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Chapter 1. Introduction

1.1 Functional Description

The BirdBox-A (BB-A) is a low-cost universal communication unit. Tlystem supports up to four serial

ports. Two UARTSs from the CPU (Am188ES SERO and SE&hd two optional SCC2691 UARTSs are
provided on théBB-A. RS232 drivers are provided for the two CPU UARTIse SCC2691 UARTS can be

supported separately with either RS232 or RS-48%dr. All four UARTs have 10-pin headers as a
default, or RJ-11/DB9 connectors can optionallyristalled (as part of the BB-Pack).

4 N

LCD Keypad Red Green
‘ iz ‘ 16x2 ‘ ‘(Telephone LED LED
T T T T RS485
Hiah | | Network
|
Votage | [Rssgssc] [30556251 Co)
Driver Am188ES \ (8)
\
40 MHz RSZ32C
SER1 SCC2691(U02
PPI(US) + PPI(U16 High Voltage Outputs(7
U9 ( ) 9 . 9 puts(?) LCD interface
_ 12-hit ADC(11)
Print Port .
12-hit DAC(2)

o /

Figure 1.1 Functional block diagram of BirdBox-A

The two PPIs provide 24x2 bi-directional I/O lineBleven digital outputs and five digital inputsoect to

a DB25 connector that can be used as a printer pbeBB-A has seven channels of solenoid drivers on-
board that have the capability to sink up to 350 atA0V per channel by default, or an optional tigh
channels of sourcing solenoid drivers may be ilextdhstead.

The connectors available with the optional BB-Peaksist of a DB9 connector for the SER1 RS232 lseria
port, a DB25 connector for a parallel printer parid RJ11 phone jacks for the SERO RS232 portland t

two SCC RS232/RS485 UARTs. Offered with these eotors are a 16x2 character LCD, an interrupt-
driven 3x4 keypad, a reset push-button, red andmgk€Ds, a beeper, and a DC power jack, all package
in a 4.80 x 3.72 x 1.5-inch aluminum sheet enclesur

You may connect th8B-A to computers, control systems, and external MODEMsthe RS-232 serial
ports. You may also connect a printer via the pelrpbrt. TheBB-A can be used to convert protocols into
different formats, to check passwords and PIN-cediy, and to translate messages for communication
among different systems or machines. Seven higtageldrivers, and 11 TTL outputs and 5 TTL inputs a
the DB25 printer port are also available. Up to BsBox-As may be networked together via an RS-485
multi-drop system with twisted-pair wires (using thT-Kit).
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1.2 Features
Standard Features

Dimensions: 4.80 x 3.72 x 1.50 inches (with endleyu

Easy to program in Paradigm C/C++

Power consumption: 190/130 mA at 5V for 40/20 MHz

Power saving mode: 60/40 mA at 5V for 40/20 MHz

Power input: +8.5V to +35 V unregulated DC, or H&gulated DC
Temperature range: -40°C to +85°C

16-bit CPU (Am188ES), Intel 80x86 compatible

High performance, zero-wait-state operation at 449zM

Up to 512KB Flash/ROM

2 high-speed PWM outputs and Pulse Width Demodhrati

32 1/0O lines from Am188ES, 512-byte serial EEPROM

8 external interrupt inputs, three 16-bit timer/otaurs

Two CPU UARTs (RS232)

Supervisor chip (691) for power failure, reset armdchdog

48 additional bi-directional I/O lines from two P&2C55

Interface for LCD, keypads, and slave CPU operation

Seven channels of solenoid sinking drivers (defaatteight channels sourcing drivers
Parallel port/printer interface

Optional Features(* surface-mounted components)

32KB, 128KB, or 512KB SRAM*

11 channels of 12-bit ADC, sample rate up to 10 KHz

2 channels of 12-bit DAC, 0-4.095V output*

Two SCC2691 UARTS (on-board) support 8-bit or 9rgtworking
UARTSs come with RS232 (default) or 485 drivers

Real-time clock RTC72423*, lithium coin battery*

BB-Pack:

16 characters x 2 lines LCD display

Beeper, LEDs, interrupt-driven 4 x 3 keypad
DB25 connector for parallel port

DB9/RJ11 phone jack connectors for serial ports
Aluminum sheet metal enclosure

1-2
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1.3 Physical Description

The physical layout of the BirdBox-A is shown irgkie 1.2.

High- Power jac!
' SERO SER1 RS232/  9v to 12V for linear regulator
vo_tage RS232 RS232 RS485 9V to 35V for switching regulator
Drivers for UO2
I l | (3.6, 4.5)
! e 2 v 3
J15 J12 O JO5 O Ji1 H4
— :
High- .lol u1s E O Q N
voltage  [i%5 | ¢ e @@ o PPI (U16)
Drivers g u12 ' % LCD
g .
Linear or ):, D) U6
switching —] = [ uo2 UART g H10 Pot 1
ot fol
regulator i o 2 .l e ‘O\LEI\ D
L] contrast
us Hrow|| a1
Flash
O
3 Am188ES SRAM B’g
U9 Data
W~
U address
Ut A control
Battery\_\ U7 u2 _ $ bus
PIO pin:s Ull PPI [:] """""""
from —m RTC . A Beeper
Am188ES e Us [
2|, vl || w4 f | Watchdog
= = 691 T~ enable
CRs232 ) U6 @6
2 He299° [Rsag |l [ N Red LED
ADC //' [ 0000 |_|1H_13
DAC O \ T 9 O 13 > ol | Green LED

T " A = . Remott
0000000 power reset
(0.00, 0.00) | *
(free)  Rsass)

PPI(U5)  Keypad Reset
. RS232
Printer Port
for U8

Figure 1.2 Physical layout of the BirdBox-A
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1.4 BirdBox-A Programming Overview

Development of application software for the BirdB&xconsists of three easy steps, as shown in thekbl
diagram below.

STEP 1 Serial link PC and BirdBox-A, program in C/C++
Debug C/C++ program on the BB-A with Remote Delrigg

0)

STEP2  Test BirdBox-A in the field, away from PC
Application program resides in the battery-backBd\BI

J

STEP 3 Make application ROM or Download to Flash
Replace DEBUG ROM, project is complete

You can program the BirdBox-A from your PC via sériink with an RS232 interface. Your C/C++
program can be remotely debugged over the semilahli a rate of 115,000 baud. The C/C++ Evaluaitn
(EV-P) or Development Kit (DV-P) from TERN provides Paradigm C/C++ editor, compiler, remote
debugger, 1/O driver libraries, sample programshiécal manuals, and schematics. These kits atdode

a DEBUG ROM AE_0 115) to communicate with Paradigm C/C++ debugger, aV2&-cable to the
connect the controller to the PC, and a 9-volt walhsformer.See your Evaluation/Development Kit
Technical Manual for more information on these kits.

After you debug your program, you can test runBireBox-A in the field, away from the PC, by changi

a single jumper, with the application program regjdn the battery-backed SRAM. When the field isst

complete, application ROMs can be produced to ceptae DEBUG ROM. The .HEX or .BIN file can be
easily generated with the software provided. Yoy alao use the DV-P Kit or ACTF Kit to download you
application code to on-board Flash.

The three steps in the development of a C/C++ agiidin program are explained in detail below.

STEP 1: Debugging
»  Write your C/C++ application program in C/C++.

»  Connect your controller to your PC via the PC-V28d link cable.

e Use Paradigm C/C++ to build project, link confilg/ffiles, compile, download and debug

DC +9V 300 mA
Wall transformer

Center Negative

ODC power jack

4 L]
ROM -E
PC
PC-V25 Cable E D PP
_ Am188ES, m
— .
— —
R
SERO BirdBox-A
(H1)

Figure 1.3 Step 1 connections for the BirdBox-A
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STEP 2: Standalone Field Test.
e Set the jumper on J2 pins 38-40 on the BirdBox-igy\iFe 1.4).

» At power-on or reset, if J2 pin 38 (P4) is low, U will run the code that resides in the battefy-
backed SRAM.

« If ajumper is on J2 pins 38-40 at power-on or tiethe BirdBox-A will operate in Step Two mode.
the jumper is off J2 pins 38-40 at power-on or tethe BirdBox-A will operate in Step One mod
The status of J2 pin 38 (signal P4) of the Am18&EShly checked at power-on or at reset.

—h

1%

HL

12 O

Step Two Jumper:

Am188ES

J2: pins 38=40

[
-'[Ju

RTC |}

ADC 3 i
TLC2543},, 1
L vl | e U4 t i

691
B
Crszaz]| o IO
ccccccc RS48¢ e
o] H0oooo —"
O 36 9 O H13 N2

nnnnnnn K1 H3

Figure 1.4 Location of Step Two jumper on the BirdBox-A

STEP 3: Generate the application .BIN or .HEX file, mgkeduction ROMs or download your program Io
FLASH via ACTF.

* If you are happy with your Step Two test, you canbgck to your PC to generate your applicatipn
ROM to replace the DEBUG ROMAE 0 _115). You need to change the target connection frpm
PDREMOTE/ROM to NoTarget/ROM in the target expdriyour Paradigm C/C++ project by righ
clicking on the .axe node of you project and gdimg target expert. Then re-compile for a .bin/.hpx
romable file

=3

The DV-P Kit is required to complete Step Three.

Please refer to the Tutorial of the Technical Mdnofathe EV-P/DV-P Kit for further details on
programming the BirdBox-A.

1.5 Minimum Requirementsfor BirdBox-A System Development

1.5.1 Minimum Hardware Requirements

e PC or PC-compatible computer with serial COMx pbat supports 115,200 baud

e BirdBox-A controller with DEBUG RONMAE_0_115

» PC-V25 serial cable (RS232; DB9 connector for PQVO@rt and IDC 2x5 connector for controller)
» center negative wall transformer (+9V 500 mA)

1-5
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1.5.2 Minimum Software Requirements

* TERN EV-P/DV-P Kit CD-ROM

* PC software environment: Windows95/98/2000
The C/C++ Evaluation Kit (EV-P) and C/C++ Developm«it (DV-P) are available from TERN. The
EV-P Kit is a limited-functionality version of thBV-P Kit. With the EV-P Kit, you can program and
debug the BirdBox-A in Step One and Step Two, lmut gannot run Step Three. In order to generate an
application ROM/Flash file, make production versR®Ms, and complete the project, you will need the
Development Kit (DV-P).

1-6
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Chapter 2: Installation

2.1 Software Installation

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

The README.TXT file on the TERN EV-P/DV-P disk cais important information about the
installation and evaluation of TERN controllers.

2.2 Hardwar e Installation

Hardware installation for the BirdBox-A consistsnparily of connecting the microcontroller to you€P

Overview
» Connect PC-V25 cable:
For debugging (Step One), place ICD connector dR(B&ith red
edge of cable at pin 1
» Connect wall transformer:
Connect 9V wall transformer to power and plug iptaver jack

2.2.1 Connecting the BirdBox-A to the PC

The following diagram (Figure 2.1) illustrates tbennection between the BirdBox-A and the PC. The
BirdBox-A is linked to the PC via a serial cableCdv'25).

The AE_0 115 DEBUG ROM communicates through SERO by defauktdi the 5x2 IDC connector to
the SERO headerl MPORTANT: 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 af @ COM Ports (COM1 or COM2).

power jack
REbIID side of sengll To SERO \ — 5o ]
cable corresponding  fo, jepygging PP1
to pin 1 of headers for e[|

SERO/SER

> | 1 Em

To COM1 s = AM188ES :
or COM2 :7* E. :
 —
PC k'
oo connector Pin 1 of BirdBox-A
00 O con%ector SERO
—_—

Figure 2.1 Connecting the BirdBox-A to the PC
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2.2.2 Powering-on the BirdBox-A

Connect a wall transformer +9V DC output to the pgdver jack at H4.

The red on-board LED (located on the bottom sidéhefboard) should blink twice and remain on after
BirdBox-A is powered-on or reset (Figure 2.2).

Wall
transformer

H1 H2

J15 J12 O J05 O J11 Ha PN
o

O = — ™~ Power
3 2 83 jack
s e II PRI J
s — o

u02 UART H10

AM188ES

[ 7anc]

p
9

u2

%
u11

ADC
TLC2543
32 ||, uio u4

nnnnnnn

™~ Red

LED

Figure 2.2 The red LED blinks twice after the BirdBox-A is powered-on or reset
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Chapter 3. Hardware

3.1 Birdbox-A/Am188ES — Introduction

The BirdBox-A is based on a combination of the Agie and BirdBox designs, and combines the best
features of both. It is based on AM188ES processahitecture.

The Am188ES is based on the industry-standard x86itacture. The Am188ES controllers are higher-
performance, more integrated versions of the 80CaR8oprocessors. In addition, the Am188ES has new
peripherals. The on-chip system interface logic wanimize total system cost. The Am188ES has two
asynchronous serial ports, 32 PIOs, a watchdog tiaslitional interrupt pins, a pulse width demaudiain
option, DMA to and from serial ports, a 16-bit resenfiguration register, and enhanced chip-select
functionality.

3.2 Am188ES — Features

3.2.1Clock

Due to its integrated clock generation circuithe Am188ES microcontroller allows the use of a sroae
crystal frequency. The design achieves 40 MHz Cpération, while using a 40 MHz crystal.

The system CLKOUTA signal is routed to J1 pin 28fadilt 40 MHz. The CLKOUTB signal is not
connected in the BirdBox-A.

CLKOUTA remains active during reset and bus holaditions. The initialization functiorae_init();
disables CLKOUTA and CLKOUTB wittclka_en0).

You can uselka_er(1) to enable the signal CLKOUTA=CLK at header i1 28.

3.2.2External Interrupts and Schmitt Trigger Input Buffe

There are eight external interrupts: INTO-INT6 aidI.

/INTO, J2 pin 8, is used by the UART (SCC268/B), if it is installed.

/INT1, J2 pin 6, is used by the other optional UAESICC26911J02).

/INT2, J2 pin 19

/INT3, J2 pin 21

/INT4, J2 pin 33

INT5=P12=DRQO0, J2 pin 5, used by BirdBox-A as otifjpu LED/EE/HWD

INT6=P13=DRQ1, J2 pin 11

/NMI, J2 pin 7
Six of these external interrupt inputs, /INTO-4 aiiNMI, are buffered by Schmitt-trigger invertersqU
74CH14), in order to increase noise immunity aagigform slowly changing input signals to fast cliagg
and jitter-free signals. As a result of this brtiffg, these pins are capable of only acting astinpu

3-1
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/INT4=J2.33 INT4=U2.52
U9A o)

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

/INT0=J2.8 INTO=U2.5€
uoc o

INT1=32.6 INT1=U2.5¢
u9D o)

/INT3=J2.21 INT3=U2.5:
U9E 0

INMI=J2.7 NMI=U2.47

—U9F 0

Figure 3.1 External interrupt inputs

The BirdBox-A uses vector interrupt functions tepend to external interrupts. Refer to the Am188ES
User’'s manual for information about interrupt vesto

3.2.3Asynchronous Serial Ports

The Am188ES CPU has two asynchronous serial chen8&8R0 and SER1. Both asynchronous serial
ports support the following:

*  Full-duplex operation

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

« 0Odd, even, and no parity

e One stop bit

» Error detection

* Hardware flow control

» DMA transfers to and from serial ports

« Transmit and receive interrupts for each port

»  Multidrop 9-bit protocol support

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

* Independent baud rate generators
The software drivers for each serial port implementing-buffered DMA receiving and ring-buffered
interrupt transmitting arrangement. See the sagrijess1_echo.cs0_echo.dn \tern\186\samples\ae\ for
details.

There are two optional external SCC2691 UARTSs lkedain the BB-A. OneU8) is located underneath
the U3 ROM socket. The other is at locatldd2. There are software interfaces given for interfadimg
both For more information about the external UARTCR691, please refer to section 3.4.4 and
Appendix B.
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3.2.4Timer Control Unit

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

Timer0 and Timerl are connected to four externad:pi

Timer0 output = P10 = J2 pin 12

TimerO input = P11 = J2 pin 14

Timerl output =P1=J2 pin29=J1pin4

Timerl input = PO = J2 pin 20
These two timers can be used to count or time eatexvents, or they can generate non-repetitive or
variable-duty-cycle waveforms.

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

The maximum rate at which each timer can operati$1Hz, since each timer is serviced once every
fourth clock cycle. Timer output takes up to sigok cycles to respond to clock or gate eventse the
sample programsmer0.candae_cnt0.dn the\ sanpl es\ ae directory.

3.2.5PWM outputs and PWD

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

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

MAX. COUNT A

v
—1 I

MAX. COUNT B

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

3.2.6Power-save Mode

The power-save mode of the Am188ES reduces powesucaption and heat dissipation, thereby extending
battery life in portable systems. In power-save ejodperation of the CPU and internal peripherals
continues at a slower clock frequency. When anrriapt occurs, it automatically returns to its notrma
operating frequency.

The RTC72423 on the BirdBox-A has a VOFF signateduo J1 pin 9. VOFF is controlled by the battery-
backed RTC72423. The VOFF signal can be progranbyesbftware to be in tri-state or to be active low.
The RTC72423 can be programmed in interrupt moddrite the VOFF pin at 1/64 second, 1 second 1
minute, or 1 hour intervals. The user can use ©&N line to control the external switching powepsiy
that turns the power supply on/off. More detale available in the sample filgoweroff.cin the
186\ sanpl es\ ae sub-directory.

3-3



Chapter 3: Hardware BirdBox-A

3.3Am188ES PIO lines

The Am188ES has 32 pins available as user-progréentéD lines. Each of these pins can be used as a
user-programmable input or output signal, if thenmal shared function is not needed. A PIO line ban
configured to operate as an input or output witlvithout a weak pull-up or pull-down, or as an ojukeain
output. A pin’s behavior, either pull-up or puln, is pre-determined and shown in the table below

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

3.1.

PIO Function Power-On/Reset status  BirdBox-A Pin No BirdBox-A Initial

PO  Timerlin Input with pull-up J2 pin 20 Input tvipull-up

P1  Timerl out Input with pull-down J2 pin29,Jhp6 CLK 1

P2  /PCS6/A2 Input with pull-up J2 pin 24 RTC select

P3  /PCS5/Al Input with pull-up J2 pin 15 SCC26911(U8) select
P4  DT/R Normal J2 pin 38 Input with pull-upStep 2
P5 /DEN/DS Normal J2 pin 30 Input with pull-up

P6  SRDY Normal J2 pin 35 Input with pull-down
P7  Al7 Normal J8 pin 3 Al7

P8  Al18 Normal J8 pin 2 Al18

P9  Al19 Normal J8 pinl Al9

P10 TimerO out Input with pull-down J2 pin 12 Inpuith pull-down
P11 Timer0 in Input with pull-up J2 pin 14 Inputtivpull-up

P12 DRQO/INT5  Input with pull-up J2 pin5 Output iIcED/EE/HWD
P13 DRQ1/INT6  Input with pull-up J2 pin 11 Inputtivipull-up

P14 /MCSO Input with pull-up J2 pin 37 Input withllbup

P15 /MCS1 Input with pull-up J2 pin 23 Input withlipup

P16 /PCSO Input with pull-up J1 pin 19 PPI (82C53,)16) chip select
P17 /PCS1 Input with pull-up J2 pin 13 PPI (82C58/)5) chip select
P18 CTS1/PCS2 Input with pull-up J2 pin 22 Inputmgull-up

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

P20 RTSO Input with pull-up J2 pin 27 Input withllpwp

P21 CTSO Input with pull-up J2 pin 36 Input withllpup

P22 TxDO Input with pull-up J2 pin 34 TxDO

P23 RxDO Input with pull-up J2 pin 32 RxDO

P24 /MCS2 Input with pull-up J2 pin 17 Input withlibup

P25 /MCS3 Input with pull-up J2 pin 18 Input withlibup

P26 Uzl Input with pull-up J2 pin 4 Input with pulp*

P27 TxD1 Input with pull-up J2 pin 28 TxD1

P28 RxD1 Input with pull-up J2 pin 26 RxD1

P29 /CLKDIV2 Input with pull-up J2 pin 3 Input witbull-up*

P30 INT4 Input with pull-up J2 pin 33 Input withlpup

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

* Note: P26, P29 must NOT be forced low during powoe or reset.
Table 3.1 1/0 pin default configuration after power-on or reset

Three external interrupt lines are not shared RIt pins:
INTO =J2 pin 2
INT1 =J2 pin 6
INT3 =J2 pin 21
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The 32 PIO lines, PO-P31, are configurable via 1&ebit registers, PIOMODE and PIODIRECTION. The
settings are as follows:

MODE PIOMODE reg. PIODIRECTION reg. PIN FUNCTION

0 0 0 Normal operation

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

2 1 0 OUTPUT

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

BirdBox-A initialization on PIO pins ime_init() is listed below:

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

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

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

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 corregiag pin is in input mode,
pio_rd (1); return 16-bit status of P16-P31, if corrasgiag pin is in input mode,

Some of the 1/O lines are used by the BirdBox-Aeysfor on-board components (Table 3.2). We sugges
that you not use these lines unless you are sateythu are not interfering with the operation o€fsu
components (i.e., if the component is not installed

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

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

Signal Pin Function

P2 /PCS6 U4 RTC72423 chip select at base 1/0 asl@e3600

P3 /PCS5 U8 SCC2691 UART chip select at base I{desd 0x0500
P4 /DT STEP 2 jumper

P11 TimerO input  Shared with U19 TLC2543 ADC and241C04 EE data input
The ADC and EE data output can be tri-state, wdidabled

P12 DRQO/INT5  Output for LED or U7 serial EE clookHit watchdog

P16 /PCSO U16 PPI chip select at base 1/0 addr¥00 (CD Header)

P17 /PCS1 U5 PPI chip select at base 1/0 addréxR00xParallel Port)

P18 /ICTS1/PCS2 U02 SCC2691 UART chip select at B@saddress 0x0200

P19 /RTS1/PCS3 U18 Latch at base 1/0 address 0x@3#06 Voltage Outputs)

P22 TxDO Default SERO debug
P23 RxDO Default SERO debug
INTO J2pin2 U8 SCC2691 UART interrupt.
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Signal Pin Function
INTL J2pin6 U02 SCC2691 UART interrupt

Table 3.2 I/O lines used for on-board components

3.41/0 Mapped Devices

3.4.11/0 Space

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

The default I/O access time is 15 wait states. May use the function void_wait(char wait) to define the
I/O wait states from O to 15. The system clock5sn® ( or 50 ns), giving a clock speed of 40 MHzZ0
MHz). Details regarding this can be found in thdt8are chapter, and in the Am188ES User’'s Manual.
Slower components, such as most LCD interfaceshtnfiigd the maximum programmable wait state of 15
cycles still insufficient. Due to the high bus sgdeof the system, some components need to be edtdch
I/O pins directly.

For details regarding the chip select unit, plesseeChapter 5 of the Am188ES User’'s Manual.

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

I/O space Select  Location Usage
0x0000-0x00ff  /PCSO  J1 pin 19=P16 PPI U16)
0x0100-0x01ff  /PCS1 J2 pin 13=P17 PPI U5)

0x0200-0x02ff /PCS2 J2 pinUART (U02)
22=CTS1

0x0300-0x03ff /PCS3 J2 pin74HC259 U18)
31=RTS1

0x0400-0x04ff /PCS4 Reserved

0x0500-0x05ff  /PCS5  J2 pin 15=P3 UART (U8)
0x0600-0x06ff  /PCS6  J2 pin 24=P2 RTC 72423

Some of the above chip select lines are free ferifugptional components are not installed. Thidudes
/PCS2 /PCS5 and/PCS6

In applications where the high voltage outgdVQ-HV7) is not used, the latdd18 is not necessary. That
allows chip select linPCS3to be used for any user application as well.

To illustrate how to interface the BirdBox-A withxternal 1/0 boards, a simple decoding circuit for
interfacing to a 82C55 parallel I/O chip is shoveldw in Figure 3.2.

74HC13¢ 82C5¢
R vol15 NC RSLO POC-POY
A6 — 2 | Y114 [SEL2( AL
A7 — 3| i Y213 [SELAC
Y3[12 [SEL6C | ssE|oc| /cs P1C-P17
val 11 /SELSC
PCS: G2A  Y5|10 [SELAQ  AMR— /WR
50 G2B  Yyela /SELCC  pp | /RD
_VCC gl Gl1 Y7 2ISELEC P2(-P27
DOo.D7 |
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Figure 3.2 Interface the BirdBox-A to external I/O devices

The functionae_i ni t () by default initializes the /PCS3 line at base lr@ss starting at 0x300. You
can read from the 82C55 withportb(0x320)or write to the 82C55 witbutportb(0x320,dat) The call to
inportb(0x320)will activate /PCS3, as well as putting the adgi@s320 over the address bus. The decoder
will select the 82C55 based on address lines Adnd,the data bus will be used to read the apprepdata
from the off-board component.

3.4.2Programmable Peripheral Interface (PPI, 82C55A)

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

7 6 5 4 3 2 1 0

L L T [ [ [ [ ]

‘*4’ GROUP 1
Port 2 0 Output
(Lower)
1 Input
Port1 0 Output
1 Input
Mode 0 Mode 0
1 Mode 1
GROUP 2
Port 2 0 Output
(Upper)
1 Input
Port0 0 Output
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

In MODE 0, the two groups of 12 pins can be progreth in sets of 4 and 8 pins to be inputs or outputs
In MODE 1, each of the two groups of 12 pins carplegrammed to have 8 lines of input or output. Of
the 4 remaining pins, 3 are used for handshakimgirterrupt control signals. MODE 2 is a strobéd b
directional bus configuration. For most applicaipand in almost all TERN sample files, MODE &his
appropriate setting for the PPI ports. That giv@s the maximum number of additional digital I/Opi

There are two separate PPls available on the BxdBoThe first PPIU16, is mapped at base 1/0 address
0x0000, and supports the LCD via headdi0. The second PPU5, is mapped to address 0x0100 and
drives the parallel/printer pod6.

The ports/registers are offsets of this I/O baskress.

The Command Register = 0x0?03; Port 0 = 0x0?0Q; Per0x0?01; and Port 2 = 0x0?02 (where the ‘?’
refers to the appropriate 1/0 address, based oRFBhdeing used).

The following code example will set all ports tatput mode on the PRI5;

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

out port b(0x0100, 0x55); /* Sets port 0 to alternating high/low /O pins. */
out port b(0x0101, 0x55); /* Sets port 1 to alternating high/low /O pins. */
out port b(0x0102, 0x55); /* Sets port 2 to alternating high/low /O pins. */
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To set all ports to input mode:
out port b(0x0103, 0x9f); /* Mode O all input selection. */

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

This returns a 8-bit value for each port, with ehitltorresponding to the appropriate line on tbe.p

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

3.4.3Real-time Clock RTC72423

If installed, a real-time clock RTC72423 (EPSON,) gt mapped in the 1/0 address space at 0x0600. It
must be backed up with a lithium coin battery. TIEC is accessed via software drivers init() or
rtc_rd() (see Appendix C and the Software chapter for &gtai

It is also possible to configure the real-time &léa raise an output line attached to an extemteliupt, at
1/64 second, 1 second, 1 minute, or 1 hour intervahis can be used in a time-driven applicat@rthe
VOFF signal can be used to turn on/off the controlleing the switching power supply. Details regarding
the switching power supply can be found in sec8dn8. An example of a program showing a similar
application can be found tern\v25\samples\ve\poweroff.c

3.4.4UART SCC2691 — Serial Ports

There are two UART SCC2691s (Signetic®/U02 mapped into the I/O address space. The fii8tjs
mapped into /0 space at 0x0500. The second UARMapped into 1/O space at 0x0200. Software
interfaces for both are provided and are describ¢de Software chapter.

The SCC2691 has a full-duplex asynchronous redéigesmitter, a quadruple buffered receiver data
register, an interrupt control mechanism, prograbimalata format, selectable baud rate for the vecei
and transmitter, a multi-functional and programreab-bit counter/timer, an on-chip crystal osailtaand

a multi-purpose input/output including RTS and Qf&chanism. MPO and MPI are routed to J1 pin 3 and
J1 pin 21. For more detailed technical speciftoadj refer to Appendix BJ8 may be used as a network
9-bit UART (for the TERN NT-Kit).

RxD (J1 pin 5), TxD (J1 pin 7), MPO (J1 pin 3), adié! (J1 pin 21) are TTL level signals for the firs

SCC2691 serial portU8). The second SCC2691 serial pdg0R) uses signal pins RxD2, TxD2, CTS2,
and RTS2, which are on header J11. RS-232 and BS¥8ers are provided to bring the UART serial
outputs to RS-232 or RS-485 signal levels. BotthefSCC UARTSs can be configured for either RS232 o
RS485 operation.

Two serial ports, SERO and SER1, are internal ¢0AM188ES processor. These are both configured for
RS-232 operation on the BirdBox-A as well. Belosva functional diagram of all of the serial ports
available on this unit.
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|
! XD [CTS (485.) i
: SCC2691 RXD | RS232C/IRS488 jp1q agmay| V2 RIIL66 [ |
| Sccus MPI Driver [
| MPO XD H3 HDRD10 | |
| /O Addr = 0x0500 RoxD !
|
|
T I \
\ l
! RTSO J3HDRD10 | |
| TxDO [TXDO |
| SERO
! RxDO [RxDO J12RJ11 6§ |
‘ CTS0 :
‘ AmM188ES CPU RS232C
! IxD1 . /TxD1 ‘
‘ Drivers |
SER1 BxD1 /RxD1 J10 HDRD10Q|
| CTS1 |
\ RTS1 J5 DBY |
|
R I R S \
\ l
! TYD? RS232C/IRS485| /TxD2 |
‘ SCC2691 RxD2 Driver JRXD2 HO3 HDRD10| !
| SCC2 U02
| MPI2 [RTS2(485+) |
‘ JI1RI11 66| |
‘ 1/0 Addr = 0x0200 MPO2 /CTS2(485:) !
‘ \
. |
| BirdBox-A |

The default connector configuration for the sepakts is 5x2 pin headers for each, as shown in the
functional diagram above. As part of the BirdB®Rackage (BB-Pack), these headers are replacéd wit
three optional RJ-11 phone jacks and a DB9 connecto

3.4.5Parallel Port

A DB25 pin-compatible parallel port is providedJ&t It is configured using standard 1/O pins.

The I/O pins on this parallel port are mapped RP4 U5) at address 0x100. This parallel port can be used
for general purpose 1/0.

A printer driver is also provided to interface toosh dot matrix printers, in the sample file
samples/bb/bba_prt.clf you have detailed specifications for youmper, you can create your own parallel
port driver.

3.4.6SER1 MODEM Interface

The SERL1 serial channel of the BirdBox has two estors: one is J10, and the other, J5 (a DB9
connector), is configured as a DTE device. Thisneator is compatible with a PC-AT DB9 serial po#t.
cable connecting the DB9 connector of the BirdBoxeAthe DB25 connector of an external MODEM
(RS232C) can be constructed as shown in Figure 3.4.
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MODEM RS232C

BirdBox DB25 JO\

J5 DB9 TXD 2 &

RxD 3u [e]

4 [e)

3 b

Zo{ RTS o

%04 cTs °
4

Og {)/0

5 o

(@]

(o) [e)

GND o ©

DTR 050

1(3) o

_/

WANG 9648/24e Data Fax Modem
Figure 3.4 Connection between BirdBox-A J5 DB9 and MODEM RS232C DB25

3.5 0ther Devices

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

3.5.1Interrupt Driven Keypad

A telephone keypad (3x4) is provided as part of dponal BB-Pack for user inputs. As part of the
package, the keypad fits into the metal box enctpuovided for the BirdBox.

The keypad matrix is shown below. Three outpwdiare used for each of the columns, and four $ngnet
provided to read values from each row of the keypad

vce

ROW1= P23 ? ]>/O %/c 3)/0

Wi 8
ROW2= 120 hd
S S H & B

ROW3= 121 hd

vcc

* o O g # e
ROW4= 122 § / / /

(o] (o] (o]

COL1=116 COL2=117 COL3=115
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By pulling one of the column output pins low, tlesulting input row pin for the pressed key willd& low
as well. By reading these input pin values, youdacode the value of the pressed key.

The keypad is interfaced at hea#dr, and the signals are all from the PBJ I/O pins.

The keypad can also be used to generate extetteafuipts. Choose one of the keys to be used as you
“interrupt” key. By pulling its column low, its m input can be connected to one of the active-Irtgr@al
interrupts and will raise an interrupt if the keyeiver pressed.

For a sample program showing how to read and dettwsignals from the keypad, please see the sample
file bba_kpad.c

3.5.2LCD Display

A 16x2 alphanumeric character-based LCD is alsdlabla as part of the BirdBox-A Package. It is
connected to headétl0, and uses PPLJL6) I/O pins to drive the LCD. Pins 5 through 18tbe header
are used to connect to the LCD. The LCD is mountethe back side of the board. If you have pwseta
an LCD, pin 8 on this header is disconnected frdth $tgnalB12 and connected to a potentiometer (pot)
for adjustable contrast.

This default LCD fits inside the metal enclosureyided as part of the BB-Pack. Larger LCDs, sucthas
20x4, are also available, but require a differeatahenclosure. For details regarding the metelosare,
please see Appendix F.

The LCD display also has a detailed sample filba_lcd.¢ demonstrating its use, which provides
documentation for basic write functions to the LCBthis is insufficient for your application, yatan also
find standard technical documentation from Hanttphic. (ttp://www.hantronix.com408-252-110pDfor
your specific LCD module.

3.5.30n-board Supervisor with Watchdog Timer

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

Watchdog Timer

The watchdog timer is activated by setting a jungored9 of the BirdBox-A. The watchdog timer prasd

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

The Am188ES has an internal watchdog timer. Thiisabled by default withe_init().

Battery Backup Protection

The backup battery protection protects data stordde SRAM and RTC. The battery-switch-over citcui
compares VCC to VBAT (+3 V lithium battery positiy@n), and connects whichever is higher to the
VRAM (power for SRAM and RTC), backing up the SRAMd the real-time clock RTC72423. In normal
use, the lithium battery should last about 3-5 yeaithout external power being supplied. When the
external power is on, the battery-switch-over dirail select the VCC to connect to the VRAM.

3.5.4EEPROM

A 512-byte serial EEPROM (24C04) is installed in. UThe BirdBox-A uses thBP12=SCL (serial clock)
andP11=SDA (serial data) to interface with the EEPROMheTEEPROM can be used to store important
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data such as a node address, calibration coefficiand configuration codes. It typically has 0,000
erase/write cycles. The data retention is mora #tayears. EEPROM can be read and written by gimpl
calling the functionge_rd() andee_wr().

The EEPROM and the 12-bit ADC (U10) share the sdata input signal line, P11. The 12-bit ADC uses
120 (PPI U5) line as chip select. If the 120 lisdaw, the ADC will be enabled and holds the Plthdiae,
prohibiting EEPROM operation. The ae_init(); fuottisets 120 high. The ae_ad12(); function brings 12
low only when it needs to. Users should be awaaé ttiey must always keep 120 high in order to disab
the ADC and free P11 line for the EEPROM. Any outip(®x103, ??)l to access the PPl mode registér wil
set 120 low. The user should use outportb(0x10210xnporth(0x102)); to bring 120 high.

A range of lower addresses in the EEPROM is resefwe TERN use. Details regarding which addresses
are reserved, and for what purpose, can be fouAgjrendix D of this manual.

3.5.512-bit ADC (TLC2543)

The TLC2543 is a 12-bit, switched-capacitor, susisesapproximation, 11 channels, serial interface,
analog-to-digital converter. Three PPI 1/O linesnfrUS are used to handle the ADC, with /CS=I20;
CLK=I22; and DIN=I21.

The ADC digital data output communicates with athtbsough a serial tri-state output (DOUT=P11). If
120=/CS is low, the TLC2543 will have output on P1f1I120=/CS is high, the TLC2543 is disabled and
P11 is free. 120 and P11 are pulled high by 10Kstess on board. The TLC2543 has an on-chip 14-
channel multiplexer that can select any one ofripliis or any one of three internal self-test vatagrhe
sample-and-hold function is automatic. At the ehdamversion, the end-of-conversion (EOC) outputds
connected, although it goes high to indicate thatersion is complete.

TLC2543 features differential high-impedance inptitat facilitate ratiometric conversion, scalingyda
isolation of analog circuitry from logic and supphpise. A switched-capacitor design allows low-erro
conversion over the full operating temperature eafthe analog input signal source impedance shmaild
less than 5Q and capable of slewing the analog input voltage @60 pf capacitor.

A reference voltage less than VCC (+5V) can be iplexy for the TLC2543 if additional precision is
required. A voltage above 2.5V and less than +&N loe used for this purpose, and can be connexted t
the REF+ pin.

The CLK signal to the ADC is toggled through an [, and serial access allows a conversion ratgof
to approximately 10 KHz.

In order to operate the TLC2543, five I/O lines ased, as listed below:

ICS Chip select = PPI 120, high to low transitiorakles DOUT, DIN and CLK.
Low to high transition disables DOUT, DIN and CLK.

DIN PPI 121, serial data input

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

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

CLK I/O clock = PPI 122

REF+ Upper reference voltage (normally VCC)

REF- Lower reference voltage (normally GND)

VCC Power supply, +5 V input

GND Ground

The analog inputs ADO to AD10, REF+, GND, and VG€ available aHO. The inputs AD7 to AD10 are
also available at the DB25 conneci6ér
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3.5.6Dual 12-bit DAC

The LTC1446/LTC1446L is a dual 12-bit digital-toedmg converter (DAC) in an SO-8 package. It is
complete with a rail-to-rail voltage output amgifj an internal reference and a 3-wire serial fater. The
LTC1446 outputs a full-scale of 4.096V, making 1BL.&qual to 1 mV. The LTC1446L outputs a full-scale
of 2.5V, making 1 LSB equal to 0.61 mV.

The buffered outputs can source or sink 5 mA. Thipwts swing to within a few millivolts of supplit
when unloaded. They have an equivalent outputteggie of 40Q when driving a load to the rails. The
buffer amplifiers can drive 1000 pf without goinga oscillation.

The DAC is installed in U11 on the BirdBox-A, arftetoutputs are routed to J6 pin 20 for DAC chawnel
and J6 pin 19 for DAC channel B.

The DAC uses P12 as CLK, P26 as DI and P29 as LOPESse refer to the LT1446 technical data sheets
from Linear Technology (1-408-432-1900) for furtlefiormation. See also the sample progenda.dn
the\ sanpl es\ ae directory.

3.5.7High Voltage/Current Drivers

The high voltage drivers on the BirdBox-A can bafigured for either sourcing or sinking operatiohwo
different components are used to provide theseatipes, and must be specified when ordering. The
sinking driver ULN2003 provides seven channels inkiag output, while the UDS2982 provides eight
channels of sourcing output.

Installed by default, the sinking driver ULN20031(5) has high voltage, high current Darlington tratusis
arrays, consisting of seven silicon NPN Darlingfmairs on a common monolithic substrate. All chasnel
feature open-collector outputs for sinking 350 mA58V, and integral protection diodes for driving
inductive loads. Peak inrush currents of up to 8@0sinking are allowed.

These outputs may be paralleled to achieve high-kepability, although each driver has a maximum
continuous collector current rating of 350 mA a¥50° he maximum power dissipation allowed is 2.20 W
per chip at 25 degrees Celsid€). In this configuration, pin 9 must be connedtedround for the current
to return. This can be done by using a jumpemtmnect pins 1\(S) and 3 GND) on header H6. If you
are expecting to sink a large amount of current, will have to connect this ground signal to areexal
ground using a heavy gauge (20) wi&K connects to the protection diodes in the ULN208B @and
should be tied to highest voltage in the externatllsystemGK can be connected to an unregulated on-
board +12VI signal by connecting H6 pins 2 and 4jloyjper. ULN2003 is a sinking driver, not a
sourcing driver. An example of typical application wiring is showelow.
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o1

g WA
>SE Solenoid +12V

>SE Power Supply
>SE GND/SUB

J6 or J7
>0 4

(OO
K +12v
(GND/SUB

ULN2003 Birdbox-A

Figure 3.5 Drive inductive load with high voltage/current drives (ULN2003)

The UDS2982 (technical specifications availablerfidtp://www.allegromicro.comcan be installed to act
as a sourcing driver, providing eight channelshal$ an output current of up to 500 mA with a lsadply
voltage up to 50V. Typical loads for this componieciude relays, solenoids, lamps, stepper arsioro
motors, print hammers, and LEDs. The UDS2982 ialsmrates input current limiting resistors andportit
transient suppression diodes.

When the UDS2982 is used, the sigW& must be connected to the load supply voltages ¢an be done
by jumper-connecting pins 1 and 2 on headérto connectVS to the +12V input voltage GK acts as
ground, and should be connected using pins 3 ardhtadeH6.

The high voltage drivers have outputs at he&tterandHV1-HV4 are also available at RJ11 jatks.

3.5.8Switching Power Supply

A switching power supply voltage regulataM2575) is on-board to provide +5V regulated power. The
input voltage provided to the voltage regulatomirthe signak12VI should be in the range of 8.5V to
35V. This component has high efficiency, and dracadly reduces excess heat produced on the voltage
regulator.

The VOFF pin on the switching power supply can also be usedower on/off the controller. This is
particularly useful in battery-powered applicatiavisere power consumption is especially sensitind,the
controller can be powered-off for long periods iofe. In this mode, power consumption is reduce8 to
MA. When this pin is pulled high, the voltage redotawill power down the controller. You can pthis

pin low manually by using a jumper to connect head@. If this pin is instead connected to another
source, such as an external digital signal or #e-time-clock, the controller can be turned on/off
automatically.

The unregulated voltage supply can be connectedadet4.

If you have a regulated 5V voltage supply sourtean be connected to any of ti€C/GND pins on
headers J1 and J2.
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3.5.9LED/Beeper

An optional beeper (provided as part of the BB-Paslavailable connected to PIO li26. Oscillating
this pin high and low will cause the beeper to sbuA sample file showing its usieba_beep.cis found in
186\ sanpl es\ bb.

Two LEDs, one green and one red, are also availablthe BirdBox-A. These are turned on using lines
P26andP12 respectively. Pulling either low will turn thertesponding LED on.

3.6 Headers and Connectors

3.6.1Expansion Headers J1 and J2

There are two 20x2 0.1 spacing headers for BirdB@gpansion. Most signals are directly routed ® th
Am188ES processor. These signals are 5V only, apaat-of-range voltages will most likely damage th
board.

(3.6, 4.5)
HL 2
J15 J12 O J05 O J11 Ha
|?| uE ) O & NES
n 5 %) IS
Hs | 2 4 3%
5 uL2 4 PPI
ol | %
of |
of |2 —
o | 2 u16
ol | £ U2 UART H10
° L
o O 8 JB 4 33 O
= us Hrow]| 1 \
Flash
o] .
S Am188ES SRAM i J1 pin 1
U9
U uL :
- u2 R
J2pin 1 - 10|
RTC .
Tieze us :
2| o || w !
L 691
QO :,Rszaz" ue 'E_
©~n0000 RS48! —
[0] 00000 [ H13
O 6 O H13 N2
booooo oKl H3
(0.00, 0.00)

Figure 3.6 Pin 1 locations for J1 and J2
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BirdBox-A

J1 Signal J2 Signal
VCC 1 2 GND GND 40 39 VCC
MPO 3 4 P1 P4 38 37 P14
RxD 5 6 GND /CTSO 36 35 P6
TxD 7 8 DO TxDO 34 33 /INT4
VOFF 9 10 D1 RxDO 32 31 /RTS1
PFI 11 12 D2 P5 30 29 P1
GND 13 14 D3 TxD1 28 27 /IRTSO
/IRST 15 16 D4 RxD1 26 25 GND
RST 17 18 D5 P2 24 23 P15
P16 19 20 D6 /ICTS1 22 21 /INT3
MPI 21 22 D7 PO 20 19 /INT2
CLK 23 24 GND P25 18 17 P24
HLDA 25 26 A7 /WR 16 15 P3
HOLD 27 28 A6 P11 14 13 P17
/WR 29 30 A5 P10 12 11 P13
/RD 31 32 A4 VCC 10 9
VRAM 33 34 A3 /INTO 8 7 /INMI
VBAT 35 36 A2 /INT1L 6 5 P12
GND 37 38 Al P26 4 3 P29
VCC 39 40 A0 GND 2 1 GND

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

Signal definitions for J1:

3-16

VCC
GND
CLK

RxD
TxD
MPO
MPI
VOFF

DO-D7
AO-A7
PFI
IRST
RST
P16
HLDA
HOLD
IWR
/RD

+5V power supply

Ground

Am188ES pin 16, system clock, 40 MHz (25 ns

default

data receive of UART SCC2691, U8

data transmit of UART SCC2691, U8

Multi-Purpose Output of SCC2691, U8

Multi-Purpose Input of SCC2691, U8

real-time clock output of RTC72423 U4, open
collector

Am188ES 8-bit external data lines

Am188ES address lines

Power failure input signal of MAX691

reset signal, active low

reset signal, active high

/PCS0, Am188ES pin 66

Am188ES pin 44

Am188ES pin 45

AmM188ES pin 5

Am188ES pin 6

as
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VBAT +3V lithium battery positive pin
VRAM Power for backing up SRAM and RTC

Signal definitions for J2:

VCC +5V power supply, < 200 mA

GND Ground

Pxx Am188ES PIO pins

/WR Am188ES pin 5

TxDO Am188ES pin 2, transmit data of serial charthel
RxDO Am188ES pin 1, receive data of serial chafnel
TxD1 Am188ES pin 98, transmit data of serial charine

RxD1 AmMI188ES pin 99, receive data of serial chadnel
/ICTSO Am188ES pin 100, Clear-to-Send signal for BER
/ICTS1 Am188ES pin 63, Clear-to-Send signal for SER1
/IRTSO Am188ES pin 3, Request-to-Send signal for (BER
/IRTS1 Am188ES pin 62, Request-to-Send signal faR BE
/INTO-4 Schmitt-trigger inputs

A

3.6.2Jumpers

The following table lists the jumpers and connextam the BirdBox-A, and some possible applications.

Name | Size | Function Possible Configuration
J1 20x2 | main expansion port
J2 20x2 | main expansion port
J3 3x1 SRAM selection: pin 2-3: SRAM 256KB-512KB
pin 1-2: SRAM 32KB-128KB
J4 3x1 ROM/Flash size selection: pin 1-2: ROM @adhl size 32KB-
128KB
pin 2-3: ROM or Flash size 256KB-
512KB
JO5 DB9 | SER1 modem communication
lines
J5 3x1 ROM 512KB selection: pin 1-2: ROM size 512KB
pin 2-3: Flash 128KB-512KB, or ROM
<512 KB
J6 20x2 | DB25 Parallel Port (with PPI
(U5) lines)
J8 12x1 | High address lines, A8-A19
J9 2x1 Watchdog timer Enabled if Jumper is on

Disabled if jumper is off

Ji1 Jack6| RS232/RS485 output for
SCC2691002).

J12 Jack6| RS232 output for SERO

J15 Jack6| High voltage drivers HV1-4GK
andVS signals for high voltage
drivers.

N2 Jack6 | RS485 output for SCC269U8).
RT (Remote Reset), and
(Remote Voltage Input)

HO 5x2 11 channels of analog inputs,
ADO0O-AD10. ADC Reference.
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Name | Size | Function Possible Configuration
H1 5x2 RS232 output for SERO
H2 5x2 RS232 output for SER1
H3 5x2 RS232/RS485 output for
SCC2691 (8).

HO3 5x2 RS232/RS485 output for
SCC2691002).

H4 2x1 Power connector.

H5 10x1 | High voltage outpuHVO-HV7.

H6 2x2 High voltage sink/source voltage
supply/ground.

H7 2x1 VOFF short to ground.

H8 3x1 If LCD installed, potentiometer
installed to configure contrast.

H10 13x2 | PPI U16) output. Pins 5-18 used

for LCD if installed.
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Chapter 4. Software

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

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

Guidelines, awar eness, and problemsin an interrupt driven environment

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

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

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

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

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

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

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

o

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

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

4-1



BirdBox-A Chapter 4: Software

These functions retrieve the data for a specifédtess in memory space. Once againsggment address
is shifted left by four bits and added to tiféset to find the 20-bit address. This address is theput over
the address bus, and the hardware component mappeat address should return either an 8-bit b8-a
bit value over the data bus. If there is no congmbmapped to that address, this function willnretu
random garbage values every time you try to petekthrat address.

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

(D

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

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

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

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

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

4.1 AE.LIB/BB.LIB

AE.LIB is a C library for basic A-Engine/A-Engineabed controller operations. It includes the follayvi
modules: AE.OBJ, SER0.0BJ, SER1.0BJ, SCC.OBJ, @8HEAOBJ. You need to link AE.LIB in your
applications and include the corresponding hedldey: fThe following is a list of the header files:

Include-filename | Description

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

SER1.H Internal serial port 1

SCC.H External UART SCC2691

AEEE.H on-board EEPROM

BB.LIB is a library for BirdBox-A specific function This library must be linked in to your applicat as
well. It includes drivers for various input/outgunctions.

Include-filename | Description

BB.H High-voltage driver
SCC1.H Special BB-A SCC2691/02)
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4.2 Functionsin AE.OBJ

4.2.1 BirdBox-A Initialization

ae_init
This function should be called at the beginningeokry program running on A-Engine-based core
controllers. It provides default initializationdeonfiguration of the various I/O pins, interrygictors, sets

up expanded DOS I/O, and provides other procegmmific updates needed at the beginning of every
program.

There are certain default pin modes and interrefiings you might wish to change. With that in chithe
basic effects oée init are described below. For details regarding regisse, you will want to refer to the
AMD Am188ES Microcontroller User’'s manual.

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

—  Address space for the ROM is from 0x80000-0xff€f thap MemCard 1/0O window)
- 512K ROM Block size operation.

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

out port (Oxffa0, 0x80bf); // UMCS, 512K ROV| 0x80000-Oxfffff

« Initialize LCS (Lower Chip Select) for use with the SRAM. It is configured so that:
— Address space starts 0x00000, with a maximum oK5RAM.
- 0 wait state operation.

- Disables PSRAM, and disables need for externalread
out port (Oxffa2, Ox7fbc); // LMCS, base Mem address 0x0000

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

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

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

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

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

—  The chip select lines starts at 1/0 address 0x0808,each successive chip select line
addressed 0x100 higher in I/O space.

out port (0xffa4, 0x007f); // CSOMSKL, 512K, enable CSO for RAM

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

out port (Oxff 78, 0xe73c); 11 PDI R1, TxDO, Rx DO, TxD1, RxD1,
/] P16=PCSO, P17=PCS1=PPI

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

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

out port (0xff 70, 0x1000) ; /1 PIOWD, P12=LED
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e Configure the PPI 82C55 to all inputs, except fioed 120-23 which are used as output for the
ADC. You can reset these to inputs if not beingduor that function.

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

The chip select lines are by default set to 15 staite. This makes it possible to interface witnyn
slower external peripheral components. If you negiaster I/O access, you can modify this numimavrd
as needed. Some TERN components, such as th& ReaiClock, might fail if the wait state is decreds
too dramatically. A function is provided for thpsirpose.

void io_wait
Arguments. char wait
Return value: none.

This function sets the current wait state dependmthe argumemwait.

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

wai t=2, wait states = 2, 1/0O enable for 100+50 ns
wai t=3, wait states = 3, 1/0O enable for 100+75 ns
wai t=4, wait states = 5, |/O enable for 100+125 ns
wait=5, wait states = 7, |/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 sourceshenBirdBox-A, consisting of seven maskable intptr
pins (NT6-INTO) and one non-maskable interrupdM1). There are also an additional eight internal
interrupt sources not connected to the externa, gionsisting of three timers, two DMA channelsthbo
asynchronous serial ports, and k!l from the watchdog timer. For a detailed discussivolving the
ICUs, the user should refer to Chapter 7 of the AMD188ES Microcontroller User's Manual.

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

At the end of interrupt handlers, the appropriatearvice bit for the IR signal currently being dked must
be cleared. This can be done using Manspecific EOl command. At initialization time, interrupt
priority was placed ifrully Nested mode. This means the current highest priorityriog will be handled
first, and a higher priority interrupt will intenpti any current interrupt handlers. So, if the udeoses to
clear the in-service bit for the interrupt currgriteing handled, the interrupt service routine pestds to
issue the nonspecific EOl command to clear theectitnighest priority IR.

To send the nonspecific EOl command, you need i@ WreEOI register word with 0x8000.
out port (0xff22, 0x8000);

void intx_init
Arguments. unsigned char i, void interrupt far (* intx_isr) ())
Return value: none

These functions can be used to initialize any driheexternal interrupt channels (for pin locati@nd
other physical hardware details, see the Hardwaapter). The first argumenindicates whether this
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particular interrupt should be enabled or disabl€de second argument is a function pointer whighaet
as the interrupt service routine.

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

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

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

4.2.3 1/O Initialization

Two ports of 16 I/O pins each are available onBivedBox-A. Hardware details regarding these PI@4din
can be found in the Hardware chapter.

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

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

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

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

The data register xff74 for PIO port 0, an@xff7a for PIO port 1.

void pio_init

Arguments: char bit, char mode

Return value: none

bit refers to any one of the 32 PIO lines, 0-31.

mode refers to one of four modes of operation.

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

unsigned int pio_rd:

Arguments: char port

Return value:  byte indicating PIO status

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

Arguments: char bit, char dat

Return value: none

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

4.2.4 Timer Units

The three timers present on the BirdBox-A can leelder a variety of applications. All three tirmeun at
Y, of the processor clock rate, which determinesnthgimum resolution that can be obtained. Be aware
that if you enter power save mode, that meandrtiers will operate at a reduced speed as well.

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

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

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

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

It is also possible to use the outpufléfer2 to pre-scale one of the other timers, since 1@dsiblution at
the maximum clock rate specified gives you only H50 Only by usinglimer2 can you slow this down
even further. Sample files demonstrating this tamer02.c and timerl2.c in the A-Engine sample file
directory,tern\186\samples\ae.

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

void t0_init

void t1_init

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

Both of these timers have two maximum counters (MXUNTA/B) available. These can all be specified

usingta andtb. The argumentm is the value that you wish placed into theCON/T1CON mode
registers for configuring the two timers.

The interrupt service routineisr specified here is called whenever the full cosntgached, with other
behavior possible depending on the value spedifiethe control register.
void t2_init

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

Return values: none.
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Timer 2 behaves like the other timers, except it only dv@s max counter available. |

4.2.5 Analog-to-Digital Conversion

The ADC unit provides 11 channels of analog infnatsed on the reference voltage supplieBEs+. For
details regarding the hardware configuration, feegHardware chapter.

In order to operate the ADC, lines 120, 121,122nfréthe PPI must be configured as output. P11 nisst a

be configured to be input. This line is also sHangth the RTC and EEPROM, and left high at power-
on/reset. You should be sure not to re-prograreeth@ns for your own use. Be careful when usirgg th
EEPROM concurrently with the ADC. If the ADC isadaied, the line P11 will be reserved for its usé an
any attempt to access the EEPROM will time-outraftene time.

For a sample file demonstrating the use of the Apl€ase seae adl2.cint er n\ 186\ sanpl es\ ae.

int ae_ad12
Arguments:. char ¢
Return values: int ad_value

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

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

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

ae_adl2(0); // Read from channel 0
chn_O0 _data = ae_adl2(0); // Start the next conversion, retrieve val ue.

4.2.6 Digital-to-Analog Conversion

An LTC 1446 chip is available on the BirdBox-A ingitionU11. The chip offers two channels, A and B,
for digital-to-analog conversion. Details regardid@rdware, such as pin-outs and performance
specifications, can be found in the Hardware chapte

A sample program demonstrating the DAC can be fouid ae dac in the directory
t er n\ 186\ sanpl es\ ae.

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

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

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




BirdBox-A Chapter 4: Software

4.2.7 Other library functions

On-board supervisor MAX691 or LTC691

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

void hitwd
Arguments: none
Return value: none

Resets the supervisor timer for another 1.6 seconds
void led

Arguments: int ledd
Return value: none

Turns the on-board LED on or off according to thé&e ofledd.

Real-Time Clock

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

There is a common data structure used to accesssanabth interfaces.

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

} TIM

intrtc_rd
Arguments: TIM *r
Return value: int error_code

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

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

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

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

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

Delay

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

void delayO
Arguments. unsigned int t
Return value: none

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

VWhile(t) { t--; }

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

Arguments. unsigned int

Return value: none

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

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

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

void ae_reset
Arguments: none
Return value: none

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




BirdBox-A Chapter 4: Software

4.3 Functionsin BB.LIB

Up to eight high voltage drivers, either sourcimgimking, are available on the BirdBox-A. Deperglon
the specific hardware configuration you have puseldacertain software functions may not apply.

void bba_hv
Arguments. char ch, char dat
Return value: none

This function outputs the value dat (either 1/0) to the channeth (range 0-7). For details regarding the
resulting output signals and more detailed hardwleteils, you should refer to the Hardware chapter.

4.4 Functionsin SER0.OBJ/SER1.0BJ

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

The internal asynchronous serial ports are funatipmdentical. SERO is used by the DEBUG ROM
provided as part of the TERN EV-P/DV-P softwares kdr communication with the PC. As a result, you
will not be able to debug code directly written $arial port 0.

Two asynchronous serial ports are integrated inAM88ES CPU: SERO and SER1. Both ports have
baud rates based on the 40 MHz clock, and can @para maximum of 1/16 of that clock rate.

By default, SERO is used by the DEBUG ROM for aggtiion download/debugging in STEP 1 and STEP
2. We will use SER1 as the example in the followitigcussion; any of the interface functions which a
specific to SER1 can be easily changed into functialls for SERO. While selecting a serial port dse,
please realize that some pins might be shared otiter peripheral functions. This means that inaier
limited cases, it might not be possible to use réage serial port with other on-board controllenétions.
For details, you should see both chapter 10 of Ahel88ES Microprocessor User's Manual and the
schematic of the BirdBox-A provided at the endha$ tmanual.

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

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

Function Argument | Baud Rate

110

150

300

600

1200

2400

4800

9600

19,200 (default)

© 00 N OO 0o B~ W DN PP
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Function Argument | Baud Rate
10 38,400

11 57,600

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

Table 4.1 Baud rate values

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

An input buffer,ser 1_i n_buf (whose size is specified by the user), will autboadly store the receiving
serial data stream into the memory by DMAL operatio terms of receiving, there is no software bead
or interrupt latency for user application prograeven at the highest baud rate. DMA transfer allows
efficient handling of incoming data. The user ohbs to check the buffer status withr hit 1() and
take out the data from the buffer wiglet ser 1() , if any. The input buffer is used as a circulagrbuffer,
as shown in Figure 4.1. However, the transmit djm@ras interrupt-driven.

ibuf in_tail in_head ibuf+isiz

vy ¥
[ [T T]

1 |

Figure 4.1 Circular ring input buffer

The input bufferipuf), buffer size iiz), and baud rateb@ud) are specified by the user wisti_i ni t ()
with a default mode of 8-bit, 1 stop bit, no parifter s1_init() you can set up a new mode with
different numbers for data-bit, stop bit, or patity directly accessing the Serial Port 0/1 ConRegister

(SPOCT/SP1CT) if necessary, as described in chaptef the Am188ES manual for asynchronous serial
ports.

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

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

You can usgyet ser 1() to get the serial input data byte by byte usingd-ffom the buffer. The in_tail
pointer will automatically increment after evaggt ser 1() call. It is not necessary to suspend external
devices from sending in serial data with /RTS. Oalphardware reset @l _cl ose() can stop this
receiving operation.
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For transmission, you can ugait ser1() to send out a byte, or ugaut sersl1() to transmit a
character string. You can put data into the trahsing buffer,s1_out _buf, at any time using this
method. The transmit ring buffer addresbuf) and buffer lengthasiz) are also specified at the time of
initialization. The transmit interrupt service wilheck the availability of data in the transmitfeufIf there

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

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

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

Softwar e I nterface
Before using the serial ports, they must be initad.

There is a data structure containing importanas@ort state information that is passed as argtiteetihe
TERN library interface functions. TheOM structure should normally be manipulated only ByRN
libraries. It is provided to make debugging of #®rial communication ports more practical. Siiice
allows you to monitor the current value of the bufnd associated pointer values, you can watch the
transmission process.

The two serial ports have similar software inteefac Any interface that makes reference to eitheor
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; /* Input buffer FLAG */
unsi gned char in_full; /[* input buffer full */
unsi gned char *out _buf; /* Qutput buffer */

int out_tail; /* Qutput buffer TAIL ptr */

int out_head; /* Qutput buffer HEAD ptr */

int out_size; /* Qutput buffer size */

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

unsi gned char tnso; /'l transmit macro 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 segment */
unsi gned int in_offs; /* input buffer offset */
unsi gned i nt out_segm /* output buffer segnent */
unsi gned int out_offs; /* output buffer offset */

unsi gned char byte_del ay; /* V25 macro service byte delay */
} com
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sn_init
Arguments. unsigned char b, unsigned char* ibuf, int isiz, unsigned char* obuf, int osiz, COM* ¢
Return value: none

-

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

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

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

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

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

putsersn

Arguments. char* str, COM *c

Return value: int return_value

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

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

1%

serhitn
Arguments. COM *c
Return value: int value

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

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

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

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

This function fills the character buffeir with at mosten bytes from the input buffer. It also stops
retrieving data from the buffer if a carriage retgASCII: 0x0d) is retrieved.
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This function makes repeated callggbser, and will block untillen bytes are retrieved. The retwaue
indicates the number of bytes that were placedthadouffer.

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

Miscellaneous Serial Communication Functions

One thing to be aware of in both transmission awtiving of data through the serial port is thaRNe
drivers only use the basic serial-port communicatines for transmitting and receiving data. Haadsv
flow control in the form ofCTS (Clear-To-Send) an®TS (Ready-To-Send) is not implemented. There
are, however, functions available that allow yowheck and set the value of these I/O pins appatepfor
whatever form of flow control you wish to implemerBefore using these functions, you should onaérag
be aware that the peripheral pin function you a&iagimight not be selected as needed. For depddase
refer to the AM188ES User’s Manual.

char sn_cts(void)
Retrieves value oETS pin.

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

Completing Serial Communications

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

sn_close
Arguments. COM *c
Return value: none

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

clean_sern
Arguments. COM *c
Return value: none

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

The asynchronous serial 1/0O ports available orAimd88ES Processor have many other features thait mig
be useful for your application. If you are truhtérested in having more control, please read @ndyft of
the manual for a detailed discussion of other fegtavailable to you.

4.5 Functionsin SCC.OBJ/SCC1.0BJ

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

The SCC is a component that is used to providesginchronous port. It uses a 8 MHz crystal, différe
from the system clock speed, for driving serial ommications. This means the divisors and function
arguments for setting up the baud rate for thigdtpiort are different than for SERO and SER1. [ t
BirdBox-A, there are two SCC2691 serial ports pded. The first, located at positidsB, is accessed
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using functions prefixed witlscc_. The second SCC2691 (not available on other cbats like the
BirdBox and TD40) located at posititw02, is accessed using identical functions prefixeith sicl .

Each SCC2691 component has its own 8 MHz crystaliging the clock signal. By default, these are se
to 8 MHz to be consistent with earlier TERN corlgobesigns. The highest standard baud rate 2009,

as shown in the table below. If your applicati@yuires a higher standard baud rate (115,200, for
example), it is possible to replace this crystathwa custom 3.6864 MHz crystal. A sample file
demonstrating how the software would be changedtligs application isae sccl.c, found in the
tern\186\samples\ae\ directory.

Function Argument | Baud Rate
110

150

300

600

1200
2400
4800
9600 (default)
19,200
31,250
62,500
125,000
250,000

© 00 N O 0o B~ W N PP
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Unlike the other serial ports, DMA transfer is mged to fill the input buffer for SCC. Instead,iaterrupt-
service-routine is used to place characters ingoirtput buffer. If the processor does not respanthé
interrupt—because it is masked, for example—therinpt service routine might never be able to cetepl
this process. Over time, this means data migtbdtdn the SCC as bytes overflow.

Special control registers are used to define hav3EC operates. For a detailed description of tergis
MR1 andMR2, please see Appendix B of this manual. In mosRNEpplications, MR1 is set @57,
and MR2 is set t@x07. This configures the SCC for no flow control (RT&TS not used/checked), no
parity, 8-bit, normal operation. Other configuraticare also possible, providing self-echo, evengmatity,
up to 2 stop bits, 5 bit operation, as well as anatiic hardware flow control.

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

scc_init (sccl_init)

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

Return value: none

This initializes the SCC2691 serial port to baue g as defined in the table above. The valuegairand
m2 specify the values to be stored inMd&R1 andMR2. As discussed above, these values are normallyj
0x57 and0x07, as shown in TERN sample programs.
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| ibuf andisiz define the input buffer characteristics, aif andosiz define the output buffer. |

After initializing the serial port, you must alsetsup the interrupt service routine. The first 6€1
UART (U8) takes up external interruptNTO on the CPU, the second UARU@2) takes up external
interrupt/INT1, and you must set up the appropriate interruptovetm handle this. Interrupt service
routines,scc_isr()/sccl_isr(), has been written to handle each of the interrugid it enables/disables the
interrupt as needed to transmit and receive datathve data buffers. So, after initialization, ywill need
to make a call to do this:

intO_init(l, scc_isr); /1 U8 UART Interrupt Initialization

intl init(l, scc_isr); /1 W02 UART Interrupt Initialization
By default, the SCC is disabled for bdtiansmit 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 deeliggou do need to do limited flow control, tMPO

pin on the J1 header can be used for RTS. Fomalsedile showing RS232 full duplex communications
using the first SCC, please sae scc.c in the directoryt er n\ 186\ sanpl es\ ae. The second SCC is
demonstrated in the sample filba_sccl.c in the directoryt er n\ 186\ sanpl es\ bb.

RS485 is slightly more complex to use than RS2B%5485 operation is half-duplex only, which means
transmission does not occur concurrently with réoep The RS485 driver will echo back bytes senthe
SCC. As a result, assuming you are using the R84i86r installed on another TERN peripheral board,
you will need to disableeceive while transmitting. While transmitting, you willso need to place the
RS485 driver in transmission mode as well. Thiddee by usingcc rts(1). This uses pin MPO (multi-
purpose output) found on the J1 header. While gr@ureceiving data, the RS485 driver will need ¢o b
placed in receive mode usirmgc_rts(0). For a sample file showing RS485 communicatideage see
ae rA85.cin the directont er n\ 186\ sanpl es\ ae.

en485 ( sccl_en485)
Arguments: inti
Return value: none

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

scc_send_efscc rec_e(sccl_send_ef/sccl rec_e)
Arguments: none
Return value: none

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

scc_send_reset/scc_rec reset (sccl_send_reset/sccl rec reset)
Arguments: none
Return value: none

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

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

putsers scc ( putsers sccl)
See: putsersn

getser_scc ( getser_sccl)
See: getsern

getsers scc (getsers sccl)
See: getsersn

Flow control is also handled in a mostly similastfeon. The CTS pin corresponds to the MPI pincivtis
not connected to either one of the headers. Tt il corresponds to the MPO pin found on the J1
header.

scc_cts(scel cts)
See: sn_cts

sce_rts(scel_rts)
See: sn_rts

Other SCC functions are similar to those for SER® SER1.

scc_close(serl close)
See: sn_cl ose

serhit_scc (serhit_sccl)
See: sn_hit

clean_ser_scc(clean_ser_sccl)

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

scc err (sccl err)

Arguments: none

Return value: unsigned char val

The returned valueal will be in the form of 0OABCO000O in binary. Bit i& 1 to indicate a framing error.
Bit B is 1 to indicate a parity error, and bit Glicates an over-run error.

4.6 Functionsin AEEE.OBJ

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

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

Addresse€x00 to Ox1f on the EEPROM is reserved for system use, incudonfiguration information
about the controller itself, jump address for Xepnd other data that is of a more permanent@&atur

The rest of the EEPROM memory spa@e?0 to Ox1ff, is available for your application use.
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The EEPROM shares line P11 with the ADC. If the ABGnabled, it can interfere with the EEPROM.
The ADC is enabled if 120 is low. In the init fumm, it is brought high so that you can access the
EEPROM. Be aware that if you modify the PPI conteglister by calling outportb(0x0103, xx); then il
the output lines on the PPI are brought low, inclgdi20, which enables the ADC and disables the
EEPROM. If you need to use the EEPROM, be sureitg 20 high again to disable the ADC (refer te th
section on the EEPROM in chapter 3).

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

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

Arguments:. int addr
Return value: int data

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

4-18



BirdBox-A

Appendix A: BirdBox-A Layout

Appendix A: BirdBox-A Layout

All dimensions are in inches.
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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

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

INTRN Interrupt request, active-low output

XUCLK Crystal 1, crystal or external clock input

X2 Crystal 2, the other side of crystal

RxD Receive serial datainput

TxD Transmit serial data output

MPO Multi-purpose output

MPI Multi-purpose input

Vce Power supply, +5 V input

GND Ground

2. Register Addressing

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

Note:

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

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

ISR (Interrupt Status Register):

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

State
0=no 0=low 0=no 0=no 0=no 0=no 0=no
1=yes 1=high 1=yes 1=yes 1=yes 1=yes 1=yes

IMR (Interrupt Mask Register):

[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito |
MPI MPI Counter Delta RxRDY/ TXEMT TXRDY
Change Level Not Used Ready Break FFULL Interrupt Interrupt
Interrupt Interrupt Interrupt Interrupt Interrupt
0 = off 0 = off 0 = off 0 = off 0 = off 0 = off 0 = off
1=0n 1=0n 1=0n 1=0n 1=0n 1=0n 1=0n

CTUR (Counter/Timer Upper Register):

[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [ Bit1 | Bito |

| cTag | crpa | crpyy | otz | otqa | otlig | cm9 | cmrg |
CTLR (Counter/Timer Lower Register):

[ Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito |

[ T | cmiel | cmis) | crg | orig) | cm2 | cry [ oo I
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Appendix C: RTC72421 / 72423

Function Table

Address Data

Az | A, | A; | Ay | Register | 3 D, D, Do Count Remarks
Value

0 (0 0 |0 |9 S3 S S S 0~9 1-second digit register

0 (0 0 |1 |9 S10 S0 | Sio 0~5 10-second digit register

0 (0 1 ({0 | My mig | miy miy, [ mig 0~-9 1-minute digit register

0 (O 1|1 Mk Migq Misg | Migg | 0~5 10-minute digit register

0 |1 01|oO0 H hg hy hy hy 0~9 1-hour digit register

0 |1 |0 |1 | Hg PM/AM | hyy | hyg 0~2 | PM/AM, 10-hour digit
or register
0-1

0 |1 110 ] dg dy d, d; 0~9 1-day digit register

0 |1 1 (1 Do dgy | dig 0-~3 10-day digit register

1 ]0 0 |0 | MQ mog | mo, mo, [ mo, | 0~9 1-month digit register

1 ]0 0 |1 MQg mo | 0~1 10-month digit register

1 0 1 0 Y Ys Y4 Yo Y1 0~9 1-year digit register

1 |0 1 ]1 Yo Yso | Yao Yoo | Y10 0~9 10-year digit register

1 |1 0|0 | W vy W, Wy 0~6 Week register

1 1 0 1 Reg D 30s | IRQ Busy | Hold Control register D

Adj | Flag
1 |1 110 Reg E qt ty INT/ | Mask Control register E
STD
1 1 1 1 Reg F Test 24/12 Stop  Rest Control regist

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

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

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

4)

Data bit| PM/AM INT/STD 24/12
1 PM INT 24
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 aeal U/ system software. Application programs mustse
these locations.

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 SERL1_transmit, used by serl.c
0x10 CS high byte, used by ACTR™
0x11 CS low byte, used by ACTR™
0x12 IP high byte, used by ACTR™
0x13 IP low byte, used by ACTR™

0x18 - Ox1F Reserved for TERN use

0x20 — Ox1FF  Customer use
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Appendix E: Software Glossary

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

void ae_init(void) ae.h

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

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

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

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

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

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

outportb(0x0101,0);

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

clka_en(0);

enabl e();

Reference: led.c

void ae_reset(void) ae.h

Resets AM188 processor.

void delay_ms(int m) ae.h

Approximate microsecond delay. Does not use timer.

Var: m — Delay in approximate ms

Reference: led.c

void led(int 1) ae.h

Toggles P12 used for led.

Var: i- Led on or off

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

Approximate loop delay. Does not use timer.

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

Reference:

void pwr_save en(int i) ae.h

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

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

Reference: ae pwr.c

void clka_en(int i) ae.h

Enables signal CLK respectively for external peeigth use.

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

void hitwd(void) ae.h

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

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

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

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

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

Reference: ae_pio.c

E-2



BirdBox-A Appendix E: Software Glossary

void pio_wr(char bit, char dat) ae.h

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

Var: bit—PIO line 0 - 31
dat - 1/0

Reference: ae_pio.c

unsigned int pio_rd(char port) ae.h

Reads a 16 bit PIO port.

Var: port—0: PIOO - 15
1: PIO16-31

Reference: ae pio.c

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

Writes 16-bitvalue to 1/0 addresgortid.

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

Reference: ae_ppi.c

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

Writes 8-bitvalue to 1/0 addresgortid.

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

Reference: ae ppi.c

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

Reference: ae_ppi.c
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int inportb(int portid) dos.h
Reads from an I/O addregsrtid. Returns 8-bit value.
Var: portid — 1/0 address

Reference: ae ppi.c

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

Writes to the serial EEPROM.

Var: addr — EEPROM data address
dat - data

Reference: ae_ee.c

int ee_rd(int addr) aeee.h

Reads from the serial EEPROM. Returns 8-bit data

Var: addr — EEPROM data address

Reference: ae ee.c

int ae_ad12(unsigned char c) ae.h

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

Unipolar:
Vref- = 0x000
Vref+ = Oxfff

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

Var: ¢ — ADC channel.

c={0...a},inputch=0-10
c=bh, input ch = (vref+ - vref-) /2
c=c, input ch = vref-
c=d, input ch = vref+
c=e, software power down
Reference: ae_adl2.c
int ae_da(int dat1, int dat2) ae.h

Sets output of channel A of DAC to datl, and chhbref DAC to dat2 value. These data values
range from 0-4095, each unit representing 1 m\@0%.V maximum output.

Reference: ae da.c

E-4



BirdBox-A

Appendix E: Software Glossary

void bba_hv(char ch, char dat)

bba.h

Setup high voltage output for channel ( 0.. 7 ¢itber high (dat==1) or low (dat==0).

Reference:

void io_wait(char wait)

Setup /O wait states for I/O instructions.

Var: wait — wait duration {0...7}

Reference:

wait=0, wait states = 0, /O enable for 100 ns

wait=1, wait states = 1, I/O enable for 100+25 ns
wait=2, wait states = 2, I/O enable for 100+50 ns
wait=3, wait states = 3, I/O enable for 100+75 ns

wait=4, wait states = 5, /O enable for 100+125 ns
wait=5, wait states = 7, I/O enable for 100+175 ns
wait=6, wait states = 9, I/O enable for 100+225 ns
wait=7, wait states = 15, I/O enable for 100+375 ns

void rtc_init(unsigned char * time)

Sets real time clock date, year and time.

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

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

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

Reference: rtc_init.c

ae.h
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intrtc_rd(TIM *r) ae.h

Reads from the real time clock.

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

Reference: rtc.c

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

Timer 0, 1, 2 initialization.

Var: tm — Timer mode. See pg. 8-3 and 8-5 of the A 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, timer02.c, timer 2.c, timer0.c timer 12.c

void nmi_init(void interrupt far (* nmi_isr)()); ae.h
void int0_init(unsigned char i, void interrupt far (*intO_isr)());
void intl init(unsigned char i, void interrupt far (*intl_isr)());
void int2_init(unsigned char i, void interrupt far (*int2_isr)());
void int3_init(unsigned char i, void interrupt far (*int3_isr)());
void int4_init(unsigned char i, void interrupt far (*int4_isr)());
void int5_init(unsigned char i, void interrupt far (*int5_isr)());
void int6_init(unsigned char i, void interrupt far (*int6_isr)());

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

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

void S0_init( unsigned char b, unsigned char* ibuf, intisiz, ser0.h
unsigned char* obuf, int osiz, COM *c) (void);
void sl _init( unsigned char b, unsigned char* ibuf, intisiz, serl.h

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

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

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

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

2 ]150 110

3 [300 150

4 600 300

5 [1200 600

6 |2400 1200

7 4800 2400

8 [9600 4800

9 [19200 9600

10 |38400 19200

11 |57600 38400

12 [115200 57600

13 [23400 115200

14 460800 23400

15 |921600 460800

Reference: s0_echo.c, s1_echo.c, s1_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)
void sccl_init( unsigned char ml, unsigned char m2, unsigned char b, sccl.h

unsigned char* ibuf,int isiz, unsigned char* obuf,int osiz, COM *c¢)
SCC2691 UART initializations.

Var: ml=SCC691 MR1
m2 = SCC691 MR2
b — baud rate. T abl e bel ow for 8MHz C ock.
ibuf — pointer to input buffer array
isiz — input buffer size
obuf — pointer to output buffer array
0siz — ouput buffer size

c — pointer to serial port structure. See AE.H for COM
structure.
ml bit Definition
7 (RXRTS) receiver request-to-send control, 0=no, 1 =yes
6 (RXINT) receiver interrupt select, 0=RxRDY, 1=FIF O FULL
5 (Error Mode) Error Mode Select, 0 = Char., 1=Bloc k
4-3 Parity Mode), 00=with, 01=Force, 10=No, 11=Spe cial
2 (Parity Type), 0=Even, 1=0dd
1-0 # bits) 00=5, 01=6, 10=7, 11=8
2 bit Definition
7-6 Modes) 00=Normal, 01=Echo, 10=Local loop, 11=R emote loop
5 (TXRTS) Transmit RTS control, 0=No, 1= Yes
4 (CTS Enable Tx), 0=No, 1=Yes
3-0 Stop bit), 0111=1, 1111=2
b baud (8MHz)
1 110
2 150
3 300
4 600
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5 1200
6 2400
7 4800
8 9600
9 19200
10 [31250
11 62500
12 [125000
13  [250000

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

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

int putser_sccl(unsigned char ch, COM *¢); sccl.h

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

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

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

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

int putsers_sccl(unsigned char ch, COM *c¢); sccl.h

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

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

Reference: serl sin.c

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

int serhit_scc1(COM *c); sccl.h

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

Var: ¢ — pointer to serial port structure
Reference: S0_echo.c, s1_echo.c, sl 0.c

unsigned char getserO(COM *c¢); ser0.h
unsigned char getser1(COM *c); serl.h
unsigned char getser_scc(COM *©); scc.h

unsigned char getser_sccl(COM *c); sccl.h

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

Var: ¢ — pointer to serial port structure
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Reference: s0_echo.c, s1_echo.c, s1_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

int getsers scc1(COM *c, int len, unsigned char *str); sccl.h

Retrieves a fixed length character string fromitpait buffer. If the buffer contains less charaster
than the length requestestk, will contain only the remaining characters frora thuffer. Appends
a ‘\0’ character to the end af. Returns the retrieved string length.

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

Reference: ser1.h, serO.h for prototype.
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Appendix F: Enclosure

The BirdBox-A enclosure (optional) is shown below (Figure 1.1 through Figure 1.6). The
material used is anodized sheet aluminum, with a maximum sheet thickness of 0.05 inch.

VIEW D
@ 5.00
071, 073 0.659
—
= - | L7L7 7T
2.640 L /LSS LS o
S LTLTL7LT
© oo
1.550
O 025 i
4.92 O. D. =Outside Dimension
I.D. =Inside Dimension

All holediameters=0.15inch

Figure 1.1 Upper half of the enclosure
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VIEW C
3.720 (O.D.
0.40
View B
. 1.50
\o
Ay LY 4 VIEW A
DB9
ﬂ 3.620(1.D.)
D=0.35 hole
DB25

454(1.D)

VAN DYKE FAB. JOHN

Tel: 916-344-5221
FAX:916-344-2610

Figure 1.2 Lower half of the enclosure
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View D dimensions:

VIEW D
.050 384 0.649
0.501 0.71 |- 0050
— N]
0.599
0.73 2640
0.50
0.654
0.50
0.659 5.0
0.659
0.37
0.659
O
0.20 4
\W
] D 0.80
O . 0.659 0.659 0.929
0.488 / 0.679
iy 1.036
o
1.486 384

Figure 1.3 View D of the enclosure
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View C dimensions;

4.540

0.40

0.40

0.667

Figure 1.4 View C of the enclosure

VIEW C
0.40 | 0.50
FanY 0 0O -
(O K'\ A\
\>,\ D = 0.350
181
0.50 0.50
D =0.150

Ve Fan

J (U

3.620

3.

720
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Sideview A dimensions:

VIEW A
213
1.10 0.279
133
\ \
0.50 D=0.15 0.567 0747
/
A 0.360 ~ /
» \J
0.58 , 1.50
1.560
1.852
0.050 1.985
0.050
| 3.620
3.720

Figure 1.5 Side view A of the enclosure
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Side view B dimensions:

VIEW B
3.208 0.10
7
0.50 0.747 . D=0.15 0.50
0.756 0.567
/
1.50
/7) oss |- ©lf 23 %f 0.58
D=0.35 % 0.72
1.10
0.52
0.05
0.132
0.050 0.984 1.308
0.158 | [.0.050
3.620 -
3.720

Figure 1.6 Side view B of the enclosure
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Appendix G: RJ11-DB9 Cable

RTS | 6| W
C|l9| B
XD | 3 R
RxD | 5 G
CIS | 4| Y
Red:l Blue
RED edge of
seria cable
W = white
B = black
R=red
G =green
Y =yelow
(blue)
—
/OO..OC\
Y GRB
Blue \W
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Appendix H: 1/O LinesAvailable for Users

This appendix provides information about availability of 1/O lines for user applications (headers J1, J2, J6, and
HO). More detailed information may be found in chapter 3.

LDMM]Q

o5 A -
i Jlpinl

DOJB B ;

2pinl —% i

S =
o
oxxxx
Pin 1 locations for J1 and J2
1.1.2 J1, 20x2 header:
J1Signal
USED BY: USED BY:
VCC 1 2 GND
MPO 3 4 P1 Used by PowerDrive,
LittleDrive for system clock

RxD 5 6 GND
TxD 7 8 DO
VOFF 9 10 D1
PFI 11 12 D2
GND 13 14 D3
/RST 15 16 D4
RST 17 18 D5

Used by TERN expansion | P16 19 20 D6

boards (MemCard,

MotionC, etc.)
MPI 21 22 D7
CLK 23 24 GND
HLDA 25 26 A7
HOLD 27 28 A6
/WR 29 30 A5
/RD 31 32 A4
VRAM 33 34 A3
VBAT 35 36 A2
GND 37 38 Al
VCC 39 40 A0

Signals for J1, 20x2 expansion port

J1 signals shown shaded may not be available if the specified TERN expansion board is used/installed. All other
lines are free for use in applications.
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1.1.3 J2, 20x2 header:

J2 signals from the Am188ES PIOs are multifunctional. Users can program these PIO pins for use as input,
output, or normal operations. For example, J2 pin 27, /RTS0 (normal operation), can re-programmed as P20,
either input or output.

Some J2 signals are used by the system and are not available for application use. Others may or may not be
available, depending on what components are installed on the BirdBox-A.

J2 Signal
USED BY: USED BY:

vI/GND 40 39 vcc |V
(O Step2jumper P4 38 \37 P14 v
v|icTso 36 35 P6 v
[0 SERODEBUG TxDO 34 33  /INT4 |V
[0 SERODEBUG RxDO 32 31  /RTSL |V
v |ps 30 29 PL v
A SERL|TXDLI 28 27 /RTSO |V
A SERL|RxDI 26 25 GND |V
A RTCchip select | P2 24 23 P15 v
v|icTst 22 21 ANT3 |V
v | Po 20 19 /NT2 |V
vIPs 18 17 P4 v

vimWR 16 |15  P3 SCCchip sdlect A

[0 EEPROMadADC PII 14 |13 P17 PPl *x |

viPlo 122 11 P13 v
vivee 10 9 v
A ScCinterrupt | INTO 8 7 INMI | v

v |/INTL 6 5 P12 LED and EEPROM  **

A DACDI |P26 4 3 P29 DACchipsdect A
v|GND 2 1 GND |V

Signals for J2, 20x2 expansion port

KEY:

v = Free foruse

r* = Do not use (already used by the component listed)

A = Can only be used if the corresponding device or function is not installed.
Examples:

1) J2pin8=INTO and J2 pin15=P3
can be used for applicationsif the U8 SCC UART is not installed on the BirdBox-A

2) JRpind=P26 and J2 pin3=P29
can be used for applicationsif the DAC (U11) isnot installed on the BirdBox-A
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BirdBox-A Appendix H: 1/0O Lines Available for Users




us Vee w2 VveC HDRS3 J4  HDRS3 HDRS3 J6
u10 vee /RO 1 240 /RD 1 240 B 713 110 SLOl
. /RD  VCC /RD VCC B o
ADO 1 209 RXD 2 23 /VR RXDZ2 23 /R B 75 Ve
ADO  VCC [ RXD /WR RXD /WR B o—
ADL 2 5 TXD 3 52 TXD2 3 52 B T2 111 PE
ADL  EOC 22— TXD DO D231 %0 Do B o
A 3401 ECCIsiop WO 4| X8 P BIor v 4] (X0 D057 2 2 B o127 GND
4] A SRET2r ML 5] el B! 20 MPL25] Mo o [20 7 Vi M 17 ol 1l 112 BSY
AD4__ 5 6 P1l. A2 6 19 D3 A2 6 19 D3 A VAP e 23 _AD7_GND
A 5] AD4  DAUT 200 AL 7|42 D3 73 AL 7] A2 D3 7g 010 T13 AK
AD5 cspi> 12 AL D4 Al D4 o
A 7 EF+ A0 8 7 A0 B 7 72 G\D
AD6  REF+ A0 D5 A0 810 D5 J1 o
Al g| A% REEY M3 e X949 2 [Te X4z 9] 49 X rs voe /R ol o To7rP7
9] Ae  ADio [IZADI0 X3__10]3; o 5 or X320 35 P M5 or GND 40 . o 39 VOC VOCQ 1 o o 2 o TZI ARG anD
10 1 ADO  RST 11 4 P3 RST 11 4 /CTsl P4_38 37 _Pld NMPO._3 2 8 106 P6
G\D A9 RST /EN RST /EN o O MO__3 5 o4 o
awi1z| L, N I3 2] B0, ENCINT / CTS0 3 35 P6 . RO _5 5 70 VA _GND
TLC2543 TXD0 3 3BIINT4 X072 O 7105 pPs5
SCC2691 SCC2691 RXDO 32 31 TRI51 VOFE 9 2 o >TII VB —GD
w cl+ XTAL2 P5 30 20 p1 Vi 1 2 ol 6 104 pa
VOFF 1 24 VRAM X4 X3 XTAL3 TXDL 28 27 /RTSO GND_13 i 18 _ADLOGND
P S Vs CO,__||_;||__| x42 X32 10PFx2 x1 10PF ROI26 3 So5 ab  TReris 3 8 Ol 503 P3
31S X2 o a1 Tio0rasy 10PF co T Pz 24 Q23 PI5 T3 8 oOTIT 24 sLer
Ve onr:s DN i ¥ g; 10PF M-Z 4ovaz | CIST 27 440 Coﬁ_l TNT3 619 5 & 5 02_P2
A0 5|5  cof [20 /RST PO 20 O STI0 JINT2 WPL_2L 3 Q.22 oI IE 125 INT
5] ne o5 |29 D0 cL ULl P25 18 7 P24 CLK 23 24 ol 3 101 P1
a7 NS e c2- |10UF35V P12 1Tcc Vgl 8 VB / RST R 5 P3 [DA 25 2 76 oI5 T14 ERR
Bt N o Vi P26 2| ¢ Y87 veo Ve L1 T 3 Pi7. Qb 27 2 978 o2 100 PO
A2 o1 NC NMmeom — 1 P29 3P SYI5 Gwb cr Ve AR P12 0 12 1 P13 TWR 290 3 oA 126 AF
A3 3 o s cl4 | BB el B va CAPNP B 0 9 [RD 31 32 ol 1127 sTB
TRD11 4 D3 a\D 680 LED 71 NTO 8 7 /NM  VRAM33 34 ~J oe25F
/RD D3 o o—it4 o ©
2 3 TR [TCI446 TTNTL 5 P12 BAT 35 3
121G / VR o O—2—5 o O
G\D R 10K P26 3 3 P25 Gb 373 $3 H5
72423 | D3 D4 vee P26 D3 M Gb,_ 2 3 §i oot v 392 8 H 1
c13 o
u12 vee V- DL D6 DL D6 Y& HDRD4O ~ J2 HDRD40 H g
Cl+ 10, vool169 ™ b7 T b7 H 3
Vi 2 5 GA\D RST Voo RST vce u17 Voo H
Cl—_3| & @b T TXDL s+ 1 60 s+ H >
& cl- T10 e EEEEEEEEEER EEEEEEEEER v 7] Cl+ VC HE g &5] o 6
C2+ Ril = 9\8|7|6|54(3(2|1jolo  US g|7|6|5/4/3|2|1j0j]9  U16 = V+ GN\D =5 - - 7
- 5 2 _RXDL -3 4 RTS? ADL 1
v- 6] %2 RIOITTxo1 o 4| & T10 TS C5- | AD3 3 8
V- TII RDDDDNDDDDY RDDDDNDDDDY . o 2+ Ril 53 D 9
| TXO0 7 0T [ VWR40 28 117 /VIR40 28 B17 6 5 > WPL2 Cor. ADb 5
T20 T2I J/WRS0123C4567D P17 A /WR S0123C4567D P17 B C2- RLO D 1
LRXD0 8] 51" R20 2 07411 po7 T P16 [2L BO7 41| po7 T Dpig | 2L B V- 61v: T1 |2l MQ@ T201 z
0642 POt Pie [26 115  B0642] pof PPI'S P [26 815 T2 7] Yoo v |LO_TXDZ 5
MAX232A . 85 42 PO5 PPI 8255 P14 gE 4 38322 PO5 PPI 8255 P14 gE E 4 /RXD2 8 oI R2O 9 RXD2 C6- G\D11 I8
A 21 Poa PPI S P13 [2 B04 221 poa P13 23 BL3
A 03721 b6 (22112 80T 2| pGs P1o [22 812 2
02 3 1111 B02 3 21 B11 J
0 PO2 B PO2 P11 5 3
ur 01 4 0 110 BOL 4 20 B10
PO1 B PO1 P10 B 1 4
C1 i o vee -8 Yee 00_51 poo 23 BOQ 51 pgp p23 (L2 B23 2 5
¢ 2 yalc o) /G P 22° TRD 6 /.G P PPPPP 18 B22
Hh 5 AL W —5—p15 /RD CNAA2N /RD CNAA2 N2222 2 P22 3 6
capnp ] A2 sa —gBiz sp107C SD107C65401 2 | H 7
vss  spa [—=Pil 5 8
= 24C04S 1 111 i 2
Hh piz | 7B99Y 7el90E23 521 J J PR
CAPNP H7 &b
VOFF 1 2 Al Bz DRS:
VRAM 2= L AEZ5 1 2 2 1 H8 2 HDRS12
127 I TXOT 32 I /TX5 3 /CTS
c8 RA 10K, TROL5 R &6 TRXD 5 2 S 6 7RTS
capNe vee X 00" ps BT uis u13 Voo 7 7
R +12v ul4 voe Do 13 410 3+ 1 69 ap o 10_ GND_ 9 10
C18 Rpo 1 8 D V=717 w 7|5 Ve an © S
DJ- 005 RXD_ 11 povee |8 ot L V+  G\D
c3 V575 o Mee17 =< GND 2| ROVCEC /TX0 A0 1lg, 6 L2 —3 | @B ra TR
¢ VCC RO2 WO 3] (6 TRXD AL 7] 7 L3 T4 3 /CTS PB1
b, | we E ).). L=—>1DE A2 LA s1 & C2+ Ril =
v F P26 T™XO 4| o g 5 A2 3135 Si[3 - 51 & Ro A2 el w9 vee / RST G\D
voG | | +12v FIOLs V- 67 Ty [AL w0 NTA L[ 249 0 ©
| UNFO [TCA85 /RTSHAf o 5 11T TTIXD 71 {506 121 [ZO_TXD TNTZ_ 2170 6a / NM He PBO10
NTDBN R18 TRST 159 2 L7 TRXD B8] 9 _RXD TTNTZ 3 2 VS 1-: 2 +12vi
1M vee Yoo w014 Voo CLR Q7 R2l R2O TNTZ 2A 6Y ITTTNT3 o
R5 RO5 2Y B5A
LRXD A9 L RXDZ 2 lleovec)-8- @ 74RCZ5 VMAXZ3ZA [INTO 5135 gy [L0 INT3  GWD 3 o o 4 &K
G\D__ 2 7 / TXD2 I 9/
10K 10K @ 5| 1FF BIe TReme 51
R6 RO6 DE A2 IRXE
/ RXD [ TXD 1 RXD2 1Txoz Txo2 4| BF (A5 Us u1s
MAX691 &K1 8 VS
220 220 [TCA85 %7 VBAT 1| g  get |16 6 2|133 e
/ TXD /Txo2 RO VRAM 2| Vo / por |15 (5 3| 25 [16 s
VT3] Z L4 4 5 FVA
10K 10K M 31 yec woo 1404 H
G 4] \p cel (43 LS 51505 (24 HV3
5 2 26 3 V2
—21 BN CEO 16 6
—S1 /0 v L 1L 7170y (12 HVL
voe Voo Voo 7| o5 pro |10 08|, 4 o [LL_NO
RN2 10K31 Q RN3 10K1 Q RN4 10K31 @ g P 9 S 9 V. 0 G
2 DCDL 2 P17 2/ CTS1 — 1% S G
3110 3 pi6 3100 UD52982
2111 4121 4101
5 2 5 122 5 102 HO3 STE/ TERN
6 113 6 123 5 103 1 2 G\D BP1
7 712 704 [ TXR3 S ST aCrss Title
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