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Chapter 1. Introduction

1.1 Functional Description

Measuring 3.6 x 2.3 x 0.3 inches, tAeEngine86 (AE86) is a C/C++ programmable microprocessor
module based on a 40 MHz, 16-bit CPU (Am186ES, AMB®atures such as its low cost, compact size,
surface-mount flash, high performance, and religbihake theAE86 ideal for industrial process control
and high-speed data acquisition. It is designedefabedded applications that require compactness, lo
power consumption, and high reliability.

The A-Engine86-P (AE86-P) is a new version of thA&-Engine86 with on-board regulated 5-volt power
and either RS232 or 485 drivers. These new addgit@iminate the need for the VE232. Measuringx3.6
2.9 x 0.3 inches, thAES86-P is ideal for applications in which space is veryited, where the VE232's
extra height cannot be accommodated.

The AE86 is a new design based on the popular original gife (AE-20/AE-40). The original A-Engine

is based on the Am188ES processor with internabifl@ata path and external 8-bit data bus. The new
AES86 is based on the 40 MHz Am186EX processor, whichbw@h internal and external 16-bit data path.
Overall, theAE86 is about 100% faster than the 40MHz A-Engine,einmis of both I/O and computation
applications. TheAE86 provides a true 16-bit data bus at J1 20x2 heatterA-Engine86 is an ideal
upgrade for the A-Engine, V25-Engine, or C-Engipegviding increased reliability, functionality, and
performance. They have the similar mechanical dgioers, pin outs, software drivers, and both are
programmed using the C/C++ Evaluation Kit (EV) @velopment Kit (DV).

The AE86 can be integrated into an OEM product as a procesze component. It also can be used to
build a smart sensor, or can act as a node intdbdited microprocessor system.

A-Engine86 SCC2691
128KSBRA2/1I2 KB UART ve
or
KB ool =
watchdog
FLASH 691us [€—
512 KB 16-bitu1 enable
Am186ES
CPU
SDL P12
EEPROMuz2 |« 40MHz D4.D15 | 8 ch. 12-bit
512 BYTES
«—> ADC
S G AD7852 u12
DMA(2)
- 16-Bit Timers(3)
11 ch. 12-bit P11 Ext. Interrupts(8) e
ADC P2543u14 |[€—» 32 1/0 lines = 4 ch. 12-bit
LoD e | S| DAC DA7625
2ch. |[¢— uil
12-bit
DAC t
u15
J1&J2 PPI REF
i us u13

v

J4

Figure 1.1 Functional block diagram of the A-Engine86
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Chapter 1: Introduction A-Engine86 & A-Engine86-P

In addition to offering a 16-bit external data btis AE86 supports on-board 512 KB 16-bit Flash and up
to 512 KB 16-bit battery-backed SRAM. All chips a@rface-mounted, without any sockets. The on-board
Flash has a protected boot loader and can be gasirammed in the field via serial link. Users can
download a kernel into the Flash for remote delumggWWith the DV and ACTF Flash Kit support, user
application codes can be easily field-programméal &@md run out of the Flash.

A real-time clock* (RTC72423) provides informatiom the year, month, date, hour, minute, second, and
1/64 second. A 512-byte serial EEPROM is includedoard.

Two DMA-driven serial ports from the Am186ES suppbigh-speed, reliable serial communication at a
rate of up to 115,200 baud. An optional UART SCCR6Gthy be added in order to have a third UART on-
board. All three serial ports support 8-bit anditfebmmunication.

There are three 16-bit programmable timers/courdes a watchdog timer. Two timers can be used to
count or time external events, at a rate of updtdIHz, or to generate non-repetitive or variabléyettycle
waveforms as PWM outputs. Pulse Width Demodulafiei/D), a distinctive feature, can be used to
measure the width of a signal in both its high bowd phases. It can be used in many applications) ss
bar-code reading.

The AE86 provides 32 user-programmable, multifunctional pi@s from the CPU, plus 24 bi-directional
user-definable 1/O lines from a PPl (82C55). Schimigiger inverters are provided for six externakrrupt
inputs, to increase noise immunity and transfolmwil-changing input signals into fast-changing ttdr-
free signals. A supervisor chip with power failaietection, a watchdog timer, an LED, and expang@ts
are on-board.

A high-speed, up to 300K samples per second, 8rehah2-bit parallel ADC* (AD7852) can be installed
This ADC includes sample-and-hold and precisioarimal reference, and has an input range of 0-5né. T
AES86 also supports a 4-channel, high-speed parallel DE&7625, 0-2.5V).

An optional 12-bit serial ADC (P2543) has 11 chdsred analog inputs with sample-and-hold and a 5V
reference that facilitate ratiometric conversiocalgg, and isolation of analog circuitry from logand
supply noise, supporting conversion up to a samgke of approximately 10 KHz. An optional 2-channel
12-bit serial DAC (LT1446) that provides 0-4.095NKatog voltage outputs capable of sinking or sogycin
5mA is also available. The PPI chip (82C55) prawidR4 user programmable I/O lines can interface to
another processor module, or to an LCD and keypad(s

An optional VE232 interface board can provide regulated 5V power R8d232/RS-485 drivers for the
AES86.

Figure 1.2 The VE232 interface board

The A-Engine86 can be installed on TERN controllers, such asP8@, PowerDrive, PC-Co, LittleDrive,
or MotionC (see Figure 1.3). TERN also offers custom hardvand software design, based on the
A-Engine86 or other TERN controllers.
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The AES86-P supports an optional LM2575 switching regulatoefé¢r to U19 in Appendix A). The
switching regulator consumes less power and geseerkss heat than the standard linear regulator.
Furthermore, the switching regulator can be dishldepower-off theAE86-P via the VOFF pin of the real-
time clock. The battery-backed real-time clock t@nprogrammed to power-on the A-Enginre86sée (
sample program power off.c)

Figure 1.3 An A-Engine86 installed on the MotionC2140

1.2 Features

» Dimensions: 3.6 x 2.3 x 0.3 inches
* 40 MHz, 16-bit CPU (AmM186ES), Intel 80x86 compkib
« Easy to program in C/C++
« Power consumption: 190 mA at 5V
* Power-save mode: 30 mA at 5V
« Power input:  +5V regulated DC, or
+ 9V to +12V unregulated DC with VE232 interfauoeard installed*
* Up to 512 KB 16-bit SRAM, 512 KB 16-bit Flash *
« 8-channel 300 KHz parallel 12-bit ADC (AD7852) wid-5V analog input*
¢ 4-channel 200 KHz parallel 12-bit DAC (DA7625) wib-2.5V analog output*
« 2 channels serial 12-bit DAC (LT1446), 10 KHz *
¢ 11 channels serial 12-bit ADC (P2543), 10 KHz *
« 16-bit external data bus expansion port
* Up to 420 MB memory expansion WidemCard-AQ

« Up to 3 serial ports (2 from Am186ES, plus ondaml SCC2691 UART) support 8-bit or 9-bit
asynchronous communication *

* 2 high-speed PWM outputs and Pulse Width Demoitduiat
« 8 external interrupt inputs, 3 16-bit timer/couste

* 32 multifunctional 1/O lines from Am186ES

24 bi-directional 1/O lines from 82C55 PPI
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A-Engine86 & A-Engine86-P

» 512-byte serial EEPROM
 Supervisor chip (691) for power failure, reset armdchdog
» Real-time clock (RTC72423), lithium coin battery*

» VE232 add-on board for regulated 5V power & RS/288 drivers*

1.3 Physical Description

The physical layout of the A-Engine86 is shown iguFe 1.4.

||H_O i 56 e Opm
i 3 691 o[ v J1
Step 2 jumper | U1o RTC S EE
(must be installed ?> e |V
1 1 AmM186ES as
for reading jump U ua
address from EE q e | PAL
and to jump to U2
RUN) RN1 . .
76¢ sram 2
PPI
DA us
J2 F/’-\2[35(4:: DAC 7625 U13 Ul12
O™ ®
Bl

Figure 1.4 Physical layout of the A-Engine86

(Power On or Reset )

Step 2 jumper
set?

STEP 2

Go to Application Code CS:IP
CS:IP in EEPROM:
0x10=CS high byte
0x11=CS low byte

STEP1 e
ACTF menu sent out through s¢r0 8§1§Z:§ I':)'gvhbby;e
at 19200 baud 9 = Yt )

Figure 1.5 Flow chart for ACTF operation
The “ACTF boot loader” resides in the top protectedtor of the 512KB on-board Flash chip (29F400).

At power-on or RESET, the “ACTF” will check the SPR jumper. If STEP 2 jumper is not installed, the
ACTF menu will be sent out from serial port0 at @9Daud. If STEP 2 jumper is installed, the “jump
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address” located in the on-board serial EE (see Epmvill be read out and then jump tothat addréss.
DEBUG “TDREM_AE.HEX” can be downloaded, therefoesiding in “OxFA000” of the 512KB on-board
flash chip.

1.4 A-Engine86 Programming Overview

Steps for AE86-based product development:

Preparation for Debugging

* Connect AE86 to PC via RS-232 link, 19,200, 81N,

« Power on AE86 without STEP 2 jumper installed

« ACTF menu should be sent to PC terminal

¢ Use “D” command to download “L_TDREM.HEX" in SRAM
« “G04000” to run “L_TDREM”

« Download “AE86_115.HEX" to Flash starting at 03€®

« “GFAO000” to setup EE and run TDREM debugger

« Install the STEP2 jumper (J2.38-40)

« Power-on or reset AE86, Ready for Remote debugger

STEP 1: Debugging
« Start Paradigm C++, run “led.ide” or “test.ide”
» Download code to target SRAM.
« Edit, compile, link, locate, download, and remd&bug

U

STEP 2: Standalone Field Test

*» "G08000” setup EE Jump Address, points to applicati
code resides in battery backed SR

* Install TEP2 jumper, then power on

» Application program running in battery-backed SRAM
(Battery lasts 3-5 years under normal conditions.

!

STEP 3: Production DV-P+ACTF Kit

» Generate application HEX file with DV-P and ACKit
* ACTF “D” to download “L_29F400.HEX” into SRAM
» Download application HEX file into FLASH

» Modify EE jump address to 0x80000

* Set STEP2 jumper

There is no ROM socket on the AE86. The user’siaatibn program must reside in SRAM for debugging
in STEP1, reside in battery-backed SRAM for thendtdone field test in STEP2, and finally be
programmed into Flash for a complete product. Fardpction, the user must produce an ACTF-
downloadable HEX file for the application, basedtbe DV-P+ACTF Kit. The “STEP2” jumper (J2 pins

38-40) must be installed for every production-vemngboard.
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Step 1 settings
In order to talk to AE86 with Paradign C++, the AE8ust meet these requirements:

1) AE_0_115.HEX(-P version) must be pre-loaded Fish starting address 0xfa000.

2) The SRAM installed must be large enough to lyolgr program.
For a 32K SRAM, the physical address is 0x00000#&%0
For a 128K SRAM, the physical address is 0x0000DEk
For a 512K SRAM, the physical address is 0x0000D#¢

3) The on-board EE must have a Jump Address foAlheé 115.HEX with starting address of 0xfa000.
4) The STEP2 jumper must be installed on J2 pird(B8

For further information on programming the A-End@6erefer to the Software chapter.

1.5 VE232

The VE232 is an interface board for the A-EngindBét provides regulated +5V DC power and RS-
232/485 drivers. It converts TTL signals to anahfrRS-232 signals. You do not need the VE232 if you
are using the A-Engine86 installed on another TE&Mtroller such as the LittleDrive, MotionC,
PowerDrive, or SensorWatch.

The VE232, shown in Figure 1.6, measures 2.3 x InBlies. A wall transformer (9V, 300 mA) with a
center negative DC plug (d=2.0 mm) should be uegubtver the A-Engine86 via the VE232. The VE232
connects to A-Engine86 via H1 (2x10 header). SER) énd SER1 (J3) on the VE232 are 2x5-pin headers
for serial ports SERO and SER1. SERO is the defmaljramming port.

While the VE232 is installed, J2 pins 38-40 of s&ngine86 are connected to H2 of the V232. You may
use H2 for the Step 2 jumper.

H2
SER1 SERO
Step 2 Jumper 3 J2 1.57,2.30

@\ \ O (inch)
] . NI
S)
S)
1489 1488 P
485
Us||us | |17 %
6622 —H3 pin 3
DC 1 © 00 [all: _
power jack 0000 Si—H3 pin 2
= M
| o
+7
0.0 VE232

Figure 1.6 The VE232, an interface card for the A-Engine86

For further information on the VE232, please refeAppendix B and to the VE232 schematic at thead
this manual.
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1.6 Minimum Requirementsfor A-Engine86 System Development

1.6.1 Minimum Hardware Requirements

 PC or PC-compatible computer with serial COMx pbat supports 115,200 baud
* A-Engine86 controller
* VE232 interface board*
» PC-V25 serial cable (RS-232; DB9 connector for RiMCport and IDE 2x5 connector for controller)
» center negative wall transformer (+9V, 500 mA)
* NOTE: the VE232 is not needed if you are using AE86 installed on another controller

1.6.2 Minimum Software Requirements

 TERN EV-P Kit installation CD and a PC running: \Waws 95/98/NT/2000

With the EV Kit, you can program and debug the AyiEe86 in Step One and Step Two, but you cannot
run Step Three. In order to generate an applicdtiash file and complete a project, you will neethithe
Development Kit (DV-P Kit) and the ACTF Flash Kit.
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Chapter 2: Installation

2.1 Softwar e I nstallation

Please refer to the Technical manual for the “C/@evelopment Kit and Evaluation Kit for TERN
Embedded Microcontrollers” for information on infitey software.

Prepare AE86/ACS6 for Paradigm C++ TERN Edition

By manufacture default, AEB6/ACS86 are ready for Paradigm C++ debug with STEP2
jumper installed. EE Jump Address setup for 0x80000, and 5860_115 debug kernel
residesin Flash starting 0x80000. Power on, the on-board LED should blink twice
indicating ready for debug. You DO NOT have to prepare and download debug kernel
into flash again. You can SKIP the operation discussed below.

1) Start Paradigm C++. Select from Top manu: Tool, RAD,

Tool Debug Options Window Help
2% Bl Glblold Gy | O el ]

& Project - c-\ternt186\led.ide
- = O P
B [) configh186.cfg [ cfg]
« B0 led.rom [.rom]
[ libwae lib [.1lib]
B 0 o “tern 186 sanplestassled
@ [ readne. tmt [ txt]

|Run the Paradigm C++ RTLOAD utiity || |not connest ted f= [2:32:29 PM

A HEX file Loader window is shown.
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Y& CAPDDS 32

I Auto 'I

Send HWULL

Select Port
Select Baud
Upload _HEX file
Select .HER file

Paradigm PDREMOTE-ROM Loader

i [=] F3

Uersion 2.82

.

Characters Sent: B Framing Errors:
Upload Progress: B Overrun Errors:

2) F5=Select Baud, to setup 19200.

3) F8=Select .HEX file from c:\tern\186\rom\ae86NIDREM.HEX

2-2

Send NULL

Select Port
Select Baud
Upload .HEX file
Select .HEX file
EXIT

CoM1
19200

Paradigm PDREMOTE,/ROM Loader
version 2.02

=

Characters Sent: 0 Framing Errors:
Upload Progress: 0% Overrun Errors:

C:\TERN\186\ROM\

3) Power on the AE86 with the STEP2 jumper off, AM&TF menu will show up.
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"2 cAPDOS32

[ame =1 cilE(e B @) Al

Paradigm PDREMOTE/ROM Loader
Version 2.02

Help
ACTF/ACTR cCopyright(c) 1996 STE CA USA. A1l rig
Send NULL hts reserved.
>C[09]C FUNCTIONS
Select Port >D[09]Download Intel Extend Hex file into SRAM
>G[09]Goto and Run
Select Baud >H[09]HELP
>M[09]MENU
Upload .HEX file >U[09]Upload a block of Binary data

Select .HEX file
EXIT
CoM1 Characters Sent: 0 Framing Errors:

19200 Upload Progress: 0% overrun Errors:
PDREM. HEX

4) Caps Lock on your PC keyboard, Type “D” command

"4 CAPDOS32

Paradigm PDREMOTE,/ROM Loader
version 2.02

Send NULL ‘

PDREMOTE/ROM Tilename: c:\tern\186\rom\aed6\L_TDREM.HEX_

Upload .HEX file
Select .HEX fTile
EXIT

CoM1 Characters Sent: 0 Framing Errors:
19200 Upload Progress: 0% Overrun Errors:
PDREM. HEX

F8=Select .HEX file, from c:\tern\186\rom\ae86\L_RBEM.HEX.
F6 = Upload .HEX file, from PC to AE86 SRAM.
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B £l 515 Al

Paradigm PDREMOTE/ROM Loader
Version 2.02

Help uuuuuuuUvyUlyyvvUUUUUUUUUUUUUUUUUUYUUUUUUUYUUuu
uuuuuuuUvvUlyULvUUUUUUUUUUUUUUUUUUUYUUUUUUUUUUuuu
Send NULL uuuuuuuuuvuulvuuvluuyuvvuuvyyvuuluuvuluuutvuuluuud
uuuuuuuuuvuulvuuvluuyuvvuuvyyvuuluuvuluuutvuuluuud
Select Port uuuuuuuuuvuulvuuvluuyuvvuuvyyvuuluuvuluuutvuuluuud
uuuuuuuUvyUlyyvvUUUUUUUUUUUUUUUUUUYUUUUUUUYUUuu
Select Baud uuuuuuuUvvUlyULvUUUUUUUUUUUUUUUUUUUYUUUUUUUUUUuuu
uuuuuuuuuuulvuuvlvuuyuuuyuvuyluyluuuluuutvuuyuuul
Upload .HEX file UUUUUUUUUUUUUEND of File Record
CHKSUM=0
Select .HEX file CS:IP = 04000

EXIT
CoM1 Characters Sent: 30890 Framing Errors:

19200 Upload Progress: 100% overrun Errors:
C:\TERN\186\ROM\

“G04000” to run the “L_ TDREM” in SRAM. For some @, the first “G04000” always has error.
Do the “G04000” again, then erase the AE86 FlagtlioseOXFAOOO to OxFBFFF, and ready for
programming Flash with the new DEBUG file (c:\tdi@8\rom\ae86\ae86_115.hex).

"2 cAPDOS32 = [51]|

Can = pilele] B 5] Al

Paradigm PDREMOTE/ROM Loader
Version 2.02

Help CHKSUM=0
CS:IP = 04000
Send NULL
G04000
Select Port Upper Case Keys only ! 'M' for menu. 'H' for he

1p.

G04000

Upload .HEX file ERASING AM29F400 SECTOR 9 OxFAQOQO to OXFBFFF !
SECTOR 9

select .HEX file Ready to recieve TDREM???.HEX Tile at 19200 baud

Select Baud

EXIT

CoM1 Characters Sent: 30904 Framing Errors:
19200 Upload Progress:
C: \TERNY136\ROM\

F8= Select .HEX file, from c:\tern\186\rom\ae86¥ae815.hex.
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"2 cAPDOS32

a2 cilEle] B 5] Al

Paradigm PDREMOTE/ROM Loader
Version 2.02

Help

Send NULL

Upload .HEX file ERASING AM29F400 SECTOR 9 OxFAQOQO to OXFBFFF !
SECTOR 9
select .HEX file Ready to recieve TDREM???.HEX Tile at 19200 baud

Characters Sent: 30904 Framing Errors:
Upload Progress: 100% overrun Errors:

F6=Upload .HEX file to program the AE86_115 debegrikel into Flash starting address OxFAO00O.

"% CAPD0S532 MEE |

Paradigm PDREMOTE,/ROM Loader
version 2.02

ERASING AM29F400 SECTOR 9 OxFAQOQO to OXFBFFF !
SECTOR ©
Send NULL Ready to recieve TDREM???.HEX Tile at 19200 baud
Select Port
Select Baud
Upload .HEX file
Select .HEX file

EXIT

CoM1 Characters Sent: 18700 Framing Errors:
19200 Upload Progress: 97% Overrun Errors:
C:\TERN\1856\ROM\

After programming the Flash, AE86 automaticallyetss
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"2 cAPDOS32

a3 cilEle] B 5] Al

Paradigm PDREMOTE/ROM Loader
Version 2.02

Help AM29F400BT FLASH PROGRAMMING IS DONE !8KB TDREM?
??.HEX 1is starting at OXFAQQ:0000
Send NULL
ACTF/ACTR Copyright(c) 1996 STE CA USA. A1l rig
Select Port hts reserved.
>C[09]C FUNCTIONS
Select Baud >D[09]Download Intel Extend Hex file into SRAM
>G[09]Goto and Run
Upload .HEX file >H[09]HELP
>M[09]MENU
select .HEX file >U[09]upload a block of Binary data
GFAQOO
EXIT

CoM1 Characters Sent: 19244 Framing Errors:
19200 Upload Progress: 100% overrun Errors:
C: \TERNY136\ROM\

“GFA000” to setup the EE Jump Address, and runsDE8UG kernel. The on-board LED should
blink twice and then stay on, indicating AE86 iadg for DEBUG.

Power off the controller. Install the STEP2 Jumpleen power on, the LED blink twice.
Use F9 = Exit.
The AES86 is ready for using Paradigm C++ TERN Bditio download, debug, and run.

There are two sample project in the c:\tern\1868ddary (default working directory):

led.ide andtest.ide.

Go to the File and open the sample project filenthuild and download.
There are many sample programs under c:\tern\118@\sa\directories for TERN controllers.

After debug your application code, you can set@AE86 to run in Standalone Mode.

How to run the controller in Standalone Mode

By default, the Paradigm C++ TERN Edition will ddead your application code starting at 0x08000
in the battery backed SRAM.

Power off AE86. Remove STEP2 jumper.

PC side, start the TOOL, RTLOAD.

Power on AE86 again without STEP2 jumper, then&8dF manu should show up.
“G08000” to setup the Jump Address and run youlicgon.

Power off the AE86, Install the STEP2 Jumper. Teeery time power on, the controller will run your
application.
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2.2 Hardwar e Installation

Overview
* Install VE232 (if applicable):
H1 connector of VE232 installs on J2 of the A-Er@6
» Connect PC-V25 cable:

For debugging (STEP 1), place IDE connector on S&R0Ored
edge of cable at pin 1

» Connect wall transformer:
Connect 9V wall transformer to power and plug iptaver jack

Hardware installation for the A-Engine86 consistisnarily of connecting the microcontroller to yoBC.
For the A-Engine86, the VE232 must be used to suppyulated power and RS-232 drivers to the
A-Engine86. If you are using the A-Engine86 ingdlion another controller, please refer to the teahn
manual for that controller for installation infortizn.

2.2.1 Connecting the VE232 to the A-Engine86

U1 1

! u7
Flash
=
N

@
eol loe] || ©
el [0 ®

1 | o

1489 1148
U5 || ue

485
0060 I2 PPI S
s i 3 ADC
° bt L) [
I]:l 14 | 'o
VE232 A-Engine86

Install the VE232 interface with the H1 (10x2) setlconnector on the upper half of the J2 (dual row
header) of the A-Engine86. Figure 2.1 and Figueshow the VE232 and the A-Engine86 before and afte
installation.

Figure 2.1 Before installing the VE232 on the A-Engine86
R SIN\g® O
ool |00 691 < IVER 11
Hl o e @ e U7
d Flash

1489 (1484 Am186
us Us ES
~
u1 . -
U3

J2 @@@ SRAM
s =
DAC 573 A!!i

— 0 ke,

VE232 A-Engine86

(OXCASIS)
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Figure 2.2 After installing the VE232 on the A-Engine86

2.2.2 Connecting the A-Engine86 to the PC

The following diagram (Figure 2.3) illustrates tmnnection between the A-Engine86, VE232, and tbe P
The A-Engine86 is linked to the PC via a seriallegpPC-V25).

The A-Engine86 communicates through SERO by defdndtall the 5x2 IDC connector on the SERO
header of the VE232.IMPORTANT: Note that the red side of the cable must point to pin 1 of the VE232
H1 header. The DB9 connector should be connected to one of @&s COM Ports (COM1 or COM2).

RED side of serial

. To SERO
cablle corresponding for debugging Pin 1 of headers
to pin 1 of headers for for SERO &SER1
SERO/SER /
To COM1 T S SERO
o ] FRF e —
or COM2 ), I' i
PC k' z 'Dc/t' H1 I . -
connector on||<:| Am186ES
VE232[] K
I::1 00 O [z SRAM
A o) S
= connector S L

power jac VE232 A-Engine86
Figure 2.3 Connecting the A-Engine86 and VE232 to the PC

RED side of serial
cable corresponding

to pin 1 of headers for
SERO/SER1

To COM >
or COM2 7
PC a
9-pin
cee — con%ector SER O

A-Engine86-P

Figure 2.4 Connecting the A-Engine86-P to the PC
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2.2.3 Powering-on the A-Engine86

Connect a wall transformer +9V DC output to the BEDC power jack.

The on-board LED should blink twice and remain &ierethe A-Engine86 is powered-on or reset, as show
in Figure 2.5.

LED
@ o O A\
@ 9 U1 11
© 07 a_{ )
148 1484 €] Flash T
ue .::_:
U3
J2 @@@ : SRAI\'/LDC
[UN N
gt P57
1 ke)
VE232 A-Engined6

Figure 2.5 The LED blinks twice after the A-Engine86 is powered-on or reset

2-9



A-Engine86 & A-Engine86-P Chapter 3: Hardware

Chapter 3. Hardware

3.1 Am186ES - Introduction

The Am186ES is based on industry-standard x86 tmathire. The AmM186ES controllers uses 16-bit
external data bus, are higher-performance, moegiated versions of the 80C188 microprocessorshwhic
uses 8-bit external data bus. In addition, the ABEIS has new peripherals. The on-chip system imterfa
logic can minimize total system cost. The Am186ES ltwo asynchronous serial ports, 32 PIOs, a
watchdog timer, additional interrupt pins, a puwsielth demodulation option, DMA to and from serial
ports, a 16-bit reset configuration register, ankdamced chip-select functionality.

3.2Am186ES — Features

3.2.1 Clock

Due to its integrated clock generation circuithe Am186ES microcontroller allows the use of a sroae
crystal frequency. The design achieves 40 MHz Cpération, while using a 40 MHz crystal.

The system CLKOUTA signal is routed to J1 pin 4fadé¢ 40 MHz. The CLKOUTB signal is not
connected in the A-Engine86.

CLKOUTA remains active during reset and bus holdditions. The A-Engine86 initial function ae_inijt()
disables CLKOUTA and CLKOUTB with clka_en(0); aciib_en(0);

You may use clka_en(1); to enable CLKOUTA=CLK=Jt pi

3.2.2 External Interrupts and Schmitt Trigger | nput Buffer

There are eight external interrupts: INTO-INT6 adl.

/INTO, J2 pin 8, is used by SCC2691 UART, if iiristalled.

/INT1, J2 pin 6

/INT2, J2 pin 19

/INT3, J2 pin 21

/INT4, J2 pin 33

INT5=P12=DRQO0, J2 pin 5, used by A-Engine86 as wtUiigr LED/EE/HWD
INT6=P13=DRQ1, J2 pin 11, ADC U12 Busy

/NMI, J2 pin 7

Six external interrupt inputs, /INTO-4 and /NMlgeavuffered by Schmitt-trigger inverters (U9, 74HE 14
order to increase noise immunity and transform lashanging input signals to fast changing anaiitt
free signals. As a result of this buffering, thpses are capable of only acting as input.

These buffered external interrupt inputs requifelling edge (HIGH-to-LOW) to generate an interrupt

3-1



Chapter 3: Hardware A-Engine86 & A-Engine86-P

/INT4=J2.33 INT4=U2.52
U9A o

/INT2=J2.19 INT2=U2.54
u9B o

/INT0=J2.8 INTO=U2.5¢
u9C o)

/INT1=J2.6 INT1=U2.5¢
u9D o)

/INT3=J2.21 INT3=U2.52
U9E 0

INMI=J2.7 NMI=U2.47
—— U9F 0

Figure 3.1 External interrupt inputs

The A-Engine86 uses vector interrupt functionsespond to external interrupts. Refer to the Am186ES
User’s manual for information about interrupt vesto

3.2.3 Asynchronous Serial Ports

The Am186ES CPU has two asynchronous serial cheinB8IRO and SER1. Both asynchronous serial
ports support the following:

*  Full-duplex operation

*  7-bit, 8-bit, and 9-bit data transfers

« 0Odd, even, and no parity

*  One stop bit

» Error detection

* Hardware flow control

 DMA transfers to and from serial ports

e Transmit and receive interrupts for each port
e Multidrop 9-bit protocol support

e Maximum baud rate of 1/16 of the CPU clock speed
* Independent baud rate generators

The software drivers for each serial port implemanting-buffered DMA receiving and ring-buffered
interrupt transmitting arrangement. See the sasrfjissl_echo.c and sO_echo.c.

An optional external SCC2691 UART is located inipos U8. For more information about the external
UART SCC2691, please refer to section 3.4.4 andefagjx C.

3.2.4 Timer Control Unit
The timer/counter unit has three 16-bit programmaibhers: Timer0, Timerl, and Timer2.
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Timer0 and Timerl are connected to external pins:
Timer0 output = P10 = J2 pin 12
Timer0 input = P11 = U7 EE pin 5 = U14 ADC pin 16
Timerl output = P1 = J2 pin 29
Timerl input = PO = J2 pin 20
Timer0 input P11 is used and shared by on-board6EADC, not recommended for other external use.

The timer can be used to count or time externahsy®r can generate non-repetitive or variablg-gyitle
waveforms.

Timer2 is not connected to any external pin. tt ba used as an internal timer for real-time codinime-
delay applications. It can also prescale timendtémer 1 or be used as a DMA request source.

The maximum rate at which each timer can operatlDi8Hz, since each timer is serviced once every
fourth clock cycle. Timer output takes up to sigok cycles to respond to clock or gate eventse the
sample programsmer02.c andae _cntl.cin thet er n\ 186\ sanpl es\ ae directory.

3.2.5 PWM outputs and PWD

The Timer0 and Timerl outputs can also be used eitergte non-repetitive or variable-duty-cycle
waveforms. The timer output takes up to 6 clockeydo respond to the clock input. Thus the minimum
timer output cycle is 25 ns x 6 = 150 ns (at 40 MHz

Each timer has a maximum count register that define maximum value the timer will reach. Both Tithe
and Timerl have secondary maximum count registergariable duty cycle output. Using both the priyna
and secondary maximum count registers lets the thatbernate between two maximum values.

MAX. COUNT A

MAX. COUNT B

Pulse Width Demodulation can be used to measurmpig signal’s high and low phases on the /INT2=J2
pin 19.

3.2.6 Power-save Mode

The A-Engine86 is an ideal core module for low poe@nsumption applications. The power-save mode of
the Am186ES reduces power consumption and hedpdi&s, thereby extending battery life in portable
systems. In power-save mode, operation of the CRUiaternal peripherals continues at a slower clock
frequency. When an interrupt occurs, it automdiiaaiturns to its normal operating frequency.

The RTC72423 on the A-Engine86 has a VOFF signatedbto J1 pin 9. VOFF is controlled by the
battery-backed RTC72423. The VOFF signal can bgrpramed by software to be in tri-state or to be
active low. The RTC72423 can be programmed in inrmode to drive the VOFF pin at 1/64 second, 1
second 1 minute, or 1 hour intervals. The userusanthe VOFF line to control an external switching

power supply that turns the power supply on/off.réldetails are available in the sample [fiGever off.c in
the 186\ sanpl es\ ae sub-directory.
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3.3Am186ES PIO lines

The Am186ES has 32 pins available as user-progréentéD lines. Each of these pins can be used as a
user-programmable input or output signal, if thenmal shared function is not needed. A PIO line ban
configured to operate as an input or output witlvithout a weak pull-up or pull-down, or as an ojleain
output. A pin’s behavior, either pull-up or pull\p, is pre-determined and shown in the table below.

After power-on/reset, PIO pins default to variownfigurations. The initialization routine providdxy
TERN libraries reconfigures some of these pins esded for specific on-board usage, as well. These
configurations, as well as the processor-intermaipheral usage configurations, are listed belowable

3.1.

PIO | Function Power-On/Reset status | A-Engine86 Pin No. | A-Engine86 I nitial

PO Timerl in Input with pull-up J2 pin 20 Input tvipull-up

P1 Timerl out Input with pull-down J2 pin 29 UseClack for AD7852
P2 /PCS6/A2 Input with pull-up J2 pin 24 RTC select

P3 /PCS5/A1 Input with pull-up J2 pin 15 SCC269kae

P4 DT/R Normal J2 pin 38 Input with pull-up Step 2
P5 /IDEN/DS Normal J2 pin 30 Input with pull-up
P6 SRDY Normal J2 pin 35 Input with pull-down
pP7 Al7 Normal U3 pin 22 Al7

P8 Al18 Normal U3 pin 23 A18

P9 A19 Normal J2 pin 10 A19

P10 | TimerO out Input with pull-down J2 pin 12 Inpuith pull-down
P11 | TimerOin Input with pull-up U7 EE pin 5 Inpuith pull-up

P12 | DRQO/INT5 | Input with pull-up J2 pin5 Output icED/EE/HWD
P13 | DRQL/INT6 | Input with pull-up J2 pin 11 Inputtivpull-up

P14 | /MCSO Input with pull-up J2 pin 37 Input witblup

P15 | /MCS1 Input with pull-up J2 pin 23 Input witblup

P16 | /PCSO Input with pull-up J1 pin 19 /PCSO

P17 | /PCS1 Input with pull-up J2 pin 13 PPI, ADC, ©Aelect
P18 | CTS1/PCS2 Input with pull-up J2 pin 22 Inputvgull-up

P19 | RTS1/PCS3 Input with pull-up J2 pin 31 Inputvgull-up

P20 | RTSO Input with pull-up J2 pin 27 Input withilpup

P21 | CTSO Input with pull-up J2 pin 36 Input withllpwp

P22 | TxDO Input with pull-up J2 pin 34 TxDO

P23 | RxDO Input with pull-up J2 pin 32 RxDO

P24 | /IMCS2 Input with pull-up J2 pin 17 Input witblup

P25 | /MCS3 Input with pull-up J2 pin 18 Input witblup

P26 | Uzl Input with pull-up J2 pin 4 Input with pulp*
P27 | TxD1 Input with pull-up J2 pin 28 TxD1

P28 | RxD1 Input with pull-up J2 pin 26 RxD1

P29 | /CLKDIV2 Input with pull-up J2 pin 3 Input witbull-up*
P30 | INT4 Input with pull-up J2 pin 33 Input withlpup

P31 | INT2 Input with pull-up J2 pin 19 Input withlpup

* Note: P26 and P29 must NOT be forced low duriog/@r-on or reset.

Table 3.1 I/O pin default configuration after power-on or reset
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Three external interrupt lines are not shared RIth pins:
INTO = J2 pin 8
INT1 =J2 pin 6
INT3 = J2 pin 21

The 32 PIO lines, PO-P31, are configurable via 1®ebit registers, PIOMODE and PIODIRECTION. The
settings are as follows:

MODE | PIOMODE reg. | PIODIRECTION reg. | PIN FUNCTION

0 0 0 Normal operation

1 0 1 INPUT with pull-up/pull-down

2 1 0 OUTPUT

3 1 1 INPUT without pull-up/pull-down

A-Engine86 initialization on PIO pins &e_init() is listed below:

outport(0xff78,0xe73c); /I PDIR1, TxDO, RxDO, TxD1, RxDR16=PCS0, P17=PCS1=PPI
outport(0xff76,0x0000); /l PIOM1

outport(0xff72,0xec7b); // PDIRO, P12,A19,A18,A17,P2=PC8A€
outport(0xff70,0x1000); // PIOMO, P12=LED

The C function in the librarge_lib can be used to initialize PIO pins.
void pio_init(char bit, char mode);
Where bit = 0-31 and mode = 0-3, see the tableabo

Example: pio_init(12, 2); will set P12 as output
pio_init(1, 0); will set P1 as Timerl output

void pio_wr(char bit, char dat);
pio_wr(12,1); set P12 pin high, if P12 is in output mode
pio_wr(12,0); set P12 pin low, if P12 is in output mode

unsigned inpio_rd(char port);
pio_rd (0); return 16-bit status of PO-P15, if corresgiag pin is in input mode,
pio_rd (1); return 16-bit status of P16-P31, if corrasgiag pin is in input mode,

Some of the I/O lines are used by the A-Engine8&esy for on-board components (Table 3.2). We
suggest that you not use these lines unless yosuaecthat you are not interfering with the operatbf
such components (i.e., if the component is noaltest).

You should also note that the external interrug Rins INT2, 4, 5, and 6 are not available for ase
output because of the inverters attached. That vglues of these PIO interrupt lines will alsoitneerted

for the same reason. As a result, calling rd to read the value of P3INT2) will return 1 when pin 19
on header J2 is pulled low, with the result revatii§¢he pin is pulled high.

Signal [ Pin Function

P1 Timerl output 5MHz U12 ADC clock

P2 /PCS6 U10 RTC72423 chip select at base 1/0 addhed600

P3 /PCS5 U8 SCC2691 UART chip select at base |{desd 0x0500

P4 /DT STEP2 jumper

P11 Timer0 input | Shared with U19 P2543 ADC and WZ®4 EE data input
The ADC and EE data output can be tri-state, wdidabled
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Signal | Pin Function

P12 DRQO/INTS Output for LED or U7 serial EE clomkHit watchdog
P13 /INT6 U12 ADC BUSY

P17 /PCS1 U5 PPI 0x100; U11 DAC 0x110; U12 ADC &1
P22 TxDO Default SERO debug

P23 RxDO Default SERO debug

/INTO J2 pin 8 U8 SCC2691 UART interrupt, if USiistalled

Table 3.2 1/0 lines used for on-board components

3.41/0 Mapped Devices

3.4.11/0O Space

External I/O devices can use I/O mapping for accéss can access such /O devices withortb(port) or
outportb(port,dat). These functions will transfer one bgtevord of data to the specified I/O address. The
external I/O space is 64K, ranging from 0x0000xtfD

The default I/O access time is 15 wait states. May use the function void_wait(char wait) to define the
I/O wait states from O to 15. The system clock5sn® ( or 50 ns), giving a clock speed of 40 MHzZ0
MHz). Details regarding this can be found in thdt8are chapter, and in the Am186ES User's Manual.
Slower components, such as most LCD interfaceshtnfiigd the maximum programmable wait state of 15
cycles still insufficient. Due to the high bus sgdeof the system, some components need to be edtdach
I/O pins directly.

For details regarding the chip select unit, plessseeChapter 5 of the Am186ES User's Manual.

The table below shows more information about I/(piag.

I/O space Select | Location Usage

0x0000-0x00ff | /PCS0O| J1 pin 19=P16 USER*
0x0100-0x0103| /PCS1| J2pin13=P17 U5 PPI pin 7

0x0108 /RST1| Ullpin6 /RST1 for DAC U1l
0x0110-0x0113| /DA U1l pin 23 DAC7625 select
0x0118-0x011f| /AD U12 pin 31 AD7852
0x0120-0x0123| TO-3 U4 pin 13-16 Ul14 ADC, U15 DAC

0x0200-0x02ff | /PCS2| J2 pin 22=CTS] USER
0x0300-0x03ff | /PCS3| J2 pin 31=RTS] USER

0x0400-0x04ff | /PCS4 Reserved
0x0500-0x05ff | /PCS5| J2 pin 15=P3 UART, SCC2691
0x0600-0x06ff | /PCS6| J2 pin 24=P2 RTC 72423

*PCSO0 may be used for other TERN peripheral boards.

To illustrate how to interface the A-Engine86 witkternal 1/0 boards, a simple decoding circuit for
interfacing to an 82C55 parallel I/O chip is shawifigure 3.2.
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74HC138 82C55
RST )
A5 1 | A vo| 15 NC = P00-P0O7
A6 210 Y1| 14 /SEL20 ™
A7 31 . v2| 13 /SEL40
v3| 12 /SEL6O | ysE120| [CS P10-P17
Y4 11 /SEL80
/PCSO 4 G2A  vs| 10 /SELA0 DMR 1 /WR
59 G2B Y69 ISELCO  grp IRD
veC 6| c1  vy7lz /SELFO ] ]
I L DO-D7 P20-P27

Figure 3.2 Interface the A-Engine86 to external I/O devices

The functionae_i ni t () by default initializes the /PCSO line at base IMdr@ss starting at 0x00. You
can read from the 82C55 withportb(0x020) or write to the 82C55 witlbutportb(0x020,dat). The call to
inportb(0x020) will activate /PCS0, as well as putting the addr@s00 over the address bus. The decoder
will select the 82C55 based on address lines Adnd,the data bus will be used to read the apprepdita
from the off-board component.

3.4.2 Programmable Peripheral I nterface (82C55A)

U5 PPI (82C55) is a low-power CMOS programmablealpelr interface unit for use in microcomputer
systems. It provides 24 1/O pins that may be iitliglly programmed in two groups of 12 and used in
three major modes of operation.

In MODE 0, the two groups of 12 pins can be progrea in sets of 4 and 8 pins to be inputs or outputs
In MODE 1, each of the two groups of 12 pins carpbegrammed to have 8 lines of input or output. Of
the 4 remaining pins, 3 are used for handshakingiaterrupt control signals. MODE 2 is a strobed b
directional bus configuration.
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C T T T T T T T 1
I—J GROUP 1
Port 2 0 Output
(Lower)

1 Input

Port 1 0 OQutput

1 Input

Mode 0 Mode O

1 Mode 1

GROUP 2

Port 2 0 Output

(Upper)

1 Input

Port 0 0 Output

1 Input

Mode 00 Mode O

01 Mode 1

1X Mode 2

Command 0 Bit
Select manipulatior
1 Mode

Selec

Figure 3.3 Mode Select Command Word

The A-Engine86 maps U5, the 82C55/uPD71055, at B@saddress 0x0100.
The ports/registers are offsets of this I/O baskress.
The Command Register = 0x0103; Port 0 = 0x0100; Per0x0101; and Port 2 = 0x0102.

The following code example will set all ports tatjput mode:

out port b(0x0103, 0x80); /* Mbde 0 all output selection. */

out port b(0x0100, 0x55); /* Sets port O to alternating high/low |l/O pins. */

out port b(0x0101, 0x55); /* Sets port 1 to alternating high/low 1/O pins. */

out port b(0x0102, 0x55); /* Sets port 2 to alternating high/low 1/O pins. */
To set all ports to input mode:

out port b(0x0103, 0x9f); /* Mode 0 all input selection. */

You can read the ports with:
i nportb(0x0100); /* Port 0 */
i nportb(0x0101); /* Port 1 */
i nportb(0x0102); /* Port 2 */

This returns an 8-bit value for each port, withtebit corresponding to the appropriate line ongbs.

You will find that numerous on-board componentsametrolled using PPI lines only. You will needuse
PPI1 access methods to control these, as well.

See section 3.6.2 for PPl connection headers.
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3.4.3 Real-time Clock RTC72423

If installed, the real-time clock RTC72423 (EPSQMN,0) is mapped in the I/O address space 0x0600. It
must be backed up with a lithium coin battery. TREC is accessed via software drivets init() or
rtc_rd().

It is also possible to configure the real-time &léa raise an output line attached to an extemtetiupt, at
1/64 second, 1 second, 1 minute, or 1 hour intervahis can be used in a time-driven applicatathe
VOFF signal can be used to turn on/off the controllsm@ an external switching power supply. An
example of a program  showing a similar  applicationcan be  found in

t er n\ v25\ sanpl es\ ve\ powerof f. c.

3.4.4 UART SCC2691

The UART SCC2691 (Signetics, U8) is mapped intoltbeaddress space at 0x0500. The SCC2691 has a
full-duplex asynchronous receiver/transmitter, adpuple buffered receiver data register, an infgrru
control mechanism, programmable data format, shetbaud rate for the receiver and transmitter, a
multi-functional and programmable 16-bit countenér, an on-chip crystal oscillator, and a multignse
input/output including RTS and CTS mechanism. MB@duted to J1 pin 3, and MPI is not connected.

For more information, refer to Appendix C. The SB@1 on the A-Engine may be used as a network 9-bit
UART (for the TERN NT-Kit).

RxD (J1 pin 5), TxD (J1 pin 7), MPO (J1 pin 3), aviél are TTL level signals. You must provide RS-232
or RS-485 drivers off of the A-Engine86 board iuychoose to use either RS-232 or RS-485. This ean b
achieved by using either the VE232, or a numbestbér TERN peripheral controllers that are driven b
the A-Engine86 and offer RS232/RS485 drivers.

The VE232 provides an RS-485 driver. You may cohrthe RxD and TxD signals on J1 of the
A-Engine86 to H3 pins 3 and 2 on the VE232, and4®&+ and 485- signals at the screw terminal of the
VE232 (J1) to join a multi-drop RS-485 twisted-paétwork.

The RS-485 driver on the VE232 was designed toJdsgin 24 to control the half-duplex RS-485 driver

direction for the V25-Engine. However, the A-En@6eJ2 pin 24 (signal P2) is the RTC chip seleataig

P2 should not be used as RS-485 driver directiorob You can use MPO of the SCC2691 (J1 pin 3) as
RS-485 driver direction control and connect the BER pin 3 to the VE232's H1 pin, which maps to

AE86 J2 pin 24. You then should cut off pin 24 lo¢ tJ2 on the A-Engine86 connection to the VE232.
Please refer to Appendix B for the layout of the232 and to Chapter 1 for further information.

J1 of
RS485 RS485+ \ /£ 93,

-

3(% U6 [ ® - O/'
S \Am186; H
ES
// us3|
oy
g/ [ ke

VE232 A-Engine86
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Figure 3.4 Settings and connections for networking with SCC2691 using the VE232

3.50ther Devices

A number of other devices are also available orAtiengine86. Some of these are optional, and night
be installed on the particular controller you aseng. For a discussion regarding the softwarefexte for
these components, please see the Software chapter.

3.5.1 On-board Supervisor with Watchdog Timer

The MAX691/LTC691 (U6) is a supervisor chip. Withinstalled, the A-Engine86 has several functions:
watchdog timer, battery backup, power-on-reset ydefower-supply monitoring, and power-failure
warning. These will significantly improve systentiability.

Watchdog Timer

The watchdog timer is activated by setting a jungred9 of the A-Engine86. The watchdog timer piesi

a means of verifying proper software execution. tHa user's application program, calls to the fionct
hitwd() (a routine that toggles the P12=HWD pin of the M#¥4) should be arranged such that the HWD
pin is accessed at least once every 1.6 secoridbe 09 jumper is on and the HWD pin is not acedss
within this time-out period, the watchdog timer Iputhe WDO pin low, which asserts /RESET. This
automatic assertion of /RESET may recover the eafdin program if something is wrong. After the
A-Engine86 is reset, the WDO remains low untilangition occurs at the WDI pin of the MAX691. When
controllers are shipped from the factory the J9gamis off, which disables the watchdog timer.

The Am186ES has an internal watchdog timer. Thiisabled by default withe_init().

J9
Watchdog Enable

LED

Step2 El
u10 RTC

Am186ES Flash
ug U4

RN1

SCC691

UART &
=
(2}
(

¥ 691 5
K U1l Ji

u7

jce SRAM
PPI
U14 U15 UL

ADC
DAC AD7852
J2 - us DAC 7625
P254: U13 m
00J4000OOODODOOOOOOOOOOQOOOOOO
5 06600000000000000000000000000

J4

O

Figure 3.5 Location of watchdog timer enable jumper

Power-failure Warning

The supervisor supports power-failure warning aadkibp battery protection. When power failure is
sensed by the PFI, pin 9 of the MAX691 (lower tHa8 V), the PFO is low. The PFI pin 9 of 691 is
directly shorted to VCC by default. In order to W€l externally, cut the trace and bring the P&hal out.
You may design an NMI service routine to take prbtections before the +5V drops and processor dies.
The following circuit shows how you might use trener-failure detection logic within your applicatio
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—————————————————

! |

9-14 V(8.35 V min) : VCC = +5V |

! |

: 1 c? l

47K ‘ —|— |
Ll PFI, pin 9 of MAX691

| (1.3V min) !

2K | |

Figure 3.6 Using the supervisor chip for power failure detection

Battery Backup Protection

The backup battery protection protects data storédde SRAM and RTC. The battery-switch-over citcui
compares VCC to VBAT (+3 V lithium battery positiy@n), and connects whichever is higher to the
VRAM (power for SRAM and RTC). Thus, the SRAM atie real-time clock RTC72423 are backed up.
In normal use, the lithium battery should last al®® years without external power being suppli&then
the external power is on, the battery-switch-oweruit will select the VCC to connect to the VRAM.

3.5.2 EEPROM

A serial EEPROM of 128 bytes (24C01), 512 bytesC@4)), or 2K bytes (24C16) can be installed in U7.
The A-Engine uses the P12=SCL (serial clock) antHSDA (serial data) to interface with the EEPROM.
The EEPROM can be used to store important data asch node address, calibration coefficients, and
configuration codes. It typically has 1,000,008serwrite cycles. The data retention is more #tapears.
EEPROM can be read and written by simply callirgfimctionsee_rd() andee_wr().

The EEPROM and the 12-bit serial ADC (U14) shasegame data input signal line, P11. The 12-bit ADC
uses T2 (PAL U4) line as chip select. If the T2lia low, the ADC will be enabled and holds the Eafa
line, prohibiting EEPROM operation. The ae_inifQnction sets T2 high. The ae_ad12(); function din
T2 low only when it needs to. A range of lower agtdes in the EEPROM is reserved for TERN use.
Details regarding which addresses are reservedfanghat purpose, can be found in Appendix E @ th
manual.

3.5.3 P2543, 12-bit serial interface ADC

The P2543 is a 12-bit, switched-capacitor, suceesgpproximation, 11 channels, serial interfacel@g
to-digital converter. Three 1/O lines from PAL arsed to handle the ADC, with /CS=T2; CLK=TO; and
DIN=T1.

The ADC digital data output communicates with athtbsough a serial tri-state output (DOUT=P11). If
T2=/CS is low, the P2543 will have output on PIT2=/CS is high, the P2543 is disabled and P Tfeks.
T2 and P11 are pulled high on board by default. FB843 has an on-chip 14-channel multiplexer that c
select any one of 11 inputs or any one of threerial self-test voltages. The sample-and-hold fands
automatic. At the end of conversion, the end-ofversion (EOC) output is not connected, althougjois
high to indicate that conversion is complete.

P2543 features differential high-impedance inputat tfacilitate ratiometric conversion, scaling, and
isolation of analog circuitry from logic and supphpise. A switched-capacitor design allows low-erro
conversion over the full operating temperature earigne analog input signal source impedance shuaild
less than 5Q and capable of slewing the analog input voltage @60 pf capacitor.

The reference REF+ is connected to VQ (+5V). Tieg i¥ a filtered VCC via a C-R-C filter, in order to
reduce digital noise. The CLK signal to the ADQdggled through an I/O pin, and serial access alaw
conversion rate of up to approximately 10 KHz.

In order to operate the P2543, five 1/O lines ared) as listed below:
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ICS Chip select = T2, high to low transition enat®UT, DIN and CLK.
Low to high transition disables DOUT, DIN and CLK.

DIN T1, serial data input

DOUT P11 of Am188ES, 3-state serial data output.

EOC Not Connected, End of Conversion, high indgatnversion complete and
data is ready

CLK I/O clock = TO

REF+ Upper reference voltage (default VQ)

REF- Lower reference voltage (default GND)

VCC Power supply, +5 V input

GND Ground

The analog inputs ANO to AN10 are available atYddu can use the C function ae86_ad12(char channel);
to read the 12-bit ADC. See also the sample progeBé ad.c in thec: \t er n\ 186\ sanpl es\ ae86
directory.

3.5.4 Dual 12-hit DAC (LTC1446)

The LTC1446 is a dual 12-bit digital-to-analog certer (DAC) in an SO-8 package. It is complete with
rail-to-rail voltage output amplifier, an internetéference and a 3-wire serial interface. The LT®L44
outputs a full-scale of 4.096V, making 1 LSB equwal mV. The buffered outputs can source or sink/
The outputs swing to within a few millivolts of sulp rail when unloaded. They have an equivalenpout
resistance of 4@ when driving a load to the rails. The buffer arfipts can drive 1000 pf without going
into oscillation.

The DAC is installed in U15 on the AE86, and thépaits are routed to J4 pin 16 for DAC channel A an
J4 pin 18 for DAC channel B.

The DAC uses TO as CLK, T1 as DI, and T3 as LD/El8ase refer to the LT1446 technical data sheets
from Linear Technology (1-408-432-1900) for furtheformation. Use C function ae86_da(datl, dat? );
drive the DAC. See also the sample prograe86 da.c in the c:\tern\ 186\ sanpl es\ ae86
directory.

3.5.5 AD7852, 300KHz 12-bit ADC

The AD7852 is a 100 ksps, sampling parallel 12A6 converter that draws only 55 mW from a singlé 5
supply. This device includes 8 channels with sarapi@-hold, precision 2.5V internal reference, sinétt
capacitor successive-approximation A/D, and nead=sxgernal clock.

The input range of the AD7852 is 0-5V. Maximum Bgacs include2.0 LSB INL and 12-bit no missing
codes over temperature. The ADC has a 12-bit datallpl output port that directly interfaces to foé
12-bit data bus D15-D4 for maximum data transféez.ra

The AD7852 requires 16 ADC clocks (or 3 ps) conieersime to complete one conversion, based on a 5
MHz ADC clock. The busy signal has an 3 ps lowgeiindicating that conversion is in progress. Idesr

to achieve the 300 KHz sample rate, the AE86 msstpolling method, not interrupt operation, to aagu
data. A sample prograae86_ad.acan be found in the: \ t er n\ 186\ sanpl es\ ae86 directory. The
7852 A/D pins are located on pins ADOtoAD7 on J4.

3.5.6 DA7625, 300KHz 12-bit DAC

The DA7625 is a parallel 12-bit D/A converter. Thigvice includes 4 voltage output channels with an
output range of 0-2.5V. It accepts 12-bit paradtglut data, has double-buffered DAC input logial &ias a
settling time of 1Qus.
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The AE86 uses pins D15 to D4 to directly interfacghe DAC's full 12-bit data bus for maximum data
transfer rate.

The DA7625 has a settling time of 5 pus. A samplegmm ae86_da.cmay be found in the
c:\tern\ 186\ sanpl es\ ae86 directory.

3.6 Headers and Connectors

3.6.1 Expansion Headers J1 and J2

There are two 20x2 0.1 spacing headers for A-E@girexpansion. Most signals are directly routechéo t
Am186ES processor. These signals are 5V only, apaat-of-range voltages will most likely damage th

board.
— ~ y J1 pinl
Step2 EI O §| ° O £ /1—p‘

691 w01 n
ulo RTC U

u7
AMI1B6ES Flash
ug U4

u2

SCCH9L
UART &

RN1

u3
768 SRAM
PPI

UL o | ADYES2
us
J DAC 7625 U1
J2 pinlk 7] | O

Figure 3.7 Pin 1 locations for J2 and J1

N

J2 Signal J1 Signal
GND 40 39 VCC VCC 1 2 GND
P4 38 37 P14 MPO 3 4 CLK

/CTSO 36 35 P6 RxD 5 6 GND
TxDO 34 33 /INT4 TxD 7 8 DO
RxDO 32 31 /RTS1 VOFF 9 10 D1
P5 30 29 P1 /BHE 11 12 D2
TxD1 28 27 /IRTSO D15 13 14 D3
RxD1 26 25 ALE /IRST 15 16 D4
P2 24 23 P15 RST 17 18 D5
/CTS1 22 21 /INT3 P16 19 20 D6
PO 20 19 /INT2 D14 21 22 D7
P25 18 17 P24 D13 23 24 GND

16 15 P3 25 26 A7

14 13 P17 D12 27 28 A6
P10 12 11 P13 /WR 29 30 A5
A19 10 9 /RD 31 32 Ad
/INTO 8 7 /NMI D11 33 34 A3
/INTL 6 5 P12 D10 35 36 A2
P26 4 3 P29 D9 37 38 Al
GND 2 1 GND D8 39 40 A0

Table 3.3 Signals for J2 and J1, 20x2 expansion ports
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Signal definitions for J2:

VCC +5V power supply, < 200 mA

GND ground

Pxx Am186ES PIO pins

A19 Am186ES pin 19

TxDO AmMI186ES pin 2, transmit data of serial charthel
RxDO AmM186ES pin 1, receive data of serial chafnel
TxD1 Am186ES pin 98, transmit data of serial chaine

RxD1 AmMI186ES pin 99, receive data of serial chadnel
/ICTSO Am186ES pin 100, Clear-to-Send signal for 8ER
/ICTS1 AmM186ES pin 63, Clear-to-Send signal for SER1
/IRTSO Am186ES pin 3, Request-to-Send signal for BER
/RTS1 Am186ES pin 62, Request-to-Send signal fdR BE
/INTO-4 Schmitt-trigger external interrupt inputs
/NMI Schmitt-trigger external NMI inputs

Signal definitions for J1:

VCC +5V power supply

GND ground

CLK Am186ES pin 16, system clock, 40 MHz (25 ns

RxD data receive of UART SCC2691, U8

TxD data transmit of UART SCC2691, U8

MPO Multi-Purpose Output of SCC2691, U8

VOFF real-time clock output of RTC72423 U10, open
collector

D0-D15 Am186ES 16-bit external data lines
AO-A7 AmMI186ES address lines

IRST reset signal, active low
RST reset signal, active high
P16 /PCS0, Am186ES pin 66
/BHE AmM186ES pin 4

/WR AmMI186ES pin 5

/RD Am186ES pin 6
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3.6.2 J4 Connector for PPI, ADC, DAC

O B 3
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ONV
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sav
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00l
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S0l
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20l
O0A
6NV
LNV
SNV
ENV
NV

Figure 3.8 J4 connector
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The pin layout for the J4 30x2 pin header on thErA}ine86 is as follows:

J4 Signal
AN1 1 2 ANO
AN3 3 4 AN2
AN5 5 6 AN4
AN7 7 8 ANG6
AN9 9 10 ANS8
VCC 11 12
107 13 14 AN10
106 15 16 VA
105 17 18 VB
104 19 20 GND
103 21 22 GND
102 23 24 GND
101 25 26 GND
100 27 28 GND
127 29 30 GND
126 31 32 GND
125 33 34 120
124 35 36 121
123 37 38 122
110 39 40 DA1
111 41 42 DA2
112 43 44 DA4
113 45 46 DA3
114 a7 48 115
116 49 50 117
GND 51 52 GND
AD1 53 54 ADO
AD3 55 56 AD2
AD5 57 58 AD4
AD7 59 60 AD6

Table 3.4 Signals for J4, 30x2 header

3.6.3 Jumpers

The following table lists the jumpers and connextam the A-Engine86.

Name | Size | Function Possible Configuration

J1 20x2 | main expansion port MemCardl interface

J2 20x2 | main expansion port Pins 38=40: Step2 jurfipest be installed for
Stepl and Step2)

Ja 30x2 | ADC, DAC, PPI

J9 2x1 Watchdog timer Enabled if Jumper is on

Disabled if jumper is off
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3.6.4 20x4 line LCD Interface

The A-Engine86 CANIOT directly interface to LCD modules with addressadats. You may use 82C55
I/0O pins to drive LCD modules. See the sample mogre_Icd.cin the TERN EV/DV diskette.

Pin connections are made as follows:
Use PPI on A-Engine86 to drive 20x4 line LCD.

J4107-100 = D7-D0O

[127=LCD, 126=R/W, 125=A0, 124=VLC, 123=VCCI10=GND
LCD configuration:

Pin 3 = VLC disconnected to 124

VLC via 10K to pin2=VCC and via 200 ohm to pin1N0

LED

J1

Flash

20x4 LCD

u3

SRAM

ADC
AD7852

z
Q0000000000000000000000pD0C0OCOO
Eooooo ocoopoooooo

Connect LCD at J4 pins 13 through 39

Figure 3.9 Installation of a 20x4 LCD on the A-Engine86
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Chapter 4. Software

Please refer to the Technical Manual of the “C/@ewvelopment Kit for TERN 16-bit Embedded
Microcontrollers” for details on debugging and pram@ming tools.

For details regarding software function prototyped sample files demonstrating their use, pledse t@
the Software Glossary in Appendix F.

Guidelines, awar eness, and problemsin an interrupt driven environment

Although the C/C++ Development Kit provides a simdbw cost solution to application engineers, some
guidelines must be followed. If they are not felked, you may experience system crashes, PC hang-ups
and other problems.

The debugging of interrupt handlers with the Renia¢bugger can be a challenge. It is possible tagleb
an interrupt handler, but there is a risk of exgrering problems. Most problems occur in multi-intet-
driven situations. Because the remote kernel rgnmin the controller is interrupt-driven, it demands
interrupt services from the CPU. If an applicatipmogram enables interrupt and occupies the interrup
controller for longer than the remote debugger azgept, the debugger will time-out. As a resulyryBC
may hang-up. In extreme cases, a power reset magduired to restart your PC.

For your reference, be aware that our system isteekernel interrupt-driven for debugging.

The run-time environment on TERN controllers caissis an I/O address space and a memory address
space. /O address space ranges fo@f000 to Oxffff, or 64 KB. Memory address space ranges from
0x00000 to Oxfffff in real-mode, or 1 MB. These are accessed diffgreand not all addresses can be
translated and handled correctly by hardware. af@ memory mappings are done in software to define
how translations are implemented by the hardwareplicit accesses to I/O and memory address space
occur throughout your program from TERN librariesveell as simple memory accesses to either code or
global and stack data. You can, however, expficticess any address in I/O or memory space, amd yo
will probably need to do so in order to access @ssor registers and on-board peripheral components
(which often reside in I/O space) or non-mapped prgm

This is done with four different sets of similanfiiions, described below.

poke/pokeb
Arguments. unsigned int segment, unsigned int offset, unsignédnsigned char data
Return value: none

These standard C functions are used to place gxbdifita at any memory space location. 3dgenent
argument is left shifted by four and added todffeet argument to indicate the 20-bit address within
memory spacepoke is used for writing 16 bits at a time, apokeb is used for writing 8 bits.

The process of placing data into memory space ntbahshe appropriate address and data are plated
the address and data-bus, and any memory-spacengsajp place for this particular range of memoily w
be used to activate appropriate chip-select limgsthe corresponding hardware component resporfsiblg
handling this data.

o
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peek/peekb
Arguments. unsigned int segment, unsigned int offset
Return value: unsigned int/unsigned char data

These functions retrieve the data for a specifédtess in memory space. Once againsggment address
is shifted left by four bits and added to tiféset to find the 20-bit address. This address is théput over
the address bus, and the hardware component mappieat address should return either an 8-bit ebil6
value over the data bus. If there is no componegped to that address, this function will retandom
garbage values every time you try to peek into dldalress.

outport/outportb
Arguments. unsigned int address, unsigned int/unsigned char da
Return value: none

(D
=}

This function is used to place tteta into the appropriataddressin I/O space. It is used most often wh
working with processor registers that are mappalli©® space and must be accessed using eithesfone
these functions. This is also the function usesh@st cases when dealing with user-configured perad
components.

When dealing with processor registers, be sureéahe correct function. Usetport if you are dealing
with a 16-bit register.

inport/inportb
Arguments. unsigned int address
Return value: unsigned int/unsigned char data

This function can be used to retrieve data frommpaoments in 1/0 space. You will find that most haade
options added to TERN controllers are mapped i@ospace, since memory space is valuable and is
reserved for uses related to the code and dating U® mappings, the address is output over thkress
bus, and the returned 16 or 8-bit value is thernetalue.

For a further discussion of I/O and memory mappipigase refer to the Hardware chapter of thisrtieeh
manual.

4.1 Programming Overview

The ACTF loader in the AE86 512KB Flash will perfoithe system initialization and prepare for new
application code download or immediately run the-jmaded code. A remote debugger kernel can be
loaded into the Flash located starting 0xfa000.Ugging at baud rate of 115,200 (TDREM115.HEX) and
38,400 (TDREM384.HEX) are available. A loader file TDREM.HEX and both debugger files
TDREM115.HEX and TDREM384.HEX, are included in th&V/DV disk under the
c:\tern\ 186\ sanpl es\ AE86 directory.
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A functional diagram of the ACTF (embedded in tHe88) is shown below:

[ Power on or Reset }

SEND out MENU over SERO at 19200, N, 8, 1 to
Hyperterminal of Windows95/98

STEP2 Jumper on ?
2 pin 38=P4=GND 2
Text command or download new codes

v

Process Commands }

See ACTF-kit and Functions for detail

Read EE for thejump address CS:1P [

[ RUN the program starting at the CS:1P }

The C function prototypes supporting Am188/186E&IWware can be found in header filaeh”, in the
c:\tern\186\i ncl ude directory.

Sample programs can be found in thec: \tern\ 186\ sanpl es\ ae and
c:\tern\ 186\ sanpl es\ ae86 directories.
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4.1.1 Steps for AE86-based product devel opment

Preparation for Debugging

» Connect AE86 to PC via RS-232 link, 19,200, 81N,

« Power on AE86 without STEP 2 jumper installed

« ACTF menu should be sent to PC terminal

¢ Use “D” command to download “L_ TDREM.HEX" in SRAM
* Type “G04000” command to jump to “L_ TDREI

« Download “AE86_0_115.HEX" to Flash (located afd300)

* Type “GFA000" to setup jump address in EE and BEBUG
« Install the STEP2 jumper (J2.38-40)

« Power-on or reset AE86, Ready for Remote debugger

STEP 1: Debugging

 Write your application program in C
* PC DOS prompt, run “t led”
« Edit, compile, link, locate, download, and remd&bug

I

STEP 2: Standalone Field Test
Run controller standalone, away from PC, with

*EE jump address modified (default 0x08000), poiats
your program in RAN

*» STEP2 jumper set
' application program running in battery-backed SRAM
(Battery lasts 3-5 years under normal conditions})

!

STEP 3: Production (DV+ACTF Kit only)

» Generate application HEX file with DV and ACTFtKi
e Download “L_29F400.HEX” into RAM and Run it

» Download application HEX file into FLASH

» Modify EE jump address to 0x80000

» Set STEP2 jumper

There is no ROM socket on the AE86. The user'siagipbn program must reside in SRAM for debugging
in STEP1, reside in battery-backed SRAM for thendtdone field test in STEP2, and finally be
programmed into Flash for a complete product.

The on-board Flash 29F400BT has 256K words of 164dach. It is divided into 11 sectors, compriséd o
one 16KB, two 8KB, one 32KB, and seven 64KB sectdise top one 16KB sector is pre-loaded with
ACTF boot strip, the one 8KB sector starting Oxfa@ for loading remote debugger kernel, and tisetre
all sectors are free for application use.

The top 16KB ACTF boot strip is protected.

Two utility HEX files, “L_ TDREM.HEX” and “L_29F40(HEX", are designed for downloading into
SRAM starting at 0x04000 with ACTF-PC-HyperTermindlse the “D” command to download, and use
the “G” command to run.
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“L_TDREM.HEX" will erase the 8KB sector and load “@DREM115.HEX” or “TDREM384.HEX".
“L_29F400.HEX” will erase the remaining sectors dlmwnloading your application HEX file.

OXFFFFF
ACTF
TDREM
0XFA000
0x80000
OX1FFFF S12K
+
128K l
v
0x000¢

For production, the user must produce an ACTF-doaaidble HEX file for the application, based on the
DV+ACTF Kit. The application HEX file can be loadedto the on-board Flash starting address at
0x80000.

The on-board EE must be modified with a “G80000femand while in the ACTF-PC-HyperTerminal
Environment.

The “STEP2” jumper (J2 pins 38-40) must be insthfter every production-version board.

Step 1 settings

In order to correctly download a program in STERthWC Turbo Remote Debugger, the AE86 must meet
these requirements:

1) TDREM115.HEX must be pre-loaded into Flash sigraddress 0xfa000.

2) The SRAM installed must be large enough to lyoldr program.

For a 32K SRAM, the physical address is 0x00000#&k0
For a 128K SRAM, the physical address is 0x00000Efk
For a 512K SRAM, the physical address is 0x0000D#¢

3) The on-board EE must have a correct jump addoesthe TDREM115.HEX with starting address of
0xfa000.

4) The STEP2 jumper must be installed on J2 pird(B8

42 AE.LIB

AE.LIB is a C library for basic A-Engine86 operat® It includes the following modules: AE.OBJ,
SERO0.0OBJ, SER1.0BJ, SCC.OBJ, and AEEE.OBJ. You medohk AE.LIB in your applications and
include the corresponding header files. The foltayis a list of the header files:
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Include-filename | Description

AE.H PPI, timer/counter, ADC, DAC, RTC, Watchdog
SERO.H Internal serial port 0

SER1.H Internal serial port 1

SCC.H External UART SCC2691

AEEE.H on-board EEPROM

4.3 Functionsin AE.OBJ

4.3.1 A-Engine86 Initialization

ae_init

This function should be called at the beginningedéry program running on A-Engine86 core contrsller
It provides default initialization and configuraticof the various 1/0O pins, interrupt vectors, sats
expanded DOS 1/0, and provides other processoifgpepdates needed at the beginning of every
program.

There are certain default pin modes and interrefiing)s you might wish to change. With that in dhithe
basic effects oée init are described below. For details regarding regisse, you will want to refer to the
AMD Am186ES Microcontroller User’'s manual.

< Initialize the upper chip select to support thead#fROM. The CPU registers are configured such
that:

— Address space for the ROM is from 0x80000-0xffttf (hap MemCard I/O window)
- 512K ROM Block size operation.

—  Three wait state operation (allowing it to suppgotto 120 ns ROMs). With 70 ns ROMs, this
can actually be set to zero wait state if you regjinicreased performance (at a risk of stability
in noisy environments). For details, see the UMGfper Memory Chip Select Register)
reference in the processor User’'s manual.

out port (Oxffa0, 0x80bf); // UMCS, 512K ROV, 0x80000-Oxfffff
e Initialize LCS (ower Chip Select) for use with the SRAM. It is configured so that:
— Address space starts 0x00000, with a maximum oK5RAM.
—  Three wait state operation. Reducing this valueiggrove performance.
- Disables PSRAM, and disables need for externalread
out port (Oxffa2, Ox7fbf); // LMCS, base Mem address 0x0000
e Initialize MMCS and MPCS so th&d CS0 andPCS0-PCS6 (except for PCS4) are configured so:

- MCS0is mapped also to a 256K window at 0x80000. #dusith MemCard, this
chip select line is used for the 1/0O window.

—  Sets upPCS5-6 lines as chip-select lines, with three wait stgderation.

out port (Oxffa8, OxaObf); // s8, 3 wait states
out port (Oxffa6, 0x81ff); // CSOMSKH

¢ Initialize PACS so thaPCS0-PCS3 are configured so that:
—  Sets upPCS0-3 lines as chip-select lines, with fifteen wait staperation.

—  The chip select lines starts at /0O address 0x0@fiB,each successive chip select line
addressed 0x100 higher in I/O space.
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out port (Oxffa4, 0x007f); // CSOMSKL, 512K, enable CSO for RAM

< Configure the two PIO ports for default operatidXil pins are set up as default input, except for
P12 (used for driving the LED), and peripheralction pins for SERO and SER1, as well as chip
selects for the PPI.

out port (Oxff 78, Oxe73c); /1 PDI R1, TxDO, Rx DO, TxD1, RxD1,
/] P16=PCSO, P17=PCS1=PPI

out por t (0xff 76, 0x0000) ; /1 PIOWVL

out port (Oxff 72, Oxec7b); /1 PDI RO, P12, Al19, A18, A17, P2=PCS6=RTC
/1

out por t ( Oxf f 70, 0x1000) ; Pl OMD, P12=LED

e Configure the PPI 82C55 to all inputs. You caretdisese to inputs.

out port b(0x0103, 0x9a) ; /1 all pins are input, |20-23 output
out port b(0x0100, 0);

out port b(0x0101, 0);

out port b(0x0102, 0x01); /1 120 high

The chip select lines are set to 15 wait statesldigult. This makes it possible to interface waithny
slower external peripheral components. If you negiaster I/O access, you can modify this numimavrd
as needed. Some TERN components, such as thélReai€lock, might fail if the wait state is decreds
too dramatically. A function is provided for tipsirpose.

void io_wait
Arguments. char wait
Return value: none.

This function sets the current wait state dependimthe argumemait.

wai t=0, wait states 0, I/O enable for 100 ns
wai t=1, wait states 1, 1/O enable for 100+25 ns

wai t=2, wait states = 2, 1/0O enable for 100+50 ns
wait=3, wait states = 3, |/O enable for 100+75 ns
wait=4, wait states = 5, |/O enable for 100+125 ns
wai t=5, wait states = 7, |/O enable for 100+175 ns
wai t=6, wait states = 9, |/O enable for 100+225 ns
wai t=7, wait states = 15, |/ O enable for 100+375 ns

4.3.2 External Interrupt Initialization

There are up to eight external interrupt sourcethenA-Engine86, consisting of seven maskable riapr
pins (NT6-INTO) and one non-maskable interrupdM1). There are also an additional eight internal
interrupt sources not connected to the externa, gionsisting of three timers, two DMA channelsthbo
asynchronous serial ports, and i1 from the watchdog timer. For a detailed discussiwolving the
ICUs, the user should refer to Chapter 7 of the AMBL86ES Microcontroller User’'s Manual.

TERN provides functions to enable/disable all af 8 external interrupts. The user can call anthef
interrupt init functions listed below for this purge. The first argument indicates whether theiquaalr
interrupt should be enabled, and the second isi@itn pointer to an appropriate interrupt servizetine
that should be used to handle the interrupt. TBRN libraries will set up the interrupt vectors remtly
for the specified external interrupt line.

At the end of interrupt handlers, the appropriateérvice bit for the IR signal currently being dkead must
be cleared. This can be done using H@nspecific EOl command. At initialization time, interrupt
priority was placed ifrully Nested mode. This means the current highest priorityringet will be handled
first, and a higher priority interrupt will intenoti any current interrupt handlers. So, if the ud@oses to
clear the in-service bit for the interrupt currgriteing handled, the interrupt service routine pestds to
issue the nonspecific EOl command to clear theectifnighest priority IR.

To send the nonspecific EOl command, you need ite WreEOI register word with 0x8000.
out port (Oxff22, 0x8000);
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void intx_init
Arguments. unsigned char i, void interrupt far (* intx_isr) () )
Return value: none

These functions can be used to initialize any driheexternal interrupt channels (for pin locati@nd
other physical hardware details, see the Hardwzapter). The first argumenindicates whether this
particular interrupt should be enabled or disabléHe second argument is a function pointer, whith
act as the interrupt service routine. The overtwathe interrupt service routine, when executedpiout
20 ys.

By default, the interrupts are all disabled aftstialization. To disable them again, you can eggke call
but pass in 0 as the first argument.

The NMI (Non-Maskable Interrupt) is special in tlitatan not be masked (disabled). The defaultwiiR
return on interrupt.

void intO_init( unsigned char i, void interrupt far(* intO_isr)() );
void intl init( unsigned char i, void interrupt far(* intl_isr)() );
void int2_init( unsigned char i, void interrupt far(* int2_isr)() );
void int3_init( unsigned char i, void interrupt far(* int3_isr)() );
void int4_init( unsigned char i, void interrupt far(* int4_isr)() );
void int5_init( unsigned char i, void interrupt far(* int5_isr)() );
void int6_init( unsigned char i, void interrupt far(* int6_isr)() );
void int7_init( unsigned char i, void interrupt far(* int7_isr)() );
void int8_ init( unsigned char i, void interrupt far(* int8_.isr)() );
void int9_init( unsigned char i, void interrupt far(* int9_isr)() );
void nm _init(void interrupt far (* nm _isr)());

4.3.3 1/O Initialization

Two ports of 16 I/O pins each are available onAHengine86. Hardware details regarding these Pt@sli
can be found in the Hardware chapter.

Several functions are provided for access to ti@ IPles. At the beginning of any application whgoa
choose to use the PIO pins as input/output, yolupndlbably need to initialize these pins in onetaf four
available modes. Before selecting pins for thigppae, make sure that the peripheral mode operafion
the pin is not needed for a different use withia $hme application.

You should also confirm the PIO usage that is deedrabove withinae init(). During initialization,
several lines are reserved for TERN usage and lyould understand that these are not available dar y
application. There are several PIO lines that aexlfor other on-board purposes. These are altitledc
in some detail in the Hardware chapter of this méd manual. For a detailed discussion towarditBe
ports, please refer to Chapter 11 of the AMD Am18&kser’'s Manual.

Please see the sample prograenpio.c in t er n\ 186\ sanpl es\ ae. You will also find that these
functions are used throughout TERN sample filesnast applications do find it necessary to re-apnfe
the PIO lines.

The functionpio_wr andpio_rd can be quite slow when accessing the PIO pingebBding on the pin
being used, it might require from 5-10 us. The imaxn efficiency you can get from the PIO pins ocifur
you instead modify the PIO registers directly vétioutport instruction Performance in this case will be
around 1-2 us to toggle any pin.

The data register Bxff74 for PIO port 0, an@xff7a for PIO port 1.

void pio_init
Arguments: char bit, char mode
Return value: none
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bit refers to any one of the 32 PIO lines, 0-31.
mode refers to one of four modes of operation.

e 0, normal operation

e 1, input with pullup/down
e 2, output

e 3, input without pull

unsigned int pio_rd:
Arguments: char port
Return value:  byte indicating P10 status

Each bit of the returned 16-bit value indicatesatent 1/0 value for the P1O pins in the seleqted.
void pio_wr:

Arguments: char bit, char dat
Return value: none

Writes the passed in dat value (either 1/0) tcstilected PIO.

4.3.4 Timer Units

The three timers present on the A-Engine86 cansbkd tor a variety of applications. All three tis@un
at ¥ of the processor clock rate, which determihesnaximum resolution that can be obtained. Baraw
that if you enter power save mode, the timers opkrate at a reduced speed as well.

These timers are controlled and configured throaghode register that is specified using the softwar
interfaces. The mode register is described inildatahapter 8 of the AMD AM188ES User’s Manual.

Pulse width demodulation is done by setting the PN&itDn theSY SCON register. Before doing this, you
will want to specify your interrupt service routiewnhich are used whenever the incoming digitahalig
switches from high to low, and low to high.

The timers can be used to time execution of yoer-defined code by reading the timer values befmt
after execution of any piece of code. For a sarfidedemonstrating this application, see the safid
timer.c in the directorytern\186\samples\ae.

Two of the timers,TimerO and Timerl can be used to do pulse-width modulation with datde duty
cycle. These timers contain two max counters, ehbe output is high until the counter counts up to
maxcount A before switching and counting up to noaxtd B.

U12 AD7852 uses Timerl output (P1=J2.29) as ADClclap to 5SMHz.

It is also possible to use the outpuflofner2 to pre-scale one of the other timers, since 1@dsiblution at
the maximum clock rate specified gives you only H50 Only by usinglimer2 can you slow this down
even further. The sample filésner02.c andtimer12.c, located irtern\186\samples\ae, demonstrate this.

The specific behavior that you might want to impéerhis described in detail in chapter 8 of the AMD
AM188ES User’'s Manual.

void t0_init

void t1_init

Arguments:. int tm, int ta, int tb, void interrupt far(*t_igp)
Return values: none
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Both of these timers have two maximum counters (MMOUNTA/B) available. These can all be specified
usingta andtb. The argumentm is the value that you wish placed into theCON/T1CON mode
registers for configuring the two timers.

The interrupt service routine isr specified here is called whenever the full cosnteached, with othelr
behavior possible depending on the value spedifiethe control register.
void t2_init

Arguments. int tm, int ta, void interrupt far(*t_isr)()

Return values: none.

Timer 2 behaves like the other timers, except it only dv@s max counter available.

4.3.5 Analog-to-Digital Conversion

Parallel ADC AD7852

The high-speed AD7852 ADC unit (U12) is mapped ¥118B-Ox11f. To start a ADC conversion on
channel 0, A I/O write, outportb(0x118+7?,0); withg a new ADC conversion on the ADC channel ?. The
ADC busy signal is routed to J2 pin 11=P13. It gloesfor 16 ADC clocks indicating busy. A 16-biQ/
read, inport(0x118); will return the previous ADGnwersion result, with only upper 12-bit data D1%-D
valid. A sample programae86 ad.c demonstrating the use of the AD7852 is included in
t er n\ 186\ sanpl es\ ae86.

Serial ADC P2543

The P2543 ADC unit (U14) provides 11 channels @flag inputs based on the reference voltage supplied
to REF+. For details regarding the hardware configuratsse the Hardware chapter.

In order to operate the ADC, lines TO, T1, and fidhrf the PAL must be used. P11 of the AM186ES must
also be configured to be input. This line is adbared with the EEPROM, and left high at power-es®t.
You should be sure not to re-program these pinydor own use. Be careful when using the EEPROM
concurrently with the ADC. If the ADC is enablehe line P11 will be reserved for its use and atgnapt

to access the EEPROM will time-out after some time.

For a sample file demonstrating the use of the AD@lease see ae86 adl2.c in
t er n\ 186\ sanpl es\ ae86.

int ae86_ad
Arguments:. char ¢
Return values: int ad_value

The argument selects the channel from which to do the next Agab Digital conversion. A value of O
corresponds to chann&DO, 1 corresponds to chanmeD1, and so on.

The return valuad_value is the latched-in conversion value from the prasioall to this function. This
means each call to this function actually retuhesvalue latched-in from the previous analog-tatdig
conversion.

For example, this means the first analog-to-digitalversion done in an application will be simiiathe

following:
Ae86_ad(0); // Read from channel 0
chn_0O_data = ae86_ad(0)>>4; //Start the next conversion, retrieve val ue.
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4.3.6 Digital-to-Analog Conversion

Parallel DAC7625

The high-speed DAC DA7625 (U11) is mapped in 0x0%016.

Use outport(0x110, dac); to write upper 12-bit %-data into DAC channel 1, J4 pin 40
Use outport(0x112, dac); to write upper 12-bit %-data into DAC channel 2, J4 pin 42
Use outport(0x114, dac); to write upper 12-bit 4%-data into DAC channel 3, J4 pin 44
Use outport(0x116, dac); to write upper 12-bit 4%-data into DAC channel 4, J4 pin 46

Details regarding hardware, such as pin-outs anidieance specifications, can be found in the Hardw
chapter.

A sample program demonstrating the DAC can be found ae86 da.c in the directory
t ern\ 186\ sanpl es\ ae86.

Serial DAC LT1446

A LTC 1446 chip is available on the A-Engine86 wsjtionU15. The chip offers two channels, A and B,
for digital-to-analog conversion. Details regardinrdware, such as pin-outs and performance
specifications, can be found in the Hardware chapte

A sample program demonstrating the DAC can be found ae86 da.c in the directory
t er n\ 186\ sanpl es\ ae86.

void ae86_da
Arguments: int datl, int dat2
Return value: none

Argumentdat1 is the current value to drive to channel A of th@, while argumendat? is the value to
drive channel B of the chip.

These argument values should range from 0-40985,wmits of millivolts. This makes it possible tove a
maximum of 4.906 volts to each channel.

4.3.7 Other library functions

On-board supervisor MAX691 or LTC691

The watchdog timer offered by the MAX691 or LTC66ffers an excellent way to monitor improper
program execution. If the watchdog timéB) jumper is set, the functidmitwd() must be called every 1.6
seconds of program execution. If this is not exetibecause of a run-time error, such as an iefioitp or
stalled interrupt service routine, a hardware regiébccur.

void hitwd
Arguments: none
Return value: none

Resets the supervisor timer for another 1.6 seconds
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void led
Arguments: int ledd
Return value: none

Turns the on-board LED on or off according to théue ofledd.

Real-Time Clock

The real-time clock can be used to keep track aff time. Backed up by a lithium-coin battery, teal
time clock can be accessed and programmed usingtarace functions.

The real time clock only allows storage of two thgof the year code, as reflected below. As altesu

application developers should be careful to accémma rollover in digits in the year 2000. Onegin
might be to store an offset value in non-volattlerage such as the EEPROM.

There is a common data structure used to accesssarobth interfaces.

t ypedef struct{
unsi gned char secl; One second digit.
unsi gned char secl10; Ten second digit.
unsi gned char ninl; One mnute digit.
unsi gned char ninl0; Ten minute digit.
unsi gned char hourl; One hour digit.
unsi gned char hour10; Ten hour digit.
unsi gned char dayl; One day digit.
unsi gned char dayl0; Ten day digit.
unsi gned char nonl; One nonth digit.
unsi gned char nonl0; Ten nonth digit.
unsi gned char yearl; One year digit.
unsi gned char year10; Ten year digit.
unsi gned char wk; Day of the week.

}TIM

intrtc rd
Arguments: TIM *r
Return value: int error_code

This function places the current value of the timaé clock within the argumenmtstructure. The structure
should be allocated by the user. This functioarret 0 on success and returns 1 in case of etrcin, as
the clock failing to respond.

int rtc_rds
Arguments. char* realTime
Return value: int error_code

This function places a string of the current vadfithe real time clock in the char* realTime.
The text string has a format of “year1000 year1€ar¥0 yearl month10 monthl day10 dayl hourl0 hd
min10 minl second10 second1”. For example” 1999082020” presents year1999, decembe, 2iyht
clock 10 minutes, and 20 second.

This function returns 0 on success and returnschse of error, such as the clock failing to respon

Void rtc_init
Arguments: char* t
Return value: none
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This function is used to initialize and set a vahte the real-time clock. The argumérghould be a null-
terminated byte array that contains the new tinteevto be used.

The byte array should correspond tadekday, year 10, year 1, month10, monthl, day10, dayl, hour 10,
hour1, minutel0, minutel, second10, secondl, 0 }.

If, for example, the time to be initialized intaetheal time clock is June 5, 1998, Friday, 13:55t88 byte
array would be initialized to:

unsigned char t[14] = { 5, 9, 8 0, 6, 0, 5, 1, 3, 5, 5 3, 0};

Delay

In many applications it becomes useful to pauserbegxecuting any further code. There are functions
provided to make this process easy. For applioatibat require precision timing, you should uselivare
timers provided on-board for this purpose.

void delayO
Arguments. unsigned int t
Return value: none

This function is just a simple software loop. Twual time that it waits depends on processordspee
well as interrupt latency. The code is functiopadlentical to:

VWhile(t) { t--; }

Passing in & value of 600 causes a delay of approximately 1 ms.
void delay_ms

Arguments. unsigned int

Return value: none

This function is similar to delayO, but the passedrgument is in units of milliseconds insteadoafp
iterations. Again, this function is highly depentdapon the processor speed.

unsigned int crcl6
Arguments. unsigned char *wptr, unsigned int count
Return value: unsigned int value

This function returns a simple 16-bit CRC on a katieay ofcount size pointed to bwptr.

void ae_reset
Arguments: none
Return value: none

This function is similar to a hardware reset, aad be used if your program needs to re-start tlaedoimr
any reason. Depending on the current hardwaregroation, this might either start executing codaf
the DEBUG ROM or from some other address.
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4.4 Functionsin SER0.OBJ/SER1.0BJ

The functions described in this section are prgetyin the header filser0.h andser1.h in the directory
tern\ 186\ i ncl ude.

The internal asynchronous serial ports are funatipmdentical. SERO is used by the DEBUG ROM
provided as part of the TERN EV/DV software kits t@mmunication with the PC. As a result, you will
not be able to debug code directly written foralguort 0.

Two asynchronous serial ports are integrated inAmd86ES CPU: SERO and SER1. Both ports have
baud rates based on the 40 MHz clock, and can wpata maximum of 1/16 of that clock rate.

By default, SERO is used by the DEBUG ROM for aggion download/debugging in STEP 1 and STEP
2. We will use SER1 as the example in the followttigcussion; any of the interface functions tha ar
specific to SER1 can be easily changed into functialls for SERO. While selecting a serial port dse,
please realize that some pins might be shared atlter peripheral functions. This means that irtager
limited cases, it might not be possible to useréageserial port with other on-board controllendtions.
For details, you should see both chapter 10 of Ahel86ES Microprocessor User's Manual and the
schematic of the A-Engine86 provided at the entthisfmanual.

TERN interface functions make it possible to use oha number of predetermined baud rates. These b
rates are achieved by specifying a divisor for Ioflhe processor frequency.

The following table shows the function argumentattbxpress each baud rate, to be used in TERN
functions. These are based on a 40 MHz systenk;cédo20 MHz system clock would have the baud rates
halved.

Function Argument | Baud Rate
1 110

2 150

3 300

4 600

5 1200

6 2400

7 4800

8 9600

9 19,200 (default)
10 38,400

11 57,600

12 115,200
13 250,000
14 500,000
15 1,250,000

Table 4.1 Baud rate values

After initialization by callings1 i nit (), SER1 is configured as a full-duplex serial port & ready to
transmit/receive serial data at one of the spetifie baud rates.
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An input buffer,ser 1_i n_buf (whose size is specified by the user), will autbcadly store the receiving
serial data stream into the memory by DMAL operatio terms of receiving, there is no software bead
or interrupt latency for user application prograeven at the highest baud rate. DMA transfer allows
efficient handling of incoming data. The user ohbs to check the buffer status witer hit 1() and
take out the data from the buffer wiglet ser 1() , if any. The input buffer is used as a circulagrbuffer,
as shown in Figure 4.1. However, the transmit dp@ras interrupt-driven.

ibuf in_tail in_head ibuf+isiz

oo v
[ L[]

1 |

Figure 4.1 Circular ring input buffer

The input buffer ipuf), buffer size idiz), and baud ratebfud) are specified by the user wistl_i ni t ()

with a default mode of 8-bit, 1 stop bit, no parifffter s1_i ni t() you can set up a hew mode with
different numbers for data-bit, stop bit, or patity directly accessing the Serial Port 0/1 ConRedbister
(SPOCT/SP1CT) if necessary, as described in chaptef the Am186ES manual for asynchronous serial
ports.

Due to the nature of high-speed baud rates andipessffects from the external environment, seinglut
data will automatically fill in the buffer circulgrwithout stopping, regardless of overwrite. léthser does
not take out the data from the ring buffer wigat ser 1() before the ring buffer is full, new data will
overwrite the old data without warning or controlhus it is important to provide a sufficientlyde buffer
if large amounts of data are transferred. For gienif you are receiving data at 9600 baud, a 4HGEer
will be able to store data for approximately foacands.

However, it is always important to take out datayetom the input buffer, before the ring buffeslls
over. You may designate a higher baud rate forstrétting data out and a slower baud rate for récgiv
data. This will give you more time to do other tysn without overrunning the input buffer. You caseu
serhit1() to check the status of the input buffer and rethmoffset of the in_head pointer from the
in_tail pointer. A return value of O indicates aata is available in the buffer.

You can usgyet ser 1() to get the serial input data byte by byte usingd-ffom the buffer. The in_tail
pointer will automatically increment after eveget ser 1() call. It is not necessary to suspend external
devices from sending in serial data with /RTS. Oaljphardware reset &l_cl ose() can stop this
receiving operation.

For transmission, you can ugait ser1() to send out a byte, or ugut sersl1() to transmit a
character string. You can put data into the trahsing buffer,s1_out _buf, at any time using this
method. The transmit ring buffer addresbuf) and buffer lengthasiz) are also specified at the time of
initialization. The transmit interrupt service wilheck the availability of data in the transmitfeuf If there

is no more data (the head and tail pointers aralgqtiwill disable the transmit interrupt. Othése, it will
continue to take out the data from the out buffex] transmit. After you capput ser 1() and transmit
functions, you are free to do other tasks with ddittonal software overhead on the transmittingrapen.

It will automatically send out all the data you sife After all data has been sent, it will clebetbusy flag
and be ready for the next transmission.

The sample programmer 1_0. ¢ demonstrates how a protocol translator works.dtilel receive an input
HEX file from SER1 and translate every ‘.’ charadte‘?’. The translated HEX file is then transimit out
of SERO. This sample program can be foundenn\ 186\ sanpl es\ ae.

Software Interface

Before using the serial ports, they must be initad.
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There is a data structure containing importanias@ort state information that is passed as argtiteetihe
TERN library interface functions. The@OM structure should normally be manipulated only RN
libraries. It is provided to make debugging of #e&rial communication ports more practical. Siiice
allows you to monitor the current value of the bufind associated pointer values, you can watch the
transmission process.

The two serial ports have similar software integfac Any interface that makes reference to eitheor
ser0 can be replaced witsl or ser1, for example. Each serial port should use its @@M structure, as
defined inae.h.

typedef struct {
unsi gned char ready; /* TRUE when ready */
unsi gned char baud;
unsi gned char node;

unsi gned char ifl ag; /* interrupt status */
unsi gned char *in_buf; /* I nput buffer */
int in_tail; /* Input buffer TAIL ptr */

int in_head; /* Input buffer HEAD ptr */

int in_size; /[* Input buffer size */

int in_crcnt; /* 1 nput <CR> count */

unsi gned char in_mt; /* I nput buffer FLAG */
unsi gned char in_full; /* input buffer full */
unsi gned char *out _buf; /* Qutput buffer */

int out_tail; /* Qutput buffer TAIL ptr */

int out_head; /* Qutput buffer HEAD ptr */

int out_size; /* Qutput buffer size */

unsi gned char out_full; /* Qutput buffer FLAG */
unsi gned char out_nt; /* Qutput buffer MI */

unsi gned char tnso; /1 transmit nacro service operation
unsi gned char rts;

unsi gned char dtr;

unsi gned char en485;

unsi gned char err;

unsi gned char node;

unsi gned char cr; /* scc CR register */

unsi gned char sl ave;

unsi gned int in_segm /* input buffer segnment */
unsigned int in_offs; /* input buffer offset */
unsi gned int out_segm /* output buffer segnent */
unsi gned int out_offs; /* output buffer offset */

unsi gned char byte_del ay; /* V25 macro service byte delay */
} COM

sn_init
Arguments. unsigned char b, unsigned char* ibuf, int isiz, unsigned char* obuf, int osiz, COM* ¢
Return value: none

This function initializes either SERO or SER1 wiitie specified parameterb.is the baud rate value show
in Table 4.1. Argumenit®uf andisiz specify the input-data buffer, aebuf andosiz specify the location
and size of the transmit ring buffer.

-

The serial ports are initialized for 8-bit, 1 staih no parity communication.

There are a couple different functions used fandmaission of data. You can place data within thigat
buffer manually, incrementing the head and taifdrupointers appropriately. If you do not call arfethe
following functions, however, the driver interrufatr the appropriate serial-port will be disabledieh
means that no values will be transmitted. Thisvedl you to control when you wish the transmissibdaia
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within the outbound buffer to begin. Once the fintpts are enabled, it is dangerous to manipulage t
values of the outbound buffer, as well as the \abfahe buffer pointer.

putsern
Arguments. unsigned char outch, COM *c
Return value: int return_value

This function places one byteitch into the transmit buffer for the appropriate Sepiart. The return value
returns one in case of success, and zero in aey o#ise.

putsersn
Arguments. char* str, COM *c
Return value: int return_value

This function places a null-terminated charactangtinto the transmit buffer. The return valueures one
in case of success, and zero in any other case.

DMA transfer automatically places incoming dataitite inbound bufferser hitn() should be called befor
trying to retrieve data.

1%

serhitn
Arguments. COM *c
Return value: int value

This function returns 1 aslue if there is anything present in the in-bound bufte this serial port.

getsern
Arguments. COM *c
Return value: unsigned char value

This function returns the current byte frem in_buf, and increments the_tail pointer. Once again, this
function assumes thagr hitn has been called, and that there is a charactesmirgsthe buffer.

getsersn
Arguments. COM c, int len, char* str
Return value: int value

This function fills the character buffetr with at mosten bytes from the input buffer. It also stops
retrieving data from the buffer if a carriage retgASCII: 0x0d) is retrieved.

This function makes repeated callggbser, and will block untillen bytes are retrieved. The retwaue
indicates the number of bytes that were placedthdouffer.

Be careful when you are using this function. Téimed character string is actually a byte array
terminated by a null character. This means thaxetimight actually be multiple null charactershia byte
array, and the returnadlue is the only definite indicator of the number otdxyread. Normally, we
suggest that thgetser s andputser s functions only be used with ASCII character stsinif you are working
with byte arrays, the single-byte versions of tHesetions are probably more appropriate.

Miscellaneous Serial Communication Functions

One thing to be aware of in both transmission awtiving of data through the serial port is thaRNe
drivers only use the basic serial-port communicatines for transmitting and receiving data. Haadsv
flow control in the form ofCTS (Clear-To-Send) an®TS (Ready-To-Send) is not implemented. There
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are, however, functions available that allow yoeheck and set the value of these I/O pins appatgpfor
whatever form of flow control you wish to implemerBefore using these functions, you should onaérag
be aware that the peripheral pin function you aiagimight not be selected as needed. For depddlase
refer to the AM186ES User’s Manual.

char sn_cts(void)
Retrieves value € TS pin.

void sn_rts(char b)
Sets the value ®®TStob.

Completing Serial Communications

After completing your serial communications, yown aga-initialize the serial port with s1_init(); t@set
default system resources.

sn_close
Arguments. COM *c
Return value: none

This closes down the serial port, by shutting délvenhardware as well as disabling the interrupt.

The asynchronous serial I/O ports available orAimd 86ES Processor have many other features thdat mig
be useful for your application. If you are truhtérested in having more control, please read @ndyft of
the manual for a detailed discussion of other festavailable to you.

4.5 Functionsin SCC.OBJ

The functions found in this object file are profmy inscc.h in thet er n\ 186\ i ncl ude directory.

The SCC is a component that is used to provideird #tsynchronous port. It uses a 8 MHz crystal,
different from the system clock speed, for driviegrial communications. This means the divisors and
function arguments for setting up the baud rateHis third port are different than for SERO andR3E

The SCC2691 component has its own 8 MHz crystalighog the clock signal. By default, this is set&
MHz to be consistent with earlier TERN controllesiyns. The highest standard baud rate is 194%00,
shown in the table below. If your application reqsa a higher standard baud rate (115,200, for pigmit

is possible to replace this crystal with a custaf884 MHz crystal. A sample file demonstrating hitne
software would be changed for this applicatioadssccl.c, found in theter n\186\samples\ae\ directory.

Function Argument | Baud Rate
110

150

300

600

1200
2400
4800

N o o~ WDN P
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Function Argument | Baud Rate

8 9600 (default)
9 19,200

10 31,250

11 62,500

12 125,000

13 250,000

Unlike the other serial ports, DMA transfer is mgtd to fill the input buffer for SCC. Instead,iaterrupt-
service-routine is used to place characters ingoirtput buffer. If the processor does not respanthé
interrupt—because it is masked, for example—therinpt service routine might never be able to cetepl
this process. Over time, this means data mighbd&tdn the SCC as bytes overflow.

Special control registers are used to define hav3EC operates. For a detailed description of tergis
MR1 andMR2, please see Appendix C of this manual. In modfRNE&pplications, MR1 is set @x57,
and MR2 is set t@®x07. This configures the SCC for no flow control (RTSTS not used/checked), no
parity, 8-bit, normal operation. Other configuraticare also possible, providing self-echo, evenymatity,
up to 2 stop bits, 5 bit operation, as well as enatiic hardware flow control.

Initialization occurs in a manner otherwise similarSERO and SER1. AOM structure is once again
used to hold state information for the serial pofte in-bound and out-bound buffers operate asrbef
and must be provided upon initialization.

scc_init

Arguments. unsigned char m1, unsigned char m2, unsigned charsigned char* ibuf, int isiz, unsigned
char* obuf, int osiz, COM *c

Return value: none

This initializes the SCC2691 serial port to baue g as defined in the table above. The valuegairand
m2 specify the values to be stored irMd&R1 andMR2. As discussed above, these values are normally
0x57 and0x07, as shown in TERN sample programs.

ibuf andisiz define the input buffer characteristics, adif andosiz define the output buffer.

After initializing the serial port, you must alsetaup the interrupt service routine. The SCC26%RU
takes up external interrugkNTO on the CPU, and you must set up the appropridegrupt vector to
handle this. An interrupt service routingc isr(), has been written to handle the interrupt, and it
enables/disables the interrupt as needed to traremdi receive data with the data buffers. So,rafte
initialization, you will need to make a call to thos:

intO_init(1, scc_isr);
By default, the SCC is disabled for bdttansmit andreceive. Before using the port, you will need to
enable these functionalities.

When using RS232 in full-duplex modeansmit andreceive functions should both be enabled. Once this
is done, you can transmit and receive data as deedegou do need to do limited flow control, tMPO

pin on the J1 header can be used for RTS. Fomaledile showing RS232 full duplex communications,
please seae scc.c in the directoryt er n\ 186\ sanpl es\ ae.

RS485 is slightly more complex to use than RS2&%5485 operation is half-duplex only, which means
transmission does not occur concurrently with réoep The RS485 driver will echo back bytes senthe
SCC. As a result, assuming you are using the R84i8Br installed on another TERN peripheral board,
you will need to disableeceive while transmitting. While transmitting, you willso need to place the
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RS485 driver in transmission mode as well. Thiddee by usingcc rts(1). This uses pin MPO (multi-
purpose output) found on the J1 header. While gr@ureceiving data, the RS485 driver will need ¢o b
placed in receive mode usirmgc_rts(0). For a sample file showing RS485 communicatideage see
ae rA85.cin the directont er n\ 186\ sanpl es\ ae.

en485
Arguments: inti
Return value: none

This function sets the pin MPO either high (i =ot)ow (i = 0). The function scc_rts() actuallysha
similar function, by pulling the same pin high om, but is intended for use in flow control.

scc_send_elscc rec e
Arguments: none
Return value: none

This function enables transmission or receptiothenSCC2691 UART. After initialization, both ofethe
functions are disabled by default. If you are gdr8485, only one of these two functions should be
enabled at any one time.

scc_send_reset/scc_rec reset
Arguments: none
Return value: none

This function resets the state of the send andvwedenction of the SCC2691. One major use ofdéhes
functions is to disableansmit andreceive. If you are using RS485, you will need to uss feature when
transitioning from transmission to reception, amfrreception to transmission.

Transmission and reception of data using the S@Crn®ost ways identical to SERO and SER1. The
functions used to transmit and receive data aréssimFor details regarding these functions, pe@ser to
the previous section.

putser_scc
See: putsern

putsers scc
See: putsersn

getser_scc
See: getsern

getsers scc
See: getsersn

Flow control is also handled in a mostly similastieon. The CTS pin corresponds to the MPI pincivlis
not connected to either one of the headers. TH& it corresponds to the MPO pin found on the J1
header.

scc_cts
See: sn_cts

sce_rts
See: sn_rts
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Other SCC functions are similar to those for SER® SER1.

scc_close
See: sn_cl ose

ser hit_scc
See: sn_hit

clean_ser_scc

See: clean_sn
Occasionally, it might also be necessary to chbekstate of the SCC for information regarding extbat
might have occurred. By callingcc_err, you can check for framing errors, parity erroifspérity is
enabled), and overrun errors.

scc_err

Arguments. none

Return value: unsigned char val

The returned valueal will be in the form of OABC0000 in binary. Bit & 1 to indicate a framing error.
Bit B is 1 to indicate a parity error, and bit @licates an over-run error.

4.6 Functionsin AEEE.OBJ

The 512-byte serial EEPROM4CO04) provided on-board allows easy storage of nontilelgprogram
parameters. This is usually an ideal locationté@esimportant configuration values that do notcheebe
changed often. Access to the EEPROM is quite slowmpared to memory access on the rest of the
controller.

Part of the EEPROM is reserved for TERN use sptifi for this purpose.

Addresse$x00 to Ox1f on the EEPROM is reserved for system use, inctudonfiguration information
about the controller itself, jump address for Ske, and other data that is of a more permanenteat

The rest of the EEPROM memory spa@e?0 to Ox1ff, is available for your application use.

The EEPROM shares line P11 with the ADC. If the ABGenabled, it can interfere with the EEPROM.
The ADC is enabled if 120 is low. In the init fumm, it is brought high so that you can access the
EEPROM. Be aware that if you modify the PPI conteglister by calling outportb(0x0103, xx); then il
the output lines on the PPI are brought low, inclgdi20, which enables the ADC and disables the
EEPROM. If you need to use the EEPROM, be sureitgh20 high again to disable the ADC (refer to
section 3.4.2).

ee wr
Arguments:. int addr, unsigned char dat
Return value: int status

This function is used to write the passedah to the specifiedddr. The return value is 0 in success.
ee rd

Arguments:. int addr
Return value: int data

This function returns one byte of data from thec#fjeel address.

4-21



A-Engine86 Appendix A: A-Engine86 L ayout
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The A-Engine86 measures 3.6 by 2.3 inches. Its layout is shovawbell dimensions are in inches.
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The A-Engine86-P measures 3.6 x 2.9 x 0.3 inches. Its layoutdsvehbelow. The lower portion of the board
(shaded) is identical to thee-Engine, refer to the layout shown above.
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The A-Engine86-P (AE86-P) is a new version of th&-Engine86 with an on-board regulated 5-volt power and
either RS232 or 485 drivers, eliminating the nesdlie VE232. Measuring 3.6 x 2.9 x 0.3 inches AE86-P

is ideal for applications in which space is vergited, where the VE232's extra height could not be
accommodated.

The A-Engine can be installed on TERN controllers, such asRtwerDrive, SensorWatch, LittleDrive, or
MotionC. TERN offers custom hardware and software desigasedb on theA-Engine86, or other TERN
controllers.

The AE86-P supports an optional LM2575 switching regulatod @l The switching regulator consumes less
power and generates less heat than the standaat liagulator. Furthermore, the switching regulaim be
disabled to power-off th&E86-P via the VOFF pin of the real-time clock. The bajtbacked real-time clock
can be programmed to power-on the A-Engine86e@sample program power off.c)
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Appendix B: VE232 Pin Layout
All dimensions are in inches.
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Appendix C: UART SCC2691

1. Pin Description

D0-D7 Data bus, active high, bi-directional, and having 3-State
ICEN Chip enable, active-low input

/WRN Write strobe, active-low input

/RDN Read strobe, active-low input

AO0-A2 Address input, active-high address input to select the UART registers
RESET Reset, active-high input

INTRN Interrupt request, active-low output

XUCLK Crystal 1, crystal or external clock input

X2 Crystal 2, the other side of crystal

RxD Receive serial datainput

TxD Transmit serial data output

MPO Multi-purpose output

MPI Multi-purpose input

Vce Power supply, +5 V input

GND Ground

2. Register Addressing

A2 Al A0 READ (RDN=0) WRITE (WRN=0)
0 0 0 MR1,MR2 MR1, MR2
0 0 1 SR CSR
0 1 0 BRG Test CR
0 1 1 RHR THR
1 0 0 1x/16x Test ACR
1 0 1 ISR IMR
1 1 0 CTU CTUR
1 1 1 CTL CTLR
Note:
ACR = Auxiliary control register
BRG = Baud rate generator
CR = Command register
CSR = Clock select register
CTL = Counter/timer lower
CTLR = Counter/timer lower register
CTU = Counter/timer upper
CTUR = Counter/timer upper register
MR = Mode register
SR = Status register
RHR = Rx holding register
THR = Tx holding register
3. Register Bit Formats
MR1 (Mode Register 1):
Bit 7 |  Bit6 | Bit5 |  Bit4 HETE [ Bit2 [ Bit1 [ Bito
RxRTS RXINT Error __ ParityMode___ Parity Type Bits per Character
0=no 0=RxRDY 0 =char 00 = with parity 0=Even 00=5
l=vyes 1=FFULL 1= block 01 = Force parity 1=0dd 01=6
10 = No parity 10=7
11 = Specia mode In Specia 11=8
mode:
0 =Data
1=Addr
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MR2 (Mode Register 2):
[ Bit7 | Bite | Bit5 |  Bit4 | Bit3 | Bit2 | Bit1 | Bito |
Channel Mode TXRTS CTS Enable Stop Bit Length
Tx (add 0.5 to cases 0-7 if channel is 5 bits/character)
00 = Normal 0=no 0=no 0=0563 4=0.813 8=1563 C=1.813
01 = Auto echo 1=yes 1=yes 1=0.625 5=0875 9=1625 D=1.875
10 = Local loop 2=0688 6=0938 A=1688 E=10938
11 = Remote loop 3=0.750 7=1.000 B=1750 F=2.000
CSR (Clock Select Register):
[ Bit7 | Bit6 | Bit5 | Bit4 [ BIit3 [ Bit2 [ Bit1 [ Bito |
Receiver Clock Select Transmitter Clock Select
when ACR[7] =0: when ACR[7] =0:
0= 50 1=110 2=1345 3=200 0= 50 1=110 2=1345 3=200
4=300 5=600 6=1200 7 =1050 4=300 5=600 6=1200 7 =1050
8=2400 9=4800 A =7200 B = 9600 8=2400 9=4800 A =7200 B = 9600
C=38.4k D=Timer E=MPI-16x F=MPI-1x C=38.4k D=Timer E=MPI-16x F=MPI-1x
when ACR[7] = 1: when ACR[7] = 1:
0= 75 1= 110 2=1345 3= 150 0= 75 1= 110 2=1345 3= 150
4=300 5=600 6=1200 7 =2000 4=300 5=600 6=1200 7 =2000
8=2400 9=4800 A =7200 B =1800 8=2400 9=4800 A=7200 B = 1800
C=19.2k D=Timer E=MPI-16x F=MPI-1x C=19.2k D=Timer E=MPI-16x F=MPI-1x
CR (Command Register):
[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [ Bit1 | Bito |
Miscellaneous Commands Disable Enable Disable Enable
TX TX RXx Rx
0 = no command 8=gart C/T 0=no 0=no 0=no 0=no
1 =reset MR pointer 9 = stop counter 1=vyes 1=yes 1=vyes 1=yes
2 =reset receiver A = assert RTSN
3 =reset transmitter B = negate RTSN
4 =reset error status C=reset MPI
5 = reset break change change INT
INT D =reserved
6 = start break E = reserved
7 = stop break F = reserved
SR (Channel Status Register):
[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito |
Received Framing Parity Overrun TXEMT TXRDY FFULL RxRDY
Break Error Error Error
0=no 0=no 0=no 0=no 0=no 0=no 0=no 0=no
1=vyes 1=vyes 1=vyes 1=vyes 1=vyes 1=vyes 1=vyes 1=vyes
* * *
Note:

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status register provides these bits
[7:5] from the top of the FIFO together with bits [4:0]. These bits are cleared by a reset error status command. In character mode they are

reset when the corresponding data character is read from the FIFO.
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ACR (Auxiliary Control Register):

[ Bit7 [ Bit6 [ Bit5 [ Bit4 [ Bit3 [ Bit2 [ Bit1 [ Bito |
BRG Set Counter/Timer Mode and Source Power- MPO Pin Function Select
Select Down
Mode
0=Baud 0 = counter, MPI pin 0=on, 0=RTSN
rateset 1, 1 = counter, MPI pin divided by power 1=C/TO
see CSR 16 down 2=TxC (1x)
bit format 2 = counter, TxC-1x clock of the active 3=TxC (16x)
transmitter 1= off 4 =RxC (1x)
1= Baud 3 = counter, crystal or external normal 5=RxC (16x)
rate set 2, clock (x2/CLK) 6 =TxXRDY
see CSR 4 =timer, MPI pin 7 =RxXRDY/FFULL
bit format 5 =timer, MPI pin divided by
16
6 = timer, crystal or external
clock (x1/CLK)
7 =timer, crystal or external
clock (x1/CLK) divided by 16
ISR (Interrupt Status Register):

[ Bit7 Bit6 | Bit5 |  Bit4 [ Bit3 [ Bit2 [ Bit1 [ Bito |
MPI Pin MPI Pin Not Used Counter Delta RxRDY/ TXEMT TXRDY
Change Current Ready Break FFULL

State
0=no 0=low 0=no 0=no 0=no 0=no 0=no
1=yes 1=high 1=yes 1=yes 1=yes 1=yes 1=yes
IMR (Interrupt Mask Register):
[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito |
MPI MPI Counter Delta RxRDY/ TXEMT TXRDY
Change Level Not Used Ready Break FFULL Interrupt Interrupt
Interrupt Interrupt Interrupt Interrupt Interrupt
0 = off 0 = off 0 = off 0 = off 0 = off 0 = off 0 = off
1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n
CTUR (Counter/Timer Upper Register):
[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [ Bit1 | Bito |
| cTag | crpa | crpyy | otz | otqa | otlig | cm9 | cmrg |
CTLR (Counter/Timer Lower Register):
[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito |
[ T | _crmiel | cmisl | cmi4 | 13 | cm2 | cmiy |_crmo |
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Appendix D: RTC72421 / 72423

Function Table

Address Data
Az | A, | A; | Ay | Register | 3 D, D, Count Remarks
Value
0 (0 0 |0 |9 S3 S S 0~9 1-second digit register
0 (0 0 |1 |9 S10 S0 | Sio 0~5 10-second digit register
0 (0 1 ({0 | My mig | miy miy, [ mig 0~-9 1-minute digit register
0 (O 1|1 Mk Migq Misg | Migg | 0~5 10-minute digit register
0 |1 01|oO0 H hg hy hy 0~9 1-hour digit register
0 |1 |0 |1 | Hg PM/AM | hyy | hyg 0~2 | PM/AM, 10-hour digit
or register
0-1
0 |1 110 ] dg dy d, 0~9 1-day digit register
0 |1 1 (1 Do dgy | dig 0-~3 10-day digit register
1 ]0 0 |0 | MQ mog | mo, mo, [ mo, | 0~9 1-month digit register
1 ]0 0 |1 MQg mo | 0~1 10-month digit register
1 0 1 0 Y Ys Y4 Yo 0~9 1-year digit register
1 |0 1 ]1 Yo Yso | Yao Yoo | Y10 0~9 10-year digit register
1 |1 0|0 | W vy W, 0~6 Week register
1 1 0 1 Reg D 30s | IRQ Busy | Hold Control register D
Adj | Flag
1 |1 110 Reg E qt ty INT/ | Mask Control register E
STD
1 1 1 1 Reg F Test 24/12 Sto Rest Control regist

Note: 1) INT/STD = Interrupt/Standard, Rest = Rpse

2) Mask AM/PM bit with 10's of hours operations;

3) Busy is read only, IRQ can only be set low );'0"

4)
Data bit| PM/AM INT/STD 24/12
1 PM INT 24
0 AM STD 12

5) Test bit should be "0".
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Appendix E: Serial EEPROM Map

Part of the on-board serial EEPROM locations aeal U/ system software. Application programs mustse
these locations.

0x00 Node Address, for networking

0x01 Board Type 00 VE
10 CE
01 BB
02 PD
03 SW
04 TD
05 MC

0x02

0x03

0x04 SERO_receive, used by ser0.c

0x05 SERO_transmit, used by ser0.c

0x06 SER1_receive, used by serl.c

0x07 SERL1_transmit, used by serl.c

0x10 CS high byte, used by ACTR™

0x11 CS low byte, used by ACTR™

0x12 IP high byte, used by ACTR™

0x13 IP low byte, used by ACTR™

0x18 MM page register 0

0x19 MM page register 1

Oxla MM page register 2

0x1b MM page register 3
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Appendix F: Software Glossary

The following is a glossary of library functions fine A-Engine86.

void ae_init(void) ae.h

Initializes the AM188ES processor. The followisghe source code fae_init()
outport(0xffa0,0xcObf);  // UMCS, 256K ROM, 3 wait states, disable AD15-0
outport(Oxffa2,0x7fbc);  // 512K RAM, 0 wait states

outport(0xffa8,0xa0bf); // 256K block, 64K MCS0, PCS1/0
outport(Oxffa6,0x81ff);  // MMCS, base 0x80000

outport(Oxffad,0x007f); // PACS, base 0, 15 wait

outport(0xff78,0xe73c);  // PDIR1, TxDO, RxDO, TxD1, RxD1, P16=PCS0, P17=PCS1=PPI
outport(0xff76,0x0000); // PIOM1

outport(Oxff72,0xec7b);  // PDIRO, P12,A19,A18,A17,P2=PCS6=RTC
outport(0xff70,0x1000); // PIOMO, P12=LED

outportb(0x0103,0x9a);  // all pins are input, 120-23 output
outportb(0x0100,0);

outportb(0x0101,0);

outportb(0x0102,0x01);  // 120=ADCShigh

clka_en(0);

enabl e();

Reference: led.c

void ae_reset(void) ae.h

Resets AM188 processor.

void delay _ms(int m) ae.h

Approximate microsecond delay. Does not use timer.

Var: m — Delay in approximate ms

Reference: led.c

void led(int 1) ae.h

Toggles P12 used for led.

Var: i- Led on or off

Reference: led.c
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void delayO(unsigned int t) ae.h

Approximate loop delay. Does not use timer.

Var: m — Delay using simple for loop up to t.

Reference:

void pwr_save en(int i) ae.h

Enables power save mode which reduces clock spBieters and serial ports will be effected.
Disabled by external interrupt.

Var: i— 1 enables power save only. Does not disa ble.

Reference: ae pwr.c

void clka_en(int i) ae.h

Enables signal CLK respectively for external peeigth use.

Var: i — 1 enables clock output, O disables (saves current when
disabled).
Reference:

void hitwd(void) ae.h

Hits the watchdog timer using P03. P03 must bexeoted to WDI of the MAX691 supervisor
chip.

Reference: See Hardware chapter of this manual for more information on the MAX691.

void pio_init(char bit, char mode) ae.h

Initializes a PIO line to the following:
mode=0, Normal operation
mode=1, Input with pullup/down
mode=2, Output
mode=3, input without pull

Var: bit—PIO line 0 - 31
Mode — above mode select

Reference: ae_pio.c
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void pio_wr(char bit, char dat)

Writes a bit to a PIO line. PIO line must be incariput mode
mode=0, Normal operation
mode=1, Input with pullup/down
mode=2, Output
mode=3, input without pull

Var: bit—PIO line 0 - 31
dat - 1/0

Reference: ae_pio.c

ae.h

unsigned int pio_rd(char port)

Reads a 16 bit PIO port.

Var: port—0: PIOO - 15
1: PIO16-31

Reference: ae pio.c

ae.h

void outport(int portid, int value)

Writes 16-bitvalue to 1/0 addresgortid.

Var: portid — /O address
value — 16 bit value

Reference: ae_ppi.c

dos.h

void outportb(int portid, int value)

Writes 8-bitvalue to 1/0 addresgortid.

Var: portid — 1/0 address
value — 8 bit value

Reference: ae ppi.c

dos.h

int inport(int portid)
Reads from an 1/O addrepsrtid. Returns 16-bit value.
Var: portid — 1/0 address

Reference: ae_ppi.c

dos.h
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int inportb(int portid) dos.h

Reads from an I/O addregsrtid. Returns 8-bit value.

Var: portid — 1/0 address

Reference: ae ppi.c

int ee_wr(int addr, unsigned char dat) aeee.h

Writes to the serial EEPROM.

Var: addr — EEPROM data address
dat - data

Reference: ae_ee.c

int ee_rd(int addr) aeee.h

Reads from the serial EEPROM. Returns 8-bit data

Var: addr — EEPROM data address

Reference: ae ee.c

int ae_ad12(unsigned char c) ae.h

Reads from the 11-channel 12-bit ADC. Returnsitl2b data of the previous channel.
In order to operate ADC, 120,121,122 must be outgud P11 must be input.
P11 is shared by RTC, EE. It must left high at pean/reset.

Unipolar:
Vref- = 0x000
Vref+ = Oxfff

Use 1 wait state for Memory and 1/0 without RDY380 us execution time
Use 0 wait state for Memory and 1/0O with VEPO1® %0 us execution time

Var: ¢ — ADC channel.

c={0...a},inputch=0-10

c=bh, input ch = (vref+ - vref-) /2
c=c, input ch = vref-

c=d, input ch = vref+

c=e, software power down

Reference: ae_adl2.c

F-4



A-Engine86 & A-Engine86-P

Appendix F: Software Glossary

void io_wait(char wait) ae.h

Setup I/0 wait states for 1/O instructions.

Var: wait — wait duration {0...7}

Reference:

wait=0, wait states = 0, I/O enable for 100 ns
wait=1, wait states = 1, I/O enable for 100+25 ns
wait=2, wait states = 2, I/O enable for 100+50 ns
wait=3, wait states = 3, I/O enable for 100+75 ns
wait=4, wait states = 5, /O enable for 100+125 ns
wait=5, wait states = 7, I/O enable for 100+175 ns
wait=6, wait states = 9, I/O enable for 100+225 ns
wait=7, wait states = 15, I/O enable for 100+375 ns

void rtc_init(unsigned char * time) ae.h

Sets real time clock date, year and time.

Var: time —time and date string
String sequence is the following:

time[0] = weekday
time[1] = yearl0
time[2] = yearl
time[3] = mon10
time[4] = monl
time[5] = day10
time[6] = dayl
time[7] = hourl0
time[8] = hourl
time[9] = min10
time[10] = minl
time[11] = secl10
time[12] = secl

unsigned char time[]={2,9,8,0,7,0,1,1,3,1,0,2,0};
/* Tuesday, July 01, 1998, 13:10:20 */

Reference: rtc_init.c

intrtc_rd(TIM *r)

ae.h

Reads from the real time clock.

Var: *r— Struct type TIM for all of the RTC data
typedef struct{

Reference: rtc.c

unsigned char secl, sec10, minl, minl10, hounlrly
unsigned char dayl, day10, monl, monl0, yearll@ea
unsigned char wk;

}TIM;

void t2_init(int tm, int ta, void interrupt far(*t2_isr)()); ae.h
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void t1_init(int tm, int ta, int tb, void interrupt far(*t1_isr)());
void tO_init(int tm, int ta, int tb, void interrupt far(*t0_isr)());

Timer 0, 1, 2 initialization.

Var: tm — Timer mode. See pg. 8-3 and 8-5 of the A MD CPU Manual
ta — Count time a (1/4 clock speed).
tb — Count time b for timer 0 and 1 only (1/4 clock).
Time a and b establish timer duty cycle (PWM). See

hardware chapter.
t #_isr — pointer to timer interrupt routine.
Reference: timer.c, timer1.c, timer 02.c, timer 2.c, timer0.c timer12.c

void nmi_init(void interrupt far (* nmi_isr)()); ae.h
void intO_init(unsigned char i, void interrupt far (*int0_isr)());
void intl init(unsigned char i, void interrupt far (*intl_isr)());
void int2_init(unsigned char i, void interrupt far (*int2_isr)());
void int3_init(unsigned char i, void interrupt far (*int3_isr)());
void int4_init(unsigned char i, void interrupt far (*int4_isr)());
void int5_init(unsigned char i, void interrupt far (*int5_isr)());
void int6_init(unsigned char i, void interrupt far (*int6_isr)());

Initialization for interrupts 0 through 6 and NMNI¢n-Maskable Interrupt).
Var: i—1: enable, O: disable.

int  #_isr — pointer to interrupt service.
Reference: intx.c

void sO_init( unsigned char b, unsigned char* ibuf, intisiz, ser0.h
unsigned char* obuf, int osiz, COM *c) (void);
void sl _init( unsigned char b, unsigned char* ibuf, intisiz, serl.h

unsigned char* obuf, int osiz, COM *c) (void);
Serial port 0, 1 initialization.

Var: b — baud rate. Tabl e bel ow for 40MH#z and 20MHz C ocks.
ibuf — pointer to input buffer array
isiz — input buffer size
obuf — pointer to output buffer array
0siz — ouput buffer size

c — pointer to serial port structure. See AE.H for COM
structure.

b baud (40MHz) | baud (20MHz)
1 110 55

2 |150 110

3 ]300 150

4 600 300

5 [1200 600

6 [2400 1200

7 4800 2400

8 9600 4800

9 19200 9600
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10 [38400 19200
11 |57600 38400
12 1115200 97600
13 23400 115200
14 1460800 43400
15 1921600 460800

Reference: s0_echo.c, s1_echo.c, s1_0.c

void scc_init( unsigned char m1, unsigned char m2, unsigned char b,
unsigned char* ibuf,int isiz, unsigned char* obuf,int osiz, COM *c)

Serial port 0, 1 initialization.

Var: ml=SCC691 MR1

m2 = SCC691 MR2

b —baud rate. T

isiz — input buffer size

obuf — pointer to output buffer array

0siz — ouput buffer size

c — pointer to serial port structure.

structure.

abl e bel ow for
ibuf — pointer to input buffer array

8MHz C ock.

See AE.H for

A

Definition

(RXRTS) receiver request-to-send control, 0=no, 1

=yes

(RxINT) receiver interrupt select, 0=RxRDY, 1=FIF

O FULL

(Error Mode) Error Mode Select, 0 = Char., 1=Bloc

]
w

Parity Mode), 00=with, 01=Force, 10=No, 11=Spe

cial

RN OO~

(Parity Type), 0=Even, 1=0dd

|
o

# bits) 00=5, 01=6, 10=7, 11=8

?

bi t Definition

'
»

Modes) 00=Normal, 01=Echo, 10=Local loop, 11=R

emote loop

(TXRTS) Transmit RTS control, 0=No, 1= Yes

(CTS Enable Tx), 0=No, 1=Yes

Wl 01N
o

Stop bit), 0111=1, 1111=2

baud (8MHz)

110

150

300

600

1200

2400

4800

9600

OO N| O AW~ T

19200

31250

62500

125000

250000

Reference: s0_echo.c, s1_echo.c, s1_0.c

int putserO(unsigned char ch, COM *¢);
int putser1(unsigned char ch, COM *¢);

int putser_scc(unsigned char ch, COM *c);

ser0.h
serl.h
scc.h

scc.h

COM
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Output 1 character to serial port. Characterbéllsent to serial output with interrupt isr.

Var: ch — character to output
C — pointer to serial port structure

Reference: S0_echo.c, s1_echo.c, sl 0.c

int putsersO(unsigned char *str, COM *c¢); ser0.h
int putsersl(unsigned char *str, COM *c); serl.h
int putsers_scc(unsigned char ch, COM *c); scc.h

Output a character string to serial port. Charaestitibe sent to serial output with interrupt isr.

Var: str — pointer to output character string
C — pointer to serial port structure

Reference: serl sin.c

int serhitO(COM *c); ser0.h
int serhit1(COM *c); serl.h
int serhit_scc(COM *¢); scc.h

Checks input buffer for new input characters. Retu if new character is in input buffer, else 0.

Var: ¢ — pointer to serial port structure
Reference: s0_echo.c, s1_echo.c, s1_0.c

unsigned char getserO(COM *c¢); ser0.h
unsigned char getser 1(COM *c); serl.h
unsigned char getser_scc(COM *¢); scc.h

Retrieve 1 character from the input buffer. Asssitimatserhit routine was evaluated.

Var: c — pointer to serial port structure
Reference: S0_echo.c, sl_echo.c, sl 0.c

int getsersO(COM *c¢, int len, unsigned char *str); ser0.h
int getsers1(COM *c, int len, unsigned char *str); serl.h
int getsers scc(COM *c, int len, unsigned char *str); scc.h

Retrieves a fixed length character string fromitmpait buffer. If the buffer contains less charaster
than the length requestedt; will contain only the remaining characters frore thuffer. Appends
a ‘\0’ character to the end dffr. Returns the retrieved string length.

Var: ¢ — pointer to serial port structure
len — desired string length
str — pointer to output character string

Reference: serl.h, ser0.h for source code.
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Appendix G: A-Engine86 Keypad I nterface

The following diagram shows connections for interfacing a 3x4 keypad to an A-Engine86. Please refer to the
samplefileae_kpad. ¢ inthe sanpl es\ ae directory for more information.

Install on
2

—p

L)

’ AD
ey il B

ﬁ

Red edge
of cable

Keypad J2:
signals: | pin signal OO

R2 19 = /INT2 OO
R3 18 = P25
C3 17 = P24 (o¥o)
R4 11 = P13
C1 12 = P10 0o
R1 4=P26 00
C2 3=P29

OCO0OO0O000O0

O O[19=/INT2
P25=18|0 O[17 = P24

P10 =12(0 O|11 = P13

P26 = 4(0 O3 = P29

C @l«—[Pin 1]
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