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Study of response characteristics for cascade infrared
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Abstract: Through testing the detection process of infrared (IR) up-conversion step by step along with
theoretical calculation, the IR response characteristics of the cascade IR up-converter (CIUP) and the
whole up-conversion system were thoroughly studied. Test results show that CIUPs can achieve
considerable IR responsivity under weak background luminescence. The responsivity of the CIUP rises
very fast under the flat-band bias and the conversion process from IR light signal into CIUP's electrical
signal displays excellent linearity. By applying the ABC model to the near-infrared radiation process of
the CIUP, the fitted response current of the up-conversion system and the fitted current conversion
efficiency agree well with the measured data, which gives a reasonable explanation for the non-linearity
of the system’s IR response.
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camera (b)

K 3 MR FHRIP IR RS R %

FE T8 K A 3.3V fhi 0 4 X me i i 7 R 3
1F Bruker /A i) VERTEX 80 KUf# H A5 fu 21 41 5 3%
4>(EPL_ﬁ Il F— A 1223 K A% 1 B AR 58 e
1E, R W B TE RS LT AN AR 2 Ry (I K

Ab A AR (R A ST Ty 2.1 pW
Equivalent power@4 pm:2.1 pW
Blackbody temperature:1223K
Up-converter bias:3.3V
Si diode bias:0.0V
Temperature:78 K
0.40¢ P15g
L Y &
ETB 0.35r e
27 030 g
“ < 0.10 g
= £ 0.25¢ g
S = a
g 0 e
> »
£g 0.15p 0.05 Z.
3 =
DQ‘ § 0.10} é
0.05} >
0 0o =

2500 3000 3500 4000 4500 5000 5500 6000
Wavelength/nm

Pl 3 P b e A 2T AMASIN A5 15 2 B8 O 246 ) W ] 3

Fig.3 Responsivity spectra of CIUP and the up-conversion system
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Fig.4 Bias-dependent peak responsivity and light-current efficiency

of CIUP; Inset: IR—power-dependent CIUP response current

under different bias

JE 36 K Z 40 o5 F TR R A, e s A g U )
o7 B TR B 2 T AR I R Sz P s R LS, b
Bt 400 2 A DA AL i) 07 B 1) 3 R P S B AR, AF 100 K LA
PSR 1.5V A4, 5SS TR A1
JEJLF58 4 —80, XA BB 1 & 4 g py 5
PR e RXE R OC 2R . Y b 4 25 O R 188 22 i 495 0
FEL S RSP O P ) BR300 R 8 14 104 B i 445 4 422 30 °F-
WEAEH INE 1 R B RS B B U iz i
B W, FEWN X B = AR A T
b AT DA Sk 5 A A 80w A8 b i s B Ot IX
S5 E A, IER b3 14 i i 7 o 3 11
BT, 7E 18K N, AR ERAAE 1.5V T [ W {E e
N JESN 8.8 mA/W , 5 TR IE 1Y Hh 21 Ah i IR T
AR S AR T A 1 B AR TR — 2 0, AR 4
I B AT DL B, 78 TAE AW R TP H i, b 4

0102001-3



aoh gk T2

% 144

www.irla.cn

% 45 %

A AEBE 2L AN 6 A ST Ty 2678 Ak GE 3o 4 AAS [ A5 )
CT AN FEYR R S B ) 1 o 1o, 4% 1 AR A

K 5 78 K.3.3 V ik T i #5321 SRR
F G055 25 X AS [A) A B 20 A1 S 3R 4 i 57 B 3 RN
5 R AR L, A 2R G i e iy 2 M R A
TAk N T AT FEOXI SR RN, 75 B X 5%
T8 AN [ i R R IR A4 2 6 3 B R A B 4 K
FomaK , % R EIZE W 2) IR R G b , T RERE
JGCHL A S R SR B AR R — AR RO
B Z B A5 S 5 G AR R, It T
] 2(b) il 75 %8 , 38 2 fiff AR 5 CCD AR LK 51
YR b AR AT I G 40 25 R A6 R[] O R R O 14 %0k
500 o I3 4 ] B9 CCD AHAIL &5 Photometrics
/N ] 1) Evolve 512 Delta,

107} Up-converter bias:3.3V
Temperature:78 K

107°f

107f

107°f
107
10771
107°T

Response current/A

—A— System
—a— Up-converter

10° 107 10" 10°
IR input power/a.u.
Bl 5 K R AL AN RS S E AR A ST L AME R T
V4 M) 7 FEL 3
Fig.5 Response current of CIUP and the up-conversion system

under different IR power

G E 2 Ay a4, TRt
A R R 2% DL &2 CCD AEMLA T gk i
LLANRAIHERBCR 5 5 R 36% 1 1.9% , BRI
FAE AR G A B (9 1 2R 85%
PH 1 T LA3E 3 CCD A ML IC B3R 5 s A [ ) 3K
ZME(E R R R LD AR T R A 2(a)
MR Ge i Ak SO R RO, Bl 6
78 K 1 120 K A 7E 300 K 15 548 5 (00 LA T, 3
K 540 2 50 R ik 5O B A S A HRL I — D R
M2k .t CCD AHMLIM 3 55 34 1) R 3 — it s pil 286 A 2
AR R I - R i 2 . R ET LUE B
i RGP B R RE, TR
Jei, S ) 2R G0 L I AR R P L TR (~3 pA)HE R, iR
PR 7 AR B R GRS R TR 5C R 84— 3,

M UE T CCD A MLIC $ 45 R A0 H R R G
WOT R MMERIME . 7F 78K T, Y LA 2 e R A
2.0V RN, T R A g R OGRS
CCD FHALMTCIE I 2 0] {5 19 AOL B AR 5 72 120 K
T, W TR A AR AR B A RN, 7R 2.7V iR LA
HUTC TR B AT {5 Y SO S

— 78 K_measured system current

—a— 78 K_equivalent system current

== 120K_measured system current

—&— 120K _equivalent system current

--- 78 K_up-coverter current
----- 120 K_up-coverter current

10‘4_
10‘5_
10°F
10’7_
107
107 .-
P
107
10"V

107 - -
10— 300K backgmﬁ;td radiatign field of vigw:90°
15 2.0 25 3.0 35 4.0 45 5.0
Up-converter bias/V

urrent/A

C
3

P 6 I b e 4 22 0 A S R — i s R | S A EL I — i T
it £ A K b J A8t 1 ) v — B I ot £
Fig.6 Measured system current and equivalent system current

along with CIUP current under different bias
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