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Chapter 1. Introduction

1.1 Functional Description

The TD86™ is designed for rugged industrial control appliimas that require compact size, superior
performance, and reliability.

SUPERIOR PERFORMANCE

The TD86 is a complete C/C++ programmable industrial cofgrobased on a 16-bit, 40 MHz CPU
(Am186ES, AMD) with 16-bit external data bus, suppm 16 channels of high speed parallel ADCs
(AD7852, 12-bit, 300KHz, 0-5V) and 4 channels patdDACs (DA7625, 12-bit, fis, 0-2.5V).

With the wider external data bus, code execute=ctir out of 16-bit SRAM or 16-bit flash. The CPdrc
access the parallel 12-bit ADCs, or parallel DAGhagero wait state in single instruction.

Three 16-bit programmable high-performance cour(&854, NEC), each with its own clock input, gate
input, and output, can be clocked up to 10 MHz e€ht6-bit CPU internal timer/counters can support
PWM, or pulse-width demodulation.

INDUSTRIAL CONTROL INPUT/OUTPUTS

TheTD86 also has 16 opto-isolated digital inputs, 14 saknivivers, and 24 TTL I/O pins. The 16 opto-
couplers (PS2701/5, NEC) can take up to 50V DC f®%$2default) or AC (PS2705) inputs. These opto-
couplers has 3 ps ON time and 5 pus OFF time. Fpte-mputs are also external interrupts. The 14
solenoid drivers are capable of sinking 350 mAGY Her line, and they can drive solenoids or relays

VERSATILE APPLICATIONS

Four serial ports (two CPU internal, two from SC@2pBare configured to RS232 by default. One CPU
internal UART(SER1) can be configured to RS485 f(daplex) or RS422 (full-duplex). The SCC2692
UART can be configure to RS485.

The TD86 also supports a real-time clock (RTC72423) withtdrgt a watchdog timer, and a 512-byte
EEPROM. A 64KW or 256 KW 16-bit SRAM can be inst¢all Using the DV-P kit, user applications can
be easily field-programmed into the 16-bit ACTFsficover the serial link.

A MMA card (from TERN) can be installed to suppop to 500 MB PCMCIA ATA flash card, 10 BaseT
ethernet, and an additional 39 channels 12-biti2ADC inputs.

A 82C55 PPI chip provides 24 1/Os, which also carubed to interface to an LCD. An optional switchin
regulator can be installed to reduce power consiom@and heat.

The TD86 also supports power-off mode, allowing pA-level goveonsumption. In this mode, the real-
time clock or an external signal can turn ON ortb# TD86 via the VOFF pin of the switching regotat

A optional TD-Pack including a 16x2 LCD, 8x2 kegsid an enclosure is available.

Measuring 4.8 x 3.4 x 0.3 inches, thB86 offers high performance, reliability, and versafigatures for
wide range of applications including high speedhdatquisition, motion control, process automatang
instrumentation.

TheTD86 is a new design based on the popular orighiayDrive-V25 and therD40. The originalTD40

is based on the Am188ES processor with internabil @ata path and external 8-bit data bus. The new
TD86 is based on the 40 MHz Am186ES processor, whishbiosh internal and external 16-bit data path.
The TD86 uses 16 channels parallel ADCs and DAC, replatiiegserial ADC and DACs used on TD40.
There are additional three 16-bit hardware Prograbieninterval Counters support high speed external
events counting without software overhead. Ovetd, TD86 is much faster than the 40 MHz TD40. The
TD86 also provides a true 16-bit data bus at J1 20e2é&iesupporting expansion.
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Chapter 1: Introduction TD86

The TD86 is an ideal upgrade for the TinyDrive-V25, or TD4Providing increased reliability,
functionality, and performance. They have the ssamihechanical dimensions, pin outs, software dsiver
and both are programmed using the C/C++ Evalua€ib(EV-P) or Development Kit (DV-P).

H4

H1 H2
SERC || serr SCCB

16 Opto-couplers T D 8 6 SCC2692 I5
P1-P16 Dual UART STEP2
us

o SRV

64KW or 256 KW J9

us 4— watchdog

16-bit FLASH enable
256 KW U1l Amé'SSES
SDL P12
EEPROMu?7 |« 40MHz D4.D15 | 16 ch. 12-bit
512BYTES | 5 AD7852 |—
SDA P11 <:::> ul2, Uis
DMA(2)

- L 16-Bit Timers(3)
3 16-bit counters D7-0 Ext. Interrupts(8)
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PWM/PWD <&>| bAc DA7625
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u13
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s J[_ 2 ]

Figure 1.1 Functional block diagram of the TD86

24 TTL I/Os
PPl,u24

Two DMA-driven serial ports from the Am186ES suppleigh-speed, reliable serial communication at a
rate of up to 115,200 baud. An dual UART SCC263%/aes two more serial ports. All four serial ports
support 8-bit and 9-bit communication.

There are three AM186ES internal 16-bit programmaishers/counters. Timer0,1 and 2. The Timerl can
be used to count external events, at a rate o 4 tMHz. Timer0 and timerl can generate non-répeti

or variable-duty-cycle waveforms as PWM outputsndii2 can be used as a pre-scale clock source dr use
as a timer. Pulse Width Demodulation (PWD), a didtve feature, can be used to measure the widéh of
signal in both its high and low phases. It can $edun many applications, such as bar-code reading.

A supervisor chip with power failure detection, atehdog timer, an LED, and expansion ports are on-
board. A MMA board can be installed to provide PAMC39 more ADCs, and 10-baseT Ethernet port.
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Figure 1.2 TD86

1.2 Features

¢ 4.8 x3.4x0.5inches
« 16-bit CPU (AmM186ES), 40 MHz, program in C/C++
¢ 190 mA at 40 MHz, 30 mA in power-save mode
¢ Up-to 256KW flash, and 64/256 KW SRAM on-board
¢ 16 ch. 300 KHz 12-bit ADC (AD7852), 0-5V analogiurt*
e 4 ch. 200 KHz 12-bit DAC (DAC7625), 0-2.5V analogtput*
« 16-bit external data bus, 512-byte EE, 4 serialspor
« PWM outputs and Pulse Width Demodulation
* 6 16-bit timer/counters, 24 TTL I/Os, and 14 solerdrivers
« 16 opto-coupler inputs including 5 external intgis
* Real-time clock, battery, switching regulator*
« 16-bit external data bus expansion port
* Up to 1GB memory expansion idemCard-AQ
4 serial ports (2 from Am186ES, 2 from SCC2692 UAR
* 2 high-speed PWM outputs and Pulse Width Demoutulat
* 512-byte serial EEPROM
« Supervisor chip (691) for power failure, reset araichdog
« Real-time clock (RTC72423), lithium coin battery*
* optional

1.3 Physical Description

The physical layout of the A-Engine86 is shown igufe 1.3.
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Figure 1.3 Physical layout and STEP2 Jumper Location of the TD86
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(Power On or Reset )

Step 2 jumper
set?

STEP 2

Go to Application Code CS:IP
CS:IP in EEPROM:

0x10=CS high byte
STEP1 0x11=CS low byte

ACTF menu sent out through s¢r0 8§i§f:g :ggvhbby;e
at 19200 baud . - n y

Figure 1.4 Flow chart for ACTF operation

A “ACTF boot loader” resides in the top protectedter of the 256KW on-board Flash chip (29F400).
At power-on or RESET, the “ACTF” will check the SPR jumper. If STEP 2 jumper is not installed, the
ACTF menu will be sent out from serial port0 at @9daud. If STEP 2 jumper is installed, the “jump
address” located in the on-board serial EE (see Epwill be read out and then jump tothat addréss.
DEBUG kernel “c:\tern\186\rom\ae86\AE86_115.HEX'hdae downloaded and programmed into the
Flash starting at address OxFAO0O0O . Using the AGiERuU with “HyperTerminal, 19,200 baud”, use
“GFA000” command will setup a “Jump Address of OXF®" into the on-board EE (U7), and run the
kernel, ready for talking to the PC side Paradigi CERN Edition via RS232 serial link at 115,200
baud.

1.4 Minimum Requirementsfor TD86 System Development

1.4.1Minimum Hardware Requirements

* PC or PC-compatible computer with serial COMx pbét supports 115,200 baud

A TD86 controller

* Debug serial cable (RS-232; DB9 connector for P@/Qrt and IDE 2x5 connector for controller)
» center negative wall transformer (+9V, 500 mA)

1.4.2Minimum Software Requirements
 TERN EV-P or DV-P Kit CD and a PC running Windows/®8/2000
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1.5 TD86 Programming Overview

Steps for AE86-based product development:

Preparation for Debugginc(Factory pr-set by defau)

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

« Power on AE86 without STEP 2 jumper installed

* ACTF menu should be sent to PC terminal

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

« Download “AE86_115.HEX" to Flash starting at OX6@0

« Use “GFA000” command to setup EE and run debugger

« Install the STEP2 jumper (J2.38-40)

« Power-on or reset AE86, Ready for Paradigm C+budger

STEP 1 Debugging

» Write your application program in C
« Start Paradigm C++ TERN Edition
» Open “led.ide” project, build node, downloadbdg, run

U

STEP 2 Standalone Field Test

* ACTF “G08000” to set EE jump address (defaultirps
to your program in RAM

* STEP2 jumper set

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

!

STEP 3 Production (DV-P+ACTF Kit

» Generate application HEX file with DV-P and ACKit

* Download “L_29F400.HEX” into RAM and Run it

» Download application HEX file into FLASH

* ACTF “G80000" to modify EE jump address to 0x8000
* Set STEP2 jumper

There is no ROM socket on the TD86. The user'siaafbn program must reside in SRAM (Starting at
address of 0x08000 by default based on the c:#8&onfig\186.cfg) for debugging in STEPL1, reside
battery-backed SRAM for the standalone field tasETEP2, and finally be programmed into Flash for a
complete product. For production, the user mustdpce an ACTF-downloadable HEX file for the
application, based on the DV-P+ACTF Kit. Use “G80Q6 point to the user code in Flash”. The
“STEP2” jumper (J2 pins 38-40) must be installedeeery production-version board.
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Chapter 2: Installation

2.1 Softwar e I nstallation

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

2.2 Hardware I nstallation

Overview
» Connect PC-IDE serial cable:
For debugging (STEP 1), place IDE connector on S&Rfred
edge of cable at pin 1
» Connect wall transformer:
Connect 9V wall transformer to power and plug iptaver jack

Hardware installation for the TD86 consists prirtyanif connecting the microcontroller to your PC

2.2.1 Connecting the TD86 to the PC

The following diagram (Figure 2.1) illustrates tt@nnection between the TD86 and the PC. The TD86 is
linked to the PC via a serial cable (DB9-IDE).

The TD86 communicates through SERO by defaultalhttte 5x2 IDC connector on the SERO H1 5x2 pin
header. IMPORTANT: Note that the red side of the cable must point to pin 1 of the H1 header. The DB9
connector should be connected to one of your PONI ®@orts (COM1 or COM2).

RED side of the flat
cable corresponding
to PIN1 of the SERO

H1 header
To COM1
or COM2 "
connector
9-pin T
connector 0 SERO
eee % for debugging

Figure 2.1 Connecting the TD86 to the PC via RS232 serial link
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2.2.2 Powering-on the TD86

By factory default setting:

1) The RED STEP2 Jumper is installed.

2) The DEBUG kernel is pre-loaded into the on-bdtash starting at address of OxFAQ00O.
3) The EE is setup to a jump address of OxFAQ0QO.

Connect +9V to +12V DC to the DC power terminal.eTécrew terminal at the corner of the board is
positive 12V input and the other terminal is GND.

The on-board LED should blink twice and remain iodjcating the debug kernel is running and reaay fo
Paradigm C++ TERN Edition to connect.

Opto couplers

DEBUG SERO { gt ROy, PTC counters

ADC

Solenoid DAC
Drivers

+12V GND

Fig 2.2 Locations of STEP2 Jumper, LED, Power input and DEBUG port
The LED blinks twice indicating ready for DEBUG, iéh STEP2 Jumper installed,

DEBUG kernel resides in flash (OxFA000), and EE gueddress = OXxFAOOO (Set by
“GFA000”), after powered-on or reset
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Chapter 3: Hardware

3.1 Am186ES - Introduction

The AmI186ES is based on industry-standard x86 tatoire. The Am186ES controllers uses 16-bit
external data bus, are higher-performance, moegyiated versions of the 80C188 microprocessorshwhic
uses 8-bit external data bus. In addition, the ABEIS has new peripherals. The on-chip system irterfa
logic can minimize total system cost. The Am186E® ltwo asynchronous serial ports, 32 PIOs, a
watchdog timer, additional interrupt pins, a puleeth demodulation option, DMA to and from serial
ports, a 16-bit reset configuration register, andasced chip-select functionality.

3.2 Am186ES — Features

Clock

Due to its integrated clock generation circuittye tAm186ES microcontroller allows the use of a ime
one crystal frequency. The design achieves 40 MPA Gperation, while using a 40 MHz crystal.

The system CLKOUTA signal is routed to J1 pin 4fadét 40 MHz. The CLKOUTB signal is not
connected in the TD86.

CLKOUTA remains active during reset and bus holshditons. The TD86 initial function ae_init();
disables CLKOUTA and CLKOUTB with clka_en(0); acéb_en(0);

You may use clka_en(1); to enable CLKOUTA=CLK=Ja @i

External Interrupts and Schmitt Trigger Input Buffe

There are eight external interrupts: INTO-INT6 atid| provided by the Am186ES.

/INTO is used by the on-board SCC2692 Dual UART.

/INT1, buffered by opto-coupler P15 at J3 pin 17EH\edge triggered interrupt only
INT2=P31, buffered by opto-coupler P14 at J3 pislNd. 4, input, or interrupt, or PWD
INT3, buffered by opto-coupler P10 at J3 pin 12=0Né&dge triggered interrupt only
INT4=P30, buffered by opto-coupler P13 at J3 pirlhMa.3, input or interrupt
INT5=P12, internal used only by TD86 as outputlfeD/EE/HWD

INT6=P13, buffered by opto-coupler P16 at J3 pisINA.6, input or interrupt

INMI, Supervisor 691 U6 pin 10 power-fail outputH®).

External interrupt inputs (/INTO, /INT1, /NMI) arttiree counter clock inputs (CNTO0-2, U14, 82C54¢, ar
buffered by Schmitt-trigger inverters (U9, 74HC1#),order to increase noise immunity and transform
slowly changing input signals to fast changing gttdr-free signals. As a result of this bufferirnthese
pins are capable of only acting as input.

The buffered external interrupt input IN15=/INTIguéres a falling edge (HIGH-to-LOW) to generate an
interrupt. The IN10=INT3 requires a rising edge \{to-high) to generate an interrupt. The
IN14=INT2=P31, IN13=INT4=P30, and IN16=INT6=P13 aused as inputs by default. User can re-
program these pins to rising edge trigger intesupt
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CNT0=J6.13 cko=U14.10
U9A 0
CNT1=J6.11 ck1=U14.18
U9B 0
/INTO=U8.2 INTO=U2.56
uac 0
/INT1=P15.4 INT1=U2.55
u9D 0
CNT2=J6.9 ck2=U14.21
U9E o)
INMI=U6.10 Nmi=U2.47
U9F O

Figure 3.1 External interrupt inputs

The TD86 uses vector interrupt functions to resptmndxternal interrupts. Refer to the Am186ES User’
manual for information about interrupt vectors.

Asynchronous Serial Ports

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

* Full-duplex operation; 7-bit, 8-bit, and 9-bit dateld, even, and no parity; one stop bit

»  Error detection and hardware flow control

» DMA transfers to and from serial ports; Transmitl aaceive interrupts for each port

»  Multidrop 9-bit protocol support; Maximum baud ratel/16 of the CPU clock speed

* Independent baud rate generators
The software drivers for each serial port implemeanting-buffered DMA receiving and ring-buffered
interrupt transmitting arrangement. See the sasrjlkssl echo.c and sO_echo.c.

An external SCC2692 Dual UART is located in positid8. For more information about the external
UART SCC2692, please refer to SCC2692.pdf fileudeld in the CD.

Timer Control Unit
Am186ES includes 3 internal 16-bit timer/countekdditional 3 external 16-bit timer/counters (82C54,
U14) are supported on the TD86.

The Am186Es internal timer/counter unit has thréebit programmable timers: Timer0, Timerl, and
Timer2. Timer0 and Timerl are connected to extepired:

Timer0 output = P10 = J6 pin 8
TimerO input = P11 = U7 EE pin 5= J6.2
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Timerl output = P1 = J6 pin 6

Timerl input = PO =J6 pin 4
TimerO input P11 is used and shared by on-board AAEpower-on or reset, if the STEP2 Jumper is
installed, the TD86 will read the EE. If an extdreaurce is using the P11 as TimerO external counte
input, then the EE operation will run in problena ®ie P11is not recommended for other external use,
unless user can disable the external source atrpawer reset.

The timer can be used to count or time externahtsyeor can generate non-repetitive or variablg~dut
cycle waveforms.

Timer2 is not connected to any external pin. h b& used as an internal timer for real-time coding
time-delay applications. It can also prescale tithand timer 1 or be used as a DMA request source.

The maximum rate at which each timer can operati#MHz, since each timer is serviced once every
fourth clock cycle. Timer output takes up to si®ok cycles to respond to clock or gate eventse tBe
sample programsmer02.c andae_cntl.c in thet er n\ 186\ sanpl es\ ae directory.

PWM outputs and PWD

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

Each timer has a maximum count register that defifle maximum value the timer will reach. Both
TimerO and Timerl have secondary maximum countstegi for variable duty cycle output. Using both
the primary and secondary maximum count registdssthe timer alternate between two maximum values.

MAX. COUNT A

MAX. COUNT B

Pulse Width Demodulation can be used to measurispug signal’s high and low phases on the INT2 pin
(INT2=P31, buffered by opto-coupler P14 at J3 @rIN14, input, or interrupt, or PWD).

Power-save and Power-off Mode

The TD86 is an ideal high performance controller [ power consumption applications. The power-
save mode of the Am186ES reduces power consumptidnheat dissipation, thereby extending battery
life in portable systems. In power-save mode, daraof the CPU and internal peripherals continaiea
slower clock frequency. When an interrupt occutsautomatically returns to its normal operating
frequency.

The RTC72423 on the TD86 has a VOFF signal rowelRTC72423 (U10 pin 1), J1 pin 9, and HO pin 1.
VOFF is controlled by the battery-backed RTC724l8 VOFF signal can be programmed by software to
be in tri-state or to be active low. The RTC72428 be programmed in interrupt mode to drive the FOF
pin at 1/64 second, 1 second 1 minute, or 1 harvals. The user can use the VOFF line to contrel
optional on-board switching power supply, and aamn the whole board power supply off. In the power
off mode, only micro amp current power consumptibfore details are available in the sample file
poweroff.c in thel86\ sanpl es\ ae sub-directory.
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3.3Am186ES PIO lines

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

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

3.1

PIO | Function Power-On/Reset status | TD86 Pin No. TD86 Initial

PO Timerl in Input with pull-up J6 pin 4 Input wigull-up

P1 Timerl out Input with pull-down J6 pin 6 Inpuithvpull-down

P2 /PCS6/A2 Input with pull-up U10 pin 2 RTC72423est

P3 /PCS5/A1 Input with pull-up U8 pin 39 SCC269ksk

P4 DT/R Normal J5 pin 2 Input with pull-up Step 2
P5 /DEN/DS Normal Ul3d pinl Input with pull-up (H¥L
P6 SRDY Normal J1 pin 25 Input with pull-down
P7 Al7 Normal U3 pin 22 Al7

P8 Al18 Normal U3 pin 23 A18

P9 A19 Normal U13 pin 6 A19 (HV9)

P10 | TimerO out Input with pull-down J6 pin 8 Inpuith pull-down
P11 | TimerOin Input with pull-up U7 EE pin 5, J6.2 | Input with pull-up

P12 | DRQO/INT5 | Input with pull-up J9 pin 2 Output 1cED/EE/HWD
P13 | DRQL/INT6 | Inputwith pull-up Opto P16 pin 4 iipwith pull-up

P14 | /MCSO Input with pull-up J13 pin7 Input withlpup (HV8)
P15 | /MCS1 Input with pull-up Opto P8 pin 4 Inputhvpull-up

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

P17 | /PCS1 Input with pull-up PAL U4 pin 9 PPI, ADQAC select
P18 | CTS1/PCS2 Input with pull-up Opto P9 pin 4 tywith pull-up

P19 | RTS1/PCS3 Input with pull-up RS485 U20 pin 3| putnwith pull-up

P20 | RTSO Input with pull-up Opto P12 pin 4 Inputtwpull-up

P21 | CTSO Input with pull-up Opto P11 pin 4 Inputtwpull-up

P22 | TxDO Input with pull-up RS232 U16 pin 10 TxDO

P23 | RxDO Input with pull-up RS232 U16 pin 9 RxDO

P24 | /IMCS2 Input with pull-up Ul3 pin 2 Input withulpup (HV13)
P25 | /MCS3 Input with pull-up Ui3 pin 3 Input withulpup (HV12)
P26 | Uzl Input with pull-up Ul3 pin 4 Input with puip (HV11)
P27 | TxD1 Input with pull-up RS232 U16 pin 11 TxD1

P28 | RxD1 Input with pull-up RS232 U16 pin 12 RxD1

P29 | /CLKDIV2 Input with pull-up Ul3 pin5 Input whitpull-up (HV10)
P30 | INT4 Input with pull-up Opto P13 pin 4 Inputtivipull-up

P31 | INT2 Input with pull-up Opto P14 pin 4 Inputtivipull-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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Three external interrupt lines are not shared Wit pins:
INTO = Used by SCC2692 interrupt
/INT1 =P15pin4
INT3 = P10 pin 4

The 32 PIO lines, P0-P31, are configurable via tebit registers, PIOMODE and PIODIRECTION. The
settings are as follows:

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

0 0 0 Normal operation

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

2 1 0 OUTPUT

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

Initialization on PIO pins ire_init() is listed below:

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

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

The C function in the librarge_lib can be used to initialize PI1O 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 corresgiog pin is in input mode,
pio_rd (1); return 16-bit status of P16-P31, if corrasiog pin is in input mode,

Some of the 1/O lines are used by the TD86 systanoifi-board components (Table 3.2). We suggest tha
you not use these lines unless you are sure thataye not interfering with the operation of such
components (i.e., if the component is not installed

You should also note that the external interrugd Pins INTO and INT1 are not available for use as
output because of the 74HC14 inverters attach&tie input values of these PIO interrupt lines al8o

be inverted for the same reason. As a resultingghio rd to read the value of P3INT2) will return 1
when Opto-coupler P14 pin 1 on header J3 pin 164INpulled high, with the result reversed if the p
is short to ground.

Signal [ Pin Function

P2 /PCS6 U10 RTC72423 chip select at base I/O addhed600

P3 /PCS5 U8 SCC2691 UART chip select at base I{desd 0x0500
P4 /DT STEP2 jumper

P11 TimerO input | Shared with U7 24C04 EE data inisstate, while disabled
P12 DRQO/INTS Output for LED or U7 serial EE clomkHit watchdog
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Signal | Pin Function

P17 /PCS1 U4 PAL select for PPI, DAC, ADC, CNT(82L5elect signals
P22 TxDO Default SERO debug

P23 RxDO Default SERO debug

/INTO J2 pin 8 U8 SCC2692 UART interrupt, if USiistalled

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

3.41/0 Mapped Devices

I/O Space

External I/O devices can use I/O mapping for acc¥ss can access such /O devices vitthortb(port)
or outportb(port,dat). These functions will transfer one bgteword of data to the specified I/0 address.
The external I/O space is 64K, ranging from 0xOG®0xffff.

The default 1/0 access time is 15 wait states. W@y use the function voie wait(char wait) to define
the I/O wait states from 0 to 15. The system cliecR5 ns ( or 50 ns), giving a clock speed of 402Mbr

20 MHz). Details regarding this can be found in ®eftware chapter, and in the Am186ES User'’s
Manual. Slower components, such as most LCD iated, might find the maximum programmable wait
state of 15 cycles still insufficient. Due to thigh bus speed of the system, some componentstaded
attached to 1/O pins directly.

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

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

I/O space Select | Location Usage

0x0000-0x00ff | /PCSO| J1 pin 19=P16 USER expansiaod, M
0x0100-0x0103| /PCS1| J2 pin 13=P17 U4 PAL

0x0130 /CNT U14 pin 24 82C54, /ICNT(PIT)
0x0110 /DA U1l pin 23 DAC7625 select
0x0180 /AD U12 pin 31 AD7852

0x0120 /AD1 U15 pin 31 AD7852

0x0100 /PPI U24 pin 7 82C55, PPI
0x0400-0x04ff | /PCS4 Reserved
0x0500-0x05ff | /PCS5| U8 pin 15=39 UART, SCC2692

0x0600-0x06ff | /PCS6| U10 pin 2=P2 RTC 72423
*PCSO0 may be used for other TERN peripheral boaott as MMA.

To illustrate how to interface the TD86 with extartYO boards via J1 header, a simple decodingiitirc
for interfacing to an 82C55 parallel 1/0O chip isogm in Figure 3.2.
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74HC138 82C55
RST )
A5 1 | A vol| 15 NC = P00-P0O7
A6 210 v1| 14 /SEL20 v
AT 31, Y2| 13 /SEL40
v3| 12 /SEL60 | /sE| 20| /CS P10-P17
val 11 /SEL80 ——
/PCS0 4~ G2A  Y5| 10 /SELAO MR | /WR
54 G2B  Ye| 9 /SELCO  pp RD
_VcC 6 | 61  y7| 7 /SELFO ] 020.P27
" DO-D7

Figure 3.2 Interface to external 1/0 devices via J1

The functionae_i ni t () by default initializes the /PCSO0 line at base IMdlr@ss starting at 0x00. You
can read from the 82C55 withportb(0x020) or write to the 82C55 witbutportb(0x020,dat). The call to
inportb(0x020) will activate /PCSO0, as well as putting the addr@s00 over the address bus. The decoder
will select the 82C55 based on address lines A&Ad, the data bus will be used to read the apprapria
data from the off-board component.

Programmable Peripheral Interface (82C55A)

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

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

1 Input

Port 1 0 Output

1 Input

Mode 0 Mode O

1 Mode 1

GROUP 2

Port 2 0 Output

(Upper)

1 Input

Port 0 0 Output

1 Input

Mode 00 Mode O

01 Mode 1

1X Mode 2

Command 0 Bit
Select manipulatior
1 Mode

Selec

Figure 3.3 Mode Select Command Word

The TD86 maps U5, the 82C55/uPD71055, at basedfiteas 0x0100.
The ports/registers are offsets of this I/0 baskess.
The Command Register = 0x0106; Port 0 = 0x0100t Per0x0102; and Port 2 = 0x0104.

The following code example will set all ports tatput mode:

out port b(0x0106, 0x80); /* Mbde 0 all output selection. */

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

out port b(0x0102, 0x55); /* Sets port 1 to alternating high/low 1/O pins. */

out port b(0x0104, 0x55); /* Sets port 2 to alternating high/low 1/O pins. */
To set all ports to input mode:

out port b(0x0106, 0x9f ) ; /* Mode O all input selection. */
You can read the ports with:

i nportb(0x0100); /* Port 0 */

i nportb(0x0102); /* Port 1 */

i nportb(0x0104); /* Port 2 */

This returns an 8-bit value for each port, withtebit corresponding to the appropriate line ongbs.
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You will find that numerous on-board components @etrolled using PPI lines only. You will need to
use PPl access methods to control these, as well.

Real-time Clock RTC72423

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

It is also possible to configure the real-time &loo raise an output line attached to an extemtairiupt,

at 1/64 second, 1 second, 1 minute, or 1 hourvater This can be used in a time-driven applicgtar
the VOFF signal can be used to turn on/off the controllging an external switching power supply. An
example of a program showing a similar applicatiorcan be found in

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

UART SCC2692

The UART SCC2692 (Signetics, U8) is mapped intolffeaddress space at 0x0500. The SCC2692 has
dual full-duplex asynchronous receiver/transmittequadruple buffered receiver data register, gerrimpt
control mechanism, programmable data format, sadetbaud rate for the receiver and transmitter, a
multi-functional and programmable 16-bit countenéi, an on-chip crystal oscillator, and a multifpase
input/output including RTS and CTS mechanism. Fareminformation, refer to SCC2692.PDF file
included in TERN CD.

3.50ther Devices

A number of other devices are also available onTib86. Some of these are optional, and might not be
installed on the particular controller you are gsir-or a discussion regarding the software interfior
these components, please see the Software chapter.

On-board Supervisor with Watchdog Timer

The MAX691/LTC691 (U6) is a supervisor chip. Withinstalled, the TD86 has several functions:
watchdog timer, battery backup, power-on-reset ydefpower-supply monitoring, and power-failure
warning. These will significantly improve systentiability.

Watchdog Timer

The watchdog timer is activated by setting a jumperd9 of the TD86. The watchdog timer provides a
means of verifying proper software execution. e user's application program, calls to the fumctio
hitwd() (a routine that toggles the P12=HWD pin of the M) should be arranged such that the HWD
pin is accessed at least once every 1.6 secorfidhe 09 jumper is on and the HWD pin is not acedss
within this time-out period, the watchdog timer Isuthe WDO pin low, which asserts /RESET. This
automatic assertion of /RESET may recover the apfiin program if something is wrong. After the
TD86 is reset, the WDO remains low until a tramsitioccurs at the WDI pin of the MAX691. When
controllers are shipped from the factory the J9ganis off, which disables the watchdog timer.

The Am186ES has an internal watchdog timer. Th#isabled by default withe_init().
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Opto couplers

SCCA

SER1

PTC counters

Solenoid DAC
Drivers

+12V GND

Figure 3.4 Location of watchdog timer enable jumper

Power-failure Warning

The supervisor supports power-failure warning aadkbp battery protection. When power failure is
sensed by the PFI, pin 9 of the MAX691 (lower tHa8 V), the PFO is low. The PFI pin 9 of 691 is
connected to the 10K ohm RNL1 pin 10 and is pullegh to VCC. In order to use PFI externally, add a
wire to bring the PFI signal out via any empty herapin, such as H4 pin 10. You may design an NMI
service routine to take protect actions before #B% drops and processor dies. The following circuit
shows how you might use the power-failure detedibgic within your application.

—————————————————

! |
9-14 V(8.35 V. min) : VCC = +5V |
Ll |
47K ; —|— : |
Ly PFI, pin 9 of MAX691
| 1.3V min)
2K | |

Figure 3.5 Using the supervisor chip for power failure detection

Battery Backup Protection

The backup battery protection protects data storéde SRAM and RTC. The battery-switch-over citcui

compares VCC to VBAT (+3 V lithium battery positiy@n), and connects whichever is higher to the
VRAM (power for SRAM and RTC). Thus, the SRAM aitné real-time clock RTC72423 are backed up.
In normal use, the lithium battery should last @b8tb years without external power being supplied.
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When the external power is on, the battery-switedrocircuit will select the VCC to connect to the
VRAM.

EEPROM

A serial EEPROM of 512 bytes (24C04), or an optid?a bytes (24C16) can be installed in U7. The
TD86 uses the P12=SCL (serial clock) and P11=S»higkdata) to interface with the EEPROM. The
EEPROM can be used to store important data such mede address, calibration coefficients, and
configuration codes. It typically has 1,000,00@serwrite cycles. The data retention is more #@n
years. EEPROM can be read and written by simpljngathe functionse_rd() andee_wr().

The EEPROM uses P11 as data input signal line.@ 16 pin 2 is a multifunctional P1O pin, which can

be Timer0O input. Be aware of the ACTF flash firmevaises EE with P11 signal at power-on, or reset, if
STEP2 jumper is installed. Not recommended to ukk fBr Timer0 external counter input, unless the
external clock source can be disabled during pawer-

AD7852, 300KHz 12-bit ADC

Two AD7852 chips can be installed on the TD86. AR¥852 is a 100 ksps, sampling parallel 12-bit A/D
converter that draws only 55 mW from a single 59y. This device includes 8 channels with sample-
and-hold, precision 2.5V internal reference, swéttitapacitor successive-approximation A/D, and sieed
an external clock.

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

The AD7852 requires 16 ADC clocks (or 3 pus) coniersime to complete one conversion, based on a 5
MHz ADC clock. The busy signal has an 3 us low @eindicating that conversion is in progress. ldesr

to achieve the 300 KHz sample rate, the AE86 msstpolling method, not interrupt operation, to acgu
data. A sample progratd86_ad.ccan be found in the: \ 't er n\ 186\ sanpl es\ t d86 directory.

DA7625, 300KHz 12-bit DAC

The DA7625 is a parallel 12-bit D/A converter. Thisvice includes 4 voltage output channels with an
output range of 0-2.5V. It accepts 12-bit paraithglut data, has double-buffered DAC input logicd &ias
a settling time of 1Qus.

The TD86 uses pins D15 to D4 to directly interfamehe DAC's full 12-bit data bus for maximum data
transfer rate.

The DA7625 has a settling time of 5 ps. A samplegmm td86_da.c may be found in the
c:\tern\ 186\ sanpl es\t d86 directory.

Programmable Timer/Counter ( Intel 82C54, or NEC/POb4 )

The 82C54/PD71054 Programmable Timer/Counter (PTGip provides three high-performance,
programmable counters for the TD86. Three 16-bitnters, each with its own clock input, gate control
and output pins, can be clocked from DC to 10 MHz.

Under software control, they can generate accuirater delays. There are six programmable count mode
All PTC related pins are routed to J6. See the @flutded TD86 schematics and the 82C54.PDF file for
more details. Sample programs are available untterrc

186\samples\td86.
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Opto-couplers

There are 16 opto-couplers at the J3 header. Tomsecouplers provide optical isolation and candufee
digital inputs, relay contact monitor, or powerlim®nitor. These optos has a 3 micro-second ON &inae

5 micro-second OFF time. The input pins on-boarsldd K ohm pullup, so ground the pin will turn ON
the coupler.

3.6 Headers and Connectors

J1 20x2 pin Header, Expansion port with addressdats bus, and control lines.
J2 10x2 pin Header, 14 Solenoid Drivers.

J3 10x2 pin Header, 16 Opto-coupler inputs.

J4 10x2 pin Header, 16 high speed, 300K Hz, 12DI€ inputs and 4 12-bit DACs.
J6 10x2 pin Header, 6 16-bit Timer/Counter 1/Os.

H1 5x2 pin Header, SERO, default DEBUG port, or BSr application.

H2 5x2 pin Header, SER1, RS232/RS422/RS485 folicgifuin.

H3 5x2 pin Header, SCC2692 portA, RS232/RS485 [iptieation.

H4 5x2 pin Header, SCC2692 portB, RS232 for appboa

H5 13x2 pin Header, 24 PPI 1/Os.

J5 2x1 pin Header, STEP2 Jumper.

J9 2x1 pin Header, Watchdog enable jumper.

A detailed signal definition is available in th¢éaahed td86 schematics (td86-man.sch).

J9
J5 STEP2
13 Jumpe Watchdoq
opto-couplers et
H4 g T AL “h LED
SCCB! - . ....- S0 - Y -‘.. . _,,-_.I. P "_nﬂ.\‘_’_l -
H3 \ & | o= 5
SCCA PPI
H2
SER1
H1
DEBUG [ 1% S e
SERO bk PTC counter$
T1, +12V, GND J2 DaC
‘ d : Solenoid Driver DAC

Figure 3.6 Header locations of the TD86
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J1 Signal
VCC 1 2 GND
MPO 3 4 CLK
RxD 5 6 GND
TxD 7 8 DO
VOFF 9 10 D1
/BHE 11 12 D2
D15 13 14 D3
/IRST 15 16 D4
RST 17 18 D5
P16 19 20 D6
D14 21 22 D7
D13 23 24 GND

25 26 A7
D12 27 28 A6
/WR 29 30 A5
/RD 31 32 Ad
D11 33 34 A3
D10 35 36 A2
D9 37 38 Al
D8 39 40 A0

J1 20x2 pin Header, Expansion port with address buslata bus, and control lines.

+12V
GND
GND
HV8
HV9
HV10
HV11
HV12
HV13
HV14

J2 10x2 pin Header, 14 Solenoid Drivers.

GND
IN1
IN3
IN5
IN7
IN9
IN11
IN13
IN15
P15

©O© N0l WpR

11
13
15
17
19

oo bhN

10
12
14
16
18
20

oo~ N

10
12
14
16
18
20

K
GND
GND
HV1
HV2
HV3
HV4
HV5
HV6
HV7

GND
IN2
IN4
IN6
IN8
IN10O
IN12
IN14
IN16
P16

J3 10x2 pin Header, 16 Opto-coupler inputs.
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DA2 1 2 DAl
DA4 3 4 DA3
AD9 5 6 AD8
AD11 7 8 AD10

AD13 9 10 AD12
AD15 11 12 AD14

AD1 13 14 ADO
AD3 15 16 AD2
AD5 17 18 AD4
AD7 19 20 ADG6

J4 10x2 pin Header, 16 high speed, 300K Hz, 12-ADC inputs and 4 12-bit DACs.

ouTo 1 2 P11
Gate2 3 4 PO (TMRIN1)
Gatel 5 6 P1(TMRO1)
Gate0 7 8 P10 (TMROO)
CNT2 9 10  T1, 10MHz
CNT1 11 12 T2,5MHz
CNTO 13 14  T2,5MHz
OuUT1 15 16  OUT2
GND 17 18 VvCC

19 20

J6 10x2 pin Header, 6 16-bit Timer/Counter 1/Os.

110 26 25 111
112 24 23 P13
114 22 21 P15
116 20 19 P17
120 18 17 121
122 16 15 123
124 14 13 125
126 12 11 127
100 10 9 101
102 8 7 103
104 6 5 105
GND 4 3 VCC
106 2 1 107

H5 13x2 pin Header, 24 PPI I/Os.
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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 pramgming tools.

For details regarding software function prototypad sample files demonstrating their use, pledse te
the Software Glossary in Appendix F.

Guidelines, awareness, and problemsin an interrupt driven environment

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

The debugging of interrupt handlers with the Reniaébugger can be a challenge. It is possible tagleb
an interrupt handler, but there is a risk of exgrecing problems. Most problems occur in multi-inigt-
driven situations. Because the remote kernel runmin the controller is interrupt-driven, it demands
interrupt services from the CPU. If an applicatipmogram enables interrupt and occupies the intérrup
controller for longer than the remote debuggeraagept, the debugger will time-out. As a resultjny®@C
may hang-up. In extreme cases, a power reset megduired to restart your PC.

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

The run-time environment on TERN controllers cotssigf an /O address space and a memory address
space. /O address space ranges foa6000 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. ah@ memory mappings are done in software to define
how translations are implemented by the hardwdmeplicit accesses to I/O and memory address space
occur throughout your program from TERN librariesveell as simple memory accesses to either code or
global and stack data. You can, however, expficticess any address in I1/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 1/0O space) or non-mapped orgm

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 ggbdata at any memory space location. Jdgenent
argument is left shifted by four and added todffeet argument to indicate the 20-bit address within
memory spacepoke is used for writing 16 bits at a time, apokeb is used for writing 8 bits.

The process of placing data into memory space nisamnshe appropriate address and data are placed o
the address and data-bus, and any memory-spacengap place for this particular range of memory
will be used to activate appropriate chip-selewtdi and the corresponding hardware component
responsible for 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 specifgigt@ss in memory space. Once againstyment
address is shifted left by four bits and addedé&mffset to find the 20-bit address. This address is thell
output over the address bus, and the hardware amenpoapped to that address should return either gn
8-bit or 16-bit value over the data bus. If thesrao component mapped to that address, this fumetill
return random garbage values every time you tpetek into that address.

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

This function is used to place tdata into the appropriataddressin I/O space. It is used most often
when working with processor registers that are redppto I/O space and must be accessed using either
one of these functions. This is also the functiead in most cases when dealing with user-confijure
peripheral components.

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

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

This function can be used to retrieve data frompoments in I/O space. You will find that most
hardware options added to TERN controllers are redppto 1/0O space, since memory space is valuable
and is reserved for uses related to the code atad dising 1/0 mappings, the address is output twer
address bus, and the returned 16 or 8-bit valtleiseturn value.

For a further discussion of I/O and memory mappipisase refer to the Hardware chapter of this
technical manual.

4.1 Programming Overview

The ACTF loader in the TD86 512KB Flash will perfothe system initialization and prepare for new
application code download or immediately run the-jpaded code. A remote debugger kernel can be
loaded into the Flash located starting Oxfa000. Ugging at baud rate of 115,200 (AE86_115.HEX) and
38,400 (AE86_384.HEX) are available. A loader file TDREM.HEX and both debugger files
AE86_115.HEX and AE86_384.HEX, are included in th&v/-P or DV-P CD under the
c:\tern\ 186\ rom AE86 directory.
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A functional diagram of the ACTF (embedded in theg&) is shown below:

[ Power on or Reset }

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

STEP2 Jumper on ?
J2 pin 38=P4=GND 2
Text command or download new codes

.

Process Commands }

See ACTF-kit and Functions for detail

Read EE for thejump address CS:1P [

[ RUN the program starting at the CS:IP ]

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

Sample programs can be found in thec: \t er n\ 186\ sanpl es\ ae and
c:\tern\ 186\ sanpl es\t d86 directories.
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4.1.1 Steps for AEB6-based product development

Preparation for Debugging

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

« Power on AE86 without STEP 2 jumper installed

* ACTF menu should be sent to PC terminal

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

* Download “TDREM115.HEX” to Flash starting at 08f20

« Use “D” command to setup EE and run TDREM debugge
« Install the STEP2 jumper (J2.38-40)

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

STEP 1: Debugging

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

i

STEP 2: Standalone Field Test

Run controller standalone, away from PC, with
» EE jump address modified (default 0x08000), poiats
your program in RAN
» STEP2 jumper set
» application program running in battery-backed SRAM
(Battery lasts 3-5 years under normal conditions.

!

STEP 3: Production (DV+ACTEF Kit only)

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

» Download application HEX file into FLASH

» Modify EE jump address to 0x80000

* Set STEP2 jumper

There is no ROM socket on the AE86. The user’s iagfibn program must reside in SRAM for
debugging in STEP1, reside in battery-backed SRAMHe standalone field test in STEP2, and finb#y
programmed into Flash for a complete product.

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

The top 16KB ACTF boot strip is protected.

Two utility HEX files, “L_ TDREM.HEX” and “L_29F40(HEX", are designed for downloading into
SRAM starting at 0x04000 with ACTF-PC-HyperTermindse the “D” command to download, and use
the “G” command to run.
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“L_TDREM.HEX" will erase the 8KB sector and load “AaDREM115.HEX" or “TDREM384.HEX".
“L_29F400.HEX” will erase the remaining sectors flmwnloading your application HEX file.

OXFEFFF
ACTF
TDREM
OXFA000
0x80000
OX1FFFF | 512K
+
128K l
0X000(

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

The on-board EE must be modified with a “G80000meoaand while in the ACTF-PC-HyperTerminal
Environment.

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

Step 1 settings

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

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

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

For a 32K SRAM, the physical address is 0x00000#€&k0
For a 128K SRAM, the physical address is 0x0000Q&%f
For a 512K SRAM, the physical address is 0x0000W7Erk

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

4) The STEP2 jumper must be installed on J2 pird4(B8
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42 AE.LIB

AE.LIB is a C library for basic A-Engine86 operat® It includes the following modules: AE.OBJ,
SER0.0OBJ, SER1.0BJ, SCC.OBJ, and AEEE.OBJ. You tedihk AE.LIB in your applications and
include the corresponding header files. The foltayis a list of the header files:

Include-filename | Description

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

SER1.H Internal serial port 1

SCC.H External UART SCC2691

AEEE.H on-board EEPROM

4.3 Functionsin AE.OBJ

4.3.1 A-Engine86 I nitialization

ae init

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

There are certain default pin modes and interrafitrggs you might wish to change. With that in thin
the basic effects ade 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 theaddétfROM. The CPU registers are configured such
that:

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

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

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

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

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

out port (Oxffa8, OxaObf); // s8, 3 wait states
out port (Oxffa6, 0x81ff); // CSOMSKH
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« Initialize PACS so thaPCS0-PCS3 are configured so that:
—  Sets upPCS0-3 lines as chip-select lines, with fifteen wait staperation.

—  The chip select lines starts at I/O address 0x0@0,each successive chip select line
addressed 0x100 higher in I/O space.

out port (Oxffa4, 0x007f); // CSOMSKL, 512K, enable CSO for RAM

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

out port (Oxff 78, 0xe73c); /1 PDI R1, TxDO, Rx DO, TxD1, RxD1,
/1 P16=PCSO, P17=PCS1=PPI

out port (Oxff 76, 0x0000) ; /1 Pl OVL

out port (Oxff 72, Oxec7b); /1 PDI RO, P12, A19, A18, Al7, P2=PCS6=RTC
/1

out port (Oxff 70, 0x1000) ; Pl OMD, P12=LED

« Configure the PPl 82C55 to all inputs. You careteélese to inputs.

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

out port b(0x0101, 0);

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

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

void io_wait
Arguments. char wait
Return value: none.

This function sets the current wait state dependimthe argumenwait.

wait=0, wait states = 0, |/O enable for 100 ns
wait=1, wait states = 1, |/O enable for 100+25 ns
wai t=2, wait states = 2, 1/0O enable for 100+50 ns
wai t=3, wait states = 3, |1/0O enable for 100+75 ns
wai t=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, |/O enable for 100+225 ns
wait=7, wait states = 15, |/ O enable for 100+375 ns

4.3.2 External Interrupt I nitialization

There are up to eight external interrupt sourcetherA-Engine86, consisting of seven maskable iinfr
pins (NT6-INTO) and one non-maskable interruptM ). There are also an additional eight internal
interrupt sources not connected to the externa,ginnsisting of three timers, two DMA channelsthbo
asynchronous serial ports, and i1 from the watchdog timer. For a detailed discussivolving the
ICUs, the user should refer to Chapter 7 of the AMD186ES Microcontroller User's Manual.

TERN provides functions to enable/disable all & 8hexternal interrupts. The user can call anthef
interrupt init functions listed below for this purge. The first argument indicates whether theiqdar
interrupt should be enabled, and the second isietifin pointer to an appropriate interrupt serviogtine
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 appropriateervice bit for the IR signal currently being bkad
must be cleared. This can be done using\triespecific EOl command. At initialization time, interrupt
priority was placed inFully Nested mode. This means the current highest priority riofg will be
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handled first, and a higher priority interrupt wititerrupt any current interrupt handlers. Sahé user
chooses to clear the in-service bit for the intetrourrently being handled, the interrupt servioatine
just needs to issue the nonspecific EOl commarutetar the current highest priority IR.

To send the nonspecific EOl command, you need tie wheEOI register word with 0x8000.
out port (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 drth@external interrupt channels (for pin locai@nd
other physical hardware details, see the Hardwaapter). The first argumehntndicates whether this
particular interrupt should be enabled or disabl&te second argument is a function pointer, wiith
act as the interrupt service routine. The overlwrathe interrupt service routine, when execute@biout
20 ps.

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

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

void intO_init( unsigned char i, void interrupt far(* intO_isr)() );
void intl init( unsigned char i, void interrupt far(* intl_isr)() );
void int2_init( unsigned char i, void interrupt far(* int2_isr)() );
void int3_init( unsigned char i, void interrupt far(* int3_isr)() );
void int4_init( unsigned char i, void interrupt far(* intd4_isr)() );
void int5_init( unsigned char i, void interrupt far(* int5_isr)() );
void int6_init( unsigned char i, void interrupt far(* int6_isr)() );
void int7_init( unsigned char i, void interrupt far(* int7_isr)() );
void int8_init( unsigned char i, void interrupt far(* int8_isr)() );
void int9_init( unsigned char i, void interrupt far(* int9_isr)() );
r

void nm _init(void interrupt far (* nm _isr)());

4.3.3 |/OInitialization

Two ports of 16 1/O pins each are available onAHengine86. Hardware details regarding these Ph@sli
can be found in the Hardware chapter.

Several functions are provided for access to tl@ Ifles. At the beginning of any application whgoa
choose to use the PIO pins as input/output, youpwidbably need to initialize these pins in onetlod
four available modes. Before selecting pins fas ffurpose, make sure that the peripheral modeatipar
of the pin is not needed for a different use witthie same application.

You should also confirm the PIO usage that is dieedrabove 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 aeglifor other on-board purposes. These are altitiesc
in some detail in the Hardware chapter of this tézdl manual. For a detailed discussion towarditBe
ports, please refer to Chapter 11 of the AMD Ami18&Eer’'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-cguné
the PIO lines.

The functionpio_wr andpio_rd can be quite slow when accessing the P10 pingebding on the pin
being used, it might require from 5-10 us. The mmann efficiency you can get from the PIO pins ociéur
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you instead modify the PIO registers directly watioutport instruction Performance in this case will be
around 1-2 us to toggle any pin.

The data register @xff74 for PIO port 0, an@xff7a for P1O 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, normal operation

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

e 3, input without pull

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

Each bit of the returned 16-bit value indicatesdtirent 1/0 value for the PI1O pins in the seleqted.
void pio_wr:

Arguments: char bit, char dat
Return value: none

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

4.3.4 Timer Units

The three timers present on the A-Engine86 carsbkd tor a variety of applications. All three timeun
at ¥ of the processor clock rate, which determites maximum resolution that can be obtained. Be
aware that if you enter power save mode, the timdlt®perate at a reduced speed as well.

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

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

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

Two of the timers,TimerO and Timer1l can be used to do pulse-width modulation with datde duty
cycle. These timers contain two max counters, whbe output is high until the counter counts up to
maxcount A before switching and counting up to noaxt B.

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

It is also possible to use the outputTofmer2 to pre-scale one of the other timers, since 1@dsiblution
at the maximum clock rate specified gives you aty) Hz. Only by usindimer2 can you slow this
down even further. The sample fildmer02.c and timerl2.c, located in tern\186\samples\ae,
demonstrate this.
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The specific behavior that you might want to impésthis described in detail in chapter 8 of the AMD
AM188ES User’s Manual.

void t0_init

void t1_init

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

Both of these timers have two maximum counters (MAUNTA/B) available. These can all ke
specified usinga andtb. The argumentm is the value that you wish placed into {hR@CON/T1CON
mode registers for configuring the two timers.

The interrupt service routineisr specified here is called whenever the full cognteached, with othelr
behavior possible depending on the value specifiethe 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 onlydras max counter available.

4.3.5 Analog-to-Digital Conversion

Parallel ADC AD7852

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

Serial ADC P2543

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

In order to operate the ADC, lines TO, T1, and fidhf the PAL must be used. P11 of the AM186ES must
also be configured to be input. This line is abared with the EEPROM, and left high at power-es¥t.
You should be sure not to re-program these pinydor own use. Be careful when using the EEPROM
concurrently with the ADC. If the ADC is enabletthe line P11 will be reserved for its use and any
attempt to access the EEPROM will time-out aftensdime.

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

int ae86_ad
Arguments: char ¢
Return values: int ad_value

The argument selects the channel from which to do the next Agab Digital conversion. A value of O
corresponds to chann&DO, 1 corresponds to chanr&eD1, 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 retuhreswtalue latched-in from the previous analog-tatdig
conversion.
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For example, this means the first analog-to-digitaiversion done in an application will be simtiathe

following:
Ae86_ad(0); // Read from channel 0
chn_O0_data = ae86_ad(0)>>4; //Start the next conversion, retrieve val ue.

4.3.6 Digital-to-Analog Conversion

Parallel DAC7625

The high-speed DAC DA7625 (U11) is mapped in Ox0%016.

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

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

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

Serial DAC LT1446

A LTC 1446 chip is available on the A-Engine86 wsftionU15. The chip offers two channels, A and B,
for digital-to-analog conversion. Details regardirardware, such as pin-outs and performance
specifications, can be found in the Hardware chrapte

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

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

Argumentdatl is the current value to drive to channel A of thép, while argumendlat2 is the value to
drive channel B of the chip.

These argument values should range from 0-409%, wviits of millivolts. This makes it possible towk
a maximum of 4.906 volts to each channel.

4.3.7 Other library functions

On-board supervisor MAX691 or LTC691

The watchdog timer offered by the MAX691 or LTC66ffers an excellent way to monitor improper
program execution. If the watchdog timé®) jumper is set, the functidmtwd() must be called every 1.6
seconds of program execution. If this is not exedupecause of a run-time error, such as an iefioibp
or stalled interrupt service routine, a hardwasetevill occur.

void hitwd
Arguments: none
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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 taéue ofledd.

Real-Time Clock

The real-time clock can be used to keep track aff ieme. Backed up by a lithium-coin battery, tleal
time clock can be accessed and programmed usinghterdace 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 accéana rollover in digits in the year 2000. Onegan
might be to store an offset value in non-volattlerage such as the EEPROM.

There is a common data structure used to accesssanioth interfaces.

t ypedef struct{
unsi gned char secl; One second digit.
unsi gned char secl0; Ten second digit.
unsi gned char ninl; One mnute digit.
unsi gned char ninl0; Ten minute digit.
unsi gned char hourl; One hour digit.
unsi gned char hour10; Ten hour digit.
unsi gned char dayl; One day digit.
unsi gned char dayl0; Ten day digit.
unsi gned char nonl; One nmonth digit.
unsi gned char nonl0; Ten nonth digit.
unsi gned char yearl; One year digit.
unsi gned char year10; Ten year digit.
unsi gned char wk; Day of the week.

} TIM

intrtc_rd
Arguments: TIM *r
Return value: int error_code

This function places the current value of the temaé clock within the argumemtstructure. The structurg
should be allocated by the user. This functioorret 0 on success and returns 1 in case of etron, @s
the clock failing to respond.

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

This function places a string of the current vadfi¢he real time clock in the char* realTime.
The text string has a format of “year1000 year1€8r$0 yearl month10 monthl day10 dayl hour10 hgurl
min10 minl second10 second1”. For example” 1999082020” presents year1999, decembe¥, 2ight
clock 10 minutes, and 20 second.

This function returns 0 on success and returnschée of error, such as the clock failing to respon
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Void rtc_init
Arguments. char* t
Return value: none

This function is used to initialize and set a vahite the real-time clock. The argumerghould be a null{
terminated byte array that contains the new timleevto be used.

The byte array should correspond tadekday, year 10, yearl, month10, month1, day10, dayl, hour10,
hour1, minutel0, minutel, second10, secondl, 0 }.

If, for example, the time to be initialized intcetheal time clock is June 5, 1998, Friday, 13:55tB8 byte
array would be initialized to:

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

Delay

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

void delayO
Arguments. unsigned int t
Return value: none

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

VWhile(t) { t--; }

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

Arguments. unsigned int

Return value: none

This function is similar to delayO, but the pasgedrgument is in units of milliseconds insteadaafp
iterations. Again, this function is highly depentlapon 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 kgteay ofcount size pointed to bwptr.

void ae_reset
Arguments: none
Return value: none

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

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

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

Two asynchronous serial ports are integrated inAiMd86ES CPU: SERO and SER1. Both ports have
baud rates based on the 40 MHz clock, and can tepata maximum of 1/16 of that clock rate.

By default, SERO is used by the DEBUG ROM for apgion download/debugging in STEP 1 and STEP
2. We will use SER1 as the example in the followttigcussion; any of the interface functions that ar
specific to SER1 can be easily changed into functials for SERO. While selecting a serial portidse,
please realize that some pins might be sharedatitér peripheral functions. This means that inaier
limited cases, it might not be possible to usersage serial port with other on-board controllenétions.
For details, you should see both chapter 10 of Ah&l86ES Microprocessor User’'s Manual and the
schematic of the A-Engine86 provided at the enthisf manual.

TERN interface functions make it possible to use of a number of predetermined baud rates. These
baud rates are achieved by specifying a divisodfb6 of the processor frequency.

The following table shows the function argumentattbxpress each baud rate, to be used in TERN
functions. These are based on a 40 MHz systenk;céo20 MHz system clock would have the baud rates
halved.

Function Argument | Baud Rate
110

150

300

600

1200
2400
4800
9600
19,200 (default)
38,400
57,600
115,200
250,000
500,000
15 1,250,000

© 00 N O O b~ W N PP

e < e =
A W N P O

Table 4.1 Baud rate values
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After initialization by callings1_i ni t (), SER1 is configured as a full-duplex serial pord & ready to
transmit/receive serial data at one of the speatifie baud rates.

An input buffer,ser1_i n_buf (whose size is specified by the user), will autbosdly store the
receiving serial data stream into the memory by OMdperation. In terms of receiving, there is no
software overhead or interrupt latency for userliappion programs even at the highest baud rat®1AD
transfer allows efficient handling of incoming datdhe user only has to check the buffer status wit
serhit1() and take out the data from the buffer wgtht ser 1() , if any. The input buffer is used as a
circular ring buffer, as shown in Figure 4.1. Howeuthe transmit operation is interrupt-driven.

ibuf in_tail in_head ibuf+isiz

vy ¥
[ [T T]

1 |

Figure 4.1 Circular ring input buffer

The input bufferipuf), buffer size iciz), and baud ratebbud) are specified by the user wisli_i ni t ()

with a default mode of 8-bit, 1 stop bit, no pariffter s1_init() you can set up a new mode with
different numbers for data-bit, stop bit, or patity directly accessing the Serial Port 0/1 ConRegister
(SPOCT/SP1CT) if necessary, as described in chaptef the Am186ES manual for asynchronous serial
ports.

Due to the nature of high-speed baud rates andipesffects from the external environment, senalut
data will automatically fill in the buffer circulbr without stopping, regardless of overwrite. lethiser
does not take out the data from the ring buffehwi¢t ser 1() before the ring buffer is full, new data
will overwrite the old data without warning or cooit Thus it is important to provide a sufficigntarge
buffer if large amounts of data are transferredr é&xample, if you are receiving data at 9600 baudk
KB buffer will be able to store data for approxilgtfour seconds.

However, it is always important to take out datdyeftom the input buffer, before the ring buffeslls
over. You may designate a higher baud rate forstratting data out and a slower baud rate for réegiv
data. This will give you more time to do other tjgn without overrunning the input buffer. You caseu
serhit1() to check the status of the input buffer and rethoffset of the in_head pointer from the
in_tail pointer. A return value of 0 indicates data is available in the buffer.

You can usget ser 1() to get the serial input data byte by byte usingd~ffom the buffer. The in_tail
pointer will automatically increment after eveggt ser 1() call. It is not necessary to suspend external
devices from sending in serial data with /RTS. Oalhardware 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 trahsing buffer,s1_out _buf, at any time using this
method. The transmit ring buffer addresbuf) and buffer lengthasiz) are also specified at the time of
initialization. The transmit interrupt service witheck the availability of data in the transmit fieuf If
there is no more data (the head and tail pointergqual), it will disable the transmit interruPtherwise,

it will continue to take out the data from the dutffer, and transmit. After you catlut ser 1() and
transmit functions, you are free to do other tagkh no additional software overhead on the trattng
operation. It will automatically send out all thatd you specify. After all data has been sent,ilitalear
the busy flag and be ready for the next transmissio

The sample programer 1_0. ¢ demonstrates how a protocol translator works.dtbhd receive an input
HEX file from SER1 and translate every ‘' charadi® ‘?’. The translated HEX file is then transtad
out of SERO. This sample program can be fourtdeinn\ 186\ sanpl es\ ae.
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Softwar e Interface
Before using the serial ports, they must be inied.

There is a data structure containing importanisgort state information that is passed as argtihoetine
TERN library interface functions. TheOM structure should normally be manipulated only RN
libraries. It is provided to make debugging of #exial communication ports more practical. Siitce
allows you to monitor the current value of the leufind associated pointer values, you can watch the
transmission process.

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

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

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

int in_head; /* Input buffer HEAD ptr */

int in_size; /[* Input buffer size */

int in_crcnt; /* lInput <CR> count */

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

int out_tail; /* Qutput buffer TAIL ptr */

int out_head; /* Qutput buffer HEAD ptr */

int out_size; /* Qutput buffer size */

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

unsi gned char tnso; /[l transmit nacro service operation
unsi gned char rts;

unsi gned char dtr;

unsi gned char en485;

unsi gned char err;

unsi gned char node;

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

unsi gned char sl ave;

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

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

} Com

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

This function initializes either SERO or SER1 witte specified parameters.is the baud rate value
shown in Table 4.1. Argumenitsuf andisiz specify the input-data buffer, anbuf andosiz specify the
location and size of the transmit ring buffer.

The serial ports are initialized for 8-bit, 1 staip no parity communication.
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There are a couple different functions used fangnaission of data. You can place data within thigat
buffer manually, incrementing the head and taiféupointers appropriately. If you do not call arfehe
following functions, however, the driver interrufetr the appropriate serial-port will be disabledieh
means that no values will be transmitted. Thisvedl you to control when you wish the transmissién o
data within the outbound buffer to begin. Once ititerrupts are enabled, it is dangerous to maatpul
the values of the outbound buffer, as well as #ilaes of the buffer pointer.

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

This function places one byttch into the transmit buffer for the appropriate segart. The return|
value returns one in case of success, and zemyiotaer case.

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

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

DMA transfer automatically places incoming dataoirthe inbound bufferserhitn() should be called
before trying to retrieve data.

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 fram in_buf, and increments the_tail pointer. Once again, this
function assumes thagrhitn has been called, and that there is a characteemirgsthe buffer.

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

This function fills the character buffetr with at mosien 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 callgyaser, and will block untillen bytes are retrieved. The retwaue
indicates the number of bytes that were placedtmdouffer.

Be careful when you are using this function. Téteimed character string is actually a byte array
terminated by a null character. This means thetietimight actually be multiple null charactershe byte
array, and the returnedlue is the only definite indicator of the number otds/read. Normally, we
suggest that thgetser s andputser s functions only be used with ASCII character stsinf you are
working with byte arrays, the single-byte versiafishese functions are probably more appropriate.
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Miscellaneous Serial Communication Functions

One thing to be aware of in both transmission awiving of data through the serial port is thaRNe
drivers only use the basic serial-port communicatines for transmitting and receiving data. Haadev
flow control in the form ofCTS (Clear-To-Send) anBTS (Ready-To-Send) is not implemented. There
are, however, functions available that allow yogheck and set the value of these I/O pins appatgofor
whatever form of flow control you wish to implemenBefore using these functions, you should once
again be aware that the peripheral pin function giusing might not be selected as needed. Failsje
please refer to the Am186ES User's Manual.

char sn_cts(void)
Retrieves value o€ TS pin.

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

Completing Serial Communications

After completing your serial communications, youn ga-initialize the serial port with s1_init(); teset
default system resources.

sn_close
Arguments. COM *c
Return value: none

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

The asynchronous serial 1/0 ports available on Ah€l86ES Processor have many other features that
might be useful for your application. If you amaly interested in having more control, please read
Chapter 10 of the manual for a detailed discussfasther features available to you.

4.5 Functionsin SCC.OBJ

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

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

The SCC2691 component has its own 8 MHz crystalighog the clock signal. By default, this is set&
MHz to be consistent with earlier TERN controllersegns. The highest standard baud rate is 1900,
shown in the table below. If your application rga a higher standard baud rate (115,200, for pi&m
it is possible to replace this crystal with a cast8.6864 MHz crystal. A sample file demonstratiayv
the software would be changed for this applicatisree sccl.c, found in thetern\186\samples\ae\
directory.

Function Argument | Baud Rate

1 110
2 150
3 300
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Function Argument | Baud Rate
4 600

5 1200

6 2400

7 4800

8 9600 (default)
9 19,200

10 31,250

11 62,500

12 125,000
13 250,000

Unlike the other serial ports, DMA transfer is nated to fill the input buffer for SCC. Instead, an
interrupt-service-routine is used to place charadtgo the input buffer. If the processor doesmespond
to the interrupt—because it is masked, for examphe-interrupt service routine might never be able t
complete this process. Over time, this means migght be lost in the SCC as bytes overflow.

Special control registers are used to define hav3&C operates. For a detailed description of texgis
MR1 andMR2, please see Appendix C of this manual. In mofRRNE&pplications, MR1 is set @57,

and MR2 is set t@®x07. This configures the SCC for no flow control (RTSTS not used/checked), no
parity, 8-bit, normal operation. Other configuraigoare also possible, providing self-echo, even-odd
parity, up to 2 stop bits, 5 bit operation, as vesllautomatic hardware flow control.

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

scc_init L
Arguments. unsigned char m1, unsigned char m2, unsigned ¢hardigned char* ibuf, int isiz, unsigne
char* obuf, int osiz, COM *c
Return value: none

This initializes the SCC2691 serial port to baug ba as defined in the table above. The valuanin
andm2 specify the values to be stored inMdr1 andM R2. As discussed above, these values are
normally0x57 and0x07, as shown in TERN sample programs.

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

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

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

When using RS232 in full-duplex modeansmit andreceive functions should both be enabled. Once this
is done, you can transmit and receive data as deelflggou do need to do limited flow control, tMPO
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pin on the J1 header can be used for RTS. Fomalsdile showing RS232 full duplex communications,
please seae scc.cin the directoryt er n\ 186\ sanpl es\ ae.

RS485 is slightly more complex to use than RS285485 operation is half-duplex only, which means
transmission does not occur concurrently with réoep The RS485 driver will echo back bytes sent t
the SCC. As a result, assuming you are using tB48R driver installed on another TERN peripheral
board, you will need to disabteceive while transmitting. While transmitting, you walso need to place
the RS485 driver in transmission mode as well. sTihidone by usingcc_rts(1). This uses pin MPO
(multi-purpose output) found on the J1 header. [8Wdu are receiving data, the RS485 driver wikdhe
to be placed in receive mode usisg rts(0). For a sample file showing RS485 communicatideage
seeae rs485.cin the directoryt er n\ 186\ sanpl es\ ae.

en485
Arguments: int i
Return value: none

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

scc_send_elsce rec e
Arguments: none
Return value: none

This function enables transmission or receptiothenSCC2691 UART. After initialization, both ofethe
functions are disabled by default. If you are gd5485, only one of these two functions should be
enabled at any one time.

scc_send_reset/scc_rec_reset
Arguments: none
Return value: none

This function resets the state of the send andwedenction of the SCC2691. One major use of¢hes
functions is to disableransmit andreceive. If you are using RS485, you will need to use fieature
when transitioning from transmission to receptionfrom reception to transmission.

Transmission and reception of data using the SGCnsost ways identical to SERO and SER1. The
functions used to transmit and receive data ardaimFor details regarding these functions, pbeeefer
to the previous section.

putser_scc
See: putsern

putsers scc
See: putsersn

getser_scc
See: getsern

getsers scc
See: getsersn
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Flow control is also handled in a mostly similastison. The CTS pin corresponds to the MPI pin,civhi
is not connected to either one of the headers. Rl pin corresponds to the MPO pin found on the J1
header.

scc_cts
See: sn_cts

sce_rts
See: sn_rts

Other SCC functions are similar to those for SER® GER1.

scc_close
See: sn_cl ose

serhit_scc
See: sn_hit

clean_ser_scc

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

scc_err

Arguments. none

Return value: unsigned char val

The returned valueal will be in the form of OABCO0000 in binary. Bit i 1 to indicate a framing error.
Bit B is 1 to indicate a parity error, and bit Qicates an over-run error.

4.6 Functionsin AEEE.OBJ

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

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

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

The rest of the EEPROM memory spa@el0 to 0x1ff, is available for your application use.

The EEPROM shares line P11 with the ADC. If the AB@nabled, it can interfere with the EEPROM.
The ADC is enabled if 120 is low. In the init funmb, it is brought high so that you can access the
EEPROM. Be aware that if you modify the PPI conteglister by calling outportb(0x0103, xx); then @l
the output lines on the PPI are brought low, intlgdi20, which enables the ADC and disables the
EEPROM. If you need to use the EEPROM, be sureitgb20 high again to disable the ADC (refer to
section 3.4.2).

ee wr
Arguments:. int addr, unsigned char dat
Return value: int status
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This function is used to write the passedi& to the specifieédddr. The return value is 0 in success.
ee rd

Arguments:. int addr

Return value: int data

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