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Abstract 
We created and delivered new superbias reference files for the WFC3/UVIS 

channel and analyzed the data for temporal variation in the residual two-dimensional 
bias structure. Previously, the pipeline only provided superbias reference files for 2009 
to 2010 in which the 2010 file was used for all the following years. We updated the 2009 
and 2010 reference files and created new reference files for 2009 to 2016. The files were 
constructed from stacks of standard bias frames taken from 2009-2016.  Statistics of the 
reference files were calculated and plotted as a function of time to display any significant 
changes in the data. The difference between the previous and current superbias files is 
~0.02 electrons for 2009 and ~0.04 electrons for 2010. The analysis shows that the 
overall residual bias level gradually increased by ~0.16 electrons from 2009 - 2016. In 
this report, we briefly discuss the process we used to generate the bias reference files, the 
process to check for significant changes in the biases and results of the analysis.

 
	
	
Introduction 
 
A WFC3/UVIS bias file is a 0-second exposure taken with the shutter closed that 
measures the initial pixel values along with additional noise due to the readout. The bias 
offset helps avoid negative pixel values. The commanded CCD bias offset for each amp 
are recorded in the header keyword for each amp (CCDOFSTA, CCDOFSTB, 



CCDOFSTC, CCDOFSTD) – level 3 is nominal on-orbit. The electronic level of that 
offset is recorded in header keywords (BIASLEVA, BIASLEVB, BIASLEVC, 
BIASLEVD) 2500-3500 DN depending on the amp. The correction of the bias is taken in 
two steps involving the overscan correction (BLEVCORR) and the bias correction 
(BIASCORR). BLEVCORR fits the bias level to the detector overscan region and 
subtracts it from the science pixels, removing the majority of the bias signal (WFC3 Data 
Handbook, Deustua, ed. 2016). The BIASCORR subtracts the residual two-dimensional 
bias structure including the small accumulation of dark current during readout from the 
science images. Individual bias frames taken throughout a year are overscan corrected 
then combined, generating a superbias file for each of those years, which is currently the 
new process to create the reference file. The superbias files are then used to perform bias 
correction (BIASCORR) in calwf3 for WFC3/UVIS data.  
 
Creating A Bias Reference File 
 

We retrieved all raw, unbinned, unflashed bias full frames without charge 
injection from The Mikulski Archive For Space Telescopes (MAST) archive. We first 
constructed an association table to run the overscan correction (BLEVCORR) on the raw 
data while omitting all other calibration steps using calwf3 3.4 to leave the residual 
structure in each exposure and produce FLT files. To remove extreme outliers of the 
individual bias frames affected by scattered light, we applied three iterations of three-
sigma clipping to the file set. To avoid amplifying noise in the image, we only processed 
the calibrated FLT files, which are not corrected for charge transfer efficiency (CTE). 
The pixel-based CTE correction in calwf3 works well on most science frames with at 
least some level of background which bias files would not have. However, the nature of 
the algorithm is such that it can amplify noise (Anderson, 2014). To mitigate the CTE 
trails from the cosmic rays, we enlarged the cosmic ray flags in the data quality arrays by 
a 5-pixel radius. The data quality arrays were then used to mask the corresponding 
science and error arrays. The masked science arrays were averaged while the error arrays 
were propagated, producing the superbias data. Finally, the headers were populated with 
the appropriate keywords and delivered to CRDS/MAST. The number of files used to 
create the superbias for each year varied significantly over time as the calibration 
program was scaled back, see Table 1. 

 
2009 – 2016 Bias Reference File Statistic Table 

 
 

Table 1: Statistics of the 2009 - 2016 superbias reference files. The 2010 data was separated into two sets 
and processed to produce two bias reference files because of the large number of files available that 
year. Ext4(Amp A&B) and Ext1(Amp C&D) 

 



Previously, calwf3 only provided bias reference files for 2009 and 2010 where the 
2010 superbias was used for all WFC3/UVIS bias corrections for the following years. We 
updated these files and created new reference files for the following years using the 
procedure described above. The previous reference files were created using a similar 
process, but the new superbiases were generated using many more exposures. The 
previous 2009 and 2010 superbias files used only 120 files per year, while the current 
files were constructed with over 450 files per year resulting in a higher signal to noise 
ratio. The difference between the previous and current superbias files averages is ~0.02 
electrons for 2009 and ~0.04 electrons for 2010. (See Figure 1.) 

 
Previous (Blue) and New (Orange) Superbias Histogram Comparison 

 
 
Figure 1: Histograms of Ext 1(Amp C&D) on the right and Ext 4 (Amp A&B) on the left of the previous 
and current 2009 bias reference file u1r1346ri_bia.fits (blue) and 1681902ti_bia.fits (orange) 
respectively. The new superbias file was generated from a larger number of files than the previous 
superbias, resulting in higher signal to noise ratio and a corresponding expected reduction in width of 
the distribution. All zero values were ignored when plotting and the bin at zero represent a range of 
values around zero.  
 

In the two-dimensional bias structure, there are areas with higher pixel values 
than the rest of the chips (See Figure 2), which is due to the instrument electronics adding 
additional noise to the detector during readout. We indexed the higher bias regions 
(bright regions) and the lower bias regions (dark regions) and calculated the average of 
the pixels. The bright regions are ~0.1 electrons higher than the dark regions (See Table 
2). The bright areas do not show signs of shifting and appear to be stable. See the 
Appendix section for more plots of the bias structure for all current bias reference files. 
 



 
 

 
Figure 2:  The 2009 superbias reference file full field of view including the overscan regions 
(1681902ti_bia.fits), grayscale +/- 1 electron. The two broad vertical bands on the far left and right side 
of the image are the brighter regions. The amplifiers are at the outer corners. Plots to the right display 
the separate chips (Top right: Amp A&B; Bottom right: Amp C&D) of the reference files with a color 
bar in units of electrons. The red lines represent the measured bright region for each amp, while the 
orange lines represent the darker regions. 
 

 
 

Table 2: Average values in electrons of the measured bright and dark regions as seen in Figure 2 of all 
new superbias files.   
 
Bias File Behavior 
 

We calculated the statistics of each superbias and plotted them as a function of 
time (Figure 3). The mean values are within the range of the standard deviation; however, 
there is a gradual increase of ~0.1 electrons for Ext4 (Amp A&B) and ~0.2 electrons for 
Ext1 (Amp C&D) from 2009 to 2016. 

 



 
 
Figure 3:  Left: Amp A&B (Chip1) superbias reference file mean values vs. year. Right: Amp C&D 
(Chip2) bias reference file mean values vs. year. The error bars represent the standard deviation of each 
file; the yellow line is a linear fit to the averages. 

 
The gradual increase seen in Figure 3 is possibly due to the degradation in charge 

transfer efficiency (CTE) over time, resulting in trailed out hot pixels and cosmic rays 
which can artificially increase the level measured in the bias. 

 
 

 
Figure 4: The image above is the full frame bias FLT file with the overscan removed. The grey regions 
represent the pixels that are read out last (i.e. far from the amps), while the black regions represent the 

	

	

	

	



pixels that are read out first (i.e. close to the amps). The regions are a few hundred rows and are not to 
scale with shaded regions. 
 

 
 
Figure 5: The plots show the mean values of the early and late readout regions for all bias files from 
2009 - 2016 (Left: Ext4 (amp A&B), Right: Ext1 (amp C&D)). The stars represent the regions that are 
read out later (i.e. the pixels furthest from the amps) and the triangles represent the regions that are read 
out earlier (i.e. the pixels closest to the amps). The colors in the plots represent the color of the bias 
image shaded regions in Figure 4 respectively. The black and grey lines are linear fits to the data. 
 

We calculated the average values of the upper and lower region of the Ext4 (amp 
A&B) and Ext1 (amp C&D) for all the bias frames from 2009 – 2016 and plotted the 
average pixel values in those sections as a function of time. As seen in Figure 5 the pixel 
values farther from the amps increase more than the regions closer to the amps, which is 
consistent with CTE effects. The detector is read out from the top outer corners for amp 
A & B and the bottom outer edges of C & D. CTE has been shown to affect pixels that 
are read out later than the earlier pixels, meaning the pixels towards the center of the 
FOV near the chip gap tend to have slightly higher signal from pixels or cosmic rays 
which have been smeared out. Using the linear fit we calculate the average increase for 
each region, the regions towards the center for chip1 and chip2 (i.e. furthest from the 
amps) increased by ~0.23 electrons and ~0.42 electrons respectively. The regions away 
from the center for chip1 and chip2 (i.e. closest to the amps) increased to ~0.03 electrons 
and ~0.09 respectively. This result correlates with the gradual increase of the superbias 
files over time as shown in Figure 3.   
 
Megabias file: 
 
 After we generated and delivered the superbias files to calwf3, we used the same 
procedure to process all the bias frames from 2009 to 2016 to create a megabias file (see 
Figure 6). We visually inspected the file and noticed a slanted row pattern across the field 
of view. It occurs every ~40 rows; we suspect this is low-level noise (< 0.02 electrons) 
arising during the readout. More analysis will be done in the future. 
 



 
 

Figure. 5. The image to the left is a full frame mega bias that was generated from all on-orbit bias files 
(2850 bias frames). The image on the right is a close-up of the small marked area in Amp A highlighting 
the slightly tilted row pattern. 

 
 

Conclusion: 
 
The 2009 and 2010 superbias reference files have been updated with a new version with 
higher signal to noise ratio for a slightly better bias correction. New superbiases have also 
been generated for each year from 2011 -2016 and installed in the pipeline. The new 
reference files are currently being used in calwf3 for all WFC/UVIS data, and new files 
will be produced for the upcoming years. We find that the bias level gradually increases 
~0.1 to 0.2 electrons total over ~8 years. Some of it is likely due to degradation of charge 
transfer efficiency. This increase is minor and will not significantly affect the calibration 
data. Finally, we note that a mega-bias (2850 stacked bias frames) shows a subtle noise 
pattern, which appears to be part of the readout: about every 40th row is high relative to 
neighboring rows by a very small (~0.02 electrons) amount. This effect will be analyzed 
in more detail in a future study. 
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Appendix: 
 
Cross Section plots of the Bias Reference Files 

2009 – 2016 2D Columns vs. Row Median (Chip1) 

 
2009 – 2016 2D Columns vs. Row Median (Chip2) 
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