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Table 6. Total Noise (e-) for FPA104 SCA054[492] 

 FM1  FM2 
Region/Output #1 #2 #3 #4  #1 #2 #3 #4 
Top Ref Pixels 4.22 4.35 4.26 4.20  4.68 4.76 4.69 4.61 
Active Pixels 5.94 6.09 6.03 6.08  6.59 6.68 6.58 6.65 
Bottom Ref Pixels 4.26 4.38 4.37 4.32  4.70 4.83 4.76 4.72 

 

 

5 DARK CURRENT AND HOT PIXELS 

The same data used to measure the total noise (Table 4) were used to create the dark current 
cube reference file used by the pipeline [4]. From the dark cubes we can derive a 2D dark 
current map for the identification and flagging of hot and warm pixels. Figure 7 and Figure 8 
show the dark maps and the relative histograms for SCA055[491] and SCA054[492], 
respectively, while Table 7 and Table 8 list the measured dark current in each output. Beside 
an overall increase of the number of hot pixels in both SCAs that will be addressed below, 
when compared with FM1 results the mean dark current for SCA055[491] shows an 
increase in particular for outputs #1 and #4. No appreaciable difference is instead seen for 
SCA054[492]. 
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Figure 7 FPA104 SCA 055 [491] – Dark Current map during FM1 (top left) and FM2 (top right). The two 
panels at the bottom show the relative histogram of the dark current for each output [Output 1 – Black, 
2- Red, 3- Blue, 4- green] 

 
 

Table 7. Dark Current (e-/sec/pix) for FPA104 SCA055[491] 

 FM1  FM2 
Region/Output #1 #2 #3 #4  #1 #2 #3 #4 
Mean 0.0037 0.0037 0.0033 0.0031  0.0066 0.0045 0.0043 0.0063 
Stdev 0.0020 0.0019 0.0019 0.0021  0.0028 0.0029 0.0033 0.0041 
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Figure 8. FPA104 SCA 054 [492] – Dark Current map during FM1 (top left) and FM2 (top right). The two 
panels at the bottom show the relative histogram of the dark current for each output [Output 1 – Black, 
2- Red, 3- Blue, 4- green] 

 

Table 8. Dark Current (e-/sec/pix) for FPA104 SCA052[492] 

 FM1  FM2 
Region/Output #1 #2 #3 #4  #1 #2 #3 #4 
Mean 0.0033 0.0035 0.0035 0.0034  0.0037 0.0035 0.0033 0.0037 
Stdev 0.0019 0.0019 0.0019 0.0020  0.0026 0.0026 0.0027 0.0027 
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5.1 Hot Pixels 
The dark current distributions in the two SCAs of FPA104 shown in logarithmic scale in 
Figure 9 display an extended tail of pixels with elevated charge generation. Pixels with a 
dark current in excess of 0.1 e-/s are classified as “hot” and rejected by the pipeline. Pixels 
with dark current between 0.01 and 0.1 e-/se are classified as “warm” and are only flagged 
but normally processed by the pipeline.  
 

 

 
Figure 9. Histograms in logarithmic scale of the distribution of dark current for SCA055[491] (top) and 
SCA054[492] (bottom) for FM1 (black) and FM2 (red). 

Due to intra-pixel capacitance (IPC), charge that is accumulated in one pixel is partly 
detected in neighboring pixels. To avoid to wrongly flagging a pixel as “hot” just because it 
neighbors a genuine hot pixels, the maps and statistics of hot pixels have been determined 
considering all pixels with dark current in excess to 0.1 e-/s after convolving the dark 
current ramps with an appropriate IPC kernel. 
Figure 10 shows the distribution of hot pixels in the two SCAs of FPA104 during the FM2 cryo 
campaign. The number of hot pixels is very high in both SCAs reaching 3.3 % for SCA054 
and 7.86% for S055.  
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Figure 10. Hot Pixels [> 0.1 e-/sec] distributions for FPA104 during the cryo campaign FM2 at IABG in 
Jan-Feb 2013. SCA 055 [491] on the left and SCA 054 [492] on the right. 

 
 

Table 9. Statistics of Hot and warm pixels in FM1 and FM2 data. 

 FM1 FM2 
 SCA 055 [491] SCA 054 [492] SCA 055 [491] SCA 054 [492] 

Hot  Pixels 
[> 0.1 e-/sec] 

2.86 % 1.40 % 7.86 % 3.30 % 

Warm Pixels 
[0.01 < e-/sec < 0.1] 

7.18 % 3.55 % 13.32 % 6.21 % 
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5.2 EVOLUTION OF HOT PIXEL DEGRADATION  
The two SCAs in FPA104 are among the first JWST 5.3 µm cutoff devices that showed 
degradation caused by a design flaw in the barrier layer of the pixel interconnect 
structure [6]. This degradation caused the FPA 104 to be classified as non-flight worthy.  
 
Since FPA104 has been used in NIRSpec during the two cryo campaigns FM1 and FM2 we 
have an opportunity to address how the degradation has developed.   
It should be noted that after FM1 the FPA104 had been returned to NASA to be held in cold 
storage at NASA/GSFC without further test or activities that would have changed or altered 
the FPA in any way. However in the period March-August 2012 the cold storage of FPA104 
was interrupted several times due to power malfunctions [5]. As consequence the FPA104 
went through six thermal cycles between ~60 K and ambient temperature before being re-
delivered to Astrium.   
 
Figure 11 shows the temporal evolution of the hot pixel distributions in the two SCAs in 
FPA104 from the initial testing at Teledyne in August 2008 to the last calibration campaign 
in February 2013.  The hot pixel degradation has increased systematically over time  (Figure 
12). In particular,  between FM1 and FM2 the number of hot pixel increased by a factor of 
2.5. The number of “warm” pixels also doubled.  
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Aug 2008 
SCA 055 
 
Location: Teledyne 
Temp:  37K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

0.95% 

 

Aug 2008 
SCA 054 
 
Location: Teledyne 
Temp:  37K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

0.86% 

 
Jan 2010 
SCA 055 
 
Location: DCL 
Temp:  38.5K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

2.42 % 

 

Jan 2010 
SCA 054 
 
Location: DCL 
Temp:  38.5K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

0.99% 

 
Feb 2011 
SCA 055 
 
Location: IABG 
(FM1) 
Temp:  38.5K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

3.55 % 
 

Feb 2011 
SCA 054 
 
Location: IABG 
(FM1) 
Temp:  38.5K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

1.40 % 
 

Jan 2013 
SCA 055 
 
Location: IABG 
(FM2) 
Temp:  38.5K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

7.86 % 
 

Jan 2013 
SCA 054 
 
Location: IABG 
(FM2) 
Temp:  38.5K 
 
Percentage of Hot 
Pixels [> 0.1 e-/sec] 
 

3.30 % 
 

Figure 11. Evolution of hot pixels degradation in SCA 055 [491] (left) and SCA 054 [492] (right)  
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Figure 12. FPA104  Hot pixel contamination trend over a period of approximately 4.5 years 

 
The high number of hot pixels and their distribution, in particular in SCA055[491], makes 
certain region of the FPA barely usable due to the very limited number of operable pixels. 
Figure 13 shows the hot pixel maps for the two SCAs in the “FPA orientation” with 
superimposed the approximate projection of the MSA quadrants. 
 

 
Figure 13. Hot pixel maps shown in the correct FPA orientation with over imposed the approximate 

projected layout of the four MSA quadrants. 
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6 SUMMARY 

We have reviewed the high level performance of the two SCAs in FPA104 as measured 
during the cryo-campaign FM2 at IABG in early 2013. These are the main findings: 
 

• Reset levels and gain conversion factors did not change compared to FM1 and they 
are in line with the original figures derived from DCL data. 
 

• Compared to FM1 the total noise is increased by ~ 17% for SCA 055[491] and ~ 10% 
for SCA054[492].  Since the increase in total noise would have not compromised the 
quality of the calibration data acquired during the calibration campaign, a further 
optimization of the DS tuning was not deemed necessary. 
 

• The mean dark current is slightly increased form SCA055[491] and it is unchanged 
for SCA054[492]. 
 

• The degradation of the two SCAs has continued despite the cold storage at 
NASA/GSFC at 60 K, which however was interrupted by 6 episodes of warming-up 
at ambient. The number of hot pixels has at least doubled since FM1. 
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