, 7 — 2 oOn sy
MEBLIpoST=Z RO HEHDAAL U Z A7 IZHIYS @&@7 Baty hTDHLIICEREITI,
DMA EHREHE T a— o3y 7 BN G AT SN2 A IR D% AN B I o T2 2 E D
WY EEHDOAA VB ATIZHRA G ORDT — 5%?/%?6&9 ZELREAT 9, WD a—N
v 7 BT, BT BN EE HEHOAA VZ AT ITHEBOK T @M 5,
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DMA/\—JER% &
Ta—IL\vH

l

audio_start

audio_clockconfig ,——Emﬁi&"ﬁw%&ﬁi—ﬁi

NURZAOH S FADOAUDIO
PV EEERICH ARE/NRS

(AUDIO_OUT BLOCK)

l

audio_enable

A—H%E Ly L TREREIFUHL

| HHROSAEEMICRET

(AUDIO_OUT BLOCK)

T RIDER1S

wm8994(Z ¥ L E
K

58]

%

wm8994M 5T /A
RIDZEEBET S

fBR

483532 HhxE70—F v — k

DMALERER T
— )Ly

A BRYIZELE

A BRYIZ
T—HSEEOREIF
IZRDPCMT—4

#tyhER

£
A BRI
T—HEEDEE
IZRDT—2% Y
ER
#®T

i
TOPPERS

BRI

T—4%85EZPCM
T—HERYh

l

wm8994[Za—F «
vIBER

a—ILN\y R %R
Eik

audio_transmat

[ 4.3.6.8.3 &ML 7 —F % — h

X 4.3.5.3.4 23—y 7EEFRHLO 72 —F ¥ — |

BRGHEDHET LR T, X 4.3.6.35 HEK T 7 —F ¥ — FOFIETT A 2% IET 5,
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audio_dmastop = o~
audio_disable — 121:DMA§1T '!:
HAFASAIZEIZT S

(AUDIO_OUT BLOCK)

o

wm8994(Z{= 1t E3R

KK

IS8T

4.3.5.35 HBEK T 7o —F ¥ —h

4.3.6 DSI
DSI KA /3%, MIPI {LEEIZ#E U 7= Display serial Interface % %74 — h9° %, LTDC THAR 7z
LCD [#i#g % Display serial Interface ~Z#%17 9,

4.3.6.1 T—A 8
% 4.3.6.1.1 12 DSI K5 A ~OM#{LA DSI Init_t 2753, # 4.3.6.1.2 |~ F 5% DSI_Handle_t
BEEHRTH, ~— N 7 ES SR E A4 5 72 ORER IR S 2200,

5 | HHE il Hne

1 | AutomaticClockLaneControl uint32_t Lane 7 v v 7 H&hifil4

2 | TXEscapeCkdiv uint32_t TX Escape M7 1 v 7 43 JAMA

3 | NumberOfLanes uint32_t Lane %

4 | pllndiv uint32_t PLL loop 43 J&{E

5 | pllidf uint32_t PLL A7)0y 8 fiE

6 | pllodf uint32_t PLL 7157848

7% 4.3.6.1.1 DSI_Init_t !

*5 | HHE i HERE

1 | base uint32_t DSI ¥4 ZD_R—AT KL A

2 | Init DSI_Init_t DSI ¥t T — %

3 | teffectcallback void(*)(DSI_Handle t*) TearEffct =— /L 3w 7 BI%k

4 | refreshcallback void(*)(DSI_Handle t*) U7 Ly iaa—o_y 7B

5 | errorcallback void(*)(DSI_Handle_t*) TS5 —a— Ny 7 B

6 status volatile uint32_t DSI 25— & A

7 errorCode volatile uint32_t 7 —a— R

# 4.3.6.1.2 DSI_Handle_t 7!
@O AutomaticClockLaneControl
H#) Lane 7 v v 7 ilfflE— NZ2RET 5,
TR il A

DSI_AUTO_CLK_LANE_CTRL_DISABLE 0x0000000 A
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| DS_AUTO_CLK_LANE_CTRL_ENABLE | DSI CLCR_ACR | %)
#* 4.3.6.1.3 AutomaticClockLaneControl 5% EfE
DSI > K 7N =T —EF(ErrorCode) & LA F DO FITRT,
EF B N
DSI_ERROR_NONE 0x00000000 T7—72 L
DSI_ERROR_ACK 0x00000001 ACK =7 —
DSI_ERROR_PHY 0x00000002 PHY =7 —
DSI_ERROR_TX 0x00000004 EETT—
DSI_ERROR_RX 0x00000008 ZlEgT T —
DSI_ERROR_ECC 0x00000010 ECC =7 —
DSI_ERROR_CRC 0x00000020 CRC=7—
DSI_ERROR_PSE 0x00000040 Ny N A X T —
DSI_ERROR_EOT 0x00000080 EOT =7 —
DSI_ERROR_OVF 0x00000100 FIFO #—1R"—7pn—x= 77—
DSI_ERROR_GEN 0x00000200 Yxx w7 FIFO =7 —
#4.36.1.4 =7 —a— NHi
4362 13 —T x4 RHk
DSI R 7 A N Oikat B A % 4.3.7.2.1 IR,
B4 Al 513 [ %
dsi_init ER DSI_Handle_t *hdsi DSI /~— F#IH#E
dsi_deinit ER DSI Handle t* hdsi DSI #illf##s 1T
dsi_configvideo ER DSI _Handle_t* hdsi VIDEO RE%#1T 9
DSI_VideoConfig_t *pini
dsi_configltde ER LTDC_handle_t *hltdc DSI o E% LTDC OfIHIER
DSI_VideoConfig_t *pini EIZ T 5
dsi_configadaptedCmdM | ER DSI_Handle_t *hdsi HWAEa~vy N E— RRE
ode DSI_CommandConfig_t *pcfg
uint32_t ackactive
dsi_configcommand ER DSI Handle_ t *hdsi o< NEEEE— NERE
uint32_t lpcmode
uint32_t ackactive
dsi_configPhyTimer ER DSI_Handle_t *hdsi DSI-PHY ® % A XV JRIE
DSI_PHY_Time_t *ptime
dsi_configHostTimeout ER DSI_Handle_t *hdsi DSI-HOST # A A7 7 FE&TE
DSI HostTimeout_t
*ptimeout
dsi_start ER DSI_Handle_t *hdsi DSI £ = —/VETRG
dsi_stop ER DSI_Handle_t *hdsi DSI &Y = — /U Z 1k
dsi_swrite ER DSI _Handle_t *hdsi va—havwr NRIT
uint32_t Channel
uint32_t Mode
uint32_t Param1
uint32_t Param?2
dsi_lwrite ER DSI_Handle_t *hdsi oy a~ s RIEFT
uint32_t Channel
uint32_t Mode
uint32_t NbParams
uint32_t Paraml
uint8_t *buf
dsi_read ER DSI_Handle_t *hdsi DSI =~ R
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uint32_t Channel
uint8_t *Array
uint32_t Size
uint32_t Mode
uint32_t DCSmd
uint8_t *buf

dsi_enterULPMData ER DSI _Handle_t *hdsi UPLM #E(D-PHY PLL %17)
dsi_exitULPMData ER DSI_Handle_t *hdsi UPLM # 7 (D-PHY PLL 3%17)
dsi_enterULPM ER DSI_Handle_t *hdsi UPLM % &(D-PHY PLL % 7)
dsi_exitULPM ER DSI_Handle_t *hdsi UPLM % & (D-PHY PLL % 7)

or

dsi_startPatternGenerat | void

DSI_Handle_t *hdsi
uint32_t Mode
uint32_t Orientation

T A b3 — R R

or

dsi_stopPatternGenerat | void

DSI Handle t *hdsi

T A RRE = AT

dsi_setLanePinsConfigu | ER
ration

DSI_Handle_t *hdsi
uint32_t CustmLane
uint32_t Lane
uint32_t active

HAR KL — L BE

dsi_setPHYTiming ER

DSI_Handle_t *hdsi
uint32_t timing
uint32_t active
uint32_t Value

PHY 4 A X v J#&E

dsi_forceTXStopMode ER

DSI Handle t *hdsi
uint32_t Lane
uint32_t active

rvavwy T—HL—iEkE
1k

dsi_irghandler void

DSI_Handle_t *hdsi

DSIELAZ N BT

# 4.3.6.2.1 DSI K71 B%

4.3.6.3 BREFIE
LCD O#IHELFIEIZLL T 7 u—F v — MRS,

LCD#IH#A1E

4.3.6.3.1 LCD #J#1t:

DSI/DMA2/LTDC
DIAYOEHE
\L DSIN—KRO 7 #H#A1E
dsi_init DSIDVIDEOT—4HE&TE
dsi_configvideo —— | DSIU)VIDEO\EQE’&LTDCG)*)J
dsi_configltdc b T—2IZE#R
. LTDCO#EE
Itdc_init
dsi_start | DSIZRZ—k
OTMSOOSADHM | [ Lcoms—hR54/3%
ft MEME
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ARETIT, BEAM RN EDOZ A7 E =2 OHERIZE L TRl T 5,

51 M=

TOPPERS

RAYE=RIFIZAT ETEEL, TRy T HOa<y REHWTT T v k74— LEROMRERERC
TARNETD, TRy Za<wy REEEICLY a<wr REBINBRARETH D, ZNIEV T 7Y r— 3
YThH, TV v ar AT ARy S avr REBMT 52 ENRTED, XATZE=XO AN TS
ANENZK L TITY . T 740 hOEHEAH S11E ASP H—F /W THEEEINTWE LU TILT IS, A
ThHHMN, ADDOUIDEZIZL Y| telnet DURKREEIZYI D FEZ N ATRETH D,

52 ZE#AHN

A7 T=ZOANHNBFEEAR N LT Y, BEARNIIFILE R ZEL L, A, i, =
7 =D 32D FILE ~DRA »Z 2L FTOAMTERT DI L THRAT D,

® stdin
® stdout
@ stderr

FILE 4133 5.2.1 O#ERk & 72 5, FILE BT fread <° fwrite T7 7 A MIZT 7 B AT 585D/ K

ZELTHEMREND,

%5 | HH i B
1 _flags int TrANHT TS
2 _file int Ty A INVE T
3 | func_in int 1byte A1z —v 8 7 B34
4 | func_ins int n bytes AJja— 3y 7 B
5 _func_out void 1byte 71— 3w 7 BE%K
6 _func_outs int n bytes 1713 — 3w 7 %%
7 _func_flush int FT—HRT Ty aa— )Ny 7R
8 dev void * TN AREERA~DRA &

#* 5.2.1 FILE #!

AN TR, UTOBEESR—- 42,

Eed A EIE S B hE ik
fgetc int FILE *fp 7 7 A5 1byte FtA AR
fgets int char *c 7 7 A VDB TR A P
FILE *fp
fputc int intc 7 7 A W 1byte EXIAA
FILE *fp
fputs int const char *str T 7 A W SR E & AL
FILE *
putchar int intc 1byte & X A%
puts int const char *str LA AR T EFE Z AR
printf int const char const Y S)~D 7 ) b MERITEAE
£
sprintf int char *c Ny Ty ~T Uk fERITHEHAE
const char const big
scanf int const char const AT N AF ¥ AR IxEH
%
sscanf int char *c Ax ¥ LAy 77y b i =l
const char const Zig
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fflush int FILE *fp Tr7ANDT T v a
fread size t | void *buf T 7 A NS T — X FFIAI FEE 1Y num
size_t len #
size_t num
FILE *fp
fwrite size_t | const void *buf T 7 AT — R EXAL FERIT num
size_t len ¥
size_t num
FILE *fp
fprintf int FILE *fp Ty ANANT YR A FILEAE
const char *const e
putc int int ¢ fpute & [FAlEE
FILE *fp
getchar int FEAEN )75 1byte #tAiA Fx
getc int FILE *fp fgetc & Ak

%% 5.2.2 HAR— F LTV AEERE A R

53 E#ETFNyHFaATUR
BAE=AE, BREDOT Ny S avwr RELTUTFDa~y REVR— T2, FRATE=XDT
Ny Zawy RIFE1 (BFaY), 20 2o0avy RCHEESIEET AL S, -, o<y

NERET %A,

RO 1 L FLEEZ B TRETH D, B TH —Da~> KRHLH5E,

WZF 4 ANy FTAHawy RRRIRESN A,

EgbY5)

Flavr R | F2avs R ElES A

DISPLAY BYTE start address[hex] XA NEN.TAEY DUMP 4 %
HALF start address[hex] 234 FEfLTAEY DUMP 15
WORD start address[hex] 431 NEALTAEY DUMP 9%
TASK - A2 A7 DREERTT D
REGISTER CPU L VR ONEEFRTD

SET BYTE set address[hex] NA NHNLT, AFEVNEEZEFTTD
HALF set address[hex] 234 NENITC, AFVNREEELT D
WORD set address[hex] A4 NERLT, AEFEVRNREETTH
COMMAND | mode[1 or 2] F7H 0k 2, 1 DEARAID 1 CFO I i
SERIAL portno BEHEAH IO ) TR EFEET
TASK taskid TASK 2~ ROXRR I X7 fET D

TASK ACTIVATE - Z A7 OiEE#E R (act_tsk)
TERMINATE B A & T 9 % (ter_tsk)
SUSPEND X A7 OFFHE R (sus_tsk)
RESUME 2 27 OFF G (rsm_tsk)
RELEASE 4 2 7 DFFBEER (rel_wai)
WAKEUP # A Y DR (wup_tsk)
PRIORITY priority ZATDBFEEEFESD

LOG MODE [logmaskl[lowmask] syslog DFRE— REEELT 5
TASK [time] Z A7 DRITIRIER R G ED L EE)
PORT [nol[lognol[portaddress] | "— 72721/

HELP Argl avy R~

% 531 EWEF Ny savy R

T77ANTATZ IV RBMENTSGE, UTDa~y FeBTHR— 5,

Hlavr K | H2avs N ElES HERE

VOLUME FORMAT drive R4 TDTr—~v FERYPAR— )
DIR path T4 LT RN DOFER
MKDIR path T4 L7 bUOERK
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RMDIR path T4 V7 M) OHEE

ERASE path 77 A INVDOIEE

#5382 7oA NLTF Ay S avL R

RTC FFA N &YH—b LEGa, UTFOa~y FEBMTYE— kT3,

Flav R | Haavr N ElE: BEne
RTC DATE year month day HIZHZHRET D
TIME hour min sec R 2 X ET 5
CLOCK - BEOHIZH LR 2 FKRT D

# 533RTCTF RNy Ta<wr K

54 FTNvHavy Fiik
HAYF=HE, a~y REJRET H2EL R, a2~ FOILREIFE 1 (h73Y) a~<2 FRHEAL
THEMEN5,

5.4.1T7—% {14k
gy RBEIMMCIZ 2 >R 24 9 %5, COMMAND_INFO #3% 2 2~ ROREEZITV,
COMMAND_LINK %%, #%®» COMMAND INFO Ml A F L O TR AT TV A2IEET 5,
COMMAND_LINK @ pcnext lZ 7 Ny Va~<r RO U v 27 IR+ 5. 2070,
COMMAND_LINK [3fEf} & OZETER L i ud7e 5720,

B | HH Al HEHE
1 command const char * FE2a<w N4
2 func int_t (*)0 Foavy N ~DFRA X

% 5.4.1.1 COMMAND INFO #!

&5 | HHH il HEHE
1 pcnext COMMAND_LINK * | COMMAND LINK ®F =—>H
2 num_command | int B2avr FO#
3 command const char * 1 (B7rT3)) a<wr R4
4 | func int_t (*)0 KT AY a~ FOEITREE (@% (X NULL)
5 | help const char * H7FY D HELP A vt&—
6 pcinfo COMMAND_INFO * | COMMAND_INFO OEF|~DKRA o Z

# 5.4.1.2 COMMAND_LINK %Y

5424 23— A4 A{L#
FoRNy Za<wy ROEMZE, COMMAND LINK O A > A K v A~DRA 2 EZ B3I T O =
— U TEIMEn 5,

EEgd il 5% B AE i

setup_command int COMMAND_LINK * a<y RA73V &BNT 5

# 5.4.21 TNy T avy NBINERK

6 APIE

APLJBIXT 7V r—3 g K L THEMERN A 2 —T = A AT 28 ThH D, ZOBIE N N—F
7 =7 RTOS OALRRICEE SN, —BDOA VA —T A AT 521k, 77V r—v 3
CENAICHER T2 Z N TE 5, £, C B POSIX @ X 5 I APLIZHERL9
X, LINUXZEDOA—T vV —ADTATT7 IV EREETHEHTLHZ LN TX D,

6.1 M=
AN L—UHRER IR T B 7 7 A LU AT A L OE AT 5 RSB 2 S APLIZ Wil
2179,
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6.2 F7AINIARTL
7 7 A AT AT TOPPERS BASE PLATFORM T#ft4 2 A ML —UHETH D, 77 A1
AT MIUTD3ODEY 2a— )L THERINS,
O Z7ANTATTY
CEBIERD 7 7 A NVEEEYR— 1 NT5T7A4 77V
Q@ ARL—=UT NS ATE—Ty—
A RNL—UF NS ZADEHREY 22—
@ FATFs
RSB L, 7V —Y 7 b7 & LTARIN TS, FAT (HR¥ER O r— B v~
7 A IV AT A
TOPPERS BASE PLATFORM 7 7'V r—> 3 v, "— R =T #R<ESEHE LT 5D,

FTI)r—ay

CEEE# D7/ LEH
STDIOA > B—T A R
T7AINZ14T35)D
FATFs774 JLEA%K
FATFs®
FATFsKFSA /N
SDMT /81 AR S A / \BE $iE s

D= R s iceFi 2
ARL—SFNARTR—S 0 {& (StorgaeDeviceFunc_t)

(SDM)®@

SDMT /31 AR S A/ \BE$ 48
‘ {& (StorgaeDeviceFunc_t)

MCIER

usB GDIC

SDMMC MIDDLE
S5 4% SDMMC/SPI/USBZ RS 1 /%
22 A GDIC SPI >S4

OTG

X 6.2.1 77 AN AT ADLA THERE

6.2177ANS4T3Y
T ANTAT T VIEEANNBEEIZADLE T, £ 6.2.1.1 AT S, ZNHIXCERELED
T AN E T 7 A VEHRD POSIX (LA TH D28, LA TFOMEIHE > CTREEORIR 21772,
- CEBEEDH D (C89,C99)
+ POSIX.1-2001 TX<<fEbnd b D
- LINUX [Ef CTh D2, @EHEHICLERS D

ke i EE: FEHE S

open int const char *pathname T ANDE =T T ANT | =T —E-1 2K
int flags S AT YT H BT ki

close int int fd TZryANDTa—RX BEh 0, KR-1

fstat int int fd T AINVOIRBEZ Y HI 554 | -1 TT—
struct stat *buf HUY A X &K

Iseek off_t int fd T7ANDHRLEXINELHRE | -1 TT—
off t offset +T5,
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int whence
read long int fd T ANIPDT =X EHAHT, | 0 TG, -1 T
void *buf A LA X &, TT—
long count
write long int fd TrAMIT —H EEZAD E | -1 T=T—
const void *buf T IALY A X HKT,
long count
mmap void * void *start Tr7ANEAEY LIIRETS | —H 77 ALY
size_t length AT NDOIY IR
int prot — K
int flags
int fd
off t offset
mumap int void *start mmap D fEFR
size_t length
fopen FILE* const char *name Ty AN =T
const char *attr
fclose int FILE *fp AN a—X
fseek int FILE *fp 77 AN DR EEALE Z R E
long offset +5
int whence
stat int const char *name 77 A IVOIREDOEH L B0, K1
struct stat *buf
Istat int const char *name 77 A IVOIREORH L R0, KRHL-1
struct stat *buf
access int const char *name 77 A JVOIRBEDEUH L REhEE 0, F D
int mode ftix-1
mkdir int const char *name T4 L7 b U OERK RIhEE 0, =D
mode_t mode flix-1
rmdir int const char *name T 4 V7 MY OHIER EIEE 0, D
fix-1
chmod int const char *name Ty ANE— ROEH N0, -1
mode_t mode
remove int const char *name 7 7 A JVHIERE B0, K-
unlink int const char *name 7 7 A JVHIER
rename int const char *oldpath T 7 A IV DEE IO . KPg-1
const char *newpath
opendir | void * const char *path path [ZkHE L7727 4+ L2 R U R | =5 —KE NULL
M) —2%A—72 L ARY—
LDKRA VB ERT,
closedir | int void *dir T4V RNIARNY =207 | KEH0, KiL-1
— X\‘
readdir struct dirent* | void *dir EFIZT 4 L7 b U e dirent | POSIX &% I/F
Mg Rz 5t A4, dirp THRINWE | R R 5
Ny T P KT D,
statfs int const char *path < NIRRT AN AT | BREHO. Bk

struct statfs2*stat

AZONTOIERZ RS,

#6211 774 NVT74 77 VK

6.2.2Storage Device Manager

Storage Device Manager |X, A RL—U T NA AL ZD FTCEITEINIBEBHEOO -V T 740
AT LEERTHEY 22—V ThD,
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Storage Device Manager LA FD 4 DOBRITHER IND, BHD 2T —7 1 THY, #
6.2.2.1.1 ® StorageDeviceFunc_t |2 —H /7 7 A IV AT LDT I3, A& GED A N L— %
SELHOIC, BT =TIV T ASA AT 7 0 7 a T =T VDRITH D, FEHEHL T
La—HNT 7 AN AT AW FATFs Th D729, FATFs OF 34 2 I/F OR%%T —7 L7 > T
%, 7 6.2.2.1.2 @ StorageDeviceFileFunc_t BiX, 77 AV T7A4 77V kT D7D, v —Hh L
Tr7 ANV AT LDT 7 ANEEET =T MET 57200 TH L,

%5 | HAE Al HEhE
1 _sdev_sens int (*)0 TR Ak AR
2 | _sdev_diskinit int (*)0 T3 AD WL B
3 | _sdev_diskstatus int(*)Q T3 ADIRRERUH LS
4 | _sdev_diskread int(*)( TNA ATy ) — RE#K
5 | _sdev_diskwrite int(*)( TNA ATy T4 MNEEK
6 | _sdev_diskioctl int(*)( 534 2 I0CTL E8%%
7% 6.2.2.1.1 StroageDeviceFunc_t !
FE | HAE A HEhE
1 _sdevff _opendir void *(*)() opendir B%k
2 _sdevff _closedir int (*)0 closedir B8%%
3 | _sdevff_readdir int (*)0 readdir BE9%k
4 _sdevff mkdir int (*)0 mkdir B9%k
5 _sdevff_rmdir int (*)0 rmdir B8%%
6 | _sdevff unlink int (*)0 unlink B%
7 _sdevff rename int (*)0 rename %%
8 | _sdevff chmod int (*)0 chmod %k
9 | _sdevff stat int (*)0 stat B9%x
10 | _sdevff _statfs int (*)0 statfs BA%%
11 | _sdevff open int (*)0 open %K%
12 | _sdevff_close int ()0 close Bd%%
13 | _sdevff fstat int (*)0 fstat BE%K
14 | _sdevff lseek off t (*)0 Iseek BE%%
15 | _sdevff read long (*)0 read B9%L
16 | _sdevff write long (*)0 write B2
17 | _sdevff mmap void *(*)() mmap B

# 6.2.2.1.2 StorageDeviceFunc_t 7!

HLD2OIFA ML=V EETHAT, % 6.2.2.1.3 StorageDevice_t BT A L —IF 34 ZHIK
DIEREBHDOI T, # 6.2.2.1.4 StorageDeviceHead_t |3 StorageDevice_t B DA A X o A &4
B~y XETHD, 3 6.2.2.1.5 % StorageDevice_t 1 D_sdev_attribute D v > MEEHEZ T,
SDEV_INSERTCHK 234 272 5 TWRWT NA ATIX, AT 4 7T OfikTF = v 7 #47h70, 20
. WHUERFD AT 4 T ORETAT 4 7 OREZIRET D,

#5 | HHA il HEhE
1 _sdev_attribute uintl6_t F A ADIREE
2 _sdev_devno uint8_t FONA A K
3 | _sdev_port uint8_t T INA AFEB
4 | _sdev_maxsec uint32_t TRA ADERKE 7 Z I
5 | _sdev_secsize uint32_t FRA ADE T XA X
6 | _sdev_instimer uint16_t AL A ~—
7 | _sdev_inswait uint16_t 1 ARREE O IR
8 | _sdev_notice void (*)0 FRE 2 — LN 7 BA%
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9 _sdev_locall4] void * a—h)xz )7
10 | pdevf StorageDeviceFunc_t TN AT — T
11 | pdevff StorageDeviceFileFunc_t* | 7 7 A4 LT —7 v

7% 6.2.2.1.3 StroageDevice_t %!

#5 | HE i HERE
1 | num_activedev uintl6_t BEFEA N L—U T 8 2D
2 | _sdev_active uint8_t TN, A 32— ¥ DA NER)
3 _default_device uint8_t F T F IV N TN, AEE
4 | _get datetime uint32_t (*)0 FEZ Y U B 4K
5 | _psd StorageDevice_t * A N =TT A AR

# 6.2.2.1.4 StroageDeviceHead_t !

7 i A
SDEV_ACTIVE (1<<15) FORA ANT 7T 4 7 OYRKE
SDEV_INSERTCHK (1<<14) A - HEHORED D
SDEV_CHKREMOVE (1<<13) PEHRAE 21T 9
SDEV_ONEEXIT (1<<12) — DL FHEH Y B o 7
SDEV_EMPLOY (1<<8) T A ZEEF
SDEV_ERROR (1<<7) TN AT T —
SDEV_DEVNOTUSE (1<<0) T A AR A]
SDEV_NOTUSE 255 EFARTTOE v N EFE

* 6.2.2.1.5 _sdev_attribute X EfHE

6.2.2.2 A8 —J 4 ALk

#K6.2221IFA ML —UT NS A=V ¥ —THEHT 2B TH 5, sdev_init BIEIZTA FL—UF
WA A FZ =V ¥ —3FRE 72D | sdev_terminate B CTHENE 72D, ZOM T, A ML —U T34 2D
HAE1TH, £79. SDMSetupDevice Bt TA b L —UF A ADBEREITH, T3 AZBEEHFEL T, 2
DO 2O & | ppsdev I A kL —F 31 A(StoregeDevice_t) 3 v N ENTES, HHAEIL, RS
NIEARL—U T AL AU TFORESEE2E Y N5,

DO TARALAEBT —T N TR ARTANRNT—T )L

Q@ TZrANERT—T N 0 — BN T AN AT NS LT T 7 A VT — 7L

©® B fkE oA g

@ v—INT—H : TLOT A ZAEDEHR % _sdev_local (IZF%ET D

A B L—U TN RS ETE SDMSense_task TIT 9 23, T35 ATHRBEN 2 WAL, ¥
AT LUV TRA 24T 9 MEE 2 O34, SDEV_SENSE_ONETIME % =t U /8A L A A v F TE
FHLTEL FTHISEEE LTERESN., T35 ZDOBE%,. SDMSense_task(0) % B = — /L4 HuiE, A
F AT DA ELLFEAZFT 5, SDMSense_task Tix, 2 A% L L T psdev->pdevf->_sdevf_sense (2T
AF AT DR AEITHIIZD, ZOMBBEZREL TEBLEND D,

SDMSense_task i L 72\ 551X, SDMEmploy B9t -> CTEEA T 4 TOFEERET H Z

EINTED,

B i EIE HERE ikl

sdev_init void intptr_t exinf ZRNL—UF RN AT R—
¥ — 24k 5

sdev_terminate void AN =T RS, AT R—Y
Y—&KT35

SDMSetupDevice ER int16_t devno FBEDT RA A%BINT 5

StorageDevice_t **ppsdev

SDMDeviceNo ER_ID const char **ppathname IRAL NS TN, AKE %I
DT, RAKDT A 24T
A%y TTD
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SDMGetStorageDevice | Storage | int devno TN AEZTNHA ML —Y

Device_t FONA ANDIRA VFHED

* 9
SDMEmploy ER StorageDevice_t *psdev T3 ADEEF (true), 15 1L

bool_t sw i (false) & B ET 5
SDMSence_task void intptr_t exinf FRA A B AHZ AT (B
SaoH)

# 6.2.221 AL —UF NS 2w x—T v —E

7% 2
SDEV_SENSE_ONETIME SDMSense_task % B% & L T
NUM_STORAGEDEVICE Z R L —UF R, 20K T 41 M 4)
DEAFULT DEVNO F T v kDT R 2FSCEEIT 0)

# 6.2.2.2.2 AN, )VAA v FREM

6.2.3 FatFs
PLATFORM V1.X Ti%.FAT12,16,32 o —H /L7 7 A )L 25 A& LT FatFs R0.07a # RTOS
KD D—EEELTHALTWS, £/, FatFs 7 /34 2 K 4 3 (diskio.o) 2B L T, %o
AR L=V L DTN, AT 7o 7 v a T —7 RO CdEE T TV 5,

6.3 BRI E
RTC 7 /54 A SR8 40, RSB AR & 72 %, WETIE, 2 20ME I\ CHZIOH
AT,

6.3.1 7T—#& {1k
7 6.3.1.1 ® tmtm2)HEE R TREZ OFBL 21T 5 SR CTH D, tm #EEKIZT A4 7 F U ® time.h
WCER SN TWARAABEEREF—D LD TH D, tm2 1T tm & [F—DOHEER T, standard device
TEH—HIIZERLTVNDEHLDOTHD, RTC 731 AORELLET tm2 #E R EZFEHT 5, o0&
O types.h ZETEFR SN TV D time_t BT 19704 1 A 1 B D ORKBIM 2 TE£ T,

e | WA il BHE
1 | tm_sec int #(0~59)
2 | tm_min int 45(0~59)
3 tm_hour int FE(0~23)
4 | tm_mday int AdoAA~31)
5 | tm_mon int AH1~12)
6 | tm_year int AF P, {HL 01 1970 4F
7 | tm_wday int HErho H(0~6)
8 | tm_yday int FrR o H(1~366)
9 tm_isdst int

# 6.2.1.1 tm SR

6.3.24 28— 4 AL
tm FIER & time_t B & O A% L LT 6.3.2.1 IR EHET 5,

B4 Al 5% A kel
mktime time_t struct tm *ptm tm HIER % time_t (CEHLT 5
gmtime_r struct tm * | const time_t *pt | time_t % tm #EERICE T S

struct tm *ptm

# 6.3.2.1 WL PR
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64USB 2 K)LDx7
USB X F/Lw =7 & LC, TOPPERS USB MIDDLEWARE % x%{/t:4 %, Zii% USB OTG 7 /34
AMDOUSB A A b, T34 2HkHE, USB 7 /34 R LT USB 73 AEREZ RIS 5,

6.4.1USB 7R R ~#fE
USB & & MEREIL. L FF 34 2 %515 LT HUB 7 5 212kt L THEID 7 5 2 % RS HE A ET
HAHUSBAAMILLFEDES>DZ T A% HR— T 5,

7T AL 1D e 7 7Y & Oi@{EHERE 5
HUB 0x09 HUB ® %R —k

HID 0x03 MOUSE/KEYBOAED a— LNy 7 BEEGRE

MSC 0x08 USB xE APTIC X B =—

PRT 0x07 AN APLIC X 28 a—v/a— 8y 7 B
CDC/SERIAL | 0x02 USB U 7w APLIZ L BB % a—n/a—n Ny 7 Bk
BLUETOOTH | 0xEO BLUETOOTH APLIZ XA a—/a—n Ny 7885 | 1.3.1

#* 6.41.1USBAHRA N7 T X

6.4.2USB T/51 A #RE
USB 7 /341 AfREIL. F8ED 7 T AT L TOT A AEREA T 5,

75 A4 1D FnE %
HID 0x03 MOUSE/KEYBOAED
MSC 0x08 USB A&

# 6.411USBT /A AT T A

65Ul 2 Ko7
UL k=7 LT, 797427 LCDIZH LT, XEHE, XF @275 4 v —T = A A
ZB N4 5, KIEHE > API 1% GDIC/adafuit_st7735 O B A4 4 %, #LiE & LT STM32Cube
@ BSP CEM L TV Al D rename Z HE L, BSP HOT7T 7V r— a UNEOEEFHTX
HE9BET D, UFHEEIL, STM32Cube THE SN/ 7 + > k & TOPPERS ECHONET WG T/E
R L7ZHE 7 4> hO 2 DOOSLFEREICHIG TE 5 L ) ITekGFH LT,

6.5.1UI T4 LY kY
UL7 4 b7 FUBITFIZ 2207 x> MREZHET 5, UIBKREZ LY 1ATeI2(3 Makefile ® I /v
7T DFTEIZLLTFDA v 7 v— REfT 2 L,
include $(SRCDIR)/ui/$(UI & 1+ L 7 k U )/Makefile.config

e 134 b7 F 2 FES BT xr hEE ik

STM32Cube 7 # > b 8,12,16,20,24 2L

WEZ vk 9,12,16 12,16 M7 xr s MI7 7 A
JLCHEfL

# 651105 4L 27 bV

WET7 4V FOBETEY b~y 7T =B UTO~Ny XEFDO, 7740 ENWTERERT S,
TOPPERS BASE PLATFORM(ST) Tfif Fi4 %121, QSPI 77 v = ROM _EIZ flash_file DI TT —
HEEL ZEEHRT S, WET 4+ MNETE Y b~y 77 7 A vD flash_file BRAOEEZIAHRT —X
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% ui/snfone_disp/shinonome_font.bin T+ 25, 27 —4%% SD 1— K7/ F USB A€V (Z=2t
— L. QSPI 7 7 A N EXAL A~ REE-T QSPI 77 v a2l EX AL flash_file T7 7 A VT
72T 5,
728, QSPI 7 7 A N EXIAKR, HETRROY TN Ta T AL TFICHELTWD,

OBJ/STM32F723DISCOVERY_GCC/MONS3

UFICEF 74 Y by T T 7 AND~Ny X Earnd, BEZY b= T a7 05,
#75 | HH il Hne
1 | magic 0 char [4] “FONT”
2 name 4 char [32] T+ N
3 fsize 36 | unsigned int T AN AR
4 | csize 40 | unsigned int By b~y F—HDa— REoONA MR
5 | isize 44 | unsigned int vy b~y ST — DA A= O, MK
6 | off cnv_tablel | 48 | unsigned int UTF-8N 2 A ha— BT —T N ~DA 7k v
7 | siz_cnv_tablel | 52 | unsigned int UTF-8N 2 A k22— RRBET — 7 /L~Da— R
8 | off cnv_table2 | 56 | unsignedint | UTF-8N 3-1 /34 ha— KRR T—7/L~DA7Ew b
9 | siz_cnv_table2 | 60 | unsignedint | UTF-8N 3-1 /34 ha— KRR T—7/L~Da— R
10 | off cnv_table3 | 64 | unsignedint | UTF-8N 3-2 31 ha— FRZT—TL~DF7+F v |k
11 | siz_cnv_table3 | 68 | unsigned int UTF-8N 3-2 /XA ha— FRBET—T /L ~Da— N
12 | off 2byte_font | 72 | unsigned int UTF-8N 283/ ha— K+ A A—I~DA 7 ¥ v b
13 | siz_2byte_font | 76 | unsigned int UTF-8N 231 ha—RK+A A—=VDT AT L3
14 | off_3byte_font | 80 | unsigned int UTF-8N3 /XA ha— R+ A A= ~DF 7w b
15 | siz_3byte_font | 84 | unsigned int UTF-8N3 XA bha— R+ A A= DT AT 5K

%6512 WE T+ N7 7 A VD~y X EREER

7 774 ILDER

TOPPERS BASE PLATFORM @ Y — A7 7 A WIEEIZ DWW TR T 5, H@BHIX T 7 A L AT A
M Ay T = EIGE L 72 DT OW TR 5. BASE PLATFORM @ Y 7 kw7 = 7 &I asp
R—=2F 4 L7 b RIZEET D,

7.1 HEER
@ 0T 4 L7 UMK AR 1.1.1 1587,

FA4L7 Y N 1%

files T7ANVAT LD —AEL A TNV —FRT7 7 AV

monitor HAG =R LEEAFEITIO) =R AT I—FRT 7 A )b

gdic GDIC R AN

pdic PDIC K7 A /X, STM32xxx (2R — FEIE N T A NEfFo

syssve malloc,calloc,free B8%k

ui GLCD |2, V977 4 v 7T —HER V1.3.1 LI

usb USBHRA N, T4 ADI RV =T

stmcube V1.3.1 £V Font ®ZA %, BSP #i% gdic I2BE L1z
(gdic K74 /NZi%, ZOfEKZIE L CTHEAT 2 H0RH D)

jpeg-9b JPEG 74771V, Web £V jpeg9b ¥ v un—FRey hL, 74 | V=Rl
L7 hUHod Makefile T7 A4 77 V& E/LRLTL SN

libmad-0.15.1b MAP3 CTa— K74 77U, Web £V libmad-0.15.1b ¥ 7> ua— | Y—A72L
Kty bL., T4 L27 bUHO Makefile T7A 77 V&% E/NLRLT
<IEEN
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#7.1.1 L@EHT L7 Y
7.2 STM32F4xx FZ 4%
STM32F4xx A K7 A /386, pdic/stm32f4xx |2V — A7 7 A Vb 5,
77 AN NE %
adc.c ADC R AN VY —=AT 7 A )V
adc.h ADC RTZAN e LI N—RT77A)L
device.c GPIO,DMA,LED,SW RZ A /N« V) —RA T 7 A )L Base
device.cfg LED,SW ® RTOS V) V—X 7 7 A )L Base
device.h GPIO,DMA,LED,SW RT AN« f T )V—RT 7 A )L Base
i2c.c I2C RTA X« V=R T 7 A )L
i2¢c.h I12C RIAN e LA LI N—FRT7A )b
pinmode.c Arduino ® GPIO B> & E « Y — AT 7 A )L
pinmode.h Arduino ® GPIO B VERE - A VI NV— R7 7 A )b
rts.c RTS KA/« V=T 7 A )L
rts.cfg RTS ® RTOS VYV —X 7 7 A )L
rts.h RTS RIA N e L LT N—RT7A)L
spi.c SPI RZA /N« J—RAT 7 A)L
spi.h SPI RIAN e LA I N—FRT77A)b
usb_otg.c USB-OTG RTA /N« V=X T 7 A )L 144 O H
usb_otg.h USB-OTG RZA /N AT NV—RT77A)b 144 D I
7 7.2.1 STM32F4xx KT A X7 7 A )L
7.3 STM32L4xx K54\
STM32L4xx ] K7 A /N5, pdic/stm32l4xx (2 — A7 7 A VR b D,
77 AN NE %
adc.c ADC RIA4 /N« V=R T 7 A )
adc.h ADC RTZAN e LI N—RT7A)L
device.c GPIO,DMA,LED,SW RZ A /8« V) —XT 7 A )L Base
device.cfg LED,SW ® RTOS V) V—X 7 7 A )L Base
device.h GPIO,DMA,LED,SW RZ7 A /N« f 7 )L—RT 7 A )L Base
i2c.c I2C RKZA /N« V—RT 7 A )L
i2c.h I2C RIAN e AL I N—FRT7A )b
pinmode.c Arduino @ GPIO ¥V f%E « YV —AT7 7 A )L
pinmode.h Arduino ® GPIO B> E - A I L— K77 AL
gspi.c QSPI KT A /N« J—XT 7 A )L
gspi.h QSPI KA N e AT N—RT7A)b
rts.c RTS KT A /N« V=T 7 A )L
rts.cfg RTS ® RTOS VYV —X 7 7 A )L
rts.h RTS RIA N e L LT N—RT7A)L
spi.c SPI KT A /N V—RT 7 A )L
spi.h SPI RIAN e AL I N—FRT7A)b
# 7.3.1 STM32L4xx K7 A X7 7 A )L
7.4 STM32F7xx FSA /N
STM32F7xx ] K7 A /N5, pdic/stm32fTxx (Y — A7 7 A IVI’d 5,
T AN N 14
adc.c ADC RTA R« J—AT 57 A )L
adc.h ADC R7A RN e LI NV— K77 AL
clock.c RTCF Ry avwr R J—XT7A)L
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device.c GPIO,DMADMA2D,RTC,CHACHE,LED,SW RZ 1 /N« YV —X7 7 | Base
A v
device.cfg RTS,LED,SW ® RTOS UV V—RA 7 7 A )L Base
device.h GPIO,DMADMAZ2D,RTC,CHACHE,LED,SW K< A X 1 7 )L — | Base
K7 7 AV
dfsdm.c DFSDM AJJ RT AN« VY —RT 7 A )L 769 DI
dfsdm.h DFSDM AJJ R AN e A I N—RT 7 A )L 769 O I
dsi.c DSILCD f v #—T A A+ J—AT7A)L 769 D I
dsi.h DSILCD A > X% —T A X - AT N—RT77A)L 769 DI
i2c.c I2C R4« V=R T 7 A )L
i2¢c.h I12C RIAN e LA LI N—FRT7A )b
ltde.c GLCD RIA4 N« J—RAT 7 AL
1tde.h GLCDA VI NV—FR+«JV—RT7A)V
mcicmd.h T7ANVAT A I NV—RT7 714V
pinmode.c Arduino @ GPIO ¥V f%E « Y —AT7 7 A )V
pinmode.h Arduino ® GPIO V' V3% iE « A V7 V— R 7 74 )L
gspi.c QSPI KT AN V=R T 7 A )L
aspih QSPIL FFA N Ao I —F77 AL
sai.c F—=FT A4 F RTAN e )—AT 7 A )L
sai.h =T AFRIAN AL I NV—RT 7 AL
sdmmec.c SD-card K7 A /N« VY —AT 7 A )L
sdmmec.cfg SD-card K74 /N+RTOS YU V—RXT7 7 A )L
sdmme.h SD-card KZA /N« f T NV— KT 7 A)L
spi.c SPI RZA /N« J—RAT 7 A)L
spi.h SPI RIAN e LI N—FRT77A)b
=tmi32iTsx_halh STMCube i A o 7 al— N7 o AL 1.3.1 THIBR
usb_otg.c USB-OTG KT A /N« J—RAT 7 A)
usb_otg.h USB-OTG RIA /N AT N—KRT77 A
# 7.4.1 STM32F7xx R7 A 7 7 A )L
7.5 STM32F0xx K54 /\
STM32F0xx A K7 A /386, pdic/stm32f0xx (2 Y — A7 7 A Vb 5,
77 AL N fii%
adc.c ADC RFIA N V—RAT 7 A )L
adc.h ADC FIA R e LI NV—FT77A)L
clock.c RICTF RNy a<vwr K« J—=RAT7A)L
device.c GPIO,DMA,LED,SW RZ A /N« VY—XT 7 A )L Base
device.cfg RTS,LED,SW ® RTOS UV V—RA 7 7 A )L Base
device.h GPIO,DMA,LED,SW RI AN« f T )N—RT 7 A )L Base
i2c.c I12C RTA /N« V—RT 7 A )b
12c.h I2C FZANRN e LI NV—FRT 7 AL
pinmode.c Arduino @ GPIO ¥V f%E « YV —AT7 7 A )L
pinmode.h Arduino ® GPIO V' V@& iE « A V7 NV— R 7 7 A )L
rte.c RTS KT A4 /N« V—RAT 7 AL
rte.cfg RTS®RTOS UV V—AXT7 7 A )L
rtc.h RTS RIA N e LI N—RT7A)L
spi.c SPI K7 A/« V—RAT 7 A )L
spi.h SPI KA /N e A2 I NV—RT 7 AL

# 7.5.1 STM32F0xx KT A X7 7 A )L
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7.6 STM32LOxx FS 4 /\

STM32L0xx i K7 A /N5, pdic/stm3210xx (2 — A7 7 A V3 b D,
77 A ) N fii#%
adc.c ADC RTA4 R« J—AT 57 A )L
adc.h ADC RTA RN e LA I NV—FRT77 AL
clock.c RTCTF Ry awr R« V—AT7A)L
device.c GPIO,DMA,LED,SW RZ A /S« V) —XT 7 A )L Base
device.cfg RTS,LED,SW ® RTOS V V—RA 7 7 A )L Base
device.h GPIO,DMA,LED,SW KT A /N« f 7 )L—R T 7 A )L Base
i2c.c I2C RKZA /N« V—RT 7 A )L
i2c.h I2C RIAN AL I N—FRT7A )b
pinmode.c Arduino @ GPIO ¥V f%E « Y —AT7 7 A )L
pinmode.h Arduino ® GPIO B> E A IV —R7 7 AL
rte.c RTS KT A4 /N« V=T 7 AL
rte.cfg RTS ® RTOS YV V—X T 7 A )b
rtc.h RTS KA NN A2 I NV—RT 74V
spi.c SPI R7A /N« J—RAT 7 A)L
spi.h SPI KA XN e LI N—RT7 AL
usb_device.c USB XA ARTA /N« ) —RAT 7 A )L
usb_device.h USBT XA ARTAN e LI NV—RT7A)b

7% 7.6.1 STM32L0xx KT A /X7 7 A )L
7.7 STM32GOxx K5 A /N

STM32L0xx Hl K7 A /3, pdic/stm3210xx (Y — AT 7 A L3 5,
T AN B 14
adc.c ADC RTA R« J—AT 7 A )L
adc.h ADC R7A RN e LAV I NV—FRT77 AL
clock.c RTCTF RNy T awr R« V—AT7A)L
device.c GPIO,DMA,LED,SW N7 A /8« V) —XT 7 A ) Base
device.cfg RTS,LED,SW ® RTOS V V— A7 7 A )L Base
device.h GPIO,DMA,LED,SW RZ7 A /N« f 7 )L—RT 7 A )L Base
i2c.c I12C RKZA /N« J—RT 7 A )L
i2c.h I2C RIAN AL I N—FRT7A )b
pinmode.c Arduino @ GPIO ¥V f%E « YV —AT7 7 A )L
pinmode.h Arduino ® GPIO B> 3% E - A/ > 7 — K7 7 A )L
rte.c RTS KT A4 N« V=T 57 A )L
rte.cfg RTS ® RTOS YV V—AT7 7 A )V
rte.h RTS KA NN A2 I NV—RT 74V
spi.c SPI KA /N V=T 7 A )L
spi.h SPI KZA N A2 I N—RT77 AL

# 7.8.1 STM32G0xx KT A X7 7 A )L

7.8 GDIC FS54 1\

F 4127 MY gdic BLFIZiE#ED TOPPERS BASE PLATFORM C#tfitd % GDIC KT A N4 537,
GDIC K7 A /N PDIC \THRAFE L, T /310 RITHRAF LT BRE & #2845, GDIC KT 4 N34 7 =
VBN X W HEENARETH B,

F4L27 kY N T %5
usb_otg usb_otg(DWC2-OTG FZ A ) EIZfrE L, USB 2 KL v =7 IC

OTG #EpEZ TRt 35
usb_device usb_device(ST #: USB /34 2 IP) Fizfiii L, USB I Lo =7
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\Z USB 7 /31 AREREZ #2195
spi_driver SPI A % —T A ADSD I—RKHARKTAN, 774 AT AT
SD 1— R RT7AN&#T2
adafruit_st7735 SPI A v #—7 = A A®D Adafruit 1.8°LCD IZX¥ LT, /774 v 7

API Z#2H#t9 %

aqmO0802_st7032 2CA & —7 x4 A0 AQMO0802 ¥ ¥ 7 7 # LCD IZxf LT, F ¥
7 7 2 For APl 4t 5

agqm1284 st7565 SPI A 4 —7 A AD AQM1284 |2 LT, 777 1> 27 APl % | 1.3.1

3%
bleshield2.1 Arduino BLE Shield2.1 (2%} L T, BLE-API Z#£ft4 % 1.3.1
stled_otm8009a ST H otm8009a (2% LC., LCD H API ##&fit4 % 1.3.1
stled_st7789h2 ST f st7789h2 2% L C. LCD A API #4425 1.3.1
stled_rk043fn48h ST A rk043fn48h {Zxf L C., LCD A API %2t 1.3.1
stts_ft06x06 ST H ft06x06 |Z%f LT, # v F 3/ API Z42it4 % 1.3.1
stts_ft5336 ST H ft5336 2% LT, # v F 3V API Z42(t4 % 1.3.1
studio_wm&8994 ST H wm8994 |Zxf LT, A —7 ¢ A H API ##2{t7 5% 1.3.1
flash_file QSPI 77 v v a bOTF—2 25 AHLEA 77 AV ELTT 72 | 1.3.1

T HHERE A TR 95

#781GDICTF 4L 27 LY

8 ZEEBEEM

V= AN EAT - 72 v1.3.0 LA O L W R IEGEM 2 Fdi 3 5,

version date functions
1.4.0 06/22/2018 | spi-SD-HC /1 — ROAREEKIG(T 0 7T LDF)
06/25/2018 | U — K42 U —? fopen T open T 7 — LR 5 WREARN(T 10 7T L
D Fr)
07/05/2018 | usb host SERIAL/PRT %15 # W TALFICTX 5 L HEE
usb host BLUETOOTH 7 7 A%t~
07/31/2018 | gdic/stled_otm8009a:gdic/stts_ft07x07:gdic/staudio_wm8994 % i8N
08/07/2018 | STM32F723 Discovery R — Kxfii, gdic/stled_st7789h2 % BN
08/31/2018 | SYM32L4R5 Nucleo-144 7R — KD x%f)i
09/06/2018 3.1 Z TEBOO1 |Zf&1E
09/11/2018 | gdic/stled_rk043fn48h:gdic/stts_ft5336 % B/, stmcube @ BSP K7 A
N % HIIBR
10/17/2018 |ui7 « V7 F VU, gide/flash_file'gdic/aqm1284_st7565 % iE /N
11/01/2018 | gdic/bleshield2.1 % B0
11/07/2018 | WATCH DOC R 7 A /SO %)
01/23/2019 | STM32G071 Nucleo-64 7R — R D%t

Appendix A STM32F401RE Nucleo
STM32F401RE Nucleo DR — R{E{EHEEZ ST#T 5,
(1) Arduino connectors €75

CN No. Pin No. Pin 4

MCU pin B e

CN6 1 NC
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power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PAO ADC1_0
analog | 2 Al PA1 ADC1_1
3 A2 PA4 ADC1_4
4 A3 PBO ADC1_8
5 A4 PC1 or PB9 ADC1_11 or I2C1_SDA
6 A5 PCO or PBS ADC1_10 or I12C1_SCL
# A.1.1 / Arduino connector X &
CN No. Pin No. | Pin#% MCU pin Hne
CN5 10 D15 PB8 12C1_SCL
digital 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PA6 SPI1_MISO
4 D11 PA7 TIM1_CHI1N or SPI1_MOSI
3 D10 PB6 TIM4_CH1 or SPI1_CS
2 D9 PC7 TIM3_CH2
1 D8 PA9 -
CN9 8 D7 PAS -
degital | 7 D6 PB10 TIM2_CH3
6 D5 PB4 TIM3_CH1
5 D4 PB5 -
4 D3 PB3 TIM2_CH2
3 D2 PA10 -
2 D1 PA2 USART2_TX
1 DO PA3 USART2_RX
# A.1.2 /5 Arduino connector i% &
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10 Arduino D6
SDA PB3 Arduino D3
3 12C3 SCL PAS8 Arduino D7
SDA PB4 Arduino D6
# A2.112C B’
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PA6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15

# A.3.1 SPI #%i "
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(4) ADC
Port No. Device
1 ADC1
# A4.1ADC A— FEID 4T
(5) USART
Port No. Device pin MCU pin connection
1 USART2 TX PA2 Arduino D1/ ST-LINK TX
RX PA3 Arduino D0/ ST-LINK RX
2 USART1 TX PA9 Arduino D8
RX PA10 Arduino D2

# A.5.1 UART AR— FE|Y 4T
(6) =i,

Adafruit 1.8” TFT Shield #i{E
RedBear BLE Shield2.1 &h{E

Appendix B STM32F4 Discovery

STM32F446RE Nucleo R — NKIFIR:Z 084 5,

(1) Arduino connectors 3%

axry il
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PB8
SDA PB9
2 12C2 SCL PB10
SDA PB11
3 12C3 SCL PAS8
SDA PC9
# B.2.112C i v
(3) SPI
STM32F401RE Nucleo (Z[F] U
(4) ADC
STM32F401RE Nucleo (Z[F] U
(5) USART
Port No. Device pin MCU pin connection
1 USART2 TX PA2
RX PA3

# B.5.1 UART 7~— FHIV 4T

(6) Z At
USB-OTG FULL-HOST # 7R — k

Appendix C STM32F746 Discovery
STM32F746 Discovery D7 — RE/FAAR ZFLd 3 5,

(1) Arduino connectors T3

[CNNo. [ PinNo. | Pin#% | MCU pin EEE
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CN6 1 NC -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PAO ADC3_0
analog | 2 Al PF10 ADC3_8
3 A2 PF9 ADC3_7
4 A3 PF8 ADC3_6
5 A4 PF7 or PB9 ADC3 5 or I2C1_SDA
6 A5 PF6 or PB8 ADC3 4 or I2C1_SCL
# C.1.1 % Arduino connector iX &
CN No. Pin No. | Pin4 MCU pin Féne
CN5 10 D15 PB8 12C1_SCL
digital 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PI1 SPI2_SCK
5 D12 PB14 SPI2_MISO
4 D11 PB15 TIM12_CH2 or SPI2_MOSI
3 D10 PIO TIM5_CH4 or SPI2_NSS
2 D9 PA15 TIM2_CH1
1 D8 PI2 -
CN9 8 D7 PI3 -
degital | 7 D6 PH6 TIM12_CH1
6 D5 PAS TIM1_CH1
5 D4 PG7 -
4 D3 PB4 TIM3_CH1
3 D2 PG6 -
2 D1 PC6 USART6_TX
1 DO PC7 USART6_RX
# C.1.2 45 Arduino connector % &
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PB8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PH1
SDA PHO
3 12C3 SCL PH7 A—FWN : Audio/Tp 7 /31 A
SDA PHS A— RN : Audio/Tp T /31 A
# C.2.112C B v’
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5
MISO PAG6
MOSI PA7
2 SPI2 SCK PI1 Arduino D13
MISO PB14 Arduino D12
MOSI PB15 Arduino D11
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# C.3.1 SPI #fir'

(4) ADC
Port No. Device
1 ADC1
2 ADC2
3 ADC3

# C4.1ADC R— rEIn T

TOPPERS

(5) USART
Port No. Device pin MCU pin connection
1 USART1 TX PA9 ST-LINK TX
RX PB7 ST-LINK RX
2 USART6 TX PC6 Arduino D1
RX PC7 Arduino DO

# C.5.1 UART R— FHID 4T

(6) =it

RTC R 7 A %Al A gE
USB-OTG HS AR— b ¥R —h, (AL, A—TF 4 4 L WITEMES T D EEERLE
Adafruit 1.8” TFT Shield : ADC #){f, LCD ~&&E, SD #— F@fg c& 7
RedBear BLE Shield2.1 : &§Fl

Appendix D STM32F446RE Nucleo-64

STM32F446RE Nucleo-64 M 7R — NE(FHEEZ FL#i 95,
(1) Arduino connectors T

CN No. PinNo. | Pin#% MCU pin Héne

CN6 1 NC - -

power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input

CNS8 1 A0 PAO ADC123_0

analog | 2 Al PA1 ADC123_1
3 A2 PA4 ADC12 4
4 A3 PBO ADC12_8
5 A4 PC1 or PB9 ADC123_11 or I2C1_SDA
6 A5 PCO or PB8 ADC123_10 or I2C1_SCL

D.1.1 % Arduino connector i &

CN No. Pin No. Pin 4 MCU pin B e

CN5 10 D15 PBS 12C1_SCL

digital | 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PA6 SPI1_MISO
4 D11 PA7 TIM14_CHI1N or SPI1_MOSI
3 D10 PB6 TIM4_CH1 or SPI1_CS
2 D9 PC7 TIM8_CH2
1 D8 PA9 -

CN9 8 D7 PAS
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degital | 7 D6 PB10 TIM2_CH3
6 D5 PB4 TIM3_CH1
5 D4 PB5 -
4 D3 PB3 TIM2_CH2
3 D2 PA10 -
2 D1 PA2 USART2_TX
1 DO PA3 USART2_RX
D.1.2 # Arduino connector #% i&
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10 Arduino D6
SDA PB3 Arduino D3
3 12C3 SCL PAS8 Arduino D7
SDA PC9
# D.2.112C #fi v’y
(3) SPI
STM32F401RE Nucleo (Z]7] U
(4) ADC
STM32F401RE Nucleo (Z]7] U
(5) USART
Port No. Device pin MCU pin connection
1 USART2 TX PA2 Arduino D1/ ST-LINK TX
RX PA3 Arduino D0/ ST-LINK RX

# D.5.1 UART R— hEID 4T

6) =it
RTC K7 A R\ %&A{fHATHE
Adafruit 1.8” TFT Sheild &i{E

RedBear BLE Shield2.1 #{F

Appendix E STM32F446ZE Nucleo-144
STM32F446ZE Nucleo-144 DR — REFE L TRHT 5.
(1) Arduino connectors &%

CN No. Pin No. | Pin4 MCU pin B
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PA3 ADC123_IN3
analog 2 Al PCO ADC123_IN10
3 A2 PC3 ADC123_IN13
4 A3 PF3 ADC3_IN9
5 A4 PF5 or PB9 ADC3_IN15 or I2C1_SDA
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| 6 | A5 | PF10 or PB8 | ADC3_INS8 or I12C1_SCL |
E.1.1 /£ Arduino connector #% &
CN No. Pin No. Pin 4 MCU pin K He
CN5 10 D15 PB8 12C1_SCL
digital 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PAG6 SPI1_MISO
4 D11 PA7 or PB5 TIM14_CHI1N or SPI1_MOSI
3 D10 PD14 TIM4_CH3 or SPI1_CS
2 D9 PD15 TIM4_CH4
1 D8 PF12 -
CN9 8 D7 PF13 -
degital | 7 D6 PE9 TIM1_CH1
6 D5 PE11 TIM1_CH2
5 D4 PF14 -
4 D3 PE13 TIM1_CHS3
3 D2 PF15 -
2 D1 PG14 USART6_TX
1 DO PG9 USART6_RX
E.1.2 & Arduino connector % &
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PB8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10
SDA PB3
3 12C3 SCL PAS8
SDA PC9
# E.2.112C Bfev° v
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PA6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15
# E.3.1 SPI #fi v’
(4) ADC
Port No. Device
1 ADC1
2 ADC2
3 ADC3
# E.4.1ADC A— hEID 4T
(5) USART
Port No. Device pin MCU pin connection
1 USART3 TX PD8 ST-LINK TX
RX PD9 ST-LINK RX
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2 USART®6 TX PG14

Arduino D1

RX PG9

Arduino DO

# E.5.1 UART 7~— FHIV 4T

(6) Z it

RTC N7 A %A H e
USB-OTG FULL /"— F AR — bk
Adafruit 1.8” TFT Sheild #{E
RedBear BLE Shield2.1 #i{E L 72\
Bluetooth Ky 7 /VIEFEME L 720

Appendix F STM32F746ZG Nucleo-144
STM32F746ZGT6 Nucleo-144 MR — R{E{FAI4RZ LT 5,

(1) Arduino connectors T35

CN No. PinNo. | Pin#% MCU pin Héne
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PA3 ADC123_IN3
analog | 2 Al PCO ADC123_IN10
3 A2 PC3 ADC123_IN13
4 A3 PF3 ADC3_IN9
5 A4 PF5 or PB9 ADC3_IN15 or I2C1_SDA
6 A5 PF10 or PBS ADC3_IN8 or I2C1_SCL
E.1.1 /& Arduino connector 3% &
CN No. Pin No. | Pin#% MCU pin Hne
CN5 10 D15 PBS 12C1_SCL
digital | 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PA6 SPI1_MISO
4 D11 PA7 or PB5 TIM14_CHI1N or SPI1_MOSI
3 D10 PD14 TIM4_CH3 or SPI1_CS
2 D9 PD15 TIM4_CH4
1 D8 PF12 -
CN9 8 D7 PF13 -
degital | 7 D6 PE9 TIM1_CH1
6 D5 PE11 TIM1_CH2
5 D4 PF14 -
4 D3 PE13 TIM1_CH3
3 D2 PF15 -
2 D1 PG14 USART6_TX
1 DO PG9 USART6_RX
F.1.2 A Arduino connector % &
(2) 12C
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Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10
SDA PB3
3 12C3 SCL PAS8
SDA PC9
# F2.112C #fe v
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PAG6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15
# F.3.1 SPI #&ki e
(4) ADC
Port No. Device
1 ADC1
2 ADC2
3 ADC3
# F.4.1ADC A— REIY YT
(5) USART
Port No. Device pin MCU pin connection
1 USART3 TX PD8 ST-LINK TX
RX PD9 ST-LINK RX
2 USART6 TX PG14 Arduino D1
RX PG9 Arduino DO

# F.5.1 UART A— FHID 4T

(6) Zofth
RTC FZ A &AM AT RE
USB-OTG FULL R— h# AR — |

Adafruit 1.8” TFT Shield : SD % — Fi& SPIDRIVER 7372 D TR MR

RedBear BLE Shield2.1 &{E L 72\

Appendix G STM32F767ZIT6 Nucleo-144
STM32F767ZIT6T6 Nucleo-144 DR — R EEZ ZTH#T 5,

(1) Arduino connectors 3%

CN No. Pin No. | Pin4 MCU pin B
CNe6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PA3 ADC123_IN3
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analog | 2 Al PCO ADC123_IN10
3 A2 PC3 ADC123_IN13
4 A3 PF3 ADC3_IN9
5 A4 PF5 or PB9 ADC3_IN15 or I2C1_SDA
6 A5 PF10 or PB8 ADC3_INS8 or I2C1_SCL
G.1.1 /2 Arduino connector % E
CN No. Pin No. | Pin#% MCU pin HERE
CN5 10 D15 PBS 12C1_SCL
digital 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PA6 SPI1_MISO
4 D11 PA7 or PB5 TIM14_CHI1N or SPI1_MOSI
3 D10 PD14 TIM4_CH3 or SPI1_CS
2 D9 PD15 TIM4_CH4
1 D8 PF12 -
CN9 8 D7 PF13 -
degital | 7 D6 PE9 TIM1_CH1
6 D5 PE11 TIM1_CH2
5 D4 PF14 -
4 D3 PE13 TIM1_CH3
3 D2 PF15 -
2 D1 PG14 USART6_TX
1 DO PG9 USART6_RX
G.1.2 4 Arduino connector i i
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PH1
SDA PHO
3 12C3 SCL PH7
SDA PHS
4 12C4 SCL PD12
SDA PB13
# G.2.112C #fe v
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PAG6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15
# G.3.1 SPI #fsi "
(4) ADC
Port No. Device
1 ADC1
2 ADC2
3 ADC3
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#% G.4.1ADC R— &Y 4T

TOPPERS

(5) USART
Port No. Device pin MCU pin connection
1 USART3 TX PD8 ST-LINK TX
RX PD9 ST-LINK RX
2 USART6 TX PG14 Arduino D1
RX PG9 Arduino DO

# G.5.1 UART R— REIV ¥ T

(6) =Dt
RTC R A & He
USB-OTG FULL F— K HFE— K

Adafruit 1.8” TFT Shield : SD & — FiZ SPIDRIVER 7372 D THAERE

RedBear BLE Shield2.1 /£ L 72\

Appendix H STM32F769NIH6 Discovery
STM32F769NHHG6 Discovery D7 — RN{E{F(Lik & Gt 3 5,

(1) Arduino connectors T 3%

CN No. PinNo. | Pin#4 MCU pin HHE
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PA6 ADC1_IN6
analog | 2 Al PA4 ADC1_IN4
3 A2 PC2 ADC1_IN12
4 A3 PF10 ADC3_IN8
5 A4 PF8 or PB9 ADC3_ING6 or I2C1_SDA
6 A5 PF90 or PBS ADC3_IN7or I2C1_SCL
H.1.1 % Arduino connector % &
CN No. Pin No. Pin 4 MCU pin B e
CN5 10 D15 PBS 12C1_SCL
digital | 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA12 SPI2_SCK
5 D12 PB14 SPI2_MISO
4 D11 PB15 TIM12_CH2 or SPI2_MOSI
3 D10 PA11 TIM1_CH4 or SPI2_CS
2 D9 PH6 TIM12_CH1
1 D8 PJ4 -
CN9 8 D7 PI3 -
degital | 7 D6 PF7 TIM11_CH1
6 D5 PC8 TIM3_CH3
5 D4 PJO -
4 D3 PF6 TIM10_CH1
3 D2 PJ1 -
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RTC R 7 A /% fi /I HE
USB-OTG HIGH AR— F AR —F
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2 D1 PC6 USART6_TX
1 DO PC7 USART6_RX
H.1.2 /& Arduino connector &% &
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PH1
SDA PHO
3 12C3 SCL PH7
SDA PHS
4 12C4 SCL PD12
SDA PB7
# H.2.112C e v’
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5
MISO PAG6
MOSI PA7
2 SPI2 SCK PA12 Arduino D13
MISO PB14 Arduino D12
MOSI PB15 Arduino D11
# H.3.1 SPI 8t
(4) ADC
Port No. Device
1 ADC1
2 ADC2
3 ADC3
# H.4.1ADC R— hE|Y 4T
(5) USART
Port No. Device pin MCU pin connection
1 USART1 TX PA9 ST-LINK TX
RX PA10 ST-LINK RX
2 USART6 TX PC6 Arduino D1
RX PC7 Arduino DO
# H.5.1 UART A~ — hEID 4T
(6) = At

Adafruit 1.8” TFT Shield : ADC ff, LCD ~%E, SD 7 — M@ T& ¢

RedBear BLE Shield2.1 #jfE L 72\

Appendix |

STM32F091 Nucleo-64

STM32F091RCT6 Nucleo-64 DR — NK{FAEZ SR 5,

(1) Arduino connectors 3%

CN No. PinNo. | Pin#4 MCU pin HHE

CN6 1 NC - -

power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
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4 +3V3 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PAO ADC_INO
analog | 2 Al PA1 ADC_IN1
3 A2 PA4 ADC_IN4
4 A3 PBO ADC_INS8
5 A4 PC1 or PB9 ADC_IN11 or I2C1_SDA
6 Ab PCO or PB8 ADC_IN10 or I2C1_SCL
I.1.1 % Arduino connector X &
CN No. Pin No. | Pin#% MCU pin HERE
CN5 10 D15 PBS 12C1_SCL
digital 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PA6 SPI1_MISO
4 D11 PA7 TIM17_CH1 or SPI1_MOSI
3 D10 PB6 TIM16_CH1 or SPI1_CS
2 D9 PC7 TIM3_CH2
1 D8 PA9 or UART1_TX
CN9 8 D7 PAS -
degital | 7 D6 PB10 TIM2_CH3
6 D5 PB4 TIM3_CH1
5 D4 PB5 -
4 D3 PB3 TIM2_CH2
3 D2 PA10 or UART1_RX
2 D1 PA2 USART2_TX
1 DO PA3 USART2_RX
1.1.2 /& Arduino connector % i&
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PB8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10
SDA PB11
# 12.112C B v’
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PA6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15
# 1.3.1 SPI #fi "
(4) ADC
Port No. Device
1 ADC1
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# 14.1ADC AR— FHID 4T
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(5) USART
Port No. Device pin MCU pin connection
1 USART2 TX PA2 ST-LINK TX
RX PA3 ST-LINK RX
2 USART1 TX PA9 Arduino D8
RX PA10 Arduino D2

#% 1.5.1 UART "R— &Y 4T

(6) =i
RTC R A NZ&ffH A He

Adafruit 1.8” TFT Shield : ADC, LCD #fE, SD #— K@ ¢c& ¢

RedBear BLE Shield2.1 &h{E

Appendix J STM32L073 Nucleo-64

STM32L073RZT6 Nucleo-64 DR — REFAELZZTHEHT 5,

(1) Arduino connectors 3%

CN No. PinNo. | Pin#4 MCU pin HHE
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PAO ADC_INO
analog | 2 Al PA1 ADC_IN1
3 A2 PA4 ADC_IN4
4 A3 PBO ADC_INS8
5 A4 PC1 or PB9 ADC _IN11 or I2C1_SDA
6 Ab PCO or PBS ADC_IN10 or I2C1_SCL
J.1.1 /£ Arduino connector % &
CN No. PinNo. | Pin#% MCU pin Féne
CN5 10 D15 PBS 12C1_SCL
digital | 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PA6 SPI1_MISO
4 D11 PA7 TIM22_CH2 or SPI1_MOSI
3 D10 PB6 SPI1_CS
2 D9 PC7 TIM3_CH2
1 D8 PA9 or USART1_TX
CN9 8 D7 PAS -
degital | 7 D6 PB10 TIM2_CH3
6 D5 PB4 TIM3_CH1
5 D4 PB5 -
4 D3 PB3 TIM2_CH2
3 D2 PA10 or USART1_RX
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2 D1 PA2 USART2_TX
1 DO PA3 USART2_RX
J.1.2 4 Arduino connector &% &
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10
SDA PB11
3 12C3 SCL PAS8 Arduino D7
SDA PB4 Arduino D6
# J2.112C #pir
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PA6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15
# J.3.1 SPI g5 v’
(4) ADC
Port No. Device
1 ADC1
# J41ADC FR— hEID 4T
(5) USART
Port No. Device pin MCU pin connection
1 USART2 TX PA2 ST-LINK TX
RX PA3 ST-LINK RX
2 USART1 TX PA9 Arduino D8
RX PA10 Arduino D2

# J.5.1 UART AR— FHID 4T

(6) Z A
RTC N7 A % ffi I HE

Adafruit 1.8” TFT Shield : ADC, LCD, SD 7 — R&jff

RedBear BLE Shield2.1 #h{E

Appendix K STM32L476 Nucleo-64

STM32L.476RGT6 Nucleo-64 MR — REfFEEE AT 5,

(1) Arduino connectors T 3%

CN No. PinNo. | Pin#4 MCU pin HHE
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
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8 VIN - Power input
CNS8 1 A0 PAO ADC12_IN5
analog | 2 Al PA1 ADC12_ING6
3 A2 PA4 ADC12_IN9
4 A3 PBO ADC12_IN15
5 A4 PC1 or PB9 ADC123 _IN2 or I2C1_SDA
6 Ab PCO or PBS ADC123_IN1 or I2C1_SCL
K.1.1 /£ Arduino connector 7% &
CN No. Pin No. Pin 4 MCU pin FHe
CN5 10 D15 PBS8 12C1_SCL
digital 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PAG6 SPI1_MISO
4 D11 PA7 TIM17 _CH1 or SPI1_MOSI
3 D10 PB6 TIM4_ CH1 or SPI1_CS
2 D9 PC7 TIM3_CH2
1 D8 PA9 or USART1_TX
CN9 8 D7 PAS -
degital | 7 D6 PB10 TIM2_CH3
6 D5 PB4 TIM3_CH1
5 D4 PB5 -
4 D3 PB3 TIM2_CH2
3 D2 PA10 or USART1_RX
2 D1 PA2 USART2_TX
1 DO PA3 USART2_RX
K.1.2 /4 Arduino connector i% &
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10
SDA PB11
3 12C3 SCL PCO Arduino A5
SDA PC1 Arduino A4
F K.2.112C #fi v
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PA6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15
3 SPI3 SCK PC10
MISO PC11
MOSI PC12
# K.3.1 SPI #5fsi vy
(4) ADC

Port No. |

Device |
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1 ADC1

2 ADC2

3 ADC3

# K4.1ADC R— hEIY 24T
(5) USART

Port No. Device pin MCU pin connection

1 USART2 TX PA2 ST-LINK TX
RX PA3 ST-LINK RX

2 USART1 TX PA9 Arduino D8
RX PA10 Arduino D2

# K.5.1 UART R— hEID 4T

(6) =Dt

RTC K7 A &L ThE

Adafruit 1.8” TFT Shield : ADC. LCD [Z&iffE, SD # — FiZ#E{EE7

RedBear BLE Shield2.1 #{F

Appendix L STM32L476 Discovery

STM32L473VGT6 Discovery DR — RE{EREAL# T 5,
(1) Arduino connectors E 3%

axgHRL
(2) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10
SDA PB11
3 12C3 SCL PCO Arduino A5
SDA PC1 Arduino A4
# L.2.112C #fe e
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PA6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK PB13
MISO PB14
MOSI PB15
3 SPI3 SCK PC10
MISO PC11
MOSI PC12
# L.3.1 SPI g5’
(4) ADC
Port No. Device
1 ADC1
2 ADC2
3 ADC3

# L4.1ADC R— MEI 4 C
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(5) USART
Port No. Device pin MCU pin connection
1 USART2 TX PD5 ST-LINK TX
RX PD6 ST-LINK RX
2 USART1 TX PB6
RX PB7

# L.5.1 UART A— r&EID YT

(6) =Dt

RTC K7 A & ThE

Appendix M STM32F723 Discovery

STM32F7231EK6 Discovery @7 — NEfEIAEE L9 2,

(1) Arduino connectors E 3%

CN No. PinNo. | Pin#% MCU pin Féne
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PA6 ADC1_IN6
analog | 2 Al PA4 ADC1_IN4
3 A2 PC4 ADC1_IN14
4 A3 PF10 ADC3_INS
5 A4 PC1 ADC1_IN10
6 Ab PCO ADC1_IN11
M.1.1 % Arduino connector X &
CN No. Pin No. Pin 4 MCU pin B e
CN5 10 D15 PH4 12C1_SCL
digital | 9 D14 PH5 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PB4 SPI1_MISO
4 D11 PB5 TIM17_CH1 or SPI1_MOSI
3 D10 PA1 NSS1
2 D9 PH6 TIM12_CH1
1 D8 PE4 -
CN9 8 D7 PE3 -
degital | 7 D6 PE6 TIM9_CH2
6 D5 PBO TIM3_CH3
5 D4 PH3 -
4 D3 PE5 TIM9_CH1
3 D2 PC5 -
2 D1 PA2 USART2_TX
1 DO PA3 USART2_RX
M.1.2 /& Arduino connector i% &
(2) 12C
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Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 wm8994
SDA PB9 wm8994
2 12C2 SCL PH4 Arduino D15
SDA PH5 Arduino D14
3 12C3 SCL PAS8 ft06x06
SDA PHS ft06x06
# M2.112C #fe e
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PH4 Arduino D12
MOSI PH5 Arduino D11
7 M3.1 SPI #fi"
(4 ADC
Port No. Device
1 ADC1
2 ADC2
3 ADC3
# M.4.1ADC ~"— REIY 4T
(5) USART
Port No. Device pin MCU pin connection
1 USART6 TX PC6 ST-LINK TX
RX PC7 ST-LINK RX
2 USART2 TX PA2 TX/D1
RX PA2 RX/D0

# M.5.1 UART 7R— &IV 4T

(6) =Dt

RTC K7 A &L ThE

USB-OTG FULL R— k¥ 78—~ HIGH &A— MIEIEL 220

Appendix N STM32F4R5 Nucleo-144
STM32L4R5ZIT6 Nucleo-144 DR — NKAATEEZ TL#T 5,
(7) Arduino connectors T35

CN No. Pin No. | Pin#% MCU pin HERE
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PA3 ADC12_INS8
analog | 2 Al PCO ADC123_IN1
3 A2 PC3 ADC123_IN14
4 A3 PC1 ADC123_IN2
5 A4 PC4 ADC12_IN13
6 Ab PC5 ADC12_IN14

N.1.1 /& Arduino connector % &
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CN No. Pin No. | Pin#% MCU pin Hne
CN5 10 D15 PB8 12C1_SCL
digital 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PAG6 SPI1_MISO
4 D11 PA7 TIM_E_PWM1 or SPI1_MOSI
3 D10 PD14 SPI1_CS/TIM4_CH3
2 D9 PD15 TIM4_CH4
1 D8 PF12 -
CN9 8 D7 PF13 -
degital | 7 D6 PE9 TIM1_CH1
6 D5 PE11 TIM1_CH2
5 D4 PF14 -
4 D3 PE13 TIM1_CH3
3 D2 PF15 -
2 D1 PD8 USART3_TX
1 DO PD9 USART3_RX
N.1.2 & Arduino connector #% &
(8) 12C
Port No. Device pin MCU pin connection
1 12C1 SCL PBS Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB10 -
SDA PB11
3 12C3 SCL PCO
SDA PC1
# M2.112C #fe e
(9) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PA6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK B13 -
MISO B14
MOSI B15
3 SPI3 SCK C10
MISO C11
MOSI Ci12
# M3.1 SPI ##r v
(100 ADC
Port No. Device
1 ADC1
# M.4.1ADC R— hEID 4T
(11) USART
Port No. Device pin MCU pin connection
1 LPUART1 TX PGS ST-LINK TX
RX PG9 ST-LINK RX
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2 USART3 TX PD8

TX/D1

RX PD9

RX/DO

# M.5.1 UART A— &IV 4T

(12) Zofh
RTC R A \Z&fEFAHE

Adafruit 1.8” TFT Shield : ADC, LCD IZ#)i{f, SD & — RIZEI{EET
USB-OTG FULL /X HSE TEI{ET 223, A— RIZIMLAME /7= O %G Levy, HSI48 % {f > TH)

ESHE LD & LIk,

Appendix O STM32G071 Nucleo-64

STM32G071RBT6 Nucleo-64 O AR — REfFEHREZ LT 5,

(1) Arduino connectors FE 3

CN No. Pin No. Pin 4 MCU pin B e
CN6 1 NC - -
power 2 IOREF - 3.3V Ref
3 RESET NRST RESET
4 +3V3 - 3.3V input/output
5 +5V 5V output
6 GND Ground
7 GND Ground
8 VIN - Power input
CNS8 1 A0 PAO ARD_A0_INO
analog | 2 Al PA1 ARD_A1_IN1
3 A2 PA2 ARD_A2_IN4
4 A3 PB1 ARD_A3_IN9
5 A4 PB11 or PB9 ARD_A4 IN15/12C2_SCL or 12C1_SCL
6 Ab PB12 or PBS ARD_A5_IN16/12C2_SDA or I12C1_SDA
0.1.1 /£ Arduino connector #% &
CN No. PinNo. | Pin#% MCU pin Héne
CN5 10 D15 PB8 12C1_SCL
digital | 9 D14 PB9 12C1_SDA
8 AREF - AVDD
7 GND - Ground
6 D13 PA5 SPI1_SCK
5 D12 PAG6 SPI1_MISO
4 D11 PA7 SPI1_MOSI/TIM14_CH1
3 D10 PBO SPI1_CS/TIM3_CH3
2 D9 PC7 TIM3_CH2
1 D8 PA9 -
CN9 8 D7 PAS -
degital | 7 D6 PB14 TIM15_CH1
6 D5 PB4 TIM3_CH1
5 D4 PB5 -
4 D3 PB3 TIM1_CH2
3 D2 PA10 -
2 D1 PC4 USART1_TX
1 DO PC5 USART1_RX
0.1.2 £ Arduino connector % &
(2) 12C
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Port No. Device pin MCU pin connection
1 12C1 SCL PBS8 Arduino D15
SDA PB9 Arduino D14
2 12C2 SCL PB11 Arduino A4
SDA PB12 Arduino A5
# 02.112C e e’
(3) SPI
Port No. Device pin MCU pin connection
1 SPI1 SCK PA5 Arduino D13
MISO PAG6 Arduino D12
MOSI PA7 Arduino D11
2 SPI2 SCK A0 -
MISO A3
MOSI A10
# 03.1 SPI #fi &’
(49 ADC
Port No. Device
1 ADC1
# 0.41ADC HK— FHIV 4T
(5) USART
Port No. Device pin MCU pin connection
1 USART2 TX PA2 ST-LINK TX
RX PA3 ST-LINK RX
2 USART1 TX PC4 TX/D1
RX PC5 RX/D0

# 0.5.1 UART R— hEID 4T

(6) Z At

RTC R 7 A %A T hE
Adafruit 1.8” TFT Shield : ADC, LCD [Z#i{f, SD & — RIZEIEET

RedBear BLE Shield2.1, TB0O1:uart/led > —/L NiZ#E{E
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