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Introduction

1.1 Overview

There are several commercial and free compilers and locators for IMS16B
applications. Users can use any 186 processor supported compilers such as Borland
C/C++, Turbo C/C++, Microsoft's C/C+ +, and|Linux 8086 development environmenil

This application note provides users with step—by-step instruction for building and
debugging an IMS16B application program with a paradigm locator.

This application note is divided to two parts:
1. Paradigm Environment (DOS Version & Windows Version)
2. Peripherals Setting Examples

Users can find detail information and sample codes from Infinior
Microsystems(www.infinior.com)
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Paradigm Environment

This section provides users with information for building and debugging an IMB16B
application program using Borland C/C++ and Microsoft’'s C/C++ compiler with a
Paradigm Debug Software.

A Paradigm C++ 5.0 or above supports a C/C++ compiler, assembler, liker and
locator, debugging and monitoring tools, and libraries.

Users also can use other commercial compiler, assembler, and linker with a paradigm
locator. This section only describes the process of using Borland C/C++ compiler
and linker with paradigm locator.

This section is divided to four parts:
1. Borland’s C/C++ Compiler and Paradigm Debug Software
2. Paradigm Windows Version

2.1. Borland’s C/C++ Compiler and Paradigm Debug Software

The user needs to install the following tools on his/her PC in order to build and
debug an IMS16B application using Borland C/C++ with the Paradigm Debug
Software:

- Borland C/C++ Compiler 5.0

- Paradigm LOCATE 5.11

- Paradigm Debug/RT-186 5.0

- Paradigm PDREMOTE/ROM 5.0a
- IMS16B Evaluation Board

The process of debugging an IMS16B application involve two basic steps: (1) building
Paradigm Remote ROM Monitor (PDREM) and downloading it to the board; (2)
building and debugging an IMS16B application.

2.1.1 Installing Paradigm Software

Before installing the Paradigm Software, Borland’s C/C++ compiler and assembler
should be installed. The Paradigm Software (Paradigm LOCATE, Paradigm PDREM,
and Paradigm Debug/RT-186) is distributed by Paradigm Systems. To obtain a copy
of any of these, please contact to Paradigm Systems at|www.devtools.conj.

This section provides only specific information for debugging an IMS16B application
on the IMS16B Evaluation Board. When installing paradigm programs, users should
follow the installation instruction of the appropriate manuals distributed by Paradigm
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System.

2.1.1.1 Installing Paradigm LOCATE

Paradigm LOCATE serves as the locator. Paradigm LOCATE takes input from a
relocatable .EXE file produced by the compiler/linker, assigns memory addresses
defined in the .CFG file to produce an absolute executable file(AXE, .HXE .BIN)
suitable for the embedded design.

Figurel. shows how an absolute executable file is generated. User application
files(.c, .cpp, .asm) and startup code are compiled with Borland C++ compiler and
object files are produced. These generated object files and libraries are linked with
Borland C++ linker. Paradigm LOCATE assigns memory addresses defined in
the .CFG file and then produce an absolute executable file((AXE, .HXE .BIN).

Figure 1 A process of making a binary file

2.1.1.2 Installing Paradigm PDREM

The installation program needs to know something about the software and hardware
environment to retrieve correct source code for building PDREM. When installing
PDREM, be sure to set the following parameters as indicated:

Target Processor AMD Am186EM
Target Math coprocessor None

Target Math coprocessor Am186EM/internal
System Compiler Borland C/C++ 5.0
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2.1.1.3 Installing Paradigm Debug/RT-186

The Paradigm Debug/RT-186 installation program will request information such as
the serial communication port and baud rate. The specified baud rate defines the
communication channel between Paradigm Debug/RT-186(pdrt186) and PDREM.
Users should change baud rate and cpu clock.

ﬁ Modily CLE and BAUD lar wour 1argel board |

¢ XNESKE cryatal impwt fragueacy
¢ Dagirad baud reta ¢

Iefine I[OE1GE ALl d* Logsdioca of PCH
e lgde *TES1i6E. A" J* TWTIEE defimitions */

T—| oy thase tao Ines In“Localion of PCE |

Figure 2 DCOMMS.C File for IMS16B Board

2.1.2 Building PDREM

A PDREM 1is a remote debugging program running at a ROM with a serial
communication. It monitors all registers and memory, and supports step—by-step
debugging.

In most cases, the files PDREM.CFG, TARGET.H and DCOMMS.C

are all that will need to be modified.

PDREM.CFG contains the LOCATE configuration information to direct where
PDREMOTE/ROM will be located as well as any chip select initialization required.
You should check this file carefully to ensure that the initialization information is
suitable for your hardware. The registers and instruction set is compatible with
AMDI186EM Processor. Therefore, user should write cputype as AmI186EM at a
PDREM.CFG file.

In the middle of a pdrem.cfg file, user should set chip select at initcode part. When a
system 1s booted up, automatically jumps to OxFFFFO and then jumps to
initcode(??LOCATE), and goes to code segment.
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Figure 3 pdrem.cfg File for IMS16B Evaluation Board

TARGET.H contains some conditional code, which if enabled, will control
selection of polled or interrupt driven serial interface (the default is polled) and
whether the application kernel interface is linked in.

the

DCOMMS.C contains the serial driver which will likely require some modification to
select I/O port addresses or a different interrupt controller configuration.

When a user modified all the files referred here, simply run “make” at directory
C:/pdrem as figure 4.
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Figure 4 Run "Make" for PDREM at DOS Prompt
2.1.3 Building An IMS16B Application Program

The way to making user applications is almost same to making the Paradigm remote
program(PDREM). The source files are compiled and linked by Borland tools to
produce a ROM relocatable object file (ROM). Paradigm LOCATE takes information
defined in the .CFG file, and assigns code and data addresses to the .ROM file to
produce an Absolute Executable file(AXE). The .AXE file is then loaded and
debugged using Paradigm Debug/RT pdrt186.

Besides building the ROMable runtime libraries, the Paradigm LOCATE installation
program also installs other utilities needed for building an embedded program, such
as startup code, library helpers, as well as examples showing how to build various
application programs. FEach example has a readme.txt file containing useful
information. The  example directories are placed in the directory
C:WlocateWhcppbOWexamples. Unfortunately, these examples were configured to
run on an in-circuit emulator. This section shows how to make the demo program in
the examples directory work with the IMS16B board. A User can download the demo
source explained here from Infinior web site. (www.infinior.com/download/ims16H).

This section is divided to two parts:
a) Building a demo program
b) Invoking Paradigm Debug/RT

2.1.3.1 Building a demo program
The configuration file is the place where target—specific information such as memory
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configuration is defined. Therefore a user should modify this configuration file
depending on his/her target system. An IMS16B EVM Board has 128 MBytes ROM
and 256 MBytes SRAM. A ROM area is from OxEOO00~OxFFFFF and a RAM area is
from 0x00000~0x3FFFF. An interrupt vector table is allocated to memory 0x00000
to 0x003ff. A PDREM code is located in memory from OxE0OOOO and a PDREM kernel
data is located in between 0x00400 and OxOOFFF. Therefore, the memory from
0x00000 to 0x00fff should be reserved for PDREMOTE and interrupt vector table.

Boatstap Code

Init Codelahip Sakot}

Hean] Ly

FLRER

a5 Ay B

Smulaisd EPROL Ares Haad Cinky

Cata Araa

Pdram Earnsl Daks

0400

nterrupt Vachos

Figure 5 Memory Map for PDREM & Application

From 0Ox01000 to OxOFFFF is for a demo application data and from 0x10000 to
Ox3FFFF is for a demo application code. Take a look at figure 5. and modify it for
your target—specific applications.

Last Updated 2002-06-17 10/18 @ INFINIOR



IMS16B Embedded Microprocessor User’s Manual V1.2.0
. ______________________________________________________________________________________________________________________________|

Far

£f Paradigs LOCATY condfiguratiom file for Borland/Turbo C++ application.
#4 This configuration file creates am AKE fila suitabls for debupging
df uslng Feradigm REAOCCSRYT withh FDREMOTE.

P

fincludse "fardace.cfg”™ f¢ Aooass the far dete defiRitrioRs
abafile axeEE A7 OQuitpui for Fearadigm DIBDE

lisctfile seguencs A4 Absolute sagyment 4P

map OwDDD0D Co OxOOffY as resscwved /¢ POREMOTE and 1nterrupt wvector table
AP 001000 co DxOEfff as cdwr /¢4 Systes RAW sresq [(&OKH RAM)

A DxlDODD co DRILLLr as rdonly ff Silauleted IFRON 4red (137IFB RAM)
AR 040000 co DxIfffff aa reaccwed ff Ho access allowed

Adefine DATAL START Dx0100 ff Start of applicatlon data

Adefine CODE_START Dx4000 f¢ Start of applicatlion code

CPUCYEE  AmiESEN

dup DATE ROFDATAR F7 Waka & copy of 1xidlalized data
elass CODE = EHDE_HTLET A4 Asguma lodding at addreaa H0000H
elass DATE = DATL_HTAET A Datd 4t addresa 0000R
SECEE DATL ! AF BAW 2lapp oPgamization

EZE ESSEMD L3

STACE !

_FARDATACLASSES !
¥ FAEREAF £ dpdar FARHRIAF beére 1F Recefdddry
aEdEt CORE i Af ERPROM clage organizalionR

IMITDATLE EXITDATA
EOACATE ENDERCHDATA
_BOAFARDATACLASSES

gk CORE ] Af Classas in bthe owdpud frlafs)
INITRATE EEITDATA !
BOMCATE ENDROMDATA
_BOAFLEDATACLASSES

Figure 6 demo.rt

The makefiles in this and in most other example directories are designed to build
different object files, depending on the value of the DEBUG variable in the makefile.
If the value of DEBUG=0, the configuration file demo.rm will be chosen to build the
standalone version; if the value of DEBUG=1, the configuration file demo.rm will be
chosen to build the emulator version; if the value of DEBUG=2, the configuration file
demo.rt will be chosen to build the PDREM version. To build a PDREM version of
demo.c, simply change the value of the DEBUG variable to 2.
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WODEL = | #amclh

CPU = | # 0 - 9095. | - 30186 or better

FLOAT =0 # 0= pone, 2= amuslorn. 3= COoprocessor
FARDATA 1 # 0 - none. | - normal, 2 - comprasssd
EXCEFTIONS =10 # 0 = digsbled. 1 = ensbled

DEBLIG =2 # 0 - o, | - dabiig EFFOKL 2 - debig POHERMOTE
CPTIMIEE =1 #0- none. 1 - sizw, 2 - speed
WARMINGS = | # 0- none. | -all

CODESTRING =0 # Put gring Iersls in code ssomant
DUPSTHING = | # Duplicale siring menrged

CHECESTACE = | # Check for siack owerdlow

STACK = |024 # Application slack size [in byes)

2.2. Paradigm Windows Version

If you have Paradigm C++ 5.0 or above, you can make pdrem with Paradigm IDE.
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2.2.1 Building an IMS16B application.

The way to make a program is almost same as Paradigm DOS version except that it
supports more compatible environment.

When users want to know more detailed information about Paradigm C/C++ 5.0 or
above, please refer to Paradigm User’s Guide and Quick Start Guide.
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Peripherals Setting Examples

3.1 UART Initialization

3.1.1 Serial Port Control Register (SPCT, Offset 80h)
The Serial Port register controls both transmit and receive sections of the serial port.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0O | TXI | RXI | LO | BR | BRK | PMO | PMO | WLG | STP | TMO | RSI | RM
E E OP | K | VAL | DE1 | DEO N DE E ODE

Reset value : 0000_0000_0000_0000b

Serial Port Control Register(SPCT,offset 80h)

Transmit Enable (b21)

Receive Data Ready Interrupt Enable (b10=>1)
Receive Enable(bO>1)

.8 Data Bit (b4=>1)

.1 Stop Bit (b320)

None Parity(b6,b5=00)

0000_0100_0001_0101 = 0x0415
outport(SPCT, 0x0415);

3.1.2 Serial Port Baud Rate Divisor Register (SPBAUD, Offset 88h)
This register specifies a clock divisor for the generation of the serial clock that
controls the serial port.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| BAUDDIV[15:0]

Reset value : 0000_0000_0010_0110b

BAUDDIV (eciman = (Internal Processor Clock / (32 *Baud Rate)) - 1

Serial Port Baud Rate Divisor Register(SPBAUD,offset 88h)

Baud Rate Divisior (Processor Clock : 11.0592MHz x 2 | 115kBPS)

For example, if user’s Internal Processor Clock is 11.0592MHz x 2 and UART Baud Rate is
9600bps, then he/she can get BAUDIV=0x47.

BAUDDIV = (11.0592MHz#*2/(32%9600bps))-1 = 0x47
0000_0000_0100_0111 = Ox47
outport(SPBAUD, 0x47);

3.1.3 UART Serial Interrupt Control Register (SPICON, Offset 44h)

Last Updated 2002-06-17 13/18 @ INFINIOR




IMS16B Embedded Microprocessor User’s Manual V1.2.0

The Serial Port Interrupt Control register controls the operation of the asynchronous
serial port interrupt source. This interrupt is assigned to interrupt type 14h.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[o]J]o ]l oJo]Jo]oJoloJo] o Jo] o |[mMsK|PR2]PR1]PRO |
Reset value : 0000_0000_0000_1111b

UART Serial Interrupt Control Register (SPICON, Offset 44h)

MSK = O, Priority 6 : PR2=1,PR1>1,PRO=20

0000_0000_0000_0110 = 0x06
outport(SPICON, SPICON_PR1| SPICON_PR2);

3.1.4 Interrupt Mask Register (IMASK, Offset 28h)
This register is for masking interrupts. Programming a bit in the IMASK register has
the effect of programming the MSK bit in the associated control register. Therefore,

when a user wants to mask UART interrupt, he/she can change a value either in an
SPICON register or an IMASK register bit 10.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ o JoJrc] 1 ]1JuArT|wbTl 4] B ]2 m]Jiwo]bpi1] bo [ o | T™MR |
Reset value : 0011_1111_1111_1101b

Interrupt Mask Register (IMASK, Offset 28h)

b10:1>0

outport(IMASK, inport(IMASK) & ~IMASK_UART);

vold Usrt Init (vold)
i
disabhle():
outport (SPCT, 0x0415) ; ¢ Serial Fort Control Register
outport (IPBELUD, 0O0x0047); S FProcessor Clock @ 11.0892MH:z x 2 | SaQ0BrPS
outport (SPICON, SPICON PR1| SPICCH _PRE);
Ff or outport (IMASKE, inport (IMASKE) = ~IMASK UART) r
H

Example 1 Uart Init Code

rold 1nterrupt far URT RE Tsr (wold)
{

disable(];

PutchiGetchi) ] ;

outport (EOI, EOI SERILL):

enable (] :
1

Example 2 UART Rx Code

3.1.5 Serial Port Status Register (SPSTS, Offset 82h)
The Serial Port register indicates the status of transmits and receives sections of the
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serial port.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ o] o] ofJo] o] o] oJ]o]o]TEMT]|THRE | RDR | BRKI | FER | PER | OER |
Reset value : 0000_0000_0110_0000b

6 | Transmit Empty The TEMT bit is 1 when the transmitter has no data to transmit and the
transmit shift register is empty. This indicates to software that it is safe to
disable the transmit section. This bit is read-only.

4 | Receive Data Ready When the RDR bit is 1, receive buffer register contains data that can be
read. When the RDR bit is 0, receive buffer register does not contain valid
data. This bit is read-only. If receive interrupts are enabled by the RMODE
and RXIE fields, a serial port interrupt request is generated when the
THRE bit is 1. Reading receive buffer register resets the RDR bit.

3.1.6 Serial Port Receive Data Register (SPRD, Offset 86h)

This register contains data received over the serial port. The receiver is double-
buffered, and the receive section can be receiving a subsequent frame of data in the
receive shift register (which is not accessible to software) while the receive data
register is being read by software.

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[oJoJoJo]JoJoJo]ol] RDATA[7:0]
Reset value : Not Defined

unsigned char Getch (void)

{
while (!(inport(SPSTS) & 0x0010));

return ((unsigned char )(inport(SPRD) & 0xO0FF));

3.1.7 Serial Port Transmit Data Register (SPTD, Offset 84h)

Software writes this register with data to be transmitted on the serial port. The
Transmitter is double-buffered, and the transmit section copies data from the
transmit data register to the transmit shift register(which is not accessible to
software) before transmitting the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[o]JoJoJo]oJJo]]o]o] TDATA[7:0]
Reset value : 0000_0000_0000_0000b
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vold Futch [(unsigned char hyChar)
i

disakhlei);

FA Wait uptil the transmitter has no datd to transmit
while (! (InPort (3P3T3) &£ Ox0040)):
outpart (3PTD, (unsigned int)byChar) :
1f (byChar == 0x04)
Putch (O0=0D) :

enable (] :

H

Example 3 Transmit one byte data to UART (simple code)

3.2 Timer Initialization
3.2.1 Timer Interrupt Control Registers(TCUCON, Offset 32h)

The three timer interrupts are assigned to interrupt type 08h, 12h, and 13h. All three
timer interrupts are configured through TCUCON, offset 32h.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[oJ]o]J]oJo] oJJoJo]JoJo] o Jo] o [MSK|]PR2]PR1]PRO |
Reset value : 0000_0000_0000_1111b

Timer Interrupt Control Registers(TCUCON, Offset 32h) |

MSK = O, Priority 2 : PR2=>0,PR1>1,PRO=20

0000_0000_0000_0010 = 0x02

3.2.2 Timer 0 and Timer 1 Mode and Control Registers

(TOCON, Offset 56h, TLCON, Offset 5Eh)
These registers control the functionality of timerO and timerl. A detail information
about this register can be found at chapter 10 in an IMS16B USER’s Guide.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ENJINH]INTJRU] 0 [ 0o JoJ o] o] o] mMc |RTIG] P | EXT | ALT | CONT |

3.2.3 Timer Count Registers (TOCNT Offset 50h, TLCNT Offset 58h, T2CNT
Offset 60h)

These registers can be incremented by one every four internal clocks. TimerO and
Timerl can also be configured to increment based on TMRINO and TMRIN1 external
signals, or timer2 can rescale them. Each timer is serviced on every fourth clock
cycle. Therefore, a timer can operate at a maximum speed of on—quarter of the
internal clock frequency.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| TC[15:0]
Reset value : 0000_0000_0000_0000b
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vold Timerd Init (wvold)
i
outport (TCUCOW, 0x0Z2) ;/f Iriority &, Mask disable => Timer Interrupt Fossible
£& or
A4 outport (IMASK, inport (IMASK) & ~IMASE TMR) :
outport (TOCON, TOCON EN | TOCON INH | TOCON _INT | TOCON_ CONT) :
£ Initial Value of TOCNT iz Q.
S This walue is incremented by 1 at every 4 clocks
outport (TOCKNT, 0Q=x0000) ;
£ The Talue at TOCNT register is compared with @ value at TOCMFA register.
SOIF it reaches the value stored at TOCMPA, a2 timer( interrupt is occurred.
outport (TOCHPA, OxDSO0) ;

Example 4 Timer0 Init Code

At every seconds, it displays 0~9 through an UART.
vold interrupt far Timer0 isr (wvodld)

{

disable():
Ff108 can be defined dccording teo a value
FSoat TOCMPA and Internal Clock Speed.
1f (count % 100 == 0]
i
Putch(sec count+ '0');
Sec count++;

if (gec_count > 2] sSec_count = 0;
H
count++;
outport (EOI, EOI TIMERD) ;
enable(] :

Example 5 Timer0 ISR Example Code

vold mwain(wvold)
{
Uart Init(]: £ Uart Iritialization
TimerO Init(): // Timer( Initiazlization
getvect (JERIAL TYPE, URT RX Isr): J/ SERIAL TFTE: (x14
setvect (TIMER 0 TYPE, Tiwmer0 isr); S/ TIMEER 0 TFPE: 0x08
enablel(]: L4 Imterrupt Enable

Example 6 Uart&Timer Test Main Program
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3.3 DMA Initialization

Direct Memory Access(DMA) permits transfer of data between memory and
peripherals without CPU involvement. The DMA unit in the IMS16B microcontroller
provides two high-speed DMA channels. Data transfers can occur between memory
and I/O spaces(e.g., memory to I/O( or within the same space(e.g., memory—to—
memory or I[/O-to-1/O). This section provides simple DMA Transfer example from
memory to memory.

When users write a program for transferring data from memory to memory, users
only need to fill out source and destination addresses and number of data to transfer.

The DMA transfer count register (DTC) specifies the number of DMA transfers to be
performed. Up to 64 Kbytes or 64K words can be transferred with automatic
termination

Change Start Bit (CHG) must be set to 1 during a write to allow modification of the
ST bit. When change start bit is set to O during a write, ST is not altered when
writing the control word.

The DMA channel is started when the start bit (ST) is set to 1. This bit can be
modified only when the change start bit is set to a 1 during the same register writes.

0l: woid Write_dmaﬂ{cunst unsigned long src, const unsigned long dst, unsigned int nBytes)
oz: f

02:  unsigned long p_src = FP_MA&K(FP_SEGMENT(src) FP_QOFFSET(src));
04:  unsigned long p_dst = FP_M&K(FP_SEGMENT(dst) FP_OFFSET(dst)];
nE: unsigned int sec_h = p_src == 1&;

0eE: unsigned int sec_l = (unsigned inthp_src;

a7: unsigned int dst_h = p_dst == 1&;

0s: unsigned int dst_l = {unsigned int)p_dst;

0s:

10: A7 Write Source Address

11: outportiDOSRCH, sro_h);

1Z: outport{DO=RCL, sro_|);

13:

14: /4 F Write Destination Address

1E5: outportiDODSTH, dst_h);

le: outportiD0DSTL, dst_[);

17:

12:  ff Mumber of data

13: outportiD0TC, nBytes);

z0:

z1: A/ Set Start DMA Channel

22 outport(DOCON, inportDOCON)Y| CHG| ST

zz: } ?end wite_drmal ?

Figure 7 DMA Test Code (Mem-to-Mem)
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