
The 2010 STScI Calibration Workshop
Space Telescope Science Institute, 2010
Susana Deustua and Cristina Oliveira, eds.

Updated Status and Performance of the STIS CCD

M. A. Wolfe, A. Aloisi, R. C. Bohlin, P. Goudfrooij, R. A. Osten

Space Telescope Science Institute, Baltimore, MD 21218

C. R. Pro!tt

Computer Science Corporation

W. V. Dixon

Johns Hopkins University, Baltimore, MD 21218

D. Lennon

Space Telescope Science Institute, Baltimore, MD 21218

T. R. Gull, B. E. Woodgate

NASA Goddard Space Flight Center, Greenbelt, MD

D. J. Lindler

Sigma Space Corporation

Abstract. A description is provided of the overall performance of the STIS CCD
after HST Servicing Mission 4 (SM4) and during Cycle 17 calibrations. Most aspects
of CCD performance are found to be consistent with extrapolations of the trends
seen prior to the failure of STIS in August 2004. The gain values for 1 and 4 have
not measurably changed from pre-SM4 measures. The read noise through Amp D,
as determined from unbinned bias images taken during Cycle 17, is slightly higher
than pre-SM4 values. As is expected due to the on-orbit radiation environment the
dark current continues to increase. The spurious charge has increased as well and
has a slope that results in a smaller value at the top of the chip (near the readout
amplifier) when compared to the center of the chip. The charge transfer ine!ciency
(CTI) also continues to increase although the increasing dark current will noticeably
minimize actual CTI losses for typical exposure times exceeding several hundred
seconds. The post-SM4 CTI measured values agree well with extrapolation of the
trend seen through Cycle 17 calibrations. Changes in the sensitivity of STIS CCD
modes have been modest.

1. Dark Normalization

After the failure of Side-1 electronics and the transition to Side-2, the CCD detector tem-
perature could not be held at a constant value because Side-2 lacks a working thermistor on
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the CCD chip. A thermistor located on the CCD housing acts as a proxy to monitor, not
control, the CCD thermal variations. Figure 1 depicts the fluctuating housing temperature
over the one year since SM4. A scaled measure of the net solar illumination (solid line in
Figure 1) appears to account for most of the housing temperature variations and hence can
be used as a predictor for the CCD dark count. The measured dark current correlates well
with the housing temperature and the fluctuations in the dark current can be scaled using
equation 1:

normalized dark image = (dark image) ! (1 + slope ! (TO " T)) (1)

where normalized dark image is the result, dark image is the dark image being normalized,
slope is a constant scaling factor, TO is the reference temperature, and T is the housing tem-
perature of the exposure. Table 1 shows the old and new slopes and reference temperatures
used to normalize the darks.

Figure 1: Note that there is less variation in the measured housing temperature well after
the SMOV4 testing period. During a portion of the SMOV4 period, a SIC&DH safing led
to suspension of STIS and resultant instrument cooling. The solid curve is an appropriately
scaled integrated solar flux (average solar radiation times sun illumination time) impinging
on HST. After end of SMOV4, variations of the housing temperature appear to track the
integrated solar flux variations.

Table 1: Reference Temperature and Slope
Dates Slope Reference Temperature (TO) Dark Exp Time

07/2001 - 08/2004 0.070/!C 18.0 !C 1100 s
06/2009 - Present 0.056/!C 22.0 !C 1100 s
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2. Sensitivities

STIS sensitivities for the CCD low resolution grating spectral regions are presented in
Table 2 for 2010 and 2004 relative to the initial 1997 measures. Sensitivities for the less
fully sampled medium resolution gratings follow the same trends.

Table 2: Updated Sensitivities
Grating Sensitivity (2004) Sensitivity (2010)
G230LB 0.949 0.920
G430L 0.981 0.964
G750L 0.988 0.978

3. Charge Transfer Ine!ciency

Note that the value quoted for the CTE is in terms of charge transfer ine!ciency (CTI).
The CTI slope quoted in Table 3 is for the linear equation (Goudfrooij et al. 2009) that
evaluates the CTI as time progresses. This time-dependent equation is:

CTI(t) = (CTIO) ! (1 + !(t " tO)) (2)

where CTI(t) is the value of the CTI at a specific time t, CTIO is the CTI extrapolated to
zero background, ! is the slope of the time dependence, t is the time in years, and tO is
2000.6. Note the value for ! can be found in Table 3. The value for ! is derived from the
Internal Sparse Field Test (Goudfrooij et al. 2006).

Another CTI test is the Extended Pixel Edge Response (EPER). This test, while
not being an absolute measure of CTI, produces a relative measure of CTI thus allowing
a robust measure of time trends (Janesick 2001). Figure 2 plots the CTI as a function
of time for both the parallel (top plot) and serial (bottom plot) directions. The parallel
CTI increased noticeably more than predicted from a linear extrapolation from pre-SM4
measures while the serial CTI increased marginally. Note that the serial CTI is about an
order of magnitude less than the parallel CTI measure. However, the achievable operating
temperature for the STIS CCD is # -83 !C, well within the temperature range where there
is a strong dependence upon temperature. This is demonstrated in Figure 3 which shows
the ratio of the derived EPER CTI value, relative to the expected value based upon the
linear fit shown in Figure 2, plotted against housing temperature. The parallel CTI appears
to show a 20 to 40% increase beginning abruptly at temperatures above 20 !C. The serial
CTI temperature dependence is noticeable, but dominated by measurement noise and/or
additional contributions from other sources.

4. CCD Parameters

Values for various parameters that characterize the performance of the STIS CCD are given
in Table 3. The slopes in both the dark current and spurious charge are thought to be due
to the accumulation of radiation damage (see Goudfrooij et al. 2009 and the references
therein). The slope in the dark current along CCD columns results in a dark current near
the detector readout amplifier that is about 37.9% lower than the mean over the whole
detector. The spurious charge is approximately 36.3% lower at the top of the chip (row
900) than it is in the center of the chip (row 512) for gain = 1. The same behavior for the
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Figure 2: The time dependence of the EPER CTI in the parallel (top plot) and serial
(bottom plot) directions. Note that the parallel CTI is much greater than the CTI in the
serial direction.
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Figure 3: This plot shows the relationship between the ratio of the derived values (from
the stis eper.cl script) to linear fit values (shown in Figure 2) against the CCD housing
temperature. This figure shows that for data taken post SM4 that the ratios are much
greater than 1, suggesting a relationship between the CCD housing temperature and parallel
CTI (top plot). The bottom plot shows that the dependence of CTI on housing temperature
is not as strong for the serial direction.
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gain = 4 spurious charge is also present but the percentage di!erence between the top of
the chip and the center is 6.36%.

Table 3: Updated CCD Parameter Values

Parameter Pre-SM4 Value Current Value
Dark Current (Top of Chip) 0.0043 e!/pixel/s 0.0102 e!/pixel/s

Dark Current (Cneter of Chip) 0.0070 e!/pixel/s 0.0165 e!/pixel/s
Number of Hot Pixels 19816 (0.1 e!/s level) 44394 (0.1 e!/s level)

Spurious Charge (Top of Chip, Gain = 1) ! 0.55e!/pixel ! 0.80e!/pixel
Spurious Charge (Center of Chip, Gain = 1) ! 0.75e!/pixel ! 1.26e!/pixel
Spurious Charge (Top of Chip, Gain = 4) ! 5.15e!/pixel ! 6.33e!/pixel

Spurious Charge (Center of Chip, Gain = 4) ! 5.35e!/pixel ! 6.76e!/pixel
Read Noise, Gain = 1 5.40 e! 5.54 e!

Read Noise, Gain = 4 7.70 e! 7.94 e!

Fractional increase in rate of CTI (!) 0.218/year 0.216/year
EPER CTI at ! 12,000 e! signal level 4.9"10!5 9.2"10!5

Gain = 1 1.0 e!/DN 1.0 e!/DN
Gain = 4 4.032 e!/DN 4.016 e!/DN

5. Observational Recommendations

Note that the top of the CCD has reduced values of dark current and spurious charge.
Furthermore, the e!ects of charge transfer ine"ciency are mitigated at the top of the chip
due to fewer charge transfers. This significantly reduces the strength of cosmic ray and CTI
tails. It is, therefore, recommended that observations (if possible) be done at the top of the
chip at row 900. Observations at row 900 can accomplished by using the long slit E1 pseudo-
apertures of 52X2E1, 52X1E1, 52X0.2E1, 52X0.1E1, and 52X0.05E1. Additionally, because
of the total number of hot pixels, which is 5.7% of all the pixels, appropriate dithering of
CCD images is becoming increasingly important.
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