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Abstract: HgCdTe electron injection avalanche photodiodes(e—APDs) work in linear mode. A weak optical
current signal is amplified orders of magnitude due to the internal avalanche mechanism. The design of
digital ROIC with a column-shared ADC for cooled (77 K) hybrid e—APDs FPA was presented in this
paper. Sigma-delta conversion was a promising solution for high-performance and medium size FPA as
128 x128. A multistage noise shaping (MASH) 2 -1 single bit architecture sigma-delta ADC with
switched-capacitor circuits was designed for column-shared ADC. A cascaded integrator-comb (CIC) filter
was designed as the digital decimator filter. The circuit was implemented in the GLOBALFOUNDRIES
0.35 wm CMOS process on the basis of a 100 wm pixel pitch. A quantization noise subtraction circuit in
modulator was designed to subtract the quantization noise of first-stage modulator. The register word
length of the filter in each stage was carefully dimensioned in order to minimize the required hardware.
Furthermore, the digital filters operate with a reduced supply voltage to 1.5 V. Simulation results showed

that the sigma-delta conversion achieved the resolution higher than 13 bits and 2.4 mW power
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consumption per ADC at 7.7k Samples/s rate.
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Tab.1 Gated ROIC design parameters

Parameter Value
Format 128x128
Cell pitch/pm 100
Operating temperature/K 77
Frame rate/Hz 60
Linear signal swing/V 2.2

Well capacity -
Active mode 4x10°(300 fF)

Passive mode 15%10°(1 100 fF)

Minimum integration step/ns 10
Minimum integration/ns 50
Nonlinearity <1%
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Tab.2 Truncation applied to digital filter's stages

Stage Max bits  Register widths Truncation bits
1st integrator 29 29 0
2nd integrator 29 29 0
3rd integrator 29 28 1
4th integrator 29 23 6
1st differentiator 29 21 8
2nd differentiator 29 20 9
3rd differentiator 29 19 10
4th differentiator 29 18 11
Output register 29 16 13

HiA~ sigma-delta ADC 1%, 17 il %5 19 DI #80.9 mW
BOE OIS B 2SI EE 1.5 mW, SR IIEE R 24mW

3 5 i

TEX A TR, Bt 17— A8 BLECF A TR il
3\ HgCdTe e~APD FPA i3 i i % , w] LI JH 1] 43D~
LARDAR 1%, A F#sh U iR e, S
T AETF TTK, M5 b B 128x128, 110 5 100 wm,
WA 60 Hz, BooCHL & b, 4R A 300 fF, 500 fE ) 4~ iy
7, E AR AR 4x10°(300 fF) v fif 75 4, fix 8L
i) 80ns, 43 HL U 200 nA~4 pA B A R4 1Y 21
JE AR T 1%, #ah B CUER AL 15%10°(1 100 fF)
fir 75 5t , B4 I [E] 150 ns, B4 B J AL 1~20 nA H oA
RUFRy etk AL /N T 1%,

54t ] ADC % ] sigma-delta ADC, £ 4% i il
s AR Bl ROIR e A L R R T 3 B 2—-1 MASH
SER BT A BONE D A R 4 K sine T3 U8 AR 58
R ] CIC 4544 . ADC % 4 2% 7.7 kS/s . 64 %3t %
FER, G RAEM P 3 MHz, {f 5 B8 A 80 BORT
13 bit, S B f/ B 16 L 807 it o CIC 25494 9 4>
AATA . BT AT A YA R AR AR A AR N b
DL 2 B8R 505 . I i 4 2D AR 0.9 mW 550 il B8
WA TAERE 1.5V, I %6 1.5 mW , sigma-delta ADC
h#E/MT 2.4mW,

S 3k

[1] Cova S, Ghioni M, Lotito A, et al. Evolution and prospects



2804

bk TR

% 43 %

(2]

(3]

(4]

for single-photon avalanche diodes and quenching circuits[J].
Journal of Modern Optics, 2004, 51(9): 1267—1288.

Das B, Liu F, Alfano R, et al. Time-resolved fluorescence and
photon migration studies in biomedical and model random
media[J]. Reports on Progress in Physics, 1997, 60: 227.
Cova S, Zappa F, Tosi A, et al. Avalanche diodes and
circuits for infrared photon counting and timing: Retrospect
and prospect[C]//LEOS Summer Topical Meetings, 2006: 7-8.
Williams G M, Compton M A, Huntington A S, et al. High-
speed photon counting with linear-mode APD receivers[C]//
Proceedings of SPIE, 2009, 7320: 732012.

Gwladys P, Olivier G, Jacques B, et al. Gain and dark current

characteristics of planar HgCdTe avalanche photo diodes [J].

[6]

[7]

[8]

[9]

Journal of Electronic Materials, 2007, 36, 8.

Johnson J F, Lomheim T S. Focal-Plane signal and noise
model —CTIA ROIC [J]. IEEE Transactions on Electron
Devices, 2009, 56: 11.

Johan Rothman, Gwladys Perrais, Borniol De, et al. HgCdTe
APD—focal plane array development at CEA leti-minatec [C]
/ISPIE, 2008, 6940: 69402N.

Eugene B Hogenauer. An economial class of digital filters
for decimation and interpolation [J]. IEEE Transactions
on Acoustics Speech and Signal Processing, 1981, 29: 2.
Guellec F, Villard P, Ritgab F, et al. Sigma-delta column-
wise A/D conversion for cooled ROIC [C]//Proceedings of
SPIE, 2007, 6542: 65423N-1.



