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Safety Precautions

The following safety precantions should be chearved before using
thiz product and any associabed instrumentation. Although some in-
struments and sccessones would normally be used with non-boe-
ardous voltages, there are situations where hazardous conditions
ey b present.

This preduct is intended for use by qualified pesonnel who recog-
nize shock hozards and are familiar with the safety precautions re-
quired o avodd pessible injury. Resd and follow all installation,
operation. and maintenance informaton carefully before using the
product. Refer to the manual for complete product specifications.

If the preduct is used in a manner not specified, the protection pro-
vided by the product may be impaired.
The types of product users ane:

Responsible body is the individusal or gronp responsible for the use
and maintenance of equipment, for ersuring that the equipment is
oparatad within its specifications and eperating limits, and fior en-
suring that operators ae adequabely trained.

Crperators use the product for its intendad function. They must ba
trained in ebectrical safety procedures and proper use of the instna-
ment. Thery must be protectad from electic shock and contact with
hazardous live circuits.

Maintenance persennel paform routine procedures on the prod-
uct o keep it operating properly, for example, setting the line volt-
age of feplacing conzumahle materials. Maintenance procedures
are described in the mamual. The procedures explicitly state if the
operator may perform them. Otherwise, they should be performed
only by service personnel.

Service persennel ae trained o work en live circudts, and perform
safe inskallations and repais of products. Oaly properly trained ser-
vice personnel may perform installation and service procedures.

Eeithley products are designed for wse with electrcal signals that
are ated Measurement Category 1 and Measarement Category 11 as
described in the International Electrotechnical Commission (IEC)
Standard TEC 60664, Most messurement. conteol. and data IO sig-
nals are Measurement Category Tand must oot ba directly connect-
ed to mamins voltage or to voltage sources with high transient over-
voltages. Measurement Catagory 11 connections fequire protection
for high trarsient over-voltages often associated with Jocal AC
maing conoections. Assume all measurement, control, and data 1O
connections are for connection to Category 1 sources unless other-
wis maiked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixnres.
The American Mational Standards Irstitute (AMSI) stabes that a
shock hazard exists when woltage levels greater than 300 BEMS,
424V peak, or 60V are present. A geod safety practice is to ex-
pect that hazardous voltage s present in any unknewn cirewit
hefore messuring.

Operators of this product must be protected from electric shock at
all times. The responzible body must enaire that operators ane pre-
vented acceas andior insulated from every conpection point. In
B0MME cases, connections must be exposed o potential human con-
tact. Product operatars in these circumstances must be rained to
protect themselves from the nigk of eleciric shock. If the circuit is
capable of operating at or aboeee 1000 volis, no conductive part of
the circuit may be exposed.

Dot connect swilching cands diectly o unlimited power circuits,
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC maing, When con-
necting sources o switching cards, install probective devices bo limit
fanlt curpent and voltage to the card.

Befome operating an insgmment. meke sue the line cord is connect-
ad toa properdy grounded power receptacle. Inspect the connecting
cabiles, test leads, and jumpers for poasible wear, cracks, or breaks
bedore each use.

When installing equipment where access bo the main power cord is
restriched, such as rack mounting. 4 separabe main input power dis-
connect device must be provided, in close proximity to the equip-
ment and within easy resch of the operator,

For maximum safety, do not touch the product, test cables, or any
ather imtruments while power is applied to the circuit under test.
ALWAYS remove power from the entire best systern and discharge
any capacitons hefore: connecting or disconnecting cables of jump-
ars, instafling or emoving switching cards, or making internal
changes, such as installing or removing jumpers.

Do ot eousch any obgect that could provide a cuarsent path g the com-
mean gide of the circnitunder test or power line (earth) ground. Aways
meike measwements with dry hands while standing on a dry, insuared
surface capahle of withatanding the voltags being messuied.

The instnument and sccessonies must be sed in accordance with its
apecifications and eperating instructions of the safety of the equip-
menk may be impaired.

Do it exess d the mamimnm signal levels of the instruments and ae-
cessories, a8 defined in the specifications and operating informes-
lion, and a8 shown on the instmment or test fivhre panels, or
awitching card.

When fuses are used in a product, meplace with same type and rating
for continmed protection against fire hazard.

Chassis connectiors must only be used g8 shield conpections for
measuring circuits, NOT as safety earth ground connections.

I o e using a test fixture, keep the lid closed while power is ap-
plied o the device under test. Safe cperation requires the use of a
Tid dnterlock.
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Ifa @ sCreW is present, connect it o safety earth ground using the
wire recommenchd dn the user documentation,

The & gymbol on an instmment indicates that the user showld re-
far to the operating instructions locabed in the manual.

The ,& aymbalon an instmment shows that it can sones of mes-
suge 1000 volts o more. including the combined effect of normal
and common mode vollages. Use standard safefy precautions to
avodd persoral contact with these voliages.

The J"J'J' gymbal indicates a connection terminal to the equipment
frame.

The WARNIMNG heading in a manual explains dangers that might
reaultin personal injury or death. Always resd the asscciated infor-
maticn very carefully before performing the indicated procedure.
The CAUTION heading in 8 manual explaing hazards that conld
damnage the instiument. Such damage may invalidate the warranty.
Instmimentation and accessories shall not be connected o humans.

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

To maintain protection from electric shock and fire, replacement
COmponents in mains circuite, including the power tansformer, test
leads, and input jacks. must be puichssed from Keithley Inst-
ments. Standard fuses, with applicable national safety approvals,
miay be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliens as
long as they are aquivalent to the original component. {Note that se-
lected parts should be parchased enly through Keithley Instnaments
to maintain accuracy and functionality of the product )y If you are
unsure about the applicability of a replscement component, call a
Eeithley Instnuments office for information.

To clean an instmament, use a damp cloth or mild. waber besed
cleaner. Clean the extenor of the instrument only. Do oot apply
cleaner directly to the instrument or allow liquids to enter or gpill on
the instrament. Products that corsist of a circnit board with no case
ar chassis (egg.. data scquisition board for installation inko a com-
putery should never requise cleaning if handled scconding bo inste-
tons. If the toard becomes contaminated and operation is affected,
the toard should be retimed to the factory for proper cleaning/sar-
vicing.
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Overview
This document describes how to install and use the Keithley Instruments KUSB
DAQ Adaptor for MATLAB®.

Keithley Instruments KUSB DAQ Adaptor for MATLAB provides an interface
between the MATLAB Data Acquisition (DAQ) subsystem from The MathWorks
and Keithley Instruments-Open Layers architecture for its KUSB-3100 Series.

Open Layers provides an API to Keithley’s KUSB-3100 Series USB data
acquisition hardware modules. You can use these two components together to
control Keithley Instruments modules with MATLAB and move data directly into
MATLAB for analysis and display.

Using these components together, you can create Open Layers subsystems, add
channels to them, and perform single-value or streaming 1/O through them to
MATLAB. MATLAB provides extensive analysis and display features to process
the input data and generate output data.



Data Flow Model

The figure below summarizes the relationship between the MATLAB and
Keithley Instruments components in a combined configuration:

MATLAB®
MATLAB® Data Acqmsmon Toolkit
Control
Open Layers API
Kelthley Instruments Drivers and Modules

Requirements

You must install the following before you install the Keithley Instruments DAQ
Adaptor for MATLAB:

e Your Keithley Instruments hardware module(s) and their drivers (from the
KUSB Data Acquisition CD that ships with your hardware)

e Open Layers Version 3.0 or higher

e MATLAB Version 7 (R14) Service Pack 3 or higher

e MATLAB Data Acquisition Toolbox Version 2.7 or higher

Install Keithley Instruments components from a recent KUSB Data Acquisition
CD, or download from our web site (www.keithley.com). Contact *The
MathWorks’ for updates to your MATLAB components.



Installation

To install the DAQ Adaptor for MATLAB, do the following:

1.
2.

w

Click the link for the adaptor on Keithley Instruments’ web site.

Choose Open from the Windows dialog box, or choose Save to download the
file before proceeding. If you chose the save the file, double-click setup.exe
after you download it.

Close other programs if necessary, and click Next on the welcome screen.
Either change the directory path using Browse or accept the default directory,
and then click Next.

The installer asks you whether to back up replaced files.

Choose the Yes or No radio button, and then click Next.

The installer prompts you to begin file installation.

Click Next.

The installer copies the files to the destination directory.

After the installer copies the files, it launches MATLAB. MATLAB registers
the DAQ Adaptor .DLL using the path you provided:

>>rehash toolboxcache;dagregister
"C:\PROGR~1\KEITHL~1\DAQADA-~1\dtol.dII’;quit

>>
When you return to the installer, click Finish.



Using the DAQ Adaptor for MATLAB

The Keithley Instruments DAQ Adaptor for MATLAB is specified as dtol in
MATLAB code. The following code example shows a typical operation to create
an analog input object (ai0) with the adaptor for a board with index 0, add
hardware channel 0 to the object, and get a single sample from that channel:

>> ai0 = analoginput (’dtol’, 0)
>> addchannel(ai0, 0)
>> s = getsample(ai0)

You can display the properties of the adaptor (including installed hardware
modules) with the daghwinfo command:

>> daghwinfo(’dtol”)

If there are too many modules to display on a single line, you can assign
daghwinfo to an array and query the board names separately:

>> x = daghwinfo(’dtol’)
>> x.BoardNames

You can examine properties of a subsystem that you created with the adaptor by
using the MATLAB daghwinfo command (for built-in properties) and get
command (for user-settable properties). For example:

>> daghwinfo(ai0)
>> get(ai0)

The output includes a list of "DTOL specific properties.” You can find out more
information about a property using the MATLAB propinfo command:

>> propinfo(ai0.channel(1),’gainperchan’)



To control a data acquisition session, issue MATLAB commands and set
properties. For example, to set a "DTOL specific” channel property (or any other
channel property), issue a command such as the following:

>> ai0.channel(1).GainPerChan = 4

For more information about using MATLAB commands and MATLAB Data
Acquisition Toolbox properties, refer to your MATLAB documentation.

Analog Input and Output

The following adaptor-specific properties are created by the Keithley Instruments
DAQ Adaptor for MATLAB for analog operations:

Table 1. Adaptor-Specific Analog Input/Output Properties

Property Description A/D | Dl/a

FIFOAvailable Determine if a FIFO is available on the No Yes
subsystem.

FIFODepth Determine size of the FIFO. No Yes

OutOfDataMode Specify how to handle an out-of-data No Yes

condition. Set Hold to use the last value
in the output buffer. Set Default to use
the channel-specific Default Value

property.

SupportBinaryEncoding Determine if subsystem uses binary Yes | Yes
encoding.

SupportExternalTriggerFalling | Check for external, falling-edge Yes | Yes
triggering support.

SupportExternalTriggerRising | Check for external, rising-edge Yes | Yes
triggering support.

SupportGainPerChannel Determine if subsystem supports Yes | Yes
different gain values for each analog
channel.

SupportSoftTrigger Determine if subsystem supports an Yes | Yes
internal software trigger.

SupportTwosComp Determine if subsystem uses twos Yes | Yes

complement encoding.




About Input Types
To switch between the differential and single-ended input, use the following
command:
>> ai0.inputtype="differential’

You can then use a get(aiO) call to see the changes. When you change input types,
the channel lists will change.

About Gain
The following property appears at the channel level after you add a channel:

Table 2: Adaptor-Specific Channel Property

Property Description A/D | D/a

GainPerChan Specify the gain value for a particular Yes | No
analog input channel.

Open Layers uses a per-channel gain concept, which differs from MATLAB’s
range based per channel setting to control gain and range. You can specify a per-
channel gain, or the adaptor attempts to set the best per-channel gain for a
specified range.

We recommend using the GainPerChan property for per-channel gain control.



MATLAB Property Notes

The following adaptor-specific notes apply to MATLAB properties:

Table 3: Adaptor Notes for MATLAB Properties

MATLAB Property

Notes

BufferingConfig

The minimum buffer size is 128, but for best performance,
set to 1024 or greater.

NOTE: If the value for RepeatOutput is greater than 1, the
buffer size must be an integer multiple of the number of
samples queued. The adaptor warns you of this when you
change RepeatOutput.

TotalChannels

This may include channels that are in two lists and have a
mode (single-ended vs. differential). Also, when the
InputType is changed from SingleEnded to Differential, the
channel 1Ds will change in the DagHwInfo() listing.

TriggerCondition

Either "RisingEdge" or "FallingEdge" depending upon what
the module supports.

Multiple Subsystems of a Single Type

To provide access to all elements of a board with multiple subsystems of a
particular type (for example, multiple analog input subsystems, such as on the
KUSB-3116), the adaptor creates virtual boards. The first board enumerated
includes any other types of subsystems.




For example, the KUSB-3116 module enumerates in the adaptor like this:

"KUSB-3116(01)’

AID, DIA, Digital 1/0

"KUSB-3116(01)-1"

A/D

"KUSB-3116(01)-2’

A/D

’KUSB-3116(01)-3’

A/D

To access the fourth A/D subsystem, use the virtual board ’KUSB-3116(01)-3’

and its one analoginput() object.

Analog Out Operation Notes

The following caveats apply to analog out operations:

e The number of samples output will not always be correct, particularly when
the samples to output are not the same as the buffer size. This is because Open
Layers sends the whole buffer to the D/A converter, and the adaptor pads the
output buffer to either the Hold value or the channel default value (see

“OutOfDataMode”).

e Open Layers does not send a message when the actual hardware trigger
occurs. Therefore, the time and sample count for the trigger event will not be

correct for TriggerType="HwDigital’ for analog out.

e The final voltage on a D/A output might be unpredictable after a streaming

operation.

Using Hardware Triggers

To use a hardware trigger for analog out, set the TriggerType to "HwDigital’ and

set the TriggerCondition property to Rising or Falling.

When the analog output subsystem is started, data buffers may be sent to the
hardware FIFO, resulting in a "buffer done" message to the adaptor and a trigger
event before the D/A output value has been set. Therefore it may appear that data
output occurs before the hardware trigger happens, but the data has only been

moved to the board FIFO, not output through the D/A converter.




Known Issues

When the MATLAB TriggerType property is set to Manual, the Start command
should prepare the subsystem and await the Trigger command. On the D/A
subsystem (analog output), the Start command calls the Trigger command
immediately after doing the start in Manual mode, thus behaving exactly like the
TriggerType="Immediate’ case. This behavior is being investigated and will be
fixed in a future release.

Related Information

Refer to the following documents from Keithley Instruments for more information
on using Open Layers:

e DataAcg SDK User’s Manual (DASK-900-01 Rev. A or higher). For
programmers who are developing their own application programs using the
Microsoft C compiler, this manual describes how to use the Open Layers™
DataAcq SDK™ to access the capabilities of Keithley Instruments data
acquisition devices.

e DTx-EZ Getting Started Manual (DTXEZ-903-01 Rev. A or higher). This
manual describes how to use the ActiveX controls provided in DTx-EZ™ to
access the capabilities of Keithley Instruments data acquisition devices in
Microsoft Visual Basic® or Visual C++®.



