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Analysis in support to NCR 1602. ASIC pcode 7
troubleshooting

Abstract:

We present a preliminary analysis of the different performance of the NIRSpec DS during the calibration campaign FM2-
B with two different version of the ASIC ucode [ Restricted ].

1 INTRODUCTION

As previously reported in support of the early troubleshooting associated with NIRSpec
NCR 1602, the data acquired during the early phases of calibration campaign FM2-B with
the newly released ASIC ucode 7.0 showed bias and CDS noise levels not in line with the
value measured during the previous calibration campaign FM2-A with the ucode 6. The
new values indicated that the tuning of the DS was not the same as during FM2.

For the purpose of comparing data acquired during FM2-B with different ucode versions
and personality files we identify the following phases:

Phase 1 ucode 7 :from the cool down until the discovery of the non compliance.

Phase 2 ucode 7 : first attempt to restore the DS tuning. Version 10 of the personality for
the operational temperature of 36K were uploaded but did not produce any noticeable
variation.

Phase 3 ucode 6 : this phase represents the bulk of the campaign and it was carried out in
the same configuration used during FM2-A.
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Phase 4 ucode 7 : At the end of the calibration campaign it was realized that the data
acquired with ucode 7 were readout in un-buffered mode which is not the default NIRSpec
setting. Once the appropriate register was corrected, the data acquired with ucode 7,
personality file version 10 and in buffered mode showed bias and CDS noise values much
more similar to the one obtained with ucode 6. The only noticeable difference remaining in
data acquired during phase 4 is the bias level for SCA491, still 9-10K DN above the level

measured with ucode 6. In this phase we have acquired a minimal set of data to verify gain
and noise.

Phase 5 ucode 7 : A final attempt to adjust the DS tuning was done adjusting the register
602B in the ASIC. Only one exposure was acquired with this setting. Subsequently red
limits have precluded additional troubleshooting and exposure acquisition.

In summary:

¢ Phase1- Fresh upload of upload of ucode 7 at the beginning of FM2-B
From NID:13512 to NID: 13721

¢ Phasez2- ucode 7 with version 10 of personality file for 36.0 K
From NID 13722 (lost due to space wire connection droppage) to NID 13774

¢ Phase3: ucode 6 from NID: 13775 to NID: 14509 (full performance verification campaign)

¢ Phase 4: ucode 7 with version 10 of personality file for 36K and NIRSpec standard buffered mode
from NID 14510 [DET-UCODE-QUICK ]to NID 14521 [GWA-G140M-CO-18]

¢ Phases5: as phase 4 but with an adjustment to Register 602 B

only 1 exposure available NID: 14522 [NCR1602-Check]

2 COMPARISON OF BIAS LEVEL AND CDS NOISE

The most striking differences between the initial condition in phase-1 and FM2-A were the
level of the reference pixels and the CDS noise measured in the reference pixel area. The
tables below highlight the difference in the top reference pixels, but similar behaviour is
seen in the bottom reference pixels and in the active area of the SCAs.

Table 1 and table 2 show the mean value in the reference pixels in the first frame of
exposures acquired in different phases. No distinction between even and odd columns was
made. The buffered mode introduced in phase-4 brought back the reference pixels to the
same value seen with ucode 6 for SCA492 but it has only reduced it for SCA491, which still
showed 9k-10K more counts than with ucode 6.



Table 1. Top reference pixel average values [DN] for SCA491 for the four outputs in different phases. The
number between brackets indicates the number of exposures used for the average. The two columns

with a darker background highlight the data acquired with pcode 6.

SCA 491 FM2B
l[:ivf:o? Phase 1 Phase2 Phase 3 Phase 4 Phase 5
[8] [18] [59] [10] [1]
Output #1 16036 39402 38005 16094 25380 25463
Output #2 15176 39360 37934 15259 24537 24566
Output #3 16071 39576 38164 16139 25411 25474
Output #4 14970 39621 38212 14993 24229 24290
Table 2. Same as Table 1 but for SCA 492
SCA 492 FM2B
l[:ivf:o? Phase 1 Phase2 Phase 3 Phase 4 Phase 5
[8] [18] [59] [10] [1]
Output #1 11413 22329 21262 11506 11762 11694
Output #2 10501 22136 21064 10567 10744 10725
Output #3 11444 22664 21647 11515 11669 11662
Output #4 12114 22675 23589 12137 12321 12259

Table 3 and table 4 show the CDS noise (in DN) measured in the top reference pixels using
the first two frames of each exposure. The buffered mode introduced in phase-4 has
brought back the CDS noise value to the same value seen with microcode 6 for both SCAs.

Table 3. CDS noise (in DN) measured in the top reference pixels of SCA491 for the four outputs in
different phases. The number between brackets indicates the number of exposures used for the average.
The two columns with a darker background highlight the data acquired with with pcode 6.

SCA 491 FM2B
l[:ivf:o? Phase 1 Phase2 Phase 3 Phase 4 Phase 5
[8] [18] [59] [10] [1]
Output #1 10.45 7.54 7.55 10.43 10.39 10.39
Output #2 10.78 7.69 7.60 10.72 10.63 11.19
Output #3 10.85 7.87 7.79 10.72 10.28 11.36
Output #4 11.06 7.69 7.71 10.86 10.83 10.68
Table 4. Same as Table 1 but for SCA 492
SCA 492 FM2B
l[:ivf:o? Phase 1 Phase2 Phase 3 Phase 4 Phase 5
[8] [18] [59] [10] [1]
Output #1 10.63 7.64 7.68 10.70 11.00 10.53
Output #2 11.09 8.06 7.92 11.16 11.63 11.08
Output #3 10.89 7.89 7.91 10.96 10.95 11.06
Output #4 10.63 7.78 7.97 10.65 10.56 10.48




3 COMPARISON OF PIXEL VALUE DISTRIBUTIONS

The quick look analysis performed after the acquisition of each exposure produce the
histogram of the four outputs of the first frame.

Data acquired during phase 1 and 2 (ucode 7 unbuffered mode) showed distributions very
different from those observed from the data acquired with ucode 6. The buffered mode, re-
introduced in phase 4 and 5 (ucode 7) shows the same distribution seen with ucode 6.
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Figure 1. Comparison of pixel value distributions in each output of the first frame of dark exposures
acquired in different phases. Phases showing similar results have been grouped together. The first
column shows the typical distributions observed whit ucode 6.

4 GAIN MEASUREMENT

The difference in CDS noise measured during phase-1 and phase-2 pointed to a potential
gain mismatch. At the end of the campaign, when ucode 7 was re-tested in buffered mode
we acquired a set of exposure for the measurement of an average gain. Table 5 and Figure 2
show that the gain measured during FM2-B with both versions of the microcode are very
similar to the one measured during FM2-A. We do not have suitable data to measure the
gain during Phase-1 and Phase-2 when ucode 7 was paired with un-buffered readout mode
and the CDS noise was significantly lower than expected.




Table 5. Mean conversion gain measured during FM2B with the two versions of the microcode. For
comparison gain of 1.47 e-/DN and 1.37e-/DN were measured during FM2-A.

;
Gain e-/DN Phase-3 (ucode 6) Phase-4 (ucode 7)
SCA 491 1.42 1.49
SCA 492 1.34 1.35
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Figure 2. Photon transfer test for the measurement of the gain during FM2-B with the two different
versions of the ASIC microcode.

5 PIXEL VALUE DISTRIBUTION AFTER REFERENCE PIXEL
CORRECTION

We have created a super bias with the available dark exposures acquired during phase 3
(ucode 6) and phase 4 (ucode 7 buffered mode). Despite the residual difference in the




reference pixel values seen in SCA491 the distribution of the pixel values in the active
region of the SCA is almost identical.
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Figure 3. Pixel value distribution for the four outputs of SCA491 after reference pixel subtraction, with
ucode 6 [Left] and pcode 7 and buffered readout mode [Right]. The four outputs are identified with
different colours [1- Black, 2-Red, 3- Blue, 4-Green]
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Figure 4. Same as Figure 3 for SCA492.

6 PRELIMINARY CONCLUSIONS

The new version of the ASIC mcode does not yet replicate the full performance seen with
version 6. While the fixes applied during the calibration campaign seemed to have restored
most of the tuning for SCA 492, the reference pixel level for SCA491 is still significantly
higher, reducing the dynamic range.

Further analysis on existing data is needed to verify other potential differences between the
two versions of the mcode.

FM2B has shown that the regression testing of new versions of the mcode does not yet take
into account settings specific to each SI. It is recommended that DCL investigate the
difference between the two versions of the microcode to minimize the impact of future




testing at ISIM level when even more advanced versions of the ASIC microcode will likely
be used.

7 APPENDIX

For a more comprehensive comparison between data acquired in the different phases, we
selected one exposure for each phase and provided the quick look report. The relative
phase is indicated in red on the top right corner of the first page of each report.



REFERENCE PIXELS

CDS [#1-#0]
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