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Figure 6.13: Secondary electron images of FIB pre-fabricated platinum sensor structures ready for tin 
oxide suspension.  
 
 
 
 The chip with these sensors is only evaluated in its ability to detect carbon monoxide 

at low concentrations. However, it is believed that detection of any gases known to respond 

to tin oxide based sensors as shown in prior experiments would also be realizable.  The 

response of the sensor and the detection circuit to carbon monoxide gas exposure was 

evaluated by exposing the chip to increasing concentrations of carbon monoxide gas (mixed 
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with nitrogen gas for concentration control) at constant normal pressure and at room 

temperature.  A gas flow test system was constructed consisting of a 2 liter acrylic chamber 

and calibrated flow meters to the measure the incoming gas flow (shown in Figure 6.14).  

 

 

Figure 6.14: Digital photograph of the test setup for CO gas exposure testing. 

  

 The complete test board, including the chip under test was encased in the gas test 

chamber. Real time output from the chip was read by Agilent 34401A digital multi-meter 

and was recorded on a laptop computer using the GPIB of the multi-meter. Input sampling 

of the multi-meter was more rapid for DC inputs than AC inputs. In order to obtain real 

time measurements from the chip with 1sec sampling, the DC input option was chosen on 

the multi-meter, which is still representative of the output signal amplitude from the 

detection circuits. The concentration of the CO gas was varied by changing the flow of the 

mixing gas (nitrogen). A second detection circuit with no platinum sensor was also 

monitored using a standard multi-meter to detect any common output swing that may be 
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induced by noise pervasive to the whole chip. The output response of one of the sensor 

structure (1st sensor in Figure 6.13) with tin oxide powder between the parallel plates of the 

sensor capacitor is shown in Figures 6.15 and 6.16 for varying concentrations of CO gas. 

The output amplitude decreases when exposed to CO gas because, when the tin oxide reacts 

with the CO gas it generates electrons, which would increase the conductivity of the tin 

oxide. This increase in conductivity of the material between the plates of the sensor 

capacitor reduces the capacitance, which is reflected in the output of the detection circuits.  

 

 

 

Figure 6.15: Output response of the sensor to large concentration swing followed by smaller 
concentration variations in CO gas. 
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Figure 6.16: Output response of the sensor for varying CO gas concentrations.  
 
 The tin oxide platinum sensors show good detection response to CO gas. The 

response for higher concentrations of CO gas is almost immediate, as seen in Figure 6.15, 

for 800ppm CO. The volume of the test chamber was 2000cc and the flow of CO and N2 

gas mixture for 800ppm was 575 cc per minute. Assuming that the 800ppm test gas mixes 

and displaces the purge gas (N2) present in the test chamber linearly, the response of the 

sensor to the estimated concentration of CO gas immediately after the introduction of test 

gas was plotted and is shown in Figure 6.17. The CO gas was introduced at t = 30 seconds 

and the sensor responded after 10secs with the corresponding CO gas concentration in the 

chamber estimated at 30ppm. The minimum detectable level for this particular sensor as per 

Figure 6.17 is 30ppm. Tin oxide sensors operating at room temperature are extremely 

sensitive to water vapor. It can be seen that the baseline or start value in Figure 6.15 is 

different than that in Figure 6.16. This is because the measurements were done on two 

different days with different relative humidity.  
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Figure 6.17: Output response of the sensor to estimated gas concentration in the test chamber during 
the first five minutes of 800ppm CO test gas exposure.  
 

 The minimum detectable level or the sensitivity depends on the sensor structure, the 

thickness of the tin oxide deposited between the sensor plates and also the surface area of tin 

oxide exposed to the sample gas. The scale of the sensors used was small and generally less 

than 10 square microns. In this application, the sensitivity can be greatly improved with 

minimum detectable levels much lower than 30ppm by making the sensors larger with more 

plates. However, it was found that longer exposure to the gallium beam in the vicinity of the 

sensor connect sites during FIB fabrication increased the problems caused by implanted 

gallium metal as explained in chapter 5 and the circuits would not revive even after heat 

treatment. This is a limitation of the fourth generation chips and can be easily rectified in 

future designs by not having overlapping metals at the sensor connect sites.  
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 6.3. Early detection of Stroke 

 

 The detection of the neuroprotective gene is based on the principle of antigen 

antibody bonding between CART and anti-CART antibody. When the anti-CART peptide 

antibody bonds with the CART it would likely polarize differently with a different dipole 

moment than the individual components by themselves. The test setup for these 

measurements include the Agilent E3645A DC power supply, Agilent 34401A 6.5digit multi-

meter, Hitachi VC-6155 Digital storage oscilloscope, and the test board to provide 

appropriate inputs to bias the chip. This setup is shown in Figure 6.18. 

 

 

Figure 6.18: Digital photograph of the test setup for the detection of CART gene.  

  

 The third generation design has shown the best response for liquid test mediums. 

Since the interconnects themselves act as sensors, FIB sensor fabrication is unnecessary and 

also, these chips do not have flaws in the nitride passivation layer. Hence, third generation 
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chips with center glass reservoirs attached (Figure 5.19) were used for the detection of 

CART – anti-CART antibody interaction. 

  The two test solutions are CART (5mg in 0.1ml of saline) and anti-CART antibody 

(G-003-61, 1:1,000 of 200mg of rabbit IgG in 90ml PBS; Phoenix Pharmaceuticals, Belmont, 

CA). Since the test solutions were in saline and PBS (phosphate buffer saline solution), the 

chip was tested with varying concentrations of NaCl to understand the behavior of the 

sensors with increasing concentrations of salt in de-ionized (DI) water, and to also check 

where the baseline for PBS solution is with respect to DI water. An output response of one 

of the detection circuits is shown in Figure 6.19.  
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Figure 6.19: Output response of the sensor to different concentration of salt in DI water.  

 

 The output amplitude decreases with increasing concentrations of salt. This behavior 

is because, as the concentration of salt increases, the solution becomes more conductive and 

the dielectric behavior is reduced, which results in a smaller capacitance registered by the 

interconnect sensors. The two test solutions, CART and its antibody, were delivered 



141 

 

individually to the glass reservoir and their responses were noted. Equal volumes of these 

test solutions were mixed and incubated at room temperature for 15 minutes. The reaction 

mixture was then delivered to the glass reservoir in the center of the chip using a micro 

pipette. The output response of four detection circuits to these test solutions is shown in 

Figure 6.20.  
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Figure 6.20:  Output response of 3rd gen chip with glass tube for CART and anti-CART 
interaction. 
 

 The response of the system for individual test solutions shows that the anti-CART 

antibody generally has a higher response than CART. This means that the dielectric constant 

of the antibody solution is larger than that of the CART. This change could be caused by the 

carrier solutions alone (saline Vs PBS) and not by the active reactant components. Also, the 

reaction mixture does not show a significant difference from the individual components. 

This is either because the bonded CART and anti-CART antibody structures do not polarize 

differently than the individual components or the concentrations of the test solutions are not 

high enough to be detected by the system. Further tests need to be performed with increased 
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concentrations of the test solutions to confirm the application of this system for the 

detection of CART.  

 

6.4 Test system calibration  

 

 The sensors, after being treated with active target specific layers will be subjected to 

the ambient medium containing the target molecules. Each of the components of the sensor 

and all the individual elements involved in the reaction at the sensor will likely polarize 

differently and will contribute to the overall change in the measured dielectric constant. It is 

necessary to measure the individual responses of the reactants and then determine a baseline 

for the reaction. In order to minimize measurement errors, it is imperative to measure and 

qualify the effects of all the elements that may be present in a real test ambient that are not 

active participants in the reaction. For instance, salinity of the test solutions has a direct 

effect on the output value as shown in Figure 6.19. So, baseline measurements for the entire 

salinity range expected in the real test environment have to be quantified to minimize errors. 

For applications involving detection in liquid mediums, it can be visualized that unattached 

non target molecules may be present between the plates of the sensor capacitor and cause 

variations in the output as they move between the plates. These variations have to be 

quantified over a period of time and added to the total error percentage of the system. This 

effect would be more pronounced and limiting if the dielectric behavior of these molecules 

is similar to that of the target molecule. 

 It was found that the output signal varies between chips from the same fabrication 

run. This is due to fabrication process variations and was found to be as high as 10 % of the 

output value in the fourth generation chips. This is not an issue, since absolute capacitance is 

not being measured and only change from initial value is measured as output signal. 

However, this means that a separate baseline reading has to be established against a known 

test sample for every chip. 

The active capacitor charging currents of the individual detection circuits in all the 

generations of chips are directly related to the supply voltage. Any variations in the power 

supply would alter the output signal, thereby having poor Power Supply Rejection Ratio 
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(PSRR). Also the temperature dependencies of the detection circuits are shown in chapter 4. 

Immunity to variations in supply voltage, temperature variations and immunity to noises 

common to the whole chip can be achieved by measuring the difference signal between a 

well matched detection circuit pair as output signal. This can be achieved by connecting the 

outputs of the detection circuit pair on the chip to an external differential amplifier as shown 

in Figure 6.21. Identical detection circuits were designed in pairs in the fourth generation 

chips for this purpose. 

 

 

Figure 6.21: Detection circuit pair for noise immunity and good PSRR. 

 

The differential amplifiers can also be implemented on the chip, but were left 

external to keep the design simple. The surface of the chips may be exposed to harsh liquid 

mediums while testing and have a good probability of surface insulation failure. If the 

differential amplifier is left external, when one channel fails, another channel can be used in 

its place at the sacrifice of additional offset voltage caused by mismatch between the two 

circuits. Only one sensor can be exposed to the test environment. If both the sensors are 

exposed, their responses will be common and will be cancelled by the differential amplifier. 

 The integrated chips can be reused with adequate cleaning between tests to remove 

any residue from previous experiments. It was found that cleaning the die surface with 10% 

SDS solution, followed by de-ionized water cleansing effectively removed protein residue 

(Figure 6.1). When the detection technique involves bonding of the target to the sensor 

surface, the sensor has to be reactivated after each trial. For example, if the sensor surface 
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was treated with a target specific antibody, methods have to be developed to break the 

antigen-antibody bond and reactivate the antibody after each test. Generally, chip failure was 

found to be due to silicon nitride passivation failure.  This depends on the harshness of the 

test solution. An alternative thin blanket insulation material needs to be deposited to yield a 

stable insulation layer and improve reliability.  

 

  Relative permittivity of any material is generally a complex function of frequency of 

the applied field as explained in chapter 2. Each of the components of the sensor and all the 

individual elements involved in the reaction at the sensor may polarize differently at different 

frequencies. For the applications that were tested on the sensor array chip, the clock 

frequency was initially varied between 50 KHz and 800 KHz to isolate frequencies that may 

induce larger polarization of the target molecule which would increase sensitivity. However, 

no indicative gain was observed for the frequencies ranges that were tested. For any 

particular application, it is important to investigate the frequency response of the sensor 

materials and the test mediums used to capitalize on any increased sensitivity that might 

result due to the frequency dependency of polarization.  
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7.   Conclusion and Future Work 

 

 

With the advancement in sensor technology, a multitude of discrete stand alone 

sensors have been developed for the detection of very low concentrations of target 

molecules. Many of these sensing techniques have been modified and developed to be 

manufactured using integrated chip technology. This allows for miniaturization and low cost 

mass production. The measuring or quantifying electronics can also be integrated on the 

same device, which would minimize the usage of bulky and expensive instruments. This has 

been the basis for the development of various lab-on-chip (LOC) detection techniques, 

which are usually geared towards the bio-tech industry, dealing frequently with analysis of 

target molecules in liquid medium. Similar integrated technology has also evolved for the 

detection of gaseous analytes and is commonly known as electronic nose or e-nose. It would 

be of great advantage if multiple targets in both liquid and gaseous mediums can be 

identified and quantified by a single device simultaneously.  

In this dissertation, I have developed a sensor-array chip hybrid for rapid parallel 

detection of multiple organic or inorganic target molecules in either gas or liquid mediums. 

The developed system is based on measuring minute changes in capacitances for detection. 

The sensors in the designed sensor-array chip hybrid are capacitive sensors, micro fabricated 

on top of a pre-designed CMOS chips with circuitry to measure small changes in 

capacitance. The various transduction methods (amperometric, potentiometric, etc.) used in 

sensors can be potentially modified to work with the proposed system. For example, a 

conventional amperometric system relies on the generation of current (electrons) for 

detection. If the same transducer material that generates current in the presence of the target 

molecule were incorporated in the proposed capacitor sensors, generation of current would 

reflect as a reduction in capacitance of the sensor capacitor. This change in capacitance 

would be measured by the integrated circuits on the chip.  
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The capacitor sensors were built using the well advanced technique of focused ion 

beam (FIB) micromachining and microforming. The FIB workstation has been commonly 

used in the micro-electronics industry for micro-fabrication, post fabrication editing and 

debugging. The use of the FIB workstation for fabricating the sensors shortens the 

development period and allows for rapid prototyping of sensor geometries for any given 

application. The fabrication of sensors using conventional lithography or MEMS techniques 

is time consuming and expensive because any small changes made to the sensor structure 

require the production of a new lithography mask and re-fabrication of the entire chip. The 

FIB workstation can be used for prototyping the sensor structures during development, and 

once the sensor geometry has been optimized, conventional lithography and thick film 

deposition techniques can replace the FIB for mass production. 

I have also demonstrated two detection circuit techniques that are sensitive to sub 

femto farad changes in sensor capacitance. One of the designed detection circuits converts 

the changes in sensor capacitance to changes in frequency of a square wave output. This 

detection circuit scheme has the advantage of being able to detect a wide range of input 

sensor capacitance modulation at the sacrifice of gain. The second detection circuit 

technique converts the changes in sensor capacitance to amplitude variations. This detection 

circuit method has a maximum limit for the sensor capacitance value. So a range of detection 

circuits with limits varying from 250ff to 750ff were developed to preserve input dynamic 

range.  

 I have also demonstrated how the system could be used in diverse applications for 

the detection of target molecules in liquid or gas mediums. I have evaluated the applications 

of this system in aiding multidisciplinary research including, detection and measurement of 

organophosphate neurotoxins, air quality monitoring - detection of low concentrations of 

carbon monoxide gas, and aid in the study of the biochemistry of stroke. In the applications 

for the detection of OP neurotoxins and CART neuroprotective gene, the sensor-array 

system was tested with the same concentrations of test solutions that were verified by 

conventional biological assay techniques. It was shown that the detection system was not 

sensitive at those concentrations. Further research needs to be done with increased 

concentrations of the test solutions to evaluate the effectiveness of the proposed system in 
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those applications. A tin oxide based CO gas sensor system was fabricated and was verified 

to be sensitive to low concentrations (30ppm) of CO gas at room temperatures. Further 

research needs to be performed to determine the selectivity of the gas sensor. It was found 

that the gas sensor was sensitive to water vapor, hence effective materials and techniques 

need to be developed to prevent the water vapor from reaching the tin oxide layer. One 

possible method would be to deposit a second blanket layer of material on top of the die, 

which would selectively allow the diffusion of CO gas and prevent the water vapor from 

reaching the tin oxide surface. The tin oxide layer was deposited on the chip surface by 

drying a simple suspension of tin oxide powder. This paves the way for testing a myriad of 

indicator materials that could be sensitive to a variety of target molecules. The sensor-array 

chip hybrid can be effectively used in the development of new sensor technologies. Each 

sensor site in the array can be precisely coated with different test detection materials using 

drop on demand [42] or inkjet printing techniques [43].  The entire chip with the multiple 

detection materials can be exposed to a test environment containing the target molecules and 

based on the output response of each of the detection circuits, the effective sensor material 

can be isolated. This greatly reduces development time. 

 In the detection circuits developed for the third and fourth generation of chips, the 

gate capacitance of the output buffer stages adds to the value of the reference capacitance. 

This alters the gain of the circuit. A two stage output buffer with the larger transistors in the 

second stage needs to be incorporated in future designs to keep the gain of the circuits more 

predictable and stable. In the fourth generation design it was found that the outputs of two 

detection circuits with the same input sensor capacitor structures were not matched. This is 

most likely because of fabrication process variations causing dissimilarity in the poly 

reference capacitor geometry. The matching can be improved in future designs by avoiding 

sharp corners in the design of capacitor structures and also by surrounding the poly 

capacitor with dummy redundant poly structures which would help during chemical 

mechanical planarization (CMP) process of fabrication. The third generation design had long 

interconnects from the detection circuits to the sensor sites. These long interconnects have 

been shown to function as sensors without the need for FIB fabricated sensors. Future 

designs can exploit this property of the interconnects behaving as sensors and interconnects 
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can be purposely designed in a serpentine structure to increase the sensitivity. These long 

interconnects would act as sensors for liquid test mediums. Shorter interconnects with sites 

for FIB sensor fabrication can be incorporated in the same layout for sensing in gas 

mediums. In the demonstrated systems, the differential amplifier and the bias were left 

external. These can also be included in the design of future chips. The sensor-array chip 

hybrids were fabricated using 1.5µm process; future designs can be scaled to much smaller 

processes (≤0.35µm). This would allow for thinner interconnects and reduce the parasitic 

capacitances of the sensor interconnects which would improve system sensitivity.  
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Appendix A. CO Gas Test 1 Raw Data – 10 Secs Sampling 

 

Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) 

00:00:01.0 3.825 00:06:50.0 3.82 00:13:40.0 3.816 00:20:30.0 3.814 
00:00:10.0 3.825 00:07:00.0 3.82 00:13:50.0 3.816 00:20:40.0 3.814 
00:00:20.0 3.825 00:07:10.0 3.82 00:14:00.0 3.816 00:20:50.0 3.814 
00:00:30.0 3.825 00:07:20.0 3.82 00:14:10.0 3.816 00:21:00.0 3.814 
00:00:40.0 3.825 00:07:30.0 3.82 00:14:20.0 3.816 00:21:10.0 3.814 
00:00:50.0 3.825 00:07:40.0 3.82 00:14:30.0 3.816 00:21:20.0 3.814 
00:01:00.0 3.825 00:07:50.0 3.819 00:14:40.0 3.816 00:21:30.0 3.814 
00:01:10.0 3.825 00:08:00.0 3.819 00:14:50.0 3.816 00:21:40.0 3.814 
00:01:20.0 3.825 00:08:10.0 3.819 00:15:00.0 3.816 00:21:50.0 3.814 
00:01:30.0 3.825 00:08:20.0 3.819 00:15:10.0 3.816 00:22:00.0 3.814 
00:01:40.0 3.825 00:08:30.0 3.819 00:15:20.0 3.816 00:22:10.0 3.814 
00:01:50.0 3.825 00:08:40.0 3.819 00:15:30.0 3.815 00:22:20.0 3.814 
00:02:00.0 3.825 00:08:50.0 3.819 00:15:40.0 3.816 00:22:30.0 3.814 
00:02:10.0 3.825 00:09:00.0 3.819 00:15:50.0 3.815 00:22:40.0 3.814 
00:02:20.0 3.825 00:09:10.0 3.818 00:16:00.0 3.815 00:22:50.0 3.814 
00:02:30.0 3.825 00:09:20.0 3.818 00:16:10.0 3.815 00:23:00.0 3.814 
00:02:40.0 3.824 00:09:30.0 3.818 00:16:20.0 3.815 00:23:10.0 3.814 
00:02:50.0 3.824 00:09:40.0 3.818 00:16:30.0 3.815 00:23:20.0 3.814 
00:03:00.0 3.824 00:09:50.0 3.818 00:16:40.0 3.815 00:23:30.0 3.814 
00:03:10.0 3.824 00:10:00.0 3.818 00:16:50.0 3.815 00:23:40.0 3.814 
00:03:20.0 3.823 00:10:10.0 3.818 00:17:00.0 3.815 00:23:50.0 3.814 
00:03:30.0 3.823 00:10:20.0 3.818 00:17:10.0 3.815 00:24:00.0 3.814 
00:03:40.0 3.823 00:10:30.0 3.818 00:17:20.0 3.815 00:24:10.0 3.814 
00:03:50.0 3.823 00:10:40.0 3.817 00:17:30.0 3.815 00:24:20.0 3.814 
00:04:00.0 3.822 00:10:50.0 3.817 00:17:40.0 3.815 00:24:30.0 3.814 
00:04:10.0 3.822 00:11:00.0 3.817 00:17:50.0 3.815 00:24:40.0 3.814 
00:04:20.0 3.822 00:11:10.0 3.818 00:18:00.0 3.815 00:24:50.0 3.814 
00:04:30.0 3.822 00:11:20.0 3.817 00:18:10.0 3.814 00:25:00.0 3.814 
00:04:40.0 3.822 00:11:30.0 3.817 00:18:20.0 3.815 00:25:10.0 3.814 
00:04:50.0 3.822 00:11:40.0 3.818 00:18:30.0 3.815 00:25:20.0 3.815 
00:05:00.0 3.822 00:11:50.0 3.817 00:18:40.0 3.814 00:25:30.0 3.815 
00:05:10.0 3.822 00:12:00.0 3.817 00:18:50.0 3.814 00:25:40.0 3.815 
00:05:20.0 3.822 00:12:10.0 3.817 00:19:00.0 3.814 00:25:50.0 3.815 
00:05:30.0 3.822 00:12:20.0 3.816 00:19:10.0 3.814 00:26:00.0 3.815 
00:05:40.0 3.821 00:12:30.0 3.817 00:19:20.0 3.814 00:26:10.0 3.815 
00:05:50.0 3.821 00:12:40.0 3.817 00:19:30.0 3.814 00:26:20.0 3.815 
00:06:00.0 3.821 00:12:50.0 3.816 00:19:40.0 3.814 00:26:30.0 3.815 
00:06:10.0 3.821 00:13:00.0 3.817 00:19:50.0 3.814 00:26:40.0 3.815 
00:06:20.0 3.821 00:13:10.0 3.816 00:20:00.0 3.814 00:26:50.0 3.816 
00:06:30.0 3.82 00:13:20.0 3.816 00:20:10.0 3.814 00:27:00.0 3.816 
00:06:40.0 3.82 00:13:30.0 3.816 00:20:20.0 3.814 00:27:10.0 3.817 
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Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) 

00:27:20.0 3.817 00:34:10.0 3.825 00:41:00.0 3.824 00:47:50.0 3.823 
00:27:30.0 3.818 00:34:20.0 3.825 00:41:10.0 3.824 00:48:00.0 3.823 
00:27:40.0 3.819 00:34:30.0 3.825 00:41:20.0 3.824 00:48:10.0 3.823 
00:27:50.0 3.819 00:34:40.0 3.824 00:41:30.0 3.824 00:48:20.0 3.823 
00:28:00.0 3.819 00:34:50.0 3.825 00:41:40.0 3.824 00:48:30.0 3.822 
00:28:10.0 3.82 00:35:00.0 3.825 00:41:50.0 3.824 00:48:40.0 3.822 
00:28:20.0 3.82 00:35:10.0 3.825 00:42:00.0 3.824 00:48:50.0 3.822 
00:28:30.0 3.82 00:35:20.0 3.825 00:42:10.0 3.824 00:49:00.0 3.822 
00:28:40.0 3.821 00:35:30.0 3.825 00:42:20.0 3.824 00:49:10.0 3.822 
00:28:50.0 3.821 00:35:40.0 3.825 00:42:30.0 3.824 00:49:20.0 3.822 
00:29:00.0 3.822 00:35:50.0 3.825 00:42:40.0 3.824 00:49:30.0 3.822 
00:29:10.0 3.822 00:36:00.0 3.825 00:42:50.0 3.823 00:49:40.0 3.821 
00:29:20.0 3.822 00:36:10.0 3.825 00:43:00.0 3.823 00:49:50.0 3.821 
00:29:30.0 3.822 00:36:20.0 3.825 00:43:10.0 3.823 00:50:00.0 3.821 
00:29:40.0 3.823 00:36:30.0 3.825 00:43:20.0 3.823 00:50:10.0 3.821 
00:29:50.0 3.823 00:36:40.0 3.825 00:43:30.0 3.823 00:50:20.0 3.821 
00:30:00.0 3.823 00:36:50.0 3.825 00:43:40.0 3.823 00:50:30.0 3.821 
00:30:10.0 3.823 00:37:00.0 3.825 00:43:50.0 3.823 00:50:40.0 3.821 
00:30:20.0 3.824 00:37:10.0 3.825 00:44:00.0 3.823 00:50:50.0 3.821 
00:30:30.0 3.824 00:37:20.0 3.825 00:44:10.0 3.823 00:51:00.0 3.821 
00:30:40.0 3.824 00:37:30.0 3.825 00:44:20.0 3.823 00:51:10.0 3.821 
00:30:50.0 3.824 00:37:40.0 3.825 00:44:30.0 3.823 00:51:20.0 3.821 
00:31:00.0 3.824 00:37:50.0 3.825 00:44:40.0 3.822 00:51:30.0 3.821 
00:31:10.0 3.824 00:38:00.0 3.825 00:44:50.0 3.823 00:51:40.0 3.821 
00:31:20.0 3.824 00:38:10.0 3.825 00:45:00.0 3.823 00:51:50.0 3.821 
00:31:30.0 3.824 00:38:20.0 3.825 00:45:10.0 3.823 00:52:00.0 3.82 
00:31:40.0 3.824 00:38:30.0 3.825 00:45:20.0 3.823 00:52:10.0 3.82 
00:31:50.0 3.824 00:38:40.0 3.824 00:45:30.0 3.823 00:52:20.0 3.82 
00:32:00.0 3.824 00:38:50.0 3.825 00:45:40.0 3.823 00:52:30.0 3.82 
00:32:10.0 3.824 00:39:00.0 3.825 00:45:50.0 3.823 00:52:40.0 3.82 
00:32:20.0 3.824 00:39:10.0 3.824 00:46:00.0 3.823 00:52:50.0 3.82 
00:32:30.0 3.824 00:39:20.0 3.824 00:46:10.0 3.823 00:53:00.0 3.82 
00:32:40.0 3.824 00:39:30.0 3.824 00:46:20.0 3.824 00:53:10.0 3.82 
00:32:50.0 3.824 00:39:40.0 3.825 00:46:30.0 3.823 00:53:20.0 3.82 
00:33:00.0 3.825 00:39:50.0 3.824 00:46:40.0 3.823 00:53:30.0 3.82 
00:33:10.0 3.825 00:40:00.0 3.824 00:46:50.0 3.823 00:53:40.0 3.82 
00:33:20.0 3.825 00:40:10.0 3.824 00:47:00.0 3.823 00:53:50.0 3.82 
00:33:30.0 3.825 00:40:20.0 3.824 00:47:10.0 3.823 00:54:00.0 3.82 
00:33:40.0 3.825 00:40:30.0 3.824 00:47:20.0 3.823 00:54:10.0 3.82 
00:33:50.0 3.825 00:40:40.0 3.824 00:47:30.0 3.823 00:54:20.0 3.819 

00:34:00.0 3.824 00:40:50.0 3.824 00:47:40.0 3.823 00:54:30.0 3.82 
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Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) 

00:54:40.0 3.819 01:01:30.0 3.819 01:08:20.0 3.816 01:15:10.0 3.813 
00:54:50.0 3.82 01:01:40.0 3.819 01:08:30.0 3.817 01:15:20.0 3.813 
00:55:00.0 3.819 01:01:50.0 3.818 01:08:40.0 3.816 01:15:30.0 3.813 
00:55:10.0 3.82 01:02:00.0 3.819 01:08:50.0 3.816 01:15:40.0 3.812 
00:55:20.0 3.819 01:02:10.0 3.819 01:09:00.0 3.816 01:15:50.0 3.813 
00:55:30.0 3.819 01:02:20.0 3.818 01:09:10.0 3.816 01:16:00.0 3.813 
00:55:40.0 3.819 01:02:30.0 3.819 01:09:20.0 3.816 01:16:10.0 3.813 
00:55:50.0 3.819 01:02:40.0 3.818 01:09:30.0 3.816 01:16:20.0 3.812 
00:56:00.0 3.819 01:02:50.0 3.818 01:09:40.0 3.816 01:16:30.0 3.812 
00:56:10.0 3.82 01:03:00.0 3.818 01:09:50.0 3.816 01:16:40.0 3.812 
00:56:20.0 3.819 01:03:10.0 3.818 01:10:00.0 3.816 01:16:50.0 3.812 
00:56:30.0 3.819 01:03:20.0 3.818 01:10:10.0 3.816 01:17:00.0 3.812 
00:56:40.0 3.82 01:03:30.0 3.818 01:10:20.0 3.816 01:17:10.0 3.812 
00:56:50.0 3.819 01:03:40.0 3.818 01:10:30.0 3.815 01:17:20.0 3.812 
00:57:00.0 3.819 01:03:50.0 3.818 01:10:40.0 3.815 01:17:30.0 3.812 
00:57:10.0 3.819 01:04:00.0 3.818 01:10:50.0 3.815 01:17:40.0 3.812 
00:57:20.0 3.819 01:04:10.0 3.818 01:11:00.0 3.815 01:17:50.0 3.812 
00:57:30.0 3.819 01:04:20.0 3.818 01:11:10.0 3.815 01:18:00.0 3.812 
00:57:40.0 3.819 01:04:30.0 3.818 01:11:20.0 3.815 01:18:10.0 3.812 
00:57:50.0 3.819 01:04:40.0 3.818 01:11:30.0 3.815 01:18:20.0 3.812 
00:58:00.0 3.819 01:04:50.0 3.818 01:11:40.0 3.814 01:18:30.0 3.812 
00:58:10.0 3.819 01:05:00.0 3.817 01:11:50.0 3.814 01:18:40.0 3.812 
00:58:20.0 3.819 01:05:10.0 3.817 01:12:00.0 3.814 01:18:50.0 3.812 
00:58:30.0 3.819 01:05:20.0 3.817 01:12:10.0 3.814 01:19:00.0 3.812 
00:58:40.0 3.82 01:05:30.0 3.817 01:12:20.0 3.814 01:19:10.0 3.812 
00:58:50.0 3.819 01:05:40.0 3.817 01:12:30.0 3.814 01:19:20.0 3.812 
00:59:00.0 3.819 01:05:50.0 3.817 01:12:40.0 3.814 01:19:30.0 3.812 
00:59:10.0 3.819 01:06:00.0 3.817 01:12:50.0 3.814 01:19:40.0 3.812 
00:59:20.0 3.819 01:06:10.0 3.817 01:13:00.0 3.813 01:19:50.0 3.812 
00:59:30.0 3.819 01:06:20.0 3.817 01:13:10.0 3.814 01:20:00.0 3.812 
00:59:40.0 3.819 01:06:30.0 3.817 01:13:20.0 3.813 01:20:10.0 3.812 
00:59:50.0 3.819 01:06:40.0 3.817 01:13:30.0 3.814 01:20:20.0 3.812 
01:00:00.0 3.819 01:06:50.0 3.816 01:13:40.0 3.813 01:20:30.0 3.812 
01:00:10.0 3.819 01:07:00.0 3.816 01:13:50.0 3.813 01:20:40.0 3.812 
01:00:20.0 3.819 01:07:10.0 3.816 01:14:00.0 3.813 01:20:50.0 3.812 
01:00:30.0 3.819 01:07:20.0 3.817 01:14:10.0 3.813 01:21:00.0 3.812 
01:00:40.0 3.819 01:07:30.0 3.817 01:14:20.0 3.813 01:21:10.0 3.812 
01:00:50.0 3.819 01:07:40.0 3.817 01:14:30.0 3.813 01:21:20.0 3.812 
01:01:00.0 3.818 01:07:50.0 3.817 01:14:40.0 3.813 01:21:30.0 3.812 
01:01:10.0 3.818 01:08:00.0 3.817 01:14:50.0 3.813 01:21:40.0 3.812 

01:01:20.0 3.819 01:08:10.0 3.817 01:15:00.0 3.813 01:21:50.0 3.812 
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Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) 

01:22:00.0 3.812 01:28:50.0 3.81 01:35:40.0 3.814 01:42:30.0 3.825 
01:22:10.0 3.812 01:29:00.0 3.81 01:35:50.0 3.815 01:42:40.0 3.825 
01:22:20.0 3.812 01:29:10.0 3.81 01:36:00.0 3.816 01:42:50.0 3.825 
01:22:30.0 3.812 01:29:20.0 3.81 01:36:10.0 3.816 01:43:00.0 3.825 
01:22:40.0 3.812 01:29:30.0 3.81 01:36:20.0 3.817 01:43:10.0 3.825 
01:22:50.0 3.812 01:29:40.0 3.81 01:36:30.0 3.817 01:43:20.0 3.825 
01:23:00.0 3.812 01:29:50.0 3.81 01:36:40.0 3.818 01:43:30.0 3.825 
01:23:10.0 3.812 01:30:00.0 3.81 01:36:50.0 3.818 01:43:40.0 3.825 
01:23:20.0 3.812 01:30:10.0 3.81 01:37:00.0 3.819 01:43:50.0 3.824 
01:23:30.0 3.811 01:30:20.0 3.81 01:37:10.0 3.82     
01:23:40.0 3.811 01:30:30.0 3.81 01:37:20.0 3.82     
01:23:50.0 3.811 01:30:40.0 3.81 01:37:30.0 3.82     
01:24:00.0 3.812 01:30:50.0 3.81 01:37:40.0 3.821     
01:24:10.0 3.811 01:31:00.0 3.81 01:37:50.0 3.822     
01:24:20.0 3.811 01:31:10.0 3.81 01:38:00.0 3.822     
01:24:30.0 3.811 01:31:20.0 3.81 01:38:10.0 3.822     
01:24:40.0 3.811 01:31:30.0 3.81 01:38:20.0 3.823     
01:24:50.0 3.811 01:31:40.0 3.809 01:38:30.0 3.823     
01:25:00.0 3.811 01:31:50.0 3.81 01:38:40.0 3.824     
01:25:10.0 3.811 01:32:00.0 3.81 01:38:50.0 3.824     
01:25:20.0 3.812 01:32:10.0 3.81 01:39:00.0 3.824     
01:25:30.0 3.811 01:32:20.0 3.81 01:39:10.0 3.824     
01:25:40.0 3.811 01:32:30.0 3.81 01:39:20.0 3.824     
01:25:50.0 3.811 01:32:40.0 3.81 01:39:30.0 3.824     
01:26:00.0 3.811 01:32:50.0 3.81 01:39:40.0 3.824     
01:26:10.0 3.811 01:33:00.0 3.81 01:39:50.0 3.824     
01:26:20.0 3.811 01:33:10.0 3.811 01:40:00.0 3.823     
01:26:30.0 3.811 01:33:20.0 3.81 01:40:10.0 3.823     
01:26:40.0 3.811 01:33:30.0 3.81 01:40:20.0 3.824     
01:26:50.0 3.811 01:33:40.0 3.811 01:40:30.0 3.824     
01:27:00.0 3.811 01:33:50.0 3.811 01:40:40.0 3.824     
01:27:10.0 3.81 01:34:00.0 3.811 01:40:50.0 3.825     
01:27:20.0 3.811 01:34:10.0 3.811 01:41:00.0 3.824     
01:27:30.0 3.81 01:34:20.0 3.811 01:41:10.0 3.825     
01:27:40.0 3.81 01:34:30.0 3.811 01:41:20.0 3.826     
01:27:50.0 3.81 01:34:40.0 3.812 01:41:30.0 3.826     
01:28:00.0 3.81 01:34:50.0 3.812 01:41:40.0 3.825     
01:28:10.0 3.81 01:35:00.0 3.812 01:41:50.0 3.825     
01:28:20.0 3.81 01:35:10.0 3.813 01:42:00.0 3.825     
01:28:30.0 3.81 01:35:20.0 3.814 01:42:10.0 3.825     

01:28:40.0 3.81 01:35:30.0 3.814 01:42:20.0 3.825     
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Appendix B. CO Gas Test 2 Raw Data – 10 Secs Sampling 

 

Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) 

00:00:01.0 4.177 00:06:40.0 4.178 00:13:30.0 4.177 00:20:20.0 4.176 
00:00:02.0 4.177 00:06:50.0 4.178 00:13:40.0 4.177 00:20:30.0 4.175 
00:00:10.0 4.177 00:07:00.0 4.178 00:13:50.0 4.177 00:20:40.0 4.175 
00:00:20.0 4.177 00:07:10.0 4.178 00:14:00.0 4.177 00:20:50.0 4.175 
00:00:30.0 4.177 00:07:20.0 4.178 00:14:10.0 4.177 00:21:00.0 4.176 
00:00:40.0 4.177 00:07:30.0 4.178 00:14:20.0 4.177 00:21:10.0 4.176 
00:00:50.0 4.176 00:07:40.0 4.177 00:14:30.0 4.177 00:21:20.0 4.176 
00:01:00.0 4.177 00:07:50.0 4.178 00:14:40.0 4.177 00:21:30.0 4.175 
00:01:10.0 4.176 00:08:00.0 4.177 00:14:50.0 4.177 00:21:40.0 4.175 
00:01:20.0 4.177 00:08:10.0 4.178 00:15:00.0 4.177 00:21:50.0 4.176 
00:01:30.0 4.177 00:08:20.0 4.178 00:15:10.0 4.177 00:22:00.0 4.175 
00:01:40.0 4.177 00:08:30.0 4.178 00:15:20.0 4.177 00:22:10.0 4.175 
00:01:50.0 4.177 00:08:40.0 4.177 00:15:30.0 4.177 00:22:20.0 4.175 
00:02:00.0 4.177 00:08:50.0 4.177 00:15:40.0 4.177 00:22:30.0 4.175 
00:02:10.0 4.177 00:09:00.0 4.178 00:15:50.0 4.177 00:22:40.0 4.175 
00:02:20.0 4.177 00:09:10.0 4.178 00:16:00.0 4.177 00:22:50.0 4.175 
00:02:30.0 4.177 00:09:20.0 4.178 00:16:10.0 4.177 00:23:00.0 4.175 
00:02:40.0 4.178 00:09:30.0 4.178 00:16:20.0 4.177 00:23:10.0 4.174 
00:02:50.0 4.177 00:09:40.0 4.177 00:16:30.0 4.177 00:23:20.0 4.175 
00:03:00.0 4.177 00:09:50.0 4.177 00:16:40.0 4.177 00:23:30.0 4.175 
00:03:10.0 4.178 00:10:00.0 4.178 00:16:50.0 4.176 00:23:40.0 4.175 
00:03:20.0 4.177 00:10:10.0 4.178 00:17:00.0 4.177 00:23:50.0 4.175 
00:03:30.0 4.178 00:10:20.0 4.177 00:17:10.0 4.177 00:24:00.0 4.175 
00:03:40.0 4.177 00:10:30.0 4.177 00:17:20.0 4.177 00:24:10.0 4.175 
00:03:50.0 4.178 00:10:40.0 4.177 00:17:30.0 4.177 00:24:20.0 4.175 
00:04:00.0 4.177 00:10:50.0 4.177 00:17:40.0 4.176 00:24:30.0 4.175 
00:04:10.0 4.178 00:11:00.0 4.178 00:17:50.0 4.177 00:24:40.0 4.175 
00:04:20.0 4.178 00:11:10.0 4.178 00:18:00.0 4.177 00:24:50.0 4.175 
00:04:30.0 4.177 00:11:20.0 4.178 00:18:10.0 4.177 00:25:00.0 4.175 
00:04:40.0 4.177 00:11:30.0 4.177 00:18:20.0 4.176 00:25:10.0 4.175 
00:04:50.0 4.178 00:11:40.0 4.177 00:18:30.0 4.177 00:25:20.0 4.174 
00:05:00.0 4.178 00:11:50.0 4.177 00:18:40.0 4.176 00:25:30.0 4.175 
00:05:10.0 4.178 00:12:00.0 4.177 00:18:50.0 4.176 00:25:40.0 4.174 
00:05:20.0 4.178 00:12:10.0 4.178 00:19:00.0 4.176 00:25:50.0 4.174 
00:05:30.0 4.178 00:12:20.0 4.177 00:19:10.0 4.176 00:26:00.0 4.174 
00:05:40.0 4.177 00:12:30.0 4.177 00:19:20.0 4.176 00:26:10.0 4.175 
00:05:50.0 4.178 00:12:40.0 4.177 00:19:30.0 4.176 00:26:20.0 4.174 
00:06:00.0 4.178 00:12:50.0 4.177 00:19:40.0 4.176 00:26:30.0 4.174 
00:06:10.0 4.178 00:13:00.0 4.177 00:19:50.0 4.175 00:26:40.0 4.174 
00:06:20.0 4.178 00:13:10.0 4.177 00:20:00.0 4.176 00:26:50.0 4.174 
00:06:30.0 4.178 00:13:20.0 4.177 00:20:10.0 4.176 00:27:00.0 4.174 
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Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) 

00:27:10.0 4.174 00:34:00.0 4.173 00:40:50.0 4.171 00:47:40.0 4.169 
00:27:20.0 4.173 00:34:10.0 4.173 00:41:00.0 4.17 00:47:50.0 4.169 
00:27:30.0 4.174 00:34:20.0 4.172 00:41:10.0 4.171 00:48:00.0 4.17 
00:27:40.0 4.174 00:34:30.0 4.173 00:41:20.0 4.171 00:48:10.0 4.17 
00:27:50.0 4.173 00:34:40.0 4.172 00:41:30.0 4.171 00:48:20.0 4.17 
00:28:00.0 4.174 00:34:50.0 4.172 00:41:40.0 4.17 00:48:30.0 4.17 
00:28:10.0 4.173 00:35:00.0 4.172 00:41:50.0 4.17 00:48:40.0 4.169 
00:28:20.0 4.174 00:35:10.0 4.173 00:42:00.0 4.171 00:48:50.0 4.169 
00:28:30.0 4.174 00:35:20.0 4.172 00:42:10.0 4.171 00:49:00.0 4.169 
00:28:40.0 4.174 00:35:30.0 4.172 00:42:20.0 4.17 00:49:10.0 4.169 
00:28:50.0 4.174 00:35:40.0 4.172 00:42:30.0 4.171 00:49:20.0 4.17 
00:29:00.0 4.174 00:35:50.0 4.172 00:42:40.0 4.17 00:49:30.0 4.169 
00:29:10.0 4.174 00:36:00.0 4.172 00:42:50.0 4.171 00:49:40.0 4.169 
00:29:20.0 4.174 00:36:10.0 4.172 00:43:00.0 4.171 00:49:50.0 4.169 
00:29:30.0 4.174 00:36:20.0 4.172 00:43:10.0 4.17 00:50:00.0 4.169 
00:29:40.0 4.174 00:36:30.0 4.172 00:43:20.0 4.171 00:50:10.0 4.169 
00:29:50.0 4.173 00:36:40.0 4.172 00:43:30.0 4.171 00:50:20.0 4.169 
00:30:00.0 4.174 00:36:50.0 4.172 00:43:40.0 4.17 00:50:30.0 4.169 
00:30:10.0 4.173 00:37:00.0 4.172 00:43:50.0 4.17 00:50:40.0 4.169 
00:30:20.0 4.173 00:37:10.0 4.172 00:44:00.0 4.17 00:50:50.0 4.169 
00:30:30.0 4.173 00:37:20.0 4.172 00:44:10.0 4.17 00:51:00.0 4.169 
00:30:40.0 4.173 00:37:30.0 4.172 00:44:20.0 4.17 00:51:10.0 4.169 
00:30:50.0 4.173 00:37:40.0 4.172 00:44:30.0 4.17 00:51:20.0 4.169 
00:31:00.0 4.173 00:37:50.0 4.172 00:44:40.0 4.17 00:51:30.0 4.169 
00:31:10.0 4.174 00:38:00.0 4.172 00:44:50.0 4.17 00:51:40.0 4.169 
00:31:20.0 4.173 00:38:10.0 4.171 00:45:00.0 4.17 00:51:50.0 4.169 
00:31:30.0 4.173 00:38:20.0 4.171 00:45:10.0 4.17 00:52:00.0 4.169 
00:31:40.0 4.173 00:38:30.0 4.171 00:45:20.0 4.17 00:52:10.0 4.169 
00:31:50.0 4.173 00:38:40.0 4.172 00:45:30.0 4.17 00:52:20.0 4.169 
00:32:00.0 4.173 00:38:50.0 4.172 00:45:40.0 4.17 00:52:30.0 4.169 
00:32:10.0 4.173 00:39:00.0 4.171 00:45:50.0 4.17 00:52:40.0 4.169 
00:32:20.0 4.173 00:39:10.0 4.171 00:46:00.0 4.17 00:52:50.0 4.169 
00:32:30.0 4.173 00:39:20.0 4.171 00:46:10.0 4.17 00:53:00.0 4.169 
00:32:40.0 4.174 00:39:30.0 4.172 00:46:20.0 4.169 00:53:10.0 4.169 
00:32:50.0 4.173 00:39:40.0 4.171 00:46:30.0 4.17 00:53:20.0 4.169 
00:33:00.0 4.173 00:39:50.0 4.171 00:46:40.0 4.17 00:53:30.0 4.169 
00:33:10.0 4.173 00:40:00.0 4.172 00:46:50.0 4.17 00:53:40.0 4.169 
00:33:20.0 4.173 00:40:10.0 4.172 00:47:00.0 4.17 00:53:50.0 4.169 
00:33:30.0 4.173 00:40:20.0 4.172 00:47:10.0 4.169 00:54:00.0 4.169 
00:33:40.0 4.173 00:40:30.0 4.171 00:47:20.0 4.169 00:54:10.0 4.169 

00:33:50.0 4.173 00:40:40.0 4.171 00:47:30.0 4.17 00:54:20.0 4.169 
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Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) Time 
Output 

(V) 

00:54:30.0 4.168 01:01:20.0 4.168 01:08:10.0 4.167 01:15:00.0 4.167 
00:54:40.0 4.169 01:01:30.0 4.168 01:08:20.0 4.166 01:15:10.0 4.167 
00:54:50.0 4.168 01:01:40.0 4.167 01:08:30.0 4.166 01:15:20.0 4.167 
00:55:00.0 4.169 01:01:50.0 4.168 01:08:40.0 4.167 01:15:30.0 4.167 
00:55:10.0 4.169 01:02:00.0 4.168 01:08:50.0 4.166 01:15:40.0 4.167 
00:55:20.0 4.168 01:02:10.0 4.168 01:09:00.0 4.166 01:15:50.0 4.167 
00:55:30.0 4.169 01:02:20.0 4.168 01:09:10.0 4.166 01:16:00.0 4.167 
00:55:40.0 4.169 01:02:30.0 4.168 01:09:20.0 4.166 01:16:10.0 4.167 
00:55:50.0 4.169 01:02:40.0 4.168 01:09:30.0 4.166 01:16:20.0 4.167 
00:56:00.0 4.169 01:02:50.0 4.168 01:09:40.0 4.166 01:16:30.0 4.167 
00:56:10.0 4.168 01:03:00.0 4.167 01:09:50.0 4.166 01:16:40.0 4.167 
00:56:20.0 4.169 01:03:10.0 4.167 01:10:00.0 4.166 01:16:50.0 4.167 
00:56:30.0 4.168 01:03:20.0 4.167 01:10:10.0 4.166 01:17:00.0 4.167 
00:56:40.0 4.168 01:03:30.0 4.167 01:10:20.0 4.166 01:17:10.0 4.167 
00:56:50.0 4.169 01:03:40.0 4.167 01:10:30.0 4.166 01:17:20.0 4.167 
00:57:00.0 4.168 01:03:50.0 4.167 01:10:40.0 4.167 01:17:30.0 4.167 
00:57:10.0 4.168 01:04:00.0 4.167 01:10:50.0 4.167 01:17:40.0 4.167 
00:57:20.0 4.168 01:04:10.0 4.167 01:11:00.0 4.167 01:17:50.0 4.168 
00:57:30.0 4.168 01:04:20.0 4.167 01:11:10.0 4.167 01:18:00.0 4.168 
00:57:40.0 4.168 01:04:30.0 4.167 01:11:20.0 4.167 01:18:10.0 4.168 
00:57:50.0 4.168 01:04:40.0 4.167 01:11:30.0 4.167 01:18:20.0 4.168 
00:58:00.0 4.168 01:04:50.0 4.167 01:11:40.0 4.167 01:18:30.0 4.168 
00:58:10.0 4.168 01:05:00.0 4.167 01:11:50.0 4.167 01:18:40.0 4.169 
00:58:20.0 4.169 01:05:10.0 4.167 01:12:00.0 4.167 01:18:50.0 4.169 
00:58:30.0 4.168 01:05:20.0 4.167 01:12:10.0 4.167 01:19:00.0 4.168 
00:58:40.0 4.168 01:05:30.0 4.167 01:12:20.0 4.166 01:19:10.0 4.169 
00:58:50.0 4.168 01:05:40.0 4.167 01:12:30.0 4.167 01:19:20.0 4.169 
00:59:00.0 4.168 01:05:50.0 4.167 01:12:40.0 4.167 01:19:30.0 4.169 
00:59:10.0 4.168 01:06:00.0 4.166 01:12:50.0 4.167 01:19:40.0 4.169 
00:59:20.0 4.168 01:06:10.0 4.167 01:13:00.0 4.167 01:19:50.0 4.17 
00:59:30.0 4.168 01:06:20.0 4.166 01:13:10.0 4.167 01:20:00.0 4.169 
00:59:40.0 4.168 01:06:30.0 4.166 01:13:20.0 4.167 01:20:10.0 4.17 
00:59:50.0 4.168 01:06:40.0 4.167 01:13:30.0 4.167 01:20:20.0 4.17 
01:00:00.0 4.168 01:06:50.0 4.167 01:13:40.0 4.167 01:20:30.0 4.17 
01:00:10.0 4.168 01:07:00.0 4.167 01:13:50.0 4.167 01:20:40.0 4.17 
01:00:20.0 4.168 01:07:10.0 4.167 01:14:00.0 4.167 01:20:50.0 4.17 
01:00:30.0 4.168 01:07:20.0 4.167 01:14:10.0 4.167 01:21:00.0 4.17 
01:00:40.0 4.168 01:07:30.0 4.167 01:14:20.0 4.167 01:21:10.0 4.171 
01:00:50.0 4.168 01:07:40.0 4.167 01:14:30.0 4.167 01:21:20.0 4.171 
01:01:00.0 4.168 01:07:50.0 4.166 01:14:40.0 4.167 01:21:30.0 4.171 

01:01:10.0 4.168 01:08:00.0 4.166 01:14:50.0 4.167 01:21:40.0 4.171 
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Time 

Output 
(V) Time 

Output 
(V) 

01:21:50.0 4.171 01:28:40.0 4.175 
01:22:00.0 4.171 01:28:50.0 4.175 
01:22:10.0 4.171 01:29:00.0 4.175 
01:22:20.0 4.171 01:29:10.0 4.176 
01:22:30.0 4.171 01:29:20.0 4.176 
01:22:40.0 4.171 01:29:30.0 4.177 
01:22:50.0 4.171 01:29:40.0 4.176 
01:23:00.0 4.171 01:29:50.0 4.176 
01:23:10.0 4.172 01:30:00.0 4.176 
01:23:20.0 4.172 01:30:10.0 4.176 
01:23:30.0 4.172 01:30:20.0 4.176 
01:23:40.0 4.172 01:30:30.0 4.176 
01:23:50.0 4.172 01:30:40.0 4.176 
01:24:00.0 4.172 01:30:50.0 4.176 
01:24:10.0 4.172 01:31:00.0 4.176 
01:24:20.0 4.172 01:31:10.0 4.176 
01:24:30.0 4.173 01:31:20.0 4.176 
01:24:40.0 4.173 01:31:30.0 4.176 
01:24:50.0 4.173 01:31:40.0 4.176 
01:25:00.0 4.173 01:31:50.0 4.176 
01:25:10.0 4.173 01:32:00.0 4.176 
01:25:20.0 4.173 01:32:10.0 4.176 
01:25:30.0 4.173 01:32:20.0 4.177 
01:25:40.0 4.173 01:32:30.0 4.176 
01:25:50.0 4.173 01:32:40.0 4.176 
01:26:00.0 4.173 01:32:50.0 4.176 
01:26:10.0 4.173     
01:26:20.0 4.174     
01:26:30.0 4.174     
01:26:40.0 4.174     
01:26:50.0 4.174     
01:27:00.0 4.174     
01:27:10.0 4.174     
01:27:20.0 4.174     
01:27:30.0 4.174     
01:27:40.0 4.175     
01:27:50.0 4.174     
01:28:00.0 4.175     
01:28:10.0 4.174     
01:28:20.0 4.175     

01:28:30.0 4.175     


