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Research on digitization of infrared focal plane based on multi-
mode incremental Sigma-Delta ADC
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Abstract: Infrared focal plane digital readout circuit is one of the important development directions of infrared focal
plane detection technology. Aiming at the requirements of high-speed, high-precision and multi-application scenarios of
infrared focal plane, a new architecture of multi-mode incremental Sigma-Delta analog-to-digital converter (ADC) with
3-bit quantizer is designed. By integrating the data weighted average algorithm into the 3-bit quantizer, the influence of
capacitor mismatch in the feedback loop is reduced, and the conversion speed and accuracy of ADC are improved; the
multiplexer was embedded in the CIC digital extraction filter to realize ADC supporting different conversion speeds and
output bits. Based on 180 nm CMOS process design, the design of multi-mode incremental Sigma-Delta ADC is com-
pleted. The simulation results show that the conversion between conversion speed and output bits can be realized under
multi-mode operation, and the ADC conversion speed increases from 12. 5 ksps to 100 ksps, and the output bits in-
crease from 15 bits to 24 bits; at a conversion speed of 50 ksps, the effective number of bits of the post-simulation ADC
reaches 13. 1 bits, and the current consumption of each column of ADC is only 90 pA.
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Table 1 ADC performance in different modes

S,S, H Digital Output Codelnput = =1 V Input =0 V Input =1 V Conversion speed (ksps) Resolution(bits)

00 16 5641 14336 23031 100 15

01 32 45178 114688 184198 50 18

10 64 361418 917504 1473586 25 21

11 128 2891387 7340032 11788684 12.5 24

a - 3-bit Quantizer &, -
( ) 3bit DAC  OP op Paac?cslle‘;e with DWA Multi-mode CIC Digital

Decimation Filter y

—— PSD w/o Layout
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Figure. 11 (a) ADC array layout; (b) Modulator before and after simulation results

R2 ANEHEHMEIZITEREST L

Table 2 Comparison of the design performance of this paper and other literatures

Parameter [11] [12] [13] [14] fhiswork
(post—simulation )
Technology (nm) 180 180 180 180 180
Quantizer bit width 6 1 1 1 3
Supply voltage(V) 1.8 3.3 3 3 3.3/1.8
Sample frequency (MHz) 16 6.25 32 5.43 6. 14
Conversion speed (ksps) 576 17.6 200 40. 8 50
L (A) 4000 89 423 220 90
Full-scale(V) 1.35 2 1.6 2.1 2
Resolution(bits) - - 14 15 18
SNDR(dB) 94.5 80.0 83 85.8 80.8
FoM(pJ/conv) 0.58 2.05 1.10 2.10 1.38
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