(2958124 - 00

INFRARED AND LASER ENGINEERING

KRR EBEIRRAPDERI A3 W AT 5T
BRI BNEE HEA WRtE TEE
Research on testing of active and passive HgCdTe APD detector in linear mode

Zhang Qiwen, Liang Qinghua, Guo Huijun, Chen Honglei, Ding Ruijun

TELR 52 View online: https:/doi.org/10.3788/IRLA20200460

FRAT BRI AN

Articles you may be interested in

L R R A TR 48 X A A I IO ) 2 i SO R S AL
Abnormal response law and mechanism of linear array HgCdTe detector irradiated by nanosecond pulse laser

21N TR 2017, 46(10): 1003003-1003003(7)  hitps://doi.org/10.3788/IRLA201748.1003003
LT eI v R B SR AN #45% F C E  N AR  E  FE RS

A long—distance detection/identification continuous zoom thermal imager based on MW MCT detector

LTHMNGEOE TR, 2018, 47(4): 404004—-0404004(8)  https://doi.org/10.3788/IRLA201847.0404004

KIAIFFInGaAsHEZ P APD L 7 O F iR 12 LI
ROIC of ladar based on large array InGaAs linear APD
LIANSGIOE T RE. 2020, 49(8): 20190529-1-20190529-6  htips://doi.org/10.3788/IRLA20190529

Tl HE XS T A R T BRI A8 TR RE B2 e S LB T
Effect and mechanism of temperature on photon counting performance of CdZnTe detectors

LT AN OB TR, 2019, 48(10): 1016001-1016001(6)  https://doi.org/10.3788/IRLA201948.1016001
LTI AT (] = 2R TR 22 W LA 5

Theoretical investigation on correlating time—of—flight 3D sensation error

LANSHOE TR 2019, 48(11): 1113002-1113002(9)  https:/doi.org/10.3788/TRLA201948.1113002
APDHRIM A B PEREXT O 78 18 S CO, e TR 22 R M5
Influence of performances of APD detector on CO, concentration error retrieved by lidar measurement

LTHNSGIOE TR, 2018, 47(4): 406002-0406002(7)  https:/doi.org/10.3788/IRLA201847.0406002


http://www.irla.cn/article/doi/10.3788/IRLA20200460
http://www.irla.cn/article/doi/10.3788/IRLA201748.1003003
http://www.irla.cn/article/doi/10.3788/IRLA201847.0404004
http://www.irla.cn/article/doi/10.3788/IRLA20190529
http://www.irla.cn/article/doi/10.3788/IRLA201948.1016001
http://www.irla.cn/article/doi/10.3788/IRLA201948.1113002
http://www.irla.cn/article/doi/10.3788/IRLA201847.0406002
http://www.irla.cn/article/doi/10.3788/IRLA201847.0406002

% 50 5% 6 4 NGt TR 2021 4 6 A
Vol.50 No.6 Infrared and Laser Engineering Jun. 2021

MR E BT Rk APD #R il 25 i i 3%
FH X, REL, FER, HRRT, THE"

(1. ¥ BAF e LB R RTIT Lsb M S B4 E 5 EHRE, ik 200083;
2. PEAFRKF, LT 100049)

W E: Aréak S H Ld M % (Avalanche Photodiode, APD) 3K M % /£ Ak Sh B X, T AL Bl B K B B
AR AR 3R JEAT B A BT 1043 8, IR0 Z AR ok AT R AR R 69 9K T i R B = 4 BB 44
Ko, P ob T EERIX LR KRS, 4 —FF & A X £ 43 HgCdTe APD 481 % 9
iR EMBATT AT, P TOF # H o7 2t A7 T AP R, s A sk L@ T — £ Sk B a A AR 2 89
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Research on testing of active and passive HgCdTe APD

detector in linear mode

Zhang Qiwen'?, Liang Qinghua', Guo Huijun', Chen Honglei'', Ding Ruijun"”

(1. Key Laboratory of Infrared Imaging Materials and Detectors, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The mercury cadmium telluride avalanche photodiode (HgCdTe APD) detector can simultaneously
obtain the intensity information and time information of the target object in the active and passive mode, to realize
real-time three-dimensional detection. The testing method of high-resolution time calibration is the basis for
verifying three-dimensional ranging. The advantages and disadvantages of Geiger mode and linear mode were
analyzed. Besides, the readout circuit structure of a linear mode active and passive HgCdTe APD detector was
analyzed, and the time-to-flight (TOF) calculation method was studied. On this basis, a set of high-precision time
calibration test platform was built, the system and environmental noise were tested, and the time jitter caused by
the noise was 179 ps. The fixed time delay caused by the test instrument was calibrated, and theoretical analysis
was conducted on the voltage, capacitance, the accuracy of the ramp generator and the high-precision voltage
source and other parameters that affected the TOF resolution. The active and passive information test of the linear
mode HgCdTe APD detector was completed at 77 K. The test results show that the circuit linearity is as high as
99.9% at low temperature, the saturation charge capacity is 7 Me—, the root mean square (RMS) value of the time
resolution jitters is 2.107 ns. It proves that the test platform and method can effectively evaluate the performance
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of the detector, and provide reference for precise infrared detection.

Key words: linear mode APD,;
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FL K 8 SRR 225 H AR M8 B A . 5 AR
W% (Avalanche Photodiode, APD)®! B & NG 25 . =
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o 0 55 45 5 7 T A RAFA N AT . B RA MW
b TAERE L, 5§ B2 (Geiger-mode, GM) Fll £k 4 5
3 (Linear-mode, LM), HAEREXT L AN 1 TR .
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Tab.1 Geiger and linear mode APD performance

T

active and passive detection;

comparsion
Type GM-APD LM-APD
Gain 10>-10° 10-10°
Dynamic range Low High
Quenching circuit Yes No
Intensity information No Yes
Continuous detection capability No Yes
PR AT R R RE SO TR I AR
M, TER T2 B A S APD Hil InGaAs APD.

22 [ [E ZMT K SR S B AR AT Lo N T ok R A
BRERINAE 55 10 KR B = B O G T (Mars Orbiter Laser
Altimeter, MOLA) T35 §:4525X Si APD BEASSEH 25 cm
(A BE S, 22 B T s 22 RIS b i & R T
2 25 i FAE RS Lk AR I H O TR IR, 1B IR
H 3R InGaAs APD, BESZER 20 cm fURE EEP),

5 AL DR A DX ) K BOAS BB SR R R
REARAT SR AR D A5 I IR, A5 AE I S AR PR APD
RIS, B REHE v 5 BT MBS, eSS
I SN0 H AR A 5 R R (145 S, SE =4k
EIESIN

H A 7 = A0 B A T8, PR APD A 1
Sofradir 2 7] A il () —Fl' 320%256 T B ) HgCdTe
APD £, fESZE 30 m A5 FE LA K 300 ps (Y
i} 1] 439 2R 18 Raytheon 2% ) 4] Y 2k 4 APD 32
FL I I BB 2 43 B 400 ps 114 B [DRS 2 C71; [ Py i) K
2B FEAE AR W R APD, Hh AR R K
¢ InGaAs # B APD I [R] 73 ## 2 Al LL3AF)] 0.8 ns '
FHE BB T K241 APD ) 43 3 50T LASZ B 1.33 ns

time of flight (TOF);  time resolution

ARG B U270 6 T e MR 20 APD 9 S Bk B 0 1
R R IR A

SCH N — 2k M AR X HegCdTe APD 4132 H HL %
SR FEAT T 3 A, 6 TRAT U B[] (Time of flight,
TOF) W5 7 b AT 75T, FE0b 3 ml 135 T —
BT 5, ZRG M 253 v, B F& Geal ok 1 i
R R 179 ps, X0 TOF A S8 (BHR o,
ANHLE Vieps LA C 2 Vg F1 Vsg) BEAT T HIESMHT,
[F) Xt 0 301 S 288 7 oF 1 [ B B 25 S R A T T AR
BIE, 78 77 K B X iz & M5 HegCdTe APD 32
HLBE AT T O A o IR R AR APD B9 &
PSR 3 Ty A TR L

1 EHEERSHI TOF itE A%

2Pk HgCdTe APD 32 i HL BEAF o — 4E R R 58
HAZ O AT, B RESE B G T AT R AT A
JEE R e 3 ) S B et Al R A i AL B, R T (DR
JE 10 75 A 4D TR 2 AR B] (TVC) R & i
fLIs}E] (TDC).
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FOTHL AL T CTIA B ASREEHY . HedaR . Bt
FEE% . KRR Fr AL BE SF A . W 1(a) P, Horp
CTIA iz i3 45 53k 62 dB, LAFIE &5 B9 1 ABCR Ak
SE IR o FLA#S T4 CTIA fai i P AU H R,
Tt fih Sz A7 B, DR L B AR AR I 0 (A
J 24 HE RS T T R 1o O LA 5 AU ) S P R B
RAGhFE . WIS EL R 2838 350 70 dB, B{E
HLE Viepy 4 3V, #RASHL N 10 pA, W SIS [A]24 1 ns,
LA NS Csq F Cog, 435124 50 F 1400 £F,

FL B PR TR AR 2 e sh IR £ SR . Ry
T ER b T A R TR, o X SR SRR
B (S/H) AR5 3 TF X1 s P oEA7 St W5, 1531 Vo 1Y
SERBUr LR, W 1) B .
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s, SH R 2 R BBRERESH
—é o | Ramp N Tab.2 Readout circuit performance parameters
0
;d_| — T/H 7 Parameter Description
Vi Ca Q Technology TSMC 0.18 um 1P6M CMOS
7Op P 3 Temperature/K 77
NA P L o |SM2> TLatch— Pixel/um’ 5050
- Ven EN Output swing/V 1.5-4
Veom Power/mW 17.5
(a)
1.2 TOF it&H %
Reset i 2, APD SR T 46 b T AR RS, 18
— SO I K o, s b 2 2

Voltage ramp

ref2

Vag Vien

Vi

(b)
P 1 (a) APD 2 LB B ITEEH; (b) APD S HUBE T AR

Fig.1 (a) APD readout circuit Unit structure; (b) APD readout circuit

working sequence
AN o Ok 25, B R 0 H 25 XUk, #E
SR N AZ Bl 1 2R T PR G FRE R 80N T AR A5 25 0 A
B T BOEHLR A CTIA 451,

HTAETER SR T, i RE (55 EN AR,
W B AR AR Sy T OGP G, TR L 3 2% 4 T
BTAES N UBSRIIFE. Y CTIA Z0i (55 FREIEE]
KB, LA Cyg B Cog A1 2 5 B3R 1S H AR R 1)
SR A RO SE T RE 15 L A B4 1k 3
TRURN, 75 WL o B A5 B

F BT R REE S EN M, 1558 CTIA
SR 58 R T ARAE , AL 5 Reset 1Y T R fi 2 &%
B K HE A Ramp FFIG A SR oL, IF 7] 25 filk & 0T
Bkop & P0G, SOk s EEA APD RN AR, /)
LAY Cyg TFIRBSY, W i P F VG 3k 21 L4 74
{8 Ve T H BN, fih % Latch i T 56 S, 14
SRR CRREFF G FE, 24 R R A AT B, 15
B 5t [R5 B AR S A HL R Vg (8, T ot 7 4 e i) Ay
(TOF+T ), MU BORE AR LA BB, H 2
FEK S A Vg HRAA, 15 B0 N Y 3 {5 B .

H, 3 R 2R F TSMC 0.18 um 1P6M CMOS 1.7,
Hro B 1.8 Vv, SR 5V, FEAMERESE
2 PR,

AR, HWOCHEF)H H bRk o 2] 50 A
U A P S AR A A T R ) P AL, AR AR A o
AR e R] DL 5 TR AT I ) TOF {H, B & B30
Jok e 38 WSO K o A R D o PR R B AR AR AR —
FER, P T AR 3 LU A5

Via = aRQT OF +Ty.,) (D)
I'x Tdel = C3d(Vref2 - refl) (2)
I(T = Ty) = (C3q + Coa) (Vag = Vi) 3)

Ciq (Viets = Viet1) = (Caq + Cag) (Vini = Vier1) “4)
s a R RHBE R A 5 B RN Toe /NS 1 S 38 )
]5 T AOEHKSE; Vie 0 LA VIS Vi T AR 560
MU . Jlad FiR A (1)~(4) 71545 11 TOF fA:
Vi G (Veerz = Veer1)
@ (Cy+Csq)(Vag— Vier1)
B 2330 (5) TTAHL, Vag. Vag MU0 K B 25 52 W) i
2 TOF WYARIAE L, Viepy T Viepp BHE B L 22 X TOF
FEAE R, i LA SR eops B v R DR AR i A SR
HIBCTT i e R IR A . ks AR MR
FEAR# A, © R A LSB ELIER W AE /T HE Vg HY
HL PR AR, BT o (4 2000 T 3 45 SRl S AR
TERH TR B 32 H RS DL, B3R o (R, T TOF
G 2By, (EURE RO 8 R0 1 Rl A2 /N o
M AT ] — O IR 8 T #EAT Z2UCREE, TR AKX
RIEH) Vg Vag PR o fH, BIFT 5 TOF A7 R

{H, AN
1.,
VRMs = N ,-E=1 V, (6)

2 WiKFRELRRFIREST

e A R I TR] 23 B A A R 30 00 3K 5 B K 2
FORAR R, T LI A 500 i %45 F A0 A B B, ST

2TOF =

xT (5)
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A
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Ramp
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v
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Computer
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Fig2 System of circuit test
I o K v A A A R A S R I e R 3 2 4R
s MLE A (DUT), PASAR L[R5 A5 5 20 R A A48 A
HOLK A o WOCHK ORI A — A ST T A
el i, O K A A5 A FE AR /IR BN 5 A 45 ) o
AR, Bt/ NEOCHK 5E o AR Ty 2 —. N

T H % ;ﬂumwﬂ%%ﬁ“ﬁuﬂﬁkiﬁﬁm
keysight 81150A fi 5 I i 4%y 5 MHz 4%, L
KGN 1 puHz, Xﬂtfa‘fﬂrjﬁl_ﬁ‘{)ﬂ' A BRGEE O 118.2 ps.
15 R P AU 5 TR H Agilent N6700B, H: 4 & 43 9
F 53K 24 bits 1Y DAC, fg 45 (R i 10 A B0 R
MECER IR, BN T 1 my, R iR R, 5
Pl R AR ASEHRFH o 4+ el P 0 R AR, B SR B R A
A B B 1) B0, SR B NT 5122 M5, 2 V LR T RESE 3R
0.122 mV BHL RS HERR . AR BE QK 3 IR .
x3 NEBH

Tab.3 Instrument parameters

Instrument Resolution Highest frequency
5122 14 bits 100 MHz
81150A 118.2 ps 5 MHz
Agilent N6700B <l mV -

FEAGE A ) SE Rl b, 7 — B SCAT | BRAE R Y 4K
HRGIEDAT D) P EETEE NL AR AR
Labview & & T4 R4 . ELAFEWRANH 0 BF
Bf P B b | R AU R AR A e o A i I AR 4n 1] 3

hysical channel i
. :)ﬁn bl IﬂaSuum ] " Path to HWS File : 1_:
% 4463/300 = % ase3pri0 H | B cieervminitatonpeskon: -|
i ; 0 zzhws
PR R i 7 ! o i Resource Name high level {3.30 volts)
i “I.!..F.{.A.Tf_-__..b‘ pmplitude start ‘g 7 253 - A | s :l e
" ! ; o i o R——
WM\‘ 5037 74 end 4 3 ' G s M i low level (0.00 volts)
Y L -5 |l
: i i - i1 0-6 I |
offet ! step 004 Bs= ) ~45 f A
e g L S S Sequence generator
o S 50000 C"’d‘\_” e 1
- - 110000 .
L ¥ 3
f iy
TERL
e i
iAnalog agguisition
E DAQ=1 [
| REEEEE(ms)
1 Hooooo
\ 0.260245 -}
4o L
Channel Name |
1 | o i aainy
e MinSurnpleR.te ﬂsoog +3 - 25-
; o
7 Variu:al Range %54)9 i i
MuxP-:ungsPeerchjmoo : 1
e i 0.5
Last Boints Fetched | ! ! | :
< . 000035470 NEEN_—————_——_ R .
. it 4 n 200 _A00. 0D S00 000 LN an0. An0 A00. 200,

& 3 Labview BRI MR X S H05% &

Fig.3 Labview software design front panel and parameter setting
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TN o AERUTRE R R R AT LI B R A 0
A TEHROR AR R R B S A R v R
100 MHz, BALLR AR B S U iR AR, T LA AT &
SRFE B, RARAIA R L R P 7 DL BCR A b
R e RS 100 MHz,

PR R FRE I T 15 F, R A B T
Xt DUT #4704, H it R &l 4 s o 3 o A5
LA 5 U5 Jk o £ 5SS e 4 TR 245t o T
i BRI P, 48 il k3 & A 25 465 v B B AL T 3 O
AP N 1550 nm W EOEIE A T & SHEOE K b 5
3 Labview S, ¥ B 4 7 4 A2 25 FIASEELR 42358 4
PSR AT, o d 2 I U A gl B T 4%

Start

.

Set analog signal
source parameters

Y

Loading sequence

.

Set the acquisition
board parameters

Y

Run [

Collection
is right ?

Matlab processing

;

Output TOF

&1 4 Iy e R
Fig.4 Test method flow

P (AR A ) B8 TAE; Bl &5 8 b 5die, S8 )
SRR AR B T OB 5L

BT MG, SCh X A IR 22317 T
ST B, AT (RRAESG ANE AT (5 5) X
ARG RGeS AT I, iE S PR, fth T £
U (14 M R PR, R R R R (R 5K (5) Y
Vaas Vag 77 HE— 28 W I B 15, DTS2 0 TOF fA8RG B
A (6) THEAF B R G T iR S Oy 253.8 v,
AL (5) T 2168 7 FE A B RS BE R 179 ps.

0.012 Noise voltage
0.010
0.008
0.006
0.004
0.002
0
—0.002
—0.004
—0.006

Noise voltage/V

0 2000 4000 6000 8000 10000
Sampling times

5 RYTMRE I
Fig.5 System noise test

(] B SC rp i A3 8 T DT 5 rh Rk & A 2R ok
4 T 2 Bt 22 S R )R R A R . An 6 B,
5122 M A< 1) e e A 560 RHIE R A S 5 AT AR
B, A5 BRI & AR 25 1 — A [ 5 B 4E 2 370 ns, 7] LA
I AT B, AR LA i 2K (5) Y g
I B, B

1 V3d C3d (VrefZ - Vrefl)
TOF = —|— - XT|+T 7
21 @ (Co+Cs9) (Vag— Viert) o ()

e Ty AMEIEI, 2 370 ns.

35+ — RST
30 | — Ramp
25
20
1.5t

Voltage/V

1.0
0.5

0 -

0 200 400 600 800 1000
Sampling point

Pl 6 IR A 45 T

Fig.6 Ramp generator fixed time delay
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3 APD iEH BN 5 4

BT LR B TH AN Y DU T B R R
£ HgCdTe APD i #5% A1 A B 0F 4748 & B 106 )
K, SRS FT AN 1.55 pm 080 5 A B R, %
PR R HEAT 1V M, Wi 7 peos o B on] LLAS 3
M AR HLE R 2.5 V LA GEOEETIR A 0 B, RO
HLIE R 2070 15.89 nA.

— Ipey0069b-14#-0 pW
= lpey0069b-14#-6.1 pW
= Ipey0069b-14+#-20.
—— Ipey0069b-14#-68.
Ipey0069b-14#-11
_— lpey0069b-14# 29
—— Ipey0069b-14#-34
= lpey0069b-14#-1.1
—— Ipey0069b-14#-4.3

6 pW
6uW
3.9 uW
39W
28W
IW
3W

/A
m
=N

unv

7 BRINE 1 e
Fig.7 Detector I/V test results
APD i R ] QFP64 B 2%, 5 #RIN 8% HIK E T
RO, A2 77 K BB I, 5230 Il b S E o6 %
LS HEAL U R T A PRI, AR &% A A 1.55 pm
Via=2V,P=78 uyW
Vdm—2 5V,P=78 yW
V=3V, P=718 yW

Viu=3.5V,P=T78 yW
V=4V, P=78 uW

VyV

0 200 400 600 800 1000

Sampling point

ARG A ANV B, BRSO Bk b i I ol R
15.89 nA Y15 56 L AT A48, B s 3 i 28k 110 4%
PN 4 fros .

&4 BEIAEH

Tab.4 Circuit test conditions

Parameter Value

Temperature/K 77

Preamp CTIA bias voltage/V 1.5
Comparator voltage/V 3

Ramp frequency/K 200
Ramp delay/ps 1

Laser pulse width/us 4.5

APD reverse bias voltage/V 2.5 (p=110 pW)
Sampling frequency/MHz 100

1 %43 HgCdTe APD # ZhAE iR

FE 1) T IERE(S 5 EN BARHEF, 4 T30
BRI . DCAE A [) B O 6 D) R I 5 7E
AN TR) S A H R T B 5 B A B R ARG L o an (&L 8
TRo REARFRCR— T ARAE AL, REESIRAE 100 MHZ
TR BB A 10 ns, PANARBR A Vg (Ho 2 1E 2%
e PRy 78 uW I, Bifi B R A% Y S D FE R
Vet ANWTEG N, 72 A2 (0 H A AS K, B3 B A 1 A (9 1
() B o [RIRE R 2% S A L PR R 3V IRE, S BB R
HYPRBUSBE PR B A, DI ZE Rk E, KR
T E R £ B R A 99.9%, LIS I HITE R 1.5V
V=3 V,P=50 uW
V=3 V,P=80uW
V=3V, P =150 uyW

V=3V, P =220 uW
V=3V, P=300 uW

40

357

30T

VoV

257

2.0

1.5+

0 200 400 600 800 1000

Sampling point

&l 8 Ttk APD S fr BNALE R
Fig.8 Test results of HgCdTe APD intensity information
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24V, B A B G RTEL ff A58 7 Me—, £ & HUER 1Y

(pERr
2 Z4#R HgCdTe APD £ h#8E Mlik
R R AR O\ N N N b E7 3

3, WO EAEM AL TUR 1 1, o e R Bk
AR AR B U 6 1B RS DL AR W P F) L, e b A et
Yef5 S AR LA 5 T BT A IR I ] ¢ 45 20 1 % I
)R B L HAB Vag, QNEE 9(a) 7R o S RHEAE 5 AR X

Reset
Laser pulse w—T:|
Ve
Vo Veen ="V
gl Tdct
v /tl=;
Voltage ramp z

Voltage/V

0 200 400 600 800 1000
Sampling point
19 (a) HLFEINNI 75 (b) MoK APD RTINS R AN G 45 2
Fig.9 (a) Circuit test sequence; (b) HgCdTe APD detector and circuit

coupling test results

35 100 times repeat sampling results
3.0
25t
20
1.5 } =
10 | '
0.5 }
o | /
—05
-1.0

Ramp voltage/V

0 200 400 600 800 1000
Samplng point

Ramp voltage/V

FAE T T FEU R IR B (8] 53 3R o) I £y gy, XA EE
F{E Vig WAHN HbA5 Ak, RIAS EIAN[E 1 TOF {H. Him

ZE BN 9(b) Fis .

Vaa Fl Vg 53590 0 B AR PS8 B 5 B AN )5 B,
RST WL ENIME S . CTIA BUHLE Vg 43N =
B /NHLES Cag W PR B0 ol 15 H e fF 35 3 bL A 4%
[ BHG HUR ; KL Cog 5 Cyg FRBRBLS RO Ik 58
S5O0 B EOCHR R AR BB AR . 2 H R
B Ja , 1w DA EOE S XY R R & A A E IR
1 V3o

WG A7), SCH T T AHERPR o, HAE
C. 15K o R RS H FBL 1V, SRR IR Vo A1 Vg {H
X TOF (4 BE 7 R (1 5210
321 AP A BE AR E 2T TOF 9% A

RHIE & A28 R G ABE R SR} 8 2 {#453 TOF

TEfE IR, LRARTTIEN, HEADAR ©)
_ l V3(1 _ C3d(Vre[2_ refl)
ror= 2 [a/+Aa/ (Cog+C30) (Vag = Vier1) *T+ T
(3)

R 20 (8) v LA Rl 31 A fb Xt TOF #y ) 3h,
TR R AT 9):

Aa
a(a+ Aa)

ATOF = 22 [ 9)

Kl 10 %Xﬁ#ﬁﬁi%&ﬁﬁ#ﬂ@ﬁﬁﬁﬁ%ﬁ@ﬁ
K RER R R AR 100 480 B A 2 AL R
5 RMS {H_~ 0.00846 mV/ns, BI7E I Vg F
ik TOF M E34 118.20 ps.

i
1 %1

'\1

—_
N

770 780 790 80
Sampling point

P10 RHE AR
Fig.10 Ramp slope
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322 WHBAK LT FE RN EST TOF 493 iy o :
Pl T e ; 2 —_ ﬂ_ 3d ref2 ™ Vrefl
BEXPLBR A RIVTRI T 2000 WBs %% TOF 2[ TSt ATy XT [+
I N T A0 22 AR 23 %o F A P AR — IR 22 o X2 (16)
A () BIERHZSL(10), B ror MYatAVs  Culen=Vew) ]
1] Vi 2 @ (Cra+C3q) (Vaa—Viet1)

(AC3q+ C30) Vierr = Viert) %
(Cra +ACyq + C3g + AC3q) (Vag = Vier1)

T(+T,
(10)
3T 2 2 (10) H Cyq 1 Csg X TOF 9 52 M0,

B2 A (1D)~(12):

T (Vierr = Vier1) C3g X ACyq

X
2(Vag = Vier1)  (Coq+C39) (Coq + C3d+AC2(dl)1)

ATOF =

T (Vierp=Vier1) AC33 X Cyy

2(Vaa=Vier1)  (Coa+C3) (Crq + Cyq +AC282)

FEBOCIKTE R 4.5 us T Vog [0 3.347 V, AR AL
2 (11) AT DA 55 3 s 2847 AE 0.222 fF (19 22, {15
TOF £ 100 ps I £L3h . A HL I v T2k #R4e it 1
2%,
323 BHHAWERF REIR A3 TOF 4%

T3 F e 6 9 Bl R L R S SR v A A
PUE S KA A, BN E 24 bits DAC, {HH 4 th 45
RIFE—E Bl XA (7) BIERRE A (13), Bl

TOF = l ﬁ _ Cs3q (Viea +AViep—Vier1 —AVier1)
2| « (Coa+C3) (Vag=Vier1 =AVier1)

ATOF =

XT|+T,
(13)
[EBE 5 TR TR 45 TOF 47 ok 152, 15 385K (14)

1 (15):

T x C3d X Avrcfz

ATOF =
2(Cog+C3g) (Vag = Viert)

(14)

ATOF - T X C3d (VrefZ - VZd) AVrefl (1 5)
2(Cag+ Csa) (Vg = Vier1)

ML FE VR bR AR A 45 1 i B R EE S 7E 1 mV
L, AR A S (10) BT LAAS 21 % 5F 6] TOF F) fi 22
“} 135.36 ps.

324 KA Vo A Vg 8918 £ TOF 8945 B3 k69 % ok

KA R G RG BE HLAESE 0 Vg A Vg WORE L, X
PeE T TOF WAt Fl . Rk xt A= (7) B 1E15 2
A (16) F(17), BI:

M (16). (17) AT EASR BIAR B Vg F Vg BORE
g%t TOF fyszm, Bl

T X C3d AVZd (Vref2 - Vref])
ATOF =
2(Coua+Csa)  (Vaa = Viert) (Vaa + AVog = Vierr)
(18)
A
aroF = 2V (19)
2a

BIFE Vg B30 1 mV BB BT, TOF 9 f £%
9 0.833 ns; 1E Vo £H51°4 1 mV BYIE T, TOF Y1
Tty 24.335 ps. R Vyy BOKE E MR TOF (RS B
i B e VA R W, T Vag S 4T TOF {H i 22 19 1&
1ET,

DRI 3 28 40 R B % TOF A4 8 5% 0 1) HAK 2
BN s s . MW IR T — & &, Vg
Bl Bl 5 P I AE 10 ns S5 I, RERGAE 2 VLl
THESZHL 5 mV HPREE .

FEFR 4 1) TAESMF T HET 100 I & RAE, 155
100 20 Vg Fl Vg fE, WA 11(a). (b) Frax, ML,
B, Vg B Vg W (B A7 7E — 2 B9 EL Bl X 100 41
B AT TSR] Vg B RMS (4 0.00753 V, Vag
RMS {H 4 0.02076 V.

FRAE i 63 25 4138 TOF A4 BEIE 1 R 2 A
IHE (1 ps) I 2= E4ERT (370 ns), BI4 630ns. & 11(c)
J&7R T i i Matlab X 54 2517 kb B 5 45 i~ ) TOF
BIME . M SZI6 #0475 21 TOF Bt KAE R 647.961 ns,
e /ME R 638.014 ns, TOF $} 30 & i R FE (14 2 3 2
R Vg Vg AHFFEL AL (6) 1153455 TOF
A RMS 4 2.107 ns.,

A TR T ESE B, RE 10 1k
100 4L FEATTEE RMS 453 B 19 25 R A 12 iRl L
53] TOF () RMS B} 2.017~2.073 ns, IEM T 385
BAERAE ns F AT 171

g, X SCH TAE R Sofradir 23 w1 &
SHCRIRZE AT T g, s 6 iR . Rh kA
R T g g AR A S — B, (L SCHRVREAS T 3 1Y LR
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Tab.5 Performance parameters that affect TOF 215 |
resolution 2 210
Type Sub-type Resolution % 205 L ./'H./'v\ /_
System noise 179 ps 8 ./ - \
.. = 200 |
System Ramp jitter 118.20 ps
Voltage source error 135.36 ps@1 mV 1.95
Capacitance deviation 100 ps@0.222 fF 1.90 ) ) ) ) )
Circuit Output jitter(V5y) 24335 ps@1 mV 0 2 4 6 8 10
Output jitter(V34) 833 ps@l mV Repeat times
350 Bl 12 ZYCRAET TOF 1Y RMS 454
348 I (a) - Fig.12 RMS results of TOF under multiple collections
3.46 | Vag
344 |
342 .
> 3407 % 6 XHIES Sofradir FIMKR T &KL RH
g 33871 N
g g;g L m—’ﬁ'\—' S M bt
gg(z) I Tab.6 Comparison of the proposed work with the
g-gg I Sofradir test platform and test results
g%g L. : : . . . Proposed work Sofradirt'¥
0 20 40 60 80 100
L Temperature/K 77 80
Sampling times
Laser:min step/ns 10 12.5
1041 (o) — 200 ns max; slo 200 ns; sl
3 ; slope ns; slope
L02 ’ Ramp 15 mV/ns 10 mV/ns
' A/D 14 bits; 2 V; 100 MHz 14 bits; 4 V; 100 kHz
Z 1.00 |
S WWN \W W‘ Resolution/cm 63.21 60
;3 0.98
0.96 | EYE R, A A TR X I3, 75 A/D 7853, SCH R
0.94 | A R B 5 T ik 100 MHz, f0 2% TOF 3 45 S i fi%
0 20 40 60 80 100 T Sofradir HIAE .
Sampling times () BF BT 1 7 A A8 3R I ) (B B 7 e I H
690 B 9 4 1) BE B8 ) AR F X TOF /Yy s ma, fn &l 13 i
L (©) —TOF .
283 . 7E 0.5 s B9 AE T TOF B9 4 K 4 119.960 ns,
7 L
660 | He/ME M 112.508 ns, H RMS {4 2.109 ns, BiiE T
£ 650 | ] S R ‘) RMS A 13(b) Hrm
£ A Y P AR BRGS0 RMS 36425 WA 13(0) 7T
T o LA H, AT 200 kHz, 7E 500 kHz 1 38 (4 25 SR
620 | A (630 ns) HEE, AW MBS T, (%
610 t I3 BEEEAS B B A I ) 4 L, BRI A R ik
600

0 20 40 60 80 100

Sampling times

B 11 Vg, Vag REEGEHN TOF 115250

Fig.11 V4, V34 sampling results and TOF calculation results

JEE o R T b 00 B Y 9 R AR /N o AR B PR T LA
INCHEL B /NS ADL P 5 L TR, TG i 4 452 Ofe ik
/N TOF (4}3h .

FT IR LSRG R, e sh BT, A g s
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Fig.13 TOF test results under different ramp delays and slopes

T BV BRI RN A FL R 9 AR R, R B
AR, R LA R & o 7E EFBT, i T
TOF MG S8 (BHE o, B AL Ve, WAE C
B Vg T V) XoF Fonly ofe (4 BE 52 el o D75 39 H it
REAR 4 Hb /e BUAS TR SR A3 1 0, 453 TOF 1)
RMS 4 2.107 ns, ESZBIXF L& APD 32 HH e 5 A M A
P A RIS, MR R LR APD 9 £ 3h
PR F 0y s B AR T A R

4 &

SO e i T — ol P AR R K APD
RN 28 0 4% 3 i R A R, O R AT T
FI TOF BT E L s . T —EE A4t
il 4% oK. APD R 25 0 R I8 BB A SRR 1 DR 5
I 2 40 M 7 75 51 RMS {80 253.8 wv, 38 1 X 3
-5 [ 5 B A A5 S EGHA TR A B i M v P, 7
77 K T80 Tk & 2 HgCdTe APD 332 Hi Hi %

13 g shfs B, Mas R0, ki ah BT
HUBE D RE IR 3, 5 W B R 07 45 REEALT G, E i
KT T AR a ALK Vi, HWEAE C ] Vyg
H Vag S XT TOF K5 BEA R W52 o e &35 2 i
#% TOF () RMS {5} 2.107 ns., 32t 4% 5 0E IH 12 03
07 ¥k AR 6 BE A ot X £k M APD 52 1 H s AT
VAL, ZEZL MRS v U LAY SEBR TR A AN -
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