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|Zl Quick Start

Driver Installation
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power cord and cables
Step 2 Remove the cover of your computer

Step 3 Remove the slot cover on the back panel
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Step 4 Touch the metal part of your computer
chassis to discharge static electricity on
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Step 5 Insert the PCI-1712/1732 card into a PCI
slot. Hold the card only by its edges and
carefully align it with the slot, then insert
the card firmly into place. Use of
excessive force must be avoided otherwise
the card might be damaged.

Step @ Fasten the bracket of the PCI card on the
back panel rail of the computer with
screws

Step 7 Connect appropriate accessories (68-pin
cable, wiring terminals, etc., if necessary)
to the PCI card.

Step & Replace the cover of your computer
chassis. Re-connect the cables you
removed in step 2.

Step 9Plug in the power cord and turn on the
computer
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Device Installation

Step 1 Run theDevice Installationprogram (by
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Step 2 On theDevice Installationprogram

window, select théDevicemenu item on

Step 6 After your card is properly installed and
configured, you can click th&est button
to test your hardware.

the menu bar, and click thgetup
command to bring up thBO Device
Installation dialog box as below:
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Step 3 Scroll down theList of Devicesbox to find
the device that you wish to configure,
then click theAdd button to bring up the
Device Found(sdialog box as shown
below:

List below is how many PCI-1712 cards on
Please select one from

Step 4 After selecting a device and clidBK, the
Device Settinglialog box will pop up.
You can configure various settings for the
selected device.

Step 5 After you have finished configuring of the
device, clickOK and the device will
appear in thdnstalled Devicedox as
seen below:
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Chapter1

1. Introduction

Thank you for buying the Advantech PCI-1712/1732 PCl card. The
PCI-1712/1732 is a powerful high-speed multifunction DAS card for PCI
bus. It features a 1MHz 12-bit A/D convertan on-board FIFO bigr
(storing up to 1K samples for A/D, and up to 32K samples for D/A
conversion). The PCI-1712/1732 provides a total of up wrigie-
endedor 8differential A/D input channelgr a mixed combination, 2
12-bit D/A output channelsl6 digital input/output channelsand 3
10MHz 16-bit multifunction counter channeRCI-1712/1732

provides specific functions for different user requirments:

PCI-1712 1 MS/s High-Speed Multifunction Card
PCI-1732 1 MS/s High-Speed Multifunction Card w/o analog output

The following sections of this chapter will provide further information
about features of the DAS card, a Quick Start for installation, together
with some brief information on software and accessories for the PCI-
1712/1732 card.

1.1 Features

The Advantech PCI-1712/1732 provides users with the most requested
measurement and control functions as seen below:

U PClI-bus mastering for data transfer
U 16 single-ended or 8 differential or combination analog inputs
4 12-bit A/D converterwith up to 1 MHz sampling rate

U Pre-, post-,about- and delay-trigger data acquisition modes for
analog input channels

U Programmable gain for each analog input channel
U Automatic channel/gain/SD/BU scanning

U On-board FIFO bdiér storing up to 1K samples for A/D and 32K
samples for D/A

U Two 12-bit analog output channels with continuous waveform
output function

U Auto calibration for analog input and output channels
U 16 digital Input and output channels

U Three 16-bit programmable multifunction counters/timers on 10MHz
clock.

The Advantech PCI-1712fefs the following main features:

Advantech Co., Ltd. -1- PCI-1712/1732 Usés Manual
www.advantech.com



Chapter 1

PCI-Bus Mastering Data Transfer

The PCI-1712/1732 suppoR£I1-Bus mastering DM#for high-speed

data transfer and gap-free analog input and analog output. By setting
aside a block of memory in the PC, the PCI-1712/1732 performs bus-
mastering data transfers without CPU intervention, setting the CPU
free to perform other more urgent tasks such as data analysis and
graphic manipulation. The function allows users to run all /O func-
tions simultaneously at full speed without losing data.

Plug-and-Play Function

The PCI-1712/1732 is a Plug-and-Play device, which fully complies with
the PCI Specification Rev 2.2. During card installation, you have no
need to set any jumpers or DIP switches. Instead, all bus-related
configurations such as base 1/0O address and interrupt are automati-
cally done by the Plug-and-Play function.

On-board FIFO Memory

The PCI-1712/1732 provides an-board FIFO(First In First Out)
memory bufer, storing up to 1K samples for A/D and 32K for D/A
conversion (PCI-1712 only).

Automatic Channel/Gain/SD*/BU* Scanning

PCI-1712/1732 features antomatic channel/Gain/SD/BU scanning
circuit. This circuit controls multiplexer switching during sampling in a
way that is much more efficient than software implementa@on.

board SRAMstores different gain, SD and BU values for each channel.
This combination lets user perform multi-channel high-speed sampling
with different gain, SD and BU values for each channel.

SD: Single-Ended/Differential Analog Input

BU: Bipolar/Unipolar

Flexible Triggering and Clocking Capabilities

The PCI-1712/1732 provides flexibility in triggering action, both in the
available trigger modes and trigger events for analog inpu.csn
acquire data usingost-trigger pre-trigger delay-triggerand about-
trigger modes. The trigger source could be either analog or digital
signal. The analog trigger could originate from a dedicated input pin.
In fact, you can designate any of the analog input channels as the
analog trigger input. &u can also set the analog trigger level within a
voltage range from zero to A/D FSR. When trigger signal being digital,
you can pace A/D and D/A conversion using software interrupt,
internal or external clock.

PCI-1712/1732 Uses Manual -2 - Advantech Co., Ltd.
www.advantech.com
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Continuous Analog Output

The PCI-1712 provides two analog output channels. Both of them can
perform continuous waveform output. The analog output can be up to
500kS/s for each analog output channel. Or you can load a cyclic
waveform into an on-board FIFO, which will continuously output the
cyclic waveform. The on-board FIFO of the PCI-1712 can store 2 to 32K
samples for the waveform output.

On-board Programmable Multifunction Counter/Timer

The PCI-1712/1732 is equipped with three programmable multifunction
counters/timers, which can serve gsaaer triggerfor A/D conver-

sion. The counter chip is an 82C54 or equivalent, which incorporates
three 16-bit channels on a 10 MHz clock. And then we enhance the
gate and clock input function for more applications, of event counting,
pulse generation, duty cycle frequency generation, one shot, fre-
guency measurement and pulse width measurement.

Note:

O Pace trigger determines how fast A/D conversion will be done in pacer
trigger mode.

O For detailed specifications of the PCI-1712/1732, please refgpen-
dix A, Specifications.

1.2 Installation Guide

Before you install your PCI-1712/1732 card, please make sure you have
the following necessary components:

4 PCI-1712/1732 DAS card
U PCI-1712/1732 User's Manual

1 Driver software Advantech DLL drivers
(included in the companion CD-ROM)

Q Wiring cable PCL-10168
Q Wiring board PCLD-8712, ADAM-3968
U Computer Personal computer or workstation with a
PCl-bus slot
Some other optional components are also available for enhanced
operation:
Advantech Co., Ltd. -3- PCI-1712/1732 Usés Manual

www.advantech.com
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Install Driver from CD-ROM, then power-off PC

Install Hardware and power-on PC

Use driver utility to configure hardware

Use test utility to test hardware

Read examples & driver manual

Start to write your own application

Figure 1-1: Installation Flow Chart

PCI-1712/1732 Usés Manual -4 — Advantech Co., Ltd.
www.advantech.com
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U Application software ActiveDAQ, GeniDAQ or other third-party
softwarepackages

After you have got the necessary components and maybe some
accessories for enhanced operation of your DAS card, you can then
begin the Installation procedures. Figure 1-1 on the next page pro-
vides a concise flow chart to give users a broad picture of the software
and hardware installation procedures:

1.3 Accessories

Advantech offers a complete set of accessory products to support the
PCI-1712/1732 cards. These accessories include:

Wiring Cable

U PCL-10168 The PCL-10168 shielded cable is specially designed
for PCI-1712/1732 card to provide higher resistance to nose. T
achieve a better signal qualithe signal wires are twisted in such a
way as to form a twisted-pair cable, reducing crosstalk and noise
from other signal sources. Furthermore, its analog and digital lines
are separately sheathed and shielded to neutralize EMI/EMC
problems.

Wiring Boards

U ADAM-3968 The ADAM-3968 is a 68-pin SCSI wiring terminal
module for DIN-rail mounting. This terminal module can be readily
connected to the Advantech PC-Lab cards and allow easy yet
reliable access to individual pin connections for the PCI-1712/1732
card.

UPCLD-8712 The PCLD-8712 is a DIN-rail mounting screw-
terminal board to be used with any of the PC-LabCards which have
68-pin SCSI connectors. The PCLD-8712 features the following
functions:

¢ One additional 20-pin flat-cable connectors for digital input and
output

o Reserved space on the board to meet future needs for signal-
conditioning circuits (low-pass filtevoltage attenuator and
current shunt)

Advantech Co., Ltd. -5- PCI-1712/1732 Usés Manual
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¢ Industrial-grade screw-clamp terminal blocks for heavy-duty and
reliable connections.

PCI-1712/1732 Uses Manual -6 - Advantech Co., Ltd.
www.advantech.com



2. Installation

Chapterz

This chapter gives users a package item checklist, proper instructions
about unpacking and step-by-step procedures for both driver and card
installation.

2.1 Unpacking

After receiving your PCI-1712/1732 package, please inspect its
contents first. The package should contain the following items:

™ PCI-1712/1732 card

M Companion CD-ROM (DLL driver included)
M Users Manual

M Quick Start

The PCI-1712/1732 card harbors certain electronic components
vulnerable teelectrostatic dischargéESD). ESD could easily damage
the integrated circuits and certain components if preventive measures
are not carefully paid attention ®efore removing the card from the
antistatic plastic bag, you should take following precautions to ward
off possible ESD damage:

e Touch the metal part of your computer chassis with your hand
to dischage static electricity accumulated on your hady one
can also use a grounding strap.

e Touch the antistatic bag to a metal part of your computer
chassis before opening the bag.

o Take hold of the card only by the metal bracket when removing it
out of the bag.

After taking out the card, first you should:

¢ Inspect the card for any possible signs of external damage
(loose or damaged components, etc.). If the card is visibly
damaged, please notify our service department or our local sales
representative immediatelfvoid installing a damaged card into
your system.

Also pay extra caution to the following aspects to ensure proper
installation:

; Avoid physical contact with materials that could hold static
electricity such as plastic, vinyl and Styrofoam.

Advantech Co., Ltd. -7- PCI-1712/1732 Usés Manual
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Whenever you handle the card, grasp it only by its edges. DO
; NOT TOUCH the exposed metal pins of the connector or the
electronic components.

Note:
O Keep the antistatic bag for future useou¥might need the original bag

to store the card if you have to remove the card from PC or transport it
elsewhere.

2.2 Driver Installation

We recommend you to install the driver befoe you install the PCI-
1712/1732 card into your system, since this will guarantee a smooth
installation process.

The 32-bit DLL driver Setup program for the card is included on the
companion CD-ROM that is shipped with your DAS card package.
Please follow the steps below to install the driver software:

Step 1: Insert the companion CD-ROM into your CD-ROM drive.

Step 2: The Setup program will be launched automatically if you have
the autoplay function enabled on your system. When the
Setup Program is launched, you'll see the following Setup
Screen.

Note:
O If the autoplay function is not enabled on your compuise VWihdows

Explorer or WhdowsRuncommand to execute SETIHEXE on the
companion CD-ROM.

Figure 2-1: The Setup Screen of Advantech Automation Software

PCI-1712/1732 Useés Manual -8 - Advantech Co., Ltd.
www.advantech.com
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Step 3: Select thédLL Driversoption.

Step 4: Select thaMndows 95/98r Windows NToption according
to your operating system. Just follow the installatistruc-
tions step by step to complete your DLL driver setup.

r DLL Drivers
I N
1‘%@‘

Benefits:

-> Provides complete DA&C 1O
function libraries to utilize HAW
functions.

- Pragrammed with Microsoft
Visual C++, Visual Basic,
Inprise Delphi and Cx+ Builder

-> Features lots of programming
examples

> ADAM 4525, ADAM 5000/CANopen,
PCL 841 utilities also included.

iyl
Acrobat Reader

Release Notes

MAIN MENU

e

Figure 2-2: Different options for Driver Setup

For further information on driver-related issues, an online version of
DLL Drivers Manualis available by accessing the following path:

Start/Programs/Advantech Driver for 95 and 98 (or for NT)/Driver
Manual

2.3 Hardware Installation

Note:
O Make sure you have installed the driver first before you install the card
(please refer t@.2 Driver Installation

After the DLL driver installation is completed, you can now go on to
install the PCI-1712/1732 card in any PCI slot on your comyBite it

is suggested that you should refer to the computer user manual or
related documentations if you have any doubt. Please follow the steps
below to install the card on your system.

Step 1: Turn off your computer and unplug the power cord and cables.

; TURN OFF your computer before installing or removing any
components on the computer

Advantech Co., Ltd. -9- PCI-1712/1732 Uses Manual
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Step 2: Remove the cover of your computer
Step 3: Remove the slot cover on the back panel of your computer

Step 4 Touch the metal part on the surface of your computer to
neutralize the static electricity that might be on your body

Step 5 Insert the PCI-1712/1732 card into a PCI slot. Hold the card only
by its edges and carefully align it with the slot. Insert the card

firmly into place. Use of excessive force must be avoided,
otherwise the card might be damaged.

Step 6 Fasten the bracket of the PCI card on the back panel rail of the
computer with screws.

Step 7. Connect appropriate accessories (68-pin cable, wigngi-
nals, etc. if necessary) to the PCI card.

Step 8 Replace the cover of your computer chassis. Re-connect the
cables you removed in step 2.

Step Q2 Plug in the power cord and turn on the computer .

Note:

O In case you installed the card without installing the DLL driver first,
Windows 95/98 will recognize your card as an “unknown device” after
reboot, and will prompt you to provide necessary driYeu should
ignore the prompting messages (just click@ancelbutton) and set

up the driver according to the steps describeti2rDriver Installa-
tion.

After the PCI-1712/1732 card is installed, you can verify whether it is
properly installed on your system in thevice Manager

1. Access theéDevice ManagethroughControl Panel/System/Device
Manager

2. Thedevice namef the PCI-1712/1732 should be listed on the
Device Managetab on the SysterropertyPage.

PCI-1712/1732 Useés Manual - 10 - Advantech Co., Ltd.
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System Properties 7]
General Device Manager | Hardware Prafiles | Parfamance |

& Viewdevices bylype € Wiew devices by connection

i~ AdvantechDAD
2= COROM
=D Disk diives
(] Display adapters
i#-<= Floppy disk contrallers
29 Hard disk controllers
#-52 Keyboard
=1 ponitor
3 Network adapters
= Parts (COM & LPT) |
5 Pinter Port
. Piinter Port (LPT1) —
System devices i

Popaties | Refesh | FRemove | Pin. |

Figure 2-3: The device name listed on the Device Manager

Note:

O If your card is properly installed, you should seedéeice namef
your card listed on thBevice Managetab. If you do see your device
name listed on it but marked with an exclamation sign “I” , it means
your card has not been correctly installedln this case, remove the
card device from thBevice Manageby selecting its device name and
press thdRemovebutton. Then go through the driver installation
process again.

After your card is properly installed on your system, you can now
configure your device using tli@evice InstallationProgram that has
itself already been installed on your system during driver setup. A
complete device installation procedure should inclleléce setup
configurationandtesting The following sections will guide you
through the Setup, Configuration anelsTing of your device.

Advantech Co., Ltd. - 11 - PCI-1712/1732 Uses Manual
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2.4 Device Setup & Configuration

The Device Installatiorprogram is a utility that allows you to set up,
configure and test your device, and later stores your settings on the
system registryThese settings will be used when you call the APIs of
Advantech 32-bit DLL drivers.

Setting Up the Device
Step 1:To install the 1/0O device for your card, you must first run the
Device Installationprogram (by accessirfstart/Programs/
Advantech Driver for 95 and 98 for NT)/Device Installa-
tion).

e
=EETEE,
Lf—l
Instll Advantsch 10 Device [pmi

Figure 2-4: The Advantech Device Installation utility program

Step 2:On theDevice Installatiorprogram windowselect théevice
menu iten on the menu baand click thesetupcommand (Fig.
2-4) to bring up th&O Device Installatiordialog box (Fig. 2-
5). You can then view the device@jeady installed on your
system (if any) on thinstalled Devicedist box.

ion []

alls

~Installed Devices:

<=8 My Computer Setup

- List of Deswice

o5
antech PCL-1710HG - Add,
L (=

Figure 2-5: The I/0O Device Installation dialog box
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Step 3:Scroll down théd.ist of Devicedox to find the device thgbu
wish to install, then click th&dd button to evoke the
Device(s) Foundlialog box such as one showrHig. 2-6.
TheDevice(s) Foundlialog box lists all thenstalled devices
on your system. Select the device you wardonfigure from
the list box and press tl@K button. Afteryou have clicked
OK, you will see @evice Settinglialog boxsuch as the one in
Fig. 2-7.

Advantech PCI-171

Ligt below ig how many PCI-1712 cards on
Please select one fram

Device

Figure 2-6: The “Device(s) Found” dialog box

Configuring the Device

Step 4:0n theDevice Settinglialog box (Fig. 2-7), you can configure
the parameters of A/D, D/A, DIO and Counter functions.

Base Addiess | G500 Hex Interrupt Channel ©
—&/0 Channels Configuration—— — D/A Voltage Ref - Channel D——
Charnel m © External % Intemal
Woltage :I 0~ -

& SingleEnded

" Difterantial D& Valtage Ref - Channel 1——
© Exteinal % Intemal

Voltage : g ~ 5y vl

~Freq. measurement area

[1:3M Hz ~ 10M Hz |

D10 Configuration

Pulse width measurement area Low byte IN -
’7 - — —‘ Hightyte  [OUT =

oK |:I Cancel I Help I About I

Figure 2-7: The Device Setting dialog box

Note:
0 Users can configure the source of D/A reference voltage either as
Internal or External and then select for thanipolar or the bipolar
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output voltage range. When selecting voltage sourtetaal,

users will have options for the output voltage randes 5VandO ~

10V for unipolar; -5 ~ 5Vand-10 ~ 10Vfor bipolar.

When selected &sxternal, the output voltage range is determined by

the external reference voltage in the following way :

By inputting an external reference voltage: xYwhere 0<=x<=10

you will get a output voltage range: 0 to xV for unipolar;
an& to xV  for bipolar

Step 5 After you have finished configuring the device, clieK and
thedevice namevill appear in thenstalled Device®ox as

seen below:
~ Instolled Devices:
= 24 by Computer Setup..
I 000:< PCI-1712 WO=G600H » —I
Remove
Test.
0K
~List of Devises:
Advantech PCI-1710HG =~
Adwantech PCI1711 =
Adventech PCI-1712
Adventech PCI-1713
Adventech FCI-1716 =
| | B

Figure 2-8: The Device Name appearing on the list of devices box

Note:

O As we have noted, tidevice namé&000:PCI-1712 I/O=6600H
begins with alevice numbet000”, which is specifically assigned to
each card cificallyThedevice numbeis passed to the driver to specify
which device you wish to control.

If you want to test the card device furthgo right to the next section
on theDevice &sting
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2.5 Device Testing
Following through thesetupandConfigurationprocedures to the last
step described in the previous section, you can now proceed to test
the device by clicking th&estButton on thd/O Device Installation
dialog box (Fig. 2-8). Mevice Estdialog box will appear accordingly:

ER st - 000 - {PCI-1712 O=6600H} [_ o]

Analog inme AnamggumutT Digital Input T Digital autput T Caupter
Channel No.  Input rangs: Analog input reading
ln_ lm m Channel mods
h_ 010V - W 16 single ended channels
= [oaov hd o.0000000 | Sampling periodt [T000 s
T o T B
ol s [ 0|
o =l
Fom o -
T oo v

Figure 2-9: Analog Input tab on the Devicest dialog box

On theDevice Estdialog box, users are free to test various functions
of PCI-1712/1732 on th&nalog input, Analog output, Digital input,
Digital output or Countertabs.

Note:

O You can access tfizevice Estdialog box either by the previous
procedure for the Device Installation Program or simply by accessing
Start/Programs/Advantech Driver for 95 and 98 (or for NT)e&t
Utility .

Testing Analog Input Function
Click theAnalog Inputtab to bring it up to front of the screen. Select
the input range for each channel in thput rangedrop-down boxes.
Configure the sampling rate on the scroll. I%witch the channels by
using the up/down arraw
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Device Test- 000 : {PCI-1712 LO=6A00H}

Analog input |_Anzlogoutput | Digitalinput | Digital output | Counter

ChannelMa,  Inputrange: Analog input reading:

-

- [w Y] | 15 ek e chareh
B~ [0 -] EEEETI s g 000 ms
oo e r
ol e o

e

o -

il

o1y -] | I b4
Change device Exit

Figure 2-10: Analog Input tab on the DevicesT dialog box

Testing Analog Output Function (PCI-1712 only)

Click the Analog Outputab to bring it up to the foreground. The
Analog Outputab allows you to output quasi-sine, triangle, or square
waveforms generated by the software automaticatlputput single
values manuallyYou can also configure the waveform frequency and
output voltage range.

Analoginput | Analog glllplllT Digital input T DlgnaluulpuLT Counter

~Channel 0

‘aveform out is

 Wavefam autput - Manual Output Eaztge
5 =y Output volisge | [Foftware wih 100
- 25 ., ks in one cycle.
LN 3, P
oo |e | ou |

~Channel 1
- Waveform output

MW S =
o|m|b | ou | —

Overallwaveforn periodt [1g sec 4] | |

Change device Exit

1~ Manual Dutput

Figure 2-11: Analog Output tab on the Devicest dialog box

Testing Digital Input Function
Click theDigital Input tab to show forth th®igital Input test panel
as seen belovirhrough the color of the lamps, users can easily discern
whether the status of each digital input channel is either high or low
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analoginput_| Analog output | Digital input | Digital output Counter

PortMo. Bit 7 4 3 o Hex

[ 9000 0000 F @,
[ 0000 0000 F Ouw

_a |
_w |

[Change device Exit
Figure 2-12: Digital Input tab on the Devicest dialog box

Testing Digital Output Function

Click theDigital Outputtab to bring up th®igital Outputtest panel

such as seen on the next page. By pressing the buttons on each tab,
users can easily set each digital output channleigdsor low for the
corresponding port.

h Devvice Test- 000 - {PCI-1712 [1D=6600H

Analog input T AnalugguluulT Digital input Tl)iuilnlnutpugl Counter

Port No. Bit 7 4 3 o

o e e | m
] ] B o

A |

v |
Change device Exit
Figure 2-13: Digital Output tab on the DevicesI dialog box

Testing Counter Function

Click theCounterTab to bring its test panel forth. In the test utility

the counter channeChannel () offers the users two optiorSvent
countingandPulse out If you selectEvent countingyou need first to
connect your clock source to pin CNTO_CLK, and the counter will start
counting after the pin CNTO_QA is triggered. If you seleBulse

Out, the clock source will be output to pin CNTO_QWou can
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configure thePulse Frequenciy the scroll bar right below it.

ER st- 000 : (PCI-1712 [O-6600H}

naloginput_ | Analog outout | Digitalinput_ | Digital output | Counter

Channel ()
Sampling rate: 500ms

Counting value: | 0 Event counting

Pulse out

Pulse frequency: |! KHe
J‘l j Stop

_a |
v |

Changs device Exit

Figure 2-14: Digital output tab on the DevicesI dialog box

Only after your card device is properly set up, configured and tested,
can the device installation procedure be counted as complete. After the
device installation procedure is completed, you can now safely proceed to the
next chpaterSignal Connections
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3. Signal Connections

3.1 Overview

Maintaining proper signal connections is one of the most important
factors to ensure that your application system is sending and receiving
data correctly A good signal connection can avoid unnecessary and
costly damage to your PC and other hardware devices. This chapter
provides useful information about how to connect input and output
signals to the PCI-1712/1732 via the I/O connector

3.21/0 Connector

The 1/0O connector on the PCI-1712/1732 is a 68-pin connector that
enables you to connect to accessories with the PCL-10168 shielded
cable.

Note:

0 The PCL-10168 shielded cable is especially designed for the PCI-1712/
1732 to reduce noise in the analog signal lines. Please r&ection
1.3 Accessories

Pin Assignment

Figure 3-1 shows the pin assignments for the 68-pin I/O connector on
the PCI-1712/1732, and table 3-1 lists the detailed illustration of the
pins.

Note:
O The three ground references AIGND, AOGND, and DGND should be
used discreetly each according to its designated purpose.
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Alo

Al2

Al4

Al6

Alg

Al10

A2

Al14
AIGND
AOO_REF*
AO0_OUT*
AOGND*
Al_CLK*
DGND
AO_CLK*
CNTO_CLK
CNTO_OUT
CNT1_CLK
CNT1_0UT
CNT2_CLK
CNT2_OUT
DIOO

DIO2

DIO4

DIO6
DGND
DIO8
DIO10
DIO12
DIO14
DGND
AI_TRG_OUT
NC

+12V

68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35

© =S = 2 s o S o S 2 NN N W W W W
O =4 M WA OO N OO =N RE OO N®O O 2N ® s

- N W s o N ©

Al

Al3

Al5

Al7

Al9

Al1

Al13

Al15
ANA_TRG
AO1_REF*
AO1_OUT*
AOGND*
AI_TRG*
DGND
AO_TRG*
CNTO_GATE
DGND
CNT1_GATE
DGND
CNT2_GATE
DGND

DIO1

DIO3

DIOS

DIO7

DGND

DIO9

DIO11

DIO13
DIO15
DGND
AI_TRG_OUT
NC

+5V

Figure 3-1: /0O connector pin assignments for the PCI-1712/1732
*: Pins 20, 22~25, 54, 56~59 are not defined on PCI-1732
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Signal Name

Reference

Direction

Description

Al<0...15>

AIGND

Input

Analog Input Channels 0 through 15.
Each channel pair, Al<i, i+8> (i = 0...7),
can be configured as either one
differential input or two single-ended
inputs.

AIGND

Analog Input Ground. These pins are
the reference points for single-ended
measurements and the bias current
return point for differential
measurement. All three ground
references ? AIGND, AOGND and
DGND ? are connected together on
the PCI-1712 card.

AOO_REF

AOGND

Input

Analog Channel 0 Output External
Reference. This is the external
reference input for the analog output
channel O circuitry.

AO1_REF

AOGND

Input

Analog Channel 1 Output External
Reference. This is the external
reference input for the analog output
channel 1 circuitry.

ANA_TRG

AIGND

Input

Analog threshold Trigger. This pin is
the analog input threshold trigger input.

AOO_OUT

AOGND

Output

Analog Channel 0 Output. This pin
supplies the voltage output of analog
output channel 0.

AO1_OUT

AOGND

Output

Analog Channel 1 Output. This pin
supplies the voltage output of analog
output channel 1.

Al_CLK

DGND

Input

Analog Input external clock input.
This is the external clock input for the
analog input.

ALTRG

DGND

Input

Analog Input TTL Trigger-This is the
TTL trigger for analog trigger.

AOGND

Analog Output Ground. The analog
output voltages are referenced to
theses nodes. All three ground
references ? AIGND, AOGND, and
DGND ? are connected together on
your PCI-1712 card.

Advantech Co., Ltd.
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Signal Name | Reference | Direction Description
DIO<0..15> DGND Input Digital Input / Output signals. These
pins are digital input / output channel O
to 15
Al_CLK DGND Input Analog Input external clock input.
This is the external clock input for the
analog input.
Al_TRG DGND Input Analog Input TTL Trigger- This is the
TTL trigger for analog trigger.
Al_CLK_OUT DGND Output Analog Input Clock Output. This pin

pulses once for each pacer clock. This
signal serves as a synchronous signal
for application. The low-to-high edge
start A/D conversion.

Al_TRG_OUT DGND Output Analog Input Trigger Output. This pin
outputs the analog input trigger signal.
The low-to-high edge indicates the
trigger event.

DGND - - Digital Ground. This pin supplies the
reference for the digital signals at the
1/0 connector as well as the +5VDC
supply. All three ground references ?
AIGND, AOGND, and DGND ? are
connected together on your PCI-1712
card.

Table 3-1: 1/0O Connector Signal Description (Pa&)
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Signal Name | Reference | Direction Description

CNTO_CLK DGND Input Counter 0 Clock Input. This pin is the
counter 0 external clock input (up to
10MHz), counter O clock can be either
internal set by software.

CNTO_GATE DGND Input Counter 0 Gate Input. This pin is for
counter O gate control, see 82C54 data
sheet for detailed information.

CNTO_OUT DGND Output Counter 0 Output. This pin is counter
0 output, see 82C54 data sheet for
detailed information.

CNT1 _CLK DGND Input Counter 1 Clock Input. This pin is the
counter 1 external clock input (up to
10MHz), counter 1 clock can be either
internal set by software.

CNT1_GATE DGND Input Counter 1 Gate Input. This pin is for
counter 1 gate control, see 82C54 data
sheet for detailed information.

CNT1_OUT DGND Output Counter 1 Output. This pin is counter
1 output, see 82C54 data sheet for
detailed information.

CNT2_CLK DGND Input Counter 2 Clock Input. This pin is the
counter 2 external clock input (up to
10MHz), counter 2 clock can be either
internal set by software.

CNT2_GATE DGND Input Counter 2 Gate Input. This pin is for
counter 2 gate control, see 82C54 data
sheet for detailed information.
CNT2_OUT DGND Output Counter 2 Output. This pin is counter
2 output, see 82C54 data sheet for
detailed information.

+12V DGND Output +12 VDC Source. This pin is +12V
power supply.
+5V DGND Output +5 VDC Source. This pin is +5 V
power supply.
NC - - No Connection. These pins serve no
connection.

Table 3-1: 1/0O Connector Signal Description (Part 3)
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3.3 Analog Input Connections

The PCI-1712/1732 supports either 16 single-ended or 8 differential
analog inputs. Each individual input channel is software-selected.

Single-ended Channel Connections

The single-ended input configuration has only one signal wire for each
channel, and thmeasured voltaggVm) is the voltage of the wire as
referenced against the common ground.

A signal source without a local ground is also called a “floating
source”. Itis fairly simple to connect a single-ended channel to a
floating signal source. In this mode, the PCI-1712/1732 provides a
reference ground for external floating signal sources.

Figure 3-2 shows a single-ended channel connection between a
floating signal source and an input channel on the PCI-1712/1732.

Internal External
Alo |
Al1 H
—| Multiplexers C + Floating
: Vs Signal
o Al15 H Source
PGIA
by
Measured - :
Voltage =~ Vm
AIGND |}
1/0O Connector

Figure 3-2: Single-ended input channel connection

Differential Channel Connections

The differential input channels operate with two signal wires for each
channel, and the voltage difference between both signal wires is
measured. Onthe PCI-1712/1732, when all channels are configured to
differential input, up to 8 analog channels are available.

If one side of the signal source is connected to a local ground, the
signal source is ground-referenced. Therefore, the ground of the
signal source and the ground of the card will not be exactly of the
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same voltage. The difference between the ground voltages forms a
common-mode voltage (\).

To avoid the ground loop noisef&ft caused by common-mode
voltages, you can connect the signal ground to the Low input. Figure
3-3 shows a differential channel connection between a ground-
reference signal source and an input channel on the PCI-1712/1732.
With this connection, the PGIA rejects a common-mode voltage V
between the signal source and the PCI-1712/1732 ground, shown as
V., inFigure 3-3.

Voltage

Internal External
AlO
Al2
—{ Multiplexer <) *  Ground-
: Referenced
- Al14 Vs Signal
— Source
PGIA
Al
Measured =
Vm Al3
: +
- —| Multiplexer H <> vem
Al15 -
AIGND -
1/0 Connector

Figure 3-3: Differential input channel connection - ground reference
signal source

If a floating signal source is connected to the differential input
channel, the signal source might exceed the common-mode signal
range of the PGIA, and the PGIA will be saturated with erroneous
voltage-readings. &0 must therefore reference the signal source
against the AIGND.

Figure 3-4 shows a differential channel connection between a floating
signal source and an input channel on the PCI-1712/1732. In this
figure, each side of the floating signal source is connected through a
resistor to the AIGND. This connection can reject the common-mode
voltage between the signal source and the PCI-1712/1732 ground.
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Internal External
Al
Al2
—| Multiplexer 3ra< + Floating
' Vs Signal
+ All4 _ Source
¢ PGIA Al
Measured - €
Voltage ~ Vm Al3
- —| Multiplexer
Al15 oM
AIGND
1/0 Connector

Figure 3-4: Differential input channel connection - floating signal
source

However this connection has the disadvantage of loading the source
down with the series combination (sum) of the two resistors. _aoidr

r, for example, if the input impedancesrl kQ, and each of the two
resistors is 100, then the resistors load down the signal source with
200 K2 (100 kK2 + 100 K2), resulting in a —0.5% gain errofhe following
gives a simplified representation of the circuit and calculating process.

rs=1 kQ
o A
+
Vs: ideal signal source
+ .
Fato <> Vi: measured signal source
Vi 3:200 kQ ) Ve . .
I's: outputimpedance of signal source
_ I'a, I'v: series-wound resistors
(o2
ra+ro 200 200
i= Vs= s = Vs
v [s+la+ro 1+200 v 201
. __VieVs 1 o
Gain error= V. = %01 " 0.5%
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The PCI-1712 provides two D/A output chann@l®0_OUT and
AO1_OUT. Users may use the PCI-1712 internally-provided precision
+5V (+10V) reference to generate 0 ~+5 V and 0 ~ +10 V unipolar D/A
output range; or to generate -5~ +5V and -10 ~ +10 V for bipolar

output range.

Users may also set D/A output range through external references,
AOOQ0_REFandAO1_REF. The external reference input range is 0~10
V. For example, connecting with an external reference of +7 V will
generate 0 ~ +7 V D/A output fanipolar, and -7 ~ +7 V fobipolar.

Figure 3-5 shows how to make analog output and external reference
input connections on the PCI-1712.

External

Internal
+5V — o L
AOO_REF
+10V NUNT_REF .
AO0_OUT
—— | AOO =
DATA BUS AOGyD
a1 |-poLour
. - _AOL REF
" INT_REF

Load

Load

I/O Connector

External Reference
For DA Signal 0

External Reference
For DA Signal 1

Figure 3-5: Analog output connections
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3.5 Field Wiring Considerations

When you use the PCI-1712/1732 to acquire data from outside, noises
in the environment might significantly affect the accuracy of your
measurements if due cautions are not taken. The following measures
will be helpful to reduce possible interference running signal wires
between signal sources and the PCI-1712/1732.

» The signal cables must be kept away from strong electromag-
netic sources such as power lines, large electric motors, circuit
breakers or welding machines, since they may cause strong
electromagnetic interference. Keep the analog signal cables
away from any video monitpsince it can significantly sdct
data acquisition system.

 If the cable travels through area with significant electromagnetic
interference, you should adopt individually shielded, twisted-
pair wires as the analog input cable. This type of cable have its
signal wires twisted together and shielded with a metal mesh.
The metal mesh should only be connected to one point at the
signal source ground.

» Avoid running the signal cables through any conduit that might
have power linesinit.

 If you have to place your signal cable parallel to a power line
that has a high voltage or high current running through it, try to
keep a safe distance between them. Or you should place the
signal cable at right angle to the power line to minimize the
undesirable effect.

» The signals transmitted on the cable will be directly affected by
the quality of the cable. In order to ensure best signal guakty
recommend that you use the PCL-10168 shielded cable.
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4. Software Overview

This chapter gives you an overview of the software programming
choices available and a quick reference to source codes examples that
can help you be better oriented to programming. After following the
instructions given in Chapter 2, it is hoped that you feel comfortable
enough to proceed further

Programming choices for DAS cardsod‘may use Advantech
application software such as Advantech DLL dri¥@n the other
hand, advanced users are allowed another option for register-level
programming, although not recommended due to its laborious and
time-consuming nature.

4.1 Programming Choices

DLL Driver

The Advantech DLL Drivers software is included on the companion
CD-ROM at no extra charge. It also comes with all the Advantech DAS
cards. Advanteck’DLL driver features a complete I/O function library
to help boost your application performance. The Advantech DLL
driver for Windows 95/98/NT works seamlessly with development

tools such asigual C++, \fsual Basic, Inprise C++ Builder and Inprise
Delphi.

Register-level Programming

Register-level programming is reserved for experienced programmers
who find it necessary to write codes directly at the level of device
registers. Since register-level programming requires much effort and
time, we recommend that you use the Advantech DLL drivers instead.
However if register-level programming is indispensible, you should
refer to the relevant information in Appendix C, Register Structure and
Format, or to the example codes included on the companion CD-ROM.
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4.2 DLL Driver Programming Roadmap

This section will provide you a roadmap to demonstrate how to build
an application from scratch using Advantech DLL driver with your
favorite development tools such asdal C++, \isual Basic, Delphi

and C++ Builder The step-by-step instructions on how to build your
own applications using each development tool will be given ibthe
Drivers Manual Moreovey a rich set of example source codes are also
given for your reference.

Programming Tools

Programmers can develop application programs with their favorite
development tools:

4 Visual C++
U Visual Basic
4 Delphi

U C++ Builder

For instructions on how to begin programming works in each develop-
ment tool, Advantech &drs aTutorial Chapter in thé®©LL Drivers
Manualfor your reference. Please refer to the corresponding sections
in this chapteon theDLL Drivers Manualto begin your programming
efforts. You can also take a look at the example source codes provided
for each programming tool, since they can get you very well-oriented.

TheDLL Drivers Manualcan be found on the companion CD-ROM.
Or if you have already installed the DLL Drivers on your system, The
DLL Drivers Manualcan be readily accessed through Sttt

button:

Start/Programs/Advantech Driver for 95 and 98 (or for NT)/Driver
Manual

The example source codes could be found under the corresponding
installation folder such as the default installation path:

\Program Files\Advantech\ADSAPI\Examples
For information about using other function groups or other develop-
ment tools, please refer to tBeeating Vihdows 95/NT Application

with DLL Driver chapter and thEunction Overviewchapter on the
DLL Drivers Manual
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Programming with DLL Driver Function Library

Advanech DLL driver offers a rich function library to be utilized in
various application programs. This function library consists of
numerous APIs that support many development tools, suctsaal V
C++, Misual Basic, Delphi and C++ Builder

According to their specific functions or sevices, those APIs can be
categorized into several function groups:

U Analog lutput Function Group

U Analog Output Function Group

4 Digital Input/Output Function Group

U Counter Function Group

U Temperature Measuement Function Group
U Alarm Function Group

U Port Function Group

U Communication Function Group

U Event Function Group

For the usage and parameters of each function, please refer to the
Function Overvievwchapter in théLL Drivers Manaul

Troubleshooting DLL Driver Error

Driver functions will return a status code when they are called to
perform a certain task for the application. When a function returns a
code that is not zero, it means the function has failed to perform its
designated function. oltroubleshoot the DLL driver errgrou can

pass the error code BRV_GetErrorMessagefunction to return the
error message. Or you can refer tohé Driver Error Codes
Appendix in theDLL Drivers Manauffor a detailed listing of the Error
Code, Error ID and the Error Message.
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5. Principles of Operation

Chapter5

This chapter describes the analog input, analog output, digital 1/O and
counter/timer features of the PCI-1712/1732 card.

5.1 Analog Input Features

This section describes the following features of the analog input (A/D)
of PCI-1712/1732 card:

+ Analog input ranges and gains
+ Analog input acquisition modes
+ A/D sample clock sources

+ Trigger sources

+ Analog Input Data Format

Analog Input Ranges and Gains

Each channel on the PCI-1712/1732 can measure unipolar and bipolar
analog input signals. A unipolar signal can range between 0 to 10 V
FSR, while a bipolar signal extends within + 10 V FSR.

The PCI-1712/1732 is able to set different input ranges for each
channel. When the channels are set as unipolar or bipolar input in FSR,
the sampling rate can be up to 600 kS/s, but when there is a mixed
combination of unipolar and bipolar inputs, it can operate only with a
rate up to 400 kS/s.

The PCI-1712/1732 also provides various gain levels that are program-
mable per channelable 5-1 lists the &ctive ranges supported by the
PCI-1712/1732 using these gains.

Table 5-1: Gains and Analog Input Range

Gain Unipolar Analog Input Range Bipolar Analog Input Range
05 N/A +10V

1 0~10V + 5V

2 0~5V +25V

4 0~25V +125V

8 0~125V +0.625V

Advantech Co., Ltd. - 33—

For each channel, choose the gain level that provides most optimal
range that can accommodate the signal range you have to measure. For
detailed information, please refer to Appendix D.5 A/D Channel Range
Setting.
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Analog Input Acquisition Modes

The PCI-1712/1732 can acquire data in single value, gaastrtrigger
delay-triggerabout-trigger and pre-trigger acquisition modes. These
analog input acquisition modes are described in more detail in the
followings:

U Single \alue Acquisition Mode

The single value acquisition mode is the simplest way to acquire data.
Once the software issues a trigger command, the A/D converter will
convert one data, and return it immediatélger can check the A/D

FIFO status (A/D_F/E on Read BASE+8) to make sure if the data is
ready to be received. For detailed information, please refer to Appendix
D.9 Interrupt and FIFO status.

U Pacer Acquisition Mode

Use pacer acquisition mode to acquire data if you want to accurately
control the time interval between conversions of individual channels in
a scan. A/D conversion clock comes from A/D counter or external
Al_CLK on connectarA/D conversion starts when the first clock

signal comes in, and will not stop if the clock is still continuously
sending into it. Conversion data is put into the A/D FIFO. For high-
speed data acquisition, you have to use the DMA data transfer for
analog input to prevent data loss.

U Post-Trigger Acquisition Mode

Post-trigger allows you to acquire data based on a trigger event. Post-
trigger acquisition starts when the PCI-1712/1732 detects the trigger
event and stops when the preset number of post-trigger samples has
been acquired or when you stop the operation. This trigger mode must
work with the DMA data transfer mode enabled.

Use post-trigger acquisition mode when you want to acquire data
when a post-trigger event occurs. Please specify the following
parameters when using software in post-trigger acquisition mode:

+ Set to Post-Trigger Acquisition Mode

+ The A/D sample clock source and sampling rate
+ The trigger source and edge type

¢ The acquired sample number N
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Trigger Event

Acquired number of samplesN

s sl t

Figure 5-1: Post-Tigger Acquisition Mode

U Delay Trigger Acquisition Mode

In delay trigger mode, data acquisition will be activated after a preset
delay number of sample has been taken after the trigger event. The
delay number of sample ranges from 2 to 65535 as defined in DMA
counter

Delay-trigger acquisition starts when the PCI-1712/1732 detects the
trigger event and stops when the specified number of A/D samples has
been acquired or when you stop the operation. This triggering mode
must work with the DMA data transfer mode enabled

Please specify the following parameters when using software in delay
trigger mode:

+ Set to Delay-Trigger Acquisition Mode

+ The sample clock source and sampling rate
+ The trigger source and edge type

¢ The acquired sample number N

+ The sample number M delays after the delay-trigger event hap-
pened

Trigger Event

Delay time M: Acquired number of samplesN
from 2to 65535 samples

101 [F1414) ﬁﬁ%%%%7 ﬁ%%ﬂt

Figure 5-2: Delay-Tigger Acquisition Mode

U About Trigger Acquisition Mode

Use about-trigger acquisition mode when you want to acquire data
both before and after a specific trigger event occurs. This operation is
equivalent to doing both a pre-trigger and a post-trigger acquisition.
When using software, please specify the following parameters, when
using software in About-Trigger acquisition mode:
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+ Set to About-Tigger Acquisition Mode

+ The sample clock source and sample rate
+ The trigger source and edge type

¢ The total acquired sample number N

+ The specific sample number M before the trigger event. The range
of preset sample number is 2 samples minimum and is limited on
basis of memory size of your host PC.

In about-trigger mode, users must first designate the size of the
allocated memory and the amount of samples to be snatched after the
trigger event happens. The about-trigger acquisition starts when the
first clock signal comes in. Once a trigger event happens, the on-going
data acquisition will continue until the designated amount of samples
have been reached. When the PCI-1712/1732 detects the selected
about-trigger event, the card keeps acquiring the preset number of
samples, and kept the total number of samples on the FIFO.

Trigger Event

Acquired number of
samples M after trigger
event happened

A e

Total Acquired sample number: N

Figure 5-3: About-Tigger Acquisition Mode

U Pre-Trigger Acquisition Mode

Pre-Trigger mode is a particular application of about-trigger mode. Use
pre-trigger acquisition mode when you want to acquire data before a
specific trigger event occurs. Pre-trigger acquisition starts when you
start the operation and stops when the trigger event happens. Then
the specific number of samples will be reversed in the FIFO before the
pre-trigger event occurred. Please specify the following parameters,
when using software in Pre-trigger acquisition mode:

+ Set to Pre-Trigger Acquisition Mode
The sample clock source and sample rate
The trigger source and gate type

Assume the total acquired sample number is N, then set the total
sample number to be N+2.

*

*

*
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Trigger Event

Acquired number of samplesN 2 Samples

N W EwT e

Figure 5-4: Pe-Trigger Acquisition Mode

A/D Sample Clock Sources

The PCI-1712/1732 can adopt both internal and external clock sources
for paceypost-triggerdelay-triggerabout-trigger acquisition modes:

+ Internal A/D sample clock with 16-bit Counter

+ External A/D sample clock that is connected to Al_CLK on the
PCLD-8712 screw terminal board.

The internal and external A/D sample clocks are described in more
detail as follows.

U Internal A/D Sample Clock

The internal A/D sample clock uses a 10 MHz time base. Conversions
start on the rising edge of the counter outpou ¥an use software to
specify the clock source as internal and the sampling frequency to
pace the operation. The minimum frequency is 152.6 S/s, the maximum
frequency is 2 MS/s. According to the sampling theory (Nyquist
Theorem), you must specify a frequency that is at least twice as fast as
the inputs highest frequency component to achieve a valid sampling.
For example, to accurately sample a 20 kHz signal, you have to specify
a sampling frequency of at least 40 kHz. This consideration can avoid
an error condition often know as aliasing, in which high frequency
input components appear erroneously as lower frequencies when
sampling.

U External A/D Sample Clock

The external A/D sample clock is useful when you want to pace
acquisitions at rates not available with the internal A/D sample clock,
or when you want to pace at uneven intervals. Connect an external A/
D sample clock to screw terminal Al_CLK on the PCLD-8712 screw
terminal board. Conversions will start on the rising edge of the external
A/D sample clock input signal.oti can use software to specify the

clock source as external. The sampling frequency is always limited to a
maximum of 2 MHz for the external A/D sample clock input signal.
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10MHz
Trigger
and A/D
‘ Control Conveter
16-bit Logic
Counter
Internal
~—

Extermal T
Al MO Trigger
source

Figure 5-5: PCI-1712/1732 Sample Clock Source

Trigger Sources

The PCI-1712/1732 supports the following trigger sources for post-,
delay-, about- and pre-trigger acquisition modes:

+ Software trigger
+ External digital (TTL) triggerand
+ Analog threshold trigger

With PCI-1712/1732, user can define the type of trigger source as
rising-edge or falling-edge. These following sections describe these
trigger sources in more detail.

U Software Trigger

A software trigger event occurs when you start the analog input
operation (the computer issues a write to the board to begin acquisi-
tions). When you write the value to analog input trigger flag Al TRGF
on Write BASE+6 to produce either a rising-edge or falling-edge

trigger, depending upon the trigger source type you choose. This edge
will then act as an A/D trigger event. For detailed information, please
refer to Appendix D.7 A/D Control/Status Register

U External Digital (TTL) Trigger

For analog input operations, an external digital trigger event occurs
when the PCI-1712/1732 detects either a rising or falling edge on the
External A/D TTL trigger input signal from screw terminal Al_TRG on
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the PCLD-8712 screw terminal board. The trigger signal is TTL-
compatible.

U Analog Threshold Trigger

For analog input operations, an analog trigger event occurs when the
PCI-1712/1732 detects a transition from above a threshold level to
below a threshold level (falling edge), or a transition from below a
threshold level to above a threshold level (rising edge). User should
connect analog signals from external device or internal analog output
channel on board to external screw terminal ANA_TRG on the PCLD-
8712 screw terminal board.

Onthe PCI-1712/1732, the threshold level is set using a dedicated 8-bit
DAC; the hysteresis is fixed at 50 m¥sing software, you can program
the threshold level by writing a voltage value to this DAC; this value
canrange from-10Vto+1QV

Analog Input Data Format

Table 5-2: Analog Input Data Format

A/D code Mapping Voltage
Hex. Dec. Unipolar Bipolar
000h od 0 -FS2
7FFh 2047d FS/2-1LSB -1LSB
800h 2048d FS2 0
FFFh 4095d FS-1LSB FS2-1LSB
1LSB FS/4096 FS/4096

Table 5-3: The caesponding Full Scale values for various Input
\bltage Ranges

. Uniplar Bipolar
Gain
Range FS Range FS
05 N/A N/A +10V 20
1 0~10V 10 +5V 10
2 0~5V 5 +25V 5
4 0~25V 25 +125V 25
8 0~125V 1.25 +0.625V 125
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5.2 Analog Output Features

The PCI-1712 card provides two 12-bit multi-range analog output (D/A)
channels. This section describes the following features of the D/A
functions:

+ Analog output ranges

+ Analog output operation modes
D/A output clock sources

+ Trigger sources

+ Analog Output Data Format

*

Analog Output Ranges

The PCI-1712 provides two 12-bit analog output channels, both of
which can be configured to be applicable within 0 +8Vv10V

+5V, + 10 V output voltage range. On the other hand, users can use
external reference voltage of 0 ~ x V or + x V output voltage range,
where the value of x is from -10 to +10. Users can configure the output
range during driver installation or in software programming.

Analog Output Operation Modes

The PCI-1712 can output data in single value, continuous output
operation mode. These analog output operation modes are described
in more detail in the following sections:

U Single \&lue Operation Mode

The single value conversion mode is the simplest way for analog

output operation. Users can define each channel as single output
conversion mode. Then users just need to use software to write output
data to specific I/O registefhe analog output channels will output

the corresponding voltage immediatdlythe single value operation

mode, users need not set any clock source and trigger source, but only
output voltage range.

U Continuous Output Operation Mode

In continuous output operation mode, users can accurately control the
update rate (up to 1 MS/s with DMA data transferring) between
conversions of individual analog output channels, and takes full
advantage of the PCI-1712. In this mode you can specify a clock

source and trigger source and either of the two analog output channels
to work in continuous output operation mode. But when both of them
operate in this mode, the maximum update rate will be 500 kS/s for each
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channel.

In this mode, users need to set the clock source and trigger source
first, and then generate the output data to be stored in the memory
buffers of host PC. The host computer then transfers those data to be
written to the DACs from its buffers to the 32K-sample Output FIFO on
board. When it detects a triggéine board outputs the values in the
Output FIFO to the DACs at the same time. When the samples in FIFO
decreases to less than half size (i.e. 16K samples) of the FIFO, then the
card will send a interrupt request to the host PC, which in turn sends
16K samples to the FIFO. This output operation will repeat until either
all the data is sent from the buffers or until you stop the operation.

If the two D/A channels are both operating in continuous output
mode, the data in FIFO will be sent in an interlaced maneelhe

“even” samples in the FIFO are sent to D/A channel 0, while the “odd”
samples to D/A channel 1.

U Waveform Output Operation Mode

Waveform output operation mode is a particular and useful application
of continuous output operation mode. In this mode, users can output
the user-defined waveform pattern repetitively and continuously
Before this operation can begin, users have to use software to allocate
the buffer memory and define the waveform pattern first. Then the host
computer will transfer the waveform pattern from its buffer allocated in
computer memory into the Output FIFO on the board, which in turn will
transfer the waveform pattern to the DACs. When the trigger event
occurs, each D/A channel running continuous output operation mode
will output waveform pattern from FIFO in specific clock rate.

D/A Output Clock Sources

The PCI-1712 can adopt both internal and external clock sources for
pacing the analog output of each channel:

+ Internal D/A output clock with 16-bit Counter

+ External D/A output clock that is connected to AO_CLK on the
PCLD-8712 screw terminal board

The internal and external D/A output clocks are described in more

detail as follows:

U Internal D/A Output Clock

The internal D/A output clock uses a 10 MHz time base. Conversions
start on the rising edge of the counter output. Through software to
specify the clock source as internal and the clock frequency to pace

Advantech Co., Ltd. - 41 - PCI-1712/1732 Uses Manual
www.advantech.com



Chapter 5

the analog output operation. The minimum frequency is 156.2 S/s, the
maximum frequency is 1 MS/s.

U External D/A Output Clock

The external D/A output clock is useful when you want to pace analog
output operations at rates not available with the internal D/A output
clock, or when you want to pace at uneven intervals, or when you
want to start pacing on an external trigger event. Connect an external
D/A output clock to screw terminal AO_CLK on the PCLD-8712 screw
terminal board. Conversions will start on the rising edge of the external
D/A output clock signal. ¥u can use software to specify the clock
source as external. Subsequerttig clock frequency that of the

external D/A output clock input signal from the screw terminal board.

Trigger Sources

The PCI-1712 supports the following trigger sources for continuous
output mode:

+ Software trigger
+ External digital (TTL) trigger

With PCI-1712, user can define the type of trigger source as rising-
edge or falling-edge.

The following section describes these trigger sources in more detail.

U Software Trigger

A software trigger event occurs when you start the analog output
operation (the computer issues a write to the board to begin conver-
sions). When you write the value to analog input trigger flag
AO_TRGF on BASE+A to produce either a rising-edge or falling-edge
trigger, depending upon the trigger source type you choose. This edge
will then act as a D/A trigger event. For detailed information, please
refer to Appendix D.7 A/D Control/Status Register

U External Digital (TTL) Trigger

For analog output operations, an external digital trigger event occurs
when the PCI-1712 detects either a rising or falling edge on the External
D/A TTL trigger input signal from screw terminal AO_TRG on the
PCLD-8712 screw terminal board. The trigger signal is TTL-compatible.
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Analog Output Data Format

Table 5-4: Analog Output Data Format

D/A code Mapping Voltage
Hex. Dec. Unipolar Bipolar
000h od 0 -FS/2
7FFh 2047d FS/2-1LSB -1LSB
800h 2048d FS2 0
FFFh 4095d FS-1LSB FS/2-1LSB
1LSB FS/4096 FS/4096

Table 5-5: The corresponding Full Scale values for various Output
Voltage Ranges

Reference Uniplar Bipolar
Source Range FS Range FS
0~5V 5 5V 10
Interna
0~10V 10 +10V 20
External 0~xV X +xV 2

5.3 Digital I/0 Features

The PCI-1712/1732 supports 16 digital I/O channels. These 1/0
channels are divided into two bytes: specifically a low byte, DIOO to
DIO7; and a high byte, DIO8 to DIO15. You can use each byte as either
an input port or an output port by configuration register; and all eight
channels of the byte have the same configuration. For detailed
information, please refer to Appendix D.16 Digital I/O configuration
registers.

In digital 1/0 function, you do not need to specify the clock source or
trigger source. When you want to output data, you just need to write
the data to the digital output channel through software. In the same
way, you can use software to read the data from digital input channel.

The default configuration after power on, hardware reset or software
reset is to set all the digital /0O channels to logic-low so that users
need not worry about damaging external devices during system start
up or reset.
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5.4 Counter/Timer Features

The PCI-1712/1732 features multifunction counter/timer functions with
one-shot, rate generation, frequency measurement and pulse width
measurement. There are two 8254 counter chips in PCI-1712/1732, and
each chip has 3 multifunction counters. The first counter chip (chip 1)
is specified for Al and AO functions, and cabé used by usefhe
second counter chip (chip 2) is reserved for,umad the following

section describes its features.

The PCI-1712/1732 uses the 82C54 programmable timer/counter chip
includes 3 independent 16-bit down counters: counter 0, counter 1 and
counter 2. Each counter has clock input, gate input and pulse output. It
can be programmed to count from 2 up to 65535.

For detailed information, InteB2C54 Uses Manual is available by
accessing the following path on CD-ROM:

\Document\intel 82C54 manual.pdf

Clock sources

The following clock sources are available for the user counters, and
they are available to set its active edge as rising edge or falling edge:

4 Internal clock

User can specify the internal clock as the clock source through
software, and choose among four frequency options: 10MHz, 1MHz,
100kHz and 10kHz of the on-board crystal oscillgfor detailed
information, please refer to Appendix D.14 Counter gate and clock
control/status.

1 External clock

The external clock is useful when you want to pace counter/timer
operations at rates not available with the internal clock or if you want
to pace at uneven internals. User can specify an external clock as the
clock source through software. User could connect the external clock
to the PCI-1712/1732 through the PCLD-8712 screw-terminal wiring
board that corresponds to each counter/timer

U Internally cascaded clock

You can also route the clock output signal from one user counter to the
clock input signal of the next user counter to internally cascade the
counters. In this wayou can create a 32-bit or even a 48-bit counter
without externally cascading multiple counters togetdren user

wants to cascade the counters, please follow the round-robin order of
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0, 1 and 2. ®¥u can choose any counter to be your first cascaded
counter and the next counter would the next one in the round-robin
order For example, if you would like to cascade two 16-bit counters
into one 32-bit counteand you choose counter 1 to be the first
counter then the next counter you choose should be counter 2.

Gate Types and Sources

The gate types and sources you select determine what kind of gate
input signal to enable your counter/timer when receiving clock input. If
the external gate input signal comes in either as logic-low or logic-high
as you have preset, the counter/timer function is enabled, waiting only
for the clock input signal to start counting. The PCI-1712/1732 pro-
vides two gate input types, for which user can set easily through
software or write to bit GPn on register Base+20 to 24

U Logic-low external gate input:

Enables a counter/timer operation when the external gate signal is
logic-low, and disables the counter/timer operation when the external
gate signal is logic-high.

U Logic-high external gate input:

Enables a counter/timer operation when the external gate signal is
logic-high and disables the counter/timer operation when the external
gate signal is logic-low

The gate sources are described as below:

U Software Gate:

User can use software to generate the signal to be ceugtte
input. It helps user to control counter easily through software.

U Previous Counter Output:

User can use previous courigeoutput as your gate source. The
previous counter of counter 0 is counter 2, of counter 1 is counter 0
and of counter 2 is counter 1.

1 External Gate Source:

User can connect an external gate signal to screw terminal
CNTn_GATE on the PCLD-8712 screw terminal board, where n is the
counter number
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Counter/timer operation modes
We enhance the gate function for more applications. For example,
event counting, rate generation, one shot, frequency measurement and
pulse width measurementékhake some innovative arrangements of
clock and gate of countdfor detailed information, please refer to
Appendix D.12 to D.14 and Infe82C54 Uses Manual. The following
sections show how to implement counter functions.

U Event counting

The event counting function helps user count events from the
countets associated clock input source.

Each counter features 16-bit, and therefore you can count a maximum
of 65,535 events before the counter overflows and returns to 0. If you
need wider range for event counting, you can use a cascaded 32-bit
counter for counting up to 4,294,967,296 events.

Please follow the procedure below when using software:
1. Select a counter ( e.g. counter 0) to do event counting.
2. Setthe counterin mode 0 (Please refer to92C54 Us€es

Manual).

3. Connect the pin CNTO_CLK of the counter to the event signal
source.

4. Set the gate type of the counter to positive (logic-high).

5. Reset the counter to 65,535.

6. Pull high the gate input, and then start down counting.

7. After event counting is finished, read the value from the counter

8. Calculate the number of events.

For example, if the reset value of counter is 65,535 and the read back
value is 43930, then the number of events is 65535 minus 43930 and
thus equals 21605.

U Rate generation

The rate generation function helps user generate a continuous pulse
output signal from the countddser can use it as an external clock to
output signal to pace other operations, such as analog input, analog
output, or other counter/timer operations.

The frequency of input clock and the number of the counter determine
the period of the output pulse. If you are using one counter (not
cascaded), you can output pulses with a maximum frequency of 5SMHz.
In rate generation mode, either the internal or external clock source is
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appropriate depending on your application.
Please follow the procedure below when using software:
1 Select a counter (e.g. counter 0) to do rate generation.

2. Setthe counter in mode 3 (Please refer to1@2C54 Usels
Manual).

3. Select the clock input of the countéCould be internal or
external)

4. Set the gate type of the counter to positive (logic-high).

5. Set the value of the counter to serve as the factor with which to
divide the clock input frequency

6. Pull high the gate input and start rate generation.

For example, if the value of counter is 20 and the clock input frequency
is1 MHz. Then the clock output frequency is 1 MHz / 20 = 50 KHz.

1 One shot

Use one-shot mode to generate a single pulse signal from the ¢counter
which is triggered by the gate input signabuYtan use this pulse

output signal as an external digital (TTL) trigger source to start other
operations, such as analog input or analog output operations. When
the one-shot operation is triggered, only a single pulse is output. The
output pulse is always a negative pulse, whose width is determined by
the clock input signal and the value of the counter

Please follow the procedure below when using software:
1. Select a counter to do one shot.

2. Setthe counterin mode 1 (Please refer to12C54 Us€es
Manual).

3. Select the clock source of the coun{@ould be internal or
external)

4. Set the gate type of the counter to positive (logic-high).

5. Set the value of the counter to serve as the factor with which to
multiply the clock input period.

6. Pull high the gate input and start to do one-shot output.

For example, if the value of counter is 20 and the frequency of clock

source is 1MHz, the period of the one-shot output source is 20 /
1 MHz=20ms.
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U Frequency measurement

The frequency measurement function helps user to measure the
frequency of the signal from counter-associated clock input on PCLD-
8712.

Frequency measurement needs two counters to implement. Use the
first counter to produce a one-shot pulse with defined pulse period to
be the second countsrgate. Connect the signal source, whose
frequency is to be measured, to the clock input of the second counter
Since the one-shot pulse generated from the first counter is always a
negative pulse, we have to set the gate input type of the second
counter as logic low for proper frequency measurement.

The second counter starts to count once the gate is set to low and
stops when the gate is high again after a period of time. Assume the
measured frequency signal is the regular pulse, then we can calculate
its frequency by the period of one-shot and the value of second
counter

Please follow the procedure below when using software:

1. Select the first counter to do one shot and specify its pulse
period.

2. Connect the signal output CNT1_OUT of the first counter to the
second countés gate input CNT2_GEE.

3. Select the clock source of the first counf@ould be internal or
external)

4. Set the gate type of the first counter to positive (logic-high), and
the second counter to negative (logic-low).

5. Reset the second counter to 65,535.

6. Pull high the gate input of the first counter and start to do
frequency measurement.

7. Read the value of the second counter
8. Evaluate the frequency of the measured pulse.

For example, if frequency measurement is done with the second
counter value set at 65,535 and the period of one-shot from the first
counter set at 0.1 sec, then the value of the second counter we get
back is 43930. Thus, the frequency of measured pulse could be
calculated as (65535-43930)/0.1sec. = 216050 Hz.
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one-shot pulse

]

GATE OUT OP> GATE

CNT1 CNT2

— D (LK D CLK
Internal
clock

Measured pulse

Figure 5-6: Frequency measurement

The following C program serves as an example to explain how to
implement the frequency measurement by software.

outport(addr2_1712+0x26,0x03); // Setinternal clock as 10 KHz
while(kbhit())
{

/Nnitialize CNT1 and CNT2
outport(addr2_1712+0x24,0x00);
outport(addr2_1712+0x22,0x00);

//Setup CNT1 to output 1 sec. pulse in One-Shot mode
outport(addr2_1712+0x1e,0x72); //CNT182C54 mode 1
outport(addr2_1712+0x1a,0x10); //Set CNT1 low byte
outport(addr2_1712+0x1a,0x27); //Set CNT1 high byte

/*CNT1 generate the pulse with 1 sec. period (10KHz/ 10,000 pulse =1
Hz) */

/*Setup CNT2 to count the event of external measured clock signal
during one-shot //pulse from CNT1*/

outport(addr2_1712+0x1e,0xb0); //CNT2 82C54 mode 0O
outport(addr2_1712+0x1c,0xff); //Set CNT2 low byte
outport(addr2_1712+0x1c,0xff); //Set CNT2 high byte
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/[Set the value of CR2 as 65,535 for down counting

outport(addr2_1712+0x24,0x80);
outport(addr2_1712+0x24,0x88);
outport(addr2_1712+0x24,0x00);

outport(addr2_1712+0x24,0x52);

outport(addr2_1712+0x22,0x80);
outport(addr2_1712+0x22,0x88);
outport(addr2_1712+0x22,0x80);
outport(addr2_1712+0x22,0x81);

/ISet CNT2% gate input as high

/*Generate one clock to CNT2,
andset CNT25 gate input as
low*/

/*Set CNT25 clock source as
external from CNTX OUT, and
negative polarity*/

//Set CNT1s gate input as high

/IGenerate one clock to CNT1

/ISet CNT1S clk source as
/linternal

/ICheck if CNT2& gate and clock are in logic-high status
/[It means that if frequency measurement is in progress

while(i '= 0x500)
{

i = inport(addr2_1712+0x24) & 0x0500;

}

/[The CNT2 has started to do frequency measurement
/ICheck if CNT25 gate is in logic-low status
/1t checks if frequency measurementis over?

while(1)
{

i = inport(addr2_1712+0x24) & 0x0100;

if(i'=0x0100) break;

}

/*The CNT2 has finished the job, and then show the measured
frequency on display*/

PCI-1712/1732 Usés Manual

di=inport(addr2_1712+0x1c);

dh=inport(addr2_1712+0x1c)<<8;

dh=dh + (dl & Ox00ff);
old_count = 0xffff - dh ;

— 50 -

/IRead low byte
/[Read high byte
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printf(“Counter 2 = %u \n”,old_count);
old_count =0;

}

1 Pulse width measurement

The pulse width measurement function helps user measure the period
of the signal from counter-associated clock input on PCLD-8712.
Pulse width measurement also needs two counters to implement. Use
the first counter to measure the positive period of the pulse and
second counter to measure the negative period of the pulse (In DLL
driver, it uses CNT1 and CNT2 to implement the pulse width measure-
ment function). ® implement the function, we have to connect the
measured pulse signal to the gate of the two counters, and the same
clock source to the clock of the two counters.
Please follow the procedure below when using software:

1. Select the two counters to do event counting.

2. Set both counters in mode 0 (Please refer toI8@&C54 Us€es
Manual).

3. Connect the measured pulse signal source to pin CNTIEGA
and CNT2_GAE of both counters

4. Select the clock source of the coun{@ould be internal
external)

5. Connect the clock source to pin CNT1_CLK and CNT2_CLK of
both counters.

6. Set the gate type of the first counter to negative (logic-low).
7. Set the gate type of the second counter to positive (logic-high).

8. Reset both counters to 65,535 and the counters now are ready
for pulse width measurement.

9. On the first incoming pulse, each counter will start measuring
specifically the positive and negative period of the first pulse
cycle.

10Read the value of both counters.
11 Calculate the width of measured pulse.

For example, if the clock source is of 1KHz, and the reset value of both
counters set to 65,535, then we get a value of 40000 for the first
counter and 50000 for the second counilnus the negative pulse
period is (65535-40000)/1K=25.535 sec, and the positive pulse period is
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—>J machine GATE  OUT
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machine GATE
2
CNT2
Internal CLK

clock

(65535-50000)/1K = 15.535 sec.
Figure 5-7: Pulse width measurement

The following C program is the example to explain how to implement
the pulse width measurement by software.

outport(addr2_1712+0x26,0x00); //Setinternal clock as 10 MHz
while(kbhit())

{

outport(addr2_1712+0x1e,0x70); //CNT182C54 mode 0
outport(addr2_1712+0x1a,0xff); //Set CNT1 low byte
outport(addr2_1712+0x1a,0xff); //Set CNT1 high byte

outport(addr2_1712+0x1e,0xb0); //CNT2 82C54 mode 0
outport(addr2_1712+0x1c,0xff); //Set CNT2 low byte
outport(addr2_1712+0x1c,0xff); //Set CNT2 high byte

outport(addr2_1712+0x24,0x80); //Set CNT2S gate input as high
outport(addr2_1712+0x24,0x88); //Generate one clock to CNT2
outport(addr2_1712+0x24,0x31); /*Set CNT25 clock source as
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internal, andjate use for pulse
width measurement*/

outport(addr2_1712+0x22,0x80); //Set CNT1S gate input as high

outport(addr2_1712+0x22,0x88); //Generate one clock to CNT1

outport(addr2_1712+0x22,0x71); /*Set CNT15 clock source as
internal,gate use for pulse width

measurement, antkegative
polarity*/

/*Reset pulse width measurement state machine, and check if ENT2’
gate input receives the measured signal*/

while(1)
{
outport(addr2_1712+0x24,0x0031); //Generate a rising edge to
/Ireset the pulse
outport(addr2_1712+0x24,0x0131); //width measurement state
/Imachine
i =inport(addr2_1712+0x24) & 0x0800; /*Check if receiving
measured signal
from gate input of
CNT2*¥/
if (i == 0x0800) break ;
}
outport(addr2_1712+0x22,0x0071)/Generate a rising edge to reset
/lthe pulse

outport(addr2_1712+0x22,0x0171){width measurement state
/Imachine

/ICNT2’s gate input receiving the measured signal, check if finished

while(1)
{
i = inport(addr2_1712+0x24) & 0x0800;
if(i == 0x0000) break; /ICNT2'’s gate input is low
}
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/ICNTZ2'’s gate input received the measured signal, check if finished?

while(1)

{
i =inport(addr2_1712+0x22) & 0x0800;
if(i == 0x0000) break; /ICNT1'’s gate input is low
}

/*The CNTL1 & 2 has finished the job, and then show the measured
period on display*/
di=inport(addr2_1712+0x1a); /IRead low byte
dh=inport(addr2_1712+0x1a)<<8f/Read high byte
dh=dh + (dI & 0x00ff);
neg_count = Oxffff - dh ;
di=inport(addr2_1712+0x1c);
dh=inport(addr2_1712+0x1c)<<8;
dh=dh + (dI & Ox00ff);
pos_count = Oxffff - dh ;
duty = pos_count;
duty = duty + neg_count;

duty = (pos_count/duty)*100; /IShow the duty ratio of positive
cycle

printf(“P+ = %u P-=%u Duty %5.3f\n",pos_count,neg_count,
duty);

neg_count = 0;
pos_count = 0;

}
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6. Calibration

This chapter provides brief information on PCI-1712/1732 calibration.

Regular calibration checks are important to maintain accuracy in data
acquisition and control applications. A calibration utjlayitoCali, is
included on the companion CD-ROM :

AutoCali.EXE  PCI-1712/1732 calibration utility

This calibration utility is designed for the Microsoft@siows™
environment. Access this program from the default location:

C:\Program Files\Advantech\ADSAP\Utility\PCI1712
Note:

O If you installed the program to another directgiyu can find these
programs in the corresponding subfolders in your destination directory

The PCI-1712/1732 has been calibrated at the factory for initial use.
However a calibration of the analog input and the analog output
function every six months is recommended.

6.1 VR Assignment

There is one variable resistor (VR1) on the PCI-1712/1732 to adjust the
accurate reference voltage on the PCI-1712/17&haVe provided a

test point (See TP5 in Figure 6-1) for you to check the reference
voltage on board. &t will need a precise 4%2-digit digital multi-meter
Before you start to calibrate A/D and D/A channels, please adjust VR1
until the reference voltage on TP5 has reached +5.008igWe 6-1

shows the locations of VR1 and TP5.

VR1
TP5 O
L ]

|

Figure 6-1: PCI-1712/1732 VR1 & TP5
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6.2 A/D Calibration

Regular and proper calibration procedures ensure the maximum
possible accuracyt is easy to complete the A/D calibration proce-
dure automatically (i.e. through software calibration) by executing the
A/D calibration program AutoCali. Therefore, it is not necessary to
adjust the hardware settings of the PCI-1712/1732. Howéneer

following calibration steps are also provided for your reference in case
manual calibration is needed:

1

2.

Adjust VR1 until the reference voltage on TP5 has reached
+5.0000V

Set PCI-1712 to calibration mode, which will configure Al2 to +5
V, and AlO to 0 V(Write “1” in AI0_CAL at the register address

BASE+6 bif7).

. Adjust the PGA offset voltage. First, set the analog input voltage

range of AlO tat10V. Adjust the PGA dbet register (BASE+2C),
and acquire a value from AlQ in single value acquisition mode.
Then switch the analog voltage range:1025V to repeat the
operation in this step again to acquire a value from AlO. Repeat
this cycle several times. Meanwhile, adjust the PGA offset
voltage until the AlGs values become the same for both the
analog input rangel0 V and+1.25

4. Adjust the gain value of the PGA. First, set the analog input

5.

voltage range of Al2 between 0 and. B\djust the gain register
(Base+2C), and then acquire the value for Al2 from single value
acquisition mode. Adjust the gain value of the PGA until the
subsequent Al® values convege within the OxO0ffe to

OxOfff  range.

Adjust the bipolar offset voltagEirst, set the analog input

range withint2.5 V. Adjust the bipolar déet register (Base+2C),
and then acquire the code from AIO from single value acquisition
mode. Adjust the bipolar fsfet voltage until the Al@ code

flickers around>x0800.

. Adjust unipolar offset voltage. First, set the analog input range

within 0 and 5 VAdjust the unipolar déet register (Base+2C),
and then acquire the code for AlO from single value acquisition
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mode. Adjust the gain until the A¥Value convees between 0
and 1.

7. Repeat steps 4to 6 several times.

6.3 D/A Calibration

You can select an on-board +5V or +lidtérnal refelence voltager
anexternal voltageas your analog output reference voltage. If you

use an external reference, connect the reference voltage within the
+10V range to the reference input of the D/A output channel you want
to calibrate. Then adjust the gain value, unipolar offset voltage, bipolar
offset voltage, respectivelgf D/A channels 0 and 1 with the associ-
ated register (BASE+2C).

Note:
O A precision voltmeter is recommended to calibrate the D/A outputs.

The auto-calibration program AutoCali.EXE helps you finish the D/A
calibration procedure automaticallg order to get the maximum
possible accuracy of the D/A channels, you need to calibrate the A/D
channels first. Although the procedure is not necestaryollowing
calibration steps are provided below for your reference in case you
want to implement the calibration yourself:

1. Calibrate the A/D channels first.

2. Set PCI-1712 in calibration mode. Al4 is connected to AOO and

Al6 is connected to AO1Write “1" to the bit, AIO_CAL, on

register BASE+6 bit7)
3. Set the unipolar output range of both AOO and AO1 the same as

the internal or external reference voltage range, either 0to 5V or
Otol0V

4. Set the output value of the AOn (where n=0 or 1) data register at
(BASE+0x0C) a®x0ffe  and outputto AOn.

5. Adjust the associated gain register (BASE+0x0C) until the AOn
output value reads Al4+2n equéleffe

6. Set the output value of the AOn data register (BASE+0x0C) as
0x0001 and output to AOn.

7. Adjust the associated unipolar offset register (BASE+0x2C) until
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the AOn output code reads Al4+2n equat®001 .
8. Set the bipolar output range of AOO and AO1 the same as the
reference voltage within -10 to +10 V

9. Set the output value of AOn data register (BASE+0x0C) as
0x0800 and output to AOn.

10.Adjust teh associated bipolar offset register (BASE+0x2C) until
the AOnN output code reads Al4+2n equai800 .

11.Repeat steps 3 to 10 several times.

6.4 Calibration Utility

The calibration utilityAutoCali, provides four functions - auto A/D
calibration, auto D/A calibration, manual A/D calibration and manual D/
A calibration. The program helps the user to easily finish the calibra-
tion procedures automatically; howevére user can calibrate the PCI-
1712/1732 manuallysections 6.2 and 6.3 illustrated the standard
calibration procedures for your reference. If you want to calibrate the
hardware in your own wayhese two sections will guide you.

The following steps will guide you through the PCI-1712/1732 software
calibration.

Step 1:Access the calibration utility prografutoCali.exefrom the
default location:

C:\Program Files\Advantech\ADSAP\Utility\PCI1712

Note:

O

If you installed the program to another directgryu can find this
program in the corresponding subfolders in your destination directory

Step 2:Select PCI-1712/1732 in the ADSDAQ dialog box.

[=- ADSDAQ
B (00 - {PC1-1712 [/O=BR00H

Select

Cancel

Figure 6-2: Selecting the device you want to calibrate
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Step 3:After you start to calibrate the PCI-1712/1732, pleasetdon’
forget to adjust VR1.

For proper calibration of PCI-1712, you
ghould adjust ¥R until the reference
voltage on TP haz reached +5. 0000,

Figure 6-3: Vrning message bef@istat calibration

A/D channel Auto-Calibration
Step 4:Click theAuto A/D Calibrationtab to show the A/D channel
auto-calibration panel (Fig. 6-4). Press the start button to
calibrate A/D channels automatically

& Adwiseeh AukCalboibin Foo o

[Pt P bt i s et | s D ol st | Ml D28 i | Albent |

1. Belore pou sia G calbwaton poceduns, pleate sdun e peleseree volage on boand loek

A0 Calitestion Instructions -
[ 2 Freas [S1a] Bation |0 eallytle B AT charnel

Calibialion Frocedae

1. Audect PEA oflzed vidage.
2 At ther ain vahus 6l AT,

3. st el offeed wnage of AT
4, Adusst Uripotar oifiet volage of 0700,

Ty et Mumbes Crds
A Shepl
Al Shp?
AlStpd
Al Shepd
ADVANTECH. Dag| Ko

Figure 6-4: Auto A/D Calibration Dialog Box
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Step 5:The first A/D calibration procedure is enabled (Fig. 6-5).

& Mdvanssch & ulo-Calitovion Frogrem

it D) a5 | s D8 oot | Mol T oo | M el D78 et | bt |

Al Calibration Instnsclions -

1. Eipfone pois £ he calbeation pacedurs, plade sdunl e releience wollags on bosid list
2 Preas [ta] bution 5o calbeats the AT channsl:.

Calbantion Procedus
1. okt P& ofred wollage.
| 2 At the gain vabe o ATD.
| 3 vt bipads offset votage of A0,
4. it Linipals otfpet woltage of AT,

Typs it Bk At Code AT Wl ISm.n
Sl Sepl 3 LTS

|
|
EELA ] ! | I
|
|

A/D Cireuit

Al Siepd
2 Slepd

ABVANTECH |

Figure 6-5: A/D Calibration Procedure 1

Step 6:The second A/D calibration procedure is enabled (Fig. 6-6)

5 Mdvantech Aub-Calitodion Frogrsm

ot AT ol st | D08 ek | Mool T Cleafson | | Ml D178 Cbesion | e |

~ASD Calibration Insinections -

N Erelors 5o 1kat Hhes calbaation peoctdins, plesds sdeit e et ende wollags on bosd sl
2 Pazas [Simi] bution Bo calbests the 20T channel,

Cakbantion Paeduis
| 1. Aect PA et vidiage,
| 2 Ayt the gainvskis of AT,
—| & At bipoles ffeet volage of A0,
4. iyt Lol offpat viage ot AT,

Tvps it sl st Code AT Yok |5m
A Step] 181 00000 FRES

|
|
W Siee 443 = 45353 | |
|
|

A/D Circuit

Al Slepd
Al Slepd

Figure 6-6: A/D Calibration Procedure 2

PCI-1712/1732 Uses Manual - 60 — Advantech Co., Ltd.
www.advantech.com



Chapter 6

Step 7:The third A/D calibration procedure is enabled (Fig. 6-7)

m.wmaﬁbn]mmmnm| Ml A Calbyation || Marual D8 Calbeateon | About |

~ASD Calibration Instnsclions -

1. Erefoes pous stast the calbiation peocedons, pleads adent e rebaence wolage on boad list
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Cakantion Pioceduis
1. s PGS obivel voltage.
i 2 At the g vakie of 47T,
1 3 At bipala affoat volage of AT,
4. et Lot otfpet voltage AT,

Tvpa fidunt Rk et Ciods D Wk |5mm
Al 5ol 161 0,000 FASS

I
1 Siepd A 111 45307 |PASE |
|
|

AD Circuit

B Elepd 07 C 00522
Al Slt‘pnl

 ABVANTECH. X 00|

Figure 6-7: A/D Calibration Procedure 3

Step 8:Auto-calibration is finished. (See fig. 6-8)

o Mdvargsch Auk-Calitoeton Prgram

s AT et | b DA oo ||l /T e aion | [Mrsal DAt Ctention | ot |

A0 Calibration Instnsclions -

1. Befione peous shaet the calbeption peoceduns, pleade adunt e referenos wollage on boasd list
2 Posas (54 bubion Bo calbeats the AT channel.

Cakbaation Proceduis
1. Pechust PG bzl wotage,
i 2 st the pain value of AT,
i 3. et bipaoda affzet vodps of &0,
4. st Liripola ot st vilage of AT,

Twpa it Bz A Code AT Yok Iﬁm.n
EIRAT 181 010000 PASS

ASD Circait

A Sipd 4 1 |45 PASS
Al Sl EirS 1z 0005 |Pss
mseps |0 124 00003 |Pass

Afﬁﬂ""m E [Eawl] % Eﬁ

Figure 6-8: A/D Calibration is finished
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D/A channel Auto-Calibration

Step 9:Click theAuto D/A Calibrationtab to show the D/A channel
auto calibration panel. Please finish the A/D calibration
procedure first before you start the D/A calibration procedure.
There are two D/A channels in PCI-1712; select the output
range for each channel and then press the start button to
calibrate D/A channels (Fig. 6-9).

% Advarsech Amo-CalitoxSon Froprem

st T Coklaon) | Pk D48 Calboation | Mol /D) Colbation | Marmscd [ Colteation | o |
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[ Chansel I

Frangs |I]¢ BN e
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1. D8 gl el et cabbtationn - 1=
2 D bepeoer off pet bt 2 O Bl 21 T
3. DA, pain calbestion 3 DA g calbeation

Tupe Bt Code [A0Vor [Sms ||| [Toe= At Code [A/D Vot [Stanim
A0S tep] 0 St
A0 Slepl W Sl |

E=N| w0 Sl | [
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Figure 6-9: Range Selection in D/A Calibration

Step 10:D/A channel O calibration is enabled (Fig. 6-10)

3 Mdvarsech Auwio-Calitovien Prgrn
i T o | o 075 Gt | Mo AT i st | Ml D78 oo [ e |
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80 Slepl 0075 D Siepl
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Figure 6-10: Calibrating D/A Channel 0
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Step 11: D/A channel 1 calibration is enabled (Fig. B-1
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Figure 6-1: Calibrating D/A Channel 1

Step 12:Auto-calibration is finished (Fig. 6-12)

Bastan AT Tl o Mbﬂmlwmmmlummmmlml

DA Calitnalscn Inebeucisons
1. Eefons pou shset the calbation peocedurs. plasss finch the AT calbestion procedure Frel
£ Zedect the tngs of WA channels B calbeain,
F Peas {300] butlors 35 ealbsiate tha DU chanrely,

“Chaneed 1) ~Chansel 1
Ruge [0V =] R [FB0 5]
Calibeation Procadurs Calbeation Frocedue
%1 D, urpela oll et alibaplion - DA g ! el
e o ot of E 2 Dt bepodat ol sl sl Bl
30*\9@#&“‘#‘- ] 3 D o cablbantion

Tpe (At Code [AD VR [Sistus = e [
(a0 Step1 0000 |PASS 0 Stepl

|40 Siepz Wl Steed |16 O RS
EE=NES w3 |PAsS w53 162 |4mem s

ADANIECH. [T o

Figure 6-12: D/A Calibration is finished

Advantech Co., Ltd.
www.advantech.com

- 63— PCI-1712/1732 Usés Manual



Chapter 6

A/D channel Manual-Calibration

Step 1:Click theManual A/D Calibrationtab to show the A/D
channel manual calibration panel. Before calibrating, acquire
the reference voltage from a precision standard voltage
reference. Go to the Range form, select a channel and the
target voltage range according to the input voltage value from
a precision standard voltage reference(Fig. 6-13).

Note:

O The input voltage value you selected from a precision standard
voltage reference needs to correspond with the one that the
PCI-1712/1732 can read.

O The input voltage will be analog code so the computer will
convert the voltage data into digitial code; therefore, the input
voltage value you selected from a precision standard voltage
reference needs to correspond with the one that the PCI-1712/1732
can read. For example, if the input range is 0 /%&h input
voltage should be 2.9992V not .3V

" Mdvanisch Auio-Calitodon Pragren
Bt AT koo |k 8 Cobbection| Mol AT Caliation | Mrwea D178 Caention | e |
|~ Range 1 [ /D Calbnalion |ntlructions
Chanrelll |55 W =] . Flasn e ot AT Caltapae™ fos ooy iwatiad ustvtonit of FIGA ol 2t
Charnel1 [+/-5 W = 2 Exlach the pange of the D) channels.
Chernel 2 [o25 W =] | 3. At the g and bepsolaeforpalie offtad ragithan b calbests The A chanreds.
Charnel 3 j'gs E; [+ Adjust =
Chenel ) | 222, Gan g [ |
Charngl 5 | +- DEZV 1 1
i E"'H Er Bipolar Oifzet 0 if 3|
0 o e
Charne7 [0 il Unipolas Offzat ) | 3|
Charnl [ ~ Ingat Woltage -
Charneld [on8 W = B Dode 7 Wi
Charnel 10 [+-5 W = Charred [Veb  [Chorewd [Ved [Chorwesl [vid | Charnal e
Chernel 11 325 W 1= o ] 8 12
Chonnel 12 |+45 W =) 1 127 & =G £z |12 FH
Chaneel 13 [+25 W = z 14 6 w1 F 28
Chanel 14 |05 W =] B s |7 [l (] w15 195
Charnei 18 [0 W =] | - |
B v e i B 1
ADVANTECH. X ceon

Figure 6-13: Selecting Input Rage in Manual A/D Calibration panel
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Step 2:According to the difference between reference voltage and
receiving data in PCI-1712/1732, adjust the gain, bipolar offset
and unipolar offset registers (Figure 6-14)

B T Cogiongtion | b %, Cibripn | Harwsad ST Callorshon | M £108 Calbenion | e |

Fangn ASD Calibaation Inctactisn

Charet 3 [5 w = 1, Fitaot 1 "t T Calbesion” 3 ot e scntmers o PRA o1t
Cronell [5_W= 2 Swt e ranoe ol AT charvelt

e Y ot o i el i aliagia o AL} chisroks
Chanetd 5 W= ]| Aedumt - -

Chamsld [58 W= en 115 i | _.:L il |
Ot e Heeti 14 e
Cral5 |- =

Crawad? [irm W = lsdyialuc I s 04 i | I i |

= L
Chawal ] |85 4 =
Chamgd 13 | 5 % =
Crawal 11 [ B W=
Charnal 12 [0 5 % =
Chanal 13 [an 5 W »
Chared 14 [0 5 W =
Chanal 15 a5 W =

Figure 6-14: Adjusting registers

Step 3:Adjust the registers until they fall between the input voltage
from the standard voltage reference and the receiving voltage
reflectected in the Manual A/D Calibration tab.
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D/A channel Manual-Calibration

Step 1:Click theManual D/A Calibrationtab to show the D/A
channel manual calibration panelvd@D/A channels are
individually calibrated . Before calibrating, output desired
voltage from the D/A channels and measure it through an
external precision multimeter

Step 2:For example, choose channel 0; select the Range and select the

wished output voltage code or value from the radio buttons
(Fig. 6-15 and Fig. 6-16).

W At pCadtamesPage

| Pt ppiaian | st i | Mianvnl ottt | el i [
/A Calantion [ni
85 ot e of tha T4, chisnrdlz ordd oot g 2 oufns wilkocm,
E el tha TUA oot i P4 DO PRt
3 At D i i Beiur o ¥t eistin 12 caReaty ha (VA chanedlz

- Chraneetd 0 Chansral 1 -
e DAl ||| s O ukok Vokagn -
o g =] ||y e [aEmE (=] e | Bl | ]
el | | e = 1 o
T T L
T I R T .‘&Dﬂh’ml e T ot | Farmea il ottt | |
|Uirizetie Dirysa) [1807 ) 402 mmmmammwwm i cutimd ok
e :ggma' ﬂ@mmmummhmmm
ADENTECH. - cowmenn w1
Reage’ utpet Y=Reon  FEango’ Outpet Wokags
Reven EIRE= || o o 75 R e e
EEES N | T Pt o o | ] |
r gk
[0 ||| i Gaw [0ED 5
T ] B [ T i ] ol
Uripetar Bhot [ 01| 50|71 )| sttt B ]
ABE '3""*‘"!'
Figure 6-15 & Figure 6-16: Selecting D/A Range and
Choosing Output Mtage
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Step 3:According to the dierence between the output voltage from
D/A channel and the value in the multimetsdjust the gain,
bipolar offset and unipolar offset registers (Fig. 6-17)

5 Advariech Auk-Calitosfom Pragrsn

st /T Calation | it 14 s | sl /T Cabaion | Marasal DA Caeasions | o |

A Calibration Insinaclions ‘

1. Sebect th range of the DU channet ard el up it oulped vollge.
2 Conrect S D channels bo a8 pracison milimeler
| 3 Aoprst ther pan and bapobe gl ot gl 1o calbeste G D05 ch
[~ Ehaneel 0 - | Channel 1 -
" Ranga Dutput YeRags Ranga | 1 Dutput Voltagn

Renge [0 8V =] | e [ET Renge [0m 8w =] ||| _ Coms [0
Ewma Vet (] [ || |2 Wb [205 S et 1 o [ R [

: Adiuat - Adiust ;
oan [0 4 o e |0 5]
Bipetae Offzet | 112 @] ] | e | | 5]

Uripolen BiFsat | 171 | [ | Unipalar Offeet | 0 2] LI_

! B T x I_',kﬂ.ul

Figure 6-17: Adjusting registers

Step 4:Adjust registers until they fall between the output voltage from
the D/A channel and the value in the multimeter
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A. Specification

Analog Input:
Channels 16 single-ended or 8 differential or combination
Resolution 12-bit
FIFO Size 1K samples

Max. Transfer Rate

Multi-channel, single gain: 1 MS/s
Multi-channel, multi-gain: 600 kS/s
Multi-channel, multi-gain, unipolar/bipolar: 400 kS/s

Conversion Time

500 ns

Gain 0.5 1 2 4 8
Input range and -
Gain List Unipolar N/A 0~10 0~5 0~25 0~1.25
Bipolar +10 +5 +25 +1.25 + 0.625
Gain 0.5 1 2 4 8
Drift Zero(V/° C) +80 +30 +30 +30 +30
Gain(ppm/° C) +30 +30 +30 +30 +30
Small Signal Bandwidth for Gain 05 1 2 4 8
PGA Bandwidth 40MHz | 40MHz 2.0 MHz 1.5MHz | 0.65MHz
Common mode voltage |+ 11 V max. (operationa)
Max. Input voltage +20V
Input Protect 30 Vp-p
Input Impedance 100 MQ/10pF(Off); 100 MQ/100pF(On)
. Software, on-board programmable pacer or external, pre-trigger, post-trigger,
Trigger Mode delay-trigger, about-trigger
DNLE:+ 1LSB
INLE: + 1LSB
DC |Offset error < 1LSB
Gain 0.5 1 2 4 8
Accuracy Ga
ooray | 015 0.03 0.03 0.05 0.1
SNR: 68 dB
AC |ENOB: 11 hits
THD: -75 dB typica
) Low 0.8V max.
External TTL Trigger Input - -
High 2.0V min.
Range -I0Vto+10V
Bxtenal Andlog Resolution |8-bit
Trigger Input
Impedance |100 MQ/100 pF typica
Low 0.5V max.@+24 mA
Clock Output - -
High 24V min.@-15 mA
X Low 0.5V max.@+24 mA
Trigger Output - -
High 2.4V min.@-15 mA

Advantech Co., Ltd.
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Analog Output: (PCI-1712 only)

Channels 2
Resolution 12-hit
FIFO Size 32K samples
Operation mode Single output, continuous output, waveform output

Using Internad Reference | 0~+5V,0~+10 V, -5~+5V,-10~+10V

0~+xV@+xV (-10<x<10
X~+XV@+xV (-10< x £ 10)

Output Range (Internal
& External Reference) | Using External Reference

Relative +1LSB
Accuracy - - - - "
Differential Non-linearity | £ 1 LSB (monotonic)
Offset <1LSB
Slew Rate 20V/us
Drift 10 ppm/° C
Driving Capability + 10mA

Max. Transfer Rate

Single Channel: 1 MS's max. for FSR
Dual Channel: 500 kS/s max. for FSR

Output Impedance 0.1Q max.
Digitdl Rate 5MHz
Settling Time 2us(to £1/2 LSB of FSR)

External Clock Input

Low 0.8V max.

High 2.0V min.

Externa TTL Trigger
Input

Low 0.8 V max.

High 2.0V min.

Digital Input /Output:

Input Channels 16 (bi-directional)

Number of ports 2
Low 0.8 V max.

Input Voltage - -

High 2.0V min.
Low 0.5V max.@+24 mA (sink

Output Voltage - - o (sink)
High 2.4V min.@-15 mA (source)
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Counter/Timer:

Channels 3
Resolution 16-bit
Compatibility TTL level
Base Clock 10 MHz, 1IMHz, 100kHz, 10kHz
Max. Input Frequency | 10 MHz
Low 0.8 V max.
Clock Input - -
High 2.0V min.
Low 0.8 V max.
Gate Input - -
High 2.0V min.
Low 0.5V max.@+24 mA
Counter Output - -
High 2.4V min.@-15 mA
General:
1/0 Connector Type 68-pin SCSI-11 femae
Dimensions 175 mm x 100 mm (6.9" x 3.9")
. Typica +5V @ 850 mA +12 V @ 600 mA
Power Consumption
Max. +HSV@1A+12V @ 700m A
) 0~+60° C (32~140° F)
Temperature Operation (refer to IEC 68-2-1,2)
Storage -20~+85° C (-4~185° F)
Relative Humidity 5~95%RH non-condensing (refer to IEC 68-2-3)
Certification CE certified

Note:

O The sampling rate depends on the computer hardware architecture and
software environment. The rates may vary due to programming
language, code fagiency, CPU utilization and so on.
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B. Block Diagram

Block Diagram

Appendix

[¢——  AI_TRG

40MHz
PCI9054 osc. Trigger and
. e—
PCIBUS PCI Interface Control Logic AO_TRG
CLK[3:0] —»] 8bitDIA - Analog Trigger
’ Comparg ) 97199
3 User +
GATE[3:0]—» 16BIt L ]
Timer/
Counter N
ANA_TRG
OUT[3:0] < 4 f -
»
2
2 /+<_ 16 S/E
1K or .
Bidierctional 8 FIFO 12bitA/D PGIA s DIFF [« All15:0]
DI0[7:0] <« andLatched g— — l—— Mmux
8bit DIO
T Al_CLK
Bidierctional|
32K 2 Channel
D10[15:8] «—» and Latched &— AO[1:0
[ ] 8bit DIO FIFO 12bitD/A [1:0]
~_ L AO_CLK
Advantech Co., Ltd. —-73-  PCI-1712/1732 Usés Manual

www.advantech.com



APPENDIX B

PCI-1712/1732 User’s Manual - 74 - Advantech Co., Ltd.
www.advantech.com



Appendixc

C. Screw-terminal Board

C. 1 Introduction

The PCLD-8712 Screw-terminal Board provides convenient and reliable
signal wiring for the PCI-1712/1732 of which has a 68-pin SCSI-II
connector. Due to its special PCB layout you can install passive
components to construct your own signal-conditioning circuits. The
user can easily construct a low-pass filter, attenuator or current shunt
converter by adding resistors and capacitors on board’s circuit pads.

C. 2 Features

» Low-cost screw-terminal board for the PCI-1712/1732 with 68-pin
SCSiI-Il connector.

» Reserved space for signal-conditioning circuits such as low-pass
filter, voltage attenuator and current shunt.

* Industrial-grade screw-clamp terminal blocks for heavy-duty and
reliable connections.

» DIN-rail mounting case for easy mounting.
» Dimensions:169 mm (W) x 112mm (L) x 51mm (H) (6.7" x 4.4" x 2.0")

C. 3 Board Layout

O CN1 o
o2 o
™ 2]
a
g CN2
ES
z
5
E
5 ]
& [¢)
O O

Figure C-1: PCLD-8712 board layout
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CN1: 68-pin SCSI-Il connector for connection with the PCI-1712
CN2: 20-pin connector for digital I/O

C.4 Pin Assignment
CN2
DIO 0 1 2 DIO 1
DIO 2 3 4 DIO 3
DIO 4 5 6 DIO 5
DIO 6 7 8 DIO 7
DIO 8 9 10 | DIO 9
DIO 10 | 11 12 | DIO 11
DIO 12 | 13 14 | DIO 13
DIO 14 | 15 16 | DIO 15
DGND 17 18 | DGND
+5V 19 20 | +12V

Figure C-2:

PCI-1712/1732 Usés Manual
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C.5 Single-ended Connections

1
RAn )

o T @ Aln
1
RBn  __Cn !
1

o— J7 E © new wheren=0,1,2,....15

|

Internal side ' Fieldside

a) Straight-through connection

(factory setting) oO————@ An

RAnN =0Q (short) ;

RBn = none !

Cn = none —© Ao
b) 1.6 kHz (3dB) low pass filter Internal side 1 Field side

RAN =10 kQ

RBn = none W Aln
Cn=0.01pF cn !
f3dB= MR}W ()L‘—(: :: AIGND

¢) 10 : 1 voltage attenuator:
RAN =9 kQ Internal side
RBn =1 kQ RAN
Cn = none
Attenuation = =20

d) 4 ~20 mAto 1~ %pcsignal
corverter:
RAN = 0Q (short)
RBn = 250Q (0.1% precision

Internal side

resistor)
Cn = none
Internal side Field side
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C.6 Differential Connections

RA !
o A—. @ Aln
RO~ CDn E
o—+ ANNTT—O) i
RAn+1$:

Internal side Field side

a) Straight-through connectigffiactory
setting):
RAN = 0Q (short)
RAN+1 = 0Q (short)
RDn = none
CDn =none

b) 1.6 kHz (3dB) low pass filter
RAn=51Q
RAN+1=51)
RDn = none
CDn=0.0uF
f3dB= m
¢) 10: 1 voltage attenuator:
RAn=4.5kQ
RAN+1=45KQ
RDn=1K
Cn =none
Attenuation =m
d)4~20mAto1~5M:signal
converter:
RAN = 0Q (short)
RAN+1 =0Q (short)
RDn = 250 (0.1% precisiomesistor)
CDn =none
3. Calculations

PCI-1712/1732 Usés Manual - 78 —

wheren=0,2,4,...14

—© Ain
|
I
I
—(©) A+
1
I
Internal side ' Field side
|
|
RAn :
W Aln
|
|
CDn
m Aln+1
RAN+1
Internal side Field side

RAN+1

Internal side

|
|
|
|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Internal side “7 Field side
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D. Register Structure and Format

D.1 Overview

The PCI-1712/1732 is delivered with an easy-to-use 32-bit DLL driver
for user programming underiddows 95/98/NT operating systemeW
dvise users to program the PCI-1712/1732 using 32-bit DLL driver
provided by Advantech to avoid the complexity of low-level program-
ming by register

The most important consideration in programming the PCI-1712/1732 at
the register level is to understand the function of the saedjisters.

The information in the following sections is provided for users who
would like to do their own register-level programming.

D.21/0O Port Address Map

The PCI-1712/1732 requires 50 consecutive addresses in hi#@C’
space. The address of each register is specified as an offset from the
cards base address. For example, BASE+Q is theshede address

and BASE+8 is the base address plus eight bytes. The following
sections give the detailed information about register layout, and also
the detailed information about each register or driver and its address
relative to the card’base address.

Table D-1 shows the function of each register or driver and its address
relative to the card’base address.

Note

O All base address is in hexadecimal in Appendix D.

O Users have to use a 16-bit (word) I/O command to read/write each
register
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Table D-1: PCI-1712/1732egister format (Pérl)

Base PCI-1712/1732 Register Format
Address | 15| 14| 13 [ 12| m]| 10| o |8 7][6|s[a][3]2]1]0
W A/D single value acquisition
. L rrrrrrr ]
Channel and A/D data
R AF |CH2| CH1| CHO|AD11|AD10| AD9|AD8| AD7|AD6|AD5| AD4| AD3| AD2| AD1| ADO
W A/D channel range setting
A TT T T T T TT1 T T I Jelale
R N/A
L rrrrr
Multiplexer setting
W | | | |STP3|STP2|STP1|STPO| | | | |SI'R3|STR2|STR1|STRO
4
R N/A
L
A/D control register
NS Aol 20 (#2202 Laowal aowsl oo
A/D status register
Claslel T T T ] e [ [0k [roue oud sone
Clear interrupt and FIFO
W _CD'ff:| | | |_i"[§:| | | | Clear interrupt
8 Interrupt and FIFO status
R |D/A7|DIA7|DIA7| |AID7|AID7|AID7| | | | | | | |INT7
FF | FH | FE FIF | FH | FE F
D/A control register
w AO_ | | DA_ DAM-| DAM- DAl | DAl | DAl DA_ | DAO | DAO
TRGF CLK 1| o0 _uB| IE | 510 uB | _IE | 510
A D/A status register
R
R R EEREEE
D/A channel 0 data
W | | | |DA11|DA10| DA9| DA8| DA7| DA6| DA5| DA4| DA3| DA2| DA1| DAO
¢ R N/A
L rrrrr
D/A channel 1 data
W | | | |DA11|DA10| DA9| DA8| DA7| DA6| DA5| DA4| DA3| DA2| DA1| DAO
F R N/A
L rrrr Pl
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Table D-1: PCI-1712/1732egister format (Pé&r2)

Base PCI-1712/1732 Register Format
Address | 15| 14| 13 [ 12| 1| w0][ o |8 7][6|s[a]3]2]1]0
W D/A counter O
o | | | | | | | |o7|oe|os|pa]os|p2]|o1]no
D/A counter O
R | | | | | | | [o7|os|ps|pa|os|p2]|p1]no
W A/D counter 1
» | | | | | | | [o7|os|ps|pa|ps|p2]p1]o0
A/D counter 1
R | | | | | | | |o7|os|ps|pa|ps|p2]|p1]p0
w DMA counter 2
" | | | | | | | [o7|os|ps|pa|ps|p2]|p1]p0
DMA counter 2
R | | | | | | | [o7|os|ps|pa|ps|p2]|p1]no
w Counter control
" | | | | | | | |o7|os|os|pafps|p2]|p1]po
Counter control
R | | | | | | | [o7|oe|ps|pa|os|p2]|p1]po
Counter 0
. W | | | | | | | | D7| D6| D5| D4| D3| D2| D1| DO
Counter 0
R | | | | | | | [o7|oe|ps|pa|os|p2]|p1]no
W Counter 1
" | | | | | | | [o7|oe|ps|pa|os|p2]|p1]oo
Counter 1
R | | | | | | | [o7|oe|ps|pa|ps|p2]|p1]oo
W Counter 2
o | | | | | | | |o7|os|ps|pa|ps|p2z]|p1]po
Counter 2
R | | | | | | | [o7|oe|ps|pa|os|pz]|p1]po
W Counter control
. | | | | | | | [o7|oe|ps|palos|pz]|p1]po
Counter control
R | | | | | | | |o7|os|os|pa]ps|p2]|o1]oo
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Table D-1: PCI-1712/1732egister format (Pér3)

Base PCI-1712/1732 Register Format
Address | 15| 14| 13| 12| m| 10| o |8 7][6|s[a][3]2]1]0
Counter 0 gate and clock control
"“TTT T T T T T Teolow]om]on]em]co]cm]on]o
2 Counter 0 gate and clock status
R | | | G’;E cLko|ouTo Gég GQU|GPO|GOI GOO|OQ0|CPO|001 coo
Counter 1 gate and clock control
W | | | | | | |GR1|GQ1|GP1|Gll|GlO|CQ1|CP1|C11|C10
2 Counter 1 gate and clock status
R | | | ?zAsT1 cLKk1| ouT1 Gg Gor| epr| ci1| 10| coi| cpr| cut | cio
Counter 2 gate and clock control
W | | | | | | |GR2|GQ2|GF’2|GZl|GZO|CQ2|CP2|C21|CZO
4 Counter 2 gate and clock status
R | | | %As; CLK2|ouT2 G§| GQ2| GP2 | G21 | G20 | OQ2| cP2 | c21 | c20
Counter internal clock source select register
B I I I I I I I I I I I I R N = =
2% SEL1 | SELO
R N/A
L rrrrr
Digital Output
W 0015||3014| 0013||3012| DOll|D010| D09| D08| D07| D06| D05| DO4| D03| D02| 001| DOO
% Digital Input
R DI15| DI14| DI13| DI12| DI11| DI10| DI9 | DI8 | DI7 | DI6 | DIS | DI4 | DI3 | DI2 | DI1 | DIO
Digital 1/O configuration register
I TPl ITPs
oA c1 co
Digital 1/O configuration register
I TP Pe
c1 co
Calibration command and data
W | | | |CM3|CM2|CM1|CMO|D7|DG|D5|D4|D3|D2|D1|DO
2 R N/A
L rrrrr
W N/A
- L rrrrr
R N/A
L rrrrr
D/A channel data for continuous output operation mode
0w | | | |DA11|DA10| DA9| DA8| DA7| DA6| DA5| DA4| DA3| DA2| DA1| DAO
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D.3 A/D Single Value Acquisition — Write BASE+0

The A/D converter will convert one sample when you write to the
registeWrite BASE+0 with any value. User can check the A/D FIFO
status A/D_F/E on register Read BASE+8to make sure if the data is
ready to be received.

D.4 Channel and A/D data — Read BASE + 0
These two bytes iRead BASE+0hold the result of A/D conversion
data.

The 12 bits of data from the A/D conversion are stored in bit O to bit
11, bit 12 to 14 hold the A/D channel number and bit 15 holds the
trigger event flag.

Table D-2: Register for channel number and A/D data

Base Add. 15|l4|l3|12|11|10|9|8|7|6|5|4|3|2| 1|o
Channel and A/D data

AF | CH2 | CH1 | CHO |AD11|AD10| AD9 | AD8 | AD7 | AD6 | ADS | AD4 | AD3 | AD2 | AD1| ADO

AD11TO ADO Data of A/D Conversion
ADO the least significant bit (LSB) of A/D data.
AD11 the most significant bit (MSB) of A/D data.

CH2to CHO A/D Channel Number
CH2 ~ CHO hold the A/D channel number from which the data is
received.
CH2 MSB.
CHO LSB.

Note:

O A/D channel number specifies the channel from which data is derived.
CH2 is the MSB and CHO is the LSB. For channel scan, there should
have 4 channel codes, specifically from CHO to CH3. Because we have
not enough address space, bit 15 is used for other purposes instead for
CH3, which is hence not available..

AF A/D trigger event flag

The trigger flag indicates whether a trigger event has happened during
A/D conversion process.
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0 means the data on AD1o ADO is stored before trigger
1 means the data on AD1o ADO is stored after trigger

The trigger event flag plays an important role in post-, delay-, about-
and pre-trigger acquisition modes. For detailed information, please
refer to Chapter 5.1 Analog Input Features.

D.5 A/D Channel Range Setting — Write BASE+2

Each A/D channel has its own input range, controlled by a gain code
stored in on-board RAM.

To change the A/D channel input range for a channel:

+ Write the same channelWrite BASE+4 bit O to bit 3 (the start
channel) and bit 8 to bit 11 (the stop channel).

+ Write the gain code td/rite BASE+2 bit O to hit2.
+ Write 0 or 1 toNrite BASE+2 bit 4 to set unipolar or bipolar input.

Table D-3: Register for A/D channel range setting

Base Add. 15|14|13|12|11|10|9|8|7|6|5|4|3|2| 1|o
) W A/D channel range setting
| [ T T T T T [ [ Jeofw] [e[a]w

S/D Single-ended or Differential

0 means the channel is single-ended input.
1 means the channel is differential input.

B/U Bipolar or Unipolar

0 means the channel is bipolar
1 means the channel is unipolar

G2to GO Gain Code
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Table D-4: Gain Codes for the PCI-1712/1732

B/U Gain Code Gain Input Range (V)
G2 Gl GO
0 0 0 0 1 5~+5
0 0 0 1 2 -25~+25
0 0 1 0 4 -1.25~ +1.25
0 0 1 1 8 -0.625 ~ +0.625
0 1 0 0 0.5 -10 ~ +10
1 0 0 0 1 0~10
1 0 0 1 2 0~5
1 0 1 0 4 0~25
1 0 1 1 8 0~125

D.6 MUX Control — Write BASE+4

Table D-5: Register for multiplexer cootr

BaseAdd. | 15| 14| 13| 2| 1|0 o8| 7|6[5][a[3][2]1]0
Multiplexer setting

YT T T Tswlsefsmlsmo] | | | [swoswelswalswo
STR3 ~STRO Start Scan Channel Number
STP3 ~ STPO Stop Scan Channel Number

When you set the gain code of analog input channel n, you should set
the MUX start & stop channel number to channel n to prevent any
unexpected errors. In fact,rité BASE+4 bit 3to 0, STR3 ~ STRO, act

as a pointer to the address of channel n in the SRAM when you
program the A/D channel setting (refer to Section D.5).

Note:

O We recommend that you set the same start and stop channel when
writing to the registeWrite BASE+2. Otherwise, if the A/D trigger
source is on, the multiplexer will continuously scan between channels
and the range settings may be set to an unexpected channel. Make sure
the A/D trigger source is turnedfad avoid this kind of error
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The write-only register of Vite BASE+4 controls how the multiplexers
(MUXs) scan.

+ Write BASE+4 bit 3 to bit 0, STR3 ~ STRO, hold the start scan
channel number

+ Write BASE+4 bit 1 to bit 8, STP3 ~ STPO, hold the stop scan
channel number

Writing to the register automatically initializes the MUXs to the start
and stop channel. Each A/D conversion trigger also sets MUXs to the
next channel. \ith continuous triggering, the MUXs will scan from the
start channel to the stop channel and then repeat. The following
examples show the scan sequences of the MUXs (all channels are set
as single-ended).

Example 1

If the start scan input channel is Al3 and the stop scan input channel
is Al7, then the scan sequence is Al3, Al 4, Al 5, Al6, Al7, Al3, Al4,
Al5, Al6, Al7, Al3, Al4...

Example 2

If the start scan input channel is Al13 and the stop scan input channel
is Al2, then the scan sequence is Al13, Al14, Al15, AIO, Al1, Al2,
Al13, Al14, Al15, AlO, AlL, Al2, Al13, Al14...

The scan logic of PCI-1712/1732 card is pretty fancy and powerful, you
can set gain code, B/U and S/D by each channel. The scan logic will be
a little complex if you set the channel in differential mode. In differential
mode, the even channel (i.e. AlO, Al2, Al4...Al14) and odd channel (i.e.
All, Al3, AI5...Al15) are combined to one channel. The odd channel is
the positive end and the even one is negative end. For example, if the
AlO is set as differential mode, then the AlO and All are combined to
one channel and refer to the gain code and B/U of AlO (thesAd1’
useless). As the same rule, if the AI2 is set as differential mode, then
the Al2 and Al3 are combined to one channel and refer to the gain
code and B/U of AI2 (the Al3'is useless). The following examples
show the scan sequence of differential mode.

Example 3

Suppose that the start scan input channel is Al2 and the stop scan
input channel is Al8. If Al2 is differential mode (D), Al4 is D, Al6 is D

and Al7 and Al8 are single-ended mode (S), then the scan sequence is
Al2, Al4, Al6, Al7, AI8, Al2, Al4, Al6, Al7, AI8, Al2, Al4...
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Example 4

Suppose that the start scan input channel is Al14 and the stop scan
input channel is Al3. If Al14 is D, AlIO and All are S, Al2 is D, then the
scan sequence is Al14, AlO, All, Al2, Al14, AlO, Al1, Al2, Al14, AlO,
All...

Example 5

Suppose that the start scan input channel is All1l and the stop scan
input channelis Al15. If Alllis S, Al12is D, All4 is D, then the scan
sequenceis Al1l, Al12, Al14, Al11, Al12, Al14, Alll, Al12...

Example 6

Suppose that the start scan input channel is Al4 and the stop scan
input channel is Al7. If Al4is S, Al5 is D, Al6 is D, then the scan
sequence is Al4, AI5, Al7, Al4, Al5, Al7, Al4, AlS...

Note
O This is an error setting of channel scan sequence, user have to avoid
setting even channel as S and odd channel as D.

D.7 A/ID Control/Status Register — Write/Read BASE+6

Table D-6: Register for A/D comtl/status

BaseAdd.| 15| 14 | 13| 12| o[8[7][6[5]al3]2]1]0

A/D control register

W ALT ADN} AIO_| AD_ AD_ | AD_
6 RGF | & CAL | TRE TR | cLK

ADM2(ADM1|ADMO

A/D status register

ADM2 ~ ADMO Analog input acquisition mode register

These registers specify the analog input acquisi
tion mode.

The following table shows the acquisition mode.

ALT
RGF

DMA
_TCF

AD_
TRE

AD_
TR

AD_
CLK

ADM2

ADM1

ADMO
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Table D-7: Analog Input Acquisition Mode

ADM2 ADM1 ADMO Meaning
0 0 0 Single Value Acquisition Mode
0 0 1 Pacer Acquisition Mode
0 1 0 Post-Trigger Acquisition Mode
0 1 1 Delay-Trigger Acquisition Mode
1 0 0 About-Trigger Acquisition Mode

AD _CLK A/D sample clock source select register
This bit is used to select the A/D sample clock source.
0 means internal clock.
1 means external clock (from pin Al_CLK).

AD_TR Trigger source control register
This bit is used to select the A/D conversion trigger source.
0 means external digital TTL-trigger (from pin Al_TRG).
1 means threshold analog trigger (from pin ANA_TRG).

AD_TRE Trigger edge control register

This bit specifies the type of trigger edge for A/D conver
sion.

0 means rising edge.
1 means falling edge.

AIO_CAL Analog I/O calibration bit
This bit sets the Analog I/O calibration mode.

0 means the PCI-1712 is in normal mode. All analog input
channels are connected to 68 pin SCSI-1l connector
respectively

1 means the PCI-1712 is in Al/O calibration mode. The
wiring becomes that AlO is connected to 0 V (AGND), Al2
is connected to +5\Al4 is connected to AOO, and Al6 is
connected to AO1 automatically

DMA_TCF DMA terminal count flag
This bit indicates if the DMA counter is terminal count.
1 means terminal count of DMA counter occurred.
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You can write 1 to DMA_TCRhen it acts as if terminal
count occurred. This function is useful for user to test and
debug the application. Before initiating a delay-, about- or
pre-trigger acquisition mode, you have to write 0 to clear
this bit first.

ALTRGF Analog input trigger flag
This bit indicates whether the A/D trigger event occurred.
1 means A/D trigger event has occurred.

You can write 1 to Al_TRGRhen it acts as if A/D trigger
event has occurred. It is useful for you to test and debug
the application. Before initiating a post-, delay-, about- or
pre-trigger acquisition mode, you have to write 0 to clear
this bit first.

D.8 Clear interrupt and FIFO — Write BASE+8

Table D-8: Register for clear inteupt and FIFO

Base Add. 15|14|13|12|11|10|9|8|7|6|5|4|3|2| 1|0
Clear interrupt and FIFO

8 | W R CLR
_DAF _ADF

Clear interrupt

Clear interrupt Write any values t@Vrite BASE+8 low byte
clears the interrupt.

CLR_ADF Clear A/D FIFO
Write O to this bit will clear the A/D FIFO.

CLR_DAF Clear D/AFIFO
Write O to this bit will clear the D/A FIFO.
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D. 9 Interrupt and FIFO status — Read BASE+8

Table D-9: Register for inteupt and FIFO status

BaseAdd | 15| 14| 13| 12| m[0| 9|87 |6[5]a[3]2]1]0
Interrupt and FIFO status
8 | R |D/A7| D/A7| D/A7| |A/D7| A/D7| AID7| | | | | | | ||NT7
FIF | FH | FE FIF | FH | FIE F

INT_F Interrupt flag
This bit indicates whether interrupt occurred or not.
1 means that an interrupt has occurred.

A/D_FIE A/D FIFO empty flag
This bit indicates the A/D FIFO empty status
1 means A/D FIFO empty

A/D_FH A/D FIFO half-full flag
This bit indicates the A/D FIFO half-full status
1 means A/D FIFO halt-full.

A/D_FIF A/D FIFO full flag
This bit indicates the A/D FIFO full status
1 means A/D FIFO full.

D/A_F/IE D/A FIFO empty flag
This bit indicates the D/A FIFO empty status
1 means D/A FIFO empty

D/A_FH D/A FIFO half-full flag
This bit indicates the D/A FIFO half-full status
1 means D/A FIFO halt-full.

D/A_FIF D/A FIFO full flag

PCI-1712/1732 U

This bit indicates the D/A FIFO full status
1 means D/A FIFO full.
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D.10 D/A control/status register — Write/Read BASE+A

Table D-10: Register for D/A comk

Base Add. 15|14|13|12|ll|10|9|8|7|6|5|4|3|2|1|O

D/A control register

AO_
TRGF

DA_
CLK

DAL
uB

DAL
IIE

DAL
5/10

DA_
u/B

DAO_
I3

DAO_

DAM1 510

DAMO

D/A status register

AO_
TRGF

DA_
CLK

DAL_
uB

DAL_
IE

DAL_
5/10

DA_
u/B

DAO_
IE

DAO_

DAM1 510

DAMO

DAO_5/10

DAO_I/E

DAO_U/B

DA1_5/10

DA1_IIE

D/A channel 0 internal reference voltage

This bit specifies the internal reference voltage of AOO.
0 means the internal reference voltage is 5V

1 means the internal reference voltage is. 10V

D/A channel 0 internal or external reference

This bit specifies the reference voltage of AOO as internal
or external.

0 means the reference voltage comes from internal.
1 means the reference voltage comes from pin AOO. REF

D/A channel 0 unipolar or bipolar output

This bit specifies the output voltage of AOO as unipolar or
bipolar

0 means the output voltage is unipolar
1 means the output voltage is bipolar

D/A channel 1 internal reference voltage

This bit specifies the internal reference voltage of AO1.
0 means the internal reference voltage is 5V

1 means the internal reference voltage is. 10V

D/A channel 1 internal or external reference

This bit specifies the reference voltage of AO1 as internal
or external.

0 means the reference voltage comes from internal.
1 means the reference voltage comes from pin AO1. REF
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DA1_UB

D/A channel 1 unipolar or bipolar output

This bit specifies the output voltage of AO1 as unipolar or
bipolar

0 means the output voltage is unipolar

1 means the output voltage is bipolar

DAM1 to DAMO Analog output operation mode register
These two bits control the analog output operation mode.

Table D-1.: Analog output operation mode

DAM1

Meaning
D/A CH1 D/A CHO

DAMO

0 Single Vaue Operation Mode Single Value Operation Mode

Continuous Output

1 Single Vaue Operation Mode Operation Mode

Operation Mode Single

0 Continuous Output Value Operation Mode

Continuous Output O Continuous Output

1 peration Mode Operation Mode

DA_CLK

AO_TRGF

D/A clock source select register
This bit selects the D/A output pacer clock source.
0 means the internal clock.

1 means the external clock from pin AO_CLK. Itis used
only in continuous output operation mode.

Analog output trigger flag
This bit indicates the D/A trigger event.
1 means D/A trigger event occurred from pin AO_TRG.

If you write 1 to AO_TRGFthen it acts as if D/A trigger
event has occurred. This is useful for testing and debug
ging. This function is applicable only in continuously
output operation mode.
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D.11 D/A Channel 0/1 Data — Write BASE+C/E

Table D-12: Register for D/A channel 0/1 data

BaseAdd | 15| 14 | 13| 12| 10| 98| 7|6 |5][a[3][2]1]0
D/A channel 0 data

| DA11| DA10| DA9 | DA8 | DA7 | DA6 | DAS | DA4 | DA3 | DA2 | DAL | DAO

Cc |WwW
L[|

D/A channel 1 data

E |W
| | | |DA11| DA10| DA9| DA8| DA7| DA6| DAS |DA4 |DA3 |DA2 |DA1 |DAO

DA11 TODAO D/A data
DAO is the least significant bit (LSB) of the D/A data

DA11 is the most significant bit (MSB).

Note:
0 These two base addresses are used for single value operation mode
only. For continuous output operation mode, data have to be written to

BASE+30.

BaseAdd [ 15| 14| 13| 12| n|w0| o8| 7[6][5]4a[3]2]1]o0
D/A channel data for continuous output operation mode
|DA11| DA10| DA9| DA8| DA7| DA6| DA5| DA4| DA3| DA2| DA1| DAO

30 | W
[ [ ]
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D.12 82C54 Counter Chip 0 — Write/Read BASE+10 to 16

Table D-13: Register for 82C54 counter chip 0

BaseAdd.| 15| 14| 13| 12| mfw|o[8|7]6|5][a|[3]2]1]0
D/A counter O

10 w | | | | | | | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
D/A counter O

"TT T T T T 1T [olwloo]ee]ae
W A/D counter 1

1 | | | | | | | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
A/D counter 1

R | | | | | | | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
DMA counter 2

14 w | | | | | | | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
DMA counter 2

R | | | | | | | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Counter control

16 w | | | | | | | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Counter control

R | | | | | | | | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

This counter chip 82C54 includes three counters use for special
purpose. Counter 0 is used as D/A counter to produce D/A output
pacer clock. Counter 1 is used as A/D counter to produce A/D pacer
clock. Counter 2 is used as DMA couni@ounter 0 and counter 1
should set in 82C54 mode 3 or mode 2 to produce clock. Counter 1 set
in mode 0 to count number of data. For detailed information, Intel(r)
82C54 Uselis Manual is available by accessing the following path on
CD-ROM:

\Document\intel 82C54 manual.pdf
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D.13 82C54 counter chip 1 — Write/Read BASE+18 to 1E

Table D-14: Register for 82C54 counter chip 1

BaseAdd| 15| 14| 13| 12| mfw|of[8|7]6|5]al3]2]1]0
W D/A counter 0
18 | | | | | | | |D7|D6|D5|D4|D3|D2|D1|DO
DI/A counter O
R | | | | | | | |D7|D6|DS|D4|03|D2|D1|D0
W A/D counter 1
A | | | | | | | |D7|D6|D5|D4|D3|D2|D1|DO
A/D counter 1
R | | | | | | | |D7|D6|D5|D4|D3|D2|D1|DO
W DMA counter 2
1 | | | | | | | |D7|D6|DS|D4|D3|D2|D1|DO
DMA counter 2
R | | | | | | | |D7|D6|DS|D4|D3|D2|D1|DO
W Counter control
1E | | | | | | | |D7|D6|D5|D4|D3|D2|D1|DO
Counter control
R | | | | | | | |D7|D6|DS|D4|D3|D2|D1|D0
This counter chip 82C54 includes three counters for general purpose.
These three counters are identical. They can do event counting, rate
generation, one shot, frequency measurement and pulse width
measurement. Please refer to chapter 5.3 for more details about the
principles of operation. In order to explain the functions of three
counters clearlywe adopt a naming rule to designate the counter
number For example, as you will see in the subsequent sections, there
are many registers with names like Cn0, CPn, CQn, etc. Note that the
“n” in these register names represents the counter number that is
concerned.
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D.14 Counter gate and clock control/status — Write/

Read BASE+20 to 26

Table D-15: Register for counter gate and clock calfdtatus

BaseAdd.| 15| 14| 13| 12| || o[8[ 7][6|[5][al3]2]1]0
Counter 0 gate and clock control
W
| | | | | | |GRO|GQO|GPO|GOI|GOO|OQO|CPO|COl|C00
2 Counter 0 gate and clock status
R | | | %A;) cLko|ouTo Gég GQO| cro | co1 | Goo | OQ0| CPO| cor | coo
Counter 1 gate and clock control
w
| | | | | | |GR1|GQ1|GP1|Gll|GlO|CQ1|CP1|C11|C10
22 Counter 1 gate and clock status
R | | | ‘;’EASTl cLK1| ouT1 GélT Gl |ept |eu o0 |CQ1 cr1 e |cwo
Counter 2 gate and clock control
w
| | | | | | |GR2 |GQ2 |GP2 |c-;21 |GZO |CQ2 |cpz |c21 |c20
B Counter 2 gate and clock status
R | | | (ISEASE CLK2|ouT2 GQZT'|GQ2 |GF'2 G21 |Gzo |co2 |CF‘2 c21 [c20
Counter internal clock source select register
TTTTTIT T T T T kel
26 SEL1 |SELO
R N/A
NN EEN

Cn1toCn0 Counter clock source control register n =0,1,2
Table D-16 : &ble of Cnl to CnOegister

Cnl Cn0 Meaning
0 0 Clock is set by COn
0 1 Clock comes from internal clock
1 0 Clock comes from external clock
1 1 Clock comes from previous counter’s out

PCI-1712/1732 Usés Manual

[Cn1: Cn0] =0, 0], write CQn to set the counter clock. Refer

to CQn description.

[Cnl1: Cn0] =[O0, 1], The internal clock is generated by an on-

board oscillatar

[Cn1: Cn0] =[1, 0], External clock is on connector

CNTn_CLK(n=0,1,2).

[Cnl1: Cn0] =[1, 1], The clock source of every counter

— 96 —

Advantech Co., Ltd.
www.advantech.com



CPn

can

APPENDIX D

comes from its previous counteoutput in a round-robin
fashion. For example, the source of counter O comes from
the output of its previous countée. counter 2, whose
source in turn comes from counter 1, whose source comes
from counter 0,etc.

Counter clock edge control register n =0,1,2

This bit specifies whether the clock will act as a rising or
falling trigger

0 means rising edge.
1 means falling edge.

Counter clock set register n =0,1,2

When [Cn1: Cn0] =0, 0], which means the clock input of
counter n is set by CQn through software, a pulse will be
generated when bit CQn being written to. For example, if a
“1” is written to CQn with an original value of “0”, then a
rising-edge pulse will be generated, which will serve as the
clock input of counter n. If a “0” is written to CQn with an
original value of “1”, then a falling-edge pulse will be
generated.

This function is necessary for users who want to load the
register data to the 82C54 chip.

Gn1to Gn0 Counter gate source control register n =0,1,2

Table D-17: &ble of Gnl to GnOegister

Gnl Gno Meaning
0 0 Gate is set by GOn
0 1 Gate comes from previous counter’s output
1 0 Gate comes from external gate
1 1 Gate use for pulse width measurement

Advantech Co.,

[Gn1: GnO] =0, 0], write GQn to set the counter gate. Refer
to CQn description.

[Gn1: Gn0] =[O0, 1], The gate source comes from the previ
ous countés output. The previous counter of counter 0 is
counter 2, of counter 1 is counter 0 and of counter 2 is
counter 1. The gate source of every counter comes from its
previous countés output in a round-robin fashion. For
example, the gate source of counter 0 comes from the
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output of its previous countdre. counter 2, whose gate
source in turn comes from counter 1, whose gate source
comes from counter 0, etc.

[Gn1l: GnO] =1, 0], External gate is on connector
CNTn_GATE (n=0, 1, 2).

[Gn1: GnO] =1, 1], this mode is for pulse width measure
ment only

GPn Counter gate polarity control register n = 0,1,2

This bit specifies whether the gate polarity is positive or
negative. “0” means the gate polarity is positive; “1” means
the gate polarity is negative.

GQn Counter gate set register n =0,1,2
When [Gn1: GnO0] = [0, 0], which means the counter gate is
set by GQn through software.

For example, you can write 0 to GQN to set gate input of
counter n as logic low or write 1 to set it as logic high.

GRn Pulse width measurement reset register n = 0,1,2

Pulse width measurement state machine just allows one
positive cycle to pass. Please use rising-edge signal to reset
the pulse width measurement state machine before the
measured signal input.

GATEn GATE status n=0,1,2

This bit is read-only and shows the courd€bATE status.
“1” means the gate input of counter n is logic-high; “0”
means the gate input of counter n is logic.low

OUTn OUT status n=0,1,2

This bit is read-onlyand shows the coulggdUT status.
“1" means the OUT of counter n is logic-high; “0” means
logic low.

CLKn CLK status n=0,1,2

This bit is read-only and shows the coutgeZLK status.
“1" means the CLK of counter n is logic-high; “0” means
logic low.
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GATESh Pulse width measurement status bit n =0,1,2

This bit is read only which indicates the status of the pulse
width measurement state machine. “1” means the measure
ment is in process; “0” means the measurement is complete.

CLK_SEL1&0 Counter internal clock select register
This clock is for counter 0 to 2 internal clock source.

The register sets the frequency of internal clock source of
counter O to counter 2.

Table D-18: &ble for CLK_SEL1 to CLK_SEL6gister

CLK_SEL1 CLK_SELO Meaning
0 0 Internal clock is 10MHz
0 1 Internal clock is IMHz
1 0 Internal clock is 100KHz
1 1 Internal clock is 10KHz

D.15 Digital I/O registers — Write/Read BASE+28

Table D-19: Register for Digital I/O

BaseAdd.| 15| 14 | 13| 12| mufw|o[8[7][6][5][al3]2]1]0

W Digital Output
D015|D014|D013|D012|D011|D010| Dog| DOB|DO7 |D06 |D06 |DO4 |DO3 |DO2 |[>01 |DOO
28
Digital Input
R

D015|D014| D013|D012| DOll|DOlO| D09| DO8 |DO7 |DO6 |D05 |DO4 |DO3 |D02 |D01 |DOO

The PCI-1712/1732 provides 16 digital /0O channels. Each group of 8
channels can be defined as both input or output chanraiscan
configure digital input/output by setting the digital I/O configuration
register Refer to next section for more details.

DO15to DO0 Digital output data register

DOO is the least significant bit (LSB) of the digital output
data.

DO15 is the most significant bit (MSB) of the digital output
data.
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DI15to DI0 Digital input data register
DIO is the least significant bit (LSB) of the digital input data.

DI15 is the most significant bit (MSB) of the digital input
data.

D.16 Digital I/O configuration registers — Write/Read
BASE+2A

Table D-20: Register for digital 1/O configuration

BaseAdd | 15| 14 | 13| 22| 1| 10]| 9|8 | 7|6 |[5][4a]3]2]1]0
Digital 1/0 configuration register
ST TR [ B
C1 Cco
2A
Digital 1/0 configuration register
R DIO_ DIO_
C1 Cco
DIO_C1toDIO_CO Digital I/O configuration register
Table D-21: Register for digital 1/O configuration
Meaning
DIO_C1 DIO_CO - - -
High Byte (bit 15 to 8) Low Byte (bit 7 to 0)
0 0 Output Output
0 1 Output Input
1 0 Input Output
1 1 Input Input

When all digital I/O channels are set as output channels, users can

confirm the data output status by reading back from digital input data
registers.

D.17 Calibration command registers — Write BASE+2C

Table D-22: Register for calibration command

BaseAdd| 15| 14| 13| 12| mfw|of[8|[7]6|5][af[3]2]1]0

Cdlibration command and data
v | | | |CM3|CM2|CM1|CMO|D7|D6|D5|D4|D3|D2|D1|DO
PCI-1712/1732 Usés Manual — 100 - Advantech Co., Ltd.

www.advantech.com



APPENDIX D

D7 to DO Calibration data
DO is the least significant bit (LSB) of the calibration data.
D7 is the most significant bit (MSB) of the calibration data.

CM3 to CMO0 Calibration command
Table D-23: Calibration command

CM3 CMm2 CM1 CMO0 Meaning
0 0 0 0 A/D bipolar offset adjustment
0 0 0 1 A/D unipolar offset adjustment
0 0 1 0 PGA offset adjustment
0 0 1 1 A/D gain adjustment
0 1 0 0 D/A channel 0 gain adjustment
0 1 0 1 D/A channel 0 bipolar offset adjustment
0 1 1 0 D/A channel 0 unipolar offset adjustment
0 1 1 1 D/A channel 1 gain adjustment
1 0 0 0 D/A channel 1 bipolar offset adjustment
1 0 0 1 D/A channel 1 unipolar offset adjustment
1 0 1 0 Analog threshold voltage adjustment
1 0 1 1 N/A
1 1 0 0 N/A
1 1 0 1 N/A
1 1 1 0 N/A
1 1 1 1 N/A
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D.18 D/A Channel Data for Continuous Output
Operation Mode — Write BASE+30

Table D-24: Register for D/A channel data

BaseAdd | 15| 14| 13| 2| 1| o8| 7[6|[5]a[3]2]1]0
D/A channel data for continuous output operation mode

30 | W
| | | | DA11| DA10| DA9 | DA8 | DA7 | DA6 | DA5 | DA4 | DA3 | DA2 | DAl | DAO

DA11 TO DAO D/A data
DAO is the least significant bit (LSB) of the D/A data

DA11 is the most significant bit (MSB).

Note
O This base addresse is used for continuous output operation mode only

If the two D/A channels are both operating in continuous output mode,
the data in FIFO will be sent in an interlaced manirerThe “even”
samples in the FIFO are sent to D/A channel 0, while the “odd” samples
to D/A channel 1.
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