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ABSTRACT 

Patterning of gold-black infrared absorbing films by stencil lithography and hardening by polymer infusion 
is reported.  Gold black nano-structured films are deposited through a thin metal shadow mask in a thermal 
evaporator in ~400 mTorr pressure of inert gas, followed by ethyl cyanoacrylate fuming through the same 
mask to produce rugged IR absorptive patterns of ~100 micron scale dimensions.  Infrared absorptivity is 
determined by transmission and reflectivity measurements using a Fourier spectrometer and infrared 
microscope.  Results indicate that the optimized hardening process reduces the usual degradation of the 
absorptivity with age.  This work has potential application to infrared array bolometers.  

Keywords: goldblack patterning, shadow mask, polymer infusion, absorptance, aging effect studies  

1. INTRODUCTION 

Gold black is a well-studied nano-structured metal film that shows strong broad band absorption 
throughout the visible to far-infrared range [1-6].  As such it has found wide application as a coating for 
infrared bolometers to improve their responsivity.  Examples include the Geostationary Earth Radiation 
Budget (GERB) instrument launched by the European Space Agency (ESA) and CASSINI spacecraft of the 
National Aeronautics and Space Administration (NASA)[6-7]. 

Gold black has a number of limitations that this paper addresses.  It is very porous and fragile, so that it is 
easily damaged by contact, shock, or air currents.  The deposition process tends to cover large areas, so that 
it has usually been applied only to single element detectors.  It cannot be patterned at sub-mm scale by 
traditional metal lift-off using photoresist and solvents, because it tends to clump and return to its non-
absorbing bulk gold state.  It cannot endure elevated temperatures without similarly reverting. It suffers 
deleterious aging effects.   

Alternatives to gold black exist.  For some infrared bolometers, combinations of Ni and SiN thin film are 
used as absorbing coatings.[8]  However, to achieve sufficient absorption, the thickness of the SiN film must 
exceed a micron since the value of its IR extinction coefficient is small.  This results in excessive thermal 
mass that limits bolometer response time and achievable frame rates. In contrast, with a density that is only 
0.02% of bulk gold, gold black has a correspondingly low heat capacity.[9]  Hence, gold black remains of 
significant interest for applications if its patterning and stability limitations can be overcome. 

Opportunities for patterning and stabilization are explored here.  Patterning with ~100 micron length scales 
is achieved by deposition through a shadow mask.  Such dimensions are suitable for the characteristic pitch 
of most long-wave to far-IR array bolometers.  Stabilization is achieved by subsequent fuming with ethyl 
cyanoacrylate (trade name “SuperglueTM”).    

2. EXPERIMENT 

Gold black is deposited by the method of Harris.[1]  Thick, porous films of gold black with high packing 
fraction were deposited on a double-side polished silicon substrate by thermal evaporation in a chamber 
that was back-filled to ~ 400 mTorr with N2. A thermoelectric cooler is used to keep the substrate at -13 C. 

Please verify that (1) all pages are present, (2) all figures are correct, (3) all fonts and special characters are correct, and (4) all text and figures fit within the red
margin lines shown on this review document. Complete formatting information is available at http://SPIE.org/manuscripts

Return to the Manage Active Submissions page at http://spie.org/app/submissions/tasks.aspx and approve or disapprove this submission. Your manuscript will
not be published without this approval. Please contact author_help@spie.org with any questions or concerns.

8708 - 41 V. 1 (p.1 of 8) / Color: No / Format: Letter / Date: 4/8/2013 12:26:28 PM

SPIE USE: ____ DB Check, ____ Prod Check, Notes:



 

 

Molyb
diame

A sten
tape (“
by the
deposi
accum
preven
sizes w

Fig 1. S

Polym
The g
contai
un-pat
mask t

To ob
Electro

Spectr
Hyper
measu
measu

To me
500 μm
deposi
the sep

where

Gold b
caused
These 

3.1 Pa

bdenum boats w
ter 0.8 mm wit

ncil shadow ma
“ScotchTM”) as
e hot evaporati
ition occurs pr

mulates around 
nt this, the mas
were investigat

Schematic diagr
of gol

mer infusion by
old black sam
ning 2 mL of 
tterned deposit
to produce a pa

bserve changes
on Microscope

ral measureme
rion infrared m
urements.  An 
urements at nor

easure the cond
m separation w
ited on top of t
paration betwe

 voltage (V) an

black showed 
d interesting ch
effects are out

atterning of G

with dimension
th length varyi

ask is held at s
s spacers.  Such
ion boat during
eferentially on
and inside the

sk was cleaned
ted. Fig. 1 pres

ram of stencil lith
ld black (middle

y cyanoacrylate
ple was placed
cyanoacrylate 
tions.[12]  In th
atterned depos

s in gold blac
e was also used

nts were perfo
microscope. D

evaporated op
rmal incidence

ductivity of gol
were photo-lith
these electrode
een the electrod

nd current (I) is

constant condu
hanges in shee
tside the scope

old Black  

ns of 12 mm x
ng from 0.1 to

sub-millimeter 
h tape has poor
g the depositio

n the substrate t
e aperture of th

d in acetone aft
sents a schemat

hography metho
e).  Then the mas

e fuming was 
d 100 mm abo
was placed on

his paper, the 
ition that coinc

ck structure w
d to image the g

ormed with a B
ouble side po
ptically-thick 
. 

ld black thin fi
hographically d
es. Since the th
des, the sheet re

s measured bet

uctivity for dif
et resistance d
 of this paper a

3. RESULT

x 5 mm x 1 mm
0.5 mm during

distances from
r thermal cond

on while the su
through the ste
he stencil mas
er each use. Va
tic of the proce

od.  Alignment o
sk is lifted leavin

performed at 
ove an electric
n the hot surfac
cyanoacrylate

cides with the g

with aging and
gold black film

Brucker Vertex
lished silicon 
smooth gold l

ilm, four parall
deposited on a
ickness of the 
esistance is[10]

tween inner an

fferent applied 
due to thermal 
and will be pre

TS & DISCU

m deep were f
g different exp

m the substrate
ductivity, so tha
ubstrate remain
encil windows.
sk, which even
arious stencil p
ess. 

 
f the shadowma
ng the gold-blac

atmospheric p
c hot plate at 1
ce.   We report
is deposited t

gold black patt

d polymer fum
m.  

x 80v FTIR S
was used as 

layer served a

lel gold strip el
non-conductiv
gold black dep

      ,

nd outer pairs o

current values
breakdown an

esented elsewhe

USSION 

filled with 99.9
periments.  

e by using laye
at the mask is 
ns cold.  This 
. Nevertheless,
ntually clogs th
patterns with d

ask (left) is follow
ck pattern (right)

pressure in a fu
100 C. An alum
ted this proces
through the re
tern. 

ming, a Zeiss 

Spectrometer in
a reference fo

as the referenc

lectrodes of 25
ve substrate and
posit is negligi

 

of electrodes, re

s up to 2 mA. 
nd transformat
ere. 

9% gold wire o

ers of cellophan
radiantly heate
insures that th

, gold black als
he openings. T

different openin

wed by depositio
). 

fuming chambe
minum foil dis
ss previously fo
ealigned shado

Ultra Scannin

nterfaced with 
or transmittanc
ce for reflectio

50 μm width an
d goldblack wa
ible compared 

    (

espectively. 

Higher curren
tion of the film

of 

ne 
ed 
he 
so 
To 
ng 

on 

er. 
sh 

for 
ow 

ng 

a 
ce 
on 

nd 
as 
to 

1) 

nts 
m.  

Please verify that (1) all pages are present, (2) all figures are correct, (3) all fonts and special characters are correct, and (4) all text and figures fit within the red
margin lines shown on this review document. Complete formatting information is available at http://SPIE.org/manuscripts

Return to the Manage Active Submissions page at http://spie.org/app/submissions/tasks.aspx and approve or disapprove this submission. Your manuscript will
not be published without this approval. Please contact author_help@spie.org with any questions or concerns.

8708 - 41 V. 1 (p.2 of 8) / Color: No / Format: Letter / Date: 4/8/2013 12:26:28 PM

SPIE USE: ____ DB Check, ____ Prod Check, Notes:



 

 

We first attempted to pattern gold black by standard photolithography and lift-off in acetone.  The color of 
the film changed from black to brownish.  The reflectivity of the sample increased from 1% up to 40 %. 
Similar effects occur when gold black is annealed over 150 C for an hour, which is attributed to collapse of 
the gold black structure from fluffy and porous back toward bulk gold.  We conclude that gold-black 
cannot be patterned by conventional metal lift-off. 

Next we pursued deposition of gold black through a shadow mask.  When placed at optimum height above 
the substrate, well-defined and reproducible patterns were obtained.  Fig. 2 presents optical microscope 
images of two different patterns achieved with shadow mask kept at (a) 0.9 and (b) 0.6 mm heights. For 
each pattern, the mass of gold, deposition rate, and inert gas pressure were 121 mg, 0.33 mg/s, and 400 
mTorr, respectively.  Even though deposition parameters were similar for both patterns, there resulted 
significant differences in thickness, morphology, and edge definition. The pattern in Fig 2(a) has thickness 
less than 500 nm, a fine grained structure, and hazy edges. The pattern in Fig. 2 (b) exceeds 10 μm 
thickness, its structure is more coarse, and its edges sharper. In other words, the closer the shadow mask is 
to the substrate, the sharper are the edges and the thicker is the resulting pattern. To avoid damage to 
sensitive bolometer structures, actual contact would usually be prohibited.    

                 
                               (a)                       (b) 

Fig 2.  Optical image of gold black patterns produced at different heights (a) 0.9 mm and (b) 0.6 mm of the shadow 
mask above the substrate. 

Compared with coatings prepared without a mask, the patterned gold black density was much higher, but 
the thickness was much lower. In each case, the substrate is cooled to -13 C, according to a thermocouple 
located below the substrate.  However, the mask partially shields the substrate from radiant heating by the 
evaporation boat, so that the actual substrate surface temperature may be lower when using a mask, causing 
more accumulation by “cryo-pumping” effect.  Also, the relative warmth of the mask aperture may focus 
the deposition, so that the gold-black flux is higher through the aperture than the flux would be in the same 
area without the mask.  That the films are thinner but more dense may be due to the exclusion by the mask 
of long chains of gold black particles that link together before reaching the sample.  The smaller chains that 
make it through the aperture are able to pack more closely together, a scenario similar to the computer 
game “Tetris”. When thermally conducting spacers are used to separate the mask from the substrate, which 
allows lower mask temperatures, the patterns produced are very sparse and discontinuous, and the mask 
itself collects heavy gold black depositions. 

SEM images of a gold black pattern produced with the mask and substrate separated by 0.3 mm are 
presented in Fig. 3.   The edges are blurred over lateral distances of about 10 μm. This can be attributed to 
lateral diffusion of the cloud of gold particles between the time that the particles pass the aperture until they 
land on the substrate.   
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Fig 5. (left) Gold black pattern. (right) After cyanoacrylate fuming. 

Fig. 6 presents reflectivity spectra of gold black films before and after fuming for three different fuming 
times. Before fuming, the reflectivity is already low for all three samples, though it is not equally low, due 
to imperfect control of deposition conditions. There is a tendency for increased reflectivity at the lower 
wavenumbers.  Long fuming time results in a thick ethyl cyanoacrylate coating.  This expected result is 
confirmed by the growth of a sharp ethyl cyanoacrylate absorption band at ~1755 cm-1.  As the thickness of 
this polymer increases, the reflectivity also increases. The sample with just 2 minutes of fuming shows little 
spectral change, and fortunately this sample already shows much improved resistance to mechanical 
damage.  It was stable against a stream of nitrogen gas coming out of 4 mm internal diameter nozzle at 70 
liters/min flow rate from a distance of approximately 3 cm. Thus, the minimum fuming time of 2 minutes 
provides significant mechanical stabilization without degradation of the desired absorptivity.  

 
Fig. 6. Reflection spectra of gold black films before and after polymer infusion for three different fuming times as 

indicated. 
 
With a density just 0.02% of bulk gold, gold black has an index close to unity[6]. Fuming increases the 
optical density of the film.  Therefore higher reflectance is expected at the interface with air after fuming. 

Fig. 7 presents SEM cross sections of gold black film before and after cyanoacrylate fuming for 2 minutes.  
The fumed cyanoacrylate immediately polymerizes inside the gold-black spider web in the presence of a 
weak base such as water vapor in the atmosphere. The polymer chains cause the gold black structure to 

Please verify that (1) all pages are present, (2) all figures are correct, (3) all fonts and special characters are correct, and (4) all text and figures fit within the red
margin lines shown on this review document. Complete formatting information is available at http://SPIE.org/manuscripts

Return to the Manage Active Submissions page at http://spie.org/app/submissions/tasks.aspx and approve or disapprove this submission. Your manuscript will
not be published without this approval. Please contact author_help@spie.org with any questions or concerns.

8708 - 41 V. 1 (p.5 of 8) / Color: No / Format: Letter / Date: 4/8/2013 12:26:28 PM

SPIE USE: ____ DB Check, ____ Prod Check, Notes:



 

 

compr
seen in

       

 

   

         

 

 

Fig. 8
reflect

 
3.3 Ag

Fragili
charac
spectr
for fum

 
Adven
observ

ress and stabili
n Fig. 7, and th

                   

Fig 7. 

 shows that 20
tance by more 

Fig 8. 

ging Effects 

ity of gold bl
cterize and und
a over time for
ming times of 2

Figure 9. Agin

na showed that
vations of this 

ize. However th
he reflectance a

    

Gold black film

0 minutes of f
than 5% (Fig. 

Gold black film 

ack makes it 
derstand aging
r samples with
2 minutes and 

ng effect on shee

t the resistivity
effect for thre

he film underg
apparently is un

m cross section be

fuming compre
6).  

cross section be

vulnerable to 
g effects in gol
hout and with c
20 minutes. 

et resistance of g

y of the gold b
ee samples wit

goes only 30% 
naffected by th

efore (left) and a

esses the film 

   
efore (left) and a

structural cha
ld black. To th
cynoacralate fu

gold black sampl

black film decr
th different fu

compression f
his much comp

after fuming for 

by a factor of

after (right) 20 m

anges with tim
his end, we stu
uming. We con

les with differen

reases over tim
uming times.  W

for 2 minutes o
pression. 

2 minutes (right

f about 3, whic

minutes of fumin

me.  Hence, it 
udied the shee
nducted our ag

nt fuming times. 

me.[9]  Fig. 9 p
We find that a

of fuming and a

t) 

ch increases th

 
g. 

is important 
et resistance an
ging experimen

resents our ow
after 7 days, th

as 

he 

to 
nd 
nts 

wn 
he 

Please verify that (1) all pages are present, (2) all figures are correct, (3) all fonts and special characters are correct, and (4) all text and figures fit within the red
margin lines shown on this review document. Complete formatting information is available at http://SPIE.org/manuscripts

Return to the Manage Active Submissions page at http://spie.org/app/submissions/tasks.aspx and approve or disapprove this submission. Your manuscript will
not be published without this approval. Please contact author_help@spie.org with any questions or concerns.

8708 - 41 V. 1 (p.6 of 8) / Color: No / Format: Letter / Date: 4/8/2013 12:26:28 PM

SPIE USE: ____ DB Check, ____ Prod Check, Notes:



 

 

resistivity of our as-deposited gold black drops by a factor of 2.5 to 3.  After 90 days, the resistivity has 
decreased by nearly a factor of 10. Resistivity becomes increasingly stable against aging the more fuming it 
receives.  The 2 minutes fuming sample’s resistivity decreases by only a factor of 2 in 3 months. However, 
the samples with 20 minutes of fuming dropped only 15% in 7 days and showed no further decrease for 
longer times. 
 
Absorptance (1-R-T) for high quality films is observed to be spectrally flat in the range 500 to 
4000 cm-1.  Thus, we may take the average absorptance over this range to study small aging 
effects.  Fig. 10 presents these data as a function of time from 0 to 60 days for three different 
fuming conditions. All samples showed stable absorptance within experimental uncertainty.    

 
Fig 10.  Spectrally averaged absorptance as a function of time for three different fuming conditions 

CONCLUSIONS 

We presented results of patterned gold black depositions with ~100 micron length scales using stencil 
lithography.  Ethyl cyanoacrylate infusions with short fuming times (2 minutes) adequately improve 
mechanical stability without compressing the film or reducing its absorptivity much.  Such fuming also 
decreases conductivity rise with aging.   
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