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1 Abstract 
In order to characterize the Inter-pixel Capacitance (IPC) of NIRCam flight 
detectors, we analyze the correlation between isolated hot pixels and their four 
adjacent neighbors. Most of the 18 detectors analyzed provide consistent results, 
with typical induced charges of the order of 1.5% for the 8 old detectors 
tested at Lockheed Martin wi th  ASICs and 0.6% for the set of 10 new flight 
detectors tested in Arizona without the ASICS. All detectors, however, show 
some residual IPC spatial dependence, as well as IPC asymmetry and IPC flux 
dependence. Therefore, a deconvolution kernel may need to take into account 
all these effects for ultimate accuracy. We also find cases of further anomalies 
in the IPC asymmetry between pixels read immediately before and after the 
hot pixels. As these anomalies tend to vary, for a given detector, depending on 
the ASICs tuning, or vice versa are similar when different detectors are driven by 
the same Leach controller, we speculate that rather than IPC, it is the RC 
response of certain output amplifiers that may occasionally need to be adjusted. 
This type of analysis is extremely sensitive to the optimal setup of the readout 
circuitry, and therefore should be done in real time to support ASICs tuning in 
the coming Thermal Vacuum test campaigns at GSFC. 

2 Introduction 
Interpixel coupling (IPC) is a well known anomaly of panoramic infrared 
detectors (Kavadias et al. 1994). Due to the capacitive coupling between adjacent 
pixels, the output signal results are spatially correlated. This affects the 
sharpness of astronomical sources and increases the number of pixels indirectly 
affected by cosmic ray events or high dark current. It also attenuates the photon 
shot noise, and if not properly taken in to account it may lead to errors in the 
estimated gain and detector performance figures. Interpixel coupling can be 
measured by analyzing the spatial autocorrelation function (Moore et al. 2006), by 
comparing the pixel capacitance with an external calibrated capacitor (Finger et al. 
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2006), or just by exploiting the population of isolated hot pixels (or, especially 
on orbit, cosmic ray events) as they affect the measured response of adjacent 
pixels. 

Table 1 Summary of the different image sets used for the analysis 

Cryo 
Run/Set 

Cryo 
Task Detector Readout 

# 
integrations Comments 

Cryo3A D6 Old ASIC 10 job # 18052 − 18061, 
18060 missing for A3, B1 

Cryo3B D6 Old ASIC 9 job # 18062 − 18071, 18066 double; 
18067,18068 missing 

Cryo3C D6 Old ASIC 10 job # 20710 – 20719 
Run 85  new SWB LEACH 25 parts  17011,17005,16991,17047 
Run 86  new SWA LEACH 25 parts  17024,17023,16989,17048 
Run 87  new BLONG LEACH 40 part 17161 
Run 88  new ALONG LEACH 40 part 17158 

 
We have used this last method to analyze the IPC behavior of NIRCam detectors. 
Even if our investigation is motivated by the characterization of IPC, hereafter we 
will refer phenomenologically to the observed Pixel-to-Pixel correlation (PPC). In 
the  ideal  case,  the  PPC  should  be  fully  determined by the deterministic IPC of 
the detector. However, we anticipate that we have found evidence for other effects, 
most probably readout related. For this reason we distinguish between the 
observed effect (PPC) and a particular physical mechanism  (IPC). 

3 Data Set 
For our analysis we have considered NIRCam data collected during the three cycles of 
cryogenic tests at Lockheed Martin ATC for the old set of detectors, and at University of 
Arizona on the new complement of flight detectors. An important difference  between 
these datasets is that the ATC measures were performed using ASICs, whereas in 
Arizona the data were taken with the Leach controller. Table 1 lists the cryo cycle, the 
test procedure, the job number identifying the fits files, the corresponding number of 
images and some relevant comments. 

4 Defining PPC 
To characterize the PPC we use isolated hot pixels, analyzing the induced charges in 
their immediate neighbors. Hot pixels are ideal to our purposes since they have 
reproducible high count rates. We calculate the flux count ratio r between a hot 
pixel at position x, y and the 4 neighboring pixels, those mostly affected by IPC: 

rx+1 = f (x + 1, y)/f (x, y) (1) 
rx−1 = f (x − 1, y)/f (x, y) (2) 
ry+1 = f (x, y + 1)/f (x, y) (3) 
ry−1 = f (x, y − 1)/f (x, y) (4) 
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where the ±1 indexes refer to the pixel coordinates. 
Our analysis shows that it is important to distinguish between the odd and even 
sectors of the detectors, as they are read out by their different amplifiers in 
different directions: odd sectors S1 and S3, respectively from column 0 to 
column 511 and from column 1024 to column 1535, are read ”left to right”, i.e. 
the pixel of coordinate x + 1 follows the pixel x, whereas for the even sectors S2 
and S4, from column 512 to 1023 and from column 1536 to 2047, the x + 1 pixel 
precedes pixel x. Therefore, instead of the detector geometry we will mostly refer 
to the scan direction. Swapping the order of the horizontal pixels in the even 
sectors, we have: 

𝑟pre  = 
𝑟𝑥−1
𝑟𝑥+1 

for  S1  and  S3  
for  S2  and  S4  

(5) 

𝑟post  = 
𝑟𝑥+1
𝑟𝑥−1 

for  S1  and  S3  
for  S2  and  S4 

(6) 

𝑟up  =         𝑟𝑦+1 
   (7) 

𝑟down = 𝑟𝑦−1 
   (8) 

In the following subsection, we describe how r is calculated for the different image 
sets. We used two different software tools, one using python  to analyze the old 
flight detectors, and the other using IDL to analyze the new flight detectors. Both 
software tools give quantitatively nearly identical results when applied to the 
same dataset. 

5  Analysis of Old Flight Detectors with ASIC Readout Electronics 

5.1 Measuring PPC 
For the analysis of the Cryo3 data, produced from the old block of flight detectors 
read through the ASIC controller, we use sets of 10 dark ramps for each of the 8 
short wavelength detectors (see Table 1). The dark ramps have 106 groups, one 
frame per group, for a total exposure time of about 106 × 10.6 = 1124 seconds 
from reset. For each dark ramp we calculate the 3-sigma-clipped mean and 
standard deviation of the difference between group 106 and group 2, 
corresponding to a differential exposure time of 1102 seconds. We define as a hot 
pixel candidate each pixel that deviates by at least 5σ from the spatial mean. In 
order to remove cosmic rays and other contaminants, we require that a hot pixel 
candidate must be seen in at least 5 out of 10 images to be promoted to true hot 
pixel. For each hot pixel we finally calculate the 3-sigma clipped mean signal H. 
The set of hot pixels may contain adjacent, high-signal pixels that compromise the 
direct measure of IPC. In order to mitigate this type of contamination we require 
their signal H to be higher than the total signal from all the 8 neighboring pixels. 
In addition we require H > 5000, in order to have a relatively strong IPC signal in 



JWST-STScI-003778 
SM-12 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

- 4 - 

the adjacent pixels. This strategy successfully selects a population of isolated hot 
pixels, allowing us to readily calculate the ratios described in Equations 5-8. 
 

 
Figure 1 The left and right panels show rpre, rpost and rup, rdown, respectively, versus the x 
position of the hot pixel for the image set Cryo3C of detector B4. 

5.2 PPC Summary 
To illustrate the results of our analysis, we begin showing in the left panel of Figure 1 
rpre and rpost versus the x position for the hot pixels of detector B4, image set 
Cryo3C. The rpre are significantly smaller than the rpost values. 
The right panel of Figure 1 refers to the vertical direction, showing the rup and 
rdown versus x. There are  no  obvious  differences  between  rup  and rdown, both 
looking very similar to the pre-HP population shown in the panel to the left. Of 
the four adjacent pixels, it is the post-HP population that is significantly different 
from the others, at least in this data set. Since the anomaly is related to the readout 
direction and not to the relative location (left/right) of the pixels, it seems 
reasonable to conclude that another factor, besides the true IPC, originating 
further downstream in the readout chain is influencing the pixel behavior. 
In Figure 2, we compare the r values for all old SW detectors. For each detector, 
we have 4 r values averaged from the values measured in each individual sector. 
For clarity, we don’t show the uncertainties, which are < 0.01% for the vast 
majority of the data points (see Table 2).  
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Table 2 This Table shows the r values determined using the image set CRYO3C for the old SW 
flight detectors read out with the ASIC electronics. The r values are in percent. N is the 
number of hot pixels used in the analysis. 

Detector Sector N rpre(%) rpost(%) rup(%) rdown(%) 

A1 S1 28 1.5230 ±0.0143 1.7599 ±0.0200 1.5376 ±0.0134 1.5663 ±0.0180 

A1 S2 31 1.4701 ±0.0153 1.6412 ±0.0146 1.5162 ±0.0151 1.5192 ±0.0137 

A1 S3 39 1.5292 ±0.0154 1.6594 ±0.0168 1.5378 ±0.0116 1.5699 ±0.0123 

A1 S4 26 1.6041 ±0.0180 1.7633 ±0.0218 1.6125 ±0.0203 1.6210 ±0.0163 

A2 S1 356 1.4388 ±0.0040 1.6619 ±0.0046 1.4433 ±0.0039 1.4627 ±0.0037 

A2 S2 526 1.3901 ±0.0026 1.5519 ±0.0028 1.3889 ±0.0026 1.4053 ±0.0025 

A2 S3 496 1.4162 ±0.0031 1.5575 ±0.0035 1.4088 ±0.0031 1.4280 ±0.0030 

A2 S4 467 1.4472 ±0.0033 1.6150 ±0.0034 1.4588 ±0.0030 1.4749 ±0.0031 

A3 S1 161 1.3840 ±0.0070 1.6780 ±0.0064 1.3787 ±0.0078 1.3877 ±0.0073 

A3 S2 367 1.3766 ±0.0034 1.5968 ±0.0036 1.3826 ±0.0035 1.3856 ±0.0032 

A3 S3 369 1.3629 ±0.0034 1.5726 ±0.0035 1.3786 ±0.0033 1.3858 ±0.0032 

A3 S4 324 1.3805 ±0.0035 1.6120 ±0.0036 1.4046 ±0.0032 1.4075 ±0.0033 

A4 S1 253 1.5903 ±0.0039 1.9506 ±0.0043 1.6214 ±0.0041 1.6299 ±0.0040 

A4 S2 265 1.5390 ±0.0053 1.8204 ±0.0050 1.5797 ±0.0051 1.5966 ±0.0050 

A4 S3 333 1.5299 ±0.0052 1.7823 ±0.0053 1.5671 ±0.0048 1.5806 ±0.0046 

A4 S4 435 1.5841 ±0.0048 1.8583 ±0.0051 1.6217 ±0.0049 1.6336 ±0.0046 

B1 S1 303 1.5944 ±0.0042 3.1032 ±0.0086 1.4726 ±0.0052 1.5019 ±0.0048 

B1 S2 359 1.5434 ±0.0040 2.7698 ±0.0085 1.4327 ±0.0039 1.4557 ±0.0040 

B1 S3 354 1.5220 ±0.0038 2.7029 ±0.0068 1.4038 ±0.0036 1.4202 ±0.0036 

B1 S4 369 1.5609 ±0.0040 2.9320 ±0.0104 1.4692 ±0.0042 1.4724 ±0.0042 

B2 S1 373 1.5870 ±0.0087 1.8823 ±0.0098 1.5887 ±0.0087 1.5990 ±0.0088 

B2 S2 388 1.5371 ±0.0029 1.7460 ±0.0036 1.5461 ±0.0030 1.5679 ±0.0030 

B2 S3 361 1.5374 ±0.0031 1.7321 ±0.0034 1.5443 ±0.0031 1.5631 ±0.0032 

B2 S4 276 1.6164 ±0.0037 1.9136 ±0.0041 1.6389 ±0.0037 1.6479 ±0.0038 

B3 S1 223 1.3789 ±0.0058 1.5494 ±0.0059 1.4477 ±0.0064 1.4618 ±0.0067 

B3 S2 202 1.3981 ±0.0058 1.5040 ±0.0060 1.4676 ±0.0064 1.4710 ±0.0059 

B3 S3 198 1.4246 ±0.0059 1.5200 ±0.0052 1.4663 ±0.0058 1.4926 ±0.0058 

B3 S4 181 1.4669 ±0.0052 1.6073 ±0.0047 1.4999 ±0.0052 1.5147 ±0.0056 

B4 S1 332 1.3650 ±0.0040 2.2744 ±0.0061 1.3104 ±0.0056 1.3662 ±0.0037 

B4 S2 407 1.3723 ±0.0032 2.0294 ±0.0047 1.3143 ±0.0045 1.3753 ±0.0034 
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Detector Sector N rpre(%) rpost(%) rup(%) rdown(%) 

B4 S3 439 1.3656 ±0.0042 1.9463 ±0.0047 1.2969 ±0.0059 1.3738 ±0.0040 

B4 S4 476 1.4338 ±0.0039 2.2042 ±0.0072 1.4176 ±0.0043 1.4636 ±0.0037 

 
The top-left panel shows a strong linear relation between  rup  and rdown with a 
slope of about unity. The discrepancy is in the direction of the rup values being 
consistently smaller by about 0.02%, with the exception of B4 for which rup is 
smaller by about 0.07%. Note that in general the four points for each detector are 
not coincident. This is due to the small difference in gain between sectors that 
modulates the r-values by identical amounts on both axis, causing the data to 
disperse along the diagonal. 
The top-right panel shows rpre versus rdown. Here the relation is more complicated. 
For any given detector, the four sectors still show a linear relation with a slope 
close to unity.  However, there is a significant scatter in their offsets, i.e. 
several of the data points do not lie close to the diagonal line. 

 
Figure 2 Relations between the different r for all detectors and sectors. The 4 sectors of a 
given detector are shown with the same symbol and color. 
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Figure 3.  Left:  rup and rdown versus the x position of the hot pixel for the image set Cryo3C of 
detector B2. The large blue circles indicate the mean rdown for bins of 100 pixels in the x-direction.  
The right panel shows the relation between rup and rdown. 

This panel compares two sets of pixels which are read before the hot pixels, but at 
very different times: down-pixels are read 512 × 10.6 µS=5.5ms earlier, pre-
pixels are read 10.6 µs earlier. Most probably, these offsets are not likely 
caused by the readout chain, but rather represent true differences in intrinsic 
IPC, i.e. an asymmetry between up/down and left/right that will need to be taken 
into account when constructing a deconvolution kernel that corrects for the IPC.  
Finally, the lower panel shows rpre versus rpost. The two parameters present a 
strong asymmetry, with rpost always larger than rpre; for detector A4 and B4 the  
discrepancy is substantial. True IPC should not depend on the readout direction: 
sub-optimal tuning of the electronic chain is generally present and can 
occasionally become quite noticeable. 

5.3 Spatial Variation of the PPC 
A more detailed examination of one of the most problematic detector+ASICs systems, 
B4 (right panel of Figure 1) shows that both rup and rdown  present a very small 
spatial dependence on x. First, there is a slight uptick for x > 1500 pixels, 
followed by a downturn for x > 2000 pixels. The rpre population shows the same 
behavior. Comparable small spatial dependences can be seen in other detectors.  
In the case of B2, the left panel of Figure 3 shows rup, rdown  and binned, mean 
rdown (mean value over bins of 100 pixels in the x direction) vs. the x position: the 
spatial variations are strongly correlated. The right panel shows the nice linear 
relationship between the mean values of rup and rdown : the r values vary by up to 
0.2%. The mean binned values of rdown are slightly smaller than those for rup. A 
similar relation between the mean values of rup and rdown  can be seen for all 
detectors and amplifiers.    
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For some detectors, there is also a small population of pixels that show 
significantly smaller r values, that we denote as Population II (PopII). For example, 
PopII pixels are between 0 < x < 600 and 1300 < x < 1500 for B2 and B4, 
respectively (see Figure 1 and Figure 3). We identify PopII pixels in B4 as pixels 
with rpre,  rup,  rdown   smaller than 1.22%,  and rpost   smaller than 1.73%.   The 
different limit for rpost  is necessary since the rpost  are higher due to the readout 
effect (see Figure 1).  We apply similar cuts of 1.38% and 1.63% to rpre,  rup,  
rdown  and rpost  of B2. Figure 4 shows PopI and PopII for detector B2 and B4 in 
the upper panels, and their respective flat field frames in the lower panels. Spatial 
variations of IPC can be attributed to non-uniformity in the epoxy under fill, 
which is visible in the flat field frames. Brown et al. (2006) have shown, for InSb 
detectors, that epoxy underfill increases the correlation between adjacent  pixels  
by  about  a  factor  of  2,  the  exact  amount  depending  on  the relative 
contribution to the total capacitance by the epoxy (dielectric constant about 4.4) 
in the indium-bump-bond region vs. the multiplexer layout . 
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Figure 4 The upper left  and  right  panels  show  Population  I  and  II  positions  for detector 
B2 and B4, respectively. The lower left and right panels show flat field frames of the respective 
detectors.  

5.4 Improvements with ASIC Tuning 
During the thermal vacuum campaigns at LM-ATC, ASICs were repeatedly tuned to 
optimize their performance. Cryo3B and Cryo3C data, for example, are separated by one 
of these ASICS tuning operations. 
5.4.1 Detector B4 
Figure 5 shows the rpre and rpost values of detector B4 for image set Cryo3B (left) 
and Cryo3C (right, same as Figure 1-left, with a different scale). The Cryo3B plot 
is very similar to Cryo3C with the exception of Sector 2, which shows an 
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extremely high rpre. Clearly, the pre-pixels were ”sensing” some of the strong 
signal integrated in the next adjacent pixel. Tuning of the electronic settings 
significantly improved the behavior of amplifier 2 of detector B4 in Cycle 3C, 
but not entirely, as discussed earlier. 

 
Figure 5 This Figure shows rpre and rpost for detector B4 for image sets Cryo3B (left) and 
Cryo3C (right). 

5.4.2 Detector A1 
Moving to another detector, Figure 6 shows the rpre, rpost values of detector A1 
for image set Cryo3B (left) and Cryo3C (right).  Image set Cryo3B shows a 25% 
difference between the pre and post values, similar to the one seen in detector B4. 
However, this difference decreases to a few percent for the image set Cryo3C, 
which was taken at a later time. This is another sign hinting to an improvement of 
the situation with ASICs tuning between Cryo3B and Cryo3C. 

5.5 Flux Dependence of the PPC 
In this section, we analyze if the PPC depends on the intensity of the hot pixel. 
Figure 7 shows rpre, rpost, and rdown versus the hot pixel signal H for image set 
Cryo3C of module B4, sector S2. Qualitatively, there is no strong evidence of 
dependence on the hot pixel counts, at least within the range (5,000-15,000 DNs) 
we have considered. 
In order to obtain a quantitative estimate, we calculate the 3-sigma clipped mean 
of the r values within bins of hot pixel counts. In Figure 8, we show the PPC 
values rpre, rpost, rdown, and rup from the top left to the bottom right, 
respectively, of sector S1 for all old SW detectors. For rpre, rdown, and rup, the 
values range from 0.013 to 0.016 for the different detectors and show no 
dependence on the hot pixel signal H. The rpost values have a very wide spread, 
up to double the values at the other three adjacent pixels. When the values of 
rpost are similar to the rpre values, there is no dependence on the hot pixel signal. 
However, as the rpost values become larger, a slow decline of rpost from low to 
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high hot pixel values becomes apparent. The same can be observed for the other 
sectors. We will present a possible explanation of this flux-dependence of the 
PPC when we will discuss the data for the new detectors. 
 

 
Figure 6 This Figure shows rpre and rpost for detector A1 for image sets Cryo3B (left) and 
Cryo3C (right). 

 

Figure 7 The left panel shows rpre and rpost versus the hot pixel signal H for sector S2 of 
module B4’s image set Cryo3C. The right panel shows rdown for the same detector 



JWST-STScI-003778 
SM-12 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

- 12 - 

 

Figure 8 This Figure shows the PPC values rpre, rpost, rdown, and rup from the top left to 
the bottom right, respectively, of sector S1 for all old SW detectors. Note that there is a flux 
dependence of rpost for the detectors with large rpost values. 

6 Analysis of New Flight Detectors Using Leach Readout Electronics 
As we have already mentioned, the dataset relative to the new flight detectors can be 
used to compare n o t  o n l y  the differences between the new and old detectors, 
but also the differences between the different readout electronics (ASIC versus 
Leach). 
For the new detectors, we calculate the PPC values for the full set of 10 NIRCam 
flight detectors, including the long wavelength ones that were nearly saturated and 
unusable for this type of analysis in the Lockheed data. The data were collected at 
the University of Arizona in what are referred to as Runs 85, 86, 87 and 88, with 
collection dates of 10 July, 1 Aug, 19 Aug, and 3 Sept 2013, respectively (see 
Table 1). A g a i n ,  these data were collected using Leach readout electronics, 
rather than the ASICs. 

6.1 Measuring PPC 
We measure the PPC of this data set with slightly different algorithms than those 
used for analyzing the old detectors with ASIC electronics (see Section 4.1). 
However, both methods give quantitatively nearly identical results when applied to 
the same dataset. 
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University of Arizona provided us with sets of 25 dark current integrations of 160 
groups for the Short Wavelength detectors, and similar sets of 40 dark ramps for 
the Long Wavelength detectors. In order to remove cosmic rays and any other 
transient signal, we created a mean “superdark” for each detector. For each pixel, 
we calculated the sigma-clipped mean and the robust standard deviation of the 
25 (or 40) input integrations, saving these values as the mean and uncertainty 
values. We used the difference of groups 2 and 160 as input to the IPC calculations. 
This difference represents 1674.8 seconds of exposure time. 
To locate all of the isolated hot pixels with high signal-to-noise, we kept only hot 
pixels having a signal between 2000 DN and 16500 DN, and which were at least 5 
pixels away from any other hot pixel. In addition, we checked the signal in the 4 
pixels immediately adjacent to all hot pixels, and ignored any hot pixel with an 
immediate neighbor containing more than 3% of its flux. Using this method we 
ended up with a collection of several hundred isolated hot pixels for each detector 
(see the 3rd column of Table 3 for a list of the number of hot pixels used for 
each detector.) 
Table 3 This Table shows the r values determined using the new SW and LW flight 
detectors read out with the LEACH electronics. The r values are in percent.  N is the 
number of hot pixels used in the analysis. 

Detector Sector N rpre(%) rpost(%) rup(%) rdown(%) 

A1 S1 108 0.8148 ± 0.0109 0.5788 ± 0.0067 0.6188 ± 0.0076 0.6169 ± 0.0072 

A1 S2 147 0.8116 ± 0.0096 0.5906 ± 0.0068 0.6313 ± 0.0081 0.6344 ± 0.0080 

A1 S3 157 0.8019 ± 0.0078 0.5636 ± 0.0054 0.5968 ± 0.0064 0.6035 ± 0.0057 

A1 S4 126 0.9002 ± 0.0117 0.6518 ± 0.0063 0.6980 ± 0.0077 0.7111 ± 0.0069 

A2 S1 39 0.6614 ± 0.0092 0.6369 ± 0.0089 0.6380 ± 0.0095 0.6535 ± 0.0125 

A2 S2 89 0.6771 ± 0.0098 0.6658 ± 0.0085 0.6676 ± 0.0115 0.6668 ± 0.0107 

A2 S3 112 0.6347 ± 0.0063 0.6220 ± 0.0046 0.6262 ± 0.0061 0.6324 ± 0.0060 

A2 S4 71 0.6793 ± 0.0099 0.6624 ± 0.0100 0.6754 ± 0.0106 0.6920 ± 0.0113 

A3 S1 135 0.5953 ± 0.0052 0.5827 ± 0.0049 0.5751 ± 0.0049 0.5799 ± 0.0050 

A3 S2 117 0.5876 ± 0.0051 0.5669 ± 0.0045 0.5611 ± 0.0046 0.5653 ± 0.0046 

A3 S3 68 0.6415 ± 0.0116 0.6268 ± 0.0100 0.6151 ± 0.0087 0.6224 ± 0.0089 

A3 S4 94 0.6397 ± 0.0060 0.6131 ± 0.0060 0.5964 ± 0.0059 0.6011 ± 0.0054 

A4 S1 46 0.6903 ± 0.0105 0.6809 ± 0.0096 0.6129 ± 0.0094 0.6252 ± 0.0099 

A4 S2 109 0.7277 ± 0.0087 0.7135 ± 0.0076 0.6614 ± 0.0081 0.6674 ± 0.0074 

A4 S3 70 0.6982 ± 0.0080 0.6924 ± 0.0083 0.6509 ± 0.0079 0.6586 ± 0.0081 

A4 S4 32 0.6471 ± 0.0104 0.6318 ± 0.0101 0.6119 ± 0.0093 0.6155 ± 0.0092 

B1 S1 64 0.8306 ± 0.0147 0.6219 ± 0.0110 0.6382 ± 0.0087 0.6513 ± 0.0098 

B1 S2 65 0.8480 ± 0.0152 0.6032 ± 0.0093 0.6577 ± 0.0103 0.6621 ± 0.0100 
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Detector Sector N rpre(%) rpost(%) rup(%) rdown(%) 

B1 S3 89 0.7782 ± 0.0117 0.5582 ± 0.0065 0.6195 ± 0.0063 0.6310 ± 0.0064 

B1 S4 87 0.7941 ± 0.0088 0.5641 ± 0.0066 0.6257 ± 0.0063 0.6424 ± 0.0068 

B2 S1 37 0.6336 ± 0.0115 0.6186 ± 0.0108 0.5478 ± 0.0083 0.5448 ± 0.0094 

B2 S2 47 0.6269 ± 0.0126 0.6111 ± 0.0098 0.5325 ± 0.0089 0.5337 ± 0.0084 

B2 S3 45 0.5887 ± 0.0080 0.5860 ± 0.0071 0.5260 ± 0.0072 0.5257 ± 0.0078 

B2 S4 37 0.6297 ± 0.0115 0.6073 ± 0.0075 0.5549 ± 0.0078 0.5688 ± 0.0089 

B3 S1 71 0.6036 ± 0.0101 0.5911 ± 0.0088 0.5493 ± 0.0075 0.5584 ± 0.0080 

B3 S2 98 0.6071 ± 0.0061 0.5838 ± 0.0049 0.5500 ± 0.0057 0.5624 ± 0.0053 

B3 S3 106 0.6260 ± 0.0054 0.6117 ± 0.0038 0.5847 ± 0.0061 0.5923 ± 0.0054 

B3 S4 106 0.6514 ± 0.0057 0.6270 ± 0.0043 0.6258 ± 0.0050 0.6277 ± 0.0051 

B4 S1 54 0.6334 ± 0.0077 0.6297 ± 0.0073 0.6067 ± 0.0071 0.6090 ± 0.0068 

B4 S2 66 0.6591 ± 0.0068 0.6463 ± 0.0061 0.6269 ± 0.0064 0.6325 ± 0.0066 

B4 S3 57 0.6935 ± 0.0090 0.6932 ± 0.0075 0.6749 ± 0.0104 0.6812 ± 0.0095 

B4 S4 66 0.6746 ± 0.0076 0.6670 ± 0.0068 0.6694 ± 0.0058 0.6735 ± 0.0082 

ALONG S1 399 0.6935 ± 0.0049 0.6906 ± 0.0046 0.6935 ± 0.0043 0.7054 ± 0.0044 

ALONG S2 499 0.6684 ± 0.0046 0.6542 ± 0.0040 0.6844 ± 0.0037 0.6923 ± 0.0037 

ALONG S3 503 0.6327 ± 0.0036 0.6338 ± 0.0031 0.6775 ± 0.0032 0.6864 ± 0.0033 

ALONG S4 442 0.6225 ± 0.0032 0.6123 ± 0.0030 0.6914 ± 0.0033 0.7029 ± 0.0034 

BLONG S1 506 0.5979 ± 0.0043 0.5995 ± 0.0040 0.6265 ± 0.0046 0.6326 ± 0.0047 

BLONG S2 645 0.5851 ± 0.0034 0.5659 ± 0.0029 0.5832 ± 0.0030 0.5885 ± 0.0029 

BLONG S3 669 0.6328 ± 0.0042 0.6265 ± 0.0039 0.6250 ± 0.0036 0.6320 ± 0.0037 

BLONG S4 463 0.6941 ± 0.0046 0.6718 ± 0.0041 0.6875 ± 0.0039 0.6944 ± 0.0041 

 
With a population of isolated hot pixels in hand, we extracted a 3x3 pixel box around 
each hot pixel, and normalized each of the 9 signals by the signal in the central, hot 
pixel. Finally, we calculated the ratios presented in Equations 5-8. 

6.2 PPC Symmetry 
Let’s first investigate if the new flight detectors with Leach controller present the 
same large differences between rpost vs. rpre, and rup vs. rdown that we see for 
the ASIC-controlled old flight detectors. Figure 9 shows the r values for one of 
the new flight detectors, A1, versus the x position. Opposite to what we see in 
Figure 1 for the old detectors, rpre  is significantly larger than the other t h r e e  
r values. However, it turns out that only A1 and B1 show this behavior,  the 
other detectors showing no obvious qualitative differences between the four r 
values (see Figure 10); also the lower-order spatial variations are similar in the four 
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r values, with the exception of A1 and B1. These two detectors have been read out 
with the same channel of the electronic chain, hinting that the anomalous results 
stem from the readout electronics. 
Figure 11 is similar to Figure 2. For each detector, the top-left panel plots 4 r 
values a v e r a g e d  o v e r  sectors. For all detectors, rup and rdown are similar, 
with rup slightly more elevated, on the order of 0.01%.  The top-right panel 
shows that the relation between rpre and rdown is quite scattered. While the SW 
detectors typically show rpre values elevated compared to rdown, the ALONG 
detector shows the opposite, as well as BLONG in one of its sectors. Finally, the 
bottom panel shows the most surprising result: rpre is generally higher than rpost, 
significantly for detectors A1 and B1, just marginally for the other detectors. This 
is the opposite of what was described earlier for the ASIC-controlled old detectors 
(see lower panel of Figure 2), which show significantly larger rpost for all detectors. 
A n  explanation could be that the sample and hold signal to the ADC is 
maintained after addressing the next pixel. 
The fact that a strong linear correlation is present between rup versus rdown and 
rpre versus rpost, at least for the majority of detectors, while rpre versus rdown 

appear scattered provides a very strong evidence that the PPC is not the same 
between the x and y direction, and that this difference depends on each detector. 
 

 
Figure 9 The left and right panels show rpre, rpost and rup, rdown, respectively, versus the x 
position of the hot pixel for the Run 86 image set of new flight detector A1. The elevated 
values of rpre are due to the readout electronics used for the data collection. 
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Figure 10 Same plots as shown in figure 9, but for new flight detector B3 using image set 
Run 85. Note the gradual increase in PPC with x, and also the Population II pixels for x 
∼1000. 

6.3 Spatial Variation 
Similar to what was seen in the old detectors, the new detectors also show 
some modest spatial variation in the measured PPC across the NIRCam detectors, 
typically on the order of 0.1%. For example, rup and rdown increase from ∼0.5% to 
∼0.7% from x = 1100 to x = 2000 for detector A1 (see right panel of Figure 9). 
Similar increases are also visible in the A2, A3, ALONG, B1, B3 and BLONG 
detectors with spatial scales that vary from detector to detector. 
Another type of spatial variation is the occurrence of localized areas where the r 
value drops significantly below the average. We denoted this population as PopII 
in Section 4.3. Figures 10 and 13 show this effect in detectors B3 and 
ALONG, respectively. Note the small collection of pixels below the main 
population centered around x = 900 for B3 and a similar population around x = 
1000 for ALONG. Figure 14 shows a map of the isolated hot pixels for these two 
detectors, with the PopII pixels marked in red. The lower than average ratios in 
this area implies a localized decrease in capacitive coupling between pixels. Also 
in this case we suspect that this may be due to local  var iat ions in the density 
of the epoxy backfill between the Indium bumps. The A4 detector also displays 
this behavior in the same general area. Detector B4 shows a similar area of low 
ratio signal pixels in a slightly different location (shifted downwards by ∼200 
rows). 
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Figure 11 Similar to Figure 2, but for the new flight detectors controlled by Leach data. For 
each detector, we have 4 r values averaged from the values measured in each individual 
sector, shown with the same symbol and color. 
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Figure 12 Same plots are shown in Figure 9, but with the new flight detector ALONG. 

 

 
Figure 13 Location on the detector of all of the new flight detector’s B3 and ALONG hot 
pixels used in this analysis. Pixels marked in red indicate those with the anomalously low 
IPC values seen in figures 10 and 13. 
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Figure 14 rpre plotted versus the signal level in the central, hot pixel for new flight detector 
B3. Note the general increase in PPC with increasing signal. This trend was seen in all 10 
flight detectors. The panel on the right shows the results of a best-fit line to the PPC values. 

6.4 Flux Dependence 
Figure 15 shows the same rpre  values for detector B3 as in Figure 10, but 
plotted versus the measured signal in the central hot pixel, with different colors 
representing the four sectors of the detector. These plots show that the PPC 
increases slowly with the signal level. Similar behavior is observed in all 10 flight 
detectors. To characterize this dependence we calculate the slope of the 
population of PPC values. In order to minimize contamination from the high-
PPC pixels, we first divide the points in Figure 15 into 2000 DN-wide bins and 
create a histogram of the PPC values for the points in each bin. The values 
corresponding to the peaks of the histograms are then used in the line-fitting 
algorithm. 
Figure 15 shows the best-fit line calculated for detector B3, plotted on top of the 
population of rpre  points. Performing this binning and line-fitting on all 10 

detectors returns slopes ranging between 5 × 10
−8

 and 9 × 10
−8

. If these slopes are 
representative of the full s i g n a l  s w i n g , the magnitude of the PPC in a pixel 
with a signal of 40000 DN will be larger by 0.18% to 0.32% than if the same pixel 
has a signal of only 5000 DN. 
A possible explanation for this phenomenon may be found in the basic behavior 
of an IR detector. After reset, each pixel establishes a certain depletion region 
where a strong electric field collects photo-generated charges. As the 
integration proceeds, the depletion region gets smaller while the nearby ones 
remain nearly intact. In this situation, thermally generated electrons may drift to a 
nearby pixel before being collected by their own gate, producing an apparent 
flux-dependent IPC. 
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7 Summary and Discussion 
Our analysis of isolated hot pixels in the old generation of NIRCam detectors, 
read through the ASICs boards, shows: 

• The PPC value rpost of the pixel read out immediately after the hot pixel 
has significantly higher values, up to a factor of two, compared to the 
other 3 pixels adjacent to the hot pixel. This may be caused by sub- 
optimal RC parameters in the ASIC circuitry. 

• rpost also shows a flux dependence, decreasing with increasing hot pixel 
signal. If still present after final optimization, this may eventually require 
an additional correction step. 

• There is a low-order spatial dependence of r, of the order of 5-15% of the 
typical r values. This low-order spatial dependence is similar for all rpre, 
rup, rdown, and rpost. This is observed for both the new and old flight 
detectors. 

• There are also well-defined areas in some of the detectors that have 
significantly lower r values (typically by a factor of 1.5) compared to the 
rest of the detector. 

For the new detectors, with Leach controllers: 
• The values of rup and rdown are virtually the same, with very small offsets 

on the order of 0.01%. The same is true for rpre and rpost for 8 out of 10 
detectors. However, there is a significant discrepancy between the old and 
new detectors:  the rpre /rpost  appear reversed, with more correlated flux in 
the pixel read before the hot pixel than in the pixel read after. 

• rpre is abnormally higher for detectors A1 and B1, which are read out 
with the same electronics box. The other detectors do not show this anomaly. 
This suggests that there was a hardware problem with the  tun ing  o f  one  
channe l  o f  the Leach  electronics, similar but opposite in sign to the 
problem present with the ASICs at Lockheed Martin. 

• Certain detectors also present localized areas with lower r values. 
• There are indications of a small dependence on the hot pixel signal, with 

r increasing with the hot pixel signal 
• The IPC of the new detectors is generally about half that of the old 

detectors. 
As some of these effects produce  variations of ∼10% in the IPC value, it may be 
necessary to develop a deconvolution kernel symmetrical in x and y that takes 
into account both the spatial and flux-dependent variations.  
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