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Skipper-CCD Sensors in Science

3x3 Pixel cluster

Charge-Coupled Device (CCD) image sensors, which operate by converting particle strikes into a localized “packet” Skipper ASIC:
: : : : : * Pixel matrix
of charge, are prevalent in both science and industry. Low noise readout of CCDs can be achieved through with skipper —
iIntegrating the captured charge over a long period of time, but this technique is limited by low-frequency noise. functionality
Skipper-CCDs overcome this challenge by reading the same packet of charge many times instead of performing one Readout ASIC: -
long integration, resetting between each read to cancel low-frequency noise. Skipper-CCDs offer best-in-class noise -+ ADCs
performance, and readout < 1e,.,,. nhoise has been demonstrated with many samples. . Erii':;f;ﬁgdata - Micro-bL_Jmp
A key challenge faced by all traditional CCD image sensors is readout speed, since charge packets are typically - Fastl/Os - Gonnacion
moved to the edge of the CCD pixel array for readout by peripheral electronics. Our work addresses this challenge by
heterogeneously integrating a readout |IC beneath the image sensor, effectively providing a dedicated ADC for every lllustration of the hybrid integration of the SPROCKET readout
group of 3x3 pixels. ASIC with a Skipper CCD-in-CMOS image sensor wafer.
The SPROCKET ASIC
The Skipper CCD-in-CMOS Parallel Read-Out Circuit (SPROCKET) is a mixed-signal front end design x32
for the readout of Skipper CCD-in-CMOS image sensors. SPROCKET is fabricated in a 65 nm CMOS e 10b ADC
process, and each pixel occupies a 45 um x 45 um footprint. SPROCKET is intended to be Frontend with |- -8 ¢ 5;;‘:"”;225
heterogeneously integrated with a Skipper-in-CMOS sensor array, such that one readout pixel is in-pixel ADC_| ETISICEI) | | | 8 with oo
connected to a multiplexed array of nine Skipper-in-CMOS pixels to enable massively parallel readout. - uuiﬁlr;:egus PN | . civer (1GHZ) [
Data captured by SPROCKET is read out (right) by a binary tree and serialized for off-chip transmission Ane;Iog — : S(ig:::)’ B g
at 1 GHz. It is possible to read out all pixels in the array sequentially, but a parallel project is developing Frontend with || o0 G Sequential (1GHz) |
ML-based digital compression algorithms to enable higher frame rates. In-pixel ADC | MCTAIETRLD {EZTF:EZ
Shared ADC @ 1o8/pie ot
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SPROCKET is designed to be compatible with an image sensor which contains an integrated source follower

with gain = 115 uV /e™. This voltage is amplified by a capacitive-feedback preamplifier with a gain of 1 or 10,  Block diagram of one SPROCKET chip quadrant consisting of 1024 pixels.
yielding a maximum sensitivity of 1.15 mV /e™. The source follower and preamplifier dominate the noise of the

system, which is simulated at = 0.5 e, per sample. (< le,,,,; noise is expected from averaging multiple

samples due to the Skipper-CCD principle explained above).

After amplification, capacitors Cg,.,,, and G, perform correlated doubling-sampling (CDS), which is critical to C .
ompact 100 KSPS Serial SAR ADC
cancel reset noise from the Skipper CCD-in-CMOS and mitigate the low-frequency noise of the preamplifier. P

MN 1~ Comparatorout The sampled voltage captured by the front end is
: - Voltage on C; digitized by a 10-bit SAR ADC (left).

WW T To achieve 10-bit accuracy in a small footprint, only
: L two capacitors are used, C; and Cp, which are
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C | leI} T Vyep (1V) the two capacitors together to redistribute charge.
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A Eap'lr'n'm A comparator generates this final voltage to the
ADC Control sampled input voltage, and the result determines bit
W ofke o, WA N of the digital approximation.
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Simplified schematic of SPROCKET with example control waveforms from one 10-bit ADC acquisition.

Future Work

A Smm x 3mm test chip (right) was submitted in September
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2022. The chip consists of two mini-arrays of 32x32 §E§§§§§'§§E 'E%EE;;;;E;;
SPROCKET pixels along with digital readout circuitry. One |5 ,,,,_..;,...'E.'E§E=I§§;§§_:,,:_....l..'.ii'i':i::%'gg_;::v::'::Eiéi i@g'g;ggggﬁ Eiiit 35 um
mini-array uses full readout, while the other uses zero- m E' --------- T .
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digital algorithms for readout, such as an ML-based _ S A R ,
autoencoder, and upgrade the front-end to accumulate 1 —|—| ;éf||'|i?a1||||1| |*1||rW|||||ﬂi||lm||||”||| 1|r'||| 1 ||| |||||||||||w
multiple samples before digitizing, improving readout e T e e
efficiency. Layout capture of the analog front-end of a single
A final tapeout in 2023 will demonstrate a reticle-scale SPROCKET pixel with individual blocks annotated.
SPROCKET array with >1,000,000 CCD pixels Layout capture of the Fall 2022 SPROCKET test chip.
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