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1 Abstract 
We characterize the properties of the readnoise and 1/f -noise in the f i r s t  
g e n e r a t i o n  o f  NIRCam flight detectors using data taken during the two 
last cycles of cryogenic tests at Lockheed Martin ATC. We describe how we 
can separate the effects of the 1/f -noise from the readnoise, and derive the time 
dependence of the 1/f -noise. We find that the 1/f -noise strongly correlates 
between the amplifiers of a given detector. We derive readnoise images for all 
SW detectors, and find reproducible spatial structures at the 10–20% level 
down to small spatial scales of 10s of pixels. These spatial structures do not 
significantly change on time scales of months. 

2 Introduction 
There are many sources that contribute to the noise of the measurement of a 
NIRCam pixel value, e.g. the poisson noise associated with the signal, dark cur- 
rent, readnoise, and 1/f noise. In this report, we focus on the properties of the 
readnoise and 1/f -noise. These effects have been deeply investigated in the framework 
of Fourier-analysis (Rauscher et al. 2012, Proc SPIE 8453, Robberto 2014 JWST-STScI-
003852). In this report, we focus on the spatial characteristics of the readnoise and 1/f –
noise, that of course are correlated with the time sequence. A spatial analysis may show 
more clearly different characteristics of the noise and motivate other correction strategies 
than Fourier-filtering of the signal.  W e  a s s u m e  the readnoise is a gaussian-like 
noise. The 1/f -noise is an additional noise likely introduced by instability in some 
common reference voltage (see JWST-STScI-003852 On The Reference Pixel 
Correction Of NIRCam Detectors), and contributes on all time-scales with 1/f power 
spectrum. These are the dominant noise sources in dark frames, and our general 
approach is to do a statistical analysis of the differences of back-to-back groups. 
In these differences, separated by about 10.7 seconds, the shot noise of the dark 
current is negligible, and any common offset by the dark current or the frame-
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by-frame reset is removed. The main difficulty is to separate the properties of 
the readnoise from that of the 1/f -noise. 
For this analysis we have considered NIRCam data collected during the two last 
cycles of cryogenic tests at Lockheed Martin ATC, which we denote as Cryo2 
and Cryo3. Table 1 lists the images we used and their most important 
properties like test procedure, the date the images were taken, and the job # 
identifying the fits files. All images were read out with the ASIC controller. We 
concentrate on the Short Wavelength detectors, since the Poisson noise due to 
straylight made the analysis of the Long Wavelength detector images infeasible. 
The detectors used in these cryo tests have since been replaced by a second 
generation of detectors, which have been recently tested at GSFC for the ISIM 
CV2. This analysis can then be repeated with the new data from the new chips 
with the same standalone python scripts used for this study. 
This report is organized as follows: we define the mathematical framework and 
notation in Section 3.1, and describe a way to separate the readnoise from the 1/f 
-noise in Section 3.2. Then we discuss the properties of the 1/f -noise in Section 3.3. 
We describe how we create readnoise images in Section 4.1; discuss their spatial 
structure in Section 4.2, and their time dependence in Section 4.3. We conclude 
with a discussion in Section 5. 
 
Table 1 Summary of the different image sets used for analysis. We only use images from the SW 
detectors, since straylight made the analysis of the LW detector images unfeasible. 

Cryo 
Run/Set 

Cryo 
Task Detector Readout # Groups Dates Job # 

Cyro2 D6 Old SW ASIC 108 2012-11-22 11440 

Cyro3 D6 Old SW ASIC 108 2013-03-24 
2013-03-25 

17888, 17895,17896, 
18061, 18063 

 

3 Determining Readnoise and 1/f-noise 

3.1 Defining Readnoise and 1/f-noise 
The flux F in a pixel at position 𝑥,𝑦 in group g in a dark frame has 
contributions from the readnoise 𝐹!  and the 1/f –noise (𝐹1/𝑓). For all 
practical purposes, the contribution of the dark current is effectively zero in our 
analysis, and we omit to indicate it for brevity and clarity. Although we cannot 
unambiguously identify counts due to readnoise and those due to 1/f noise, we can 
write their sum as: 
 
𝐹 𝑔, 𝑦, 𝑥 = 𝐹! 𝑔, 𝑦, 𝑥 + 𝐹!/!(g,y,x) (1) 
 



JWST-STScI-004118 
SM-12 

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

To verify that this is the current version. 
 

 - 3 - 
 

The 1/f -noise is not constant, but it is a time-dependent contribution. 
Therefore, in order to simplify some of the following calculations by removing 
one dimension, we define 
 
𝑧 = 𝑁!𝑦 + 𝑥 (2) 
 
where z is the counter in the order of how the pixels are read out. This means 
that ∆𝑧=𝑧!−𝑧!  is proportional to the time elapsed between the readout of the 
two pixel at position z1 and z2, and we therefore use  𝛿𝑧 in the following as time 
parameter. We note that for ∆z>𝑁! the extra clock cycles between each row needs 
to be taken into account when converting ∆z into time. We can now define the 1/f -
noise between two pixels read out ∆z apart as 𝜎!/! ∆𝑧 . 

3.2 Separating Readnoise from 1/f-noise 
The counts in the difference can be expressed as 
 
𝐷 𝑔!,𝑔!,𝑦, 𝑥 =   𝐹 𝑔!,𝑦, 𝑥 − 𝐹 𝑔!,𝑦, 𝑥  (3) 
                                                        = 𝐹! 𝑔!,𝑦, 𝑥 − 𝐹! 𝑔!,𝑦, 𝑥 +   𝐹!/! 𝑔!,𝑦, 𝑥 −   𝐹!/! 𝑔!,𝑦, 𝑥   (4) 
 
Taking the difference of different groups removes all pixel-to-pixel differences in 
bias offsets. For purely practical reasons, we always choose 𝑔! = 𝑔!+1  in the 
following.  For a given 𝑔!(and 𝑔! = 𝑔!+1), we can calculate the 3σ-clipped 
spatial mean 𝐷   𝑔!,𝑔!  and its standard deviation 𝜎!.  By allowing 𝐷  to be non-
zero, we take out any common pedesta l  pat tern (e.g. the frame reset offset) 
between the two groups. The variance 𝜎!!  of 𝐷   is then 
 
𝜎!! = 2𝜎!! + 𝜎!/!! (Δ! = 𝑁!𝑁!) (5) 
 
Using the standard deviation σD̄ to calculate σR will significantly overestimate σR 

since the 1/f noise over the time an image is read out Δ! = 𝑁!𝑁! is large. We 
therefore use a different approach. We calculate another difference image, E, 
which is a difference of two difference images, the original one and its copy 
shifted in time by an amount given by ∆𝑦,∆𝑥 We can then decompose this into 
separate terms that are functions of the read noise and the 1/f noise: 
 
𝐸 𝑔!,𝑔!,∆𝑦,∆𝑥 =   𝐷   𝑔!,𝑔!,𝑦 + ∆𝑦, 𝑥 + ∆𝑥 − 𝐷 𝑔!,𝑔!,𝑦, 𝑥  (6) 
                                                                  = ∆𝐹!   + ∆𝐹!/! (7) 
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The mean of the ∆𝐹!   term is zero with a variance of 4𝜎!^2.  Let’s look at the 
∆𝐹!/!term, and rearrange it: 

∆𝐹!/!   =    (𝐹!/!(𝑔!,𝑦 + ∆𝑦, 𝑥 + ∆𝑥)− 𝐹!/!(𝑔!,𝑦 + ∆𝑦, 𝑥 + ∆𝑥))  –   
                 𝐹!/! 𝑔!,𝑦, 𝑥 −   𝐹!/! 𝑔!,𝑦, 𝑥 ) (8) 

                        =    (𝐹!/!(𝑔!,𝑦 + ∆𝑦, 𝑥 + ∆𝑥)− 𝐹!/!(𝑔!,𝑦, 𝑥))  –   
                 𝐹!/! 𝑔!,𝑦 + ∆𝑦, 𝑥 + ∆𝑥 −   𝐹!/! 𝑔!,𝑦, 𝑥 ) (9) 
 
By rearranging the F1/f so that the differences are within a group shows that in this double 
difference, the ∆F1/f term is zero with a variance of  2𝜎!/!! Δ𝑧 = Δ𝑥 + 𝑁!Δ𝑦 . Then the 
variance 𝜎!

! Δ𝑧  of the mean of 𝐸 𝑔!,𝑔!  is 
 
𝜎!!(∆𝑧) = 4𝜎!! + 2𝜎!/!! (Δ! = ∆𝑥 + 𝑁!∆𝑦) (10) 
 
For example, if we choose ∆y = 0 and ∆x = 1, we probe the 1/f-noise on the time 
scale of the read out of ∆z = 1 pixel! Figure 1 shows 𝜎!versus ∆z for different g1 
and two dark frames taken back-to-back of the same amp 1 of detector A1. Here 
and in the following analysis, we always choose g2 = g1 + 1. The values of 𝜎!   are 
virtually the same, and we conclude that our measurements of 𝜎!, and thus the 
readnoise properties, are robust and do not change on time scales of different 
groups and frames taken within the same experimental setup. In this initial 
implementation, the shift is not circulant to the next row. We address the evolution 
over longer time scales in Section 4.3. 
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Figure 1 This figure shows  𝝈𝑬versus ∆z for different g1 = 1, 40, 80 and two dark dark frames taken 
back-to-back (Job# 17888 and 17889) of amplifier 1 of detector A1. The frames were taken during 
Cryo3.  

In Figure 2 we show 𝜎!   for different amplifiers. In this Figure only, we also indicate the 
measurements with solid symbols. We calculate 𝜎!(∆z) in steps of one up to ∆z = 15; the 
saw-tooth pattern that can be observed in this range indicates that the 1/f-noise shows a 
dependence on odd-even columns, which has been observed previously (Rauscher et al. 
2012, Proc SPIE 8453). The fact that we cannot see the saw- tooth pattern for ∆z > 15 is 
just an artifact since we probed ∆z in multiples of 10 for ∆z > 15, therefore sampling only 
even pixels. 
In Appendix A, Figures 7 and 8, we show 𝜎!(∆z) for all SW detectors and amplifiers. In 
general, we can make two observations: 

1. The shape of the 𝜎!(∆z) dependence is very similar for amplifiers of the same 
detectors, with only different offsets.  

2. For some of the detectors (A1, A2, A3, B2) is very similar, while for other 
detectors (A4, B1, B3) they vary in strength and even pattern (B4).  

In order to investigate this behavior, we try to separate 𝜎!  and 𝜎!
!

. For a given detector 

and amplifier, the effective basic readnoise σR0 that we can theoretically achieve is at the 
minimum of 𝜎!(∆z), i.e. we assume that at that minimum 𝜎!(∆z) = 0. Using Equation 10 
we can then calculate 
 
𝜎!! = 0.5  minimum(𝜎!(∆𝑧)) (11) 
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Figure 2 This figure shows 𝝈𝑬(∆z) of detector A1 derived from the Cryo 3 dark frame with job# 
17888. 

We then estimate the 1/f-noise using Equation 10 as 

𝜎!/!! ∆𝑧 = 0.5𝜎!
! − 2𝜎!!!  (12) 

Figure 3 shows the derived σ1/f (∆z) for all detectors and amplifiers. 
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Figure 3 This Figure shows the 𝝈𝟏/𝒇 𝚫𝒛  dependence for all detectors and amplifiers. Frames from 
Cryo 3 with job # 17888 and 18063 were used for modules A and B, respectively. 

3.3 1/f-noise Properties 
Figure 3 shows that for the majority of the detectors, 𝜎1/𝑓 Δ𝑧  is similar for the four 
amplifiers. Even for the detectors for which there are differences (e.g., A4 and B4), a 
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small adjustment of σR0 can bring them also to very good agreement. We also note that 
A4 seems to have a very strong odd-even dependence for some of its amplifiers. 
The similarity of 𝜎1/𝑓 Δ𝑧  for a given detector for all amps is actually an important fact 
for the following reason: the middle two amplifiers do not have their own reference 
pixels. Therefore they can only be properly corrected if the bias drift is the same for all 
amplifiers. The behavior here is first evidence that this is indeed the case, and additional 
preliminary analysis that is described in another TR (in prep.) confirms this. 

4 Readnoise Images 
In this section, we investigate the spatial structure of the readnoise, how robust and stable 
its determination is, by how much it depends on the 1/f-noise, and by how much it 
changes over time. 

4.1 Creation of Readnoise Images 
We take the difference between two subsequent frames (see Equation 3) and we calculate 
the spatial mean and standard deviation 2𝜎!,!""  for boxes with side length bx and by in x 
and y direction, respectively. The mean provides the effective readnoise, whereas its 
standard deviation consists of two parts: 
 
𝜎!,!""! 𝑏!,𝑏! = 2𝜎!!! + 𝜎!/!,!""! 𝑏!,𝑏!  (13) 
 
The effective 1/f-noise depends on the box dimensions (Note that square boxes are more 
sensitive to the low-frequency spectrum than the one-dimensional lines). For example, if 
by = 1, then at most the 1/f-noise is 𝜎1/𝑓 Δ𝑧 = 𝑏𝑥  for the two pixels at the respective ends 
of the box, but on average it is smaller. 
In the following, we consider two readnoise images: one was created using boxes with 
sizes of by,bx = 1,64, and the other with by,bx = 64,64. We can expect that the values in 
the readnoise images created with by = 64 are larger, since they contain a larger 
contribution of 1/f-noise. 

4.2 Spatial Structures of Readnoise Images 
The upper panels of Figure 4 show two readnoise images for A1, created from two back-
to-back Cryo3 dark frames (job # 17895 and 17896) using by,bx = 1,64 boxes. Both 
images show the same structure, even down at scales of tens of pixels, where it could 
have been mistaken as poisson noise peaks. Clearly, the structure on these images is real, 
indicating that the readnoise is spatially variable. 
The lower left and right panels of Figure 4 show the readnoise image of detector B2, 
created with by , bx = 1, 64 and by , bx = 64, 64 boxes from the Cryo3 dark frame with job 
# 18061, respectively. Again, both images show the same structure. The horizontal stripes 
in the by , bx = 64, 64 image are residuals of the long time scale 1/f-noise. They are 
visible since the poisson noise in this readnoise image is very small due to the large box 
size. 
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Figure 5 shows the 𝜎!,!""relations in a more quantitative way, using 𝜎!,!""derived from 
two back-to-back dark frames of detector A1. In the left panel, the blue and red dots 
indicate readnoise values determined with by,bx = 1,64 and by , bx = 64, 64 boxes, 
respectively. The blue dots show a larger spread since they have a larger poisson noise 
due to the smaller box size. Both the red and blue dots follow a linear relation with slope 
1 through 0, indicating that not only the structure, but also the amplitude of the readnoise 
does not change over small time scales. We note that the readnoise values have an 
intrinsic spread on the order of 20%, and therefore the spatial structure of the readnoise 
needs to be taken into account when reducing the data. 
The x of the right panel of Figure 5 is always the 𝜎!,!""derived from the dark frame with 
job # 17895 using by , bx = 64, 64. For y, we show the 𝜎!,!""derived from the dark frame 
with job # 17896 using by, bx = 64, 64 and by, bx = 1, 64 with the red and blue dots, 
respectively. Note that the red dots are the same in the left and right panel. The blue dots 
show again a linear relation, but this time the slope is not 1. Our hypothesis is that the 
difference between the by,bx = 64,64 and by,bx = 1,64 readnoise is a constant 1/f term. We 
find that if we add σ1 = 2.95 quadratically to the 𝜎!,!""of the by , bx = 1, 64 readnoise 
(cyan dots), the relation is consistent with a linear relation with a slope of 1 and through 
the origin. 
We also note that, as expected, the readnoise values derived with the by , bx = 64, 64 box 
are significantly larger than the ones derived with the by , bx = 1, 64 due to the larger 
contribution by the 1/f-noise. The readnoise images of all detectors are shown in 
Appendix B. 
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Figure 4 The upper panels show readnoise images using by,bx = 1,64 boxes, created from back-to-
back A1 dark frames taken during Cryo3. The lower panel show the readnoise image for B2, created 
from the same dark frame (job # 18061), but with by, bx = 1, 64 and by, bx = 64, 64 boxes for the left 
and right panel, respectively. The upper panels have a gray scale range from 5.2 to 6.9 ADU. The 
lower left and right panels have a gray linear scale from 4.1 to 5.4 and 5.3 to 6.1 ADU, respectively. 
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Figure 5 The left panel shows 𝝈𝑹,𝒆𝒇𝒇derived from the Cryo3 dark frames of detector A1 with job # 
17896 and # 17895 for box sizes by,bx = 1,64 (blue dots) and by,bx = 64,64 (red dots). For the right 
panel, the x values are the 𝝈𝑹,𝒆𝒇𝒇derived from the dark frame with job # 17895 using by , bx = 64, 64. 
The y values are the 𝝈𝑹,𝒆𝒇𝒇derived from the other dark frame using by , bx = 64, 64 (red dots) and by , 
bx = 1, 64 (blue dots). The cyan dots indicate the 𝝈𝑹,𝒆𝒇𝒇of by , bx = 1, 64 with a 1/f -noise term of σ1 = 
2.95 added quadratically. Note that we only show pixel values of a grid spaced by 20 pixels in x and y, 
since otherwise the plot would be unreadable. 

4.3 Time Dependence of Readnoise Images 
The dark frames in Cryo2 and Cryo3 were taken 4 months apart. Therefore we can use 
these images to test by how much the spatial readnoise structure changes over such time 
scales. The upper penales of Figure 6 show readnoise images from Cryo2 and Cryo3 in 
the left and right panel, respectively. Even though the Cryo2 readnoise image is noisier, it 
is still visible that the readnoise structure is very similar. In the lower panel of Figure 6, 
we compare the readnoise from the different cryo runs for both by,bx = 1,64 (red dots) 
and by,bx = 64,64 (blue dots) boxes. There is still an excellent linear relation between the 
two readnoise images, with only marginally more scatter than when readnoise images of 
the same cryo run are compared (see left panel of Figure 5). In addition, the Cryo2 values 
seem to be a little higher, but the slope of the linear relation is still 1. 
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Figure 6 The upper left and right panel show readnoise images of detector A1 derived from Cryo2 
(job # 11432) and Cryo3 (job # 17895) dark frames, respectively. The readnoise was determined 
using a by,bx = 64,64 box. The linear gray scale in the upper panels range from 6.2 to 7.4 ADU. The 
lower panel shows 𝝈𝑹,𝒆𝒇𝒇of these two images for box sizes by , bx = 1, 64 and by , bx = 64, 64 with 
blue and red dots, respectively. Even though these images were taken 4 months apart, a nice linear 
relation is still obvious. (Compare to left panel of Figure 5). 
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5 Discussion 
We investigate the read noise and 1/f-noise properties in the NIRCam detectors used 
during the two last cycles of cryogenic tests at Lockheed Martin ATC. We show that is 
possible to isolate the 1/f-noise by analyzing a double difference of dark frames, and 
calculate the time-dependence of the 1/f noise. The 1/f noise shows a strong correlation 
between the amplifiers of a given detector, independent of the individual amplifier gains. 
The readnoise images we construct show spatial structure on the 10–20% level down to 
very small spatial scales of tens of pixels. They are robust and reproducible even over 
time scales of months. 



JWST-STScI-004118 
SM-12 

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

To verify that this is the current version. 
 

 - 14 - 
 

Appendix A. 𝝈𝑬For All SW Detectors And Amplifiers 
 
We show the 𝜎! Δ𝑧 for all amplifiers of module A and B in Figures 7 and 8, respectively. 

 
Figure 7 The 𝝈𝑬 𝚫𝒛  dependence for all detectors of module A derived from the Cryo3 dark frame 
with job # 17888. Groups g1 = 1 and g2 = 2 were used. 
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Figure 8 The 𝝈𝑬 𝚫𝒛  dependence for all detectors of module A derived from the Cryo3 dark frame 
with job # 18063. Groups g1 = 1 and g2 = 2 were used. 
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Appendix B. Readnoise Images for All Detectors 
We show the readnoise images for module A and module B determined with by , bx = 1, 
64 boxes in Figure 9 and 10, respectively. 

 
Figure 9 Readnoise images for module A, derived from the Cryo3 dark frame image with job # 17895 
using a box size with by , bx = 1, 64. 
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Figure 10 Readnoise images for module B, derived from the Cryo3 dark frame image with job # 
18061 using a box size with by , bx = 1, 64. 

 


