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Evoopotopéive Xvemiparta I: Epyootypioxés Aokioeig EIZAT'QI'H

¢ Ti gival ol MIKPOEAEYKTEG KOl TTOI0G O OKOTTOG TOUG

¢ Ti€ival Ta avatrTUSIaKA Kal TT010G O OKOTTOG TOUG

O1 pikpoegheykTég, microcontrollers 7 MCUs, atrotehouvtal atrd évav
Tupriva-pikpoetregepyaotr], (ARM, C51 kTA) o otroiog ouvdésTal pe
d1dpopa TTEPIPEPEIOKA HECW OIAUAWY ETTIKOIVWVIAG. ‘Evag JIKPOEAEYKTAG
gival ouoIaoTIKA €vag  PIKPOG  UTTOAOYIOTHG  OTTOTEAOUMEVOG  OTTO
ETTECEPYQOTH), MVAMUN KAl TTEPIPEPEIAKA, KATOOKEUAOUEVOG OPWG Yia
OUYKEKPIMEVEG E€QAPUOYEG. ETTEId] O PIKPOEAEYKTEG €ival  KUPIWG
KATOOKEUOAOUEVOI VIO OUYKEKPIUEVEG EQPAPUOYEG, TO KOOTOG WTTOPEI va
TTOPAMEIVEL XAPNNAG OTTWG £TTIONG N KATAvAAWON TOUG, YIaTi YOVO T
TAAPWG  aTTAPAITNTA  OTOIXEID VYIO TNV  OUYKEKPIPEVN  E€QAPUOYN

EMUTTEPIEXOVTAI.

Mo16G TTUPAVAG KAl TI TIEPIPEPEIAKA ETTIAEYOVTAI VIO VA ATTOTEAECOUV £vav
MIKPOEAEYKTH, £CAPTATAI ATTO TOV OKOTTO VIO TOV OTTOI0 B0 KOTAOKEUQOTEI
O MIKPOEAEYKTNG auTdg. 'ETol yia TTapddelyya €av 0 OKOTTIOG TOu
KATAOKEUAOTH €ival va dnUIOUPYACEl £Vav HIKPOEAEYKTN YIa €va KIvQTO
TNAEQWVO, avAAoya PE T XAPOKTNEIOTIKA Kal TIG dUuvATOTNTEG TTOU Ba
BEAElI va €xel TO TNAEQWVO, Ba €TTIAECEI EKEIVO TOV TTUPAVA Kal EKEiVA TA
TTEPIPEPEIOKA TTOU Ba dWOOUV OTO KIVATO TNAEQWVO TA XOPAKTNPIOTIKA
TTOU XPEIadovTal JE TO XAUNAOTEPO KOOTOG. EQv B€Ael, yia TTapddeiyua,
éva ammrAd TNAEQWVO XWPIG KAPEPES, PadIdPwVo KTA, Ba eTAEEEl va
KATAOKEUAOEl £Va  MIKPOEAEYKT ME MIKPO Kal @Bnvd TrupAva. Ta
TTEPIPEPEIOKG TOU TTpOoPavwg Ba eival évag LCD controller évag SIM card
controller kar katroia ADCs. ApPKETEG QPOPEG, Ol ETAIPIEG KATAOKEUAZOUV

€vav PIKPOEAEYKTA O OTTOIOG UTTOPEI va XPNOoIYOTToINGEl O PEYOAUTEPN
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Eveopotopéva Xvotipata I: Epyactypioxéc Aokioeig EIZATQI'H

YKANa o€1pag TTPoidvTwy. AnAadr oTo TTApAdEIyUa PE TO KIVNTO UTTOPEI N
ETAIPIa va ETTIAEEEI VO KATAOKEUAOEI HIKPOEAEYKTN TTOU Ba £XEI TTAPATTAVW
duvVaTOTNTEG ATTO AUTEG TTOU XPEIAdovTal 0€ £va aTTAO KIvNTO. ZKOTTOG Ba
€ival va PTTopEi va XpnoiuoTroinBei 0 idl1oG PIKPOEAEYKTAG YETETTEITA OE
éva 1o high-end kivntd. ‘ET01 n eTaipia Ba Buoidoel 1o upnAd KboTOg
KATOOKEUNG YIa €va aTTAO KIVNTO OAAG Ba YAITWOEI TV TTApATTAvw £peuva
YIO KOTOOKEUN €VOG OEUTEPOU MIKPOEAEYKTH) TTOU Ba KAAUWEI HEAAOVTIKEG

avAaykeg avapBaopiong.

YT1rapyouv BERaIA KAl ETAIPIEG TTOU KATAOKEUALOUV JIKPOEAEYKTEG YEVIKOU
okotrou. O eTaipieg auTég, OTTWG N STMicroelectronics n Atmel kK.a., dgev
KATOOKEUACOUV WPIKPOEAEYKTEG PE OKOTTO OUYKEKPIYEVA TTPOIOVTA AAAG
€XOUV OKOTTO OTNV TTWANON O€ JIa eupuTEPN ayopd. ‘ETol pia eTaipia TTou
yla TTapadelyya KATaoKeUAel TTAUVTAPIA, O MIKPOEAEYKTG TTOU Ba
Xpnoigotroinoel Ogv  XPEIAZETAl va TIEPIEXEI KATTOIA  €EEIDIKEUPEVA
TTEPIPEPEIOKA. MTTOPET £TO1 VA ETTIAECEI EKEIVOV TOV MIKPOEAEYKTH, YEVIKOU
OKOTTOU, TTOU TTANPI TIG TTPOBIAYPAPEG PE TO XANNAOTEPO KOOTOG. 2ZOPUWG
TO KOOTOG Ogv ATTOTEAEI TTAVTA TTPWTAPXIKO POAO, KABWG pia eTaipia
MTTOPEl va ETTIAEEEl €va  MIKPOEAEYKTH) YEVIKOU OKOTIOU OTTO  €vav
KATAOKEUAOTH TTOU €XE€l KOAAUTEPN TEXVIKA UTTOOTAPIEN KAl MIKPOTEPO
XPOVo TTapadoong.

O1 avoTrTugIakEéG TTAAKETEG XPNOIMOTTOIOUVTAl KUPIWG YIa TOUug €EAG

Aoyoug:

e Amoo@aApdaTwon Twv MCU. O1 etaipieg, kata Tn didpkeia oxediaong
Twv MCU 1 Kol yevikwg KATOOKEUNG oTtroladrimote dAlou IC,
KOTAOKEUAZOUV TTAPAAANAQ KOl QVATITUSIOKEG TTAQKETEG yia va
dIATTICTWOOoUV TNV €UpuBun Asitoupyia Toug. H TTpwTtn TTapTida TWV
IC 1ToUu Ba Byer atrd 1o gpyooTdocio (pilot run tape-out) dokiudaleTal o€

TETOIOU €i00UG TTAAKETEG.

Tpipe HMMY 12




Eveopotopéva Xvotipata I: Epyactypioxéc Aokioeig EIZATQI'H

Emideign TnG owo TG Kal e0puBUNG AEITOUPYIAG TOU PIKPOEAEYKTHA Kal
TWV TTEPIPEPEIAKWY TOU (demonstration). ZuviiBwg Ol KATAOKEUAOTEG
TwV IC, KATOOKEUALOUV aVOTITUEIOKEG TTAOKETEG YIa va OEIEOUV OTOUG
TeEAATEG TOUG OTI TO IC TOUG BOUAgUEl BAON TWV AVOPEPOUEVWV
TTPOdIaYPAPUV.

AvarTugn e€@apuoywyv AOYIOMIKOU YIO OUOKEUEG/TTPOIOVTA  TTOU
XPNOIMOTTOIOUV TOV CUYKEKPIPEVO N TTAPATTANCIO PIKPOEAEYKTT).
Emideign g €UpuBung Aciroupyiag  €Qapuoywyv  AOyIOPIKOU
(demonstration) yia PeAAOVTIKA Xprion TOUG O€ OUOKEUEG/TTPOIOVTA
TTOU XPNOIUOTTIOIOUV TOV CUYKEKPIUEVO N TTAPATTANOIO PIKPOEAEYKTH.

Tpipe HMMY 13




Evooporopéva Xvomiparta I: Epyactypioxés Aoknoeig EPT'AXTHPIO 1

EPTAZTHPIO 1

¢ MaOaivovTtag To hardware Tou avaTrTu{iakou

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARaCUa Kal Xprion Twv £EAG:

a. Apxegio mcbstr9.chm HTML, trou didsTal pe Ta UTTOAOITTA ApXEIa TOU
epyaotnpiou. Eivalr €vag TTAfpng odnyodg Tou avatiTugiakou TToU O
oTToudACTNG TIPETTEI va JIABACEl TIPIV TTPOXWPNOEI 0TV UAOTTOINON

TWV £pyaoTnPiwy.

b. Apxeio MCBSTR9_schematic.pdf, mou didetal pe T uttdAoITTO
apxeia Tou gpyaoTnpiou. Eivar 10 oxnuatikd TNG avaTTTUSIOKAG
mAakéTag MCBSTRO.

c. Apxeio STRI1xFAxxx.pdf, 1ToU dideTal he TA UTTOAOITTA APXEIQ TOU
epyaoTnpiou. ZeAideg 14, 56, 57 kal atrd oglida 15 — 39 pia avayvwon
yIO TO KUPIO XAPOKTNPIOTIKA TNG KABE HOVADdAG TOU PIKPOEAEYKTI).

d. Apxeio STR91xFA_Reference_Manual.pdf, tmou 0oidetar pe T1a
UTTOAOITTA OpPXEiIa TOU EpyaaTnpiou. To XPNOIYOTTOIOUPE WG avapopd

YIO TOUG KATAXWPENTEG KA TTEPIPEPEIAKA TOU PIKPOEAEYKTH.

e. BifAio Otswpiag Wayne Wolf, “O1 YmoAoyioTéG wg ZuoTaTIKA
Zroixeia”. Kepahaio 2, mapdaypagog 2.2. O Emetepyaotric ARM.
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Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPT'AXTHPIO 1

Eicaywyn

2T0 €pyacTrplio autd Ba TTPOCTTOBAOOUNE VA OTTOKTIOOUME HIO OQAIPIKI)
€IKOva yia 1o avatrtuglako makéto MCBSTRI 1ng Keil kal Kupiwg yia 1o UAIKS

TToU XpnoiuoTroigital (hardware).

MpwTta Ba aoxoAnBoupe PE TA TTEPIPEPEIAKA TNG TTAOKETAG KAl META PE TOV
MikpogAeyktp (MCU) T1ou ouotiuatog, T1ov STR912FAW44  1ng

STMicroelectronic’s.

H avarrrugiak mAakéta MCBSTR9 1ng Keil TTou @aivetal o1o TTOPAKATW
OXAMQ, atroTeAEl pIa oAokAnpwuévn AUon yia avamTugn TTPOYPANPATWY
TAvw aToug MIKPOEAEYKTEG (MCUs) STR912FAW44 NG
STMicroelectronic’s, PBaciopévor oe Tmrupriveg Tng ARM. ‘Exel 6Aa T1a
amapaitnta otoixeia, 6mwg USB, UART, CAN kai ETHERNET dietragég
aAAG Kal TTEPIOXNA VIO TTIPWTOTUTTA KUKAWMATA, WOTE O XPHOTNG VA PTTOPECEI
va EEBITTAWOEI OAEG TIG OUVATOTNTEG TOU UIKPOEAEYKTT).
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2xApa 1: MCBSTR9 Keil Development Board
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Evooporopéva Xvomiparta I: Epyactypioxés Aoknoeig

1.1 To YAIK6 Tou Avartrtuéiakou (Hardware)

EPTAXTHPIO 1

H 1TAakéTa TOU avaTITUEIOKOU QTTOTEAEITAI ATTO £VAV MIKPOEAEYKTH) KAl TO

TTEPIPEPEIOKA TOU OTTWG PAIVETAI OTO TTAPOKATW OXNua (ZxAua 2). Ta

TTEPIPEPEIOKA TNG AVATITULIOKAG TTAAKETAG, OTTWG yia TTapddelypa n USB,

Bupaq,

TIPOCPEPOUV  OUCIOOTIKA MIa  TTPOCPOCN OTOUG  QVTIOTOIXOUG

TTEPIPEPEIOKOUG EAEYKTEG TTOU BPIOCKOVTAI ECWTEPIKA OTOV UIKPOEAEYKTT).

Mikpo€eAeYKTAG:

STR912FAW4XB 1ng STMicroelectronics.

Mepirpepeiaka:

LCD, 2x16 aA@apiOunTIKé

USB 2.0 8Upa

Ethernet BUpa

3 MNAAKTPa

7 LEDs

CAN 2.0B 6upa

2x RS-232 oeipiakég Bupeg

1x Metarpotréag avaloyikng Tdong
JTAG Bupa

SD petarpotréag

User 110

Analog input CAN

Configuration Dual RS232

CPU Ethernet

STRO12FW44X
(or variant)

SD card

LCD display

Reset & Int.
buttons

usB

Power & COM PortLEDs

Copyright © Keil, An ARM Company. All rights reserved

Taipe HMMY

ZXAMA 2: ZxNuaTiko didypappua tng MCBSTRY mAakéTag
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Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 1

1.1.1 AiaBdadovrag To OXNMATIKO

To oxnuartiko, tmou divetal oto MCBSTR9 _schematic.pdf, ammoteAei pia amd
TIG PBACIKOTEPEG TTANPOPOPIEG KAl XPNOIYOTIOIEITAl yIa va BPOUNE TTwG Ta
d1dpopa aToIXEia TTAVW OTNV TTAAKETA OUVOEOVTAI HETAEU TOUG. TO oXNMATIKO
TIPETTEl VA ATTOTEAEI TTAVTA TNV BACN TNG OTTOIAdNTTOTE UAOTTOINCN UAG.

2TO OXNMATIKO, KABE aToIxEio €xel Eva ovopa. MNa TTapddelyua, oTny TTPWTN
oeAida, Tou MCBSTR9O_schematic.pdf, kGtw apiotepd, ymmopoupe va douue
KATTOIOUG TTUKVWTEG, Ta ovopara toug eivar C30 kai C31. AvrioToixa,
ovopata €xouv Ta ICs o1 BUPEG Kal YEVIKA OTIONTTOTE UTTAPXEI TTAVW O€ MId

TAGKETA, OTTWG pia TpUTTa yia Bida ) pia Bupa yia USB KTA.

MapatnpwvTtag 1o oXNPATIKG ATTAVTACTE TA TTOPAKATW EPWTAHATA.

Epwtnua 1

Bpeite Tola ovopaTta éxouv 500€i 0TO OXNMATIKO YIO TO TTAPAKATW

oToIXEia.

USB 080pa

7x LED

LCD 066vn

3x MAAKTPa

JTAG 6upa

MNoTevoibueTpo

MopakdTw Ba dWOOUUE WIa CUVTOMN TTEPIYPAPT TOU MIKPOEAEYKTH) KAl TWV

TTEPIPEPEIOKWY TOU.

Tpqjpe HMMY 17




Evooporopéva Xvomiparta I: Epyactypioxés Aoknoeig

1.1.2 STR912FAW44XB

EPTAXTHPIO 1

210 ouvnuuéva Eyypaga Tou gpyaoTnpiou Ba PBpeite dUO Keipeva
STRIO1xFAxxx.pdf kai STR91xFA_Reference Manual.pdf. Ta keipeva autd
TTEPIEXOUV TNV TTARPN TTEPIYPAPH TOU PIKPOEAEYKTH. EdW Ba trepiypdyoupe

Ta BACIKOTEPQ OTOIXEIA TOU.

Mupnvag (CPU)

16/32-bit 96 MHz ARM966E-S RISC

2 eowTepikEG pvpeg Flash

e 512Kb Tpwrelouca
e 32Kb deutepelouca

Ecwrtepikn Static RAM

64Kb

EcwTepikog TOAAVTWTAG pOAoyioU

NeiToupyei pe e€wTePIKG KpUOTAAAO 4-25MHz.
O TaAavTWTNG TPOPODOTEI TO ECWTEPIKO PLL, TO

OTT0i0 PTTOPEI Va dwaoel TaxuTnTeg £Ws 96MHZ

ESwTtepikn digTTagpn yvAung

External Memory Interface (EMI)

80 1/O l'evikoU okoTroU

General Purpose 1/0 (GPIO)

RTC (Real Time Clock)

PoAdI TTpayuaTikou xpovou

10-bit ADC 8-kavaAiwv

Analogue to Digital Converter.

10 Communication Interfaces

AIOCUVOEDEIG ETTIKOIVWVIOG
e 10/100 Ethernet MAC
e USB 2.0slave
e CAN 2.0B Active
e 3xUART
e 2x Fast I2C 400KHz

4x 16-bit Timers

XpovIoTEG

3-Phase Induction Motor Controller

EAeykTG eTTOYWYIKOU KIVATAPA 3-QACEWV

JTAG

AleTTa@n EAEyXOU Kal TTPOYPAUUATIONOU

Mivakag 1: Baoikd xapaktnpioTikd Tou STR912FAW44XB MCU

To emouevo oxnua ocixvel Tnv Baoikry dourp Tou STR912F44XB. Edw

TTapoucidfovtal Ta Paoikd oTtoixeia Tou MCU oe blocks kai mapdAAnAa

QideTAI OXNUATIKA TTWG AUTA ETTIKOIVWVOUV PETAEU TOUG.

Tpqpoe HMMY
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Evooporopéva Xvomiparta I: Epyactypioxés Aoknoeig

e —

EPTAXTHPIO 1

STR91xA Stacked Burst Flash Memory Die
JTAGISP =
vDD [__)>—] CORE SUPPLY, VDD Main Flash 256K,| 2" Flash
512K, 1M or 2M | 32K or 128K
GND [ )>—] CORE GND, vss Bytes Bytes
vopa [__»—] /0 SUPPLY, vDDQ Burst Interface
b
eno [ >—] o 6N, vssa e - -
y
U [ 6aK or 96k Burst Interf;
SUPPLY or urs' erace
VBATT | > Byte
‘ SRAM Pre-Fetch Que
RTC and Branch
Arbiter Cache
y L A
A A 4
DataTcM | ARM9GGE-S | '"siruction JTAG
Interface | RISC CPU Core| | ..o |JTAG ),
Debug
Control Logic / BIU and Write Buffer and
ETM | ETM
AMBA /| AHBA Interface
Real Time Clock 32';%’\:“2
—
Programmable Vectored 1 |— Wake Up 1
I
nterrupt Controllers | [(@) 16bit Timers, | 1
1 o @ CAPCOM, PWM
X o -
I < gl
4 MHzto 25 PLL, Power Management, Motor COMI:OL
MHz XTAL and Supervisory Reset AHB 3-ph Induction o)
— —— n'
A';’B —| (3) UART w/ IrDA : T}
EMI Ctrl < : External Memory ) 3
16 Interface (EMI)**, (2) 12C 8
5 Muxed Address/Data X
i E 32 (80) GPIO™** 48 =
3 g Programmable DMA Request
=T Controller (8 ch.) from _I (2) SPI :
T j UART,
useBus <> USB* Full Speed, 10 o CANZ2 B
us Endpoints with FFOs Timers, -
ExtReq [ 8 Channel 10-bit —l_ L
£ 0 ADC ADC
To Ethernet | 5 & Ethernet™ |Dedicated G AvVDD
PHY (MI) = | £ © MAC, 10/100 | DMA Watchdog Tmr ] AvRerF*
£ T
w o

(] avss

ZxApa 3: Aiaypappa MCU 1ng oikoyévelag STROXFAxxx

Mapatnpwvtag 10 oxAua 3, TTPOCTIABAOTE VA OTTAVTOETE OTA ETTOUEVA

EPWTANATA.

Taipe HMMY
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Evooporopéva Xvomiparta I: Epyactypioxés Aoknoeig EPT'AXTHPIO 1

EpwTtnua 2

Ti apxiTekTovikig gival o ARM966E-S; AikaloAoyRoTe T0.

Epwtnua 3
Nwg ouvdéeTe 0 eAeykTg CAN pe Tov TrTupriva ARM966E-S;

EpwTtnua 4
Méocol kai Troiol  TUTOI HVAHPNG UTTAPXOUV ECOWTEPIKA OTOV

MIKPOEAEYKTR;

Epwtnpa 5

MNéoa I/0 yevikou okotrou utrdpyouv (GPIO);

1.1.3 Xdptng MvAung Tou STR912FAW44XB (Memory Map)

KdaBe oToIxeio TOu MIKPOEAEYKTH €ival oplopévo o€ 32-bit kartaxwpnTég,
gekivwvtag atro Tnv B€on 0 £éwg Tnv 6éon OXFFFFFFFF. OTmidrtrote £xel va
KAVEI JE TA TTEPIPEPEIAKA, TA interrupts Kal TIG ECWTEPIKEG I EEWTEPIKEG PUVIES

pUBUICETaI A ATTEIKOVICETAI HEOW TWV KATAXWPNTWY QUTWV.
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OxFFFF.FFFF
OxFFFF.F000
0xFC01.0000
0xFC00.0000

0x8000.0000
0x7C00.0000
0x7800.0000
0x7400.0000
0x7000.0000
0x6C00.0000
0x6800.0000
0x6400.0000
0x6000.0000
0x5C00.0000
0x5800.0000
0x5400.0000
0x5000.0000
0x4C00.0000
0x4800.0000
0x4400.0000
0x4000.0000
0x3C00.0000
0x3800.0000
0x3400.0000
0x3000.0000
0x2C00.0000
0x2800.0000
0x2400.0000
0x2000.0000

0x0800.0000
0x0400.0000

0x0000.0000

TOTAL 4 GB CPU
MEMORY SPACE

VICO

RESERVED

VIC1

RESERVED

ENET

8-CH DMA

EMI

usB

ENET

8-CH DMA

EMI

usB

APB1

APBO

FMI

SRAM, AHB

APB1

APBO

FMI

SRAM, AHB

Ext. MEM, CSO

Ext. MEM, CS1

Ext. MEM, CS2

Ext. MEM, CS3

Ext. MEM, CSO

Ext. MEM, CS1

Ext. MEM, CS2

Ext. MEM, CS3

RESERVED

SRAM, D-TCM

FLASH, I-TCM

4 KB

AHB
NON-
BUFFERED
64 KB
64 MB
AHB
64 MB NON-
64 MB BUFFERED
64 MB
64 MB
64 MB AHB
64 MB BUFFERED
64 MB
64 MB PERIPHERAL BUS,
NON- BUFFERED
64 MB AHB ACCESS
NON-
64 MB BUFFERED
64 MB
64 MB PERIPHERAL BUS,
BUFFERED ACCESS
64 MB AHB
64 MB BUFFERED
64 MB
64 MB
64 MB AHB
NON-
64 MB BUFFERED
64 MB
64 MB
64 MB AHB
64 MB BUFFERED
64 MB

Using 64 KB or 96

KB
Using 288 KB, 544 KB,
1.1 MBor 2.1 MB

APB BASE +
APB1%SFE£FFFF
APB1+0x0000.E000
APB1+0x0000.D000
APB1+0x0000.C000
APB1+0x0000.B000
APB1+0x0000.A000
APB1+0x0000.9000
APB1+0x0000.8000
APB1+0x0000.7000
APB1+0x0000.6000
APB1+0x0000.5000
APB1+0x0000.4000
APB1+0x0000.3000
APB1+0x0000.2000
APB1+0x0000.1000
APB1+0x0000.0000

APBO+0x03FF.FFFF
APB0+0x0001.0000
APB0+0x0000.F000
APB0+0x0000.E000
APB0+0x0000.D000
APB0+0x0000.C000
APB0+0x0000.8000
APB0+0x0000.A000
APB0+0x0000.9000
APB0+0x0000.8000
APB0+0x0000.7000
APB0+0x0000.6000
APB0+0x0000.5000
APB0+0x0000.4000
APB0+0x0000.3000
APB0+0x0000.2000
APB0+0x0000.1000
APB0+0x0000.0000

Order of the two Flash me!

EPTAXTHPIO 1

PERIPHERAL BUS
MEMORY SPACE

RESERVED

12C1

12C0

WATCHDOG

ADC

CAN

SSP1

SSPO

UART2

UART1

UARTO

IMC

SCU

RTC

APB1 CONFIG

RESERVED

GPIO PORT P9

GPIO PORT P8

GPIO PORT P7

GPIO PORT P6

GPIO PORT P5

GPIO PORT P4

GPIO PORT P3

GPIO PORT P2

GPIO PORT P1

GPIO PORT PO

TIM3

TIM2

TIM1

TIMO

WAKE-UP UNIT

APBO CONFIG

mories is user defined.

FLASH (BANK 1),
32KB or 128KB

SECONDARY

256KB, 512KB,
1024KB or 2028KB

0x0000.0000

MAIN FLASH
(BANK 0),

MAIN FLASH
(BANK 0),
256KB, 512KB,
1024KB or 2048KB

SECONDARY
FLASH (BANK 1),
32KB or 128KB

DEFAULT ORDER

OPTIONAL ORDER

ZxApa 4: Xaptng Mvung tou STRO12FAW44XB

Taipe HMMY

4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB

4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB
4 KB

APB1,
AHB-
to-APB
Bridge

APBO,
AHB-
to-APB
Bridge
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‘ETo1 yia mTapdadeypa, n Bupa I/O 3 yevikou okotrou (General Perpose
Input/Output f} GPIO Port 3) éxel kataxwpnTég atrd v B€on pvriung APBO
+ 0x00009000 ewg APBO + 0x000093FC. AnAadr oTig Béaeig 0x48009000-
0x480093FC. ZtnVv 8¢on pvrAung 0x4800A000 Eekivave o1 KATaxwpnTéS yia
10 GPIO Port 4.

To apxeio STRI1xFA_Reference_Manual.pdf mrepi€xel Tnv AR PN TTEPIYPAPH
OAwV Twv KaTaxwpntwyv Tou STRI912FAW44XB. Avoiyovtag 10 aTnv o€Aida
116 ytropouue va diaBdooupe TN AsiIToupyia Twv KataxwpnTwy yia ta GPIO
Ports.

Avarpéxoviag oto STR91xFA_Reference_Manual.pdf, atmavriorte oOTIg

TTOPAKATW EPWTAOEIG.

Epwtnua 6
Moia n d1vBuvon Twy kKataxwpnTwyv yia To RTC (Real Time Clock);
MNMéooil 32-bit kataxwpnTtég utrdpxouv yia 1o RTC;

EpwTtnua 7
Moia n apxik d1etBuvon Twyv KataxwpnTwy yia Tnv UART1;
Méooil 32-bit kataxwpnTtég utrdpxouv yia Tnv UART1;

Epwtnua 8

Avartpéxovtag otnv oeAida 83, mepiypdyTte TwV KOO TOoU SCU
(System Control Unit).
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1.1.4 LCD, 2x16 aA@apiBunTIiKO

‘Eva atro 1a mepipepelaka TnG TTAakETag avarmtuéng MCBSTRI eival To LCD.
Ta LCD autoU TOU TUTTOU ATTOTUTTWVOUV OAQAPIOUNTIKOUG XOAPAKTHPEG Ol

OTTOIOI BpioKOVTAlI OE ECWTEPIKA PMVAUN.

Epwtnua 9

Mapatnpwvtag 1o oxnuatiké MCBSTRY_schematic.pdf, Bpeite oe
TTOI10UG aKPOOEKTEG OUVOEETE TO LCD pe TOV MIKPOEAEYKTH.

1.1.5 Ethernet OUpa

To TuAua Ethernet Tou pIKpogAEYKTH UAOTTOIEI TO UTTOETTITTEDO EA£yXOU
MpootréAaong Méoou (Medium Access Control 1 MAC) tTou avrkel oTo
emmiredo Zuvdeong Aedouévwy. To Puaikd emitredo dev uAoTTOIEITAI ATTO TOV
MIKPOEAEYKTA Kal £TOI aTtauTeital EWTEPIKN Auon. MNa va ouvdebei 10 Puoikd
emmiTedo pe 1O emimedo 2uvdeong Aedopévwy, 10 STE100P chip 1ng
STMicroelectronics xpnoigotroicital. To STE100P civar €dv IC uywnAwv
eMOOTEWV TTOU UAOTTOIEI TNV dIETTAPr JETAEU Tou PUCIKOU Kal TOU ETTITTEOOU

2uvdeong Asdopévwy yia 10-100Base-T Ethernet epappoyEg.
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EpwTtnua 10

MapatnpwvTtag 1o oxnuatiké MCBSTRY_schematic.pdf, Bpeite oe

TTo10UG aKPOSEKTEG OUuVvdéeTe N BUpa Ethernet pe To STE100P.

Epwtnpa 11
Mapatnpwvtag 1o oxnuatiké MCBSTRY_schematic.pdf, Bpeite oe

TTO10UG OKPOBEKTEG TOU MIKPOEAEYKTH ouvdéeTe 0 STE100P.

1.1.6 CAN 2.0B 60pa

‘Evag kAaoikog DB9 connector xpnoIhoTIOIEiTAI VIO TNV OUVOECT CUOKEUWV
CAN oTo avatrtugiokd. Otrwg otnv TrepiTrtwon Tou Ethernet €101 kai oto CAN
éva €CWTEPIKO chip xpelddeTal yia va HETATPEWEI TO dIa@opIko orfjpa Tou CAN
(U0 oupTTANPWATIKA O€ TAoN, ¢exwploTd onuarta) (differential) og Eva povo
onpa (single-ended). To chip autd civar o SN65HVD230 1n¢g Texas

Instruments.

Epwtnpa 12

Mapatnpwvtag 1o oxnuatiké MCBSTRY_schematic.pdf, Bpeite o€
TTOI10UG OKPOSEKTEG TOU MIKPOEAEYKTH ouvdéeTe To SN65HVD230.

1.1.7 2x RS-232 ceipiakég B0peg

Avrtiotoixa pye o CAN kai to Ethernet, yia va ouvdeBouv OUOKEUEG PE TO
oeIpIakd TTPWTOKOANO RS-232, ypeidleTtal petarpotréag. H kupia Asitoupyia
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TOU YETATPOTTEX €ival va PETATPEWEI Ta €TTITTEdA TAONG Tou RS-232 (péyioTo
+-25V) oe TTL/CMOS emimreda (3.3-5V). To ST3232 eivar 1o chip 10U
XPNOIUOTTOIEITAI OTAV QVATTITUIOKK TTAOKETA VIO VA JETATPEWE! TA ETTITTEDQ TNG
Tdong kai ouciacTik& va ouvdéoel To Puoikd emiredo pe TO €TmiTTEdO

20v0eonG AedONEVWV.

EpwTtnua 13

Mapatnpwvtag 1o oxnuatiké MCBSTRY_schematic.pdf, Bpeite oe
TTOI10UG OKPOBEKTEG TOU MIKPOEAEYKTH oUVvOéeTe TO ST3232.

1.1.8 USB 2.0 0upa

H MCBSTR9 mAakéTa éxel pia USB 2.0 Bupa. H Bupa autry ouvdéeTal ue Tov
MIKPOEAEYKTA pMEOW evog IC, Tou USBLCG-2. To eowTepikd USB Turjua tou
MIKPOEAEYKTA TTpooPépel évav USB eAeykTr) o otToiog epappolel 1o Puoikd

Kal To eTTiTTEd0 2Uvdeong Aedouevwy Twy OSI eTTITTEdWV.

Epwtnua 14
Bpeite amé 1o Si1adiktuo Tola n Asitoupyia Tou IC USBLC6-2 kai
SikaloAoyoTte €dv 10 IC auTd atroteAei KOppATI Tou Puoikou eTTITTESOU

yia 1o USB 2.0 mpwTtoKoAAo.

Mapatnpwvtag 1o oxnuartiké MCBSTRY_schematic.pdf, Bpeite oe

TTO10UG OKPOBEKTEG TOU MIKPOEAEYKTA ouvdéeTe n USB BUpa. Amé 1o

STR91xFAxxx.pdf Bpeite TN A&ITOUPYiO TWV AKPODEKTWV AUTWV.
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1.1.9 Merartpotréag avaloyikng Taong (MotevoidueTpo)

‘Evag perarpotréag  avaloyikng Taong, Tou  PBPIiOKETAl  TTAVW OTNV
QVOTITUEIOKN TTAAKETA YTTOPEI va XPNOIYOTToINGEi yia va dOKIUWACOUNE TOUG
ADCs 10U PIKPOEAEYKTH. O YETATPOTTEAG QUTOG PTTOPET VO JETARBAAEI TNV TAON

€l06d0u a1o 0 ewg 3,3V.

EpwTtnupa 16

MapatnpwvTtag 1o oxnuatiké MCBSTRY_schematic.pdf, Bpeite oe
MOoI0 AKPODEKTN TOU MIKPOEAEYKTN ouvdéeTe TO MNMoTevoiopeTpo. Ao
10 STRI1XFAXXxx.pdf Bpeite TN AciTOUpyia TOU AKPOBEKTN AUTOU.

1.1.10 NMAAKTpa ka1 LEDs

Tpia TAAKTPa Kal eTTTd LED utr@pyxouv TTGvw OTNV avOTITUEIOKN TTAOKETA.
‘Eva TTAAKTPO gival ouvdedepévo oTo Reset pin Tou MCU kai Ta uttéoAoitra duo
gival ouvOoedepéva 0€ OUO OKPODEKTEG YEVIKOU OKOTTOU €100d0u/e¢dd0U
(GPIO) Tou JIKPOEAEYKTH) TA OTTOIA UTTOPOUV VA TTPOYPANUATIOTOUV KAl WG

TTNYEG €CWTEPIKWYV dlakoTtwyv (External Interrupts).

Epwtnupa 17

Mapatnpwvtag 1o oxnuartiké MCBSTRY_schematic.pdf, Bpeite oe
TTOI0UG OKPOBEKTEG TOU MIKPOEAEYKTA ouvdéovTal Ta TTARKTPA. ATrd
10 STRI1XFAXXX.pdf BpeiTe TN ALITOUPYIO TWV AKPOSEKTWYV AUTWV.
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EPTAXTHPIO 1

1.1.11 JTAG 80pa

H 6upa JTAG Ttpoo@épel pia KUpla povada otrooc@aipdrwong Kai

TIPOOOPOIWON TOU  OUOTAMOTOG  Of€

Tpaypatikd  xpovo. ETtriong

XPNOIJOTIOIEITAl yIa Trpoypapuatiopd 1ng eowtepikng flash.  Epeic Ba

xpnoigotroifooupe 1o JTAG yia va KaTteBACOUPE KWOIKA OTOV PIKPOEAEYKTH.

Epwtnpa 18

Bdon Twv BAaCIKWV XAPAKTNPIOTIKWY TOU MIKPOEAEYKTH AVOQPEPETAI

OKTW TTIPOIOVTA OTA OTroia 6a uIropoUcE va XpnoiJoTroindsi Kai yiaTi;

1.

Tpqpoe HMMY
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2 EPrAzZTHPIO 2

¢ MaO@aivovTag To AOYIOMIKO TOU QVATTTUSIOKOU

¢ ATAR xprion Tou LCD

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:

f. Apxeio mcbstr9.chm HTML, 1Tou dideTal pye Ta utrOAOITTA QPXEIQ TOU
epyaotnpiou. Eivalr €vag TTAfpng odnydg Tou avatiTugiakou TToU O
oTToudACTNG TIPETTEI va JIABACEl TIPIV TTPOXWPNOEI OTAV UAOTTOINON
TWV gpyaoTnpiwv. KepdAlaio: “Writing Programs”.

g. Apxeia Blinky.c ka1 LCD.c, péoa atré tov @akeAo Lab2_Blinky.rar,
TToU JidETAI hE TA UTTOAOITTA ApXEia TOU EpyaCTnpiou.

h. BiAio Oswpiag Wayne Wolf, “O1 YToAoylOTéEG WG ZUOTATIKA

Zroixeia”. KepdAaio 4, rapaypa®og 4. >uokeuég Eloddou-EEOdou,
O00veg.
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Eicaywyn

To Aoyiopiké TTou TTEPIAQUBAVETAI OTO TTOKETO TOU AVATITUEIOKOU Kal TTou Ba
XPNOILOTIOINCOUNE OTO £pYAOTAPIO, gival To pVisiond Tng Keil. To Aoyiopiko
auTo TTapExel va TANPn TTePIBAAAOV yia dnuioupyia Kal ETTECEPyaaia KwIKA,
ATTACQAANATWON TTPOYPOAUMATWY UE TTPOCONOIWON TTPAYMATIKOU XPOVoU 1

eEopoiwaon kal TTpoypauuatiopo flash.

(@ Blinky - uVision4
Tools SYCS ‘Window Help

B BB B E e o 2BAR 10 008 [FA

v R
W gy .

| o il ool TR Sl okl sl ubilongy” L Blnky_OEFc

001B/tﬁ*:('i>(>fktﬁ)(':('f>(>fﬁéﬁ)(':('i>(>fftﬁ*:('i>(>fﬁtﬁ)(':('f>(>fﬁéﬁ)(':('i>(>fftﬁ)(':('>(>>(>fﬁtﬁ*fifﬁkéﬁ*fif&k*ﬁ*fif/
B3 Startup Code 002 | /# BLINKY.C: LED Flasher for MCB-STR9 Board */
003 /i‘ﬁﬁﬁﬁﬁt!fﬁﬁﬁﬁﬁt!i‘ﬁﬁﬁﬁﬁt!éﬁﬁﬁﬁﬁt!éﬁﬁﬁﬁﬁt!i‘ﬁﬁﬁﬁﬁt!éﬁﬁﬁﬁﬁt!éﬁﬁﬁﬁﬁt!fﬁﬁﬁﬁﬁt‘fﬁﬁﬁﬁﬁ/
lash Configuration 004 | /* This file is part of the uVision/ARM development tools. 7
: STRITLCFG.s 005 | /* Copyright (c) 2005-2006 Keil Software. All rights reserved. </
E-£3 Retarget 006 | /* This software may only be used under the terms of a valid, current, */
007 | /* end user licence from KEIL for a compatible version of KEIL software £/
Interrupts 008 | /* development tools. Nothing else gives vou the right to use this software. */
]HQC 009 /t*ﬁﬁﬁ('(ﬁt*ﬁﬁﬁ(’(ﬁt*ﬁﬁﬁ('(ﬁt*ﬁﬁﬁ('(ﬁt*ﬁﬁﬁ(’(ﬁt*ﬁﬁﬁ('(ﬁt*ﬁﬁf('(ﬁt*ﬁﬁff(ﬁt*ﬁﬁff(ﬁt*ﬁﬁff/
0o
Blinky.c 011 | #include <91x_lib.h>
LCD.c 012 | #include "LCD.h"
UserFont.c 03
B3 Documentation 014
o [1] Abstract tat 015 | extern short AD last; /* Last AD value read in interrupt
016
017 | extern __ irq void TIM3_IRQ Handler (void); /# TIM3 interrupt routine
018 | extern __ irq void ADC_IRQ Handler (void); /# ADC interrupt routine
018
020 -
021[-void wait (void) { /* Wait function
022 int d;
023
024 d = AD last: /* Read AD last value
R

Build Output

compiling Retarget.c...

compiling IRQ.c...

compiling Blinky.c...

compiling LCD.c...

corpiling UserFont.c...

linking...

Program Size: Code=2396 RO-data=96 RU-data=4 ZI-data=1292
".\Flash\Blinky.axf" - 0 Error(s), 0 Warning(s).

|[uLnK arm Debugger |L:eciez]

ZxAMa 5: To TepIBaAAov Tou uVision4
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21 To mapdadeiypa Blinky

Mapakdtw Ba avaAucoupe Ta BAPATA TTOU XPEIAJOVTaI VIO VO EKTEAECOUE TO
TTapadelypa Blinky TTou mTepiExeTal 01O TTAKETO AoyIOUIKOU TG Keil.

a. MNpiv  1pé€goupe T1O  pVisiond  avriypdQoupe TOV  PAKEAO:
Lab2_Blinky.rar otnv £m@aveia epyaciag Kal Tov armooUUTTIECOUME

YIO VO JTTOPECOUNE VO TOV ETTECEPYACTOULE.

b. Zekivape 10 pVision4 amd 1o Start->All Programs->Keil uVision4

€iTe A1TO TNV OUVTOPEUON OTNV ETTIPAVEIA EPYATIAG.

c. Am6 tnv emAoyn Project emAéyoupe Open Project 60TTwg @aivetal
OTO TTAPOKATW OXAMA. AvalnToUupe TO ONUEIO TTOU TTPONYOUNEVWG
avTiypdywape Tov @dkeAo Lab2_ Blinky (em@dveia epyaoiag) kai
avoiyoupe 10 Blinky.uvproj.

k' blinky - pVision3 - [C:\Keil\ARM\Boards\Keil\MCBS TM32\Blinky\Abstract. txt]

New pVision Project...
New Project Workspace...

[
id
LIt

i | bk Import p¥ision1 Project...

Open Project... le p
Close Project on B
3 Startup (
R - (] STM Manage »
""" 3 Intempt select Device for Target MCBSTM32
E-£3 Retarget Remove Iterr
B Rets 1emove lem MHz
B3 Library Options for Target 'MCBSTM32" MHz
- [#] LCD MHz
A -] Serid " Clean target MHz
[—]‘j Initialisati 5 Build target MHz
— Rebuild all target files
E-£3 Source HHz
[#] Blink Batch Build...
E'_j Docume Trgrrtlate Clrl+F7 1ng
o 1] AbsUSEE Stop build rrup
mes
1 C:AKeilARM\Boards\K el MCBS TM324Blinkyhblinky. uv2 rost

ZxAMa 6: EmAoyn Project oto uVision3
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d. 210 Project Workspace traparnpoupue 1a didgopa apxeia Tou project
(Zxnua 7). Matwvrtag dITTAS KAIK OTa apxeia autd PTTOPOUME va Td

QVOIiEOUE, VO DOUUE TO TTEPIEXOPEVO TOUG KAI VA TA ETTECEPYACTOUE.

" Blinky - p¥ision3 - [C:\Keil\AR

2l = Bquﬁl

=~ a STRI10 Flash
B-£3 Startup Code

B- r‘j Flash Conflguratlon
------ 2] STRITCFG.s
E|-~*j Retarget

------ [#] Retarget.c
=- #j Interrupts

P . D IRQ.c

E] Pj Source

<<<<<< - [#] Blinky.c

...... D LCD.c

------ “[#] UserFonte
El-’*j Documentation
------ [:] Abstract tat

ZxAupa 7: MNMapaBupo Project Workspace

e. Xrtioupe Tov KWwdIKa TTNyaivovtag oto Build Toolbar. BeBaiwBeite 6T
otnv emAoyn Select Target civai emAeypévo STR 910 Flash. MNatdape

1O €IKovidio Tou Build Target.

£ [ Y K| W & simulation (v B &

&; <9<// R % "3‘0 ’% Gﬁ R J, Q % o
Py 3%, R 5 K %, P %%
%, TN Y% 8, 0SR & %0, %o &
Yo P PNy le) P NS ® %
o, o, 2. O:o 4, D . @ /\
0/‘ & A O/ ¥ Q O{( o, [o A
oy e GRS o % S o, %
%{ oY o & > o.
% %
Q

2xAua 8: Build Toolbar
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Edv 10 XTiOIMO TOU KWOIKA £Xe€l OAOKANPpwOEi Xwpig AGBn, oto TTapdbupo
Build Output 6a TTpETTEl VO £X0OUE T ATTOTEAECPATA TOU TTAPAKATW OXIUATOG
(Zxnua 9).

Build Output E

Build target 'STR910 Flash'
assembling STR91x.s...
compiling Retarget.c...
compiling IRQ.c...
compiling Blinky.c...
compiling LCD.c...
compiling UserFont.c...

linking...
Program Size: Code=2Z260 RO-data=96 Rl-data=4 ZI-data=1292
" ZFlash\Blinky.axf" - 0 Errori(s), 0 Warning(s).

ZxApa 9: MapaBupo Build Output petd armd emituxég build
2.2 EkrteAwvrag 10 TTapadeiypa Blinky oto avarrtugiako

‘ExOvTag €MTUXWG TEAEIWOEI TO TTOPATIAVW TTAPABEIYUA, MTTOPOUME va
kareBaooupe 10 binary Blinky.axf apxeio 1ou dnuioupynnke, ortnv
TAGKETA. [ va TO KAVOUME auTO TTPWTA BERAIWVOPOOTE yIa Ta €EAG
TTpaypara:
e Aev umdpxouv TAvw R KOVIA oOTnv TTAGKETA AAAO  PETAAAIKA
QVTIKEIHEVA 1} uypa.
o Agv OKOUMPTTAPE PE TA XEPIA YAG TNV TTAGKETA, TTAPA JOVO TA TTANKTPA

Kal TIG BUpEeG (aTTd TTAACTIKO) TTOU BpioKOVTal OE AUTH.

Agou BeBaiwboupe yia Ta TTapaTTdvw TpopodoTouue Kal ouvdéoupe 10 JTAG
OTO QVATITUGIOKO, KAVOVTAG TA €GAG:

e 2uvdéoupe To USB kaAwdio otnv USB Bupa.

e To LED Power, xpwHaTOG KOKKIVO, AVABEL.

e 2uvdéoupe Tnv ouokeur) ULINK2 tng Keil, otnv JTAG BUpa.
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Twpa €ipaoTe £T0IPOI VA KATEBACOUUE TO binary apxeio oTnv avatTuglokn
mAakéTa. H diadikacia 1Tou akoAoubeital ammd 1a gpyaleia Tng Keil yia va
kareBaoel 1o Binary otnv flash €ivai n €¢A¢:

e FErase: 23rjvel Ta TTponyoupeva Trepiexoueva Tng flash

e Program: lNpoypauparticel Tnv flash pe 1o véo binary

o Verify: MioToTrOIEI OTI O TTPOYPAPPATIONOG TNG Flash £yive owoTd.

Ta o1ddIa autd pTTopouue va Ta doupe oTo Build Output TrapdBupo. Otav 10
KatéBaopa  TeAsiwoel €mTUXWG, TO Build Output TTOpGBupo Ba  pag

EVNUEPWOEI AVAAOYWG, OTTWG QAIVETAI OTO TTAPAKATW oXAMA (ZxAua 10).

Matdue 1o TAAKTPO Flash Download ot1o Build Toolbar ya va kateBdocoupe

10 binary o1n flash.

ZxApa 10: Mapabupo Build Output petd atrd emTuxEg binary katéBacua

Build target 'STR910 Flash'

linking...
Program Size: Code=2Z260 RO-data=96 Rl-data=4 ZI-data=1292
" AFlash'Blinky.axf"™ - 0 Erroris), 0 Warning(s).

Load "C:\%Keil\%ARM\)Boards\ Keil\\MCBSTRO ' \Blinky\4Flash YBlinky.AXF"
Erase Done.

Programming Done.

Verify OK.

Application running ...

210 TTAPAdEIYPA TTOU €EKTEAOUME, O PUBPOG avakuAiong Twv LEDs kai n
évdeign Tou LCD augopciwvetal avaloya pe tTnv 1d0on €ilc6dou tou ADCO,
onAadn avaioya ue TNV puBuion Tou TToTEVOoIouETpou POT1.

EpwTtnua 19

Xpnoigotroiwvtag éva TTOAUUETPO BpeiTe TNV OXéon TNG avakUuAiong
Twv LEDs Kal Tng Tadong €§650u Tou TToTEVOIOUETPOU. OTav augdveral
n Tdon augavetrar o pubuog avakUAiong f To avTifeTo cuppaivel;
Avarpégre oTto oxnuartikdé, MCBSTR9_schematic.pdf, yia va emiAé§eTe

onueio pérpnong.
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2.3 To mapadeiypa Blinky. ATTAR xprion Tou LCD.

Oa kdvoupe aAAayég oTov KwdIKa Tou Trapadeiyuatog Blinky woTe otnv

TTPWTN YPAMN TNG 0066vng Tou LCD va TuttwBei To pIkpd pag dvoua Kai oTnyv

OeUTEPN TO ETTWVUMO MOG, OTTWG QAIVETAI TTAPAKATW.

ZxAua 12: Apxikn €vdeign Tou LCD

MNa va ypawouue oto LCD mpétrel va XpnoIPOTIOINCOUKE TRV OuvApTNOon

lcd_print.

Epwtnpa 20

Avoiyovtag 1o apyeio LCD.c Bpeite Kal ypAWTE TI TTAPAPETPOUG SEXETAI

n lcd_print ka1 11 EMOTPEQPEL.
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Avoiyoupe 10 Blinky.c T10 oTroio Bpiokoupe oto Project, 010 apioTePO

TTapaBupo Tou uVisiond (XxAua 13).

File Edit View Project Flash

)
[ 3 ] STR!

Pk (VR

=-2=3 STR910 Flash
&7 Startup Code
-7 Flash Configuration
{77 Retarget
F-{7 Interrupts
SRSY Source)
. [ [#] Blinky.c
B LCD.c
i . [¥1 UserFont.c

ZxApa 13: MNMapabupo Project

21NV main ouvaptnon Tou Blinky.c apxeiou, ytropouue va Bpoupe TTou aAAoU

aAAG kal TTwG XpnolyoTroigital n led_print Kal va 10 XpnOIYOTIOINOOUME WG

TTapAdeIyua.

Na va ypawoupe 10 6vopa pag otnv LCD o00dévn akoAouBriooupe Ta

TTAPOKATW BApaTa:

Taipe HMMY

23ivoupe 1oV aTEPUOVO Bpdxo (while(1)) kar 611 autdg TTEPIEXEL. Agv
BéAoupe va uttapyxel TTAéov n avakuAion ota LED aAAG oUTe va yepicel
ME paupa kouTia n deuTtepn ypauun Tou LCD. 2BrivovTag Tov atépuovo
Bpoxo dev otaparaue Tn Asitoupyia Tou ADC. ATTAWG n €vOEIgn yia Tnv
Tdon Tou TroTevoloueTpou Péow Tou Analoge to Digital Converter
(ADC) d¢v Ba arreikovi¢etal oute 010 LCD aAAG oute péow Twv LED.
O ADC 6a Asitoupyei kavovika aAAG euegic dev Ba dilaBAdoupe Tnv TIPN

TOU.

Mpoobétoupe Tnv  led_print ouvdptnon peE TO  OVOPO  HOG.
2UUTTANPWHATIKEG OUVOPTAOEIG, TTou uTTdpxouv oTto apyeio LCD.c,

MTTOPEI va XpEIacTouv.
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o XriCoupe Kal kateRAaloupe ToV KWOIKA OTTwG KAvaue otnv 2.1 kai 2.2

TTapAypaPo.

e Edv dev Acitoupyei 6TTWG BEAOUNE, TpExoupe TTAAI Ta BrpaTa b kai c.

Epwtnpa 21

ESw ocuptrAnpwoTe TOoV TEAIKO KW3AIKA CaG.
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3 EPrAxXTHPIO 3

¢ Mé£Bodol atrac@aApdTwong

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARaCUa Kal Xprion Twv £EAG:

i. Apxeio mcbstr9.chm HTML, Kepdhaio “Writing Programs-
>Debugging Programs”

j- Apxeio debug_test.c, yéoa amd Tov pdkelo Lab3_Debug.rar.

k. Apxeio STR91xFA_Reference_Manual.pdf. ©a 10 xpnoiyotrolouue

WG avagpopd yia KAaTaxwpnreg.
I. BiBAio Otwpiag Wayne Wolf, “O1 YToAoylOTEG WG ZUOTATIKA

Zroixeia”. Kepdhaio 4, Tmapdaypogog 7.  AvAaTTuén  Kal

ATTOCQOAUATWON.
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Eicaywyn

210 epyactipio  autd Ba  akohouBrjooupe  didpopeg  PEBODOUG
ATTOCQAAPATWONG, XPNOIMOTTOIWVTAG TOV aTTac@AAPaTWTr (debugger) Tou
pVisiond oe ouvduaoud pe Tnv ouokeury ULINK2. H ocuokeury auth eivai
ouolaoTikG €vag USB-JTAG petatpotréag kal €mMTPETTEL OTO  AOYIOMIKO
pVisiond va emkoivwvei pe TNV JTAG OIETTAQr] TOU  MIKPOEAEYKTH).
Xpnoiuotroiei JTAG (Joint Test Action Group) evroAég dieTTa@ng yia va

TTPAYUOTOTTOINOEI TO TTAPOKATW:

e OOPTWON TTPOYPANPATWY AOYICUIKOU OTN TTAGKETA

o  ATTOOQOAPYATWONG TOU TPEXOVTOG TIPOYPAMPATOG HE  OIAPOPES
pEBGDOUG.

o [lpoypauuaTIONO TNG EOWTEPIKNG MvAUNG FLASH TOU PIKPOEAEYKTT).

o [lpoypappaTiono eEwTePIKAG HVAPNG FLASH oTtnv TTAaKETQ.

=
-
UsB "EE ¥

RUN
COM

S ]KEIL ULINK 2

An ARM® Company Designed with ReokTime Librory

TxAMO 14: ULINK2 USB-JTAG peTaTpOTTEAC

MapdAAnAa 10 Aoyiopikd pVisiond ptropei va xpnoigotroinBei  Katola
TIAGKETO Kal JIKPOEAEYKTH], €TmIAéyovTag TOo “Use Simulator” oto TTapdbupo
“Options for Target “STR910 Flash”, 6TTwg @aivetal oto edépevo oxnua. Me
TNV €TMIAOYN QUTH, 0 XPrOTNG UTTOPEI va SOKIJACEI TOV KWOIKA TOU KOBWG TO
pVisiond €xel TNV duvatdTNTA VA €EOUOICEI TO PEYAAUTEPO KOMMATI TOU

MIKPOEAEYKTH.
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Options for Target 'STR910 Flash® x|

ULINK ARM Debugger -

ZxApa 15: EmAoyn e€opoiwong oto uVision4

Mapakdtw, Ba  XPNOIYOTTIOINOOUME  TPEIG  OIOQPOPETIKEG  UEBOdOUG

ATTOOQAAPATWONG.

e Apeon TTapakoAoUBnon TWV KATAXWPENTWY TOU UIKPOEAEYKTH).
e Breakpoints.

e [lapd&Bupa Dissasembly kai Register.
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31

PuBuioeig uVision yia Xpon Tou amroo@aAHATWTH

Avoiyoupe 10 Project debug_test.uvproj amooupmédoviag 1O
Lab3_Debug.rar apyxecio, TT0oU OidETAI ME TA UTTOAOITTA QpPXEid Tou
epyaoTnpiou. Avoiyoupe 1o apyxeio debug_test.c

int main (void)

{

int i, dummy_loop;

for (i=0; i<100; i++)
dummy_loop =i;

/* System Control Unit Set-up */
SCU->PRR1 = 0x00EE2803;
SCU->PCGR1 0x00EE2803;

/* Buttons Setup */

SCU->GPIOIN[3] =0x00; /* P3.5 input - mode 1  */
SCU->GPIOOUT|[3] &= 0xF3FF; /* P3.5 input - mode 0 */
GPIO3->DDR &=0xDF; /* P3.5 direction - input */

Xtioupe Kal KaTERBAJOUNE TOV KWAIKA OTO avatrTugiakd akoAoubBwvTtag

Ta BApaTa Twv KepaAaiwyv 2.1 kai 2.2.

EmAéyoupe 10 Options for Target ‘STR910 Flash’ émmwg ¢@aivetar oto
ETTOMEVO OXAMQ.

[W)Blinky - pVision4

File Edit View | Project 'Flgsh Debug Peripherals Tools SYCS ‘Window Help

: New p¥ision Project. .. )
]
Mew Multi-Project Workspace...
Open Project... E
= cl Proj
= 1) GTRGI0FR] | S°seProect
F-£5 Startup Export >
“[%] STR
E-£3 Flash Cq | Manage 2
£ 5TA 4 , .
2-£3 Retage Select Device for Target 'STR910 Flash'...
3 Remove Item
@ Options for Target 'STR910 Flash'... Alt+F7

2xnpa 16: EmAoyég debugger
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A6 1O TaPdBupo TTOU avadueTal eTIAéyouue To tab Debug kai TO

pubpifoupe OTTWG QAivETAl OTO ETTOUEVO OXAMA.

Options for Target ‘STR910 Flash® X|

SARM.DLL -cSTRI1x SARM.DLL -cSTRI1x

DARMSTS.DLL ||-pSTR912 TARMSTIDLL ||-pSTRS12

L0k || Concel |[ Defouts | __Hep |
ZxAua 17: EmAoyég debugger

KAeivoupe 10 TrTapdBupo kai emAéyoupe To Start/Stop Debug Session 61Twg

QaiveTAl OTNV TTOPAKATW EIKOVA.

E] Blinky - pVision4

Reset CPU

Run

=23 STRI10 Flash Stop

=3 Startup Code =

STRI1xs Step F11
El 3 Flash Configuratio q 3 step Over F10

Chmm Mk ~rdiEtd

ZxAua 18: EmAoyn Ekkivnong Debugger
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Martaue OK oto ufvupa: EVALUATION MODE, Running with Code Size Limit
: 32K. O Debugger &ekivael kal a@ou Kavel Eva reset 0Tov PIKPOEAEYKT,
TTEPIMEVEI OTNV TIPWTN EVTOA} TNG mMain Tou TIPOYPAUMATOG MOG. AUTO
QAiVETAI TTOPAKATW.

Help

VAN

LEEIELO L& GG = .

- 4 - [~

Registers w I X | Disassembly
[Vaue | 13: for (i=0; i<100; i++)

T Curent c>0x000000DE8  E3A01000 MOV R1, #0x00000000

] 004000050 0x000000DC  EAO0O0001 B 0x000000ES

004000060 14: durmy_loop = i;

004000060 15:

0x04000060 16: /* System Control Unit Set-up */

0+00000000 0x0000D0ED  E1A02001 MOV R2,R1

004000000 0x000D00E4  E2811001  ADD R1,R1, #0x00000001

0x00000000 0x00DD00ES E3510064 CHP R1, #0x00000064

0x00000000 0x000DDOEC BAFFFFFB  BLT 0x000000DED

0x00000000 -~ 17: SCU->PRR1 = OxOD0OEE2803;

0x00000000

0%000001 fc |/ 2] debug_test.c

0x00000000

(1 R L L L

U ﬂnﬂEI[IEIEB 02 | /# DEBUG_TEST.C: Testing uVisiond Debug functions */
0x04000460 03| /# E. Filippatos *
0x000000a0 04| 7+ Jan 2010 */

0x000000d8 05
0; 000d3 06

JAEEA A AR A AR AR AR A AR AR AR AR AAS

B 0x00000000 07 | #include <91ix_lib.h>
- User/System 08 - B
[ Fast Interrupt 09 int main (void)
- Interrupt 10[ ¢
[ Supervisor 1 int i, dwwny loop;
B Abort 12 -
[ Undefined =>13 for (i=0; i<100; i++)
= Intemal 14 durrey loop = i
- PC $ 0x000000D8 15 -
- Mode Supervisor 16 /* System Control Unit Set-up */
- Slates 934 17 SCU->PRR1 = 0x0O0EE2803;
‘‘‘‘‘ Sec 0.00003738 18 SCU->PCGR1 = O0OxO0EE2803;

19
CP15-TCM 20 /* Buttons Setup */
~CP15-PID 21 SCU->GPIOIN[3] = 0x00; /# P3.5 input - mode 1 */

22 SCU->GPIOOUT[3] &= OxF3FF; /#* P3.5 input - mode 0 74

= = N DTN2_~NND = MNvNF - S M2 L Alssmemad s s ERETCRTE

| Project | = Registers ||«

Command v o Xx

Running with Code Size Limit: 32K =

Load "C:%4Keill’ARM\\Boards)\Keil\\NCBSTRSY Y Lab5_Debugh\debug_test.iXF"

- @ main(]

**#* Restricted Version with 32768 Byte Code Size Limit
#%% Currently used: 508 Bytes (1%)

52
)

ZxAua 19: MapdBupo Debugger pVisiond
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3.2 TapakoAoUbnon KATAoOTAONG KATAXWPNTWV

Méow Tng Xpriong Tou debugger Ba TrpooTraBricoupe va eAéyEoupe Tnv
kardoTtaon Tou GPIO 3.5 oT0 otroio eival ouvdedepévo 1o TTARKTPO INTS. TNa
vVa JTTOpECOUNE va TTapakoAouBouue Tnv kartaotaon Tou GPIO 3.5, péTrel
va TTapaKOAOUBOUUE TOV AVTIOTOIXO KATAXWPENTH TTOU KPATAE! TIG KATAOTACEIG

N aAAIwg Ta dedopéva Tou GPIO Port 3.

EpwTtnpa 22

Ze oIdV KaTaxwpenThn amrodnkeveral n kardotaon Tou GPIO 3.5;

O €Aeyx0G TOU KaTaXWPENTH MTTOPEI va yivel e U0 dIaPOPETIKOUG TPOTTOUG.

e EmAéyoupe 1O TTAPGBUPO TWV TTEPIPEPEIOKWY OTTWG  @aAiveTal

TTOPAKATW.

Power, System and Clock Control

External Memory Interface - F7 . B~

APB Bridges 4

1/O Ports v| | arion

Interrupts 4 GPIOL
0z00000328 Real Time Clock GPIOZ
(LD twatchdog Timer v] oz |
0x00000000
0x00000948 Timers 4 GPIO4

ZxAua 20: EmAoyn TTapakoAouBbnon katdotaong GPIO

To emméuevo TTapdBbupo Ba TTPETTEI va EUPAVIOTEI.

: llll“llll
AREEEEEN
ANEEEEEN

ANEEEENN
ANEEEEEN

ANEEEEEN
AEEEEEEN

ZxAMa 21: Mapdbupo kataxwpntwy yia 1o GPIO3
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e EmAéyoupe va TtrapakoAouBoupe Tov kataxwpentg GPIO_DATA3
MEoa atro Tnv etmAoyr) Symbols -> Peripheral Registers é1mtwg gaiverai
OTO TTAPAKATW OXAMA.

-m@ GPIO_DATAZ (0=5
a4 GPI0_DAT = 0=580(
o m Show Address =580
=@ GPIO_DAT, E Show Type 0x580(
=@ GPIO_DAT 0x580(
-mpip GPIO_DAT, Case Sensitive 0=5801(
- GPIO_DAT. 0x5801(
= GPIO_DAT Collapse All 0x580(
=@ GPIO_DIR 2200
=@ GPIO_DIRY___ Add'GPIO_DATAS'to... >|| Watch 1
=@ GPIO_DIRZ Watch 2
= GPIO_DIR3 _—
--wp GPIO_DIR4 Memory 1
= GPIO_DIRS Memory 2
=@ GPIO_DIRE
=@ GPIO_DIR? Memory 3
=@ GPIO_DIRS Memory 4
=iy GPIO_DIRS _—
--mpp GPIO_SELOD Logic Analyzer
=@ GPIO_SEL1 RTS8
= GPIO_SEL2 0=580(
--mp@ GPIO_SEL3 0=5801(
(#1Call Stack I,@Locals I,@Watchl IQMemoryl I_laSymboIs I

2xApa 22: EmAoyr TTapakoAouBnong kataxwpntn

210 TTapdBupo Watch 1 Ba €xoupe Twpa Tov Kataxwpntp GPIO_DATAS.
‘Exovrag kai 1o duo TrapdBupa TTapakoAoubnong Tou  KaTaxwpenth
GPIO_DATAS3 pTtropoupe va mrapatnpouue tnv 1o GPIO3.5, aAAG kal OAwv
Twv GPIO, atmd 0 £éwg 7, oto Port 3. Aoyikd, apxika to GPIO 3.5 mrpétrel va

EXEl TIUA 1 KAl KPATWVTAG TTATNMEVO TO TTARKTPO va TTApEl TV TIPA 0.

a. O pIKPOEAEYKTNG, ME TO TTOU Eekivape Tn dladikacia Tou Debug yiverai

reset. lNaraue 10 Run A 10 F5 yia va ¢ekIvAOEl va EKTEAEITAI O KWOIKAG.
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H avakUAion Twv LED &ekivael kail 6a TTpETTEI va AUEOMEIVETAI KABWG
METABAAOUE TO TTOTEVOIOUETPO. AOKIUACTE TO.

;| Blinky - p¥ision4

File Edit View Project Flash C

RN N- N =N

ot EID | & B AP 0o

Registers Run (F5)
Start code execution |a |

Reaister

2xnpa 23: ExktéAeon kwdika péow Tou Debugger

b. lNMatAoTe 1O Stop, TTou BpiokeTal diTTAa oTo Run.

c. lMapakoAoubnote Tnv 1IN Tou GPIO_DATA3. Oa Trpétrel va gival
0x7D.

d. lMarnote TadAI 1o Run ) 10 F5.

e. KpatAoTte marnuévo 1o TTAAKTPO INTS o1o avatrtuiako kar TrapaAAnAa

OTAPATAOTE TNV EKTEAEON TOU KWOIKA TTATWVTAG TO Stop o1o uVision4.

Epwtnpa 23

Moid n iy Tou GPIO3.5 oTov kataxwpntl GPIO_DATA3 kabwg 1O
mwARKTPO INT5 gival Trarnuévo;

3.3 Xpnoipotroinon Twv breakpoints

Ta breakpoints uTropouv va opioToUV O€ OTTOIAOATIOTE JEPOG TOU KWOIKA UAG.
H Aeitoupyia Twv breakpoint gival apketd atrA. OT1av n ekTéEAeon TOU KWAIKA
MOG @BdAoel O0ToO onuEio OTO OTTOI0 €XOUME Opioel To breakpoint kal TTpIv
EKTEAEOTEI O KWOIKOG OTO ONUEIO AUTO, TOTE N EKTEAEON OTAUATAEI 1] AAAIWG
Kavel Travon. Mrtopouv va opioTouv Kal  breakpoints uttG-ouverkn

(conditional breakpoints r; aAAiwg watchpoints), Ta oTtoia ptopouv va
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eEAEYXOUV eVOANQYI) CUYKEKPIMEVWV TINWV OE KATAXWPENTEG, O METARANTEG

TOU KWOIKA Pag Kal GAAA TTOAAQ.

Mapakdtw Ba opicoupe éva atmrAd breakpoint oTo onueio Tou KWAIKA TTOU

TpoypaupartiCoune Tov Peripheral Reset Register 1, dnAadr) otnv evioAn:
SCU->PRR1 = 0x00EE2803;

Epwtnua 24

Moiog o okomdg TG SCU->PRR1 = 0Xx00EE2803 evroArng

MNa va opicoupe kal va eAéyéoupe 1o breakpoint akoAouBoupe Ta TTOPAKATW

Bripara:

a.

2TAUATAUE TNV EKTEAEON TOU KWAIKA PAG TTATWVTAG TO Stop.

Kdavoupe degi KAIK 0TNV Ypauur TOU KWAIKA TTou BEAOUUE va OpioOUE
10 Breakpoint, otnv ypaupry SCU->PRR1 = O0xO00EE2803 kai

emAéyoupe 10 Insert/Remove Breakpoint fj maraue 1o F9.

c. [Nardue 10 Run yia va gekivoel TTAAI n eKTEAEON.

d. lMNMaparnpouue €Av KAl O€ TTOIO0 CNUEIO £XEI OTAPATIOEI N EKTEAECN TOU

Tpqpoe HMMY

KWOIKA PaG.

Matdpe 1o TAAKTPO Rst kal petd To Run yia €TTavekkivnon Tou KWAaIKA

Kal eTTavEAEYXO TNG AeIToupyia Tou breakpoint.
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3

3.4 Xpnoipotroinon Twv Trapadupwyv Disassembly kai Registers

To TmapaBupo Dissasembly pag deixvel Tov C KWwAIKA Pag Kal TNV avTioToixn

METAQPaon Tou ot assembly 1 pyovo Tnv assembly e€dv ekTEAOUPE QTTAN

assembly kai 6x1 C. To mapdBupo Registers pag deixvel TOUG KATAXWPENTEG

Tou ARM CPU TT0U XpNOIYOTTOIOUVTAl VIO TNV ETTECEPYATI TWV OEDOUEVWV

KAl yia TNV eKTEAEON TOU KWOIKA pog. MNa autoug Ba piIAjooupe apydTepa.

Twpa Ba TTpooTTabACcoUNE va TTapaTnPoouhe To TTapdBbupo Dissasembly

Kal TTapaAAnAa TN Asiroupyia Tou TTapaBupou Registers.

EkTeAoOUPE TOV KWOIKA PJOG PE TIG PUBUIOEIG TNG TTPONYOUUEVNG TTAPAYPAPOU.

H extéAeon, Adyo Tou breakpoint, otapatdel TpIv EKTEAEOTEI N €VTOAR: SCU-
>PRR1 = Ox00EE2803.

Bl Current

s

0x04000060
0x00000064
0x00000063
0x04000060
0x00000000
0x04000000
0x00000000
0x00000000

Reqgisters w O X | Disassembly

17: SCU->PRR1 = 0Ox00EE2
UXDDODODFD ES59F0044 LDR RO, [PC, #0x0044]
Ox000000F4 ES9F3044 LDR R3, [PC, #0x0044]
Ox000000DFS8 ES830020 STR RO, [R3, #0x0020]
18: SCU->PCGR1 = 0OxO00EEzZS
19:
20: /* Buttons Setup */
Ox000000DFC ES830018 STR RO, [R3, #0x0018]
21: SCU->GPIOIN[3] = 0x00;

ihrﬁﬁﬁﬂﬁ'iﬁﬂ T2 Aannnnn wor L la R I P Inininininlnln]

0=x00000000
0x62020000

/" 14] debug_testc o/ 4)uSiRGism

0x000001fc

0x00000000
0x000000d8
0x04000460
0x000000a0
0x000000f0
0x600000d3

14
15

16
D17

18
19
20

dwray_loop = 1i;

/* Svstem Control Unit Set-up */
SCU->PRR1 Ox0DDEEZ2803;
3CU->PCGR1 Ox0ODEEZ2803;

/* Buttons Setup */

2xApa 24: Dissasembly kai Registers

2TO TTPONYOUNEVO OXUA TTOPATNPOUUE dUO KiTpIva BeAdKIa. Ta BeAdKia autd

uTTOdEIKVUOUV TTOIA €ival n eTTOEVN VTOAR TTou 0 CPU Ba exteAéoel. ETTiong

TTapaTnPouuE 0TI BpiockovTal TTAVW OTA KOKKIVA KOUTIA Tou breakpoint yiarTi n

eKTEAEON €XEl oTaPOTACElI 0TO breakpoint TTou €xouue opioel, dnAadr oTnv
evioAnl SCU->PRR1 = 0xO0EE2803.

Taipe HMMY
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Epwtnpa 25

EPTAXTHPIO 3

Ze rola Béon pvApng Tou MCU Bpioketal o kataxwpntig SCU_PRR1;

H trapammavw evioAr) 1ng C, otnv otroia o CPU Ba kataxwprioel otnv B€on

pvAung Tou SCU->PRR1 tnv miury O0XOOEE2803, éxel pyetappaoTei o€ pIa

oelpd eviohwv assembly. Ta va doUpe TToIEG EVTOAEG gival QUTEG TTPETTEN va

TTapakoAoubrjcoupe Ta TTapdBupa Disassembly kai Registers. Etriong

TrpéTTel va opicoupe Tov SCU_PRR1 kataxwpntr oto Watch 1 rapdBupo.

Nna va B6éooupe Tov Kataxwpnty SCU_PRR1 oto Watch 1 map&dBupo

akoAouBoupue Tn diadikaacia Tng Tapaypdgou 5.2. MNnyaivoupe oT1o TTapaBupo

Symbols kai atré Tnv etmAoyr) Peripheral Registers Bétoupe Tov Kataxwpnth

SCU_PRR1 oT1o mrapdBupo Watch 1 61TTwg @aivetal mapakdatw:

- SSF'U_CH|
~-mpip SSPO_DM=TH
=@ SSP0_DR
=@ SSPO_ICR
=@ SSPO_IMSCR
=@ SSPO_MISR

1Call Stack I,,i‘;-‘:':]Locals I,ﬂWatch 1 I ] Memory 1 | I@symbols |

ZxApa 25: Kataxwpnthg oto TTapabupo Watch 1
H apxikA 1y Tou SCU_PRRA1, gival autrj TTou @aivetal oto Watch 1.

=g SCU_PLLCONF
-=pip SCU_PRRO

g4 SCU_PRR1

=@ SCU_PW E
= SCU SCFE
= SCU

= SCU_SCH
= SCU_SYS
= SCU_WK
=@ SSPO_CR

SCH

Watch 1
Watch 2
Show Address
Show Type Memory 1
Memory 2
Case Sensitive Memory 3
Collapse all Memory 4
Add 'SCU_PRR1'to... > Logic Analyzer

Watch 1

Name

Value

'SCU_PRR1

0=00ECO803

£ double-chick of F2 to adds

2xApa 26: NMapaBupo Watch 1 kai apyikr Tiyry Tou SCU_PRR1

Taipe HMMY
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AOyw Tou breakpoint, n ekTEAEON TOU KWOIKA PAG £XEI OTAPATACEl AKPIBWG
TIpIv eKTEAEOTEI N evioAr: SCU->PRR1 = OxO0EE2803. H perdppaon 1ng
evIoAg authg amd C oe assembly aTroTeAEiTal ATTO TIG TTAPAKATW TPEIG

EVTOAEG, TTOoU dlakpivovTal oTo Disassembly TrTapaBupo.

0x000000F0 E59F0044 LDR  RO,[PC,#0x0044]
0x000000F4 E59F3044 LDR  RS3,[PC,#0x0044]
0x000000F8 E5830020 STR  RO,[R3,#0x0020]

H mpwTtn otiAn 1Tepiéxel Tnv B€on tou MetpnTr MNpoypdupartog — Program
Counter (PC). O Program Counter au¢davetai kata 4bytes (32bit) yia kG0 pia
EVTOAN TTOU EKTEAEITAI EKTOG KOl EQV EKTEAEOTEI KATTOIO TTApaKAGdI (Branch).
Tnv 1péxouca Béon Tou Program Counter (PC) ptropoupe va tnv doupe atrod
Tov kKataxwpnti R15 (PC) oto TTapdbupo Twv kataxwpntwv (Registers).

Epwtnpa 26

e mola Béon Bpioketal o PC O0tav n eKTéAeon OTANATAOEI AGyw TOU
breakpoint mou éxoupe 0éocl;

Mrtropoupe €tTiong va Bpoupe TNV Tpéxouca TiuR Tou PC XpNoIYOTTOIWVTOG
10 Disassembly 1TTapdBupo Kkai KoITwvtag TNV TTPWTN OTHAN OTNV OTIoia TO
KiTpivo B€Aog O¢gixvel. Maparnpwvtag 10 Zxnua 24 utropoupe va douue 0TI O
PC, 10 KiTpIvo BEAOG, £xel oTapaTAOEl 0TO breakpoint, 0TO KOKKIVO KOUTi TOU
Disassembly TrapaBupou. H dieuBuvon Tou PC tnv oTtiyury autr givai n 0xFO.
H idia dieuBuvon uttdpyel kar otov kataxwpnti R15 (PC) oto mmapdBupo
Registers.

H assembly gvtoAr Tou Ba ekteAeoTei oTnv dieuBuvon 0x214 cival n:

LDR  RO,[PC,#0x0044]
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H otroia onpaiver:
®oépTtwoe Tov kataxwpnt) RO pe éva word (4bytes r 32bits) amd tnv
d1euBuvon PC + 0x0044 + 8.

Mnyaivovtag otnv dieuBuvon PC + 0x0048 + 8= OxFO 0x0044 + 8 = 0x13C
Ba Bpoupe TNV £€NG assembly eVTOAA:

0x0000013C O00EE2803 DD 0xO00EEZ2803

O1 ARM assembly evtoAég DD opiCouv éva literal pool. To literal pool eivar pia
TTEPIOXN OTNV PVAUN TTOU XPNOIYOTIOIEITAI yIa va aTtToBnKeUTOUV OTABEPEG

TIMEG, OTTWG gival n TR OXO0EE2803 1mou Ba kataxwpnbei otov SCU_PRRA1.
OTéTE N evioAn:

LDR RO,[PC,#0x00044]

TTNYQAivel OTNV TTEPIOXN UVAMNG EKEIVN, TTOU TTPOKUTITEI aTTO TNV TTPd0Beon PC

+ 0x0044 + 8, otnv otroia €xel atroOnkeuTtei n Tyl 0XOOEE2803. Tnv 1iuR

QuTh TNV @opTwVEl oTov KataxwpntA RO.

MapakoAouBwvtag Ta dedopéva Tou karaxwpntr) RO TTatAoTE TO TTANKTPO
Step (F11), oTTwg @aivetalr oto emmopevo oxApa. O CPU Ba ekteAéoel éva
Briua, dnAadn Ba ekTeAEoEl pOvo TNV TpExouoa evioAr Tou PC kal Ba kavel

TTauon.
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File Edit View Project Flash Debug Peripherals

G Al b G |

T

EPTAXTHPIO 3

2% B O &6 0

{3 Step (F11)

Step one line - =

2

= Current a7:
: : 000000328 0x00000630
0x04000510 0x0000063 4

ZxAMa 27: ExtéAeon Step

EpwTtnupa 27

Ox0000062C

MNoenANNnNE2S

BpiokoTav o PC kal o€ oia 0€on BpiokeTal TWPA;

Moia evroAn Ba ekteAeoTei 6Tav TraTnBei To Step (F11); Ze roia Béon

EpwTtnpa 28

Ti mipA éxel Twpa o RO; "Hrav autd avapevopevo; AIKaloAOyRoTE TO.

EpwTtnpa 29

Moia n evroAn Tou utrdpxel otnv véa 0éon Tou PC;
Moia n Aeitoupyia TNG;
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=avarraraue 1o TTARKTPo Step 1 To F11. H Tpéxouca evioAr) otnv dieuBuvon
Tou PC ekTeAeiTal.

EpwTtnupa 30

Moia gival Ta atTroTeAéTHATA TNG VEAG EVTOARG TTOU EKTEAEOTNKE;

Mou BAéTTOUNE TA ATTOTEAEOMATA AUTA;

Reqgisters w O X | Disassembly
B Value || 0x000000EE E3510064 CHP R1, #0x00000064
5 Current Ox0O0000DDEC BAFFFFFE BLT Ox000000ED
....... RO 0x00ee2203 17: SCU->PRR1 = O0Ox00EEZ2303:;
- 0x00000064 .DXDDODDDFD E59F0044 LDR RO, [PC, #0x0044]
....... R2 0%00000063 O0x000000F4 ESS9F3044 LDR R3, [PC, #0x0044]
4)0){0000001?8 E5830020 STR RO, [R3, #0x0020]
....... R4 0x00000000 18: SCU->PCGR1 = O0x00EEZ303;
RS 0404000000 19:
- RB 0x00000000 20: /* Buttons Setup */
bbbbbb H7 UXUUUUUUUD ujiunnnnnnrr‘ TCOoO2MNMN1 0O <omn halnl rme HMOeMM4 9N
"""" R8 0x00000000
------- R3 ovsozoon0 |[|[1, () debug_testc [l ¥ STRalsel
""" R10 0x000001fc o> 14 duraey_loop = 1i;
- R11 0x00000000 15
"""" R12 0x000000d8 16 /% Syvstem Control Unit Set-up */
------- R13(SP) 0404000460 @317 | SCU->PRR1 = 0Ox00EE2803;
"""" R14 LR) 0x000000a0 18 SCU->PCGR1 = O0x0O0EEzZ803;
g F15(PC) 00000008 |5 L
- CPSR 0x600000d3 20 /#* Buttons Setup */
- SPSR 0x00000010 21 SCU->GPIOIN[3] = 0Ox00; /* P3.5 input - mc

ZxAua 28: MNMapabupa otnv emAoyry Debug

Twpa o Program Counter trpétrel va Bpioketal otnv dieuBuvon OxF8. Ta

debug TTapdBupa TTPETTEI va gival OTTWG QAIVETAI TTAPAKATW.

Maparnpoupe 611 oTto TTapdBupo pe Tov C KWOIKA TO KiTPIVO BEAOG EXEl
Tapapeivel otnv  evioAr] SCU->PRR1 = O0Ox00EE2803, tapoAo T1rou
ekTeEAéoape 2 evioAég assembly. Autd oupfaivel yiaTi n evioAl auth
xpelddetal 3 assembly evIOAEG va TTPpAyPATOTIOINOEI KAl EMEIC EXOUME
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ekTEAEOEI TIG 2 1T AUTEG. OTavV AOYIKA EKTEAECOUNE KOl TNV ETTOPEVN Kal o PC

@1daoel otnv d1eUBuvon OxFC 16T1e N eVTOAN Ba £x€I TTANPWG EKTEAEOTEI.

2710 TTapaBbupo Registers Taparnpoupe 611 0 RO €xer Tv Tipry OxOOEE2803.
Tnv améktnoe oOtav exkteAéotnke 1 evioAl LDR RO,[PC,#0x0044] otnv
01euBuvon OxFO. AvtioToixa o R1 €xel Tnv Tiurl 0x5C002000 kai Tnyv atrékTnoe
oTav ekTeAéoTnke n evioAr; LDR R1,[PC,#0x0044].

H assembly evtoAry otnv dieuBuvon 0xF8, atnv dielBuvon oTnv oTToia TTPETTEI
va Bpioketal Twpa o PC, €ival n €¢Ne:

STR  RO,[R1,#0x0020]

H Aeiroupyia mng eivar va ammoBnkevoel (STR = store) Ta dedopéva Tou
kataxwpnt) RO otnv di1etBuvon 1Tou uttdpxel ota Trepiexopeva Tou R1 cuv
0x20.

Epwtnpa 31

Moia d1evBuvon TeAIKA TTPOKUTITEI a1rd TO [R1, #0x0020].

Moia d1e00uvon kataxwpntr Tou MCU gival auTnh;

EpwTtnupa 32

Ti amoréAeopa Oa Tmepiyévape pe TRV ekTéAeon Tng STR
RO,[R1,#0x0020] evToARng;
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Matdue yia TeAeuTaia @opd 10 F11 wOoTe va EKTEAEOTEI N TTAPATTAVW EVTOAR;

EpwTtnupa 33

MNMwg propoupe va doupe edv o kataxwpntg SCU_PRR1 mApe TeAIKA

TNV TIYR TTOU TTEPIMEVOAE;
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4 EPrAzTHPIO 4

¢ MovTtéAo Trpoypappaticgou Tou ARM

¢ Eicaywyn otnv assembly Tou ARM

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:

m. Apxeio mcbstr9.chm HTML, KepdAaio “Writing Programs”.

n. Apxeio ARM.pdf, kepdAaio A2, Programmers’ Model

o. Apxeio STR91xFA_Reference_Manual.pdf. @a 10 xpnoiyotrolouue

WG avagpopd yia KAaTaxwpnreg.

p- BiBAio Otwpiag Wayne Wolf, “O1 YroAoyioTéG WG ZUuoTATIKA
Zroixeia”. KepdAaio 3, Trapdypapog 2.4. AIOKOTTEG.
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Eicaywyn

2T0 gpyacTrplo autdé Ba avaAUooOupE TOV POVTEAO TTPOYPANMATIONOU TOU
ARM. Oa pag gival Xprioigo yia TV TTEPAITEPW KATAVONON KAl EQAPUOYH TwV
EpyaocTnpiwv. Oa ava@Eépoupe Ta PACIKA yIA TOUG KATAXWPENTES YEVIKOU Kal
€101KkoU okoTtrou. O1 KataxwpnTéG auToi XpnoluyoTroiouvtal atmo 1o CPU yia 1n

d1adIkaoia EKTEAEONG EVOG TTPOYPAUMATOG.
2Tn ouvéxela Ba ekTeAéooupe éva atTAG TTPOYpPAPUa Kal e TN BorBegia Tou

debugger Ba TTpooTTABCOUPE VA KATAVOAOOUUE TNV POr EKTEAEONG TOU

TTPOYPAUMATOG KAl TNV XPAON TWV KATAXWPNTWY YEVIKOU OKOTTOU.
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4.1

4.2

Tutrol 6edopévwyv

O ARM uTtrooTnpicel TOug £AG TUTTOUG DEDOUEVWIV:

Byte: 8 Bits
Halfword 16 bits
Word 32 Bits

KataxwpnTtég TpoypaHATIONOU

O ARM ¢€xe1 ouvoAikd 31 Karaxwpntég VYEVIKOU OKOTroU. 2Xg
oTroladATTOTE OTIYHN 17 a1rd auToug gival TrpootreAdoipol. O1 uttéAoiTrol
XPNOIMOTTOIOUVTAI VIO VA QUENOOUV TNV TaxUTNTa EKTEAEONG TV ESaipéoewv
(exceptions). ATTO 10 ZxApa 29 ptTopeite va O€ITE TTOIEG KATAOTAOEIG
Bewpouvtal E¢aipéoceig (exceptions). 'ETOI O TTPOYPANPATIOTAG UTTOPEI va
XPNOIMOTIOINCEl OTTOIOBATTIOTE ATTO TOUG 17 TTPOCTIEAACINOUG KATAXWPNTEG.
Tpeig atrd Toug TpooTreAdoIgoug kataxwpnTtég, o R13, R14 kai R15, éxouv
€I101KO poAo.

Stack Pointer (R13): O kataxwpnTig autdg KATaXwpPEi TOTTIKEG METABANTEG
ouvapTtoewv Pe TNV uEBodo LIFO (Last In First Out — Ta TeAeuTaia dedopéva
TTOU PTTaivouv Byaivouv TTpwTa). Xpnaoiyotrolgital atrd TG evioAég PUSH, yia
va eI0Xwpnoei otnv Kopuer Tng otoifag (Stack) éva véo otoixeio kar POP

yIQ VA JETAKIVAOEI £va OTOIXEIO aTTO TNV KOPUYH.

Link Register (R14): O karaxwpntig autog kpatdel tnv dieubuvon Tng
eTTOMEVNG EVTOANG YETA aTTd pia Branch and Link (Bl rj BLX) gvtoAr, n otroia
€ival | EVTOAN TTOU XPNOIYOTIOIEITAI VIO VO KOAEOTEI pia uttopouTiva. Me GAAa
Aoyia kpatdel Tnv dievBuvon emoTpo@PnG armd Tnv utropouTiva. OTav n
UTTOPOUTIVA TTPETTEI VA ETTIOTPEWEL, N TIPF Tou LR avTiypdgeTtal otov Program
Counter. Etriong xpnoigoTrolgital yia va Kpatdel Tnv dieubuvon eTToTPOPg
o€ TTEPITITWON TTOU TO OUCTNUA UTTEI O€ KATTOIA KATAoTOoN €¢aipeong. Tig
UTTOAOITTEG (QOPEG UTTOPEI va XPNOIYOTTOINBEl oav KAaTaxwpenTAG YEVIKOU

oKoTToU.
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4.3

Program counter (R15): Kpartdael Tnv dieuBuvon TnG €TTOPEVNG EVTOANG TTOU
Ba ekTeEAEOTEI.

CPSR (Current Program Status Register): Kpatder tnv Tpéxouoa
karaotaon Asiroupyiag Tou CPU O1TTwg autég avagépovTal oTnv ETTOPEVN
TTapAypaPo.

SPSR (Saved Program Status Register): Xpnoipotroicital oTig €¢aIp€OEIg
Kal kpatdel Tnv Ty Tou CPSR 11pIv 10 oUCTNPA €GUTTNPETACEI PIa €GAipEDT.
OuolaoTIKG  ¥pnoldoTIoIEiTal yia va owdel Trold ATAv n  TTponyouuEvn
karaotaon Aeiroupyiag Tng CPU woTe va €mMOTpEWel O€ QUTAV PETA TNV
€CUTTNPETNON TNG £€QipeEONG.

KaraoTtdoeig Asitoupyiag

O ARM é€xel emm1d KOTAOTAOEIS A€ITOUpYiag ouv pia €I0IKA  AsiToupyia
Aoyiopikou T1rou ovopdaletar THUMB T1rou  ptropei va  xpnoiygotroinOei
TTaPAAANAQ pe otroladnTToTE AAAN aTTd TIG ETTTA KATAOTACEIG. O dIAPOPETIKOI
TPOTTOI AEITOUPYIAG TTAPEXOUV EETPA XAPAKTNPIOTIKA VIO OPAAN AEITOUpyia Tou
OUCTHPATOG KAl EKTEAEDN DIAPOPETIKWYV AsiToupyiwy Tou CPU avaAloya e tnv

KaTtaoTaon.
MPONOMIOYXEXZ KATAZTAZEIX
E=AIPEZEIZ
User | System FIQ IRQ SVC Undef Abort
RO RO RO RO RO RO RO
R1 R1 R1 R1 R1 R1 R1
R2 R2 R2 R2 R2 R2 R2
R3 R3 R3 R3 R3 R3 R3
R4 R4 R4 R4 R4 R4 R4
R5 R5 R5 R5 R5 R5 R5
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R6 R6 R6 R6 R6 R6 R6
R7 R7 R7 R7 R7 R7 R7
R8 R8 R8_fiq R8 R8 R8 R8
R9 R9 R9_fiq R9 R9 R9 R9
R10 R10 R10_fiq R10 R10 R10 R10
R11 R11 R11_fiq R11 R11 R11 R11
R12 R12 R12_fiq R12 R12 R12 R12
R13/SP R13/SP R13_fiq R13_irq R13_svc R13_undef R13_abort
R14/LR R14/LR R14_fiq R14_irq R14_svc R14_undef R14_abort
R15/PC R15/PC R15/PC R15/PC R15/PC R15/PC R15/PC
CPSR CPSR CPSR CPSR CPSR CPSR CPSR
- - SPSR fig | SPSR_irg | SPSR_svc | SPSR _undef | SPSR_abort

ZxApa 29: Mivakag karaxwpntwv ARM

Ymrapyxouv 17 kataxwpntég o€ kavoviki Asitoupyia (User f) System). 2T1ig
UTTOAOITTEG KATAOTACEIG AsiIToupyiag utrdpxel évag akopa, o SPSR. g
privileged katdoTtaon, ol Exception karaotaoeig ouv mnv System (FIQ, 1SQ,
Supervisor, Undefined kai Abort), o1 karaxwpntég R8-R14 yia 10 FIQ Kkai
R13-R14 vyia Tmi¢ uttOAoITTeG KATAOTACEIG, €ival OIAQOPETIKOI ATTO TOUG
avTtioTolxoug o€ kavovikr Asitoupyia. Otav o CPU ptrel o€ katola privileged
KATaoTaon AEITOUpyiag TOTE Ol DIOPOPETIKOI KATAXWPNTES (O OKIOOUEVOI OTO
2xNua 29), evaAAdooovTtal PE TOUG QVTIOTOIXOUG XWPIG va XAOOuvV Ta
dedopéva Toug ol Trpwrtol. ‘ETol yia mTapadeiypa v 1o oUoTnPa gival o€
KavoVviki Asitoupyia (user mode) kai ekTeAEOE TNV evioAr} MOV R13, #0x01,
o karaxwpnts R13 Ba mapel v T 0x01. Edv apéowg PeTd 10 oUoTNUA
p1TEl o€ KaTdoTaon IRQ kal ekteAeoTei N evioAr] MOV R13, #0x02, 161€ n TIuN
0x02 Ba ypagtei otov R13_irq kai 6x1 otov R13. Otav 10 cUoTNUa €TTAVEANDEI

o€ Kavovikn Aeitoupyia o R13 Ba €xel akoupa tnv apxikr Tipr 0x01.

KardoTaon XpnRon CPSR

User Kavovikr) eKTEAEON TTPOYPANPATOG 0x10

FIQ Fast Interrupt. ESutTnpéTnon ypriyopwv 0x11
OIOKOTTWV

Tuqpa HMMY 59




Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 4
IRQ E¢uttnpéTnon atmAwy dIaKOTTWV 0x12
Supervisor | Reset, Ekkivnon kal eguttnpéTnon dI0KOTTWV 0x13

Aoyiouikou (software interrupts)
Abort Ailadikacieg AaBwv PvAung 0x17
Undefined | ECuTTNPETNON LN OPICPEVWV EVTOAWV 0x1B
System [Mpovoulouxeg d1adIKaoieG CUCTHUATOG Ox1F

2xApa 30: Mivakag karaotacswv ARM

4.4 EZaipéoeig (Exceptions)

ECaipéoeig ptropouv va dnuioupyndouv atrd €0WTEPIKEG N KAl EGWTEPIKES
TTNYEG, OTTWG HIa dIaKoTTH) éow Tou USB ) péow tng UART. H tTponyouuevn
KATaoTaon TIpiv TNV €EUTTNPETNON TNG £EAIPECNG CWEETAI WOTE TO CUCTNUA
Va JTTOPEI va TTaVEABEI o€ KavovIKn AsiToupyia. ETTeidr Tapatravw aTrd pia
eaipeon ytropei va dnuioupynBei Tnv idia oTiyur, UTTAPXOUV TTPOTEPAIOTNTEG.
2TOV TTAPOKATW TTVOKA UTTOPOUUE va doupe TIg egaipéaclg Tou ARM kai Tig

QvTiOTOIXEG DIEUBUVOEIG TOUG.

ESaipeon Kardortaon Vector Kavoviki
Asitoupyiag | Interrupt d1eubuvon
Enable
Reset Supervisor 0x00000000
Undefined Undefined 0x00000004
Software Interrupt Supervisor 0x00000008
Instruction Fetch Abort Abort 0x0000000C
Data Access Memory Abort Abort 0x00000010
IRQ IRQ 0 0x00000018
1 Xpnotng
FIQ FIQ 0 0x0000001C
1 Xpnotng

ZxAua 31: MNivakag E¢aipéocwv ARM

O ecaip€ocig IRQ mrpoypaupari¢ovral oav Vectored Interrupts, 6étovrag 10
bit VE = 1. To bit auté ptropouue va 10 BECOUUE, TTPOYPAUMATICOVTAG TOV
Control karaxwpnt (Register 1) Tou CP15 coprocessor. O CP15 civai

Tpqpoe HMMY 60




Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 4

utTeuBuvog yia To MMU (memory management unit), dnAadr yia Tnv yovada
eAEyxOU TNG PVANNG, TNV cache kai GAAa. Mepi€xel 16 kaTaxwpnTES KAl UTTOPET
Va TTPOYPAPUATIOTEI JE OUYKEKPIMEVEG EVTOAEG OTTWG N MCR yia eyypa®n
n MRC yia diéBaopa.

4.5 T[lapaTtnpwvTag TNV EKTEAECT EVOG TTPOYPAMMATOG

Avoiyoupue 10 Project Lab4_Program_Model.uvproj ammoouptriéovrag 1o
Lab4_Program_Model.rar apyeio, TTou didetal ye Ta UTTOAOITTA ApyEia TOU
epyaoTnpiou. Avoiyouue To apyeio program_model.c.

static int funcl(int x, int y);
static int func2(int x, int y);

int main (void)

{
int result = 0;
intz1 =0;
int z2 = 0;
int x = 10;
inty=5;
z1 = funcl(x, y);
z2 = func2(x, y);
result = z1 - z2;
return result;
}
static int funcl(int x, int y)
{
int result;
result =x +vy;
return result;
}
static int func2(int x, int y)
{
int result;
result =x-ys;
return result;
}
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o Xrioupe ka1 KATEBAJOUME TOV KWOIKA OTO OAVATITUSIOKO

akoAouBwvTag Ta BApara Twv KepaAaiwv 2.1 ko 2.2,

e 2710 Options for Target ‘“Target 1’ eAéyxouue 611 TO 0TO tab Debug civai
emAeypévo 1o Use: ULINK ARM Debugger kai 6x1 To Use Simulation.
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EPTAXTHPIO 4

e =ekivaue 10 debugger kai Tov puBuifouue WOTE va @aivovTal Ta

TTapdBupa Disassembly, Registers kai o kwdikag program_model.c,

OTTWG PAIVETAI TTAPAKATW.

R14 [LR)
R15 (PC)
CPSR

- SPSR
B User/System
- Fast Interrupt
B Interrupt
- Supervisor
B Abort

Bl Undefined

- Intemal

e

SYCS

Window Help
W AN

0x04000060
0x04000060
0x04000060
0x04000060
0x00000000
0x04000000
0x00000000
0x00000000
0x00000000
Oxe1a00000
0x000001e4
0x00000000
0x000000f0

0x04000460
0x000000a0
0x000000f0

0x600000d3

x000000F4
14:
x000000FS
15:
x000000FC
16:
x00000100
17:
15:
x00000104
19:
x00000108
x0000010C
x00000110
x00000114
20:

3. m - 0 E

E9ZD41F0 STHMDE

int result =
E3A04000 MOV

int z1 = 0;
E3A05000 MOV

int z2 = 0;
E3A06000 MOV

int x = 10;
E3A0700& MOV

int vy = 5;
E3A08005 MOV

zl = funclix,
E1a01008 MOV
E1A00007 MOV
EBFFFFF3 BL
E1a05000 MOV

zZ2 = funce (%,

()

¥l

¥l

R13!, {R4-RE,R14}
R4, #0x00000000
RS, #0x00000000
R6, #0x00000000

R7, #0x00000004

RS, #0x00000005
R1, RS

RO, R7

func1 (0x000000E4)
RS, RO

-

1
1
0
0
1
1

01[-:_]Xfﬁfﬁﬁfﬁfﬁfi-:i'i-:i'ﬁ:i'ﬁ:éi-fﬁfﬁfﬁfﬁfﬁfﬁfﬁﬁfﬁfﬁfﬁfﬁf

02
03| /% E. Filippatos
04 | /% Jan 2010
0 05
0x13 06
0=00000010 07
08 | static int funciliint x,
03 | static int funcZ(int x,
10 >
11 int main (void)
®1200%
13 int result = 0;
14 int z1 = 0O;
0=x000000F0 15 int zz = 0;
Supervisor 16 int x = 10;
17 int y = 5;
18

int
int

/% PROGRAM MODEL.C: Exercising ARM Programmi

/*é*é*é*é*é*é*é*é*é*é*ékéké#ééé*éﬁ*ﬁ*é*é*é*é

vl
vl

ZxAua 32: MapdBupa otn diadikaoia aTroo@AAUATWoNGg
e [lpocBéToupe éva breakpoint oTnv apxn TNg main OTTWG QaAiveTal OTO

TTPONYOUNEVO OXAMA.

e [latdue 10 Run. H ektéAeon Ba otaupartrioel. O1 evioAég TTou Ba

EKTEAEOTOUV TTPWTA PaivovTal 0TO TTapdBupo disassembly.

Taipe HMMY
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e O KWOIKAG TNV OTIYUN auTh BPIOKETAI OTNV TTPWTN AYKUAN TNG main.
Map’ 6N autd o CPU Ba ekTeAEOEl TNV TTPWTN TOU EVTOAN.

0x000000F0 E92D41F0 STMDB R13!,{R4-R8,R14}

H evToA autrl atroBnkKeUel Ta TTEPIEXOUEVA TTOAAATTAWY KATAXWPENTWV
otov karaxwpntr) SP (Stack Pointer), dnAadry otnv otoifa (Stack).
Eival ouoiaoTika pia evioAr; PUSH.

e [lardue 1o Step 4 10 F11 yia va ekTeAgiTal 0 KWOIKAG PHAG PE BAPATA,
Mia assembly evioArf oe kdBe Brua. MNa kdBe marnua Tou F11
dlaBadoupe Ta TTAPAKATW KAl TTOpATNPOUUE TOoug Registers. Mpétrel va
yvwpiloupe OTI oplopéveg eviOAéG otnv C ptmopei va xpeiddovral

TTOPATTAVW atro pia assembly evToAr yia va oAokAnpwBOouv.

0x000000F4 E3A04000 MOV R4,#0x00000000
MeTtakivei otov R4 Tnv Tiur 0x00000000.
Mapatnpouue Ta dedopéva Tou R4.

Matdpe T0 F11 Ko eAéyxoupe TNV vea Tiur Tou R4.

0x000000F8 E3A05000 MOV RS5,#0x00000000

MeTtakivei otov RS Tnv Tiur 0x00000000.
Mapatnpouue Ta dedopéva Tou RS.

Mardue To F11 Kal eAéyxoupue TNV vea TiwA Tou RS.

Tuqpa HMMY 64




Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 4

Tpqpoe HMMY

0x000000FC E3A06000 MOV R6,#0x00000000

MeTtakivei otov R6 Tnv Tiurp 0x00000000.
Mapatnpouue Ta dedopéva Tou R6.

Mataue 10 F11 Kal eAéyXoupe TNV vea Tiun Tou R6

0x00000100 E3A0700A MOV R7,#0x0000000A

MeTtakivei otov R7 Tnv Tiur 0x00000000.
Mapatnpouue Ta dedopéva Tou RY.

Matdue 1o F11 Kol eAéyxoupe TNV vea TipA Tou RY.

0x00000104 E3A08005 MOV R8,#0x00000005

MeTtakivei otov R8 Tnv Tiur 0x00000000.
Mapatnpouue Ta dedopéva Tou R8.

Mataue 10 F11 Kai eAéyxXouue TNV vea TiuA Tou R8.
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Epwtnua 34

ZTO ONUEIO AUTO, TTOIO TO TTEPIEXOMEVO TWV KATAXWPNTWV R4-R8;
Ti oucI100TIKA £XEI ATTOBNKEUTEI OTOU KATAXWPENTEG AUTOUG;
TIMH EPMHNEIA

R4:

R5:

R6:

R7:

R8:

.
0x00000104 E3A08005 MOV R8.,#0x00000005

MeTtakivei otov R8 Tnv Tiur 0x00000000.
Mapatnpouue Ta dedopéva Tou R8.

Matdue 1o F11 ka1 eAéyyxouus TNV vea Tiun Tou R8.

0x00000108 E1A01008 MOV R1,R8

MeTtakivei otov R1 10 TTEpIexOpeEva Tou R8.

Mapatnpouue Ta dedopéva Tou R1.

Matdue 1o F11 ka1 eAéyyxoups TNV vea Ty Tou R1.
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0x0000010C E1A00007 MOV RO,R7

Metakivei otov RO Ta mTepiexdpeva tou R7.
Mapatnpouue Ta dedopéva Tou RO.

Matdue 1o F11 Kol eAéyxoupe TNV vea Tipn Tou RO.

EpwTtnua 35

Mari yivovral o1 500 TeEAEUTAiEG HETAKIVIOEIG;

Tpqpoe HMMY

0x00000110 EBFFFFF3 BL  func1(0x000000E4)

Mapatnpouue Ta dedopéva Twy LR, PC.

Branch with Link: AmmoBnkevel otov kataxwpnt) R14 (LR - Link
Register) Tnv d1€uBuvon TNG €VTOANG TTOU UTTAPXEI JETA TO Branch
Kal peramrnddel otnv diEuBnvon 0xO000000E4 yia va ekteAéoel Tov
KwdIka TngG func.

MeTa TNV OAOKANPWON TWV EVTOAWV TTOU UTTApXOUV 0To Branch pia
peTakivnon Tng TIWAG Tou LR oto Programm Counter (PC 4 R15) 6a
ETTAVAPEPEI TNV EKTEAEON OTNV EVTOA apéowg PETA TO Branch.
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EpwTtnpa 36

H mponyouUpevn evioAn BpiokeTal otnv dietBuvon 0x00000110. MeTa

TNV eKTEAEON TNG, Ti TIUA Ba TrEpIpévoupe va €xel o LR (R14) kai yiari;

Tpqpoe HMMY

0x000000E4 E1A02000 MOV R2,R0
0x000000E8 E0820001 ADD RO,R2,R1

Mapatnpouue Ta dedopéva Twy RO, R2.

MeTtakivei otov R2 Ta Tepiexopeva Tou RO.

Mataue To F11 kal eAEyxoupe Tnv vea Tiun Tou R2.

MpooBETel Ta Tepiexoueva Twv R1, R2 kai ta atroBnkeuel otov RO.
Matdpe 10 F11 Ko eAéyxoupe TNV vea Tiur Tou RO.
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0x000000EC EI12FFF1E BX R14

EmoTpégel amo éva kdAeopa ouvapTnong otnv dieubnvaon TTou
opiCetal amd Tov R14 (Link Register). Ouol0oTIKa Ta TTEPIEXOPEVA
Tou R14 petakivouvtal oto PC.

Mapatnpouue Ta dedopéva Twy PC, LR.

Matdue T0 F11 ko eAéyxoupe TNV vea Tiur Tou PC. Oa trpéTrel va
gival idla pe Ta dedopéva Tou LR.
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Epwtnpa 37

H ouvdptnon func1 éxe1 ekteAeoTei. Molo gival TO ATTOTEAEOHA TNG KA

o€ TTOIOV KaTaxwpnTtn €X&l arodnkevoEi;

0x00000114 E1A05000 MOV  RS5,R0

Mapatnpouue Ta dedopéva Tou RS.
MeTtakivei To Trepiexdpevo Tou RO otov RS.

Matdpe T0 F11 Ko eAéyxoupe TNV vea Tiur Tou RS.

2TO onuEio auTo EeKIVAEL N EKTEAEON TNG BEUTEPNG OUVAPTNONG.
NMpoocBéoTe TTapaKATW TIG EVTOAEG TTOU €KTEAOUVTAI KOl AVTIOTOIXO
oxOAla woTe va deifeTe OTI £XETE KATAAABEI TIG EVTOAEG assembly Tou

ARM 110U XpNnOIpOTTOIOUVTAI.
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5 EPIAXTHPIO 5

¢ XpNOoIJOTToIWVTAG TO TTARKTPA

¢ Eioodol/E§odol N'evikoU ZkoTtrou (GPIO) Mépog 10

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:

q. Apxeio mcbstr9.chm HTML, Kepdhaia “Writing Programs” «kai
“Theory of Operation->Push Buttons”.

r. Apxeio Blinky.c, péoa amo tov @akeAo Lab2_Blinky.rar.

s. Apxeio MCBSTR9_schematic.pdf. To oxnuatikd NG avatrtugiakng
TAakéETag MCBSTRO yia va doUe TIG OUVOEDEIG TwV TTANKTPWV.

t. Apxeio STR91xFA_Reference_Manual.pdf. ©a 1o xpnoigotroioupe
w¢ avagopd yia Toug GPIO karaxwpnrég.

u. BiBAio Otwpiag Wayne Wolf, “O1 YmoAoyioTéG wg ZuoTATIKA
Zroixeia”. KepdAaio 4, rapdypagog 4. Zuokeuég Eicddou/EEOd0u.
[MANKTPOASYIQ.

Eicaywyn

To avatrrugiakd MCBSTRO mmapéxel Tpia TTAAKTPA. To Ovopa Twv TTANKTPWY
Ta £xoupe Bpel oto EpwTtnua 1 atmd 1o oxnuatikd MCBSTR9 _schematic.pdf.
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5.1

Etriong oto Epwrtnua 17 £xoupe Bpel o€ Tola pins (GPIO) Tou PIKPOEAEYKTT)
gival Ta TTANKTPA auTtd ocuvdedepéva. 2T0 KOPMUATI auTd Tou gpyacTnpiou Ba
XPNOIUOTTOINOOUKE €va ATt Ta TTARKTPA AUTA yIO VA OTAPATAPE Kal va

¢ekivape tnv diepyaacia Tou ADC oto Tapadeiyua Blinky.

To mAAkTpo INTS (S2 oto oxnuatikd) kair otmrdéte 10 avriotoixo GPIO,
TpogodorTeital Ye Taon 3,3V péow piag weak pull-up avtiotaong (R43). Acite
Ta 010 MCBSTR9_schematic.pdf oxnuatiko. Matwvtag 1o INTS 1TAAKTpO TO
avtioToixo GPIO atré 1 yivetan 0. H pouTiva pag TTpETTEl va UTTOPET VO EAEYXEI
TNV KataoTtaon Tou GPIO. Edv 1o TTAAKTPO KpaTeital Tratnuévo, dnAadn gival
o¢ Katdotaon 0, 161e Ba Tpétrel va TutTtTwoouue oto LCD “Paused” kai ta
LED va otapatouv Tnv avakAnon, evw OTav To agrivoupe, dnAadr gival otnv

karaotaon 1, 6a TPETTEl va ouveXiCeTal N TTPONYOUHEVN d1adIKaaia.

Aladikaoia rpoypapparticpou GPIO

MNa va ptrop€ooupe va diaBaloupe HEOA OTOV KWOIKA PJAG TNV KATAOTACT) TOU
GPIO, pe 10 otmoio cuvdéeTal To TTANKTPO INTS, Ba Tpétel TpwTA va TO
EVEPYOTIOINOOUPE Kal va TO pubpiooupe kataAAAAwg. Auté Ba  yivel
TTPOYPAUMATICOVTAG TOUG KATAAANAOUG KATAXWPENTEG. ZTOV TTAPAKATW TTiVaKA
0a OUPTTANPWOOUPE TOU KATAXWPENTEG TIOU XPNOIMOTTOIOUVTAl Yid TOV
TTpoypapuaTiopo Twyv GPIO.
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EpwTtnpa 39

ZUYKEVTPWTIKOG TTivaKag KartaxwpenTtwy yia ta GPIO

Kataxwpntrig Mepiypaen

MapakdTw Ba CUPTTANPWOOUUE TIG TIMEG TIOU TIPETTEI va TTAPOUV Ol

TTapatmavw Kataxwpentég woTte 1o GPIO 3.5 va Asitoupyei wg aTTAr €i00006.

EpwTtnpa 40

Bydadoupe To GPIO Port 3 amd kardaoraon reset:

Epwtnpa 41

Evepyotroioupe 1o poAdi Tou GPIO Port 3:

Epwtnpa 42
AtrevepyoTtroloUpe evaAAakTIKN £€§odo Tou GPIO: (SCU GPIOOUT)

EpwTtnupa 43
PuBuifoupe To GPIO wg gicodo:
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AvTioTOIXEG pPUBMIOEIG, TTOU MTTOPOUME Vva TIAPOUME WG TTapAdEIyua,
uttapxouv yia 1o GPIO 0 Tou Port 4 (GPIO 4.0) TTou XpNnOIUOTIOIEITAl WG
€ioodog yia Tov ADC (Analogue to Digital Converter).

‘ExovTtag kataAAAwG puBuioel Toug kaTaxwpnTEg Tou GPIO, ytropoupe Twpa
va €EAEYXOUME TNV KaAtaotaon Tou. AuTd yiveTtal eAEyxovTag TNV TIU OTOV

KataxwpnTh:
GPI03->DR[0x80]

O Aoyog Tmou Pdaloupe O0x80 egnyeital ot o€Aideg 116-117  TOU
STR91xFA_Reference_Manual.pdf.

Emeidl 1o GPIO dgv 10 €xoupe ouvdEoel pe KATtTolo interrupt, TTpéTel o
KWOIKAG MOG VA EAEYXEI TOV KATAXwPENTH auTdv ouvexwg (polling). Zuvetrwg
TPETTEl 0 £AEyXOG va uTreEl péoca oto arépuovo Bpoyxo Tou Blinky
TTapadeiypaTog. >& KABE KUKAO Tou Bpoyxou n kataotacn Tou GPIO tpéTrel
va eAEYXETAI XPNOIMOTIOIWVTAG MIO OTTO TIG OUO TTOPAKATW €EVTOAEG Kal

TIPATTOVTAG AVOAOYWG:

if (GP103->DR[0x80] == 0x20) /* Eav n karaotaon tou GPIO 3.5 eivai 1 */
if (GPIO3->DR[0x80] == 0x00) /* Edv n katdoTtaon tou GPIO 3.5 €ivai 0 */

Avoiyoupe 10 Project Blinky (pe 1n diadikacia TTou avo@EpeTal oTNV

TTapdaypa®o 2.1) kai oto apyeio Blinky.c, uhotroloUpe TOV KWAIKA Pag.

Epwtnupa 44

Edw ypaywTe TOV KWBIKA yia TO EAeyX0 ToUu TTARKTPOU. MpooBéoTe povo
TIG EMITTAEOV EVTOAEG TTOU YPAWATE YIA TNV ApXIKOTToinon Kail éAeyxo
Tou GPIO.
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6 EPIFAXTHPIO 6

¢ ARM9 Assembly Mépog 1°
¢ LEDs
¢ Eioodol/E§odol N'evikoU ZkoTtrou (GPIO) Mépog 2°

MpoutroBéoeig

To epyacTrplo auto TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:

v. Apxeio mcbstr9.chm HTML, KepdaAaio “Writing Programs”.

w. Apxeio Lab6_GPIOs_assembly.s, péoa amd Tov @AkeAO

Lab6_GPIOs_assembly.rar.

x. Apxeio STR91xFA_Reference_Manual.pdf. ©a 1o xpnoigotroioupe

WG avagpopd yia KAaTaxwpnreg.
y. BifAio Oswpiag Wayne Wolf, “O1 YTToAoyiOTEG WG ZUOTATIKA

Zroixeia”. KepdaAaio 4, mapdypaog 4. 2uokeuég Eioodou / EE6dou —
LEDs.
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Eicaywyn

210 epyaoTtipio autd Ba xpnoigotroijooupe ARM assembly yAwooa
TTpoypauuaTiogou yia va pubBuiooupe 10 TARKTPO INTS wg eicodo. To
TTAAKTPO INT5 cuvdéetal ye To GPIO 3.5, dnAadr pe Tov 5° akpodEKTN Tou
Port 3. O kwdikag pag Ba mmapatnpei Tv katdotaon tou GPIO 3.5. Eav 10
TARKTPO INTS Kkpateital TTaTnuévo TTpETTel va yvwpifoupe 61 o GPIO 3.5
yivetal 0 evw oTnv avTiBeTn TTEPITITWON TTOU TO TTANKTPO OEV €ival TTATNUEVO,

10 GPIO 3.5 £xe1 TV karacTtaon 1.

To Tpoypapua mou Ba ekteAéooupue TTapartnpei Tnv kartdoTtaon tou GPIO 3.5
Kal avaAOywg Tnv Kataotaon Tou TTARKTpou avaBer r} ofrvel o LED 0. Edv
10 TTAAKTPO €eival trarnuévo (GPIO 3.5 = 0), t6te T0 LED 0 (P 7.0 oT0
oxXNMATIKO) avapel, evw oTtnv avtiBetn trepitrtwon (GPIO 3.5 =1) 1o LED 0

oBnvel.

To OUYKEKPINEVO KOUMATI KWAIKA gival ndn uAoTroinuévo Kal dideTal Pe Ta
ouvnuuéva apxeia Tou gpyaocTnpiou. Map’ 6N’ autd o QoITNTAG, aPOoU TTPWTA
dlaBaocel, katavonoel Kal eKTeEAETEl TNV £Toiun uAoTroinon yia 1o GPIO 3.5 kai
LED 0, mpétrel va TrpooB€oel Oikd Tou KwdIKa o€ assembly waoTe eTTITTAEOV

10 TTAAKTPO INT6 va avaBel o LED 1 (P 7.1 1o oXnUOTIKO).
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6.1 AvdAuon Tou KwWOIKaA

Avoiyoupue 10 Project Lab6_GPIOs_assembly.uvproj amoouptéfoviag 1o
Lab6_GPIOs_assembly.rar apygio, TTou dideTal ge Ta UTTOAOITTA OPXEIA TOU
epyaotnpiou. Avoiyoupe 10 apyxeio Lab6_GPIOs_assembly.s. Aiaaloupe
Tov KWOIKa Kal Ta oxOAla Tou. [lMapakdtw Ba dwooupe HiIa ocUVTOuN
TTEPIYPAP TOU KWOIKA.

; APBO, 1 Bridge definition (Peripherals)
APB0_NBUF_BASE EQU 0x58000000 ; APB Bridge 0 Non-buffered Base Address
APB1_NBUF_BASE EQU 0x5C000000 ; APB Bridge 1 Non-buffered Base Address

AnAwvoupe Tnv apxikr diEubuvon Twv yepupwyv APBO, 1 (non-buffered). H
d1euBuvaon Ba Asitoupyei wg N BAcn oTnv oTToia o1 UTTOAOITTEG dIEUBUVOEIG Ba
xTi¢ovrtal.
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; System Control Unit (SCU) definitions
SCU_BASE EQU APB1_NBUF_BASE + 0x2000 ; SCU Base Address

SCU_PCGR1_OFS EQU 0x18 ; Peripheral Clock Gating Register 1 Offset
SCU_PRR1_OFS EQU 0x20 ; Peripheral Reset Register 1 Offset
SCU_GPIOUT7_OFS EQU 0x60 ; GPIO Out Register 7

AnAwvoupue Tnv apxikr diEuBuvon NG Movadag EAEyxou Tou ZuoTANATOG
(System Control Unit - SCU), n otroia ¢ekivael 0x2000 bytes atrd Tnv apxIKn
d1€ubuvon Tou APB1. Ettiong dnAwvoupuE TIG JETATOTTIOEIG TWV UTTOAOITTWV

KATaxwpenTwy TTou 6a XpnOIKJOTTOINCOUE.

A6 10 Epwtnua 39 ptropoupe va KATAAGBOUME yiaTi pag XpeiacovTal ol

TTOPATTAVW KATAXWPENTEG.

Epwtnupa 45

MNarti oTig TTapatrdvw dnAwoeig dev Exoupe SnAwaoel TRV ATTOKAIOT) TOU
karaxwpentil SCU_GPIOOUT3, upiag kai to GPIO Port 3 710
XperagopaoTe yia 1o TARKTPO INT5;

; Values for the SCU equivalen registers
SCU_PCGR1_Val EQU 0x00220000
SCU_PRR1_Val EQU 0x00220000

AnAwvoupe TIG TIMEG TTOU TTOU TIPETTEI vaA  TTPOYPAMUATIOOUUE OTOUG
KaTtaxwpnTtéG SCU_PCGR1 Kol SCU_PRR1.
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Epwtnpa 46

Nari wpémrel va rpoypappartiooupe Toug Kataxwpntég SCU_PCGR1
kol SCU_PRR1 pe 1i1g Tipég 0x00220000;

; GPIO Port 7 Addresses
GPIO7_DATA_ADDR EQU APBO0_NBUF_BASE + 0x0000D000
GPIO7_DIR_OFS EQU 0x00000400

AnAwvoupe TIG diguBuvoelg yia Toug kataxwpntég Tou GPIO Port 7. O
OUVOAIKOG apIBPOG Twy KaTaxwpentwy yia kaBe GPIO eivar 8. Eueig edw
dnAwvoupe 2 ouv 3 oto SCU trapatrdvw. AuToug Toug 5 KartaxwpnTteég Ba
XPEIAOTOUPE POVO BIOTI o1 UTTOAOITTOI 3 €XOUV TTPOKABOPIOUEVEG TIMEG
0x00000000 kai dev xpelaleTal va Toug AANAEOUE.

Tuqpa HMMY 81




Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 6

; GPIO Port 7 Program values
SCU_GPIOUT7_Val EQU 0x00005555
GPIO7_DIR_Val EQU OxFF

ANAWVOUYE TIG TINEG TTOU TTPETTEI VA TTPOYPAUMUATIOOUME OTOUG KATAXWPENTEG
Tou GPIO 7.

; GPIO Port 3 Data Address
GPIO3_DATA_ADDR EQU APBO0_NBUF_BASE + 0x00009000

AnAwvoupe Tnv diEuBuvon Tou KaTaxwpenTh Twv dedouévwy Tou GPIO P3.

Epwtnpa 47

NMéooug kataxwpntég yia To GPIO Port 3 éxoupe dnAwoer; MNari dev

TOoug éxoupe dnAwoel 6Aoug;
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; Area Definition and Entry Point
; Startup Code must be linked first at Address at which it expects to run.
AREA Reset, CODE, READONLY

H evioAff AREA onuadevsl Tnv apxr €vog EXwPIOTOU VEOU KOUMATIOU
KWOIKa ] dedopévwy. MNMAnpoopei Tov cupBolopeTappaacTr) (assembler) va
METaPPAOoEl Eva VEO KOPPATI KwIKA. H evioAr] AREA €xel Tnv popen

AREA sectionname{,attr}{,attr}...

sectionname: TO OVOUQ TTOU 6A OWOOUUE OTO VEO KOMPATI KWAIKA A
OEQONEVWV.

attr: 1010TNTEG TOU VEOU KOoppaTIoU. M.X. €dv gival KwdIKag r} dedopEva.

Tpqpoe HMMY 83




Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 6

; Area Definition and Entry Point
; Startup Code must be linked first at Address at which it expects to run.
ENTRY

NOP ; Wait for OSC stabilization
NOP

H evioAl ENTRY onuadeuel Tnv TpwTn €VIOAN TTOU Ba €KTEAEOTEI. 2TOV
KWOIKa autd n mpwtn €vioAr] Ba eivar yia NOP. H NOP onuaiver No
Operation, kapia Acitoupyia kal dlapkei 2 KUKAOUG poAoyiou. OTroTe
XpnoigoTrolgiTal 01Tou Xpeladovral kabuoteproelg. Edw €xouv ptrei 10 NOP
Kal Ba gival o1 TTPWTEG EVTOAEG TTOU B EKTEAECTOUV ANECWGS JOAIG N TTAOKETA
TPOQPOOOTNOEI PE peUPA. ZTIG TIEPITITWOEIG QUTEG, ETTEIDN  UTTAPXOUV
METABATIKA QAIVOPEVA TAOEWYV Kal ETTEIBN 01 KPUOTAAOI BEAOUV KATTOI0 XPOVO
yla va oraBepotroinBouv, NOP evioA£G xpnoigoTtTolouvTal yia dnuioupyia

MOIG aPXIKNG KOBUOTEPNONG MEXPI TO OUCTNUA VO OTOBEPOTTOINOEI.
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Epwtnpa 48

Edv 1o oUoTnpa Tpéxel ota 25MHz méco xpovo Ba diapkéoouv o1 10
NOP evToAég;

; Load SCU Base address to R0

; Then we can move by using offsets from that address
LDR R0, =SCU_BASE

; Enable GPIO Port 3 and Port 7 clocks
LDR R1,=SCU_PCGR1_Val
STR R1,[RO, #SCU_PCGR1_OFS]

®optwveral otov RO n mipn 1ng otaBepdg SCU_BASE.
®optwveral otov R1 n mipA 1ng otaBepag SCU_PCGR1_Val.
AtroBnkevetal otov RO + SCU_PCGR1_OFS n mipyr} Tou R1.

Epwtnpa 49

Moia Ba repipyévape va gival TA ATTOTEAECHATO TWV TPIWV TTAPATTAVW

EVTOAWV;

; Set GPIO Port 3 and Port 7 out of reset
LDR R1,=SCU_PRR1_Val
STR R1,[RO, #SCU_PRR1_OFS]

®optwveral otov RO n mipn 1ng otaBepdg SCU_BASE.
®optwveral atov R1 n mipA 1ng otaBepdg SCU_PRR1_Val.
AtoBnkevetal otov RO + SCU_PRR1_OFS n 1iyrj Tou R1.
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EpwTtnpa 50

Moid Ba Trepipévape va gival Ta atroTeAéopaTta Twv U0 TTAPATTAVWLW
evioAwv; Ta dedopéva Tou RO dev éxouv peTafAnBei ard Tnv TpwTn
EVTOAR:

LDR RO, =SCU_BASE

; Set SCU GPIO Port7 Out at Mode 1: Normal Output
LDR R1,=SCU_GPIOUT7_Val
STR R1,[RO, #SCU_GPIOUT7_OFS]

; Set GPIO Port7 Output
LDR RO, =GPIO7_DATA_ADDR

LDR R1,=GPIO7_DIR_Val
STR R1,[RO, #GPIO7_DIR_OFS]

AvTioToixa, OTTwG OEiCape TTPONYOUNEVWG, DOUAEUOUV Kal Ol TTaPATTAVW

EVTOAEG.
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Check_Button

LDR RO, =GPIO3_DATA_ADDR
LDRB RO, [RO, #0x080]

CMP RO, #0x00

BNE Led0_OFF

B Led0_ON

To Check_Button €ival pia eTIKETA N OTTOIA XPNOIYOTIOIEITAI YIA VO OVOUATIOEI
TO OUYKEKPIMEVO OoNUEIO TOU KWOIKA. O ETIKETEG XPNOIUOTTOIOUVTAl KUPIWG
ota branches (dlakAGdwon) woTe avti va kaAouvtal branches pe apiBuo
d1EUBUVOEWGS va KaAouvTal Je TO ovoud Toug. [MNa TTapadeiyua:

B LedO_ON  avriyia B 0x00000092

To TTapaTTAvVW KOUPATI TOU KWOIKA gival TTOAU onPavTIKO.

AlaBader Tov kataxwpnth Twy dedopévwy Tou GPIO Port 3
LDR RO, =GPIO3_DATA_ADDR

Kal koitdel eav 1o GPIO 3.5 £ivai 0.
CMP RO, #0x00000000

AnAadn eAfyxel €av 1o KoupTri gival Tratnuévo. Eav cival 0 161 Kdvel éva
branch otnv d1euBnvon Led0_OFF diagopeTikad otnv dieubnvon Led0_ON.
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; Set GPIO Port7 GPIO1 High
Led0_ON
LDR RO, =GPIO7_DATA_ADDR
LDR R1, =0x01
STR R1, [RO, #0x004]
B Check_Button

Led0_OFF
LDR RO, =GPIO7_DATA_ADDR
LDR R1, =0x00
STR R1, [RO, #0x004]
B Check_Button

Ta dUo autd koppdaria Kwdlka avapBouv 3 oprjvouv 1o LED 0 (P 7.0 oto
OXNMATIKO).

LDR RO, =GPIO7_DATA_ADDR
®optwvetal, atov RO, n digtBnvon Tou Kataxwpent Twv 0edopévwv TOU
GPIO Port 7.

LDR R1, =0x01

n

LDR R1,=0x00

®optwvetal, otov R1, n miu n omoia B6éAouue va tmepdooupe otov RO

kartaxwpntr. H Tipn givar 1 7 0.

STR R1, [RO, #0x004]
ATtToBnKevovTal Ta TTEPIEXOMEVA ToUu R1, oTnv d1EUBnvon Tou KataxwpenTtn

TTOU TTPOKEITTTEI aTTO Ta dedopéva Tou RO + 0x004.

B Check_Button
Agou TeAiwooupe pe To LED emoTpé@oupe 0TOoV €AEYXO TOU KOUUTTIOU.
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6.2 EkTéAgon TOU KWOIKA

‘Exovtag diaBdoel Kal KaTavoroel TNV dOJN TOU KWAIKA, JTTOPOUNE va TOV
ekTeAéooupe. Xpnoigotroiwvtag Ttov debugger pTTOpoupe va OOUMPE TNV
XPNOIYOTIOINON TWV KATaxwpntwyv Trpoypauuatiogol RO kar R1 kaBwg

etriong kal Tov Program Counter ota kaAéopara Twv branches.

BdaAte éva breakpoint otnv di1euBuvon Led0_ON.

e [latAoTe TO TTANKTPO TNG TTAOKETAG.

o Oa TTPETTEI N EKTEAECN TOU KWOIKA VA OTAPATAOCEI PJE TO TTATAPA TOU
TIAAKTPOU.

o EKTEAEOTE TOV KWOIKA ATTO TO ONUEIO AUTO BNUATIKA, TTATWVTAG TO F11.

e T[lapatnproTe Toug kataxwpntés RO, R1.

e [lapatnpAoTe Toug KataxwpnTéS Trepipepelakwy GPIO, 6TTwg Qaivetal

oTO ZXAMa 23.

e Acite TTO10 OTIYUA TO LED avapel.
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6.3 Anpioupyia KwdIKa yia To TTARKTPO INT6

Epwtnpa 51

ZuvexioTte Tov Lab6_GPIOs_assembly.s KwdIka WOTE TO TATHUA TOU
mwARKTpou INT6 va avapel o LED 1 (P 7.1 oto oxXnpariko).
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7 EPIrAXTHPIO 7

¢ ARM9 Assembly Mépog 2°

¢ ESwrepikég Alakotrég — External Interrupts Mépog 1°

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:

z. Apyxeio mcbstr9.chm HTML, KepdaAaio “Writing Programs”.

aa.Apxeio Lab7_Ext_Int.s, yéoa atmd Tov @dkeho Lab7_Ext_Int.rar.

bb.Apxeio STR9_Programming_Manual.pdf

cc.Apxeio STR91xFA_Reference_Manual.pdf. @a 10 xpnoiyotrolouue

WG avagpopd yia KAaTaxwpnreg.

dd.BifAio Otswpiag Wayne Wolf, “O1 YmoAoyioTéG wg ZuoTaTIKA
Zroixeia”. Kepahaio 3, mapdypa@og 2.4. AIQKOTTEG.

Eicaywyn

O1 diakoTrég €ival pia onuatodoaoia 1mpog Tov CPU. Ovouddovral €101 OI0TI

OIAKOTITOUV TNV EKTEAED TOU TPEXOVTOG TTPOYPANUATOG KAl EEAVAYKALOUV TOV
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CPU va ekteAéoel Tov KWOIKA TIOU €ival YPAPUEVOG E€IBIKA yIa TNV
eCuTINPETNON  TNG  OUYKEKPIPEVNG  dlakoTmG. Otav  n  egutnpéTnon
OAOKANPwOEei, dnNAadr 6tav TO KOUMATI KWOIKA YPauPévo €IOIKA yia ThV
OUYKEKPIPEVN DIOKOTT) EKTEAECTEI, N PON TOU TTPOYPAUPATOG ETTIOTPEPEI TNV

B8€on 1Tou ATav TIPIV TNV DIAKOTT) QUTH.

AvaAoya pe Tov pIKpoeAeykT Kal Tov CPU, uttdpyel d1agopeTIKOG aplBudg
OAG  kal  €idog  dIOKOTTWV TIOU  MPTTOPOUV  va  utrooTtnpixbouv. O
STR921FAWA44 utrooTnpicel cuvoAIKa 32 £10000UG DIAKOTTWY, ATTO TIG OTTOIEG
ol 5 pTTopEi va TTpoépxovTal aTmd E€CWTEPIKEG TINYEG OTTWG QAiveTal OTO

TTAPAKATW OXNUA.

Wakeup Interrupt Unit Vectored Interrupt Controllers
(WIU) (VICo & VIC1)
. 32 D All WIU sources > VIC19
nterrupt —pm USB, RTC, Port 3.[7:2
USB Resume Interrupt —m- | 8 N _[interrupts [ L VIC1.10
30 I/0 Port _ '
Interrupts —. 8 Port 5.[7:0] |nterrupts> VIC1 A1 W)’ ARM9
CORE
8 Port 6.[7:0] mterrupts> VIC1 12 ?Q»
8 Port 7.[7:0] interrupts> VIC1.13
WKUPSéL
Other On-Chip
Interrupt 27 VIC
Sources VICX% Channels
1

ZxAua 33: Aldypaupa eAEyxou dIaKOTTWV

Ta eOWTEPIKA TTEPIPEPEIAKA, OTTWG Ol ETPNTEG, 0 ADC, ] UART ptropouv va
dlakdéywouv Tov CPU.

O ARM CPU dueoa ptropei va dexBei éva FIQ 4 éva IRQ Interrupt. Ta
uttéAotra IRQs ptraivouv o€ TTpoTepaIOTNTA avaAoya Pe To aplBuo Tou Vector
(To MIKPOTEPO €xEl PEYOAUTEPN TIPOTEPAIOTNTA) 1} aAvAAoya WE TOV
TTPOYPANMATIONO TTOU UTTAPXE! YIa KABe vector. Vector Interrupt onuaiver 6T
n pPouTiva €GUTTNEETNONG UTTOPEI va OPIOTEl €101 WOTE va BPIioKETAl O€
otroladATTOTE Bé0n PVANNG. AUTO Opwg dnuioupyei KATTola KaBuoTépnon,
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71

ylati n digvBuvon TNG pouTivag eguttnEETNONG Tou Interrupt TTpétrer va
TTpoodioploTei. ATro TNV AAAN 10 FIQ Interrupt €xe1 TTGvra TTpOTEPAIOTATA ATTO
OAa Ta utrohorra Interrupts. Agv ptraivel o€ KATTOI OEIPA TTPOTEPAIOTNTAG KAl
etTiong n d1evBuvon NG pouTivag egutTnPETNONG Tou FIQ Bpioketal TravTa o€
TTpokaBopiopévo onpeio. OAa autd €xouv wg atroTéAeopua 10 FIQ va gival
éva oAU ypryopo Interrupt. MNap’ 6N autd pyovo pia Trnyr PITOPEI va TO
XPNOIUOTIOIEI.

Epeig Ba aoxoAnBoupue pe Ta e€wtepIka Interrupts, Ta otroia cuvdéovTal oTA
Vectored IRQs. Zuykekpigéva Ba opiooupe €va eEwTePIKO interrupt oTo
TARKTPO INTS (GPIO 3.5). AvTi va kdvoupe polling ouvexwg yia va EAEYXOUE
TNV KATAOTOAON TOU TTANKTPOU 6a OnUIOUPYrOOUME MIa POuTiva OIAKOTTAG

(interrupt routine) n otroia Ba KaAgiTal povo 6Tav TTATNOEi TO TTARKTPO.

To mpdypappa pag Ba exTeAei Evav KUpIo Bpdxo. Z& KABe KUAION Tou BpOXOoU
Ta dedopéva Tou R2 gAéyxovTal kal avaloya pe tnv Tiun Tou 10 LED otnv
0806vn avapouv ) oprivouv. H 1iu Tou R2 aAAadel kGBe @opd TToU TTATIETAI

10 TMAAKTPO INTS, péoa otnv euttnpétnon Tou Interrupt.

AvdaAuon Tou KwdIka

Avoiyoupe T10 Project Lab7_Ext_Int.uvproj amoouuméloviag 1O
Lab7_Ext_Int.rar apyxecio, 1OU dideTal pe TA UTTOAOITTA APXEIQ TOU
epyaoTnpiou. Avoiyoupe 1o apxeio Lab7_Ext_Int.s. AiaBdaloupe Tov KwdIKA
Kal Ta oXOAIa Tou. MNapakdtw 8a dWOOUUE PIa oUVTOUN TTEPIYPAPL TWV TTOI0

Bacikwy onueiwv TOu KWOIKA.

Taipe HMMY 93




Evooporopéva Xvomiparta I: Epyactypioxés Aoknoeig

EPTAXTHPIO 7

Mode USR
Mode FIQ
Mode IRQ
Mode SVC
Mode ABT
Mode UND
Mode _SYS

I Bit
F_Bit

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

0x10
0x11
0x12

0x13
0x17

0x1B
0x1F

0x80
0x40

AnAwoeig oTabepwy TINWV TTOU opifouv Tnv Tiu Tou CPSR 1 Twv
avTtioTolxwv SPSR yia 1ig didgopeg kataoTdoeig Tou ARM.
Ta |_Bit ka1 F_Bit, xpnoiyotrolouvtal yia va OTTEVEPYOTTOINOOUV TA

avTioToixa Interrupts.
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UND _Stack Size ~ EQU  0x00000000
SVC_Stack_Size EQU  0x00000008
ABT Stack_Size EQU  0x00000000
FIQ Stack Size EQU  0x00000000
IRQ_Stack_Size EQU  0x00000100
USR_Stack_Size EQU  0x00000400

ISR Stack Size EQU (UND_Stack Size +  SVC_Stack Size +
ABT _Stack_Size + FIQ_Stack_Size + IRQ_Stack_Size)

AREA STACK, NOINIT, READWRITE, ALIGN=3

Stack Mem SPACE USR Stack Size
__initial sp SPACE ISR _Stack_Size

Stack_Top

To koppdT autd opicel To pEyeBog TnG oToifag (Stack) yia Tnv katdoTaon
XPNoTn Kail yia otroladnTrote KatdoTtaon gaipeong. H otoifa cival évag
TTPOKABOPIOPEVOG XWPOG UVHKNG TTOU DECPEUETAI OTNV APXH EKKIVNONG
Tou ouoTAuaToG. O XWPOG auTdG XPNOIYOTIOIEITAlI aTTO TIG OIAPOPES
OUVOPTAOEIS VIO va AtroBnkeUuouv TPEXOUOEG PETARANTEG TTOU ApECa
XPNoIgoTtrolouv, aAAd TTapdAAnAa Oev xpelddovtal PHETA TO TTEPAG TNG
ekTéAeong Toug. OTav pia ouvapTnon €MOTPEYEL, N METABANTH AuTr Kal
oTro1adTTOTE AAAN PETABANTN atTodecevovTal aTTd ThV oToiBa. AvaAoya
ME TNV KatdoTtaon Asiroupyiag Tou MCU utrdpxel kai n avaAoyn oToifa.
Edw yia Trapddeypa opidetal €va Stack yia Tnv KatdoTaon XproTn Kai
éva yla TIG eCaipéoelg. 21N oToifa atrolnkevovTal
dedopEva atro TNV JEYAAUTEPN TTPOG TN MIKPOTEPN d1EUBUVON Kal £TO1 TO
0x400 kai 0x108 civar Ta peyioTa oOpla yia TIG dUo oOTOoIBeS. a
mapadeiypa éva PUSH piag 32-bit petaBAnTig oto User Stack Ba

atmmobnkeuBei otnv d1EuBuvon 0x39C-0x400.

H emmépevn otnv 0x390-39C KTA.

H eviohrj SPACE odeopelel xwpo yia Tnv ZT0ia TNG
KATaoTaong XPnoTn Kai yia Tnv oToifa Twv E¢aipéocwy.
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User stack
0x400

ISR Stack
0x108

Tpqpoe HMMY
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IRQHandler
STMDB R13!,{R0-R1}

; Clear VIC interrupt

LDR RO0,=VIC1_BASE

LDR R1,=0x00000000

STR R1, [RO, #VIC1_VAR_OFS]
; Clear WIU Interrupt

LDR RO0,=WIU_CTRL_BASE

LDR R1,=WIU_PR _Val

STR R1, [RO, #WIU_PR_OFS]

MVN R2, R2
LDMIA R13!,{R0-R1}
SUBS  PC, R14, #0x4

Edw opiletal n egutnpétnon tou IRQ Interrupt. Otav 1o koupTti INTS
maTtnOei, éva Interrupt 6a dnuioupynBei oto Vector Interrupt 1.10 kal o
TOPATTAVW  KWOIKAG Ba ekTeAeoTei. 210 TENOG, N €KTEAEON TOU
TTpoypduuaTtog Ba emoTpEWel OoTNV B€0n OTNV OTroia ATAV TIPIV TNV
ecuttnpéTnon Tou Interrupt autou. H evioArf MVN R2, R2 avtioTpéel Ta
oedopéva Tou R2 k@Be @opd TTou TTATIETAI TO KOUUTTI WOTE O KUPIOG
Bpoxog va yvwpicel eav Ta LED cival avappéva i 0x1. Etol o R2 ptropei
va eital OXxFFFFFFFF eitan 0x00000000.

Main_Loop
CMP R2, #0xFFFFFFFF
BNE LED_Off
B LED_On
LED_On
LDR RO0,=GPIO7_DATA_ADDR
LDR RI1,=0xFF
STR R1, [RO, #0x3FC]

B Main_Loop
LED_Off
LDR RO0,=GPIO7_DATA_ADDR
LDR R1,=0x00
STR R1, [RO, #0x3FC]
B Main_Loop

To ouoTtnua &ekivasl pe ta LED ofnotd kai tov R2=0. Mg 10 TTpWTO0
TaTnua Tou kKoupTriou INTS éva Interrupt 8a diakdwel Tov CPU kai n
ecuttnpeTnon Tou Ba evrioTpéyel Tov R2 amd 0x0 oe OXFFFFFFFF.
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MeTa n ekTEAEON TOU KWOIKA Ba emOTPEWEI OTO onueio Tou Main_Loop
TTOU BpiokoTav TTpIv TO Interrupt.

To Main_Loop ouykpivel Tnv kardotaon tou R2 av eivar OxFFFFFFFF.
Edav eival OXFFFFFFFF, onpaivel o011 To KoupuTtri €xel TatnBei Kal omroTe
avaBel Ta LED. Ala@opeTika Ta Kpatdgl onoTa.

Mpiv Tov opiopd TOoU Main_Loop yivovial OpKETEG QPXIKOTTOINOEIG O€
KartaxwpnTtég. Tov oKoTTO TwV ApXIKOTTOINOEWY auTwyv Ba Tov oulnTAOOUUE

Kal 6a TOV CUUTTANPWOOUUE TTAPAKATW.

Epwtnpa 52
SCU_PCGRO
Tign E¢Aynon

EpwTtnpa 53
SCU_PRRO
Tign E¢Aynon
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Epwtnupa 54
SCU_PRR1
Tign EgAynon

EpwTtnua 55
SCU_WKUPSEL

Tign EgAynon

EpwTtnpa 56
VIC_INTER
Tign E¢Aynon

Epwtnpa 57
VIC1_VA10R
Tipn Egnynon
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EpwTtnpa 58
VIC1_VC10R
Tign EgAynon

EpwTtnpa 59
SCU_GPIOOUT7

Tign EgAynon

EpwTtnpa 60
GPIO7_DIR
Tign Egnynon

Epwtnpa 61
WIU_CTRL
TiuA Egnynon
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EpwTtnpa 62

EPTAXTHPIO 7

WIU_MASK (WIU_MR)

Tipn

E¢Aynon

EpwTtnpa 63

WIU_TRIG (WIU_TR)

Tipn

E¢nynon

Tpqpoe HMMY
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8 EPIAXTHPIO 8

¢ ARM9 Assembly Mépog 3°

¢ ESwrepikég AlakoTrég — External Interrupts Mépog 2°

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:

ee. Apxeio mcbstr9.chm HTML, KepdaAaio “Writing Programs”.

ff. Apxeio Lab7_Ext_Int.s, yéoa atmd tov @dkelo Lab7_Ext_Int.rar.

gg.Apxeio STR9_Programming_Manual.pdf

hh.Apxeio STR91xFA_Reference_Manual.pdf. ©a 10 xpnoipgotroiolue

WG avagpopd yia KAaTaxwpnreg.

ii. BiBAio Oswpiag Wayne Wolf, “O1 YToAoylOTéEG WG ZUOTATIKA
Zroixeia”. Kepahaio 3, mapdypa@pog 2.4. AIQKOTTEG.
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Eicaywyn

To epyaoTrpIo AuTO €ival CUVEXEIQ TOU TTPONYOUEVOU EPYACTNPIOU.

2TO TTPONYOUNEVO EPYAOTHPIO AVAAUCANE TOV KWAIKA, YPANUA-YPANKA VIO va
KATOVONOOUNE TIG PUBUICEIG KAl TOV TTPOYPAUMATIONO TTOU ATTAITEITAI VIO v
puBuicoupe TIG eCWTEPIKES OIOKOTTEG 0TO STRI12FAW44 ikpoeAeyKTH).

2€ AQUTO TO €pyaoTAplo Ba eKTEAEOOUPE TOV KWOIKA MOG Kol Ba
xpnoigotroiooupe Tov Debugger vyia va TtapakoAouBriooupe TOUG
Karaxwpntés Twv Interrupt kai 1N Oladikacia TTOoU akoAoubegital. Oa
xpnoigotroiooupe Breakpoints kai Ba trapakoAouBoupe Toug Registers

YEVIKOU OKOTTOU.

TEéNOG Ba TTPOOTTABACOUNE VO JETATPEWOUNE TOV KWOIKA PHAG WOTE TTAEOV TO
Interrupt va épxetal atmd 1o TANKTPO INT6 Kai 61 atrd 10 TTAAKTPO 5.
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8.1

8.2

ExTéAgon Tou KWOIKA

Avoiyoupe T10 Project Lab7_Ext_Int.uvproj amoouuyméloviag 1O
Lab7_Ext_Int.rar apxeio, 1ou OideTal pE T UTTOAOITTO ApPXEia Tou

epyaoTnpiou. Avoiyoupue 10 apxeio Lab7_Ext_Int.s.

ExTeAOUPE TOV KWOIKA CUP@QWVA MPE Tn OIadIKACIO TTOU AVAQEPETAlI OTNV

TTapaypa®o 2.1 kai 2.2.

Mataue 10 TARKTPO INTS ki TTOparnpoupye 1a LED va avdapouv.

=avatratwvtag 1o TTAAKTPO INTS Ta TTAAKTPA Ba TTPETTEI va ORRVOUV.

‘EAeyx0G HECO TOU ATTOCPAAMATWTH

Avoiyoupe TOV aTTao@AAUATWTH APOU OlyOUPEUTOUME OTI EXOUUE ETTIAEECEI TO
Use ULINK ARM Debugger katw atré 1o Debug tab oto TapdBupo ‘Options

for Target ‘Target 1'. To Run to main TTp£TTEl va €ival €TTIONG ETTIAEYPEVO.

A6 TnVv emmAoyr) Peripherals avoiyoupe Ta €¢A\¢ TTapaBupa:
Wake-Up Interrupt Controller, GPIO3 ka1 GPIO7

Peripherals |lools SVCS  Window Help

Power, System and Clock Control z l 7 _e

External Memory Interface - T

& Y - F - |30 |

APE Bridges »

1jO Ports % STMDE R13!,

Interrupts Dl J Vectored Interrupt Controller
E 0x58004000 Real Time Clock I Wake-Up Interrupt Unit :
Rl 000000000 ) 7 .
N  commnonn 0 Watchdog Timer RO.#VIC1 ISR{0xFCO000OC
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ZxAua 34: EmAoyry Wake Up Interrupt Controller

H 1ehikfy pop@r) Tou Debugger TTpéTrel va €xel TNV dour TTOU QAivETAI OTO

TTAPAKATW OXNUA.

xt_Int - pVision:

Registers w 1 X || Disassembly

154: PibtHandler PibtHandler
0x00000048 EAFFFFFE B 0x00000048

Bl Current

RO 0458004000 155: DibtHandler B DibtHandler
R 0400000000 156: IRQHandler
B2 0400000000 0x0000004C  EAFFFFFE B 0x0000004C
B3 0400000124 157: STHDB R13!, {RO-R1}
R4 000000000 158: ; Clear VIC interrupt
0x00000050 E92D0003  STHDE R13!, {RO-R1}
RS 004000000 4
Iiys u:uuuoouuu 159: LDR RO, =VIC1_BASE [0:00 |
BT 040000013 xEIEICIEIUUS‘l E3L0033F MOV RO, #VIC1 ISR (OxFCO0D0000)
R 000000000 [0:00 |
- RY 0x00000000 [#] sTRo1x.s —_—
b
2110 g"ggggg}ei 146 DAbt_Addr DCD DibtHandler =
Il =1 -
147 DCD o s Reserved Address
I :1 :2; P) g"gggggggg 148 IRQ_Addr DCD IRQHandler 0:00 |
'
FIQ add DCD FIQHandl
~-R14(LR) 0400000000 1;: Q_dddz Qiandler [0:00
RRI5(PC)  0x00000130 =
Eg _PPSR 0:00000010 152 UndefHandler B UndefHandler
B SPSR 0+00000010 153 SWIHandler B SWIHandler
o User/System 154 PabtHandler B PibtHandler EXTINT2
| oot 155 DAbtHandler B DibtHandler EXTINT3
0 Intemupt 156 IRQHandler EXTINT4
5 Supervisor 157 STMDB R13!, {RO-R1}
E}_y_Ab""_ 158 ; Clear VIC interrupt EXTINTE
- Undefined 159 LDR RO, =VIC1_BASE
160 LDR R1, =0x00000000 EXTINTS
000000130 161 STR R1, [RO, #VIC1_VAR_OFS]
User 162 ; Clear WIU Interrupt
e 163 LDR RO, =WIU_CTRL_BASE
CP15-PID 164 LDR R1, =WIU_PR Val

165 STR R1, [RO, #WIU_PR_OFS] 00000080

MVH R2, R2 0x00000060

LDMIA  R13!, {RO-R1} OsFFFFFFFF

e nA  maa  2o.a

i=]Project | = Registers
[Command

***% error 35: undefined line number
W3 1, *SCU_PCGRO
W3 1, 'SCU_PCGR1

WS 1, *SCU_PRRO 0x00000008

WS 1, "SCU_PRR1

ws 1, ° SCU:UKUPSEL 6: EXINTE as VIC1.10 source 3]
WS 1, "VIC1_VCI1OR : EXINTS asVIC1.11 source |3
WS 1, ‘VIC1_VA1OR

7] , 0 EXINT16 as VIC1.12 source |2}
0: EXINT24 a5 VIC1.13 source 3

(£Call stack | aZLacals | lwat

ZxApa 35: Aoun TTapaBupwyv Debugger yia €Aeyxo Tou E&wTepoU Interrupt

A6 1o GPIO3 mrapdbupo mraparnpouue 611 1o GPIO 3.5 civar 1. Mg 10
TTarnua yivetral 0. AuTto €ival avauevOUEVO Kal Yia TOV AOYO auTO €XOUE OpioEl
otov WIU Interrupt Trigger Register va evepyei 1o Interrupt ye tnv TrTitouca
akun Tou GPIO.

210 Tapdbupo Wake-UP Interrupt Unit emAéyoupe 10 EXTINTS.
Mapatnpoupe Tnv pdoka (Mask) 6t givar 1, kai To INT_EN bit emmiong.
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O¢toupe €va breakpoint otnv apxfy Tou IRQHandler kai ekteAoUue TOV
KwoIKa TTaTwvTag 10 Run f 1o F5.

Mataue 10 TTAAKTPO KOl O KWOIKAG oTapardel oto breakpoint Adyw Tou

Interrupt.

[W/Lab7_Ext_Int - uVisiond

EL& &0 0 Ul

Registers v @ x| Disassembly
STHDE R13!, (RO-R1}
158: ; Clear VIC interrupt
oSa00doo0 | [A30X000000S0  E92D0003  STHDB R13!, (RO-R1}
A1 £A00000000 159: LDR RO, =VIC1_BASE
A2 £:00000000 0x00000054 E3R0033F MOV RO, #VIC1_ISR(0xFCOO000D)
A3 (0000014 : R1, =0x00000000
A C:00000000 0x00000058 E3A01000 MOV R1, #0x00000000
iod i R1, [RO, #VICL_VAR_OFS]
RE 000000000 162: ; Clear WIU Interrupt
jes 00000013 0x000000SC ESS801030  STR R1, [RO, #0x0030]
Re 000000000 163: LDR RO, =WIU_CTRL_BASE
Ra £x00000000 0x00000060 ESSFO134 LDR RO, [FC, #0x0134]
R0 000000184 164: LDR R1, =UIU PR Val
040000014
0400000053 |[| " [£] STR91xs
151
15 UndefHandler B UndefHandler
153 SWIHandler B SWIHandler
o 154 PibtHandler B PibtHandler
& 155 DibtHandler B DibtHandler
- User/System 15 IRQHandler
[ Fast Interupt &157 | STMDB R13!, {RO-R1} EXTINT3 0
- Interrupt 158 ; Clear VIC interrupt EXTINT 0
[ Supervisor 159 LDR RO, =VIC1 BASE
Bl Abort 160 LDR R1, =0x0000000D EXTINTE 0
& Undefined 161 STR R1, [RO, #VIC1 VAR OFS] Ei”m; g
- Intemal 162 ; Clear WIV Interrupt EXTINTS 0
000000050 163 LDR RO, =WIU_CTRL_BASE EXTINTIO 0
164 LDR R1, =WIU PR Val
CP15 165 STR R1, [RO, #WIU PR OFS)
CP15-FID 166 -
167 wn R2, R2
168 LDMIA R13!,{RO-R1}
153 SUBS  PC, R4, #0x4
ic]Project | = Registers WD —
command v 8 X |watch1
= Nawe
S 1, “SCU_PCGRO “SCU_PCGRO =
WS 1, 'SCU_PCGR1 SCU_POGRT
VS 1, 'SCU_PRRI ‘SCU_PRRT
w1 s wKorsEL SCURUPSEL TN

VICI_VCIOR .
VICTVAIOR 0.EXINTS asVICTT1 source 5]
Z <double-click or F2to add> 0 EXINT16 35 VICT.12 source 5]
0: EXINT24 5 VICT.13 source 5]

ﬁ &1callstack | Locals | Ewatch 1 [Flmemory.1

ZxAMa 36: Breakpoint otnv eguttnpéTnon Tou Interrupt

WS 1, 'SCU_PRRO ” *SCU_PRRO
WS 1, ‘VIC1 _VA1OR =
u iz

21NV TTapaTTavw eIkOva £XOUPE Ta oTolxeia Tou debbuger Tnv oTIyPr) TTOU
TTaTOnKe T0 TAAKTPO. 270 TTapdBupo GPIO3, o GPIO3.5 éxel yivel 0. Etriong
oTo TTapaBupo Wake-UP Interrupt Unit 1o bit WUIP5 éxei yivel 1 (Pending =

1),

EpwTtnua 64
Moia n epunveia Tou bit WUIPS5;
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ATIO TO ONEio TTOU 0 KWAIKAG PaG €XEl OTAPATAOEI AOyw Tou Interrupt kai Tou
breakpoint, Tov ekteAouue Pnuartikd mratwvtag 1o F11. Maparnpouue Tov
kaBapiopd Tou WIU EXTINTS Pending bit peta tnv ekTéAeon Twv TTApAKATW

EVTOAWV:
LDR RO, =WIU_CTRL_BASE
LDR R1, =WIU_PR Val
STR R1, [RO, #WIU_PR_OFS]

EpwTtnua 65

Ti akpIBwg KAvouv oI TTapaTTAvw E€VTOAEG WOTE va KaBapioel 1o

Pending bit otov WIU EXTINT5 kataxwpntn.

Ortav o PC Bpioketal oTnv €VTOAR:

MVN R2, R2

TTapaTnNEROTE TOV R12 TTpIv KAl UETA TNV €KTEAEON TNG.

2UVEXIOTE TNV PNPATIKA EKTEAEON TOU KWOIKA WG OTOU ETTIOTPEWOUNE OTNV

Main_Loop. Otav @T1aoeTe TNV EVTOAN:

CMP R2, #OxFFFFFFFF

TTOPATNPEAOTE TIG DUO ETTOPEVEG EVTOAEG

BNE LED_Off
B LED_On
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Kal Ta TTeplEXOPEVa Tou R2 Kal aTTavTAoTE:

EpwTtnpa 66

Moia gival Ta Trepiexopeva Tou R2, kail o€ molo amrd ta duo Branches

0a TrePIMEVATE O KWBIKAG VA JETATTNOACEI KAl YIATI;

Mrtropeite va TreipapaTioTeite aAAGlovTag Tov aplBpo Twv LED tmou avaBoupe

Kal OBVOUE.

Epwtnpa 67

Moieg aAAayég mpétrel va yivouv oTov Kwdika pag woTe To External
Interrupt va épxetal TAéov a1rd 10 INT6 ka1 6x1 a1ré 10 INT5; ZnueiwoTe

TTAPAKATW TIG AAAAYEG/AVTIKATAOTHOEIG.
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9 EPrA:zTHPIO 9

¢ Eilocaywyn otoug ADCs

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARaCUa Kal Xprion Twv £EAG:

ii- Apxegio mcbstr9.chm HTML, Kepdhaia “Writing Programs” kai

“Theory of Operation->Potentiometer”.

kk.Apxeia Blinky.c ka1 LCD.c, péoa armd tov @dakelo Lab2_Blinky.rar.

Il. Apxeio MCBSTR9_schematic.pdf. To oxnuatiké Tng avatmTugiokng
mAakéTag MCBSTRO yia va doupe TIG OUVOETEIG TOU TTOTEVOIOUETPOU.

mm. Apxeio STR91xFA_Reference_Manual.pdf. @a TO

XPNOIMOTTOIOUNE WG avagopd yia Toug ADC kataxwpnTEg.
nn.BiBAio Otwpiag Wayne Wolf, “O1 YToAoylOTéEG WG ZUOTATIKA

Zroixeia”. KepdAaio 4, rapaypa®og 4. >uokeuég Eiloddou-EEOd0u,
Metatportreig A/D kai D/A.
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Eicaywyni

2710 gpyaoTipio autd Ba xpnaoipoTtroifjoouue 1o TTapddelyua Blinky Tng Keil.
Oa kavoupe aAAayég oTov KWOIKA WOTE TNV TTPWTN ypapun Tng LCD
086vNnG, va TUTTWVETE N TTPAYUATIKA TIUA TNG TAong Tou TToTeVOIopeTpou POT1

oe mV, OTTWG QAIVETAI OTO TTAPAKATW OXAMA.

ZxAua 38: ‘Evdeign LCD tpiv Tig aAAayég pag

210 apxeio STR91xFA Reference Manual.pdf, ceAida 463, utmrdpyxouv
TTANpo@opieg yia Toug ADCs TOU MIKPOEAEYKTH. Z€ YEVIKEG YPOUMES N
Aeiroupyia Twv ADC €xel wg €ENG.
e O STR912FAW44 éxel 8 kavahia ADC.
o KdaBe ADC éxel diakpitotnTa 10-bit.
e Ab6yw o1 n diakpirétnTa TwWv ADC ¢ivar 10-bit, n y€yiotn TIPA TTOU
divouv w¢ atroTéAeopa peTatpoTrig eivai n 210 = 1023.
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9.1

e H pé€yiotn kal eAaxiotn TR TToU PTTopei 0 ADC va peTaTpéyel
ecaptaral ammd TNV €I0IKN TTAPOXH TPOPODOTIAG OTOV PIKPOEAEYKTH,
VREF. 'Etol yia mapddeiypa €av 1o VREF €ivar 1023mV, 161¢ n
MEyIoTn peTaTpetTopevn 1IN Tou ADC, 10 1023, Ba avTtioToIXei o€
1023mV kai eav 1o VREF €ival 3300mV 161€ N pé€yiotn Tiur tou ADC,
10 1023, Ba avtiotoixei oe 3300mV. ZTnv TTEPITITWON AUTH OPWG
etre1dr) o ADC ptropei va dwaoel 1023 TigEG, n augnon Twv TINWV Tou
ADC Ba yiveral ka6e 3300mV/1023 = 3,2mV. 'H dIapopEeTIKA yIa va
uttoAoyiooupe Tnv Tdon o€ mV TToAAaTTAaoIGdoupE TNV OEKAdIKA TIUA
Tou ADC peg 3,2. Autd onuaivel 611 €xoupe 3,2mV diagopd ava Brua
Tou ADC.

EpwTtnpa 68

‘EoTw 611 0 ADC Atav 12-bit kai To VREF oTov pikpogAeykTn givail 10V.
YmoAoyiote 10 Bpa Tou ADC avda mV aAAayrig oTnv €icodo Tou.

MNa va ytropéooupe va dOUNE TNV TIUA TG TAONG TOU TTOTEVOIOUETPOU OTNV
006vn Tou LCD Tmrpémmel TpwTta va PeTaTpEWoupe TNV Tiu Tou ADC ot
mpaypatikd mV. Eidaue mrpiv 61 e VREF 3,2V yia kd6e 3,2mV augnon 1ng
Tdong peTpnoewg Tou ADC, €xoupue éva Bripa augnon. AnAadn Tnv Tiur TTou
pag divel o ADC wg atrotéAeopa €dv Tnv mToAAatTAacidooupe pe 3,2 Ba
TTAPOUUE TNV TIPAYMATIKH TIPA TNG TAoNG €100d0ou oTov ADC.

Avoiyoupe 10 Project Blinky (pe 1n diadikacia TTou avo@EépeTal 0TnV
TTapaypa®o 2.1) kai To apxeio Blinky.c.

‘EvdeIgn TnG TAONG TOU TTOTEVOIONETPOU OTNV 006vn LCD

210 apxeio Blinky.c 1rpétrel va TpooB£ooUpE KWAIKA WOTE VA TUTTWOOUUE

TNV TAON Tou TToTEVOIONETPOU oTo LCD.

Tuqpa HMMY 111




Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 9

H petaBAnTi AD_last kpatdel Tnv TeAeuTaia yétpnon tou ADC. H petaBAnTn
QUTA gival eEWTEPIKA PETABANTH Kal avavewveTal y€oa oto apxeio IRQ.c, otnv
ouvaptnon ADC_IRQ_Handler. Otav pia HeTaTPOTIA £XEI TEAEIWOEI ATTO TOV
ADC éva €i0Iké interrupt xTutrdel Kal n €guttnEETNON Tou interrupt auTou

YiVETAI OTAV OUVAPTNON AUTH.

To mpdéypappa Blinky Tpéxel ouaiaoTIKa £vav KAEIoTO aTtépuovo Bpdxo. Otav
CeEKIVAOEl TO TIPOYPANMA  YivOvTal TTPWTA  KATTOIEG OPXIKOTIOINOEIS OTO
oUoTNUA, TTPOYPAPMATICOVTAG KATTOIOUG KaTaxwpenTéS. O karaxwpnTtég N
aAAIwG 0 XapTng pvAung (Memory Map) Tou JIKPOEAEYKTF), UAOTTOIEITAI OTO
apxeio C:\KeilARM\INC\ST\91x\91x_map.h. Xpnoiyotroiwvtag TG doUEG
MEOQ aTTO TO APXEIO AUTO, PUTTOPOUNE va €Xoupe TTPOoRacn o€ OAOUG TOUg

KATaXwpNTEG TOU CUOTANOTOG.

‘ET01 y10 TTOPAdEIYUA 1N EVTOAA:

SCU->GPIOIN[4] |= 0x01;

mnyaivel otov karaxwpntr] GPIOIN4 tou SCU (SCU_GPIOIN4 oehida 115
oto STRI91xFA_Reference_Manual.pdf) ka1 6€tel 10 TTpWwTO bit, TO bit 0, pe

TNV TIPNA 1. Aervel Ta uttéAoitra bit wg gixav.

EpwTtnpa 69

Moigg apxikoTroIRoeIg yivovTal oTnv apxni Tou Blink.c kai yiari;

MeTG €KTEAEITE O KWAIKAG YETA OTOV BPOXO, OTTWG PAIVETAI OTOV ETTOPEVO

TTivaka.
while (1) { I* Loop forever */
for (n = 0x01; n <= OxFF; n <<= 1) {
GPIO7->DR[0x3FC] = n; /* Turn on LED */
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wait(); * Delay */

AD_value = AD_last; /* Read AD_last value */

if (AD_value != AD_last) /* Make sure that AD interrupt did */
AD_value = AD_last; /* not interfere with value reading */

AD_value /= 13; /* Scale to AD_Valueto0-78 ¥/

if (AD_old != AD_value) { /* If AD value has changed
set_cursor (0, 1);
AD_old = AD_value;
for (i=0;i<16; i++) { /* Disp bargraph according to AD  */
if (AD_value > 5) {
lcd_putchar (0x05);
AD_value -=5;
}else {
lcd_putchar (AD_value);
AD_value = 0;

EpwTtnpa 70

—
—

MepiypdywTte T BAMATA TTOU aKOAouBouUvTal HECO OTOV ATEPUOVO
Bpoxo.

EpwTtnpa 71

E@ooov 10 TTpOypappa HOG EKTEAEI TOV KWAIKA PJECA OTOV ATEPUOVO
Bpoxo, Twg n Tipun Tou ADC (AD_last) aAAader;
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lNa va ypaywoupe oto LCD Ba xpnoiyotroijooupe Tnv cuvdptnon led_print.
Me Tnv ouvdptnon set_cursor eTmAéyouue o€ TTola ypapun Kai Béon Oa
Bpioketal o cursor. OuolaoTIKA €TTIAEyoUE TTOU Ba TTdel va ypawel n lcd_print.
To LCD T1ou avatrtugiakou £xel 2 YPOUMEG e 16 BETEIG yIa XAPOKTIPEG OE
KGBe ypauun. ‘Etol yia Tapadeiyua eav BéAoupe va ypdywouue otnv Béon 5
TNG TTPWTNG YPAUMNG, ETTIAEyOUNE TTPWTA TNV B€0n PE TNV OuvaApTNON
set_cursor(4, 0) (4 ka1 6x1 5 yiati n TpwTn B€0n €ival To 0 kKal 6x1 T0 1) Kal
METG ypdooupe pe Tnv led _print. 2e kABe ypdwiuo o cursor augdaveral

QUTONATWG.
H ouvdapTtnon led_print maipvel wg opiopa string. H petapAnty AD_value

gival OeKAdIKOG Kal OTTOTE TIPETTEl va JeTaTpaTrei N petaBAnTh AD_value o€

string.
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Epwtnpa 72

EdSw ypayTte TOVv KWdIKA, WOTE va BAéTTOoUpE oTnv LCD 006vn TRV TdON

TOU TTOTEVOIOMETPOU O€ mV.
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10 EPrAzTHPIO 10

¢ Real Time Clock Mépog 1°

¢ Alarm kai Periodic Interrupts Mépog 1°

MpoutroBéoeig
To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:
00. Apxeio mcbstr9.chm HTML, KepdAaia “Writing Programs”.
pp-Apxeia RTC.c ka1 IRQ.c, yéoa ato Tov ¢dakeAo Lab10_RTC.rar.
qq.-Apxeio STR91xFA_Reference_Manual.pdf. @a 10 xpnoiyotolouue
w¢ avagopa yia Toug karaxwpntég Tou MCU aAAd kai yia Tnv povada

RTC.

rr. BiBAio Otswpiag Wayne Wolf, “O1 YmoAoyioTéG wg ZuoTaTIKA
Zroixeia”. Kepahaio 4, mapaypa@og 9. PoAdI =utrvnThApl.
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Eicaywyn

2T0 gpyaotipio autd Ba xpnoipotroijooupe 10 Real Time Clock Tou
MIKPOEAEYKTH Kal Ba UAOTTOINCOUNE Eva WNPIAKO POAS. To WnNPIakd poAdI €XEI
TNV dUVATOTNTA TTPOYPANUATIOPOU £VOG Alarm KATTOIO OUYKEKPIPEVN XPOVIKH
oTiyun. To Alarm autd eival ouvdedepévo e éva Interrupt To otroio Ba avapel
Ta LED yia 8 deutepOAetta. H wpa gp@avidete oto LCD 6TTwg gaiveTal otnv

TTAPAKATW QWTOYPAPIa.

2xAua 39: 006vn Wnolakou PoAoyiou

To Real Time Clock Tou HIKPOEAEYKTH €ival éva EVOWHATWHUEVO KOUMATI
UAIKOU Kal TO HOVO TTOU XPEIACETAI VIO VO AEITOUPYNOEI EKTOG aTTO TNV avaAoyn
TAon, TToU PTTOPEl Va 000B¢€i Kal {eXxwpIoTd atrd 10 utroAoitro IC, eival évag

aTTAOG KpUOoTaAAOG 32,768KHz.

Ta KUpla xapaktnpioTikd Tou RTC civai:

e HuepoAdyio 9999 eTwv oe BCD (Binary Coded Decimal).

o ®oppar 24 wpwv oe BCD (Binary Coded Decimal).

o =gXWPIOTN €i0000G POAOYIOU KOI TAOEWGS WOTE VA UTTOPET va AEITOUPYEI
OAOKANPWTIKA auTOVOPa aKOUA Kal atrd pia prrarapia Xwpeig va 1o
eTTNPEACEl EQV TO UTTOAOITTO KOPUATI TOU PIKPOEAEYKTH €ival OE TAON.

e YTrooTrpIgn dioEKTOU £TOUG.

e [lpoypappati¢opevo Alarm Interrupt péyiotng didpkelag evog piva.

e Eukpivela o€ millisecond.
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o Ta TTEPIEXOUEVA TWV KATOXWPNTWY TNG WPAG KAl TNG NUEPOUNVIAg
gival Ta pova oTov PIKPOoeAEYKTA STRI12FAW44 110U eV ETTIOTPEPOUV
oTIG TTpokaBopiopéveg (default) TIpEG Toug peTd atro Reset.

e Otav o pikpoeheyktG eival oe Sleep Mode o1 TaxutnTeG TWV
EOWTEPIKWY POAOYIWV PEILVOVTAI APKETA VIO EEOIKOVOUNON EVEPYEIAG.
H Aeitoupyia Tou RTC Opwg dev eTnpeddeTal piag Kal £xel 01K Tou
EOWTEPIKO OIKTUO POAOYIOU TTOU ONUIOUPYEITAI ATTO TOV EEWTEPIKO
KpUoTaAAo.

o EKTOG a1md 10 Alarm Interrupt ptropei va dnuioupynoel Kal TTEPIOdIKA
Interrupts ava 1024Hz, 128Hz, 16Hz kai 2Hz.

Epwtnpa 73

Bpeite amdé 10 STRIIXFAxxx.pdf o€ Troia pins TOU MIKPOEAEYKTH
mwpéTrel va ouvdebei 0 32,768KHz kpUoTaAAOG. TN ouvéxela BpeiTe aTrd
10 oXnUaTiké MCBSTR9_schematic.pdf edv ota avrioTtoixa pins givai
ouvdedepévog KATTOI0G KPUOTAAAOG KOl ONUEIWOTE TO OVOHA TTOU £XEI

OTO OXNMATIKO.

2TO €pyacTiplo autd Ba ekTeEAéoOUUE TO TTPOYpPAPUa Kal Ba douue TNV
evaAlayn Tng wpag oto LCD. To Alarm gival TTpoypauuaTiogEVO VA OWOEI
éva Interrupt ota 30sec atrd TNV APXIKI WPA EKKIVNONG EKTEAEONG TOU
TTPoyPAUUaTOG. Oa Traparnprcouue 0TI HETA atrd autd Ta 30sec OAa Ta
LED avaBouv. MNapauévouv avaupéva yia 8sec kai JeTd offivouv.
2T oUVEXEID Ba KAavoupue AAAQYEG OTOV KWAIKA MOG YIA VA EEKIVAUE TO POADI
atro dIAPOPETIKI WPA AAAG Kal yia va TTEIpapaTioToupe Pe 1o Alarm Interrupt.
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10.1

10.2

ExTéAgon Tou KWOIKA

Avoiyoupe 10 Project Lab10_RTC.uvproj atmocuptéfoviag 10
Lab10_RTC.rar apxeio, TTou dideTal e TA UTTOAOITTA APXEIQ TOU EPYAOTNPIOU.
Avoiyoupe Ta apyxeia RTC.c kai IRQ.c.

ExTeAOUPE TOV KWOIKA CUP@QWVA MPE Tn dIadIKACIO TTOU AVAQEPETAlI OTNV

TTapdaypa®o 2.1 kai 2.2.

Mapartnpoupe TNV evaAAayn NG wpag. MNepiyévoupe 30sec yia va XTUTTNOEI

10 Alarm Interrupt kair avayouv 1a LED. MNMartdue 10 Reset yia eravekkivnon.

AvdAuon Tou KwdIka

Mapakdtw Ba avaAlooupe T OladIKaoia  TTPOYPANMATIONOU  TOU
MIKPOEAEYKTA yia TO TTapddeiyua tou Wneiakou PoAoyiou. To cuoTtnua
BaoiCetal otn Asitoupyia Tou Real Time Clock (RTC) kai oTig duvaTtdTnTEG
TTOU £XEI IO TTpoypapuaTIonNo Alarm kai Trapaywyn Interrupt.

Avo €1dwyv Interrupt éxouv TTrpoypaupaTtioTei oto RTC. To Alarm Interrupt kai
10 Periodic Interrupt. To Periodic Interrupt gival utretBuvo yia Tnv avavéwaon
NG wpag otnv o00dvn. Eivar mpoypaupatioyévo va XTutrdel kGBe 2Hz
(0.5sec) kai omroTe KABE 2HZ n Tiur Tou kataxwpnt RTC_TR 10U KpATAEI
TNV WPA, dIABACETE KAl TUTTWVETE OTNV 086vN. To dIGBacua Tou KaTaxwpenTh
RTC_TR yiveral ye €vav 181AIiTEPO TPOTTO PIAG KAI O KATAXWPENTAG KPATAEI TV
wpa og popery BCD pe ta xapunAd bit va avtiotoixouv OTIG HOVADEG Kal TA
uynAa oTig dekddeg. Alapadoupe To STRI91xFA_Reference_Manual.pdf
oeAida 147. 210 emépevo oxApa @aivetal n doun Tou Kataxwpnti RTC_TR.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ DT[1:0] ‘ DU[3:0] ‘ Reserved ‘ HT[1:0] ‘ HU[3:0] ‘

'w r'w rw rw rw rw w w w w w 'w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Res. ‘ MIT[2:0] ‘ MIU[3:0] ‘ Res. ‘ ST[2:0] ‘ SU[3:0] ‘

'w 'w 'w rw rw rw w w w w w w 'w

ZxApa 40: Karaxwpnm¢ RTC_T
T

Bytes MNepiypaen Tipég
0-3 Seconds Movadeg 0-9
4-6 Seconds Aegkadeg 0-5
8-11 Minutes Movadeg 0-9

12-14 Minutes Aekadeg 0-5
16-19 Hour Movadeg 0-9
20-21 Hour Agkddeg 0-2
24-27 Date Movadeg 1-9
28-29 Date Aekadeg 0-3

ZxApa 41: Mivakag Tipwv karaxwpnt RTC_TR

10.2.1 ATroTUTTWON TNG WPAG

H wpa atroTuttwveTal oTnv 006vn pe Tnv ouvaptnon led_print petd ammé tnv

TTapakaTw dladiKaaoia:

if (new_time_value){
get_time_str(time_str);
set_cursor(3, 1);
led_print(time_str);
new_time_value = 0;
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To TTapakATWw oXNUATIKO hag dEiXVEl TRV POr TOU TTPOYPANKATOG HAG.

[poypappatiopog
KOTOYOPNTOV:
SCU
RTC
WIU
VIC1.10
GPIO
Y
Apykomoinon
LCD
- ¥ Awdfaoce Tov
> Eleyyog nua » RTC_TR
Periodic Interrupt Yes K(l‘t(l)((!;pﬂﬂ']
No No
A 4 A\ 4
"Eleyyoc yia Alarm Anpuovpynoe to
string Tng opog
Yes
A\ 4
- ¥ Amgikovnoe v
Avorypo LED ®po 6to LCD
No
A\ 4
"Eleyyoc yia 8sec
Yes
A\ 4
Xpiowpo LED

2xAua 42: Por rpoypdauuatog Wneiakou PoAoyiou

H led_print cuvdpTtnon, koirwvTtag péoa oto apxeio LCD.c opideTal wg

Taipe HMMY
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void lcd_print (unsigned char const *string)

Kal oTroTe QéXeTal WG Opioua string. Apa Ta Trepiexopeva tou RTC_TR
KaraxwpnTtr TIPETTEl VA PETATPATIOUV OTNnV avTioToixn popen lMa va
MTTOPECOUV VA TUTTWOOUV.

H ouvaptnon 1Tou KaAOUUE yia va pag dlaBAcel TIG TIMEG TOU KATAXWPENT)
RTC_TR ka1 va Tig petatpéyel o€ popen string gival n €§AG:

int get_time_str(char *time)

{

sprintf(time," %02d:%02d:%02d" ,get_hour(),get minutes(),get _seconds());
return 0;

}

H get_time_str pe v ocipd TNG KAAEi TPEIG ETITTAEOV OUVAPTACEIG YA VA
dnuioupynoel 1o string pe Tnv Xprion g sprintf. O1 TpeIg auTég ouvapTAoElg

€ival ol TTapaKATW:

int get_seconds(void)

{
int seconds = 0;
seconds = bcd2dec(RTC->TR & 0x7F);
return seconds;
}
int get_minutes(void)
{
int minutes = 0;
minutes = bed2dec((RTC->TR & 0x7F00) >> 8);
return minutes;
}
int get_hour(void)
{
int hour = 0;
hour = bcd2dec((RTC->TR & 0x3F0000) >> 16);
return hour;
}

KdaBe pia atrd 11¢ TTapatmdvw ouvaptioelg diaBadel To avTioTolXo NEPOG TOU
RTC_TR kataxwpnt 10U Xpeiadetal. ‘ETol yia TTapddelyua, n ouvaptnon
get_seconds 6a diaBdaocel Ta TpwTa 7bits Tou KaTaxwpenTh yia va TTapel JOVo
TNV TIYA Twv seconds. H Ty auth cival og poper) BCD kai 1rpétrel va
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petarpaTtrei o€ 0ekadiko (decimal). H mapakdTtw ouvaptnorn, JETATPETTEI YIA

TIuA TNG Hop®NG BCD og dekadIKn Kal JOG TNV ETTIOTPEPEL.

int bed2dec(int bed)
{
bed = bed & 0xFF;
return ((bcd>>4)*10) + bed%16;

Eg@ooov n ocuvaptnon get_time_str dnuioupynoel 1o string TNg wpaAg hE TNV
TTopaTmavw O1adIKacia, To ETMOTPEPEl EUUECA PECA ATTO TNV idla TNG TNV

TTAPAMETPO.

MNa va TuttwBOei n wpa oTnv 086vn TTPETTEI N CUVOAKN,
if (new_time_value)
va gival aAndng. H miyn 1ng petaBANTAG new_time_value yivetal 1 otav éva

Periodic Interrupt egutrnpeTnOei.

10.2.2 Periodic RTC Interrupt

Otmwg Adn €xoupe avagépel 10 RTC ptropei va dnuioupyei TTEPIOBIKEG
dlakoTTéG o€ xpovoug 1024Hz, 128Hz, 16Hz kai 2Hz. Na va cupPei autd o
AvVAAOYOG TTPOYPANMPATIONOG TWV ATTAPAITATWY KATAXWENTWY TIPETTEl Vd
mponynBei. Ta RTC Interrupts ouvdéovrtal ota Vector Interrupts péow 1ng
povadag Wake-UP Interrupt 6TTw¢ gaiveTal 010 TTAPAKATW OXMUA.
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RTC R WIU R VIC
IRQ i IRQ i IRQ
IRQs: IRQ to
Periodic V1.10
Alarm
Tamper
Program Program Program
Registers: Registers: Registers:
RTC _CR WIU CTRL VIC1 VAiR
WIU MR VIC1 VCiR
WIU TR VIC1 _INTER

2xApa 43: Aladikacia RTC Interrupt

Tnv T1TEPIOBIKN) OIAKOTT TNV TIPOYPAMMATIOOUE yia Tov Adyo va Tnv
XPNOIJOTIOIoUPE OTnNVv avavéwon Tng o08ovng. Mag trapéxel évav oTabepd
XPOVo KaBuoTépnong Xwpig Tnv xprion karroiou for fj while loop mou 6a pag
MTTAOKape TO ouotnua. O oT1aBepdg xpovog kabuaTtépnong, dnAadn Tng
ePIOBIKNAG d1aKOTIAG givanl 0,5sec. OTréTe KABE 0,5sec diaBaloupe TNV wpa
Kal TNV ypdgoupue oto LCD. @a ptropoucaue BERaia péoa o€ Evav aTEPUOVO
Bpoxo va dlaBAfouhe CUVEXWGS TOV KATAXwENTH Twv OEDONEVWYV TNG WPOG
Kal KdBe @opd va ypdagouue oto LCD eite €xe1 aAAGgEl N wpa €iTe OXI, AANG
auTo Ba dnuioupyouce PHeEYAAO QOpPTO.

10.2.3 Alarm RTC Interrupt

To Alarm Interrupt Tou RTC akoAouBei Tnv idla Aoy pe authi Twv
TTEPIODIKWYV DIAKOTTWV OTTWG QaiveTal o1o 2XAMA 42. AnAadn Trepvdsl péoa
ato Tnv govada WIU yia va ¢Bdaoel ota Vector Interrupts. H kUpia diagopd
avapeoa ota Alarm kai ota Periodic Interrupts eivar 611 o Alarm Interrupt
TPETTEl VA CAVATTPOYPAMMATIOTEI €QOCOV XTUTTACEL, €AV TIPETTEI VA TOV
¢avaxpnOoIYOTIOINOOUUE YIOG KAl O XPOVOG TTOU E€iXE OPIOTEN yIa va XTUTTHOEI

EXEl TTAEOV TTEPAOEL.
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10.3 Aokipn oTig aAAayég wpag Kal Alarm

MapakdTw Ba TTPOooTTABCoOUNE va KAVOUPE aAANaYEG OTOV KWOIKA WOTE VA
OWOoOoUUE OIAQOPETIKI) apXIK Ty otnv wpa. Emiong 6a Ttrpémer va
dlaBaocoupe TO Kegpahaio 5 RTC atro TO KEiNEVO
STR91xFA_Reference_Manual.pdf yia va ammaviiooupe PEPIKEG ATTO TIG

TTOPAKATW EPWTAOEIG.

e Bpeite oTov KWdIKa, 010 apyxeio RTC.c, TTou opileTal N apyIKOTTOiNoN

TNG WPAG KAl AANAETE TNV.

Epwtnupa 74

Moigg givail o1 peTABANTEG TTOU APXIKOTTOIOUV TNV WPJ;

EpwTtnua 75

Moia eivalr i Jdiladikacia Tou TPETeEl va akoAouBeite yia va

TTPOYPAMMATIJETE N WPA, N NUHEPOUNVIA KAl 0 ouvayepuog oTo RTC;

o KareBdaoTte otnv TAOGKETA TOV KWOIKA WE TIG OANQYEG OOQG Kal
TTOPATNPEAOTE €AV Ol AANAYEG OAG TTPOYPANKATIOTNKAV KAVOVIKA.

o [leipaparioTeite ye TNV ouxvoTtnta Tou Periodic Interrupt dokipdlovrag
Kal TIG 4 JIAQOPETIKEG OUXVOTNTEG.

e a1ro 10 TTapdbupo Real Time Clock (RTC) otnv Debug Aeitoupyia Tou
uVision4 pTTOPOUHME va TTAPAKOAOUBOUUE TOUG KATAXWPENTEG TNG

povadag RTC kartd Tn dIApKeIa EKTEAEONG TOU TTPOYPANUATOS HOG.
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Real Time Clock (RTC)

1000000000

Reserved [_

.
.

o

0x00000000 0x00000000

J oo oo = o0 oo S5 o oo o] oo,
Jooo

0:00000000 | 00| mwimj

ZxAua 44: AiGBacpa Twv RTC karaxwpntwyv otnv Debug Asiroupyia
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11 EPIrAzTHPIO 11

¢ Real Time Clock Mépog 2°

¢ Alarm kai Periodic Interrupts Mépog 2°

MpoutroBéoeig

To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:

ss. Apxeio mcbstr9.chm HTML, KepdAaia “Writing Programs”.

tt. Apxeia RTC.c, LCD.c «kai IRQ.c, péoa amd TOV (PAKEAO
Lab10_RTC.rar.

uu.Apxeio STR91xFA_Reference_Manual.pdf. ©a 10 xpnoiyotrolouue
w¢ avagopa yia Toug kartaxwpntés Tou MCU aAAd kai yia Tnv povada

RTC.

vv. BIBAio Oswpiag Wayne Wolf, “O1 YTToAoyiOTEG WG ZUOTATIKA
Zroixeia”. Kepahaio 4, mapaypa@og 9. PoAdI =utrvnThApl.
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Eicaywyn
2T0 €PYOOTAPIO auTO Ba avaTiTUEoUUE TO TTPONYOUUEVO TTAPAdEIYUA TOU

WYN@IaKoU POAOYIOU QPTIAXVOVTAG VEEG OUVAPTAOEIG yIa TNV puBuion Tou Alarm

aAAG Kal TNG NUEPOUNVIAG.
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11.1 Mpoypappatiopdg Alarm

XpNOIYOTIOIWVTAG TIG TTAPAKATW OTABEPEG, OTTWG AVTIOTOIXWG KAl PE TNV
wpa, Kal dNUIOUPYWVTAG VEEG OUVAPTAOEIG TIPOYPAUMATIOTE TNV WEA KAl TNV
nuepounvia Tou Alarm.

#define ALARM_SECONDS
#define ALARM_MINUTES
#define ALARM_HOUR
#define ALARM_DAY

Epwtnpa 76

ESw ouptrAnpwoTe TOV €mMITTAéOV KWAIKA TToU XpEIddeTal yia Tnv

uAoTroinon.
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11.2 ATtreikévion tou Alarm oto LCD

EmimrAéov TpooBEoTe Aoyikr) n otroia 6a xpnoipoTtrolei To TTARKTPO INTS wg
atrAS GPIO (6x1 wg WIU Interrupt). MatwvTag 10 Kail yia 600 XPOVO TO KPATATE
Tratnuévo arreikoviote 01o LCD NG puBuiong Tou Alarm OTTwg gaiveral otTnv
TTapaKAaTw ewrtoypagia. Ol puBuioelg Tou Alarm TrpétTel va diaBalovTtal atrod

TOV QVTIOTOIXO KaTaxwpnTh otnv povada RTC.

ETM 2 npnmun)

2xApa 45: Atreikovion Alarm evw 10 TTAAKTPO INTS gival TrTatnuévo

Epwtnpa 77

ESw ouptrAnpwoTe TOV €mMITTAéOV KWAIKA TTOU XpEIddeTal yia Tnv

uAoTroinon Tou TTaTHMATOG TOU TTARKTPOU Kal £€vdeign Tou Alarm.
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12 EPrAzTHPIO 12

¢ Real Time Clock Mépog 3°

¢ Alarm ka1 Periodic Interrupts Mépog 3°

MpoutroBéoeig
To epyacTrplo auTo TTPOUTTOBETEI TO dIARACUA Kal Xprion Twv £EAG:
WW. Apxeio mcbstr9.chm HTML, KepdaAaia “Writing Programs”.
xx.Apxeia RTC.c ka1 IRQ.c, péoa atmmo Tov @dkeAdo Lab10_RTC.rar.
yy.Apxeio STR91xFA_Reference_Manual.pdf. ©Oa 10 xpnoipgotroloupe
w¢ avagopa yia Toug karaxwpntég Tou MCU aAAd kai yia Tnv povada

RTC.

zz. BifAio Otswpiag Wayne Wolf, “O1 YTToAoyioTEG WG ZUOTATIKA
Zroixeia”. Kepahaio 4, mapaypa@og 9. PoAdI =utrvnThApl.
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Eicaywyn

2T0 €PYOOTAPIO AuTO Ba avaTiTUEoUUE TO TTPONYOUMEVO TTAPAdEIYHA TOU
WYN@IaKoU POAOYIOU PTIAXVOVTAG VEEG OUVAPTAOEIG KAl AOYIKA yia TNV puBuion

Kal atreikévion TG nuepopnviag oto LCD.
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12.1 MpoypaupATIOHOG KAl ATTEIKOVIOT NUEPOMNVIAG

XPNOIYOTIOIWVTOG TIG TTAPOKATW OTABEPEG, OTTWG Kal pe 10 Alarm,
ONUIOUPYAOTE VEEG CUVOPTAOEIG WOTE VA TTPOYPANPATIOETE TNV NUEPOUNVIA
oto RTC.

#define DATE
#define MONTH
#define YEAR
#define CENTURY
#define WEEKDAY

MapadAAnAa atreikovioTe TNV TTANpOQOpPIa TNG NUEPOMNVIOG OTNV TTPWTN
ypauur Tou LCD é1Twg @aivetal oTnv TTapokATw QuToypagia. 2tnv dUTeEPN

ypauur Tou LCD TTapauével n atreikovion TG wWpag.

2xApa 46: ATTeikOVION TNG WPAG Kal TG NUEpounviag oto LCD
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Epwtnpa 78

ESw ouptAnpwoTte TOV €mMITTAéOV KWAIKA TTOU XpEIddeTal yia Tnv

uAoTroinon Tou TTPOYPAUMATIONOU Kal ATTEIKOVION TNG NUEPOUNVIAG.
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13 EPIrAZTHPIO 13

¢+ RENESAS CK-RA6M5

Eicaywyn

2€ QUTO TO pABNua Ba £pBoupe oe eTaQr Pe TNV avatrTuglakn TTAakETa CK-
RA6M5 1ng RENESAS, n otroia ¢aivetal 010 TTapakAatw oxAua (ZxAua 47).
H ouykekpiyévn TTAOKETA ETMTPETTEl OTOUG XPNOTEG va OuvdEovTal WE
ao@aAeia oTo cloud kal va egepeuvouv TIG duvATOTNTEG TNG Opadag MCU
(Micro Controller Unit) ka1 utnpeoiwv cloud RA6M5, 1rou Bacifetal oT0
Cortex®-M33.

'~
.
p4820
N

dhdd

& .

IxAHa 47: RENESAS CK-RABM5

H 1TAakéTa TOU avaTITUEIOKOU QTTOTEAEITAI ATTO €VAV UIKPOEAEYKTR) KAl TO
TTEPIPEPEIOKA TOU OTTWG PAIVETAI OTO TTAPAKATW OXAMA (ZXAua 48).
H tTAakéTa gival GOTTAIOPEVN WG EENAG:

o EmeCepyaoTtr) Cortex®-M33 200MHZ

e 2 MB Code Flash, 8 kB data flash, 512 kB SRAM

o 2 TINAkTpa (User, Reset)

e 6 LED (Red, Blue, Green, RGB, Debug, Power)
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2 evwoelg Pmod type 6A and 2A
2 evwoelg Arduino Uno

Oupa Ethernet

AiloBnTipa O¢puokpaaciag / Yypaaoiag

EPTAXTHPIO 13

AioBnTipa 1To10TNTag 0éPog EcwTepikou / EGWTEPIKOU XWPOoU

Biouetpikd aiobntrpag
Bapouetpikd aiobntrpag trieong

NupookdTmio, MayvnTOPETPO, ETTITAXUVOIOUETPO

MEMS

Microphone

User
Switches

LEDs

User

Power

J-Link OB
pr— + ETM 10
Pin

uss
pr—-  Device
and Host

Voltage/
p—- Current
Probes

i RMII

Mikpopwvo
Sensors
Humidity Outdoor Barometric
& Temp Air Quality Pressure
Ecosystem
Arduino Pmod 1 Pmod 2/ Indoor Air Biometric
Un'o SPI/ SpI/ Quality 3
UART/I*C UART/ I’C
P 2
Grio | |SPVYART/ s
I°'C
Reset
Switch Debug I/F 4=
p—)- |RQ/GPIO USBFS e
CK-RA6M5 MCU BOARD
Power
Status Measure -~
r GPIO Points
-

Power
. Ethernet e

Delivery

ZxAMa 48: >xnuaTtiko didypapua NG TTAAKETAG

To MCU utrooTnpicel évav ypauuikd xwpo dieubuvoewv 4 GB 1Tou KupaiveTal

atro Tnv d1evBuvon 0x0000_0000 £wg OxXFFFF_FFFF 1Tou ptTopei va TTepiéxel

T600 TO TTPOYPANPA Kal Ta OEQOUEVA OTTWG PaiveTal OTO 2XAMA 49.

O XWpog eEWTEPIKWV BIEUBUVOEWV XWPICETAI OE TTEPIOXEG:
e CS (Chip Select, CS0 éwg CS7),

Taipe HMMY
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EPTAXTHPIO 13

o€ oxTw TrEPIoXEG SPI (Serial Peripheral Interface, CSO kai CS1) kai

TE00€EPIG TTEPIOXES SPI.

O1 Trepioxég CS (CSO €wg CS7) avtioToixouv n kaBepia oto orjpa CSn 10U

ecayeral atrd évav akpodEkTn CSn (n = 0 €wg 7). O1 U0 OKTATTAEG TTEPIOXEG

SPI (CSO kai CS1) avTtioToixouv n kaBepia otnv £€0do orjuatrog OM_CSn

armo évav akpodéktn OM_CSn (n = 0, 1). H tetpaywvikn treploxn SPI

dlaipeiTal o€ dUO TTEPIOXEG, TOUG KATAXWPNTEG £100dou/e¢6dou QSPI kai Tov

XWPO £CWTEPIKAG ouoKeUung SPI.

To Zxnua 49 ocixvel TIG TTEPIOXEG OlEUBUVOEWY TTOU OXETICOVTAl ME TIG

empépoug Treploxég CS (CSO éwg CS7), v Trepioxn) Octal SPI (CSO kai

CS1) kai Tnv TTEPIOXN TETPATTAOU SPI.

OxFFFF_FFFF

0xE000_0000

0x8800_0000

0x8000_0000

0x6800_0000

0x6000_0000
0x4080 _0000
0x407F_C000

0x407F_0000
0x407E_0000

0x4018_0000

0x4000_0000

0x2800_0400
0x2800_0000
0x2008_0000

0x2000_0000
0x0800_2000
0x0800_0000
0x0100_A300
0x0100_A100

0x0100_81B4
0x0100_80F0

0x0030_0000

0x0000_0000

System for Cortex®.M33

External address space
(CS area)

:::::

External address space
(Quad SPI area)

Reserved area®

Flash VO regsters

Reserved area®

Flash O regsters

Reserved area®s

Peripheral U0 registers

Reserved area®s

Standby SRAM

Reserved area®s

SRAMO

Reserved area®s

On-chip flash (data flash)
Reserved area®

On-chip flash (cption-seting memory)

Reserved area®s

On-chip flash (Faclory Flash)

Reserved area®s

On-chip flash (code flash)

xBTFF_FFFF

0xB700_0000
OxBEFF_FFFF

0x8800_0000

OxBS1F_FFFF

0x8500_0000
OxB4FF FFFF

0xB400_0000
OxB3FF_FFFF

0xB300_0000
0xB2FF_FFFF

0x8200_0000
OxB1FF_FFFF

0x8100_0000
OxBOFF_FFFF

0xB000_0000

Ox7FFF_FFFF

0x7000_0000
OxBFFF_FFFF

0x6800_0000

OxB7FF_FFFF

0x6400_0000
uBIFF_FFFF

x5000_0000

CS7 (16 MB)

CS6 (16 MB)

CS5 (16 MB)

CS4 (16 MB)

CS3 (16 MB)

CS2 (16 MB)

CS1(16 MB)

CS0 (16 MB)

CS1 (256 MB)

CS0 (128 MB)

QSP! IO registers

External SP1 device

Taipe HMMY

ZxAua 49: Xaptng Mvnung tou CK-RA6M5
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Epwtnpa 79

Me Bdon 10 XXAMa 49 va avaaipeTte ot Toleg OSigubBuvoelg

a1roOnKeUETAI O KWBIKAG TNG TTAAKETAG

EpwTtnupa 80

Me Bdaon 10 User’'s Manual Bpeite og moia port cuvdéovral T

TMOPAKATW:

LED2 RGB

LEDS5 Yellow

Reset Switch

LED6 White

MNa emrAéov TTANPOQYOPIEG avaTPESTE OTNV 1I0TOOEAIDA TOU CUYKEKPIPEVOU
alodnThpa.

Eykardoraon e? Studio

MNa va PYTTopECOUPE VA TTPOYPAUMATIOOUME TNV TTAGKETA JAG, XPEIACETAl VO
EYKATOOTAOOUNE TNV e@appoyn TN RENESAS e? Studio. AkoAouBroTe Ta
TTOPAKATW BAMOTA YIA TNV EYKATACTAOHN TNG £QAPHOYNG.

o [Inyaivere otnv 10100€Aida NG RENESAS O10U pT1TOpEITE VO

KateBAoeTe TNV €QAPUOYN.
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RENET. Products Applications Design Resources

Support Sample & Buy

Design Resources » Development Tools » € studio

e2 studio
IDE and Coding Tool

Overview  Downloads ~ Documentation  Design &Development  Explore  Support  Videos & Training
Additional Details

Overview

Description Features

Target Devices

© Topics

[Upgrade to Version] e* studio 2024-10 (PDF |
English, FIA:38)

e studio 2024-10 is released. See toolnews for more
details.

RAFamily * RZFamily ~ RL78Family ~ RXFamily ~ RH8S50Family  RISC-VMCU

v Read More

EPTAXTHPIO 13

=

Renesas e’ studio 2024-10 Setup

Install Type

Select Install Type:

Lite Install (Recommended)
{ L) This installs & studio in Lite Mode.

Standard Install
This installs €° studio in Advanced Mode.

This mode offers all extended debugging functionality and other advanced features
Custom Install
(&) Custom installation of € studio

This mode is allows you to select which features are installed

v202410031824 User: All Users

< Back nstall

A@ou yivel n AYn TNG EQAPUOYNG CUVEXICETE OTNV EYKATAOTACN TNG.

RENESAS

Please select the &” studio installation type. Click here for help selecting a type and to see what features are included.

ode offers a simplified experience focused on simple code editing & debugging with only important feature

Cancel

AQoU yivel EAeyx0G aTTO TO OUCTNUA CUVEXICETE OTNV EYKATAOTAON TWV

TTaKETWYV TTOU Ba XpnoiyotroioeTe. Autd ival Ta RA kai SYNERGY.
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2

Renesas e’ studio 2024-10 Setup

@ . Installdirectory ready
Instll Location: C: Renesas'e studio
[Change..]

Prerequisite software ready toinstall

Toinstall:
* Microsoft Visual C++ 2010 SP1 Runtime
 Mictosoft Visual - 2015-2022 Runtime (136)

« Microsoft Visuzl C++ 2015-2022 Runtime (x64)
Change prerequisites to install

Internet connection available

Change Proy Seftngs,

Ready toinstall

Prerequisite softwareto instll:
+ Mictosoft Visual C++ 2010 51 Runtime
 Mictosoft Visual C+-+ 2015-2022 Runtime (x26)
« Microsoft Visual C+-+ 2015-2022 Runtime (x64)

Softwareto nstll:
 Renesas €2 studio v24.100R0241003-1714
« Java Runtime 2100
AR Plugin Manager v1.1.0202007251457
ommon C

RENESAS

2

Renesas e’ studio 2024-10 Setup

Select the device families you wish to install support for

RENESAS

A Welcome AW RA
@ Device Families RA Build, Debug & Code Generation support for Renesas RA devices

- W~
Rz Build, Debug & Code Generation support for Renesas RZ devices
| AW RU78
T URUTE8 g Debug & Code Generation support for Renesas RLTS devices
- AW X
—“URX

AW RH850

- @ RE
—UReE Build & Debug support for Renesas RE devices

Sy
gReENESAS Y

o gdialog

DA

Build & Debug support for Renesas DA devices

A eresas Company

ommon

*+ Renesas QF Common Components v24.100R20241003-1714

« Gitintegration o Eclipse v6.10.0.202406032230-1

+ M Terminal v460

 Eclipse COT Linker Script Editor and DSL v1.0.113.v20240816-1226.

Renesas Build Support Files v10.0.0v20240609-0854
Renesas Chake Buikd Support Files v10.0.020240909-0854
«Renesas Comman Project Import/Export vI0.0.0v20240806-0729
Renesas Debug Views v10.0.0v20240826-154

User: AllUsers <Back nstal

 Just) Adoptium OpenIDK Hotspot JRE Complete v21.0.3.:20240426-1530

L RISC-V MCU
OpuRISC

Select All

et AR Ve At <ok

Build, Debug & Code Generation support for Renesas RX devices

— URHBSO iy pebug & Code Generation for Renesas RHES) devices

Build, Debug & Code Generation support for Renesas Synergy devices

Build & Debug support for Renesas RISC-V MCU devices

Cancel

Ortav 10 TTPOYPAPUA KATERAOEI TA TTAKETA TTOU XPEIACETAl,

INSTALL kai TTpoxwpdTe 0TNV EYKATAOTAON TNG EQAPHOYNAG.

2

Renesas e studio 2024-10 Setup

Welcome
Device Families Pr

Additional
Software

Licenses

Shortcuts

@ Summary

v2

v2:

-1

v202410031824 User: All Users

LENESAS

A

Ready to install

erequisite software to install:

» Microsoft Visual C++ 2010 SP1 Runtime

« Microsoft Visual C++ 2015-2022 Runtime (x86)
» Microsoft Visual C++ 2015-2022 Runtime (x64)

Software to install:

» Renesas e2 studio v24.10.0.R20241003-1714

« Java Runtime v21.0.0

« IAR Plugin Manager v1.1.0.202007251457

« Renesas e2 studio Common Components (Lite) v24.10.0.R20241003-1714
» Renesas e2 studio Common Components (Full) v24.10.0.R20241003-1714
* Renesas e2 studio Common Components for ARM Devices
4.10.0.R20241003-1714

» Renesas e2 studio Common Components for RISC-V Devices
4.10.0.R20241003-1714

« Renesas RA Family Support v24.10.0.R20241003-1714

» Renesas RZ Family Support v24.10.0.R20241003-1714

« Renesas RZ Family Support (requiring .Net Framework) v24.10.0.R20241003-

1714

» Renesas RL78 Family Support v24.10.0.R20241003-1714

« Renesas RL78 Family Support (requiring .Net Framework) v24.10.0.R20241003
74

* Renesas RX Family Support v24.10.0.R20241003-1714

» Renesas RX Family Support (requiring .Net Framework) v24.10.0.R20241003-

1714

» Renesas RH850 Family Support v24.10.0.R20241003-1714

« Renesas RE Family Support v24.10.0.R20241003-1714

» Renesas Synergy Family Support v24.10.0.R20241003-1714

« Renesas DA Family Support v24.10.0.R20241003-1714

« Renesas FSP Smart Configurator Core v10.0.0.v20240930-1428

« Renesas FSP Smart Configurator ARM v10.0.0.v20240924-1500

* Renesas RISC-V MCU Support v24.10.0.R20241003-1714

» Renesas QE Common Components v24.10.0.R20241003-1714

« Git integration for Eclipse v6.10.0.202406032230-r

» TM Terminal v4.6.0

« Dialog Debug Support Files v24.10.0.v20241003-1656

« Dialog Device support for e2 studio v24.10.0.v20241001-0238

« Eclipse CDT Linker Script Editor and DSL v1.0.113.v20240816-1226
« GCC & LLVM for Renesas RL78 Build Support v24.10.0.v20240927-1546 v

< Back Cancel

TTATATE

Ortav TeAslwoel n eykaTaoTaon G €QAPUOYNS, Ba €u@aAvIoTEN TO

OUYKEKPIUEVO TTapABupo.
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=2

Renesas e’ studio 2024-10 Setup

RENESAS

Welcome Installation of e2 studio is complete.
Device Families Please click OK to close.
Additional
Software [taunch €2 studio?
Ficenses) View Release Notes?
View What's New?
Shortcuts =
Summary
Installing...

@ Results

1 Failed to install GNU ARM Embedded 9.2.1 2019q4. To retry re-run installer and select Modify ~
I Failed to install GNU ARM Embedded 7.3.1 2018q2. To retry re-run installer and select Modify

v202410031824 User: All Users Back Next >
e Avoiyoupe Tnv e@appoyr] €2 Ztudio yia va eKIViooUE To project Jac.
_ M Welcome to e? studio . {v

Mepinynon spapuoyric e? Studio

AQouU £yIve n eyKATAOTAON TNG EPAPPOYAG OG CUVEXIOOUME UE TN dnuIoupyia
TOU TTPWTOU pag project.
e Apxikd Tnyaivete otnv emAoyr: File = New -> Renesas C/C++
Project > Renesas RA

Tpqpe HMMY 144
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< workspace - € studio - O X
File Edit Source Refactor Navigate Search Project RenesasViews Run RenesasAl Window Help
New Alt+Shift+N >
OpenfFile...

Renesas C/C++ Project > Renesas Debug

5 | [E@cce

Synergy C/C++ Project =7

Renesas RA

(2 Open Projects from File System...

[ Makefile Project with Existing Code Renesas RISC-V MCU —
ive editor tha
Recent Files > [ C/C++ Project Renesas Synergy T
= Proi
Close Editor ctiew |3 Project..
Close Al Editors Ctrl+Shift+W & Convert to a C/C++ Project (Adds C/C++ Nature)
Cties | BY Source Folder
(9 Folder

Ctreshiftes | €] SourceFile

Revert K HeaderFile
¢ File from Template
Move. & Class
Rename F2
Refresh G5 (= EErRe
Convert Line Delimiters To > [ Other. Ctrl+N
Print Ctrl+P
g Import..
i Export..

Properties Alt+Enter
Switch Workspace >
Restart
Exit - =

perrooems- X | B Console| [C] Properties| @ Smart Browser | LI Smart Manual g =08

Oitems

Description Resource Path Location Type
a|

e 2Tn OUVEXEIQ aPoU dWOETE Eva Ovopa oTo Project oag ouveyiCete oTnv
emAoyn TG TTAaKETOG 0ag. Mo ouykekpigéva n TTAAKETA N oTToia Ba

xpnoigotroifoeTe armmoteAei To poviéAo R7TFA6MSBH3CFC.
a8

Renesas RA C/C++ Project |

| Device and Tools Selection

Device Selection

FSP Version: |5.6.0 Board Description

Taipe HMMY

Board: Custom User Board (Any Device) v
Device: R7FABMSBH3CFC
Core: CMm33
Language: @ C OC++
Device Details
TrustZone Yes
Pins 176
Processor Cortex-M33
Toolchains Debugger
GNU ARM Embedded J-Link ARM v
13.3.1.arm-13-24 v Manage Toolchains...
©) < Bock P Concel
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Device Selection

You can filter devices by regular expression

EPTAXTHPIO 13

Search Device

Device Pin N
RAO
RA2
RA4
v RAG
RAGE1
RAGE2
RAGM1
RA6M2
RAGM3
RAG6M4
v RABMS
RABMS - 100 Pin
RAGMS3 - 144 Pin
v RABMS - 176 Pin
R7FABM5AG2CBG 176
R7FABMS5AG3CFC 176
R7FABM5AH2CBG 176
R7FABMS5AH3CFC 176
R7FA6MS5BF2CBG 176
R7FA6MS5BF3CFC 176
R7FA6MSBG2CBG 176
R7FA6M5BG3CFC 176
R7FA6MS5BH2CBG 176
R7FA6MS5BH3CFC 176
RAGT1
RAGT2
RA6T3 v
':?j' Cancel

e AQOU QOQACETE TIG ETTOUEVEG PUBUIOEIG

dnuIoupyia Tou project 0ag.
-

Renesas RA C/C++ Project
Project Type Selection

j Project Type Selection

@ Flat (Non-TrustZone) Project
i ® Renesas RA device project without TrustZone separation
o All code, data and peripheral settings will be configured in
this project
® Renesas RA device will remain in secure mode
* EDMAC RAM buffers will automatically be placed in non-
secure RAM

O TrustZone Secure Project

* Renesas RA device project for TrustZone secure execution

® All code, data and peripherals placed in this project will be
initialized as secure

® Secure project settings such as TrustZone partitions, linker
maps and a list of secure peripherals will be passed to a
selected non-secure project

‘ ® After initialization, a call to the non-secure startup handler

will be made

| O TrustZone Non-secure Project

® Renesas RA device project for TrustZone non-secure execution

 All code, data and peripherals placed in this project will be
initialized as non-secure

® Must be associated with a secure project or smart bundle

* Non-secure startup handler will be called after secure code
initialization

)
@

Taipe HMMY

< Back

Next >

I0iEG, TTPOXWPATE

ot
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a8

Renesas RA C/C++ Project
Build Artifact and RTOS Selection

Build Artifact Selection RTOS Selection

® Executable No RTOS v
® Project builds to an executable file

O Static Library
® Project builds to a static library file

O Executable Using an RA Static Library
® Project builds to an executable file
® Project uses an existing RA static library project

@)

< Back Next > Cancel

Renesas RA C/C++ Project
Build Artifact and RTOS Selection

Build Artifact Selection RTOS Selection

@ Executable No RTOS v
* Project builds to an executable file

O Static Library
* Project builds to a static library file

(O Executable Using an RA Static Library
® Project builds to an executable file
® Project uses an existing RA static library project

@

< Back Next > Cancel

Metd Tn Onuioupyia Tou project Ba e€UQAVIOTEI TO OUYKEKPIPMEVO
TTapdBbupo.
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File Edit Navigate Search Project RenesasViews Run RenesasAl Window Help
®-&-DE Qe

¢ Project Explorer X | = B || [First_proj] FSP Configuration X

S Summary
& Flrst_proj

Project Summary

Board: Custom User Board (Any Device)

Device: R7FA6MS5BH3CFC

Core: CM33

Toolchain: GCC ARM Embedded

Toolchain Version: 13.3.1.arm-13-24

FSP Version: 56.0

Project Type: Flat

Location: C:/Users/algeo/e2_studio/workspace/Flrst_proj coe|

Selected software components

Board Support Package Common Files v5.6.0
1/0 Port v5.6.0
Arm CMSIS Version 6 - Core (M) v6.1.0+fsp.5.6.0

Custom Board Support Files v5.6.0

QOEO

Summary | BSP | Clocks | Pins| Interrupts | Event Links| Stacks| Components.

[T Properties |[2 Problems X | @ Smart Browser

0items

Description Resource Path Location Type

RENESAS

EPTAXTHPIO 13

Qg | EC/Ce+ {5 FSP Configuration
= B || FsP Visualization X =q

tllalo]e »

Generate Project Content

la)

RTFAGMSBHICFC

» Legend

al

e [0 va PUTTOPECETE VA YPAWETE TOV DIKO 0OG KWOIKA ETTIAEYETE:

Project Explorer - (Ovoua Project) > src > hal_entry.c

Taipe HMMY
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14 EPIrAZTHPIO 14

EPTAXTHPIO 14

¢ Mapadeiypa Blinky

2€ autd 1O epyaoTrpio Ba acyxoAnBoupe pe 10 TTapddelypa Blinky. Mwg

MTTOPOUME va agloTroioouue Ta leds TnNG TTAAKETAG KAl VA TTEIPAPATIOTOUME

ME T UTTOAOITTA TTEPIPEPIKA TNG TTAOKETAG.

Mapakdatw Ba avaAUoouue Ta BripaTa TTou XPeldlovTal yia va I0AyoUlE éva

£TOINO project, oTnv TIPOKeEievn TrePiTTTwon, 10 Blinky. Mwg yivetal n

diadikacoia Tou Build — Debug kal TTOAG akopa.

e [ava geiocdyoupe 10 Blinky TTnyaivouue oto: File > Import > General

- Existing Projects into Workspace

< workspace - € studio

File Edit Navigate Search Project RenesasViews Run RenesasAl Window Help
New Alt+Shift+N >
Open File.. |

3 Open Projects from File System

Recent Files >

Convert Line Delimiters To >
Print. Ctrl+P

. Import...

Export...

Properties Alt+Enter

Switch Workspace >
Restart
Exit

[T Properties |[2 Problems | @ Smart Browser | & Console X
Synergy

(m]

X

Q[ | B C/Crs {5 FSP Configuration

= 8
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< workspace - € studio

File Edit Navigate Search Project RenesasViews Run RenesasAl Window Help
New AltsShift+N >
Open File...

% Open Projects from File System...

Recent Files >

Close Editor Ctrl+W

Close All Editors

Ctrl+Shift+S

Rever

Move.

Rename. F2
Refresh F5
Convert Line Delimiters To >
Print. Ctrl+P
Import...

Export..

Properties AltsEnter
Switch Workspace >
Restart

Exit

[T Properties 21 Problems | @ Smart Browser | & Console X
Synergy

EPTAXTHPIO 14

= [u} X

Q im|@moc [

FSP Configuration
= G

e 2TnV €TMOMEVN KAPTEAQ TTATAUE Browse kal TTpooTraBoupe va Bpoupe

TNV d1IEUBUVON TOU apYEiOU TOu project.

o 'Emeira emA€éyoupue 1O project atrd 1o TTAPAKATW Menu Kal TTPOXWPAHE

oT1o import.
e’

| Import Projects

’ Select a directory to search for existing Eclipse projects.

’ (® Select root directory: | C:\Users\user\Desktop\BLINKY

(O Select archive file:

Projects:

Blinky (C:\Users\user\Desktop\BLINKY\Blinky)

Options

[ Search for nested projects

[[J Copy projects into workspace

[[] Close newly imported projects upon completion
[[JHide projects that already exist in the workspace

Working sets

[] Add project to working sets

(™ e

Taipe HMMY

Select All

Deselect All

Refresh

New...

Select...

Cancel
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e AQoOU n e@apuoyr €xel avayvwpioel kalr goptwoel 1o Project pag,
TTatéue Finish kal TTepiévoue va OETAPIOTE.

A@ou evTtoTTioeTe TOV KWAIKA, O OTT0iog PBpiokeTal oTto apxeio hal_data.h

TOTTOBETNUEVO OTOV PAKEAO Src, MITOPEITE VA TTPOXWPNAOETE 0TV avAaAuon

KAl OTNV KATAVONOT ToU KWOIKA.

AQOoU TEAEIWOETE, ATTAVTOTE OTIG TTAPOKATW EPWTHOEIG:

EpwTtnua 81

Bpeite o€ MoI10 onuegio Tou KWdika avdBouv kal ofvouv Ta leds Kkai

VO OVAQEPETE TTWG YIVETAI AUTO

EpwTtnupa 82

Bpeite To 6vopa Kai Tig digubuvoelg Twy leds

EpwTtnupa 83

Na ava@épeTal ye Tola ogipd 0a avayouv ta led kai yiari

Tuqpa HMMY 151
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Epwtnupa 84

Me 1rolog TpoTTOUG pTTOPEITE VA GAAGSETE TRV TAXUTNTA ME TNV OTTOIA

avaBoofivouv Ta leds

2T OUVEXEID Ba TTPOXWPHOOUPE OTNV EKTEAEON TOU KWOIKA TTAVW OTnNV

TTAOKETA:

e ApxIka kavoupue Build.

o To pdypaupa Hag Ba TTPETTEI va PNV €XEI KAVEVA ATTOAUTWG error.

e >uveyiCoupe otn diadikacia Tou Debug. Debug > Resume (F8). lNa
va TTEPACOUNE TO TTPOYPAUUA JAG OTNV TTAAKETA, KAl VO EKTEAEOTEI.

e XpNOIYOTTOIWVTAG TA KOUMTTIA TToU BpiokovTal ditTAa oto Resume (F8)
Kal 1o ouykekpiyéva 1o Step Into (F5), To Step Over (F6) kai Step
Return (F7) ytmropoupue va kaBodnynbouue y€oa 0ToV KWOIKA YPOUMN-

gpappr’], va €10€ABoUE Kal va ¢EABOUNE O CUVAPTAOEIG.

workspace - Blinky/ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c - e studio
File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help
| ® Q- U BN v R HF R ilkis - &
15 Debug X = i 8§ = 8 ||& [Blinky] FSP Configuration || hal_entry.

«s [F3 Dlinlae Nahiin Clat Ranacae N0 Hardusara Nehinninal R

o000 ®
Floams

2TN OUVEXEID ETIOTPEPOUNE OTnV KapTéAa hal_entry.c kal TOTTOBETOUME
breakpoint oTig TTapakdaTw yYpaPUES TOU KWOIKA : ypauur 52, 53, 58, 59. 21n

OUVEXEID TTNYAivOuuE 0TNV KapTEAQ bsp_io.h kal ToTToBeTOUE breakpoint oTig
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TTOPAKATW YPAMMPES TOU KWOIKA : ypauur 362, 363, 367. Me 1n Borbeia Twv
TTapdBupwyv Variables, Registers ytmmopoupe va mraparnpriocoupe TiG aAAayEG

OTIG TTAPAUETPOUG TOU KWOIKA.

9 workapsce - Blinky/raeplarc/bp/meullozp joh -  tudio - 8 x
Fle Edi Souce Refactor Novigate Seach Project RenesssViews Run RenesssAl Window Help
| ®-KR~in|m 0@ 2|19 %] 45 - Qu-ila v 4o O - Lk QB8 | B C/Co+ {8 FSP Configuration | 45 Debug
T Debug X = O |[@ Eing1re.. | B halemyc | staupe | @ mane | B bepioh X | [ bsp deliyc | [ cmes geemh | [6 systeme | = O | [ Varibles | % Breakpoints| € PojectExporer 7 Expressions | #® Eventpoints| 3 Perpheras| (] 10 Regsters =8
|+ 8 : - . ! tB[r9e g
1 sy Detug ot Renees 0|3 _STATIC_INLINE wint32_t R_BSP_pinkead (bsp_io_port_pin_t pin) Name Tyee value |
3 Binky.f [1] [core: 0 % T o evel bsp.joeve t 85910 LEVEL Low
~ i Thread #1 1 single core /- fend pin Tevel. L PiCain & 85P_10_ PRy, SBIT HASK] PenPrS . PIOR - pin osp_jo_portpin.t B5P_10_PORT.06.PIN.09
= RBSP PinWiite) athy | 3+ return R_PFS->PORT[pin >> 8].PIN[pin & BSP_IO_PRV_: 1.PanPS_b. PIOR; 0 pfs bits uint32 ¢ 3078
halenry( ot heLentr | 2% e w2t a7
mein at mainc50cl| 2 o ot 5 eput 1 1 provided. If PES prot 4, d
45 arm-none-cabivgdh (12.1) | B © STaTse_SNE void R s pinrite (bip 0. pert pin ¢ pin, oo Tevel ¢ level)
15 Renesas GDB sever(Host) T
Y ooooonid >PORT| [pm 5> 8].PIN[pin & BSP_IO_PRV_SBIT_MASK].PanPFs;

See ToLPRY PN MRETE MSKS

nd p
Gint32 & level | pfs biee)s

[ = =

. 11
= HiF (30 == BSP. FEATURE. T0PORT VERSION)
R_PFS->PORT[pin >> 8].PIN{pin & 65P_10_PRY_SBIT_MASK]. PanpeS = (uint16_t) (3SP_10_PFS_PDR OVTRUT | 1v]
= selse
7 . R PFS-5#0RT[pin >> §].PIN[pin & 65P_10_PRY_SBIT_MASK].Panpes = (8SP_10_9FS_POR_OUTAUT | 1ul);
sendi?
s @ * Configure a pin. If PFS protection is enabled, disab tion using R_BSP_f be:
 STATICIRLINE void R_oSP_Pinceg (bopio.pore.pin-s pin, wintont crg)
< HiF (30 == o3 FEATIRE_ToPORT veRsion)
2. Probl Dby ls B T N L Regis; s =l =0 8 Console X x JEE By =0
Nome Py— Siny Dbt s 8Dt [ 21
1 General Registers Genea Purpose and FPU Regiter Group The jumber o tardmare breskpolnts excesds the maxima alln
o ot Hardiare breakpoint st st sddress oxilc
et Octet Hardvare breakpoint et ot address G2
2 occ? The nunber of hardvare breakpoints excesds the maxinus allor
e e arcvare breakpoint et ot sddress oxiis
Hardvare breakpoint set ot address Galc
e 01 Hardware breakpoint set at address @x12c
il o5 Oxttfe3tfe Hardware breakpoint set at address @x160
i 3 Hardare breakpoint ¢t ot address Griic
i ocz000mBC Hardvare breakpoint st at address ex150
i oune Harduare breakpoint et st address G115
it Hardare breakpoint st ot address G4
e 0xd00e0d00 Hardware breakpoint set at address Gxi3c
il 110 Hardware breskpoint set at address @x170
s 1t Oueateten Hardare breakpoint et st address 0x160
Hardare breakpoint et at address 6xi70
e Hardare breakpoint st st address G115
- Hardare breakpoint ¢t ot address Gxilc
o o Hardare breakpoint st st address o1z
Sarei Harchare breakpoint ¢t ot address Gri3c
e Hardare breskpoint st st sddress o115
e ot Harchare breakpoint et at address Gxilc
s Hardare breakpoint et st sddress oxizc
Roneonaa00065
SSDSecure | OC0O0T3D © ® owt &1

To Debug mode ptropei va pgag TTapéXel Kal AANEG XPrOIUES TTANPOYOPIEG.
Matwvtag Tnv emAoyr) Window > Show view - Disassembly, sugaviletal
éva TTapdBupo TO OTTOI0 Pag OEiXVEl TNV YETATPOTI TOU KWOIKA 0€ YAwood
uttoAoyioTr) Assembly KaBwg Kal TTOI0I KATaXWPENTEG XPNOIYOTTolouvTal yid

TNV EKTEAECN TWV EVTOAWV.

B teocaton nee |l @ @ I O
14 L4 inky example applicat o o -
2
19 By hal_entry:
2 ~ *  000000d0: stmdb  sp!, {r4, r5, r6, r7, r8, r9, rl@, ril, 1r}
o1 #1F BSP_TZ_SECURE_BUILD bsp_leds_t leds = g_bsp_leds;
12 B = azaaeedm 1dr r3, [pc, #172] ; (@x184 <hal_entry+180>)
non-secure code ¢
5 ‘R’ESP NonSecureEnter(); EEBEBBdB: sub sp, #12
fands 37 bsp_leds_t leds = g_bsp_leds;
i nits to be used with the softuare delay funct o oeaoads:
A Const. bap_delay_units_t bsp_delay_units - BSP DELAY_UNITS.MILLISECONDS; o0e000der 5 (6x188 <hal_entry+184>)
o i . . 0000000 i

b must be <= bsp_delay_uni 410 //< Clear BOWI bit - writing to PFSHE

N comt szt Freain e - 2 000000e4:  ldr.u rs, foc, oqrs] 5 €x199 <hal_entry+192>

2 . . - . ooooo0es:  subs
y : o 362 Cins s ot bits = R_PFS-3PORTIpin 5> 8]:PIN{pin & B5P_10_PRY_GBIT_MASK).PanPes;
- Const sini33_t delay L oo detay umies | froa inihes oncooen: | Limms 7o, locs K16R] —y ouiod (ol avaryridts
b ype structure o 363 pfs_bits &= asv xo PRV_PTN | wmt MASK;
" LD fype cture . ©000000ce:  ldr S, [pc, #158] ; (Ox18c <hal_entry+188>)
, bsp_ledst leds = g bsp_leds; oosore: | sin e fre
2 , on e seeccorz: str 13, fzp) 4a)
has no LEDS then trap here */ ©  ooo0cofd:  add.u  r6, rlo, #1
= 364 __ASN volatile z VRS %0, primask” (result) );
oo0000%s: s PRINASK
e @ "TRSH volstile (“MSR prinask, 56" : : v (priiask) : "memory");
o ooooeorc: movs 2, #1
. ° Enable o the PFS reg If using r_ioport module t =
4 andled. This code uses BSP IO functions to shos it is usec joocaaafe: ner PRIVMASK, r2

(0 == g_protect_pfsue_counter)
0o000102:  ldr  r2, [r7, 40

R_BSP_PinAccessnable(); 00000104:  cbnz  r2, 6x110 <hal_entrys6é>

ConE BLINY OPEI-CLOSE LD 3L | o, UISCOMIR = 0 < 6 0 P PrSE GEFSET;  /11¢ - uriting to PFS regi
° for (ant £20; 1 = leds-Led_count; 1) 10 R_PHISC->PUPR = 0, /1< Clear BONI bit - writing to PFSWE b
o . 00000108:  strb.w r2, [r8, #3]
uint32_t pin = leds.p_leds[i]; . 0000010c:  strb.w 0, [rB, #3
R_BSP_Pinkirite((bsp_io_port_pin_t) pin, BSP_IO_LEVEL_LOW ); a6 & oroteck prate conterss;
R_BSP_SoftuareDelay(delay, bsp_delay_units); 000110 1d T g0y
. . Gooooita:  sdas  ve, M
s coscerze For (int i = leds.led_count; i>-1; i--) 0000114,  str vz, [r7, 40
. . 06000116: msr  PRIMASK, r1
2c00015 uint32_t pin = leds.p_leds[i]; w 50 for (int i = 0; i <= leds.led_count; i++)
R_BSP_Pinkirite((bsp_io_port_pin_t) pin, BSP_IO_LEVEL_HIGH); . . ; oo
a R_BSP_SoftwareDelay(delay, bsp_delay_units) Q000 na: o e
, » bsp_delay_ 3 000011c:  ldr.w rll, [sp, #4]
) . 52 uint32_t pin = leds.p_leds[i];

00000120:  ldrh.u ro, [r11, #2]!

Mo ouykekpiyéva oTo TTAPABUPO AUTO, UTTOPOUUE va DOUUE TIG EVTOAEG TOU
TTPOYPAUMATOG KAl TIG AVTIOTOIXEG EVTOAEG TTOU XPEIACETAI YIA VA PHETATPATTEI

oe YA\ wooa Assembly OTTwWG Kal Tov program counter 1Tou akoAouBei 10
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ouoTNPa Kal oTIG dUO YAWOOEG evIOAWY. Mepika TTapadeiypata KwoIka o€
Assembly ptTopoupe va doupue TTaPaKATW.

MTtTopouue va TTapatnpiooupe 0TI 0 assembler xwpilel TNV EVTOAN:
For (uint32_t i = 0; i <= leds.led_count; i++)

o€ 3 eMPEPOUG KOPPATIA. MpwTo KopudTi gival To: movs r4, #0, GTTou oTOV
Kataxwpent) r4 amobnkevetal n TIMAR Tou i o€ OAn TN OIAPKEID TOU
TTPOYPAUMATOG. 2T OUVEXEIQ, OTO OEUTEPO KOMMATI TTPAYMATOTIOIEITAI N
ouykpion Tou i pe led_count OmTwg @aivetalr otnv evioAr) cmp r4, r6. O
KataxwpnTtng ré amobnkeuel Tnv Tiur Tou leds.led_count og 6An Tn didpkeia
TOU TTPOYPAUMOTOG. TENOG OTO TPITO KOPPATI TIPAYUATOTIOIEITAI N AUEnoN TOu
i Méoo TNG evTOAAG adds r4, #1.

50 for (uint32_t i = @; i <= leds.led_count; i++)
00B00142: cmp r4, ré
50 for (uint32_t i = @; i <= leds.led_count; i++)
» 0eeeelic: adds r4, #1

AvrtioToixa otnv dguTepn for utropoupe va douue Tnv idla diadikaacia, JE TIG
iD1EG EVTOAEG, e TNV dla@opd OTo TEAOG AVTi yia augnon TG METARANTAG i
YivETQI hEIWON AUTAG.

56 for (int i = leds.led_count; i>-1; i--)
20000174 : subs r4, #1

EpwTtnua 85

Me 10 id10 OKETITIKO TTPOCTIABNOTE VA £§NYNOETE TTWG HETAPPAJETAI OE
YAwooa Assembly n evioAn SoftwareDelay (Trepiypa@ikd)

AMN\O éva xprioigo TTapdBupo TTou PTTOPOUNE va cuvavTrijooupe oto Debug
Mode eivai To Memory. Matwvtag Tnv €mAoyr) Window 2> Show View >

Memory su@avifetal To TTapaBupo Pe TIG BIEUBUVOEIG UVHNG.
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Memory X 1; 1010 1010 1 el ‘ ]
Menitors b4 ?7& &g_bsp_leds : 0xB30 <Hex Integer> X | gz New Renderings...
[@ &g bsp_leds| Address 0 1 2 3

0000000000000830 EEll o0 o0 00

0000000000000B34 38 0B 00 00

0000000000000B38  0A 06 09 06

0000000000000B3C 01 06 02 06

0000000000000B40 03 06 05 06

0000000000000B44 00 00 00 00

EPTAXTHPIO 14

=]

JLU

MatwvTtag 10 TPACIVO KOUUTTI Pag diveTal n eukaipia va TTPocBEooupE

OUVOPTNOEIS WOTE VA JTTOPOUUE VA BAETTOUE TTIO EUKOAQ TTOTE AVAVEWVOVTAI

Ol TIUEG TNG OUYKEKPINEVNG dieuBuvong.

Na va prrop€ooupe va KATAAGBOUPE KOAUTEPA TNV JVAMN KT TTWG AEITOUPYEI,

MTTOPOUNE VA TPECOUUE TO OUYKEKPIYEVO TTAPADEIYUA:

static int func1(int data1, int data2);

static int func2(int data1, int data2);

static int func1(int data1, int data2)

{

int result;

result = data1 + dataZ2;

return result; }

static int func2(int data1, int data2)

{

Taipe HMMY

int result;

result = data1 - data2;

return result;}

int result = 0;
intz1=0;
intz2 =0;
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EPTAXTHPIO 14

int data1 = 0x656e€6552; //Kpupuévn TTAnpoopia

int data2 = 0x5f736173; // kpuppévn TTANpogopia

void hal_entry(void)

{

z1 =func1(da
z2 = func2(da

result=z1-z

}

ta1, data2);
ta1, data2);

2;

A@oU avTiypdaWoule TOV KWOIKA OTNV EQAPHPOYT], TTpOoXWPANE aTn dladikaoia

Tou Debugging. 21n ouvéxela avoiyoupe Ta TTapdBupa Ta oTToid Ba

XPEIAOTOUNE yIa TO TTAPAdEIYUA TTOU TTPOKEITAl va doupe. MNnyaivovtag otnv

emAoyny Window - Show View > Memory ka1t Window > Show View >

Expressions 0a [poupe

Ta €pyaAcia ToU  XPEIACOPOOTE.

Agou

TIPOOBECOUNE TIG NETARBANTEG PAG OTA CUYKEKPIPEVA TTAPABUPA TTPOXWPANE

oTnNV €KTEAEON TOU TTpoypAuuaTog (yia Tn dlaudépewon Tou TTapabupou

Memory, emAéyoupe Format ratwvTag degi KAIK).

Expression
«p datal
g data2
of z1
op 22
«p result

Type
int
int
int
int
int

g0 Add new expression

Value

-2056362670
-1888263821

-168098849
1213025625
350340805

Address

0x20000004
0x20000000
0x20000050
0x2000004c
0x20000054

2xApa 50: MNMapabupo Expressions

Memory X

l‘\Aonitor g 9 % |&z2:0x2000004C <Hex Integer> X | i New Renderings...

@ &zl
@ &z
@ &result

Taipe HMMY

Address

0000000020000050
0000000020000054
0000000020000058
000000002000005C
0000000020000060
0000000020000064
0000000020000068
000000002000006C

0

DF
c5
E6
54
00
00
00
00

1

oooooooo2000004C [ 40

03
cé
c2
52
00
00
00
00

2

2xApa 51: MNMapaBupo Memory

3
43
F5
14
1E
50
00
00
00
00
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Evoopatopéve Svetipara I: Epyactypioric Aowjoeic EPTASTHPIO 14
ApXIKA TTapaTtnpouue OTI oI TIMEG TToUu JTTOPEl va AdBel pia PETABANTA
atroteAouvTal aTrod 8 bit, dnAadn atmd Tnv Tiur) 0x00000000 ¢wg OXFFFFFFFF,
AVOAOYWG UE TNV XProN TTPOCNHACHEVWY I 1N apIOPwy autd onuaivel OTi
MTTOPOUNE va AGBOUE TINEG METAEU -2147483647 £€wg 4294967295.

Kdati GAAO TTOU UTTOPOUE VA TTAPATNPACOUE gival 0TI o€ TTepITITwon overflow
TO TTPOYpPapua dlaypdgel To 9° bit kal kpatdel Ta uttoAoITTa bit oTnv d1d6eon

TOU.

EpwTtnpa 86

A@OU HEAETAOETE KAl TPOTTOTTOINOETE TOV KWOIKA, VO EUPAVIOETE TA
atmroteAéopara (21,22, result) Twv TTapakdTw TPpdasewyv: datal * data2,
datal/data2, data1*2, data2*3, data1/4, data2/2 (va e&fnynoere TO

aTTOTEAEOUA TTOU EPPAVIETAI)

Mpétrel va  €moONPAVOUPE OTI Pia PETABANTH  PTTOPEl va  KOUBOAGEI
TTANPOPOPIEC DIAPOPETIKWV EI0WYV, ATTO APIBUNTIKES TIMEG, O€ KEINEVO akOua
Kal €Ikova. Me Bdaon auti TV TTANpo@opia va atTaviAcETE TNV TTAPAKATW

epwTNON.

Epwtnpa 87

Na Bpeite TIGC TAPpAKATW KPUMPEVEG TAnpo@opieg: data3 =
0x484d4d59, datad = 0x45534441, data5 = 37383032, data6 = 416c4765,
data7 = 0x4475636b
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AAAO éva xproipo TTapdbupo OTO OTTOI0 UTTOPOUNE va BOUME TNV UVAUN TOU
Tpoypdupartog givalr To Memory Usage. MNartwvtag tnv €mAoyr) Renesas
Views > C/C++ > Memory Usage, pag sugavietal €va mapaBupo oTo
OTTOI0 UTTOPOUME VA OOUME AVAAUTIKA TNV JvAun TTou KaTaAapBdavel kGBe
€VTOAR). EKTOG auTou pag diveral n €tmAoyr va doUhE Tov XAPTn PVAUNG TOou
MIKPOETTEEEPYAOTH),06 OUVOUOOUO HE TO OIAYPAUMA UVAUNG TOU 2XAua 52
MTTOPOUME va TTAPOUME PIa I0€A TNG KATATAENG MVAMNG.

Memory Region Usage | Device Memory Usage:

2880 byte(s) P 0x00000000 InternalRom
0 byte(s) 2680/207153 b %
7153 byte(s) (0.14% )
¢ byte) 0x00200000
120 bytels) L v —
32 byte(s) OxIFFFFFFF
1024 byte(s)

P 0x20000000

232 byte(s) InternalRam
0x20080000 1184/524289 byte(s) (0.23%)
Section | Object |Symbol |
Symbol Start address End address Size (byte) Data type Declaration type  Section
UsageFault_Handler 0x00000644 0 - text
<Tick_Handler 0x00000644 0 text
0x00000654 0x00000733 PrY text
0x00000310 0x00000337 0 - text
0x20000098 0x20000098 4 - bss
0x00000644 0 - text
0x00000644 0 - text
0x00000648 0x00000653 2 - text
0x000002FC 0x0000030F 0 - text
0x00000190 0x000001A7 % - text
R_BSP_SoftwareDelay 0x00000458 OxD00004AF 8 - text
R _BSP_RegisterProtectEna... 0x00000590

EpwTtnupa 88

Na Bpeite MO0 XWPO KATAAAUPBAVEI TO TTPOYPAMHA TTOU PTIASATE

EpwTtnpa 89

Na Bpeite og Tmoia Si1gBuvon amoBnkeveTal Kal OO0 XWPO
KaTtaAapBdvouv ol CUYKEKPIPEVEG EVTOAEG: Main, board led, register,
delay, clock
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A@ou cidarte Tn Asitoupyia Twv leds, Tn diadikacia TTou XpeEIAZeTal yia va
TPECETE TOV KWOAIKA KAl TTOAAG aAAd, NpBe N wpa va CUPTTANPWOETE TOV DIKO
0aG KWOIKA.

EpwTtnpa 90

ZUPTTANPWOTE TOV TEAIKO 0OG KW3IKA
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15 EPIrAZTHPIO 15

¢ AioOnTApag OeppoKkpaciag

2€ autd 1o KePAAaio Ba aoyoAnBoupe pe évav aAdov aiocOnTtipa TTOU
oupTTEPIAAPBAvETal TNV TTAAKETA PJag, Tov AIoBnTApa Ogppokpaaciag.

O1wg avagépape Kal 0TV €l0aywyr], N TTAAKETA POG €ival eCOTTAIOPEVN ME
TTOAOUG Xproiyoug aioBnTApeg, €vag amd autdg €ival o aiobntripag
Bepuokpaciag HS3001.

H og1ipd HS3xxx (HS300x kar HS310x) eival éva eCaipeTIKA UWnAnG akpiBelag,
TARPWG Pabuovounuévn OXETIKA uypaoia kal Begppokpaciag. Evw ol
ouokeuég HS300x €pxovral O€ TUTTOTTOINUEVN OUOKEUAoia ME €i0000
avoIKToU aépa, ol cuokeuEég HS310x diaBéTouv udpdeofn pepBpdvn, TTou TIG
KaBI0TA avOeKTIKEG 0T OKOVN Kal adiappoxeg pe IP67 agloAdynon. Kai o1 duo
ekdooeIg aloBNTAPpWY, adiABPOXeS Kal hun adiappoxeg, dlaTiBevral Og TPEIG
d1aQOpPETIKES akpifeieg kaTnyopieg: HS3x01, HS3x02 kair HS3x03.

Mapa 10 PIKPO TOU PEYEBOG, TO OTToIO £TTEKTEIVETAI OTA 3 X 2.41 X 0.8 mm,
auTd dev TO gUTTOdICEI ATTO TO VA KAVEl TNV OOUAEIR TOU PE UWNAR akpifeia
METPNONG, TTIO OCUYKEKPIYEVA TINEG HETAEU -40° C kai +125° C, ypriyopo xpdévo
ATTOKPIONG TTOU @PTAVEI OTO 1 OEUTEPOAETITO KAl XAMNAR KATAvAAwon TTou

Kupaivetal amrd 1 pA €wg 24,4 pA.

MpakTIK& 01 uNXAVIKOi CUVIOTOUV TNV XPpron Tou aiodnTApa o€ BEpPOKPATiES
10 TTPOCITEG OTTWG 10° C pe 50° C kal 20-80% 1T0000TA UYPACiag. & AAAEG
TTEPITITWOEIG B UTTAPXEI MIA JIKPN UETATOTTION OTNV OKPIBEIO TWV JETPAOEWV
TNG KAipakag + 1 - 3 Babuoug KEAoIou avaAoywg Kal he Tn BepPokpacia TTou
BplioképaoTe.

.\.» 4
ZxApa 53: AioBnthpag HS3xxx
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sl
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2xApa 54: TotmroBeoia Tou HS3xxx oTNV TTAAKETA

MNa emrAéov TTANPOQYOpPIEG avaTPESTE OTNV I0TOOENIDO TOU CUYKEKPIUEVOU
aiobnTrpa.

MNa 10 TTPAKTIKG KOPUATI TNG Epyaciag Ba XpnoIyoTroIjooupe £va BondnTiko
gpyaAeio Tou e? Studio, To Developer Assistance. H cuykekpiuévn etmiAoyn
MOG TTOPEXEl ETOINEG OUVAPTAOEIS ME BAON Ta TIEPIEXOUEVA OAWV TWV
TIAGKETWYV TTOU PTTOPOUME VO OUVAVTHOOUPE O OAN TNV OIKOYEVEIQ TNG
Renesas Ra. Zko1og Tng €TTIAOYNG auTNG €ival va BonBnoel Toug XprioTeS va
KATavoroouV TTI0 EUKOAQ TOV KWOIKA, TN AEIToupyia KABE TTEPIPEPEIOKOU KAl
Kavel Tn d1adIKacia TOU TTPOYPAUMKATIONOU TTIO EUKOAN YIa OAOUG.

e A@ou akoAouBrjcoupe Ta Bripata TNG €l0aywyng Kal dNUIOUPYrOOUNE
TO project, BAETTOUPE PE TNV ApXIKA O€gAida. To TTpwTo BAPA TToU
akoAouBoupe eival va €ilcdyoupe TOov aioOnThpa Beppokpaciag.
Mnyaivoupe oto mapdbupo Stack - New Stack - Sensor >
HS300X Temperature/Humidity Sensor (rm_hs300x)

Stacks Configuration
9 Generate Project Content

Threads = HAL/Common Stacks &) New Stack >

v gt HAL/Common —
42 g_ioport /O Port (rioport) & g_lvoportl/’O Port 4 g_hs300x_sensord
. (r_ioport) HS300X
Temperature/Humidity
® @ Sensor (rm_hs300x)

A
I

4 g_comms_i2c_deviced
12C Communication

Device
@ (rm_comms_i2c)

A
I

ﬁ g_comms_i2¢c_bus0 12C
Shared Bus
(rm_comms_i2c)

®

A

Objects

& Add 12C
Communications
Peripheral

Summary BSP | Clocks | Pins | Interrupts | Event Links | € Stacks| Components
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Evoopotopéive Xvemipata I: Epyootypioxés Aoxioeig EPI'AXTHPIO 15

e >1nouvéxela emAéyoupe To Add 12C Communications Peripheral >
New - 12C Master (r_iic_master) pye okomd va mpooBécouue Tov
diauAo dedopEvwy TTou Ba XPNOIKOTTOINCEl 0 AIoONTPAG HAG.

S€ auTO TO OnuEio TTPETTEl va eTionudvoupe o1 n epapuoyn e? Studio, doov
agopd 1a GPIO, divel TTpOTEPAIOTNTA OTIG EVWOEIG TTOU OXETICOVTAI PE TA
Pmod ka1 To Arduino Uno, kaBwg o1 Trepiocdtepes TTAAKETEG TNG Renesas dev
€XOUV EVOWHATWHEVOUG TOUG AIoONTAPES TTOU XPNOIYOTIOIEI N TTAOKETA POG.
‘ET01 0TO £TTOPEVO BANA XPEIAZETAI VO ATTEVEPYOTTOINOOUE TIG OUYKEKPIMEVEG
€10000UG, divOoVTag OTNV £QAPUOYI VO KATAAABEI 0TI TTPETTEI va AABEI TNG TIPEG
kateuBeiav atmd Tov aiodBntipa kal 6x1 amrd karrolo GPIO 1Tou avagépaue
TTPONYOUNEVWG.

e [Inyaivouue oto TTapdGBupo Pins, Waxvouue va ATTEVEPYOTTOICOUUE
Ta pins P004, PO0S5, PO06 kai P111 1Tou avTIOTOIXOUV OTIG TIHEG TWV
€1000wv Twv GPIO.

v ¢ Ports Name Value Link
v v PO Symbolic Name PMOD2_INT
/ P000 Comment
# POD1 Mode Disabled
s POD2 Pull up None
7 P03 IRQ None
PO04 Output type CMOQOS
P005 v Input/Output
P006 PO04 None
POO7
7 P008
PO0S
PO10
7 P014
7 PO15
s P1

o TéAog mrataue Tnv €mAoyr) Generate Project Content pye okoto va
dnuIoupynOei To TTEPIEXOPEVO TOU project.

AQoU TEAEIWOAUE ME TO KOMUATI TOU TTEPIEXOUEVOU, ETTIOTPEPOUPE OTO
TTapdbupo hal_entry.c ye oko1o va dOPACOUNE TOV KWOIKA.

e Avoiyoupe Tnv emAoyry Developer Assistance kai ouUpoupe TIG
TTAPAKATW CUVOPTACEIG OTO TTAPABUPO TOU KWOIKA.
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v (?) Developer Assistance
v s HAL/Common

> 47 g_ioport /O Port (r_ioport)
=" Sensor (rm_hs300x)

5 Call Quick Setup
¢z Call Quick Getting Humidity and Temperature
+ g_comms_i2c_devicel 12C Communication Device (rm_commes_i2c)
5 Call Quick Setup
v & g_comms i2c_bus0 12C Shared Bus (rm_comms_i2c)
=2 Call Quick Setup
2 Call Quick Shutdown
> $ g_i2c_master0 12C Master (r_iic_master)
e [Inyaivoupe oTov KWAIKA KAl TPOTTOTTOIOUUE TA €EAG:

- _Fnable 4f vou want 0 gpen HS300X */

|#define G_HS300X_SENSOR@_NON_BLOCKING (1) |

#if G_HS3@@X_SENSOR@_NON_BLOCKING
volatile bool g_hs30@x_completed = false;
#endif

#if RM_HS3@0X_CFG_PROGRAMMING_MODE
uint32_t g hs3@8x_sensor_id;
#endif

- Epoblo £ o uopnt +o oo allback */

I#define G_HS38BX_SENSOR@_CALLBACK_ENABLE (1) |
T CALLBACK ENABLE

void Es300x_zallback(rm_hs380x_callback_args_t * p_args)

#if G_HS3@0X_SENSOR@_NON_BLOCKING
if (RM_HS300X_EVENT_SUCCESS == p_args->event)

g_hs30@x_completed = true;

}

#else
FSP_PARAMETER_NOT_USED(p_args);
#endif

#endif

o TEAOG aVTIKOBIOTOUME TO TTOPAKATW KOUMATI KWwOIKa Pe TNV hal_entry
TToU BpiokeTal péoa.

volatile rm_hs300x_data_t hs300x_data;

void hal_entry(void)
{

g_comms_i2c_bus0_quick_setup();
g_hs300x_sensor0_quick_setup();

while(1)
{

g_hs300x_sensor0_quick_getting_humidity _and_temperature
((rm_hs300x_data_t*)& hs300x_data);

}

#if BSP_TZ SECURE_BUILD
[* Enter non-secure code */
R_BSP_NonSecureEnter();

#endif

}
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MNa TepaIr€pw TTANPOQPoOpPIEg UTTOPEITE va OEITE Eva TTAPONOIO TTAPADEIYUA OTO

akoAoubo video.

A@ou akoAouBrioape owoTd Ta Pripata, ouveyiCoupye oT1o Build kai
Debugging Tou kwdIka. Na va uTropECOUPE VO JETPROOUUE TN BEpuoKpaacia
Ba xpelaoTtei va avoi¢oupe TO TTOPGBUpo Expressions oT1o oT0i0 Ba
xpnolyotroifooupe Tnv ouvdptnon hs300x_data pe okomd va Trapoupue

METPAOEIG BEpPOKPATIAgG.

Expression Type Value

v i hs300x_data volatiler... {..}

v (= humidity rm_hs300... {..}

()= integer_part int16_t 42

()= decimal_part int16_t 50

v (*= temperature rm_hs300... {...}

()= integer_part int16_t 24

()= decimal_part int16_t %0

o2 Add new expression

ZxApa 55: Tipég Zuvaptnong HS300x

Epwtnpa 91

Na Bpeite oieg SieuBUvoeIg xpnoipoTtrolgi o aicdntipag HS3001 kai 11
atroBnkevel n KABE pia

To avTioToIxo project arroTeAei KAAG TTapAdEIyUa yia Katavoénon Tou memory
Kabwg utropoupe péow NG €mAoyng Real-Time Refresh va doupe Tig TIEG
TOU a10ONTAPA TTOU AVAVEWVOVTAI KATA T OIAPKEIA TNG EKTEAEONG TOU KWOIKA.
MNa va 1o kavoupe autd Ba avoitoupe 10 TTaPABupo Memory kai 6a TTAUE
otnv OleuBuvon TIOU  [BPMAKAPE  TTPONYOUMEVWG KAl TauToxpova Ba
EKTEAECOUNE TO TTPOYPAUMA PE OKOTTO va OOUME TIG TIUEG VO OVAVEWVOVTAI

(wvTava.
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‘Eva gvdiapépov TTapdBupo TTou PTTopoUlE va cuvavTtriooupe ato e? Studio
givar 10 Visual Expression (Renesas Views -> Debug -> Visual
Expressions). To Ouykekpigévo Trapdbupo pog  TTapéxel  dlagopd

d1adpaoTIKG widgets, Ta OTToia UTTOPOUUE VA TTPOYPANUATIOOUE.

EpwTtnpa 92

Na TTpoypopHOTIOETE MEPIKA a1mO Ta widget Kal va ged@aVIOETE TA

atmroTeAéopaTA OOG

‘Eva xprioigo mapdBupo TTou pag Trapéxel 1o e? Studio eival To Real-Time
Chart (Renesas Views - Debug - Real-Time Chart). XpnoipgotolwvTag
TNV OUYKEKPIYEVN €TTIAOYN pag diveTal n duvatoTnTa va BAAAOUUE TIG TIMEG
TToU AauBdavoupe amd Tov alodnTripa o€ ypagikr avaptnon. AQou eI0AyeTe
TIG KATAAANAEG OUVOPTACEIG KAl TTPAYUATOTTOINCETE TO TIEIPAUATIKO OAG

KOMMATI, VA OTTAVTHOETE OTNV TTOPAKATW £PWTNON.

EpwTtnpa 93

EpgavioTe TIg ypa@ikég TNG Ogppokpaciag. TI TTapaATNPEITE;

EpwTtnua 94
XpNoIHOTTOIWVTAG £Va SIAPOPETIKO BEPUOMETPO, VO AVAPEPETE AV Ol
TINEG TwWV duo BeppopéTpwy gival iBIEG, EIOAAAWG VA AVAPEPETE TOV

AOyo TToU B1aPEPOUV Ol HETPAOEIG METASU TOUG
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Mnyaivete oto TTapdBupo Memory Usage kai amaviioTe OTIG TTAPAKATW

EPWTNOEIG.

EpwTtnua 95

Na Bpeite TOCO XWPO KATAAAUBAVEI TO TTPOYPAMHA TTOU PTIASATE

EpwTtnpa 96

Na Bpeite o€ ol S1E0BUVON ATTOONKEVETAI KOl TTOCO XWPO
KaTaAapBdavouv ol CUYKEKPINEVES EVTOAEG: main, clock init, hal_entry,
leds, delay, system init

A@ou €idate Tov aiocbnTrpa Oepuokpaaciag, Tn diadikaaia TTou XPEIACETAl VIO
va TpEEETE TOV KWOIKA Kal TTOANG aAAd, oTn ouvéxela Apbe n wpa va

OUNTTANPWOETE TOV OIKO 0aG KWOAIKA.
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EpwTtnpa 97

ZUPTTANPWOTE TOV TEAIKO 0OG KW3IKA
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16 EPIrAZTHPIO 16

¢ AicOnTipag Oguyovou

2’ autd TO KeEQAAalo Ba aoxoAnBouue pe €vav AAAov aiobntriipa TTou
oupTtrepIAapBaveTal otnv TTAAKETA pag, Tov AioBntrpa Mérpnong Moidtntag
A€pog.

O1wg avagépaue Kal oTnv elocaywyr n TTAOKETOG pag gival eEOTTAIOUEVN PE
TTOAOUG Xproiyoug aioBnTApeg, €vag ammd autdg €ival o aiobntripag
METPNONG TToI0TNTAG aépog ZMOD4410. O aiobntripag autdg €XEl OXEDIAOTEI
yla Tnv avixveuon Twv ouciwv VOC, ol oTToieg ava@EépovTal OTIG TITATIKEG
OPYQVIKEG OUTiEG, TNV eKTiunon Tou O10&eidiou Tou AvBpaka CO2 kal Tnv
TTapakoAoubnon Tng ToIdTNTAG TOU AEPa O€ €0WTEPIKOUG Xwpoug. O
aiobnTtpag ival eCOTTAIOUEVOG PE éva BeppavTIKO oTolixeio oe doury MEMS
TToU BacifeTal o€ TTUPITIO KAl Jia xnueElavTioTaon ogeldiou petaAlou (MOx). O
ETTECEPYAOTNG ONUATOG EAEYXEI TIC BEPUOKPATIEG TOU AIOONTHPA KOl METPA TN
MOx aywyigotnTa. XpnoIJoTTolwvTag TTapadooiakous aAyopiBuoug Kal
aAyopiBuoug pnxavikAg patnong PE EVOWHATWMEVN TEXVNTH vonuoouvn
MTTOpPEl va TTpoadiopioTei N ouykEvipwon TVOC, pia IAQ Ty Kai yia n
EKTINWPEVN TTooOTNTA dIogeIdiou Tou dvBpaka (eCO2) aTO XWPO.

Mapa 10 pIKpd Tou pEyeBOG, To oTToio eTTekTEiVETAI OTA 3 X 3 X 0.7 mm, auto
Oev Tov guTTodiel va AEITOUPYEi O OUVONRKEG OTTOU EPXETAI OE ETTAPN ME
uypaacia, okovn kal Adyw Tng IP67 agloAdéynong, utropei va £pBel o€ eTagpn
ME vepd n akoua kal va BubioTtei oe autd. Emmiong xdpn otn Xpron twv
OUVOETWY aAyopiBUWY PTTOPOUNE va UTTOAOYIOOUUE €TTIONG TNV TTO0OTNTA
MOAUBOOU oTOV aEpa, OTTWG Kal OOPEG YE BAon To Bgio, OTTWG €ival N KAKI)
avaoda, T0 YKPEITTYPOUT KAl TO KPEUMUDL.

Mpétrel va emonuavoupe OTI OTnVv  TTAGKETA  UTTAPXEl €vag OeUTEPOG
aiobnmpag pétpnong agpog, o ZMOD4510. 2ZkoTTOG Tou €ival n avixveuon
Twv oucoiwv VOC ot eEWTEPIKOUG XWPOUG AANG UTTOPEI va PaG UETPAOEI

eMITTAEOV TNV TIPA TOU O10&EIdIOU TOU AdWTOU KAl TOU OCOVTOG aépa.
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ZxApa 57: TotmoBeoia Tou ZMOD4410

MNa emrAéov TTANPOQYOPIEG avaTPESTE OTNV I0TOOEANIDO TOU CUYKEKPIUEVOU
aiobnTtrpa.

MNa 10 TTPAKTIKG KOPUATI TNG Epyaciag Ba XpnoIyoTroIjooupe £va BondnTiKo

gpyaAcio Tou e? Studio, To Developer Assistance.

Taipe HMMY

A@ou akoAouBriooupe Ta BAPOTA TNG EI0QYWYNG Kal dNUIOUPYROOUUE
TO project, epxoéyooTe OTNV apxIkf oelida. To TTpwTo Pripya Trou
akoAouBoue €ival va eiI0youe Tov aloBnThpa TTou Ba XPEIOOTOUE.
Mnyaivoupe oto mapdbupo Stack - New Stack - Sensor 2>
ZMOD4XXX Gas Sensor (rm_zmod4xxx).

AloAéyoupe Tnv emAoyr) Add Requires ZMOD Library > New >
ZMOD4410 IAQ 1st Generation pe okoté va TTPooBEcOUPE TNV
ouvapTtnon Tou Ba XPEIOOTOUUE WOTE VA TTAPOUUE TIG PETPNOEIG. ZE
TTepITTTwoNn Tou BéAoupe va dokigdooupe KATTola GAAN cuvaptTnon
aAAGloupe auTh TNV €TTIAOYT.

21n ouvéxela emAéyoupue 1o Add 12C Communications Peripheral >
New - 12C Master (r_iic_master) pye okomd va mpooBEécouue Tov
diauAo dedopEvwy TTou Ba XPNOIKOTTOINCEl 0 AIoONTPAG HAG.
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Threads = HAL/Common Stacks

EPTAXTHPIO 15

4| New Stack >

v & HAL/Common
42 g_ioport /0 Port (r_ioport) 4 g_ioport /0 Port @ g_zmoddoo_sensor) ZMODAXXX Gas Sensor (rm_zmoddon)
4 g_zmoddoo_sensor) ZMODAXXX Gas Sensor (r_ioport)
® ®
7y

4 ZMOD4410 1AQ 1st Generation (rm_zmoddioo)

%Y Add IRQ Driver for
measurement
[optional]

®

A

@ g_comms_i2c_deviced 12C Communication Device
(rm_comms_i2c)

®

4 g_comms_i2c_bus0 12C Shared Bus (rm_comms_i2c)

®

A
I

@ g_i2c_master0 12C Master (r_iic_master)

Objects

®
7y
I I
%9 Add DTC Driver for %9 Add DTC Driver for
Transmission Reception [Optional]
[Optional]

Mnyaivoupe oto TTapdBupo Pins, Waxvouue va ATTEVEPYOTTOINCOUUE
Ta pins P004, PO05, PO06 kai P111 1TOU QvTIOTOIXOUV OTIG TINEG TWV
€1000wv Twv Pmod.
TéNog Tratape Tnv €mmAoyr) Generate Project Content pye okoto va
dnuioupynOei To TTEPIEXOPEVO TOU project.

AQoU TEAEIWOAUE ME TO KOMMATI TOU TTEPIEXOUEVOU, ETTIOTPEPOUNE OTO

TTapdbupo hal_entry.c pe oko1o va dOPACOUNE TOV KWOIKA.

Taipe HMMY

Avoiyoupe Ttnv emAoyry Developer Assistance kai oUpOupE TIG
TTAPAKATW CUVOPTACEIG OTO TTAPABUPO TOU KWOIKA.

v (?) Developer Assistance
v g HAL/Common
> 4% g_ioport I/O Port (r_ioport)

v

Fe

+ g zmoddiox sensorl ZMOD4XXX Gas Sensor (rm_zmoddoo)
| ‘i. = Call guick SetuEI 2

5 Quick Getting IAQ 1st Gen. Continuous mode Data I 3

£z Quick Getting IAQ Tst Gen. Low Power mode Data
|23 Quick Getting IAQ 2nd Gen. Data

|2 Quick Getting IAQ 2nd Gen. Ultra Low Power Data
i= Quick Getting Odor Data

iz Quick Getting Sulfur Odor Data

= Quick Getting OAQ 1st Gen. Data

= Quick Getting OAQ 2nd Gen. Data

5 Quick Getting RAQ Data

iz Quick Getting Relative IAQ Data

|23 Quick Getting Relative IAQ Ultra Low Power Data
|25 Quick Getting PBAQ Data

£= Quick Getting NO2 O3 Data

v 4% ZMOD4410 Odor (rm_zmoddxox) [Deprecated]

v P g_comms_i2c_device0 12C Communication Device (rm_comms_i2c)
5 Call Quick Setup

v 42 g comms i2¢ bus0|2C Shared Bus (rm_comms_i2c)

5 Call Quick Setup 1

t5 Call Quick Shutdown

» 4 g_i2c_master0 12C Master (r_iic_master)

[Mnyaivoupe 01OV KWOIKA KAl TPOTTOTTOIOUME TA £ENG:
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Fnable if vouy want to _gnen ZMODAXXX

#define G_ Z:'DOD4XXX SENSOR@_NON_BLOCKING (1)
FdeTine G ZNMODAXXX SCNSORD IRQ ENABLE  (8)

® #if G_ZMOD4XXX_SENSOR@ NON_BLOCKING[]

- #if G_ZMOD4XXX_SENSOR@_IRQ_ENABLE
volatile bool g zmod4xxx_irq_completed = false;
#endif

Epable 44 voy want $0 pee o J2C callback */

#define G_ZMOD4XXX_SENSOR@_I2C_CALLBACK_ENABLE (1)

f* Enable if you want to use a IRQ callback
#deflne G_. Z:)OD4XXX SENSOR@_IRQ_CALLBACK_ENABLE (@)

- #if G_ZMOD4XXX_SENSOR@ IRQ CALLBACK_ ENABLE

+ void zmod4xxx_irq_callback(rm_zmod4xxx_callback_args t * p_args)[]
#endif
TEANOG avTIKOBIOTOUNE TO TTOPAKATW KOUMATI KWwOIKa Pe TNV hal_entry
TToU BpiokeTal yéoa.

volatile rm_zmod4xxx_iaq_1st_data_tiag_1st_gen_data;

void hal_entry(void)
{

g_comms_i2c_bus0_quick_setup();
g_zmod4xxx_sensor0_quick_setup();

while(1)
{

g_zmod4xxx_sensor0_quick_getting_iag_1st_gen_continuous_mod
e_data((rm_zmod4xxx_iaq_1st_data_t*)& iaq_1st_gen_data);

}

#if BSP_TZ SECURE_BUILD
/* Enter non-secure code */
R_BSP_NonSecureEnter();

#endif

}

A@ou akoAouBrioape owoTd Ta Pripata, ouveyiCoupye oT1o Build kai

Debugging Tou kwdIKa. [Na va JTTopECOUPE va JETPACOUUE TNV TTOIOTNTA TOU

IAQ

Ba xpelaoTtei va avoi¢oupe 1o TTapABupo Expressions oTo o1roio Ba

XPNOIMOTIOINCOUNE TNV ouvApTnon iaq_1st_gen_data pye okotro va Tapoupe

METP

NOEIG.
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Expression Type Value

v g iaq_lst_gen_data volatile rm_zm... {...}
()= rmox float 27483.6562
()= rcda float 27483.6562
()= iaq float 0.999999881
()= tvoc float 0.0158526525
()= etoh float 0.00843226351
()= ecol float 404.523804

ZxApa 58: Tipég Zuvaptnong IAQ

EpwTtnpa 98
Na Bpeite Toigg SiuBivoelg xpnoipoTtroiei o aiodnTipag ZMOD4410

Kal TI aTToONKeUEl N KAOE pia

MetaBeite oto TTapdBupo Real-Time Chart kal a@ou ei0ayeTal TIG KATAANNAEG
OUVOPTNOEIS KAl TTPAYMOATOTIOINCETE TO TTEIPAPATIKO OAG KOUMATI, vad

QATTAVTOETE OTNV TTOPAKATW £PWTNON.

EpwTtnpa 99

Na epgpavioere Tn ypa@iki Tou ZMOD4410. Ti TrTapaTnpEiTe;

Mapakdtw ptropeite va O&iTe TO OIAYPAUMUA CUYKEVTPWOEWV OI0EEIDIOU TOU
avBpaka (CO2) o ppm (Pépn ava EKATOPPUPIO), TIG ETTITITWOEIG TOUG OTNV
avBpwTTivn uyeia aAAd Kal To TTivaka agloAdynong Tng TToidTNTAG TOU aépa
(IAQ - Indoor Air Quality), Baciopévo OTn CUYKEVTPWOT) TITNTIKWY OPYAVIKWV
evwoewv (TVOC) og mg/m3. Ommwg ptropoupe va OOUWE, yia HIO KOAN
dlaBiwon Kal gpyacia n TToIdTNTA TOU afpa TTPETTEl va dlaTnpEEiTal oTa
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Emimeda 1 4 2 dnAadn IAQ pikpoTEPO atrd TNV TIPA 3 Ta emiTreda Tou CO2

TTPETTEl va pnv Eetrepvouv Ta 1000 ppm.

IDT IAQ Rating | Reference Level’ Air Information TVOC (mg/m?) | Air Quality

Good Air Quality
2.00-299 Level 2 (if no threshold is meded’ 03-1.0 Gm
Noticeable Comfort Concerns
3.00-3.99 Level 3 (Not recommended for 1.0-3.0 Medium
exposure > 12 months)

Significant Comfort Issues
4.00-4.99 Level 4 ot recommended for 3.0-100 Poor
exposure > 1 months)

Zyxnua 59: Mivakag IAQ — TVOC

Exposureitime!limiti<i8h

5000
Negative impact on health

2500
Drowsiness

1000
Acceptable level

ppm
parts per million

700
Level recommended

Normal by ASHRAE
450

Fresh air;

350

ZxAua 60: Mivakag CO2
>€ YevIKEG ypauuég n EANGSa BpiokeTal otn 6€on 92 oTOovV KOGPO WG N TTIO
MOAUCHEVN Xwpa e eTTiTTEdO 3, ME TNV TTIO MOAUopévn TTOAN va gival Ta
lwavviva kal TRV Mo kaBapr va gival n Néa Paideotdg. 10 GAAO GKPO TNG

YNG UTTOPOUUE VO CUVAVTHOOUUE XWPES OTTWG To MTTaykAavTEg, To MNakioTav
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Kal n Ivdia pe etitredo 7 610U o1 TIuEG Tou TVOC @T1dvouv €wg 76.9 ug/m3

ME Baon Tn dnpookoTiNon TnG eTaipia [QAIr.

Epwtnpa 100

Me Bdon 1ig TIpEG TToUu AdBaTe ard TOV AIOONTAPA, VA AVAPEPETE TI
TTOIOTNTA AEPOG EXETE KAI TTWG OUTK) ETTNPEAJETAI OE YEVIKEG YPAUMES

MeTtaBeite oto TTapdBupo Memory Usage kal armmaviioTe OTIG TTOPAKATW

EPWTNOEIG.

EpwTtnua 101

Na Bpeite TOOO XWPO KATAAAUPBAVEI TO TTPOYPAHMHA TTOU PTIASATE

EpwTtnua 102

Na Bpeite o€ ol 51E0BUVON ATTOONKEVETAI KOl TTOCO XWPO
KATOAQMBAVOUV Ol CUYKEKPIMEVEG EVTOAEG: main,
zmod4410_iaq_1st_gen, 1st_gen_continuous_mode_data,
sensor0 _quick setup, calc iaq 1st gen
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A@ou gidate Tov aioOnTipa Zmod4 XXX, TTwg YTTOPEi va XPnNOIYOoTToINGEi, TN
d1adIKaoia TTou XPEIACETal VIO VO TPECETE TOV KWOIKA Kal TTOAAG aAAQ, OTn

ouvéxela NPBE N wpa va CUPTTANPWOETE TO OIKO 0AG KWOAIKA.

Epwtnpa 103

ZUPTTANPWOTE TOV TEAIKO 0OG KW3IKA
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NMAPAPTHMA

Cloud Kit for RA6M5 Microcontroller Group
CK-RA6M5 v1 with RYZ014A Pmod

User’s Manual
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Notice

1.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc.
Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products
outside of such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you
are responsible for evaluating the safety of the final products or systems manufactured by you.

. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas

Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.

© 2023 Renesas Electronics Corporation. All rights reserved.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Vix (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-

evaluation test for the given product.



Renesas CK-RAG6M5 Disclaimer

By using this CK-RABM5, the User accepts the following terms, which are in addition to, and control in the event of disagreement, with Renesas’ General
Terms and Conditions available at renesas.com/legal-notices.

The CK-RABMS5 is not guaranteed to be error free, and the entire risk as to the results and performance of the CK-RA6M5 is assumed by the User. The
CK-RABMS5 is provided by Renesas on an “as is” basis without warranty of any kind whether express or implied, including but not limited to the implied
warranties of good workmanship, fitness for a particular purpose, title, merchantability, and non-infringement of intellectual property rights. Renesas
expressly disclaims any implied warranty.

Renesas does not consider the CK-RA6MS5 to be a finished product and therefore the CK-RA6M5 may not comply with some requirements applicable to
finished products, including, but not limited to recycling, restricted substances and electromagnetic compatibility regulations. Refer to Certifications section,
for information about certifications and compliance information for the CK-RA6MS. It is the kit User’s responsibility to make sure the kit meets any local
requirements applicable to their region.

Renesas or its affiliates shall in no event be liable for any loss of profit, loss of data, loss of contract, loss of business, damage to reputation or goodwill, any
economic loss, any reprogramming or recall costs (whether the foregoing losses are direct or indirect) nor shall Renesas or its affiliates be liable for any
other direct or indirect special, incidental or consequential damages arising out of or in relation to the use of this CK-RA6M5, even if Renesas or its affiliates
have been advised of the possibility of such damages.

Renesas has used reasonable care in preparing the information included in this document, but Renesas does not warrant that such information is error free
nor does Renesas guarantee an exact match for every application or parameter to part numbers designated by other vendors listed herein. The information
provided in this document is intended solely to enable the use of Renesas products. No express or implied license to any intellectual property right is
granted by this document or in connection with the sale of Renesas products. Renesas reserves the right to make changes to specifications and product
descriptions at any time without notice. Renesas assumes no liability for any damages incurred by you resulting from errors in or omissions from the
information included herein. Renesas cannot verify, and assumes no liability for, the accuracy of information available on another company’s website.

Precautions

This Evaluation Kit is only intended for use in a laboratory environment under ambient temperature and humidity conditions. A safe separation distance
should be used between this and any sensitive equipment. Its use outside the laboratory, classroom, study area, or similar such area invalidates conformity
with the protection requirements of the Electromagnetic Compatibility Directive and could lead to prosecution.

The product generates, uses, and can radiate radio frequency energy and may cause harmful interference to radio communications. There is no guarantee
that interference will not occur in a particular installation. If this equipment causes harmful interference to radio or television reception, which can be
determined by turning the equipment off or on, you are encouraged to try to correct the interference by one or more of the following measures:

« Ensure attached cables do not lie across the equipment.

« Reorient the receiving antenna.

« Increase the distance between the equipment and the receiver.

« Connect the equipment into an outlet on a circuit different from that which the receiver is connected.

« Power down the equipment when not in use.

« Consult the dealer or an experienced radio/TV technician for help.

Note: It is recommended that wherever possible shielded interface cables are used.

The product is potentially susceptible to certain EMC phenomena. To mitigate against them it is recommended that the following measures be undertaken:
« The user is advised that mobile phones should not be used within 10 m of the product when in use.

* The user is advised to take ESD precautions when handling the equipment.

The Evaluation Kit does not represent an ideal reference design for an end product and does not fulfill the regulatory standards for an end product.


https://www.renesas.com/us/en/legal-notices
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Glossary

Table 1. List of Abbreviations and Acronyms

BoM Bill of Materials

CK Cloud Kit

ETM Embedded Trace Module

FSP Flexible Software Package

GPIO General Purpose Input Output

I2C (or 1IC) Inter-Integrated Circuit

IDE Integrated Development Environment
I/0 Input/Output

IRQ Interrupt Request

LDO Low Dropout

LED Light Emitting Diode

LQFP Low-profile Quad Flat Pack

MCU Micro Controller Unit

MEMS Micro-Electromechanical Systems
MISO Master In Slave Out

MOSI Master Out Slave In

NC Not Connected

PMOD™ Peripheral Module

PWM Pulse Width Modulation

RXD Receive Data

SCI Serial Communications Interface
SCL Serial Clock Line

SDA Serial Data Line

SMD Surface Mount Device

SPI Serial Peripheral Interface

SRAM Static Random Access Memory
SWD Serial Wire Debug

TXD Transmit Data

UART Universal Asynchronous Receiver-Transmitter
USB Universal Serial Bus
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1. Kit Overview

The CK-RA6M5, Cloud Kit for RA6M5 MCU Group, enables users to experience the cloud connectivity
options available from Renesas and Renesas Partners. A broad array of sensors on the CK-RA6M5 provide
multiple options for observing user interaction with the Cloud Kit. By selecting from a choice of add-on
devices, multiple cloud connectivity options are available.

MCU Features

e R7FABM5BH3CFC MCU (referred to as RA MCU)

e 200 MHz, Arm® Cortex®-M33 core

e 2 MB Code Flash, 8 kB data flash, 512 kB SRAM

e 176 pins, LQFP package

e MCU current measurement points for precision current consumption measurement

e Multiple clock sources - RA MCU oscillator and sub-clock oscillator crystals, providing precision
24.000 MHz and 32,768 Hz reference clock. Additional low-precision clocks are available internal to the
RA MCU

Ecosystem Access and Connectivity

e USB Full Speed Host and Device (micro AB connector)
e USB High Speed Device (micro AB connector)
e Three 5V input sources
— USB (Debug, Full Speed)
— External power supply (using traditional pin jumpers)
e Debug modes
— Debug on-board (SWD)
— Debug in (ETM, SWD, and JTAG)
e User LEDs and buttons
— Four User LEDs (red, blue, green, RGB)
— Power LED (white) indicating availability of regulated power
— Debug LED (yellow) indicating the debug connection
— One User button
— One Reset button
o Two of the most popular ecosystems expansions
— 2 Digilent Pmod™ (Type 2A and Type 6A) connectors
— Arduino™ (Uno R3) connector
e MCU boot configuration jumper
o Ethernet (RJ45 RMII interface)

Sensors

e Renesas HS3001 Humidity and Temperature sensor

¢ Renesas ZMOD4410 Indoor Air Quality Index sensor

¢ Renesas ZMOD4510 Outdoor Air Quality Index sensor

¢ Renesas OB1203 Biometric sensor

e TDKICP-10101 Barometric Pressure sensor

o TDKICM-20948 IMU (Gyroscope, Magnetometer, Accelerometer)

o Knowles SPH0645LM4H-B MEMS Microphones in stereo configuration

R20UT5007EG0310 Rev.3.10 Page 5 of 28
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Arduino Uno Connectors

(Analog and Power)
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Figure 1. CK-RAG6MS5 Board Top Side
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Figure 2. CK-RA6MS5 Board Bottom Side
1.1 Assumptions and Advisory Notes

1. ltis assumed that the user has a basic understanding of microcontrollers and embedded systems
hardware.

2. ltis recommended that the user refers to the CK-RA6MS Quick Start Guide to get acquainted with the kit
and the Quick Start example project that the CK-RA6MS5 board comes pre-programmed with.

3. Flexible Software Package (FSP) and an Integrated Development Environment (IDE) such as e? studio
are required to develop embedded applications on the CK-RA6M5 kit.

4. Instructions to download and install software, import example projects, build them and program the
CK-RA6MS5 board are provided in the quick start guide.

5. The MCU fitted to the CK board may not contain the latest version of the on-chip boot firmware.
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2. Kit Contents

The following components are included in the Kkit:

CK-RABMS5 v1 board

RYZ014A PMOD (RA CAT-M1 Cloud Kit)
Micro USB to A cable

Micro USB A/B to A adapter cable

Sim Card (RA CAT-M1 Cloud Kit)
Antenna (RA CAT-M1 Cloud Kit)

ook wd -~

© -OUTDOGR - INDOGR -BAROMETRIC -TEMP g&: 3 .
A0 Al PRESSURE HUMIDITY  C 53 RENESAS
i . J2

O @)
CK -RABM5
P/N RTK7CKA6M5S00001BE
renesas.com/ra/ck-raéms

ST
Y u12 n
Version 1
PWR .
o U1t
g &

-

BIOMETRIC SENSOR

Figure 3. CK-RA6M5 Kit Contents
3. Ordering Information
e CK-RABMS5 v1 kit orderable part number: RTK7CKA6M5S04001BE

Note: The underlined character in the orderable part number represents the kit version.
o CK-RAG6M5 board dimensions: 80 mm (width) x 95 mm (length)
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4. Hardware Architecture and Default Configuration

4.1 Kit Architecture

The CK-RA6MS5 board is designed to demonstrate many options available to connect the RA6M5 MCU to
various cloud services. The board includes the RA6M5 MCU, multiple environmental sensors and
connectivity options such as USB, Ethernet, and Pmod connections for use with add-on wireless connectivity
devices, as well as support for Arduino Uno R3 shields. The board also includes an on-board debugger and
all required hardware needed to power, program, and debug software running on the MCU. There are LED
indicators and a push-button available for user interaction with the board. To allow portability the board
includes a 2-pin header for a battery connection which can run with 3 x AA batteries.

Most of the on-board sensors are connected to the MCU using I2C. The on-board microphones use the SSIE
peripheral on the RA6M5 MCU.

Board Area Features Function present Functionality is:
Functionality on all similar kits
MCU Native RA MCU, power / current Yes MCU dependent
Access measurement
System Control Power, Debug MCU, User LED | Yes Same or similar across
and Ecosystem and buttons, reset, ecosystem similar kits
Access connectors, USB Full Speed,

Boot configuration, Ethernet
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4.2 System Block Diagram

Sensors
Humidity Outdoor Barometric
& Temp Air Quality Pressure
Ecosystem
Pmod 1 Pmod 2/ Indoor Air IMU
Arduino me ne VA Biometric Gyroscope/ MEMS
SPI/ SPI/ Quality Accelerometer/ Microphone
Uno UART/lZC UART/ 12c Magnetometer
¥ v v
GPIO SPI/LZJART/ c
1°C
Reset J-Link OB
Switch Debug I/F < > + ETM 10
Pin
usB
User X
Switches = |RQ/GPIO USBFS =& > Device
CK-RA6M5 MCU BOARD and Host
LEDs
Power Voltage/
User Status Measure & - Current
I GPIO Points Probes
Power Poyver Ethernet & - RMII
Delivery

4.3 Jumper Settings

Figure 4. CK-RAG6MS5 Board Block Diagram

Two types of jumpers are provided on the CK-RA6M5 board.

1. Copper jumpers (trace-cut type and solder bridge type)
2. Traditional pin header jumpers

The following sections describe each type and their default configuration.

4.3.1 Copper Jumpers

Copper jumpers are of two types, designated trace-cut and solder-bridge.

A trace-cut jumper is provided with a narrow copper trace connecting its pads. The silk screen overlay
printing around a trace-cut jumper is a solid box. To isolate the pads, cut the trace between pads adjacent to
each pad, then remove the connecting copper foil either mechanically or with the assistance of heat. Once
the etched copper trace is removed, the trace-cut jumper is turned into a solder-bridge jumper for any later

changes.

A solder-bridge jumper is provided with two isolated pads that may be joined together. The silkscreen
overlay printed around a solder-bridge jumper has gaps in the surround. Three methods can be used for

joining:

R20UT5007EG0310 Rev.3.10
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e Solder may be applied to both pads to develop a bulge on each and the bulges joined by touching a
soldering iron across the two pads.

o A small wire may be placed across the two pads and soldered in place.

e A SMT resistor, size 0805, 0603, or 0402, may be placed across the two pads and soldered in place. A
zero-ohm resistor shorts the pads together.

For any copper jumper, the connection is considered closed if there is an electrical connection between the
pads (default for trace-cut jumpers.) The connection is considered open if there is no electrical connection
between the pads (default for the solder-bridge jumpers.)

Solder Trace-cut

Bridge Jumper

Figure 5. Copper Jumpers

4.3.2 Traditional Pin Header Jumpers

These jumpers are traditional small pitch jumpers that require an external shunt to open/close them. The
traditional pin jumpers on the CK-RA6M5 board are 2.54 mm pitch headers and require compatible 2.54 mm
shunt jumpers.

4.3.3 Default Jumper Configuration
The following table describes the default settings for each jumper on the CK-RA6MS board. This includes
copper jumpers (Ex designation) and traditional pin jumpers (Jx designation).

The Circuit Group for each jumper is the designation found in the board schematic (available in the Design
Package). Functional details for many of the listed jumpers may be found in sections associated with each
functional area of the kit.

Table 2. Default Jumper Settings

Location | Circuit Group Default Open/Closed | Function

J1 Pmod 1 Open Current Measurement point for Pmod 1

J2 MCU Power Closed Current Measurement point for MCU

J7 Pmod 2 Open Current Measurement point for Pmod 2

J11 MCU Boot Mode | Open Configures the MCU for normal boot mode

J15 JLOB Open Enable TrustZone support

J16 JLOB Open Enable use of external JTAG emulator

J17 HMI Power Open Connect external power source

J21 USBFS Closed Enable USB bus-powered operation

J22 USBFS Link 2-3 USB Device Mode

E1 AREF Closed Links AREF to +3.3V

E3 Pmod 1 Open Connects P512 (SCL1) to Pmod 1

E4 Pmod 1 Closed Connects P202 (MISOA/RXD9) to Pmod 1

ES Pmod 1 Open Connects P511 (SDA1) to Pmod 1

E6 Pmod 1 Closed Connects P204 (RSPCKA/SCK9) to Pmod 1

E7 Power Closed Connects JLOB to +3.3 V

ES8 Pmod 2 Closed Connects P412 (RSPCKB/SCKO0) to Pmod 2

E9 Pmod 2 Open Connects P613 (SDA7) to Pmod 2

E10 Pmod 2 Closed Connects P410 (MISOB/RXD0) to Pmod 2

E11 Pmod 2 Open Connects P614 (SCL7) to Pmod 2

E13 JTAG Closed Connects JTAG GND detect pin on J10 to GND
R20UT5007EG0310 Rev.3.10 Page 11 of 28
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5. System Control and Ecosystem Access

The CK-RA6MS5 provides a power supply regulator, an on-board debugger, simple I/O (switches and LEDs),
and popular I/O ecosystem connectors. These are all described in detail below.

5.1 Power

The CK-RABMS5 kit is designed for +5 V operation. An on-board switching voltage regulator (ISL8002IRZ) is
used to convert the 5 V supply to a 3.3 V supply. Also available is a low dropout regulator (ISL9008AIECZ-T)
to convert the 3.3 V supply to a 1.8 V supply. The 3.3 V supply is used to power the RA MCU and other
peripheral features as well as some of the sensors. The 1.8 V supply is used to power some of the motion
and pressure sensors.

5.1.1 Power Supply Options
This section describes the different ways in which CK-RA6MS5 kit can be powered.

Option 1: . 3.3V Volt .
ption r Main System oitage Main System
Debug USB g —> 5\ Power Measurement 3.3V Power
(J14) (J2) '
A +
RA MCU
Temperature and Humidity
Option 2: w\ 5V to 3.3V A Sensor
USBFS ’ I ( J > Voltage :\j > Biometric Sensor
(J13) A Regulator
Air Quality Sensor
MEMS Microphones
\ 4
Option 3: Motion
External >|' 3.3V to 1.8V Sensor
Power Input d Regulator >
(J17) g Pressure
Sensor

Figure 6. Power Supply Options
5.1.1.1 Option 1: Debug USB

5V may be supplied from an external USB host to the USB Debug connector (J14) labelled DEBUG1 on the
board. Power from this source is connected to the Main System 5 V Power. Reverse current protection is
provided between this connector and the Main System 5 V Power.

5.1.1.2 Option 2: USB Full Speed

5V may be supplied from an external USB host to the USB Full Speed connector (J13) labelled USB FS on
the board. Power from this source is connected to the Main System 5 V Power. Reverse current protection is
provided between this connector and the Main System 5 V Power.

5.1.1.3 Option 3: External Power Input

5V may be supplied from an external power supply or battery to 2 pin header J17. Polarity is J17-2 (5 V) and
J17-1 (GND) Pin headers, Power from this source is connected to the Main System 5 V Power. Reverse
current protection is provided between the 5 V test points and the Main System 5 V Power.
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5.1.2 Power Supply Considerations

The on-board regulator which supplies +3.3 V has a built-in current limit of 2.0 A and the regulator which
supplies +1.8 V has a built-in current limit of 150 mA. Make sure that the total current required by the RA
MCU, any active on-board features, and any connected peripheral device does not exceed these limits.

Note: The total current available from a typical USB host is 500 mA maximum. Depending on the
configuration of the kit, multiple power sources may be required.

5.1.3 Power-up Behavior

When powered, the white LED near the center of the board (the “dash” in the CK-RA6M5 name) will light up.
For more details on initial power up behavior, see the CK-RA6M5 Quick Start Guide.

5.2 Debug and Trace
The CK-RA6MS5 board supports the following two debug modes.
Table 3. Debug Modes

Debug Modes | Debug MCU Target MCU Debugging Connector Used
(one that (one that is being | Interface/Protocol
connects to the | debugged)
IDE on PC)

Debug on- S124 (on-board) RABMS5 (on-board) | SWD Micro USB (J14)

board

Debug in External RAB6MS5 (on-board) | SWD, ETM, JTAG 10-pin connector (J10)
debugging tools

Notes:

e See Table 5 for the Debug USB connector pin definition.
e See Table 8 for the 10-pin JTAG connector pin definition.

The following table summarizes the jumper setting for each of the debug modes.

Table 4. Jumper Connection Summary for Different Debug Modes

Debug Modes J15 J16
Debug on-board Closed Open
Debug in Closed Closed

5.2.1 Debug On-Board

The on-board debug functionality is provided using Renesas S124 Debug MCU and SEGGER J-Link®
firmware. Debug USB Micro-B connector (J14) connects the S124 Debug MCU to an external USB Full
Speed Host, allowing re-programming and debugging of the target RA MCU firmware. This connection is the
default debug mode for the CK-RA6M5 board.

The S124 Debug MCU connects to the target RA MCU using the SWD interface.
Table 5. Debug USB Connector

Debug USB Connector CK-RA6M5

Pin Description Signal/Bus
J14-1 +5VDC +5V_USB_DBG
J14-2 Data- USB_DM (U9-12)
J14-3 Data+ USB_DP (U9-13)
J14-4 USB ID, jack internal switch, cable inserted NC

J14-5 Ground GND

A yellow indicator, LEDS, shows the visual status of the debug interface. When the CK-RA6MS5 board is
powered on, and LEDS is blinking, it indicates that the S124 Debug MCU is not connected to a programming
host. When LEDS is on solid, it indicates that the S124 Debug MCU is connected to a programming
interface. When LEDS is flickering it indicates that there is active communication between the debugger and
the host PC.
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To configure the CK-RA6M5 board to use the Debug On-Board mode, configure the jumpers using the
following table.

Table 6. Debug On-Board Jumper Configuration

Location | Default Open/Closed Function
J15 Closed Target RA MCU MD connected to debug
J16 Open S124 Debug MCU in normal operation mode

RUN DEBUG

Figure 7.

5.2.2 Debugin

One 10-pin Cortex® Debug Connector at J10 supports JTAG and SWD. This connector may be used for
external debug of the target RA MCU.

CK-RA6MS5 Debug Interface

To configure the CK-RA6MS5 board to use the Debug In mode, configure the jumpers using the following

table.

Table 7. Debug In Mode Jumper Configuration

Location | Default Open/Closed Function
J15 Closed Target RA MCU MD connected to debug
J16 Closed S124 Debug MCU is held in RESET

Table 8. JTAG/SWD Connector

JTAG Connector CK-RA6M5
Pin JTAG Pin Name | SWD Pin Name Signal/Bus
J10-1 Vtref Vtref +3V3

J10-2 TMS SWDIO P108/SWDIO
J10-3 GND GND GND

J10-4 TCK SWCLK P300/SWCLK
J10-5 GND GND GND

J10-6 TDO SWO P109/TDO
J10-7 Key Key NC

J10-8 TDI NC/EXTb P110/TDI
J10-9 GNDDetect GNDDetect GND (cut E13 to open)
J10-10 nSRST nSRST RESET#

Note: The Cortex® Debug Connector is fully described in the Arm® CoreSight™ Architecture Specification.
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5.3 Ecosystem

The Ecosystem connectors provide users the option to simultaneously connect several third-party add-on
modules compatible with two popular ecosystems using the following connectors:

1. Two Digilent Pmod™ (SPI and UART) connectors
2. Arduino™ (Uno R3) connectors

5.3.1 Digilent Pmod™ Connectors

Two 12-pin connectors are provided to support Pmod modules where the RA MCU acts as the master, and
the connected module acts as a slave device.

These interfaces may be configured in firmware to support several Pmod types such as Type-2A (expanded
SPI) and Type-3A (expanded UART).

The CK-RA6MS5 board also provides jumpers so the 12-pin connector may alternatively be used for 2
independent 6-pin Pmod devices where the top row supports Pmod Type-2 (SPI) and Type-3 (UART) while
the bottom row supports Pmod Type-6 (I2C).

The default 12-pin Pmod interface supports +3.3 V devices. Please ensure that any Pmod device installed is
compatible with a +3.3 V supply.

The 6-pin Pmod interface option for Type-6 (I12C) may also support +5.0 V devices. Please ensure that only
6-pin modules are used when this option is selected.

5.3.1.1 Pmod 1 Connector
A 12-pin Pmod connector is provided at J4, Pmod 1.

Table 9. Pmod 1 Connector

Pmod 1 Connector Default CK-RAG6M5 Pmod 1
Configuration
Pin Description ?;;Z)QA Signal/Bus Short | Open
J4-1 SSLA/ NC P205 (SSLAO/CTSRTS9)
CTS_RTS

J4-2 MOSI / TXD NC P203 (MOSIA/TXD9)

J4-3 MISO / RXD P202 (MISOA/RXD9) E4 E3
SCL P512 (SCL1) E3 E4

J4-4 SCK/RTS P204 (RSPCKA/SCK9) E6 E5
SDA P511 (SDA1) E5 E6

J4-5 GND GND

J4-6 VCC +3.3V E1 E2

Ja-7 GPIO / INT (slave to master) PO005 (IRQ10)

J4-8 GPIO / RESET (master to slave) P311

J4-9 GPIO / CS1 P206 (SSLA1)

J4-10 | GPIO/CS2 P207 (SSLA2)

J4-11 | GND GND

J4-12 | VvCC +3.3V E1 E2

Note: Exercise caution while modifying power source trace jumpers, E1 and E2. Permanent damage
to the CK-RAG6MS5 board and/or connected modules may resulit.
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Pin 6

Pin 12

Pin 1

Pin7
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Figure 8. Pmod 1 Connector

5.3.1.2 Pmod 2 Connector
A 12-pin Pmod connector is provided at J5, Pmod 2.
Table 10. Pmod 2 Connector

Pmod 2 Connector Default CK-RAG6M5 Pmod 2 Configuration

Pin Description _?;)Ft)l:gA Signal/Bus Short Open

J5-1 SS/CTS NC P413 (SSLBO/CTSO0)

J5-2 MOSI / TXD NC P411 (MOSIB/TXDO0)

J5-3 MISO / RXD P410 (MISOB/RXDO) E10 E11
SCL P614 (SCL7) E11 E10

J5-4 SCK/RTS P412 (RSPCKB/SCKO) E8 E9
SDA P613 (SDA7) E9 E8

J5-5 GND GND

J5-6 VCC +3.3V E14 E12

J5-7 GPIO / INT (slave to master) P004 (IRQ9)

J5-8 GPIO / RESET (master to slave) | P409

J5-9 GPIO / CS1 P414 (SSLB1)

J5-10 | GPIO/CS3 P708 (SSLB3)

J5-11 | GND GND

J5-12 | VvCC +33V E14 E12

Pin 6

Pin 12

Pin 1

Pin7

Figure 9. Pmod 2 Connector
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5.3.2 Arduino™ Connector

Near the center of the System Control and Ecosystem Access area is an Arduino Uno R3 compatible

connector interface.

Table 11. Arduino Uno Connections

Arduino Compatible Connector CK-RA6M5
Pin Description Signal/Bus
J6-1 NC NC
J6-2 IOREF +33V
J6-3 RESET P303
J6-4 33V +3.3V
J6-5 5V +5V
J6-6 GND GND
J6-7 GND GND
J6-8 VIN NC
J9-1 A0 PO00 (ANOO0O)
J9-2 A1 P001 (ANOO1)
J9-3 A2 P002 (AN002)
Jo-4 A3 P0O03 (AN0O03)
J9-5 A4 P014 (AN012)
J9-6 A5 P015 (ANO13)
J8-1 DO/ RXD P706 (RXD3)
J8-2 D1/TXD P707 (TXD3)
J8-3 D2 /INTO PO06 (IRQ11)
J8-4 D3/INT1/PWM P111 (IRQ4/GTIOC3A)
J8-5 D4 / PWM P415 (IRQ8/GTIOCOA)
J8-6 D5/ PWM P105 (GTIOC1A)
J8-7 D6 / PWM P104 (GTIOC1B)
J8-8 D7 / PWM P115 (GTIOC4A)
J3-1 D8 / CLKOUT P611
J3-2 D9/ PWM P608 (GTIOC4B)
J3-3 D10/ SPI_SS / PWM P503 (SSL6)
J3-4 D11/ SPI_MOSI/ PWM P506 (MOSI6)
J3-5 D12/ SPI_MISO P505 (MISOB6)
J3-6 D13/ SPI_SCK P504 (SCK®6)
J3-7 GND GND
J3-8 AREF VREFH / VREFHO (linked to +3.3 V)
J3-9 12C_SDA P511 (SDA1)
J3-10 12C_SCL P512 (SCL1)
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Figure 10. Arduino Uno Connectors

5.4 Connectivity

5.4.1 USB Full Speed

The USB Micro-AB connection jack (J13) connects the RA MCU USB Full Speed interface to an external
USB interface, allowing communications for testing and use of the RA MCU firmware.

Table 12. USB Full Speed Connector

USB Full Speed Connector CK-RA6M5

Pin Description Signal/Bus

J13-1 +5VDC +5V_USBFS, P407/USBFS_VBUS
J13-2 Data- USB_DM

J13-3 Data+ USB _DP

J13-4 USB ID, jack internal switch, cable inserted | NC

J13-5 Ground GND

Figure 11. USB Full Speed Connector
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5.5 Miscellaneous

5.5.1 User and Power LEDs

6 LEDs are provided on the CK-RA6MS5 board. In addition, the Ethernet connector has built-in link status and
link speed LEDs.

Behavior of the LEDs on the CK-RA6MS5 board is described in the following table.
Table 13. CK-RA6M5 Board LED Functions

Designator Color Function MCU Control Port

LED1 Red User LED P610

LED2 RGB User LED R:P602, G:P603, B:P605
LED3 Green User LED P609

LED4 Blue User LED P601

LEDS Yellow Debug LED J-Link OB MCU

LED6 White Power on indicator +3.3V

Figure 12. User LEDs

e

CK-=RAB6M5

P/N RTK7CKA6M5S00001BE
renesas.com/ra/ck-rabms

= Version 1

Figure 13. Power LED

5.5.2 User and Reset Switches

Two miniature, momentary, mechanical push-button type SMT switches are mounted on the CK-RA6M5
board.

Pressing the Reset switch (S1) generates a reset signal to restart the RA MCU.
Table 14. CK-RA6M5 Board Switches

Designator Function MCU Control Port Button Color
S1 MCU Reset Switch RESET# Red
S2 User Switch P804 (IRQO01) Blue
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Figure 14. Reset and User Switches

5.5.3 MCU Boot Mode

A two-pin header (J11) is provided to select the Boot mode (P201) of the RA MCU. For normal operation, or
Single-Chip mode, leave J11 open. To enter SCI Boot mode or USB Boot mode, place a jumper on J11.

Figure 15. Boot Mode

5.6 Ethernet

The Ethernet interface uses an RMII Ethernet Physical Layer Transceiver (PHY) (U11), connected to an
RJ45 standard Ethernet connector (J18) with integrated magnetics and status indicators. The Ethernet clock
is sourced from a precision 25 MHz clock crystal connected directly to the Ethernet PHY.

Table 15. Ethernet Port Assignments

Ethernet Signal Description RA6M5 MCU Port

IRQ P803 (IRQ02)

MDC P214

MDIO P211

TXD1 P406

TXDO P700

TXD_EN P405

RXD1 P703

RXDO P702

CRS_DV P705

RX_ER P704

REF-50-CK P701

RST# P210
Table 16. Ethernet Components

Component Manufacturer Manufacturer Part Number

Ethernet PHY Microchip ICS1894-32

RJ45 Connector Pulse JO0011D21BNL

25 MHz Oscillator EuroQuartz 25.000 x22/30/30-40+85/12pF
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Figure 16. Ethernet Connector

5.7 Onboard Sensors

The CK-RABMS5 is fitted with a number of onboard sensors, including a barometric pressure sensor, 9-axis
MEMS motion tracking sensor, indoor air quality sensor, outdoor air quality sensor, biometric sensor,
temperature and humidity sensor.
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o
o
a
z
&
& .
v
&
=
.g
)

Figure 17. On Board Sensors

5.7.1 HS3001 Temperature and Humidity Sensor

An integrated calibration and temperature compensation logic provides fully corrected Relative Humidity and
Temperature values via a standard I?C output. The measured data is internally corrected and compensated
for accurate operation over a wide range of temperature and humidity levels.

Table 17. HS3001 Port Assignment

Pin Number HS3001 Signal Description | RA6M5 MCU Port

1 SCL P400

2 SDA P401

3 VC Connect a 0.1 yF decoupling capacitor from VC to ground

4 VDD 3.3V

5 NC NC

6 VSS GND
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5.7.2 0B1203 Biometric Sensor

The OB1203 is a fully integrated optical sensing module for Pulse Oximetry (PPG - photoplethysmography),
multi-channel Color Sensing (CS), Ambient Light Sensing (LS) and Proximity Sensing (PS). It can determine
human heart rate, blood oxygen saturation (SpO2), respiration rate and heart rate variability (a measure of
stress). The OB1203 integrates all light sources, drivers, and the sensor elements, in a single optically
optimized package.

Table 18. 0B1203 Port Assignment

Pin Number OB1203 Signal Description RA6MS5 MCU Port
1 NC NC

2 SCL P400

3 SDA P401

4 LGND GND

5 LED1 TP1

6 LED2 TP2

7 LVDD 3.3V

8 LvVDD 33V

9 LvVDD 33V

10 LVDD 3.3V

11 VDD 3.3V

12 AGND GND

13 INT P403 (IRQ14)
14 NC NC

5.7.3 ZMODA4510 Outdoor Air Quality Sensor

The ZMOD4510 gas sensor platform detects air quality in a variety of indoor and outdoor applications. The
signal conditioner controls the sensor temperature and measures the MOx resistance, which is a function of
the gas concentration. The device is ideal for monitoring and reporting Outdoor Air Quality (OAQ).

Table 19. ZOMD4510 Port Assignment

Pin Number ZMODA4510 Signal Description RA6M5 MCU Port

1 SCL P400

2 SDA P401

3 INT P404 (IRQ 15)

4 NC NC

5 VDD 3.3V

6 VSS GND

7 VSS GND

8 NC NC

9 VSS GND

10 VDDH 33V

11 RES_N P306

12 VDDIO 3.3V
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5.7.4 ZMODA4410 Indoor Air Quality Sensor

The ZMOD4410 Gas Sensor Module is designed for detecting total volatile organic compounds (TVOC) and
monitoring indoor air quality (IAQ). The module’s sense element consists of a heater element on a Si-based
MEMS structure and a metal oxide (MOx) chemiresistor. The signal conditioner controls the sensor
temperature and measures the MOx conductivity, which is a function of the gas concentration.

Table 20. ZMOD4410 Port Assignment

Pin Number ZMOD4410 Signal Description RA6MS5 MCU Port
1 SCL P400

2 SDA P401

3 INT P402 (IRQ4)
4 NC NC

5 VDD 3.3V

6 VSS GND

7 VSS GND

8 NC NC

9 VSS GND

10 VDDH 3.3V

11 RES_N P307

12 VDDIO 3.3V

5.7.5 ICM-20948 9-AXIS MEMS Motion Tracking Sensor

The ICM-20948 is a low power 9-axis motion tracking sensor with 3-axis gyroscope, 3-axis accelerometer,
and 3-axis compass, as well as Digital Motion Processor; offloading computation from the RA6M5 MCU
improving system performance.

Table 21. ICM-20948 Port Assignment

Pin number ICM-20948 Signal Description RA6MS5 MCU Port

1 NC NC

2 NC NC

3 NC NC

4 NC NC

5 NC NC

6 NC NC

7 AUX_CL NC

8 VDDIO GND via 100nF Capacitor

9 ADO/SDO Pulldown to GND

10 REGOUT GND via 100nF Capacitor

11 FSYNC GND

12 INT1 PO08 (IRQ12)

13 VDD 1.8V

14 NC NC

15 NC NC

16 NC NC

17 NC NC

18 GND GND

19 RESV_0 NC

20 RESV_1 GND

21 AUX_DA NC

22 CS# 1.8V

23 SCL P400

24 SDA P401
R20UT5007EG0310 Rev.3.10 Page 23 of 28

Jan.16.23 RENESAS



Renesas RA Family CK-RA6M5 v1 with RYZ014A Pmod — User's Manual

5.7.6 ICP-10101 Barometric Pressure Sensor

The ICP-10101 is based on MEMS capacitive technology which provides ultra-low noise at the lowest power,
providing a high level of relative accuracy, sensor throughput, and temperature stability. The pressure sensor
can measure pressure differences with an accuracy of £1 Pa, enabling altitude measurement differentials as

small as 8.5 cm.

Table 22. ICP-10101 Port Assignment

Pin Number ICP-10101 Signal Description RA6MS5 MCU Port
1 RESV NC

2 SCL P400
3 RESV NC

4 SDA P401
5 RESV NC

6 RESV NC

7 RESV NC

8 GND GND
9 GND GND
10 VDD 1.8V

5.7.7 SPH0645 MEMS Microphones

The SPH0645LM4H-B is a miniature, low power, bottom port microphone with an 12S digital output. The
solution consists of a high-performance acoustic sensor, a serial Analog to Digital convertor, and an interface
to condition the signal into an industry standard 24-bit I12S format.

Table 23. SPH0645 Port Assignment

Pin Number SPH0645 Signal Description RA6M5 MCU Port
1 WS P113 (SSIE0_WS)
2 SELECT 33V

3 GND GND

4 BCLK P112 (SSIE0_SCK)
5 VDD 3.3V

6 DATA-OUT P114 (SSIE0_RXD)

6. MCU Native Access Area

6.1 MCU and Pmod Current Measurement

Included in the Native Pin Access area are current measurement resistors and test points to measure the
MCU USB controller current and the MCU core power current.

The CK-RA6MS5 board has pin header test points for current measurement of the main 3.3 V MCU power and
for Pmod power. To measure Pmod current remove 0 Ohm resistor and install pin header. Alternatively use a
resistor of known value and measure the voltage drop across the resistor and use Ohm’s Law to calculate
the current. This process is not necessary for MCU power, because there is no resistor to be removed. J2
can be used to measure the MCU power, J1 can be used to measure Pmod 1 power, and J7 can be used to
measure Pmod 2 power.

33v

header 2way
DNF
DNF header 2way i

R21
] PWR_PMOD2
adl PWR_PMOD1 P 1

Current measurement Current measurement

Figure 18. RA Pmod Current Measurement Circuit
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Figure 19. RA +3.3 V Current Measurement Circuit

Figure 20. RA MCU Current Measurement

7. Recommended Parts

The below table lists recommended part numbers for optional components that can be fitted as required.

Table 24. Part Numbers

Designator(s) Description Manufacturer Part Number

C18,C19 0402 Capacitor YAGEO CC0402JRNPO9BN150

C20, C21 0402 Capacitor YAGEO CC0402JRNPO9BN270

J1,J7 1 Row 2 Way header Wuerth Elektronik 613 002 111 21

X1 24MHz Crystal Diodes Inc. FL2400022
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8. Certifications

The CK-RABMS5 v1 kit meets the following certifications/standards. See page 3 of this user's manual for the
disclaimer and precautions.

8.1 EMC/EMI Standards

e FCC Notice (Class A)
This device complies with part 15 of the FCC Rules. Operation is subject to the following two
R conditions: (1) This device may not cause harmful interference, and (2) this device must accept
any interference received, including interference that may cause undesired operation.
NOTE- This equipment has been tested and found to comply with the limits for a Class A digital device,
pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection against
harmful interference in a residential installation. This equipment generates, uses and can radiate radio
frequency energy and, if not installed and used in accordance with the instructions, may cause harmful
interference to radio communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or television reception,
which can be determined by turning the equipment off and on, the user is encouraged to try to correct the
interference by one or more of the following measures:
— Reorient or relocate the receiving antenna.
— Increase the separation between the equipment and receiver.
— Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
— Consult the dealer or an experienced radio/television technician for help.
¢ Innovation, Science and Economic Development Canada ICES-003 Compliance:
CAN ICES-3 (A)/NMB-3(A)
e CE Class A (EMC)
This product is herewith confirmed to comply with the requirements set out in the Council
c € Directives on the Approximation of the laws of the Member States relating to Electromagnetic
Compatibility Directive 2014/30/EU.
Warning — This is a Class A product. In a domestic environment this product may cause radio
interference in which case the user may be requried to take adequate measures to correct this
interference.
e UKCA Class A (EMC)
U K This product is in conformity with the following relevant UK Statutory Instrument(s) (and its
amendments): 2016 No. 1091 Electromagnetic Compatibility Regulations 2016.
C n Warning — This is a Class A product. In a domestic environment this product may cause radio
interference in which case the user may be requried to take adequate measures to correct this
interference.
Taiwan: Chinese National Standard 13438, C6357 compliance, Class A limits
Australia/New Zealand AS/NZS CISPR 32:2015, Class A

8.2 Material Selection, Waste, Recycling and Disposal Standards

¢ EUROHS
e China SJ/T 113642014, 10-year environmental protection use period.

8.3 Safety Standards
e UL94V-0
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9. Design and Manufacturing Information

The design and manufacturing information for the CK-RA6M5 v1 kit is available in the “CK-RA6M5v1 Design
Package” available on renesas.com/ra/ck-raémS5.

e Design package file name: ck-ra6M5-v1-designpackage.zip
e Design package contents

Table 25. CK-RA6M5 Board Design Package Contents

File Type Content File/Folder Name

File (PDF) Schematics ck-rabm>5-v1-schematics

File (PDF) Mechanical Drawing ck-rabm5-v1-mechdwg

File (PDF) 3D Drawing ck-rabm5-v1-3d

File (PDF) BOM ck-raém5-v1-bom

Folder Manufacturing Files Manufacturing Files

Folder Design Files Design Files-Cadence Allegro

10. Website and Support

Visit the following URLSs to learn about the kit and the RA family of microcontrollers, download tools and
documentation, and get support.

CK-RA6M5 Resources renesas.com/ra/ck-rabm5
RA Kit Information renesas.com/ra/kits

RA Product Information renesas.com/ra

RA Product Support Forum renesas.com/ra/forum

RA Videos renesas.com/ra/videos

RA Kit Feedback and Feature Request renesas.com/ra/kitfeedback
Renesas Support renesas.com/support

Provide Feedback/Request a Feature

Renesas aims to provide the best microcontroller kit experience to help our customers jumpstart innovation
and take products to market faster with the RA family of microcontrollers. The Renesas RA microcontroller
kits have been designed with a lot of attention to detail and customer-centered thinking in every aspect of the
design. Renesas aims to exceed customer expectation.

Renesas looks forward to hearing your feedback and learning how we can enhance your experience. Please
share your feedback at renesas.com/ra/kitfeedback.
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