M16C/62P QSK
QSK62P Plus Tutorial 1

Software Development Process
using HEW4



Overview

The following tutorial is a brief introduction on how
to develop and debug programs using HEW4 (High-
performance Embedded Workshop) and other
software and hardware tools included with the

M16C/6x family of Starter Kits. Examples are shown
throughout this tutorial using the QSK62P.

To get the most out of the Starter Kit, check out the
references at the end of this tutorial.

Note: This tutorial assumes the user has done the following:
1. Followed the ‘Quickstart Guide’

2. Installed the QSK files, examples, and software tools in the default
directories.

slide 2 =



The Development Process

QSK16C/6x MI6CEXMCU oo SI0
Board g *
1. Write programs s { User RAM a
using editor . Monitor RAM = @)
: ' @
5. Correct errors User S
: & repeat process Pt Flash o S
2. HEW automates 5 ) [ Monitor Flash | =
compile & link : .
_ ; - HOSt PC USB
. /j 4. Debugging info
) Correci 3. HEW sends the machine sent back & forth
: Errors code to the M16C/6x QSK during Teen
! cd < downloads and uses the symbols
s h ‘ ]. for source level debugging
: a30 | g
HEW 3§ inc || B v

AL c0n1mand=" — Builder: Emmor reporting

HEW Debug
interface

L J

NC30 Compiler AS30 Assembler LN30 Linker
r30
Options and Settings files
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USB port on Windows
XP Pro, Vista PC
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The QSK Board

RS-232 Port ,
Link LED,
B-character x 2-line LCD,
Exponsion Port [2) \

Rozet Switch

Powar LED

Tha reriifiea
1/O Ring (4} !
M18C Mculp, iy

Analog Adjust Pot
MCU Crystal
b Expansion Port
User LEDs (3]
User Pushburons [3) -

12kHz Crystal (under boord)
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M16C/62P (M30626FHPGP) MCU
» 24MHz Operating Frequency at 3.0V -5V, 10MHz Operating Frequency at 2.7V -5V
» 384kB Flash ROM, 4kB x 1 data EEPROM, and 31kB RAM

87 GPIO and 4 Key-on Wakeup Inputs

11 Timers plus a Watchdog Timer

26-channel 10-bit ADC, 2-channel 8-bit DAC

2 DMAC

3 USART’s plus 2 SIO’s (supports 12C and SPI)

Voltage and Oscillation Failure Detection

Clock sources: Main (Xin), Sub (Xcin), Internal R/C (ring), PLL

Onboard Features
 LED’s (3 User, 1 Power)
« Removable 2-line x 8-character LCD
» Pushbutton Switches (3 User, 1 Reset)
» Thermistor and potentiometer on two A/D inputs
* |/O available on Expansion Ports
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HEW

An Integrated Development Environment (IDE) that invokes
all necessary software for building your project. Also

communicates with the ROM Monitor Program (in flash on
the MCU) for program debug

NC30WA

C-compiler (limited version of NC30). Conforms to ANSI C
standards (see release notes on limitations)

AS30

Relocatable Assembler

Supports structured assembly language and a wide variety of
macro instructions
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) HEW IDE Overview

HEW is an acronym for High-performance Embedded Workshop.

When writing a microcontroller (or any computer) program, the

program is usually split into multiple files to make it easier to
read and understand.

While exactly how the files are organized is up to the
programmer, typically, the code is split up in a logical manner

into various files (e.g. math functions in one file, serial port
drivers in another, etc).

After all the files in a project are compiled and assembled, a
linker combines all the files into a single file. These steps can be

tedious and repetitive. To make the process simple, we use an
Integrated Development Environment (IDE) called HEW.
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) Start HEW

) RealvNC b

) RENESAS-TOOLS | @ High-performance Embedded Workshop v | €3 High-performance Embedded Workshop
'_‘i’ High-perfarmance Embedded Workshop Help

[£] High-performance Embedded Workshop Read Me
Manual Mavigabor

From the Windows Start menu, click on

Programs > Renesas >High-performance Embedded Workshop>
High-performance Embedded Workshop
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BNS Solutions Open HEW

Eﬁ |nb_en0rs j j |—
=
a1
1. When HEW opens,
L
select “Create a new
- 7
. — e project workspace
J ' Create a new project workspace
Cancel
“ " Open arecent project workspace:
] J Administration...
Jj 7 Browsze bo another project waork space
@ [Eam
Hoetoralat 2 & BE ?
2. Select OK
< | ¥
| [\Build ."{. Debug .}‘. Find in Files 1 .}'\ Find in Files 2 IP'.|r\'1acr0 l}\'Test .}". Yersion Cantrol ."'r
Ready A 1
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Project Generator (1/4)

1. Select “BNS QSK62P Plus” from list.

Mew Project Workspace

2. Enter Tutor1
_— as a name for the

. Workspace Name: -
Progect Tppes /
@ Appicalion | workspace.
C™IBMS QSKE2P Plus Proiact Name:

,E C source startup Apphcation l
J Erply Application

Projects |

A Impadt Makefile Divectory:
G Libeaiy ||: WeforkSpace Browse,
A+ Debugger only - M1BC E8 5Y¢
P+ Debugger only - M1EC Simulat | EPU fami:
[M16C R
Tool chain:
| Fenesas M16C Standard -

3. Click “OK”"

; . ‘/

Fropertes., /

0K | Concel |
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Project Generator (2/4)

BNS QSK62P Plus - 5tep 1

E YWhat tppe of project do pou want to
— gererate?

& Tutoial <€ 1. Select “Tutorial’

Tutarial Project.

" Sample Code

Sample code for Peripherals.

" Application /

E mphy &pplication Project.

2. Click “Next’

Q5SH&2P Plus

< Back Mewxt >
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Project Generator (3/4)

slide 13

BNS QSK62P Plus - Step 2 X

QSKE2P Plus -

The following files will be added tao the
project:
—
File Dezcription \
D efaults ezzion. haf Hew Sezzion
description. bt Sample Cod..
extern.h C Header File
|nterrupts. o C Source File
LCD.c C Source File
LCOLh - Header File
MCUInit o C Source File
hicrtd.a30 C Startup File
nc_define.ing Azzembly [ne
proto.h - Header File
[ISKE2P+ Schematic...  Adobe POF F
[5KEZF.c C Source File
[5kDefinez.h C Header File
sect30.inc [ Startup File w
< >
— /

< Back | | Einish

Files to be added to
project by project
generator.

Click “Finish” to
generate project.



Project Generator (4/4)

slide 14

Project penerator information @

The project will be generated with the following specification:

CPU information:
CPU = M16C
Additianal fles:
defaultzeszgion haf
description. bt
extern.h
interrupts. o
led.c
le:d.h
rncuinit, ¢
nicrtl.a30
nc_define.inc
pratoh
qzkE2p+ schematic. pdf
qzkB2p.c
qzkdefinez.h
zect30inc
zeszionm] Bo_e8_system. haf

N\

Confirmation of files to
be added to project.

Click “OK” to
continue.



e Open a HEW Workspace

HEW should look like the figure below.

€73 tutorial - High-performance Embedded Workshop |Z||E|r5__<|
Ele Edit Yiew Project Build Debug Setup Tools Test Window Help ‘;

O = Eﬁ|nb_errors j (k] ‘W W— Menu Bar

Toolbars

S oo QRN
=[5 tutorial

=23 Aszembly sou
rizrtd. 230

-3 C source file
Interupts
LCD.c
FCUI it
HSKEZP

—-23 Documentati—

ArEean

Workspace Window

externh
J1 [l
ERIERENIER

x|
I7

Editor Window

Output Window

< | ¥
| [\Build !{' Debug .}". Find in Files 1 .}". Find in Files 2 IP'.|r\'1an:m I}',|T|35I: .}'\ ‘ersion Control I.-'r

JReady F E E E Defaultl deskiop - INS
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In the Projects tab, source files and header files
are displayed.

To change how dependencies are displayed, e.g.
show dependencies for each source file, right-

click within the window, and select Configure
View.

Configure View @@

[ Show dependencies under each fle

Iv Show standard library includes Cancel

[ Show file paths

[ Sort files in time order

Try the following, click on “Show dependencies
under each file” and see what happens to files

displayed on the window. To open a source file,
double-click on it.
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| x|

=-[F tutorial

=23 Assembly source file
nertd. 230

=23 € zource file
Intemupts.c
LCD.c
MCUIrit.
HSKEZP.c

=23 Documentdion
[=] B5KE2R+ Schematic.pdi

% ctype.

% exbern.

E] LCDh

% shdarg.
E] stdet.
% shring. b

~ Fero. [BTempl] [ Dnavig..

Test I

To open a source file,
double-click on it.



Any opened source file within the workspace are shown on the Editor

window.

uint AZDValueTherm; Z'
uchar AZDProcesse d; Build File 'Q5K62P. '

rFoid main(wvoid)

/S —-
// Purpose: The MCT I
/S
0 e 1o o] ' Right clicking on a file
i Lisk Members Ctrl+Space .
/¢ Notes: e s opens the Editor
{ Replace... Chrl+H H
| Options menu.
?ifi;i;;lay ("Tutori {#} Makch Braces Shift-+CEr+M

InitUART() Bookmarks i’
ENSPrintf (SERIAL, "
TimerInit():
ADInit();
ENABLE_SWITCHES:

Templates L4

N s ) X
/7 LED initializati Define Column Format. .. /
ENAELE LEDS
- Columns L4
.
while (1] { L t t I nnb
LEDDisplay(): Turn Headsr On/Off LED control varisble */ Ine! O a nu er

ifis1 == 0){

Virtual workspace e o B .| oflines, and column

<

selection " _asKepe numbers are
\ / dISp|ayed here

N = 7 <
[T EZ EE| FF| Default1 deskiop Read-write 49155 g IS MLIM
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HEW is a powerful development environment with a lot of features and

functionality. For this tutorial, the focus will be on features (i.e. Standard Toolbar)
that will help you understand the M16C development process using HEW.

Editor Toolbar? Search Toolbar? Standard Toolbar

AL A N
N7 N7~ N

Caly |nb_erors - ¥ Debug v | || Sessionh16C_EB_SYST |
5 108 ¢ @ ENEREAE! % B o H =

\ J \_ 7 . J \\ J
\—"_) A Y —Y
Debug Toolbar'®*  Debug Run Toolbar" * I Default Window? Version Control

Bookmarks Toolbar? Help System Toolbar? 3

Tools?

o )
B

<

Notes:

1.M16C is supported by the Debug toolbars on HEW 4.x and above.
2.See HEW user’'s manual about these toolbars.

3.These toolbars are added/removed depending on settings.
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Clean All Current Launch External
l Build  Configuration® Debugger

i |Debug | ||Session16C_ES SYST = |

Build lile Stop _
Build All Current Debugger Session
Clean All-removes intermediate and output files produced in building
Build File-builds2? a specific file
Build-builds files that were modified since last build
Build All-builds the whole project regardless of whether there were modifications
or not
Stop-stops a running build process
Current Configuration-build configuration (e.g. for debug, optimized, etc)
Current Debugger Session-debug session configuration
Launch Debugger-calls defined external debugger

Notes:
1. See HEW User’s manual for details.

2. A ‘build’ means running certain files (e.g. source files) under some tools (e.g. compiler, linker) to
produce an output file (e.gX30 or MOT executable files for M16C)
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Build (re-build) Tutor1

it | Debug | |SessionM1BC_EB_5vST |

Build uild All (re-build)

Let’s rebuild the Tutorl project into an executable module, click on the
‘Build AIl’ icon. This will re-compile and link all the source files.

If any of the source files are modified, click on the ‘Build’ icon as this will
only compile these modified files, which makes generating an executable
module faster.

Always perform a ‘Build All’ when the configuration has changed.

Status, errors, messages, etc during a build process is displayed on the
Output window...
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The major use of the Output window is to determine if any errors or
warnings occurred, and where, during the build process.

f} & =]

Load Module Converter (lm=30) feor RBC/Tiny,M16C/&0 Series Versien 4.02.01.000 ~
Copyright{C) Z008. Renesas Technology Corp.
and Renesasz Solutions Corp., All Rights Reserved.

Pha=e M16C Load Module Converter finished

Build Finished
0 Errors, 0 Warnings

I W
< ?

[ ]\ Build £ Debug Fn‘rdk}.l FindinFiles2 } Macro J Test  WVersion Control /[

The no. of errors and warnings will show up in this window. You can then

scroll up to find where the error(s) occurred. If no errors or warnings were
found, ‘Build Finished’ will be displayed.

Now that an executable file has been created, the next step is to
download and run the program on the M16C/6x QSK Board and the ICD...
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The new HEW4 integrates in-circuit Debugging. These features can be

used to verify that the program we developed works exactly as we
intended and when it does not, we can also use HEW to find out why.

Breakpoints can be set in HEW to stop the program at certain points and
verify registers, variables in memory, etc. The number of breakpoints

will vary from MCU to MCU. For M16C/62P the maximum no. of
breakpoints is 8.

HEW allows “step” execution in our program, which means the program
executes on a per line basis (whether in source level or machine code

level). Various windows in HEW allow us to see register values and
memory locations

As the debugging features of HEW are fully integrated with the IDE, edit,
compiling and debugging can be done in the same window.
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- Download and run a program on the M16C/6Xx
QSK+ board

- General use of the Debugger including
stepping and setting breakpoints

. Within HEW, modifying the program,
rebuilding, and running the updated program
on the M16C/6x QSK+ board
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Before debugging, connect the ICD to the M16C/6x QSK Board as
shown. Connect the USB cable to the PC. On the ICD, the Power
LED is on and the Status (Yellow) LED is blinking once a second

(this means that the ICD USB driver was loaded correctly by
Windows™).

If not (i.e. blinking three times a second), the Windows™ driver has
not been loaded. Try disconnecting the mini USB cable, wait a few
seconds, and then plug it back in. If this does not work, please

check Appendix. A Troubleshooting in the M16C/6x QSK user’s
manual.
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Launch a debugging session by pulling down the menu in the
“sessions” box and select 'SessionM16C_ES8_SYSTEM'.

Releaze | |Seszionkt1BC_ES_5Y5T «
Defaults eszion

=
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2. Verify that the following

s oo ; me——— 1. Click “Connect”
Emulator Setting

Emutstor mode | Fimmane Location | MOL S stting

MCU Gy [M1EC/E2P Group

*M16C/62P Group —

Do [maosz0rce

*M30620FCP —
*Erase Flash and Connect

3. Click to power device at

3.3 Volts since board will
be powered through USB
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}V"; Erasa Flash and Connect
" Kesp Flazh and Connact
/ " Peogiam Flath

" Debuggng of CPU reveite mode

Power supply
/" Power Tasget from Emuator, [MAX 300mA)
#= 33V C 50V

I Dunm:%l this dhalog b sgan
4. Click “OK” start a HEW debug session (be

sure hardware is connected). If you get an

error, check all connections. See QSK user’s
manual on ‘Troubleshooting’ for details.
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Step in:

(execute 1 line of code) Register

Step over Memory
Open 'Init' Step out /0
Window l Stop run Status

1

=T 2L ER RN {{}%lﬁl Lo ¥ v M E B

|1 ‘ MO free IDTisplay PC I LTocaIs

Reset go
Go to cursor G0 to cursor C Watch

Go (run) Asm Watch
Reset CPU




Download to the QSK Board

When the software connects to the hardware, the executable (*.x30 file)
is downloaded to QSK board. 3 columns are added to the edit window.

View options:

Source — G —
‘Mix — / = ——T
Disassembly 2 Wy Weves: Hon
22 |rasms Address column: an
ae . . .
Skt 2% raone — address on a line indicates
. 57 |F49EL InitDisplay|("Tutorl that |ine Contains
° G liiiiy® & InicULRT() ;
gv?tnt 5 plp- ENSPrintf (SERILL, " executable code
Software — 40 |F49DE TimerInit () ;
41 |F49E1 ADInit () ;
47 |F49E4 ENAELE SWITCHES:
. g . 43
Double C||Ck|ng adds 44 /% LED initializati
breakpoints. :g F49F0 ENABLE LEDS
47 |F4a08 while(1] {
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Click on the ‘Reset Go’ icon to run the tutor1 program. Note the ‘STOP’
button turns red. On the board, LED’s D1, D2, & D3 will blink sequentially.

Turning the Analog Adjust potentiometer clockwise increases the LED
blink rate and turning it counter-clockwise decreases the LED blink rate.

|

ENETES S ST g S S =
Click the 'Stop' button. Open the register window.
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[SAEEABPED N = ||E

——

Click to “step” a few lines.

Any register values that change_

turn red.
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ED Qo011
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Al 0400
FE 0477
use 0401
15P 0477
EC > OFO0CE
2B 0400
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The Memory Monitor displays the current value of the memory

area shown on the window. It is updated at a preset value which
canh be modified by the user.

By double-click an address you can change the

Open Memory window address range you want to view.

B |6 W0 B 2| ahe £ .4 26 .32 G
Address +0 +Z +3 +3 +5 +5 +7 +8 +9 +A +E +C 4L A
{T‘ Ipc e % 10 E =2 0oo0o 80 00 80 00 09 08 2 01 20 00 OO 0O OC
00010 0 00 00 OO0 00 DO OO DO OO 08 00 00 9a OC
T — 000z0 0D 00 0D 00 0O OO0 OO OO OO OO0 OO 00 OO0 OC
. - 0on3n 00 00 0D 00 0D OO0 OO OO0 OO OO0 OO 00 00 Of
Dl!plﬂ? Address E] ooo4n 81 00 81 00 80 OO 80 OO B0 OO 80 0O 80 OC
00050 80 08 84 08 B8 08 83 00 80 00 &0 00 &0 oOC
oonen 81 01 81 01 81 01 81 01 &1 01 &1 01 &1 01
g - 00070 81 01 81 01 81 0L 81 0L 81 0Ol 81 01 81 01
Dizplay Address: m - 0o0a0 g1 01 81 01 81 01 &1 01 81 01 81 01 &1 01
00080 81 01 81 01 81 01 81 01 81 01 &1 01 &1 01
Seroll Start Address: ||:||:||:||:||:| j DO0AD 81 01 B1 01 B1 0Ol Bl 0Ol Bl 0Ol 81 01 81 01
000BD 81 01 81 01 81 0L 81 Ol 81 Ol &1 0L &1 Ol
000co 81 01 81 01 681 01 81 01 81 0L &1 01 &1 01
Secroll End Address: |FFFFF ﬂ 0o0p0 1 01 81 01 @1 01 81 01 81 01 81 01 81 01
H IO 1 0O0ED 81 01 81 01 681 0L 81 Ol 81 0L &1 0L &1 Ol
C“Ck K —y 000EQD 81 01 81 01 81 01 81 01 81 01 &1 01 &1 01
\F oK | Cancel | 00100 B1 01 81 0t 81 01 61 01 61 01 81 01 81 01
< >

Click the ‘GO’ icon. You can view the memory as it is updating. This function is

not available in “Free Run” mode. Click the ‘STOP’ icon before proceeding. With
this window open, programs do not run in real time.
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By right clicking on a variable in
the file edit window, you can add it

to the watch window by clicking
'Instant Watch' then 'Add’

BMSPrintt (LCD, "\ tBucRonz \n
ERNSE 4 ERTLA LA, V= i

Instant Watch

[ 52 Mot avalable now

DOz 50490, A2
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Open a Watch Window

@la

B X i

==l

Haum=

| Value

52

Hot available



The ‘I/O Window’ allows you to view register contents
and status of port pins.

S H W b <

Open II O Window Hagve | Address |Value |Access |+

+ ) pMAD interrupt...

] pMal intecrupt...
* . Fey input inte...
+ = ASD conversion

) TARTZ tranemit. ..
- VARTZ receive ...

= altic 0o0os1 o
2l 11v10_=Oeic o
_I .1.11.-'].1_5EII‘_'.1.C o
=] ilvli =0ciec o
_I J.L_:-I:”. LT 1

M) VARTO pecedve ...

* . VART] transmik...

] DART] receive ...

) Timwer AD intec...

i Timer Al inter...

) Timer AZ inter...

[\ sl egister { Sclocted Rogeter [

B
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Modifying the Program (1/2)

€% futoriall - High-performance Embedded Workshop - [QSK62P.c]

< File Edit Wiew Project Build Debug Setup Tools Test Window Help -
=1 = = @t nb_errors v |y .ﬁ' ?ua @ [hkd] |He|ease j |Sessi0nM1B
g B8 2 @8 EN HEGHNE®PPO L | BH B RE |28 3| el
Bk
= @ tutorial = g &'g] @
= I@ tutoriall -
=23 Assembly source fils Line Sour.. | E.| 5. Source ‘
neit.a30 1 iiinclude "QSKDefines.h" —
=23 T zource file 2 #include "proto.h"
Intermupts.c £ H#include "extern.h™
LCD.c 4
MUkt ¢ 5 PR LR A S AR
5 6 s
i /% DATE :Mon, Mar 23, 2009
8 s
g /% DESCRIFPTICH : This is the main file for the p
tutoriall .« 10 s contains most of the project s
=-3 Dependencies 11 i
chypeh 1z /%  CPU GROUP HE =g
exterr.h 13 L
LCDh 14 /%  Copyright (o) 2009 by BMN3 Solutions, Inc. .
nc_define.inc - O O e bt f
< [ »
1 | |
FHP... i [SKEP.c
= @ ﬁ
— — e
Phase M16C Load Module nverter finished ™
< ¥
Build  Debug i FindinFiles 1 J, Find\g Files2 ), Macro )\ Test i Version Contral [
Ready [ET FZ| EE| | [Defaultl deskkop Read-write 151155 26 NS

If QSK62P.c is not shown on the Editor window, double-click on it in

the Workspace window and the file will be opened/displayed on the
Source window.
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Modifying the Program (2/2)

|2 &[]

Lire Sowr... | E.J 5.] Source ]
o7 j
98 S G atatic unsighed char adSwitch:

99

100 g if (adSwitch == 0] { ff read the a/d char
101 R adSwitch = 1;

102 |F40D4 adeon0 = 0x80; // ANO, One-shov, software
103 F40D8 adst = 1: F/ Srart AZD conver
104 |F40DC while jadst == 1) /f wait for A/D cor—|
i05 |F40E2 tal = add + 10: ff and preload Time
106 J (the + 10 i3 to
107 |F4DEE AZDWalue = sd0;

108 |F40F4 AZDValuePot = AZDVal
109 S5
110 L else {

< |

@ QSKE2Pc < Intemuptsc”

4. Build the project again.
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Erilas \Debug | |SessionM16C_ES_SvST |

1. Open the “Interrupts.c” file
and scroll down and find the
function ‘Interrupts.c’ routine.
Note you can also find a
function by clicking the ‘Navi’
tab in the project window and

double click on the function
name.

2. Change this line to: ta1 =
0x3FF — ad0;

3. If program is running, click
'STOP'.



The HEW debugger will automatically detect that the program has been
recompiled and ask if you wish to download again.

\i) 0k, to download module: C:Ywork Space’tutonialtutonialhDebughtutarial. < 30

[ Don't azk this question again

Hao | ez to all | Mo to all | Cancel |

Click ‘Go’. Turning Analog Adjust potentiometer on M16C/6x QSK Board

clockwise decreases the LED blink rate. Turning it counter-clockwise
increases the blink rate.

To stop a debug session but leave HEW open (i.e. edit only), re-open the
default session.

SessionM1BC_ES_SYST -

Te
Se

Alullaes=i0n
szionM16C_E3 SYSTEM
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This is the end of the tutorial. You can try downloading

other sample programs from the \Sample Code
directory.

In addition, check out the references on the next page.

Have Fun!!
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References and Recommended Reading

All documents that came with the QSK can be found

using the “Document Description” from the Start >
Programs > Renesas > QSK16C62+ menu.

- User’s Manuals: This documents provide details on the Starter
Kit.

- HEW User’s Manual: To fully understand and get the most out of
HEW, this is recommended reading.

- NC30 Version X.XX User’s Manual: Check this manual out for
features specific to the NC30 compiler.

- M16C/62P Hardware Manuals: M16C/6x device specifications.
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References and Recommended Reading

M16C/10/20/60 Series C Language Programming Manual: This is a
great document for any level of programmer. The first chapter is an
introduction and reference on the C language. The next chapter
explains specifics of C programming with the M16C microcontroller.
M16C/10/20/60 Series Software Manual: This document describes
the instruction set and timing information for the M16C/20/60 series
CPU cores.

AS30 Version X.XX User’s Manual: Read this manual if you plan on
writing programs in Assembly or when making changes to the startup
file.

Application Notes and Sample Programs: Application notes and other
sample programs can be accessed from Renesas Technology America’s
website: www.renesas.com.

QSK updates: america.renesas.com —

BNS Resources: www.bnssolutions.com/qsk r” F (‘ A

PLATFORM
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