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WARRANTY

Hardware

Keithley Instruments, Inc. warrants that, for a period of one (1) year from the date of shipment (3 years for Models 2000,
2001, 2002, 2010 and 2700), the Keithley Hardware product will be free from defectsin materials or workmanship. This
warranty will be honored provided the defect has not been caused by use of the Keithley Hardware not in accordance with
theinstructions for the product. Thiswarranty shall be null and void upon: (1) any modification of Keithley Hardware that
is made by other than Keithley and not approved in writing by Keithley or (2) operation of the Keithley Hardware outside
of the environmental specifications therefore.

Upon receiving notification of a defect in the Keithley Hardware during the warranty period, Keithley will, at its option,
either repair or replace such Keithley Hardware. During the first ninety days of the warranty period, Keithley will, at its
option, supply the necessary on site labor to return the product to the condition prior to the notification of adefect. Failure
to notify Keithley of adefect during the warranty shall relieve Keithley of its obligations and liabilities under this
warranty.

Other Hardware

The portion of the product that is not manufactured by Keithley (Other Hardware) shall not be covered by this warranty,
and Keithley shall have no duty of obligation to enforce any manufacturers warranties on behalf of the customer. On those
other manufacturers’ products that Keithley purchases for resale, Keithley shall have no duty of obligation to enforce any
manufacturers’ warranties on behalf of the customer.

Software

Keithley warrants that for a period of one (1) year from date of shipment, the Keithley produced portion of the software or
firmware (Keithley Software) will conform in al material respects with the published specifications provided such Keithley
Softwareis used on the product for which it is intended and otherwise in accordance with the instructions therefore.
Keithley does not warrant that operation of the Keithley Software will be uninterrupted or error-free and/or that the Keithley
Software will be adequate for the customer's intended application and/or use. Thiswarranty shall be null and void upon any
modification of the Keithley Software that is made by other than Keithley and not approved in writing by Keithley.

If Keithley receives notification of aKeithley Software nonconformity that is covered by this warranty during the warranty
period, Keithley will review the conditions described in such notice. Such notice must state the published specification(s)
to which the Keithley Software fails to conform and the manner in which the Keithley Software fails to conform to such
published specification(s) with sufficient specificity to permit Keithley to correct such nonconformity. If Keithley deter-
mines that the Keithley Software does not conform with the published specifications, Keithley will, at its option, provide
either the programming services necessary to correct such nonconformity or develop a program change to bypass such
nonconformity in the Keithley Software. Failure to notify Keithley of a nonconformity during the warranty shall relieve
Keithley of its obligations and liabilities under this warranty.

Other Software

OEM software that is not produced by Keithley (Other Software) shall not be covered by this warranty, and Keithley shall
have no duty or obligation to enforce any OEM's warranties on behalf of the customer.

Other Items

Keithley warrants the following items for 90 days from the date of shipment: probes, cables, rechargeabl e batteries, diskettes,
and documentation.

Items not Covered under Warranty

Thiswarranty does not apply to fuses, non-rechargeabl e batteries, damage from battery leakage, or problems arising from
normal wear or failure to follow instructions.

Limitation of Warranty

Thiswarranty does not apply to defects resulting from product modification made by Purchaser without Keithley's express
written consent, or by misuse of any product or part.



Disclaimer of Warranties

EXCEPT FOR THE EXPRESSWARRANTIESABOVE KEITHLEY DISCLAIMSALL OTHER WARRANTIES,
EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION, ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS FOR A PARTICULAR PURPOSE. KEITHLEY DISCLAIMSALL WARRANTIESWITH
RESPECT TO THE OTHER HARDWARE AND OTHER SOFTWARE.

Limitation of Liability

KEITHLEY INSTRUMENTS SHALL IN NO EVENT, REGARDLESS OF CAUSE, ASSUME RESPONSIBILITY FOR
OR BE LIABLE FOR: (1) ECONOMICAL, INCIDENTAL, CONSEQUENTIAL, INDIRECT, SPECIAL, PUNITIVE OR
EXEMPLARY DAMAGES, WHETHER CLAIMED UNDER CONTRACT, TORT ORANY OTHER LEGAL THEORY,
(2) LOSS OF OR DAMAGE TO THE CUSTOMER'S DATA OR PROGRAMMING, OR (3) PENALTIES OR PENALTY
CLAUSES OF ANY DESCRIPTION OR INDEMNIFICATION OF THE CUSTOMER OR OTHERS FOR COSTS, DAM-
AGES, OR EXPENSES RELATED TO THE GOODS OR SERVICES PROVIDED UNDER THISWARRANTY.
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Preface

This guide describes how to set up, install, and operate the following
Keithley products:

. The DAS-16, and DAS-16F boards, which are referred to collectively
as DAS-16/16F Series boards.

. The DAS-16G1 and DAS-16G2 boards, which are referred to
collectively as DAS-16G1/G2 Series boards.

Unless this manual refers specifically to a particular board, it refers to all
models collectively as the DAS-16 Series boards.

To follow the information and instructions contained in this manual, you
must be familiar with the operation of an IBRC AT, or equivalent
computer in the Windows (95/98, or NT) environment. You must also be
familiar with data acquisition principles and the requirements of your
applications.

vii



Manual Organization

The following table lists the topics this guide focuses on and indicates
where you can find information about a topic.

To learn more about See

The capabilities of DAS-16 Series boards Section 1
What software is available for the boards Section 1
What accessories are available for the boards Section 1
Functionality of DAS-16 Series boards Section 2
Installing the DAS-16 Series DriverLINX and associated software | Section 3
Setting up switch-selectable options Section 3
Installing your boards Section 3
Attaching accessories Section 4
Precautions to observe when connecting signals Section 4
Using the DriverLINX Analog I/0 Panel software for test Section 5
and data acquisition

Calibrating the board Section 6
Troubleshooting and obtaining technical support Section 7
DAS-16 Series specifications Appendix A
I/O connector pin assignments Appendix B
The register level I/O map Appendix C
IBM DMA Structure Appendix D
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Related Documents

You can find more information on DAS-16 Series software and
accessories in the related documents listed in the following table.

Document

EXP-16 & EXP-16/A Expansion Multiplexer/Amplifier System User’'s Guide

EXP-GP Signal Conditioning Multiplexer User’'s Guide

MB Series User’s Guide
ISO-4 User's Guide

DriverLINX User’s Guides:
DriverLINX Installation and Configuration Guide
DriverLINX Appendix F: Configuration and Implementation Notes for
Keithley DAS-16/1600
DriverLINX Analog I/O Programming Guide
DriverLINX Digital I/O Programming Guide
DriverLINX Counter/Timer Programming Guide
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Overview

The Model DAS-16, DAS-16F, and DAS-16G (hereinafter referred to as
DAS-16) are multi-function, high-speed, programmable, A/D (and D/A)
I/O expansion boards for the IBM Personal Computer. They are full
length boards that install internally in an expansion slot of an IBM PC and
compatibles to turn the computer into a fast, high-precision data
acquisition and signal analysis instrument. DAS-16 boards are of
multilayer construction with integral ground plane to minimize noise and
crosstalk at high frequencies. The DAS-16G includes an additional
register at an I/O address location for setting the gain.

Table 1-1. DAS-16 Series Models

Model Description

DAS-16 Includes the DAS-16, a 16-channel, high speed A/D interface
with DMA, (70,000 samples/sec. max.) as well as software|and
appropriate documentation.

DAS-16F Includes the DAS-16F, a 16-channel, high speed A/D interface
with DMA, (100,000 samples/sec. max.) as well as softwar
and appropriate documentation.

DAS-16G1 | Includes the DAS-16G1, a 16-channel, high speed A/D
interface with software selectable input gains (1, 10, 100, gnd
500), software, and appropriate documentation.

DAS-16G2 | Includes the DAS-16G2, a 16-channel, high speed A/D
interface with software selectable input gains (1, 2, 4, and 8),
software, and appropriate documentation.

)
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System requirements

The system capabilities required to run the DAS-16 Series board, and to
use the DriverLINX software supplied with the board, are listed in
Table 1-2.

Table 1-2. System requirements

CPU Type Pentium or higher processor on motherboard with
PCI bus version 2.1.

Operating system Windows 95 or 98.
Windows NT version 4.0 or higher.

Memory 16 MB or greater RAM when running Windows 95
or 98.

32 MB or greater RAM when running Windows NT.

Hard disk space 4 MB for minimum installation.

50 MB for maximum installation.

Other A CD-ROM drive.*

A free PCI-bus expansion slot capable of bus
mastering.

Enough reserve computer power supply capacity to
power the KPCI-3101-4 Series board, which draws
0.9A at 5VDC and 48mA at +12VDC.

A VGA, or compatible, display (640 x 480 or
higher, 256 colors recommended).

*Any CD-ROM drive that came installed with the required computer should be satisfactory.
However, if you have post-installed an older CD-ROM drive or arrived at your present system by
updating the microprocessor or replacing the motherboard, some early CD-ROM drives may not
support the long file names often used in 32 bit Windows files.
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Software

Software

DriverLINX — the high-performance real-time data-acquisition device
drivers for Windows application development including:

. DriverLINX API DLLsand drivers supporting the DAS-16 Series
hardware.

. Analog I/0O Panel— A DriverLINX program that verifies the
installation and configuration of DriverLINX to your DAS-16 Series
board and demonstrates several virtual bench-top instruments.

. Learn DriverLINX— an interactive learning and demonstration
program for DriverLINX that includes a Digital Storage
Oscilloscope.

. Source Code- for the sample programs.

. DriverLINX Application Programming Interface files for the
DAS-16 Series compiler.

. DriverLINX On-line Help System- provides immediate help as you
operate DriverLINX.

. Supplemental Documentatier on DriverLINX installation and
configuration; analog and digital I/O programming; counter/timer
programming; technical reference; and information specific to the
DAS-16 Series hardware.

. DAS-16 Series utilities — The following DriverLINX utilities are
provided as part of the DAS-16 Series standard software package:

— Calibration Utility
— Test Panel Utility

The user can select a fully integrated data acquisition software package
such as TestPoint or LabVIEW or write a custom program supported by
DriverLINX.

DriverLINX is the basic Application Programming Interface (API) for the
DAS-16 Series boards:

. It supports programmers who wish to create custom applications
using Visual C/C++, Visual Basic, or Delphi.

. It accomplishes foreground and background tasks to perform data
acquisition.
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Features

It is the needed interface between TestPoint and LabVIEW and a
DAS-16 Series board.

DriverLINX software and user’s documentation on a CD-ROM are
included with your board.

TestPoint is an optional, fully featured, integrated application package
with a graphical drag-and-drop interface which can be used to create data
acquisition applications without programming.

LabVIEW is an optional, fully featured graphical programming language
used to create virtual instrumentation.

1-4

Features shared by the DAS-16 Series boards are as follows:

Boards are switch-configurable for 16 single-ended or eight
differential analog input channels.

Analog inputs are switch-configurable for either unipolar (0 to
10V) or bipolar (£10V) signals.

Analog input gain may be set for the DAS-16/G1 boards to 1, 10, 100,
or 500. The DAS-16/G2 boards have gain selection of 1, 2, 4, or 8.

Analog input sampling is a maximum of 70ksamples/s for DAS-16
and 100ksamples/s for DAS-16F; with 12-bit resolution.

The base 1/0 address and Direct Memory Address (DMA) channel
are switch-configurable; interrupt levels are software-configurable.

The boards perform 8-bit data transfers on the ISA bus.

Switch selectable Channel Input Configuration, High Impedance
Ranges, Base I/O Address, and DMA Level.

A/D conversions can be triggered by any of the following: software
command, internal programmable-interval timer, or direct external
trigger to the A/D. Once the A/D conversion has been completed, data
transfers are accomplished via program transfer, interrupt, or DMA.

Overview



Accessories

A 3-channel programmable interval timer (Intel 8254) provides
trigger pulses for the A/D at any rate from 250KHz down to 8
pulses/hr. Two channels are operated in fixed divider configuration
from an internal crystal clock. The third channel is uncommitted and
provides a gated 16-bit binary counter that can be used for event or
pulse counting, delayed triggering, and in conjunction with the other
channels for frequency and period measurement.

The boards have four unidirectional digital inputs and four
unidirectional digital outputs.

Digital 1/0 consists of four bits of TTL/DTL-compatible digital
output and four bits of digital input. Apart from being addressed as
individual 1/0 ports, some of the digital inputs do double duty in
some modes as A/D trigger and counter gate control inputs.

One feature of the DAS-16 is the availability of two channels of
multiplying 12-bit D/A output. The DACs may use a fixed -5V
reference available from on-board for a 0 to +5V output range.
Alternatively, an external AC or DC reference may be used to give
different output ranges or programmable attenuator action on an AC
signal. D/As are double-buffered to provide instantaneous single-step
updates.

A -5V (x 0.05V) precision reference voltage output is derived from
the ADC reference. Typical applications are providing a DC reference
input for the DACs and providing offsets and bridge excitation to
user-supplied input circuits.

For more information on these features, refer to the functional description
in Section 2.

Accessories

The following accessories are available for use with the DAS-16 Series
boards.

STA-16 — Screw-terminal adapter accessory that connects to the
main I/O connector of a DAS-160 Series board through a C-1800
cable.

STA-U — Universal screw-terminal accessory that connects to the
DAS-16 Series board through a C-1800 cable.
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STC-37 — Direct DAS-16 Series board to screw terminal interface.

STP-37 — Screw-terminal panel that connects to the main 1/0
connector of a DAS-16 Series board through a C-1800 cable.

MB Series modules and backplanes — Plug-in, isolated,
signal-conditioning modules and the backplanes that hold them.
Supported backplanes include the MB0O1, MB02, and MBO5.

STA-MB — Screw terminal accessory for MB Series modules. The
STA-MB connects to a DAS-16 Series board through a C-1800 cable
and contains mounting holes for up to four MB Series modules. The
STA-MB brings all signal lines from the DAS-16 Series board and all
inputs and outputs from the MB Series modules out to external screw
terminals.

STA-SCM16 — Screw terminal accessory that attaches to the main
I/O of a DAS-16 Series board through a C-1800 cable and attaches up
to four MB0O2 backplanes through C-2600 cables.

EXP-16 and EXP-16/A — 16-channel expansion multiplexer and
signal conditioning boards; requires the S-1600 cable and the
PG-408A option.

C-1800 — Cabile for attaching the main 1/O connector of a DAS-16
Series board to an STA-16, STA-MB, STA-SCM-16, or STP-37
accessory. This cable can also be used to connect a DAS-16 Series
board to an STA-U accessory; or to cascade additional EXP-GP or
EXP-16 accessories.

S-1800 — Shielded version of the C-1800 cable.

S-1600 — Cable for attaching an STA-16 or STA-MB to an EXP-16,
EXP-GP, or ISO-4 accessory.

C-16MB1 — Cable for attaching the main 1/0 connector of a
DAS-16 Series board to an MB01/05 backplane.

C-2600 — Cable for attaching an STA-SCM16 to an MB02
backplane.
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2

Functional Description

This section describes the following features of DAS-16 Series boards:

. Analog input

. Analog output

. Digital I/O

. 82C54 counter/timer

. Wait state selection

. Power

These descriptions are offered to familiarize you with the operating
options and to enable you to make the best use of your board. The block

diagrams in Figure 2-1 and Figure 2-2 represent the DAS-16 Series
boards.
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Functional Description
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Figure 2-2. DAS-16G1/G2 Functional Block Diagram

2-3



Analog Input Features

The analog input section of a DAS-16 Series board multiplexes all the
active input channels (up to 16 single-ended or eight differential) into a
single, 12-bit, sampling, analog-to-digital converter (ADC).

Other features of this section include input configurations, gain selection,
conversion modes, triggers, clock sources, and data transfer modes. These
features are described in the following subsections.

Differential/Single-Ended Selection

Using configuration switches, you can select either eight differential or 16
single-ended inputs. Differential inputs measure the difference between
two signals. Single-ended inputs are referred to a common ground.

Generally, you want to use differential inputs for low-level signals whose
noise component is a significant part of the signal or for signals that have
nonground common mode. You want to use single-ended inputs for high-
level signals whose noise component is not significant.

The specific level at which input configurations work best depends on the
application. However, you generally use differential inputs for voltage
ranges of 100mV and less.

Unipolar/Bipolar Selection

2-4

Using configuration switches, you can set the DAS-16 Series boards to
operate in either unipolar or bipolar input mode. A unipolar signal is
always positive (0 to 10V, for example), while a bipolar signal can swing
up and down between negative and positive peak vati@¥ (to +10V,

for example).

The DAS-16 Series boards use left-justified, offset binary to represent

signals. In a given input range with the same peak-voltage capacity for
both modes, unipolar mode doubles the converter’s resolution.
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Channel Selection

You can use DAS-16 Series boards to acquire data from a single analog
input channel or from a range of contiguous, on-board analog input
channels using automatic channel scanning. These two methods of
channel selection are described as follows:

. Single channel — You use software to specify a single channel and
initiate a conversion.

. Automatic channel scanning — You use software to specify the first
and last channels in a range of contiguous, on-board channels (0 to 7).
The channels are sampled in order from first to last; the hardware
automatically increments the analog input multiplexer address shortly
after the start of each conversion. When the last address is reached,
the multiplexer returns to the start address and the channels are
sampled again. For example, assume that the start channel is 4, the
stop channel is 7, and you want to acquire five samples. Your program
reads data first from channel 4, then from channels 5, 6, and 7, and
finally from channel 4 again.

Note: An error results if the start channel number is higher than the stop
channel number.

When using automatic channel scanning, all contiguous, on-board
channels must have the same gain (analog input range).

DriverLINX allows you to acquire data from a range of multiple channels
that includes channels on expansion boards or MB Series backplanes.
DriverLINX provides for expansion board configuration in its Special
selection of the Device Subsystem page, which allows you to record the
settings of your analog input multiplexers and enable the expansion
channels. Refer tAppendix F: Configuration and Implementation Notes,
Keithley DAS-16/1600 Seriesanual that accompanies DriverLINX.
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Channel Selection in Expanded Configurations

DAS-16 Series _/
Boards

The DAS-16 Series supports 16 single-ended or eight differential analog
input channels. If you require additional analog input channels or signal
conditioning for transducer inputs, you can attach EXP-16, EXP-16/A, or
EXP-GP expansion accessories. Attaching any combination of up to eight
16-channel EXP-16 or EXP-16/A accessories, and/or eight 8-channel
EXP-GP accessories can increase the number of available channels to
128. Attaching up to sixteen 16-channel EXP-16 accessories can increase
the number of available channels to 256.

When you daisy-chain expansion boards from the analog inputs, you are
advised to make the first expansion board multiplex onboard channel O,
the next expansion board multiplex channel 1, and so on. You select an
onboard channel using jumper settings on the expansion board.

You can access any unused onboard channels by placing an STA-16 screw
terminal accessory first in the daisy-chain configuration. Figure 2-3
illustrates how expansion boards and accessories interface with the analog
channels of DAS-16 Series boards.

channels
16 multiplexed input
channels

cho [«
ch1 |«
ch2 |— -
ch7 D
digital output
port
) ; EXP-186, -
Expansion Channel STA-16 EXP-16/A EXP-GP

Select Lines (OPO to 3)

Figure 2-3. Expanding the Analog Inputs of DAS-16 Series Boards
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You can also use up to four MB0O2 backplanes to increase the number of
available channels to 64 isolated or 12 nonisolated. For more information
about connecting channel expansion boards, refer to Section 4.
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Notes: You must specify a single-ended input configuration for all
onboard channels associated with channels on MB02 backplanes.

If you are using EXP-16, EXP-16/A, or EXP-GP expansion accessories
or MB Series backplanes, the digital output lines of the DAS-16 Series
board select a particular channel on the expansion board or backplane to
read.

Selecting Input Channel Range and Gain

The DIP switch labeled GAIN controls the full-scale range common to all
the channels. The slide switch marked A/D has two positions: UNI
(Unipolar) and BIP (Bipolar). These two switches determine the input
scaling and whether the range is unipolar (zero to some positive full
scale) or bipolar (from a negative to a positive full scale).

DriverLINX detects the position of the UNI/BIP switch through the DAS-
16 status register, and it adjusts the data for unipolar and bipolar ranges
accordingly. Unipolar scalings correspond to 0 to 4095 bits of output
from the A/D, whereas bipolar scalings correspond to -2048 to +2047
bits. In this way 0 bits always corresponds to 0 volts, so the only
operation usually required is a simple multiplication to scale the reading
to real units; for example, on the +5V or 0-10V range, multiply the
integer data returned by DriverLINX by the actual bit weight (2.44
millivolts/bit) to obtain volts. Refer tBppendix F: Configuration and
Implementation Notes, Keithley DAS-16/1600 Seriasual that
accompanies DriverLINX.

The DAS-16/16F has a 5-position DIP switch (marked A, B, C, D, USER)
which is set according to the instructions given in Section 3. You can have
a non-standard input scale by soldering a precision resistor into the USER
location and selecting the USER position on the GAIN switch. Scale span
(the difference between full-scale limits) is related to resistor value as
follows:

Span (in volts) =10/ (1 + 20,000/Ruser).
For example, Ruser = 1053 ohms gives 0.5V span.

Signals below 0.5 volt are subject to system noise and should therefore be
pre-amplified using an EXP-16 (or equivalent) before applying them to
DAS-16 inputs).
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The available gains, their corresponding input ranges, and throughput
rates are listed in Table 2-1 for the DAS-16G1 and Table 2-2 for the DAS-
16G2.

Table 2-1. DAS-16G1 Gains, Ranges, and Throughput Rates for
Unipolar and Bipolar Selections

Maximum
Gain Unipolar Range Bipolar Range Throughput Rate
1 0.0 to +10.0V -10.0 to +10.0V 70ksamples/s
10 0.0 to +1.0V -1.0to +1.0V 60ksamples/s
100 0.0 to +100mV -100 to +100mV 50ksamples/s
500 0.0 to +20mV -20 to +20mV 30ksamples/s

Table 2-2. DAS-16G2 Gains, Ranges, and Throughput Rates for
Unipolar and Bipolar Selections

Maximum
Gain Unipolar Range Bipolar Range Throughput Rate
1 0.0 to +10.0V -10 to +10V 70ksamples/s
2 0.0 to +5.0V -5.0 to +5.0V 60ksamples/s
4 0.0to 2.5V -2.5t0 + 2.5V 60ksamples/s
8 0.0to 1.25V -1.25to +1.25V 60ksamples/s

Clock Sources
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DAS-16 Series boards support the paced conversion mode. Paced mode is
best-suited for continuous scanning of multiple channels at a constant
rate. In paced mode, the conversion rate equals the pacer clock rate. The
sample rate, which is the rate at which a single channel is sampled, is the
pacer clock rate divided by the number of channels sampled.

The following clock sources are available for conversions on DAS-16
Series boards:

Software — DAS-16 Series boards allow you to acquire single or
multiple samples under program control.

Hardware (internal clock source) — The internal pacer clock is
derived from the onboard 82C54 counter/timer and a switch-
configurable, crystal-controlled 1MHz or 10MHz timebase. The
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pacer clock uses two cascaded counters of the 82C54. The maximum
allowable rate is 100ksamples/s, and the minimum conversions per
hour is determined as follows:

10MHZ _ 5 358x 103= 8.38 IMHz

32 32 = 2.328x 10™= 0.838

When not used to pace the analog input, the internal clock source can
pace other events, such as digital I/O and analog outputs (on the
DAS-16 Series boards), through the use of interrupts.

. Hardware (external clock source) — The external pacer clock
source must be an externally applied, TTL-compatible, rising-edge
signal attached to the IPO/TRIG 0 pin (25) of the main 1/O connector.

An external clock source is useful if you want to pace at rates not
available with the 82C54 counter/timer, if you want to pace at uneven
intervals, or if you want to pace on the basis of an external event. An
external clock also allows you to synchronize multiple boards with a
common timing source.

Figure 2-4 illustrates how conversions are initiated when using an internal
and an external clock source. (Note that Figure 2-4 assumes that you are
not using a hardware trigger; refer to Figure 2-5 for an illustration of
conversions when using a hardware trigger.)

Operation is started —p Conversions begin

External Clock
Source

Internal Clock
Source

Conversions begin
when using an
internal clock source

-——— When using an
external clock source

(idle state) ‘ count H count H count H count ‘

Figure 2-4. Initiating Conversions
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Note: The ADC acquires samples at a maximum of 100ksamples/s (one
sample every 10i3). If you are using an external clock, make sure it
does not initiate conversions at a faster rate than the ADC can handle.

If you are acquiring samples from multiple channels, the maximum
sampling rate for each channel is equal to 100ksamples/s divided by the
number of channels.

Triggers

A trigger starts an analog input operation. The polarity of external triggers
in the DAS-16 Series boards is software-configurable. You can use one of
the following trigger sources to start an analog input operation:

. Internal — When you enable the analog input operation, conversions
begin immediately.

. External Analog — While an analog trigger is not a hardware feature
of the DAS-16 Series boards, you can program an analog trigger
using one of the analog input channels as the trigger channel.
DriverLINX provides functions for an analog trigger; refer to the
DriverLINX Installation and Configuration GuidendAppendix F:
Configuration and Implementation Notes—for Keithley DAS-16/1600
manuals for more information.

. External Digital — While a digital trigger is not a hardware feature
of the DAS-16 Series boards, you can apply a digital trigger to the
digital input IP1 pin (6) of the main 1/O connector. Refer to the
DriverLINX Installation and Configuration GuidendAppendix F:
Configuration and Implementation Notes—For Keithley DAS-16/1600
manuals.
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Hardware Trigger

External Clock
Source

Internal Clock
Source

Trigger types are as follows:

— Positive-edge trigger— Conversions begin on the rising edge of
the trigger signal.

— Negative-edge trigger Conversions begin on the falling edge
of the trigger signal.

— Positive-level trigger— Conversions begin when the signal is
above a positive level. See Appendix A for logic levels.

— Negative-level trigger— Conversions begin when the signal is
below a negative level. See Appendix A for logic levels.

Figure 2-5 illustrates how conversions are started when using a
hardware trigger.

Trigger event occurs

e

Conversions begin

-§——— when using an
external clock source

(idle state) ‘count H count H count H count ‘

Conversions begin
~—— when using an
internal clock source

Figure 2-5. Initiating Conversions with a Hardware Trigger
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Hardware Gates
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A hardware gate is an externally applied digital signal that determines
whether conversions occur. You connect the gate signal to the IPO/TRIG 0
pin (pin 25) on the main 1/0O connector. DAS-16 Series boards support a
positive gate only. Therefore, if the hardware gate is enabled and the
signal to IPO/TRIG 0 is high, conversions occur; if the signal to

IPO/TRIG 0 is low, conversions are inhibited.

Note: You cannot use the hardware gate with a hardware trigger.
However, the gate signal itself can act as a trigger. If the gate signal is low
when the software starts the analog input operation, the board waits until
the gate signal goes high before conversions begin.

When using the hardware gate, the way conversions are synchronized
depends on whether you are using a hardware external clock or a
hardware internal clock, as follows:

. External clock — The signal from the external clock continues
uninterrupted while the gate signal is low; therefore, conversions are
synchronized to the external clock.

. Internal clock — The 82C54 does not count while the gate signal is
low. Whenever the gate signal goes high, the 82C54 is loaded with its
initial count value and starts counting; therefore, conversions are
synchronized to the gate signal.
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Figure 2-6 illustrates how to use the hardware gate with both an external
clock and an internal clock.

Gate is high;
conversions occur )
Gate is low;

conversions inhibited

Gate Signal

Software starts
the operation

1st conversion 3rd conversion
(external clock) (external clock)

/ 2nd conversion W

< (external clock)

External Clock
Source E—

Internal Clock

= T —

aitt g&g‘f%ﬁgﬁg 2nd conversion .
(internal clock) 4th conversion

(internal clock)

3rd conversion
(internal clock)

Figure 2-6. Hardware Gate

Note: Although DAS-16 Series boards do not provide a hardware-based
analog trigger, you can program an analog trigger through software, using
one of the analog input channels as the trigger channel. DriverLINX
provides functions for both an analog trigger and a digital trigger. Refer to
the DriverLINX Appendix F: Configuration and Implementation Notes:
Keithley DAS-16/160hanual for more information.
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Data Transfer Modes
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You can transfer data from the DAS-16 Series boards to the computer
using the following data transfer modes:

Single mode — In a single-mode operation, a data acquisition board
acquires a single sample from a single channel; you cannot perform
any other operation until the single-mode operation is complete.

Synchronous — In a synchronous-mode operation, a data acquisition
board acquires one or more samples from one or more channels; you
cannot perform any other operation until the synchronous-mode
operation is complete.

Interrupt — You can program the board to acquire data, then
generate an interrupt when data is available for transfer. When
interrupt mode is used, data is transferred by an interrupt service
routine; you can perform other operations while an interrupt mode
operation is in progress. The interrupt level is software-configurable.

Unpredictable interrupt latencies in the Windows environment tend to
make maximum board speeds unachievable in the interrupt mode.
When in the Windows environment, you are advised to use DMA
mode instead of interrupt mode.

DMA — DMA is a method of bypassing the CPU to transfer data
directly between an I/O device and computer memory. In the IBM PC
family, DMA is directed by the DMA controller and executes
independently while the CPU is executing other instructions.
Therefore, you can perform other operations while a DMA mode
operation is in progress. The ability to run independently of the CPU
and at high-transfer rates makes DMA an attractive method for
transferring data in data acquisition systems.

DAS-16 Series boards can use either DMA channel 1 or 3 to perform
single-cycle DMA transfers of A/D data from the board to memory.
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Analog Output Features

The D/A channels consist of two separate double—buffered, 12—bit
multiplying D/A converters. Each D/A may be used with the fixed -5V
DC reference as a conventional O to +5V output D/A. Alternatively, the
D/As may be operated with a variable, or AC, reference signal as
multiplying D/As, the output is the product of reference and digital
inputs. Accuracy remains at 12—bits up to 1KHz. The maximum output
swing of the D/As is £10V. A simplified diagram of each D/A channel is
shown in the following diagram.

D/A REFERENCE IN

2R ZR ZR 2R 2R

]‘ .
““““ T \‘? i \? 7 \? \‘? - D/A OUT

(-5v) L BIT 1 BIT 2 BIT 3 w-----m--m----4 - BIT 12

i DATA LATCHES AND SWITCH DRIVERS i B
‘ L.L. GND
“DAS—16"}
INTERNAL =
DATA
BUS

Figure 2-7. D/A Configuration and connections

Since data is 12 bits, it must be written to each D/A in two consecutive
bytes. The first byte is the least significant and contains the four least
significant bits of data. The second byte is the most significant and
contains the most significant eight bits of data. The least significant byte
should be written first and is stored in an intermediate register in the D/A,
having no effect on the output. When the most significant byte is written,
its data is added to the stored least significant data and presented
“broadside” to the D/A converter thus assuring a single step update. This
process is known as double buffering. See Appendix C.
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You can write single values to the DACs using synchronous mode or
single mode. You can write multiple values to the DACs using
synchronous mode.

The DAS-16 Series provides-&V (£0.05V) precision reference voltage
that is derived from the DAC reference voltage. Typical applications for
precision voltages are providing a DC reference input for the DACs and
providing offsets and bridge excitation to user-supplied input circuits.

Used with an AC Reference (Digital Attenuator)

Apart from its use as a standard DC output D/A, the D/As can be used
with variable bipolar, AC, or DC reference signals. In this mode, they
behave as a digitally programmed gain control or attenuator. The voltage
output \, is as follows:

Vout =—(Digital input) * V¢ / 4096

Two additional parameters are of interest in AC operation. The first is
feedthrough, the amount of residual signal at digital zero. The second
parameter is the accuracy/frequency characteristic—it is a limit at a lower
frequency. Feedthrough which is mainly a function of stray capacitance,
rises with frequency; at 10KHz, it is typically 5mV peak—peak with a

15V reference. Due to distributed capacitance in the R—2R ladder
network of the D/A, the full 12 bit performance falls off as the frequency
rises. Above about 1KHz the dynamic performance of the D/A will have
less than 12-bit accuracy.

The D/As will perform well in synchro-digital and resolver applications
for sine/cosine generation with 400 Hz reference.
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Arbitrary Waveform Output

One common requirement is to output a waveform from a D/A converter.
At slow speeds this can be done with a timing loop in your program, but it
is usually difficult to control the timing with any degree of precision
especially when operating at more than a few points per second.

The lower the frequency the more steps or points we can put in the
waveform. Using a clock frequency of 10MHz, we can set Counters 1 and
2 to output a frequency of 3000.3Hz with a division C ratio of 3333. In
turn with 50 points per cycle, this would give us an output of 60.006Hz,
fairly close to the desired 60Hz.
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Digital I/O Features

DAS-16 Series boards contain four digital inputs (IP0O to IP3) and four
digital outputs (OPO to OP3) that are accessible through the main I/O
connector.

Logic 1 on an I/O line indicates that the input/output is high; logic 0 on an
I/O line indicates that the input/output is low (see Appendix A for logic
levels). The digital inputs are compatible with TTL-level signals. These
inputs are provided with 1@kpull-up resistors to +5V;, therefore, the
inputs appear high (logic 1) with no signal connected.

You can use the digital inputs and outputs for any general-purpose tasks
except the following:

. If you are using an external digital trigger or gate, you must use
digital input line IPO/TRIG 0 to attach the trigger and digital input
line IP2/CTR 0 GATE to attach the counter O gate signal. In either of
these cases, you cannot use the corresponding bit for general-purpose
digital input.

. If you are using an external pacer clock, you must use digital input
line IPO/TRIG 0 to attach the external pacer clock signal; in this case,
you cannot use IPO/TRIG 0 for general-purpose digital input.

When the analog inputs are disabled, you can pace the digital I/O with
interrupts generated by the onboard pacer clock.

You can read or write a single value from or to a DAS-16 Series board
using synchronous mode or single mode. You can read or write multiple
values from or to a DAS-16 Series board using synchronous mode or
interrupt mode.
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Counter/Tim

er Features

10 MHZ

4“"'}7 XTAL
CLOCK

The Intel 82C54 programmable interval timer is used in the DAS-16.
This is a flexible but complex device consisting of three independent
16—bit pre-settable down counters. Each counter can be programmed to
divide by any integer in the range 2 — 65,536. In the DAS-16, Counters 1
and 2 are cascaded with the input of Counter 1 connected to a precision 1
or 10MHz crystal oscillator. The output of Counter 1 is connected to the
input of Counter 2, and Counter 2 output may be selected internally as
well as being available to the user at the COUNTER 2 OUT (Pin 20). The
other counter, Counter 0, is uncommitted and its input, output, and gate
control are available to the user on COUNTER 0 IN (Pin 21), COUNTER
0 OUT (Pin 2), and IP2 (Pin 24). A block diagram of the DAS-16 counter
arrangement is shown in Figure 2-8.
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Figure 2-8. Programmable Timer Configuration
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Programmable timer configuration principal uses of the 82C54 are as
follows:

1. A programmable timer for generating interrupts and triggering
periodic A/D conversions.

2. A variable-frequency square wave generator for testing and for
frequency synthesis.

An event counter for external pulse inputs.

4. A time—delay generator.

Each counter has a clock input, a gate input that controls counting and
triggering, and an output. The maximum clock input frequency on any
counter is 10MHz with minimum clock duty cycles of 30ns high and 50ns
low (note that this specification applies only to the -2 version of the
82C54). On later models of the DAS-16, it is also possible to drive
Counters 1 and 2 from a 10MHz clock. This selection is made via a
jumper block on the board marked TIMER, the 1 position corresponding
to a 1MHz clock and the 10 position to 10MHz. The usual function of
these two counters is to provide programmable pulse rates to trigger the
A/D. Counter 0 is uncommitted and can be used as a secondary pulse-rate
generator, a square-wave generator, a programmable monostable delay or
an event counter. Counters 1 and 2 are initialized by the DAS-16 driver to
operate in the Rate Generator Configuration (#2) and output 1KHz
(10KHz with 10MHz clock) after running initializing MODE 0; but there

are actually six possible operating configurations for each counter, as
described in the next section.

You can program the 82C54 counter/timer circuitry to operate in one of
the following counter/timer modes:
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Pulse on terminal count (Mode 0) — This mode is useful for event
counting or for programming a time delay. The software forces the output
low. On the next clock pulse after the software writes the initial count
value, the counter is loaded. When the counter reaches zero, the output
goes high and remains high until the software writes a new count value.
Note that the output does not go high unt#t 1 clock pulses after the

initial count is written, whera indicates the loaded count.

A high gate input enables counting; a low gate input disables counting.
The gate input has no effect on the output. Note that an initial count value
written while the gate input is low is still loaded on the next clock pulse.

Figure 2-9 illustrates pulse on terminal count mode.

coscpuse [ | 1 1L LU
Software forces Software writes initial
output low > ~— count value of 3
Output |
3 ‘ 2 ‘ 1

Figure 2-9. Pulse on Terminal Count Mode
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*  Programmable one-shot (Mode 1) — This mode is useful for
providing a hardware-triggered delay or one-shot pulse. The output is
initially high. A trigger loads the initial count value into the counter.
At the next clock pulse after the trigger, the output goes low and
remains low until the counter reaches zero. (The one-shot pulse is
clock cycles in duration, whereindicates the loaded count.) After
the counter reaches zero, the output goes high and remains high until
the clock pulse after the next trigger; this makes the one-shot
pulse retriggerable.

You do not have to reload the count into the counter. The gate input
has no effect on the output. Writing a new count to the counter during
a one-shot pulse does not affect the current one-shot pulse.

Figure 2-10 illustrates programmable one-shot mode.

cascpase [ L

Trigger loads initial
~«— count value of 3

Output | ‘

Figure 2-10. Programmable One-Shot Mode
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* Rate generator (Mode 2) — This mode is useful for generating a
real-time clock interrupt. The output is initially high. A trigger loads
the initial count value into the counter. At the next clock pulse after
the trigger, the counter starts counting down. When the counter
reaches one, the output goes low for one clock pulse and then goes
high again. The counter is then reloaded with the initial count value
and the process repeats.

A high gate input enables counting; a low gate input disables
counting. If the gate goes low during an output pulse, the output is set
high immediately; this allows you to use the gate input to synchronize
the counter.

Writing a new count to the counter while counting does not affect the
current counting sequence. In this mode, a count of 1 is illegal.

Figure 2-11 illustrates rate generator mode.

cascpase [ LU LT

Trigger loads initial
~«— count value of 3

1 3 | 2 1 2

Output

3 2

Figure 2-11. Rate Generator Mode
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* Square-wave generator (Mode 3) — This mode is useful for
square-wave generation. The output is initially high. A trigger loads
the initial count value into the counter. At the next clock pulse after
the trigger, the counter starts counting down. When half the initial
count has elapsed, the output goes low for the remainder of the count.
When the total count elapses, the counter is reloaded with the initial
count value, the output goes high again, and the process repeats. If the
initial count is odd, the output is high far ¢ 1) / 2 counts and low
for (n-1) / 2 counts, whereindicates the loaded count.

A high gate input enables counting; a low gate input disables
counting. If the gate goes low while the output is low, the output is set
high immediately; this allows you to use the gate input to synchronize
the counter.

Figure 2-12 illustrates square-wave generator mode.

cascpare [_[ 1L LU LT L

Trigger loads initial
~— count value of 4

s
4 | 3 2 | 1 4 | 3 2 |1

Figure 2-12. Square-Wave Generator Mode

Output
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» Software-triggered strobe (Mode 4) — The output is initially high.
Writing the initial count through software loads the initial count value
into the counter at the next clock pulse, but the counter does not start
counting. At the next clock pulse, the counter starts counting down.
When the counter reaches zero, the output goes low for one clock
pulse and then goes high again. Note that the output does not go low
until n + 1 clock pulses after the initial count is written, where
indicates the loaded count.

A high gate input enables counting; a low gate input disables
counting. The gate input has no effect on the output.

Figure 2-13 illustrates software-triggered strobe mode.

Clock pulse m
Software writes initial Software loads counter
count value of 3 — ~&—ith initial count
Output
L

Figure 2-13. Software-Triggered Strobe Mode
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» Hardware-triggered strobe (Mode 5) — The output is initially
high. A rising edge of the gate input acts as a trigger. The counter is
loaded with the initial count value on the next clock pulse after the
trigger, but the counter does not start counting. At the next clock
pulse, the counter starts counting down. When the counter reaches
zero, the output goes low for one clock pulse and then goes high
again. Note that the output does not go low until1 clock pulses
after the trigger event occurs, wherendicates the loaded count.

After the trigger event occurs, the gate input has no effect on the
output. Writing a new value during counting does not affect the
counting sequence.

Figure 2-14 illustrates hardware-triggered strobe mode.

Clock pulse
Rising edge of gate  ___ g Counter is loaded with
Input acts as trigger ~—initial count value of 3
Output
BREn=

Figure 2-14. Hardware-Triggered Strobe Mode
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Using the Timer-Counter Enable with the Counter

The Timer Counter Enable register is a 2-bit Write Only register located
at BASE ADDRESS +Fh. The register is described in more detail in
Appendix C. If the least significant bit, CO, is high, it allows IPO/TRIGO

to control the gates of Counters 2 and 3. This provides a means of holding
off trigger pulses to the A/D from the programmable timer until IPO is
taken high. If CO is low, then IPO has no control over the programmable
interval timer.

The second bit, C1, controls the source of the clock input for Counter 0. If
C1 =0, then the external clock input, COUNTER 0 IN, is enabled. If

C1 = 1 then Counter O is connected to a stable 100KHz internal crystal
clock source. This is useful if Counter 0 is used for pulse width
measurement, delay generation, frequency synthesis, or a secondary
timer.

Generating Square Waves of Programmed Frequency

Both the Counter 1 and 2 combination and Counter 0 may be used to
generate square waves of programmable frequency. With the C1 bit of the
Timer Counter Enable register set high and Counter 0 clock input open or
high, Counter 0 is internally connected to a 100KHz crystal signal source.
Counter 0 can be operated in Mode 3 (square wave generator) with a
maximum divisor of 65,536. The lowest output frequency obtainable

from Counter 0 directly will be about 1.5Hz (100000 / 65535). The
minimum divisor can be as low as 2 to obtain a maximum output
frequency of 50KHz.

Use DriverLINX to select the square wave configuration. Counters 1 and
2 provide considerable flexibility in frequency range, a minimum division
ratio of 4 (2 x 2) with a 10Mhz clock providing a 2.5MHz output at one
extreme, and a division ratio of 232 (65,535 x 65,535) with a 1MHz clock
providing an output of about 1 pulse/hour at the other extreme.

In practice, to obtain a symmetrical square wave, the divisor loaded into
the counter should be an even number. If it is an odd number, one half of
the square wave will be 1 input clock pulse period longer than the other
half.
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Calculating the divisor is straightforward. Assume you desire an output
frequency of 1KHz. The input frequency to the Counter 0 is 100Khz so
you must divide this by 100 to obtain 1Khz.

Measuring Frequency and Period

It is possible to use the 82C54 to measure frequency by raising the gate
input of Counter 0 for some known interval of time, say 10, 100, or
1000ms and counting the number of pulses clocked into the counter for
that interval. The gating signal can be derived from Counters 1 and 2
operating in square—wave mode. Also, the computer has to be informed
about the start and finish of the measurement cycle, so one of the DAS-16
digital inputs can be used to monitor the gate input to achieve this
requirement.

Counter 0 can also be used to measure pulse width or half period of a
periodic signal. The signal should be applied to the gate input of Counter
0 and a known frequency applied to Counter 0 clock input (100KHz)
from the internal crystal. During the interval when the gate input is low,
Counter 0 is loaded with a full count, 65,536. The gate input then goes
high at the beginning of the measurement, and the counter decrements
until the gate input goes low at the end of the pulse. The counter is then
read and the change in the count is the duration of the gate input signal. If
Counter 0 is fed with 10 microsecond duration clock pulses (100KHz),
the maximum pulse duration that can be measured is 65,535*10 = 655
milliseconds. Longer pulse durations can be measured using Counters 1
and 2 as an input clock source for Counter 0. One of the digital inputs
should also be connected to the gate of Counter O to synchronize the
loading and reading operations.
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Frequency Measurement

Without external hardware, support of frequency measurement using the
DAS-16 hardware configuration is limited. Frequency measurement
requires an external connection between two counters.

Frequency measurement requires two counter/timers used as
measurement and gating counters. The unknown frequency is input as the
clock source to the measurement counter. The gate input of the
measurement counter is then activated for a known interval as timed by
the gating counter. The gating counter is clocked from a known internal
crystal reference clock.

Gating Counter

Gate
Internal Clock — g Clock In Clock Out

‘ Measurement Counter

Gate
—p»| Clock In Clock Out
U uUuu

Unknown Frequency

Figure 2-15. Counter Setup for Frequency Measurement

The unknown input frequency is then calculated as

Measured count
Gate time

""Frequency=
The accuracy of the measurement is a function of the unknown input
frequency and the gate time. As the input frequency decreases, the gate
time must increase to preserve accuracy. It is the responsibility of the
application program to chose the gate time. To measure a 0.1Hz signal,
the gate time should be approximately three minutes.

In DriverLINX for the DAS-16, logical counter O is the measurement
counter and logical counter 1 is the gating counter. Therefore, the
operation is only defined for logical counter 1 which uses the 1/10 MHz
internal clock. The output of logical counterGolunter 2 Out [pin 20])
must be externally connected to the gate input of logical coun@ate (
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2-30

0/1P2 [pin 24]). The frequency to be measured is fed to the clock input of
logical counter OQounter O In [pin 21], active low). Remember the

signal must be TTL (0 to 5 volts). Do not exceed this voltage range as
damage to the counter could result.

Clock pulses are defined as a falling edge followed by a rising edge. This
is a function of the Intel 82C54 hardware and cannot be changed without
external hardware.

Refer to 82C54 documentation for information on programming the

82C54 counter/timer circuitry for general-purpose tasks. Table 2-1 lists
several companies that provide documentation for the 82C54.

Table 2-1. Sources for 82C54 Documentation

Company Address and Telephone Number
Intel Corporation Literature Sales
P.O. Box 7641

Mt. Prospect, IL 60056-7641
(800) 468-3548

Harris Semiconductor | Literature Department
P.O. Box 883, MS CB1-28
Melbourne, FL 32901
(407) 724-3739

Newbridge 603 March Road
Microsystems Kanata, Ontario
Canada K2K 1X3
(613) 592-0714
(800) 267-7231
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Triggering the A/D Periodically

When you are using the A/D converter, one of the key uses for the 82C54
programmable interval timer is in providing trigger pulses for starting the
A/D to perform periodic samples.

100 KHZ
CLOCK

(SET C1 = 1 IN TCEN REGISTER)

CTR 0 OUT
COUNTER #0 4@

P2/CTR 0 o,

CATE 1 DATA 4<:>
e IPO/TRIC O

1-65,535

Figure 2-16. Using Counter 0 to Generate a Delayed Start
You can set up any given output frequency to load Counters 1 and 2 with
the required divisors. As an example, let us set up a trigger rate of
8.3KHz. First, work out the overall division ratio from 1MHz or 10MHz
(depending on setting of TIMER jumper block):
1,000,000 / 8300 = 120.48 (for 1MHz clock)
The closest frequency obtainable will be:
1,000,000 /120 =8.333 KHz
Next, apportion the divisor between the 2 counters:
If we had used the 10MHz clock source we could get closer to the desired
frequency of 8.300KHz with the limitation of integer division ratios of the
counters:
10,000,000 / 8300 = 1204.8 (for 1.0MHz clock)

The closest frequency obtainable will be:

10,000,000 /1205 = 8.299KHz
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Note that a counter cannot divide by one; the minimum divisor is two, and
the maximum 65,536. Initialize Counters 1 and 2 to the Rate Generator
configuration with a division ratio of 1,000. You can change the frequency
(division ration) while not altering the counter configuration.

Generating Interrupts with the Counter/Timer

2-32

DAS-16 architecture does not allow direct generation of an interrupt from
the Counter/Timer. However, it is easy to set up the A/D to be triggered by
the Counter/Timer and in turn have the A/D generate an interrupt at the
end of its conversion cycle (a constant delay of 8-12 microseconds). This
setup is performed through the DAS-16 control register. Indirectly, this
accomplishes the desired result of generating a periodic interrupt from the
timer, and you can then install any desired interrupt routine to service the
interrupt.

Note also that it is possible to trigger the A/D any other way (externally or
by a programmed write to an I/O port) and invoke an interrupt at the end
of A/D conversion in the same way.

An interrupt request level in the range 2—7 must be selected in the

DriverLINX software. Interrupt lines can be shared so long as two devices
sharing an interrupt will not be used concurrently.
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Wait State Selection

Power

Although most current-generation PCs and compatibles extend bus cycles
during 8-bit data transfers, the DAS-16 Series provides a
jumper-configurable option that allows you to enable or disable wait
states that extend bus cycles during 8-bit data transfers.

Inclusion of this option maintains backward compatibility with boards
that may be used in early generation machines.

Wait State Selection

+5V power is available from the main 1/0O connector. The +5V supply is
brought out from your host computer.
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Setup and | nstallation

Read this section and all related DriverLINX documentation before you
attempt to install and use your DAS-16 Series board.

Unwrapping and Inspecting Your Board

After you remove the wrapped board from its outer shipping carton,
proceed as follows:

1. Your board is packaged at the factory in an anti-static wrapper that
must not be removed until you have discharged any static electricity
by either of the following methods:

— If you are equipped with a grounded wrist strap, you discharge
static electricity as soon as you hold the wrapped board.

— If you are not equipped with a grounded wrist strap, discharge
static electricity by holding the wrapped board in one hand while
placing your other hand firmly on a metal portion of the computer
chassis (your computer must be turned off but grounded).

2. Carefully unwrap your board from its anti-static wrapping material.
(You may store the wrapping material for future use.)

3. Inspect the board for signs of damage. If damage is apparent, arrange
to return the board to the factory (see Section 7).

4. Check the remaining contents of your package against the packing
list to be sure your order is complete. Immediately report any missing
items.

5. When you are satisfied with the inspection, proceed with the software
and hardware setup instructions.
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Note: DAS-16 Series boards are factory calibrated; they require no
further adjustment prior to installation. If at a later time you decide to
recalibrate the board, refer to Section 6 for instructions.

Standard Software for DAS-16 Series Boards

3-2

Important: As a precaution against a system crash the first time you
install and test any new hardware, you should exit all other programs and,
if you use a disk cache, disable write caching. If the system does crash
and you're using disk compression software or a disk cache utility, as a
precaution after any crash, run the utility that checks the directory
structures.

This section describes how to install the DAS-16 Series standard software
package. The contents of these software packages are described as
follows:

. DAS-16 Series standard software package- Shipped with
DAS-16 Series boards. Includes DriverLINX for Microsoft Windows
and function libraries for writing application programs under
Windows in a high-level language such as C/C++, Turbo Pascal, and
Visual Basic; Delphi, Test Point, LabVIEW support files; utility
programs; and language-specific example programs.

. DriverLINX — The high-performance real-time data-acquisition
device drivers for Windows application development includes:

— DriverLINX API DLLsand drivers supporting the DAS-16 Series
hardware.

— Analog I/O Panel —A DriverLINX program that verifies the
installation and configuration of DriverLINX to your DAS-16
Series board and demonstrates several virtual bench-top
instruments.

— Learn DriverLINX —An interactive learning and demonstration
program for DriverLINX that includes a Digital Storage
Oscilloscope.

— Source Code —for the sample programs.
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— DriverLINX Application Programming Interface files fer the
DAS-16 Series compiler.

— DriverLINX On-line Help System rovides immediate help as
you operate DriverLINX.

— Supplemental Documentation ert DriverLINX installation and
configuration; analog and digital I/O programming; counter/timer
programming; technical reference; and information specific to the
DAS-16 Series hardware.

. DAS-16 Series utilities— The following utilities are provided as
part of both the DAS-16 Series standard software package:

— DriverLINX Calibration Utility
— DriverLINX Test Utility
« LV-16 — LabVIEW driver for the DAS-16 Series boards.
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Installing the Software

Note: Install the DriverLINX software before installing the DAS-16
Series board. Otherwise, the device drivers will be more difficult to
install.

Software Options

Users of DAS-16 Series boards have the following two software options.
In both cases, the software interfaces with your system via the
DriverLINX software provided with your board.

. The user can run a fully integrated data-acquisition software package
such as TestPoint or LabVIEW.

. The user can write and run a custom program in Visual C/C++, Visual
Basic, or Delphi, using the programming support provided in the
DriverLINX software.

The DAS-16 Series has fully functional driver support for use under
Windows 95/98/NT.

DriverLINX driver software for Windows 95/98/NT

3-4

DriverLINX software, supplied by Keithley with the DAS-16 Series
board, provides convenient interfaces to configure analog and digital 1/0
modes without register-level programming.

Most importantly, however, DriverLINX supports those programmers
who wish to create custom applications using Visual C/C++, Visual Basic,
or Delphi. DriverLINX accomplishes foreground and background tasks to
perform data acquisition. The software includes memory and data buffer
management, event triggering, extensive error checking, and context
sensitive on-line help.

DriverLINX provides application developers a standardized interface to
over 100 services for creating foreground and background tasks for the
following:
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TestPoint

. Analog input and output

. Digital input and output

. Time and frequency measurement
. Event counting

. Pulse output

. Period measurement

In addition to basic I/O support, DriverLINX also provides:

. Built-in capabilities to handle memory and data buffer management.
. A selection of starting and stopping trigger events.

. Extensive error checking.

. Context-sensitive on-line help system.

DriverLINX is essentially hardware independent, because its portable
APIs (Application Programming Interfaces) work across various
operating systems. This capability eliminates unnecessary
programming when changing operating system platforms.

TestPoint is a fully featured, integrated application package that
incorporates many commonly used math, analysis, report generation, and
graphics functions. The TestPoint graphical drag-and-drop interface can
be used to create data acquisition applications, without programming, for
IEEE-488 instruments, data acquisition boards, and RS232-485
instruments and devices.

TestPoint includes features for controlling external devices, responding to
events, processing data, creating report files, and exchanging information
with other Windows programs. It provides libraries for controlling most
popular GPIB instruments. OCX controls plug directly into TestPoint,
allowing additional features from third party suppliers.

TestPoint interfaces with your DAS-16 Series board through DriverLINX,
using a driver that is provided by the manufacturer.
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LabVIEW

3-6

LabVIEW is a fully featured graphical programming language used to
create virtual instrumentation. It consists of an interactive user interface,
complete with knobs, slide switches, graphs, strip charts, and other
instrument panel controls. Its data-driven environment uses function
blocks that are virtually wired together and pass data to each other. The
function blocks, which are selected from palette menus, range from
arithmetic functions to advanced acquisition, control, and analysis
routines. Also included are debugging tools, help windows, execution
highlighting, single stepping, probes, and breakpoints to trace and
monitor the data flow execution. LabVIEW can be used to create
professional applications with minimal programming.

A Keithley VI palette provides standard virtual instruments (VIs) for
LabVIEW that interface with your DAS-16 Series board through
DriverLINX. The needed driver is provided on your DriverLINX
CD-ROM.
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Installing DriverLINX

Refer to the instructions on tiRead this firssheet and the manuals on
the DriverLINX CD-ROM, both shipped with your board, for information
on installing and using DriverLINX.

Installing Application Software and Drivers

Installing the TestPoint software and driver

The DriverLINX driver for TestPoint is provided as part of the TestPoint
software. The driver therefore installs automatically when you install
TestPoint.

You can install TestPoint application software at any time before or after
installing DriverLINX and the DAS-16 Series board. For TestPoint
installation instructions, consult the manual provided with TestPoint.

Note: Before using TestPoint with the DAS-16 version of DriverLINX,
check with Keithley to ensure that your version of TestPoint is compatible
with DriverLINX.

Installing the LabVIEW software and driver

A DriverLINX driver for LabVIEW is provided on your DriverLINX
CD-ROM. The LabVIEW driver does not install automatically when you
install DriverLINX and your board. You must first install the LabVIEW
application program, then install the DriverLINX driver. Access the
LabVIEW driver installation routine by starting setup.exe on the
DriverLINX CD-ROM, then selecting LabVIEW Support from the Install
These DriverLINX components screen.

Consult the manual provided by National Instruments for LabVIEW
installation instructions.
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Setting Switch-Configurable Options

This section contains information and illustrations that you can use to
verify default switch configurations and reconfigure switch-configurable
options. Sections 1 and 2 contain information about product features that
help you determine the board configuration that best suits the needs of
your application.

Be sure to make note of the configuration of all switches and jumpers on
the board. You will use this information to enter the correct configuration
parameters using DriverLINX. Also locate any information or notes about
the interrupt and DMA channels used by the other hardware devices in
your computer system.

Figure 3-1 shows the switches for DAS-16/16F Series boards; Figure 3-2
shows the switches for the DAS-16G1/G2 Series boards. The remaining
subsections describe the switches and how to configure them.

Gain DIP
— Unipolar/Bipolar Switch
Channel Configuration
Switch

[re P

N

GAIN 5 A/D CHAN CONF
ABCDY  UNI BIP 16 8

£ o) Taaf (3] —L

R22 [El
R17 B
R18 [E]

-

=
—m
o

BASE
ADDRESS
987654 DMA

2l

CONNECTOR

Figure 3-1.
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]
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DMA Level Select

Base Address Switch

Default Switch Configuration for DAS-16/16F Series Boards
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System Configuration

Unipolar/Bipalar Switch
Switch

JTIMER 19
J2

A

Rm R12 R13 R14

DONF\G g
T =]
Base Address Switch 1 /
Figure 3-2. Default Switch Configuration for DAS-16G1/G2 Series Boards
Table 3-1. Default Switch Settings

Switch/Jumper Default

Base Address 300H

DMA Channel 3

A/D Mode 16-Channel Single-Ended

A/D Input Range +10V

A/D Coding Straight Binary

Timer Source Clock 1MHz
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DAS-16 must be configured for operation via several on-board switches,
as follows:

Wait State

Base Address

Channel/System Configuration

Unipolar/Bipolar Modes

DMA Level Select

Gain (DAS-16/16F only)

Except for Base Address, none of these functions requires immediate
attention.

Base Address Switch

ADDRESS ~ ADDRESS LINE VALUES:
LINE DECIMAL  HEX

A9 512 200
AB 256 100
A7 128 80
AB 64 40
32 20

16 10

IJ 224
z5

ON |IIIII Switch settings indicate o value of
512 + 256 = 768 Decimal
or
IIIIII 200 + 100 = 300 Hex
1 2 3 4 5

6

Figure 3-3. Base Address Switch

The DAS-16 is factory-configured for a Base Address of 300 Hex (768
decimal). If this Base Address is already occupied, you will need to
change the Base Address switch setting. (Figure 3-3 shows the Base
Address Switch.) It is essential that each peripheral device, such as a
DAS-16, be assigned a unique Base Address within the range of 200 to
3F0 (512 to 1008 Decimal) and that the address is on a 16-byte boundary.
Use Table 3-2 as an aid to selecting an unoccupied Base Address.
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Table 3-2 lists I/0O addresses commonly used by IBM PC/XT, AT, and
compatible computers. Determine an even boundary of eight 1/0
addresses within the range of 000H to 3F8H that are not being used by
another resource in your system (including another DAS-16 Series
board), and set the switches to the appropriate base address.

Table 3-2. /O Address Map (000H to 3FFH)

Address Range  Use

OOOH to OOFH 8237 DMA #1
020H to 021H 8259 PIC #1
040H to 043H 8253 timer

060H to 063H

8255 PPI (XT)

060H to 064H

8742 controller (AT)

060H to 06FH

8042 Keyboard controller

070H to 071H

CMOS RAM and NMI mask register (AT)

080H to O8FH

DMA page registers

OAOH to OA1H

8259 PIC #2 (AT)

OAOH to OAFH

NMI mask register (XT)

O0COH to ODFH

8237 DMA #2 (AT - word-mapped)

OFOH to OFFH

80287 numeric processor (AT)

170H to 177H

Hard disk controller #1

1FOH to 1F8H

Hard disk controller #2

1FOH to 1FFH

Hard disk controller (AT)

200H to 2FFH

Game / control

210H to 21FH

Expansion unit (XT)

238H to 23BH

Bus mouse

23CH to 23FH

Alternate bus mouse

278H to 27FH

Parallel printer

2BOH to 2DFH EGA
2EOH to 2EFH GPIB (AT)
2E8H to 2EFH Serial port
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Table 3-2. I/O Address Map (000H to 3FFH) (cont.)

Address Range

Use

2F8H to 2FFH

Serial port

300H to 31FH

Prototype card

320H to 32FH

Hard disk (XT)

370H to 377H

Floppy disk controller #2

378H to 37FH

Parallel printer

380H to 38FH SDLC
3A0H to 3AFH SDLC
3BOH to 3BBH MDA

3BCH to 3BFH

Parallel printer

3COH to 3CFH VGA EGA

3DOH to 3DFH CGA

3E8H to 3EFH Serial port

3FOH to 3F7H Floppy disk controller #1
3F8H to 3FFH Serial port

Channel (System) Configuration Switch

This slide switch is used to select whether 8 differential or 16
single-ended analog input channels are to be used. On the DAS-16/16F,
this switch is marked CHAN CONF. On the DAS-16G, it is marked SYS
CONFIG. On either switch, to select eight differential input channels,
move the switch to the right (towards the 8 designator). Likewise, to
select 16 single-ended analog input channels, move the switch to the left
(towards the 16 designator).

DMA Level Switch

3-12

This slide switch selects the DMA level. This two-position slide switch

selects the DMA as 1 or 3. Some early PC’s utilize Channel 3 for their
hard drives. If this is the case, you cannot choose DMA Channel 3 for

your DAS-16. More information regarding DMA is provided in Appendix
D.

Setup and Installation



A/D Switch

GAIN Switch (DAS-16/16F Only)

This slide switch controls the input range. When moved to the UNI

(unipolar) position, inputs can be positive only (ranges are from zero to

some positive full-scale voltage). When moved to the BIP (bipolar)

position, inputs can range from equal negative to positive full scale limits.

This switch is a 5-position DIP switch and is found only on the

DAS-16/16F boards. The five positions on the switch are marked A, B,
C, D, and USER. These are used to set the range as shown in Table 3-3.

Table 3-3. DAS-16/16F Gain Switch Positions

A B C D USER UNIPOLAR | BIPOLAR
OFF OFF OFF OFF OFF N/A + 10V

ON OFF OFF OFF OFF 0-10V + 5V

ON ON OFF OFF OFF 0-5v + 2.5V

ON OFF ON OFF OFF 0-2v + 1V

ON OFF OFF ON OFF 0-1Vv + 0.5V

ON OFF OFF OFF ON User Set User Set
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Jumpers

The DAS-16/16F has only one jumper block: the TIMER jumper block.
The DAS-16G has two jumper blocks: the TIMER and WAIT STATE
jumper blocks.

The TIMER Jumper

This jumper selects a timer input frequency of 10MHz or 1IMHz. For most
applications, 10MHz is more useful and will give a finer time interval
resolution at higher conversion rates.

The WAIT STATE Jumper

This jumper, when set to ON, will cause the DAS-16G to generate a
450ns wait state on I/O accesses. This jumper will only need to be set to
ON, if you have built your own computer and know that the 1/0 read and
write pulses will be less than 210ns duration.

Generally, this jumper should be in the OFF position. Most computer

manufacturers include internal wait states on all I/O accesses to maintain
compatibility with other standard peripherals.
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Main I/O Connector

Main 1/O Connector

Analog and Digital I/O occurs through a 37-pin, D-type connector that
projects through the computer case at the rear of the board. The mating
connector for DAS-16 is a standard, 37-pin D-type female such as an
ITT/Cannon #DC-37S for soldered connections. Insulation displacement
(flat cable) types are readily available (for example, Amp #745242-1).
Other manufacturers make equivalent parts. This connector and its signal
conductor functions are described in Figure 3-4.

LL GND. 19 37) ChO HIIN

ChO LO IN /+Ch8 HI IN |18

36| Ch1 HIIN
Ch1 LO IN /+Ch9 HI IN |17/

55| Ch2 HIIN
Ch2 LO IN /+Ch10 HI IN |16

54| Ch3 HIIN
Ch3 LO IN /*Ch11 HI IN |15

55| Ch4 HIIN
Ch4 LO IN /+Ch12 HI IN |14

52| Ch5 HIIN
Ch5 LO IN /+Ch13 HI IN |13

51| Che HIIN
Ch6 LO IN /*Ch14 HI IN |12

50| Ch7 HIIN
Ch7 LO IN /+Ch15 HI IN |11

29 | LL CND.
D/A 0 REF IN |10
28| LL GND.
D/A 0 OUT | 9
27| b/A 1 ouT
VREF (-5V) | 8
26| D/A REF IN
POWER GND. | 7
25| 1IP0 / TRIG O
P1 | 6
24| 1P2 / CTR D GATE
P3| 5
23| oPo
oP1 | 4
22| op2
oP3 | 3
21| CTR 0 CLOCK IN
CTR 0 OUT | 2
20) TR 2 ouT
+5v PWR 1

* Alternative connections used in 16—channel single—ended
(SE) input configuration (set by 8/16 Switch).

Figure 3-4. Main I/O Connector

Note: Pins 11 through 18 perform a double function depending on the
setting of the channel configuration switch. In 8-channel differential
configuration, these pins provide the low inputs of Channels 0 — 7
corresponding to the high inputs of these channels on Pins 30 — 37. In 16
channel single-ended configuration, they provide additional channel high
inputs for Channels 8 — 15.
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Setting up the Computer

Caution: To prevent damage that can occur when handling electronic
equipment, use a ground strap or similar device when performing this
installation procedure.

Caution: Installing or removing a board while power is on can damage
your computer.

1. Turn off the computer.

2. Turn off all peripherals (printer, modem, monitor, and so on)
connected to the computer.

Unplug the computer and all peripherals.

Remove the cover from you computer. Refer to your computer’s user
manual for instructions.

Selecting an Expansion Slot

1. Select a 32-bit or 64-bit ISA expansion slot.

ISA slots are longer than PCI slots. One of the ISA slots may be a
shared ISA/PCI slot. If a PCI board exists in the shared slot, you
cannot use the slot for an ISA board; if an ISA board exists in the
shared slot, you cannot use the slot for a PCI board.

2. Remove the cover plate from the selected expansion slot. Retain the
screw that held it in place; you will use it later to install the board.
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Installing the

Board

Installing the Board

Note: You must observe the current-capacity limits of the PC supply;
allow for the power used by any other boards that may be in use. See
Appendix A for DAS-16 Series power requirements.

1. Make sure the option switch settings match the settings shown in the
configuration-utility switch diagram.

2. Carefully lower the board into the ISA expansion slot using the card
guide to properly align the board in the slot. When the bottom of the
board contacts the bus connector, gently press down on the board
until it clicks into place.

Caution: Do not force the board into place. Moving the board from side
to side during installation may damage the bus connector. If you
encounter resistance when inserting the board, remove the board and try

again.

3. Secure the board in place at the rear panel of the system unit using the
screw removed from the slot cover.

Replace the computer cover.

Turn on power to the computer.

DAS-16
Series Board

S

Rear of Computer

ISA Expansion Slot
Bus Connector

Figure 3-5. Installing the DAS-16 Series Board
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Configuring DriverLINX
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After you have successfully installed the DAS-16 Series board in your
computer, start Windows to install DriverLINX. For detailed instructions
on installing DriverLINX, see the documentation provided on the
DriverLINX CD-ROM; especially thé®riverLINX Installation and
Configuration GuidendAppendix F: Configuration and Implementation
Notes—for Keithley DAS-16/1600anuals.

Run “Learn DriverLINX” (LearnDL.exe) from the DriverLINX
program group to tell DriverLINX how you configured your DAS-16
Series board and to verify that everything is properly installed

and configured.

1.

Start Windows as you normally would and select the Program
Manager window. Install DriverLINX if you have not previously
done so.

Select the “Learn DriverLINX” icon created when you installed
DriverLINX. You may also use the Command Line edit box activated
by selectingRun.. option from the~ile menu. Enter
“<drive>:/DRVLNX/LEARNDL” in the command line edit box
(<drive> is the letter of the hard disk drive where DriverLINX is
installed).

Immediately after loading Learn DL, the Open DriverLINX DLL
dialog box appears. Select the name of the hardware-specific DLL
from the list for your DAS-16 board. The name is an abbreviation of
the board’s model number.

From the main menu bar béarn DL, select thdDevicemenu and
chooseSelect....

Select the Logical Device you wish to configure and then click on the
OK button (return).

Again select th®evicemenu and then choose tGenfigure..option
to display the Device Configuration Dialog Box.

From theModellist, select the model name for your DAS-16 Series
board you are configuring.

If the value displayed in th&ddressedit box is not correct, type the
correct value into the box. You may enter the address in decimal or

Setup and Installation



10.

11.

hexadecimal using the c-notation for hex, (that is, 768 decimal =
0x300 hexadecimal).

Choose the correct options for #healog, Digital,and

Counter/Timer Sectiorsy first clicking on the appropriate radio
button in the middle of the dialog box and then completing the group
of dialog fields in the lower third of the dialog box. Be sure to click on
both thelnput andOutputradio buttons for thAnalogandDigital

groups to see all the dialog fields.

After you have made your selections, save the configuration
parameters by clicking on ti@K button. This will create or update
the configuration file in the Windows directory.

Repeat the preceding steps, starting at step 5, for each Logical Device
you wish to configure.

You can use DriverLINX to verify board operation:

1.

To physically initialize the DAS-16, seleevice/Initializefrom the
main menu in Learn DriverLINX.

The first time the DAS-16 is initialized, or after a configuration
change, DriverLINX runs a diagnostic program to verify the
operation and accuracy of the configuration settings.

You can use the control panel (see Section 5 to verify board operation).

Configuring DriverLINX
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A

Cabling and Wiring

In most applications, you use accessories to connect external I/O devices
to the DAS-16 Series boards. Keithley accessories extend signals from the
main I/O connector to corresponding screw terminals of the accessory.

This section describes the cabling and accessories required for attaching
field wiring to your DAS-16 Series boards.

Caution: To avoid electrical damage, turn off power to the computer and
any attached accessories before making connections to DAS-16 Series
boards.
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Attaching Screw Terminal Accessories

You can use the following screw terminal connectors and accessories to
simplify connection of field wiring to DAS-16 Series boards:

. STC-37 screw terminal connector; when using a DAS-16 Series
board, your application may require two connectors.

. STP-37 screw terminal panel; when using a DAS-16 Series board,
your application may require two panels.

. STA-16 screw terminal accessory.
. STA-U universal screw terminal accessory.

The following sections describe how to attach these accessories to
DAS-16 Series boards.

Attaching an STC-37

The screw terminals on the STC-37 screw-terminal connector allow you
to connect field wiring to a DAS-16 Series board. The screw terminals
accept wire sizes 12 — 22 AWG.

To connect an STC-37 to the main 1/O connector of a DAS-16 Series
board, attach the 37-pin connector on the STC-37 directly to the main 1/0O
connector. Figure 4-1 illustrates the connection of an STC-37 to a
DAS-16 Series board.
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STC-37 Screw Terminal
Connector

21 (o] [©]37
Q (%)
9| |e
17 =l Q| 34
16 [0] [o] 33
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DAS-16 Series Board = © %)
O o °
= °
0 %)
O 9 lo
O ° o
O 9 lo
0 ° lo
@
W slof |2
— g 22
00000000040 ‘e
Q
1 Q /
Strain Relief

Figure 4-1. Attaching an STC-37 Screw Terminal Connector

The screw terminals are labeled from 1 to 37 and correspond directly to
the functions of the pins on the main 1/0O connector (see Figure 4-2). For
example, since pin 25 is assigned to IPO/TRIG 0, use screw terminal 25 to
attach a digital signal to bit 0 of the standard digital input port.
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LL GND. 19 37) ChO HIIN

ChO LO IN /+Ch8 HI IN |18

56| Ch1 HIIN
Ch1 LO IN /+Ch9 HI IN |17/

55| Ch2 HIIN
Ch2 LO IN /+Ch10 HI IN |16

54| Ch3 HIIN
Ch3 LO IN /*Ch11 HI IN |15

55| Ch4 HIIN
Ch4 LO IN /+Ch12 HI IN |14

52| Ch5 HIIN
Ch5 LO IN /+Ch13 HI IN |13

51| Che HIIN
Ch6 LO IN /*Ch14 HI IN |12

50| Ch7 HIIN
Ch7 LO IN /+Ch15 HI IN |11

29| LL OND.
D/A 0 REF IN |10
28| LL GND.
D/A 0 OUT | 9
27| b/A 1 ouT
VREF (-5V) | 8
26| D/A REF IN
POWER GND. | 7
25| 1IP0 / TRIG O
P1 | 6
24| 1P2 / CTR D GATE
P3| 5
23| oPo
oP1 | 4
22| op2
oP3 | 3
21| CTR D CLOCK IN
CTR 0 OUT | 2
20) cTR 2 ouT
+5v PWR 1

* Alternative connections used in 16—channel single—ended
(SE) input configuration (set by 8/16 Switch).

Figure 4-2. Pin Assignments of the Main I/O Connector.

Attaching an STP-37

The screw terminals on the STP-37 screw terminal panel allow you to
connect field wiring to DAS-16 Series boards. The STP-37 contains the
following components:

. A 37-pin male connector for cabling to the main I/O connector of a
DAS-16 Series board.

. Labeled screw terminals for connecting sensor outputs and test
equipment. These terminals accept wire sizes 12 through 22 AWG.

You attach an STP-37 screw terminal panel to the main 1/0O connector on
the DAS-16 Series board with a C-1800 or S-1800 cable. The C-1800 is
the unshielded version of the cable; the S-1800 is the shielded version of
the cable. Figure 4-3 shows how to attach an STP-37 to a DAS-16 Series
board.
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C-1800 / S-1800 Cable J1
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DAS-16 Series Board

A

STP-37

Figure 4-3. Attaching an STP-37 to the Main I/O Connector

The screw terminals are labeled 1 to 38 and correspond directly to the
functions of the main I/O connector. See Figure 4-2 for the pin
assignments of the main 1/0O connector.

Attaching an STA-16

The screw terminals on the STA-16 screw terminal accessory allow you to
connect field wiring to DAS-16 Series boards. The STA-16 contains the
following components:

. Two 37-pin male connectors. One for cabling to the main 1/0O
connector of a DAS-16 Series board and a second for daisy-chaining
additional accessories.

. Labeled screw terminals for connecting sensor outputs and test
equipment. These terminals accept wire sizes 12 through 22 AWG.

. A breadboard area for user-installed circuitry.

Attach an STA-16 screw terminal accessory to the main I/O connector on
the DAS-16 Series board with a C-1800 or S-1800 cable. The C-1800 is
the unshielded version of the cable; the S-1800 is the shielded version of
the cable. Figure 4-4 shows how to attach an STA-16 to a DAS-16 Series
board.
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Figure 4-4. Attaching an STA-16

STA-16

Figure 4-5 shows the screw terminal names on the STA-16.
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Figure 4-5. STA-16 Terminal Names
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Attaching Expansion Accessories

You can use the following expansion accessories to increase the number
of channels available and add signal conditioning to your application:

EXP-16
EXP-16/A
EXP-GP

The following section describes how to attach these expansion
accessories to DAS-16 Series boards.

Attaching an EXP-16 or EXP-16/A Expansion Accessory

Each expansion multiplexer/amplifier accessory provides up to 16 analog
input channels (labeled 0 to 15). Table 4-1 lists the terminal names used
on EXP-16 and EXP-16/A expansion accessories.

Table 4-1. EXP-16 and EXP-16/A Terminal Names

Terminal Name

Signal

LL GND low-level ground
CHn HI positive input; whera indicates the channel number
CHn LO negative input; where indicates the channel number

To connect an EXP-16 or EXP-16/A to a DAS-16 Series board, you must
first connect an STA-16 or STA-MB accessory, as shown in Figure 4-6.

Attaching Expansion Accessories




DAS-16 Series C-1800
Board

or
S-1800

=

STA-16 EXP-16 or
or EXP-16/A
STA-MB

Figure 4-6. Attaching an EXP-16 or EXP-16/A Expansion Accessory

Note: The S-1600 cable must be used to connect the first EXP to the
DAS-16 Series board.

Refer to the EXP-16 and EXP-16/A expansion board documentation for
more information about these accessories and instructions for installing
the PG-408A option on the board.

Attaching an EXP-GP Expansion Accessory
Each EXP-GP expansion multiplexer/signal conditioner board provides

up to eight analog input channels (labeled 0 to 7). Table 4-2 lists the
terminal names used on each EXP-GP channel.

Table 4-2. EXP-GP Terminal Names

Terminal Name Signal
+I[EXC positive current excitation
+SENSE positive input
-P negative voltage excitation
-IEXC negative current excitation
-SENSE negative input
+P positive voltage excitation

4-8 Cabling and Wiring



To connect an EXP-GP to a DAS-16 Series board, attach one end of an
S-1600 cable to the DAS-16 Series main I/O connector and the other end
of the cable to the J1 connector on the EXP-GP. Figure 4-7 illustrates the
connection of an EXP-GP to a DAS-16 Series board.

DAS-16 Series C-1800
Board or

S-1800

=

STA-16 EXP-GP
or
STA-MB

Figure 4-7. Attaching an EXP-GP Expansion Accessory
Refer to the EXP-GP expansion board documentation for more

information about this expansion accessory.

Attaching Multiple Expansion Accessories

You can cascade up to eight EXP-16, EXP-16/A, and/or EXP-GP
expansion accessories to provide up to 128 analog input channels.

Figure 4-8 shows how to attach multiple EXP-16, EXP-16/A, and
EXP-GP accessories to a DAS-16 Series board.

Notes: In a mix of EXP-16, EXP-16/A, and EXP-GP accessories,
the EXP-16 and EXP-16/A accessories must be placed ahead of the
EXP-GP accessories.

All multiple EXP-16 and EXP-16/A accessories attached to a DAS-16
Series board, as shown in Figure 4-8, must contain a PG408A accessory.
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DAS-16 Series

Board C-1800
or
S-1800
S-1600
{ S-1800
STA-16 EXP-16 or EXP-16 or EXP-GP
or EXP-16/A EXP-16/A
STA-MB with PG408 with PG408

Figure 4-8. Attaching Multiple EXP-16, EXP-16/A, and /or EXP-GP Accessories

Notes: Each EXP-16, EXP-16/A, or EXP-GP expansion accessory is
associated with an analog input channel on a DAS-16 Series board. You
specify the associated DAS-16 input channel by setting a jumper on each
expansion accessory. Use a unique jumper setting for each expansion
accessory you are using. Refer to your expansion board documentation
for more information.
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Attaching an MB Series Backplane

MB Series modules are ideally suited to applications where monitoring
and control of temperature, pressure, flow, and other analog signals are
required. Figure 4-9 shows a block diagram of a typical MB Series
measurement and control application.

mV, V, Thermocouple,
RTD, Strain Gauge,
4-20mA / 0-20mA

Sensors, ¢ 0to +5V / 5V
Monitors Input
4 Module *
A/D
Process or MB SERIES
—p Computer
Equipment MODULES Analog 1/O P
4 D/A
Output Module
Controls
(Valves, etc.) 0to +5V / 5V

1

4-20mA / 0-20mA
Figure 4-9. Typical Measurement and Control Application

Table 4-3 provides a brief summary of the backplanes available for use
with MB Series modules.
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Table 4-3. MB Series Backplanes

Model

Description

MBO1

Holds up to 16 modules and mounts in a 19-inch equipment
Provides direct channel-to-channel connection to a DAS-16
Series board.

rack.

MBO02

Holds up to 16 modules and mounts in a 19-inch equipment
Up to four MB02s can be multiplexed together, providing a tq
of 64 channels. This makes it suitable for larger systems.

rack.
tal

MBO5

Functionally equivalent to half an MB01, the MB05 backplan
accepts eight modules. Provides direct channel-to-channel
connection to a DAS-16 Series board.

D

STA-MB

Holds up to four modules and provides general-purpose scre

terminal connections for all other signals on the DAS16 Seri¢
board.

W
2S

Attaching an MB01/05 Backplane

Use the C16-MB1 cable to connect a DAS-16 Series board to an
MBO01/05 backplane. This cable connects MB01/05 channels 0 through
15 to analog input channels 0 through 15 on the DAS-16 Series board.
Refer to Figure 4-10 for a cabling diagram.

[
DAS-16 ]  wmsowos
Series 5

C16-MB1

‘?

Use connector P1 or P2
(identical pinouts)

Figure 4-10. Attaching an MB01/05 Backplane

Note: The channel connections are single-ended. Make sure that
the DAS-16 Series board is set for 16-channel, single-ended operation.
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Attaching an MB02 Backplane

Figure 4-11 shows how to connect a DAS-16 Series board to up to four
MBO02 backplanes. The STA-SCM16 interface connects one MB02 board
to one analog input channel of the DAS-16 Series board. One C-2600
cable connects each MB02 to the STA-SCM16, and the C-1800 cable
connects the STA-SCM16 to the DAS-16 Series board.

DAS-16 Series
board

[
] MBO2
c-1800— " '
0
| MBO02
STA-SCM16
|
Iﬂ MBO02
[
C-2600 (four
cables) ||:| MB02

Figure 4-11. Attaching Multiple MB02 Backplanes

Figure 4-12 shows how the STA-SCM16 connects DAS-16 Series boards
with MB02 backplanes.
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MBO02 Backplane Interfaces

T 98 =l il o

Ss||8s||8 3

Ss||>535||3> >
A/DCHO IN
D/A CH 0 OUT
AIDCH1IN
D/A CH 1 0UT
A/D CH2IN
A/D CH 3 IN

0 1 2 3

DAS-16 Series Board
Backplane Connectors

STA-SCM16

Figure 4-12. MBO02 I/O Connections

The four digital output lines on the DAS-16 Series boards select one of
the 16 MB02 channels. For example, if you set the digital output lines to
1000 (8 decimal), MB0O2 channel 8 is selected on all four backplanes.
Analog input channels 0 to 3 on the DAS-16 Series board map directly to
the connectors labeled 0 to 3 on the STA-SCM16. In this arrangement, the
channel connections are single-ended. Make sure that the DAS-16 Series

board is set for single-ended, 16-channel operation. Refer MBhe
Series User’s Guidér more information.
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Attaching an STA-MB

The screw terminals on the STA-MB screw-terminal accessory accept
field wiring to up to four MB Series modules whose outputs are brought
through an C-1800/S-1800 cable to the main I/O connector of a DAS-16

Series board.

The STA-MB contains the following components:

. Two 37-pin male connectors. One for cabling to the main 1/0O
connector of a DAS-16 Series board and a second for cascading
additional accessories.

. Labeled screw terminals for connecting sensor outputs and test
equipment. These terminals accept wire sizes 12 through 22 AWG.

. Mounts for up to four MB Series modules.

Attach an STA-MB screw terminal accessory to the main 1/O connector
on the DAS-16 Series board with a C-1800 or S-1800 cable. The C-1800
is the unshielded version of the cable; the S-1800 is the shielded version
of the cable. Figure 4-13 shows how to attach an STA-MB to a DAS-16

Series board.

Eoc6c0e0E5666060]

Ji1 J2 J3 I:I E

1
[ ]
1

DAS-16 Series Board

C-1800 / S-1800 Cable

S

*‘ooooooooo|0

WY

Q

[F55660865666668]|

STA-MB

Pin 1 Pin 1

Figure 4-13. Cabling and Connections for Attaching an STA-MB
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Connecting Analog Input Signals

This section shows circuits for wiring signal sources to input channels of
DAS-16 Series boards. While the circuit diagrams show direct
connections to channel input pins of the main I/O connector, you must
make actual connections through corresponding inputs of an accessory,
such as a screw terminal panel.

The circuit diagrams represent a single signal source wired to a single
channel (channei). In reality, you can wire eight separate signal sources
to eight differential inputs or 16 separate signal sources to 16
single-ended inputs.

If you expect to use a DAS-16G1 board at high gain, read the
precautionary information in “Precautions for Operating at High Gains”
on page 4-24. Other considerations for I/O connections are offered under
“Additional Precautions” on page 4-25.

Connecting a Signal to a Single-Ended Analog Input

4-16

Figure 4-14 shows the connections between a signal source and a
channel of a DAS-16 Series board configured for single-ended input
mode.

=
DAS-16 Series [ ] CHA::giL n
Board +
Signal
_ Source
LL GND
=]

] [

Figure 4-14. Connections for Wiring a Signal Source to a DAS-16
Series Board Configured for Single-Ended Inputs
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The main 1/0O connector contains the following two ground connections:

. POWER GND is the noisy odirty” ground that carries all digital
signal and power supply currents.

. LL GND or low level ground is the ground reference for all analog
input functions and it only carries signal currents that are less than a
few mA.

Contact resistance and cable resistance can make a voltage difference of
many millivolts between the two grounds although they are connected to
each other.

Note: When you wire signals to the analog input channels, you are
advised to wire all unused channels to LL GND. This action prevents the
input amplifiers from saturating, and it ensures the accuracy of your data.

Connecting a Signal to a Differential Analog Input

Figure 4-15 shows three methods of wiring a signal source to a channel of
a DAS-16 Series board configured for differential input mode.
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DAS-16 Series
Board

]

Channel n High

Channel n Low

LL GND

2 n3 |

el

DAS-16 Series
Board

]

DAS-16 Series
Board

]

=

i

Where Rg > 100 ohms Ry,

Signal
s Source

= 2000 Rq

Channel n High

Channel n Low

LL GND Rbél L

—

1 Channel n Low

Where Rg <100 ohms Ry,

Signal
s Source

> 1000 Rq

LL GND

L

— Supply

Channel n High

Figure 4-15. Three Methods of Wiring Differential Inputs
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The upper two circuits of the diagram require the addition of resistors to
provide a bias-current return. You can determine the value of the bias
return resistors (§} from the value of the source resistancg,(&sing the
following relationships:

. When R is greater than 1@, use the connections in the upper
circuit. The resistance of each of the two bias return resistors must
equal 2000 R

. When Ris less than 10D, use the connections in the middle circuit.
The resistance of the bias return resistor must be greater than 1000 R

In the lower circuit, bias current return is inherently provided by the
source. The circuit requires no bias resistors.

Avoiding a Ground Loop Problem

Very often, the signal-source ground and the DAS-16 Series board ground
are not at the same voltage level because of the distances between
equipment wiring and the building wiring. This difference is referred to as
acommon-mode voltag®cm) because it is normally common to both
sides of a differential input (it appears between each side and ground).

Using a differential input lets you avoid a ground loop problem. Since a
differential input responds only to the difference in the signals at its high
and low inputs, its common-mode voltages cancel out and leave only the
signal. However, if your input connections contain a ground loop, your
input could see incorrect data readings resulting from the sum of the
signal-source and common-mode voltages. Figure 4-16 shows the proper
way to connect a differential input while Figure 4-17 illustrates the effect
of a ground loop on a differential channel converted to a single-ended
channel by the installation of a wire jumper between Channel n Low and
LL GND on the DAS-16 board side of the cable. Figure 4-17 also
illustrates the ground loop problem for a channel already configured in
the configuration utility as single-ended.
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DAS-16 Series
Board
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CHANNEL n HIGH
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CHANNEL n LOW
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— |LL GND
Vg2 Ruwire

Do not connect n LOW to LL

GND at the computer

Vem = Vgl - VgZ

\ Signal

Es Source

Signal
Source
Ground

Vg1

Figure 4-16. A Differential Input Connection that Avoids a Ground Loop Problem

DAS-16 Series
Board
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Figure 4-17. Differential or Single-Ended Input Connection that Introduces a Ground
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Connecting Analog Output Signals

Make the D/A output connections from the appropriate D/A output and

LL GND, as shown in Figure 4-18.

D/A #0
D/A #1

@)

Figure 4-18. D/A Converter Connections

PIN X PIN Y
10 9
26 27
D/A OUT
®
L L GND

The D/A reference inputs can be connected to the -5V reference signal on
the rear connector. In this case, the D/A output scaling will be 0 to +5V. It
is also possible to connect the reference inputs to an external reference

signal whether it be AC or DC.

DAS-16 Series boards include two DACs. Refer to the specifications in
Appendix A for voltages, current limits, and other loading information.
Make your connections to the DAC output terminals through

Connecting Analog Output Signals
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corresponding screw terminals of your accessory. Table 4-4 lists the input
and output connections of the DACs in the DAS-16 Series boards.

Table 4-4. DAC Input and Output Connections

Signal Main 1/O Connector

D/A 0 User Reference Voltage | pin 10

D/A 1 User Reference Voltage |In  pin 26
D/A 0 Out pin 9
D/A 1 Out pin 27

Measuring Current and 4—20mA Current Loops

Process control current loop transducers are easily interfaced to DAS-16
by adding a suitable shunt resistor across the input. Since the maximum
current will be 20mA, the precision shunt resistor should have a
resistance in ohms of 50 * Vfs. The resistor should be of
low—temperature, coefficient—-metal film or wirewound construction for
stability with time and temperature. Using this interface, the 4-20mA
working range of the current loop corresponds to 80% of the normal
resolution; about 3,277 bits for unipolar ranges and 1,638 bits for bipolar
ranges.

Non—ground referred currents outside the common—mode range can also
be measured with a suitable shunt. Non—ground referred currents can be
measured through an isolation amplifier, DC, or Hall Effect current
transformer.

The D/A Voltage Reference

4-22

A -5V stable reference voltage (Vref) is brought out for users. This
voltage is derived from the A/D converter reference. Apart from its use as
a D/A reference, it can also be used for offsetting signals, powering
bridge transducers, etc. The maximum available output source/sink
current is 5SmA.

Cabling and Wiring



Interface to Transducers, Thermocouples, etc.

Low level transducers such as thermocouples and strain gauge bridges
(load cells, pressure and force transducers) require amplification before
applying to the high level DAS-16 inputs. The EXP-16 expansion
multiplexer incorporates an instrumentation amplifier that can provide
stable amplification and also includes circuitry that allows cold junction
compensation of thermocouples. EXP-16 will handle most interfacing
requirements to DC output transducers and also includes spaces for
filters, shunts, and attenuators.

For inexpensive temperature measurement in the —50 to +125°C
temperature range, semiconductor temperature transducers are a good
choice. The most popular types are the AD590/592 (Analog Devices)
which behave like a constant current source with an output of 273pA at
0°C and a scaling of 1pA/ °C and the LM335 (National Semiconductor)
that has an output of 2.73 volts at 0°C and a temperature coefficient of
10mV/ °C.

For measuring high temperatures, up to 1800°C or more, thermocouples
are the most satisfactory solution. The base metal thermocouples (types J,
K, T, and E) have outputs around 40 microvolts/ °C while the platinum
and tungsten types are used for the highest temperature measurement.
Thermocouple types S, B, and R tend to have lower outputs—in the 6 to
12 microvolt/ °C range. A further complication encountered in the use of
thermocouples is the “cold—junction” compensation. Where the
thermocouple wire is terminated to the copper EXP-16 connections, an
unwanted thermocouple junction is formed. As the connector
temperature varies, this introduces an error. The error can be bucked out
by sensing the connector temperature using a semiconductor sensor on
another channel, and correcting the thermocouple readings in software.
This is required only at the highest levels of accuracy, since in most cases
connector temperature (usually room temperature) varies little. EXP-16
provides the sensing hardware needed to perform this correction.
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Precautions for Operating at High Gains

Operating DAS-16G1 boards at gains of 100 or 500 can lead to problems
if your application is unable to cope with noise. At a gain of 500, with a
bipolar input range 0f10.0V to +10.0V, each bit of A/D output
corresponds to 10/ of analog input. Thus, with the high speed and
bandwidth of this board, analog noise and performance degradation come
easily unless you take precautions to avoid them. The following collection
of ideas and suggestions is aimed at avoiding these problems:

. Operate DAS-16G1 boards in 8-channel differential mode. Using the
board in 16-channel, single-ended mode at high gains introduces
enough ground-loop noise to produce large fluctuations in readings.

. Minimize noise from crosstalk and induced-voltage pickup in the flat
cables and screw terminal accessories by using shielded cable.
Connect the shield to LL GND and the inner conductors to Channel
LO and HI. Channel LO and LL GND should have a DC return (or
connection) at some point; this return should be as close to the signal
source as possible. Induced noise from RF and magnetic fields can
easily exceed tens of microvolts, even on one- or two-foot cables;
shielded cable eliminates this problem.

. Avoid bi-metallic junctions in the input circuitry. For example, the
kovar leads, used on reed relays, typically have a thermal emf to
copper of 4QV/°C. Thermals can introduce strange random
variations caused by air currents and so on.

. Consider filtering. This approach can use hardware (resistors,
capacitors, and so on) but is often accomplished more easily with
software. Instead of reading the channel once, read it 10 or more
times in quick succession and average the readings. If the noise is
random and Gaussian, it will be reduced by the square-root of the
number of readings.
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Additional Precautions

Do not mix your data acquisition inputs with the AC line, or you risk
damaging the computer. Data acquisition systems provide access to
inputs of the computer. An inadvertent short between data and power lines
can cause extensive and costly damage to your computer. The
manufacturer can accept no liability for this type of accident. To prevent
this problem, use the following precautions:

. Avoid direct connections to the AC line.

. Make sure all connections are tight and sound so that signal wires are
not likely to come loose and short to high voltages.

. Use isolation amplifiers and transformers where necessary.
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DriverLINX Analog I/O Panel

The DriverLINX Analog I/0O Panel is an application that demonstrates
analog input/output using DriverLINX. With the Analog 1/0 Panel
you can:

. Analyze analog signals using the simulated two-channel
Oscilloscope.

. Measure analog voltages using the simulated Digital VoIt Meter.

. Generate Sine, Square and Triangle waves using the SST
Signal Generator.

. Output DC Level voltages using the Level Control.

The Analog I/O Panel is useful for:

. Testing the DAS-16 DriverLINX installation and configuration.
. Verifying signal inputs to your DAS-16 board.

. Sending test signals to external devices.

To access this DriverLINX Analog I/0 Panel:

1. Start the Analog I/O Panel with the “AlO Panel” item on the
Windows™ start menu. Then perform the following steps:

Click the [...] button in the Driver Selection section.
Select the driver for your board using pen DriverLINXdialog.
Click OK.

Select the Logical Device you want to operate by dragging the pointer
in the Device Selection section. The Analog I/0 Panel displays the
Scope, Meter, SST, and Level control tabs, depending on the
capabilities of your DAS-16 board.

a r DN
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6. The Scope uses two analog input channels, referred to as ChA and
ChB. Drag the channel selectors in the Al Channel Mapping section
to map them to different channel numbers.

7. The SST Signal Generator uses two analog output channels, referred
to as ChA and ChB. Drag the channel selectors in the AO Channel
Mapping section to map them to different channel numbers.

You can now select the Scope, Meter, SST and Level Control tabs to
operate your DAS-16 board.

Test Panel Application

5-2

Depending upon the DriverLINX drivers you have installed on your
system, you will have one or more of the following example applications:

. Single-Value Afor analog input

. Single-Value AGor analog output

. PIO Panelfor digital input and output

. CTM Test Benclor counter/timer applications

To access this DriverLINX Test Panel, select Test Panel with the “Test
Panel” item on the Windows start menu.

DriverLINX Analog I/O Panel
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Calibration

Your DAS-16 Series board is initially calibrated at the factory. You are
advised to check the calibration of a board every six months and to
calibrate again when necessary. This section provides the information you
need to calibrate a DAS-16 Series board.

Equipment Requirements

The equipment requirements for calibrating a DAS-16 Series board are as
follows:

. Adigital voltmeter accurate to a minimum of 41/2 digits

. An adjustable +10V power source

Potentiometers and Test Points

Figure 6-1 and Figure 6-2 show the locations of the potentiometers and
test points that are used during the calibration of a DAS-16/16F Series or
DAS-16G1/16G2 Series board.

The calibration utility, described in the next section, directs you to

components and explains what to do with them during the
calibration process.
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Figure 6-2. DAS-16/16G Switch and Control Locations
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Calibration Utility

Calibration Utility

DriverLINX Calibration Utility will guide you through the calibration
procedure. Before calibration, specify the following parameters in the
setup panel to get the correct instructions:

Logical Device— Board’s device number, model and address

Accessory— Connection method used to connect the board to the
calibration stimulus

Shorted channel— Input channel to be “shorted” high to low

Voltage Channel— Input channel to use to apply the various
calibration voltage levels

Calibration range — Input range to be calibrated
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Calibrating the A/D

The A/D output should be observed (the calibration programs do this)
while applying a known calibration voltage to any or all analog input
channels. The A/D should be calibrated on the range you are going to use
since calibration on one range does not insure correct calibration on any
other range. Briefly, the adjustment sequence is as follows:

1. Apply an analog input of 1/2 bit above —F.S. and adjust the A/D zero
pot so that the output flickers between —2048 and —2047 (bipolar) or O
and 1 (unipolar).

2. Apply an analog input of +0.0V (bipolar) or 1/2 of F.S. unipolar and
adjust the A/D full-scale pot for a reading of O or 2048, respectively.
Other inputs such as 1/4 and 3/4 full scale can be applied to check the
linearity.

All DAS-16 models contain an adjustment to optimize the

common—mode rejection of the input amplifier. Make this adjustment

only in the 8—channel differential mode, and connect the “Hi” and “Lo” of

a channel as shown in Figure 6-3. The voltage calibrator should be varied
from zero to + or —10 volts and the pot adjusted for no change in the
reading of the selected channel. Any channel may be used for this test; the
calibration programs use Channel O.

DAS—16/16F /16G

B

EE— ANY CHANNEL INPUT
VOLTAGE &
CALIBRATOR

OO0

Figure 6-3. Common Mode Adjustment Test Configuration
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Calibrating the D/As

Connect the D/A reference inputs to the -5V reference voltage and then,
using the calibration program, make the following adjustments to each
D/A. Connecting the digital voltmeter to each D/A output in turn, set the
voltages to within £0.0005V (1/2 millivolt) of the recommended values,
which are shown in Table 6-1.

Table 6-1. D/A Recommended Calibration Values

D/A Digital Input Digital Pot. | Adjust Output to
0 0 D/A 0 zero | 0.0000V
0 4095 D/AOQOF.S. | +4.9988V
1 0 D/A 1 zero | 0.0000V
1 4095 D/A1FS. | +4.9988V
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Programmable Timer and Digital I/O

6-6

No special calibration for the counter/timer or digital 1/0 is required, but
you can make a check of the functionality of Counters 1 and 2 and the
internal crystal clock by performing an accumulated—count test against

the system clock.

The calibration program also lets you read and write to the digital I/O.
The functionality of each output can be checked by grounding inputs and
using a voltmeter or a logic probe on outputs.

Calibration
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Troubleshooting

If your DAS-16 Series board is not operating properly, use the
information in this section to isolate the problem. If the problem appears
serious enough to warrant technical support, refer to “Technical Support”
on page 7-7 for further information.

Problem Isolation

If you encounter a problem with a DAS-16 Series board, use the
instructions in this section to isolate the cause of the problem before
calling Keithley for technical support.

Using the DriverLINX Event Viewer

Problem Isolation

The DriverLINX Event Viewer displays the Windows system event log.
Applications and hardware drivers make entries in the system event log to
assist in predicting and troubleshooting hardware and software problems.

DriverLINX uses the event log to report problems during driver loading
or unexpected system errors. The event log can assist in troubleshooting
resource conflicts and DriverLINX configuration errors. If you are having
trouble configuring or initializing a Logical Device, check the event log
for information from the DriverLINX driver.

Using the DriverLINX Event Viewer, you can view, save and e-mail
DriverLINX event log entries under Windows 95/98 or Windows NT.
DriverLINX event log entries can help you or technical support
troubleshoot data-acquisition hardware and software problems.
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Device Initialization Error Messages

During device initialization, DriverLINX performs a thorough test of all
possible subsystems on DAS-16 Series boards as well as the computer
interface. If DriverLINX detects any problems or unexpected responses, it
reports an error message to help isolate the problem. The device
initialization error messages fall into three basic categories:

. “Device not found” — Board address does not match hardware
setting or conflicts with another board. Verify the board’s address
settings. Also, don’t confuse hexadecimal with decimal addresses in
the DriverLINX Device Configuralialog box.

. ‘“Invalid IRQ level” or*“Invalid DMA level” — Selected level does
not match hardware setting, conflicts with another board’s IRQ/DMA
levels, or is dedicated to the computer’s internal functions (COM
port, disk drive controller, network adapter, etc.)

. “Hardware does not match configuration” — Operating
mode/range switch or jumper setting does not match selection(s)
made in the DriverLINXDevice Configuratiomlialog box.

Identifying Symptoms and Possible Causes

7-2

Use the troubleshooting information in Table 7-1 to try to isolate the
problem. Table 7-1 lists general symptoms and possible solutions for
problems with DAS-16 Series boards.
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Table 7-1. Troubleshooting Information

Symptom

Possible Cause K

Possible Solution

Board does not
respond

Base address is incorrect.

Make sure the base address switch on

the board is set correctly and that you
program references the same base
address. If the base address is set

correctly, make sure no other computer

device is using any of the 1/O location
beginning at the specified base addre
If necessary, reconfigure the base
address. Refer page 3-10or
instructions on setting the base addre

SS.

5S.

The interrupt level is incorrect.

Make sure no other computer devic
using the interrupt level specified in yo
program. If necessary, reset the
interrupt level.

eis
ur

The board is incorrectly aligned
in the accessory slot.

Check installation.

The board is damaged.

Contact Keithley for technical supp
seepage 7-7

Intermittent
operation

The most common cause of this
problem is that the 1/0O bus speg
is in excess of SMHz.

Reduce I/O bus speed to a maximum
8MHz (to change the 1/O bus speed, r
BIOS setup). See the documentation
your computer for instructions on
running BIOS setup.

of
un
for

Vibrations or loose
connections exist.

Cushion source of vibration and
tighten connections.

The board is overheating.

Check environmental and ambient

temperature. See the documentation for

your computer.

Electrical noise exists.

Provide better shielding or
reroute wiring.

Bus cycles require wait state.

Enable wait states on the DAS-16 Ser
board.

Problem Isolation

es
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Table 7-1. Troubleshooting Information (cont.)

Symptom

Possible Cause K

Possible Solution

Data appears to
be invalid

The most common cause of this
problem is that the 1/0O bus spee
is in excess of SMHz.

Reduce 1/0O bus speed to a maximum

BIOS setup). See the documentation
your computer for instructions on
running BIOS setup.

An open connection exists.

Check wiring to screw terminal.

Another device is using the
specified base address.

Reconfigure the base address of the
DAS-16 Seriedoard; refer tpage

3-10for more information. Check the
I/0 assignments of other system devig
and reconfigure, if necessary.

Computer does

Board not seated properly.

Check that the board is

not boot properly installed.

The base address setting of the Verify that the base address setting

DAS-16 Seriedoard conflicts | of your DAS-16 Series board is unique.

with that of another device. Refer topage 3-10or instructions on

setting the base address.

The power supply of the host | Check the needs of all system devices

computer is too small to handle| and obtain a larger power supply

all the devices installed in if necessary.

your system.
If your board is not operating properly after using the information in
Table 7-1, continue with the next two sections to further isolate
the problem.
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Testing the Board and Host Computer
To isolate the problem to the DAS-16 Series board or to the host
computer, use the following steps:

1. Turn the power to the host computer OFF, and remove power
connections to the computer.

Caution: Removing a board with the power ON can cause damage to
your board and/or computer.

2. While keeping connections to accessories intact, unplug the
accessory connector(s) or cable(s) from the DAS-16 Series board(s).

3. Remove the DAS-16 Series board(s) from the computer and visually
check for damage. If a board is obviously damaged, refer to
“Technical Support” on page 7-7 for information on returning
the board.

4. With the DAS-16 Series board(s) out of the computer, check the
computer for proper operation. Power up the computer and perform
any necessary diagnostics.

At this point, if you have another DAS-16 Series board that you know is
functional, you can test the slot and 1/0O connections using the instructions
in the next section. If you do not have another board, refer to page 7-7 for
instructions on calling Keithley for technical support.
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Testing the Accessory Slot and I/O Connections

7-6

When you are sure that the computer is operating properly, test the
computer accessory slot and I/O connections using another DAS-16
Series board that you know is functional. To test the computer accessory
slot and the 1/O connections, follow these steps:

1. Remove computer power again, and install a DAS-16 Series board
that you know is functional. Do not make any 1/O connections.

2. Turn computer power ON and check operation with the functional
board in place. This test checks the computer accessory slot. If you
were using more than one DAS-16 Series board when the problem
occurred, use the functional board to test the other slot(s) as well.

3. Ifthe accessory slots are functional, use the functional board to check
the I/O connections. Reconnect and check the operation of the I/O
connections, one at a time.

4. If operation fails for an 1/0 connection, check the individual inputs
one at a time for shorts and opens.

5. If operation remains normal to this point, the problem is in the
DAS-16 Series board(s) originally in the computer. If you were using
more than one board, try each board one at a time in the computer to
determine which is faulty.

6. If you cannot isolate the problem, refer to the next section for
instructions on obtaining assistance.

Troubleshooting



Technical Support

Before returning any equipment for repair, call Keithley for technical

support at:

1-888-KEITHLEY

Monday - Friday, 8:00 a.m. - 5:00 p.m., Eastern Time

An applications engineer will help you diagnose and resolve your
problem over the telephone. Please make sure that you have the following
information available before you call:

DAS-16 Series
board configuration

Computer

Operating system

Software package

Compiler (if applicable)

Accessories

Technical Support

Model
Serial Number
Revision Code
Base address setting
Interrupt level setting
Number of channels
Input (S.E. or Diff.)
Mode (uni. or bip.)
DMA chan(s)
Number EXP boards
Manufacturer
CPU type
Clock speed (MHz)
KB of RAM
Video system
BIOS type
Windows version
Windows mode
Name
Serial Number
\ersion

Invoice/Order Number

Language
Manufacturer
Version

Type
Type
Type
Type
Type
Type
Type
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If a telephone resolution is not possible, the applications engineer will
issue you a Return Material Authorization (RMA) number and ask you to
return the equipment. Include the RMA number with any documentation
regarding the equipment.

When returning equipment for repair, include the following information:
. Your name, address, and telephone number.

. The invoice or order number and date of equipment purchase.

. A description of the problem or its symptoms.

. The RMA number on theutside of the package.

Troubleshooting



Technical Support

Repackage the equipment, using the original anti-static wrapping, if
possible, and handle it with ground protection. Ship the equipment to:

ATTN.: RMA#

Repair Department
Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139

Telephone 1-888-KEITHLEY
FAX (440) 248-6168

Note: If you are submitting your equipment for repair under warranty,
you must include the invoice number and date of purchase.

To enable Keithley to respond as quickly as possible, you must include
the RMA number on the outside of the package.
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DAS-16 Series Specifications

Power Consumption

Analog Inputs

+5V supply
+12V supply
-12V supply

Number of Channels

Resolution
Accuracy

Input Range

A

Specifications

800mA typ. / 1A max.
13.5mA typ. / 18mA max.
23.5mA typ. / 31mA max.

8 differential (HI/LO/GND) or
16 single-ended (HI/GND) switch selectable

12 bits
0.01% of reading +bit

DAS-16/16F
+10V, £5V, +2.5V, +1V, and +0.5V; or
0-10V, 0-5V, 0-2V, and 0-1V switch selectable

DAS-16G1
Gain Unipolar Bipolar Throughput
1 0 to +10V +10V 70KHz
10 O0to +1V 1V 60KHZ
100 0to +100mV | +100mV 50KHz
500 0 to +20mV +20mV 30KHz
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DAS-16G2

Gain Unipolar Bipolar Throughput
1 0 to +10V +10V 70KHz
2 0to +5V 5V 60KHZ
4 0 to +2.5mV +2.5mV 60KHz
8 0to +1.25mV | +1.25mV 60KHz

Note that the GAIN ranges of both DAS-16G models have a 12-bit
resolution (4096 steps), so that resolutions of the DAS-16G1 vary from
4.8mV/bit (£10V) to 4.8uV/bit (0 to +20mV), and reolutions of the
DAS-16G2 vary from 4.8mV/bit (x10V) to 305uV/bit (0 to +1.25V). The
programmable gain amplifier is a fixed-gain bandwidth product so that its
settling time increases at higher gain. This causes the maximum
throughput rate to decrease as the gain increases and is especially
noticeable on the high-gain Model DAS-16G1.

Overvoltage

Input current

Temperature
Coefficient

Continuous single channel to +35V

DAS-16: 250nA max. (125nA typ.) at 25° C
DAS-16F: 250nA max. (125nA typ.) at 25° C
DAS-16G: +50nA max. at 25° C

DAS-16/16F
Gain or Full Scale: 25 ppm/°C max.
Zero: +12ppm/°C max.

DAS-16G
Gain or Full Scale: £15 ppm/°C max.
Zero: £3ppm/°C max.

Specifications



A/D Specification
Type
Resolution

Coding:

Conversion Time

Type:

Monotonicity
Linearity
Zero drift
Gain drift

Trigger Source

Sample Hold Amplifier
Acquisition time
Aperture Uncertainty
Type

Reference Voltage Output
Ref. Voltage
Temp. Coeff.

Load current

Successive approximation

12 bit

Offset binary (bipolar + inputs)
True binary (unipolar + inputs)

DAS-16/16G: 15ms max. (12 typ.)
DAS-16F: 8.5ms max.

DAS-16/16G: Harris HI-674A or equivalent
DAS-16F: Harris HI-774

Guaranteed over operating temperature range
+1bit
+10ppm/°C max.
+30ppm/°C max.
By external trigger, programmable timer

source, or program command; software
selectable.

1ms to 0.01%, typ. for full-scale step input
0.3ns typical

Harris HI-5320 or Signetics NE5060

-5.0V £0.05V
+30 ppm/°C max

+5 mA max.
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D/A Converters

Digital 1/0

A-4

Channels

Type

Linearity
Monotonicity

Output Range

Output Drive
Output Resistance
Ref. Input Range
Gain

Setting Time

Output Port

OPO0O-3 output
low voltage

OPO-3 output
high voltage

Input Port & Trig.

IPO-3 input
low voltage

IPO-3 input
low current

2 independent

12-bit, multiplying, double-buffered
Analog Devices AD-7548

+1/2 bit
+1/2 bit

0 to +V with fixed -5V reference. May also be
used with other AC or DC reference input.
Maximum output limit £10V
5mA minimum

<0.1 ohm

10V
—1.000 adjustable 1%

30ms to 0.01% for full-scale step

4 bits

0.5V max. @ 8.0mA (current sink)

2.4V min. @ —0.4 mA (current source)

4 hits

0.8V max.

—0.4 max.
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Interrupt Inputs

IPO-3 input 2.0V min.
high voltage

IPO-3 input 20mA max. @ 2.7V
high current

Type Positive (rising) edge triggered
Level 2—7 software selectable
Enable Via INT of CONTROL Register

Interrupts are latched in an internal flip-flop on the DAS-16/16F/16G. The
state of this flip-flop corresponds to the INT bit (STATUS Register). It is
cleared by a write to the CONTROL Register. Service routines should
acknowledge and re-enable interrupt flop.

Direct Memory Access Channel

Levels 1 or 3 switch-selected

Enable Via DMA bit of CONTROL register
Termination By interrupt on T/C (or auto-initialize)
Transfer DAS-16: Hardware capable of up to

70,000 conversions/sec
DAS-16F: Haardware capable of up to

100,000 conversions/sec
DAS-16G: Hardware capable of up to

70,000 conversions/sec

Users are responsible for initialization of the 8237 DMA controller on the
system board. With DMA bit set, double-byte requests are generated at
the end of each A/D conversion. Data is latched and available for DMA
transfer until the end of the following conversion. Transfer sequence is
low byte/high byte.
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Programmable Timer

Power Outputs

Type 8254-2 programmable interval timer

Counters 3 down-counters (16-bit). Two permanently
connected to 1 or 10MHz clock as
programmable timer. One counter free.

Driver capability 2.2mA @ 0.45Vdc (5 LSTTL loads)

Input, Gate, Clock load TTL/DTL/CMOS compatible

Input Clock Frequency DC tol0MHz

Active count edge Negative (falling)
Clock pulse width 30ns high/50ns low (min.)
Timer Range 2.5MHz to <1 pulse/hr.

For additional information on programming see DriverLINX manuals.

IBM/PC Bus Supplies  +5V

Tolerance +5V 5%
Loading Dependent upon peripherals and on computer
type

General Environmental

A-6

Operating Temp. 0to 50°C

Storage Temp. -20t0 7°C

Humidity 0 to 90% (non-condensing)
Weight 9 0z. (255 Q)
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Connector Pin Assignments

This appendix contains pin assignments for the I/O connectors of the
DAS-16 Series boards.

Main I/O Connector

The pin assignments of the main I/O connector on the DAS-16 Series
board are shown in Figure B-1.

LL GND. /;;\\\\\\\
37 ChO HI IN
ChO LO IN /+Ch& HI IN |18
36| Chl HI N
Ch1 LO IN /+Ch9  HI IN |17
35| Ch2 HI N
Ch2 LO IN /+Ch10 HI IN |16
34| Ch3 HIIN
Ch3 LO IN /+Ch11 HI IN |15
33| Ch4 HIIN
Ch4 LO IN /+Ch12 HI IN |14
32| ChS HIIN
ChS LO IN /+Ch13 HI IN |13
31| Ché HIIN
Ché LO IN /+Ch14 HI IN |12
30| Ch7 HIIN
Ch7 LO IN /+Ch15 HI IN |11
29 | LL GND.
D/A 0 REF IN |10
28 | LL GND.
D/A 0 OUT | 9
27| D/A 1 OUT
VREF (-5V) | 8
26 | D/A REF IN
POWER GND. | 7
25| 1PO / TRIG 0
P1 | 6
24 | 1P2 / CTR D GATE
P3 | 5
23 | QPO
oP1| 4
22 | ap2
o0P3 | 3
21| CTR 0 CLACK IN
CTR 0 OUT | 2

20/) CTR 2 ouUT
+5V PWR

\

* Alternative caonnections used in 16—channel single—ended
(SE) input configuration (set by 8/16 Switch).

Figure B-1. Pin Assignments of Main I/O Connector on DAS-16 Series

Main 1/O Connector B-1
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Table B-1. Main I/O Connector Pin Assignments

for the DAS-16

Pin Name Function
1 +5V +5V (0.1 V) output (from computer)
2 CTROOUT 82C54 C/TO clock output
3 OP3 Digital output bit 2
4 OP1 Digital output bit 0
5 IP3 Digital input bit 2
6 IP1 Digital input bit 0 /
Digital trigger input
7 PWR GND Return for all logic signals and power supp
currents. Connected to computer frame.
8 VREF(-5V) -5V (£0.1V) reference output
9 D/A 0 OUT D/A Channel 0 output
10 D/A O REF IN D/A Channel 0 input reference (10V range
11 CH7 LO IN/ Analog input channel 7, low;
*CH15 HI IN Single-ended Channel 15 high
12 CH®6 LO IN/ Analog input channel 6, low;
*CH14 HI IN Single-ended Channel 14 high
13 CH5 LO IN/ Analog input channel 5, low;
*CH113 HI IN Single-ended Channel 113 high
14 CH4 LO IN/ Analog input channel 4, low;
*CH112 HI IN Single-ended Channel 12 high
15 CH3 LO IN/ Analog input channel 3, low;
*CH11 HI IN Single-ended Channel 11 high
16 CH2 LO IN/ Analog input channel 2, low;
*CH10 HI IN Single-ended Channel 10 high
17 CH1 LO IN/ Analog input channel, low;
*CH9 HI IN Single-ended Channel 9high
18 CHO LO IN/ Analog input channel 0, low;
*CH8 HI IN Single-ended Channel 8 high

Connector Pin Assignments
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Table B-1. Main I/O Connector Pin Assignments
for the DAS-16 (cont.)

Pin Name Function
19 LL. GND Low-level ground. Common return and shie
for the analog input channels.
20 CTR 2 OUT 82C54 C/T2 clock output
21 CTR O CLOCK IN | 82C54 C/TO clock input
22 OoP2 Digital output bit
23 OPO Digital output bit
24 P2/ Digital input bit 1
CTR 0 GATE 82C54 C/TO0 gate input
25 IPO/ Digital input bit 0 /
TRIG O Digital trigger input
26 D/A 1 REF IN D/A Channel 1 input reference (10V range
27 D/A 1 OUT D/A Channel 1 output
28 LL. GND Low-level grounds. These are common rety
29 L GND and shields for the analog input channels.
30 CH7 HI'IN Analog high input channel 7
31 CH6 HI IN Analog high input channel 6
32 CH5 HI IN Analog high input channel 5
33 CH4 HI'IN Analog high input channel 4
34 CH3HIIN Analog high input channel 3
35 CH2 HI IN Analog high input channel 2
36 CH1HIIN Analog high input channel 1
37 CHOHIIN Analog high input channel 0

Main 1/O Connector

)

d

s

*Alternative connections apply in 16 Channel Single-Ended (S.E.) input

configuration.
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Register-Level Address Map

DAS-16 Series boards are programmable at the register-level using 1/0
instructions. In BASIC, 1/O instructions afdP(X) andOUT X,Y. In
assembly and most other low-level languages, the I/O instructions are
similar to BASIC’s 1/O instructions; for example, the assembly language
equivalents aréN AL,DX andOUT DX,AL .

As an aid to register-level programming, this section describes each 1/0
register in terms of function, address, bit structure, and bit functions. The
section does not describe how to program at the register-level.

Register Functions

Register Functions

DAS-16 Series register functions are categorized as follows:

Analog-to-Digital converter (ADC) registers

MUX scan register

Digital input and output registers

Digital-to-Analog converter (DAC) output registers
Status registers

Control register

Programmable gain selection register

Timer/Counter enable register

82C54 programmable interval counter/timer registers
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DAS-16 boards use 16 consecutive addresses starting at the base address
in the computer’s I/O space and extend as shown in the I/O map of Table

C-1.

Table C-1. Register-Level Address Map

Location Function Type Name

Base Address +0h | Low-byte of ADC register, A/D Read/Write | ADO
conversion

Base Address +1h High-byte of ADC register Read AD1

Base Address +2h | ADC MUX scan register Read/Write | MUX

Base Address +3h Digital input byte (IP0-3), Board ID Read DIO
Digital output byte (OP0-3) Write

DAC Output Registers Base Address +4h to +7h

Base Address +4h | Low-byte of DACO Write DAOLB

Base Address +5h High-byte of DACO Write DAOHB

Base Address +6h | Low-byte of DAC1 Write DA1LB

Base Address +7h High-byte of DAC1 Write DA1HB

Base Address +8h | Status register Read STATUS A

Base Address +9h Control register Read/Wrjte CTRL

Base Address +Ah | Counter enable (2 bit*) register Read/Write | CNTEN

Base Address +Bh Gain selection register (DAS-16G only*) Read/Write GAIN

82C54 Programmable Interval Timer

Base Address +Ch Counter 0 register Read/Write  TIMERC

Base Address +Dh | Counter 1 register Read/Write | TIMER1

Base Address +Eh Counter 2 register Read/Write TIMER2

Base Address +Fh | 82C54 Counter Control Write TIMERCTL

C-2

*Users writing drivers for the DAS-16G who have already developed

code for the fixed gain DAS-16/16F should note the following
differences:

Register-Level Address Map
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1. Base Address + Ah (Counter Enable) Read/Wfite:DAS-16/16F
this is a 2-bit write-only register. On DAS-16G, it is an 8-bit
read/write register, although the same two bits (DO and D1) are used
for counter control. The remaining six bits are unused on DAS-16G
and non-existent on DAS-16/16F.

2. Base Address + Bh (Programmable Gain) Read/Wilités address
was unused on DAS-16/16F. On DAS-16G it is an 8-bit read/write
register, the upper six bits are unused, and the lower two bits select
the gain range.

3. All software developed for the fixed gain DAS-16/16F operates with
the DAS-16G, although it will need modification to use the
programmable gain feature. If you want to set DAS-16G gain before
running application software designed for the older fixed gain
DAS-16/16F, use software programming to set the programmable
gain register to BASE ADDRESS + Bh.

The following sections describe the I/O registers in more detail.

ADC Registers (Base Address +0h and +1h)

Base address +0h and base address +1h are used for the following:
. A/D conversion data

« MUX channel number from which data is converted

. Start a software controlled A/D conversion

The ADC registers are read in standard Intel 8088 Lo/Hi-byte sequence.
A write to base +0 initiates an A/D conversion.

Data is left-justified true binary, and the MUX channel address is in the
least-significant nibble; thus, data is tagged according to its channel of
origin. ADC data is latched so that data from the previous conversion is
available until the end of the following conversion. You can mask or
discard channel information, as required.

A write to base address +0h initiates an A/D conversion. Any data written
to these addresses is ignored.

ADC Registers (Base Address +0h and +1h) C-3



Bit assignments of base address +0h are as follows:

7 6 5 4 3 2 1 0
CD3 |[CD2 |CD1 |CDO | MA3 | MA2 | MA1 | MAO

The bit names are defined and used as follows:
. MADO to MA3 = Number of MUX channel converted.

. CDO0 to CD3= Four least significant bits of data converted from
MUX channel specified by MAO to MA3.

Bit assignments of base address +1h are as follows:

7 6 5 4 3 2 1 0
CD11|CD10| CD9 |CD8 |CD7 |CD6 |CD5 |CD4

. CD4 to CD11= Eight most significant bits of data converted from
MUX channel specified by MAO to MAS3.

MUX Scan Register (Base Address +2h)

C-4

The MUX scan register is a read and write register that controls the
channel-scan limits of the ADC multiplexer. The high nibble provides the
end of scan addressd the low nibble provides tistart of scan address

The MUX scan register is set to 00h on power-up (reset).

About 400ns after the ADC multiplexer begins a conversion (and the
sample-and-hold is holding the previous channel) the multiplexer address
increments to be ready for the next conversion.

On finishing the conversion performed with #red of scan addresthe
cycle repeats starting with tis¢éart of scan addres©n writing to the

MUX scan register, the counter is automatically initialized to the start of
scan address.

To perform conversions on a single channel gihé of scarandstart of
scan addresseshould both be made equal to the target channel. If the
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DAS-16 Series board is to operate in 8-channel differential mode, insure
that the AH3 and AL3 bits are zero. The operating mode can always be
determined by reading bit 5 in status register A.

Bit assignments of base address +2h are as follows:

7 6 5 4 3 2 1 0
AH3 |AH2 [AH1 |AHO |AL3 |AL2 |AL1 | ALO

The bit names are defined and used as follows:
. ALOto AL3 = Start of scan address.
. AHO to AH3 = End of scan address.

Unidirectional Digital I/0O Registers
(Base Address +3h)

DAS-16 Series unidirectional digital input and output consists of two
hardware-configured ports: a 4-bit latched output port (OPO to 3) and a
4-bit input port (IPO to 3).

These ports share the same 1/0O address but are independent; that is, data
written to the output port is not readable by the input port unless the OP0O
to OP3 lines are externally connected to the IPO to IP3 lines. The output
port is set to Oh on power-up (reset).

In addition, some input port lines perform secondary functions. IPO is also
XPCLK and TRIG 0. XPCLK provides an external pacer clock to initiate
A/D conversions and TRIG 0 is used as a gate for the 82C54 counters one
and two. IP2 is also CTR 0 GATE, which controls operation of counter O
in the 82C54 counter/timer.

Depending on your application, you may or may not use these secondary

functions. However, if you want to know the state of these inputs, read
base address +3h.

Unidirectional Digital I/O Registers (Base Address +3h) C-5



Bit assignments of base address +3h during a write are as follows:

7 6 5 4 3 2 1 0
X X X X OP3 |OP2 |OP1 |OPO

The bit names are defined and used as follows:
. OPO to OP3= Bits 0 to 3 of the digital output port.

. X = Data insensitive.

Bit assignments of base address +3h during a read are as follows:

7 6 5 4 3 2 1 0
0 0 0 0 IP3  |[IP2 |IP1 |IPO

The bit names are defined and used as follows:
. IPOto IP3 = Bits 0 to 3 of the digital input port.

. Bits 7 to 4= Board ID; these bits have a fixed value of 0000 for
DAS-16 Series boards.

DAC Output Registers (Base Address +4h to +7h)

DAC output registers are write only and in standard Lo/Hi-byte sequence.
DAC output registers are double-buffered so that the 12-bit DAC
converters are not updated until the second (high) byte is written. This
insures a single-step transition on the analog output of the DAC.

Note: DACs power up with OV out regardless of selected range. The
DAC output register data formats are true-binary and left-justified.

Base address +4h and +5h correspond to DAC 0; base address +6h and
+7h correspond to DAC 1.
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DACO

Bit assignments of base address +4h are as follows:

7 6 5 4 3 2 1 0
DD3 |DD2 |DD1 |DDO | X X X X

The bit names are defined and used as follows:
. X = Data insensitive.
. DDO to DD3= Four least significant bits of DACO data.

Bit assignments of base address +5h are as follows:

7 6 5 4 3 2 1 0
DD11 | DD10 | DD9 | DD8 |DD7 |DD6 |DD5 |DD4

The bit names are defined and used as follows:
. DD4 to DD11= Eight most significant bits of DACO data.

DAC1
Bit assignments of base address +6h are as follows:

7 6 5 4 3 2 1 0
DD3 DD2 DD1 |DDO | X X X X

The bit names are defined and used as follows:
. X = Data insensitive.
. DDO to DD3= Four least significant bits of DAC1 data.

Bit assignments of base address +7h are as follows:

DD11 | DD10 | DD9 | DD8 |DD7 |DD6 |DD5 |DD4

DAC Output Registers (Base Address +4h to +7h) C-7



The bit names are defined and used as follows:
. DD4 to DD11= Eight most significant bits of DAC1 data.

Status Register (Base Address +8h)

C-8

Status register A is read only and provides information on the operation
and configuration of the DAS-16 Series board. Writing to the status
register address clears the interrupt request.

Bit assignments of base address +8h are as follows:

7 6 5 4 3 2 1 0
EOC |[U/B |MUX |INT |MA3 |MA2 |MAl1l | MAO

The bit names are defined and used as follows:

. MAO to MA3 = Current multiplexer address. This is the MUX
address (channel number) of the next channel to be converted if EOC
= 0. The channel address changes about 400 ns after EOC goes high.
These status bits provide information on the setup for the next
conversion.

. INT = Interrupt status. A 1 in this bit position indicates that an ADC
conversion has taken place and an interrupt has been set. The state of
this bit is not gated by the interrupt enable bit in the DAS-16 Series
control register. A write of any value to the status register A location
clears the interrupt bit.

. MUX = Single-ended or differential. The bit value is controlled by
the position of the channel configuration (CHAN) switch.

Table C-2 defines the logic states of the MUX bit.

Table C-2. Logic State of Status Register A; MUX (Bit 5)

Channel Selection State

16-channel single-ende logic 1

8-channel differential | logic O
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. U/B = Unipolar/bipolar. This bit can be useful in scaling routines. The
U/B bit indicates whether the ADC input is operating in unipolar or
bipolar mode (as set by UNI/BIP switch). Table C-2 defines the logic
states of the U/B bit.

Table C-3. Logic State of Status Register; UB (Bit 6)

Mode Selection State
unipolar logic 1
bipolar logic O

. EOC = End of conversion. If EOC = 1, the ADC is busy. EOC =0
implies that the ADC is ready to perform the next conversion and the
ADC data registers contain valid data from the previous conversion.

Control Register (Base Address +9h)

The control register is read/write and controls the DAS-16 Series
operating modes. The control register is cleared on power-up (reset),
thereby disabling DMA, interrupt, and external A/D start modes.

Bit assignments of base address +9h are as follows:

7 6 5 4 3 2 1 0
INTE | IL2 IL1 ILO X DMAE | S1 SO

The bit names are defined and used as follows:

Control Register (Base Address +9h) C-9
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SO0 to S1= Pacer clock source. These bits control the pacer clock
source for the ADC. Table C-4 lists pacer clock sources selected by
the states of SO and S1.

Table C-4. Control Register: Pacer Clock Source Selection

S1 | SO | Pacer Clock Source

0 | X! | software start only

1 |0 | startonrising TRIGO

1 |1 | starton counter/timer output

1X = data insensitive.

Note: Regardless of the state of the SO and S1 bits, an A/D conversion
can always be initiated by a write to register ADO.

DMAE = Enable/Disable DMA. Direct memory access transfers are
enabled when DMAE = 1 and disabled when DMAE = 0.

Note: You must set up the computer’s DMA controller and page registers
before enabling DMA on a DAS-16 Series board.

X = This bit has no assigned function but can be written to and read
from.

ILO to IL2 = Interrupt level select. Selects the interrupt level for
processing interrupts. Avoid using a level already assigned to another
I/O device (for example, Level 6 is used by the floppy disk drive(s)).
Table C-5 lists the interrupt levels selected by the states of ILO
through IL2.
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Table C-5. Control Register:

Interrupt Level Selection Bits 4, 5, and 6

IL2 |IL1 |ILO

Interrupt Level

none (disabled)

none (disabled)

level 2

lewel 3

level 4

lewel 5

level 6

||, O O O O

0
1
0
1
0
1
0
1

Rl O O|FrR,|F, | O O

lewel 7

. INTE = Interrupt enable. This bit enables and disables the generation
of interrupts. Interrupts are enabled when INTE = 1 and disabled

when INTE = 0.

If INTE = 1 and DMAE = 0, an interrupt is generated at the end of
each A/D conversion when valid data is available. If INTE = 1 and
DMAE = 1, an interrupt is generated when a Terminal Count (T/C) is
received from the computer’s DMA controller to signify completion

of the DMA transfer.

Counter Enable Register (Base Address +Ah)

This 8-bit read/write register controls the operation of the following:

.« 82C54 counter/timer
. 100kHz pacer clock

The counter enable register is set to 00h upon power-up (reset).

DAS-16 Series boards use an Intel 82C54 programmable interval
counter/timer for pacing the ADC. Counters 1 and 2 of the 82C54 are
cascaded and are driven by a 1MHz or 10MHz switch-configurable clock

Counter Enable Register (Base Address +Ah)
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so that periods ranging from 10 microseconds to 0.12 pulses per hour for
10MHz and 1.192 pulses per hour for 1IMHz can be programmed.

When programming the board for A/D conversions using the internal
timer, bit 0 (CENO) of this register and the IPO/TRIG 0/XPCLK input
signal can be used to enable counters 1 and 2 of the 82C54, thereby
initiating A/D conversions. To accomplish this, bits CENO and IPO are
NANDed and the output is routed to counter gates 1 and 2 of the 82C54.

The function of CEN1 is somewhat different. When CEN1 and CTR 0
CLOCK IN are both high, counter 0 input of the 82C54 is internally
connected to a 100kHz clock source.

The CTR 0 CLOCK IN, CTR 0 GATE, and CTR 0 OUT of counter 0 are

all brought out to external connections, so that the counter can be used as
a waveform generator, a secondary timer, or a period counter using the
gate and internal clock.

By disabling the internal 100kHz clock (by setting CEN1 = 0), external
clock pulses can be connected to the CTR 0 CLOCK IN pin (21). In this
mode, counter O functions as an event counter, or if the CTR 0 GATE
input is connected to a timebase (for example, CTR 2 OUT), counter 0
can be used to determine frequency.

Bit assignments of base address +Ah are as follows:

X X X X X X CEN1 | CENO

The bit names are defined and used as follows:

. CENO =Counter/timer enable. In conjunction with the state of
IPO/TRIG 0/XPCLK, this bit enables and disables counters 1 and 2 to
provide a means of holding off trigger pulses from the counter/timer
to the ADC until IPO goes high. If CENO is low, IPO has no control
over the programmable interval timer.

When CENO is logic 0, the counter/timers are enabled.

When CENO is a logic 1 and IPO/TRIG 0/XPCLK is logic 0, the
counter/timers are enabled.
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When CENO is a logic 1 and IPO/TRIG 0/XPCLK is logic 1, the
counter/timers are disabled.

« CEN1=Counter 0 clock input control. If CEN1 = 0, then the external
clock input, CTR 0 CLOCK IN, is enabled. If CEN1 = 1 then counter
0 is connected to the 100kHz internal crystal clock.

This is useful if counter 0 is used for pulse width measurement, delay
generation, frequency synthesis, or a secondary timer.

. X =These bits have no assigned function but can be written to and
read from.

Programmable Gain (Base Address +Bh)

The programmable gain register is an 8-bit read/write register that sets the
gain of the programmable gain amplifier. Only the bottom two bits are
used, the upper six bits have no effect on the hardware and can be used by
the programmer for any other purpose. Note that the Programmable Gain
register is not cleared by power on reset, it must be explicitly loaded and
initialized by the user.

Bit assignments of base address +Bh are as follows:

X X X X X X GN1 |GNO

The bit names are defined and used as follows:

. GNO to GN1 =Gain code select bits. These are used to select
the gain.

Table C-6. Programmable Gain Register:
Gain Selection Bits 0 and 1

GN1 | GNO | DAS-16G1 Gain |DAS-16G2 Gain
0 0 1 1
0 1 10 2
1 0 100 4
1 1 500 8
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Programmable Interval Counter/Timer
(Base Addresses +Ch, +Dh, +Eh, +Fh)

The Intel 82C54 programmable interval counter/timer is a flexible device
consisting of three, independent, 16-bit, presettable down counters and a
control register. Table C-7 maps counter/timer registers to their addresses.

Table C-7. Counter/Timer Address Map

Address Register Type

Base Address +Ch | Counter O Read/Write
Base Address +Dh Counter 1 Read/Write
Base Address +Eh | Counter 2 Read/Write
Base Address +Fh Counter control Write Only

You can program each counter to divide by any integer in the range 2 to
65,535. Counters 1 and 2 are cascade-connected to form a 32-bit counter.
The counter/timer clock source is a 10MHz precision, crystal oscillator.
Principal uses of the 82C54 are as follows:

. A programmable timer for generating interrupts and clocking for
periodic A/D conversions.

. A variable-frequency square-wave generator for testing and
frequency synthesis.

. An event counter of external input pulses.
. Atime-delay generator.

Counter/Timer Control Register (Base Address +Fh)

Bit assignments of base address +Fh are as follows:

SC1 SCO RL1 RLO M2 M1 MO BCD
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The bit names are defined and used as follows:

. BCD =The BCD bit (0) can be used to program the counter to count
in binary (modulus 2) or binary coded decimal (modulus 10) modes.

Binary mode, with a full count of 65,535, provides a greater count
range than the BCD mode, which has a 9,999 full-scale range.

16-bit binary is enabled when BCD = 0 and 4-decimal decades is
enabled when BCD = 1.

. MO to M2 = These bits control the functionality of the counters as
shown in Table C-8.

Table C-8. 82C54 Counter/Timer Control Register:
Selecting Functionality

M2 | M1 | MO | Function

0 |0 |0 |Pulseon terminal count

0 |0 |1 | Programmable one-shot
xt |1 |0 |Rate generator

X |1 1 | Square wave generator

1 |0 |0 | Software triggered strobe
1 |0 |1 | Hardware triggered strobe

1 X = data insensitive

Programmable Interval Counter/Timer (Base Addresses +Ch, +Dh, +Eh, +Fh) C-15



. RLOto RL1 = Control the type of read/load operations performed on
counters, as shown in Table C-9.

Table C-9. 82C54 Counter/Timer Control Register:
Bits 4 and 5

RL1 | RLO | Operation

Counter latch

Read/load least significant byte (LSB)

Read/load most significant byte (MSB)

= k| O] O
| O | | O

Read/load least significant byte (LSB), followed by
most significant byte (MSB)

To minimize 1/O port usage, the 16-bit counters of the 82C54 can be
loaded or read by successive 8-bit writes or reads to the same I/O address
if the RLO and RL1 bits of the 82C54 counter/timer control register are
both set high.

In the IBM PC 80X86 architecture, setting RLO and RL1 both high is
usually the most convenient setting. Data is written in least
significant/most significant order and the 82C54 uses an internal flip-flop
to keep track of the byte order. It is important not to get this flip-flop out
of step when programming in this way (make sure your read/load
instructions are in pairs).

If you are programming an IBM PC AT in assembly language, make sure
that you put delays (short jumps) between back-to-back I/O instructions
for correct operation. This precaution is based on the design of the IBM
PC AT (see the IBM PC AT Technical Reference Manual) and does not
apply to the 8088-based PC and 8086-based PC XT.

If you attempt to read the counters “on the fly” at a high input frequency,
you will probably obtain erroneous data. This error is due partly to the
rippling of the counter during the read operation and partly to the fact that
the low and high bytes are read sequentially rather than simultaneously,
making it highly probable that carries are propagated from the low to high
byte during the read cycle.

C-16 Register-Level Address Map



To circumvent these problems, you can perforcounter latch operation

in advance of the read cycle. You can latch the counter by loading the RLO
and RL1 bits of the control register with Os, which instantaneously latches
the count of the selected counter in a 16-bit hold register.

An alternative method of counter latching (which has an advantage of
operating simultaneously on several counters) is to useahdback
Command

A subsequent read operation on the selected counter returns the held
value. Counter latching is the only way of correctly reading a counter “on
the fly” without disturbing the counting process. If you do not specify a
counter-latching operation, the counter itself is read. You can rely only on
directly read counter data if the counting operation is suspended while
reading (by removing the clock input or taking the counter gate low).

For each counter, you are required to specify in advance the type of read
or load operation that you intend to perform. You have a choice of
loading/reading the high or the low byte of the count, or the low byte
followed by the high byte.

This last mode is most generally used and is selected for each counter by
setting the RL1 and RLO bits to 1s. Subsequent read/load operations must
be performed in pairs in this sequence, otherwise the internal sequencing
flip-flop of the 82C54 gets out of step.

. SCO0 and SC1= These bits control counter selection, as shown in
Table C-10.

Table C-10. 82C54 Counter/Timer Control Register:
Readback Command

SC1 | SCO | Counter

0 0 0

0 1 1

1 0 2

1 1 Readback Command

Programmable Interval Counter/Timer (Base Addresses +Ch, +Dh, +Eh, +Fh) C-17



If the SCO and SC1 bits are both set to 1, you can perform two types of
operations. When CNT = 0 (see below), counters selected by CO through
C2 are latched simultaneously. When STA = 0, the counter status byte is
read on accessing the counter I/O location. The status byte provides
information on the current output state of the counter and its operating
configuration.

Readback Command Byte

The Readback Command Byte is returned when SC1 and SCO are 1. The
format of the readback command byte is as follows:

7 6 5 4 3 2 1 0
SC1 SCO CNT | STA C2 C1 Co 0

The bit names are defined and used as follows:

. COto C2= Select the counters that are affected by CNT and STA.
Table C-11 lists the bit conditions that select each counter.

Table C-11. Counter Status Byte Selection: Bits 0, 1, and 2

Cc2 |Cc1 | col selects

X X 1 Counter 0

X 1 X Counter 1

1 X X Counter 2

1X = data insensitive.

. STA =When set to 0, STA returns the Status Byte of the counter
selected by CO to C2.

« CNT =When set to 0, CNT latches the counter selected by CO to C2.
See Table C-11 for counter selected by CO to C2.

« SCO0 and SC1= The readback command occurs when SC1 and SCO
are both set to 1.
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Status Byte Format (Returned if STA =0)

The format of the status byte is as follows:

7 6 5 4 3 2 1 0

OUT | NC RL1 RLO M2 M1 MO BCD

With the exception of bits 6 and 7, the definitions are the same as those
defined at the beginning of this section. Bits 6 and 7 are defined and used
as follows:

« NC = Null count; indicates when the last count loaded into the
counter register has actually been loaded into the counter itself. The
exact time of load depends on the selected configuration. Until the
count is loaded into the counter itself, it cannot be read from the
counter.

. OUT = Current state of counter output.

Programmable Interval Counter/Timer (Base Addresses +Ch, +Dh, +Eh, +Fh) C-19
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The IBM PC DMA Structure

This appendix describes the DMA feature available to DAS-16 Series
boards.

A slide switch on the DAS-16 Series board selects between levels 1 or 3
for DMA operations. The factory configuration is for level 1. If you want
to use DMA and you have more than one Keithley board, or another card
which uses Channel 1, then you will need to slide the switch to select
Channel 3. If you are using an XT, the hard disk may be using level 3.
DMA operations are available for A/D conversions only.

To obtain a higher speed of data transfer, the IBM PC uses an Intel DMA
controller. The DMA controller improves transfer speed by moving data
directly between an I/O device and memory, bypassing the CPU.

The DMA controller provides four prioritized, direct-memory-access
(DMA) channels. Each channel responds to two control signals: a DMA
request (DRQ) and a DMA acknowledge (DACK).

The A/D on DAS-16/16F/16G is triggered by the programmable timer or
an external start pulse; it performs a conversion and issues two sequential
DRQs at the end of conversion. On receipt of each DACK, the two bytes
of data corresponding to each conversion are transferred to the memory
location put on the address bus by the DMA controller. This transfer
usually takes place in 5 to 9 microseconds and is undisturbed by
interrupts, etc. Since the A/D data is latched and held until the end of the
next conversion, the maximum sample rate is a minimum of 10
microseconds (A/D conversion time) for the transfer to take place. This is
more than enough time, even with activity on higher-priority DMA levels.

When the DMA controller receives a DRQ, it issues a hold request (HRQ)

to the 8088 CPU asking it to release the address and data bus to the DMA
controller chip. As soon as the CPU is able to do this (within one machine
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cycle), it responds by returning a hold acknowledge (HLDA) to the DMA
controller to tell it that it has the bus. The DMA controller then supplies
the memory address on the address bus, issues a DACK to the I/O device
to tell it to place its data on the data bus, and also provides simultaneous
I/0 read (IOR) and memory write pulses (MEMW) to effect the data
transfer. Control is then returned to the CPU for at least one machine
cycle before another DMA cycle is possible (this prevents the DMA
controller from hogging the bus).

The DMA controller handles a total of four DMA channels (three of
which are available on the expansion bus), as follows:

Table D-1. DMA Channels

DMA Level Function Signals Priority

0 Memory refresh Not on bus Highest
1 Not used DRQ1/DACK1

2 Floppy disk(s) DRQ2/DACK2

3 Hard disk (XT) DRQ3/DACK3 Lowest

Note: DMA Channel 0 is used by the system to perform a dummy read of
each memory location every 15 microseconds and thereby refresh the
dynamic memory. It is important not to interfere with the setup or
operation of Channel 0 as this may lead to loss of memory and a
computer crash.

. DMA Level 2 is always used by the floppy disk(s) to read/write data;
it cannot be shared with other devices.

. DMA Level 1 is not committed to any internal device and is generally
available on all versions of PCs; although, if you have them installed,
some local area network interfaces may use this level.

« On floppy-disk-only machines, DMA Level 3 is also free. If the PC
has a hard disk, Level 3 may be used by the hard disk, but depending
on the type of hard disk controller used it may be free. The hard-disk
controller card contains the fixed disk BIOS. Some manufacturers
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make use of block moves (MOVS), others use hardware DMA to
transfer data between the disk controller and DOS disk buffers in
memory. This is transparent to the user as the BIOS calls are
functionally identical. However, when you come to install another
peripheral that uses DMA, it is useful to know whether your
particular controller uses Level 3 or is free. Running LEV3.EXE
performs a check. If you find it is unused, then the DAS-16/16F/16G
can be safely set to this level.

The DAS-16/16F/16G may be operated on either of Levels 1 or 3. The
DMA level is selected by the slide switch marked DMA above gold edge
connector P1. Since the DAS-16/16F/16G is a relatively slow device in
terms of DMA service, the higher priority Level 1 offers little real
performance advantage over Level 3. Note also that until a DMA

operation is enabled on the DAS-16/16F/16G, the DMA request (DREQ)
line from the board is disabled (tri-state). You can therefore share it with
other devices on the same level as long as they are not enabled at the same
time.

Page Register and DMA Controller Functions

The DMA controller on the system board was designed in the days of
8-bit CPUs and 64K memories; it can handle only a 16-bit address
(A0-A15). Since the 8088 uses a 20-bit address bus, the high-order bits
(A16-A19) are provided by a set of supplemental registers for each DMA
level. These are known as the DMA page registers, and although there are
four DMA levels, there are only three page registers. DMA Level 0, used
internally for memory refresh, does not really require a page register

since it refreshes all pages regardless of the A16-A19 address bits. To
economize, it shares the same page register as Level 1. The page register
I/O locations are as follows:

Table D-2. DMA Page Register 1/0O Locations

DMA Level Page Register /O Location
Oand1 1 &H83
2 2 &H81
3 3 &H82

D-3



D-4

The DMA controller contains four registers that must also be initialized
before a DMA transfer. These are as follows:

1.

2
3.
4

Mode register: Controls type of operation.

Base & current address: Sets start memory address.
Word count: Sets number of transfers.

Mask: Enables/disables DMA levels.

In addition, a fifth register, the Command register, is set by the BIOS on
boot up and should not be altered.

Before a DMA operation can be started, all these registers must be
initialized. This is taken care of by DriverLINX; but, if you intend to

write your own driver, call the Technical Support Department for
guidance. In addition to setting up the DMA controller and page registers,
the DAS-16/16F/16G control register must also be loaded to enable the
DAS-16/16F/16G DMA hardware.
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