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High precision pixel readout circuit design for GM-APD array
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Abstract: A pixel readout circuit was presented and designed for Geiger —mode avalanche photodiode
(GM-APD) array applying to laser 3D imaging. Based on the principle of time—of—flight (TOF), the
pixel readout circuit consisted of two main parts: active quenching circuit (AQC) and time —to—digital
converter (TDC). The adopted TDC was a two—segment coarse—fine architecture to manage a trade—off
between clock frequency and temporal resolution. Based on interpolation technique, the LFSR used for
coarse counting and the delay—line type TDC used for fine counting achieved a wide dynamic range up
to 18-bit together. Meanwhile the clock frequency used in those two parts were reduced to 250 MHz and
50 MHz, which are 1/20 and 1/10 of the conventional design frequency, respectively. Thus, the
difficulties of design and applications were reduced significantly. The circuit was designed with SMIC

0.18 pm process. The post—simulation results reveal a high precise temporal resolution of 200 ps and a
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responding range resolution of 3 cm, satisfying the ranging requirements of 3 km laser 3D imaging.

Furthermore, the pixel circuit layout area is less than 50x95 pm? and the total power consumption is 0.89

mW, having the advantages of small area and low power consumption.

Key words: readout circuit;

to—digital converter (TDC);
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Fig.1 Schematic of pixel readout circuit

2 GEIEHERENY

2.1 RGHiIE

S R IE BT 3 ke 3 FEL PN A O 4 22 5
WOt 3D Wi, MR 1A IS T B R AR T LR
B H 3 em BYFE R 4 BERR FLRT ] 43 B 2 D
I 200 ps., BIVG R A4 A e 450 5668 4 155 (5 GHz) . i 1 1
ARG e, &I R AR SMIC 0.18 pm 1.8 V
CMOS T.25, 1B2% &% 5 GHz 19 & A e 7.2
A AR K R ME, IR — 5 1A 5 IR AR 2
WV ZER I HTHE T FRAR A B A%

P 4 $2 R (Interpolation technique) 7] LA A5 55 b i
PR bR PRI S AR A 25 A i P BRI EO 3
TDC #7553 W 43 3 [F 4%, M40 TDC Rt Hl
I 30 (B 4 ) B9 A5, 4150 TDC T AT LA 3 ot

B — > 20 b R B (S GE) 40 43 i m A5 B /DN ER S ] ]
B St B v sk 1] 2 R i 20 (D) TS, TOF 2 4L 4
F1EEs ] 2 A, A ] 2 BER B Tae/n DE5E

Tclkf

TOF:NC(WX Tc]kc+Nﬁncx ( 1)
n

FUH s Newase F1 Ny 73590 9 REL 2031 K045 00 i 1 (R 30E
) 3 Tene PRI LI B S 3] 5 T 2 AR TH RS 20 S 3
n A0 53 T B BN s T] ] g 9 43 %8
& 1 GM-APD [ 55 3% H B i iHE1R
Tab.1 Design specifications of the proposed pixel
readout circuit for GM-APD array

Design specifications Values
Laser repetition/kHz 1
System clock frequency/GHz <1
Maximum detection distance/km 3
Maximum photon flight time/ s 20
Ranging resolution/cm 3
Frame/kHz 1
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Fig.2 Timing diagram of system operation
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Fig.3 Proposed AQC schematic
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Fig. 4 Schematic of tiny time margin A
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Fig. 5 Architecture of the proposed fine TDC
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Fig.6 Layout of the proposed pixel readout circuit
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Fig.7 Post—simulation results of four key signals in AQC
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Fig.8 Post—simulation results of fine TDC's linearity

and linear fitting curve
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Fig.9 Post—simulation results of the pixel readout circuit’s linearity

and linear fitting curve
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Fig.10 Post—simulation results of the pixel readout circuit’s

outputs at 162.25 ns
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R 2 BEIEHBERAE 162.25 ns BRI EHETE
Tab.2 Post—simulation data of the pixel readout

circuit’s operation at 162.25 ns

Parameters Values
TOF theoretical value/ns 162.25
LFSR/ns 162
Fine TDC 10000 00111

Fine TDC measured value /ns 0.2 (after conversion)

N T AT A I SO AR, 3% 3 RS
SCP RS I ERES L, JF 5 E AP AR B S
BITHEAT TG o INHTRT AR ™ AR A D B 5
A TRDRE BE B i T30, (E AR 2K A B 2
FEARH O, T3P AR 2 BT 2K A i S _E AR
TAFER, 5 HABB AL, SCh 1R TDC 3)
STWHI A P CH T RRAR R B e, A
AH R TR R T2, SCH AR 3R Ha i R) B
W HAB B Y , L8k F , SCP e % T 244

TDC measured value/ns 162.2
NSEBE TR R R T R g SRR Y R G I
Absolute error/ns 0.05
H
*® 3 xhitge 5 M ER i
Tab.3 Comparison of state—of—the—art designs in recent four years with the performance in this paper
Parameters [2] [10] [11] [12] [13] [14] [15] [16] This paper
Array 8x8 64x64 - - 32x32 32x32 8x16 340x96 -
Range/km 0.9 0.367 - 49.05 0.011 55 1.5 0.039 24 0.1 3
TDC dynamic range/bits 13 16 15 21 10 10 12 12 18
Temporal resolution/ps 750 250 45 5 75.68 312 64.56 208 200
CMOS process/pm ~ CMOS 0.5 CMOS 0.15 CMOS 0.15 CMOS 0.35 - CMOS 0.35 CMO0S0.13 CMOSHV 0.18 CMOS 0.18
Voltage/V 5 1.8 1.8 3.3 - - 3.3 1.8/3 1.8
Pixel/pm 150 60 - - 50 150 - 50 <95
I:;;i‘:g;ﬁi :/On‘f&; - 0.012 0.95 80 - 0.068 2.34 - 0.89
T B AT L 5 D5 5 R — 2D A T 3 Y e g
5 2 i ORI PSR IE | rh B AR PSRN T 50x95 pun?,

SCHP IR R e T — AN iE T GM—-APD
FEFN O 3D AR AR R e i, B2 i R
f14E AQC , TDC FlAH N () B 7 4 il HL i, o AQC
SEPE T VR KRN AL BRI /N 1ns,  H REIR B[]
3.5~5ns A] & ; TDC Hi, PR HIHL 40 45 & 1 W Be =it
B RSB, KL TDC J2 45 48 2 3 fl 1k 19 14 bit
LFSR, | FH X0 i firh & R FH 250 MHz 4 S8t T
5 GHz I8 ORISR 119 1/20 5 48 TDC
K 10 bit FERFLE R TDC SEPE, 3@ i P 3 B AR R
500 MHz W4 523 75 GHz I 8h 2 8, i Bk
TR 1710, LR R RTHRE T | R 5 1A L %
(R BSF ) 0 B R AR 75 2] T 200 ps, 07 A HE B 43 8 R
3 em, SEAREWS N B H BTHOE 3D SR MY IE B 43
PR R L KR SMIC 0.18 pum 1.8V T. 25 58 i

BINFEN 0.89mW, HH TDC RYIHFEN 0.72mW, B
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