Preparation of Nanostructured NiCr Film as a Temtah&bsorption Layer
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Abstract—Nanostructured NiCr thin film was prepared by a
combination of magnetron sputtering and reactive ia etching
(RIE) in 80 x 60 uncooled infrared focal plane arrgs (IRFPA).
The surface morphologies and THz absorption charaetistics of
the IRFPAs were tested with NiCr absorption layersprepared by
magnetron sputtering and the combined process resptvely. The
tests suggested that THz absorption could be efféatly enhanced
by RIE processes applied to the dielectric substratand NiCr film,
which increased the specific surface area of NiCrlesorption film
by generating nano — scale structures on upper aridwer surfaces.

I. INTRODUCTION

maging with terahertz (THz) radiation is attractifar
applications in many areas such as security andcaledue
to its low power of emitted photons and non-ionigiaturd* !,
Conventional uncooled infrared focal plane array3FPA)
coupled with an external terahertz (THz) illumioatisource
have been proved to be an effective THz imagirstesy*®.
However, due to poor absorption of THz radiatiomaoled IR
microbolometers generally have a very low noiseivedent
power (NEP) in the THz range compared to NEP fer IR
range, which implies low responsivity at THz fregaies!’®.
The absorption can be improved by creating blactahf or
producing metamaterial structures, but it can lyarde
integrated in the microbolometef”. A commonly used
approach is to integrate a thin metallic film tosath THz
radiation due to resistive loss in the fitti2.

In our earlier research, we have reported THz gibsor
characteristics of nickel chromium (NiCr) film in
microbolometer-based IRFPAS!. NiCr thin film has been
proved to be a good THz absorption layer due toymat
advantages, such as low heat capacity, high nagjstgood
stability and processing compatibility. In this papNiCr films
were prepared in 80 x 60 IRFPAs by magnetron spuogteand
a combination of magnetron sputtering and readtimestching
(RIE), respectively. The surface morphologies andzT
absorption characteristics of the films were tested analyzed.

RESULTS

polyimide was prepared on the reflection layerhasdacrificial
layer by spin coating with a thickness of 2fB. VO, thermal

sensitive thin film was prepared with a temperatwefficient
of resistance (TCR) of ~2.3 %/K and a film thickeie$ 50 nm

by direct current magnetron sputtering for a spuptewver of

300W, a partial pressure of oxygen of 0.5%, andwamealing
temperature of 350 °C at vacuum environment. Tledediric

passivation layer and top metal film (THz wave abso) were

then fabricated on V{ilm by two methods. In the first method,

NiCr film with a thickness of 20 nm was directlymtesited on
100 nm SiN substrate by magnetron sputtering. In the second
method, SiN film with a thickness of 150 nm was deposited. 50
nm SiN, film was etched by RIE using Chland Q for a RF
power of 400 W, a pressure of 4 Pa, a ¢fiéw of 20 sccm,
and an Qflow of 3 sccm. NiCr film with a thickness of 30m

was deposited on the RIE treated Sehbstrate and thinned to

20 nm by RIE using a gas mixture of BGTlL, and Sk with the

same parameters as mentioned earlier. After etcthiagtop

membrane using reactive ion etching system, theifiséad
layers could be released completely by oxygen peesti@80 °C

to form suspended micro-bridge structures.
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THz absorption layers were prepared on micro bridgeFig. 1. Absorptioncharacteristics of 80 x 60 IRFPAs with untreatéus(l

structures of 80 x 60 IRFPAs with {8n pitch pixels. Each
pixel consisted of diaphragm (sensitive area), cefitact and
two legs which supported the diaphragm. The digghravas
composed of a vanadium oxide (YQhin film upon a silicon
nitride air bridge, with a reflection layer placed/4 away § =

10 um) to realize resonant absorption of IR radiatiOmer ten
photomask patterns were designed to fabricate @0 IRFPAs
with microbridge structures. First of all, bottohe@rode metal
layer (NiCr thin film, 250 nm thickness), which adtas the
bottom electrode and reflection layer, was fabedain silicon
wafer by direct current magnetron sputtering. Phegositive

without symbol) and RIE treated (line with symbNICr absorption layer

Since transmittance was negligible due to the céfia layer
in IRFPAs, absorption was calculated uskg 100% —R. The
reflection R) was measured by a THz time — domain
spectroscopy system with an incident direction @fdggree
from the normal direction. Absorption charactecstf 80 x 60
IRFPAs with THz absorption layer prepared by twathméds
are shown in Fig. 1. An effectively enhanced absonpis
observed after RIE treatment in the second method.

AFM images of dielectric substrates and NiCr filims-ig. 2
shows that roughened substrate surface was indugceRIE.



Specific surface area of NiCr film was increased thunano —
scale surface structures. It becomes clear thateffeetive

surface area of NiCr film can be increased dueatwon- scale
structures.
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Fig. 2. AFM images of (a) untreated Sifiim, (b) RIE treated Si@film, (c)
NiCr film on untreated SigXilm, and (d) NiCr film on RIE untreated Si@lim

Fig. 3 shows the AFM images of NiCr films depositau
untreated dielectric substrates by two methodsatt be seen
that the surface of NiCr film directly deposited imagnetron
sputtering was very smooth while that of NiCr fithinned by
RIE was roughened.

(b)
Fig. 3. SEM images of NiCr films deposited by (a) magnesputtering and (b)
a combination of magnetron sputtering and RIE

It becomes clear that the upper and lower surfaté@¢iCr
film were both roughened due to nano — scale strest
generated by RIE treatment,
enhancement of THz absorption. It is known thatthsorption,
A(}), of a metal film consists of two componerf4!:
A1) = Ayrr(1)+ Ag(A), where Awra(d) s the intrinsic
absorption of an ideally smooth surface afgi{l) is the
contribution due to nano — scale surface structusich are
induced by RIE in this paper.

SEM image of single pixel in 80 x 60 IRFPAs in Figshows
that NiCr film acted as a black metallic absorptiayer in the
micro bridge structure.

Fig. 4. SEM image ofingle pixel in 80 x 60 IRFPAs
1.

THz absorption characteristics of 80 x 60 IRFRAspled
with a NiCr film were measured and analyzed. A corebd
process of magnetron sputtering and RIE was adofued
prepare nanostructured NiCr film for enhanced Thkoaption.
The upper and lower surfaces of NiCr film were bathghened
by RIE, which increased the specific surface afddiGr film
due to nano — scale surface structures.

SUMMARY
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