














SD-PXE-AOU-H0003

NOTE:

HVIs are programmed with Signadyne ProcessFlow [3], an HVI programming environment with a user-friendly flowchart-
style interface, compatible with all Signadyne hardware modules.

Perfect synchronization: Each HVI is defined by a group of PXIe modules which work perfectly synchronized, and,
therefore, can be effectively seen as a single integrated programmable hardware. In addition, a single system can run
different HVIs in parallel without any interference between them (Figure 7).

Figure 7: Hard Virtual Instrument (HVI) operation. The user HVI program is executed inside the Signadyne PXIe modules,
and the computer is only occupied with other VI processes (e.g. data post-processing, visualization, etc.). All cards in an
HVI work perfectly synchronized.

Ultra fast decisions and control: At HVI execution time, the PXIe modules can perform data processing and decision
making extremely fast (in tens of nanoseconds). This is very useful for process control where fast (and deterministic) re-
sponse times are needed. If the decision requires more complex processing, the user can use our programming libraries
to collect the data in the computer, process it at will, and then send the decision back to the modules (VI and HVI can be
combined at will). The latency of the VI processing task will depend on the computer power and load, operating system,
etc., and its minimum cannot be precisely determined (Figure 8).

Figure 8: An example of a purely HVI decision making, a VI decision making and a HVI & VI parallel execution.
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1.2 Waveform Generator

The SD-PXE-AOU-H0003 has a very flexible output structure that allows the user to create complex output waveforms.
Figure 9 shows a simplified diagram of one output channel.

Figure 9: SD-PXE-AOU-H0003 simplified waveform generator of one channel

1.2.1 Wave Selector

The Wave Selector block allows the user to select the channel output waveform. It includes a Function Generator, which
generates basic periodic signals (sinusoidal, triangular, sawtooth, etc.), with a frequency and a phase set by the Frequency
/ Phase Control block. The user can also select the waveform of one of the Arbitrary Waveform Generators (Section 1.4
on page 14) or the output of the partner channel (Section 1.2.4 on page 12). The wave selector controls also the output
switch.

Function waveShape (const & value) Description

Off AOU OFF -1 (default) The output switch is open, and the output signal is set to 0.
All other channel settings are maintained

Sinusoidal AOU SINUSOIDAL 1

Triangular AOU TRIANGULAR 2

Sawtooth AOU SAWTOOTH 3

Square AOU SQUARE 4

DC AOU DC 5 Normalized constant value in order to generate DC volt-
ages. In this configuration, the output voltage will be set
by the Amplitude / Offset Control settings

Arbitrary Waveform AOU AWG 6 Selects the Arbitrary Waveform Generator associated to the
channel (for channel m, only Arbitrary Waveform Generator
m can be selected)

Partner Channel AOU PCH 7 Selects the partner channel output (Section 1.2.4 on
page 12)

Table 1: Output signal selection in the Wave Selector (function ChannelWaveShape, Section 2.2.1 on page 18)
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NOTE:

Waveform harmonics: Non-sinusoidal wave shapes (triangular, sawtooth, square, etc.) have high frequency compo-
nents that may fall outside the bandwidth of the reconstruction filter if the fundamental frequency is too high. In this
situation, the output analog signal may suffer some distortion due to the missing harmonics, becoming a sinusoidal as
the fundamental frequency approaches the cutoff frequency of the filter.

1.2.2 Frequency / Phase Control

The Frequency / Phase Control block allows the user to set the frequency and the phase of the periodic signals generated
by the Function Generator included in the Wave Selector (Section 1.2.1 on the preceding page).

Figure 10: Frequency / Phase Control block

ADVANCED:

Angle modulations: In addition to setting the carrier frequency and phase with the main registers, this block can be
configured to introduce a modulating signal coming from any of the Arbitrary Waveform Generators (Section 1.4 on
page 14) or from the output of the Partner Channel (Section 1.2.4 on page 12). This flexibility provides a way to create
any angle modulation (PM, FM, PSK, FSK, etc.).

ADVANCED:

Phase coherent vs. phase continuous: Changes in the output signal are always phase continuous, not phase
coherent. Therefore, when, for example, the frequency is changed from freq1 to freq2 and changed back to freq1,
the phase will not be the initial one. To achieve phase coherent behaviour, the channel accumulated phase can be
reset (function ChannelPhaseReset, Section 2.2.4 on page 21). In addition, in HVI operation (Section 1.1 on page 7)
the execution time is deterministic, which allows the user to calculate the new phase and adjust it after any frequency
change.

Function modulationSource (const & value) Description

Arbitrary Waveform 0 AOU MODSOURCE AWG0 0 (default) The modulating signal comes from the Arbi-
trary Waveform Generator number 0

Arbitrary Waveform1 AOU MODSOURCE AWG1 1 The modulating signal comes from the Arbi-
trary Waveform Generator number 1

... ... ...

Arbitrary Waveform n-1 AOU MODSOURCE AWGn-1 n-1 The modulating signal comes from the Arbi-
trary Waveform Generator number n-1

Partner Channel AOU MODSOURCE PCH 32,768 The modulating signal comes from the Partner
Channel output, (Section 1.2.4 on page 12)

Table 2: Frequency/phase modulation source options (function ModulationFreqPhaseConfig, Section 2.2.7 on page 24)
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Function modulationType (const & value) Description

No Modulation AOU MOD OFF 0 (default) Modulation is disabled. The channel frequency and
phase are only set by the main registers

Frequency Modulation AOU MOD FM 1 The modulating signal is used to modulate the channel
frequency

Phase Modulation AOU MOD PHASE 2 The modulating signal is used to modulate the channel
phase

Table 3: Frequency/phase modulation options (function ModulationFreqPhaseConfig, Section 2.2.7 on page 24)

1.2.3 Amplitude / Offset Control

The Amplitude / Offset Control block allows the user to change the channel amplitude and offset (Figure 9 on page 9).

Figure 11: Amplitude / Offset Control block

ADVANCED:

Amplitude modulations: This block can be configured to introduce a modulating signal coming from any of the Arbitrary
Waveform Generators (Section 1.4 on page 14) or from the output of the Partner Channel (Section 1.2.4 on the following
page). This flexibility provides a way to create any amplitude modulation (AM, ASK, etc.). The offset branch can also
be directly connected to the output of the Partner Channel to create quadrature modulations (QAM, etc.). The main
amplitude and offset registers are added to the modulating signal (Figure 10 on the preceding page). In AM, the
modulation index is given by m = deviationGain/main amplitude

Function modulationSource (const & value) Description

Arbitrary Waveform 0 AOU MODSOURCE AWG0 0 (default) The modulating signal comes from the Arbi-
trary Waveform Generator number 0

Arbitrary Waveform 1 AOU MODSOURCE AWG1 1 The modulating signal comes from the Arbi-
trary Waveform Generator number 1

... ... ...

Arbitrary Waveform n-1 AOU MODSOURCE AWGn-1 n-1 The modulating signal comes from the Arbi-
trary Waveform Generator number n-1

Partner Channel AOU MODSOURCE PCH 32,768 The modulating signal comes from the Partner
Channel output (Section 1.2.4 on the following
page)

Table 4: Amplitude/offset modulation source options (function ModulationAmpOffsetConfig, Section 2.2.8 on page 25)
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Function modulationType (const & value) Description

No Modulation AOU MOD OFF 0 (default) Modulation is disabled. The channel amplitude
and offset are only set by the main registers

Amplitude Modula-
tion

AOU MOD AM 1 The modulating signal is used to modulate the
channel amplitude

Offset Modulation AOU MOD OFFSET 2 The modulating signal is used to modulate the
channel offset

Amplitude & Offset
Modulation

AOU MOD AMOFFSET 3 The modulating signal is used to modulate both,
the channel amplitude and offset

Amplitude Modula-
tion & Offset Partner
Channel

AOU MOD AMOFFSETPCH 4 The modulation signal is used to modulate the
channel amplitude while the Partner Channel
modulates the offset (Section 1.2.4)

Table 5: Amplitude/offset modulation options (function ModulationAmpOffsetConfig, Section 2.2.8 on page 25)

1.2.4 Partner Channel Connection

As seen in previous sections, the output of some channels can be fed to some blocks of their partner channel. These
connections depend on the module channel number, and they are implemented in pairs as shown in Figure 12.

Figure 12: Partner Channel Connection in a module with four or more output channels
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1.3 Clock and Trigger

1.3.1 Clock System

The SD-PXE-AOU-H0003 clock system (Figure 13) uses the internal clock provided by the chassis as a reference clock.
This reference clock is jitter cleaned by the module, resulting in a very high quality clock. This implementation achieves a
jitter and phase noise above a 100 Hz independently of the source clock, depending on the chassis only for the frequency
absolute precision and long term stability. A copy of the system clock is available at the CLK connector, which operation
can be configured by the user (Table 6).

ADVANCED:

The reference clock is taken from the signals PXIe CLK100, in the case of PXI Express, and RefClk, in the case of
CompactPCI Express. In some PXI Express chassis, the user can replace the PXIe CLK100 with an external reference
(with a reference input connector or with a PXI Express timing module, see chassis specifications).

Figure 13: SD-PXE-AOU-H0003 simplified clock system diagram

CLK Connector Function clockConfig Description

Disable n/a 0 (default) The CLK connector is not used

Output 10 MHz 10 A 10 MHz copy of the system clock is available at the CLK
connector

100 MHz 100 A 100 MHz copy of the system clock is available at the CLK
connector

Table 6: SD-PXE-AOU-H0003 output clock configuration (function ClockConfig, Section 2.2.9 on page 26)

1.3.2 Trigger I/O

The SD-PXE-AOU-H0003 has a general purpose input/output trigger (TRG connector). This signal can be configured as
shown in Table 7.

Function Direction triggerConfig (const & value) Description

Digital Output O AOU TRG OUT 0 TRG operates as a general purpose digital out-
put signal, which can be written by the user soft-
ware

Digital Input / Trigger I AOU TRG IN 1 (default) TRG operates as a trigger (Table 8 on the next
page), or as general purpose digital input signal,
which can be read by the user software

Table 7: SD-PXE-AOU-H0003 TRG connector configuration (function TriggerConfig, Section 2.2.10 on page 27)
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1.4 Arbitrary Waveform Generators (AWGs)

An Arbitrary Waveform Generator (AWG) is a powerful and flexible block designed to generate arbitrary analog waveforms
(Figure 14). The number of AWGs available in the SD-PXE-AOU-H0003 is shown in Specifications on Page 2.

Figure 14: Arbitrary Waveform Generators (AWGs) in the SD-PXE-AOU-H0003

Each AWG has a queue system that allows the user to configure simple generation sequences, choosing many param-
eters such as the trigger method (Table 8), the start delay, the number of cycles, etc. Figure 15 on the facing page shows
some generation examples.

Function triggerMode (const & value) Trigger Type Description

Auto AUTOTRIG 0 (default) Hardware Triggers are generated continuously in an automatic
way

VI/HVI
Trigger

VIHVITRIG 1 Software (VI)
Hardware (HVI)

The AWG is triggered by the function AWGtrigger
(Section 2.2.20 on page 38) provided that the AWG is
running. AWGtrigger can be executed from a VI or an
HVI (see HVI and VI details, Section 1.1.1 on page 7)

External
Trigger

EXTTRIG 2 Hardware The AWG waits for an external trigger (hardware trig-
ger input is only available in some hardware modules)

Table 8: Trigger methods for the waveforms queued in an AWG (function AWG, Section 2.2.15 on page 32, or AWGqueue-
Waveform, Section 2.2.16 on page 34)

Arbitrary waveform generation can performed using two methods:

a) AWG function: This function provides a one step solution to load, queue and run a single waveform directly from a
file or an array in memory, as shown in Figure 14.

b) Step by step programming: AWG simplifies the setup of a single waveform, but does not allow the user to control
important aspects of the waveform generation:

• The precise moment when waveforms are transferred from file to the PC RAM and to the onboard RAM. This
may be important for long waveforms and time-critical applications.

• The possibility to have a variety of waveforms in the PC RAM or in the onboard RAM in order to queue them
repeatedly in the AWGs in an efficient way.

• The possibility to prepare the AWG queue with multiple waveforms in advance before starting the generation.
This is important to create more complex generation sequences and control the start time precisely (Figure 15
on the facing page).

Signadyne Programming Libraries allow the user to control every aspect of the arbitrary waveform generation (Fig-
ure 16 on the next page):

1) Create waveforms in the PC RAM with the SD-Wave Class (function New).

2) Transfer the waveforms to the onboard RAM with WaveformLoad.

3) Queue the waveforms in any AWG to create the desired generation pattern (function AWGqueueWaveform).

4) Start the generation with AWGrun and provide triggers if required.
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Figure 15: Examples of the AWGs queue configuration

Figure 16: Process to prepare and run arbitrary waveforms

TIP:

HVI Generation Sequences: The queue system of the Arbitrary Waveform Generators (AWGs) provides a way to
create simple generation sequences. For more complex sequences, the best solution is the use of a Hard Virtual
Instrument (HVI) programmed with Signadyne ProcessFlow [3]. HVIs are time deterministic with nanosecond resolution
(Section 1.1 on page 7), and ProcessFlow provides a user-friendly flowchart programming environment.
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TIP:

Pausing and Resuming an AWG: The function AWGstop pauses the AWG operation, leaving the last waveform point
at the output. The waveform generation can be resumed calling AWGrun.

Note: After a call to AWG, the selected AWG is running, because this function performs an AWGrun automatically.

Prescaler: Each queued waveform can have a sampling clock prescaler associated with it. This prescaler divides the
effective waveform sampling rate providing a way to reduce waveform sizes.

ADVANCED:

Prescaler and aliasing: Note that reducing the effective sampling rate produces aliasing inside the module reconstruc-
tion filter bandwidth. This unfiltered alias appears in the output.
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2 VI / HVI Programming

2.1 Overview

As described in Section 1.1.2 on page 7, virtual instrumentation is the use of customizable software to create user-defined
control, test and measurement systems, called Virtual Instruments (VI). For this purpose, Signadyne delivers highly opti-
mized static and dynamic programming libraries [2].

a) Static Libraries

Ready-to-use static libraries are supplied for the following programming languages and compilers:

Language Compiler Files

C Any C compiler *.h, *.lib

MinGW (Qt), GCC *.h, *.a

C++ Microsoft Visual Studio *.h, *.lib

MinGW (Qt), GCC *.h, *.a

LabVIEW National Instruments LabVIEW *.vi

b) Dynamic Libraries

Dynamic libraries are compatible with any programming language that has a compiler capable of performing dynamic
linking. Here are some examples:

∙ C++ compilers not listed above.

∙ Other programming languages: Java, Python, Visual Basic, C#, PHP, Perl, Fortran, Pascal, etc.

∙ Computer Algebra Systems (CAS): MathWorks MATLAB, Wolfram Mathematica, Maplesoft Maple, etc.

Dynamic libraries available:

Exported Functions Language Operating System Files

C Microsoft Windows *.dll

NOTE:

DLL function prototypes: The exported functions of the dynamic libraries have the same prototype as their counter-
parts of the static libraries.

NOTE:

Function Parameters: Some of the parameters of the library functions are language dependent. The table of inputs and
outputs parameters for each function is a conceptual description, therefore, the user must check the specific language
function to see how to use it. One example are the ID parameters (moduleID, etc.), which identify objects in non object-
oriented languages. In object-oriented languages the objects are identified by their instances, and therefore the ID are
not present.

Function Names: Some programming languages like C++ or LabVIEW have a feature called function overloading
or polymorphism, that allows creating several functions with the same name but different input/output parameters. In
languages without this feature, functions with different parameters must have different names.
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2.2 SD-AOU Class Functions

2.2.1 ChannelWaveShape

This function sets the channel output waveform type (Figure 9 on page 9).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Signadyne ProcessFlow

Execution Latency: 90 ns

Timing resolution: 10 ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channel int int selection list Output channel number

waveShape int int selection list Waveshape type (Table 1 on page 9)

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ChannelWaveShape(int moduleID, int channel, int waveShape);

C++ Function

int SD AOU::ChannelWaveShape(int channel, int waveShape);

ProcessFlow

ChannelWaveShape
Channel
Wave shape

LabVIEW

SD Module ChannelWaveShape.vi
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2.2.2 ChannelFrequency

This function sets the main frequency for periodic signals (Figure 9 on page 9).

ADVANCED:

Modulation carrier frequency: In a modulation scheme, the main frequency corresponds to the carrier frequency
(Figure 10 on page 10).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Signadyne ProcessFlow

Execution Latency: 110 ns

Timing resolution: 10 ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channel int int selection list Output channel number

frequency double double - Frequency in Hz

- - - constant[unit] Frequency in [unit]

- - - variable The selected variable sets the frequency. Its value
must be 0..(232−1), which corresponds to 0..MaxFre-
quency (see Specifications on page 2)

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ChannelFrequency(int moduleID, int channel, double frequency);

C++ Function

int SD AOU::ChannelFrequency(int channel, double frequency);

ProcessFlow

ChannelFrequency
Channel
Frequency

Type
Value

LabVIEW

SD Module ChannelFrequency.vi
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2.2.3 ChannelPhase

This function sets the phase for periodic signals (Figure 9 on page 9).

ADVANCED:

Modulation carrier phase: In a modulation scheme, the main phase corresponds to the carrier phase (Figure 10 on
page 10).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Signadyne ProcessFlow

Execution Latency: 110 ns

Timing resolution: 10 ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channel int int selection list Output channel number

phase double double - Phase in degrees

- - - constant[unit] Phase in [unit]

- - - variable The selected variable sets the phase. Its value must
be 0..(232 − 1), which corresponds to 0..360◦

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ChannelPhase(int moduleID, int channel, double phase);

C++ Function

int SD AOU::ChannelPhase(int channel, double phase);

ProcessFlow

ChannelPhase
Channel
Phase

Type
Value

LabVIEW

SD Module ChannelPhase.vi
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2.2.4 ChannelPhaseReset

This function resets the accumulated phase of the selected channels. This accumulated phase is a result of the phase
continuous module operation (Section 1.2.2 on page 10).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Signadyne ProcessFlow

Execution Latency: 110 ns

Timing resolution: 10 ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channelMask int int - Mask to select the channels to reset (LSB is channel 0, bit 1
is channel 1 and so forth)

channel - - - selection list Channel to reset

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ChannelPhaseReset(int moduleID, int channelMask);

C++ Function

int SD AOU::ChannelPhaseReset(int channelMask);

ProcessFlow

ChannelPhaseReset
Channel

LabVIEW

SD Module ChannelPhaseReset.vi
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2.2.5 ChannelAmplitude

This function sets the amplitude of a channel output signal (Figure 9 on page 9).

ADVANCED:

Modulation index: In a modulation scheme, this amplitude value is added as an offset to the modulating signal (Fig-
ure 10 on page 10). In AM, the modulation index is given by m = deviationGain/amplitude.

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Signadyne ProcessFlow

Execution Latency: 60 ns

Timing resolution: 1 ns ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channel int int selection list Output channel number

amplitude double double - Amplitude in volts

- - - constant[unit] Amplitude in [unit]

- - - variable The selected variable sets the amplitude. Its value
must be −(215 − 1)..(215 − 1), which corresponds to
−MaxAmplitude..MaxAmplitude (see Specifications
on page 2)

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ChannelAmplitude(int moduleID, int channel, double amplitude);

C++ Function

int SD AOU::ChannelAmplitude(int channel, double amplitude);

ProcessFlow

ChannelAmplitude
Channel
Amplitude

Type
Value

LabVIEW

SD Module ChannelAmplitude.vi
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2.2.6 ChannelOffset

This function sets the DC offset of a channel output (Figure 9 on page 9).

ADVANCED:

Modulations: In a modulation scheme, this DC offset value is added to the modulating signal (Figure 10 on page 10).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Signadyne ProcessFlow

Execution Latency: 60 ns

Timing resolution: 1 ns ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channel int int selection list Output channel number

offset double double - DC offset in volts

- - - constant[unit] DC offset in [unit]

- - - variable The selected variable sets the DC offset.Its value
must be −(215 − 1)..(215 − 1), which corresponds to
−MaxAmplitude..MaxAmplitude (see Specifications
on page 2)

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ChannelOffset(int moduleID, int channel, double offset);

C++ Function

int SD AOU::ChannelOffset(int channel, double offset);

ProcessFlow

ChannelOffset
Channel
Offset

Type
Value

LabVIEW

SD Module ChannelOffset.vi
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2.2.7 ModulationFreqPhaseConfig

This function configures the modulation in frequency/phase for the selected channel (Figure 10 on page 10).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channel int int selection list Output channel number

modulationType int int selection list Modulation type (Table 3 on page 11)

modulationSource int int selection list Modulating signal source (Table 2 on page 10)

deviationGain int int constant Gain for the modulating signal

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ModulationFreqPhaseConfig(int moduleID, int channel, int modulationType, int modulationSource,
int deviationGain);

C++ Function

int SD AOU::ModulationFreqPhaseConfig(int channel, int modulationType, int modulationSource, int deviationGain);

ProcessFlow

ModulationFreqPhaseConfig
Channel
Modulation type
Modulation source
Deviation gain

LabVIEW

SD Module ModulationFreqPhaseConfig.vi
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2.2.8 ModulationAmpOffsetConfig

This function configures the modulation in amplitude/offset for the selected channel (Figure 11 on page 11).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

channel int int selection list Output channel number

modulationType int int selection list Modulation type (Table 5 on page 12)

modulationSource int int selection list Modulating signal source (Table 4 on page 11)

deviationGain int int constant Gain for the modulating signal

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ModulationAmpOffsetConfig(int moduleID, int channel, int modulationType, int modulationSource,
int deviationGain);

C++ Function

int SD AOU::ModulationAmpOffsetConfig(int channel, int modulationType, int modulationSource, int deviationGain);

ProcessFlow

ModulationAmpOffsetConfig
Channel
Modulation type
Modulation source
Deviation gain

LabVIEW

SD Module ModulationAmpOffsetConfig.vi
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2.2.9 ClockConfig

This function configures the function of the clock output connector (CLK, Figure 13 on page 13).

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

clockConfig int int - Clock connector function (Table 6 on page 13)

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module ClockConfig(int moduleID, int clockConfig);

C++ Function

int SD AOU::ClockConfig(int clockConfig);

LabVIEW

SD Module ClockConfig.vi
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2.2.10 TriggerConfig

This function configures the trigger connector function (TRG, Section 1.3.2 on page 13).

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

triggerConfig int int - Trigger connector function (Table 7 on page 13)

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module TriggerConfig(int moduleID, int triggerConfig);

C++ Function

int SD AOU::TriggerConfig(int triggerConfig);

LabVIEW

SD Module TriggerConfig.vi
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2.2.11 TriggerWrite

This function sets the trigger output (the trigger must be configured as output using TriggerConfig, Section 2.2.10 on the
previous page).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Signadyne ProcessFlow

Execution Latency: 10 ns

Timing resolution: 1 ns ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

trigger int int selection list Trigger output value: 0 (OFF), 1 (ON)

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module TriggerWrite(int moduleID, int trigger);

C++ Function

int SD AOU::TriggerWrite(int trigger);

ProcessFlow

TriggerWrite
Trigger
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2.2.12 TriggerRead

This function reads the trigger input (the trigger must be configured as input using TriggerConfig, Section 2.2.10 on
page 27).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

destination - - - selection list Destination variable to store the trigger value: 0 (OFF), 1
(ON)

trigger int int - 0 (OFF), 1 (ON), or negative numbers for errors (see error
codes in Table 9 on page 46)

errorOut - - - See error codes in Table 9 on page 46

C Function

int SD Module TriggerRead(int moduleID);

C++ Function

int SD AOU::TriggerRead();

ProcessFlow

TriggerRead
Destination
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2.2.13 WaveformLoad

This function loads the specified waveform into the module onboard RAM. Waveforms must be created first with the SD-
Wave class (Section 2.3 on page 44).

ADVANCED:

Memory usage: When a waveform is replaced (same waveformNumber used more than once) and the new waveform
has a different size than the old one, the module’s RAM memory has to be defragmented. In this case the process takes
more time to be accomplished.

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

waveformID int - - Waveform identifier (see SD-Wave Class, Sec-
tion 2.3 on page 44)

waveformObject - SD Wave* - - Pointer to the waveform object (see SD-Wave
Class, Section 2.3 on page 44)

waveformNumber int int - Waveform number to identify the waveform in sub-
sequent related function calls. This value must be
in the [0..n] range, and in order to optimized on-
board memory usage, it should as low as possible

errorIn - - - If it contains an error, the function will not be exe-
cuted and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

availableRAM int int - Available onboard RAM in waveform points, or a
negative number for errors (see error codes in Ta-
ble 9 on page 46)

errorOut - - - See error codes in Table 9 on page 46

C Function

int SD Module WaveformLoad(int moduleID, int waveformID, int waveformNumber);

C++ Function

int SD AOU::WaveformLoad(SD Wave* waveformObject, int waveformNumber)

LabVIEW
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2.2.14 WaveformFlush

This function deletes all the waveforms from the module onboard RAM and flushes all AWG queues (AWGflush, Sec-
tion 2.2.17 on page 35).

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module WaveformFlush(int moduleID);

C++ Function

int SD AOU::WaveformFlush()

LabVIEW
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2.2.15 AWG

This function provides a one-step method to load, queue and run a single waveform in one of the module Arbitrary Wave-
form Generators (AWGs) (Section 1.4 on page 14). The waveform can be loaded from an array of points in memory or
from a file.

ADVANCED:

Step by step programming: This function is equivalent to create a waveform with new (SD-Wave class, Section 2.3
on page 44), and to call WaveformLoad, AWGqueueWaveform and AWGrun. With these functions, the user has com-
plete control of the memory usage, data transfer times between the PC and the module, and the possibility to create
generation sequences and to control the generation start time precisely (Section 1.4 on page 14).

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

AWG int int - AWG number where the waveform is queued

waveformData void* double* - Array with waveform points. Analog waveforms
are defined with floating point numbers, which
correspond to a normalized amplitude (-1 to 1)

waveformFile char* char* - File containing the waveform points

fileType int int - 0 for binary file, 1 for text file (one value per line)

waveformPoints int int - Number of points of the waveform

sampleRate double double - Sample rate of waveformData in samples/s

triggerMode int int - Trigger method to launch the waveform (Table 8
on page 14)

startDelay int int - Defines the delay between the trigger and the
waveform launch in tens of ns

cycles int int - Number of times the waveform is repeated
once launched (negative means infinite)

prescaler int int - Prescaler value (1..65,535). The AWG clock
is divided by ”prescaler value”, reducing the
waveform sampling rate

errorIn - - - If it contains an error, the function will not be
executed and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

availableRAM int int - Available onboard RAM in waveform points, or
negative number for errors (see error codes in
Table 9 on page 46)

errorOut - - - See error codes in Table 9 on page 46
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C Function

int SD Module AWGfromArray(int moduleID, int AWG, void* waveformData, int waveformPoints, double sampleRate,
int triggerMode, int startDelay, int cycles, int prescaler);

int SD Module AWGfromFile(int moduleID, int DWG, char* waveformFile, int fileType, int waveformPoints,
double sampleRate, int triggerMode, int startDelay, int cycles, int prescaler);

C++ Function

int SD AOU::AWG(int AWG, double* waveformData, int waveformPoints, double sampleRate, int triggerMode,
int startDelay, int cycles, int prescaler);

int SD AOU::AWG(int AWG, char* waveformFile, int fileType, int waveformPoints, double sampleRate, int triggerMode,
int startDelay, int cycles, int prescaler);

LabVIEW

SD Module AWGfromArray.vi SD Module AWGfromFile.vi
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2.2.16 AWGqueueWaveform

This function queues the specified waveform in one of the Arbitrary Waveform Generators (AWGs) of the module (Sec-
tion 1.4 on page 14). The waveform must be already loaded in the module onboard RAM (function WaveformLoad, Sec-
tion 2.2.13 on page 30).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

AWG int int - AWG number where the waveform is queued

waveformNumber int int constant Waveform to be queued into the AWG. It must be al-
ready loaded with WaveformLoad

triggerMode int int - Trigger method to launch the waveform (Table 8 on
page 14)

startDelay int int - Defines the delay between the trigger and the waveform
launch in tens of ns

cycles int int - Number of times the waveform is repeated once
launched (negative means infinite)

prescaler int int - Prescaler value (1..65,535). The AWG clock is divided
by ”prescaler value”, reducing the waveform sampling
rate

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module AWGqueueWaveform(int moduleID, int AWG, int waveformNumber, int triggerMode, int startDelay,
int cycles, int prescaler);

C++ Function

int SD AOU::AWGqueueWaveform(int AWG, int waveformNumber, int triggerMode, int startDelay, int cycles, int prescaler);

ProcessFlow

AWGqueueWaveform
AWG
Waveform number
Trigger mode
Start delay

Type
Value

Cycles

LabVIEW

SD Module AWGqueueWaveform.vi

34 / 48 Rev. 1.3 (April 10, 2012)



SD-PXE-AOU-H0003

2.2.17 AWGflush

This function empties the queue of the selected Arbitrary Waveform Generators (AWGs) (Section 1.4 on page 14). Wave-
forms are not removed from the module onboard RAM.

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

AWGmask int int - Mask to selects the AWGs to flush (LSB is AWG 0, bit 1 is
AWG 1 and so forth)

AWG - - - selection list AWG to flush

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module AWGflush(int moduleID, int AWGmask);

C++ Function

int SD AOU::AWGflush(int AWGmask);

ProcessFlow

AWGflush
AWG

LabVIEW

SD Module AWGflush.vi

Rev. 1.3 (April 10, 2012) 35 / 48



SD-PXE-AOU-H0003

2.2.18 AWGrun

This function starts or resumes the selected Arbitrary Waveform Generators (AWGs) (Section 1.4 on page 14). The gen-
eration will start when a trigger is received, provided that at least one waveform is queued in these AWGs (functions
AWGqueueWaveform, or AWG).

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

AWGmask int int - Mask to select the AWGs to be started (LSB is AWG 0, bit 1
is AWG 1 and so forth)

AWG - - - selection list AWG to be started

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module AWGrun(int moduleID, int AWGmask);

C++ Function

int SD AOU::AWGrun(int AWGmask);

ProcessFlow

AWGrun
AWG

LabVIEW
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2.2.19 AWGstop

This function pauses the selected Arbitrary Waveform Generators (AWGs) (Section 1.4 on page 14), leaving the last wave-
form point at the output, and ignoring all incoming triggers. The waveform generation can be resumed calling AWGrun.

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

AWGmask int int - Mask to select the AWGs to be stopped (LSB is AWG 0, bit
1 is AWG 1 and so forth)

AWG - - - selection list AWG to be stopped

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module AWGstop(int moduleID, int AWGmask);

C++ Function

int SD AOU::AWGstop(int AWGmask);

ProcessFlow

AWGstop
AWG

LabVIEW
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2.2.20 AWGtrigger

This function triggers the selected Arbitrary Waveform Generators (AWGs) (Section 1.4 on page 14). The waveform waiting
in the first position of the queue is launched provided it is configured with VI/HVI Trigger.

Compatibility

Programming Libraries v0.9 or newer
Signadyne ProcessFlow v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

AWGmask int int - Mask to select the AWGs to be triggered (LSB is AWG 0, bit
1 is AWG 1 and so forth)

AWG - - - selection list AWG to be triggered

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

moduleIDOut - - - A copy of moduleID

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module AWGtrigger(int moduleID, int AWGmask);

C++ Function

int SD AOU::AWGtrigger(int AWGmask);

ProcessFlow

AWGtrigger
AWG
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2.2.21 MathAssign (D=S)

This function copies the value of the source parameter (S) into the destination variable (D).

Compatibility

Signadyne ProcessFlow v0.9 or newer
Signadyne ProcessFlow

Execution Latency: 40 ns

Timing resolution: 1 ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

destination - - - variable Destination local variable

source - - - constant[format] Constant in the specified format (Decimal, Binary, Hexadeci-
mal, etc.)

- - - variable Source local variable

- - - trigger Digital value of the trigger input

ProcessFlow

MathAssign (D=S)
Destination
Source

Type
Value
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2.2.22 MathArithmetics (R=A[+-*/]B)

This function subtracts, adds, multiplies or divides the values of the operands A and B, writing the result in R.

Compatibility

Signadyne ProcessFlow v0.9 or newer
Signadyne ProcessFlow

Execution Latency: 40 ns

Timing resolution: 1 ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

Result - - - variable Destination local variable

A - - - constant[format] Constant in the specified format (Decimal, Binary, Hexadeci-
mal, etc.)

- - - variable Local variable

- - - trigger Digital value of the trigger input

Operation - - - selection list Arithmetic operation (+, -, *, /)

B - - - constant[format] Constant in the specified format (Decimal, Binary, Hexadeci-
mal, etc.)

- - - variable Local variable

- - - trigger Digital value of the trigger input

ProcessFlow

MathArithmetics (R=A[+-*/]B)
Result
A

Type
Value

Operation
B

Type
Value
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2.2.23 MathMultAcc (R=A[+-]B[*/]C)

This function performs a Multiplication and Accumulation (MAC) operation, widely used in digital signal processing.

Compatibility

Signadyne ProcessFlow v0.9 or newer
Signadyne ProcessFlow

Execution Latency: 40 ns

Timing resolution: 1 ns

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

Result - - - variable Destination local variable

A - - - constant[format] Constant in the specified format (Decimal, Binary, Hexadeci-
mal, etc.)

- - - variable Local variable

- - - trigger Digital value of the trigger input

Operation - - - selection list Arithmetic operation for the Accumulation (+ or -)

B - - - constant[format] Constant in the specified format (Decimal, Binary, Hexadeci-
mal, etc.)

- - - variable Local variable

- - - trigger Digital value of the trigger input

Operation - - - selection list Arithmetic operation for the Multiplication (* or /)

C - - - constant[format] Constant in the specified format (Decimal, Binary, Hexadeci-
mal, etc.)

- - - variable Local variable

- - - trigger Digital value of the trigger input

ProcessFlow

MathMultAcc (R=A[+-]B[*/]C)
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2.2.24 Open

This function initializes a hardware module, therefore it must be called before using any other module-related function. A
module can be opened using the serial number or the chassis and slot number. The first option ensures the same module
is always opened regardless its chassis or slot location.

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

partNumber char* char* - Complete module part number (e.g. ”SD-PXE-AOU-
H0003-1G”)

serialNumber char* char* - Module Serial Number (e.g. ”ND23G86A”). This infor-
mation can be found on the product, in Signadyne Man-
ager (SDM), or in nearly any Signadyne software

chassis int int - Chassis number where the device is located. This infor-
mation can be found in Signadyne Manager (SDM)

slot int int - Slot number where the device is plugged in

errorIn - - - If it contains an error, the function will not be executed
and errorIn will be passed to errorOut

Outputs

moduleID int int - Module identifier or negative numbers for errors (see er-
ror codes in Table 9 on page 46)

errorOut - - - See error codes in Table 9 on page 46

C Function

int SD Module OpenWithSerialNumber(char* partNumber, char* serialNumber);
int SD Module OpenWithSlot(char* partNumber, int chassis, int slot);

C++ Function

int SD AOU::Open(char* partNumber, char* serialNumber);
int SD AOU::Open(char* partNumber, int chassis, int slot);

LabVIEW
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2.2.25 Close

This function releases all the resources allocated for the module instance. It must be always called before exiting the
application.

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int - - Module identifier (returned by Open)

errorIn - - - If it contains an error, the function will not be executed and er-
rorIn will be passed to errorOut

Outputs

errorOut int int - See error codes in Table 9 on page 46

C Function

int SD Module Close(int moduleID);

C++ Function

int SD AOU::Close();

LabVIEW
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2.3 SD-Wave Class Functions

2.3.1 New

This function creates a waveform object from data points contained in an array in memory or in a file.

NOTE:

Sample Rate: This function accepts a waveform with any sample rate, and it translates it automatically to the sample
rate of the specified hardware module.

ADVANCED:

Memory usage: Waveforms created with New are stored in the PC RAM, not in the module onboard RAM. Therefore,
the limitation in the number of waveforms and their sizes is given by the amount of PC RAM.

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

moduleID int int - Hardware module identifier (returned by Open).
It specifies the waveform destination module

waveformData void* double* - Array with waveform points. Analog waveforms
are defined with floating point numbers, which
correspond to a normalized amplitude (-1 to 1)

waveformFile char* char* - File containing the waveform points

fileType int int - 0 for binary file, 1 for text file (one value per line)

waveformPoints int int - Number of points of the waveform

sampleRate double double - Sample rate of waveformData in samples/s

errorIn - - - If it contains an error, the function will not be
executed and errorIn will be passed to errorOut

Outputs

waveformID int - - Waveform identifier, or a negative number for
errors (see error codes in Table 9 on page 46)

errorOut - int - See error codes in Table 9 on page 46

C Function

int SD Wave NewFromArray(int moduleID, void* waveformData, int waveformPoints, double sampleRate);
int SD Wave NewFromFile(int moduleID, char* waveformFile, int fileType, int waveformPoints, double sampleRate);

C++ Function

int SD Wave::New(int moduleID, double* waveformData, int waveformPoints, double sampleRate);
int SD Wave::New(int moduleID, char* waveformFile, int fileType, int waveformPoints, double sampleRate);

LabVIEW
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2.3.2 Delete

This function removes a waveform created with the New function.

ADVANCED:

Onboard waveforms: Waveforms are removed from the PC RAM only, not from the module onboard RAM.

Compatibility

Programming Libraries v0.9 or newer

Parameters

Name
Type

DescriptionC C++ LabVIEW ProcessFlow

Inputs

waveformID int - - Waveform identifier (returned by New)

errorIn - - - If it contains an error, the function will not be executed and
errorIn will be passed to errorOut

Outputs

errorOut int int - See error codes in Table 9 on the following page

C Function

int SD Wave Delete(int waveformID);

C++ Function

int SD Wave::Delete()

LabVIEW
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2.4 Error Codes

error errorDescription

-1 Wrong module slot

-2 Wrong module chassis

-2 Wrong serial number

-3 Wrong devicesID

-4 Wrong channel

-5 Wrong clock configuration

others No error

Table 9: Software error codes
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