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Chapter 1: Introduction

1.1 Description

Welcome to TERN C/C++ Evaluation (EV) or DevelopimKit (DV) for 16/32-bit embedded controllers.
TERN controllers are based on PC compatible pratesgasy to program in C/C++. The use of ANSI
C/C++ compilers for your projects will support yalevelopment needs now and into the future.

TERN'’s EV/DV Kit supports a complete user-friendyegrated development environment for embedded
application. It integrates Paradigm C++-TERN Editioa state-of-the-art integrated development
environment (IDE), including a C/C++ compiler, remalebugger, C libraries, 1/0O drivers, configuratio
files, project files, sample programs, technicahoas, power supply, serial cable, remote debugeler
and a TERN controller.

Within the IDE, you can create, debug, and deplegl-time embedded system applications without
resorting to the use of external tools. If you ased to running separate editor, debugger, makkptrer
tools to get a job done, then you are in for a tesdt with Paradigm C++-TERN Edition. After inditad)

the software and serial link connecting your PChwtiite controller, you can run a sample program.tled
by simply click the “run” button. The kit takes eaof the whole operation steps including compilek,|
locate, download, and ready to run. You can sistd@, set breakpoint, or run your program on thgeta
controller. After debug and setting a jumper ontibard, you can take the controller to a standafimhe
test. After the standalone field test, the DV kihgenerate a HEX/BIN file for your EPROM/Flashwitl
dramatically reduce your development time and toeokstments. You'll be able to put a dedicated exyst
together in record time.

TERN EV/DV kits support a complete product line ©6/32-bit embedded controllers based on
AM188/186, i386EX, and V25 processors, featuringragional amplifiers, ADC, DAC, real time clock,

EE, solenoid drivers, power relays, UART, opto-deupLCD, keypads, PCMCIA, Flash, 9-bit network,
and quadrature decoders. MemCard-A™ can suppott UpGB external memory space. With ACTF™
support, you can download a program to a FLASH euitlburning a ROM.

1.2Development of application software consists of jishree easy steps

STEP 1 Serial link PC and controller, program in C/C++
Debug C/C++ program with remote debuggdy

U

STEP 2 Test controller in the field, away from PC
Application program resides in the battery-backBASI

STEP 3 Produce your own application EPROMs
Replace DEBUG EPROM, project is complete

STEP1
You can program TERN controllers from your PC véaia link with an RS232 interface. Your C/C++
program can be remotely debugged over the senlalli up to 115,000-baud rate. You can single-gep,
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breakpoint, or run your program. Figure 1.1 illagts how the A-Engine, VE232, serial cable andaRC
connected.

STEP 2

After debugging your program, changing a singlegemwill permit you to test-run the controller imet
field, away from the PC, with the application pragr residing in battery-backed SRAM. The battery
should last 3-5 years under normal conditions.

STEP 3
When the STEP 2 field test is complete, an apptinatiEX or BIN file can be easily generated on your
PC. You may produce your own ROM, or download theligation file into FLASH.
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Figure 1.1 Hardware Installation of A-Engine™, VE22™, Serial Cable, and a PC
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Chapter 2: Installation

2.1 Software Installation

Installation instructions launch automatically fréine Paradigm C++-TERN Edition CD.
» If your are using V25 based controller, your wotkitirectory is C:\TERN\V25
» If your are using Am186/188 based controller, yoorking directory is C:\TERN\186
» If your are using i386EX based controller, your Wog directory is C:\TERN\386

2.2 Hardware Installation

Use A-Engine as an example. Install the VE232™riate with the H1(10x2) socket connector on the
upper half of the J2 (dual row header) of the AiBed". Figure 2.1a and 2.1b shows the VE232™ and the
A-Engine™ before and after installation. A sedable (PC-V25) should be used to link the A-Engine™
with your PC. Install the 5x2 IDC connector to ¥M232™ CHO header (J2Note that the red side of the
cable must point to pin 1 of the VE232 J2 header. A small circleis drawn for indication in the Fig. 2.2. The
DB9 connector should be connected to the PC's CORIM2. Connect a wall transformer +9V DC output
to the VE2321 DC power jack. The LED should blink twice afteetA-Engine™ is powered off/on or
reset (Figure 2.3).
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Figure 2.1a. Before installing the VE232™ on the Angine™
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Fig. 2.1b. After installing the VE232™ on the A-Egine™
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Chapter 3: Quick Start Guide

3.1 Getting started

Installation instructions launch automatically fréine TERN CD. It will prompt you as shown below.

Uszer Information Ed |

E nter your name, organization and the product zerial number
found on the CD jacket or icenze agreement. Press the 'Mest!
buttar with a blank zenal number to install an evaluation copy.

Mame: [Jahn

Company: |f-'«E= CDE, Inc.

Serial: I

< Hank I Hewt > I Cancel

If you purchased a full version DV-P kit from TER}u will have a Serial Number from TERN with your
order. Type in your Serial number for full versimstallation. If you do not have a correct seriaimber,
you can install the Paradigm C++ Lite-TERN Editievaluation version, by pressing the “Next” button
without any serial number.

Question E

@ Inztall Paradigm C++ Lite - TERM Edition [evaluation wverzion?)

“Yes”, then “Next”.
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Welcome Ed

Ywelcome to the Paradigm C++ Lite - TERM E dition
Setup program. This program will install Paradigrm C++
- Lite - TERM Edition on wour computer.

[t iz ztrangly recommended that vou exit all Windows programs
before running this Setup program.

Click Cancel to quit Setup and then close any programs you
have running. Click Mest to continue with the Setup progran.

wiARMIMG: Thiz program iz protected by coperight law and
international treaties.

IInautharized reproduction or digtribution of this program, ar any
portion of ik, may rezult in zevere civil and criminal penalties, and
will be progecuted to the maximum extent poszible under law.

Cancel |

“Next”

Software Licenze Agreement Ed |

Pleaze read the following License Agreement. Press the PAGE DOWH key to zee
the rest af the agreement.

P&RADIGM EMD USER LICEMSE AGREEMENT -
IMPORTANT - READ CAREFULLY BEFORE OPEMIMG

Thiz iz a legal agreement between you, the end user, and Paradigm
Syztemsz, Inc. ["Paradigm']. By uging this software you acknowledge
the folloing:

Paradigm grants pou a non-exclusive icensze to uze this copy of the

supplied program an a zingle CPU at any given time. T hiz zoftware

iz protected by United States copyright laws and international

treaty provizionsz., Therefore, pou must treat this software like anp

other copyrighted maternial, with the exception that you are

authorized to make archival copies for the zole purpose of backing up LI

Do youw accept all the termz of the preceding License Agreement? If pou choose Mo, Setup
will cloge. Tao nstall Paradigm C++ Lite - TERM E dition, pow must accept this agreement.

¢ Back ez Mo |

“Yes

32
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Chooze Destination Location Ed |

Paradigm C++ will be inztalled to the following directon.

Shortcuts to Paradigm C++ will be added to the YWindowz35 ar
WindowsM T, 'Start' and 'Programs’ menus.

c:\Paradigm Browse... |
Cancel |

" Deztination Folder

¢ Back

“Next”

Choosze Destination Location Ed |

The TERH filez will be installed to the following directany.

|1ze the Browse button to change the default destination
directon,.

c:hTern Browse. .. |
Cancel |

" Destination Folder

¢ Back

“Next”
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Choosze the remote interface |

Select the remote interface o be uzed with Paradigm C++.

¢ Back I MHewt » I Cancel

Select “COML1” for example, then “Next”.

If you are not sure which COM port you will useuycan modify the COM port setting with TargetExpert
later.

Choose the remote zpeed |

Select a baud rate for remote debugging.

57600
38400
19200
9600

¢ Back I MHewt » I Cancel

Select 115,200 for example.
Please also check your TERN controller with theeswonding DEBUG ROM installed.

By default, most TERN controllers are setup for , 200 baud remote debugging. You can change this
baud rate later.
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After following the instructions, “Finish”, exit thinstall screen, a program item titled Paradigm+-C+
TERN Edition will be added to the Windows95/98/N00D “Start” menu.

iﬂﬁtartl“ e & %) |J A Acrobat Reader ||E\‘§QBM(B_@ 255 P

Dounle click the icon of Paradigm C++-TERN Editimnlaunch the IDE.

At the first time, a default c:\tern\186\LED.IDE gject will be open for TERN's AM188/186 based
controllers.

¢} Paradigm C++ Lite - TERN Edition - led

File Edit Search “iew Poject Script Tool Debug Options: Window Help

reles) A Y I e I L e N s e P

¢ [ config~186 . cfg [ .cfg]

. B0 led.ron [.ron]

: M@ lib~ae.lib [.1ib]

B samples*as~led .o [ .c] lim
B readme . txt [ . txt]

| l_ | Target: nore l_ l_ | riot conneched E | 25010 PM

If you have a TERN controller connecting to PC CORI¢ia RS232 cable, it will show a downloading
window waiting for the remote controller to respent the remote controller works with a DEBUG ROM
installed (for example, lable AE_0_115, see DEBUGMRIist included in the CD terndocs directory), an
application code needs to be downloaded, otherwilshow a time out prompt.

If you have a connecting problem, You should check:

1) The RS-232 connection, the Cable red strip shoaiuting to the pin 1 of the 10-pin header. When the
DC power on your controller, a red LED should blimkce and then stay on.

2) The DEBUG ROM has a correct label. See CD for DEBBGM _list. The default debug baud rate is
115,200, if you are using a 40 MHz A-Engine, RS-23ble connecting to SERO, with a DEBUG
ROM “AE_0_115".
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3) For a 20 MHz A-Engine, you must change the debuglbate to 57,600. If you want to change the
Baud Rate setting, use “TargetExpert”.

4) Your PC connection is using COM1 by a default ilistian; otherwise you have to change the COM
port setting with “TargetExpert”.

¢!  Paradigm C++ Lite - TERM Edition - led
File Edit Search “iew Project Scrpt Tool Debug Option:  Window  Help

] o o e W e e el o= e e s e |

[ c:\Mternv186\ed.c =10] x| oject : c:\temi186\ed.ide
_,’"*********** P[DQIESS
ded.c
Test LED -
Statizticz
EEEEEEEEFEEN B}'tESSEnt'
#include "a Tatal size:
char ledd; Warnings:
unsigned int
rold main(ro
{ Status
ae_init ()
cohhecting...
ledd=0; k=
while (1] { |
lediledd)
ledd = ~1 | Cancel download 26 I
for(i=0;1i
I I -—id, T 7 LS e = |
}
A delay ms(885) .

<]

|L|:|ac|ing: C:ATemt Bll | | l_lTarget: [lyT= l_l_ connec

With no connection, the bottom of the window shdiarget none”.

After your code is successfully downloaded, a debirglow with C source code will show up with a blue
highlight line at the C code main() line, indicafithe code stop at that line. The bottom of thedwim will
show “Break at led c#9”, a Vcc and red wavefornmidating that it is ready for you to debug and run.

You can use left mouse click at the “Single Stepftdn at the top SpeedBar, or “F8” on keyboardingle
step your code. Use mouse to select “Run”, thenL&®@ on your controller should blink. Hit the RED

button to “Stop”.
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RUN HERE STEP

STEP
IN

STEP

ouT STOP

File Edit Search Wew Project Heript/ Tool

Debug Aption:  Wwindow Help

3

eBIN=| Wermlenl & |~E_ ‘| ...(..].;I 'E"i'l t"i'l &

o|8 |8 o|E]elol B &7

ded. o
Test LED 2-7-15897

char ledd;
unzigned int i, k;

F? c:sterny186Med O]

/:G****:&****i:&****:ﬁ:&****:&:&***i:&* e

Turn LED on and off
FEE L L L L L L L L L AL L L L L XL L L L L X £ £ £ %

#include "ae.h" A AESF init

9 wold wain (vold)

. ae initc(): FE A-Fnogine

* ledd=0; k=30000;

while (1) {

. led(ledd) ;

o ledd = ~1ledd:;

. for (i=0:i<k:i++)
{

* ledd=1edd; ./ wasti
}

7]

+ B-Ov PRt

D config~l86.cfg [ .cfg]
E-0 led . rom [ .rom]
D lib~ae.lib [.1lib]
i sanplestasled . c [ .c]
‘o readme . txt [ txt]

lim

| I@ | Break at led.c#9

[\, MV [PDREMOTE. . /&m186ES s [3:29.45 P
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3.2How do | terminate the debug session ?

Select the top SpeedBar “Debug” menu, right cliok“®erminate debug session”, or “Ctrl+F2” key. The
led on your controller should blink twice then stayindicating a RESET. Then you can stop your debu

session, close the IDE.

=]

Terminate debug sessio

¢! Paradigm C++ Lite - TERN Edition - led

= SR [T (e Bun Crl+F3
g"'Ell -§ -22 b |2; + ||j=s "gl & IE<| t J'l 0 | 0 | =
Load...
F ' e:\terni186\led.c
—_— Run to...
/ FEELEE LS SIS L XL L LT XL L L XL X Halt EHECutiDn = ] Ell:IEEH:I:ITEEI:II{
_;ed;cLEﬂ P Reset debug zezzion fg [ .cfg]
s . Teminate debug session Chl+F2 o ]
Turn LED on and [.lib]
FHEEE XL LIS L L XL L L XX L L XX L L SDurCE&tEﬁECUtiDnDDinl "\ledl: [l:] llnl
ginclude "ae.h' A4 AEZS Set execution paint bo cursor =t ]
char ledd:; .
unsigned int 1i,k; Add breakpoint...
. vold mwainvold) Breakpoint Options...
{
Add watch.
* ae initi(): S+ A-En - =
- it Ewvaluate. .. Chrl+F7
. ledd=0;k=30000; Irgae..
while (1] { Load symbal table ﬂ
* lediledd): Connect
* ledd = ~ledd; —
. for (i=0;i<k; i++)
{
ledd=1edd;

File Edit Search Wiew Project Scrpt Tool | Debug  Option:  Window  Help

| @ | Step dore

i, NI [POREMOTE . A4 186ES 5 | 3:35:19 PM
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3.3How do | open an existing project?

If you have an i386EX, or a V25 based controllen) gannot use the c:\tern\186\led.ide project, yeed
to open another project c:\tern\386\led.ide, dem\V25\led.ide.
Use i386-Engine as example. The working directsry:\tern\386.

¢ Paradigm C++ Lite - TERN Edition - led

File Edit Search Miew Project Scrpt Tool Debug Options Window Help

H k|
al'8|72) 0|l B 1
Close = Project : c:itern186\led.ide =
Sae [tk e Rt =N P |- T ] FDREMOTE ROM
SEVE . . [ config~l86 .cfg [ .cfg]
Save all . - led . rom [.rom]
: ad off . M lib~ae. lib [.1lib]
it P : i
B D B samplestae~led.c [.c] lim
Tinker setup.. 8 imits
InIird e [ readme. txt [ tx=t]
Send.
Exit
1 ey 86 est ide
2 Chtent1 8B\ est.c Engine 1 =

FCATem 186 eadme. txt
4 c:A\Tenh186Med.ide

BCATem 18BN ed o
Ieo | ey ;
o ledd = ~ledd:
. for [i=0;i<k;i++)

{
o ledd=1e
}
S delay ms(552)

<]

[Lacate and open a file |@ [step dane [, Ml [POREMOTE /&m186ES 5 [3:51:27 PM

Try to open a new project file. You need to setbetexisting led.ide file, under c:\tern\386 diagt

¢& Dpen a File EE
Laak, jr: I 5 386 j | | ﬁ&'l e

[:I config Ik

Z7 include Led

b led

1 Ram led2

] Samples 51_echo

] startup Serl_sin

File name: | Open I

Files of wpe: (Al zource files [".u:pp;".c;“.h;“.hpp;".asm;".incj Cancel |
All zource files [F.opp®.c® b hpp®. asm;".inc Hel
| Source files [+ . — = |
:Project i
Al files .7
Header filez [* h* hpp:*.inc)

Wigwer: I-De[a b ap filez [*.map;® loc) 3.9

Azzembler files [*. asm;® inc) | B
[, [ PR | IR P IR Y 4




Development Kit (DV-P) Chapter 3: Quick Start Guide
¢ Openafile  @EH|

Look in: | 3 386

canfig &!;q ier_led
ifciude
lib

Fom
Samples
startup

File name: |Ieu:| Open I
Files of type: | Project files [*.ide:" pr =l Cancel |
Help |

Yiewer | -Default Viewer- j

Select “Open”, then a project window for the 38@ i available.

¢t Paradigm C++ Lite - TERN Edition - led

File Edit Seach Wiew Project Script Tool Debug  Options Window  Help

! [} samples~ie~led.c [.c] lines=2
[ readme . txt [ . tx=t]

|_|Target: [glelyl=] l_l_ nat conl
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3.4 How do | ingpect thevalue of avariable ?

After downloading the code or during debuggingydfi want to see what value of the variable “ledd” o
“k”, you can simply use mouse point to the “ledd™k", a report will be shown

¢ Paradigm C++ Lite - TERM Edition - led

File Edit Search Wiew Project Script Tool Debug Options “Window Help
eel| Bl Elalills
FTC:ATERNMBGALED.C .y ] I

e e e R EEE L

ded. o
\ Test LED 2-7-1997
Turn LED on and off

\ Y T ]

D

-0 led.rom [ .rom]
[ libwas.lib [.1lib]

[ samplestassled . c [ 2] lim
BN lude "aes.h" Sf AEBR init @ [ readne. txt [ . txt]

* v s s .

El-0id main (void)

{
® ae_init(): s£* A-Fngine
o ledd=0:k=30000;

while (1] {

4 »
= led(ledd) ; I I J
o ledd = ~ledd:
. for (i=0;i<k;i++) |
{

. ledd=1ledd; // wasti

}

File Edit Search Wiew Project Scrpt Tool Debug Option: Window Help

ﬁlall'+| lil;l@;l
F7 C:ATERNAI8EALED.C I [m] T

PR R e e s

. bl l=d . axe [ .axe] PDREMOTE~ROM
Zed.c . [ config~186.cfg [ .cig]
Test LED 2-7-1527 . =0 led rom [ .rom]
Tursn LED on and off . f [ lib~ae.lib [.1lib]
EE R E R R R R LR EE L R EEEEEEEE R ] . D Samples\ae\led.c [C] lin,

#include "ae.h" / AZSF Initia|lm o[ readme.tmt [.tmt]

char ledd;
unsigned int i k;
o wold wain (woid)
* as_init(); F* A-Engine 1
e ledd=0; k=30000;
while (1) { 30000; 30000 4| | j
* led(ledd):

o ledd edd;
¢ l=D;l:k; i++) nzpector View locals =]
L] ledd=ledd; // wasting
}

S delay ms(888) e

[ [3:1 | [Insert |@® |Break at led.c#3 [\, T [PDREM

You can also right click in the “Inspector View” mdow. A menu popup show “New Expression” or
“Dynamic Updates”.
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¢! Paradigm C++ Lite - TERN Edition - led
File Edit 5Seach “iew Project Scrpt Tool Debug Option:  Window  Help

|2 g alvle] ol ®%e 2] 2 ol E|lw] p] 12|

EE R R EEE R EEEEEEEFEEFEE]
& DR 1=d axe [ axe

ded.c + [ config~186.cfg [.cfg]
Test LED £-7-1057 « =[O led.rom [.rom]

Turn LED on and off s [ lib~ae. lib [.lib]
eI D zanplestaesled . c [.c] lim
#include  "as.h" S/ AE33 initiallm [ readne. tzt [ txzt]
char ledd;

unsigned int i, k;
vold main (woid)

|Fepect (Bt
* ae_initi): A% A-Fngine 1 Wezcend
MHew Erpreszion...  Chil+M
. ledd=0; k=30000; [EHaEnge: - [EfrlHE
while (1) { c | Harge.. (Etrlek
. led(ledd) ; === DOvnamic Updates

* ledd = ~1ledd; W -

. for(i=0;i<k;i++) Gk Inspector View locals
{

. ledd=1ledd; / was!?

}
A delay ms(885) .

Histam

| @ |Break at led ct3 I\, NI [POREMOTE. /Am186ES @5 |12:46:50 PM

If you are interested on “ledd”, you enter the Hétb add it into “Inspector View” window.

¢! Paradigm C++ Lite - TERN Edition - led
File Edit 5Search “iew Project Scrpt Tool Debug Optioh: Window Help

B[] gl vle] o | ©%e 2 78 ol E| & @ 7|

SEEELEL AL L LA L LLA S AL LLL LS AL LLE

ded. o [ confignl86.cfg [.cig]
Test LED 2-7-1587 « B0 led.rom [ rom]
Turn LED op and off . i libwae.lib [.lib]
FHEEE XL LI IS L L XL L LS XL L X XL L L XX L5 . D Samples\ae\ledc [ |:] llnl
Hinclude Mas. h" A4 AESS Initiaz ] D readme . txt [ tzt]
char ledd:;
unsigned int i, k;
© wold maln (woid)
|epect [t
* ae init(): F* A-Engine i Descend
- Mew Expreszion... Chil+M
* ledd=0;k=30000; [Ehatge.. [Efrl+lE
while (1) { Hanges. [Etrl
* lediledd;): Dynamic Updates

© ledd = ~ledd; :
* for (i=0;i<k;i++) Hiztary
{ 1 1
c ledd=ledd; /7 was? ~0' 0 (0=00)
}

S delay ms(8589) -

| I@® |Break at led.ct9 [\, Ml [PDREMOTE . 24m186ES 5 |12:48:29 PM
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Then select “OK”.

The ledd will be seen in the “Inspector” window.Wmay enable the “Dynamic Updates” by right clickin

on the “Inspector” window; select the “Dynamic Upell. Please be aware of the interrupt latency and

communication overhead while the “Dynamic updatsibled.

Dynamic updates Ed |

|Ipdate behavwiar
v Allove memary reads while running

¥ {llow peripheral reads whils unning

x Cancel |

After the Dynamic updates being enabled, you carttse value change in the Inspector windows.
Disable the Dynamic updates, if you want to testryamwvn code for a real time performance.

¢t Paradigm C++ Lite - TERN Edition - led
Toal

Debug DOption:  wWindow Help

Fil= Edit Search “iew Project Script

= LR = e R Y P P R

%88 el G|l g 1P

FICATERHAIBBALED.C O] =]

f**i****i*****i****i*****i****i**

ded.c
Test LED 2=-7-1897

Turn LED on and off
B R R IR RN

finclude Mas.h™ S AERS initia
char ledd;
unsigned int i, k;

o wold main (wvoid)

* ae_init{); S* A-Engine 1
o ledd=0; k=30000;
while (1]

o led(ledd) ;

* ledd = ~ledd:;

o for(i=0;i<k; i++)
{

. ledd=1ledd; // wasting
}

SF ded3y ms (9959)

M config~186 .cfg [ .cfg)

; =0 led rom [.zrom]

+ - libwae.lib [.1ib]

. [ sanples~as~led.c [ .c]
B [ readne. txt [.txt]

& Inspector i O] =]
I@DIDD nn44

1 0 (0=0)

L unsigned int

e

lim

0 (0=00)

| [12:14 |

|Insert

’@lBleak at led.cH39

You can add more Inspect windows to see more tharagables, ledd and k.

[\, M [POREM
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¢ Paradigm C++ Lite - TER

F Y
Fil= Edit Search Wiew P Open source
r*IEl I'*l Dllll@ll @ Go to help topic
Gataline..
E? CATERNMBBMALED.C
/*************i EUE Etr|+>< l_j - [
Fed. o Copy Chil+C el :
. t LED Faste i config~l86 . cfg [ .cfg]
=5 = led . rom [.xrom]
Tuz  Selectdl O libhae.lib [.1ib]
*f********:**ﬁ whord [ sanplestas~led.c [ ]  lim
#;nc llfdzd ae.h Clazzes/stuctures/unions adme. txt [ txt]
char ledd; .
unsigned int i, Eunctlnns
. wolid main(woid) £num
Inciude
o ae_initi):
Chl+F5
* 1edd=0; k=300 Bun to Current F4
. whi:;-_ec[il l { ad) : Statement Step Ower Fa | LI
. l:dcti i - z.:add Statement Step Into F?
. for (i=0; i<k; Step out of ctor ledd | =] B3
’ [ : Togale breakpoint F& 004z
o 1ed Evaluate. . Chl+F7 Ot 0 (0=00)
} Add breakpaint...
7 I I CPU wiew

|Inspec:t the wariable at the curstli

Source at execution paint
Set execution point ba cursor
w

PREMOTE. /Am186ES W [12:51:55 PM

3.5 How do | changethe debug baud rate?

In side the “project window,” right click on thexeinode and select the TargetExpert.

¢ TargetExpert

— Target Tope:

Paradigm Application [,
Static Library [for .axe] [lib
Dyramic: Library [.dil]

Static Library [for .dil] [lib]
b akefile Application [ amne)]

Platfarm:

=h1s]

— Optiohg

— Math Suppart:
] ™ Floating Paint
= Emulation

i+ MNone

— Librarigs:
[¥ Mo Exceptions

I Real addrezs mode

Target Model;

[T Compress class FAR_DATA

— Startup Code

| Small

T arget Connection

[ Uze alternate startup code

|POREMOTE/ROM

rget

Expert
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Then select the “Configure Settings”. You can selee Remote link options.

Femote link options |
W OK

Devic Baud rate————

|COMT =] || 115200 |

Communications tmeout; I'I 024 MEEC

3.6 How do | make a new project?

Select the “File”, then “new”, then “Project”, a &M Target” window pops up.
¢} Paradigm C++ Lite - TERN Edition - led

File Edit Search Yiew Project Script Tool Debug Options  Window Help

S AL -
Open... il
Closze =]
SEvE [SElEES (St =S fEEEEEER
SEVE ST + | [ configl86.cfg [.cfg]
Save 3 . 20 led.rom [ .rom]
Print_ ad off . [ libae. lib [.1ib]

SRAAEEEA | PO I__"| zamnplestaesled. o [.2]  lim

e 8 initiz|lm D readne. txt [ t=t]

Send.
E xit

1 C:ATERNY386Yed ide
2 emh S8 estids Frgine 1

7| t %
3 Crtemt 1864 est o oY =101 x|

@nioo o044

4 C:ATem 186 ieadme. bt 1 19394 (0=4BCZ2)
5 AT emi1864ed.ide P . i |
B C:\Term1B6Y=d.c gu L unsigned int

for (i=0;1i<k;i++)
{
* ledd=1ledd;: ./ wasting

“gFF' -1 (UxFF)

}
S delay ms(985)

| |@® [Step done [\Z, M [POREMOTE. Am1S6ES W [12:53:33 FM
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Platfarm:

IHeaI address mode

T arget Model:

{5mal

T arget Connection

PDOREMOTE /RO M

Configure 5 ettings |

¥ Mo Exceptions
[~ Compress class FAR_DATA,

¢ Mew Target HE
— Project Fath and Mame: V oK
Ic:'\tem'ﬂ A6 mycode
C |
— Target Mame: x anee |
II‘I‘l_I,lCDdE Ii'a— Browse
— Target Type: — Optiaris &8 2dvanced
Paradiam Application [.axe ~ Math Support: ? Hel |
Static Library [for .a=e] [ib] £~ Floating Point P
Dynarmic Library [dll] ‘s .
Static Librany (for il [ lib] Hmd=sar)
M ak.efile Application [ axe] &+ None
— Libraries:

— Startup Code

[T Use altemate startup code

rget Expert

You need to setup the “Project Path and Name”\tero\186\mycode, as an example for a TERN Am188
based controller and your application “mycode”.

Always make sure the Libraries: No ExceptionsCGHECKED. You also need to define the Target
Connection as PDREMOTE/ROM for debugging. If yoleseNo Target/ROM, in order to generate a
ROM file, then you have to have the full versiorrdeigm C++-TERN Edition, not the Lite evaluation

version.

Remote link options Ed |

W 0K

[Drevic
“:Dm

=~

"B audrate———

115200 =]

Communications tmeaut; I'I 024 MEes

Select the Configure Settings to setup correct Rerivtk options.

A new project named c:\tern\186\mycode.ide is e@at
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¢ Paradigm C++ Lite - TERN Edition - mycode
File Edit Search Wiew Proect Scrpt Tool Debug Options Window Help

eBles| malrmlrnl e o a r8 el el & @@ o

[ mycode.cfg [.cig]
E- % nycode. rom [ .rom]
O myvocode .o [ o]

[Mo pracess to temin: | l_ | Target: nane l_ l_ [t can
3.7 What isa node?

In the Project window, each line can be called ad&f. The root node is always the [.axe] node, thic
representing the final application code ready fmwdloading to your controller.

The [.axe] node has two children nodes: [.cfg] pram].

The generation of the [.axe] nodes depends on¢fg hode and the [.rom] node.

The [.cfg] node is the configuration file for mappiyour code and data. The [.rom] node is the prbdfi
the application source compiled and linked by C piten and linker.

A default configuration file is under c:\tern\186kdig\186.cfg. You may use it by change the namthef
“mycode.cfg”.

The mycode.rom [.rom] node has its own childrene Ttumbers of children nodes depends on your
application including all source files and necegsiararies.

Only the source code “mycode.c” may be not enougbu may need to add a children node of
“c:\tern\186\lib\ae.lib” for example.

3.8 How to move a node in the Project window?

Highlight the node you want to move, hold down ‘thk” key, and then use up or down arrow.
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3.9 How to change or rename, or delete a node?

Lets try to rename the mycode.cfg node to config\dfg). highlight the node, right click.

Paradigm C++ Lite - TERN Editi

File Edit Search Wiew Project Scipt Tool Debug Optione Window Help

2piey] Bl € lalole] o @l e 2ol fel| 4l [d 24818 19|

¥ nycode. axe [ .axe] PDREMOTE-REOM
| £ ] [
F-O% nvcode . raom [ rom]
M nycode o [ .c]

| ’_ | Target: none l_ ’_ | nat connected E [1:05:15 P

¢! Paradigm C++ Lite - TERN Edition - mycode

File Edit Search %iew Project Script Tool Debug Options Window Help
20 el o I 18 0 T o e 2 17

terny186\mycode. ide

E-O% ¢ mycode.axe [.axe] PDREMOTE<ROM
: de . cfg [ . cfg] .
O% nycode . rom [ rom] Yiew
P nycade .o [ 2] dd node
Delete node

Edit node attrib
Edit local options. ..
Wiew optiot: hierarchy...

Froperties...

|Change the node build attribute ’_ | Target: none ’_ ’_ | nat connected E [1:03:15 PM
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3.10 How do | add a node, aelib for example?

Select the father node of the new children nodearelgoing to add.

¢ Paradigm C++ Lite - TERN Edition - mycode

Fil= Edit Search “iew Project Script Tool Debug Options  Window Help
2BEs] Zlalalol oSl e [ 22be| el 4] [ afEfs] e

Project : c:\tern\186\mycode.ide
¥ nycode.axe [ .axe] PDREMOTE-ROH

Add node
Lelete node
Make node
Preview make
Build node
Link,

Special

Edit node attributes. ..
Edit lacal options. .
Wiew optiong hierarchy...

Properties. ..

| &dd an item to the project |_|Talget: none l_l_lnot connected E|1:DE:33 PM
For example, if you want to add a ae.lib node foe tnycode.rom [.rom] node, you highlight the
mycode.rom [.rom] node, then right click, then selédd node”.
A window of “Add Project List” pops up.

¢F Add to Project List

Lu:u:uk_in:l‘a'IEE j ﬁl se
config
ifciude
lib
rom

Samplez
startup

File: narme: libtae. lib Open

Files of twpe:  |{RSENEE AL Cancel |

4

You can type in the lib\ae.lib, or use mouse tedel



Development Kit (DV-P) Chapter 3: Quick Start Guide

3.11 How do | setup the Project and Environment?

You must correctly setup your Project and Environtifer your new project.
¢ Paradigm C++ Lite - TERN Edition - mycode

Eile Edit Search “iew Project Script Tool Debug | Options Window Help
? P .
Environment...

Tools...
Style Sheets...
[0 con Save..
E-C)% nycode . rom [ rom
[} lib~ae.lib [.lib]
D‘ nycode.c [ .c]

|Edit Project seftings ’_ |Target: none ’_ ’_ |nat connected E [1:07:22 PM

At the top line menu, select Options, then Projaéd®roject Options window pops up.

¢ Project Oplions

Topics: Directanes

@ Directories |
aF Carnpiler

5r16-bit Compiler
or 32-bit Compiler

Directories

Thiz gection letz you tell Paradigm C++ where to look for

“3":“'_ Uption source, include, and libramy files. The output directonies contral
oF O ptimizations where intermediate files [.OBJ, RES) and final filez [EXE.
arMessages DLL, .RES] are placed.
ar Linker
= Librarian — Source Directories:
@ Buaild attribut
o ML;ke floutes Include: |$env[pcrout]\include;c:'\tern'ﬂ BE'\incj
® Locate Librane |$ervlporoat]ibc: stemt186\b -
@ Azzembler it I b Nib; J
Source: Iu::'xtern'ﬂ a6 j
— Output Directaries:
|ntermediate: Iu::'xtern'\'l a6 j
Einal: |c:tem 156 =]

The output directary for pour .EXE,

DLL, and .MAF files v (] I’Undu F'agel x Eancell ? Help |
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¢ Paradigm C++ Lite - TERN Edition - mycode

File Edit Search Yiew Project Sgript Tool Debug Options  Window  Help

eB[es| Ealemlen| £ (el o @ n 72 of B el ] @ afBH2]

[ config~186.cfg [ .cfgl View
E-CJ% mycode . rom [ .rom] 4dd node
Delete node

""" Make node
Ereview make
Build node
Locate
Special

TargetExpert...
Edit node attributes. ..
Edit local options...

Wigw optiohs hierarchy...

Propertigs. ..

| Rebuild all files |_|Target: none l_ l_ |not connected E |1:08:52 PM
You must add the working directory to Include, labr and source, as shown above.

3.12 How do | test my project and environment setting? Build a node.

Any time, you can select the [.axe] node, thentriitk, select “Build node”. It will compile andnk all
your children nodes under the [.rom] nodes. Prod{roen] file, then locate to correct memory mappin
based on the configure file in the [.cfg] nodeafin generate the [.axe] file.

¢ Building mycode_axe - Complete !EE

Ctatuz: Success |

Running

Proararm CAPARADIGMABIM ozate exe
Command ling  -coconfigy186.cfg -d0 -0 PDREMOTE
Infarrmation: Elapzed Time: 10.050 Seconds

Statistics Tatal Current
Lines: 11 1]
wharnings: ] ]
Errors: ] ]

321
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3.14 How do | download the new project code?

Right click on the STEP button, it will build, addwnload your code, ready for you to debug, and run

STEP

¢} Paradigm C++ Lite - TERN Edition - mycode
File Edit Search “iew Project

2B el 2l eol®Re)a 2ol Elef=le] i

F " c:\tern\186vmycode.c =] T O] x|

cript Tool Debug Dption: ‘Window Help

- 0 0
. . . Ll m e.axe | .
ii Sampie C code - customize as your application E""Dni\S.f

. =0 nycode . rom [
. [ libhae. lib
B 0 mycode.c [

wold main (woid)

#¢ Your code starts here

o "
&% Inspector View locals [H
|

|@ |Break at mycade.cHS [\, M |POREMOTE. .A&m185ES 5 [1:10:02 PM
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3.16 How to open afile?

Right double click on the readme.txt [.txt], it idpen it for you.

¢ Paradigm C++ - TERN Edition - led BE E
File Edt Search Yiew Project Scrpt Tool Debug Option: ‘Window Help

R[] Zlalvl el o1 @l 8172 o] @] A ST » [3.[5.]
"__E‘Pmiecl - c:iterni1 86iled ide =] XLI

This project is designed for TERNa||+ B led.aze [.axe] FDREMOTE-ROM

A-Engine, A-Enginedé, A-Core, A-C * M 186 .cfg [.cfg]

L1044, Al1045, TD20/40, SwartcLCD, B . E =0 led.rom [.rom]

. “M lib~ae.lib [.1lib]

1) make sure your controller iz i . “Mled o [.c] lines=24 code

AE D 115 {115,200 baud B 40MHz, S :

AE DO 384 (38,400 baud @ 4cfHz, SE

Note: AE_D_llS DEEUG ROM installe
Zee the file "DEEUZ RoOM=" on t

2] Connect the R3-23Z serial cabl

3) Power on your controller, the

4] Go to the project window, doub

5) It should download application

6] A debug window will pop up and

-

Kl . [ 4]l I e
Kl | I
|Saved file CATERMS | 7:27 [Inser I_ | T arget: naone I_ l_ | nat car

323
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Chapter 4: Questions & Answers

4.1 How does the software organize on my PC?

After install the Paradigm C++-TERN Edition CD, elitories are created on your PC drive C: for
programming TERN embedded controllers.

TERN controllers are based on 80x86 PC compatibteaprocessors, such as V25 from NEC,
Am188/186 from AMD, and i386EX from Intel. Embeddbdrdware drivers are provided in libraries.
V25 based files are under c:\tern\v25. Am186 bd#led are under c:\tern\186, i386EX based files are
under c:\tern\386.

Core sample programs for controllers are in subetaries:
c:\tern\186\samples\ae for Am188/186, c:\tern\3@®\sles\ie, and c:\tern\v25\samples\ve.

After the installation of the CD, the directory C \TERN and sub-
directories are created.

C\TERN\ V25 ------- wor ki ng directory for V25 based controllers
C.\ TERN\ V25\ SAMPLES\ ---- sanpl e prograns

C.\TERN\ V25\ CONFI G ----- configuration files

C:\ TERN\ V25\ | NCLUDE\ ---- Header files

C\A\TERNM V25\LIB\ -------- Li braries for V25 boards

C\TERN\ 186 ------- wor ki ng directory for Anl88/6 based controllers
C.\ TERN\ 186\ SAMPLES\ ---- sanpl e prograns

C.\TERN\ 186\ CONFI G - - - - - configuration files

C:\ TERN\ 186\ | NCLUDE\ ---- Header files

C\TERN 186\ LIB\ -------- Li braries for 186 boards

C\TERN\386 ------- wor ki ng directory for i386EX based controllers
C.\ TERN\ 386\ SAMPLES\ ---- sanpl e prograns

C.\TERN\ 386\ CONFI G - ---- configuration files

C:\ TERN\ 386\ | NCLUDE\ ---- Header files

CA\TERN\386\LIB\ ---------------memmoo- Librariesdr 386 boards

C:\Paradigm\ ----------------=---- Paradigm C++-TEREdition files.

4.2 Where is the initial working directory?

If you are using V25 based controllers, your wogkdirectory is c:\tern\v25.
If you are using 186 based controllers, your waogkilirectory is c:\tern\186.
If you are using 386 based controllers, your wagkilirectory is c:\tern\386.

4.3 What is the Project file?

A project file is an intelligent program manageattdoes all the work necessary to keep your prognam
to-date. It reads a special “makefile” designednfi@naging whole compile, link, debug and locate
operation.

The project file uses .ide.

4.4 Controller Memory mapping
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There is 1 MB memory space for 16-bit controlleF&€RN controllers map lower 512KB (0x00000-
0x7ffff) to the RAM socket, and map upper 512KBoifROM socket.

In order to correctly download a program in STERA RC RS232 serial link, the controller must meet
these requirement:

1). DEBUG EPROM “AE_0_115" for A-Engine, SERO dehatgl 15,200 installed in ROM socket.
See attached DEBUG ROM list

2). SRAM installed must be large enough to holdrymnogram.
For a 32K SRAM, the physical address is 0x0000070%
For a 128K SRAM, the physical address is 0x0000L€fff
For a 512K SRAM, the physical address is 0x0000W7€rk

3). Your program must be located at a correctisaeddress to match your SRAM size.

For example, if you have a 32K SRAM, which map® i6-0x07fff. Even for a 10K program, if
you locate the code into a starting address of 0Q08it cannot be download nor run because thene is
RAM.

4). Your program is located by configure file,
c:\tern\186\config\186.cfg, or
c:\tern\v25\config\v25.cfg, or
c:\tern\386\config\386.cfg.

5). In the “186.cfg” file, you will see these lines
map 0x00000 to 0x00fff as reserved [/l interrupteetable

map 0x01000 to Ox07fff as rdwr /I System RAM ar@ay

map  0x08000 to Ox1ffff as rdonly /I Simulated ROM area(96K)
map 0x20000 to Oxfffff as reserved /I No access

dup DATA ROMDATA /I Make a copy of initialized dat
class CODE 9©x0800 /I Assume loading at address 080000H
class DATA = 0x0100 // Data at address 01000H

The bolded 0x8000 indicates your code will be ledadt a start address of 0x0800:0000.

6). It is very important to know, what size SRAMuwbave, where is your effective SRAM address, and
where you located your program while you are usirey“186.cfg” file.
If you have a only 32K SRAM (0-0x7fff), you may mfdthe “186.cfg” file to select RAM=32.

map 0x00000 to 0x00fff as reserved [/l interrupteetable

map 0x01000 teOx03fff as rdwr /I System RAM area(16 K)
map  0x04000 to Ox07fff as rdonly /I Simulated ROM area(16K)
map  0x08000to Oxfffff as reserved /I No access

dup DATA ROMDATA /I Make a copy of initialized data
class CODE 6x0400 /I Assume loading at address 04000H
class DATA = 0x0100 // Data at address 01000H

The bolded 0x4000 indicates your code will be ledadt a start address of 0x0400:0000.
7). In order to run STEP2 stand alone mode, yout rkimew where your code are located during STEP1
downloading. You must correctly set the STEP2 jurgpaddress in your serial EEPROM (EE address

0x10 to 0x13). You may run the “step2.c” progranms&tup your EE jumping address. You only need to
run the “step2.c” once. Please see “step2.c” terri\186\samples\ae directory.

4.5 DEBUG baud rates
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Paradigm C++-TERN Edition supports one of the deBagd Rate: 19,200, or 38,400, or 57,600, or
115,200.

The DEBUG ROM installed determines the DEBUG BauadeR

For example: DEBUG ROM labeled “AE_0_115" installed a 40 MHz A-Engine, the debug baud rate is
115,200. The same debug rom installed on a 20 MHEngine, the baud rate is 57,600.

4.6 What are differences between the Lite versioma full version?

The Lite version supports STEP1 and STEP2 onlyT&P3.
In addition to all the Lite version features, thdl ¥/ersion provides support that you will neecgenerate
your own application ROM, STEP3.

4.7 What is ACTR/ACTF™?
Operating TERN's 16-bit controllers with ACTR/ACTF™

With ACTR™/ ACTF™ firmware support, you only needeaminal, such as PC windows terminal, set up
to 19200, 8, N, 1, via serial link. By typing tesdmmands, you can operate the controller and esei@i
functions immediately. The ACTR/ACTF™ provides ateractive menu and on-line help for you, so you
do not have to dig into manuals. ACTR/ACTF™ notyomlovides you easy access to C functions, but also
allows you to download a remote debugger kerneyéor C/C++ program development.

ACTR™ is in a 64K EPROM. ACTF™ is a FLASH versiohACTR™. You may use DV kit to generate
your application HEX file and download the filedrthe on-board Flash with ACTF™,

ACTF™ can be used in your final OEM product. Asdas the jumper is on every time the power is on or
reset, the controller always runs your program. Yoay download several application programs in
different memory locations, remove the jumper, A8 F™ “Gxxxxx” commands to set up a new CS:IP,
and when the jumper is restored, it will run thedgram at power on or reset

4.8 Where is the technical manual?

Complete sets of Technical Manuals, photos, schiematnd help manuals are in the Paradigm C++-
TERN Edition CD. You may use Windows Explore to goypse Adobe Reader to read and print.

4.9 What is the .MAP file and the .LOC file?

After you “Build node” on the .axe [.axe] node, roin the code on the controller it will generatereap
file and a .loc file, in your working directory \tern\186.
The led.map file, as below, will list generated e@ohd data locations.

Start St op Lengt h Nane d ass
00000H 0187DH 0187EH _TEXT CODE
01880H 01897H 00018H _I NI T_ I NI TDATA
01898H 01898H 00000H _I NI TEND_ | NI TDATA
01898H 01898H 00000H _EXI T_ EXI TDATA
01898H 018A7H 00010H _EXI TEND_ EXI TDATA
018BOH 018BOH 00000H _RD ROVDATA
018BOH 018BFH 00010H _ERD ENDROVDATA
018C0H 01A43H 00184H _DATA DATA
01A44H 01A44H 00000H _CVTSEG DATA
01A44H 01A44H 00000H _SCNSEG DATA
01A44H 01CA1H 0025EH _BSS BSS
01CA2H 01CA3H 00002H _BSSEND BSSEND
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01CBOH 02CAFH 01000H _STACK STACK

02CBOH 02CBOH 00000H _BFD FAR DATA
02CBOH 02CBFH 00010H _EFD ENDFAR_DATA
02CC0H 02CCOH 00000H _BRFD ROVFARDATA
02CO0H 02CCFH 00010H _ERFD ENDROVFARDATA

Program entry point at 0000: 0000

The led.loc file, as below, will list generated ecahd data locations, which is the memory locatiorthe
target controller.

Menory Address Map for Program LED

Start St op Lengt h Segnent C ass
001000H 001183H 00184H _DATA DATA
001184H 001184H 00000H _CVTSEG DATA
001184H 001184H 00000H _SCNSEG DATA
001184H O0013E1H 0025EH _BSS BSS
0013E2H 0013E3H 00002H _BSSEND BSSEND
0013FOH 0023EFH  01000H _STACK STACK
0023FOH 0023FOH 00000H _BFD FAR_DATA
0023FOH  0023FFH 00010H _EFD ENDFAR_DATA
008000H 00987DH  0187EH _TEXT CODE
009880H 009897H 00018H _INIT_ | NI TDATA
009898H 009898H 00000H _I NI TEND_ | NI TDATA
009898H 009898H 00000H _EXIT_ EXI TDATA
009898H 0098A7H 00010H _EXI TEND_ EXI TDATA
0098BOH 0098BOH 00000H _RD ROVDATA
0098BOH 009A33H 00184H _DATA ROVDATA
009A34H 009A34H 00000H _CVTSEG ROVDATA
009A34H 009A34H 00000H _SCNSEG ROVDATA
009A40H 009A4FH 00010H _ERD ENDROVDATA
009A50H 009A50H 00000H _BFD ROVFARDATA
009A50H 009A50H 00000H _BRFD ROVFARDATA
009A50H 009A5FH 00010H _ERFD ENDROVFARDATA
Entry point: 0800: 0000

Initial stack: 013F: 1000
4.10 EPROM and FLASH support.

Your final firmware can be program into a EPROM¢ls27C256-70 (32K) or 27C512-70 (64K), with
your EPROM programmer.

You can also use ACTF kit to generate a downloaddhEX file, and install an FLASH ACTF chip in the
ROM socket. With a terminal serial link at 19,290y can download your code and program the Flash on
board.

4.11 DEBUG ROM List is on your CD, under tern_docs.

4.12 How to access 1 MB memory

Most application has been using Small Model to paog TERN controllers. The Small Model code is
smaller, more efficient, more reliable, and fastaut it is limited in 64K code and data. Many users
developed successfully data acquisition type prodith Small Model and collecting more than 64K alat
The V25 or 80x86 processor supports memory acegssmply using
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pokeb (segment, offset, dat); and peekb (segméagtp

Please refer to the .LOC file listed in ChapterAdter you use “m.bat” batch file, a .LOC file will
generated. It will show where and how many bytes ylour C CODE and DATA will use. Suppose, your
complete C stuff only use upto Oxffff, but your SRAs 128K, mapping in 0x0000 to Ox1ffff. So you
have memory space from 0x10000 to Ox1ffff of a t@4K space, which are free, battery backed, very
save for you to store your data.

You may use pokeb(0x1000, unsigned int offset, gmesil char data); to store your data and increment
offset, and use peekb(0x1000, unsigned int offset)ead data back in the future.
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