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Chapter 1: Introduction and Hardware
1.1 Introduction

The i386-Engine-P, or i386-Engine-M is based onTtE&N i386-Enginél .

The “-P” version increases the memory to a totad ofiegabytes, including a 8-bit, up to 512KB SRAM
(U1) and up to 1MB 16-bit SRAM made by two 8-bit/AR chips (U17, U18). Only the 8-bit SRAM (U1)
and the real-time clock can be battery backup. Aité-lash 512KB (29F400) or 1MB (29F800) can be
installed. There are no serial 11 channels slowitl2DC, nor DACs on the “-P” while a single chahne
16-bit 100K Hz ADC (LTC1605) can be installed.

The “-M” version supports one 16-bit SRAM, up to2KB, and a 16-bit Flash 512KB (29F400) or 1MB
(29F800). An optional 8 ch. 12-bit ADC (LTC1415, H¥l 0-4.096V) or 4 ch. 12/14-bit ADC
(LTC1409/1419, 800K+2.5V), or 8 ch. 16-bit ADC (LTC1605-1, 100K, 0-4¥¢an be installed with an
analog multiplexer (508, or 509) of 8 signle-endded pair of differential inputs.

Both “-P” and “-M” version supports on-board swhileg power supply and RS232/485 drivers.

SERO 1386-Engine-I
H2
For debugging
\ SERO SER1 SER_SCC
o | Bieee] [ue] Briseclghls L
232 P i Ty ABC e
Step2 \_Fom
J2 pins 33 34 35 U3 I e
38=40 | e !
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29Fx00
66 MHz © .
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Figure 1.1Physical layout of the i386-Engine-P
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Figure 1.2 Photo of the i386-Engine-B

The i386-Engine-H1 (IE-P) is based on th&86-Engine™ design, including on-borad regulator, RS-
232/485 drivers, single high speed ADC, and mordasrd memory. In addition to 512 KB 8-bit SRAM
and 512 KB 8-bit ROM/Flash, thiE-P supports up to 1 MB 16-bit SRAM and 1 MB 16-biash. A
16-bit ADC (LTC1605, 100 KHz£10 V), or a 12-bit ADC (LTC1415, 1.2 MHz, 0-5V) cée installed.
The eight TTL outputs are designed for operatind external analog multiplexer for the single-chdnne
ADC. The IE-P can be installed wittMC2140™, LittleDrive7, MemCardA™, MotionC™,P10Q,or

P3007.

1386-Engine-P Features:

Features exclusive to the i386-Engine-P (i.e. matlable on the i386-Engine) are shown in bold.
Standard Features:

 Dimensions: 4.5 x 2.7 x 0.3 inches
¢« Easyto program in C/C++

» Power consumption: 300mA at 6.5V
160mA at 12V
80mA at 24V
30mA at 30V
¢ Power input: +8.5V to +12 V unregulated DC withelar regulator
or, +8.5 to +35V unregulated DC with switchingugor (optional)

¢ 32-bit CPU (Intel i386EX), PC-compatible, C/C++ grammable

» Atotal of 64MB memory space, with 16 data lined @6 address lines

» Two PC-compatible asynchronous serial ports andsgnehronous serial port
¢ Two RS-232 drivers

* Three 8-hit I/O ports with multiplexed function®iin i386EX

» 8 additional digital outputs

» Ports for three SRAM chips and two Flash chips:
Up to 512KB Flash/ROM (socket)p to 512KW SMT Flash
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e Three 16-bit timer/counters

¢ 512-byte serial EEPROM

e Up to 10 external interrupts and 8 internal intptsu

e Supervisor chip (691) for power failure, reset aradchdog

« Two DMA channels for data transfer between memad/ 120

« Upto 420 MB memory expansion with PCMCIA via tdfemCard-A

Optional Features
*  SRAM support:
Three 8-bit SRAM ports each support 32x1KB, 128LKB, or 512x1KB SRAM

e SCC2691 UART (on-board), with RS-232 or RS-485 @hsy supports 8-bit or 9-bit networking
e Flash support:

Socket supports 8-bit Flash or ROM for 32x1KB, 128%¥KB or 512x1KB

Surface-mount supports 16-bit Flash: 256KW or 512KW
¢ Real-time clock RTC72423, lithium coin battery
¢ On-board switching power regulator
¢ 1 channel of 16-bit high speed ADC, sample rate up 100 KHz

Figure 1.3 Photo of the i386-Engine-M

1386-Engine-M Features:

* Same mechanical and electrical as i386-Engine-P

« Single 16-bit SRAM replaces all 8-bit SRAM chifdslg-P
« Multiplexer (8 single or 4 differential) for anganputs

« Optional 12/14/16-bit high speed parallel ADC*

« Optional 4 channels of s 12-bit DAC(7625, BB)*

1-3
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The i386-Engine-MO (IE-M) is a enhanced version of the IE-P with same m@chhand electrical
features.IE-M is an excellent high performance controller foghhispeed data acquisition and motion
control.

A single 16-bit SRAM chip replaces all 8-bit SRAdhips of the IE-P. The 16-bit SRAM with bettery
backup and the 16-bit FLASH allow i386EX operatinigh external 16-bit data bus for code excecution
and data access. A 16-bit SRAM of 128KB or 512KBstrhe installed.

An optional 8 ch. 12-bit ADC (LTC1415, 1MHz, 0-4®8) or 4 ch. 12/14-bit ADC (LTC1409/1419,
800K, £2.5V), or 8 ch. 16-bit ADC (LTC1605-1, 100K, 0-4¥an be installed with an analog multiplexer
(508, or 509) of 8 signle-endded or 4 pair of dé#f#ial inputs. A high speed 12-bit DAC7625 consain
four precision output buffer amplifiers, providildgis output setting time and outputs 0 to 2.5V with
external 2.5V reference.

1.2 Connecting the i386-Engine-P, or i386-Engine—M tde PC

The following diagram (Figure 1.2) illustrates tbennection between the i386-Engine-P and the PE. Th
i386-Engine-P is linked to the PC via a serial egBIC-V25).

The TDREM_i386EX DEBUG ROM communicates through SERO by defaulstdlh the 5x2 IDE
connector on the SERO header (HAIMPORTANT: Note that the red side of the cable must point to pin 1

of the H2 header. The DB9 connector should be connected to one af RC's COM Ports (COM1 or
COM2).

Step2 jumper shoulNOT
be installed for debugging

\Step

RED edge of
cable corresponds___{4
to pin 1 of SERO s

’ o owerON
- header Ki2) e
U13
[icz] ]
f sy [l

TO COM1
rYoro! or COM2

IDE10

SER_{CC

: o el ADC ‘
1° v2(J U4
(@]

- aM % UART u1g *

ROM 16-bit SRAV_[E]

u17 *

DBQ
Figure 1.2Figure 1.4 Connecting the i386-Engine-P to the PC
1.3“-P” version Hardware
1.3.1Three Megabyte Memory Mapping

Chip select lines for additional memory:

| Memory Component | Chip Select Line
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1MB Flash

CS1=P21

16-bit SRAM (2 chips)

CS2

SeeC: \ TERN\ 386\ SAMPLES\ | E\ | EP_RAM C for more information.

1.3.2LTC1605 High Speed 16-bit ADC

The LTC1605 (U14) is a 100 ksps, sampling 16-bid Abnverter that draws only 55 mW from a single 5V

supply.

approximation A/D and trimmed internal clock.
The LTC1605 has an industry standattlOV input range. Maximum DC specs inclug20 LSB INL and
16-bit no missing codes over temperature. An edaeference can be used if greater accuracyedete

The ADC has a microprocessor compatible, 16-bitwm-byte parallel output port.

This device includes sample-and-hold, isiea reference, switched capacitor successive

The ID uses T6 to

control the ADC’s R/C pin and directly interfacetfull 16-bit data bus for maximum data transfeera
The LTC1605 requires 8 us AD conversion time. Theybsignal has an 8 us low period indicating the
conversion in process.
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Figure 1.3Figure 1.5 H6 header for ADC

In order to get the 100 KHz sample rate, The IE&R ot use interrupt operation to acquire dataoliny
method is demonstrated in the sample progichrad16.clocated in thec: \t er n\ 386\ sanpl es\i d

signal input

directory.
Pin Label Location Description
Vin H6.2 Analog input. Full scale input range#is0V.
Al- H6.3 Analog ground plane.

Sample programs for the IE-P are listed indh&t er n\ 386\ sanpl es\ i ep directory.

Please refer to the386-Engine Technical Manual for information on all other
components.

1.4“-M” version Hardware

1.4.116-bit Fast SRAM

Only single 16-bit SRAM chip can be installed or iB86-Engine-M. /CS2 chip select line is usedthar

1-5
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16-bit SRAM up to 512KB or 256 KW memory:
Memory Component Chip Select Line
16-bit SRAM, 0x0000-0x7ffff CS2

512KB 16-bit SRAM KM6164000-7L (Samsung) or 128KB-Ait SRAM KM6161000-7L(Samsung) can
be installed with using 1 wait state. Fast 16-bRAM CY7C1041-20 (Cypress, 512KB, 20 ns) or
CY7C1021-20 (Cypress, 128KB, 20 ns) can be instalkng zero wait state.

1.4.2LTC1605-1 16-bit ADC(100KHz) or LTC1415 12-bit ADLCR MHz)

The LTC1605-1 (U14) is a 100 ksps, sampling 1642 converter that draws only 55 mW from a single
5V supply. The LTC1605-1 has an 0 to 4V input rarfj@s device includes sample-and-hold, precision
reference, switched capacitor successive approxama/D and trimmed internal clock. Maximum DC
specs include2.0 LSB INL and 16-bit no missing codes over terapge. The ADC has a microprocessor
compatible, 16-bit parallel output port. The IEdes T6 to control the ADC’s R/C pin and directly
interface the full 16-bit data bus for maximum diagansfer rate.

The LTC1605-1 requires 8 us AD conversion time. Bhsy signal has an 8 us low period indicating the
conversion in process. The LTC1605-1 can be ilestéh U014,

The LTC1415 is a 1.25MHz, 12-bit ADC with 12-bitrpHel interface using D15-D4 data lines of the
i386EX. The LTC1415 has an 0 to 5V input rangeatt be installed in U14.

The U014 and U14 are using two SSOP28 pads ovexthipnly one ADC can be installed at a time.

A 8-to-1 single-ended multiplexer (508, by defauwgn be installed in U017, or a 4-to-1 differential
multiplexer (509) can be installed in U17.

The U017 and U17 are using two SOP16 pads ovenrtagpaly one ADC can be installed at a time.

H6+H10
H8 o |GND
SER1 SER_SCC
- - = . O |A4-
CIGICNC] CIGCN) onno0o0 +
7J0 |3|H200| |3|H300|§§ I?llJiz-|14©o .Cz/ . 5V O A4+ Analog
J7 Hg| ST . GND 4_ .
Step2[T1C* @ ged o l+5v Signal
p = " — o] ] A4+ I t
N U3 Ul °] na. o A1+ nputs
D U8  UART i ° = o laND
U4 ° ROM/ Flash ol [ @ = AL+
= A NH Bl O |Al-
% Ql |e o m Al- o
R q GND
Intel386EX -691 ¥ : N m A2+
'( Flash | | PAL IA2- O A2+
66 MHz © 2900 b . O GND
2| 7 u2 u1s U13 A3+
5 oL e L o {Ag_ O |A2-
- S et © GND
O A3+
O [GND
O [A3-
‘) GND

Figure 1.4 H8 screw terminals or H6+H10 headers foADC inputs

A sample progranmiem_ad16.clocated in the: \ t er n\ 386\ sanpl es\ i ep directory.
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H8 Pin Label Screw Terminal | Description

VCC H8.1 Regulated 5V

GND H8.2 Ground

Ad+ H8.3 Mux 508 analog input ch. 4 or Mux 509 4.
A4- H8.4 Mux 508 analog input ch. 8 or Mux 509 4h.
Al+ H8.5 Mux 508 analog input ch. 1 or Mux 509 th.
Al- H8.6 Mux 508 analog input ch. 5 or Mux 509 th.
A2+ H8.7 Mux 508 analog input ch. 2 or Mux 509 2.
A2- H8.8 Mux 508 analog input ch. 6 or Mux 509 2h.
A3+ H8.9 Mux 508 analog input ch. 3 or Mux 509 8.
A3- H8.10 Mux 508 analog input ch. 7 or Mux 509 8h.

Table 1.1 H8 screw terminal signals

Pin Header Signal H10 | H6 | Description
GND 4 Ground
Ad- 3 Mux 508 analog input ch. 8 or Mux 509 ch. 4-
Ad+ 2 Mux 508 analog input ch. 4 or Mux 509 ch. 4+
VCC 1 Regulated 5V
Al+ | 1 Mux 508 analog input ch. 1 or Mux 509 ch. 1+
GND | 2
Al- | 3 Mux 508 analog input ch. 5 or Mux 509 ch. 1-
GND | 4
A2+ | 5 Mux 508 analog input ch. 2 or Mux 509 ch. 2+
GND | 6
A2- |7 Mux 508 analog input ch. 6 or Mux 509 ch. 2-
GND | 8
A3+ | 9 Mux 508 analog input ch. 3 or Mux 509 ch. 3+
GND | 10
A3- | 11 Mux 508 analog input ch. 7 or Mux 509 ch. 3
GND | 12

Table 1.2 H6 and H10 pin header signals

Sample programs for the IE-M are listed in tha t er n\ 386\ sanpl es\ i ep directory.

Please refer to thi&86-Engine Technical Manualand i386-Engine-M schematics attached at thepkage
of this manual for more information.
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Figure 1.5 i386-Engine-P Layout

The i386-Engine-P/M measures 4.5 by 2.7 inchesdiftlensions shown are in inches.
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Figure 1.6 i386-Engine-M Layout
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Chapter 2: 16-bit Flash/RAM Programming

The TERN i386-Engine-P/M (IE-P/M) and i386-Drive (ID) support 16-bit Flash and 16-bit RAM. The
TERN ACTF Flash Kit now supports on-board programming/execution of the 16-bit Flash.

2.1 Minimum Requirements

TERN Development Kit (DV-Kit)

ACTF Flash Kit

i386-Engine-P/M or i386-Drive with 256K Flash and 256K RAM
TD_IE_16 Debug ROM

TD IE 16 | OxFFFFF
32K 0XF8000
16-bit Ox81FFF
Flash
256K
0x80000
OX7FFFF
16-bit
SRAM
512K
0x00000

Figure2.1 TD_IE_16 memory mapping configuration

2.2 Memory Mapping

Memory for the 16-bit Flash configurationisshownin 0. The TD_IE_16 Debug ROM islocated at the top
of the memory map and is the first block to execute after power-on/reset. At power-on/reset, TD_IE_16
selects the dua chip 16-bit SRAM as memory.

221 GeneratingaHEX File

Y ou must modify the MAKEFILE to generate a HEX for the 16-bit Flash. Modify the BOARD flag to
IEP16 or 1D16 respectively. Use the flash512.rm configuration file when generating HEX files. Seethe
ACTF Flash Kit manual for the rest of the details about generating a HEX file.

2.2.2 Downloading a HEX fileinto the 16-bit Flash
Be surethat the step 2 addressis set up correctly. If you are not sure, run step2.c in the debugger.

2-1
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The downloading process requires an intermediate loading program, |_f16.c, to prepare the 16-bit flash and
receive the final HEX file. |_fl6.cislocatedin C: \ TERN\ ACTF386. Copy | fl6.cintothe
C: \ TERN\ 386 directory.

* Install TD_IE_16 Debug ROM in ROM socket.

e Uset.bat to download |_f16.c via Turbo Debugger. Do not run the code in the debugger.

»  Exit thedebugger and set the Step 2 jumper.

» Exit DOS and open atermina window. Set baud rate for 19200.

*  Reset the board by shorting J1 pinl5 =/RST and J1 pin 13 GND. The 16-bit SRAM is not battery-
backed. Do not power off the board to reset the board.

e Thel_f16 program will request your hex file. Use Send Text Fileto transfer your HEX fileto the
board.

e The program will modify your step 2 address to 0x80000.

»  Power off and on the board to reset. With the Step 2 jumper on, your code should be executing
from the 16-bit flash.

The figure below shows a sample session with|_f16.

&% Terminal - TERH.TRM M=l E3

File Edit Settings Phone Transfers Help

ERASING AM29F400 SECTOR 0-7 0xB0000 to OxF7FFF *
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
USE TERH ACTF-Kit to MAKE DOWHLOADABLE HEX file for your APFLICATION
Ready to recieve Intel Extend HEX file at 19288 baud

URIULLLUTEELLUAER LI LEYUR UL LT RO DL LRI LT R LU R LL LY ORI LLLAET I LU LR TEL UL LR IR LU LU DT LLR O DL LRI LA
URIULLLITELLUAER LI LY T LR DL R IR TUL R LU R LL LY ORI LU T LU LR TEL UL LR IR LL LU R LT OR DL LRI LA
uuuuUUUUUUUUIR Uy U IyU gy UUUUUU g UU B guU gy Uy
URIPLLLLUTEE T LLLLER U LI LR URL LU LU DL D PRI LUL U L LU TR LLLERER T LU LU LU LR R L LEL UL LR LLLUL R T LR ORI LLLER LA
URIPLLLLUTEE T LLLLER LI LN URL LU LU DL LI R IRLLLUL U LU IR LLLERER T LLLLET T LU LR R L LEL UL UL LRI R L LLLUL R T LR ORI LLLER I ELLLIAT
VUUUUUUUYUUUUUUUUYUUUUEND of File Record

AMZ9F4@8BET FLASH PROGRAMMING IS DOHE *

YOU MAY SETUP HEW JUHMP ADDRESS in EE with 'step2.c’

Setup STEP2 jumper, pweroff or reset, to run your code

APPLICATION CODE in FLASH STARTIHG ADDRESS=0x8000:0000

=T B - I LR -

.

4 | v

Figure 2.2 Sample session with |_f16.
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