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lviDigitizer Class Specification

lviDigitizer Revision History

This section is an overview of the revision history of the IviDigitizer specification.

Table 1. IviDigitizer Class Specification Revisions

Revision Number | Date of Revision Revision Notes

Revision 1.0 October 202009 First approved version of I¥4.15 IviDigitizer class
specification.

Revision 2.0 June 9, 2010 Incorporated IVI.NET

API Versions

Architecture | Drivers that comply
with version 2.0
comply with all of
the versions below.

C 1.0, 2.0
COM 1.0, 2.0
.NET 2.0

Drivers that comply with this version of the specification also comply with earlier, compatible versions of
the specification as shown in the table abdves drivermay benefit by advertising that it supports all the
API versions listed in the table above.
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1. Overview of the IviDigitizer Specification

1.1 Introduction

This specification defines the 1VI class for frequency digitizers. The IviDigitizer class is designed to
support the typical digitizer as well as common extended functionality found in more complex instruments.
This section summarizes thaDigitizer Class Specificatioand contains general information that the

reader might need in order to understand, intérpred implement aspects of this specification. These
aspects include the following:

1 IviDigitizer class overview
1 The definitions of terms and acronyms

1 References

1.2 IviDigitizer Class Overview

This specification defines the 1VI class for digitizers calle@®igitizer. The IviDigitizer class is designed

to support the typical digitizer as well as common extended functionality found in more complex
instruments. The IviDigitizer class conceptualizes a digitizer as an instrument that can acquire time varying
voltage waveforms.

The IviDigitizer class is divided into the base capability group and extensions. The base capability group
functions and attributes are used to configure a digitizer for typical waveform acquisition (this includes
setting the channel, the@uasition, and the triggering stdystems), initiating the waveform acquisition,

and returning a waveform. The base capability group support only edge triggering. The IviDigitizerBase
Capabilities are described in Sect#n

In addition to the base capabilities, the IviDigitizer class defines extended capabilities for digitizers that
can:

Combine channels for higher acquisition rates and longer waveform records
Have advanced triggering options such as TV, runt, glitch, widthyéindow
Retrieve timestamped data

Use an external frequency reference

Report device and channel temperatures

=A =4 =4 =4 -4 =

Trigger or arm on multiple sources

The IviDigitizer extended capabilities are arranged into a set of extension capability groups.

1.3 References

Seveal other documents and specifications are related to this specification. These other related documents
are as follows:

IVI-3.1: Driver Architecture Specification

IVI-3.2: Inherent Capabilities Specification

IVI-3.3: Standard Cross Class Capabilities Sfmadion
IVI-3.18: IVI.NET Utility Classes and Interfaces Specification
IVI-5.0: Glossary

1.4 Definitions of Terms and Acronyms
Refer tolVI-5.0: Glossaryfor a description of the terms and acronyms used in this specification. This
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specification does not def any additional terms.
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2. lviDigitizer Class Capabilities

2.1 Introduction

The IviDigitizer specification divides digitizer capabilities into a base capability group and multiple
extension capability groups. Each capability group is discussed in a sepatiate 3&i$ section defines
names for each capability group and gives an overview of the information presented for each capability

group.

2.2 lviDigitizer Group Names

The capability group names for the IviDigitizer class are defined in the following table.robe 8ame is
used to represent a particular capability group and is returned as one of the possible group names from the
Class Group Capabilities attribute.

Table 2-1. IviDigitizer Group Names

Group Name Description

IviDigitizerBase Base Capabilities dhe IviDigitizer specification. Thi
group includes the capability to acquire waveforms
using edge triggering.

IviDigitizerMultiRecordAcquisition Extension: IviDigitizer with the ability to do muti
record acquisitions.

IviDigitizerBoardTemperature Extension: IviDigitizer with the ability to report the
temperature of the digitizer.

IviDigitizerChannelFilter Extension: lviDigitizer with the ability to control the
channelnput filter frequency.

IviDigitizerChannelTemperature Extension: lviDigitizemwith the ability to report the
temperature of individual digitizer channels.

IviDigitizerTimelnterleavedChannels Extension: IviDigitizer with the ability to combine t

or more input channels to achieve higher acquisitic
rates and/or record lengths.

I viDigitizerDatalnterleavedChannels Extension: IVIdigitizer with the ability to interleave t
data from two or more input channels, usually to cf
complex (1/Q) data

IviDigitizerReferenceOscillator Extension: lviDigitizer with the ability to use an
external reference oscillator.

IviDigitizerSampleClock Extension: lviDigitizer with the ability to use an
external sample clock.

IviDigitizerSampleMode Extension: lviDigitizer with the ability to control

whether the digitizer is using refiine or equialent
time sampling.

IviDigitizerSelfCalibration Extension: lviDigitizer with the ability to perform se
calibration.
IviDigitizerDownconversion Extension: IviDigitizer with the abilityo do frequenc

translation or downconversion in hardware

IviD igitizerArm Extension: lviDigitizer with the ability to arm on
positive or negative edges.
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Table 2-1. IviDigitizer Group Names

Group Name

Description

IviDigitizerMultiArm

Extension: IviDigitizer with the ability to arm on on
or more sources.

IviDigitizerGlitchArm

Extension: IviDigitizer with the ability toran on
glitches.

IviDigitizerRuntArm

Extension: lviDigitizer with the ability to arm on ruf

IviDigitizerSoftwareArm

Extension: lviDigitizer with the ability to arm
acquisitions.

IviDigitizerTVArm Extension: lviDigitizer with the ability to arm on
standard TV signals.

IviDigitizerwWidthArm Extension: lviDigitizer with the ability to arm on a
variety of conditions regarding pulse widths.

IviDigitizerWindowArm Extension: lviDigitizer with the ability to arm on
signals entering or leaving a definedtage range.

IviDigitizerTriggerModifier Extension: lviDigitizer with the ability to perform an|
alternative triggering function in the event that the
specified trigger event

IviDigitizerMultiTrigger Extension: lviDigitizer with the abilt to trigger on

one or more sources.

IviDigitizerPretriggerSamples

Extension: lviDigitizer with the ability to specify a
number of samples to fill up the data buffer with-pr
trigger data.

IviDigitizerTriggerHoldoff

Extension: lviDigitizer with the abtly to specify a
length of time after the digitizer detects a trigger du
which the digitizer ignores additional triggers.

IviDigitizerGlitchTrigger

Extension: |viDigitizer with the ability to trigger on
glitches.

IviDigitizerRuntTrigger

Extension: IviDigitizer with the ability to trigger on
runts.

IviDigitizerSoftwareTrigger

Extension: lviDigitizer with the ability to trigger
acquisitions.

IviDigitizerTVTrigger Extension: lviDigitizer with the ability to trigger on
standard television signals.

| viDigitizerWidthTrigger Extension: IviDigitizer with the ability to trigger on
variety of conditions regarding pulse widths.

IviDigitizerWindowTrigger Extension: IviDigitizer with the ability to trigger on

signals entering or leaving a defined voltagege.
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2.3 Repeated Capability Names

The IviDigitizer Class Specification defindweerepeated capabilits Refer to the sections ¢¥I-3.1,

Driver Architecture Specificatiothat deal with repeated capabilitid$e relevant sections are Section 2.7,
Repeated CapabilitiesSection 4.1.9Repeated CapabilitieSection 4.2.5Repeated CapabilitieSection
4.3.9,Repeated Capabilitieand Section 5.RRepeated Capability Identifiers and Selectors

1 Channel
T ArmSource

1 TriggerSource
2.3.1 Channel

In the configurabn store, thaxamefor the Channelepeatedtapability shall bexactly one ofiChanned
or Al vi DigilriizveerrGh atnhnaetl 6i mpl ement mul t i GHamedr epeat ed
shall use the latter form to disambiguate the name.

2.3.2 ArmSource

In the configuration store, theamefor the ArmSourcerepeatedtapability shall bexactly one of
fArmSourc®éo r fil vi Di g i t. Drizeestthatimpl&noent mualtiplé repeated capabilities with the
namAamSourcd shall use t heudtedhetaene. form t o di sambig

2.3.3 TriggerSource
In the configuration store, the name for TiviggerSourcaepeatedtapability shall bexactly one of

fiTriggerSourcéo rIviDigitizerTriggerSourcé. Drivers that implement multiple repeated capabilities with
t he rlreggeSouiicé shall wuse the |l atter form to disambi gucé

2.4 Boolean Attribute and Parameter Values

This specification uses True and False as the values for Boolean attributes and parameters. The following
table defines the identifiers that are used fareTand False in the IVI.NET, IMCOM, and IVIC

architectures.

Boolean Value IVI.NET Identifier IVI -COM ldentifier IVI -C Identifier
True true VARIANT_TRUE VI_TRUE
False false VARIANT_FALSE VI_FALSE

2.5 .NET Namespace

The .NET namespace for the IviDigitizelass idvi. Digitizer
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2.6 .NET IviDigitizer Session Factory

The IviDigitizer .NET assembly contains a factory method called Create for creating instances of
IviDigitizer classcompliant IVI.NET drivers from driver sessions and logical nar@esate is a stic
method accessible from the static IviDigitizer class.

Refer tolVI-3.5: Configuration Server Specificatiéor a description of how logical names and session
names are defined in the configuration store.

Refer to Section 8VI.NET Specific Driver Costructor, of IVI-3.2: Inherent Capabilities Specificatipn

for more details on how thdQuery , reset , andoptions

driver.

.NET Method Prototype

llviDigitizer IviDigitizer.Create(String name);

llviDigitizer IviDig

itizer.Create(String name,
Boolean idQuery,
Boolean reset);

IlviDigitizer IviDigitizer.Create(String name,

Boolean idQuery,
Boolean reset,
String options);

parameters affect the instantiation of the

Parameters

Inputs Description Base Type

name A session name or a logical name that points to a sessi String
that uses an IVI.NET Idigitizer classcompliant driver.

idQuery Specifies whether to verify the ID of the instrumefihe | Boolean
default is False.

reset Specifies whether to reset the instrumditte default is Boolean
False.

options A string that allows the user to specify the initial values| String
certain inherent attribute$he default is an empty string.

Outputs Description Base Type

Return Value Interface reference to the IlviDigitizer interface of the | llviDigitizer
driver referenced byession

.NET Exceptions

ThelVI-3.2: Inherent Capabilities Specificatiatefines general exceptions that may be thrown, and
warning events that may be raised, by this method

Usage
To create a driver that iimplements the | viDigitizer
Logical Nameo, use the following:
llvi Digitizer counter =Ivi Digitzer . Create(fiMyLogical Nameo) ;
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In this case, the ID of the instrument will not be verified, the instrument will not be reset, and options will
be supplied from the configuration store and/or driver defaults.

IVI Foundation 19 IVI-4.15: IviDigitizer Class Specification



3. General Requirements

This sectim describes the general requirements a specific driver must meet in order to be compliant with
this specification. In addition, it provides general requirements that specific drivers must meet in order to
comply with a capability group, attribute, or fuict.

3.1 Minimum Class Compliance

To be compliant with the IviDigitizer Class Specification, an IVI specific driver shall conform to all of the
requirements for an 1VI clagsompliant specific driver as specifiedIWl-3.1: Driver Architecture
Specificationjmplement the inherent capabilities thet-3.2: Inherent VI Capabilities Specification
defines, and implements the IviDigitizerBase capability group

3.1.1 Disable

Refer tolVI-3.2: Inherent Capabilities Specificatidor the prototype of this function. TheiDigitizer
specification does not define additional requirements on the Disable function.

3.2 Capability Group Compliance

IVI-3.1: Driver Architecture Specificatiotefines the general rules for a specific driver to be compliant
with a capability group.
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4. IviDigitizerBase Capability Group

4.1 Overview

The IviDigitizer base capabilities support digitizers that can acquire waveforms from multiple channels
with an edge trigger. The IviDigitizer base capabilities define attributes and their values to configure the
digiti zer 6s channel , a eystemssThd IviDigitizer base capabilities glgpencluds u b
functions for configuring the digitizer as well as initiating waveform acquisition and retrieving waveforms.

The IviDigitizer base capabilities organizestconfigurable settings into three main categories: the channel
subsystem, the acquisition sidystem, and the trigger sslgstem.

4.1.1 Channel Sub-System

The channel subystem configures the range of voltages the digitizer acquires and how the digitizer
cowples the input signal to the acquisition system. The main channel saystem attributes include:

1 Channel Enabled
1 Vertical Coupling
91 Vertical Range
1 Vertical Offset

All of the channel sulsystem attributes represent capabilities that are repeated oo éachan i nst r ument
channels. They can be set as a group with the Configure Channel function.

For each channel, ti@hannel Enabledittribute specifies whether the digitizer acquires a waveform for

that channelThis attribute may be used to simply disadneunused channel, but will be more useful when

using the capabilities in extension groups for combining channels (for increased sample rate) or allocating
memory (so an unused channel 6s me mor yormstdndeif b e c o me &
two channels have been combined into one, one of those chamnustlbe disabled his attribute catater

be read to determine which channel is active and which is not.

TheVertical Couplingattribute specifies how to couple the input signal to tlenhl subsystem Most
digitizers will support AC coupling (which blocks any DC component of the input signal) and DC coupling
(which allows the entire signal, including any DC offset, to be sampled).

TheVertical Rangaattribute specifies the absolute walof the range of voltages that the digitizer acquires
This range is specified as a pdakpeak voltage numbeThe value of th&/ertical Offsefparameter
determines the center of this range.

The Vertical Offsefattribute specifies the center of thegarspecified by th¥ertical Rangeattribute with
respect to ground.

It is important for these parameters to be set properly before a signal is meBgyite@rs perform best if
the input signal is scaled to a range that matches the physical meaduwmgerof the analew-digital
conversion hardwar®therwise, clipping of the signal may occur or quantization noise may increase.
Table4-1displays some relevant examples.
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Table 4-1. Examples of sampled data versus channel property settings

Actual applied signal (sinewave withvblt
amplitude and 0-%olt DC offset)

15

Measured data with:
9 Vertical offset = 0.2
1 Vertical range = 2

1 Coupling =DC

Vertical offset = 0.2

Measured data with: 15
1 Vertical offset=0 | | N\ TR
) Vertical offset = 0.0
1 Vertical range = 2 /
° Vertical range = 2
1 Coupling =DC \/
1.5
Measured data with: 15

9 Vertical offset =0
1 Vertical range = 2

1 Coupling = AC

1.5
Measured data with: 15
1 Vertical ofiset = 0.2 _
Vertical offset = 0.2
T Vertical range = 2 I A Vertical range = 2
1 Coupling = AC
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4.1.2 Acquisition Sub-System

The acquisition susystem configures the number of waveform records, the size of each record, and the
sample rate. The configurable Acquisition system atibutes include:

1 Sample Rate
 Num Records
1 Record Size

While very simple digitizers may support only a single sample rate and can record only a single record,
more advanced digitizers can vary the sample rate and can collect multiple independent setgtbfalata
single acquisition, with the ability to flexibly allocate memory resources as needed.

The Sample Ratattribute controls the data sample rate, in number of samples per ssoaradigitizers
may have the ability to accept an arbitrary value fir aktribute (up to a given limit), while others may
support only one possible value or a list of discrete valfiasvalue is specified that the digitizer cannot
support, the value is coerced to the next highest sample rate that can be sulfovedde is specified
that is higher than the maximum sample rate available in the digitizer, an error will be returned.

Note that some digitizers have the ability to &dme multiple channels together, resulting in a single
channel with twice the maximum salapate In the lviDigitizer interface, this feature is controlled with
thelviDigitizerTimelnterleavedChanneéxtension groupl he Sample Ratattribute is sensitive to this
feature If channels are combined, the maximum valueSample Ratwill increase accordingly.

TheNum RecordandRecord Sizattributes control the numbeand sizeof distinctdatarecords that a
digitizer will capturefor a single acquisitiorAn acquisition begins with a call to theaitiate Acquisition
function Generally speakg, when an acquisition is initiated the digitizer will wait for a trigger event to
occur (see sectioh.1.4for a description of the trigger sidystem) and will then record sampled data in a
memory buffer Each such data sistreferred to as a recor@imple digitizers will be able to collect only a
single record for each acquisitidviore sophisticated digitizers will have the ability to collect multiple data
records in a single acquisitiohhis feature requires multipleigger eventsBefore the acquisition begins,
theNum Recordsttribute determines the number of records to capture, afRettwd Sizattribute
determines the size of each recdMhen acquisition begins the digitizer fills up a record and waits for
anoter trigger event before proceeding to fill up the next rectind process continutes uritium Records
have been captured, at which time the digitizer will return to an idle Statetrieve data from a muiti
record acquisition, the Fetch functionsrfrahe IviDigitizerMultiRecordAcquisition extension group
(section5) must be used.

When capturing data, it is up .tSomedigitzersthavefixedt o manage
memory configurations while others mawkaglobal memory blocks that can be allocated as neé&geth

active channel will capturidum Recordsecords The total amount of memory required for this depends on

the number of records, the size of each record, and the number of active ch#rthelsiser attempts to

allocate more memory than the digitizer has available, the driver will return an error.

The Fetch functions from the IviDigitizerMultiRecordAcquisition extension group (seB}ioan also be
used for fetchig partial records. This is useful for example when the digitizer memory is so large that the
data must be fetched in chunks.

! Note that channelmay become inactive for more than one redstivey can be intentionally turned off because
they are unused, or they may be combined with other channels to obtain a higher sample rate. In either case there
may be an effect on the amount of memory availatépending on the capabilities of the specific digitizer.
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4.1.3 IviDigitizer Arm and Trigger States

The IviDigitizer interface supports both arming and triggering states in digitzersligitizers that support
it, the full state diagram is shown Figure4-1.

Abort()

'

Idle
State

No

ArmCount =0

Waitfor
Arm
State

ArmCount
< Max?

Initigte(] ——==———— » Yes

ArmCounts++

v

Wait Arm Delay

v

RecordCount =0

Waitfor
Trigger
State

Waitfor

Trigger Event ————— —» Holdoff

RecordCount++

4 es

Wait Trigger Delay

v

Fill the
Acguisition Buffer

Figure 4-1 IviDigitizer Arm/Trigger Model
Digitizers are not required to sump all of the posible statesln particular, many digizers do not support

arming.However, for digitizers that do support it, the IviDigitizer interface includes both a Trigger sub
system and an Arm stdystem, both of which work in the same fashion.
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4.1.4 Trigger Sub-System

The trigger sulsystem configures the type of event that triggers the digitizer. The global trigggstarh
attributes are:

1 Active TriggerSource
91 Trigger Delay

1 TriggerHoldoff

1 Trigger Modifier

1 PretriggerSamples

The Active Trigger Sourcattribute (a sing) specifies which of the available trigger sources is to be used.

The Trigger Delayattribute attribute specifies the position of the first point incdqgturedvaveform

record relative to the Trigger Event. If tlegger Delayvalue is positive, thérst point in the waveform

record occurs after the trigger event. If the value is negative, the first point in the waveform record occurs
before the trigger evenilote that this specification uses the térngger Delayinstead of thé\cquisition

Start Timeterminology employed by the lviscope specificatibntypical systems, these represent the

same quantity.

The Trigger Holdoff attribute specifies the length of time after the digitizer detects a trigger during which
the digitizer ignores additionaliggers. TheTrigger Holdoff attribute affects the instrument operation only
when the digitizer is configured to acquire multiple records ilmn Recordattribute is greater than.1f

a trigger event occurs while the digitizer is still filling up aamek it will be ignored even if thérigger

Holdoff attribute is set to zerdhis attribute is identical to thErigger Holdoffattribute in the IviScope
interface.

The Trigger Modifier attribute specifies he di gi ti zer 6s b e hafiguredtriggéer.n t he
This attribute is identical to thErigger Modifierattribute in the lviScope interface.

The Pretrigger Samplesttributeis defined as thaumber of sampleseeded to fill up the datauffer with
pre-trigger dataThis attribute is usetb capture as much ptagger data as possible without losing
important events.

While the Praigger Samples attribute and the Trigger Holdoff attribute can be used to obtain similar
results, these attributes actually perform quite different functionsigndsed for different applicatians

1 Trigger Holdoff is measured from the time of a trigger event, and is gekaifiunits of time (seconds).
It is used in situations where the user is attempting to trigger or af@along repeating signalvhen
the data capture buffer is filled, the Trigger Holdoff attribute can be used to prevent the digitizer from
triggering again until the sequence repeats it$eifjger Holdoff is measured starting from the time of
the trigger.

1 Pretrigger Samples is ubto gaher as much prerigger data as possible, withiomissing an important
event.Pretrigger Samples is measured in number of samples and is the minimum number of samples that
must be recorded before the digitizell wespond to a trigger eventhis guararges that some data will
be recorded before the trigger event occlie counting of pretrigger samples begins when the user
calls the Initiate Acquision function.When recording multiple records, the counting of pretrigger
samples beginaftereach prio record is filledand when the digitizer is able to collect a new data record
i.e., at the end of the preceding recphas any rearm time that the digitizer may require

Trigger Holdoff and Pretrigger Samples at equivalent, although thejo perfom similar functionsThe
difference lies in subtle timing relationships between thesnpeters and the trigger evemtigger
Holdoff is measured startingaim the time of a trigger event, whiretrigger Samples is measured from
thetime that the digizer is ready to capture a new recttke time recording the previous record is
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finishedplus the rearm time, if any).This means that Pretrigger Samples timing is always synchronous
with the sample clockTrigger Holdoff isnot synchronous with the sarepclock, since the actual trigger
event may occur at any time.

Figure4-2 below illustrates the relationship betweknmgger HoldoffandPretrigger SamplesThe upper
half of the figure ilustratesTrigger Holdofffor an acquisibn with Num Recordggreater than onélere

the secondand subsequentiiggers will not be acceptedntil thedata acquisition is finisheahdthe
holdoff period has expired he lower half illustratePretrigger Samplesand shows how trigger events il

not be accepted until a sufficient number of sampl e
Holdoff
(No Triggers) -
Data Acquisition ‘ Data Acqulisition
b Trigger b Trigger

Pretrigger
_ Samples '

‘ Data Acquisitipn

No Trigger L Trigger

Figure 4-2 Trigger Holdoff and Pretrigger Samples

4.1.4.1 Setting Up Triggers

The process for setting triggers in the IviDigitizer interface is simple, but the IviDigitiggetrsubsystem
works differently from triggers in the IviScope interfatre IviDigitizer, triggers are a repeated capability
Trigger parameters like therigger CouplingandTrigger Levelattributes are associated with each trigger
sourcei they are noglobal parameters as in the IviScope interfdde interface includes akctive

Trigger Sourcettribute (a string) that is used to specify which of the available trigger sources is to be
used.

To set up a trigger, simply follow these steps:
1. SettheActive Trigger Sourcattribute This is a string that specifies a particular trigger source, such as

fi C h a n nTeigger 4oarces are a repeated capability, and the valid trigger source names can be
discovered by traversing the TriggerSource repeated capdisili

2. SettheTrigger Typeattribute This attribute applies to the currefttive Trigger Sourcd.ike all other

trigger attributes, setting this attribute appltedy to the active trigger sourcH the trigger source is
changed, the trigger type snahange as well.
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3. Refer to this document or to the vendords documen
for the givenTrigger TypeFor instance, if using an edge trigger thenTihigger LevelandTrigger
Slopeattributes should be sddifferent trigger types have different requirements.

Eachtrigger ®urce has the following attributes
1 Trigger Coupling

1 Trigger Hysteresis

1 Trigger Level

1 Trigger Type

The Trigger Couplingattribute specifies how the digitizer couples the trigger source toglger sub
system Commonly, this attribute will be set to DC (which allows the trigger signal to be used without
modification) or AC (which strips away any DC component of the trigger sightad) IviDigitizer interface
also includes a number of more quiex coupling types that mirror the capabilities in the IviScope
interface.

The Trigger Hysteresisattribute specifieghe trigger hysteresis in Volts.
TheTrigger Levelattribute specifieshe voltage threshold for the trigger ssystem.

The Trigger Typeattribute specifies the type of event that triggers the digitizee most common type of
trigger is the edge trigger, which causes the instrument to trigger whenever a signal passes through a
predefined voltage leveThe IviDigitizer interface mirrorghe lviScope interface, and includes a number
of complex trigger types that are supported identically in both IviDigitizer and IviSEope&ach

supported trigger type, the lviDigitizer interface includes a number of spmaiabse attributes that are
used to control the triggering operation.

For digitizers that support it, the IviDigitizer interface includes the ability to specify arming conditions for
triggering Arming is set up in the same fashion as triggering, using the IviDigitizerArm extensiom gro

The IviDigitizer interface also supports the use of multiple trigger sources for a single acquisition

digitizers that support it, this feature is controlled with the IviDigitizerMultiTrigger extension gidugp

allows multiple trigger sources twe specifiedT he tri gger sources can be ANDOGEe
triggers must occur before the instrument-to make 38
occurring trigger event causes the instrument to make a measurement).

4.1.4.2 Configuring Edge Triggers

The following attributes configure the edge trigger. These attributes can be set as a group with the
Configure Edge Trigger Source function.

1 Trigger Level

9 Trigger Source

9 Trigger Slope

TheTrigger Levelattribute specifies the voltage threshddr the trigger sulsystem. Th&rigger Source

attribute specifies the source the digitizer monitors for the trigger event. Most of the trigger types use the
values held in th&rigger LevelandTrigger Sourceattributes.
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O adarks the trigger position

Figure 4-3 Edge Triggers
The Trigger Slopeattribute specifies whether a positive or negative edge triggers the digitizer.

When the trigger type is edge, the values held inTtigger Level Trigger Source andTrigger Slope
attributesdefine the trigger event. The digitizer triggers when the signal from the trigger source crosses the
threshold level with the polarity that tii@igger LevelandTrigger Couplingattributes specify.

4.1.4.3 Software Triggers

One type of tr i gog.erS estéaivendggger Boarrcattiloufe toBaftwage means that
the instrument will only trigger when given a software command. To execute a software trigger, use the
SendSoftwareTrigger function.

If the SendSoftwareTrigger function is called whesAlstive Trigger Sourcattribute is not set to
Software, an error will be returned.

For digitizers that support arming, tAetive Arm Sourcean also be set to Software. In this circumstance
the SendSoftwareArnsommand is used to arm the instrument.

4.1.4.4 Immediate Triggers

Anot her type of .Settiigghghetive Tirigger Bouncatibdte ta lmmedliate means that
the instrument will trigger immediately, without waiting for any event.

TheTrigger Typeattribute has no effect on Immediate trigger
If using multiple triggers, Immediate cannot be one of the specified trigger soDoteg so will return an
error.

4.1.4.5 Using Disabled Channels as Trigger Sources

Some digitizer implementations include the ability to trigger on signals in disabled chathelagh data
is not available from disabled channels, they may still be available for use as trigger.Stheces
IviDigitizer interface supports this functionality but does not require it. Users should réffier to
manufactur er 8s dmocewboatthis eapabilitynin anhyagiven digitizen.

IVI-4.15: IviDigitizer Class Specification 28 IVI Foundation



4.1.5 Reading Data

ThelviDigitizerBase Capabilities define functions that retrieve waveforms from the digitizer. These
functions return the following information:

1 The waveform record as an array of voltages.

1 The time that corresponds to the first point in the waveforny aelative to the trigger event (the
InitialXOffset)

1 The first valid data point and the number of valid data points in the waveform record.

The true time reference for a captured waveforrhegtigger Event, notthe sampling times, because the

trigger event occurs asynchronously with respect to the sampling @logg, the time between the trigger

event and the next sampling clock pul s.&henar i es r anc
reading data, one value that is returnedhédnitialXOffset whichspecifies the position of the first point in

the waveform record relative to the trigger event. If the value is positive, the first point in the waveform

record occurgfterthe trigger event. Iflhe value is negative, the fingbint in the waveform record occurs

beforethe trigger eventigure4-4 hows an example of an acquisition with a positive acquisition start time
(positiveTrigger Delayattribute) whie Figure4-5 shows theeffect of the negative acquisition start time
value(negativeTrigger Delay) Note that both figures shoWwigger Holdoff,which only applies when

multiple records are being captured.

< Trigger Holdoff =I
Re-arm Time 4>‘ Pre-Trigger
Samples

First data point

Trigger Offset
(always zero if» [®
TTlis used)

Interval

e—— nitial X >0 ———

«——Trigger Delay > 0 —» )
. Waveform ;
Ve

Figure 4-4 Positive Trigger Delay
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Trigger Offset
(always zero if ¥ [
TTlis used) «—Trigger Delay< 0 —»

«— InitialX < 0 —

A

Figure 4-5 Negative Trigger Delay

The Trigger Offset value shown in these figurezeasures the time between the trigger event and the first
captured data poinBome digitizers feature&igger Time Interpolator (TTI) which shifts all the

samples in time using interpolation in order to align the first sample with the start of the&tmegun

such a case, the value of InitialX is always exactly equal to the acquisition staf@ninie will match the
Trigger Delay).

TheRe-arm Time value shown in these figures is an important characteristic of some digilihese
digitizers arenot able to start a new acquisition immediately following the preceding acquisitiey
require some time for memory management and other internal functiomsearm time is not
controllable by the user and is not addressed in the IviDigitizefactsrbut it is important to consider
when writing software to control digitizers.

4.1.5.1 Allocating Waveform Buffer Memory

In Read and Fetch calls, it is important to allocate sufficient amoumembry for the waveform buffer.

If the waveform buffer is not fge enough to hold all of the requested data, the driver will fill the buffer as
fully as possible and return the number of points that were actually retrieved in the fenetionl 6 s
ActualPointsparameterTo retrieve the remainder of the datag or moe additionaFetch cakt must be
made.Although the IviDigitizer driver supports this operatian;gsults in a performance dedadion that

is unnecessary if enough memory is available.

The amount of memory needed maygoeater than one might expeth maximize data transfer rates,

some digitizers are designed to perform DMA transfers at defined memory bournidageading on the
alignment of the data buffer, tt the beginoirgy of the buffen. | t in a
(These invalidoints are identified by means of tRestValidPointparameter in Read and Fetch function
calls.)Other digitizers may make temporary use of extra buffer memory to increase performance whe

retrieving multiple records. In the case of muéicord acquisitons, t he digitizer 6s me mc
segments, one for each record. Some digitizers manage their internal memory by pages of fixed size, with

the constraint that a segment must start at the beginning of a page. Readout may also be constrained by

ertire pages, and may be further complicated when-tanéatainterleaving of channels is used. All these
constraints can introduce significant overhead in the amount of memory that must be reserved for each

record, especially when the number of pointsrpeord is small. Finally, for digitizers allowing the capture

of pretrigger data, the memory is used as a circular buffer continuously recording samples, until the

acceptance of a valid trigger defines the actual beginning of the record. In this easmetfluous
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samples may be located anywhere in the segment, so that a reordering of the samples by the driver must be
performed. An additional segment of memory allows performing this operation more efficiently.

An example of the memory after a&cordacquisition with a digitizer using circular buffers, and requiring
segmenftpadding and reordering is shown igure4-6.

First Vallid Point
0 v |pauding)
v z
2 ' )

3 | //
! 2z

Digitizer memory

1Y

Figure 4-6 Digitizer memory immediately after a mutécord acquisition

The best readout performance (especially for small record sizes) is usually obtained by transferring the
whole acquisition at once, and to perform the reordering on the host computer. To be able to easily perform
this reordering of eactecord, a digitizer manufacturer may choose to require the waveform buffer to be
larger than the digitizer memory by one segment, as shotigume4-7.

4———NumPointsPerRecord———»

; iy

1

Waveform buffer memory

Figure 4-7 Waveform bdfer memory for multirecord readout

The whole acquisition is transferred as depicteigure4-8 (note that this is an intermediate state)d
the reordering can then be performed as shoviaiginre4-9.
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Figure 4-8 Multi-record transfer
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Figure 4-9 Reordering of the records

After reordering, each record has contiguous samples. Alfdeanay also be placed contiguously, and the
(consolidated) padding pushed to the end of the buffer, e.g. as shbigarie4-10.
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Figure 4-10 Waveform buffer memory after cirtar buffer reordering of the records

Another example for a-Becords acquisition is shown kigure4-11. In this case, all records have been
transferred from the digitizer into the waveform buffer as contiguous data blocks antiréguire

reordering of the record samples. However, alignment constraints may still exist. As a result, the return
parametefirstValidPoint must be used to obtain the index of the first point of each record when reading
the waveform.

FirstValidPoint[0]

. . . ActualPoints([0]
FirstValidPoint[l] .
/ ActualPoints[1]
al lf =
01 //}/
. 77
2

3 ¥ prn
! 7

Waveform buffer memory

Figure 4-11 Waveform buffer memory not requiring circular buffer reordering of the records

It is important to understand that the transition betwdgare4-6 (i.e. data in theligitizer memory) and
Figure4-10or Figure4-11 (i.e. data in the waveform buffer memory, ready to be accessed by the user) is
done by the digitizer and/or the drivegtthe user.

Vendors generally publish these types of memory requirements in their documentation, but the IviDigitizer
interface also supports a functid@ueryMinWaveformMemorythat returns the number of samples that
should be allocated for best data tfanperformancef-or single record Read and Fetch calls, the

maximum possible value that tR@stValidPointoutput parameter may assume can be queried with the
MaxFirstValidPointValuaeadonly attribute.
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In IVI-COM, the Read and Fetch calls will alloctte proper amount of memory automaticalhstead of
passing an array into the function calls, simply pass a pointer to a SBEEARRAY. The driver will

then allocatesufficient memory automatically. It is also allowed to pass a pointer to-albdh (user

allocated, or driver allocated from a previous call) SAFEARRAY, in which case the driver shall not
reallocate memory. For best performance, i.e. to avoid allocating the waveform buffer memory for every
Read or Fetch call, the user should let the dalecate the SAFEARRAY buffer memory by passang

pointer to a NULLSAFEARRAY on the first call, ensuring sufficient memory is allocated. Then the same
SAFEARRAY should be reused for subsequent calls, until acquisition parameters changes require a larger
buffer size.

In IVI-C, thewaveformbuffer memory must be allocated in advabgdahe user

4.1.5.2 Valid Data Points

The Read and Fetch functions in the IviDigitizer interfaceluding those of the
IviDigitizerMultiRecordAcquisition extension grouptilize seeral parameters that may require some
explanation:

i OffsetWithinRecord
1 ActualPoints
9 FirstvalidPoint

OffsetWithinRecords the offset within a record to begin fetching data from. A common reason to use this
parameter would be whénh e di gi t i zietoodage td lzetraaved wittcacsingle Read/Fetch

call. OffsetWithinRecordspecifies an offsetiot t he di gi t iThefirstretrievédadata pointe c or d .
will come from that offset data that comes before tBdfsetWithinRecordndex will not ke retrieved

Using multiple Fetch calls with appropriate values@ffsetWithinRecorcandNumPointsPerRecord
allows data from a single record to be retrieved in chulsksexample of the retrieval of a partial record is
shown inFigure4-12.

———OffsetWithinRecord

NumPointsPerRecord———»

First Valid Point MaxFirstValidPointValue

—

a
« NumPointsPerRecord——»
| I
A
!: ActualPo ints—>|

WaveformArraySize =
NumPaoinisPerRecord + MaxFirstValiadPointValue

Figure 4-12 Retrieving a partial record
The ActualPointsparameter returns the number of valid data points that ieeieved from the digitizer.

This number may be lessaithe full size of th&/aveformArraymemory bufferThis may happen for any
of several reasoristhe memory buffer may be larger than needed, or the data acquisition might have been
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interrupted beforé was finished, for instancdlso, if FirstValidPoirt (see below for more details on this
parameter) is noegero, it will necessarily be smaller than the length ofMieveformArraybuffer. The
ActualPointsparameter should be examined after Read or Fetch calls to ensure that valid data was returned.

FirstvalidPointis used to maxime data transfer performanc&ome digitizers transfer data to the

computer using DMA channels that must be aldyagspecific byte boundari€bransferring data into nen

aligned memory would causesevere performance penaliyie dataNaveformArrayparameter, which is

intended to receive the data from the digitizer, may not be aligribée aorrect memory boundaiwy that

case the digitizer may transfer its data MfaveformArraymemory space starting at the first available

memory locéion that is properly alignedin these cases, the first few bytes of WaveformArraymemory

buffer will not contain valid data (see an example of this in seaitrb.1 Figure4-11). The

FirstValidPointparameter should be examined to deternfitigis situation has occurrell.gives the offset

into theWaveformArraymemory buffer where the first vdldata point can be found.he di gi ti zer 0s
manufacturer should supply documentatiomoahether this situation should be expected to occur.

4.1.6 Combining Channels

The IviDigitizer interface allows digitizer channels to be combined in two different ways, and for two
different reasons:

1 Some digitizers have the ability to interleave multiple agrib-digital converter channels into a
single, highetrate channelThis is accomplished by forcing each channel to sample the same data with
asmalltime offsef Not e t hat this means that one of the dig
unused the signal applied to one input connector will be internaliyted to two different ADCsIYf
two channels are combined, then the ADC in the first channel samples the data, followed by the ADC
from the second channdlhe twoADCs proceed to samplkierest of thedata in a pingpong fashion
This results in a sample rate that is twice the rate that either ADC could accomplish by itself.

To combine channels in this fashion, use the IviDigitizerTimelnterleavedChannels extensian group
Channels are comlaa using a simple comrseparated list.

In addition, some digitizers have the ability to automatically combine channels based on a desired
sample ratelf the Sample Rate attribute is set to a value that is higher than a single channel can
support, multie channels will automatically be combined to achieve the desired samplEh&te
IviDigitizerTimelnterleavedChannelListAuto attribute is used to control this fedfiis feature

should be used, if possible, in cases where instrument interchangésaldiésired since the use of the
IviDigitizerTimelnterleavedChannelListAuto attribute does not depend on the name of a channel.

1 Some digitizers include a feature that allows data from two channels to be interldswatly, the
data from two channels istarleaved so that a read or fetch call returns complex (I/Q) dagathe
IviDigitizerDatalnterleavedChannels extension group to control this featikeethe
IviDigitizerTimelnterleavedChannels extension group,ltfiigitizerDatalnterleavedChannels
extension group combines channels using a corseparated list.

The IviDigitizerDatalnterleavedChannels extension group specifically allows digitizers to return
complex data value#f the real and imaginary parts of a complex signal (I and Q) are conrtedigd
digitizer channels, this extension group allows that data to be interleaved in read and fetch calls,
resulting in an array of complex data.

These features are distinguished in the following ways:

1 When using timenterleaved channels, the data ratd by a fetch or read call consists of points that
are sequential in time, at a higher data rate than a single ADC could support

1 When using datinterleaved channels, the data returned by a fetch or read call consists of several
points (one per combinethannel) that were taken at ttemetime i one for each channdélhe
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following data values return data for the next time point (again, one point for each channel, sampled at
the same time).

Channels can be combined in both ways at the samelfiatg then timeinterleaving applies before data
interleaving For instance, a fouchannel digitizer may combine channels 1 and achieve a higher data
rate, and may then combine channels 3 and 4 to achieve the same dateeratee two remaining active
channels (channel 1 and channel 3) may be-ifataleaved.

When interleaving channels, the Record Size is the number of points across all ciNotedlsat data

interleaved channels cannot return an arbitrary number of data. pbints channels are datzombined,

then the number of returned points must always be a multiple of two, because each of the two channels will
return one data point per time sampiethis case, attempting to retrieve an odd number of data points

would result in a meaningless texst In Read and Fetch calls, the number of points requested must then be
a multiple of the number of combined chann@therwise, an error will occul his is not the case with
time-interleaved channels, where any number of points can be returned.

4.1.6.1 Notes on the Use of Interleaved Channels

Users who often switch interleaving features on and off should be aware of some subtleties that may be
encountered.

Like all IVI drivers, the IviDigitizer interface is in some cases designed to support functionality tiwdt
implemented in all digitizersThe IviDigitizer interface allows for (but does not require) very general
interleaving capabilitiedDigitizers that do not support tlfigll generality of this interface are free to
implement a subset, butthissulisst behavi or must be documented.

For instance, thenterface makes it possible to combine any two channels in &ffiaumnel digitizeto

achieve a higher sample rafée digitizer hedware may then require tia¢her two channels be combined

as well (so thre is only a single time base for the entire digitizersuch a case, there must be two active

channeld one chosen by the user when the two original channels are combined, and one chosen by the

digitizer when it combines the remaining pair ofchasrieln t hi s case, the remaining
should be the lowestumbered channel on the digitizer, as documented by the hardware manuf&ciurer

users should be free to change the second active channel, if desired.

A similar situation applies to dainterleaved channelt must be possible for users to choose which two
channels are to be dat#terleaved, and to change this selection as needed.

Another common use case is for users to route signals to two different inputs of a digitizer and then
conmbine the channels to achieve higher sample rhatahis case, one of the combined channels becomes
the active channel and the other is set to the inactive Bisges can then change the active channel setting
to take data from the alternate input costoes.

In all of these cases, the programmer must @iisablethe active channebefore changing the active

channelThi s is necessary in order to avoid Ainvisiblebo
and thecombined channaélist. In the IVI interface, the state of the TimelnterleavedChannelList property
(which is a property of each channelhd i s ignored if

TimelnterleavedChannelList property is only used for active charifledssame is true of ¢h
DatalnterleavedChannelList.

For example, suppose a tvgbannel digitizer is initialized so that Channel 1 is enabled, Channel 2 is
disabled, and the TimelnterleavedChannelList property of Channel 1 contains the name of Chatiael 2
can then be takemdm Channel 1 at doubldatarate speeds.

To change the active channel in this example to Channel 2, Channel 1 must be disabled, Channel 2 enabled,
and the TimelnterleavedChannelList property for Channel 2 must contain the name of ChBotiel 1
channelcannot be enabled at the same time if they are combined, and attempts to do so will result in an
error. However, both channels can be disabled at the same time as long as no Fetch/Read calls are made
while the channels are in the disabled state.
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4.2 lviDigitizerBase Attributes

The IviDigitizerBase capability group defines the following attributes:
Active Trigger Source

Channel Count

Channel Enabled

Channel Iten{IVI-COM and IVI.NET only)
Channel NamélVI-COM and IVI.NETonly)
Input Connector Selection

Input Impedance

Is Idle

Is Measuring

Is Waiting For Arm

Is Waiting For Trigger

Max First Valid Point Value

Max Samples Per Channel

Min Record Size

Num Acquired Records

Num Recordd o Acquire

Record Size

Sample Rate

Trigger Coupling

Trigger Delay

TriggerHysteress

Trigger Level

Trigger Output Enabled

Trigger Slope

Trigger Source Count

Trigger Source Item (IVMCOM and IVI.NETonly)
Trigger Source Name (IVCOM and IVI.NETonly)
Trigger Type

Vertical Coupling

Vertical Offset

=A =4 =4 =4 4 -4 4 -4 4 4 -4 -4 -4 A -4 A A - -a A -a A A o -a A oA s A oA of

=

Vertical Range

This section descrilsethe behavior and requirements of each attribute. The actual value for each attribute
ID is defined in Section 31yiDigitizer Attribute ID Definitions.
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4.2.1 Active Trigger Source

Data Type | Access| Applies To Coercion High Level Functions

ViString R/W N/A None N/A

.NET Property Name
Trigger.ActiveSource

COM Property Name
Trigger.ActiveSource

C Constant Name
IVIDIGITIZER_ATTR_ACTIVE_TRIGGER_SOURCE

Description

Specifies the source the digitizer monitorstfo triggerevent. The value specified here must he of the
valid repeated capability names for theggerSource repeated capability.

If an IVI driver supports a trigger source and the trigger source is listed-B.B@ross Class Capabilities
Specification Section 3, thethe 1VI driver shall accephe standard string for that trigger source. This
attribute is case insensitive, but case preserving. That is, the setting is case insensitive but when reading it
back the programmed case is returned. 1VI specific drivers may define new trigger songsefatririgger
sources that are not defined by 1¥I13 Cross Class Capabilities Specificatidmeeded.

This attribute only affects instrument behavior when either the IviDigitizerMultiTrigger extention group is
not supported or the Trigger Source Oparé set to None.

.NET Exceptions

ThelVI-3.2:Inherent Capabilities Specificatiatefines general exceptions that may be thrown, and
warning events that may be raised, by thigperty
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4.2.2 Channel Count

Data Type | Access

Applies To

Coercion

High Level Functions

Vilnt32 RO N/A

None

N/A

.NET Property Name
Channels.Count

This property is inherited fromviRepeatedCapabilityCollection

COM Property Name
Channels.Count

C Constant Name

IVIDIGITIZER_ATTR_CHANNEL_COUNT

Description

Returns the number of channelsa#able on the device.

.NET Exceptions

ThelVI-3.2:Inherent Capabilities Specificatiatefines general exceptions that may be thrown, and
warning events that may be raised, by thigperty
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4.2.3 Channel Enabled

Data Type | Access| Applies To

Coercion

High Level Functions

ViBoolean R/W Channel

None

Configure Channel

.NET Property Name
Channels[].Enabled

COM Property Name
Channels.ltem().Enabled

C Constant Name

IVIDIGITIZER_ATTR_CHANNEL_ENABLED

Description

Specifies whether the digitizer acquires a wavefornite channel.

.NET Exceptions

ThelVI-3.2:Inherent Capabilities Specificatiatefines general exceptions that may be thrown, and
warning events that may be raised, by thigperty
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