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Installed in the Hubble Space Telescope (HST) in May 2009, the Wide Field 
Camera 3 (WFC3) is performing extremely well on-orbit. The UVIS channel 
(200 to 1000 nm) contains a pair of e2v 4Kx2K CCDs, covering a 160x160 
arcsec field of view at 0.04 arcsec/pixel. This report summarizes the 
performance of the WFC3 UVIS detector, including primary characteristics 
such as read noise, dark current levels, and photometric stability. We also 
present ongoing studies of the evolution of the detector including the effects 
of radiation damage on the charge transfer efficiency (CTE) of the CCDs and 
strategies for mitigating those CTE losses.  In addition, we present new 
WFC3 high contrast imaging results.  

Abstract 

UVIS Channel 
 Two e2v 2Kx4K thinned, back-illuminated 
  CCDs (separated by ~35 pix or 1.4”)  
 FOV: 160”x160”; covers 200-1000 nm 
 4x 2-stage thermo-electric coolers (TECs) 
  cool the inner radiation shield and window, 
  4-stage TEC cools the CCDs to -83C 
 Charge Injection for CTI mitigation 
 Standard readout: full-frame via 4amps 
 Optional binning or subarray readouts 
 Readnoise: ~3 e- 
 Gain: ~1.6 e-/DN 
 Dead pixels: <-0.05% 
 Full well: 63 – 72k e- 

Figure 1 
CCD readout configuration 
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Figure 2  
The location of the four corner 512 pixel subarrays are 
shown on the WFC3 mosaic (drawn to scale). Imaging 
spectrophotometric standards in these subarrays offers 
an efficient observing strategy by minimizing readout 
overheads and buffer dumps. WFC3’s sensitivity 
provides S/N > 100 detections of these stars in just a 
few seconds of exposure time in all wide band filters.  

We demonstrate the temporal stability of the WFC3 UVIS camera by 
comparing photometry of a spectrophotometric standard star in several 
filters, taken over a >1 year time period. 

Figure 3  
Each of the 11 panels illustrates photometric 
stability measurements for a different WFC3/
UVIS filter for the bright standard GRW
+70d5824, placed on the UVIS1-C512A-SUB 
corner subarray. All of the individual 
photometry measurements are shown with 1σ 
photometric errors (∼0.4%), relative to the 
mean brightness over the entire time baseline 
which stretches from SMOV in June 2009 to 
August 2010. The large tick marks in each 
panel represent a 2% variation. Our analysis 
of white dwarf GRW+70d5824, plus several 
other standards, demonstrate that temporal 
variations in WFC3/UVIS are <~0.5% over the 
full wavelength range of the detector.  

WFC3/UVIS is temporally stable 
to a high degree (<~0.5% for 

GRW+70d5824) 

Figure 5  
Cosmic ray cleaned long exposure image (720 sec) at 
one pointing done without CI (left) and a long 
exposure at the same pointing for Line 10 CI (right) 
shows that CTI-induced loss is strongly suppressed 
with use of Line 10 CI.  This option will be available 
for observers in Cycle 19 (see stsci.edu/hst/wfc3 for 
updates). 

Figure 4 
Comparison of aperture photometry (r=3) 
without Charge Injection (CI) (left panel) and 
with Line 10 CI (right panel).  Stars used have 
500 – 2000 e- in the short exposures (30 s).  The 
reported values are the ratio of counts in long 
(360s) to short (30s) divided by 12.  Without CI 
stars farthest from the amplifiers (at Y = 0 and 
4096) show about a 10% loss in the short 
exposures.  The Line 10 CI strongly suppresses 
the CTE loss. 

REFERENCE 
Khozurina-Platais et al. (2011, WFC3 ISR in print) 

•  Our analysis indicates that WFC3/UVIS is temporally stable to a high degree. For 
GRW+70d5824, our measurements indicate that temporal variations are only    
<~0.5%, approximately the level of the errors on the measurements. 

•  CTE loss seems to be strongly suppressed with use of Line 10 Charge Injection.  
This option will be available for observers in Cycle 19. 

•  High contrast imaging results show that WFC3/UVIS is outperforming Palomar 5-m 
AO in J-band by ~2 mags over ~0.3 – 0.8 arcsec, with significant gains possible 
with proper PSF subtractions.  

Table 1 
CTE losses in percent as a function of time for the WFC3 
CCDs, based on aperture photometry of faint stars in low 
sky-background images of the rich open cluster NGC 6721. 
Analysis was performed on short/long exposure image pairs 
(60 and 420 sec), three pairs per epoch, taken with the 
F502N filter; sky background was 0.1 – 1 e-. Faint stars are 
defined as those with total flux of 500 – 2000 e- within a 5-
pixel radius aperture in the short (60 sec) exposure 
(Khozurina-Platais et al.). 

Figure 6  
Comparison of Palomar 5-m AO J-band image 
(courtesy David Ciardi, Nick Gautier), and WFC3 
UVIS image of V ~ 11 and 12 stars respectively.  
Images show 4x4 arcsec domains with a 
logarithmic stretch. FWHM of AO is 20% sharper, 
but inner part of PSF over 0.3 – 0.8 arcsecs is 
noisier in the AO compared to HST image. Curves 
represent what delta-magnitude companion could 
be seen to a S/N = 5 over 0.1 to 5 arcsecs. 
Palomar and F467M curves show detection limits 
for direct images.  'WFC3 UVIS' curve is based on 
using F673N - F680N images as a (poor) proxy for 
what proper PSF subtraction might provide.  'UVIS 
PSF Limit' shows what a perfect PSF subtraction to 
Poisson limit would allow.  Demonstrated results 
have WFC3/UVIS outperforming AO in J-band by 
~2 mags over ~0.3 – 0.8 arcsec, with significant 
gains possible with proper PSF subtractions. 

Days since 

 Launch 

UVIS1 
(amps A,B) 

UVIS2  

(amps C,D) 

144 3.5±0.74 3.0±0.58 
318 4.2±0.75 4.5±0.70 
479 6.1±0.89  5.7±0.82 

REFERENCE 
Kalirai et al. (2010, WFC3 ISR 2010-14) 

REFERENCE 
Gilliland et al. (2011, WFC3 ISR draft) 

WFC3/UVIS is outperforming 
Palomar 5-m AO in J-band by ~2 

mags over ~0.3 – 0.8 arcsec 

CTE loss is strongly suppressed with 
Line 10 Charge Injection. 


