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Chapter 1: Introduction

1.1 Functional Description

Boxed in an extruded aluminum enclosure of 4.0x3cBes, thdJ-Box™(UB) is designed as a low cost data logger
and an industrial embedded controller. It integrdt6-bit ADCs, 24-bit ADCs, 16-bit DACs, Compacttaand a
High Speed USB 1.1/2.0 slave interface.

TheUB is based on a high performance C/C++ programmel3é CPU (AMD186ER or RDC R1100) supporting
Flash, SRAM, timer/counters, 20+ PIOs ADC, and DAC

Up to two true bipolar, simultaneous sampling ADERR{606, 16-bit or AD7607, 14-bit) can be installdthe ADC
accepts +10V or x5V true bipolar analog signalsleveampling at throughput rates up to 200 kSP&ld8 analog
inputs. Each analog input contains second-ordealesimg filter, sample-and-hold amplifier and g protection
tolerant up to £16.5V. With 1M ohm analog inputpiedance, a 7000V ESD rating, and sustaining udl@ntA
input current. Four channel 16-bit DAC (DAC8544naautput analog voltage(0-5V). A CompactFlash rémep
allows access to mass storage CompactFlash cargsl ime clock (RTC72423B) can be installed.

Providing a USB 1.1/2.0 slave USB-B port, the US&k chip (FT232H, FTDI) handles USB stack progassNo
USB specific firmware programming is required. Ttypes of USB software drivers are available: VCE Bx2xx.
Data transfer rate can go up to 8 MB/sec with D@rixer.

User can operate the controller with simple AS@linmands based on TERN ACT firmware.

The UB™ is powered by external 9-30V DC with on-board regni. Optional Switching Regulator (LM2575)
provides a shutdown feature (VOFF). It can entergofveroff mode and can be waked-up by an activedignal
either from on-board RTC or external source. Twosioms ofUB are available: th&/B80 is based on 80 MHz
R1100, andJB40is based on 40 MHz Am186ER. ThiB™ supports TERN expansion boards mounted on the top
and bottom via J1&J2 headers.
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Figure 1.1 Functional block diagram of the UB

Features:
* 3.0 x 3.6”, external 9-30V DC power, 200 mA.
* High Speed USB 1.1/2.0 slave interface
* Up to 16 channels of 16-bit ADC, £10V bipolar ug

* 16 channels of 24-bit ADCs, 4 16-bit DAC (0-5V)tputs

* CompactFlash with FAT file system support

* Complete C/C++ programmable environment

* One RS-232 serial port, x186 CPU, Flash, SRAMCRPIOs
* Supports TERN expansion boards: GR4, GR16, B48

* Aluminum box with screw terminals

L IT

J2

J3

uo
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1.2 Physical Description

Below shows the physical description of the UB.

Step 2 Jumper

J1Pin1l
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1.3 Programming Overview

An “ACTF Boot Loader” resides in the top protectsttor of the 256KW on-board flash chip (29F40Q)pawer-
on/reset, the ACTF Utility will check the STEP 2vjper (H2 pins 1&2). If the STEP 2 jumper is ingdll the
“jump address” located in the on-board serial EERR®WIll be read and the CPU will jump to that addrder
immediate execution. A DEBUG kernebl(eady pre-programmed at the factdrgan be downloaded and
programmed into the flash starting at address 0XRAWsing the ACTF Utility, the “GFA000 <enter>" monand
will set the jump address to OXFAO0O. The commaiilll also run the DEBUG kernel, preparing the UB for
communication with the Paradigm C/C++ IDE for dosading and debugging applications. The followinagdams
show the procedure for programming the UB. Stephidte preparing the UB for debugging, debugging Us:
standalone field test, and production.

Power-On / Reset

4 N

STEP 2%

Go to application code CS:IH
CS:IP in EEPROM:
0x10 = CS high byte
0x11 = CS low byte
0x12 = IP high byte
0x13 = IP low byte

Step 2 Jumper Set ?

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

Figure 1.2 Flow Chart of ACTF Operation

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

** U-Box does not run in STEP 2. Stand alone tesy can only be performed in STEP3
where the code is programmed into non-volatile FLAS

Preparation for Debugging:

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

e Connect the UB (SERO, H2) to PC (COMX) via sedetbug cable provided with the EV-P/DV-P. Using the
Windows “Hyper Terminal”, create a serial link bdsm 19,200, 8 bits, 1 stop, no parity.

e Power on the UB WITHOUT the STEP 2 jumper insthil@l pins 1 & 2). The ACTF text MENU should betsen
out via serial port to “Hyper Terminal”.

e Use the “D <enter>" command to initiate downlo8elect Transfer -> Send File, and select
\tern\186\rom\re\l_debug.hex. Use the “G04000 eeritcommand to execute this script.

e Select Transfer -> Send File to select \tern\I86\re\re40_115 (re80_115.hex for 80MHz). This &diebug
kernel. Use the “GFA000 <enter>" command to setguaddress and execute the debug kernel. The LHDNak
twice and remain on.

e Set the STEP 2 jumper (J1 pins 1 & 2). The UBow meady to communicate with the Paradigm C/C++ fDE
debugging and application development.

1-5
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Step 1: Debugging:

e Launch the Paradigm C/C++ IDE. Select File -> Op&mose the project file \tern\186\samples\TB\T8.id
e Use samples within the “UB.ide” project to creapplication. Download, run, and debug application.

**Step 2: Standalone Field Test:

e U-Box does not work in STEP2. Proceed to STERP3tfmndalone field test.

Step 3: Production:

The DV-P Kit is required for this step.
If you do not have the DV-P Kit, visithttp://tern.com/devkit.htm for upgrade details.

e Refer to the ACTF technical manual, found in teerh docs\manuals directory. Here you will findadiston
generating an ACTF downloadable HEX file based yapplication.

e Remove the STEP 2 jumper and create serial limigudyper Terminal (19,200, N, 8, 1). At power-@set, you
will see the ACTF menu at Hyper Terminal. Use tBe<enter>" command to initiate download processe&e
Transfers -> Send File, and select \tern\186\roin26f40r.hex.

o This file will erase the flash and prepare theliléo accept ACTF downloadable application HEX fise

the “G04000 <enter>" command to run script. Flaghbe ready for application.

e Select Transfer -> Send File to select your ACowloadable application HEX file. Upon completiaise the
“G80000 <enter>" command to execute applicatioris Tommand also sets the jump address to point your
application in flash. Set STEP 2 jumper (H2 pin22).&8At power-on/reset application will execute.

There is no ROM socket on the UB. The user’s apfibc program must reside in the SRAM (startingddress of
0x08000 by default based on \tern\186\config\1&§.tdr debugging in STEP 1, reside in the battagked SRAM
for standalone field testing in STEP 2, and fin&kéyprogrammed into the on-board flash for a cotapeoduct.
For production, the user must produce an ACTF-doaatéble HEX file for the application based on thePKit.
From the ACTF Utility, use the command “G80000 <gnt to point to the user’s application code in flash. The
STEP 2 jumper must be installed for every productiersion board.

1-6
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1.4 Minimum Requirements for UB System Development

Minimum Hardware Requirements
PC or PC-compatible computer with serial COMx pbat supports 115,200 baud
* UB controller
» Debug Serial Cable (RS232; DB9 connector for PC Q& and IDE 5x2 connector for controller)

» Center Negative Wall Transformer

Minimum Software Requirements
« TERN EV-P installation CD-ROM and a PC running: \dmvs 95/98/2000/ME/NT/XP

With the EV-P, you can program and debug the UBtap One and Step Two, but you cannot run StepeTfre
generate an application Flash File and completejegt, the development kit, DV-P, is required. THM-P kit can
be upgraded to the DV-P Kit. Skp://tern.com/devkit.htrfor details.
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Chapter 2: Installation

2.1 Softwar e I nstallation

Please refer to the “Development Kit Pro” technimalnual on the TERN installation CD, under
tern_docs\manual\Development Kit Pro.pdf, for infiation on installing software.

2.2 Hardware I nstallation

Overview

» Connect PC-IDE serial cable:
For debugging (STEP 1), place IDE connector on S&R0Ored
edge of cable at pin 1. This DEBUG cable is a I0IPE to
DB9 cable, made by TERN.

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

Hardware installation consists primarily of conmegtthe microcontroller to your PC.

2.2.1 Connecting the UB to the PC

The following diagram (Fig 2.1) provides the looatiof the debug serial port and the power jack. UBe
is linked to the PC via a serial cable (DB9-IDE)iethis supplied with TERN'’s EV-P / DV-P Kits.

The UB communicates through SERO by default. Ihst@ 5x2 IDC connector on the SERO H2 5x2 pin
header. IMPORTANT: Note that the red side of the cable must point to pin 1 of the H1 header. The DB9
connector should be connected to one of your PON @orts (COM1 or COM2).

2-1
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2.2.2 Powering-on the UB

By factory default setting:
1) The RED STEP2 Jumper is installed.

2) The DEBUG kernel is pre-loaded into the on-bd&ash starting at address of OXxFA000.
3) The EEPROM is set to jump address of OXFA0QOQ.

Connect +9-12V DC to the input power pin J3.38 & 8kd ground to J3.40 = GND. A power jack adapter
is included with the TERN EV-P/DV-P kit. It can lbsed to connect the output of the power jack adapte
and the UB. Note that the output of the power jagd&pter is center negative.

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

Step 2 Jumper
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Figure 2.1 UB Power Input and Step2 Jumper
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Chapter 3: Hardware

3.1 Am186ERAND RDC R1100

The UB is compatible with two different CPUs. Baiffer and support the same on-board peripherals as
well as the on the CPU itself, aside from a fewedénces. The Am186ER, from AMD, uses times-four
crystal frequency, while the R1100, from RDC, uewes-eight. The UB uses a 10MHz system clock,
giving the Am186ER a CPU clock of 40MHz and the 81 CPU clock of 80MHz. Both CPUs operate
at +3.3V, with lines +5V tolerant. The RDC 110@parts the same 80C188 microprocessor instructon s
as the Am186ER, yet uses an internal RISC cordtaothre.

3.2 AmM186ER — Introduction

The Am186ER is based on the industry-standard x8kitacture. The Am186ER controllers are higher-
performance, more integrated versions of the 80CGt&8oprocessors. In addition, the AM186ER has new
peripherals. The on-chip system interface logic oanimize total system cost. The Am186ER has one
asynchronous serial port, one synchronous serigl 32 P10s, a watchdog timer, additional intetrpins,
DMA to and from serial ports, a 16-bit reset couofgfion register, and enhanced chip-select funatitn

In addition, the Am186ER has 32KB of internal viaRAM. This provides the user with access to high
speed zero wait-state memory. In some instancess gan operate the UB without external SRAM, rejyi
only on the Am186ER’s internal RAM.

3.3 RDC R1100 — Introduction

The RDC 1100 is based on RISC internal architectygestill supports the same 80C188 microprocessor
instruction set. It provides faster operation thha Am186ER, allowing it to operate at up to 8OMHZ,
based a 10MHz system clock and times-eight crygtakation. The RDC R1100 does not offer internal
RAM like the Am186ER, so external SRAM is mandatibnysing the RDC R1100.

3.4 AmM186ER — Features

3.4.1Clock

Due to its integrated clock generation circuittye tAm186ER microcontroller allows the use of a me
four crystal frequency. The design achieves 40 NIIFX) operation, while using a 10 MHz crystal.

The R1100 offers times-eight crystal frequencyjedhg 80MHz operation based on a 10MHz crystal.

The system CLKOUTA signal is routed to J1 pin 4fadé¢ 40 MHz. The CLKOUTB signal is not
connected in the UB.

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

You may use clka_en(1); to enable CLKOUTA=CLK=Jt pi

3-1
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3.4.2External Interrupts and Schmitt Trigger Input Buffe

There are six external interrupts: INTO-INT4 and NM

/INTO, J2 pin 8, is free for application use
/INT1, J2 pin 6, is free for application use
INT2, J2 pin 1 (P31), is free for application use
/INT3, J2 pin 21, is free for application use
/INT4, J2 pin 33, is free for application use
NMI, J2 pin 7, is free for application use

Five external interrupt inputs, /INTO-1, /INT3-4pcaNMI are buffered by Schmitt-trigger inverters(U
74HC14) in order to increase noise immunity andgfarm slowly changing input signals to fast chaggi
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

/INTO=U13.5 INTO= U13.6
u13C O—
/INT1=U13.C INT1=U13.8
u13D O—
/INT3=U13.1 INT3= U13.2
— | U13A C
/INT4=U13.c INT4= U13.4
uUl13B O
/NMI= U13.11 NMI= U13.1(
U13E O

Figure 3.1 External interrupt inputs
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The UB uses vector interrupt functions to respamatternal interrupts. Refer to the Am186ER User’s
manual for information about interrupt vectors.

3.4.3Asynchronous Serial Port

The Am186ER and R1100 CPU has one asynchronows skainnel. It supports the following:

*  Full-duplex operation

» 7-bit, and 8-bit data transfers

« 0Odd, even, and no parity

* One or two stop bits

» Error detection

* Hardware flow control

* DMA transfers to and from serial port (Am186ER ONLY
e Transmit and receive interrupts

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

* Independent baud rate generators

The software drivers for the asynch. serial poglément a ring-buffered DMA receiving and ring-taréd
interrupt transmitting arrangement. See the saffilple0_echo.c

Note that while the Am186ER supports DMA transfersto and from its asynchronous serial port, the
R1100 does not. Despite this difference, the TERN software drivers for the asynchronous serial port
support both CPUs.

3.4.4Timer 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 =Used by AD7606 U7 and U8

TimerO input P11 Used by LTC2448 U19

Timerl output P1 =J2 pin 29

Timerl input =PO =J3pin4
These two timers can be used to count or time extezvents, 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 timendtémer 1 or be used as a DMA request source.

Timer 0 output, P1, isused asthe clock input for the AD7606 and is not available for application use.

The maximum rate at which each timer can operateQisviHz for the Am186ER and 20MHz for the
R1100, since each timer is serviced once everyHdDPU clock cycle. Timer inputs take up to sigad
cycles to respond to clock or gate events. Sees#imple programsimer0.c and ae_cnt0.cin the

\ 186\ sanpl es\ ae directory.

3.4.5PWM outputs

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 registergariable duty cycle output. Using both the priyna
and secondary maximum count registers lets the t@bernate between two maximum values.

3-3



Chapter 3: Hardware UB

MAX. COUNT A

MAX. COUNT B

3.4.6Power-save Mode

The UB is an ideal core module for low power congtiom applications. The power-save mode of the
Am186ER reduces power consumption and heat digsipathereby extending battery life in portable

systems. In power-save mode, operation of the CRUiaternal peripherals continues at a slower clock
frequency. When an interrupt occurs, it automatiagaturns to its normal operating frequency.

3.5 Am186ER PIO lines

The Am186ER has 32 pins available as user-progrdmem#O 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 ojlzain
output. A pin’s behavior, either pull-up or pull\p, 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 eeded for specific on-board usage, as well. These
configurations, as well as the processor-intermaipheral usage configurations, are listed belowable

3.1.
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PIO | Function Power-On/Reset UB Pin No. UB Initial
status
after ae_init();
function call
PO Timerl in Input with pull-up J2 pin 4 Input wiglull-up
P1 Timerl out Input with pull-down J2 pin 29 Inguith pull-up
P2 /PCS6/A2 Input with pull-up U7 & U8 pin 4 /PCS6
P3 /PCS5/A1 Input with pull-up U7 & U8 pin 5 /PCS5
P4 DT/R Normal J3 pin 3, H2 pin 1 Input with pup:uStep 2
P5 /IDEN/DS Normal U8 pin 15 Input with pull-up
P6 SRDY Normal U7 & U8 pin 8 Input with externalllpup
P7 Al7 Normal N/A Al7
P8 Al18 Normal N/A A18
P9 Al19 Normal u9.21 Input with pull-up
P10 | TimerO out Input with pull-down U7 & U8 pin 3 ndut with pull-down
P11 | TimerOin Input with pull-up U19 pin 2 Inputtivipull-up
P12 | DRQO Input with pull-up J1 pin 26 Output
P13 | DRQ1 Input with pull-up U13 pin 12 Input withlpup
P14 | /MCSO Input with pull-up J2 pin 37 Input witblup
P15 | /MCS1 Input with pull-up U7 & U8 pin 11 Inputittv pull-up
P16 | /PCSO Input with pull-up J1 pin 19 /PCSO
P17 | /PCS1 Input with pull-up Ul4 pin 2 /PCS1 ford HAL
P18 | /PCS2 Input with pull-up J2 pin 31 Input withllpup
P19 | /PCS3 Input with pull-up J2 pin 22 Input withllpup
P20 | SCLK Input with pull-up J2.5,U19.38 Input withll-up
P21 | SDATA Input with pull-up J2.3,U19.37 Input kvipull-up
P22 | SDENO Input with pull-down U3.6 Output
P23 | SDEN1 Input with pull-down U19.36 Input withllpdown
P24 | /IMCS2 Input with pull-up U7 pin 15 Input withilpup
P25 | /MCS3 Input with pull-up J19 pin 34 Input wighll-up
P26 | Uzl Input with pull-up U21 pin 27 Input with fpup*
P27 | TxD Input with pull-up N/A TxDO
P28 | RxD Input with pull-up N/A RxDO
P29 | S6/CLKSEL1 | Input with pull-up N/A Output
P30 | INT4 Input with pull-up /INT4 =J2.33 Input Wipull-up
P31 | INT2 Input with pull-up J2 pinl Input with puip

* Note: P6, P26 and P29 must NOT be forced lowrdpgower-on or reset.

Table 3.1 1/0 pin default configuration after power-on or reset
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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

UB initialization on P10 pins ime_init() is listed below:

outport(0xff78,0xc7bc); /I PDIR1TxD, RxD, PCSO0, PCS1, P29& P22 Output
outport(0xff76,0x2040); /l PIOM1
outport(0xff72,0xee73); // PDIROA18, A17, PCS6, PCS5, P12 Output
outport(0xff70,0x1040); / PIOMO

The C function in the librarye_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 UB systenofeboard components. We suggest that you not use
these lines unless you are sure that you are tefening with the operation of such components. (if the
component is not installed).

Signal | Pin Function

P2 /PCS6 AD7606 U7&U8

P3 /IPCS5 AD7606 U7&U8

P4 /DT Step Two jumper

P5 /IDEN/DS AD7606 U8

P6 SRDY AD7606 U7&U8

P7 Al7 Upper address line Never use by application
P8 Al8 Upper address line Never use by application

3-6
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Signal | Pin Function
P9 A19 USB FT232
P10 TimerO out AD7606 U7&U8
P11 Timer0 in LTC2448 U19
P13 DRQ1 USB FT232
P15 /MCS1 AD7606 U7&U8
P17 /PCS1 PAL U14
P20* | SCLK Synchronous Clock for U19
pP21** | SDAT Serial Interface for U19
P22 SDENO EEPROM
P23 SDEN1 LTC2448 U19
P24 /IMCS2 AD7606 U7
P26 uzi DA8544
P27 TxDO Serial Port 0
P28 RxDO Serial Port 0
P26* /CLKSEL2 Used at power-up/reset to determirstesn clock multiplier
p29* /CLKSEL1 Reserved for EEPROM, LED and Watchtoger

Important Notes:

* The Am186ER CPU uses the P26 and the P29 lindsetermine the system clock multiplier at
power-up or reset. The CPU has internal pull-upthese lines to select the default multiplier of
four-times (AMD) or eight-times (RDC). It is criit that the user allow these lines to remain high
during power-up or reset. Failure to do so willutes undesirable operation. In addition, P6 must
also be allowed high duing power-on or reset.

** The SCLK and SDAT lines are the synchronousaesort on the Am186ER. The AD2448
ADC uses these lines. The user is free to use@d<{Sind SDAT lines for their application only

if the ADCs is disabled first. This is needed smasto have more than one device trying to
occupy the SDAT line simultaneously.

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

3.6 I/0 Mapped Devices

3.6.11/0 Space

External I/O devices can use I/O mapping for accéss can access such I/O devices wiortb(port) or
outporth(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 0x0000xtfD

The default I/0 access time is 15 wait states. iay use the function void_wait(char wait) to define the
I/O wait states from 0 to 15. The system clockd8 hs for both CPUs, while the CPU clock is 25nstle
Am186ER and 12.5ns for the R1100. Details regarthiggcan be found in the Software chapter, arttién
Am186ER User's Manual. Slower components, sucimast LCD interfaces, might find the maximum
programmable wait state of 15 cycles still insudfit. Due to the high bus speed of the systemesom
components may need to be attached to 1/0O pinstljire

For details regarding the chip select unit, pleseseChapter 5 of the AM186ER User’s Manual.

The table below shows more information about |/(piiag.
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I/0 space Select | Location Usage
0x0000-0x00ff /PCSO| J1pin 19 =P14 USER*
0x0100-0x01ff /PCS1 Uil4 PAL
0x0100-0x011f /IRTC ui1s RTC
0x0120-0x012f /AD us AD7606
0x0130-0x013f /AD1 u7 AD7606
0x0140-0x014f /RDU | U9 UsB
0x0150-0x015f /DA u21 DA8544
0x0160-0x016f cVv us & U9 AD7606
0x01e0-0x01ff ICF U1l CF
0x0200-0x02ff /PCS2| J2pin 31 =P14 USER
0x0300-0x03ff /PCS3| J2pin22=P14 USER
0x0400-0x04ff /PCS4 Reserved
0x0500-0x05ff /PCS5 P3
0x0600-0x06ff /PCS6 P2

*PCSO0 may be used for other TERN peripheral boandish as FC-0, P50, P100, MM-A.

To illustrate how to interface the UB with exterm@® boards, a simple decoding circuit for inteifacto
an 82C55 parallel 1/0O chip is shown in Figure 3.2.

74HC138 82C55
RST )
A5 1 | A vol 15 NC = P00-P0O7
A6 210 v1| 14 /SEL20 v
A7 3| c v2| 13 /SEL40
Y3| 12 /SEL60 | ssEL 00| /CS P10-P17
val 11 /SEL80 ——
/PCS0 4~ G2A  Y5| 10 /SELAO MWR | /WR
5q G2B  Ye| 9 /SELCO  pp RD
_VcC 6 |61  y7|l 7 /SELFO ] 020.P27
) DO-D7

Figure 3.2 Interface the UB to external I/O devices

The functionae_i ni t () by default initializes the /PCSO line at base IMdr@ss starting at 0x00. You
can read from the 82C55 withportb(0x020)or write to the 82C55 witlutportb(0x020,dat) The call to
inportb(0x020)will activate /PCSO0, as well as putting the adg@s20 over the address bus. The decoder
will select the 82C55 based on address lines A&nd,the data bus will be used to read the apprepdita
from the off-board component.

3.6.2Real-time Clock RTC72423

If installed, the real-time clock RTC72423 (EPSON,8)Yis mapped in the I/O address space 0x0100. It
must be backed up with a lithium coin battery. TRIEC is accessed via software drivets init() or
rtc_rd().

It is also possible to configure the real-time &lda raise an output line attached to an extemtakiupt, at
1/64 second, 1 second, 1 minute, or 1 hour intervalhis can be used in a time-driven applicat@rthe
VOFF signal can be used to turn on/off the controllesmg an external switching power supply. An
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example of a program showing a similar  applicationcan be  found in
t er n\ v25\ sanpl es\ ve\ powerof f. c.

3.7 Other Devices

A number of other devices are also available onUBe Some of these are optional, and might not be
installed on the particular controller you are gsinFor a discussion regarding the software interfior
these components, please see the Software chapter.

3.7.10n-board Supervisor with Watchdog Timer

The MAX691/LTC691 (U6) is a supervisor chip. Withnstalled, the UB has several functions: watando
timer, battery backup, power-on-reset delay, posugaply monitoring, and power-failure warning. These
will significantly improve system reliability.

3.7.2Watchdog Timer

The watchdog timer is activated by setting a jungred4 of the UB. The watchdog timer provides amse

of verifying proper software execution. In the tsapplication program, calls to the functioitwd() (a
routine that toggles the P29 = WDI pin of the MAX§%should be arranged such that the WDI pin is
accessed at least once every 1.6 seconds. #thenper is on and the WDI pin is not accessedinvitis
time-out period, the watchdog timer pulls the WD@ fow, which asserts /RESET. This automatic
assertion of /RESET may recover the applicatiommm if something is wrong. After the UB is resbg
WDO remains low until a transition occurs at the Wilh of the MAX691. When controllers are shipped
from the factory the J4 jumper is off, which dissbthe watchdog timer.

The Am186ER has an internal watchdog timer. Thiisabled by default withe init().

Watchdog jumper J4

Figure 3.3 Location of watchdog timer enable jumper
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3.7.3Battery Backup Protection

The backup battery protects data stored in the SR&NM RTC. The battery-switch-over circuit compares
VCC to VBAT (+3 V lithium battery positive pin), dnconnects whichever is higher to the VRAM (power
for SRAM and RTC). Thus, the SRAM and the realetiohock are backed up. In normal use, the lithium
battery should last about 3-5 years without exigpoaver being supplied. When the external powesnis
the battery-switch-over circuit will select the V@&connect to the VRAM.

3.7.4Power Fail Monitoring

The MAX691 and the NMI interrupt line can be usedrtonitor power supply. User configurable resistors
at locations R6 and R7 can be used to create ageottivider across PFI, where the source voltagedgo
+V. The input threshold for the PFI is rated a olts. If PFI drops below this, the MAX691 supenvis
will assert /PFO, which will drive the NMI interrtipne. The use may program the NMI ISR to takéiaal
steps before complete power fail. See \tern\18G=stae\intx.c for details on interrupts.

3.7.5EEPROM

A serial EEPROM of 512 bytes (24C04) is installedJ3. The UB uses the P22=SCL (serial clock) and
P29=SDA (serial data) to interface with the EEPROMe EEPROM can be used to store important data
such as a node address, calibration coefficiemd, @nfiguration codes. It typically has 1,000,000
erase/write cycles. The data retention is mora #tayears. EEPROM can be read and written by gimpl
calling the functionge rd() andee wr().

A range of lower addresses in the EEPROM is reseimeTERN use, 0x00 — Ox1F. The addresses 0x20 to
Ox1FF are for user application.

3.7.624-bit, 16-channel ADC(LTC2448)

A 24-bit LTC2448 sigma-delta ADC can be installadJi1l9. The LTC2448 chip offers 8 ch. differential o
16 ch. single-ended input channels. Variable spesallution settings can be configured. A peak singl
channel output rate of 5 KHz can be achieved. Th€2448 switches the analog input to a 2 pf capacito
at 1.8MHz with an equivalent input resistance @K bhm. The ADC works well directly with strain
gages, current shunts, RTDs, resistive sensors4-&@mA current loop sensors. The ADC can also work
well directly with thermocouples in the differedtiaode. The TLC2448 can be referenced by VCC,®r a
or 2.5V precision reference with a internal tempaesensor can be installed in U20. Inputs aréetbu
directly to header J2 and J3 on pins EQ0-E15 (sleensatics).

Refer to the sample program \tern\186\samples\ula\d®4.c.

3.7.7AD7606 16-bit parallel and AD7607 14-bit high spea®C

The BE supports a maximum of two (U7 & U8) AD760&-Hit ADC or AD7607 14-bit ADC. Both types
of ADC can accept +10V or +5V true bipolar analagnsls while sampling at throughput rates up to 200
kSPS for all 8 analog inputs. Each analog inputaios second-order antialansing filter, sample-aoid-
amplifier and clamp protection tolerant up to M. With 1M ohm analog input impedance, a 7000V
ESD rating, and sustaining up to £10 mA input catréhe analog inputs are designed to surviveriough
industrial environment. ThelB allows simultaneous sampling on all eight analog inputs. Using thebit6
parallel DMA interface, the UB can transfer 8 chalsrof 16-bit (AD7606) or 14-bit (AD7607) data into
the SRAM or CompactFlash with minimal software dwe=xd.

See sample program \tern\186\samples\ub\ub_ad@6defails on reading the ADC. The sample program
is also included in the pre-built sample projettri\186\samples\ub\ub.ide.
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3.7.8DACB8544, 16-bit parallel high speed DAC

The DAC8544 (U2l1) is a low-power, quad-channel,bit6-voltage output DAC. Its on-chip precision
output amplifier allows rail-to-rail (0-5V) voltagawving to be achieved at the output.

A sample program ub_da.c may be found in the o\t&6\samples\ub directory.

3.7.9Compact Flash Interface

By utilizing the compact flash interface on tb®, users can easily add widely used 50-pin CF standa
mass data storage cards to their embedded appficath RS232, TTL 12C, or parallel interface. TERN
software supports Linear Block Address mode, 16-Bi flash file system, RS-232, TTL 12C or parallel
communication. Users can write/read files to/frdra CompactFlash card. Users can also transfertéiles
and from a PC via a Compact Flash card readerdignom).

This allows the user to log huge amounts of dadanfexternal sources. Files can then be accessed via
compact flash reader on a PC.

Thetern\186\samples\ub directory includes sample coddy cf.c, to show reads and writes of raw data by
sector. In additiontern\186\samplesiub\ub_fs cmd_ush.c is a simple file system demo with usb based
user interface. Refer wh.pdl which has the demo built and ready for download.

3.7.10High-Speed USB 1.1/2.0 Slave FT232H

FTDI's TF232H chip provids a USB 1.1/2.0 slave UBRort. The FT232H handles USB stack processing
and no USB specific firmware programming is reqdiréhe FT232H is configured to interface with the
UB CPU using the FT245 style asynchronous FIFOrfiate. When configured in this mode, the pins on
the FT232H connect directly to the databus of tR&J@nd is selected using an I/O mapped chip select.
The FT232H uses two types of USB software driveiGP or D2xx. When the FT232H is configured to
use the VCP driver, the USB connection createstaaliCOM port on the PC. This allows the UB to
communicate to a terminal program as if it were nemted via RS232. The sample program
\tern\186\samples\ub\ub_usb_vcp.c shows how tahesE/SB port as a virtual COM port.

By default, the FT232H is configured to use the ©@&xiver. The data transfer rate can go as higB as
MB/sec with the D2xx driver. The D2xx driver prdeis a dymanic linked library that the user caninose
developing a Windows application interface (see Edd@m for information on using the D2xx driver) e&
the appendix at the end of this manual for instgliind configuring the FTDI drivers.

Note: USB does not provide power to the U-Box. Beimg the USB connection during run time may reset
the U-Box. USB connection should be maintainedndurun time.

3.8 Headers and Connectors

There are three primary connectors on the UB wpidvide expansion, J1, J2 and J3. The tables bellow
summarize the signals available on each connektost of the signals on J1 are routed directoryhi t
CPU with no buffer protection. This makes the Cidl(iding SRAM, Flash, and other devices tied ® th
A/D bus) vulnerable to damage from out of rangdag#s. The user is therefore responsible for emguri
that out of range voltages are not applied to §gadines.

These signalsare +3.3V signals, but are +5V tolerant. Any
voltages above +5V will certainly damage the board.

Refer to the schematic at the end of this techmieaiual for complete signal definitions for all Hees and
connectors.
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3.8.1Expansion Headers J1 and J2

There are two headers for UB expansion. Most sigaia directly routed to the Am186ER processor. J1
signals are primarialy address and data lines fremCPU. These can be used for device expansidn.
contains a mix of processor IO lines and analogitDals.

J2 Signal J1 Signal
GND 40 39 VCC VCC 1 2 GND
E15 38 37 P14 3 4 CLK
E13 36 35 E1l4 5 6 GND
E12 34 33 /INT4 7 8 DO
E11 32 31 P18 9 10 D1
E10 30 29 P1 /IBHE 11 12 D2
E9 28 27 E8 D15 13 14 D3
E7 26 25 E6 /IRST 15 16 D4
E5 24 23 E4 RST 17 18 D5
P19 22 21 /INT3 P16 19 20 D6
E3 20 19 E2 D14 21 22 D7
El 18 17 EO D13 23 24 GND
Al2 16 15 All 25 26 P12
Al4 14 13 Al3 D12 27 28 A7
DA4 12 11 DA3 IWR 29 30 A6
DA2 10 9 DAl /RD 31 32 A5
/INTO 8 7 /NMI D11 33 34 Ad
/INT1 6 5 SCLK D10 35 36 A3
PO 4 3 SDAT D9 37 38 A2
GND 2 1 P31 D8 39 40 Al

Table 3.3 Signals for J1, J2 expansion ports

3.8.2Analog I/O Header J3

J3 provides access to all of the analog IO on tBe &bme singals on J3 are duplicated on J2. SigtG0s
E15 map to the 24-bit ADC LTC2448 (U19). Signald A8 map to AD7606/7 (U8) and BI1-BI7 to
AD7606/7 (U7).
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J3 Signal
GND 40 39
VI 38 37
E15 36 35 E14
E13 34 33 E12
E1l 32 31 E10
E9 30 29 E8
E7 28 27 E6
E5 26 25 E4
E3 24 23 E2
E1 22 21 EO
20 19
AI2 18 17 AlL
Al4 16 15 A3
Al6 14 13 Al5
A8 12 11 AI7
BI2 10 9 BI1
B4 8 7 BI3
BI6 6 5 BI5
BIS 4 3 BI7
2 1

Table 3.4 Signals for J3 expansion ports
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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.

Guidelines, awareness, and problems in an interrupdriven environment

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

The debugging of interrupt handlers with the Renidédugger can be a challenge. It is possible tagleb
an interrupt handler, but there is a risk of exgering 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 azsept, 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 cotssigf an 1/0 address space and a memory address
space. 1/O address space ranges fox@000to Oxffff, or 64 KB. Memory address space ranges from
0x00000to 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 hardwdreplicit accesses to 1/0O 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, expficittcess 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 similanfttions, described below.

poke/pokeb
Arguments: unsigned int segment, unsigned int offset, unsign#dnsigned char data
Return value: none

These standard C functions are used to place gxbdiita at any memory space location. Jégment
argument is left shifted by four and added todfiset 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 lingsthe corresponding hardware component resporfsiblg
handling this data.

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

These functions retrieve the data for a specifattess in memory space. Once againsdgmentaddress|
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 mappieat address should return either an 8-bit ebil6
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value over the data bus. If there is no componegped to that address, this function will retandom
garbage values every time you try to peek into dloalress.

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

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

(D
=}

When dealing with processor registers, be sureédlue correct function. Usaitport 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 frommpaoments in 1/0 space. You will find that most haade
options added to TERN controllers are mapped it@ospace, since memory space is valuable and is
reserved for uses related to the code and dating U® mappings, the address is output over thkress
bus, and the returned 16 or 8-bit value is thernetalue.

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

4.1RE.LIB

RE.LIB is a C library for basic UB operations. ficludes the following modules: AE.OBJ, SER0.0OBJ,
SER1R.OBJ, and AEEE.OBJ. You need to link to RE.LI your applications and include the
corresponding header files in your source code.folb@wing is a list of the header files:

Include-file name | Description

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

AEEE.H on-board EEPROM

TB.H RTC

Not all functions in the above modules will appiythe UB. For example, “ae.h” was originally crebfer
the A-Engine. Therefore, “ae.h” will include rowgmfor the TLC2543 (for example), not installedtioa
UB. The user will need to include the header fileli” to provide routines for the UB devices. Altgh
“ae.h” was created for a different controller, ithstill be needed for a variety of routines ussdthe UB,
such as timers, interrupts, and others. Refera@ttual header file itself to determine whichegded for a
certain application.
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4.2 Functions in AE.OBJ

4.2.1 UB Initialization

ae_init

This function should be called at the beginninggeéry program running on UB controllers. It prasd
default initialization and configuration of the i@us I/O pins, interrupt vectors, sets up expardés 1/O,
and provides other processor-specific updates wegitihe beginning of every program.

There are certain default pin modes and interrefiing)s you might wish to change. With that in dhithe
basic effects ofe_init are described below. For details regarding regisse, you will want to refer to the
AMD Am186ER Microcontroller User's manual.

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

— Address space for the Flash is from 0x80000-0xt6ifmap 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 regjincreased performance (at a risk of stability
in noisy environments). For details, see the UMGfper Memory Chip Select Register)
reference in the processor User’'s manual.

out port (0xffa0, 0Ox80bf); // UMCS, 512K ROM 0x80000-Oxfffff
¢ Initialize LCS (ower Chip Select) for use with the SRAM. It is configured so that:
— Address space starts 0x00000, with a maximum oK5RAM.
—  Three wait state operation. Reducing this valueiggrove performance.
— Disables PSRAM, and disables need for externalread
out port (0Oxffa2, Ox7fbf); // LMCS, base Mem address 0x0000
e Initialize MMCS and MPCS so thsdCS0 andPCSO0-PCS6except for PCS4) are configured so:

- MCSO0is mapped also to a 256K window at 0x80000. #dusith MemCard, this
chip select line is used for the 1/0O window.

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

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

¢ Initialize PACS so thaPCS0-PCS3are configured so that:
—  Sets upPCSO0-3lines as chip-select lines, with fifteen wait staperation.

—  The chip select lines starts at /0O address 0x0@fif,each successive chip select line
addressed 0x100 higher in I/O space.

out port (Oxffa4, 0x007f); // CSOMSKL, 512K, enable CSO for RAM

«  Configure the two PIO ports for default operatidvost pins are set up as default input, except for
P29 (used for driving the LED), pins for SERO, atiders.

out port (Oxff 78, Oxc7bc); /1 PDIRLl, TxD, RxD, PCS0, PCS1, P29&P22 Cut put
out port (Oxff 76, 0x2040); /1 Pl OVL

out port (Oxff 72, Oxec7b); /1 PDI RO, A18, Al7, PCS6, PCS5, P12 Qut put
out port (O0xff 70, 0x1000); /1 Pl OMD

e Configure the PPI 82C55 to all inputs. You caretélsese by writing to the command register.

out port b(0x0103, 0x9a) ; /1 all pins are input, 120-23 output
out port b(0x0100, 0);
out port b(0x0101, 0);
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out port b(0x0102, 0x01) ; /1 120 high

The chip select lines are set to 15 wait statesldigult. This makes it possible to interface wtany
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 argumemait.

wait=0, wait states = 0, |/O enable for 100 ns
wait=1, wait states = 1, |/O enable for 100+25 ns
wait=2, wait states = 2, |/O enable for 100+50 ns
wait=3, wait states = 3, |I/O enable for 100+75 ns
wait=4, wait states = 5, |I/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 six external interrupt sourceshenUB, consisting of five maskable interrupt pilsT4-
INTO) and one non-maskable interruptM| ). There are also an additional eight internarintpt sources
not connected to the external pins, consistinduade timers, two DMA channels, both asynchronousilse
ports, and th&iMI from the watchdog timer. For a detailed discus$iwolving the ICUs, the user should
refer to Chapter 9 of the AMD Am186ER MicrocontesllUser's Manual - or the R1100 user’s manual,
both available on the CD under thend_docsdirectory. Remember, DMA channels to and from the
serial port not available on the R1100.)

TERN provides functions to enable/disable all & fhmaskable external interrupts. The user cdrangl
of the interrupt init functions listed below forishpurpose. The first argument indicates whether t
particular interrupt should be enabled, and theorsgds a function pointer to an appropriate intptru
service routine that should be used to handlenterrupt. The TERN libraries will set up the imtest
vectors correctly for the specified external intgtrline.

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

To send the nonspecific EOl command, you need ite WreEOI register word with 0x8000.
out port (Oxff22, 0x8000);

See Chapter 9 of AM186ER technical manual (terns)dioc additional details. Sample code is also
available in theern\186\samples\aalirectory, intx.c’.

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

These functions can be used to initialize any dribeexternal interrupt channels (for pin locati@nd
other physical hardware details, see the Hardwapter). The first argumenindicates whether this
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particular interrupt should be enabled or disabl€He second argument is a function pointer, whith
act as the interrupt service routine. The overtwathe interrupt service routine, when executedpiout
20 ps.

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

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

voi d
voi d

void intO_init( unsigned char i,
void intl init( unsigned char i,
void int2_init( unsigned char i,
void int3_init( unsigned char i,
void int4_init( unsigned char i, void interrupt far(* int4_isr
void nm _init(void interrupt far (* nm _isr)());

4.2.3 1/O Initialization

interrupt far(* intO_isr)() );
interrupt far(* intl_isr)() );
void interrupt far(* int2_isr)() );
I )() )
I )0 )

void interrupt far(* int3_isr

Two ports of 16 I/O pins each are available onlie Hardware details regarding these PIO linestan
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 PI1O pins as input/output, iiEtahe appropriate pins in one of the four avédabodes.
Before selecting pins for this purpose, make souaéthe peripheral mode operation of the pin isnesded
for a different use within the same applicatioBxdmple, if using the ADS8344, P15 is needed ashi
select, so it will be unavailable for any othergmse while the ADC is being used).

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 aexldor 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 14 of the AMD Am1B8Eser's Manual. Also see Table 3.2 in this manual.

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

The functionpio_wr andpio_rd can be quite slow when accessing the PIO pingeBding 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. Refefrto speed.c’for the fastest possible access.

The data register Bxff74 for PIO port 0, an@®xff7a for PIO port 1.

void pio_init
Arguments: char bit, char mode
Return value: none

bit refers to any one of the 32 PIO lines, 0-31.
moderefers to one of four modes of operation.
* 0, normal operation

e 1, input with pullup/down

e 2, output
e 3, input without pull
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unsigned int pio_rd:
Arguments: char port
Return value: byte indicating P10 status

Each bit of the returned 16-bit value indicatesatient 1/0 value for the P1O pins in the seleqted.
void pio_wr:
Arguments: char bit, char dat

Return value: none

Writes the passed in dat value (either 1/0) test#Hected PIO.

4.2.4 Timer Units

The three timers present on the UB can be used fa@riety of applications. All three timers runva of
the processor clock rate, which determines the mmaxi resolution that can be obtained. Be awareithat
you enter power save mode, the timers will opesaitereduced speed as well.

These timers are controlled and configured throaginode register that is specified using the softwar
interfaces. The mode register is described inildatahapter 10 of the AMD AM186ER User’s Manual.

The timers can be used to time execution of yoer-defined code by reading the timer values befmt
after execution of any piece of code. For a sarfidedemonstrating this application, see the sanfid
timer.c in the directoryttern\186\samples\ae.

Two of the timersTimer0 andTimerl can be used for pulse-width modulation with aafale duty cycle.
These timers contain two max counters, where theubuis high until the counter counts reaches marto
A before switching and counting to maxcount B.

It is also possible to use the outpufTirfher2 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. The sample filésner02.c andtimer12.c, located intern\186\samples\ae, demonstrate this.

The specific behavior that you might want to impdenis described in detail in chapter 10 of the AMD
AM186ER 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 routirteisr specified here is called whenever the full cosmeached if the interrup
bit in the TOCON/T1CON is set, with other behavior possible dependingtenvalue specified for th
control register. If the interrupt bit is not stte user can poll the status if thiC bit in the timer control
registers. Polling th®IC bit offers a way to monitor timer status withostng interrupts.

void t2_init

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

Return values: none.

Timer2 behaves like the other timers, except it onlydr@es max counter available, and no 1/O pins.

11%
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4.2.5 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 timé®) jumper is set, the functidmitwd() must be called every 1.6
seconds of program execution. If this is not exetbecause 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 af time. Backed up by a lithium-coin battery, thealr
time clock can be accessed and programmed usingintedface functions. The librarip.lib must be
included into the application project to use tha-teme clock. See \tern\186\samples\ub\ub_rt¢.drfior a
sample program. There is a common data structwe tesaccess and use both interfaces.

typedef struct{
unsi gned char secl; One second digit.
unsi gned char secl10; Ten second digit.
unsi gned char mnl; One mnute digit.
unsi gned char ninl0; Ten mnute digit.
unsi gned char hourl; 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 nmonl0; 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

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

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

inttb_rtc_rd
Arguments: char* realTime
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Return value: int error_code

This function is slightly different from the rtc_fdnction. It places the current value of the t&ak clock
into a character string instead of the TIM struetumaking it a more convenient function than rtc_rd

This function places the current value of the tiaé clock in the char* realTime. The string hasrnat

of “week year10 yearl month10 monthl day10 dayXi®bhourl min10 minl second10 secondl”. The
tb_rtc_rds function also places a null terminating characteha end of the time string. It is important to
note that you must be sure to make the destinahiaracter string long enough to hold the real tioek
value plus the null character. A destination chiarastring that is too short will result in the aat
immediately following the character string in memto be overwritten, causing unknown results.

For example “3040503142500\0” represents Wedneltiay3, 2004 at 02:25.00 pm. There are only tw
positions for the year, so the user must decide thaetermine the hundreds and thousands digiteof t
year. Here we just assume “04” correlates to tlze 2604.

The length of char * realTime must be at leasthdracters, 13 plus one null terminating character.
This function returns 0 on success and returnschse of error, such as the clock failing to respbon
Void th_rtc_init

Arguments: char* t

Return value: none

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, year10, year1, month10, month1, day10, dayl, hour10,
hour1, minutelO, minutel, second10, secondl, 0 }.

If, for example, the time to be initialized intcetheal time clock is Friday June 6, 2003, 10:5%681() the
byte array would be initialized to: unsigned chas}={5,0,3,0,6,0,6, 1,0, 5, 5, 3, 0};

Delay

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

void delay0
Arguments: unsigned int t
Return value: none

This function is just a simple software loop. Tawual time that it waits depends on processordspee

well as interrupt latency. The code is functiop&dientical to:
while(t) { t--;}

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

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

This function returns a simple 16-bit CRC on a kaeay ofcount size pointed to byvptr. |

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 tlaedofor
any reason. Depending on the current hardwareégroation, this might either start executing coctenf
the ACTF Boot Utility or from some other address.

4.3 Functions in SER0.0BJ

The functions described in this section are prgetly in the header fileser0.h in the directory
tern\ 186\ i ncl ude.

The Am186ER only provides one asynchronous seoidl fhe UB comes standard with the SC26C92,
providing two additional asynchronous ports. Taea port on the Am186ER will be called SERO, and
the two UARTS from the SC26C92 will be referreca®SER1 and SER2.

This section will discuss functions &er0.honly, as SERO pertains to the Am186ER.

By default, SERO is used by the DEBUG kernel (réd8®%.hex) for application download/debugging in

STEP 1 and STEP ZThe following examples that will be used, show futtions for SERO, but since it

is used by the debugger, you cannot directly debu§ERO. This section will describe its operation and

software drivers. The following section will dissiSSER1 and SER2, which pertain to the external
SC26C92 UART. SER1 and SER2 will be easier to imelet in applications, as they can be directly
debugged in the Paradigm C/C++ environment.

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 argumentattbxpress each baud rate, to be used in TERN
functions forSERO ONLY. SER1 and SER2 have baud rated based upon differguments. These are
based on a 40 MHz CPU clock (80MHz boards will haldaud rates doubled).
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Function Argument | Baud Rate
1 110

2 150

3 300

4 600

5 1200

6 2400

7 4800

8 9600

9 19,200 (default)
10 38,400

11 57,600

12 115,200
13 250,000
14 500,000
15 1,250,000
16 28,800

Table 4.1 Baud rate values for serO only

As of January 25, 2004, the function argument “i&s added for initializing SERO. This new rate
provides a baud rate of 28,000 for 40MHz boardd, /600 for 80MHz boards.

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

An input buffer,ser 0_i n_buf (whose size is specified by the user), will autbcadly store the receiving
serial data stream into the memory by DMAO 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 witer hi t 0() and
take out the data from the buffer wilet ser 0() , if any. The input buffer is used as a circulagrbuffer,
as shown in Figure 4.1. However, the transmit dj@ras interrupt-driven.

ibuf in_tail in_head ibuf+isiz

v v
[ L[]

1 |

Figure 4.1 Circular ring input buffer

The input bufferipuf), buffer size i6iz), and baud rateb@ud) are specified by the user wistd i ni t ()
with a default mode of 8-bit, 1 stop bit, no pariffter sO_i ni t () you can set up a hew mode with
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different numbers for data-bit, stop bit, or patity directly accessing the Serial Port 0 ControgiBter
(SPOCT) if necessary, as described in chapter #2e0fAm186ER 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 0() before the ring buffer is full, new data will
overwrite the old data without warning or control.hus it is important to provide a sufficientlyde buffer
if large amounts of data are transferred. For gtenif you are receiving data at 9600 baud, a 4HEer
will be able to store data for approximately foacands.

However, it is always important to take out datayetom the input buffer, before the ring buffeslls
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 ty8n without overrunning the input buffer. You caseu
serhit0() to check the status of the input buffer and rethmoffset of the in_head pointer from the
in_tail pointer. A return value of 0 indicates awata is available in the buffer.

You can usgyet ser 0() to get the serial input data byte by byte usingd-ffom the buffer. The in_tail
pointer will automatically increment after eveget ser 0() call. It is not necessary to suspend external
devices from sending in serial data with /RTS. Oalphardware reset @0 _cl ose() can stop this
receiving operation.

For transmission, you can ugait ser O() to send out a byte, or ugaut sers0() to transmit a
character string. You can put data into the trahsing buffer,sO_out _buf, at any time using this
method. The transmit ring buffer addresvyf) and buffer lengthdsiz) are also specified at the time of
initialization. The transmit interrupt service wilheck the availability of data in the transmitfeuf If there

is no more data (the head and tail pointers aralgquwill disable the transmit interrupt. Othase, it will
continue to take out the data from the out buffex] transmit. After you capput ser 0() 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.

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

There is a data structure containing importanias@ort state information that is passed as argtitoethe
TERN library interface functions. The@OM structure should normally be manipulated only RN
libraries. It is provided to make debugging of #&rial communication ports more practical. Siiice
allows you to monitor the current value of the bufind associated pointer values, you can watch the
transmission process.

typedef struct {
unsi gned char ready;
unsi gned char baud;
unsi gned char node;

~
*

TRUE when ready */

unsi gned char ifl ag; /* interrupt status */
unsi gned char *in_buf; /* I nput buffer */

int in_tail; /* Input buffer TAIL ptr */
int in_head; /* Input buffer HEAD ptr */
int in_size; /* Input buffer size */

int in_crcnt; /* I nput <CR> count */

unsi gned char in_m; /* I nput 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 */
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unsi gned char out_nt; /[* Qutput buffer MI */

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

unsi gned char dtr;

unsi gned char en485;

unsi gned char err;

unsi gned char node;

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

unsi gned char sl ave;
unsigned int in_segm
unsigned int in_offs;

i nput buffer segnent */
i nput buffer offset */
unsi gned i nt out_segm out put buffer segnment */
unsi gned int out_offs; * out put buffer offset */
unsi gned char byte delay; /* V25 macro service byte delay */

* X F

~~

} com

sn_init
Arguments: unsigned char b, unsigned char* ibuf, inisiz, unsigned char* obuf, int osiz, COM* ¢
Return value: none

This function initializes either SERO with the sified parametersb is the baud rate value shown in Table
4.1. Argumentsbuf andisiz specify the input-data buffer, antbuf andosiz specify the location and size
of the transmit ring buffer.

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

There are a couple different functions used fangmaission of data. You can place data within thigat
buffer manually, incrementing the head and taifdrupointers appropriately. If you do not call aofethe
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 \&abfehe buffer pointer. The following functionseahown
as putsern’, wheren is the serial port in use. This section applidy tm SERO, thusputserC.

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

This function places one bytaitch into the transmit buffer for the appropriate sepiart. The return valug
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 charactangtinto the transmit buffer. The return valueures one
in case of success, and zero in any other case.

Y%

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

serhitn
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Arguments: COM *c
Return value: int value

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

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

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

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

This function fills the character buffstr with at mosten bytes from the input buffer. It also stops
retrieving data from the buffer if a carriage retgASCII: 0x0d) is retrieved.

This function makes repeated callgtser, and will block untillen bytes are retrieved. The retwalue
indicates the number of bytes that were placedthedouffer.

Be careful when you are using this function. Téimed character string is actually a byte array
terminated by a null character. This means thaxetimight actually be multiple null charactershia byte
array, and the returnadlue is the only definite indicator of the number otdés/read. Normally, we
suggest that thgetsersandputsersfunctions 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 aiagumight not be selected as needed. For depddase
refer to the Am186ES User's Manual.

char sn_cts(void)
Retrieves value oETS pin.

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

Completing Serial Communications

After completing your serial communications, yowun ga-initialize the serial port with sO_init(); teset
default system resources.

sn_close
Arguments: COM *c
Return value: none

This closes down the serial port, by shutting délrenhardware as well as disabling the interrupt.
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The asynchronous serial 1/0 port available on th&lB6ER processor has many other features that might
be useful for your application. If you are intdesgsin having more control, please read Chapteofitbe
manual for a detailed discussion of other feataraslable to you.

4.4 Functions in AEEE.OBJ

The 512-byte serial EEPROMA4CO04) provided on-board allows easy storage of nontilelgprogram
parameters. This is usually an ideal locationté@esimportant configuration values that do notcheebe
changed often. Access to the EEPROM is quite stmwmpared to memory access on the rest of the
controller.

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

Addresse€)x00 to Ox1f on the EEPROM is reserved for system use, inctudonfiguration information
about the controller itself, jump address for Sk, and other data that is of a more permanenteat

The rest of the EEPROM memory spa@e20to 0x1ff, is available for application use.

ee_wr
Arguments: int addr, unsigned char dat
Return value: int status

This function is used to write the passedlat to the specifiediddr. 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#fjedl address.
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4.5 Other Sample code

The following is a list of other sample code aualéa for the UB. Each will show an example
implementation of the specific hardware and aratied in the tern\186\samples\ub directory. Thefulhg
are some of the sample applications that can bedfoutheub.ide sample project.

Sample Description

ub_usb.axe Echo’s characters via USB

ub_adl6.axe Reads from both 16-bit ADC’'s AD7606

ub_adl16_USB.axe Reads 8 ch. 16-bit ADC and dungeetults to USB at 100 KHz
ub_ad24.axe Read from the 24-bit ADC LTC2448

ub_da.axe Writes to the 16-bit DAC DA8544

ub_rtc.axe Initializes and read from the real-totaek

ub_cf.axe Reads and writes raw data to the confiaatt card
ub_fs_cmd_ush.axe| Text interface to the file systear the USB virtual COM port
act_ub.axe Text interface to the UB I/O functiomsrathe USB virtual COM port

4.5.1 File system support

TERN libraries support FAT file system for the Caap Flash interface. Refer to Chapter 4 of the
FlashCore technical manual (tern_docs\manualstitagtpdf) for a summary of the available routingse
libraries and header files are as follows:

fileio.h
filegio.h
filesy16.lib
mm16.lib

The UB uses a 16-bit external A/D bus. The usertrien link to the libraries for 16-bit externaldses,
filesyl6.lib and mm16.lib. In addition, if usingegis_cmdsl sample, you must define ‘TERN_186" and
‘TERN_16_BIT’ in the ROM node’s local options.

Libraries are found in the tern\186\lib directomydaheader files in the tern\186\include directdgfer to
ub.ide for two samples, ub_cf.c and ub_fs_cmd_usb.c.
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Appendix C: FT232H Driver Installation

Installing FTDI's D2XX Driver

As stated earlier, the FT232H on the UB is conkgluby TERN to interface the D2XX
Windows driver. The D2XX driver can be used wigipkcation software to directly
access the FT232H through a DLL. The D2XX driven be found on the TERN CD
TERN_Docs\TERNUSB\cusb-direct or at FTDI's websiteéttp:/www.ftdichip.com. This
section describes the process of installing the XaKXver to work with the UB.

The following instructions were performed on a Windws XP machine. Other
version of Windows may vary.

1. Connect the USB to your computer using USB cable other power connection is
required. Once it's plugged in, Windows shouldedethe new hardware and prompt
with the Found New Hardware Wizard.

*jr"' Found Mew Hardware

IUSE =-= Serial Converker

Welcome to the Found New
Hardware Wizard

Thiz wizard helpz you install software for:

USE <-» Senal Converter

ii'J If pour hardware came with an installation CD
= or Hoppy disk, inzert it now.

what do you want the wizard to da?

(3 Install the software automatically [Fecommended)

(&3ilnztall rom a list or specific locaton [Advanced)

Click Mext to continue,

Meut = l [ Cancel
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2. Set the search location to fRERN_docs\TERNUSB\cusb-direct folder on the TERN
Development Kit CD. Click “Next”.

Found Mew Hardware Wizard

Please choose your search and installation options. 2

(%) Search for the bast driver in these locations.

Uze the check boxes belaw ta limit or expand the default search, which includes local
paths and remaovable media. The best driver found will be installed.

[15earch removable media (floppy, CO-ROM..]
Inchude this location in the search:

EATERM_docs\TERMUSE \cusb-direct v

() Don't search. | will choose the driver b install,

Chooze this option to select the device driver from a list, Windows does not guarantee that
the driver you choose will be the best match for your hardware,

’ < Back ” Meut = l’ Cancel

Windows should begin searching for the correctetriv
Found Hew Hardware Wizard

Please wait while the wizard searches. .. L

@ IISE <-> Serial Converter

Cancel
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3. Select th&JSB Serial Converterdriver. This example shows the same driver in two
locations. This will vary on different computebsit at least one driver should be located.

Found Mew Hardware Wizard

Please select the best match For your hardware from the list below. .

% USE Serial Converter

Deszcription Werzsion | Manufacturer | Location

@hLISB Serial Converter 2.814.0 FTDI chtemnttern_docshternusbhcous
EFUSE Serial Cormerter 28140 FTDI Wwindows Update
£ >

[5¥ This driver iz digitally signed.
Tell me why diver signing iz important

’ < Back " Meut = l’ Cancel l

4. Click “Next” and Windows will install the USB #al Converter driver.
Found Mew Hardware Wizard

Please wait while the wizard installs the software. _. .

% USE Serial Converter

Lo o
frbsui.dil
To C:AwINDDWShaystem32
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5. When the installation is complete, Windows wibmpt that the new hardware is
installed and ready to use. The D2XX driver is ramgessible to application programs.

er Found New Hardware

Your new hardware is installed and ready ko use,

6. To verify the driver is installed, open Systerogerties by right-clicking the My
Computer desktop icon and selecting Propertiesk@fie Device Manager button on the
Hardware tab.

System Properties LfJ
System Restore _hutomatic Updates HRemate
General | Computer Mame Advanced

[Device Manager

= The Device Manager listz all the hardware devices installed
=== on pouwr computer. Use the Device Manager to change the
properties af any device.

Device Manager

Drivers

ey

Drriver Signing lets vou make zure that installed drivers are
compatible with Windows. “Windows Update lets you set up
how Windows connects to Windows pdate for drivers,

I Diriver Sianing ] [ “Windows |pdate

Hardware Frofiles

e Hardware profiles provide a way for you to zet up and store
%ﬁ different hardware configurations.

[ Hardware Profiles ]

OF. _][ Carc:el ]
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The Device Manager should show a “USB Serial Caevénode under the Universal

Serial Bus controllers branch. This representatiiwe USB connection to the UB.

2 Device Manager

BE=

-,

Eile Action Mew Help

- = S 2 =Ha

#- ") Mice and ather pointing devices
= E,. Madems
; - kb Agere Systems PCI Soft Modem
+ :ﬂ Monitars
[+ E8 MNetwork adapkers
5 Parts (CoM & LPT)
= ﬂ Processars
|, Sound, video and game controllers
| %e# Shorage wolumes
] 'y System devices
é Universal Serial Bus contrallers
g Intel{R) 528010B/DEM USE 2.0 Enhanced Host Contraller - 24C0
Lo = Intel{R) B280108/DEM USE Universal Host Controller - 2422
Lo = Intel{R} 5280108/0BM USE Universal Host Contraller - 244
€ Intel(R) 525010B/DEM USE Universal Host Contraller - 247
Lo USE Mass Storage Device
g USE Ract Hub
E USE Raot Hub
8 USE Root Hub
8 U5 Root Hub
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Installing FTDI's VCP Driver

The VCP version of the driver creates a Virtual COtt allowing legacy serial port
applications to operate over USB e.g. HyperTermit@lorder to use the VCP driver, the
D2XX driver must be configured to load the VCP ériwhen connected. This section
describes the steps to setup the VCP driver.

1. After installing the D2XX driver described irethast section, open the Properties tab
of the “USB Serial Converter” node from the Devidanager. The previous section
describes finding the “USB Serial Converter’ nodéhie Device Manager tree.

2. Select the Advanced tab in the Properties padeheck the “Load VCP” box. Click
OK and exit Device Manager. This will force D2XX tige the VCP driver instead.

USB Serial Converter Properties EJ@

| General | Advanced | Driver | Details|

g% 5 IJ5SB Senal Converter

Caonfiguration

Usze theze settings to overide normal device behaviour,

k. H Cancel l[ Help
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3. Disconnect the USB connection to the UB and tieennnect it. When reconnected,
the D2XX driver will attempt to load the VCP drivand treat the UB as a new device.
Windows should prompt with “Found New Hardware”.

jr.ﬂ Found Mew Hardware
IJ5E Serial Port

r

4. When the Found New Hardware Wizard appearsststelenstall from a specific
location.

Found Mew Hardware Wizard

Welcome to the Found New
::Q\ Hardware Wizard

Thiz wizard helpz you install zoftware for:

IJSE Serial Port

f\:"j If your hardware came with an installation CD
2 or floppy disk. insert it now.

‘what do you want the wizard to do?

(2 Install the software automatically [Recommended)

(#3iInstall fram a list or specific location [Advanced)

Click Meust to continue.

Meut » l[ Cancel
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5. Set the search location to fRERN_docs\TERNUSB\cusb-vcp folder on the TERN
Development Kit CD. Click “Next”.

Found Mew Hardware Wizard

-

Please choose your search and installation optionsz. L

(%) Search for the best driver in these locations.

Uze the check bowes below to limit or expand the default zearch, whick includes lozal
paths and removable media. The best driver found will be ingtalled.

[ 5earch removable media (loppy. CO-ROM...]
Include this location in the zearch:

EATERM_docs\ TERMUSBcush-vop v| [ Browse

() Don't search. | will choose the diver to install

Chooge thiz option to zelect the device driver from a ligt, Windows does not guarantee that
thie driver you chooze will be the best match for your hardware,

[ < Back ][ Mewut » ][ Cancel

Windows should begin searching for the correctadtiv
Found New Hardware Wizard

Please wait while the wizard searches... o

@ LSE Serial Part

Cancel
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6. Select th&SB Serial Converterdriver. This example shows the same driver in two
locations. This will vary on different computebsit at least one driver should be located.

Found Mew Hardware Wizard

Please zelect the best match for your hardware from the list below. .
(S’ USE Serial Port

Description Yersion | Manufacturer | Location

q}’ELISE Serial Port 2814.0 FTDI c:Merntbern_docsiternusbhousb-vep
Eu” |JSE Senal Fort 2814.0 FTDI windows Update
4 >

[5F This driver is digitally signed.
Tell me why driver signing is importart

[ < Back ” Meut » l[ Cancel ]

7. Click “Next” and Windows will install the USB #al Converter driver.
Found Mew Hardware Wizard

Please wait while the wizard installs the software... .
(3 LISB Serial Port

e

9 7
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8. Windows will prompt when the New Hardware inlsttibn is complete.
Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for:

3 USE Senal Port

Click Finish to cloze the wizard,

F
i) Found New Hardware

Your new hardware is installed and ready to use,
b,
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9. Open the Device Manager as described previdasigrify the VCP driver is installed
correctly. The UB should show up on the Device &tgar as a USB Serial Port. The UB
can now communicate with the PC like a serial COM.P

Device Manager

Eile Action Mew Help
= = H&S 2 =ma

] g Carmpuker |
| igm Disk drives
] iﬂ Display adapters
s DMDYCD-ROM drives
|45 Humnan Interface Devices
+-i=) IDE ATAMATAPT controllers
‘z Kevboards
'_"_, Mice and other pointing devices
i+ L Modems
i+ Eg Manikars
[+ E8 Metwork sdapters
= 5 Ports (COM & LPT)
5 ATENUSE to Serial Bridgs (COM2)
B '__‘pyf Communications Port (COML)
- 5 ECP Printer Part (LPT1)
- Y 0SB Serial Part {COMAT
+ m Processars
=&, Sound, video and game controllers
[+ “g# Storage volumes

i+ oy Syskem devices
[+ -8 Universal Serial Bus controllers ||

i e e
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