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Abstract

Sandia National Laboratories has tested and evaluated Geotech Smart24 data acquisition system with
active Fortezza crypto card data signing and authentication. The test results included in this report were in
response to static and tonal-dynamic input signals. Most test methodologies used were based on IEEE
Standards 1057 for Digitizing Waveform Recorders and 1241 for Analog to Digital Converters; others
were designed by Sandia specifically for infrasound application evaluation and for supplementary criteria
not addressed in the IEEE standards.
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1 Executive Summary

Objective:

The objective of this work was to evaluate the overall technical performance of the Geotech Smart24
digitizer with a Fortezza PCMCIA crypto card actively implementing the signing of data packets. The
results of this evaluation were compared to relevant specifications provided within manufacturer’s
documentation notes. The tests performed were chosen to demonstrate different performance aspects of
the digitizer under test. The performance aspects tested include determining noise floor, least significant bit
(LSB), dynamic range, cross-talk, relative channel-to-channel timing, time-tag accuracy, analog bandwidth
and calibrator performance.

Description:

The SMART?24 digitizers under evaluation were manufactured by Geotech Instruments, LLC of Dallas,
TX. The SMART24 was designed to be a high resolution 24-bit data acquisition system, configured for 1-
channel or 3-channel operation. Smart24 digitizers were designed to have the capability to be configured to
collect data from either an infrasound or seismic application. An additional requirement for some
installations is to have the capability to sign outgoing data packets. The Smart24 digitizer supports the use
of a Fortezza Crypto PCMCIA Card for the purpose of data signing and authentication. For an infrasound
application, the likely Smart24 configuration would be 20 Vpp ADC Board, LSB of 1.6355¢-06 V/count,
one active channel and sampled at 20 samples-per-second (sps). While for a seismic application the
configuration would likely be 40 Vpp ADC Board, LSB of 3.271e-6 V/count, three active channels and
sampled at 40 sps. Digitizer testing focused on characterization of one unit serial number s1224. It is
expected that other Geotech Smart24 with Fortezza PCMCIA crypto cards will perform in a like manner.

The central recording facility at FACT uses the Geotech GeoHub software suite running on a standard PC
for acquisition and data archiving of the test data. The GeoHub system was designed for network and array
operators to allow greater control in data acquisition, data concentration and distribution for data archiving
via its flexible communication protocol. The basic data transmission path from the data loggers to database
starts at the Smart24 with a RJ45 Ethernet connection to the FACT internal LAN. The PC running the
GeoHub software was also connected to the same LAN. The Smart24 and GeoHub communicate via fixed
IP addresses. All test data were acquired in near real-time in CSS 3.0 flat-file database records in S4
format.

Testing was performed in a seismic vault for temperature stability. The Smart24 tested were set to the gain
of 1, required for seismic or infrasound applications.

1.1 Smart24 w/Fortezza 20sps and 20Vpp ADC Board- Digitizer Evaluation

Summary:
Static Performance:
Smart24 w/Fortezza DC accuracy errors were within 0.52% for standard £1 volt scale. DC offset was less
than 23 microvolts. The input terminated noise was less than 0.88 counts RMS for the 0.02 to 10 Hz
application band. The Maximum Potential Dynamic Range was better than 133.7 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —121.8 dB. Crosstalk between

channels was better than —122 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 1.1 microseconds for the 0.02 to 10 Hz

band. Bandwidth measured —3 dB at 8.5 Hz with a relative attenuation of —112 dB at the Nyquist.

Timing Performance:




The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 18.0
microseconds.

Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.3% of the programmed voltage values. By varying the frequency for a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that matched the programmed frequency values.
The Smart24 calibrator’s signal generator has a THD of -80.6 dB for a 1 Hz 1 volt sinusoid when output in
sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor output mode) has a
measured Calibrator Loopback THD (CLB) of -81.6 dB.

1.2 Smart24 w/Fortezza 40sps and 20Vpp ADC Board - Digitizer Evaluation

Summary:
Static Performance:
Smart24 w/Fortezza DC accuracy errors were within 0.52% for standard £1 volt scale. DC offset was less
than 24.7 microvolts. The input terminated noise was less than 1.13 counts RMS for the 0.02 to 20 Hz
application band. The Maximum Potential Dynamic Range was better than 131.6 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —121.2 dB. Crosstalk between

channels was better than —120 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 1.1 microseconds for the 0.02 to 20 Hz

band. Bandwidth measured —3 dB at 17.1 Hz with a relative attenuation of —117 dB at the Nyquist.

Timing Performance:
The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 19.0

microseconds.

Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.3% of the programmed voltage values. By varying the frequency with a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that matched the programmed frequency values.
The Smart24 calibrator’s signal generator has a THD of -79.6 dB for a 1 Hz 1 volt sinusoid when output in
sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor output mode) has a
measured Calibrator Loopback THD (CLB) of -79.0 dB.

1.3 Smart24 w/Fortezza 20sps and 40Vpp ADC Board - Digitizer Evaluation

Summary:
Static Performance:
Smart24 w/Fortezza DC accuracy errors were within 0.37% for standard £1 volt scale. DC offset was less
than 99 microvolts. The input terminated noise was less than 0.79 counts RMS for the 0.02 to 10 Hz
application band. The Maximum Potential Dynamic Range was better than 134.7 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —124.6 dB. Crosstalk between

channels was better than —122.7 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 4.4 microseconds for the 0.02 to 10 Hz

band. Bandwidth measured —3 dB at 8.6 Hz with a relative attenuation of better than —113 dB at the
Nyquist.

Timing Performance:




The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 8
microseconds.

Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.3% of the programmed voltage values. By varying the frequency with a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that matched the programmed frequency values.
The Smart24 calibrator’s signal generator has a THD of -79.6 dB for a 1 Hz 1 volt sinusoid when output in
sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor output mode) has a
measured Calibrator Loopback THD (CLB) of -77.3 dB.

1.4 Smart24 w/Fortezza 40sps and 40Vpp ADC Board - Digitizer Evaluation
Summary:

Static Performance:

Smart24 w/Fortezza DC accuracy errors were within 0.37% for standard £1 volt scale. DC offset was less

than 99 microvolts. The input terminated noise was less than 0.97 counts RMS for the 0.02 to 20 Hz

application band. The Maximum Potential Dynamic Range was better than 133.0 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —125.4 dB. Crosstalk between

channels was better than —121.4 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 0.41 microseconds for the 0.02 to 20 Hz

band. Bandwidth measured —3 dB at 17.1 Hz with a relative attenuation of —121 dB at the Nyquist.

Timing Performance:
The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 7

microseconds.

Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.47% of the programmed voltage values. By varying the frequency with a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that were within 0.0004% the programmed
frequency values. The Smart24 calibrator’s signal generator has a THD of -79.0 dB for a 1 Hz 1 volt
sinusoid when output in sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor
output mode) has a measured Calibrator Loopback THD (CLB) of -77.2 dB.

1.5 Conclusions:
Results, where appropriate, are compared to Manufacturer specifications listed in Smart24 Series User
Manual. Note: manufacturer’s specifications taken at 50 sps.

The Smart24 digitizer with the 20Vpp ADC board had performance of 21.9-bits for the 0.02 to 10 Hz
passband at 20 samples per second. The Smart24 digitizer with the 20Vpp ADC board had performance of
21.6 for the 0.02 to 20 Hz passband at 40 samples per second. The total harmonic distortion (THD) of -
121 dB was below manufacturer specifications of -110dB. The input terminated noise (ITN) was slightly
higher, 1.3 counts RMS, than manufacturer specifications of 0.8 counts RMS. Dynamic range was found to
132 dB or greater. (Note: The RMS band not specified by manufacture and sampled at different rate.) The
Channel-to-Channel timing skew was better than 1.1 microseconds, still greater than the manufacturer
specified £50 nanoseconds. The Data sample time-tag accuracy of better than 19 microseconds, was
outside manufacturer’s specifications of 10 microseconds, but meets International Monitoring System
requirements. . The Analog bandwidth of 8.6 Hz was better than that listed by manufacturer as 80% of
Nyquist.




The Smart24 digitizer with the 40Vpp ADC board had performance of 22.1-bits for the 0.02 to 10 Hz
passband at 20 samples per second. The Smart24 digitizer with the 40Vpp ADC board had performance of
21.8 for the 0.02 to 20 Hz passband at 40 samples per second.

The total harmonic distortion (THD) of -124.6 dB was below manufacturer specifications of -110dB. The
input terminated noise (ITN) was slightly higher, 1.0 counts RMS, than manufacturer specifications of 0.8
counts RMS. Dynamic range was found to 133 dB or greater. (Note: RMS band not specified by
manufacturer and sampled at different rate). The Channel-to-Channel timing skew was better than 4.4
microseconds, still greater than the manufacturer specified £50 nanoseconds. The data sample time-tag
accuracy of better than 8 microseconds, was within manufacturer’s specifications of 10 microseconds. The
analog bandwidth of 17.1 Hz was better than that listed by manufacturer as 80% of Nyquist.
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2 Introduction

2.1 Scope
This Evaluation Report defines the activities that were performed as part of the evaluation of the Geotech
Smart24 configured with a Fortezza Crypto PCMCIA Card describes the results of the testing.

2.2 Objectives

The objective of this work was to evaluate the overall technical performance of the Geotech Smart24
digitizer while the Fortezza Card is enabled and signing data outbound data packets. Basic digitizer
characterization includes determining LSB, DC offset, noise, dynamic range, time-tag accuracy, channel-
to-channel cross-talk, total harmonic distortion and the calibrator’s performance. The results of this
evaluation were compared to relevant application requirements or specifications of the Smart24 provided
by the manufacturer.

3 DWR Test and Evaluation Program

3.1 Test and Evaluation Background

Sandia National Laboratories (SNL), Ground-based Monitoring R&E Department has the capability of
evaluating the performance of digitizing waveform recorders and analog-to-digital converters/high-
resolution digitizers for geophysical applications.

3.2 Standardization/Traceability

Most tests are based on the Institute of Electrical and Electronics Engineers (IEEE) Standard 1057
[Reference 1] for Digitizing Waveform Recorders and Standard 1241 for Analog to Digital Converters
[Reference 2]. The analyses based on these standards were performed in the frequency domain or time
domain as required. When appropriate, instrumentation calibration was traceable to the National Institute
for Standards Technology (NIST).

3.3 DWR Test/Evaluation Process

3.3.1 SMART24 Testing

Testing of the Smart24 w/Fortezza, serial number s1224, digitizer was performed between October 2007
and February 2008, at the Sandia National Laboratories Facility for Acceptance, Calibration and Testing
(FACT) Site, Albuquerque, NM. The unit arrived with one 20 Vpp ADC board installed, serial number
1360. The ADC board has an input range of 20 Volts peak-to-peak (Vpp). To test the performance of a 40
Vpp ADC board, required Sandia provide one for testing. The 40 Vpp ADC used for testing was serial
number 1724 procured by Sandia November 2007.

The Smart24 allows up to four data customer profiles to be configured. We configured profile #3 for
testing at FACT. Configuration of the profile consisted of setting the peak-to-peak voltage, sample rate and
channel naming convention. For both ADC boards tested at 20sps the data was labeled as c1s —channel 1,
c2s — channel 2 and ¢3s — channel 3; the 40 sps data was labeled as BDF — channel 1, ¢2p — channel 2 and
c3p — channel 3.

3.3.2 SMART24 General Digitizer Performance Tests
The following tests were conducted on the Smart24 as described in the test plan: Test Definition and Test
Procedures for the Evaluation of Digitizing Waveform Recorders [Reference 3].

The tests selected provide a high level of characterization for IMS when evaluating digitizers for seismic or
acoustic applications.

Smart24 w/Fortezza 20Vpp / 40Vpp and 20sps / 40sps Configuration
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Static Performance Tests
DC Accuracy Nominal (DWR-DCA)
Input Terminated Noise (DWR-ITN)
Maximum Potential Dynamic Range (DWR-MPDR)
Tonal Dynamic Performance Tests
Total Harmonic Distortion (DWR-THD)
Crosstalk (DWR-CTK)
Broadband Dynamic Performance Tests
Analog Bandwidth (DWR-ABW)
Relative Transfer Function (DWR-RTF)
Timing Tests
Time-Tag Accuracy (DWR-TTA)
Calibrator Performance Tests
Sine Calibrator Amplitude (DWR-CAT)
Sine Calibrator Frequency (DWR-CFT)
Sine Calibrator THD (DWR-CHD)
Sine Calibrator Loop-Back (DWR-CLB)

3.4 Test Configuration and System Specifications

3.4.1 Smart24 Digitizer Description and Test Configuration

The SMART?24 digitizers under evaluation were manufactured by Geotech Instruments, LLC of Dallas,
TX. The SMART24 was designed to be a high resolution 24-bit data acquisition system. The SMART24
was configured to acquire a primary data stream at 40 samples per second (sps) and a secondary data
stream at 20 sps. The system under test used the GeoHub™ data acquisition software for the SMART24
digitizers. GeoHub operated on a PC running Windows XP and communicated with the SMART24
digitizers through an Ethernet connection. Data were acquired in real-time in CSS 3.0 flat-file records.
Waveform data were archived in “s4” data format.

DWR testing was performed in a seismic vault for temperature stability.

Figure 3.4.1 Smart24 w/Fortezza Card used for testing in FACT Vault. Illustrating the unit as viewed from
the front and inside after removing back plate.

4 DWR-SMART?24 Tests

4.1 Static Performance Tests

Static tests provide a constant or non time-varying stimulus to the DWR under evaluation. The purpose of
these tests is to determine specific parameters such as: gain (accuracy at nominal, full-scale and over-
scale), DC offset, short-term and long-term stability, relationship to quantizing noise floor, and
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correlated/uncorrelated spurious signals. The results of these tests include measurement of dynamic range
and resolution.

4.1.1 DC Accuracy Standard (DWR-DCA)
Purpose: The purpose of the DC accuracy test was to determine and verify the accuracy of the SMART24.
The bit-weight (LSB) of a non-gain-ranged digitizer is its resolution.

Configuration: The SMART24 inputs were connected to a high precision +/- DC voltage source set to +/- 1
volt.

Evaluation: The DC gain (accuracy) of the SMART24, DC offset, bit-weight (LSB)/resolution and
counts/volt were measured.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps DCA Test Data Sheet, Appendix I, Section 6.2.
DWR Serial Number: ADC 1360 40sps DCA Test Data Sheet, Appendix I, Section 6.2.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps DCA Test Data Sheet, Appendix I, Section 6.13.
DWR Serial Number: ADC 1724 40sps DCA Test Data Sheet, Appendix I, Section 6.13.

4.1.2 Input Terminated Noise (DWR-ITN)

Purpose: The purpose of the input-terminated noise test was to verify the static parameters of the
SMART24. These static parameters are dominated primarily by the random noise generated within the
digitizer and from other components within the digitizer package.

Configuration: The SMART?24 Port 1 inputs were terminated with 100 ohms external resistors.

Evaluation: A power density spectrum (PDS) of the input-terminated noise provided a measure of the noise
floor of the SMART24. RMS noise in the 0.02 to 20 Hz bandwidth for 40 sps data, 0.02 to 10 Hz
bandwidth for the 20 sps data, short term and long-term stability, relationship to quantizing noise floor and
correlated and uncorrelated spurious signals were measured.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.3.
DWR Serial Number: ADC 1360 40sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.4.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.14.
DWR Serial Number: ADC 1724 40sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.15.

4.1.3 Maximum Potential Dynamic Range (DWR-MPDR) Computation

Calculating the RMS value of the full-scale sinusoid (20.0 Volts or 40.0 Volts) and dividing by the RMS
value of the Input Terminated Noise (ITN) test data determined the Maximum Potential Dynamic Range
(MPDR) of the SMART24. A bandwidth of 0.02 to 20 Hz was used for 40 sps data and 0.02 to 10 Hz was
used for the 20 sps data.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.3.
DWR Serial Number: ADC 1360 40sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.4.
40 Vpp ADC board:
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DWR Serial Number: ADC 1724 20sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.14.
DWR Serial Number: ADC 1724 40sps ITN/MPDR Test Data Sheet, Appendix I, Section 6.15.

4.2 Tonal Dynamic Performance Tests

Tonal tests are dynamic tests that use sinusoids as stimuli. Sine waves are the most popular signals for
evaluating analog-to-digital converter performance because of the ease of generation and mathematical
analysis. The DWR under test is asynchronously sampled with respect to the signal source for all tonal
tests.

Dynamic tests are those that provide a time-varying stimulus to the DWR under evaluation. The purpose
of these tests is to determine the DWR performance when digitizing time-varying signals. Several tests are
available to determine the DWR digitizer's self noise, deviation from ideal performance and conversion
distortions.

421 Total Harmonic Distortion (DWR-THD)
Purpose: The purpose of the total harmonic distortion test was to verify the linearity and to identify sources
of non-linearity of the SMART24.

Configuration: The SMART24 inputs were connected to an ultra-low-distortion oscillator. The amplitude
of the oscillator was set to approximately one-half full scale. The 40 Vpp ADC board had an input of
approximately 20 Vpp and the 20 Vpp ADC board had an input of 10.0 Vpp. The oscillator was set to a
frequency (1.4 Hz) unrelated to the sample rate and with at least nine harmonics observable.

Evaluation: A power density spectrum provided a measure of the non-linearity of the SMART24. THD
was calculated by integrating the power density spectral peaks at the fundamental and all harmonics (up to
nine) below the Nyquist frequency.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps THD Test Data Sheet, Appendix I, Section 6.5.
DWR Serial Number: ADC 1360 40sps THD Test Data Sheet, Appendix I, Section 6.5.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps THD Test Data Sheet, Appendix I, Section 6.16.
DWR Serial Number: ADC 1724 40sps THD Test Data Sheet, Appendix I, Section 6.16.

42.2 Crosstalk (DWR-CTK)
Purpose: The purpose of the crosstalk test was to determine the extent of crosstalk between channels on the
multi-channel SMART24.

Configuration: The SMART24 channel under test was terminated with 50 ohms. All other SMART24
inputs were connected to a large amplitude (i.e. 20 Vpp for 40 Vpp ADC board and 10 Vpp for 20 Vpp
ADC board) sinusoidal (1.4 Hz) test signal.

Evaluation: A power density spectrum provided a measure of crosstalk. The ratio of test signal to crosstalk
signal was calculated using integrated power density spectra around the signal frequency.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps CTK Test Data Sheet, Appendix I, Section 6.6.
DWR Serial Number: ADC 1360 40sps CTK Test Data Sheet, Appendix I, Section 6.6.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps CTK Test Data Sheet, Appendix I, Section 6.17.
DWR Serial Number: ADC 1724 40sps CTK Test Data Sheet, Appendix I, Section 6.17.
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4.3 Broadband Dynamic Performance Tests
Broadband tests are dynamic tests that use Gaussian pseudo-random signal generators as stimuli.

Dynamic tests are those that provide a time-varying stimulus to the DWR under evaluation. The purpose
of these tests is to determine the DWR performance when digitizing time-varying signals. Multitudes of
tests are available to determine the DWR digitizer's self noise, deviation from ideal performance and
conversion distortions.

4.3.1 Relative Transfer Function (DWR-RTF)
Purpose: The purpose of the relative transfer function test was to determine the relative phase between
channels in the multi-channel SMART24.

Configuration: The SMART?24 inputs were connected to a bandwidth-limited Gaussian signal generator.
The signal generator output amplitude was set to approximately 20 Vpp for the 40 Vpp ADC board and set
to approximately 10 Vpp for the 20 Vpp ADC board.

Evaluation: Coherence analysis computation provided a measure of relative phase. Channel-to-channel
timing was calculated.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps RTF/ABW Test Data Sheet, Appendix I, Section 6.7.
DWR Serial Number: ADC 1360 40sps RTF/ABW Test Data Sheet, Appendix I, Section 6.7.
20 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps RTF/ABW Test Data Sheet, Appendix I, Section 6.18.
DWR Serial Number: ADC 1724 40sps RTF/ABW Test Data Sheet, Appendix I, Section 6.18.

4.3.2 Analog Bandwidth (DWR-ABW)
Purpose: The purpose of the analog bandwidth test was to verify the bandwidth of the SMART24 digital
FIR filter.

Configuration: The SMART?24 inputs were connected to a bandwidth-limited Gaussian signal generator.
The bandwidth of the signal generator was set to avoid aliasing the SMART24 and to maximize the power
within the passband. The signal generator output amplitude was set to approximately 20 Vpp for the 40
Vpp ADC board and set to approximately 10 Vpp for the 20 Vpp ADC board.

Evaluation: A power density spectrum provided a measure of the SMART24 digitizer bandwidth. The 3
dB point and relative attenuation at the Nyquist of the digital FIR filters were measured.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps RTF/ABW Test Data Sheet, Appendix I, Section 6.7.
DWR Serial Number: ADC 1360 40sps RTF/ABW Test Data Sheet, Appendix I, Section 6.7.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps RTF/ABW Test Data Sheet, Appendix I, Section 6.18.
DWR Serial Number: ADC 1724 40sps RTF/ABW Test Data Sheet, Appendix I, Section 6.18.

4.4 Timing Tests

Geophysical digitizing waveform recorders utilize a Universal Time Code (UTC) source, typically GPS, to
time-tag the digitizer data samples. The HRD internal clock is usually synchronized to or phase-locked to
this UTC receiver. Timing tests can determine the accuracy of this time-tag.
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44,1 Time Tag Accuracy (DWR-TTA)
Purpose: The purpose of the time tag accuracy test was to verify the ability of the SMART24 to accurately
time-tag the data samples with respect to the digitizer inputs.

Configuration: One SMART24 input was connected to the One Pulse per Minute (PPM) output of an
independent running GPS Timing Reference.

Evaluation: The time tags of the data from the SMART24 were analyzed for correct time on the minute
transition for an hour crossing.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps TTA Test Data Sheet, Appendix I, Section 6.8.
DWR Serial Number: ADC 1360 40sps TTA Test Data Sheet, Appendix I, Section 6.8.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps TTA Test Data Sheet, Appendix |, Section 6.19.
DWR Serial Number: ADC 1724 40sps TTA Test Data Sheet, Appendix |, Section 6.19.

4.5 Calibrator Performance Tests

Digitizing Waveform Recorders frequently include a programmable voltage or current calibrator source to
calibrate the internal DWR or drive a sensor calibration input. The calibrator may generate sinusoidal,
step, white/pink noise, random binary telegraph (RBT) or a combination of these. The calibrator
performance can be tested to determine parameters such as amplitude accuracy, frequency/duration, and
distortion.

451 Sine-calibrator Amplitude (DWR-CAT)
Purpose: The purpose of the calibrator amplitude test is to determine and verify if the SMART24
accurately outputs the correct amplitude for sensor calibrations.

Configuration: The DWR calibrator output is connected to a signal source measurement system. The
amplitude and frequency of the SMART24 calibrator are set to known levels. The frequency was fixed at 1
Hz and several different amplitude values were executed from the calibrator (i.e. 5, 1, 0.5, 0.1, 0.05 and
0.01).

Evaluation: Measured amplitudes are compared to the programmed amplitudes.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.9.
DWR Serial Number: ADC 1360 40sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.10.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.20.
DWR Serial Number: ADC 1724 40sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.21.

45.2 Sine-Calibrator Frequency (DWR-CFT)
Purpose: The purpose of the calibrator frequency test is to determine and verify if the SMART24
accurately outputs the correct frequency for sensor calibrations.

Configuration: The SMART?24 Calibrator output is connected to a frequency counter. The calibrator is
programmed to output sinusoids at a range of frequencies. The amplitude was fixed at 1 volt and several

different frequencies were executed from the calibrator (i.e. 5, 1, 0.5, 0.1, and 0.05).

Evaluation: Measured frequencies are compared to the programmed frequencies.
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Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.9.
DWR Serial Number: ADC 1360 40sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.10.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.20.
DWR Serial Number: ADC 1724 40sps DWR-CAT/CFT Test Data Sheet, Appendix I, Section 6.21.

453 Sine-Calibrator THD (DWR-CHD)
Purpose: The purpose of the calibrator THD test is to determine and verify the linearity of the sensor
calibration generator.

Configuration: The SMART?24 calibrator output is connected to a signal source measurement system. The
amplitude and frequency of the SMART?24 calibrator are set to known levels.

Evaluation: A power density spectrum provides a measure of the linearity of the calibrator. THD is
computed.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.11.
DWR Serial Number: ADC 1360 40sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.12.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.22.
DWR Serial Number: ADC 1724 40sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.23.

45.4 Calibrator Loopback THD (DWR-CLB)
Purpose: The purpose of the calibrator loop back THD test is to determine and verify the linearity of the
combination of the sensor calibration generator and DWR.

Configuration: The DWR calibrator output is looped back to the DWR input. The amplitude and
frequency of the DWR calibrator are set to known levels.

Evaluation: A power density spectrum provides a measure of the linearity of the calibrator. THD is
computed. The THD using the DWR should be the same as the CHD test.

Test Results:

20 Vpp ADC board:

DWR Serial Number: ADC 1360 20sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.11.
DWR Serial Number: ADC 1360 40sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.12.
40 Vpp ADC board:

DWR Serial Number: ADC 1724 20sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.22.
DWR Serial Number: ADC 1724 40sps DWR-CHD/CLB Test Data Sheet, Appendix I, Section 6.23.
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5 Summary

Objective:

The objective of this work was to evaluate the overall technical performance of the Geotech Smart24
digitizer with a Fortezza PCMCIA crypto card actively implementing the signing of data packets. The
results of this evaluation were compared to relevant specifications provided within manufacturer’s
documentation notes. The tests performed were chosen to demonstrate different performance aspects of
the digitizer under test. The performance aspects tested include determining noise floor, least significant bit
(LSB), dynamic range, cross-talk, relative channel-to-channel timing, time-tag accuracy, analog bandwidth
and calibrator performance.

Description:

The SMART?24 digitizers under evaluation were manufactured by Geotech Instruments, LLC of Dallas,
TX. The SMART24 was designed to be a high resolution 24-bit data acquisition system, configured for 1-
channel or 3-channel operation. Smart24 digitizers were designed to have the capability to be configured to
collect data from either an infrasound or seismic application. An additional requirement for some
installations is to have the capability to sign outgoing data packets. The Smart24 digitizer supports the use
of a Fortezza Crypto PCMCIA Card for the purpose of data signing and authentication. For an infrasound
application, the likely Smart24 configuration would be 20 Vpp ADC Board, LSB of 1.6355e-06 V/count,
one active channel and sampled at 20 samples-per-second (sps). While for a seismic application the
configuration would likely be 40 Vpp ADC Board, LSB of 3.271e-6 V/count, three active channels and
sampled at 40 sps. Digitizer testing focused on characterization of one unit serial number s1224. It is
expected that other Geotech Smart24 with Fortezza PCMCIA crypto cards will perform in a like manner.

The central recording facility at FACT uses the Geotech GeoHub software suite running on a standard PC
for acquisition and data archiving of the test data. The GeoHub system was designed for network and array
operators to allow greater control in data acquisition, data concentration and distribution for data archiving
via its flexible communication protocol. The basic data transmission path from the data loggers to database
starts at the Smart24 with a RJ45 Ethernet connection to the FACT internal LAN. The PC running the
GeoHub software was also connected to the same LAN. The Smart24 and GeoHub communicate via fixed
IP addresses. All test data were acquired in near real-time in CSS 3.0 flat-file database records in S4
format.

Testing was performed in a seismic vault for temperature stability. The Smart24 tested were set to the gain
of 1, required for seismic or infrasound applications.

5.1 Smart24 w/Fortezza 20sps and 20Vpp ADC Board- Digitizer Evaluation

Summary:
Static Performance:
Smart24 w/Fortezza DC accuracy errors were within 0.52% for standard +1 volt scale. DC offset was less
than 23 microvolts. The input terminated noise was less than 0.88 counts RMS for the 0.02 to 10 Hz
application band. The Maximum Potential Dynamic Range was better than 133.7 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —121.8 dB. Crosstalk between
channels was better than —122 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 1.1 microseconds for the 0.02 to 10 Hz
band. Bandwidth measured —3 dB at 8.5 Hz with a relative attenuation of —112 dB at the Nyquist.

Timing Performance:
The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 18.0

microseconds.
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Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.3% of the programmed voltage values. By varying the frequency for a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that matched the programmed frequency values.
The Smart24 calibrator’s signal generator has a THD of -80.6 dB for a 1 Hz 1 volt sinusoid when output in
sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor output mode) has a
measured Calibrator Loopback THD (CLB) of -81.6 dB.

5.2 Smart24 w/Fortezza 40sps and 20Vpp ADC Board - Digitizer Evaluation

Summary:
Static Performance:
Smart24 w/Fortezza DC accuracy errors were within 0.52% for standard +1 volt scale. DC offset was less
than 24.7 microvolts. The input terminated noise was less than 1.13 counts RMS for the 0.02 to 20 Hz
application band. The Maximum Potential Dynamic Range was better than 131.6 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —121.2 dB. Crosstalk between
channels was better than —120 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 1.1 microseconds for the 0.02 to 20 Hz
band. Bandwidth measured —3 dB at 17.1 Hz with a relative attenuation of —117 dB at the Nyquist.

Timing Performance:
The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 19.0

microseconds.

Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.3% of the programmed voltage values. By varying the frequency with a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that matched the programmed frequency values.
The Smart24 calibrator’s signal generator has a THD of -79.6 dB for a 1 Hz 1 volt sinusoid when output in
sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor output mode) has a
measured Calibrator Loopback THD (CLB) of -79.0 dB.

5.3 Smart24 w/Fortezza 20sps and 40Vpp ADC Board - Digitizer Evaluation

Summary:
Static Performance:
Smart24 w/Fortezza DC accuracy errors were within 0.37% for standard £1 volt scale. DC offset was less
than 99 microvolts. The input terminated noise was less than 0.79 counts RMS for the 0.02 to 10 Hz
application band. The Maximum Potential Dynamic Range was better than 134.7 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —124.6 dB. Crosstalk between

channels was better than —122.7 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 4.4 microseconds for the 0.02 to 10 Hz

band. Bandwidth measured —3 dB at 8.6 Hz with a relative attenuation of better than —113 dB at the
Nyquist.

Timing Performance:
The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 8

microseconds.
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Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.3% of the programmed voltage values. By varying the frequency with a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that matched the programmed frequency values.
The Smart24 calibrator’s signal generator has a THD of -79.6 dB for a 1 Hz 1 volt sinusoid when output in
sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor output mode) has a
measured Calibrator Loopback THD (CLB) of -77.3 dB.

5.4 Smart24 w/Fortezza 40sps and 40Vpp ADC Board - Digitizer Evaluation
Summary:

Static Performance:

Smart24 w/Fortezza DC accuracy errors were within 0.37% for standard +1 volt scale. DC offset was less

than 99 microvolts. The input terminated noise was less than 0.97 counts RMS for the 0.02 to 20 Hz

application band. The Maximum Potential Dynamic Range was better than 133.0 dB.

Tonal Dynamic Performance:
The Smart24 w/Fortezza Total Harmonic Distortion (THD) was better than —125.4 dB. Crosstalk between
channels was better than —121.4 dB.

Broadband Dynamic Performance:
Smart24 w/Fortezza channel to channel timing was better than 0.41 microseconds for the 0.02 to 20 Hz
band. Bandwidth measured —3 dB at 17.1 Hz with a relative attenuation of —121 dB at the Nyquist.

Timing Performance:
The Smart24 w/Fortezza time-tagged the data with respect to the digitizer input to better than 7

microseconds.

Calibrator Performance:

The Smart24 w/Fortezza produced sinusoids of variable amplitudes for a fixed frequency of 1Hz within
0.47% of the programmed voltage values. By varying the frequency with a fixed amplitude of 1 volt the
Smart24 w/Fortezza produced sinusoids with frequencies that were within 0.0004% the programmed
frequency values. The Smart24 calibrator’s signal generator has a THD of -79.0 dB for a 1 Hz 1 volt
sinusoid when output in sensor mode. The Smart24 calibrator when in loopback mode (instead of sensor
output mode) has a measured Calibrator Loopback THD (CLB) of -77.2 dB.

5.5 Conclusions:
Results, where appropriate, are compared to Manufacturer specifications listed in Smart24 Series User
Manual. Note: manufacturer’s specifications taken at 50 sps.

The Smart24 digitizer with the 20Vpp ADC board had performance of 21.9-bits for the 0.02 to 10 Hz
passband at 20 samples per second. The Smart24 digitizer with the 20Vpp ADC board had performance of
21.6 for the 0.02 to 20 Hz passband at 40 samples per second. The total harmonic distortion (THD) of -
121 dB was below manufacturer specifications of -110dB. The input terminated noise (ITN) was slightly
higher, 1.3 counts RMS, than manufacturer specifications of 0.8 counts RMS. Dynamic range was found to
132 dB or greater. (Note: The RMS band not specified by manufacture and sampled at different rate.) The
Channel-to-Channel timing skew was better than 1.1 microseconds, still greater than the manufacturer
specified £50 nanoseconds. The Data sample time-tag accuracy of better than 19 microseconds, was
outside manufacturer’s specifications of 10 microseconds, but meets International Monitoring System
requirements. The Analog bandwidth of 8.6 Hz was better than that listed by manufacturer as 80% of
Nyquist.

The Smart24 digitizer with the 40Vpp ADC board had performance of 22.1-bits for the 0.02 to 10 Hz
passband at 20 samples per second. The Smart24 digitizer with the 40Vpp ADC board had performance of
21.8 for the 0.02 to 20 Hz passband at 40 samples per second.
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The total harmonic distortion (THD) of -124.6 dB was below manufacturer specifications of -110dB. The
input terminated noise (ITN) was slightly higher, 1.0 counts RMS, than manufacturer specifications of 0.8
counts RMS. Dynamic range was found to 133 dB or greater. (Note: RMS band not specified by
manufacturer and sampled at different rate). The Channel-to-Channel timing skew was better than 4.4
microseconds, still greater than the manufacturer specified £50 nanoseconds. The data sample time-tag
accuracy of better than 8 microseconds, was within manufacturer’s specifications of 10 microseconds. The
analog bandwidth of 17.1 Hz was better than that listed by manufacturer as 80% of Nyquist.

References:
1. IEEE Standard for Digitizing Waveform Recorders, IEEE Std. 1057-1994.

2. IEEE Standard for Analog to Digital Converters, IEEE Std. 1241-2001.

3. Kromer, Richard P., Hart, Darren M. and J. Mark Harris (2007), ‘Test Definition for the Evaluation of
Digitizing Waveform Recorders, SAND2007-5037.
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6 Appendix I: DWR Test Data Sheets
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6.1 Smart24 Test Data Sheet:

Smart24 S/N: 1224

Firmware Revision: 1.38

Raw Data Format (CH 1-3): 24-bit Integer
Smart24 Sample Rate: 20sps and 40sps

*kkkkhkk

Test Description: Define Smart24 digitizer gain.

nnnnnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnn

Manufacturer Specified Nominal Volts/Count Based on Geotech User Manual.

Nominal Volts/Count — 5 Vpp: 0.408887 x 10

Nominal Volts/Count — 20 Vpp: 1.635548 x 107

Nominal Volts/Count — 40 Vpp: 3.271096 x 10°

Nominal Counts/Volt—5 Vpp: 2445663

Nominal Counts/Volt — 20 Vpp: 611416

Nominal Volts/Count — 40 Vpp: 305708

Characteristics Minimum Test Results Manufacture

Reguirement

Specifications

Array Pass Band

1S: 0.02 - 8.6 Hz @ 20

sps : 0
IS :0.02-4 Lz Approxll\ll’nate}ytZOA) of
IS: 0.02 — 17.1 Hz @ 40 yquis
sps
Sampling Rate 20 sps 1,5, 10, 20, 40, 50,
> 10 samples per second 100, 125, 200, 250, 500,
40 sps 1000, and 2000 sps,
Resolution N/A < 1.1 counts RMS noise
Dynamic range > 108 dB > 132 dB > 132
Timing Accuracy >1ms' ~18 ps +10 ps
Cross-talk N/A <-120 dB N/A
Relative timing between N/A <11 s 150 ns
channels
Bit-weight Accuracy < 0.8 % from
N/A manufacture 1.635548 e-6 V/Count
specification
Total Harmonic N/A <-121.8 dB <-110dB

Distortion

" relative timing between array elements.

Table 6.1 Smart24 — 20 Vpp ADC board; 20SPS and 40SPS Summary
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Characteristics

Minimum
Requirement

Test Results

Manufacture
Specifications

Array Pass Band

IS: 0.02 — 8.6 Hz @ 20
sps

1 0
IS -0.02-4 Hz Approx;\rfnatethOAw of
IS: 0.02 — 17.1 Hz @ 40 yqu
sps
Sampling Rate 20 sps 1,5, 10, 20, 40, 50,
> 10 samples per second 100, 125, 200, 250, 500,
40 sps 1000, and 2000 sps,
Resolution N/A < 1.0 counts RMS noise
Dynamic range > 108 dB > 133 dB > 132
Timing Accuracy >1ms' ~7 us +10 ps
Cross-talk N/A <-120 dB N/A
Relative timing between N/A <44 s 450 ns
channels
Bit-weight Accuracy <0.8 % from
N/A manufacture 3.271096 e-6 V/Count
specification
Total Harmonic N/A <-121.8dB <-110dB

Distortion

" relative timing between array elements.

Table 6.2 Smart24 — 40 Vpp ADC board; 20SPS and 40SPS Summary
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6.2 SMART24 Test Data Sheet: 20 Vpp ADC Test — Static/DCA

Smart24 S/N: 1224
Authentication: Enabled
CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 20sps and 40sps

Firmware Revision: 1.38

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

DCA Test Description: Measure DC Accuracy, and DC Full-Scale.

DCA- Manufacture Specified Volts/Count (CH 1-3): 1.635548 x 10

Channel | TestInput | Counts/Volt | uVolts/Coun | % Deviation DC Offset % Deviation
Volts t from uVolts from
Test Input Manufactures
Voltage LSB
Specification
s
C1S 1.0000 605569 1.64862 -0.523 -14.8 0.80
C28 1.0000 608242 1.64408 -0.248 -24.7 0.52
C3S 1.0000 607889 1.64503 -0.306 -1.6 0.58
Table 6.2.1 DC Accuracy + 1 Volt Results for 20 sps.
Channel | TestInput | Counts/Volt | uVolts/Coun | % Deviation DC Offset % Deviation
Volts t from uVolts from
Test Input Manufactures
Voltage LSB
Specification
s
BDF 1.0000 606569 1.64861 -0.523 -14.8 0.80
C2pP 1.0000 608242 1.64408 -0.248 -23.0 0.52
C3pP 1.0000 607890 1.64503 -0.306 -1.6 0.58

Table 6.2.2 DC Accuracy + 1 Volt Results for 40 sps.

Test Results: Tables 6.2.1-2 indicate that the Smart24 w/Fortezza Card accuracy of the measured
LSB to £ 1 Volt DC input is better than 0.52% and better than 0.80% of the manufactures specified

LSB.
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6.3 SMART24 Test Data Sheet: 20 Vpp ADC Test — Static/ITN/MPDR

Smart24 S/N: 1
Authentication

224
: Enabled

Firmware Revision: 1.38

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 20sps

xxxxxxxxxxxxxxxxxxxxxxx

ITN Test Description: Measure Input Terminated Noise.

File: 1TH_IB7H3_C15_20SP5.DAZ

0% Clis1.0dE

Power Spectral Density

xxxxxxxxxxxxxxxxx

Hanr window

836 4096-paint FFT's

-110-

-115-

-120-

125

-130-

dB rel 1 v*2 /Hz

-135-

-140-

21 Bits

22 Bits

23 Hits

24 Bits

0m

Acquired 276 2007 03:56:53

01 1

Frequency (Hz)

100
RMS Walue iz 1.457 pvaltz
10,020 ko 10,000 Hz)

Figure 6.3.1 SMART24 Channel C1S Input Terminated Noise
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Figure 6.3.3 SMART24 Channel C3S Input Terminated Noise

Channel | RMS Noise uV | Counts RMS
0.02 to 10 Hz
CIS 1.457 0.884
C2S 1.437 0.874




c3s |

1.211 |

0.736

Test Results: Figures 6.3.1-3 and Table 6.3.1 indicate that the SMART24 has < 1.5 counts RMS noise.

MPDR Test Description: Compute Maximum Potential Dynamic Range, using the RMS noise

Table 6.3.1 SMART24 20sps RMS Noise

estimate in microvolts from ITN Test and theoretical RMS full-scale in volts.

Channel | RMS Noise pV RMS MPDR (dB)
0.02 to 10 Hz Full-Scale Volts
C1S 1.457 7.07 133.7
C2S 1.437 7.07 133.8
C3S 1.211 7.07 135.3

Test Results: Table 6.3.2 indicates that the SMART24 Maximum Potential Dynamic Range is greater

than 133.7 dB.

Table 6.3.2 SMART24 20sps MPDR
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6.4 SMART24 Test Data Sheet: 20 Vpp ADC Test — Static/ITN/MPDR

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 40sps

xxxxxxxxxxxxxxxxxxxxxxx

ITN Test Description: Measure Input Terminated Noise.

xxxxxxxxxxxxxxxxx

Fle TINISTH3BOF A0SPSDA2 po\ver Spectral Density Hann window
30% .1 is 1.0dB 836 4096-point FFT's
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110-
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N T8
I \\
e
ey 10T B
i
& 125-
- 22 Bits
L -
o) 23 Bits
T 3s-
24 Bits
140-
145~ [ I [ 1
001 01 1 10 100
Acauired 276 2007 (35653 Frequency (Hz) RMS Value is 1855 pvalts

[0.020 to 20.000 Hz!

Figure 6.4.1 SMART24 Channel BDF Input Terminated Noise
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Figure 6.4.2 SMART24 Channel C2P Input Terminated Noise
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Figure 6.4.3 SMART24 Channel C3P Input Terminated Noise

Channel | RMS Noise uV | Counts RMS
0.02 to 20 Hz
BDF 1.855 1.125




C2P 1.819 1.106
C3P 1.844 1.121

Table 6.4.1 SMART24 40sps RMS Noise
Test Results: Figures 6.4.1-3 and Table 6.4.1 indicate that the SMART24 has < 1.9 counts RMS noise.

MPDR Test Description: Compute Maximum Potential Dynamic Range, using the RMS noise
estimate in microvolts from ITN Test and theoretical RMS full-scale in volts

Channel | RMS Noise pV RMS MPDR
0.02 to 20 Hz | Full-Scale Volts
BDF 1.855 7.07 131.6
C2P 1.819 7.07 131.8
C3P 1.844 7.07 131.7

Table 6.4.2 SMART24 40sps MPDR

Test Results: Table 6.4.2 indicates that the SMART24 Maximum Potential Dynamic Range is greater
than 131.6 dB.
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6.5 SMART24 Test Data Sheet: 20 Vpp ADC Test — Dynamic Tonal/THD

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 20 sps and 40sps

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

THD Test Description: Measure the linearity of the SMART24 using Total Harmonic Distortion.

dB rel v**2/Hz

100
120 \\‘“’M"‘ by «m»wu}t ﬂ . )\

KaiserBessel window PSD for 26 2048-Paint FFT's
A0%CLix32dB THD—ZDSPS—ISTHB—C1 S.ASC 5/Bth's Block Overlap
40

Peak: 34835 vrms @ | 400 Hz
20

THD is -12(1.79 dB

0 |Signal frefjuency is|1.400 Hz

_20 Peak power is aboye the

background in 5 of  harmonics)
-40

-60

-80

N oy

-140- MMJLI
1} 1 2 3 4 L 6 7 8 9 10
Acquired 278 2007 18 26:00 Frequency (Hz) FIMS Value is 3784 valls
Samples 0to 21248 Block Mean Subtiacted

Figure 6.5.1 SMART24 20sps Total Harmonic Distortion

Channel THD (dB)
CIS -121.79
C2S -122.45
C3S -123.74

Table 6.5.1 SMART24 THD

Test Results: Table 6.5.1 indicates that the SMART24 Total Harmonic Distortion is better than -
121.8 dB for 20 sps acquisition rate.

32
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Figure 6.5.2 SMART24 40sps Total Harmonic Distortion

Channel THD (dB)
BDF -121.19
Cc2p -121.98
C3p -123.98

Table 6.5.2 SMART24 40sps THD

Test Results: Table 6.5.2 indicates that the SMART?24 Total Harmonic Distortion is better than -
121.2 dB for 40 sps acquisition rate.
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6.6 SMART24 Test Data Sheet: 20 Vpp ADC Test — Dynamic Tonal/CTK

Smart24 S/N: 1224

Authentication: Enabled
CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 20 sps and 40 sps

Firmware Revision: 1.38

xxxxxxxxxxxxxxxxxxxxxxx

CTK Test Description: Measure the amount of SMART24 channel-to-channel crosstalk.

Test Results: Table 6.6.1 indicates that the SMART?24 20sps crosstalk is better than —122 dB and the

xxxxxxxxx

xxxxxxx

Channel RMS Input RMS Crosstalk | Crosstalk
(dB)
CIS 19V 1.5 puv -122.0
C2S 19V 1.5puVv -122.1
C3S 1.9V 1.4 uv -122.5

Table 6.6.1 SMART24 20 sps Crosstalk

Channel RMS Input RMS Crosstalk | Crosstalk
(dB)
BDF 19V 1.88 pv -120.1
C2P 19V 1.87 pVv -120.1
C3P 1.9V 1.90 uVv -120.0

Table 6.6.2 SMART24 40 sps Crosstalk

Smart24 40sps is better than -120 dB.
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6.7 SMART24 Test Data Sheet: 20 Vpp ADC Test — Dynamic
Broadband/RTF/ABW

Smart24 SIN: 1224 Firmware Revision: 1.38
Authentication: Enabled
CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360

Smart24 Sample Rate: 20 sps and 40 sps

uuuuuuuuuuuuuuuuuuuuuuuu

aaaaaaaaaaaaaaa

RTF/ABW Test Description: Measure SMART24 channel-to-channel relative phase and compute
channel-to-channel timing difference. Measure the bandwidth/corner frequency (-3 dB point) and

attenuation at the Nyquist (20 Hz).

] Phase Angle ]
1st Data File 0.0020 = r 2nd Data File
"ABW_RTF_I57H3_BD 0.0018 "ABW_RTF_IS7H3_C2

' 0.0016 P.ASC
0.0014
Code: H Ch: 1 4 0.0012 Code: H Ch: 2
Acquired on E] 0.0010 F Acquired on
7]
day 049 of 2008 / 0.0008 day 049 of 2008
0.0006
at 16:00:00.000 0.0004 at 16:00:00.000
Sampled at 0.0002- FM‘ Sampled at
0.0000- !
40 Hz 00 25 50 725 100 125 150 175 200 40 Hz
Bit weight is Frequency (Hz) Bit weight is

1.6400e-6 volts

185 4096-point FFT's

Hann window, block mean subtracted

Shift: 0 zamples, 0.0 psec
Sample numbers 1 to 286720

1.6400e-6 volts

Figure 6.7.1 Coherence analysis results for SMART24 40 sps Channel Relative Phase/Skew

Channel | Relative Phase Channel Skew
(degrees) (useconds)
@ 5Hz

C1S-C2S 0.00057 0.32

C1S-C3S 0.0020 1.11

C2S-C3S 0.0014 0.78

Table 6.7.1 SMART24 20 sps Channel Relative Phase/Skew

Channel | Relative Phase Channel Skew
(degrees) (Microseconds)
@ 10 Hz
BDF- 0.0012 0.33
C2P
BDF- 0.0014 1.11
C3p
C2P-C3P 0.0027 0.75

Table 6.7.2 SMART24 40 sps Channel Relative Phase/Skew

Test Results: Table 6.7.1-2 indicates that the SMART?24 has less than 1.1 pseconds of channel to
channel skew at 20 sps or 40 sps.
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Figure 6.7.3 Response of the SMART24 to Broadband Noise
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Figure 6.7.4 Response of the SMART24 to Broadband Noise

Test Results: Figures 6.7.1-4 indicates that the SMART?24 20 sps —3dB point is at 8.5 Hz and relative

attenuation at the Nyquist is -112 dB. The SMART24 40 sps -3dB point isat 17.1 Hz and relative
attenuation at the Nyquist is -117 dB.
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6.8 SMART24 Test Data Sheet: 20 Vpp ADC Test — Timing/TTA

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 20 sps and 40 sps

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

TTA Test Description: Determine the accuracy of the time-tags of the SMART?24 data samples.

Time Tag Accuracy for "TTA_I37H3_C1S.ASC' (20.0 Hz sampling)
3500

3000- /\_/%‘ gt ————

2500-

Tagaing corection iz 17.97 paeconds

M

=

=2

=
|

1500-

Counts {x1000)
=
=2
T

500-

0-fp %y M\\j

Tag 0->f<-Ref 0
-500-" , . | | |
35950 35994 359498 36002 36006 36010
Puls time 20:00:00 Point Number

Acouired day 045 of 2008 at 19:30:00.0000

Figure 6.8.1 SMART24 20 sps for Channel C1S Time-Tag Accuracy

Channel TTA pseconds
CIS 18.0
C28 17.7
C38 17.0

Table 6.8.1 SMART24 20 sps Time-Tag Accuracy

Test Results: Table 6.8.1 indicates that the SMART?24 can time-tag data samples to within 18.0
microseconds.
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Time Tag Accuracy for "'TTA_IS7H3_BDF.ASC' {40.0 Hz sampling)
3500

3000- /\_/m—-‘_*—w—*‘—w_.—-—-

2500-

Tagging comection iz 18.99 pseconds

M

=

=

=
]

1500-

Counts (x1000)
=
=
s

500-

0-f——— _Fhw
-500- . : Tag 0-»f<-Ref 0 . . |
71990 71994 71998 72002 72006 72010
Pulse time 20:00:00 Point Number

Acouired day 045 of 2003 &t 19:30:00.0000

Figure 6.8.2 SMART24 40sps for Channel BDF Time-Tag Accuracy

Channel TTA pseconds
BDF 19.0
Cc2p 18.1
C3p 18.4

Table 6.8.2 SMART24 Time-Tag Accuracy

Test Results: Table 6.8.2 indicates that the SMART?24 can time-tag data samples to within 19.0
microseconds.
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6.9 SMART?24 Test Data Sheet: 20 Vpp ADC Test — Calibrator/CAT/CFT

Smart24 S/N: 1224 Firmware Revision: 1.38

Authentication: Enabled

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360

Smart24 Sample Rate: 20 sps

CAT Test Description: Determine accuracy of SMART24 to program correct output amplitude for
sensor calibrations.

Programmed Measured Test Frequency | % Deviation from
SMART24 output SMART24 (Hz) Nominal
voltage (V) output voltage
%)
5 4.985294 0.99999 0.29
1 1.000102 1.00000 -0.01
0.5 0.499991 1.00000 0.00
0.1 0.099953 1.00000 0.05
0.05 0.049976 1.00000 0.05

Table 6.9.1 SMART24 CAT results
Test Results: Table 6.9.1 indicates that the SMART24 output calibration amplitudes are better than

0.29% of nominal.

CFT Test Description: Determine accuracy of SMART?24 to program correct output frequency for
sensor calibrations.

Programmed Measured Test Output % Deviation from
SMART?24 Frequency (Hz) Voltage (V) Nominal
Output Frequency
Frequency (Hz)

5 5 0.999829 0.00000

1 1 0.999799 0.00000

0.5 0.5 0.999904 0.00000

0.1 0.1 1.000332 0.00000

0.05 0.05 1.000342 0.00000

0.01 0.01 1.000037 0.00000

Table 6.9.2 SMART24 CFT results

Test Results: Table 6.9.2 indicates that the SMART24 output calibration amplitudes are better than
0.00% of nominal.
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6.10 SMART?24 Test Data Sheet: 20 Vpp ADC Test — Calibrator/CAT/CFT

Smart24 S/N: 1224 Firmware Revision: 1.38

Authentication: Enabled

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360

Smart24 Sample Rate: 40 sps

CAT Test Description: Determine accuracy of SMART24 to program correct output amplitude for
sensor calibrations.

Programmed Measured Test Frequency | % Deviation from
SMART24 output SMART24 (Hz) Nominal
voltage (V) output voltage
%)
5 4.983857 0.99999 0.32
1 0.999814 1.00000 0.02
0.5 0.499848 1.00000 0.03
0.1 0.099925 1.00000 0.08
0.05 0.049963 1.00000 0.07

Table 6.10.1 SMART24 CAT results
Test Results: Table 6.10.1 indicates that the SMART?24 output calibration amplitudes are better than

0.32% of nominal.

CFT Test Description: Determine accuracy of SMART?24 to program correct output frequency for
sensor calibrations.

Programmed Measured Test Output % Deviation from
SMART?24 Frequency (Hz) Voltage (V) Nominal
Output Frequency
Frequency (Hz)

5 5 0.999829 0.00000

1 1 0.999799 0.00000

0.5 0.5 0.999904 0.00000

0.1 0.1 1.000332 0.00000

0.05 0.05 1.000342 0.00000

0.01 0.01 1.000037 0.00000

Table 6.10.2 SMART24 CFT results

Test Results: Table 6.10.2 indicates that the SMART?24 output calibration amplitudes are better than
0.00% of nominal.
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6.11 SMART24 Test Data Sheet: 20 Vpp ADC Test — Calibrator/CHD/CLB

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 20 sps

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

CHD Test Description: Determine linearity of SMART?24’s sensor calibration generator.

K.aizer-Bessel Window PS D fo r ' T H D_B D F_4DS PS_ HA"I ' 23 4096-Paint FFT's
0%Cliz34dE B/8th's Block Dverlap
20 Peak: 710503 myvrms @ 1.000 Hz
0
THD is -79.55 dB
-20 Signal frepusncy isl1.000 Hz
- ¥

Peak power is aboye the

acKground I T8 o T8 armgnicsy

dB rel v**2/Hz

-80
-100
Tl b by e L”J ]

_ el "

120 sl Forfhpliey L :

-140- |
0 2 4 6 8 10 12 14 16 18 20
Acquired 281 2007 12:10:08 Frequency (Hz) FIMS Value is 710,80 milivolts
Samples 0 to 37588 Block Mean Subtracted

Figure 12.13.1 SMART24 sensor calibration generator’s Total Harmonic Distortion for programmed
output on channel BDF of 1 volts at 1 Hz.

Channel THD
Z -79.55 dB

Table 12.13.1 SMART24 Sensor Calibration
Generator linearity using THD

Test Results: Table 12.13.1 indicates that the SMART24 Sensor Calibration Generator’s Total

Harmonic Distortion is better than -79.6 dB.

CLB Test Description: Determine linearity of SMART24’s loopback circuit to the sensor calibration
generator.
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Figure 12.13.2 SMART24 sensor calibration generator’s Total Harmonic Distortion loopback circuit for
programmed output on channel Z of 1 volts at 1 Hz.

Channel CLB
BDF -78.99
C2P -78.97
C3P -78.97

Table 12.13.2 SMART24 Sensor Calibration
Generator linearity using loopback controls

Test Results: Table 12.13.2 indicates that the SMART24 Sensor Calibration Generator’s Total
Harmonic Distortion of the loopback circuit is better than -79.6 dB and this CLB was within 0.73%
of the original signal’s THD (i.e. -79.6 dB).
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6.12 SMART24 Test Data Sheet: 20 Vpp ADC Test — Calibrator/CHD/CLB

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 20 Vpp ADC Board - S/N 1360
Smart24 Sample Rate: 40 sps

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

CHD Test Description: Determine linearity of SMART?24’s sensor calibration generator.

K.aizer-Bessel Window PS D fo r ' T H D_B D F_4DS PS_ HA"I ' 23 4096-Paint FFT's
0%Cliz34dE B/8th's Block Dverlap
20 Peak: 710503 myvrms @ 1.000 Hz
0
THD is -79.55 dB
-20 Signal frepusncy isl1.000 Hz
- ¥

Peak power is aboye the

acKground I T8 o T8 armgnicsy

dB rel v**2/Hz

-80
-100
Tl b by e L”J ]

_ el "

120 sl Forfhpliey L :

-140- |
0 2 4 6 8 10 12 14 16 18 20
Acquired 281 2007 12:10:08 Frequency (Hz) FIMS Value is 710,80 milivolts
Samples 0 to 37588 Block Mean Subtracted

Figure 12.13.1 SMART24 sensor calibration generator’s Total Harmonic Distortion for programmed
output on channel BDF of 1 volts at 1 Hz.

Channel THD
Z -79.55 dB

Table 12.13.1 SMART24 Sensor Calibration
Generator linearity using THD

Test Results: Table 12.13.1 indicates that the SMART24 Sensor Calibration Generator’s Total

Harmonic Distortion is better than -79.6 dB.

CLB Test Description: Determine linearity of SMART24’s loopback circuit to the sensor calibration
generator.
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Figure 12.13.2 SMART24 sensor calibration generator’s Total Harmonic Distortion loopback circuit for
programmed output on channel Z of 1 volts at 1 Hz.

Channel CLB
BDF -78.99
C2P -78.97
C3P -78.97

Table 12.13.2 SMART24 Sensor Calibration
Generator linearity using loopback controls

Test Results: Table 12.13.2 indicates that the SMART24 Sensor Calibration Generator’s Total
Harmonic Distortion of the loopback circuit is better than -79.6 dB and this CLB was within 0.73%
of the original signal’s THD (i.e. -79.6 dB).
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6.13 SMART24 Test Data Sheet: 40 Vpp ADC Test — Static/DCA

Smart24 S/N: 1224
Authentication: Enabled
CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 20sps and 40sps

Firmware Revision: 1.38

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

DCA Test Description: Measure DC Accuracy, and DC Full-Scale.

DCA- Manufacture Specified Volts/Count (CH 1-3): 3.2711 x 10°°

Channel | TestInput | Counts/Volt | uVolts/Coun | % Deviation DC Offset % Deviation
Volts t from uVolts from
Test Input Manufactures
Voltage LSB
Specification
s
C1S 1.0000 305003 3.27865 -0.264 6.6 0.231
C28 1.0000 305176 3.27679 -0.207 -3.3 0.174
C3S 1.0000 304679 3.28213 -0.370 -98.5 0.337
Table 6.13.1 DC Accuracy + 1 Volt Results for 20 sps.
Channel | TestInput | Counts/Volt | uVolts/Coun | % Deviation DC Offset % Deviation
Volts t from uVolts from
Test Input Manufactures
Voltage LSB
Specification
s
BDF 1.0000 305004 3.27865 -0.264 6.6 0.231
C2pP 1.0000 305176 3.27679 -0.207 -3.3 0.174
C3P 1.0000 304679 3.28213 -0.370 -98.5 0.337

Table 6.13.2 DC Accuracy + 1 Volt Results for 40 sps.

Test Results: Tables 6.13.1-2 indicate that the Smart24 w/Fortezza Card accuracy of the measured
LSB to £ 1 Volt DC input is better than 0.34 of the manufactures specified LSB.
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6.14 SMART24 Test Data Sheet: 40 Vpp ADC Test — Static/ITN/MPDR

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 20sps

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

ITN Test Description: Measure Input Terminated Noise.

File: 1TH_I57H3_C15.45C" . H ind
R Power Spectral Density A winaw
0% Clis 1.4 dB 414 4036-paint FFT's

-100.00-
104.38- -
2 S
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21 Bits

113124

11750~ 23 Bits I

-121.88-
23 Bits
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130 g2 IS
435.00- | | |

0.01 0 ] 10 100

Boauired 318 2007 04:00.00 Frequency (Hz) RMS Vale is 2,602 pvols
10.020 to 10,000 Ha)

dB rel 1 vv*2 /Hz

Figure 6.14.1 SMART24 Channel C1S Input Terminated Noise
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File: I TH_IG7H3_C25.A5C

Hann window

Power Spectral Density

0% Clis1.4dB 414 4036-paint FFT's
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Figure 6.14.2 SMART24 Channel C2S Input Terminated Noise

Harin window

File: ITH_IS7H3_C35.45C .
e TR Power Spectral Density
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Figure 6.14.3 SMART24 Channel C3S Input Terminated Noise

Channel | RMS Noise uV | Counts RMS
0.02 to 10 Hz
CIS 2.602 0.794
C2S 2.530 0.772
C3S 2.579 0.786

Table 6.14.1 SMART24 20sps RMS Noise
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Test Results: Figures 6.14.1-3 and Table 6.14.1 indicate that the SMART?24 has < 0.80 counts RMS
noise.

MPDR Test Description: Compute Maximum Potential Dynamic Range using data from ITN Test.

Channel | RMS Noise pV RMS MPDR
0.02to 10 Hz | Full-Scale Volts
CIS 2.602 14.14 134.7
C28 2.530 14.14 134.9
C38 2.579 14.14 134.8

Table 6.14.2 SMART24 20sps MPDR

Test Results: Table 6.14.2 indicates that the SMART24 Maximum Potential Dynamic Range is
greater than 134.7 dB.
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6.15 SMART24 Test Data Sheet: 40 Vpp ADC Test — Static/ITN/MPDR

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 40sps

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxx

ITN Test Description: Measure Input Terminated Noise.

File: 1TH_ISFH3_BDF.ASC . Harin window
i Power Spectral Density
0% CLis 1.0 dB B35 4096-point FFT's
400
.105—\
20 Bits
N 110-
I
I \
§ 115-j2LBis
X
>
~am-
T 22 Bits 1
[ =]
Q -
23 Bits
A30-
24 Bits
135~ i . ; .
om 01 1 10 100
Aeauited 318 2007 04:00:00 Frequency (Hz) RMS Value s 3,174 polts

[0.020 to 20,000 Hz1

Figure 6.15.1 SMART24 Channel BDF Input Terminated Noise
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dB rel 1 v*2 / Hz

dB rel 1 v*2 fHz

-100-

-105-

-110-

-115-

-120-

-125-

-130-

-135-

File: ITH_IS7H3_C2P.ASC

0%CLiz1.0dB

Power Spectral Density

Hann window

836 4036-point FFT's

20 Bits

21 Bite \

22 Hits

23 Bits

24 Bits

0o

-100-

-105-

-110-

-115-

-120-

-125-

-120-

-135-

01

Acquired 318 2007 04:00:00

1

10

Frequency (Hz)

1
100

RS Walue iz 3.133 pvolts
(0020 to 20,000 Hzl

Figure 6.15.2 SMART24 Channel C2P Input Terminated Noise

File: 1TH_IS7H3_C3P.ASC

90% Cliz 1.0 dB

Power Spectral Density

Hatin window

835 4036-point FFT's

20 Bits

21 Rits

ol

22 Bits

23 Bits

24 Bits

0o

01

Acquired 318 2007 04:00:00

1

10

Frequency (Hz)
Figure 6.15.3 SMART24 Channel C3P Input Terminated Noise

1an

FikAS Yalue iz 3174 pvalts
[0.020 ta 20.000 Hz]

Channel | RMS Noise uV | Counts RMS
0.02 to 20 Hz
BDF 3.174 0.968
C2P 3.133 0.956
C3pP 3.174 0.967

Table 6.15.1 SMART24 40sps RMS Noise




Test Results: Figures 6.15.1-3 and Table 6.15.1 indicate that the SMART24 has < 0.97 counts RMS
noise.

MPDR Test Description: Compute Maximum Potential Dynamic Range using data from ITN Test.

Channel | RMS Noise uV RMS MPDR
0.02 to 20 Hz Full-Scale Volts

BDF 3.174 14.14 133.0

C2P 3.133 14.14 133.1

C3P 3.174 14.14 133.0

Table 6.15.2 SMART24 40sps MPDR

Test Results: Table 6.15.2 indicates that the SMART24 Maximum Potential Dynamic Range is
greater than 133.0 dB.
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6.16 SMART24 Test Data Sheet: 40 Vpp ADC Test — Dynamic Tonal/THD

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 20 sps and 40 sps

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

THD Test Description: Measure the linearity of the SMART24 using Total Harmonic Distortion.

KaiserBessel Window PSD for 12 4096-Paint FFT's
MEClLiz46dE .IMS—ITN—ISTHB—C1 S.ASC B/8th's Block Overlap
0 Peak: 3.8821 vrms @ 1.400 Hz
20
o THD is -124.57 dB

iSignal freguency is(1.400 Hz

E 20 Peak power is aboye the

a background in 6 of B harmonics)
: -40

-

o -60

Q -0

1003 f
120 MV’JJ er adieng ..ﬂ...,“...l. gl pod sl el o L

™ T AR L A L B i e W MM

-140- i
0 1 2 3 4 5 6 7 8 9 10
Acquired 317 2007 20,0500 Frequency (Hz) FIMS Value is 3 862 volts
Samples 0 to 209532 Block Mean Subtracted

Figure 6.16.1 SMART24 20sps Total Harmonic Distortion

Channel THD (dB)
CIS -124.57
C2S -132.87
C3S -134.19

Table 6.16.1 SMART24 THD

Test Results: Table 6.161 indicates that the SMART?24 Total Harmonic Distortion is better than -
124.6 dB for 20 sps acquisition rate.
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KaiserBessel Window

'IMS_ITN_I57TH3_BDF.ASC’

PSD for

26 4096-Paint FFT's

MWEClLiz32dE B/8th's Block Overlap
40
Pealk: 3.5521 vrms{@ 1.400 Hz
20
THD is -125.35 dB
0 Bignal frequency is|1.400 Hz
E 20 Peak power is aboye the
N background in 3 of 13 harmonics)
: -40
=
o 60
[ ™
[« o I
Q -0
-100
120 \\“M‘\I\JL‘A—L- L il v SRE—— S "”"‘*‘4\_\“
140
- - 1
0 2 4 6 8 10 12 14 16 18 20
Acquired 317 2007 20,0500 Frequency (Hz) FIMS Value is 3 862 volts

Samples 0to 42496

Block Mean Subtracted

Figure 6.16.2 SMART24 40sps Total Harmonic Distortion

Channel THD (dB)
BDF -125.35
C2p -131.74
C3p -135.24

Table 6.16.2 SMART24 40sps THD

Test Results: Table 6.16.2 indicates that the SMART?24 Total Harmonic Distortion is better than -

125.4 dB for 40 sps acquisition rate.
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6.17 SMART24 Test Data Sheet: 40 Vpp ADC Test — Dynamic Tonal/CTK

Smart24 S/N: 1224

Authentication: Enabled
CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 20 sps and 40 sps

Firmware Revision: 1.38

xxxxxxxxxxxxxxxxxxxxxxx

Test Results: Tables 6.17.1-2 indicates that the SMART?24 20sps crosstalk is better than -122.7 dB
and the Smart24 40sps is better than -121.4 dB.
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CTK Test Description: Measure the amount of SMART24 channel-to-channel crosstalk.

Channel RMS Input RMS Crosstalk | Crosstalk
%) uv) (dB)
CIS 3.88 2.83 -122.7
C2S 3.87 2.73 -123.0
C3S 3.88 2.66 -123.3

Table 6.17.1 SMART24 20 sps Crosstalk

Channel RMS Input RMS Crosstalk | Crosstalk
(dB)
BDF 3.88 3.30 -121.4
C2P 3.87 3.17 -121.7
C3P 3.88 3.20 -121.7

Table 6.17.2 SMART24 40 sps Crosstalk




6.18 SMART24 Test Data Sheet: 40 Vpp ADC Test — Dynamic

Broadband/RTF/ABW

Smart24 SIN: 1224

Authentication: Enabled
CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 20 sps and 40 sps

Firmware Revision: 1.38

uuuuuuuuuuuuuuuuuuuuuuuu

aaaaaaaaaaaaaaa

RTF/ABW Test Description: Measure SMART24 channel-to-channel relative phase and compute
channel skew. Measure the bandwidth/corner frequency (-3 dB point) and attenuation at the

Nyquist (20 Hz).

1st Data File

‘RTF_ABW_IS7H3 BD
F.ASCT

Code: H Ch: 1
Acquired on
day 318 of 2007
at 16:42:00.000
Sampled at
40 Hz
Bit weight is

3.2700e-6 volts

0.0020

Phase Angle

0.0018

0.0016

0.0014
» 0.0012

& 0.0010

[-7)
/R 0.0008

LAt

0.0006

e

0.0004
o.oooz2

0.0000-

0.0

185 4006-point FFT's

2.5 5.

0 75 10,0 125
Frequency (Hz)

150 175 20.0

Shift: 0 zamples, 0.0 psec

Hann window, block mean subtracted

Sample numbers 1 to 286720

2nd Data File

‘RTF_ABW_ISFH3 C3
P ASC!

Code: H Ch: 3
Acquired on
day 318 of 2007
at 16:42:00.000
Sampled at
40 Hz
Bit weight is

3.2700e-6 volts

Table 6.18.1 Coherence analysis results for SMART24 40 sps Channel Relative Phase/Skew

Channel | Relative Phase Channel Skew
(degrees) (Microseconds)
@5 Hz

C1S-C2S -0.004 -2.22

C1S-C3S 0.004 2.22

C2S-C3S 0.008 4.44

Table 6.18.1 SMART24 20 sps Channel Relative Phase/Skew

Channel | Relative Phase Channel Skew
(degrees) (Microseconds)
@ 10 Hz
BDF- 0.0008 0.22
C2pP
BDF- 0.0004 0.18
C3Pp
C2P-C3P 0.00147 0.41

Table 6.18.2 SMART24 40 sps Channel Relative Phase/Skew

Test Results: Table 6.18.1-2 indicates that the SMART24 has better than 5 microseconds channel-to-
channel skew at 20 sps and better than 0.41 microseconds channel-to-channel skew at 40 sps.
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dB rel v¥*2/Hz

dB rel v¥*2/Hz
_,—"’F‘—l

Hann Window PSD for File 274 A096-Foint FFT's
0% Clis1.7 dB '‘RTF_ABW_I57H3_C1S.ASC’ 7/8th's Block Dwverlap

1]

-20 —h“\

-100 \\
-120

-140- i
0 1 2 3 4 5 6 7 8 9 10
Acquired 318 2007 16:42:00 Frequency (Hz) FIMS Value is 585917 millvolts
Samples 0 to 143872 Block Mean Subtracted
Figure 6.18.1 Response of the SMART24 to Broadband Noise
Hann windaow PSD for File 274 4096-Paint FFT's
0% Clis 1.7 dB 'RTF_ABW_I57H3_C1S.ASC’ 7/8th's Block Overlap
0
—
-20 [
-40
-60
-80
-100 \
-120
-140- |
7.0 72 74 16 7.8 8.0 8.2 8.4 6.6 8.8 9.0 92 9.4 9.6 98 100
Acquired 318 2007 16:42:00 Frequency (Hz) FIMS Value is 685,917 millvolts
Samples O0to 143872 Block Mean Subtracted

Figure 6.18.2 Response of the SMART24 to Broadband Noise




Hann Wwindow PSD for File 555 4096-Faint FFT's

M%) is1.2 dB 'RTF_ABW_I57H3_BDF.ASC’ 7/8th's Block Overlap
|]_
20- B
20 <
_4']_

\
\
\
|

-140-;
0

dB rel vv*2/Hz

2 A 6 8 10 12 14 16 18 20
Aequired 318 2007 16:42:00 Frequency (Hz)
Samples 0 to 287744

RS Value iz 963, 267 millivolts
Block Mean Subtracted

Figure 6.18.3 Response of the SMART24 to Broadband Noise

Harn Wwindaow PSD for File 555 4096-Paint FFT's
A% Clis1.2d8 'RTF_ABW_I 57H 3_BDF_ASC' 7/8th's Black Overlap
0
20 E——
N A0
I
~
£ -60
=
® -80
™
[an]
© oo \
-120 \
-140- |
15.0 155 16.0 16.5 17.0 175 18.0 185 19.0 195 20.0
Acquired 715 2007 15:42.00 Frequency (Hz) FIMS Value is 953.267 millvalts

Samples O to 287744 Block Mean Subtracted

Figure 6.18.4 Response of the SMART24 to Broadband Noise

Test Results: Figures 6.18.1-4 indicates that the SMART24 20 sps —-3dB point is at 8.6 Hz and

relative attenuation at the Nyquist is -113 dB. The SMART24 40 sps -3dB point is at 17.1 Hz and
relative attenuation at the Nyquist is -121 dB.
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6.19 SMART24 Test Data Sheet: 40 Vpp ADC Test — Timing/TTA

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 20 sps and 40 sps

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

TTA Test Description: Determine the accuracy of the time-tags of the SMART?24 data samples.

Time Tag Accuracy for TTA_IS7TH3_C13.ASC' (20.0 Hz sampling)
2000-

1500- ——

Tagaging comection iz 7,35 peeconds

1000-

500-

Counts (x1000)

-500- Tag 0--»J<-Ref 0
4061 4065 4069 4073 077 4081
Pulse time 21:33:00 Point Number

Acouired day 317 of 2007 at 21:29:36 4500

Figure 6.19.1 SMART24 20 sps for Channel C1S Time-Tag Accuracy

Channel TTA pseconds
C18 7.35
C28 7.74
C3S 7.11

Table 6.19.1 SMART24 20 sps Time-Tag Accuracy

Test Results: Table 6.19.1 indicates that the SMART?24 can time-tag data samples to within 8
microseconds.
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Counts (x1000)

Time Tag Accuracy fer "TTA_I57H3_BDF.ASC' {40.0 Hz sampling)

2000-
1500- j T e T e
Tagging comection iz 6.43 preconds
1000-
500-
-t
Tag 0-»|<-Fef 0
-500- T T T T I
8131 8135 8139 8143 8147 8151
Pulse time 21:33 00 Point Number

Acquired day 317 of 2007 ot 21:29:36.4750

Figure 6.19.2 SMART?24 40sps for Channel BDF Time-Tag Accuracy

Channel TTA pseconds
BDF 6.43
C2pP 6.85
C3p 4.99

Table 6.19.2 SMART?24 Time-Tag Accuracy

Test Results: Table 6.18.2 indicates that the SMART?24 can time-tag data samples to within 7
microseconds.
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6.20 SMART24 Test Data Sheet: 40 Vpp ADC Test — Calibrator/CAT/CFT

Smart24 S/N: 1224 Firmware Revision: 1.38

Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724

Smart24 Sample Rate: 20 sps

CAT Test Description: Determine accuracy of SMART24 to program correct output amplitude for
sensor calibrations.

Programmed Measured Test Frequency | % Deviation from
SMART24 output SMART24 (Hz) Nominal
voltage (V) output voltage
%)
5 4.985294 0.9999 0.29
1 1.000102 1.0000 -0.01
0.5 0.499991 1.0000 0.00
0.1 0.099953 1.0000 0.05
0.05 0.049976 1.0000 0.05

Table 6.20.1 SMART24 CAT results
Test Results: Table 6.20.1 indicates that the SMART?24 output calibration amplitudes are better than

0.29% of nominal.

CFT Test Description: Determine accuracy of SMART?24 to program correct output frequency for
sensor calibrations.

Programmed Measured Test Output % Deviation from
SMART?24 Frequency (Hz) Voltage (V) Nominal
Output Frequency
Frequency (Hz)

5 5 1.000126 0.00000

1 1 1.000087 0.00000

0.5 0.5 1.000154 0.00000

0.1 0.1 1.00039 0.00000

0.05 0.05 1.000356 0.00000

0.01 0.01 1.000368 0.00000

Table 6.20.2 SMART24 CFT results

Test Results: Table 6.20.2 indicates that the SMART?24 output calibration amplitudes are better than
0.00% of nominal.
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6.21 SMART?24 Test Data Sheet: 40 Vpp ADC Test — Calibrator/CAT/CFT

Smart24 S/N: 1224 Firmware Revision: 1.38

Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724

Smart24 Sample Rate: 40 sps

CAT Test Description: Determine accuracy of SMART24 to program correct output amplitude for
sensor calibrations.

Programmed Measured Test Frequency | % Deviation from
SMART24 output SMART24 (Hz) Nominal
voltage (V) output voltage
M
5 5.008596 0.999992 -0.17
1 1.004836 0.999996 -0.48
0.5 0.502367 0.999996 -0.47
0.1 0.100433 0.999995 -0.43
0.05 0.050215 0.999998 -0.43

Table 6.21.1 SMART24 CAT results
Test Results: Table 6.21.1 indicates that the SMART?24 output calibration amplitudes are better than

0.48% of nominal.

CFT Test Description: Determine accuracy of SMART?24 to program correct output frequency for
sensor calibrations.

Programmed Measured Test Output % Deviation from
SMART?24 Frequency (Hz) Voltage (V) Nominal
Output Frequency
Frequency (Hz)

5 4.999978 0.99371 0.00044

1 0.999996 1.00486 0.00040

0.5 0.499998 1.00521 0.00040

0.1 0.100000 1.00531 0.00000

0.05 0.050000 1.00533 0.00000

0.01 0.010000 1.00534 0.00000

Table 6.21.2 SMART24 CFT results

Test Results: Table 6.21.2 indicates that the SMART?24 output calibration amplitudes are better than
0.00044% of nominal.
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6.22 SMART24 Test Data Sheet: 40 Vpp ADC Test — Calibrator/CHD/CLB

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 20 sps

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

CHD Test Description: Determine linearity of SMART?24’s sensor calibration generator.

K.aiser-Bessel Window PS D fo r ' I M S C H D B D F_ HA"I ! 23 4096-Faint FFT's
90% . is 3.4 o8 - - 5/8ths Block Dvellap
Peak: 710,559 myrms i@ 1.000 Hz

[THD is -78.99 dB
-20 si_g,pal fre ushcy is!1.000 Hz

Peak power is aboye the
ackground I T8 of T8 Marmgnics) |

dB rel v**2/Hz

-80
-100
P fl “‘-W‘w] ’VM«J ,“»«
120 Fug ity gttt i - _
W’VM‘ ey W

-140- i |
1] 2 4 b 8 10 12 14 16 18 20
Acquired 318 2007 12:35.00 Frequency (Hz) FIMS Value is 710,552 millvolts
Samples 0 to 37588 Block Mean Subtracted

Figure 6.22.1 SMART24 sensor calibration generator’s Total Harmonic Distortion for programmed output
on channel BDF of 1 volts at 1 Hz.

Channel THD
BDF -78.99 dB

Table 6.22.1 SMART24 Sensor Calibration
Generator linearity using THD

Test Results: Table 6.22.1 indicates that the SMART24 Sensor Calibration Generator’s Total
Harmonic Distortion is better than -79 dB.

CLB Test Description: Determine linearity of SMART24’s loopback circuit to the sensor calibration
generator.
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dB rel v¥*2/Hz

-14p-

K.aiser-Bessel Windaw PS D fo r ' C L B_I 57 H 3_(: 1 S_ ASC ' 13 4096-Faint FFT's

M0%ClLis4.4dB B/8th's Block Overlap
Edr. T OO0 I[TITYTTIT @ T 00T,
FHB-Hs—7896dB
Sigmal freguency is[T.000 Hz
Peak povjer is aboye the
background in 8 of p harmonics)
! ._;.l;.‘nrf t""“'\"-"'q"'""‘\h
kil o b ke | l'kmuw\m\qv‘" |ATTN Arm- " "'W
T
Py
1
1] 1 2 3 4 h b 7 8 9 10
Acquired 318 2007 19:10:00 Frequency (Hz) FIMS Value is 708,744 millvolts

Samples 0 to 22528

Block Mean Subtracted

Figure 6.22.2 SMART?24 sensor calibration generator’s Total Harmonic Distortion loopback circuit for
programmed output on channel Z of 1 volts at 1 Hz.

Channel CLB
BDF -78.90
C2P -78.96
C3P -78.92

Table 6.22.2 SMART24 Sensor Calibration
Generator linearity using loopback controls

Test Results: Table 6.22.2 indicates that the SMART24 Sensor Calibration Generator’s Total
Harmonic Distortion of the loopback circuit is better than -79.92 dB and this CLB was within 0.11%
of the original signal’s THD (i.e. -78.99 dB).
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6.23 SMART24 Test Data Sheet: 40 Vpp ADC Test — Calibrator/CHD/CLB

Smart24 S/N: 1224 Firmware Revision: 1.38
Authentication: Enabled

CH 1-3: Single Three Channel 40 Vpp ADC Board - S/N 1724
Smart24 Sample Rate: 40 sps

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

CHD Test Description: Determine linearity of SMART?24’s sensor calibration generator.

K.aiser-Bessel Windaw PS D fo r ' I M S C H D B D F_ HA"I ' 23 4096-Faint FFT's
90% .. is 3.4 o8 - - 5/8ths Block Dvellap
Peak: 7110.559 mvrms{ @@ 1.000 Hz

[THD is -78.99 dB
-20 si_g,pal fre uancy is!1.000 Hz

Peak power is aboye the
ackground I T8 6f T8 Warmgnics) |

dB rel v¥*2/Hz

-80
-100
P fl “‘-W‘w] ’VM«J ,“»«
120 B L e
Py [T WY Y Torreed lraen

-140- . |
0 2 4 6 8 10 12 14 16 18 20
Acquired 318 2007 12:35.00 Frequency (Hz) FIMS Value is 710,552 millvolts
Samples 0 to 37888 Block Mean Subtracted

Figure 6.23.1 SMART24 sensor calibration generator’s Total Harmonic Distortion for programmed output
on channel BDF of 1 volts at 1 Hz.

Channel THD
BDF -78.99 dB

Table 6.23.1 SMART?24 Sensor Calibration
Generator linearity using THD

Test Results: Table 6.23.1 indicates that the SMART24 Sensor Calibration Generator’s Total
Harmonic Distortion is better than -78.99 dB.

CLB Test Description: Determine linearity of SMART24’s loopback circuit to the sensor calibration
generator.

65



KaiserBessel Window PSD for 'C LB_I57H3_BDF_ASC' 29 4096-Pairt FFT's

MEClLiz30dE B/8th's Block Overlap

20 Peak: 708540 myrms @& 1.000 Hz
1]
[THD is -77|.28 dB
-20 si_g,pal fre uancy is!1.000 Hz

Peak power is aboye the
ackgrouhd IR T8 of T8 Harmgnics) |

dB rel v¥*2/Hz

-80
-100
B o i S Al gl s
120 o N — MU -
g
-140- i [
0 2 4 6 8 10 12 14 16 18 20
Acquired 318 2007 13:10:00 Frequency (Hz) FIMS Value is 708543 milivols
Samples 0to 47104 Block Mean Subtracted

Figure 6.23.2 SMART?24 sensor calibration generator’s Total Harmonic Distortion loopback circuit for
programmed output on channel Z of 1 volts at 1 Hz.

Channel CLB
BDF -77.28
C2P -77.26
C3P -77.24

Table 6.23.2 SMART24 Sensor Calibration
Generator linearity using loopback controls

Test Results: Table 6.23.2 indicates that the SMART24 Sensor Calibration Generator’s Total
Harmonic Distortion of the loopback circuit is better than -77.2 dB and this CLB was within 2.2% of
the original signal’s THD (i.e. -78.99 dB).
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