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WARRANTY

Hardware

Keithley Instruments, Inc. warrants that, for aperiod of three (3) years from the date of shipment, the Keithley Hardware product will be free from defects
in 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 the instructions for the product. This warranty 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 a defect. 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 thiswarranty, 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

conformin al material respects with the published specifications provided such Keithley Software is used on the product for which it isintended and other-

wise 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'sintended 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 thiswarranty 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 nonconfor-
mity. If Keithley determines 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 anonconformity 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, rechargeable 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 failureto follow
instructions.

Limitation of Warranty

This warranty does not apply to defects resulting from product modifi cation 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 MERCHANTABILITY AND FITNESSFORA 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 PROGRAM-
MING, OR (3) PENALTIES OR PENALTY CLAUSES OF ANY DESCRIPTION OR INDEMNIFICATION OF THE CUSTOMER OR OTHERS FOR
COSTS, DAMAGES, OR EXPENSES RELATED TO THE GOODS OR SERVICES PROVIDED UNDER THISWARRANTY.
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Safety Precautions

The following safety precautions should be observed before using
this product and any associated instrumentation. Although some in-
struments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read the operating information
carefully before using the product.

The types of product users are:

Responsible body istheindividual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that operators are adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuits.

Maintenance personnel perform routine procedures on the product
to keep it operating, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures aredescribed in
the manual. The procedures explicitly state if the operator may per-
form them. Otherwise, they should be performed only by service
personnel.

Service personnel aretrained to work on live circuits, and perform
safeinstallations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect
that hazardousvoltageispresent in any unknown circuit before
measuring.

Users of this product must be protected from electric shock at all
times. The responsible body must ensure that users are prevented
access and/or insul ated from every connection point. In some cases,
connections must be exposed to potential human contact. Product
users in these circumstances must be trained to protect themselves
from the risk of electric shock. If the circuit is capable of operating
at or above 1000 volts, no conductive part of the circuit may be
exposed.

As described in the International Electrotechnical Commission
(IEC) Standard IEC 664, digital multimeter measuring circuits
(e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and 2010) are
Installation Category 1. All other instruments' signal terminals are
Installation Category | and must not be connected to mains.

Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sourcesto switching cards, install protective devicesto lim-
it fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connect-
ed to a properly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAY S remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such asinstalling or removing jumpers.

Do not touch any object that could provide a current path to the
common side of the circuit under test or power line (earth) ground.
Always make measurements with dry hands while standing on a
dry, insulated surface capable of withstanding the voltage being
measured.



Theinstrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal levels of theinstrumentsand ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in aproduct, replace with sametype and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.

If you are using atest fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.

Ifa @ screw is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The A symbol on an instrument indicates that the user should re-
fer to the operating instructions located in the manual.

The A symbol on an instrument showsthat it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The WARNING heading in a manual explains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty.

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, replacement
componentsin mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliersas
long asthey are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled accordingtoin-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.
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Features

The KPCI-31014 Seriesisafamily of low-cost, multifunction data acquisition boards for the
PCI bus. The KPCI-3101-4 Series consists of the following boards: KPCI-3101, KPCI-3102,
KPCI-3103, and KPCI-3104. These board types differ in analog 1/O resolution, analog input
sample frequency, analog input ranges, and the number of analog output channels, as shown in
Table 1-1.

Table 1-1
Differences among KPCI-3101-4 Series boards
Analog I/0 | Analog Input Analog Input Analog Output
Board Type |Resolution Sample Frequency | Ranges! Channels
KPCI-3101 12 bit 225kHz +10V, Oto 10V 0
KPCI-3102 12 bit 225kHz +10V, 0 to 10V 2
KPCI-3103 12 bit 400kHz +10V, 0to 10V 0
KPCI-3104 |12 hit 400kHz +10V, 0to 10V 2

1 Assumesagain of 1. Using these ranges with gains of 2, 4, or 8 yields a number of effective input ranges; refer to
page 2-4 for more information.

All KPCI-3101—4 Series boards share the following major features:
e PCI bus mastering capability for analog inputs

* 16 single-ended or pseudo-differential analog input channels, or 8 differential analog input
channels (for information on pseudo-differential analog input channels, see* Connecting
pseudo-differential voltage inputs’ in Section 3)

e Signal conditioning through connections to 5B Series backplanes
e Inputgainsof 1,2,4,and 8
e Continuously-paced and triggered scan capability

e A 1024-location channel-gain list that supports sampling analog input channels at the same
or different gains in sequential or random order

e Upto 256 scans per trigger for atotal of 262,144 samples per trigger in triggered scan mode

« Internal and externa clock sources for the analog input subsystem

e Digital TTL triggering for the analog input subsystem

» Software calibration of the analog I/O circuitry

e Two 8-hit digital ports programmable as inputs or outputs on a per-port basis; digital input
lines from these lines can be included as part of the analog input channel-gain list to corre-

late the timing of analog and digital events; digital outputs can drive external solid-state
relays

* One 7-bit digital I/O port programmable as a general-purpose (non-clocked) input or output
port

« Four user counter/timers programmable for event counting, frequency measurement, rate
generation (continuous pulse output), one-shot pulse output, and repetitive one-shot pulse
output

* Programmable gate types
e Programmable pulse output polarities (output types) and duty cycles

For a discussion of these features in detail, refer to Section 2.
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DriverLINX software

The following software is available for use with the KPCI-3101—4 Series board:

KPCI-3101-4 Series standar d softwar e package — Shipped with KPCI-3101—4 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++, Visual Basic,
Delphi, and Test Point; LabVIEW support files; utility programs; and language-specific
example programs.

Driver LINX — the high-performance real -time data-acquisition device drivers for Windows
application development includes:

e DriverLINX API DLLs and drivers supporting the KPCI-3101—4 Series hardware
e Analog I/O Test Panel —aDriverLINX program that verifies the installation and opera-

tion of your KPCI-3101-4 Series board and demonstrates several virtual bench-top
instruments

e LearnDriverLINX —an interactive learning and demonstration program for DriverLINX
that includes a Digital Storage Oscilloscope

e Source Code —for the sample programs

* DriverLINX Application Programming Interface files—for the KPCI-31014 Series
interfaces

e DriverLINX Calibration Utility — used to calibrate the ADC and DAC functions of the
KPCI-3101-4 Series board

e DriverLINX On-line Help System — provides immediate help as you operate Driver-
LINX

e Supplemental Documentation — on DriverLINX installation and configuration; analog
and digital I/O programming; counter/timer programming; technical reference; and infor-
mation specific to the KPCI-3101—4 Series hardware.
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Viewing the KPCI-3101-4 series documentation online

The Driver LINX Manuals and this manual have been provided in electronic form (in PDF file
format) on the KPCI-3101-4 Series CD-ROM . To view these documents, you need to install Rev
3.01 or later of Adobe Acrobat Reader on your hard drive (refer to DriverLINX for installation
instructions).

View the KPCI-3101-4 Series documentation by clicking the manual title.
Here are afew helpful hints about using Adobe Acrobat Reader:
« To navigate to a specific section of the document, click a heading from the table of contents

on the left side of the document.

« Within the document, click the text shown in blue to jump to the appropriate reference (the
pointer changes from a hand to an index finger).

* To go back to the page from which the jump was made, click the right mouse button and Go
Back, or from the main menu, click View, then Go Back.

e To print the document, from the main menu, click File, then Print.

* Toincrease or decrease the size of the displayed document, from the main menu, click View,
then Zoom.

« By default, text and monochrome images are smoothed in Acrobat Reader, resulting in
blurry images. If you wish, you can turn smoothing off by clicking File, then Preferences/
General, and unchecking Smooth Text and M onochrome I mages.
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System requirements

Software

The system capabilities required to run the KPCI-3101-4 Series board, and to use the Driver-
LINX 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 PCl-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 Windowsfiles.

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

DriverLINX isthe basic Application Programming Interface (AP!) for the KPCI-31014 Series
boards:

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

e |t accomplishes foreground and background tasks to perform data acquisition.

« Itisthe needed interface between TestPoint and LabVIEW and a KPCI-3101—4 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 isan optional, fully featured graphical programming language used to create virtual
instrumentation.

Refer to Section 3, “Installation and Configuration” for more information about DriverLINX,
TestPoint, and LabView.
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Accessories

The following optional accessories are available for the KPCI-3101—4 Series board:

STA-300 screw terminal panel — Screw terminal panel with two connectors. The STP-300
includes features such as jumpers for selecting AMP LO connections for use with “pseudo-
differential” input; convenient locations for addition of bias return resisters for use when
measuring floating inputs in differential mode; convenient locations for current sense shunt
resistors for sensing current loops. Connector J1 accommodates the analog and digital 1/0
signals from the KPCI-3101—4 Series board, and connector J2 allows you to connect 5B sig-
nal conditioning backplanes. In addition, the STA-300, in conjunction with the CAB-305
cable, isthe configuration in which KPCI-3101-4 was tested for CE emissions.

STP-68 screw terminal panel — Screw terminal panel with one connector. The 68-pin con-
nector accommodates the analog and digital 1/0 signals from the KPCI-3101—4 Series board.
The screw terminals are wired so that when connected using a CAB-305 cable, the terminal
number corresponds to a terminal number on the attached plug-in board. The STP-68 is not
shielded and was not used in CE emission testing.

CAB-305 cable— A 2-meter, twisted pair, shielded cable that connects the 68-pin connector
(J2) on the KPCI-3101-4 Series board to the J1 connector on the STA-300 screw terminal
panel or to the 68-pin connector on the STP-68 screw terminal panel.
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This section describes the analog input, analog output, digital I/O, and counter/timer features of
the KPCI-3101—4 Series board. To frame the discussions, refer to the block diagram shown in
Figure 2-1. Note that bold entries indicate signals you can access.

Figure 2-1
Block diagram of the KPCI-3101-4 series boards
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Ch. Sel —p ~——P g pit Latch [7:0]
I DIO Port A
) Bidirectional <—>[7:0]
Gain Sel —p{ Gain Amp 8-bit Latch
1, 2,4,8)
~—— P4 User <_User Clk [3:0]
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n P Ser Da || P Multiplying Analog
put FIFO - *
DAC Output 0
,S_er_CIk DIO Port C [6:0
| PCI Bus Interface |- ort C [6:0]
PCI Bus *DACs not included on KPCI-3101,

or KPCI-3103 boards.

Analog input features

This section describes the features of the analog input (A/D) subsystem, including the following:

e Input resolution

e Anaog input channels

* Input ranges and gains

« A/D sample clock sources

* Analog input conversion modes

« Trigger sources and trigger acquisition modes
* Dataformats and transfer

e Error conditions
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Input resolution

Table 2-1 lists the input resolutions supported by the KPCI-3101-4 Series boards. The resolu-
tionisfixed for each board type; therefore, it cannot be programmed in software.

Table 2-1
Supported analog input resolutions
Board Type Supported Resolution
KPCI-3101 12 hits
KPCI-3102 12 bits
KPCI-3103 12 bits
KPCI-3104 12 bits

Analog input channels

The KPCI-3101-4 Series board supports 16 single-ended or pseudo-differential analog input
channels, or 8 differential analog input channels on board. Refer to Section 3, “Wiring signals”
for a description of how to wire these signals. You configure the channel type through Driver-
LINX software.

NOTE For pseudo-differential inputs, specify single-ended in software; in this
case, how you wire these signals determines the configuration. Choose
this configuration when noise or common-maode voltage (the difference
between the ground potentials of the signal source and the ground of the
STA-300 screw terminal panel or between the grounds of other signals)
exists and the differential configuration is not suitable for your applica-
tion. This option provides less noise rejection than the differential con-
figuration; however, all 16 analog input channels are available.

The KPCI-3101-4 Series board can acquire data from a single analog input channel or from a
group of analog input channels. Onboard channels are numbered 0 to 15 for single-ended and
pseudo-differential inputs or O to 7 for differentia inputs. The following subsections describe
how to specify the channels.

Specifying a single channel

The simplest way to acquire data from a single channel is to specify the channel for asingle
value analog input operation using software; refer to page 2-7 for more information on single
value operations.

You can also specify asingle channel using the analog input channel list, described in the next
section.
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Specifying one or more channels

On the KPCI-3101-4 Series board, you can read data from one or more analog input channels
using an analog input channel list. You can group the channelsin the list sequentialy (either
starting with 0 or with any other analog input channel) or randomly. You can also specify asin-
gle channel or the same channel more than once in the list.

Using DriverLINX software, specify the channelsin the order you want to sample them. The
analog input channel list corresponds to the Channel-Gain List FIFO (first-in, first-out buffer) on
the board. You can enter up to 1,024 entries in the channel list. The channels are read in order
(using continuous paced mode or triggered scan mode) from the first entry to the last entry in the
channdl list. You can read the channelsin the channel list up to 256 times per trigger (for atotal
of 262,144 samples per trigger) using triggered scan mode. Refer to page 2-7 for more informa-
tion on the supported conversion modes.

Specifying digital input lines in the analog input channel list

In addition to the analog input channels, the KPCI-3101—4 Series board allows you to read 16
digital 1/O lines (Port A, lines 0 to 7 and Port B, lines 0 to 7) using the analog input channel list.
Thisfeature is particularly useful when you want to correlate the timing of analog and digital
events.

To read these 16 digital 1/0 lines, specify channel 0 in the DriverLINX analog input channel list
with aspecial gain modifier. Refer to the Driver LINX Analog 1/O Programming Guide, provided
with DriverLINX.

NOTE If channel 0 is programmed with digital capabilitiesand is the only
channel in the channel-gain list, the board can read this channel at a
rate of SMSamples/s. Refer to the Driver LINX Analog I/O Programming
Guide, provided with DriverLINX.

The digital channel istreated like any other channel in the analog input channel list; therefore,
all the clocking, triggering, and conversion modes supported for analog input channels are sup-
ported for these digital 1/0 lines, if you specify them in this manner.

Input ranges and gains

Each channel on the KPCI-3101, KPCI-3102, KPCI-3103, and KPCI-3104 board can measure
unipolar and bipolar analog input signals. A unipolar signal is always positive (0 to 10V on a
KPCI-31014 Series board), while a bipolar signal extends between the negative and positive
peak values (+10V on a KPCI-3101-4 Series board).

Through software, specify the range as 0 to 10V for unipolar signals or =10V to +10V for bipo-
lar signals. Note that you specify the range for the entire analog input subsystem, not the range
per channel.
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KPCI-3101-4 Series boards provide gains of 1, 2, 4, and 8, which are programmabl e per chan-
nel. Table 2-2 lists the effective ranges supported by the KPCI-3101-4 Series board using these

gans.

Table 2-2

Gains and effective ranges

Unipolar Analog |Bipolar Analog
Gain |Input Range Input Range
1 0to 10V +10vV
2 Oto5V 5V
4 Oto 2.5V +2.5V
8 0to1.25V +1.25V

For each channel, choose the gain that has the smallest effective range that includes the signal
you want to measure. For example, if the range of your analog input signal is+1.5V, specify a
range of =10V to +10V for the board and use again of 4 for the channel; the effective input
range for this channel isthen £2.5V, which provides the best sampling accuracy for that channel.

The way you specify gain depends on how you specified the channels, as described in the fol -
lowing subsections.

Specifying the gain for a single channel

The simplest way to specify the gain for a single channel isto specify the gain for asingle value
analog input operation using software; refer to page 2-7 for more information on single value
operations.

You can also specify the gain for a single channel using an analog input gain list, described in
the next section.

Specifying the gain for one or more channels

For KPCI-3101-4 Series boards, you can specify the gain for one or more analog input channels
using an analog input gain list. Using software, set up the gain list by specifying the gain for
each entry in the channel list. The gain list parallels the channel list. (The two lists together are
often referred to as the channel-gain list.)

For example, assume the analog input channel list contains three entries: channels 5, 6, and 7;
the gain list might look like this: 2, 4, 1, where again of 2 corresponds to channel 5, again of 4
corresponds to channel 6, and again of 1 corresponds to channel 7.

NOTE For analog input channel 0 programmed with digital capabilities (the 16
digital 1/0 lines). Refer to the Driver LINX Analog 1/0 Programming
Guide, provided with DriverLINX.
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A/D sample clock sources

The KPCI-3101-4 Series board provides two clock sourcesfor pacing analog input operationsin
continuous mode:

* Aninterna A/D sample clock that usesthe 24-bit A/D Counter on the board; and

* Anexterna A/D sample clock that you can connect to the screw terminal panel.

You use an A/D sample clock to pace the acquisition of each channel in the channel-gain list;
this clock is also called the A/D pacer clock.

NOTE If you specify Digital Capabilities for channel 0, the A/D sample clock
(internal or external) also paces the acquisition of the 16 digital input
lines. Refer to the DriverLINX Analog I/O Programming Guide, pro-
vided with DriverLINX.

The following subsections describe the internal and external A/D sample clocks in more detail.

Internal A/D sample clock

Theinternal A/D sample clock uses a20MHz time base. Conversions start on the falling edge of
the counter output; the output pulseis active low.

Using software, specify the clock source asinternal and the clock frequency at which to pace the
operation. The minimum frequency supported is 1.2Hz (1.2 Samples/s); the maximum fre-
guency supported differs depending on the board type, as shown in Table 2-3.

Table 2-3

Maximum frequency supported

Board Type Maximum Frequency
KPCI-3101 225kHz

KPCI-3102 225kHz

KPCI-3103 400kHz

KPCI-3104 400kHz

According to sampling theory (Nyquist Theorem), specify afrequency that is at least twice as
fast asthe input’s highest frequency component. For example, to accurately sample a 20kHz sig-
nal, specify a sampling frequency of at least 40kHz. Doing so avoids an error condition called
aliasing, in which high frequency input components erroneously appear as lower frequencies
after sampling.

NOTE If input channel 0 is programmed for Digital Capabilities, and isthe
only channel programmed, the maximum frequency is 3MHz
(B3MSampleg/s). Refer to the DriverLINX Analog 1/O Programming
Guide, provided with DriverLINX.
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External A/D sample clock

The external A/D sample clock is useful when you want to pace acquisitions at rates not avail-
able with the internal A/D sample clock or when you want to pace at uneven intervals.

Connect an external A/D sample clock to screw terminal TB48 on the STA-300 screw terminal
panel (pin 22 on connector J1). Conversions start on the falling edge of the external A/D sample
clock input signal.

Using software, specify the clock source as external. (Refer to the DriverLINX Analog 1/0 Pro-
gramming Guide provided with DriverLINX.) For the KPCI-3101—4 Series board, the clock fre-
quency is always equal to the frequency of the external A/D sample clock input signal that you
connect to the board through the screw terminal panel.

Analog input conversion modes

KPCI-3101-4 Series boards support the following conversion modes:

e Singlevalue operations are the simplest to use but offer the least flexibility and efficiency.
Using software, you can specify the range, gain, and analog input channel (among other
parameters); acquire the data from that channel; and convert the result. The datais returned
immediately. For asingle value operation, you cannot specify a clock source, trigger source,
trigger acquisition mode, scan mode, or buffer.

Single value operations stop automatically when finished; you cannot stop a single value
operation.

e Scan mode takes full advantage of the capabilities of the KPCI-3101—4 Series boards. In a
scan, you can specify achannel-gain list, clock source, trigger source, trigger acquisition
mode, scan mode, buffer, and buffer wrap mode using software. Two scan modes are sup-
ported: continuously-paced scan mode and triggered scan mode. These modes are described
in the following subsections.

Using DriverLINX software, you can stop a scan when the hardware fills the host buffer you
specified or when your application issues a stop command.

Continuously-Paced scan mode

Use continuously-paced scan mode if you want to accurately control the period between conver-
sions of individual channelsin a scan.

When it detects an initia trigger, the board cycles through the channel-gain list, acquiring and
converting the value for each entry in the channel list (this processis defined as the scan). The
board then wraps to the start of the channel-gain list and repeats the process continuously until
either the allocated buffers are filled or until you stop the operation. Refer to page 2-14 for more
information on buffers.

The conversion rate is determined by the frequency of the A/D sample clock; refer to page 2-6
for more information on the A/D sample clock. The samplerate, which istherate at which asin-
gle entry in the channel-gain list is sampled, is determined by the frequency of the A/D sample
clock divided by the number of entriesin the channel-gain list.

To select continuously-paced scan mode, use software to specify the dataflow as continuous,
continuous pre-trigger, or continuous about-trigger. The initial trigger source depends on the
trigger acquisition mode you use. Refer to page 2-10 for more information on the supported trig-
ger sources and trigger acquisition modes.
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Triggered scan mode

KPCI-3101-4 Series boards support two triggered scan modes: internally-retriggered and
externally-retriggered. These modes are described in the following subsections.

Internally-Retriggered Scan Mode

Useinternally-retriggered scan mode if you want to accurately control both the period between
conversions of individual channelsin a scan and the period between each scan. Thismodeis
useful when synchronizing or controlling external equipment, or when acquiring abuffer of data
on each trigger or retrigger. Using this mode, you can acquire up to 262,144 samples per trigger
(256 times per trigger x 1024-location channel-gain list).

When it detects an initia trigger, the KPCI-3101—4 Series board scans the channel-gain list a
specified number of times (up to 256), then waits for an internal retrigger to occur. When it
detects an internal retrigger, the board scans the channel-gain list the specified number of times,
then waits for another internal retrigger to occur. The process repeats continuously until either
the allocated buffers are filled or until you stop the operation; refer to page 2-14 for more infor-
mation on buffers.

The samplerate is determined by the frequency of the A/D sample clock divided by the number
of entriesin the channel-gain list; refer to page 2-6 for more information on the A/D sample
clock. The conversion rate of each scan is determined by the frequency of the internal retrigger
clock. Theinternal retrigger clock isthe Triggered Scan Counter on the board; the Triggered
Scan Counter is a 24-bit counter with a20 MHz clock.

Using DriverLINX software, specify the frequency of theinternal retrigger clock. The minimum
retrigger frequency is 1.2Hz (1.2 Samples/s). Table 2-4 lists the maximum retrigger frequency
supported by the KPCI-3101—4 Series boards.

Table 2-4
Maximum retrigger frequency
Maximum
Board Retrigger Frequency

KPCI-3101/3102 | 155kHz
KPCI-3103/3104 |219kHz

The appropriate retrigger frequency depends on a number of factors, determined by the follow-

ing equations:
_ [No of CGL entries x No. of CGL s per trigger
Min. Retrigger Period = A/D sample clock frequency * zu%
1

Max. Retrigger =

Frequency Min. Retrigger Period

For example, if you are using 16 channelsin the channel-gain list (CGL), scanning the channel-
gain list 256 times every trigger or retrigger, and using an A/D sample clock with afrequency of
100kHz, set the maximum retrigger frequency to 24.41Hz, since

1

[(16x 256) ,
0 100kHz | *2 %

24.41Hz =
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To select internally-retriggered scan mode, use software to specify the following parameters:

e The dataflow as continuous, continuous pre-trigger, or continuous about-trigger

« Triggered scan mode usage as enabled

e Theretrigger mode asinterna

« The number of times to scan per trigger or retrigger (also called the multiscan count)
* Thefrequency of the retrigger clock

Theinitia trigger source depends on the trigger acquisition mode you use; refer to page 2-10 for
more information on the supported and trigger sources and trigger acquisition modes.

Externally-Retriggered scan mode

Use externally-retriggered scan mode if you want to accurately control the period between con-
versions of individual channels and retrigger the scan based on an external event. Like internal
retrigger scan mode, this mode allows you to acquire 262,144 samples per trigger (256 times per
trigger€x1024-location channel-gain list).

NOTE Use externally-retriggered scan mode with continuous post-trigger
acquisitions only; refer to page 2-10 for more information on post-
trigger acquisitions.

When aKPCI-3101-4 Series board detects an initial trigger (post-trigger source only), the board
scans the channel-gain list up to 256 times, then waits for an external retrigger to occur. You can
specify any supported post-trigger source astheinitia trigger. Specify the external digital (TTL)
trigger for the retrigger.

When the retrigger occurs, the board scans the channel-gain list the specified number of times,
then waits for another external retrigger to occur. The process repeats continuously until either
the allocated buffers arefilled (if buffer wrap mode is none) or until you stop the operation (if
buffer wrap mode is single or multiple); refer to page 2-14 for more information on buffers.

The conversion rate of each channel is determined by the frequency of the A/D sample clock;
refer to page 2-6 for more information on the A/D sample clock. The conversion rate of each
scan is determined by the period between external retriggers; therefore, it cannot be accurately
controlled. The board ignores external triggers that occur whileit is acquiring data. Only exter-
nal retrigger events that occur when the board iswaiting for aretrigger are detected and acted
on.

To select externally-retriggered scan mode, use software to specify the following parameters:

e The dataflow as continuous (post-trigger)

* Thetriggered scan mode usage as enabled

e Theretrigger mode as an external retrigger

* The number of timesto scan per trigger or retrigger (also called the multiscan count)
The retrigger source as the external digital (TTL) trigger
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Triggers

A trigger is an event that occurs based on a specified set of conditions. The KPCI-3101—4 Series
boards support a number of trigger sources and trigger acquisition modes, described in the fol-
lowing subsections.

Trigger sources

The KPCI-3101-4 Series board supports a software trigger and an external digital (TTL) trigger.

A softwaretrigger event occurs when you start the analog input operation (the computer issuesa
write to the board to begin conversions). Specify the software trigger source in software.

An external digital trigger event occurs when the KPCI-3101—4 Series board detects either aris-
ing or falling edge on the External TTL Trigger input signal connected to screw terminal TB46
on the STA-300 screw terminal panel (pin 56 of connector J1). Thetrigger signal is TTL-com-
patible. Using software, specify the trigger source as arising-edge external digital trigger or fall-
ing-edge external digital trigger.

Trigger acquisition modes

KPCI-3101-4 Series boards can acquire data in post-trigger mode, pre-trigger mode, or about-
trigger mode. These trigger acquisition modes are described in more detail in the following sub-
sections.

Post-Trigger acquisition

Use post-trigger acquisition mode (continuous mode) when you want to acquire datawhen a
post-trigger or retrigger, if using triggered scan mode, occurs.

Using DriverLINX software, specify

e The dataflow as continuous, and

« Thetrigger source to start the post-trigger acquisition (the post-trigger source) as any of the
supported trigger sources.

Refer to page 2-7 for more information on the supported conversion modes; refer to page 2-10
for information on the supported trigger sources.

Post-trigger acquisition starts when the board detects the post-trigger event and stops when the
specified number of post-trigger samples has been acquired or when you stop the operation.

If you are using triggered scan mode, the board continues to acquire post-trigger data using the
specified retrigger source to clock the operation. Refer to page 2-8 for more information on trig-
gered scan mode.

Figure 2-2 illustrates continuous post-trigger mode using a channel-gain list with three entries:
channel 0, channel 1, and channel 2. Triggered scan mode is disabled. In this example, post-
trigger analog input datais acquired on each clock pulse of the A/D sample clock. When it
reaches the end of the channel-gain list, the board wraps to the beginning of the channel-gain list
and repeats this process. Datais acquired continuously (continuously-paced scan mode).
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Figure 2-2
Continuous post-trigger mode without triggered scan

Chan 0 Chan2 Chan0 Chan2 Chan0 Chan2 Chan0 Chan2
' : Chan 1 : : Chan 1 :

: Chan 1 ! : Chan 1 |
Sample
Clock
. Post-trigger data acquired
Post-trigger event occurs. continuously.

Figure 2-3 illustrates the same exampl e using triggered scan mode (either internally or exter-
nally retriggered). The multiscan count is 2, indicating that the channel-gain list will be scanned
twice per trigger or retrigger. In this example, post-trigger analog input datais acquired on each
clock pulse of the A/D sample clock until the channel-gain list has been scanned twice; then, the
board waits for the retrigger event. When the retrigger event occurs, the board scans the channel -
gain list twice more, acquiring data on each pulse of the A/D sample clock. The process repeats
continuously with every specified retrigger event.

Figure 2-3
Continuous post-trigger mode with triggered scan
Chan 0 Chan2 Chan0O Chan2 Chan 0 Chan2 Chan0 Chan 2
lchan1 | | Chan1 | lchan1 |  iChani |
Sample

Clock

Board waits for

Post-trigger event occurs; . Retrigger event occurs;
retrigger event.

post-trigger data acquired for post-trigger data acquired for
two scans of the CGL. two scans of the CGL.

Pre-Trigger acquisition

Use pre-trigger acquisition mode (continuous pre-trigger mode) when you want to acquire data
before a specific external event occurs.

Using software, specify:

* The dataflow as continuous pre-trigger

* The pre-trigger source as the software trigger

* The post-trigger source as the external digital (TTL) trigger

« Theretrigger mode as the internal retrigger (if you are using triggered scan mode)

Refer to page 2-7 for more information on the supported conversion modes; refer to page 2-10
for information on the supported trigger sources.

NOTE When using pre-trigger acquisition, you cannot use externally-
retriggered scan mode; refer to page 2-8 for more information on
triggered scan mode.
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Pre-trigger acquisition starts when you start the operation and stops when the board detects the
selected post-trigger source, indicating that the first post-trigger sample was acquired (this sam-
pleisignored).

If you are using internally-retriggered scan mode and the post-trigger event has not occurred, the
board continues to acquire pre-trigger data using the internal retrigger clock to clock the opera-
tion. When the post-trigger event occurs, acquisition stops. Refer to page 2-8 for more informa-
tion on internally-retriggered scan mode.

Figure 2-4 illustrates continuous pre-trigger mode using a channel-gain list of three entries:
channel O, channel 1, and channel 2. In thisexample, pre-trigger analog input datais acquired on
each clock pulse of the A/D sample clock. When it reaches the end of the channel-gain list, the
board wraps to the beginning of the channel-gain list and repeats this process. Datais acquired
continuously until the post-trigger event occurs. When the post-trigger event occurs, acquisition
stops.

Figure 2-4
Continuous pre-trigger mode

Chan 0 Chan2 Chan0 Chan2 ChanO

|
Chanl | {Chan1 | !
A/D
Sample
Clock
Pre-trigger data acquired. .
Acquisition stops.
> q p
Pre-trigger event occurs. Post-trigger event occurs.

Figure 2-5 illustrates the same example using internally-retriggered scan mode. The multiscan
count is 2, indicating that the channel-gain list will be scanned twice per trigger or retrigger. In
this example, pre-trigger analog input datais acquired on each clock pulse of the A/D sample
clock until the channel-gain list has been scanned twice; then, the board waits for the internal
retrigger event. When the internal retrigger occurs, the process repeats. Acquisition stops when
the post-trigger event occurs.

Figure 2-5
Continuous pre-trigger mode with triggered scan
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AID
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Board waits for
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pre-trigger data is acquired pre-trigger data is occurs; acquisition

for two scans of the CGL. acquired until post- stops.
trigger event occurs.
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About-Trigger acquisition

Use about-trigger acquisition mode (continuous about-trigger mode) when you want to acquire
data both before and after a specific external event occurs. This operation is equivalent to doing
both a pre-trigger and a post-trigger acquisition.

Using software, specify:

e The dataflow as continuous about-trigger

e The pre-trigger source as the software trigger

e The post-trigger source as the external digital (TTL) trigger

« Theretrigger mode asthe internal retrigger (if you are using triggered scan mode)

Refer to page 2-7 for more information on the supported conversion modes; refer to page 2-10
for information on the supported trigger sources.

NOTE When using about-trigger acquisition, you cannot use externally-
retriggered scan mode; refer to page 2-8 for more information on
triggered scan mode.

The about-trigger acquisition starts when you start the operation. When it detects the selected
post-trigger event, the board stops acquiring pre-trigger data and starts acquiring post-trigger
data

If you are using internally-retriggered scan mode and the post-trigger event has not occurred, the
board continues to acquire pre-trigger data using the internal retrigger clock to clock the opera-
tion. If, however, the post-trigger event has occurred, the board continues to acquire post-trigger
data using the internal retrigger clock to clock the operation.

The about-trigger operation stops when the specified number of post-trigger samples has been
acquired or when you stop the operation. Refer to page 2-8 for more information on internally-
retriggered scan mode.

Figure 2-6 illustrates continuous about-trigger mode using a channel-gain list of two entries:
channel 0 and channel 1. In this example, pre-trigger analog input data is acquired continuously
on each clock pulse of the A/D sample clock until the post-trigger event occurs. When the post-
trigger event occurs, post-trigger analog input datais acquired continuously on each clock pulse
of the A/D sample clock.

Figure 2-6
Continuous about-trigger mode
Chan 0 Chan 0 Chan 0 Chan 0 Chlan 0 ChanI 0
|
: Chan 1 : Chan 1 : Chan 1 | Chan1 [Chanl | Chan1
A/D
Sample
Clock
Pre-trigger data acquired Post-trigger data acquired
- - | - |

Pre-trigger event occurs Post-trigger event occurs
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Figure 2-7 illustrates the same example using internally-retriggered scan mode. The multiscan
count is 2, indicating that the channel-gain list will be scanned twice per trigger or retrigger. In
this example, pre-trigger analog input data is acquired on each clock pulse of the A/D sample
clock for two scans; then, the board waits for the internal retrigger event. When the internal
retrigger occurs, the board begins acquiring pre-trigger data until the post-trigger event occurs.
Then, the board finishes scanning the channel-gain list the specified number of times, acquiring
the data as post-trigger samples. On all subsequent internal retriggers, post-trigger datais

acquired.
Figure 2-7
Continuous about-trigger mode with triggered scan
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Data format

KPCI-31014 Series boards use offset binary data encoding to represent signals.

In DriverLINX software, the analog input value is returned as a code or voltage depending on
user input. DriverLINX provides single-value and buffer methods to convert between voltages
and analog codes. The single-value functions are Volts2Code and Code2Volts. Refer to
DriverLINX manuals provided with DriverLINX.

Data transfer

The board packs two input samples (an even and an odd sample) into each transfer to the host

computer. Samples corresponding to entries 0, 2, 4, and so on, in the channel-gain list are con-
sidered even samples; samples corresponding to entries 1, 3, 5, and so on, in the channel-gain

list are considered odd samples.

Using flags internally, the board determines whether the acquired samples are pre-trigger or
post-trigger samples. These flags are not transferred to the host computer. The host computer can
read the register on the board to determine where the post-trigger data starts. Note that the host
computer cannot read data directly from the board; the data must be transferred to the host
computer.

Using PCI bus mastering, the board transfers the analog input datato a 256KB circular buffer in
the host compulter; this buffer is dedicated to the hardware. Therefore, unlike ISA and EISA
boards, the KPCI-3101—4 Series board requires no DMA resources. The board treats each buffer
as two consecutive 128K B blocks of memory.
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NOTE When you stop an analog input operation, a final block of two samplesis
transferred even if only one sampleis required. The host software
ignores the extra sample.

DriverLINX accesses the KPCI-3101—4 hardware circular buffer to fill user buffers that you
alocate in software. It is recommended that you allocate a minimum of three buffers for analog
input operations, and the stop events controlling them. Refer to DriverLINX manuals for more
information.

« If “Counter/Timer Event” is specified, datais written to the alocated buffers until no more
empty buffers are available; at that point, the operation stops.

« [If “Command,” “Digital,” or “Analog” event is specified, datais written to the allocated mul-
tiple buffers continuously; when no more empty buffers are available, the board overwrites
the datain thefilled buffers starting with the first location of the first buffer. This process
continues indefinitely until you stop it.

* If you set “Buffers=1" in DriverLINX, (usually not recommended for analog input opera-
tions), datais written to a single buffer continuously; when the buffer isfilled, the board
overwrites the datain the buffer starting with the first location of the buffer. This process
continues indefinitely until you stop it.

Error conditions

The KPCI-3101-4 Series board can report the following anal og input error conditions to the host
computer:

e A/D Over Sample — Indicates that the A/D sample clock rateistoo fast. Thiserror is
reported if anew A/D sample clock pulse occurs whilethe ADC is busy performing a con-
version from the previous A/D sample clock pulse. The host computer can clear thiserror. To
avoid this error, use a slower sampling rate.

e Input FIFO Overflow — Indicates that the analog input dataiis not being transferred fast
enough from the Input FIFO across the PCI bus to the host computer. This error is reported
when the Input FIFO becomes full; the board cannot get access to the PCI bus fast enough.
The host computer can clear this error, but the error will continue to be generated if the I nput
FIFO istill full. To avoid this error, close other applications that may be running while you
are acquiring data. If this has no effect, try using acomputer with afaster processor or reduce
the sampling rate.

e Host Block Overflow — Indicates that the host computer is not handling data from the
board fast enough. This error isreported if the board completes the transfer of ablock of
input datato the circular buffer in the host computer before the host computer has finished
reading the last block of data. The host computer can clear this error. To avoid this error,
ensure that you allocated at |east three buffers at least as large as the sampling rate; for exam-
ple, if you are using a sampling rate of 100kSamples/s (100kHz), specify a buffer size of
100,000 samples).

If any of these error conditions occurs, the board stops acquiring and transferring data to the host
computer.

NOTE DriverLINX reports any of these errorsasa “ DATA LOST” message.
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Analog output features

An analog output (D/A) subsystem is provided on the KPCI-3102 and KPCI-3104 boards only.
This section describes the following features of the D/A subsystem:

* Output resolution

e Analog output channels

« Output ranges and gains

e Conversion modes

« Dataformats and transfer

e Error conditions

Output resolution

Table 2-5 lists the output resol utions supported by the KPCI-3102 and KPCI-3104 boards. The
resolution is fixed for each board type; therefore, it cannot be programmed in software.

Table 2-5
Supported analog output resolutions
Board Type Supported Resolution
KPCI-3102 12 hits
KPCI-3104 12 hits
Analog output channels

The KPCI-3102 and KPCI-3104 boards support two serial, multiplying, DC-level analog output
channels (DACO and DAC1). Refer to Section 3, “Installation and Configuration” for informa-
tion on how to wire analog output signals to the board using the screw terminal panel. You con-
figure the channel type as differential through software.

Within each DAC, the digital datais double-buffered to prevent spurious outputs, then output as
an analog signal. Both DACs power up to avaue of OV £10mV. Resetting the board does not
clear the valuesin the DACs.

The KPCI-3101-4 Series board can output data from a single analog output channel only. Spec-
ify the channel for asingle value analog output operation using software. Refer to “Analog out-
put conversion modes’ on this page for more information on single value operations.

Output ranges and gains

For the KPCI-3102 and KPCI-3104 board, you can specify one of the following ranges for each
DAC using software: £10V, 0 to 10V, 5V, or 0 to 5V.

In software, specify again of 1 for analog output operations.
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Analog output conversion modes

KPCI-3102 and KPCI-3104 boards can perform single value operations only. Use software to
specify the range, gain, and analog output channel (among other parameters), then output the
data from the specified channel. You cannot specify a clock source, trigger source, or buffer.

Single value operations stop automatically when finished; you cannot stop asingle value
operation.

Data format

Data from the host computer must use offset binary data encoding for analog output signals.
DriverLINX convertsthis* native format” to a hardware-independent format so that applications
can use the numeric operations that are intrinsic to most high-level languages. A DriverLINX
Service Request may be used for several types of data conversions (such asVVOLTS2CODE con-
version that converts analog voltage to D/A code). Because the data values depend on the
selected gain at the time of the data transfer, you should use DriverLINX to convert the data, as
it takes the gain properties of the Service Request into account.

NOTE Refer to the DriverLINX Analog 1/0 Programming Guide, provided with
DriverLINX.

Digital I/O features

This section describes the following features of the digital 1/0 subsystem:

e Digita I/Olines
* Combining or Splitting Logical Channels
e Using Single Vaue and Continuous Digital Input

Digital 1/O lines

KPCI-3101-4 Series boards support 23 digital 1/O lines through the digital input (DIN) and out-
put (DOUT) subsystems; DIN and DOUT subsystems use the same digital 1/O lines. These lines
are divided into the following ports:

e PortA,linesOto 7

e PortB,linesOto7

e PortC,linesOto 6

You can use each port for either input or output; all lines within a port have the same
configuration. For example, if you use Port A as an input port, lines 0 to 7 of Port A are

configured asinputs. Likewise, if you use Port C as an output port, lines 0 to 6 of Port C are
configured as outputs.

DriverLINX letsyou dynamically reconfigure digital 1/O portsat runtime using a“Digital Setup
Event.” Refer to DriverLINX Digital 1/0 Programming Guide for information and limitations of
this function.

For fast, clocked digital input operations, you can enter the digital 1/0 lines from PortsA and B
as achannel in the analog input channel list; refer to page 2-4 for more information.

By default, the digital 1/0 lines power up as digital inputs. On power up or reset, no digital data
is output from the board.
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Combining or splitting logical channels

DriverLINX supports a software extension to Logical Channel addressing that allows applica-
tions to combine adjacent Logical Channelsinto asingle channel or split aLogical Channel into
smaller addressable parts. For instance, applications can address individual bits on the digital
1/O ports or read and write multiple channels with a single operation.

In DriverLINX, “Native” units refer to the hardware-defined digital channel size (8 bits for
KPCI-3101-4). When using extended Logical Channel addressing, DriverLINX groups digital
bits in units defined by a size code and then assigns consecutive channel numbers starting from
zero.

For example, with three 8-bit ports the following channel addresses are supported for each size

code.

Table 2-6

Extended channel addressing of digital 1/0O channels using DriverLINX
Unit Channels Address (dec) Address (hex)
native 0.2 0.2 0.2

bit 0..23 4096..4199 1000..1017

half nibble 0.11 8192..8203 2000..200B
nibble 0.5 12288..12293 3000..3005
byte 0.2 16384..16386 4000..4002
word 0.1 20480..20481 5000..5001

Refer to DriverLINX Digital 1/0 Programming Guide for information and limitations of this
extended channel addressing function.

Using single value and continuous digital input

DriverLINX uses the Digital 1/0 Subsystem for single value outputs. For continuous digital
input, DriverLINX usesthe Analog /O subsystem (see “ Specifying digital input linesin the ana-
log input channel list,” starting on page 2-4).

* Single value operations stop automatically when finished; you cannot stop asingle value
operation.

e Continuousdigital input takesfull advantage of the capabilities of the KPCI-3101-4 Series
board. Program the digital input lines of PortsA and B asAnalog Input Channel O; enter the
inputs through the DriverLINX A/D subsystem. You will assign a special gain code to this
channel to distinguish it as digital. You can specify parameters such as clock source, scan
mode, and trigger source for the digital input operation. Refer to page 2-4 for more informa-
tion on specifying digital input lines for a continuous digital input operation. Refer to Using
DriverLINX with Your Hardware, provided with DriverLINX, for information about this
function.
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Counter/Timer features

The counter/timer circuitry on the board provides the clocking circuitry used by the A/D sub-
system as well as several user counter/timer features. This section describes the following user
counter/timer features:

« Counter/timer channels

e CIT clock sources

* Gatetypes

e Pulsetypesand duty cycles

= Counter/timer operation modes

Counter/Timer channels

The KPCI-3101-4 Series board supports four user 16-bit counter/timer channels (called
counters); counters are numbered 0, 1, 2, and 3.

Figure 2-8
Counter/Timer channel

Clock Input Signal
(internal, external, or |———9»| Counter — -

internally cascaded)

Gate Input Signal
(software or
external input)

Pulse Output
Signal

Each counter corresponds to a counter/timer (C/T) subsystem. To specify the counter to usein
software, specify the appropriate C/T subsystem. For example, counter O correspondsto C/T
subsystem element O; counter 3 corresponds to C/T subsystem element 3.

Using software, you can internally route the clock output signal from one user counter to the
clock input signal of the next user counter to internally cascade the counters. In this way, you
can create a 32-hit counter without externally connecting two counters together.

C/T Clock sources

The following clock sources are available for the user counters:

e |nternal C/T clock
e External C/T clock
* Internally cascaded clock

Refer to the following subsections for more information on these clock sources.
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Internal C/T clock

Theinternal C/T clock uses a 20MHz time base. Counter/timer operations start on the rising
edge of the clock input signal.

Through software, specify the clock source asinternal and the frequency at which to pace the
counter/timer operation (thisisthe frequency of the clock output signal). The maximum fre-
quency that you can specify for the clock output signal is 10MHz. For a 16-bit counter, the min-
imum frequency that you can specify for the clock output signal is 305.17Hz. For a 32-bit
cascaded counter, the minimum frequency that you can specify for the clock output signal is
0.00465Hz, which corresponds to arate of once every 215 seconds.

External C/T clock

The external C/T clock is useful when you want to pace counter/timer operations at rates not
available with the internal C/T clock or if you want to pace at uneven intervals. The rising edge
of the external C/T clock input signal is the active edge.

Using DriverLINX software, specify the clock source as externa and the clock divider used to
determine the frequency at which to pace the operation (thisis the frequency of the clock output
signal). The minimum clock divider that you can specify is 2.0; the maximum clock divider that
you can specify is 65535. For example, if you supply an external C/T clock with a frequency of
5MHz and specify aclock divider of 5, the resulting frequency of the external C/T clock output
signal is IMHz. The resulting frequency of the external C/T clock output signal must not exceed
2.5MHz.

Connect the external C/T clock source to the board through the STA-300 screw terminal panel as
follows:

* For Counter 0, connect the external C/T clock signal to screw terminal TB26 (pin 41 of
connector J1)

e For Counter 1, connect the external C/T clock signal to screw terminal TB30 (pin 7 of
connector J1)

* For Counter 2, connect the external C/T clock signal to screw terminal TB34 (pin 36 of
connector J1)

e For Counter 3, connect the external C/T clock signal to screw terminal TB38 (pin 2 of
connector J1)

Internally cascaded clock

The KPCI-3101-4 Series board supports internal cascading on counters0and 1, 1 and 2, and 2
and 3. Cascading countersinternally is an effective way to create a 32-bit counter without exter-
nally connecting two counters together.

To specify internal cascading, use DriverLINX software to set the internal cascade mode, then
specify the clock input and gate input for the first counter in the cascaded pair. Specify the clock
source of the second counter as C/Ty_;. The clock output signal from first counter isthe clock
input signal of the second counter. For example, if counters 1 and 2 are cascaded, specify the
clock input and gate input for counter 1.

Therising edge of the clock input signal is active.
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Gate types

The active edge or level of the gate input to the counter enables counter/timer operations. The
operation startswhen the clock input signal is received. The KPCI-3101-4 Series board provides
the following gate input types:

None — A software command enables any specified counter/timer operation immediately
after execution. This gate type is useful for al counter/timer modes.

L ogic-low level external gateinput — Enables a counter/timer operation when the external
gate signal islow, and disables the counter/timer operation when the external gate signal is
high. Note that this gate type is used only for event counting, frequency measurement, and
rate generation; refer to page 2-22 for more information on these modes.

Logic-high level external gate input — Enables a counter/timer operation when the exter-
nal gate signal ishigh, and disables a counter/timer operation when the external gate signal is
low. Note that this gate typeis used only for event counting, frequency measurement, and
rate generation; refer to page 2-22 for more information on these modes.

Falling edge external gate input — Triggers a counter/timer operation on the transition
from the high level to the low level (falling edge). In software, thisis called alow edge gate
type. Note that this gate typeis used only for one-shot and repetitive one-shot mode; refer to
page 2-22 for more information on these modes.

Rising edge external gate input — Triggers a counter/timer operation on the transition
from the low level to the high level (rising edge). In software, thisis called a high-edge gate
type. Note that this gate typeis used only for one-shot and repetitive one-shot mode; refer to
page 2-22 for more information on these modes.

Specify the gate type in software. Connect an external gate input to the board through the
STA-300 screw terminal panel as follows:

For Counter 0, connect the external gate signal to screw terminal TB28 (pin 39 of
connector J1)

For Counter 1, connect the external gate signal to screw terminal TB32 (pin 5 of
connector J1)

For Counter 2, connect the external gate signal to screw terminal TB36 (pin 38 of
connector J1)

For Counter 3, connect the external gate signal to screw terminal TB40 (pin 4 of
connector J1)
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Pulse outputs

The KPCI-3101-4 Series boards provide the following C/T pulse output signals:

* For Counter 0, the C/T output signal is screw terminal TB27 (pin 40 of connector J1)

e For Counter 1, the C/T output signal is screw terminal TB31 (pin 6 of connector J1)

* For Counter 2, the C/T output signal is screw terminal TB35 (pin 37 of connector J1)

e For Counter 3, the external C/T output signal is screw terminal TB39 (pin 3 of connector J1)

The KPCI-3101-4 Series board supports the following pulse output types on the clock output

signal:

* High-to-low transitions— The low portion of the total pulse output period is the active por-
tion of the counter/timer clock output signal.

* Low-to-high transitions— The high portion of the total pulse output period is the active
portion of the counter/timer pulse output signal.

Using software, you can specify the duty cycle of the pulse. The duty cycle (or pulse width) indi-
cates the percentage of the total pulse output period that is active. A duty cycle of 50, then, indi-
cates that half of the total pulseislow and half of the total pulse output is high. Figure 2-9
illustrates alow-to-high pulse with aduty cycle of approximately 30%.

Figure 2-9
Example of a Low-to-High pulse output type

Active Pulse Width

High Pulse

1T

D ——
Total Pulse Period

Counter/Timer operation modes

The KPCI-3101—4 Series board supports the following counter/timer operation modes:

« Event counting

* Freguency measurement
« Rate generation

e One-shot

* Repetitive one-shot

Refer to the following subsections for more information on these operation modes.
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Event counting

Use event counting mode to count events from the counter’s associated clock input source.

If you are using one counter, the board can count a maximum of 65,536 events before the
counter rolls over to 0 and starts counting again. If you are using a cascaded 32-bit counter, the
board can count a maximum of 4,294,967,296 events before the counter rolls over to 0 and starts
counting again.

In event counting mode, use an external C/T clock source; refer to page 2-20 for more informa-
tion on the external C/T clock source.

Using DriverLINX software, specify the counter/timer mode as event counting (count), the
clock source as external, and the gate type that enables the operation. Refer to page 2-21 for
more information on gate types.

Ensure that the signals are wired appropriately. Figure 2-10 shows one example of connecting an
event counting application to the STA-300 screw terminal panel using user counter 0. In this
example, rising clock edges are counted while the gate is active.

Figure 2-10
Connecting event counting signals (shown for clock input 0 and external gate 0)
_ Digital Ground Q) TB25
@ TB26
User Clock Input 0
®
4 TB28
Signal Source — Gate 0 @ TB29

e )
)
)

STA-300

[_
LV

Switch* l

o

Digital Ground

*An internal 22 kQ pull-up resistor to +5V is used.
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Figure 2-11 shows an example of performing an event counting operation. In this example, the
gatetypeislow level.

Figure 2-11
Example of event counting

High Level
Disables Operation

Gate Input Low Level
Signal 0 Enables Operation

External C/T |< >
Clock 0
Input Signal 3 events are counted while |
| the operation is enabled
| I
|

Event Counting Event Counting
Operation Starts Operation Stops
Freguency measurement

Use frequency measurement mode to measure the frequency of the signal from counter’s associ-
ated clock input source over a specified duration. In this mode, use an external C/T clock source;
refer to page 2-20 for more information on the external C/T clock source.

One way to perform afrequency measurement isto use the same wiring as an event counting
application that does not use an external gate signal, as shown in Figure 2-12.

Figure 2-12
Connecting frequency measurement signals without an external gate input
(shown for clock input 0)

Digital Ground
qQ1B25
D TB26
®
®
Signal Source 0)
- o
[ o
User Clock Input 0 o

f
]

gl STA-300

Panel
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In this configuration, use software to specify the counter/timer mode as frequency measurement
or event counting, and the duration of the Windows timer over which to measure the frequency.
(The Windows timer uses aresolution of 1ms.) In this configuration, frequency is determined
using the following equation:

Number of Events
Duration of the Windows Timer

Frequency Measurement =

If you need more accuracy than the Windows timer provides, you can connect a pulse of a
known duration (such as a one-shot output of another user counter) to the external gate input, as
shown in Figure 2-13.

Figure 2-13
Connecting frequency measurement signals (shown for clock input 0 and
external gate 0)

Digital Ground
» @ TB25

@D TB26

O
@ TB28

Signal Source Gate 0 @ TB29

User Clock Input 0 @ User
Epigighl D TB31 Counter

k U O Output 1

STA-300 Panel

In this configuration, use DriverLINX software to set up the counter/timers as follows:

1. Set up one of the counter/timers for one-shot mode, specifying the clock source, clock fre-
guency, gate type, type of output pulse (high or low), and pulse width.

2. Set up the counter/timer that will measure the frequency for event counting mode, specifying
the clock source to count, and the gate type (this should match the pulse output type of the
counter/timer set up for one-shot mode).

3. Start both counters (events are not counted until the active period of the one-shot pulseis
generated).

4. Read the number of events counted (allow enough time to ensure that the active period of the
one-shot occurred and that events have been counted).

5. Determine the measurement period using the following equation:
1

Measurement period = ——————— x Active Pulse Width
Clock Frequency

Determine the frequency of the clock input signal using the following equation:

Number of Events

Frequency Measurement = Measurement Period
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Figure 2-14 shows an example of performing afrequency measurement operation. In this exam-
ple, three events are counted during a duration of 300ms. The frequency, then, is 10Hz, since
10Hz=3/(.39).

Figure 2-14
Example of frequency measurement

3 Events Counted

External C/T

I
|
|
|
|
Input Signal |< »:

Clock
| Duration over which the
| frequency is measured = 300ms |
Frequency Measurement Frequency Measurement
Starts Stops

Rate generation

Use rate generation mode to generate a continuous pulse output signal from the counter; this
mode is sometimes referred to as continuous pulse output or pulse train output. You can use this
pulse output signal as an external clock to pace other operations, such as analog input or other
counter/timer operations.

While the pulse output operation is enabled (determined by the gate input signal), the counter
outputs a pulse of the specified type and frequency continuously. As soon as the operation is dis-
abled, rate generation stops.

The period of the output pulse is determined by the clock input signal and external clock divider.
If you are using one counter (not cascaded), you can output pulses using a maximum frequency
of 10MHz. In rate generation mode, either the internal or external C/T clock input sourceis
appropriate depending on your application; refer to page 2-19 for more information on the C/T
clock source.

Using DriverLINX software, specify the counter/timer mode as rate generation (rate), the C/T
clock source as either internal or external, the polarity of the output pulses (high-to-low transi-
tions or low-to-high transitions), the duty cycle of the output pulses, and the gate type that
enables the operation. Refer to page 2-22 for more information on the pulse output types; refer
to page 2-21 for more information on gate types.
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Ensure that the signals are wired appropriately. Figure 2-15 shows one example of connecting a
pulse output operation to the STA-300 screw terminal panel using user counter 0. In this exam-
ple, asoftware gate typeis used.

Figure 2-15
Connecting rate generation slgnals (shown for counter O; a software gate is used)

Digital Ground

DTB25
QTB26
@ TB27

)
Signal Source O TB29

User Counter Input 0 O
e 0)

U :
- User Counter Output O
[\ e

STA-300 Panel

I
Heater
Controller

Y

Digital Ground
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Figure 2-16 shows an example of performing an enabled rate generation operation using an
external C/T clock source with an input frequency of 4kHz, a clock divider of 4, alow-to-high
pulse type, and a duty cycle of 75%. (The gate type does not matter for this example.) A 1kHz
square wave is the generated output. Figure 2-17 shows the same example using a duty cycle of
25%.

Figure 2-16
Example of rate generation mode with a 75% duty cycle

Rate Generation |
Operation Starts
I

External C/T I '
Clock

Input Signal
(4kHz)

Pulse
Output
Signal

75% duty cycle

Figure 2-17
Example of rate generation mode with a 25% duty cycle

Continuous Pulse
Output Operation Starts
|

External C/T
Clock

Input Signal
(4kHz)

Pulse
Output
Signal

25% duty cycle

One-Shot

Use one-shot mode to generate a single pulse output signal from the counter when the operation
istriggered (determined by the gate input signal). You can use this pulse output signal as an
external digital (TTL) trigger to start other operations, such as analog input or an external
instrument.

When the one-shot operation is triggered and a single pulse is output; then, the one-shot opera-
tion stops. All subsequent clock input signals and gate input signals are ignored.
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The period of the output pulse is determined by the clock input signal. In one-shot mode, the
internal C/T clock source is more useful than an external C/T clock source; refer to page 2-20
for more information on the internal C/T clock source.

Using DriverLINX software, specify the counter/timer mode as one-shot, the clock source as
internal, the polarity of the output pulse (high-to-low transition or low-to-high transition), the
duty cycle of the output pulse, and the gate type to trigger the operation. Refer to page 2-22 for
more information on pulse output types. Refer to page 2-21 for more information on gate types.

NOTE In the case of a one-shot operation, use a duty cycle as close to 100% as
possible to output a pulse immediately. Using a duty cycle closer to 0%
acts as a pulse output delay.

Ensure that the signals are wired appropriately. Figure 2-18 shows one example of connecting a
pulse output operation to the STA-300 screw terminal panel using user counter 0.

Figure 2-18
Connecting one-shot signals (shown for counter output O and gate 0)

- Digital Ground ) TB25

D TB27
@ TB28
@ TB29
User Counter Output O 0)

O)
O)

Heater
Controller

STA-300 Panel

-
. U
oy

Digital Ground
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Figure 2-19 shows an example of performing a one-shot operation using an external gate input
(rising edge), a clock output frequency of 1kHz (pulse period of 1 ms), alow-to-high pulsetype,
and aduty cycle of 99.99%. Figure 2-20 shows the same example using a duty cycle of 50%.

Figure 2-19
Example of one-shot mode using a 99.99% duty cycle

| L

One-Shot Operation
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|

External H

Gate
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I

I

I
| I
I I
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Output

Signal

Figure 2-20
Example of one-shot mode using a 50% duty cycle
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Repetitive one-shot

Use repetitive one-shot mode to generate a pulse output signal each time the board detects a trig-
ger (determined by the gate input signal). You can use this mode to clean up a poor clock input
signal by changing its pulse width, then outputting it.

When the one-shot operation istriggered (determined by the gateinput signal), apulseis output.
When the board detects the next trigger, another pulse is output. This operation continues until
you stop the operation.
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The period of the output pulseis determined by the clock input signal. In repetitive one-shot
mode, theinternal C/T clock source is more useful than an external C/T clock source; refer to
page 2-20 for more information on the internal C/T clock source.

Using DriverLINX, specify the counter/timer mode as repetitive one-shot, the clock source as
internal, the polarity of the output pulses (high-to-low transitions or low-to-high transitions), the
duty cycle of the output pulses, and the gate type to trigger the operation. Refer to page 2-22 for
more information on pulse output types; refer to page 2-21 for more information on gate types.

NOTE In the case of a repetitive one-shot operation, use a duty cycle as close
to 100% as possible to output each pulse immediately after the trigger
occurs. Using a duty cycle closer to 0% acts as a pulse output delay.

Ensure that the signals are wired appropriately. Refer to Figure 2-18 on page 2-29 for awiring
example.

NOTE Triggersthat occur while the pulseis being output are not detected by
the board.

Figure 2-21 shows an example of a repetitive one-shot operation using an external gate (rising
edge); aclock output frequency of 1kHz (pulse period of 1 ms), alow-to-high pulse type, and a
duty cycle of 99.99%. Figure 2-22 shows the same example using a duty cycle of 50%.

Figure 2-21
Example of repetitive one-shot mode using a 99.99% duty cycle
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Figure 2-22
Example of repetitive one-shot mode using a 50% duty cycle
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Unpacking

Open the shipping box and remove the wrapped KPCI-3101—4 Series board. Verify that the fol-
lowing items are present:

CAUTION Keep the board in its protective antistatic bag until you are ready to
install it; this minimizes the likelihood of electrostatic damage.

e KPCI-3101-4 Series data acquisition board
e KPCI-31014 Series DriverLINX Software and Documentation CD-ROM
If an item is missing or damaged, call Keithley at:

1-888-KEITHLEY
Monday - Friday, 8:00 a.m. - 5:00 p.m., Eastern Time

An application engineer will guide you through the appropriate steps for replacing missing or
damaged items.

Installing the software

NOTE Install the DriverLINX software before installing the KPCI-3101-4
Series board. Otherwise, the device drivers will be more difficult to
install.

Software options

Users of KPCI-3101-4 Series boards have the following two software options. In both cases, the
software interfaces with your system viathe DriverLINX software provided with your board:

e Theuser can run afully integrated data-acquisition software package such as TestPoint or
LabVIEW.

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

A summary of the pros and cons of using integrated packages or writing custom programs is
provided in the Keithley Full Line Catalog.

The KPCI-3101-4 Series has fully functional driver support for use under Windows 95/98/NT.

NOTE The DriverLINX Installation and Configuration Guide, explains the
Driver LINX installation process. To display this manual from your
Driver LINX KPCI-3101 Series CD-ROM, open the Windows Explorer,
then doubl e click on X:\Drvlinx4\Docs\I nstconf.pdf, where X = the letter
of the CD-ROM drive. Acrobat Reader must already be installed on the
other system. If necessary, you can first install Acrobat Reader directly
from the CD-ROM by double clicking X:\Acrobat\setup.exe.
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DriverLINX driver software for Windows 95/98/NT

DriverLINX software, supplied by Keithley with the KPCI-3101—4 Series board, provides con-
venient interfaces to configure analog and digital I/O modes without register-level programming.

Most importantly, however, DriverLINX supports those programmers who wish to create cus-
tom applications using Visual C/C++, Visual Basic, or Delphi. DriverLINX accomplishes fore-
ground 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:

e Anaog input and output

= Digita input and output

e Time and frequency measurement

* Event counting

e 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, including pre-triggering, mid-point trig-
gering and post-triggering protocols.

« Extensive error checking.

e Context-sensitive on-line help system DriverLINX is essentially hardware independent,
because its portable APIs (Application Programming Interfaces) work across various operat-
ing systems. This capability eliminates unnecessary programming when changing operating
system platforms.

TestPoint"

TestPoint isafully 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
| EEE-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 pro-
vides libraries for controlling most popular GPIB instruments.

TestPoint interfaces with your KPCI-3101-4 Series board through DriverLINX, using a driver
that is provided by the manufacturer.
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LabVIEW ™

LabVIEW isafully featured graphical programming language used to create virtual instrumen-
tation. 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 pal ette menus, range from arithmetic functions to advanced acquisition, con-
trol, and analysis routines. Also included are debugging tools, help windows, execution high-
lighting, 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 V1 palette provides standard virtual instruments (VIs) for LabVIEW that interface
with your KPCI-3101—4 Series board through DriverLINX. The needed driver is provided on
your DriverLINX CD-ROM.

Installing DriverLINX

Refer to the instructions on the Read this first sheet 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 caninstall TestPoint application software, made by Capital Equipment Corporation (CEC),
at any time — before or after installing DriverLINX and the KPCI-3101-4 Series board. For
TestPoint installation instructions, consult the manual provided by CEC.

NOTE Before using TestPoint with the KPCI-3101-4 version of DriverLINX,
check with CEC 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 Lab-
VIEW driver installation routine by starting setup.exe on the DriverLINX CD-ROM, then select-
ing LabVIEW™ Support from the Install These DriverLINX components screen.

Consult the manual provided by National Instruments for LabVIEW installation instructions.



KPCI-3101 — KPCI-3104 Series User’s Manual Installation and Configuration 3-5

Installing the board

To install the board, perform the following steps:

1

Check the system requirements (Section 1, “Overview”)

2. Set up the computer (page 3-5)
3.
4. Insert the board into any available 32-hit or 64-bit PCI expansion slot in your computer

Select an expansion slot (page 3-5)

(page 3-6)

NOTE The KPCI-3101-4 Seriesis factory-calibrated and requires no further

adjustment prior to installation. If you decide later to recalibrate the
board, refer to Section 5, “ Calibration” for instructions.

Setting up the computer

CAUTION To prevent electrostatic damage that can occur when handling elec-

A w DN PR

tronic equipment, use a ground strap or similar device when per-
forming this installation procedure.

Turn off the computer.
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 PCI expansion slot.

PCI slots are shorter than I SA or EISA dlotsand are usually white or ivory. Commonly, three
PCI slots (one of which may be ashared ISA/PCI slot) are available. If an |SA board exists

in the shared slot, you cannot use the slot for a PCI board; if a PCl board exists in the shared
slot, you cannot use the slot for an 1SA board.

Remove the cover plate from the selected expansion slot. Retain the screw that held it in
place; you will useit later to install the board.
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Inserting the KPCI-31014 series board in the computer

1. Todischarge any static electricity, hold the wrapped board in one hand while placing your
other hand firmly on ametal portion of the computer chassis.

2. Carefully remove the antistatic packing material from the board. (It isrecommended that you
save the original packing material in the unlikely event that your board requires servicing in
the future.)

3. Hold the board by its edges and do not touch any of the components on the board.

4. Position the board so that the cable connectors are facing the rear of the computer, as shown
in Figure 3-1.

Figure 3-1
Inserting the KPCI-3101-4 series board in the computer

S

KPCI-3101-4 Rear of Computer
Series Board T /

PCI expansion slot bus connector

5. Carefully lower the board into the PCI expansion slot using the card guide to properly aign
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.

6. Securethe board in place at the rear panel of the system unit using the screw removed from
the slot cover.
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Configuring the board to work with DriverLINX

After physically installing the board, turn on and reboot the computer. The DriverLINX Plug
and Play Wizard screen appears. Run the Wizard immediately by following the progressive
instructions on the screen.

If you do not run the Wizard immediately, it will not appear the next time you reboot. You must
then restart the Wizard from a batch file, as follows:
1. Open the Windows Explorer.

2. Doubleclick on X:\DrvLINX4\Hel p\kcpi3100.bat, where X = the letter of the drive on
which you installed DriverLINX.

3. TheWizard appears.

NOTE You can also start this batch file directly from the CD-ROM by double
clicking on Y:\DrvLINX4\Hel p\kpci3100.bat, whereY = the drive | etter
of your CD-ROM drive.

Checking the combined board and DriverLINX installations

Before making any connections to the board, check whether DriverLINX and your board are
installed correctly and working together properly. Refer to Section 4, “ Testing the Board” and
the DriverLINX manuals.

Try starting the DriverLINX Analog 1/0 Panel. Proceed as follows:

1. Inthe Start menu, click Programs.

2. Findthe DriverLINX - Test Panelsfolder, under which you should find the Al O Panel
entry.

3. Click onthe AlO Pandl entry.

4. If aKPCI-3101-4 Series board is the only board in your computer installed under Driver-

LINX or if the DriverLINX Analog 1/0O Panel lists the K PCI3101-4 board under Driver
Selection, then DriverLINX and your board are installed properly and are working together.

5. If you cannot initially run the Analog 1/0O Panel, refer to Section 6, “Troubleshooting”.

After DriverLINX and your board are installed properly and working together, continue with
installation and wiring.
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Attaching the STA-300 screw terminal panel

Before you can wire signals, you first need to attach the STA-300 screw terminal panel to the
KPCI-31014 Series board using the CAB-305 cable. The STA-300 screw terminal panel and
the CAB-305 cable are offered by Keithley as accessories to the KPCI-3101—4 Series boards.

Connector J1 on the STA-300 brings out all of the signals from connector J1 on the
KPCI-31014 Series board. Connector J2 on the STA-300 is provided for connecting a 5B01 or
5B08 signal conditioning backplane.

Figure 3-2 illustrates how to attach the STA-300 screw terminal panel to a KPCI-3101-4 Series
board.

Figure 3-2
Attaching the STA-300 screw terminal panel to a KPCI-3101-4 series board

Connector (J1)

STA-300 Screw
Terminal Panel

KPCI-3101-4
Series Board
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Figure 3-3 shows the layout of the STA-300 screw terminal panel.

NOTE

plastic enclosure.

Figure 3-3
Layout of the STA-300 screw terminal panel
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Jumper W1

The STA-300 screw terminal panel contains jumper W1, and jumpers W4 to W7. Jumper W1
provides a common ground sense (jumpers W4 to W7 are not used). The following subsections
describe these jumpers.

NOTE The screw terminal panels are shipped with enough jumper plugsto
select every possible configuration. Spare jumper plugs are stored on the
panel itself (on the posts marked spare). Save these jumper plugs for
future use.

Configuring Jumper W1 - Common Ground Sense

When shipped from the factory, jumper W1 connects the low side of the input amplifier (Amp
Low) on the KPCI-3101—4 Series board to analog ground.

When using pseudo-differential analog inputs, remove jumper W1 and connect Amp Low to a
remote common-mode voltage to reject offset voltages common to al 16 input channels. Refer
to Figure 3-4 for an example of removing jumper W1. See page 3-15.

Figure 3-4
Removal of jumper W1 for remote ground sensing
) STA-300 Panel Jumper W1
Signal Source =17 Installed
(B— (Amp Low)
- + X TB18 e
Vsource 0] Analog In 0 @d TB1 N Wi
Analog In 8 D TB2 O] I
) + Analog In 1 Q TB3 O]
Vsource 8| O] O
0) 0)
- + O ®
¢—{ Vsource 1 ) &
O
Analog Ground
Signal Source
- +
Vsource 0 (D TB17
Analog In 0
_I Analoz In 8 D T8 g T
’ \ Analog In 1 D TB2 0] STA-300
Vsource 8 d ¢ TB3 Panel
D ®
0} @
- +
/—\ o )
O
Remove Jumper W1 to use Amp
Low as a remote ground sense.

Analog Ground

— *Make this connection as close to V)\ sources as
possible to reduce ground loop errors. V., is

the common mode voltage for all 16 analog inputs.
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Resistors

Locations are provided on the STA-300 screw terminal panel for installing bias return and cur-
rent shunt resistors. The following subsections describe these resistors and their use.

Configuring resistors R1 to R8 - Bias return

Resistor locations R1 to R8 connect the low side of analog input channels to analog ground.
These resistor locations are typically used when connecting differential inputs to analog input
channels 0 to 7, where R1 corresponds to analog input channel 0 and R8 corresponds to analog
input channel 7.

The high side of the corresponding analog input channel returns the source input impedance
through the bias return resistors to the low side of the channels, then to analog ground. Typical
resistor values are 1kQ to 100kQ depending on the application. Refer to Figure 3-7 on page 3-17
for an example of using bias return resistors with differential inputs.

Configuring resistors R9 to R16 - Current shunt

Resistor locations R9 to R16 are typically used to convert current to voltage on channels0to 7,
where R9 corresponds to anal og input channel 0 and R16 corresponds to analog input channel 7.

The resistor location connects the high side of the channel to the low side of the corresponding
channel, thereby acting as a shunt. If, for example, you add a 250Q resistor to location R9, then
connect a4 to 20mA current loop input to channel 0, the input range is converted to 1 to 5V.
Note that, depending on your application, you may need to use resistors R1 to R8 with resistors
R9 to R16 for proper operation. Refer to Figure 3-9 on page 3-18 for an example of using cur-
rent shunt resistors with current loop inputs.

Screw terminal assignments

With the connector held up, the screw terminals on the right side of the STA-300 match pins 23
to 34 and pins 57 to 68 of the standard 68-pin connector on the KPCI-3101-4 Series boards;
these screw terminals represent the analog 1/0 signal connections. The remaining screw termi-
nals are located on the left side of the STA-300 screw terminal panel and are provided for the
digital 1/O, counter/timer, and +5V power signals.

The following subsections describe the screw terminal assignments on the STA-300 screw ter-
minal panel by function.
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Analog input screw terminals

Table 3-1 lists the screw termina (TB) assignments for analog input connections on the
STA-300 screw terminal panel.

Table 3-1
Analog input screw terminal assignments on the STA-300
Resistor Use
Bias Return Current Shunt
TB# J1Pin# |Description Resistor Resistor
1 68 Analog Input 0 -
2 67  |Anaog Input 8/ R1 R9
Analog Input 0 Return
34 Analog Input 1 -
R10
33 Analog Input 9/ R2
Analog Input 1 Return
66 Analog Input 2 -
65 Analog Input 10/ R3 R11
Analog Input 2 Return
32 Analog Input 3 -
R12
31 Analog Input 11/ R4
Analog Input 3 Return
9 64 Analog Input 4 -
10 63  |Andog Input 12/ R5 R13
Analog Input 4 Return
11 30 Analog Input 5 -
12 29 Analog Input 13/ R6 R4
Analog Input 5 Return
13 62 Analog Input 6 -
14 61  |AndogInput 14/ R7 R15
Analog Input 6 Return
15 28 Analog Input 7 -
16 27 | Analog Input 15/ R8 R16
Analog Input 7 Return
17 26 Amp Low Jumper W1 Connects Amp Low to
18 25 Analog Ground Analog Ground
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Analog output and power screw terminals

Table 3-2 lists the screw terminal (TB) assignments for analog output and power connections on
the STA-300 screw terminal panel.

Table 3-2
Analog output and power screw terminal assignments on the STA-300
TB# J1Pin# |Description

19 58 DACO Output
20 57 DACO Return
21 60 DACO Reference
22 23 DAC1 Return
23 24 DAC1 Output
24 59 DAC1 Reference
41 1 +5V Output @ 1A
a2 35 Power Ground

Counter/Timer and digital 1/O screw terminals

Table 3-3 lists the screw terminal (TB) assignments for digital 1/0 connections on the STA-300
screw terminal panel.

-(I;itﬂﬁtser?Timer and digital 1/O screw terminal assignments on the STA-300

TB# | J1 Pin # | Description TB# | J1 Pin # | Description
25 42 Digital Ground 50 16 Digital /O Port A, Linel
26 41 User Clock Input O 51 49 Digital 1/0O Port A, Line 2
27 40 User Counter Output O 52 15 Digital 1/O Port A, Line3
28 39 External Gate 0 53 48 Digital 1/0O Port A, Line 4
29 8 Digital Ground 54 14 Digital I/O Port A, Line5
30 7 User Clock Input 1 55 47 Digital I/O Port A, Line 6
31 6 User Counter Output 1 56 13 Digital 1/O Port A, Line7
32 5 Externa Gate 1 57 46 Digital 1/0 Port B, Line 0
33 8 Digital Ground 58 12 Digital I/O Port B, Line 1
34 36 User Clock Input 2 59 45 Digital 1/0O Port B, Line 2
35 37 User Counter Output 2 60 11 Digital I/O Port B, Line 3
36 38 External Gate 2 61 a4 Digital I/0 Port B, Line 4
37 42 Digital Ground 62 10 Digital I/O Port B, Line5
38 2 User Clock Input 3 63 43 Digital 1/0 Port B, Line 6
39 3 User Counter Output 3 64 9 Digital 1/O Port B, Line7
40 4 External Gate 3 65 54 Digital 1/O Port C, Line0
41 1 +5V Output @ 1A 66 20 Digital I/O Port C, Line 1
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Table 3-3
Counter/Timer and digital 1/0 screw terminal assignments on the STA-300 (cont.)
TB# | J1Pin# | Description TB# | J1Pin# | Description
42 35 Power Ground 67 53 Digital 1/O Port C, Line 2
43, 55 Digital Ground 68 19 Digital I/O Port C, Line 3
44!
45
46 56 External A/D Trigger 69 52 Digital 1/0O Port C, Line 4
47 21 Digital Ground 70 18 Digital /O Port C, Line5
48 22 External A/D SampleClock || 71 51 Digital 1/0 Port C, Line 6
Input

49 50 Digital 1/0O Port A, Line0 72 17 Digital Ground

NOTE

Power

If you are connecting a high-speed clock to the STA-300, it is
recommended that you connect the return to the adjacent ground screw
terminal.

A +5V output signal (TB41) is available on the STA-300 screw terminal panel for low current
signal conditioning applications up to 1A.

Wiring signals

This section describes how to wire signals to the STA-300 screw terminal panel.

CAUTION

TIP

To avoid electrical damage, ensure that power is turned off to the
computer and to any attached devices before wiring signals to the
STA-300 screw terminal panel.

When first installing the board, try wiring a function generator or a
known voltage source to analog input channel 0 (use the differential
configuration), an oscilloscope or voltage meter to analog output chan-
nel 0, a digital input to digital I/O Port A, and an external clock or
scope to counter/timer channel 0. Then, run DriverLINX Analog /0
Panel to verify that the board is operating properly. Once you have
determined that the board is operating properly, wire the signals
according to your application’s requirements.

Keep the following recommendations in mind when wiring signals to the STA-300 screw termi-

nal panel:

e Useindividually shielded twisted-pair wire (size 14 to 26 AWG) when using the
KPCI-3101-4 Series board in ahighly noisy electrical environment.

* Separate power and signal lines by using physically different wiring paths or conduits.

* To avoid noise, do not locate the STA-300 screw terminal panel and cabling next to sources

that produce high electro-magnetic fields such as: large electric motors, power lines, sole-
noids, and electric arcs, unless the signals are enclosed in a mumetal shield.
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Connecting analog input signals

The STA-300 screw terminal panel supports both voltage and current loop inputs. You can
connect analog input voltage signals to the STA-300 in the following configurations:

Single-ended — Choose this configuration when you want to measure high-level signals,
when noiseis not significant, when the source of the input is close to the STA-300 screw ter-
minal panel, and when all theinput signals are referred to the same common ground. When
you choose the single-ended configuration, all 16 analog input channels are available.

Pseudo-Differential — Choose this configuration when noise or common-mode voltage
(the difference between the ground potentials of the signal source and the ground of the
STA-300 screw terminal panel or between the grounds of other signals) exists and the differ-
ential configuration is not suitable for your application. This option provides less noise rejec-
tion than the differential configuration; however, all 16 analog input channels are available.

Differential — Choose this configuration when you want to measure low-level signals (less
than 1V), when you are using an A/D converter with high resolution (> 12 hits), when noise
isasignificant part of the signal, or when common-mode voltage exists. When you choose
the differential configuration, eight analog input channels are available.

NOTE It is recommended that you connect all unused analog input channelsto

analog ground.

This section describes how to connect single-ended, pseudo-differential, and differential voltage
inputs, aswell as current loop inputs to the STA-300 screw terminal panel.

Connecting single-ended voltage inputs

Figure 3-5 shows how to connect single-ended voltage inputs (channels 0, 1, and 8, in this case)
to the STA-300 screw terminal panel.

Figure 3-5
Connecting single-ended voltage inputs (shown for channels 0, 1, and 8)

Signal STA-300 Panel Jumper W1
Source Installed
+ TB17 (Amp Low)
. m 1B18 _l_
Vsource 0) Analog In 0 @ TB1 W w1
Analog In 8 @ TB2 I
Analog In 1 d TB3

Vsource 8

SISASASEASRS)

Vsource 1

QQ
SXSESAS]

Analog Ground
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Connecting pseudo-differential voltage inputs

Figure 3-6 shows how to connect pseudo-differential voltage inputs (channels 0, 1, and 8, in this
case) to the STA-300 screw terminal panel.

Figure 3-6
Connecting pseudo-differential voltage inputs (shown for channels 0, 1, and 8)

Signal Source

- +
Vsource 0 g TB17
_I Analog In 0 Q TBL @ TB18
| remmem| || S|
Vsource 8 9 D TB3 Panel
10} 0]
0) @
- +
/—\ o (D
®
Remove Jumper W1 to use Amp
Low as a remote ground sense.

Analog Ground

I

* Make this connection as close to V|y sources
as possible to reduce ground loop errors.
Vem is the common mode voltage for all 16
analog inputs.
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Connecting differential voltage inputs

Figure 3-7A illustrates how to connect afloating signal source to the STA-300 screw terminal
panel using differential inputs. (A floating signal source is a voltage source that has no connec-
tion with earth ground.) You need to provide a bias return path by adding resistors R1 to R8 for
channels 0 to 7, respectively, for floating signal sources.

If theinput signal is +10V, then the common mode voltage could be 1V. Theoretically, the resis-
tor value (Ry) should be 1V divided by the input bias current (20nA) or 50MQ. However, when
you add noise from external sourcesto the high impedance, aresistor value of 100Q to 100kQ is
more practical.

In Figure 3-7B, the signal source itself provides the bias return path; therefore, you do not need
to use bias return resistors. R isthe signal source resistance while R, is the resistance required
to balance the bridge. Note that the negative side of the bridge supply must be returned to analog
ground.

Figure 3-7
Connecting differential voltage inputs (shown for channel 0)

STA-300 Panel

A) D
+ L@ TB1
Analog In 0
—gl_ d TB2 @ TB18
Floating gl 0} 0)
signal | Rs & o o
Source N Analog In 0 O O
AN Return s s
. 0) 0)
= R1
< @ @

Analog Ground You can use resis_tor R1 to
connect the low side of
channel 0 to analog

B)
STA-300 Panel
Bridge [0)
Analog In 0 _% I_g; Q TB18

o o

Analog In 0 % O

Return s s

E—
. . O) 0)
+ * 0) O]

DC Supply

Analog Ground
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Note that since they measure the difference between the signals at the high (+) and low (=)
inputs, differential connections usually cancel any common-mode voltages, leaving only the sig-
nal. However, if you are using agrounded signal source and ground loop problems arise, connect
the differential signalsto the STA-300 screw terminal panel as shown in Figure 3-8. In this case,
make sure that the low side of the signal (=) is connected to ground at the signal source, not at
the STA-300 screw terminal panel, and do not tie the two grounds together.

Figure 3-8
Connecting differential voltage inputs from a grounded signal source
(shown for channel 0)

STA-300 Panel

D TB1 D
+
Analog In 0 D TB2 @ TB18
Grounded e 0] 0]
Signal Es 0} 0)
Source N Analog In 0 ) )
AN Return
O) O)
- ) 0}
z Rl O )
Signal Source
Ground Vg Analog Ground

Resistor R1 should be installed for bias
return in case the external ground is floating.

Connecting current loop inputs

Figure 3-9 shows how to connect a current loop input (channel 0, in this case) to the STA-300
screw terminal panel.

Figure 3-9
Connecting current inputs (shown for channel 0)
+V
ce STA-300 Panel
4to 20mA
— Analog Input 0 TB1
— = RO TB18
TB2

Analog Input0
Return

R1L ¥

SISASASASASESIS)

SISESASASRS XX =)

Analog Ground

Use current shunt resistor R9 to convert current to voltage;
250Q for 4 to 20mA =1 to 5V. The common-side of the
external loop supply must either connect to analog ground
or, if needed, to a bias return resistor (R1 in this case).
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Connecting analog output signals

Figure 3-10 shows how to connect an analog output voltage signal (channel O, in this case) to the
STA-300 screw terminal panel using an external +10V reference.

Figure 3-10
Connecting analog output voltages using an external +10V reference
(shown for channel 0)

O)
O)

Load

Analog Output 0

Analog Output 0 Return

Analog Output 0 Reference

D TB19
D TB20
D T1B21

+10V

-10v

O]
O]
O]

STA-300 Panel

If you do not connect the Analog Output Reference to TB21, the board provides an internal

+10V reference, as shown in Figure 3-11.

Figure 3-11

Connecting analog output voltages using the board’s internal +10V reference

(shown for channel 0)

Load

Analog Output 0

STA-300 Panel

KPCI-3101-4 Series

O)
O)

Analog Output 0 Return

D TB19
@ TB20

Py DACO

TB21 (®
O]
O)
O)

10kQ

+10V Reference
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Connecting digital I/O signals

Figure 3-12 shows how to connect digital input signals (lines 0 and 1 of digital Port A, in this
case) to the STA-300 screw terminal panel.

Figure 3-12
Connecting digital inputs (shown for channels 0 and 1, port A)

STA-300 Panel

Digital 1/0 Port A, Line O Q) TB49
TTL Inputs Digital I/O Port A, Line 1 © TBS50
O
O
O
O
O
Digital Ground TB43 O

SISASASASECASIS)

Figure 3-13 shows how to connect adigital output signal (line 0 of digital Port B, in this case) to
the STA-300 screw terminal panel.

Figure 3-13
Connecting digital outputs (shown for channel 0, port B)

STA-300 Panel

0 Out =LED On
D
M N L .
500Q Digital /0 Port B, Line 0

+
5V —
“7 Digital Ground

—
os}
Ul
J

SISESASASRACASIS)

—
vs}
D
w

SISASASASACESIS)
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Connecting counter/timer signals
The KPCI-3101—4 Series board and STA-300 screw terminal panel provide counter/timer chan-
nels that you can use to perform the following operations:

« Event counting
* Freguency measurement
« Pulse output (rate generation, one-shot, and repetitive one-shot)

This section describes how to connect counter/timer signals to perform these operations. Refer
to “Counter/Timer features’ on page 2-19 for more information on using the counter/timers.

Connecting event counting signals
Figure 3-14 shows one exampl e of connecting event counting signals to the STA-300 screw ter-

minal panel using user counter 0. In this example, rising clock edges are counted while the gate
isactive.

Figure 3-14
Connecting event counting signals (shown for clock input 0 and external gate 0)

STA-300 Panel

Digital Ground

@ TB25
@ TB26

o}
@ TB28

a) TB29
JuuL O]

O)
O)

User Clock Input 0

Signal Source

Gate 0

Gating
Switch

:
L
.

— D [ >

l
o

Digital Ground
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Figure 3-15 shows another example of connecting event counting signals to the STA-300 screw

terminal panel using user counter 0. In this example, a software gate is used to start the event
counting operation.

Figure 3-15

Connecting event counting signals without an external gate input
(shown for clock input 0)

STA-300 Panel

Digital Ground

Si

gnal Source

O]

O]

- O]
[ 0
O)

k U User Clock Input 0
_ UL

Figure 3-16 shows an example of how to cascade two counters externally to perform an event
counting operation using user counters 0 and 1. Note that you can also internally cascade
counters using software; if you internally cascade the counters, you do not need to make the
external cascading connections. Note also that this example shows the use of an external gate;
however, this connection is not required.

Figure 3-16
Cascading counters (shown for event counting using counters 0 and 1
and external gate 0)

STA-300 Panel

Digital Ground User
* R TB26 @ 825 Counter
i D TB27 AOutputO
Gate 0 ® "
) TB28
Signal Source D TB29
User Clock Input 0 ® <
TB30
[ D User Clock
k U Gate 1 & 1832 Input 1
External
Gating
Switch* ( ﬂ
1o k * An internal 22 kQ pull-up
\? Digital Ground resistor to +5V is used.




KPCI-3101 — KPCI-3104 Series User’s Manual Installation and Configuration 3-23

Connecting frequency measurement signals

This section describes two examples of how to connect frequency measurement signals to the
STA-300 screw terminal panel.

Thefirst configuration uses the same wiring as an event counting application that does not use an
external gate signal (see Figure 3-15 on page 3-22); the software uses the Windows timer to
specify the duration of the frequency measurement. In this configuration, the frequency of the
clock input is the number of counts divided by the duration of the Windows timer.

If you need more accuracy than the Windows timer provides, you can connect a pulse of a
known duration (such as a one-shot output of another user counter) to the external gate input, as
shown in Figure 3-17. In this configuration, the frequency of the clock input is the number of
counts divided by the period of the external gate input.

Figure 3-17
Connecting frequency measurement signals (shown for clock input O
and external gate 0)

STA-300 Panel

Digital Ground
* D TB25

@ TB26
0)

Si

@ TB28
gnal Source Gate 0 O TB29

User Clock Input O O User
TB31
JUuL D Counter

k _U O Output 1

A

Connecting pulse output signals

Figure 3-18 shows one exampl e of connecting pulse output signals to the STA-300 screw termi-
nal panel using user counter 0.

Figure 3-18
Connecting pulse output signals (shown for counter output O and gate 0)

STA-300 Panel

Switch

. Digital Ground QO TB25
®
d TB27
4 TB28
Heater
TB2
Controller — D 9
User Counter Output 0 0)
UL ®
.y 8
External [ [\ Gate 0
Gating \\

\? Digital Ground
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Figure 3-19 shows an example of how to externally cascade two counters to perform arate gen-
eration operation using user counters 0 and 1. Note that you can also cascade countersinternally
using software; if you internally cascade the counters, you do not need to make the external cas-
cading connections. In this example, counter 1 gateislogic high.

Figure 3-19
Cascading counters (shown for rate generation using counters 0 and 1
and external gate 0)

STA-300 Panel

Digital Ground User
_ TB26 D TB25 Counter
v D TB27| OutputO
® >
> Q TB28
Signal Source TB29
g _ User Clock Input O D
® TB30| |
UL User Clock
M U % Input 1
External -
Gating -
Switch ( [\ Gate 0
\? - Digital Ground

Figure 3-20 shows an example of how to cascade two counters externally to perform a one-shot
operation using user counters 0 and 1. Note that you can also internally cascade counters using
software; if you internally cascade the counters, you do not need to make the external cascading
connections. In this example, counter O gate islogic high.

Figure 3-20
Cascading counters (shown for one-shot using counters 0 and 1 and external gate 1

STA-300 Panel

Digital Ground User
T D TB25 Counter
 TB26 | output 0
® >
Signal Source O TB27
- User Clock Input 0 Q) TB29
[ JUL ® <
TB30
o) User Clock

/(L One-Shot Digital Ground
Trigger —
? [ Gate 1
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Attaching the STP-68 screw terminal panel

The smaller STP-68 screw terminal panel may be used instead of the STA-300. First attach the
68-pin connector to the KPCI-3101—4 Series board using the CAB-305 cable. There is one-to-
one correspondence between connector pins and terminals (for example, pin 1 corresponds to
terminal 1; pin 22 corresponds to terminal 22, etc). See Table B-1 for pin (terminal)
assignments.
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The test panels are small applications programs within DriverLINX that allow you to perform
limited data acquisition functions. You can use the panels to do tasks such as:

« Monitor one or two analog input channels on-screen.

* Set the levels of one or two analog output channels.

 Monitor and set digital input and output bits.

Test panels are designed primarily for testing the functions of your board. However, one panel in
particular—the Analog I/O panel—can be useful for limited routine tasks.

This section describes how to use the DriverLINX Analog I/O Panel and DriverLINX Test Panel
utilities to verify the operation of your KPCI-3101—4 Series board.

DriverLINX analog 1/0O panel

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

* Anayze analog signals using the two-channel Oscilloscope.

e Measure analog voltages using the Digital Volt Meter.

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

e Output DC Leve voltages using the Level Control.

e Setandread al digital input and output bits on your board.

TheAnalog 1/0 Panel is useful for:

* Testing the KPCI-3101—4 Series board DriverLINX installation and configuration.
* Verifying signal inputs to your KPCI-3101-4 Series board.

e Sending test signalsto external devices.

e Controlling the DC output voltages of two analog output channels.

* Setting and reading al digital input and output bits on your board.

Start the DriverLINX Analog 1/0 Panel asfollows:

1. Inthe Start menu, click Programs.

2. Findthe DriverLINX - Test Panelsfolder, under which you should find the Al O Panel
entry.

3. Click onthe AlO Pand entry. The Analog I/O Panel setup screen appears.

e |f aKPCI-3101-4 Series board isthe only board in your computer installed under Driver-
LINX, only one item appears under Driver Selection.

« |If more than one type of board isinstalled in your computer under DriverLINX, the Ana-
log I/O Panel will list multiple driversunder Driver Selection and multiple deviceslisted
under Device Selection (for example, DeviceO, Devicel, etc.).Your board type and
device number may not be displayed initialy. If so, click the scroll buttons next to the
Driver Selection and Device Selection text boxes until your KPCI-3108 board type and
device number are displayed.

4. Select the Logical Device you want to operate by dragging the pointer in the Device Selec-
tion section. The Analog I/0 Pandl displays the Scope, Meter, SST, Level control tabs, and

Digital 1/0, depending on the capabilities of your KPCI-3101—4 board.

5. The Scope uses two analog input channels, referred to as ChA and ChB. Drag the channel
selectorsin the Al Channel Mapping section to map them to different channel numbers.
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6. The SST Signal Generator uses two analog output channels, referred to as ChA and ChB.
Drag the channel selectorsin the AO Channel Mapping section to map them to different
channel numbers.

7. TheAnalog 1/O Level Control determines the DC output voltages of two anal og output chan-
nels.

8. TheDigital I/0O Control alows you to set and read al digital input and output bits on your
board.

You can now select the Scope, Meter, SST, Level Control, and Digital 1/O tabs to operate your
KPCI-31014 Series board.
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Introduction

Objectives

The KPCI-3101-4 Series boards are calibrated at the factory and should not require calibration
forinitial use. It is recommended that you check and, if necessary, readjust the calibration of the
analog 1/0 circuitry on the KPCI-3101-4 Series boards every six months.

NOTE Ensure that you installed the Driver LINX software prior to using the
DriverLINX KPCI-3101-4 Series Calibration Utility. Refer to the
DriverLINX Online Documentation for more information.

This section describes how to run the KPCI-3101—4 Series DriverLINX Calibration Utility and
calibrate the analog 1/0 circuitry of the KPCI-3101—4 Series boards.

Your KPCI-31014 Series board wasiinitially calibrated at the factory. You are advised to check
the calibration of aboard every six months and to calibrate again when necessary. This section
provides the information you need to calibrate a KPCI-3101—4 Series board.

For analog inputs, the objective of this procedure isto zero the offsets and adjust the combined
gain of the A/D converter and instrumentation amplifier. For analog outputs, the objectiveisto
independently zero the offset and adjust the gain for each of the digital-to-analog converters
(DACs) on your KPCI-3101—4 Series board.

Calibration summary

Equipment

Analog inputs and outputs are calibrated using a DC calibrator, aDVM/DMM, and the Driver-
LINX Calibration Utility. (The DriverLINX Calibration Utility was installed on your computer
when you installed the DriverLINX software.) No calibration potentiometers must be adjusted.
Instead, on-board trimming digital-to-analog converters (trim DACs) are adjusted digitally
through the Calibration Utility software. No test points on the board are used. Only connections
to the I/O connector pins, viaa screw terminal accessory, are needed.

Each of the twelve unipolar and twelve bipolar analog input ranges is individually calibrated.
For each range, three eight-bit trim-DAC values are searched for and then adjusted: again value,
a coarse-offset value, and a fine-offset value. Therefore, a complete analog input calibration
involves 72 adjustments: 2 polarities x 12 gains/polarity x 3 adjustments/gain.

The following equipment is needed to calibrate your KPCI-3101—4 Series board:

e A digita voltmeter (DVM) or digital multimeter (DMM) accurate to 6-v2 digits, such asa
Keithley Model 2000.

= An STA-300 screw terminal accessory to make analog connections to the board.

* A Keithley CAB-305 cable to connect the screw terminal accessory to the 1/0O connector of
the KPCI-3101—4 board.

e A DC cdlibrator or precisely adjustable and metered power supply having up to a10vVDC
range and accurate to 6% digits.
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Calibration procedure

This section describes the steps required to calibrate the anal og inputs and outputs of your
KPCI-3101-4 Series board.

Preparing for the calibrations

Prepare your system for calibration as follows:

1
2.
3.

Warm up the calibrator and the DVM/DMM.
Turn OFF the host compuiter.

Connect the STA-300 screw terminal accessory to your KPCI-3101-4 Series board, using
the CAB-305 cable. Refer to Section 3, “Installation and Configuration” for more informa-
tion about connecting these accessories.

Turn ON the host computer.

Start the calibration utility as follows:
a. Click on the Windows Start tab.

b. Inthe Start menu, click Programs.

¢. Findthe DriverLINX folder and click the Test Panels — KPCI-3101-4 Series Cali-
bration Utility entry. The Select DriverLINX Device dialog box appears.

d. Inthe Select DriverLINX Device dialog box, select your board and click OK. The
KPCI-3101-4 Series Calibration Utility dialog box appears.

Calibrating the analog inputs

In this part of the procedure, offset and gain adjustments for the analog input and A/D Converter
(ADC) circuits are made. Do the following:

1

In the KPCI-3101-4 Series Calibration Utility dialog box, click the A/D Calibration tab.
The A/D Calibration dialog box appears.

To calibrate the analog inputs, follow the on-screen instructionsin the The A/D Calibration
dialog box.

When finished with the analog input calibration, continue with the next section, “ Calibrating
the analog outputs.”

Calibrating the analog outputs

The KPCI-3101-4 Series boards each have two independent anal og outputs, provided by two
digital-to-analog converters (DACs or D/A converters). In this part of the procedure, offset and
gain adjustments for the DACs are made. Do the following:

1

In the KPCI-3101-4 Series Calibration Utility dialog box, click the D/A Calibration tab.
The D/A Calibration dialog box appears.

2. To calibrate each DAC, follow the on-screen instructions in the D/A Calibration dialog box.
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General checklist

Should you experience problems using the KPCI-3101—4 Series board, please follow these

steps:

1. Read all the appropriate sections of this manual. Make sure that you have added any “Read
ThisFirst” information to your manual and that you have used this information.

2. Check your distribution disk for a README file and ensure that you have used the |atest
installation and configuration information available.

3. Check that your system meets the requirements stated in this manual.
4. Check that you have installed your hardware properly using the instructions in this manual .

5. Check that you have installed and configured DriverLINX properly using the instructionsin
the DriverLINX manuals that come with the DriverLINX software.

If your KPCI-3101-4 Series board is not operating properly, use the information in this section
to help you isolate the problem. If the problem appears serious enough to require technical sup-
port, refer to page 6-6 for information on how to contact an applications engineer.

If you encounter a problem with a KPCI-3101-4 Series board, use theinstructionsin this section
to isolate the cause of the problem before calling Keithley for technical support.

Using the DriverLINX event viewer

The DriverLINX Event Viewer displays the Windows system event log. Applications and hard-
ware 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 configura-
tion 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.

Device initialization error messages

During deviceinitialization, DriverLINX performs athorough test of all possible subsystems on
the KPCI-3101—4 Series board 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
deviceinitialization error messages fall into three basic categories:

e “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 Configure dialog box.

e “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
interna functions (COM port, disk drive controller, network adapter, etc.).

e “Hardwaredoesnot match configuration” — Operating mode/range switch or jumper set-
ting does not match selection(s) made in the DriverLINX Device Configuration dialog box.
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Problem isolation

If you encounter a problem with a KPCI-3101—4 Series board, perform the following stepsto
determine whether the problem isin the computer, in the KPCI-3101-4 Series board, or in the
I/O circuitry:

1
2.

10.

Remove power connections to the host computer.

Unplug the accessory connector(s) or cable(s) from the KPCI-3101-4 Series board(s), keep-
ing the connections intact on the accessory or expansion board(s).

Remove the KPCI-3101-4 Series board(s) from the computer and visually check for dam-
age. If aboard is obviously damaged, refer to page 6-7 for information on returning the
board.

With the KPCI-3101-4 Series board(s) out of the computer, check the computer for proper
operation. Power up the computer and perform any necessary diagnostics.

When you are sure that the computer is operating properly, remove computer power again,
and install a KPCI-3101-4 Series board that you know is functional. Do not make any 1/0
connections.

Apply computer power and check operation with the functional KPCI-3101—4 Series board
in place. Thistest checks the computer accessory dlot. If you are using more than one
KPCI-3101-4 Series board, check the other slots you are using.

If the accessory slots are functional, check the I/0O hookups. Connect the accessory and
expansion boards, one at atime, and check operation.

If operation is normal, the problem isin the KPCI-3101—4 Series board(s) originally in the
computer. Try the KPCI-3101-4 Series board(s) one at atime in the computer to determine
which isfaulty. Use the troubleshooting information in the next section to try to isolate

the problem.

If you cannot isolate the problem, refer to Appendix C for amore detailed problem isolation
scheme.

If you cannot isolate the problem after further investigation, refer to page 6-6 for instructions
on getting technical support.
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Troubleshooting table

If you still experience problems, try using the information in Table 6-1 to isolate and solve the
problem. If you cannot identify the problem, refer to “ Technical support”.

Table 6-1

Troubleshooting problems

Symptom

Possible Cause

Possible Solution

Board does not
respond

Theboard configurationis
incorrect.

Check the configuration of your devicedriver to
ensure that the board name and type are correct.

The board is incorrectly
aignedinaPCI
expansion slot.

Check that the slot in which your KPCI-3101-4
Series board islocated isaPCl dot and that the
board is correctly seated in the slot.

The board is damaged.

Contact Keithley Instruments.

Intermittent
operation

L oose connections or
vibrations exist.

Check your wiring and tighten any loose
connections or cushion vibration sources.

The board is overheating.

Check environmental and ambient temperature;
consult the board's specifications in the
Appendix of this manual and the documentation
provided by your computer manufacturer for
more information.

Electrical noise exists.

Check your wiring and either provide better
shielding or reroute unshielded wiring.

Data appears to
beinvalid

An open connection
exists.

Check your wiring and fix any open
connections.

A transducer is not
connected to the channel
being read.

Check the transducer connections.

The board is set up for
differential inputs while
the transducers are wired
as single-ended inputs or
viceversa

Check your wiring and ensure that what you
specify in software matches your hardware
configuration.

Computer does
not boot

Board is not seated

Check that the dlot in which your KPCI-3101-4

properly. Series board islocated is a PCI dot, that the
board is correctly seated in the slot, and that the
board is secured in the slot with a screw.

The power supply of the | Check the power regquirements of your system

computer istoo small to
handle all the system
resources.

resources and, if needed, get alarger power
supply; consult the board’s specificationsin the
Appendix of this manual.

System lockup

Board is not seated
properly.

Check that the slot in which your KPCI-3101-4
Series board islocated isa PCI dlot, that the
board is correctly seated in the slot, and that the
board is secured in the slot with a screw.

Refer to the following paragraphsto further isolate the problem.
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Testing the board and host computer

To isolate the problem to the KPCI-3101—4 board or to the host computer, use the following
steps.

CAUTION Removing a board with the power ON can cause damage to your

board and/or computer.

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

While keeping connections to accessories intact, unplug the cable to the main I/O connector
of the KPCI-3101—4 board.

Remove the board from the computer and visually check for damage. If aboard is obviously
damaged, refer to “ Technical support” for information on returning the board.

With the KPCI-3101—4 board 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 KPCI-3101—4 board that you know is functional, you can test
the dot and 1/O connections using the instructions in the next section. If you do not have another
board, call Technical Support.

Testing the accessory slot and 1/0O connections

When you are sure that the computer is operating properly, test the computer accessory slot and
I/O connections using another KPCI-3101-4 board that you know is functional. To test the com-
puter accessory slot and the 1/O connections, follow these steps:

1

Remove computer power again, and install a KPCI-3101-4 board that you know is func-
tional. Do not make any 1/O connections.

Turn computer power ON and check operation with the functional board in place. Thistest
checks the computer accessory slot. If you were using more than one board when the prob-
lem occurred, use the functional board to also test the other slot.

If the 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 atime.

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

If operation remains normal to this point, the problem isin the KPCI-3101—4 board(s) origi-
nally in the computer. If you were using more than one board, try each board one at atimein
the computer to determine which is faulty.

If you cannot isolate the problem, refer to the following paragraph for information on obtain-
ing technical support.
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Technical support

Before returning any equipment for repair, call Keithley for technical support at:

1-888-KEITHLEY
Monday - Friday, 8:00 am. —5:00 p.m., Eastern Time

An applications engineer will help you diagnose and resolve your problem over the telephone.

Please make sure you have the following information available before calling the factory for
technical support:

KPCI-3101-4 Board Model
Configuration Serial #
Revision code
Base address setting
Interrupt level setting
Number of channels

Computer Manufacturer
CPU type
Clock speed (MHz)
KB of RAM
Video system
BIOStype
Operating System DOS version

Windows version
Windows mode

Software Package Name
Serid #
Version
Invoice/Order #

Compiler Language

(if applicable) Manufacturer
Version

Accessories Type
Type
Type
Type
Type
Type
Type
Type
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Returning equipment to Keithley

If atelephone resolution is not possible, the applications engineer will issue you a Return Mate-
rial Authorization (RMA) number and ask you to return the equipment. Include the RMA num-
ber with any documentation regarding the equipment.

When returning equipment for repair, include the following information:

* Your name, address, and telephone number.
e Theinvoice or order number and date of equipment purchase.
e A description of the problem or its symptoms.
e The RMA number on the outside of the package.
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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Table A-1 lists the specifications for the A/D subsystem.

Table A-1

A/D subsystem specifications

KPCI-3101/302

KPCI-3103/304

Feature Specifications Specifications
Number of analog inputs
Single-ended/
pseudo-differential 16
Differential 8
Number of gains 4(1,2,4,8)
Resolution 12 bits 12 hits
Data encoding Offset binary
System accuracy (full-scale)
Gan=1 0.03% 0.03%
Gan=2 0.04% 0.04%
Gan=4 0.05% 0.05%
Gan=8 0.05% 0.05%
Nonlinearity (integral) +1.0LSB +1.0LSB

Differential linearity

+0.5LSB (no missing
codes)

+0.5LSB (no missing
codes)

Range (V)
Bipolar +1.25,25,5,10 +1.25,25,5,10
Unipolar 0to 1.25, 0to 1.25,
0to 25, 0to 2.5,
Oto5, Oto5,
0to 10 0to 10
Drift
Zero +30pV+ (+20pV * Gain)/°C |+30uV+ (+20uV * Gain)/°C
Gan +30ppm/°C +30ppm/°C
Input impedance
Off 100MQ, 10pF
On 100MQ, 100pF
Input bias current +20nA

Common mode voltage

+11V maximum (operational)

Maximum input voltage

+40V maximum (protection)

A/D converter noise

0.3LSB rms

Amplifier input noise

20V rms +
(10uV rms*gain)

200pA rms (current)

20V rms +
(10uV rms*gain)

200pA rms (current)

Channel-to-channel offset +40.0pVv
Channel acquisition time 3us lus
A/D conversion time 6.6us 3us
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Table A-1
A/D subsystem specifications (cont.)

KPCI-3101/302 KPCI-3103/304
Feature Specifications Specifications
Effective number of bits (ENOB) |11.5 hits 11.5 hits
Total Harmonic Distortion —-80 dB typical —-80 dB typical
Channel crosstalk -80dB @ 1kHz
Data throughput
Single analog channel 225kSamples/s 400kSamples/s (0.03%
(0.03% accuracy) accuracy)
Multiple channels (scan) 225kSamples/s 400kSamples/s (0.05%
(0.05% accuracy) accuracy)
200k Samples/s (.03% 360kSamples/s (0.03%
accuracy) accuracy)
Single digital channel 3MSamples/s 3MSamples/s

External A/D sample clock

Input type

Input load

High-level input voltage
Low-level input voltage
Hysteresis

High-level input current
Low-level input current
Minimum pulse width
Maximum frequency
Termination

Schmitt trigger, falling-edge sensitive
1HCT14(TTL)

2.0V minimum

0.8V maximum

0.4V (minimum); 1.5V (maximum)
1.0pA

-1.0pA

100ns (high); 100ns (low)

See Data Throughput spec above
22kQ resistor pullup to +5V

External A/D digital (TTL) trigger

Input type

Input load

High-level input voltage
Low-level input voltage
Hysteresis

High-level input current
Low-level input current
Minimum pulse width
Termination

Schmitt trigger, edge sensitive
1HCT14 (TTL)

2.0V minimum

0.8V maximum

0.4V (minimum); 1.5V (maximum)
1.0pA

-1.0pA

100ns (high); 100ns (low)

22kQ resistor pullup to +5V
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Table A-2 lists the specifications for the D/A subsystem.

Table A-2
D/A subsystem specifications

Feature

Specifications

Number of analog output channels

(KPCI-3102 and KPCI-3104) 2
Resolution

KPCI-3102, KPCI-3104 12 bits
Data encoding (input) Offset binary
Nonlinearity (integral)

KPCI-3102, KPCI-3104 +1L SB

Differential linearity
KPCI-3102, KPCI-3104

+0.5LSB (monotonic)

Output range
KPCI-3102, KPCI-3104

+10V, Oto 10V, £5V, O to 5V

Zero Error:

Software-adjustable to zero

Gain Error
KPCI-3102, KPCI-3104

+2L. SB + reference

Current output

+5mMA minimum (10V/2kQ)

Output impedance

0.3Q typical

Capacitive drive capability

0.001pF minimum (no oscillations)

Protection Short circuit to Analog Common
Power-on voltage 0V £10mV maximum
Settling time to 0.01% of FSR 50us, 20V step;
10.0ps, 100mV step
Slew rate 2V/us
Multiplying Zero Error +10mV maximum
External Reference Output +10V £10mV
Reference Input Impedance 5kQ typica
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Table A-3 lists the specifications for the DIN/DOUT subsystems.

Table A-3
DIN/DOUT subsystem specifications
Port A Port B Port C
Feature Specifications Specifications Specifications
Number of lines 8 (bidirectional) 8 (bidirectional) 7 (bidirectional)
Termination 22kQ resistor pullup to +5V;
22Q seriesresistor
Inputs
Input type Level sensitive Level sensitive Level sensitive
Input load 2FCT2574(TTL) |2FCT2574(TTL) |1ASIC(TTL)

High-level input voltage
Low-level input voltage

2.0V minimum
0.8V maximum

2.0V minimum
0.8V maximum

2.0V minimum
0.8V maximum

High-level input current 3uA 3uA 100pA
Low-level input current -3uA -3uA —100pA
Outputs

Output driver FCT2574 (TTL) FCT2574 (TTL) ASIC (TTL)

Output driver high voltage | 2.4V minimum 2.4V minimum 2.4V minimum
(197 = —-15mA) (197 = —-15mA) (17 = 4mA)

Output driver low voltage |0.5V maximum 0.5V maximum 0.8V maximum
(16 = 12mA) (16 = 12mA) (16 = 4mA)
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Table A-4 lists the specifications for the C/T subsystems.

Table A-4
C/T subsystem specifications

Feature

Specifications

Number of counter/timer channels

4

Clock Inputs
Input type
Input load
High-level input voltage
Low-level input voltage
Hysteresis

Schmitt trigger, rising-edge sensitive
1HCT14 (TTL)

2.0V minimum

0.8V maximum

0.4V (minimum); 1.5V (maximum)

High-level input voltage
Low-level input voltage
Hysteresis

High-level input current
Low-level input current
Minimum pulse width
Termination

High-level input current 1.0pA

Low-level input current -1.0pA

Minimum pulse width 100ns (high); 100ns (low)

Maximum frequency 5.0MHz

Termination 22kQ resistor pullup to +5V
Gate Inputs

Input type Schmitt trigger, level sensitive

Input load 1HCT14(TTL)

2.0V minimum

0.8V maximum

0.4V (minimum); 1.5V (maximum)
1.0pA

-1.0pA

100ns (high); 100ns (low)

22kQ resistor pullup to +5V

Counter Outputs
Output driver
Output driver high voltage
Output driver low voltage

Termination

ALS244 (TTL)

2.0V minimum (1°H = -15mA);
2.4V minimum (1 = -3mA)
0.5V maximum (1°- = 24mA);
0.4V maximum (1°F = 12mA)
22Q) seriesresistor




KPCI-3101 — KPCI-3104 Series User’s Manual

Specifications A-7

Table A-5 lists the power, physical, and environmental specifications for the KPCI-3101—4

Series board.
Table A-5
Power, physical, and environmental specifications
Feature Specifications
Power
+5V (£0.25V) 1.2A nominal
-5v not used
+12V 55mA maximum; 48mA nominal
-12v 50mA maximum; 38mA nominal
+ 5V Power Out (J1-1) 1A maximum (with resettable fuse)
Physical
Dimensions 8.5 inches (length) by 4.2 inches (width)
Weight 5.95 ounces (170 grams)
Environmental
Operating temperature range 0°Cto 70°C
Storage temperature range -25°Cto 85°C
Relative humidity To 95%, noncondensing

Table A-6 lists the connector specifications for the KPCI-3101-4 Series board.

Table A-6
Connector specifications

Feature

Specifications

Connector part number

AMP, 68-pin, 0.05 Subminiature D,
#749621-7

Shielded enclosure with jack screws

AMP #750752-1

Recommended shielded cable

Madison, 28 GA, Twisted Pair,
#68K DK 00029




A-8 Specifications

KPCI-3101 — KPCI-3104 Series User’s Manual

Table A-7 lists the specifications for the STA-300 screw terminal panel.

Table A-7
STA-300 specifications

Termina materid

Feature Specifications

Mechanical
J1 AMP 68-pin connector, SCSI |1 (#787170-7)
J2 AMP 26-pin connector (#104341-6)
Terminal block insulator Polyamide 6.6GV
Screw type M 2.5 x 5, Chrome-plated steel
Wiresize 14 to 28 AWG
Dimensions 4.9 inches (W) x 6.9 inches (L) x

0.90 inches (H) on 0.062 inches G10/FR4
Nickel-plated brass

Board material FR4

Weight 7 ounces

Mounting viafour, 4-40 screws
Environmental

Storage temperature range —25°C to 85°C (derated operation)

Operational 0°Cto55°C

Relative humidity To 95%, noncondensing

Table A-8 lists the specifications for the cable CAB-305.

Table A-8

CAB-305 cable specifications

Feature Specifications

Length 2 meters

Conductors 34 twisted pairs, shielded, #28 AWG on 50 mil centers
Connectors (1) AMP, 68-pin, self-locking receptacle, #787170-7
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Supported capabilities

The KPCI-3101-4 Series DriverLINX Software provides support for A/D, D/A, DIN, DOUT,
and C/T subsystems. For information on how to install DriverLINX, refer to Section 3, “Installa-
tion and Configuration”.

Table A-9 summarizes the board features available for use with DriverLINX. DriverLINX pro-
vides functions that return support information for specified subsystem capabilities at runtime.

Thefirst row in the table lists the subsystem types. Thefirst column in the tablelists all possible
subsystem capabilities.

NOTE Blank fields represent unsupported options.
Table A-9
KPCI-3101-4 series supported options
KPCI-3101-4 Series A/D D/AL DIN DOUT cIT
Total Subsystems on Board 1 2 32 32 4
@ Single Value Operation Support Yes Yes Yes Yes
% § Continuous Operation Support Yes Yes® Yes
o % Continuous Operation until Trigger Event Support Yes
v Continuous Operation before and after Trigger Event Yes
g ﬁ Asynchronous Operation Support Yes
==
Buffer Support Yes
? Single Buffer Wrap Mode Support Yes
% Multiple Buffer Wrap Mode Support Yes
Inprocess Buffer Flush Support Yes
Number of DMA Channels 0 0 0 0 0
<§( Supports Gap Free Datawith No DMA Yes
0O || Supports Gap Free Datawith Single DMA
Supports Gap Free Datawith Dual DMA
Triggered Scan Support Yes
o || Maximum Number of CGL Scans per Trigger 256% 0 0 0 0
-é Supports Scan per Trigger Event Triggered Scan Yes
§ Supports Internal Retriggered Triggered Scan Yes
g Extra Retrigger Support Ys
"g Maximum Retrigger Frequency 15?)I:Hz 0 0 0 0
= 219kHz
Minimum Retrigger Frequency 1.2Hz° 0 0 0 0
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Table A-9
KPCI-3101-4 series supported options (cont.)
KPCI-3101-4 Series A/D D/Al DIN DOUT cIT
Total Subsystems on Board 1 2 32 32 4
£ ||Maximum Channel Gain List Depth 1024 1 03 03 0
9 o Sequential Channel Gain List Support Yes
% | zero Start Sequential Channel Gain List Support Yes
6 Random Channel-Gain List Support Yes
= || Programmable Gain Support Yes
8 Number of Gains 4 1 1 1 0
§ o Synchronous Digital I/0O Support
& = ||Maximum Synchronous Digital 1/0 Value 0 0 0 0 0
c =
gz

Number of Channels 178 2 1 1 1

1/0

SE Support Yes
SE Channels 16 0 0 0 0
DI Support Yes Yes Yes Yes
DI Channels 8 2 1 1 1

Filter/Channel Support
Number of Filters 1 1 1 1 0

Number of Voltage Ranges 27 4or18 0 0 0
Range per Channel Support

Software Programmable Resolution Yesl© Yesl©
Number of Resolutions 1 1 29 210 1

Binary Encoding Support Yes Yes Yes Yes Yes

Data

Twos Complement Support

Encoding | Resolution | Ranges | Filters | Channel Type | Channels

Software Trigger Support Yes Yes Yes Yes Yes
External Trigger Support Yes!® Yes
Threshold Trigger Support
Threshold Trigger Support
Analog Event Trigger Support

Triggers

Digital Event Trigger Support
Timer Event Trigger Support
Number of Extra Triggers 110 0 0 0 0
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Table A-9
KPCI-3101-4 series supported options (cont.)
KPCI-3101-4 Series A/D D/AL DIN DOUT cIT
Total Subsystems on Board 1 2 32 32 4
Internal Clock Support Yes Yes Yes
External Clock Support Yes Yes
Number of Extra Clocks 0 0
< || Base Clock Freguency 20MHz 20MHz
3 || Maximum External Clock Divider 10 10 10 10 65536
Minimum External Clock Divider 1.0 1.0 1.0 1.0 20
Maximum Throughput 3MHz? | 1.0Hz 10MHZz*?
Minimum Throughput 1.2Hz 1.0Hz 0.005HZz3
Cascading Support Yes
Event Count Mode Support Yes
Generate Rate Mode Support Yes
One-Shot Mode Support Yes
é Repetitive One-Shot Mode Support Yes
i= || High to Low Output Pulse Support Yes
g Low to High Output Pulse Support Yes
S
8 None (internal) Gate Type Support Yes
High Level Gate Type Support Yest
Low Level Gate Type Support Yest®
High Edge Gate Type Support Yest®
Low Edge Gate Type Support Yest®
‘g‘_ Interrupt Support
=
§ FIFO in Data Path Support
LL
© g Software Calibration Support Yes Yes
SE
22
3§

1 p/A subsystems are supported by the KPCI-3102 and KPCI-3104 boards only.

2 The DIN and DOUT subsystems use the same DIO lines.

3 All 16 bits of the DIO lines from PortsA and B are assigned to A/D input channel 16. While the DIN subsystem itself isincapable of continuous operation,
you can perform a continuous DIN operation by specifying channel 16 in the channel-gain list of the A/D subsystem and starting the A/D subsystem.

4 The CGL depth of 1024 entriesin conjunction with a multiscan count of 256 provides an effective CGL depth of up to 256K entries.

5 The value of 1.2Hz assumes the minimum number of samplesis 1.

6 ChannelsOto 15 are provided for analog input; channel 16 reads all 16 bits from the DIN subsystem (Ports A and B). If the channel-gain list contains
channel 16 only, the board can read the digital input channels at arate of 3M Samples/s.

7 KPCI-3101, KPCI-3102, KPCI-3103, and K PCI-3104 boards support two input ranges: +10V and 0 to 10V.
8 KPCI-3102 and KPCI-3104 boards support four output ranges: +10V, 0 to 10V, +5V, and 0 to 5V.
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9 When confi gured for 16 bits of resolution, both element 0 and element 1 use DIO bits 15 to 0 (Ports A and B are combined); however, you cannot use both
elements at the same time. When configured for 8 bits of resolution, element O uses bits 7 to 0 (Port A) and element 1 uses bits 15 to 8 (Port B). Port C
(element 2) always uses a fixed resolution of 7 and cannot be combined with Port A or Port B.

10 OL_TRG_EXTERN istherising-edge externa digital (TTL) trigger input; OL_TRG_EXTRA isthe falling-edge digital external (TTL) trigger input.

11 For KPCI-3101 and K PCI-3102 boards, the maximum throughput for analog input channelsis 225kHz; for KPCI-3103 and KPCI-3104 boards, and the
maximum throughput for anal og input channels is 400kHz. For all boards, if the channel-gain list contains channel 16 only (the digital input channel), the
maximum throughput is 3MHz.

12 |f using cascaded counter/timers, this value is SMHz.

13 Any two adjacent counter/timers, such as (1,2) or (2,3) or (3,4), can be cascaded. If you are not using cascaded counter/timers, this value is approximately
305.18Hz.

14 High-edge and low-edge are supported for one-shot and repetitive one-shot modes. High-level and low-level are supported for event counting and rate
generation modes.
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Table B-1 lists the pin assignments of connector J1 on the KPCI-3101-4 Series board.

Table B-1
Pin assignments for connector J1 on the KPCI-3101-4 series boards
Pin Pin
Number | Signal Description Number |Signal Description
34 Analog Input 1 68 Analog Input 0
33 Analog Input 9/1 Return 67 Analog Input 8/0 Return
32 Analog Input 3 66 Analog Input 2
31 Analog Input 11/3 Return 65 Analog Input 10/2 Return
30 Analog Input 5 64 Analog Input 4
29 Analog Input 13/5 Return 63 Analog Input 12/4 Return
28 Analog Input 7 62 Analog Input 6
27 Analog Input 15/7 Return 61 Analog Input 14/6 Return
26 Amp Low 60 DACO Reference
25 Analog Ground 59 DAC1 Reference
24 Analog Output 1 58 Analog Output 0
23 Analog Output 1 Return 57 Analog Output 0 Return
22 External A/D Sample Clock In 56 External A/D Trigger
21 Digital Ground 55 Digital Ground
20 Digital 1/O Port C, Line 1 54 Digital 1/0 Port C, Line 0
19 Digital 1/0 Port C, Line 3 53 Digital 1/0O Port C, Line 2
18 Digital 1/0 Port C, Line5 52 Digital 1/O Port C, Line 4
17 Digital Ground 51 Digital I/O Port C, Line 6
16 Digital 1/0 Port A, Line 1 50 Digital 1/0 Port A, Line0
15 Digital I/O Port A, Line 3 49 Digital I/O Port A, Line 2
14 Digital 1/0 Port A, Line5 48 Digital 1/0 Port A, Line4
13 Digital 1/0 Port A, Line7 47 Digital 1/O Port A, Line 6
12 Digital 1/0O Port B, Line 1 46 Digital 1/O Port B, Line0
11 Digital I/O Port B, Line 3 45 Digital I/O Port B, Line 2
10 Digital 1/0 Port B, Line 5 44 Digital 1/0 Port B, Line 4
9 Digital I/O Port B, Line 7 43 Digital I/O Port B, Line 6
8 Digital Ground 42 Digital Ground
7 User Clock Input 1 41 User Clock Input O
6 User Counter Output 1 40 User Counter Output O
5 External Gate 1 39 External Gate 0
4 External Gate 3 38 External Gate 2
3 User Counter Output 3 37 User Counter Output 2
2 User Clock Input 3 36 User Clock Input 2
1 + 5V Output @1A 35 Power Ground
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Connector Pin Assignments

Table B-2 lists the screw terminal assignments for connector J1 on the STA-300 screw terminal

panel.

Table B-2

Pin assignments for connector J1 on the STA-300

TB# | J1 Pin # | Description TB# | J1 Pin # | Description
1 68 Analog Input 0 67 Analog Input 8/0 Return
3 34 Analog Input 1 33 Analog Input 9/1 Return
5 66 Anaog Input 2 65 Analog Input10/2 Return
7 32 Analog Input 3 31 Analog Input 11/3 Return
9 64 Analog Input 4 10 63 Anaog Input 12/4 Return
11 30 Analog Input 5 12 29 Analog Input 13/5 Return
13 62 Analog Input 6 14 61 Analog Input 14/6 Return
15 28 Analog Input 7 16 27 Analog Input 15/7 Return
17 26 Amp Low 18 25 Analog Ground
19 58 DACO Output 20 57 DACO Return
21 60 DACO Reference In and 22 23 DAC1 Return
Out
23 24 DAC1 Output 24 59 DAC1 Reference In and
Out
25 42 Digital Ground 26 41 User Clock Input O
27 40 User Counter Output O 28 39 Externa Gate O
29 Digital Ground 30 User Clock Input 1
31 User Counter Output 1 32 Externa Gate 1
33 Digital Ground 34 36 User Clock Input 2
35 37 User Counter Output 2 36 38 Externa Gate 2
37 42 Digital Ground 38 User Clock Input 3
39 3 User Counter Output 3 40 4 Externa Gate 3
41 +5V Output @ 1A 42 35 Power Ground
43 55 Digital Ground 44 55 Digital Ground
45 55 Digital Ground 46 56 External A/D Trigger
47 21 Digital Ground 48 22 External A/D Sample
Clock Input

49 50 Digital I/O Port A, Line0 50 16 Digital 1/0 Port A, Line 1
51 49 Digital I/O Port A, Line 2 52 15 Digital I/O Port A, Line 3
53 48 Digital I/O Port A, Line4 54 14 Digital I/O Port A, Line5
55 47 Digital 1/O Port A, Line6 56 13 Digital 1/O Port A, Line7
57 46 Digital 1/0O Port B, Line0 58 12 Digital 1/O Port B, Line 1
59 45 Digital I/O Port B, Line 2 60 11 Digital 1/O Port B, Line 3
61 44 Digital I/0O Port B, Line 4 62 10 Digital I/O Port B, Line 5
63 43 Digital I/O Port B, Line 6 64 9 Digital I/O Port B, Line 7

B-3
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Table B-2
Pin assignments for connector J1 on the STA-300 (cont.)
TB# | J1Pin# | Description TB# | J1 Pin # | Description
65 54 Digital 1/O Port C, Line0 66 20 Digital I/O Port C, Line 1
67 53 Digital I/O Port C, Line 2 68 19 Digital 1/O Port C, Line 3
69 52 Digital /O Port C, Line 4 70 18 Digital /O Port C, Line5
71 51 Digital I/0 Port C, Line 6 72 17 Digital Ground

Table B-3 lists the screw terminal assignments for connector J2 on the STA-300 screw terminal

panel.

Table B-3

Pin assignments for connector J2 on the STA-300

Pin Number | Description Pin Number | Description

1 Analog Input 0 14 Analog Input 12
2 Analog Input 8 15 Analog Ground
3 Analog Ground 16 Analog Input 13
4 Analog Input 9 17 Analog Input 5
5 Analog Input 1 18 Analog Ground
6 Analog Ground 19 Analog Input 6
7 Analog Input 2 20 Analog Input 14
8 Analog Input 10 21 Analog Ground
9 Analog Ground 22 Analog Input 15
10 Analog Input 11 23 Analog Input 7
11 Analog Input 3 24 Analog Ground
12 Analog Ground 25 Amp Low
13 Analog Input 4 26 Not Connected
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If you were unable to isolate the problem by using Section 6, then try to isolate the problem sys-

tematically using the schemes detailed in this Appendix.

For clarity, the systematic problem isolation procedure is divided into seven schemes, each of
which checks for, eliminates, and/or resolves problem causes. Each scheme consists of a flow-
chart and, in most cases, an amplified written procedure. The numbers of flowchart blocks are

keyed to the numbers of written steps.

For simplicity, your problem is assumed to have only one cause. One particular scheme may not
aoneisolate this cause. Rather, performance of several schemesin series may be required to
analyze your problem. One scheme may eliminate potential causes from further consideration,
then direct you to another scheme(s) that ultimately isolates the problem. You need perform only

those schemes to which you are directed.

If the cause of your problem appears to be outside the scope of the systematic isolation proce-

dure, the procedure directs you to call Keithley for help.

The seven problem isolation schemes are as follows:

e SchemeA checksfor three basic system problems.

* Scheme B checks DriverLINX installation and board recognition by DriverLINX.
e Scheme C addresses application software issues.

« Scheme D addresses apparent expansion slot malfunctions and attempted remedies.
e Scheme E addresses potential external connection problems.

* Scheme F addresses apparently malfunctioning board(s).

e Scheme G verifies that earlier schemes have found and addressed the problem.

Start the systematic isolation procedure at the next section, entitled “ Problem isolation Scheme
A: basic system,” unless you have been directed otherwise in this manual. (The board/Driver-

LINX installation check in Section 3 of this manual sends you directly to Scheme B.)

CAUTION

NOTE

Always turn off your computer and any external circuits connected
to the KPCI-3101-4 board before removing or replacing the board.
Removing or replacing a board with the power ON can damage the
board, the computer, the external circuit, or all three.

Handle the board at the mounting bracket, using a grounded wrist
strap. Do not touch the circuit traces or connector contacts.

In the following procedure, the term “ board” always refersto a
KPCI-3101-4 board. The procedure never directs you to install or
remove any type of board other than a KPCI-3101—4 board.

Thelogic used in the systematic problemisolation schemes assumes that
the problem has only one cause. Therefore, once a causeis found and
corrected, the reader isinstructed to reassemble the system and verify
proper operation.

Each individual scheme in this procedure, except for Scheme A, is
designed to be used only if called for by other schemes or procedures.
For example, Scheme B is called for by Scheme A. Scheme B is also
called for as a post-installation check in Section 3 of thismanual and in
the“ Read ThisFirst” sheet that shipped with your board. If you attempt
to use schemes independently, you lose the benefits of systematic prob-
lemisolation.
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Problem isolation Scheme A: basic system

In Scheme A, you start the systematic problem isolation procedure. You remove your
KPCI-3101-4 board(s) and check for apparent damage. If the board looks okay, you check the
independent functionality of your computer. If the computer is okay, you check the expansion
slots that held your KPCI-3101—4 board(s).

Follow these instructions as you perform Scheme A:

1

Remove and inspect the KPCI-3101-4 board(s) for damage as follows:

a
b.

e.

Shut down Windows 95/98/NT and turn off power to the host computer.

Turn off power to all external circuits and accessories connected to the KPCI-3101-4
board(s) that isinstalled.

Disconnect STA-300 screw terminal accessories from your KPCI-3101-4 board(s).

Remove the KPCI-3101—4 boards from the computer, making note of the socket(s) in
which the board(s) was installed. (If more than one KPCI-3101-4 board isinstalled,
remove al boards and note which board was in which socket.)

Visually inspect al removed KPCI-3101-4 board(s) for damage.

Based on the results of step 1, do the following:

If the board(s) you removed is obviously damaged, then repair or replace the board.
Refer to Section 6 “Technical support” for information on returning the board for repair
or replacement. Skip to “Problem isolation Scheme G: verification of problem solution.”

If the board(s) you removed is not obviously damaged, then continue with step 3 and
check for host computer malfunction.

Check if the computer functions satisfactorily by itself. Proceed as follows:

a

Place the board(s) that you removed from the computer in an electrostatically safe loca-
tion. Do not reinstall it.

Turn on power to the host computer.

¢. Perform al needed diagnostics to determine whether your computer hardware and oper-

ating systems are functioning properly.

Based on the results of step 3, do one of the following:

If you find no computer or operating system malfunctionsin step 3, then the problem
likely lies elsewhere; take action as follows:

— If you do not have another KPCI-3101-4 board that you know is good, i.e. works
properly, read the instructions in Section 6 “Technical support.” Then contact
Keithley for help inisolating the cause of your problem.

— If you have another KPCI-3101-4 board that you know is good, i.e. works properly,
then continue with step 5.

If you find computer or operating system malfunctionsin step 3, do the following:
a. Determine the cause of the computer hardware or operating system malfunctions.
b. Fix the computer hardware or operating system malfunctions.

¢. Assume that fixing the malfunctions has solved your problem, and skip to “Problem
isolation Scheme G: verification of problem solution.”
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5. Determinethe PCI resources detected by your computer before any KPCI-3101-4 boards are
installed. Proceed as follows:

a
b.
C.

NOTE

d.

e.

Shut down Windows 95/98/NT and turn off power to the host computer.
Insert a blank diskette, or any diskette that you are sure is unbootable, into the A: drive.
Turn on the computer and allow it to start the boot cycle.

The boot cycle stalls at atext screen listing system characteristics and resources and say-
ing at the bottom: Non-system disk or disk error. Replace and press any key when
ready.

This system characteristics and resources screen is normally displayed
only fleetingly during the boot cycle. Having an unbootable diskette in
your computer automatically stops the boot cycle at this screen, allow-
ing for convenient viewing. Thisis not harmful to your computer. The
more common approach — using the PAUSE key to pause the boot cycle
at this screen —rrequires fast reflexes with some systems.

Note the displayed list of PCI devices under a heading something like PCI devicelist-
ing... If you have a printer, print the screen by pressing the PRINT SCREEN key.

Remove the diskette and alow the boot cycle to finish.

6. Install agood board—a KPCI-3101—4 board that you know is fully functional—as follows:

a
b.

NOTE

Shut down Windows 95/98/NT and turn off power to the host computer.

Install the good board in the slot from which you removed the potentialy faulty board in
step 1. Refer to Section 3, for board installation instructions.

If you removed more than one board in step 1, install only one good
board in only one expansion slot.

Do not connect any external circuits to the board at this point.

7. Again determine the PCI resources detected by your computer, after the KPCI-3101—4 board
isinstalled. Windows 95 Plug and Play should find and configure the new board as a PCI
resourceif al of thefollowing aretrue:

Do
a
b.

d.

The board functions properly as a PCI device.

The contacts of the expansion slot in which the OK board isinstalled are in good
condition.

The OK board is seated properly in the expansion slot.
the following, as you did in step 5:
Insert an unbootable diskette.

Turn on the computer and allow the boot cycle to stall at the Non-system disk or disk
error... message.

Again, note the displayed list of PCI devices. A new device should be listed, likely asan
unidentified peripheral. If your resource listing includes PCI slot numbers, the slot num-
ber for the new device should match the number of the slot in which your board is
installed.

Remove the diskette and allow the boot cycle to finish.

8. If youremoved KPCI-3101—4 boards from other PCI slotsin step 1, then repeat steps6 and 7
with the good board in each of these other dots.
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9. Based on the results of steps 5 through 8, do one of the following:
a. If the good board is recognized as a PClI component in all dots tested, then the PCI slots

are apparently satisfactory. DriverLINX may not be installed correctly and/or the board
may not be properly configured. Continue with “Problem isolation Scheme B:
installation.”

If the good board is not recognized as a PCl component in aslot(s), then the PCI slot
connector(s) is suspect. Continue with “Problem isolation Scheme D: expansion slot
connectors.”

Problem isolation Scheme B: installation

In Scheme B, you check whether DriverLINX and your board are installed correctly and work
together properly. A proper start of the DriverLINX Analog I/O Panel utility means that the com-
bined DriverLINX/board installation is okay. If the installation is not okay, you try to diagnose
and fix the problem, ultimately reinstalling DriverLINX and the board if necessary.

NOTE

Thisis not a stand-alone procedure. Useit only when it is called for by
another procedure.

Follow these instructions as you perform Scheme B:

1. Try starting the DriverLINX Analog I/O Panel. Proceed as follows:
a. Inthe Start menu, click Programs.
b. FindtheDriverLINX — Test Panelsfolder, under which you should find the A1O Panel

entry.

c. Click onthe AlO Panel entry.
2. Based on the results of Step 1, select one of the following:

Case A — If both of the following statements are true, then skip to step 14; DriverLINX
and your board are installed properly and are working together.

— A KPCI-3101-4 board is the only board in your computer installed under
DriverLINX.

— TheDriverLINX Analog 1/0 Panel appears with the K PCI 31014 board listed under
Driver Selection.

Case B — If dl three of the following statements are true, then skip to step 14; Driver-
LINX and your board are installed properly and are working together.

— Morethan one type of board isinstalled in your computer under DriverLINX.

— TheDriverLINX Analog I/0 Pand initially appears, but perhapswith any or all of the
following differences: 1) tiny buttons |ocated at the right side of the Driver Selection
text box and/or the Device Selection text box; 2) a different board driver under
Driver Selection; 3) adifferent device number under Device Selection; 4) different
tabs at the top of the screen.

— To change the tabs at the top of the screen use the tiny buttons next to the text boxes:
1) select the board driver under Driver Selection to be KPCI 31014 and 2) select the
correct device number under Device Selection, which is O if only one KPCI-31014
board isinstalled.

Case C — If neither of the two scenarios above apply — neither Case A nor Case B, then
continue with step 3; there may be a problem with the DriverLINX installation and/or the
board configuration.
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3. Select the next step in Scheme B based on the criteria given in the following alternatives:

If you have already reconfigured or reinstalled DriverLINX and the board, yet till cannot
successfully start the Analog 1/0 Panel, then the cause of your problem may be outside
the scope of these diagnostics. Read theinstructionsin Section 6 “ Technical support” and
then contact Keithley for help in isolating the cause of your problem.

If you have not yet tried to fix the combined DriverLINX/board problem, then continue
with step 4.

4. Seeif and how your KPCI-3101—4 board is listed in the Windows Device Manager. Proceed
asfollows:

a
b.
C.

Right-click the My Computer icon on your desktop.
On the menu that appears, click Properties.

On the System Properties dialog box that appears, click the Device Manager tab. The
Device Manager appears.

d. Inthe Device Manager look for aDriverLINX driversitem.
e. If youfind aDriverLINX driversitem, click the + sign to the left of thisitem.

A second level list may appear with the specific model number of your KPCI-3101-4
board. More than one KPCI-3101-4 board may be listed here if you installed more than
one KPCI-3101-4 board.

. Select your next action based on the criteria given in the following aternatives:

* |f aboard isrecognized as a device under DriverLINX but is not configured to work
with DriverLINX, then the board is normally listed with a large exclamation point
over it. If you find a KPCI-3101—4 board listed with an exclamation point over it,
keep the Device Manager open and go directly to step 5. Skip substeps 4g through 4;j.

« If aboard isrecognized as adevice under DriverLINX and is configured to work with
DriverLINX, then the board is listed without the large exclamation point over it.
However, thisis not by itself a sufficient indication in at least one situation. There-
fore, if you find that all of your KPCI-3101—4 boards are listed in the Device Man-
ager without exclamation points, do as follows:

— Leave the Device Manager open for now.
— Continue with substeps 4g through 4j, in which you open and check the Driver-
LINX Configuration Panel.

« If thelist of devicesin the Device Manager includes an ? Other Devicesitem, aso
click the + sign to the | eft of thisitem. If a KPCI-3101—4 board is listed under ?
Other Devices, then keep the Device Manager open and go directly to step 5. Skip
substeps 4g through 4.

« If one or more of your KPCI-3101—4 boards is not listed anywhere in the Device
Manager, then keep the Device Manager open and go directly to step 5. Skip substeps
4g through 4.

In the Start menu, click Programs.

Find the Driver LINX folder and under it click Driver LINX Configuration Panel.
The DriverLINX Configuration Panel appears.

. Inspect the DriverLINX Configuration Panel.

« If you seethe following on the screen for a KPCI-3101—4 board, then the board is
recognized as a device under DriverLINX but isnot properly configured:

— Keithley KPCI-31014 Seriesislisted under DriverLINX.
— Theamplifier icon next to Keithley KPCI-3101—4 Seriesis colored yellow.

— The specific board part number(s) of the unconfigured Keithley KPCI-3101-4
board(s) islisted under Keithley KPCI-3101-4.

— Thelamp icon next to the specific board part number is uncolored.
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« If you see the following on the screen for a KPCI-3101-4 board, then the board is
recognized as a device under DriverLINX and is properly configured:
— Keithley KPCI-3101-4 Seriesis listed under DriverLINX.
— Theamplifier icon next to Keithley KPCI-3101-4 Seriesis colored pale gray.
— A device number—for example, Device0 (or Devicel, Device2, etc.)— islisted
under Keithley KPCI-3101-4 Series, instead of a specific board part number.
— Thelamp icon next to the device number is colored green.
j- Leavethe DriverLINX Configuration Panel open for now and continue with step 5.
5. Based on the results of step 4, do one of the following:
« If your board is properly installed and configured, your inability to run the Analog I/0

Panel may be due to an improperly installed component of DriverLINX. Skip to step 9,
and begin uninstalling, then reinstalling DriverLINX and the board.

« If oneof your KPCI-3101-4 boardsis apparently recognized by DriverLINX but islisted
in the Device Manager under DriverLINX with alarge exclamation point, then try con-
figuring it with the DriverLINX Configuration Panel. Skip to step 7.

« If one of your KPCI-3101-4 boardsis listed under ? Other Devices, or islisted in the
Device Manager at multiple places, then the installation is faulty. Skip to step 9 and begin
uninstalling, then reinstalling DriverLINX and the board.

« If your board isnot listed at al in the Device Manager, there are apparently issues other
than the combined DriverLINX/board installation. Continue with step 6.

6. Select the next step in Scheme B based on the criteria given in the following aternatives:

« If you are performing Scheme B independently as an installation check, then non-instal-
lation issues must apparently be resolved before you can successfully run your board.
Starting at “Problem isolation Scheme A basic system,” proceed through the systematic
problem isolation procedure.

« |If you are performing Scheme B as part of the systematic problem isolation procedure,
then you should have seen your board listed in the device manager at this point in the
procedure. The cause of your problem may be outside the scope of these diagnostics.
Read theinstructionsin Section 6 “ Technical support,” and then contact Keithley for help
in isolating the cause of your problem.

7. Try to reconfigure your board using the DriverLINX configuration panel, which you opened
in step 4 and should still be open. Proceed as follows:

a. Inthe DriverLINX Configuration Panel, select an unconfigured KPCI-3101—4 board by
clicking on its part number. An unconfigured KPCI-3101-4 board may be identified as
follows:

e The specific board part number of the unconfigured Keithley KPCI-3101-4 board is
listed under Keithley KPCI-3101—4 Series.

« Thelamp icon next to the specific board part number is uncolored.

e Theamplifier icon next to Keithley KPCI-31014 Seriesis colored yellow.
b. Click the Configure button. The Select Logica Device dialog box appears.
c. Select your next action based on the criteria given in the following alternatives:

« If only one KPCI-3101-4 board isinstalled, adefault device number of O in the text
box is correct. Click OK.

* |If other KPCI-3101-4 boards are installed and configured and have been assigned
device numbers, then type in a device number for the board you are configuring —
the next, unassigned number in the numbering sequence. Then click OK.

The Configure DriverLINX Device dialog box appears, as well as the Device Manager.
d. No changesin the Device dialog box changes are normally required. Click OK.
e. If aDevice Change message appears, then click OK.
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f.

If more than one unconfigured board was found in the DriverLINX Configuration Man-
ager in step 4, configure the additional boards now. Repeat substeps 7athrough 7e for
each remaining unconfigured board.

Close out al programs and reboot your computer to complete the configuration process.

Open and check the Device Manager as you did in step 4. Your KPCI-3101-4 board(s)
should now be listed under the DriverLINX with no exclamation mark over it.

. Open and check the DriverLINX Configuration panel asyou did in step 4. If you success-

fully configured your board(s), you should now see the following listed below Keithley
KPCI-31014 Series. Refer back to step 4.

* Instead of a specific board part number(s), there should now be a device number(s) —
for example, DeviceQ.

« Thelamp icon next to the device number(s) should be colored green.

8. Based on the results of step 7, do one of the following:

If the board was successfully configured, return to step 1 and retry starting the Analog
1/O Pandl.

If the board was not successfully configured, continue with step 9 and begin uninstalling,
then reinstalling DriverLINX and the board.

9. Remove al KPCI-3101-4 boards physically.

NOTE

You should remove all KPCI-3101—4 boards before reinstalling the
KPCI-3101—4 version of DriverLINX, because the installation order is
Driver LINX first, board second. If a KPCI-3101-4 board is present,
physically or in the computer list of devices, driver installation difficul-
ties may occur.

Proceed as follows:

a
b.

Turn off the computer.
Remove al KPCI-3101-4 boards from their computer expansion slots.

CAUTION  Wear a grounded wrist strap to avoid electrostatic damage to the

board. Do not touch board components or conductors when han-
dling the board.

10. Remove al KPCI-3101-4 boards from the list of devicesin your system. If your operating
system is Windows 95/98, remove the KPCI-3101-4 boards using the Windows 95/98
Device Manager, asfollows:

a
b.

Shut down and turn off the computer.

Open the Device Manager by right clicking the My Computer icon, clicking Properties
on the menu that appears, then clicking the Device Manager tab. A list of installed
devices appears.

Select your next step based on the criteria given in the following alternatives:

* |f the Device Manager listsaDriver LINX driversitem, click the + sign to the | eft of
thisitem. A second level list may appear with the specific model number of your
KPCI-3101-4 board. More than one KPCI-3101-4 board may be listed if you previ-
oudly installed more than one KPCI-3101-4 board. Alternatively, if a previously
installed board is not properly recognized by DriverLINX, it may not be listed here or
may be listed with alarge exclamation point over it.

« |If the Device Manager listsan ? Other Devicesitem, aso click the + sign to the left
of thisitem. You should not, but could, find a KPCI-3101—4 board listed under this
item if it isnot properly recognized by DriverLINX.
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Select any one of the KPCI-3101-4 boards that you find in the Device Manager, wher-
ever you find it.

At the bottom of thelist of devices, click Remove.

On the Confirm Device Removal dialog box that appears, click OK. The board is
removed from the list of devices.

If more than one KPCI-3101-4 board was listed in the Device Manager, or if the same

board was listed in more than one place, then repeat substeps d, e, and f of step 10 until
no KPCI-3101-4 boards are listed anywhere in the Device Manager.

11. Uninstal only the KPCI-3101—4 version of DriverLINX from your system using the Win-
dows 95/98/NT Add/Remove Programs feature. Proceed as follows:

a
b.
C.

NOTE

d.

In the Start menu of Windows 95/98/NT, click Settings — Control Panel.
In the Control Panel that appears, click Add/Remove Programs.

In the Add/Remove Programs Properties dialog box that appears, select Driver LINX for
Keithley 31014.

Uninstall only Driver LINX for Keithley 3101-4. If additional Driver-
LINX versions are installed, leave theminstalled.

At the bottom of the Add/Remove Programs Properties dialog box, click Add/Remove
and then follow the remainder of the Windows uninstall prompts.

CAUTION During the course of an uninstall procedure, you will typically be

12. Rei

asked if you wish to uninstall certain files that may be shared by
other programs. In such cases, always click No. Mistakenly
uninstalling files needed by other programs causes serious problems.
Mistakenly keeping files causes no harm, and some uninstalled files
may be overwritten anyway when you subsequently reinstall
DriverLINX.

nstall DriverLINX, referring to the brief DriverLINX installation instructions on the

Read This First sheet that was shipped with your KPCI-3101-4 board and is also provided
on the CD-ROM containing this manual. Make sure that DriverLINX installs smoothly and
completely.

13. Rei

nstall the board(s).

CAUTION  Wear a grounded wrist strap to avoid electrostatic damage to the

NOTE

board. Do not touch board components or conductors when han-
dling the board.

If you are performing Scheme B independently as an installation check,
then reinstall all boards that you removed in step 9. If you are perform-
ing Scheme B as part of the systematic problem isolation procedure,
then reinstall only the good board that you began using near the end of
Scheme A.

Proceed as follows:

a
b.

Shut down and turn off the computer.

Install the board(s) in its expansion slot(s), following this brief procedurein Section 3 of
the manual.

Turn ON and reboot the computer.

. Run the procedure for configuring the board to work with DriverLINX, in Section 3.

Return to step 1 and run the installation check again.



C-10  Systematic Problem Isolation KPCI-3101 — KPCI-3104 Series User’s Manual

14. You arrived at this step from step 2, after successfully starting the Analog I/0 Panel. Select
your next action based on the criteria given in the following alternatives:

« If you are performing Scheme B independently as an installation check, then Driver-
LINX and your KPCI-3101-4 board areinstalled correctly. Return to Section 3 and finish
installing your data acquisition system.

« If you performed Scheme B as part of the systematic problem isolation procedure AND
arrived at this point after reconfiguring the board or reinstalling DriverLINX and the
board, then go to “Problem isolation Scheme G: verification of problem solution.”

« |If you performed Scheme B as part of the systematic problem isolation procedure AND
arrived at this point without performing any remedia efforts, then your problem must lie
elsewhere. Go to “Problem isolation Scheme C: application software” and check for
application software issues.

Problem isolation Scheme C: application software

In Scheme C, you check for bugsin custom application software, assuming that you can access
the source code. Alternatively, you check for compatibility and installation issuesin commercial
application software. In Scheme A, you temporarily installed a KPCI-3101—4 board that is
known to be good in place of a KPCI-3101—4 board that you removed from the computer. This
substitution, till in place, eliminates possible board 1/0 problems during Scheme C. You how
perform 1/O tests using your application software. You debug custom code, if necessary, and
recheck.

NOTE Thisis not a stand-alone procedure. Useit only when it is called for by
another procedure.

Follow these instructions as you perform Scheme C:
1. Perform the procedure outlined in the “ Analog input hardware test,” found later in this
appendix.
2. Based on the results of the Analog input software test, do one of the following:
= If your software appears not to be working properly with your analog inputs, skip to
step 8.
e |If your software appears to be working properly AND your board does not have analog
outputs, skip to step 5.

= If your software appears to be working properly AND your board has analog outputs,
continue with step 3.

3. Perform the procedure outlined in the “ Analog output hardware test” found later in this
appendix.

4. Based on the results of the Analog output software test, do one of the following:
e |If your software appears not to be working properly with your analog outputs, skip to
step 8.
= If your software appears to be working properly with your analog outputs, continue with
step 5.
5. Perform the procedure outlined in the “ General-purpose digital 1/0 hardware test” found
later in this appendix.
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10.

11.

12.

Based on the results of the “ General-purpose digital 1/0 hardware test,” do one of the

following:

= |If your software appears not to be working properly with your digital 1/0O, skip to step 8.

« If your software appears to be working properly with your digital 1/0, continue with
step 7.

Select the next step in Scheme C based on the criteria given in the following alternatives:

« If you reached this point without modifying the custom software or reinstalling the com-
mercia software—if you experienced no problemsin the tests at any point—then the
problem you originally experienced must lie elsewhere. Go to “Problem isolation
Scheme E: user wiring” and check your external connections.

« If you reached this point by having to modify the custom software or reinstall the com-
mercial software—if you no longer experience problems in the tests—then assume that
you have solved the original problem. Go to “Problem isolation Scheme G: verification
of problem solution” and verify that the problem is solved.

You arrived at this point because one of the 1/0 software tests failed. Select the next step in

Scheme C based on the criteria given in the following aternatives:

= |If your applications program is a proven program—ypotentially a commercial program
that you cannot modify—then the software may be installed incorrectly or perhapsis
incompatible with DriverLINX. Skip to step 13.

« If your applications program is a custom program that can be modified—the source code
is available—then continue with step 9.

Check and debug the source code as necessary.

At this point, you have presumably found and corrected some program bugs. Select the next
step in Scheme C based on the criteria given in the following aternatives:

= If both of the following statements are true, then the cause of your problem may be
outside the scope of these diagnostics. Read the instructions in Section 6 “Technical
support” and then contact Keithley for help in isolating the cause of your problem.

— You are at this point after having debugged the source code at least once and after
having failed the I/O software tests at least a second time.

— You have tried to find more code bugs after two or more 1/0 test failures and cannot
find any more bugs.

< If none or only one of the above statements are true, then continue with step 11, and
selectively redo 1/0 software tests.

Select your next step in Scheme C based on the criteria given in the following alternatives:

« If you have done the analog input software test at least once AND your software did not
pass the analog input software test the last time, then return to step 1 and redo that test.

= If you have done the analog input software test at least once AND your software passed
the analog input software test the last time, then assume that you do not need to repeat it.
Continue with step 12.

Select your next step in Scheme C based on the criteria given in the following alternatives:

= If al three of the following apply, then return to step 3 and redo the anal og output soft-
ware test:

— Your board has analog outputs.
— You have done the analog output software test at |east once.
— Your software did not pass the analog output software test the last time you tried.
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« If dl three of the following apply, then assume that you do not need to repeat the analog
output software test. However, by process of elimination, you failed the digital 1/0 soft-
ware test the last time you tried. Go to step 5 and repeat the digital 1/0 software test.

— Your board has analog outputs.
— You have done the analog output software test at least once.
— Your software passed the analog output software test the last time you tried.

« If your board does not have anal og outputs then by process of elimination, you failed the
digital 1/0 software test the last time you tried. Go to step 5 and repeat the digital 1/0
software test.

13. You arrived at this point from step 8, because presumably you have a commercia or other-
wise unmodifiable applications program that is assumed to be proven. Contact the maker of
your software to determine whether you have a version designed to work with the
KPCI-311-4 version of DriverLINX. For example, not all versions of TestPoint will work
with KPCI-3101-4 DriverLINX. Also, check whether the program isinstalled correctly.

14. Select your next step in Scheme C based on the criteria given in the following alternatives:

= If you are certain at this point that your application program isthe correct version AND is
properly installed, then the cause of your problem may be outside the scope of these
diagnostics. Read the instructions in Section 6 “Technical support” and then contact
Keithley for help in isolating the cause of your problem. Also, contact Keithley if you
have been unable to find out elsewhere whether you have the correct version of software.

« If you are uncertain at this point that your application program is properly installed, then
reinstall it now. When you are satisfied that it is properly installed, go to step 11 and retry
selected 1/0 software tests.

Problem isolation Scheme D: expansion slot connectors
In Scheme D, you further check and try to remedy apparent expansion slot malfunctions.

NOTE Thisis not a stand-alone procedure. Useit only when it is called for by
another procedure.

1. Remove computer power again, and install a KPCI-3101—4 board that you know is func-
tional. 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 board when the prob-
lem occurred, use the functional board to also test the other dlot.

3. If the 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 atime.

4. If operation failsfor an I/O connection, check the individual inputs one at atime for shorts
and opens.

5. If operation remains normal to this point, the problem isin the KPCI-3101—4 board(s) origi-
nally in the computer. If you were using more than one board, try each board one at atimein
the computer to determine which is faulty.
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Problem isolation Scheme E: user wiring

In Scheme E, after having eliminated other problem causes, you physically check your external
connections to seeif they are the problem cause.

NOTE Thisis not a stand-alone procedure. Useit only when it is called for by
another procedure.

Follow these instructions as you perform Scheme E:

1. Check the 1/O connections between each external signal source and the screw terminal
accessory, one at atime, for short circuits and open circuits. If KPCI-3101-4 boards were
installed in more than one PCI slot, check the 1/0 connections for all boards.

NOTE Do not connect the screw terminal accessory to the board during this
scheme.

2. Based on the results of step 1, do the following:

« |f any external I/O connections are found to be faulty, assume that the problem was
caused by the faulty connections, then proceed as follows:

a. Correct the faulty external connections.
b. Skip to “Problem isolation Scheme G: verification of problem solution.”

« If al external 1/0O connections are found to be normal, then, by process of elimination,
the KPCI-3101—4 board(s) originally installed in the computer is likely the cause of the
problem. Continue with “ Problem isolation Scheme F: the board.”

Problem isolation Scheme F: the board

In Scheme F, after having eliminated other problem causes, you assume that KPCI-3101—4 hard-
ware malfunctions are at fault. If only one KPCI-3101-4 board was installed, you replace or
repair it. If more than one KPCI-3101—4 board was installed, you use PCI connection tests, and
if necessary 1/0 tests, to find which board is bad.

NOTE Thisis not a stand-alone procedure. Useit only when it is called for by
another procedure.

Problem isolation Scheme G: verification of problem solution

In Scheme G, you put your system back together and verify that it works, after apparently
resolving the problem in prior schemes.

NOTE Thisis not a stand-alone procedure. Useit only when it is called for by
another procedure.

Follow these instructions as you perform Scheme G:

1. Assuming that the problem has been resolved, do the following:
a. Turn off the computer.
b. Install good KPCI-3101—4 boards in good slots.
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c. Reconnect all externa circuits. If you left external circuits connected to the screw termi-
nal accessory, connect the accessory to your board. If you disconnected external circuits
from the screw terminal accessory, reconnect them and the accessory as discussed in
Section 3, “Installation and Configuration.”

d. Turn on the computer and start your data acquisition software.

2. Repeat the task that you were doing with your data acquisition system when the problem
occurred, and observe the performance.

3. Based on theresults of step 2, do one of the following:

« If the system now performs satisfactorily, you have successfully isolated and corrected
the problem.

« |If the system still does not perform satisfactorily, then the cause of your problem may be
outside the scope of these diagnostics. Read the instructions in Section 6 “Technical sup-
port,” and then contact Keithley for help in isolating the cause of your problem.

Specified hardware 1/O tests

The testsin this section check whether the analog and digital 1/0 of the board work properly.
The /O aretested using proven DriverLINX utilities, thereby bypassing any unresolved applica-
tion software issues. These tests are intended to be used when specified in the preceding “ Speci-
fied software 1/0 tests” procedure. However, they may also be used at any time for general
functional checks of your KPCI-3101—4 board.

NOTE During these tests, disconnect all user circuits from board, except for
connections specified in individual test procedures.

Analog input hardware test

The analog input test checks whether the analog inputs, particularly the instrumentation ampli-
fier and A/D converter, are working correctly. In thistest, a voltage applied to KPCI-3101-4
channel 01 is measured using the on-screen digital voltmeter utility that is supplied with Driver-
LINX. In the same way, channel 00 is grounded and checked for offset voltage. One voltage
measurement and one grounded-input measurement are sufficient because of the following:

« All analog channels are connected to the same instrumentation amplifier and A/D converter,
viathe multiplexer.

* The multiplexer isunlikely to be a problem source.

Both the voltage and grounded-input measurements are made in the single-ended input mode.

NOTE During this test, ensure that no user circuits are connected to the
KPCI-3101-4 board, except for analog input connections specified for
the test.

The analog input test is a functional test, not a calibration check,
although readings from a properly calibrated board should correspond
to a known test voltage within the accuracy specifications of the board.
If you wish to check and adjust the accuracy, refer to Section 5,
“Calibration”
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Equipment for the analog input hardware test

The following equipment is needed for the analog input test:

A voltage source supplying a known voltage at <5V. Refer to Table C-1 for more details.

(Optional) A Digital Voltmeter (DVM) or a Digital Multimeter (DMM) to accurately deter-
mine the voltage of the voltage source.

An STA-300 screw terminal accessory wired as shown in Table C-1. (These are the same
connections as made for the analog input software test.)

If possible, use a screw terminal accessory that is reserved for /O tests. Avoid using a screw
terminal accessory that isnormally connected to your external circuits. You thereby avoid the
extralabor and potential wiring errorsinvolved in disconnecting and later reconnecting your
external circuits.

Table C-1
Wiring for analog input hardware test using an STA-300 screw terminal accessory
connected to the Analog I/O connections

...and an
...between this analog
analog input ground

Connect this test voltage... terminal... terminal.
0V, viaa short between the analog input terminal and ground TB1 TB18

(AnalogIn0 (Analog

[pin 68]) Ground

[Pin 25])
<+5V from one of the following: TB3 TB3

e A battery (Anaoginl (Analog

« Anisolated power supply [pin 34]) Ground

< A voltage divider — e.g. 10kW or 20kW— between the [pin 25])

+5V board power output (terminal TB1 [pin 41]) and
anaog ground (terminal TB18 [pin 25]) *

*For example, composed of two 5KQ or 10KQ resistors. Observe the CAUTION below.

CAUTION If you use the +5V board power to energize a voltage divider, ensure

that the +5V board power terminal cannot accidentally short to
ground. A short to ground can damage one or more of the following:
the screw terminal accessory, the board, the computer.

Procedure for the analog input hardware test

Perform the analog input test as follows:

1
2.

S e

Turn off the host computer.

Wire a screw terminal accessory as described under “ Equipment for the analog input hard-
ware test.”

Connect the screw terminal accessory, aswired in step 2, to the KPCI-3101-4.
Turn on the host computer and boot Windows 95, 98, or NT.
In the Start menu, click Programs.

Find the Driver LINX - Test Panelsfolder, under which you should find the AIO Panel
entry.
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7. Click onthe AlO Panel entry. The Analog I/O Panel setup screen appears.

NOTE

If more than one type of board isinstalled in your computer under Driv-
erLINX, the Analog 1/0 Panel, your board type and device number may
not be displayed initially, and fewer tabs may be displayed at the top of
the display. If so, click the scroll buttons next to the Driver Selection and
Device Selection text boxes until your KPCI-3101-4 board type and
device number are displayed. All six tabswill then be displayed.

8. Click the Meter tab. An on-screen digital voltmeter appears, displaying the voltage con-
nected to Channel 00. Because Channel 00 is grounded, the displayed voltage should be
nominally zero.

9. Us

ng your mouse, move the Channel Selection pointer of the on-screen digital panel meter

tol

NOTE

To move the Channel Selection pointer, you must contact the wide part
of the pointer with thetip of the cursor.

The on-screen digital voltmeter now displays the voltage connected to channel O1.
10. Based on the displayed voltagesin steps 8 and 9, act as follows:

NOTE

If the channel 00 voltage displayed in step 8 is not OV and/or if the channel 01 voltage
displayed in step 9 does not nominally agree with the applied voltage, then your board
apparently has analog input problems. Stop here, and return to the problem isolation step
in “Problem isolation Scheme F: the board” that asked you to perform the Analog input
hardware test.

If the channel 00 voltage displayed in step 8 is 0V and the channel 01 voltage displayed
in step 9 nominally agrees with the applied voltage, then the anal og inputs are apparently
satisfactorily. Stop here, and return to the problem isolation step in “Problem isolation
Scheme F: the board” that asked you to perform the Analog input hardware test.

If the analog inputs appear to work satisfactorily but the displayed
channel 00 and channel 01 voltages appear to be nominally outside
specified limits, you may wish to calibrate your board after concluding
the systematic problem isolation procedure. For board specifications
refer to Appendix A. For calibration procedures, refer to Section 5,

“ Calibration”
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Analog output hardware test

Thistest applies only to aboard having analog outputs.The anal og output test checks whether
the two digital-to-analog converters (DACSs) of the board are working correctly. Zero voltages
are set at the two anal og outputs, using the on-screen level control utility that is supplied with
DriverLINX. The two output voltages are then measured with a digital voltmeter to verify rea-
sonable DAC offsets. Similarly, amid-range voltageis set for each of the two analog outputs and
the procedure is repeated to verify proper digital to analog conversion.

NOTE During thistest, ensure that no user circuits are connected to the
KPCI-3101-4 board, via the required screw terminal accessory, except
for analog output connections specified for the test.

The analog output test is primarily a functional test, not a calibration
check, although measured outputs from a properly calibrated board
should correspond to DAC settings, within the accuracy specifications of
the board. If you wish to check and adjust the accuracy, refer to

Section 5, “ Calibration”

Equipment for the analog output hardware test

The following equipment is required to perform the analog output test:

e A Digita Voltmeter (DVM) or aDigital Multimeter (DMM) set to the 10V range.

e An STA-300 screw terminal accessory, to which you connect the DVM/DMM as
indicated in Table C-2.These are the same connections as made for the analog output

software test.

If possible, use a screw terminal accessory that isreserved for 1/0 tests. Avoid using a
screw terminal accessory that is normally connected to your external circuits. You

thereby avoid the extralabor and potential wiring errors involved in disconnecting and
later reconnecting your external circuits.

Table C-2

Terminals on STA-300 screw terminal accessory to which DVM/DMM wiill be connected
during analog output hardware test

To check this analog
output...

...the DVM or DMM wiill be connected to these terminals

Analog output screw terminal

Analog-ground screw terminal

Analog output 0 [pin 58]

TB19

TB18 [pin 25]

Analog output 1 [pin 24]

TB23

TB18 [pin 25]
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CAUTION The following test procedure involves changing DVM/DMM connec-

tions while the computer and KPCI-3101-4 board are powered.
Take care not to short analog outputs to the adjacent +10 V refer-
ence terminal or nearby ground terminal. Shorting the analog out-
puts can damage the digital-to-analog converters (DACs). As a
precaution, do the following:

< Before powering the computer, connect the DVM/DMM negative
lead to a ground screw terminal.

e After powering the computer, connect the DVM/DMM positive
lead to each specified analog output screw terminal by touching
the tip of the lead to the screw head of the screw terminal (for
example, via a probe).

Procedure for the analog output hardware test

N

o s~ W

Turn off the host computer.

Connect the negative lead of the DVM/DMM to a ground terminal of the screw terminal
accessory.

Connect the STA-300 screw terminal accessory to the KPCI-3101-4 J1 connector.

Turn ON the host computer and boot Windows 95, 98, or NT.

In the Start menu, click Programs.

Find the Driver LINX - Test Panelsfolder, under which you should find the AIO Panel
entry.

NOTE If more than one type of board isinstalled in your computer under Driv-

erLINX, the Analog 1/O, your board type and device number may not be
displayed initially, and fewer tabs may be displayed at the top of the
screen. If so, click the scroll buttons next to the Driver Selection and
Device Selection text boxes until your KPCI-3101-4 board type and
device number are displayed. All six tabswill then be displayed.

Click the Level Control tab. The on-screen analog-output level control appears.

Using your mouse, slide the CHO level control button until the tiny display at the bottom of
the level control reads 0.0 (volts).

In the same way, set the CH1 level control so that itstiny display reads 0.0 (volts).
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10. Measure and compare the anal og output voltages as indicated in Table C-3:
a. Measure the voltages at analog outputs 0 and 1 with your DVM/DMM.

b. Compare the voltages you measured in step 10a with the voltages you set via the analog-
output level control.

Table C-3
Test connections and correct readings for zero-voltage analog output, using an STA-300
screw terminal accessory connected to J1

...connect the DVM or DMM to
these terminals on an STA-300 If board works correctly, the
accessory: following voltages should agree:
Totest this Analog output |Analog-ground |Leve control |Voltagereading
analog output... |screw terminal |screw terminal | setting at DVM or DMM
Analog output 0 | DACO Output 0.0v 0.0v
[pin 58] TB19 TB18
Analogoutput 1 |DAC1 Output | [Pin 25] 0.0V 0.0V
[pin 24] TB23

11. Using your mouse, slide the CHO and CH1 level control buttons until the tiny displays at the
bottoms of the level controls read 5.0.

12. Measure and compare the analog output voltages as indicated in Table C-4:
a. Measure the voltages at analog outputs 0 and 1 with your DVM/DMM.

b. Compare the voltages you measured in step 12a with the voltages you set via the analog-
output level control.

Table C-4
Test connections and correct readings for mid-range analog output, using an STA-300
screw terminal accessory connected to the upper “Analog” I/O connector

...connect the DVM or DMM to
these terminals on an STA-300 If board works correctly, the
accessory: following voltages should agree:
To test this Analog output | Analog-ground |Level control | Voltage reading
analog output... |screw terminal |screw terminal |setting at DVM or DMM
Analog output 0 | DACO Output 5.0v 5.0v
[pin 58] TB19 TB18
Analog output 1 |DAC1 Output | [Pin 23] 5.0V 5.0V
[pin 24] TB23

13. Based on the measured voltages in steps 10 and 12, take action as follows:

« If the voltages measured with the DVM/DMM do not agree with the level control set-
tings, then there is an apparent problem with the analog output part of your board. Stop
here, and return to the problem isolation step in * Problem isol ation Scheme F: the board,”
that asked you to perform the Analog output hardware test.

e |f the voltages measured with the DVM/DMM agree with level control settings, then the
anal og outputs are working satisfactorily. Stop here, and return to the problem isolation
step in “Problem isolation Scheme F: the board,” that asked you to perform the Analog
output hardware test.
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NOTE If the anal og outputs appear to work satisfactorily, but some measured
analog output voltages are outside the accuracy limits specified in
Appendix A, consider calibrating your board after concluding the sys-
tematic problem isolation procedure. For calibration procedures, refer
to Section 5, “ Calibration”

General-purpose digital I/0O hardware test

Thistest checks whether the general-purpose digital input and output circuits of the board are
operating properly.

All I/Oisset and read using the DriverLINX Digital |nput/Output test panel, and no instruments
are required. However, you must wire an STA-300 screw terminal accessory in the loop-back
configuration. If possible, use a screw terminal accessory that is reserved for 1/O tests. Avoid
using a screw terminal accessory that is normally connected to your external circuits. You
thereby avoid the extralabor and potential wiring errorsinvolved in disconnecting and later
reconnecting your external circuits.

The following summarizes the test procedure:

e Wirean STA-300 screw terminal accessory in aloop-back configuration. Connect the chan-
nel 0 digital I/0O terminals, bit-for-bit, to the channel 3 digital 1/O terminals. Connect the
channel 1 terminals, bit-for-bit, to the channel 2 terminals.

e Using aDriverLINX graphical interface, configure the channel 0 and 1 bits as outputs and
the channel 2 and 3 bits as inputs.

e Using the same DriverLINX graphical interface, set the channel 0 and 1 outputs in a particu-
lar bit pattern and check channels 2 and 3 inputs for the same bit pattern. Repeat, using a sec-
ond bit pattern.

Thedigital 1/0 of the board is performing satisfactorily if all bits respond appropriately. Choose
bit patterns that check both for direct ON/OFF response and for shorts between bits.

Specified software 1/O tests

The testsin this section check whether your application software correctly performs analog and
digital 1/0O tasks. The I/O are tested using a KPCI-3101—4 board known to work properly,
thereby bypassing potential board problems. These tests are intended to be used when specified
in the preceding systematic problem isolation procedure.

NOTE During these tests, disconnect all user circuits fromthe board, except for
connections specified in individual test procedures.

Analog input software test

This basic analog input test checks whether your application software correctly monitors DC
analog inputs. You ground analog channel 0, apply a DC voltage to channel 1, and measure the
results.

NOTE During this test, ensure that no user circuits are connected to the
KPCI-3101-4 board, via the required screw terminal accessory, except
for analog input connections specified for the test.
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NOTE

NOTE

The analog input test is a software function test, not a calibration check,
although readings from a properly calibrated board should correspond
to a known test voltage within the accuracy specifications of the board.
If you wish to check and adjust the accuracy, refer to Section 5,

“ Calibration”

The analog input software test is only a basic check of your application
software. You are encouraged to perform additional tests that exercise
your software more thoroughly.

Equipment for the analog input software test

The following equipment is needed for the analog input test:

« A voltage source supplying aknown voltage at <5V. Refer to Table C-5 for more details.

e (Optional) A Digita Voltmeter (DVM) or aDigital Multimeter (DMM) to accurately deter-
mine the voltage of the voltage source.

e An STA-300 screw terminal accessory wired as shown in Table C-5. Thisis the same wiring
scheme as used in the analog input hardware tests.

e |If possible, use a screw terminal accessory that isreserved for 1/0 tests. Avoid using a screw
terminal accessory that is normally connected to your external circuits. You thereby avoid the
extralabor and potential wiring errorsinvolved in disconnecting and later reconnecting your
external circuits.

Table C-5

Wiring for analog input hardware test using an STA-300 screw terminal accessory
connected to the Analog I/O connections

« A voltage divider — e.g. 10kW or 20kW— between
the +5V board power output (terminal TB1 [pin 41])
and analog ground (terminal TB18 [pin 25]) *

...between this ...and an
analog input | analog ground
Connect this test voltage... terminal... terminal.
0V, viaa short between the analog input terminal and TB1 TB18
ground (AnalogIn0 |(Anaog Ground
[pin 68]) [Pin 25])
< 5V from one of the following: TB3 TB3
« A battery (Anaoginl |(Anaog Ground
« Anisolated power supply [pin 34]) [pin 25])

*For example, composed of two 5KQ or 10KQ resistors. Observe the CAUTION below.

CAUTION

If you use the +5V board power to energize a voltage divider, ensure
that the +5V board power terminal cannot accidentally short to
ground. A short to ground can damage one or more of the following:
the screw terminal accessory, the board, the computer.
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Procedure for the analog input software test

Perform the analog input test as follows:

1

N

IS2E LI I

Turn off the host compuiter.

Wire a screw terminal accessory as described under “ Equipment for the analog input soft-

ware test.”

Connect the screw terminal accessory, aswired in step 2, to the KPCI-3101-4 board J1.

Turn on the host computer and boot Windows 95, 98, or NT.

Start DriverLINX and your application software.

Set your application software to measure and display/report voltages from anal og input

channels 00 and 01 at arate suitable for monitoring DC signals. Configure your system as

follows:

e The+5V input range

e Single ended input

Based on the displayed/reported voltages in step 6, act as follows:

« If the measured channel 00 voltageis not OV and/or if the measured channel 01 voltage
does not agree with the applied voltage, then there could be a problem with the way your
application software program interfaces with DriverLINX or the way it dealswith analog
input data from the board. Stop here, and return to the systematic problem isolation
Scheme C, step 1, where you were directed to do analog input software tests.

« |f the measured channel 00 voltage is OV and the measured channel 01 voltage agrees
with the applied voltage, then your software is treating DC analog input data correctly.
Stop here, and return to the systematic problem isolation Scheme C, step 1, where you
were directed to do analog input software tests.

Analog output software test

Thistest applies only to aboard having analog outputs. This basic analog input test checks
whether your application software correctly sets direct current (DC) anal og output voltages. You
set zero volts at the two anal og outputs, using your application software. The two output volt-
ages are then measured with a digital voltmeter to verify reasonable DAC offsets. Similarly, a
mid-range voltage is set for each of the two anal og outputs and the procedure is repeated.

NOTE During this test, ensure that no user circuits are connected to the

KPCI-3101—4 board, via the required screw terminal accessory, except
for analog input connections specified for the test.

The analog output software test is a software function test, not a calibra-
tion check. If you wish to check and adjust the accuracy, refer to
Section 5, “ Calibration”

The analog output software test is only a basic check of your application
software. You are encouraged to perform additional tests that exercise
your software more thoroughly.
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Equipment for the analog output software test

The following equipment is required to perform the analog output test:

* A Digital Voltmeter (DVM) or aDigital Multimeter (DMM) set to the 10V range.
e An STA-300 screw terminal accessory, to which you connect the DVM/DMM asindicated in
Table C-6. These are the same connections as made for the anal og output hardware test.

If possible, use ascrew terminal accessory that is reserved for 1/0 tests. Avoid using a screw
terminal accessory that isnormally connected to your external circuits. You thereby avoid the
extralabor and potential wiring errors involved in disconnecting and later reconnecting your

externa circuits.

Table C-6

Terminals on STA-300 screw terminal accessory to which DVM/DMM wiill be connected
during analog output hardware test

To check this analog

...the DVM or DMM wiill be connected to these terminals

Analog output screw

Analog-ground screw

output... terminal terminal
Analog output O [pin 58] TB19 TB18 [pin 25]
Analog output 1 [pin 24] TB23 TB18 [pin 25]

CAUTION The following test procedure involves changing DVM/DMM connec-
tions while the computer and KPCI-3101-4 board are powered. Be
careful not to short analog outputs to the adjacent +10V reference
terminal or nearby ground terminals. Shorting the analog outputs
can damage the Digital-to-Analog Converters (DACs). As a precau-
tion, do the following:

- Before powering the computer, connect the DVM/DMM negative
lead to a ground screw terminal.

< After powering the computer, connect the DVM/DMM positive
lead to each specified analog output screw terminal by touching
the tip of the lead to the screw head of the screw terminal (for
example, via a probe).
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Procedure for the analog output software test

1. Turn off the host computer.

2. Connect the negative lead of the DVM/DMM to aground terminal of the screw terminal
accessory, asindicated in Table C-7.

3. Connect the STA-300 screw terminal accessory to the KPCI-3101-4 board.

4. Turn on the host computer and boot Windows 95, 98, or NT.

5. Start DriverLINX and your application software.

6. Set your application software to output OV at analog outputs 0 and 1.

7. Measure and compare the analog output voltages asindicated in Table C-7:
a. Measure the voltages at analog outputs 0 and 1 with your DVM/DMM.
b. Compare the voltages you measured in step 7a with the voltages you set via the analog-

output level control.
Table C-7

Test connections and correct readings for zero-voltage analog output, using an STA-300
screw terminal accessory connected to J1

...connect the DVM or DMM to
these terminals on an STA-300 If board works correctly, the
accessory: following voltages should agree:
Totest this Analog output |Analog-ground |Level control |Voltagereading
analog output... |screw terminal |screw terminal | setting at DVM or DMM
Analog output 0 | DACO Output 0.0v 0.0v
[pin 58] TB19 TB18
Analog output 1 |DAC1 Output | [pin 25] 0.0V 0.0V
[pin 24] TB23

8. Set your application software to output +5V at analog outputs 0 and 1.
9. Measure and compare the analog output voltages as indicated in Table C-8:
a. Measure the voltages at analog outputs 0 and 1 with your DVM/DMM.

b. Compare the voltages you measured in step 9a with the voltages you set via the analog-
output level control.

Table C-8
Test connections and correct readings for mid-range analog output, using an STA-300
screw terminal accessory connected to the KPCI-3101-4 board

...connect the DVM or DMM to
these terminals on an STA-300 If board works correctly, the
accessory: following voltages should agree:
To test this Analog output | Analog-ground |Level control | Voltage reading
analog output... |screw terminal |screw terminal |setting at DVM or DMM
Analog output 0 | DACO Output 5.0v 5.0v
[pin 58] TB19 TB18
Analogoutput 1 |DAC1 Output | [pin 25] 5.0V 5.0V
[pin 24] TB23
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10. Based on the measured voltagesin steps 7 and 9, take action as follows:

« |If the voltages measured with the DVM/DMM do not agree with the application software
settings, then there could be a problem with the way your application software program
interfaces with DriverLINX or the way it prepares the analog data being sent to the
board. Stop here, and return to step 3 of “Problem isolation Scheme C: application soft-
ware,” where you were directed to do analog output software tests.

« |f the voltages measured with the DVM/DMM agree with your application software set-
tings, then your software is probably working correctly with the analog outputs. Stop
here, and return to step 3 of “Problem isolation Scheme C: application software,” where
you were directed to do analog output software tests.

General-purpose digital I/O software test

Thistest checks whether your application software is performing general-purpose digital 1/0
functions properly.

Test summary

The following summarizes the test procedure:

* Wirean STA-300 screw terminal accessory in aloop-back configuration. Connect the chan-
nel 0 general-purpose digital 1/O terminals, bit-for-bit, to the channel 3 general-purpose dig-
ital 1/0 terminals. Connect the channel 1 terminals, bit-for-bit, to the channel 2 terminals.
(These are the same loop-back connections as made for the general-purpose digital 1/0 hard-
ware test.)

= Using your application software, set the channel 0 and 1 outputs in a particular alternating
OFF-ON bit pattern and check channels 2 and 3 inputs for the same bit pattern. Repeat, using
a second ON-OFF bit pattern.

Your application software is performing general-purpose digital 1/0O satisfactorily if al bits
respond appropriately.

Equipment for general-purpose digital 1/O software test

All /O is set and read using your application software; no instruments are required. However,
you must wire an STA-300 screw terminal accessory in the loop-back configuration. If possible,
use a screw terminal accessory that is reserved for 1/0O tests. Avoid using a screw terminal acces-
sory that is normally connected to your external circuits. You thereby avoid the extralabor and
potential wiring errors involved in disconnecting and later reconnecting your external circuits.

Procedure for general-purpose digital 1/O software test

NOTE The bit patterns described in this procedure are shown graphically as
follows:

e OFF bits appear aswhite squares

e ON bitsappear as green squares when the manual is viewed in color
or aslight gray squares when the manual is viewed in black and
white.
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Perform the 1/O hardware test as follows:

N

N o o~ w

10.

11.
12.

13.

14.

Turn off the host compuiter.

If ascrew terminal accessory is attached to the J1 connector of the KPCI-3101—4 1/0 board,
remove it. No circuits should be connected to Analog 1/0 connections during these tests.

Attach the wired screw terminal accessory.

Turn on the host computer and boot Windows 95, 98, or NT.

Start DriverLINX and your application software.

Set up your application software to configure and monitor general-purpose digital 1/0 bits.
Using your application software, do the following:

a. Configure general-purpose bits0to 7 (channel 1) as outputs.

b. Configure general-purpose bits 8 to 15 (channel 2) asinputs.

Using your application software, configure bits 0 to 7 (channel 1) for an alternating OFF-ON
bit pattern.

Using your application software, observe the channel 2 input bits.

= |f the observed channel 2 output bit pattern is not the same as the input pattern, your
application software is not performing general-purpose digital 1/0 functions properly.
Stop here, and return to step 5 of “Problem isolation Scheme C: application software,”
procedure.

« |f the observed channel 2 input bit pattern is the same OFF-ON pattern, continue with
step 10.

Using your application software, configure bits 0 to 7 (channel 1) for an alternating ON-OFF
bit pattern.

Using your application software, observe the channel 2 input bits.

If the observed channel 2 input bit pattern is not the same ON-OFF pattern, your application
softwareis not performing genera -purpose digital 1/0 functions properly. Stop here, and
return to step 5 of “Problem isolation Scheme C: application software,” procedure.

« |f the observed channel 2 input bit pattern is the same ON-OFF pattern, continue with
step 13.

Using your application software, repeat the procedure for channels 1 and 3 with OFF-ON
and ON-OFF bit petterns.

If the observed channel 3 input bit pattern is not the same ON-OFF pattern, your application
software is not performing general-purpose digital 1/0O functions properly. Stop here, and
return to step 5 of “Problem isolation Scheme C: application software,” procedure.

= |If the observed channel 3 input bit pattern isthe same pattern, your application software
is performing general-purpose digital 1/0 functions properly. Stop here, and return to
step 5 of “Problem isolation Scheme C: application software,” procedure.
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specified hardware 1/0 testy C-14]

specified software 1/0 test§ C-20]

verification of problem solution C-13]

tech
Test

nical support[6-6|

panels
Analog /0 Panel (A1O Panel)
digital voltmeter utility

using, in Analog input hardware test[ C-15]

level control utility

using, in Analog output hardware test] C-1§

using, in installation check/problem

isolation{ C-5]

test panels

Test

Test
Test

Test

Test

Analog /0 Panel (A1O Panel)
starting[ 4-2
using, in installation check/problem
isolation 3-7]
calibration utility
using[5-3]
Point
function libraries for programming in 1-3]
ing the Board[ 4-1]
Point
installation[ 3-4]
Point software
description 3-3]
s

analog input hardware test| C-14]

analog input software testf C-20 |

analog output hardware test[ C-17]

analog output software testf C-22]
general-purpose digital 1/0 hardware tesf C-20]
general-purpose digital 1/0 software test C-25|

throughput

maximum[ A-11]
minimum

transferring data, analog input[ 2-14]
trigger acquisition modes

about-trigger] 2-13]
post-trigger[ 2-10]
pre-trigger[ 2-11]

triggered scar{ A-9 |

Trig

extraretrigger[ A-9|

internal retrigge A-9 |

number of scans per trigger[ A-9]
retrigger frequency[ A-9]

scan per trigger{ A-9]

gered Scan Counter| 2-8]

triggered scan mode 2-8 |



triggers
external[ 2-10]
number of extrg A-10]
softward 2-10] A-10]

Troubleshooting
systematic problem isolation
specified hardware 1/O testd C-14]
specified software 1/0 test§ C-20]
tests, problem isolation scheme-specified
analog input hardware test[ C-14]
analog input software testf C-20]
analog output hardware test C-17
analog output software test[C-22 |
general-purpose digital I/0 hardware tes C-20]
general-purpose digital 1/0 software test[ C-25 |
troubleshooting[ 6-2]

procedure 6-2 |
troubleshooting tabl
TTL trigge 2-10]
Turbo Paxcal

function libraries for programming in[ 1-3]

unipolar signalg 2-4 |
unpacking the board[ 3-2]

Verification, to conclude systematic problem

isolatior{ C-13]
verifying board operation 4-2

viewing the KPCI-3101—4 Series documentatior| 1-4 |
Visua Basic

DriverLINX driver forf 3-3]

function libraries for programming in[1-3]

Visual C/C++
DriverLINX driver forf 3-3]

voltage ranges
number off A-10]
voltmeter

in DriverLINX Analog I/0 Panel[ 4-2 ]

W

W1 jumper| 3-10]
Windows messages A-9 |
Windows operating system, required version 1-5 |
Wiring
systematic problem isolation scheme for[ C-13]
wiring recommendations] 3-14 |
wiring signal
analog outputs| 3-19 |
current loop analog inputs3-18]
differential analog inputs 3-17 ]
digital inputs and outputd 3-20 |
event counting applicationg 3-21]
externally cascading counter/timerg 3-22]
frequency measurement applications] 3-23 |
pseudo-differential analog inputy 3-16 |
pulse output applications[3-23 |
single-ended analog inputd 3-15]

Z

zero start sequential channel-gain listf A-10]
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