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Chapter 1: Introduction

1.1 Functional Description

The SmartTFT (ST)is a low cost industrial controller ideal for OEM applicato Those with premium graphic
requirements will benefit from the ultra-bright, wide viegiangle active TFT color display. An LCD controller
(S1D13075, EPSON) has internal 80KB image buffer, sujpgp@VGA color graphic TFT/LCD with 320x240
pixels. All components are installed on single PCB whiamasinted on the backside of the QVGA LCD for easy
integration into user applications.

Comprehensive, user-friendly software libraries and samplepraséded. User can easily design their custom
functions keys, text, logos, and graphics. Biesupports 50-pin CompactFlash cards for removable mass data
storage. TERN software supports Linear Block Address Modewindows compatible FAT16 flash file system.
The CF interface allows for 20 impressive color images to eglajied per second via DMA transfer from the
CompactFlash card to the image buffer.

The 40 MHz, 16-bit 186 CPU with 256KW flash, 256 K\attery-backed SRAM is C/C++ programmable. Bie
is designed to be mounted on the back side of a Kyocera QVGA.TP for easy integration. In addition, tisT
also supports 16-bit ADC/DACs, RS232/485/422 patitegr/counters, RTC, opto-couplers, relays, quadrature
decoders, 4-20 mA drivers, Ethernet, and CompactFlash. Allrésatan be installed simultaneously on the same
PCB. Up to fouW40Scan be used to access I/O signals to provide 160 field remawudbkrial screw terminals.

Two DMA-driven serial ports from the CPU support higlesd, reliable serial communication at a rate of up to
115,200 baud, configured as RS-232. An optional UART Z89C may be added for a third UART on board and
can be configured as RS-232 or RS-485, supporting eitlerah8-bit or 9-bit multi-drop RS485/422 network with
twisted-pair wiring. A UART SCC2692 is on-board (pmivig two additional RS-232 ports; one optional to RS-
458/422), for a total of five serial ports.

There are six 16-bit programmable timers/counters and a wattinaerg Three of the timers/counters are supplied
by the CPU, two of which can be used to count or time extewsits, at a rate of up to 10 MHz, or to generate
non-repetitive or variable-duty-cycle waveforms as PWM outguitse Width Demodulation (PWD), a distinctive
feature, can be used to measure the width of a signal in Isotigh and low phases. It can be used in many
applications, such as bar-code reading. The third of the thrgdi@@rs can be used as a pre-scale input to the two
other timers. There are an additional three 16-bit hardwaredpnatable Interval Counters (U37, 82C54) which
support high speed external event counting in multiple madbsut software overhead.

The 32 1/O pins (P10) from the CPU are multifunctional asdr-programmable. Some of the 1/O pins are reserved
for serial ports, timer 1/Os, or clocks. There can be 15 oreniines free for application use, depending on
optionally installed hardware.

To interface to a ¥ VGA, 320x240 pixel color graphic LCD /L&D controller (S1D13075, SMOS) with internal
80KB image RAM buffer can be installed. The 186 CPU communicaitbsthe S1D13075 via high speed 16-bit
data bus. Software drivers and sample programs are availableplaratipns requiring both graphics and text
display. Power supplies for the CCFL back lighting can lierobbed by software for low power consumption in
portable battery applications.

A 4-wire transparent resistive touch screen can be adhered toitieofrthe 320x240 graphic LCD. The touch
screen controller (ADS7846) provides the interface between theh tecreen and CPU. A sample program
“slc_grid.c” and “slc_cali.c” can be used for calibrating and testiegduch screen.

Two optional 16-bit ADC chips (U14 ADS8344 and U12 AI3B) can be installed. The 8 channel serial ADC
(ADS8344, 10 KHz, 0-5V, U14) provides sampling at 1dzZKand a synchronous serial interface to the CPU. It
provides 8 single-ended or 4 differential inputs. TERNv&are drivers support 8 single-ended inputs by default bu
can be easily modified for differential inputs. A high-sp&éebit parallel 4 channel ADC (AD7655, U12) can be

1-1



SmartTFT™ Chapter 1: Introduction

installed. This ADC offers sampling rates at 1IMHz and prewi@-5V input range with a 2.5V precision reference
(U13, LT1019). The AD7655 contains two low noise, higandwidth track-and-hold amplifiers that allow
simultaneous sampling on two channels. Each track-and hold amplifier incates a multiplexer to provide a total
of 4 channels analog inputs. The parallel ADC achieves very thiglughput by requiring only two CPU 1/O
operations (one start, one read) to complete a 16-bit ADC geadin

Up to three DAC chips can be installed on-board supportiogabof 14 channels. The DAC (DAC7612, 10 KHz
U15) provides 2 channels of 12-bit, 0-4.095V analogagdtoutputs capable of sinking or sourcing 5 mA. The
second DAC (DAC7625, Ul1l, 200 KHz) provides a 12-biapelrinterface to four channels with analog output of
0-2.5V. These four channels are routed to J4 pins 21-#dird\serial DAC (LTC2600, 0-5V, 10 KHz) can provide
8 channels of 16-bit analog output. These analog outputsatedrto J4 pins 13-20.

Three chips (ULN2003, U25, U33, U38) are on-board pragidiventy-one solenoid drivers, each capable of
sinking 350mA at 50V. U25 is driven by output pinenfr DUART (U27, SC26C92), U33 is driven by U28 PPI
Portl (L10-L17) and U38 is driven by U5 OOI port1QdiiL 7). U33 can be re-configured for 7 high voltage inputs
Optional two sourcing drivers (UDS2982) can be installdter& are 4 mechanical relays with contact ratings of
200V at 0.5 Amps, and 12 opto-couplers for handling wgitage with opto-isolation. Two channels of 4-20 mA
current drivers support many types of industrial devices fuwadrature decoders (HTLC2020) can be used for
motion position feedback.

A 10-baseT Ethernet LAN controller (CS8900) can be instaliadtware stack library is available, supporting
network protocols such as ARP, DHCP, UDP, ICMP, and ofssoTCP over the Ethernet network.

A supervisor chip (U6, MAX691) is installed to providewer failure detection, reset and a watchdog timer. An
optional real-time clock provides information on the year, timodate, hour, minute, second, and an interrupt
signal. On-board switching regulator (LM2575) allows 8/30nregulated DC power input without generating
excess heat. For additional expansion capabilities,SWcan be stacked with oS8T responsible for managing
the TFT display and the second used for I/O.
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Figure 1.1 Functional block diagram of the SmartLCD

Features:

* 6.5 x 4.5 inches, 40 MHz 186 CPU, program in C/C++

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

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

* 20+ TTL I/O, 6 16-bit timer/counters, RTC, Battery

* 4 mechanical relays, 12 Opto-coupler inputs.

* 21 solenoid drivers, sinking or sourcing

* 12 ch. 16-bit ADCs, 14 ch. 16/12-bit DACs

* Precision reference and on-board temperature sensor.

* Multi-vendor's QVGA LCD/TFT support

* 4-wire analog touch screen controller

* 5 RS232/RS485 serial ports, 10-baseT Ethernet with [RCP/
* CompactFlash with Windows compatible file system support
* 2 ch. Quadrature decoders, 2 ch. 4-20 mA outputs

* 160 field removable industrial screw terminals.
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1.2 Physical Layout

The following two diagrams describe the physical layouhefSmartTFT.
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Figure 1.2 Physical Layout of the SmartTFT
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Figure 1.2 Physical Layout of the SmartTFT

1.3SmartTFT Programming Overview

An “ACTF Boot Loader” resides in the top protected sector ®256KW on-board flash chip (29F400). At power-
on/reset, the ACTF Utility will check the STEP 2 jumper fi2s 38 & 40). If the STEP 2 jumper is installed, the
“jump address” located in the on-board serial EEPROM willda& rout and the CPU will jump to that address for
immediate execution. A DEBUG kernel (already pre-programmed eatfdbtory) can be downloaded and
programmed into the flash starting at address OxFA000gUkm ACTF Utility, the “GFA000 <enter>" command
will set the jump address to OxFA000. The command will aiso the DEBUG kernel, preparing the ST for
communication with the Paradigm C/C++ IDE for downloadmyd debugging applications. The following
diagrams show the procedure for programming the ST. Stepslénpreparing the ST for debugging, debugging
the ST, standalone field test, and production.
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Power-On / Reset
|

f STEP 2 \
Go to application code CS:IH
YES CS:IP in EEPROM:

0x10 = CS high byte
0x11 = CS low byte
0x12 = IP high byte
0x13 = IP low byte

Step 2 Jumper Set ?

STEP 1
ACTF Menu sent out through K /
SERO (19,200, N, 8, 1)

Figure 1.3 Flow Chart of ACTF Operation

By default, the DEBUG kernel has been loaded intche ACTF flash at the factory for your
convenience. You may proceed directly to STEP 1: Dagging.

Preparation for Debugging:

This had already been done at the factory! You maproceed to STEP 1.:
Debugging. This step is only required if you haveampleted STEP 3 and would like to
return to STEP 1.

e Connect the ST (SERO, H1) to PC (COMX) via serial debule gabvided with the EV-P/DV-P. Using the
Windows “Hyper Terminal”, create a serial link based on 19,20s8 1 stop, no parity.

e Power on the ST WITHOUT the STEP 2 jumper installech{d@ 38 & 40). The ACTF text MENU should
be sent out via serial port to “Hyper Terminal”.

e Use the “D <enter>" command to initiate download. Select Transf8end File, and select
\tern\186\rom\ae86\l_tdrem.hex. Use the “G04000 <enter>" comtma@xecute this script.

e Select Transfer -> Send File to select \tern\186\rom\ae86\aeBBex1This is the debug kernel. Use the
“GFAO000 <enter>" command to set jump address and execute the kimimady The LED will blink twice and
remain on.

e Set the STEP 2 jumper (J2 pins 38 & 40). The ST is mady to communicate with the Paradigm C/C++
IDE for debugging and application development.

Step 1: Debugging:

e Launch the Paradigm C/C++ IDE. Select File -> Open. Chasprthject file \tern\186\samples\st\st.ide.
e Use samples within the “st.ide” project to create application.ibmad, run, and debug application.
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Step 2: Standalone Field Test:

e After completing STEP 1, by default, your application resioh the battery-backed SRAM starting at
address 0x08000.

e Remove STEP 2 jumper and setup Hyper Terminal link with(@pen Windows “Hyper Terminal”
program. Set for 19,200, 8 bits, 1 stop, no parity).

e At power-on, ACTF menu will be sent to Hyper Terminaleltlse “G08000 <enter>" command to execut
application. Set STEP 2 jumper. At every power-on/reset,gtjan at 0x08000 will execute.

e Complete STANDALONE FIELD TEST. If return to STEPsLrequired, remove STEP 2 jumper and usd
the “GFA000 <enter>" command to run debug kernel to prepamtip $or communication with Paradigm
C/C++ IDE.

D

Step 3: Production:

The DV-P Kit is required for this step. If you do rnot have the DV-P Kit, visit
http://tern.com/devkit.htm for upgrade details.

e Refer to Section 3.3 of the ACTF technical manual, fountdentern_docs\manuals directory. Here you
will find details on generating an ACTF downloadable HEX Ekased upon you application.

e Remove the STEP 2 jumper and create serial link using Hypsnifiar(19,200, N, 8, 1). At power-
on/reset, you will see the ACTF menu at Hyper Terminal. UséRh<enter>" command to initiate download
process. Select Transfers -> Send File, and select \tern\18&&&@8k\ 29f400.hex.

e This file will erase the flash and prepare the flash to accepFAi®dWnloadable application HEX file. Use
the “G04000 <enter>" command to run script. Flash will be réadgpplication.

e Select Transfer -> Send File to select your ACTF downloadgdgkcation HEX file. Upon completion, us
the “GC0000 <enter>" command to execute application. This commsodets the jump address to point
you application in flash. Set STEP 2 jumper (J2 pins 3B At power-on/reset application will execute.

1%

There is no ROM socket on the SmartTFT. The user’s applicatamram must reside in the SRAM (starting at
address of 0x08000 by default based on \tern\186\configift§Bor debugging in STEP 1, reside in the battery-
backed SRAM for standalone field testing in STEP 2, andlyibha& programmed into the on-board flash for a
complete product. For production, the user must produce diAiBwnloadable HEX file for the application
based on the DV-P Kit. From the ACTF Utility, use the canth“GCO0000 <enter>" to point to the user’s
application code in the flash. The STEP 2 jumper must irdtédir every production-version board.

1.4 Minimum Requirements for SmartTFT System Developmenh
Minimum Hardware Requirements
e PC or PC-compatible computer with serial COMx port thapets 115,200 baud
e SmartTFT controller
e Debug Serial Cable (RS232; DB9 connector for PC COM port@Bcbx2 connector for controller)

» Center Negative Wall Transformer

Minimum Software Requirements
 TERN EV-P installation CD-ROM and a PC running: Wind®8#98/2000/ME/NT/XP
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With the EV-P, you can program and debug $iein Step One and Step Two, but you cannot run Step Three. To
generate an application Flash File and complete a project, the deeeatogtnDV-P, is required. The EV-P kit can
be upgraded to the DV-P Kit. Sh#p://tern.com/devkit.htnfor details.
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Chapter 2. Installation

2.1 Softwar e I nstallation

Please refer to the “software_kit.pdf” technical manual on the NI'ERstallation CD, under
tern_docs\manual\software_kit.pdf, for information onatistg software.

2.2 Hardware I nstallation

Overview

» Connect PC-IDE serial cable:
For debugging (STEP 1), place IDE connector on SERO with r
edge of cable at pin 1. This DEBUG cable is a 10-pin IDE to
DB9 cable, made by TERN.

» Connect wall transformer:
Connect 9V wall transformer to power and plug into power jac
using power jack adapter supplied with EV-P/DV-P Kit

Hardware installation consists primarily of connecting the meientroller to your PC.

2.2.1 Connecting the ST to the PC

The following diagram (Fig 2.1) provides the locationted tlebug serial port and the power jack. Bfie
is linked to the PC via a serial cable (DB9-IDE) which ispdigd with TERN’s EV-P / DV-P Kits.

The ST communicates through SERO by default. Install the 5x2 ¢Dahector 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 PC's COM @itgl1 or COM2).

2-1



Chapter 2: Installation SmartTFT

2.2.2 Powering-on the ST

By factory default setting:

1) The RED STEP2 Jumper is installed. (Default settirfgdtory)

2) The DEBUG kernel is pre-loaded into the on-board fléestiisg at address of 0xFA000. (Default
setting in factory)

3) The EEPROM is set to jump address of OXFAQOQQ. (Deatting in factory)

Connect +9-12V DC to the DC power terminal. The screw ternaihtie corner of the board is positive

12V input and the other terminal is GND (see figure foaikt A power jack adapter (seen below) is
included with the TERN EV-P/DV-P kit. It can be used torawst the output of the power jack adapter and
the ST. Note that the output of the power jack adapter is center negativ

The on-board LED should blink twice and remain on, indigatire debug kernel is running and ready to
communicate with Paradigm C++ TERN Edition for programnaind debugging.

Power Input
(Center Negative

/ Plug)

+12V

GND

Step 2 Jumper

J2 pins 38 & 40 Red LED (Under Screw Terminals)
Will blink twice and then stay on at power-up,
indicating ready to communicate with Paradigm C/C++

Figure 2.1 Locations of STEP2 Jumper, LED, Power input and DEBUG port
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Chapter 3. Hardware

3.1 CPU 186 — Introduction

The 186 host processor is based on industry-standard gBfieature. The 186 controllers are higher-
performance, more integrated versions of the 80C188 microporseda addition, the 186 has new
peripherals. The on-chip system interface logic can minimize tytstem cost. The 186 has two
asynchronous serial ports, 16-bit external data bus, 32 BI@atchdog timer, additional interrupt pins, a
pulse width demodulation option, DMA to and from seriaitp, a 16-bit reset configuration register, and
enhanced chip-select functionality.

3.2CPU 186 — Features

3.2.1 Clock

The 186 microcontroller achieves 40 MHz CPU operation, whilegus 40 MHz crystal.
The CPU’s system CLKOUTA signal is routed out to J14iat 40 MHz.

CLKOUTA remains active during reset and bus hold conditidhe SmartTFT initial function ae_init();
disables CLKOUTA and CLKOUTB with clka_en(0); and clkb_gn(0

You may use clka_en(1); to enable CLKOUTA.

3.2.2 External Interrupts and Schmitt Trigger I nput Buffer

There are eight external interrupts: INTO-INT6 and NMI.

/INTO, J2 pin 8, used by SCC2691 UART, if installed.
/INT1, used by SCC2692 UART, if installed.

/INT2, used by ADS7843 touch screen controller.

INT3, J2 pin 21, used by CS8900 Ethernet controllersfalled.
/INT4, J2 pin 33, buffered by 74HC14, free to use.
INT5=P12=DRQO0, used as output for LED/EE/HWD
/INT6=P13=DRQ1, J2 pin 11, buffered by 74HC14, freage
/NMI, J2 pin 7, buffered by 74HC14, free to use

Five external interrupt inputs, /INTO-2,4 and /NMI, arefbrdd by Schmitt-trigger inverters (74HC14,
U9), in order to increase noise immunity and transformIglaWwanging input signals to fast changing and
jitter-free signals. As a result of this buffering, thesespre capable of only acting as input.

These buffered external interrupt inputs require a falling edi@H-to-LOW) to generate an interrupt.

The ST uses vector interrupt functions to respond to externalripes. Refer to the Am186ES User's
manual for information about interrupt vectors (from thet raf the installation CD, \amd_docs\am186es,
“am186es_user_manual.pdf”).
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/INT4=32.33 INT4=U2.52
— U9A o}

/INT2=U23.11 INT2=U2.54
u9B 0

/INT0=J2.8 INTO=U2.56
uscC o)

/INT1=U27.2¢ INT1=U2.55
u9D o

/INT6=J2.11 P13=U2.76
U9E 0

INMI=J2.7 NMI=U2.47
U9F O

Figure 3.1 External interrupt inputs with Schmitt-trigger inverters

3.2.3 Asynchronous Serial Ports

The 186 CPU has two asynchronous serial channels: SERO &il SBoth asynchronous serial ports
support the following:

» Full-duplex operation, 8-bit data transfers, no parity, siop bit

» Error detection, no hardware flow control

 DMA receive from serial ports, transmit interrupts for eactt po

* Maximum baud rate of 1/16 of the CPU clock speed, independedtrate generators

The software drivers for each serial port implement a ringebedf DMA receiving and ring-buffered
interrupt transmitting arrangement. See the sample fddésecho.c and sO_echo.c in the
tern\186\samples\aalirectory.

The optional external SCC2691 UART is located at U8. Forenmformation about the external UART
SCC2691, please refer to the datasheet of the SCC2691 (\teskpatts\scc2691.pdf), section 3.11 and
Appendix B.

3.2.4 Timer Control Unit

The timer/counter unit has three 16-bit programmable timémrserD, Timerl, and Timer2.

TimerO and Timer1 are connected to three external pins:

Timer0 output = P10 = J2 pin 12
Timerl output = P1 = J2 pin 29
Timerl input = PO = J2 pin 20

3-2



SmartTFT Chapter 3: Hardware

These two timers can be used to count or time external eventiseyoican generate non-repetitive or
variable-duty-cycle waveforms. TimerO input is P11, whickhared by other system components and is
not recomended for use as a timer input.

Timer2 is not connected to any external pin. It can be used Bweanal timer for real-time coding or
time-delay applications. It can also prescale timer O and tirmeb& used as a DMA request source.

The maximum rate at which each timer can operate is 10 MHz, sinceimaclist serviced once every
fourth clock cycle. Timer output takes up to six clock cyobesespond to clock or gate events. See the
sample programsmer02.c andae _cnt0.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 used to generateepetitive or variable-duty-cycle
waveforms. The timer output takes up to 6 clock cycles to nespmthe clock input. Thus the minimum
timer output cycle is 25 ns x 6 = 150 ns (at 40 MHz systieck).

Each timer has a maximum count register that defines the maxiralua the timer will reach. Both
TimerO and Timerl have secondary maximum count registers fiableaduty cycle output. Using both
the primary and secondary maximum count registers lets thedlteamate between two maximum values.

MAX. COUNT A

v
1 [

MAX. COUNT B

3.2.6 Power-save Mode

The ST can be used for low power consumption applications.

The power-save mode of the 186 reduces power consumption andisspation, thereby extending
battery life in portable systems. In power-save mode, operatioine CPU and internal peripherals
continues at a slower clock frequency. When an interrupt oct¢uasitdmatically returns to its normal
operating frequency.

The RTC72423 on th8T has a VOFF signal routed to HO pin 1. VOFF is contrdigdhe battery-backed
RTC72423. The VOFF signal can be programmed by software to tri-state or to be active low. The
RTC72423 can be programmed in interrupt mode to drive tHeRi@in at 1/64 second, 1 second 1 minute,
or 1 hour intervals. The user can use the VOFF line to daihteo5V switching power regulator on/off
line. More details are available in the sample fitveroff.c in the\t er n\ 186\ sanpl es\ ae sub-
directory. In the Power-off mode, the VOFF pin is pulléghhvia a 1M ohm resistor, and the switching
regulator will be turnned off. While in the power-off modiess than 1 mA overall current consumption
can be achieved. Any external signal can short the VOFF pin 1, ®&\‘wake up” from the power-off
mode. Upon “wake up”, it is the application’s responsibititydrive the VOFF line low, to keep the
switching regulator turned on. When a power down is requtrelRTC can be programmed to put the
VOFF line into tri-state, which will then be pulled higta\external pull-up resistor, turing the switching
regulator off. The high power consumption CCFL backlighfimwer can be controlled by software with
the on-board relay S4 via T2 screw terminals.
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3.3186 PIO lines

The 186 CPU includes 32 pins available as user-programmablieé Each of these pins can be used as
a user-programmable input or output signal, if the norimades! function is not needed. A PIO line can be
configured to operate as an input or output with or witleoweak pull-up or pull-down, or as an open-

drain output. A pin’s behavior, either pull-up or pulivah, is pre-determined and shown in the table
below.

After power-on/reset, PIO pins default to various configanst The initialization routine provided by

TERN libraries reconfigures some of these pins as needed doifisppn-board usage, as well. These
configurations, as well as the processor-internal peripherak ugagigurations, are listed below in Table
3.1.

PIO Function Power-On/Reset status ST Pin Number ST Initial

PO Timerl in Input with pull-up J2 pin 20 Input wiphkull-up
P1 Timerl out Input with pull-down J2 pin 29 CLK 1

P2 /PCS6/A2 Input with pull-up J2 pin 24 RTC select
P3 /PCS5/A1 Input with pull-up J2 pin 15 SCC269EeEl

P4 DT/R Normal J2 pin 38, or J03.1 Input with pull-upStep 2
P5 /DEN/DS Normal J2 pin 30 Input with pull-up

P6 SRDY Normal S1D13075 Input with pull-down*
P7 Al7 Normal Al7

P8 A18 Normal A18

P9 A19 Normal ADS7843 A19=P9=/INT2

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

P12 DRQO/INT5
P13 DRQ1/INT6

Input with pull-up
Input with pull-up

J2 pin 11=/INT6

Output for LED/BEEBEVD
pat with pull-up

P14 /MCSO Input with pull-up S1D13075 LCD controlidip select
P15 /MCS1 Input with pull-up J2 pin 23 Input withllup
P16 /PCSO Input with pull-up J1 pin 19 chip select
P17 /PCS1 Input with pull-up PAL chip select
P18 CTS1/PCS2  Input with pull-up 74HC138 Input wathl-up
P19 RTS1/PCS3 Inputwith pull-up PPI U28 Input wotkl-up
P20 RTSO Input with pull-up ADS8344 Input with pulb
P21 CTSO Input with pull-up ADS7843 Input with pulb
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 withlup
P25 /MCS3 Input with pull-up J2 pin 18 Input withlipup
P26 UZI Input with pull-up AD7655 Input with pullpd
P27 TxD1 Input with pull-up RS232 driver TxD1

P28 RxD1 Input with pull-up RS232 driver RxD1

P29 /CLKDIV2 Input with pull-up DA7612 Input withydl-up*
P30 INT4 Input with pull-up J2 pin 33=/INT4 Inpuithv pull-up
P31 INT2 Input with pull-up ADS7843 Input with pulp

Note: *P6, P26 and P29 must NOT be forced low duringguamn or reset
Table 3.1 I/0O pin default configuration after power-on or reset

Four external interrupt lines are not shared with PI1O pins:
INTO for SCC2691, /INT0=J2.8
INT1 for SC26C92
INT3 for CS8900
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The 32 PIO lines, PO-P31, are configurable via two 18ejiisters, 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

SmartTFT initialization on PI1O pins e _init() is listed below:

outport(0xff78,0xe73c); /[l PDIR1, TxDO, RxDO, TxD1, RxD1, &4 CS0, P17=PCS1=PPI
outport(0xff76,0x0000); /l PIOM1

outport(0xff72,0xec7b); // PDIRO, P12,A19,A18,A17,P2=PCS6£RT
outport(0xff70,0x1000); // PIOMO, P12=LED

The C function in the librargie_lib can be used to initial P1O pins.
void pio_init(char bit, char mode);
Where bit = 0-31 and mode = 0-3, see the table above.

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 correspongiimgis in input mode,
pio_rd (1); return 16-bit status of P16-P31, if correspogdim is in input mode,

Most of the 1/O lines are used by t8€ system for on-board components (Table 3.2). We suggsstdh
not use these lines unless you are sure that you are négringmwith the operation of such components
(i.e., if the component is not installed).

You should also note that the external interrupt PIO pWi0]| 1, 2, 4 and 6 are not available for use as
output because of the inverters attached. The input valtlessaf P1O interrupt lines will also be inverted
for the same reason.

Signal | Pin Function

P1 Timerl outputl Beeper

P2 /PCS6 U10 RTC72423 chip select at base I/O address 0x0600
P3 /PCS5 U8 SCC2691 UART chip select at base 1/0 addreS8@x0
P4 /DT STEP 2 jumper

P5 J2 pin 30 Used by touch screen controller

p7 Al7 Upper address line. Never use in application.

P8 Al18 Upper address line. Never use in application.

P9 A19 Used in interface to touch screen controller.

P11 TimerQ input | U7 24C04 EE data input

P12 DRQO/INTS Output for LED, CLK for U7 EE, U15 [@A Hit watchdog
P14 /MCSO0 LCD controller chip select

P16 /PCSO J1 pin 19=/PCSO0, chip select free to use for €rpan

P17 /PCS1 PAL16CEVS8 (U4), U4 pin 9

P18 /PCS2=/CTS1 74HC138 decoder chip select

P19 /PCS3 U28 PPI chip select

P20 RTSO U14 ADS8344 ADC data input
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Signal | Pin Function

P21 /ICTSO Used a serial data output from touch screen centroll
P22 TxDO Default SERO debug

P23 RxDO Default SERO debug

P24 J2 pin 17 CLK input to touch screen controller
P25 /IMCS3 DAC7612U (U15) data input

P26 uzl AD7655 mux select

P29 /CLKDIV2 U15 DAC7612U DAC data latch

P31 INT2 Output from touch screen controller
INTO J2 pin 8 U8 SCC2691 UART interrupt.

INT1 J2 pin 6 U27 SCC2692 DUART interrupt.
INT3 J2 pin 21 U35 CS8900 interrupt

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

3.41/0 Space

External I/O devices can use I/0O mapping for access. You can acchdsGulevices witlinportb(port)

or outportb(port,dat). These functions will transfer one byte (inpottporb transfer one byte) or one
word (inport/outport transfer two bytes) of data to thecified I/O address. The external I/O space is 64K,
ranging from 0x0000 to Oxffff.

The default I/O access time is 15 wait states. You may use tb&din voidio_wait(char wait) to define

the 1/0 wait states from 0 to 15. The system clock is 25giving a clock speed of 40 MHz. Details
regarding this can be found in the Software chapter, and iPAthE86ES User's Manual. Slower
components, such as most LCD interfaces, might find the niaxiprogrammable wait state of 15 cycles
still insufficient. Due to the high bus speed of the eystsome components need to be attached to 1/0
pins directly.

For details regarding the chip select unit, please see Chaptef tfe Am186ES User's Manual
(amd_docs\am186es directory).

The table below shows more information about I/O mappimyides such as the UART SCC2691, UART
SCC2692, the CS8900 ethernet controller, Real Time Clock,sSAD@Cs, and the LCD controller are
options on the ST. If any of these devies are not instalteth® ST, the /PCSx line(s) will then become
free for application use, otherwise the /PCSx line must bevexséor the corresponding chip select.

I/O space Select | Location Usage

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

0x0100-0x01ff | /PCS1| U4 pin 9=P17 PAL16V8CE (U4)uhpne
0x0100-0x0106| /PPI U5 pin 7 PPI182C55(U5)

0x0110-0x0116| /DA U1l pin 23 U1l DAC7625

0x0120-0x0126| /AD U12 pin 32 U12 AD7655

0x0140-0x0146| /SC U27 pin 39 U27 SCC2692

0x01c0-0x01df | /ET U35 pin 63 U35 CS8900

0x01e0-0x01ef| /CF U26 pin 7, 32 U26 CompactFlash
0x0200-0x02ff | /PCS2| UO06 pin 4=CTS1 74HC138

0x0200-0x206 | /CNT U37 pin 24 71054 counters

0x0220 ICcV U12 pin 35 AD7655 start convert

0x0280 /HP1 U05 pin 4 HTLC2020 Quadrature decoder
0x02A0 HP2 Uo04 pin 4 HTLC2020 Quadrature decoder
0x02CO0 /IRT1 U05 pin 7 RESET quadrature decoder
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0x02EQ IRT2 uo4 pin 7 RESET quadrature decoder
0x0300-0x03ff | /PCS3| U28 pin 7 = RTS] PPI82C55 (U28)
0x0400-0x04ff | /PCS4 Reserved

0x0500-0x05ff | /PCS5| J2 pin 15=P3 UART, SCC2691
0x0600-0x06ff | /PCS6| J2pin 24 =P2 RTC 72423

3.551D13075

The SID13075 is a color/monochrome LCD graphics controllgh wn embedded 80K Byte SRAM
display buffer. The LCD controller can achieve up to 20 franesspcond and support 256 colors. A
unique aspect of th8T is the CompactFlash storage working in concert with thi® loBntroller. With
this deisgn, the 186 can DMA images directly from the CompestiFinto the image buffer to achieve
higher performance. Because of the 80KB image buffer, the funcéibsic_init(); re-defines the upper
half of the memory map to accommodate this buffer. After caflindnit(); the memory map will be as in
the following diagram:(diagram not to scale)

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
x 0x8000(
RAM SRAM
mapping
0x00000

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

Sample code has been provided intér@\186\samples\stdirectory to illustrate the process of tranfering
an image from the Compact Flash into the Image Buffer. Itaisdatory that slc_init(); be called so as to
re-initialize the memory map to accommodate the image buffere tRat the entire ROM/Flash mapping
is 512KB, but the re-mapping of the ROM/Flash only afide configure to certain sizes. Thus the map
available for the user then becomes 256KB, starting from 0@@ad going to OXFFFFF, yet the ACTF
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utility occupies the top 16KB sector, again reducing the ugdh#h to the range 0xC0000 to 0xFC000, or
about 240KB. It is possible to map the Image Buffer thiwSRAM, leaving all 512KB of Flash space for
the user. This would require the user to re-define the /LNMI@Sused to select the SRAM. Refer to the
AM186ES manual chapter 5 for details on how to re-map BR&NMS This re-mapping of the Image
Buffer into the SRAM would also require the DMA processrfrilie Compact Flash to the LCD controller
to be altered. Refer to sample code in\taen\186\samples\sdirectory.

3.6 Touch Screen Controller

The ADS7846E is a 12-bit sampling ADC with a synchroneesdal interface and low on-resistance
switches for driving touch screens. The ADS7846E is routed4-pin terminal at H6 which connects to a
flax cable to drive the touch screen. This controller allowsuies to specify the touch screen resolution
needed a particular application. See sample program that allowsalfbration of touch sreen in
\tern\186\samples\sdirectory. The sample program is “st_grid.€his sample is already included in the
pre-made project “st.ide” in theern\186\samples\stirectory.

3.7 Compact Flash Interface

By utilizing the compact flash interface on t8€, users can easily add widely used 50-pin CF standard
mass data storage cards to their embedded application via RSA3220, or parallel interface. TERN
software supports Linear Block Address mode, 16-bit FASHlfile system, RS-232, TTL 12C or parallel
communication. Users can write files to the CompactFlash camrebd files from the CompactFlash card.
Users can also transfer files to a PC via the CF reader port.

CF cards can also be used as a means to store images and datsptapeddonto the color LCD. This
allows users to have access to unlimited images to be usedapplration in conjunction with the color
LCD. As dicussed above, the AM186ES suuports DMA to allmages/data to be transferred directly to
the image buffer for increased speed.

Sample code and function prototypes are available to assist imngregplications which use the file
system to access the CF. Refer to the target “slc_fs.axe” withiprébuilt project “st.ide” found in the
\tern\186\samples\st directory. This sample uses the souredteonh186\samples\fn\fs_cmdsl.c. Also, for
a complete listing of file system function prototypes ana thgies, refer to the header files “fileio.h” and
“filegeo.h” found thatern\186\include directory.

3.8 Ethernet

The Ethernet LAN Controller on the SmartTFT is the CS8®8061 Crystal Semiconductor Corporation,

which is now a subsidiary of Cirrus Logic (http://wwwras.com/en/). The CS8900 includes on-chip
RAM and 10BASE-T transmit and receive filters. The CS89@&ctly interfaces to the TERN controller's

data bus, providing a high-speed, full duplex operatiore Sh interface to the Ethernet port is via a
standard RJ45 8-pin connector (J3). The CS8900 offersoadbrange of performance features and
configuration options. Its unique PacketPage architecture autathatidapts to changing network traffic

patterns and available system resources. The CS8900-based STcrseinsystem efficiency and

minimize CPU overhead in a 10BASE-T network. TBE with CS8900 provides a true full-duplex

Ethernet solution, incorporating all of the analog and aligifrcuitry needed for a complete C/C++

programmable Ethernet node controller.
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3.9 Programmable Peripheral Interface (82C55A)

U5 and U28, PPIs (82C55) are low-power CMOS programmadtallel interface unit for use in
microcomputer systems. It provides 24 1/O pins each, thgthma individually 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 programmesis of 4 and 8 pins to be inputs or outputs.
In MODE 1, each of the two groups of 12 pins can be progeento have 8 lines of input or output. Of

the 4 remaining pins, 3 are used for handshaking and interoagrol signals. MODE 2 is a strobed bi-

directional bus configuration.

C T T [ T T T T
I—J 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 OQutput

1 Input

Mode 00 Mode 0

01 Mode 1

1X Mode 2

Command 0 Bit
Select manipulatior
1 Mode

Selec

Figure 3.3 Mode Select Command Word

The SmartTFT maps U5, the 82C55/uPD71055, at base I/@szddix0100.
The SmartTFT maps U28, the 82C55/uPD71055, at base |f@sadaix300.
Note that registers increment by 2.

Use U5 PPI as a program example, the Command Register = O@d0® = 0x0100; Port 1 = 0x0102;
and Port 2 = 0x0104.

The following code example will set all ports to output etod
out port b(0x0106, 0x80); /* Mdde 0 all output selection. */
out port b(0x0100, 0x55); /* Sets port 0 to alternating high/low /O pins. */
out port b(0x0102, 0x55); /* Sets port 1 to alternating high/low /O pins. */
out port b(0x0104, 0x55); /* Sets port 2 to alternating high/low /O pins. */
To set all ports to input mode:

out port b(0x0106, 0x9f) ; /* Mode O all input selection. */
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You may read the ports with:
i nport b(0x0100); /* Port 0 */
i nport b(0x0102); /* Port 1 */
i nport b(0x0104); /* Port 2 */

This returns an 8-bit value for each port, with each bit cporeding to the appropriate line on the port.

You will find that numerous on-board components are cdattalsing PPI lines only. You will need to
use PPI access methods to control these, as well. The PPI dataah be found under the root of the
TERN installation CD, \tern_docs\parts with filename “82c58#.pYou may also see the sample code
\tern\186\samples\sic\sic_ppi.c

3.10Real-time Clock RTC72423

If installed, the real-time clock RTC72423 (EPSON, UlOnapped in the /O address space 0x0600. It
must be backed up with a lithium coin battery. The RTC is aedesgia software drivengc init() or

rtc rds() (see Appendix C and the Software chapter for details). A sapmglgram is provided
\tern\186\samples\sic\sic_rtc.clts data sheet can be found in the \tern_docs\parts dirediename
“rtc7242xam.pdf”.

It is also possible to configure the real-time clock to raiseudput line attached to an external interrupt, at
1/64 second, 1 second, 1 minute, or 1 hour intervalés ¢Em be used in a time-driven application, or the
VOFF signal can be used to turn on/off the controller using dermad switching power supply. An
example of a program showing a similar application can be foutedn\186\samples\ae\power off.c.

3.11UART SCC2691

The UART SCC2691 (Signetics, U8) is mapped into the l/@rex$ space at 0x0500. The SCC2691 has a
full-duplex asynchronous receiver/transmitter, a quadrupleetmdf receiver data register, an interrupt
control mechanism, programmable data format, selectable baud rateefoeceiver and transmitter, a
multi-functional and programmable 16-bit counter/timer, astloip crystal oscillator, and a multi-purpose
input/output including RTS and CTS mechanism.

For more information, refer to Appendix B. The SCC26@ltlee SmartTFT may be used as a RS485
network 9-bit UART (for the TERN NT-Kit). Its data sheeand sample code are
\tern_docs\parts\scc2691.pdand\tern\186\samples\sic\sic_scg.cespectively.

3.12Reed Relays

Four Reed relays are installed on the ST at locations S1k@4elays offer high speed swithing compared
to electromechanical relays, a specification of 200 V, maximum f éanry current, 0.5 Amp switching,
and 100 million times operation. The relays are connected td224f the PPI at location U5. See
tern\186\samples\sic\sic_ppi.c and \tern_docs\parts\relay@dfdfor details.

3.13UART SCC2692
The dual UART (SC26C92, Philips, U27) is a 44-pin PL€p. This DUART includes two independent

full-duplex asynchronous receiver/transmitters, a quadruplferedf receiver data register, an interrupt
control mechanism, programmable data format, selectable baud ratesfoeceiver and transmitter, a
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multi-functional and programmable 16-bit counter/timer, archip crystal oscillator, and a multi-purpose
input/output including RTS and CTS mechanism.

A 3.6864 MHz external czrystal is installed as the default crigtdhe dual UART.

For more detailed information, refer to the SC26C92 data slueethe CD in thetern_docs\parts
directory, filename “scc2692.pdf”".

By default, RS-232 drivers are provided for the DUART. R%232 signals are routed to the H8 (TXDA
and RXDA) and H9 (TXDB and RXDB) headers. Optional RS42R$485 drivers can be installed for
TXDA and RXDA.

Sample programs for the SC26C92 can be found incthet er n\ 186\ sanpl es\ sl ¢ directory,
“slc_scc.c”.

3.14Programmable Timer/Counter (NEC PD71054)

The NEC PD71054 Programmable Timer/Counter (PTC) chip igeev three high-performance,
programmable counters for the SmartTFT. Three 16-bit coundach with its own clock input, gate
control, and output pins, can be clocked from DC to 10 MHz.

Under software control, they can generate accurate timer delays. Tésne programmable count modes.
All PTC related pins are routed to H10. Refer to TERN’s ROM for ST schematics for more details.
Sample programs are available undtern\186\samples\sic “slc_cn0.c” and “slc_cn3.c”. The samples
have been included in the sample project “st.ide”, intdr@\186\samples\stirectory.

3.15Quadrature Decoders (HTLC2020)

Two quadrature decoder/counter interface chips, (Hewlett Packardl.202T, U04 and U05) can be
installed on theST. The quadrature decoder is used to interface incremental motiodeesiomith the
microprrocessor system or to improve system performancedivalcclosed-loop motion control systems.
The HCTL2020 includes a quadrature decoder, a 16-bit countegra8¢bit bus interface. It features full
4x decoding, up to 14MHz clock operation, high noise imiyudue to digital noise filters, quadrature
decoder output signals, up/down signals, count signalscastchde output signal. Many types of optical
incremental encoder modules, such as the HEDS-9000, HEDS-840EDS-9200 from HP, can be
directly interfaced the the HCTL2020.

The quadrature inputs are routed to the J5 pin header, pi#6,3a@r access. Sample code is provided,
“st_hp.c” in theltern\186\samples\stlirectory. It is also included in the pre-built projectithk”.

3.160Other Devices

A number of other devices are also available on the SmartTFTe 8bthese are optional, and might not
be installed on the particular controller you are using. aFgiscussion regarding the software interface for
these components, please see the Software chapter.

3.16.1 On-board Supervisor with Watchdog Timer

The MAX691/LTC691 (U6) is a supervisor chip. Withristalled, the SmartTFT has several functions:
watchdog timer, battery backup, power-on-reset delay, powelysuppnitoring, and power-failure
warning. These will significantly improve system reliability
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Watchdog Timer

The watchdog timer is activated by setting a jumper on J®eoSmartTFT. The watchdog timer provides
a means of verifying proper software execution. In the uappscation program, calls to the function
hitwd() (a routine that toggles the P12=HWND pin of the MAX6%19dd be arranged such that the HWD
pin is accessed at least once every 1.6 seconds. If the J9 jsngmeand the HWD pin is not accessed
within this time-out period, the watchdog timer pulls ¥ DO pin low, which asserts /RESET. This
automatic assertion of /RESET may recover the application prodraomething is wrong. After the
SmartTFT is reset, the WDO remains low until a transitiocucs at the WDI pin of the MAX691. When
controllers are shipped from the factory the J9 jumper jsadfich disables the watchdog timer.

The Am186ES has an internal watchdog timer. This is disdiyle:fault withae_init().

O

/

JO3 - Step 2 J9 - Watchdog .
Jumper jumper e e

T

= BEARERY

1
JHTITITITRS

SOy |

Figure 3.4 Location of STEP2 and watchdog timer enable jumpers

Battery Backup Protection

The backup battery protection protects data stored in the SRANREG. The battery-switch-over circuit
compares VCC to VBAT (+3 V lithium battery positive pinpd connects whichever is higher to the
VRAM (power for SRAM and RTC). Thus, the SRAM and tkalftime clock RTC72423 are backed up.
In normal use, the lithium battery should last about @&y without external power being supplied. When
the external power is on, the battery-switch-over circuitseléct the VCC to connect to the VRAM.

3.17EEPROM

A serial EEPROM of 512 bytes (24C04) is installed in TURe SmartTFT uses the P12=SCL (serial clock)
and P11=SDA (serial data) to interface with the EEPROM. THieREOM can be used to store important
data such as a node address, calibration coefficients, and condiguratdles. It typically has 1,000,000
erase/write cycles. The data retention is more than 40 years.(BEREN be read and written by simply
calling the functionge_rd()andee_wr().
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A range of lower addresses in the EEPROM is reserved foNTIER. Details regarding which addresses
are reserved, and for what purpose, can be found in Appenafixis manual.

3.180pto-couplers

Twelve opto-couplers are installed on the SmartTFT, providiigdy voltage opto-isolation capability.
They can be used for digitals inputs, relay contact monitpangowerline monitoring. Typical ON time is
3us, while typical OFF time is 5us. The correspondingtipms are pulled high via 10kresistor. As a
result, an input low signal will turn the opto-couplens dhe opto-couplers are arranged in three packages,
4 opto-isolators per package. The three packages (PS2701-4)adesllat UO1, UO2, and U03. The device
at location UO1 uses input lines IP2 — IP5 of the S@2dBual UART. Thus to read the status of the opto-
couplers at UO1, the user must check the status of thepopudn the SCC2692. Similarly, the devices at
U02 and UO3 are tied to signals, L27 — L20, port 3 ef 128 PPI chip. To monitor the status of these
opto-couplers, configure port 3 of the U28 PPI chip putrmode and check that status of that port. More
details are provided in Chatper 4: Software of this manua.dBita sheet for the opto-coupler package can
be found intern_docs\parts\ps2701.pdffrom the root of the TERN installation CD-ROM.

3.1916-bit ADC (ADS8344)

The ADS8344 is an 8 channel, 16-bit sampling analog-tdadigionverter with a synchronous serial
interface. Input voltage range goes from 0V to 5V. The pretigterence (LT1029) installed at location
UQ7 provides the reference input to the ADS8344. Three cdimesl drive the ADS8344; /CS =120, CLK
= P12, and DIN = P25. DOUT is tied to the 186 CPU'E3R, or P20.

It is necessary to initialize P20 = DOUT as input, 1202,Pdnd P25 as output to drive the ADS8834.
Refer to\tern\186\samples\st\st ad16.tor sample code. To inititalize 120 as output, you musgmm
the control register of the U5 PPI.

The ADC digital data output communicates with a host thraughrial tri-state output (DOUT). If /CS is
low, the ADS8344 will have output on DOUT. If /CS igln, the ADS8344 is disabled and DOUT is free.
The effective maximum sampling rate is 20KHz.

The ADS8344 can support 8 single-ended inputs or 4 diffed inputs. By default TERN software drivers
use 8 single ended inputs. This mode can be changed via thal bgterwritten to DIN.

The ADS8344 also implements an output called BSY. When #Cl8gh, the BSY signal is in high-
impedance. When /CS is low, BSY will be low while readihg tontrol bits on DIN, and during
conversion. This line is not connected to any external pithersT, so a 10us software delay must be
implemented to achieve correct timing.

To operate the ADS8344, five 1/O lines are used, as listedvbelo

ICS Chip select =120 (U5 PPI pinl6) , high to low sition enables DOUT,
DIN and CK.
Low to high transition disables DOUT, DIN and CK.

DIN P25=J2 pin 18, ADC serial data input

DOUT  Serial data output. Tied to CPU line /RTS0=P20. Nézdie initialized as
input.

BSY Output signal. BSY is low when the ADS8344 is regdire DIN control
pins and during conversion. It is high impedance when $&gyh. This line
is not connected to any external pin.

CLK Clock = P12

REF+ Upper reference voltage (normally RE5=5V). J4 pin 12
COM Ground Reference. Set to GND by default on J4 headed, pin
VCC Power supply, +5 V input
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|GND  Ground |

All analog inputs are routed to the J4 pin header. By defilpin 9 is tied to J4 pin 10 to supply COM to
the ADC. Furthermore, the precision reference at location UO/ide®+5V reference to REF+.

3.19.1 Temperature sensor and reference voltage

A 5V precision reference (U07 LT1029, TI) supports ADS83ad LTC2600. A 2.5V precision voltage

reference (U13, LT1019, 3 ppm/C®) is on board providifig\2reference for AD7655 and DAC7625. The
LT1019 includes an on-board temperature senser, which ougpoperature related voltage at J4 pin 30
(TMP). See th&T schematic at the end of the manual for additional details ologations.

3.20Eight channel 16-bit DAC (LTC2600)

The TLC2600 is an eight channel 16-bit digital-to-analog ey (DAC) in an SO-8 package. It is
complete with a rail-to-rail voltage output amplifier capablelaéing up to 15mA. It uses a 3-wire SPI
compatable serial interface and has an output range of 0-5makf)g 1 LSB equal to 5/65535 V. On the
ST, the reference voltage input is tied to the precision referencestipplied by U07. The DAC outputs
are routed to the J4 pin header, pins 13-20.

The LTC2600 DAC is installed on tig&¥ at location U08 and uses 121 as the chip select. The synclsronou
serial interface is used to send data to the device. The signal¢s@izhronous data in) and SCK
(synchronous clock) are tied to the CPU PIO lines P25 afdredpectively. Refer to the sample code,
\tern\186\samples\st\st_da.for an example on driving the DAC. The sample is also imdud the pre-
built sample project \tern\186\samples\st\st.ide.

Refer to the DAC data sheet for additional specifications; \tlxes\parts\ltc2600.pdf.

3.21Four channel, 16-bit ADC

The unique 16-bit parallel ADC (AD7655, 0-5V) supportgrau high-speed (1 MHz conversion rate)
analog signal acquisition. The AD7655 contains two love@dnigh bandwidth track-and-hold amplifiers
that allowsimultaneous sampling on two channels. Each track-and hold amplifier hadtgplaxer in front

to provide a total of 4 channels analog inputs. The paral®C Achieves very high throughput by
requiring only two CPU 1I/O operations (one start, one réadjomplete a 16-bit ADC reading. With a
precision external 2.5V reference(U13, LT1019), the AD7655 acdgf¥ analog inputs at 16-bit

resolution, yielding 65536 counts / 5000mV = 13 IghisV.

See sample prograktern\186\samples\st\st_ad.for details on reading the ADC. Refer to the data sheet
for additional specificationstern_docs\parts\ad7655.pdf from the root of the TERN installation CD-
ROM.

3.22Dual Channel 12-bit DAC (DAC7612)

The DAC7612 is a dual 12-bit digital-to-analog converteh@in an SO-8 package. It is complete with a
rail-to-rail voltage output amplifier, an internal reference an8hwire serial interface. The DAC7612
outputs a full-scale of 4.096V, making 1 LSB equal to 1L mV

The buffered outputs can source or sink 7 mA. The outputgyso within a few millivolts of supply rail
when unloaded. They have an equivalent output resistance @ &@#n driving a load to the rails. The
buffer amplifiers can drive 500 pf without going into distion.

3-14



SmartTFT Chapter 3: Hardware

The DAC is installed in U15 on the SmartTFT, and the dstwe routed to J4 (pins 25=VA and pin
26=VB). The DAC uses P12 as CLK, P25 as DI, and P29 d€&DPlease refer to the DAC7612
technical data sheets from Texas Intruments for more inform@teta sheet can be found on the TERN
CD-ROM in the\t er n_docs\ part s directory, filenamedac7612.pdj. See also the sample program
st da.cinthe\t er n\ 186\ sanpl es\ st directory.

3.23DAC7625, 300KHz 12-bit DAC

The DAC7625 is a parallel 12-bit D/A converter. This deviaduides 4 voltage output channels with an
output range of 0-2.5V. It accepts 12-bit parallel input dathhas double-buffered DAC input logic.

The ST uses pins D15 to D4 to directly interface to the DAC’$ 1@-bit data bus for maximum data
transfer rate. The DAC7625 has an average settling time of Wiflisa maximum settling time of 10us.
Refer to the sample prograsic_da.cin the\tern\186\samples\sidirectory for an example. The sample
code is also incorporated into the pre-built project forShest.ide. Further details can be found in the
data sheetja7625.pdf in the\tern_docs\partsdirectory.

3.244-20 mA current drivers

Two channels of 4-20 mA current drivers can be installed. awadog voltage outputs (V7 and V8) from
the 16-bit DAC (LTC2600) can be converted to 4-20 mA curréhé current driver power FET (Q1, Q2)
can be powered with up to 24V external positive source (J31#HV++) or on-board positive power via
JO1 (+12VI) header. The current driver outptuts are routéltketd5 pin header pins 33 and 34.

3.25High-Voltage, High-Current Drivers

The ULN2003A has high voltage, high current Darlingtongistor array, consisting of seven silicon NPN
Darlington pairs on a common monolithic substrate. All ckénfeature open-collector outputs for sinking
350 mA at 50V, and integral protection diodes for drivinguctive loads. Peak inrush currents of up to
500 mA sinking are allowed.

U25 has seven high-voltage drivers (HV1-HV7) These outmag be paralleled to achieve high-load
capability, although each driver has a maximum continuous amilegtrent rating of 350 mA at 50V. The
maximum power dissipation allowed is 2.20 W per chip al@frees C°C). The common substrate G is
routed to J5 pin 2. The common substrate of the higlageltriver at location U25 is tied to gournd by
default. Locations U33 and U38 must have G supplied by gbe &ll currents sinking in must return to
the J5 pin 2. A heavy gauge (20) wire must be used to cotireedd G terminal to an external common
ground return. K connects to the protection diodes in thBl2003 chips and should be tied to highest
voltage in the external load system. K can be connected to a asg&tegr voltage at J5 pin BILN2003 is

a sinking driver, not a sourcing driver. An example of typical application wiring is shown in Fg®.5.
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Figure 3.5 Drive inductive load with high voltage/current drivers.

By design the ULN2003 installed at U25 is configured fokiag only. Two additional 18 pin sockets are
installed at U33 and U38. By design, these sockets can sugipkirtg or sourcing drivers. By default
sinking drivers are installed in these sockets. In order tectty connect G and K to the sinking or
sourcing dirvers at U33 and U38, they are routed to d6.cBnfiguration supporting sinking drivers
(ULN2003, default by factory), two jumpers must be insthllo connect G to GND and to connect K to
the user provided external voltage (J5 pin 1 = J5 pin 2Jamgin 3 = J5 pin 4). If sourcing drivers are
desired, the ULN2003 must be replaced by UDS2982 (referrtodecs\parts from the CD for data sheet).
The jumpers at J5 must then be reconfigured to route G daodh€ appropriate places for sourcing (J5 pin
1 =J5pin 3, and J5 pin 2 = J5 pin 4). U25 isa@miby output pins from DUART (U27, SC26C92) and one
line from the U5 PPI chip, U33 is driven by U28 PPItR@r00-L07) and U38 is driven by U28 PPI portl

(L10-L17).
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3.26Headers and Connectors
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Figure 3.6 SmartTFT Headers and Connectors.
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Chapter 4. Software

Please refer to the Technical Manual of the “C/C++ DevelopmenbKEERN 16-bit Embedded
Microcontrollers” for details on debugging and programmouajs.

For details regarding software function prototypes and sdiitggedemonstrating their use, please refer to
the Software Glossary in Appendix E.

Guidelines, awareness, and problems in an interrupt driven envimmment

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

The debugging of interrupt handlers with the Remote Debutggebe a challenge. It is possible to debug
an interrupt handler, but there is a risk of experiencinglenah Most problems occur in multi-interrupt-
driven situations. Because the remote kernel running on theoltentis interrupt-driven, it demands
interrupt services from the CPU. If an application program lesaibterrupt and occupies the interrupt
controller for longer than the remote debugger can accept, thegighwilj time-out. As a result, your PC
may hang-up. In extreme cases, a power reset may be requiretoy@s PC.

For your reference, be aware that our system is remote kerneljpttdriven for debugging.

The run-time environment on TERN controllers consists off@naddress space and a memory address
space. 1/O address space ranges fo@000to Oxffff, or 64 KB. Memory address space ranges from
0x00000to Oxfffff in real-mode, or 1 MB. These are accessed differently, and nati@glésses can be
translated and handled correctly by hardware. /O and memoryingapgre done in software to define
how translations are implemented by the hardware. Implicit acces$&3 and memory address space
occur throughout your program from TERN libraries as @aslsimple memory accesses to either code or
global and stack data. You can, however, explicitly access any sdidié® or memory space, and you
will probably need to do so in order to access processoregegiand on-board peripheral components
(which often reside in 1/0O space) or non-mapped memory.

This is done with four different sets of similar funcspdescribed below.

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

These standard C functions are used to place specified data at aogyrepate location. Theegment
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 means that therégdpragdress and data are placed o
the address and data-bus, and any memory-space mappings iroptacegdarticular range of memory
will be used to activate appropriate chip-select lines and the pordisig hardware component
responsible for handling this data.

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

These functions retrieve the data for a specified address in mepang. Once again, tkegment
address is shifted left by four bits and added toffset to find the 20-bit address. This address is ther]
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output over the address bus, and the hardware component mapataddress should return either an
8-bit or 16-bit value over the data bus. If there is nopgmment mapped to that address, this function wj
return random garbage values every time you try to peek iataduress.

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

This function is used to place tHata into the appropriataddressin I/O space. It is used most often
when working with processor registers that are mapped btegAce and must be accessed using eithgr
one of these functions. This is also the function usedoist cases when dealing with user-configured
peripheral components.

When dealing with processor registers, be sure to use the dometton. Useoutport 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 from componen® isplace. You will find that most hardwajfe
options added to TERN controllers are mapped into 1/O space, memory space is valuable and is
reserved for uses related to the code and data. Using I/O mapihia address is output over the addre
bus, and the returned 16 or 8-bit value is the return value.

2
%2

For a further discussion of I/0O and memory mappings, plediseto the Hardware chapter of this
technical manual.

4.1AE.LIB

AE.LIB is a C library for basic SmartTFT operations. Itludes the following modules: AE.OBJ,
SERO0.0BJ, SER1.0BJ, SCC.OBJ, and AEEE.OBJ. You nedidktdAE.LIB in your applications and
include the corresponding header files. The following istafithe header files:

Include-file name | Description

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

SER1.H Internal serial port 1

SCC.H External UART SCC2691

AEEE.H on-board EEPROM

4.2 Functions in AE.OBJ

4.2.1 SmartTFT Initialization

ae_init
This function should be called at the beginning of everynaragunning on SmartTFT core controllers. It

provides default initialization and configuration of the vasid/O pins, interrupt vectors, sets up expanded
DOS 1/0, and provides other processor-specific updates neetthedtatginning of every program.
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There are certain default pin modes and interrupt settings ight wish to change. With that in mind, the
basic effects ofe_init are described below. For details regarding register use, Ylauvant to refer to the
AMD Am186ES Microcontroller User's manual.

Initialize the upper chip select to support the default ROMe CPU registers are configured such
that:

Address space for the ROM is from 0x80000-0xfffff (to nhdemCard I/O window)

512K ROM Block size operation.

Three wait state operation (allowing it to support up © 12 ROMs). With 70 ns ROMs, this can
actually be set to zero wait state if you require increased perfoenfana risk of stability in
noisy environments). For details, see the UMCS (Upper Mgbip Select Register)

reference in the processor User’'s manual.
out port (Oxffa0, 0x80bf); // UMCS, 512K ROM 0x80000- Oxfffff

Initialize LCS (ower Chip Select) for use with the SRAM. It is configured so that:

Address space starts 0x00000, with a maximum of 512K RAM.
Three wait state operation. Reducing this value can improverpenice.

Disables PSRAM, and disables need for external ready.
out port (Oxffa2, Ox7fbf); // LMCS, base Mem address 0x0000

Initialize MMCS and MPCS so thsdCS0 andPCS0-PCS6except for PCS4) are configured so:

MCSO0 is mapped also to a 256K window at 0x80000. If useld MimCard, this
chip select line is used for the 1/0 window.

Sets udPCS5-6lines as chip-select lines, with three wait state operation.
out port (Oxffa8, OxaObf); // s8, 3 wait states
out port (Oxffa6, 0x81ff); // CSOMSKH

Initialize PACS so thaPCS0-PCS3are configured so that:

Sets udPCSO0-3lines as chip-select lines, with fifteen wait state operation.
The chip select lines starts at 1/0 address 0x0000, with eachssive chip select line addressed

0x100 higher in 1/0O space.
out port (Oxffa4, 0x007f); // CSOMSKL, 512K, enable CSO for RAM

Configure the two PIO ports for default operation. Afigpare set up as default input, except for P12
(used for driving the LED), and peripheral function gmsSERO and SER1, as well as chip
selects for the PPI.

out port (O0xff 78, 0xe73c); /1 PDI R1, TxDO, Rx DO, TxD1, RxD1,
P16=PCS0, P17=PCS1=PPI
out port (0xff 76, 0x0000) ; /1 Pl OVL
out port (Oxff 72, Oxec7b); /1 PDI RO, P12, A19, A18, A17, P2=PCS6=RTC
out port (0xff 70, 0x1000) ; /1 PIOVD, P12=LED

Configure the PPI 82C55 to all inputs, except for lin€s23 which are used as output for the ADC.
You can reset these to inputs if not being used for thatium

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=ADCS hi gh

tft_init vs. slc_init
The SmartTFT supports either Kyocera’s QVGA TFT or Kyoce@d/&5A STN LCD (G50). When using
the TFT, useft_init() , and if using the G50 STN LCD, uske_init(). In the TERN software examples, it

may be necessary to modify the source “C” code to select eitheitfit or slc_init(); to match your
hardware.
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The appropriate initialization function should be called aftemi€) in every program for the SmartTFT.
It will define certain 1/O lines for selecting certain periphetalgjue to the ST. In addition it will re-map
the memory to accommodate the image buffer (see chapter 3, se4t®)n 2 function call to ae_init() is
still mandatory in addition to tft_init()/slc_init().

The chip select lines are by default set to 15 wait states nidikes it possible to interface with many
slower external peripheral components. If you require fagdeadtess, you can modify this number down
as needed. Some TERN components, such as the Real-Time-Cigickfaih if the wait state is decreased
too dramatically. A function is provided for this purpos

void io_wait
Arguments: char wait
Return value: none.

This function sets the current wait state depending on thenargwait.

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, |/O enable for 100+50 ns
wait=3, wait states = 3, |/O enable for 100+75 ns
wait=4, wait states = 5, |/O enable for 100+125 ns
wait=5, wait states = 7, |/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

4.2.2 External Interrupt Initialization

There are up to eight external interrupt sources on the SmartbRsisting of seven maskable interrupt
pins (NT6-INTO) and one non-maskable interruptMI). There are also an additional eight internal
interrupt sources not connected to the external pins, cogsitithree timers, two DMA channels, both
asynchronous serial ports, and Miell from the watchdog timer. For a detailed discussion inaglthe
ICUs, the user should refer to Chapter 7 of the AMD AmIB6&crocontroller User's Manual.

TERN provides functions to enable/disable all of the eigteraat interrupts. The user can call any of the
interrupt init functions listed below for this purpos&he first argument indicates whether the particular
interrupt should be enabled, and the second is a functioteptinan appropriate interrupt service routine
that should be used to handle the interrupt. The TERMrids will set up the interrupt vectors correctly
for the specified external interrupt line.

At the end of interrupt handlers, the appropriate in-senvickobthe IR signal currently being handled
must be cleared. This can be done using\tespecific EOl command At initialization time, interrupt
priority was placed ifrully Nestedmode. This means the current highest priority interrupptbsihandled
first, and a higher priority interrupt will interrupt aurrent interrupt handlers. So, if the user chooses to
clear the in-service bit for the interrupt currently being heahdthe interrupt service routine just needs to
issue the nonspecific EOl command to clear the current highestypIR.

To send the nonspecific EOl command, you need to writE@leregister 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 one of the extataatipt channels (for pin locations and
other physical hardware details, see the Hardware chapter). Tradusent indicates whether this
particular interrupt should be enabled or disabled. The sergndhent is a function pointer which will
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act as the interrupt service routine. The overhead on the jpttesrvice routine, when executed, is abojt
20 us.

By default, the interrupts are all disabled after initializatidio disable them again, you can repeat the gall
but pass in 0 as the first argument.

The NMI (Non-Maskable Interrupt) is special in that it canb®tmasked (disabled). The default ISR W
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)() );
void nm _init(void interrupt far (* nm _isr)());

4.2.3 1/O Initialization

Two ports of 16 I/O pins each are available on the SmartTRidwhre details regarding these PIO lines
can be found in the Hardware chapter.

Several functions are provided for access to the PIO linesheAteginning of any application where you
choose to use the PIO pins as input/output, you will beddtialize these pins in one of the four available
modes. Before selecting pins for this purpose, make suréhthakeripheral mode operation of the pin is
not needed for a different use within the same application.

You should also confirm the PIO usage that is described abdkian ae_init(). During initialization,
several lines are reserved for TERN usage and you should amiktsat these are not available for your
application. There are several PIO lines that are used for otHwyawd purposes. These are all described
in some detail in the Hardware chapter of this technical manuah Betailed discussion toward the 1/0
ports, please refer to Chapter 11 of the AMD Am186ES Uséaisual.

Please see the sample program pio.cin t er n\ 186\ sanpl es\ ae. You will also find that these
functions are used throughout TERN sample files, as moltafigns do find it necessary to re-configure
the PIO lines.

The functionpio_wr andpio_rd can be quite slow when accessing the PIO pins. Dependirg qint
being used, it might require from 5-18. The maximum efficiency you can get from the PIO pins a€cur
you instead modify the PIO registers directly withoarport instruction Performance in this case will be
around 1-2us to toggle any pin.

The data register 3xff74 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.

moderefers to one of four modes of operation.

* 0, High-impedance Input operation
* 1, Open-drain output operation
e 2, output
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e 3, peripheral mode

unsigned int pio_rd:
Arguments: char port
Return value: byte indicating PI1O status

Each bit of the returned 16-bit value indicates the currental@e for the PIO pins in the selected port.
void pio_wr:

Arguments: char bit, char dat
Return value: none

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

4.2.4 Timer Units

The three timers present on the SmartTFT can be used for a wdragiglications. All three timers run at
1/4 of the processor clock rate (10MHz based on 40MHz systerk, ado one timer clock per 100ns),
which determines the maximum resolution that can be obtainedawRre that if you enter power save
mode, that means the timers will operate at a reduced speed as well.

These timers are controlled and configured through a modeetegisich is specified using the software
interfaces. The mode register is described in detail in chapfeh8 AMD AmM186ES User's Manual.

Pulse width demodulation is done by setting the PWDnltihné SYSCON register. Before doing this, you
will want to specify your interrupt service routines, whatte used whenever the incoming digital signal
switches from high to low, and low to high. It is innfamt to note the the interrupt latency generated by the
ISRs that handle a signal transition will define the timelotiem the user will be able to achieve.

The timers can be used to time execution of your user definedbgockading the timer values before and
after execution of any piece of code. For a sample file demadngtthts application, see the sample file
timer.c in the directorytern\186\samples\ae.

Two of the timers,Timer0 and Timerl can be used to do pulse-width modulation with a variabte du
cycle. These timers contain two max counters, where the owstgugh until the counter counts up to
maxcount A before switching and counting up to maxcount B.

It is also possible to use the outpuflaher2 to pre-scale one of the other timers, since 16-bit resalatio
the maximum clock rate specified gives you only 150 Hz. ®wlusingTimer2 can you slow this down
even further. The sample filéser02.c andtimer12.c, located irtern\186\samples\ae, demonstrate this.

The specific behavior that you might want to implement is desgrin detail in chapter 8 of the AMD
AmM186ES User’'s Manual.

void t0_init

void t1_init

Arguments: int tm, int ta, int th, void interrupt far(*t_isr)()
Return values: none

Both of these timers have two maximum counters (MAXCOUNT)ABailable. 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 routinieisr specified here is called whenever the full count is reached, widr p
behavior possible depending on the value specified for theotoagister.
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void t2_init
Arguments: int tm, int ta, void interrupt far(*t_isr)()
Return values: none.

Timer2 behaves like the other timers, except it only has one maxezcavdilable.

4.2.5 Analog-to-Digital Conversion

Two ADC chips can be installed on the ST.

The ADS8344 provides 8 channels of 16-bit analog conver#iailows for an input range of 0-REF,
where REF has been tied by hardware design to 5V (from thesiprecéference LT1029 at location UQ7).
The negative reference, COM, is routed to J4 pin 9 and issesestable. By deafult from the factory,
COM is shorted to GND, making the input range 0-5V.

The ADS833 uses CPU PIO lines and PPI lines for serialfatte. As a result, CPU PIO lines P12 and
P25 must be configured as outputs, U5 PPI line 120 brisbnfigured as output, and finally CPU PIO line
/RTSO0 (P20) must be configured as mode 1 input.

For a sample file demonstrating the use of the ADS8344, plesse st adl6.c in
t ern\ 186\ sanpl es\ st.

unsigned int ad16
Arguments: unsigned char k
Return values: unsigned int ad_value

The argumenk contains 4 types of information, including channel for @sin, power-down options,
and signle-ended or differential inputs. The TERN software plaases signle-ended inputs. The
resulting values fok become:

0x86  Channel ANO (J4 pin 2)
Oxc6  Channel AN1 (J4 pin 1)
0x96  Channel AN2 (J4 pin 4)
0xd6  Channel AN3 (J4 pin 3)
Oxa6 Channel AN4 (J4 pin 6)
0Oxe6  Channel AN5 (J4 pin 5)
Oxbf  Channel AN6 (J4 pin 8)
0xf6 Channel AN7 (J4 pin 7)

The AD7655 provides 4 high-speed analog inputs. The intetdatbe AD7655 uses the signals, P26, A2,
/CV, and /AD. P26 and A2 are used to determine which ofaheifiput channels is being selected, /CV is
used to start the conversion, and /AD is used to select timedev a conversion read over the CPU data
bus. The /AD chip select signal is generated from the PAL loeated. As a result, the /AD signal is
mapped to 1/O location 0x120. The following table summarizex<hannel selection:

Channel Pin location P26 A2 Read command
AAl J4 pin 40 Low High inport(0x124)
AB1 J4 pin 34 Low Low inport(0x120)
AA2 J4 pin 38 High High inport(0x124)
AB2 J4 pin 36 High Low inport(0x120)

Refer to the sample cods, ad.g in the\tern\186\samples\stlirectory. It shows necessary steps to read
channels on the AD7655. The sample code is also incorporabetthénsample project, “st.ide”.

4-7



Chapter 4: Software SmartTET

4.2.6 Digital-to-Analog Conversion

There are three DAC chips on the ST.

A DAC7612U chip is available on the SmartTFT in positittb. The chip offers two channels, A and B,
for digital-to-analog conversion. Details regarding hardwangchsas pin-outs and performance
specifications, can be found in the Hardware chapter.

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

void slc_da
Arguments: dat
Return value: none

Since the DAC6712U is a 12-bit device, the valaémust be ANDed with OxOfff to select the lower 12
bits of the 16-bit valudat. Thendat must bo ORed with either 0x2000 or 0x3000 to select tharu
you wish to write to. Use 0x2000 for channel A, and 0XBfad channel B

These argument values should range from 0-4095, with efmitsllivolts. This makes it possible to drive
a maximum of 4.906 volts to each channel.

The DAC7625 is a 12-bit device at location Ul1l. It is mappéa I/O space 0x110 — 0x116. Only one
outport(addr, data) instruction is heeded per channel, where the upper 12-tite d6-bit valuelata will

be the value written to the device, aamitlr 0x110 corresponds to channel DAL, 0x112 to DA2, Oxbl14 t
DA3, and 0x116 to DA4. See the sample cddie, da.c”, in the\tern\186\samples\slalirectory.

An LTC2600 is also available on the ST. It is located at &lt@Bprovides 8 16-bit analog outputs. It uses a
serial interface with the CPU and uses signals P25, P12 2anfdd communication. Therefore, all three
signals must be configured as outputs. See the sampléstoda.c” in \tern\186\samples\sfor details.

void da_16
Arguments: char c, unsigned int dat
Return value: none

The argument will determine the channel to write to adalt will provide the data to write. Argumeat
can be defined as follows:

0x30 = V1 (J4 pin 17)
0x31 = V2 (J4 pin 18)
0x32 = V3 (J4 pin 19)
0x33 = V4 (J4 pin 20)
0x34 = V5 (J4 pin 16)
0x35 = V6 (J4 pin 15)
0x36 = V7 (J4 pin 14)
0x37 = V8 (J4 pin 13)

0x3f = Update all channels
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4.2.7 Other library functions

On-board supervisor MAX691 or LTC691

The watchdog timer offered by the MAX691 or LTC691 offerseamellent way to monitor improper
program execution. If the watchdog timé®) jumper is set, the functidmitwd() must be called every 1.6
seconds of program execution. If this is not executed becawaseuaftime error, such as an infinite loop
or stalled interrupt service routine, a hardware reset will occur.

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 the valulead.

Real-Time Clock

The real-time clock can be used to keep track of real time. Backby apithium-coin battery, the real
time clock can be accessed and programmed using two interface fanction

The real time clock only allows storage of two digits of ylear code, as reflected below. As a result,
application developers should be careful to account for a rellHovdigits in the year 2000. One solution
might be to store an offset value in non-volatile storage as¢the EEPROM.

There is a common data structure used to access and use bodta@sterf

t ypedef struct{
unsi gned char secl; One second digit.
unsi gned char secl10; Ten second digit.
unsi gned char mnl; One mnute digit.
unsi gned char minl0; Ten minute digit.
unsi gned char hour1; One hour digit.
unsi gned char hour10; Ten hour digit.
unsi gned char dayl; One day digit.
unsi gned char dayl0; Ten day digit.
unsi gned char nonl; One nonth digit.
unsi gned char nonl0; Ten nmonth digit.
unsi gned char yearl; One year digit.
unsi gned char year10; Ten year digit.
unsi gned char wk; Day of the week

}TIM

int rtc_rd
Arguments: TIM *r
Return value: int error_code

This function places the current value of the real time clockimitte argument structure. The structure
should be allocated by the user. This function returns€uocess and returns 1 in case of error, such fis
the clock failing to respond.
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Void rtc_init
Arguments: char* t
Return value: none

This function is used to initialize and set a value into da¢-time clock. The argumehshould be a null-
terminated byte array that contains the new time value to be used.

The byte array should correspond tevdekday, year 10, year1, month10, month1, dayl10, dayl, hour10,
hour1, minutel0, minutel, second10, secondl, 0 }.

—

If, for example, the time to be initialized into the real tinecklis June 5, 1998, Friday, 13:55:30, the by
array would be initialized to:

e

unsi gned char t[14] ={ 5, 9, 8 0, 6, 0, 5, 1, 3, 5, 5 3, 01},;

Delay

In many applications it becomes useful to pause before executirigrérer code. There are functions
provided to make this process easy. For applications thateqaeacision timing, you should use
hardware timers provided on-board for this purpose.

void delay0
Arguments: unsigned int t
Return value: none

This function is just a simple software loop. The actuaétihat it waits depends on processor speed g
well as interrupt latency. The code is functionally identical t

(%)

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 delay0, but the passed in agntris in units of milliseconds instead of loop
iterations. Again, this function is highly dependent uf@processor speed.

unsigned int crc16
Arguments: unsigned char *wptr, unsigned int count
Return value: unsigned int value

This function returns a simple 16-bit CRC on a byte-aofayount size pointed to bwptr.

void ae_reset
Arguments: none
Return value: none

This function is similar to a hardware reset, and can be ugediifprogram needs to re-start the board for
any reason. Depending on the current hardware configuratismitgsht either start executing code fro
the DEBUG ROM or from some other address. rT
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4.3 Functions in SER0.OBJ/SER1.0BJ

The functions described in this section are prototyped ilé¢aéer fileser0.handserl.hin the directory
t ern\ 186\ i ncl ude.

The internal asynchronous serial ports are functionally identi88RO0 is used by the DEBUG ROM
provided as part of the TERN EV-P/DV-P software kitsdommmunication with the PC. As a result, you
will not be able to debug code directly written for seriak @or

Two asynchronous serial ports are integrated in the Am18GH$ SERO and SER1. Both ports have
baud rates based on the 40 MHz clock, and can operate at a maxirh(iré of that clock rate.

By default, SERO is used by the DEBUG ROM for applicatownload/debugging in Step One and Step
Two. We will use SER1 as the example in the following disicus any of the interface functions which
are specific to SER1 can be easily changed into function cal®ER0. While selecting a serial port for
use, please realize that some pins might be shared with otheheyaftifunctions. This means that in
certain limited cases, it might not be possible to use a cestaial port with other on-board controller
functions. For details, you should see both chapter 1leoAm186ES Microprocessor User’'s Manual and
the schematic of the SmartTFT provided on the CD indire docs\schdirectory.

TERN interface functions make it possible to use one of a aumibpredetermined baud rates. These
baud rates are achieved by specifying a divisor for 1/16 qfrtbeessor frequency.

The following table shows the function arguments that expeest baud rate, to be used in TERN
functions. These are based on a 40 MHz system clock.

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

© 0N OB~ WDNPBE

I o
A WNRO

Table 4.1 Baud rate values

After initialization by callings1_i ni t (), SER1 is configured as a full-duplex serial port ane#sly to
transmit/receive serial data at one of the specified 15 baud rates.

An input buffer,ser1_i n_buf (whose size is specified by the user), will automaticallyesthe
receiving serial data stream into the memory by DMA1 operatiorterms of receiving, there is no
software overhead or interrupt latency for user applicationranog even at the highest baud rate. DMA
transfer allows efficient handling of incoming data. The usdy has to check the buffer status with
serhit1() and take out the data from the buffer watit ser 1() , if any. The input buffer is used as a
circular ring buffer, as shown in Figure 4.1. However, thagmit operation is interrupt-driven.
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ibuf in_tail in_head ibuf+isiz

vy \
[T 1]

1 |

Figure 4.1 Circular ring input buffer

The input bufferipuf), buffer size isiz), and baud rateb@ud) are specified by the user wgli_i ni t ()

with a default mode of 8-bit, 1 stop bit, no parity.ekfs1_i nit () you can set up a new mode with
different numbers for data-bit, stop bit, or parity bisedtly accessing the Serial Port 0/1 Control Register
(SPOCT/SP1CT) if necessary, as described in chapter 10 oith8GES manual for asynchronous serial
ports.

Due to the nature of high-speed baud rates and possible eftentthe external environment, serial input
data will automatically fill in the buffer circularly withowtopping, regardless of overwrite. If the user
does not take out the data from the ring buffer ith ser 1() before the ring buffer is full, new data
will overwrite the old data without warning or controllhus it is important to provide a sufficiently large
buffer if large amounts of data are transferred. For exampleuifire receiving data at 9600 baud, a 4 KB
buffer will be able to store data for approximately four sesamithout overwrite.

However, it is always important to take out data early froeitiput buffer, before the ring buffer rolls
over. You may designate a higher baud rate for transmittirsgaldtand a slower baud rate for receiving
data. This will give you more time to do other thingstheut overrunning the input buffer. You can use
serhit1() to check the status of the input buffer and return the offsdte in_head pointer from the
in_tail pointer. A return value of 0 indicates no data &lable in the buffer.

You can usget ser 1() to get the serial input data byte by byte using FIFO fioerbuffer. 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. Only a hardweset ors1 cl ose() can stop this
receiving operation.

For transmission, you can ugait ser 1() to send out a byte, or ugaut sersl1() to transmit a
character string. You can put data into the transmit ringebu$fl_out _buf, at any time using this
method. The transmit ring buffer addresbyf) and buffer lengthdsiz) are also specified at the time of
initialization. The transmit interrupt service will check the ldlity of data in the transmit buffer. If
there is no more data (the head and tail pointers are equal) disable the transmit interrupt. Otherwise,
it will continue to take out the data from the out bufferd amnsmit. After you calput ser 1() and
transmit functions, you are free to do other tasks witlahditional software overhead on the transmitting
operation. It will automatically send out all the data you $pegifter all data has been sent, it will clear
the busy flag and be ready for the next transmission.

The sample programer 1_0. ¢ demonstrates how a protocol translator works. It would vecan input
HEX file from SER1 and translate every ‘' character to ‘?heTranslated HEX file is then transmitted
out of SEROQ. This sample program can be fourtceinn\ 186\ sanpl es\ ae.

Software Interface
Before using the serial ports, they must be initialized.

There is a data structure containing important serial portisfatenation that is passed as argument to the
TERN library interface functions. Th@OM structure should normally be manipulated only by TERN
libraries. It is provided to make debugging of the seriahroanication ports more practical. Since it

allows you to monitor the current value of the buffer and@ated pointer values, you can watch the
transmission process.
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The two serial ports have similar software interfaces. Amgrfiate that makes reference to eitb@or
ser0 can be replaced witsll 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; /* Input buffer */
int in_tail; /* Input buffer TAIL ptr */

int in_head; /* Input buffer HEAD ptr */

int in_size; /* Input buffer size */

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

unsi gned char in_nt; /* 1nput 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; [* CQutput buffer size */

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

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

unsi gned char dtr;

unsi gned char en485;

unsi gned char err;

unsi gned char node;

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

unsi gned char sl ave;

unsi gned int in_segm /* input buffer segnent */
unsigned int in_offs; /* input buffer offset */
unsi gned int out_segm /* output buffer segment */
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*aftauf, int osiz, COM* ¢
Return value: none

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

The serial ports are initialized for 8-bit, 1 stop bit, andyarity communication.

There are a couple different functions used for transmissidataf You can place data within the output
buffer manually, incrementing the head and tail buffer poirgppsopriately. If you do not call one of the
following functions, however, the driver interrupt foretappropriate serial-port will be disabled, which
means that no values will be transmitted. This allows gocohtrol when you wish the transmission of
data within the outbound buffer to begin. Once the intésrape enabled, it is dangerous to manipulate the
values of the outbound buffer, as well as the values of tfierlpointer.

putsemn |
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Arguments: unsigned char outch, COM *c
Return value: int return_value

This function places one byteitch into the transmit buffer for the appropriate serial pone Teturn valug
returns one in case of success, and zero in any other case.

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

This function places a null-terminated character string intorétmsmit buffer. The return value returns g
in case of success, and zero in any other case.

DMA transfer automatically places incoming data into the inbobmffer. serhitn() should be calleg
before trying to retrieve data.

serhitn
Arguments: COM *c
Return value: int value

This function returns 1 aglue if there is anything present in the in-bound buffer fis serial port.

getsen
Arguments: COM *c
Return value: unsigned char value

This function returns the current byte fream in_buf, and increments tha_tail pointer. Once again, thig
function assumes thaerhitn has been called, and that there is a character present in the buffer.

getsers
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 return (ASGXOd) is retrieved.

This function makes repeated callgetser, and will block untillen bytes are retrieved. The retwalue
indicates the number of bytes that were placed into the buffer.

Be careful when you are using this function. The returned clearstdng is actually a byte array
terminated by a null character. This means that there might gdbeathultiple null characters in the byts
array, and the returnedlue is the only definite indicator of the number of bytes relddrmally, we
suggest that thgetsersandputsers functions only be used with ASCII character strings. If goe
working with byte arrays, the single-byte versions ofeéHesctions are probably more appropriate.

he

Miscellaneous Serial Communication Functions

One thing to be aware of in both transmission and receivimgta through the serial port is that TERN
drivers only use the basic serial-port communication linesrémsmitting and receiving data. Hardware
flow control in the form ofCTS (Clear-To-Send) anBTS (Ready-To-Send) is not implemented. There
are, however, functions available that allow you to check antesttue of these I/O pins appropriate for
whatever form of flow control you wish to implement. Befaising these functions, you should once
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again be aware that the peripheral pin function you are usirtgt mig be selected as needed. For detalils,
please refer to the Am186ES User's Manual.

char sn_cts(void)
Retrieves value of TS pin.

void sn_rts(char b)
Sets the value ®®TS tob.

Completing Serial Communications

After completing your serial communications, there are a few imgthat can be used to reset default
system resources.

sn_close
Arguments: COM *c
Return value: none

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

clean_sen
Arguments: COM *c
Return value: none

This flushes the input buffer by resetting the tail and helaglier pointers.

The asynchronous serial I/O ports available on the Am186E&e8&3or have many other features that
might be useful for your application. If you are trulyteirested in having more control, please read
Chapter 10 of the AM186ES manual for a detailed discussiothef features available to you.

4.4 Functions in SCC.0OBJ

The functions found in this object file are prototypeddn.hin thet er n\ 186\ i ncl ude directory.

The SCC is a component that is used to provide a third asymals port. It uses an 8 MHz crystal,
different from the system clock speed, for driving serial campations. This means the divisors and
function arguments for setting up the baud rate for tlid gort are different than for SERO and SER1.

The SCC2691 component has its own 8 MHz crystal provittiagclock signal. By default, this is set to
8 MHz to be consistent with earlier TERN controller desighise highest standard baud rate is 19,200, as
shown in the table below. If your application requires &driggtandard baud rate (115,200, for example),
it is possible to replace this crystal with a custom 3.886% crystal. A sample file demonstrating how
the software would be changed for this applicatioraés sccl.c found in thetern\186\samples\ae\
directory.

Function Argument | Baud Rate

110

150

300

600

1200

2400

4800

9600 (default)
19,200

©O© 0O ~NO Ul WN P
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Function Argument | Baud Rate
10 31,250

11 62,500

12 125,000
13 250,000

Unlike the other serial ports, DMA transfer is not usediltothe input buffer for SCC. Instead, an
interrupt-service-routine is used to place characters into phe buffer. If the processor does not respond
to the interrupt—because it is masked, for example—the intesergice routine might never be able to
complete this process. Over time, this means data mighttha the SCC as bytes overflow.

Special control registers are used to define how the SCC opdfates.detailed description of registers
MR1 andMR2, please see Appendix B of this manual. In most TERN applisatMR1 is set t@x57,
and MR2 is set t@x07. This configures the SCC for no flow control (RTS,SCiiot used/checked), no
parity, 8-bit, normal operation. Other configurations are alsssible, providing self-echo, even-odd
parity, up to 2 stop bits, 5 bit operation, as well asmatic hardware flow control.

Initialization occurs in a manner otherwise similar to SERO $B&1. ACOM structure is once again
used to hold state information for the serial port. Theaund and out-bound buffers operate as before,
and must be provided upon initialization.

scc_init

Arguments: unsigned char m1, unsigned char m2, unsigned char b, unsigagdbuf, int isiz, unsigned
char* obuf, int osiz, COM *c

Return value: none

This initializes the SCC2691 serial port to baud batas defined in the table above. The valueairand
m2 specify the values to be stored inM&®1 andMR2. As discussed above, these values are normally
0x57 and0x07, as shown in TERN sample programs.

ibuf andisiz define the input buffer characteristics, amif andosizdefine the output buffer.

After initializing the serial port, you must also set up thterrupt service routine. The SCC2691 UART
takes up external interrupfNTO on the CPU, and you must set up the appropriate intevagtor to
handle this. An interrupt service routing;c_isr() has been written to handle the interrupt, and it
enables/disables the interrupt as needed to transmit and receiveittathe data buffers. So, after
initialization, you will need to make a call to do this:

intO_init(1, scc_isr);

By default, the SCC is disabled for bdtlansmit 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 needed. If ymeddado limited flow control, the MPO
pin on the J1 header can be used for RTS. For a samplbdikerng RS232 full duplex communications,
please seae_scc.dn the directoryt er n\ 186\ sanpl es\ ae.

RS485 is slightly more complex to use than RS232. R®f@Bation is half-duplex only, which means
transmission does not occur concurrently with reception. R3485 driver will echo back bytes sent to
the SCC. As a result, assuming you are using the RS48%r distalled on another TERN peripheral
board, you will need to disabteceive while transmitting. While transmitting, you will ale@ed to place
the RS485 driver in transmission mode as well. Thisoisedby usingscc_rts(1) This uses pin MPO
(multi-purpose output) found on the J1 header. While ameureceiving data, the RS485 driver will need
to be placed in receive mode usiser_rts(0) For a sample file showing RS485 communication, please
seeae_rs485.dn the directoryt er n\ 186\ sanpl es\ ae.
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en485
Arguments: int i
Return value: none

This function sets the pin MPO either high (i = 1) av o = 0). The function scc_rts() actually has a
similar function, by pulling the same pin high or lowt Iis intended for use in flow control.

scc_send_e/scc_rec_e
Arguments: none
Return value: none

This function enables transmission or reception on the SECAART. After initialization, both of these
functions are disabled by default. If you are using RSd8ly,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 and receive funétiba 8CC2691. One major use of these
functions is to disableransmit andreceive. If you are using RS485, you will need to use this featthen
transitioning from transmission to reception, or from rédogpo transmission.

Transmission and reception of data using the SCC is inways identical to SERO and SER1. The
functions used to transmit and receive data are similar. Faitsdetgarding these functions, please refer
to the previous section.

putser_scc
See: putsern

putsers_scc
See: putsersn

getser_scc
See:. getsern

getsers_scc
See: getsersn

Flow control is also handled in a mostly similar fashidie CTS pin corresponds to the MPI pin, which
is not connected to either one of the headers. The RTS pasponds to the MPO pin found on the J1
header.

scc_cts
See: sn_cts

scc_rts
See: sn_rts

Other SCC functions are similar to those for SERO and SER1
scc_close

See: sn_cl ose

serhit_scc
See: sn_hit
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clean_ser_scc
See: clean_sn

Occasionally, it might also be necessary to check the state o€tdds information regarding errors that
might have occurred. By callingcc_err, you can check for framing errors, parity errors (if paisty
enabled), and overrun errors.

scc_err
Arguments: none
Return value: unsigned char val

The returned valueal will be in the form of 0OABCO0000 in binary. Bit A Isto indicate a framing error.
Bit B is 1 to indicate a parity error, and bit C indicate®aer-run error.

4.5 Functions in AEEE.OBJ

The 512-byte serial EEPROM4CO04) provided on-board allows easy storage of non-volatile rarg
parameters. This is usually an ideal location to store impbconfiguration values that do not need to be
changed often. Access to the EEPROM is quite slow, comparatetmory access on the rest of the
controller.

Part of the EEPROM is reserved for TERN use specificallyhisrpurpose.

Addresse€9x00 to 0x1f on the EEPROM is reserved for system use, including amatiign information
about the controller itself, jump address for Step Two,aher data that is of a more permanent nature.

The rest of the EEPROM memory spa@e?0to 0x1ff, 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 passediat to the specifiedddr. The return value is 0 in success.
ee rd

Arguments: int addr
Return value: int data

This function returns one byte of data from the specifiedessdr
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SmartTFT Appendix B: UART SCC2691

Appendix B: UART SCC2691

1. Pin Description

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

/WRN Write strobe, active-low input

/RDN Read strobe, active-low input

A0-A2 Address input, active-high address input to select the UART registers
RESET Reset, active-high input

INTRN Interrupt request, active-low output

XUCLK Crystal 1, crystal or external clock input

X2 Crystal 2, the other side of crystal

RxD Receive serial datainput

TxD Transmit serial data output

MPO Multi-purpose output

MPI Multi-purpose input

Vce Power supply, +5V input

GND Ground

2. Register Addressing

A2 Al A0 READ (RDN=0) WRITE (WRN=0)
0 0 0 MR1,MR2 MR1, MR2
0 0 1 SR CSR
0 1 0 BRG Test CR
0 1 1 RHR THR
1 0 0 1x/16x Test ACR
1 0 1 ISR IMR
1 1 0 CTU CTUR
1 1 1 CTL CTLR
Note:
ACR = Auxiliary control register
BRG = Baud rate generator
CR = Command register
CSR = Clock select register
CTL = Counter/timer lower
CTLR = Counter/timer lower register
CTU = Counter/timer upper
CTUR = Counter/timer upper register
MR = Mode register
SR = Status register
RHR = Rx holding register
THR = Tx holding register
3. Register Bit Formats
MR1 (Mode Register 1):
Bit 7 |  Bit6 | Bit5 |  Bit4 ETE [ Bit2 [ Bit1 [ Bito
RXRTS RXINT Error ___Parity Mode___ Parity Type Bits per Character
0=no 0=RxRDY 0= char 00 = with parity 0=Even 00=5
l=yes 1=FFULL 1 =block 01 = Force parity 1=0dd 01=6
10 = No parity 10=7
11 = Special mode In Special 11=8
mode:
0= Data
1=Addr
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MR2 (Mode Register 2):
[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 [ Bit2 [ Bit1 [ Bito
Channel Mode TXRTS CTS Enable Stop Bit Length
TX (add 0.5 to cases 0-7 if channel is5 bits/character)
00 = Normal 0=no 0=no 0=0563 4=0.813 8=1563 C=1813
01 = Auto echo 1=yes 1=yes 1=0.625 5=0.875 9=1625 D=1875
10 = Local loop 2=0.688 6=0938 A=1688 E=1.938
11 = Remote loop 3=0.750 7=1.000 B=1750 F=2.000
CSR (Clock Select Register):
[ Bit7 | Bit6 | Bit5 |  Bit4 | Bit3 | Bit2 [ Bit1 [ Bito
Receiver Clock Select Transmitter Clock Select
when ACR[7] =0: when ACR[7] = 0:
0= 50 1=110 2=1345 3= 200 0= 50 1=110 2=1345 3= 200
4=300 5=600 6=1200 7 =1050 4=300 5=600 6=1200 7 =1050
8=2400 9=4800 A =7200 B = 9600 8=2400 9=4800 A =7200 B = 9600
C=384k D=Timer E=MPI-16x F=MPI-1x C=384k D=Timer E=MPI-16x F=MPI-1x
when ACR[7] = 1 when ACR[7] = 1
0= 75 1=110 2=1345 3= 150 0= 75 1=110 2=1345 3= 150
4=300 5=600 6=1200 7 =2000 4=300 5=600 6=1200 7 =2000
8=2400 9=4800 A =7200 B = 1800 8=2400 9=4800 A =7200 B = 1800
C=19.2k D=Timer E=MPI-16x F=MPI-1x C=19.2k D=Timer E=MPI-16x F=MPI-1x
CR (Command Register):
[ Bit7 | Bit6 | Bit5 |  Bit4 | Bit3 | Bit2 | Bit1 | Bito |
Miscellaneous Commands Disable Enable Disable Enable
TX TX RXx Rx
0 = no command 8=gtart C/T 0=no 0=no 0=no 0=no
1= reset MR pointer 9 = stop counter 1=yes 1=yes 1=yes 1=vyes
2 =reset recelver A = assert RTSN
3 =reset transmitter B = negate RTSN
4 = reset error status C =reset MPI
5 = reset break change change INT
INT D = reserved
6 = start break E = reserved
7 = stop break F = reserved
SR (Channel Status Register):
[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito |
Received Framing Parity Overrun TXEMT TXRDY FFULL RXRDY
Break Error Error Error
0=no 0=no 0=no 0=no 0=no 0=no 0=no 0=no
1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes
Note:

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

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

[ Bit7 Bit 6 | BIt5 |  Bit4 | BIt3 | Bit2 [ Bit1 | BIto |
MPI Pin MPI Pin Not Used Counter Delta RxRDY/ TXEMT TXRDY
Change Current Ready Break FFULL

State
0=no 0=low 0=no 0=no 0=no 0=no 0=no
1=yes 1=high 1=yes 1=yes 1=yes 1=yes 1=yes
IMR (Interrupt Mask Register):
[ Bit7 | Bit6 | BIt5 | Bit4 | BIt3 | Bit2 [ Bit1 | BIto |
MPI MPI Counter Delta RxRDY/ TXEMT TXRDY
Change Level Not Used Ready Break FFULL Interrupt Interrupt
Interrupt Interrupt Interrupt Interrupt Interrupt
0 = off 0 = off 0 = off 0 = off 0 = off 0 = off 0 = off
1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n
CTUR (Counter/Timer Upper Register):
[ Bit7 | Bit6 | Bit5 |  Bit4 | Bit3 [ Bit2 [ Bit1 |  Bito |
[ cTas) [ cmpuag | or[ae) | crpagp | or[y | oo [ cTi9 | cmre |
CTLR (Counter/Timer Lower Register):
[ Bit7 | Bit6 | BIt5 | Bita | BIt3 | Bit2 [ Bit1 | BIto |
[ cT[7 | ctie] [ cmg | ot | o3 | cT[2 | oty [ cmo |
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Appendix C: RTC72421/ 72423
Function Table
Address Data

Az | A, | Af | Ay | Register | 3 D, D, Dy Count Remarks

Value
0 |0 0|0 | S S5 S S S 0-9 1-second digit register
0 |0 |0 |1 ]| § S0 S0 | S0 0~-5 10-second digit register
0 |0 1 |0 [ My Mig | Miy mi, | mig 0~9 1-minute digit register
0O |0 |1 |1 | Mg Migq Misg | Migg | 0~5 10-minute digit register
0 |1 0 |0 | H hg h, h, hy 0-9 1-hour digit register
0O |1 |0 |1 | H PM/AM | hyg | hyg 0~2 | PM/AM, 10-hour digit

or register

0-1
0 (1 110 (DO dg d, d, dy 0~9 1-day digit register
0 |1 1 |1 |0 dy | dip 0-3 10-day digit register
1 |0 0 |0 | MQ mag | Moy, mo, [ mo; | 0-~9 1-month digit register
1 |10 |0 |1 | MQ mo, | 0~1 10-month digit register
1 0 1 0 Y Y Y4 Yo Yq 0~9 1-year digit register
1 0 1 1 Yo Yso | Yao Y20 Y10 0~9 10-year digit register
1|1 0|0 | W W W, Wy 0~6 Week register
1 1 0 1 Reg D 30s | IRQ Busy | Hold Control register D

Adj | Flag
1|1 1 |0 | RegE 4t ty INT/ | Mask Control register E
STD

1 ]1 1 [1 Reg F Tes 24/12] Stop Rest Control register F

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

C-1

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

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

4)

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

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

Part of the on-board serial EEPROM locations are used bgnsysiftware. Application programs must not use
these locations. The 512 bytes have hexadecimal address rang® td OxQFF. TERN reserves the range
0x00 to Ox1F for system use. This leaves the range 0x2€LfeF free for applications.

0x00 Node Address, for networking
0x01 Board Type

0x02

0x03

0x04 SERO_receive, used by ser0.c
0x05 SERO_transmit, used by ser0.c
0x06 SER1 receive, used by serl.c
0x07 SER1_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

0x20 Free for application use

Ox1FF
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Appendix E: Software Glossary

The following is a glossary of library functions for tBmartLCD-Color.

void ae init(void) ae.h

Initializes the Am186ES processor. The following is thierse code foae init()
outport(Oxffa0,0xcObf);  // UMCS, 256K ROM, 3 wait states, disable AD15-0
outport(Oxffa2,0x7fbc);  // 512K RAM, 0 wait states

outport(Oxffa8,0xa0bf); // 256K block, 64K MCS0, PCSI/O
outport(Oxffa6,0x81ff);  // MMCS, base 0x80000

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

outport(0Oxff78,0xe73c); // PDIR1, TxDO, RxDO, TxD1, RxD1, P16=PCS0, P17=PCSl=PPI
outport(0xff76,0x0000); // PIOM1

outport(Oxff72,0xec7b);  // PDIRO, P12,A19,A18,A17,P2=PCS6=RTC
outport(Oxff70,0x1000);  // PIOMO, P12=LED

outportb(0x0103,0x9a);  // all pinsareinput, 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 AM186ES 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 i) 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 f or loop up to t.

Reference:

void pwr_save_en(int i) ae.h

Enables power save mode which reduces clock speed. Timers angaesialill 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 peripheral use.

Var: i — 1 enables clock output, 0 disables (saves current when
disabled).
Reference:

void hitwd(void) ae.h

Hits the watchdog timer using P0O3. P03 must be connect&tDtaof 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—PIlO line 0 -31
Mode — above mode select

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

Writes a bit to a P1O line. PI1O line must be in an outpate

mode=0, Normal operation

mode=1, Input with pullup/down

mode=2, Output
mode=3, input without pull

Var: bit—PIO line 0 - 31
dat — 1/0

Reference: ae pio.c

ae.h

unsigned int pio_rd(char port)

Reads a 16 bit PIO port.

Var: port—0: PIOO-15
1: PIO16-31

Reference: ae pio.c

ae.h

void outport(int portid, int value)

Writes 16-bitvalue to 1/0 addresgortid.

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

Reference: ae _ppi.c

dos.h

void outportb(int portid, int value)

Writes 8-bitvalue to I/O addresgortid.

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

Reference: ae _ppi.c

dos.h

int inport(int portid)

Reads from an I/O addrepgsrtid. Returns 16-bit value.

Var: portid — I/O address

Reference: ae ppi.c

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

Reads from an 1/O addrepgsrtid. Returns 8-bit value.

Var: portid — I/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 eec

int ee_rd(int addr) aeee.h

Reads from the serial EEPROM. Returns 8-bit data

Var: addr — EEPROM data address

Reference: ae eec
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void io_wait(char wait) ae.h
Setup I/O 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, I/O enable for 100+25 ns
wait=2, wait states = 2, 1/0 enable for 100+50 ns
wait=3, wait states = 3, I/O enable for 100+75 ns
wait=4, wait states = 5, 1/0O enable for 100+125 ns
wait=5, wait states = 7, I/O enable for 100+175 ns
wait=6, wait states = 9, 1/0 enable for 100+225 ns
wait=7, wait states = 15, 1/0O enable for 100+375 ns
Reference:
void rtc_init(unsigned char * time) ae.h

Sets real time clock date, year and time.

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

time[0] = weekday
time[1] = year10
time[2] = yearl
time[3] = mon10
time[4] = monl
time[5] = day10
time[6] = dayl
time[7] = hourl0
time[8] = hourl
time[9] = min10
time[10] = minl
time[11] = 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: rtc_init.c

intrtc_rd(TIM *r)

Reads from the

ae.h

real time clock.

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

Reference: rtc.c

unsigned char secl, sec10, minl, min10, hourl, hourlO0;

unsigned char day1, day10, monl, monl0, yearl, yearlO;

unsigned char wk;
}TIM;
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void t2_init(int tm, int ta, void interrupt far (*t2_isr)()); ae.h
void t1_init(int tm, int ta, int th, void interrupt far (*t1_isr)());
void tO_init(int tm, int ta, int tb, void interrupt far (*t0_isr)());

Timer 0, 1, 2 initialization.

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

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

Reference: timer.c, timer 1.c, timer 02.c, timer 2.c, timerO.c timer12.c

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

Initialization for interrupts 0 through 6 and NMI (Nonagkable Interrupt).

Var: i—1: enable, O: disable.
int  #_isr— pointer to interrupt service.

Reference: intx.c

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

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

Var: b — baud rate. Tabl e bel ow for 40MH#z and 20MHz O ocks.
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 AEH 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
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b baud (40MHz) baud (20MHz)
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: sO_echo.c, s1_echo.c, sl 0.c

void scc_init( unsigned char m1, unsigned char m2, unsigned char b, scc.h
unsigned char* ibuf,int isiz, unsigned char* obuf,int osiz, COM *c)
Serial port 0, 1 initialization.
Var: ml=SCC691 MR1
m2 = SCC691 MR2
b-baudrate. T abl e bel ow for 8MHz O ock.
ibuf — pointer to input buffer array
isiz — input buffer size
obuf — pointer to output buffer array
osiz — ouput buffer size
C — 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), 0O=Even, 1=0dd
1-0 # bits) 00=5, 01=6, 10=7, 11=8
n2 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
b baud (8Mz)
1 110
2 150
3 300
4 600
5 1200
6 2400
7 4800
8 9600
9 19200
10 |31250
11 |62500
12 |125000
13 |250000

Reference: sO_echo.c, s1_echo.c, sl 0.c
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int putserO(unsigned char ch, COM *c¢); ser0.h
int putser 1(unsigned char ch, COM *c¢); serl.h
int putser_scc(unsigned char ch, COM *c¢); scc.h

Output 1 character to serial port. Character will be sent i@ setput with interrupt isr.

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

Reference: sO_echo.c, sl _echo.c, s1 0.c

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

Output a character string to serial port. Character will beteesdrial output with interrupt isr.

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

Reference: serl sin.c

int serhit0O(COM *c); ser0.h
int serhitl(COM *c); serl.h
int serhit_scc(COM *c¢); scc.h

Checks input buffer for new input characters. Returns &vif character is in input buffer, else 0.

Var: c — pointer to serial port structure

Reference: sO_echo.c, sl _echo.c, s1 0.c

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

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

Var: ¢ — pointer to serial port structure

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

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

Retrieves a fixed length character string from the input buffére buffer contains less
characters than the length requessidwill contain only the remaining characters from the
buffer. Appends a ‘\Q’ character to the endtof Returns the retrieved string length.
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Var: c — 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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