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Introduction Hardware Results

The figure below shows an approximately 1-pixel wide section of a CCD video waveform. A small CCD controller with a DCDS processor was built, first to measure the The noise spectrum of the CCD231 was higher than that quoted by E2V. The best fit
The pixel value is the difference between the reference and signal pedestal sections and is noise spectrum of the E2V CCD231 and then to check the predictions of the to the spectrum was given by:

measured using a Correlated Double Sampler (CDS) processor. This can be implemented modeling. The CCD was mounted directly onto the controller PCB to minimise

using analogue circuitry or it can be done in the digital domain through the use of a high- extraneous noise sources.

speed ADC and an FPGA. In the latter case the processor is known as a Digital CDS. Use N(f) — 150V (1 n 600kHz)0-45 V705

of weighted-multiple samples offers the promise of reduced read noise. Modeling was done '
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compared with the more traditional “Clamp and Sample” and “Differential Averager” FPGA module o e e -
schemes commonly used in analogue processors. a i )
CCD video waveform. The task of the CDS is to measure the depth of the —ve going step N - G, e - RN .
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Modeling techni .
Only the differential averager was implemented in VHDL. Three different ADC
A Fourier technique was used to generate synthetic noise waveforms based on the noise frequencies were investigated. The CCD read noise was measured across a wide
spectrum of the CCD provided by the manufacturer. range of pedestal widths (pixel time = 3 x pedestal time). The results are shown below
I . B f Uﬂ USB2 to Host (>12Mpix/s) together with the theoretical noise one could expect ass_urT\ing the measured noise
B e ‘ I e ‘ e A small CCD controller implemented in G spectrum shown above. The DCDS performance came within 0.8 electrons of theory.
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These synthetic waveforms were then repeatedy multiplied by various CDS transfer transmitted to allow the noise spectrum o J S 5 -
functions to find the resultant read noise in units of electrons RMS. Four functions or of the CCD to be measured. Accumulator meer ] Aoty v - i
“ h ” t t d Th h b I L. Reset Q) - 625MHZ ADC 7
schemes” were tested. These are shown below. S b i ]
_ _ FPGA Floorplan /m\ ADC 8 : ) |
Clamp and Sample Differential Averager - B v |
| % (6.25,12.5 or 25MHz) VHDL () L ‘“'0"‘1 L 125MHZ ADC |
o Yy S f AT A :
S e BN e = . . Ry amL sEEmERaES é % 4 j i
| e, e or s ke ] 20 cock drivers ; ;
to give the pixel value. 4“ (9 lines) — =
o Analogue In+ | Th eory _
. . Analogue In - u ]
“Mirrored Exponential” (extra i - : N |
) Flicker suppression” (reduced gain at i |
emphasis close to charge-dump : | e
low frequencies) i ————————— = - R
event) - j
25% Resource usage 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
X - X it
m W O O 10 15 20
Test image 2304 x 128 pixels. Needed to establish system gain. :
. . . . J P d J Pedestal width us
The analysis was repeated over a wide range of pixel rates and compared with the CCD231
data sheet values. The result is shown below. The same color coding is used as in the
above graphics. All plots are better than the data sheet values. The differential averager is C I =
the best all-round performer. o n C u s I o n s
4.0
5.5 Photon transfer performance, to show that the DCDS processor was well behaved. ® CCD231 should be capable of lower noise than its data sheet suggests.
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