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Chapter 1. Introduction

1.1 Functional Description

The U-Drive (UD) is a very low-cost industrial GUI controller, idefor OEM applications requiring a user
interface. The ultra-bright, wide viewing angldiae TFT color display with touch screen is attheet and easy to
program. Other peripherals on the board makebtbé&d a powerful and comprehensive industrial irgerface
and control solution.

DISPLAY

The onboard LCD controller (S1D13075, EPSON) h&riral 80KB image buffer, supporting QVGA color gjnéc
LCDs with 320x240 pixels. The integrated TFT dégpis ultra-bright (rated at up to 750 nits), wittightness
controlled by external DC power input (8-11V). Accurate touch screen controller (ADS7846) suppbutsre
resistive touch screen.

All components are installed on single PCB, moumtedhe backside of the QVGA TFT for easy integmainto

user applications. Comprehensive, user-friendlynsok libraries and samples are provided. Useleeaily design
their custom functions keys, text, logo, and graphiSupported by the CompactFlash-based file sygip to 2

GB), 20 user screens can be displayed per secarldMA transfer.

USB

A Host USB controller can be installed to provideot Host USB ports. Port 1 can interface to USB
keyboard/mouse, allowing a flexible mechanism foregting user input in addition to touch screent Psupports
a hot-removable USB flash disk, using a simple camnset to manipulate a FAT filesystem format. diwer USB
specific firmware programming is required on thatcoller side.

COMMUNICATIONS

A Controller Area Network (CAN) controller (SJA10020 MHz clock) is available. It supports networuld rates
up to 1M-bit per second. Software drivers allowemscto all CAN controller registers, as well asudfesing
software layer.

A Fast Ethernet Module can be installed to prolil@M Base-T network connectivity. This Ethernet mechas a
hardware LSI TCP/IP stack, implementing TCP/IP, UD®MP and ARP support in hardware. Socket-based
software drivers allow the U-Drive to be used ageh or SMTP server.

Also available are 4x RS232 and 2x RS485 serigbkpor

INDUSTRIAL 1/O

There are 30+ TTL 1/Os, 4 mechanical relays (2005 Amp.), 4 opto-couplers and 14 solenoid drivers
(sinking/sourcing 350 mA at 50V each). The solerdyigers can be hardware configured to be highagat(0-30V)
inputs. Three 16-bit CPU internal timer/countengmrt timing and external counting.

There are up to a total of 31 ADC inputs and 12 DAuts:

4 ch.16-bit parallel ADC chip (AD7655, 1 MHz, 0-5\34-bit ADC (LTC244815KHz[10-1.25V) configurable for
8 ch. differential or 16 ch. single-ended inputraels. A 12-bit ADC (TLC2543, 10KHz0-5V) provides 11 ch.
analog inputs. Eight ch. 16-bit DACs (LTC2600,0;3.0 KHz), and four ch. 12-bit parallel DAC (DA762200
KHz, 0-2.5V) are available.
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H-Drive

Features:
* 6.5 x 4.8 inches, 1x86 CPU, program in C/C++
* Ultra-bright 5.7” QVGA Color TFT display

* 4-wire analog touch screen controller

* Host USB ports for user-input (keyboard/mouse)

* 256 KW SRAM, 256 KW Flash, 512 bytes EEPROM

* 30+ TTL I/O, 3 16-bit timer/counters, RTC, Batger

* 4 mechanical relays, 4 Opto-coupler inputs.

* 14+ solenoid drivers or high voltage inputs (Ov3DC)

* 11 ch. 12-bit ADCs, 4 ch. 16-bit ADCs, 16 ch. B4-ADCs
* Precision reference and on-board temperatureosens

* 8 ch. 16-bit DACs, 4 ch. 12-bit DAC

* Controller Area Network (CAN2.0B) port

* 4 RS232/and 2 RS485 serial ports

* 100 M Ethernet with hardware TCP/IP stack

* Switching regulator, 50 mA standby, 160 mA at 12V

* CompactFlash with Windows compatible file systsapport
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1.2 Physical Description

The physical layout of the UD is shown below.

Step 2 Jumpg
PPI 100M BaseT
High Speed ADC, DAC J2 PIOs L Ethernet
High Voltage I/Gs\ /
— TFT
ANALOG TouchScreen
HEADER
Hardware 2
Configuration — . 12V Powell
4 Input
~ 5 110\ AO.:
2 R$485 : COMO (DEBUG)
From QUART 4 2 RS232 ports &
=
% Compact Flash
USB Host portg © 3, ; interface
1& 2 3

Figure 1.1 Physical layout of the U-Drive
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Step 1 settings
In order to talk tdJD with Paradigm C++, thelD must meet these requirements:

1) EE40_115.HEX must be pre-loaded into Flashistpaeiddress 0xFAOQQO.

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 0x00000Q€f
For a 512K SRAM, the physical address is 0x0000WAEk

3) The on-board EEPROM must have a jump addregbéoEE40_115.HEX with starting address of OXFA00O.
4) The STEP2 jumper must be installed on J2 pird®B8

For further information on programming th&D, refer to the manual on the TERN CD under:
tern_docs\manuals\software_kit.pdf.

(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 o
ACTF menu sent out through sgr0 8§1§;$ Ir:)l\?vhbt))/ty;e
at 19200 baud -

Figure 1.2 Flow chart for ACTF operation
The “ACTF boot loader” resides in the top protecsedtor of the 512KB on-board Flash chip (29F400).

By default, in the factory, before shipping, the DEBUG kernel (EE40_115.hex) is pre-loaded
in the Flash starting at OXFAQQ0O, and the RED STEP2 jumper isinstalled, ready for
Paradigm C++ debugger. User does not need to download a DEBUG kernel to start with.

At power-on or RESET, the “ACTF” will check the SPR jumper. If STEP 2 jumper is not installed, AE&TF
menu will be sent out from serial port0 at 19200déor auD.

If the STEP 2 jumper is installed, the “jump addfdecated in the on-board serial EEPROM will bad®ut and
then jump to that address. A DEBUG kernel “EE40 .hé&%" for theUD can be downloaded, residing in
“OxFA000” of the 512KB on-board flash chip.
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1.3 U-Drive Programming Overview

Steps for product development:

Preparation for Debugging(DONE in Factory !)

« Connect board to PC via RS-232 link, 19,200, ,8. N

« Power on board without STEP 2 jumper installed

* ACTF menu should be sent to PC terminal

« Use “D” command to download “L_TDREM.HEX” in SRA
* “G04000”" to run “L_TDREM”

« Download “c\terr\18€\romae80\EE40_115.HEX" to Has

* “GFA000” to setup EEPRO and run remote debug;
Powe-off, Install the STEP2 jumpt

« Power-on reset board, 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 ren-debug

U

STEP 2. Standalone Fidd Test

» "G08000” setup EEPROM Jump Address, points to
application code resides in battery backed SI

* Install STEP2 jumper, then power on

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

4

STEP 3: Production DV-P Kit

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

* Modify EEPROM jump address to 0xC0000

e Set STEP2 jumper

There is no ROM socket on thiD. The user’s application program must reside in BRAr debugging in STEP1,
reside in battery-backed SRAM for the standalortdftest in STEP2, and finally be programmed intesk for a
complete product. For production, the user mustdpece an ACTF-downloadable HEX file for the applioat
based on the DV-P+ACTF Kit. The “STEP2” jumper fl@s 38-40) must be installed for every productiension
board.
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Chapter 2: Installation

2.1 Softwar e I nstallation

Please refer to the “tern_docs\Software_kit.pdf'cAiréecal manual on TERN CD, for information on
installing software.

2.2 Hardware Installation

Overview

» Connect PC-IDE serial cable:
For debugging (STEP 1), place IDE connector on S&R0Ored
edge of cable on side of H1 pin 1 (See Fig. 2.lh)s DEBUG
cable is a 10-pin IDE to DB9 cable, made by TERN.

» Connect wall transformer:
Connect 9V wall transformer to power and plug iptaver jack
using power jack adapter supplied with EV-P/DV-R Ki

Hardware installation consists primarily of conmegtthe microcontroller to your PC.

2.2.1 Connecting the UD to the PC

TheUD is linked to the PC via a serial cable (DB9-IDH)igh is supplied with TERN EV-P / DV-P Kits.

TheUD communicates through SERO by default. Installsk2 IDE connector on the SERO H4 pin header.
Powering-on the UD.

By factory default setting:

1) The RED STEP2 Jumper is installed. (Defaulirsgin factory)

2) The DEBUG kernel is pre-loaded into the on-bdtash starting at address of OXFA000. (Defaultirsgt
in factory)

3) The EEPROM is set to jump address of OXFAOO@f#DIt setting in factory)

Connect +9-12V DC to the DC power terminal. Theescterminal at the corner of the board is positive
12V input and the other terminal is GND (see figtoe details). A power jack adapter (seen below) is
included with the TERN EV-P/DV-P kit. It can be ds® connect the output of the power jack adaptdr a
theUD. Note that the output of the power jack adapteeiger negative.

The on-board LED shouldlink twice and remain on, indicating the debug kernel is mgniand ready to
communicate with Paradigm C++ TERN Edition for prargming and debugging.
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)
IS
ﬂJI m )
H4: COMO — . -
RS232 Port | | T€rmination Resista CAN Po?/vifvlu
(Debug Port) for CAN bus H9 plug
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Figure 2.1 Location of Power input, DEBUG Cable, CAN port and Termination Resistor
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STEP2
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Terminal for DC power input
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Chapter 3. Hardware

3.1 Am186ES/R8820/IA186 - Introduction

The AmM186ES controllers uses 16-bit external dats, lre higher-performance, more integrated vessadrthe
80C188 microprocessors which uses 8-bit external bas. In addition, the AM186ES has new peripbefidie on-
chip system interface logic can minimize total egstcost. The Am186ES has two asynchronous seriéd, [i82
P10s, a watchdog timer, additional interrupt pmfulse width demodulation option, DMA to and frearial ports,
a 16-bit reset configuration register, and enhamtgg-select functionality.

There are a total of three compatible CPU chipsbeansed:

R8820 from RDC is a drop-in replacement 5V, 40MHipdor the AM186ES, AM186ES (AMD, 5V, 40 MHz),
R8820 (RDC, 5V, 40 MHz), and IA186ES (INNOVASIC, 5¥0 MHz). The multiple sources of the CPU can
support longer life time. The technical specifioat and discussions in this manual are based ordaE3.

By default, the UD uses 5V 40 MHz R8820 and low posbsns SRAM.
There are three pads on the PCB for battery. Odespground, and the other two pads allowing a agkiip
lithium battery is installed in two different pasits:

3.2 Am186ES — Features

3.2.1 Clock and crystal

Due to its integrated clock generation circuittye tAm186ES microcontroller allows the use of a siroee crystal
frequency. The design achieves 40 MHz CPU operatibiie using a 40 MHz crystal.

The system CLKOUTA signal is routed to J1 pin 4fadé 40 MHz.

CLKOUTA remains active during reset and bus holdditions. The initial function ae_init(); disabl€ KOUTA
and CLKOUTB with clka_en(0); and clkb_en(0);

You may use clka_en(1); to enable CLKOUTA=CLK=Jt pi
The R8820 uses a 40 MHz crystal.
Debug kernels for Paradigm C++ TERN Edition arelatse:
c:\tern\186\rom\ae86\EE40_115.hex
The EE40_115.hex will allow 40 MH4D talk to Paradigm C++ TERN Edition at 115,200 baud.
By default, the EE40_115.hex is pre-programmedHer40 MHzUD.
User can use software to setup the CPU speed:
outport(0xfff8,0x0103); // PLLCON, 20MHz cryst&l103=40 MHz, 0107=80MHz
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3.2.2 External Interrupts and Schmitt Trigger I nput Buffer

There are eight external interrupts: INTO-INT6 adl.

INTO, J2 pin 8, used by CAN controller(SJA1000).
/INT1, J2 pin 6, free to use.

INT2, J2 pin 19, used by Touchscreen controller(ZAB45)
INT3, used by QUART INTA

/INT4, J2 pin 33, used by 100M BaseT Ethernet
INT5=P12=DRQO, used by LED/EE/HWD/RTC
INT6=P13=DRQ1, J2 pin 11, used by QUART INTB
INMI, J2 pin 7, used by MAX691 as PFO

Some of external interrupt inputs, /INTO, /INTINM2, /INT4 and /NMI, are buffered by Schmitt-triggeverters
(U9, 74HC14), in order to increase noise immuniig &ransform slowly changing input signals to fasinging and
jitter-free signals. As a result of this bufferinlgese pins are capable of only acting as input.

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

The UD uses vector interrupt functions to respond to reseinterrupts. Refer to the Am186ES User's mariogal
information about interrupt vectors.

3.2.3 Asynchronous Serial Ports

The Am186ES CPU has two asynchronous serial chenS#R0 and SER1. Both asynchronous serial ports
support the following:

*  Full-duplex operation

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

« Odd, 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

* 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-buffereddrrupt
transmitting arrangement. See the samplesdilescho.c and sO_echo.c (\tern\186\samples\ag

3.2.4 Timer Control Unit

The timer/counter unit has three 16-bit programmaibhers: Timer0, Timerl, and Timer2.

Timer0 and Timerl are connected to external pins:

Timer0 output = P10 = J2 pin 12

TimerO input = P11 = U7 EEPROM data

Timerl output = P1 = J2 pin 29, used for on-bdzedper
Timerl input = PO =J2 pin 20

Timer0 input P11 is used and shared by on-boarchB&ecommended for other external use.

The timer can be used to count or time externahtsyeor can generate non-repetitive or variablg-gytle
waveforms.
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Timer2 is not connected to any external pin. h ba used as an internal timer for real-time codingime-delay
applications. It can also prescale timer 0 an@tifnor be used as a DMA request source.

The maximum rate at which each timer can opera®i8/Hz (on a 40MHz board), since each timer ivised
once every fourth clock cycle. Timer output takesto six clock cycles to respond to clock or gatents. See the
sample programsmer02.c andae_cntl.c in thet er n\ 186\ sanpl es\ ae directory.

3.2.5 PWM outputs and PWD

The Timer0 and Timerl outputs can also be useabemte non-repetitive or variable-duty-cycle wavefs. The
timer output takes up to 6 clock cycles to resptnthe clock input. Thus the minimum timer outpwtle is 25 ns x
6 = 150 ns (at 40 MHz).

Each timer has a maximum count register that defthe maximum value the timer will reach. Both Tithand
Timerl have secondary maximum count registers fmable duty cycle output. Using both the primanda
secondary maximum count registers lets the timerrate between two maximum values.

MAX. COUNT A

MAX. COUNT B

Pulse Width Demodulation can be used to measurahg signal’s high and low phases on the /INT2pil219,
assuming the QUART is not installed.

3.2.6 Power-save Mode

The UD can be used for low power consumption applicatidriee power-save mode of the Am186ES reduces
power consumption and heat dissipation, therebgneiing battery life in portable systems. In powsresmode,
operation of the CPU and internal peripherals comets at a slower clock frequency. When an interaggurs, it
automatically returns to its normal operating freogy.
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3.3Am186ES PIO lines

The Am186ES has 32 pins available as user-progrétem#O lines. Each of these pins can be used asea
programmable input or output signal, if the normsta@red function is not needed. A PIO line candrdigured to
operate as an input or output with or without a kvpall-up or pull-down, or as an open-drain outpitpin’s
behavior, either pull-up or pull-down, is pre-detéred and shown in the table below.

After power-on/reset, PIO pins default to variowmnfigurations. The initialization routine providdsy TERN
libraries reconfigures some of these pins as neéatespecific on-board usage, as well. These gonditions, as
well as the processor-internal peripheral usagéigumations, are listed below in Table 3.1.

PIO | Function Power-On/Reset status | UD Pin No. UD Initial

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

P1 Timerl out Input with pull-down J2 pin 29, Beepe | Input with pull-down
P2 /PCS6/A2 Input with pull-up J2 pin 24 I/0 chigsdect

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

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 N/A Al7

P8 Al8 Normal N/A A18

P9 Al19 Normal J2 pin 10 A19=/INT2, touchscreer
P10 | TimerO out Input with pull-down J2 pin 12 Inpuith pull-down
P11 | TimerO in Input with pull-up EEPROM Input wiplall-up

P12 | DRQO/INT5 | Input with pull-up N/A Output for LEBE/HWD
P13 | DRQL/INT6 | Input with pull-up J2 pin 11; QUART| nplut with pull-up

P14 | /MCSO Input with pull-up J2 pin 37, TFT Inputiwpull-up

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

P16 | /PCSO Input with pull-up J1 pin 19 /PCS0

P17 | /PCS1 Input with pull-up HC138 U31.4,5 /PCS1

P18 | CTS1/PCS2 Input with pull-up J2 pin 22, Etherne Input with pull-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 withilpup

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, USB RST Inpuith pull-up*
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; USB AC4| nput with pull-up*
P30 | INT4 Input with pull-up J2 pin 33;JP1.2 (ET) put with pull-up

P31 | INT2 Input with pull-up J2 pin 19; TouchS Inpuith pull-up

* 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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The 32 PIO lines, P0-P31, are configurable via 16ebit registers, PIOMODE and PIODIRECTION. Thetisgs
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

UD initialization on PIO pins ime_init() is listed below:

outport(0xff78,0xe73c); /l PDIR1, TxDO, RxDO, TxD1, RxDR16=PCSO0, P17=PCS1=PPI
outport(0xff76,0x0000); /l PIOM1

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

The C function in the librargie_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 corresgtiog pin is in input mode,
pio_rd (1); return 16-bit status of P16-P31, if corrasiag pin is in input mode,

Some of the 1/O lines are used by thb system for on-board components (Table 3.2). Vggest that you not use
these lines unless you are sure that you are netféning with the operation of such components.(iif the
component is not installed).

You should also note that the external interru BIns INT1 and 4 are not available for use as ututgcause of
the inverters attached. The input values of thd€einterrupt lines will also be inverted for tteme reason. As a

result, callingpio_rd to read the value of P3INT2) will return 1 when pin 19 on header J2 is puled, with the
result reversed if the pin is pulled high.

Signal Pin Function

P2 /PCS6; J2.24 U14(74HC138) I/O chip select foERFPPI, CAN,...
P4 /DT; J2.38 STEP2 jumper

P11 Timer0 in Shared with EEPROM data input

P13 /INT6; J2.11 QUART INTB

P14 /MCSO0, J2.37 SED1375,TFT controller

P18 /CTS1; J2.22 100M BaseT Ethernet

p22 TxDO0; J2.34 Default SERO debug
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Signal Pin Function

P23 RxDO0; J2.32 Default SERO debug
P26 uzl; J2.4 USB RST

P27 TxD1; J2.28 Serial Port 1 Transmit
P28 RxD1; J2.26 Serial Port 1 Receive
P29 /CLKDIV2; J2.3 USB AC4

P30 INT4; J2.33 Ethernet interrupt JP1.2
P31 INT2; J2.19 Touchscreen controller

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

3.41/0 Mapped Devices

3.4.11/0O Space

External 1/0 devices can use /O mapping for acc&ss can access such 1/O devices wiitiportb(port) or
outportb(port,dat). These functions will transfer one bgteword of data to the specified I/O address. Tktereal
I/0O space is 64K, ranging from 0x0000 to Oxffff.

The default I/0 access time is 15 wait states. iy use the function void_wait(char wait) to define the 1/O wait
states from 0 to 15. The system clock is 25 ns $®ns), giving a clock speed of 40 MHz (or 20 MHR2ptails
regarding this can be found in the Software chapted in the AM186ES User’s Manual.

The table below shows more information about |/(piiag.

I/O space Select | Location Usage

0x0000-0x00ff | /PCSO| J1 pin 19=P16 USER*

0x0100 JUR2 U31.15, U20.9 QUART UR2 select
0x0120 /UR3 U31.14, U20.13 QUART URS3 select
0x0140 /UR4 U31.13, U20.49 QUART UR4 select
0x0160 /URS5 U31.12, U20.53 QUART URS5 select
0x0180 /RSTC| U31l.11 CAN Hardware Reset
0x01A0 /RDU | U31.10 Read USB

0x01CO0 /WRU | U31.9 Write USB

O0x01EO ICF U317 CompactFlash select
0x0600 /IRTC u14.15 Real Time Clock select
0x0620 /PPI ui4.14 U5 PPI chip select
0x0640 /PP u14.13 U33 PPI chip select
0x0660 /CAN | U14.12 CAN SJA1000 chip select
0x0680 /RDK | U14.11 Read Status inputs on U8
0x06A0 /LA U14.10 Write page register for ET
0x06CO0 /DA u14.9 Write to DAC7625
O0x06E0 /AD ui4.7 Read AD7655

0x0200 /PCS2| JP15 Ethernet select

*PCS0 may be used for other TERN peripheral boards.

To illustrate how to interface tHgéD with external 1/0 boards, a simple decoding ciréoii interfacing to an 82C55
parallel 1/0 chip is shown in Figure 3.1.

3-6



U-Drive Chapter 3: Hardware

74HC138 82C55
RST )
A5 1 | A vo| 15 NC = P00-P0O7
A6 210 Y1| 14 /SEL20 ™
A7 310 v2| 13 /SEL40
Y3| 12 /SEL60 | ssE| 20| /cS P10-P17
Y4 11 /SEL80
/PCSO 4 G2a  vs| 10 /SELAD QR /WR
59 G2B Y69 ISELCO  rp IRD
VCC 6 | G1  Y7| 7__/SELFO ]
I L DO-D7 P20-P27

Figure 3.1 Interface to external I/O devices

The functionae_i ni t () by default initializes the /PCSO0 line at base If@i@ss starting at 0x00. You can read
from the 82C55 withinportb(0x020) or write to the 82C55 witloutportb(0x020,dat). The call toinportb(0x020)

will activate /PCSO0, as well as putting the addi@e30 over the address bus. The decoder will s¢fec82C55
based on address lines A5-7, and the data busbeilused to read the appropriate data from the axfd
component.

3.4.2 SID13075

The SID13075 is a color/monochrome LCD graphicstrotier with an embedded 80K Byte SRAM display teuff
The LCD controller can achieve up to 20 framesgsmond and support 256 colors. A unique aspette®T is the

CompactFlash storage working in concert with th@DLcontroller. With this design, the x186 can DMAages

directly from the CompactFlash into the image huffe achieve higher performance. Because of theBBliKage

buffer, the function calud_init(); re-defines the upper half of the memory map tcoagnodate this buffer. After
callingud_init(); the memory map will be as in the following diagradiagram not to scale)
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A OxFFFFF
ACTF Sector 16KB
0xFC000
Flash Map for
User
~ 240KB
Flas.h 0xC0000
mapping This range of the
memory not used
when image buffer
enabled
0x94000
LCD Image
Buffer
80K Byte
f 0x8000(
RAM SRAM
mapping
0x00000

Figure 3.2 Memory Map after ud_init(); to accommodate Image Buffer

Sample code has been provided in thean\186\samples\uddirectory to illustrate the process of transfegrian
image from the Compact Flash into the Image Bufteis mandatory that slc_init(); be called so agé-initialize
the memory map to accommodate the image bufferte Mt the entire ROM/Flash mapping is 512KB, thetre-
mapping of the ROM/Flash only allows configuring dertain sizes. Thus the map available for the tisen
becomes 256KB, starting from 0xC0000 and goingxeF-FF, yet the ACTF utility occupies the top 16K&ctor,
again reducing the usable Flash to the range OXC@®0xFC000, or about 240KB. It is possible to rttzg Image
Buffer into the SRAM, leaving all 512KB of Flashae for the user. This would require the user tdafine the
/LMCS line used to select the SRAM. Refer to the ¥@8ES manual chapter 5 for details on how to rp-tha
SRAM. This re-mapping of the Image Buffer into tBRAM would also require the DMA process from the
Compact Flash to the LCD controller to be alteRRelfer to sample code in thiern\186\samples\uddirectory.

3.4.3 Touch Screen Controller

The ADS7846E is a 12-bit sampling ADC with a symctous serial interface and low on-resistance segtdor
driving touch screens. The ADS7846E is routed tbmn terminal at H2/H16 which connects to a ftable to
drive the touch screen. This controller allows tlser to specify the touch screen resolution neededrticular
application. See sample program that allows ftibition of touch screen itern\186\samples\uddirectory. The
sample program is “ud_grid.c'This sample is already included in the pre-madejepto“ud.ide” in the
\tern\186\samples\uddirectory.
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3.4.4 Supervisor with Watchdog Timer

The MAX691/LTC691 (U6) is a supervisor chip. Withnstalled, theUD has several functions: watchdog timer,
battery backup, power-on-reset delay, power-suppipitoring, and power-failure warning. These wigjrgficantly
improve system reliability.

Watchdog Timer

The watchdog timer is activated by setting a jumperJ4 of theUD. The watchdog timer provides a means of
verifying proper software execution. In the usapplication program, calls to the functibitwd() (a routine that
toggles the P12=HWD pin of the MAX691) should beaaged such that the HWD pin is accessed at leas 0
every 1.6 seconds. If the J4 jumper is on andH¥¥D pin is not accessed within this time-out perittee watchdog
timer pulls the WDO pin low, which asserts /RESHIhis automatic assertion of /RESET may recover the
application program if something is wrong. Aftee tiD is reset, the WDO remains low until a transitiaturs at
the WDI pin of the MAX691. When controllers areghéd from the factory the J4 jumper is off, whidbatbles the
watchdog timer.

The Am186ES has an internal watchdog timer. Thiisabled by default withe_init().
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I'I | 1 T1
. J7 ‘ )
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b | J1 -
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J5
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H11
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J11 H7 L& —HOS
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J4 — Watchdog Header

Battery Backup Protection

The backup battery protection protects data storéde SRAM and RTC. The battery-switch-over cit@ompares
VCC to VBAT (+3 V lithium battery positive pin), dnconnects whichever is higher to the VRAM (power f
SRAM and RTC). Thus, the SRAM and the real-tinecklRTC72423 are backed up. In normal use, thautit
battery should last about 3-5 years without exiepmaver being supplied. When the external poweoris the
battery-switch-over circuit will select the VCC¢onnect to the VRAM.
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3.4.5 EEPROM

A serial EEPROM of 512 bytes (24C04), or 2K byt24G16) can be installed in U4. Thd® uses the P12=SCL
(serial clock) and P11=SDA (serial data) to integfavith the EEPROM. The EEPROM can be used tcestor
important data such as a node address, calibratiefficients, and configuration codes. It typigdilas 1,000,000
erase/write cycles. The data retention is more #tayears. EEPROM can be read and written by gicgdling the
functionsee_rd() andee_wr().

A range of lower addresses in the EEPROM is resefoe TERN use. Details regarding which addresses
reserved, and for what purpose, can be found ireAgix C of this manual.

3.4.6 Programmable Peripheral I nterface (82C55A)

Two PPI chips(U5 and U33) are included on the UD.

The PPI (82C55) is a low-power CMOS programmablalfe interface unit for use in microcomputer gyss. It
provides 24 1/O pins that may be individually praxgpmed in two groups of 12 and used in three majuas of
operation.

In MODE 0, the two groups of 12 pins can be progreu in sets of 4 and 8 pins to be inputs or outplitsVlODE
1, each of the two groups of 12 pins can be progradto have 8 lines of input or output. Of theeshaining pins,
3 are used for handshaking and interrupt contgrieds. MODE 2 is a strobed bi-directional bus gpnftion.

7 6 5 4 3 2 1 0

LI [ I [ [ T T ]

LJ GROUP 1
Port 2 0 Output
(Lower)
1 Input
Port 1 0 Output
1 Input
Mode 0 Mode 0
1 Mode 1
GROUP 2
Port 2 0 Output
(Upper)
1 Input
Port 0 0 Output
1 Input
Mode 00 Mode 0
01 Mode 1
X Mode 2
Command 0 Bit
Select manipulation

1 Mode
Selec

Figure 3.3 Mode Select Command Word

The UD maps U5 /PPI, at base 1/0 address of Ox0&2®U33 /PP at based address of 0x640.
Use U5 PPI as programming example,
the Command Register = 0x0626; Port 0 = 0x0620t Per0x0622; and Port 2 = 0x0624.

The following code example will set all ports tatjput mode:

out port b(0x0626, 0x80); /* Mbde 0 all output selection. */

out port b(0x0620, 0x55); /* Sets port O to alternating high/low 1/O pins. */
out port b(0x0622, 0x55); /* Sets port 1 to alternating high/low|l/O pins. */
out port b(0x0624, 0x55); /* Sets port 2 to alternating high/low 1/O pins. */
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To set all ports to input mode:
out port b(0x0626, 0x9f) ; /* Mode O all input selection. */

You may read the ports with:
i nportb(0x620); /* Port 0 */
i nportb(0x622); /* Port 1 */
i nportb(0x624); /* Port 2 */

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

3.4.7 Real-time Clock (RTC72423)

If installed, the real-time clock RTC72423 (EPSQMN,0) is mapped in the I/O address space 0x0600uft be
backed up with a lithium coin battery. The RTGésessed via software drivets_init() orrtc_rd() (see Appendix
D and the Software chapter for details).

It is also possible to configure the real-time &la@c raise an output line attached to an extemm@riupt, at 1/64
second, 1 second, 1 minute, or 1 hour intervalsis €an be used in a time-driven application, e’ M®FF signal
can be used to turn on/off the controller usingeaternal switching power supply, LM2575. An examplea
program showing a similar application can be foumer n\ae\sampl es\ve\power off.c.

3.4.8 Optocouplers

4 opto-couplers can be installed in U270on the Udyiging high voltage opto-isolation capability. @hcan be
used for digitals inputs, relay contact monitoring,power line monitoring. Typical ON time is 3ghile typical
OFF time is 5us. All opto-coupler inputs are routedthe high voltage header J8. Both OTx+ and Odre
available. User can provide both positive and riegaignals to each opto-coupler.

HIGH VOLTAGE HEADEER

Ja -
GI;I])- é O O :?1 +12VI
=0 O

B3 =

52 & O =
CEE D S_SHB
54 9 10 M4
SHD 11 o O 12 VCC
OT1l+ 13 14 COT1-
OT2+ 15 o C 1l oT2-
oTag 17 o 18 oTs-

OT44 148 20 OT4-
CHD 21 ﬂn cﬂ 22 GHND
7 23 O O 24 T11a
S 25 o O 26 174

27 23 2
Ul 23 20 1T0
32 Ha

o o 24 H4

36 H2

H1l =7 28 HO

o O
] ] [}
GHD 39 o O 40

HDED40

User can also tie all negative inputs(OTx-) to GNI@,the hardware configuration header H11.
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CONFIGURATION HEADEE

ori-1 Bl 5 amp
T 9 5
R & 'D': T
oTa- 7 5 _GHD

0 O—7—=—

SO 1% o o 20 3
E 21 O 2+ 12T

[l ] 24 51
S22 oy msd 2
bl 25 A Oeieilail

HDEDZe&

The TTL status signals output from opto-coupless rmuted to PPI(U33) L20-L23. So the PPI(U33) pdotRer
nibble must be programmed as inputs in order td ogeio-coupler status.

The opto-couplers (PS2701-4) are arranged in 4-isptators per package. The data sheet for the-cmupler
package can be found\tern_docs\parts\ps2701.pdfon TERN CD-ROM.

3.4.9 Reed Relays

There are 4 Reed Relays can be installed orlUbe The Reed Relay offers high speed switching coegpdo
electromechanical relays, a specification of 200méximum 1 Amp carry current, 0.5 Amp switchingdal00
million times operation. The relays are driven b§3UPPI L24-L27. We need to program the U33 PP12¢BR27-
P24) as outputs. All relay contacts(S1-4 and NB#) routed to J8. Seern\186\samples\UD\ud_relay.cand
\tern_docs\parts\relay9007.pdffor details.

One relay(S1) can be used to control the TFT bgletitig. Install a jumper on H3 will route the +12pbwer to
relay contact, N1. While the relay is on, the N17=8&1the TFT/LCD backlighting connecting at H5(dd9) will be
powered on.

3.4.10 Hardware configurable Protective high voltage inputs or outputs

In order to support high voltage digital signal uhup to 30V, Darlington Transistor Arrays (ULN2@)3can be
installed in U28, and U29°he maximum input voltage is 30V. The input pin A&s7K resistance load to the GND.
You have to provide a pulled high signal input. &lig input low voltage is less than 0.8V, and advahput high
voltage is higher than 3V and less than 30V.

5V
Darlington Transistor
K
Digital Input upto 30V DC 27K |
AN

| ouT Am188ES PIO

VAN

ULN2003A

= GND
Figure 3.4 Darlington Transistors used as Protective High Voltage Inputs.

U28 and U29 may be set as input or output. Byofgatlefault, both are output. The input and outpigntation for
U28 and U29 is illustrated below. Follow thesesdttations carefully to prevent damage to the cHipsddition,
the ULN2003 chips may be replaced with a resigémk to provide digital inputs or outputs to thertmal blocks.
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U28 or U29
ULN2003 installed foOUTPUT

[ _eonni T

ULN2003 installed fotNPUT

CPuaos__ €

Figure 3.5 Locations of user configurable Darlington Transistor Arrays.

ULN2003A has high voltage, high current Darlingtoansistor arrays, consisting of seven silicon NPatlington
pairs on a common monolithic substrate. All chasfehture open-collector outputs for sinking 350 atA0V, and
integral protection diodes for driving inductiveatts. Peak inrush currents of up to 600 mA sinkiegadlowed. By
default, ULN2003 are installed in U28 and U29 tovyide high-voltage sinking outputs. Optional highitage
sourcing output chips (UDS2982) can be installed.

H11 is designed to be a hardware configuration éead
CONFIGURATION HEADER

ori-1 H'L o awp
ST 9 O om
PR & °'= T
OTa- 7 5 _GHD
o O

SO 1S oo 20 G
E. 21 O 22 4+ 12T

———
[ ] 24 i3]
LEC| R R O Sl Je)
E 25 OO P et

HDEDZE

Jumper short PIN19=PIN20 and PIN23=PIN24 to fore&>8BD and G1=GND to support ULN2003 as sink drivers.
In order to use UDS2982 sourcing drivers in U28 ©a8:

Short PIN20=PIN22 and PIN24=PIN26 to force G=+12vtl G1=+12VI

Short PIN19=PIN21 and PIN23=PIN25 to force K=K1=GND

User may provide external sourcing voltage at G @fidand not short G, G1 to +12VI, if do not wamuse +12VI
as sourcing power.

High voltage I/Os are routed to J8
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HIZH VOLTAGE HEADER
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D 11 1z v
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o3y 17 O O 18 oT3-
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L
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L =27 O O 23 112
Ul 23 20 1T0
H7 31 O 22 Hs
HE 33 24 H4
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27 EE]
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These outputs may be paralleled to achieve higth-tzgability, although each driver has a maximumtiooous
collector current rating of 350 mA at 50V. The nmauim power dissipation allowed is 2.20 W per chip2&t
degrees C°C).

ULN2003A is asinking driver. An example of typical application wiritgshown below.

o1

I Solenoid +12V

Power Supply

]

GND/SUB

H6.2

O Q

K +12v
GND/SUB

A

ULN2003 TinyDrive

Figure 3.6 Drive inductive load with high voltage/current drivers.

34.11USB

The UD integrates an Embedded USB Host controller(VineuMNC1L, FTDI). Not only is it able to habdle the
USB Host Interface, and data transfer functions dwing to the inbuilt MCU and embedded Flash memory
Vinculum can encapsulate the USB device classegelisWhen interfacing to mass storage devicesh siscUSB
Flash drives, Vinculum also transparently handhesRAT File structure communicating via parallefF®l interface
with a simple command set. The onboard hardwdleHandles USB stack processing, and providesifgin-speed
bi-directional 8-bit parallel communication. Therthaare interface includes 384 bytes of FIFO trahgmffer, and
128 bytes of FIFO for the receiving buffer, makitigs an ideal low-overhead solution for all embetide
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applications. No USB specific firmware programmiagequired on the controller side. The USB irde€f is seen
as a transparemarallel FIFO buffer tasked with transferring data back andhfavith the remote host. The only
control signals needed are “ready to transmit” ‘@ada received” signals.

Two Host USB ports are provided on tdB. Port 1 (upper) can interface to a USB keyboard/moBsrt 2 (lower)
supports a USB Flash Disk. Simple commands canl@&aAll file system applications. No USB specifigrfivare
programming is required on the controller sideisTi& already taken care of in factory. Signal A€@umpered to
GND (H10.2=H10.3), while AC5 is pulled up to supp®arallel FIFO operation. H1 is designed to be a VNCI1L
USB chip programming port, while H10.2=H10.1.

For more detailed information regarding this praded firmware, seBS_VNC1L_FW_VDAP.pdf in the
Tern_docs\parts\USBdirectory (on any TERN CD).

3.4.12 100 MHz BaseT Ethernet

An WizNet™ Fast Ethernet Module can be installeghtovide 100M Base-T network connectivity. Thih&het
module has a hardware LS| TCP/IP stack. It implesy@€CP/IP, UDP, ICMP and ARP in hardware, suppgrtin
internet protocol DLC and MAC. It has 16KB interrtahnsmit and receiving buffer which is mapped ihtst
processor’s direct memory. The host can access$uffer via high speed DMA transfers. The hardwatkeEnhet
module releases internet connectivity and prot@otessing from the host processor. It supportsdégendent
stack connections simultaneously at a 4Mbps prétpacessing speed. An RJ45 8-pin connector is aare for
connecting to 10/100 Base-T Ethernet network. Avgarke library is available for Ethernet connectivit

Figure 3.4 (above) shows the location of the Ethernmodule. See sampld#tpd fs.c and tcp_echo.cin
\tern\186\samples\i2chipdirectory for software details. These samplesadse prebuilt into théchip.ide project,
available in this same directory. Use the TERN deEnition in Local Options>Defines for softwarerspatibility.

3.4.13 QUAD UART

A QUAD UART (TL16C754B, U20) with 3.6864 MHz crystean be installed to provide additional 4 seriaitp.
Two ports are supported with RS232 drivers for 282! communication on header H6 and HO06. Other pads
use RS485 drivers. Both RS485 ports are on header H

B
Ly}

ETZ2

1 2
Taz = oO——
Erz = O— QUAERTL RSZ3%
TTe 7 g g &
SHD S & o L0
HOE -
ET: 1 2
7 Tne 3 8 g 3
[Exz T -~ £ QUARTZ RS23Z
CT3 7 o—
A O
S _F o ol
1 H7 o
X4 3 g’ o—2L zo-
Har S Ot BEr  GURRTZ+4 RS485
i )
aND T e = g_lc- AN

See sampled_echo.cin the\tern\186\samples\UDdirectory for RS232 echo and RS485 transmit code.

3.4.14 CompactFlash I nterface

By utilizing the compact flash interface on ti®, users can easily add widely used 50-pin CF stanafass data
storage cards to their embedded application. TE&fNvare supports Linear Block Address mode, andbil &AT
flash file system. Users can write files to the @awetFlash card or read files from the CompactHtast. Users can
also transfer files to a PC via the CF reader port.
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CF cards can also be used as a means to storesimadelata to be displayed onto the TFT/LCD. Thisva users
to have access to unlimited images to be used @pplication in conjunction with the LCD. As dissesd above, the
AM186ES supports DMA to allow images/data to badfarred directly to the image buffer for increaspded.

Sample code and function prototypes are availablassist in creating applications which use the $ystem to
access the CF. Refer to the targetrn\186\samples\UD\fs_cmdsl.axeThis sample uses the source code
\tern\186\samples\flashcore\fs_cmdsl.Also, for a complete listing of file system fuimst prototypes and data
types, refer to the header files “fileio.h” andeé§eo.h” found thatern\186\include directory.

3.4.15 ADS8344 16-bit ADC

The ADS8344(U35) is an 8 channel, 16-bit samplingl@g-to-digital converter with a synchronous ddriterface.
Input voltage range goes from OV to 5V. The precisieference (LT1019 or REF02) installed at logatid37
provides the 5V reference voltage ADS8344. Thredroblines drive the ADS8344; /CS = AD12, CLK = C#&nd
DIN = DI.

Refer toltern\186\samples\ud\ud_ad16.6or sample code. The effective maximum sampling im L0KHz.

The ADS8344 can support 8 single-ended inputs différential inputs. By default TERN software dnigeuse 8
single ended inputs. This mode can be changedheiadntrol byte.

AMNELOE HEADEE
J11

1o o

THME =

2 aND

]
Las/
|
s

i
!

! [
-
[ay] ]
L]
Q
=
[u:]
(]
oo

=

!

fus]
[ml]
LNy
[l a8 (o]
lux]
[
A

HH
36
?Tnnn

o
o]
1

o
[l
H
FT
= (3
=]
]
1

.
I

uR

fi

L] | [1g] REX] |2 E4) E] [y] (FE)

L1
N
(] ] (] fonl (o]

nO3 37
LO1 25 40 DD
All 16-bit analog inputs are routed to the J11 AgaHeader. S====0 o——==

3.4.16 16-bit, 8-channel DAC(LTC2600)

The LTC2600(U36) is an eight channel 16-bit digttaknalog converter (DAC) in an SO-8 packages tamplete
with a rail-to-rail voltage output amplifier capabbf driving up to 15mA. It uses a 3-wire SPI cotitgda serial
interface and has an output range of 0-REF volékimg 1 LSB equal to REF/65535 V. The 5V referewakage is
provided by U37 LT1019/REFO02.

Eight DAC outputs are routed to the Analog Headelr(J

Refer to the sample cod¢ern\186\samples\UD\UD_dal6.for an example on driving the DAC. Refer to the®A
data sheet for additional specificatiokisyn_docs\parts\ltc2600.pdf.
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3.4.17 24-bit, 16-channel ADC(L TC2448)

A 24-bit LTC2448 sigma-delta ADC can be install@the LTC2448 chip offers 8 ch. differential or 16. single-
ended input channels. Variable speed/resolutidingstcan be configured. A peak single-channebpuatutate of 5
KHz can be achieved.

The LTC2448 switches the analog input to a 2 pfacépr at 1.8MHz with an equivalent input resisgmé 110K
ohm. The ADC works well directly with strain gagesyrent shunts, RTDs, resistive sensors, and 4A20anrent
loop sensors. The ADC can also work well direatligh thermocouples in the differential mode. A ps@&@n
reference with an internal temperature sensor (LPIREF02, 5V) can provide local temperature measeng for
thermocouple applications. This 5V reference widlrg a 0-2.5V analog input range per channel.

Inputs are routed directly to the Analog Header]J11t should be noted that J11 pin 3=TMP corresjzoto

LTC2448 analog input B15, which is tied to the temgture pin on REF02 chip. This input cannot eduggularly
if the temperature pin is still connected. The TM® can be lift out the U37 socket pin 6, if usemis to use all 16
ADC inputs. The software source sample code és\ern\186\samples\UD\UD_ad24.c

3.4.18 High Speed 16-bit ADC(AD7655)

The unique 16-bit parallel ADC (AD7655, 0-5V) supizoultra high-speed (1 MHz conversion rate) analiggal
acquisition. The AD7655 (U12) contains two low s&i high bandwidth track-and-hold amplifiers thove
simultaneous sampling on two channels. Each track-and hold diemphas a multiplexer in front to provide a totl
4 channels analog inputs. The parallel ADC aclsevery high throughput by requiring only two CPWD I/
operations (one start, one read) to complete atlSBC reading.

With a precision external 2.5V reference(UO, LT1)@Be AD7655 accepts 0-5V analog inputs at 1Gdsblution,
yielding 65536 counts/5000mV = 13 LSB/ mV.

The 4 high speed analog inputs(AALl, AA2, AB1, AB2§ available on J6.

oo
anr 175 >

DELZ3 & & 40 Drd
See sample prograitern\186\samples\ud\ud_ad.dor details on reading the ADC. Refer to the dsiteet for
additional specificationdtern_docs\parts\ad7655.pdffrom the root of the TERN installation CD-ROM.

3.4.19 DAC7625, 300KHz 12-bit DAC

The DAC7625(U11) is a parallel 12-bit D/A converté@ihis device includes 4 voltage output channelth \&in
output range of 0-2.5V. It accepts 12-bit parahelut data and has double-buffered DAC input logic.

The DAC7625 has an average settling time of 5 |ithh & maximum settling time of 10us. Refer to tlanple
programud_da.cin the\tern\186\samples\uddirectory for an example.

The 4 high speed analog outputs(DAL, DA2, DA3, DA available on J6.
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3.4.20 TFT Support

A Color QVGA TFT (320x240 pixels, 5.7”) display can be installed. Aluminum Bezel is available.
This TFT is installed on the back side of the UD.

3.4.21 CAN( Controller Area Network)

The U-Drive can support an on-board Controller ANstwork (CAN) controller(SJA1000, Philips). It qugrts
network baud rates up to 1M-bit per second. Softvelivers allow access to all CAN controller regiist as well as
a buffering software layer.

The CAN bus is a balanced (differential) 2-wireeifiéice running over either a Shielded Twisted E&iiP), Un-
shielded Twisted Pair (UTP), or Ribbon cable.

| 1000 Meters { Max}

T Buslemsth — T
UTP e STE b
JE ..... i
W 4
Differeahal
Dhiver ! Becerer
1205
GHD = 2 Tenminaticn
Resistor R
a ZHD

CAN Bus Electrical Interface Circuit

A number of different data rates are defined, ithbps (Bits per second) being the top end, and A9kihe
minimum rate. Cable length depends on the datausstd. Normally all the devices in a system transfigform and
fixed bit-rates. The maximum line length is 1Km, eters at 1Mbps. Termination resistors are usedgti end of
the cable. The worst-case transmission time of-byt® frame with an 11-bit identifier is 134 bitrgs (that's 134
microseconds at the maximum baud rate of 1Mbity/sec

SOF (hitration {Contrel CRC {8CK | EOF L
¥l |2 ¥ @ v | oz X = hites

The CAN Bus interface uses an asynchronous trae&mischeme controlled by start and stop bitseabtginning
and end of each character. This interface is w@@|oying serial binary interchange. Informatiopéssed from
transmitters to receivers in a data frame. The flatae is composed of an Arbitration field, Contiield, Data
field, CRC field, ACK field. The frame begins with'Start of frame' [SOF], and ends with an 'Enftarhe’' [EOF]
space. The data field may be from O to 8 bits.
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The CAN bus pinout on H9 is shown below. It is anpact 0.1” spacing 3x2 pin header. User can uf4a0-DB9
flat cable from TERN to connect the U-Drive CANrsds to an external standard DB9 CAN connectohénfield.
CEM INTERFACE
Voo HS

Qlac 2 aMD

HORIv:

The Application for CAN bus includes automotive andustrial field bus.
A low speed CAN bus may be employed to operate evindnd seat controls in a vehicle. A high speed QA
may be employed for engine management, brake dpBingine Sensors, and Anti-Skid Systems.

3.4.22 Power Supplies

TheUD board without TFT panel can be powered by 2 ways:
1) Regulated external 5V DC power via J2.39=VCC 32d0=GND, or J1.1=VCC and J1.2=GND..

2) Unregulated 9V to 12V DC power via two pin scr@nminals(T1) while a 5V linear regulator(LM780300) or

9V to 30V unregulated DC with an optional switchiregyulator(LM2575) is installed. There is a polaptotection

diode installed for the screw terminal input DC powl'he LM7805 is rated for 1A current, and caretak high as
35V. However, due to the linear regulation, all thput voltage has to drop to 5V, if the voltagemmwith the

current (300+ mA) is generating a lot of heat. \ddime switching regulator, much less heat is ge¢adra

If using the Reed Relay(See chapter on Reed Refays)ntrol the TFT backlighting, the DC power ihpo both
the UD and TFT(with LED backlighting) must in 9-11%dnge. The TFT backlighting can take 9V to 11VeTh
higher the DC power voltage, the brighter the LEi2Kighting.

The UD also requires regulated 3.3V DC power for the Etbg which is already taken care of on the 3.3\t4J
regulator.
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3.5Headers and Connectors

3.5.1 Expansion Headers J1 and J2

There are two 20x2 0.1 spacing headers for expanklost signals are directly routed to the Am18gi&cessor.
These signals are 5V only, and any out-of-rangeagek will most likely damage the board.

GHD 29 ¢y .y 35 VOO Voo 1“-% O 3HD

Pl 35 O Ol ERD_ S W

JCTS0 36 A 25 PS S & O——o oL

IiD0 S~ 23 TTNT4 ) Dol
2]

LEDD 22 o O 21 SfETS L8

FS 34 o 23 pl ELE 11 o O 2 D2
THAD] 28 O g 27 ERTSE' nilt5 13 O 0O 14 D2
RXID1l 26 25 ARST 15 O O lc D4

—_—e D

jo] 23 o O 23 EP1E EST 17 o O 12 DS
SoTS 22 o 21 [lis 15 O O Ay e
T0_ 20 A To Dld 21 A 52 D7
P25 18 2 O 17 P-4 01z 23 & O =4 GO
16 O O 15 P32 =5 o O SE A7
14 o O 13 D1z 27 S O ] z;
E 1z o O 11 ElZ LHE =] O O EXn] S5
10 L ELlr 31 32 A4
= O
T S s g QT
THT1 & = TOl0 35 ET-IF Y
Oo— mm——m— O
EZE EY ERR I"EEY 282 Al
Z o O 1 n-EEE o o 40 nn

O o O
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U-Drive

3.5.2 Connector J6, AD7655, DAC7625, and PPI

3.5.3 Analog Header J11 for ADS8344, LT2448, and LT2600 DAC outputs

J— 1J6 :.TCC'
8 o
88T
K] o 14 Izt
Y {j——

1
—_— O
] g g e
25 o O 25
GMNL 27 O O 28 CHND
[ el O 20 4AR1
21 o

ANALOG HEALDEE

J11

Lo o2 CND
TME = 1 _Bid
i 5 p—— 2
mioo o_mm
EQD 9 10 _BOS
Tel e O+
Bt e O T

=0 O—F= e
EQ} :E . 3 :; EE‘
T8 S
T To_ 7L
EEE o O

Q0

25 S

=

= =]

Jj
|

EECIDe i

|
|

4 s
1
raf rafeafeafea
Ll B2 ] (0 L o 4]

S 3 S O 35 oM
LO7 32 24 ADs

S ————
e EEE S O 25 ahd
O3 37 O O 38 aDX

40 ADD

—_—0

3.5.4 Hardware Configuration Header H11
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3.5.5 High Voltage Header J8

HIGH VOLTASZE HEADER

Ja

GHD 1 O O 2 +12VI

Sl3°n 4 M1

=] 2
Shgc SN
o2 O
=2 1 Oo— I

CHND 11 12 WO
oTis 13 & O 13

COTz+ 15 o165 COT2-
o734 17 18 oT3-
OT4+ 19 g o 20 _OT4a-

GHD 21 22 GHND
_QU.-. O

23 24 11a

e { ——
s 25=°26 4
28 112

a2y

111 ] 30 10

5] [

H7 310032H6

HE 330034H4

H3 35 36 H2

TGCBB

ﬂl3_oc_ﬂﬂ'_

GHD 39 & O 40

HORLD4 0

3.5.6 UART RS232 and RS485 Headers

1 H40 2
TXDGO 3 o 4
FERDU & Z  COMO DEEUX 232
v o
SHD 5 A ot
1 HO4 o
TXD1 = C !
FXDL 5 5 g 5 COM1 RE22Z

FEX? & = TUART1 RS23Z2
=0 0—=— °

3.5.7 CAN Interface H9

CARMN INTERFATE
oo H=

Qlac 2 3ND

QURERTZ RSZ232

CURRT2+4 RS425
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3.5.8 U-Drive Jumper/Header Summary

Connector Default Setting Usage

J1(20x2) Address, Data, and Control bus signaleXpansion
J2(20x2) PIN38=PIN40 CPU PIO lines, STEP2 jumpePtD4

J4(2x1) Watchdog Enable

J5(3x1) PIN1=PIN2 5V or 3.3V CPU select

J6(20x2) PPI(U5), AD7655, DA7625

J7(2x1) DC power input

J8(20x1) High voltage 1/0, Reed relays, Opto-cetsl
J10(4x2) Host USB Portl and Port2

J11(20x2) Analog I/0, LT2448, ADS7644, DAC2600
H1(3x2) Host USB VNCL1L firmware programming port
H2(4x1) Touch Screen Flex cable connector

H3(2x1) Reed Relay N1=+12VI

H4(5x2) COMO for RS232 DEBUG

HO4(5x2) COM1 RS232

H5(T2) Screw terminal for TFT Backlighting
HO5(4x1) Header for TFT backlighting

H6(5x2) QUART (Tx2, Rx2) RS232

HO6(5x2) QUART (Tx3, Rx3) RS232

H7(5x2) QUART (X4, X5) RS485

H8(2x1) VOFF=0 will shut off the Switching Regudat
H9(3x2) CAN Interface

H10(3x1) USB VNC1L Program(PIN1=PIN2) or RUN(PIN2H3)
H11(13x2) | PIN 19=20, 23=24] Hardware configuration

3-24




U-Drive Chapter 4: Software

Chapter 4. Software

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

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

Guidelines, awar eness, and problemsin an interrupt driven environment

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

The debugging of interrupt handlers with the Renidédugger can be a challenge. It is possible tagleb
an interrupt handler, but there is a risk of exgering 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 megduired to restart your PC.

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

The run-time environment on TERN controllers cotssigf an 1/0 address space and a memory address
space. 1/O address space ranges foaB000 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 hardwdraplicit accesses to I1/0O 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 similanfttions, described below.

poke/pokeb
Arguments: unsigned int segment, unsigned int offset, unsign#dnsigned char data
Return value: none

These standard C functions are used to place sxbdifita at any memory space location. Jdgenent
argument is left shifted by four and added todfieet 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.

o

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 lingsthe corresponding hardware component resporfsiblg
handling this data.
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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 theput over
the address bus, and the hardware component méppeat 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 dlclalress.

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

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

When dealing with processor registers, be sureédle correct function. Useatport 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 frompoments in 1/0 space. You will find that most heade
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.

41 AE.LIB
AE.LIB is a C library for basidJD operations. It includes the following modules: 8BJ, SER0.OBJ,

SER1.0BJ, SCC.OBJ, and AEEE.OBJ. You need to liBkLMB in your applications and include the

corresponding header files. The following is adithe header files:

Include-filename | Description

AE.H timer/counter, Watchdog
SERO.H Internal serial port 0
SER1.H Internal serial port 1
AEEE.H on-board EEPROM
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4.2 Functionsin AE.OBJ

4.2.1 U-Drivelnitialization

ae init

This function should be called at the beginningeeéry program running odD controllers. It provides
default initialization and configuration of the i@us I/O pins, interrupt vectors, sets up expardés 1/O,
and provides other processor-specific updates wegitihe 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 theadefROM. 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 suppgrtto 120 ns ROMs). With 70 ns ROMSs, this can
actually be set to zero wait state if you requira@éased performance (at a risk of stability in
noisy environments). For details, see the UMCSp@dpMemory Chip Select Register)

reference in the processor User’'s manual.
outport(0xffa0, 0x80bf); // UMCS, 512K ROM, 0x80000 -Oxfffff

Initialize LCS (Cower Chip Selegtfor use with the SRAM. It is configured so that:

Address space starts 0x00000, with a maximum oKFRAM.
Three wait state operation. Reducing this valueicgrove performance.

Disables PSRAM, and disables need for externalyread
outport(0xffa2, 0x7fbf); // LMCS, base Mem address 0x0000

Initialize MMCS and MPCS so thid CS0 andPCS0-PCS6 (except for PCS4) are configured so:

MCS0 is mapped also to a 256K window at 0x80000. éduith MemCard, this
chip select line is used for the /O window.

Sets upPCS5-6 lines as chip-select lines, with three wait stagieration.
outport(Oxffa8, OxaObf); // s8, 3 wait states
outport(Oxffa6, 0x81ff); // CSOMSKH

Initialize PACS so thaPCS0-PCS3 are configured so that:

Sets ugPCS0-3 lines as chip-select lines, with fifteen wait staperation.
The chip select lines starts at I/O address 0x08fif,each successive chip select line addressed

0x100 higher in 1/O space.
outport(Oxffa4, 0x007f); // CSOMSKL, 512K, enable C SO for RAM

Configure the two PIO ports for default operatidkll pins are set up as default input, except fb2 P
(used for driving the LED), and peripheral funatipins for SERO and SER1.
outport(0xff78,0xe73c); /I PDIR1, TxDO, RxDO, TxD1, RxD1,
/l P16=PCS0, P17=PCS1=PPI
outport(0xff76,0x0000);  // PIOM1
outport(0xff72,0xec7b);  // PDIRO, P12,A19,A18,A17,P 2=PCS6=RTC
outport(0xff70,0x1000);  // PIOMO, P12=LED

The chip select lines are by default set to 15 sfaites. This makes it possible to interface witmy
slower external peripheral components. If you negiaster I/O access, you can modify this numimavrd
as needed. Some TERN components, such as th& ReaiClock, might fail if the wait state is decreds
too dramatically. A function is provided for thpsirpose.
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void io_wait
Arguments. char wait
Return value: none.

This function sets the current wait state dependmthe argumemwait.

wait=0, wait states = 0, /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

4.2.2 External Interrupt Initialization

There are up to eight external interrupt sourcegsherlJD, consisting of seven maskable interrupt pins
(INT6-INTO) and one non-maskable interruptM ). There are also an additional eight internatrintpt
sources not connected to the external pins, camgisdf three timers, two DMA channels, both
asynchronous serial ports, and ti&l1 from the watchdog timer. For a detailed discussiwolving the
ICUs, the user should refer to Chapter 7 of the AMD186ES Microcontroller User’'s Manual.

TERN provides functions to enable/disable all & #ight external interrupts. The user can call@rye
interrupt init functions listed below for this purge. The first argument indicates whether theiquaalr
interrupt should be enabled, and the second isieitn pointer to an appropriate interrupt servigzetine
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 deed must
be cleared. This can be done using Manspecific 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.
outport(0xff22, 0x8000);

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 Hardwaapter). The first argumenindicates whether this
particular interrupt should be enabled or disabl€de second argument is a function pointer whighaet
as the interrupt service routine. The overheatherinterrupt service routine, when executed, @ag0

us.

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

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

void int0_init( unsigned char i, void interrupt far (* int0_isn)() );
void intl_init( unsigned char i, void interrupt far (*intl_isn)());
void int2_init( unsigned char i, void interrupt far (*int2_isr)() );
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void int3_init( unsigned char i, void interrupt far (*int3_isr)() );
void int4_init( unsigned char i, void interrupt far (*intd_isn() );
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 nmi_init(void interrupt far (* nmi_isr)());

4.2.3 /O Initialization

Two ports of 16 1/O pins each are available onuiie Hardware details regarding these PIO lines 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, younsid to initialize these pins in one of the fauailable
modes. Before selecting pins for this purpose,aralce that the peripheral mode operation of theii
not needed for a different use within the sameieatibn.

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 availabledar y
application. There are several PIO lines that aexlfor other on-board purposes. These are altiledc
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-qgun
the PIO lines.

The functionpio_wr andpio_rd can be quite slow when accessing the PIO pingeBding on the pin
being used, it might require from 5-18. The maximum efficiency you can get from the BIGs occur if
you instead modify the PIO registers directly vétioutport instruction Performance in this case will be
around 1-2us 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

bit refers to any one of the 32 PIO lines, 0-31.
mode refers to one of four modes of operation.

» 0, High-impedance Input operation
» 1, Open-drain output operation

e 2, output

» 3, peripheral mode

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

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

Arguments: char bit, char dat
Return value: none

4-5



Chapter 4: Software U-Drive

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

4.2.4 Timer Units

The three timers present on t® can be used for a variety of applications. Aiee timers run at 1/4 of
the processor clock rate (10MHz based on 40MHzegystlock, or one timer clock per 100ns), which
determines the maximum resolution that can be péthi Be aware that if you enter power save maus, t
means the timers will operate at a reduced speealas

These timers are controlled and configured thromghode register which is specified using the saftwa
interfaces. The mode register is described inildatahapter 8 of the AMD Am186ES User’s Manual.

Pulse width demodulation is done by setting the PNitDn theSY SCON register. Before doing this, you
will want to specify your interrupt service routdjewvhich are used whenever the incoming digitahalig
switches from high to low, and low to high. It mportant to note the the interrupt latency generbtethe
ISRs that handle a signal transition will define thme resolution the user will be able to achieve.

The timers can be used to time execution of yoaer defined code by reading the timer values bedoc:
after execution of any piece of code. For a sarfidedlemonstrating this application, see the sanfid
timer.c in the directoryttern\186\samples\ae.

Two of the timers,TimerO and Timerl can be used to do pulse-width modulation with daide 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 noaxt B.

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 intern\186\samples\ae, demonstrate this.

The specific behavior that you might want to impéeris described in detail in chapter 8 of the AMD
Am186ES User's Manual.

void t0_init

void t1_init

Arguments:. int tm, int ta, int tb, void interrupt far(*t_igp)
Return values: none

Both of these timers have two maximum counters (MXUNTA/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 dvas max counter available.
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4.2.5 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 ei@tibecause of a run-time error, such as an iefiaip or
stalled interrupt service routine, a hardware regiébccur.

void hitwd
Arguments: none
Return value: none

Resets the supervisor timer for another 1.6 seconds
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 usingterdace 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 accéama roll-over in digits in the year 2000. Onéusion
might be to store an offset value in non-volatttrage such as the EEPROM.

See sampled_rtc.axe in c:\tern\186\samples\ud\ud.pdl

There is a common data structure used to accesssanbth interfaces.
typedef struct{

unsigned char secl;
unsigned char secl0;
unsigned char min1;
unsigned char minl10;
unsigned char hourl;
unsigned char hourl0;
unsigned char day1;
unsigned char day10;
unsigned char mon1;
unsigned char mon10;
unsigned char yearl,;
unsigned char yearl0;

One second digit.

Ten second digit.

One minute digit.

Ten mnute digit.

One hour digit.
Ten hour digit.
One day digit.
Ten day digit.
One nmonth digit.
Ten nonth digit.
One year digit.
Ten year digit.

unsigned char wk; Day of the week.
}TIM;

int rtcl6 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 O on success and returns 1 in case of etrcn, as
the clock failing to respond.
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int rtcl6 rds
Arguments. char* time_string
Return value: int error_code

This function places the current value of the tisaé clock as a printable ASCII string into the &eer
arraytime_string. The array should have a size of 15 bytes. flimistion returns 0 on success and retufns
1 in case of error, such as the clock failing &pond.

Void rtcl6_init
Arguments. char* t
Return value: none

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 tevdekday, year10, year1, month10, monthl, dayl10, dayl, hour10,
hour1, minutelO, 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, 55,30}

Delay

In many applications it becomes useful to pauserbegxecuting any further code. There are functions
provided to make this process easy. For appliogtibat 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 processordspse
well as interrupt latency. The code is functiop&dientical to:

while(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 insteadoaip
iterations. Again, this function is highly depentiapon 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 kaeay ofcount size pointed to byptr.

void ae_reset
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Arguments: none
Return value: none

This function is similar to a hardware reset, aad be used if your program needs to re-start tlaedofor
any reason. Depending on the current hardwardgroation, this might either start executing codaf
the DEBUG ROM or from some other address.

4.3 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-P/DV-P softwares kdr communication with the PC. As a result, you
will not be able to debug code directly written $arial port 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 aggtion download/debugging in Step One and Step
Two. We will use SER1 as the example in the follmyviliscussion; any of the interface functions wtsich
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 atliter 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 th&D provided on the CD in thtern_docs\schs directory.

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

The following table shows the function argumentatthxpress each baud rate, to be used in TERN
functions. These are based on a 40 MHz systenk.cloc

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 ni t (), SERL1 is configured as a full-duplex serial pord & 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 autbicadly store the receiving
serial data stream into the memory by DMA1 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 ap@ras interrupt-driven.

ibuf in_tail in_head ibuf+isiz

vy 3 \
[T T]

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 parifter s1_init() 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 chdafterf 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 control.hus it is important to provide a sufficientlyda buffer
if large amounts of data are transferred. For gtanif you are receiving data at 9600 baud, a 4bdBer
will be able to store data for approximately foacends without overwrite.

However, it is always important to take out datayeftom 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 tjsn without overrunning the input buffer. You caseu
serhitl() to check the status of the input buffer and rethmoffset of the in_head pointer from the
in_tail pointer. A return value of 0 indicates awata 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_talil
pointer will automatically increment after evaggt 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 ugaut sers1() to transmit a
character string. You can put data into the trahsimg 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 buffery transmit. After you cajput 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 transted out
of SERO. This sample program can be foundénn\ 186\ sanpl es\ ae.
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Softwar e I nterface
Before using the serial ports, they must be initad.

There is a data structure containing importanas@ort state information that is passed as argtiteetie
TERN library interface functions. TheOM 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 bufnd associated pointer values, you can watch the
transmission process.

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

typedef struct {
unsigned char ready; /* TRUE when ready * /
unsigned char baud;
unsigned char mode;
unsigned char iflag;  /* interrupt status  * /
unsigned char *in_buf; [* Input buffer */
int in_tail; /* Input buffer TAIL ptr */
int in_head; /* Input buffer HEAD ptr */
int in_size; [* Input buffer size */
int in_crent; /* Input <CR> count */
unsigned char in_mt; /* Input buffer FL AG */
unsigned char in_full; [* input buffer fu I/
unsigned char *out_buf; /* Output buffer * /
int out_tail; /* Output buffer TAIL ptr */
int out_head,; /* Output buffer HEAD ptr */
int out_size; /* Output buffer size */

unsigned char out_full; /* Output buffer F LAG */
unsigned char out_mt; [* Output buffer MT */
unsigned char tmso; // transmit macro service oper ation

unsigned char rts;

unsigned char dtr;

unsigned char en485;

unsigned char err;

unsigned char node;

unsigned char cr; /* scc CR register  */
unsigned char slave;

unsigned int in_segm; /* input buffer segmen t*/
unsigned int in_offs; [* input buffer offset */
unsigned int out_segm; [* output buffer segm ent */
unsigned int out_offs; [* output buffer offs et*/
unsigned char byte_delay; /* V25 macro service byt e delay */
} COM
sn_init

Arguments: unsigned char b, unsigned char* ibuf, int isiz,igned 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. Argumentiduf 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 stoih and no parity communication.
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There are a couple different functions used fangmaission 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 interrufar the appropriate serial-port will be disablechieh
means that no values will be transmitted. Thisvedl you to control when you wish the transmissibdaia
within the outbound buffer to begin. Once the linipts are enabled, it is dangerous to manipulage t
values of the outbound buffer, as well as the \abfehe 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 valug
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 charactengtinto 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.

Y%

serhitn
Arguments. COM *c
Return value: int value

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

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

This function returns the current byte frem in_buf, and increments thie_tail pointer. Once again, this
function assumes thatrhitn 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 ret¢ASCII: 0x0d) is retrieved.

This function makes repeated callgabser, and will block untillen bytes are retrieved. The retwalue
indicates the number of bytes that were placedtheduffer.

Be careful when you are using this function. Téimed character string is actually a byte array
terminated by a null character. This means ttexetimight 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 stsini you are working
with byte arrays, the single-byte versions of tHesetions are probably more appropriate.
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Miscellaneous Serial Communication Functions

One thing to be aware of in both transmission ativing 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
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 depddase
refer to the AM186ES User’s Manual.

char sn_cts(void)
Retrieves value € TS pin.

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

Completing Serial Communications

After completing your serial communications, thare a few functions that can be used to reset Hefau
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.

clean_sern
Arguments. COM *c
Return value: none

This flushes the input buffer by resetting the #aitl header buffer pointers.

The asynchronous serial 1/0O ports available orAImA86ES Processor have many other features thait mig
be useful for your application. If you are truhterested in having more control, please read @hdytt of
the AM186ES manual for a detailed discussion oéofbatures available to you.

4.4 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 stmwmpared to memory access on the rest of the
controller.

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

Addressegx00 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.

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

This function is used to write the passedlat to the specifiedddr. The return value is 0 in success.
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ee rd
Arguments:. int addr
Return value: int data

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

4.5 Analog-to-Digital Conversion
Two ADC chip can be installed on thi.
4.5.1 ADS8344 (16-hit, 8 channels)

The ADC unit provides 8 channels of analog inputs{Q based on the 5V reference voltage supplied by
LT1019(U37). For details regarding the hardware configuratiee, the Hardware chapter.

For a sample file demonstrating the use of the Apl€ase sead_ad.cint er n\ 186\ sanpl es\ UD.

unsigned int ud_ad8344 (c)
Arguments. unsigned char ¢
Return values: unsigned int ad_value

The argument selects the channel from which to do the next Agab Digital conversion. A value of O
corresponds to channgDO, 1 corresponds to chaneD1, 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:

ud_ad8344(0); // Read from channel O
chn_0_data = ud_ad8344(0); // Start the next conver sion, retrieve value.

4.5.2 LT2448 (24-bit 16 channels)

Delta-Sigma ADC LTC2448

The LTC2448 ADC (U11) provides 16 channels of Ov2ahalog single-ended (24 differential) inputs. The
following functions will drive the 24-bit ADC. Therder of functions given here should be followed in
actual implementation.

void ad24_setup(unsigned char chip, unsigned int control_byte);
void ad24 rd(unsigned char* raw);
The control bytecontrol_bytedrives the LTC2448 in 16 channel single-ended nwitle value 0xb000.
In code, the control byte is calculated this way:
ch_sel=0; /Iselect channel
control_byte=control_byte+speed[10]; //addeed desired to Oxb000

control_byte=control_byte+(ch_sel<<8); //addhannel selection w/ 8 bit left shift
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NOTE: “ch_sel and the desired channel signal do not match ngiehd use the following scheme to select
the desired signal on the board:

ch sal OnuU34 Header
chip J11 pin
0 B0OO 18
1 B02 16
2 B0O4 14
3 B06 12
4 B0O8 10
5 B10 8
6 B12 6
7 B14 4
8 BO1 17
9 BO3 15
10 BO5 13
11 BO7 11
12 B09 9
13 B11 7
14 B13 5
15 B15(TMP) 3

The LTC2448 also supports 8 channel differentiatleadrhis can be achieved by changing the contrg by
passed to the ‘ad24_setup’ routine to 0xa0000 (sped channel selection is added on the same wialy as
single-ended mode). See the LTC2448 data sheetddétails on how to define the control byte,
‘LTC2448.pdf’ in thetern_docs\parts directory.

For a sample file demonstrating the use of the Apl€ase sead_ad24.cint er n\ 186\ sanpl es\ ud.

This sample is also included in thd.ide test project in théer n\186\samples\ud directory.

4.6 Digital-to-Analog Conversion

The LT2600 provides 8 channels of 16-bit digitalattalog conversion. For software purposes, we must
initialize the clock (SCK), data-in (SDI), and cliplect (/DA):

void da_16 ()
Arguments. unsigned char mod, unsigned int dac
Return values: none

The argumentnod selects the channel to write to. A value of 0X3Where [Y]=0-7, corresponds to
channels V1-V8 respectively. Alternatively, Ox8freesponds to all channels.
The argumentlac is ranged from 0 to Oxffff, on a 5-volt scale.

da_16(0, 0); // Output zero voltage at V1
da_16(0, 0xffff); // Output 5V voltage at V1

For sample DAC code, sed_dal6.c in the\tern\186\samples\ud directory.
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4.7 QUART TL16C754B

The four UART ports from the QUART TL16C754B requieparate driver code outsideaeflib. The

file quart.c in the\ter n\186\samples\ud directory provides this code. A prebuilt projectidein the same
directory includesid_echo.c, which is a sample of QUART software usage.

There is no library as of yet to enclose theseedsivso this file must be included in any projemde using
the QUART chip.

4.8 USB
The VNCL1L chip using the Vinculum VDAP firmwaredsnfigured to provide 2 host USB ports. Port 1 is
used to interfacing to a USB Keyboard or mouselenort 2 is used for USB Flash Disk interface.

The document concerning all details of this firmevas in theltern_docs\parts\USB directory on the
TERN CD, under the titl®S VNC1L_FW_VDAP.pdf.

Pages 10-13 of this document list out the entineviiare command set when communicating with the
VNCI1L, as well as the responses expected fromtige dn the\ter n\186\samplesiud directory,hd_ser1.c
can be used to talk to the VNCL1L through a hypsrieal over serial port 1.

There are key bits to examine when transmitingivaug data from the VNC1L.

Other samples includeeyboard.c (USB Keyboard sample) angb_disk.c (USB Flash disk sample). Both
of which are located ikter n\186\samples\UD.

4.9 Controller-Area-Network (CAN) Interface

The U-Drive optionally provides the Philips SJA108tand-alone CAN controller. This controller allbow
the U-Drive to communicate over a Controller AreatWork, a popular protocol and bus standard for
microcontroller communication.

BACKGROUND

Controllers communicate over a CAN network usiragrfes, at a specified baud rate. Controllers cad se
and receive equally on the CAN network, with thelenying chipset handling collision detection aratio
buffering.

In simplified form, each transmitted frame consjgtsnarily of:
- Recipient address (11-bits);
- Data bytes (0-8 bytes);
- Protocol information (CRC consistency, and othés vidicating frame properties).

A controller initializes the CAN chipset by defigithe class of messages it wants to receive. i$hilsne

by defining an 8-bit address value as well as &it 8&ask. The masked address value is used to ax@mp
to the highest 8-bits of all incoming frames; gfyatig frames are received and inserted into a bdiffethe
application to handle. Unlike many other netwogkechemes, frames travelling on a CAN bus do not
identify who the sender is, and does not necegsadicate a specific recipient.

Transmitted and received packets are buffered inotie hardware chipset (up to 64 bytes), as veetha
interrupt-driven TERN firmware drivers (buffer sidefined by application).
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TERN firmware drivers are configured to use the BI30 in BasicCAN mode only. More advanced
features may be available by directly accessingSha1000’s control registers. The datasheet fer th

SJA1000 may be found on the TERN development Ciheardirectonjtern_docs\parts.

SOFTWARE INTERFACE
The CAN driver software interface is shown in tleader file\ter n\186\include\can.h.

The library file for the U-Drive implementationas location:\tern\186\lib\can.lib, and
\tern\186\lib\large\can_|.lib.

CAN messages are defined using this CanMsg stei¢similar to SJA1000 hardware representation):

typedef struct _can_msg {
UCHAR8 descriptor[2];
UCHAR8 dat a[ 8] ;

} CanMsg;

The two-byte descriptor field consists of mesdayéll bits), Remote-Transmission-Request/RTR (tag
bit), and Data Length Code/DLC value (4 bits). Sdéelds can be accessed on a message using theq
macros defined igan.h:

SET_CAN_MSG_ID(msg, val)
READ_CAN_MSG_ID(msg)
SET_CAN_MSG_RTR(msg, val)
READ_CAN_MSG_RTR(msg)
SET_CAN_MSG_DLC(msg, val)
READ_CAN_MSG_DLC(msg)

TERN firmware drivers use a ring-buffer to storessages for transmit and receipt. The overall
mechanism is similar to standard serial port imgetation (see section 4.1). The best sample
demonstrating these functions is: \tern\186\saswé@me\can_echo.c

int can_set_hw
Argunents: unsi gned char board_type
Ret urn val ues: none

This function configures the CAN port accordinghe architecture of your board. This function dddae
called first, before any other CAN function is assed. Availabldoar d_t ype values are defined in
can.h. If this call is not accurate, the CAN port cant he accessed.

For the U-Drive, this call should read:
can_set_ hw(BOARD_UD);

int can_init

Argunents: unsigned char baud, CanMsg* inputBuf, int iSize, CanMsg*
out put Buf, int 0Size, unsigned char address, unsigned char nask

Ret urn val ues: O for success, non-zero error code.

This function is used to initialize message busfegpport for the CAN port.
Baud - specifies the baud rate to be used for commtinitasupported values are defineccam.h. These

include: 1MHz, 500KHz, 250KHz, 125KHz, 100KHz, 50KH20KHz, and 10KHz Note: at higher baud
rates, termination resistors may be required onryBERN board for clean transmit and receive.
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i nput Buf , i Si ze — these variables represent the ring-buffer atextfor receiving messages.
inputBuf should be a CanMsg array, whif#ze indicates the size of the array. TERN drivers imject
messages into this array on an interrupt-drivetsbas

out put Buf, 0Si ze — similar to above; these variables represent tigelsuffer allocated for buffering
messages to be transmitted.

addr ess, mask — these two byte values are used to determininghwimessages transmitted on the
CAN network should be “received”. For all messaglesmask value and the first 8-bits of the message
address are AND’ed together, and then comparetketaddr ess value.

voi d can_transcei ver_enabl e
Argunents: unsigned char enabl e
Ret urn val ues: none

After software drivers have been enabled, the CraNgceiver must still be enabled using a digitébou
pin. Once the transceiver is enabled, the pottheilconnected to the CAN bus, and able to
transmit/receive messages.

On the U-Drive, the transceiver is controlled ugii®j pin I17. If you're also using the PPI portyiur
own application, you will want to avoid calling $hfiunction, and instead access the pin directly:

outportb(PPI3,0x99); /I ppi mode 0, P1 outputs, ot her all input
outportb(PPI1,0x7F); /I P17/117=RS low for CAN, tr anceiver ON

void can_hit
Ar gunent s: none
Ret urn val ue: non-zero if packet received if receive buffer is empty

Use this function to determine whether a packetieesn received and buffered. Call this functiofo iz
calling can_get() to retrieve actual message.

voi d can_get
Argunent s: CanMsg* nessage
Ret urn val ue: none

This function is used to retrieve a CAN messagey afan_hit() has already been called. The argtmen
should be a pointer to a separately alloc&adM sg variable. The next message in the receive bufiier
be copied into this variabléNote: Make suremessage’ points to an allocated area of memory!

voi d can_put
Argunents: CanMsg* nessage
Ret urn val ues: none.

This function addsessage to the transmit buffer. Messages in the transuofifeln are sent on a FIFO
basis.
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voi d can_flush
Argunents: none
Ret urn val ues: none.

This function can be used to make sure the trartsuffier does not over-flow. It will not return uirell
currently buffered messages are fully transmitéext] the transmit buffer is completely empty.
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All dimensions arein inches.
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Appendix C: Software Glossary

The following is a glossary of library functions fdD.

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, O 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);  // PDIRL, TxDO, RxDO, TxD1, RxD1, P16=PCS), P17=PCS1=PPI
outport(0xff76,0x0000); // PIOM1

outport(0xff72,0xec7b);  // PDIRO, P12,A19,A18,A17,P2=PCSH=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) ae.h

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

unsigned int pio_rd(char port) ae.h

Reads a 16 bit PIO port.

Var: port—0: PIOO0- 15
1: PIO16-31

Reference: ae pio.c

void outport(int portid, int value) dos.h

Writes 16-bitvalue to 1/0 addresgortid.

Var: portid — 1/0 address
value — 16 bit value

Reference: ae_ppi.c

void outportb(int portid, int value) dos.h

Writes 8-bitvalue to 1/0 addresgortid.

Var: portid — /O address
value — 8 bit value

Reference: ae ppi.c

int inport(int portid) dos.h

Reads from an 1/O addrepsrtid. Returns 16-bit value.

Var: portid — I/O address

Reference: ae_ppi.c
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int inportb(int portid) dos.h

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

Var: portid — /O 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
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void io_wait(char wait) ae.h

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

Var: wait — wait duration {0...7}
wait=0, wait states = 0, I/O enable for 100 ns
wait=1, wait states = 1, |/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, I/O enable for 100+125 ns
wait=5, wait states = 7, I/O enable for 100+175 ns
wait=6, wait states = 9, /O enable for 100+225 ns
wait=7, wait states = 15, I/O enable for 100+375 ns

Reference:

void rtc16_init(unsigned char * time) c:\tern\186\samples\sic\sic_rtc.c

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] = monl10
time[4] = monl
time[5] = day10
time[6] = dayl
time[7] = hourl0
time[8] = hourl
time[9] = min10
time[10] = minl
time[11] = sec10
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: dc rte.c

intrtcl6 rd(TIM *r) c:\tern\186\samples\sic\sic_rtc.c

Reads from the real time clock.

Var: *r — Struct type TIM for all of the RTC data
typedef struct{
unsigned char secl, sec10, minl, min10, hounlr1@o
unsigned char dayl, day10, monl, monl0, yearll@ea
unsigned char wk;
}TIM;

Reference: dc rte.c
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int rtcl6_rds(char * time_string)

c:\tern\186\samples\sic\sic_rtc.c

Reads from the real time clock in ASCII string form

Var: *time_string — 15 byte character array
String sequence is the following:

Reference: dic_rtc.c

time[0] = weekday
time[1] = year1000
time[2] = year100
time[3] = yearl0
time[4] = yearl
time[5] = monl10
time[6] = monl
time[7] = day10
time[8] = day1
time[9] = hourl0
time[10] = hourl
time[11] = min10
time[12] = minl
time[13] = secl10
time[14] = secl
time[15] = \O’

void t2_init(int tm, int ta, void interrupt far(*t2_isr)());

ae.h

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

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).

hardware chapter.
t #_isr — pointer to timer interrupt routine.

Reference: timer.c, timer 1.c, timer02.c, timer 2.c, timer 0.c timer 12.c

See

MD CPU Manual

void nmi_init(void interrupt far (* nmi_isr)());

ae.h

void int0_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)());
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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.
ibuf — pointer to input buffer array
isiz — input buffer size
obuf — pointer to output buffer array
osiz — ouput buffer size

Tabl e bel ow for 40MHz and 20MHz Cl ocks.

¢ — 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
10 [38400 19200
11 |57600 38400
12 115200 57600
13 |23400 115200
14 1460800 23400
15 (921600 460800
Reference: S0_echo.c, sl_echo.c, sl 0.c
Serial port 0, 1 initialization.
Var: ml=SCC691 MR1
m2 = SCC691 MR2
b — baud rate. T abl e bel ow for 8MHz d ock.
ibuf — pointer to input buffer array
isiz — input buffer size
obuf — pointer to output buffer array
osiz — ouput buffer size
¢ — pointer to serial port structure. See AE.H for COM
structure.
ml bit Definition
7 (RXRTS) receiver request-to-send control, 0=no, 1 =yes
6 (RxINT) receiver interrupt select, 0=RxRDY, 1=FIF O FULL
5 (Error Mode) Error Mode Select, 0 = Char., 1=Bloc k
4-3 Parity Mode), 00=with, 01=Force, 10=No, 11=Spe cial
2 (Parity Type), 0=Even, 1=0dd
1-0 # bits) 00=5, 01=6, 10=7, 11=8
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2 bit Definition

7-6 Modes) 00=Normal, 01=Echo, 10=Local loop, 11=R emote loop
5 (TXRTS) Transmit RTS control, 0=No, 1= Yes

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

3-0 Stop bit), 0111=1, 1111=2

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

int putserO(unsigned char ch, COM *¢); ser0.h
int putser1(unsigned char ch, COM *¢); serl.h

Output 1 character to serial port. Character élisent to serial output with interrupt isr.

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

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

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

Output a character string to serial port. Charaetitbe 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
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

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

Var: ¢ — pointer to serial port structure
Reference: S0_echo.c, s1_echo.c, sl 0.c
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int getsersO(COM *c, int len, unsigned char *str); ser0.h
int getsers1(COM *c, int len, unsigned char *str); serl.h

Retrieves a fixed length character string fromitmait buffer. If the buffer contains less charaster
than the length requestestk, will contain only the remaining characters frora thuffer. Appends
a ‘\0’ character to the end dfr. 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 D: RTC72421/ 72423 U-Drive
Appendix D: RTC72421 / 72423
Function Table
Address Data
Az | A, | A; | Ay | Register | 3 D, D, Do Count Remarks
Value
0 (0 0 |0 |9 S3 S 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 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, 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 Y1 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, Wy 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 Tes 24/12| Stop Resgt 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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ub 0 Serial EEPROM Map

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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