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pF %L adc_voltage_monitor_threshold_value _Set.............ccoceeveeieiuieiiiiceeeiece e 78
PR%L adc_voltage_monitor_single_channel_SEIECt............c.ccvceeieiieeicicieeceeece e 78
BREL adc_ordinary CNANNEI_SEL..........c.occviiuieieiiecie ettt 79
PREL adc_preempt_channel_[ENgth SeL...........ccvciiiiiiiiicecece e 80
BREL adc_preempt_ChanNEl SEt.........coe ittt eae e 80
PRZL adc_ordinary_CONVErsion_trgger _SEl.........c.cviciiieeeieieeeceece ettt 81
PR %L adc_preempt_CONVErSION _triggEr SEl........c.coeiiciueeieeeeeeeeieeeeeete et 82
PR adc_preempt_offSet_ValUE SBL.........ccccieiieieiieisieiee e 83
BREL adc_ordinary _Part_ COUNE SEL ........cc.ciuiiieieieie ettt ee e e 83
PR %L adc_ordinary_part_ mode_enable ..........c.coeeiueiiieieieeee e 84
PREL adc_preempt_part._mode_enable............cccecueiiiuieiiiieeeceeeeeee e 84
PR adc_preempt_auto_ Mode_enable ............cccceieiiiiiiie i 85
PR adc_tempersensor_Vintrv_eNable.............ocveveieeieieecie e 85
K%L adc_ordinary_software_trigger_€nable ..............cocooveiiiieeeiieeeceee e 86
PRi%L adc_ordinary_software_trigger_status_get..........coooiiiiiiiiiiiii 86
PR %L adc_preempt_software_trigger_enable ...........c.oooiivieieiieeeceeeeeee e 87
PRi%L adc_preempt_software_trigger_status_get .........ccooooiiiiiiiiiiii 87
PR %L adc_ordinary_conversion_data get..........ceocveiieiiiiiece e 87
K%l adc_combine_ordinary_conversion_data_get............ccccceeiiiiiiiiiceceeeeee 88
PR%L adc_preempt_conversion_data_get............ccceciiiiiiiie e 88
e gE=To (o {F=To T e 1] SRR STRRTRR 89
BRI E adc_interrupt_flag GOt .......cuceeeeeeeeeeeeeeeee e 90
BRIEL @dC_flag_ClEAI.......ccuiieiiee ettt 20
By e SO 91
2] o A R O 92
BRI DI _TESEE ..ttt ettt ettt ettt e e e aeeaeeaeenea 92
R oo =T e L AU 93
PRI bpr_interrupt_flag gt .....cooiiiiececeee e 93
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Bl oK Tl o] oY 1= Yo T == OO 94
64, PREL DPr_interrupt_ENADIE .......cc.ccviiiiieiciiciece e 94
I RIS W o) o =1 = T 4= = Lo I 95
B Il ] o o L= L= T L L 10= OO 95
VA SE W oY g g (ol 101 (01U 1= (=t SO 96
% 68. PREL bpr_rtc_clock _calibration_value_Set.............ccccceeuiiuiiiiiiiiiiceeece e 96
2% 69. BEREL bpr_tamper _PiN_ENADIE .........cooiieeceee ettt eaes 97
R 70. PRZL bpr_tamper_pin_active Vel St .........cccceiiiiiiiiiiecececee e 97
B A I O - TR 98
FE T2, CAN FEBREUR YL oot 99
B S T 4 Qo= o =Y - FSSSPSRS 99
F 74. pR%L can_baudrate_default_para_init ...........cccccoeieiiiiiiieiece e 100
FT5. BREL can_Daudrate_SEt.........c.ooiiieiiice et 100
R 76. BREL can_default_para_iNit...........cccccueoeiieie et 101
FRTT. BREL CAN_DASE NI ....eiviiiiieiiiiccie ettt nn 102
2 78. BAEL can_filter_default_para iNit.............ccoovieiiieiiiecce e 103
FT9. BRZL CaN_FIEI NIt ...oviviiiiei ettt 104
% 80. BA%L can_debug_transmission_Profhibit...............ccceeeeiiieee e 106
81, FRZL can_ttc_mMOdE_ENADIE..........cccciiviieie e 106
R 82. BRAEL can_meSSAge traNSIMt..........cccuiiueeieeieeie et eete ettt ete e eteeeeete et e e e eteeaeeeteeaeeeaeeneenns 107
R 83. PRAEL can_tranSMit_StAtUS_gBT........cccciiueiiiiiecieeiecee ettt ettt ettt eaea 108
2 84, BREL can_tranSMIt_CANCEI .......covouiiieiiiee ettt 109
R 85. FREL CAN_MESSAGE_TECEIVE ....oviviiiiiiee ettt ettt sttt eae e saesresnesneeneenea 110
2 86. BAE can_reCeive_fifo_TEIBASE .......ccccecvviieeeieeeecee e 11
R 87. %L can_receive_message_pPending_get.........ccccoiiiiiiiiiiiie et 112
7 88. HREL can_operating_MOUE SElL..........cccovcueuiiiueeieeeeeeeee et e et teee ettt n e 112
R 89. FREL can_d0Ze_MOUE _ENLET ......ocuiiiiieiee ettt ene e eneenea 113
2 90. BAZL CAN_d0ZE_MOUE_EXIt.....cocuiviriiiiiieieteicieiiie sttt 113
R 91, BREL can_error_type_reCOII_gBL........coiiiiiiiiiiie ettt enea 114
92, PREL can_receive_error_COUNLET gL .........ccciiiiiiireiieiie ettt ere e eae e ereeaeas 115
R 93. BREL can_transmit_error_COUNLEI _gBL.........cccciiiiiirereiisie e sie sttt eneeneas 115
K94, PREL can_interrupt_eNabIE ........cc.oiiiiiecece e 116
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295, PRI CAN_FlAg_GBL....ciiveeiiiceieeeceee ettt 117
F 96. EREL can_interrupt_flAg gOL .....c.oveuieeeieeeeeeeeeeeceeee et 118
R 97, BREL CAN_FlAg_ClBAI ......eciiceeeee ettt 119
R 98. CRC ZFAZZRRTIVIZR 1ottt ettt ettt a e e b et e s b e ebeebesaesaeeaeeneeseeaeeaeas 120
B L R O R (O T 0 PRSP 120
2 100, BB CrC_datA FESEL.....ceveeeececececeee e n ettt n st esnenanesnaen 120
2 101, PRZEL crc_one_WOrd _CalCUIALE ..........c..eieueeeeieieie et eee et 121
102, BB Cre_DIOCK_CalCUIALE ..........c.ceceieieieceieee e 121
S [ T - ol oo =1 c= T o L= SRRSO 122
2 104, BRZL Cre_commMON_data_ SEL.........ccoviiiieiiiicieiiiees et 122
2 105. BREL crc_common_data get..........ccooouiiiiiuiiieceecee e e 123
22 106. BRZEL Cre_init_data_SEt.......cccooieirieiiice e 123
R 107. BER%L crc_reverse_iNput_data Set..........cccceociiuiiiiiiiiiieiceeee e 123
R 108. %L crc_reverse_output_data St ..........cccceiueiiiiiiiiiiiiieee e 124
72 109. BRZL Cre_pOoly_VaAIUE_SEL ....ovovieiiieiicieieie ettt ens 125
R 110, BRZLCrC_poly ValUE GEL.....c.iieieeeeeeeeeee ettt 125
F2 111, BB CIC_POIY_SIZE_ SO ..ouveiiieeceieeeeeeeee ettt 125
R 112, BRELCIC_POIY SIZE GOL...oeeieeiceeeceeeee et 126
Bl B T T ol T =1 SO TSSO 127
R 114, BRI CIML_IEXE _DYPASS. .. .cviieieeeeeeeeeee et ettt ettt ettt e aa et e eaeenee s 127
115, BREL CIM_NEXE DYPASS ..ouvoviieiicieieiecie ettt ne s 127
S N LT oYy (N (=T T L= SRS 128
R 17, BRE crm_interrupt_flag_ get ..oo.ooiiiie e 129
F 118, BRAL crm_hext_stable_Walit..............ccovvveiiueriiiieseecece e 129
2 119. BRZE crm_hick_clock_trimming_SEt........ccccoiiiiiiiiie i 130
# 120. A% crm_hick_clock_calibration_Set ...........cccccccviiiveveueieiiiiiiee e 130
R 121, REL crm_periph_ClOCK_€NADIE .........c.ccviiviiieieeccic et 131
F 122, BRI CIM_PEIIPN_TESEL ......vceieceeeeeeee ettt ne 131
& 123. K%L crm_periph_sleep_mode_clock _enable ............c.oceevvieieiiiiiicciiceceece e 132
124, PR crm_clock_SOUMCE _ENaDIE ........cc.coviiviiiiiicie e 132
B ATk o (Y = o ) [ LSO 133
126, BRI CrM_IMC_ClOCK _SEIBCE......uiiviiiiicic e 134
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F 127, BRELCrm_rtC_ClOCK_ENADIE ......cvivieiiiieieiccee s 134
2128, BB CrM_ahb_diV_SEt. ..o 135
B A I ettt W= o) o X N [\ 1= 135
130, EREL CrM_apb2 iV _SEt......cvcuceceeeieeeeeeeeeeeee ettt en e 136
22131, BRI crm_adc_ClOCK _diV_SEt......coueiiiiieiiieeieie e 136
132, BB Crm_usb_CIOCK _AIV_SEt........ceuiuiuiiiieieieieieie e 137
% 133. BR%L crm_clock_failure_detection_enable...........ccoooieiiciiiiciieseee s 138
£ 134. K%L crm_battery _powered_domain_reSet ..........cccceiviiuiiiiiiiieiecececeee e 138
S I LT oty o T o) I o) o PR ROSRRR 138
22 136. BRZEL CrM_SYSCIK_SWILCN c..viviieicicicicceee ettt ens 139
R 137. K%L crm_sysclk_switch_status_get.........ccocoiiuiiiiiiicecceeceeeee e 140
22 138. BRZEL CrmM_ClOCKS_freq_get.....ci i 140
139, BRI CrM_ClOCK_OUL_SEBL ..viiieiciiciee e 141
2R 140. BB crm_interrupt_@NADIE .........c.ooveiieeiecee e 141
F 141, BB crm_auto_step_mode_enable ..............cceeeiveiviiiiiieieiece e 142
142, K% crm_usb_interrupt_remapping_Set.........ccoecuiiieiiieieee e 142
143, BT crm_hick_SClk_freqUueNCY_SEIECE ........cccevieiiiiieececceee e 143
144, BB crm_usb_cloCK_SOUICE_SEIECE........cc.ciiiiieiiieeieie e 143
145, B crm_clkout_to tmr10_enable..........c.ccviirieiiieieecceee s 144
2 146. BRI CrM_CIKOUL_AIV_SEE ..ot 144
R NAT. DEBUG ZFAZZEITIIIZR oottt 145
2R 148. DEBUG JEE BRI N oottt sttt st et eaesaeenesneeneeneene s 145
R 149, RE debug device id_get........ooiiiiiiiiiccie e 146
F 150. BR% debug_periph_ MOde SEt..........coociuiiiieeiieeeeceeeeee e 146
T 151T.DMA FFAZREIT LT 1ot 147
R AB2.DMA FEBRIETUEL I oottt eae s 148
2% 153. %0 dma_default_para_iNit ............cccoeeveeiieeeeeeeeeeee e 148
2% 154.dMa_iNit SIUCE BRIAME ..eoeeeeeeeeeeee ettt e 149
B Eo T T Qo 131 = Y11 SO 149
FE 156 BRI ET AMA_TESEE ....vevieieeeeeee ettt e ettt n ettt enen e 151
22 157 2R %0 dmMa_data NUMDEr _SEt.........ccccviviieeecieeeeee ettt eeeas 151
F 15850 ET dma_data NUMDET GeL........ciiiieeeeeeececceee et n e 152
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22 159. B0 dma_interrupt_ENADIE ..........ccveviieieeeecececee e 152
2 160. 550 dMa_channel_eNabIE...........ccovovvveeeeeeeeeeeeeeeeee e en e 153
22 161. 2050 dMa_fleXiDIe_CONTIG ......cveveeeeeeeceeeeeee ettt ettt seete e neeeens 154
F B2 FEPEMLFFIESRIKTT ID 5 oo 154
2 163 AL AMA_TIAG_GEL ..vvvceieiieeieeeee ettt 155
164 BB ET AMA_Flag ClEAT......ceveeeeeeeeeeeeee et n e en e eeaen 157
S LT = N = RPN 159
2166, EXINT FEBREURL I oo 159
167, BRI EXINE_TESOE...uieeeeiiee ettt nes 159
K 168. R exint_default_para_iNit............ccccceeiiiiiiiiice e 160
2169, BRI @XINE_NIT ..ottt nes 160
170, BRI eXiNt_flag_ClEAI .....ccvciiieieee ettt ns 161
S A T =S [0 =T T L= SO 162
R T2, BB exint_interrupt_flag get........oooviiuiiece e 162
F 173. BR%L exint_software_interrupt_event_generate .............ccooceeeereieeneie s 163
R AT4. BB exint_interrupt_enable............c.ooi oo 163
F 75, BREL eXint_eVent_eNabIe ..........cccoeiiiiieiicecee s 163
R ATB. FLASH ZFAFZRXTIZR oottt ettt ereeneereeaeeneas 164
R ATT . FLASH JE BRI oottt ettt et ettt et e e e e e ete e e eneeeaeenee e 165
F 178, BRELAASN_flag GOt ..cuoueeeeeeeeeeeeceeeeee et 166
F79. BRELAASN_Flag ClEAI .......ccveveieeeeceeeeee ettt 166
£ 180. K%Y flash_operation_Status get..........ccccoueiiiiuieiiiiieee e 167
% 181. K%y flash_spim_operation_status_get..........cceeciiiiiiiiciicicceccceee e 167
F 182, BRH flash_operation_Wait_fOr...........cc.coioiiueuieicieieeecce e 168
% 183. %Y flash_spim_operation_Wait_for............cccciiiiiiiiiiiececece e 168
F 184, BRAEUAASN_UNIOCK ....coviiiiiicicicicee ettt 169
72 185. BREL flash_SPIM_UNIOCK..........ccviiuiiieiiecie ettt ettt ettt ettt 169
22186, BRELAIASN_IOCK ....vvvviieicieeeee ettt 170
R 187, BREL Alash_SPIM_IOCK ......c.eciuiirieitieiecie ettt ettt ettt eaeeere e 170
K 188. BRI flash_SECLOI _BraSE.......coveuirieiiiiiieie ettt eeens 170
2 189. BRZL flash_internal_all_Erase ........cccocooeiiiciiiiieicsieeie s 171
190, BRZL flash_SPIM_All_BraSE ......ccceiviiiiieiiieie ettt ereeae 171
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#191. ¢
#192. &
#193. b
#194. ¢
#195. ¢
#196. ¢
#197. b
#198. ¢
#199. b
7 200. ¢
#201. k
#202. ¢
% 203. E
#204. b
# 205. ¢
# 206. E
% 207. b
# 208. E
% 209. &
#210. E
F211. ¢
212, b
% 213.
* 214,
% 215.
* 216.
* 217.
* 218.
% 219.
* 220.
* 221,
* 222

e

e

e

=
= < < < - = - - T - = - - - - - - T <

@E@E@E@EE&E&E@E&E&E&

BRI GPIO_FES@L....vvviececeeeee e
BRI gpio_IOMUX_TESEL......ccviivviiieiiciececeeee e
BRI GPIO_ NIt ..ttt
BR %L gpio_default_para_init...........ccccceeeveveeieiiecicececee,
gpio_init_ Struct BRIAE ...voveeeeeeeeeeeeee e
PR %l gpio_input_data_bit read ...........cccoeeeviiiicicee,

PR 2 gpio_input_data_read ..........coceeeiieieine e

i flash_user_system_data_erase..........ccccoeeveevceievieeenen.
S flash_word_program .........ccccceeveeeieeiie i
4 flash_halfword_program.........cccceeeceeiiec i,
A flash_byte_program .........cccocceveiiieiiece e
4 flash_user_system_data_program............cccccccvveevieennnn.
S flash_epp_Set......cccoiiiiieee e
A flash_epp_status_get.......ccoceeiiiii e,
A flash_fap_enable..........ccooveiiiiiiciieie e
4 flash_fap_status get.......cccoovieviiiiicc e,
S flash_sSb_Set .....ooveiiiiiiie
4 flash_ssb_status_get.......ccccoeeviiiiiiii e,
A flash_interrupt_enable...........ccoovevieciecie i,
4 flash_spim_model_select..........c.ccocveeviiiiiciiiiecee e,
4 flash_spim_encryption_range_set.........cccccceeveeievieeenneen.
5 flash_slib_enable.........ccoocoiiiiiii e,
% flash_slib_disable..........ccooiiiiiiii,
% flash_slib_remaining_count_get ..........cccccoeiiiiiiiiniene.
4 flash_slib_state _get ...,
% flash_slib_start_sector_get.........ccooeviiiiiiiiiicce,
4 flash_slib_datastart_sector_get.........coocoeviiiiiiinennnn.
# flash_slib_end_sector_get...........ccccocevveeveereiieeseieenas
i flash_crc_calibrate ..........ccoeovveieiieiieeeeee e
GPIO ZAFARITILR oo
IOMUX ZFAFARITBLZR oo
GPIO Fl IOMUX FEBREUE Y oo
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* 223,
* 224,
* 225,
* 226.
* 256.
* 227.
* 228.
* 229.
* 230.
% 231.
* 232,
% 233.
* 234,

% 235.

% 236.
% 237.
% 238.
* 239.
% 240.
* 241,
% 242,
* 243,
% 244,
7 245.
% 246.
% 247.
% 248.
* 249,
% 250.
% 251.
* 252.
* 253.

PR %L gpio_output_data bit read ..........c.cceeiiiiiiiiiece e 188
PRI gpio_output_data_r€Ad .........ccceeviiicieiceccce e 188
BRI gPIO_DItS SBL....uiiiiiieiiiiceece ettt 188
BRI PIO_DItS_ FESEL....iueieiiiiciieicece et 189
B e o (o T o1 I (oo [o L= 3OS 189
BRI gPIO_DItS WIILE ...ovieiceiceeceecee ettt 190
BRI gPIO_POMt WIIEE ...ttt ettt et ebeeaeeaeenas 190
PRI gPIO_PIN_WP_CONFIG ...vviiiiiciecticeee ettt eae e 191
BRI gpio_event_output_CONFIg .......cc.eiiiiiiiicciecece e 191
BREL gpio_event_output_eNnable............cociiiiciiiiieieicee e 192
BRI gpio_pin_remap _CONFIG.....c..cveeuieuiecieeieete ettt ae e nas 192
PRI gpio_eXint_liN€_CONFIG......cieiiiieeicieiee e 193
DO e TSP 194
[2C FEBRIEUIE M oot r e aeeaeere s 194
12C L2 BRI BT oo 195
o (=T SRS 195
PRI I2C_SOftWAIE_MESEL......cuecviiieicieiee ettt 196
o 1 SRS 196
PR I2C_OWN_dAreSST_SEL ....oviviciiiciicicicieeee ettt 197
PRI I2C_OWN_AdAreSS2_ SOt .....iieiiieeieiiieeiete et 197
PR 12C_oWN_address2_eNabIe ..........ccc.coveiiieiiiiieiicieee e 198
BRI I2C_SMDUS_ENADIE .....o.eoeieieieee s 198
e QLo = T- o] L= 199
BRH i2¢_fast_ MOde _dULY SEL.......cocvccieieicieieiceceeecce et 199
BREI 12C_clock_StretCh_enable...........ccoiuiiiiiiiiiiiii s 200
BRI I2C_ACK_ENADIE ....c.c.evviececee et 200
PRI i2c_master_receive_ack St ..o 201
PRIEL I2C_PEC_POSIION_SEL....uiiviiiiciiciiciicicctece et 201
BRI i2c_general_call_enable .........c..cocoiiiiiiiiiiee s 202
PRELI2C_arp_mode _enable...........cccviiiuiiuiieiciececeee e 202
PRI i2C_SMDUS_MOAE_SEE ....eiiiiiiiiiieicrcs s 203
PRIELI2C_SMDUS_lEI SEL....cuiciiciiciiceicecece s 203
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* 254,
* 255.
* 256.
# 257.
* 258.
* 259.
* 260.
* 261.
* 262.
% 263.
* 264,
% 265.
* 266.
* 267.
% 268.
* 269.
% 270.
% 271.
% 272.
* 273.
% 274.
% 275.
% 276.
* 277.
% 278.
* 279.
% 280.
* 281.
* 282.
7 283.
* 284,
% 285.

PRIET 12C_pec_transmit_€NabIe .........c..ooviiivieiiece ettt 204
PR i2c_pec_calculate_enable..............ccovcuieuiiiuiiieiceeeee e 204
BRI I2C_PEC _VAIUB Bt ...oceeivieeeeceeeeceee ettt 205
PR 12¢_dma_end_transfer_Set.........cooiiiiiiicecee e 205
BRI I2C_AMEa_ENADIE ...t 206
PRI I2C_INterrupt_@nable............ocueeuiiiiiiciiceiceceeee s 206
BRI I2C_Start_generate ...........coooveiciiiicciecece e 207
PRIZL I2C_StOP_gBNEIALE......c.ecveceiceeceeceece et 207
PRI i2C_TDit_addreSS_SEN ......ooveuiieiieieiieceieee et 207
SR Qe oL 17 JE1=) 2T [OOSR 208
PRI I2C_data_TECEIVE ......ceieieeeieeee ettt 208
e F=o T 1= SRRSO 209
BREL 12C_interrupt_flag get.......ccui v 210
S Vol = (o H el [=7- | OO ORSRR 211
BRI I2C_CONFIG ..ttt ne e ne e 211
BRIZ I2C_TOWIBVEI_INIL ...t ns 213
BRI I2C_ WAL BN ..ottt ettt ne e 214
Vol 7 | S - Lo PO SRS 214
BRI I2C_Master_tranSMit.........ccooviiiieiiiice et 215
BRI I2C_MASEEI_TECEIVE .....eeveeeieeieeiee ettt nes 216
BRI I2C_SIave_tranSMIt .........ccoiieiiiiieicciee e 217
BRIZ I2C_SIAVE_TECEIVE ...ttt nes 217
BRI 12c_master_transmit_iNt..........cocooiiiiiiiiii s 218
BRI 12C_Master_reCEIVE INt.......coiiieiiiieie ettt 218
BRI 12C_slave_transmit_iNt.........ccocooiiiiiiiiee s 219
BRI ZIL12C_SIaVve_TECEIVE INt.......oiuiiiiiieii ettt 219
BRI i2c_master_transmit_dmMa...........ccooiiiiiiiiicee s 220
BRI 12C_mMaster_reCeiVEe_AMa ........ccoeuiiiiieiiieieie et 220
BREL i2¢_slave_transmit_dmMa ..........c.coviiuiiiiiiiiic e 221
PREL I2C_slave _receive_dMa..........cocvciiuiiuiiiiiiiciceee et 221
BRI 12C_MEMOIY _WIIE .. .ottt ettt eae e 222
PRI 12C_MEemMOrY WIItE Nt .....cocieeiieicicie e 223
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* 286.
# 287.
7 288.
* 289.
* 290.
% 291.
* 292,
* 293.
* 294,
% 295.
* 296.
% 297.
* 298.
* 299.
# 300.
* 301.
% 302.
* 303.
% 304.
% 305.
# 306.
% 307.
# 308.
# 309.
% 310.
* 311.
% 312.
* 313.
% 314.

% 315.

% 316.
% 317.

BRIEL I2C_MemOry _WIItE dMa .......c.eoiuiiiiiiiiiccece ettt 223
PRIZL I2C_MEMOIY_TEAA .....vivieiceeeteeeeee ettt ebeeaeeaeeneenas 224
BRI 12C_MEMOTY @A _INt.......ccviieiiiiciicie ettt et 225
PRIZL I2C_MemOry _read _dMa ........c.ecueiuiiuieiicieeeceee e 225
R Lo =AY S o T 1 =1 e (=Y 226
BRIZLI2C_erT_irgQ_NANAIEE ..ot 227
PR 12C_ dmMa_ tX_irQ NANAIET.........oecveeieee ettt 227
PRZL 12C_dma_rX_irg_N@NnIEr...........cuecuiiuiiiieiecieceeeeee e 228
NVIC FFAFERXTBIZR Lottt st et esresae s ae s aeeseeaeeaeebessesneesenneeneas 228
NVIC FEBRIBIUEL YL oot 228
BRI NVIC_SYSTEM _TESEL ...ttt aeeaeenas 229
BRI NVIC_IrQ_@NADIE .......eeeieiceeeeeeeeee ettt nas 229
BRI NVIC_IrQ_dISADIE.........ceeieeeee et ettt nas 230
BRI L nvic_priority_group_CONFIG ......ccuiiueeieciceie et 230
BRI NVIC_VECLOr tablE S ....c.iivivicieieeiciecee et 231
BREL nvic_loWpoWer _mMOode CONFIg ......cueiuiirieeieeeiecie ettt 231
PWC ZFAFAEITIEZR ©.vocveresceeeciee ettt 232
PWC JZE BRI B oottt b et este s e ae e aeeaeeaeebeereebeereeneeneeneas 232
BRI PWEC_TBSBL ...ttt ettt ettt ne e ens 233
BRI %L pwe_battery powered dOmain_aCCESS...........ccueeveeieeeuieieeiteeeeeeeee e 233
BRI PWC_PVM_IBVEI_SEIBCE .....ovecveeeeie ettt 233
PR % pwc_power_voltage monitor_enable .............cccceieieiiiicecccecece s 234
BREL pwe_wakeup_Pin_enabIe...........cccuciuiiiiiiiiiiiie et 235
BRI PWC_TIAQ_CIBAN .....cvivieiiiciecece ettt 235
BRZI PWC_Flag GBL ... s 236
BRI Z pWC_SIEEP_MOAE_EBNET ... .o 236
BREL pwe_deep_sleep mMode ENEET..........ccvciuiiiiiieiieceeeee e 237
BRI pwe_standby_mMOde_ENTer..........ccooiiiiiieiiieeeee e 237
RTC FEATRATIIIZR 1ottt 238
RTC EBREIUEL Y oottt ettt b et a e b e ebesbesbeeaesaeeaeeaeeaeas 238
g (o oo U0 = 1= PO 238
BRI MIC COUNTEI _GBT ...oivieieieceieeeeceeee ettt s et es et aeenenas 239
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* 318.
% 319.
* 320.
* 321.
* 322.
% 323.
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* 327.
* 328.
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% 332.
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% 335.
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% 337.
# 338.
* 339.
% 340.
% 341.
% 342.
7 343.
% 344.
% 345.
% 346.
% 347.
7 348.
% 349.

g (oo [\ o L= 1= S 239
SRy (oo [NV [T g« =] SO OO OO OO RRR 239
SR g (o= 1= 11 0 (T S 240
BRI rtC_interrupt_@Nable ........c.ocueiuiiiiiececce s 240
BRI MG _Flag_ OL. ittt 241
PRIZL rte_interrupt_flag gt .....ov i s 241
- g (o i F=Te T == (SRRSO 242
PRIZL rtc_wait_config_fimiSh.........cooiiiieiecce s 242
BREL rtc_wait_update fiNiSh .........c.ooiiiiiceceee s 243
SDIO ZFAFAFRTILZR 1ottt 243
SDIO ZE BRI T oottt ettt ettt ae s r e teeteereereeneeneene s 244
Yo [[o YR =TT SO SRSRSRSR 245
G =To L[ 1o 1N =T SRS 245
PR ZI SAIO_POWET_SEAtUS G .....iiiiiviiiiicciecie s 246
PR SAIO_ClOCK_CONTIG . .viviiietiieiiciesie ettt nne e 246
BREL sdio_bus Width CONIg.....ccuiiuieiiieieie e 247
PRI SAIO_ClOCK_DYPASS ....viviiiieiicieiete ettt sttt ene e 247
PR %I sdio_power_saving_mode_enable ............cccceeiiiiiieii s 248
PR sdio_flow_CONtrol_€NabIE..........c.cviuiiiiiieieieee e 248
R o o Yol [oTe =T g F=1 o L= SR 248
PR SAIO_AMA_BNADIE ..ottt 249
BRI CrM_flag CIBAT ... .ceeeeee ettt 249
T [ o T F=To T e L= S 250
PREL sdio_interrupt_flag get.......covoiiiiiiiceec s 251
T [ o T =T o T ol [-Y- | O 252
PRIEL sdio_commaNd_CONFIG ......ocveiuiieicieciiceceece e 253
PR %1 sdio_command_state_machine_enable ..............ccccoceiiiiiiniiiiiie e 254
PREL sdio_command_reSPONSE_Get........c.cviuiiuiiuiiiiiiiciece s 255
BRIEL SAIO_rESPONSE._JEL....c.uiiiiiiciieieeeee ettt 255
BRI SAIO_dAA CONTIG ...vevieeeceiiciceceee ettt ettt es et en et neenenas 256
PR%L sdio_data_state_ machine enable .............ccoocveiiiieiicecce e 257
BRI SAI0_data COUNET GEL.......c.cuiicieeiieececeee ettt 257
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% 350.
% 351.
% 352.
% 353.
% 354,
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% 356.
* 357.
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# 359.
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% 364.
% 365.
# 366.
% 367.
# 368.
* 369.
% 370.
* 371.
% 372.
% 373.
% 374.
# 375.
% 376.
% 377.
% 378.
% 379.
% 380.
7 381.

EE Yo [T Yo F=1 7= Y (== (o ISR 258
BRI sAi0_DUfEr COUNLEI O .....ouivciieiicececeeeeceeeeeee et 258
T [T Yo P= 1 r= Y1 (= 259
B sdio_read_Wait_MOAE SEL.........ccceeveucuiieicieeeeieeeeee ettt 259
PRIAL SAI0_read WAt STArt...........ocuiiiieie et 260
BRI SAI0_read_ WAt STOP .....cueveveeieeiceeeeeeecee ettt en e 260
EE Yo [T o N (V18T (10 a T = T 1 o1 [P 261
B # sdio_i0_suspend_COMMEANA_SEt .........cc.cceeveieueeieieieeeeteeeeeeee et 261
RS e B PR RSURRSRRRN 262
SPIFE BRI oo 262
BRI SPI_I28 TESBL ...ttt ettt ettt ettt nas 263
PRIZL spi_default_para_iNit...........cccveiiiiiiieececeeeeee e 263
-4 G o LI L1 OSSR 263
BRI SPI_CIC_NEXt_tranSMIt........cooveiiiiiieie et 265
PRI SPI_CrC_POIYNOMIAI_SEL.......iviciiieiicicicie ettt 266
BRI spi_crc_polynomial_get...........ocuiiuieiiiiieeee e 266
BRI SPI_CIC_BNADIE .......cviieeieieieeeee ettt ne e 267
BRI SPI_CIC_VAlUE_GEBL ....c.vieiiiiiiie e 267
PR spi_hardware_cs_output_enable .............cccoeuerieiiieieisieieesee e 268
PR 2 spi_software_cs_internal_level_Set...........cccceviviiiieiiiececce s 268
PR spi_frame_Dit NUM_SEL........cooiiiiiiiice e 269
PR 2L spi_half_duplex_direCtion_SEt..........ccccceveiiiiiiii s 269
T o =Y T o] LS 270
BRH i25_default_para_iNit............cccovceieieicceecceeeeeee ettt 270
BRIZILI2S NI ...t n e reeneeneenan 271
BRI I28_@NADIE ......vivivieiiiieietecee ettt 272
BREI Spi_i2s_interrupt_€Nable.........ccooiiiiiiiiice s 273
PR spi_i2s_dma_transmitter_enable ............ccoooiiiiiieiieee e 274
PREL spi_i2s_dma_receiver_enable ..............ccocoiiiiiiiiie s 274
BRI SPI_i2S_data_tranSmit .........cccoiieiiiieeceeee e 275
BRIEL SPI_i28_ data IMECEIVE ......cccuiveeiiceieieeee ettt 275
BRI SPI_i2S_ flag GO c.o.veeeieeeeeeeeeeeeeee et 276
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# 398.
* 399.
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* 401.
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% 406.
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& 413,

BREL spi_i2s_interrupt_flag get.......cooviiuiiiiiice s 276
PRI SPi_i2S_flag ClEAN.........cuecvieeeeeicee et 277
SYSTICK ZFAFIEIEZE <.vveoeeeee e ee e eeeeeeeeeeee e e s e ee s eeseseee s e s ees e s e eeeseeee s eeseeeee 278
SYSTICK BRI I ettt ettt e et e et e e et nee e e e et e e et 278
BRI EL systick_ClOCK _SOUICE _CONFIG......ccuviiuiirieiiceiecie ettt 278
BRI SYSTICK CONIG w..vvivietceeeeetceeee ettt ettt e et ae et et eaees et ese s eteseeseaennanenas 279
LI R 279
TMR JE BRI o 280
40 (00 =YY SR 281
BRI tMI_COUNEr_ENADIE ... 282
BREL tmr_output_default_para_init.............ccooiiiiiiieceee e 282
NI _OUEPUL SEUCE BRIAMEL co.veveeieee ettt en ettt e e neen 282
BREL tmr_input_default_para_iNit............cccoooveiiiieie s 283
I _INPUL SETUCE BRIAME . ..eeeeeceeee ettt 283
PRZL tmr_brkdt_default_para_init ............c.ccoeviiiiiiiiceee s 283
M BrKAL SUCE BRIAME o.voveececeeeee et 284
BRI M _D@SE_INMt.....viieiiiciciecce ettt ne s 284
BRI tMIr_ClOCK_SOUICE_dIV_SEt.....cuiiiiieiiieeieieiee e 284
BRI MOt dir_SBL....iiiiiiici et 285
BRI tmr_repetition_COUNLEr ST ........ccovciuiiiiceeeece e 286
BRI _COUNTET_VAIUB_SEL.....oiiviiiiciicicice ettt 286
BRI tMr_counter Value gt ........c.ooouiiuieiiiieee e 286
BRI ZI tMII_diV_VAIUE_SEL .. .o s 287
BRI AMI IV VAIUE _GEL....iuieieiiceceeeeeeeee ettt 287
BRI ZI tmr_output_channel_Config..........ccoiiiiiiiiiieee e 288
PREL tmr_output_channel_mode_SElECt.............ccccviiiiiiieiieececce e 289
BRI tMr_period_ValUE _SEt...........ceccuiiuiiiiieiecie ettt 290
BRI tmr_period_ValuE_get .........cv i 291
BRI tmr_channel_ValuE _SEt...........cccocviiuiiiiiiiiiie e 291
PR tMr_channel_value _get.........ccvciiiiiiiiecececee e 292
PREL tmr_period _buffer @nable............ocoocviiiii i 292
PREL tmr_output_channel_buffer_enable ..............ccooviiiiieieccece e 293
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% 436.
# 437.
% 438.
* 439.
% 440.
441,
% 442
* 443,
* 444,
7 445,

BREL tmr_output_channel_immediately Set..........ccccoceiieiiiiiiiiiececceecee e 293
PRZL tmr_output_channel_SWItCh_Set ...........c.cceciiiiiiiiececeeec s 294
BREL tmr_one_cycle_mode _enable..............couveeiiueiieiiieee s 295
BRI tmir_32_bit_function_enable.............cociiriiiieiiee e 295
PRIEL tmr_overflow _reqUESt_SOUICE SE...........cociicueeiieiieeeiee ettt 295
PR tmr_overflow_event_diSADIE ...........cccvciiiiiiccee e 296
PRI tMr_input_Channel_iNit.........c..ooviieiiceece ettt 297
BRIt _Channel_eN@abIe.........c..cviuiiieiiiiiice et 298
BREL tmr_input_channel_filter Set...........ccooviiiiiieieceee e 299
BRI tMI_pWM_iNPUL_CONFIG . ..viiuiiiiciicieceeceece e 299
BREL tmr_channell _input_SEIECE ............couiiiiieeeece e 300
BRZL tmr_input_channel_diVIder_Set...........cccccveiiiiiiiiececeeeeee s 300
BRI tmr_primary_mode_SEIECE..........cccciiiiiiiicc s 301
BRI tMI_SUD_MOAE_SEIECE. ..o 302
BRI tmr_channel_dma_SEIECE..........ccciiiiiiieieeee e 302
BRI AMI_NAILSEIECE ...t 303
BREL tmr_channel_buffer_enable ...............coooiiiiiiiiiii e 303
BRI tmr_trigger INPUL SEIECE..........ocuiieeeeeceeeeeee e 304
BRI tMIr_SUD_SYNC_MOAE_SEL.....ccuiiiiiiiiiciiicee s 305
BREL tmr_dma_request_enable ...........c..ooueiiiiviiieieceeeeee s 305
BRI tmr_interrupt_enable .........co.ooviiiiiieeceee s 306
BRI tmr_interrupt_flag gt ......co.ooue e 306
R Tl (=T T L= SO 307
BRI AMI_FlAQ CIEAI.......vceeeeeeeeeeeeeeeeeee ettt ettt enenas 308
R L T A A o T =Y S 308
BB tMI_OULPUL @NADIE ...ttt 309
BRZI tmr_internal_ClOCK St ........cooiiiiiiii i 309
PR tmr_output_channel_polarity Set...........ccccvcieveeieeeeeeeee et 310
PR EI tmr_external_clock_CONfig .........ooiiiiiiiiiiere s 310
PREL tmr_external_clock_modeT _CoNfig .........ccvcieiiiiiiecececeeece e 311
BREL tmr_external_clock_mode2 _CoNfig ........cccccueiuieiiiiieeiiecieeiececee e 312
PREL tmr_encoder_mode_CONFIG .........cviiiuiiuiiiiciceceee e 312
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% 470.
* 471,
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* 476.
* 477,

R g1 (o (e = o V11 01U | 1= 313
BRI tMr_dma_control_CONFIg.......cuiuiiiiiciieieceeceee e 314
BRI M _DrKAt CONFIG....cviieiiieiccce ettt 315
USART ZFAFBEAT IR oo vttt 317
(ST o I i TSP 317
V=T L A =L AT 318
RV I=T= Ly L1 318
PR usart_parity _Selection _CONFIG ..........coucivuiiiuiieeieeieee et 319
VT Ty =Y T o] [ 319
PR usart_transmitter_eNabIe ...........cccooerieiieiicee e 320
PRI USArt_reCeIVEr_BNaDIE...........ciieieeiiieeceee e 320
BRI USAI_CIOCK _CONFIG ...v.vevieeiieiicieiee ettt nn e 321
PRI USAIt_CIOCK_ENADIE .......oviiiieiieeee e 321
BRI usart_interrupt_€NabIE ............couieuieieiiiece e 322
PR usart_dma_transmitter_eNnable ............coceviririeiieieieeee e 323
PRI usart_dma_receiver_enable .............ccouiiieiiiiiee s 323
PRI usart wakeup_id_ St ........cccooiiiiiicieciece s 323
BREL usart_ wakeup _MOGE SEL.........ccooiiiiiiiiciecie ettt 324
PR usart_receiver_mute_enable .............cocoiiiiiiiii s 324
PR usart_break_bit_ NUM_SeL.........ccooiiiiicee s 325
BRI usart_lin_mode_enable.............ccocuiiiiiiiiii s 325
PREL usart_data_tranSmit ...........ooooiiiieiee s 326
BRZI USArt_data MECEIVE........ccciiiiiei e 326
BRI USArt_Dreak_SENM..........c.ceuiuirieiiiiieieietetee ettt 327
PR EI usart_smartcard_guard_time_Set...........ccoceviiiiiiiie s 327
PR % usart_irda_smartcard_diviSION_Set.........cccccvvviiiiiieiereieiiii e 327
PR EL usart_smartcard_mode_enable ............ccocoiiiiiiiiie s 328
PR usart_smartcard_NACK_SEL.............ccueueueiiiiiiiiieieieeeee e 328
A%l usart_single_line_halfdupleX_SElECt.............ccecvuiiuieiiiiieieceececeee e 329
PR usart_irda_mode_eNabIe ............cccoueiiuiiiiiiiieeceeee e 329
PRAET usart_irda_loW_POWET ENADIE ..........ceecueiiiiecieecie et 330
PREL usart_hardware _flow_CONtrol_Set...........cccccvciiiiiiiiececececeee s 330
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* 493,
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% 498.
* 499.
% 500.
% 501.

BRI USAIt_flag geL.....cviieieiicei et 331
BRI usart_interrupt_flag get.......ooovoucieecceee e 331
BRI USAIt_flag ClEAI.........cviiueeee ettt 332
WDT ZFAEBFTT LT oottt 333
WDT FEBRIZIUIEL YT oottt sttt sttt teereeaesaesaeeaesseeneeneeneene e 333
BRI WAL @NADIE ..ottt ettt ettt eneaas 333
EE o | o o 0101 (= gl (=) (oY= Lo FRR 333
PR WAt_reload_ValUE_SEt..........cocceiieiiiiieiiieieeee et 334
Yo Lo [V 1Y T SR 334
PR wdt_register_write_eNable ...........cccooveiieiiiiei e 335
BRI WAL FlAg GOt ...viiiviiciiceieeceeee et 335
WWDT ZFAEREXT LT cooeveisceeieieesee st 336
WWDT JE BRI T oottt sttt st eresa e resaeeaesaeenesneeneene e 336
AT o L =YY= SRS 336
BRI WWAL_AIVIAEI SEL....cuiiieiciiiciceciee et 337
BRIZIL WWAE_ENADIE ...ttt nes 337
BRI wwdt_interrupt_€Nable ..........c.oouviuiiiiieiiiceceeeee s 338
BRI ZI WWOE_COUNEET_SBE ...t ns 338
PR WWAt_WINAOW_COUNEI St ..ot 338
BRI WWAL Flag GO ..o s 339
PR wwdt_interrupt_flag get.......ocooeiiiiee e 339
BRI EL WWAL FIag CIBAI.... ..ottt 340
BT IR B v 347
BV =1 N L TSRS 348
E Ei 1. PACK ZZZEAT, oottt 37
B 2. AR PACK ZZZE T T 1.ttt ettt ettt ettt b et a et b e b a e b bt aeeaeeaeeaeeaeens 37
B TAR PACK ZZZETIFE .v.vvvreeeeeeseesee ittt 38
BL4. B AR PaCK ZEBETETIL c.cvcvveveveieeie ettt 39
T el N IRV T = 1o 7 = AR 40
] 6. K@il VA PACK 5 FLTHT ovvvvevveoeeveeeeseeeeseseeseeesssseessseeseseesssesssseeseseeseseessesessseeesseeessseessseeseeeens 41
A N I O o= To) e PR 41
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B 21, IAR Flash Loader HTE ........ooviiieeeieceee ettt 51
22. AR FIash LOAdEr FILE ......coveiueeeiieeeite ettt ettt ettt ettt ae e sba et e sae e teeaeesseeneesaeeneens 51
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B0, KEII EEUZZTE X vttt ettt ettt s e sa e s b et s e s et s e na e ene et neere s 342
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320 TAR BEZETE S veveeeiresee ettt 344
I T T = B PSR 344
B4, A RIS E I . e 345
I T e B SRR 345
36. JLINKLOG Fll JLINKSELNGS ....vveveeiieiecie ettt ettt eae s 345
B 37. UNSPECfied COMEX—MA.........ccueieeeieeeee ettt ettt e ae et e ereeeaeenee s 346
< 38. AT32_New_Clock Configuration FLIT .....c.cceeiueiieiieiiciiecec ettt 347
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B 1. Pack &G

B 1AR_AT32MCU_AddOn_Vv2.0.2.zip

B Keil4_AT22MCU_AddOn_V2.0.2.zip
B Keil5_AT32MCU_AddOn_V2.0.2.7ip
B segger AT32MCU_AddOn_V2.0.0.zip

2.1 IAR Pack 3%

IAR_AT32MCU_AddOn.zip: % #% IAR_V6. IAR_V7 F11AR_V8 [f) /L4, 2B r.
@O fi#E IAR_AT32MCU_AddOn.zip.
@ Mili IAR_AT32MCU_AddOn.exe, I~ 7 (BARMAME B iZ L brtE il At .

& 2. 1AR Pack &35

ik Setup AT32 MCU AddOn Package to IAR V2.0.0 P

This SETUP program installs:

AT32 MCU Device AddOn Package to IAR

This AddOn will install into the following product folder.
To install to this folder,press "Start”. To install to a different folder, press "Browse"

and select another folder.

Destination Folder

C:\Program Files (x86\AR Systems\Embedded Workbench 6.0 Browse...

Realtime Status 0%

[ Start ” Cancel ]

L A

JEEG: W IAR SR & #8575 “Destination Folder” X/ i e I HIES1Z A —2,  #iid7“Browse” i £ 3L
RIREPEIR, R TS T Start” B s T T, .
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& 3. 1AR Pack ZE KR

( |

¥ Setup AT32 MCU AddOn Package to [AR V2.0.0 2 |

This SETUP program installs:

AT32 MCU Device AddOn Package to IAR

This AddOn will install into the following product folder.
To install to this folder,press "Start”. To install to a different folder, press "Browse"

and select another folder.

Destination Folder

C:\Program Files (x86\AR Systems\Embedded Workbench 6.0

[Eealtime Status IDD“@

IAR Setup has performed all requested operations successfully

Finish || cancel |

® HE“Finish”58 i 228 .

@ TFE IAR Pack /2 23 . AEEATH—A IAR T2, % M P BREIEMAE
- bR ST T4, JFiESE Options...
- #%# General Options, Jf fiik & ikHE,
- % ArteryTek LLJ% ArteryTek — AT32F .. HCHIEL 515 B,

& 4. &5E IAR Pack B

@ templote - 1AR Embedded Workbench IDE - Arm 8.22.2 Nome [=[@] = ]
File Edit View Project CMSIS-DAP Tools Window Help EreBoSer v
iNOE@ s XD CI QoK @ [0 I] At v
| Warkspace va AmbigMicro v
[Debug . AnalogDevices , @
»
Files @ & . AR
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— Cypress v AT32F415 v ArteryTek - AT32F403CEUG
& Output = E » AT32F421 » ArteryTek - AT32F403CGT6
P General Options @ pson erye
Static Andlysis Faraday » AT32Faxx V1 » ArteryTek - AT32F403CGUS
Runtime Checking Fujitsu 3 ArteryTek - AT32F403RCT6
C/C++ Compier | Librery Options 2 | WISRA-C:2004 |  MISEA]
Assembler Terget | Output | Library Configuration | Library 6o D ArteryTek - AT32F403RET6
Output Converter HDSC v ArteryTek - AT32F403RGT6
Custom Buid Froeessor verient Hilsch D ArteryTek - AT32FA0SVCTE
Build Actions © Core ogrexalty - feener RS
Linker ® Davice JrteryTek - AT32F403RYGIT s ' Srizrgiics = CIEFIEYED
Debugger Infineon » ArteryTek - AT32F403VGT6
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VSIS DAP Endien mode Flosting point settings Linear » ArteryTek - AT32F403ZETS
GDE Server @ Little FFU (VEFvt single precit Maxim » ArteryTek - AT32F403ZGT6
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Nu-Link [ hdwanead STHD (HEOH) Micronas »
PE micro
STAINK [7]DSF Extemsion [ |TrustZens Microsemi »
Third-Party Driver MitsubishiElectric 3
TImseFET NetSilicon v
TS
i i 3
[ Nordisem
Nuvoton 3
NXP v
ONSemiconductor v
Redpine 3
templat
S Renesas »
Debug Log Samsung 3
S — I S S S S S T T S O S S
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2.2

Keil _v5 Pack %34

Keil5_AT32MCU_AddOn.zip: 7#% Keil_v5 [ pack JEZ6tL, FARAA WAL N SEBR N2, 230 53

T

o)
@
®

fift |k Keil5_AT32MCU_AddOn.zip, HHAEE THTA H i S R Keild pack 2364, R EnifEr
Keil_v5 DFP 2235 4.

WRPEFT T R 5 R 234, s ArteryTek AT32xxxx_DFP.2.x.x.pack 58 i — #2235 .

#F Keil_vb Pack & 23y, #un NP B E A E

- RREEARE.

- %&F% Device &I .

- I ArteryTek AR5 (5 2.,

& 5. 5% Keil_v5 Pack ZZ1E M

2.3

2025.04.25

KA DAWorkSrc\BSPs_PACKs\AT32F403A_407_Firmware_Library_V2.x.x\project\at_start_f403a\templates\mdk_vS\template.uvprojx ... = = Py
File Edit Wiew Project Flash Debug Peripherals Tools SVCS  Window Help
=R N & | | | D | & = /= /2| B spo_sus wiot po B2 7| Q- &
sl =g | %Ql template E| dh & P @
e 1B ki Opti?gs]for Target ‘template’ [ =
=% Project: template
= Device | Target | Output | Listing | User CATH | Asm Linker | Debug | Utilities
g template
L user
_ |Soﬂ'r\'are Packs J
Ld bsp
£ firmware Vendor:  ArteryTek Software Pack
B3 cmsic Device: - AT32FAD3ACCTT Pack: |ArteryTek.ATEZFMBA_M?_DFP.Z.D.D
I readme Toolset: ARM URL:  www. keil. com/dd?
Search: |
-t AT32F40x Series \j AT32F4 is a new 32-bit high peformance. low power consumption -
"}[3 AT32F403 universal microcontroller family powered by the ARM Cortex-Md4 RISC [—
core which targeted at varous MCU application arsas.
-8 AT32FA03A ATI2F4 family integrates features to simplify system design and =
provide customers wide range of comprehensive and superior cost
€1 - AT32F403ACCT7 effective MCL portfolios with proven technology and great
€3 - AT32FA03ACCUT innovation.
€3 - AT32F403ACETY AT32FAD3A - ARM Cortex-M4 Core
€1 - AT32F403ACEUT ,Elfeqﬁenw up to 240 MHz
lash access zero wait state
€] - AT32F403ACGTT Single-cycle muttiplier and hardware divider
. @ AT32FA03ACGUT leE:iE support 16 intemal, 68 extemal intemupts, each has 16 priority
| | v~ <
0K Cancel Tefaults Help
E proj... |€FBooks| {3 Func.| 0, Tem... | |

Keil_v4 Pack Z3%

Keil4_AT32MCU_AddOn.zip: 374% Keil_v4 [IESt, 2258,
@ f#JIE Keild_AT32MCU_AddOn.zip.
@ ik Keild_AT32MCU_AddOn.exe, M R 5t CHARRA S 8% Sehrf i A .

# 39W k7 2.0.6




AR

AT32F413[E 4 FEBSP&Pack M F 8 5

& 6. Keil_v4 Pack Z3E A MH

Setup AT32 MCU AddOn Package to Keil MDK-ARM V2.0.0

-

= 3

Folder Selection

C:hEeil wi

Destination Folder

Select the folder where SETUF will install files

press “Browse” and select another folder.

Thiz Add-0On will install into the following product folder.

To install to this folder, press"Next”, To install to a different folder,

ARM

Browse. ..

KEIL

%

4 3

| Bext >> ||| Concel |

L

A

® W Keil_v4 ffs2hr 3815 5 “Destination Folder’sf il HE P (K42 A —3,  Hiii“Browse” ik
PEPRe g m. AR sl “Next”, #H @~ 4.

& 7. Keil_v4 Pack Z3&7RE

Setup AT32 MCU AddCOn Package to Keil MDK-ARM V2.0.0

= 2

First Hame:

Last Hame:

Company Hame:

E-mail:

Customer Information

Fleaze enter wour infomation.

dd

Microseft

Microsoft

dd

ARM

Flease enter wour name, the name of the company for whom wou work and wour E-mail address.

KEIL

Y <

4 A,

’ 44 Baclk l[[ Hext >>

|[Ccmeat |

@ £ FEFE &M “Customer Information”, — AT EAE MU RE B, ARG S “Next” 5 5
R RE, R E:

2025.04.25
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& 8. Keil_v4 Pack Z& 55

-

Setup AT32 MCU AddCn Package to Keil MDK-ARM V2.0.0 = %

Eeil MDE-ARM Setup completed ARM KElL
Microcontroller Tools

AT32 MCU AddOn FPaclkage to Eeil MI

W¥ision Setup has performed all requested operations successfully

Keil MDE-AEM Setun

4% Bacl | Finish | Cancel

® Adi“Finish"5e i %% . AE Keil v4 Pack 2235 R R 5 T B3 T RIEME S .
- A
- % Device T .
- IE#E ArteryTek $2AE 10T 2 51 (1) 84540 5 1
- I ArteryTek 5 2 0t s,

2025.04.25 B AMH JRZs 2.0.6
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& 9. &FE Keil_v4 Pack ZEiEM

DAWorkSrc\BSPs_PACKs\AT32F403A_407_Firmware_Library_V2.x.d\project\at_start_f403a\templates\mdk_v4\template.uvproj - pVisiond | = = 2

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

NG & & 4 & | | | ® | = = J= /2 | @ _sTamcmume 2 & @ & &|[F
£ | ¥ | tempate %] b B & @&
Project 2 B Options for Target 'tempate’ | & |
B85 t t —
i3 tempate Target | Dutput | Listing| User | C/C+ | Asm | Linker | Debug | Utilities
@ [AteryTek AT32F403A_207 Device ~ | @
"{:I firmware Vendor: AteryTek
"{:I readme Device: - AT32F403AVGT7
Toolset: ARM
Search: | @
#£d - AT32F403AVGTT ™ | [core: o
ARM 32-bit Cortex-M4 Microcontroller, {Up to 240 MHz max) v
£1 - AT32F407AVCTT
£1 - AT2FA07AVGTT Memories:
- Up to 1024 Kbytes of Flash memory =
€1 - AT32R40TRCTT - Up to 224 Kbytes of SRAM
&3 - ATI2HOTRETT - Up to 3 12:bit ADC (16-channel)
£1 - AT32F407RGTT - Up to 2 * 12:bit DAC 0
_ - Upto 37 |2C interfaces
€1 - AT32F07VCTT - Up to £° 12 interfaces
£3 - AT32F407VETT -Upto 4* SPI
- Up to 5* USART(UART)
£3 - AT32F407VGT7 1= CAN 2.08 i
Sk r
=] Project |@Baar: {} Functio..| Oy Templa... 0K | Bl Defaul ts Help

2.4 Segger Pack Z3%

Segger AT32MCU_AddOn.zip: 1% J-Flash N MBS0, 2B BT
@D fi#/E Segger AT32MCU_AddOn.zip.
@ Xt Segger_AT32MCU_AddOn.exe, il N A H CRARMRAMS 4% SLBrtE oI .

& 10. Segger 1, %3 A H

I Setup AT32 MCU Device AddOn to Segger V2.0.0 2

Thiz SETUP program installs:

AT32 MCU Device AddOn to Segger

This AddOn will install into the following product folder.
To install to this folder,press "Start”". To install to a different folder, press "Browse"
and =select another folder.

Support Segger JLink V620C and above.

Destination Folder

C:\Program Files (x86)\SEGGER\JLink_V620c v][[ Browse... H

’ Cancel ]

2025.04.25 #4271 JRZs 2.0.6
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R WK Segger HISEER i #E 75 “Destination Folder” X1 i flE i IS 24—, k5 idF“Browse” Z # 35%
PR & FEBE 7. R i Start”, #HH 41 IR

&| 11. Segger HZ 3L

-

[Crz Setup AT32 MCU Device AddOn to Segger V2.0.0 B

This SETUF program installs:

AT32 MCU Device AddOn to Segger

This AddOn will install into the following product folder.

To install to this folder,press "Start”. To install to a different folder, press "Browse"

and select another folder.

Support Segger JLink V620C and above.

Destination Folder

[C:\Prugram Files (x86)\SEGGER\ILink_W&20c v] Browse...

Setup has performed all requested operations su::ess‘fulli

[ Start ” Cancel ]

A

® Hi¥l“Setup has performed all requested operations successfully” Il F 7~ B 2235 ). &H &S
LR, EIEA T D RIEAT IR E A S
- TJF J-Flash.exe, HILUI X IHHEN]EFE Create a new project Jf riifi Start J-Flash %
H,

12. 3TFF J-Flash
Welcome to J-Flash | 23 |

Please zelect one of the fallowing start options:

" Open recent project: |I:Ither... J

Ereate a rew project.

[ Do not show this meszage again. Start J-Flazh

- Jash J-Flash 5, rit Target Device £24)5 B k424, W THAE:

2025.04.25 # 431 JRZs 2.0.6
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& 13. J-Flash BI&#H &

' '

Create New Project

Target Device

|E|:|rte:-:-h-1El I:ﬂ
Little endian -

T arget Interface Speed [kHz]

|5wD | | 4000 |
0K

TEERMER R R R K &R B ArteryTek FH5(5 B A FIE ST NR R 22235 %), an N :
& 14. &5 Device 2 &

Select device P
M anufacturer | = ﬂ
t ahufacturer Device Core Flazh size R&M size | -
-"f.:’-‘n.rteryTek ATI2F403 EXT_TYPET_1ME Cortex-pdd 1024 KB 224 KB
ArternT ek AT32F403 EXT_TvPE1_2MB Cortex-p4 2048 KB 224 KB
ArternT ek AT32F403 EXT_TPET_4MB Cortex-pd4 4096 KB 224 KB
AurtenTek AT32F403 EXT_TvPE1_SME Cortew-tdd 2192 KB 224 KB
ArtenTek AT32F403 EXT_TvPEZ_1EME Cortex-td4 16 MB 224 KB
ArtenTek AT3ZF403 EXT_TYPEZ_1MB Cortex-bd4 1024 KB 224 kB
ArtenTek ATIZF403 EXT_TWPEZ_2MB Cortex-tdd 2048 KB 224 KB
ArterT ek AT3I2F403 EXT_TYPEZ_4MEB Cortex-bdd 4096 KB 224 KB
ArberT ek AT3I2F403 EXT_TvPEZ_SME Cortex-pdd 92 KB 224 KB
ArbernT ek AT3I2F403 UMIVERSAL _TYPE1_1.. Cortex-p4 128 KB +1EME 224 KB
ArternT ek AT32F403 UMIVERSAL TYPE1_Z2.. Cortex-p4 1024 KB + 16 MB 224 KB
AurtenTek AT32F403 UMIVERSAL _TYPEZ 1.0 Cortex-bd 128KB + 16 MB 224 kB
ArtenTek AT32F403 UMIVERSAL _TYPEZ 2.0 Cortex-bd4 1024 KB + 16 MB 224 kB
ArtenTek AT IZF4038,_EXT_TWPE1_REAMP...  Comex-bd4 16 MBE 224 KB
ArtenTek AT IZF4038_ExXT_TYPE1_REAMP...  Cormex-bd 1024 KB 224 KB
ArterT ek AT I2F4030_ExXT_TYPE1_REAMP.. Corex-bd4 2048 KB 224 KB
ArternT ek AT3I2F4038_EXT_TYPE1_REAMP.. Cortex-p4 4096 KB 224 KB
ArternT ek AT32F4038_EXT_TWPE1_REAMP.. Corex-pd4 92 KB 224 KB
AurtenTek AT3IZF4030_EXT_TWPE1_REAMP...  Comex-bdd 16 MBE 224 KB
ArtenTek AT 32F4030,_ExT_TwPE1_REAMP..  Comex-b4 1024 KB 224 KB
ArtenTek AT 3ZF4038,_ExT_TWPE1_REAMP...  Comex-b4 2048 KB 224 kB
ArtenTek ATIZF4038_EXT_TWPE1_REAMP...  Comex-bd4 4096 KB 224 KB
ArtenTek AT IZF4038_ExXT_TYPE1_REAMP...  Cormex-bd 2192 KB 224 KB
ArberT ek ATIZFA030_ExT_TwPEZ_REAMP..  Corex-bd4 1E ME 224 KB
ArternT ek AT3I2F4038_ExT_TwPEZ_REAMP.. Cortex-p4 1024 KB 224 KB
ArtenT ek ATIPFANIE FXT TYPF? BFAMP Cortes-hd 4 AN48 KR PAA KR T
] Cancel
7 1 | S L] -

# 44 k7 2.0.6
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3

3.1

2025.04.25

Flash HESCHULEH

X FArtery MCU, AT 7EXF B R AR FrIPack U 3 & 7 M9 B 5 [ Flash &3 sC 2k LAk n

KEIL/IARZIDE T. ELid 47 #E 2k code N 3R, B &% IDE T Bt T 503 St 14 F 7 v KELER—#E, A RIE
F 0 SRR A (A FH D7 R AT T FR AR 0 B
B KBTS L AT32F403A #2510 A, AT32 MCU KA 751 Flash 57535 22819, N FEZ

Keil SVESCARIE R T55

% F K eil_vaHIKeil_v5 IDEJT AP AR FESCAF A ME AT E3EA—FE, U X RNKeil_vsH

S A R HEAT 1T o

A 1EKeil IDEJT & T B TR @A R 2 J5 RIAT 347 Debug /7 AHC & Alflash B0 SOk 5. FEIT R T

AR ST e B A HE—>Debugik -k —>Settings—>Flash Download, e ~AE:

B 15. Keil HEXHHRE

=% Project: template
g template
[d user
£ bsp
d firmware
[ cmsis
{1 readme

KA DAWorkSrcBSPs_PACKs\AT32F403A_407_Firmware_Library_V2.x.x\project\at_start_f403a\templates\mdk_vS\template.uvprojx .. = = P
File Edit Wiew Project Flash Debug Peripherals Tools SVCS  Window Help
&, | | | | = = /E #z| @ soio_Bus wibTH DO 2| - &
| %%” template |Z| ﬁ ‘ ‘} @
Project 1 E rﬂ Options for Target "template’ o |i

Dlevice ] Target] COutput ] Listing] User ] C/CH ] Asm ] Linker Ttilities ]

" Use Simulator with restrictions Settings * Use: |CMSIS-DAP Debugger
|

=] (ot |

3

CMSIS-DAP Cortex-M Target Driver Setup

< |

Debug ] Trace | Flash Download | @

Download Function
LOAD " Erase Ful Chip | Program

RAM for Algorithm

{+ Erase Sectors |V Verify Start: | 20000000 Size: |(cD0001 000

" Donct Erase | Reset and Fun

Programming Algorithm

Build Output

=] Praj... @B-:-:I-'s {}Func. |0y Tem...

Description | Device Size Device Type Address Range |
AT32FAD3A Irt.Flash(Bank1,2) ™ On-chip Flash 02000000 - DBOFFFFFH
Start: | Size:
Add | |
0K | Cancel |

Help
A

BEAE 7RI AT 7 BT £ K Flash S0 SO N ERIN R Flash 535301, I ms SECOMABB BR T B ATIC &

=

FIFRSCAFEWE BIADdFIRemove ZHl ml e, U v i A AN SEBRMCUASIL S Al 4 DAR J5 32 508

fic &

% 45
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2025.04.25

Cortex-M Target Driver Setup

Debug ] Trace Flash Download |

Download Function
" Eraze Full Chip ¥ Program

Faskd for Algorithm

LOAD
ii {* Eraze Sectors v Werify Start; {0x20000000 Size: |0x1000
" DonotErase [ Reset and Fiun
Pragramming Algorithm
D escription | Device Size | Device Type | Address Hange |
AT32F4034 Int.Flash(B ankl.2) 1M Or-chip Flazh 08000000H - 0303FFFFH

[ Add _] [Hemuve:l

Start: | 002000000

Size: | 000040000

Cancel

[1):4 |

Help

Bl 17. Keil 5%

miffRemove R 4 F L £ 2 R B2 N TG E R kR, R Add AT &G SCRFUMCU I 515 ST
Pt REATIR S, ARBIAT

Cortex"*tT o o [==2 |
Add Flash Programming Algorithrn gz |
Debu

b Dezcription | Flazh Size Device Type Origin -
ATI2F4034 Int.Flazh(Bankl.2] 1M On-chip Flazh Device Farnily |
AT32F4034 Tepe 1 REMAP_D Ext.Flazh[SPIM)] 16M Eut. Flash SPI Device Farnily |
AT32F4034 Tepe 1 REMAR_1 Ext.Flazh[SPIM)] 16H Ewut. Flash SPI Device Family |
AT32F4034 Tepe 2 REMAP_D Ext.Flazh[SPIM)] 16H Ewut. Flash SPI Device Family |

= AT3F4034 Tope 2 HEMAP 1 Ext.Flash[SPIM] 16k Ewst. Flash SPI Device Family |

| AT32F4034 Flazh Uzer option byte 48E On-chip Flazh Device Family ||
AM 234128 Flagh 16H Ext. Flazh 16-bit  MDF Core
I KAPSE1504 Dual Flazh Bk Ext. Flazh 32-bit ~ MDF Core

LPCT S 4 3un S2BFLO3Z SPIFI 4k Eut. Flash SPI MDFK Core
LPCT S 4 30n SZBFLOES SPIFI akd Eut. Flash SPI DK Core
LPCA07 R/ 8 S25FLO3Z SPIFI akd Eut. Flash SPI DK Core
LPCH4E0: MT250L128 SPIF] 16M Eut. Flash SPI DK Core
b 2P EA0FE Flagh akd Ext. Flazh 16-bit  MDF Core
RC28FE400 2 Dual Flazh 16M Ext. Flazh 32-bit  MDF Core
S29GL064AM Dual Flash 16H Ext. Flazh 32-bit  MDF Core i
4 1 3

Add Cancel

CAKeilwEhARMYPACK K siMAT 32F 4 _DFPYY.314FlashhaT32F 4034 _1024.FLM

B

I RFERIRE N SRS G A A B DREET A SO I B 1T TAERCE, A R os Bl #iiE SPIM

FER| TR

% 46 T
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Bl 18. Keil 378 &0 44

P

o

Cortex-M Target Driver Setup 3

Debug | Trace Flash Download |

Download Function Rk for Algorithm
LORAD " Eraze Ful Chip ¥ Program
Fi_ {* Erase Sectors W Veriy Start: |0x20000000 Size: |0x1000

" DonotErase | Reset and Bun

Programming Algorithrm

Description | Device Size Device Type Address Range
ATIZF4034 Int.Flash(Bank1.2] 1 On-chip Flash 023000000H - 0203FFFFH
BT3I2F4034 Type 1 REMAP D ExtF.. 1Ek Eut. Flazh SPI 02400000H - 093FFFFFH ]
4 1 | »

Start: |0x05400000  Size: |0w01000000

Add | Remove |

0K | Cancel | Help

3.2 IAREHZEXHRIFERTE

IARTF AP B0 SRV SR IR £ 07 105 R AE 24587 A AR I B b it 45 72 FIMC UL 5 5 | Btk 7 R
B Aflash 5L MF . R TR LT HEE T E, FIEIARTREE R G, BbsA Sl R K

IR HEA B T4
& 19. IAR T4

Workspace w 0 X

[Del:uug v]
Files g o«
S template - Dobug | ¥ |
M bsp e
Bl crisis .
B firrmware .
B readme
B user .
B Output

a

1 Options—>Debugger—>Download—>"2J% Override default .board file—> & F5Edit, JRAELTF
EIffR -

2025.04.25 4T H JRZs 2.0.6
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F 20. IAR B CHRE

-
@ template - IAR Embedded Workbench IDE - Arm 8.22.2

(=3 = |

File Edit WView Project CMSIS-DAP Tools

Window Help

iDnE@ @& x®0 oc [ < Qo%s=EcPoN Be-=0"":

[Debug ']
Files & .
M hsp .
M cmisis .
W firrrware .
! readme Category: Factory Settings
! user hd General Options
B Qutput Static Analysis @
Runtime Checking
CJC++ Compiler |Satup ” Townload IImages IExtra Options | Multicore |P1ug1ns|
Assembler
Output Converter Verify dewnload
Custom Buid Suprress download
Build Actions [V]Use flash loader
Linker [Zpverride default .board il
— $TODLETT_DIR$\confighflashloader \Ar teryTek E]
ot e ) @
CMSIS DAP .
GDE Server [[IPerform mass erase before flas
I-jet/TTAGjet
J-ink/1-Trace
| T1 Stellaris
Nu-Link
PE micro
STLINK
Third-Party Driver
TI MSP-FET
TIXDS
Debug Log .

BENJE R WLAN T A AC & 5 -

& 21. IAR Flash Loader ¥

Flash Loader Overview

Range

Offsetfaddress  Loader Path

K

3

Cancel

Mew. ..

Edit...

Delete

i

Horb flash &L R E 7152 EMCUR 1S G BRIAR 8, R Fal i AT B onT s 551411
New/Edit/Delete =ANiE AT 1524 .

DL e New B A Bt B Flash B0k 042541 . 1. 55 g New—>2. it B Flashit [l —>3. 1 B0 3 (I Flash 559%

Be B AR N B TR

2025.04.25
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A 22. IAR Flash Loader B2 &

_
Flash Loader Configuration | 23 |
Memary range _
_ QK
® Al
© Start:  0xB400000 End:  0x9400000 |
Flash Loader Overview | 2|
[ Relocate
Range Offset/A ) offset: 0x0 LS
CODE : 08000000 - Ox80fffff - Absolute adress: NAT32F403AVGT 7. flash
Flash loader path: 9

STOOLKIT_DIRS\config\flashloader\ArteryTek|\AT32F403A\AT

Extra parameters:

4

4

Parameter descriptions:

"—skip_erase” -Don't erase blocks that read empty. -

BEAL IR B & BHESPIM flash &y SC 241 . R i Bexd N AL S HAER FIFlashB VL SCHFRMTRCE . ik
FHflashBERL B SO HIIAR_AT32MCU_AddOn T B 3 R IARFF R IA TN . 7~ BlHi 1 I SPIM
flash &L 5 A & a0~ -

& 23. IAR Flash Loader Bt & 5% Ih

-
Flash Loader Overview l 29 |
Range Offset/Address  Loader Path oK
CODE : 0x8000000 - 0x30fFFFf - STOOLKIT_DIRS\config\flashloader \ArteryTek AT 32F 4034 \AT 32F 40 3AVGT 7\FlashAT32F 40 3AVGT 7. flash
CODE : 0x8400000 - 0x9400... - $TOOLKIT _DIRS\config\fashloader\ArteryTek\AT32F403A\AT32F 403A_EXT\FlashAT32F403A_EXT TYP...|)
New

1. SPIM B34 B

Artery#/rMCU ¥ #:Bank3 (P1%1% 2% & J7Reference ManualzkDataSheet) , .14 E:flash
AR N A B flash AN B TR S H 75 SR A% 00 T iiflashZE A BRI 78, 482 5 il 4 code Bl Kb
B E Y B RE L ETE SPIMAZ i 25 (A1, IDE T HLZEZR T 2 i 72 o 75 A8 FH B 0be S50 SO dE AT 41

flashZfs. Artery SPIMBE S dr 44 77 W R . AT32F4xxTypeNREMAP_P Ext.Flash.

N=1,2

P=0,1

TYPEN: 4MERISPI FlashZ$ i, s Eflash BRI M-S #4755 . FEAIME B S %0 MMCU
Reference ManualffJFLASH_SELECT %17 2k .

REMAP_P: MCU SPIM PINJI & Fk#E, fidhshiiflash i msifd: B 2 PINREIZE 28 5 ATk .
VEYIE BiES %0 RIMCU Reference Manual [#14h 5 SPIF E Lt 215 ,

REMAPO: EXT_SPIF_GRMP=000
REMAP1: EXT_SPIF_GRMP=001

# 49W k7 2.0.6
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4 BSP & FH f4jid
41 BSP H@EfEH
411 HERTENE

£ ArteryTek S [E {4 & BSP s #SERIN G LT T Keil AT IAR 5 R RRAS R RIS T2, BL AT32F40
3A/A07 ZA N, HAFHH 4 AT32F403A_407_Firmware_Library V2.x.x/project/at_start_xxx/te
mplates H1, PR

& 24. templates LR

| jar v6.10 21/05/24 16:03 4=
| iar v7.4 31/05/24 16:03 it
| lar_vB.2 21/05/24 16:03 pr = e
. inc 21/05/24 16:03 =
. mdk_vd 21/05/24 16:03 o=
| mdk_v5 21/05/24 16:03  rifsE
| SIC 21/05/24 16:03 g ==o3
| readme.txt 21/05/21 11:15 THT =%

TEMAIE T Keil_v5. Keil_v4. I1AR_6.10. IAR_7.4 fil IAR_8.2 FRA KM T2 inc Rl src SCIFk
G3 MARAE T AR TR Hh BT FH 280 6 S 358 2 1 Sk SOPF S SO o FTFF0E R T AR I SO e 9 i oy TR ST
FRIATHT X N IDE TA2. W0k a2 Keil_vd TAE/RE] CRAR 2SR AS DLSE R A6 9 25 D«

Bl 25. Keil_v5 iR TR G

=% Project: template :

g%y template
=L wuser /
1 at32f403a_407 clnck/
] at32f403a_407_int.c ®

_1 main.c

i bsp / @
] at32f403a 407 board.c

FH-Ld firmware

ES emsis ,ﬂ @
] system_at32f403a_407.c

] startup_at32f403a_407.s ———

=5 readme .
_] readmetd ____________——

TRENBRIMEARRIR M T (DL AT32F403A/407 Z512545), HAth 2515 102580:
at32f403a_407_clock.c IEPECE SCHF, WE 7 EIAMRII B K piig 4.
at32f403a_407_int.c HWiSCHE, BRGNS 1305 PIAZ P T R B ARSI RE

main.c MR TRE A AR SO

at32f403a_407_board.c iRZKHACE C1F, WHE T AT-START L[4 A1 LED 255 FAE (A &
firmware T [¥) at32f403a_407_xx.c f& & A AN RSN SO

@O
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® system_at32f403a_407.c REHIIAIL .
@ startup_at32f403a_407.s 35301t
readme.txt TAEMIULHASCAF, Ads TR TRE I — L8 5 Dy e & 1 B 7 sU545 B
VIR KB EEL] AT32F403A #2541, AT32 MCU H Al 75119 BSP L/ #2250, A2

4.1.2 BSP fH¥EREEX

O FERETEN, FESANEYS (startup_at32f403a_407.s) | TfE, Code wik v, &
HARYE MCU U5, JFRE AR E X, MCU AL 572 5 LRI Nk R4 R %

R 1. S5 AR

MCUZEI & FeX PINs FlashX/MKB)
AT32F403ACCT7 AT32F403ACCT7 48 256
AT32F403ACET7 AT32F403ACET7 48 512
AT32F403ACGT7 AT32F403ACGT7 48 1024
AT32F403ACCU7 AT32F403ACCU7 48 256
AT32F403ACEU7 AT32F403ACEU7 48 512
AT32F403ACGU7 AT32F403ACGU7 48 1024
AT32F403ARCT7 AT32F403ARCT7 64 256
AT32F403ARET7 AT32F403ARET7 64 512
AT32F403ARGT7 AT32F403ARGT7 64 1024
AT32F403AVCT7 AT32F403AVCT7 100 256
AT32F403AVET7 AT32F403AVET7 100 512
AT32F403AVGT7 AT32F403AVGT7 100 1024
AT32F407RCT7 AT32F407RCT7 64 256
AT32F407RET7 AT32F407RET7 64 512
AT32F407RGT7 AT32F407RGT7 64 1024
AT32F407VCT7 AT32F407VCT7 100 256
AT32F407VET7 AT32F407VET7 100 512
AT32F407VGT7 AT32F407VGT7 100 1024
AT32F407AVCT7 AT32F407AVCT7 100 256
AT32F407AVGT7 AT32F407AVGT7 100 1024

@ RIS SCE (at32f403a_407.h), USE_STDPERIPH_DRIVER % & S X 5l 2 754 ]
Keil RTE jgg, fEARfEHA Keil RTE DR /B 1X N %% 8 CnT #liEE Keil-MDK )58 i A= T 5
_RTE_[Pi7 8,

® MELXMHF (at32f403a_407_conf.h), & ST AMEAEIT B %5 S, o] T3 o B ik e
FfE SR HTI R 3 B fs 2 weonk B2 MODULE_ENABLED %25 CEDT],  4n K TR

2025.04.25

#H51H

hRAs 2.0.6




:'=/| ?I_

5

AT32F413[E 4 FEBSP&Pack M F 8 5

4.2

4.2.1

2025.04.25

& 26.

SHBEBERE R R X

gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
gdefine
#define
#define
#define
#define
#define
#define
#define
#define

CEM_MODULE ENABLED
TMR_MODULE ENLBLED
EIC_MODULE ENABLED
BPFR_MODULE ENALBLED
GPI0_MODULE ENARLED
I:C_MODULE ENABLED
TSART MODULE ENABLED
PWC_MODULE ENABLED
CAN MODULE ENABLED
ADC MODULE ENABLED
D&C MODULE ENABLED
3PT_MODULE ENABLED
[Mt MODULE ENABLED
DEEUE MODULE ENABRLE
FLASH MODULE ENABRLE
CRC_MODULE ENABLED
WWDT_MODULE ENLBLED
WDT_MODULE ENABLED
EXTNT MODULE ENABLED
SDI0_MODULE ENABLED
KMC MODULE ENABLED
U3E_MODULE ENABLED

(SR

MISC MODULE ENABLED
EMAC MODULE ENABLED

at32f403a_407_conf.h [EI5E ST AR ks ok /N HEXT _VALUE, 55 #4350 v 1 i 4R 15

JRVE X B HEXT _VALUE A58

SR AE RS L PRI e B SO

BSP #iys

BSP %I LT 25 i A A VE AT S

SRS

dIT

RN E S (at32f403a_407_clock.cl.h), FLE T ERIAM R G ehdiie J s shik e,
WA B RE SRR AT BAT B iRe L R HL R st gi

ArteryTek $2 LI B C E b AL

£ 2. S REBE X NR
V] ViNd
ADC R BT i 4
BPR CMiRe ke
CAN 2 ) 28 JR) I P A B
CRC CRC HH H3
CRM KR A=
DAC B A A 28
DMA HEA AV (DMA) #ifi 8%
DEBUG Wk
EXINT A71E v A A i
GPIO 18 FH D e N\ g
- - % 52W - - %7 2.0.6
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V] N d
IOMUX S ThRER N\t
12C BATAME A
NVIC R 1 1) e B4 1
PWC L YRR ]
RTC S A
SPI BATAME A
12S EHEN
SysTick RATE
TMR A
USART WA RS RO 2E
WDT &I 1H
WWDT wWOEA
XMC AN Ak T I B
4.2.2 RN

BSP i M\ LA T iy 44 Fi
ip FRE—4MEE4ES, Bl: ADC, TMR, GPIO %, /N4 UM, 1 ade,tmr,gpio...
- RS

L “at32fxxx_ip.c”fE T3k, i at32f403a_407_adc.c
- Skt

L “at32fxxx_ip.h "fERNFF 3k, #illn: at32f403a_407_adc.h
- WE

BN — AR, 58 s
DIl S S S JNER VR

BN T2 A SRR, FERE RS E o

BN T2 A SRR, FER BRSO 2 extern i3

%l adc_reset

#1111 adc_enable

%141 spi_default_para_init
B4 spi_init

Il adc_interrupt_enable
%4 adc_flag_get

%4 adc_flag_clear

- TR
BN T — AN SRR, 8 STz
1T,

- R AR
SN R A 4 DA “HNRAES BRI _BIME” SOMRAEE _BhIE” AR, LI R H 4
B
AN AT R ip_reset,
AR AT RE R £ ip_enable ,
AN BRI A R W UE AL R £ ip_default_para_init ,
HMEAIEEAL B ip_init,
AR T BR A ip_interrupt_enable ,
ANBERR A SR BR L ip_flag_get ,
ANBERR AL B bR B ip_flag_clear ,

4.2.3 ZRiERN

AR T A PR R S S AR

AR

typedef int32_t INT32;

typedef int16_t INT16;

typedefint8_t  INTS;

2025.04.25 T % 531 -
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typedef uint32_t UINT32;
typedef uint16_t UINT16;
typedef uint8_t UINTS;

typedefint32_t s32;
typedef int16_t s16;
typedefint8_t  s8;

typedef const int32_t sc32; /*I<read only */
typedef const int16_t sc16; /*!<read only */

typedef const int8_t sc8; /*I<read only */

typedef __ 10 int32_t vs32;
typedef __ 10 int16_t vs16;
typedef __ 10 int8_t vs8§;

typedef | int32_t vsc32; /*I< read only */
typedef | int16_t vsc16; /*I<read only */
typedef __|int8_t vsc8§; /*I<read only */

typedef uint32_t u32;
typedef uint16_t u16;
typedef uint8_t u8;

typedef const uint32_t uc32; /*I<read only */
typedef const uint16_t uc16; /*I<read only */
typedef const uint8_t uc8; /*I<read only */

typedef __ 10 uint32_t vu32;
typedef __ 10 uint16_t vu16;
typedef __ IO uint8_t wvu8;

typedef __ | uint32_t vuc32; /*I<read only */
typedef __ | uint16_t vuc16; /*!<read only */
typedef __ | uint8_t wvucs; /*I<read only */

4.2.3.1 SRR

typedef enum {RESET = 0, SET = |IRESET} flag_status;

4.2.3.2 ThReIRAIHRA

typedef enum {FALSE = 0, TRUE = |FALSE} confirm_state;

4.2.3.3 HEiRtrEAIRE

typedef enum {ERROR = 0, SUCCESS = |[ERROR} error_status;

2025.04.25 ¥ 547 &2 2.0.6
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4.2.3.4 AR
© A

2025.04.25

7E at32fxxx_ip.h & Ak EHbE, fihn at32f403a_407.h {1772 LR
#define ADC1_BASE (APB2PERIPH_BASE + 0x2400)
#define ADC2_BASE (APB2PERIPH_BASE + 0x2800)

£ at32fxxx_ip.h #h 25, 40 at32f403a_407_adc.h [I5E XN R

#define ADC1 ((adc_type *) ADC1_BASE)
#define ADC2 ((adc_type *) ADC2_BASE)
AN ETAE A A bit f7

7 at32fxxx_ip.h 4 2RAL, 4 at32f403a_407_adc.h [5%E LUTF

/**
* @brief type define adc register all
*/

typedef struct

{

/**
* @brief adc sts register, offset:0x00
*/

union

{
__ 1O uint32_t sts;

struct

{
__ 10O uint32_t vmor 2 1;/%[0]
__lO uint32_t cce s 1A
__lO uint32_t pcce s 14 [2]
__lO uint32_t pces : 1, /%3]
__lO uint32_t occs : 1, /% [4)
__ O uint32_t reserved1 : 27;/* [31:5] */

} sts_bit;

[
* @brief adc odt register, offset:0x4C
*/
union
{
__ 10O uint32_t odt;

struct

{

% 55|

hRAs 2.0.6



AR

AT32F413[E 4 FEEBSP&Pack M FH#E /e

__ 10O uint32_t odt
__10 uint32_t adc2odt

. 16; /* [15:0] */
: 16; /* [31:16] */

} odt_bit;
h

}adc_type;

ORIV e R 2 LN

A AT i = ADC1->ctrl1;
WS ADC1->ctrl1 = i
bit 5 %43 35k 7 sk i = ADC1->ctrl1. cceien;

bit 5 4785 X5 1 ADC1-> ctrl1. cceien= TRUE;
bit 5 H4%'5 1 ADC1-> ctrl1 |= 1<<5;
bit 5 E#5 0 ADC1-> ctrl1&= ~(1<<5) ;

4.3 BSP 4

4.31 BSP X {R4H

BSP(Board Support Package)H P4 2% 45 # KB B R :

& 27. BSP A4

. document 21/05/18 10:32 i
. libraries 21/05/18 10:32 3fisE
. middlewares 21/05/18 10:32 =
| project 21/05/18 10:32 ik
| utilities 21/05/14 11:35  rfdsE

document:
- AT32Fxxx [f4: /% BSP&Pack [ F 45 .pdf: X 795 1) BSP/Pack M HIE S
- ReleaseNotes AT32F403A_407_Firmware_Library.pdf:  #Efic 5%

libraries:
- drivers: AMEIRZN
src R REANMMEIRZ IS at32fxxx_ip.c

inc 3R BEANMMERIRIE RSN SL SO at32fxxx_ip.h

- cmsis: WAZAHIECF
cmd SCHJE ARZARSESCE. BLHE cortex-m4 PESCIE. REWIMR SR JE B U
dsp CfF¥  dsp FEAHIGSCA

middlewares:

F=IT AR A RPN W USB PhUZIREN. MZR IRUZIREN . 1 RGIRIS5E

project:
examples: 57~ demo.

2025.04.25
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templates: 1 TFE. 1145 Keil4 . keil5 . IAR6. IAR7. ARS8 X eclipse_gcc

utilities:

B2 WL SR TRCH 3%

4.3.2 BSP ERZCCHHR
BSP R HUZE 22~
& 28. BSP E ¥ EEHIZEH

user_app.h ‘

f

‘ user_app.c ‘

| T

‘ at32f403a_407_clock.h ‘

at32f403a_407_int.c ‘ ‘ main.c ‘ ‘

I
at32fa03a_407 def.h H at32f403a_407.h I =} at32f403a_407_clock.c ‘
t ,
‘ at32f403a_407 conf.h ‘¢—{ at32f403a_407 ip.h ‘
‘ at32f403a_407 ip.c ‘
e ]
BSP b £ 2 AR a0 R
* 3. BSP B E R
X4 #iR
at32f403a_407_conf.h NIRRT B %8 S, AR EE R £ HEXT_VALUE 1% € X
main.c EETEA
at32f403a_407_ip.c SRR S, BN at32f403a_407_adc.c
at32f403a_407_ip.h SR IRED LS, N at32f403a_407_adc.h
at32f403a_407.h RHN ke tkh (at32f403a_407.h), USE_STDPERIPH_DRIVER

5558 T IX AR B EH Keil RTE Zhig, EAR#H Keil RTE ZhEERJT
JA XA 58 AT R Keil-MDK [RS8 i AR TT 5 RTE_ 14 i n) @t
at32f403a_407_clock.c N BECE SCEE, W E T BT BB R Bh AR

at32f403a_407_clock.h B T B Sk SO

at32f403a_407_int.c T R BOUE SCAE, BRINGR S T 040 P A P T R B AR R
at32f403a_407_int.h HH T R A Sk S

at32f403a_407_misc.c HABERE IR S, i nvic AL B %L, systick BB FIE S
at32f403a_407_misc.h FoAth P B Sk S0

startup_at32f403a_407.s Ja sl
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4.3.3 SRR E

AATLL GPIO 284, $iiR 1 Wi BEAT IR AT &
GPIO i % N\ i th I aR 4L

Step 1: & X gpio_init_type Z5#J4E, R~BlGn R
gpio_init_type gpio_init_struct;

Step 2:  i/H crm_periph_clock_enable %5, JT /5%t GPIO 4

Step 3:  JxWJ4HL gpio_init_struct Z5HAMA, XAE AT LAORIEHARRL R E (24 default fE) #% I
WA A
gpio_default_para_init(&gpio_init_struct);

Step 4: HCE LMK, I SEiASHGEL gpio_init 5 A %] GPIO %17 a4
ENLINNE

gpio_init_struct.gpio_pins = GPIO_PINS_2 | GPIO_PINS_3;
gpio_init_struct.gpio_mode = GPIO_MODE_OUTPUT;
gpio_init_struct.gpio_out_type = GPIO_OUTPUT_PUSH_PULL;
gpio_init_struct.gpio_pull = GPIO_PULL_NONE;
gpio_init_struct.gpio_drive_strength = GPIO_DRIVE_STRENGTH_STRONGER;
gpio_init(GPIOA, &gpio_init_struct);

W2 AME WAL IR AL 1] 2% Reference Manual #MEHITHRERR 2T, AR
AT32Fxxx_Firmware_Library V2.x.x.zip\project\at_start_fxxx\examples " %-#MXHIHIGa L FE AN 7
%o

4.3.4 A EE R B
PRI iR 2 an R A% kAT
F 4. SN ERBHER

iH iR
ke PR A R
bR KR B R R I 75
Bl (B PR R ELSE LI D R ] 24t A
MAZHn PN €t
i ZHn it 2 Mg
IR [BI{E PR H IR [
SR KA i FH BRI 96 AL PR SR
ek e £ A A8 127 o R FH 10 2 B B

2025.04.25 & 58 W &2 2.0.6
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5.1.1

2025.04.25

AT32F413 AN RE R B R

HICK B3E 8 (ACC)

ACC #if7#s451) acc_type, & LT3 “at32f413_acc.h”ii T

/**

* @brief type define acc register all

*/
typedef struct
{

} acc_type;

—F%%él/fl\HjT ACC %ﬁ%&l%\%:

F 5.ACC FiFax MR
S R
acc_sts ACC IRE AT/ 5
acc_ctrl1 ACC =il 2 4785 1
acc_ctrl2 ACC =il 27 4755 2
acc_cf ACC L %1745 1
acc_c2 ACC L {27 17485 2
acc_c3 ACC LB a7 /745 3
FREGH T ACC JFE R RN :
F 6.ACC FEREEK
¥4 i3}
acc_calibration_mode_enable | ACC Kbz fdi g
acc_step_set ACC e KL R £

acc_interrupt_enable

ACC i g b 4L

acc_hicktrim_get FREL ACC #5508
acc_hickcal_get FREL ACC HH AL E

acc_write_c1

5 ACC C1 #Ff#4#H

acc_write_c2

E ACC C2 %7318

acc_write_c3

E ACC C3 H 7318

acc_read c1

% ACC C1 751

acc_read_c2

% ACC C2 27 31

acc_read_c3

% ACC C3 27 51

acc_flag_get

ACC Hlbrbr B 3R EL

acc_flag_clear

ACC Hlbrbr B3 ke

B ¥t acc_calibration_mode_enable

NERAE T A% ace_calibrat

ion_mode_enable

% 59 W
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R 7.8% acc_calibration_mode_enable

BiH #R
A€ acc_calibration_mode_enable
PR T void acc_calibration_mode_enable(uint16_t acc_trim, confirm_state new_state);
Thegfik ACC e HERL U e
LN 2| acc_trim: RIIGMEZERE, Wi
ACC_CAL_HICKCAL B ACC_CAL_HICKTRIM
WMANSH 2 new_state: FFJ5 5 ACC
th =% 7
Il ) P
Se kg AF 7
Bl H R 4 7
acc_trim
L B B2

ACC_CAL_HICKCAL: kg6t
ACC_CAL_HICKTRIM: ¥R I
new_state

A AR 2 G ACC

FALSE: ><HIHibr

TRUE: ffigg i

N

/* open acc calibration */
acc_calibration_mode_enable(ACC_CAL_HICKTRIM, TRUE);

¥ acc_step_set
NERHIA T %L acc_step_set

% 8. ¥ acc_step_set

TiH Eii:py
R acc_step_set
R AR T void acc_step_set(uint8_t step_value);
Dhredd ACC KL E
BMINSH step_value: /S KL E
25 7
R [EME 7
So oAt 7
W F R x
step_value

X 4 fL5E LT BRI HESR IRIE -

ik AT E SRR, BUCK step A 1. 2 ENTRIM=0, {7 HICKCAL, # step

oeAE 1, XN HICKCAL HedAs 1, HICK i i 4r 40KHz (R IHED, NIEFRKR. X

ENTRIM=1, Ui HICKTRIM, # step &% 1, %R HICKTRIM tH247%% 1, HICK A2 o4

20KHz (i), AIEMIRK R,
il

2025.04.25
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/* set acc step value */

acc_step_set(0x1);

5.1.2 M#¥ acc_interrupt_enable

5.1.3

2025.04.25

NERAIR T B E acc_interrupt_enable

X 9.8% acc_interrupt_enable

A ik
A EA dma_ interrupt_enable
PR void acc_interrupt_enable(uint16_t acc_int, confirm_state new_state);
ThRedtiid f# % acc i
WS acc_int: IWrIEIE S
WSS 2 new_state: {#EEEICHH1IHT
it 24 7
IR [EME 7
et kAT 7
R FH R 2 7
acc_int
bk = ML TR/
ACC_CALRDYIEN_INT: 1 HE 58 B H T
ACC_EIEN_INT: ZxEAG 5 ERP
new_state

R TP T BRI A2 2R A
FALSE: %Mty
TRUE: f#igEd i

Bl

/* enable the acc reference signal lost interrupt */
acc_interrupt_enable(ACC_EIEN_INT, TRUE);

% ¥ acc_hicktrim_get
TERHMIR T %L ace_hicktrim_get

% 10.5K % acc_hicktrim_get

T H ik
ZERAE acc_hicktrim_get
PR % A uint8_t acc_hicktrim_get(void);
Thredd FREL ace ARG A
PN 7
it 25 7
IR [EME FRELK) ace FERIRE
Se kg AF i
Wi F R 2 I
Nl
- - % 613 - T T k206
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/* get trim value*/

uint8_t trim_value;

trim_value = acc_hicktrim_get();

5.1.4 ¥ acc_hickcal get
NERAE T R ace_hicktrim_get

& 1.8 % acc_hickcal_get

i H ity
A€ acc_hickcal_get
PR Y uint8_t acc_hickcal_get(void);
Tyhe ik K ace HEIA
LN x
ot 28 x
pA I[N FRELU ace AL IA
Sk ok AF 7
W e 2 x
il
/* get cal value*/
uint8_t cal_value;
cal_value = acc_hickcal_get ();

5.1.5 MR¥ acc_write c1

NERME T pRE ace_write_c1

£ 12.8% acc_write_c1

A i3}
ERAE acc_write_cl
PR A void acc_write_c1(uint16_t acc_c1_value);
ThRedthiR ‘5 ACC C1 Fi7aH
LPNE = acc_c1_value: A C1 H{&
i 24 7
IR [Al{E 7
SR kAT 7
R FH eR 4 7
Bl
/* update the c1 value */
acc_c2_value = 8000;
acc_write_c1(acc_c2_value - 10);

5.1.6 BK# acc_write_c2

TRHIA T L acc_write_c2

2025.04.25

5 621

hRAs 2.0.6




U= AT32FA13[E F FEBSP&Pack B H 18

* 13.58% acc_write_c2

A iR
A€ acc_write_c2
PR T void acc_write_c2(uint16_t acc_c2_value);
Difeftig 5 ACC C2 H1Eafl
MASH acc_c2_value: S5\ C2 &
it 25 7
IR A 7
S okt 7
B R FH o 4 7
~pl
/* update the c2 value */
acc_c2_value = 8000;
acc_write_c2(acc_c2_value - 10);

5.1.7 BR¥ acc_write_c3
FRFE T pRE ace_write_c3
#* 14.%85% acc_write_c3

T H Eii:pa
A€ acc_write_c3
R Y void acc_write_c3(uint16_t acc_c3_value);
Thegsmiik 5 ACC C3 {743l
LIPNE acc_c3 value: S5 A\ C3 (&
it 25 W
R [EME I
So oAt I
W e I
~Hl
/* update the c3 value */
acc_c2_value = 8000;
acc_write_c3(acc_c2_value - 10);

5.1.8 E¥ acc_read _c1

TNRHIA T %L acc_read_c1
# 15.58% acc_read_c1

W H i3
R acc_read_cl
R ER T uint16_t acc_read_c1(void);
Dyfedtik i ACC C1 % f7a%
LN 7
25 7
R [EME ACC C1 (18

2025.04.25 # 63T
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BH [P

PSS ¥

Wi F pa 4 7

Bl

/* get the c1 value */

uint16_t acc_c1_value;

acc_c1_value = acc_read_c1();

5.1.9 Bi¥ acc_read_c2
TNRHIA T %L acc_read_c2
% 16.58% acc_read_c2

T H Eii:pa
A€ acc_read_c2
R E R Y uint16_t acc_read_c2(void);
DhRedtiik 1 ACC C2 Fifr#nf
LN I
2% W
IR [EME ACC C2 18
So koAt I
W e 2 I
Nl
/* get the c2 value */
uint16_t acc_c2_value;
acc_c2_value = acc_read_c2();

5.1.10 BKi%¥{ acc_read_c3
NERHIA T K%L acc_read_c3

# 17.5B% acc_read_c3

TiH Eii:py
R acc_read_c3
R ER T uint16_t acc_read_c3(void);
Dhredd 2 ACC C3 H17aHH
LN 7
25 7
R [EME ACC C3 M
So oAt 7
W F R x
2Nl
/* get the c3 value */
uint16_t acc_c3_value;
acc_c3_value = acc_read_c3();

2025.04.25 ¥ 64T
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5.1.11 E#¥ acc_flag_get

NERAE T %L ace_flag_get

% 18.5 % acc_flag_get

A i)
R4 acc_flag_get
PR A flag_status acc_flag_get(uint16_t acc_flag);
Difeftig FREL ace hrEfL
BINSH acc_flag: 7 EIREUMIARENL
it 25 7
YL EN flag_status: FrEALES B
SR okt 7
B o 4 7
acc_flag

acc_flag H T 7 ERPUIRES bR &, Hulig25 P 5~
ACC_RSLOST_FLAG: Z# {55 EK
ACC_CALRDY_FLAG: ik 5e

flag_status

RESET: AHRIbREALAE
SET: FHRL bR A7 B AT
~pl

{
at32_led_toggle(LED2);

if(acc_flag_get(ACC_CALRDY_FLAG) != RESET)

/* clear acc calibration ready flag */
acc_flag_clear(ACC_CALRDY_FLAG);

5.1.12 ¥ acc_interrupt_flag_get

NEIA T K% acc_interrupt_flag_get

% 19.5K# acc_interrupt_flag_get

A iR
R34 acc_interrupt_flag_get
PR 2 A flag_status acc_interrupt_flag_get(uint16_t acc_flag);
Digeftik FREL acc hrdEfL
WS acc_flag: 5 BEIREUPIARENL
i 24 7
IR [FME flag_status: FrELLRT B
SR kAT 7
R FH eR 4 7
acc_flag

acc_flag Fl TIE B ZARBCRE AR L, HANESHE 5T
ACC_RSLOST_FLAG: Z#{55 £kl
ACC_CALRDY_FLAG: K ifE5g i I

% 65
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flag_status

5.1.13

5.2

RESET: AHRMAn S A B
SET: AR RLbR G B AL
i

if(acc_interrupt_flag_get(ACC_CALRDY_FLAG) != RESET)
{
at32_led_toggle(LED2);
/* clear acc calibration ready flag */
acc_flag_clear(ACC_CALRDY_FLAG);

¥ acc_flag_clear

NERIA T %L acc_flag_clear
% 20.X % acc_flag_clear

A iR
R acc_flag_clear
Pk gt void acc_flag_clear(uint16_t acc_flag);
Tyhe ik BBk acc brEfr
BINSH acc_flag: 75 ZEIE MR AR &AL
it 24 x
A IR x
Sk ok AF x
R FH R 2 I
acc_flag

acc_flag Hl TIE B ZIE MR AR &, HAiES 8P 5T
ACC_RSLOST_FLAG: Z#{55 £kl
ACC_CALRDY_FLAG: & ifk5e i b

Bl

if(acc_flag_get(ACC_CALRDY_FLAG) != RESET)
{
at32_led_toggle(LED2);
/* clear acc calibration ready flag */
acc_flag_clear(ACC_CALRDY_FLAG);

BRI Es (ADC)

ADC Zifr#s4i ade_type, & T30 “at32f413_adc.h” Ui T :
[

* @brief type define adc register all

¥/
typedef struct

2025.04.25
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} adc_type;

TR T ADC ZrA7-48 A s

# 21. ADC FERITMNFE

FhH iR
sts ADC RA A3
ctrl1 ADC il 75 f7 45 1
ctri2 ADC =l 5 f74% 2
spt1 ADC SRFER ) 27 14785 1
spt2 ADC R £ i) 27 47 5% 2
pcdto1 ADC # 5  E HE w27 A7 2% 1
pcdto2 ADC ¥ (8 S s fm e ar 47 A 2
pcdto3 ADC # (s S s I ar 47 4 3
pcdtod ADC # (B S s fm e ar 47 2 4
vmhb ADC Hi [k s Il ey i1 5 2 A 48
vmlb ADC HiJE B MM T a5 4797
osq1 ADC 38 751 % 728 1
0sq2 ADC 3 Fr 51 a7 47 4 2
0sq3 ADC Hi# 7 5% 725 3
psq ADC #5751 ZF f7 4%
pdt1 ADC #t 5 Hi4fE 25 7725 1
pdt2 ADC #5504 Zr 7 4% 2
pdt3 ADC #5504 Zr 748 3
pdt4 ADC #5504l Zr 7 4% 4
odt ADC ¥l %4 o 4735
FRAH T ADC FERRHUA
% 22. ADC FERHUR

¥4 Ei:13%)
adc_reset S ADC g 7 s A Rr R Al
adc_enable A/ID R asfERE

adc_combine_mode_select

T S A %

adc_base_default_para_init

J adc_base_struct 15 E WIEAERINME

adc_base_config

4 adc_base_struct 15 & IS H Va2 5% ADC (13517 4%

adc_dma_mode_enable

3 I KR ) DMA A& g

adc_interrupt_enable

Wk ey ADC S04 Hh BT 15 Ak

adc_calibration_init WG HE
adc_calibration_init_status_get WIUEAAZ RS TR
adc_calibration_start THBRHE
adc_calibration_status_get RHEIR AL

adc_voltage_monitor_enable

I/ o ) P S5 A SR ) P S i

adc_voltage_monitor_threshold_value_set

PR M e i S

adc_voltage_monitor_single_channel_select

RN T HL S M 0 D T A e NS T e

2025.04.25
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R

[P

adc_ordinary_channel_set

FIEEE B, OARIEELRE. F T 595 SRR )

adc_preempt_channel_length_set

BRSPS R E

adc_preempt_channel_set

%ﬁﬁti‘d&%, BARHEIEE S FH T IR S SCRFE ]

adc_ordinary_conversion_trigger_set

3 T 2L P 8 1 R A Ao B R S e

adc_preempt_conversion_trigger_set T&ﬁ 2L At 1 e A XA R s T A
adc_preempt_offset_value_set EitA nﬁﬁlﬁ%ﬁ&ﬁﬁﬁ?%mﬂz
adc_ordinary_part_count_set S5 R T A5 IR i e Bt A P L e g A B
adc_ordinary_part_mode_enable LA TE o> BB AT R
adc_preempt_part_mode_enable o IEIE o B RE
adc_preempt_auto_mode_enable S 308 30 T A A 4 R A o 4 B A R

adc_tempersensor_vintrv_enable

IR FEAL IS S VinTry fi BE

adc_ordinary_software_trigger_enable

B A R TE e

adc_ordinary_software_trigger_status_get

BRI At 5 1) 30 TR RS

adc_preempt_software_trigger_enable

B o TE e A

adc_preempt_software_trigger_status_get

ARECHCA Al A 36 o TE RS

adc_ordinary_conversion_data_get

BRI A IS 2 3 e 3 e e it

adc_combine_ordinary_conversion_data_get | 3REX 3= MAH AR T 3 18 5 e B
adc_preempt_conversion_data_get IRIDHE: (& 308 18 5% 3 A4

adc_flag_get SRR EALRAS

adc_flag_clear TERR QB AL bR EAL

5.21 ¥ adc_reset

NRAIA T pREL ade_reset

* 23. B adc_reset

TiH Eii:py
R adc_reset
Eap g it void adc_reset(adc_type *adc_x)
Dhred Az ADC LT A 2 A7 TR A S AL
MINZH adc_x: PP ADC 4hi%
SR LB A H bz —: ADC1, ADC2.
25 7
R [EME 7
So oAt 7
o 18 R crm_periph_reset()
2Nl
* deinitialize adc1 */
adc_reset(ADC1);

5.2.2 XK¥ adc_enable
TR T K% adc_enable

2025.04.25
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2025.04.25

% 24. K% adc_enable

BiH #R
A€ adc_enable
PR T void adc_enable(adc_type *adc_x, confirm_state new_state)
Thegfik BE AID B REIR A R A BT
HNZH adc_x: JIrik#H) ADC #hix
S HT LR A iz —: ADC1, ADC2.
WMASH 2 new_state: A/D ¥ THBOIRAS
ZZHOT LR E Hrh 2 —: TRUE, FALSE.
th =% 7
b4 EIf ) P
Sk ok AF x
Bl H B 4 7
Nl
/* enable adc1 */
adc_enable(ADC1, TRUE);

MR ADC 4 F1EREREHT, Fri/iil adc_enable 411§ -F 2

5.2.3 MK¥ adc_combine_mode_select

AR T K% adc_combine_mode_select

G E TP FE o

% 25. F# adc_combine_mode_select

A Ei:13%)
k€ adc_combine_mode_select
R Y void adc_combine_mode_select(adc_combine_mode_type combine_mode)
Digeflid 1%E# ADC1 I E MH A
NS H combine_mode: ADC1 3z R () £ M A

%S00 L% adc_combine_mode_type M AT & —MIEE.

it 24 7
R [EME &
SR kAT ¥
R FH e 4 7

combine_mode

combine_mode F Tik# E MR, HalEkSHD 5T
ADC_INDEPENDENT_MODE:
ADC_ORDINARY_SMLT_PREEMPT_SMLT_MODE:
ADC_ORDINARY_SMLT_PREEMPT_INTERLTRIG_MODE:
ADC_ORDINARY_SHORTSHIFT_PREEMPT_SMLT_MODE:
ADC_ORDINARY_LONGSHIFT_PREEMPT_SMLT_MODE:
ADC_PREEMPT_SMLT_ONLY_MODE:
ADC_ORDINARY_SMLT_ONLY_MODE:
ADC_ORDINARY_SHORTSHIFT_ONLY_MODE:
ADC_ORDINARY_LONGSHIFT_ONLY_MODE:
ADC_PREEMPT_INTERLTRIG_ONLY_MODE:

Nl

# 69T

eS8 VN v

LA I+ 4 I B

i
bz

[y

o

i

o o5 e P A K
e 38 [ A A
378 4 o7 A A X
e K7 A AR

3 o5 A H A AR

U RN+ 36 5 A i A AR
B 5 R+ 3 R A AR
IREH G RN+ E B A A

hRAs 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

[* select combine mode as independent mode */
adc_combine_mode_select(ADC_INDEPENDENT_MODE);

JF & : adc_combine_mode_select ##((XiZ/H 7 ADC1, Hxf ADC2 T 51,

5.2.4 ¥ adc_base default_para_init

TR T A% adc_base_default_para_init

5.2.5

2025.04.25

# 26. F¥ adc_base_default_para_init

WA ik
A€ adc_ base_default_para_init
PR Y void adc_base_default_para_init(adc_base_config_type *adc_base_struct)
ThREHE I 4y adc_base_struct 15 E HIIRERINE
LN adc_base_struct: f5[FZ5H{k adc_base_config_type HI$g4%F
it 24 7
A 7
SR okt 7
B R F R 2 7
adc_base_struct i o1 (VTR BLIAME W T
sequence_mode: FALSE
repeat_mode: FALSE
data_align: ADC_RIGHT_ALIGNMENT
ordinary_channel_length: 1
Bl

/* initialize a adc_base_config_type structure */
adc_base_config_type adc_base_struct;

adc_base_default_para_init(&adc_base_struct);

% ¥ adc_base_config
TNERFHER T %L adc_base_config

* 27. E# adc_base_config

T H R

ZERAEA adc_base_config

R Y void adc_base_config(adc_type *adc_x, adc_base_config_type
*adc_base_struct);

ThRedtik # adc_base_struct H1#5 & S HWIME N FI 415 ADC (¥ 27 4725

MANSH adc_x: Fik#[) ADC #hi
ZZH A ULl e Hih 2 —: ADC1, ADC2.

N SR 2 adc_base_struct: 15[\ adc_base_config_type &8 {45 ¥4 iR F5 41

i 24 7

IR [al{E 7

Se kg AF i

Wi F R 2 I

adc_base_config_type structure

B T0W
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adc_base_config_type & X 1t at32f413_adc.h #

typedef struct

{
confirm_state
confirm_state
adc_data_align_type

sequence_mode;
repeat_mode;
data_align;

uint8_t ordinary_channel_length;
} adc_base_config_type; 1 A& A 1 HH %S4 ik B
sequence_mode
W HE ADC TAERF A
FALSE: e s —iliE
TRUE: e 2 AV EiE
repeat_mode
WHE ADC TAER) R
FALSE: SQEN=0 I}, #EfilksHsiAmiE, SQEN=1 I, &l —HiEiE
TRUE: SQEN =0 I, —filk 5 B pMEiE, SQEN=1 I, —Ihlk 5 i 25—
HimiE. HF ADCEN #iE%.
data_align
W E ADC AR EE X 5577
ADC_RIGHT_ALIGNMENT: £ Xf5%
ADC _LEFT _ALIGNMENT:  ZXf5%
ordinary_channel_length
W E ADC AR H i e e 51
~Hl

adc_base_config_type adc_base_struct;
adc_base_struct.sequence_mode = TRUE;
adc_base_struct.repeat_mode = FALSE;
adc_base_struct.data_align = ADC_RIGHT_ALIGNMENT;
adc_base_struct.ordinary_channel_length = 3;
adc_base_config(ADC1, &adc_base_struct);

5.2.6 K# adc_dma_mode_enable
N T K% adc_dma_mode_enable

% 28. F# adc_dma_mode_enable

T H R
R adc_dma_mode_enable
R T void adc_dma_mode_enable(adc_type *adc_x, confirm_state new_state)
Thegfig IR AR 1Y DMA fE 53 R
WMASHA adc_x: FTik#E ADC 4hix
S HA LLElE 2 —: ADC1, ADC2.
MNSH 2 new_state: DMA 4% 18 i 18 £ 1 T BOIRAS
S HOTLLER A K2 —: TRUE, FALSE.
2% 7
& [EE 7

2025.04.25 ol ] &2 2.0.6
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BH EiE:p4y
PSS ¥
ek i ek % x
Bl

[* enable dma transfer adc ordinary conversion data */
adc_dma_mode_enable(ADC1, TRUE);

JFE: adc_dma_mode_enable 5% ADC2 Lx%, H{KiZ/H 7 ADCT.

5.2.7 B¥ adc_interrupt_enable

NEIA T K% adc_interrupt_enable

ADC_CCE_INT:

5.2.8

2025.04.25

#* 29. B¥ adc_interrupt_enable

A i3}
PRI 44 adc_interrupt_enable
R E R Y void adc_interrupt_enable(adc_type *adc_x, uint32_t adc_int, confirm_state
new_state)
DhRedtiik Wik ADC 44 H Wi fifi g

LN 2|

adc_x: Fri&#EM ADC 4hix
ZSHATLUEEE H P2 —: ADC1, ADC2.

NS 2 adc_int: ADC FH{fH Wik
SR LLIEEL ADC S5 (4T 3 S P I

MIANSHL 3 new_state: ADC FfHH Wi T BOIR TS
ZSHOTLLIEECE Bz —: TRUE, FALSE.

LR 7

R [EME 7

SRkt 7

e A L o 4 7

adc_int

adc_int A T8 75 EROE RS FAF P, KTk 52 50T

ADC_VMOR_INT:
ADC_PCCE_INT:
A~

A T R P A
FEL s A0 L 9 B
$ o7 I T 2H B 4 5 SR s E

/* enable voltage monitoring out of range interrupt */
adc_interrupt_enable(ADC1, ADC_VMOR_INT, TRUE);

% ¥ adc_calibration_init
MR T K% adc_calibration_init

% 30. ¥ adc_calibration_init

A iR
Ek:E4 adc_calibration_init
PR 25 A void adc_calibration_init(adc_type *adc_x)
Difeflid WAL 1

721
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BH

[P

MNSH

adc_x: Jrik#mr) ADC 4hix
GBS DU H H 2 —: ADC1, ADC2.

it 25

x

iR el

Sk kAT

e F pa

of ol | et

Bl

/* initialize A/D calibration */
adc_calibration_init(ADC1);

5.2.9 ¥ adc_calibration_init_status_get

NERFER T %L adc_calibration_init_status_get

* 31. ¥ adc_calibration_init_status_get

W H #iR
A€ adc_calibration_init_status_get
PR T flag_status adc_calibration_init_status_get(adc_type *adc_x)
Dhread WA AR FREL
MINZH adc_x: FTiEFM ADC Mt
S ULl b2 —: ADC1, ADC2.
25 W
IR [BME flag_status: PIHAZHERPIRSS
ZIREHE R AE Bz —: SET, RESET.
Sk ok AF x
B H R 2 7
Nl
* wait initialize A/D calibration success */
while(adc_calibration_init_status_get(ADC1));

5.2.10 BKi%{ adc_calibration_start
NEHIA T % ade_calibration_start

2025.04.25

X 32. R# adc_calibration_start

A iR
ZERAEA adc_calibration_start
PR 3 A void adc_calibration_start(adc_type *adc_x)
Difeftiik FraaAuE
MmN adc_x: Frik#E ADC 4hix

S HA LLElE 2 —: ADC1, ADC2.

i =4 7
& [EE 7
So okt 7
B R FH ok 4 7

B/ 73W
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~Hl
[* start calibration process */

adc_calibration_start(ADC1);

5.2.11 E#¥ adc_calibration_status_get
FERHIA T PR adc_calibration_status_get
& 33. ¥ adc_calibration_status_get
WA ik
A€ adc_calibration_status_get
PR flag_status adc_calibration_status_get(adc_type *adc_x)
ThRestiid AR AS KL
WmANZH adc_x: Frik#f) ADC 4k
ST LUEE E H 2 —: ADC1, ADC2.
it 24 7
YL ED flag_status: RIHERPIRAS
ZIREME A B FIR b2 —: SET, RESET.
S okt 7
R FH R 2 7
il
/* wait calibration success */
while(adc_calibration_status_get(ADC1));
5.2.12 ¥ adc_voltage_monitor_enable
AR T k% adc_voltage_monitor_enable
#* 34. B# adc_voltage_monitor_enable
A Ei:13%)
ERAE adc_voltage_monitor_enable
PR3 void adc_voltage_monitor_enable(adc_type *adc_x, adc_voltage_monitoring_type
adc_voltage_monitoring)
ThRedtiik 308 /4 7T (10 e M U A e % S T (1 L A e
MANSHA adc_x: Frik# ) ADC #his
ZZH A ULl e Jih 2 —: ADC1, ADC2.
MINSH 2 adc_voltage_monitoring: i&@/46 i IEL M AN IEIE LR
1%Z AT L% EL adc_voltage_monitoring_type P FAAT & — M 24 1E.
i 24 7
IR [EME 7
SR kAT 7
B H R 4 7
adc_voltage_monitoring
adc_voltage_monitoring -1 & i M /R A i BB D dd /46 isE A i — AN e e AN iEE, KTk
HE BT
ADC_VMONITOR_SINGLE_ORDINARY: HA P M P T A e e
2025.04.25 - - % 7AW - - f% 2= 2.0.6
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ADC_VMONITOR_SINGLE_PREEMPT: H R B AR FH 1 BN e
ADC_VMONITOR_SINGLE_ORDINARY_PREEMPT:  HiJ& W4 F T B2 58 alde o 38
ADC_VMONITOR_ALL_ORDINARY: HA e M P T P e e
ADC_VMONITOR_ALL_PREEMPT: H ISR TR A e EJ\_L
ADC_VMONITOR_ALL_ORDINARY_PREEMPT: H R B A FH T B A A e
ADC_VMONITOR_NONE: HA, s M AR F T AT E

B

[* enable the voltage monitoring on all ordinary and preempt channels */
adc_voltage_monitor_enable(ADC1, ADC_VMONITOR_ALL_ORDINARY_PREEMPT);

5.2.13 H# adc_voltage_monitor_threshold_value_set

T AR T K% ade_voltage_monitor_threshold_value_set

% 35. ¥ adc_voltage_monitor_threshold_value_set

5.2.14 ¥ adc_voltage_monitor_single channel_select

T H Eii:pa
R adc_voltage_monitor_threshold_value_set
PR void adc_voltage_monitor_threshold_value_set(adc_type *adc_x, uint16_t
adc_high_threshold, uint16_t adc_low_threshold)
Tyhe ik FRL S S e 1 S
MMANZHA adc_x: Frik#E ADC 4hk
ZZ T Lk g Hh 2 —: ADC1, ADC2.
WSS 2 adc_high_threshold: 5 B s W 1) e 2 S8
ZSHAT DU 15 8 v 0X000~0xFFF P4 (4T = 2501H.
WMANSH 3 adc_low_threshold: & 72 F & W I A (i
LS DA 8 S 0X000~0xFFF A AT AN KT ade_high_threshold (1%1E.
a2 8 x
R [EME I
So oAt I
W e I
~Hl
[* set voltage monitoring's high and low thresholds value */
adc_voltage_monitor_threshold_value_set(ADC1, 0xBBB, 0xAAA);

R T BB % ade_voltage_monitor_single_channel_select

# 36. FA¥ adc_voltage_monitor_single_channel_select

TiH ik
R adc_voltage_monitor_single_channel_select
R ER T void adc_voltage_monitor_single_channel_select(adc_type *adc_x,
adc_channel_select_type adc_channel)
TyRe ik FAA I R MU D B AR M 0 e a2 £
MNZH adc_x: Frik#EH) ADC 4hk
ZHT LU E Hh 2 —: ADC1, ADC2.

2025.04.25
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5.2.15

2025.04.25

HiA iR
BMINSHL 2 adc_channel: £ Wil i 1 $E
ZSHEAHER I adc_channel.
i 24 ¥
12 [EME ¥
etk AT ¥
B H R 4 ¥

adc_channel

adc_channel H TiEF AR NEE, HlgSH8 5~
ADC_CHANNEL O0: ADC JHIE 0

ADC_CHANNEL 1: ADC JHIE 1
ADC_CHANNEL_16: ADC j#iE 16
ADC_CHANNEL_17:  ADC j@i& 17

A~

I* select the voltage monitoring's channel */
adc_voltage_monitor_single_channel_select(ADC1, ADC_CHANNEL_5);

P % adc_ordinary_channel_set
T EAE T K% ade_ordinary_channel_set

% 37. ¥ adc_ordinary_channel_set

TiH Eii:py

R adc_ordinary_channel_set

R AR T void adc_ordinary_channel_set(adc_type *adc_x, adc_channel_select_type
adc_channel, uint8_t adc_sequence, adc_sampletime_select_type
adc_sampletime)

Dhred TimiEE e, AFEEERE. BT SRR

HNSH adc_x: Jirik#%if) ADC #hik
EZESHOT LB A bz —: ADC1, ADC2.

WMASH 2 adc_channel: f#HC & iEIEER
SR W adc_channel.

WMNSH 3 adc_sequence: HIEFE T HIBEE
ZSHT LB BOE N 1~16 NI R A

BN 4 adc_sampletime: B FFEM ] 5E
ZSHEAR I adc_sampletime.

25 7

R [EME 7

So oAt 7

W F R 2 x

adc_sampletime

adc_sampletime H T ¥ @B KL ], HalES3 25w
ADC_SAMPLETIME_1_5: KAER A2 1.5 4~ ADCCLK J& 1
ADC_SAMPLETIME_7_5: KAER A4 7.5 4~ ADCCLK J& 1
ADC_SAMPLETIME_13_5:  RFEHf[EN 13.5 4~ ADCCLK J& i#H

B T6W k7 2.0.6
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ADC_SAMPLETIME_28 5: RFfif[a]}y 28.5 /> ADCCLK Ji
ADC_SAMPLETIME_41_5: RFEWS[EN 41.5 4> ADCCLK J& i
ADC_SAMPLETIME_55_5: RF£if[E]>N 55.5 4~ ADCCLK J& i
ADC_SAMPLETIME_71_5: RFEWS[EN 71.5 4~ ADCCLK J& i
ADC_SAMPLETIME_239_5: RFEif[E>y 239.5 > ADCCLK J& i
N

[* set ordinary channel's corresponding rank in the sequencer and sample time */
adc_ordinary_channel_set(ADC1, ADC_CHANNEL_4, 1, ADC_SAMPLETIME_239_5);
adc_ordinary_channel_set(ADC1, ADC_CHANNEL_5, 2, ADC_SAMPLETIME_239_5);

5.2.16 ¥ adc_preempt_channel_length_set

T AR T K% adc_preempt_channel_length_set

% 38. ¥ adc_preempt_channel_length_set

T H Eii:pa
R adc_preempt_channel_length_set
PR E R Y void adc_preempt_channel_length_set(adc_type *adc_x, uint8_t
adc_channel_lenght)
Tyhe ik 1RSI RE
MMANZHA adc_x: Frik#E ADC 4hk
ZZ T Lk g Hh 2 —: ADC1, ADC2.
WSS 2 adc_channel_lenght: #f &7 585 41 K J& ¥ 8
ZSHOT UM E S Ox1~0x4 A (AT = 5 {A.
a2 8 x
A IR 7
So oAt I
W e I
~Hl
[* set preempt channel lenghth */
adc_preempt_channel_length_set(ADC1, 3);

5.2.17 X ¥ adc_preempt_channel_set

2025.04.25

T AR T K% adc_preempt_channel_set

% 39. K # adc_preempt_channel_set

TiH ik
ZERAEA adc_preempt_channel_set
R ER T void adc_preempt_channel_set(adc_type *adc_x, adc_channel_select_type
adc_channel, uint8_t adc_sequence, adc_sampletime_select_type
adc_sampletime)
Dhredd o B RE, AFEEEETE. BT S TR ]

WASHA

adc_x: FTiEFM ADC 4#hixt
ZSHATLLUEEH K2 —: ADC1, ADC2.

WASH 2

adc_channel: fF0c B iEiE %k

BITRHR k7 2.0.6
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BiH Ei: o)
ZSHEA R W adc_channel.
W NBH 3 adc_sequence: JHIEHLT 5 E
ZSHT LI BOE N 1~4 A U
NS H 4 adc_sampletime: #IE A (8] B &
ZSHEIIR I adc_sampletime.
12 [EME ¥
So oAt I
Wi F R 2 I
Nl
[* set ordinary channel's corresponding rank in the sequencer and sample time */
adc_preempt_channel_set(ADC1, ADC_CHANNEL_7, 1, ADC_SAMPLETIME_239_5);
adc_preempt_channel_set(ADC1, ADC_CHANNEL_8, 2, ADC_SAMPLETIME_239_5);

5.2.18 Ei¥( adc_ordinary_conversion_trigger_set

2025.04.25

NEFER T %L ade_ordinary_conversion_trigger_set

% 40. ¥ adc_ordinary_conversion_trigger_set

H #iR
R4 adc_ordinary_conversion_trigger_set
Eap g it void adc_ordinary_conversion_trigger_set(adc_type *adc_x,
adc_ordinary_trig_select_type adc_ordinary_trig, confirm_state new_state)
DhRek X 308 T2 P 8 ) i R A A R R Sl R Sk %

MASHA

adc_x: Jrik#f) ADC #hix
S HA LLElE 2 —: ADC1, ADC2.

WSS 2 adc_ordinary_trig: % il 18 41 fil ke HAFIE R
%3] LLikHL adc_ordinary_trig_select_type P IRAE & — /MM
WMASH3 new_state: fill & TSRS
ZSH s E 2 —: TRUE, FALSE.
25 7
R [EME 7
SRkt 7
R FH e 4 7

adc_ordinary_trig

adc_ordinary_trig JH1 T-i%#%

ADC1 &ADC2 il /& S

T IREE AR R A, KRS s

ADC12_ORDINARY TRIG_TMR1CH1: TMR1 ] CH1 H
ADC12_ORDINARY TRIG_TMR1CH2: TMR1 ] CH2 H
ADC12_ORDINARY TRIG_TMR1CH3: TMR1 ] CH3 H
ADC12_ORDINARY TRIG_TMR2CH2: TMR2 ] CH2 H
ADC12_ORDINARY_ TRIG_TMR3TRGOUT: TMR3 {f) TRGOUT =4
ADC12_ORDINARY_ TRIG_TMR4CH4: TMR4 ] CH4 H 1
ADC12_ORDINARY_ TRIG_EXINT11_TMR8TRGOUT: EXINT £ 11/TMRS £ TRGOUT
ADC12_ORDINARY_TRIG_SOFTWARE: Al R

- - % 78 1 - T A 2.06
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ADC12_ORDINARY_TRIG_TMR1TRGOUT:
ADC12_ORDINARY_TRIG_TMR8CH1:
ADC12_ORDINARY_TRIG_TMR8CH?2:

B

TMR1 () TRGOUT 1
TMRS8 ) CH1 Fiff
TMRS8 ) CH2 Fiff

[* set ordinary external trigger event */
adc_ordinary_conversion_trigger_set(ADC1, ADC12_ORDINARY_TRIG_TMR1CH1, TRUE);

5.2.19 ¥ adc_preempt_conversion_trigger_set

FEAFER T R% adc_preempt_conversion_trigger_set

* 41. F# adc_preempt_conversion_trigger_set

T H Eii:pa
R adc_preempt_conversion_trigger_set
PRI void adc_preempt_conversion_trigger_set(adc_type *adc_x,
adc_preempt_trig_select_type adc_preempt_trig, confirm_state new_state)
ThRestiid o o 3 3 L A ) i AR A B ik A A

BINSH

adc_x: FTiEFM ADC 4#hixt
ST LUk E 2 —: ADC1, ADC2.

WSS 2 adc_ preempt _trig: 6 (i 4 fl Rk ARk R
%S H] LLIEEL adc_preempt_trig_select_type P IRAT & — N M.
WMASH3 new_state: fill & TSRS
ZSHLLiEIE 2 —: TRUE, FALSE.
it 25 7
R [EME 7
Je kAt 7
e FH R 2 7

adc_preempt _trig

adc_preempt _trig F T & £46 BB R H4:, Hal&s 88 5~

ADC1 &ADC2 fi & H 4

ADC12_PREEMPT_TRIG_TMR1TRGOUT:
ADC12_PREEMPT_TRIG_TMR1CH4:
ADC12_PREEMPT_TRIG_TMR2TRGOUT:
ADC12_PREEMPT_TRIG_TMR2CH1:
ADC12_PREEMPT_TRIG_TMR3CH4:
ADC12_PREEMPT_TRIG_TMR4TRGOUT:
ADC12_PREEMPT_TRIG_EXINT15_TMR8CH4:
ADC12_PREEMPT_TRIG_SOFTWARE:
ADC12_PREEMPT_TRIG_TMR1CH1:
ADC12_PREEMPT_TRIG_TMR8CH1:
ADC12_PREEMPT_TRIG_TMR8TRGOUT:

Bl

TMR1 ) TRGOUT Z4F
TMR1 ff] CH4 F1f
TMR2 #] TRGOUT A4
TMR2 ) CH1 fF
TMRS3 [{) CH4 FfF
TMR4 f#) TRGOUT A4
EXINT £k 15/TMRS ] CH4 1
A R A

TMR1 ) CH1 4F
TMRS [f) CH1 fF
TMRS ] TRGOUT A4

[* set preempt external trigger event */
adc_preempt_conversion_trigger_set(ADC1, ADC12_PREEMPT_TRIG_SOFTWARE, TRUE);

2025.04.25
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5.2.20 ¥ adc_preempt_offset _value_set

NERAIR T % adc_preempt_offset_value_set

R 42. B# adc_preempt_offset_value_set

BiH #R
A EA adc_preempt_offset_value_set
PR T void adc_preempt_offset_value_set(adc_type *adc_x,
adc_preempt_channel_type adc_preempt_channel, uint16_t adc_offset_value)
Thegfik F o T e MR S R OE
LN | adc_x: Fri&#£[ ADC 4hix
ZZHOT LIS A Kbz —: ADC1, ADC2.
WSS 2 adc_preempt_channel: &£ B3 E i 51 8 iE
ZSHOEAREAR W ade_preempt_channel.
WA 3 adc_offset_value: ¥ & iHiE mis=HE
LS HT LI B E A 0X000~0XFFF P (14T 25 4 {1
ot 28 x
pAEIf ) 7
Sk ok AF 7
W F e 2 I

adc_preempt_channel
adc_preempt_channel A T 75 2% e mfs & EE, HEs025mT

ADC_PREEMPT_CHANNEL_1: 3 A 1
ADC_PREEMPT_CHANNEL_2: ¥ i 2
ADC_PREEMPT_CHANNEL_3: o i 3
ADC_PREEMPT_CHANNEL_4: i L HiE 4

Bl

/* set preempt channel's conversion value offset */

adc_preempt_offset value_set(ADC1, ADC_PREEMPT_CHANNEL_1, 0x111);
adc_preempt_offset_value_set(ADC1, ADC_PREEMPT_CHANNEL_2, 0x222);
adc_preempt_offset_value_set(ADC1, ADC_PREEMPT_CHANNEL_3, 0x333);

5.2.21 ¥ adc_ordinary_part_count_set

2025.04.25

AR T K% ade_ordinary_part_count_set

3+ 43. R# adc_ordinary_part_count_set

T H R
ZERAEA adc_ordinary_part_count_set
R T void adc_ordinary_part_count_set(adc_type *adc_x, uint8_t adc_channel_count)
ThRedtik A3 FE T A Il 2 i 3 T A B i e
MANSH adc_x: Fik# ) ADC #his
ZZH A ULl e Hih 2 —: ADC1, ADC2.
MINSH 2 adc_channel_count: 43 &I M 8@ 1E 741 5 AN s e
ZSHT DA E N 0x1~0x8 PN AT = 4 fE.
Hth =% W

% 801 4 2.0.6
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BiH Ei: o)
A EIf ) P
So oAt x
Wi e 2 x
2Nl
/* set partitioned mode channel count */
adc_ordinary_part_count_set(ADC1, 2);
TEE: FIRECTE, R GGG TR RAE, 78 a1 20 8 e 5 1 -

5.2.22 pK¥ adc_ordinary_part_mode_enable

N AR T k% ade_ordinary_part_mode_enable

#* 44. B# adc_ordinary_part_mode_enable

H #iR
A E adc_ordinary_part_mode_enable
BRI 2R Y void adc_ordinary_part_mode_enable(adc_type *adc_x, confirm_state new_state)
Thread e I o B AL R

LN 2|

adc_x: Fri&#EM ADC 4hix
TS LUEE H H 2 —: ADC1, ADC2.

MINSH 2 new_state: i@ ifiH 7 EIBE A TRBOIRA
ESHTLEI A K2 —: TRUE, FALSE.
il 25 7
IR [E{E 7
Sk AF 7
U FH R 7
il

[* enable the partitioned mode on ordinary channel */
adc_ordinary_part_mode_enable(ADC1, TRUE);

5.2.23 K# adc_preempt_part_mode_enable

2025.04.25

N T K% adc_preempt_part_mode_enable

# 45. ¥ adc_preempt_part_mode_enable

A iR
R4 adc_preempt_part_mode_enable
R Y void adc_preempt_part_mode_enable(adc_type *adc_x, confirm_state new_state)
Difeftiik o 7RI b o B A R

MASHA

adc_x: FTiE#M ADC #hix
ZSHA LUl E 2 —: ADC1, ADC2.

MNSH 2 new_state: i@ iliE 7 I THBOIRA
ZSHAT UL H Hh 2 —: TRUE, FALSE.

ERE R 7

BT 7

S AT 7

£ 8N k7 2.0.6
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5.2.24

5.2.25

2025.04.25

BH [P

W F R 2 7

Bl

/* enable the partitioned mode on preempt channel */
adc_preempt_part_mode_enable(ADC1, TRUE);

¥ adc_preempt_auto_mode_enable

TR T K% adc_preempt_auto_mode_enable

% 46. E# adc_preempt_auto_mode_enable

i H Had
A EA adc_preempt_auto_mode_enable
R Y void adc_preempt_auto_mode_enable(adc_type *adc_x,
confirm_state,new_state)
ThRestiid e P T 2H A e A R (WA S 2H B B At R
MINZE adc_x: FTiEFM ADC Mt
S HA UL bz —: ADC1, ADC2.
MANZH 2 new_state: ¥t f74H H B I TBORAS
SZSHOTLLIEIE Hh 2 —: TRUE, FALSE.
it 2% W
IR [EME 7
So oAt I
W e I
Nl
[* enable automatic preempt group conversion */
adc_preempt_auto_mode_enable(ADC1, TRUE);

K% adc_tempersensor_vintrv_enable

NEAIA T ¥ adc_tempersensor_vintrv_enable

% 47. ¥ adc_tempersensor_vintrv_enable

TiH ik
R adc_tempersensor_vintrv_enable
PR B T void adc_tempersensor_vintrv_enable(confirm_state new_state)
Theefiid P TSI P A IR B VinTry i RE
NS new_state: AR I ViNtRy FITRBCIRAS
ST LLER A 2 —: TRUE, FALSE.
25 7
R [EME 7
So oAt 7
W F R 7
2Nl
[* enable the temperature sensor and vintrv channel */
adc_tempersensor_vintrv_enable(TRUE);

% 82|

hRAs 2.0.6




[

AT32F413[E 4 FEBSP&Pack M FHIE S

5.2.26 ¥ adc_ordinary_software_trigger_enable

TR T A% ade_ordinary_software_trigger_enable

% 48. F# adc_ordinary_software_trigger_enable

BiH #R
PR EA adc_ordinary_software_trigger_enable
PR 2 A void adc_ordinary_software_trigger_enable(adc_type *adc_x, confirm_state
new_state)
Thegfig R i i K 30 X T 4

MWASHA

adc_x: Jrik##m) ADC 4hix
ST LIk E 2 —: ADC1, ADC2.

WABH 2 new_state: i fiHfilk UM 4t 10 ROk &5
2B BT LIS Fb 2 —: TRUE, FALSE.

it 2% %

35 [l %

SR AN %

i P i %

il

/* enable ordinary software start conversion */

adc_ordinary_software_trigger_enable(ADC1, TRUE);

5.2.27 BK¥ adc_ordinary_software_trigger_status_get

NI T K% adc_ordinary_software_trigger_status_get

& 49. B# adc_ordinary_software_trigger_status_get

A i3}
ERAE adc_ordinary_software_trigger_status_get
PR 3 flag_status adc_ordinary_software_trigger_status_get(adc_type *adc_x)
Difedtiik BRI fih 2 P08 X0 30 T 2 R3S
MASH adc_x: FriE#EN ADC 4hik
ZZH A ULl e Hih 2 —: ADC1, ADC2.
i 24 7
IR Al {E flag_status: 13 18 K- b R B 0 PR S
ZIR PME R B AR bz —: SET, RESET.
SR kAT 7
R FH eR 4 7
N
[* wait ordinary software start conversion */
while(adc_ordinary_software_trigger_status_get(ADC1));

5.2.28 ¥ adc_preempt_software_trigger_enable

NI T ¥ adc_preempt_software_trigger_enable

2025.04.25
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% 50. ¥ adc_preempt_software_trigger_enable

BiH #R
A€ adc_preempt_software_trigger_enable
PR 2 A void adc_preempt_software_trigger_enable(adc_type *adc_x, confirm_state
new_state)
Thegfig B Al A 4G o X TE 4
MNZH adc_x: JIrik#H) ADC #hix
S HT LR A iz —: ADC1, ADC2.
MWANZH 2 new_state: B &4 o IHIE B e 1 TRBCIRAS
ZZHOT LI E Hrh 2 —: TRUE, FALSE.
th =% 7
pA I[N 7
Sk ok AF x
Bl H B 4 7
Nl
/* enable preempt software start conversion */
adc_preempt_software_trigger_enable(ADC1, TRUE);

5.2.29 ¥ adc_preempt_software_trigger_status_get

TR T K% adc_preempt_software_trigger_status_get

Z* 51. B# adc_preempt_software_trigger_status_get

A i3}
ERAE adc_preempt_software_trigger_status_get
PR3 flag_status adc_preempt_software_trigger_status_get(adc_type *adc_x)

BRI A F A 13 o T E SRS

55
Nk
o=
= |5

adc_x: Fri&#H) ADC 4k
TS LUEE H 2 —: ADC1, ADC2.

LR 7
LI flag_status: #f il E bR B RS
ZIREE T NP B2 —: SET, RESET.
SR kAT 7
R FH e 4 7
N

/* wait preempt software start conversion */

while(adc_preempt_software_trigger_status_get(ADC1));

5.2.30 FKi# adc_ordinary_conversion_data_get

N AR T K% ade_ordinary_conversion_data_get

# 52. F# adc_ordinary_conversion_data_get

T H

Hik

adc_ordinary_conversion_data_get

= | R
&
b
fe

uint16_t adc_ordinary_conversion_data_get(adc_type *adc_x)

2025.04.25

% 84

hRAs 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

W H Ei: o)
ThRestik SRECAE 2 AN 30 38 T 4 AR
MIANZH adc_x: FTiEFM ADC M
S HT LR A iz —: ADC1, ADC2.
12 [EME 16 A7 F) 38 e 108 T A K
Jo oAt I
Wi e 2 I
2Nl
uint16_t adc1_ordinary_index = 0;
adc1_ordinary_index = adc_ordinary_conversion_data_get(ADC1);

T REHE ADC v, H& ADC (KAIE WA EER, 7 A (e R 2.

5.2.31 Ki¥ adc_combine_ordinary_conversion_data_get

NE R T % adc_combine_ordinary_conversion_data_get

% 53. ¥ adc_combine_ordinary_conversion_data_get

H #iR
efe adc_combine_ordinary_conversion_data_get
BRI 2R Y uint32_t adc_combine_ordinary_conversion_data_get(void)
Thread SR TE A 5 A8 T 5 30 e e e
LN I
a2 8 x
IR [E{H 32 i R E A TE R (= 16 9 ADC2 4R, % 16 £728 ADC1 138D .
Sk ok AF x
Bl H R 2 7
Nl
uint32_t common_ordinary_index = 0;
common_ordinary_index = adc_combine_ordinary_conversion_data_get();

1R NBHE ADC NIEMAGH, H# ADC KA E EAMEN, 7 i I 2

5.2.32 ¥ adc_preempt_conversion_data_get

T AR T K% adc_preempt_conversion_data_get

2025.04.25

% 54. F# adc_preempt_conversion_data_get

A iR
ZERAEA adc_preempt_conversion_data_get
R T uint16_t adc_preempt_conversion_data_get(adc_type *adc_x,
adc_preempt_channel_type adc_preempt_channel)
Digeftik RIS o 308 T e A af

MASHA

adc_x: FTiE#M ADC #hix
ST LR H HF 2 —: ADC1, ADC2.

MANZH 2

adc_preempt_channel: #f 5i@E 1% £
ZS AR W adc_preempt_channel.

¥ 85M J4s 2.0.6




[

AT32F413[E 4 FEBSP&Pack M FHIE S

BH EiE:p4y
T ¥
iR el 16 A7 [RI3E of T E e B Hdi.
Sk kAT x
e F pa 2 x
Bl

uint16_t adc1_preempt_valuetab[3] = {0};
adc1_preempt_valuetab[0] = adc_preempt_conversion_data_get(ADC1, ADC_PREEMPT_CHANNEL_1);
adc1_preempt_valuetab[1] = adc_preempt_conversion_data_get(ADC1, ADC_PREEMPT_CHANNEL_2);
adc1_preempt_valuetab[2] = adc_preempt_conversion_data_get(ADC1, ADC_PREEMPT_CHANNEL_3);

5.2.33 E# adc_flag_get

NERHIA T K%L ade_flag_get

% 55. E¥ adc_flag_get

H #iR
MR adc_flag_get
BRI A5 Y flag_status adc_flag_get(adc_type *adc_x, uint8_t adc_flag)
Thread REAR EADIRTS

LN 2|

adc_x: Fri&#EM ADC 4hix
ZSHATLUEEE H P2 —: ADC1, ADC2.

MNSH 2 adc_flag: FHZEIRICIRT BIbr L1k
ZSHOEMIR W ade_flag

it 24 7

YL EN flag_status: FREALFPRES
IR BME R N B Hh 2 —: SET, RESET.

SR okt 7

Bl H R 2 7

adc_flag

adc_flag FH TiE# i ZRBCRAS bR &, HaiES8 P 5T
ADC_VMOR_FLAG: HA, P M 0 ¥ e s o
ADC_CCE_FLAG: MBS bR &
ADC_PCCE_FLAG: o o TE 2 A A bR
ADC_PCCS_FLAG: o o 1 T A bR

ADC_OCCS_FLAG:

2N

HIEE HAIT AR bR &

/* check if wakeup preempted channelsconversion end flag is set */
ifladc_flag_get(ADC1, ADC_PCCE_FLAG) != RESET)

5.2.34 ¥ adc_interrupt_flag_get
TERAHE T K% ade_interrupt_flag_get

2025.04.25
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& 56. BR# adc_interrupt_flag_get

BiH #R
A€ adc_interrupt_flag_get
PR T flag_status adc_interrupt_flag_get(adc_type *adc_x, uint8_t adc_flag)
Thegfik RIS WPIRAS
HNZH adc_x: JIrik#H) ADC #hix
ZHT LR E iz —: ADC1, ADC2.
HMANSH 2 adc_flag: & RBUIRE Hbr Lk %
EZSHE AR W ade_flag
th =% 7
Y IEIEEN flag_status: FrRENLPRES
ZIREME A B FI b2 —: SET, RESET.
Sk ok AF x
Bl H B 4 7
adc_flag

adc_flag H T+
ADC_VMOR_FLAG:
ADC_CCE_FLAG:

ADC_PCCE_FLAG:

N

BORZEHIbRE, HE2HP 5T
HEL s B U R A

M IE A A AR

I o I H A AR

[* check if wakeup preempted channelsconversion end flag is set */
if(adc_interrupt_flag_get(ADC1, ADC_PCCE_FLAG) != RESET)

5.2.35 E# adc_flag_clear
NE#A T A% ade_flag_clear

% 57. ®¥ adc_flag_clear

T H Ei::p%
ERAE adc_flag_clear
R Y void adc_flag_clear(adc_type *adc_x, uint32_t adc_flag)
Digefliid TEBR B AR E AL
LN L adc_x: Jrik#f) ADC #hix
S HA LLElE 2 —: ADC1, ADC2.
HNSH 2 adc_flag: FFiEER bR &I
ZSHE AR W ade_flag
i 24 7
IR [al{E 7
So okt W
W e 2 7
Nl
[* preempted channelsconversion end flag clear */
adc_flag_clear(ADC1, ADC_PCCE_FLAG);

2025.04.25
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53 HMmftER (BPR)

BPR & {7 #4514 bpr_type, & X T 3+ “at32f413_bpr.h 41 F:
[
* @brief type define bpr register all
*/
typedef struct
{

} bpr_type;

FHRAMT BPR 2L

3 58. BPR FA MM NE

S R
dt1 FL I it B 2 A i 1
dt2 HLI it HL B 2 A7 A 2
dt3 Fh I 3 P K A A7 2% 3
dt4 HLI it HL B 2 A7 A 4
dt5 CERIERPEER €7 TR e )
dt6 H b B A A2 45 6
dt7 H A B A A 7
dts Ha A R B A B A 8
dto H It A B B A 9
dt10 M B A A7 25 10
rtccal RTC K& /748
ctrl FLH (AL FhL A% o) 2 A7 o
ctrists Rt AL R A ) RS B A7 4
dt11 P A PR B B A 4 11
dt12 LA FR B B A 4 12
dt13 Fh 5 P K A A7 2 13
dt14 Wb O A A 25 14
dt15 H It A AR A A R 15
dt16 Wb R A A7 25 16
dt17 H It A R A A S 17
dt18 H b A3 P A A A S 18
dt19 H b A3 P AR A A 2R 19
dt20 FL A R B B A7 45 20
dt21 FL A PR B B A 4 21
dt22 FL AR R B B A7 2 22
dt23 FL A R B A A7 4 23
dt24 FL A R B 2 A 2 24
dt25 FL A R B B A 4 25
dt26 Ha it A HR O 7 A7 2% 26

2025.04.25 # 88 &2 2.0.6
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T R
dt27 FL I 3 P K A7 2% 27
dt28 CER IR E TR S AR
dt29 FL AR R A B A 29
dt30 LA FR B A 4% 30
dt31 FL AR PR B B A 4 31
dt32 FL A O 2 A 2 32
dt33 FL A B A 4 33
dt34 Ha It A HRL R 27 A7 25 34
dt3s H b A3 R AR A A7 EE 35
dt36 FL s A5 P B A A7 2 36
dt37 HLI it H B B A7 4 37
dt3s Fh I 3t P K A A7 2% 38
dt39 FhL I 3 P KR A A7 2% 39
dt40 A R O 2 A 2% 40
dt41 H A R B B A 41
dt42 A R O A A 2 42

% 59. BPR EER ¥ %

EH R
bpr_reset P st At s A A A R A BIEROAE
bpr_flag_get bR &
bpr_flag_clear THBRAR
bpr_interrupt_enable AR A Hh A i
bpr_data_read M ERLBALE F S B A7 e s
bpr_data_write I FEL (A R IO B A AR S
bpr_rtc_output_select B B A
bpr_rtc_clock_calibration_value_set | 0 i 13 &
bpr_tamper_pin_enable NI e
bpr_tamper_pin_active_level_set NI 35 T

5.3.1 ¥ bpr_reset
NERAA T K%L bpr_reset
% 60. % bpr_reset
W H i3
R4 bpr_reset
PR % A void bpr_reset(void);
ThRe ik FIT A Rt it B B 25 A7 38 B AL B BRIAME
HANSH 7
25 7
R [EME 7
2025.04.25 T % 89 I - T ¥k 2.0.6
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HiA iR
S okt 7
5 U8 FH pR 2 void crm_battery _powered_domain_reset(confirm_state new_state);
il

‘ bpr_reset();

5.3.2 X% bpr_flag_get
R T k%L bpr_flag_get
% 61. ¥ bpr_flag_get
I iR
A€ bpr_flag_get
R E R Y flag_status bpr_flag_get(uint32_t flag);
ThheHid SREUFR ERDRAS
A flag: T ELHRIUCIRA b7 & 16 P
LSRRG I flag
it S5 ¥
IR [EME flag_status: FrELFPRES
ZIREME R 2 —: SET. RESET
S skt %
i P B %
flag
M TS SRR bR &, HalESH2 5 r
BPR_TAMPER_INTERRUPT _FLAG: A2ttty
BPR_TAMPER_EVENT_FLAG: N ARSI A A s
il
\ bpr_flag_get(BPR_TAMPER_INTERRUPT_FLAG);
5.3.3 ¥ bpr_interrupt_flag_get

NERHIA T %L bpr_interrupt_flag_get

R 62. RH bpr_interrupt_flag_get

BH

[P

i€

bpr_interrupt_flag_get

#
"

Dl

flag_status bpr_interrupt_flag_get(uint32_t flag);

e C e
B

ok
He

ARG EALIRAS  FF IS I A e e o7

MANSH

flag: 5 ZARHCIRA KIbR EiLFE
S HOEA A WL flag

i 24 7
IR Al {E flag_status: #5EL ARG
ZREMER yHrhz —: SET. RESET
So okt p
R FH e p
flag

2025.04.25
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AT I3 EARBURES AR S, KT 252 5T

BPR_TAMPER_INTERRUPT_FLAG:
BPR_TAMPER_EVENT_FLAG:

B

N AT P AR &
NI A AR &

| bpr_interrupt_flag_get(BPR_TAMPER_INTERRUPT_FLAG);

5.3.4 ¥ bpr_flag_clear
TR T B % bpr_flag_clear
3+ 63. H# bpr_flag_clear
mH iR
R bpr_flag_clear
R E R Y void bpr_flag_clear(uint32_t flag);
TRk TERRAR AL
BWASHA flag: FHEBRMIFFEILEE
ZSHEA IR W, flag
24 7
IR [l 7
v 3t 7
A FH ek K T
flag
M TR EERRES MRS, HaESH825)n T
BPR_TAMPER_INTERRUPT FLAG: Akl rf ks &
BPR_TAMPER_EVENT FLAG: INGZRIE XTI
i
\ bpr_flag_clear(BPR_TAMPER_INTERRUPT_FLAG);
5.3.5 K ¥ bpr_interrupt_enable

T AR T % bpr_interrupt_enable

& 64. R# bpr_interrupt_enable

A iR
ZERAEA bpr_interrupt_enable
R Y void bpr_interrupt_enable(confirm_state new_state);
ThRedtik ARSI H B A8
MINZE new_state: A fRASI A T RS
S LLEIE Hih 2 —: TRUE. FALSE
i 24 T
IR [EME 7
SR kAT 7
R FH eR 4 7
N

‘ bpr_interrupt_enable(TRUE);

2025.04.25
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5.3.6 ¥ bpr_data_read
TR T A% bpr_data_read

% 65. E¥ bpr_data_read

A iR
A EA bpr_data_read
PR T uint16_t bpr_data_read(bpr_data_type bpr_data);
Difeftig N R A4 P AR A A A
WMASHA bpr_data: 7 /74%
ZRE1i: bpr_data B E £ %S AVFEUETEH
it 25 7
IR [EME R P 080 o A A
SR okt 7
B FH o 4 7
bpr_data
B ZF AL

BPR_DATA1: a2 174% 1

BPR_DATA2: ¥ii&i17as 2

BPR_DATA41: ¥iEZ174% 41
BPR_DATA42: &2 1748 42

N

| bpr_data_read(BPR_DATA1);

5.3.7 K ¥ bpr_data_write
NRHIR T A% bpr_data_write

% 66. ¥ bpr_data_write

A i3}
ERAE bpr_data_write
R Y void bpr_data_write(bpr_data_type bpr_data, uint16_t data_value);
Difeftiik Tei] FL AR PR B0 B A A 1 S e

MASHA

bpr_data: 4% 72%
ZR & bpr_data T H 5 £ %S AVFEUETE

MANZH2

data_value: 16 f¥iE

it 28

¥

IR [BI{E

SR KA

Wik F pa 2

off | off | et

bpr_data

BPR_DATA1: HiE2 /745 1
BPR_DATA2: #¥¥i &7 e 2

BPR_DATA41: ¥iE & 174% 41

2025.04.25
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5.3.8

5.3.9

2025.04.25

BPR_DATA42: HiE# 1745 42

B

| bpr_data_write(BPR_DATA1, Ox5A5A);

B3 bpr_rtc_output_select

R T BREL bpr_rtc_output_select

& 67. H# bpr_rtc_output_select

WA ik

A€ bpr_rtc_output_select

PR Y void bpr_rtc_output_select(bpr_rtc_output_type output_source);
ThRestiid Hm L E

BINSH output_source: %4

Z &Y. output_source R F £ %S AR VFEUETE

it 24 7

IR [FH 7

SR okt o

R FH R 2 7
output_source
it A

BPR_RTC_OUTPUT_NONE:
BPR_RTC_OUTPUT_CLOCK_CAL_BEFORE:
BPR_RTC_OUTPUT_ALARM:
BPR_RTC_OUTPUT_SECOND:
BPR_RTC_OUTPUT_CLOCK_CAL_AFTER:
BPR_RTC_OUTPUT _ALARM_TOGGLE:
BPR_RTC_OUTPUT_SECOND_TOGGLE:

Bl

i HH 9% 1]

FHAETT I 64 70 Sy
Jik et i 1

Pk e S 1 RD S
FHE 5 I 64 79 By
I B ) B

B AL S

‘ bpr_rtc_output_select(BPR_RTC_OUTPUT_ALARM);

B3 bpr_rtc_clock_calibration_value_set

T EHIR T B % bpr_rtc_clock_calibration_value_set

% 68. ¥ bpr_rtc_clock_calibration_value_set

A iR

ZERAEA bpr_rtc_clock_calibration_value_set
R T void bpr_rtc_clock_calibration_value_set(uint8_t calibration_value);
ThRedtik A e v v B
HWNSH value: ®KHEME, YEH 0~0x7F
i 24 7
IR [EME 7
So okt 7
B R FH ok 4 7

- - FEWIBHR - - hRAs 2.0.6




[

AT32F413[E 4 FEBSP&Pack M FHIE S

Bl

l bpr_rtc_clock_calibration_value_set(0x7F);

5.3.10 EK%¥ bpr_tamper_pin_enable
R AR T B % bpr_tamper_pin_enable

% 69. E ¥ bpr_tamper_pin_enable

A ik
A EA bpr_tamper_pin_enable
PR Y void bpr_tamper_pin_enable(confirm_state new_state);
ThRedtiid MNAZATAE e

BINSH

new_state: SRR
ESHOT LRI A2 —: TRUE. FALSE

frth 25

T

R EHME

etk 2FA

ek F e 2

of | off | ot

Bl

‘ bpr_tamper_pin_enable(TRUE);

5.3.11 X ¥ bpr_tamper_pin_active level_set
AR T sk % bpr_tamper_pin_active_level_set
& 70. R# bpr_tamper_pin_active_level_set
A Ei:13%)
R4 bpr_tamper_pin_active_level_set
R Y void bpr_tamper_pin_active_level_set(bpr_tamper_pin_active_level_type
active_level);
ThRe sk BB NRRINA
LN 2| active_level: NRANA &% F
ZEEA . active_level £ [T £ 1% S50 fu v EUE Y5
i 25 7
IR [EI AR 7
Sk AT 7
B FH R 2 7
active_level
NAR AN A 25
BPR_TAMPER_PIN_ACTIVE_HIGH: & i Ffih & N 12K
BPR_TAMPER_PIN_ACTIVE_LOW: 1 Hi P il & A =Kl
N
‘ bpr_tamper_pin_active_level_set(BPR_TAMPER_PIN_ACTIVE_HIGH);
54  EHISRF/EMER (CAN)
CAN Zifr #2514 can_type, & X T 31 “at32f413_can.h il -
2025.04.25 T % 94 - T J&4s 2.0.6
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/**

* @brief type define can register all

¥/
typedef struct
{

} can_type;

TR T CAN ZRA748 A N

# 71.CAN HFERER

T iR
mctrl CAN 5] 2547 2%
msts CAN FIREF 748
tsts CAN RIFEIRA 27 1725
rf0 CAN i FIFO 0 %17 %%
fr1 CAN UL FIFO 1 % 174%
inten CAN H Wi fii 58 27 77 4%
ests CAN H iR T 748
btmg CAN fi i J7 37 fE 7%
tmi0 RILMBFE O ARIRFF & A7 4%
tmcO JIKMIHE O HHa A B BN B8k 2 A7 75
tmdtlo JILEMIFE O AR5 5 2 A7 25
tmdth0 JIEMBAE O fen 7= T8 A7 A7 8
tmi1 ROIKHBFE 1 AR RS EAE 2%
tmc1 JIEMBAE 1 B B AN [R]85 A7 9%
tmdtl1 RIALMBAR 1 AR5 B o A28
tmdth1 JIEMBAE 1 v 7B A AR
tmi2 RIALMBAE 2 AR R A A7 35
tmc2 HRIEMBAE 2 KK o A (7] 25 A7 9
tmdti2 RALMBAE 2 AR5 B ¥ A7 2%
tmdth2 RIALMBAE 2 va 5 B A A A
rfi0 W FIFOO HBFEAR IR 47 17 3%
rfcO FEWL FIFOO HISF8 HiCHE K B2 A 8] K 27 17 2%
rfdtio F2UC FIFOO B AH R =15 Hda 2 47 2%
rfdthO F2UC FIFOO A v =15 Hds 2 A7 2%
rfi1 W FIFO1 MBAR bR IRAT A7 4%
rfc1 FEWC FIFOT IS A At 1 BRI I 8] B85 17 2%
rfdtl1 FEW FIFOT HIAR IR 19 808 B A7 4%
rfdth1 FEWC FIFOT B4 & 7= 19 88 B A7 4%
fotrl CAN I JiE 2525 ] 77 A7 2%
fmcfg CAN i JE# I L B 75 77 4%
fscfg CAN I JiE 250 T i B 77 A7 2
frf CAN it JE4% FIFO KX 17 2%
facfg CAN I JE 25 IS 125 1) 27 A7 2

® 95 M
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5.4.1

2025.04.25

AR i)
fbOf1 CAN JTJE234H O 13t JEAr 5 f7 4 1
fbof2 CAN i JEZ82H 0 13 s b 2 F7 4% 2
fb1f1 CAN i JEZ4H 1 193 JEAL 75 F7 45 1
fb1f2 CAN JEZ82H 1 13 e b o f7 % 2
fb13f1 CAN i JER%2H 13 it Jefr 271788 1
fb13f2 CAN i JE224H 13 fyid P fr 27 1748 2

THREH T CAN FERE R,

% 72. CAN EERH AR

B¥ A

i7p%)

can_reset

K CAN Jr i 5 A7 an(H W B A AH

can_baudrate_default_para_init

7 CAN JRF R IR 25 H A IR AIE

can_baudrate_set

W H CAN 5%

can_default_para_init

47 CAN Wb Ak 85 i AR IR A (8

can_base_init

# can_base_struct F1IRE S HHIA 1L 2] CAN AR f74%

can_filter_default_para_init

% CAN RLyEZ IR e a5 F PRI IE

can_filter_init

4 can_filter_init_struct H§8 & S EHI 461 F] CAN BIF L 748

can_debug_transmission_prohibit

IR 25 1A AR U R SC

can_ttc_mode_enable HF 1] gk e 1 20 A g
can_message_transmit R IE— MR S
can_transmit_status_get IR IEIRAS
can_transmit_cancel U9 ik
can_message_receive S — i S
can_receive_fifo_release Bz FIFO

can_receive_message_pending_get

R FIFO P AF BRI 4 SCE H

can_operating_mode_set

CAN T/E# % E

can_doze_mode_enter HEHEAR AR
can_doze_mode_exit 1B M R HRAR 5
can_error_type_record_get BLH CAN 4R TY
can_receive_error_counter_get BEEL CAN #RUstdi R+ 5

can_transmit_error_counter_get

B CAN Ik H R iHEL

can_interrupt_enable

fERELE 2 AJ CAN ik

can_flag_get

B E A CAN Rk

can_interrupt _flag_get

P EG 2 B CAN bR &

can_flag_clear

TERRIEE I CAN Hr&

¥ can_reset
NRAFA T KL can_reset

R 73. B3 can_reset

T H

Hik

4 can_reset

= | R
&
b
fe

void can_reset(can_type* can_x);

% 96
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HiA iR
Thae ik ¥ can FAFAHEE AL BIERINE
MANZEA can_x: FTIEFM CAN M
ZHOT LLER A Hh 2 —: CAN1, CAN2.
i 25 7
R [EME 7
SRSkt 7
5 18 FH R B crm_periph_reset();
il

‘ can_reset(CAN1);

5.4.2 ¥ can_baudrate default_para_init

NEAIA T ¥ can_baudrate_default_para_init

& 74. BH can_baudrate_default_para_init

H #iR
R can_baudrate_default_para_init
PR T void can_baudrate_default_para_init(can_baudrate_type* can_baudrate_struct);
Thread 25 CAN PR R A IR 25 K AR A
LN 2| can_baudrate_struct: #&[A] can_baudrate_type X f{IHE4El
a2 8 x
A IR 7
Sk FEEE L — can_baudrate_type A4 &
B H R 2 7
Nl

can_baudrate_type can_baudrate_struct;
can_baudrate_default_para_init(&can_baudrate_struct);

5.4.3 K¥ can_baudrate_set
R T PAEL can_baudrate_set

£ 75. F# can_baudrate_set

W H i3
ZERAEA can_baudrate_set
R Y error_status can_baudrate_set(can_type* can_x, can_baudrate_type* can_baudrate_struct);
ek BHE CAN Jhhx

MASHA

can_x: FTi&#H) CAN 4hix
BT LUERH H 2 —: CAN1, CAN2.

MNSH 2 can_baudrate_struct: &[] can_baudrate_type ZEB ({154t
25 .

IR [E{E status_index: U4 VE ST RTY

Se kg AF i 255 L — can_baudrate_type 8 {47 &

2025.04.25
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BiH Eiipy
W F R 2 x

can_baudrate_type 7E at32f413_can.h #13E X :
typedef struct
{

uint16_t baudrate_div;

can_rsaw_type rsaw_size;

can_bts1 type bts1_size;

can_bts2 type bts2_size;
} can_baudrate_type;
baudrate_div
CAN I 47y S5 5 £
HUEEH]: 0x001~0x400
rsaw_size
HWT AL AP BRER T8 AL, RIAEA bit W LUE A/ 4 4 (it 1] _E PR
CAN_RSAW_1TQ: =H[FBkER YR EIR A 1 /N (A A7
CAN_RSAW_2TQ: =H [FBkER YR EIR A 2 /N [A] F A7
CAN_RSAW_3TQ: =H [FEkER YR EIR A 3 /N (A FAr
CAN_RSAW_4TQ: =H [FZEkER YR EIR A 4 /NI (A A7
bts1_size
segment1 Bt
bts1_size ffiik
CAN_BTS1_1TQ: A7 a1 B 1 B 1 /N [A] FAr
CAN_BTS1_16TQ: Azif[aEEL 1 KN 16 AN [A] FLAL
bts2_size
segment2 B
CAN_BTS2_1TQ: frif[alB 2 I 1 /N [A] F A7
CAN_BTS2_8TQ: frif (Al 2 I 8 /N [A] HAr
Bl

/* can baudrate, set baudrate = pclk/(baudrate_div *(1 + bts1_size + bts2_size)) */
can_baudrate_struct.baudrate _div = 10;

can_baudrate_struct.rsaw_size = CAN_RSAW_3TQ;
can_baudrate_struct.bts1_size = CAN_BTS1_8TQ;
can_baudrate_struct.bts2_size = CAN_BTS2_3TQ;

can_baudrate_set(CAN1, &can_baudrate_struct);

5.4.4 X¥ can_default_para_init
TERAE T K% can_default_para_init

% 76. ¥ can_default_para_init
HiA i)

PR EA can_default_para_init

2025.04.25 # 98| &2 2.0.6
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HiA iR
PR void can_default_para_init(can_base_type* can_base_struct);
Tifeftig % CAN WG A5 IR A
BMANSH can_base_struct: &I can_base_type 257 Hf4t
i 24 ¥
12 [EME ¥
VS Yo F RS LA can_base_type 5% ({2 &
B H R 4 ¥
~Hl
can_base_type can_base_struct;
can_default_para_init (&can_base_struct);

5.4.5 MK¥ can_base _init
NERIIA T B can_base_init

2025.04.25

F 77. E# can_base_init

H #iR
R can_base_init
PR T error_status can_base_init(can_type* can_x, can_base_type* can_base_struct);
DIREH R ¥ can_base_struct 115 2 IS H 5L 2] CAN IR Z 788
PNe | can_base_struct: 5[4 can_base_type KM 54
a2 8 x
A EIRN 7
SRkt B a5 L — can_base_type KA )75 &
Bl H R 2 7

can_base_type fE at32f413_can.h /15& X:

typedef struct

{
can_mode_type
confirm_state
confirm_state
confirm_state
confirm_state

can_msg_discarding_rule_type
can_msg_sending_rule_type

} can_base_type;
mode_selection

A A %

CAN_MODE_COMMUNICATE:
CAN_MODE_LOOPBACK:
CAN_MODE_LISTENONLY:
CAN_MODE_LISTENONLY LOOPBACK:

ttc_enable

mode_selection;
ttc_enable;
aebo_enabile;
aed_enable;
prsf_enable;
mdrsel_selection;
mmssr_selection;

IBER
BZNEIE S
A=
A [a]+ H T A
% 99 i - = kA 206
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TR 155 AR ] i 5 388 435 A5 5
FALSE: 2[R [R]85 A5 5
TRUE: JFaRANEGEEN (B Aoy, B A g7 /£ CAN_RFCx A1 CAN_TMCx

.

5.4.6

2025.04.25

aebo_enable

H 318 t B 2R SR A g

FALSE: <M H 3B H B 4siat;

TRUE: JF)3 H3hiR H B2,

aed_enable

338 H AR AR = A R

FALSE: <M H 3R H BERR B

TRUE: JFJ3 H3hB th EEHR B .

prsf_enable

RAE RN A% 1 b B AR A g

FALSE: JKi%&RIGHT H Zh HE A%

TRUE:  AIEKRME 25 EE A,

mdrsel_selection

FRSCIR H B R S0 25 R0 3 4%

CAN_DISCARDING_FIRST RECEIVED:  EFF bE—Mmilit I (4R 3
CAN_DISCARDING_LAST_RECEIVED: ER BRI S
mmssr_selection

AR SO IE Y B 3

CAN_SENDING_BY_ID: PRI /N B el R 3% 5
CAN_SENDING_BY_REQUEST: iR Hs sl ki%.
il

[* can base init */

can_base_struct.mode_selection = CAN_MODE_COMMUNICATE;
can_base_struct.ttc_enable = FALSE;

can_base_struct.aebo_enable = TRUE;

can_base_struct.aed_enable = TRUE;

can_base_struct.prsf_enable = FALSE;

can_base_struct.mdrsel_selection = CAN_DISCARDING_FIRST_RECEIVED;
can_base_struct. nmssr_selection = CAN_SENDING_BY_ID;

can_base_init(CAN1, &can_base_struct);

¥ can_filter_default_para_init
R T BRHL can_filter_default_para_init

% 78. E¥ can_filter_default_para_init

A iR
R can_filter_default_para_init
R T void can_filter_default_para_init(can_filter_init_type* can_filter_init_struct);
Difeflid %5 CAN 1L JEZR W IR 1 85 M PRI E
LN | can_filter_init_struct: 1§17 can_filter_init_type 2514t
i 24 7
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2025.04.25 101 R’

HiA iR
IR [EME 7
i ad F RS2 LA can_filter_init_type ZRA {35
e F R 7

Bl

can_filter_init_type can_filter_init_struct;

can_filter_default_para_init(&can_filter_init_struct);

5.4.7 BR¥ can_filter_init

TRHIA T R can_filter_init

R 79. B can_filter_init

H #iR
PRI 44 can_filter_init
PR T void can_filter_init(can_type* can_x, can_filter_init_type* can_filter_init_struct);
DIREH R ¥ can_base_struct 115 2 IS HVI1HL 2] CAN IR Z 78
MIANZE can_x: FTiEFM CAN Mt

ZHOT LI A Hh 2 —: CAN1, CAN2.

MINSH 2 can_filter_init_struct: &1\ can_filter_init_type KT ITa4l
25 W
R [EME I
Je 2k A FH5E Y —A> can_filter_init_type 257 {45
B H R 2 7

can_filter_init_type 7F at32f413_can.h /15 X :

typedef struct

{
confirm_state filter_activate_enable;
can_filter_mode_type filter_mode;
can_filter_fifo_type filter_fifo;
uint8_t filter_number;
can_filter_bit width_type filter_bit;
uint16_t filter_id_high;
uint16_t filter_id_low;
uint16_t filter_mask_high;
uint16_t filter_mask_low;

} can_filter_init_type;

filter_activate_enable

TFR R RS2

FALSE: KM yE#s4l

TRUE: fiigeidiEssd

filter_mode

1o i AR 4 ORI FIFO 16 4%
CAN_FILTER_MODE_ID_MASK: ##/di

hRAs 2.0.6
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CAN_FILTER_MODE_ID LIST: %%z

filter_fifo

I JE AR ORI FIFO k4%

CAN_FILTER_FIFO0:  <Ex FIFOO

CAN_FILTER_FIFO1: <k FIFO1

filter_number

U Er TRk oS

HEYER: 0~13

filter_bit

TR A T R e

CAN_FILTER_16BIT:  ifyE#s v ¥ 16bit

CAN_FILTER_32BIT:  ifyEss v 32bit

filter_id_high

filter_id_high F T % e i SESSAR AT 1 5 16 17 (32bit f7.58, FRillie/5) R sl e i iE A bn IR T 2
(16bit 758, FIFRBED B e JEAS B bR IR 1 (16bit A7 %8, BERRE D

BUEYER]: 0x0000~OxFFFF

filter_id_low

filter_id_low T ¥ & it SE 2 bR iR AT 1 1% 16 7 (32bit £758, FEMy/FIRERD sk @it s bril s 1

(16bit f75, /5B,

BUEYER: 0x0000~0xFFFF

filter_mask_high

filter_mask_high F T ¥ € i J #5 BF dbr iR AT 1 1 16 7 (32bit Az %, FERR BE i I8 2% 57 i
FRRFF 2 (16bit 755, BRROEZL Bt I JE2RAR IR 2 & 16 i (32bit f758, FIREAD sike

T JEREFRINAT 4 (16bit f755, FIFEFERD.

BUEYERl: 0x0000~0xFFFF

filter_mask_low

filter_mask_low H T & it JE 2 R ohn IRFF 1% 16 57 (32bit (258, Bz sl e il pE2s bRl fiF
2 (16bit iz %, Bl s E i JEAR PR IRAT 2 1K 16 i (32bit Az 5E, FIFREA) Bk e i br
PR 3 (16bit 755, FIFRBED.

BUEYERl: 0x0000~0xFFFF

il

/* can filter init */

can_filter_init_struct.filter_activate_enable = TRUE;
can_filter_init_struct.filter_mode = CAN_FILTER_MODE_ID_MASK;
can_filter_init_struct.filter_fifo = CAN_FILTER_FIFQOO;
can_filter_init_struct.filter_number = 0;

can_filter_init_struct.filter_bit = CAN_FILTER_32BIT;
can_filter_init_struct.filter_id_high = 0;
can_filter_init_struct.filter_id_low = 0;
can_filter_init_struct.filter_mask_high = 0;
can_filter_init_struct.filter_mask_low = 0;

can_filter_init(CAN1, &can_filter_init_struct);

5.4.8 ¥ can_debug_transmission_prohibit

N#EAHIA T E % can_debug_transmission_prohibit
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BiH ity

A€ can_debug_transmission_prohibit

PR T void can_debug_transmission_prohibit(can_type* can_x, confirm_state new_state);

Thegfik BV 2R LA R ISOR RS

MANZEA can_x: FTIEFM CAN M
GZHOTLLER A Hh 2 —: CAN1, CAN2.

WMASH 2 new_state: {#ifigsk %4
ZZHOTLLER A Hrpz — « FALSE, TRUE

th =% 7

b4 EIf ) 7

Sk ok AF 7

Bl H B 4 7

Nl

5.4.9

3 80. ¥ can_debug_transmission_prohibit

/* prohibit can trans when debug*/
can_debug_transmission_prohibit(CAN1, TRUE);

¥ can_ttc_mode_enable

N AR T K% can_ttc_mode_enable

% 81. ¥ can_ttc_mode_enable

| R
ERAE can_ttc_mode_enable
R Y void can_ttc_mode_enable(can_type* can_x, confirm_state new_state);
Digeflid P 1] ik A 1A
MINZE can_x: FTiEFER) CAN #hi%
S HA DL E Hh 2 —: CAN1, CAN2.
WMASHL 2 new_state: {EEECIA
EZSHOTLLIEECE Hh 2 — « FALSE, TRUE
it 24 7
IR [EME T
SR kAT T
R FH e 4 p
N

/* can time trigger operation communication mode enable*/
can_ttc_mode_enable (CAN1, TRUE);

JERE: K#can_base_init/1tte_enable —Zi G5 i, (X IFEITIHIEET)GE (FEEEW0 RIZIR AT, 2RI ]
B FCAN_RFCXFAICAN_TMCX #7775 47) o it ican_ttc_mode_enable 4 1(E75 7, 277 /7 11 6] #¢
ZhGE, HIFE R E TGS (TERIEIR NS, RS [T ECEA S5 EEH 25T FB 7 K% o

5.4.10

2025.04.25

¥ can_message_transmit

FEIA T K # can_message_transmit

% 103 |
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3+ 82. ¥ can_message_transmit

BiH ity
k€2 can_message_transmit
PR T uint8_t can_message_transmit(can_type* can_x, can_tx_message_type*
tx_message_struct);
Thegfig HIE— Wik L
LPNE = can_x: FTIEFM CAN M
GZHOTLLER A iz —: CAN1, CAN2.
WMNSH 2 tx_message_struct: £ KIEMIIL, ZF can_tx_message_type
th =% 7
SRR transmit_mailbox: & i%iX ik SCik FH R4S =
Je %At 7F tx_message_struct A5 & 1% 1R ST
B R p
can_tx_message_type 7t at32f413_can.h 13 X :
typedef struct
{
uint32_t standard_id;
uint32_t extended_id;
can_identifier_type id_type;
can_trans_frame_type frame_type;
uint8_t dic;
uint8_t data[8];

} can_tx_message_type;

standard_id

PREFRIRET (11bit H X0
HUE VG E: 0x000~0x7FF

extended_id

PREARIRAT (29bit %0
HUEEH: 0x000~0x1FFFFFFF

id_type

PRIRRF A

CAN_ID_STANDARD:  #xAERiRe
CAN_ID_EXTENDED: # J@hriR%T
frame_type

e it

CAN_TFT_DATA: it
CAN_TFT_REMOTE: izf£i

dic

HHEKE (A7 byte)
BUEYEE: 0~8
data[8]

HUfE 7l OX00~0xFF
Bl

/* can transmit data */
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static void can_transmit_data(void)

{
uint8_t transmit_mailbox;
can_tx_message_type tx_message_struct;
tx_message_struct.standard_id = 0x400;
tx_message_struct.extended_id = 0;
tx_message_struct.id_type = CAN_ID_STANDARD;
tx_message_struct.frame_type = CAN_TFT_DATA;
tx_message_struct.dic = 8;
tx_message_struct.data[0] = Ox11;
tx_message_struct.data[1] = Ox22;
tx_message_struct.data[2] = 0x33;
tx_message_struct.data[3] = 0x44;

= 0x55;

= 0x66;

tx_message_struct.data[6] = 0x77;

]
tx_message_struct.data[4]
tx_message_struct.data[5]
]
tx_message_struct.data[7] = 0x88;
transmit_mailbox = can_message_transmit(CAN1, &tx_message_struct);
while(can_transmit_status_get(CAN1, (can_tx_mailbox_num_type)transmit_mailbox) !=
CAN_TX_STATUS_SUCCESSFUL);

}

5.4.11 K# can_transmit_status_get
NERIA T L can_transmit_status_get

% 83. ¥ can_transmit_status_get

| R
R can_transmit_status_get
PR3 can_transmit_status_type can_transmit_status_get(can_type* can_x,
can_tx_mailbox_num_type transmit_mailbox);
Digeflid KIBURIZARAS
WMASHA can_x: JTik#Ei CAN 4h&
GZHOTLLER A 2 —: CAN1, CAN2.
NS 2 transmit_mailbox: & I%IX Wik SCik H R4 5
i =4 o
IR [EE state_index: KiXIR#F
SR kAT P JRIE— AR S IR IR LA =
R FH eR 4 p
N

/* can transmit data */

static void can_transmit_data(void)

{

uint8_t transmit_mailbox;

can_tx_message_type tx_message_struct;

2025.04.25 & 1051
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tx_message_struct.standard_id = 0x400;

tx_message_struct.extended_id = 0;

tx_message_struct.id_type = CAN_ID_STANDARD;

tx_message_struct.frame_type = CAN_TFT_DATA;

tx_message_struct.dic = 8;

tx_message_struct.data[0] = Ox11;

tx_message_struct.data[1] = 0x22;

tx_message_struct.data[2] = 0x33;

tx_message_struct.data[3] = Ox44;

tx_message_struct.data[4] = Ox55;

tx_message_struct.data[5] = Ox66;

tx_message_struct.data[6] = 0x77;

tx_message_struct.data[7] = 0x88;

transmit_mailbox = can_message_transmit(CAN1, &tx_message_struct);

while(can_transmit_status_get(CAN1, (can_tx_mailbox_num_type)transmit_mailbox) !=
CAN_TX_STATUS_SUCCESSFUL);

}

5.4.12 ¥ can_transmit_cancel
NERIA T %L can_transmit_cancel

% 84. ¥ can_transmit_cancel

| R
R can_transmit_cancel
R Y void can_transmit_cancel(can_type* can_x, can_tx_mailbox_num_type transmit_mailbox);
Digefliid WO R %
WMAZHA can_x: T+ CAN 4hix
ZSHAT UL E Hoh iz —: CAN1, CAN2.
BWINSHL 2 transmit_mailbox: & I%IX Wi SCiE H A 5
i 24 7
IR [E{H T
SR kAT P JRIR — AR S IR IR LA =
R FH eR 4 p
N

/* cancel a transmit request */
uint8_t transmit_mailbox;

transmit_mailbox = can_message_transmit(CAN1, &tx_message_struct);

can_transmit_cancel(CAN1, (can_tx_mailbox_num_type)transmit_mailbox);

5.4.13 ¥ can_message_receive
NERAIR T K% can_message_receive

2025.04.25 & 106 |
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% 85. ¥ can_message_receive

BiH ity
k€2 can_message_receive
PR T void can_message_receive(can_type* can_x, can_rx_fifo_num_type fifo_number,
can_rx_message_type* rx_message_struct);
Thegfig PR iR ST
LPNE = can_x: FTIEFM CAN M
GZHOTLLER A iz —: CAN1, CAN2.
WMASH 2 fifo_number: {3 ff¥#1 FIFO
EBHOTLLEEE Hh 2 — © CAN_RX_FIFO0, CAN_RX_FIFO1
i e rx_message_struct: EWEIINRL, 2% can_rx_message_type
IR A p
S okt Fz05 FIFO k7% (FIFO #RCEH AN 0O
5 18 FH R £ void can_receive_fifo_release(can_type* can_x, can_rx_fifo_num_type fifo_number);
can_rx_message_type 7E at32f413_can.h H15E X:
typedef struct
{
uint32_t standard_id;
uint32_t extended_id;
can_identifier_type id_type;
can_trans_frame_type frame_type;
uint8_t dic;
uint8_t data[8];
uint8_t filter_index;

} can_rx_message_type;

standard_id

FREFRIRST (11bit H X0
HUE VG E: 0x000~0x7FF

extended_id

PREARIRAT (29bit %0
HUEEH: 0x000~0x1FFFFFFF

id_type

PRIRAFRAY

CAN_ID_STANDARD:  FRéEARIRFF
CAN_ID_EXTENDED: # J@hriR%T
frame_type

e it

CAN_TFT_DATA: it
CAN_TFT _REMOTE: izf£i

dic

HHEKE (A7 byte)
BUEYEE: 0~8
data[8]

o KI5 B EH
HUEE R . 0x00~OxFF
filter_index

F 107 k7 2.0.6




U= AT32FA13[E F FEBSP&Pack B H 18

W PERRILEL T 5 (PR Dl i e 2R = 51 55
HUEYEH: 0x00~0xFF

~Hl

/* can receive message */

can_rx_message_type rx_message_struct;

can_message_receive(CAN1, CAN_RX_FIFOO, &rx_message_struct);

5.4.14 ¥ can_receive_fifo_release
N RAER T PREL can_receive_fifo_release

3 86. H# can_receive_fifo_release

| R
A€ can_receive_fifo_release
PR A A void can_receive_fifo_release(can_type* can_x, can_rx_fifo_num_type fifo_number);
ThRedtiid PRI FIFO
WMANSH can_x: FTIEF CAN 4
ZZHTLLER A 2 —: CAN1, CAN2.
WANSH 2 fifo_number: i K FIFO
ZSHT LR H H 2 — ¢ CAN_RX_FIFO0, CAN_RX_FIFO1
it 24 7
IR [EME 7
SR kAT CZEL FIFO H iR e
R FH R 2 7
A~

/* can receive message */
void can_message_receive(can_type* can_x, can_rx_fifo_num_type fifo_number, can_rx_message_type*
rx_message_struct)
{
/* get the id type */

rx_message_struct->id_type = (can_identifier_type)can_x->fifo_mailbox[fifo_number].rfi_bit.rfidi;

/* get the data field */

rx_message_struct->data[0] = can_x->fifo_mailbox[fifo_number].rfdtl_bit.rfdtO;

rx_message_struct->data[7] = can_x->fifo_mailbox[fifo_number].rfdth_bit.rfdt7;

PRI FIFO BT AZR4G1EEL FIFO*/
/* release the fifo */

can_receive_fifo_release(can_x, fifo_number);

2025.04.25 # 108 &2 2.0.6
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5.4.15

BR% can_receive_message_pending_get

TR T BR% can_receive_message_pending_get

5.4.16

2025.04.25

& 87. H# can_receive_message_pending_get

ZSHATLUEE E iz — © CAN_RX_FIFO0, CAN_RX_FIFO1

BiH ity

A EA can_receive_message_pending_get

PR A uint8_t can_receive_message_pending_get(can_type* can_x, can_rx_fifo_num_type
fifo_number);

Thegfik BRI FIFO A 4R SCH H

MWASHA can_x: TR CAN 4k
ZSHOTLLER A Hrbz —: CAN1, CAN2.

BMINSHL 2 fifo_number: ffff 142 FIFO

it 25 g

YL EN message_pending: FIFO F{#iz Bk S H
SR kA ¥
5 18 FH R £ ¥

A~

/* return the number of pending messages of */

can_receive_message_pending_get (CAN1, CAN_RX_FIFOO0);

B ¥ can_operating_mode_set
NI T % can_operating_mode_set

%% 88. B# can_operating_mode_set

T H Eicpu

ERAE can_operating_mode_set

PR 3 error_status can_operating_mode_set(can_type* can_x, can_operating_mode_type
can_operating_mode);

Difedtiik CAN LAEEARE

MINZE can_x: FTiEFE) CAN #hik
ZSHA DL E Hh 2 —: CAN1, CAN2.

MINSH 2 can_operating_mode: CAN T{ERizti

i 24 p

i [ status: W E TR

So okt 7

W e 2 7

can_operating_mode

CAN_OPERATINGMODE_FREEZE: RS --F T CAN 5 h1| 2 91444k,
CAN_OPERATINGMODE_DOZE: MEAR A 0--CAN I & fE 1k, 548 HAE

CAN_OPERATINGMODE_COMMUNICATE: i@ {55 :--FH T L% {3
Bl

% 109 |/

hRAs 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

PR IEF A5

/* set the operation mode —enter freeze mode*/
can_operating_mode_set (CAN1, CAN_OPERATINGMODE_FREEZE);

34T CAN £ 2 9Iah 4/

/* set the operation mode —enter communicate mode*/

can_operating_mode_set (CAN1, CAN_OPERATINGMODE_COMMUNICATE);

o WU RARSCH

5.4.17 BKi¥ can_doze _mode_enter

NERHIA T B can_doze_mode_enter

5.4.18

2025.04.25

% 89. H# can_doze_mode_enter

| R
R can_doze_mode_enter
PRI can_enter_doze_status_type can_doze_mode_enter(can_type* can_x);
ThRestiik N HEARAE X
MANZHA can_x: Frik#EMf) CAN 4hk

LS UL H Hoh iz —: CAN1, CAN2.

it 24 7
IR B can_enter_doze_status: i NMENRIE L T LT
SR okt 7
R FH R 2 7

can_enter_doze_status

E N B HRAR 52 15 il

CAN_ENTER_DOZE_FAILED:

HEABEIRAE R

CAN_ENTER_DOZE_SUCCESSFUL: A BEAR 2k 2

Bl

/* can enter the low power mode */
can_enter_doze_status_type can_enter_doze_status;

can_enter_doze_status = can_doze_mode_enter(CAN1);

¥ can_doze_mode_exit

T AR T K% can_doze_mode_exit

* 90. ¥ can_doze_mode_exit

i H iR
PR EA can_doze_mode_exit
R Y can_quit_doze_status_type can_doze_mode_exit(can_type* can_x);
TyRe ik B HH HEHRAS =X
WASHA can_x: TR CAN 4k
- - % 10R - I Wik 2.0.6
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W H i3
S LLERCE 2 —: CAN1, CAN2.
i 25 7
IR [E A can_quit_doze_status: B HMEARAE 20 75 T
SRSkt 7
e F R 7
can_quit_doze_status
18 L B AR AR X 15 B )
CAN_QUIT_DOZE_FAILED: AR HH ARG =X 2R T
CAN_QUIT_DOZE_SUCCESSFUL.: 1R HH AR AR T

Bl

5.4.19

/* can exit the low power mode */

can_quit_doze_status_type can_quit_doze_status;

can_quit_doze_status = can_doze_mode_exit (CAN1);

¥ can_error_type record_get

TEAE T K% can_error_type_record_get

& 91. ¥ can_error_type_record_get

2025.04.25

T H ik
BRE 4 can_error_type_record_get
RAE Y can_error_record_type can_error_type_record_get(can_type* can_x);
BILi 1 (B AL CAN HizRAY
MINZE can_x: FTiEFEf) CAN #hi%

ZSHAT LOER A Kz —: CAN1, CAN2.

=% 7
YL EN can_error_record: iR
ek oF At x
W F R 2 x

can_error_record

BIRRA

CAN_ERRORRECORD_NOERR: B R
CAN_ERRORRECORD_STUFFERR: LA 7 1R
CAN_ERRORRECORD_FORMERR: w2 R
CAN_ERRORRECORD_ACKERR: VL 1R

CAN_ERRORRECORD_BITRECESSIVEERR:
CAN_ERRORRECORD_BITDOMINANTERR:
CAN_ERRORRECORD_CRCERR:
CAN_ERRORRECORD_SOFTWARESETERR:
Bl

SRR VA3 RPN
ATARR AT RPN
CRC Rafi iz
BAF R AR

[* get the error type record (etr) */

can_error_record_type can_error_record;

can_error_record = can_error_type_record_get (CAN1);

AT
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5.4.20 ¥ can_receive_error_counter_get

TR T BR% can_receive_error_counter_get

& 92. H# can_receive_error_counter_get

B H i)
k€2 can_receive_error_counter_get
PR 2 A uint8_t can_receive_error_counter_get(can_type* can_x);
Thegfik B CAN F2 Wt iR T4

MWASHA

can_x: JTik#f) CAN #hixt
S HA LLERE 2 —: CAN1, CAN2.

28 7
Y EILEN receive_error_counter: USR5
ZHa . 0x00~0xFF
SR okt 7
B FH o 4 7
i

/* get the receive error counter (rec) */
uint8_t receive_error_counter;

receive_error_counter = can_receive_error_counter_get (CAN1);

5.4.21 EK¥ can_transmit_error_counter_get

R T BA%L can_transmit_error_counter_get

% 93. ¥ can_transmit_error_counter_get

T H i
PRI 4 can_transmit_error_counter_get
BRI AR Y uint8_t can_transmit_error_counter_get(can_type* can_x);

BEHL CAN SR FE 1R THEL

gL
> |8
NS

can_x: FTi&#m) CAN bk
ZSHTLUEEH H 2 —: CAN1, CAN2.

i 24 T
IR [ transmit_error_counter: Kix4E R4
AR 0x00~0xFF
SR kAT T
R FH eR 4 p
N

/* get the transmit error counter (tec) */
uint8_t transmit_error_counter;

transmit_error_counter = can_transmit_error_counter_get (CAN1);

#1121
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5.4.22 ¥ can_interrupt_enable
NERAIAR T K%L can_interrupt_enable

& 94. HH can_interrupt_enable

BiH ity
A EA can_interrupt_enable
PR T void can_interrupt_enable(can_type* can_x, uint32_t can_int, confirm_state new_state);
Thegdid fdiREI% € 17 CAN it
MWASHA can_x: TR CAN 4k
ZSHOTLLER A Hrbz —: CAN1, CAN2.
WMANSH 2 can_int: CAN k%
WA 3 new_state: {HFEECI
BSHOTLLEIE Hth 2 — - FALSE, TRUE
ot 28 x
pA I[N TG
Sk ok AF x
W e 2 x
can_int
CAN ik %

CAN_TCIEN_INT:

CAN_RFOMIEN_INT:

CAN_RFOFIEN_INT:

CAN_RFOOIEN_INT:
CAN_RF1MIEN_INT:

CAN_RF1FIEN_INT:

CAN_RF1O0IEN_INT:

CAN_EAIEN_INT:
CAN_EPIEN_INT:
CAN_BOIEN_INT:
CAN_ETRIEN_INT:
CAN_EOIEN_INT:
CAN_QDZIEN_INT:
CAN_EDZIEN_INT:

Bl

I MIHE AL 5E B e i g
Y FIFO 0 i i e
FzUi FIFO 0 i i e

F2US FIFO 0 iy rh b fili e
U FIFO 1 sz i e
FeUi FIFO 1 i i e

PRI FIFO 1 ik rh bl
R B S TP RE
HHRPEh T e

el G P R T
RIS P b g

HY B IR 10 T T g

AR M AR A = ) o £ i

TE N EERRARE = ) o £ i

/* can interrupt config */
nvic_irg_enable(CAN1_SE_IRQn, 0x00, 0x00);/*CAN1 8% IR Z&2E 1k i/
nvic_irg_enable(USBFS_L_CAN1_RX0_IRQn, 0x00, 0x00);/*CAN1 FIFOO 421 ¥/

/* FIFO 0 receive message interrupt enable */
can_interrupt_enable(CAN1, CAN_RFOMIEN_INT, TRUE);

/* error type record interrupt enable */

can_interrupt_enable(CAN1, CAN_ETRIEN_INT, TRUE);

2025.04.25
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5.4.23

2025.04.25

FICBUASE R WTEITSR, TR RS RAASS W U E f §R LLIR/
can_interrupt_enable(CAN1, CAN_EOIEN_INT, TRUE);

¥ can_flag_get
NERAIA T PR can_flag_get
& 95. ¥ can_flag_get

B | iR
A EA can_flag_get
PR A A flag_status can_flag_get(can_type* can_x, uint32_t can_flag);
ThRedtiid IRELFTIE R CAN A7

NS H A can_x: FTiE#E[) CAN Fhix

ZSHAT ORI E i 2 —: CAN1, CAN2.

WASH 2 can_flag: F5EIRBCRSIIbR EEFE
ZSEEANHER W can_flag
28 7
A flag_status: FREMHIRES
ZREME Ry hz —: SET, RESET
Se RSk 7
e FH R 2 7
can_flag
CAN H T ERBURESiR &, KAl g8 ).
CAN_EAF_FLAG: R AR E
CAN_EPF_FLAG: HRMEIIR &
CAN_BOF_FLAG: SR AR
CAN_ETR_FLAG: HRRAE A E BFREAEE 0 A i)
CAN_EOIF_FLAG: HILE R bR &

CAN_TMOTCF_FLAG: M4 0 %% 58 iibn i

CAN_TM1TCF_FLAG:

HEAE 1 A% 5 b &

CAN_TM2TCF_FLAG: M4 2 %K i%5e b

CAN_RFOMN_FLAG:
CAN_RFOFF_FLAG:
CAN_RFOOF_FLAG:
CAN_RF1MN_FLAG:
CAN_RF1FF_FLAG:
CAN_RF10F_FLAG:
CAN_QDZIF_FLAG:
CAN_EDZC_FLAG:

FIFOO dFhs &
FIFOO jifitr &
FIFOO i 5 &
FIFO1 d-5ts ik
FIFO1 jifitr &
FIFO1 i thidr
IR H B R AR 3 2
BEN BREHRAR bR 26

CAN_TMEF_FLAG:  RIZIBFEZARE (SARIBIT A%

Bl

/* get receive fifo 0 message num flag */
flag_status bit_status = RESET;
bit_status = can_flag_get (CAN1, CAN_RFOMN_FLAG);

% 1141
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5.4.24 FK¥ can_interrupt_flag_get
NERAIR T B EL can_interrupt_flag_get

& 96. H# can_interrupt_flag_get

BiH
A EA can_interrupt_flag_get
PR T flag_status can_interrupt_flag_get(can_type* can_x, uint32_t can_flag);
Difeftig SRELFT i #E CAN HRiThR &
MWASHA can_x: TR CAN 4k
ZSHOT LR H Hrh 2 —: CAN1,
HMANSH 2 can_flag: & ZARIURA br Lk
ZSEEANHER W can_flag
a2 8 x
YL ED flag_status: #rEAL PR
ZIREE AT b2 —: SET, RESET
Sk ok AF x
Bl H B 4 TG
can_flag
CAN M T/ ZIRBURSHIbR &, Kol SH P 5T .
CAN_EAF_FLAG: HirFEhrE
CAN_EPF_FLAG: RN &
CAN_BOF_FLAG: SR AR
CAN_ETR_FLAG: HRRAE A E BFREAEE 0 A i)
CAN_EOIF_FLAG: I R b &

CAN_TMOTCF_FLAG: M4 0 & %58 libr &
CAN_TM1TCF_FLAG: 4 1 & i%5emibrE
CAN_TM2TCF_FLAG: % 2 & %56 libr &
CAN_RFOMN_FLAG:  FIFOO J:4s k5
CAN_RFOFF_FLAG:  FIFOO iz
CAN_RFOOF_FLAG:  FIFOO i Hik7&
CAN_RFIMN_FLAG: FIFO1 Je4skiik
CAN_RF1FF_FLAG:  FIFO1 ik
CAN_RF1OF_FLAG:  FIFO1 @i Hiki
CAN_QDZIF FLAG: BRI AR E
CAN_EDZC FLAG:  #EAMENRELAARE

CAN_TMEF_FLAG:  RIZIBFEZARE (SARIBIT A%

Bl

/* check receive fifo 0 message num interrupt flag */

{
}

if(can_interrupt_flag_get(CAN1, CAN_RFOMN_FLAG) != RESET)

2025.04.25 #1151/
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5.4.25 ¥ can_flag_clear
NERAE T K%L can_flag_clear

& 97. H# can_flag clear

BiH ity
A EA can_flag_clear
PR A void can_flag_clear(can_type* can_x, uint32_t can_flag);
Thegdid THFRIEE R CAN #r &
MWASHA can_x: TR CAN 4k
ZSHOTLLER A Hrbz —: CAN1, CAN2.
MASH 2 can_flag: TR IIAR Lk HE
ZSEEANHER W can_flag
a2 8 x
pAEIf ) TG
Sk ok AF x
Bl H B 4 7
can_flag:
CAN HI FiL#/ 2GR IR &, Hulig 22 5.
CAN_EAF_FLAG: iR bR b
CAN_EPF_FLAG: AR B bR &
CAN_BOF_FLAG: SR PR
CAN_ETR_FLAG: HiRRAEF AR E BREAEE 0 fn &)
CAN_EOIF_FLAG: I R bR &

CAN_TMOTCF_FLAG: Hi48 0 K% s libr &

CAN_TM1TCF_FLAG: HS#8 1 K% s libr &

CAN_TM2TCF_FLAG: M4 2 K% s libr

CAN_RFOFF_FLAG:  FIFOO jiifr&

CAN_RFOOF_FLAG:  FIFOO #i Hibr

CAN_RF1FF_FLAG:  FIFO1 itz

CAN_RF10OF_FLAG: FIFO1 #iibrd

CAN_QDZIF_FLAG: B HMEIRM A&

CAN_EDZC FLAG: N BEAR AR bR 5

CAN_TMEF_FLAG: RIEMFE S hRE (A RIBFHEAT— R

Ji&: CAN_RFOMN_FLAG (FIFOO7£55#5.2) FAICAN_RFIMN_FLAG (FIFO17E55nd) 25 1FH & X

HItRE, B TRTE S BRR E

2N

/* clear receive fifo O overflow flag */
can_flag_clear (CAN1, CAN_RF10F_FLAG);

55 CRCit&E#Et (CRC)

CRC #f7#s4ii cre_type, & LT X4 “at32f413_cre.h i -
/**
* @brief type define crc register all

2025.04.25 # 116 | &2 2.0.6
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5.5.1

2025.04.25

*/
typedef struct
{

} crc_type;

TREH T CRC 788 MY

3 98. CRC F AN RF

FhH iR
dt B A0
cdt B A A
ctrl P A A0
idt WIta ik 25 A7 25
poly A 1% T A A7
TRAEH T CRC &R :
# 99. CRC ERE MK

LA Ei::3%)

crc_data_reset s A7 a AL

crc_one_word_calculate

BN 32-bit Hodl 5 _E— kit 545 Rk AT CRC iH5IFR [l 45 R

crc_block_calculate

KIXEN— D H I PIZ KT CRC TH5IF iR Al 15 45

crc_data_get IR 62417 CRC 845 3
crc_common_data_set B A AR
crc_common_date_get IR [ 38 A A A A

crc_init_data_set

B CRC ¥l ar /7 43

crc_reverse_input_data_set

B H CRC Hi AN bit S Hda R

crc_reverse_output_data_set | i%E CRC #ir i 3 s i 2 i
crc_poly value_set wEBZ S

crc_poly value_get

RECART 2 IS8l

crc_poly_size_set

BE 2 A R0

crc_poly size_get

N EAT R &l

¥ crc_data_reset
T AR T K% crc_data_reset

* 100. X%} crc_data_reset

BH

[P

g

crc_data_reset

==

void crc_data_reset(void);

s
i
EF | W
B | K

B A A7 a2 AL, SR IR AR A7 3% (KL HT B H0 s 27 A7 a1 WA, SRR AL

{6 OXFFFFFFFF

WASHA

¥

M7 H

hRAs 2.0.6



[

AT32F413[E 4 FEBSP&Pack M FHIE S

BH

[P

WASH 2

it 25

iR el

Sk kAT

Wi F pa 4

of [ ofl | off | ort | off

Bl

/* reset crc data register */

crc_data_reset();

5.5.2 ¥ crc_one_word_calculate

5.5.3

2025.04.25

NFEAER T B% crc_one_word_calculate

* 101. E# crc_one_word_calculate

W H #iR
A€ crc_one_word_calculate
PR T uint32_t crc_one_word_calculate(uint32_t data);
Thread N 32-bit B 5 £ — O B A Rk T CRC tH R IR IR A5 R
MANSHA data: A THE K 32-bit £ 4
MAZH 2 I
ot 28 x
pEEILEN uint32_t: &[5 CRC 545 &
Sk ok AF x
B H R 2 7
Nl
[* calculate and return result */
uint32_t data = 0x12345678, result = 0;
result = crc_one_word_calculate (data);

B ¥ crc_block_calculate

TRAER T BB# cre_block_calculate

* 102. K% crc_block_calculate

A iR
ZERAEA crc_block_calculate
PR 3 A uint32_t crc_block_calculate(uint32_t *pbuffer, uint32_t length);
Difiedtiik RIRBN— M PYOZ k4T CRC THE IR BT 545
WMANSHA pbuffer: R4 10 FF1E1T CRC THE EHE
WMANSH 2 length: 5T EEURPKC R, KDL 32-bit 115
i 24 7
iR [EME uint32_t: i [A] CRC it 545 R
So okt p
B R FH ok 4 7
~Hl

#1188 W 4 2.0.6
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/* calculate and return result */

uint32_t pbuffer[2] = {0x12345678, 0x87654321};
uint32_t result = 0;

result = crc_block_calculate (pbuffer, 2);

5.5.4 PMR¥ crc_data_get

AR T KL cre_data_get

% 103. E# crc_data_get

i H

Eitipy

H4

crc_data_get

==
e

uint32_t crc_data_get(void);

55

DIREH AR

477 CRC iHE 453

MAZHA

MASH 2

fnth 25

iR
x
x
x

R EHME

uint32_t: ik [Al CRC i+545

Sk kAT

¥

Wi F e

¥

Bl

/* get result */

uint32_t result = 0;

result = crc_data_get ();

5.5.5 ¥ crc_common_data_set

AR T % crc_common_data_set

& 104. E# crc_common_data_set

TH

D)

crc_common_data_set

void crc_common_data_set(uint8_t cdt_value);

Bk (B

BCE M A E

MANSHA

cdt_value: 8-bit B FHud, AT il iy 77 fit Hodhs 1 H]

MANZH2

¥

it 28

IR [BI{E

Stk okt

e F e 2

off [off | ot | oH

2N

/* set common data */

crc_common_data_set (0x88);

5.5.6 BR¥ crc_common_data_get

NEHIA T %L crc_common_data_get

2025.04.25
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& 105. K% crc_common_data_get

BiH #R
k€2 crc_common_data_get
i gkt uint8_t crc_common_data_get(void);
Thegfik 152 [ 368 ) 25 A7
HNZH I
MANZH 2 7
th =% 7
R [FI{E uint8_t: 3 [Bl 2 i B B (138 S A7 2 E
SR KA x
iR H B 2 7
B
/* get common data */
uint8_t cdt_value = 0;
cdt_value = crc_common_data_get ();

5.5.7 B# crc_init_data_set
N AR T K% cre_init_data_set
% 106. BK# crc_init_data_set
A iR

ERAE cre_init_data_set
R Y void crc_init_data_set(uint32_t value);
Digefliid % & CRC Wl 5 733 {H

LTPNE 2 value: CRC #IIst & 178 E

MINSH 2 7

it 24 7
R [EME 7
SR kAT 7
R FH R 2 7

CRC WIth L HFE e E W e )5, BT cre_data_reset B30 I 22 CRC ¥IHA 1L %7 28 1E

fill#7 2] CRC 4 27 /745 -

N
/* set initial data */
uint32_t init_value = 0x11223344;
crc_init_data_set (init_value);

5.5.8 ¥ crc_reverse_input_data_set

R MR T BB HL cre_reverse_input_data_set

% 107. E¥ crc_reverse_input_data_set

T H Hik
PR €2 crc_reverse_input_data_set
BRI R R Y void crc_reverse_input_data_set(crc_reverse_input_type value);
2025.04.25 #1120 JRA 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

5.5.9

HiA iR
Dt % CRC Hii NI bit S K
MASHA value: I NEHE bit ST
ZSEVEAIIA I value
LN K
fth % K
R X
Serh ok E X
A F o K
value
T e S N B bit [ % B 2R
CRC_REVERSE_INPUT_NO_AFFECTE: Ul ¥uE 44T bit S

CRC_REVERSE_INPUT_BY_BYTE:

32-bit a4 71T bit i

CRC_REVERSE_INPUT_BY_HALFWORD: 32-bit #3221 747 bit s

CRC_REVERSE_INPUT_BY_WORD:

N

32-bit a4 AT bit [

/* set input data reversing type */
crc_reverse_input_data_set(CRC_REVERSE_INPUT_BY_WORD);

¥ crc_reverse_output_data_set

NEAIA T B # crc_reverse_output_data_set

% 108. E# crc_reverse_output_data_set

TiH Eii:py
BeEAE2 crc_reverse_output_data_set
R ER T void crc_reverse_output_data_set(crc_reverse_output_type value);
Dhred B CRC it Hds /e s 28 Y

MASHA

value: ¥R bit LA
ZSH R A W value

MMAZH 2

¥

fnth 25

iR el

Stk okt

e F e 2

off [ off | off | ot

value

e 52 i H B bit S B R A
CRC_REVERSE_OUTPUT_NO_AFFECTE: #iH ¥4 AT bit )4

CRC_REVERSE_OUTPUT_DATA:

Bl

32-bit % HH A 14 7 HEAT bit S

/* set output data reversing type */
crc_reverse_output_data_set (CRC_REVERSE_OUTPUT_DATA);

5.5.10 Ei¥( crc_poly value_set
NFRHIR T BR%L cre_poly value_set

2025.04.25
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% 109. K% crc_poly_value_set

A iR

A€ crc_poly_value_set

PR T void crc_poly_value_set(uint32_t value);
Difeftig W& CRC ZWM\SHH
NS value: ZIix{H
HMANSH 2 p
it 25 p
IR A p

Skt p
B R A p

~pl
/* set poly value */
crc_poly_value_set(0x12345671);

5.5.11 ¥ crc_poly value get

NEMIA T K% cre_poly_value_get

% 110. BB crc_poly_value_get

i H

i7p%)

€2

crc_poly_value_get

#

x| =
e

uint32_t crc_poly_value_get(void);

DiReHiA

R4 ET CRC £ WA

MANSHA x

MANZSH 2 x

it 25 x

iR [ElME uint32_t: 4772 iUE
Sk AF x

Wik F pa 2 x

Bl

/* get poly value */
uint32_t poly = 0;

poly = crc_poly_value_get();

5.5.12 EK# crc_poly_size_set
FEAFER T EH cre_poly_size set

F 111. B ¥ crc_poly_size_set

TiH ik
R4 crc_poly_size_set
PR % A void crc_poly_size_set(crc_poly_size_type size);
TyRe ik W H CRC £ I A R
MNZH size: Z WA E
MAZH 2 I

2025.04.25
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BH

[P

it 24

iR el

Sk kAT

e F pa 2

off | off | ofl | o

size

18 5E 2 WA R 0 FE SR A
CRC_POLY_SIZE_32B:
CRC_POLY_SIZE_16B:
CRC_POLY_SIZE_8B:
CRC_POLY_SIZE_T7B:
Bl

2 WA RUTE L 32-bit
2 WA AT RUTE L 16-bit
% WIAAT AU TE S 8-bit
% WA AT RUTE S 7-bit

/* set poly size 32-bit */

crc_poly_size_set(CRC_POLY_SIZE_32B);

5.5.13 ¥ crc_poly size get
NEAFER T BE cre_poly_size get

5.6
5.6.1

2025.04.25

% 112. B¥ crc_poly_size_get

H #iR
R4 crc_poly_size_get
R AR T crc_poly_size type crc_poly_size_get(void);
DhRek &I CRC £ I A R FE
MNZH T
MANZH 2 I
25 W
YL EN crc_poly size_type: £ I\ %5 FERR
Sk ok AF x
Bl H R 2 7

crc_poly_size_type

2 WA R FE R Y
CRC_POLY_SIZE_32B:
CRC_POLY_SIZE_16B:
CRC_POLY_SIZE_8B:
CRC_POLY_SIZE_7B:
Bl

%2 030 A 5EFE 32-bit
% WA A8 FE 16-bit
Z WA 2 TEE 8-bit
Z WA R TEE 7-bit

/* get poly size */
crc_poly_size_type size;

size = crc_poly_size_get();

e EALEE (CRMD

¥ crm_reset

NERAA T REL crm_reset

#1231
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% 113. B¥ crm_reset

WH i)
A€ crm_reset
i gkt void crm_reset(void);
ThRefR Vo I b ST A PRSI 2 A2 AR AN RS E AL
BNZH 7
NS 2 7
it 25 7
AL 7
Se ik AF 7
e F ok A 7

1. ZEREA NS EFFA CRM_CTRL ) HICKTRIM[5:0]47 .
2. R EE % 7% CRM_BPDC M1%if£#% CRM_CTRLSTS.

N

[* reset crm */

crm_reset();

5.6.2 ¥ crm_lext_bypass

TR T K E crm_lext_bypass

# 114. EH crm_lext_bypass

iH

E(i7p%)

i€

crm_lext_bypass

#

= | =
e

void crm_lext_bypass(confirm_state new_state);

DiReHiA

IR A B I B 55 R A L

LN 2|

new_state: lext FEEHHNIRAS . MiHE5E (TRUE), XKMPIZ%E (FALSE)

MASH 2 x

it 28 x

B [l i x

S A SIS i 7 SR A 1 00 F AT B2
LB x

Bl

/* enable lext bypass mode */
crm_lext_bypass(TRUE);

5.6.3 % crm_hext_bypass
MR T % crm_hext_bypass

# 115. ¥ crm_hext_bypass

T H ik
R4 crm_hext_bypass
AR Y void crm_hext_bypass(confirm_state new_state);
TyRe ik TR A I 55 g 5L
MANSEA new_state: hext S5ERHIHRA . fERESSH (TRUE)D, XHIZ5i (FALSE)D

2025.04.25
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BiH Ei: o)
MANZH 2 7
R [EME I
So oAt AR eI B R R A RE AR O R BEAT E
Wi F e 2 x
2Nl
/* enable hext bypass mode */
crm_hext_bypass(TRUE);

5.6.4 MH#¥ crm_flag_get
NRIA T %L crm_flag_get

% 116. B¥ crm_flag_get

H #iR
R4 crm_flag_get
PR # 5 A flag_status crm_flag_get(uint32_t flag);
Thread KATRE M flag rEMKES®
MANZH flag: #i77€ 7 L ICH KT flag A5 &
MAZH 2 I
ot 28 x
R FHE flag_status: flag b2 A E L. e (SET), KEiE (RESET)
Sk ok AF x
B H R 2 7
flag

i e T B AW flag AR
CRM_HICK_STABLE_FLAG:
CRM_HEXT_STABLE_FLAG:
CRM_PLL_STABLE_FLAG:
CRM_LEXT_STABLE_FLAG:
CRM_LICK_STABLE_FLAG:
CRM_NRST_RESET FLAG:
CRM_POR_RESET_FLAG:
CRM_SW_RESET_FLAG:
CRM_WDT_RESET_FLAG:
CRM_WWDT _RESET FLAG:
CRM_LOWPOWER_RESET FLAG:
CRM_LICK_READY_INT_FLAG:
CRM_LEXT_READY_INT_FLAG:
CRM_HICK_READY_INT_FLAG:
CRM_HEXT_READY_INT_FLAG:
CRM_PLL_READY_INT_FLAG:

CRM_CLOCK_FAILURE_INT_FLAG:

Bl

PN I B AR A

A e T B B AR b i
PLL B $ffa e br &

AN IR e B AR b i

P BB I B AR A i
NRST &AL b5 &
FHARE R AR &
BAF R AR EbRE

I TE bR &

W HE TR A bR &
IKDIFEE bR &

IR PN 5 B B A v T b
IR A I Bh Ao e Hh ks &
P PN SR B RS v T AR
P AR R RS W AR
PLL B Bhs e o ks &

N 2 2 A 7

2025.04.25
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/* wait till pll is ready */

{
}

while(crm_flag_get(CRM_PLL_STABLE_FLAG) != SET)

5.6.5 ¥ crm_interrupt_flag_get
NERAIR T BREL crm_interrupt_flag_get

R 117. E# crm_interrupt_flag_get

A ik
ZiRA €A crm_interrupt_flag_get
PR flag_status crm_interrupt_flag_get(uint32_t flag);
ThRestiid A2 1 flag R WAR EM R E 55

MAZHA

flag: 1872 (175 ZEECHIKIY flag fri&
ZSHOEAREAR I flag

WASH 2 7

it 24 7

YL ED flag_status: flag lrERGERL. Bt (SET), K& (RESET)
Se kAT 7

B R FH R 2 7

flag

5.6.6

2025.04.25

i BB 1) flag ik

CRM_LICK_READY_INT_FLAG:
CRM_LEXT_READY_INT_FLAG:
CRM_HICK_READY_INT_FLAG:
CRM_HEXT_READY_INT_FLAG:
CRM_PLL_READY_INT_FLAG:
CRM_CLOCK_FAILURE_INT_FLAG:

Bl

ITEE Y F N B R R A A 2
ARIE SR IN B R RE AR 2
T I A I AR E R bR
iRy A B AR E bR
PLL I B A € P b &

I B SR 2 Wb

{
}

/* check pll ready interrupt flag */
if(crm_interrupt_flag_get(CRM_PLL_READY_INT_FLAG) != RESET)

¥ crm_hext_stable_wait
TR T K H crm_hext_stable_wait

% 118. B# crm_hext_stable_wait

THE

ik

H4

crm_hext_stable_wait

R =

fi

error_status crm_hext_stable_wait(void);

et

SR AN I R I AR E

MANSHA x
MANZH 2 x

% 126 |/

hRAs 2.0.6




[

AT32F413[E 4 FEBSP&Pack M FHIE S

HiA iR
it 25 7
IR [EE error_status: REEIRFFEIRES. %I (SUCCESS), KKk (ERROR)
SRSk 7
e F R 7
il

{
}

/* wait till hext is ready */
while(crm_hext_stable_wait() == ERROR)

5.6.7 B¥ crm_hick_clock_trimming_set

NERFER T % crm_hick_clock_trimming_set

% 119. B¥ crm_hick_clock_trimming_set

H #iR
R crm_hick_clock_trimming_set
PR T void crm_hick_clock_trimming_set(uint8_t trim_value);
Thread AT TP 5 A S v P A AR
MINZE trim_value: HERMEME . BRINEN 0x20, W EJEHE A 0~0x3F
MANZH 2 I
25 W
A EIRN 7
Sk ok AF x
W F R 2 7
Nl
/* set trimming value */
crm_hick_clock_trimming_set(Ox1F);

5.6.8 ¥ crm_hick_clock_calibration_set

AR T K% crm_hick_clock_calibration_set

* 120. E# crm_hick_clock_calibration_set

BH

[P

i€

crm_hick_clock_calibration_set

#

x| =
e

void crm_hick_clock_calibration_set(uint8_t cali_value);

Difiedtiik

R A T e N B A

MASHA

cali_value: FZHEAMEME . BRINED ] IHE(E, R EEEY 0~0xFF

MANZH 2

¥

fnth 25

IR [BI{E

SR KA

e H ek H

off | off | ofl | ot

BNl

2025.04.25
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/* set trimming value */

crm_hick_clock_trimming_set(0x80);

5.6.9 ¥ crm_periph_clock_enable

IR AR T BR% crm_periph_clock_enable

& 121. E# crm_periph_clock_enable

A ik
A EA crm_periph_clock_enable
PR Y void crm_periph_clock_enable(crm_periph_clock_type value, confirm_state
new_state);
ThRestiid MR I e R E
LN | value: F&7E M F oM R
BINSHL 2 new_state: FHAHXEIRS. JFE (TRUE), %M (FALSE)
it 24 7
IR A 7
Seth kAT 7
B R FH R 2 7
value

T E M4, crm_periph_clock type 7& at32f413_crm.h 1. S EER a4 30N CRM_Ahik

4 PERIPH_CLOCK.
CRM_DMA1_PERIPH_CLOCK:
CRM_DMA2_PERIPH_CLOCK:

CRM_PWC_PERIPH_CLOCK:

Bl

AhBE dmat fyFh i oE X
AhBE dma2 A E X

AN5E pwe BN B g S

/* enable gpioa periph clock */
crm_periph_clock_enable(CRM_GPIOA_PERIPH_CLOCK, TRUE);

5.6.10 K ¥ crm_periph_reset

R T BAE crm_periph_reset

* 122. EK# crm_periph_reset

T H ik
ZERAEA crm_periph_reset
PR B T void crm_periph_reset(crm_periph_reset_type value, confirm_state new_state);
ThRedtik SN AL RE
HWNSH value: 18EMF BAMEE AN
MANZH2 new_state: R Eh L EARD. JFE (TRUE), XM (FALSE)
it 25 7
IR [AME 7
So oAt 5
Wi F R 2 x
value

128 | 4 2.0.6
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e E RSN, crm_periph_reset_type f£ at32f413_crm.h F1. S EERAIH a4 NN : CRM_Ah%
#_PERIPH_RESET.

CRM_DMA1_PERIPH_RESET:
CRM_DMA2_PERIPH_RESET:

CRM_PWC_PERIPH_RESET:

B

M5t dmat iIA i R AL E S
45t dma2 Y4 R A E S

A pwe AR AL E X

5.6.11

/* reset gpioa periph */

crm_periph_reset(CRM_GPIOA_PERIPH_RESET, TRUE);

¥ crm_periph_sleep_mode_clock_enable

T AR T K% crm_periph_sleep_mode_clock_enable

* 123. E# crm_periph_sleep_mode_clock_enable

T H Eii:pa
R crm_periph_sleep_mode_clock_enable
PR void crm_periph_sleep_mode_clock_enable(crm_periph_clock_sleepmd_type
value, confirm_state new_state);
ThRestiid AR HER B QR I B e e
WMAZHA value: 185E M oM REIRBL R R i s Y
BINSHL 2 new_state: FHAHHXEIRS. JFE (TRUE), %M (FALSE)
a2 8 x
IR [E{H 7
So oAt I
W e 2 I
value

FaEMAME, crm_periph_clock_sleepmd_type 7 at32f413_crm.h 1. LS EERA Kdn 44 F A -

CRM_4}# % PERIPH_CLOCK_SLEEP_MODE.

CRM_SRAM_PERIPH_RESET:
CRM_FLASH_PERIPH_RESET:

2Nl
/* disable flash clock when entry sleep mode */

crm_periph_sleep_mode_clock_enable (CRM_FLASH_PERIPH_CLOCK_SLEEP_MODE, FALSE);

A5t sram FEREIRAE 3R IR Bl oE SC
415t flash 7 REIRAE 30N IR Bl e SC

5.6.12 X ¥ crm_clock_source_enable

2025.04.25

T EHIR T B % crm_clock_source_enable

£ 124. FK# crm_clock_source_enable

T H ik
ZERAEA crm_clock_source_enable
R ER T void crm_clock_source_enable(crm_clock_source_type source, confirm_state
new_state);
TyRe ik H I EAE e B E

WASHA

source: i E MR BRYEZEAY

# 129 |/
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BH

[P

WASH 2

new_state: 4R BIRZE. JFE (TRUE), XM (FALSE)

it 25

x

iR el

Sk kAT

Wi F pa 4

of | ofl | et

source

EEREA LN K

CRM_CLOCK_SOURCE_HICK: i py i 4
CRM_CLOCK_SOURCE_HEXT: i b i
CRM_CLOCK_SOURCE_PLL:  PLL 40

CRM_CLOCK_SOURCE_LEXT: {4t
CRM_CLOCK_SOURCE_LICK: i j & s

Bl

/* enable hext */

crm_clock_source_enable (CRM_CLOCK_SOURCE_HEXT, FALSE);

5.6.13 K% crm_flag_clear

TR T %L crm_flag_clear

* 125. ¥ crm_flag_clear

BiH iR

R crm_flag_clear

R ER T void crm_flag_clear(uint32_t flag);

b et P R E bR A

NS flag: 7 75 ZH R flag bRk

NS %

25 ¥

iR [ i ¥

Je itk AE ¥

B R ¥
flag
8 5E T EIERRI flag #7&
CRM_NRST_RESET_FLAG: NRST & 8 Atz
CRM_POR_RESET FLAG: FHAKHE R AR &
CRM_SW_RESET_FLAG: BAFE AR bR E
CRM_WDT_RESET_FLAG: EI SN FRE
CRM_WWDT_RESET_FLAG: wWOET ISR E
CRM_LOWPOWER _RESET FLAG: fkIh#EEfikr&
CRM_ALL_RESET FLAG: A EALFR &
CRM_LICK_READY_INT_FLAG: fICTE P 5 B B AR Hh BT b &
CRM_LEXT_READY_INT_FLAG: fICTE ZM R I b A2 Hh AR &
CRM_HICK_READY_INT_FLAG: e PN I B R T bR AR
CRM_HEXT_READY_INT_FLAG: PR A I I B R BT bR RS
CRM_PLL_READY_INT_FLAG: PLL B Bhs e o ks &

- % 130 7 - Wik 2.0.6
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CRM_CLOCK_FAILURE_INT_FLAG:

B

I 2R 2 R b

/* clear clock failure detection flag */
crm_flag_clear(CRM_CLOCK_FAILURE_INT_FLAG);

5.6.14 EK#¥ crm_rtc_clock_select
TR T BRE crm_rtc_clock_select

3+ 126. F# crm_rtc_clock_select

A ik
ZiRA €A crm_rtc_clock_select
PR void crm_rtc_clock_select(crm_rtc_clock_type value);
ek rtc B E
LN | value: FFIXEN rtc FHEREATY
MANSH 2 7
it 24 7
IR [F{H 7
Se kAT 7
B R FH R 2 7
value

T8 5E T EICE Y rte I BRI

CRM_RTC_CLOCK_NOCLK:

CRM_RTC_CLOCK_LEXT:
CRM_RTC_CLOCK_LICK:

CRM_RTC_CLOCK_HEXT DIV:

Bl

TCIS BIJFIEAE rtc I B
HMERARE I B A rtc I B

PN PR AT I B H% rtc I B

SN i N 128 3 ARSI A rte I

/* config lext as rtc clock */

crm_rtc_clock_select (CRM_RTC_CLOCK_LEXT);

5.6.15 E ¥ crm_rtc_clock_enable
IR T BB % crm_rtc_clock_enable

R 127. EK# crm_rtc_clock_enable

T H ik
ZERAEA crm_rtc_clock_enable
PR E void crm_rtc_clock_enable(confirm_state new_state);
Dhredd rtc IR B i A R B
MANSH new_state: 1 rtc WM EIRZS. JFH (TRUED, X (FALSE)
MANZH 2 7
it 25 7
IR [AME 7
So oAt 5
Wi F R 2 x
Nl

2025.04.25
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/* enable rtc clock */

crm_rtc_clock_enable (TRUE);

5.6.16 E¥ crm_ahb_div_set
TR T A% crm_ahb_div_set

% 128. ¥ crm_ahb_div_set

A ik
A EA crm_ahb_div_set
PR void crm_ahb_div_set(crm_ahb_div_type value);
e ik SCLK | AHB 4l 73 Sii 15 &
LN | value: B/ HiE
MANSH 2 7
it 24 7
IR [F{H 7
et kAT 7
R FH R 2 7
value

CRM_AHB_DIV_1:
CRM_AHB_DIV_2:
CRM_AHB_DIV_4:
CRM_AHB_DIV_8:
CRM_AHB_DIV_16:
CRM_AHB_DIV_64:
CRM_AHB_DIV_128:
CRM_AHB_DIV_256:
CRM_AHB_DIV_512:
Bl

SCLK I8 1 20454 AHB i
SCLK I8 2 7045 5 AHB I 8
SCLK I8 4 20455 AHB i 8
SCLK 8 8 70 4ifF 4 AHB B £
SCLK B 16 40 55E N AHB B
SCLK i 64 40 55/E N AHB B
SCLK 4 128 43 45ifF A AHB i £
SCLK i #h 256 43 #i/E A AHB I
SCLK 4 512 4345 A AHB i &

/* config ahbclk */

crm_ahb_div_set(CRM_AHB_DIV_1);

5.6.17 E¥ crm_apb1_div_set
TEHIR T BB% crm_apb1_div_set

2025.04.25

* 129. EK# crm_apb1_div_set

T H ik
ZERAEA crm_apbl_div_set
R ER T void crm_apb1_div_set(crm_apb1_div_type value);
hfethid AHB N5 5] APB1 IS4 it 43 9 1% B
MINZH value: ¥ & M5 ME
MANZH 2 7
Hth =% W
Al ) i
So oAt 5

#1321
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BH

[P

W F R 2

x

value
CRM_APB1_DIV_1:
CRM_APB1_DIV_2:
CRM_APB1_DIV_4:
CRM_APB1_DIV_8:
CRM_APB1_DIV_16:
~hl

AHB Il 1 43859 APB1 I 4
AHB Il 2 43 854E 9 APB1 I 4
AHB I 4 43 854E 9 APB1 I 4
AHB I 8 43 4iifE N APB1 I 4
AHB K 16 43 4iifE Ny APBA B £

/* config apbiclk */

crm_apb1_div_set(CRM_APB1_DIV_2);

5.6.18 K% crm_apb2_div_set

FEHIR T % orm_apb2_div_set

# 130. B crm_apb2_div_set

A i3}
DA EA crm_apb2_div_set
PRI void crm_apb2_div_set(crm_apb2_div_type value);
e ik AHB i 3] APB2 I} 43 47 1% B
MWNZHA value: 751 & M5 4{E
MINSH 2 7
it 24 7
IR [FIE &
SR kAT ¥
R FH R 2 &
value

CRM_APB2_DIV_1:
CRM_APB2_DIV_2:
CRM_APB2_DIV_4:
CRM_APB2_DIV_8:
CRM_APB2_DIV_16:
A~

AHB B}l 1 43454 APB2 I
AHB B8 2 43454 R APB2 I g
AHB K8 4 53454 R APB2 I g
AHB K} 8 4345 APB2 I 4
AHB K 16 434y APB2 i £

/* config apb2clk */

crm_apb2_div_set(CRM_APB2_DIV_2);

5.6.19 E# crm_adc_clock_div_set
NEHIR T 2% crm_adc_clock_div_set

# 131. B¥ crm_adc_clock_div_set

W H #iR
PRI H4 crm_adc_clock_div_set
P Ot void crm_adc_clock_div_set(crm_adc_div_type div_value);
TyRe ik ADC I o Jinise B

2025.04.25
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HiA iR

LN | div_value: % &M/ E

MANSH 2 ¥

12 [EME ¥

etk skAT ¥

B F R 4 ¥
div_value
CRM_ADC_DIV_2: APB It} 2 73 45i1f 5 ADC i) 4
CRM_ADC_DIV_4: APB It} 4 73 45i1f 5 ADC I 4
CRM_ADC_DIV_6: APB It} 6 73451115 ADC i) 4
CRM_ADC_DIV_8: APB It} 8 7345115 ADC i) 4

CRM_ADC _DIV_12: APB It} 12 2045 ADC I
CRM_ADC _DIV_16: APB It} 16 70 45ifF >y ADC I
Bl

/* config adc div 4 */

crm_adc_clock_div_set (CRM_ADC_DIV_4);

5.6.20 BKi¥ crm_usb_clock_div_set
NERIA T R %L crm_usb_clock_div_set

* 132, B¥ crm_usb_clock_div_set

BiH iR
R crm_usb_clock_div_set
R B T void crm_usb_clock_div_set(crm_usb_div_type div_value);
e PLL s 2] USB IsHf i 3 4% B
LN 2| div_value: ¥ & K4 4iE
NS 2 x
fith 2% x
iR Al x
Seth st x
e P B 5 ¥
div_value
CRM_USB DIV_1 5:  PLL W4 1.5 f5 3 45iF A USB I %
CRM_USB _DIV_1: PLL B45f 1 f553 55118 USB I 4
CRM_USB DIV_2 5.  PLL W4 2.5 f5 5345k A USB I %
CRM_USB_DIV_2: PLL i 2 f553 #ifE Jy USB I
CRM_USB DIV_3 5:  PLL W4 3.5 f5 4345k A USB I %
CRM_USB_DIV_3: PLL i 3 f553 #ifE Jy USB I
CRM_USB_DIV_4: PLL WP 4 f553 55118 USB 4
A~

/* config usb div 2 */
crm_usb_clock_div_set (CRM_USB_DIV_2);
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5.6.21 ¥ crm_clock_failure_detection_enable

N FRAER T A% crm_clock_failure_detection_enable

& 133. E# crm_clock_failure_detection_enable

BiH #R
A EA crm_clock_failure_detection_enable
PR i 7Y void crm_clock_failure_detection_enable(confirm_state new_state);
Thegdwik IS it % 250k I Ty e Aok RE 1 L
BINZH new_state: FMEE RS . JFH (TRUE), Xil (FALSE)
MWANZH 2 7
ot 28 x
I ) 7
Sk ok AF x
Bl H B 4 7
il
/* enable clock failure detection */
crm_clock_failure_detection_enable(TRUE);

5.6.22 K% crm_battery powered_domain_reset
TR T K% crm_battery _powered_domain_reset

Z 134. B crm_battery_powered_domain_reset

A i3}
ERAE crm_battery_powered_domain_reset
R Y void crm_battery_powered_domain_reset(confirm_state new_state);
Difedtiik R IR AL
MANSEA new_state: AU ENRE. Efi (TRUE), AEAf (FALSE)
MNSH 2 7
i 24 7
IR [FIME ¥
SR kAT &
R FH e 4 7

T 7 20 BB I R AT I, 3l R AR 2 2 TRUE BoE X il i idskadt AT 247, 58 iR A5
FALSE 7€ 5% ] s it B I AT A7

Bl

/* reset battery powered domain */

crm_battery _powered_domain_reset (TRUE);

5.6.23 E# crm_pll_config
FERAE T B EL crm_pll_config

% 135. ®¥ crm_pll_config
mH Haik

44 crm_pll_config

=

2025.04.25 # 1351 &2 2.0.6



[

AT32F413[E 4 FEBSP&Pack M FHIE S

HiA i)
PR E R Y void crm_pll_config(crm_pll_clock_source_type clock_source, crm_pll_mult_type
mult_value, crm_pll_output_range_type pll_range);
Difeftig WE PLL IS & 540 R 4
5 N K 1 clock_source: PLL 547
MNSH 2 mult_value: 1245 &%
MANZ%3 pll_range: #% pll % tH 454 90 2 75 KT 72MHz SRt 7308
i 24 ¥
12 [EME ¥
PSS FERC B AL AR PLL BT RIAH LR pll fim 2 O T s B E
R FH o 4 p

clock_source
CRM_PLL_SOURCE_HICK: N T I R Dy PLL B i
CRM_PLL_SOURCE_HEXT: RSN R I Ry PLL B i
CRM_PLL_SOURCE_HEXT_DIV: JEFE&ME s i B0 70 495 16 8 PLL B s
mult_value
CRM_PLL_MULT_2:
CRM_PLL_MULT_3:

PLL #2512 AT 0
PLL #5 A1 3 AT

CRM_PLL_MULT_63:  PLL #&¥i N8R (1) 63 fi5 347 540

CRM_PLL_MULT 64: PLL #%% N80 64 £53847 15 40

pll_range

CRM_PLL_OUTPUT _RANGE_LE72MHZ: PLL %t 5% /N T2T 72MHz I i 5 % 5E
CRM_PLL_OUTPUT_RANGE_GT72MHZ: PLL %% KT 72MHz I fr %€
il

/* config pll clock resource */
crm_pll_config(CRM_PLL_SOURCE_HEXT_DIV, CRM_PLL_MULT_60,
CRM_PLL_OUTPUT_RANGE_GT72MHZ);

5.6.24 ¥ crm_sysclk_switch

NEFER T EE crm_sysclk_switch

# 136. B crm_sysclk_switch

BH [P

e crm_sysclk_switch

| =

e

void crm_sysclk_switch(crm_sclk_type value);

Thaestik FAAE Z G B R I b P 0 e

HANZH value: ¥ FI1E R G B I bt

MANZH 2 x

fnth 25

iR el

SR KA

off | off | ot | et

e H ek H

value
CRM_SCLK_HICK: TR PN s I B R R R G B

% 136 |
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CRM_SCLK_HEXT:
CRM_SCLK_PLL:

N

MEFEAI AT iR I B D R Gt b
W PLL I BREDN RGeS B

/* select pll as system clock source */
crm_sysclk_switch(CRM_SCLK_PLL);

5.6.25 B crm_sysclk_switch_status_get

TR T BAE crm_sysclk_switch_status_get

* 137. ¥ crm_sysclk_switch_status_get

i H Had
R4 crm_sysclk_switch_status_get
PR crm_sclk_type crm_sysclk_switch_status_get(void);
ThRestiik IR 5] FAE 2R Gt () e e 05
MWANZHA x
MANZH 2 x
ot 28 x
YL ED crm_sclk_type: & [l F{E 22 Gib g I e s
So koAt I
W e 2 I
il
/* wait till pll is used as system clock source */
while(crm_sysclk_switch_status_get() '= CRM_SCLK_PLL)
{
}

5.6.26 K% crm_clocks_freq_get
T ERAER T K% crm_clocks_freq_get

% 138. ¥ crm_clocks_freq_get

TiH Eii:py
ZERAEA crm_clocks_freq_get
PR B T void crm_clocks_freq_get(crm_clocks_freq_type *clocks_struct);
ThRedd R [A] R _EAS [ A I e
BMINSH clocks_struct: F&H&5#)1A& crm_clocks_freq_type MIFR4EF, A& T &4 B i AR
MANZH 2 7
it 25 7
IR Al {E crm_sclk_type: R[8IHAE R G B A B R
So oAt 7
W F R 7

crm_clocks_freq_type

crm_clocks_freq_type £ at32f413_crm.h #

typedef struct
{

2025.04.25
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uint32_t sclk_freq;
uint32_t ahb_freq;
uint32_t apb2_freq;
uint32_t apb1_freq;
uint32_t adc_freq;

} crm_clocks_freq_type;

sclk_freq

ZH IR B RGN BB, B Hz
ahb_freq

AR A AHB SZG NS, B Hz
apb2_freq

ZR TR [A] APB2 S ZRHTHEP AR, BT Hz
apb1_freq

ZAR TR [F] APBA S ZRHHERATR, BT Hz
adc_freq

ZHR R ] ADC B B, Hfr Hz

~pl

/* get frequency */
crm_clocks_freq_type clocks_struct;
crm_clocks_freq_get(&clocks_struct);

5.6.27 K% crm_clock_out_set
NERHIA T B crm_clock_out_set

% 139. E# crm_clock_out_set

A i3}

R crm_clock_out_set
R Y void crm_clock_out_set(crm_clkout_select_type clkout);
Difedtiik HEFETE clkout B JHI_EH L A I it
MANSHA clkout: clkout & il -4 H B £
WASH 2 7
i =4 o
12 [EME o
SR kAT 7
R FH e 4 7

N
/* config PA8 output pll/4 */
crm_clock_out_set(CRM_CLKOUT_PLL_DIV_4);

5.6.28 BEK¥ crm_interrupt_enable
TERAHE T K% crm_interrupt_enable

3+ 140. K% crm_interrupt_enable
mH g

ZERAEA crm_interrupt_enable
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HiA i)
PR E R Y void crm_interrupt_enable(uint32_t crm_int, confirm_state new_state);
Tifeftig e i P AR B E
MANZEA crm_int: f8%E K crm iy
MASH 2 new_state: HWIHTI IR EARE. FFH (TRUE), XM (FALSE)
i 24 ¥
12 [EME ¥
Jeth kAT ¥
R FH o 4 7
crm_int

CRM_LICK_STABLE_INT:
CRM_LEXT_STABLE_INT:
CRM_HICK_STABLE_INT:
CRM_HEXT_STABLE_INT:
CRM_PLL_STABLE_INT:

I T8 P S I b AR P BT
I TH AR b AR e P T
e PR S R e R s v
o A N e R s v
PLL B g e iy

CRM_CLOCK_FAILURE_

N

INT: B O 2

/* enable pll stable interrupt */
crm_interrupt_enable (CRM_PLL_STABLE_INT);

5.6.29 ¥ crm_auto_step_mode_enable

NEAIA T ¥ crm_auto_step_mode_enable

% 141. B¥ crm_auto_step_mode_enable

TH

D)

PRE4

crm_auto_step_mode_enable

£
PR AR

void crm_auto_step_mode_enable(confirm_state new_state);

Lhae g

H Bl A5 e B A

MASHA

new_state: FIBEIRZE. JFH (TRUE), XM (FALSE)

MMANZH 2

¥

it 25

iR el

Stk okt

Wik F pa 2

off [ off | off | ot

Bl

/* enable auto step mode */

crm_auto_step_mode_enable(TRUE);

5.6.30 BKi¥ crm_usb_interrupt_remapping_set

2025.04.25

T EAHE T K% crm_usb_interrupt_remapping_set

X 142. K crm_usb_interrupt_remapping_set

BH

[P

crm_usb_interrupt_remapping_set

% 139 |/
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HiA i)
PR void crm_usb_interrupt_remapping_set(crm_usb_int_map_type int_remap);
Tifeftig USB i 5 EE A 1
MASH int_remap: USB 7&K+ 5
MANSH 2 7
i 24
12 [EME
Je kA
B R
int_remap
CRM_USB_INT19_INT20: USB {#/H 19 11 20 5 il
CRM_USB _INT73_INT74: USB f#i [ 73 1 74 ‘5 ik
~pl

off | off ol | et

/* config usb IRQ number with 73/74 */
crm_usb_interrupt_remapping_set (CRM_USB_INT73_INT74);

5.6.31 BKi¥ crm_hick_sclk_frequency_select
NEAIA T % orm_hick_sclk_frequency_select

% 143. E# crm_hick_sclk_frequency_select

H #iR
R crm_hick_sclk_frequency_select
PR 25 A void crm_hick_sclk_frequency_select(crm_hick_sclk_frequency_type value);
Thegsmiik 2PN SR B OE BEE N RAT RN, B RERT AT 8M B 48M
WMAZHA value: 8M B 48M P &f iy i
MWANZH 2 x
a2 8 x
A IR 7
Sk ok AF x
W e 2 x
value

CRM_HICK_SCLK_8MHZ: i il SMHz 1F Ky R Gikt
CRM_HICK_SCLK_48MHZ: P i s il 48MHz 15 2 Ge i b
i

/* config sysclk with hick 48mhz */
crm_hick_sclk_frequency_select (CRM_HICK_SCLK_48MHZ);

5.6.32 ¥ crm_usb_clock_source_select

LR T BR% crm_usb_clock_source_select

£ 144. E# crm_usb_clock_source_select
HiA iR

4 crm_usb_clock_source_select

==
&
5
e

void crm_usb_clock_source_select(crm_usb_clock_source_type value);
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BH

[P

Bl g (ipuy

ek PLL SR PN 38 I B (48MD 154 USB i8R

LN 2|

value: PLL 33 P ml i g0 (48M)

MNSH 2

x

it 25

iR el

Sk kAT

e F pa 2

of ol | o] et

value

CRM_USB_CLOCK_SOURCE_PLL:
CRM_USB_CLOCK_SOURCE_HICK:

N

PLL I8 4E v USB i8R
P e N B A S USB I

/* select hick48 as usb clock */
crm_usb_clock_source_select (CRM_USB_CLOCK_SOURCE_HICK);

5.6.33 BKi¥ crm_clkout_to_tmr10_enable

NEAIA T % crm_clkout_to_tmr10_enable

% 145. E#¥ crm_clkout_to_tmr10_enable

H #iR
R crm_clkout_to_tmr10_enable
R ER T void crm_clkout_to_tmr10_enable(confirm_state new_state);
ThRedthiR clkout P EBIERES] tmr10 KIEIE 1 ffift i B
WMANSHA new_state: FrIJEERS. e (TRUE), %ke (FALSE)
MWANZH 2 x
a2 8 x
A EIRN 7
Sk ok AF x
B F eR 2 7
~Hl
/* config clkout internal connect to tmr10 channel1 */
crm_clkout_to_tmr10_enable (TRUE);

5.6.34 E¥ crm_clkout_div_set
T EHIR T B %L crm_clkout_div_set

2025.04.25

£ 146. E# crm_clkout_div_set

A iR
ZERAEA crm_clkout_div_set
R T void crm_clkout_div_set(crm_clkout_div_type clkout_div);
Difeftiik clkout % Hi B £ 434511 B
WMANSHA clkout_div: clkout % HH 452 [ 73 4FifE
HNSH 2 7
25 7

141
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iR [A{E T

S P ¥

W FH R "
value

CRM_CLKOUT _DIV_1: CLKOUT M35 £ 5 i 19 PN S8 b 32 1 0 Sk

CRM_CLKOUT _DIV_2: CLKOUT M35 £ 5 i 1 N S8 st b 3% 2 0 Fiidn

CRM_CLKOUT _DIV_4: CLKOUT M35 £ 5 i 1 N S8 s eh 3% 4 9 Fiidn B

CRM_CLKOUT _DIV_8: CLKOUT M35 £ i 1 N S8 st eh 3% 8 49 Fiidn

5.7

5.7.1

2025.04.25

CRM_CLKOUT_DIV_16:  CLKOUT ¥4 454 i [y 4 35 i itz 16 445t i
CRM_CLKOUT_DIV_64:  CLKOUT ¥4 34 i [y 4 3 i iz 64 4345 tH
CRM_CLKOUT_DIV_128:  CLKOUT ¢4 341 i 11y 4 5 i itz 128 434t it
CRM_CLKOUT_DIV_256:  CLKOUT ¢ i34 i 1y 4 3R it 256 43 4idé it
CRM_CLKOUT_DIV_512:  CLKOUT ¢ %341 i 11y 3 55 i itz 512 434t it

Bl

/* config clkout division */
crm_clkout_div_set(CRM_CLKOUT_DIV_1);

1Ak (DEBUG)

DEBUG % ff #4514 debug_type, & XT3 ff “at32f413_debug.h i T :

/**
* @brief type define debug register all
*/

typedef struct

{

} debug_type;

NRAH T DEBUG 24785 4 1A :

% 147. DEBUG HfE8BXT R #

e

iR

idcode

w#& ID

ctrl

P 7 4%

MR H T DEBUG FE R B

% 148. DEBUG ER#ia i

2 iR
debug_device_id_get B #% idcode
debug_periph_mode_set St AR debug R E

¥ debug_device id_get

NEHIA T % debug_device_id_get

142 |
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* 149. K% debug_device_id_get

=
m

[P

X

debug_device_id_get

#
”

5
e

uint32_t debug_device_id_get(void);

REFHIA

B % idcode

LN 2|

x

WASH 2

it 24

R EHME

[7] 32-bit idcode

PSS

W F R 2

R
7
7

N

/* get idcode */
uint32_t idcode = 0;

idcode = debug_device_id_get();

5.7.2 MK¥ debug_periph_mode_set

NE A T K% debug_periph_mode_set

% 150. % debug_periph_mode_set

A i3}
ERAE debug_periph_mode_set
R Y void debug_periph_mode_set(uint32_t periph_debug_mode, confirm_state
new_state);
Difedtiik i 8 MR B EEEAT debug IR E
MANSHA periph_debug_mode: & & 4B
MANSH 2 new_state: WENIRA, JFE (TRUED, XM (FALSE)
it 24 ¥
IR [FIME ¥
SR kAT &
R FH R 2 ¥

periph_debug_mode

FRE X B A s B A3 AT DEBUG i E.

DEBUG_SLEEP:
DEBUG_DEEPSLEEP:
DEBUG_STANDBY:
DEBUG_WDT_PAUSE:
DEBUG_WWDT_PAUSE:
DEBUG_TMR1_PAUSE:
DEBUG_TMR2_PAUSE:
DEBUG_TMR3_PAUSE:
DEBUG_TMR4_PAUSE:
DEBUG_TMR5_PAUSE:
DEBUG_TMR8_PAUSE:
DEBUG_TMR9_PAUSE:

2025.04.25

SLEEP #:{~ DEBUG & &
DEEPSLEEP #:{ T DEBUG % &
STANDBY #:{F DEBUG X &
AR ST DEBUG B &
& AT R i) DEBUG B
TMR1 23114 DEBUG & &
TMR2 271+ 4¥) DEBUG & &
TMR3 2711 4¥) DEBUG & &
TMR4 2 511 4¥) DEBUG & &
TMR5 2511 4f) DEBUG & &
TMR8 2 3114 ¥) DEBUG & &
TMR9 2 311 4¥) DEBUG & &

143 R

hRAs 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

5.8

2025.04.25

DEBUG_TMR10_PAUSE:
DEBUG_TMR11_PAUSE:

DEBUG_I2C1_SMBUS_TIMEOUT:
DEBUG_I2C2_SMBUS_TIMEOUT:

DEBUG_CAN1_PAUSE:
il

TMR10 275 i1%(1) DEBUG X &

TMR11 2 %5114 DEBUG % &

12C1 SMBUS TIMEOUT & 75114 /#) DEBUG # &
12C2 SMBUS TIMEOUT & #5114 /#) DEBUG # &
CAN1T #2I F f7- B 4k 22 T{E 1Y DEBUG &

/* enable tmr1 debug mode */

debug_periph_mode_set(DEBUG_TMR1_PAUSE, TRUE);

DMA #=#i2% (DMA)

DMA ZifE a4t dma_type, & T 31 “at32f413_dma.h {1 T :

/**

* @brief type define dma register

*/
typedef struct
{

} dma_type;

DMA BB 2 /7 4845 #) dma_channel_type, & X T3 ff“at32f413_dma.h i -

/**

* @brief type define dma channel register all

*/
typedef struct
{

} dma_channel_type;

R4 T DMA FA78

& 151.DMA FRXT MR

T i34
dma_sts DMA RS AF28
dma_clr DMA RSB 4%
dma_c1ctrl DMA i 1 Fic B 4 7%

dma_c1dtent

DMA @i 1 il f i o A7 8

dma_c1paddr

DMA HIE 1 #2577 2%

dma_c1maddr

DMA B 1 (7 as bl a7 7 2%

dma_c2ctrl

DMA #IE 2 fic & & 17 2%

dma_c2dtent

DMA @i 2 i fL 4 o A7 8

dma_c2paddr

DMA 15 2 Jh it bt & 77 4%

dma_c2maddr

DMA il 2 f7fifs ds bk 27 77 2%

dma_c3ctrl

-
DMA #iHE 3 il B % 17 as
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T i3
dma_c3dtent DMA #3iH 3 $E L= ar 2%
dma_c3paddr DMA @& 3 #2747 4%
dma_c3maddr DMA i 3 {7l 25 77 4%
dma_c4ctrl DMA @i 4 fit & %7788
dma_c4dtent DMA J818 4 $if & o 4498
dma_c4paddr DMA J#iE 4 427 47 4%
dma_c4maddr DMA HiiH 4 {7 s bl 25 748
dma_c5ctrl DMA j@ii 5 it & 7 7 4%
dma_c5dtent DMA @3iH 5 R L= ar 2%
dma_c5paddr DMA j@ii 5 #his bl 25 4738
dma_c5maddr DMA @il 5 f7fifi 45 Mkt 25 47 85
dma_c6ctrl DMA j#iH 6 e B & 17 a%
dma_c6dtent DMA J#i18 6 L w798
dma_c6paddr DMA @& 6 #M i ikl 27 47 3%
dma_c6maddr DMA JBiE 6 f7fifi a Huhik 27 47 5%
dma_c7ctrl DMA &1 7 it & % 7 o%
dma_c7dtent DMA J818 7 Hifs & f e o 498
dma_c7paddr DMA J@#iE 7 4 kb 27 47 35
dma_c7maddr DMA BIE 7 f7fifi ai Huhik 27 47 5%
dma_src_sel0 JHIE R AEA O
dma_src_sell THTERJE AT AEAS 1
TREH T DMA FER B
& 152.DMA ERHUE %
¥4 i3}

dma_default_para_init

# dma_init_struct FF IS HYIIEL

dma_init

HIaaAEAR E 1) DMA JliE

dma_reset

S8 E ) DMA i#iiE

dma_data_number_set

e B AR R T ) B AR e R A E

dma_data_number_get

ARHUAR € IEIE 1 B 1 f w7 A

dma_interrupt_enable

il R S I A AH L 7

dma_channel_enable ff BE 48 s
dma_flexible_config it 15 e ek S ke o
dma_flag_get FRELIE T8 AH AR B AL

dma_flag_clear

b ES R CR EPR T DA

5.8.1 B# dma_default_para_init
R T K% dma_default_para_init
% 153.8 ¥ dma_default_para_init
T H Ei:3o
PR €2 dma_default_para_init
AR Y void dma_default_para_init(dma_init_type* dma_init_struct);
2025.04.25 - - % 145 - - fR7 2.0.6
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5.8.2

2025.04.25

HiA iR
ThRestik # dma_init_struct " RIS ERIIRTL
WMANSH dma_init_struct: #&[7 dma_init_type &% 4544
i 24 ¥
12 [EME ¥
etk skAT ¥
B F R 4 ¥

S5 Kk dma_init_struct B 53 BRIME 40 F &R

% 154.dma_init_struct BRIAE

AR5 BRIME

peripheral_base_addr 0x0
memory_base_addr 0x0
direction DMA_DIR_PERIPHERAL_TO_MEMORY
buffer_size 0x0
peripheral_inc_enable FALSE
memory_inc_enable FALSE
peripheral_data_width DMA_PERIPHERAL_DATA_WIDTH_BYTE
memory_data_width DMA_MEMORY_DATA_WIDTH_BYTE
loop_mode_enable FALSE
priority DMA_PRIORITY_LOW

il
/* dma init config with its default value */
dma_init_type dma_init_struct = {0};
dma_default_para_init(&dma_init_struct);

¥ dma_init
NERAIA T K%L dma_init

& 155. K% dma_init

TiH Eii:py
R dma_init
R ER T void dma_init(dma_channel_type* dmax_channely, dma_init_type*
dma_init_struct)
Dhredd WIaEAGHE € 1) DMA i#iE
MASHA dmax_channely: DMAx_CHANNELy f& & DMA @& 5, x=1 8¢ 2, y=1...7
WMASH 2 dma_init_struct: #5] dma_init_type 5B 45 ki
it 25 7
R [EME 7
So oAt 7
W F R 2 7

dma_init_type structure
dma_init_type 7 at32f413_dma.h +
typedef struct
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uint32_t
uint32_t
dma_dir_type
uint16_t
confirm_state
confirm_state
dma_peripheral_data_size_type
dma_memory_data_size_type
confirm_state
dma_priority_level_type
} dma_init_type;
peripheral_base_addr
& E DMA J83E 4 sk
memory_base_addr
W E DMA HiE 770 2edth bk
direction

B E DMA HIE A% )y [ R A

peripheral_base addr;
memory_base_addr;
direction;

buffer_size;
peripheral_inc_enable;
memory_inc_enable;
peripheral_data_width;
memory_data_width;
loop_mode enable;
priority;

DMA_DIR_PERIPHERAL_TO_MEMORY:
DMA_DIR_MEMORY_TO_PERIPHERAL:

DMA_DIR_MEMORY_TO_MEMORY:
buffer_size

W E DMA B8 &5 A =
peripheral_inc_enable

T E DMA J&@iE SM b2 15 3 3k il
FALSE: 4 Hhhib A 3

TRUE:  Ahiscitihlkidiif
memory_inc_enable

B DMA B A7 fi a8 bk 2 15 5 Bl 1
FALSE: f7fif &bk AN i 3

TRUE:  f#fifi#% Hh ik 1
peripheral_data_width

B DMA J#iE 4 s Eh v

DMA_PERIPHERAL_DATA WIDTH_BYTE:
DMA_PERIPHERAL_DATA WIDTH_HALFWORD:
DMA_PERIPHERAL_DATA WIDTH_WORD:

memory_data_width
T B DMA I A7 fiff 35 4008 58 FE
DMA_MEMORY_DATA WIDTH_BYTE:

DMA_MEMORY_DATA_WIDTH_HALFWORD:

DMA_MEMORY_DATA_WIDTH_WORD:
loop_mode_enable
T E DMA JH3IE 25 N E A

T3 6 AN R A7 A 2
T3 T A fids s 2 b ise
T3 0 A 4 A

B K B8 P N
AVt 58 T
bVt T8 T

A7 fifs A BH T N 7
A7 fifs A5 B3H T 7
A7 Al B B TE N T

FALSE: DMA i g ki =
TRUE: DMA i#i& NG
priority

235.04.25 - -
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B DMA B

DMA_PRIORITY_LOW: DMA J# B S FoN Ik
DMA_PRIORITY_MEDIUM: DMA i&@iE R e
DMA_PRIORITY_HIGH: DMA @& L5 =

DMA_PRIORITY_VERY_HIGH: DMA @i N &

B

dma_init_type dma_init_struct = {0};

/* dma2 channel1 configuration */

dma_init_struct.buffer_size = BUFFER_SIZE;

dma_init_struct.direction = DMA_DIR_MEMORY_TO_PERIPHERAL,;
dma_init_struct. memory_base_addr = (uint32_t)src_buffer;
dma_init_struct.memory_data_width = DMA_MEMORY_DATA_WIDTH_HALFWORD;
dma_init_struct. memory_inc_enable = TRUE;

dma_init_struct.peripheral_base_addr = (uint32_t)0x4001100C;
dma_init_struct.peripheral_data_width = DMA_PERIPHERAL_DATA_WIDTH_HALFWORD;
dma_init_struct.peripheral_inc_enable = FALSE;

dma_init_struct.priority = DMA_PRIORITY_MEDIUM;
dma_init_struct.loop_mode_enable = FALSE;

dma_init(DMA2_CHANNEL1, &dma_init_struct);

5.8.3 % dma_reset
NRIIA T K dma_reset

%+ 156.8 % dma_reset

T H Ei::p%
R dma_reset
R Y void dma_reset(dma_channel_type* dmax_channely);
Difedtiik S AR 2 1) DMA #iE
WA dmax_channely: DMAx_CHANNELy &7 DMA i#iE 5, x=1 8¢ 2, y=1...7
a2 8 x
12 [EE o
So oAt 7
W e 2 7
Nl
/* reset dma2 channel1 */
dma_reset(DMA2_CHANNEL1);

5.8.4 X ¥ dma_data_number_set
IR T k% dma_data_number_set

% 157.8 % dma_data_number_set

BH [P

dma_ data_number_set

==
&
5
e

2025.04.25

void dma_data_number_set(dma_channel_type* dmax_channely, uint16_t
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W H Ei: o)
data_number);
Thegfik Ve B i E I TE B A R AR A
MASHA dmax_channely: DMAx_CHANNELy f&& DMA @85, x=1 8¢ 2, y=1...7
WSS 2 data_number: #EfL4E, kK 65535
12 [EME ¥
So kAt I
B A ¥
Nl
/* set dma2 channel1 data count is 0x100*/
dma_data_number_set(DMA2_CHANNEL1, 0x100);

5.8.5 ¥ dma_data_number_get
NERHIA T K% dma_data_number_get

% 158.% ¥ dma_data_number_get

H #iR
R dma_data_number_get
PR T uint16_t dma_data_number_get(dma_channel_type* dmax_channely);
Tyhe ik BRI E I TE ) BHfe A% o B A A
MASHA dmax_channely: DMAx_CHANNELy & DMA @iE*5, x=1 8¢ 2, y=1...7
a2 8 x
A IR SR 45 72 I Hdfe A
Sk ok AF x
W F R 2 7
~Hl
/* get dma2 channel1 data count*/
uint16_t data_counter;
data_counter = dma_data_number_set(DMA2_CHANNEL1);

5.8.6 K ¥ dma_interrupt_enable
T AR T K% dma_interrupt_enable

2025.04.25

£ 159.8 % dma_interrupt_enable

T H R
ZERAE dma_interrupt_enable
PR 2 A void dma_interrupt_enable(dma_channel_type* dmax_channely, uint32_t
dma_int, confirm_state new_state);
Difeftiik {5 B Fi R T8 T PR AE IV
MASHA dmax_channely: DMAx_CHANNELy f& & DMA @& 5, x=1 8¢ 2, y=1...7
WMANSH 2 dma_int: FRITEIE R
MASH 3 new_state: {fFEEIC M H b
Hth =% W
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5.8.7

5.8.8

2025.04.25

BiH i
i Al ¥
etk S ¥
e F B4 ¥

dma_int

3% DMA 33 s

DMA_FDT_INT: &4 58 iR

DMA_HDT_INT: &4 58 B

DMA_DTERR_INT: FE At

new_state

& DMA 383 H 7 2 {6 R i =2 5% 1]
FALSE: %My
TRUE: {#iEd

Bl

/* enable dma2 channel1 transfer full data intterrupt */
dma_interrupt_enable(DMA2_CHANNEL1, DMA_FDT_INT, TRUE);

¥ dma_channel_enable

FEAER T K% dma_interrupt_enable

% 160.¥# dma_channel_enable

TiH Eii:py
PRI 4 dma_channel_enable
R B T void dma_channel_enable(dma_channel_type* dmax_channely, confirm_state
new_state);
Dhred e R @ IE
MASHA dmax_channely: DMAx_CHANNELy f& & DMA @B 5, x=1 8¢ 2, y=1...7
WMASH 2 new_state: {fREB<IHIBIE
it 25 W
AR I
So oAt 7
W F R 7
new_state

1% DMA S8 2 {3 fEik 2 0K 4]
FALSE: SKMidiE

TRUE: fiifgidiE

A~

/* enable dma channel */
dma_channel_enable(DMA2_CHANNEL1, TRUE);

¥ dma_flexible_config

NERFER T % dma_flexible_config
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* 161.8 % dma_flexible_config

BiH iR

A€ dma_flexible_config

PR T void dma_flexible_config(dma_type* dma_x, uint8_t flex_channelx,
dma_flexible_request_type flexible_request);

Thegfig Tich 5 e 1 135 SR Gt

MASH dma_x: f&%E DMAX, x=1 5% 2

WMASH 2 flex_channelx: FLEX_CHANNELx f&EiBiE S, x=1...7

WMASH 3 flexible_request: kLA R KIE ID 5

th =% 7

b4 EIf ) P

Sk ok AF x

Bl H B 4 7

flexible_request

S WU S KRR 1D 5 40 R R PR

F 162, B EBEHERKIE ID 5

BRRIRID | ERFKIR BRFIEIDE | ERKIR

B

0x01 DMA_FLEXIBLE_ADC1 OX0A DMA_FLEXIBLE_SPI1_TX
0x09 DMA_FLEXIBLE_SPI1_RX 0x0C DMA_FLEXIBLE_SPI2_TX
0X0B DMA_FLEXIBLE_SPI2_RX Ox1A DMA_FLEXIBLE_UART1_TX
0x19 DMA_FLEXIBLE_UART1_RX 0x1C DMA_FLEXIBLE_UART2_TX
Ox1B DMA_FLEXIBLE_UART2_RX OX1E DMA_FLEXIBLE_UART3_TX
0x1D DMA_FLEXIBLE_UART3_RX 0x20 DMA_FLEXIBLE_UART4_TX
OX1F DMA_FLEXIBLE_UART4_RX 0x22 DMA_FLEXIBLE_UART5_TX
0x21 DMA_FLEXIBLE_UART5_RX 0x2A DMA_FLEXIBLE_[2C1_TX
0x29 DMA_FLEXIBLE_[2C1_RX 0x2C DMA_FLEXIBLE_[2C2_TX
0x2B DMA_FLEXIBLE_[2C2_RX 0x36 DMA_FLEXIBLE_TMR1_HALL
0x31 DMA_FLEXIBLE_SDIO1 0x38 DMA_FLEXIBLE_TMR1_CH1
0x35 DMA_FLEXIBLE_TMR1_TRIG Ox3A DMA_FLEXIBLE_TMR1_CH3
0x37 DMA_FLEXIBLE_TMR1_OVERFLOW | 0x3D DMA_FLEXIBLE_TMR2_TRIG
0x39 DMA_FLEXIBLE_TMR1_CH2 0x40 DMA_FLEXIBLE_TMR2_CH1
0x3B DMA_FLEXIBLE_TMR1_CH4 0x42 DMA_FLEXIBLE_TMR2_CH3
OX3F DMA_FLEXIBLE_TMR2_OVERFLOW | 0x45 DMA_FLEXIBLE_TMR3_TRIG
ox41 DMA_FLEXIBLE_TMR2_CH2 0x48 DMA_FLEXIBLE_TMR3_CH1
0x43 DMA_FLEXIBLE_TMR2_CH4 OX4A DMA_FLEXIBLE_TMR3_CH3
0x47 DMA_FLEXIBLE_TMR3_OVERFLOW | 0x4D DMA_FLEXIBLE_TMR4_TRIG
0x49 DMA_FLEXIBLE_TMR3_CH2 0X50 DMA_FLEXIBLE_TMR4_CH1
0x4B DMA_FLEXIBLE_TMR3_CH4 0X52 DMA_FLEXIBLE_TMR4_CH3
Ox4F DMA_FLEXIBLE_TMR4_OVERFLOW | OX55 DMA_FLEXIBLE_TMR5_TRIG
0X51 DMA_FLEXIBLE_TMR4_CH2 0X58 DMA_FLEXIBLE_TMR5_CH1
0X53 DMA_FLEXIBLE_TMR4_CH4 OX5A DMA_FLEXIBLE_TMR5_CH3
0X57 DMA_FLEXIBLE_TMR5_OVERFLOW | 0x6D DMA_FLEXIBLE_TMRS8_TRIG

2025.04.25
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BRFKIFID | ERRIK ERKIRIDE | ERKIR
B
0X59 DMA_FLEXIBLE_TMR5_CH2 OX6F DMA_FLEXIBLE_TMR8_OVERFLOW
0X5B DMA_FLEXIBLE_TMR5_CH4 0x71 DMA_FLEXIBLE_TMRS8_CH2
OX6E DMA_FLEXIBLE_TMR8_HALL 0x73 DMA_FLEXIBLE_TMR8_CH4
0Xx70 DMA_FLEXIBLE_TMR8_CH1 0x72 DMA_FLEXIBLE_TMR8_CH3
A~

/* tmr2 flexible function enable */
dma_flexible_config(DMA2, FLEX_CHANNEL1, DMA_FLEXIBLE_TMR2_OVERFLOW);

5.8.9 ¥ dma_flag_get
FRFE T BE dma_flag_get

% 163.8% dma_flag_get

H #iR
A€ dma_flag_get
BRI 25 Y flag_status dma_flag_get(uint32_t dmax_flag);
Thread I E A bR B AL
LN 2| dmax_flag: & B3R E AL
it 2% W
IR [FIE flag_status: #r&EM2F EHild
So oAt I
W F R 2 7
dmax_flag

dmax_flag H] T3/ EARBCRESHIARE, KAl 51T .

2025.04.25

DMA1_GL1_FLAG:
DMA1_FDT1_FLAG:
DMA1_HDT1_FLAG:

DMA1_DTERR1_FLAG:

DMA1_GL2_FLAG:
DMA1_FDT2_FLAG:
DMA1_HDT2_FLAG:

DMA1_DTERR2_FLAG:

DMA1_GL3_FLAG:
DMA1_FDT3_FLAG:
DMA1_HDT3_FLAG:

DMA1_DTERR3_FLAG:

DMA1_GL4_FLAG:
DMA1_FDT4_FLAG:
DMA1_HDT4_FLAG:

DMA1_DTERR4_FLAG:

DMA1_GL5_FLAG:
DMA1_FDT5_FLAG:
DMA1_HDT5_FLAG:

DMA1 J8iE 1 &Rk
DMA1 #iE 1 45058 libr &
DMA1 #IE 1 4540 56 b &
DMA1 i 1 &5t iR &
DMA1 j8iE 2 &Rt

DMA1 #iE 2 4578 libr i
DMA1 J#IE 2 454 56 b &
DMA1 JEIH 2 L5 iR &
DMA1 j#iE 3 & JRtrE

DMA1 #iE 3 478 libr i
DMA1 #IE 3 A% 4 56 b &
DMA1 #iE 3 i iztrd
DMA1 j8iE 4 & RtrE

DMA1 #iE 4 45158 libs
DMA1 J#IE 4 4540 56 b &
DMA1 JEIH 4 L5 R &
DMA1 J&iE 5 4Rt &

DMA1 JE1E 5 &% 58 s &
DMA1 J#iE 5 454 56 b &
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2025.04.25

DMA1_DTERR5_FLAG:
DMA1_GL6_FLAG:
DMA1_FDT6_FLAG:
DMA1_HDT6_FLAG:
DMA1_DTERR6_FLAG:
DMA1_GL7_FLAG:
DMA1_FDT7_FLAG:
DMA1_HDT7_FLAG:
DMA1_DTERR7_FLAG:
DMA2_GL1_FLAG:
DMA2_FDT1_FLAG:
DMA2_HDT1_FLAG:
DMA2_DTERR1_FLAG:
DMA2_GL2_FLAG:
DMA2_FDT2_FLAG:
DMA2_HDT2_FLAG:
DMA2_DTERR2_FLAG:
DMA2_GL3_FLAG:
DMA2_FDT3_FLAG:
DMA2_HDT3_FLAG:
DMA2_DTERR3_FLAG:
DMA2_GL4_FLAG:
DMA2_FDT4_FLAG:
DMA2_HDT4_FLAG:
DMA2_DTERR4_FLAG:
DMA2_GL5_FLAG:
DMA2_FDT5_FLAG:
DMA2_HDT5_FLAG:
DMA2_DTERR5_FLAG:
DMA2_GL6_FLAG:
DMA2_FDT6_FLAG:
DMA2_HDT6_FLAG:
DMA2_DTERR6_FLAG:
DMA2_GL7_FLAG:
DMA2_FDT7_FLAG:
DMA2_HDT7_FLAG:
DMA2_DTERR7_FLAG:

flag_status

RESET: #HRiArENALA B
SET: AR bR AL B AL

2N

DMA1 i 5 &t izAn &
DMA1 J#iE 6 &Rt

DMA1 J83i#E 6 & 5¢ iibr
DMA1 J#iE 6 154 58 b &
DMA1 J8i# 6 f&ims imbr
DMA1 818 7 &Rt

DMA1 J83i#E 7 £ 5¢ Biobr i
DMA1 J#IE 7 4540 58 b &
DMA1 i3 7 i imbr
DMA2 j#iE 1 &Rt
DMA2 iiiE 1 & 5¢ sibr i
DMA2 383 1 558 iibr &
DMAZ2 il 1 kit
DMA2 j#i 2 &Rt
DMAZ2 i 2 £ 58 libs ik
DMA2 i3 2 K58 ibr &
DMAZ2 i 2 kit
DMA2 j#iE 3 &Rt
DMA2 ji#i 3 f&i e ibr &
DMA2 iii# 3 AL 58 libr &
DMA2 ji#i 3 fEikkiitbr &
DMA2 j#i# 4 &Rt

DMAZ2 j#iE 4 45058 libr
DMA2 J#iE 4 454 56 b &
DMA2 J&1H 4 LR &
DMA2 j#iE 5 4Rt

DMAZ2 j#iE 5 458 libr &
DMA2 J#iE 5 A% 4 56 b &
DMAZ2 i 5 {5kt i An &
DMA2 j#iE 6 4Rt

DMAZ2 j#iE 6 4458 libr i
DMA2 J#iE 6 1% 4 56 Bibs &
DMAZ2 j#iE 6 & iztnd
DMA2 j#iE 7 & JRtr&

DMA2 j#iE 7 458 libr i
DMA2 J#iE 7 A% 4 56 b &
DMA2 J&i1H 7 &5 7 &

{

at32_led_on(LED2);

/* turn led2/led3/led4 on */

if(dma_flag_get(DMA2_FDT1_FLAG) != RESET)
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at32_led_on(LED3);
at32_led_on(LED4);

5.8.10 X% dma_flag_clear

NERAE T % dma_flag_clear

# 164.% % dma_flag_clear

WA ik
A€ dma_flag_clear
PR void dma_flag_clear(uint32_t dmax_flag);
ThRestiid T B I8 TE A R AL
WS dmax_flag: & EIERRIIAREAL
it 24 7
IR [EME 7
SR okt 7
B R F R 2 7
dmax_flag

dmax_flag M i3 75 EARBUIRES AR &, KAl 51 r

DMA1_GL1_FLAG:
DMA1_FDT1_FLAG:
DMA1_HDT1_FLAG:

DMA1_DTERR1_FLAG:

DMA1_GL2_FLAG:
DMA1_FDT2_FLAG:
DMA1_HDT2_FLAG:

DMA1_DTERR2_FLAG:

DMA1_GL3_FLAG:
DMA1_FDT3_FLAG:
DMA1_HDT3_FLAG:

DMA1_DTERRS3_FLAG:

DMA1_GL4_FLAG:
DMA1_FDT4_FLAG:
DMA1_HDT4_FLAG:

DMA1_DTERR4_FLAG:

DMA1_GL5_FLAG:
DMA1_FDT5_FLAG:
DMA1_HDT5_FLAG:

DMA1_DTERRS_FLAG:

DMA1_GL6_FLAG:
DMA1_FDT6_FLAG:
DMA1_HDT6_FLAG:

DMA1_DTERRG6_FLAG:

DMA1_GL7_FLAG:
DMA1_FDT7_FLAG:

DMA1 i#iE 1 4 fmbr&
DMA1 3HIE 1 &4 5e b &
DMA1 3HIE 1 4% 4 5¢ b &
DMA1 JEiE 1 A&t iR &
DMA1 i#iE 2 4 fmbr&

DMA1 3#IE 2 &4 e b &
DMA1 3HIE 2 -4 i 52 b &
DMA1 JEiE 2 f&Hmt iR &
DMA1 i#iE 3 4 fmbr&

DMA1 3#IE 3 &4 7e b &
DMA1 3#IE 3 -4 i 5¢ libs &
DMA1 JiiE 3 f&hmtt iRbr &
DMA1 i#iE 4 4 fmbr&

DMA1 3HIE 4 &40 ¢ lihr &
DMA1 3HIE 4 4% i 52 b &
DMA1 JHiE 4 f&hmt iR &
DMA1 i#iE 5 4 mbr&

DMA1 i#IE 5 &4 ¢ b &
DMA1 3HIE 5 -1 i 5¢ b &
DMA1 Jii& 5 A5 iR in &
DMA1 Jii& 6 4 Rt

DMA1 i#IE 6 &4 e b &
DMA1 3HIE 6 1% i 5¢ b &
DMA1 iHi 6 f&hmit kb &
DMA1 i#iE 7 4 mbr&

DMA1 ilIHE 7 %0 58 ik &
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5.9

2025.04.25

DMA1_HDT7_FLAG:

DMA1_DTERR7_FLAG:

DMA2_GL1_FLAG:
DMA2_FDT1_FLAG:
DMA2_HDT1_FLAG:

DMA2_DTERR1_FLAG:

DMA2_GL2_FLAG:
DMA2_FDT2_FLAG:
DMA2_HDT2_FLAG:

DMA2_DTERR2_FLAG:

DMA2_GL3_FLAG:
DMA2_FDT3_FLAG:
DMA2_HDT3_FLAG:

DMA2_DTERRS3_FLAG:

DMA2_GL4_FLAG:
DMA2_FDT4_FLAG:
DMA2_HDT4_FLAG:

DMA2_DTERR4_FLAG:

DMA2_GL5_FLAG:
DMA2_FDT5_FLAG:
DMA2_HDT5_FLAG:

DMA2_DTERRS_FLAG:

DMA2_GL6_FLAG:
DMA2_FDT6_FLAG:
DMA2_HDT6_FLAG:

DMA2_DTERRG6_FLAG:

DMA2_GL7_FLAG:
DMA2_FDT7_FLAG:
DMA2_HDT7_FLAG:

DMA2_DTERR7_FLAG:

2N

DMA1 J8IE 7 A4 56 Bibs &
DMA1 i3 7 i imbr
DMA2 ji#iE 1 &Rt
DMA2 iiiE 1 & 5¢ Bibr i
DMA2 #iE 1 4540 58 b &
DMA2 iiiE 1 i imbr
DMA2 ji#i 2 &Rt
DMA2 iii# 2 f&i 5¢ sibr i
DMA2 J#iE 2 454 58 b &
DMA2 iii# 2 f&imisimbr
DMA2 i 3 & JatnE
DMA2 ji#iE 3 f&i e ibr &
DMA2 iii# 3 AL 58 libr &
DMA2 ji#i 3 fEikk iitbr &
DMA2 j#i# 4 &Rt
DMAZ2 #iE 4 458 libr b
DMA2 3EiE 4 558 libr &
DMAZ2 il 4 kit
DMA2 j#i# 5 & RtrE
DMA2 jii# 5 f& 45 ibr &
DMA2 38i# 5 4L 58 libr &
DMA2 jii# 5 fE sk iitbr &
DMA2 j#iE 6 4 RtrE
DMAZ2 j#iE 6 4458 libr &
DMA2 J#iE 6 1% 4 56 Bihs &
DMAZ2 i 6 {5k imAn &
DMA2 j#iE 7 &Rt

DMA2 j#iE 7 #4558 libr &
DMA2 #iE 7 454 56 b &
DMA2 J&1H 7 & ims &

{

at32_led_on(LED2);
at32_led_on(LED3);
at32_led_on(LED4);

/* turn led2/led3/led4 on */

if(dma_flag_get(DMA2_FDT1_FLAG) != RESET)

dma_flag_clear(DMA2_FDT1_FLAG);

AR W A2 (EXINTD

EXINT 2 {74451 exint_type, & T30 “at32f413_exint.h "Il T :

/**

* @brief type define exint register all
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5.91

2025.04.25

*/
typedef struct
{

} exint_type;

THREH T EXINT Zif7aL 5.

% 165. EXINT AR A%

R iR
inten Hh A e AT A7 2%
evten FAAFRE AT AR
polcfg1 ML 2 A7 2 1
polcfg2 MM B 2 A7 5 2
swirg WAl R AT AT A
intsts HR RS B A
TRAH T EXINT &4 0.
2 166. EXINT FERE0 %
[EiE & ik

exint_reset

K EXINT iy S s IR 2 B 2 A fE

exint_default_para_init

75 EXINT #Iaa 045 iR TR Y1 {E

exint_init

EXINT #1461k

exint_flag_clear

THRRIEE EXINT MR &AL

exint_flag_get

FEELE E EXINT H¥R &AL

exint_interrupt_flag_get

BEGEE EXINT 19 Wiks 47

exint_software_interrupt_event_generate AR W A
exint_interrupt_enable i RELE E I EXINT rf i
exint_event_enable fH BEIE T 1) EXINT 4

¥ exint_reset
FERFIAR T AL exint_reset

X 167. K# exint_reset

A iR
ZERAEA exint_reset
PR 3 A void exint_reset(void);
ThRedtik ¥ EXINT firf a7 47 s 2 B B AE
LN L 7
25 7
IR [EI AR 7
So okt 7
B R FH ok 4 crm_periph_reset();
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5.9.2

5.9.3

2025.04.25

Bl

l exint_reset ();

¥ exint_default_para_init

N FRAIER T PREL exint_default_para_init

* 168. F ¥ exint_default_para_init

A ik
A EA exint_default_para_init
PR void exint_default_para_init(exint_init_type *exint_struct);
ThRedtiid ¢ EXINT #4616 85 M A R A{E
WS exint_struct: F8IA) exint_init_type XM 1R4E!
it 24 7
IR [EME 7
Se iR kA FH L L —A> exint_init_type A F
B R FH R 2 7
il

exint_init_type exint_init_struct;

exint_default_para_init(&exint_init_struct);

¥ exint_init

NERFE T KA exint_init

 169. EH exint_init

A i3}
PRI 4 exint_init
PR 3 void exint_init(exint_init_type *exint_struct);
DhRe ik EXINT %41t
LN 2| exint_init_type: 1§IA exint_init_struct Z584 ({454t
i 24 7
IR [EME 7
Vit Yas F R LA exint_init_type KA E
R FH e 4 7

exint_init_type 7F at32f413_exint.h #& X :

typedef struct
{

exint_line_mode_type
uint32_t

exint_polarity config_type

confirm_state
} exint_init_type;

line_mode

line_mode;
line_select;
line_polarity;
line_enable;

15T |
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594

2025.04.25

P H AP A B R 2

EXINT_LINE_INTERRUPUT: AR 2
EXINT_LINE_EVENT: HAE
line_select

line &+

EXINT_LINE_NONE: RiE&FAEAT line
EXINT_LINE_0:  #%&#line0
EXINT_LINE_1: &% linet

EXINT LINE_18: ###%line18

line_polarity

fih A IR
EXINT_TRIGGER_RISING_EDGE: R
EXINT_TRIGGER_FALLING_EDGE: Ry}
EXINT_TRIGGER_BOTH_EDGE: HSp) RATN S paTbri s
line_enable

HRR/IC L SE lines

FALSE: SXHIILE line;

TRUE: ffifgiksE line.

il

exint_init_type exint_init_struct;
exint_default_para_init(&exint_init_struct);
exint_init_struct.line_enable = TRUE;

exint_init_struct.line_mode = EXINT_LINE_INTERRUPUT;
exint_init_struct.line_select = EXINT_LINE_O;
exint_init_struct.line_polarity = EXINT_TRIGGER_RISING_EDGE;

exint_init(&exint_init_struct);

¥ exint_flag_clear
R T R exint_flag_clear

F 170. E# exint_flag_clear

A R
R exint_flag_clear
R T void exint_flag_clear(uint32_t exint_line);
Difeftiik TERREE EXINT frF ks 47
MWASH exint_line: line 4%
WMEIEH: SR/ line_select
25 7
& B 7
SRk 7
B FH R 2 7
N

‘ exint_flag_clear(EXINT_LINE_O);
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5.9.5 M¥ exint_flag_get
NERAE T R exint_flag_get

& 171. E# exint_flag_get

A iR
PR EA exint_flag_get
PR 2 A flag_status exint_flag_get(uint32_t exint_line);
Difeftig SRELE 52 EXINT (1) b b s
WMASH exint_line: line %&#%
ZSHEHER I line_select
it 24 7
YL ED flag_status: A&7 FPIRES
ZREMER Nz —: SET, RESET.
SR okt 7
B FH o 4 7
~pl

flag_status status = RESET;
status = exint_flag_get(EXINT_LINE_O);

5.9.6 ¥ exint_interrupt_flag_get
NEIA T KL exint_interrupt_flag_get

£ 172. B exint_interrupt_flag_get

iH

E(i7p%)

xR

exint_interrupt_flag_get

R | R
S
e

flag_status exint_interrupt_flag_get(uint32_t exint_line)

IREGE 2 EXINT (1) S iz 47

gL
> |8
NS

exint_line: line #%#%
ZSHVEYIHR W, line_select

i 24 7
IR Al {E flag_status: #5EL ARG
ZIREMER yHhz —: SET, RESET.
SR kAT 7
R FH eR 4 7
N

flag_status status = RESET;
status = exint_interrupt_flag_get (EXINT_LINE_O);

5.9.7 BHK¥ exint_software_interrupt_event_generate

NI T B # exint_software_interrupt_event_generate

2025.04.25
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5.9.8

5.9.9

2025.04.25

* 173. E# exint_software_interrupt_event_generate

BiH #R
A€ exint_software_interrupt_event_generate
PR 2 A void exint_software_interrupt_event_generate(uint32_t exint_line);
Thegfik LR T R e
LITPNE 2 exint_line: line ¥t
WUEYEHE: ZHEFICH line_select
Hth 2% 7
A EIf ) P
Se kg AF 7
iR H B 2 7
Nl

‘ exint_software_interrupt_event_generate (EXINT_LINE_O);

¥ exint_interrupt_enable
NI T KL exint_interrupt_enable

F 174. B exint_interrupt_enable

A i3}

PRI 44 exint_interrupt_enable

R Y void exint_interrupt_enable(uint32_t exint_line, confirm_state new_state);

Digeflid fii B % 2 1 EXINT 17

MASHA exint_line: line &3
WUETEHE . ZHEFICH line_select

WMASH 2 new_state: {EEECIA
EZSHOTLLIEEE Hh 2 — « FALSE, TRUE

it 24 7

IR [FIE &

SR kAT ¥

R FH R 2 &

N

‘ exint_interrupt_enable (EXINT_LINE_O);

B3 exint_event_enable
IR T K%L exint_event_enable

£ 175. B exint_event_enable

TiH i
R exint_event_enable
BRI R R Y void exint_event_enable(uint32_t exint_line, confirm_state new_state);
e ik fli B E B EXINT Fiff:
MANSHA exint_line: line i&#*
- - % 160 | - k7 2.0.6
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HiA iR

WUETEH . ZHE[I3CH) line_select

MASH 2 new_state: {#EEECIA]
S HA UL E 2 — « FALSE, TRUE

i 25 7

R [EME 7

SRSkt 7

e F R 7

il

‘ exint_event_enable (EXINT_LINE_O0);

510 [N7F#&H|%: (FLASH)
FLASH & /7 #4544 flash_type, & T 3 f4“at32f413_flash.h" il I
[
* @brief type define flash register all
*/

typedef struct
{
} flash_type;
TREH T FLASH Z/788 0 0.

% 176. FLASH ZFfEas M3

T i
flash_psr NAEPERR IR R 27 A7 38 2
flash_unlock INAF R A A7 A%
flash_usd_unlock RAE P R S 5O e B 25 A7 2
flash_sts AR A A7 48
flash_ctrl PRI ) 25 A7 2
flash_addr ARER: R e
flash_usd P RS %A
flash_epps EERRmFE R OIRES T A7 8
flash_unlock3 IR A7 R B 5 A7 2 3
flash_select AR P 728
flash_sts3 ARS8 3
flash_ctrl3 A 2 748 3
flash_addr3 A7 bk 25 7 4% 3
flash_da IRA7 fif 2 Bk 25 A7 2
slib_sts0 PRI 22 4 e XOIRAS 27 A2 4 O
slib_sts1 DRI 22 4 e KRS A A7 4 1
slib_pwd_clr IR A 4 B DX B T ok 2 A o
slib_misc_sts INAF 22 4 Pl X AR AS P A7 2%
2025.04.25 - - % 161 1 - Ik 2.0.6
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2025.04.25

Biias

iR

slib_set_pwd

DR A7 22 4 P IX B R V58 B A7

slib_set_range

DA 22 4 I X M BE B B A7 o

slib_unlock

N7 2 4 o IX A o A7 4

flash_crc_ctrl

INFF CRC b6 42 il 5 77 4%

flash_crc_chkr

INFF CRC K45 R w77 4%

NRGH T FLASH FE R

F 177. FLASH EERE RS

i iR
flash_flag_get REFF EARES
flash_flag_clear ERR O E A bR E
flash_operation_status_get BRVERA IR (P ERINAFH
flash_spim_operation_status_get AN AR RAS IR
flash_operation_wait_for ERHRETE L (NEBINAETD
flash_spim_operation_wait_for SRR AN TN A 3R AE 5 B
flash_unlock INTERET (AEBINAFEED
flash_spim_unlock AR R A i
flash_lock NAFEE (HEBIRNAAED
flash_spim_lock AN IN A B E
flash_sector_erase o X
flash_internal_all_erase P DR A7 45 B
flash_spim_all_erase AR R 745 B
flash_user_system_data_erase F P RS0 808 X 8k
flash_word_program INAE 3% FgmE
flash_halfword_program INAEIZ 7 gmfe
flash_byte_program INAEIZ T e
flash_user_system_data_program H P RS0 508 X g fs
flash_epp_set B miE R E
flash_epp_status_get BERR AR CRYOIRAS ZE X
flash_fap_enable 5 A R
flash_fap_status_get i AR IRAS REL
flash_ssb_set RARETFTTNE
flash_ssb_status_get RGN E FAIRASIREL
flash_interrupt_enable IR A7 Hh BT e
flash_spim_model_select ANIBINAF R %
flash_spim_encryption_range_set AR R AN S Bl i
flash_slib_enable A X AR
flash_slib_disable GAPEX KRR
flash_slib_remaining_count_get 224 JE X ) R AT A P L
flash_slib_state_get 24 i XOIRAS IR
flash_slib_start_sector_get 24 i X T 46 Ja X 3R
flash_slib_datastart_sector_get T2 A T DX A DX T4 s DX 3R
flash_slib_end_sector_get TR IX 4 3 (X 3REL
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5.10.1

5.10.2

2025.04.25

R

[P

flash_crc_calibrate

N1 CRC K4

K% flash_flag_get
NRIA T %L flash_flag_get

# 178. E¥ flash_flag_get

A ik
PRI 4 flash_flag_get
PR flag_status flash_flag_get(uint32_t flash_flag);
ThRedtiid KBRS
WmANZH flash_flag: 5 Z3RBURAS PR £iL#E
it 24 7
IR [EME flag_status: FrELFPRES
ZIREE Y2 —: SET, RESET.
Se kAT 7
B R FH R 2 7
flash_flag
SRR SR &

FLASH_OBF_FLAG:
FLASH_ODF_FLAG:
FLASH_PRGMERR_FLAG:
FLASH_EPPERR_FLAG:
FLASH_SPIM_OBF_FLAG:
FLASH_SPIM_ODF_FLAG:

FLASH_SPIM_PRGMERR_FLAG:

FLASH_SPIM_EPPERR_FLAG:
FLASH_USDERR_FLAG:
Bl

INAEERIEIC ARG (N EBINAE B
INAEERVESEbR S (A BRI A7 B
NIRRT RAR S (PRI A5
N GRIRAR S (NERINAEEO
AN ERINAF AR b i

A ERINAF 3R AR SE b i
HMERINAF G RERE R AR S
HMERINAF 2 E A IR AR S

P A G X A R b

flag_status status;

status = flash_flag_get (FLASH_ODF_FLAG);

¥ flash_flag_clear
MR T ¥ flash_flag_clear

F 179. X ¥ flash_flag_clear

W H i3
R flash_flag_clear
PR % A void flash_flag_clear(uint32_t flash_flag);
ThRedtik THEBRAREAL
LN 2 flash_flag: FFEBRIIFR EILHE
25 p
IR A p
Jath kAT x
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5.10.3

BH

[P

W F R 2

flash_flag
FBBRIPRES bR &
FLASH_ODF_FLAG:

FLASH_PRGMERR_FLAG:

FLASH_EPPERR_FLAG:

FLASH_SPIM_ODF_FLAG:
FLASH_SPIM_PRGMERR_FLAG:
FLASH_SPIM_EPPERR_FLAG:

Bl

INAFRAE SE AR S (NI A B
INAE AR RAR S (RN A5
NG RIRAR S (NSNS
GBS INAF 3R AR 52 b i
HMERINAF G RERE 1R AR S
HNERINAF R E A IR AR S

‘ flash_flag_clear(FLASH_ODF_FLAG);

PR %Y flash_operation_status_get

R IR T PR flash_operation_status_get

#* 180. ¥ ¥ flash_operation_status_get

A iR

k&4 flash_operation_status_get

PR E R Y flash_status_type flash_operation_status_get(void);

ThRestiid SREURIEIRES

MASH T

it 24 T

IR [F{E EAEIRTS, ZSHOEAIREIR I flash_status_type

SR kAT ¥

B R FH R 2 ¥
flash_status_type
FLASH_OPERATE_BUSY: INAFHRAE AT
FLASH_PROGRAM_ERROR: IR A 2 R i
FLASH_EPP_ERROR: N 5 R iR
FLASH_OPERATE_DONE: INAF A E 78 %
FLASH_OPERATE_TIMEOUT: PN A7 AR I

Bl

flash_status_type status = FLASH_OPERATE_DONE;
/* check for the flash status */

status = flash_operation_status_get();

5.10.4 K% flash_spim_operation_status_get

R AR T R HL flash_spim_operation_status_get

% 181. ¥ flash_spim_operation_status_get

T H

Hik

flash_spim_operation_status_get

R | R

=

flash_status_type flash_spim_operation_status_get (void);

2025.04.25
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HiA iR

Thae ik SREVSMBINAERAERES

LN 2 7

i 25 7

IR [EE EAEIRTS, ZSHOFEYIRER I flash_status_type
SRSkt 7

e F R 7

il

flash_status_type status = FLASH_OPERATE_DONE;
/* check for the flash status */
status = flash_spim_operation_status_get();

5.10.5 pfi¥ flash_operation_wait_for
AR T K% flash_operation_wait_for

* 182. K ¥ flash_operation_wait_for

H #iR
efe flash_operation_wait_for
BRI AR Y flash_status_type flash_operation_wait_for(uint32_t time_out);
Thread SR IN AR AR
LN time_out: %545 BRI AR H I 1)
ZSHUE flash.h k0 E ST #55 FIREEIN I T6), PEARAEIR I flash_time_out
a2 8 x
YL EN BERAS, 1ZSEEYIHEIA W flash_status_type
Sk ok AF x
Bl H R 2 7
flash_time_out
ERASE_TIMEOUT: PERRER I
PROGRAMMING_TIMEOUT: Ty el ing

SPIM_ERASE_TIMEOUT:

BB IN AR Bk I

SPIM_PROGRAMMING_TIMEOUT:  AMBINAESwFR T

OPERATION_TIMEOUT:
il

R

/* wait for operation to be completed */
status = flash_operation_wait_for(PROGRAMMING_TIMEOUT);

5.10.6 K%\ flash_spim_operation_wait_for

NEHIA T K%L flash_spim_operation_wait_for

& 183. EK# flash_spim_operation_wait_for

HH R
PR EA flash_spim_operation_wait_for
R Y flash_status_type flash_spim_operation_wait_for(uint32_t time_out);
Thegdmiik SELF AN N AR R A

2025.04.25
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HiA iR
ETPNE-E | time_out: SF£F (1R 18 H 7]
S AL flash.h Sk b e SCT 85 P RER I I IR], PE4HFSA W flash_time_out

i 25 7

IR [EE EAEIRTS, ZSHOEYIRER I flash_status_type

SRSk 7

e F R 7

il

/* wait for operation to be completed */
status = flash_spim_operation_wait_for(PROGRAMMING_TIMEOUT);

5.10.7 K% flash_unlock
NERIA T R flash_unlock

% 184. E# flash_unlock

W H Ei::3%)
A€ flash_unlock
BRI Y void flash_unlock(void);
etk SR P IR A7 92 1) 2 A7 2
MINZH W
i th 24 W
I x
Sk ok AF 7
B F e x
~Hl

| flash_unlock();

5.10.8 K% flash_spim_unlock
AR T K% flash_spim_unlock

#* 185. E ¥ flash_spim_unlock

T H R

R34 flash_spim_unlock
PR 2 A void flash_spim_unlock(void);

Thegfig SR A B I A7 P2 25 A7 4

LN 7

25 7

12 [EE o
Je ok AF W
W e 2 7

Nl

‘ flash_spim_unlock();
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5.10.9 ¥ flash_lock
TRAA T K%L flash_lock

* 186. E ¥} flash_lock

B

B

[P

flash_lock

H4
#

5
e

void flash_lock(void);

BE
=

AEdt

BIRE A P DN A4 ) 2 A7 2%

HNSH

x

it 24

R EHME

ek 2F AT

W F R 2

off [ofl | off | o

N

‘ flash_lock();

5.10.10

¥ flash_spim_lock

FHERAER T K # flash_spim_lock

Z 187. E# flash_spim_lock

A iR

PRI 4 flash_spim_lock
PR3 void flash_spim_lock(void);
ThRedtik BT /M DR AT 25 1) 5 A7 2%
WmANZH 7
it 24 7
IR [EI AR 7
SR kAT 7
e FH R 2 7

Bl

‘ flash_spim_lock();

5.10.11 K ¥ flash_sector_erase

IR T k% flash_sector_erase

#* 188. H ¥ flash_sector_erase

T H ik
R flash_sector_erase
PR B T flash_status_type flash_sector_erase(uint32_t sector_address);
Dhredd PRIRAR RE Huhk T 7 B DX R TN A7 500
BMANSH sector_address: 7 ZHERR R X FrAEbE, 38w 8 X A G ik
Hth =% W
IR [EE EAEIRES, ZSHOFEYRER W flash_status_type
So oAt 5

2025.04.25
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BH

[P

W F R 2

x

Bl

flash_status_type status = FLASH_OPERATE_DONE;
flash_unlock();
status = flash_sector_erase(0x08001000);

5.10.12 ¥ flash_internal_all_erase

NEMIA T K flash_internal_all_erase

% 189. ¥ flash_internal_all_erase

A Eiii3%}
A€ flash_internal_all_erase
PR flash_status_type flash_internal_all_erase(void);
ThRestiid P P9 R A7 2 dl
MASH T
it S5 T
IR [EE EAEIRTS, ZSHOFEAIRER I flash_status_type
Se kAT 7
B R F R 2 7
Bl

flash_status_type status = FLASH_OPERATE_DONE;

flash_unlock();

status = flash_internal_all_erase();

5.10.13 ¥ flash_spim_all_erase
NERIA T R flash_spim_all_erase

% 190. ¥ flash_spim_all_erase

WA Ei::3%)
R flash_spim_all_erase
R ER T flash_status_type flash_spim_all_erase(void);
ThRedtik PERR SN0 A7 B4
LN 2 7
i =4 o
IR [EE BERAS, 1ZSEEYIEIA W flash_status_type
Stk kAT o
B H R 4 o
Bl
flash_status_type status = FLASH_OPERATE_DONE;
flash_spim_unlock();
status = flash_spim_all_erase();

2025.04.25
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5.10.14 ¥ flash_user_system_data_erase

TR T R flash_user_system_data_erase

*® 191. K ¥ flash_user_system_data_erase

BiH #R
A EA flash_user_system_data_erase
PR T flash_status_type flash_user_system_data_erase(void);
Thegdid BEBR 7 R X B
PN P
th =% 7
YL EN BABRE, EZSHOEHHIAR N flash_status_type
Sk ok AF x
Bl H B 4 7
TEE: ZERH S RIFATHIIN T IR (FAPD JIRES,  IXEEBRIH R e85 IXBR T FAP Z SF TR
o
B
flash_status_type status = FLASH_OPERATE_DONE;
flash_unlock();
status = flash_user_system_data_erase();
5.10.15 ¥ flash_word_program

2025.04.25

NFRAIA T BB #L flash_word_program

* 192. E# flash_word_program

A i3}
PRI 4 flash_word_program
R Y flash_status_type flash_word_program(uint32_t address, uint32_t data);
Digefliid IR — AT EHRE B4 E R
MANSHA address: ZifEMHhbE, &N
MNSH 2 data: ZmFE %
i 24 &
IR [FE EARIRTS, ZSHOEAIHEIR I flash_status_type
SR kAT L ) N A HE 254 2 OXFF A SV A
R FH e 4 7
N
flash_status_type status = FLASH_OPERATE_DONE;
uint32_ti;
flash_unlock();
status = flash_sector_erase(0x08001000);
if(status = FLASH_OPERATE_DONE)
{
/* program 256 words */
for(l = 0; | < 256; i++)
{
- - % 169 7 - I Wik 2.0.6
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status = flash_word_program(0x08001000 + i*4, i);

5.10.16

PR % flash_halfword_program

TR T pR L flash_halfword_program

% 193. E# flash_halfword_program

WA ik
A€ flash_halfword_program
PR Y flash_status_type flash_halfword_program(uint32_t address, uint16_t data);
ek G A — 2P A HOHE 248 R 1 Mk
LN | address: #RFRMIHLEE, FpFNI5F
MANSH 2 data: #WIEHIEHE
it 24 7
YL EN BABRE, EZSHOEHHIAR N flash_status_type
Je iR Z bk 0 N AEERE L A4 OXFF A Su Vi gmfe
B R FH R 2 7
il

flash_status_type status = FLASH_OPERATE_DONE;
uint32_ti;
flash_unlock();
status = flash_sector_erase(0x08001000);
if(status = FLASH_OPERATE_DONE)
{

[* program 256 halfwords */

for(l = 0; | < 256; i++)

{

status = flash_halfword_program(0x08001000 + i*2, (uint16_t)i);

5.10.17

¥ flash_byte program

NERAIAR T BB E flash_byte program

X 194. K ¥ flash_byte_program

2025.04.25

T H ik
ZERAEA flash_byte_program
PR E flash_status_type flash_byte_program(uint32_t address, uint8_t data);
Dhretd G > B B4R E A Mk
HNSH address: Zif% ik
BINZH 2 data: ZfEMIEHE
Hth =% W
IR A BAERES, 1ZSHOIEIRIR I flash_status_type
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5 B ik
SR VML () IR 77 20 00 25 OXFF 4 St Vi i
LLLEE: %
il

uint32_ti;

{

{

flash_unlock();
status = flash_sector_erase(0x08001000);
if(status = FLASH_OPERATE_DONE)

[* program 256 bytes */
for(l = 0; | < 256; i++)

flash_status_type status = FLASH_OPERATE_DONE;

status = flash_byte_program(0x08001000 + i*2, (uint8_t)i);

5.10.18 K% flash_user_system_data_program

R T PR flash_user_system_data_program

#* 195. E# flash_user_system_data_program

A i3}
ERAE flash_user_system_data_program
PR3 A flash_status_type flash_user_system_data_program (uint32_t address, uint8_t
data);
ThRedthiR R — IR RGP R G X
HNSH address: 421 HLE
MNSHL 2 data: #mFEfIEHRE
it 24 7
IR [F{E EAEIRTS, ZSHOFEAIREIR I flash_status_type
SR kAT AL P R G R H SRS A S R OXFF A R Vr g AR
B H R 4 o
N

{

flash_status_type status = FLASH_OPERATE_DONE;
flash_unlock();

status = flash_user_system_data_erase();

if(status = FLASH_OPERATE_DONE)

[* program user system data */
status = flash_user_system_data_program(0x1FFFF804, 0x55);

5.10.19 K% flash_epp_set
NERAA T R flash_epp_set

2025.04.25
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3 196. K%} flash_epp_set

A iR
A€ flash_epp_set
PR T flash_status_type flash_epp_set(uint32_t *sector_bits);
Difeftig T B B PR g R O AP
WA *sector_bits: HERRIMAEORY ol X MM TS Bl (48 41, B — 2R 4KB JE R X,
Ba— AR RIAREIR X, ALE 1 FRIRIT 8 B R b X R
it 25 7
Y IEIEEN BABRE, ESHIEHHIAR N, flash_status_type
S okt 7
B R FH o 4 7
~pl

flash_status_type status = FLASH_OPERATE_DONE;
uint32_t epp_val;
flash_unlock();
status = flash_user_system_data_erase();
if(status = FLASH_OPERATE_DONE)
{
epp_val = 0x00000001;
[* program epp */
status = flash_epp_set(&epp_val);

5.10.20 ¥ flash_epp_status_get

R T BREL flash_epp_status_get

* 197. ¥# flash_epp_status_get

T H Ei::p%
ERAE flash_epp_status_get
R Y void flash_epp_status_get(uint32_t *sector_bits);
Thegsmiik R ER AL RS
LN 7
25 *sector_bits: HEFRIRIEORY B3 X b T [ K fa s, & —AL0RYe 4KB Yu R M B X,
BJE— AR RIRIIF X, ALE 1 FRoRIF BN RLE X RS
IR [AME 7
Je Rk AF W
W e 2 7
Nl

uint32_t epp_val;

/* get epp status */

flash_epp_status_get(&epp_val);

5.10.21 X ¥ flash_fap_enable

TR T K H flash_fap_enable

2025.04.25 #AT2 R/ &2 2.0.6




[

AT32F413[E 4 FEBSP&Pack M FHIE S

* 198. K #} flash_fap_enable

BiH #R
A€ flash_fap_enable
PR T flash_status_type flash_fap_enable(confirm_state new_state);
Thegfik e B V7 1] PR 47
LITPNE 2 new_state: ML 15 {RIIRES
SZHOT LR A 2 —: TRUE, FALSE.
Hth 2% 7
Y IEIEEN BAEIRE, ZSHEHIR W, flash_status_type
Se kg AF 7
iR H B 2 7
VEE: ZER BRI G R GBI ARV BT I R G 8  if B
P
Nl
flash_status_type status = FLASH_OPERATE_DONE;
flash_unlock();
status = flash_fap_enable(TRUE);
5.10.22 K% flash_fap_status_get

NRIAR T BREL flash_fap_status_get

 199. ¥ flash_fap_status_get

T H Ei::p%
ERAE flash_fap_status_get
R Y flag_status flash_fap_status_get(void);
Thegsmiik SRIYT 1] PR IIRZS
LN x
25 W
IR [FIME flag_status: FrELHPRES
ZIREE Y2 —: SET, RESET.
So oAt I
W e 2 7
Nl
flag_status status;
status = flash_fap_status_get();

5.10.23

¥ flash_ssb_set

NRIA T pREL flash_ssb_set

#+ 200. F¥ flash_ssb_set

mH i3
PR €2 flash_ssb_set
AR Y flash_status_type flash_ssb_set(uint8_t usd_ssb);
ThRestik Bie & RGN E 5
2025.04.25 #1T3W fR7 2.0.6
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HiA i)
LN usd_ssb: RHEMEFIE, RASHBIRAEGEIME, ARSI HEIE.
%4052 L. ssb_data_define
i 25 7
IR [EE EAEIRTS, ZSHOEYIRER I flash_status_type
SRSk 7
e F R 7
ssb_data_define
type 1:

USD_WDT_ATO_DISABLE:
USD_WDT_ATO_ENABLE:

type 2:
USD_DEPSLP_NO_RST:
USD_DEPSLP_RST:
type 3:
USD_STDBY_NO_RST:
USD_STDBY_RST:

il

EARECI=EZINERSIES
EARECI=Ez Rzl

an) o>

b
B
b
B

TN TR FEE BRI AN 7= A2 AL
BE R EERERR N 7™ A2 R AT

HBE ATV R AN A 2 AL
BEAFF U 7 A Ao

flash_unlock();

{

flash_status_type status = FLASH_OPERATE_DONE;

status = flash_user_system_data_erase();
if(status = FLASH_OPERATE_DONE)

status = flash_ssb_set(USD_WDT_ATO_DISABLE | USD_DEPSLP_NO_RST | USD_STDBY_RST);

5.10.24 XK ¥ flash_ssb_status_get

NERIA T R flash_ssb_status_get

# 201. R¥ flash_ssb_status_get

WA Ei::3%)
R flash_ssb_status_get
PR B T uint8_t flash_ssb_status_get(void);
ThRedtik R ARGE B 7 IRE
LN 2 7
i 24 7
IR [EE RAHE 7T, 1ZEX R bit & X[ 5% ssb_data_define
Stk kAT o
B H R 4 o
Bl
uint8_t ssb_val;
ssb_val = flash_ssb_status_get();

2025.04.25
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5.10.25 ¥ flash_interrupt_enable
R4 T PREL flash_interrupt_enable

% 202. F# flash_interrupt_enable

BiH #R
A EA flash_interrupt_enable
PR T void flash_interrupt_enable(uint32_t flash_int, confirm_state new_state);
Thegdid e B I A7 o e
PN flash_int: [RNAFHWTRA, FTLORAESRBIA S, TEASEAIATT L
flash_interrupt_type
WMANSH 2 new_state: MLE HWRRE
% BHT LI E $id 2 —: TRUE, FALSE.
a2 8 x
pAEIf ) 7
Sk ok AF 7
Bl H B 4 7
flash_interrupt_type
FLASH_ERR_INT: PN A7 i b
FLASH_ODF_INT: DN A7 45 AR 56 1

FLASH_SPIM_ERR_INT: AN A A B 1 B
FLASH_SPIM_ODF_INT: AR N A4 A 56 1 W
i

‘ flash_interrupt_enable(FLASH_ERR_INT | FLASH_ODF_INT, TRUE);

5.10.26 XK ¥ flash_spim_model_select
T RAIER T pREL flash_spim_model_select

 203. E# flash_spim_model_select

A i3}
ERAE flash_spim_model_select
PR3 void flash_spim_model_select(flash_spim_model_type mode);
Digeftiik pri Nt AR e Lt
MASH mode: AMHIATERA, KRN flash_spim_mode_type
i 24 7
IR [EME 7
SR kAT 7
R FH eR 4 7

flash_spim_mode_type
FLASH_SPIM_MODEL1: #MHINAFE 1
FLASH_SPIM_MODEL2: #MINAFIRM 2
Nl

‘ flash_spim_model_select(FLASH_SPIM_MODEL1);
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5.10.27

¥ flash_spim_encryption_range_set

TR T PR flash_spim_encryption_range_set

X 204. K ¥ flash_spim_encryption_range_set

TiH

[P

e

flash_spim_encryption_range_set

#
”

D
=3

void flash_spim_encryption_range_set(uint32_t decode_address);

& B R
=F
=

N
He

e B 4/ Bl DR A 500 o s s

HNSH

decode_address: Ju#yiEtbl, FFxFE, ZhhkZ 67 IEHRE N SO

it 24

x

R EHME

ek 2F AT

W F R 2

off | off | ot

N

‘ flash_spim_encryption_range_set(0x08401000);

5.10.28

¥ flash_slib_enable

T EAER T K% flash_slib_enable

#® 205. F# flash_slib_enable

i H

i7p%)

€

flash_slib_enable

R | =
e

flash_status_type flash_slib_enable(uint32_t pwd, uint16_t start_sector, uint16_t
data_start_sector, uint16_t end_sector);

Lhae g

fEge A X Thge, JFic B bkE

MASHA

pwd: APEDCE, e IXEAR I A, I T SRR S, R BRI
P NIRRT

MINSH 2 start_sector: Z4FEXIFUE X 54
MIANZH 3 data_start_sector: %24 JFE X HdE X FF 46 5 X 515
WMASH 4 end_sector: %4 X 45 i X 515
LR 7
IR [FE BARIRTES, ZSHOEAIHEIR I flash_status_type
SR kAT 7
e F e 7
N

flash_status_type status = FLASH_OPERATE_DONE;
status = flash_slib_enable(0x12345678, 0x04 , 0x05, 0x06);

5.10.29

K% flash_slib_disable

MR T ¥ flash_slib_disable

% 206. X¥ flash_slib_disable

T H

Hik

flash_slib_disable

2025.04.25
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W H i)
Pk Ot error_status flash_slib_disable(uint32_t pwd);
Thegfik KBE 24 X T RE
LN pwd: Z4PEXER, FTHANIEMEER, 5N ALE A B FH
2% I
R EME IR

ZE NH A2 —: ERROE, SUCCESS.

So oAt I
Wi F e 2 I

TEE: HIZEREUR L) 7 S AT I £ B AR T o

N

error_status status;
status = flash_slib_disable(0x12345678);

5.10.30 K% flash_slib_remaining_count_get

NI T E# flash_slib_remaining_count_get

% 207. ¥ flash_slib_remaining_count_get

H #iR

R4 flash_slib_remaining_count_get
PR T uint32_t flash_slib_remaining_count_get(void);
Dhred I 22 4 P X Ty RE TR A% v A T K
LN x
a2 8 x
A IR o7 42 [ X D REFR A P A O
Sk ok AF x
W F R 2 7
Nl

uint32_t num;

num = flash_slib_remaining_count_get();

5.10.31 ¥ flash_slib_state get

R T pRHL flash_slib_state_get

% 208. ¥ flash_slib_state_get

A iR
R34 flash_slib_state_get
PR 2 A flag_status flash_slib_state_get(void);
Digeftik PRI 2 E X DIREIRAS
MmN 7
i 24 7
IR [E{E flag_status: #rENLL IR

ZIREE Y2 —: SET, RESET.

So okt 7

2025.04.25
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BH

[P

W F R 2

Bl

flag_status status;

status = flash_slib_state_get();

5.10.32 ¥ flash_slib_start_sector_get

NEIA T K flash_slib_start_sector_get

* 209. ¥ flash_slib_start_sector_get

A ik
A EA flash_slib_start_sector_get
R Y uint16_t flash_slib_start_sector_get(void);
ThRedtiid SRUR 22 4 P X R 06 o [X 5 B
MASH T
S5 T
IR [EME 24 PE X RS AR e X 5 5
Se kAT 7
B R FH R 2 7
Bl
uint16_t num;
num = flash_slib_start_sector_get();

5.10.33 ¥ flash_slib_datastart_sector_get

NERFER T %L flash_slib_datastart_sector_get

£ 210. B¥ flash_slib_datastart_sector_get

TiH Eii:py

R flash_slib_datastart_sector_get
ek gkt uint16_t flash_slib_datastart_sector_get(void);
Dhred SRR 22 4 P DX Bl DR A6 B [X 5%
PN x
S8 x
IR 27 4 I XA DXRR 46 1 X 5 1)
Sk kAT x
e FH el % x
i

uint16_t num;

num = flash_slib_datastart_sector_get();

5.10.34 ¥ flash_slib_end_sector_get

NERAIAR T R HL flash_slib_end_sector_get

2025.04.25
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% 211. B¥ flash_slib_end_sector_get

A iR
A€ flash_slib_end_sector_get
PR T uint16_t flash_slib_end_sector_get(void);
Difeftig REL 2 A R X 4 R i [X 515
WA 7
it 25 7
IR A 4 e X 45 R X 5
S okt 7
B R FH o 4 7
~pl
uint16_t num;
num = flash_slib_end_sector_get();

5.10.35 ¥ flash_crc_calibrate

N R AR T K%L flash_crc_calibrate

® 212. B# flash_crc_calibrate

A i3}
A€ flash_crc_calibrate
R E R Y uint32_t flash_crc_calibrate(uint32_t start_sector, uint32_t sector_cnt);
Difedtiik PRI R A7 S Y BB X 1% CRC 5L
WMANSHA start_sector: CRC 5T 1k X 515
MINSHL 2 sector_cnt: CRC 55 X M4
it 24 7
IR [FIME 151 CRC fH
SR kAT 7
R FH R 2 ¥

TERC: ISR XA GERE B9 £ X K CFE B IX I, T i —IX

Bl

uint32_t crc_val;

crc_val = flash_crc_calibrate(0, 10);

511 BRAMEHAgHEHEE (GPIO/IOMUX)

GPIO A1 IOMUX 27 {72845 gpio_type Al iomux_type, & T 1 “at32f413_gpio.h i :

/**

* @brief type define gpio register all

*/
typedef struct
{

} gpio_type;

2025.04.25
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2025.04.25

/**

* @brief type define iomux register all

*/
typedef struct
{

} iomux_type;

TREGEH T GPIO FF 78

# 213. GPIO FERTNE

TFHH i3}

cfglr GPIO It B 27735

cfghr GPIO It & = 2 A7 3%

idt GPIO i N 77 A7 4%

odt GPIO # th #4797

scr GPIO % B/iER AT

clr GPIO /&R 7 174

wpr GPIO 5 {RI %7 4%

TREL T IOMUX 24788 M0

# 214. IOMUX FFE28X] Rk

T Ei::3%)

evtout FHAR A b A A A
remap 1O 5 FH W 3 25 77 2%
exintc1 SFHAI S e b B A A7 4% 1
exintc2 S FHAES G B A4 2
exintc3 AR v T B E A7 A 3
exintc4 S FHANES e B 74 4
remap2 1O & HE U F 174 2
remap3 1O 5 H BT 27 4745 3
remap4 1O & ] B Wi 27 47 35 4
remap5 1O & B 27 4738 5
remap6 1O & BT 27 4735 6
remap? 1O & B A A7 58 7

FRLH T GPIO 1 IOMUX FE bR U Y :

% 215. GPIO 1 IOMUX ER B &%

R4

ik

gpio_reset

GPIO i CRM & i %7 f- 28 5 Ar

gpio_iomux_reset

IOMUX i CRM & #7288 & AL

gpio_init WIEEAL GPIO #hi%
gpio_default_para_init WIthtk GPIO BRik 5%
- - % 180 1 - B 2.0.6
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gpio_input_data_bit_read

BEHR E B GPIO #ai A\ i 1) 51

gpio_input_data_read

BEHE E 1) GPIO % A3 1

gpio_output_data_bit_read

BEHUEE ) GPIO it i 11 51

gpio_output_data_read

BEHUHE E 1) GPIO i th i 11

gpio_bits_set

EI GPIO 5]

gpio_bits_reset

i GPIO 5]}

gpio_bits_toggle

H¥E GPIO 31

gpio_bits_write

5 GPIO 5| &

gpio_port_write

5 GPIO i FI{H

gpio_pin_wp_config

Bt & GPIO 5IHIE Ry

gpio_event_output_config

KeE GPIO 4t D fg

gpio_event_output_enable

JA BRI GPIO FH4 i Th e

gpio_pin_remap_config

fic & 51 IOMUX T

gpio_exint_line_config

A& GPIO AhElH 2k

5.11.1 BK¥ gpio_reset
FERHIAR T BRI gpio_reset

* 216. ¥ gpio_reset

I

i7p)

Ny

gpio_reset

void gpio_reset(gpio_type *gpio_x);

g BB ]s
Dl
f2

Eitipa GPIO ti CRM S A #4743 AL
LN L gpio_x: FTiE#EM GPIO 4k, %S Hr LR H Hhz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF

it 25 7

IR [EME 7

Je kAt 7

B R £ crm_periph_reset();

A~

‘ gpio_reset(GPIOA);

5.11.2 ¥ gpio_iomux_reset
NERAIR T BREL gpio_iomux_reset

R 217. B gpio_iomux_reset

T H ik

ZERAEA gpio_iomux_reset

R ER T void gpio_iomux_reset ();

e ik IOMUX £ CRM &AL 35 4785 Z AL
PN 7

Hth =% W

IR [AE i

Se kg AF i

2025.04.25
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W H i)
5 1 FH R £ crm_periph_reset();
il

‘ gpio_iomux_reset();

5.11.3 B gpio_init

NERAA T R gpio_init

#+ 218. RH gpio_init

B | E1:57)

PRI 4 gpio_init

PR E R Y void gpio_init(gpio_type *gpio_x, gpio_init_type *gpio_init_struct);

ThRestiik YILh1L GPIO #hi%

MWNZHA gpio_x: FTi&#EN) GPIO 4, S Hm LR A HF 2z —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF

MIANSH 2 gpio_init_struct: g5k gpio_init_type FIFEET

i 24 7

IR [EME 7

et kAT 7

R FH R 2 7

gpio_init_type structure
gpio_init_type 7 at32f413_gpio.h

typedef struct

{
uint32_t
gpio_output_type
gpio_pull_type
gpio_mode_type
gpio_drive_type

} gpio_init_type;

gpio_pins;
gpio_out_type;
gpio_pull;
gpio_mode;
gpio_drive_strength;

gpio_pins
EHETRERCE M GPIO 7
GPIO_PINS_0: GPIO 3| # 0
GPIO_PINS_1: GPIO 5 il 1
GPIO_PINS_2: GPIO 5| il 2
GPIO_PINS_3: GPIO 3| # 3
GPIO_PINS 4: GPIO 5| il 4
GPIO_PINS_5: GPIO 3| 5
GPIO_PINS_6: GPIO 5| 6
GPIO_PINS 7: GPIO 5|l 7
GPIO_PINS_8: GPIO 7| 8
GPIO_PINS_9: GPIO 3| #1 9
GPIO_PINS _10: GPIO 5|} 10
GPIO_PINS_11:  GPIO 5| 11
GPIO_PINS_12:  GPIO 5|12
2025.04.25 - - 1E__ T A 2.0.6
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GPIO_PINS_13:  GPIO 5| 13

GPIO_PINS_14: GPIO 5|l 14

GPIO_PINS_15:  GPIO 5|l 15

gpio_out_type

W E GPIO fij 2k

GPIO_OUTPUT _PUSH_PULL:  GPIO ##f i X
GPIO_OUTPUT_OPEN_DRAIN: GPIO JF % izt

gpio_pull

& GPIO L itk

GPIO_PULL_NONE:  GPIO . L FHi
GPIO_PULL_UP: GPIO LA
GPIO_PULL_DOWN:  GPIO Rzt
gpio_mode

¥ E GPIO fiz

GPIO_MODE_INPUT: i & GPIO A4 A5
GPIO_MODE_OUTPUT: i & GPIO A%t 45 =
GPIO_MODE_MUX: fic & GPIO N it

GPIO_MODE_ANALOG: B GPIO AU
gpio_drive_strength

B GPIO IKEIfE

GPIO_DRIVE_STRENGTH_STRONGER: #k HLFHESNM N fE
GPIO_DRIVE_STRENGTH_MODERATE: & i H#ESh /M N BE /1
il

gpio_init_type gpio_init_struct;

gpio_init_struct.gpio_pins = GPIO_PINS_0;

gpio_init_struct.gpio_mode = GPIO_MODE_MUX;
gpio_init_struct.gpio_out_type = GPIO_OUTPUT_PUSH_PULL;
gpio_init_struct.gpio_pull = GPIO_PULL_NONE;
gpio_init_struct.gpio_drive_strength = GPIO_DRIVE_STRENGTH_STRONGER;
gpio_init(GPIOA, &gpio_init_struct);

5.11.4 K% gpio_default_para_init
MR T %L gpio_default_para_init

# 219. ®# gpio_default_para_init

W H iR

R4 gpio_default_para_init

PR 3 A void gpio_default_para_init(gpio_init_type *gpio_init_struct);
Difeftiik WiHtk GPIO ZRiAS 3

MWASH gpio_init_struct: 54514 gpio_init_type HIFa%F

i =4 7

R [EME 7

Jath kAT 7

B R FH ok 4 7

TR T gpio_init_struct &N G I ERAE
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2 220. gpio_init_struct BRiAE

R RINME

gpio_pins GPIO_PINS_ALL

gpio_mode GPIO_MODE_INPUT

gpio_out_type GPIO_OUTPUT_PUSH_PULL

gpio_pull GPIO_PULL_NONE

gpio_drive_strength GPIO_DRIVE_STRENGTH_STRONGER
B

gpio_init_type gpio_init_struct;

gpio_default_para_init(&gpio_init_struct);

5.11.5 BR¥ gpio_input_data_bit_read
N EHIR T B %L gpio_input_data_bit_read

%+ 221. E¥ gpio_input_data_bit_read

mHE R
ef e gpio_input_data_bit_read
R Y flag_status gpio_input_data_bit_read(gpio_type *gpio_x, uint16_t pins);
ThRestiik EEELER 2 GPIO #i A\ I (¥ 5] i
LN | gpio_x: FTik#EM) GPIO 4k, %S Hr LA H Hfhz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF
BWINSHL 2 pins: EERLEM GPIO 5|, &% gpio_pins & HUE I
i 24 7
R [BE ) GPIO Hi N 51 BR &
SR kAT 7
R FH R 2 7
A~

‘ gpio_input_data_bit_read(GPIOA, GPIO_PINS_0);

5.11.6 K% gpio_input_data_read
T AR T K% gpio_input_data_read

£ 222. F# gpio_input_data_read

W H Eii:3o)
ZERAEA gpio_input_data_read
R ER T uint16_t gpio_input_data_read(gpio_type *gpio_x);
ThRedtik EEELFR 2 1 GPIO i A\ i 1
LN 2 gpio_x: FTEFER GPIO 4%, ZSHrTLUER H Kbz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF
i 24 7
iR [EME BEHL) GPIO #i A\ i ARZS
So okt p
B H R 4 7
Nl
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l gpio_input_data_read(GPIOA);

5.11.7 &%k gpio_output_data_bit_read

NFRAIAR T MR % gpio_output_data_bit_read

%+ 223. E# gpio_output_data_bit_read

i H

it}

H4

gpio_output_data_hit_read

R | =
e

uint16_t gpio_output_data_bit_read(gpio_type *gpio_x);

Thae i

IR E 1 GPIO i 3 1 ) 51

MINSH

gpio_x: FTEFEH GPIO 4k, %S M LLER A Hdz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF

WNSH 2 pins: MERLE M GPIO 5|1, &% gpio_pins T F HUE L
it 28 7
IR [EME BEHLH) GPIO i 51 MRS
Se skt 7
e FH R 7
il

| gpio_output_data_bit_read(GPIOA, GPIO_PINS_0);

5.11.8 K%k gpio_output_data_read

AR T K # gpio_output_data_read

F 224. E¥# gpio_output_data_read

TiH ity
ERAE gpio_output_data_read
R ER T uint16_t gpio_output_data_read(gpio_type *gpio_x);
Dhred AR 2 1 GPIO 4 vk 0
HANSHL gpio_x: FTEFER GPIO 4k, ZSHAT UL H Kz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF
it 25 W
IR [al{E BEEL GPIO it o FARAS
Je ok AF W
W F R 7
2Nl

‘ gpio_output_data_read(GPIOA);

5.11.9 K% gpio_bits_set
NERAE T R gpio_bits_set

% 225. ¥ gpio_bits_set

TH iR
PR €2 gpio_bits_set
AR Y void gpio_bits_set(gpio_type *gpio_x, uint16_t pins);

2025.04.25
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5.11.10

5.11.1

2025.04.25

W H i)
Thae ik B2 GPIO 5]
HNZSH gpio_x: FTEFEN GPIO 4MK, ZSHn] LUEIH H Pz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF
MNSH 2 pins: KBERLEM GPIO 5, &% gpio_pins £ F HUE
i 25 7
R [EME 7
SRSkt 7
e F R 7
N

‘ gpio_bits_set(GPIOA, GPIO_PINS_0);

B3 gpio_bits_reset

NERAE T R gpio_bits_reset

3+ 226. K# gpio_bits_reset

T H iR

R4 gpio_bits_reset

PR T void gpio_bits_reset(gpio_type *gpio_x, uint16_t pins);
DhRe ik 47 GPIO 5|l

MAZHA

gpio_x: FTEFEH GPIO 41k, %S M LLER A Hdz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF

MMANZH 2

pins: EERLEM GPIO 5|, &% gpio_pins & HUE I

it 25

¥

R EHME

Sepa At

e FH e 2

off [ ofl | et

Bl

| gpio_bits_reset(GPIOA, GPIO_PINS_0);

B ¥ gpio_bits_toggle
TRHIA T %L gpio_bits_toggle

% 227. ®H gpio_bits_toggle

W H iR

ZERAEA gpio_bits_toggle

R T void gpio_bits_toggle(gpio_type *gpio_x, uint16_t pins);
Difiedtiik H% GPIO 3 i

MANSH

gpio_x: FTiEFEH) GPIO Ahs, %S A IEHH iz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF

WASH 2 pins: 44T E {1 GPIO 311, %% gpio_pins & MUt
it 28 »
e »
S »

% 186 |
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5 H b
UL P
il

| gpio_bits_toggle (GPIOA, GPIO_PINS_0);

5.11.12 ¥ gpio_bits_write

FERHIAR T R gpio_bits_w

rite

& 228. ¥ gpio_bits_write

B | E1:57)
A€ gpio_bits_write
PR E R Y void gpio_bits_write(gpio_type *gpio_x, uint16_t pins, confirm_state bit_state);
ThRestiik 5 GPIO 5| A
MWNZHA gpio_x: FTiEHER GPIO 4k, ZSHmT UL E Kz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF
MIANSH 2 pins: G ERCE K GPIO 51, &% gpio_pins & BUE L
MAZSH3 bit_state: K Z 5 A GPIO 5], "%+ 1 (TRUE) 50 (FALSE)
i 24 7
IR [EME 7
Se kAT 7
B R o
il
\ gpio_bits_write(GPIOA, GPIO_PINS_0, TRUE);

5.11.13 K% gpio_port_write
NERHIA T BREL gpio_port_write

% 229. E¥ gpio_port_write

TiH ity

R gpio_port_write

R B T void gpio_port_write(gpio_type *gpio_x, uint16_t port_value);
Thaestik 5 GPIO it [

MASHA

gpio_x: FTEFEM GPIO 4, %S M UG A Az —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF

MASH 2 port_value: %5 A (14, ATH 0x0000~0XFFFF
i 2K %

12 [EE I

e %

R FH eR 4 X

B

‘ gpio_port_write(GPIOA, OxFFFF);

2025.04.25
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5.11.14 PR# gpio_pin_wp_config

TR T BREL gpio_pin_wp_config

% 230. E# gpio_pin_wp_config

m

i)

X

gpio_pin_wp_config

1EIE
m
i3

void gpio_pin_wp_config(gpio_type *gpio_x, uint16_t pins);

Rl e e =

paniig
[aNay
B -
B

fic & GPIO 5| 5 R4

MWASHA

gpio_x: FTEFEN GPIO 4h&, %S H A DL E bz —:
GPIOA, GPIOB, GPIOC, GPIOD, GPIOF

WASH 2

pins: K EELEK GPIO 51, £% gpio_pins & BUHIEH

frth 25

T

R EHME

k2K

W F R 2

off | off | et

Bl

| gpio_pin_wp_config(GPIOA, GPIO_PINS_0);

5.11.15 % gpio_event_output_config

NFRIAR T BREL gpio_event_output_config

F 231. E# gpio_event_output_config

| R

ERAE gpio_event_output_config

R Y void gpio_event_output_config(gpio_port_source_type gpio_port_source,
gpio_pins_source_type gpio_pin_source);

Difedtiik FCE GPIO HifHm il Thie

WMASHA gpio_port_source: FERCE [ GPIO ¥

MANZH 2 gpio_pin_source: 4 EE &K GPIO 5

it 24 &

IR [FIME ¥

SR kAT 7

R FH eR 4 7

gpio_port_source
W& GPIO i

GPIO_PORT_SOURCE_GPIOA: i%# GPIO i1 A
GPIO_PORT_SOURCE_GPIOB: i%# GPIO i1 B
GPIO_PORT_SOURCE_GPIOC: 4% GPIO #i11C
GPIO_PORT_SOURCE_GPIOD: %% GPIO %11 D
GPIO_PORT_SOURCE_GPIOF: ¥ GPIO #11F

gpio_pin_source

WE GPIO 5|
GPIO_PINS_SOURCEQO:
GPIO_PINS_SOURCE1:

2025.04.25

GPIO 5| 0
GPIO 5] 1
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5.11.16

5.11.17

2025.04.25

GPIO_PINS_SOURCE?2:
GPIO_PINS_SOURCES3:
GPIO_PINS_SOURCE4:
GPIO_PINS_SOURCES5:
GPIO_PINS_SOURCES:
GPIO_PINS_SOURCET:
GPIO_PINS_SOURCES:
GPIO_PINS_SOURCE9:

GPIO_PINS_SOURCE10:
GPIO_PINS_SOURCE11:
GPIO_PINS_SOURCE12:
GPIO_PINS_SOURCE13:
GPIO_PINS_SOURCE14:
GPIO_PINS_SOURCE15:

N

GPIO 5] Jii1 2
GPIO 7| i1 3
GPIO 5| i1 4
GPIO 5|l 5
GPIO 7| 1 6
GPIO 5|1 7
GPIO 7| i1 8
GPIO 7| 1 9
GPIO 5|1 10
GPIO 5| f# 11
GPIO 5|1 12
GPIO 5| i1 13
GPIO 5|1 14
GPIO 5|1 15

‘ gpio_event_output_config(GPIO_PORT_SOURCE_GPIOA, GPIO_PINS_SOURCEDOQ);

B ¥ gpio_event_output_enable

NERHIA T %L gpio_event_output_enable

* 232. EK# gpio_event_output_enable

| R
R gpio_event_output_enable
R Y void gpio_event_output_enable(confirm_state new_state);
Digeflid J& F 25 GPIO b4t thfg
WmANZH new_state: AL E K GPIO H4 AR, "Wk EH (TRUE) 2iZEH
(FALSE)
it 24 7
IR [E{H 7
SR okt 7
R FH R 2 ¥
N

‘ gpio_event_output_enable(TRUE);

¥ gpio_pin_remap_config

T AR T K% gpio_pin_remap_config

X 233. K ¥ gpio_pin_remap_config

W H iR

R4 gpio_pin_remap_config

R T void gpio_pin_remap_config(uint32_t gpio_remap, confirm_state new_state);

ThRestik Fic & 51 1 IOMUX g

WASHA gpio_remap: {4 ZELE K IOMUX b i I

HNSH 2 new_state: HZELE ) IOMUX Difetkas, Wik EH (TRUE) BiZEH
(FALSE)
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W H i)
it 25

12 [EME

Je ik A

B H R 4
gpio_remap
EFREICEM IOMUX bk, HTZSH0ERIRZ, XEMA 528, HEAESETINETEE
SPIM1_MUX_01: spi1_cs/i2s1_ws(pa15), spi1_sck/i2s1_ck(pb3), spi1_miso(pb4),
spi1_mosi/i2s1_sd(pb5), i2s1_mck(pb0)

12C1_MUX: i2c1_scl(pb8), i2c1_sda(pb9)

off | off | ofl | o

SWJTAG_GMUX_100: SWJ #1425 (tag-dp + sw-dp)
PD01_GMUX: pd0/pd1 Mt %] osc_in/osc_out
il

| gpio_pin_remap_config(SPI1_MUX_01, TRUE);

5.11.18 ¥ gpio_exint_line_config
N ERAIR T K%L gpio_exint_line_config

* 234. K gpio_exint_line_config

T H iR

R gpio_exint_line_config

Eap gt void gpio_exint_line_config(gpio_port_source_type gpio_port_source,
gpio_pins_source_type gpio_pin_source);

DhRe ik FCE GPIO Ahirh 2k

WMASHA gpio_port_source: FERCE [ GPIO ¥

MANZH 2 gpio_pin_source: 5 EE &K GPIO 5

it 25 W

A IR 7

Sk ok AF x

W F R 2 7

gpio_port_source

WE GPIO i1, 2% gpio_port_source 7 HUEHTE
gpio_pin_source

wE GPIO 5|1, &% gpio_pin_source T & BUE VL]
Bl

‘ gpio_exint_line_config(GPIO_PORT_SOURCE_GPIOA, GPIO_PINS_SOURCEO);

512 12C#0O 2C)

12C ZFfF#s 4514 i2c_type, & LT 3CA “at32f413_i2c.h i T -
e

* @brief type define i2c register all

*/
typedef struct

2025.04.25 # 190 | &2 2.0.6
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2025.04.25

}i2c_type;

TREWT 12C FAEA R

# 235. 12C FERMNE

FhH iR
ctrl1 12C 4z 27 7 &% 1
ctrl2 12C 4= ZF 7 &% 2
oaddr1 12C AHLHhIE 2517 35 1
oaddr2 12C AHLthbiE 25 1728 2
dt 12C Hdi o 17 7%
sts1 12C IR EFAE A 1
sts2 12C IR AF A 2
clketrl 12C I s 1) 2 A7 2
tmrise 12C b FHie A 27 £ 45

% 236. 12C FEER B R E

R4

iR

i2c_reset

12C MR AL

i2c_software_reset

12C #hEEE AL

i2c_init WHE 12C B kiEE
i2c_own_address1_set B AN 1
i2c_own_address2_set wE AL 2
i2c_own_address2_enable AHLHE 2 i EE
i2c_smbus_enable Smbus # A fFRE
i2c_enable 12C A& M fE
i2c_fast_mode_duty_set B PR 2
i2c_clock_stretch_enable T 4 Fre A e
i2c_ack_enable ACK i B A

i2c_master_receive_ack_set

BEE EALHO R 2 2l

i2c_pec_position_set

£ smbus #A I HAEENZWARAT, A+ 3E PEC I E

i2c_general_call_enable IR B
i2c_arp_mode_enable SMBus ARP i ikfg g
i2c_smbus_mode_set SMBus & =0k
i2c_smbus_alert_set SMBus 2/ 7| P E
i2c_pec_transmit_enable PEC f&#uff g
i2c_pec_calculate_enable PEC 5%/
i2c_pec_value_get SRI24 7 PEC 18
i2c_dma_end_transfer_set DMA f&# 4 s /R
i2c_dma_enable DMA f&#ff fg
i2c_interrupt_enable 12C i fei fie

- - % 191 - T k206
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i2c_start_generate I AR R S A
i2c_stop_generate FEAEAE IR A
i2c_7bit_address_send R T AL N
i2c_data_send RIEHE
i2c_data_receive FESCH
i2c_flag_get PRI &
i2c_flag_clear THBRR A
K 237.12C N EEREER
g & i3
i2c_config 12C BB
i2c_lowlevel_init 12C KEVIMEL
i2c_wait_end 12C SR 5 AL 4G R
i2c_wait_flag 12C &R

i2c_master_transmit

12C FHLREHAR Gelii=D

i2c_master_receive

12C EFLZUCEEE Rz

i2c_slave_transmit

12C MHLAIE SR RO

i2c_slave_receive

12C MHLEZHCEE (R ifn=O

i2c_master_transmit_int

12C ENURZEFSE CRWgE=)

i2c_master_receive_int

12C ML Chli=t)

i2c_slave_transmit_int

12C MHLAIE S (Rt

i2c_slave_receive_int

12C MHLEEE (Rt

i2c_master_transmit_dma

12C FEHLRZEZHE (DMA Bixl)

i2c_master_receive_dma

12C EHLEUEEE (DMA i)

i2c_slave_transmit_dma

12C MWL ZEHHE (DMA Bix)

i2c_slave_receive_dma

12C MHLEEE (DMA #5380

i2c_memory_write

12C E#i#E %] EEPROM (i)

i2c_memory_write_int

12C E#i#E %] EEPROM (i)

i2c_memory_write_dma

12C E#i#2 %] EEPROM (DMA #5)

i2c_memory_read

12C )\ EEPROM #4#l (A=)

i2c_memory_read_int

I2C )\ EEPROM B:3dE (K0

i2c_memory_read_dma

I2C M. EEPROM #2%#i (DMA #i)

i2c_evt_irq_handler 12C 4 Wt ik £
i2c_err_irq_handler 12C ‘i v W ek
i2c_dma_tx_irq_handler 12C DMA & 3% A 1K b6 %
i2c_dma_rx_irq_handler 12C DMA 245 = 1 b5 %

5.12.1 E# i2c_reset
NRAFA TR i2c_reset

% 238. E¥ i2c_reset

WA Ei:3o
PR €2 i2¢c_reset
BRI A Y void i2¢_reset(i2c_type *i2c_x)
TyRe ik @it CRM (N8P FIEAM &R A7 12C 4K, 0 12C BT T 47 8 = AT I 46{E

2025.04.25
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BiH Ei: o)
MNZH i2c_x: Frik#ERy 12C Sk
ZSHOTLLER A Hrpe —: 12C1, 12C2
R EME I
So oAt x
U8 FH pR 2 void crm_periph_reset(crm_periph_reset_type value, confirm_state new_state);
2Nl

l i2c_reset(12C1);

5.12.2 ¥ i2c_software_reset
TR T R i2c_software_reset

5.12.3

2025.04.25

* 239. FK# i2c_software_reset

H #iR

A€ i2c_software_reset

PR T void i2c_software_reset(i2c_type *i2c_x, confirm_state new_state);

Diret#id I 12C AME RN R E AL, BAT 12C 4%, SEBRRCR i2¢_reset(i2c_type
*i2c_x)—F¢

MANSHA i2c_x: PR 12C 4k
SZHOT LR A bz —: 12C1, 12C2

WMASH 2 new_state: HIFELLRES
ZHOT LI A Kbz —: TRUE. FALSE

a2 8 x

A EIRN 7

Sk ok AF x

Bl H R 2 7

Nl

i2c_software_reset(12C1, TRUE);
i2c_software_reset(12C1, FALSE);

¥ i2c_init
R T BRELi2¢_init

* 240. R i2c_init

A iR
R i2c_init
PR 3 A void i2¢c_init(i2c_type *i2c_x, i2c_fsmode_duty_cycle_type duty, uint32_t speed);
Difeftiik WHE 12C SEdE, PRGBS B
HINSH1 i2c_x: FTiL#Ef 12C Ahix
ST LLER A 2z —: 12C1, 12C2
MANZH 2 duty: PUERES T SCL B4k 25tk
ZR BT duty &R EZZSHAVFIVEIEHE
MASH 3 speed: MZRHSE, L Hz
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BH [P

Hth 2%
R EME
etk AT
Wi F R 2
duty
P (2R3 E2400kHz) T SCL &2k 5=tk
I2C_FSMODE_DUTY_2_1: PR#EMXT SCL B4k 57ty 2: 1
I2C_FSMODE_DUTY_16_9: tR## =T SCL H4k 57ty 16: 9
2Nl

\ i2c_init(12C1, I2C_FSMODE_DUTY_2_1, 100000);

off | off | ofl | o

5.12.4 ¥ i2c_own_address1_set
NEAER T EH i2c_own_address1_set

* 241. F# i2c_own_address1_set

H #iR

ef e i2c_own_address1_set

BRI 2R Y void i2c_own_address1_set(i2c_type *i2c_x, i2c_address_mode_type mode,
uint16_t address);

Dhread BB AN 1

MNZH mode: ANHHE 1 Hidik
Z i ET: mode 1 B T 2 %S MU VFIUE TG H

MANSH 2 address: ApLHHE 1

25 W

A EIRN 7

Sk ok AF x

W F R 2 7

mode

AHLHHE 1 HhEA

I2C_ADDRESS_MODE_7BIT: 7 Atk
I2C_ADDRESS _MODE_10BIT: 10 for i hilA st

N

\ i2c_own_address1_set(12C1, I2C_ADDRESS_MODE_7BIT, 0xA0);

5.12.5 K ¥ i2c_own_address2_set
TR T BB i2c_own_address2_set

R 242. K# i2c_own_address2_set

A iR
ZERAEA i2c_own_address2_set
PR 3 A void i2c_own_address2_set(i2c_type *i2c_x, uint8_t address);
Difeflid WEAYMNL 2, REEANMIE 2 fFRe/E, b H 2. TEEE N Zhhk
SRR 7 ik, ARSCEF 10 Azl
MANSEA i2c_x: Jirik#ERT 12C Ahix
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HiA i)
EZSHE LR 2 —: 12C1, 12C2
MANSH 2 address: ALl 2
IR [E{E 7
S AF 7
W F R 7
il

l i2c_own_address2_set(12C1, 0xB0);

5.12.6 BKi¥ i2c_own_address2_enable

TEAE T K% i2c_own_address2_enable

* 243. ¥ i2c_own_address2_enable

mA Ei::3%)
R i2c_own_address2_enable
PR void i2c_own_address2_enable(i2¢c_type *i2c_x, confirm_state new_state);

=
o
[aNay
EF | W
GF | k2

AHUHE 2 fERE, RAMEANIIE 2 6 7 2 e ANUbhE 2 4 H R, FHEM

i2c_own_address2_set M4 18 H

LN 2|

i2c_x: Pk 12C A%

ST LOEEH H P2 —: 12C1, 12C2

WMASH 2 new_state: Ml 2 {FREIRA
ZSHOTLLER E Kbz —: TRUE. FALSE
it 25 7
R [BE 7
SR okt 7
e A L o 4 7
il

‘ i2c_own_address2_enable(12C1, TRUE);

5.12.7 BK¥ i2c_smbus_enable
T RAHE T A% i2c_smbus_enable

2025.04.25

£ 244. K i2c_smbus_enable

A iR
ZERAEA i2c_smbus_enable
R T void i2c_smbus_enable(i2c_type *i2c_x, confirm_state new_state);
Digeftik SMBus R fiEE, FHEEAEEINE 12C
HINSH1 i2c_x: FTiL#E 12C Ahix
S HOTLLER A 2z —: 12C1, 12C2
BMINSHL 2 new_state: SMBus fR il AR
BZHOT LI E b2 —: TRUE. FALSE
25 7
IR A 7
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5.12.8

5.12.9

2025.04.25

i R
ek kA 7
5 U8 FH pR 2 x
il
| i2c_smbus_enable(12C1, TRUE);
¥ i2c_enable

NR#E T R i2c_enable

% 245. K i2c_enable

A ik
A€ i2c_enable
R E R Y void i2¢c_enable(i2¢c_type *i2¢c_x, confirm_state new_state);
DhRedtik 12C #hifiiRe
MANSEA i2c_x: PR 12C 4hik
S DL E Sz —: 12C1, 12C2
MASHL 2 new_state: 12C #M&{H REIRE
S HA UL E 2 —: TRUE. FALSE
i 24 7
IR [FME 7
Se kAT 7
B R 7
il

| i2c_enable(12C1, TRUE);

BK%Y i2c_fast_mode_duty_set

NERIA T K i2c_fast_mode_duty_set

+ 246. R¥ i2c_fast_mode_duty_set

TiH Eii:py
R i2c_fast_mode_duty set
PR B T void i2c_fast_mode_duty_set(i2c_type *i2c_x, i2c_fsmode_duty_cycle_type duty);
Thegfig e B PR (1) SCL R 5 H 1 98 B2 EUAE, 1% R B REA KT 465 16 B 1 void

i2c_init(i2c_type *i2c_x, i2c_fsmode_duty_cycle_type duty, uint32_t speed) H (] &
# duty Zhae—Ff

MASHA

i2c_x: PR 12C S

ZSHA LUl g Pz —: 12C1, 12C2

MANZH 2 duty: PRI#EEAT SCL B4k 57tk
ZFET: duty 25 21 S5 VFIUE TG
iS4 7
& B 7
S g AE g
U FH R 2 7
duty
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P, (2R E2400kHz) T SCL Mk L4stt
I2C_FSMODE_DUTY_2_1: Bzl F SCL B2k H=5 bl 2: 1
I2C_FSMODE_DUTY_16_9: i~ SCL &4 5N 16: 9
il

| i2c_fast_mode_duty_set(I2C1, 12C_FSMODE_DUTY_2_1);

51210 % i2c_clock_stretch_enable
N FRAIER T A% i2¢_clock_stretch_enable

F 247. E# i2c_clock_stretch_enable

i H Had

R i2c_clock_stretch_enable

PR A A void i2c_clock_stretch_enable(i2c_type *i2c_x, confirm_state new_state);

ThRestiik e R U RE, ZRREUH T AL, SN, TERZHNASRT, @U0T
JERTENAE R, BRI FE T DAEE S ML T B T A0 BT R K18 S 35O SR 2 A R
RAET R HAR, A3 I F5 33 B AAUAS FH L DO RE R AT /2 LB SRR B st e, 4l
n—Le FAEH 10 BAUR), HEA— R A SRR AR

WMAZHA i2c_x: ik 12C 4k
SRR E Kz —: 12C1, 12C2

BINSHL 2 new_state: 4%k B FEIRE
SR LRI E K2 —: TRUE. FALSE

a2 8 x

2 [El{E 7

So oAt I

W e 2 I

~Hl

‘ i2c_clock_stretch_enable(12C1, TRUE);

5.12.11 E¥ i2c_ack_enable
THEAER T K% i2c_ack_enable

R 248. K ¥ i2c_ack_enable

T H iR
ZERAEA i2c_ack_enable
PR void i2c_ack_enable(i2c_type *i2c_x, confirm_state new_state);

b
C | k2

BB ACK Fil NACK fmia g, ZeR A T EHUR NI SIS — A5 1 ACK 8¢
NACK, xF 12C i Fril L) ACK M a] LA 12C HhillEi ¥ & AT32 % Ffift

s
i
2t
[

HWNSH i2c_x: ik 12C 4k
ZSHAT DU A Hhz —: 12C1, 12C2

BMINSHL 2 new_state: ACK HiRLIRAS
ZSHAT UL Hh 2 —: TRUE. FALSE

it 24 7

IR [EI AR 7

S AF g
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5.12.12

5.12.13

2025.04.25

BH

[P

W F R 2

Bl

| i2c_ack_enable(12C1, TRUE);

¥ i2c_master_receive_ack_set

NEMIA T K E i2c_master_receive_ack_set

& 249. ¥ i2c_master_receive_ack_set

A ik
A€ i2c_master_receive_ack_set
PR void i2c_master_receive_ack_set(i2c_type *i2c_x, i2c_master_ack_type pos)
ThRestiik FAHIRAR RS Z ], FE F NIRRT, T E 3 void

i2c_ack_enable(i2c_type *i2c_x, confirm_state new_state) (A% B . ZEEN
TER FER N T 1E ENFENOR MR AN 7150, Bef IE#AM 5 52 NACK

LN 2|

i2c_x: Pk 12C A%

G LUERH H P2 —: 12C1, 12C2

MINSH 2 pos: ACKEN “:%¢fr &
ZR T pos B b 2 %S4V IUE T
LR 7
R [EME 7
Je skt 7
e FH R 2 7
pos

ACKEN A% fr &

I2C_MASTER_ACK_CURRENT: ACKEN {7 & 580 F T 4 mife 4

I2C_MASTER_ACK_NEXT:

N

ACKEN A3 RAE T 28 —AME 51y

‘ i2c_master_receive_ack_set(12C1, TRUE);

¥ i2c_pec_position_set

FEAR T EH i2c_pec_position_set

# 250. ¥ i2c_pec_position_set

TiH ik
R i2c_pec_position_set
R ER T void i2c_pec_position_set(i2c_type *i2c_x, i2c_pec_position_type pos);
Dhretd 7 SMBus #AJF HAE EHLEEREAT, T3 E PEC MALE, 28I 322

JEN T AE ENHSOB T Bl AN 770, e 88 IERIY 31 PEC JE1R1 5 NACK

MASHA

i2c_x: FTik#EM 12C S

LS LUEIR A Hh e —: 12C1, 12C2
WMASH 2 pos: PEC {7 &

ZpET: pos BT 2 S AVFIUETEHE
ERE R 7
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5 #3k
3 [ {1 %
S A %
Wi P 8 %
pos
ACKEN £k &
I2C_PEC_POSITION_CURRENT: 7 7 Hi & PEC
I2C_PEC_POSITION_NEXT: T2 PEC

Bl

‘ i2c_pec_position_set(12C1, 12C_PEC_POSITION_CURRENT);

5.12.14 ¥ i2c_general_call_enable

NRAIA T BB % i2c_general_call_enable

% 251. E# i2c_general_call_enable

i H

(P

i2c_general_call_enable

void i2c_general_call_enable(i2c_type *i2c_x, confirm_state new_state);

BILi 1 Ry

UL e, (RE 15 2N FE ik 0x00

LN 2|

i2c_x: Pk 12C A%
ZSHAT LRI E P2 —: 12C1, 12C2

MANZH 2 new_state: " HEHLILAEBERE
ZHOT LI A Kb 2 —: TRUE. FALSE

it 25 W

AR I

Sk ok AF x

W F R 2 7

Nl

‘ i2c_general_call_enable(12C1, TRUE);

5.12.15 K#i2c_arp_mode_enable
TR T EH i2c_arp_mode_enable

# 252, B ¥ i2c_arp_mode_enable

BH

[P

i2c_arp_mode_enable

| e
R

void i2c_arp_mode_enable(i2c_type *i2c_x, confirm_state new_state);

oo C e
&
5
e

SMBus ARP it f#§E, f#RE T 5

W& SMBus 4L MR EHLHEE 0001000x
AR Z SMBus B : TR A BRIAHIE 0001100
7% ARP B I F 1 2% SMBUS 1Y

MAZHA

i2c_x: Pk 12C A%
BT LOER H P2 —: 12C1, 12C2

2025.04.25
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HiA iR
WASH 2 new_state: ARP Hili-fdi fEIRAS
ESHT LA 2 —: TRUE. FALSE
i 25 7
R [EME 7
SRSk 7
e F R 7
il

l i2c_arp_mode_enable(I12C1, TRUE);

5.12.16

PR% i2c_smbus_mode_set

NERIIA T K%L i2c_smbus_mode_set

% 253. E# i2c_smbus_mode_set

H #iR
ef e i2c_smbus_mode_set
BRI 2R Y void i2c_smbus_mode_set(i2c_type *i2c_x, i2c_smbus_mode_set_type mode);
Thread SMBus &AL, FILAETE SMBus FHLE# SMBus 4%
MANSHA i2c_x: PRI 12C 4hik
SZHOT LI A bz —: 12C1, 12C2
MMNSH 2 mode: SMBus % &
Z i ET: mode 1 B T 2 %S MU VFIUE TG
a2 8 x
A EIRN 7
Sk ok AF x
W F R 2 7
mode
SMBus # #1512

|2C_SMBUS_MODE_DEVICE:
|2C_SMBUS_MODE_HOST:

il
| i2c_smbus_mode_set(|2C1, 12C_SMBUS_MODE_HOST);

5.12.17

2025.04.25

SMBus # 4%
SMBus E£#l

¥ i2c_smbus_alert_set

T RAIR T K% i2c_smbus_alert_set

R 254. K ¥ i2c_smbus_alert_set

A iR
ZERAEA i2c_smbus_alert_set
R Y void i2c_smbus_alert_set(i2c_type *i2c_x, i2c_smbus_alert_set_type level);
Difeftiik SMBus $2HRE S JAIF-FICE, AT DL SEEE 51 A B Rk s i P SIS

MAZHA

i2c_x: Pk 12C A%

ZSHEA LU e P2 —: 12C1, 12C2
MINSH 2 level: SMBus #2225 i i~

% 200 1 k7 2.0.6
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HiA iR
ZREN: level & [{HE £ %S4 0V BUE L H
& [EME ¥
Jeth kAT ¥
B H R 4 ¥
level

SMBus 2 5| 15l H1 1

I2C_SMBUS_ALERT_LOW: SMBus $2/ 3| i Hifi% Ha P
I2C_SMBUS_ALERT _HIGH: SMBus #2851 v F
Bl

‘ i2c_smbus_alert_set(12C1, 12C_SMBUS_ALERT_LOW);

5.12.18

B3 i2c_pec_transmit_enable

NERFER T EH i2c_pec_transmit_enable

* 255. ¥ i2c_pec_transmit_enable

H #iR
efe i2c_pec_transmit_enable
BRI 25 Y void i2c_pec_transmit_enable(i2c_type *i2c_x, confirm_state new_state);
Thred PEC f&iiflifE, JOXMEIC PEC, HIHMIMEREUS, PEC K& pior B sifzik

LN 2|

i2c_x: Pk 12C A%

ST LOEE H P2 —: 12C1, 12C2

MINSHL 2 new_state: PEC f&#ifii Atk
ZZHA DL Hih 2 —: TRUE. FALSE

it 25 7

R [BE 7

SR okt 7

e A L o 4 7

il

5.12.19

2025.04.25

‘ i2c_pec_transmit_enable(12C1, TRUE);

¥ i2c_pec_calculate_enable

TNERHIAR T A% i2c_pec_calculate_enable

R 256. K ¥ i2c_pec_calculate_enable

A iR
ZERAEA i2c_pec_calculate_enable
R T void i2c_pec_calculate_enable(i2c_type *i2c_x, confirm_state new_state);
Digeftik fiifg PEC 4

MASHA

i2c_x: FTik#EM 12C S
ZSHTLDOER P2 —: 12C1, 12C2

MANZH 2

new_state: PEC il lifoRA

ZSHA LRI E Hih 2 —: TRUE. FALSE

% 201 |
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BH

[P

it 24

iR el

Sk kAT

e F pa 2

off | off | ofl | o

Bl

‘ i2c_pec_calculate_enable(12C1, TRUE);

5.12.20 ¥ i2c_pec_value_get
TR T A% i2c_pec_value_get

% 257. ¥ i2c_pec_value_get

H #iR
R i2c_pec_value_get
PR T uint8_t i2c_pec_value_get(i2c_type *i2c_x);
Dhread FREUYTT PEC 1H

LN 2|

i2c_x: Pk 12C A%
ZSHT LI E P2 —: 12C1, 12C2

i 24 uint8_t: 47f PEC &
IR [E{E 7
S AF 7
U FH R 7
il

‘ Pec_value = i2c_pec_value_get(I12C1);

5.12.21 K # i2c_dma_end_transfer_set

NERHIA T K%L i2c_dma_end_transfer_set

% 258. HB¥ i2c_dma_end_transfer_set

T H Ei::p%
R i2c_dma_end_transfer_set
R T void i2c_dma_end_transfer_set(i2c_type *i2c_x, confirm_state new_state);
Thegfig DMA & iR, 4R il &2 ot fn — B 5HE

MASHA

i2c_x: PR 12C S
BT LOER H P2z —: 12C1, 12C2

HWANSH 2 new_state: &7 tiE —EHIE
ZSHALLIEIE H 2 —: TRUE. FALSE

25 7

R [EME 7

SR kAT 7

R FH eR 4 7

N

‘ i2c_dma_end_transfer_set(I12C1, TRUE);

2025.04.25
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5.12.22

5.12.23

2025.04.25

E¥ i2c_dma_enable

FRFIA T PA%i2c_dma_enable

* 259. F# i2c_dma_enable

BiH #R
A EA i2c_dma_enable
PR T void i2c_dma_enable(i2c_type *i2c_x, confirm_state new_state);
Thegdid DMA 14 i e

MWASHA

i2c_x: Jrig#E 12C b
S HA LLERE 2 —: 12C1, 12C2

BINSHL 2 new_state: DMA IR
EZSHOTLUER E H 2 —: TRUE. FALSE
it 24 7
IR [F{H o
SR ok o
B R o
il

| i2c_dma_enable(12C1, TRUE);

¥ i2c_interrupt_enable

N R T BRELi2¢_interrupt_enable

#® 260. E# i2c_interrupt_enable

A Ei:13%)
ERAE i2c_interrupt_enable
R Y void i2¢_interrupt_enable(i2c_type *i2c_x, uint16_t source, confirm_state
new_state)
Lhae g 12C i i fe
HNSH i2c_x: Friki%Ry 12C 4hik
SZHOT LU E bz —: 12C1, 12C2
MASH 2 source: KT
ZRE 5. source & [T 2 1% SR AV HUE VG H
MINSHL 3 new_state: HWHHARIRA
ZZHA LI E Hih 2 —: TRUE. FALSE
i 24 7
IR [EME 7
SR kAT 7
B H R 4 o
source
Hh TR
I2C_DATA INT:  #¥z ik
I2C_EV_INT: HArp iy
12C_ERR_INT: EEar el
Nl

% 203 | k7 2.0.6
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| i2c_interrupt_enable(12C1, 12C_DATA_INT, TRUE); |

5.12.24 K ¥ i2c_start_generate
NERAE T K%L i2c_start_generate

3 261. E# i2c_start_generate

A ik

PR EA i2c_start_generate

PR void i2c_start_generate(i2c_type *i2c_x);

ThRedtiik PR ST CEHUERD

LN | i2c_x: FrTik#ER 12C Sk
ESHOTLUER E H Az —: 12C1, 12C2

it 24 7

IR [EME 7

SR ok 7

B R FH R 2 7

il

‘ i2c_start_generate(12C1);

5.12.25

¥ i2c_stop_generate

NRMIA T BB HLi2c_stop_generate

* 262. E# i2c_stop_generate

A i3}

ERAE i2c_stop_generate

PR 3 void i2¢c_stop_generate(i2c_type *i2c_x);

ThRedthiR FEAAE 1 2

HNSH i2c_x: ik 12C 4K
ZHOT LI A bz —: 12C1, 12C2

it 24 7

IR [FIME 7

SR kAT 7

R FH eR 4 7

N

‘ i2c_stop_generate(12C1);

5.12.26

¥ i2c_7bit_address_send

NERHIR T % i2c_7bit_address_send

% 263. E¥ i2c_7bit_address_send

THE

ik

i2c_7bit_address_send

= | R
&
b
fe

void i2c_7bit_address_send(i2c_type *i2c_x, uint8_t address, i2c_direction_type

direction);

2025.04.25
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BiH iR
gt k3% 7 AL UHLHBHE CEFLREFD
MASHA i2c_x: PN 12C S
LS LUEIR A oz —: 12C1, 12C2
MNSH 2 address: M HLHbHE
WASH 3 direction: R L% )7 ]
S &Y. direction 751 5 £ %2 Ao VU i
fth % T
iR A T
Serh ok E Ve
A P o T
direction
AR AL 7 )
I2C_DIRECTION_TRANSMIT:  FHL K%
I2C_DIRECTION_RECEIVE: FEHLER
il

\ i2c_7bit_address_send(I2C1, 0xBO, 12C_DIRECTION_TRANSMIT);

5.12.27 ¥ i2c_data_send
NERIA T K i2c_data_send
% 264. ¥ i2c_data_send

TiH Eii:py
R i2c_data_send
Eap g it void i2c_data_send(i2c_type *i2c_x, uint8_t data);
Thegsmiik RIALHHE

MASHA

i2c_x: PN 12C Ak
ZSHA LUl g bz —: 12C1, 12C2

MMAZH 2

data: fE¥%dE

fnth 25

¥

R EHME

Stk okt

Wik F pa 2

of | off | ot

Bl

‘ i2c_data_send(12C1, 0x55);

5.12.28 X ¥ i2c_data_receive
T RAIER T A% i2¢_data_receive

R 265. K ¥ i2c_data_receive

2025.04.25

BH

[P

X

i2c_data_receive

==

uint8_t i2c_data_receive(i2c_type *i2¢c_x);

s
i
EF | W
B | K

et

& 2051
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BH

[P

MWASHA

i2c_x: Jrig#E 12C Shix
S HA LLER A2 —: 12C1, 12C2

i 24 uint8_t: Bl I
IR [E{E 7

S AF 7

AR IR 7

il

l data_value = i2c_data_receive(12C1);

5.12.29 % i2c_flag_get
NRIIA T L i2c_flag_get

% 266. E¥ i2c_flag_get

H #iR
R4 i2c_flag_get
PR # 5 A flag_status i2c_flag_get(i2c_type *i2c_x, uint32_t flag);
Thread REAR EADIRES

LN 2|

i2c_x: Pk 12C A%
ZSHEAT LRI E P —: 12C1, 12C2

MANSH 2 flag: T ZARBCRZAS AR B ik
ZSHE AR W flag

it 25 7

YL EN flag_status: FREALFPRES
ZREMER bz —: SET. RESET

SR okt 7

B F e 7

flag

P $ 5 ZARBUR A 1 b

|2C_STARTF_FLAG:
I2C_ADDR7F_FLAG:
I2C_TDC_FLAG:
|2C_ADDRHF_FLAG:
I2C_STOPF_FLAG:
I2C_RDBF_FLAG:
I2C_TDBE_FLAG:
|2C_BUSERR_FLAG:
I2C_ARLOST _FLAG:
I2C_ACKFAIL_FLAG:
I2C_OUF_FLAG:
I2C_PECERR_FLAG:
12C_TMOUT_FLAG:
|2C_ALERTF_FLAG:
|2C_TRMODE_FLAG:
12C_BUSYF_FLAG:

2025.04.25

&, HESHP 5

AR 2R A7 A 58 bR S
0~7 AribshikULHChR &
Hod A i 58 bR 2
ML 9~8 firtuhl kUL RCHR &
{5t A 25 A SE R S
PR 22 i a i b
KIE G A R
SRR E
i Z R br

82 RIGCAR 4

i bR &

PEC Ui R R 5
SMBus i 5 &
SMBus bR &
fehaii

SEATAR S

& 206 |
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5.12.30

2025.04.25

12C_DIRF_FLAG:
|2C_GCADDRF_FLAG:
|2C_DEVADDRF_FLAG:
|2C_HOSTADDRF_FLAG:
|2C_ADDR2_FLAG:

il

et 7 ARG
R bR

SMBus &£ Huhk 3 cbs &
SMBus EHLHhE R &
BRI 2 bRk

| i2c_flag_get(12C1, 12C_STARTF_FLAG);

¥ i2c_interrupt_flag_get

R T BREi2¢_interrupt_flag_get

#* 267. B# i2c_interrupt_flag_get

H #iR
A€ i2c_interrupt_flag_get
PR T flag_status i2c_interrupt_flag_get(i2c_type *i2c_x, uint32_t flag);
Dhread SRR EALRAS TR 57 o A e iz

LN 2|

i2c_x: Pk 12C A%

ST LOERH H P2 —: 12C1, 12C2

MANSH 2 flag: T ZARBCRZAS AR E ik
SRR I flag

LR 7

IR [FIME flag_status: FrELFPRES
ZIREE Y H 2 —: SET. RESET

SRkt 7

B F e 7

flag

T 3R EARBCRES AR S, KT8 5T

|2C_STARTF_FLAG:
I2C_ADDR7F_FLAG:
12C_TDC_FLAG:
|2C_ADDRHF_FLAG:
|2C_STOPF_FLAG:
I2C_RDBF_FLAG:
I2C_TDBE_FLAG:
|2C_BUSERR_FLAG:
I2C_ARLOST_FLAG:
12C_ACKFAIL_FLAG:
12C_OUF_FLAG:
|2C_PECERR_FLAG:
12C_TMOUT_FLAG:
I2C_ALERTF_FLAG:
~Fl

AR 2R A7 A S8 bR
0~7 frthkVL AR &
Hod A i 56 bR 2
T 9~8 firdtuhl Sk ULRCHR &
{5t b 25 A SE bR S
BB gz bR
KIE G A R
SRR
i Z R br
VRSN RS

i bR &

PEC Ui R R 5
SMBus i bR
SMBus bR &

‘ i2c_interrupt_flag_get(12C1, 12C_STARTF_FLAG);

& 207 R’
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5.12.31

5.12.32

2025.04.25

¥ i2c_flag_clear
NERAFE T R i2c_flag_clear

3 268. E# i2c_flag_clear

A iR
A EA i2c_flag_clear
PR A void i2c_flag_clear(i2c_type *i2c_x, uint32_t flag);
Difeftig TEBRBR EAL

MWASHA

i2c_x: Jrig#E 12C b

S HA LLERE 2 —: 12C1, 12C2

HMANSH 2 flag: FHBFRIIAR S LS
ZS BRI flag
it 24 o
pAEIf ) 7
SR ok o
Bl H B 4 7
flag

AT IR ERERIRS AR S, Hari 2502 5

|2C_BUSERR_FLAG:
|2C_ARLOST_FLAG:
|2C_ACKFAIL_FLAG:
|2C_OUF_FLAG:
|2C_PECERR_FLAG:
I2C_TMOUT_FLAG:
|2C_ALERTF_FLAG:
|2C_ADDR7F_FLAG:
I2C_STOPF_FLAG:

Bl

AR RS

% R bR &

JS7 2 R b 7

i AR

PEC #2I5tdt iR hn
SMBus i br &
SMBus # R &

0~7 ALtV AC by &
152 b 2% A 77 AR T8 bR

‘ i2c_flag_clear(I12C1, 12C_ACKFAIL_FLAG);

BR¥Y i2c_config

TR T BAELi2¢_config

R 269. B# i2c_config

A i)
R34 i2c_config
PR 2 A void i2c_config(i2c_handle_type* hi2c);
Dhfiedtig 12C ¥iastb e e, I THIRME 12C, BN #8I H i2c_lowlevel_init()psi £, S

12C #M%. GPIO. DMA. ek wiaair

MANSHA

hi2c: 450 i2c_handle_type 2% ()45 1)1k
S EEAER W i2¢_handle_type

S5 x
REHME x

% 208 |
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| ik
SR kA G
5 18 FH R £ void i2¢c_lowlevel_init(i2c_handle_type* hi2c);
i2c_handle_type* hi2c
i2c_handle_type fE i2c_application.h

typedef struct

{
i2c_type *i2¢cx;
uint8_t *pbuff;
__ 1O uint16_t pcount;
__ 10O uint32_t mode;
__ 10O uint32_t timeout;
__ 10O uint32_t status;
__10i2c_status_type error_code;
dma_channel_type *dma_tx_channel;
dma_channel_type *dma_rx_channel,;
dma_init_type dma_init_struct;

}i2c_handle_type;

i2cx

Friz 8 12C A, xS 8T LI Hrhz —: 12C1, 12C2
pbuff

BTN I EA

pcount

BTN 1)

mode

12C T, WERHPRESHULET, PR

timeout

A THEE N I 1)

status

FfRas, WIBHPIRSHUER], HP B/ %0

error_code

Mz i2c_status_type RAESAARES, @R AR R G, AR EIC AR
12C_OK: A iz, @i =&

I2C_ERR_STEP_1: IR G
I2C_ERR_STEP_2: SR 2 G
I2C_ERR_STEP_3: IR 3 G
I2C_ERR_STEP_4: IR 4 G
I2C_ERR_STEP_5: IR 5 G
I2C_ERR_STEP_6: IR 6
I2C_ERR_STEP_7: BYR T HHR
I2C_ERR_STEP_8: IR 8 f i
I2C_ERR_STEP_9: IR O Hs
I2C_ERR_STEP_10: IR 10 5
I2C_ERR_STEP_11: IR 11 HR
I2C_ERR_STEP_12: I 12 HiR

2025.04.25 # 209 T &2 2.0.6
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5.12.33

2025.04.25

I2C_ERR_START:
I2C_ERR_ADDR10:
12C_ERR_ADDR:
12C_ERR_STOP:
I2C_ERR_ACKFAIL:
I2C_ERR_TIMEOUT:

[2C_ERR_INTERRUPT:

dma_tx_channel
12C /& i% DMA j#iE
dma_rx_channel
12C #:1iit DMA j#iE
dma_init_struct
DMA HIaa e 45 # 14
Nl

START 2k F R IE R

10 frdhhk sk (bit9~8) Kikfix
Huhi AE A IR

STOP 2 F K IR

[ 1R

RIS B R

AHHRFARAE, FEN T ERR T

i2c_handle_type hi2c;
hi2c.i2cx = 12C1;
i2c_config(&hi2c);

E ¥ i2c_lowlevel_init

NERIIA T R i2¢_lowlevel_init

% 270. E¥ i2c_lowlevel_init

A i3}
R i2c_lowlevel_init
PR 3 J A void i2¢c_lowlevel_init(i2c_handle_type* hi2c);
Digefliid 12C JE 21Uk B R %, 72 %k i2c_config MERIE M, FTszIlwIdktk 12C 4h

B, GPIO. DMA. thiis4Iantt, 27 7 s BN B ST 12C diah b 2

MASHA

hi2c: 151 i2c_handle_type 257 (1) 45 #y 14
ZSEAVENREIA I i2c_handle_type

fnth 25

¥

R EHME

Stk okt

Wik F pa 2

of | off | ot

Bl

{
if(hi2c->i2cx == 12C1)
{
SEH 12C1 IHTEE1L
}

{
SEF 12C2 HIRTEE

else if(hi2c->i2cx == 12C2)

void i2c_lowlevel_init(i2c_handle_type* hi2c)

210 |
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5.12.34 % i2c_wait_end
NRMIA T A% i2c_wait_end

x® 271. EF# i2c_wait_end

BiH #R
PR EA i2c_wait_end
PR 2 A i2c_status type i2c_wait_end(i2c_handle_type* hi2c, uint32_t timeout);
Thegfik S ERE BRI U] T DMA BLK AR 5, PR g 3 7 A A 6 o i

AEBHZE 1, FﬁuTuﬁﬂ% AR HOR SR

MWASHA

hi2c: F81 i2c_handle_type Z57Y ¢ 45 ¥ 14
S BVEARR W i2c_handle_type

MANZ¥ 2 timeout: <54 Y [A]
28 7
IR Bl i2c_status_type: fiRfLHY
Z T 5.12.32 B E 2 2SR AFBUETEH
SR ok 7
B FH o 4 7
il

{

I SERRERES R

{

error_handler(i2c_status);

error_handler(i2c_status);

if (i2c_master_transmit_dma(&hi2c, 0xB0, tx_buf, 8, OXFFFFFFFF) != 12C_OK)

if(i2c_wait_end(&hi2c, OXFFFFFFFF) I= 12C_OK)

5.12.35

¥ i2c_wait_flag

NRME T RE i2c_wait_flag

% 272. ®¥i2¢c_wait_flag

BH

[P

i2c_wait_flag

|
X

==
&
bl
e

i2c_status_type i2c_wait_flag(i2c_handle_type* hi2c, uint32_t flag, uint32_t

event_check, uint32_t timeout)

&g
g
2
5

SERFbR S B B 2 AL
HAG %4 BUSYF bR S fphn S B AL, HARPR SR AR S Bl

MANSHA

hi2c: 450 i2c_handle_type 2% ()45 1)1k
ZRET: 0 BHELZSHAVFEEER

WASH 2 hi2c: #514] i2c_handle_type %[ 45 4 4k
S EEANER W i2¢_handle_type
WASH 3 event_check: ZEfebr &[RRI Z S 2 5 R A

2025.04.25
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5.12.36

2025.04.25

HiA i)
Z W& : event_check & [ £ Z S A vF BUE VL
LN timeout: %5 ET B 7]
i 25 7
IR [EE i2c_status_type: HiRfUIY
ZRE Y 5.12.32 B E 2 2 H A IEEHE
SRSkt 7
e F R 7
flag
AR &

I2C_STARTF_FLAG:
I2C_ADDR7F_FLAG:
I2C_TDC_FLAG:
I2C_ADDRHF_FLAG:
I2C_STOPF_FLAG:
I2C_RDBF_FLAG:
I2C_TDBE_FLAG:
I2C_BUSERR_FLAG:
[2C_ARLOST_FLAG:
I2C_ACKFAIL_FLAG:
12C_OUF_FLAG:
I2C_PECERR_FLAG:
12C_TMOUT_FLAG:
I2C_ALERTF_FLAG:
[2C_TRMODE_FLAG:
12C_BUSYF_FLAG:
I2C_DIRF_FLAG:
I2C_GCADDRF_FLAG:
I2C_DEVADDRF_FLAG:
[2C_HOSTADDRF_FLAG:
I2C_ADDR2_FLAG:
event_check

IR A SRS
0~7 frthEVC AR &

Hodle Ak e b &

FHL 9~8 firdtuhl kLA HR &
15 28 A e bR A
P S a i b
FIL G B s ik
AR bR
e 2 K bn ik

IO R M

i bR

PEC #HUH kAR &
SMBus I bR

SMBus & lih5 &
(LS

AR

Pk 7 T b &

R RS
SMBus ¥ # itk USbr &
SMBus F btk bR &
Bk 2 47 &

LR DRI A T Z F A2 5 R A
I2C_EVENT_CHECK_NONE:

I2C_EVENT_CHECK_ACKFAIL:

I2C_EVENT_CHECK_STOP:

Bl

Ak B A
¥ # ACKFAIL 1
K2t STOP HH4

\ i2c_wait_flag(&hi2c, 12C_BUSYF_FLAG, 12C_EVENT_CHECK_NONE, OXFFFFFFFF);

B i2c_master_transmit

NEHIR T BB % i2c_master_transmit

F 273. K% i2c_master_transmit

T H

Hik

i2c_master_transmit

212 )|

hRAs 2.0.6



[

AT32F413[E 4 FEBSP&Pack M FHIE S

BH

[P

i2c_status_type i2c_master_transmit(i2c_handle_type* hi2c, uint16_t address,
uint8_t* pdata, uint16_t size, uint32_t timeout);

Thaestik

EWREEE G720, ZRBURHIET I, PTG, 12C MAEHTE R

LN 2|

hi2c: 151 i2c_handle_type 57U K45 ¥ A
ESHFEANHE IR W i2c_handle_type

MASH 2 address: MAHLHLHE
WMANZSH3 pdata: A EHHE 0 HH Mkl
MANZH 4 size: i KIE N
MANZH5 timeout: %5 RS B 7]
it 25 7
IR [E{E i2c_status_type: fEiRfLHY
Z T 5.12.32 B E 2 2SR AFBUETE R
S okt 7
B o 4 7
~pl

‘ i2c_master_transmit(&hi2c, 0xBO, tx_buf, 8, OXFFFFFFFF);

5.12.37

¥ i2c_master_receive

TERAER T K H i2c_master_receive

R 274. ®H i2c_master_receive

iH

E(i7p%)

4

i2c_master_receive

= | =
e

i2c_status_type i2c_master_receive(i2c_handle_type* hi2c, uint16_t address,
uint8_t* pdata, uint16_t size, uint32_t timeout);

Lhae g

TR 20, ZRBURIHET I, PUTERUA, 12C BRI TE R

MASHA

hi2c: 151 i2c_handle_type 257 (1) 45 #y 14
ZSEENREIA I i2c_handle_type

HMANSH 2 address: MLHbLE
MINSH 3 pdata: FEISCEHRE I K4
NS 4 size: HREIRAEL
MANZH5 timeout: ZE{3 I I [A]
i 25 7
IR [FE i2c_status_type: 20D
S FY 5.12.32 15 2 1% S H A VP EUE TG
SR kAT 7
e F e 7
N

‘ i2c_master_receive(&hi2c, 0xBO, rx_buf, 8, OXFFFFFFFF);

5.12.38

¥ i2c_slave_transmit

TEFER T KE i2¢c_slave_transmit

2025.04.25
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5.12.39

5.12.40

2025.04.25

£ 275. K# i2c_slave_transmit

BiH #R
A€ i2c_slave_transmit
PR T i2c_status_type i2c_slave_transmit(i2c_handle_type* hi2c, uint8_t* pdata,
uint16_t size, uint32_t timeout);
Thegfig MR IEE S =0, BRI, PATRRUG, 12C WAL 78R

LN 2|

hi2c: 151 i2c_handle_type 57U K45 ¥ A
ESHFEANHE IR W i2c_handle_type

NS 2 pdata: 1§ Ak 1 B 4 M b
MANSH 3 size: il RKIE ML
NS 4 timeout: %54 & I I [1)
28 7
IR [E{E i2c_status_type: ALY
ZEFET: 0 B EZ SRV IUETEHE
SR okt 7
e FH R 7
il

‘ i2c_slave_transmit(&hi2c, tx_buf, 8, OXFFFFFFFF);

¥ i2c_slave receive

THRAHR T KH i2¢c_slave_receive

R 276. EH i2c_slave_receive

TiH Eii:py
ERAE i2c_slave_receive
Eap g it i2c_status_type i2c_slave_receive(i2c_handle_type* hi2c, uint8_t* pdata, uint16_t
size, uint32_t timeout);
Dhred ML (R )T =0, R EURIE T, BATERUS, 12C AL % 58 RL

LN 2|

hi2c: 457 i2c_handle_type 2% (25 1)1k
ZSHEATE R W i2c_handle_type

NS5 2 pdata: FUCHHE 105 Hhtik
MINSH 3 size: HREIRAEL
MAZH 4 timeout: ZE{3 I I [A]
i 24 7
AL i2c_status_type: 45iR0IG
S E 5.12.32 & 5 2 % SR vFIUE Y6
SRkt 7
e F R 7
N

| i2c_slave_receive(&hi2c, rx_buf, 8, OXFFFFFFFF);

B3 i2c_master_transmit_int

TR T K% i2c_master_transmit_int

% 214 R
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BiH #R

A€ i2c_master_transmit_int

PR T i2c_status_type i2c_master_transmit_int(i2c_handle_type* hi2c, uint16_t address,
uint8_t* pdata, uint16_t size, uint32_t timeout);

Thegfig FHRIEEE (RWir=0 ZREURARHET N, ZREHITERUS 12C BHIEA
gEoR, ] DUl A R A i2c_ wait_end ()25 45 B T 5E R

WANSH hi2c: #4514 i2c_handle_type 257 [ 45 ¥4 {4
ZSHFEANHE IR W i2c_handle_type

NS 2 address: ML

MWANZH 3 pdata: i ACsHd A Mk

MANZH 4 size: HdEKIENEL

MANZH 5 timeout: EfF I I [A]

ot 28 x

YL EN i2c_status_type: ALY
S E 5.12.32 & 2 S VFIUE L H

So oAt I

W e 2 I

il

5.12.41

HNSH 2 address: MALHbIE
MINSH 3 pdata: FzUCHHE 19 F 2 Hhtik
NS4 size: HREIRA L
MAZH 5 timeout: <543 I (A
25 7
AL i2c_status_type: 45iR0IG
S E 5.12.32 & 5 2 % SR vFIUE Y6
SRk 7
M F R 7
N

2025.04.25

R 277. ¥ i2c_master_transmit_int

‘ i2c_master_transmit_int(&hi2c,

0xBO, tx_buf, 8, OXFFFFFFFF);

¥ i2c_maste

R T K%L i2c_master_

r_receive_int
receive_int

% 278. ¥ i2c_master_receive_int

TiH Eii:py
R i2c_master_receive_int
R B T i2c_status_type i2c_master_receive_int(i2c_handle_type* hi2c, uint16_t address,
uint8_t* pdata, uint16_t size, uint32_t timeout);
Dhred TR (P R0, ZRBUR AR ZETT X, T R 12C @ iRiE

REEFR, W LLUE A B i2c_wait_end()ZFE R GE R

MANSH

hi2c: 450 i2c_handle_type 2% ()25 11k
ZSHEATER W i2c_handle_type

‘ i2c_master_receive_int(&hi2c,

0xBO, rx_buf, 8, OXFFFFFFFF);

215 4 2.0.6




[

AT32F413[E 4 FEBSP&Pack M FHIE S

5.12.42

PR# i2c_slave_transmit_int

T RAIER T PREi2¢_slave_transmit_int

* 279. E# i2c_slave_transmit_int

TiH

[P

i2c_slave_transmit_int

==
&
5
e

i2c_status_type i2c_slave_transmit_int(i2c_handle_type* hi2c, uint8_t* pdata,

uint16_t size, uint32_t timeout);

=
o>
[aNay
BE
[

MAHURIZEEIR R0, ZRECRIEMEZE T, ZREHIT SRR 12C B IIE
HgER, wLLE I 5 i2c_wait_end () FE THSE K

MWASHA

hi2c: F81 i2c_handle_type Z57Y ¢ 45 ¥ 14
ZSEEANEIR W i2c_handle_type

MANSH 2 pdata: 15 AR 1B 4
NS 3 size: Hfl K& ML
MANZH 4 timeout: <54 Y (A
28 7
IR Bl i2c_status_type: fiRfLHY
Z 1 5.12.32 B E 2 2SR AFBUETEH
Se RSk 7
e FH R 2 7
il

‘ i2c_slave_transmit_int(&hi2c, tx_buf, 8, OxFFFFFFFF);

5.12.43

BR¥Y i2c_slave_receive_int

NRMIA T R Ei2¢_slave_receive_int

% 280. ¥ i2c_slave_receive_int

TiH Eii:py

ERAE i2c_slave_receive_int

R B T i2c_status_type i2c_slave_receive_int(i2c_handle_type* hi2c, uint8_t* pdata,
uint16_t size, uint32_t timeout);

Dhretd MALERSCEAE (R =0, ZR U IR ZE 7 =, BT e S 12C JEILE
REEH, ALl I R 4 i2c_wait_end ()5 4538 THE L

WMASHA hi2c: 1R i2c_handle_type 257 () 4k ik
ZSHEANTER W i2c_handle_type

MANZH 2 pdata: FWSCHE B ik

WIANSH3 size: HERIAH

MAZH 4 timeout: ZE{3 AN I [A]

25 7

AL i2c_status_type: 45iR0IG
S E 5.12.32 A E 2 Z S A VFIUETE

So oAt 5

Wi F R 2 x

Nl

2025.04.25
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l i2c_slave_receive_int(&hi2c, rx_buf, 8, OXFFFFFFFF);

5.12.44 F# i2c_master_transmit_dma

R T PREi2c_master_transmit_dma

% 281. E# i2c_master_transmit_dma

i H

ity

i2c_master_transmit_dma

X | =
|
m
e

i2c_status_type i2c_master_transmit_dma(i2c_handle_type* hi2c, uint16_t
address, uint8_t* pdata, uint16_t size, uint32_t timeout);

g
i
Bt
=

FHURIEHIE (DMA 7730, ZREURAEMZE TR, ZREPITERSE 12C 1@
REEH, AL R R %K i2c_wait_end ()35 478 T 58 Ak

MAZHA

hi2c: #8171 i2c_handle_type 2745 #) 14
ZS MR W, i2¢_handle_type

MANSH 2 address: MLHbLE
MANSH3 pdata: 135 AR 1B 4
LN size: Hfl K&
MANZH5 timeout: 543588 i B [A]
LR 7
IR [EE i2c_status_type: HiRfUIY
Z R &Y 5.12.32 T B Z &S AVFIETE
Je kAt 7
e FH R 2 7
A~

‘ i2c_master_transmit_dma(&hi2c, 0xBO, tx_buf, 8, OXFFFFFFFF);

5.12.45

BK¥ i2c_master_receive_dma

NEHIR T K% i2c_master_receive_dma

* 282. H¥ i2c_master_receive_dma

TiH Eii:py

R i2c_master_receive_dma

PR B T i2c_status_type i2c_master_receive_dma(i2c_handle_type* hi2c, uint16_t
address, uint8_t* pdata, uint16_t size, uint32_t timeout);

e ik FHECEEE (DMA 7720, % i&mﬂtﬁﬂ%ﬁfﬁ, ZERHHAT e 12C I8 IS
KREEH, AR B8 i2c_wait_end ()& A58 TR 5E L

HWNSE hi2c: 450 i2c_handle_type 2% ()45 11k
S EEAHER W i2¢_handle_type

LN ) address: MLl

MAZH3 pdata: FEWCHE B 4Lk

LN size: HdEHEIC %L

MAZH 5 timeout: SEAF I I [A]

2% 7

IR [H{E i2c_status_type: fEiRfLHY

2025.04.25
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BH EiE:p4y
S 511 5.12.32 B L %S K v BUE T
Sk kAT 7
Wi F pa 2 x
Bl

5.12.46

NEIA T EKE i2¢c_slave_transmit_dma

‘ i2c_master_receive_dma(&hi2c, 0xBO0, rx_buf, 8, OXFFFFFFFF);

¥ i2c_slave_transmit_dma

* 283. ¥ i2c_slave_transmit_dma

H #iR
A€ i2c_slave_transmit_dma
PR T i2c_status_type i2c_slave_transmit_dma(i2c_handle_type* hi2c, uint8_t* pdata,
uint16_t size, uint32_t timeout);
Thread MHLRIEEHE (DMA 520, B2 dEMZE =, R BT G 12C @it

REEw, WL I AL i2c_wait_end ()& R T SE K

LN 2|

hi2c: #514 i2c_handle_type 257 [ 45 ¥4 {k&
ZSEEAER W i2c_handle_type

MANSH 2 pdata: FfKIEHHE M HH Mkl
MANSH3 size: HE Kk IEANH
MINSH 4 timeout: %5 #5 RS B 7]
it 25 7
YL EN i2c_status_type: FEiRfLHY
ZR &N 5.12.32 B E 2 ZSHAFBUETEH
SR okt 7
e A I o 4 7
il

‘ i2c_slave_transmit_dma(&hi2c, tx_buf, 8, OXFFFFFFFF);

5.12.47
TR T BREi2¢_slave_receive_dma

BR¥Y i2c_slave_receive_dma

2025.04.25

%+ 284. Ki# i2c_slave_receive_dma

BH

[P

i2c_slave_receive_dma

|
X

==
&
5
e

i2c_status_type i2c_slave_receive_dma(i2c_handle_type* hi2c, uint8_t* pdata,
uint16_t size, uint32_t timeout);

&g
g
2
5

MHLEEAE (DMA 520, ZRBUEIEZE T, ZREBETERUE 12C #ilE
KREETR, AL 26 8 i2c_wait_end ()54 LSS A

MWASHA hi2c: 15[ i2c_handle_type 2570 (1) &5 #y 14
HSHFENHEIR W i2c_handle_type

MANZH 2 pdata: FEISCEHE ) H A

MANSH 3 size: HEEIRAEL

% 218 |
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HiA iR

LN timeout: ZF 43 I i) (A

i 25 7

IR [EE i2c_status_type: HiRfUIY

ZRE T 5.12.32 B E 2 2 M AT IEEE

SRSk 7

e F R 7

il

l i2c_slave_receive_dma(&hi2c,

rx_buf, 8, OXFFFFFFFF);

5.12.48 % i2c_memory_write
TNERIIA T K%L i2c_memory_write

#* 285. F# i2c_memory_write

T H Eii:pa
PRI 44 i2c_memory_write
R E R Y i2c_status_type i2c_memory_write(i2c_handle_type* hi2c,
i2c_mem_address_width_type mem_address_width, uint16_t address, uint16_t
mem_address, uint8_t* pdata, uint16_t size, uint32_t timeout);
ThRestiik ] EEPROM 5¥ls (#7720, ZRBUZMZETA, PUTRARSE, 12C Bif s

J

MASHA

hi2c: 151 i2c_handle_type 257 (1) 45 #y 14
ZSHVENREIA WL i2c_handle_type

WSS 2 mem_address_width: EEPROM 7% i il % J&
Z R %45 mem_address_width 75 4 5 £ %S5 BUE U F
MASH3 address: EEPROM i}k
WANSE 4 mem_address: EEPROM ¥ 77-4i# ik
MNSH 5 pdata: FF K IEHHE I HH Mk
MINZH 6 size: s KX
MANSHT timeout: %5 #5 RS B 7]
LR 7
SAEL i2c_status_type: 45iR0IG
Z R ET 5.12.32 B E 2 2 H A FIUEEH
SRk 7
W F e 7

mem_address_width
EEPROM 17fif ik %5 2
I2C_MEM_ADDR_WIDIH_8:
I2C_MEM_ADDR_WIDIH_16:

2N

8 for Mk i
16 Dzt 58 22

‘ i2c_memory_write(&hi2c, 0xA0, 0x05, tx_buf, 8, OXFFFFFFFF);

5.12.49 % i2c_memory_write_int
NERAIR T K% i2c_memory_write_int

2025.04.25
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X 286. K% i2c_memory_write_int

BiH #R

A€ i2c_memory_write_int

PR T i2c_status_type i2c_memory_write_int(i2c_handle_type* hi2c,
i2c_mem_address_width_type mem_address_width, uint16_t address, uint16_t
mem_address, uint8_t* pdata, uint16_t size, uint32_t timeout);

Thegfid 1] EEPROM 54l (rhlbr iy =), e IFRZE T30, AT 5 12C
BINE AL, A LLE I H A% i2c_wait_end ()28 152K

WANSH hi2c: 151 i2c_handle_type %Y ({45 11k
ESHFEANHE IR W i2c_handle_type

WMANSH 2 mem_address_width: EEPROM f£fi# i 5 &
Z 41 : mem_address_width 5 J3 B £ 1% S ¥ ARV BUE T

MAZH3 address: EEPROM Hlihit

BWANSH 4 mem_address: EEPROM 4 77 fifs i it

MANZH5 pdata: 1§ A0 HdfE 1 B

MANZH 6 size: HdEKIENEL

WMANZHT timeout: EfF I I [A]

it 2% W

IR [EE i2c_status_type: HiR{UIY
S E 5.12.32 5 E 2 S H v IUE TE

So koAt x

W e 2 x

mem_address_width

EEPROM 17 fifi ik i &%

I2C_MEM_ADDR_WIDIH_8: 8 fr b hl v fE

12C_MEM_ADDR_WIDIH_16: 16 A7 Hhht 55 fE

Bl
‘ i2c_memory_write_int(&hi2c, 0xA0, 0x05, tx_buf, 8, OXFFFFFFFF);

5.12.50 ¥ i2c_memory_write_dma

NERIIA T %L i2c_memory_write_dma

% 287. ¥ i2c_memory_write_dma
A iR

R i2c_memory_write_dma

= | =
o | 8
D
e

i2c_status_type i2c_memory_write_dma(i2c_handle_type* hi2c,
i2c_mem_address_width_type mem_address_width, uint16_t address, uint16_t
mem_address, uint8_t* pdata, uint16_t size, uint32_t timeout);

7] EEPROM 5445 (DMA 7530, iZeRHue A E 3, R BT 58 mUa 12C
IR ARG A, v LLdid i A B 4L i2c_wait_end ()55 758 5 R

=
g
2
5

WMANSHA hi2c: 15[ i2c_handle_type 257 (1) 45 #y 14

ZSHFENHEIR W i2c_handle_type
WMASH 2 mem_address_width: EEPROM 7£fi# bt %% J&F

SR 55 mem_address_width 75 [ 5 £ %S Hu i BUE T
BINZH 3 address: EEPROM ik
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HiA iR
WMASH 4 mem_address: EEPROM %45 77 fi# i
MANSH 5 pdata: 5 K& IEHE 10 E L b
MANZH6 size: HHE RIEANEL
MANSHT timeout: %5 RS B 7]
i 25 7
IR [EE i2c_status_type: HiRfUIY

S F 5.12.32 b 2 1% S8 VFIUE 5

ST 7
U FH R 2 7

mem_address_width
EEPROM f#fiff ik %5 52

I2C_MEM_ADDR_WIDIH_8: 8 {55 i
I2C_MEM_ADDR_WIDIH_16: 16 firftihi- 55 i
il

\ i2c_memory_write_dma(&hi2c, 0xA0, 0x05, tx_buf, 8, OXFFFFFFFF);

5.12.51 pi#i2c_memory_read

TNERIIA T K% i2c_memory_read
% 288. E# i2c_memory_read

T H Ei:13%)

ERAE i2c_memory_read

R Y i2c_status_type i2c_memory_read(i2c_handle_type* hi2c,
i2c_mem_address_width_type mem_address_width, uint16_t address, uint16_t
mem_address, uint8_t* pdata, uint16_t size, uint32_t timeout);

ThRedthiR M EEPROM 184 (Fei))7 20, ZREURMHZET X, #ATERUG, 12C L4058
B

WMASHA hi2c: 450 i2c_handle_type 2% (25 1)1k
ZSHEATE R W i2c_handle_type

WMASH 2 mem_address_width: EEPROM 7&fi# it % FF
Z &1 : mem_address_width £ i 5 £ 1% S 400 VFIUE T

MAZH3 address: EEPROM Hlihik

WANSE 4 mem_address: EEPROM #5774 s ik

HNSH 5 pdata: SZHUHEE 10 B4 ik

MANZH6 size: HdfE L HU N4

MWNSHT timeout: A543 N I (1]

25 7

IR [F{H i2c_status_type: fHiRfURY
Z R E T 5.12.32 B E 2 2 M AFIUEEH

So oAt 7

B H R 4 I

mem_address_width

EEPROM f#fifi ik %5 &%

[2C_MEM_ADDR_WIDIH_8: 8 i kb e F
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|2C_MEM_ADDR_WIDIH_16:

B

16 fr il e

l i2c_memory_read(&hi2c, 0xAO0, 0x05, rx_buf, 8, OXFFFFFFFF);

5.12.52

BR% i2c_memory_read_int

NERAIR T K% i2c_memory_read_int

% 289. H# i2c_memory_read_int

BiH #R
PRI 44 i2c_memory_read_int
PR T i2c_status_type i2c_memory_read_int(i2c_handle_type* hi2c,
i2c_mem_address_width_type mem_address_width, uint16_t address, uint16_t
mem_address, uint8_t* pdata, uint16_t size, uint32_t timeout);
Thread M EEPROM B4i (hiidr =0, R EURRHIEET 30, 2R BT e 12C

AWIE ARSI, AT LUE I A R 3L i2c_wait_end ()2 A7l HE AL

LN 2|

hi2c: #514 i2c_handle_type 257 [ 45 ¥4 {k&
ZSHEAHER W i2c_handle_type

MASH 2 mem_address_width: EEPROM 7&fi# bt %5 JiF
Z R %5 mem_address_width 7% [ 5 % %S5 0 4 BUE T
MAZSH3 address: EEPROM Hlihit
WMANSE 4 mem_address: EEPROM ¥ 774i& ik
MNSH 5 pdata: SzHCHE 19 4 btk
MANSH6 size: LML
WMANZHT timeout: “EfF I I [A]
it 25 7
YL EN i2c_status_type: iR LMY
ZR &N 5.12.32 B E 2 ZSHABUETEH
SR okt 7
e FH R 2 7

mem_address_width
EEPROM A7 fiff ik 5 5
12C_MEM_ADDR_WIDIH_S8:
I2C_MEM_ADDR_WIDIH_16:

8 {7 Mkl s B
16 fr il e f

Bl

‘ i2c_memory_read_int(&hi2c, 0xAOQ, 0x05, rx_buf, 8, OXFFFFFFFF);

5.12.53

¥ i2c_memory_read_dma

TR T A% i2c_memory_read_dma

% 290. ¥ i2c_memory_read_dma

TiH ik
PR €2 i2c_memory_read_dma
AR Y i2c_status_type i2c_memory_read_dma(i2c_handle_type* hi2c,

i2c_mem_address_width_type mem_address_width, uint16_t address, uint16_t

mem_address, uint8_t* pdata, uint16_t size, uint32_t timeout);

2025.04.25
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HiA iR
ThRestik M EEPROM #4445 (DMA J520), iU AR IE =, &7 s 12C
TR ARLE R, BT LU 1 F R 31 i2c_wait_end ()55 A7l H5E R
LN 2| hi2c: #4514 i2c_handle_type 257 [ 45 ¥4 {4
ESHFEANHE IR W i2c_handle_type
MNSH 2 mem_address_width: EEPROM £ ¥ bt 5 i
Z &1 mem_address_width 75} 5 £21% 2 5 10 Y EUE TG
MASH3 address: EEPROM #lihit
MANSH 4 mem_address: EEPROM ¥ £74i# ik
MANZH5 pdata: {52HUEHE A2 ZH skt
MASH 6 size: FHHELHN 4L
WMANZHT timeout: “Ef I I [A]
it 24 7
YL ED i2c_status_type: fiRfLHY
Z 1 5.12.32 B E 2 2SR AFBUETEH
SR okt 7
B o 4 7

mem_address_width
EEPROM 77 fi# k- 5 [
I2C_MEM_ADDR_WIDIH_8:
I2C_MEM_ADDR_WIDIH_16:

N

8 for bk i B
16 Dzl 58 22

‘ i2c_memory_read_dma(&hi2c, 0xA0, 0x05, rx_buf, 8, OXFFFFFFFF);

5.12.54 ¥ i2c_evt_irq_handler
TERAER T KH i2¢_evt_irg_handler

R 291. B# i2c_evt_irg_handler

A i3}
PRI 4 i2c_evt_irg_handler
PR 3 void i2¢c_evt_irg_handler(i2c_handle_type* hi2c);
Difeftiik Wi, F AR 12C SR

MASHA

hi2c: 151 i2c_handle_type 2570 (1) 45 ¥y 14
ZBEVETIE W i2c_handle_type

it 28

¥

IR [BI{E

SR KA

Wik F pa 2

off | of | et

Bl

{

i2c_evt_irq_handler(&hi2c);

void 12C1_EVT_IRQHandler(void)

2025.04.25
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5.12.55

¥ i2c_err_irg_handler
NERFIAR T A% i2¢_err_irg_handler

%+ 292. E# i2c_err_irq_handler

5.12.56

5.12.57

2025.04.25

A iR
A EA i2c_err_irq_handler
PR T void i2c_err_irq_handler(i2c_handle_type* hi2c);
Difeftig B Wk g, HTAREE 12C #iR

MWASHA

hi2c: F81 i2¢c_handle_type Z57Y ¢ 45 ¥ 14
ZSHEANE IR W i2c_handle_type

it 24

x

R EHME

ek ZF AT

W F R 2

off | off | ot

N

{

i2c_err_irg_handler(&hi2c);

void I12C1_ERR_IRQHandler(void)

¥ i2c_dma_tx_irq_handler

TRAIER T A% i2c_dma_tx_irg_handler

* 293. ¥ i2c_dma_tx_irq_handler

iH

E(i7p%)

iy

i2c_dma_tx_irq_handler

R | R
S
e

void i2c_dma_tx_irq_handler(i2c_handle_type* hi2c);

DMA A iXm k%, HF 42 DMA 3% ik

gL
> |8
NS

hi2c: 151 i2c_handle_type 257 () 45 #y 14
G EAENREIA I i2c_handle_type

it 25 x

iR [EME x

SR KA x

ek e £ x
Bl

{

void DMA1_Channel6_IRQHandler(void)

i2c_dma_rx_irq_handler(&hi2c);

¥ i2c_dma_rx_irq_handler

NEIA T ¥ i2c_dma_rx_irg_handler

224 R
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X 294. K ¥ i2c_dma_rx_irq_handler

A i)
A€ i2c_dma_rx_irq_handler
PR T void i2c_dma_rx_irq_handler(i2c_handle_type* hi2c);
ek DMA F2UC i R 8, 1T 4b 22 DMA #2450 i
HINSH hi2c: 151 i2c_handle_type 57U K45 ¥ A
EZSHFEANHE IR W i2c_handle_type
it 25 7
IR [F{H 7
S okt 7
B R FH o 4 7
~pl

void DMA1_Channel7_IRQHandler(void)
{

i2c_dma_tx_irg_handler(&hi2c);
}

513 HmEMRERPBEHEE (NVIC)

NVIC 25 /7 #3458 NVIC_Type, & T 31 “core_cm4.h iR

2025.04.25

/**

* @brief Structure type to access the Nested Vectored Interrupt Controller (NVIC).

¥/
typedef struct
{

} NVIC_Type;

FRAH T NVIC ZH7 3R

% 295. NVIC FAFERNTNE

Tk Ei::3oN

iser R T BR B A AR A
icer HH A BT R AT A A
ispr Hp TR S 1 B A AT A
icpr Hp TR S TS PR B AT A
iabr SRR SR A Z i

ip BT R S g AT A7 3R

stir BRA e r W AF 2

TERGH T NVIC R Hue

#* 296. NVIC EEERERAE

ke

[P

nvic_system_reset

RGP R4

nvic_irg_enable

NVIC /i 5 S L Se 2 e B

nvic_irq_disable

NVIC Hi 2k fE

& 225 |
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nvic_priority_group_config NVIC F it g o i &
nvic_vector_table_set NVIC HH 7 i) 9 S kb K2 A B8 kb % 5
nvic_lowpower_mode_config NVIC I VB AR KR &

5.13.1 E¥ nvic_system_reset
TERAHR T EH nvic_system_reset

3 297. E¥ nvic_system_reset

B | E1:57)
PRI 44 nvic_system_reset
PR E R Y void nvic_system_reset(void)
ThRestiid RGP A%
WA o
i 24 o
IR [FME 7
Se kAT 7
B R A NVIC_SystemReset()
Bl
[* system reset */
nvic_system_reset();

5.13.2 E¥ nvic_irg_enable
NEFE T EE nvic_irg_enable

% 298. E¥ nvic_irq_enable

TiH ity
R nvic_irg_enable
R B T void nvic_irq_enable(IRQn_Type irgn, uint32_t preempt_priority, uint32_t
sub_priority)
DhRe ik NVIC i 5E S L e 2 e B
MNZH irgn: T A R SR
SR W irgn.
MINSH 2 preempt_priority: #5856 W E
ZEHHBEA AT NVIC_PRIORITY_GROUP_ x & X B K S8 56 R
MINSHL 3 sub_priority: NS 5 E
SN B AT # T NVIC_PRIORITY_GROUP_x 5& X[ KR S6 2%
25 7
R [EME 7
So oAt 7
B R NVIC_SetPriority()
NVIC_EnablelRQ()
irgn
irqn T ZERAF R R W, TS H ST
WWDT_IRQn: T 158 B 2% H 1B
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PVM_IRQn: HEE]EXINT [ F I s AT (PVMD Hr il
USBFS_MAPL_IRQn: USBFS = B e g H iy
DMA2_Channel6_7 IRQn: DMAZ2 ifi& 6 1 DMA2 i#i¥ 7 44
N

[* enable nvic irq */
nvic_irq_enable(ADC1_2_|RQn, 0, 0);

5.13.3 E¥ nvic_irq_disable
NERHIA T PR nvic_irg_disable

% 299. E# nvic_irg_disable

T H iR
EiRA €A nvic_irg_disable
BRI void nvic_irq_disable(IRQn_Type irgn)
etk NVIC 1l B
WA irgn:  H BT IR R R
ZSHEAMRER W irgn.
ot 28 x
IR [FH o
Sk ok AF 7
B8 R £ NVIC_DisablelRQ()
~Hl
/* disable nvic irq */
nvic_irq_disable(ADC1_2_IRQn);

5.13.4 ¥ nvic_priority_group_config
T RAHIR T PR AL nvic_priority_group_config

& 300. ¥ nvic_priority_group_config

T H Ei: 5
R4 nvic_priority_group_config
PR 3 A void nvic_priority_group_config(nvic_priority_group_type priority_group)
e ik NVIC it 5 47 4 C &
WA priority_group: I S gk oy 4Lik
%2 AT L% EL nvic_priority_group_type P9 AT & — AN HC2A .
it 25 7
IR [AME 7
Je ik AF W
W e 2 NVIC_SetPriorityGrouping()

priority_group

priority_group H Tk gi s, HalkZH% 5T
NVIC_PRIORITY_GROUP 0: ft4:2i20 0 (O ffl T4 5, 4 frfl T-waRiftses
NVIC_PRIORITY_GROUP 1: 4622 1 (1 il T4 5, 3 frfl TuaRiftses

2025.04.25 22T | &2 2.0.6
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NVIC_PRIORITY_GROUP_2: %24 2 (2 hi T 505 s, 2 A FmRiisego
NVIC_PRIORITY_GROUP_3: 42k 3 (3 it T St sk, 1 S TRt
NVIC_PRIORITY_GROUP_4: /et 4 (4 LT S sedkh, 0 L Fmmpiftsed)
il

[* config nvic priority group */

nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

5.13.5 ¥ nvic_vector_table_set
NERAIR T K E nvic_vector_table_set

% 301. ¥ nvic_vector_table_set

mHE R

A€ nvic_vector_table_set

R E R Y void nvic_vector_table_set(uint32_t base, uint32_t offset)
ThRedtiid NVIC w7 i B e F2E ok % (A% ik 5

MASHA

base: H1iilaER AL
%S HA R B E B kA T RAM B2 FLASH.

MASH 2 offset: HIKy ] & K i #% kit
ZS P SERR T R R R dG bt , L B D 0x200 HIfEEL
it 24 o
IR [F{H o
SR kAT ¥
R FH R 2 ¥
base
base F T i &R M AL, a2 5T
NVIC_VECTTAB_RAM: rh 1) 2 3R SR kA7 T RAM

NVIC_VECTTAB_FLASH:
~Hl

[* config vector table offset */
nvic_vector_table_set(NVIC_VECTTAB_FLASH, 0x4000);

Hh ) R A kA T FLASH

5.13.6 ¥ nvic_lowpower_mode _config

2025.04.25

R T B EL nvic_lowpower_mode_config

& 302. % nvic_lowpower_mode_config

T H ik

R34 nvic_lowpower_mode_config

PR % A void nvic_lowpower_mode_config(nvic_lowpower_mode_type Ip_mode,
confirm_state new_state)

Dhretd NVIC KD FERL A R B

MANSHA

Ip_mode: EFFFE ZELE MK I FERE
%S L% nvic_lowpower_mode_type P AT & —AMESE.

WASH 2

new_state: Fit it A XA TRBCIRAS
ZSHA LR Kz —: TRUE, FALSE.
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5.14

2025.04.25

BH

it 24

iR el

Sk kAT

off | off | ofl | o

e F pa 2

Ip_mode

Ip_mode F T/ EHE PURIIAFER N, HalE&SH P 5T

NVIC_LP_SEVONPEND:
NVIC_LP_SLEEPDEEP:
NVIC_LP_SLEEPONEXIT:
Bl

AW AR A (TSR 5 WFE A& 1D
R P IR B S 1) B R ) AR IS B R T SRS D
AGNEARL L R i, 7 BRI AR 2

/* enable sleep-on-exit feature */

nvic_lowpower_mode_config(NVIC_LP_SLEEPONEXIT, TRUE);

HIEEH] (PWC)

PWC #7435 45 14 pwe_type, € XT3 “at32f413_pwe.h”il F:

/**

* @brief type define pwc register all

*/
typedef struct

TRGH T PWC 78 M

% 303. PWC FEBN R

S iR
ctrl IV e ATy e
ctrists FEYR T i SRS B A7 48
TREH T PWC % i.
* 304. PWC EER$iaE
R4 ik

pwc_reset

H Az PWC By 77 A7 e Ord5 R AL

pwc_battery_powered_domain_access

HLL AR R XIS ) 5 N A

pwc_pvm_level_select

FEL s M0 5% 1 B 00 L s T I e 3

pwc_power_voltage_monitor_enable

FEL s M0 5% 10 L s B0 £

pwc_wakeup_pin_enable

FEHLMS R A e

pwc_flag_clear TERR C B AL bR ELL
pwc_flag_get RENF EADRAS
pwc_sleep_mode_enter N BEAR A
pwc_deep_sleep_mode_enter HEN R B B AR A X
pwc_standby_mode_enter HENFHLEE
- - % 229 - T hek 2,06
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5.14.1 % pwc_reset
TRAA T REL pwe_reset

x 305. ¥ pwc_reset

B H iR
PR EA pwc_reset
PR 2 A void pwc_reset(void)
Difeftig AL PWC I H i e A2 a PR FF R ALE
MASH p
Wz p
IR [F{H o
SR okt o
5 18 FH R £ crm_periph_reset()
~pl
[* deinitialize pwc */
pwc_reset();

5.14.2 BK¥ pwc_battery

powered_domain_access

T ERAIER T K% pwe_battery _powered_domain_access

% 306. ¥ pwc_battery_powered_domain_access

| R
ERAE pwc_battery powered_domain_access
R void pwc_battery powered_domain_access(confirm_state new_state)
Difedtiik Ha Ul ik FL XS BN e
WmANZH new_state: HLIh A H X I TRBOIRAS
ZSHAT UL H Hh 2 —: TRUE, FALSE.
i 24 7
IR [FIME ¥
SR kAT ¥
R FH e 4 7
N

[* enable the battery-powered domain write operations */

pwc_battery powered_domain_access(TRUE);

TER: NI A T I X G EFE S, 7 RERRIF A X, HE4 RTC.

5.14.3 K ¥ pwc_pvm_level_select
NEHIR T % pwe_pvm_level_select

% 307. X% pwc_pvm_level_select

BiH i}
R4 pwc_pvm_level_select
BRI R R Y void pwc_pvm_level_select(pwc_pvm_voltage_type pvm_voltage)

2025.04.25
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W H i)
Thae ik FEL I 00 25 £ M 0 b s S o %
MIANZH pvm_voltage: Y5 HJE I S8 1% 5
%2 BT L% E pwe_pvm_voltage type BT B — M4 4.
i 25 7
R [EME 7
SRSkt 7
e F R 7

pvm_voltage

pvm_voltage FI T~ HHs i I 2 A0 B 0 Fi S i 34, T e 2808 51t 1
PWC_PVM_VOLTAGE_2V3: il # JKIlsFAE R 2.3V
PWC_PVM_VOLTAGE_2V4: il EIG S8R 2.4V
PWC_PVM_VOLTAGE_2V5: il s KIls S8R 2.5V
PWC_PVM_VOLTAGE_2V6: il # JEIG S8R 2.6V
PWC_PVM_VOLTAGE_2V7: il s JEIGFAE R 2.7V
PWC_PVM_VOLTAGE_2V8: il JKIlfF1E N 2.8V
PWC_PVM_VOLTAGE_2V9: il s JKIls FE R 2.9V
il

I* set the threshold voltage to 2.9v */
pwc_pvm_level_select(PWC_PVM_VOLTAGE_2V9);

5.14.4 FK# pwc_power_voltage_monitor_enable
TR T K% pwe_power_voltage_monitor_enable

% 308. X% pwc_power_voltage_monitor_enable

TiH ity
R pwc_power_voltage_monitor_enable
PR AR void pwc_power_voltage_monitor_enable(confirm_state new_state)
Dhred FEL S 00 45 £ L B 00 e
HMINSH new_state: HE MM FHBRAS
ST LI E 2 —: TRUE, FALSE.
25 7
R [EME 7
So oAt 7
W F R 2 7
2Nl
/* enable power voltage monitor */
pwc_power_voltage_monitor_enable(TRUE);

5.14.5 K% pwc_wakeup_pin_enable
TRAE T K% pwe_wakeup_pin_enable

2025.04.25 #2311 &2 2.0.6
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5.14.6

2025.04.25

X 309. K% pwc_wakeup_pin_enable

BiH iR
A€ pwc_wakeup_pin_enable
PR T void pwc_wakeup_pin_enable(uint32_t pin_num, confirm_state new_state)
Thegfik RepLMe A A A
HNZH pin_num: 2L & 1AL IR )
ST DL IUE 5 B & R L T B 1) A
WINSH 2 new_state: FRALMELE I TR A
ZZHOT LR E Hrh 2 —: TRUE, FALSE.
th =% 7
b4 EIf ) P
Sk ok AF x
Bl H B 4 7
pin_num

pin_num A Tk M E MAHLMERE R, HoliEs820 5T
PWC_WAKEUP_PIN_1: FHLMeEEE A 1 G )82 GPIO Jy PAO)
Bl

/* enable wakeup pin - pa0 */
pwc_wakeup_pin_enable(PWC_WAKEUP_PIN_1, TRUE);

¥ pwc_flag_clear
TRME T EE pwe_flag_clear

* 310. ®# pwc_flag_clear

| Ei:1p%)

PRI 4 pwc_flag_clear

PR3 void pwe_flag_clear(uint32_t pwc_flag)

Digefliid TR OB AR AL

WA pwe_flag: Hii IR bR Bt %

SRR W pwe_flag

it 24 7

IR [EME 7

So okt 7

R FH eR 4 7
pwc_flag
pwc_flag H Tk 75 E G R bR &, HaES8E T
PWC_WAKEUP_FLAG: R HL B S AR R
PWC_STANDBY_FLAG: AU AR E
PWC_PVM_OUTPUT_FLAG: FLYR L AT I A AR & (RSB SCRER IS D
N

[* wakeup event flag clear */
pwc_flag_clear(PWC_WAKEUP_FLAG);

& 2321
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5.14.7 E#¥ pwc_flag_get

TERMIA T R pwe_flag_get

X 311. E# pwc_flag_get

B H iR
A EA pwc_flag_get
PR A flag_status pwc_flag_get(uint32_t pwc_flag)
Difeftig IR EALRES
MASH pwc_flag: FHEIREURA IIAR £ 154
EZSHE AR W pwe_flag
it 25 p
YL EN flag_status: A&7 PR
ZAR BIE N FI Hr 2 —: SET, RESET.
SR okt o
B R o
~pl
[* check if wakeup event flag is set */
if(pwc_flag_get(PWC_WAKEUP_FLAG) = RESET)

5.14.8 K% pwc_sleep_mode_enter

IR T k% pwe_sleep_mode_enter

* 312. ¥# pwc_sleep_mode_enter

| R
ERAE pwc_sleep_mode_enter
PR 3 void pwc_sleep_mode_enter(pwc_sleep_enter_type pwc_sleep_enter)
Difedtiik N BEARAR X
LIPNE pwc_sleep_enter: BEIRMZHEN )7 ik %
%S H] LUk E pwe_sleep_enter _type P IRAT R —M24ME.
i 24 7
IR [FME 7
SR kAT 7
R FH e 4 7

pwc_sleep_enter

pwc_sleep_enter H T FREMRBI AN T, KAl k5P 5an~

PWC_SLEEP _ENTER_WFI: I WFI fir A\ BEAR A
PWC_SLEEP ENTER WFE: IS WFE iy 4k N\ BEH
i

/* enter sleep mode */
pwc_sleep_mode_enter(PWC_SLEEP_ENTER_WFI);

5.14.9 X ¥ pwc_deep_sleep_mode_enter

TR T K% pwe_deep_sleep_mode_enter

2025.04.25
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% 313. ¥ pwc_deep_sleep_mode_enter

BiH iR

A€ pwc_deep_sleep_mode_enter

PR T void pwc_deep_sleep_mode_enter(pwc_deep_sleep_enter_type
pwc_deep_sleep_enter)

Thegfig HEN TR B B R ASE X

MNSH pwc_deep_sleep_enter: ¥R REARAE A 77 L FH
%S BT L% E pwe_deep_sleep_enter_type W KT R — AN ME2EA.

th =% 7

b4 EIf ) P

Se kg AF 7

Bl H B 4 7

pwc_deep_sleep_enter

pwc_deep_sleep_enter A T ik FR EHEARBI A A 720, Kk 8 8 5w~
PWC_DEEP_SLEEP_ENTER_WFI:  #id WFI ir4 HE N\ V4 BEAR A 20
PWC_DEEP_SLEEP_ENTER_WFE: il WFE iy &3 N 1% B AR AR X

i

[* enter deep sleep mode */
pwc_deep_sleep_mode_enter(PWC_DEEP_SLEEP_ENTER_WFI);

5.14.10 % pwc_standby mode_enter
T RAIR T A% pwe_standby _mode_enter

% 314. B# pwc_standby_mode_enter

T H Ei: 5
ERAE pwc_standby_mode_enter
R Y void pwc_standby_mode_enter(void)
Thegsmiik BEAFFHLEEA
WA 7
Wz 7
R [EME I
Je ik AF W
W e 2 7
Nl
[* enter standby mode */
pwc_standby_mode_enter();

515 SCETET8F (RTC)

RTC ZrfEas &t rtc_type, & T 3CfF“at32f413_rtc.h i T
[ex
* @brief type define rtc register all
¥/
typedef struct
{
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5.15.1

2025.04.25

} rtc_type;

TREH T RTC TA7F48 5800

% 315. RTC HEBRITME

FhH iR

ctrih RTC #5728 i ir

ctrll RTC #& i  f7 2L AL
divh RTC 73 S R $ o A7 25 e oL
divl RTC 734l S 8 75 A7 43Ik Air
diventh RTC 7 Sitit-Heay 4% i for
diventl RTC 7Sttt Hay 4% A7
cnth RTC tHUE &A% =i
cntl RTC U & A A AL
tah RTC [if] ¥l & 7 &% = it

tal RTC [if] ¥ 77 43Ik Air

TRGH T RTC ERBUAN:

# 316. RTC EER ¥ A%

il 81 Ei::3oN
rtc_counter_set RTC iHE & &
rtc_counter_get RTC H4{E 3R
rtc_divider_set RTC s i B
rtc_divider_get RTC 73 4{E 3R L

rtc_alarm_set

RTC [l #f 3 &

rtc_interrupt_enable

RTC F1 {58

rtc_flag_get RTC pr&aki
rtc_flag_clear RTC #r&EiEkR
rtc_wait_config_finish RTC 15L& 58 %

rtc_wait_update_finish

RTC &1 i T 4752 7l

B3 rtc_counter_set
TNRHIA T %L rtc_counter_set

% 317. &¥ rtc_counter_set

A iR
ZERAEA rtc_counter_set
R T void rtc_counter_set(uint32_t counter_value);
Difeflid AR E
LN | counter_value: RTC i1%(fH, il (0~OxFFFFFFFF)
i 24 7
R [EME 7
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BH

[P

PSS ¥

Wi F pa 4 7

Bl

‘ rtc_counter_set(0x00000008);

5.15.2 BK# rtc_counter_get

TNRHIA T %L rtc_counter_get

 318. ¥ rtc_counter_get

A ik
A EA rtc_counter_get
PR uint32_t rtc_counter_get(void);
DhRedtik THEUE IR
HNZH T
i 24 7
R EME uint32_t: AETHEUE, THEUEE RN 1 B 1
et kAT 7
R FH R 2 7
~pl

‘ value = rtc_counter_get();

5.15.3 K% rtc_divider_set
NRIA T %L rte_divider_set

% 319. ¥ rtc_divider_set

TiH Eii:py
R rtc_divider_set
PR 25 A void rtc_divider_set(uint32_t div_value);
Dhred gikaract
HNZH div_value: RTC 7#ife, Vi (0~0x000FFFFF)
25 7
R [EME 7
So oAt 7
e FH el £ 7
2Nl

| rtc_divider_set(32767);

5.15.4 BR¥ rtc_divider_get
NERAFE T K%L rte_divider_get

% 320. BK# rtc_divider_get

BH

[P

rtc_divider_get

2025.04.25
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HiA iR
PR uint32_t rtc_divider_get(void);
Tifeftig I BE IR AL
NS 7
i 24 ¥
iR el uint32_t: 4774 HUE
etk kAT ¥
B H R 4 ¥
~Hl

| value = rtc_divider_get()

5.15.5 ¥ rtc_alarm_set
NRIIA T R rtc_alarm_set

% 321. ¥ rtc_alarm_set

H #iR
A€ rtc_alarm_set
PR # 5 A void rtc_alarm_set(uint32_t alarm_value);
Thread I B

MAZHA

alarm_value: RTC 4t E, JaE (0~OxFFFFFFFF), 4 RTC i+¥{f%5 T M el
BF, Ko e Az B A

fnth 25

¥

R EHME

IS S

e F e 2

off [ ofl | et

N

| rtc_alarm_set(0x00000006);

5.15.6 K rtc_interrupt_enable
NRFE T PR rte_interrupt_enable

2025.04.25

% 322. E# rtc_interrupt_enable

T H R
ZERAEA rtc_interrupt_enable
R Y void rtc_interrupt_enable(uint16_t source, confirm_state new_state);
Thegfig o T A5

MASHA

source: TR
SR FE: source T B 2 1% 540 UV HUE TE

WMASH 2 new_state: HHWI{ERRIRAS
EZSHOT LB A H bz —: TRUE. FALSE
i 24 7
IR [EME 7
So okt 7
B R FH ok 4 7
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source

TR

RTC_TS_INT: b Wy
RTC_TA_INT: I 5 v T
RTC_OVF_INT:  iH¥gsis ik
il

5.15.7

l rtc_interrupt_enable(RTC_TS_INT, TRUE);

¥ rtc_flag_get
TERAIA T K%L rtc_flag_get

X 323. ¥ rtc_flag_get

A iR
R4 rtc_flag_get
PR E R Y flag_status rtc_flag_get(uint16_t flag);
ThRestiid KR EARES
LN | flag: 752 RBURAS KPR Bk HE
ZS BRI flag
it 24 7
YL ED flag_status: A&7 PR
ZREMERCNH P2 —: SET. RESET
SR okt 7
B R FH R 2 ¥
flag
M T #E R ZRBCRES 1IArE, eS8 2 5a
RTC_TS_FLAG: bR &
RTC_TA FLAG: I R 75
RTC_OVF_FLAG: TR G AR
RTC_UPDF_FLAG: I ) S ET AR

RTC_CFGF_FLAG:

Bl

5.15.8

2025.04.25

RTC A7 2510 B 58 ilihr &

‘ rtc_flag_get(RTC_TS_FLAG);

¥ rtc_interrupt_flag_get
NEAE T PR rte_interrupt_flag_get

F 324. ®¥ rtc_interrupt_flag_get

W H i3
R4 rtc_interrupt_flag_get
R ER T flag_status rtc_interrupt_flag_get(uint16_t flag);
Difiedtiik SRIPR E AR, FFH s B2 b i B iz

MAZHA

flag: & ZARBCIRZE bR Sk $%
SO A I flag

i) T
IR [EE flag_status: FrEALHPRES

& 238 |
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5.15.9

W H i)
ZIRME AT 2 —: SET. RESET

So oAt I

Wi e 2 I

flag

Tk # R ZRBORES s &, KTk S8 5T
RTC_TS_FLAG: P ehbr &

RTC_TA_FLAG: I AR 75

RTC_OVF_FLAG: THEBUE N bR &
2Nl

‘ rtc_interrupt_flag_get(RTC_TS_FLAG);

¥ rtc_flag_clear
TNRIIA T %L rtc_flag_clear

% 325. E# rtc_flag_clear

TiH ik
A€ rtc_flag_clear
BRI AR Y void rtc_flag_clear(uint16_t flag);
Thieshid BB bR EAL
HINSH flag: FEiEFRIGERHiEHE
S HOEAHIA I flag
Hith 24 7
R EME 7
Sk AE 7
Wi F BR 8 7
flag
M T B R EE RS IR, K& H82 5 r
RTC_TS_FLAG: opdr &
RTC_TA_FLAG: [THRZ Y Zon
RTC_OVF_FLAG: THEUE AR &

RTC_UPDF_FLAG: B 1) B b i
A~

| rtc_flag_clear(RTC_TS_FLAG);

5.15.10 BR# rtc_wait_config_finish

2025.04.25

NERIA T R ric_wait_config_finish

# 326. K% rtc_wait_config_finish

W H i 3o

R rtc_wait_config_finish

AR Y void rtc_wait_config_finish(void);
Thaefihid RTC 2515t B 72 i

WANZHA X

& 239 |
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BH

it 24

iR el

Sk kAT

e F pa 2

off | off | ofl | o

Bl

‘ rtc_wait_config_finish();

5.15.11 ¥ rtc_wait_update_finish

IR AR T BREL rtc_wait_update_finish

*® 327. EK# rtc_wait_update_finish

H #iR
R rtc_wait_update_finish
PR T void rtc_wait_update_finish(void);
Dhread RTC S5 I [a) 3 357 5e ik
HANZH I
it 2% W
AR I
Sk ok AF x
Bl H R 4 7
Nl

| rte_wait_update_finish()

516 SDIO#O (SDIO)

SDIO ZFfEa 2514 crm_type, & T3+ “at32f413_sdio.h il T :

/**

* @brief type define sdio register all

*/

typedef struct

{

} sdio_type;

TR T SDIO ZFA7-48 Wi

R 328. SDIO FF# 0 PR

T R
pwrctrl FOL R A ) B A o
clketrl IS g2 ) A7 %
arg SR e e %
cmd LAy eR
rspcmd i A Wi LB A7 2%

2025.04.25
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2025.04.25

T i3
rsp1 M) . 5 A7 1
rsp2 M 9 25 A7 45 2
rsp3 M 9 25 A7 4 3
rsp4 W N 25 A7 2% 4
dttmr B 52 I 2 A ARG
dtlen AR K A A
dtctrl Byl ar £ a4
dtentr AR AR A AR
sts REFHAE
intclr TR A AR 2R
inten FH T B A A 2
bufentr BUF %23 27 1725
buf ¥l BUF 1748

% 329. SDIO FEERHE R

3 &

)

sdio_reset

K SDIO #2747 & A RS = AL

sdio_power_set

BEE RIS K IR

sdio_power_status_get

BRUHE 1l 4% (0 FL IR S

sdio_clock_config RIS (Y
sdio_bus_width_config MR E

sdio_clock_bypass

I b 5% i A A e Y B

sdio_power_saving_mode_enable

2l s A s U R B A

sdio_flow_control_enable

T e A

sdio_clock_enable ISP e 1
sdio_dma_enable dma R &
sdio_interrupt_enable TR E

sdio_flag_get

BEICH B € bR 2 1 B

sdio_interrupt_flag_get

BEHUCH 5 2 1 rh bR R 1 B

sdio_flag_clear

TR E AR AL

sdio_command_config S E
sdio_command_state_machine_enable | @& IRAHFfE R E
sdio_command_response_get IR [FTSC R ) i 4T IS o] E ) iy 25
sdio_response_get IR [ [ i 4 i 7

sdio_data_config B HE
sdio_data_state_machine_enable BHRRESH R E
sdio_data_counter_get IR [ A5 A B =T 4

sdio_data_read

MY fifo S2HL—> word ¥

sdio_buffer_counter_get

IR EH N BUF 2R 22 BUF 5 H i 7 3 H

sdio_data_write

H—~ word FE 2 K% fifo

sdio_read_wait_mode_set A E
sdio_read_wait_start AR E
sdio_read_wait_stop T R E
/241 | hRAs 2.0.6
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sdio_io_function_enable 1O PyRei\ il RE s &
sdio_io_suspend_command_set 1O ThEetEa\ T ke ay A RE s &

5.16.1 ¥ sdio_reset
NRAE T R sdio_reset
% 330. K# sdio_reset

i H Had
PRI 4 sdio_reset
PR void sdio_reset(sdio_type *sdio_x);
ek +s SDIO A i A7 2 A IR AL
MANZH sdio_x: f&E[f) SDIO 4}, 1: SDIO1
WASH 2 o
i 24 o
R EME 7
Se kAT 7
B R FH R 2 7
il
/* reset sdio */
sdio_reset(SDIO1);

5.16.2 EK¥ sdio_power_set

NEFR T K H sdio_power_set
% 331. E# sdio_power_set

TiH Eii:py
R sdio_power_set
R B T void sdio_power_set(sdio_type *sdio_x, sdio_power_state_type power_state);
Dhred BOE PSR ) IR
MANSHA sdio_x: fHEff) SDIO 4}, 1: SDIO1
MINSHL 2 power_state: i 2s B IFRA
it 25 7%
R [EME 7
So oAt 7
W F R x
power_state
P ] F OIS

SDIO_POWER_ON: P25 i & FLUE T
SDIO_POWER_OFF: il #& Hiji
2Nl

/* sdio power on */

sdio_power_set(SDIO1, SDIO_POWER_ON);

2025.04.25 # 242 &2 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

5.16.3 BKi¥ sdio_power_status_get
IR T BR%L sdio_power_status_get

% 332. E# sdio_power_status_get

BiH #R

A EA sdio_power_status_get
PR T sdio_power_state_type sdio_power_status_get(sdio_type *sdio_x);
Thegdid SR ] 5% R FRL RS
BINZH sdio_x: &€ SDIO 4%, : SDIO1
MWANZH 2 7
ot 28 x
YL ED sdio_power_state_type: 2|33 L IEIR
Sk ok AF 7
Bl H B 4 7

il

/* check power status */

{

if(sdio_power_status_get(SDIO1) == SDIO_POWER_OFF)

return SD_REQ_NOT_APPLICABLE;

5.16.4 ¥ sdio_clock_config
NERFER T %L sdio_clock_config

2025.04.25

% 333. E¥# sdio_clock_config

T H Ei:13%)
PRI 4 sdio_clock_config
PR 3 void sdio_clock_config(sdio_type *sdio_x, uint16_t clk_div,
sdio_edge_phase_type clk_edg);
Difedtiik I e SR B
MANSHA sdio_x: fHE[f SDIO 4, fi: SDIO1
MANZH 2 clk_div: e 4 E, JiHl 0~0x3FF
MASH 2 clk_edg: BFEhVRRE
i 24 7
IR [al{E 7
So okt W
B H R 4 o
clk_edg
i € Il iy

SDIO_CLOCK_EDGE_RISING:
SDIO_CLOCK_EDGE_FALLING:

Bl

b BT
I Bk T A

/* config sdio clock divide and edge phase */

sdio_clock_config(SDIO1, 0x2, SDIO_CLOCK_EDGE_FALLING);

& 243 R

hRAs 2.0.6




- AT32F413[ f+ FEBSP&Pack N H 12

5.16.5 K ¥ sdio_bus_width_config

NERAIR T MR %L sdio_bus_width_config

% 334. E# sdio_bus_width_config

BiH #R
PR EA sdio_bus_width_config
PR 2 A void sdio_bus_width_config(sdio_type *sdio_x, sdio_bus_width_type width);
Thegfik ST E
BINZH sdio_x: &€ SDIO 4%, : SDIO1
BINZH 2 width: $5 5 BB R 2R T
ot 28 x
pA I[N 7
Sk ok AF x
Bl H B 4 7
width
HE 2R T B e X

SDIO_BUS_WIDTH_D1: 1-bit % &1 2% 5 )i
SDIO_BUS_WIDTH_D4: 4-bit % &1 2% 58 )i
SDIO_BUS_WIDTH_D8: 8-bit % i1 4k 5 Ji
2N

/* config sdio bus width */
sdio_bus_width_config(SDIOx, SDIO_BUS_WIDTH_D1);

5.16.6 K% sdio_clock_bypass
NFRAIR T A% sdio_clock_bypass

#* 335. E ¥ sdio_clock_bypass

A i3}
ERAE sdio_clock_bypass
R Y void sdio_clock_bypass(sdio_type *sdio_x, confirm_state new_state);
Digeftiik IR 55 R B AT R A B
MANSHA sdio_x: fHE[ SDIO #h&, i: SDIO1
MANZH2 new_state: AR ENRE. FHITH (TRUE), 55 KH (FALSE)
i 24 7
IR [EME 7
SR kAT 7
R FH eR 4 7
Bl
/* disable clock bypass */
sdio_clock_bypass(SDIO1, FALSE);

5.16.7 ¥ sdio_power_saving_mode_enable

AR T K% sdio_power_saving_mode_enable

2025.04.25 ® 244
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X 336. X% sdio_power_saving_mode_enable

BiH #R
A€ sdio_power_saving_mode_enable
PR T void sdio_power_saving_mode_enable(sdio_type *sdio_x, confirm_state
new_state);
Thegfig Pl as A U R R E
MANSEA sdio_x: fH7E[f) SDIO 4}, #1: SDIO1
BINZH 2 new_state: M EIRS. JFH (TRUE), Xil (FALSE)
th =% 7
Il ) P
Se kg AF 7
Bl H R 4 7
Nl
/* disable power saving mode */
sdio_power_saving_mode_enable(SDIO1, FALSE);

5.16.8 K% sdio_flow _control_enable

ML T % sdio_flow_control_enable

#* 337. ¥ sdio_flow_control_enable

A i3}
ERAE sdio_flow_control_enable
R Y void sdio_flow_control_enable(sdio_type *sdio_x, confirm_state new_state);
Difedtiik A A R W E
MANSHA sdio_x: fHE[f SDIO 4, fi: SDIO1
MANZSH 2 new_state: AT EANRE. JFH (TRUED, XM (FALSE)
it 24 ¥
IR [FIE &
SR kAT ¥
R FH R 2 ¥
N
/* disable flow control */
sdio_flow_control_enable(SDIO1, FALSE);

5.16.9 K% sdio_clock_enable
MR T % sdio_clock_enable

2025.04.25

% 338. H¥ sdio_clock_enable

T H ik
R sdio_clock_enable
R ER T void sdio_clock_enable(sdio_type *sdio_x, confirm_state new_state);
TyRe ik I e R 1A L
MANSEA sdio_x: f#7EMf) SDIO 4}, #1: SDIO1
MASH 2 new_state: FIIEANRE. JFH (TRUED, XM (FALSE)
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BH

[P

it 24

iR el

Sk kAT

e F pa 2

off | off | ofl | o

Bl

/* enable to output sdio_ck */

sdio_clock_enable(SDIO1, TRUE);

5.16.10

Bk ¥ sdio_dma_enable
NERIA T K%L sdio_dma_enable

* 339. E# sdio_dma_enable

5.16.11

H #iR
R sdio_dma_enable
PR T void sdio_dma_enable(sdio_type *sdio_x, confirm_state new_state);
Thread dma fiEE R B
MANSHA sdio_x: fHE[f SDIO 4k, fi: SDIO1
MANSH 2 new_state: AT ENRE. JFH (TRUED, XM (FALSE)
it 2% W
pA I[N 7
Sk ok AF x
Bl H R 2 7
Nl
/* enable sdio dma */
sdio_dma_enable(SDIO1, TRUE);

B ¥ sdio_interrupt_enable

T EAE T K sdio_interrupt_enable

T H R
ZERAEA sdio_interrupt_enable
R Y void sdio_interrupt_enable(sdio_type *sdio_x, uint32_t int_opt, confirm_state
new_state);
Thegfig e e B E
HINSH1 sdio_x: #55E[f SDIO 4%, #1: SDIO1
MANZH 2 int_opt: & kY
MAZH 3 new_state: HHIIEARZE. JFH (TRUE), XM (FALSE)
i 24 7
IR [al{E 7
Se kg AF i
B R FH ok 4 p
int_opt

2025.04.25
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5.16.12

i 2 B R A
SDIO_CMDFAIL_INT:
SDIO_DTFAIL_INT:
SDIO_CMDTIMEOUT _INT:
SDIO_DTTIMEOUT_INT:
SDIO_TXERRU_INT:
SDIO_RXERRO_INT:

SDIO_CMDRSPCMPL_INT:

SDIO_CMDCMPL_INT:
SDIO_DTCMP_INT:
SDIO_SBITERR_INT:
SDIO_DTBLKCMPL_INT:
SDIO_DOCMD_INT:
SDIO_DOTX_INT:
SDIO_DORX_INT:
SDIO_TXBUFH_INT:
SDIO_RXBUFH_INT:
SDIO_TXBUFF_INT:
SDIO_RXBUFF_INT:
SDIO_TXBUFE_INT:
SDIO_RXBUFE_INT:
SDIO_TXBUF_INT:
SDIO_RXBUF_INT:
SDIO_SDIOIF_INT:
il

4 CRC & 2 W 7
BPEHe CRC Kl 2 e iy
fir AR T
Bt R v

Kixk BUF I ¥ e 1
Pl BUF L3 35 o bhir
R A A1 S H

i A R TE P B

H A5 4 56 B R

AL LR 7 15 T

B P 5 o
IEAEAE S 4 b
IEAEAE SR Hh

TEAE RSO Hh b

%1% BUF 2255 iy

Bl BUF 2255 iy

1% BUF i th iy

U BUF 33 by

K% BUF 25l

U BUF 25 iy

K% BUF H (31 280 b b
B2l BUF I 85cdl A 2o e
SD 1/0 #EA Bzl i

/* disable interrupt */

sdio_interrupt_enable(SDIO1, (SDIO_DTFAIL_INT | SDIO_DTTIMEOUT _INT |\
SDIO_DTCMP_INT | SDIO_TXBUFH_INT | SDIO_RXBUFH_INT

[\

SDIO_TXERRU_INT| SDIO_RXERRO_INT | SDIO_SBITERR_INT), FALSE);

¥ sdio_flag_

get

TNRHIA T %L sdio_flag_get

# 341. ¥ sdio_flag_get

A Ei:23%)
R4 sdio_flag_get
R Y flag_status sdio_flag_get(sdio_type *sdio_x, uint32_t flag);
Difeftiik B TR E AR SR T BT
BINSH1 sdio_x: #55E[f SDIO 4%, #1: SDIO1
MANZH 2 flag: 15& M5y
i =4 7
R BMEH flag_status: REIFRELIPRE, Bl (SET) KEA (RESET)
So okt p
B R FH ok 4 7
flag

2025.04.25
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fRE K] flag bri&
SDIO_CMDFAIL_FLAG:
SDIO_DTFAIL_FLAG:
SDIO_CMDTIMEOUT_FLAG:
SDIO_DTTIMEOUT_FLAG:
SDIO_TXERRU_FLAG:
SDIO_RXERRO_FLAG:

SDIO_CMDRSPCMPL_FLAG:

SDIO_CMDCMPL_FLAG:
SDIO_DTCMP_FLAG:
SDIO_SBITERR_FLAG:
SDIO_DTBLKCMPL_FLAG:
SDIO_DOCMD_FLAG:
SDIO_DOTX_FLAG:
SDIO_DORX_FLAG:
SDIO_TXBUFH_FLAG:
SDIO_RXBUFH_FLAG:
SDIO_TXBUFF_FLAG:
SDIO_RXBUFF_FLAG:
SDIO_TXBUFE_FLAG:
SDIO_RXBUFE_FLAG:
SDIO_TXBUF_FLAG:
SDIO_RXBUF_FLAG:
SDIO_SDIOIF_FLAG:

il

4 CRC Kl R Wihr &
PR CRC Kl 2k Wohr &
fir A bR &
Bl E i bR &

Kix BUF T ibs &
Pl BUF R4 iRAr &
PR A A1 R

A RI% TE bR
A5 4 76 bR &

R LA RE R

B P i 50 b &
IEFEAE S 2 bR

IEAEAE AR bR 2
IEFEHCE A bR 2

K% BUF 45

P BUF £ 5 b5

K% BUF j#itr i

Ul BUF ks &

K% BUF Stk

Pl BUF % b5

Ri% BUF A B 2hs &
B2l BUF A it A3 3iohs &
SD 1/0 #EA B bR &

/* check dttimeout flag */

{
}

if(sdio_flag_get(SDIOx, SDIO_DTTIMEOUT_FLAG) != RESET)

5.16.13

¥ sdio_interrupt_flag_get

NRAIA T PR sdio_interrupt_flag_get

F 342. ¥¥ sdio_interrupt_flag_get

A Ei:23%)
R4 sdio_interrupt_flag_get
R Y flag_status sdio_interrupt_flag_get(sdio_type *sdio_x, uint32_t flag);
Difiedtiik I TR E T TR S R R B
BINSH1 sdio_x: #55E[f SDIO 4%, #1: SDIO1
MANZH 2 flag: 15& M5y
i =4 7
R BMEH flag_status: REIFRELIPRE, Bl (SET) KEA (RESET)
So okt p
B R FH ok 4 p
flag
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fRE K] flag bri&
SDIO_CMDFAIL_FLAG:
SDIO_DTFAIL_FLAG:
SDIO_CMDTIMEOUT_FLAG:
SDIO_DTTIMEOUT_FLAG:
SDIO_TXERRU_FLAG:
SDIO_RXERRO_FLAG:

SDIO_CMDRSPCMPL_FLAG:

SDIO_CMDCMPL_FLAG:
SDIO_DTCMP_FLAG:
SDIO_SBITERR_FLAG:
SDIO_DTBLKCMPL_FLAG:
SDIO_DOCMD_FLAG:
SDIO_DOTX_FLAG:
SDIO_DORX_FLAG:
SDIO_TXBUFH_FLAG:
SDIO_RXBUFH_FLAG:
SDIO_TXBUFF_FLAG:
SDIO_RXBUFF_FLAG:
SDIO_TXBUFE_FLAG:
SDIO_RXBUFE_FLAG:
SDIO_TXBUF_FLAG:
SDIO_RXBUF_FLAG:
SDIO_SDIOIF_FLAG:
il

4 CRC Kl R Wihr &
PR CRC Kl 2k Wohr &
fir A bR &
Bl E i bR &

Kix BUF T ibs &
Pl BUF R4 iRAr &
PR A A1 R

A RI% TE bR
A5 4 76 bR &

R LA RE R

B P i 50 b &
IEFEAE S 2 bR

IEAEAE AR bR 2
IEFEHCE A bR 2

K% BUF 45

P BUF £ 5 b5

K% BUF j#itr i

Ul BUF ks &

K% BUF Stk

Pl BUF % b5

Ri% BUF A B 2hs &
B2l BUF A it A3 3iohs &
SD 1/0 #EA B bR &

/* check dttimeout interrupt flag */

{
}

if(sdio_interrupt_flag_get(SDIOx, SDIO_DTTIMEOUT_FLAG) != RESET)

5.16.14 % sdio_flag_clear

2025.04.25

NI T K sdio_flag_clear

# 343. X ¥ sdio_flag_clear

BH

[P

(&4 sdio_flag_clear

| =

e

void sdio_flag_clear(sdio_type *sdio_x, uint32_t flag);

Thaestik TRERARE B bR EAL

MASHA

sdio_x: 1§ SDIO #M%&, fn: SDIO1

MANZH 2

flag: 457 1+ WM

i 25 ¥

iR el

SR KA

e H ek $

off | off | et

flag

& 249 |

hRAs 2.0.6




[

AT32F413[E 4 FEBSP&Pack M FHIE S

fRE K] flag bri&
SDIO_CMDFAIL_FLAG:
SDIO_DTFAIL_FLAG:
SDIO_CMDTIMEOUT_FLAG:
SDIO_DTTIMEOUT_FLAG:
SDIO_TXERRU_FLAG:
SDIO_RXERRO_FLAG:
SDIO_CMDRSPCMPL_FLAG:
SDIO_CMDCMPL_FLAG:
SDIO_DTCMP_FLAG:
SDIO_SBITERR_FLAG:
SDIO_DTBLKCMPL_FLAG:
SDIO_SDIOIF_FLAG:

il

fir % CRC il R Wk &
el P CRC il 2k Wb &
i AR bR

Kt br

Hik BUF M in iz br i
Ul BUF Liishvibn &
PR i & W N

i RIE T8 AR &

Hdfe A4 e bR &
AR AL R bR

Ml Bt e b &
SD I/0 bR &

/* clear flags */
#define SDIO_STATIC_FLAGS

((uint32_t)0x000005FF)

sdio_flag_clear(SDIO1, SDIO_STATIC_FLAGS);

5.16.15 M%) sdio_command_config

NERFEA T %L sdio_command_config

2025.04.25

+ 344. B¥ sdio_command_config

A i3}
R sdio_command_config
R Y void sdio_command_config(sdio_type *sdio_x, sdio_command_struct_type
*command_struct);
Digefliid WAL E
BINZH1 sdio_x: #55E[f SDIO 4%, 1: SDIO1
MASH 2 command_struct: #7451k sdio_command_struct_type (354t
i 24 7
IR [E{H 7
SR kAT 7
R FH eR 4 7

command_struct

sdio_command_struct_type 454k X 1E at32f413_sdio.h SCfFH, WEUWIF:

typedef struct

{
uint32_t argument;
uint8_t cmd_index;
sdio_reponse_type rsp_type;
sdio_wait_type wait_type;

} sdio_command_struct_type;

argument

i ZHUE N RKIEE R 2B B —H 5, h&ar & RAkIUE

cmd_index
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RIL 2T

rsp_type

W RS, & S RAR R E, WIERSRA AR
SDIO_RESPONSE_NO: TCHA 8L

SDIO_RESPONSE_SHORT: % i
SDIO_RESPONSE_LONG: K[

wait_type

LRBUSH, mEWAREkRE, HEMEEIT
SDIO_WAIT_FOR_NO: E X
SDIO_WAIT_FOR_INT: SEFF BT R
SDIO_WAIT _FOR_PEND:  Z5f{&i45 R

il

/* send cmd16, set block length */

sdio_command_struct_type sdio_command_init_struct;
sdio_command_init_struct.argument = (uint32_t)8;
sdio_command_init_struct.cmd_index = SD_CMD_SET_BLOCKLEN;
sdio_command_init_struct.rsp_type = SDIO_RESPONSE_SHORT;
sdio_command_init_struct.wait_type = SDIO_WAIT_FOR_NO;

/* sdio command config */

sdio_command_config(SDIOx, &sdio_command_init_struct);

5.16.16 K # sdio_command_state_machine_enable
NEAIA T B # sdio_command_state_machine_enable

% 345. H# sdio_command_state_machine_enable

T H Ei::p%
R sdio_command_state_machine_enable
R Y void sdio_command_state_machine_enable(sdio_type *sdio_x, confirm_state
new_state);
Digeflid A RS HLE R B E
WMASHA sdio_x: 15[ SDIO #M%, fn: SDIO1
WmASH 2 new_state: FMWEIRE. B (TRUE), XK (FALSE)
25 7
R [EME 7
Je ok AF W
W e 2 7
Nl
/* enable ccsm */
sdio_command_state_machine_enable(SDIO1, TRUE);

5.16.17 ¥ sdio_command_response_get

NERHIR T B %L sdio_command_response_get

2025.04.25 #2511 &2 2.0.6
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5.16.18

X 346. K% sdio_command_response_get

BiH #R

A€ sdio_command_response_get
PR T uint8_t sdio_command_response_get(sdio_type *sdio_x);
Thegfik 308 T WA 3] 1 i 4 W 2 o I8 ) i 4>
MANSEA sdio_x: fHE[f) SDIO 4}, #1: SDIO1
MANZH 2 7
th =% 7
A EIf ) uint8_t: 1 [l Wi 38 ) iy JS2 T %o S ) iy 25
Se ik AF 7
iR H B 2 7

Nl
/* get response of command index */
uint8 trsp_cmd = 0;
rsp_cmd = sdio_command_response_get(SDIO1);

PR ¥ sdio_response_get

THEAER T K # sdio_response_get

#* 347. ¥# sdio_response_get

A iR
ERAE sdio_response_get
PR 3 uint32_t sdio_response_get(sdio_type *sdio_x, sdio_rsp_index_type reg_index);
Digefliid T2 [ R P i 4 A L
MANSHA sdio_x: fHE[f SDIO 4, fi: SDIO1
MINSH 2 reg_index: WIN ZF{7984m S, A5 1/2/3/4 WS 23770, HEUR N 25 17 5% B0 B
L]
it 24 7
R [EME 7
SR kAT 7
R FH R 2 ¥
reg_div
Wi [ B A7 st 2 5 S 1Y

SDIO_RSP1_INDEX:
SDIO_RSP2_INDEX:
SDIO_RSP3_INDEX:
SDIO_RSP4_INDEX:

Bl

M [, 5 47 i 5 1
Wi 3, 2 47 s i 5 2
M 5, 2 47 S 9 5 3
Wi 8, 2 47 S5 9 5 4

/* get response register1 */
response = sdio_response_get(SDIO1, SDIO_RSP1_INDEX);

5.16.19

¥ sdio_data_config

AR T K # sdio_data_config

2025.04.25
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% 348. ¥ sdio_data_config

BiH #R
A€ sdio_data_config
PR T void sdio_data_config(sdio_type *sdio_x, sdio_data_struct_type *data_struct);
Thegfik HES I E
MANSEA sdio_x: fHE[f) SDIO 4}, #1: SDIO1
WMASH 2 data_struct: F5[A45#11k sdio_data_struct_type 354t
th =% 7
A EIf ) P
Se ik AF 7
iR H B 2 7

data_struct
sdio_data_struct_type 254142 XAF at32f413_sdio.h i, WA T:

typedef struct
{
uint32_t timeout;
uint32_t data_length;
sdio_block_size_ type block_size;
sdio_transfer_mode_type transfer_mode;
sdio_transfer_direction_type transfer_direction;
} sdio_data_struct_type;
timeout
BEAT AR A I F e, e 2 B E D T R R
data_length
B B R T HH
block_size
P size Ko, A F R
SDIO_DATA_BLOCK_SIZE_1B: BR/NA 1-bit
SDIO_DATA_BLOCK_SIZE 2B: BRI 2-bit
SDIO_DATA_BLOCK_SIZE_4B: BRI 4-bit
SDIO_DATA_BLOCK_SIZE_8B: HLR/INA 8-bit
SDIO_DATA _BLOCK_SIZE_16B: HUR/INA 16-bit
SDIO_DATA BLOCK_SIZE_32B: Bk Ny 32-bit
SDIO_DATA _BLOCK_SIZE_64B: Bk N Ay 64-bit
SDIO_DATA BLOCK_SIZE_128B: B/ 128-bit
SDIO_DATA_BLOCK_SIZE_256B: PR Ny 256-bit
SDIO_DATA BLOCK_SIZE_512B: Bk Ny 512-bit

SDIO_DATA BLOCK_SIZE_1024B: ¥t k/INJy 1024-bit
SDIO_DATA BLOCK_SIZE_2048B: ¥t k/INJy 2048-bit
SDIO_DATA_BLOCK_SIZE_4096B: PRk /K 4096-bit
SDIO_DATA BLOCK_SIZE_8192B: ¥t k/NJy 8192-bit
SDIO_DATA BLOCK_SIZE_16384B: ¥t k/INJy 16384-bit
transfer_mode

EAEI T g R et

SDIO_DATA_BLOCK_TRANSFER: s s i X A
SDIO_DATA_STREAM_TRANSFER:  ##a4iiti L4

2025.04.25 % 253 &2 2.0.6
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transfer_direction

Hodle At 7 1 SR

SDIO_DATA_TRANSFER_TO_CARD:
SDIO_DATA_TRANSFER_TO_CONTROLLER:

N

Hs sz 2 2 R
s o 2R A

sdio_data_struct_type sdio_data_init_struct;

sdio_data_init_struct.block_size = SDIO_DATA_BLOCK_SIZE_512B;
sdio_data_init_struct.data_length = 8 ;

sdio_data_init_struct.timeout = SD_DATATIMEOUT ;
sdio_data_init_struct.transfer_direction = SDIO_DATA_TRANSFER_TO_CARD;
sdio_data_init_struct.transfer_mode = SDIO_DATA_BLOCK_TRANSFER;

/* config sdio data */

sdio_data_config(SDIO1, &sdio_data_init_struct);

5.16.20

¥ sdio_data_state_machine_enable

AR T K% sdio_data_state_machine_enable

* 349. ¥ sdio_data_state_machine_enable

T H Eii:pa
A€ sdio_data_state_machine_enable
PRI void sdio_data_state_machine_enable(sdio_type *sdio_x, confirm_state
new_state);
Digefliid RSP e E
BINZH1 sdio_x: #55E[f SDIO 4%, 1: SDIO1
HWINSHL 2 new_state: HMBEIRS. FF/E (TRUE), ki (FALSE)
a2 8 x
IR [E{H 7
So oAt I
W e I
~Hl
/* enable dcsm */
sdio_data_state_machine_enable(SDIO1, TRUE);

5.16.21

B ¥ sdio_data_counter_get

T AR T K% sdio_data_counter_get

% 350. ¥ sdio_data_counter_get

2025.04.25

W H i3
ZERAEA sdio_data_counter_get
R ER T uint32_t sdio_data_counter_get(sdio_type *sdio_x);
ThRedtik I [ A4 Hi R e 1 2
BNZH sdio_x: #&5E ) SDIO 4%, n: SDIO1
HNSH 2 p
25 p
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BH EiE:p4y
R EHME uint32_t: i [l £ i 0 Ao 51 AL
Sk kAT 7
Wi F pa 2 x
Bl

/* get data counter */

uint32_t count = 0;

count = sdio_data_counter_get (SDIO1);

5.16.22

¥ sdio_data_read

R T R sdio_data_read

# 351. F¥# sdio_data_read

W H #iR
A€ sdio_data_read
PR T uint32_t sdio_data_read(sdio_type *sdio_x);
Thread MU fifo 32H—A word ¥
MANSHA sdio_x: fHE[f SDIO 4k, fi: SDIO1
MANZH 2 I
MANZH3 I
it 2% W
IR [E{E uint32_t: #ELA—A word HdiE
Sk ok AF x
Bl H R 2 7
Nl
[* read data */
uint32_t data = 0;
data = sdio_data_read(SDIO1);

5.16.23

¥ sdio_buffer_counter_get

T AR T 2% sdio_buffer_counter_get

% 352. E# sdio_buffer_counter_get

BH

[P

i€

sdio_buffer_counter_get

#

x| =
e

uint32_t sdio_buffer_counter_get(sdio_type *sdio_x);

Difiedtiik

R E S N BUF B0 22\ BUF 3 H A 593 H

MASHA

sdio_x: 1§ SDIO #M%&, fn: SDIO1

MANZH 2

¥

fnth 25

IR [BI{E

SR KA

e H ek H

off | off | ofl | ot

BNl

2025.04.25
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/* get buffer count */

uint32_t count = 0;

count = sdio_buffer_counter_get(SDIO1);

5.16.24 K ¥ sdio_data_write
FERFIAR T PAEL sdio_data_write

% 353. E# sdio_data_write

iH Eitipy

4 sdio_data_write

R | =
e

void sdio_data_write(sdio_type *sdio_x, uint32_t data);

DIREH AR H—A~ word i 2 ki fifo

BWINSH sdio_x: T&E M SDIO #h%, #m: SDIO1

MASH 2 x

it 25

R EHME

Sk kAT

off | off | off | ot

Wi F e

Bl

[* write data */
uin32_t data = 0x11223344;
sdio_data_write(SDIO1, data);

5.16.25 X ¥ sdio_read_wait_mode_set

2025.04.25

AR T k% sdio_read_wait_mode_set

% 354. ¥ sdio_read_wait_mode_set

TiH Eii:py
ERAE sdio_read_wait_mode_set
Eap gt void sdio_read_wait_mode_set(sdio_type *sdio_x, sdio_read_wait_mode_type
mode);
Dhretd BRI E
MANSHA sdio_x: #HEff) SDIO 4}, 1: SDIO1
NS 2 mode: FEFFER
it 25 7
IR [AME 7
So oAt 7
W F R 2 x
mode

SDIO_READ_WAIT_CONTROLLED_BY_D2: i#%#% i DATA Line2 1
SDIO_READ_WAIT_CONTROLLED_BY_CK: % i} 4 2 451
i

/* config read wait mode */
sdio_read_wait_mode_set(SDIO1, SDIO_READ_WAIT_CONTROLLED_BY_D2);

% 256 |
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5.16.26 K% sdio_read_wait_start
NERAIR T K%L sdio_read_wait_start

% 355. H# sdio_read_wait_start

BiH #R
PR EA sdio_read_wait_start
PR T void sdio_read_wait_start(sdio_type *sdio_x, confirm_state new_state);
Thegfik BRI IR A
BINZH sdio_x: &€ SDIO 4%, : SDIO1
BINZH 2 new_state: M EIRS. JFH (TRUE), Xil (FALSE)
ot 28 x
pA I[N 7
Sk ok AF x
Bl H B 4 7
L B B0 FOT R R H R 38 iy, RIS Ean k.
il
[* start read wait mode */
sdio_read_wait_start (SDIO1, TRUE);

5.16.27 ¥ sdio_read_wait_stop
T AR T K% sdio_read_wait_stop

% 356. ¥ sdio_read_wait_stop

A i3}
ERAE sdio_read_wait_stop
R Y void sdio_read_wait_stop(sdio_type *sdio_x, confirm_state new_state);
Difedtiik B L E
MANSHA sdio_x: fHE[f SDIO 4, fi: SDIO1
MANZSH 2 new_state: I ENRE. JFH (TRUED, XM (FALSE)
i 24 7
IR [EME 7
SR kAT 7
R FH e 4 7
UL RRHCR FOT R FR KRB R, KIRORFF S5 s .
N

/* stop read wait mode */
sdio_read_wait_stop (SDIO1, TRUE);

5.16.28 ¥ sdio_io_function_enable

NI T B ¥ sdio_io_function_enable

2025.04.25 & 257 |
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5.16.29

5.17

2025.04.25

% 357. ¥ sdio_io_function_enable

BiH #R
A€ sdio_io_function_enable
PR T void sdio_io_function_enable(sdio_type *sdio_x, confirm_state new_state);
Thegfik 10 ThRERL AL RE B
MANSEA sdio_x: fHE[f) SDIO 4}, #1: SDIO1
BINZH 2 new_state: FMEEIRS. JFH (TRUE), Xil (FALSE)
th =% 7
A EIf ) P
Se ik AF 7
iR H B 2 7
Nl
/* enable sdio 10 mode */
sdio_io_function_enable (SDIO1, TRUE);

¥ sdio_io_suspend_command_set
AR T K% sdio_io_suspend_command_set

# 358. ¥ sdio_io_suspend_command_set

A i3}
A€ sdio_io_suspend_command_set
R void sdio_io_suspend_command_set(sdio_type *sdio_x, confirm_state
new_state);
Difedtiik 10 DhRe s L ar S B W &
MANSHA sdio_x: fHE[f SDIO 4, fi: SDIO1
MANZSH 2 new_state: AT EANRE. JFH (TRUED, XM (FALSE)
it 24 ¥
IR [FIE &
SR kAT ¥
R FH R 2 ¥
N
/* send suspend command */
sdio_io_suspend_command_set (SDIO1, TRUE);

HBATAMED (SPD /FHiEEO (2S)

SPI T 7254514 spi_type, & T X “at32f413_spi.h "I T :
[
* @brief type define spi register all
*/
typedef struct
{

} spi_type;
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5.17.1

2025.04.25

TRGH T SPI A 78 M

% 359. SPI & 788

T ik
ctrl1 SPI Fifi 75 1745 1
ctrl2 SPI il & 47 %% 2
sts SPIIRA T F7 48
dt SPI HE A 1735
cpoly SPI CRC 2T\ 7 f7#%
rcrc SPI RXxCRC #{7-#%
tcrc SPI TXxCRC {745
i2sctrl SPI_12S fit & &7 4%
i2sclkp SPI_I2S sy Siiar 47 &

TRAEH T SPIERELA:
% 360. SPI FEFRH6 K
e iR

Spi_i2s_reset

e SPUIPS Py Zr A7 s (i K 2N A1 AE

spi_default_para_init

4 SPI WIaH L S5 AR IR A (B

spi_init

SPI ¥4tk

spi_crc_next_transmit

MR AL CRC 4

spi_crc_polynomial_set

SPI CRC £ Ikt &

spi_crc_polynomial_get

3REL SPI CRC £ Wi =,

spi_crc_enable

SPI CRC fiifig

spi_crc_value_get

FREL SPI #:U/ k1% CRC 45

spi_hardware_cs_output_enable T CS i fE
spi_software_cs_internal_level_set W B YA CS P ERHLT
spi_frame_bit_num_set T B i fr N5
spi_half_duplex_direction_set T T B2 0] 2 XA AR 4 1A
spi_enable SPI {5

i2s_default_para_init 25 128 IR A AR IR WIME

i2s_init 12S #1461k

i2s_enable 12S ffifg

spi_i2s_interrupt_enable

fFRE%E 2 B SPI/I2S ik

spi_i2s_dma_transmitter_enable

SPI/12S DMA K i%ffifg

spi_i2s_dma_receiver_enable

SPI/12S DMA U1 fE

spi_i2s_data_transmit

SPI/I2S ik —EHYE

spi_i2s_data_receive

SPI/I2S Bz —E 5

spi_i2s_flag_get

BEHLIE SE 1) SPIIZS H3&

spi_i2s_flag_clear

5 BRI 2 1Y SPI/IS FriE

¥ spi_i2s_reset
TR T R spi_i2s_reset
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X 361. K# spi_i2s_reset

A iR
A€ spi_i2s_reset
PR 2 A void spi_i2s_reset(spi_type *spi_x);
Difeftig H SPI/I12S A S aE R E B B ALE

LN 2|

spi_x: FTiEFH) SPI 4hix
ST LUERH H P2 —: SPI1, SPI2.

it 25 7

IR [F{H p

S okt p

5 1 FH R £ crm_periph_reset();
~pl

| spi_i2s_reset (SPI1)

5.17.2 ¥ spi_default_para_init

N T K% spi_default_para_init

 362. ¥ spi_default_para_init

i H

i7p%)

Ny

spi_default_para_init

m
#

5
&

2

void spi_default_para_init(spi_init_type* spi_init_struct);

DiReHiA

% SPI YIH AL S5 AR IR AT EL

MASHA

spi_init_struct: &\ spi_init_type 5T a4t

it 25 x
iR [ElME x
Sk AF i 226 5 X spi_init_type AL A5
Wik F pa 2 x
Bl

spi_init_type spi_init_struct;

spi_default_para_init (&spi_init_struct);

5.17.3 &% spi_init
NERAAR TR spi_init

% 363. ER¥ spi_init

T H i)
R4 Spi_init
R ER T void spi_init(spi_type* spi_x, spi_init_type* spi_init_struct);
Dhredd SPI ¥4tk

WASHA

spi_x: FTi&#ER SPI Ak

G LR H Kz —: SPI,

WASH 2

spi_init_struct: &\ spi_init_type FEM el

2025.04.25

% 260 |

hRAs 2.0.6




U= AT32FA13[E F FEBSP&Pack B H 18

BiH Eiipy
T x
iR el x
Sk kAT i B HEE LA spi_init_type AL A B
e F pa 2 7

spi_init_type 7F at32f413_spi.h H15E X :

typedef struct

{
spi_transmission_mode_type transmission_mode;
spi_master_slave_mode_type master_slave_mode;
spi_mclk_freq_div_type mclk_freq_division;
spi_first_bit_type first_bit_transmission;
spi_frame_bit_num_type frame_bit_num;
spi_clock_polarity_type clock_polarity;
spi_clock_phase_type clock_phase;
spi_cs_mode_type cs_mode_selection;

} spi_init_type;

spi_transmission_mode

SPI &4

SPI_TRANSMIT_FULL_DUPLEX: KL B ] A X T A
SPI_TRANSMIT_SIMPLEX_RX: WL B 1) FOS S X
SPI_TRANSMIT_HALF_DUPLEX RX: FZEx{m R IR
SPI_TRANSMIT_HALF_DUPLEX TX: FZEX{m R &
master_slave_mode

TR

SPI_MODE_SLAVE: MWL

SPI_MODE_MASTER: F:#liE

mclk_freq_division

I3 R

SPI_MCLK_DIV_2: 2 /343
SPI_MCLK_DIV_4: 4 543
SPI_MCLK_DIV_8: 8 /M43

SPI_MCLK_DIV_16: 16 7343t
SPI_MCLK_DIV_32: 32 4
SPI_MCLK_DIV_64: 64 5143
SPI_MCLK _DIV_128: 128 /34
SPI_MCLK_DIV_256: 256 4} 4i
SPI_MCLK _DIV_512: 512 /340
SPI_MCLK_DIV_1024: 1024 4} 4
first_bit_transmission

SPI 5 K& G fr

SPI_FIRST BIT_MSB: JtkikEfs
SPI_FIRST BIT_LSB: Jo/kik{&fr
frame_bit_num

A UL NS

2025.04.25 #2611 &2 2.0.6
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SPI_FRAME_8BIT:
SPI_FRAME_16BIT:
clock_polarity

I A

SPI_CLOCK_POLARITY_LOW:
SPI_CLOCK_POLARITY_HIGH:

clock_phase

I B A £

SPI_CLOCK_PHASE_1EDGE:
SPI_CLOCK_PHASE_2EDGE:

cs_mode_selection

I Bk AR AL

SPI_CS_HARDWARE_MODE:
SP|_CS_SOFTWARE_MODE:

N

— it

— i 8bit FdE
% 16bit £

S INES, B P A R P
SINES, B P P

SPI 25— /M Bl BEAT Hodla Kb
SPI 2 AN Bl BEAT Bodla Kb

figiff CS it
B CS Hi

spi_init_type spi_init_struct;

spi_default_para_init(&spi_init_struct);
spi_init_struct.transmission_mode = SPI_TRANSMIT_FULL_DUPLEX;
spi_init_struct.master_slave_mode = SPI_MODE_MASTER,;
spi_init_struct.mclk_freq_division = SPI_MCLK_DIV_S;
spi_init_struct.first_bit_transmission = SPI_FIRST_BIT_MSB;
spi_init_struct.frame_bit_num = SPI_FRAME_16BIT;
spi_init_struct.clock_polarity = SPI_CLOCK_POLARITY_LOW;
spi_init_struct.clock_phase = SPI_CLOCK_PHASE_2EDGE;
spi_init_struct.cs_mode_selection = SPI_CS_SOFTWARE_MODE;
spi_init(SPI1, &spi_init_struct);

5.17.4 BR¥ spi_crc_next_transmit

NERAFER T EE spi_crc_next_transmit

% 364. BR¥ spi_crc_next_transmit

A i3}
R Spi_crc_next_transmit
PR 2 A void spi_crc_next_transmit(spi_type* spi_x);
Digeftik N2 IR CRC A4
MNSHA spi_x: FTiL#EM SPI 7k
ST LLER Az —: SPI1, SPI2.
i =4 o
12 [EE o
Stk kAT o
R FH eR 4 7
~Hl
‘ spi_crc_next_transmit (SPI1);
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[

AT32F413[E 4 FEBSP&Pack M FHIE S

5.17.5 BR¥ spi_crc_polynomial_set

NFRAIR T BR%L spi_crc_polynomial_set

3 365. E# spi_crc_polynomial_set

BiH #R
A EA spi_crc_polynomial_set
PR A void spi_crc_polynomial_set(spi_type* spi_x, uint16_t crc_poly);
Thaestik SPICRC Z ik &

MWASHA

spi_x: JTk#EM) SPI 4hs
wSHA LLIERE 2 —: SPI1, SPI2.

MANSH 2 crc_poly: CRC £ T
BU{E Y5 : 0x0000~0xFFFF
24 7
- ELEE 7
S AF 7
M P R 2 7
il

[*set spi crc polynomial value */
spi_crc_polynomial_set (SPI1, 0x07);

5.17.6 BK¥ spi_crc_polynomial_get

T EAER T K% spi_crc_polynomial_get

%% 366. ¥ spi_crc_polynomial_get

A i3}
ERAE spi_crc_polynomial_get
R uint16_t spi_crc_polynomial_get(spi_type* spi_x);
Lhge g 3JEL SPI CRC £ ik

LN 2|

spi_x: FTiEFH) SPI 4k
ZSHT LR E K2 —: SPI1, SPI2.

i 25 7
R A CRC £ Tzt
HU{ETERE: 0x0000~0xFFFF
Je kAt 7
B FH R 2 7
N

uintl6_t crc_poly;

/*get spi crc polynomial value */

crc_poly = spi_crc_polynomial_get (SPI1);

5.17.7 K ¥ spi_crc_enable
NRAIA T PR EL spi_crc_enable

2025.04.25
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% 367. ¥ spi_crc_enable

BiH #R
A€ spi_crc_enable
PR T void spi_crc_enable(spi_type* spi_x, confirm_state new_state);
Thaedtik SPI CRC fiifi¢
MANZEA spi_x: FTiE$EH SPI 4hi%
ST LLER A Hh 2 —: SPI1, SPI2.
WMASH 2 new_state: {#ifigsk %4
YT ULIER APz — . FALSE, TRUE
th =% 7
b4 EIf ) P
Sk ok AF 7
Bl H B 4 7
Nl

/* spi crc enable */
spi_crc_enable (SPI1, TRUE);

5.17.8 BK¥ spi_crc_value_get

THERAER T K H spi_crc_value_get

#* 368. E# spi_crc_value_get

A i3}
ERAE spi_crc_value_get
R Y uint16_t spi_crc_value_get(spi_type* spi_x, spi_crc_direction_type crc_direction);
Digeflid SR SPI #2Yi/ Rk 3% CRC 45 %4
HNSH spi_x: PN SPI 7k

S DL E Sz —: SPI1, SPI2.

WMASHL 2 crc_direction: s/ i% CRC i #%
i 24 7
IR [FIME 7
SR kAT 7
R FH e 4 7

crc_direction

Bl k1% CRC 4%
SPI_CRC_RX: FEHIN CRC
SPI_CRC_TX: 1 Ki% CRC
Nl

[* get spi rx & tx crc enable */

uintl6_t spi_rx_crc, spi_tx_crc;

spi_rx_crc = spi_crc_value_get (SPI1, SPI_CRC_RX);
spi_tx_crc = spi_crc_value_get (SPI1, SPI_CRC_TX);

2025.04.25 ¥ 2641
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5.17.9

¥ spi_hardware_cs_output_enable

NFRAIR T MR %L spi_hardware_cs_output_enable

x 369. E# spi_hardware_cs_output_enable

BiH #R
A EA spi_hardware_cs_output_enable
PR T void spi_hardware_cs_output_enable(spi_type* spi_x, confirm_state new_state);
Thegdid fiif: CS % th i R
LN | spi_x: FTiL#ER SPI Ak
ZESHOTLLIER A Hrpze —: SPI1, SPI2.
WMANSH 2 new_state: {#ifigsk %4
%A UL Jih 2 — . FALSE, TRUE
a2 8 x
pAEIf ) 7
Sk ok AF SPI AR FHERR, IR E A A AL
Bl H B 4 7
il

/* enable the hardware cs output */

spi_hardware_cs_output_enable (SPI1, TRUE);

5.17.10 XK ¥ spi_software_cs_internal_level_set

NI T K% spi_software_cs_internal_level_set

% 370. ¥ spi_software_cs_internal_level_set

A i3}
ERAE spi_software_cs_internal_level_set
R void spi_software_cs_internal_level_set(spi_type* spi_x,
spi_software_cs_level_type level);
Difedtiik WE KM CS A
HNSH spi_x: P SPI 7k
ZSHA UL E Sz —: SPI1, SPI2.
HNSH 2 level: WEAF CS A HEHLF
i 24 7
IR [al{E 7
SR kAT 1. ANFERAE CS B A K
2. IHERT, level E%FA“SPI_SWCS_INTERNAL LEVEL HIGHT”.
R FH eR 4 7
level
W BB CS W
SPI_SWCS_INTERNAL_LEVEL_LOW: WE YA CS WHTH T L
SPI_SWCS_INTERNAL_LEVEL_HIGHT: WE A CS WHTHLT i 1
Nl

2025.04.25
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5.17.11

/* set the internal level high */

spi_software_cs_internal_level_set (SPI1, SPI_SWCS_INTERNAL_LEVEL_HIGHT);

PR % spi_frame_bit_num_set

IR AR T BR%L spi_frame_bit_num_set

x 371. E# spi_frame_bit_num_set

A ik
A EA spi_frame_bit_num_set
PR Y void spi_frame_bit_num_set(spi_type* spi_x, spi_frame_bit_num_type bit_num);
ThRedtiid W& SPI A%
PNe = | spi_x: FTiEFEM SPI 4h ik
ZSHOT LA E H 2 —: SPIM1, SPI2.
WIANSH 2 bit_num: BEE MW ANEL
it 24 7
IR [EME 7
Seth kAT 7
B R FH R 2 7
bit_num
T Wi A
SPI_FRAME_8BIT: —Ii L5 8bit £ ¥s
SPI_FRAME_16BIT: —IWiEL 5 16bit £

Bl

/* set the data frame bit num as 8 */
spi_frame_bit_num_set (SPI1, SPI_FRAME_8BIT);

5.17.12 XK ¥ spi_half_duplex_direction_set

N AR T ek % spi_half_duplex_direction_set

R 372. B# spi_half_duplex_direction_set

W H i3
ZERAE spi_half_duplex_direction_set
R ER T void spi_half_duplex_direction_set(spi_type* spi_x,
spi_half_duplex_direction_type direction);
ThRedtik T B B LI e LA S AL g [l
HNSH spi_x: FTiE#ER SPI Ak
ST LLEHE Hh 2 —: SPIM, SPI2.
HWINSH 2 direction: &% 1]
i 24 7
IR [al{E 7
Jath kAT AR B LR X 1) 2 3 T N A 2
B H R 4 7
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direction

ka5 Tk

SPI_HALF_DUPLEX DIRECTION_RX: #:lf
SPI_HALF_DUPLEX_DIRECTION_TX: %)%

N

/* set the data transmission direction as transmit */
spi_half_duplex_direction_set (SPI1, SPI_HALF_DUPLEX_DIRECTION_TX);

51713
TR AR T R spi_enable

¥ spi_enable

& 373. ¥ spi_enable

A i3}
R4 spi_enable
PR E R Y void spi_enable(spi_type* spi_x, confirm_state new_state);
e ik SPI ffifE
PNe = | spi_x: FTiEFEM SPI 4h ik
ZSHOTLUERE H 2 —: SPIM1, SPI2.
MANSH 2 new_state: fifAEEIC ]
2SO Lk g bz — - FALSE, TRUE
it 24 7
IR [E{H 7
SR kAT T
R FH R 2 ¥
A~

/* enable spi */
spi_enable (SPI1, TRUE);

5.17.14 % i2s_default_para_init

T RAIER T A% i2s_default_para_init

£ 374. ¥ i2s_default_para_init

W H i3
ZERAEA i2s_default_para_init
PR B T void i2s_default_para_init(i2s_init_type* i2s_init_struct);
ThRedtik %5 128 YIUB A R TRAI A
WMASHA i2s_init_struct: 81 spi_i2s_flag J57I (I $54El
i 24 7
IR [al{E 7
Je %At F L LA i2s_init_type A (KA B
B H R 4 7
Nl
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i2s_init_type i2s_init_struct;

i2s_default_para_init (&i2s_init_struct);

5.17.15 F# i2s_init
AR T HELi2s_init
* 375. R i2s_init

B | iR
A EA i2s_init
PR A A void i2s_init(spi_type* spi_x, i2s_init_type* i2s_init_struct);
ThRedtiid 12S etk
MANZEA spi_x: FTiEFEM SPI 4h ik

SZSHTLLER A 2 —: SPI1, SPI2.

NS 2 i2s_init_struct: #5110 spi_i2s_flag AL k4T
it 24 7
IR [EME 7
Seth kAT T L —A i2s_init_type KM ()75 &
B R FH R 2 7

i2s_init_type 7 at32f413_spi.h FF5E X:

typedef struct

{
i2s_operation_mode_type operation_mode;
i2s_audio_protocol_type audio_protocaol;
i2s_audio_sampling_freq_type audio_sampling_freq;
i2s_data_channel_format_type data_channel_format;
i2s_clock_polarity_type clock_polarity;
confirm_state mclk_output_enable;

}i2s_init_type;

operation_mode

12S A X

12S_MODE_SLAVE_TX: 12S ML A IEAR

12S_MODE_SLAVE_RX: 12S MALFSAR

I2S_MODE_MASTER_TX: 128 EHLAIER R
I2S_MODE_MASTER_RX: 128 Nl
audio_protocol

12S & i s b ifE

12S_AUDIO_PROTOCOL_PHILLIPS: R bR v
12S_AUDIO_PROTOCOL_MSB: EFATN AR (R
12S_AUDIO_PROTOCOL_LSB: R FTR bR (AR5

12S_AUDIO_PROTOCOL_PCM_SHORT: PCM 7t [7] 25 b
12S_AUDIO_PROTOCOL_PCM_LONG: PCM Kt [7] 25 A5 e
audio_sampling_freq

12S HHUCRFE AR ILHE

I2S_AUDIO_FREQUENCY_DEFAULT: {#¥FEA{H CRIEFE2FE SCLK AR KM A2 16)
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5.17.16

2025.04.25

12S_AUDIO_FREQUENCY_8K:

12S_AUDIO_FREQUENCY_11_025K:

12S_AUDIO_FREQUENCY_16K:
12S_AUDIO_FREQUENCY_22 05K:
12S_AUDIO_FREQUENCY_32K:
12S_AUDIO_FREQUENCY_44_1K:
12S_AUDIO_FREQUENCY_48K:
12S_AUDIO_FREQUENCY_96K:
12S_AUDIO_FREQUENCY_192K:
data_channel_format

128 e/ 18 A Bk X
12S_DATA_16BIT_CHANNEL_16BIT
12S_DATA_16BIT_CHANNEL_32BIT
12S_DATA_ 24BIT_CHANNEL_32BIT
12S_DATA_32BIT_CHANNEL_32BIT
clock_polarity

12S B et
12S_CLOCK_POLARITY_LOW:
12S_CLOCK_POLARITY_HIGH:
mclk_output_enable

mclk 3= B hda A g

HUEYEFE: FALSE, TRUE.

~Hl

128 KA 8K

12S RAEE 16K

12S KAEZ 22.05K

128 RAEH 32K

12S RFER 441K

12S RAEH 48K
12S RAEE 96K
128 KAEH 192K

12S KFE# 11.025K

. FEA7 £ 16bit,
. FEA7 £ 16bit,
. BRI EL 24bit,
. FEAT £ 32bit,

FIE % 16bit
B % 32bit
FIE L% 32bit
B % 32bit

R, e A T
AR, I e T

i2s_init_type i2s_init_struct;
i2s_default_para_init(&i2s_init_struct);

i2s_init(SPI2, &i2s_init_struct);

i2s_init_struct.audio_protocol = 12S_AUDIO_PROTOCOL_PHILLIPS;
i2s_init_struct.data_channel_format = 12S_DATA_16BIT_CHANNEL_32BIT;
i2s_init_struct.mclk_output_enable = FALSE;
i2s_init_struct.audio_sampling_freq = 12S_AUDIO_FREQUENCY_48K;
i2s_init_struct.clock_polarity = 12S_CLOCK_POLARITY_LOW;
i2s_init_struct.operation_mode = 12S_MODE_MASTER_TX;

K i2s_enable
NERAE T % i2s_enable

% 376. E¥ i2s_enable

A iR

R i2s_enable

R T void i2s_enable(spi_type* spi_x, confirm_state new_state);

Digefliid 12S fiige

MNSHA spi_x: FTit#EM SPI 7k
ST LLER A Kz —: SPI1, SPI2.

MASH 2 new_state: {#EEELICIA]
ST LLER A K2 — . FALSE, TRUE

T % 269?__ T A 2.0.6
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BH [P

T
iR el
Sk kAT
e F pa 2

off | off | ofl | o

~Fil
/* enable i2s*/
i2s_enable (SPI1, TRUE);

5.17.17 ¥ spi_i2s_interrupt_enable
NERHIA T R spi_i2s_interrupt_enable

% 377. ¥ spi_i2s_interrupt_enable

H #iR

efe Spi_i2s_interrupt_enable

BRI iR Y void spi_i2s_interrupt_enable(spi_type* spi_x, uint32_t spi_i2s_int, confirm_state
new_state);

Thread BB I% 2 (1) SPI/I2S Hilky

MWNZHA spi_x: Jik#EM SPI 4k ik
BZHOTLLER A Kbz —: SPI1, SPI2.

WMASH 2 spi_i2s_int: SPI Hrik

WMASH3 new_state: {HEEECIA
SSHT LI 2 — « FALSE, TRUE

a2 8 x

A EIRN 7

Sk ok AF x

W F R 2 7

spi_i2s_int

SPI/I2S Hilrik$E

SPI_I2S_ERROR_INT: SPI/I?S #irH W (G.7 CRC IR, Laisiz, Thidix, Bl
o

SPI_12S RDBF_INT:  $UscHdis 25 vh a3 b

SPI_I2S_TDBE_INT: ik Hda sz rhds 2 o

A~

/* enable the specified spi/i2s interrupts */
spi_i2s_interrupt_enable (SPI1, SPI_I2S_ERROR_INT);
spi_i2s_interrupt_enable (SPI1, SPI_I2S_RDBF_INT);
spi_i2s_interrupt_enable (SPI1, SPI_I12S_TDBE_INT);

5.17.18 ¥ spi_i2s_dma_transmitter_enable

R AR T BR%L spi_i2s_dma_transmitter_enable

2025.04.25 # 270 &2 2.0.6
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X 378. K ¥ spi_i2s_dma_transmitter_enable

BiH #R
A€ spi_i2s_dma_transmitter_enable
PR T void spi_i2s_dma_transmitter_enable(spi_type* spi_x, confirm_state new_state);
Thaedtik SPI/12S DMA K% 1§ fE
MANZEA spi_x: FTiE$EH SPI 4hi%
ST LLER A Hh 2 —: SPI1, SPI2.
WMASH 2 new_state: {#ifigsk %4
YT ULIER APz — . FALSE, TRUE
th =% 7
b4 EIf ) P
Sk ok AF x
Bl H B 4 7
Nl

/* enable spi transmitter dma */

spi_i2s_dma_transmitter_enable (SPI1, TRUE);

5.17.19 ¥ spi_i2s_dma_receiver_enable

AR T K% spi_i2s_dma_receiver_enable

® 379. E# spi_i2s_dma_receiver_enable

A i3}
ERAE spi_i2s_dma_receiver_enable
R Y void spi_i2s_dma_receiver_enable(spi_type* spi_x, confirm_state new_state);
Lhae g SPI/12S DMA #: i fiifig
HNSH spi_x: PN SPI 7k
S DL E Sz —: SPI1, SPI2.
WMASHL 2 new_state: {HEEECIA
EZSHOTLLIEEE Hh 2 — « FALSE, TRUE
it 24 7
IR [EME 7
SR kAT 7
R FH e 4 7
N

/* enable spi dma transmitter */
spi_i2s_dma_transmitter_enable (SPI1, TRUE);

5.17.20 ¥ spi_i2s_data_transmit

TR T K% spi_i2s_data_transmit

#2211 R
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3 380. X #} spi_i2s_data_transmit

BiH #R
A€ Spi_i2s_data_transmit
PR T void spi_i2s_data_transmit(spi_type* spi_x, uint16_t tx_data);
Thaedtik SPI/12S Kik—EX
MANZEA spi_x: FTiE$EH SPI 4hi%
ST LLER A Hh 2 —: SPI1, SPI2.
MANZH 2 tx_data: 1§ A5 1 EHRE
BUEIER (kA% 8bit 1 ). 0x00~0xFF
HUE S Otz A4k 16bit i ): 0x0000~0xFFFF
th =% 7
pA I[N 7
Sk ok AF 7
Bl H B 4 7
Nl
/* spi data transmit */
uintl6_t tx_data = 0x6666;
spi_i2s_data_transmit (SPI1, tx_data);

5.17.21 ¥ spi_i2s_data_receive

IR T % spi_i2s_data_receive

% 381. ¥ spi_i2s_data_receive

A i3}
ERAE spi_i2s_data_receive
PR3 uint16_t spi_i2s_data_receive(spi_type* spi_x);
Digefliid SPI/I2S 42— ¥dk

MASHA

spi_x: FTi&#m) SPI b
ZSHATLUER H 2 —: SPIM, SPI2.

Hith 24 rx_data: #CE 10 EE
ZHEE (WUALANECH 8bit BFD:  0x00~0xFF
ZHTEE (WAZANEC 16bit B ):  0x0000~0xFFFF
R A 7
Je kAt 7
B FH R 2 7
N

/* spi data receive */

uintl6é_trx _data =0;

rx_data = spi_i2s_data_receive (SPI1);

5.17.22 ¥ spi_i2s_flag_get

NEIA T ¥ spi_i2s_flag_get

2025.04.25
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R 382. ¥ spi_i2s_flag_get

BiH #R

A€ spi_i2s_flag_get

PR 2 A flag_status spi_i2s_flag_get(spi_type* spi_x, uint32_t spi_i2s_flag);

Thegfik B 5E 1) SPI/I2S 5

MANZEA spi_x: FTiE$EH SPI 4hi%
ST LLER A Hh 2 —: SPI1, SPI2.

MANZH 2 spi_i2s_flag: #EIRKECREHITR S5
ZS RN IR WL spi_i2s_flag

th =% 7

Y IEIEEN flag_status: FrRENLPRES
ZR EME A Oy bz —: SET, RESET.

Sk ok AF x

Bl H B 4 7

spi_i2s_flag

SPI/12S I T/ ZARBUIR S bR &, KAk SHP 5T -

SPI_I2S_RDBF_FLAG:
SPI_|2S_TDBE_FLAG:
12S_ACS_FLAG:
12S_TUERR_FLAG:
SPI_CCERR_FLAG:
SPI_MMERR_FLAG:
SPI_I2S_ROERR_FLAG:
SPI_I2S_BF_FLAG:

~l

SPI/I?S FE R 22 rh 2 sibn &

SPI/?S KiXHHE Lz rh 2% S hr

12S HEALHEIERSIRE FaoRALG F=IE)
12S Ji%k a8 R B AR &

SPI CRC #3648 i br &

SPI F AR &

SPI/I12S #2228 H S R bR &

SPI/I?S EfE T hr &

flag_status status;

/* get receive data buffer full flag */

status = spi_i2s_flag_get(SPI1, SPI_I2S_RDBF_FLAG);

5.17.23

BR¥ spi_i2s_interrupt_flag_get

MR T K% spi_i2s_interrupt_flag_get

X 383. K ¥ spi_i2s_ interrupt_flag_get

A iR
ZERAEA spi_i2s_interrupt_flag_get
R T flag_status spi_i2s_interrupt_flag_get(spi_type* spi_x, uint32_t spi_i2s_flag);
Difeftiik B 2 1) SPI/I2S HhlhR &

MASHA

spi_x: FTiE#m) SPI Ahix

ZSHA LLUEI g Pz —: SPI1, SPI2.

BMINSHL 2 spi_i2s_flag: FEIRHCRAE bR EERE
ZSEVEIRIA L spi_i2s_flag
HH S I
IR [E{E flag_status: #rENLL IR
ZIREHE R yH 2 —: SET, RESET.
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HiA iR
S okt ¥
B H R 4 ¥
spi_i2s_flag

SPI/12S H ik £ fa ZARBUIRS HIbe &, RS HE SN T

SPI_I2S_RDBF_FLAG:
SPI_I2S_TDBE_FLAG:
12S_TUERR_FLAG:
SPI_CCERR_FLAG:
SPI_MMERR_FLAG:
SPI_I2S_ROERR_FLAG:
il

SPI/I?S FCHHE 2% ph 2 ididr &
SPI?S KikHHE gz rh 28 S hn
128 JIRA KRB R R

SPI CRC K5 i 15 &

SPI A R

SPI/12S W 28t Fr R bR &

/* get receive data buffer full flag */
flag_status status;
status = spi_i2s_interrupt_flag_get(SPI1, SPI_I12S_RDBF_FLAG);

5.17.24 ¥ spi_i2s_flag_clear

TR T K H spi_i2s_flag_clear

% 384. ¥ spi_i2s_flag_clear

A Ei:13%)
PRI 4 spi_i2s_flag_clear
R Y void spi_i2s_flag_clear(spi_type* spi_x, uint32_t spi_i2s_flag)
ThRedthiR TR E B SPI2S ik
HNSH spi_x: Jik#EM SPI 4hik
S UL E Sz —: SPI1, SPI2.
MNSHL 2 spi_i2s_flag: #iERR KPR EIERE
ZSHFE NS I spi_i2s_flag
i 24 7
R [EME 7
SR kAT 7
B H R 4 o
spi_i2s_flag:

SPI/12S I T /s ZIE bR ibn &, HIES P 5T .

SPI_I2S_RDBF_FLAG:
12S_TUERR_FLAG:
SP|_CCERR_FLAG:
SPI_MMERR_FLAG:
SPI_[2S_ROERR_FLAG:

SPI/12S Bl s 2 b dmibn &
12S Kk AR B R bR &

SPI CRC F5G i bn &

SPI F A E R bR &

SPI/I12S Bzl a8 A R bR &

JEE: SPI_I2S_TDBE_FLAG (SPII2S KK #5 217 55 krd )y 12S_ACS_FLAG (128 E A E XAy
&) FISPI_I12S_BF _FLAG (SPI/I2S iB15H ) £ ittt B AR, HUENEEIRE, Tt

=7

Bl
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/* clear receive data buffer full flag */
spi_i2s_flag_clear (SPI1, SPI_I2S_RDBF_FLAG);

518 RZHE (SysTick)

SysTick 2 {7 #:45#) SysTick_Type, & X T 3fF“core_cm4.h”ii |-
typedef struct
{

} SysTick_Type;

TRAEH T SysTick 2F /7%
% 385. SysTick FERNM#E

S R
ctrl FEHPIRS T A7 2%
load ERE TR
val T EUE AR
calib e A AE A

TRAH T SysTick FEREU -
2 386. SysTick FER$ =

i e iR
systick_clock_source_config | RZH &I fhiE A B
SysTick_Config R E TS E S v B P Wl R

5.18.1 BR¥ systick_clock_source config

MR T K% systick_clock_source_config

% 387. ¥ systick_clock_source_config
W H ik

R systick_clock_source_config

R ER T void systick_clock_source_config(systick_clock_source_type source);
Dhredd FRGH I R B

WMASHA source: it & K systick i

MANZH 2 7

it 25
IR [AME

So oAt
W F R 2
source
SYSTICK_CLOCK_SOURCE_AHBCLK DIV8:  AHB kit 8 404/ A SysTick i 4
SYSTICK_CLOCK_SOURCE_AHBCLK_NODIV: AHB f ki A4 454 Ky SysTick B4k
Nl
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/* config systick clock source */
systick_clock_source_config(SYSTICK_CLOCK_SOURCE_AHBCLK_NODIV);

5.18.2 Hi¥ SysTick Config
NERAIA T AL SysTick_Config

R 388. H# SysTick_Config

i H ity

A EA SysTick_Config
PR uint32_t SysTick_Config(uint32_t ticks);
TyRe ik ARG G TR E B VB S P IR
WMAZHA ticks: FRZUME T W E A
MANZH 2
a2 8 x
pAEIf ) R AR BOLEARES, BT (00, KM (D
So oAt x
W F e 2 x

il
/* config systick reload value and enable interrupt */
SysTick_Config(1000);

519 EiTE (TMR)

TMR ZF 1748 4514 tmr_type, & T304 “at32f413_tmr.h 40 -

[
* @brief type define tmr register all
*/
typedef struct
{
} tmr_type;
TRAEH T TMR T8 50
& 389. TMR & 7738851 BLR
Ei::3o
ctrl1 TMR | 77 A7 1
ctrl2 TMR i 75 17-4% 2
stetrl TMR {KGE N 342 2517 4%
iden TMR DMA/H Wi 58 27 1723
ists TMR PR ZS T 47 2%
swevt TMR A 25 A7 4%
cm1 TMR @B A7 A 1
cm2 TMR JEER X 748 2

2025.04.25
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2025.04.25

T i3
cetrl TMR @i 1 % 77 4%
cval TMR 1308
div TMR T4 47 35
pr TMR F #3178
rpr TMR &= & F % 4
c1dt TMREIE 1 50l %5 74
c2dt TMREIE 2 #0475 74
c3dt TMR J@iE 3 34 % 17 2%
c4dt TMR J@iE 4 304 % 725
brk TMR 3 475 17 4%
dmactri TMR DMA 4% il 27 77 2%
dmadt TMR DMA H 4 75 77 4%

TREAEMT TMR FE RS

% 390. TMR FEER$E K

i iR
tmr_reset TMR i1 CRM B & 28 E A7
tmr_counter_enable Ja B2 H TMR 8%
tmr_output_default_para_init WIUEA TMR fr 2R S5
tmr_input_default_para_init YIEAL TMR S NERASHL
tmr_brkdt_default_para_init WIih4k TMR brkdt BRiA S35
tmr_base_init YIEAL TMR A, 5040
tmr_clock_source_div_set W E TMR PR 540 R 5L
tmr_cnt_dir_set wE TMR T 07 1)
tmr_repetition_counter_set REBEEEBSASE (rpr) KE
tmr_counter_value_set WE TMR 5 s
tmr_counter_value_get FRHL TMR -5 818
tmr_div_value_set B TMR 405848
tmr_div_value_get FREL TMR 4345 5848
tmr_output_channel_config Bt E TMR i @ iE
tmr_output_channel_mode_select IEHE TMR i i E R
tmr_period_value_set WE TMR A SE
tmr_period_value_get L TMR JE 18
tmr_channel_value_set WE TMR @& E
tmr_channel_value_get HE TMR J@IEE
tmr_period_buffer_enable o FERZE ] TMR 22 e X
tmr_output_channel_buffer_enable Jo FHERAE H TMR % Hs 8 22 v (X
tmr_output_channel_immediately_set B TMR % H i 7 R AT g
tmr_output_channel_switch_set B TMR i 88 ¢
tmr_one_cycle_mode_enable Jo FHEAEH TMR 52 R
tmr_32_bit_function_enable Ja 325 H TMR 32 £ 3588 (plus #520)
tmr_overflow_request_source_set EHE TMR i tH SRR
tmr_overflow_event_disable JA B TMR v 3R A

#2217
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5.19.1

2025.04.25

tmr_input_channel_init

WIEH TMR S @ 1E

tmr_channel_enable

JA FHEEH] TMR @&

tmr_input_channel_filter_set

BLE TMR N JEIE L JE4%

tmr_pwm_input_config

fic & TMR pwm %A

tmr_channel1_input_select R TMR G#IE 1 BN
tmr_input_channel_divider_set T E TMR Hi N\ 8T8 7 4ids
tmr_primary_mode_select P TMR ER

tmr_sub_mode_select

EFE TMR W2 I 23450

tmr_channel_dma_select

P TMR J#IE ) DMA &R JE

tmr_hall_select

1EF TMR hall #i5

tmr_channel_buffer_enable

JA FEEE A TMR @& g X

tmr_trigger_input_select

e TMR CE I 253 fid % S\

tmr_sub_sync_mode_set

B TMR JOER &% [R5 K

tmr_dma_request_enable

A %5 H TMR DMA 3k

tmr_interrupt_enable Ja 45 H TMR Hik
tmr_interrupt_flag_get FREL TMR A Wrkric
tmr_flag_get I TMR 4518
tmr_flag_clear 1H % TMR Frid
tmr_event_sw._trigger Ak TMR 44

tmr_output_enable

JE FH A TMR i A e

tmr_internal_clock_set

BE TMR P b

tmr_output_channel_polarity_set

B HE TMR i H 8 AR

tmr_external_clock_config

A& TMR ShESoh

tmr_external_clock_mode1_config

BeE TMR AR ES pisi 2K 1

tmr_external_clock_mode2_config

fic E TMR #h T i st 2

tmr_encoder_mode_config

FeE TMR ihd 25530

tmr_force_output_set

BE TMR a4

tmr_dma_control_config

i B TMR DMA

tmr_brkdt_config

BLE TMR R 2R ORI BE X ) (8]

¥ tmr_reset
FERFIAR T BREL tmr_reset

x 391. EKI tmr_reset

W H iR
ZERAEA tmr_reset
PR 2 A void tmr_reset(tmr_type *tmr_x);
Thegfig TMR i CRM Z L35 A7 4% = AL
LINE 2 tmr_x: FriEdE0 TMR 4h, iS50 DOE R E Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

i 24 7
IR [EME 7
So okt 7
B FH e crm_periph_reset();
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Bl

l tmr_reset(TMR1);

5.19.2 BK¥ tmr_counter_enable
FERAIAR T PAEL tmr_counter_enable

3+ 392. EK# tmr_counter_enable

B | E1:57)
A EA tmr_counter_enable
PR Y void tmr_counter_enable(tmr_type *tmr_x, confirm_state new_state);
ThRedtiid o FEEE A TMR TH5ss
LN | tmr_x: FTiEER TMR #h%, ZS80T DUkl e Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
MANSH 2 new_state: HEEE MRS, liE#HEH (TRUE) Bi2iA (FALSED
it 24 7
IR A 7
Seth kAT 7
B R FH R 2 7
il

‘ tmr_counter_enable(TMR1, TRUE);

5.19.3 K ¥ tmr_output_default_para_init
N EHIR T BREL tmr_output_default_para_init

% 393. E# tmr_output_default_para_init

TiH ity

PRI 4 tmr_output_default_para_init

R AR T void tmr_output_default_para_init(tmr_output_config_type *tmr_output_struct);
Dhred HIgaA tmr i BOASHL

MINZH tmr_output_struct: 5454k tmr_output_config_type 151 4G4k Fa 4T

it 25 W

IR [AME 7

Je ok AF W

W F R 7

NRFER T tmr_output_struct #5451 I ERIAE

% 394. tmr_output_struct ERIAE

HR BRIME

oc_mode TMR_OUTPUT_CONTROL_OFF
oc_idle_state FALSE

occ_idle_state FALSE

oc_polarity TMR_OUTPUT_ACTIVE_HIGH
occ_polarity TMR_OUTPUT_ACTIVE_HIGH
oc_output_state FALSE
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RLR BRME
occ_output_state FALSE
~hl

tmr_output_config_type tmr_output_struct;

tmr_output_default_para_init(&tmr_output_struct);

5.19.4 BK¥ tmr_input_default_para_init
N AR T K% tmr_input_default_para_init

F 395. E# tmr_input_default_para_init

B | E1:57)

PRI A4 tmr_input_default_para_init

PRI void tmr_input_default_para_init(tmr_input_config_type *tmr_input_struct);
ThRedtiid HIaHt TMR NN S5

MINZH tmr_input_struct: f&1A145#)4% tmr_input_config_type HI#WIEAILIEE

i 24 7

IR [EME 7

Se kAT 7

B R FH R 2 7

MR T tmr_input_struct &AM R BRI E

£ 396. tmr_input_struct ZRAE

BR BRAE
input_channel_select TMR_SELECT_CHANNEL_1
input_polarity_select TMR_INPUT_RISING_EDGE
input_mapped_select TMR_CC_CHANNEL_MAPPED_DIRECT
input_filter_value 0x0

Nl
tmr_input_config_type tmr_input_struct;
tmr_input_default_para_init(&tmr_input_struct);

5.19.5 EK# tmr_brkdt_default_para_init
AR T K%L tmr_brkdt_default_para_init

* 397. R tmr_brkdt_default_para_init

W H iR

R34 tmr_brkdt_default_para_init

PR 2 A void tmr_brkdt_default_para_init(tmr_brkdt_config_type *tmr_brkdt_struct);
ek ¥IE4k TMR brkdt 2Rl S5

MWASH tmr_brkdt_struct: 5 [£5#)44 tmr_brkdt_config_type HI4#53#)4A 1k 54t

i =4 7

IR A 7

So okt 7

B R FH ok 4 p

TR T tmr_brkdt_struct &N A ERIAE
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% 398. tmr_brkdt_struct BRI\ E

R BRINME
deadtime 0x0
brk_polarity TMR_BRK_INPUT_ACTIVE_LOW
wp_level TMR_WP_OFF
auto_output_enable FALSE
fcsoen_state FALSE
fcsodis_state FALSE
brk_enable FALSE
Nl
tmr_brkdt_config_type tmr_brkdt_struct;
tmr_brkdt_default_para_init(&tmr_brkdt_struct);

5.19.6 % tmr_base_init
TNRHIA T R tmr_base_init
% 399. ¥ tmr_base_init

mHE R

PRI 44 tmr_base_init

R Y void tmr_base_init(tmr_type* tmr_x, uint32_t tmr_pr, uint32_t tmr_div);

ThRestiik YILHE TMR . 2340

LN | tmr_x: Frik#Ei TMR b, %S850 DL E Kbz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MANSH 2 tmr_pr: e 2EFEHIE, 16 7K 287 HL 0x0000~0xFFFF, 32 1 5E i 2% A B
0x0000_0000~0xFFFF_FFFF

MASH3 tmr_div: SERE e, 0x0000~OxFFFF

i 24 7

IR [FIME ¥

SR kAT ¥

R FH R 2 &

A~

‘ tmr_base_init(TMR1, OxFFFF, OxFFFF);

5.19.7 E¥ tmr_clock _source_div_set
R AR T BB % tmr_clock_source_div_set

% 400. FR¥ tmr_clock_source_div_set

T H ik

R tmr_clock_source_div_set

PR % A void tmr_clock_source_div_set(tmr_type *tmr_x, tmr_clock_division_type
tmr_clock_div);

TyRe ik P E TMR I o 4 2 5

MNZH tmr_x: FriLEER) TMR 4h, S 800T DUEE e Hh iz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
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5.19.8

5.19.9

2025.04.25

W H Ei::3%)

WASH 2 tmr_clock_div: 5 2SI 554095 2 5k
LR 7

IR [E{E 7

S Ak 7

W F R 7

tmr_clock_div

BCE TMR I Bl 73 45 52 K

TMR_CLOCK_DIVA1: 5& i 2 i oh i 434 250N 1
TMR_CLOCK_DIV2: 5 B ohii 434 50 h 2
TMR_CLOCK_DIV4: 5 35 434 2 50N 4

Bl

‘ tmr_clock_source_div_set(TMR1, TMR_CLOCK_DIV4);

K tmr_cnt_dir_set
NERMIA T R tmr_cnt_dir_set

% 401. K tmr_cnt_dir_set

T H iR

R tmr_cnt_dir_set

PR T void tmr_cnt_dir_set(tmr_type *tmr_x, tmr_count_mode_type tmr_cnt_dir);
DhRek BE TMR iHEEs 807 17

LN 2|

tmr_x: iR TMR S, 22807 DOk | bz —

TMR1, TMRZ2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MINSHL 2

tmr_cnt_dir: ER 8 HHEOT R

i 25

¥

R EHME

IS S

e FH eR 2

off [ off | et

tmr_cnt_dir
BCEE ST 8T 1)
TMR_COUNT_UP:
TMR_COUNT_DOWN:

TMR_COUNT_TWO_WAY 1:
TMR_COUNT_TWO_WAY _2:
TMR_COUNT_TWO_WAY _3:

2N

SE I A THEER R BT
SE I A THEER 1R R T
SE I AT s b OO 5 AU 1
SE I s b SO )R 5 TS K 2
SE I s b SO ) x5 TS K 3

‘ tmr_cnt_dir_set(TMR1, TMR_COUNT_UP);

¥ tmr_repetition_counter_set

AR T K%L tmr_repetition_counter_set

% 2821
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R 402. K# tmr_repetition_counter_set

B H iR
A€ tmr_repetition_counter_set
PR T void tmr_repetition_counter_set(tmr_type *tmr_x, uint8_t tmr_rpr_value);
Thegfik WEBEEARFAS (pr) HE
HNZH tmr_x: FrikfER) TMR 4%, 2S00 DUkiig Hdhz —:
TMR1, TMR8
WINSH 2 tmr_rpr_value: ER 38 EEHIAE, 7HL 0x00~0xFF
th =% 7
Il ) P
Se kg AF 7
Bl H R 4 7
Nl

‘ tmr_repetition_counter_set(TMR1, 0x10);

5.19.10 ¥ tmr_counter_value_set

AR T K% tmr_counter_value_set

# 403. B tmr_counter_value_set

mHE R
A€ tmr_counter_value_set
R void tmr_counter_value_set(tmr_type *tmr_x, uint32_t tmr_cnt_value);
Difedtiik WHE TMR i gefd
HNSH tmr_x: FTiEEER TMR #M%, ES80TDUEE Hdhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
MANZSH 2 tmr_cnt_value: EI#5iHE0EHE, 16 7€ 1 25 7T HL 0x0000~0xFFFF, 32 i€ i
#3 A H 0x0000_0000~0xFFFF_FFFF
it 24 ¥
IR [FIME ¥
SR kAT &
R FH R 2 ¥
N
‘ tmr_counter_value_set(TMR1, OxFFFF);

5.19.11 K% tmr_counter_value_get

R AR T R H tmr_counter_value_get

# 404. E¥ tmr_counter_value_get

W H Eii:3o)
R tmr_counter_value_get
R ER T uint32_t tmr_counter_value_get(tmr_type *tmr_x);
ThRestik FREL TMR 5283
WmANZH tmr_x: Frik#E TMR 4%, 1S58 DLUEHE Kbz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

2025.04.25
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i H Ei: P
Hth 2% 7
R EME SE I AT A
So oAt x
Wi F R 2 x
2Nl
uint32_t counter_value;
counter_value = tmr_counter_value_get(TMR1);

5.19.12 % tmr_div_value_set
FERFR T EE tmr_div_value_set

& 405. FK# tmr_div_value_set

=

H

(P

%,

tmr_div_value_set

#
”

H | =
D
=3

void tmr_div_value_set(tmr_type *tmr_x, uint32_t tmr_div_value);

BvILE 1 (iR

WHE TMR 43 4RdE

LN 2|

tmr_x: FTEFEN TMR 4M8E, %S 80T LUg e Hrhz —
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MAZH 2 tmr_div_value: 5 B4, 16 fir 5 AT 0X0000~OXFFFE, 32 fir 5t
SLATH 0x0000_0000~0xFFFF_FFFF

HHBH =

B =

St =

W %

il

| tmr_div_value_set(TMR1, OXFFFF);

5.19.13 ¥ tmr_div_value get
TRAE T K E tmr_div_value_get

X 406. KI tmr_div_value_get

i H Ei:23a)
ZERAEA tmr_div_value_get
PR 3 A uint32_t tmr_div_value_get(tmr_type *tmr_x);
Thaestik FREL TMR 344
MmN tmr_x: Frik#Ei TMR 4%, %S %800T DU E Kbz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

25 7
12 [EE SE N &8 3 SRAsAE
So okt W
B R FH ok 4 p

~Fl

‘ uint32_t div_value;
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l div_value = tmr_div_value_get(TMR1); ‘

5.19.14 BR# tmr_output_channel_config

R T B tmr_output_channel_config

% 407. E# tmr_output_channel_config

B | E1:57)
PR EA tmr_output_channel_config
PR void tmr_output_channel_config(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, tmr_output_config_type *tmr_output_struct);
ThRedtiid fil & TMR % i
LN | tmr_x: FTiEER TMR #h%, ZS80T DUkl e Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
HNSH 2 tmr_channel: Ei 2@ 1E
WA 3 tmr_output_struct: #5H£5F)1K tmr_output_config_type HIfE4%F
it 24 o
IR [FME 7
et kAT 7
R FH R 2 7
tmr_channel
W E TMR ilig

TMR_SELECT_CHANNEL_1: ZE#5E it #5i8iE 1
TMR_SELECT_CHANNEL_2: &t #3iiiE 2
TMR_SELECT_CHANNEL_3: ZE#En #3ifiE 3
TMR_SELECT_CHANNEL 4: E#en #5iiiE 4
tmr_output_config_type structure
tmr_output_config_type 7t at32f413_tmr.h #

typedef struct
{

tmr_output_control_mode_type oc_mode;

confirm_state oc_idle_state;

confirm_state occ_idle_state;

tmr_output_polarity_type oc_polarity;

tmr_output_polarity _type occ_polarity;

confirm_state oc_output_state;

confirm_state occ_output_state;
} tmr_output_config_type;
oc_mode
fic B e OB TE R, RIXHEE R IG5 S (CxORAW) #EATHACE
TMR_OUTPUT_CONTROL_OFF: Wi @EiEH . (CxOUT) 5 CxORAW HyZEH:
TMR_OUTPUT_CONTROL_HIGH: B E CxORAW HNiE
TMR_OUTPUT_CONTROL_LOW: BB CxORAW M1k
TMR_OUTPUT_CONTROL_SWITCH: P)#: CXORAW H H~F
TMR_OUTPUT_CONTROL_FORCE_LOW: [&i] 52 CXORAW "MK
TMR_OUTPUT_CONTROL_FORCE_HIGH: [&i] 52 CXORAW Ay

2025.04.25 % 285 &2 2.0.6




<[

R AT32F413[E 4 FEBSP&Pack i F 48 5

TMR_OUTPUT_CONTROL_PWM_MODE_A: PWM £ A
TMR_OUTPUT_CONTROL_PWM_MODE_B: PWM #i5 B
oc_idle_state

T 5 i GRS PRIR S

FALSE: &SRR R 0

TRUE:  fHidiE = IRES N 1

occ_idle_state

T B E M H I8 7 RIR S

FALSE:  H kM 8 iE 25 RSN 0

TRUE: B fh s iE 2 RS N 1

oc_polarity

TiC. 5 f h JE T Al

TMR_OUTPUT _ACTIVE_HIGH: %l it &
TMR_OUTPUT _ACTIVE_LOW:  # il iE A%
occ_polarity

T B E My e AR

TMR_OUTPUT _ACTIVE_HIGH:  H kMg s i A vk =
TMR_OUTPUT _ACTIVE_LOW:  H b i 1 A PR
oc_output_state

T B it I TE RS

FALSE: i i 5

TRUE: it i@iE I

occ_output_state

JC B B AN s E RS

FALSE:  F kb i i 5% ]

TRUE:  H b @ieE e

il

tmr_output_config_type tmr_output_struct;

tmr_output_struct.oc_mode = TMR_OUTPUT_CONTROL_OFF;
tmr_output_struct.oc_output_state = TRUE;

tmr_output_struct.oc_polarity = TMR_OUTPUT_ACTIVE_HIGH,;
tmr_output_struct.oc_idle_state = TRUE;

tmr_output_struct.occ_output_state = TRUE;

tmr_output_struct.occ_polarity = TMR_OUTPUT_ACTIVE_HIGH,;
tmr_output_struct.occ_idle_state = TRUE;

tmr_output_channel_config(TMR1, TMR_SELECT_CHANNEL_1, &mr_output_struct);

5.19.15 EF¥ tmr_output_channel_mode_select

2025.04.25

R T BB tmr_output_channel_mode_select

# 408. B ¥ tmr_output_channel_mode_select

i H R

PR €2 tmr_output_channel_mode_select

R Y void tmr_output_channel_mode_select(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, tmr_output_control_mode_type oc_mode);

% 286 |
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5.19.16

2025.04.25

W H i)
ThRestik 4 TMR % il iE A
NS tmr_x: Frik#E TMR 4%, 1S5 DUEH E Kbz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
MANSH 2 tmr_channel: &I #3EIE
MASH3 oc_mode: #ir izt
i 24 ¥
12 [EME ¥
etk kAT ¥
B R p
tmr_channel
wWE TMR J@iE

TMR_SELECT CHANNEL_1: #E# e} 28iHiE 1
TMR_SELECT CHANNEL_2: #EfEhf #5ifiE 2
TMR_SELECT _CHANNEL_3: #E# et 28iEiE 3
TMR_SELECT _CHANNEL 4: t# et 2siEiE 4

oc_mode

P A L AR, RO IEIE JR4R{5 5 (CxORAW) #EATHACE

TMR_OUTPUT_CONTROL_OFF:
TMR_OUTPUT_CONTROL_HIGH:
TMR_OUTPUT_CONTROL_LOW:
TMR_OUTPUT_CONTROL_SWITCH:
TMR_OUTPUT _CONTROL_FORCE_LOW:
TMR_OUTPUT_CONTROL_FORCE_HIGH:
TMR_OUTPUT_CONTROL_PWM_MODE_A:
TMR_OUTPUT_CONTROL_PWM_MODE_B:

N

Wr @A (CxOUT) 5 CxORAW i
B CxORAW N

% #E CxORAW AL

)3 CxORAW [ H1

i 52 CXxORAW 1%

il 52 CXORAW Ky

PWM i A

PWM i B

\ tmr_output_channel_mode_select(TMR1, TMR_SELECT_CHANNEL_1, TMR_OUTPUT_CONTROL_SWITCH);

¥ tmr_period_value_set

MR T %L tmr_period_value_set

% 409. E¥ tmr_period_value_set

T H ik

R tmr_period_value_set

PR % A void tmr_period_value_set(tmr_type *tmr_x, uint32_t tmr_pr_value);
Thaestik WE TMR JE i

MASHA

tmr_x: PRk TMR S5, 22800 LR E bz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MNZ¥ 2 tmr_pr_value: ER &% FWME, 16 A& R &5 7T I 0x0000~0xFFFF, 32 i g i &% il
1 0x0000_0000~0xFFFF_FFFF

iz % x

IR I

Stk okt x

A 6 K %
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5.19.17

5.19.18

2025.04.25

Bl

l tmr_period_value_set(TMR1, OxFFFF);

BR# tmr_period_value_get

NRAIR T BRE tmr_period_value_get

= 410. F#¥ tmr_period_value_get

T H Eitpa
A EA tmr_period_value_get
PR uint32_t tmr_period_value_get(tmr_type *tmr_x);
TyRe ik FKEL TMR R ME
LN tmr_x: PR TMR 4%, S8 DUERE 2z —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
ot 28 x
pA I[N SE N 4% Ji JE
Sk ok AF 7
W e 2 I
il
uint32_t pr_value;
pr_value = tmr_period_value_get(TMR1);

¥ tmr_channel_value_set

N EHFR T K% tmr_channel_value_set

% 411. B tmr_channel_value_set

| R

ERAE tmr_channel_value_set

R Y void tmr_channel_value_set(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, uint32_t tmr_channel_value);

ThRedthiR wE TMR @EE

BMINSE

tmr_x: Pk TMR 455, 22800 BUEHUE Hpz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MANZH 2 tmr_channel: 5/ #&ifiE
WMAZH3 tmr_channel_value: SEI 83 E, 16 A E M 25 7T H 0X0000~0XFFFF, 32 fii5E
Ff #% A] X 0x0000_0000~0xFFFF_FFFF
i 25 7
IR [EI AR X
VR I
W e x
tmr_channel
wE TMR JHIE

TMR_SELECT CHANNEL_1: %52 i 284 1
TMR_SELECT CHANNEL_2: i# 52 22iiid 2
TMR_SELECT CHANNEL_3: iE#E i 4%@i% 3
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5.19.19

5.19.20

2025.04.25

TMR_SELECT_CHANNEL_4: &+ eh 45101 4

B

|tm[phmwwLmeQ§eKTMR1,TMR_SELECT_CHANNEL_LOxFFFFx

PR %L tmr_channel_value_get

NFRAIR T B E tmr_channel_value_get

F 412. ®H tmr_channel_value_get

B | E1:57)

A€ tmr_channel_value_get

PR Y uint32_t tmr_channel _value_get(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel);

Bl (ipu PR TMR JEE

MAZHA

tmr_x: Jri&FEm TMR 5%, 280 DOk e Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MASH 2

tmr_channel: &R} 2%i8iE

frth 25

SE I S IE H

R EHME

T

Sk kAT

ek F e 4

x
x

tmr_channel
WHE TMR EiE

TMR_SELECT_CHANNEL_1: &4+ i) 45 1@iE 1
TMR_SELECT_CHANNEL_2: &+ e h 441 2
TMR_SELECT_CHANNEL_3: &+ e h45i@iE 3
TMR_SELECT_CHANNEL_4: &+ e h451@i1E 4

Bl

uint32_t ch_value;

ch_value = tmr_channel_value_get(TMR1, TMR_SELECT_CHANNEL_1);

¥ tmr_period_buffer_enable

AR T K% tmr_period_buffer_enable

R 413. B tmr_period_buffer_enable

T H ik

ZERAE tmr_period_buffer_enable

PR % A void tmr_period_buffer_enable(tmr_type *tmr_x, confirm_state new_state);
Thredd J& FA B EE A TMR 2R P IX

MANSHA

tmr_x: iR TMR S, 2807 DOk | bz —
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

WMAZHL 2 new_state: K ZHLE A WGt DORES, AL A (TRUED lidkH]
(FALSE)

fnth 25 v

iR [EHiE k
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BH EiEp)

PSS ¥

ek i ek % x
Bl

‘ tmr_period_buffer_enable(TMR1, TRUE);

5.19.21 % tmr_output_channel_buffer_enable

N AR T K% tmr_output_channel_buffer_enable

F 414. K tmr_output_channel_buffer_enable

B | E1:57)

PRI 4 tmr_output_channel_buffer_enable

R E R Y void tmr_output_channel_buffer_enable(tmr_type *tmr_x,
tmr_channel_select_type tmr_channel, confirm_state new_state);

DhRedtiik J& F 2R F TMR % H B8 28 v X

LN 2|

tmr_x: &K TMR 4MBE, %S H0m] DUE A Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MASHL 2 tmr_channel: ZI2%i8iE
MANZH3 new_state: {0 B A% L EIE L DORES, "EFEE (TRUE) s
(FALSE)
i 24 7
IR [FIME ¥
SR okt 7
B R 7
tmr_channel
wE TMR #IE

TMR_SELECT _CHANNEL_1: ##¢5&Eh} #$ifiE 1
TMR_SELECT _CHANNEL 2. ik&#:E i} 25iEiE 2
TMR_SELECT CHANNEL_3: #E# et 2siEiE 3
TMR_SELECT CHANNEL_4: k¥ 25ifil 4
il

‘ tmr_output_channel_buffer_enable(TMR1, TMR_SELECT_CHANNEL_1, TRUE);

5.19.22 ¥ tmr_output_channel_immediately_set

R AR T BRE tmr_output_channel_immediately _set

# 415. R¥ tmr_output_channel_immediately_set

i H R
R tmr_output_channel_immediately_set
R T void tmr_output_channel_immediately_set(tmr_type *tmr_x,
tmr_channel_select_type tmr_channel, confirm_state new_state);
Difeflid WE TMR i 8 38 2 B AT g
MANZH tmr_x: FTiLfER) TMR 4%, 2800 Dkiig Hdhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

2025.04.25

% 290 W k7 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

5.19.23

2025.04.25

W H i)
WMANSH 2 tmr_channel: & #%iH1E
MANZH3 new_state: H4ZACE M HIBE L EMERDRES, ik (TRUE) BiZtH
(FALSE)
12 [EME ¥
Jeth kAT ¥
B H R 4 ¥
tmr_channel
WHE TMR @iE

TMR_SELECT_CHANNEL_1: k4 E i) 45 1@1E 1
TMR_SELECT_CHANNEL_2: &+ ¢hf 451@i1E 2
TMR_SELECT_CHANNEL_3: &+ e h 45i@iE 3
TMR_SELECT_CHANNEL_4: &+ ¢ h 451@i1E 4

Bl

\ tmr_output_channel_immediately_set(TMR1, TMR_SELECT_CHANNEL_1, TRUE);

¥ tmr_output_channel_switch_set

TEAE T K% tmr_output_channel_switch_set

% 416. E¥ tmr_output_channel_switch_set

TiH ity

R tmr_output_channel_switch_set

Eap g it void tmr_output_channel_switch_set(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, confirm_state new_state);

DhRek %E TMR i @ E ¢

LN 2|

tmr_x: Frik#EH TMR 455, 22800 BUEHUE Hpz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

BINSH 2 tmr_channel: &R} 238 &
WMAZH3 new_state: H WL E 1% HBETT OO, SR (TRUE) 2iZtH
(FALSE)
i =4 7
R [EME 7
Stk kAT o
B H R 4 7
tmr_channel
WHE TMR @iE

TMR_SELECT_CHANNEL_1: &4+ i) 45 1@iE 1
TMR_SELECT_CHANNEL_2: &+ E i 45i@iE 2
TMR_SELECT_CHANNEL_3: &+ eh#5i@iE 3
TMR_SELECT_CHANNEL_4: &+ eh45i@iE 4

Bl

‘ tmr_output_channel_switch_set(TMR1, TMR_SELECT_CHANNEL_1, TRUE);
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5.19.24 K ¥ tmr_one_cycle_mode_enable
TR T BRE tmr_one_cycle_mode_enable

* 417. E¥ tmr_one_cycle_mode_enable

B H iR
A EA tmr_one_cycle_mode_enable
PR T void tmr_one_cycle_mode_enable(tmr_type *tmr_x, confirm_state new_state);
Thegdid Ja 2R TMR 228 i
PN tmr_x: FriLEER) TMR 4%, S 8007 DUEE e Hhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
MANZH 2 new_state: W0 E 15 IR LUIRES, TREE M (TRUED 2zt
(FALSE)
a2 8 x
pAEIf ) 7
Sk ok AF x
Bl H B 4 7
il

‘ tmr_one_cycle_mode_enable(TMR1, TRUE);

5.19.25 ¥ tmr_32_bit_function_enable
AR T k% tmr_32_bit_function_enable

+ 418. E# tmr_32_bit_function_enable

| R
ERAE tmr_32_bit_function_enable
R Y void tmr_32_bit_function_enable(tmr_type *tmr_x, confirm_state new_state);
Difedtiik JB FEZE ] TMR 32 7 3hEE (plus #520)
HNSH tmr_x: FTiEEER TMR #M%, ES80TUEIE Kbz —:
TMR2, TMR5
MANSH2 new_state: HfEACE K 32 AACIRA, ATEFA A (TRUE) BiZEH] (FALSE)
i 24 7
IR [EME 7
SR kAT 7
R FH e 4 7
N

| tmr_32_bit_function_enable(TMR2, TRUE);

5.19.26 E ¥ tmr_overflow_request_source_set
R T R E tmr_overflow_request_source_set

£ 419. B tmr_overflow_request_source_set

T H Eiiipa
PRI H4 tmr_overflow_request_source_set
PR void tmr_overflow_request_source_set(tmr_type *tmr_x, confirm_state

2025.04.25 #2921 &2 2.0.6



<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

5.19.27

5.19.28

2025.04.25

i H Ei: P
new_state);
Thegfik e TMR i HH IR
MANZH tmr_x: FrikfER) TMR 4%, 28007 Dkiig Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
MNSH 2 new_state: B BT E A H IR
12 [EME ¥
So oAt I
B R I
new_state

R EEC B AR SR

FALSE: SRUET-iFEr2eus . B8 OVFSWTR A7 80K 8 I 24 thi| 4 22 A ) 55 S5

TRUE:
Pl

HBERIE T i i

‘ tmr_overflow_request_source_set(TMR1, TRUE);

¥ tmr_overflow_event_disable

NI T B E tmr_overflow_event_disable

% 420. E¥ tmr_overflow_event_disable

TiH ity

R tmr_overflow_event_disable

R ER T void tmr_overflow_event_disable(tmr_type *tmr_x, confirm_state new_state);
Thegsmiik JE FHERZE T TMR 3 H = 2R

MASHA

tmr_x: Jrig#ER TMR S, iZZ800 DORE A Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

A 2

new_state: & EIAC & A H FAF AR

fnth 25

¥

R EHME

IS S

Wik F pa 2

of | off | ot

new_state

A T ORGSR
FALSE: fuvridithaipbrss, it by hphy R oY b st

- PR

- ¥ OVFSWTR fii & 1
- B UCE I AP AR R

TRUE: 1L S 0F 7k
Bl

‘ tmr_overflow_event_disable(TMR1, TRUE);

B tmr_input_channel_init

R AR T BRE tmr_input_channel_init
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£ 421. E®H tmr_input_channel_init

BiH iR

A€ tmr_input_channel_init

PR T void tmr_input_channel_init(tmr_type *tmr_x, tmr_input_config_type *input_struct,
tmr_channel_input_divider_type divider_factor);

Thegfig HkHt TMR i\ I8 E

MNZH tmr_x: FrikfER) TMR 4%, 2S00 ki g Hdhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

WMNSH 2 input_struct: f§HE 45K tmr_input_config_type R4

WASH 3 divider_factor: % N1 734 & 4L

th =% 7

pA I[N 7

Sk ok AF 7

Bl H R 4 7

tmr_input_config_type structure
tmr_input_config_type 7t at32f413_tmr.h #

typedef struct

{
tmr_channel_select_type input_channel_select;
tmr_input_polarity_type input_polarity_select;
tmr_input_direction_mapped_type input_mapped_select;
uint8_t input_filter_value;

} tmr_input_config_type;

input_channel_select

#FE TMR $ N JE1E

TMR_SELECT_CHANNEL_1: &+ it #5i8iE 1
TMR_SELECT_CHANNEL_2: & it #43iiiE 2
TMR_SELECT_CHANNEL_3: iZE#En #5ifiE 3
TMR_SELECT_CHANNEL 4: E#en #5iiiE 4

input_polarity_select

e PN N\ EIE A

TMR_INPUT_RISING_EDGE: A N JETE AT BOLIE N ETHE
TMR_INPUT_FALLING_EDGE: i NifiiE BA R0 N T R
TMR_INPUT_BOTH_EDGE: Ay N T TE AT ROLIE N ETHE AT BRI
input_mapped_select

e PEN G N\ A IE WA

TMR_CC_CHANNEL_MAPPED_DIRECT: i&# TMR % A\i#i& 1, 2, 3 F14 X5 C1IRAW,
C2IRAW, C3IRAW #1 C4IRAW #Hi%
TMR_CC_CHANNEL_MAPPED_INDIRECT: &% TMR fi\i@#iE 1, 2, 3 F14 XM E
C2IRAW, C1IRAW, C4IRAW FI1 C3IRAW #HiE
TMR_CC_CHANNEL_MAPPED_STI: ##%# TMR i \iEiE S 7E STI
input_filter_value

P B 4 N JEIE A, FTHC 0x00~0XO0F

divider_factor

fiin N HE 73 0 2R H

TMR_CHANNEL_INPUT_DIV_1: #i NIHIE 234 RECN 1
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TMR_CHANNEL_INPUT DIV_2: #4250k 2
TMR_CHANNEL_INPUT DIV_4: #\@EES M RE N 4
TMR_CHANNEL_INPUT_DIV_8: i NiEE/2HRECN 8
N

tmr_input_config_type tmr_input_config_struct;
tmr_input_config_struct.input_channel_select = TMR_SELECT_CHANNEL_2;
tmr_input_config_struct.input_mapped_select = TMR_CC_CHANNEL_MAPPED_DIRECT;
tmr_input_config_struct.input_polarity_select = TMR_INPUT_RISING_EDGE;
tmr_input_config_struct.input_filter_value = 0x00;

tmr_input_channel_init(TMR1, &tmr_input_config_struct, TMR_CHANNEL_INPUT_DIV_1);

5.19.29 % tmr_channel_enable
NERHIA T L tmr_channel_enable

% 422. E¥ tmr_channel_enable

T H iR
R tmr_channel_enable
PR void tmr_channel_enable(tmr_type *tmr_x, tmr_channel_select_type tmr_channel,
confirm_state new_state);
ThRestiik Ja FHEZEH TMR i@iE
WA tmr_x: P& TMR 4M, S8 LG E Kbz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
WMANSH 2 tmr_channel: i 2%i8iE
WMAZH3 new_state: HEREMIBEIRE, "liE#EEH (TRUE) BiitH (FALSED
a2 8 x
R [EME ¥
So oAt I
W e 2 I
tmr_channel
WHE TMR J@iE

TMR_SELECT _CHANNEL_1: 3% 285 iE 1
TMR_SELECT CHANNEL_1C: #3548 i 4 1
TMR_SELECT _CHANNEL_2: k¥ 2iliE 2
TMR_SELECT CHANNEL_2C: ¥ 5 8 H hili 2
TMR_SELECT CHANNEL 3:  i&#f5itaeimis 3
TMR_SELECT CHANNEL 3C:  if#%5 i %8 I ik 3
TMR_SELECT _CHANNEL_4: &% 7& i 2iliE 4
i

\ tmr_channel_enable(TMR1, TMR_SELECT_CHANNEL_1, TRUE);

5.19.30 ¥ tmr_input_channel _filter_set

NEAIA T B # tmr_input_channel_filter_set
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5.19.31
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R 423. EK tmr_input_channel_filter_set

BiH iR
A€ tmr_input_channel_filter_set
PR T void tmr_input_channel_filter_set(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, uint16_t filter_value);
Thegfig e TMR i \JETE L &5
MNZH tmr_x: FrikfER) TMR 4%, 2S00 ki g Hdhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
WMNSH 2 tmr_channel: & #%i81E
WMASH 3 filter_value: {i & f NIBIEJEHE, nEL 0x00~0xO0F
th =% 7
pA I[N 7
Sk ok AF x
Bl H R 4 7
tmr_channel
WHE TMR @iE

TMR_SELECT_CHANNEL_1: &4+ ¢ i) 451@i1E 1
TMR_SELECT_CHANNEL_2: &+ e n 4@ 2
TMR_SELECT_CHANNEL_3: &+ e h 45i@iE 3
TMR_SELECT_CHANNEL_4: &+ ¢ h 451@1E 4

Bl

‘ tmr_input_channel_filter_set(TMR1, TMR_SELECT_CHANNEL_1, 0x0F);

¥ tmr_pwm_input_config

NEHIA T KL tmr_pwm_input_config

R 424. B tmr_pwm_input_config

| R

PRI 4 tmr_pwm_input_config

R Y void tmr_pwm_input_config(tmr_type *tmr_x, tmr_input_config_type *input_struct,
tmr_channel_input_divider_type divider_factor);

Digeshik i B TMR pwm %A

MANSHA

tmr_x: iR TMR S, 2807 DO | bz —
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MANZH2

input_struct: F&[[45 44 tmr_input_config_type KIfa%F

MAZH3

divider_factor: i \iBiE ) AR5

it 28

¥

IR [BI{E

SR KA

e F e 2

off ot | o

input_struct

FR M5 R4 tmr_input_config_type HI¥E%F, S35 tmr_input_config_type A7 BUE Y H

divider_factor

B NI TE 7> 90 AR E

TMR_CHANNEL_INPUT_DIV_1: i NI#EiE 735 250N 1
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5.19.32

5.19.33

2025.04.25

TMR_CHANNEL_INPUT DIV_2: #4250k 2
TMR_CHANNEL_INPUT DIV_4: #\@EES M RE N 4
TMR_CHANNEL_INPUT_DIV_8: i NiEE/2HRECN 8

B

tmr_pwm_input_config(TMR1,

tmr_input_config_type tmr_ic_init_structure;

tmr_ic_init_structure.input_filter_value = 0;

tmr_ic_init_structure.input_channel_select = TMR_SELECT_CHANNEL_2;
tmr_ic_init_structure.input_mapped_select = TMR_CC_CHANNEL_MAPPED_DIRECT;
tmr_ic_init_structure.input_polarity_select = TMR_INPUT_RISING_EDGE;

&tmr_ic_init_structure, TMR_CHANNEL_INPUT_DIV_1);

K% tmr_channel1_input_select

NI T B # tmr_channel1_input_select

% 425. K tmr_channel1_input_select

mHE R

R tmr_channell_input_select

PR void tmr_channel1_input_select(tmr_type *tmr_x,
tmr_channel1_input_connected_type ch1_connect);

ThRestiik P TMR JEIE 1 A

MAZHA

tmr_x: iR TMR 5%, 280 DOk e Koz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8

MMANZH 2

ch1_connect: #iE 1 fi\iE#

i 25

¥

R EHME

S

Wik F pa 2

of | ol | ot

ch1_connect

e LT B AEIE 1 AR

TMR_CHANEL1_CONNECTED_C1IRAW: ¥ CH1 &I 5] C1IRAW i A
TMR_CHANEL1_2_3 CONNECTED_C1IRAW_XOR: # CH1. CH2 1 CH3 /il 5 ki 4 5%

C1IRAW i\
Bl

\ tmr_channel1_input_select(TMR1, TMR_CHANEL1_2_3_CONNECTED_C1IRAW_XOR):

B3 tmr_input_channel_divider_set

AR T K% tmr_input_channel_divider_set

R 426. R tmr_input_channel_divider_set

T H ik

ZERAEA tmr_input_channel_divider_set

AR Y void tmr_input_channel_divider_set(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, tmr_channel_input_divider_type divider_factor);

TyRe ik #E TMR % N8 3E 7 4 2%

MNZH tmr_x: Fri%EER) TMR 4h, S 800T DUEE e Hh iz —:
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W H i)
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
MANSH 2 tmr_channel: &I #3818
WASH3 divider_factor: i \iBiE /) A2 %
i 24 ¥
12 [EME ¥
etk kAT ¥
B H R 4 ¥
tmr_channel
%E TMR g

TMR_SELECT CHANNEL_1: 3E$5E ) 281858 1
TMR_SELECT CHANNEL_2: #Ef 5 #5ifiE 2
TMR_SELECT _CHANNEL_3: #Ef et 28iEiE 3
TMR_SELECT _CHANNEL 4: #t# et 28iEiE 4
divider_factor

fi N B 43 A FR B

TMR_CHANNEL_INPUT _DIV_1: % @545 52500 1
TMR_CHANNEL_INPUT_DIV_2: #i il 4i 2500 2
TMR_CHANNEL_INPUT _DIV_4: i@ 250k 4
TMR_CHANNEL_INPUT_DIV_8: #i il 4i 2% 8
i

\ tmr_input_channel_divider_set(TMR1, TMR_SELECT_CHANNEL_1, TMR_CHANNEL_INPUT_DIV_2);

5.19.34 EK¥ tmr_primary_mode_select
NEAFER T R E tmr_primary_mode_select

% 427. B tmr_primary_mode_select

TiH ity

R tmr_primary_mode_select

R B T void tmr_primary_mode_select(tmr_type *tmr_x, tmr_primary_select_type
primary_mode);

Dhredd P TMR FHE

WANZHA tmr_x: FTiEFER) TMR 4%, 28007 DLkl g Hhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8

WINSHL 2 primary_mode: K E it & i E AR

25 7

R [EME 7

So oAt 7

W F R 7

primary_mode

W BN E R ERE, B3 E I S S Tk
TMR_PRIMARY_SEL_RESET: TR S TR R E AL
TMR_PRIMARY_SEL_ENABLE: FEA R HE TR
TMR_PRIMARY_SEL_OVERFLOW: A% H G5 EFE H
TMR_PRIMARY_SEL_COMPARE: R S T R £ LUk o
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TMR_PRIMARY_SEL_C10RAW: F R S 5 1E R C1ORAW 55
TMR_PRIMARY_SEL_C20RAW: FRE M H(E 5 £ C20RAW {55
TMR_PRIMARY_SEL_C30RAW: FREA (5 5 1E 5 C3ORAW 55
TMR_PRIMARY_SEL_C40RAW: FRE M H(E 5 £ CAORAW {55
il

l tmr_primary_mode_select(TMR1, TMR_PRIMARY_SEL_RESET);

5.19.35 M¥ tmr_sub_mode_select
R AR T K% tmr_sub_mode_select

R 428. EKH tmr_sub_mode_select

=

H

i7p)

€2

tmr_sub_mode_select

=l | R

R MR

void tmr_sub_mode_select(tmr_type *tmr_x, tmr_sub_mode_select_type
sub_mode);

Bl (ipu

I TMR JGE I #3550

MAZHA

tmr_x: iR TMR Sk, 280 DOk e Koz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9

BINSHL 2 sub_mode: K ZFELE 1 E I AR

it 24 7

pAEIf ) 7

So oAt I

R FH R 2 I
primary_mode
TP HENC B E I X
TMR_SUB_MODE_DIABLE: K FE I 25
TMR_SUB_ENCODER_MODE_A: IS AR A
TMR_SUB_ENCODER_MODE_B: TS AR B
TMR_SUB_ENCODER_MODE_C: LA C
TMR_SUB_RESET_MODE: AL
TMR_SUB_HANG_MODE: B RS E iy SR
TMR_SUB_TRIGGER_MODE: 16 P ik AR
TMR_SUB_EXTERNAL_CLOCK_MODE_A: #EE/MB B A

Bl

‘ tmr_sub_mode_select(TMR1, TMR_SUB_HANG_MODE);

5.19.36 ¥ tmr_channel_dma_select

AR T K% tmr_channel_dma_select

R 429. K tmr_channel_dma_select

iR

tmr_channel_dma_select

void tmr_channel_dma_select(tmr_type *tmr_x, tmr_dma_request_source_type

cc_dma_select);

HefE TMR GEIE ) DMA 17 KK

2025.04.25
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5.19.37

5.19.38

2025.04.25

BH

[P

MWASHA

tmr_x: iR TMR Sk, 280 DO e bz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9

MNSH 2

cc_dma_select: FELIEFEN] TMR EIE ) DMA i KK

it 25

¥

iR el

Sk kAT

e F pa 2

of | off | et

cc_dma_select

e TMR i#IE (1) DMA 15 5R

TMR_DMA_REQUEST_BY_CHANNEL:
TMR_DMA_REQUEST_BY_OVERFLOW:

Bl

HRABIEFM (CxIF =1) B4 DMA iE K
LA R FE (OVFIF = 1) 74 DMA 153K

‘tm[phannd_dma_sdecKTMR1,TMR_DMA_REQUEST_BY_OVERFLOMD;

B3 tmr_hall_select

TNERIIA T B tmr_hall_select

% 430. FH tmr_hall_select

T H iR

efe tmr_hall_select

R ER T void tmr_hall_select(tmr_type *tmr_x, confirm_state new_state);
Dhred 1%E#E TMR hall £23

MINSE

tmr_x: iR TMR S, 22807 DOk e bz —:

TMR1, TMRS8
WSS 2 new_state: A EEFN TMR hall #Ez0R2S
it 25 7
& [BE 7
SR okt 7
e A I e 4 7
new_state

PEHE TMR hall SELEOIRAS,  F 3808 2 1A ) i £
FALSE: @il B HALL 7RI

TRUE:
il

3@ % B HALL 788 TRGIN [ b FHEs il gzt 4

‘ tmr_hall_select(TMR1, TRUE);

¥ tmr_channel_buffer_enable

AR T K% tmr_channel_buffer_enable

X 431. EK# tmr_channel_buffer_enable

W H i35
PR EA tmr_channel_buffer_enable
R Y void tmr_channel_buffer_enable(tmr_type *tmr_x, confirm_state new_state);

& 300 | hRAs 2.0.6



[

AT32F413[E 4 FEBSP&Pack M FHIE S

W H Ei::3%)

Thiefihik JE P EAR T TMR 38 22 X

HINSHA tmr_x: FriEdEr TMR 4h, iZS80T DOEI A bz —:
TMR1, TMR8

MASH 2 new_state: M EMEN TMR @EZMXORE, AliEHFEH (TRUE) BiZtH
(FALSE)

LR 7

IR [E{E 7

Sk AF 7

W F R 8 7

N

‘ tmr_channel_buffer_enable(TMR1, TRUE);

5.19.39 K% tmr_trigger_input_select
AR T RE tmr_trigger_input_select

% 432. ¥ tmr_trigger_input_select

=

H

(P

€2

tmr_trigger_input_select

R | R

R

void tmr_trigger_input_select(tmr_type *tmr_x, sub_tmr_input_sel_type

trigger_select);

BILi 1 (B

HeFE TMR JCE I 2 il R N

MASHA

tmr_x: Jrig#ER TMR S, iZZ807 DORE A Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9

A 2

trigger_select: FEFLE I TMR K2 8l & i

fnth 25

¥

R EHME

IS S

e FH B8 2

off [ ofl | et

trigger_select

e TMR UUE I gl & f A

TMR_SUB_INPUT_SEL_ISO0: PEFEAFBHIA O
TMR_SUB_INPUT_SEL_IS1: PEFE A ERHIA 1
TMR_SUB_INPUT_SEL_IS2: PP AR 2
TMR_SUB_INPUT_SEL_IS3: PRI 3

TMR_SUB_INPUT_SEL_C1INC: 4 C1IRAW [k ARl 42
TMR_SUB_INPUT_SEL_CADF1: ikl A\ i 1
TMR_SUB_INPUT_SEL_C2DF2: k¥ JEik i A\l 2
TMR_SUB_INPUT_SEL_EXTIN: i&#¥4M i \iliE EXT

Bl

‘ tmr_trigger_input_select(TMR1, TMR_SUB_INPUT_SEL_ISO0);

5.19.40 ¥ tmr_sub_sync_mode_set
NERAIAR T BRE tmr_sub_sync_mode_set

2025.04.25
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5.19.41

2025.04.25

% 433. E# tmr_sub_sync_mode_set

BiH iR

A€ tmr_sub_sync_mode_set

PR 7Y void tmr_sub_sync_mode_set(tmr_type *tmr_x, confirm_state new_state);

Thegfik W TMR JOE R [ 2P R

HNZH tmr_x: FrikfER) TMR 4%, 2S00 DUkiig Hdhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9

MWANZH 2 new_state: IFEACE N TMR JCEM & R FCIRE, wlikfEE Ml (TRUED =izt
F (FALSE)

th =% 7

b4 EIf ) P

Sk ok AF x

Bl H B 4 7

Nl

‘ tmr_sub_sync_mode_set(TMR1, TRUE);

¥ tmr_dma_request_enable

N T K% tmr_dma_request_enable

 434. B tmr_dma_request_enable

mHE R

ERAE tmr_dma_request_enable

R Y void tmr_dma_request_enable(tmr_type *tmr_x, tmr_dma_request_type
dma_request, confirm_state new_state);

Lhae g Je FHEZEF TMR DMA 13K

LN 2|

tmr_x: Frik#EH TMR #5522 800 BUEHUE Hpz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MINSHL 2

dma_request: I E Y DMA 153K

MIANSHL 3

new_state: FZRLE K DMA WRIRES, AriEfaH (TRUE) 5i22H (FALSE)

it 25

x

iR [ElME

SR KA

Wik F pa 2

off | o | et

dma_request
¥ & DMA ik
TMR_OVERFLOW_DMA REQUEST: i #4411 DMA i3k

TMR_C1_DMA_REQUEST: JEIE 1 () DMA i3k
TMR_C2_DMA_REQUEST: B 2 () DMA i3k
TMR_C3_DMA_REQUEST: JEIE 3 1) DMA i3k
TMR_C4 DMA_REQUEST: JEIE 4 ) DMA i3k
TMR_HALL_DMA REQUEST: HALL =44 f1) DMA 53K

TMR_TRIGGER_DMA_REQUEST: fih & FHAF 1K) DMA 153K
Bl

‘ tmr_dma_request_enable(TMR1, TMR_OVERFLOW_DMA_REQUEST, TRUE);

& 3021
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5.19.42

5.19.43

2025.04.25

B ¥ tmr_interrupt_enable

NERAIR T BREL tmr_interrupt_enable

% 435. FH tmr_interrupt_enable

B H iR

A EA tmr_interrupt_enable

PR T void tmr_interrupt_enable(tmr_type *tmr_x, uint32_t tmr_interrupt, confirm_state
new_state);

Thegfik JE FEAER TMR i

MWASHA

tmr_x: iR TMR Sk, 280 DO e bz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

WSS 2 tmr_interrupt: I ZEECE K TMR H T
MASH 3 new_state: M EMEN TMR FWRRA, wE#HBEH (TRUE) 8W4EH (FALSE)
25 x

i x

et x

B R x

tmr_interrupt

PE TMR iy

TMR_OVF_INT: T H S

TMR_C1_INT: AIE 1 A W

TMR_C2_INT: TG 2 A W

TMR_C3_INT: AIE 3 FHA W

TMR_C4_INT: TG 4 FHA W
TMR_HALL_INT: HALL = it
TMR_TRIGGER _INT:  filt & S ik

TMR_BRK_INT: R ZE A

A~

‘ tmr_interrupt_enable(TMR1, TMR_OVF_INT, TRUE);

¥ tmr_interrupt_flag_get

NI T K%L tmr_interrupt_flag_get

£ 436. K tmr_interrupt_flag_get

A
ZERAEA tmr_interrupt_flag_get
R Y flag_status tmr_interrupt_flag_get (tmr_type *tmr_x, uint32_t tmr_flag);
ThRedtik SREL A Wibr S AR
HNSH tmr_x: FTiEEER TMR #h%, ZS80eT s g Hdhz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
HNSH 2 tmr_flag: 75 ZEIRELCWOIRAS AR £ 1L 4%
S HOEAR A WL tmr_flag
25 7
IR [E{E flag_status: #rENLL IR
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BiH Ei: o)
ZIREE AT bz —: SET, RESET
Sk kAT x
Wi F pa 2 x
tmr_flag

B ZRCIRS Obe i, HLE S HE ST

TMR_OVF_FLAG:
TMR_C1_FLAG:
TMR_C2_FLAG:
TMR_C3_FLAG:
TMR_C4_FLAG:

TMR_HALL_FLAG:

TMR_TRIGGER_FLAG:
TMR_BRK_FLAG:

Bl

I P TAR D
HIE 1 bR
iHIE 2 FHbsid
iHIiE 3 T HbRic
iHIE 4 T Hbsid
HALL  irbrid
fih e T AR A
M ZE R TARIC

‘ if(tmr_interrupt_flag_get (TMR1, TMR_OVF_FLAG) != RESET)

5.19.44 K% tmr_flag_get
NERFA T R tmr_flag_get

2025.04.25

+* 437. B tmr_flag_get

TiH Eii:py
ERAE tmr_flag_get
R AR T flag_status tmr_flag_get(tmr_type *tmr_x, uint32_t tmr_flag);
DhRek REUR SRS

LN 2|

tmr_x: Pk TMR 455, 22800 BLUEHUE Hpz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MNSH 2 tmr_flag: FFZIRBUIRZS bR £ 4%
ZSHEMRER I tmr_flag

it 24 ¥

IR [FIE flag_status: FrELHPRES
ZREME Ry Hrhz —: SET, RESET

Stk kAT o

B H R 4 o

tmr_flag

M TR FFFRERPRE bs &, Hal i 28 5l

TMR_OVF_FLAG:
TMR_C1_FLAG:
TMR_C2_FLAG:
TMR_C3_FLAG:
TMR_C4_FLAG:

TMR_HALL_FLAG:

TMR_TRIGGER_FLAG:
TMR_BRK_FLAG:

T R
I 1 bR
HIE 2 HkrbR
iE 3 HkrbRic
HIE 4 HFrbRC
HALL Hirbric
fih 5 H T AR i
R AR

TMR_C1_RECAPTURE_FLAG: J#i& 1 B3R

& 304 W

WA= 2.0.6



<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

5.19.45

5.19.46

2025.04.25

TMR_C2_RECAPTURE_FLAG:
TMR_C3_RECAPTURE_FLAG:
TMR_C4_RECAPTURE_FLAG:

B

iHIE 2 IR bR
HIE 3 AR
HIE 4 R bR

| if(tmr_flag_get(TMR1, TMR_OVF_FLAG) = RESET)

¥ tmr_flag_clear

NERAFE T R tmr_flag_clear

% 438. E# tmr_flag_clear

A ik

R tmr_flag_clear

R E R Y void tmr_flag_clear(tmr_type *tmr_x, uint32_t tmr_flag);

ThRestiik TEBRPR B AL

LN | tmr_x: FTiEER TMR #h%, ZS80T DUkl g Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MANSH 2 tmr_flag: FHEBRIIFREILHEE
SRR ANRIA W 45 R R 262 7] fH IR -

it 24 7

IR [F{H 7

et kAT 7

R FH R 2 &

A~

‘ tmr_flag_clear(TMR1, TMR_OVF_FLAG);

BR%L tmr_event_sw_trigger

NERIA T EE tmr_event_sw_trigger

+ 439. B tmr_event_sw_trigger

TiH ity

PRI 4 tmr_event_sw_trigger

PR ER T void tmr_event_sw_trigger(tmr_type *tmr_x, tmr_event_trigger_type tmr_event);
Dhredd WAl TMR FH45

MANSHA

tmr_x: iR TMR S, 280 DO | bz —
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MANZH 2

tmr_event: KELEST BRI TMR F44

it 28

¥

IR [BI{E

Stk okt

e F e 2

off [off | od

tmr_event

BEE PR H TMR 4

TMR_OVERFLOW_SWTRIG:

TMR_C1_SWTRIG:

A i A Y 2R
B iR EE 1 A

% 305 k7 2.0.6
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TMR_C2_SWTRIG: Bl B TE 2 FAE
TMR_C3_SWTRIG: B fi iE 3 F4F
TMR_C4_SWTRIG: A fih T 4 FAF
TMR_HALL_SWTRIG: BAFfim HALL F4F
TMR_TRIGGER_SWTRIG: BRAfih i R <A
TMR_BRK_SWTRIG: R A ik AN 2 A
i

l tmr_event_sw_trigger(TMR1, TMR_OVERFLOW_SWTRIG);

5.19.47 K ¥ tmr_output_enable
NERAFE T R E tmr_output_enable

% 440. K tmr_output_enable

mHE R
R4 tmr_output_enable
R Y void tmr_output_enable(tmr_type *tmr_x, confirm_state new_state);
ThRestiid Je AR A TMR % i f g
LN | tmr_x: FTiEER TMR #h%, S8kl E Kz —:
TMR1, TMRS8
MANZ¥ 2 new_state: HFEACE A TMR HidiRZs, wiE#HAM (TRUE) BZEA] (FALSE)
it 24 7
IR [E{H 7
SR kAT T
R FH R 2 ¥
A~

‘ tmr_output_enable(TMR1, TRUE);

5.19.48 ¥ tmr_internal_clock_set
AR T K% tmr_internal_clock_set

® 441. B tmr_internal_clock_set

W H Eii:3o)
R34 tmr_internal_clock_set
R ER T void tmr_internal_clock_set(tmr_type *tmr_x);
e ik WE TMR P
LN 2 tmr_x: Fri&#EH TMR 4%, %S 800T DUER E Kbz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMRS8, TMR9
i 24 7
IR [al{E 7
SR kAT 7
B H R 4 o
Bl

‘ tmr_internal_clock_set(TMR1);
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5.19.49

5.19.50

2025.04.25

BR%L tmr_output_channel_polarity_set

TR T BRE tmr_output_channel_polarity_set

R 442. K tmr_output_channel_polarity_set

B H iR

A EA tmr_output_channel_polarity_set

PR A void tmr_output_channel_polarity_set(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, tmr_polarity_active_type oc_polarity);

Thegfik B TMR i @ TE A

MWASHA

tmr_x: iR TMR Sk, 280 DO e bz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11

MASH 2

tmr_channel: 0} 2%i8E

MAZH3

oc_polarity: K Fe B [ s

frth 25

T

R EHME

etk 2FA

ek F e 2

of | off | ot

tmr_channel
WHE TMR EiE

TMR_SELECT_CHANNEL _
TMR_SELECT_CHANNEL _

1: M E N 48 IE 1
1C:  TEFEE M & L ANEE 1

TMR_SELECT _CHANNEL_2:  i&#%7ef 22iliE 2
TMR_SELECT _CHANNEL_2C:  #¥f 5 5 5 4hilid 2
TMR_SELECT _CHANNEL_3: k¥ 2ilis 3
TMR_SELECT_CHANNEL_3C: k¥ 38 5 il 3
TMR_SELECT _CHANNEL 4:  i&#%7& i 22iliE 4

oc_polarity
WE TMR @&

TMR_POLARITY _ACTIVE_HIGH: % H3@i& i
TMR_POLARITY _ACTIVE_LOW: i H3@i& H %

Bl

\ tmr_output_channel_polarity_set(TMR1, TMR_SELECT_CHANNEL_1, TMR_POLARITY_ACTIVE_HIGH);

PR %L tmr_external_clock_config

NEHR T A% tmr_external_clock_config

R 443. B tmr_external_clock_config

i H R

R34 tmr_external_clock_config

R T void tmr_external_clock_config(tmr_type *tmr_x, tmr_external_signal_divider_type
es_divide, tmr_external_signal_polarity_type es_polarity, uint16_t es_filter);

TyRe ik i & TMR ZhHd g

WASHA

tmr_x: iR TMR Sk, 280 DOk e bz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8

WASH 2

es_divide: 4MB{ES M REL
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W H i)

WMANZH 3 es_polarity: M55

MANZH 4 es_filter: AMEE T UEBE, WIHL 0x00~0xOF

12 [EME ¥

etk skAT ¥

B F R 4 ¥
es_divide
WE TMR FMBAE 5 704 R 2L
TMR_ES_FREQUENCY _DIV_1: M 55 04mA2E0N 1
TMR_ES_FREQUENCY _DIV_2: /M 55 a4 A%k 2
TMR_ES_FREQUENCY_DIV_4: 4MI{E 5 2R %50h 4
TMR_ES_FREQUENCY_DIV_8: #MifE 54 Z2%h 8

es_polarity

WE TMR FMBAE Z W
TMR_ES_POLARITY_NON_INVERTED:
TMR_ES_POLARITY_INVERTED:

Bl

HNERAS = B D v T B T
HNERAS T B IR T BN B

\ tmr_external_clock_config(TMR1, TMR_ES_FREQUENCY_DIV_1, TMR_ES_POLARITY_INVERTED, OXOF);

5.19.51

¥ tmr_external_clock_mode1_config

NERFER T %L tmr_external_clock_mode1_config

F 444. R¥ tmr_external_clock_mode1_config

TiH ity

R tmr_external_clock_model_config

R B T void tmr_external_clock_mode1_config(tmr_type *tmr_x,
tmr_external_signal_divider_type es_divide, tmr_external_signal_polarity_type
es_polarity, uint16_t es_filter);

DhRek FLE TMR MBI B 1 OO 225 Tt ep RIS B =X AD

LN 2|

tmr_x: Pk TMR 455, 22800 BLUEHUE Hpz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8

LN W

es_divide: AMTME 5 50 R %L

MANZH3

es_polarity: #MEB{E SN

MAZH 4

es_filter: AMHE S IEI{E, FIHL 0x00~0xOF

fnth 25

¥

iR el

Stk okt

1R FH BRI 2

of | off | et

es_divide

BE TMR SMBAE 5 0 AR EL

es_polarity

WE TMR AR 5

Bl

%% es_divide 7 HUH YL H

Wk, 2% es_polarity #57%& BUETE

\ tmr_external_clock_mode1_config(TMR1, TMR_ES_FREQUENCY_DIV_1, TMR_ES_POLARITY_INVERTED,

2025.04.25
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| 0XOF); ‘

5.19.52

TR T BREL tmr_external_clock_mode2_config

PR % tmr_external_clock_mode2_config

R 445. EK# tmr_external_clock_mode2_config

5.19.53

2025.04.25

T H Eitpa

PR EA tmr_external_clock_mode2_config

PR void tmr_external_clock_mode2_config(tmr_type *tmr_x,
tmr_external_signal_divider_type es_divide, tmr_external_signal_polarity_type
es_polarity, uint16_t es_filter);

Tyhe ik B E TMR AN B 2 O B2 25 Tk b (¥ 2R B s =X B

MAZHA

tmr_x: &R TMR 5%, 280 DOk e Koz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8

MASH 2

es_divide: AMIMES /4R

MAZH3

es_polarity: #MiB{E 5N

MAZH 4

es_filter: #MHE S UEPE, WHL 0x00~OxOF

i th 25

¥

iR el

Sk kAT

Wi F e

of | ol | et

es_divide

B TMR MR SR E, 2% es_divide B BUETEH

es_polarity

WE TMR SN SE, 2% es_polarity 25 HUE TG

Bl

0xOF);

tmr_external_clock_mode2_config(TMR1, TMR_ES_FREQUENCY_DIV_1, TMR_ES_POLARITY_INVERTED,

PR3 tmr_encoder_mode_config

NRHIA T PR EL tmr_encoder_mode_config

# 446. X¥ tmr_encoder_mode_config

T H ik

R tmr_encoder_mode_config

PR % A void tmr_encoder_mode_config(tmr_type *tmr_x, tmr_encoder_mode_type
encoder_mode, tmr_input_polarity _type ic1_polarity, tmr_input_polarity_type
ic2_polarity);

Dhretd B & TMR Zfg 285 =X

MANSHA

tmr_x: iR TMR S, 280 DOk | bz —
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8

MNSH 2 encoder_mode: ¥ EALE 402515
WA 3 ic1_polarity: i N\IEiE 1 1
WMAZH 4 Ic2_polarity: i NiBiE 2 i
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W H i)
it 25

12 [EME

Je ik A

B H R 4
encoder_mode

WHE TMR it 255 X
TMR_ENCODER_MODE_A: #Zwfid#sizt A
TMR_ENCODER_MODE_B: #Zwfid#sti=\, B
TMR_ENCODER_MODE_C: #uh&#stz{ C

ic1_polarity

WHE TMR A\ dEiE 1

TMR_INPUT_RISING_EDGE: T N IETE A RO BT
TMR_INPUT_FALLING_EDGE: i NIBiE A F0A i T BERy

off | off | ofl | o

TMR_INPUT_BOTH_EDGE: i NGB TE A RO BRI AT BV
ic2_polarity
WHE TMR A\ iEiE 2 et

TMR_INPUT_RISING_EDGE: i \ il ({975 B0y b
TMR_INPUT_FALLING_EDGE: i \ il {97 B0y F e
TMR_INPUT_BOTH_EDGE: i N R R0 A b TR R B
il

tmr_encoder_mode_config(TMR1, TMR_ENCODER_MODE_A, TMR_INPUT_RISING_EDGE,
TMR_INPUT_RISING_EDGE);

5.19.54 XK ¥ tmr_force output_set
AR T K% tmr_force_output_set

F 447. B tmr_force_output_set

TiH ity
R tmr_force_output_set
R B T void tmr_force_output_set(tmr_type *tmr_x, tmr_channel_select_type
tmr_channel, tmr_force_output_type force_output);
Dhredd WE TMR il H
MNZH tmr_x: iR TMR 4%, 2807 DUkE E Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8, TMR9, TMR10, TMR11
WMASHL 2 tmr_channel: 5233818
WIANSH3 force_output: 5% HLF
25 7
R [EME 7
So oAt 7
W F R 2 x
tmr_channel
#WE TMR @&

TMR_SELECT CHANNEL_1: %52 284 1
TMR_SELECT CHANNEL_2: i# 52 22iiid 2

2025.04.25
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TMR_SELECT CHANNEL_3: i&#¢E it 28ifi 3
TMR_SELECT CHANNEL_4: k5 2siEiE 4
force_output

Yo R P R A o ) FR T
TMR_FORCE_OUTPUT_HIGH:  3&#il CxORAW A
TMR_FORCE_OUTPUT _LOW:  #&#] CxORAW Jyfik
il

| tmr_force_output_set(TMR1, TMR_SELECT_CHANNEL_1, TMR_FORCE_OUTPUT_HIGH);

5.19.55 BR# tmr_dma_control_config
NFEAE T % tmr_dma_control_config

& 448. E# tmr_dma_control_config

mHE R
efe tmr_dma_control_config
R Y void tmr_dma_control_config(tmr_type *tmr_x, tmr_dma_transfer_length_type
dma_length, tmr_dma_address_type dma_base_address);
e ik FiE TMR DMA #% i
LN | tmr_x: FTiEER TMR #h%, ZS80TDUEi e Kz —:
TMR1, TMR2, TMR3, TMR4, TMR5, TMR8
WSS 2 dma_length: DMA 1&55 %
WA 3 dma_base_address: DMA &4k
i 24 7
R [EME 7
SR kAT 7
R FH R 2 7
dma_length
B DMA f&ef 714, 3% 18 PMrfi S
TMR_DMA _TRANSFER_1BYTE: 1A

TMR_DMA_TRANSFER_2BYTES: 2
TMR_DMA_TRANSFER_3BYTES: 3

TMR_DMA_TRANSFER_17BYTES: 17 Ay
TMR_DMA_TRANSFER_18BYTES: 18 iy
dma_base_address

W E DMA e fmisthhl, M TMR #5748 1 s mts, s
TMR_CTRL1_ADDRESS
TMR_CTRL2_ADDRESS
TMR_STCTRL_ADDRESS
TMR_IDEN_ADDRESS

TMR_ISTS_ADDRESS

TMR_SWEVT_ADDRESS

TMR_CM1_ADDRESS

TMR_CM2_ADDRESS

TMR_CCTRL_ADDRESS

2025.04.25 3R &2 2.0.6
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TMR_CVAL_ADDRESS
TMR_DIV_ADDRESS
TMR_PR_ADDRESS
TMR_RPR_ADDRESS
TMR_C1DT_ADDRESS
TMR_C2DT_ADDRESS
TMR_C3DT_ADDRESS
TMR_C4DT_ADDRESS
TMR_BRK_ADDRESS
TMR_DMACTRL_ADDRESS
~Fi

\ tmr_dma_control_config(TMR1, TMR_DMA_TRANSFER_8BYTES, TMR_CTRL1_ADDRESS);

5.19.56 ¥ tmr_brkdt_config
NERFEAR T R L tmr_brkdt_config

* 449. ¥ tmr_brkdt_config

mHE R

A€ tmr_brkdt_config

R Y void tmr_brkdt_config(tmr_type *tmr_x, tmr_brkdt_config_type *brkdt_struct);

ThRestiik Bt B TMR R FE A58 R BE X i (]

MANSHA tmr_x: PR TMR 4%, ZS80TDUERE Kz —:
TMR1, TMRS8

WMASH 2 brkdt_struct: #5145 #4& tmr_brkdt_config_type {154t

i 24 7

R [BE 7

SR kAT 7

R FH R 2 7

tmr_brkdt_config_type structure
tmr_brkdt_config_type £ at32f413_tmr.h

2025.04.25

typedef struct

{
uint8_t deadtime;
tmr_brk_polarity_type brk_polarity;
tmr_wp_level_type wp_level;

confirm_state
confirm_state
confirm_state
confirm_state
} tmr_brkdt_config_type;
deadtime

auto_output_enable;
fcsoen_state;
fcsodis_state;
brk_enable;

B ESLIX S E], AJHL 0x00~0xFF

brk_polarity
R ZE A A

TMR_BRK_INPUT_ACTIVE_LOW.: &8 Mt 1 iBF

312 R
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5.20

2025.04.25

TMR_BRK_INPUT_ACTIVE_HIGH: RIZE4 AR PE Ty = e

wp_level

WEESRER

TMR_WP_OFF: <[5 14"

TMR_WP_LEVEL_3: 3 &5 {RYy", LT bit frs2 5 Ry

- TMRx_BRK: DTC. BRKEN. BRKV I AOEN

- TMRx_CTRL2: CxIOS #il CxCIOS

TMR_WP_LEVEL_2: 2 X5 4R¥%", & 3 HESRIMINEESL, LUR bit A3z 5 R
- TMRx_CCTRL: CxP fil CxCP

- TMRx_BRK: FCSODIS #ll FCSOEN

TMR_WP_LEVEL_1: 1 &5 4RY", B2 HERPMINEESL, LUR bit AL H32 5 R
- TMRx_CMx: CxOCTRL £ CxOBEN

auto_output_enable

H it liRg, ArikFR A (TRUE) 2iZ5H (FALSE)

fcsoen_state

ST AR ADIRES, F TG E B BN (I8, 7R 8 SRS T o A se I
(OEN=1) Hf{iEIERE

FALSE: M CxOUT/CxCOUT %t

TRUE: JFJ3 CxOUT/CxCOUT #itht, %t NI 1

fcsodis_state

SV G IR AIRAS, F TG B B FR M R0EE, 7658 IS A TTAE HH 4 H A e OC P
(OEN=0) i [iEERE

FALSE: M CxOUT/CxCOUT %t

TRUE: JFJ3 CxOUT/CxCOUT #itt, %t Nas il B

brk_enable
FIZEAfRE, AEREA (TRUE) 5iZ5H (FALSE)
Nl

tmr_brkdt_config_type tmr_brkdt_config_struct;
tmr_brkdt_config_struct.brk_enable = TRUE;
tmr_brkdt_config_struct.auto_output_enable = TRUE;
tmr_brkdt_config_struct.deadtime = 0;
tmr_brkdt_config_struct.fcsodis_state = TRUE;
tmr_brkdt_config_struct.fcsoen_state = TRUE;
tmr_brkdt_config_struct.brk_polarity = TMR_BRK_INPUT_ACTIVE_HIGH;
tmr_brkdt_config_struct.wp_level = TMR_WP_OFF;
tmr_brkdt_config(TMR1, &tmr_brkdt_config_struct);

BEHRSRPW RS (USART)

USART & f7#s 451 usart_type, & XT3 “at32f413_usart.h” Ui :
[
* @brief type define usart register all
*/
typedef struct
{

F 33| k7 2.0.6
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} usart_type;

TREH T USART Zifise i,

% 450. USART RN E

FIH iR
sts AR R
dt Bt 75 A7 45
baudr PR AT A
ctrl1 2 FF A7 A 1
ctrl2 Pt 2 A7 4% 2
ctrl3 Pt 2 77 4% 3
gdiv LRAP S IR TR 434025 745
FRAH T USART & pREE
% 451. USART ERHE K
LA iR
usart_reset Fi48 5 i USART 4% 75 47 88 B 47
usart_init PSR BR A AR IR A AT W
usart_parity_selection_config K46 77 AT 58
usart_enable AMEATRE R B
usart_transmitter_enable AN RIEFRE IR E
usart_receiver_enable SRR B
usart_clock_config [F25 ThAE AT At v . AR S5k I
usart_clock_enable [F]20 Dy ge b B AF R I B
usart_interrupt_enable Tl RE I B
usart_dma_transmitter_enable DMA KA iRt &
usart_dma_receiver_enable DMA #ifiife i &
usart_wakeup_id_set Mg 1D 1 E
usart_wakeup_mode_set g P AR 4
usart_receiver mute_enable RS AR i BRAE A R
usart_break_bit_num_set WrFF i B i B
usart_lin_mode_enable lin B0 fERER B
usart_data_transmit s ik
usart_data_receive Hm ik
usart_break_send RIEWTTF iR B
usart_smartcard_guard_time_set e AR R I H) % B
usart_irda_smartcard_division_set AN e RAR R A B
usart_smartcard_mode_enable BRe R R E
usart_smartcard_nack_set BHERH NACK iR i B
usart_single_line_halfduplex_select AR TR e i
usart_irda_mode_enable ZLAME A R E
usart_irda_low_power_enable ZLAME AT FE AR B

2025.04.25
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usart_hardware_flow_control_set

HIECRE AR A e BB

usart_flag_get

KrERE N flag IR T Eil

usart_interrupt_flag_get

KA 48 7 1 h T flag RS2 15 B il

usart_flag_clear

kR TEE M flag IR E

5.20.1 K% usart_reset
NERAE T AL usart_reset

& 452. K usart_reset

i H Had
A€ usart_reset
PR void usart_reset(usart_type* usart_x);
ThRestiid 1 USART A I 27 A7 38 AL
MANZH usart_x: fHEMH L4, W USART1. USART2. USART3...
MANZH 2 W
IR [EME 7
Se kAT I
15 18 FH R B crm_periph_reset
il
[* reset usart1 */
usart_reset(USART1);

5.20.2 BK%{ usart_init
NRIIA T KL usart_init

* 453. BR¥ usart_init

TiH Eii:py
R usart_init
R B T void usart_init(usart_type* usart_x, uint32_t baud_rate, usart_data_bit_num_type
data_bit, usart_stop_bit_num_type stop_bit);
Thredd BeRREE . B AL RS B AL AT 1 E
LN usart_x: FEEME 4ME, W: USART1. USART2. USARTS...
WANSH 2 baud_rate: & I7# F 198 R4S %
MAZH3 data_bit: 5 1 & 07 %
MNZH 4 stop_bit: {5 1A 5%
25 7
R [EME 7
So oAt MR AR I B2 R A RE A7 00 T BEAT 1€
Wik F pa 2 x
data_bit

5 1 TR A B0 58 2

USART_DATA 8BITS: ##zf 58 Hy 8-bit
USART_DATA 9BITS: ##zf 58y 9-bit

2025.04.25
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5.20.3

5.20.4

stop_bit

A 38 TR FH A 1A o

USART_STOP_1 BIT: 1IN B9 1 A bit
USART_STOP_0 5 BIT: 15 1L 58 2 0.5 4~ bit
USART_STOP_2 BIT: 1= 1AL 98 FE 9 2 A bit
USART_STOP_1 5 BIT: 15 IEAL 58 2 1.5 A~ bit
il

/* configure uart param */
usart_init(USART1, 115200, USART_DATA_8BITS, USART_STOP_1_BIT);

B ¥ usart_parity_selection_config

N AR T K% usart_parity_selection_config

% 454. K usart_parity_selection_config

T H Eii:pa
R4 usart_parity_selection_config
PR E R Y void usart_parity_selection_config(usart_type* usart_x,
usart_parity_selection_type parity);
ThRestiid BT AT W E
MANZH usart_x: fHEMH L4, W: USART1. USART2, USART3...
MWANZH 2 parity: £ 38 TR A 10 Hed 456 77 20
a2 8 x
IR [E{H 7
So oAt I
W e 2 I
parity

TR A 8 e R 58 77 30
USART_PARITY NONE:  Ef:il
USART_PARITY _EVEN: &
USART_PARITY_ODD: R
Bl

/* config usart even parity */
usart_parity_selection_config(USART1, USART_PARITY_EVEN);

¥ usart_enable

R T A EL usart_enable
% 455. E# usart_enable

T H ik
ZERAEA usart_enable
R ER T void usart_enable(usart_type* usart_x, confirm_state new_state);
TyRe ik HMBAEREBCE
MANSHA usart_x: fHEMH L4, W: USART1. USART2, USART3...
WASH 2 new_state: WEMFRE, g (TRUE) kEE (FALSE)
2025.04.25 T % 316 | - fR7 2.0.6




<[

5

AT32F413[E 4 FEBSP&Pack M FHIE S

BH

[P

it 24

iR el

Sk kAT

e F pa 2

off | off | ofl | o

Bl

/* enable usart1 */

usart_enable(USART1, TRUE);

5.20.5 BKi¥{ usart_transmitter_enable

NERHIA T R usart_transmitter_enable

& 456. F# usart_transmitter_enable

H #iR
R usart_transmitter_enable
PR # 5 A void usart_transmitter_enable(usart_type* usart_x, confirm_state new_state);
Thread HMBURIAERE B E
MANSHA usart_x: fHEMIH O4M%, W: USART1. USART2. USART3...
MNZH 2 new_state: WEIVHVIRG, i (TRUE) kfE (FALSE)
it 2% W
pA I[N 7
Sk ok AF x
Bl H R 2 7
Nl
[* enable usart1 transmitter */
usart_transmitter_enable(USART1, TRUE);

5.20.6 ¥ usart_receiver_enable
T AR T K% usart_receiver_enable

2025.04.25

& 457. E# usart_receiver_enable

BH

[P

i€

usart_receiver_enable

#

x| =
e

void usart_receiver_enable(usart_type* usart_x, confirm_state new_state);

Difiedtiid

S vzl e B B

MASHA

usart_x: fEEMED4ME, W: USART1. USART2. USARTS...

MANZH 2

new_state: W EIHCIRZE, a8 (TRUE) %kEE (FALSE)

i 25

¥

IR [BI{E

SR KA

Wik F pa 2

off | o | eft

Bl

/* enable usart1 receiver */

usart_ receiver _enable(USART1, TRUE);

®3MTH
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5.20.7 ¥ usart_clock_config
NERAE T R %L usart_clock_config

3+ 458. E ¥ usart_clock_config

BiH #R
PR EA usart_clock_config
PR 2 A void usart_clock_config(usart_type* usart_x, usart_clock_polarity_type clk_pol,
usart_clock_phase_type clk_pha, usart_lbcp_type clk_Ib);
Thegfig [F) 5 DO RE AN B Al A . ARG kAT BB
LN | usart_x: fEEM A O4ME, W USART1. USART2. USARTS...
MANZH 2 clk_pol: [R5 Dyt Al F i i e e
MWMANZH3 clk_pha: [F]25 e Tl I iR £z
MANZH 4 clk_lb: [FDfERIE — B HHE KB 5 — A bit BiE Cleifn) I Bho 5o
ot 28 x
pAEIf ) 7
So koAt x
W e 2 x
clk_pol
I35 Dy Re s e A 1

USART_CLOCK_POLARITY_LOW: Wit Ak
USART_CLOCK_POLARITY_HIGH: £ 4 S ey H~F

clk_pha
[ 25 Dy se it e AE A7

USART_CLOCK_PHASE_1EDGE: Il Ay s — At
USART_CLOCK_PHASE_2EDGE: 4l A4 — ANt

clk_Ib

)20 Dh e S s Je — A bit I B st

USART_CLOCK_LAST_BIT_NONE:

TCIS Bl H

USART_CLOCK_LAST_BIT_OUTPUT: £ k%t

Bl

/* config synchronous mode */

usart_clock_config(USART1, USART_CLOCK_POLARITY_HIGH, USART_CLOCK_PHASE_2EDGE,
USART_CLOCK_LAST BIT_OUTPUT);

5.20.8 E¥ usart_clock_enable
AR T 2% usart_clock_enable

2025.04.25

% 459. E¥ usart_clock_enable

T H ik
ZERAEA usart_clock_enable
AR Y void usart_clock_enable(usart_type* usart_x, confirm_state new_state);
TyRe ik [ A Ty e ) e 8 i B

WASHA

usart_x: FEEMH SN, 1. USART1. USART2. USARTS...
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BiH Ei: o)
BINZH 2 new_state: EIIFUIRA, ik (TRUE) kft (FALSE)
R [EME I
So oAt x
Wi F e 2 x
2Nl
/* enable clock */
usart_clock_enable(USART1, TRUE);

5.20.9 BR¥ usart_interrupt_enable
NERIA T %L usart_interrupt_enable

5.20.10

2025.04.25

% 460. F# usart_interrupt_enable

TiH ik
ef e usart_interrupt_enable
BRI 2R Y void usart_interrupt_enable(usart_type* usart_x, uint32_t usart_int, confirm_state
new_state);
Thiefhid o B fak R 1
MWNZHA usart_x: fEERIE L4, @1: USART1. USART2. USARTS...
WASH 2 usart_int: $55E [ R
HMANSH3 new_state: WEMIHTIRZ, figE (TRUE) k#e (FALSE)
24 7
I B 7
S AF 7
Wi F R 7
usart_int
i 72 A H BT
USART _IDLE_INT: S 2 TR HR
USART_RDBF_INT: U buff 35+ Wy
USART_TDC_INT: 3% HHE 5
USART_TDBE_INT: RIEFHE buff 25K
USART_PERR_INT: RIS 1%
USART _BF_INT: W iz 0 B
USART_ERR_INT: Rl

USART_CTSCF_INT:

2N

CTS (Clear To Send i&[& k&%) Ak bl

/* enable usart1 transmit complete interrupt */
usart_interrupt_enable (USART1, USART_TDC_INT, TRUE);

¥ usart_dma_transmitter_enable

R AR T K% usart_dma_transmitter_enable

% 319\
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% 461. EK# usart_dma_transmitter_enable

5.20.11

BiH #R
A€ usart_dma_transmitter_enable
PR T void usart_dma_transmitter_enable(usart_type* usart_x, confirm_state
new_state);
Thegfig DMA Ki&ffife i &
MANSEA usart_x: fHEMIH M4, W: USART1. USART2. USART3...
BINZH 2 new_state: EIIFUIRA, ik (TRUE) kit (FALSE)
th =% 7
Il ) P
Se kg AF 7
Bl H R 4 7
Nl
/* enable dma transmitter */
usart_dma_transmitter_enable (USART1, TRUE);

K ¥ usart_dma_receiver_enable

AR T K% usart_dma_receiver_enable

5.20.12
NEHIA T R EL usart_wakeup_id_set

2025.04.25

F 462. ¥ usart_dma_receiver_enable

A i3}
ERAE usart_dma_receiver_enable
R Y void usart_dma_receiver_enable(usart_type* usart_x, confirm_state new_state);
et DMA Feliffifg i B
MANSHA usart_x: fHEMIH O4M%, W: USART1. USART2. USART3...
MINZH 2 new_state: WEIVHVIRA, i (TRUE) kfE (FALSE)
it 24 ¥
IR [FIE &
SR kAT ¥
R FH R 2 ¥
N
/* enable dma receiver */
usart_dma_receiver_enable (USART1, TRUE);

¥ usart_wakeup_id_set

#+ 463. FR¥ usart_wakeup_id_set

T H ik
R usart_wakeup_id_set
R ER T void usart_wakeup_id_set(usart_type* usart_x, uint8_t usart_id);
TyRe ik Ml ID W&
MANSEA usart_x: fHEMH C4M%, W: USART1. USART2. USART3...
MINSH 2 usart_id: 7FE 5 E MR 1D
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5.20.13

2025.04.25

BH

[P

it 24

iR el

Sk kAT

e F pa 2

off | off | ofl | o

Bl

/* config wakeup id */

usart_wakeup_id_set (USART1, 0x88);

B3 usart_wakeup_mode_set

NERHIA T %L usart_wakeup_mode_set

3+ 464. K usart_wakeup_mode_set

H #iR
Refe usart_wakeup_mode_set
BRI 25 Y void usart_wakeup_mode_set(usart_type* usart_x, usart_wakeup_mode_type
wakeup_mode);
Dhred g AR =X 1
MANSEA usart_x: fHEMIH D4, W: USART1. USART2. USART3...
MINSH 2 wakeup_mode: ¥ & M ER AR 5
it 2% W
A EIRN 7
Sk ok AF x
B F eR 2 7

wakeup_mode

M BROIR S ) T e i A X v

USART_WAKEUP_BY_IDLE_FRAME:
USART_WAKEUP_BY_MATCHING_ID:

N

FRUSCE 2 PR it g i
W BIUTHT 1D AT ne i

/* config usart1 wakeup mode */
usart_wakeup_mode_set (USART1, USART_WAKEUP_BY_MATCHING_ID);

5.20.14 ¥ usart_receiver_mute_enable

T EHIR T Bk % usart_receiver_mute_enable

£ 465. ¥ usart_receiver_mute_enable

A iR
ZERAEA usart_receiver_mute_enable
R Y void usart_receiver_mute_enable(usart_type* usart_x, confirm_state new_state);
Difiedtiik R E BB U R R E
HINSH1 usart_x: #REMH H4ME, W: USART1. USART2. USARTS...
MASH 2 new_state: EMHRA, fifE (TRUE) k#g (FALSE)
i 24 7
IR A 7

hRAs 2.0.6
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BH EiE:p4y
PSS ¥
ek i ek % x
Bl

/* config receiver mute */
usart_receiver_mute_enable (USART1, TRUE);

5.20.15

K ¥ usart_break_bit_num_set

NEIA T K # usart_break_bit_num_set

Z 466. PK# usart_break_bit_num_set

A i3}
DA EA usart_break_bit_num_set
R E R Y void usart_break_bit_num_set(usart_type* usart_x, usart_break_bit_num_type
break_bit);
DhRedtiik W i
MANSHA usart_x: eI M4, W: USART1. USART2. USART3...
WSS 2 break_bit: iR i 257
i 24 7
IR [FME 7
Se kAT 7
B R 7
break_bit
W T T B2 1 E

USART_BREAK_10BITS: Kk & istE A 10 4 bit
USART_BREAK_11BITS: WiFFmikfE & e~ 11 4> bit

N

/* config break frame length 10bits */
usart_break_bit_num_set (USART1, USART_BREAK_10BITS);

5.20.16

B¥ usart_lin_mode_enable

NEHIR T % usart_lin_mode_enable

# 467. B ¥ usart_lin_mode_enable

T H ik
R usart_lin_mode_enable
PR B T void usart_lin_mode_enable(usart_type* usart_x, confirm_state new_state);
Thegfig lin A58 X fa RE B &
INZHA usart_x: #REMH H4ME, W: USART1. USART2. USARTS...
MINSH 2 new_state: R EIFUIRA, i (TRUE) kBt (FALSE)
25 7
R [EME I
So oAt 5
W F R i

2025.04.25
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Bl

/* enable usart1 lin mode */
usart_lin_mode_enable (USART1, TRUE);

5.20.17

¥ usart_data_transmit

FERAIA T PR usart_data_transmit

3+ 468. E ¥ usart_data_transmit

WA ik
A€ usart_data_transmit
PR void usart_data_transmit(usart_type* usart_x, uint16_t data);
ThRestiid Bl hix
MANSH usart_x: fHEMH L4, W USART1. USART2. USART3...
MANSH 2 data: 752 KI%EARE
it 24 o
IR A o
Seth kAT 7
B R FH R 2 7
Bl
/* transmit data */
uint16_t data = 0x88;
usart_data_transmit (USART1, data);

5.20.18

B ¥ usart_data_receive

T HEAER T K # usart_data_receive

% 469. E¥ usart_data_receive

TiH Eii:py
ERAE usart_data_receive
R B T uint16_t usart_data_receive(usart_type* usart_x);
Dhred EVEEIAL
HNSH usart_x: ¥EERIE OAME, W: USART1. USART2. USARTS...
MANZH 2 7%
it 25 7%
IR [ uint16_t: i [l 0 o H e
So oAt 7
W F R 7
2Nl
[* receive data */
uint16_t data = 0;
data = usart_data_receive (USART1);

5.20.19

PR ¥ usart_break_send

NERIA T % usart_break_send

2025.04.25
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% 470. K ¥ usart_break_send

=
m

[P

H4

=

usart_break_send

R K

=
ST

void usart_break_send(usart_type* usart_x);

Thaedtik

FIEWTTT TR E

LN 2|

usart_x: &M CI4ME, f1: USART1. USART2. USARTS...

WASH 2

x

it 24

R EHME

SR KA

W F R 2

off | off | off | ot

N

/* send break frame */

usart_break_send (USART1);

5.20.20

K ¥ usart_smartcard_guard_time_set

NEIA T ¥ usart_smartcard_guard_time_set

* 471. B# usart_smartcard_guard_time_set

5.20.21

A i3}
A EA usart_smartcard_guard_time_set
PR 3 void usart_smartcard_guard_time_set(usart_type* usart_x, uint8_t
guard_time_val);
Difedtiik B e RAR ORI N 8] 1
MANSHA usart_x: fHEMIH O4M%, W: USART1. USART2. USART3...
MINSHL 2 guard_time_val: FZ & &I E, JEHE: 0x00~0xFF
it 24 ¥
IR [FIE &
SR kAT ¥
R FH R 2 ¥
N
/* usart guard time set to 2 bit */
usart_smartcard_guard_time_set(USART1, 0x2);

¥ usart_irda_smartcard_division_set

R AR T R % usart_irda_smartcard_division_set

2025.04.25

% 472. EK¥ usart_irda_smartcard_division_set

TiH ik
PR 42 usart_irda_smartcard_division_set
PR % A void usart_irda_smartcard_division_set(usart_type* usart_x, uint8_t div_val);
TyRe ik ZLAMAVE e R AR 2 A
MANSEA usart_x: fHEMH C4M%, W: USART1. USART2. USART3...
WMASH 2 div_val: Z4ifE
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BH

[P

it 24

iR el

Sk kAT

e F pa 2

off | off | ofl | o

Bl

/* usart clock set to (apbclk / (2 * 20)) */
usart_irda_smartcard_division_set(USART1, 20);

5.20.22 K% usart_smartcard_mode_enable

NEFER T %L usart_smartcard_mode_enable

& 473. E# usart_smartcard_mode_enable

H #iR
R usart_smartcard_mode_enable
PR # 5 A void usart_smartcard_mode_enable(usart_type* usart_x, confirm_state
new_state);
Dhred B AR E
MANSEA usart_x: fHEMIH D4, W: USART1. USART2. USART3...
MNZH 2 new_state: WEIVHVIRG, i (TRUE) kfE (FALSE)
it 2% W
A EIRN 7
Sk ok AF x
Bl H R 2 7
Nl
[* enable the smartcard mode */
usart_smartcard_mode_enable(USART1, TRUE);

5.20.23 K% usart_smartcard_nack_set

NI T K% usart_smartcard_nack_set

R 474. K usart_smartcard_nack_set

T H R

ZERAEA usart_smartcard_nack_set

R T void usart_smartcard_nack_set(usart_type* usart_x, confirm_state new_state);
Thegfig R REM NACK ffRE B E

HINSH1 usart_x: #REMH H4ME, W: USART1. USART2. USARTS...
MINSH 2 new_state: % EMHRA, ik (TRUE) kA (FALSE)
25 7

IR [al{E 7

So okt W

B R FH ok 4 p
~Fl

/* enable the nack transmission */

2025.04.25
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l usart_smartcard_nack_set(USART1, TRUE); ‘

5.20.24 ¥ usart_single_line_halfduplex_select

TR T pR% usart_single_line_halfduplex_select

R 475. E# usart_single_line_halfduplex_select

i H Had
PR EA usart_single_line_halfduplex_select
PR void usart_single_line_halfduplex_select(usart_type* usart_x, confirm_state
new_state);
ThRedtiid AR T AR
MANZH usart_x: fHEMH L4, W: USART1. USART2. USART3...
MANZH 2 new_state: EMHRA, g (TRUE) kfig (FALSE)
a2 8 x
IR [F{H o
So oAt I
W F e 2 I
il
/* enable halfduplex */
usart_single_line_halfduplex_select(USART1, TRUE);

5.20.25

B ¥ usart_irda_mode_enable

T AR T K # usart_irda_mode_enable

% 476. ¥ usart_irda_mode_enable

TiH Eii:py
ERAE usart_irda_mode_enable
PR 2 B void usart_irda_mode_enable(usart_type* usart_x, confirm_state new_state);
Dhred MR AT B E
MANSHA usart_x: fHEMIH O4M%, W: USART1. USART2. USART3...
MINZH 2 new_state: WEIVHVIRA, i (TRUE) kfE (FALSE)
it 25 7
IR [AME 7
So oAt 7
B H R 4 7
2Nl
/* enable irda mode */
usart_irda_mode_enable(USART1, TRUE);

5.20.26

PR ¥ usart_irda_low_power_enable

T AR T PR % usart_irda_low_power_enable

2025.04.25
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5.20.27

5.20.28

2025.04.25

% 477. K¥ usart_irda_low_power_enable

BiH #R
A€ usart_irda_low_power_enable
PR T void usart_irda_low_power_enable(usart_type* usart_x, confirm_state
new_state);
Thegfig LA R DI FEE RE B B
MANSEA usart_x: fHEMIH M4, W: USART1. USART2. USART3...
BINZH 2 new_state: EIIFUIRA, ik (TRUE) kit (FALSE)
th =% 7
Il ) P
Se kg AF 7
Bl H R 4 7
Nl
/* enable irda lowpower mode */
usart_irda_low_power_enable (USART1, TRUE);

PR ¥ usart_hardware_flow_control_set

AR T K% usart_hardware_flow_control_set

 478. ¥ usart_hardware_flow_control_set

A iR
ERAE usart_hardware_flow_control_set
PR 3 void usart_hardware_flow_control_set(usart_type*
usart_x,usart_hardware_flow_control_type flow_state);

Difedtiik HBCRE AR A

MANSEA usart_x: fHEMIH O4M%, W: USART1. USART2. USART3...

MINSHL 2 flow_state: HIERTKE

it 24 ¥

R [EME ¥

SR kAT &

R FH R 2 ¥
flow_state
USART_HARDWARE_FLOW_NONE: PR e Tl
USART_HARDWARE_FLOW_RTS: A A A AE F rts
USART_HARDWARE_FLOW_CTS: A A ots

USART_HARDWARE_FLOW_RTS_CTS:

Bl

TR rts 5 ots SLFEMEH

/* hardware flow set none */
usart_hardware_flow_control_set (USART1, USART_HARDWARE_FLOW_NONE);

¥ usart_flag_get

TNRHIA T L usart_flag_get

® 32TH
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% 479. K usart_flag_get

BiH #R
A€ usart_flag_get
PR T flag_status usart_flag_get(usart_type* usart_x, uint32_t flag);
Thegfik AT 4R 2 1 flag &G EE
MANSEA usart_x: fHEMIH O4M%, W: USART1. USART2. USART3...
HMANSH 2 flag: kAN flag br&
th =% 7
R EHME flag_status: R[FLIREFRE, Bl (SET), RE# (RESET)
Se ik AF 7
iR H B 2 7
flag

USART_CTSCF_FLAG:
USART_BFF_FLAG:
USART_TDBE_FLAG:
USART_TDC_FLAG:
USART_RDBF_FLAG:
USART_IDLEF_FLAG:
USART_ROERR_FLAG:
USART_NERR_FLAG:
USART_FERR_FLAG:
USART_PERR_FLAG:

CTS (Clear To Send j&Br K i%) ZibhnE
W7 it b 2

Ki% buff bR &

R 5E R

FRUSCEE buff s &

2 IR b &

Pl bR

g 5 A AR

T AR

EAE L 0k R I

N

/* wait data transmit complete flag */
while(usart_flag_get (USART1, USART_TDC_FLAG) == RESET);

5.20.29 K% usart_interrupt_flag_get

MR T %L usart_interrupt_flag_get

Z* 480. E % usart_interrupt_flag_get

iH

E(i7p%)

i€

usart_interrupt_flag_get

#

x| =
e

flag_status usart_interrupt_flag_get(usart_type* usart_x, uint32_t flag);

Difiedtiid

K48 1) flag IR 27 Bl

MASHA

usart_x: fEEMEH D48, W: USART1. USART2...

MASH 2 flag: TR EM flag #5 &

i 24 7

IR [FE flag_status: RFELIRZSHRE, BiL (SET), KEE (RESET)
So okt 7

R FH eR 4 7

flag

USART_CTSCF_FLAG:
USART_BFF_FLAG:
USART_TDBE_FLAG:
USART_TDC_FLAG:

CTS (Clear To Send j&br K i%) ZibhrE
W it b

Rk buff ThrE

R 5E R

% 328 |
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USART_RDBF_FLAG:
USART_IDLEF_FLAG:

USART_ROERR_FLAG:

USART_NERR_FLAG:
USART_FERR_FLAG:
USART_PERR_FLAG:

B

5.20.30

5.21

2025.04.25

PN buff filitr &
2 PR s &
Pt i A &

M 7 R TR AR 8
UK R R AN

HE KA RAR &

{
}

/* check received data flag */
if(usart_interrupt_flag_get(USART1, USART_RDBF_FLAG) != RESET)

B3 usart_flag_clear

NERIIA T R usart_flag_clear

* 481. EK¥ usart_flag_clear

A iR
R usart_flag_clear
R E R Y void usart_flag_clear(usart_type* usart_x, uint32_t flag);
ThRestiik BTG 2 1 flag REARE
MANZH usart_x: fHEMH L4, W USART1. USART2. USART3...
MANSH 2 flag: 482K flag Fr&
it 24 7
IR [E{H 7
SR kAT ¥
R FH eR 2 ¥
flag

USART_CTSCF_FLAG:
USART_BFF_FLAG:
USART_TDC_FLAG:
USART_RDBF_FLAG:
i

CTS (Clear To Send &R %) ABhrd
W iSO &

Rk 5 bR &

BB buff i &

/* clear data transmit complete flag */
usart_flag_clear (USART1, USART_TDC_FLAG );

E1 74 (WDT)

WDT ZFA7 35451 wdt_type, & S T30 “at32f413_wdt.h i -

/**

* @brief type define wdt register all

*/
typedef struct
{

& 329 1
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} wdt_type;

TRGH T WDT FA7486 50

F 482. WDT FHRMMFE

FhH iR
cmd i A AFA
div TG S e A7 3
rid EE oy
sts REFHAE
TRAEH T WDT &R
# 483. WDT ER R K
i Eii:3o)
wdt_enable I ge
wdt_counter_reload HE R
wdt_reload_value_set o E EHE
wdt_divider_set T E A
wdt_register_write_enable 4% WDT_DIV. WDT_RLD %1788 5 {#4
wdt_flag_get IR &
5.21.1 K# wdt_enable
NERHIA T K%L wdt_enable
% 484. B wdt_enable
WA Ei::3%)
R wdt_enable
A5 Y void wdt_enable(void);
ThRe sk &I fliRe
HINSH 7
25 7
R [EME 7
Stk AT 7
W FH R 2 7
N
‘ wdt_enable();
5.21.2 X ¥ wdt_counter_reload
TRHIA T R %L wdt_counter_reload
X 485. K ¥ wdt_counter_reload
HiA i)
PR EA wdt_counter_reload
PR 25 A void wdt_counter_reload(void);

2025.04.25
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BH EiE:p4y
Bl g (ipuy Et
MAZHA 7
it 5
iR el
Sk kAT
e F pa
Bl

l wdt_counter_reload();

of | ol | o] et

5.21.3 ¥ wdt_reload_value_set
NERIIA T %L wdt_reload_value_set

% 486. EK¥ wdt_reload_value_set

H #iR
Refe wdt_reload_value_set
BRI AR Y void wdt_reload_value_set(uint16_t reload_value);
Dhread WE E
LN 2| reload_value: FE#HH, Yl 0x000~0xFFF
ot 28 x
I ) 7
Sk ok AF x
B H R 2 7
Nl

‘ wdt_reload_value_set(OxFFF);

5.21.4 X¥ wdt_divider_set
R T K% wdt_divider_set
% 487. E¥ wdt_divider_set

A i3}
ZERAEA wdt_divider_set
PR 3 A void wdt_divider_set(wdt_division_type division);
Difeftiik WE AU
HINSH1 division: & [ 143 $ifH
S EAT: division & B B 2 %24 e v UE G
i =4 7
IR [EME 7
SR kAT 7
R FH eR 4 7
division
I A
WDT_CLK_DIV_4: 4 5340
WDT_CLK_DIV_8: 8 734

2025.04.25 # 3311 &2 2.0.6
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WDT_CLK_DIV_16:
WDT_CLK_DIV_32:
WDT_CLK_DIV_64:
WDT_CLK_DIV_128:
WDT_CLK_DIV_256:

B

16 734
32 734t
64 739
128 734t
256 714l

| wdt_divider_set(WDT_CLK_DIV_4);

5.21.5 BR¥ wdt_register_write_enable
NERAIR T K% wdt_register_write_enable

% 488. ¥ wdt_register_write_enable

A i3}
EiRA €A wdt_register_write_enable
PR E R Y void wdt_register_write_enable( confirm_state new_state);
IheeRid R4 WDT_DIV. WDT_RLD 2 £ 8 5 {54
LN new_state: 7728 (HHE
ZSHOTLUERE H 2 —: TRUE. FALSE
it 24 7
IR [FH 7
SR okt 7
R FH R 2 ¥
A~

‘ wdt_register_write_enable(TRUE);

5.21.6 K% wdt_flag_get

FERIA T A% wdt_flag_get

% 489. E¥ wdt_flag_get

A Ei:13%)

ERAE wdt_flag_get

PR 2 A flag_status wdt_flag_get(uint16_t wdt_flag);

Thiefhig FREbR EADRAE

HINSH flag: % ZARHCIRZS A5 ik %
ZSEVEIRGA I flag

S I

IR Al {E flag_status: #5EL ARG
R EE A Nz —: SET. RESET

Je kAt 7

B FH R 2 7

flag

i B e ZRCIR S Obe &, LR SEE ST

WDT_DIVF_UPDATE_FLAG: 3 BB S T 5
WDT_RLDF_UPDATE_FLAG: & # i ¥ 52 ibn

2025.04.25
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A~
| wdt_flag_get(WDT_DIVF_UPDATE_FLAG);

5.22

5.22.1

2025.04.25

HOEIH (WWDT)

WWDT 7 {745 4544 wwdt_type, & X+ 30 “at32f413_wwdt.h 7T :

/**

* @brief type define wwdt register all

*/
typedef struct
{

} wwdt_type;

TREGH T WWDT Z 748 5 Y

3+ 490. WWDT FFHR MR

TS iR
ctrl P A7 4%
cfg Tic B 2 A7 3%
sts RE AT

THREHE T WWDT FERES .

% 491. WWDT EER¥a%

il 81 Ei::3oN
wwdt_reset EARES Ry =KD
wwdt_divider_set P Erar ey
wwdt_flag_clear TEBRE TS R WA R
wwdt_enable EARESmE ik d
wwdt_interrupt_enable A BT R
wwdt_flag_get Fr B3R
wwdt_counter_set THERE
wwdt_window_counter_set & HEHEE
K% wwdt_reset

NERAA T RE wwdt_reset
+ 492. B¥H wwdt_reset
W H i3
R wwdt_reset
P Ot void wwdt_reset(void);
ThRedtik WOEI VRN, BE OF AR AR E
HINZH 7
25 7

k2% 2.0.6
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2025.04.25

BiH Ei: o)
A EIf ) P
So oAt x
U8 FH pR 2 void crm_periph_reset(crm_periph_reset_type value, confirm_state new_state);
2Nl

‘ wwdt_reset();

5.22.2 ¥ wwdt_divider_set

NERIA T K% wwdt_divider_set

% 493. E# wwdt_divider_set

H #iR
A EA wwdt_divider_set
BRI AR Y void wwdt_divider_set(wwdt_division_type division);
Dhread gikaract

LN 2|

division: & O& | 144> e
SR FEY: division B 2 1% S5 R F YA TS

it 5

iR el

Sk kAT

W F R 2

off [ off | ort | od

division
ARERETF 27T

WWDT_PCLK1_DIV_4096:
WWDT_PCLK1_DIV_8192:
WWDT_PCLK1_DIV_16384: 16384 43-4il
WWDT_PCLK1_DIV_32768: 32768

N

\ wwdt_divider_set(WWDT_PCLK1_DIV_4096);

5.22.3 K ¥ wwdt_enable

FERAE T K% wwdt_enable

£ 494. R wwdt_enable

W H i3
R wwdt_enable
PR % A void wwdt_enable(uint8_t wwdt_cnt);
Digeftik WA
MAZHA wwdt_cnt: & HETIRTHEER9IE, i 0x40~0x7F
i =4 o
12 [EE o
Jath kAT 7
B H R 4 7
~Hl
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l wwdt_enable(0x7F);

5.22.4 FK#¥ wwdt_interrupt_enable

NERAIAR T K% wwdt_interrupt_enable

R 495. EK# wwdt_interrupt_enable

i H

ity

H4

wwdt_interrupt_enable

R | =
e

void wwdt_interrupt_enable(void);

Thae i

HETH A W g

MINSH

T

fnth 25

R EHME

k2K At

ek F e 4

o [ofl | off | ot

Bl

‘ wwdt_interrupt_enable();

5.22.5 EK¥ wwdt_counter_set

R T K% wwdt_counter_set

® 496. E# wwdt_counter_set

A i3}
ERAE wwdt_counter_set
PR 3 J A void wwdt_counter_set(uint8_t wwdt_cnt);
ThRedthiR AR E
MANSHA wwdt_cnt: & LA HITHEE, i 0x40~0x7F
it 24 7
IR [FIME ¥
SR kAT ¥
R FH R 2 ¥
N

‘ wwdt_counter_set(0x7F);

5.22.6 K ¥ wwdt_window_counter_set

NRHIA T A% wwdt_window_counter_set

# 497. B ¥ wwdt_window_counter_set

W H i3
R wwdt_window_counter_set
AR Y void wwdt_window_counter_set(uint8_t window_cnt);
ThRestik MERE
MANSEA wwdt_cnt: & AT THE HME, (i 0x40~0x7F
i 24 7

2025.04.25
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5 B ik
R fi x
SE AT %
LLLEE: %
il

‘ wwdt_window_counter_set(0x6F);

5.22.7 ¥ wwdt_flag_get
NRAE T R % wwdt_flag_get

# 498. E¥ wwdt_flag_get

H #iR

A€ wwdt_flag_get

BRI AR Y flag_status wwdt_flag_get(void);
Dhread BRI BT P TR SRS
MNZH I

it 2% W

IR [EME flag_status: FrELHPRES

ZIREE Y2 —: SET. RESET

So kAt I

Bl H B 4 7
Nl

‘ wwdt_flag_get();

5.22.8 K% wwdt_interrupt_flag_get

FERAIA T R E wwdt_ interrupt_flag_get

F 499. E# wwdt_ interrupt_flag_get

A i3}
ERAE wwdt_interrupt_flag_get
PR 3 flag_status wwdt_ interrupt_flag_get(void);
ThRedtik BN an A e el T et T S 2 T A B T A A
LN 7
i 24 7
IR Al {E flag_status: #5EL ARG
ZIREE Yz —: SET. RESET
SR kAT 7
R FH e 7
N

‘ wwdt_ interrupt_flag_get();

5.22.9 ¥ wwdt_flag_clear

NERAE T R % wwdt_flag_clear

2025.04.25

% 336 |

hRAs 2.0.6



1= AT32FA13[E # FE B SP&Pack 57 Al #&

* 500. K% wwdt_flag_clear

WH i)
A€ wwdt_flag_clear
i gkt void wwdt_flag_clear(void);
ThRefR THRRE HH R T TR
BNZH 7
it 25 7
AL 7
Se kR AF 7
e F ok A 7
~pl

‘ wwdt_flag_clear();
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6.1

6.1.1

2025.04.25

EREMR
RS

W T 2L CAT I A2 R demo HdEAT RS Ui TiE B AL 5 %5 0€ L device #MFRID B, 12
AT PR A A ST RS R SO RN A, AP 51 T MCU B 570 5E SR R R
PR ARAG X PR T AR B B SO iR R AT S (LU AR LA at32f403avgt? 1F 7R il
s HARRIN SRS IESINES IEED, BEUNEEEAML: 1. K device, 2. BT EE
X

KEIL 71 2-4%:

&4 device, #AELIRAIERUIT:
@© s EEAFE“Options for Target”.
@ i Device i .

@ IEPETHREY)HM Device BT,

& 29. Keil & device

File Edit View Project Flash Debug Peripherals Tools 5VCS  Window Help

EELIEEE-Y | | B Te| FE A UE| B s 2 Q- o &-|[F) &
L @ M %g template |Z| ﬁ ’ ‘_? @
-
Project 2B k4 Options for Target “template’ | P |
=714 Project: template 2
543 template [Tevice | Target | Output | Listing| User | C/CH | Asn | Linker | Debug | Utilities
0 user
B3 bsp |Soﬂ'f\'are Packs J
EF firmware Vendor: AderyTek Software Pack
B cmsis Device: -AT32F403AVGTT Pack: |AmeryTek AT32F403A_407_DFP.209
L0 readme Toolset: ARM URL:  www. keil. com/ddZ
Search: |

1 -AT32F402ARGT7 j AT32F4is a new 32-bit high performance, low power consumption -
universal microcontroller family powered by the ARM Cortex-M4 RISC —

&3 -AT32RI03AVCTT core which targeted at various MCL application areas.

21 _AT3I2F403AVETT @ AT32F4 family intearates features to simplify system design and

m

provide customers wide mnge of comprehensive and superior cost
£3 [-AT32F403AVGTT effective MCU portfolios with proven technology and great

e AT32F405 innovation

% aT32RI07 AT32FAD3A - ARM Cortex-M4 Core
“§ AT32F41x Series Frequency upto 240 MHz

X Fash access zero wait state

% AT22FA2x Series Single-cycle multiplier and hardware divider
#% ATI2F43x Series NVIC support 16 intemal, 68 extemal intemupts, each has 16 priorty

. levels

4 b -

[1:4 | Canecel Defaults | Help

BEUR 5 %58 S, BRI P IRAE R

@© A diEARFE“Options for Target”.

@ Al CIC++ETF

@ ¥ Define F=H4 J5iA 7Y 5 % IMIFR, HRIEE 1 ARSNTFEYHRA S 1% € Lo

% 33| A 2.0.6
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& 30. Keil BuRE X

File Edit “iew Project Flash Debug Peripherals Tools SVCS Window Help

NEdd| s @]9 o

o | B R BB

1E 1| @ o Jarla-e s e |E) A

-0 readme

EE e[ enpie EISEER )
k] Options for Target “template’ XS
k3 Opt g p L J
=% Project: template ——
5545 template Devica | Target | Output | Listing| User  [/TFF |em | Linker | Dabug | Utilities
a user .
: bsp Prep Symbols 3
E firmware Define: IﬂT}ZFmVGW.PSE_STDPERIPH_DRIVER.AT_START_FM»‘\_V1
0 emsis Undefine: I

— Language / Code Generation

™ Execute-only Code [~ Stict ANSIC Wamings: INI Wamings 'I

Optimization: ILEVeI 000 vl [~ Enum Container always int [T Thumb Made
I~ Optimize for Time ™ Plain Char is Signed ™ Mo Auto Includes
I~ Split Load and Store Multiple ™ Read-Only Position Independertt [~ €58 Mode
¥ One ELF Section per Function ™ Read-Wiite Posttion Independent I GNU extensions
|”g:tae I..\..\. M Mibrarieshdriversting:. A5\ Mibraries'\cmsis\cmd'core_support . b5 ibrariesvemsis'om4 J
5
Misc I
Controls
Compiler  |-c —cpu Cortex-M4 fp sp g 00 -apes=interwork —split_sections - ../../../__Abraries/drivers./inc -1 s
control |../../../. Aibraries/cmsis/emd./core_support - /.7 ../ Abraries/cmsis/cmd./device_support - __/inc -|
string =
()4 Cancel Defaults Help

6.1.2

2025.04.25

IAR R S)#

&4 device, #AESRAE /R TF:

1%+ General Options.
e Target.
RO IEAE.

@® e

PR E V1) Device 5,

MU Ar B sy TRE4%, JFEEFE Options.. .

# 339
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& 31. IAR I device

@ template - 1AR Embedded Workbench IDE - Arm 8.22.2 ActiveSemi > [=[@] % ]
Altera »
Edit View Project CMSIS-DAP Tools Window Help
AmbigMicro >
AnalogDevices »
ARM »
Debug ArteryTek , AT32F403
Files O B . Axell > AT32FA03A > ArteryTek -AT32F403ACCT7
Cal
ltemplate - Debu: ereaow @ Broadcom » AT32FA07 » ArteryTek -AT32F403ACCUT
bsp c )
s . Eeye Cirrus » AT32FA13 » ArteryTek -AT32F403ACETT
M firmware . Runtime Checking Cypress » AT32F415 » ArteryTek -AT32F403ACEUT
® W readme C/C++ Compiler Library Gptioms 2 [ MISmcCo004 [ wIse Epson » AT32FA21 » ArteryTek -AT32FA03ACGT7
m B user . Assembler Target | Gutput | Library Configwation | Library
o vt Comverter Faraday » AT32F425 » ArteryTek -AT32F403ACGU7
= utpul 13 t b
s Custom Buld Fesssser varien Fujitsu y AT32FA35 y ArteryTek -AT32F403ARCT7
; :
Buid Actions © Core Lotett =] @ g > AT32F437 » ArteryTek -AT32F403ARET?
Linker @ Deviee JorteryTek ~AT3ZF40GAVGTT =8
Debugger HDSC > AT32FA0c V1 > ArteryTek -AT32F403ARGTT
Smulator © OMSTS-Fack ] Hilscher » AT32L021 » ArteryTek -AT32F403AVCTT
CADL
cmsIS AP Endian mode  Flosting point settings Haltek | ATIZWE4LS »|  ArteryTek -AT32FA03AVET?
g [ arionTek -ATS2R0AVGTT ]
DB Server @ L. . (ot e Infineon ArteryTek -AT32F403AVGT7
Liet/TTAGHEt Big Lapis 3
IHink1-Trace BE32 D Linear 5
I Stellaris @ BES
:;"“_"k [ JAdvanced SIND (FEQN) P 4
nﬂ';:: [710SF Extemsion [ ]TrustZone Mediatek 4
Third-Party Driver Microchip ,
TIMSPFET Micronas »
Es Microsemi ,
w [ o R

NetSilicon »

NaordicSemi »

Nuvoton 3

NXP »

‘ONSemiconductor »

Redpine S

Renesas »

Samsung 3

sC »

SiliconLaboratories 3

Socle 3

Sonix 3

ST »

i Texasnstruments ’
Debug Log Toshiba 3
Log Unimap 3
SatMay 07. 2022 11:00:35: IAR Embedded YWorkbench .22 2 (CiProgram Files (xBERAR Systems\Embedded YWorkbench § Vorago »

| armproc.dll) Xilinx »

Ratban 17 2022 110038 | nadine the CAMEIS-TIAP driver

BT % E S, AP R W R

© BArf S S TREY, JREE Options....

@ #:#% C/C++ Compiler.

® i Preprocessor &1 .

@ ¥ Defined symbols 1 i 5 (1978 5 i SUMBR, HRAR 1 PUA 5\ B DI 5 1922 XL

2025.04.25 £ 340 W JRZs 2.0.6
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& 32. IAR iR E X

@ template - AR Embedded Workbench IDE - Arm 8.222 [=[E] = ]

File Edit View Project CMSIS-DAP Tools Window Help

ERaa N - A= K5 D C

Debug -

Files w & .

=) ltemplate - Debug [v ] | Category Facto Seflings

B bsp ) General Options Multi-ile Compilation

 cmsis . Static Analysis [ Discard Unused Publics

W firmware - Runtime Cheding '2)

i readme | msmac:i9s8 | Encodings | Extrs Options |

W user . Assembler Langusge 1 | Langusgs 2 [Code [ Optimizations | Dutput [List |

i Output Qutput Converter [ e or | | Diagnostics |  MISEA-C:2004

Custom Build

Build Actions [zenere s(mda@)nclud direc

SFROT_DIES
Simulator grm: nlg:

FROT 1]
cant SPRITDIRS. . hine
CMSLS DAP SPROT_DIES".
DB Server R
Lexmacet reinclude
I-Link/3-Trace
1 Stellaris

CDefined syubols: (one per
Nu-Link A

PE micro

17

5 CTRIVER
STAINK AT_START_F403A_V1
Third-Party Driver
TIMSP-FET
TIXDS

6.2 Keil i H A Jlink TTHER D] IC b8

TE—SRERRIG O, TR BEAFIN Keil i TA20H 45 2 TN R J5 KRB F T Digm Bl id, ff
F ICP AT LAIE R #R 2] IC, {2 Jlink $ANE] IC.

G s BN R

HiREEHY—

B 33. sriREERE—

EA J-Link v7.20b Device Selection ? X

The selected device "-AT32F403AVETT" is unknown to this wversion of the J-Link software.
FPlease make sure that at least the core J-Link shall connect to, is selected
Proper device selection is required to use the J-Link internal flash loaders

for flash dosnlead or unlimited flash breakpeoints.

For some devices which require s special handling, selection of the correct device is important.

2025.04.25
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A 34. HRELBE=

JLink - Cortex-M Error >

ffﬂ_-'\- Mo Cortex-M Device found in JTAG chain.

| :
‘S Please check the JTAG cable and the connected devices.

BE

R Y=

B 35. HHREEHE=

pWision et

l'-: Error: Flash Download failed - Target DLL has been cancelled

WEE

fil I
Step 1: 7£ LIE2 A3 JLinkLog, JLinkSettings /> 304k e

& 36. JLinkLog # JLinkSettings

» AT32F403A 407 Firmware Library » project » at start f403a » examples » adc » combine |

Fas

BAR &M HER =) F
listings 2022/2/2219:28 43k
objects 2022/2/2219:28 443k
~ combine_ mode ordinary simultuvoptx 2022/2/22 19:28  UVOPTX 3Z{4 12 KB
combine mode ordinary simult 2022/2/2219:28  HEision5 Project 17 KB
- JlinkLog 2022/2/22 19:28  SAIMRY 7 KB
.« JLinkSettings 2022/2/22 1927 EEEE 1KB

Step 2: i miiifEEiA#E->Debug, EF “Unspecified Cortex—M4”
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& 37. Unspecified Cortex—M4

=
Manufacturer

Selected Device: Cortex—MM4

ﬂ SEGGER J-Link VW7.20b - Target device settings

Little Endian | Core #0 ~

*

Device Core MumCores Flash Size ~
vIF'.'.-.e:' VIF:'_-.e: 1

Unzpeoi fied AEMT AEMT

Unzpecified ARMG ARMG

Unzpeeci fled AFM11 AFM11

Unspecified Cortex—AS Cortex—AS

Unspecified Cortex—hAT Cortex—AT

Tnzpecified Cortex—hS Cortex—AZ

Unspeci fied Cortex—h2 Cortex—A2

Unzpeei fied Cortex—hAlZ Cortex—AlZ

Unzpeoi fied Cortex—ilB Cortex—AlE

Unzpecified Cortex—AlT Cortex—Al7
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