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Abstract: [Objective]ln order to eliminate the influence of the physical characteristics of the intrinsic dark current of the Posi-
tive-Negative (PN) junction in the Photoelectric Detector (PD), the detection accuracy of the PD can be improved at the same
time of enhancing the detection range of the detector power and widening the detector working environment temperature. In this
paper, a set of dark current compensation algorithms is designed to calibrate the PDs. [Methods)Firstly, we analyze the physi-
cal characteristics of the photodiode and the hardware circuit design of the PD to establish a mathematical model between the
photogenerated current and the optical power. Then we correct the curve relationship between the optical power and the Analog
Digital Convert (ADC)value of the photogenerated voltage through the mathematical model, so as to achieve the power com-
pensation by removing the influence of the dark current power at the specific temperature point. Next, by studying the temper-
ature characteristics of dark current, we calculate the power required to compensate for dark current under a limited number of
temperature conditions. By fitting these few temperature points. we extend the compensation to a broader temperature range.
thereby achieving dark current temperature compensation. Lastly, a temperature-controlled testing platform is established, uti-
lizing an Optical Switch (OS) to regulate the incident optical power on the photodiode. The real-time incident optical power on
the PD is recorded through an optical power meter. This setup allows for testing the accuracy of the PD under various tempera-
ture conditions and incident optical power levels. [Results]The experiments show that the working temperature can be widened
from —5~55 C to —40~80 “C and the minimum detection power can be reduced from —40 to —68 dBm by using the algo-
rithm to calibrate the photo-detector. Under the aforementioned operating temperature and detection range, the software algo-
rithm calculates the accuracy error between the reported optical power and the actual detected optical power to be within
+1 dB. [Conclusion]JAfter calibrating the PD with this algorithm, the effects of dark current and noise can be eliminated, and
the detection power range and detection accuracy can be improved in a wide temperature range.
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Figure 1 Relationship between optical power and photoge-

nerated voltage ADC values at four different tem-

peratures
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Figure 3 Flowchart of dark current compensation algorithm
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Figure 5 Temperature profiles corresponding to the experi-
mental values of dark current under 4 different

fitting methods
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30 0.133 3 0.133 3 0.1333 0.173 2
40 0.080 8 0.080 8 0.108 9  0.107 9
50 0.066 4 0.066 4 0.187 1  0.067 7
60 0.152 4 0.152 4 0.152 4  0.233 2
70 2.917 6 1.077 4 0.146 6  0.672 5
80 #NUM! 4.259 7 2.783°8 0.680 1

oL 3R R g R T 5 R I R O M A
5 AN [a) I BE T I R 3 A R S T A R R S R
{ELTRVRE 7™ A A8 Ak A R g AR D T R A 2R T 55 I
230148-04



FER AF LB & A U O R LA SR AT

ML AME A — B k. NG ~ (D RRERE
L,aboc Md =TGR E,3 HAAE T Ins
SRS IS [FHE R H R R A, T S SEmbii e . A&
TR T & C FP g N

k=a, XT +b, XT*+c, XT+d,» (5

C:aszs+[)sz2+C2><T+d29 (6)

Pie=as X T +bs X T 4y XT+dy, (7)

3 XWWIEESERSH

I 3E o SR VE A MEJE PD B 0K B 4R
AN 6 PR iy S s A AT I E . GIEEHOL
5% (Optical Switch, OS), OS #5643 1 £ B A G+
D' DA S B [ g A o ) 3 A5 e £ 21> PD 42 I X A%
R I RS B B A 0 7 A B 1 (Device Under
Test.DUT) 5 OS #f # #. b {7 Hl (Supervisory
Computer, SC) i i i H # 1 & 2 (General-
Purpose Interface Bus, GPIB) 5% & #Hi% , #2#] OS
PR AT AR 5 2 U8 4% ( Variable Optical Attenuator,
VOA) ZIHAR/NR LA PD AGHE. OS 4351
A Lucent Connector (1L.C) 36 £F Bk 28 % 32 5% o) K 3
(Power Meter, PM) A1 5 45 Bk, 52 2R 4 00 00 3 A5
Py SEmE A, LB AR e 2 TRl Y R
HAT AN 4 1 (Serial Peripheral Interface, SP1) i@
15 BRAE S B 132 OB B (1) ADC A A1 H 55 5 19 55 B
A,

—58.5

o) \
*’
\’b\(\w Wb el

A6 HEBirXBEBETsA

Figure 6 Schematic diagram of algorithm

verification environment
6 VIE S 56 AT WA, 43 1) A A R RS e K

**r“ WK A OS B8 — A G632 HLR A IE]/?E

R L A R EE (3R B AN Zh RORAE L 3KBL 10 min Y
1 0003k A PD 4Py, B 1 000 K I g iy
NI N R E - RS E W A - §i ok c |
EOABEE PD A G I OR AR, K 646 R R E
80 C, FREAPREE K 0.5 C/min, B T Ml 2
HOAS P 2 B PD - 4 14 Ty 56 (8, e ik ik BE A i) Py
AR R 3 3R AR D st 2 o gl L R T AR A R T R

T 2 LI A A U I O D R BE R A L R
K 7 (a0 B 7 A PSS 3R il Be bR IR

2 Tk AR AR S MR A T AR AV B L 3 A8 /N B 1 SR A
s TR, ASIEHIRE N —60 dBm, bR EAMOE
HHRA —60.51 dBm. % 5506 P R — 59.48 dBm., 58
“E'?ﬁlilTIj%ﬂ‘%jbﬂ dB. & 7(b) i 7R A R

SR, ABHEI RN —68 dBm, AR B EAE 70 C 3k
EU:?&%%J%EX 1 000 W F 4Rk Py 45 8, oL )
R —68.33 dBm, fi fmi U HAH K —67.18 dBm,

A o it fECE 23 R D0 1 A SRR

g qu ‘3 ‘) (\’\ \"D b&o’ ‘Jr» 5(\ rf)(o‘JQ\,,;\(\“)Qq bboo N o;)ooqq:)b 0) n,)
Q7 N> &
% u’\aebb%w\oo”%q% AOURICH 5

B BRI

QIR RRACRA X

(a) R MUK ER

(a) Stability test results

QO A WX
S A

> Q
‘) 4;\/ (\o)bg‘ob:x) b‘(o ‘3\ ‘3b‘ A 60"’) (or\:\/
B BOR Bk

AN IS A RK ubq«% S

(b)) HEMNRKE R
(b) Accuracy test results
B7 BAEfkEBsRE

Figure 7 Experimental results figure of the validation algorithm

230148-05




2025 4F A1 REE 247 )

4 LRIE

AW T — R IE ST #5064 B R ADC
(B 2R AN . S0 ) B vE X PD T i 4k
HEAT A HE I X A2 S 100 25 A2 1A TORG 00 R AR S
D3 DA 36 R RS B M B 48 b 580 3 R R 2 B0 B
FL 9 S 56 400 7 5 T 2 Y FR1 PN %) IR L O L T R T RS
LT PD ¢ Eﬂum,aebETawﬁ%MﬁFﬁiﬁuEﬁ%&
TG 58 7 1 LR R A 5 H 90 K /N TS BB 58 4 T B L
) R AR B W 1Y) HE R BE &2 O IR 22 PD E;‘ﬁﬁfa A
M s it T 2 e % .

2% Sk
(1] HOCHE 20 AME -1 a2 52 B R [T ].4041 . 2003(9)
1—38.

Gan W X. Infrared Focal Plane Device Readout Circuit
Technologyl[J]. Infrared,2003(9):1—38

(2] W&o, T, %k, 4. InAsSb @%m#’ﬁm%
RN 45 5 WU R PR BE S (T, AL AN 5 = Ok B 4k,
2022, 41(5): 810—817.
Chen D Q, Wang H P, Qin Q. et al. Research on
Dark Current Characteristics of InAsSb Barrier-
blocking Infrared Detector[ J]. Journal of Infrared and
Millimeter Waves, 2022, 41(5): 810—817.

[3] She L F,Jiang ] K,Chen W Q,et al. Mid-wave Infrared
pt-B-n InAs/InAsSb Type-1I Superlattice Photodetec-
tor with an AlAsSb/InAsSb Superlat-tice Barrier[ ]J].
Infrared Physics & Technology,2022,121:104015.

(4] SRR, =8, ZEHUE. 75 500 i it ol i 20 40 20

e B LR A BT ] OB S 204, 2021, 51(D) .

69—73.
Zhang 1. X, Yuan Y. LiJ G. Input Stage Design of IR
Detector Readout Circuit with Background Dark Cur-
rent Suppression[J]. Laser & Infrared, 2021, 51(1):
69—73.

(5] ki, RRM, BRng, 4. AlGaN H B E4MS Hth
R G AT T[T ], LA S HOL TR . 2018, 47(9):

(6]

[7]

[8]

(9]

(10]

230148-06

0920003.

Ge Z F. Yu C H, Chen M, et al. Research on Dark
Current of AlGaN Solar-blind Ultraviolet Avalanche
Photodetectors [ J ]. Infrared and Laser Engineering,
2018, 47(9): 0920003.

Eh I EL. 6 38 1 38 B Ol R0 £ 1 e R AL R 5 B
R R Iy A< AR B F A DL AL 5 b mUR KA
2019.

Ma X K. Research On Dark Current Suppression and
Wide-Spectrum, High-Speed and High-Power Re-
sponse Characteristics of Photodetectors within Wave-
length Region of Optical Communications [ D].Beijing,
China: Beijing University of Posts and Telecommuni-
cations, 2019.

IRER T 1) 2R, AR 45— O B A A I I
AMEEHL B E |, CN202210301344.0[ P, 2022-07-01.

Xu Y X,Luo X D,Xu ] B,et al. A Dark Current Com-
pensation Photodiode:  China.
CN202210301344.0[P]. 2022-07-01.

e 25 G R K e PR i R E KA 8 kL)L B
HAlH 5 A, 20150200 26

Xu M J. Principle and Calibration Method of Photoe-

Circuit for a

lectric Smoke Deteclor[]]. Technology Innovation and
Application, 2015(20) :

R, ML %?*ﬁﬁm%ﬂ’lﬁﬁ%m ML
D BH I S K 2 24 4l CA AR B2 D . 2012, 30 (3D
338—342.

LiY, Lin H S. Relative Error based Curve Fitting for
Least Square Method[J]. Journal of Shenyang Normal
University (Natural Science Edition), 2012, 30(3):
338—342.

BV BB 2 W L BKOL T, 452 T O v % R I IR
M IE J7 ¥ R R Bt . I, CN202211672220. X [P
2023-03-03.

Yin Y X, Shao Y F, Zhang G Y, et al. Semiconductor
Photoelectric Sensor Dark Current Correction Method
and System: China, CN202211672220.X [P].2023-03-03.





