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ABSTRACT

Sandia National Laboratories has tested and evaluated two Kinemetrics Q330M+ digitizers. The
digitizers are intended to record sensor output for seismic and infrasound monitoring
applications. Notable improvements to the Q330M+ include the support for transmission and
authentication of CD1.1 data, integration of analog and digital weather stations, support for
multiple gain amplification levels, and the use of a webpage for status and configuration of the
digitizer. The purpose of this digitizer evaluation is 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 digitizers are being evaluated for
potential use in the International Monitoring System (IMS) of the Comprehensive Nuclear Test-
Ban-Treaty Organization (CTBTO).
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ACRONYMS AND DEFINITIONS

BB
CTBTO
CDl1.1
dB
DOE
DWR
HNM
IMS
LNM
PSD
PSL
SNL
SP

Broadband

Comprehensive Nuclear Test-Ban-Treaty Organization
Continuous Data format for transmitting IMS data
Decibel

Department of Energy

Digital Waveform Recorder

High Noise Model

International Monitoring System of the CTBTO
Low Noise Model

Power Spectral Density

Primary Standards Laboratory

Sandia National Laboratories

Short-period
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1 INTRODUCTION

Sandia National Laboratories has tested and evaluated two Q330M+ digitizers, developed by
Kinemetrics.

Figure 1 Kinemetrics Q330M+ Digitizers

The Kinemetrics Q330M+ digitizers are intended to record sensor output for seismic and
infrasound monitoring applications. The purpose of this digitizer evaluation is 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
digitizers are being evaluated for potential use in the International Monitoring System (IMS) of
the Comprehensive Nuclear Test-Ban-Treaty Organization (CTBTO).

The evaluation of the two Kinemetrics Q330M+ digitizers, shown in the figure above, with serial
numbers 6640 and 6641 was performed to compare their performance to the manufacturer’s
specifications and CTBTO requirements.

The two digitizers evaluated are the Q330M+ model, indicating that they have been modified to
contain a CTBTO Standard Station Interface (SSI) and perform data authentication and CD1.1
data transmission. The digitizers were operating with the firmware revision 2.2 and 2.3 installed.
Q330M+ Digitizer #6640 was provided with 3 recording channels and Digitizer #6641 was
provided with two sets of 3 channels, organized into ports A and B. The digitizer recording
channels were configured to sample at rates of 20 Hz, 40 Hz, and 100 Hz. Also new in the
Q330M+ is an expanded set of gain settings that were evaluated at 1x, 2x, 4x, 8x, 16x, and 32x.

The digitizers were configured to stream data over Ethernet to a computer using a CD1.1 data

receiver. The digitizers were also configured to time synchronize to their internal GPS module
and maintain an active GPS lock continuously.
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QUANTERRA

A Division of Kinemetrics

@ SPECIFICATIONS

Channels

Dynamic Range
(0-7Hz bandwidth)

Input Impedance

Input Range

Gain

Digitizer Noise

Filtering

Sample Rate

Time Accuracy

Total Harmonic Distortion
Cross-talk

Data Storage and

Retrieval

Sensor Control

Operational
Status

3, optionally 6, 24-bit main channels;
6 8-bit auxiliary channels

141dB RMS sine wave
144dB zero-to-peak sine wave
150dB peak-to-peak sine wave

150 kQ differential for active sensors;
2 MQ) differential at gain =8 for passive
sensors

40Vpp at gain=1

Selectable per 3-channel group:
1,2,4,8,16,32,64,128

16dB below NLNM from 0.02 -16Hz used
with standard broadband sensors, such
as STS-2.5; voltage noise as low as -163dB
re 1V2/Hz, depending on gain

Configurable Linear or Minimum-phase
1000, 500, 250, 200, 100, 50, 40, 20, 10, 1
<1ps when locked to GPS or PTP server
Better than -120dB
Better than -130dB

PC/MAC/Linux-formatted removable
SLC SD card, standard 8GB (up to 32GB
possible); optional external USB flash
drive for data copying or mirroring,
standard 64GB (up to 256GB possible

Calibrate: step, low-THD sine wave, MLS
or random binary; lock/unlock & re-center

Over 50 State-of-Health channels
including temperature, voltages, currents,
GPS status, Sensor boom position (6
channels)

Network

Authentication

Protocols

Other Ports

Power

Physical

Temperature

Ethernet (10/100BT)
Full IP Protocol Stack (Linux)

Hardware; supported algorithms:
DSA 1024 digital signature and key
exchange ECDSA Digital Signature
Algorithm (in the future)

CD1.1,Q330 native, SeedLink

1xUSB2.0
2 X CONSOLE PORTS UPTO 115 kbaud
1 x digital I/0O for vault intrusion switch

12VDC nominal (9-36VDC operational)
Consumption depending on configuration

Sealed, Aluminum, 18 x4 x6in.,

101bs,, rubber endcaps, externally

visible status and fault indicators; rated IP68
(24 hours immersion at 1m depth)

Fully specified -20 to +60° C
Guaranteed operative -40 to +70°C

Specifications subject to change without notice

USA - 2 Shaker Rd. Suite F200, Shirley, MA 01464
Tel (978) 425-2100 | www.kinemetrics.com

11-20-17

Figure 2 Kinemetrics Q330M+ Datasheet
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2 TEST PLAN

This test plan section describes the overall scope and process for how the testing of the digitizers
will be performed. For a description of the individual test configurations details, see the relevant
section of each test.

2.1 Test Facility

Testing of the 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 possible, instrumentation calibrations are traceable to the National Institute for
Standards Technology (NIST).

Most of the digitizer testing, except for tests performed in the temperature chamber, were
performed within the FACT site underground bunker due to the bunker’s stable temperature.

Figure 3 FACT Site Bunker
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The digitizers were powered using two BK Precision Laboratory Power Supplies providing a
nominal 13 Volts.

Figure 4 Power Supplies and Temperature Controller

The temperature was recorded continuously throughout the testing by a calibrated Vaisala
PT300U sensor and was actively maintained between 22 and 23 degrees Celsius.

Figure 5 Vaisala Temperature Monitor within FACT Bunker

A GPS re-broadcaster operates within the bunker to provide the necessary timing source for the
digitizers and other recording equipment present.
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Figure 6 GPS Re-broadcaster
2.2 Scope

The following table lists the tests that were performed at the various gain levels and sample rates
of the digitizer.

Table 1 Tests performed
Power Consumption
Input Impedance
DC Accuracy
AC Accuracy
AC Full Scale
AC Over Scale
Input Shorted Offset
Self-Noise
Dynamic Range
System Noise
Temperature Self-Noise
Response Verification
Relative Transfer Function
Analog Bandwidth
Incoherence Noise
Total Harmonic Distortion
Modified Noise Power Ratio
Common Mode Rejection
Crosstalk
Time Tag Accuracy
Time Tag Drift
Calibrator
Sensor Compatibility Verification
CD1.1 Status Flag Verification
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2.3 Timeline

Most of the digitizer testing was performed at Sandia National Laboratories between April 9 -
26, 2018. Testing was performed using two digitizers, so that different tests could be performed
on each digitizer simultaneously. Additional re-testing had to be performed later in 2018 and
early 2019 using updated firmware revisions to address identified issues.

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 Fo—1 1z

F(n) = Fyx 10010

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:

0.01, 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, 0315, 040, 0.50, 0.63, 0.8,
1.0, 1.25, 1.6, 2.0, 2.5, 3.15, 4.0, 5.0, 63, 8.0,
10.0, 12.5, 16.0, 20.0, 25.0, 31.5, 40.0
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3 TEST EVALUATION

3.1 Power Consumption
The Power Consumption test is used to measure the amount of power that an active 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.

SR
Current

Meter
) S

0+

N

Voltage
Meter

e

)

0+
0+

Power
Supply

Y
M

0+

Digitizer
)

Figure 7 Power Consumption Configuration Diagram

”~ -

Figure 8 Power Consumption Configuration Picture

Table 3 Power Consumption Testbed Equipment

| Manufacturer / Model \ Serial Number l Nominal
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Configuration
Power Supply BK Precision 1735A | 204F13116 12V
DC Power Supply
Voltage Meter Agilent 3458A MY45048371 DC Voltage Mode
Current Meter Agilent 3458A MY45048372 DC Current Mode

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:

Vandl

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

P=VxI
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3.1.4 Result

The figures below show representative waveform time series for the recordings of voltage and
current made on the reference meters. The window regions bounded by the red lines indicate the
segments of data used to evaluate the voltage and current.

Supply Voltage Waveform

12 Bl e e e R R e T
b B e T e e s Station: |Agilent 34584 # MY45048371
Channel:
V12.70 Rate: 100 Hz
Bitweight: | 3,30715 uV/count
12.65
- : [] Response Deconvelution
1960 Response: |NONE SELECTED
2. ; ]
2018/04/09 22:23 22:24 22:25 22:26 22:27 Unit: |Voltage
Supply Current Waveform
030 grewmmmes
028 Station: |Agilent 34584 # MY45048372
“ Channel:
oy 0.2 Rate: 100 Hz
Bitweight: | 1,5056 uVjcount
0.24 4= ; : i
H H H |:| Response Deconvolution
029 b - s s e Response: | NONE SELECTED
2018/04/09 22:23 22:24 22:25 22:26 22:27 Unit: | A

Figure 9 Power Consumption Voltage and Current Time Series, #6640, gain 1x

Supply Voltage Waveform

1 5 e e ot et e T
L B R
127 Station: |Agilent 3458A # MY45048371
L0
4 Channel:

W Rate: 100 Hz
1 e S e s S Bitweight: |3,3071 uV/count
L B s 1 i e
e e y ....................................... [[] Response Deconvolution
IS B ksl s s S S B A S S B A SRR 5 EE SRR Response: |NOME SELECTED
2018/04/09 21:29 21:30 213 21:32 21:33 Unit: | Voltage

Supply Current W,

aveform

050 eeeeagemnnsasareeen i “ ------------------------------------------
v UL NS 0 | VUSSR O R N Station: |Agilent 3458A # MY45048372
Channel:
R e R e e bt et SRR Rate: 100 Hz
Bitweight: | 1,5056 uV/count
L i R e e T
[[] Response Deconvolution

2018/04/09

Figure 10 Power Consumption Voltage and Current Time Series, #6641, gain 8H

21:30

21:3

21:32

21:33

Response: NOME SELECTED
Unit: | A

The resulting mean and standard deviation for each of the voltage, current, and power
consumption levels are shown in the tables below.
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Table 4 Power Consumption Results: Q330M+ 6640, 3 channels

Supply Voltage Supply Current Power Consumption
Mean SD Mean SD Mean SD
Gain 1 12.69V 12.92 mV 0.2578 A 9.876 mA 3.271 W 0.1288 W
Gain 2 12.66V 14.96 mV 0.2584 A 9.906 mA 3.270 W 0.1294 W
Gain 4 12.67V 13.69 mV 0.2573 A 9.976 mA 3.260 W 0.1300 W
Gain 8H 12.67V 34.76 mV 0.2601 A 24.38 mA 3.294 W 0.3188 W
Gain 8L 12.67V 13.89 mV 0.2583 A 9.990 mA 3.272 W 0.1303 W
Gain 16 12.67V 13.70 mV 0.2590 A 9.777 mA 3.281W 0.1275 W
Gain 32 12.66 V 38.89 mV 0.2612 A 25.10 mA 3.306 W 0.3288 W
Table 5 Power Consumption Results: Q330M+ 6641, 6 channels
Supply Voltage Supply Current Power Consumption
Mean SD Mean SD Mean SD
Gain 1 12.64V 16.43 mV 0.2853 A 9.855 mA 3.607 W 0.1294 W
Gain 2 12.64V 19.12 mV 0.2883 A 9.861 mA 3.644 W 0.1303 W
Gain 4 12.64V 13.58 mV 0.2876 A 9.980 mA 3.635W 0.1302 W
Gain 8H 12.63V 34.96 mV 0.2904 A 24.76 mA 3.669 W 0.3239 W
Gain 8L 12.64V 13.70 mV 0.2885 A 9.957 mA 3.645W 0.1299 W
Gain 16 12.63V 13.84 mV 0.2883 A 9.913 mA 3.642 W 0.1294 W
Gain 32 12.63V 13.98 mV 0.2882 A 9.993 mA 3.640 W 0.1304 W

The Q330M+ digitizers were observed to consume between 3.27 and 3.31 W for a 3-channel
configuration and between 3.61 and 3.67 W for a 6-channel configuration. There does not
appear to be any increase in power consumption with gain level.

The measurements of power consumption were made while the Q330M+ was configured to
record simultaneously at sample rates of 20 Hz, 40 Hz, and 100 Hz. Time series data was
recording internally and streamed over a 100 Base-T Ethernet connection. The digitizers were

equipped with an authentication card and GPS was configured to be on continuously.

No specification for power consumption was provided in the datasheet to compare this result

against.
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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.

Digitizer Impedance

Channel Meter

Figure 11 Input Impedance Configuration Diagram

Table 6 Input Impedance Testbed Equipment

Manufacturer / Model | Serial Number Nominal
Configuration
Impedance Meter Agilent 3458A MY45048371 DC Impedance

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

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.
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3.2.4 Result

The measured impedance for each of the digitizer channels and their percent difference from the
nominal of 150 kohm for the gains of 1x, 2x, 4x, and 8xH and 2 Mohm for the gains of 8xL, 16x,
and 32x are shown in the tables below.

Table 7 Input Impedance Results: Q330M+ 6640

Channel 1 (2) Channel 2 (N) Channel 3 (E)

Gain1l 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 2 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 4 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 8H 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 8L 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

Gain 16 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

Gain 32 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

Table 8 Input Impedance Results: Q330M+ 6641, Port A

Channel 1 (Z) Channel 2 (N) Channel 3 (E)

Gain 1 0.15694 Mohm 4.63% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 2 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 4 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 8H 0.15690 Mohm 4.60% 0.15700 Mohm 4.67% 0.15690 Mohm 4.60%

Gain 8L 1.9980 Mohm -0.10% 1.9970 Mohm -0.15% 1.9980 Mohm -0.10%

Gain 16 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

Gain 32 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

Table 9 Input Impedance Results: Q330M+ 6641, Port B

Channel 1 (Z) Channel 2 (N) Channel 3 (E)

Gain 1 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 2 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 4 0.15690 Mohm 4.60% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 8H 0.15700 Mohm 4.67% 0.15690 Mohm 4.60% 0.15690 Mohm 4.60%

Gain 8L 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

Gain 16 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

Gain 32 1.9980 Mohm -0.10% 1.9980 Mohm -0.10% 1.9980 Mohm -0.10%

The channels with 150 kohm nominal impedance were all consistently within 4.6% of the
nominal value and the channels with 2 Mohm nominal impedance were all consistently within
0.1% of the nominal value.
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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 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.

T
DC Signal

Source
e
)
= Voltage

° Meter
e

0+

Digitizer ]
Channel

Figure 12 DC Accuracy Configuration Diagram
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Figure 13 DC Accuracy Configuration Picture
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Table 10 DC Accuracy Testbed Equipment

Manufacturer / Model | Serial Number Nominal
Configuration
DC Signal Source SRS DS360 123669 DC Voltage, 10% FS
Voltage Meter Agilent 3458A MY45048371 10 V full scale

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 Hz.

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:
Vpos and Vs 7

The average of each of the positive and negative segments are computed from the digitizer

channel in counts:
Cpas and Cre i

The digitizer bit-weight in Volts / count is computed:

vV
Bitweight =
o=

pos Vneg

pos Cneg
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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 segments of data used to evaluate the positive and negative values,
respectively.

Reference Waveform
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Figure 14 DC Accuracy Time Series

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

Table 11 DC Accuracy Bit-weight: Q330M+ 6640

Sample Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x

Rate
Voltage 100 Hz 1.9973 V 0.99733 V 0.49872V 0.24960 V 0.25025V 0.12498 V 62.525 mV
Channel 1 20 Hz 2.3810 uV/ent 1.1906 uV/cnt 0.59535 uV/cnt 0.29772 uV/cnt 0.29808 uV/cnt 0.14906 uV/cnt 74.530 nV/cnt
@ 40 Hz 2.3810 uV/cnt 1.1906 uV/cnt 0.59535 uV/cnt 0.29772 uV/cent 0.29808 uV/cnt 0.14906 uV/cnt 74.530 nV/cnt
100 Hz 2.3810 uV/cent 1.1906 uV/cnt 0.59535 uV/cnt 0.29772 uV/cnt 0.29808 uV/cnt 0.14906 uV/cnt 74.530 nV/cnt
Channel 2 20 Hz 2.3815 uV/ent 1.1910 uV/cnt 0.59598 uV/cnt 0.29783 uV/cnt 0.29813 uV/cnt 0.14910 uV/cnt 74.606 nV/cnt
(N) 40 Hz 2.3815 uV/ent 1.1910 uV/cnt 0.59598 uV/cnt 0.29783 uV/cnt 0.29813 uV/cnt 0.14910 uV/cnt 74.606 nV/cnt
100 Hz 2.3815 uV/cnt 1.1910 uV/cent 0.59598 uV/cnt 0.29783 uV/cnt 0.29813 uV/ent 0.14910 uV/cent 74.606 nV/cnt
Channel 3 20 Hz 2.3813 uV/cent 1.1908 uV/cnt 0.59557 uV/cnt 0.29816 uV/cnt 0.29813 uV/cnt 0.14908 uV/cnt 74.560 nV/cnt
(B) 40 Hz 2.3813 uV/cent 1.1908 uV/cnt 0.59557 uV/cnt 0.29816 uV/cnt 0.29812 uV/cnt 0.14908 uV/cnt 74.560 nV/cnt
100 Hz 2.3813 uV/ent 1.1908 uV/cnt 0.59557 uV/cnt 0.29816 uV/cnt 0.29813 uV/ent 0.14908 uV/cnt 74.560 nV/cnt
Nominal Bitweight 2.3840 uV/cnt 1.1920 uV/cnt 0.59600 uV/cnt 0.29800 uV/cnt 0.29800 uV/cnt 0.14900 uV/cnt 74.500 nV/cnt
Maximum Difference 0.13% 0.11% 0.11% 0.09% 0.04% 0.07% 0.14%
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Table 12 DC Accuracy Bit-wei

ht: Q330M+ 6641, Port A

Sample Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Rate
Voltage 100 Hz 1.9973V 0.99732V 0.49872V 0.24960 V 0.25025V 0.12498 vV 62.525 mV
Channel 1 20 Hz 2.3803 uV/cnt 1.1907 uV/cnt | 0.59582 uV/cnt | 0.29822 uV/ent | 0.29799 uV/ent | 0.29799 uV/ent | 0.14906 uV/cnt
(@) 40 Hz 2.3803 uV/cnt 1.1907 uV/cnt 0.59582 uV/cnt 0.29822 uV/cnt 0.29799 uV/cent 0.29799 uV/ent 0.14906 uV/cnt
100 Hz 2.3803 uV/cnt 1.1907 uV/ent | 0.59582 uV/ent | 0.29822 uV/ent | 0.29799 uV/ent | 0.29799 uV/ent | 0.14906 uV/cnt
Channel 2 20 Hz 2.3805 uV/cnt 1.1908 uV/ent | 0.59575 uV/ent | 0.29747 uV/ent | 0.29794 uV/ent | 0.29794 uV/ent | 0.14904 uV/cnt
(N) 40 Hz 2.3805 uV/cnt 1.1908 uV/ent | 0.59575 uV/ent | 0.29747 uV/ent | 0.29794 uV/ent | 0.29794 uV/cnt | 0.14904 uV/cnt
100 Hz 2.3805 uV/ent 1.1908 uV/ent | 0.59575 uV/ent | 0.29747 uV/ent | 0.29794 uV/ent | 0.29794 uV/ent | 0.14904 uV/cnt
Channel 3 20 Hz 2.3802 uV/ent 1.1906 uV/cnt 0.59546 uV/cnt | 0.29730 uV/cnt | 0.29798 uV/ent | 0.29798 uV/cnt 0.14906 uV/cnt
® 40 Hz 2.3802 uV/cnt 1.1906 uV/cnt | 0.59546 uV/cnt | 0.29730 uV/ent | 0.29798 uV/ent | 0.29798 uV/cnt 0.14906 uV/cnt
100 Hz 2.3802 uV/cnt 1.1906 uV/cnt | 0.59546 uV/cent | 0.29730 uV/ent | 0.29798 uV/ent | 0.29798 uV/cnt 0.14906 uV/cnt

Nominal Bitweight

2.3840 uV/cent

1.1920 uV/cnt

0.59600 uV/cnt

0.29800 uV/cnt

0.29800 uV/cnt

0.14900 uV/cnt

74.500 nV/cnt

Maximum Difference 0.16% 0.11% 0.09% 0.23% 0.02% 0.04% 0.12%
Table 13 DC Accuracy Bit-weight: Q330M+ 6641, Port B
Sample Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Rate
Voltage 100 Hz 1.9973V 0.99732V 0.49872V 0.24960 V 0.25025V 0.12498 V 62.525 mV
Channel 1 20 Hz 2.3818 uV/cent 1.1913 uV/ent | 0.59603 uV/ent | 0.29839 uV/cnt | 0.29809 uV/cnt | 0.29809 uV/cnt | 0.14909 uV/cnt
@ 40 Hz 2.3818 uV/ent 1.1913 uV/ent | 0.59603 uV/ent | 0.29839 uV/cnt | 0.29809 uV/cnt | 0.29809 uV/cnt | 0.14909 uV/cnt
100 Hz 2.3818 uV/cent 1.1913 uV/ent | 0.59603 uV/cnt | 0.29839 uV/cnt | 0.29809 uV/cnt | 0.29809 uV/cnt | 0.14909 uV/cnt
Channel 2 20 Hz 2.3811 uV/cent 1.1910 uV/cnt | 0.59584 uV/cnt | 0.29784 uV/cnt | 0.29805 uV/ent | 0.29805 uV/ent | 0.14909 uV/cnt
(N) 40 Hz 2.3811 uV/cent 1.1910 uV/cent 0.59584 uV/cnt 0.29784 uV/cnt 0.29805 uV/cnt 0.29805 uV/ent 0.14909 uV/cnt
100 Hz 2.3811 uV/ent 1.1910 uV/ent | 0.59584 uV/ent | 0.29784 uV/ent | 0.29805 uV/ent | 0.29805 uV/ent | 0.14909 uV/cnt
Channel 3 20 Hz 2.3804 uV/cnt 1.1906 uV/ent | 0.59571 uV/ent | 0.29790 uV/ent | 0.29800 uV/ent | 0.29800 uV/ent | 0.14905 uV/cnt
® 40 Hz 2.3804 uV/cnt 1.1906 uV/ent | 0.59571 uV/ent | 0.29790 uV/ent | 0.29800 uV/cnt | 0.29800 uV/cnt | 0.14905 uV/cnt
100 Hz 2.3804 uV/cnt 1.1906 uV/ent | 0.59571 uV/ent | 0.29790 uV/cnt | 0.29800 uV/cnt | 0.29800 uV/cnt | 0.14905 uV/cnt

Nominal Bitweight

2.3840 uV/ent

1.1920 uV/cnt

0.59600 uV/cnt

0.29800 uV/cnt

0.29800 uV/cnt

0.14900 uV/cnt

74.500 nV/cnt

Maximum Difference

0.15%

0.11%

0.05%

0.13%

0.03%

0.06%

0.12%

The nominal bit-weights provided by Kinemetrics were specified to be 2.384 uV/count, 1.192
uV/count, 0.596 uV/count, 0.298 uV/count, 0.149 uV/count, and 74.5 nV/count for gains of 1, 2,

4, 8x, 16x, and 32x, respectively. The measured DC bit-weights were found to be consistent
with the nominal values to within better than 0.23%.

As expected, the bit-weight for each channel did not change with respect to the sample rate.
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3.4 AC Accuracy

The AC Accuracy test is used to measure the bit-weight 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 bit-weight in volts/count.

3.4.2 Configuration
The digitizer is connected to a AC signal source and a meter configured to measure voltage as

shown in the diagram below.

T
AC Signal

Source
e
)
. Voltage

° Meter
e

0+

Digitizer ]
Channel

Figure 15 AC Accuracy Configuration Diagram
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Figure 16 AC Accuracy Configuration Picture
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Table 14 AC Accuracy Testbed Equipment

Manufacturer / Model | Serial Number Nominal
Configuration
AC Signal Source SRS DS360 123669 1 Hz AC, 10% FS
Voltage Meter Agilent 3458A MY45048371 10 V full scale

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 Hz, which is a minimum of 100 times the
frequency of the signal of interest in order to reduce the Agilent 3458 A 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 cycle, or 10 seconds at 1 Hz, window 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:

ViesSIN(2Pifropt + 0,0r) +Vy,
CmeaSSin (2 pl fmeas t + Hmeas) + CdC

The digitizer bit-weight in Volts / count is computed:

|4
Bitweight = i

meas
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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 segments of data used for analysis.
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Figure 17 AC Accuracy Time Series

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

Table 15 AC Accuracy Bit-weight: Q330M+ 6640

Sample Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Rate
Voltage 100 Hz 19959V 0.99692 V 0.49846 V 0.24936 V 0.25003 V 0.12492 Vv 62.483 mV
Channel 1 20 Hz 2.3664 uV/cnt 1.1834 uV/ent | 0.59171 uV/ent | 0.29590 uV/ent | 0.29626 uV/ent | 0.14815 uV/ent 74.074 nV/cnt
@ 40 Hz 2.3664 uV/cnt 1.1834 uV/ent | 0.59171 uV/ent | 0.29590 uV/ent | 0.29626 uV/ent | 0.14815 uV/cnt 74.075 nV/cnt
100 Hz 2.3792 uV/ent 1.1898 uV/ent | 0.59490 uV/ent | 0.29749 uV/ent | 0.29786 uV/ent | 0.14895 uV/cnt 74.474 nV/cnt
Channel 2 20 Hz 2.3669 uV/cnt 1.1838 uV/ent | 0.59234 uV/ent | 0.29601 uV/ent | 0.29630 uV/ent | 0.14819 uV/cnt 74.149 nV/cnt
(N) 40 Hz 2.3669 uV/cnt 1.1838 uV/ent | 0.59234 uV/ent | 0.29602 uV/ent | 0.29631 uV/ent | 0.14819 uV/cnt 74.150 nV/cnt
100 Hz 2.3797 uV/cnt 1.1901 uV/ent | 0.59553 uV/ent | 0.29761 uV/cnt | 0.29790 uV/cnt | 0.14899 uV/cnt 74.549 nV/cnt
Channel 3 20 Hz 2.3667 uV/cnt 1.1836 uV/ent | 0.59193 uV/ent | 0.29634 uV/ent | 0.29630 uV/ent | 0.14817 uV/cnt 74.103 nV/cnt
(8) 40 Hz 2.3667 uV/cnt 1.1836 uV/ent | 0.59194 uV/ent | 0.29634 uV/ent | 0.29630 uV/cnt | 0.14817 uV/cnt 74.104 nV/cnt
100 Hz 2.3795 uV/ent 1.1899 uV/ent | 0.59513 uV/ent | 0.29794 uV/ent | 0.29790 uV/cnt | 0.14897 uV/cnt 74.503 nV/cnt

Nominal Bitweight

2.3840 uV/cnt

1.1920 uV/cent

0.59600 uV/cnt

0.29800 uV/cnt

0.29800 uV/cnt

0.14900 uV/cnt

74.500 nV/cnt

Maximum Difference

0.74%

0.72%

0.72%

0.71%

0.58%

0.57%

0.57%
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Table 16 AC Accuracy Bit-weight: Q330M+ 6641, Port A

Sample Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Rate
Voltage 100 Hz 1.9959V 0.99692 V 0.49846 V 0.24936 V 0.25003 V 0.12492 Vv 62.483 mV
Channel 1 20 Hz 2.3657 uV/cnt 1.1834 uV/ent | 0.59217 uV/ent | 0.29640 uV/cnt | 0.29617 uV/cnt | 0.14815 uV/ent 74.131 nV/cnt
(@ 40 Hz 2.3657 uV/cnt 1.1834 uV/ent | 0.59218 uV/ent | 0.29640 uV/cnt | 0.29617 uV/ent | 0.14815 uV/cnt 74.132 nV/cnt
100 Hz 2.3785 uV/cent 1.1898 uV/ent | 0.59537 uV/ent | 0.29800 uV/ent | 0.29776 uV/ent | 0.14895 uV/cnt 74.531 nV/cnt
Channel 2 20 Hz 2.3660 uV/cnt 1.1835 uV/ent | 0.59211 uV/ent | 0.29566 uV/ent | 0.29612 uV/ent | 0.14812 uV/ent 74.103 nV/cnt
(N) 40 Hz 2.3660 uV/cnt 1.1835uV/ent | 0.59211 uV/ent | 0.29566 uV/ent | 0.29612 uV/ent | 0.14813 uV/cnt 74.103 nV/cnt
100 Hz 2.3787 uV/ent 1.1899 uV/ent | 0.59530 uV/ent | 0.29725uV/ent | 0.29772 uV/ent | 0.14892 uV/cnt 74.502 nV/cnt
Channel 3 20 Hz 2.3657 uV/ent 1.1834 uV/ent | 0.59182 uV/ent | 0.29548 uV/ent | 0.29616 uV/cnt | 0.14814 uV/cnt 74.087 nV/cnt
&) 40 Hz 2.3784 uV/cnt 1.1898 uV/ent | 0.59502 uV/ent | 0.29708 uV/cnt | 0.29776 uV/ent | 0.14894 uV/cnt 74.487 nV/cnt
100 Hz 2.3657 uV/ent 1.1834 uV/cent | 0.59183 uV/cnt | 0.29549 uV/cnt | 0.29616 uV/cnt | 0.14815 uV/cnt 74.088 nV/cnt

Nominal Bitweight

2.3840 uV/cnt

1.1920 uV/cnt

0.59600 uV/cnt

0.29800 uV/cnt

0.29800 uV/cnt

0.14900 uV/cnt

74.500 nV/cnt

Maximum Difference 0.77% 0.72% 0.70% 0.84% 0.63% 0.59% 0.57%
Table 17 AC Accuracy Bit-weight: Q330M+ 6641, Port B
Sample Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Rate
Voltage 100 Hz 1.9959 Vv 0.99692 V 0.49846 V 0.24936 V 0.25003 V 0.12492V 62.483 mV
Channel 1 20 Hz 2.3672 uV/cnt 1.1840 uV/ent | 0.59239 uV/ent | 0.29656 uV/cnt | 0.29627 uV/ent | 0.14818 uV/cnt 74.136 nV/cnt
@ 40 Hz 2.3672 uV/cent 1.1840 uV/ent | 0.59239 uV/ent | 0.29656 uV/ent | 0.29627 uV/ent | 0.14818 uV/cnt 74.136 nV/cnt
100 Hz 2.3800 uV/cnt 1.1904 uV/ent | 0.59559 uV/ent | 0.29816 uV/ent | 0.29786 uV/cnt | 0.14898 uV/cnt 74.536 nV/cnt
Channel 2 20 Hz 2.3665 uV/cnt 1.1838 uV/ent | 0.59220 uV/ent | 0.29602 uV/cnt | 0.29623 uV/cnt | 0.14818 uV/cent 74.124 nV/cnt
(N) 40 Hz 2.3665 uV/cnt 1.1838 uV/ent | 0.59220 uV/ent | 0.29602 uV/cnt | 0.29623 uV/cnt | 0.14818 uV/ent 74.125 nV/cnt
100 Hz 2.3793 uV/ent 1.1902 uV/ent | 0.59539 uV/ent | 0.29762 uV/ent | 0.29783 uV/ent | 0.14897 uV/ent 74.524 nV/cnt
Channel 3 20 Hz 2.3658 uV/cnt 1.1834 uV/ent | 0.59207 uV/ent | 0.29607 uV/ent | 0.29617 uV/ent | 0.14814 uV/cnt 74.117 nV/cnt
) 40 Hz 2.3658 uV/cnt 1.1834 uV/ent | 0.59208 uV/ent | 0.29608 uV/cnt | 0.29618 uV/cnt | 0.14814 uV/cnt 74.118 nV/cnt
100 Hz 2.3786 uV/ent 1.1898 uV/ent | 0.59527 uV/ent | 0.29767 uV/ent | 0.29777 uV/ent | 0.14894 uV/cnt 74.517 nV/cnt

Nominal Bitweight

2.3840 uV/cnt

1.1920 uV/cnt

0.59600 uV/cnt

0.29800 uV/cnt

0.29800 uV/cnt

0.14900 uV/cnt

74.500 nV/cnt

Maximum Difference

0.76%

0.72%

0.66%

0.66%

0.61%

0.58%

0.57%

The nominal bit-weights provided by Kinemetrics were specified to be 2.384 uV/count, 1.192
uV/count, 0.596 uV/count, 0.298 uV/count, 0.149 uV/count, and 74.5 nV/count for gains of 1, 2,

4, 8x, 16x, and 32x, respectively. The measured AC bit-weights were found to be consistent
with the nominal values to within better than 0.84%.
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3.5 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.

3.5.1 Measurand
The quantity being measured is the digitizer input channels full scale in volts.

3.5.2 Configuration
The digitizer is connected to an AC signal source and a meter configured to measure voltage as

shown in the diagram below.

T
AC Signal

Source
e
)
= Voltage

° Meter
e

0+

Digitizer ]
Channel

Figure 18 AC Full Scale Configuration Diagram
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Figure 19 AC Full Scale Configuration Picture

Table 18 AC Full Scale Testbed Equipment

Manufacturer / Model | Serial Number Nominal
Configuration
AC Signal Source SRS DS360 123669 1 Hz AC, 100% FS
Voltage Meter Agilent 3458A MY45048371 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.

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 Hz, 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.

3.5.3 Analysis
The measured bit-weight, from the AC Accuracy at 1 Hz, is applied to the collected data:

x[n], 0<Sn<N-1

A short window is defined on the data around one of each 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.
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3.5.4 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.
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Figure 20 AC Full Scale Time Series

Station: |Agilent 34584 # MY45048371

Channel:
Rate: 100 Hz

Bitweight: |3.30715 uV/count

[] Response Deconvolution

Response: NOME SELECTED

Unit: |Voltage

Station: QM&40
Channel: |BLE
Rate: 40 Hz

Bitweight: |2,36673 uV/count

[[] Response Deconvolution

Response: |NONE SELECTED ~

Unit: | Voltage

The following tables contain the computed positive peak, negative peak, and peak-to-peak
voltages ranges for each of the channels, sample rates, and gain levels.

Table 19 AC Full Scale: Q330M+ 6640

Sampl Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
e Rate

Reference | 100 Hz | Max 19.903 V 9.9543 V 4.9770V 2.4905 V 2.4940V 1.2473V 0.62386 V
Voltage Min | -19.956V | -9.9772V | -49906V | -2.4972V | -2.5038V | -1.2503V | -0.62547V
Channel 1 20 Hz | Max 19.911V 9.9504 V 4.9785V 2.4781V 2.4922V 1.2462 V 0.62123 V
(2) Min | -19.959V | -9.9722V | -4.9914V | -2.4867V | -2.4978V | -1.2485V | -0.62447V
40 Hz | Max 19.911V 9.9504 V 4.9784 V 2.4866 V 2.4868 V 1.2462 V 0.62123 V
Min | -19.958V | -9.9721V | -4.9913V | -2.4923V | -2.4952V | -1.2485V | -0.62242V
100 Hz | Max 19.911V 9.9532 V 49784V 2.4898 V 2.4963 V 1.2478 V 0.62359 V
Min | -19.959V | -9.9797V | -49914V | -24964V | -2.5037V | -1.2507V | -0.62529V
Channel 2 20 Hz | Max 19.911V 9.9504 V 4.9785V 2.4782V 2.4923V 1.2462V 0.62123 V
(N) Min | -19.959V | -9.9722V | -4.9914V | -2.4867V | -2.4978V | -1.2485V | -0.62447V
40 Hz | Max 19.911V 9.9504 V 4.9784V 2.4866 V 2.4868 V 1.2462V 0.62123 V
Min | -19.958V | -9.9721V | -4.9913V | -2.4924V | -2.4952V | -1.2485V | -0.62242V
100 Hz | Max 19.911V 9.9532 V 4.9784 V 2.4898 V 2.4963 V 1.2478 V 0.62359 V
Min | -19.959V | -9.9797V | -49914V | -2.4964V | -2.5037V | -1.2507V | -0.62529V
Channel 3 20 Hz | Max 19.911V 9.9504 V 4.9785V 2.4782 V 2.4923V 1.2462 V 0.62123V
(E) Min | -19.959V | -9.9722V | -4.9914V | -2.4867V | -2.4978V | -1.2485V | -0.62447V
40 Hz | Max 19.911V 9.9504 V 4.9784V 2.4866 V 2.4868 V 1.2462V 0.62123 V
Min | -19.958V | -9.9721V | -4.9913V | -2.4923V | -2.4952V | -1.2485V | -0.62242V
100 Hz | Max 19.911V 9.9532 V 4.9784V 2.4898 V 2.4963 V 1.2478 V 0.62359 V
Min | -19.959V | -9.9797V | -4.9914V | -2.4964V | -2.5037V | -1.2507V | -0.62529V
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Table 20 AC Full Scale: Q330M+ 6641, Port A

Sampl Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
¢ Rate
Reference | 100 Hz | Max 19.911V 9.9543 V 49770V 2.4905V 24972V 1.2473V 0.62386 V
Voltage Min -19.960 V -9.9772V -4.9906 V -2.4972V -2.5038 V -1.2503 V -0.62547 V
Channel 1 20 Hz | Max 19.787 V 9.9503 V 49784V 2.4781V 2.4868 V 1.2462 V 0.62121V
(2) Min -19.841V -9.9720V -4.9913 V -2.4867 V -2.4953 V -1.2485V -0.62240 V

40 Hz | Max 19.745V 9.9503 V 4.9785V 2.4867 V 2.4869 V 1.2462 V 0.62256 V

Min -19.798V | -9.9721V | -49914V | -2.4924V | -2.4978V | -1.2485V | -0.62448V

100 Hz | Max 19.801V 9.9532V 4.9784 V 2.4898 V 2.4963V 1.2478 V 0.62359V

Min -19.848V | -9.9797V | -4.9914V | -2.4963V | -2.5037V | -1.2507V | -0.62529V

Channel 2 20 Hz | Max 19.787V 9.9503 V 4.9784V 2.4781V 2.4868 V 1.2462 V 0.62121V

(N) Min -19.840V | -9.9720V | -4.9913V | -2.4867V | -2.4953V | -1.2485V | -0.62241V

40 Hz | Max 19.744 V 9.9503 V 4.9785V 24867V 2.4869 V 1.2462 V 0.62256 V

Min -19.798V | -9.9721V | -4.9914V | -2.4924V | -2.4953V | -1.2485V | -0.62448V

100 Hz | Max 19.801V 9.9532V 4.9785V 2.4898 V 2.4963 V 1.2478 V 0.62359 V

Min -19.849V | -9.9797V | -4.9914V | -2.4964V | -2.5037V | -1.2507V | -0.62529V

Channel 3 20 Hz | Max 19.787V 9.9503 V 4.9784V 2.4781V 2.4868 V 1.2462V 0.62121V

(E) Min -19.840V | -9.9720V | -4.9913V | -2.4867V | -2.4953V | -1.2485V | -0.62241V

40 Hz | Max 19.744 V 9.9503 V 4.9785V 24867V 2.4868 V 1.2462V 0.62256 V

Min -19.798V | -9.9721V | -4.9914V | -2.4924V | -2.4953V | -1.2485V | -0.62448V

100 Hz | Max 19.801V 9.9532V 4.9784 V 2.4898 V 2.4963 V 1.2478 V 0.62359 V

Min -19.849V | -99797V | -49914V | -2.4963V | -2.5037V | -1.2507V | -0.62529V

Table 21 AC Full Scale: Q330M+ 6641, Port B

Sampl Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
e Rate
Reference | 100 Hz | Max 19.911V 9.9543 V 49770V 2.4905V 24972V 1.2473V 0.62386 V
Voltage Min -19.960 V -9.9772V -4.9906 V -2.4972V -2.5038 V -1.2503 V -0.62547 V
Channel 1 20 Hz | Max 19.787 V 9.9503 V 49784V 2.4781V 2.4868 V 1.2462 V 0.62121V
(2) Min -19.841V -9.9720V -4.9913 V -2.4867 V -2.4953 V -1.2485V -0.62241V

40 Hz | Max 19.745V 9.9504 V 4.9785V 2.4867 V 2.4869 V 1.2462 V 0.62257 V

Min -19.798V | -9.9721V | -4.9914V | -2.4924V | -2.4978V | -1.2485V | -0.62448V

100 Hz | Max 19.800 V 9.9532V 4.9784V 2.4898 V 2.4963 V 1.2478 V 0.62359V

Min -19.848V | -9.9797V | -4.9914V | -2.4963V | -2.5037V | -1.2507V | -0.62529V

Channel 2 20 Hz | Max 19.787V 9.9503 V 4.9784 V 24781V 2.4868 V 1.2462 V 0.62121V

(N) Min -19.841V | -9.9720V | -4.9913V | -2.4867V | -2.4953V | -1.2485V | -0.62241V

40 Hz | Max 19.745V 9.9503 V 4.9785V 2.4867V 2.4869 V 1.2462V 0.62256 V

Min -19.798V | -9.9721V | -4.9914V | -2.4924V | -2.4953V | -1.2485V | -0.62448V

100 Hz | Max 19.800 V 9.9532V 4.9784V 2.4898 V 2.4963V 1.2478 V 0.62359 V

Min -19.848V | -9.9797V | -4.9914V | -2.4963V | -2.5037V | -1.2507V | -0.62529V

Channel 3 20 Hz | Max 19.787V 9.9503 V 4.9784 V 2.4781V 2.4868 V 1.2462 V 0.62121V

(E) Min -19.841V | -9.9720V | -4.9913V | -2.4867V | -2.4953V | -1.2485V | -0.62241V

40 Hz | Max 19.745V 9.9503 V 4.9785V 24867V 2.4869 V 1.2462V 0.62256 V

Min -19.798V | -9.9721V | -4.9914V | -2.4924V | -2.4978V | -1.2485V | -0.62448V

100 Hz | Max 19.801V 9.9532V 4.9784 V 2.4898 V 2.4963 V 1.2478 V 0.62359 V

Min -19.848V | -9.9797V | -49914V | -2.4963V | -2.5037V | -1.2507V | -0.62529V

For all sample rates and gain levels, 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.

40



3.6 AC Over Scale
The AC Over Scale test is used to validate the nominal full scale of a digitizer channel by
recording a known AC signal with a voltage that exceeds 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 an AC signal source and a meter configured to measure voltage as

shown in the diagram below.

T

AC Signal
Source

e

T

. Voltage

° Meter
e

0+

Digitizer ]
Channel

Figure 21 AC Over Scale Configuration Diagram
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Figure 22 AC Over Scale Configuration Picture

Table 22 AC Over Scale Testbed Equipment

Manufacturer / Model | Serial Number Nominal
Configuration
AC Signal Source SRS DS360 123669 1 Hz AC, 110% FS
Voltage Meter Agilent 3458A MY45048372 1 V full scale

The AC Signal Source is configured to generate an AC voltage with an amplitude 110% of the
digitizer input channel’s full scale and a frequency equal to the calibration frequency of 1 Hz. 10
seconds of data is recorded.

Caution is taken to ensure that the voltage amplitude does not exceed the safety limits of the
recording channel and that the test is short in duration to minimize the potential for damage to
the equipment.

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 Hz, which is a minimum of 100 times the
frequency of the signal of interest 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 bit-weight, from the AC Accuracy at 1 Hz, is applied to the collected data:

x[n], 0<Sn<N-1

A short window is defined on the data around one of each 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 visible limiting of
the values near the full scale.
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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 segments of data used to evaluate the positive and negative regions,

respectively.
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Figure 23 AC Over Scale Time Series

Voltage

Note that in the figure above, signs of flattening in the time series are visible at each of the
positive and negative peaks. The following tables contain the computed positive and negative
peak voltages for each of the channels, sample rates, and gain levels.

Table 23 AC Over Scale: Q330M+ 6640

Rate Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Reference | 100 Hz | Max 21.903V 10.949V 5.4751V 2.7408 V 2.7471V 1.3747V 0.68630 V
Voltage Min -21.952V -10.975V -5.4903 V -2.7483 V -2.7553 V -1.3790V | -0.68790V
Channel 1 20 Hz | Max 21.404 V 10.701V 5.3544 'V 2.6804 V 2.5145V 1.2576 V 0.62996 V
(2) Min -21.400V -10.702V -5.3558 V -2.6754 'V -2.5152V -1.2574V | -0.63005V
40 Hz | Max 21.474V 10.758 V 5.3561V 2.6977V 2.5224V 1.2613V 0.62977 V
Min -21.489V -10.762V -5.3618 V -2.6974V -2.5155V -1.2617V -0.62986 V
100 Hz | Max 21.384V 10.698 V 5.3505 V 2.6776 V 2.5137V 1.2570V 0.62870V
Min -21.383 V -10.699 V -5.3508 V -2.6779V -2.5135V -1.2569 V -0.62869 V
Channel 2 20 Hz | Max 21.405V 10.703 V 5.3576 V 2.6779V 2.5145V 1.2577V 0.63035V
(N) Min -21.402V -10.704 V -5.3591V -2.6722V -2.5152V -1.2575V -0.63044 V
40 Hz | Max 21.476 V 10.759 V 5.3590 V 2.6949 V 2.5224V 1.2614V 0.63007 V
Min -21.490V -10.764 V -5.3649 V -2.6945V -2.5155V -1.2618V -0.63016 V
100 Hz | Max 21.386V 10.700 V 5.3539V 2.6757V 2.5137V 1.2571V 0.62909 V
Min -21.385V -10.701V -5.3543 V -2.6745V -2.5135V -1.2570V -0.62908 V
Channel 3 20 Hz | Max 21.401V 10.699 V 5.3527V 2.6717V 2.5141V 1.2573V 0.62971V
(E) Min -21.397V -10.700 V -5.3539V -2.6710V -2.5149V -1.2572V | -0.62980V
40 Hz | Max 21.472V 10.756 V 5.3544V 2.6939 V 2.5220V 1.2611V 0.62958 V
Min -21.486 'V -10.760 V -5.3601V -2.6934 V -2.5222V -1.2615V -0.62967 V
100 Hz | Max 21.381V 10.697 V 5.3486 V 2.6735V 2.5133V 1.2568 V 0.62845 V
Min -21.381V -10.697 V -5.3489 V -2.6734V -2.5131V -1.2566 V -0.62844 V
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Table 24 AC Over Scale: Q330M+ 6641, Port A

Rate Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Reference | 100 Hz | Max 21.897V 10.949V 5.4751V 2.7404 V 2.7471V 1.3748 V 0.68630 V
Voltage Min -21.945V | -10975V | -5.4903V | -2.7483V | -2.7553V | -1.3793V | -0.68790V
Channel 1 20 Hz | Max 21.487V 10.756 V 5.3579V 2.6974 V 2.5213V 1.2613V 0.62995 V
(2) Min -21.498V | -10.761V | -5.3638V | -2.6979V | -2.5214V | -1.2616V | -0.63003V
40 Hz | Max 21.388V 10.699 V 5.3563 V 2.6773V 2.5134V 1.2567 V 0.63020 V
Min -21.382V | -10.700V | -5.3578V | -2.6760V | -2.5141V | -1.2566V | -0.63029V
100 Hz | Max 21.375V 10.697 V 5.3525V 2.6781V 2.5125V 1.2569 V 0.62908 V
Min -21.376 V| -10.697V | -5.3529V | -2.6780V | -2.5123V | -1.2569V | -0.62893V
Channel 2 20 Hz | Max 21.489V 10.757 V 5.3574V 2.6911V 2.5209 V 1.2611V 0.62976 V
(N) Min -21.500Vv | -10.762V | -5.3633V | -2.6913V | -2.5210V | -1.2614V | -0.62985V
40 Hz | Max 21.391V 10.701V 5.3558 V 2.6698 V 2.5130V 1.2565V 0.62996 V
Min -21.385V | -10.702V | -5.3572V | -2.6686V | -2.5137V | -1.2564V | -0.63005V
100 Hz | Max 21.377V 10.698 V 5.3519V 2.6713V 2.5121V 1.2567 V 0.62882 V
Min -21.378V | -10.699V | -5.3523V | -2.6712V | -2.5119V | -1.2567V | -0.62869V
Channel 3 20 Hz | Max 21.487 V 10.756 V 5.3554 V 2.6896 V 2.5213V 1.2612V 0.62966 V
(E) Min -21.498V | -10.761V | -5.3611V | -2.6897V | -2.5214V | -1.2616V | -0.62975V
40 Hz | Max 21.388V 10.699 V 5.3536 V 2.6681V 2.5133V 1.2567 V 0.62983 V
Min -21.382V | -10.700V | -5.3548V | -2.6669V | -2.5141V | -1.2565V | -0.62992V
100 Hz | Max 21.374V 10.697 V 5.3496 V 2.6698 V 2.5125V 1.2569 V 0.62868 V
Min -21.375V | -10.697V | -5.3499V | -2.6697V | -2.5123V | -1.2568V | -0.62856V

Table 25 AC Over Scale: Q330M+ 6641, Port B

Rate Gain 1x Gain 2x Gain 4x Gain 8xH Gain 8xL Gain 16x Gain 32x
Reference | 100 Hz | Max 21.897 V 10.949V 5.4751V 2.7404 V 2.7471V 1.3748 V 0.68630 V
Voltage Min -21.945V | -10975V | -5.4903V | -2.7483V | -2.7553V | -1.3793V | -0.68790V
Channel 1 20 Hz | Max 21.499 V 10.761V 5.3595 V 2.6988 V 2.5221V 1.2615V 0.62998 V
(2) Min -21.511V | -10.766V | -5.3654V | -2.6993V | -2.5222V | -1.2618V | -0.63006V
40 Hz | Max 21.396 V 10.705V 5.3580 V 2.6790V 2.5142V 1.2570V 0.63024V
Min -21.396V | -10.706V | -5.3596V | -2.6777V | -2.5149V | -1.2569V | -0.63033V
100 Hz | Max 21.389V 10.702 V 5.3543 V 2.6796 V 2.5134V 1.2572V 0.62912 V
Min -21.389V | -10.703V | -5.3548V | -2.6795V | -2.5132V | -1.2571V | -0.62897V
Channel 2 20 Hz | Max 21.494V 10.759 V 5.3581V 2.6942 V 2.5218 V 1.2615V 0.62990 V
(N) Min -21.505V | -10.764V | -5.3639V | -2.6945V | -2.5219V | -1.2618V | -0.62999V
40 Hz | Max 21.389V 10.703 V 5.3565 V 2.6735V 2.5139V 1.2570 V 0.63014 V
Min -21.390V | -10.704V | -5.3579V | -2.6722V | -2.5146V | -1.2568V | -0.63024V
100 Hz | Max 21.383V 10.700 V 5.3527 V 2.6746 V 2.5131V 1.2571V 0.62902 V
Min -21.383V | -10.701V | -5.3531V | -2.6745V | -2.5129V | -1.2571V | -0.62887V
Channel 3 20 Hz | Max 21.488 V 10.756 V 5.3572V 2.6947 V 2.5214V 1.2612V 0.62986 V
(E) Min -21.499V | -10.761V | -5.3630V | -2.6950V | -2.5215V | -1.2616V | -0.62994V
40 Hz | Max 21.389V 10.699 V 5.3555 V 2.6740 V 2.5134V 1.2567 V 0.63008 V
Min -21.383V | -10.700V | -5.3569V | -2.6728V | -2.5142V | -1.2565V | -0.63017V
100 Hz | Max 21.376 V 10.697 V 5.3517V 2.6751V 2.5126 V 1.2568 V 0.62895 V
Min -21.376 V| -10.697V | -5.3520V | -2.6750V | -2.5124V | -1.2568V | -0.62881V

For all sample rates and gain levels, the digitizer channels were determined to have a full-scale

amplitude that exceeded the nominally specified full scale value by approximately 7% at gains of
1x, 2x, 4x, and 8xH and approximately 0.5 % at gains of 8xL, 16x, and 32x.
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3.7 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.

3.7.1 Measurand
The quantity being measured is the digitizer input channels DC offset in volts.

3.7.2 Configuration

Digitizer

Channel

e b IR 575 T RS s e g
e —g

Figure 25 Input Shorted Offset Configraion Picture
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Table 26 Input Shorted Offset Testbed Equipment
Impedance
Resistors 50 (25 x 2) ohm
500 (250 x 2) ohm
4k (2k x 2) ohm
9.4k (4.7k x 2) ohm

A minimum of 12 hours of data is recorded.

3.7.3 Analysis
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data:

x[n], 0<Sn<N-1

The mean value, in volts, is evaluated:

N-1
Offset = %;Ox[n]
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3.7.4 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. Each window represents 24 hours of data
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The variations in DC offset observed above over the 24 hour recording of the time-series are
consistent with a 1 to 2 degree Celsius change in environmental temperature, based upon the
later Temperature Self-Noise testing and the measured 16 — 17 counts per degree Celsius offset

change.

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

Table 27 Input Shorted Offset, #6640

Channel | Gain Impedance 20 Hz 40 Hz 100 Hz

Offset Offset Offset Offset Offset Offset

(Volts) (Counts) (Volts) (Counts) (Volts) (Counts)
z 1x 50 ohm 34.82 uv 14.71 cnt 34.89 uv 14.75 cnt 35.08 uv 14.74 cnt
N 1x 50 ohm 29.32 uVv 12.39 cnt 29.40 uv 12.42 cnt 29.56 uvV 12.42 cnt
E 1x 50 ohm 35.45uV 14.98 cnt 35.53 uv 15.01 cnt 35.72 uVv 15.01 cnt
z 8xL 500 ohm 3.83uVv 12.93 cnt 3.84 uVv 12.96 cnt 3.86 uVv 12.96 cnt
N 8xL 4k ohm 3.34 uVv 11.26 cnt 3.34 uv 11.29 cnt 3.36 uv 11.29 cnt
E 8xL 9.4k ohm 4.00 uVv 13.51 cnt 4.01 uv 13.54 cnt 4.03 uV 13.54 cnt
z 16x 500 ohm -1.00 uv -6.74 cnt -1.28 uv -8.66 cnt -1.29 uv -8.66 cnt
N 16x 4k ohm -2.20 uV -14.84 cnt -2.19 uv -14.81 cnt -2.21uV -14.81 cnt
E 16x 9.4k ohm -1.29 uv -8.69 cnt -0.99 uv -6.70 cnt -1.00 uv -6.70 cnt
z 32x 500 ohm 2.10uVv 28.32 cnt 2.10uv 28.36 cnt 2.11uv 28.36 cnt
N 32x 4k ohm 0.92 uv 12.38 cnt 0.92 uv 12.41 cnt 0.92 uv 12.41 cnt
E 32x 9.4k ohm 1.14 uv 15.36 cnt 1.14 uv 15.39 cnt 1.15uVv 15.39 cnt

Table 27 Input Shorted Offset, #6641 Port A

Channel | Gain Impedance 20 Hz 40 Hz 100 Hz

Offset Offset Offset Offset Offset Offset

(Volts) (Counts) (Volts) (Counts) (Volts) (Counts)
z 1x 50 ohm 35.82 uv 15.14 cnt 35.89 uv 15.17 cnt 36.09 uv 15.17 cnt
N 1x 50 ohm 33.92 uVv 14.34 cnt 34.00 uvV 14.37 cnt 34.18 uV 14.37 cnt
E 1x 50 ohm 36.40 uv 15.39 cnt 36.47 uV 15.42 cnt 36.67 uV 15.42 cnt
z 1x 50 ohm 34.95 uV 14.77 cnt 35.02 uv 14.80 cnt 35.21uVv 14.80 cnt
N 1x 500 ohm 32.78 uV 13.86 cnt 32.86 uV 13.89 cnt 33.03 uv 13.89 cnt
E 1x 4k ohm 35.52 uv 15.01 cnt 35.59 uv 15.05 cnt 35.79 uv 15.05 cnt
Z 2X 50 ohm -7.59 uvV -6.41 cnt -7.69 uvV -6.50 cnt -7.73 uV -6.50 cnt
N 2x 500 ohm -4.59 uV -3.88cnt | -4.70uV | -3.97 cnt -4.72 uV -3.97 cnt
E 2X 4k ohm -8.61 uv -7.28 cnt -8.72 uv -7.37 cnt -8.76 uv -7.37 cnt
z 4x 50 ohm 7.35uV 12.41 cnt 7.37 uV 12.44 cnt 7.41 uV 12.44 cnt
N 4x 500 ohm 7.68 uV 12.96 cnt 7.69 uvV 13.00 cnt 7.74 uV 13.00 cnt
E 4x 4k ohm 5.50 uV 9.30 cnt 5.52 uVv 9.33 cnt 5.55 uV 9.33 cnt
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Table 27 Input Shorted Offset, #6641 Port B

Channel | Gain Impedance | 20 Hz 40 Hz 100 Hz

Offset Offset Offset Offset Offset Offset

(Volts) (Counts) (Volts) (Counts) (Volts) (Counts)
z 1x 50 ohm 39.19 uv 16.55 cnt 39.26 uV 16.59 cnt 39.48 uv 16.59 cnt
N 1x 50 ohm 36.79 uV 15.54 cnt 36.86 uV 15.58 cnt 37.06 uvV 15.58 cnt
E 1x 50 ohm 43.03 uV 18.19 cnt 43.10 uV 18.22 cnt 43.33 uV 18.22 cnt
VA 1x 50 ohm 38.02 uVv 16.06 cnt 38.09 uv 16.09 cnt 38.30 uv 16.09 cnt
N 1x 500 ohm 35.61 uV 15.05 cnt 35.69 uVv 15.08 cnt 35.88 uV 15.08 cnt
E 1x 4k ohm 41.97 uV 17.74 cnt 42.04 uV 17.77 cnt 42.27 uV 17.77 cnt
z 2X 50 ohm -5.70 uv -4.81 cnt -5.80 uv -4.90 cnt -5.83 uV -4.90 cnt
N 2X 500 ohm -6.27 uV -5.29 cnt -6.37 uV -5.38 cnt -6.40 uV -5.38 cnt
E 2X 4k ohm -7.57 uV -6.40 cnt -7.67 uVv -6.48 cnt -7.71uV -6.48 cnt
Z 4Ax 50 ohm 6.66 uV 11.25 cnt 6.68 uV 11.28 cnt 6.72 uV 11.28 cnt
N 4x 500 ohm 5.77 uv 9.74 cnt 5.79 uvV 9.77 cnt 5.82 uVv 9.77 cnt
E 4x 4k ohm 6.18 uV 10.44 cnt 6.20 uV 10.47 cnt 6.23 uV 10.47 cnt

There does not appear to be any impact of sample rate or termination impedance on the level of

the DC offset. The offset measured in volts does appear to vary fairly linearly with gain,

however the underlying offset in counts does not appear to vary with gain level. The most
significant impact on the DC offset on the Q330M+ appears to be due to ambient temperature,
which will be confirmed further in later testing on the Temperature Self-Noise.
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3.8 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 sensor.

3.8.1 Measurand

The quantity being measured is the digitizer input channels self-noise power spectral density in
dB relative to 1 V?/Hz versus frequency and the total noise in Volts RMS over an application
pass-band.

3.8.2 Configuration

The digitizer input channel is connected to a shorting resistor as shown in the diagram below.

Digitizer
Channel

——

S s 4 T R, b ac g e

T
Figure 29 Self Noise Configuration Picture
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Table 28 Self Noise Testbed Equipment
Impedance
Resistor 50 ohm, 500 ohm, 4 kohm, and 9.4 kohm

The following combinations of gain level and terminator impedance were tested on the specified
digitizer channels:

Table 29 Q330M+, 6640 Self-Noise Configurations

Terminator Gain Channel | Channel | Channel
Impedance 1(Z2) 2 (N) 3 (E)
50 ohm 1x X X X
500 ohm 8x X
4 kohm 8x X
9.4 kohm 8x X
500 ohm 16x X
4 kohm 16x X
9.4 kohm 16x X
500 ohm 32x X
4 kohm 32x X
9.4 kohm 32x X
Table 30 Q330M+, 6641 Self-Noise Configurations
Port A Port B
Terminator Gain Channel | Channel | Channel | Channel | Channel | Channel
Impedance 1(2) 2(N) 3(E) 1(2) 2(N) 3(E)
50 ohm 1x X X X X X X
50 ohm 1x X X
500 ohm 1x X X
4 kohm 1x X X
500 ohm 2X X X
4 kohm 2X X X
9.4 kohm 2x X X
500 ohm 4x X X
4 kohm 4x X X
9.4 kohm 4x X X

A minimum of 24 hours of data is recorded at each configuration.
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3.8.3 Analysis
The measured bit weight, 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 4k, 8k,
or 16k sample Hann window depending on the sample rate. The window length and data
duration were chosen such that there were several points below the lower limit of the evaluation

pass-band of 0.01 Hz and the 95% confidence interval is less than 0.5 dB. The resulting 95%
confidence interval was determined to be less than 0.425 dB.

P Ik,0<k<N-1
Over frequencies (in Hertz):
fIKL,O<k<N-1

In addition, the total RMS noise over the application pass-band is computed:

m
1
rms = T_SLZ |Pxx[k]|
k=n

where f[n] and f[m] are the pass — band limits
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3.8.4 Result
The individual results for each self-noise configuration are shown in the sections below.

In summary, all the evaluated channels performed similarly to one another when configured at
the same sample rate and gain, with the exception of at a gain of 32x where there was as much as
2 dB (rel 1 V?/Hz) difference between the self-noise PSD levels.

The selection of a terminating resistor from a range of 50 ohm to 9.4 kohm did not appear to
have a significant impact on the PSD self-noise levels.

Each channel has the capability to record at multiple sample rate simultaneously. As configured,
the channels were sampling at 20 Hz, 40 Hz, and 100 Hz. The self-noise PSD levels were very
similar across the sample rates, as shown in the figure below from the test when the Q330M+
6641 was terminated with 50 ohm resistors on all of its channels.

DC Removal: |BLOCK < | Window: | HANN ~ | Window Length: |8192 « | Window Overlap: |5/8 < | 95% Confidence: 0.26835 dB| Unit: |Voltage <

-1186
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— QME41:HLZ - 50 ohm

-136

-138

-140 |

142 |

-144

0.01 0.1 1 10
FI’EC]UEHC‘,J’ (HZ)

Figure 30 Q330M+ 6641 Self-Noise across 20 Hz, 40 Hz, and 100 Hz

There is a very slight reduction in the PSD levels at higher frequencies as the sample rate
increases, which is consistent with the quantization noise being distributed across a wider
passband. However, the noise levels are largely unchanged from one sample rate to the next,
indicating that the self-noise is dominated by contributions from the analog components prior to
quantization.

The self-noise PSD levels were observed to decrease with increasing gain, as shown in the figure
below. The Q330M+ differentiates its gain settings between high-amplitude levels at gains of
1x, 2x, 4x, and 8xH and low-amplitude levels at gains of 8xL, 16x, 32x, and 64x. Note that this
evaluation did not examine the gain settings of 8xH and 64x.
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We observe that the self-noise PSD levels exhibit incremental improvements when the gains
setting was change from 1x to 2x and 4x. However, there are diminishing returns to using a gain

setting of 4x.

Utilizing the low-amplitude gain settings of 8xL, 16x, and 32x, the Q330M+ exhibited low self-
noise levels that were equivalent to the theoretical maximum reduction in noise of 6.02 dB per

doubling of the gain level.

Table 31 Q330M+ 6640 Self-Noise PSD reduction versus gain

Gain Level PSD Noise Theoretical
Reduction from 1x | (6.02 dB per 2x gain)
2x -4.92 dB -6.02 dB
4x -8.22 dB -12.04 dB
8xL -18.78 dB -18.06 dB
16x -23.81dB -24.08 dB
32x -29.94 dB -30.10dB
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3.8.4.1 Baseline: gain 1x and 50 ohm
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Figure 32 Q330M+ 6640 Self-Noise, gain 1x, 50 ohm baseline comparison at 20 Hz, 40 Hz,
and 100 Hz
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Table 32 Q330M+ 6640 Self-Noise Power Spectra, gain 1x, 50 ohm

Frequency Channel 1 (Z) | Channel 2 (N) | Channel 2 (E)
0.0100 Hz -117.23 dB -117.00dB -116.98 dB
0.0125 Hz -117.81dB -117.80 dB -117.36 dB
0.0160 Hz -118.64 dB -118.29 dB -118.07 dB
0.0200 Hz -119.37 dB -118.98 dB -118.76 dB
0.0250 Hz -120.10 dB -119.88 dB -119.39dB
0.0315Hz -120.60 dB -120.81 dB -120.13 dB

0.040 Hz -121.03 dB -121.37 dB -120.70 dB
0.050 Hz -121.63 dB -121.99dB -121.05 dB
0.063 Hz -122.13 dB -122.61 dB -121.38 dB
0.080 Hz -122.77 dB -122.93 dB -121.68 dB
0.100 Hz -123.11dB -123.52.dB -122.22 dB
0.125 Hz -123.59 dB -123.75dB -122.70dB
0.160 Hz -123.93 dB -124.17 dB -123.25dB
0.200 Hz -124.31dB -124.38 dB -123.68 dB
0.250 Hz -124.66 dB -124.79 dB -124.12 dB
0.315Hz -124.91 dB -124.92 dB -124.58 dB
0.40 Hz -125.03 dB -125.04 dB -124.96 dB
0.50 Hz -125.24 dB -125.28 dB -125.24 dB
0.63 Hz -125.39 dB -125.47 dB -125.45 dB
0.80 Hz -125.57 dB -125.55 dB -125.55 dB
1.00 Hz -125.67 dB -125.58 dB -125.62 dB
1.25 Hz -125.74 dB -125.65 dB -125.68 dB
1.60 Hz -125.80 dB -125.72 dB -125.72 dB
2.00 Hz -125.80 dB -125.74 dB -125.73 dB
2.50 Hz -125.82 dB -125.78 dB -125.77 dB
3.15 Hz -125.90 dB -125.79 dB -125.82 dB
4.0 Hz -125.94 dB -125.82 dB -125.87 dB
5.0 Hz -125.95 dB -125.87 dB -125.87 dB
6.3 Hz -125.96 dB -125.85 dB -125.87 dB
8.0 Hz -125.95 dB -125.85 dB -125.87 dB
10.0 Hz -125.96 dB -125.85 dB -125.87 dB
12.5Hz -125.96 dB -125.87 dB -125.88 dB
16.0 Hz -125.98 dB -125.89 dB -125.90 dB
20.0 Hz -125.99 dB -125.90 dB -125.90 dB
25.0 Hz -125.99 dB -125.89 dB -125.91 dB
31.5Hz -125.99 dB -125.88 dB -125.92 dB
40.0 Hz -127.02 dB -126.87 dB -126.94 dB
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Table 33 Q330M+ 6640 Self-Noise, gain 1x, 50 ohm

Channel Sample | O Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20 mHz-16 Hz | 0.5Hz-16 Hz
Rate

Channel 1(Z) | 20 Hz 1.625uV rms | 0.6042 uV rms 1.121 uV rms 1.605 uV rms 1.539 uV rms
50 ohm 0.6866 cnt rms | 0.2553 cnt rms | 0.4739 cnt rms | 0.6782 cnt rms | 0.6505 cnt rms
40 Hz 2.146 uVrms | 0.5845 uVrms 1.078 uV rms 2.081 uV rms 2.034 uV rms
0.9067 cnt rms | 0.2470 cntrms | 0.4554 cntrms | 0.8794 cntrms | 0.8594 cnt rms
100 Hz 3.263uVrms | 0.5758 uVrms 1.056 uV rms 2.040 uV rms 1.992 uV rms
1.372 cntrms | 0.2420 cntrms | 0.4437 cntrms | 0.8573 cnt rms | 0.8375 cnt rms
Channel 2 (N) | 20 Hz 1.639 uVrms | 0.6008 uV rms 1.127 uV rms 1.617 uV rms 1.554 uV rms
50 ohm 0.6923 cnt rms | 0.2538 cnt rms | 0.4761 cnt rms | 0.6833 cntrms | 0.6565 cnt rms
40 Hz 2.167 uVrms | 0.5809 uV rms 1.084 uV rms 2.101 uVrms 2.056 uV rms
0.9154 cnt rms | 0.2454 cntrms | 0.4580 cntrms | 0.8878 cntrms | 0.8686 cnt rms
100 Hz 3.300uVrms | 0.5717 uVrms 1.061 uV rms 2.060 uV rms 2.015uVrms
1.387 cntrms | 0.2402 cnt rms | 0.4460 cnt rms | 0.8658 cnt rms | 0.8467 cnt rms
Channel 3 (E) | 20 Hz 1.645uV rms | 0.6247 uV rms 1.140 uV rms 1.624 uV rms 1.551 uV rms
50 ohm 0.6950 cnt rms | 0.2640 cnt rms | 0.4816 cnt rms | 0.6862 cnt rms | 0.6555 cnt rms
40 Hz 2.170uV rms | 0.6061 uVrms 1.097 uV rms 2.105uVrms 2.052 uV rms
0.9170 cnt rms | 0.2561 cntrms | 0.4633 cntrms | 0.8894 cntrms | 0.8672 cnt rms
100 Hz 3.297 uVrms | 0.5979 uV rms 1.074 uV rms 2.064 uV rms 2.011 uVrms
1.386 cntrms | 0.2513 cnt rms | 0.4514 cntrms | 0.8673 cnt rms | 0.8452 cnt rms
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Figure 33 Q330M+ 6641 Self-Noise, gain 1x, 50 ohm baseline comparison at 20 Hz, 40 Hz,

and 100 Hz
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Table 34 Q330M+ 6641 Port A Self-Noise Power Spectra, gain 1x, 50 ohm

Frequency Port A Port B
Channel 1 Channel 2 Channel 2 Channel 1 Channel 2 Channel 2
(2) (N) (E) (2) (N) (E)
0.0100 Hz -118.43 dB -118.42 dB -118.81 dB -118.44 dB -118.92 dB -118.37 dB
0.0125 Hz -118.58 dB -118.88 dB -119.26 dB -119.08 dB -119.12 dB -118.96 dB
0.0160 Hz -119.51 dB -119.41 dB -119.79 dB -119.50 dB -120.15dB -119.89 dB
0.0200 Hz -120.63 dB -120.42 dB -120.09 dB -120.25 dB -120.73 dB -120.35dB
0.0250 Hz -121.16 dB -121.08 dB -120.99 dB -120.70 dB -120.98 dB -120.96 dB
0.0315 Hz -121.78 dB -121.50 dB -121.36 dB -122.01 dB -121.99 dB -121.56 dB
0.040 Hz -122.15dB -121.87 dB -122.07 dB -122.42 dB -122.48 dB -121.87 dB
0.050 Hz -122.78 dB -122.51 dB -122.39dB -122.90 dB -123.05 dB -122.57 dB
0.063 Hz -123.02 dB -123.26 dB -122.65 dB -123.24 dB -123.51 dB -123.12 dB
0.080 Hz -123.36 dB -123.56 dB -122.95 dB -123.65 dB -123.72 dB -123.55 dB
0.100 Hz -123.70 dB -124.00 dB -123.13 dB -123.87 dB -124.05 dB -123.79 dB
0.125 Hz -124.05 dB -124.36 dB -123.51 dB -124.22 dB -124.40 dB -124.04 dB
0.160 Hz -124.57 dB -124.51 dB -123.84 dB -124.51 dB -124.65 dB -124.35dB
0.200 Hz -124.68 dB -124.82 dB -124.05 dB -124.90 dB -124.83 dB -124.68 dB
0.250 Hz -124.83 dB -124.95 dB -124.39 dB -125.05 dB -124.97 dB -124.80 dB
0.315Hz -125.04 dB -125.16 dB -124.57 dB -125.16 dB -125.18 dB -125.09 dB
0.40 Hz -125.32 dB -125.28 dB -124.92 dB -125.33 dB -125.41 dB -125.26 dB
0.50 Hz -125.39 dB -125.40 dB -125.18 dB -125.44 dB -125.52 dB -125.36 dB
0.63 Hz -125.47 dB -125.58 dB -125.43 dB -125.57 dB -125.67 dB -125.48 dB
0.80 Hz -125.58 dB -125.68 dB -125.59 dB -125.62 dB -125.71 dB -125.60 dB
1.00 Hz -125.64 dB -125.70 dB -125.66 dB -125.67 dB -125.72 dB -125.66 dB
1.25Hz -125.69 dB -125.73 dB -125.71 dB -125.73 dB -125.77 dB -125.71 dB
1.60 Hz -125.72 dB -125.78 dB -125.73 dB -125.81 dB -125.79 dB -125.78 dB
2.00 Hz -125.75 dB -125.85 dB -125.78 dB -125.83 dB -125.89 dB -125.80 dB
2.50 Hz -125.81 dB -125.86 dB -125.81 dB -125.86 dB -125.90 dB -125.82 dB
3.15Hz -125.86 dB -125.88 dB -125.84 dB -125.87 dB -125.93 dB -125.85 dB
4.0 Hz -125.88 dB -125.91 dB -125.88 dB -125.91 dB -125.97 dB -125.88 dB
5.0 Hz -125.88 dB -125.93 dB -125.92 dB -125.93 dB -126.00 dB -125.90 dB
6.3 Hz -125.91 dB -125.94 dB -125.91 dB -125.95 dB -126.01 dB -125.91 dB
8.0 Hz -125.91 dB -125.94 dB -125.91 dB -125.95 dB -126.00 dB -125.93 dB
10.0 Hz -125.91 dB -125.95 dB -125.91 dB -125.96 dB -125.99 dB -125.93 dB
12.5Hz -125.91 dB -125.95 dB -125.92 dB -125.95 dB -125.99 dB -125.93 dB
16.0 Hz -125.92 dB -125.97 dB -125.95 dB -125.97 dB -126.01 dB -125.94 dB
20.0 Hz -125.92 dB -125.98 dB -125.95 dB -125.98 dB -126.00 dB -125.96 dB
25.0 Hz -125.92 dB -125.98 dB -125.94 dB -125.97 dB -125.99 dB -125.94 dB
31.5Hz -125.92 dB -125.97 dB -125.94 dB -125.97 dB -126.00 dB -125.94 dB
40.0 Hz -126.94 dB -126.96 dB -126.97 dB -126.99 dB -127.01 dB -126.97 dB
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Table 35 Q330M+ 6641 Port A Self-Noise, gain 1x, 50 ohm

Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate
Channel 1(Z) | 20 Hz 1.618 uVrms | 0.5881 uV rms 1.116 uV rms 1.605 uV rms 1.546 uV rms
50 ohm 0.6841 cnt rms | 0.2486 cnt rms | 0.4718 cnt rms | 0.6786 cnt rms | 0.6536 cnt rms
40 Hz 2.148 uVrms | 0.5675 uVrms 1.073 uVrms 2.088 uV rms 2.046 uV rms
0.9079 cnt rms | 0.2399 cntrms | 0.4536 cntrms | 0.8827 cntrms | 0.8648 cnt rms
100 Hz 3.280uVrms | 0.5581 uVrms 1.050 uV rms 2.046 uV rms 2.004 uV rms
1.379 cntrms | 0.2347 cntrms | 0.4415 cntrms | 0.8602 cnt rms | 0.8426 cnt rms
Channel 2 (N) | 20 Hz 1.613 uVrms | 0.5856 uV rms 1.112 uV rms 1.600 uV rms 1.541 uV rms
50 ohm 0.6818 cnt rms | 0.2475 cntrms | 0.4701 cntrms | 0.6762 cntrms | 0.6513 cnt rms
40 Hz 2.139uVrms | 0.5651 uVrms 1.069 uV rms 2.079 uV rms 2.037 uVrms
0.9039 cnt rms | 0.2389 cntrms | 0.4518 cnt rms | 0.8786 cnt rms | 0.8607 cnt rms
100 Hz 3.263 uVrms | 0.5555uVrms 1.045 uV rms 2.037 uVrms 1.995 uV rms
1.372 cntrms | 0.2335cntrms | 0.4394 cntrms | 0.8562 cnt rms | 0.8387 cnt rms
Channel 3 (E) | 20 Hz 1.623 uVrms | 0.6053 uV rms 1.126 uV rms 1.611uVrms 1.546 uV rms
50 ohm 0.6862 cnt rms | 0.2559 cnt rms | 0.4761 cnt rms | 0.6810 cnt rms | 0.6533 cnt rms
40 Hz 2.150 uVrms | 0.5854 uVrms 1.084 uV rms 2.091 uV rms 2.044 uV rms
0.9088 cnt rms | 0.2475 cntrms | 0.4580 cnt rms | 0.8839 cnt rms | 0.8640 cnt rms
100 Hz 3.277 uVrms | 0.5764 uV rms 1.060 uV rms 2.049 uV rms 2.003 uV rms
1.378 cntrms | 0.2424 cntrms | 0.4457 cntrms | 0.8616 cnt rms | 0.8419 cnt rms
Table 36 Q330M+ 6641 Port B Self-Noise, gain 1x, 50 ohm
Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate

Channel 1(Z) | 20 Hz 1.612 uVrms | 0.5851 uV rms 1.111uV rms 1.599 uV rms 1.540 uV rms
50 ohm 0.6808 cnt rms | 0.2472 cnt rms | 0.4695 cnt rms | 0.6753 cnt rms | 0.6505 cnt rms
40 Hz 2.137uVrms | 0.5639 uV rms 1.067 uV rms 2.078 uV rms 2.036 uV rms
0.9029 cnt rms | 0.2382 cntrms | 0.4508 cnt rms | 0.8778 cnt rms | 0.8601 cnt rms
100 Hz 3.261uVrms | 0.5543 uVrms 1.044 uV rms 2.036 uVrms 1.994 uV rms
1.370cntrms | 0.2329 cntrms | 0.4386 cnt rms | 0.8553 cnt rms | 0.8379 cnt rms
Channel 2 (N) | 20 Hz 1.602 uVrms | 0.5793 uV rms 1.105 uV rms 1.590 uV rms 1.532 uVrms
50 ohm 0.6770 cnt rms | 0.2448 cnt rms | 0.4668 cntrms | 0.6720 cnt rms | 0.6475 cnt rms
40 Hz 2.127 uVrms | 0.5579 uVrms 1.061 uV rms 2.068 uV rms 2.027 uV rms
0.8986 cnt rms | 0.2357 cntrms | 0.4482 cntrms | 0.8739 cnt rms | 0.8565 cnt rms
100 Hz 3.249 uVrms | 0.5484 uVrms 1.038 uV rms 2.025 uV rms 1.985 uV rms
1.366 cntrms | 0.2305 cntrms | 0.4361 cnt rms | 0.8513 cnt rms | 0.8342 cnt rms
Channel 3 (E) | 20 Hz 1.616 uV rms | 0.5890 uV rms 1.115uV rms 1.603 uV rms 1.543 uV rms
50 ohm 0.6829 cnt rms | 0.2490 cnt rms | 0.4713 cntrms | 0.6775 cnt rms | 0.6523 cnt rms
40 Hz 2.143uVrms | 0.5679 uV rms 1.071 uV rms 2.083 uV rms 2.041 uVrms
0.9056 cnt rms | 0.2401 cntrms | 0.4529 cnt rms | 0.8806 cnt rms | 0.8626 cnt rms
100 Hz 3.272 uVrms | 0.5589 uVrms 1.049 uV rms 2.042 uV rms 2.000 uV rms

1.376 cnt rms

0.2350 cnt rms

0.4409 cnt rms

0.8585 cnt rms

0.8407 cnt rms
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3.8.4.2Gain 1x and 50 ohm, 500 ohm, and 4 kohm Terminators
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Figure 34 Q330M+ 6641 Self-Noise, gain 1x, 50 ohm, 500 ohm, and 4 kohm at 20 Hz, 40 Hz,
and 100 Hz
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Table 37 Q330M+ 6641 Self-Noise Power Spectra, gain 1x, 50 ohm, 500 ohm, and 4 kohm

Frequency Port A Port B

Channel 1(Z) | Channel 2 (N) | Channel 3 (E) | Channel 1(Z) | Channel 2 (N) | Channel 3 (E)

50 ohm 500 ohm 4 kohm 50 ohm 500 ohm 4 kohm
0.0100 Hz -118.26 dB -118.19 dB -118.50 dB -118.26 dB -119.00 dB -117.94 dB
0.0125 Hz -118.75 dB -118.68 dB -118.87 dB -118.86 dB -119.19 dB -118.33 dB
0.0160 Hz -119.65 dB -119.83 dB -119.22 dB -119.43 dB -120.09 dB -119.63 dB
0.0200 Hz -120.45 dB -120.42 dB -120.11 dB -120.35 dB -120.65 dB -120.12 dB
0.0250 Hz -121.13 dB -120.67 dB -120.52 dB -120.87 dB -121.22 dB -120.94 dB
0.0315 Hz -121.64 dB -121.58 dB -121.17 dB -121.74 dB -122.00dB -121.83 dB
0.040 Hz -122.02 dB -122.22 dB -121.71 dB -122.51dB -122.46 dB -122.25dB
0.050 Hz -122.95 dB -122.90 dB -122.16 dB -122.87 dB -122.71 dB -122.77 dB
0.063 Hz -123.19dB -123.09 dB -122.47 dB -123.22 dB -123.23 dB -123.07 dB
0.080 Hz -123.39dB -123.60 dB -122.80 dB -123.51dB -123.71 dB -123.51 dB
0.100 Hz -123.78 dB -124.00 dB -123.21 dB -123.85 dB -124.23 dB -123.95 dB
0.125 Hz -124.02 dB -124.29 dB -123.48 dB -124.20dB -124.42 dB -124.34 dB
0.160 Hz -124.21 dB -124.59 dB -123.69 dB -124.66 dB -124.62 dB -124.54 dB
0.200 Hz -124.56 dB -124.67 dB -123.96 dB -124.74 dB -124.75 dB -124.68 dB
0.250 Hz -124.83 dB -124.95 dB -124.32 dB -124.92 dB -125.04 dB -124.91 dB
0.315 Hz -124.98 dB -125.10 dB -124.63 dB -125.16 dB -125.22 dB -125.04 dB
0.40 Hz -125.21 dB -125.24 dB -124.92 dB -125.34 dB -125.38 dB -125.32 dB
0.50 Hz -125.41 dB -125.42 dB -125.25dB -125.46 dB -125.49 dB -125.39dB
0.63 Hz -125.54 dB -125.53 dB -125.39dB -125.50 dB -125.62 dB -125.46 dB
0.80 Hz -125.64 dB -125.60 dB -125.51 dB -125.62 dB -125.67 dB -125.56 dB
1.00 Hz -125.70 dB -125.71 dB -125.60 dB -125.69 dB -125.71 dB -125.68 dB
1.25Hz -125.75 dB -125.75 dB -125.69 dB -125.74 dB -125.78 dB -125.72 dB
1.60 Hz -125.76 dB -125.77 dB -125.73 dB -125.76 dB -125.79 dB -125.79 dB
2.00 Hz -125.78 dB -125.79 dB -125.75 dB -125.83 dB -125.84 dB -125.78 dB
2.50 Hz -125.82 dB -125.81 dB -125.83 dB -125.87 dB -125.87 dB -125.79 dB
3.15 Hz -125.84 dB -125.85 dB -125.85 dB -125.88 dB -125.87 dB -125.89 dB
4.0 Hz -125.88 dB -125.90 dB -125.89 dB -125.92 dB -125.93 dB -125.94 dB
5.0 Hz -125.89 dB -125.92 dB -125.91 dB -125.93 dB -125.97 dB -125.94 dB
6.3 Hz -125.89 dB -125.94 dB -125.89 dB -125.94 dB -125.99 dB -125.93 dB
8.0 Hz -125.90dB -125.95 dB -125.87 dB -125.96 dB -125.99 dB -125.92 dB
10.0 Hz -125.92 dB -125.96 dB -125.88 dB -125.96 dB -125.97 dB -125.93 dB
12.5Hz -125.93 dB -125.95 dB -125.92 dB -125.95 dB -125.97 dB -125.93 dB
16.0 Hz -125.94 dB -125.98 dB -125.94 dB -125.96 dB -125.99 dB -125.94 dB
20.0 Hz -125.93 dB -125.99 dB -125.94 dB -125.97 dB -126.00 dB -125.94 dB
25.0 Hz -125.93 dB -125.98 dB -125.93 dB -125.98 dB -125.99 dB -125.94 dB
31.5Hz -125.94 dB -125.98 dB -125.94 dB -125.97 dB -126.00 dB -125.95 dB
40.0 Hz -126.98 dB -127.02 dB -126.95 dB -127.01 dB -126.99 dB -126.95 dB
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Table 38 Q330M+ 6641 Port A Self-Noise, gain 1x, 50 ohm, 500 ohm, and 4 kohm

Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate
Channel 1 (Z) | 20 Hz 1.617uVrms | 0.5892 uV rms 1.116 uV rms 1.605 uV rms 1.545 uV rms
50 ohm 0.6837 cntrms | 0.2490 cnt rms | 0.4717 cntrms | 0.6786 cnt rms | 0.6532 cnt rms
40 Hz 2.146 uVrms | 0.5699 uVrms 1.073 uVrms 2.087 uV rms 2.044 uV rms
0.9071 cnt rms | 0.2409 cntrms | 0.4535 cntrms | 0.8823 cntrms | 0.8641 cnt rms
100 Hz 3.277 uVrms | 0.5598 uV rms 1.050 uV rms 2.045 uV rms 2.002 uV rms
1.378 cntrms | 0.2354 cntrms | 0.4413 cntrms | 0.8599 cnt rms | 0.8419 cnt rms
Channel 2 (N) | 20 Hz 1.614 uV rms | 0.5855 uV rms 1.114 uV rms 1.601 uV rms 1.542 uV rms
500 ohm 0.6821 cnt rms | 0.2474 cnt rms | 0.4709 cnt rms | 0.6766 cnt rms | 0.6517 cnt rms
40 Hz 2.139uVrms | 0.5662 uVrms 1.071 uV rms 2.080 uV rms 2.037 uVrms
0.9041 cntrms | 0.2393 cntrms | 0.4525 cnt rms | 0.8790 cnt rms | 0.8611 cnt rms
100 Hz 3.262 uVrms | 0.5557 uVrms 1.047 uV rms 2.037 uVrms 1.996 uV rms
1.371cntrms | 0.2336 cntrms | 0.4402 cnt rms | 0.8565 cnt rms | 0.8389 cnt rms
Channel 3 (E) | 20 Hz 1.626 uV rms | 0.6087 uV rms 1.128 uV rms 1.614 uV rms 1.547 uV rms
4 kohm 0.6872 cntrms | 0.2573 cntrms | 0.4767 cnt rms | 0.6821 cntrms | 0.6541 cnt rms
40 Hz 2.153 uVrms | 0.5887 uVrms 1.084 uV rms 2.094 uV rms 2.046 uV rms
0.9100 cnt rms | 0.2489 cntrms | 0.4582 cnt rms | 0.8852 cnt rms | 0.8650 cnt rms
100 Hz 3.281uVrms | 0.5802 uVrms 1.061 uV rms 2.053 uVrms 2.006 uV rms
1.380 cnt rms | 0.2439 cntrms | 0.4462 cnt rms | 0.8632 cnt rms | 0.8432 cnt rms
Table 39 Q330M+ 6641 Port B Self-Noise, gain 1x, 50 ohm, 500 ohm, and 4 kohm
Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate

Channel 1(Z) | 20 Hz 1.612 uV rms | 0.5858 uV rms 1.112 uV rms 1.599 uV rms 1.540 uV rms
50 ohm 0.6808 cnt rms | 0.2474 cnt rms | 0.4698 cnt rms | 0.6755 cnt rms | 0.6506 cnt rms
40 Hz 2.137uVrms | 0.5648 uV rms 1.068 uV rms 2.077 uV rms 2.035uVrms
0.9026 cnt rms | 0.2386 cntrms | 0.4512 cnt rms | 0.8775 cnt rms | 0.8598 cnt rms
100 Hz 3.261 uVrms | 0.5554 uVrms 1.045 uV rms 2.035uVrms 1.993 uV rms
1.370cnt rms | 0.2333 cntrms | 0.4392 cntrms | 0.8551 cnt rms | 0.8376 cnt rms
Channel 2 (N) | 20 Hz 1.604 uV rms | 0.5802 uV rms 1.108 uV rms 1.593 uV rms 1.535uV rms
500 ohm 0.6779 cnt rms | 0.2452 cnt rms | 0.4684 cntrms | 0.6732 cnt rms | 0.6487 cnt rms
40 Hz 2.128 uVrms | 0.5595 uV rms 1.064 uV rms 2.070 uV rms 2.029 uV rms
0.8992 cnt rms | 0.2364 cntrms | 0.4498 cntrms | 0.8747 cntrms | 0.8573 cnt rms
100 Hz 3.251uVrms | 0.5499 uV rms 1.041 uV rms 2.028 uV rms 1.987 uV rms
1.367 cntrms | 0.2311 cntrms | 0.4376 cnt rms | 0.8524 cnt rms | 0.8352 cnt rms
Channel 3 (E) | 20 Hz 1.614 uVrms | 0.5874 uV rms 1.114 uV rms 1.602 uV rms 1.543 uV rms
4 kohm 0.6822 cnt rms | 0.2483 cntrms | 0.4710 cntrms | 0.6770 cnt rms | 0.6520 cnt rms
40 Hz 2.141uVrms | 0.5667 uV rms 1.070 uV rms 2.082 uV rms 2.039 uV rms
0.9049 cnt rms | 0.2395 cnt rms | 0.4525 cnt rms | 0.8800 cnt rms | 0.8620 cnt rms
100 Hz 3.271uVrms | 0.5571 uVrms 1.047 uV rms 2.040 uV rms 1.998 uV rms

1.375 cnt rms

0.2342 cnt rms

0.4401 cnt rms

0.8576 cnt rms

0.8400 cnt rms
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3.8.4.3Gain 2x and 50 ohm, 500 ohm, and 4 kohm Terminators
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Figure 35 Q330M+ 6641 Self-Noise, gain 4x, 50 ohm, 500 ohm, and 4 kohm at 20 Hz, 40 Hz,
and 100 Hz
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Table 40 Q330M+ 6641 Self-Noise Power Spectra, gain 4x, 50 ohm, 500 ohm, and 4 kohm

Frequency Port A Port B

Channel 1(Z) | Channel 2 (N) | Channel 3 (E) | Channel 1(Z) | Channel 2 (N) | Channel 3 (E)

50 ohm 500 ohm 4 kohm 50 ohm 500 ohm 4 kohm
0.0100 Hz -128.90 dB -128.63 dB -128.98 dB -129.89 dB -129.19 dB -128.93 dB
0.0125 Hz -129.16 dB -128.90 dB -129.25 dB -129.89 dB -129.33 dB -129.54 dB
0.0160 Hz -130.03 dB -129.93 dB -129.93 dB -130.10 dB -130.44 dB -130.34 dB
0.0200 Hz -130.63 dB -130.61 dB -130.54 dB -130.56 dB -130.91 dB -130.85 dB
0.0250 Hz -131.16 dB -130.89 dB -130.96 dB -131.16 dB -131.31dB -131.14 dB
0.0315 Hz -131.65 dB -131.71 dB -131.54 dB -131.39dB -131.78 dB -131.24 dB
0.040 Hz -131.77 dB -131.99 dB -131.71 dB -131.73 dB -131.92 dB -131.76 dB
0.050 Hz -132.23 dB -132.33 dB -132.02 dB -132.23 dB -132.32dB -132.30dB
0.063 Hz -132.43 dB -132.45 dB -132.27 dB -132.54 dB -132.77 dB -132.57 dB
0.080 Hz -132.89 dB -132.87 dB -132.60 dB -132.78 dB -133.18 dB -132.81 dB
0.100 Hz -133.00 dB -133.10dB -132.77 dB -132.90 dB -133.16 dB -132.81 dB
0.125 Hz -133.06 dB -133.12 dB -132.91 dB -133.14 dB -133.24 dB -133.15dB
0.160 Hz -133.19 dB -133.38 dB -133.08 dB -133.25dB -133.50 dB -133.35dB
0.200 Hz -133.42 dB -133.46 dB -133.21 dB -133.43 dB -133.51 dB -133.39dB
0.250 Hz -133.51 dB -133.55dB -133.39dB -133.55 dB -133.63 dB -133.46 dB
0.315 Hz -133.70 dB -133.65 dB -133.50 dB -133.71dB -133.75 dB -133.63 dB
0.40 Hz -133.71 dB -133.73 dB -133.65 dB -133.70 dB -133.81 dB -133.73 dB
0.50 Hz -133.74 dB -133.79 dB -133.81 dB -133.79 dB -133.90 dB -133.73 dB
0.63 Hz -133.90 dB -133.91 dB -133.85dB -133.93 dB -133.97 dB -133.81dB
0.80 Hz -133.92 dB -133.92 dB -133.88 dB -133.97 dB -133.96 dB -133.86 dB
1.00 Hz -133.92 dB -133.92 dB -133.98 dB -134.00 dB -133.91 dB -133.90 dB
1.25Hz -133.95dB -133.97 dB -134.00 dB -134.01 dB -133.94 dB -133.94 dB
1.60 Hz -133.97 dB -134.00 dB -134.03 dB -133.98 dB -134.00 dB -133.97 dB
2.00 Hz -134.02 dB -133.99 dB -134.01 dB -134.00 dB -134.03 dB -134.02 dB
2.50 Hz -134.02 dB -134.00 dB -134.03 dB -134.03 dB -134.05 dB -134.03 dB
3.15 Hz -134.02 dB -134.02 dB -134.05 dB -134.07 dB -134.06 dB -134.04 dB
4.0 Hz -134.05 dB -134.06 dB -134.08 dB -134.08 dB -134.09 dB -134.07 dB
5.0 Hz -134.05dB -134.08 dB -134.08 dB -134.11dB -134.11dB -134.07 dB
6.3 Hz -134.07 dB -134.06 dB -134.09 dB -134.10dB -134.11 dB -134.08 dB
8.0 Hz -134.07 dB -134.06 dB -134.07 dB -134.09 dB -134.10dB -134.08 dB
10.0 Hz -134.08 dB -134.09 dB -134.06 dB -134.09 dB -134.10dB -134.08 dB
12.5Hz -134.07 dB -134.06 dB -134.06 dB -134.09 dB -134.09 dB -134.06 dB
16.0 Hz -134.09 dB -134.07 dB -134.07 dB -134.10dB -134.10 dB -134.08 dB
20.0 Hz -134.07 dB -134.07 dB -134.07 dB -134.11 dB -134.11 dB -134.10dB
25.0 Hz -134.07 dB -134.08 dB -134.08 dB -134.10 dB -134.11dB -134.09 dB
31.5Hz -134.08 dB -134.08 dB -134.09 dB -134.10dB -134.12 dB -134.08 dB
40.0 Hz -135.11 dB -135.13 dB -135.11 dB -135.14 dB -135.17 dB -135.16 dB
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Table 41 Q330M+ 6641 Port A Self-Noise, gain 2x, 50 ohm, 500 ohm, and 4 kohm

Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate
Channel 1 (Z) | 20 Hz 0.9009 uVrms | 0.3267uVrms | 0.6235uVrms | 0.8954 uVrms | 0.8628 uV rms
50 ohm 0.7613 cnt rms | 0.2761 cnt rms | 0.5269 cnt rms | 0.7567 cnt rms | 0.7291 cnt rms
40 Hz 1.209 uVrms | 0.3177uVrms | 0.6038 uV rms 1.179 uV rms 1.156 uV rms
1.022 cnt rms | 0.2685 cntrms | 0.5102 cnt rms | 0.9966 cnt rms | 0.9768 cnt rms
100 Hz 1.863uVrms | 0.3134uVrms | 0.5942 uVrms 1.163 uV rms 1.140 uV rms
1.566 cnt rms | 0.2634 cntrms | 0.4994 cntrms | 0.9775 cnt rms | 0.9580 cnt rms
Channel 2 (N) | 20 Hz 0.8989 uVrms | 0.3241uVrms | 0.6215uVrms | 0.8932uVrms | 0.8613 uV rms
500 ohm 0.7595 cnt rms | 0.2738 cntrms | 0.5252 cntrms | 0.7547 cntrms | 0.7277 cnt rms
40 Hz 1.207 uVrms | 0.3145uVrms | 0.6021 uV rms 1.177 uV rms 1.154 uV rms
1.020 cnt rms | 0.2658 cntrms | 0.5087 cnt rms | 0.9943 cnt rms | 0.9751 cnt rms
100 Hz 1.859 uVrms | 0.3104 uVrms | 0.5922 uV rms 1.160 uV rms 1.138 uV rms
1.563 cntrms | 0.2608 cntrms | 0.4977 cntrms | 0.9749 cnt rms | 0.9560 cnt rms
Channel 3 (E) | 20 Hz 0.9031uVrms | 0.3336uVrms | 0.6270uVrms | 0.8978 uVrms | 0.8631 uV rms
4 kohm 0.7632 cnt rms | 0.2819 cnt rms | 0.5298 cnt rms | 0.7587 cntrms | 0.7294 cnt rms
40 Hz 1.211uVrms | 0.3240uVrms | 0.6073 uVrms 1.181 uV rms 1.156 uV rms
1.023 cntrms | 0.2738 cntrms | 0.5132 cnt rms | 0.9983 cnt rms | 0.9773 cnt rms
100 Hz 1.863uVrms | 0.3204 uVrms | 0.5977 uVrms 1.165 uV rms 1.140 uV rms
1.566 cnt rms | 0.2693 cnt rms | 0.5024 cnt rms | 0.9789 cnt rms | 0.9580 cnt rms
Table 42 Q330M+ 6641 Port B Self-Noise, gain 2x, 50 ohm, 500 ohm, and 4 kohm
Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate

Channel 1(Z) | 20 Hz 0.8968 uVrms | 0.3234uVrms | 0.6205uVrms | 0.8912 uV rms | 0.8595 uV rms
50 ohm 0.7574 cntrms | 0.2732 cnt rms | 0.5240 cnt rms | 0.7527 cnt rms | 0.7260 cnt rms
40 Hz 1.203uVrms | 0.3150uVrms | 0.6014 uV rms 1.173 uV rms 1.150 uV rms
1.016 cntrms | 0.2661 cnt rms | 0.5079 cnt rms | 0.9906 cnt rms | 0.9713 cnt rms
100 Hz 1.853 uVrms | 0.3106 uVrms | 0.5909 uV rms 1.156 uV rms 1.133 uV rms
1.557 cnt rms | 0.2609 cnt rms | 0.4964 cntrms | 0.9710 cnt rms | 0.9521 cnt rms
Channel 2 (N) | 20 Hz 0.8932uVrms | 0.3200uVrms | 0.6172uVrms | 0.8883 uVrms | 0.8574 uVrms
500 ohm 0.7546 cnt rms | 0.2703 cnt rms | 0.5214 cnt rms | 0.7504 cnt rms | 0.7243 cnt rms
40 Hz 1.201uVrms | 0.3108 uVrms | 0.5972 uV rms 1.171 uV rms 1.149 uV rms
1.014 cntrms | 0.2625 cnt rms | 0.5045 cnt rms | 0.9894 cnt rms | 0.9709 cnt rms
100 Hz 1.850 uVrms | 0.3065uVrms | 0.5872 uVrms 1.154 uV rms 1.132 uV rms
1.555cntrms | 0.2575 cntrms | 0.4934 cnt rms | 0.9698 cnt rms | 0.9515 cnt rms
Channel 3 (E) | 20 Hz 0.8994 uVrms | 0.3256uVrms | 0.6219uVrms | 0.8941 uV rms | 0.8620 uV rms
4 kohm 0.7600 cnt rms | 0.2752 cnt rms | 0.5255 cnt rms | 0.7556 cnt rms | 0.7284 cnt rms
40 Hz 1.208 uVrms | 0.3168 uVrms | 0.6032 uV rms 1.178 uV rms 1.155uV rms
1.021 cntrms | 0.2677 cntrms | 0.5097 cnt rms | 0.9955 cnt rms | 0.9761 cnt rms
100 Hz 1.860 uVrms | 0.3127 uVrms | 0.5928 uV rms 1.161 uV rms 1.138 uV rms

1.564 cnt rms

0.2628 cnt rms

0.4982 cnt rms

0.9758 cnt rms

0.9567 cnt rms
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3.8.4.4Gain 4x and 50 ohm, 500 ohm, and 4 kohm Terminators
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Figure 36 Q330M+ 6641 Self-Noise, gain 4x, 50 ohm, 500 ohm, and 4 kohm at 20 Hz, 40 Hz,
and 100 Hz

68



Table 43 Q330M+ 6641 Self-Noise Power Spectra, gain 4x, 50 ohm, 500 ohm, and 4 kohm

Frequency Port A Port B

Channel 1(Z) | Channel 2 (N) | Channel 3 (E) | Channel 1(Z) | Channel 2 (N) | Channel 3 (E)

50 ohm 500 ohm 4 kohm 50 ohm 500 ohm 4 kohm
0.0100 Hz -128.90 dB -128.63 dB -128.98 dB -129.89 dB -129.19 dB -128.93 dB
0.0125 Hz -129.16 dB -128.90 dB -129.25 dB -129.89 dB -129.33 dB -129.54 dB
0.0160 Hz -130.03 dB -129.93 dB -129.93 dB -130.10 dB -130.44 dB -130.34 dB
0.0200 Hz -130.63 dB -130.61 dB -130.54 dB -130.56 dB -130.91 dB -130.85 dB
0.0250 Hz -131.16 dB -130.89 dB -130.96 dB -131.16 dB -131.31dB -131.14 dB
0.0315 Hz -131.65 dB -131.71 dB -131.54 dB -131.39dB -131.78 dB -131.24 dB
0.040 Hz -131.77 dB -131.99 dB -131.71 dB -131.73 dB -131.92 dB -131.76 dB
0.050 Hz -132.23 dB -132.33 dB -132.02 dB -132.23 dB -132.32dB -132.30dB
0.063 Hz -132.43 dB -132.45 dB -132.27 dB -132.54 dB -132.77 dB -132.57 dB
0.080 Hz -132.89 dB -132.87 dB -132.60 dB -132.78 dB -133.18 dB -132.81 dB
0.100 Hz -133.00 dB -133.10dB -132.77 dB -132.90 dB -133.16 dB -132.81 dB
0.125 Hz -133.06 dB -133.12 dB -132.91 dB -133.14 dB -133.24 dB -133.15dB
0.160 Hz -133.19 dB -133.38 dB -133.08 dB -133.25dB -133.50 dB -133.35dB
0.200 Hz -133.42 dB -133.46 dB -133.21 dB -133.43 dB -133.51 dB -133.39dB
0.250 Hz -133.51 dB -133.55dB -133.39dB -133.55 dB -133.63 dB -133.46 dB
0.315 Hz -133.70 dB -133.65 dB -133.50 dB -133.71dB -133.75 dB -133.63 dB
0.40 Hz -133.71 dB -133.73 dB -133.65 dB -133.70 dB -133.81 dB -133.73 dB
0.50 Hz -133.74 dB -133.79 dB -133.81 dB -133.79 dB -133.90 dB -133.73 dB
0.63 Hz -133.90 dB -133.91 dB -133.85dB -133.93 dB -133.97 dB -133.81dB
0.80 Hz -133.92 dB -133.92 dB -133.88 dB -133.97 dB -133.96 dB -133.86 dB
1.00 Hz -133.92 dB -133.92 dB -133.98 dB -134.00 dB -133.91 dB -133.90 dB
1.25Hz -133.95dB -133.97 dB -134.00 dB -134.01 dB -133.94 dB -133.94 dB
1.60 Hz -133.97 dB -134.00 dB -134.03 dB -133.98 dB -134.00 dB -133.97 dB
2.00 Hz -134.02 dB -133.99 dB -134.01 dB -134.00 dB -134.03 dB -134.02 dB
2.50 Hz -134.02 dB -134.00 dB -134.03 dB -134.03 dB -134.05 dB -134.03 dB
3.15 Hz -134.02 dB -134.02 dB -134.05 dB -134.07 dB -134.06 dB -134.04 dB
4.0 Hz -134.05 dB -134.06 dB -134.08 dB -134.08 dB -134.09 dB -134.07 dB
5.0 Hz -134.05dB -134.08 dB -134.08 dB -134.11dB -134.11dB -134.07 dB
6.3 Hz -134.07 dB -134.06 dB -134.09 dB -134.10dB -134.11 dB -134.08 dB
8.0 Hz -134.07 dB -134.06 dB -134.07 dB -134.09 dB -134.10dB -134.08 dB
10.0 Hz -134.08 dB -134.09 dB -134.06 dB -134.09 dB -134.10dB -134.08 dB
12.5Hz -134.07 dB -134.06 dB -134.06 dB -134.09 dB -134.09 dB -134.06 dB
16.0 Hz -134.09 dB -134.07 dB -134.07 dB -134.10dB -134.10 dB -134.08 dB
20.0 Hz -134.07 dB -134.07 dB -134.07 dB -134.11 dB -134.11 dB -134.10dB
25.0 Hz -134.07 dB -134.08 dB -134.08 dB -134.10 dB -134.11dB -134.09 dB
31.5Hz -134.08 dB -134.08 dB -134.09 dB -134.10dB -134.12 dB -134.08 dB
40.0 Hz -135.11 dB -135.13 dB -135.11 dB -135.14 dB -135.17 dB -135.16 dB
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Table 44 Q330M+ 6641 Port A Self-Noise, gain 4x, 50 ohm, 500 ohm, and 4 kohm

Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate
Channel 1(Z) | 20 Hz 0.5962 uVrms | 0.2124uVrms | 0.4138uVrms | 0.5936 uVrms | 0.5736 uV rms
50 ohm 1.007 cnt rms | 0.3587 cntrms | 0.6988 cntrms | 1.002 cnt rms | 0.9686 cnt rms
40 Hz 0.8162 uVrms | 0.2085uV rms | 0.4062 uVrms | 0.7994 uVrms | 0.7851 uV rms
1.378 cntrms | 0.3521 cntrms | 0.6860 cnt rms | 1.350 cnt rms 1.326 cnt rms
100 Hz 1.275uVrms | 0.2075uVrms | 0.4030uV rms | 0.7956 uVrms | 0.7814 uV rms
2.142 cntrms | 0.3485cntrms | 0.6769 cnt rms 1.336 cnt rms 1.312 cntrms
Channel 2 (N) | 20 Hz 0.5967 uVrms | 0.2116 uVrms | 0.4138uVrms | 0.5940 uV rms | 0.5741 uV rms
500 ohm 1.008 cnt rms | 0.3574 cnt rms | 0.6988 cntrms | 1.003 cnt rms | 0.9697 cnt rms
40 Hz 0.8165uVrms | 0.2080 uVrms | 0.4061 uVrms | 0.7996 uVrms | 0.7854 uV rms
1.379 cntrms | 0.3514 cntrms | 0.6859 cnt rms 1.350 cnt rms 1.326 cnt rms
100 Hz 1.276 uV rms | 0.2069 uVrms | 0.4030uVrms | 0.7959 uVrms | 0.7819 uV rms
2.144 cntrms | 0.3475cntrms | 0.6770 cnt rms 1.337 cntrms 1.313 cntrms
Channel 3 (E) | 20 Hz 0.5957 uVrms | 0.2136 uVrms | 0.4138uVrms | 0.5931uVrms | 0.5726 uV rms
4 kohm 1.007 cntrms | 0.3609 cntrms | 0.6992 cntrms | 1.002 cnt rms | 0.9675 cnt rms
40 Hz 0.8163 uVrms | 0.2102 uVrms | 0.4064 uVrms | 0.7994 uVrms | 0.7847 uV rms
1.379 cntrms | 0.3552 cntrms | 0.6866 cnt rms 1.351 cntrms 1.326 cnt rms
100 Hz 1.276 uVrms | 0.2089 uVrms | 0.4031uVrms | 0.7956 uVrms | 0.7810 uV rms
2.144 cntrms | 0.3510cntrms | 0.6774 cnt rms 1.337 cntrms 1.313 cntrms
Table 45 Q330M+ 6641 Port B Self-Noise, gain 4x, 50 ohm, 500 ohm, and 4 kohm
Channel Sample | 0 Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20mHz-16Hz | 0.5Hz-16 Hz
Rate

Channel 1(Z) | 20 Hz 0.5947 uVrms | 0.2116 uVrms | 0.4125uVrms | 0.5921 uV rms | 0.5722 uV rms
50 ohm 1.004 cnt rms | 0.3571 cnt rms | 0.6963 cnt rms | 0.9995 cnt rms | 0.9658 cnt rms
40 Hz 0.8140 uVrms | 0.2082 uVrms | 0.4050uVrms | 0.7972uV rms | 0.7830 uV rms
1.374 cntrms | 0.3514 cntrms | 0.6837 cnt rms 1.346 cnt rms 1.322 cntrms
100 Hz 1.272uVrms | 0.2069 uVrms | 0.4019 uVrms | 0.7933 uVrms | 0.7792 uV rms
2.136 cntrms | 0.3474 cntrms | 0.6748 cnt rms 1.332 cntrms 1.308 cnt rms
Channel 2 (N) | 20 Hz 0.5935uVrms | 0.2099 uVrms | 0.4117uVrms | 0.5911uVrms | 0.5717 uVrms
500 ohm 1.002 cnt rms | 0.3545 cnt rms | 0.6952 cnt rms | 0.9982 cnt rms | 0.9654 cnt rms
40 Hz 0.8131uVrms | 0.2062 uVrms | 0.4039 uVrms | 0.7963 uVrms | 0.7825 uV rms
1.373 cntrms | 0.3482 cntrms | 0.6821 cnt rms 1.345 cnt rms 1.321 cntrms
100 Hz 1.271uVrms | 0.2050 uVrms | 0.4008 uVrms | 0.7925uV rms | 0.7788 uV rms
2.134 cntrms | 0.3442 cntrms | 0.6732 cntrms 1.331cntrms 1.308 cnt rms
Channel 3 (E) | 20 Hz 0.5959 uVrms | 0.2124uVrms | 0.4139uVrms | 0.5934 uV rms | 0.5733 uV rms
4 kohm 1.006 cnt rms | 0.3587 cntrms | 0.6991 cntrms | 1.002 cnt rms | 0.9684 cnt rms
40 Hz 0.8162 uVrms | 0.2087 uVrms | 0.4059 uVrms | 0.7994 uVrms | 0.7852 uV rms
1.379 cntrms | 0.3525 cntrms | 0.6856 cnt rms 1.350 cnt rms 1.326 cntrms
100 Hz 1.275uVrms | 0.2076 uVrms | 0.4032uVrms | 0.7959 uVrms | 0.7817 uV rms

2.142 cnt rms

0.3488 cnt rms

0.6773 cnt rms

1.337 cnt rms

1.313 cntrms
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3.8.4.5 Gain 8xL and 500 ohm, 4 kohm, and 9.4 kohm Terminators
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Figure 37 Q330M+ 6640 Self-Noise, gain 8xL, 500 ohm, 4k ohm, and 9.4 kohm at 20 Hz, 40
Hz, and 100 Hz
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Table 46 Q330M+ 6640 Self-Noise, gain 8xL, 500 ohm, 4k ohm, and 9.4 kohm

Frequency Channel 1 (2) Channel 2 (N) 4 | Channel 3 (E)
500 ohm kohm 9.4 kohm

0.0100 Hz -136.27 dB -135.63 dB -136.63 dB
0.0125 Hz -136.47 dB -136.47 dB -136.68 dB
0.0160 Hz -137.72 dB -137.00 dB -137.51dB
0.0200 Hz -138.38 dB -138.15dB -138.01 dB
0.0250 Hz -138.85 dB -138.73 dB -138.82 dB
0.0315 Hz -140.03 dB -139.53 dB -139.32 dB
0.040 Hz -140.43 dB -140.39 dB -139.63 dB
0.050 Hz -141.11 dB -140.97 dB -140.18 dB
0.063 Hz -141.51 dB -141.48 dB -140.90 dB
0.080 Hz -142.01 dB -141.99 dB -141.61 dB
0.100 Hz -142.37 dB -142.35 dB -141.75 dB
0.125 Hz -142.83 dB -142.53 dB -142.09 dB
0.160 Hz -143.02 dB -143.21 dB -142.58 dB
0.200 Hz -143.28 dB -143.38 dB -142.66 dB
0.250 Hz -143.67 dB -143.61 dB -142.96 dB
0.315Hz -143.83 dB -143.91 dB -143.20 dB
0.40 Hz -144.01 dB -144.00 dB -143.55 dB
0.50 Hz -144.16 dB -144.08 dB -143.72 dB
0.63 Hz -144.30 dB -144.24 dB -143.87 dB
0.80 Hz -144.40 dB -144.32 dB -144.03 dB
1.00 Hz -144.48 dB -144.43 dB -144.18 dB
1.25 Hz -144.56 dB -144.48 dB -144.24 dB
1.60 Hz -144.66 dB -144.52 dB -144.31 dB
2.00 Hz -144.74 dB -144.55 dB -144.38 dB
2.50 Hz -144.77 dB -144.59 dB -144.49 dB
3.15Hz -144.81 dB -144.65 dB -144.56 dB
4.0 Hz -144.88 dB -144.68 dB -144.58 dB
5.0 Hz -144.91 dB -144.71 dB -144.64 dB
6.3 Hz -144.89 dB -144.72 dB -144.63 dB
8.0 Hz -144.88 dB -144.73 dB -144.62 dB
10.0 Hz -144.90 dB -144.74 dB -144.62 dB
12.5 Hz -144.90 dB -144.74 dB -144.64 dB
16.0 Hz -144.93 dB -144.75 dB -144.65 dB
20.0 Hz -144.92 dB -144.76 dB -144.66 dB
25.0Hz -144.93 dB -144.76 dB -144.67 dB
31.5Hz -144.94 dB -144.76 dB -144.67 dB
40.0 Hz -145.96 dB -145.76 dB -145.66 dB

72




Table 47 Q330M+ 6640 Self-Noise, gain 8xL

Channel Sample | 0 Hz - Nyquist 20mHz -1 Hz 20 mHz - 4 Hz 20mHz-16Hz | 0.5Hz- 16 Hz
Rate

Channel 1(Z) | 20 Hz 0.1868 uV rms | 68.97 nV rms 0.1288 uV rms | 0.1847 uV rms | 0.1775uV rms
500 ohm 0.6305 cntrms | 0.2328 cntrms | 0.4346 cntrms | 0.6235 cnt rms | 0.5991 cnt rms
40 Hz 0.2443 uV rms | 66.28 nV rms 0.1227 uVrms | 0.2367 uV rms | 0.2314 uV rms
0.8246 cntrms | 0.2237 cntrms | 0.4143 cnt rms | 0.7988 cnt rms | 0.7812 cnt rms
100 Hz | 0.3689 uV rms | 64.89 nVrms | 0.1195uV rms | 0.2306 uV rms | 0.2254 uV rms
1.239 cnt rms 0.2179 cntrms | 0.4013 cnt rms | 0.7741 cntrms | 0.7568 cnt rms
Channel 2 (N) | 20 Hz 0.1895 uV rms | 69.33 nV rms 0.1304 uVrms | 0.1873 uV rms | 0.1801 uV rms
4 kohm 0.6396 cnt rms | 0.2340 cntrms | 0.4401 cntrms | 0.6321 cntrms | 0.6078 cnt rms
40 Hz 0.2485uVrms | 6646 nVrms | 0.1244uV rms | 0.2407 uV rms | 0.2355 uV rms
0.8386 cntrms | 0.2243 cnt rms | 0.4200 cnt rms | 0.8123 cnt rms | 0.7949 cnt rms
100 Hz | 0.3761 uV rms | 65.22 nV rms 0.1212uV rms | 0.2348 uV rms | 0.2297 uV rms
1.263 cnt rms 0.2189 cntrms | 0.4070 cnt rms | 0.7881 cnt rms | 0.7709 cnt rms
Channel 3 (E) | 20 Hz 0.1923 uV rms | 72.44 nV rms 0.1334 uV rms | 0.1903 uV rms | 0.1824 uV rms
9.4 kohm 0.6490 cntrms | 0.2445 cntrms | 0.4501 entrms | 0.6421 cnt rms | 0.6155 cnt rms
40 Hz 0.2519uVrms | 69.94nVrms | 0.1276 uV rms | 0.2443 uV rms | 0.2386 uV rms
0.8503 cntrms | 0.2360 cnt rms | 0.4308 cnt rms | 0.8245 cnt rms | 0.8051 cnt rms
100 Hz | 0.3809 uV rms | 68.63nV rms | 0.1245uV rms | 0.2385uV rms | 0.2328 uV rms
1.279 cnt rms 0.2304 cntrms | 0.4180 cnt rms | 0.8006 cnt rms | 0.7815 cnt rms
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3.8.4.6Gain 16x and 500 ohm, 4 kohm, and 9.4 kohm Terminators
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Figure 38 Q330M+ 6640 Self-Noise, gain 16x, 500 ohm, 4k ohm, and 9.4 kohm at 20 Hz, 40
Hz, and 100 Hz
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Table 48 Q330M+ 6640 Self-Noise, gain 16x, 500 ohm, 4k ohm, and 9.4 kohm

Frequency | Channel 1(Z) | Channel 2 (N) | Channel 3 (E)
500 ohm 4 kohm 9.4 kohm

0.0100 Hz -142.19dB -141.72 dB -142.28 dB
0.0125 Hz -142.55 dB -142.26 dB -142.79 dB
0.0160 Hz -142.99 dB -143.15 dB -143.43 dB
0.0200 Hz -144.27 dB -144.24 dB -144.28 dB
0.0250 Hz -144.61 dB -144.81 dB -145.09 dB
0.0315Hz -145.40 dB -145.52 dB -145.67 dB
0.040 Hz -145.88 dB -146.13 dB -146.58 dB
0.050 Hz -146.60 dB -147.03 dB -147.31dB
0.063 Hz -146.85 dB -147.28 dB -147.68 dB
0.080 Hz -147.38 dB -147.86 dB -148.00 dB
0.100 Hz -147.52 dB -148.12 dB -148.44 dB
0.125 Hz -147.73 dB -148.41 dB -148.88 dB
0.160 Hz -148.44 dB -148.84 dB -149.11 dB
0.200 Hz -148.59 dB -148.99 dB -149.26 dB
0.250 Hz -148.70 dB -149.26 dB -149.48 dB
0.315Hz -148.81 dB -149.48 dB -149.76 dB
0.40 Hz -149.04 dB -149.68 dB -149.92 dB
0.50 Hz -149.26 dB -149.74 dB -150.02 dB
0.63 Hz -149.33 dB -149.81 dB -150.11 dB
0.80 Hz -149.39 dB -149.97 dB -150.21 dB
1.00 Hz -149.51 dB -150.03 dB -150.30 dB
1.25Hz -149.49 dB -150.05 dB -150.40 dB
1.60 Hz -149.55 dB -150.07 dB -150.44 dB
2.00 Hz -149.64 dB -150.11 dB -150.50 dB
2.50 Hz -149.78 dB -150.17 dB -150.55 dB
3.15Hz -149.86 dB -150.23 dB -150.60 dB
4.0 Hz -149.91 dB -150.25 dB -150.65 dB
5.0 Hz -149.92 dB -150.27 dB -150.68 dB
6.3 Hz -149.95 dB -150.29 dB -150.69 dB
8.0 Hz -149.95 dB -150.31 dB -150.71 dB
10.0 Hz -149.94 dB -150.32 dB -150.70 dB
12.5Hz -149.93 dB -150.32 dB -150.70 dB
16.0 Hz -149.94 dB -150.34 dB -150.73 dB
20.0 Hz -149.95 dB -150.33 dB -150.73 dB
25.0 Hz -149.97 dB -150.34 dB -150.73 dB
31.5Hz -149.98 dB -150.35 dB -150.73 dB
40.0 Hz -150.98 dB -151.34 dB -151.75dB
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Table 49 Q330M+ 6640 Self-Noise, gain 16x

Channel Sample | O Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20 mHz-16 Hz | 0.5Hz-16 Hz
Rate

Channel 1(Z) | 20 Hz 95.07 nV rms 34,90 nV rms 65.61 nV rms 94.18 nV rms 90.60 nV rms
500 ohm 0.6417 cnt rms | 0.2356 cnt rms | 0.4429 cnt rms | 0.6357 cnt rms | 0.6115 cnt rms
40 Hz 0.1354 uV rms 36.56 nV rms 68.46 nVrms | 0.1317uVrms | 0.1289 uVrms
0.9138 cnt rms | 0.2468 cntrms | 0.4620 cntrms | 0.8887 cntrms | 0.8697 cnt rms
100 Hz | 0.2063 uV rms 36.02 nVrms 67.03nVrms | 0.1292 uVrms | 0.1264 uV rms
1.385 cnt rms | 0.2418 cnt rms | 0.4500 cnt rms | 0.8670 cnt rms | 0.8483 cnt rms
Channel 2 (N) | 20 Hz 98.43 nV rms 35.77 nV rms 67.88 nV rms 97.54 nV rms 93.91 nV rms
4 kohm 0.6642 cnt rms | 0.2414 cnt rms | 0.4581 cnt rms | 0.6582 cnt rms | 0.6337 cnt rms
40 Hz 0.1300 uV rms 34.53 nV rms 65.18 nVrms | 0.1262 uVrms | 0.1236 uVrms
0.8770 cnt rms | 0.2330 cntrms | 0.4399 cntrms | 0.8517 cntrms | 0.8341 cnt rms
100 Hz | 0.1976 uV rms 33.91 nVrms 63.64nVrms | 0.1234uVrms | 0.1208 uV rms
1.326 cntrms | 0.2276 cntrms | 0.4271 cntrms | 0.8286 cnt rms | 0.8111 cnt rms
Channel 3 (E) | 20 Hz 0.1023 uV rms 37.85 nV rms 71.18 nVrms | 0.1015 uV rms 97.61 nV rms
9.4 kohm 0.6907 cnt rms | 0.2554 cnt rms | 0.4804 cnt rms | 0.6851 cnt rms | 0.6587 cnt rms
40 Hz 0.1248 uV rms 33.59nVrms 62.73nVrms | 0.1211uVrms | 0.1185uVrms
0.8423 cnt rms | 0.2268 cntrms | 0.4234 cntrms | 0.8171cntrms | 0.7998 cnt rms
100 Hz | 0.1891 uV rms 32.90 nVrms 61.15nVrms | 0.1181 uVrms | 0.1156 uVrms
1.269 cnt rms | 0.2209 cnt rms | 0.4105 cntrms | 0.7930 cnt rms | 0.7759 cnt rms
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3.8.4.7 Gain 32x and 500 ohm, 4 kohm, and 9.4 kohm Terminators
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Figure 39 Q330M+ 6640 Self-Noise, gain 32x, 500 ohm, 4k ohm, and 9.4 kohm at 20 Hz, 40
Hz, and 100 Hz
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Table 50 Q330M+ 6640 Self-Noise, gain 32x, 500 ohm, 4k ohm, and 9.4 kohm

Frequency | Channel1(Z) | Channel 2 (N) | Channel 3 (E)
500 ohm 4 kohm 9.4 kohm

0.0100 Hz -147.81 dB -147.15 dB -146.77 dB
0.0125 Hz -148.53 dB -147.38 dB -147.27 dB
0.0160 Hz -149.18 dB -148.42 dB -148.92 dB
0.0200 Hz -150.01 dB -149.09 dB -149.14 dB
0.0250 Hz -150.68 dB -149.97 dB -149.56 dB
0.0315Hz -151.52 dB -150.59 dB -150.53 dB
0.040 Hz -151.86 dB -151.43 dB -150.66 dB
0.050 Hz -152.34 dB -152.15dB -150.96 dB
0.063 Hz -152.82 dB -152.39 dB -151.36 dB
0.080 Hz -153.47 dB -152.68 dB -151.66 dB
0.100 Hz -153.86 dB -153.22 dB -152.23 dB
0.125 Hz -154.15dB -153.54 dB -152.49 dB
0.160 Hz -154.32 dB -153.75 dB -152.49 dB
0.200 Hz -154.54 dB -154.01 dB -152.69 dB
0.250 Hz -154.70 dB -154.22 dB -152.89 dB
0.315Hz -154.93 dB -154.37 dB -153.03 dB
0.40 Hz -155.24 dB -154.43 dB -153.18 dB
0.50 Hz -155.34 dB -154.55 dB -153.40dB
0.63 Hz -155.41 dB -154.66 dB -153.50 dB
0.80 Hz -155.56 dB -154.69 dB -153.57 dB
1.00 Hz -155.64 dB -154.73 dB -153.66 dB
1.25Hz -155.74 dB -154.79 dB -153.74 dB
1.60 Hz -155.83 dB -154.88 dB -153.83 dB
2.00 Hz -155.86 dB -154.88 dB -153.89 dB
2.50 Hz -155.88 dB -154.93 dB -153.91dB
3.15Hz -155.91 dB -154.97 dB -153.94 dB
4.0 Hz -155.97 dB -154.99 dB -153.94 dB
5.0 Hz -155.98 dB -155.02 dB -153.96 dB
6.3 Hz -155.98 dB -155.01 dB -153.97 dB
8.0 Hz -155.99 dB -155.02 dB -153.98 dB
10.0 Hz -156.00 dB -155.02 dB -153.96 dB
12.5Hz -156.00 dB -155.03 dB -153.95 dB
16.0 Hz -156.02 dB -155.05 dB -153.96 dB
20.0 Hz -156.02 dB -155.04 dB -153.98 dB
25.0 Hz -156.01 dB -155.04 dB -153.99 dB
31.5Hz -156.02 dB -155.04 dB -153.99 dB
40.0 Hz -157.04 dB -156.09 dB -155.00 dB
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Table 51 Q330M+ 6640 Self-Noise, gain 32x

Channel Sample | O Hz- Nyquist | 20mHz-1Hz | 20mHz-4Hz | 20 mHz-16 Hz | 0.5Hz-16 Hz
Rate

Channel 1(Z) | 20 Hz 50.94 nV rms 18.78 nV rms 35.22 nV rms 50.45 nV rms 48.51 nV rms
500 ohm 0.6877 cnt rms | 0.2535 cnt rms | 0.4755 cnt rms | 0.6811 cnt rms | 0.6549 cnt rms
40 Hz 67.36 nV rms 18.10 nV rms 33.81 nVrms 65.44 nV rms 64.05 nV rms
0.9094 cnt rms | 0.2443 cntrms | 0.4565 cntrms | 0.8834 cntrms | 0.8647 cnt rms
100 Hz | 0.1027 uV rms 17.84 nV rms 33.12nVrms 64.15 nV rms 62.77 nV rms
1.379 cntrms | 0.2395 cnt rms | 0.4448 cntrms | 0.8614 cnt rms | 0.8429 cnt rms
Channel 2 (N) | 20 Hz 55.83 nV rms 20.22 nV rms 38.57 nV rms 55.32 nV rms 53.29 nV rms
4 kohm 0.7529 cnt rms | 0.2727 cnt rms | 0.5201 cnt rms | 0.7460 cnt rms | 0.7187 cnt rms
40 Hz 74.65 nV rms 19.64 nV rms 37.33nVrms 72.66 nV rms 71.21 nV rms
1.007 cntrms | 0.2649 cnt rms | 0.5034 cnt rms | 0.9799 cnt rms | 0.9603 cnt rms
100 Hz | 0.1147 uV rms 19.39 nV rms 36.69 nVrms 71.56 nV rms 70.13 nV rms
1.538 cnt rms | 0.2601 cnt rms | 0.4922 cntrms | 0.9600 cnt rms | 0.9407 cnt rms
Channel 3 (E) | 20 Hz 62.03 nV rms 22.80 nV rms 43.11 nV rms 61.59 nV rms 59.28 nV rms
9.4 kohm 0.8371 cnt rms | 0.3077 cnt rms | 0.5817 cnt rms | 0.8311 cntrms | 0.8000 cnt rms
40 Hz 83.74 nV rms 22.29 nVrms 42.00 nV rms 81.73 nVrms 80.07 nV rms
1.130 cnt rms | 0.3008 cnt rms | 0.5667 cnt rms 1.103 cnt rms 1.081 cnt rms
100 Hz | 0.1294 uV rms 22.09 nVrms 41.46 nV rms 80.89 nV rms 79.25 nV rms

1.737 cnt rms

0.2965 cnt rms

0.5564 cnt rms

1.086 cnt rms

1.064 cnt rms

79




3.9 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.

3.9.1 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).

3.9.2 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 3.5 AC Full Scale. The value for the smallest signal comes
from the evaluated digitizer channel self noise determined in section 3.8 Self-Noise.

3.9.3 Analysis

The dynamic range over a given pass-band is:

. signal power
Dynamic Range = 10 - log,, (W)

Where
signal power = (fullscale/\/2)*

noise power = (RMS Noise)2

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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3.9.4 Result
The following tables contain the dynamic ranges that were measured at the various frequency
passbands and gain levels.

Table 52 Dynamic Range: Q330M+ 6640

Gain Channel Sample | 0-Nyquist | 20mHz-1Hz |20 mHz-4 Hz |20 mHz- 16 Hz | 0.5 Hz - 16 Hz
Rate

1x | Channel1(z) | 20Hz | 138.79dB 147.39 dB 142.02 dB 138.90 dB 139.26 dB

500hm [ 40Hz | 136.38dB 147.67 dB 142.36 dB 136.65 dB 136.84 dB

100 Hz | 132.74 dB 147.80 dB 142.54 dB 136.82 dB 137.02 dB

Channel 2 (N) | 20Hz | 138.72dB 147.44 dB 141.97 dB 138.83 dB 139.18 dB

500hm 40 Hz | 136.29dB 147.73 dB 142.31dB 136.56 dB 136.75 dB

100 Hz | 132.64 dB 147.87 dB 142.49 dB 136.73 dB 136.93 dB

Channel 3(E) | 20Hz | 138.69dB 147.10 dB 141.87 dB 138.80 dB 139.20 dB

500hm |40 Hz | 136.28 dB 147.36 dB 142.21 dB 136.55 dB 136.77 dB

100 Hz | 132.65dB 147.48 dB 142.39 dB 136.72 dB 136.94 dB

8xL | Channel1(z) | 20Hz | 139.52dB 148.18 dB 142.75 dB 139.62 dB 139.97 dB

5000hm [ 40 Hz | 137.19 dB 148.52 dB 143.17 dB 137.47 dB 137.66 dB

100 Hz | 133.61dB 148.71 dB 143.40 dB 137.69 dB 137.89 dB

Channel 2 (N) | 20Hz | 139.40dB 148.13 dB 142.64 dB 139.50 dB 139.84 dB

4kohm | 40 Hz [ 137.04 dB 148.50 dB 143.05 dB 137.32dB 137.51 dB

100 Hz | 133.44 dB 148.66 dB 143.28 dB 137.54 dB 137.73 dB

Channel 3(E) | 20Hz | 139.27dB 147.75 dB 142.45 dB 139.36 dB 139.73 dB

9.4kohm [ 40Hz | 136.92 dB 148.05 dB 142.83 dB 137.19 dB 137.40 dB

100 Hz | 133.33dB 148.22 dB 143.04 dB 137.40 dB 137.61 dB

16x | Channel1(z) | 20Hz | 139.37dB 148.07 dB 142.59 dB 139.45 dB 139.79 dB

5000hm [ 40 Hz | 136.30 dB 147.67 dB 142.22 dB 136.54 dB 136.73 dB

100 Hz | 132.64 dB 147.80 dB 142.40 dB 136.71 dB 136.90 dB

Channel 2 (N) | 20Hz | 139.07 dB 147.86 dB 142.29 dB 139.14 dB 139.47 dB

4 kohm [ 40 Hz | 136.65 dB 148.16 dB 142.65 dB 136.91 dB 137.09 dB

100 Hz | 133.01dB 148.32 dB 142.85 dB 137.10 dB 137.28 dB

Channel 3 (E) | 20Hz | 138.73dB 147.37 dB 141.88 dB 138.80 dB 139.14 dB

9.4kohm [ 40Hz | 137.01dB 148.40 dB 142.98 dB 137.27 dB 137.46 dB

100 Hz | 133.40dB 148.58 dB 143.20 dB 137.48 dB 137.67 dB

32x | Channel1(z) | 20Hz | 138.77dB 147.43 dB 141.97 dB 138.85 dB 139.19 dB

500 0hm [ 40 Hz | 136.34 dB 147.76 dB 142.33 dB 136.59 dB 136.78 dB

100 Hz | 132.68 dB 147.88 dB 142.50 dB 136.76 dB 136.95 dB

Channel 2(N) | 20Hz | 137.97 dB 146.79 dB 141.18 dB 138.05 dB 138.37 dB

4 kohm [ 40 Hz | 135.45dB 147.04 dB 141.47 dB 135.68 dB 135.86 dB

100 Hz | 131.72dB 147.16 dB 141.62 dB 135.81 dB 135.99 dB

Channel 3(E) | 20Hz | 137.06 dB 145.75 dB 140.22 dB 137.12 dB 137.45 dB

9.4 kohm | 40 Hz | 134.45 dB 145.95 dB 140.44 dB 134.66 dB 134.84 dB

100 Hz | 130.67 dB 146.02 dB 140.56 dB 134.75 dB 134.93 dB
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Table 53 Dynamic Range: Q330M+ 6641 Port A

Gain Channel Sample | 0-Nyquist | 20mHz-1Hz |20 mHz-4Hz |20 mHz-16Hz | 0.5Hz-16 Hz
Rate

1x | Channel1(z) | 20Hz | 138.83dB 147.62 dB 142.06 dB 138.90 dB 139.23 dB

500hm |40 Hz | 136.37 dB 147.93 dB 142.40 dB 136.62 dB 136.79 dB

100 Hz | 132.69 dB 148.08 dB 142.59 dB 136.79 dB 136.97 dB

Channel 2 (N) | 20Hz | 138.86dB 147.66 dB 142.09 dB 138.93 dB 139.26 dB

500hm [ 40 Hz | 136.41dB 147.97 dB 142.43 dB 136.65 dB 136.83 dB

100 Hz | 132.74dB 148.12 dB 142.63 dB 136.83 dB 137.01 dB

Channel 3(E) | 20Hz | 138.80dB 147.37 dB 141.98 dB 138.87 dB 139.23 dB

500hm 40 Hz | 136.36dB 147.66 dB 142.31 dB 136.60 dB 136.80 dB

100 Hz | 132.70dB 147.80 dB 142.50 dB 136.78 dB 136.98 dB

1x | Channel1(z) | 20Hz | 138.83dB 147.61 dB 142.06 dB 138.90 dB 139.23 dB

500hm | 40 Hz | 136.38 dB 147.90 dB 142.40 dB 136.62 dB 136.80 dB

100 Hz | 132.70dB 148.05 dB 142.59 dB 136.80 dB 136.98 dB

Channel 2 (N) | 20Hz | 138.85dB 147.66 dB 142.07 dB 138.92 dB 139.25 dB

5000hm [ 40 Hz | 136.41 dB 147.95 dB 142.42 dB 136.65 dB 136.83 dB

100 Hz | 132.74 dB 148.11 dB 142.61 dB 136.83 dB 137.01 dB

Channel 3(E) | 20Hz | 138.79dB 147.32 dB 141.97 dB 138.85 dB 139.22 dB

4kohm [ 40 Hz | 136.35dB 147.61 dB 142.31 dB 136.59 dB 136.79 dB

100 Hz | 132.69 dB 147.74 dB 142.49 dB 136.76 dB 136.97 dB

2x | Channel1(z) | 20Hz | 137.90dB 146.71 dB 141.09 dB 137.95 dB 138.27 dB

500hm [ 40 Hz | 135.34dB 146.95 dB 141.37 dB 135.56 dB 135.73 dB

100 Hz | 131.59 dB 147.07 dB 141.51 dB 135.68 dB 135.85 dB

Channel 2 (N) | 20Hz | 137.92dB 146.78 dB 141.12 dB 137.97 dB 138.29 dB

500 0hm [ 40 Hz | 135.36 dB 147.04 dB 141.40 dB 135.58 dB 135.75 dB

100 Hz | 131.60dB 147.15 dB 141.54 dB 135.70 dB 135.87 dB

Channel 3(E) | 20Hz | 137.88dB 146.52 dB 141.04 dB 137.93 dB 138.27 dB

4 kohm [ 40 Hz [ 135.33dB 146.78 dB 141.32 dB 135.54 dB 135.73 dB

100 Hz | 131.58 dB 146.88 dB 141.46 dB 135.67 dB 135.85 dB

4x | Channel1(z) | 20Hz | 135.46dB 144.43 dB 138.63 dB 135.50 dB 135.80 dB

500hm [ 40 Hz | 132.73dB 144.59 dB 138.79 dB 132.91 dB 133.07 dB

100 Hz | 128.86 dB 144.63 dB 138.86 dB 132.96 dB 133.11 dB

Channel 2 (N) | 20Hz | 135.45dB 144.46 dB 138.63 dB 135.49 dB 135.79 dB

5000hm [ 404z | 132.73 dB 144.61 dB 138.80 dB 132.91dB 133.07 dB

100 Hz | 128.85dB 144.66 dB 138.86 dB 132.95 dB 133.11 dB

Channel 3(E) | 20Hz | 135.47dB 144.38 dB 138.63 dB 135.51 dB 135.81 dB

4kohm [ 404z | 132.73dB 144.52 dB 138.79 dB 132.91dB 133.08 dB

100 Hz | 128.85dB 144.57 dB 138.86 dB 132.96 dB 133.12 dB
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Table 54 Dynamic Range: Q330M+ 6641 Port B

Gain Channel Sample | 0-Nyquist | 20mHz-1Hz |20 mHz-4Hz |20 mHz-16Hz | 0.5Hz-16 Hz
Rate

1x | Channel1(z) | 20Hz | 138.87dB 147.67 dB 142.09 dB 138.94 dB 139.26 dB

500hm [ 40 Hz | 136.41dB 147.99 dB 142.45 dB 136.66 dB 136.83 dB

100 Hz | 132.74 dB 148.14 dB 142.64 dB 136.84 dB 137.02 dB

Channel 2 (N) | 20Hz | 138.92dB 147.75 dB 142.15 dB 138.98 dB 139.30 dB

500hm [ 40 Hz | 136.46 dB 148.08 dB 142.50 dB 136.70 dB 136.87 dB

100 Hz | 132.77dB 148.23 dB 142.69 dB 136.88 dB 137.06 dB

Channel 3(E) | 20Hz | 138.84dB 147.61 dB 142.06 dB 138.91 dB 139.24 dB

500hm | 40 Hz | 136.39 dB 147.92 dB 142.41 dB 136.64 dB 136.82 dB

100 Hz | 132.71dB 148.06 dB 142.60 dB 136.81 dB 136.99 dB

1x | Channel1(z) | 20Hz | 138.87 dB 147.66 dB 142.09 dB 138.93 dB 139.26 dB

500hm [ 40 Hz | 136.42dB 147.97 dB 142.44 dB 136.66 dB 136.84 dB

100 Hz | 132.74 dB 148.12 dB 142.63 dB 136.84 dB 137.02 dB

Channel 2 (N) | 20Hz | 138.90 dB 147.74 dB 142.12 dB 138.97 dB 139.29 dB

500 ohm | 40 Hz | 136.45dB 148.06 dB 142.47 dB 136.69 dB 136.87 dB

100 Hz | 132.77dB 148.21 dB 142.66 dB 136.87 dB 137.05 dB

Channel 3(E) | 20Hz | 138.85dB 147.63 dB 142.07 dB 138.92 dB 139.25 dB

4 kohm [ 40 Hz | 136.40dB 147.94 dB 142.42 dB 136.64 dB 136.82 dB

100 Hz | 132.72dB 148.09 dB 142.61 dB 136.82 dB 137.00 dB

2x | Channel1(z) | 20Hz | 137.94dB 146.79 dB 141.14 dB 137.99 dB 138.30 dB

500hm |40 Hz | 135.39dB 147.02 dB 141.41 dB 135.61 dB 135.78 dB

100 Hz | 131.63 dB 147.15 dB 141.56 dB 135.73 dB 135.90 dB

Channel 2 (N) | 20Hz | 137.97 dB 146.89 dB 141.18 dB 138.02 dB 138.33 dB

500 ohm | 40 Hz | 135.40dB 147.14 dB 141.47 dB 135.62 dB 135.78 dB

100 Hz | 131.65dB 147.26 dB 141.61 dB 135.74 dB 135.91 dB

Channel 3(E) | 20Hz | 137.91dB 146.74 dB 141.12 dB 137.96 dB 138.28 dB

4 kohm 40 Hz [ 135.35dB 146.97 dB 141.38 dB 135.57 dB 135.74 dB

100 Hz | 131.60dB 147.09 dB 141.53 dB 135.69 dB 135.87 dB

4x | Channel1(z) | 20Hz | 135.48dB 144.46 dB 138.66 dB 135.52 dB 135.82 dB

500hm [ 40 Hz | 132.76 dB 144.60 dB 138.82 dB 132.94 dB 133.09 dB

100 Hz | 128.88 dB 144.65 dB 138.89 dB 132.98 dB 133.14 dB

Channel 2 (N) | 20Hz | 135.50 dB 144.53 dB 138.68 dB 135.54 dB 135.83 dB

5000hm [ 40 Hz | 132.77 dB 144.68 dB 138.84 dB 132.95 dB 133.10 dB

100 Hz | 128.89 dB 144.74 dB 138.91 dB 132.99 dB 133.14 dB

Channel 3(E) | 20Hz | 135.47dB 144.43 dB 138.63 dB 135.50 dB 135.80 dB

4kohm [ 40 Hz | 132.73dB 144.58 dB 138.80 dB 132.91 dB 133.07 dB

100 Hz | 128.86 dB 144.62 dB 138.86 dB 132.95 dB 133.11 dB
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3.10System Noise
The System Noise test determines the amount of digitizer self-noise expressed in units of a
Sensor.

3.10.1 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)*/Hz or 1
(Pa)’/Hz versus frequency.

3.10.2 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 3.8 Self-Noise.

3.10.3 Analysis

The time-series data and PSD computed in section 3.8 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.
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3.10.4 Result
The PSD of the system noise is shown in the plots below. The appropriate terminated noise data

was used to match the chosen sensor output impedance and the desired sample rate for the
application passband. Where available, reference sensor and background noise models are

provided for comparison.
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Figure 40 Seismic System Noise for Guralp CMG-3T (1500 V/(m/s) and 120 sec corner) at
gains of 1x, 2x, 4x, 8xL, 16x, and 32x
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Figure 41 Seismic System Noise for STS-2 low gain at gains of 1x, 2x, 4x, 8xL, 16x, and
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Figure 43 Seismic System Noise for Kinemetrics STS-5A at gains of 1x, 2x, 4x, 8xL, 16x,
and 32x
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Figure 46 Seismic System Noise for Trillium 360 at gains of 1x, 2x, 4x, 8xL, 16x, and 32x
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Figure 48 Seismic System Noise for Geotech GS21 at gains of 1x, 2x, 4x, 8xL, 16x, and
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Figure 50 Infrasound System Noise for Hyperion 5000 at gains of 1, 2, and 4
DC Removal: |BLOCK -« | Window: |HANMN | Window Length: 4096 « | Window Overlap: 5/8 « | 95% Confidence: 0.424499dB| Unit: |Pressure v
=30
_?U |
¥
= -60¢ — QME41:XLZ - 50 ohm, 1x- MB2005
x \-\\\ — QME41:¥LZ - 50 ohm, 2% - MB2005
g -390 '\___\ - b M, | | QNIB41:XLZ - 50 ohm, 4x - MB2005
-100 ottty wary "f'ﬂ':':\\ =+~ Bowman LNM
h === B2005 Moise Model

=110

-130 |
0.01 0.1 1 10
Frequency (Hz)

Figure 51 Infrasound System Noise for MB2005 at gains of 1, 2, and 4
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Figure 52 Infrasound System Noise for MB3a at gains of 1, 2, and 4
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3.11 Temperature Self-Noise

The Temperature 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 while the digitizer is
being maintained at a specific temperature. In addition, it is confirmed that the digitizer
continues to operate across the tested temperature range.

3.11.1 Measurand
The quantity being measured is the digitizer input channels self-noise power spectral density in

dB relative to 1 V2/Hz versus.

3.11.2 Configuration
The digitizer input channel is connected to a shorting resistor as shown in the diagram below.

Digitizer
Channel

7 .
f Noise Configuration Picture

Figure 4 Temperature Sel
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The digitizers were placed inside of a temperature chamber so that they could be exposed to a
range of ambient temperatures. The analog input cables to the digitizers were routed through a
cable port in the sidewall of the temperature chamber so that the terminating resistors could be
connected to the inputs of the digitizers without exposing the terminating resistors to the thermal
conditions within the chamber. The room ambient temperature was kept at 20 C +/- 2 C.

| 18uupg,

I\ > 18

At 3
3
‘%'\ I
) \

G
|

|
i 1
3 ¥
¢

Figure 55 Temperature Self Noise Configura ion Picture

For the self-noise tests, the digitizer channels were terminated with resistors according to the
schedule below:

Table 55 Digitizer Temperature Self-Noise Terminator Configuration
Gain Z N E
Q330M+ 6640 32x 500 ohm 4 kohm 9.4 kohm
Q330M+ 6641, Port A 1x 50 ohm 500 ohm 4 kohm
Q330M+ 6641, Port B 8xL 50 ohm 500 ohm 4 kohm

The temperature chamber was programmed to cycle the digitizer for 24 hours at -10 C, 12 hours
at 0 C, 12 hours at 10 C, 12 hours at 20 C, 12 hours at 30 C, and 24 hours at 40 C.

Table 56 Self Noise Testbed Equipment
Manufacturer / Model
ESPEC EPL-2H

Temperature Chamber
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Figre 56 Temperature Chamber Proram

3.11.3 Analysis
The measured bit weight, from the AC Accuracy at 1 Hz, is applied to the collected data:

x[n], 0<n<N-1
The PSD is computed (Merchant, 2011) from the time series using a 16k-sample Hann window
for the 100 Hz sample rate data. The window length and data duration were chosen such that

there were several points below the lower limit of the evaluation passband of 0.01 Hz and the
90% confidence interval is less than 0.5 dB.

P [k, 0<k<N-1
Over frequencies (in Hertz):
fIkL,O<k<N-1

The digitizers were verified to be operating at each of the temperature levels and its noise levels
were compared to the ambient 23 C operation.
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3.11.4 Result
The time series plots from 6640 and 6641 are shown below. Only the data from 100 Hz is shown
as the other sample rates were otherwise identical.
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Figure 57 Temperature Self Noise Time Series, Q330M+ 6640, gain 32x
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Figure 58 Temperature Self Noise Time Series, Q330M+ 6641, Port A, gain 1x
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Figure 59 Temperature Self Noise Time Series, Q330M+ 6641, Port B, gain 8xL
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There were no issues with the Q330M+ performance or operation during the range of
temperatures that were tested. The power spectra for the data collected at each temperature are
shown in the plots below. A 10-hour window of data was used for computing the power spectra,
selected from the time series after the temperature and DC offset had stabilized. The plot of
power spectra includes a line shown in bright green representing the median self-noise observed
earlier at that gain level.
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Figure 60 Temperature Self Noise Power Spectra, 6640, gain 32x at temperatures of -10 C,
0C,10C,20C,30C,and40C

The self-noise across a range of temperatures at a gain of 32x was consistent with the prior
measurements of self-noise in section 3.8 Self-Noise, with the exception some slight increases in
noise at low frequencies, below 0.03 Hz, presumably associated with the ongoing variations in
temperature.
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Figure 61 Temperature Self Noise Power Spectra, 6641, Port A, gain 1x at temperatures of
-10C,0C,10C,20C,30C,and40C

The self-noise across a range of temperatures at a gain of 1x was slightly lower than the prior
measurements of self-noise in section 3.8 Self-Noise.
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Figure 62 Temperature Self Noise Power Spectra, 6641, Port B, gain 8xL at temperatures
of-10C,0C,10C,20C,30C,and 40 C

The self-noise across a range of temperatures at a gain of 8xL was slightly higher than the prior
measurements of self-noise in section 3.8 Self-Noise.

Overall, the self-noise power spectral density levels did not appear to change significantly as the

temperature was varied. The only variation observed was a change in the DC offset related to
temperature, shown in the tables below:
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Table 57 Temperature Self Noise DC Offset, Q330M+ 6640, gain 32x

-10°C 0°C 10°C 20°C 30°C 40C
Channel 1 -34.06 uVv -21.62 uv -10.16 uVv 2.031uV 13.77 uv 25.35uV
Change: 1.24 uv/°C 1.15uv/°C 1.22 uv/°C 1.17 uv/°C 1.16 uv/°C
Channel 2 ‘ -34.97 uV -22.73 uV -11.40 uVv 0.6429 uv 12.25uV 23.66 uV
Change: 1.22 uVv/°C 1.13 uv/°C 1.20 uv/°C 1.16 uv/°C 1.14 uv/°C
Channel 3 ‘ -34.41 uwV -22.15uVv -10.81 uVv 1.209 uv 12.73 uV 24.05 uVv
Change: 1.23 uv/°C 1.13 uv/°C 1.20 uv/°C 1.15uv/°C 1.13 uv/°C

Table 58 Temperature Self Noise D°C Offset, Q330M+ 6

641, Port A, gain 1x

-10°C 0°C 10°C 20°C 30°C 40 °C
Channel 1 -1105 uVv -718.3 uv -343.2 uv 47.77 uV 435.0 uv 823.8 uv
Change: | 38.64 uV/°C | 37.51uV/°C 39.09 uv/°C 38.73 uv/°C 38.88 uv/°C
Channel 2 ‘ -1108 uVv -723.5uV -349.5 uv 40.65 uV 426.3 uV 815.8 uVv
Change: | 38.44uV/°C | 37.40uV/°C 39.02 uv/°C 38.56 uVv/°C 38.95 uv/°C
Channel 3 I -1113 uVv -724.4 uV -347.3 uV 45.79 uVv 435.2 uv 826.6 uV
Change: | 38.89uV/°C | 37.71uV/°C 39.30 uv/°C 38.94 uv/°C 39.14 uv/°C

Table 59 Temperature Self Noise D°C Offset, Q330M+ 6641, Port B, gain 8xL

-10°C 0°C 10°C 20°C 30°C 40 °C
Channel 1 -142.7 uV -92.32 uV -43.46 uV 7.529 uv 58.07 uVv 108.9 uv
Change: 5.04 uv/°C 4.89 uv/°C 5.10 uv/°C 5.05 uv/°C 5.09 uv/°C
Channel 2 ‘ -146.0 uv -94.46 uV -44.45 uV 7.887 uV 59.78 uv 112.1uVvV
Change: 5.16 uv/°C 5.00 uv/°C 5.23 uv/°C 5.19 uv/°C 5.23 uv/°C
Channel 3 ’ -143.4 uV -92.72 uV -43.62 uV 7.836 uV 58.69 uV 109.7 uv
Change: 5.07 uv/°C 4,91 uv/°C 5.15 uVv/°C 5.09 uv/°C 5.11 uv/°C

There appears to be a consistent rate of change in the DC offset with respect to temperature of
approximately 39 uV/°C at a gain of 1x, 5.1 uV/°C at a gain of 8xL, and 1.2 uV/°C at a gain of

32x.

These rate of change values scale linearly with the gain level, suggesting that the change in DC
offset is a function of counts per °C. By scaling the offset rate of change by the bit weight at
each gain level, it appears that there is an offset change of between 16 and 17 counts per °C.
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3.12Response 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.

3.12.1 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.

3.12.2 Configuration
Multiple digitizer channels are connected to a white noise signal source as shown in the diagram
below.
C—
Digitizer
Channel 1
@@ -
T
Digitizer .
Channel 2 .
— -

¢t

White Noise
Source

Hh—

M

Digitizer

Channel N

Figure 63 Response Verification Configuration Diagram

Eocidans T 28

Nyuoue - -

Figure 64 Response Verification Configuration Picture
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Table 60 Response Verification Testbed Equipment

Manufacturer / Model

Serial Number

Nominal Configuration

White Noise Source

SRS DS360

123669

Bandlimited white noise

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. Thirty
minutes of data is recorded.

3.12.3 Analysis

The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data:

x[n], 0<Sn<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<Sk<N-1
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3.12.4 Result

The coherence and relative amplitude and phase response were computed between channel 1 and
the remaining channels for all the evaluated sample rate and gain configurations. In all cases, the
coherence was identically 1.0 across the entire pass-band. The coherence, relative amplitude,
and relative phase are shown in the plots below. The results were consistent for all of the sample
rates, so only the 100 Hz sample rate results are shown.
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Figure 65 White Noise Power Spectra, Q330M+ 6641, gain 1x, 100 Hz

1.0
09
08
o7 __QMB41:HLN
E QMB41:HLZ
Eos __ QMB41:HLE
8 QME41:HLZ
g 05 __ QMB41:HHZ
2 QMB41:HLZ
204
s __ QMB41:HHN
. QMB41:HLZ
__OMB41:HHE
03 QMB41:HLZ
04
0.0
0.01 0.4 1 10

Frequency (Hz)

Figure 66 White Noise Coherence, Q330M+ 6641, gain 1x, 100 Hz
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Figure 67 White Noise Power Spectra, Q330M+ 6640, gain 8x, 100 Hz
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Figure 68 White Noise Coherence, Q330M+ 6640, gain 8x, 100 Hz
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Figure 69 Relative Amplitude and Phase, Q330M+ 6641, gain 1x, 100 Hz
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Figure 70 Relative Amplitude and Phase, Q330M+ 6641, gain 2x, 100 Hz
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Figure 71 Relative Amplitude and Phase, Q330M+ 6641, gain 4x, 100 Hz
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Figure 72 Relative Amplitude and Phase, Q330M+ 6640, gain 8xL, 100 Hz
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Figure 73 Relative Amplitude and Phase, Q330M+ 6640, gain 16x, 100 Hz
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Figure 74 Relative Amplitude and Phase, Q330M+ 6640, gain 32x, 100 Hz

In all cases, the relative amplitudes were effectively zero across the pass-band. This indicates
that there were no differences in response between the digitizer channels. There were some
slight roll-offs in the phase response. However, this phase delay is indicative of a small
difference in timing between the channels, as further investigated in section 3.13 Relative
Transfer Function.
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3.13Relative Transfer Function
The Relative Transfer Function test measures the amount of channel-to-channel timing skew
present on a digitizer.

3.13.1 Measurand
The quantity being measured is the timing skew in seconds between the digitizer input channels.

3.13.2 Configuration
Multiple digitizer channels are connected to a white noise signal source as shown in the diagram
below.
S
Digitizer
Channel 1
N
—
Digitizer
Channel 2
— -

0+

White Noise

Source

PH—

0+

Iq)\"

Digitizer

Channel N

Figure 75 Relative Transfer Function Configuration Diagram

Figure 76 Relative Transfer Function Configuration Picture
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Table 61 Relative Transfer Function Testbed Equipment

Manufacturer / Model | Serial Number Nominal Configuration

White Noise Source SRS DS360 123669 Bandlimited white noise

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. Thirty
minutes of data is recorded.

3.13.3 Analysis
The measured bitweight, from the AC Accuracy at 1 Hz, is applied to the collected data:

x[n], 0<Sn<N-1

The relative transfer function, both amplitude and phase, is computed between the two digitizer
channels:
Hlk], 0<k<N-1

The tester defines a frequency range over which to measure the skew:
flk], 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{fm] over which the relative phase
delay is observed to be linear:
1 AHIKD
m-n+ 1k=n27'[f[k]

skew =
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3.13.4 Result

The phase delay versus frequency is shown for gains 1x and 8xL at 100 Hz 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.
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Figure 77 Relative Transfer Function Relative Phase, Q330M+ 6641, gain 1x, 100 Hz
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