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Abstract 
 
Sandia National Laboratories has tested and evaluated a new digitizer, the Q330HR, manufactured 
by Quanterra.  These digitizers are used to record sensor output for seismic and infrasound 
monitoring applications. The purpose of the digitizer evaluation was to measure the performance 
characteristics in such areas as power consumption, input impedance, sensitivity, full scale, self-
noise, dynamic range, system noise, response, passband, and timing.  The Q330HR is Quanterra’s 
improved Q330 datalogger with a 26 bits of resolution on channels 1-3 and a 24 bits of resolution 
on channels 4-6 (26 bit is optional). The Quanterra Q330HR is being evaluated for potential use 
U.S. Air Force seismic monitoring systems as part of their Next Generation Qualification effort. 
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1  INTRODUCTION 
 
The evaluation of the four Quanterra Q330HR digitizers, serial numbers 6162 and 6164, was 
performed to determine the performance characteristics of the instruments including sensitivity, 
self-noise, dynamic range, frequency response, and passband. 
 

 

 
Figure 1 Quanterra Q330HR Digitizer (photo courtesy of Kinemetrics Inc) 

 
The Q330HR is available as a 3 or 6 channel 26-bit digitizer with variable sample rate and gain 
level suitable in form-factor for equipment vault style seismic monitoring system deployment. 
 
The evaluation of the two digitizers, serial numbers 6162 and 6164, performed against the 
digitizer specifications below, has identified that the digitizers’ performance are consistent with 
their manufacturer’s specifications.  Both units utilized 26 bits of resolution on channels 1 – 3 
and 24 bits of resolution on channels 4 – 6. 
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Figure 2 Quanterra Q330 HR Specifications, Part 1 
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Figure 3 Quanterra Q330 HR Specifications, Part 2 
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2 TEST PLAN 
 
2.1 Test Facility 
 
Testing of the Quanterra digitizers was performed at Sandia National Laboratories’ Facility for 
Acceptance, Calibration and Testing (FACT) located near Albuquerque, New Mexico, USA.  
The FACT site is at approximately 1830 meters in elevation.   
 
Sandia National Laboratories (SNL), Ground-based Monitoring R&E Department has the 
capability of evaluating the performance of preamplifiers, digitizing waveform recorders and 
analog-to-digital converters/high-resolution digitizers for geophysical applications. 
 
Tests are based on the Institute of Electrical and Electronics Engineers (IEEE) Standard 1057 for 
Digitizing Waveform Recorders and Standard 1241 for Analog to Digital Converters.  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).  

The majority of the Quanterra testing, with the exception of tests performed in the temperature 
chamber, were performed within the FACT sites underground bunker due to the bunker’s stable 
temperature.     
 
 
 
 
 

 
Figure 4 FACT Site Bunker 

 
 

 
Figure 5 Partial View of Testbed in FACT 

Site Bunker 
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The temperature was maintained between 22 and 27 degrees Celsius.  The low temperature was 
maintained with a thermostatically controlled electric heater during the Spring months; 
temperatures gradually rose through the year, peaking in late Summer. 
 
A GPS re-broadcaster operates within the bunker to provide the necessary timing source for the 
Quanterra digitizers and other recording and testbed equipment present. 
 

  
Figure 6 GPS Re-broadcaster 

 
The Quanterra digitizers were powered off of a Protek 3005B laboratory power supply providing 
approximately 13.6 Volts. 
 

 

  
Figure 7 Laboratory Power Supply 
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2.2 Scope 
 
The following table lists the tests and resulting evaluations that were performed at the various 
gain levels and sample rates of the Quanterra digitizer. 
 
 

Table 1 Tests Performed 
Test Configuration 

Input Impedance 
DC Accuracy 
AC Accuracy 
AC Full Scale 

              AC Clip 
              Total Harmonic Distortion 
              Input Terminated Noise 

Crosstalk 
              Common Mode Rejection 

Analog Bandwidth 
Relative Transfer Function 
Response 

               Incoherent Noise 
Time Tag Statistics 

Quanterra Q330HR digitizers  
SN 6162 and 6164 

gain 20x, sample rate 100 sps 
temperature 23° C 

 

Input Impedance 
DC Accuracy 
AC Accuracy 
AC Full Scale 

              AC Clip 
              Total Harmonic Distortion 
               Input Terminated Noise 

Crosstalk 
              Common Mode Rejection 

Analog Bandwidth 
Relative Transfer Function 
Response 

               Incoherent Noise 
Time Tag Statistics 

Quanterra Q330HR digitizer 
SN 6164 

SB-1, Environmental Chamber 
gain 20x, sample rates 4, 20, 40, 100 and 

200 sps at 20° C 

Input Impedance 
DC Accuracy 
AC Accuracy 
AC Full Scale 

              AC Clip 
              Total Harmonic Distortion 
              Input Terminated Noise 

Crosstalk 
              Common Mode Rejection 

Analog Bandwidth 
Relative Transfer Function 
Response 

               Incoherent Noise 
Time Tag Statistics 

Quanterra Q330HR digitizer 
SN 6164 

SB-1, Environmental Chamber  
gain: 20x, sample rate 100 sps 
temperatures: 46° C, 20° C,  

-10°C and -20° C 
*operational check at temperatures  

of 60° C and -36° C 
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2.3 Timeline 
 
Testing of the Q330HR digitizers was performed at Sandia National Laboratories between March 
and August 2017.  Testing was performed using Quanterra digitizers, serial numbers 6162 and 
6164 in the bunker.  Exposure to low and high temperatures, while recording at select sample 
rates, was completed with the 6 channel unit, Q330HR 6164. 
 
2.4 Evaluation Frequencies 
 
The frequency range of the measurements is from 0.01 Hz to 40 Hz. Specifically, the frequencies 
from the function below which generates standardized octave-band values in Hz (ANSI S1.6-
1984) with 𝐹" = 1 Hz: 
 

𝐹 𝑛 = 𝐹"×10 ( )"  
 
For measurements taken using either broadband or tonal signals, the following frequency values 
shall be used for n = -20, -19, …, 16, 17.  The nominal center frequency values, in Hz, are: 
 

     0.00315, 0.0040, 0.0050, 0.0063, 0.008, 

0.01, 0.0125, 0.016, 0.020, 0.025, 0.0315, 0.040, 0.050, 0.063, 0.08, 

0.10, 0.125, 0.16, 0.20, 0.25, 0.315, 0.40, 0.50, 0.63, 0.8, 

1.0, 1.25, 1.6, 2.0, 2.5, 3.15, 4.0, 5.0, 6.3, 8.0, 

10.0, 12.5, 16.0, 20.0, 25.0, 31.5, 40.0    

 

 
 
  



19 

3 TEST EVALUATION 
 
3.1 Power Consumption 
 
The Power Consumption test is used to measure the amount of power that an actively powered 
digitizer consumes during its operation.   
 
3.1.1 Measurand 
 
The quantity being measured is the average watts of power consumption via the intermediary 
measurements of the voltage and current. 
 
3.1.2 Configuration 
 
The digitizer is connected to a power supply, current meter, and voltage meter as shown in the 
diagram below. 

 
Figure 8 Power Consumption Configuration Diagram 

 

 
Figure 9 Power Consumption Configuration Picture 
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Table 2 Power Consumption Testbed Equipment 

 Manufacturer / Model Serial Number Nominal 
Configuration 

Power Supply Protek 3005B AC2074 13.5 V 
Current Meter Agilent 3458A 2823A10915 Amps 
Voltage Meter Agilent 3458A MY45048372 100 V full scale 

 
The meters used to measure current and voltage have active calibrations from the Primary 
Standard Laboratory at Sandia. 
 
3.1.3 Analysis  
 
Measurements of the average current and voltage from the power supply are taken from the 
respective meters, preferably from a time-series recording: 
 

𝑉	and	𝐼 
 
The average power in watts is then calculated as the product of the current and voltage: 
 

𝑃 = 𝑉 ∗ 𝐼 
 
3.1.4 Result 
 
The resulting voltage, current, and power consumption levels are shown in the figure and table 
below. 
 

 
Figure 10 Voltage and Current Recorded Time Series, Q330HR 6162 
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Figure 11 Voltage and Current Recorded Time Series, Q330HR 6164 

 
Table 3 Power Consumption Results 

DWR Supply 
Voltage 

Supply 
Voltage SD 

Supply 
Current 

Supply 
Current SD 

Power 
Consumption 

Power 
Consumption 

SD 
6162 13.37 V 2.40 mV 0.257 A 2.73 mA 3.44 W 37.11 mW 
6164 13.36 V 3.45 mV 0.270 A 1.64 mA 3.61 W 22.78 mW 

 
The six channel Q330HR digitizers were observed to consume between 3.44 watts to 3.61 watts 
during operation.  The relatively short duration time-series illustrate the variation in power 
required by the Q330HR dataloggers; power requirements likely increase beyond that shown 
here during if a baler storage unit or field processor are attached. 
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3.2 Input Impedance 
 
The Input Impedance Test is used to measure the real DC input impedance of a digitizer 
recording channel during its operation.   
 
3.2.1 Measurand 
 
The quantity being measured is ohms of impedance. 
 
3.2.2 Configuration 
 
The digitizer is connected to a meter configured to measure impedance as shown in the diagram 
below. 

 
Figure 12 Input Impedance Configuration Diagram 

 

 
Figure 13 Input Impedance Configuration Picture 

 
Table 4 Input Impedance Testbed Equipment 

 Manufacturer / 
Model 

Serial Number Nominal 
Configuration 

Impedance Meter - Bunker Agilent 3458A MY45048372 DC Impedance 
Impedance Meter – SB1 Agilent 3458A 2823A10915 DC Impedance 

 
The meter used to measure impedance has an active calibration from the Primary Standard 
Laboratory at Sandia. 
 
  

 _ 
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+ 
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Meter 

+ 
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3.2.3 Analysis  
 
Measurements of the average impedance from each digitizer input channel are taken from the 
meter, preferably from a time-series recording. 
 
3.2.4 Result 
 

Table 5 Impedance of Q330HR 6164 at Select Temperatures 
Temp. Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 

46° C 65.3289 
Kohm 

65.2337 
Kohm 

65.1866 
Kohm 

65.1986 
Kohm 

65.1896 
Kohm 

65.2800 
Kohm 

20° C 67.2849 
Kohm 

67.1923 
Kohm 

67.1488 
Kohm 

67.1687 
Kohm 

67.1651 
Kohm 

67.2614 
Kohm 

-10° C 69.4866 
Kohm 

69.4866 
Kohm 

69.0591 
Kohm 

69.1196 
Kohm 

69.1242 
Kohm 

69.2209 
Kohm 

-20° C 69.4866 
Kohm 

69.3952 
Kohm 

69.3726 
Kohm 

69.3747 
Kohm 

69.4278 
Kohm 

69.5266 
Kohm 

 
Over the range of temperatures at which impedance was measured (-20° C to 46° C), impedance 
values measured increased as temperature decreased.  Average impedance measured over the 
temperatures of evaluation is 67.7800 Kohm. 
 

Table 6 Impedance Variation with Sample Rate, Q330HR 6164, 20°C 
Sample 

Rate Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 

5 sps 67.2849 
Kohm 

67.1923 
Kohm 

67.1488 
Kohm 

67.1687 
Kohm 

67.1651 
Kohm 

67.2614 
Kohm 

20 sps 67.2849 
Kohm 

67.1923 
Kohm 

67.1488 
Kohm 

67.1687 
Kohm 

67.1651 
Kohm 

67.2614 
Kohm 

40 sps 67.2849 
Kohm 

67.1923 
Kohm 

67.1488 
Kohm 

67.1687 
Kohm 

67.1651 
Kohm 

67.2614 
Kohm 

200 sps 67.2849 
Kohm 

67.1923 
Kohm 

67.1488 
Kohm 

67.1687 
Kohm 

67.1651 
Kohm 

67.2614 
Kohm 

 
One impedance measurement per channel was made as all sample rates were recorded  
simultaneously. 
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3.3 DC Accuracy 
The DC Accuracy test is used to measure the bit-weight of a digitizer channel by recording a 
known positive and negative DC signal at a reference voltage from a precision voltage source. 
 
3.3.1 Measurand 
 
The quantity being measured is the digitizer input channels DC offset in volts and the bit-weight 
in volts/count. 
 
3.3.2 Configuration 
 
The digitizer is connected to a DC signal source and a meter configured to measure voltage as 
shown in the diagram below. 

 
Figure 14 DC Accuracy Configuration Diagram 

 

 
Figure 15 DC Accuracy Configuration 

 
Table 7 DC Accuracy Testbed Equipment 

 Manufacturer / Model Serial Number Nominal 
Configuration 

DC Signal Source - Bunker Stanford Research Systems DS360 123672 +1V / - 1 V 
Voltage Meter - Bunker Agilent 3458A MY45048372 1 V full scale 
DC Signal Source - SB1 Stanford Research Systems DS360 123669 +1V / - 1 V 
Voltage Meter - SB1 Agilent 3458A 2823A10915 1 V full scale 
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The DC Signal Source is configured to generate a DC voltage with an amplitude of 
approximately 10% of the digitizer input channel’s full scale.  One minute of data is recorded 
with a positive amplitude followed by one minute of data with a negative amplitude. 
 
The meter and the digitizer channel record the described DC voltage signal simultaneously.  The 
recording made on the meter is used as the reference for comparison against the digitizer 
channel.  The meter is configured to record at 100 sps. 
 
The meter used to measure the voltage time series has an active calibration from the Primary 
Standard Laboratory at Sandia. 
 
3.3.3 Analysis  
 
A minimum of a thirty-second-time window is defined on the data for each of the positive and 
negative voltage signal segment. 
 
The average of each of the positive and negative segments are computed from the reference 
meter in volts: 

𝑉234	and	𝑉(56 
 
The average of each of the positive and negative segments are computed from the digitizer 
channel in counts: 

𝐶234	and	𝐶(56 
 
The digitizer bit weight in Volts / count is computed: 
 

𝐵𝑖𝑡𝑤𝑒𝑖𝑔ℎ𝑡 = 	
𝑉234 −	𝑉(56	
𝐶234 −	𝐶(56

 

 
The digitizer DC offset is computed: 
 

𝐷𝐶	𝑂𝑓𝑓𝑠𝑒𝑡 = 𝐵𝑖𝑡𝑤𝑒𝑖𝑔ℎ𝑡 ∗
𝐶234 +	𝐶(56

2  
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3.3.4 Result 
 
The figure below shows a representative waveform time series for the recording made on the 
reference meter and a digitizer channel under test.  The window regions bounded by the red and 
green lines indicate the segment of data used to evaluate the positive and negative regions of 
data, respectively. 
                

 
 

Figure 16 DC Accuracy Test Time series, Q330HR 6162, Channel 00 EHE (3) 
 
The following table contains the computed bit weights for each of the channels and sample rates. 
 

Table 8 DC Accuracy Bitweight, All Q330HR DWR at 23° C 

DWR 00EHE 
(Channel 3) 

00EHN 
(Channel 2) 

00EHZ 
(Channel 1) 

10EHE 
(Channel 6) 

10EHN 
(Channel 5) 

10EHZ 
(Channel 4) 

6162  29.7628 nV/cts  29.7548 nV/cts  29.7477 nV/cts  118.86 nV/cts  118.85 nV/cts  118.88 nV/cts 
6164  29.7459 nV/cts  29.7625 nV/cts  29.7469 nV/cts  118.83 nV/cts  118.90 nV/cts  118.82 nV/cts 

 
The nominal bit weights provided by Quanterra were specified to be: 29.8 nV/count and 119 
nV/count, for the 26 bit (channels 1-3) and 24 bit (channels 4-6) digitizers, respectively. 
 
The differences between the observed bit weights at 23° C and the nominal values provided by 
the manufacturer ranged from 0.12% to 0.18%. 
 
  



27 

Table 9 DC Accuracy Bitweight, Q330HR 6164 at Select Temperatures 

Temp. 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

46° C  29.7575 nV/cts  29.7474 nV/cts  29.7598 nV/cts  118.89 nV/cts  118.86 nV/cts  118.89 nV/cts 
20° C  29.6925 nV/cts  29.6812 nV/cts  29.6933 nV/cts  118.61 nV/cts  118.58 nV/cts  118.61 nV/cts 
-10° C  29.7396 nV/cts  29.7545 nV/cts  29.7380 nV/cts  118.78 nV/cts  118.86 nV/cts  118.88 nV/cts 
-20° C  29.7448 nV/cts  29.7307 nV/cts  29.7421 nV/cts  118.79 nV/cts  118.76 nV/cts  118.77 nV/cts 
 
Over the selected temperature range, the bitweights of Q330HR 6164, varied from 0.09% to 
more than 0.40% from the nominal bit weights. 
 

Table 10 DC Accuracy Bitweight, Q330HR 6164 at Select Sample Rates, 20° C 
Sample 

Rate 
00HHE 

(Channel 3) 
00HHN 

(Channel 2) 
00HHZ 

(Channel 1) 
10HHE 

(Channel 6) 
10HHN 

(Channel 5) 
10HHZ 

(Channel 4) 
10 sps  29.6945 nV/cts  29.6833 nV/cts  29.6953 nV/cts  118.62 nV/cts  118.59 nV/cts  118.61 nV/cts 
20 sps  29.6954 nV/cts  29.6842 nV/cts  29.6962 nV/cts  118.62 nV/cts  118.59 nV/cts  118.62 nV/cts 
40 sps  29.6963 nV/cts  29.6851 nV/cts  29.6972 nV/cts  118.63 nV/cts  118.59 nV/cts  118.62 nV/cts 

100 sps  29.6925 nV/cts  29.6812 nV/cts  29.6933 nV/cts  118.61 nV/cts  118.58 nV/cts  118.61 nV/cts 
200 sps  29.6929 nV/cts  29.6817 nV/cts  29.6938 nV/cts  118.61 nV/cts  118.58 nV/cts  118.61 nV/cts 
 
Across the selected sample rates, bit weights varied little; from as low as 0.33% to 0.40% of the 
nominal bit weights. 
 
Over all, across selected sample rates and temperatures, bit weights remained relatively stable, 
and varying no more than 0.40% from nominal. 
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3.4 AC Accuracy 
The AC Accuracy test is used to measure the bitweight of a digitizer channel by recording a 
known AC signal at a reference voltage from a precision voltage source. 
 
3.4.1 Measurand 
 
The quantity being measured is the digitizer input channels bitweight in volts/count and DC 
offset in volts. 
 
3.4.2 Configuration 
 
The digitizer is connected to an AC signal source and a meter configured to measure voltage as 
shown in the diagram below. 

 
Figure 17 AC Accuracy Configuration Diagram 

 

 
Figure 18 AC Accuracy Configuration Picture 

 
Table 11 AC Accuracy Testbed Equipment 

 Manufacturer / Model Serial Number Nominal 
Configuration 

DC Signal Source - Bunker Stanford Research Systems DS360 123672 +1V / - 1 V 
Voltage Meter - Bunker Agilent 3458A MY45048372 1 V full scale 
DC Signal Source - SB1 Stanford Research Systems DS360 123669 +1V / - 1 V 
Voltage Meter - SB1 Agilent 3458A 2823A10915 1 V full scale 
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The AC Signal Source is configured to generate an AC voltage with an amplitude of 
approximately 10% of the digitizer input channel’s full scale and a frequency equal to the 
calibration frequency of 1 Hz.  One minute of data is recorded. 
 
The meter and the digitizer channel record the described AC voltage signal simultaneously.  The 
recording made on the meter is used as the reference for comparison against the digitizer 
channel.  The meter is configured to record at 100 sps, which is a minimum of 100 times the 
frequency of the signal of interest in order to reduce the Agilent 3458A Meter’s response roll-off 
at 1 Hz to less than 0.01 %. 
 
The meter used to measure the voltage time series has an active calibration from the Primary 
Standard Laboratory at Sandia. 
 
3.4.3 Analysis  
 
A minimum of a 10 cycles, or 10 seconds at 1 Hz, of data is defined on the data for the recorded 
signal segment. 
 
A four parameter sine fit (Merchant, 2011; IEEE-STD1281) is applied to the time segment from 
the reference meter in Volts and the digitizer channel in Counts in order to determine the 
sinusoid’s amplitude, frequency, phase, and DC offset: 
 

𝑉F5G sin 2	𝑝𝑖	𝑓F5G	𝑡 +	𝜃F5G + 𝑉LM 
 

𝐶N5O4 sin 2	𝑝𝑖	𝑓N5O4	𝑡 + 𝜃N5O4	 + 𝐶LM 
 
The digitizer bit weight in Volts / count is computed: 
 

𝐵𝑖𝑡𝑤𝑒𝑖𝑔ℎ𝑡 = 	
𝑉F5G
𝐶N5O4

 

3.4.4 Result 
 
The figure below shows a representative waveform time series for the recording made on the 
reference meter and a digitizer channel under test.  The window regions bounded by the red lines 
indicate the segment of data used for analysis. 
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Figure 19 AC Accuracy Time Series 

 
The following table contains the computed bit weights for each of the channels, sample rates, 
and gain levels. 
 
 

Table 12 AC Accuracy Bitweight, Both Q330HRs at 23° C 

DWR 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

6162  29.7393 nV/cts  29.7313 nV/cts  29.7241 nV/cts  118.77 nV/cts  118.76 nV/cts  118.79 nV/cts 
6164  29.7228 nV/cts  29.7393 nV/cts  29.7237 nV/cts  118.73 nV/cts  118.81 nV/cts  118.72 nV/cts 

 
Table 13 AC Accuracy Bitweight, Q330HR 6164, at Select Temperatures 

Temp. 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

60° C  29.7342 nV/cts  29.7241 nV/cts  29.7365 nV/cts  118.80 nV/cts  118.76 nV/cts  118.80 nV/cts 
20° C  29.6693 nV/cts  29.6581 nV/cts  29.6701 nV/cts  118.52 nV/cts  118.49 nV/cts  118.51 nV/cts 
-10° C  29.7163 nV/cts  29.7312 nV/cts  29.7147 nV/cts  118.68 nV/cts  118.77 nV/cts  118.78 nV/cts 
-20° C  29.7211 nV/cts  29.7071 nV/cts  29.7185 nV/cts  118.70 nV/cts  118.67 nV/cts  118.68 nV/cts 

 
Table 14 AC Accuracy Bitweight, Q330HR 6164, at Select Sample Rates, 20° C 

Sample 
Rate 

00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

10 sps  29.4772 nV/cts  29.4660 nV/cts  29.4780 nV/cts  117.75 nV/cts  117.72 nV/cts  117.75 nV/cts 
20 sps  29.5006 nV/cts  29.4894 nV/cts  29.5014 nV/cts  117.85 nV/cts  117.81 nV/cts  117.84 nV/cts 
40 sps  29.5074 nV/cts  29.4962 nV/cts  29.5082 nV/cts  117.87 nV/cts  117.84 nV/cts  117.87 nV/cts 

100 sps  29.6693 nV/cts  29.6581 nV/cts  29.6701 nV/cts  118.52 nV/cts  118.49 nV/cts  118.51 nV/cts 
200 sps  29.6884 nV/cts  29.6772 nV/cts  29.6893 nV/cts  118.60 nV/cts  118.56 nV/cts  118.59 nV/cts 
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AC Accuracy Test results varied more than with DC Accuracy Tests results; as little as 0.17% 
for the 100 sps 46° C test to as high as 1.12% at 10 sps sampling rate (perhaps due to 
undersampling the waveform). 
 
When reviewing the AC accuracy results averaged over the channels for each test, AC accuracy 
improves slightly as sample rate increases (oversampling improves characterization of the 
waveform) and also improves as temperature increases. 
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3.5 Input Shorted Offset 
The Input Shorted Offset test measures the amount of DC offset present on a digitizer by 
collecting waveform data from an input channel that has been shorted.  Thus, any signal present 
on the recorded waveform should be solely due to any internal offset of the digitizer.  
 
3.5.1 Measurand 
 
The quantity being measured is the digitizer input channels DC offset in volts. 
 
3.5.2 Configuration 
 
The digitizer input channel is connected to a shorting resistor as shown in the diagram below. 

 
Figure 20 Input Shorted Offset Configuration Diagram 

 

 
Figure 21 Input Shorted Offset Configuration Picture 

 
Table 15 Input Shorted Offset Testbed Equipment 

Digitizer Resistor load 
Quanterra Q330HR 300 Ohm (2x150 Ohm)  

 
Approximately 7 hours of data are recorded for tests of all units at 23° C, while at select 
temperatures 1 hour of data is recorded. 
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3.5.3 Analysis  
 
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data: 
 

𝑥 𝑛 , 0 ≤ 𝑛 ≤ 𝑁 − 1 
 
The mean value, in volts, is evaluated: 
 

𝑂𝑓𝑓𝑠𝑒𝑡 = 	
1
𝑁 𝑥 𝑛

TU)

(V"

 

3.5.4 Result 
 
The figure below shows a representative waveform time series for the recording made on a 
digitizer channel under test.  The window regions bounded by the red lines indicate the segment 
of data used for analysis. 
 

 
Figure 22 Input Shorted Offset Time Series 

 
The following table contains the computed DC offsets in volts for each of the channels and 
sample rates. 
 

Table 16 Input Shorted Offset, Both Q330HRs, 23° C 

DWR 00EHE 
(Channel 3) 

00EHN 
(Channel 2) 

00EHZ 
(Channel 1) 

10EHE 
(Channel 6) 

10EHN 
(Channel 5) 

10EHZ 
(Channel 4) 

6162 7.111 uV 4.514 uV 7.284 uV 2.749 uV 2.103 uV 5.597 uV 
6164 4.997 uV 3.609 uV 4.552 uV 3.178 uV 4.683 uV 3.383 uV 

 
Table 17 Input Shorted Offset, Q330HR 6164, at Select Temperatures 

Temp. 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

46° C -6.560 uV -8.704 uV -3.681 uV -4.561 uV -5.806 uV -4.527 uV 
20° C 5.831 uV 5.245 uV 5.443 uV 4.766 uV 5.453 uV 4.578 uV 
-10° C 38.10 uV 39.69 uV 39.25 uV 42.1 uV 18.07 uV 34.94 uV 
-20° C -2.633 uV -2.735 uV -1.238 uV -3.059 uV 6.431 uV -4.978 uV 
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Over varying temperatures the input shorted offset appears to be at a maximum voltage at -10° 
C; on either side of -10° C the terminated voltage drops.  The maximum differential over the 
temperatures at which tests were conducted is 46. uV, observed on channel 6. 
 

Table 18 Input Shorted Offset Q330HR 6164 at Select Sample Rates, 20° C 
Sample 

Rate 
00HHE 

(Channel 3) 
00HHN 

(Channel 2) 
00HHZ 

(Channel 1) 
10HHE 

(Channel 6) 
10HHN 

(Channel 5) 
10HHZ 

(Channel 4) 
5 sps 5.829 uV 5.243 uV 5.440 uV 4.762 uV 5.452 uV 4.576 uV 

20 sps 5.829 uV 5.243 uV 5.440 uV 4.763 uV 5.451 uV 4.576 uV 
40 sps 5.829 uV 5.243 uV 5.440 uV 4.763 uV 5.451 uV 4.575 uV 

100 sps 5.831 uV 5.245 uV 5.443 uV 4.766 uV 5.453 uV 4.578 uV 
200 sps 5.831 uV 5.245 uV 5.442 uV 4.766 uV 5.453 uV 4.578 uV 

 
Not surprisingly, input shorted offsets did not vary appreciably over the selected sample rates. 
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3.6 AC Full Scale 
The AC Full Scale test is used to validate the nominal full scale of a digitizer channel by 
recording a known AC signal with a voltage equal to the manufacturer’s nominal full scale. 
 
3.6.1 Measurand 
 
The quantity being measured is the digitizer input channels full scale in volts. 
 
3.6.2 Configuration 
 
The digitizer is connected to a AC signal source and a meter configured to measure voltage as 
shown in the diagram below. 

 
Figure 23 AC Full Scale Configuration Diagram 

 

 
Figure 24 AC Full Scale Configuration Picture 

 
Table 19 AC Full Scale Testbed Equipment 

 Manufacturer / Model Serial Number Nominal 
Configuration 

DC Signal Source Bunker Stanford Research Systems DS360 123672 +1V / - 1 V 
Voltage Meter Bunker Agilent 3458A MY45048372 1 V full scale 
DC Signal Source SB1 Stanford Research Systems DS360 123669 +1V / - 1 V 
Voltage Meter SB1 Agilent 3458A 2823A10915 1 V full scale 

 
The AC Signal Source is configured to generate an AC voltage with an amplitude equal to the 
digitizer input channel’s full scale and a frequency equal to the calibration frequency of 1 Hz.  
One minute of data is recorded. 
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The meter and the digitizer channel record the described AC voltage signal simultaneously.  The 
recording made on the meter is used as the reference for comparison against the digitizer 
channel.  The meter is configured to record at 100 sps, which is a minimum of 100 times the 
frequency of the signal of interest in order to reduce the Agilent 3458A Meter’s response roll-off 
at 1 Hz to less than 0.01 %. 
 
The meter used to measure the voltage time series has an active calibration from the Primary 
Standard Laboratory at Sandia. 
 
3.6.3 Analysis  
 
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data: 
 

𝑥 𝑛 , 0 ≤ 𝑛 ≤ 𝑁 − 1 
 
A short window is defined on the data around one of peak of the positive and negative peaks.  
The value within each positive and negative window is recorded. 
 
The time series data is compared against the reference to verify that there is no visible limiting of 
the values near the full scale.   
 
3.6.4 Result 
 
The figure below shows a representative waveform time series for the recording made on the 
reference meter and a digitizer channel under test.  The window regions bounded by the red and 
green lines indicate the segment of data used to evaluate the positive and negative regions of 
data, respectively. 
 

 
Figure 25 AC Full Scale Time Series, Q330HR 6164 

 
The following tables contain the computed positive peak, negative peak, and peak-to-peak 
voltages ranges for each of the channels and sample rates. 
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Table 20 AC Full Scale Positive Peak 

DWR Temperature/ 
Sample Rate 

00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

6162 23° C, 100 sps 0.9939 V 0.9939 V 0.9939 V 0.9939 V 0.9939 V 0.9939 V 
6164 23° C, 100 sps 0.9939 V 0.9939 V 0.9939 V 0.9939 V 0.9939 V 0.9939 V 
6164 46° C, 100 sps 0.9948 V 0.9957 V 0.9948 V 0.9946 V 0.9956 V 0.9946 V 
6164 20° C, 10 sps 0.9624 V 0.9632 V 0.9624 V 0.9623 V 0.9632 V 0.9623 V 
6164 20° C, 20 sps 1.0017 V 1.0026 V 1.0017 V 1.0017 V 1.0026 V 1.0016 V 
6164 20° C, 40 sps 1.0015 V 1.0024 V 1.0015 V 1.0014 V 1.0024 V 1.0014 V 
6164 20° C, 100 sps 0.9947 V 0.9956 V 0.9947 V 0.9947 V 0.9956 V 0.9946 V 
6164 20° C, 200 sps 0.9942 V 0.9951 V 0.9942 V 0.9941 V 0.9950 V 0.9942 V 
6164 -10° C, 100 sps 0.9955 V 0.9955 V 0.9956 V 0.9956 V 0.9956 V 0.9947 V 
6164 -20° C, 100 sps 0.9955 V 0.9965 V 0.9956 V 0.9957 V 0.9967 V 0.9958 V 

 
Table 21 AC Full Scale Negative Peak 

DWR Temperature/ 
Sample Rate 

00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

6162 23° C, 100 sps -0.9947 V -0.9956 V -0.9956 V -0.9956 V -0.9956 V -0.9956 V 
6164 23° C, 100 sps -0.9956 V -0.9956 V -0.9956 V -0.9956 V -0.9956 V -0.9956 V 
6164 46° C, 100 sps -0.9967 V -0.9976 V -0.9955 V -0.9965 V -0.9975 V -0.9964 V 
6164 20° C, 10 sps -0.9663 V -0.9672 V -0.9663 V -0.9663 V -0.9672 V -0.9663 V 
6164 20° C, 20 sps -1.0034 V -1.0044 V -1.0034 V -1.0034 V -1.0043 V -1.0033 V 
6164 20° C, 40 sps -1.0032 V -1.0041 V -1.0032 V -1.0032 V -1.0041 V -1.0031 V 
6164 20° C, 100 sps -0.9962 V -0.9978 V -0.9962 V -0.9961 V -0.9977 V -0.9961 V 
6164 20° C, 200 sps -0.9962 V -0.9972 V -0.9962 V -0.9962 V -0.9970 V -0.9961 V 
6164 -10° C, 100 sps -0.9969 V -0.9968 V -0.9970 V -0.9970 V -0.9970 V -0.9961 V 
6164 -20° C, 100 sps -0.9970 V -0.9980 V -0.9971 V -0.9965 V -0.9974 V -0.9966 V 
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Table 22 AC Full Scale Peak-to-Peak 

DWR Temperature/ 
Sample Rate 

00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

6162 23° C, 100 sps 1.9895 V 1.9895 V 1.9895 V 1.9895 V 1.9895 V 1.9896 V 
6164 23° C, 100 sps 1.9895 V 1.9895 V 1.9895 V 1.9895 V 1.9896 V 1.9895 V 
6164 46° C, 100 sps 1.9915 V 1.9933 V 1.9903 V 1.9911 V 1.9931 V 1.9910 V 
6164 20° C, 10 sps 1.9287 V 1.9305 V 1.9287 V 1.9286 V 1.9304 V 1.9285 V 
6164 20° C, 20 sps 2.0051 V 2.0070 V 2.0052 V 2.0050 V 2.0069 V 2.0050 V 
6164 20° C, 40 sps 2.0047 V 2.0066 V 2.0047 V 2.0046 V 2.0065 V 2.0045 V 
6164 20° C, 100 sps 1.9909 V 1.9934 V 1.9909 V 1.9908 V 1.9933 V 1.9907 V 
6164 20° C, 200 sps 1.9904 V 1.9922 V 1.9904 V 1.9903 V 1.9920 V 1.9903 V 
6164 -10° C, 100 sps 1.9924 V 1.9924 V 1.9925 V 1.9927 V 1.9926 V 1.9909 V 
6164 -20° C, 100 sps 1.9925 V 1.9945 V 1.9927 V 1.9922 V 1.9940 V 1.9923 V 

 
For all sample rates and temperatures, the digitizer channels were able to fully resolve the 
sinusoid with a peak-to-peak amplitude at or near the channels claimed full scale value without 
any signs of flattening that would indicate that clipping is occurring.  
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3.7 Self-Noise 
The Self-Noise test measures the amount of noise present on a digitizer by collecting waveform 
data from an input channel that has been terminated with a resistor whose impedance matches 
the nominal impedance of a chosen sensor at 1 Hz.  Thus, any signal present on the recorded 
waveform should be solely due to any internal noise of the digitizer.  
 
3.7.1 Measurand 
 
The quantity being measured is the digitizer input channels self-noise power spectral density in 
dB relative to 1 V2/Hz versus frequency and the total noise in Volts RMS over an application 
pass-band. 
 
3.7.2 Configuration 
 
The digitizer input channel is connected to a shorting resistor as shown in the diagram below.  

 
Figure 26 Self Noise Configuration Diagram 

 

 
Figure 27 Self Noise Configuration Picture 

 
Table 23 Self Noise Testbed Equipment 

 Impedance 
Resistor 440 ohm (2 x 220 Ohm) 

 
24 hours of data are generally utilized for this test. 
  

 _ 
  

Digitizer 
Channel 

+ 
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3.7.3 Analysis  
 
The measured bitweights at 1 Hz, from section 3.4, AC Accuracy, appropriate to the gain setting 
utilized, are applied to the collected data: 
 

𝑥 𝑛 , 0 ≤ 𝑛 ≤ 𝑁 − 1 
 
The PSD is computed from the time series (Merchant, 2011) from the time series using a 32K-
sample Hann window.  The window length and data duration were chosen such that there were 
several points below the lower limit of the lower evaluation pass-band of 0.02 Hz and the 90% 
confidence interval to be approximately 0.5 dB.  The resulting 90% confidence intervals 
determined for the analysis is as follows: 0.43 dB for data logger comparisons at 23° C (24 hour 
window), less than 0.48 dB for the sample rate comparisons (12-24 hours duration). 
 

𝑃WW 𝑘 , 0 ≤ 𝑘 ≤ 𝑁 − 1 
 
Over frequencies (in Hertz): 
 

𝑓 𝑘 , 0 ≤ 𝑘 ≤ 𝑁 − 1 
 
In addition, the total RMS noise over the application pass-bands of 0.02 Hz to 16 Hz, 0.02 Hz to 
1 Hz and 0.5 Hz to 16 Hz are computed: 
 

𝑟𝑚𝑠 = 	
1
𝑇4𝐿

𝑃𝑥𝑥 𝑘
N

]V(

					 

 
where	𝑓 𝑛 	and	𝑓 𝑚 	are	the	pass − band	limits 
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3.7.4 Result 
 
The figures below show the waveform time series and power spectra for the recording made on a 
digitizer channel under test.  The window regions bounded by the red lines indicate the segment 
of data used for analysis. 
 

 

 
Figure 28 Self Noise Time Series Example, Q330HR 6164, 00 EHN (channel 2) 

 
Plots of power spectra and tables of RMS noise levels are organized as follows:  

• each datalogger recording at 100 sps at a temperature of 23° C, 24 hour data window. 
• SN 6164 at varying sample rates (10, 20, 40, 100 and 200) while exposed to  

20° C, recording for 12 hours. 
• SN6164 recording at 100 sps, while exposed at temperatures of 46° C, 20° C, -10° C and 

-20° C, recording for 12 - 24 hours. 
 
Recall the Q330HR units tested have 26-bit digitization on channels 1 through 3 and 24-bit 
digitization on channels 4-6. 
 

 
Figure 29 Self Noise Power Spectra Q330HR 6162, Channels 1 - 3, 100 sps, 23° C 
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Figure 30 Self Noise Power Spectra Q330HR 6162, Channels 4 - 6, 100 sps, 23° C 

 

 
Figure 31 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, 100 sps, 23° C 

 

 
Figure 32 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, 100 sps, 23° C 
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A visual inter-comparison of the noise spectra of the dataloggers does not show any strong 
correlation with respect to elevated noise on any specific channel.  The lower frequency peaks in 
the spectra are not consistent across groups of channels, however the peaks near 20 Hz appear in 
both groups of channels (1-3 and 4-6), though not consistently on 1 and 4, or 2 and 5, or 3 and 6. 
 
The following tables contains the computed RMS noise levels in both volts and counts for each 
of the evaluated sample rates.  Frequency pass-bands consistent with the requirements for 
seismic applications were selected. 
 

Table 24 Self Noise RMS over 0.02 Hz – 1 Hz at 23° C, both Q330HRs 
DWR 00HHE 

(Channel 3) 
00HHN 

(Channel 2) 
00HHZ 

(Channel 1) 
10HHE 

(Channel 6) 
10HHN 

(Channel 5) 
10HHZ 

(Channel 4) 

6162  22.24 nV rms  23.48 nV rms  23.14 nV rms  23.15 nV rms  23.92 nV rms  22.65 nV rms 
0.75 cts rms 0.79 cts rms 0.78 cts rms 0.19 cts rms 0.20 cts rms 0.19 cts rms 

6164  23.28 nV rms  23.36 nV rms  22.74 nV rms  23.02 nV rms  24.19 nV rms  24.14 nV rms 
0.78 cts rms 2.00 cts rms 1.89 cts rms 0.19 cts rms 0.20 cts rms 0.20 cts rms 

 
Table 25 Self Noise RMS over 0.5 Hz – 16 Hz at 23° C, both Q330HRs 

DWR 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

6162  55.24 nV rms  55.02 nV rms  55.56 nV rms  58.34 nV rms  58.56 nV rms  58.52 nV rms 
1.86 cts rms 1.85 cts rms 1.87 cts rms 0.49 cts rms 0.49 cts rms 0.49 cts rms 

6164  56.21 nV rms  56.19 nV rms  55.91 nV rms  59.04 nV rms  58.63 nV rms  58.93 nV rms 
0.77 cts rms 1.99 cts rms 1.88 cts rms 0.50 cts rms 0.49 cts rms 0.50 cts rms 

  
Table 26 Self Noise RMS over 0.02 Hz – 16 Hz at 23° C, both Q330HRs 

DWR 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

6162 
 58.33 nV rms  58.61 nV rms  58.87 nV rms  61.44 nV rms  61.91 nV rms  61.47 nV rms 
1.96 cts rms 1.97 cts rms 1.98 cts rms 0.52 cts rms 0.52 cts rms 0.52 cts rms 

6164  59.59 nV rms  59.60 nV rms  59.15 nV rms  62.13 nV rms  62.14 nV rms  62.29 nV rms 
0.79 cts rms 2.00 cts rms 1.89 cts rms 0.52 cts rms 0.52 cts rms 0.52 cts rms 

 
A review of the RMS noise values measured at 23° C shows little correlation of self noise (high 
or low) consistent across dataloggers.  In all instances observed noise was below 62.29 nV rms.  
Across the low passband noise values varied from 22.24 nV rms to 24.19 nV rms; across the 
high passband from 55.02 nV rms to 59.04 nV rms; and across the broad passband 58.33 nV rms 
to 62.29 nV rms. 
 
Self noise spectra plots and tables, containing the computed RMS noise levels in both volts and 
counts, follow for each of the evaluated temperatures.  Passbands consistent with the 
requirements for seismic applications were selected. 
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Figure 33 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, 46° C 

 

 
Figure 34 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, 46° C 

 

 
Figure 35 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, -10° C 
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Figure 36 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, -10° C 

 
 

 
Figure 37 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, -20° C 

 

 
Figure 38 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, -20° C 
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Table 27 Self Noise RMS, Q330HR 6164, 0.02 Hz–1.0 Hz, at Select Temperatures 

Temperature 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

46° C  25.53 nV rms  24.96 nV rms  24.40 nV rms  24.81 nV rms  26.31 nV rms  25.56 nV rms 
0.86 cts rms 0.84 cts rms 0.82 cts rms 0.21 cts rms 0.22 cts rms 0.22 cts rms 

20° C  22.46 nV rms  23.01 nV rms  22.67 nV rms  23.72 nV rms  23.72 nV rms  24.86 nV rms 
0.76 cts rms 0.77 cts rms 0.76 cts rms 0.20 cts rms 0.20 cts rms 0.21 cts rms 

-10° C  20.28 nV rms  21.93 nV rms  24.97 nV rms  22.68 nV rms  21.85 nV rms  22.79 nV rms 
0.68 cts rms 0.74 cts rms 0.84 cts rms 0.19 cts rms 0.18 cts rms 0.19 cts rms 

-20° C  19.81 nV rms  21.28 nV rms  28.66 nV rms  22.10 nV rms  21.52 nV rms  21.97 nV rms 
0.67 cts rms 0.72 cts rms 0.96 cts rms 0.19 cts rms 0.18 cts rms 0.19 cts rms 

 
Table 28 Self Noise RMS, Q330HR 6164, 0.5 Hz – 16 Hz, at Select Temperatures 

Temperature 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

46° C  59.21 nV rms  58.90 nV rms  58.46 nV rms  61.35 nV rms  61.41 nV rms  61.39 nV rms 
1.99 cts rms 1.98 cts rms 1.97 cts rms 0.52 cts rms 0.52 cts rms 0.52 cts rms 

20° C  58.07 nV rms  58.46 nV rms  58.29 nV rms  58.40 nV rms  58.40 nV rms  58.92 nV rms 
1.95 cts rms 1.97 cts rms 1.96 cts rms 0.49 cts rms 0.49 cts rms 0.50 cts rms 

-10° C  52.46 nV rms  52.97 nV rms  55.50 nV rms  56.10 nV rms  55.62 nV rms  55.74 nV rms 
1.77 cts rms 1.78 cts rms 1.87 cts rms 0.47 cts rms 0.47 cts rms 0.47 cts rms 

-20° C  51.56 nV rms  52.00 nV rms  54.63 nV rms  55.26 nV rms  54.60 nV rms  54.58 nV rms 
1.73 cts rms 1.75 cts rms 1.84 cts rms 0.47 cts rms 0.46 cts rms 0.46 cts rms 

 
Table 29 Self Noise RMS, Q330HR 6164, 0.02 Hz – 16 Hz, at Select Temperatures 

 
 

Noise levels generally appear to be a minimum at -20° C; at the lower temperature ranges, 
especially at -20° C, there is a broader spread of computed noise levels.  The computed self noise 
in the low passband for channel 1 (00EHZ) is 23% greater than channel 3 (00 EHE) at -10° C 
and 45% greater at -20° C.  Note in Figure 46 and  Figure 48 channel 1 (00 EHZ) has an increase 
in self noise relative to the other channels. 
 
Next are the power spectra of the data collected at varying sample rates, from high to low 
sample, for SN 6164. 

Temperature 00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

46° C 
 63.15 nV rms  62.64 nV rms  62.08 nV rms  64.86 nV rms  65.43 nV rms  65.05 nV rms 
2.12 cts rms 2.11 cts rms 2.09 cts rms 0.55 cts rms 0.55 cts rms 0.55 cts rms 

20° C  58.79 nV rms  59.18 nV rms  59.08 nV rms  61.62 nV rms  61.62 nV rms  62.14 nV rms 
1.98 cts rms 1.99 cts rms 1.99 cts rms 0.52 cts rms 0.52 cts rms 0.52 cts rms 

-10° C  55.10 nV rms  56.11 nV rms  59.09 nV rms  59.32 nV rms  58.37 nV rms  58.55 nV rms 
1.85 cts rms 1.89 cts rms 1.99 cts rms 0.50 cts rms 0.49 cts rms 0.49 cts rms 

-20° C  54.10 nV rms  54.99 nV rms  59.62 nV rms  58.34 nV rms  57.36 nV rms  57.24 nV rms 
1.82 cts rms 1.85 cts rms 2.01 cts rms 0.49 cts rms 0.48 cts rms 0.48 cts rms 
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Figure 39 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, 200 sps, 20° C 

 

 
Figure 40 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, 200 sps, 20° C 

 

 
Figure 41 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, 100 sps, 20° C  
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Figure 42 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, 100 sps, 20° C 

 

 
Figure 43 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, 40 sps, 20° C 

 

 
Figure 44 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, 40 sps, 20° C 
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Figure 45 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, 20 sps, 20° C 

 

 
Figure 46 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, 20 sps, 20° C 

 

 
Figure 47 Self Noise Power Spectra Q330HR 6164, Channels 1 - 3, 10 sps, 20° C 
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Figure 48 Self Noise Power Spectra Q330HR 6164, Channels 4 - 6, 10 sps, 20° C 

 
Notice the spike in the at 60 Hz in Figure 39.  Possible 60 Hz noise sources are numerous, 
including the 220 V AC powered environmental chamber in which all 20° C tests occurred.  As 
was observed with the spectra computed for the 23° C test the lower frequency peaks in the 
spectra are not consistent across groups of channels, however the peaks near 20 Hz appear both 
groups of channels (1-3 and 4-6), though not consistently on 1 and 4 or 2 and 5 or 3 and 6. 
 

Table 30 Self Noise RMS, Q330HR 6164, 0.02 Hz – 1 Hz, at Select Sample Rates 
Sample 

Rate 
00HHE 

(Channel 3) 
00HHN 

(Channel 2) 
00HHZ 

(Channel 1) 
10HHE 

(Channel 6) 
10HHN 

(Channel 5) 
10HHZ 

(Channel 4) 

10  sps  22.75 nV rms  23.30 nV rms  22.90 nV rms  26.35 nV rms  26.99 nV rms  31.27 nV rms 
0.77 cts rms 0.78 cts rms 0.77 cts rms 0.22 cts rms 0.23 cts rms 0.26 cts rms 

20 sps  22.54 nV rms  23.09 nV rms  22.72 nV rms  25.11 nV rms  25.28 nV rms  27.36 nV rms 
0.76 cts rms 0.78 cts rms 0.76 cts rms 0.21 cts rms 0.21 cts rms 0.23 cts rms 

40 sps  22.46 nV rms  23.01 nV rms  22.61 nV rms  24.39 nV rms  24.37 nV rms  25.56 nV rms 
0.76 cts rms 0.77 cts rms 0.76 cts rms 0.21 cts rms 0.21 cts rms 0.22 cts rms 

100 sps  22.46 nV rms  23.01 nV rms  22.67 nV rms  23.72 nV rms  23.72 nV rms  24.86 nV rms 
0.76 cts rms 0.77 cts rms 0.76 cts rms 0.20 cts rms 0.20 cts rms 0.21 cts rms 

200 sps  22.43 nV rms  23.00 nV rms  22.63 nV rms  23.65 nV rms  23.43 nV rms  24.68 nV rms 
0.75 cts rms 0.77 cts rms 0.76 cts rms 0.20 cts rms 0.20 cts rms 0.21 cts rms 
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Table 31 Self Noise RMS, Q330HR 6164, 0.5 Hz – 16 Hz, at Select Sample Rates 
Sample 

Rate 
00HHE 

(Channel 3) 
00HHN 

(Channel 2) 
00HHZ 

(Channel 1) 
10HHE 

(Channel 6) 
10HHN 

(Channel 5) 
10HHZ 

(Channel 4) 

10  sps  34.97 nV rms  35.43 nV rms  35.02 nV rms  40.98 nV rms  41.69 nV rms  46.79 nV rms 
1.18 cts rms 1.19 cts rms 1.18 cts rms 0.35 cts rms 0.35 cts rms 0.39 cts rms 

20 sps  42.17 nV rms  42.41 nV rms  42.37 nV rms  52.22 nV rms  52.33 nV rms  54.74 nV rms 
1.42 cts rms 1.43 cts rms 1.43 cts rms 0.44 cts rms 0.44 cts rms 0.46 cts rms 

40 sps  58.37 nV rms  58.74 nV rms  58.58 nV rms  63.17 nV rms  62.77 nV rms  63.54 nV rms 
1.96 cts rms 1.98 cts rms 1.97 cts rms 0.53 cts rms 0.53 cts rms 0.54 cts rms 

100 sps  58.07 nV rms  58.46 nV rms  58.29 nV rms  58.40 nV rms  58.40 nV rms  58.92 nV rms 
1.95 cts rms 1.97 cts rms 1.96 cts rms 0.49 cts rms 0.49 cts rms 0.50 cts rms 

200 sps  57.92 nV rms  58.32 nV rms  58.13 nV rms  60.13 nV rms  59.08 nV rms  59.91 nV rms 
1.95 cts rms 1.96 cts rms 1.96 cts rms 0.51 cts rms 0.50 cts rms 0.50 cts rms 

 
Table 32 Self Noise RMS, Q330HR 6164, 0.02 Hz – 16 Hz, at Select Sample Rates 

Sample 
Rate 

00HHE 
(Channel 3) 

00HHN 
(Channel 2) 

00HHZ 
(Channel 1) 

10HHE 
(Channel 6) 

10HHN 
(Channel 5) 

10HHZ 
(Channel 4) 

10  sps  36.09 nV rms  36.56 nV rms  36.23 nV rms  46.25 nV rms  46.94 nV rms  52.66 nV rms 
1.21 cts rms 1.23 cts rms 1.22 cts rms 0.39 cts rms 0.40 cts rms 0.44 cts rms 

20 sps  46.22 nV rms  46.68 nV rms  46.51 nV rms  56.24 nV rms  56.21 nV rms  58.77 nV rms 
1.55 cts rms 1.57 cts rms 1.56 cts rms 0.47 cts rms 0.47 cts rms 0.50 cts rms 

40 sps  59.04 nV rms  59.43 nV rms  59.31 nV rms  66.43 nV rms  65.88 nV rms  66.65 nV rms 
1.99 cts rms 2.00 cts rms 2.00 cts rms 0.56 cts rms 0.55 cts rms 0.58 cts rms 

100 sps  58.79 nV rms  59.18 nV rms  59.08 nV rms  61.62 nV rms  61.62 nV rms  62.14 nV rms 
1.98 cts rms 1.99 cts rms 1.99 cts rms 0.52 cts rms 0.52 cts rms 0.52 cts rms 

200 sps  58.64 nV rms  59.05 nV rms  58.91 nV rms  60.87 nV rms  59.95 nV rms  60.68 nV rms 
1.97 cts rms 1.99 cts rms 1.98 cts rms 0.51 cts rms 0.50 cts rms 0.51 cts rms 

 
While computed noise varied across the sample rates within the individual passbands, rms noise 
values did not exceed the equivalent of 2 count rms, on the 26 bit channels, and 1 count rms, on 
the 24 bit channels.  RMS noise values varied no more than 5.33% across channels for any given 
sample rate. 
 
Over all temperatures and sample rates over which the Q330HR was evaluated, self noise did not 
exceed 3 counts and 1 counts, for the 26 bit and 24 bit channels, respectively.  



52 

3.8 Dynamic Range 
Dynamic Range is defined to be the ratio between the power of the largest and smallest signals 
that may be measured on the digitizer channel.  
 
3.8.1 Measurand 
 
The Dynamic Range is measured as dB of the ratio between the power in the largest and smallest 
signals.  The largest signal is defined to be a sinusoid with amplitude equal to the full scale input 
of the digitizer channel.  The smallest signal is defined to have power equal to the self-noise of 
the digitizer channel.  This definition of dynamic range is consistent with the definition of signal-
to-noise and distortion ratio (SINAD) for digitizers (IEEE Std 1241-2010 section 9.2). 
 
3.8.2 Configuration 
 
There is no test configuration for the dynamic range test.   
 
The full scale value used for the largest signal comes from the manufacturer’s nominal 
specifications, validated in section 3.6   
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AC Full Scale.  The value for the smallest signal comes from the evaluated digitizer channel self 
noise determined in section 3.7 Self-Noise. 
 
3.8.3 Analysis  
 
The dynamic range over a given pass-band is: 
 

𝐷𝑦𝑛𝑎𝑚𝑖𝑐	𝑅𝑎𝑛𝑔𝑒 = 	10 ∙ log)"
𝑠𝑖𝑔𝑛𝑎𝑙	𝑝𝑜𝑤𝑒𝑟
𝑛𝑜𝑖𝑠𝑒	𝑝𝑜𝑤𝑒𝑟

	 

Where 

𝑠𝑖𝑔𝑛𝑎𝑙	𝑝𝑜𝑤𝑒𝑟 = 𝑓𝑢𝑙𝑙𝑠𝑐𝑎𝑙𝑒 2
q
 

𝑛𝑜𝑖𝑠𝑒	𝑝𝑜𝑤𝑒𝑟 = 𝑅𝑀𝑆	𝑁𝑜𝑖𝑠𝑒 q	 
 

The application pass-band over which the noise is integrated should be selected to be consistent 
with the application pass-band. 
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3.8.4 Result 
 
The following tables contain the peak-to-peak full scales, noise levels, and dynamic ranges that 
were identified in the evaluations of over selected sample rates and temperatures. 
 

Table 33 Dynamic Range, 20x Gain, at 23°C, Both Q330HRs 
DWR Passband 00HHE 

(Channel 3) 
00HHN 

(Channel 2) 
00HHZ 

(Channel 1) 
10HHE 

(Channel 6) 
10HHN 

(Channel 5) 
10HHZ 

(Channel 4) 

6162 
20 mHz - 1 Hz 150.05 dB 149.58 dB 149.70 dB 149.70 dB 149.42 dB 149.89 dB 

20 mHz - 16 Hz 141.67 dB 141.63 dB 141.59 dB 141.22 dB 141.15 dB 141.22 dB 
0.5 Hz - 16 Hz 142.14 dB 142.18 dB 142.10 dB 141.67 dB 141.64 dB 141.64 dB 

6164 
20 mHz - 1 Hz 149.65 dB 149.62 dB 149.85 dB 149.75 dB 149.32 dB 149.33 dB 

20 mHz - 16 Hz 141.49 dB 141.48 dB 141.55 dB 141.12 dB 141.12 dB 141.10 dB 
0.5 Hz - 16 Hz 141.99 dB 142.00 dB 142.04 dB 141.57 dB 141.63 dB 141.58 dB 

  
The observed dynamic range values across all dataloggers, recording at a gain of 20x while 
exposed to 23° C, averaged across common resolution channels for the 26 bit channels were: 
149.74 dB, 142.08 dB and 141.57 dB for the low, high and broad passbands respectively; for the 
24 bit channel averages were 149.57 dB, 141.62 dB and 141.16 dB for the low, high and broad 
passbands respectively. 
 

Table 34 Dynamic Range Q330HR 6164, at Select Temperatures 

Temp Passband 00HHE 
Channel 3 

00HHN 
Channel 2 

00HHZ 
Channel 1 

10HHE 
Channel 6 

10HHN 
Channel 5 

10HHZ 
Channel 4 

46°C 
20 mHz - 1 Hz 148.85 dB 149.05 dB 149.24 dB 149.10 dB 148.59 dB 148.84 dB 

20 mHz - 16 Hz 140.98 dB 141.05 dB 141.13 dB 140.75 dB 140.67 dB 140.73 dB 
0.5 Hz - 16 Hz 141.54 dB 141.59 dB 141.65 dB 141.23 dB 141.23 dB 141.23 dB 

20°C 
20 mHz - 1 Hz 149.96 dB 149.75 dB 149.88 dB 149.49 dB 149.49 dB 149.08 dB 

20 mHz - 16 Hz 141.60 dB 141.55 dB 141.56 dB 141.19 dB 141.19 dB 141.12 dB 
0.5 Hz - 16 Hz 141.71 dB 141.65 dB 141.68 dB 141.66 dB 141.66 dB 141.59 dB 

-10°C 
20 mHz - 1 Hz 150.85 dB 150.17 dB 149.04 dB 149.88 dB 150.20 dB 149.83 dB 

20 mHz - 16 Hz 142.17 dB 142.01 dB 141.56 dB 141.53 dB 141.67 dB 141.64 dB 
0.5 Hz - 16 Hz 142.59 dB 142.51 dB 142.10 dB 142.01 dB 142.08 dB 142.07 dB 

-20°C 
20 mHz - 1 Hz 151.05 dB 150.43 dB 147.84 dB 150.10 dB 150.33 dB 150.15 dB 

20 mHz - 16 Hz 142.33 dB 142.18 dB 141.48 dB 141.67 dB 141.82 dB 141.84 dB 
0.5 Hz - 16 Hz 142.74 dB 142.67 dB 142.24 dB 142.14 dB 142.25 dB 142.25 dB 

 
Performance generally improves slightly as temperatures decrease, except for dynamic ranges 
observed on channel 1 (00 HHZ), where dynamic ranges computed over the low and broad pass 
bands decreased slightly below 20° C with a temperature drop. 
 
In the low passband, over all temperatures, while recording at a gain of 20x, each channel 
remained between 1.46% of the respective channel’s maximum dynamic range in the passband.  
Similarly, in the high passband, at all temperatures, each channel remained between 0.84% of the 
respective channel’s maximum dynamic range in the passband; and finally in the broad 
passband, each channel remained within 0.94% of the respective channel’s maximum dynamic 
range in the passband. 
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Table 35 Dynamic Range Q330HR 6164, at Select Sample Rates 

Rate Passband 
00HHE 

(Channel 
3) 

00HHN 
(Channel 

2) 

00HHZ 
(Channel 

1) 

10HHE 
(Channel 

6) 

10HHN 
(Channel 

5) 

10HHZ 
(Channel 

4) 

10 sps 
20 mHz - 1 Hz 149.85 dB 149.64 dB 149.79 dB 148.57 dB 148.36 dB 147.09 dB 

20 mHz - 16 Hz 145.84 dB 145.73 dB 145.81 dB 143.69 dB 143.56 dB 142.56 dB 
0.5 Hz - 16 Hz 146.12 dB 146.00 dB 146.10 dB 144.74 dB 144.59 dB 143.59 dB 

20 sps 
20 mHz - 1 Hz 149.93 dB 149.72 dB 149.86 dB 148.99 dB 148.93 dB 148.25 dB 

20 mHz - 16 Hz 143.69 dB 143.61 dB 143.64 dB 141.99 dB 141.99 dB 141.61 dB 
0.5 Hz - 16 Hz 144.49 dB 144.44 dB 144.45 dB 142.63 dB 142.61 dB 142.22 dB 

40 sps 
20 mHz - 1 Hz 149.96 dB 149.75 dB 149.90 dB 149.24 dB 149.25 dB 148.84 dB 

20 mHz - 16 Hz 141.57 dB 141.51 dB 141.53 dB 140.54 dB 140.61 dB 140.51 dB 
0.5 Hz - 16 Hz 141.67 dB 141.61 dB 141.63 dB 140.98 dB 141.03 dB 140.93 dB 

100 
sps 

20 mHz - 1 Hz 149.96 dB 149.75 dB 149.88 dB 149.49 dB 149.49 dB 149.08 dB 
20 mHz - 16 Hz 141.60 dB 141.55 dB 141.56 dB 141.19 dB 141.19 dB 141.12 dB 
0.5 Hz - 16 Hz 141.71 dB 141.65 dB 141.68 dB 141.66 dB 141.66 dB 141.59 dB 

200 
sps 

20 mHz - 1 Hz 149.97 dB 149.76 dB 149.89 dB 149.51 dB 149.60 dB 149.14 dB 
20 mHz - 16 Hz 141.63 dB 141.57 dB 141.59 dB 141.30 dB 141.43 dB 141.33 dB 
0.5 Hz - 16 Hz 141.73 dB 141.67 dB 141.70 dB 141.41 dB 141.56 dB 141.44 dB 

 
Over the sample rates at which dynamic ranges were evaluated, dynamic ranges remained 
relatively stable across channels.  For the 26 bit channels, dynamic range values were all within 
0.21% for the 0.02 – 1 Hz passband, 0.11% in the 0.5 – 16 Hz passband, and 0.08% in the 0.02 – 
16 Hz passband.  For the 24 bit channels, dynamic ranges values were all within 0.8% for the 
0.02 – 1 Hz passband, 1.0% in the 0.5 – 16 Hz passband, and 0.78% in the 0.02 – 16 Hz 
passband.  
 
Dynamic Ranges over all tested conditions and passbands varied from as low 141 dB to as much 
as 151 dB. 
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3.9 System Noise 
The System Noise test determines the amount of digitizer self-noise expressed in units of a 
sensor. 
  
3.9.1 Measurand 
 
The quantity being measured is the digitizer input channels self-noise power spectral density, 
corrected by a sensor’s response to some geophysical unit, in dB relative to 1 (m/s)2/Hz versus 
frequency. 
 
3.9.2 Configuration 
 
There is no test configuration for the dynamic range test.   
 
The time-series data and PSD are obtained from the evaluated digitizer channel self noise 
determined in section 3.7 Self-Noise. 
 
3.9.3 Analysis  
 
The time-series data and PSD computed in section 3.7 Self-Noise are corrected for a desired 
sensor’s amplitude response model.  The resulting PSD in the sensor’s geophysical unit is then 
compared against an application requirement or background noise model to determine whether 
the resulting system noise meets the requirement. 
 
3.9.4 Result 
 
The PSD of the system noise is shown in the plots below. Where available, reference sensor and 
background noise models are provided for comparison. 
 

 
Figure 49 Seismic System Noise Q330HR 6162, Channels 1 - 3, 23° C 
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Figure 50 Seismic System Noise Q330HR 6162, Channels 4 - 6, 23° C 

 

 
Figure 51 Seismic System Noise Q330HR 6162, Channels 1 - 3, 23° C 

 

 
Figure 52 Seismic System Noise Q330HR 6164, Channels 1 - 3, 23° C 
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Figure 53 Seismic System Noise Q330HR 6164, Channels 4 - 6, 60° C 

 

 
Figure 54 Seismic System Noise Q330HR 6164, Channels 1 - 3, 46° C 

 

 
Figure 55 Seismic System Noise Q330HR 6164, Channels 4 - 6, 46° C 
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Figure 56 Seismic System Noise Q330HR 6164, Channels 1 - 3, 20° C 

 
 

 
Figure 57 Seismic System Noise Q330HR 6164, Channels 4 - 6, 20° C 

 
 

 
Figure 58 Seismic System Noise Q330HR 6164, Channels 1 - 3, -10° C 
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Figure 59 Seismic System Noise Q330HR 6164, Channels 4 - 6, -10° C 

 

 
Figure 60 Seismic System Noise Q330HR 6164, Channels 1 - 3, -20° C 

 

 
Figure 61 Seismic System Noise Q330HR 6164, Channels 4 - 6, -20° C 
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Figure 62 Seismic System Noise Q330HR 6164, Channels 1 - 3, 10 sps 

 

 
Figure 63 Seismic System Noise Q330HR 6164, Channels 4 - 6, 10 sps 

 

 
Figure 64 Seismic System Noise Q330HR 6164, Channels 1 - 3, 20 sps 
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Figure 65 Seismic System Noise Q330HR 6164, Channels 4 - 6, 20 sps 

 

 
Figure 66 Seismic System Noise Q330HR 6164, Channels 1 - 3, 40 sps 

 

 
Figure 67 Seismic System Noise Q330HR 6164, Channels 4 - 6, 40 sps 
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Figure 68 Seismic System Noise Q330HR 6164, Channels 1 - 3, 200 sps 

 

 
Figure 69 Seismic System Noise Q330HR 6164, Channels 4 - 6, 200 sps 

 
In all instances, computed self noise remains well below the USGS Low Noise Model, for 
example, over 50.4 dB on both 26 bit and 24 bit channels at 0.1 Hz, and 18 dB (26 bit channels) 
and 16 Db (24 bit channels) at 10 Hz.  With respect to the self noise model of the Streckheisen 
STS-5A sensor, computed self noise is over 18 db lower on both 26 bit and 24 bit channels at 0.1 
Hz, and 13 dB (26 bit channels) and 11 dB (24 bit channels) lower 10 Hz.  The average 
computed system noise over all channels and digitizers at 23° C are -213.12 dB and -220.83 dB 
at 0.1 Hz and 10 Hz, respectively; for the 26 bit channels and -212.92 dB and -220.28 dB, at 0.1 
Hz and 10 Hz, respectively.   
 
Over temperature, channel-averaged system noise of Q330HR 6164 is at a minimum of -214.38 
dB at -20° C at 0.1 Hz and occurred on 24 bit channels. Over sample rates, channel averaged 
system noise of Q330HR 6164 improved slightly, reaching a minimum on the 26 bit channels of 
-220.26 dB at 40 sps.  At 10 sps, channel averaged system noise reached a minimum on the 26 
bit channels of -230.70 dB at 20 sps; this value is a bit of an anomaly as system noise levels 
remained generally around -220 dB. 
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3.10 Response Verification 
The Response Verification test measures the amplitude and phase response versus frequency that 
is present on the digitizer channels, relative to a reference channel. 
  
3.10.1 Measurand 
 
The quantity being measured is the unit-less relative amplitude and relative phase in degrees 
versus frequency for each digitizer channel relative to the first channel. 
  
3.10.2 Configuration 
 
Multiple digitizer channels are connected to a white noise signal source as shown in the diagram 
below. 

 
Figure 70 Response Verification Configuration Diagram 

 

 
Figure 71 Relative Transfer Function Configuration Picture 
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Table 36 Response Verification Testbed Equipment 
 Manufacturer / Model Serial Number Configuration 

White Noise Source Bunker Stanford Research Systems DS360 123672 +1V / - 1 V 
White Noise Source SB1 Stanford Research Systems DS360 123669 +1V / - 1 V 

 
The White Noise Source is configured to generate a band-width limited white noise voltage with 
an amplitude equal to approximately 10% of the digitizer input channel’s full scale.  One hour of 
data is recorded. 
 
3.10.3 Analysis  
 
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data: 
 

𝑥 𝑛 , 0 ≤ 𝑛 ≤ 𝑁 − 1 
 
The relative transfer function, both amplitude and phase, is computed between the two digitizer 
channels (Merchant, 2011) from the power spectral density: 
 

𝐻 𝑘 , 0 ≤ 𝑘 ≤ 𝑁 − 1 
 
 
3.10.4 Result 
 
The coherence and relative amplitude and phase response were computed between 00 HHZ 
(channel 1) and the five channels (6 channel datalogger) for all of the evaluated sample rate 
configurations utilizing a 7 hour window of data for the tests conducted at 23. 
 
The first group of plots shows coherence between channel 1 and the remaining channels for each 
datalogger under test.   
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Figure 72 White Noise Coherence Q330HR 6164, 23°C 

 

 
Figure 73 Relative Magnitude Q330HR 6164, 23°C 

 

 
Figure 74 Relative Phase Q330HR 6162, 23°C 
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Figure 75 White Noise Coherence Q330HR 6164, 23° C 

 
 

 
Figure 76 Relative Magnitude Q330HR 6164, 23°C 

 

 
Figure 77 Relative Phase Q330HR 6164, 23°C 
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The coherence was identically 1.0 across the pass-band; dataloggers show near zero relative 
magnitude, indicating that there were no differences in response between the digitizer channels 
of any individual datalogger.  Phase differences were very small, with some variation in the 
amount of the roll-off between channels.  This roll-off in phase may be attributed to slight 
differences in timing, which will be investigated further in the Relative Transfer Function 
section. 
 
The next group of plots shows relative magnitude and relative phase between channel 1 and 
channels 2 through 6 for datalogger 6164 at temperatures of 46° C, 20° C, -10° C and -20°C, 
utilizing a 1 hour window of data.  Coherence, from the lowest frequencies available while 
utilizing a 1 hour time window to that approaching the Nyquist, is essentially 1.0 gamma2; only 
coherence for a temperature of 46° C is shown below. 
 

 
Figure 78 Coherence Q330HR 6164, 46° C 
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Figure 79 Relative Magnitude and Phase Q330HR 6164, 46° C 

 

 

 
Figure 80 Relative Magnitude and Phase Q330HR 6164, 20° C 
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Figure 81 Relative Magnitude and Phase Q330HR 6164, -10° C 

 

 

 
Figure 82 Relative Magnitude and Phase Q330HR 6164, -20° C 
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At the evaluated temperatures, the relative amplitudes were effectively zero.  This indicates that 
there were no differences in response between the digitizer channels of any individual 
datalogger. Phase differences were very small, with a slight roll-off, varying little as temperature 
changed.  This roll-off in phase may be attributed to slight differences in timing, which will be 
investigated further in the Relative Transfer Function section. 
 
The following group of plots shows relative magnitude and relative phase between channel 1 and 
channels 2 through 6 for datalogger 6164 at sample rates of 10 sps, 20 sps, 40 sps, 100 sps and 
200 sps, utilizing a 1 hour window of data.  Coherence, from the lowest frequencies available 
while utilizing a 1 hour time window to that approaching the Nyquist, is essentially 1.0 gamma2, 
given this consistency plots of coherence are omitted. 
 

 
Figure 83 Relative Magnitude and Phase Q330HR 6164, 10 sps 
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Figure 84 Relative Magnitude and Phase Q330HR 6164, 20 sps 

 

 
Figure 85 Relative Magnitude and Phase Q330HR 6164, 40 sps 
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Figure 86 Relative Magnitude and Phase Q330HR 6164, 200 sps 

 
Similar to tests at 23° C or over a variety of temperatures, magnitude and phase varied little with 
changes in sample rate. As sample rate increases the slightest roll-off is evident; the maximum 
approaching 0.025 degrees as the frequency approaches the Nyquist in the 200 sps data stream. 
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3.11 Relative Transfer Function 
The Relative Transfer Function test measures the amount of channel-to-channel timing skew 
present on a digitizer.   
 
3.11.1 Measurand 
 
The quantity being measured is the timing skew in seconds between the digitizer input channels. 
 
3.11.2 Configuration 
 
Multiple digitizer channels are connected to a white noise signal source as shown in the diagram 
below. 

 
Figure 87 Relative Transfer Function Configuration Diagram 

 

 
Figure 88 Relative Transfer Function Configuration Picture 
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Table 37 Relative Transfer Function Testbed Equipment 
 Manufacturer / Model Serial Number Configuration 

White Noise Source - Bunker Stanford Research Systems DS360 123672 +1V / - 1 V 
White Noise Source - SB1 Stanford Research Systems DS360 123669 +1V / - 1 V 

 
The White Noise Source is configured to generate a band-width limited white noise voltage with 
an amplitude equal to approximately 10% of the digitizer input channel’s full scale.  At least one 
hour of data is recorded. 
 
3.11.3 Analysis  
 
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data: 
 

𝑥 𝑛 , 0 ≤ 𝑛 ≤ 𝑁 − 1 
 
The relative transfer function, both amplitude and phase, is computed between the two digitizer 
channels: 

𝐻 𝑘 , 0 ≤ 𝑘 ≤ 𝑁 − 1 
 
The tester defines a frequency range over which to measure the skew: 
 

𝑓 𝑘 , 0 ≤ 𝑘 ≤ 𝑁 − 1 
 
The amount of timing skew, in seconds, is computed by averaging the relative phase delay 
between the two channels over a frequency band from f[n] to f[m] over which the relative phase 
delay is observed to be linear:  

𝑠𝑘𝑒𝑤 =
1

𝑚 − 𝑛 + 1
∡(𝐻 𝑘 )
2𝜋	𝑓[𝑘]

N

]V(
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3.11.4 Result 
 
The phase delay versus frequency is shown for all of the evaluated sample rates and temperatures 
in the plots below.  To the extent that the delay is a constant time offset, the phase delay is 
observed to be linear with respect to frequency. 
 

 
Figure 89 Relative Transfer Function, Q330HR 6162 , 23°C 

 

 
Figure 90 Relative Transfer Function, Q330HR 6164 , 23°C 

 
Phase delays relative to channel 1 are linear with respect to frequency for both dataloggers.  Both 
both dataloggers, the north channels (2 and 5) exhibit the least phase delay and the vertical the 
most.  The constant channel-to-channel timing skew corresponding to these phase delays is 
shown in the tables below. 
 

Table 38 Relative Transfer Function Timing Skew 

DWR 00EHE  
(chan 3) 

00EHN  
(chan 2) 

10EHE  
(chan 6) 

10EHN  
(chan 5) 

10EHZ  
(chan 4) 

6162 -0.40 us 0.16 us 0.30 us 0.04 us 0.01 us 
6164 -0.22 us 0.00 us -0.24 us -0.06 us -0.37 us 
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All of the channels were observed to have a timing skew that was within half a microsecond of 
one another. 
 
The following plots show the relative transfer function for Q330HR 6164 across variations in 
temperature. 
 

 
Figure 91 Relative Transfer Function, Q330HR 6164, 46° C 

 

 
Figure 92 Relative Transfer Function, Q330HR 6164, 20° C 
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Figure 93 Relative Transfer Function, Q330HR 6164, -10° C 

 

  
Figure 94 Relative Transfer Function, Q330HR 6164, -20° C 

 
Table 39 Relative Transfer Function Timing Skew, Q330HR 6164 at Select Temperatures 

Temperature 00HHE 
(chan3) 

00HHN  
(chan 2) 

10HHE  
(chan 6) 

10HHN  
(chan 5) 

10HHZ  
(chan 4) 

60° C -0.17 us 0.01 us -0.24 us -0.06 us -0.37 us 
20° C -0.20 us -0.05 us -0.30 us -0.11 us -0.47 us 
-20° C -0.20 us -0.01 us -0.20 us -0.05 us -0.34 us 
-36° C -0.18 us -0.01 us -0.19 us -0.05 us -0.34 us 

 
Phase delays relative to channel 1 are linear with respect to frequency and relatively consistent 
across the temperature ranges at which phase delays were observed.  At 20° C all channels 
exhibited their largest timing skew, however in all cases timing skews remained below one half 
microsecond.  As noted in the 23° C relative transfer function tests, channels 2 and 5 (north 
channels) consistently exhibit the smallest timing skews and channel 6 the largest. 
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Figure 95 Relative Transfer Function, Q330HR 6164, 10 sps 

 

 
Figure 96 Relative Transfer Function, Q330HR 6164, 20 sps 

 

 
Figure 97 Relative Transfer Function, Q330HR 6164, 40 sps 
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Figure 98 Relative Transfer Function, Q330HR 6164, 200 sps 

 
Table 40 Relative Transfer Function Timing Skew, Q330HR 6164 at Select Sample Rates 
Sample 

Rate 
00HHE  
(chan 3) 

00HHN  
(chan 2) 

10HHE  
(chan 6) 

10HHN  
(chan 5) 

10HHZ  
(chan 4) 

10 sps -0.18 us -0.04 us -0.31 us -0.10 us -0.51 us 
20 sps -0.18 us -0.04 us -0.29 us -0.11 us -0.48 us 
40 sps -0.20 us -0.05 us -0.30 us -0.11 us -0.48 us 

100 sps -0.20 us -0.05 us -0.30 us -0.11 us -0.47 us 
200 sps -0.44 us -0.29 us -0.31 us -0.35 us -0.71 us 

 
All of the channels were observed to have a timing skew that was within half a microsecond of 
one another. 
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3.12 Analog Bandwidth 
The Analog Bandwidth test measures the bandwidth of the digitizer’s analog and digital filter. 
 
3.12.1 Measurand 
 
The quantity being measured is the upper limit of the frequency pass-band in Hertz. 
  
3.12.2 Configuration 
 
Multiple digitizer channels are connected to a white noise signal source as shown in the diagram 
below. 

 
Figure 99 Analog Bandwidth Configuration Diagram 

 
Table 41 Analog Bandwidth Testbed Equipment 

 Manufacturer / Model Serial Number Configuration 
White Noise Source - Bunker Stanford Research Systems DS360 123672 +1V / - 1 V 

White Noise Source - SB1 Stanford Research Systems DS360 123669 +1V / - 1 V 
 
The white noise source is configured to generate a band-width limited white noise voltage with 
an amplitude equal to approximately 10% of the digitizer input channel’s full scale.  Seven and 
one hour data recordings were utilized for the evaluation across all dataloggers and for 
evaluations at select temperatures and sample rates, respectively. 
 
3.12.3 Analysis  
 
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data: 
 

𝑥 𝑛 , 0 ≤ 𝑛 ≤ 𝑁 − 1 
 
The PSD is computed from the time series (Merchant, 2011) from the time series and the 3 dB 
point in the power spectra is measured. 
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3.12.4 Result 
 
The power spectra of the white noise signal recorded on the Q330HR digitizer channels are 
shown in the plots below. 
 

 
Figure 100 Analog Bandwidth Q330HR 6162, 23° C 

 

 
Figure 101 Analog Bandwidth Q330HR 6164, 23° C 

 
Table 42 Analog Bandwidth, Both Q330HRs, 23° C 

DWR 00HHE 
(chan 3) 

00HHN 
(chan 6) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

% Nyquist 
Frequency 

6162 43.506 Hz 43.506 Hz 43.506 Hz 43.506 Hz 43.506 Hz 43.506 Hz 87.01 % 
6164 43.506 Hz 43.506 Hz 43.506 Hz 43.506 Hz 43.506 Hz 43.506 Hz 87.01 % 

 
The observed pass-band limit of all the dataloggers while recording 100 sps data and exposed to 
23° C remained uniform at 87.01% of the 50 Hz Nyquist Frequency.   
 
The following plots contain the bandwidth across variations in temperature and sample rate for 
Q330HR 6164. 
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Figure 102 Analog Bandwidth Q330HR 6164, 46° C 

 

 
Figure 103 Analog Bandwidth Q330HR 6164, 20° C 

 

 
Figure 104 Analog Bandwidth Q330HR 6164, -10° C 
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Figure 105 Analog Bandwidth Q330HR 6164, -20° C 

 

 
Figure 106 Analog Bandwidth Q330HR 6164, 10 sps 

 

 
Figure 107 Analog Bandwidth Q330HR 6164, 20 sps 
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Figure 108 Analog Bandwidth Q330HR 6164, 40 sps 

 

 
Figure 109 Analog Bandwidth Q330HR 6164, 200 sps 

 
Table 43 Analog Bandwidth, Q330HR 6164, at Select Temperatures and Sample Rates  

Temperature 
Sample Rate 

00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

% Nyquist 
Freq. 

60º C 100 sps 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 86.91% 
20º C 100 sps 42.920 Hz 42.920 Hz 42.920 Hz 42.920 Hz 42.920 Hz 42.920 Hz 85.84% 
-10º C 100 sps 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 86.01% 
-20º C 100 sps 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 43.457 Hz 86.01% 
20º C 10 sps 04.258 Hz 04.258 Hz 04.258 Hz 04.258 Hz 04.258 Hz 04.258 Hz 85.16% 
20º C 20 sps 08.633 Hz 08.633 Hz 08.633 Hz 08.633 Hz 08.633 Hz 08.633 Hz 86.33% 
20º C 40 sps 16.094 Hz 16.094 Hz 16.094 Hz 16.094 Hz 16.094 Hz 16.094 Hz 80.47% 

20º C 200 sps 73.535 Hz 73.535 Hz 73.535 Hz 73.535 Hz 73.535 Hz 73.535 Hz 73.53% 
 
The passband limits of datalogger 6164 are constant across all channels at all evaluated sample 
rates and temperatures at which observations were made.  A relatively modest (< 1%) increase in 
pass-band limit, as expressed in percentage of the Nyquist, at 46º C compared to tests and the 
other temperratures tested.  The lower corner frequency computed for the 200 sps data is also 
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clearly evident in the nature of the roll-off at high frequencies.  Across the range of sample rates 
and temperatures at which analog bandwidth was evaluated, the computed corner frequency 
varied no more than 13.48% of the respective Nyquist frequency; if one excludes the 200 sps 
evaluation, the remaining computer corner frequencies vary no more than 6.54% of their 
respective  Nyquist frequency. 
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3.13 Total Harmonic Distortion 
The Total Harmonic Distortion test is used to measure the linearity of a digitizer channel by 
recording a known AC signal at a reference voltage from an ultra-low distortion oscillator. 
 
3.13.1 Measurand 
 
The quantity being measured is the digitizer input channels linearity expressed in decibels. 
  
3.13.2 Configuration 
 
The digitizer is connected to an ultra-low distortion oscillator and a meter configured to measure 
voltage as shown in the diagram below. 

 
Figure 110 THD Configuration Diagram 

 

 
Figure 111 Total Harmonic Distortion Configuration 

 
  

 _ 
  

Digitizer 
Channel 

+ 
  

 _ 
  

Oscillator 
Source 

+ 
  

 _ 
  

Voltage 
Meter 

+ 
  



88 

Table 44 Total Harmonic Distortion Testbed Equipment 

 Manufacturer / Model Serial Number Nominal 
Configuration 

Oscillator Source - 
Bunker 

End Run Technologies/Meridian GPS 3025-0101 
Quanterra/Supertonal Signal Source 

12010020 
021202 +5 V / -5 V 

Voltage Meter – 
Bunker Agilient 3458A MY45048372 10 V full scale 

Voltage Meter – 
Bunker #2 Agilient 3458A MY45048371 10 V full scale 

Oscillator Source – 
SB1 

End Run Technologies/Meridian GPS 3025-0101 
Quanterra/Supertonal Signal Source 

12010021 
021204 +5 V / -5 V 

Voltage Meter #1 - 
SB1 Agilient 3458A 2823A10915 10 V full scale 

Voltage Meter –  
SB1 #2* Agilient 3458A MY45048372 10 V full scale 

*Meter listed twice as it was moved after undergoing an annual calibration. 
 

The oscillator is configured to generate an AC signal with an amplitude of approximately 50% of 
the digitizer input channel’s full scale and a frequency equal to 1.41 Hz.  This frequency was 
chosen as it is near the calibration frequency of 1 Hz and neither this frequency or any of its 
nearby harmonics coincide with integer valued frequencies which are typically are often 
corrupted with noise from digital electronics containing a pulse-per-second timing. 
 
The meter and the digitizer channel record the described AC voltage signal simultaneously.  The 
recording made on the meter is used as the reference for comparison against the digitizer 
channel.  The meter is configured to record at 100 sps, which is a minimum of 100 times the 
frequency of the signal of interest in order to reduce the Agilent 3458A Meter’s response roll-off 
at 1 Hz to less than 0.01 %. 
 
Both the chosen oscillator and reference meter have signal characteristics that exceed that of the 
digitizer under test.  Therefore, any distortion observed in the signal recorded on the digitizer 
channel may be inferred to be due to the digitizer. 
 
A minimum of 1 hour of data is recorded. 
 
The meter used to measure the voltage time series has an active calibration from the Primary 
Standard Laboratory at Sandia. 
 
3.13.3 Analysis  
 
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data: 
 

𝑥 𝑛 , 0 ≤ 𝑛 ≤ 𝑁 − 1 
 
The PSD is computed from the time series (Merchant, 2011) from the time series using a Kaiser-
Bessel window varying in length from 4k to 16k window dependent upon on the sample rate of 
the data recorded.  A Kaiser-Bessel window is used to minimize the width of the main lobe and 
the amplitude of side-lobes.  The window length and data duration were chosen to provide 
sufficient frequency resolution around the primary harmonic and to ensure that the 90% 
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confidence interval ideally 0.5 db or below, though in practice the 90% confidence interval 
ranged between 0.56 dB and 0.62 dB; at the lowest sample rates the 90% confidence interval 
increases to has high as 1.27 dB (10 sps data).   
 

𝑃WW 𝑘 , 0 ≤ 𝑘 ≤ 𝑁 − 1 
 
Over frequencies (in Hertz): 

𝑓 𝑘 , 0 ≤ 𝑘 ≤ 𝑁 − 1 
 
A peak-detection algorithm is applied to identify peaks that occur at the location of expected 
harmonics within the power spectra and the RMS power is computed for each of the peaks that 
are present (Merchant, 2011). 
 
The THD is then computed as the ratio power in the harmonics to the power in the fundamental: 
 

𝑇𝐻𝐷L{ = 10 log)"
𝑟𝑚𝑠 𝑙 q|U)

}V)
𝑟𝑚𝑠 0

q

 

 
The THD of the signal recorded on the reference meter is computed as well.  The reference meter 
THD provides a baseline for the quality of the signal that was introduced to the digitizer.  Any 
increase in signal distortion may be inferred to be due to the digitizer. 
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3.13.4 Result 
 
The figure below shows a short segment of a representative waveform time series recorded on 
both the reference meter and a digitizer channel under test of the sinusoid that was used to 
measure harmonic distortion. 
 

 
Figure 112 THD Time Series 

 
The figures below show the power spectra of the THD for each of the digitizers evaluated. 

 

 
Figure 113 THD Power Spectra Q330HR 6162, 100 sps 
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Figure 114 THD Power Spectra Q330HR 6164, 100 sps 

 
Table 45 Total Harmonic Distortion, both Dataloggers, 23° C 

DWR Reference 
Meter 

00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

6162* -126.17 dB -124.29 dB -124.37 dB -124.32 dB -124.21 dB -123.76 dB -124.40 dB 
6164* -125.94 dB -124.18 dB -124.22 dB -123.99 dB -124.29 dB -123.85 dB -124.28 dB 

* Bunker meter #2 utilized for these measurements. 
 
In all cases, the reference measurement of the signal generated by the low distortion oscillator 
exceeded the measurement made on the digitizer channel indicating that the distortion observed 
is due to the digitizer.  The observed harmonic distortion ranged between -123.76 db (24 bit) and 
-124.37 dB (26 bit). 
 
The figures below show the power spectra of the THD for Q330HR 6164 across a range of 
temperatures. 
 

 
Figure 115 THD Power Spectra Q330HR 6164, 46° C 
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Figure 116 THD Power Spectra Q330HR 6164, 20° C 

 

 
Figure 117 THD Power Spectra Q330HR 6164, -10° C 

 

 
Figure 118 THD Power Spectra Q330HR 6164, -20° C 
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Table 46 Total Harmonic Distortion at Select Temperatures 

Temp Reference 
Meter 

00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

46° C* -130.17 dB -129.17 dB -129.56 dB -129.16 dB -130.00 dB -128.74 dB -130.48 dB 
20° C* -131.20 dB -125.04 dB -125.11 dB -124.78 dB -125.49 dB -124.28 dB -125.18 dB 
-10° C -132.70 dB -126.47 dB -126.25 dB -126.61 dB -127.08 dB -125.81 dB -126.27 dB 
-20° C -132.69 dB -125.52 dB -125.18 dB -125.69 dB -125.80 dB -125.06 dB -125.10 dB 

*SB1 meter #2 utilized for these measurements. 
 

Total Harmonic Distortion varies, generally rising as temperature decreased.  Channel 3 (00 
EHZ) had the most stable THD calculated over over varying temperatures, where THD only 
varied at a maximum of 3.20% at 46° C from the best THD calculated on channel 3, -129.17 dB.  
The least stable THD calculated occurred on channel 6 (00HHE) where at 46° C THD where it 
differed from best THD on channel 6 of -130.00 dB by 3.47%.  The best THD calculated,  
-130.48 dB occurred on channel 4 (10EHZ) at a temperature of 46° C.  Over all temperatures, the 
maximum THD variation across channels of 1.34% occurred during the 46° C test on the 24 bit 
channels (4-6). 
 
The figures below show the power spectra of the THD for Q330HR 6164 across a range of 
sample rates. 
 

 
Figure 119 THD Power Spectra Q330HR 6164, 10 sps 
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Figure 120 THD Power Spectra Q330HR 6164, 20 sps 

 
 

 
Figure 121 THD Power Spectra Q330HR 6164, 40 sps 

 

 
Figure 122 THD Power Spectra Q330HR  6164, 200 sps 
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Table 47 Total Harmonic Distortion at Select Sample Rates 
Sample 

Rate 
Reference 

Meter 
00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

10 sps* -131.18 dB -127.06 dB -127.09 dB -126.68 dB -127.57 dB -125.83 dB -126.92 dB 
20 sps* -131.18 dB -126.09 dB -126.18 dB -125.80 dB -126.57 dB -125.17 dB -126.08 dB 
40 sps* -131.18 dB -125.40 dB -125.29 dB -125.09 dB -125.83 dB -124.56 dB -125.32 dB 

100 sps* -131.20 dB -125.04 dB -125.11 dB -124.78 dB -125.49 dB -124.28 dB -125.18 dB 
200 sps* -131.42 dB -125.01 dB -125.10 dB -124.78 dB -125.48 dB -124.30 dB -125.11 dB 

 
Total Harmonic Distortion varies several dB both across channels at all sample rates and across 
sample rates for any channel.  The lowest THD of -127.57 dB was computed on Channel 6 
(10EHE) 10 sps data.  Channel 5 (00EHN) varied the least from its best THD of -125.83 db by 
only 1.23%.  The largest varying THD occurred on Channel 6 (00 EHZ), where it varied as much 
as 1.65% its best THD of -126.57 dB (excluding the 10 sps measurement due to the limited 
number of harmonics available). 
 
THD over all test conditions ranged from -124.28 dB, at 20° C to -130.48 db, at 46° C. 
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3.14 Common Mode Rejection 
The Common Mode Rejection test measures the ability of a digitizer to reject a common mode 
signal on a differential input channel.   
 
3.14.1 Measurand 
 
The quantity being measured is the ratio of the common mode signal amplitude to the observed 
amplitude on the digitizer input channels in dB. 
 
3.14.2 Configuration 
 
The digitizer is connected to a AC signal source and a meter configured to measure voltage as 
shown in the diagram below. 

 
Figure 123 Common Mode Rejection Configuration Diagram 

 
Since the digitizer input channels are differential and are shorted together, the digitizer should 
not be recording any signal.  However, some amount of common mode signal will still be present 
on the digitizer input channel.   
 

 
Figure 124 Common Mode Rejection Configuration 
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Table 48 Common Mode Rejection Testbed Equipment 

 Manufacturer / Model Serial Number Configuration 

DC Signal Source - Bunker Stanford Research Systems 
DS360 123672 +1V / - 1 V 

Voltage Meter - Bunker Agilent 3458A MY45048372 1 V full scale 

DC Signal Source - SB1 Stanford Research Systems 
DS360 123669 +1V / - 1 V 

Voltage Meter - SB1 Agilent 3458A 2823A10915 1 V full scale 
Voltage Meter – Bunker #2 Agilient 3458A MY45048371 +1V / - 1 V 

Voltage Meter –  
SB1 #2* Agilient 3458A MY45048372 +1V / - 1 V 

*Meter listed twice as it was moved after undergoing an annual calibration. 
 
The AC Signal Source is configured to generate a AC voltage with an amplitude of 
approximately 50% of the digitizer input channel’s full scale and a frequency equal to the 
calibration frequency of 1 Hz.  One minute of data is recorded. 
 
The meter and the digitizer channel record the described AC voltage signal simultaneously.  The 
recording made on the meter is used as the reference for comparison against the digitizer 
channel.  The meter is configured to record at 100 sps, which is a minimum of 100 times the 
frequency of the signal of interest in order to reduce the Agilent 3458A Meter’s response roll-off 
at 1 Hz to less than 0.01 %. 
 
The meter used to measure the voltage time series has an active calibration from the Primary 
Standard Laboratory at Sandia. 
 
3.14.3 Analysis  
 
A minimum of a 10 cycles, or 10 seconds at 1 Hz, of data is defined on the data for the recorded 
signal segment. 
 
A four parameter sine fit (Merchant, 2011; IEEE-STD1281) is applied to the time segment from 
the reference meter in Volts in order to determine the sinusoid’s amplitude, frequency, phase, 
and DC offset: 
 

𝑉F5G sin 2𝜋𝑓"𝑡( + 	𝜃 + 𝑉LM 
 
A similar sine-fit is performed on the data recorded on the digitizer: 
 

𝑉N5O4 sin 2𝜋𝑓"𝑡( + 	𝜃 + 𝑉LM 
 
The common mode rejection is then computed as the ratio between the reference and measured 
amplitudes: 

𝐶𝑀𝑅L{ = 10 ∗ log)"
𝑉F5G
𝑉N5O4

q

 



98 

3.14.4 Result 
 
The figures below show the waveform time series for the recording made on the digitizer 
channels under test.  The window regions bounded by the red lines indicate the segment of data 
used for analysis. 

 
Figure 125 Common Mode Rejection Time Series 

 
The following table contains the computed common mode rejection ratio. 
 

Table 49 Common Mode Rejection Ratio, both Dataloggers, 23° C 

DWR  00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

6162* 
Amplitude 1.762 uV 0.3789 uV 0.2286 uV 0.7440 uV 1.074 uV 1.177 uV 
Rejection 

Gain 94.41 dB 107.76 dB 112.15 dB 101.90 dB 98.72 dB 97.92 dB 

6164* 
Amplitude 0.5840 uV 1.176 uV 1.502 uV 0.9563 uV 0.04606 uV 3.716 uV 
Rejection 

Gain 104.01 dB 97.93 dB 95.80 dB 99.72 dB 126.07 dB 87.93 dB 

* Bunker meter #2 utilized for these measurements. 
 
The observed common mode rejection of both dataloggers at 23° C ranged from 94 dB to 126 
dB. 
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Table 50 Common Mode Rejection: 6164, at Select Temperatures and Sample Rates 

Temp., 
Rate  00HHE 

(chan 3) 
00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

46° C* 
100 sps 

Amplitude 0.6475 uV 2.940 uV 1.505 uV 1.166 uV 0.09862 uV 3.960 uV 
Rejection 

Gain 103.52 dB 90.38 dB 96.19 dB 98.41 dB 119.86 dB 87.79 dB 

20° C 
100 sps 

Amplitude 0.5947 uV 0.3349 uV 1.467 uV 0.7891 uV 0.04314 uV 4.121 uV 

Rejection 
Gain 104.26 dB 109.25 dB 96.42 dB 101.80 dB 127.05 dB 87.44 dB 

-10° C, 
100 sps 

Amplitude 0.2435 uV 0.1948 uV 0.2541 uV 0.005021 uV 0.1308 uV 0.9186 uV 

Rejection 
Gain 100.29 dB 102.22 dB 99.92 dB 134.00 dB 105.68 dB 88.75 dB 

-20° C, 
100 sps 

Amplitude 0.6565 uV 21.00 uV 0.7222 uV 0.04661 uV 0.3696 uV 2.2153 uV 
Rejection 

Gain 101.11 dB 71.01 dB 100.28 dB 124.09 dB 106.10 dB 90.55 dB 

20° C, 
10 sps 

Amplitude 0.5989 uV 0.3369 uV 1.476 uV 0.7891 uV 0.04182 uV 4.142 uV 
Rejection 

Gain 104.20 dB 109.19 dB 96.36 dB 101.80 dB 127.32 dB 87.40 dB 

20° C, 
20 sps 

Amplitude 0.5981 uV 0.3367 uV 1.476 uV 0.7916 uV 0.04324 uV 4.141 uV 
Rejection 

Gain 104.21 dB 109.20 dB 96.37 dB 101.77 dB 127.03 dB 87.40 dB 

20° C, 
40 sps 

Amplitude 0.5979 uV 0.3364 uV 1.475 uV 0.7919 uV 0.04240 uV 4.141 uV 
Rejection 

Gain 104.21 dB 109.21 dB 96.37 dB 101.77 dB 127.20 dB 87.40 dB 

20° C* 
200 sps 

Amplitude 0.5943 uV 0.3346 uV 1.466 uV 0.7874 uV 0.04315 uV 4.1173 uV 
Rejection 

Gain 104.26 dB 109.25 dB 96.42 dB 101.82 dB 127.04 dB 87.45 dB 

* SB1 meter #2 utilized for these measurements 
 
Across sample rates evaluated, the observed common mode rejection was between 71 db and 134 
dB. Over variations in sample rate, channel 5 (10 HHN) consistently had the highest rejection 
gain. Over temperatures and sample rates channel 4 (10 EHZ) the lowest rejection gain, except at 
-20° C, where channel 2 (00EHN) had the lowest rejection gain.   
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3.15 Crosstalk 
The Crosstalk test measures how much of a signal recorded on one channel of a digitizer is also 
present on another channel as noise.   
 
3.15.1 Measurand 
 
The quantity being measured is the ratio of the signal power present in one or more other 
channels to the observed signal power on another channel in dB. 
  
3.15.2 Configuration 
 
The digitizer is connected to a AC signal source and a meter configured to measure voltage as 
shown in the diagram below. 

 
Figure 126 Crosstalk Configuration Diagram 

 

 
Figure 127 Crosstalk Configuration 
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Table 51 Crosstalk Testbed Equipment 

 Manufacturer / Model Serial Number Nominal 
Configuration 

AC Signal Source Bunker Stanford Research Systems DS360 123672 +1V / - 1 V 

AC Signal Source SB1 Stanford Research Systems DS360 123669 +1V / - 1 V 

 
The AC Signal Source is configured to generate a AC voltage with an amplitude of 
approximately 50% of the digitizer input channel’s full scale and a frequency equal to the 
calibration frequency of 1 Hz.  Approximately 1.2 minutes of data are recorded. 
 
3.15.3 Analysis  
 
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data: 
 

𝑥 𝑛  
 
The PSD is computed from the time series (Merchant, 2011) from the time series using a 2k-
sample Hann window and 5/8 overlap of the input terminated channel and all of the tonal 
channels: 
 

𝑃~ 𝑘 , 1 ≤ 𝑖 ≤ 𝑁 
 
For the purposes of convention, the input terminated channel is assumed to be the first channel 
and the tonal channels are 2 through N.  The RMS value of the maximum peak in each of the 
power spectra are identified and computed: 
 

𝑉FN4	~, 1 ≤ 𝑖 ≤ 𝑁 
 
The mean crosstalk value is also computed between the terminated channel and each of the tonal 
channels is computed: 
 

𝑀𝑒𝑎𝑛	𝐶𝑟𝑜𝑠𝑠𝑡𝑎𝑙𝑘 = 10	 log)"
1

𝑁 − 1
𝑉FN4	)
𝑉FN4	~

T

~Vq

q
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3.15.4 Result 
 
The figure below shows a representative waveform time series for the recording made on the 
digitizer channels under test.  All of the results were similar to the waveforms shown below.  The 
window regions bounded by the red lines indicate the segment of data used for analysis. 
 

 
 

Figure 128 Crosstalk Time Series Example, Q330HR 6164 
 
The figures below show a representative power spectra of the terminated and tonal channels for 
each of the two sample rates for which crosstalk was evaluated. All of the results were similar to 
the power spectra shown below.   
 

 
Figure 129 Crosstalk Power Spectra 
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The following table contains the computed crosstalk ratios for all digitizers measured in the 
bunker at 23 C.  Notice the lack of an observable peak in the terminated channel’s power spectra. 
 

Table 52 Crosstalk, both Dataloggers, 100 sps, 23 C 

DWR 00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

6162 -157.21 dB -157.69 dB -156.45 dB -152.81 dB -155.40 dB -156.45 dB 
6164 -156.33 dB -156.27 dB -153.65 dB -155.74 dB -156.51 dB -155.41 dB 

 
No peak is observable in the terminated channel’s power spectra (e.g. Figure 129 Crosstalk 
Power Spectra), therefore the values represent the maximum possible observable crosstalk. The 
maximum possible observable levels of crosstalk were all between -152.81 and -157.69 dB 
 
The following table contains the computed crosstalk ratios for 6164 measured at select 
temperatures. 
 

Table 53 Crosstalk, Datalogger 6164 at Select Temperatures 

Temp. 00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

46° C -158.38 dB -156.78 dB -158.03 dB -158.76 dB -157.59 dB -158.30 dB 
20° C -154.63 dB -153.80 dB -154.16 dB -153.25 dB -154.68 dB -154.03 dB 
-10° C -160.11 dB -154.55 dB -158.60 dB -159.38 dB -159.76 dB -158.90 dB 
-20° C -160.09 dB -154.62 dB -158.67 dB -159.46 dB -159.87 dB -160.05 dB 

 
No peak is observable in the terminated channel’s power spectra, therefore the values represent 
the maximum possible observable cosstalk. The maximum possible observable levels of 
crosstalk calculated over the temperatures selected for evaluation varied from as little as -153.25 
dB as -160.11 dB.  Crosstalk generally reaches a minimum at -20° C, the lowest temperature for 
the datalogger was evaluated, except in the case of channel 3 (00 HHE) where the minimum 
crosstalk occurred at -10° C. 
 
The following table contains the computed crosstalk ratios for 6164 measured across sample rate. 
 

Table 54 Crosstalk, Datalogger 6164 at Select Sample Rates, 100 sps 
Sample  

Rate 
00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

10 sps -155.54 dB -153.86 dB -154.54 dB -151.61 dB -153.53 dB -153.21 dB 
20 sps -155.83 dB -153.57 dB -154.05 dB -153.05 dB -154.77 dB -153.43 dB 
40 sps -155.99 dB -153.93 dB -154.70 dB -153.27 dB -157.16 dB -154.85 dB 

100 sps -154.63 dB -153.80 dB -154.16 dB -153.25 dB -154.68 dB -154.03 dB 
200 sps -154.55 dB -153.78 dB -154.17 dB -154.05 dB -154.46 dB -153.67 dB 

 
No peak is observable in the terminated channel’s power spectra, therefore the values represent 
the maximum possible observable crosstalk. No correlations are present between maximum 
possible observable crosstalk and changes in sample rates or temperatures; values range from  
-151.6 dB to as much as -160.09 dB.  
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3.16 Time Tag Accuracy 
The Time Tag Accuracy test measures the digitizer’s timing accuracy under stable conditions in 
which the digitizer is clock is locked and stable.  
 
3.16.1 Measurand 
 
The quantity being measured is the error in the time tag of specific time-series sample in 
seconds.  Error is defined to be the observed time-stamp minus the expected time-stamp. 
  
3.16.2 Configuration 
The digitizer is connected to a timing source as shown in the diagram below. 

 
Figure 130 Time Tag Configuration Diagram 

 

 
Figure 131 Time Tag Configuration Picture 
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Table 55 Time Tag Testbed Equipment 

 Manufacturer / Model Serial 
Number 

Nominal 
Configuration 

SB1 End Run Technologies/Meridian GPS 3025-0101 
Quanterra/Supertonal Signal Source 

12010021 
021204 GPS PPM Output 

Bunker End Run Technologies/Meridian GPS 3025-0101 
Quanterra/Supertonal Signal Source 

12010020 
021202 GPS PPM Output 

 
The timing source may be configured to generate a time-synchronized pulse-per-minute, pulse-
per-hour, or sinusoid.  In each case, there is an observable signal characteristic  
 
3.16.3 Analysis  
 
The difference between the digitizers actual and expected time stamps are measured by 
evaluating the unique characteristics of the signal being recorded (Merchant, 2011).  The average 
time tag error is computed over a minimum of an hour. 
 
3.16.4 Result 
 
The figure below shows a representative waveform time series of a Pulse-per-minute (PPM) for 
the recording made on a digitizer channel under test. 
 

 

 
Figure 132 Time Tag Accuracy PPM Time Series 
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The following table contains the computed timing offsets. 
 

Table 56 Time Tag Accuracy, Both Q330HRs, 23° C 

DWR 00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

6162 4449.51 us 4448.97 us 4449.14 us 4448.90 us 4449.06 us 4449.16 us 
6164 4448.93 us 4448.77 us 4448.75 us 4449.03 us 4448.82 us 4449.24 us 

 
Table 57 Time Tag Accuracy, Q330HR 6164, 100 sps, Select Temperatures 

Temp. 00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

46° C 4330.78 us 4330.95 us 4330.77 us 4331.35 us 4331.24 us 4331.72 us 
20° C 4326.51 us 4326.59 us 4326.29 us 4326.96 us 4326.73 us 4327.15 us 
-10° C 4320.29 us 4320.26 us 4320.06 us 4320.70 us 4320.47 us 4320.85 us 
-20° C 4318.11 us 4318.03 us 4317.92 us 4318.52 us 4318.30 us 4318.67 us 

 
Table 58 Time Tag Accuracy, Q330HR 6164, 100 sps, Select Sample Rates 

Sample  
Rate 

00HHE 
(chan 3) 

00HHN 
(chan 2) 

00HHZ 
(chan 1) 

10HHE 
(chan 6) 

10HHN 
(chan 5) 

10HHZ 
(chan 4) 

10 sps 30650.45 us 30650.55 us 30650.24 us 30650.95 us 30650.71 us 30651.16 us 
20 sps -19347.22 us -19347.08 us -19347.43 us -19346.71 us -19346.94 us -19346.51 us 
40 sps 5685.34 us 5685.45 us 5685.12 us 5686.08 us 5685.62 us 5686.27 us 

100 sps 4326.51 us 4326.59 us 4326.29 us 4326.96 us 4326.73 us 4327.15 us 
200 sps 1997.87 us 1997.93 us 1997.66 us 1998.28 us 1998.04 us 3.45 s 

 
As is obvious in the preceding tables regarding Time Tag Accuracy, the measured errors are 
significantly large and are suspect. 
 
Over the selected temperatures over which the Q330HRs were evaluated it is interesting to note 
in the suspect timing offsets listed in Table 57 the offsets decrease with temperature, on the order 
of 12 us to 13 us from over the evaluation from 46° C to -20° C 
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3.46 Timing Drift 
The Time Tag Drift test measures how the digitizer’s timing accuracy drifts when the digitizer’s 
clock is not locked and recovers once lock is restored. 
  
3.46.1 Measurand 
 
The quantity being measured is the error in the time tag of specific time-series sample in seconds 
and the rate at which the error changes with time.  Error is defined to be the observed time-stamp 
minus the expected time-stamp. 
  
3.46.2 Configuration 
 
The digitizer is connected to a timing source as shown in the diagram below. 

 

 
Figure 133 Timing Drift Configuration Diagram 

 
Table 59 Timing Drift Testbed Equipment 

Location Manufacturer / Model Serial 
Number 

Nominal 
Configuration 

SB1 End Run Technologies/Meridian GPS 3025-0101 
Quanterra/Supertonal Signal Source 

12010021 
021204 GPS PPM Output 

Bunker End Run Technologies/Meridian GPS 3025-0101 
Quanterra/Supertonal Signal Source 

12010020 
021202 GPS PPM Output 

 
The Timing Source may be configured to generate a time-synchronized pulse-per-minute, pulse-
per-hour, or sinusoid.  In each case, there is an observable signal characteristic  
 
The digitizer clock is allowed to stabilize before the GPS antenna is disconnected resulting in the 
digitizer to lose timing lock.  The digitizer is allowed to drift before it is re-connected to the GPS 
antenna and allowed to regain its timing lock. 
  

 _ 
  

Digitizer 
Channel 2 

+ 
  

 _ 
  

Timing 
Source 

+ 
  

 _ 
  

Digitizer 
Channel 1 

+ 
  

 _ 
  

Digitizer 
Channel N 

N 

+ 
  

… 
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3.46.3 Analysis  
 
The difference between the digitizers actual and expected time stamps are measured by 
evaluating the unique characteristics of the signal being recorded (Merchant, 2011). 
 
The levels of timing error and rates of change are observed while the digitizer has GPS lock, 
while it is drifting without GPS lock, and while it is recovering once GPS lock is resumed. 
 
3.46.4 Result 
 
The figures below show the timing offsets over time as the digitizer channels drift and recover. 
 

 
Figure 134 Time Tag Drift, Q330HR 6162, 23° C 

 

 
Figure 135 Time Tag Recovery Q330HR 6162, 23° C 
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Figure 136 Time Tag Drift, Q330HR 6164, 23° C 

 

 
Figure 137 Time Tag Recovery, Q330HR 6164, 23° C 

 

 
Figure 138 Time Tag Drift, Q330HR 6164, 46° C 
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Figure 139 Time Tag Recovery, Q330HR 6164, 46° C 

 

 
Figure 140 Time Tag Drift, Q330HR 6164, 20° C 

 

 
Figure 141 Time Tag Recovery, Q330HR 6164, 20° C 
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Figure 142 Time Tag Drift, Q330HR 6164, -10° C 

 

 
Figure 143 Time Tag Recovery, Q330HR 6164, -10° C 

 

 
Figure 144 Time Tag Drift, Q330HR 6164, -20° C 
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Figure 145 Time Tag Recovery, Q330HR 6164, -20° C 

 

 
Figure 146 Time Tag Drift, Q330HR 6164, 20° C, 10 sps 

 

 
Figure 147 Time Tag Recovery, Q330HR 6164, 20° C, 10 sps 
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Figure 148 Time Tag Drift, Q330HR 6164, 20° C, 20 sps 

 

 
Figure 149 Time Tag Recovery, Q330HR 6164, 20° C, 20 sps 

 

 
Figure 150 Time Tag Drift, Q330HR 6164, 20° C, 40 sps 
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Figure 151 Time Tag Recovery, Q330HR 6164, 20° C, 40 sps 

 

 
Figure 152 Time Tag Drift, Q330HR 6164, 20° C, 200 sps 

 

 
Figure 153 Time Tag Recovery, Q330HR 6164, 20° C, 200 sps 
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The following table contains the computed timing offsets when locked, drifting, and recovering 
and the estimated rate at which the digitizer was observed to drift and recover.  As suggestioned 
in the aforementioned section, we limit our comments regarding the evaluated timing offset to 
suggestion that perhaps the FIR filter delay corrections have not been applied and/or have been 
mis-applied to the data collected.  A cursory review of the Q330 token file and parameters 
utilized within in the BRTT package utilized to collect the data have not yielded an explanation. 
 

Table 60 Time Tag Drift and Recovery 
Digitizer Config/Conditions Timing Offset Drift Rate Recovery Rate 

6162 100 sps, 23° C 4449 us -24 us/h -886 us/h 
6164 100 sps, 23° C 4449 us -5 us/h -218 us/h 
6164 100 sps, 46° C 4331 us 25 us/h -1167 us/h 
6164 100 sps, 20° C 4327 us 20 us/h -654 us/h 
6164 100 sps, -10° C 4320 us -14 us/h -493 us/h 
6164 100 sps, -20° C 4318 us -41 us/h -1097 us/h 
6164 10 sps, 20° C 30651 us -20 us/h -655 us/h 
6164 20 sps, 20° C -19347 us -20 us/h -654 us/h 
6164 40 sps, 20° C 5686 us -20 us/h -655 us/h 
6164 200 sps, 20° C 1998 us -20 us/h -655 us/h 

 
In every instance of connecting the GPS antenna to the receiver, GPS receivers locked and 
timing was corrected, to essentially the same measured timing offset as that prior to the drift test, 
within tens of minutes.  Rates of recovery appear to reach a maximum at the limits of 
temperature, both high and low. 
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3.47  Operational Checks at Extreme Temperatures 
 
General operation while the datalogger 6164 was exposed to -36° C and and 60° C, including 
telemetry of data to a real-time server, was demonstrated at the suite of sample rates of interest 
(10 sps, 20 sps, 40 sps, 100 sps and 200 Hz).  
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4 SUMMARY 
Power Consumption 
The six channel Q330HR digitizers were observed to consume between 3.44 watts to 3.61 watts 
during operation. 
 
Input Impedance 
The measured input impedance at 23° C of the suite of Quanterra Q330HR digitizer channels 
were all within 0.33% of the average impedance measured at 23° C of 47.8527 Kohm. 
 
DC Accuracy 
Across selected sample rates and temperatures, bit weights remained relatively stable, and 
varying no more than 0.40% from the nominal bitweights of 29.8 nV/count and 118 uV/count. 
 
AC Accuracy 
Bitweights varied as little as 0.17% of nominal for the 100 sps 46° C test to as high as 1.12% of 
nominal at 10 sps sampling rate test. 
 
Input Shorted Offset 
Over varying temperatures the input shorted offset appears to be at a maximum voltage at -10° 
C; on either side of -10° C the terminated voltage drops.  The maximum differential over the 
temperatures at which tests were conducted is 37.625 uV, observed on channel 6. 
 
AC Full Scale 
For all sample rates and temperatures, the digitizer channels were able to fully resolve the 
sinusoid with a peak-to-peak amplitude at or near the channels claimed full scale value without 
any signs of flattening that would indicate that clipping is occurring. 
 
Self-Noise 
Over all temperatures and sample rates over which the Q330HR was evaluated, self noise did not 
exceed 3 counts and 1 counts, for the 26 bit and 24 bit channels, respectively. 
 
Dynamic Range 
Dynamic Ranges over all tested conditions and passband varied from as low 141 dB to as much 
as 151 dB. 
 
System Noise 
Over temperature, channel-averaged system noise of Q330HR 6164 is at a minimum of -214.38 
dB at -20° C at 0.1 Hz and occurred on 24 bit channels. Over sample rates, channel averaged 
system noise of Q330HR 6164 improved slightly, reaching a minimum on the 26 bit channels of 
-220.26 dB at 40 sps.  At 10 sps, channel averaged system noise reached a minimum on the 26 
bit channels of -230.70 dB at 20 sps; this value is a bit of an anomaly as system noise levels 
remained generally around -220 dB. 
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Response Verification 
Over the variety of temperatures and sample rates, magnitude and phase varied little with 
changes in sample rate; as sample rate increases only then is the slightest roll-off evident. 
 
Relative Transfer Function 
Phase delays relative to channel 1 appear to be linear and are more appreciable at higher sample 
rates (>= 40 sps).  Timing skews remain below 0.71 us (channel 6 at 200 sps). 
 
Analog Bandwidth 
Across the range of sample rates and temperatures at which analog bandwidth was evaluated, the 
computed corner frequency varied no more than 13.48% of the respective Nyquist frequency, 
from 73% to 87% of Nyquist.  If one excludes the 200 sps evaluation, the remaining computer 
corner frequencies vary no more than 6.54% of their respective Nyquist frequency. 
 
Total Harmonic Distortion 
THD over all test conditions ranged from -124.28 dB, at 20° C to -130.48 db, at 46° C. 
 
Common Mode Rejection 
Across sample rates evaluated, the observed common mode rejection was between 71 db and 134 
dB. 
 
Crosstalk 
No peak is observable in the terminated channel’s power spectra, therefore the values represent 
the maximum possible observable crosstalk*. No correlations are present between maximum 
possible observable crosstalk and changes in sample rates or temperatures; values range from -
151.6 dB to as much as -160.09 dB. 
 
Time Tag Accuracy 
Anomolously large offsets were measured and are suspect.  Over the selected temperatures over 
which the Q330HRs were evaluated it is interesting to note in the suspect timing offsets listed in 
Table 57 the offsets decrease with temperature, on the order of 12 us to 13 us from over the 
evaluation from 46° C to -20° C 
  
Time Tag Drift 
In every instance of connecting the GPS antenna to the receiver, GPS receivers locked and 
timing was corrected, to essentially the same measured timing offset as that prior to the drift test, 
within tens of minutes.  Rates of recovery appear to reach a maximum at the limits of 
temperature, both high and low.  
 
Operational Checks at Extreme Temperatures 
General operation while the datalogger 6164 was exposed to -36° C and and 60° C, including 
telemetry of data to a real-time server, was demonstrated at the suite of sample rates of interest 
(10 sps, 20 sps, 40 sps, 100 sps and 200 sps). 
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APPENDIX A  SELF-NOISE 
 
Digitizer self-noise values are reported in units of dB relative to 1 V2/Hz at the defined octave-
band frequencies.  The 90% uncertainty of the provided estimates are +/- 1.347 dB .   
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Table 61 Q330HR Digitizer Noise Model, 20x Gain 
Frequency 

(Hz) 
00EHE 
(chan 3) 

00EHN 
(chan 2) 

00EHZ 
(chan 1) 

10EHE 
(chan 6) 

10EHN 
(chan 5) 

10EHZ 
(chan 4) 

0.00315 -135.0 dB -135.0 dB -135.4 dB -135.0 dB -134.3 dB -135.2 dB 
0.004 -135.0 dB -135.0 dB -135.4 dB -135.0 dB -134.3 dB -135.2 dB 
0.005 -137.1 dB -136.8 dB -136.9 dB -136.3 dB -135.9 dB -136.7 dB 

0.0063 -137.1 dB -136.8 dB -136.9 dB -136.3 dB -135.9 dB -136.7 dB 
0.008 -138.8 dB -138.9 dB -139.0 dB -138.3 dB -138.1 dB -139.1 dB 
0.01 -138.8 dB -138.9 dB -139.0 dB -138.3 dB -138.1 dB -139.1 dB 

0.0125 -139.7 dB -140.0 dB -140.6 dB -140.0 dB -139.7 dB -140.4 dB 
0.016 -140.8 dB -141.3 dB -141.9 dB -141.2 dB -140.8 dB -141.6 dB 
0.02 -142.7 dB -141.9 dB -142.4 dB -142.7 dB -142.3 dB -143.0 dB 

0.025 -143.7 dB -143.0 dB -143.1 dB -143.5 dB -143.0 dB -143.5 dB 
0.0315 -144.0 dB -144.3 dB -144.4 dB -144.3 dB -143.7 dB -144.1 dB 

0.04 -145.3 dB -146.3 dB -145.8 dB -145.7 dB -145.2 dB -145.9 dB 
0.05 -146.4 dB -146.7 dB -146.6 dB -146.6 dB -146.3 dB -146.6 dB 

0.063 -147.8 dB -148.0 dB -147.9 dB -147.8 dB -147.4 dB -147.9 dB 
0.08 -148.9 dB -148.8 dB -149.0 dB -149.3 dB -148.6 dB -148.4 dB 
0.1 -149.6 dB -149.6 dB -149.9 dB -150.0 dB -149.4 dB -149.5 dB 

0.125 -150.7 dB -150.3 dB -150.7 dB -150.5 dB -150.3 dB -150.4 dB 
0.16 -151.4 dB -151.1 dB -151.7 dB -151.6 dB -151.2 dB -150.9 dB 
0.2 -152.1 dB -152.1 dB -152.5 dB -152.4 dB -152.1 dB -151.8 dB 

0.25 -152.8 dB -152.7 dB -153.1 dB -153.0 dB -152.5 dB -152.7 dB 
0.315 -153.6 dB -153.2 dB -153.7 dB -153.8 dB -153.1 dB -153.0 dB 

0.4 -154.1 dB -154.1 dB -154.3 dB -154.1 dB -153.9 dB -153.5 dB 
0.5 -154.7 dB -154.4 dB -154.8 dB -154.5 dB -154.3 dB -154.0 dB 

0.63 -155.1 dB -155.0 dB -155.2 dB -154.9 dB -154.8 dB -154.4 dB 
0.8 -155.3 dB -155.4 dB -155.6 dB -155.2 dB -155.2 dB -154.9 dB 

1 -155.8 dB -155.8 dB -155.9 dB -155.5 dB -155.5 dB -155.3 dB 
1.25 -156.1 dB -156.0 dB -156.3 dB -155.8 dB -155.7 dB -155.5 dB 
1.6 -156.3 dB -156.3 dB -156.4 dB -156.0 dB -155.9 dB -155.8 dB 

2 -156.4 dB -156.4 dB -156.6 dB -156.1 dB -156.1 dB -156.1 dB 
2.5 -156.6 dB -156.6 dB -156.7 dB -156.3 dB -156.3 dB -156.2 dB 

3.15 -156.8 dB -156.8 dB -156.9 dB -156.3 dB -156.4 dB -156.4 dB 
4 -156.9 dB -156.9 dB -156.9 dB -156.4 dB -156.6 dB -156.4 dB 
5 -157.0 dB -156.9 dB -157.0 dB -156.5 dB -156.6 dB -156.6 dB 

6.3 -157.0 dB -157.1 dB -157.1 dB -156.6 dB -156.7 dB -156.6 dB 
8 -157.1 dB -157.1 dB -157.1 dB -156.6 dB -156.7 dB -156.7 dB 

10 -157.2 dB -157.1 dB -157.2 dB -156.7 dB -156.7 dB -156.8 dB 
12.5 -157.2 dB -157.2 dB -157.2 dB -156.7 dB -156.8 dB -156.8 dB 

16 -157.2 dB -157.2 dB -157.2 dB -156.7 dB -156.8 dB -156.8 dB 
20 -157.2 dB -157.2 dB -157.2 dB -156.7 dB -156.8 dB -156.8 dB 
25 -157.1 dB -157.2 dB -157.1 dB -156.7 dB -156.7 dB -156.8 dB 

31.5 -157.0 dB -157.1 dB -157.0 dB -156.6 dB -156.6 dB -156.7 dB 
40 -157.0 dB -157.0 dB -157.0 dB -156.5 dB -156.6 dB -156.6 dB 
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APPENDIX B:  RESPONSE MODELS 
 
4.1 Quanterra Trillium 120 BH Response 
 
Streckheisen STS-5A seismometer amplitude and phase response. 
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APPENDIX C:  TESTBED CALIBRATIONS 
 
Agilent 3458A # 2823A10915 
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Agilent 3458A # MY45048371 
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Agilent 3458A # MY45048372 
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