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Chapter 1: Introduction

1.1 Functional Description

The ACE™ is an expansion card designed for TERN controllers to provide 33 channels of 12-bit/0-5V
ADC, 2 channels of 12-bit DAC, CompactFlash storage, 2 UARTS, and Ethernet.

Three ADC P2543 chips (11ch, 12-bit, 0-5V) can be instaled to provide a total of 33 ADC inputs. A
precision 5V reference can be installed with on-board temperature measurement.

An optional DAC can be ingtalled to provide 2 channels of 12-bit analog output. The DAC outputs a range
of 0-4.095V.

ACE™ allows access to mass storage CompactFl ash cards (up to 4GB). Users can easily add mass data
storage to their embedded application. Complete C/C++ programmable software package includes
compiler, remote debugger, samples, and file system libraries. Files on the CF can be easily accessed from
aPC.

The on-board UART SCC2692 provides two additional seria ports. The ports can be configured as two
RS-232 ports or one RS-232 and one RS-458/422.

A high speed Ethernet module can be installed to provide 10/100 Mbs Ethernet network connectivity. The
Ethernet module has a hardware LSl TCP/IP stack. It implements TCP/IP, UDP, ICMP and ARP in
hardware.
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1.2 Featuresand Options:

¢ Measures 3.57 x 2.30 inches
e 33ch. 12-hit ADC (0-5V)

«  2ch 12-bit DAC (0-4.095V)
+  Dua UART with available RS232, RS485 and RS422 drivers

¢ 100 M Ethernet with hardware TCP/IP stack

¢ CompactFlash with FAT file system support
¢ Precision 5V Reference with on-board temperature sensor
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Chapter 2: Installation

2.1 Softwar e I nstallation

Please refer to the Technical manual “SoftwarepKft. on TERN CD under tern_docs\manuals\ for
installing software and evaluation of TERN conicdl.

2.2 Hardware I nstallation

The ACE is an expansion board built for TERN colters. The ACE can work with most TERN
controllers, including: 586-Engine, 586-Drive, 5Bfgine-P, A104, A104S, A-Engine, A-Engine-P, A-
Engine86, A-Engine86-P, R-Engine, RA, RD, AE86-OrdBox-A, i386-Engine, i386-Engine-P, i386-
Engine-L, i386-Engine-M, i386-Drive, SmartLCD, StTd&T, HD, U-Drive.

Hardware installation for the ACE consists of iligtg onto its host controller. ThRRCE™ interfaces with
a TERN controller via the J1 and J2 address/dasa Bioe photo below shows a ACE is installed onabp
a BirdBox-A via the J1 and J2 headers.

ACETM + BirdBox-A
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2.3 Hardwar e Removal

When removing the ACE from it's host unit, it isportant not to pull on the Compact Flash. Pulliag t
hard on the Compact Flash may permanently damagaeVice.

DO NOT PULL ON COMPACT FLASH CARD, SOCKET OR EJECTOR WHEN REMOVING
THE ACE FROM THE HOST!!
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Chapter 3. Hardware/ Software

The ACE™ is an expansion board supports a 50-pmzetFlash receptacle, a 100M Ethernet Module, 2
channels of serial UART with RS232, RS485 or RS&&¢channels of 12-bit ADC, and 2 channels of 12-
bit DACs. ACE sample files and projects are infibiders listed below. Use the samples that cornedjto
your controller.

186 Controllers: c:\tern\186\samples\ace\
386 Controllers: c:\tern\386\samples\ace\

586 Controllers: c:\tern\586\samples\ace\

3.1 50-pin CompactFlash Interface

A 50-pin CompactFlash receptacle can be instaliethe ACE and also a mechanical ejector. It sugport
50-pin mass storage CompactFlash cards with Windongpatible FAT file system support, allowing the
user to easily transfer large amounts of data fooon a PC. The following sample projects demaistr
how to use the flash file system.

186 Controllers: c:\tern\186\samples\flashcoretfs.p
386 Controllers: c:\tern\386\samples\ace\fs.pdl
586 Controllers: c:\tern\586\samples\ace\586_fs.pdl

3.2 Ethernet

A WizNet™ Fast Ethernet Module can be installeghtovide 10/100 Base-T network connectivity. This
Ethernet module has a hardware LSI TCP/IP stackmpiiements 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 memodhg host can access the buffer via high speed DMA
transfers. The hardware Ethernet module releagem@t connectivity and protocol processing frora th
host processor. It supports 4 independent stackemdions simultaneously at a 4Mbps protocol prangss
speed. An RJ45 8-pin connector is on-board for eoting to 10/100 Base-T Ethernet network. A sofavar
library is available for Ethernet connectivity. Sbe following sample files:

186 Controllers: c:\tern\186\samples\ace\tcp_echo.c
386 Controllers: c:\tern\386\samples\ace\tcp_echo.c

586 Controllers: c:\tern\586\samples\ace\tcp_echo.c
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3.3 UART SC26C92

The dual UART (SC26C92, Phillips, U5) is a 44-pinC chip. The SC26C92 includes two independent
full-duplex asynchronous receiver/transmitters, uadjuple buffered receiver data register, an iafgrr
control mechanism, programmable data format, sabetbaud rate for the receiver and transmitter, a
multi-functional and programmable 16-bit countenér, an on-chip crystal oscillator, and a multigmnse
input/output including RTS and CTS mechanism. 8884 MHz external crystal is installed as the diéfau
crystal for the dual UART. The ACE can support R&28 channel A and RS232, RS485 or RS422 on
channel B.

For more detailed information, refer to the SC26@afa sheets (Phillips Semiconductors) or on therCD
thetern_docs\parts directory. Sample files for the SC26C92 are lidtetbw:

186ES/188ES Controllers: c:\tern\186\samples\aeeexho.c
186ER Controllers: c:\tern\186\samples\ace\ace_eaaho
386 Controllers: c:\tern\386\samples\ace\ace_echo.c

586 Controllers: c:\tern\586\samples\ace\ace_echo.c

3.4 12-bit ADC (P2543)

The P2543 is a 12-bit, switched-capacitor, suceesspproximation, 11 channels, serial interfacelag
to-digital converter. The ADC digital data outpaintmunicates with a host through a serial tri-statgut
(DOUT= SDAT). The P2543 has an on-chip 14-channdtipiexer that can select any one of 11 inputs or
any one of three internal self-test voltages. Tampe-and-hold function is automatic. At the end of
conversion, the end-of-conversion (EOC) output duigh to indicate the conversion is complete. P2543
features differential high-impedance inputs thailifiate ratiometric conversion, scaling, and isiola of
analog circuitry from logic and supply noise. A sskied-capacitor design allows low-error conversigar

the full operating temperature range. The anal@gtirsignal source impedance should be less thén 50
and capable of slewing the analog input voltage 60 pf capacitor. By default, the P2543 refegeisc
tied to a 5V precision reference (U9). Inputs tc6#2 are connected to signals AD10-AD1A, AD20-
AD2A, and AD30-AD3A on header J3 (see schematfgsi the following samples for reading the ADC.

186ES/188ES Controllers: c:\tern\186\samples\aeektl2.c
186ER Controllers: c:\tern\186\samples\ace\ace _racl12
386 Controllers: c:\tern\386\samples\ace\ace_adl2.c

586 Controllers: c:\tern\586\samples\ace\ace_adl2.c

3.5 DAC (LTC1446)

The LTC1446/LTC1446L is a dual 12-bit digital-toedng converter (DAC) in an SO-8 package. It is
complete with a rail-to-rail voltage output ammifj an internal reference and a 3-wire serial fater. The
LTC1446 outputs a full-scale of 4.096V, making 1B &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. Tittpwts swing to within a few millivolts of supplsit
when unloaded. They have an equivalent outputteggie of 402 when driving a load to the rails. The
buffer amplifiers can drive 1000 pf without goingo oscillation.

The DAC can be installed in U4 on the ACE, anddbgouts are routed to J3 pin 39 for DAC channel
A(VA), and J3 pin 40 for DAC channel B(VB).
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186 Controllers: c:\tern\186\samples\ace\ace_da.c
386 Controllers: c:\tern\386\samples\ace\ace_da.c

586 Controllers: c:\tern\586\samples\ace\ace_da.c
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3.6 Interfaceto TERN host controller viaJ1l and J2

The ACE is designed to interface to a host TERNrodler via two 20x2 pin headers. All high speed
address, data, and control lines are located ollddy PIO lines, interrupt lines, and chip sel@ot$ are
on J2.

GND 40 39 VCC VvCC 1 2 GND
38 o C337 /MCS0 3 o O4
36 © 0O 35 5 © 0O 6
340 C333 /INT 7 o 08 DO
320 C}31 /IPCS 9 © OlO D1
30 © O 29 11 O 12 D2
28 0O 27 /PC4 13 0O 14 D3
260 C}25 IRST 150 (}16 D4
24 00 23 RST 17 00 18 D5

/PC5 22 0O 21 /INT3 /CS6 19 0O 20 D6
20 00 19 /INT2 21 00 22 D7
180 C)l7 230 CZ4 GND
160015 250026 A7
140013 270028 A6
120 C}11 IWR 290 OSO A5
lOO C>9 IRW 310 032 A4
8 0O 7 33 00O 34 A3
6 O C>5 /PC6 35 O CSB A2
4 00 3 37 00 38 Al

GND 2 OCl 390040 A0

O O O O
J2

The signal names on J1 and J2 pin headers mayfbeedt on different host controllers, such as 586E
i386E, AE86. User needs to find out the active aigrames and functions based on the location opithe
number on the J1 and J2 header of the host caentroll
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3.7 Header H3 - Analog I nterface

Header H3 provides access to the 33 channels of &R2 channels of DAC. The analog input labels are
grouped by ADC chip: AD10-AD1A (U6), AD20-AD2A (U#@nd AD30-AD3A (U8). The 2 channels of
analog output are labels VA (pin 1) and VB (pin 2).

AD1 | AD10 1 2 AD11
AD12 3 4 AD13
woie 5 ° 26 soms
AD16 7 00 8 AD17

O O-
AD18 9 o) 10 AD19
ADIA 11 12__G\D
010

AD2 [AD20___13 14__AD21
AD22 15 16 AD23
AD24 17 00 18 AD25
aoze 19 0 20 soer

O O
A28 21 O 22 AD29
AD2A 23 24  GND
Q10

AD3 [AD30__ 25 26 AD31

u8) O O
AD32__ 27 28 AD33
o329 2 Ow Ao
Aoz oL o a2 aoar

O O
AD33__ 33 134 AD39
AD3A 35 o 36 REF
GND__ 37 38 GND
O O
DAC[VA___ 39 40__VB
(U4) O O
3

3.8 Header H4 - Serial Interface

Header H4 provides access to the 2 UART channélan@zl A is RS232 driven to signals /TXDA and
/TXDB. When configured as RS232 or RS485, channgibBals are /TXDB and /RXDB. When
configured as RS422, channel B signals are /TXD@B/&XDB for transmit and 422+ and 422- for receive.

1 & 2 422+
/ITXDA 3 O C>4 /TXDB
/RXDA 5 © C}6 /RXDB
7 00O 8 422-
GND 9 © 0O 10 GND
O O
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3.9 Chip Selects and Har dwar e Configuration Header

/PCS 1 & 2 /PC5

/CSI 3 © 0O 4 /PC4

/CS6 5 OO 6 /PC6
—0 0=

In order to allow the ACE to work with most of th&RN host controllers in different combinations, a
hardware configuration header is on board. Hebidemust be jumpered to /CSI (H1.3) according to the

type of the host controller used.

As an example, a BirdBox-A and an ACE are assemédseshown in the photo below. H1 is jumpered so

that /CSI (H1.3) = /CS6 (H1.5).

Figure 3.1 ACE™ with BirdBox-A
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