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Abstract
The structure and electrical properties of a novel low resistivity CuAlMo thin film resistor material were investigated. The thin films were grown on Al2O3 and glass substrates by direct current (dc) magnetron sputtering. The key electrical properties of sheet resistance, temperature coefficient of resistance (TCR) and resistance stability were investigated as a function of sputtering pressure and post-deposition heat treatment time and temperature. A low sputtering pressure range of 1 to 3 mTorr produced CuAlMo films with sheet resistance in the range 0.1 to 0.2 Ω/□ and resistance stability of 0.45 to 0.65% with a TCR of -90 ppm/°C which could be shifted to zero following annealing in air at 425 °C. Films grown at higher sputtering pressures of 4 to 6 mTorr had increased sheet resistance in the range 0.4 to 0.6 
Ω/□ and inferior stability of 0.8 to 1.7% with a more negative TCR of -110 to -180 ppm/°C which could not be shifted to zero following annealing. The stability of the films grown at 1 and 3 mTorr could be further improved to <0.25% with heat treatment, due to the formation of a protective aluminium oxide layer. A minimum dwell time of 3 hours at 425 °C was required to stabilise the films and set the electrical properties.
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1. Introduction
Thin film resistors (TFR) are used extensively in electronic circuits due to their high accuracy and excellent long term stability [1-3]. One of the most widely used TFR materials is nickel-chromium (NiCr) which has a temperature coefficient of resistance (TCR) of <+/-50 parts per million/°C (ppm/°C) and can cover a wide sheet resistance range of 10 to 500 Ω/□ [4] . However In recent years there has been an increase in demand for lower value TFR in the range 0.1 to 10 Ω, especially in portable devices for the purpose of saving battery power [5]. This requirement is difficult to meet with NiCr due to the associated increase in film thickness, which is costly to deposit and can also cause problems at the subsequent laser trimming stage, where it becomes difficult to ablate.

In a bid to overcome this problem a new TFR material of copper-aluminium-molybdenum (CuAlMo) has been developed which possess a lower resistivtiy of ~80 µΩcm yet retain electrical performance in line with the established NiCr film [6]. Thus allowing lower resistance films to be deposited in shorter timescales with reduced material usage.

Initial investigations have shown that electrically stable films of CuAlMo  possessing sheet resistances of <1 Ω/□ can be sputtered at a pressure of 1 mTorr using a cathode power of 1000 W [7]. Following heat treatment at 450 °C in an air atmosphere for 5 hours the negative as-grown TCR property of the films was shifted to near zero. The aim of this work is to further investigate the effect of sputtering and annealing process parameters on the structural and electrical properties of the CuAlMo films.

There have been numerous studies undertaken recently in this area [8-12]. A reduction in sheet resistance and increase in TCR with sputtering time can be largely attributed to increasing film thickness. 

In addition to film thickness, the deposition rate is also known to influence the grain size and the number of residual gas molecules or impurities captured within the growing film. Increasing the deposition rate generally leads to the formation of fine grained structures with a low concentration of impurities [13], provided the substrate is cooled. However for un-cooled substrates, increasing the sputtering rate through the energy of the bombarding Ar ions can in turn lead to an increase in the energy of the ejected atoms from the sputtering target. On reaching the substrate these atoms have a higher surface mobility, thus raising the temperature of the substrate and resulting in a larger grained film structure [14]. Furthermore it has also been shown that exceeding a critical deposition rate can lead to the burial of these mobile surface atoms, there by impeding grain growth [15]. This situation can also result in an increase in the density of vacancies captured in the film, since they have less time to escape. 

In addition to deposition rate, sputtering pressure and substrate temperature are also known to play significant roles in determining the structure of the growing film [16]. The combined influences of substrate temperature and sputtering pressure have been considered in a now classical article by Thornton [17].      

In this model an increase in sputtering gas pressure allows more Ar atoms to be adsorbed at the substrate surface. This limits the mobility and hence the surface diffusion of arriving adatoms resulting in a structure with porous grain boundaries. Conversely, an increase in substrate temperature enhances surface mobility and conventional bulk diffusion, producing a film structure consisting of columnar grains with fully dense boundaries. 

The current study will focus specifically on the combined effect of sputtering pressure and annealing time and temperature on the electrical performance of these new CuAlMo films. In particular the influence of these process parameters on the important film properties of sheet resistance, TCR and long term stability are investigated.
  











2. Experimental
The films were sputtered from a CuAlMo 69/24/7 wt.% target using a Circuit Processing Apparatus 900 (CPA) load locked deposition plant which had been modified to give fully automatic control. All films were deposited at the previously optimised cathode power and sputtering time of 1000 W and 24 min, respectively [7]. The sputtering pressure was varied between 1 and 6 mTorr for each experimental run through control of the Ar gas flow rate. 

Prior to each experimental run the plant was conditioned to improve accuracy. This process involved evacuating the plant to a base pressure of 1x10-7 Torr, before taking a footprint analysis of the gases present in the chamber using a residual gas analyser (RGA), type MKS e-vision Mass Spectrometer, coupled with RGA Data Recall software. For each run this was compared to a control footprint for the plant, to check for any abnormalities. Once the base pressure was satisfactory, the CuAlMo target was pre-sputtered for 30 minutes under the required conditions for that experimental run, to remove contaminations from the target surface and stabilise the magnetron discharge parameters. No intentional substrate heating was used but under the above conditions a maximum substrate temperature of 325°C could be reached.

The substrate materials used were as-fired Al2O3 for electrical measurements and borosilicate glass for structural and dimensional characterisation. Both substrate types were 0.635 mm thick and were supplied in a standard 70 mm x 60 mm plate form to suit automatic processing equipment. 

Prior to deposition 15 µm thick Pd:Ag (1:3) terminations were applied and the resistor shape was patterned via a screen-printable mask. Following deposition the mask was removed with a light solvent wash revealing the resistor pattern, which consisted of ten individual four-terminal designs per substrate as shown in Fig 1. This design allowed accurate measurement of the resistor using the Kelvin method. 
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Fig 1 - Resistor test substrate pattern (60 x 70 mm).

Samples from each trial were then stabilised for 5 hours at 100, 200, 300, 400 and 500oC in air atmosphere using a Hedinair HT3 oven. The accuracy across the temperature range 150 to 550ºC was found to be   5ºC.

Electrical resistance measurements were performed at 20°C and 70°C using an Agilent 3458A digital multimeter and a thermostatically controlled hot plate. TCR was then calculated using the following equation:

                               	(1)

Where RTref is the measured resistance value at 20°C and ∆R is the change in measured resistance with change in temperature ∆T from 20° to 70°C. Resistance stability of the films was measured after being subjected to 168 hours at 155°C in air.

Structural images and chemical composition of the film samples sputtered on to borosilicate glass slides were analysed using an FEI Quanta 200, Scanning Electron Microscope (SEM) coupled with Energy Dispersive X-ray analysis (EDX). Depth profiles of the elements were acquired by secondary ion mass spectroscopy (SIMS) using a 6 keV gallium source as the primary ion beam (MiniSIMS Millbrook Instruments Ltd) rastered over an area of 100 x 100 m2. In order to eliminate any artefact from the crater sidewalls a gated area of 10% was used. Film thickness was measured using a Taylor-Hobson Talystep and optical micrographs of film colour were taken using a Nikon Measurescope MM-22.

All XRD patterns were collected using a Siemens D5000 diffractometer with Cu Kα radiation at 40 kV and 40 mA, with a scanning speed of 0.01°/s.
	










3. Results and Discussion
The electrical properties of the as-grown CuAlMo films with variation in sputtering pressure are shown in Fig 2. All results are based on the measurement of 20 film samples. The as-grown thickness of the films was measured to be in the range 900 to 1100 nm.







Fig. 2 – As-grown electrical properties of CuAlMo films 
with increasing sputtering pressures

In the higher pressure range of 3 to 6 mTorr an increase in sputtering pressure causes an increase in sheet resistance (Rs) coupled with a decrease in TCR, while both of these properties are constant in the lower pressure of 1 to 3 mTorr. This phenomenon could be related to a plateau in deposition rate as the sputtering pressure approaches the minimum region in which a plasma can be sustained [18-19]. This pressure range of 1 to 3 mTorr therefore forms a stable region for process optimisation as variability in electrical properties will be significantly reduced. The resistance stability (∆Ω/Ω) of films also increases with increasing sputtering pressure. Films produced in the 1 to 3 mTorr range are the most consistently stable with mean resistance shifts of ~0.5%, whilst those sputtered at higher pressures of 4-6 mTorr are considerably more unstable with changes of between 0.8 and 1.7%. This result could be related to the formation of a more porous structure with reduced grain size and higher defect concentration at higher pressures as suggested by Thornton’s Model [17] and previously reported for the CuAlMo system [7]. However, even the result of ~0.5% reported for the lower pressure range of 1 to 3 mTorr is outside the target specification of 0.25% and suggests that post deposition annealing is required in order to improve the stability of the thin films. 

The combined effects of sputtering pressure and heat treatment temperature on the sheet resistance, TCR and resistance stability of the films are shown in Fig 3. 
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Fig. 3 – Effect of sputtering pressure and heat treatment temperature
on the electrical properties of the CuAlMo films.







The reduction in sheet resistance (Rs) with increasing heat treatment temperature follows a similar curvature for films grown at different sputtering pressures (Fig 3a). The results for films sputtered at 1 to 3 mTorr are consistent in the range 0.1 to 0.2 Ω/□, whilst those sputtered at higher pressures have increased sheet resistances with a maximum value of ~0.6 Ω/□at 6 mTorr.

The results for TCR follow an inverse trend to the sheet resistance plots, their values being shifted towards higher values with increasing heat treatment temperature (Fig 3b). Again results obtained for the films grown in the pressure range of 1 to 3 mTorr are comparable and all pass through the zero TCR line at 400 to 430 ºC. For films grown in the higher pressure range of 4 to 6 mTorr, the as-grown TCR becomes increasingly negative and for those sputtered at 5 and 6 mTorr, a zero TCR is not attainable at the maximum annealing temperature of 500 ºC.

Films grown in the 1 to 3 mTorr range are also the most stable (Fig 3c). The plot of stability versus annealing temperature follows a similar trend for all films, the greatest reduction being made for films treated at 200 ºC, which is above the dry heat stability test temperature of 155 ºC. This stability improvement with increasing heat treatment temperature continues up to 300 ºC at which point the films are at their most stable. Beyond this temperature the resistance stability of the films begins to decline with the level of deterioration appearing to be a function of initial sputtering pressure. For the films grown in the 1 to 3 mTorr range and subsequently annealed at temperatures of 300 and 500 ºC this increase is less than 0.10 %, compared to 0.25 to 0.70 % for films sputtered at higher pressures of 4 to 6 mTorr. 

The reason for this decrease in resistance stability of films grown at higher sputtering pressures, especially when treated at higher annealing temperatures, could be related to the more open porous structure which lends itself to higher levels of impurity incorporation during deposition and also makes it more susceptible to attack in high temperature oxidising environments. 

To investigate this theory further the level of oxygen present in the films before and after heat treatment was measured using SEM-EDX. The chemical composition for films sputtered on glass at pressures of 1, 3 and 5 mTorr and subsequently annealed at 300 and 450 ºC are presented in Fig 4. All results are based on an average of 3 measurements at different areas of the film surface. The films were found to be homogeneous with variation in results of less than 2 at.%. 
Fig. 4 – Mean chemical composition with increasing heat treatment temperature for CuAlMo films 
grown on glass at 1, 3 and 5 mTorr.
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For the films deposited at 1 mTorr (Fig 4a) and 3 mTorr (Fig 4b) the as-grown compositions are almost identical with the concentration of oxygen being <3 at.%. There is also a small level of Si present in the films which originates from the borosilicate substrate beneath. Following heat treatment at 300 ºC for 5 hours, the oxygen levels increases to ~6 at.% and after treatment at 450 ºC there are further increases to ~7 at.% suggesting the formation of aluminium and copper oxides. There is no noticeable change in the level of Si with increasing heat treatment temperature.

For the films deposited at 5 mTorr (Fig 4c) there is an increase in the oxygen content to 4.5 at.%, whilst that of the Si remains at <1 at.%. This increase is further augmented during heat treatment, and following annealing for 5 hours at 300 ºC the level of oxygen in the film has increased rapidly to above 11 at.%. 

This result suggests that higher levels of aluminium oxide and copper oxide are formed in the films sputtered at higher pressures. The reaction is even further accelerated at an annealing temperature of 450 ºC, where the oxygen content has increased to over 22 at.%. This result could be attributed to the more open porous structure of the film which makes it susceptible to attack from the oxygen containing environment, a reaction which is known to increase rapidly with temperature. There is also an uncharacteristic increase in the Si content of the films with temperature. Again this result is thought to relate to the porous structure allowing access to the underlying glass substrate.     

The above chemical analysis results correlate well with the stability measurements reported in Fig 3c and are further supported by visual analysis of the film surface before and after heat treatment. Fig 5 shows optical micrographs of CuAlMo films grown at pressures of 3 and 5 mTorr in both the freshly deposited and annealed state.
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Fig. 5 – Photos of CuAlMo films on Al2O3 showing changes in film colour 
with sputtering pressure and heat treatment

For the as-grown samples there is very little difference in the visual appearance of the films deposited at different pressures and both are silver in colour. Following annealing at 450 ºC for 5 hours there are noticeable changes for both films. There is a slight darkening in colour of the film grown at 3 mTorr. However the film grown at 5 mTorr has changed in colour to a golden brown, again suggesting the formation of copper oxide. 

To confirm that the formation of an aluminium oxide layer was responsible for the superior stability properties of the films grown at lower pressures, depth profiles of the elements were performed by SIMS. Fig 6 shows the results for a CuAlMo film grown at 3 mTorr and annealed at 450 ºC for 5 hours in air.
(a) – negative ions


(b) – positive ions
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Fig. 6 – SIMS analysis of a CuAlMo film grown on Al2O3 at 3 mTorr 
and heat treated in air for 5 hours at 450ºC.
(thin line = as-grown, thick line = annealed)


For the freshly deposited film the concentrations of Mo and Cu and Al are uniform with depth. Although it is noted that Cu and Al depth profiles present a slight increasing gradient for the first 500 nm. This could be due to some oxygen incorporation during the deposition as the substrate temperature gets higher towards the end of the deposition. After heat treatment a gradient in the Mo signal near the film/substrate interface is observed. The Al signal retains its shape following annealing but the intensity is slightly increased again due to the increased presence of oxygen in the film as explained next. The oxygen signal intensity in the film is doubled following annealing and the formation of an aluminium oxide layer at the surface is observed for the first 50 nm. The formation of this superficial layer is also indicated by the delay before the start of the Cu signal. It is expected that some level of oxidation to be present throughout the film thickness. Cu shows the most variation with a strong gradient in the first part of the CuAlMo film. This gradient is possibly due to (i) Cu diffusion during the annealing process or (ii) enhancement of the Cu signal due to the high oxygen content from the aluminium oxide layer.

Fig 6 shows SEM micrographs of surface morphology for films sputtered on glass at pressures of 1mTorr and 5mTorr. There appears to be very little difference between the morphology of the films grown at different pressures. For both films the structure is very fine grained and is typical of an amorphous material. The production of fined grained materials is frequently encountered when sputtering multi component materials due to the reduction in grain boundary mobility [20-21] and is regularly reported for thin resistive films such as NiCr [22-25].
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 (a) 1mTorr		     		(b) 5mTorr

Fig. 6 – SEM micrographs of CuAlMo films grown on glass substrates (Magnification x240K)








Fig 8 shows XRD results for films sputtered at 1000 W and 3 mTorr and annealed in air at various temperatures for 5 hours.















Fig. 8 – XRD patterns  arount the (330) reflection for CuAlMo films grown at 1000 W and 3 mTorr and heat treated for 5 hours in air at various temperatures. 

Only one reflection belonging to a metallic phase was detected in the XRD pattern and this was identified as the (330) plane of the 2 (Cu9Al4) phase. The 2 phase is known to be stable for an Al composition range of 31 to 37 at.% for bulk samples [26] and has been shown to be stable over a much wider compositional range (28 to 62 at.% Al) for thin films [27]. This composition corresponds well with the current work where the Al content was measured to be 36 to 38 at.%. Furthermore the temperatures involved in the phase formation are also consistent with those characterised by the CuAl phase diagram [28]. The XRD analysis indicated no incorporation of Mo into the 2 phase. It is likely that the low temperature processes used here do not allow miscibility between the three elements.

There is a clear increase in the crystallinity of the films with annealing temperature as indicated by the reduction in the peak width and its higher intensity. The relatively small difference in intensity between the as-grown film and the film annealed at 300 ºC can be related to the similarity in substrate temperature during deposition, which was reported to be 325 ºC for a cathode power of 1000 W [7].

Using the XRD results, the average (330) crystallite size of the films can be related to the variation in the full width half maximum (FWHM) for the (330) peak and is calculated using the Scherrer equation [29]:


				               		 (2)


Where L is the crystallite size, K is the Scherrer constant (=0.90),  is the wavelength of the x-ray and  is the Bragg angle.

The variation in FWHM and mean crystallite size, calculated using the Scherrer equation, as a function of annealing temperature are plotted in Fig 9.








Fig. 9 – Variation in FWHM and corresponding calculated mean crystallite size 
for CuAlMo films grown at 1000 W and 3 mTorr and heat treated for 
5 hours in air at various temperatures.

The average crystallite size increases from 14 to 24 nm with increasing heat treatment temperature. The results correspond well with change in the electrical properties of the films reported in Fig 3. The increase in crystallite size is also likely to yield an overall increase in grain size and consequently a decrease in grain boundaries, leading to an increase in the conductivity of the films due to the reduction in charge-carrier scattering by grain boundaries [22].

The electrical properties of films grown at 1 and 3 mTorr as a function of annealing time at 425 ºC, the approximate temperature required to achieve zero TCR, are presented in Fig 10.
(a) - TCR

(b) - Sheet Resistance

Fig. 10 – Effect of heat treatment duration at 425ºC on the electrical properties of CuAlMo films grown at sputtering pressures of 1 and 3 mTorr. 


(c) – Resistance Stability
















It appears that a minimum heat treatment time of 3 to 4 hours is required to give stable electrical properties. For films sputtered at both 1 and 3 mTorr it takes 3 hours at 425 ºC for the TCR to increase from an as-grown value of -90 to a final value of 0 ± 10 ppm/ºC (Fig 10b). Further heat treatment time has negligible effect on TCR and it remains better than 0 ± 20 ppm/ºC across the range 3 to 7 hours.

The films are also at their most stable in this time range and typical resistance shifts of less than 0.2 % following storage in air for 168 hours at 155 ºC are achieved for films sputtered at both 1 and 3 mTorr (Fig 10c).  


















4. Conclusions
This work has shown that the electrical properties of the CuAlMo thin films are not only a function of their chemical composition but also strongly depend on the sputtering and heat treatment process settings. To obtain films of low sheet resistance with near zero TCR and good long term stability, a low sputtering pressure in the range 1 to 3 mTorr is required.

The development of the CuAlMo film structure during sputtering follows the classical Thornton’s model [17]. For films sputtered at high power (1000 W) and low pressure (1-3 mTorr), a more dense structure with lower impurity level is produced. Conversely for films grown at higher pressures (4-6 mTorr) the resulting structure is more porous with a higher content of impurities being incorporated during deposition.

Subsequent annealing of the films in air results in re-crystallisation which gives a decrease in sheet resistance coupled with an increase in TCR. The mean crystallite size in the film was 14 nm when deposited at 1000 W and 3 mTorr and grew to 24 nm following annealing at 500ºC for 5 hours in air.  For films grown at pressures of 1 to 3 mTorr the TCR can be controlled around the zero line following heat treatment at 425 ºC for a minimum of 3 hours. For films grown at higher sputtering pressures the TCR is much more negative and cannot be heat treated to zero whilst maintaining acceptable resistance stability.

From this work a set of optimum sputtering and heat treatment process parameters have been concluded. These settings have been used to manufacture production size batches of CuAlMo thin film chip resistors for long term reliability testing.
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6 mT	0.52	0.48	0.31	0.22	0.21	0.25	0.42	0.4	0.3	0.19	0.21	0.23	0	100	200	300	400	500	1.67	1.2	0.8	0.56000000000000005	0.65	1.23	5 mT	0.31	0.32	0.2	0.17	0.18	0.21	0.45	0.43	0.33	0.2	0.15	0.17	0	100	200	300	400	500	1.4	1.3	0.66	0.27	0.47	0.77	4 mT	0.09	0.12	0.11	0.09	0.1	0.13	0.23	0.21	0.18	0.1	0.09	0.12	0	100	200	300	400	500	0.79	0.76	0.31	0.28000000000000003	0.33	0.53	3 mT	0.08	0.09	0.1	0.05	0.03	0.05	0.12	0.11	0.12	0.08	0.05	7.0000000000000007E-2	0	100	200	300	400	500	0.64	0.47	0.21	0.12	0.21	0.26500000000000001	2 mT	0.13	0.12	0.1	7.0000000000000007E-2	7.0000000000000007E-2	0.06	0.1	0.1	0.09	0.06	0.04	0.08	0	100	200	300	400	500	0.45	0.4	0.1	0.05	0.08	0.12	1 mT	0.11	0.09	0.1	0.03	0.04	0.08	0.05	0.06	0.08	0.04	0.05	7.0000000000000007E-2	0	100	200	300	400	500	0.56000000000000005	0.51	0.2	0.08	0.12	0.21	Annealing Temperature (oC)

∆Ω/Ω (%)



Cu	as grown	300	450	53.21	54.78	51.07	Al	as grown	300	450	36.840000000000003	32.340000000000003	34.1	Mo	as grown	300	450	5.72	5.78	5.95	O	as grown	300	450	2.92	5.47	7.26	Si	as grown	300	450	0.9	1.05	1.0900000000000001	Annealing Temperature (oC)

Concentration (at.%)


Cu	as grown	300	450	52.76	54.09	50.42	Al	as grown	300	450	36.659999999999997	32.76	35.72	Mo	as grown	300	450	5.8599999999999977	5.76	5.84	O	as grown	300	450	3.15	5.89	6.6899999999999986	Si	as grown	300	450	1.02	0.92	0.8	Annealing Temperature (oC)

Concentration (at.%)


Cu	as grown	300	450	49.48	46.12	36.79	Al	as grown	300	450	39.03	33.72	26.49	Mo	as grown	300	450	5.33	5.64	5.1099999999999994	O	as grown	300	450	4.57	11.34	22.19	Si	as grown	300	450	1.06	2.76	9.06	Annealing Temperature (oC)

Concentration (at.%)


5hrs, 500ºC	41	41.02	41.04	41.06	41.08	41.1	41.12	41.14	41.16	41.18	41.2	41.22	41.24	41.26	41.28	41.3	41.32	41.34	41.36	41.38	41.4	41.42	41.44	41.46	41.48	41.5	41.52	41.54	41.56	41.58	41.6	41.62	41.64	41.66	41.68	41.7	41.72	41.74	41.76	41.78	41.8	41.82	41.84	41.86	41.88	41.9	41.92	41.94	41.96	41.98	42	42.02	42.04	42.06	42.08	42.1	42.12	42.14	42.16	42.18	42.2	42.22	42.24	42.26	42.28	42.3	42.32	42.34	42.36	42.38	42.4	42.42	42.44	42.46	42.48	42.5	42.52	42.54	42.56	42.58	42.6	42.62	42.64	42.66	42.68	42.7	42.72	42.74	42.76	42.78	42.8	42.82	42.84	42.86	42.88	42.9	42.92	42.94	42.96	42.98	43	43.02	43.04	43.06	43.08	43.1	43.12	43.14	43.16	43.18	43.2	43.22	43.24	43.26	43.28	43.3	43.32	43.34	43.36	43.38	43.4	43.42	43.44	43.46	43.48	43.5	43.52	43.54	43.56	43.58	43.6	43.62	43.64	43.66	43.68	43.7	43.72	43.74	43.76	43.78	43.8	43.82	43.84	43.86	43.88	43.9	43.92	43.94	43.96	43.98	44	44.02	44.04	44.06	44.08	44.1	44.12	44.14	44.16	44.18	44.2	44.22	44.24	44.26	44.28	44.3	44.32	44.34	44.36	44.38	44.4	44.42	44.44	44.46	44.48	44.5	44.52	44.54	44.56	44.58	44.6	44.62	44.64	44.66	44.68	44.7	44.72	44.74	44.76	44.78	44.8	44.82	44.84	44.86	44.88	44.9	44.92	44.94	44.96	44.98	45	45.02	45.04	45.06	45.08	45.1	45.12	45.14	45.16	45.18	45.2	45.22	45.24	45.26	45.28	45.3	45.32	45.34	45.36	45.38	45.4	45.42	45.44	45.46	45.48	45.5	45.52	45.54	45.56	45.58	45.6	45.62	45.64	45.66	45.68	45.7	45.72	45.74	45.76	45.78	45.8	45.82	45.84	45.86	45.88	45.9	45.92	45.94	45.96	45.98	46	46.02	46.04	46.06	46.08	46.1	46.12	46.14	46.16	46.18	46.2	46.22	46.24	46.26	46.28	46.3	46.32	46.34	46.36	46.38	46.4	46.42	46.44	46.46	46.48	46.5	46.52	46.54	46.56	46.58	46.6	46.62	46.64	46.66	46.68	46.7	46.72	46.74	46.76	46.78	46.8	46.82	46.84	46.86	46.88	46.9	46.92	46.94	46.96	46.98	47	1.087	1.157	1.0760000000000001	1.0820000000000001	1.087	1.157	1.0760000000000001	1.0820000000000001	1.071	1.1180000000000001	1.1020000000000001	1.147	1.1479999999999999	1.087	1.0649999999999999	1.0920000000000001	1.0649999999999999	1.0940000000000001	1.1180000000000001	1.115	1.1459999999999999	1.145	1.1519999999999999	1.181	1.125	1.115	1.077	1.1319999999999999	1.1759999999999999	1.139	1.1499999999999999	1.1459999999999999	1.105	1.1879999999999999	1.1499999999999999	1.2330000000000001	1.1919999999999999	1.143	1.206	1.2190000000000001	1.319	1.2050000000000001	1.236	1.234	1.1990000000000001	1.2410000000000001	1.2190000000000001	1.222	1.31	1.327	1.3120000000000001	1.325	1.3220000000000001	1.335	1.3779999999999999	1.3959999999999999	1.367	1.4690000000000001	1.399	1.417	1.4330000000000001	1.5009999999999999	1.452	1.5720000000000001	1.55	1.62	1.6479999999999999	1.6379999999999999	1.6890000000000001	1.8069999999999999	1.9339999999999991	1.919	2.0259999999999998	2.101	2.1989999999999998	2.2530000000000001	2.484	2.5819999999999999	2.6240000000000001	2.77	2.7770000000000001	2.9470000000000001	3.1789999999999998	3.145	3.2570000000000001	3.2879999999999998	3.3780000000000001	3.504	3.6040000000000001	3.734	3.7040000000000002	3.92	3.9820000000000002	3.9889999999999999	4.0830000000000002	3.9369999999999981	4.0169999999999986	4.2489999999999997	4.242	4.1989999999999981	4.3949999999999978	4.5039999999999996	4.5229999999999979	4.51	4.8890000000000002	4.7949999999999982	4.9740000000000002	5.1760000000000002	5.1159999999999979	5.3179999999999978	5.38	5.5579999999999981	5.7549999999999981	5.8029999999999982	6.2110000000000003	6.3890000000000002	6.7910000000000004	7.0869999999999997	7.2729999999999997	7.6929999999999978	8.2000000000000011	8.4960000000000004	9.0820000000000007	9.76	10.721	11.542	12.513999999999999	13.776	15.189	16.986000000000001	18.669	21.155999999999999	23.628	26.779	30.966999999999999	35.537000000000013	40.540999999999997	47.459000000000003	54.658000000000001	63.554000000000002	73.474999999999994	85.238	98.885999999999981	113.795	130.76	148.68199999999999	167.71199999999999	187.965	207.71299999999999	227.25	248.8	265.47399999999982	285.59800000000001	295.50299999999999	295.18799999999999	285.14699999999999	263.79700000000003	249.155	234.64699999999999	217.149	200.53700000000001	183.38399999999999	166.9	150.584	135.47499999999999	121.20399999999999	107.916	95.703999999999994	85.127999999999986	76.02	66.519000000000005	58.798000000000002	52.164999999999999	45.92	40.954999999999998	36.677999999999997	32.848999999999997	29.119	26.532	23.803999999999991	21.215	19.408999999999999	17.706	16.483000000000001	15.08	13.975	12.916	12.057	11.238	10.532999999999999	9.9460000000000015	9.2489999999999988	9	8.2489999999999988	7.9989999999999997	7.7239999999999984	7.2830000000000004	7.109	6.8029999999999982	6.5839999999999996	6.3730000000000002	6.1919999999999984	5.9829999999999997	5.7859999999999996	5.4980000000000002	5.3979999999999979	5.344999999999998	5.1710000000000003	4.9950000000000001	4.9080000000000004	4.7990000000000004	4.6469999999999976	4.626999999999998	4.5419999999999998	4.4059999999999997	4.4189999999999996	4.4050000000000002	4.1099999999999994	4.2430000000000003	4.1279999999999966	3.9689999999999999	4.0460000000000003	3.9780000000000002	3.8559999999999981	3.8170000000000002	3.7730000000000001	3.7879999999999998	3.714	3.73	3.6030000000000002	3.4609999999999999	3.556	3.3980000000000001	3.415999999999999	3.3839999999999999	3.44	3.3460000000000001	3.2890000000000001	3.3159999999999981	3.2229999999999999	3.1629999999999998	3.2090000000000001	3.109	3.109	3.18	3.1589999999999998	3.0579999999999998	3.0339999999999998	2.9529999999999981	3.0150000000000001	3.0379999999999998	3.004	2.948	2.88	2.8380000000000001	2.7690000000000001	2.8450000000000002	2.892999999999998	2.7930000000000001	2.7679999999999998	2.6960000000000002	2.7290000000000001	2.754	2.66	2.62	2.6339999999999999	2.6640000000000001	2.6080000000000001	2.66	2.5750000000000002	2.5840000000000001	2.5310000000000001	2.5179999999999998	2.5089999999999999	2.472	2.528	2.5	2.4	2.4750000000000001	2.3319999999999981	2.391	2.4369999999999981	2.4500000000000002	2.3410000000000002	2.3530000000000002	2.3199999999999981	2.3519999999999981	2.3540000000000001	2.3740000000000001	2.2799999999999998	2.2919999999999998	2.2730000000000001	2.2850000000000001	2.3450000000000002	2.2200000000000002	2.1850000000000001	2.2559999999999998	2.2090000000000001	2.2010000000000001	2.17	2.2829999999999999	5hrs, 400ºC	41	41.02	41.04	41.06	41.08	41.1	41.12	41.14	41.16	41.18	41.2	41.22	41.24	41.26	41.28	41.3	41.32	41.34	41.36	41.38	41.4	41.42	41.44	41.46	41.48	41.5	41.52	41.54	41.56	41.58	41.6	41.62	41.64	41.66	41.68	41.7	41.72	41.74	41.76	41.78	41.8	41.82	41.84	41.86	41.88	41.9	41.92	41.94	41.96	41.98	42	42.02	42.04	42.06	42.08	42.1	42.12	42.14	42.16	42.18	42.2	42.22	42.24	42.26	42.28	42.3	42.32	42.34	42.36	42.38	42.4	42.42	42.44	42.46	42.48	42.5	42.52	42.54	42.56	42.58	42.6	42.62	42.64	42.66	42.68	42.7	42.72	42.74	42.76	42.78	42.8	42.82	42.84	42.86	42.88	42.9	42.92	42.94	42.96	42.98	43	43.02	43.04	43.06	43.08	43.1	43.12	43.14	43.16	43.18	43.2	43.22	43.24	43.26	43.28	43.3	43.32	43.34	43.36	43.38	43.4	43.42	43.44	43.46	43.48	43.5	43.52	43.54	43.56	43.58	43.6	43.62	43.64	43.66	43.68	43.7	43.72	43.74	43.76	43.78	43.8	43.82	43.84	43.86	43.88	43.9	43.92	43.94	43.96	43.98	44	44.02	44.04	44.06	44.08	44.1	44.12	44.14	44.16	44.18	44.2	44.22	44.24	44.26	44.28	44.3	44.32	44.34	44.36	44.38	44.4	44.42	44.44	44.46	44.48	44.5	44.52	44.54	44.56	44.58	44.6	44.62	44.64	44.66	44.68	44.7	44.72	44.74	44.76	44.78	44.8	44.82	44.84	44.86	44.88	44.9	44.92	44.94	44.96	44.98	45	45.02	45.04	45.06	45.08	45.1	45.12	45.14	45.16	45.18	45.2	45.22	45.24	45.26	45.28	45.3	45.32	45.34	45.36	45.38	45.4	45.42	45.44	45.46	45.48	45.5	45.52	45.54	45.56	45.58	45.6	45.62	45.64	45.66	45.68	45.7	45.72	45.74	45.76	45.78	45.8	45.82	45.84	45.86	45.88	45.9	45.92	45.94	45.96	45.98	46	46.02	46.04	46.06	46.08	46.1	46.12	46.14	46.16	46.18	46.2	46.22	46.24	46.26	46.28	46.3	46.32	46.34	46.36	46.38	46.4	46.42	46.44	46.46	46.48	46.5	46.52	46.54	46.56	46.58	46.6	46.62	46.64	46.66	46.68	46.7	46.72	46.74	46.76	46.78	46.8	46.82	46.84	46.86	46.88	46.9	46.92	46.94	46.96	46.98	47	1.2470000000000001	1.2210000000000001	1.2729999999999999	1.2350000000000001	1.296	1.3149999999999999	1.28	1.31	1.3240000000000001	1.3169999999999999	1.3220000000000001	1.3520000000000001	1.292	1.339	1.3340000000000001	1.349	1.383	1.3480000000000001	1.421	1.3939999999999999	1.369	1.411999999999999	1.403	1.4359999999999991	1.415999999999999	1.4430000000000001	1.542	1.472	1.585	1.5069999999999999	1.4950000000000001	1.5960000000000001	1.5960000000000001	1.635	1.6120000000000001	1.65	1.71	1.6659999999999999	1.65	1.754	1.696	1.7869999999999999	1.8009999999999999	1.885	1.88	1.837	1.87	1.869	1.99	1.877	1.94	2.0339999999999998	2.0630000000000002	2.0070000000000001	2.0779999999999998	2.117	2.0979999999999999	2.181	2.2080000000000002	2.2309999999999999	2.2120000000000002	2.3570000000000002	2.302999999999999	2.3570000000000002	2.4910000000000001	2.508	2.5219999999999998	2.7360000000000002	2.6150000000000002	2.8420000000000001	2.806	2.9060000000000001	3.0569999999999991	3.23	3.2949999999999999	3.412999999999998	3.6120000000000001	3.6779999999999999	3.6619999999999999	3.7290000000000001	4.0169999999999986	4.1449999999999978	4.267999999999998	4.2009999999999996	4.391	4.4889999999999999	4.5979999999999981	4.7699999999999987	4.7290000000000001	4.899	4.7960000000000003	4.9880000000000004	5.150999999999998	5.2690000000000001	5.1939999999999982	5.335	5.320999999999998	5.5129999999999981	5.7809999999999997	5.6989999999999981	5.8860000000000001	5.9489999999999998	6.2389999999999999	6.2949999999999982	6.3949999999999978	6.64	6.7919999999999998	6.7389999999999999	6.9260000000000002	7.1760000000000002	7.2690000000000001	7.6379999999999981	7.8949999999999978	8.0120000000000005	8.1620000000000008	8.4489999999999998	8.6820000000000004	9.0300000000000011	9.120000000000001	9.5350000000000001	9.9990000000000006	10.425000000000001	10.917999999999999	11.26	12.032999999999999	12.64	13.441000000000001	14.433999999999999	15.284000000000001	16.824000000000009	17.998999999999999	19.542000000000002	21.678999999999991	24.254999999999999	26.959	30.327000000000009	34.524999999999999	39.6	46.363999999999997	54.264000000000003	63.723000000000013	75.495000000000005	89.319000000000003	104.875	120.69499999999999	139.08600000000001	157.745	176.23099999999999	194.01	207.38399999999999	220.322	229.423	233.548	236.643	234.24700000000001	230.464	221.60400000000001	213.143	201.21799999999999	187.60300000000001	174.18100000000001	160.26599999999999	146.07900000000001	133.27600000000001	121.126	108.84399999999999	97.647000000000006	87.078999999999979	78.965000000000003	70.561000000000007	63.116	57.013000000000012	51.674999999999997	46.832000000000001	42.555	38.829000000000001	35.75	32.718000000000011	30.481000000000002	28.391999999999999	26.762	24.925000000000001	23.553999999999991	22.454999999999991	21.4	20.63	19.890999999999991	19.073	18.643999999999991	18.04	17.425999999999981	17.149000000000001	16.704999999999991	16.321999999999999	15.73	15.465999999999999	15.298	14.849	14.427	14.395	13.819000000000001	13.721	13.391	12.81	12.558	12.289	11.974	11.826000000000001	11.564	11.077	10.91	10.757999999999999	10.305999999999999	10.173999999999999	9.9120000000000008	9.6130000000000013	9.3610000000000007	9.4130000000000003	9.2460000000000004	8.8080000000000016	8.5890000000000004	8.5020000000000007	8.3210000000000015	7.968	7.9029999999999996	7.48	7.4939999999999998	7.3819999999999997	7.158999999999998	7.0739999999999998	6.9009999999999998	6.7080000000000002	6.6559999999999979	6.4359999999999999	6.3049999999999979	6.1659999999999977	5.9850000000000003	6.05	5.8730000000000002	5.7119999999999997	5.6849999999999978	5.3839999999999986	5.42	5.2869999999999999	5.2069999999999999	5.1219999999999981	4.9420000000000002	5.0970000000000004	4.8360000000000003	4.8339999999999996	4.7380000000000004	4.634999999999998	4.577	4.3669999999999982	4.3249999999999966	4.2430000000000003	4.3199999999999976	4.3019999999999996	4.1059999999999981	4.0510000000000002	4.0469999999999997	3.976	3.8479999999999999	3.7290000000000001	3.7269999999999999	3.7269999999999999	3.601	3.601	3.5459999999999998	3.496	3.496	3.416999999999998	3.4380000000000002	3.3290000000000002	3.1749999999999998	3.1989999999999998	3.0830000000000002	3.1669999999999998	3.0779999999999998	2.976	3.04	2.9409999999999998	2.9249999999999998	2.907	2.8140000000000001	2.7250000000000001	2.7959999999999998	2.6920000000000002	2.7829999999999999	2.633	2.7490000000000001	2.6920000000000002	2.7010000000000001	2.6680000000000001	2.552999999999999	2.536	2.5489999999999999	2.468	2.427	2.3290000000000002	2.419	5hrs, 300ºC	41	41.02	41.04	41.06	41.08	41.1	41.12	41.14	41.16	41.18	41.2	41.22	41.24	41.26	41.28	41.3	41.32	41.34	41.36	41.38	41.4	41.42	41.44	41.46	41.48	41.5	41.52	41.54	41.56	41.58	41.6	41.62	41.64	41.66	41.68	41.7	41.72	41.74	41.76	41.78	41.8	41.82	41.84	41.86	41.88	41.9	41.92	41.94	41.96	41.98	42	42.02	42.04	42.06	42.08	42.1	42.12	42.14	42.16	42.18	42.2	42.22	42.24	42.26	42.28	42.3	42.32	42.34	42.36	42.38	42.4	42.42	42.44	42.46	42.48	42.5	42.52	42.54	42.56	42.58	42.6	42.62	42.64	42.66	42.68	42.7	42.72	42.74	42.76	42.78	42.8	42.82	42.84	42.86	42.88	42.9	42.92	42.94	42.96	42.98	43	43.02	43.04	43.06	43.08	43.1	43.12	43.14	43.16	43.18	43.2	43.22	43.24	43.26	43.28	43.3	43.32	43.34	43.36	43.38	43.4	43.42	43.44	43.46	43.48	43.5	43.52	43.54	43.56	43.58	43.6	43.62	43.64	43.66	43.68	43.7	43.72	43.74	43.76	43.78	43.8	43.82	43.84	43.86	43.88	43.9	43.92	43.94	43.96	43.98	44	44.02	44.04	44.06	44.08	44.1	44.12	44.14	44.16	44.18	44.2	44.22	44.24	44.26	44.28	44.3	44.32	44.34	44.36	44.38	44.4	44.42	44.44	44.46	44.48	44.5	44.52	44.54	44.56	44.58	44.6	44.62	44.64	44.66	44.68	44.7	44.72	44.74	44.76	44.78	44.8	44.82	44.84	44.86	44.88	44.9	44.92	44.94	44.96	44.98	45	45.02	45.04	45.06	45.08	45.1	45.12	45.14	45.16	45.18	45.2	45.22	45.24	45.26	45.28	45.3	45.32	45.34	45.36	45.38	45.4	45.42	45.44	45.46	45.48	45.5	45.52	45.54	45.56	45.58	45.6	45.62	45.64	45.66	45.68	45.7	45.72	45.74	45.76	45.78	45.8	45.82	45.84	45.86	45.88	45.9	45.92	45.94	45.96	45.98	46	46.02	46.04	46.06	46.08	46.1	46.12	46.14	46.16	46.18	46.2	46.22	46.24	46.26	46.28	46.3	46.32	46.34	46.36	46.38	46.4	46.42	46.44	46.46	46.48	46.5	46.52	46.54	46.56	46.58	46.6	46.62	46.64	46.66	46.68	46.7	46.72	46.74	46.76	46.78	46.8	46.82	46.84	46.86	46.88	46.9	46.92	46.94	46.96	46.98	47	0.9	0.91700000000000004	0.87	0.95799999999999996	0.90300000000000002	0.97799999999999998	0.89800000000000002	0.94699999999999995	0.84799999999999998	0.93899999999999995	0.90400000000000003	0.95699999999999996	0.98299999999999998	0.94799999999999995	0.98399999999999999	0.96099999999999997	1.0169999999999999	1.032	0.94299999999999995	1.0309999999999999	0.96199999999999997	0.94499999999999995	1.008	1.024	1.018	1.071	1.0109999999999999	1.032	1.0740000000000001	1.038	1.0269999999999999	1.1140000000000001	1.056	1.0589999999999999	1.141	1.099	1.1040000000000001	1.163	1.1439999999999999	1.1779999999999999	1.2270000000000001	1.1850000000000001	1.2350000000000001	1.1639999999999999	1.2	1.204	1.2689999999999999	1.2729999999999999	1.3009999999999999	1.3080000000000001	1.3009999999999999	1.397	1.363	1.395	1.3859999999999999	1.359	1.4670000000000001	1.4390000000000001	1.46	1.5629999999999999	1.4950000000000001	1.5169999999999999	1.546	1.6879999999999999	1.74	1.67	1.619	1.776	1.851	1.851	1.921	1.91	2.008	2.0139999999999998	2.1030000000000002	2.1930000000000001	2.2229999999999999	2.2480000000000002	2.415	2.3809999999999998	2.407	2.4889999999999999	2.5230000000000001	2.6560000000000001	2.746	2.895999999999999	2.944	2.8980000000000001	3.044	3.133	3.282	3.33	3.3189999999999991	3.4340000000000002	3.5619999999999998	3.6949999999999998	3.7549999999999999	3.9239999999999999	4.0030000000000001	4.1369999999999996	4.3229999999999977	4.4400000000000004	4.4770000000000003	4.6479999999999979	4.7880000000000003	5.0890000000000004	5.1249999999999973	5.2649999999999979	5.6229999999999967	5.9	6.1279999999999966	6.3279999999999976	6.4580000000000002	7.0709999999999997	7.2460000000000004	7.4	8.0150000000000006	8.4480000000000004	8.9460000000000015	9.4420000000000002	9.9980000000000011	10.500999999999999	11.388	12.224	13.135	13.901	14.997	16.199000000000009	17.373000000000001	18.762	20.29	22.045000000000002	23.802	26.094000000000001	28.388000000000002	30.713000000000001	33.902000000000001	37.013000000000012	40.183	43.779000000000003	47.627000000000002	52.268000000000001	56.034999999999997	60.987000000000002	65.287999999999997	70.438999999999993	75.540999999999997	79.733999999999995	84.308999999999983	88.453000000000003	92.492000000000004	95.100999999999999	97.266999999999996	98.742000000000004	99.471999999999994	99.453000000000003	99.356999999999999	97.44	95.082999999999998	93.266999999999996	89.42	85.650999999999982	81.894999999999996	77.337999999999994	73.353999999999999	69.244	64.592000000000013	61.074000000000012	56.957999999999998	52.908000000000001	49.647000000000013	45.828000000000003	43.091000000000001	39.844000000000001	37.276000000000003	34.756	31.895	29.93	27.619	26.08	24.774000000000001	22.905000000000001	21.164999999999999	20.3	19.006	17.922999999999981	16.829000000000001	15.93	14.981	14.535	13.457000000000001	12.714	12.172000000000001	11.73	10.971	10.682	10.321999999999999	9.9120000000000008	9.5649999999999995	9.1210000000000004	8.5030000000000001	8.3870000000000005	8	7.7789999999999999	7.4820000000000002	7.3029999999999982	6.8860000000000001	6.7729999999999997	6.6229999999999967	6.452	6.1059999999999981	5.9210000000000003	6.0269999999999984	5.6499999999999977	5.5569999999999986	5.2960000000000003	5.2480000000000002	5.03	4.9029999999999996	5.110999999999998	4.758	4.609	4.54	4.5	4.391	4.2039999999999997	4.1559999999999979	4.126999999999998	4.1059999999999981	4.008	3.988	3.86	3.7210000000000001	3.7229999999999999	3.702	3.6320000000000001	3.427	3.4870000000000001	3.504	3.3450000000000002	3.34	3.302	3.206	3.1160000000000001	3.12	3.1440000000000001	3.23	3.04	2.9710000000000001	2.9620000000000002	2.9990000000000001	2.7549999999999999	2.8940000000000001	2.76	2.698	2.6589999999999998	2.6709999999999998	2.56	2.609	2.4910000000000001	2.5459999999999998	2.472999999999999	2.4260000000000002	2.4649999999999999	2.4279999999999999	2.3319999999999981	2.29	2.3039999999999998	2.302999999999999	2.2850000000000001	2.262	2.1850000000000001	2.069	2.0979999999999999	2.1520000000000001	2.077	2.0590000000000002	2.0099999999999998	2.0760000000000001	1.98	1.875	1.921	1.903	1.8759999999999999	1.8420000000000001	1.86	1.8260000000000001	1.8049999999999999	1.877	1.718	1.704	1.764	1.7030000000000001	1.788	1.71	1.7290000000000001	1.6879999999999999	1.645	1.6719999999999999	1.613	1.5960000000000001	as grown	41	41.02	41.04	41.06	41.08	41.1	41.12	41.14	41.16	41.18	41.2	41.22	41.24	41.26	41.28	41.3	41.32	41.34	41.36	41.38	41.4	41.42	41.44	41.46	41.48	41.5	41.52	41.54	41.56	41.58	41.6	41.62	41.64	41.66	41.68	41.7	41.72	41.74	41.76	41.78	41.8	41.82	41.84	41.86	41.88	41.9	41.92	41.94	41.96	41.98	42	42.02	42.04	42.06	42.08	42.1	42.12	42.14	42.16	42.18	42.2	42.22	42.24	42.26	42.28	42.3	42.32	42.34	42.36	42.38	42.4	42.42	42.44	42.46	42.48	42.5	42.52	42.54	42.56	42.58	42.6	42.62	42.64	42.66	42.68	42.7	42.72	42.74	42.76	42.78	42.8	42.82	42.84	42.86	42.88	42.9	42.92	42.94	42.96	42.98	43	43.02	43.04	43.06	43.08	43.1	43.12	43.14	43.16	43.18	43.2	43.22	43.24	43.26	43.28	43.3	43.32	43.34	43.36	43.38	43.4	43.42	43.44	43.46	43.48	43.5	43.52	43.54	43.56	43.58	43.6	43.62	43.64	43.66	43.68	43.7	43.72	43.74	43.76	43.78	43.8	43.82	43.84	43.86	43.88	43.9	43.92	43.94	43.96	43.98	44	44.02	44.04	44.06	44.08	44.1	44.12	44.14	44.16	44.18	44.2	44.22	44.24	44.26	44.28	44.3	44.32	44.34	44.36	44.38	44.4	44.42	44.44	44.46	44.48	44.5	44.52	44.54	44.56	44.58	44.6	44.62	44.64	44.66	44.68	44.7	44.72	44.74	44.76	44.78	44.8	44.82	44.84	44.86	44.88	44.9	44.92	44.94	44.96	44.98	45	45.02	45.04	45.06	45.08	45.1	45.12	45.14	45.16	45.18	45.2	45.22	45.24	45.26	45.28	45.3	45.32	45.34	45.36	45.38	45.4	45.42	45.44	45.46	45.48	45.5	45.52	45.54	45.56	45.58	45.6	45.62	45.64	45.66	45.68	45.7	45.72	45.74	45.76	45.78	45.8	45.82	45.84	45.86	45.88	45.9	45.92	45.94	45.96	45.98	46	46.02	46.04	46.06	46.08	46.1	46.12	46.14	46.16	46.18	46.2	46.22	46.24	46.26	46.28	46.3	46.32	46.34	46.36	46.38	46.4	46.42	46.44	46.46	46.48	46.5	46.52	46.54	46.56	46.58	46.6	46.62	46.64	46.66	46.68	46.7	46.72	46.74	46.76	46.78	46.8	46.82	46.84	46.86	46.88	46.9	46.92	46.94	46.96	46.98	47	1.125	1.1359999999999999	1.1240000000000001	1.151	1.0309999999999999	1.1279999999999999	1.139	1.129	1.167	1.2	1.1459999999999999	1.179	1.196	1.181	1.135	1.175	1.1819999999999999	1.1679999999999999	1.2130000000000001	1.252	1.2030000000000001	1.175	1.2330000000000001	1.27	1.236	1.1779999999999999	1.2669999999999999	1.2490000000000001	1.2230000000000001	1.286	1.31	1.274	1.3089999999999999	1.319	1.359	1.302	1.3380000000000001	1.343	1.3069999999999999	1.296	1.353	1.383	1.365	1.452	1.421	1.492	1.514	1.4930000000000001	1.5489999999999999	1.496	1.486	1.5149999999999999	1.546	1.5780000000000001	1.5429999999999999	1.581	1.5589999999999999	1.6339999999999999	1.6739999999999999	1.6080000000000001	1.663	1.603	1.6930000000000001	1.7709999999999999	1.806	1.7909999999999999	1.81	1.8360000000000001	1.917	1.9770000000000001	1.9430000000000001	2.0459999999999998	2.1019999999999999	2.0699999999999998	2.0920000000000001	2.1819999999999999	2.173	2.302	2.4500000000000002	2.395	2.4889999999999999	2.4559999999999991	2.5470000000000002	2.609	2.6520000000000001	2.706	2.8660000000000001	2.9089999999999998	3.0089999999999999	2.97	3.0659999999999998	3.0990000000000002	3.18	3.3309999999999991	3.3610000000000002	3.363	3.472999999999999	3.5350000000000001	3.7450000000000001	3.6080000000000001	3.8460000000000001	3.895999999999999	3.976	4.2770000000000001	4.2649999999999979	4.5460000000000003	4.5309999999999997	4.8019999999999996	4.8959999999999981	5.1829999999999981	5.2110000000000003	5.5119999999999996	5.8079999999999981	5.9829999999999997	6.1649999999999974	6.383	6.7229999999999981	7.1139999999999981	7.6079999999999979	7.9340000000000002	8.3450000000000006	8.968	9.548	10.023999999999999	10.755000000000001	11.683999999999999	12.461	13.349	14.6	15.657999999999999	16.978999999999999	18.515000000000001	20.428999999999981	22.003	24.260999999999999	26.425000000000001	28.885000000000002	31.512	34.561999999999998	38.057000000000002	41.601000000000013	45.381999999999998	49.531999999999996	53.308999999999997	57.536000000000001	61.844000000000001	66.031000000000006	69.702000000000012	72.135000000000005	75.098000000000013	77.251000000000005	78.60899999999998	79.600999999999999	80.581999999999994	81.60899999999998	82.316000000000003	81.5	80.489000000000004	79.53	78.670999999999978	77.010000000000005	75.128999999999976	72.307000000000002	69.837999999999994	66.843000000000004	62.594000000000001	59.171000000000006	55.350999999999999	51.543000000000013	47.969000000000001	44.698	41.4	38.405000000000001	35.526000000000003	33.233000000000011	30.661000000000001	28.603000000000002	26.59	24.710999999999999	23.219000000000001	21.462	20.334	18.914000000000001	17.509	16.666	15.707000000000001	15.032	13.975	13.45	12.686999999999999	12.090999999999999	11.538	11.122	10.364000000000001	9.84	9.4220000000000006	9.3310000000000013	8.968	8.4949999999999992	8.3070000000000004	7.8679999999999977	7.6619999999999981	7.2350000000000003	7.2720000000000002	6.8419999999999996	6.73	6.4349999999999996	6.3039999999999976	6.1179999999999977	5.9619999999999997	5.8229999999999977	5.6479999999999979	5.5569999999999986	5.4870000000000001	5.383	5.2539999999999996	5.048	4.9820000000000002	4.8979999999999979	4.7919999999999998	4.798	4.6969999999999983	4.634999999999998	4.424999999999998	4.3860000000000001	4.2850000000000001	4.2140000000000004	4.0839999999999996	3.9990000000000001	3.968	3.8780000000000001	3.91	3.83	3.7690000000000001	3.6869999999999998	3.6120000000000001	3.5830000000000002	3.4849999999999999	3.63	3.5019999999999998	3.4039999999999999	3.4140000000000001	3.379	3.395999999999999	3.2069999999999999	3.1339999999999999	3.0859999999999999	3.089	3.044	3.0449999999999999	2.9910000000000001	3.052	2.9519999999999991	2.8509999999999991	2.8340000000000001	2.7250000000000001	2.7930000000000001	2.91	2.8809999999999998	2.7509999999999999	2.71	2.734	2.7090000000000001	2.657	2.621	2.6549999999999998	2.6259999999999999	2.512	2.5030000000000001	2.4750000000000001	2.544	2.5230000000000001	2.4849999999999999	2.4990000000000001	2.4620000000000002	2.3509999999999991	2.31	2.4020000000000001	2.4020000000000001	2.3189999999999991	2.1909999999999998	2.2389999999999999	2.2240000000000002	2.2189999999999999	2.177	2.173	2.1949999999999998	2.161	2.1360000000000001	2.1480000000000001	2.0670000000000002	2.0209999999999999	2.0449999999999999	1.992	2.0590000000000002	2.048	2.0390000000000001	1.9990000000000001	1.8819999999999999	1.9590000000000001	1.843	2θ (degree)
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