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INTRODUCTION

This lab is devoted to the studying of the programming features for 32 - bit
ARM7TDMI microcontrollers in IAR EMBEDDED WORKBENCH IDE (Integrated
Development Environment), developed by IAR SYSTEMS. These MCUs are high-
performance devices, having Von Neumann's architecture with a rich set of peripher-
als.

Microcontrollers have sufficient capacity (up to 512 KB) of FLASH-on-chip
memory, which encourage us to write programs in high level languages, and have
quick access module, which increases the performance when running the program
directly from the FLASH-memory.

Debugging programs with IAR Embedded Workbench in simulation mode, one
can use a macro language, expanding the debugger’s possibilities. This feature can
compensate the lack of direct support for peripheral devices.

Code size and performance are equally important, when creating software for
the real-time systems with high-level languages, like C or C++. To use AR EMBED-
DED WORKBENCH IDE in a full power developers have to know main compiler
settings to optimize the program code size or speed. It is possible also to carry out an
analysis of performance optimization with built-in tools, like Profiler (Profiling) and
the code analyzer (Code Coverage). Studying this issue has three objectives: the get-
ting the experience of working with the [AR, using C/C++ programming and to
studying the characteristics of ARM7 microcontrollers.

This guide allows students to conceive the basics of C programming for ARM7
microcontrollers with the help of [AR Embedded Workbench. This guide either do
not include full description of ARM7TDMI core’s features or user’s manual for IAR
Embedded Workbench. Included are only brief comments, necessary for the under-
standing of code examples, the appendix contains some details of technical docu-
mentation for ARM7 microcontrollers.

1 Project creation

Software development will be performed, using environment IAR EMBED-
DED WORKBENCH IDE, created by IAR SYSTEMS.

First of all you need to create a directory with a project, containing all neces-
sary source files, auxiliary and output files. To create new project you can use menu
«Project/Create New Project». After that (fig. 1) the program offers some types of the
projects. Choose «Empty project» option, then in the following window you should
enter the path to your directory and project’s name. After this stage you can add or re-
move any sources at any time.

To save the time, we shall use prepared set of files, which you can find in the
directory, named «Samples» (Instructor will tell you exact path). We shall copy ne-
cessary files from this directory and put them into our project, when needed.

ATTENTION ! DO NOT REMOVE, ADD OR MODIFY ANY FILES IN
«Samples» DIRECTORY. YOU MAY PERFORM ALL MODIFICATIONS
ONLY IN YOUR OWN DIRECTORY.

To begin your work with the first project, copy from «Samples» subdirectory
Configurations and files Main.cpp, led.cpp.
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Figure 1 — Project creation

In the window Workspace in the left part of your workspace you can see two
default project configurations: Debug and Release. We can also add our own config-
urations, for example, it is useful to have a configuration, loading code into the in-
ternal RAM. It is essential to use Debug configuration for debugging and Release
configuration — for the final project with necessary optimizations.
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Figure 2 — MCU selection

We shall use Debug configuration for the simulation and Release configuration
for the placement of the code in the Flash memory of microcontroller. RAM config-
uration will be used for the experiments with the code, placed in RAM.



Now we shall define our configurations. The first will be Debug configuration.
Select this configuration, then click the name of the project with the right mouse but-
ton and select tab «Options...», then you will see the window, shown on fig. 2. Now
select «General Options» tab and CPU type — LPC2148 of NXP company.

For using C++ syntax you need to select C/C++ compiler tab and mark «Auto-
matic» or «Embedded C++» in «Language» group.

Select «Debugger» and set «Simulator» in the window «Driver». Other options we
shall leave unchanged.

To define debug configuration with code placement in FLASH memory («Re-
lease» configuration) select the same MCU, then select «Linker», put the mark in the
field «Override default» and enter the path to the file LPC2148 flash.icf, which is
placed in the subdirectory Configurations. Select «Debugger» again and set the mark
J-Link/J-Trace in «Driver» window.

To create configuration with the placement of the code in RAM select menu
«Project\Edit Configurations», then «New» and create new configuration with the
name RAM. Customize this configuration in the same way, as earlier, then select
«Debugger» in the «Categories» window and select a debugger, as shown on the fig.
3. Mark «Use macro file(s)» and set the path to the file LPC2148 RAM.mac, which
is placed in the subdirectory Configurations. Then select «Linker», mark «Override
default» and set the path to the file LPC2148 RAM.icf in the same subdirectory.
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Figure 3 — Customizing the debugger

Now click right mouse button over «Add Files» and add the files «Main.cpp»
and «lcd.cpp». The project is ready for the compilation and debugging.



2 Compilation and debugging

2.1  Project compilation

To translate and link the object file you can use PROJECT menu and activate
MAKE or COMPILE tab. After the completion of the process, the program opens
MESSAGES window, if errors or warnings are present.

2.2 Debug modes

Select Debug configuration, which is intended for the simulation purposes. To
start debugger select «Download and Debugy» in PROJECT menu, then debugger will
start automatically, and a cursor will be placed on the «main» function.

Debugger allows executing the program step-by-step, using F10/F11 or a picto-
gram in the toolbox panel. Pressing F10 you make the debugger to execute one in-
struction in one step. If it is a subroutine call, it would be executed as one instruction.
Using F11 you can merge in the subroutine and execute it as a separate program. You
can also start the program in automatic mode with preliminary setting of breakpoints
(see details below).

In addition, you can execute the program with a delay (AUTOSTEP), in which
commands are executed with adjustable delay. Also, you can use mode with a stop at
the cursor position, performing before the release of the subroutine.

2.3  Viewing and modifying registers and memory variables

To modify the register you should open the window «Register» (Register tab
menu View). To modify the registry you can type the value directly in the box and
press ENTER.

It is useful to view and modify variables window «Watch». Using a right-click in
this box, you can add (ADD), remove (REMOVE) or change the display format of
the variable. In the «Quick watch» window you can also see the value of variables
whose values are not necessarily inspected all the time. If necessary, you can transfer
temporary variable in a permanent window WATCH. You should add symbol "#" to
the first character of the name of registers, for example, to display the content of the
IOODIR, enter #I00DIR.

To view and modify memory locations you can use MEMORY tab. This opens a
dialog box where you can view and modify the desired cell. For your convenience,
you can display a separate area of memory related to the RAM, FLASH, etc. With
this window you can also set the breakpoint on access to individual memory cells or
the entire range.

2.4 Using breakpoints

Used programming environment suggests the possibility of using three types of
breakpoints: in particular instruction code, to access a memory location and the point
of interruption instead of stopping the execution of the program (Immediate).

To edit a breakpoint, you can use the tab «Edit breakpoints», which opens a
special dialog box.



To set a breakpoint user manual can use the context menu in the corresponding
position of the cursor. To set a breakpoint on memory access it is convenient to use
the window «Memory».

Debugging the interrupt’s routine it is convenient to use a macro function, con-
nected with the breakpoint, which would automatically modify memory or display
any information. To do this edit box «Action», which have to specify the name of the
macro functions.

2.5 The use of macro functions

Macro functions are to be created in separate files with «mac» extension. To use
macro function, you should use menu «Debug/Macros», enter the name of the file,
containing macros, then add it to the list of available macro functions («Add») and re-
gister it («Register»).

2.6 Emulation interrupts

To emulate interrupts you should use the tab «Interrupts» from menu «Simulat-
or». Activate checkbox «Enabley, select the desired interrupt vector, then specify the
number of cycles until first occurrence («First Activationy), repetition period of «Re-
peat interval». You can also define the duration of the interrupt request «Hold time»
(specify «Infinite»), the probability of interruption in the period in percents and its
deviation, if needed.

There is also the possibility of manual activation of the interrupt at any time by
using the menu «Simulator/Forced Interrupts». In the list you should select the de-
sired vector, and then click «Trigger».

2.7  Performance analysis and program optimization

To analyze the efficiency of the program, there are two tools: analyzer and pro-
filer code execution. The profiler can be started from the menu «View/Profiling».
Profiler provides numerical data (in cycles) and relative (in percents) of pure run-time
of selected functions and the overall run-time, including library functions.

Analyzing these data, we can make conclusions about the bottlenecks in the pro-
gram and find the ways of code optimization.

Performance analyzer («View/Code Coverage») is intended to search the parts
of the program, which are not executed for some reasons. Such functions are marked
by the red color, green color designates functions, performed entirely, red and green -
partially executed. Inside the "red" functions, you can see the individual "yellow"
transitions to non-executed code.

Return to the Source Editor and open the settings dialog compiler («Project /
Options / C + + Compiler»). By selecting the tab «Code», you can do some experi-
ment with the compiler settings, observing the results in the debugger.

After debugging code, you ought to perform the procedure of the optimization
and check the program for its functionality. This is necessary because during the op-
timization process, compiler can discard the execution of certain functions which ap-



pears to be unnecessary (from compiler’s point of view), for example, repeated
switching the direction of the port from input to output.

Make some experiments with the profiler and analyzer, changing the way of
code optimization and the frequency of the generated interrupts.
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Table A.1 IO ports control registers

Appendix A

Name description access | State after reset
TIOXPIN Designed to read the state of pin R/W -
IOXSET Recording 1 set high logic level at pin R/W 0x00000000
JIOXCLR Recording 1 set low logic level at pin R/W 0x00000000
TOXDIR The direction of transmission. Record-| R/W 0x00000000

ing 1 configures the output mode to out-
put




Table B.1 UARTO Registers

Appendix B

Hama Diaacripilon Bit functionz and addresass Apcess (Rasst  |Address
MZE L=B waluell
BITT BITE BITS EIT4 BITS BITZ BIT1 BITO
UIRSR  Feceiver BLrr 301 Aead Dala 2 |NA Ox=000 000
Reglster (DILAB=T)
UITAR  Transmit Hoiding 340F Winte O3 WO |NA 0x=000 CO00
Reglsier (DLAB=)
UODLL  Cwelsor Lalch LSA 3407 Dara FAY  |DxD1  |0xS000 COCO
(DiLAB=1)
JIDLK  OwdsorLalch MES 3% Caa FAY  |DxD0  |0wS000 CO0L
(DLAB=1)
UTIER  Imemupt Enadie - - EnABTO EnABED |RW  |0eD0 025000 COOS
Reglster . EnRX  Enadie  EnFX (DLAB-D)
Lin.Ztint THRE Int Diabduwint
LR InEmupt D Reg. - - - - ASTOInt ABEO Wt |[RD  |DxD1  |0xS000 COO3
FIFDs Enabled [GE] [GE IR IR0
UIFCR  FIFD Coniod Fix, Trigoer - TEFIFD RXFIFD FFQ (WO |xD0  [0xS000 COOE
Reglsier Feset  Reset  Enable
UILCR  Une Cominl DLAE Se Tk Ewen  Parlly Moof \Womdlength Gelect AW |DxDD  |0wS000 COOC
FReglstEr Brask  Panty FarSeict  Snable  Stop SiE
UILER.  Une Sials FXFIFD TEMT  THAE ] FE FE 0E O |R2  |DvED  |0w=000 Chid
Reglsier Smor
UDSCH  Scraioh Fad Reg. 34r Caa FAW  |DxD0  |0x=000 COiC
UIACR  Aubo-baud Cordmol - - ASTD  ABEC |RAWW  |DxD0  |0S000 CO20
Reglsier mLor  ImtCr
- - - AULRsIN. Mede | Sfan
UIFOR  Frachonal Diviger REserved[318] [ki0  |0xS000 CDZ3
Feameier Kiulva Divhadva
UITER  TH. Ename Reg. | THEN - - FAY  |DxED  |0wS000 CO3D

The formula for calculating the UART transmission rate

UARTO

PCOLE

bandrare =

16 = (16 = VODLM + UGDLL) | 1

The main registers:

UORSR - register the received data;

UOTHR - data register for transmission;
UOIER - Interrupt Enable UART:

Bit 0 - 1 - enable interrupt if the received data;

Y +D:‘.'Adn‘1*‘.:r.“
MulFal /

Bit 1 - 1 - enable interrupt when buffer under the program,;
Bit 2 - 1 - enable interrupt when a particular state line RX

UOLSR - line control status register: Configures the format make [3];

UOLSR - line status register: Current status of the port (error)
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Figure C.1 - Formats the transfer module in SPI

Table C.1 SPI module registers

Name Description Access FHeset  Address
valuelll

S05PCR 5P Control Register. This register controls the  RAY O00 [E002 DOD0
cperation of the SPI.

SOGPER 5P Siatus Register. This register shows the RO C=00 (=002 D004
status of the SPIL

S05PDR 5P Data Register. This bi-directional register R O00 [E002 DODE
provides the transmit and receive data for the
5P Transmit data is provided to the SPI0 by
writng 1o this register. Data received by the SFPI0
can be read from this register.

SOERCCH  5PI Clock Counter Register. This register R C=00 (=002 DDDC
contrzls the frequency of a master's SCKO.

SOSPINT 5P Interrupt Flag. This register contains the R O00 [E002 DD1C

interrupt flag for the 5P nierface.

The most important registers are:

SOSPCR - control register, the format detailed in [3];
SOSPSR - status register reflects the current state (error);
SOSPDR - register containing the transmitted and received data;
SOSPCCR-register control the frequency transmit mode MASTER.

Appendix C



Table D.1 The timer registers

Appendix D

Genseric  Descripflon Access Resst  TIMERS TIMERS
Hame valualll COUNTERD COUNTER
Addrags & Nama Addregs & Nama
IR Imerrupt Register. The IR can be writien to clear Riw a =000 £000 =000 3000
Intermupts. The IR can be read o enity which of THR TR
elgnt possibie Inbermupt sources are pending.
TCR Timer Conirod Register. The TCR Isused o control - RV a =000 £004 =000 3004
the Timer Counter funcliens. The Timer Counter can TOTCR TITCR
b= @isabled or reset through the TCR.
TC Timer Coumder. The 3200 TC |5 Incremented every  RiW a =000 L0048 =000 3008
PR+1 cydes of PCLE. The TE ks contraled through TOTC TITC
lhe TCR.
PR Frescale Regisier. The Prescake Counter (Delow) 15 RiW a OeE000 005 =000 300
&Ll to this value, the next clock Increments the TC TR TIPR
and clears the PC.
PC Frescale Counter. The 32-bE PC I8 & counter whizch B ] C=000 £010 =000 5010
I5 Incremented to the value stored In PR When the ToRC TiRC
valug In PR ks reached, the TiC I8 Incremenled and
the PG k& clieared. The P Is abservable and
controllable through the bus Interface.
MCR Match Coriral Register. The MCR |5 u=ed to confrol - RAW a Ce=000401£ =000 3014
I @n Intermupst |5 generated and IF the TC ks ieest TOMCR TIMCR
when @ Malch oocurs.
MRD Match Register 0. MRD ¢an be enabled through the RV a =000 £013 =000 3013
MCR to reset the TC, stop both the TC and PC, TOMRD TIMRD
ENETr generas an Infemupt every time 30
matches Tie TC.
MR1 Malch Reglster 1. Ses MRD description. Riw a Oe=E000 £01C =000 301C
TOMRA TiMR1

MR2 hatch Reglster 2. See MRO description. Riw a iS00 2020 =000 3020
TOMRZ TiMR2

MR32 Match Reglster 3. Se2 MRO description. RiwW a =000 £024 =000 3024
TOMR 2 TiMR3

CCR Capiure Controd Reglster. The CCR controls which R a O=000 £028 Ouc=000 3028
edges of the capture Inputs are usad 1o oad the TRCCR TICCR
C:apiure Reglsters and whemer or not an nterupt 18
generated when a caplure taies placs.

CRO Capiure Reglster 0. CRDO |5 Inaded with the value of RO a OeE000 £02C =000 302C
TC when there Is.an event on the CAPRLOCAPDUD or TRCRD TICRD
CAP1.0 respectively) Input.

cR1 Caplure Reglster 1. See SRO sescrplion. RO i =000 2030 =000 5030

TRCRA TICRA1
CR2 Capiure Register 2. See CRO description. RO a =000 £034 =000 3034
TRCR2 TiCR2
CR3  Caplure Reglster 3. See R0 sesenplion. RO a DwEDOD £033 Dw=000 3033
TRCRS TICR3
EMR  Extzmal Match Ragister. The EMR controis Tie RW 0 DxE000 £03C  Ow=000 3030
external match pins MATR.0-3 (MATOU0-2 and TOEMR TIEMR
MST1.0-3 respectively).
CTCR  Count Control Reglster. The CTCR selects between RW 0 =000 4070 =000 5070
Timer and Counter mode, and In Counter mode TRCTCR TICTCR

seleris Ihe signal and sdges) for counting.

The main registers: (X - 0 or 1, depending on the timer)
ThTCR - control register;
TxTC - count register;

TxPR - register prescaler;

TxMRO - register containing the value at which the match interrupt is generated and

the counter i1s reset;
TxMCR - control register mode matching;
TxIR - timer interrupt control register.



Table E.1 ADC registers

Generlc  Dascriptlon Accaps Resal ADD am
Hame waluslll Addrags Addreas
& Mamsa & Hame

ADCR AD Comtrol Reglsier. The ADCR reglsber must be RAN 0000 0001 CwS003 £000 OxE0I6 DOIO
written to s=lecl the operating mods before AT ADDCR ADICR
COMYETEION CaN DoCUT

ADGDR  AD Global Data Reglster. This reglsler contains the RAN A DE003 £004 OxE0IG D004
ADCE DOME bit and the result of the mast recant AD AZDGEDR AD1COR
conersion.

ADSTAT  AD E2atus Register This regisier contains DONE and RO O=0D0D 000D OwE003 £030 OJxEDDG DO30
CWERRUM fiage fiar all of the AD channels, a6 well 35 ADOSTAT AD1ETAT
{he AT Interrupt Nag.

ADGER  AD Globa Slar Regster. This address can be written WO OO0 OxENdS 4008
{In the AT0 address range) to s%art converslons In both ADGER
AD converiars simutanapusiy.

ADINTEN AD Intermupl Enaile Register. This regisier conlains R O=000D 0100 OE003 £00C IxEDDG DOODC
enable bits Mat allow the DOME lag of each AT ADDINTER ADTINTEM
chanral to be Included or exciuded from contrizusing o
ih= generation of an AT InterTupt.

ADDRO  AD Channel O Data Reglsier. This register cantains the RO e OxE003 £310 OxENIG D010
result of the most recent conversion compieted on ADODRD ADIDRD
channsal .

ADDR1  AD Chanrel 1 Data Regisier. This register cantaing the R A DE003 £014 OxE0IG DO14
rasult of the most recent converslon compietad on AD0DR1 AD1DR1
channsl 1.

ADDRZ  AD Channel 2 Data Reglsier. This register cantains the RO e OxE003 £018 OxEDIG DO1&
result of the most recent carversion complieted on ADODR2 ADIDR2
channal 2

ADDR3  AD Channel 3 Data Regisier. This register cantaing the RO e OxE003 £11C OxEDIG DO1C
result of the most recent carversion complieted on ATODRS ADIDR3
channal 3.

ADDR4  AD Channel 4 Data Register. This register cantaing the RO e OxrE003 £020 OxEDIG D020
result of the most recent conversion compieted on ATODRL ADIDR4
channal 4.

ADDRS  AD Chanrel 5 Data Regisier. This register cantains the R MA DE003 £024 OXE0IG D024
result of the most recent conversion compieted on AT0DRS ADIDORS
channal 5.

ADDRE  AD Chanrel & Data Reglsier. This register cantains the R MA OeE003 £028 OxE0IG D025
result of the most recent conversion compieted on ADODRG ADIDRE
channal 6.

ADDRT  AD Channel 7 Data Reglsier. This register cantaing the R A OeS003 025 DXEDIG DO2C
result of the most recent conversion compieted on ADooaRT ADIDRT

channs| 7.

The main registers:
ADCR - control register;

ADGDR - a register containing the result and the last bit of preparedness;

ADSTAT - ADC status register (all channels);

ADDRX - the result register of the channel.

Table E.2 Format Registry DACR (0xE006C000) DAC control

Bit  Symbal Valus Dascriptlon Ragat
valus
50 - Resened, Ussr softwars snould nol write oreE o reserved s
oll=. The walue read from a resenéed bit ks no? gefined.
156 VALUE After the selacted setiling tme aiter this fleid I written witha 0
new 'VALLE, the woltage an the A, - pin (Wit respestio Vae, )
b5 WALUEM D24 ™ Wigp.
16 SIAE 1] The seing tme of the DAC 15 1 ps max, and the mazimum 0
currens s 70D A
1 The seing me of the DWC 15 2.5 us and the maximum
cUrT2n ks 350 ph
AT - Resemved, ussr software should not write oreg to reserved s

bite. The walue read from a resenved bit ks not deflned.

To activate the DAC to set bits 19:18 in the state register PINSEL1 "10"

Appendix E



Table F.1 interrupt controller registers

Appendix F

Hamg

WICIRQEahis

Deacription

IR 3tahus Reglster. This register reads out the stake o
those Intemupt reguesis that are enabled and classHied as
IRG.

felein=t ]

Ao

Rasal
valuall

&ddress

IxFFFF FO00

WICFIQEEUE

S 3ialus Reguesiz. This regisier reads out the state of
those Infemupt reqguests hat are enabled and classifled a=
Fia.

OxFFFF FOD4

WICRawinir

Raw Intemupt Status Reglster. This regisier reads out the
£iate of the 32 Im2mupt reguests  software Intermupts,
regardiass of 2nabilng or dassification.

Ao

IxFFFF FO0S

WICImSeiast

Intermupt Select Register, This register classiNes each of the
32 IntesrTupt requests & consribuling to FIQ or IR

W

IxFFFF FODC

WICImEnakble

Intamupt Enable Register. This reglster controls which of the
32 ImtesTupt requesss and software Imemupls are enabied o
contrbute 1o FIQ or IRG.

W

IxFFFF FO10

WICIMERCIr

interupt Enable Clear Register This raglster alows
safware 10 dear ane or mare bes In the |F'.Er|'|.l|:t Enable

reglsier.

W

OxFFFF FO14

WICZoftint

Software Insemups Reglster. The corents of this regisier arz
DRed with the 32 Intermupt requests from vanous perigheral
funciians.

S

J«FFFF FO13

WICEofinClear

Software Interrupt Clear Reqlster. This register alows
software 1o Clear one or mare bEs In the Sofware hIIEITI..Fl[
reglster.

W

IxFFFF FOAC

WICProtechion

2rgteciion enable reglster. This reglster alioas Imiting
access to the VIC regisiers by 5O°TWare runming in priviieged
mode.

W

OxFFFF FO20

WiCWectadar

‘erior Address Reglster. Whnen an IRQ Intermupt ocours, the
IR semvice routing can read this regisier and jump o the
walle read.

iy

OxFFFF FI30

WiCDefectAgdr

Default Veclor Address Register. This register hoids the
agdress of the Interupt Service routine (1R for
non-vectored IRQs.

The main registers:
VicSoftInt - register bits which correspond to the existing demand at the moment in-

terrupts;

VicSoftIntClear - register reset VicSoftlnt;
VicIntEnable - register an individual permit / prohibit interrupt;
VicIntEnClear - register reset VicIntEnable;

VicIntSelect - register selection anchor (IRQ or FIQ) for each interrupt;

W

OxFFFF FO34

VicVectCntl0-15 - slots Registers IRQ (bit resolution and contain a number of slots
for each of the 16 vector interrupt IRQ);
VicVectAddr0-15 - Address registers vectors IRQ);
VicVectDefAddr - address register handler of non-vectored IRQ;
VicVectAddr - register containing the address of the treated IRQ);
VicProtection - register to enable access to the registers of VIC.



Table F.2 Interrupt Sources

Block Flagig] VIC Chamnal £ and Hex

Mask

WoT Walzhdog Insemups (WDINT) 0  Ox0000 0001

- Feserved for Softwars intemupts only 1 0x0000 0002

ARM Care Emb=dded ICE, DhgCommAx 2 (000D 0004

ARM Care Emb=oded ICE, DbgCommTX 3 0x0000 O00E

TIMERD Malch [ - 3 (W30, MR1, MR2, MR} 4  0x0000 0010
Capture 0 - 3 {CRD, CR1, CR2, CR3)

TIMER1 Malch [ - 3 (W30, MR1, MR2, MR3] 5  Ow000D 0020
Capture 0 - 3 (CRO, CR1, CR2, CR3)

UARTD Fax Line Status (RLS) §  OxD000 00D

Trarsmit Holdng Reglsler Empty (THRE)
Fox Diata Avallabie (RDA)
Character Time-out Indicator (CT1)

UARTY Fix Line Status (RLS) 7 Ox0000 0030
Trarsmit Holdng Reglsler Smpty (THRE)
Fox Diata Avallabie (RDA)
Character Time-ous Indicatar (CT1)
Modem Status Internupt (MSTLL

PMD Malch D - 5 (MRO, MR1, MR2, MR2, MR4, MRS, MRE) &  Ox00OD 010D
] gl {state change) 9 Ox00OD 0200
SPI0 SP| InteTupt Flag (SPIF) 10  Ox00OD 0400
Made Fault (MCDF)
SPi1 {S87) T FIFO at laast hatf empty [TXRIS) 11 0x0DOD 020D
Fat FIFO at least half full [RXRIS)
Receive Timeout condiion (RTRIS)
Feceive ovemun (RORRIS)
PLL PLL Lock (PLOCK) 12 Ox00OD 100D
RTC Counter Increment (RTCCIF) 13 Ox00OD 2000
Alarm (RTCALF)
System Controd External Intarrupt 0 (EINTD) 14  Ox0DOD 400D
External Inberrupt 1 (EINT1} 15  [0x00OD 500D
External Interrupt 2 (EINTZ) 15  Ox0001 00OD
External Interrupt 3 (EINT3) 17 Ox002 00OD
ADCO A/D Conuertar 0 end of conversion 13 Ox0004 00OD

RC1 g1 {state change) 19 Ox000E 000D
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