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ABSTRACT 
Using data taken during WFC3's Thermal Vacuum 2 (TV2) testing campaign, we have 
characterized the dark current in the IR Channel, which contained IR-1 (FPA129).  Data 
were taken using all supported sample sequences.  Gaussian fits to dark current 
histograms reveal peak values between 0.022 – 0.095 e-/sec/pixel at an operating 
temperature of -123oC.  The range of values decreases to 0.019 – 0.057 e-/sec/pixel at -
125.4oC.  Both of these temperatures are above the nominal on-orbit operating 
temperature of -128oC.  Sample sequences with the longest exposure times (and highest 
SNR) returned values at the low end of this range.  Sample sequences with shorter 
exposure times returned values in the upper part of this range.  Subarray ramps showed 
behavior consistent with the full frame ramps.  Peak dark current values were observed 
to decrease 15 – 20% for a decrease in FPA temperature of 2.5oC.  

 

Introduction 
  The Wide Field Camera 3 (WFC3) underwent a second round of thermal vacuum 

testing (TV2) during the summer and autumn of 2007.  This testing was completed using 
the flight spare, IR-1 (FPA129) in the IR channel while the flight detector was under 
construction.  Nevertheless, we used TV2 to characterize the dark current of IR-1, 
following much the same testing procedure to be used on the flight detector in TV3. 

 During TV1 testing in 2004, the dark current behavior of IR-2 (FPA64) was found 
to be dependent upon FPA temperature.  During many ramps, a sinusoidal variation in the 
FPA temperature resulted in a highly variable dark current. (Hilbert and Robberto, 2005)  
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Prior to TV2, in data taken at Goddard Space Flight Center’s Detector Characterization 
Lab (DCL) IR-1 exhibited much more stable behavior, due to better control of the FPA 
temperature.  One of our high priorities in TV2 was to confirm the stability of IR-1 dark 
current. 

 The other TV2 goal related to dark current data collection was to obtain dark 
current ramps using each of the sample sequences to be available to general observers 
subsequent to launch.  These sample sequences are detailed in the WFC3 ISR 2006-06 
(Petro and Wheeler, 2006).  Using these ramps, not only were we able to characterize the 
dark current behavior individually for each sample sequence, but we also constructed a 
series of median dark current ramps that can function as dark current calibration files for 
FPA129 data.  This exercise will be repeated with the flight IR detector in early 2008 
during TV3 testing, in order to produce the initial dark current calibration files for early 
on-orbit observations. 
 

Data 
All of the data collected and analyzed for this study were the products of Science 

Mission Specification (SMS) scripts.  Each script described the instrument configuration 
used for a subset of the data.  In most cases, SMSs were run multiple times during TV2.  
Table 1 lists the characteristics of the data collected with each SMS.  All data specified 
by these SMSs produced files with an identical format.  Each file contained a ramp of 
data. This ramp was composed of 16 individual reads that sampled the detector at 16 
different times during the integration.   

 
SMS Name Sample Sequences Execution Dates 

(day of year) 
IR01S13 SPARS and RAPID 181, 194, 207 

IR01S14 STEP 181, 194 

IR01S15 MIF 182, 195 

IR01S16 SPARS100 197, 198, 208, 214, 
 218, 221 

IR05S13 RAPID and SPARS10 182, 218 

Table 1:  Data collected as part of the IR dark current analysis during TV2. 
 
Data from 5 SMSs contributed to the dark current characterizations in this study.  

Three of these SMSs collected data ramps using the three flavors of sample sequences: 
SPARS, STEP, and MIF.  Between these three SMSs, we exercised all supported sample 
sequences of the IR channel.  The fourth SMS collected data using only the SPARS100 
sample sequence, while the temperature of the FPA was pushed above and below -123oC 
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by roughly a degree.  The purpose of this SMS was to observe the sensitivity of the dark 
current to detector temperature.  The final SMS collected dark current ramps using 
RAPID and SPARS10 ramps captured in subarray mode. 

  
 
  

Analysis 
Prior to dark current-specific analyses, all data ramps were run through the WFC3 

IDL data reduction pipeline (Hilbert, 2004).  This used the vertical inboard reference 
pixels and initial read to subtract the bias signal and remove pixel-to-pixel variations in 
the zero level from each ramp.  Cosmic ray effects were also removed.  We then applied 
the mask developed by Hilbert (2007a) to each ramp, in order to limit the effects of 
unstable pixels on our calculations.  Finally, we multiplied each ramp by the gain values 
derived in TV2, in order to get the data into units of electrons (Hilbert, 2007b).  No non-
linearity corrections were necessary due to the low overall signal levels in the data. 

After these reduction steps, we began the dark current characterization analyses.   An 
identical set of calculations was performed on each ramp.  The standard dark current 
calibration procedure for WFC3-IR science data will be to subtract the appropriate dark 
current ramp from the science data ramp.  Therefore, it is important to examine the dark 
current behavior in each read of a ramp, rather than simply in a final image created from 
the individual reads. 

To this end, the first step was to examine the dark current on the detector in each read 
and determine if and how the dark current was changing over the course of the ramp.  
This was accomplished by dividing the measured signal in each read by its exposure 
time, resulting in units of electrons per second for all reads.  We then created, separately 
for each quadrant and each read, a histogram of these measured dark currents.  Using the 
IDL routine MPFITPEAK.pro, we fit a Gaussian to the histogram, and collected the value 
of the peak of the dark current distribution, along with the 1-sigma width.  However, the 
width of the best-fit Gaussian can be a misleading quantity, due to the fact the 
distribution contains a significant high dark current tail, as seen in Figure 1.  In order to 
accurately fit the peak of the distribution we had to ignore this tail, and fit the Gaussian 
only to the lower dark current values.  This is also shown in Figure 1, where the red line 
shows the Gaussian fit to the data, and extends only as far as the signal values used in the 
fitting process.  As the effects of the high dark current tail were ignored in the Gaussian 
fitting, the width returned by the Gaussian fit was always an underestimation of the width 
of the true distribution.  For the rest of this study, we will quote a different metric when 
evaluating dark current distributions.  The CEI specification for the dark current of the IR 
channel states an upper limit of 0.4 e-/sec/pixel.  Therefore, when speaking of dark 



 4 

current distributions in this work, we quote the percentage of the total science pixels with 
measured dark current values above 0.4 e-/sec/pixel. 

 

 
Figure 1:  Dark current histogram and Gaussian best-fit for one quadrant of a SPARS200 final image. 

 
 
Once the read-by-read behavior of the dark current was understood, we wished to 

examine the dark current from ramp-to-ramp across sample sequences and SMSs.  The 
first step in this process involved creating a “final image” from each ramp.  Figure 2 
shows an example of a dark current final image.  For each pixel, we fit a line to the 
measured signals up the ramp, and saved the best-fit slope as the ramp-averaged dark 
current for that pixel.  Collecting these slopes together for all pixels, we created what we 
call the “final image” associated with that ramp.  The final image has units of electrons 
per second for each pixel.  Once these final dark current images had been created for all 
ramps, we created histograms and repeated the peak-fitting process described above, in 
order to produce 4 dark current values (one per quadrant) for each ramp.   
 The following sections detail the measured dark current behaviors for each SMS, 
obtained using the methods described above. 
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Figure 2: SPARS200 dark current final image.  Histogram equalization stretch. 

 
 

IR01S13 – SPARS and RAPID Sample Sequences 
The SPARS and RAPID sample sequences measure the signal on the detector in 

uniformly spaced intervals.  When used in full-frame mode, the number attached to the 
SPARS name indicates the number of seconds between readouts of the detector.  The 
RAPID sequence reads out the detector as quickly as possible (2.93 seconds between 
reads).  In this case, each SPARS or RAPID ramp contained 16 reads, which is the 
maximum number allowed using the current flight software.   

The nominal on orbit operating temperature of the FPA is -128oC.  Over the course of 
TV2 testing, SPARS data were collected with this SMS at -123oC (the previously 
declared operating temperature) as well as -125.4oC.  Details on the data collected with 
this SMS are given in Table 2.   The SMS was run twice during TV2 while the FPA was 
at -123oC.  These iterations were performed during days (of the year) 194 and 207.  On 
day 181, the SMS was run while the FPA was at -125.4oC. 

We first examined the dark current in each read of each ramp.  Figure 3 shows the 
results of the histogram and peak-fitting exercise described above when performed on 
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quadrant 1 of the data from day 181 data.  Each type of plotting symbol represents a 
different sample sequence.  We also alternated blue and purple coloring in order to more 
easily distinguish one ramp from the next.  All blue and purple points are associated with 
the blue dark current scale on the left axis of the plot.  In this, and all subsequent dark 
current figures, we plot only the results from reads 4 through 15 of each ramp.  The 
uncertainties associated with the small signal in the initial reads of all sample sequences 
are not large enough to be insightful in these figures.  The red stars show the FPA 
temperature associated with each read, and are associated with the red temperature scale 
on the right of the figure.  In this way, changes in dark current and temperature can be 
tracked simultaneously.  Dark currents and temperatures are plotted versus time relative 
to the time of the first read of the first ramp associated with the SMS.  This convention is 
followed in all dark current plots.  For example, Figures 5 and 6 have times centered 
around 322 hours. This indicates that the dark currents presented in those figures were 
measured 322 hours after the first IR01S13 ramp (ie day 194, while the first ramp was on 
day 181). 

 
 

FPA 
Temperature 

(oC) 

Sample Sequence Number 
of Ramps 

RAPID 6 

SPARS10 5 

SPARS25 3 

SPARS50 3 
SPARS100 5 

-123 
Data collected on 

days 197, 207. 

SPARS200 6 

   

RAPID 3 

SPARS10 3 
SPARS25 3 

SPARS50 3 

SPARS100 3 

-125.4 
Data Collected on 

day 181 

SPARS200 3 

Table 2:  Ramps collected using the IR01S13 SMS. 
 
The large scatter present in the RAPID through SPARS50 ramps is expected, for the 

same reason.  The amount of exposure time accumulated in the reads of these ramps is 
small, resulting in a small signal-to-noise ratio in the data.  The Detector Characterization 
Lab (DCL) has measured the CDS readnoise on FPA129 to be 22 e-  (priv. 
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communication). Over 702 seconds, which is the exposure time in the final read of a 
SPARS50 ramp, this 22 e- noise translates into 0.03 e-/sec/pixel scatter, which increases 
the width of the dark current histogram.  This, combined with quantization effects at 
lower signal levels, results in wide dark current distributions for reads with short 
exposure times. For example, in the RAPID ramps, the FWHM of the dark current 
distributions decreases from 1.5 e-/sec/pixel in read 4 to 0.40 e-/sec/pixel in read 15.  For 
this reason, the plotted peak values have a large uncertainty. 

For SPARS50 ramps (plus signs in Figure 3), the FWHM for read 4 is 0.13 e-

/sec/pixel.  This value decreases to 0.04 e-/sec/pixel in the final read.  This decrease in the 
distribution width, and increase in the accuracy of the fitted peak value, is apparent in the 
plot of the SPARS50 data.  Initial reads show peak values which are very low, resulting 
from the wide distribution.  Later reads however, show peak values that begin to cluster 
around 0.03 e-/sec/pixel, which are consistent with subsequent, longer exposure time 
ramps. 
 

 
Figure 3: Dark current values for quad 1 of SPARS and RAPID ramps taken on day 181.  Blue and purple 
symbols represent measured dark currents, and use the blue scale on the left of the plot.  Red stars 
represent the FPA temperature during each read, and use the red scale on the right of the plot.  The time is 
measured relative to the first read of the first IR01S13 ramp during TV2 testing. 

 
Figure 4 shows the dark current results on the same data as Figure 3, except 

calculations were performed on the “final image” associated with each ramp, meaning 
that each ramp produced only a single point on the plot.  As described above, line fitting 
up the ramp in each pixel resulted in a best-fit slope, giving a measure of the ramp-
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averaged dark current.  This method removes the effects of readnoise on the dark current 
calculations and results in much higher SNR values and therefore, betters measurement 
of the dark current peaks.  The similarity between Figures 3 and 4 shows that performing 
the histogram calculations and Gaussian fits on final images is an effective way to track 
dark current over the timescale of the SMS. 

Figures 5 and 6 are identical to 3 and 4, except for the day 197 data, rather than day 
181.  Again, the noise effects on the read-by-read data in Figure 5 essentially return a 
noisier version of the higher SNR data in Figure 6.  For this reason, subsequent figures 
and tables in this paper will present the results from the line-fit, final image analyses 
only.   

Also note that the day 197 data were obtained at -123oC, unlike the day 181 data. The 
higher temperature associated with the day 197 data result in slightly higher dark current 
values on that day for a given sample sequence.  Similarly, Table 3 shows that the dark 
current distributions taken at the higher temperature have a greater percentage of pixels 
above the 0.4 e-/sec/pixel threshold than those taken at -125.4oC. 

 

 
Figure 4: Quad 1 dark current distribution peak values, as in Figure 3, except calculated on the final 
image of each ramp, rather than for each read. 
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Figure 5:  Dark current values from SPARS ramps on day 197 (-123oC). 

 
Figure 6:  Dark current distribution peaks for day 197 data.  Note that these data were taken at a slightly 
warmer temperature than those on day 181, and show higher dark current values compared to those in 
Figure 4. 
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 Q1 
Dark 

Q1 % of 
pixels > 
0.4 
e-/sec/pix 

Q2 
Dark 

Q2 % of 
pixels > 
0.4 
e-/sec/pix 

Q3 Dark Q3 % of 
pixels > 
0.4 
e-/sec/pix 

Q4 
Dark 

Q4 % of 
pixels > 
0.4 
e-/sec/pix 

FPA Temp: -123oC (Day 197) 
RAPID 0.0764 31.5 0.0951 35.3 0.0802 32.1 0.0667 28.7 
SPARS10 0.0596 23.8 0.0697 24.5 0.0597 21.0 0.0529 19.2 
SPARS25 0.0449 23.4 0.0527 23.9 0.0439 20.6 0.0392 18.9 
SPARS50 0.0371 23.1 0.0405 23.5 0.0368 20.3 0.0351 18.7 
SPARS100 0.0297 22.2 0.0327 22.5 0.0289 19.3 0.0276 18.0 
SPARS200 0.0269 19.3 0.0308 18.8 0.0264 16.2 0.0249 15.5 

FPA Temp: -125.4oC (Day 181) 
RAPID 0.0544 27.1 0.0571 30.1 0.0562 27.4 0.0500 24.3 
SPARS10 0.0495 20.0 0.0566 20.7 0.0459 17.7 0.0384 16.2 
SPARS25 0.0574 20.3 0.0620 20.9 0.0505 17.8 0.0509 16.4 
SPARS50 0.0283 19.5 0.0332 20.0 0.0268 17.1 0.0237 15.8 
SPARS100 0.0272 18.9 0.0301 19.2 0.0254 16.5 0.0242 15.3 
SPARS200 0.0226 16.5 0.0256 16.1 0.0224 13.9 0.0211 13.3 

Table 3:  Median dark current values calculated from data sampled with the SPARS and RAPID sample 
sequences. 

 
Table 3 summarizes the dark current results from IR01S13.  For each sample 

sequence, we calculated the median of the dark current values obtained for that sequence 
on days 197 and 207.  Similarly, we calculated the median value of the number of hot 
pixels in these ramps.  For these purposes, a “hot” pixel is defined as one with a dark 
current greater than 0.4 e-/sec, which is listed in the CEI Specification as the upper limit 
of dark current in the IR channel.  We performed these calculations on a quadrant-by-
quadrant basis, following the established convention where quadrant 1 is in the upper left, 
and quadrant numbers increase in a counter-clockwise direction. 

As the exposure time associated with the sample sequences increases, Table 3 shows 
a decrease and settling of the median dark current values in all four quadrants.  The 
percentage of hot pixels also decreases with these increasing exposure times.  Quadrant 4 
consistently shows the best performance, with the lowest peak dark current value and 
fewest hot pixels, followed by quadrants 1 and 3. 
 

IR01S14 – STEP Sample Sequences 
The IR01S14 SMS did for the STEP sequences what IR01S13 did for the SPARS 

sequences.  Ramps were collected using all 5 of the STEP sample sequences, which 
sample the signal quickly for the initial reads, and then more slowly later in the ramp.  As 
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with the SPARS sequences, IR01S14 was run more than once during TV2.  Data were 
collected at an FPA temperature of -125.4oC on day 181 (immediately after the day 181 
SPARS data collection), and at -123oC on day 194.  Table 4 shows the results of the data 
collection. 

 
FPA Temperature (oC) Sample Sequence Number of 

Ramps 
STEP25 2 
STEP50 3 

STEP100 2 

STEP200 3 

-123 
Data collected on day 194 

STEP400 3 
STEP25 3 

STEP50 3 

STEP100 3 
STEP200 3 

-125.4 
Data Collected on day 181 

 
 

STEP400 3 

Table 4:  Data collected using the IR01S14 SMS.   
 
 
Data analysis proceeded in exactly the same manner for these data as for the IR01S13 

ramps.  Figures 7 and 8 show the dark current results for all of the IR01S14 ramps.  The 
data taken on day 181 (Figure 7) exhibit an inconsistency that was also observed in the -
125.4oC MIF data, described in the following section.  While the dark current figures 
generally behave as expected (higher dark current for shorter integration times), there are 
several notable exceptions around 1 hour after the beginning of the test.  The reason for 
these jumps in dark current is not understood, as the FPA temperature during these ramps 
was similar to that during other, lower dark current ramps. 

Figure 8, showing the dark current at -123oC, are better behaved than those in Figure 
7.  Here, as seen in the SPARS data in Figure 6, there is a smooth decrease in the 
measured dark current peak with increasing exposure time.  These values are in good 
agreement with those seen in Figure 6.  SPARS and STEP sequences with similar 
exposure times return similar dark current values. 
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Figure 7: Ramp-averaged dark current values for the -125.4oC data from IR01S14. 

 

 
Figure 8: Dark current values for the STEP sample sequences obtained at -123oC. 
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Table 5 shows the median dark current values and percentage of hot pixels associated 
with each STEP sample sequence, just as Table 3 presented for the SPARS sample 
sequences.  Given the behavior observed in the -125.4oC data, and the fact that the 
medians are based on a very limited number of ramps, these numbers should be treated 
with caution, although the trends are consistent with the day 181 data. 

 
 Q1 

Dark 
Q1 % of 
pixels > 

0.4 
e-/sec/pix 

Q2 
Dark 

Q2 % of 
pixels > 

0.4 
e-/sec/pix 

Q3 
Dark 

Q3 % of 
pixels > 

0.4 
e-/sec/pix 

Q4 
Dark 

Q4 % of 
pixels > 

0.4 
e-/sec/pix 

FPA Temp: -123oC 
STEP25 0.0420 23.3 0.0480 23.8 0.0414 20.5 0.0374 18.8 
STEP50 0.0363 23.2 0.0395 23.6 0.0336 20.4 0.0328 18.7 
STEP100 0.0305 22.8 0.0335 23.3 0.0278 20.0 0.0258 18.5 
STEP200 0.0269 22.0 0.0306 22.3 0.0259 19.2 0.0250 17.8 
STEP400 0.0247 19.5 0.0289 19.2 0.0243 16.6 0.0223 15.7 

FPA Temp: -125.4oC 
STEP25 0.0347 19.7 0.0407 20.2 0.0293 17.3 0.0256 15.9 
STEP50 0.0445 19.9 0.0465 20.4 0.0379 17.4 0.0367 16.1 
STEP100 0.0199 19.3 0.0243 19.8 0.0207 16.9 0.0178 15.6 
STEP200 0.0236 18.7 0.0267 19.0 0.0228 16.3 0.0214 15.1 
STEP400 0.0209 16.7 0.0241 16.3 0.0205 14.1 0.0187 13.4 

Table 5:  Median dark current values calculated using data sampled with the STEP sample sequences.  
Note the consistency with the dark current values in Table 3, from the SPARS sequences. 

 
 
 

IR01S15 – MIF Sample Sequences 
 

FPA Temperature (oC) Sample Sequence Number of Ramps 
MIF600 2 
MIF900 2 

MIF1200 2 

-123 
Data collected on day 195 

MIF1500 2 

   
MIF600 3 

MIF900 3 

MIF1200 3 

-125.4 
Data collected on day 182 

MIF1500 3 

Table 6:  Ramps collected for the MIF sample sequence SMS. 
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The third set of sample sequences to be investigated were the Fowler-sampled 
sequences, called “MIF” sequences in WFC3 jargon.  These sequences, based on those 
described in Garnett and Forrest (1993), contain an initial set of bias level reads, followed 
by a delay, and then a set of signal level reads.  For the purposes of cosmic ray removal, 
we also include several read outs during the delay.  For details, see Petro and Wheeler 
(2006).   

Table 6 shows the details on the MIF data collected during TV2.  Here, the number 
after “MIF” in each sample sequence name refers to the total exposure time of the ramp.  
As with the SPARS and STEP data, we collected MIF data at -123oC, as well as 2.4oC 
colder, in order to quantify differences in the dark current behavior.   

The data reduction process for these ramps was different from that for the other 
sample sequences.  Reference pixels in each read were used to subtract the bias level 
from that read.  We then created a median bias image from the set of initial bias reads.  A 
median signal image was then created from the set of signal level reads at the end of the 
ramp.  We created a final image by subtracting the median bias image from the median 
signal image, and scaling by the appropriate exposure time. 

As with the data from the other sample sequences, we then created histograms of the 
dark current rate in each quadrant and fit Gaussian curves to them.  Figures 9 and 10 
show the results of these calculations, which are consistent with the results for the other 
sample sequences.  

 
Figure 9:  Ramp-averaged dark current for the MIFs ramps taken at -125.4oC. 

 



 15 

The ramp-averaged dark current values shown in Figure 9 are consistent with those 
observed in the STEP and SPARS data obtained at a similar temperature.  The only 
exceptions to this are a MIF900 ramp and a MIF1500 ramp.  These ramps exhibited 
elevated peak dark current rates.  The exact reason for this is unclear.  However, of the 
ramps in the MIF dataset, these were the only two ramps in which the FPA temperature 
was observed to increase over the course of the ramp.  In the case of the MIF900 ramp, 
the temperature at the end of the ramp was 0.008oC - 0.165oC higher than at the 
beginning of the ramp.  For the MIF1500 ramp, the temperature increase was 0.270oC – 
0.348oC.  These temperature increases, especially in the case of the MIF900 ramp, are 
small, but these are the only two ramps where the intra-ramp temperature change was 
monotonic, rather than oscillating around a central value.  

For the anomalous MIF900 ramp, the FPA temperature began to increase just after 
the final bias image was taken, and increased for the remainder of the ramp.  This is 
consistent with the measured signal rate, which was higher than that in the other MIF900 
ramps beginning with the first read after the bias reads.  The situation is less clear for the 
MIF1500 ramp.  Again in this case, the signal rate was elevated relative to the other 
MIF1500 ramps beginning after the bias reads.  However in this case, the FPA 
temperature did not rise until the beginning of the science reads, in the final 15 seconds 
of the ramp.  This implies that the dark current should be identical to that observed in the 
previous ramp for the first 1485 seconds of the ramp.  However, this is not the case.  

 
Figure 10:  Ramp-averaged dark currents for the MIFs ramps taken at -123oC. 
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Figure 10 shows the dark current values calculated for the MIF data collected with an 
FPA temperature of -123oC.  Again, these values are comparable to those calculated for 
the STEP and SPARS sample sequences. 

Table 7, similar to Tables 3 and 5, shows the median peak dark current in each 
quadrant, for each sample sequence. The two anomalous ramps from the -125.4oC data 
described above were ignored for the purposes of calculating the median values.  Quad 4 
again exhibits the lowest dark current of any of the quadrants. 

 
 

 Q1 
Dark 

Q1 % of 
pixels > 

0.4 
e-/sec/pix 

Q2 
Dark 

Q2 % of 
pixels > 

0.4 
e-/sec/pix 

Q3 
Dark 

Q3 % of 
pixels > 

0.4 
e-/sec/pix 

Q4 
Dark 

Q4 % of 
pixels > 

0.4 
e-/sec/pix 

FPA Temp: -123oC 
MIF600 0.0362 22.6 0.0382 22.9 0.0336 19.7 0.0317 18.2 
MIF900 0.0302 22.1 0.0337 22.3 0.0293 19.1 0.0268 17.7 
MIF1200 0.0282 21.4 0.0320 21.6 0.0272 18.5 0.0246 17.2 
MIF1500 0.0274 20.4 0.0297 20.2 0.0256 17.4 0.0233 16.3 

FPA Temp: -125.4oC 
MIF600 0.0293 19.1 0.0336 19.5 0.0262 16.7 0.0231 15.3 
MIF900 0.0269 18.8 0.0301 19.1 0.0265 16.4 0.0241 15.2 
MIF1200 0.0225 18.1 0.0248 18.3 0.0203 15.8 0.0184 14.2 
MIF1500 0.0249 17.4 0.0270 17.3 0.0230 14.9 0.0219 13.9 

Table 7: Median dark current values for ramps taken with the MIFs sample sequences. 
 

IR01S16 – Dark Current Versus FPA Temperature 
The final SMS used in TV2 for the investigation of full frame dark current behavior 

was IR01S16.  While previous SMSs had collected several ramps at two temperatures, 
this test used only a single sample sequence, SPARS100, and collected many ramps at 
each of 3 operating temperatures in order to more deeply probe the dark current 
temperature dependence.  Table 8 gives the details of the data collected by IR01S16 over 
the course of TV2. 

 
FPA Temperature 

(oC) 
Sample Sequence Number of Ramps Day of Year 

-122.5 SPARS100 14 198 
-123.0 SPARS100 11 197, 208,214 

-124.15 SPARS100 8 218, 221 

Table 8:  Ramps collected for the dark current versus FPA temperature study. 
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Figure 11 shows the dark current distribution peaks calculated for all of these ramps 
using the same analysis technique as with the other SMSs.   

 
 

 
Figure 11:  Dark current results for all ramps collected with IR01S16. 

 
 
Table 9 is similar to Tables 3, 5, and 7, in that it reports the median of the dark 

current values calculated for the data ramps at each of the three operating temperatures.  
As expected, the peak of the dark current distribution was observed to decrease with 
decreasing temperature, as did the percentage of hot pixels.   

With this SMS producing more than a few ramps at each temperature, we took one 
extra step in the data analysis.  During the on orbit operation of WFC3, we will create 
median dark current calibration ramps from many individual ramps.  As a test of that 
technique, we created a median SPARS100 ramp from all of the files at each of the three 
observed temperatures.  We then repeated the histogram and Gaussian fitting analyses on 
these median ramps, and compared the results (in Table 10) to those in Table 9.  
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 Q1 

Dark 
Q1 % of 
pixels > 

0.4  
e-/sec/pix 

Q2 
Dark 

Q2 % of 
pixels > 

0.4 
e-/sec/pix 

Q3 
Dark 

Q3 % of 
pixels > 

0.4 
e-/sec/pix 

Q4 
Dark 

Q4 % of 
pixels > 

0.4 
e-/sec/pix 

FPA Temp:  -122.5oC 
SPARS100 0.0319 22.9 0.0348 23.2 0.0302 19.9 0.0293 18.5 

FPA Temp:  -123oC 
SPARS100 0.0297 22.3 0.0333 22.5 0.0289 19.3 0.0271 18.0 

FPA Temp:  -124.15oC 
SPARS100 0.0290 20.7 0.0324 20.9 0.0271 17.9 0.0252 16.7 

Table 9:  Median dark current values calculated from the IR01S16 ramps. 
 
 

 
 Q1 

Dark 
Q1 % of 
pixels > 

0.4 
 e-/sec/pix 

Q2 
Dark 

Q2 % of 
pixels > 

0.4 
e-/sec/pix 

Q3 
Dark 

Q3 % of 
pixels > 

0.4 
e-/sec/pix 

Q4 
Dark 

Q4 % of 
pixels > 

0.4 
e-/sec/pix 

FPA Temp:  -122.5oC 
SPARS100 0.0276 22.9 0.0309 23.1 0.0266 19.9 0.0246 18.5 

FPA Temp:  -123oC 
SPARS100 0.0260 22.2 0.0303 22.4 0.0259 19.3 0.0234 17.9 

FPA Temp:  -124.15oC 
SPARS100 0.0252 20.7 0.0291 20.9 0.0241 17.9 0.0214 16.7 

Table 10:  Dark current values calculated for the three median ramps created from all IR01S16 data. 
 
The two techniques (median of the best-fit results, versus making a best-fit to the 

median ramp) produced similar results.  The dark current values from the median ramps 
were generally ~15% lower than the median of those derived from the individual ramps.  
This is expected, as the noise in the median ramp is reduced compared to that in 
individual ramps.  The percentage of hot pixels is identical for the two techniques, as the 
dark current distribution is so flat and so low at these levels far from the peak, that the 
increased noise associated with a single ramp versus a median ramp is not enough to 
move many pixels to the far side of the 0.4 e-/sec/pixel threshold.  These are also higher-
signal pixels, meaning that noise has a proportionally lesser effect on them than on low 
signal pixels.  Figure 12 shows a dark current histogram from a single ramp versus that 
for the corresponding median ramp.  This plot shows that the main effect of the noise 
reduction in the median ramp is that the very low-signal pixels in the individual ramp, 
which are dominated by noise, actually show an increase in the measured dark current, 
and move towards the peak of the histogram.  Conversely, above dark current levels of 
about 0.04 e-/sec/pixel, the two histograms are nearly identical, as shown in Tables 9 and 
10. 
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Figure 12: Dark current histograms for an individual ramp taken at -123oC versus the -123oC median 
ramp. 

 

IR05S13 – Subarray Darks 

In addition to the full frame ramp, 4 subarrays of various sizes are also supported for 
each sample sequence.  Each sample sequence/subarray size combination will have its 
own dark current calibration ramp.  The IR05S13 SMS was used in TV2 to collect 
subarray ramps using the RAPID and SPARS10 sample sequences.  Due to the very short 
exposure time associated with these ramps, we are in a readnoise-limited regime.  
(Readnoise analyses will be presented in a future ISR.  The current estimate for the 
correlated double sampling (CDS) readnoise of this detector is 22 e- (DCL, priv 
communication)).   

This SMS was run 5 times during TV2 testing.  In order to increase the signal-to-
noise of these data as much as possible, we created a median ramp for each sample 
sequence/subarray size combination from the 5 individual ramps.  We then used pixel-by-
pixel line-fitting on these median ramps in order to create a final dark current image from 
each.  As with the full frame ramps, we created histograms of the dark current, in this 
case without differentiating between the 4 quadrants.  Table 11 shows the best-fit 
Gaussian parameters for each median dark current image.   
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Sample 
Sequence 

Subarray Size 
(pixels) 

Exposure 
Time for 15 
reads (sec) 

Peak Dark 
Current 

(e-/sec/pixel) 

Dark Current 
Distribution 

Width (best-fit) 
(e-/sec/pixel) 

RAPID 64 x 64 0.91 -0.2 11.1 
RAPID 128 x 128 1.69 -1.2 7.8 

RAPID 256 x 256 4.17 0.6 5.9 

RAPID 512 x 512 12.8 0.0100 0.6 

SPARS10 64 x 64 99.9 0.0108 0.07 
SPARS10 128 x 128 100.7 0.0409 0.06 

SPARS10 256 x 256 103.1 0.0575 0.08 

SPARS10 512 x 512 111.8 0.0615 0.1 

Table 11: Dark current distribution details for the subarray data collected during TV2.  
 

 
As discussed in the initial paragraphs of the Data Analysis section, the Gaussian 

widths are calculated using subsets of the dark current histograms, in order to avoid 
contamination from the high dark current tail.  For the widths shown in Table 11, the 
SPARS10 data histograms were fit down to 60% of the peak height, and the RAPID 
histograms were fit down to 40% of the peak height, due to the readnoise dominance of 
the signals. 

Even after creating each median from 5 ramps, contributions from the readnoise 
cause the dark current distributions for some of the images to be broad relative to the full-
frame cases.  Assuming a CDS readnoise of 22 e-, the CDS readnoise of the median 
ramps should be 22/sqrt(5 ramps) = 9.8 e-.  In performing the line-fitting to create a final 
image, the effective readnoise should decrease following Equation 1, which is 1.37 in 
Robberto (2007).  Here, N is the total number of reads in a ramp (16 in our case) and σCDS 
is the CDS readnoise. 

 

! 

" ="
CDS

6 N #1( )
N N +1( )

                                                        1) 

 
For ramps of 15 reads plus a reset read, this brings the effective readnoise in the final 

dark current image to 5.7 e-.  This is well below the observed width of 11.1 e-/sec/pixel 
for the RAPID 64 x 64 subarray.  This discrepancy will be addressed in a future ISR.  For 
the purposes of this study, both readnoise values are dominant over the dark current 
signal in the subarray ramps.  Assuming a peak dark current rate similar to that seen in 
the IR01S13 data (0.08 e-/sec/pixel for RAPID ramps), the subarrays with the longest 
exposure time (RAPID 512 x 512) will accumulate only 1 e- of dark current over the 



 21 

duration of the ramps.  From this we expect, even using the median of 5 ramps, the 
resulting dark current distribution to be strongly affected by readnoise.  This is confirmed 
by the large best-fit Gaussian widths for the RAPID ramps, in the right-most column of 
Table 11.  The longer exposure time and larger signal associated with the SPARS10 
subarrays help to minimize the effects of readnoise on these median ramps.  This is 
reflected in the more narrow measured Gaussian widths, relative to those from the 
RAPID ramps. 

For comparison, the best-fit Gaussian width for a single full frame RAPID ramp was 
0.3 e-/sec/pixel, reflecting the longer exposure time (64 sec) and higher SNR.  
Conversely, the percentage differences in exposure times (and SNR) between the 
SPARS10 subarrays and the full frame ramp are small.  As a result, the Gaussian widths 
associated with the median subarray ramps are comparable to the 0.1 e-/sec/pixel width 
for a single full frame ramp.   

 
 

Conclusions 
 Dark current ramps from TV2 testing have allowed for the most thorough dark 
current characterization of the WFC3-IR channel to date.  With IR-1 (FPA129) in the 
instrument for TV2, we have analyzed the dark current behavior associated with the full 
frame versions of all supported sample sequences.  For the ramps with the longest 
exposure times and therefore, highest signal to noise ratio, we find the peak of the dark 
current distribution to be 0.022 – 0.031 e-/sec/pixel when the data are collected at -123oC, 
and 0.019 – 0.026 e-/sec/pixel at -125.4oC.  At these two temperatures, we also observe 
15.5 – 20.5% and 13.3 – 17.4% of the science pixels have dark current values above the 
CEI Spec of 0.4 e-/sec/pixel, respectively.   From these data we see generally that 
decreasing the FPA temperature by 2.4oC results in dark current reductions in the range 
of 15 – 20%.  The percentage of pixels with dark current values above the CEI Spec 
cutoff of 0.4 e-/sec/pixel also decreases, by roughly the same amount.  Dark current 
values and the percentage of pixels above the CEI Spec generally increase as the 
exposure time of the sample sequence decreases.   
 We also find a pattern amongst the quadrants of the detector. The peak of the dark 
current distribution is consistently lowest in quadrant 4.  Quadrants 1 and 3 have slightly 
higher dark current peaks and are comparable to one another, while quadrant 2 generally 
has the highest dark current peak.  Put another way, the dark current in IR-1 is generally 
lowest in the upper right corner, and increases as one travels towards the lower left 
corner.  Figure 2 shows a dark current image from a SPARS200 ramp. 

The dark current in a subset of the supported subarray formats was also examined 
during TV2.  While the effects of readnoise are apparent in individual ramps, the creation 
of median ramps is able to minimize this readnoise contamination and result in accurate 
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dark current calculations.  Many more subarray dark current ramps will have to be 
collected in TV3 and/or SMOV in order to sufficiently increase the SNR to create 
calibration ramps for the subarray dark current. 
  

Recommendations 
In order to obtain a full dark current calibration of the IR channel in TV3/SMOV 

testing, we will have to collect more data than was collected in TV2.  The tests conducted 
in TV2 examined subarray dark current for only 2 of the supported sample sequences.  It 
will be necessary to obtain subarray data in all of the sample sequences in order to create 
all necessary calibration files.  Given the shorter exposure times and lower SNR 
associated with subarrays, many ramps will have to be collected for each subarray 
size/sample sequence configuration. 

During TV2, dark current ramps using the full frame SPARS, STEP, and MIF 
sequences were only obtained on 2 or 3 occasions.  More ramps will be necessary for the 
creation of high-SNR calibration ramps. 

Finally, the dark current behavior versus FPA temperature will have to be carefully 
monitored.  Several MIF ramps exhibited a measurable increase in dark current for a 
~0.2oC increase in FPA temperature during the ramp.  This sensitivity to temperature 
implies that the FPA temperature will have to be more tightly controlled, or future dark 
current calibrations may have to be a function of FPA temperature.  
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