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ARFEX, Serial Peripheral Interface (SPI) O#&#RE% v % TSPI_SLAVE_RECEIVE 4> 7 /v 7 K
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BB DS, BMEMERE £/, el T AREOSE L L CIRABEWE T,

2. FARE
m/MBREE | BR
BSP Board Support Package
CG Clock Control and Operation Mode
CRC Cyclic Redundancy Check
DMA Direct Memory Access
Timer T32A : 32-bit Timer Event Counter
TSPI TOSHIBA Serial Peripheral Interface

3.BETARXaAVE

F¥axYk ]
T—2—F MATHMCUNDT—E L — FEBBLTIESL
VIF7LYAR=aTI MATAEIPDYI7LUVRARZa7LESBLTLESD

FIUr—3v)—k

MCU F|FEBAE MY 5 MCUMABRBAEEZSHR LTI ESW

© 2023 2023-10-16
Toshiba Electronic Devices & Storage Corporation 3/ 20 Rev 1.0



TOSHIBA

Application Note

A.®WEHTNTOTS5 L

P rIwil=VisIN

S

TSPI SLAVE RECEIVE

SP| i@ {E#AE(Slave ZIELEBYDH > TIL

5. @R

H>FILY Tk main

Board{kiFEE

Board Support
LED sw Timer Package
(LEDSSAT/SHAT 4038) (SWIRAELIE) (Ims%-< 4ug) (R— N&ESE
)
PORT CG T32A TSPI DMA CRC
RUT TSIV RUT T SILEIE RUTTSIVERD | | RUTTSIVEIE| | RUTTSIVEIE | | <UD TSI
PORT CG T32A TSPI DMA CRC
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6. 4> FILFAH 5L : TSPI_SLAVE_RECEIVE

SPI iB{EHERED Slave ZFMESREZ M L T, AA v TF 2T 5 L ZE/FHIREIZRY ., T7—7%
56 T Z I LED O S THEIT 2810 B2 507 vy 7 T,
oYY 7 M, FIFO £721% DMA OEIRMNETRE T,

6.1. BifE - BRIFHE

BSP_LED_2 . BSP_LED_3, BSP_LED_4 ZiE4I L %7,
BSP PSW 1 ## 425 &, BSP LED 3. BSP LED 4 #H/T L., T—F YV A X5DFT—F252Z5 L%
T T—A YA REBR I IIEE L £, BSP_LED_2 O SATIRREGEAT « AN 20 Bz £97,
SPI read =7 —2354 L7284, BSP_LED 3 # 5T LE 7,

25T —4% O CRCE L HH L7 CRCENRA—E DA, BSP_LED_4 % £SU4T LT,

6.2. ERT HHLRE

9 DRRREIL FRED LB D T,
BSP Channel ® Port %19 4 Tid, MCU AJHFHAE LSRN E T,

I

(ll

IP F I B 1
TSPI BSP_TSPI_1 SPI&EfE
T32A BSP_T32A TIMER_1 AB—N)LEAT—
PORT ‘e .
(Push-Switch) BSP_PSW_1 ARV K NYH—
BSP_LED 2 LED Dl
PORT(LED) BSP_LED 3 LED Ol f#
BSP_LED 4 LED Dl

6.3. AT 5FYiAH

&l Y A A B
T32A 24 <T—A
INTT32A00A Ims BEAAR—ANYIUE—A VP YA b, SWIRIER
*1 SPI Z{EEIY) ;A H
*2 SPI T5—2|YAH
INTDMAATC DMA EE#R T E Y A A
INTDMAAERR DMA TS5 —ZIY)AH

*1 SBK-M4KN D354, 7 INTSCORX”, AdBun-M3HQF10 @354, 7 INTTIRX”
*2 SBK-M4KN D34, 7 INTSCOERR”,  AdBun-M3HQF10 @354, 7 INTT1IERR”

6.4 22274 L—>3Y
main.c 27 4 VL — 3 VERTE

arvI«449L—>3ay BREE B
F— R4 X (B byte)
DATA LENGTH 14 a2/ LR A v F CHK_CODE MFFEIZL >

TI6ISHEESNFEYS

CHK_CODE CHK_CODE_CRC16 CHK_CODE_CRC16, CHK_CODE_CRC32 A"

Y EZATRE
RX_MODE FIFO_MODE FIFO_MODE., DMA MODE At Y) & % mJ &
RX_FILL_LEVEL 4 245 Fill LRJVERTE
6.5. 2—=F IV T FHAH
FRICHEL
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7. 7974 ET714—HK
7.1. main

BSP#IRAE
bsp_initialize()

A 4

variable#)f#i{t
variable_initialize()

Y
[ Driver#IfE

driver_initialize() j—[%ﬂﬁﬂ{bﬁ’iﬁi]‘l

[ IS—TOtRICHE j

[#IERTERRIN] proc = PROC_ERROR

< |
hl

A 4

Application#IH{t
[ application_initialize() (FIRBfERAS] l

IS—JOERICHE
proc = PROC_ERROR

[#08R4 IJESZIJJ]

< |
Il

[FIFO_MODE:% 7]

TSPIYIRA{E
[ tspi_initialize() j*[wﬁmb*ﬂy]j

IS—JOBRICHE
proc = PROC_ERROR

[#IRMERRTN]

>
«

A 4
LED1,2,3ilT
led_turn_off(&instance.led[1])
led_turn_off(&instance.led[2])
led_turn_off(&instance.led[3])

l
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timer. start(8instance.timer)

[FIFO_MODE#E]

(FIFO_DLET O]
ROC_FIFO_IDLE)

swig
Sw_task(&instance sw{i])

[eswomEET]

RIS

o TS

i, L7062
{Phoc Firo mec)

AR
¥

(R [E‘E‘m{bﬂ

TSPLEAHHE
NVIC_EnablelRQ
(osp_get Tspl e e

)
Wit Erapeti
(bsp_get_tspi_rx_err_nvic
(BSP_TSP1_n%)

FIFO_T5—7OLACHE
proc = PROC_FIFO_ERROR

27— REH 27— 52EH
receive.state = RECV_IDLE | | receive.state = RECV_IDLE

FIFO_S@ITT DERICHE
e T i D

o kIOt
roc Aed, Finiaeo)

<}mm«sm

[FIFoCZES]

<}reemm

[(BEBESLE]

TSPImE
tspi_stop(&instance.tspi_rx_o
b))

TSPIBARRIL
NVIC_DisablelRQ

(B5P_TSPL 1

FIFO_RE7—SHRTOLR

proc = PROC_FIFO_CMP.

[T5-70E2088]
Application#t TR
application._finalize()
Drivertt 748
driver_finalize()
BspHTIE
bsp_finalize()

MMAKN/MN DIFE . n=0. M3H DIZ AL, n=1

© 2023

Toshiba Electronic Devices & Storage Corporation

7120

2023-10-16
Rev 1.0



TOSHIBA

Application Note

b [FII

FO_SEF —SILRTOUR]
(PROC_FIFO_CMP)

[CHK_CODE != CRC16]
[CHK_CODE = CRC16]

(raoagpremen ) ([ croecg w1

CRCLSASME
REG_CRCTYP_set
(TS8_CRC, param)
REG_CRCCLC,set

CRCLSZIHE
REG_CRCTYP_set
(TSB_CRC, param)
REG_CRCCLC_set

(TSB_CRC,
REG_CRCCLC_DEFAULT_VAL
16)

]

TSB_CRC,
REG_CRCCLC_DEFAULT VAL
32)

[£BET—9FMR]

BERF—5TY b
work

((work << 8U) |
((uint32_t)*ptr)

[2F—HRHEDIBE]

(@S % 4 = 3]

CRCANF—FHE [FEEBEIEK % 4 1= 3]

(87— SMBRTOHE)

I
[F-594Z%4=1]
Z % 4=0]

I 1
[F-591X % 4=2] [F-591X % 4=3]

CRC/\SX—5RIE
param.dbit =
REG_CRC_DBIT_8bit

CRONSX—SHBIE CRC/(SX—FRIEL
param.dbit = param.dbit =
REG_CRC_DBIT_16bit REG_CRC_DBIT_16bit

(TSB_CRC, work)

param.cfmt = reg param.cfmt = reg param.cfmt = reg
CRCL SRIRE CRCLSATBE CRCLSZRIBEL
REG_CRCTYP_set REG_CRCTYP_set REG_( P_set
(TSB_CRC, param) (TSB_CRC, param) (TSB_CRC, param)
REG_CRCDIN_set REG_CRCDIN_set REG_CRCDIN_set

(TSB_CRC, work) (TSB_CRC, work)

CRC/(SA—9HE2

param.cfmt = reg

CRCLIZOMIEL
REG_CRCTYP_set
(TSB_CRC, param)
REG_CRCDIN_set
(TSB_CRC, work)

CRCHMEREE

val[0] =
REG_CRCCLC_get(TSB_CRC)

val1] =
REG_CRCCLC_get(TSB_CRC)

[CHK_CODE != CRC16]

[CHK_CODE = CRC16]

BEF—IRBRIEN
(CRC_16)

BEF—IRIERIEH
(i

RC_32)

— SRR

[LEDTSY 1= 1]
(LEDTSY = 1]

LEDO sTiniE
n(8instance

[BEF-oREBD]

FIFO_IDLETOtR(CRE
proc = PROC_FIFO_IDLE

LED3 satTaL®
led_turn_on(8instance.led[3])

T
[FIFO_T5—70t2]
(PROC_FIFO_ERROR)

TSPI®
tspi_stop(8instance.tspi_r
x_obj)

TSPIEBAHRIE
NVIC_DisableIRQ
(bsp_get_tspi_rx_nvic
(BSP_TSPL_n
NVIC_DisablelRQ
(bsp_get_tspi_rx_em_nvic(BS
P_TSPI_ni))

FIFO_IDLEY Ot R(CHEE
proc = PROC_FIFO_IDLE

LED2 gaTanse
led_turn_on(ginstance.led[2])

(EETOERMH
(default)
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[DMA_IDLETO22]
(PROC_DMAC_IDLE)

swam
sw_task(8instance.sw[i])

[RIEDSW;

[ESWOMBHT]

N> TNB]

[DMA_BETOE2]
(PROC_DMAC_RECV)

NVIC_EnablelRQ

( INTDMAATC_IRQn )
NVIC_EnablelRQ

( INTDMAAERR_IRQn )

tspi_dma_receivelt(&instance.tspi
_dma,
&instance.tspi_dma super.receive
info)

(s

DMA_T5-JOtRCHE
proc = PROC_DMAC_ERROR

[CEt 2]

(

[R7—5Z = BiE®]

[RF—52 = B

[RF—5R = BEXH]

[BERI)
¥

[RF—H2 = BEKHUN]

DMA_BEIRTIOCACHE

proc =
PROC_DMAC_FINISHED.

ARBELISH]

(DM O]

A_EfRF
(PROC_DMAC_FINISHED)

TSPIAF—5 28
tus(&instance. tspi
bj, &status)

[BEBFFIL]

<

[REFIFOZ]
TSPIE
tspi_stop(&instance.tspi_d
ma.super]

DMABAZSRIE
NVIC_DisableIRQ
(INTDMAATC_IRQn )
NVIC_DisablelRQ
( INTDMAAERR_IRQn )

DMA_BEF—SHETOLZ
proc = PROC_DMAC_CMP
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€ [DMA %7 — ST OCA] T O AL
[DMA_TS—70t%]
(PROC_DMAC_ERROR)
[CHK_CODE 1= CRC16)
[CHK,CODi: CRC16]
CRC16MCRCL SRS WIEM CRC32(DCRCL SR WIEM
onE onE tspi_stop(8instance.tspi_d
ma.super
CRCL S ATHE CRCLSZAIME .
[ oz DuamE
(TSB_CRC, param) (TSB_CRC, param) (INTOMAATC_IRQn )
REG_CRCCLCset REG_CRCCLC,set NVIC. DisabielRO
(TSB_CRC, (TSB_CRC, 1A
REG_CRCCLC_DEFAULT_VAL. REG_CRCCLC_DEFAULT_VAL. (INTOMAAERR_IRQn )
16) 32
DMA_IDLET Ot RICEIE
proc = PROC_DMAC_IDLE
LED2 safTins
led_turn_on(8&instance.led[2])
BEF ST~
work =
((work << 8U) |
((uint32_t)ptr)
=4 RoBE]

[HEE2EIEK % 4 1= 3]

(27— SRR TOHE]

[F-5PAZ %4 = 1] [F-5Y1Z %4 =2] [F-994X % 4=3]
[F-9Y4X % 4=0]
CRCASA—HE CRC/(SA—FBE CRC/(S A —SHEL
param.dbit = param. dbi
REG_CRC_DBIT_8bit REG_CRC_DBIT_16bit ¢
mt = reg param. cfmt = reg param.cimt

CRCL S ZIRIE CRCLSZIBE CRCLSZIBIEL
REG CRCTYP_set REG_CRCTYP_set REG_CRCTYP_set
(TSB_CRC, param) (TSB_CRC, param) (TSB_CRC, param)
REG_CRCDIN_set REG_CRCDIN set REG_CRCDIN.set
(TSB_CRC, work) (TSB_CRC, work) (TSB_CRC, work)

CRCHMRBREE

CRC/ASA—SHE2

REG_CRC_DBIT_8bit
param.cfmt = reg

CRCLSZSMIEL
REG_CRCTYP_set
(TSB_CRC, param)
REG_CRCDIN_set
(TSB_CRC, work)

val[0] =
REG_CRCCLC_get(TSB_CRC)
i =

valfl] =
REG_CRCCLC_get(TSB_CRC)

[CHK_CODE != CRC16]
[CHK_CODE = CRC16]
BEF—SREERISN BEF—SRERRIEN
(CRC_16) (CRC_32)
[BEF—SRAEL]
[BlE7—SR%BD]
(LEDISY 1= 1]
[LEDDSY = 1]
¥
LEDO 74058 LEDO sT4LE DMA_IDLET O 2 (C8E
led_turn_off(8instance.led[0]) led_turn_on(8instance.led[0]) proc = PROC_DMAC_IDLE

DMA_IDLED Otz RICHIE
proc = PROC_DMAC_IDLE

LED3 s
led_turn_on(&instance led[3])
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7.2. variable_initalize

TimerA7 S & MIRAE

[T32A7|‘7910 NIRE j

Ve

[ SWAT 1o hMIRRE j [REITDSWH'H BHBA]

<

[ESWZRE UILIHBE]

2

[ LEDAT 1o hIH{E j [REIBLEDN'H B15HE]

<

[ZLEDZRE LIEBA]

~

[FIFO_MODEZ&TE ]

TSPIAT 1o hIfA{E

A 4

FIFO_IDLED’OTRICEE
proc = PROC_FIFO_IDLE

)

[FIFO_MODEZSTE IU4H]

DMAC_IDLEZOERICHE
proc = PROC_DMAC_IDLE

h 4

(

TSPIAT 10 MR
DMAAT Sx o ML

)

®
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7.3. driver_initialize

Fr ORNBESBE
bsp_get_timer_ch

(BSP_TIMER_1MS)

[ch1Diz&] [ch20iB&] [ch3DiB&] [ch4Diz&] [ch5Di5E] [HEEF v RIS DIBE]
[choDizE]
v
T32A%T ST U M T32AAT 1 U MM T32AAT S1 U Mc T32AAT SO M T32AAT ST U M T32AAT 1 U MM T32AAT 51U b
T32Ach0D7 RL R ZE1&H T32Ach1D7 RL R &1E# T32Ach207 RL R &1&# T32Ach3D7 RL R Z1&#H T32Ach4D7 RL R Z1&# T32Ach50D7 RL 2 &1E# NULLARA > 5% 1&0
p_t32a->p_instance p_t32a->p_instance p_t32a->p_instance p_t32a->p_instance p_t32a->p_instance p_t32a->p_instance p_t32a->p_instance
= TSB_T32A0 = TSB_T32A1 = TSB_T32A2 = TSB_T32A3 = TSB_T32A4 = TSB_T32A5 = MAIN_NULL
A 4
T32AAT ST U MMC
E-RLSR50D
AR BRTE B

p_t32a->init_mode.mode.halt =
T32A_DBG_HALT_STOP
p_t32a->init_mode.mode.mode =
T32A_MODE_16

T32AMMAE
t32a_mode_init(p_t32a)

[#IHAMEERRS] [#DERAERRTH]

ROEEIS—(CRE
result = TXZ_ERROR

®

7.4. driver_finalize

p_t32a->p_instance =
MAIN_NULL

©2023 2023-10-16
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7.5. application_initialize

1ms Timer#Iis%E

A 4

1ms Timer#I#A{t
timer_initialize(p_timer)

N

[ LED#DHA 5847 j
A 4

LED#IRA{E
led_initialize(p_led)

[BRE I BLEDN'D B155]

~

[£LEDZRE UIEIBAE]

'

[ SWHIRIEE j

A 4

SWHIRA{E
sw_initialize(p_sw)

[BRETBSWHEHDHBE]

~

[ESWZERE LIBE]

@-
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7.6. application_finalize

?*

SWHET
sw_finalize [(RET DSWh'BDIHE]
(&instance.sw[i])

[

[ESWZE LB

|

LED#T
led_finalize [BRE T BLEDN'HDIHE]
(&instance.led[i])

[2LEDERELESA]

il

timer_stop

HAI—EIE
(&instance.timer)

) 4
[ T32A#T

timer_finalize
(&instance.timer)

—

[DMA_MODERE] [DMA_MODEREMS]

DMA#T
dma_deinit
(&instance.dma)

RUEETAn]

[RUEEESHY|

ROEZIS—(CERE
result = TXZ_ERROR

A 4

DMAL S X FH#RI
instance.dma.p_instance
= MAIN_NULL
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7.7. tspi_initialize

[FIFO_MODEZRE]

FrORINBSIE
bsp_get_tspi_rx_ch
(BSP_SFLASH_0)

[choDiBE]
v

[ch1DigE] [EEF v RIS DEE]

TSPIAT ST U BT
TSPIChOD7 KL RZ=1E#
instance.tspi_rx_obj.p_ins

tance = TSB_TSPIO

TSPIAT ST UM
NULL/RA > 5 ZH&#
instance.tspi_rx_obj.p_ins
tance = MAIN_NULL

TSPIAT ST U BT
TSPICh1D7 RL RAZ1EM
instance.tspi_rx_obj.p_ins

tance = TSB_TSPI1

h 4

TSPIYIHARE

[TSPI#IHARTE (CchT” K L RA&#]

[FIFO_MODE&EMUSH]

FrORINEBSWE
bsp_get_tspi_rx_ch
(BSP_SFLASH_0)

[ch1DiBE] [EEF v RISt D5EE]

[choDiBE]
h 4

TSPIAT ST UM
NULLARA > 518
instance.tspi_dma.super.p
_instance = MAIN_NULL

TSPIAT ST U BT
TSPIch1D7 KL XZ1E#
instance.tspi_dma.super.p

_instance = TSB_TSPI1

TSPIAT ST U M
TSPIChODF KL X Z1E#
instance.tspi_dma.super.p

_instance = TSB_TSPIO

4
BE
E

¥

[TSPI#IEAEETE (CNull_Pointert&i#]

DMA#IHHE
dma_init(&instance.dma)

TSPI#IRAE
tspi_init(&instance.tspi_rx_obj)

(

)—[%}Jﬂ}i{ (&539]
A 4

ROEZIS—(CRE
result = TXZ_ERROR

)

%%

[#DHR{ERIN]

4 D(EEI:—(J&E

[%JJ%EH (&S]
result = TXZ_ERROR ]

HMAKN/MN D

h 4

TSPI_DMA#A{t
tspi_dma_init
(&instance.tspi_dma)

%%

bAkIh]

I:r—j’EHZZ(-.ﬂE

[%}JEEH (&S5
[#D5]
proc = PROC_ERROR ]

BE 1. n=0. M3H DIBZEIL. n=1
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7.8. sw_state_change_handler

[SWHFENTWVSIBE]
»
Lad
[SWHRESN TLRWMEE]
[PSWl*ODi%@] [SWOBRENE > TLB]
LED2,3 iHITaE
led_turn_off
(&instance.led[2])
led_turn_off
[F5R2 T BPSWHH BI5E] (&instance.led[3])
[ DIEE]
) [FIFO_MODES&TE M4+
[FIFO_MODE&E]
FIFO_RETOCRICHE DMAC_RETORRICHE
proc = PROC_FIFO_RECV proc = PROC_DMAC_RECV
T—QZEﬁ
17_92§ﬁ receive.state =
receive.state = RECV_IDLE TSPI_DMA_RECV_IDLE
< A 4
-
) 4
[RPSWHERIE T DIHA]
<
© 2023 2023-10-16
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7.9. 8lYAH

EDRAHFOE L TO—
TSPIChnZ{EEAHFE
irq_tspi_rx(BSP_TSPI_n)

)

A

tspi_irg_handler_receive

RSA1/ADIRQ/\> RSEFVHT
(&instance.tspi_rx_obj)

)

A

I—YERDIRQ/\> RSEEFVHT

EIDAAFOHLTO—

TSPIchnZ{EIS—EAHFHE
irq_tspi_err(BSP_TSPI_n)

y
[ RS+ )ADIRQ\> KSEEUHT ]

tspi_error_irq_handler
(&instance.tspi_tx_obj)

h 4
[ I—YERDIRQ/\> RSENFTIHY j

FORAHFRHLTO—

1msBT & (CEAHTE
irq_timer(BSP_TIMER_1MS)

A
[ BSPOIRQ/\> KSENUHT j

timer_irg_handler(&instance.timer)

A

RS54 )IDIRQ/\> RSEFUIHT
t32a_timer_IRQHandler(p_t32a)

A

( I—YERDIRQ/\> RSEFUHY j

FDRAHFELTO—

irg_dmac_done(i)

|

( K54 /\DIRQ\> KSEFUIHT J

‘ DMARESETHIAHSE ’

dma_irg_handler
(instance.tspi_dma.init.p_obj, ch)

FDRAHFOHL IO~

irqg_dmac_err()

}

( K51 )\DIRQ\> RSEFUHT J

| DMASRX T 5 —&IiAHFE ’

dma_error_irq_handler
(instance.tspi_dma.init.p_obj)

HMAKN/MN DB E (L. n=0. M3H DB EIL. n=1

receive_handler(RX_MODE = DMA_MODE)

[RF -5 = BEH]

[RIS5K/]

[Z{EmIh]

TSPI_DMA_RECV_SUCCES
S

AT —H XE#H
receive.state =

AT —5 RER
receive.state =
TSPI_DMA_RECV_FAILUR
E
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timer_interval_handler

[TI2ADRENHIED TLB]

)

Tick&A > OUAY b
hal_inc_tick()

(

Y

A
BSPODSW/\> k5%
FUHY

sw_1ms_timer_handler

(&instance.swl[i]) [RAVBDSWHEH B15E]

receive_handler(RX_MODE = FIFO_MODE)

[RF—%X = B{EH]

[R{EpIN]

[{EPI—

[T —9FERT]

[RE%RR]

AT —H XEH
receive.state =
RECV_SUCCESS

AT —H AEH
receive.state =
RECV_FAILURE

tspi_irg_handler_receive
(&instance.tspi_rx_obj)

[

RS1/IDIRQ\> RSEFUHT FIFO_REIS—TJOERCHE
tspi_irq_handler_receive proc = PROC_FIFO_ERROR
(&instance.tspi_rx_obj)

A 4
[2SWDAIETE T ]
irq_tspi_rx irq_tspi_err
[EEF v RIS DB E— < > [EEF v RILLSIOBE]
[choDHBE] [ch1DIBE] [chodbiEa] [chiDiga]
h 4 h 4
RS54 )(DIRQ/\> RSEFUHT TSPITS—1A#RIVT TSPITS—EHIUF

tspi_error_clear tspi_error_clear

(&instance.tspi_rx_obj)

(&instance.tspi_rx_obj)

FIFO_B{EIS—TJOCRICHE
proc = PROC_FIFO_ERROR

FIFO_B{ELS5—J Ot CHE
proc = PROC_FIFO_ERROR proc = PROC_FIFO_ERROR

[FlFo_&EIs—jntx[:ﬂE]
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