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Infrared ranging technology by using single photon APD array

readout integrated circuit
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2. Institute of Microelectronics, Southeast University, Nanjing 210096, China)

Abstract: A infrared single-photon detecting system has greatly improved the performance of the weak
light detection system due to its ultra high sensitivity and SNR. Based on TSMC 0.35 um CMOS
process, a design method for digital mode infrared ROIC and its application system were proposed. The
system included high-segment pixel TDC and low-segment global shared TDC controlled by OSC
multiphase clocks. The implemented circuit was operated at frame rates of 1 kHz with data output in a
series mode, also it has a time resolution of less than 1ns along with a 3 s measurement range under
170 MHz reference frequency condition, which can finally satisfy the application of ranging and imaging
after relevant data processing.
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Fig.1 Schematic diagram of laser ranging and imaging system
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Fig.3 Diagram of ROIC based on low segment shared TDC

0604002-3



B & ot

% 04

www.irla.cn

% 46 %

OBZ /D K e R SRR R PN E S R AN S
TIHE, 4 D K T L 3k 4 Jy B b A £ i 1 BB A
50N TR THOR IR, Rt TR B TDC A4
AR TR, SO R AMRBLIL S RIZE ) S T
TH BRAE I A 1o v R E 3R 2 T oA 415 2, WK
BEAN (1% DU AT 58 BT, R v BT B3 340 A A% i i
e SE R AN R AR BT 28—kl
2.2 XPEBKIET

ROIC Z %t F % AR ZE HoT FAIREH B0 = 5L
P ) DA B o Y A AR AR

12 Z 0 AQC(Active Quenching Circuit)fE Ky
R ST R B, SR FH PR BN T Bl R KA A
2, AR s iy s B, 78 AP REC 7% Bk b & A A5 5
AL EN TGS ILFEER T, DR IN SR AL T
PR, AP, 2 APD J&N 3 5 S Y
NeFIE T R, AT AR C, Foh ki
ML, 28 INV A LeER, i 3Ros b T 213519 Stop
AR5 0F E 3 M3 3l PR K S LR,
fii APD #F AR SR N — A8 R E 2
TR, A5 5 WA 1kHz BN = H Pk
7 (R TE BN AR S I

DU R4 IR & = AN TRIAH AR IR BT, DL K
T3 — T SR B AH R I A A A IR BT 45
RAEIRVEFCI, SEMIL)oAH, 51 A ik —JF CHE
EN $&1il F e sh s o Wi Bh ik, S 415 5 1 w0 A [R)
A THBRAROL R 22 AW IFE . PRI P AR IO X
J\ASBTEP AR AL, AR Stop 15 5 40 T A9 B AR A A7 AR 3
DX [R], 28 4 ih A 52 BT ERE 0 0 T/8 48503t . #5148
=Y Stop [55 kB 9 4053 9 TDC ¥ , 78 i
JP 18 4 T R4 i 30 6 R 1% 2 T R Bl AT
AR A N i BE 9 bit LESR MO 4 {55, BK3)
= B TDC 1%, 7F Stop ik 2 5 5% 1k 5 i A7 5%
i, RGWEFE A 2°xT ., 2K 1] DFF ££4: XOR J2 1514
AL LFSR AT SCE PR BEML T4 AE, 7F Stop Flik)5
BAEIZTHEUE 78 MUX JFOCE 1] N A LFSR P
T - B A HSOH R AT B, SRR R R Ak
B A5 WA AR BB A A 0 4 2 B, T
BE BT

KT /INAS b 27 A2 R0, v 2R R M
THefE S I E B 72 . ROIC 32x32 RGEIR
EnE 4 prs s B AUA 4.5 mmx4.5 mm, BT 4L

FHUE G By, AR BB E SR AC
1 DC 1y HL AR B RE T, L KX R A R L T I Bl 3
000 <5 o 2 A A L BELIE S P B

4 GM 32x32 ROIC i 5 B IR A
Fig.4 Micrograph of GM 32x32 ROIC

3 MHXBEIE

MR, BT ROIC k5 APD M4 51IR A =
X RIS FPGA 724 Stop 15 SR UDG T 7= 2E 1Y
il k155 , RGN G K 5 B,

&l 5 ROIC il ¥ f5
Fig.5 Test platform of ROIC

PYRIALE R R | BER PRI R ARG, e 4ol
BIARASK, S PREARTT 6 Sy P S I B4R 7 o i
HIBTE IR, 5278 A 58 M AL B2k 5 A L AR I 52 ), UL
RN S POU AR R B i 25 07 B B B (B
HEAE ARG B AT R B2 IARAS, 7233V IR
JRHLIETS , DA PR IR AR 1 HI{E 290 170 MHz

I 6 k% e doE K
Fig.6 OSC waveform figure

0604002-4



9Nk TAE

% 04

www.irla.cn

% 46 %

ROIC RS 4E R WoR, 25 o 1 4 B0 A
T, BB — B O AR SN INAR AR 1 1
BT IR TDC T8 fE , X2 —1TH0%E 3.4 5.6 4t
4 MEFE N LB AN OS] (53X 4 MR R B
Stop 155 FR /M4 A H AL 1% & 4l s ], B EN-
Stop s [a] [8] @ >~ 74 ns, BEE 7R I 2% s Bcn & 7 fr
7, CELL 3~6 XM A 34034 2 110000 100 0000, i3
5 WIEL 43 510 12 Al 4 7E 170 MHz 1550 b 45 %
T, BUJEIA R 5.88 s, AR 4 0 42 s A] A 1A A 2
X ) =( 15 Bt LFSR i+ $0{H +{% B: TDC i1+44{/8)x
o L e ] 40 T R SR D R B ) R 73.5ns,
] 0 £ ) B 48 X6 5 25 4 0.5 ms

[

Frame
CELLI1,CELL2{CELL3 CELL4‘ CELLS{ CELL6
Word
h
Bit
B PR ey WHAE Y TR R TR
Dataout

e B |

Pl 7 315 3% i L e
Fig.7 Output data of the tested pixel

[t %€ EN k5%, B STOP 4% 18 1 ns 2 9E A % B
EN-Stop i [] [ B , #E 47 1850 LA 3R G2 1 20 B R
it MATLAB &b B, A= il i 5 Ak b i 2 an &l 8 Jor
7o IS AR FR K IR 1 ns A HERY 1000 ST
DAL BR Ry XoF By B A, NS B o R — SR AR
FEE LR, M 5HA 1 W 2ZEUN 0.5% , % T
RSt 1 ns PR BIHER T A BT

1400
—Data
‘3 1200 Linear fitting
= 1000}
3
g 800 Linear fitting:
§ 6001 y=0.99524*x+294.83
S 400} Time stop:1ns
2 L L L L L
00 100 300 500 700 900
TOF

8 JrHr AR %

Fig.8 Image of test resolution
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