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Introduction 

Fringing affects 3VIS data at long wavelengths because the absorption efficiency in the CCD 

silicon gradually decreases beyond 600–700 nm. This allows multiple internal reflections to occur 

between CCD detector surfaces, setting the stage for the constructive and destructive interference 



!FC3 Instrument Science Report 2010-04 

 2

that produces fringing patterns. Fringing is highly sensitive to the thickness of the silicon detector 

layer, so the variation of this thickness across the detector surface leads to variation in fringe 

amplitude, fringe phase, and quantum efficiency as a function of position on the detector. Fringing 

is also highly sensitive to wavelength, leading to several effects. Monochromatic illumination can 

produce strong fringing at long wavelengths, while broad-band illumination will average over 

fringe phase and produce weaker fringe patterns. For this reason, narrow-band filters show 

stronger fringing in the flat fields studied in this report. However, sources with narrow spectral 

energy distributions can produce strong fringing even if observed using a broad filter, so the results 

in this report apply most directly to on-orbit !FC3/JVIS observations of targets spectrally similar 

to the calibration lamp. 
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Data for these tests, in the form of pipeline flat field images, were retrieved from the !FC3 

calibration reference file page (http://www.stsci.edu/hst/observatory/cdbs/SIfileInfo/!FC3/ 

reftablequeryindex) in February 2010. These flat field files are the calibration pipeline reference 

files, generated from stacks of individual flat field images taken during ground testing. 

Statistics were compiled for subregions within each filter flat. Some filters are quad filters, in 

which the full JVIS detector field of view is covered by 4 filters, one for each quadrant. The 

filter edges are out of focus on the focal plane, so light from multiple bandpasses reaches the 

detector in those areas (see Fig. 6.8 in !ong et al. 2010). The filter edge effects reduce the 

usable area to about 1/6 of the total field of view, instead of 1/4 of the field of view. Subregions 

were therefore used to minimize quad filter edge effects. Although flat fields using full-frame 

filters are obviously not affected by quad filter edge effects, the same subsections were used in 

the analysis of the full-frame filter flats in order to provide consistent statistics among all the 

filters. 
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The impact of fringing on on-orbit science data can be estimated by analyzing flat field data, but 

it is very important to note that sources with spectral energy distributions (SVDs) significantly 

different from the SVD of the calibration lamp may exhibit very different behavior. In particular, 

although broad filters may not show fringing effects because the continuum light source smooths 

out wavelength-dependent fringing, these same filters can exhibit strong fringing effects when 

illuminated by sources with strong spectral lines or SVDs much narrower than that of the filter 

bandpass. Conversely, for sources with SVDs similar to the calibration lamp, fringing variability 

will be corrected by the flat-fielding process. 

Fringe amplitudes were measured in a number of ways. Amplitudes are given as percentages 

of the normalized flat-field signal level. For the pixels in each subregion, the following quantities 

were calculated: 
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9 r,s deviation =ro, t>e ,ean 

9 =+ll @idt> at 25A ,axi,+, 

9 distance bet@een bi,odal >istoDra, 2eaEs 

9 ,an+al sa,2linD o= adFacent =rinDes in a sinDle area o= t>e detector t>at @as ,ost stronDly 

a==ected by =rinDinD 

Statistical eval+ation o= t>e entire s+breDion 2rovides t>e ,ost Deneral in=or,ation on =rinDe 

a,2lit+de in eac> H+adrant. Jot> t>e r,s deviation and t>e =+ll @idt> at 25A ,axi,+, ,eas+re 

t>e @idt> o= t>e 2ixel distrib+tion. K>e r,s deviation is t>e root7,ean7sH+are o= t>e di==erence 

bet@een eac> 2ixelLs siDnal level and t>e ,ean siDnal level on t>e c>i2 Mor H+adrant =or H+ad 

=iltersN. K>e =+ll @idt> at 25A ,axi,+, @as calc+latedO instead o= t>e =+ll @idt> at >al= 

,axi,+, M"!PQNO beca+se t>e "!PQ does not acc+rately c>aracteriRe t>e @idt> o= t>e 2ixel 

distrib+tion =or stronDly bi,odal distrib+tions Mas in "iD+res 6S and 22N. K>e r,s deviation and 

t>e =+ll @idt> at 25A ,axi,+, are correlatedO @it> t>e =+ll @idt> beinD abo+t $T$.5 ti,es 

Dreater t>an t>e r,s deviation. K>e ratio bet@een t>ese ,etrics de2ends @eaEly on H+adrant and 

on =rinDe a,2lit+de. 

K>e =ilters @it> t>e stronDest =rinDinD M"S5$VO "WXXSVO "WS5YVO "WS28VO and "WS$ZVN 

can also be c>aracteriRed by t>e distance bet@een bi,odal 2eaEs o= t>eir >istoDra,s. K>is 

distance @as calc+lated in an a+to,ated @ay. K>e lesser 2eaE @as de=ined as t>e ,axi,+, 2oint 

in t>e lo@er >al= o= t>e >istoDra,O and t>e Dreater 2eaE @as de=ined as t>e ,axi,+, 2oint in t>e 

+22er >al= o= t>e >istoDra,. K>e dividinD 2oint @as si,2ly t>e ,iddle o= t>e ranDe s2anned by 

t>e =+ll @idt> at 25A ,axi,+,[ t>is dividinD 2oint is 2lotted as a circle in t>e >istoDra,s 

M"iD+res 6 to 22N. "or \a+ssian7liEe distrib+tions Msee H+adrants ]T# in "iD+re 6NO t>is ,etric 

does not 2rod+ce +se=+l res+ltsO so t>e distance bet@een >istoDra, 2eaEs is not re2orted. "or 

H+adrant ^O co,2lex distrib+tions can be created d+e to t>e stronD variation in detector layer 

t>icEness[ t>e H+ad ^ distance bet@een >istoDra, 2eaEs can t>ere=ore be +nderesti,ated by t>is 

,et>od by abo+t a =actor o= t@oO as s>o@n in "iD+res 6S and 22.  

"or co,2arisonO adFacent =rinDes @ere ,an+ally sa,2led in t>e =ilters ,ost a==ected by 

=rinDinD. "rinDe a,2lit+de is variable across t>e detectorO so ,an+al sa,2linD @as done near t>e 

reDion o= eac> H+adrant ,ost stronDly a==ected by =rinDinD. &n =+ll =ra,e =iltersO t>is reDion is in 

t>e t>innest 2art o= t>e detectorO in H+adrant ^O near a =rinDe 2attern Eno@n as t>e _>a22y 

b+nny.` Ky2ically t@o areas o= abo+t S55 2ixels eac> @ere sa,2led in adFacent areas o= 

constr+ctive and destr+ctive inter=erenceO @it> t>e =rinDe a,2lit+de c>aracteriRed by t>e ,ean o= 

t>e t@o sa,2les and t>e +ncertainty in t>e a,2lit+de c>aracteriRed by t>e standard deviations o= 

eac> sa,2le. 
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K>e =irst t@o ,etrics Mr,s deviation =ro, t>e ,ean and =+ll @idt> at 25A ,axi,+,N are Dood 

,eas+res o= lo@7a,2lit+de =rinDinD. &n =lat =ields @it> no siDni=icant =rinDinDO r,s deviations are 

abo+t 6T2AO and =+ll @idt> at 25A ,axi,+, is abo+t $A. PiD>er val+es can indicate siDni=icant 

=rinDinD e==ectsO alt>o+D> t>e ill+,ination Dradient in "W55XV M"iD+re 25N is res2onsible =or t>e 



!"#$ &'()*+,-') ./0-'/- 1-23*) 4565758 

 8

9'3,9:3+(:; <0=< *,( >-?09)03' 9'> @+:: A0>)< 3@ )<9) @0:)-*B( 20C-: >0()*0D+)03'E F<-*- 9*- 

)*9>-3@@( D-)A--' )<-(- )A3 ,-9(+*-(G *,( >-?09)03' 0( '3) (-'(0)0?- )3 D*39> A0'=( 3@ )<- 

<0()3=*9,( H/3,,3' 0' I+9>*9') JKL A<0:- )<- @+:: A0>)< 9) 45M ,9C0,+, )-'>( )3 3?-*()9)- )<- 

-@@-/) 3@ @*0'=0'= D-/9+(- ?-*; @-A 20C-:( @9:: 3+)(0>- )<0( A0>)<E F<+( *,( >-?09)03' ,9; D- 

,3*- 922*32*09)- @3* -()0,9)0'= ,-9' (0='9: :-?-: -**3* >+- )3 @*0'=0'=L 9'> )<- @+:: A0>)< 9) 45M 

,9C0,+, ,0=<) D- D-))-* (+0)-> @3* -()0,9)0'= ,0'0,+, 3* ,9C0,+, -C23(+*- )0,-( @3* 

29*)0/+:9* (/0-'/- 922:0/9)03'(E 

F<- >0()9'/- D-)A--' D0,3>9: 2-9N( 3@ )<- 20C-: <0()3=*9,( 0( :0N- )<- ,3>- 3@ )<- @*0'=- 

9,2:0)+>- 9/*3(( 9 I+9>*9')L 0@ *,( >-?09)03'( 9*- ,3*- :0N- 9 ,->09' 3@ )<- @*0'=- 9,2:0)+>-E 

#3'(+:) )<- 922*32*09)- <0()3=*9, 2:3) H0' "0=+*- 6O 3* 44K )3 0')-*2*-) )<- ?9:+-( :0()-> 0' F9D:- 

6 @3* >0()9'/- D-)A--' <0()3=*9, 2-9N(L D-/9+(- (-?-*9: -@@-/)( /9' 0')-*@-*- A0)< )<- 9+)3,9)-> 

,-)<3> +(-> )3 /9:/+:9)- )<0( ?9:+-E P3'7D0,3>9: >0()*0D+)03'( /9' =0?- (2+*03+( *-(+:)(L 9( 

>0(/+((-> 9D3?-E  

Q9'+9: (9,2:0'= 3@ 9>R9/-') @*0'=-( =0?-( )<- D-() -()0,9)- 3@ @*0'=- 9,2:0)+>- 0' 9>R9/-') 

@*0'=-(L (3,-)<0'= )<9) /9''3) -9(0:; D- ,-9(+*-> D9(-> 3' ()9)0()0/( 3@ )<- I+9>*9') 9( 9 A<3:-E  

F9D:- 6 :0()( 2-9N7)37)*3+=< @*0'=- 9,2:0)+>- 0' 9 (0'=:- *-=03' 3@ )<- >-)-/)3* @3* -9/< @0:)-* A0)< 

?0(0D:- @*0'=0'= 29))-*'(E F<- >*9AD9/N 3@ )<0( ,-)<3> 0( )<9) 0) >3-( '3) -?9:+9)- )<- -')0*- 9*-9 

3@ )<- ##JS )<- D-'-@0) 0( )<9) @*0'=- 9,2:0)+>- 0( ?9*09D:- 9/*3(( )<- >-)-/)3*L 9'> )<0( ,-)<3> 

-'(+*-( )<9) '-9*D; 9>R9/-') @*0'=-( 9*- 9//+*9)-:; /<9*9/)-*0T->E F<-(- ?9:+-( /9' D- )9N-' )3 

*-2*-(-') 9' +22-* :0,0) )3 )<- @*0'=- 9,2:0)+>- 3@ 9 (3+*/- )<9) 0( >0)<-*-> 9/*3(( 9>R9/-') @*0'=- 

,0'0,9 9'> ,9C0,9E .-29*9)03'( D-)A--' @*0'=- ,0'0,9 9'> ,9C0,9 *9'=- @*3, 9D3+) 45 )3 

455 20C-:( H9D3+) 5EU )3 U 9*/(-/3'>( 3' )<- (N;KE 

Table 1. Flat field statistical characteristics relevant to fringe amplitudes. Values are given in units of 
percentage of the normalized mean signal level in each chip (for full-frame filters) or in each quadrant (for 
quad filters). Distance between histogram peaks is omitted for filters without clear bimodal pixel 
histograms; manual peak-to-trough measurements are omitted for filters without visible fringe patterns. 
RMS deviations and full width at 20% maximum are listed for all filters and quadrants, whether affected by 
fringing or not. 
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Figure 1. Histograms (left) and image (right) of the F600LP flat field. Fringe amplitudes in Table 1 are 
estimated based on histogram features shown here: rms deviation from the mean (error bars with 
triangles), full width at 20% maximum (error bars with circles), and automatically determined distance 
between bimodal histogram peaks (squares). Histograms are plotted separately for each amplifier 
subregion shown in the image. Quadrants A, B, C, and D are located respectively at upper left, upper right, 
lower left, and lower right. 
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Figure 2. As Figure 1, but for the F606W flat field. 
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Figure 3. As Figure 1, but for the F621M flat field. 

 

0.8 0.9 1.0 1.1 1.2 1.3
Pixel value

0

2•104

4•104

6•104

8•104

1•105

H
is

to
g
ra

m
 (

p
ix

e
l 
c
o
u
n
t)

F625W (Amp A)
F625W (Amp B)
F625W (Amp C)
F625W (Amp D)

 

 

Figure 4. As Figure 1, but for the F625W flat field. 
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Figure 5. As Figure 1, but for the F631N flat field. 
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Figure 6. As Figure 1, but for the F645N flat field. 
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Figure 7. As Figure 1, but for the F656N flat field. 
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Figure 8. As Figure 1, but for the F657N flat field. 
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Figure 9. As Figure 1, but for the F658N flat field. 
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Figure 10. As Figure 1, but for the F665N flat field. 
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Figure 11. As Figure 1, but for the F673N flat field. 
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Figure 12. As Figure 1, but for the F680N flat field. 
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Figure 13.! As Figure 1, but for the F689M flat field. 
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Figure 14.! As Figure 1, but for the F763M flat field. 
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Figure 15. As Figure 1, but for the F775W flat field. 
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Figure 16. As Figure 1, but for the F814W flat field. 
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Figure 17. As Figure 1, but for the F845M flat field. 
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Figure 18. As Figure 1, but for the F850LP flat field. 
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Figure 19. As Figure 1, but for the F953N flat field. 
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Figure 20. As Figure 1, but for the flat fields FQ508N (quadrant A, upper left), FQ674N (quadrant B, upper 
right), FQ575N (quandrant C, lower left), and FQ672N (quadrant D, lower right). The extremely broad 
distribution for FQ508N is due to a strong illumination gradient, rather than to fringing. 
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Figure 21. As Figure 1, but for the flat fields FQ619N (quadrant A, upper left), FQ750N (quadrant B, upper 
right), FQ634N (quandrant C, lower left), and FQ727N (quadrant D, lower right). 
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Figure 22. As Figure 1, but for the flat fields FQ889N (quadrant A, upper left), FQ906N (quadrant B, upper 
right), FQ924N (quandrant C, lower left), and FQ937N (quadrant D, lower right). 

Conclusion 

Several different methods are used to measure fringing effects in the ground test data, and the 

results have been tabulated as a function of filter. Observers can use one or more to crudely 

estimate the impact fringing is likely to have on their science data or on desired exposure times. 

The filter with the strongest fringing is F953N, with typical fringe amplitudes of about 16% peak 

to trough (determined from histogram peaks in the bimodal distribution of signal levels). The 

methane quad filters FQ889N, FQ906N, FQ942N, and FQ937N are also strongly affected with 
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typical fringe amplitudes of about 10% (again based on the bimodal histogram of pixel signal 

levels). Manual identification of fringing in the data show that F656N, F658N, FQ672N, F673N, 

FQ674N, FQ727N, and FQ750N are more weakly affected, with fringe amplitudes in the range of 

0.5–4.6%. 

Measurements of fringing effects in this report are only a rough guideline to the impact of 

fringing on actual science data, since fringing effects will be different for sources with SEDs 

significantly different from the calibration lamp used to create these flat fields. 

Tools for correcting fringing are under development, and will be characterized with on-orbit 

cluster photometry. The flat fields analyzed here could serve as an additional set of test data for 

assessing the effectiveness of various fringe model solutions. 
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