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Chapter 1. Introduction

1.1 Functional Description

The B-Engine™ (BE) is a high performance, low cost, C/C++ programieaiontroller with +10V bipolar analog
inputs. It is intended for networked industrial pees control, power-line monitoring and protectionltiphase

motor control, high-speed data acquisition. With high reliability and low cost, it is ideal fordastrial OEM

applications.

A true bipolar, simultaneous sampling ADC (AD760&;bit or AD7607, 14-bit) can be installed on BE. The
ADC can accept +10V or 5V true bipolar analog signwhile sampling at throughput rates up to 20B%&$or all

8 analog inputs. Each analog input contains seooddr antialansing filter, sample-and-hold amplifed clamp
protection tolerant up to £16.5V. With 1M ohm ar@lnput impedance, a 7000V ESD rating, and susigiap to
+10 mA input current, the analog inputs are degigteesurvive in a rough industrial environment. BIE allows
simultaneous sampling on all eight analog inputs. Via 16-katallel interface, DMA operation can transfer 8ki6-
data into RAM or CompactFlash cards with low sofevaverhead.

A 4 channel, 16-bit DAC(DAC8544) can be install&td.on-chip output amplifier allows rail-to-rail tage output
(0-5V). It connects to the host CPU via high spké«bit parallel interface.

A Fast Ethernet Module can be installed to proviii@M Base-T network connectivity. This Ethernet medhas a
hardware LSI TCP/IP stack. It implements TCP/IP,RJDCMP and ARP in hardware, supporting internetquol
DLC and MAC. The hardware Ethernet module rele@sesnet connectivity and protocol processing fritia host
processor, which represents a huge improvementsofevare-based TCP/IP stacks. The resulting systemeasily
handle transmissions in the 100KB/s+ range inwald applications.

The BE supports up to 32 GB mass storage CompactFlasts éarchw data mode; it also supports a Windows
compatible FAT16 file system (up to 2GB), allowiager easily transfer data.

The BE features 16-bit ACTF Flash (256 KW) and batterghesl SRAM (256 KW). It also includes 3 timers,
PWMs, 20+ PIOs, 512-byte serial EEPROM, two UAR3stimer/counters, and a watchdog timer. PIO pigs a
multifunctional and user programmable. A real ticleck (RTC27423, Epson) is available.

The BE is powered via regulated 5V. T works with most TERN expansion boards including B%8, V232,
P52, P100, and P300. The V232 can provide RS282rdrand regulated 5V

The B48™ is an expansion board supporting 6 AD7606/7 chipprovide additional up to 48 analog inputs per
board. Multiple B48 can be stacked.

TheBE is an ideal upgrade for the A-Engine, V25-EngiB®6-Engine, or R-Engine providing increased relighi
networking functionality, and performance. They édlve similar mechanical dimensions, pin outsvs drivers,
and both are programmed using Paradigm C++ TERNd&dtvaluation Kit (EV-P) or Development Kit (DV}P

TheBE can be integrated into an OEM product as a procesge component. It also can be used to builcharts
sensor, or can act as a node in a distributed pricogssor system.
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Figure 1.1 Functional block diagram of the E-Engine

The BE supports on-board 512 KB 16-bit Flash and up t8 BB 16-bit battery-backed SRAM. The on-board
ACTF Flash has a protected boot loader and canal#yeprogrammed in the field via serial link. Useran
download a kernel into the Flash for remote debuggWith the DV-P Kit support, user application esdccan be
easily field-programmed into and run out of theskla

A 512-byte serial EEPROM is included on-board. T®MdA-driven serial ports from the Am186ES suppoigHi
speed, reliable serial communication at a rate pftas 115,200 baud. All serial ports support 8-bit &-bit
communication.

There are three 16-bit programmable timers/courstedsa watchdog timer. Two timers can be used totcor time
external events, at a rate of up to 10 MHz, ordnegate non-repetitive or variable-duty-cycle wawels as PWM
outputs. Pulse Width Demodulation (PWD), a distiretfeature, can be used to measure the width si§rzal in
both its high and low phases. It can be used inymagplications, such as bar-code reading.

The BE has 32 user-programmable, multifunctional I/O pinsnfrthe CPU. Schmitt-trigger inverters are provided
for six external interrupt inputs, to increase eadismunity and transform slowly-changing input signinto fast-
changing and jitter-free signals. A supervisor chith power failure detection, a watchdog timer, l&D, and
expansion ports are on-board.
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Features:

e 3.6 x2.3x1", 200 mA at 5V

« 40 or 80 MHz, 16-bit CPU, program in C/C++

256 KW 16-hit Flash, 256 KW 16-bit SRAM, 512 byteE
20+ TTL I/Os, Real-time clock, 2 serial ports, R\\counters
8 ch £10V Bipolar Simultaneous Sampling ADC (ADB7)
4 ch 0-5V Rail-to-Rail DAC (DAC8544)

Hardware TCP/IP stack for 100M Base-T Ethernet
CompactFlash card with FAT file system support

1.2 Physical Description

The physical layout of the B-Engine is shown in Eig.

Step 2 Jump: DAC8544 (U8 H3 pin 1 J1 pin:
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(Power On or Reset )

Step 2 jumper
set?

STEP 2

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

STEP1 =Cs|
ACTF menu sent out through ser0 8?12;“? :ggvhbt)’ny;e
at 19200/9600 baud(BE40/80) . J

Figure 1.3 Flow chart for ACTF operation
The “ACTF boot loader” resides in the top protectedtor of the 512KB on-board Flash chip (29F400).

By default, in the factory, before shipping, the BEIG kernel (EE40_115.hex or
EE80_115.hex) is pre-loaded in the Flash starting@FAO000, and the RED STEP2 jumper
is installed, ready for Paradigm C++ debugger. Uskres not need to download a DEBUG
kernel to start with.

At power-on or RESET, the “ACTF” will check the SPR jumper. If STEP 2 jumper is not installed, A&TF
menu will be sent out from serial portO at 19200d&r a BE40, or 9600 baud for a BE8O.

If the STEP 2 jumper is installed, the “jump addtdecated in the on-board serial EE (see App. B)he read out
and then jump to that address. A DEBUG kernel “EBA®.hex” for the BE40 or “EE80_115.hex” for the ®E
can be downloaded, residing in “OxFA000” of the BB2on-board flash chip.

The “EE40_115.hex” can also be downloaded into BB®Bfor easier running all demo projects, whichdesigned
for running 40MHz.
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1.3 B-Engine Programming Overview

Steps for product development:

Preparation for Debugging(DONE in Factory

¢ Connect BE to PC via RS-232link, 19,200, 8, N, 1

* Power on BE without STEP 2 jumper installed

* ACTF menu should be sent to PC terminal

e Use “D” command to download “L_ TDREM.HEX” in SRAM
» “G04000" torun “L_TDREM”

e Download “c\term\186rom\ae80EE40_115.HEX" to Flas

* “GFA000" to setup EEPROM and run remote debugger

* Install the STEP2 jumper (J2.38-40)

» Power-on or reset EE, Ready for Remote debugger

STEP 1 Debugging
 Start Paradigm C++, run “led.ide” or “test.ide”

« Download code totarget SRA
« Edit, compile, link, locate, download, and remdedug

U

STEP 2 Standalone Field Test

» "G08000Q" setup EEPROM Jump Address, points to
application code resides in battery backed Sl

* Install STEP2 jumper, then power on

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

U

STEP 3 Production DV-P Kit
* Generate application HEX file with DV-P and ACK#r
* ACTF “D” to download “L_29F400.HEX” into SRAM
* Download application HEX file into FLASH
* Modify EEPROM jump address to 0x80000
* Set STEP2? jumper

The user’s application program must reside in SRidaMdebugging in STEP1, reside in battery-backed@Ror
the standalone field test in STEP2, and finallypbegrammed into Flash for a complete product. Fodpction, the
user must produce an ACTF-downloadable HEX file tfeg application, based on the DV-P Kit. The “STEP2
jumper (J2 pins 38-40) must be installed for ey@gduction-version board.
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Step 1 settings
In order to talk to BE with Paradign C++, the BEshmeet these requirements:

1) EE40_115.HEX or EE80_115.HEX must be pre-lodd&mlFlash starting address 0xfa000.

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

For a 32K SRAM, the physical address is 0x00000#&k0
For a 128K SRAM, the physical address is 0x0000DEk
For a 512K SRAM, the physical address is 0x0000D#¢

3) The on-board EE must have a Jump Address foEE®0_ 115.HEX or EE80_115.HEX with starting addrefss
0xfa000.

4) The STEP2 jumper must be installed on J2 pird4(B8

For further information on programming the E-Enginefer to the manual on the TERN CD under:
tern_docs\manuals\development kit pro.pdf.

TheBE works with most TERN expansion boards including 848, P50, P100, P300, MotionC, and MMC.

Figure 1.4 B-Engine with VE232, Compact flash and Ethernet
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Figure 1.6 B-Engine with P100, Compact flash and Ethernet
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Chapter 2: Installation

2.1 Softwar e I nstallation

Please refer to the “development kit pro.pdf’ tachhmanual on the TERN installation CD, under
tern_docs\manual\ development kit pro.pdf, for infation on installing software.

2.2 Hardware Installation

Overview

» Connect PC-IDE serial cable:
For debugging (STEP 1), place IDE connector on SERQ
with red edge of cable at pin 1. This DEBUG cabla iL0-pin
IDE to DB9 cable, made by TERN (See Appendix D).

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

Hardware installation consists primarily of conmegtthe microcontroller to your PC.

2.2.1Connecting to the PC

The following diagram (Fig 2.1) provides the looatiof the debug serial port and the power jack. The
controller is linked to the PC via a serial catidB@-IDE) which is supplied with TERN’s EV-P / DV-P
Kits.

The controller communicates through SERO by deféustall the 5x2 IDE connector on the SERO 5x2 pin
header. IMPORTANT: Note that the red side of the cable must point to pin 1 of the SERO header. The
DB9 connector should be connected to one of yous EOM Ports (COM1 or COM2).

2.2.2Powering-on the BE™

By factory default setting:

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

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

3) The EEPROM is set to jump address of OxFAOO@f4DIt setting in factory)

Connect +9-12V DC to the DC power terminal. The pfver jack adapter is center negative.
The on-board LED shoulblink twice and remain on, indicating the debug kernel is running and retady

communicate with Paradigm C++ TERN Edition for paogming and debugging.
(See next page for connection diagram).

2-1
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2.2.3Connecting the BE™ via VE232

The proper connections required to debug the bgiardugh Paradigm software). J2 (SER 0) is a 582 p
header on the VE232.

SER 0 IDE-DB9 Debug Cable
J2 header on VE2!

- Bl R

Step 2 Jump ——— SN o |

.
.

9-12 Volt Power Plug
(Center Negative)

Figure 2.1: BE+VE232 with Debug Cable (Ser0), Power Plug, and Step
2 Jumper shown

NOTE: Remember to watch for thel6uble blink” off the LED. This indicates thBebug Kernel has
been loaded with theimp address pointing to it. This is mandatory to commence dmading code
through the Paradigm environment.

2-2
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Chapter 3: Hardware

3.1 Am186ES/R8820/R1120 - Introduction

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

R8820 is a drop-in replacement 5V, 40MHz chip far AM186ES. Connecting J0.1=J0.2.

R1100 is a 80MHz, 3.3V chip can be installed onBHengine with J0.2=J0.3.

By default, the B-Engine uses 5V 40 MHz R8820 awd power 55-70 ns SRAM with battery backup.
Optional 3.3V 80 MHz R1120 can be installed.
At 80 MHz, the low power 55 ns SRAM with batteryckap works fine but will not be able to support
DMA operation.
A fast 10/15/25 ns SRAM (Not low power) can be usedupport zero wait state and DMA operation at 80
MHz, but the backup battery will be drain in fewyda
There are three pads on the PCB for battery. Ods igaground, and the other two pads allowing a 3V
backup lithium battery be installed in two diffet@ositions:
1) The battery’s positive lead is installed in gzl which is away from the RTC, supporting the RoAG.
No battery backup for the SRAM.
2) The battery’s positive lead is installed in gl which is closer to the RTC, supporting both Rihd
SRAM.
In the future, when the fast (10 ns) and low loangiby power SRAM is available, then 80 MHz B-Engine
can have both RTC and SRAM with battery backup tHesDMA, zero wait state operation.
User can use sample program c:\tern\186\sampledte@.c to read the ID register(0xfff4), in order
identify RDC CPU type.

R1100=0xC5D9, R1120=0x85D9, R8820/30=0x04D9(xxD9)

3.2 Am186ES — Features

3.2.1 Clock and crystal

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

The system CLKOUTA signal is routed to J1 pin 4fadé 40 MHz for BE4O.

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

You may use clka_en(1); to enable CLKOUTA=CLK=Jt pi
The R8820 uses a 40 MHz crystal.
By default the 3.3V R1120 uses a 20 MHz crystak TPU speed is software programmable with the PLL.

At power-on, the on-board ACTF Flash programs thé 2 running at 20 MHz system clock, so a 9600
baud (instead 19,200 baud) is used for ACTF manu.

Two debug kernels are available:

3-1
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c:\tern\186\rom\ae86\EE40_115.hex, or c:\tern\i86\ae86\EE80_115.hex
The EE40_115.hex will run the R1120 at 40 MHz, #relEE80_115.hex will run the R1120 at 80 MHz.
By default, the EE80_115.hex is pre-programmedHer80 MHz B-Engine.
User can use software to setup the CPU speed:
outport(0xfff8,0x0103); // PLLCON, 20MHz cryst&103=40 MHz, 0107=80MHz

3.2.2 External Interrupts and Schmitt Trigger | nput Buffer

There are eight external interrupts: INTO-INT6 adl.

/INTO, J2 pin 8, free to use.

/INT1, J2 pin 6, free to use.

/INT2, J2 pin 19, AD7606/7 busy

/INT3, J2 pin 21, free to use

/INT4, J2 pin 33, used by 100M BaseT Ethernet
INT5=P12=DRQO0, used by B-Engine as output for LEE#EWD
INT6=P13=DRQ1, J2 pin 11, free to use

/NMI, J2 pin 7

Some of external interrupt inputs, /INTO, 1, 3,rddNMI, are buffered by Schmitt-trigger invertdts9,
74HC14), in order to increase noise immunity aatidgform slowly changing input signals to fast cliagg
and jitter-free signals. As a result of this bufigr these pins are capable of only acting as input

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

The B-Engine uses vector interrupt functions tgpoesl to external interrupts. Refer to the AmM186ES
User’'s manual for information about interrupt vesto

3.2.3 Asynchronous Serial Ports

The Am186ES CPU has two asynchronous serial chen8&R0 and SER1. Both asynchronous serial
ports support the following:

*  Full-duplex operation

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

e 0dd, 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

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

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

Important Note: For 80MHz BE80, DMA functions aretravailable when by default low power 55 ns
SRAM is installed. If install a 25 ns SRAM, 80MHEE can have all DMA functions, but it will draineth
backup battery fast.

3-2
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3.2.4 Timer Control Unit

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

Timer0 and Timerl are connected to external pins:
Timer0 output = P10 = J2 pin 12
Timer0 input = P11 = U7 EE pin 5
Timerl output = P1 = J2 pin 29
Timerl input = PO = J2 pin 20
Timer0 input P11 is used by the on-board EE andemimmended for other external use.

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

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

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

3.2.5 PWM outputs and PWD

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

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

MAX. COUNT A

MAX. COUNT B

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

3.2.6 Power-save Mode

The B-Engine can be used for low power consummjgplications. The power-save mode of the AM186ES
reduces power consumption and heat dissipatiomelilgeextending battery life in portable systems. In
power-save mode, operation of the CPU and intguealpherals continues at a slower clock frequency.
When an interrupt occurs, it automatically retwngs normal operating frequency.

3.3Am186ES PIO lines

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

e

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.
configurations, as well as the processor-intereaipheral usage configurations, are listed belowable

These

3.1.
PIO | Function Power-On/Reset status | B-Engine Pin No. B-Engine I nitial
PO Timerl in Input with pull-up J2 pin 20 Input tvipull-up
P1 Timerl out Input with pull-down J2 pin 29 Inpuith pull-down
P2 /PCS6/A2 Input with pull-up J2 pin 24 Input withll-up
P3 /PCS5/A1 Input with pull-up J2 pin 15 Input withll-up
P4 DT/R Normal J2 pin 38 Input with pull-up Step 2
P5 /IDEN/DS Normal J2 pin 30 Input with pull-up
P6 SRDY Normal J2 pin 35 Input with pull-down
P7 Al7 Normal U3 pin 22 Al7
P8 Al18 Normal U3 pin 23 Al8
P9 A19 Normal J2 pin 10 A19
P10 | TimerO out Input with pull-down J2 pin 12 Inpuith pull-down
P11 | TimerO in Input with pull-up U7 EE pin 5 Inpwith pull-up
P12 | DRQO/INT5 | Input with pull-up U7 EE pin 6 Outgdat LED/EE/HWD
P13 | DRQL/INT6 | Inputwith pull-up J2 pin 11 Inputtivipull-up (USB)
P14 | /MCSO Input with pull-up J2 pin 37 Input witblup (ET)
P15 | /MCS1 Input with pull-up J2 pin 23 Input witblup
P16 | /PCSO Input with pull-up J1 pin 19 /PCS0
P17 | /PCS1 Input with pull-up U4 pin 4 HC138
P18 | CTS1/PCS2 Input with pull-up J2 pin 22 Inputhwvgull-up
P19 | RTS1/PCS3 Input with pull-up J2 pin 31 Inputvgull-up
P20 | RTSO Input with pull-up J2 pin 27 Input withilpup
P21 | CTSO Input with pull-up J2 pin 36 Input withilpup
P22 | TxDO Input with pull-up J2 pin 34 TxDO
P23 | RxDO Input with pull-up J2 pin 32 RxDO
P24 | /IMCS2 Input with pull-up J2 pin 17 Input witblup
P25 | /MCS3 Input with pull-up J2 pin 18 Input witblup
P26 | Uzl Input with pull-up J2 pin4 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 (ET)
P31 | INT2 Input with pull-up J2 pin 19 Input withlpup

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

Table 3.1 I/O pin default configuration after power-on or reset

Three external interrupt lines are not shared RIt pins:

INTO = J2 pin 8
INT1 =J2 pin 6
INT3 = J2 pin 21

The 32 PIO lines, P0-P31, are configurable via 1®ebit registers, PIOMODE and PIODIRECTION.

settings are as follows:

3-4
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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

B-Engine initialization on P10 pins iae_init() is listed below:

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

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

The C function in the librarge_lib can be used to initialize P10 pins.
void pio_init(char bit, char mode);
Where bit = 0-31 and mode = 0-3, see the tableabo

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

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

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

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

You should also note that the external interrugd Pins INT2, 4, 5, and 6 are not available for ase
output because of the inverters attached. That wglues of these PIO interrupt lines will alsoitreerted

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

Signal | Pin Function

P14 /MCSO0 100M BaseT Ethernet

P4 /DT STEP2 jumper

P11 Timer0 input | EE data input

P12 DRQO/INT5 Output for LED or U7 serial EE cloakHit watchdog
P17 /PCS1 HC138

P22 TxDO Default SERO debug

P23 RxDO Default SERO debug

/INT2 | J2 pin 19 AD7606/7 busy

/INT4 | J2 pin 33 Ethernet interrupt

Table 3.2 1/0O lines used for on-board components
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3.41/0 Mapped Devices

3.4.11/0 Space

External I/O devices can use 1/0O mapping for accées can access such 1/O devices withortb(port) or
outportb(port,dat). These functions will transfer one bgtenvord of data to the specified I/O address. The
external I/O space is 64K, ranging from 0x0000x&fD

The default 1/0 access time is 15 wait states. iy use the function voié_wait(char wait) to define the
I/O wait states from 0 to 15. The system clock5sn® ( or 50 ns), giving a clock speed of 40 MHzZ0
MHz). Details regarding this can be found in thdt\Bare chapter, and in the Am186ES User’'s Manual.
Slower components, such as most LCD interfaceshtnfiigd the maximum programmable wait state of 15
cycles still insufficient. Due to the high bus sgeof the system, some components need to be attdach
I/O pins directly.

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

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

1/0 space Select| Usage

0x0100-0x011f /AD AD7606: U11 ADC
0x0120-0x013f /DA DA8544: U8 DAC
0x0140-0x015f /cVv AD7606: U11 ADC
0x0160-0x017f /IRTC| 72423:U10 RTC
0x0180-0x019f LD DA8544: U8 DAC
0x01a0-0x01bf /L1 HC259: U5
0x01e0-0x01ff ICF Compact Flash: U11

3.50ther Devices

A number of other devices are also available orBengine. Some of these are optional, and mighbeo
installed on the particular controller you are gsinFor a discussion regarding the software interfior
these components, please see the Software chapter.

3.5.1 On-board Supervisor with Watchdog Timer

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

Watchdog Timer

The watchdog timer is activated by setting a jungred5 of the B-Engine. The watchdog timer proside
means of verifying proper software execution. e user's application program, calls to the fumctio
hitwd() (a routine that toggles the P12=HWD pin of the M) should be arranged such that the HWD
pin is accessed at least once every 1.6 secoridbe U5 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 egipdin program if something is wrong. After the B-
Engine is reset, the WDO remains low until a trémsioccurs at the WDI pin of the MAX691. When
controllers are shipped from the factory the J5gamnis off, which disables the watchdog timer.

The Am186ES has an internal watchdog timer. Thiisabled by default withe_init().
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Figure 3.1 Location of watchdog timer enable jumper

Battery Backup Protection

The backup battery protection protects data storede SRAM and RTC. The battery-switch-over citcui
compares VCC to VBAT (+3 V lithium battery positiy@n), and connects whichever is higher to the
VRAM (power for SRAM and RTC). Thus, the SRAM atie real-time clock are backed up. 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 diraiill select the VCC to connect to the VRAM.

3.5.2 EEPROM

A serial EEPROM of 128 bytes (24C01), 512 bytesO@4), or 2K bytes (24C16) can be installed in U7.
The B-Engine uses the P12=SCL (serial clock) ant=BDA (serial data) to interface with the EEPROM.
The EEPROM can be used to store important data aach node address, calibration coefficients, and
configuration codes. It typically has 1,000,008se/write cycles. The data retention is more t#itapears.
EEPROM can be read and written by simply calling filmctionsee_rd() andee_wr(). (Note: ee in these
functions stands for EEPROM, not B-Engine)

The EEPROM uses the data input signal line, P1*amge of lower addresses in the EEPROM is reserved
for TERN use. Details regarding which addressesraserved, and for what purpose, can be found in
Appendix B of this manual.
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3.5.3 Real-time Clock RTC72423

If installed, the real-time clock RTC72423 (EPSQMN,0) is mapped in the 1/0 address space 0x0600. It
must be backed up with a lithium coin battery. TREC is accessed via software drivets init() or
rtc_rd().

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

t ern\ 186\ sanpl es\ ae\ power of f. c.

3.5.4 AD7606 16-bit parallel and AD7607 14-bit high speed ADC

The BE supports either the AD7606, 16-bit ADC oe #hD7607, 14-bit ADC. Both ADC'’s can accept
+10V or £5V true bipolar analog signals while saimglat throughput rates up to 200 kSPS for all @@
inputs. Each analog input contains second-ordealansing filter, sample-and-hold amplifier andarop
protection tolerant up to +16.5V. With 1M ohm argloinput impedance, a 7000V ESD rating, and
sustaining up to 10 mA input current, the analoguis are designed to survive in a rough industrial
environment. TheBE allows simultaneous sampling on all eight analog inputs. Using thebitGparallel
DMA interface, the BE can transfer 8 channels ebGAD7606) or 14-bit (AD7607) data into the SRAM
or CompactFlash with minimal software overhead.

See sample program \tern\186\samples\be\be_ad_amuh.oe_ad_cf.c for details on reading the ADC. The
sample program is also included in the pre-builtga project: \tern\186\samples\be\be.ide.

3.5.5 DAC8544, 16-bit parallel high speed DAC

The DAC8544 is a low-power, quad-channel, 16-bitltage output DAC. Its on-chip precision output
amplifier allows rail-to-rail (0-5V) voltage swirtg be achieved at the output.

A sample prograrbe_da.cmay be found in the: \ t er n\ 186\ sanpl es\ be directory.

3.5.6 100 MHz BaseT Ethernet

An WizNet™ Fast Ethernet Module can be installeghtovide 100M Base-T network connectivity. This
Ethernet module has a hardware LSI TCP/IP stackmpiements TCP/IP, UDP, ICMP and ARP in
hardware, supporting internet protocol DLC and MAChas 16KB internal transmit and receiving buffer
which is mapped into host processor’s direct memohge host can access the buffer via high speed DMA
transfers. The hardware Ethernet module releaseme@t connectivity and protocol processing froma th
host processor. It supports 4 independent stackemtions simultaneously at a 4Mbps protocol prangss
speed. An RJ45 8-pin connector is on-board for eotimg to 10/100 Base-T Ethernet network. A sofevar
library is available for Ethernet connectivity.
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3.5.7 Power Supply

The B-Engine must be powered by an external regdil&V source. 5V DC power can be applied to
J2.39=VCC and J2.40=GND, or J1.1=VCC and J1.2=GN®@any TERN expansion modules provide
regulated 5VDC power. Below shows the BE with a28E that provices 5VDC as well as drivers for the
RS232.

Figure 3.2 B-Engine with VE232
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3.6 Headers and Connectors

3.6.1 Expansion Headers J1 and J2

There are two 20x2 0.1 spacing headers for expanslost signals are directly routed to the Am186ES
processor. These signals are 5V only, and any fergtrge voltages will most likely damage the board.

J2 Signal J1 Signal

GND 40 39 VCC VCC 1 2 GND
P4 38 37 P14 3 4 CLK
/CTSO 36 35 P6 5 6 GND
TXDO 34 33 [INT4 7 8 DO
RXDO 32 31 /IRTS1 VOFF 9 10 D1
P5 30 29 P1 11 12 D2
TXD1 28 27 /IRTSO D15 13 14 D3
RXD1 26 25 /IRST 15 16 D4
P2 24 23 P15 RST 17 18 D5
/CTS1 22 21 /INT3 P16 19 20 D6
PO 20 19 INT2 D14 21 22 D7
P25 18 17 P24 D13 23 24 GND

16 15 P3 25 26 A7

14 13 D12 27 28 A6
P10 12 11 P13 /WR 29 30 A5
A19 10 9 /RD 31 32 Ad
/INTO 8 7 INMI D11 33 34 A3
/INT1 6 5 D10 35 36 A2
P26 4 3 P29 D9 37 38 Al
GND 2 1 D8 39 40 A0

3.6.2 H3 Connector for AD7606 and DAC8544

H3
DA1 1 2 DA2
DA3 3 4 DA4
GND 5 6 Al8
GND 7 8 Al7
GND 9 10 Al6

GND 11 12 AI5
GND 13 14 Al4
GND 15 16 AI3
GND 17 18 A2
GND 19 6 All
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DA1-DA4 Al1-Al8

3.6.3 BE Header H3

3.6.4 Jumpers

The following is a list of jumpers and connectomsByEngine.

Name | Size Function Possible Configuration

J1 20x2 | Main expansion port,
A0-A7, DO-D15, /WR,
/RD, P16,PFI,RST

J2 20x2 | Main expansion porteR | Step 2 Jumper -> J2.38 = J2.40
handshaking from SER2-D
J5 2x1 Watchdog timer Enabled if Jumper is on

Disabled if jumper is off
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0.183, 0.258

0.125, 0.10

Appendix A: B-Engine Layout

All dimensions are in inches.
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