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1.  Introduction

VIIRS FU1 FP-13 ambient phase II contains a comprehensive crosstalk test. This work is concerned with the static electrical crosstalk tests for the SMWIR bands in FP-13. The illumination sources used here were the TMC SIS, TMC BB, and ScMA. Bandpass filters (BPF) were utilized to insure that each UAID has a unique sender band and to minimize optical scattering. For each collect, a reticle was used to fully illuminate only one detector. Every collect contains 16 scans (in diagnostic mode), forming a pattern of two consecutive scans with the shutter open followed by two consecutive scans with the shutter closed. The low gain mode used Default DPP & M16B APID band substitution tables and the auto gain mode used M16A DPP & APID tables / Default DPP & M16B APID tables. Optical scattering and point-to-point crosstalk are revealed by examining the influence coefficients in dn, radiance, and noise space.

Table 1 lists the following test configuration information: UAID, number of collects, gain mode, BandPass Filter (BPF), irradiance source, and illumination level.  

2. Data processing and analysis

The dn is calculated by first averaging over all frames for each scan, ham side, gain state, detector, and band in a particular collect. Then the frame averaged dn for the shutter closed scans is subtracted from the shutter open scans for each state. The shutter closed scans act as a background subtraction. However, the shutter open-closed cycle does not begin at the same place for different collects. One needs to find the scans for which the sender detector is illuminated to determine the ordering of the shutter open-closed cycle for a particular collect. Then one calculates the background subtracted dn with the following equation
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Since the reticle opening is slightly larger than the detector, some optical leakage may occur into adjacent detectors in the sender band. As a result, the sender dn used here is the sum of all frame averaged and background subtracted dn in the sender band. This accounts for the optical leakage, which varies between 1 % and 10 % depending on the sender band. 

For the special case of auto low gain, when the sender detector (and possibly adjacent detectors) is in low gain but the remaining detectors in the sender band are in high gain, the normal background subtraction procedure is not appropriate because the background is in high gain. One needs to acquire a suitable low gain background subtraction from the fixed low gain collect for the same sender detector. In addition, the auto low gain collects require an extra gain factor be included in the background subtraction for detectors in low gain as follows:
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where ghg and glg are the radiometric gains of the detector in question for high and low gain states respectively.

Next, we use the sender dn to generate the influence coefficients in dn, radiance, and noise spaces. First, we generate the influence coefficient in dn space through the equation
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where dnSND(i) is the dn of the sender detector and dnREC(i) is the dn of the receiver detector. Here i and j refer to which gain state a respective quantity is in. Next, we define the influence coefficient in radiance space as
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where ΔLSND(i) is the radiance of the sender detector, ΔLREC(i) is the radiance of the receiver detector, gSND(i) is the radiometric gain of the sender detector, and gREC(i) is the radiometric gain of the receiver detector. Lastly, the Crosstalk to Noise Ratio (CNR) is generated by the following equation
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where LMAX(i) is the maximum radiance for the sender band and σREC-DARK(i) is the standard deviation of the receiver detector for the shutter closed scans only. The quantity in the first brackets is a typical sender dn during normal operation, the second brackets contain the influence coefficient in dn space for this sender to a specific receiver, and the quantity in the last brackets is the typical noise in the receiver. Note that the factor of 
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 is included only for diagnostic mode in order to make comparisons with aggregation mode. Thus CNR provides a typical crosstalk dn (the fist two brackets) in ratio with a typical noise. The CNR is used to determine whether a large (or small) influence coefficient is crosstalk or noise; the larger the CNR, the more crosstalk is contained in the signal. These coefficients give us an idea of the point-to-point crosstalk strength.

For the SMWIR bands, we note that although the problem imposed by band substitution exists for bands M12 and M13, collects that use the Default DPP & M16B APID table record data for all SMWIR bands. As a result, we ignore those collects for sender bands M12 and M13 which use the M16A DPP & APID table. In addition, although no data from all other sender bands is collected for bands M12 and M13 when using the M16A DPP & APID table, data for these bands is collected when using the Default DPP & M16B APID table. Therefore, band substitution does not necessitate any further consideration for the SMWIR bands.

The point-to-point crosstalk coefficients are now collected into the point-to-point crosstalk maps, separated by coefficient and gain state. The point-to-point coefficients for a given sender band and detector are averaged for each receiver band. Due to the fact that the detectors in the SMWIR bands are staggered on the focal plane, the point-to-point coefficients are also averaged separately for odd and even detectors in the receiver band. Both the band averaged and odd-even averaged coefficients are collected into their own crosstalk tables.

Figures 1 – 9 show the optical scattering that is present in the SMWIR bands. Note that the wavelengths of bands I4 and M12 overlap (M/I 100% and I/M 47%); there is also overlap in the bands I3 and M10 (M/I 100% and I/M 100%). Optical scattering between bands I3 and M10 is shown by Figures 1 – 4.  The scattering from M10 to I3 is stronger than for I3 to M10, as can be seen in a comparison of Figures 2 and 4.  In Figures 1 and 3, CNR is dominated by this optical crosstalk. Figures 5 – 8 show the optical scattering between I4 and M12. The influence coefficients between sender band I4 and M12 are plotted in Figures 5 and 6 for the band averaged values in dn and noise spaces and for individual sender detectors in radiance space, respectively. For sender band M12, figure 7 graphs the influence coefficients in dn and noise spaces and figure 8 plots dn for individual sender detectors. Figure 8 also shows that the even sender detectors generate more optical scattering than the odd sender detectors. 
Optical scattering is also evident in Figure 9 for individual sender detectors in sender band M13 to bands I4 and M12. This occurs only for the fixed low gain (flg) and auto low gain (alg) settings. Here there is no significant spectral overlap. Odd - even sender detector difference is observed; odd sender detectors generate a higher optical scattering signal in receiving bands than even sender detectors. 
The odd – even detector difference is the result of the geometry of the focal plane layout. In the scan direction, an even detector in the sender band is closest to the corresponding even detector in the adjacent band; however, an odd detector in the sender band is closest to the nearest even detectors in the adjacent band. The reverse is the case for opposite scan direction.
Figures 10 – 11 show the subsample difference in band I3. Figure 10 plots the band averaged values of the radiance space influence coefficient. One can clearly see the subsample difference for I3 in the graphs of the influence coefficient in dn space shown in Figure 11. The subsample difference is large in radiance space for the cases shown due to the fact that the radiometric gains of bands I3 and M12 are so different.
Figure 12 shows the in-band odd – even detector difference for sender band M11 by graphing the influence coefficient in dn space. There is optical scattering in-band up to 4 detectors from the peak for like detectors (an even sender detector sends optical scattering to in-band even receiver detectors but not odd receivers).
When I3 and I4 are the sender bands, there is a readout crosstalk effect associated with the ReadOut Integrated Circuit (ROIC) about 10 detectors away from the illuminated detector in bands M8 – M10.  This artifact is shown in Figures 13 and 14 for sender bands I3 and I4, respectively. Here the individual detectors are plotted as a function of band in focal plane order; the ROIC effect is seen in bands M8 – M11, as indicated by the red arrows. Here the CNR for one detector is consistently larger and the following detector is consistently lower for bands M8 – M11.
Figures 15 and 16 show small readout crosstalk pairs in sender band M8 to M10 and sender band M10 to M8, respectively. These artifacts are shown by the red arrows. Both plots are in noise space; however, when graphed in dn or radiance space, the signal from these artifacts is difficult to discern from the background.
Figures 17 – 20 show the crosstalk coefficients compared for different gain states from sender band M13. Figures 17 and 18 (using different illumination levels) graph XFdn for fixed high gain, auto low gain, and fixed low gain. Figure 19 and 20 graph XFL and CNR for fixed high gain, auto high gain, and fixed low gain respectively. Here auto high gain (ahg) refers to when the gain bit is forced into high gain mode for dual gain bands, auto low gain (alg) refers to when the gain bit is in low gain mode for some detectors (usually the illuminated ones) and in high gain mode for the remaining detectors in dual gain bands, and fixed low gain (flg) refers to when the gain bit is forced into low gain mode for dual gain bands. One can see that the crosstalk coefficients do not appear to behave the same when going from one gain state to another, although not enough data exists to make a definitive conclusion. In addition, they seem to be more stable for different illumination levels (in other words, comparing UAIDs 3102165 and 3102168 in Figure 18), but again there is insufficient evidence to draw a conclusion.
Summary

· Optical scattering dominated the SMWIR band crosstalk analysis. Major optical scattering is between I3 and M10 (M/I 100% and I/M 100%), I4 and M12 (M/I 100% and I/M 47%), and M13 (flg and alg) to I4 and M12.  
· Large subframe difference in radiance space is observed in sender band I3 and to a lesser extent I4.
· Odd-even detector difference in-band for sender band M11. Optical in-band scattering up to 4 detectors from illuminated detector for like detectors (i.e. an even sender to even receivers).
· Readout crosstalk from sender bands I3 and I4 to M8 – M11.
· Small readout crosstalk pairs from M10 to M8 and M8 to M10.

· Crosstalk coefficients appear to vary with gain state, but seem to be more stable with respect to illumination level. Insufficient evidence exists to draw any definitive conclusions.
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Table 1: FU1 FP-13 point-to-point crosstalk test configurations for SMWIR.

[image: image7.emf]UAID Collects Gain BPF Source Illumination

U3102097 33 Auto M8 TMC SIS 7800 ft-Lb

U3102104 36 Auto M10 TMC SIS 4800 ft-Lb

U3102107 69 Auto I3 TMC SIS

5200 ft-Lb (1-25) 5000 ft-Lb (26-42) 

4900 ft-Lb (43-69)

U3102118 33 Auto M9 TMC SIS 4500

U3102124 39 Auto M12 TMC BB 115 C

U3102150 66 Auto I4 TMC BB 103 C

U3102163 8 Auto M13 TMC BB 116 C

U3102164 28 Auto M13 TMC BB 95.5 C

U3102165 57 Auto / Low M13 TMC BB 405 C

U3102168 49 Auto / Low M13 TMC BB 598 C

U3102193 33 Auto M11 ScMA

10.762 A (1-7) 10.491 A (8-12) 

11.294 A (13-21) 10.788 A (22-27) 

12.2 A (28-33)


Figure 1: FU1 FP-13 band-averaged crosstalk coefficients in radiance and noise space for sender band M10.

[image: image8.emf]UAID 3102104 Sender Band M10 (band averaged)
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[image: image9.emf]UAID 3102104 Sender Band M10 (band averaged)
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Figure 2: FU1 FP-13 dn for sender band M10, detectors 4 and 7.

[image: image10.emf][image: image11.emf]
[image: image12.emf] 
Figure 3: FU1 FP-13 band-averaged crosstalk coefficients in radiance and noise space for sender band I3.

[image: image13.emf]UAID 3102107 Sender Band I3 SS1 (band averaged)
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[image: image14.emf]UAID 3102107 Sender Band I3 SS1 (band averaged)
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Figure 4. FU1 FP-13 dn for sender band I3, detectors 6 and 9.
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Figure 5: FU1 FP-13 band-averaged crosstalk coefficients in dn and noise space for sender band I4.

[image: image18.emf]UAID 3102150 Sender Band I4 SS1 (band averaged)
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[image: image19.emf]UAID 3102150 Sender Band I4 SS1 (band averaged)
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Figure 6: FU1 FP-13 optical scattering from sender band I4, detectors 9 and 18.

[image: image20.emf][image: image21.emf]
[image: image22.emf]
Figure 7: FU1 FP-13 band-averaged crosstalk coefficients in dn and noise space for sender band M12.

[image: image23.emf]UAID 3102124 Sender Band M12 (band averaged)
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 [image: image24.emf]UAID 3102124 Sender Band M12 (band averaged)
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Figure 8: FU1 FP-13 optical scattering from sender band M12, detectors 8 and 13
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[image: image27.emf] 
Figure 9: FU1 FP-13 optical scattering from sender band M13 flg (UAID 3102165), detectors 6 and 9.
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[image: image30.emf]
Figure 10: FU1 FP-13 band-averaged crosstalk coefficient in radiance space for sender bands M9 and M12.

[image: image31.emf]UAID 3102118 Sender Band M9 (band averaged)
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[image: image32.emf]UAID 3102124 Sender band M12 (band averaged)
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Figure 11: FU1 FP-13 crosstalk coefficients in radiance space for sender band M12, detectors 2 and 11.

[image: image33.emf][image: image34.emf] [image: image35.emf] 
Figure 12: FU1 FP-13 influence coefficient in dn space for sender band M11, detectors 10 and 11.
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[image: image38.emf]
Figure 13: FU1 FP-13 ROIC for sender band I3, detectors 2 and 28.
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Figure 14: FU1 FP-13 ROIC for sender band I4, detectors 8 and 28.

[image: image42.emf][image: image43.emf]
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Figure 15: FU1 FP-13 crosstalk pair for sender band M10, detectors 2 and 8.
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Figure 16: FU1 FP-13 crosstalk pair for sender band M8, detectors 2 and 6.
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Figure 17: FU1 FP-13 band-averaged crosstalk coefficient in dn space for sender band M13 in ahg, alg, and flg.

[image: image51.emf]UAID 3102163-4 Sender band M13 ahg (band averaged)
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[image: image53.emf]UAID 3102165 Sender Band M13 flg (band averaged)
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Figure 18: FU1 FP-13 band-averaged crosstalk coefficient in dn space for sender band M13 in flg for different illumination levels (TMC BB temperatures of 405 C and 598 C, respectively).

[image: image54.emf]UAID 3102165 Sender Band M13 flg (band averaged)
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[image: image55.emf]UAID 3102168 Sender Band M13 flg (band averaged)
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Figure 19: FU1 FP-13 band-averaged crosstalk coefficient in radiance space for sender band M13 in ahg, alg, and flg.
[image: image56.emf]UAID 3102163-4 Sender Band M13 ahg (band averaged)
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[image: image57.emf]UAID 3102165 Sender Band M13 alg (band averaged)
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[image: image58.emf]UAID 31022165 Sender Band M13 flg (band averaged)
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Figure 20: FU1 FP-13 band-averaged crosstalk coefficient in noise space for sender band M13 in ahg, alg, and flg.
[image: image59.emf]UAID 3102163-4 Sender Band M13 ahg (band averaged)
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[image: image60.emf]UAID 3102165 Sender Band M13 alg (band averaged)
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[image: image61.emf]UAID 3102165 Sender Band M13 flg (band averaged)
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