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Design and Experimental Study on Micro Infrared Radiometer Chip

Liang Zhongzhu
(State Key Laboratory of Applied Optics . Changchun Institute of Optics» Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun , Jilin 130033, China)

Abstract  To meet the needs of high performance and microminiaturization of solar irradiance measuring

instruments, the key device of absolute radiometer the micro infrared radiation detection chip, is designed and
its theories are analyzed. The bar type diamond with high mechanical performance, high thermal conductivity and
high insulation is used for the base of chip. NiP absorbent films that have a high absorptivity in wide spectral range
are used to absorb light. The surfaces of nickel-phosphorus black film for infrared absorption have many irregular
pores, with the diameters ranging from 50 nm to 10 ym. The reflectivity of NiP films is less than 0. 4% at 1.5~
16 pm, the transmittance is less than 0. 15% at 1. 5~16 pym, and the absorptivity is more than 0. 99. Thin film
resistor is made of constantan which has a good electrical performance. The resistor is prepared by micro-electro-
mechanical system (MEMS) technology. The resistance of the thin film resistor is 50. 3 k) and does not change with
temperature, which can meet the requirement of the chip.

Key words measurement; solar irradiance; absolute radiometer; infrared radiation detection chip; NiP black
absorbent film; micro-electro-mechanical system (MEMS) technology
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Table 1 Solution for electroplating NiP black films
radiation detection chip

20 C a0, 5 Formula and parameter Value
NiSO, *7H,0 /(gL ") 100~120
21.120 °C, ’ ZnSO, +7TH,0 /(gL ") 22~25
e = KSCN /(g-L™") 35
.99 22.256 C, H.BO, /(g-L ") 25
, Na, SO, /(g-L™") 23
i , pH 5.8~6.2
Temperature /°C 18~30
Cathodic current density /(Aem %) 10~15
2.3 ’
’ ’ 25 C~30°C
’ ’ 5. 0. 45 mA.,
| ) 0.75 V. 0.8h .
; ; o
3.2
50. 3 kQ.,
15 cm,
.1 , 300~
400 nm,

1112009-4



cleaning preparation controling the
diamond Ag flims on constant
substrate with [ substrate by —>-| temperature of
ultrasonic g i electroplating
sputtering solution
Y

plating 0.8 h and
lifting up the

substrate from
the solution

charging the
substrate into
the electrifying
solution

5

Fig. 5 Process of electroplating NiP black IR

absorption films

7 (a)
(b)

Fig. 7 (a) A section of photoresist of film electric heating

wire; (b) the heating resistence wire eroded by

HNO;
8 )
6
, 50 nm~10 pm,
Fig. 6 Phatograph of NiP black IR absorption film
: BP213 : ’ ’
R 1800 r/min ’ ’
100 °C 90 s; ’
130~140 s ;
15~20 s o 7(a)
b
° ’ 8
s . Fig. 8 Scanning electron micrograph of NiP black
. 7(b) y IR absorption film
1:2 s
20 s, , o 0 9
s 1.5~16 pm 0.4% o 10
1.5~15 pm 0. 15% .
, 0.99 ,

1112009-5



0.6

0.5

0.4
\

t Ik
0.2 ‘ Iﬁ ‘
Ml

10 12 l-l 16
W av elengm /um

Reflectivity /%

Fig. 9 IR reflectance spectrum of the NiP black

absorption films

1.0
8 08
= r
Z o6}
g 04f
]
&
0.2f
Oﬁ".“"" . ; PRI
2 4 6 8§ 10 12 14
Wavelength /mm
10

Fig. 10 IR transmittance spectrum of the NiP

black absorption films

. —20 C~
100 C . .
.1 —20 C~
100 C ; .
50. 3 kQ. .
o

50 nm~10 pm,

52.0

51.6 F
f 51.2 |
g -
= 508}
;JZ
& L
5041
i
50.0 —— :

-20 0 20 40 60 80 100
Temperature /C

11
Fig. 11 Resistance curve of the film electric heating wire

b

° 1.5’\’16 F"m
0.4% , 1.5~15 ym
0.15% , 0.99 ,
, 50. 3 kQ,

1 Richard C. Willson, Hugh S. Hudson. The sun’'s luminosity
over a complete solar cycle [J]. Nature, 1991, 351 (6321):
42~44

2 Yu Bingxi, Fang Wei, Wang Yupeng. The radiation exchange
between the space and the absolute radiometer along with the
solar observation on spacecraft[ J]. Acta Optica Sinica, 2005,
25(8): 1048~1052

L. , 2005, 25(8); 1048~1052

3 Chen F., Zheng X. B.. Influence of spectrum not-matching on
calibration precision of remote sensor[J]. Opt. & Precision
Engng. . 2008, 16(3) . 415~420

. . 0.
, 2008, 16(3): 415~420

4 Wang Y. P., Fang W., Gong C. H. e al.. Dual cavity inter-
compensating absolute radiometer [ J ]. Opt. & Precision
Engng. ., 2007, 15(11): 1662~1667

. . . L1l
, 2007, 15(11): 1662~1667

5 Yu Bingxi, Yao Haishun, Fang Wei. Rapid measurement method
of absolute radiometer by using forecast radiation in electrically
heating compensation [ J]. Acta Optica Sinica, 2005, 25 (6):
786~1790

, ’

1112009-6



Jl. , 2005, 25(6): 786~790
6 Fang Wei, Wang Yupeng. Influence of UV radiation on
absorptivity of cavity of absolute radiometer [J]. Opt. &
Precision Engng. » 2006, 14(5): 775~780
. . L.
, 2006, 14(5): 775~780
7 Zupo Yang, Lijie Ci, James A. Bur e« al.. Experimental
observation of an extremely dark material made by a low-density
nanotube array[J]. Nano Lett. , 2008, 8(2): 446~451
8 A. Y. Vorobyev, Chunlei Guo.
femtosecond laser pulses[J]. Appl. Phys. Lett., 2008, 92(4):

Colorizing metals with

041914
9 Wu Jiang, Shen Weidong, Yuan Wenjia et al.. Anti-ultraviolet
radiation of antireflection coatings for display plastics[ J]. Acta
Optica Sinica, 2011, 31(2) . 0231001
[l » 2011, 31(2): 0231001
10 E. A. Ekimov, V. A. Sidorov. E. D. Bauer e al..
Superconductivity in diamond [ J ]. Nature, 2004, 428 (6982)
542~545

1112009-7



