Predictive model of persistence in H2RG detectors
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Infrared hybridized detectors are widely used in astronomy, and their

performance can be degraded by image persistence. This results in
remnant images that can persist in the detector for many hours,
contaminating any subsequent low-background observations. A
different but related problem is reciprocity failure whereby the

detector is less sensitive to low flux observations. It is demonstrated

that both of these problems can be explained by trapping and
detrapping currents that move charge back and forward across the
depletion region boundary of the photodiodes within each pixel.
These traps have been characterized in one 2.5 ym and two 5.3 um
cutoff wavelength Teledyne H2RG detectors. We have developed a
behaviour model of these traps using a 5-pole Infinite Impulse
Response digital filter. This model allows the trapped charge in a

detector to be constantly calculated for arbitrary exposure histories,

providing a near real-time correction for image persistence.
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Fig. 5 The LED method used to probe the trapping and detrapping
time constants. Key parts of the trapped charge and signal level

profiles are shown labeled.
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Fig. 8 Family of detrapping profiles for the CRIRES+ detector at a constant exposure level of 100 ke~
applied for a soak time that varied between 0 and 15,000 s. The line fits to the data use Eq. (1).
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Fig. 9 The effect of increasing soak time on the amount of charge
trapped in each detrapping time constant bin. These data are ob-
tained by applying the exponential analysis technique to the data
in Fig. 8.
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Fig. 10 Relationship between detrapping and charge-up time con-
stants. This graph finally establishes the link between trap time con-
stants in the postreset detrapping phase and those in the charge-up
soak phase. These data are obtained by applying the exponential
analysis technique 1o the plots in Fig. 9. Both plots use the same
vertical axis units.

ETIL:

FRERI OV TERDKSTRCEEE

TETILTES, TOR.

1. Eiﬁl“7‘J7°§& aVTFUY EDER

Ellll.lﬁa) ) )ILG) j(%é

2. Trap& %,uu.
3. DetrapEjfi :

?&*IL?L% EE,IJILG)I%é

Itr;l‘pping
Trapped charge

=1

Tdetrap

—Ci-g—‘_&b\—cgé *E%Sld)ﬂ#m%l?’)\&)é Flg 11 Symbolic model of an ensemble of persistence-inducing
BAE. BEROBHACEC LN TESD,

o NREFH vs detrapEFH
$¢Soak timeld1000s|Z[EE

H2RG 2.5 ym Bias=

250mV. Temp=B0K. Sook=1000s
T T T

LED fluence (ke-)

180

>135ke" TINELE
detrap¥ % BT A
WA BB,

1000

L L |
100 100.0 1000.0 10000.0

Time since reset, (s)

Fig. 12 Detrapping profiles with constant soak and variable LED flu-
ence for the ERIS 2.5-um detector. The line fits to the data use Eq. (1).
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Fig. 2 (a)-(c) Charge movement to and from the DR. Trapping and detrapping charge carriers have

| fractional effective charge. This example shows the behavior of a ma(pV mAls 1/4 of the way across the
VAV

DR. In reality, the trap positions are widely distributed. A\
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Flg 13 Persistence saturation at full well in the ERIS 2.5-and 5.3-um

levels were froma of LED

on-time and its brightness in e~ /ms at low flux levels. Data at 8500 s
for the 5.3-um device were not included due to the difficulty of accu-
rately removing the high instrumental background contribution.
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Fig. 14 Detrapping time constant invariability with exposure level.
The detrapping profiles shown in Fig. 12 were divided by the initial
exposure level to reveal any possible time-constant changes with
exposure level.
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Fig. 16 Photon transfer of persistence. (a) (ERIS 5.3-um device) the statistics of the trapping current in
blue and the dark current in red. The negative gradient of the trapping current statistics is due to the mean
signal on the pixel actually decreasing due to the trapping. Dark current of course acts to increase the
signal. (b) (ERIS 2.5-um device) the statistics of detrapping current in blue and photocharge/dark current
in red. All of these act to increase the signal on the pixel.
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Flg. 17 Charge loss from a pixel due to trapping currents during the

“up-step” exposure phase and charge gain due to detrapping currents
during the “down-step.” The up-step runs reveal an additional leakage
current in the pixel. Refer to Fig. 5 for an explanation of the terms.
Data obtained using the ERIS detector.
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Fig. 18 Symmetry of “up-step” exposure phase and charge gain due
to detrapping currents during the “down-step,” as shown in Fig. 17,
once the leakage current has been subtracted. Refer to Fig. 17 for
the color codes of the three plot groups.
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