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Enhanced infrared absorption of NiCr Film
fabricated on LiTaO, crystal material for 14 ~ 16 pm application
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Abstract . Nano-scale metallic films have been proven to be effective infrared absorption layers for pyroelectric detectors
operated at 14 ~16 um spectral range for space applications. The infrared absorption improvement can be achieved by
adjusting the thickness and surface characteristics of the nano-scale Nickel-chromium (NiCr) film deposited on the LT
(lithium tantalite) crystal materials. By regulating the thickness of the crystal materials, the absorption wavelength is
adjustable as well by changing the depth of the anti-reflection cavity. To enhance the infrared absorption further, chemi-
cal corrosion is applied on this film, which generates a rough nano-scale surface structure and greatly increases the ab-
sorption surface area. By combining these two methods, absorption at specified infrared wavelength could be distinctly
enhanced, and the manufacturing process is fully compatible and easy to realize. Experiment results suggest that the ab-

sorption performance which could be controlled agrees well with the simulation and design.
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Introduction

The infrared characteristics of thin metal films are
attractive for security and medical applications due to
their abilities to penetrate most dry, non-polar materials
without damaging them''?. Nano-scale metallic films for
infrared absorption have been shown to be usable for
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effective detectors ™. In pyroelectric detectors, the ra-

diation energy heats the sensing element, changing its
polarization and producing an electrical output propor-
tional to the incident optical power'”. However pyroelec-
tric detectors provide a low sensitivity at infrared spectral
range due to poor absorption of infrared radiation’'. To
increase the sensitivity, despite the thermal isolation, it
is necessary to design a pixel membrane absorption struc-
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ture to efficiently absorb infrared energy without compro-
mising the pyroelectric proprieties of the sensors' >l
Nanometer-scale metal films deposited on dielectric
layers are known to provide good infrared absorption due
to resistive losses in the film'”*’. In this paper, the in-
frared absorption characteristics of the nickel-chromium
(NiCr) thin film which was deposited on the lithium tan-
talite crystal material with specific thickness as an infra-
red absorption layer are shown both theoretically and ex-
perimentally. A surface treatment process by chemical
corrosion is first suggested to further enhance infrared ab-
sorption of NiCr film.

1 Theoretical analysis

In 1947, Hadley and Dennison predicted that an
unsupported metal film in air could absorb 50% of inci-
dent infrared radiation at most''®’. This optimum absorp-
tion can be achieved for a specific infrared spectral range
through an appropriate combination of conductivity and
thickness'"™®'. To simplify the simulation model , the sen-
sor element of the pyroelectric detector is depicted as a
sandwich structure shown in Fig. 1.
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Fig. 1
(a) sensing element structure of a pyroelec-
tric detector, (b) simplified optical reso-
nance cavity structure
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In Fig. 1, s and d represent the thickness of metallic
film and dielectric layer LiTaO, wafers respectively. In
this analysis, only the electric field component perpen-
dicular to the sensor plane (Fig. 1) is considered, since
it is straightforward to the parallel component. For the
structure depicted in Fig. 1(a)”®'"  the coefficients
transmission (T') , reflection (R) and absorption (A) of

the film satisfy the equation A =100-(R + T') , each one
can be expressed as follows'”! | respectively.
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where k, is the complex propagation constant Wit}; an( in)-
cidence angle 6, (in most applications cos@,, =1) on the
m’ th boundary, and it can be represented as k, =
[2mn, /A ] cosf
m’ th layer. For non-magnetic metal layers, the index of
refraction and the extinction coefficient could be approxi-
mated as n =k =V o / 2we,, where o represents the
conductivity of metal, w = 2me/A and g, is the free

in which the n, is the refraction of the

m

space permittivity ®’. Finally, the supporting layer (m =
3 in Fig. 1) is usually a dielectric with small losses,
thus n, can be considered real. For pyroelectric detector,
the LiTaO, crystal material film is usually used as the di-
electric layer. The contributions for absorption could be
neglected as the LT crystal exhibits small losses. So in
the further analysis, the depth of this insulate layer is set
to zero(i.e. , d =0). Based on the analysis above, the
Egs. 1-3 can be reduced to:

as
A = &2 , (4)
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The absorption analysis given in Eq.4 only depends
on the thin metallic film conductivity ¢ and its thicknes-
ses, of which the conductivity is the inverse of the sheet
resistance of the film. Furthermore, the absorption given
in Eq. 4 depends only on the product of film conductivity
and its thickness. In addition, since the conductivity of
metal films is nearly constant at this frequency range' '
absorption can be considered independent of frequency.
From Eq.4, it is easy to find that the maximum absorp-
tion occurs at gs = 2cg,. Figure 2 shows reflection,
transmission and absorption as a function of thickness or
conductivity, respectively, in case of 8.2 nm metal film
and conductivity of 6.5 x 10° S/m. It is clearly shown
that the maximum absorption is about 50% , when both
the transmission and reflection are approximately equal to
25 % . At this time, we can conclude that the maximum
absorption can be achieved at the condition of 8.2 nm of
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the metal thickness and 6.5 x 10° S/m of the film con-
ductivity o

Fig.2 Reflection, transmission and absorption of nano-
scale metallic films as a function of thickness and con-
ductivity of the film with Matlab simulation software
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For the specific wavelength absorption enhance-
ment, we need to design resonance cavity depth. Figure
3 shows the calculated results of the thickness of cavity at
8.2 nm metal film and conductivity of 6.5 x 10> S/m.
The simulations show that when the thickness of the reso-
nance cavity (thickness of LT wafers) is 9.6 pm, the
average absorption rate in the range of 14 ~16 pm is the
best of 74.4 % , where the peak absorption wavelength is
about 15 pwm. At the same condition, the average ab-
sorption between 14 pum to 16 pm is 43. 2%, 60.9 % ,
69.8 % respectively in case of 8 pm, 9 pm and 10 wm
of LT layer.

2 Experimental results

Nano-scale NiCr (Ni: Cr =80:20) films were de-
posited on the LiTaO, crystal slice of pyroelectric detector
by magnetron sputtering of a high purity NiCr target in an
Ar atmosphere. The two steps in the fabrication of mak-
ing ultra-thin LT wafer are as follows: mechanical
thinning processes and chemical corrosion. 50 pm LT
wafer can be obtained by grinding and polishing a single-
crystal 200 pum thick wafer. After cutting and chemical
corrosion processes, the thickness of the LiTaO; sensitive

layer could reach up to 9.6 Mm[13—14]' Films with differ-
ent thicknesses from 10 nm to 40 nm were prepared at a
specific thickness (9.6 um) LT crystal material for 14 ~
16 pum absorption enhancing. Since transmittance was
negligible due to the reflection layer which was fabricated
by magnetron sputtering high purity Au at about 200 nm.
So, the absorption of the samples, A(A), can be calcu-
lated directly as A(A) =100% - R(A) with the trans-
mittance neglected, and the reflection R (A ) can be
measured by a Fourier transform infrared spectrometer
(FTIR) directly.

Shown in Fig. 4 is the experimental reflection of
nano-scale metallic films on the LiTaO, crystal slice with
varying NiCr thicknesses prepared by magnetron sputte-
ring and chemical corrosion. A reasonably good
agreement between the estimation and measurements is
observed, the absorption of the NiCr film increases with
the decrease of metallic film thickness. It suggests that

Fig. 3  (a) The calculation result of the absorption
curves for 8 um, 9 pm, 9.6 pm and 10 pm of LT lay-
er, (b) the calculation result of the absorption curves
and reflection curves for 9.6 pm of LT layer
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Fig.4 The reflection of nano-scale metallic films on the
LiTaO, crystal slice with varying NiCr thicknesses

4 LiTaO, ShiRYIH 190K 24 0 MBER 5B
NiCr L 25 L 5

the thickness of NiCr films plays an important role for the
infrared absorption in this structure. The differences be-
tween the calculated absorptions and measurements for
small thicknesses may be attributed to the porous struc-
ture of the film. The NiCr film, which becomes thinner
due to its porous growth, has a smaller thickness com-
pared with the value (10 nm) calculated by sputtering
rate and time.

However, the infrared absorption of NiCr films can a-
chieve a good value when it is simply integrated in a sens-
ing element structure. After fabrication of the sensing ele-
ment, a surface decoration by chemical corrosion to this
metallic film can greatly increase the absorption surface
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area. Strong oxidizing solution (H,0,) mixed with KOH
was used to etch the polished LiTaO, crystal ', Tt can be

seen that an effectively enhanced absorption by the chemi-
cal corrosion treatment can be observed from Fig. 5.

Fig.5 Absorptions of untreated thin metallic film ( dashed
line) and chemical corrosion treated thin metallic film ( solid
line) with a NiCr thickness of 10 nm
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The experimental results are shown in Fig. 6, in
which a specific thickness film is fabricated from a 50 nm
NiCr film by chemical corrosion. It becomes clear that
the effective surface area can be increased due to porous
structures. It is also known that the absorption A (\)
consists of two Components[ls'](’] : A(A) =AINTR(A) +
ASS(A), where AINTR(A) is the intrinsic absorption of
an ideally smooth surface on a specific thickness LT crys-
tal material, and ASS(A) is the contribution due to por-
ous surface structures, which are induced by chemical
corrosion process in this paper. The influence of porous
structure on the surface structure absorption ASS (A )
needs more investigations in further research. The sam-
ple preparation process of LiTaO, crystal slice thinning
and nano-scale metallic films is a physical process,
which has a good repeatability. The experimental condi-
tions of chemical corrosion process is easy to control, so
the sample preparation process also has a good repeat-
ability.

© (d)

Fig.6 SEM images of NiCr films: (a) an untreated thin
metallic films surface, and a chemical corrosion treated thin
metallic films surface (b)31 nm,(c)18 nm, (d)9 nm
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3 Conclusions

Infrared absorption characteristics of pyroelectric de-
tectors coupled with metallic films and LT crystal materi-
als were analyzed and measured. Porous nano-scale NiCr
films with varying thicknesses were deposited on a LT
crystal material. A reasonably good agreement between
the measurements and calculations suggests that the NiCr
film acts as an effective infrared absorption layer in the
porous nano-scale surface structures. To achieve a higher
responsivity for the detector, an additional process by
chemical corrosion could effectively improve the infrared
absorption characteristics due to the porous nano-scale
structures on metallic film surface.
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