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The NICMOS detectors on HST are extremely sensitive to changes in operating 
temperature and supply voltage. These temperature and voltage variations affect 
quantum efficiency, dark current and bias in ways that limit overall sensitivity and 
make calibration difficult. 

Precise measurement of the NICMOS temperature variations at the 
location of the detectors is highly desirable for accurate calibration 
of science data. The detectors themselves, being large diodes, can 
be used to measure the temperature by correlating changes in the 
measured bias against a known temperature reference and 
correcting for any voltage-induced variations.

Voltage variations seen in the engineering telemetry (the HST main 
bus voltage) are shown to be propagated through to the NICMOS 
detectors. In  addition, a fortuitous property of the detector readout 
timing can also be used to measure the voltage variations directly 
without the engineering telemetry.

Temperature

Voltage





Timing is Everything

NICMOS clocks:

•Master clock is 16 Mhz

•Master is divided by two and each Timing Pattern Generator (TPG) gets an 8 Mhz clock

•TPG divides this by two to get its 4 Mhz master clock

•The 4 Mhz clock is divided by 7 to get the Low Voltage Power Supply clock (571.42857 Khz)

•LVPS clock is NOT SYNCHED to the exposure start timing

•Minimum NICMOS exposure time of 0.001024s is the 4 Mhz clock divided by 4096.

•NICMOS exposure deltatimes are quantized to integer multiples of the LVPS frequency so 
that subsequent reads in a MULTIACCUM are at the same phase with respect to the LVPS 
frequency. Zeroth-read subtraction takes care of any bias offsets at the outset, so science data 
can run asynchronous and be immune….or can it?



NCS noise test on 
flight-spare article  
revealed readout timing 
delays between the 4 
quads of a detector, 
even though they are 
clocked simultaneously. 
Delays could be caused 
by path-length 
(resistive) R-C, or 
capacitive differences 
along the lines from the 
controller to the 
detector. Also could be 
due to triggering 
tolerances.



Groundwork
NICMOS MULTIACCUM readout mode

•Multiple, non-destructive readouts

•a.k.a. “Up-the-ramp” sampling



Take a look at the 0th read exposures of 4 NICMOS MULTACCUM sequences, all 
taken within a few minutes of each other:

1                    2                   3                    4

Now subtract the first one from the other three:

The mean values of the 0th reads of different MULTIACCUMS jump around a bit. This  is 
subtracted away in the calibration pipeline so it doesn’t directly affect science data. For the 
remainder of this presentation we will be working with the mean values of the four 
quadrants of 0th read images to study their behaviour in regards to supply voltage variation 
and detector temperature measurement.

Note that there is 
quite a lot of fixed 
bias structure in the 
0th reads. That’s 
normal. Also note 
that the mean level 
of these reads is a 
large negative 
number because 
raw NICMOS data 
is stored as 16-bit 
signed Integer.







Looking at just a single quadrant 
using a dataset taken close 
together in time (relatively stable 
temp.), you find that the 
measured points are not 
randomly distributed but are 
segregated into 7 preferred states. 
Seven is a magic number in 
NICMOS.

Also note the “tails” about 2/3 
of the way through each orbit. 
Remarkably, these are 
correlated with the spacecraft 
entry into Earth shadow. No 
more light on the solar panels.

The NICMOS LVPS is a constant-current power supply. If the current (voltage) 
supplied from the spacecraft power bus changes, the switching LVPS in NICMOS 
has to compensate. It does that by changing the width of the switching pulse. 
When the spacecraft enters orbital night, the batteries begin to drain and the bus 
voltage drops. 



Changes in the HST 
main bus voltage 
print right through the 
LVPS via the 
changing pulse width 
and show up as the 
bias level in the 0th 
read of each 
NICMOS Exposure.

The correlation is 
remarkable! The 
trend reverses when 
the spacecraft exits 
shadow and the 
batteries begin to 
charge again. Once 
fully charge, the main 
bus holds at ~31 volts 
and the batteris 
trickle charge. Loads 
cause some variation.



“You can tell if the sun is shining on Hubble by taking a 
NICMOS dark”

Now that we have a few pieces of information, lets 
look at the quad mean values in more detail…



Plotting each quad 
mean against the 
other 3 reveals a 
family of 6 ellipses. 
Whoa, these look like  
phase diagrams!

Note how the 7 
quantized “states” 
from the previous 
diagram are arragned 
around the ellipses







Bus voltage-induced 
phase change does not 
strictly follow the 
ellipse. The voltage 
induced change doesn’t 
simply shift the 
sinusoidal signal to 
later phase - it changes 
the shape of the 
function. Increased 
period perhaps.  In any 
case, the underlying 
function is not a perfect 
sinusoid. Its pseudo-
something.



Still, fitting a moving ellipse to get a temperature 
measurement is worth a shot. Lets try it…







QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.



Two sets of Ron’s data taken 
1 year apart (earlier one in 
white, latter in red).  5 
separate orbits in the white 
dataset are just visible, as the 
temperature was increasing 
slightly from orbit to orbit. 

The temperature-from-bias 
difference between the red 
and white ellipses here is 
+0.5K. Mounting cup sensor 
showed a +0.1K difference.



Taking a different approach…



Instead of using klunky ellipses, now focus on a different approach: look for the 
underlying pseudo-sinusiod that each quad is actually surfing on. Start with a single 
quad, vs. its sequential exposure number (or if you prefer, time)



One state stands out 
(no, not just because its 
plotted in red here) 
because it doesn’t seem 
to show the bus 
voltage-induced 
changed 2/3 of the way 
through the orbit!

The 7 phase samples 
(“states”) are clearly 
visible here, as are the 
5 individual orbits 
separated by earth 
occultation.



State 0 sits at a minimum of the 
sinusoidal signal (as will be shown 
later). This makes it mostly 
insensitive to bus voltage-induced 
phase changes.

As a result, you can isolate this 
state and make a direct conversion 
to an accurate temperature with no 
phase worries.



State 0 sits at a minimum of the 
sinusoidal signal (as will be shown 
later). This makes it mostly 
insensitive to bus voltage-induced 
phase changes.

As a result, you can isolate this 
state and make a direct conversion 
to an accurate temperature with no 
phase worries.

The corresponding mountintg-
cup temperature sensor values 
are overplotted in red. Note 
anti-correlation within orbits 
and no sign of upward trend 
across the 5 orbits.













Subtracting off the sinusoidal 
LVPS signal corrects all the 
states to a common bias. 
Residuals are temperature-
induced + HST bus voltage 
phase-induced bias change 
(and fitting error in this case).

After correction for voltage-
induced phase from either 
telemetry or a self-determined 
technique, you are left with 
only the temperature 
dependence (the GOAL!)



Changing bus voltage during long exposures (it 
happens!) , .epc files, pedestal!









Set of 6 SPARS128 MULTACCUM darks, with first of the 6 subtracted 
from the other 5 (serving as a concurrent dark reference file). These were 
taken 2 per-orbit and the zeroth read subtraction has already been 
perfformed. Note the different residual quad levels in all the sequences. 
These levels are changing through the sequence and are CORRELATED
with the HST bus voltages in the associated _epc.fits files. They change 
as a functon of both the voltage and the “state” that that particular 
MULTIACCUM was in - sometimes drifting lower if on a sinusoidal 
downslope, and sometimes drifting upwards if on a riding side. This 
effect will show up as the classic “pedestal” in calibrated science data.

It is also likely that very short time-scale variations on the 
HST bus voltage can show up as single-read jumps up and 
then back down within a sequence.



Conclusions

•Temperature measurement precision in the 5-10mK range is possible using the 
temperature-from-bias technique. 

•Voltage variations seen in the engineering telemetry (the HST main bus 
voltage) are shown to be propagated through to the NICMOS detectors. 

•A fortuitous property of the detector readout timing can be used to measure the 
voltage variations directly without the engineering telemetry. 

•Voltage-induced bias changes from the HST main bus propagated into the 
NICMOS instrument may be the driver behind the long-standing bias jump or 
"pedestal" problem, and telemetry or self-measured voltage changes could 
provide the solution.



(end transmission)
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