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The normal, polarized spectral (3 um <A < 14 um) emittances of highly doped, micromachined,
periodic structures on heavily phosphorus-doped (110) silicon ([P]~5x 10" cm~3) were measured
for pattern repeat scales, A, of 10, 14, 18, and 22 um and depths ranging from 0.7 to 45 um. These
structures have dimensions that are comparable to the wavelengths of the measured radiation. The
s-polarization vector in these measurements was perpendicular to the grating vector. The data
demonstrated that the emittance from the deep structures is dominated by standing (quantized) elec-
tromagnetic waves in a direction normal to the surface similar to those in an organ pipe. Wood’s
singularities were clearly visible in the p-polarized emission on shallow gratings (depth < 1.5 pum).
It is concluded that these measurements, particularly the s-polarized emission from deep gratings,
cannot be explained by calculations of electromagnetic singularities on lamellar gratings.

I. INTRODUCTION

Radiant energy from heated bodies is a classic topic in
both science and technology. The accounting of the spec-
tral distribution of blackbody radiation from macroscop-
ic structures created the intellectual ferment that led to
the quantum theory.! Inherent in both the measurements
and the theoretical model is the assumption that the
geometric scale of the radiators, S, is substantially larger
than the wavelength A being measured. This was a natu-
ral assumption given the available methods for fabricat-
ing the radiating structures. The planar photolitho-
graphic manufacturing technology that has evolved in
the microelectronics industry now makes it possible to
study the region where S=A. In this and the accom-
panying paper, new experimental evidence is presented
which demonstrates that the emissive properties of a
moderately conducting surface (heavily doped Si) are pro-
foundly altered when it is composed of structures where
S ~A.2 The surface containing these small-scale struc-
tures will be referred to as microconfigured (MC) sur-
faces.

An earlier paper reported that the polarized spectral
emittance in the normal direction from deep gratings in
heavily doped Si with H =47+6 um was not only greatly
enhanced over that of smooth silicon, there were also
pronounced spectral-emission maxima suggestive of a
path difference or standing-wave phenomena.’> When the
wave number
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corresponding to the wavelength of the emittance maxi-
ma e (A, P;,400°C), was plotted against a sequence
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of integers m a linear relation was obtained whose slope
was independent of the grating repeat distance A. Four
types of periodic structures with A=10, 14, 18, and 22
um were examined. The maxima were associated with
the existence of discrete electromagnetic standing waves
or modes in the slots of the gratings using the simple rela-
tion

_2m 41

kmax(m)—‘ 4H

(1)

The values of H obtained from the rms value for the slope
were found to be H =40%5 um for both s and p polariza-
tions. This was in excellent agreement with the average
measured depth of 47+8 um for all of the gratings. It
was concluded that the observed maxima in the emit-
tances arise from resonances associated with the vertical
standing electromagnetic waves or normal modes in the
microslots. These are “organ-pipe” modes using a simple
acoustic analogy.> These allowed standing waves are the
source of the radiation density of states used in the
derivation of Planck’s radiation law."* The electromag-
netic standing waves also closely resemble waveguide
modes where the TE mode corresponds to the s-polarized
emission and the TM mode to p-polarized emission.
Additional data are presented here confirming this ex-
planation. Because of the dimensional scale of the MC,
the continuum model used to derive the radiation density
of states g,(v) can no longer be used. Instead, the
discrete summation form of g,(v) has to be used to deter-
mine the blackbody-radiation law. The importance of
this type of behavior was examined theoretically by
Baltes and co-workers in their study of the Weyl prob-
lem.>~° When S for the cavity becomes comparable to
the A of the emitted radiation, the approximation that the
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density of states for the electromagnetic normal modes is
a continuous function of frequency no longer applies.*
Baltes et al. have demonstrated that the mode density in
a rectilinear parallelepiped cavity is reduced by a factor
of 30% when the linear dimensions are equal to the wave-
length and the mode structure is polarization depen-
dent.”®

As will be shown, the results presented here and in the
accompanying paper suggest that it is possible to examine
the structure of g,(v) and the properties of individual
electromagnetic cavity modes in the MC surfaces in some
detail by means of the directional spectral polarized emit-
tance. No attempt is made to compare these experimen-
tal data to a vector electromagnetic theory for several
reasons. Because a thorough theoretical treatment of the
deep-grating, finite-wall conductivity problem is not
available, treating this problem is beyond the scope of
these papers. Such theory as exists on resonances in deep
gratings fails to account for some of the key observations
obtained. On this last point, Wirgin and Maradudin have
given a theoretical discussion of the resonant enhance-
ment of s-polarized radiation in lamellar gratings that
may be treated as a limiting case for the results given in
these papers.!” In the specific case they treat, no far-field
resonances are possible, i.e., all of the incident energy is
thrown into the specular order. Assuming that scaling to
the micrometer dimensions treated in this and the
succeding paper is valid, it is straightforward to show
that their case corresponds to a A=10 um grating, with a
slot width W=9.2 um and a depth of H =26 um. This
is not too far from the A=10 um grating with W =8.4
pm and H =14 um to be discussed below. A pronounced
s-polarized resonance is observed specifically in the long-
wavelength regime where diffraction theory implies there
should be none. By contrast, if it is assumed that this is a
result of a standing wave in the cavity, a reasonable if not
rigorous explanation is available. Given that the experi-
mental data indicate that processes other than those sug-
gested by conventional diffraction theory are operative, it
is desirable to present sufficient information to assist fu-
ture experimental and theoretical studies.

Thermal radiant emission from MC surfaces is just one
aspect of the broader, largely unexplored matter of heat-
transfer processes involving structures with S in the mi-
crometer and submicrometer regime. The nature of the
interactions when the characteristic scale of the physical
heat-transfer process becomes comparable to S is a fertile
area of future research. The one case where an immense
amount of research has been done is the interaction of
electromagnetic radiation with shallow gratings or nar-
row slits.'!2 In the case of gratings, S is generally the
magnitude of the grating repeat vector, |A|=A. A
shallow grating is one where the depth of the grating
groove or slot, H, is much less than A. Correspondingly,
a deep grating will be one where H > A. To the best of
our knowledge, no studies have been reported on periodic
microconfigured surfaces.

The specimens used in these investigations were mi-
cromachined in (110) lightly doped silicon wafers using
current photolithographic and crystallographically selec-
tive wet etches.!>~15 Following the etching, the wafers
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were heavily doped using standard diffusion technolo-
gy.'%!" Two classes of surface structure were prepared
and studied: lamellar gratings and arrays of microcavi-
ties.

Because Kirchhof’s law requires that the absorption
equal the emission, emittance measurements provide a
simple and direct way to explore the influence of MC sur-
face structures on the absorption of electromagnetic ener-
gy.'®1° Scattering and absorption of electromagnetic en-
ergy from randomly roughened surfaces, and particles
when S ~A is an important area of current research,” in-
cluding surface-enhanced Raman scattering (SERS),2"?
the resonant growth of metal gratings.”> The failure of
classical emission theory from macroscopic structures to
account for the observations to be presented is discussed
elsewhere.”?% There is a long list of topics that would
benefit from a better understanding of electromagnetic in-
teractions when S ~A ranging from radar’® to atmos-
pheric and astronomical studies.?”%®

II. EXPERIMENTAL PROCEDURES

Single-crystal, = Czochralski-grown, (110)-oriented,
25-60-Q cm p-type wafers, 0.25-0.30 mm thick were
chosen as the sample substrates for two reasons: the
crystallographic etching characteristics simplified the
manufacture of the specimens, and the ease of preparing
heavily doped materials with near-metallic properties.
One side of the wafer was polished and the other was
rough cut. The mask set for the samples was designed to
contain four different MC structures each covering a
1X 1 cm? area. The individual structures consisted of a
W X W square, two rectangular structures of W x50 um
and W X100 um, and a grating with a slot width of W.
The repeat distances, A, were 10, 14, 18, and 22 um, i.e.,
the same as is Ref. 3. The fabrication process was quite
standard. A 1.2-um wet oxide was grown at 1100°C as
the field oxide. Appropriate windows were opened in the
oxide and the MC elements were produced using a
40 wt. % aqueous solution of KOH at 52 °C for the crys-
tallographically selective etch. Once the MC structures
were produced on the wafers, both sides were phosphorus
doped using a spin-on dopant at 1250°C for up to 5 h.
To ensure that the radiator side of the wafer was heavily
doped, the procedure was repeated several times for a to-
tal exposure of 15-16 h. Spreading resistance measure-
ments demonstrated that the emitting surface had a 20-
pm-thick doped layer with a carrier concentration in the
(0.8-1.6)x 10 cm’ range. The accuracy of these num-
bers is £25%. Auger measurements on selected samples
indicated that the phosphorus concentration was within
this uncertainty. The diffused layer on the opposite side
of the specimen served as an integrated heater element.
The heater was covered by a 400-nm-thick oxide layer for
isolation and was contacted through appropriate win-
dows and a deposited Au-Cr layer by 75-um-thick copper
wires attached with a silver, high-temperature epoxy. A
schematic drawing of the sample is shown in Fig. 1. Care
was taken to remove excess oxide from the emitting sur-
face by removing the initial oxides with an HF etch and
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DIFFUSED REGIONS

FIG. 1. Schematic drawing of the integrated microconfigured
emittance sample.

subsequently giving the surface a light HF etch prior to
each measurement.

The cross section of the MC structures arising from the
KOH crystallographic etch are not simple. The square
mask led to the formation of hexagonal cavities while the
two rectangular masks produced wedge-shaped cavities
bounded by {111} planes. The grating slots had reason-
ably straight {111} side walls with {100} planes forming

(a) (b)
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(c)

FIG. 2. Schematic drawings of three types of
microconfigures surfaces. (a) “Hexagonal” cavities from square
apertures; (b) schematic drawing of a rectangular “wedge” aris-
ing from rectangular apertures; (c) schematic drawing of the
“deep” grating showing the orientation of the s- and p-
polarization vectors relative to A. Also shown are the various
characteristic geometric lengths defined in the text.
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a wedge at the bottom of the slots. Schematic perspective
drawings of the MC structures are shown in Fig. 2. The
various angles employed and the polarization vectors are
illustrated in Fig. 2(c).

The layout of the experiment is illustrated in Fig. 3.
The measurements reported in this paper were all con-
ducted in the normal direction, i.e., polar angle 6=0°.
The HeNe laser was used to assist the focusing of the ra-
diation from the specimen onto the slits of the spectrome-
ter. The temperature of the sample was measured with
fine thermocouples in contact with the integrated heater
on the back of the sample. These thermocouples provid-
ed the input signal to a control circuit for the sample
heater current that was referenced against a thermocou-
ple in intimate contact with the blackbody reference
source. The sample holder was designed to minimize
conductive and convective heat losses and, as a result,
close to uniform radiant emission occurred. The heater
dissipated approximately 4 W. The samples were held in
a temperature range from 300°C < T <400 °C by control-
ling against a blackbody source at a corresponding tem-
perature T. Temperature fluctuations were typically less
than 0.2°C during the course of a measurement. Any
systematic error arising from temperature differences be-
tween the sample and the monitoring thermocouples
would produce a wavelength error that is greater at
shorter wavelengths. Calculations based on an assumed
temperature fluctuation of 1°C indicated that the max-
imum error in the measured emittance would be of the
order of 1%. The flux of radiation emitted normal to the
MC surface was passed through an infrared polarizer and
was then analyzed in a NaCl prism spectrometer with a
HgCdTe infrared detector. The wavelength regime mea-
sured in all data presented here is 3 um <A < 14 pm.

M BS { HeNe Laser l
™
A

Focussing Mirror

PE 112
Spectrometer
Wavelength HgCdT:
Stepping Psl Celel
Motor
A7 Rotating
Blackbody /' Mirror LA
Source { Goniometer _—
MC Sample Digital Date
Logger /Control
Power
Controller

FIG. 3. Schematic layout of the emittance measuring equip-
ment: TC, thermocouple; S, slit; M, flat mirror; M, parabolic
mirror; BS, beam splitter; PV, photovoltaic detector; PE,
Perkin-Elmer, and LIA, lock-in amplifier, PR, NaCl prism; MC,
microconfigured sample.
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The polarized normal (6=0°) spectral emittance
e,(A,p;, T) was obtained by first measuring the polarized
spectral intensity Ig ,(A,p;,T) and storing it in the log-
ging system. The orientation of the polarization vectors,
p; =s,p, are shown in Fig. 2(c). The radiant flux from the
blackbody, I, ,(A,p;, T), was also measured at normal in-
cidence and stored. Finally, the background polarized
spectral intensity I, ,(A,p;, T) was measured and stored.
The emittance was then computed using the relation

. [Isv"(}"’pi’T)_Ia,n(}wP,‘,T)]
= Upnop T'—1, , Goprs D]

e,(A,p;,T) (2)
Reproducible data were obtained in this way due to the
stability of the thermal controls on the blackbody source
and the stability of the sample relative to the blackbody
temperature. A more detailed description of the sample
fabrication, their characteristics, and the experimental
procedures may be found in Ref. 25.

III. RESULTS

The experimental results are divided into three sec-
tions: ‘“‘deep” gratings with A/H < 1; shallow gratings
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with A/H > 1; microcavities. From Fig. 2(c), rotation of
the plane of observation relative to A, i.e., the azimuthal
angle ¢ for 6=0° has two effects. It exchanges the
definition of the s and p polarizations and offers a
different area of the sample for observation. In other
words, at 0=0°, s(#=90°)=p(¢=0°) and s(4=0°)
=p(¢=90°). As a consequence, data for either ¢ =0° or
90° were employed depending on which orientation had
the optimum signal-to-noise ratio. In general, the data
for the two values of ¢ were equal to within 5%, indicat-
ing very good sample uniformity. A number of
e,(A,p;,;T) measurements were carried out in the range
300°C< T <400°C. Both k_, (m) and e A ..D;
300°C < T <400°C) were found to be independent of tem-
perature.

A. Deep gratings
As pointed out in the Introduction, preliminary data
on deep grating have been published elsewhere.> Data
demonstrating that standing-wave modes are present

even in gratings as shallow as H =7 pum are presented in
Fig. 4 for A=10, 14, 18, and 22 um, and in Fig. 5 for
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FIG. 4. Normal spectral polarized emittance of “‘deep” silicon gratings at T =400°C: (a) A=10 um, H*=7 um, W =7.3 um; (b)
A=14,H=T7pm, W=8.4um; (c) A=18 um, H =7 pm, L =12.6 um; (d) A=22 pym, H =7 um, L =14 ym.
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H=14 pym, A=10 and 22 pm. k_,,(m) obtained from
the data in Figs. 4 and 5 as well as other data for H =35
pm are plotted in Fig. 6. The rms values of H calculated
from the slopes of the various k,,(m) are 6.6, 14.9, 28.8,
and 32.2 um, respectively. The accuracy of the measured
depths and the slopes from Fig. 6 is approximately
+10%. In view of the experimental uncertainty, the
agreement is quite satisfactory. The resonant behavior
occurs even when H becomes comparable to the wave-
lengths of the emitted radiation. On closer examination
of the data presented in Ref. 3, it was noted that what
had appeared to be a single continuous line for the
Kmax(m) for A=10 pum, H =47 um, was in fact two
discontinuous lines with different slopes for each polar-
ization. Curiously, linear regressions with these two
slopes appeared in both polarizations. This is shown in
Fig. 7. In general, the linearity of the data and the
respectable agreement between the measured depths and
the values derived from Eq. (1) are strong additional
confirmatory evidence for the proposed model, despite
the number of data points being sparse for some
geometries.

1.0
0.8 A
0.6 -

0.4 +

NORMAL SPECTRAL
POLARIZED EMITTANCE

0.2

00 T T T T T 1
4 6 8 10 12 14

WAVELENGTH (pum)

038 4

0.6 A

0.4 4

NORMAL SPECTRAL
POLARIZED EMITTANCE

021 (b)

0.0 T T T T T 1

WAVELENGTH (um)

FIG. 5. Normal spectral polarized emittance of “deep” sil-
icon gratings at T=400°C: (a) A=10 um, H =14 um, W =17.3
pm; (b) A=22 um, H =13 um, L =14 pm.
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It was observed in all data taken that the averaged p-
polarized spectral emittance (i.e., ignoring the modal
maxima) decreased monotonically with A. This was not
always the case for the averaged s-polarized spectral em-
ittance. When A > A, the emittance would either de-
crease more slowly with A or would actually increase. A
crossover was observed at 9 um in the A=10 um data,
and at A=10.5 ym in the A=14 um data for H =47+6
pm in Ref. 3. Similar behavior may be seen in Fig. 4(a) at
A=10 um, H =7 um, at A=14 ym, H =7 yum in Fig.
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maxima. kg, (m) as a function of order m, from silicon grat-
ings for A=10 um and H =47 pym.
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5(b), and at A=10 ym, H =14 pym in Fig. 6(a). The ab-
sence of this increase in the s-polarized emittance is ap-
parent in Figs. 4(c), 4(d), and 5(b). The standing-wave-
induced maxima are more pronounced in the data shown
in Fig. 5, corresponding to an H =14 um. The fact that
the s-polarized emission becomes larger than the p-
polarized emission is a gross departure from the classical
behavior of a strictly geometric model.?>2*

B. Shallow grating

The data presented in this section are limited to a sin-
gle A value of 10 um, and depths H of 0.7, 1.5, and 3 ym.
The data for the three different depths are presented in
Fig. 8. The s-polarized emission for H =0.7 and 1.5 um
resembles that of the smooth surface. A maximum ap-
pears at A=10.7 um, when H =3 um. This increase in
emission, for A greater than A, was also observed in Figs.
4(a), 4(b), and 5(a).

The p-polarized emission has a single maximum at
A=S5.5 pm and a double peak at 10 um. These maxima
are independent of H. An additional peak is observed at
A=12.8 um in the H =3 um data. These maxima are in-
dependent of depth in the p-polarization, suggesting that
this behavior is associated with the well-known Wood’s
singularity.” The relationship among wavelength, grat-
ing repeat distance, and order of a Wood’s singularity at
normal incidence is given by

A €1(7\.)

Ay = 2 3
max = [14€,(A)] 3

where €/(A) is the real part of the dielectric constant ob-
tained from free-carrier absorption theory.*® The neces-
sary parameters were obtained from the measured surface
doping level and by correcting published room tempera-
ture material constants for the higher temperatures of
these emittance measurements. The values chosen were
7=1.06X 10" sec and m*=0.26.3! The real part of
the dielectric constant calculated at the peak wavelengths
was €{A=6 um)=—6.7 and €(A=10 um)=—22.1.
Substituting these values into Eq. (3) for A=10 um for
m =1yields A, =10 um. For m =2 the value is A=5.9
pm.

These results are in excellent agreement with the ob-
served maxima. However, we have no explanation for
the splitting of the 10-um line. Since the wavelengths of
two of the normal emittance peaks match those calculat-
ed for the first- and second-order Wood’s singularity of
6=0°, it is concluded that emission is taking place due to
a coupling of the surface plasmon to a radiating elec-
tromagnetic wave through the grating’s periodicity. This
would occur when the component of the radiation wave
vector in the plane of the grating is equal to the surface
plasmon wave vector plus the effective grating wave vec-
tor. (See Note added in proof.)

C. Microcavities

Two types were studied, rectangular microcavities 8.5
times longer than wide, and “hexagonal” microcavities.
The schematic drawings of Figs. 2(a) and 2(b) illustrate
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the geometry of these structures. The important
difference between the gratings and rectangular micro-
cavities is that the rectangular microcavity has a sloping
side wall produced by the {111} planes while the gratings
have approximate rectangular cross section. Therefore,
the type of vertical standing wave associated with the
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FIG. 8. Normal spectral polarized emittance of “shallow”
silicon gratings at T =400°C, A=10 um; (a) H=0.7 um,
W=63pum; (b) H=15 um, W=7.3 um; (c) H=3 pum,
W=7.3pum.
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FIG. 9. Normal spectral polarized emittance of “rectangu-
lar” silicon cavities at T =400°C, A=10 um, H =24 um,
W =7.3um, L =47 um, and ¢=0°

electromagnetic modes in the gratings cannot arise in the
rectangular microcavities. Only a limited number of
measurements were made because these MC structures
were soon found to exhibit relatively few resonant
features.

The hexagonal microcavities [illustrated in Fig. 2(a)]
studied had a repeat distance of 22 um. Their e, (A,p;, T)
data were indistinguishable from that of the smooth sur-
face. No other repeat distances were investigated. It
should be noted that the “effective” surface area is not
changed appreciably by the presence of the microcavities.

In the case of the rectangular microcavities [illustrated
in Fig. 2(b)] only the A=10 and 22 um were investigated.
The A=22 um data showed some diffuse structure simi-
lar to that in Fig. 5(d). However, more structure was ob-
served on rectangular microcavities with L =47 um,
A =10 pm as shown in Fig. 9. These triangular cavities
had a depth of 24 um. The relevant information in this
figure is that the s-polarized emission rises with increas-
ing wavelength when A > A as with the gratings.

IV. DISCUSSION

The data presented here confirm the presence of regu-
larly spaced maxima in the normal spectral emittance of
deep, heavily doped silicon gratings. Their spectral posi-
tion can be accounted for by the presence of vertical
standing waves. The maxima are independent of grating
repeat distance and of polarization for slots with H <42
pm. Although a very simple model is proposed here, it
appears to account for much of what has been observed.
As will be shown in the accompanying paper, the angular
dependence of the polarized spectral emittance provides
still further confirmatory information on this proposed
model.

The model does not offer detailed insight into how the
material and geometric properties of MC structures
influence the magnitude of polarized spectral emission
from the quantized modes. The increased s-polarized
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emission observed whenever A > A suggest that the m =0
mode is a very effective radiator for this polarization.

The data in Fig. 7 are particularly intriguing. The
presence of two slopes for k., (m) corresponding to
H =39 um and =56 um suggests that a splitting occurs.
One explanation for this behavior is that coupling be-
tween the adjacent microslots may occur at smaller A be-
cause of the thinner walls, ~2.7 um, separating the
A=10-um microslots. This wall thickness approaches
the dimensions of the skin depth, ~0.5 um, calculated
from the measured dopant density and the effective mass
obtained from the literature.'>3? The data presented here
make it clear that the electromagnetic interaction be-
tween the resonant states in the cavity and the silicon
substrate is quite strong. This is expected from a general
consideration of the relationship between thermal noise
and blackbody radiation.’> The spectral emissivity of
deep A=10 um gratings has maximum values that are
very close to unity despite the presence of a groove due to
the intersection of two {111} planes at the bottom of the
microslot. If the coupling between the slots is as strong
as may be inferred from Fig. 7, then the character of the
blackbody radiation from these slots may demonstrate
significant spatial coherence. Further studies of this be-
havior would be desirable.

Another important issue that will need further exam-
ination is the influence of the detailed MC geometry on
the density and character of the allowed propagating
modes. Variations in the dimensions of the cavity are
inevitable no matter which type of etch process is em-
ployed. As a result, these geometric variations may in-
troduce an effective “linewidth” for the resonant state. A
similar behavior may be expected from the fluctuations in
the doping concentration (and the resultant plasmon fre-
quency and skin depth). Geist has commented that one
would expect spectral broadening of the resonant modes
as a result of the open-ended character of the microslot.>*

As is well known, the spectral emission from a black-
body is given by Planck’s law provided that the linear di-
mensions of the cavity S are much greater than wave-
length A. Baltes and co-workers extended the derivation
of Planck’s law to closed cavities in the region where
A =S, under the assumption that the walls were perfectly
conducting.’~% These boundary conditions assured that
the mode density of states would be a noncontinuum
function, actually one with 8-function-like properties.
Because the density of electromagnetic modes in the deep
grooves are restricted by the surface geometry, it is possi-
ble to observe directly the discrete modes. For a closed
cavity, these authors found that the number of TE and
TM modes are no longer the same. They may differ by a
factor of 30% or more.® This is because of the difference
in the boundary conditions for the TE and TM modes. It
is interesting to note that the spectral positions of the s-
and p-polarized emittance observed the maxima are not
the same. However, once the complications of an open-
ended cavity and nonperfectly conducting walls are add-
ed, the theoretical problem becomes daunting and further
experimental study is desirable.

For the measurements reported here, the emittance
maxima at the resonance condition are well above the
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emittance predicted by a classical calculation, i.e., from
geometric optics.?* The maxima occur because of the
coupling of resonant cavity modes to radiation modes.
At the resonant wavelength, the microslots are, in effect,
a more efficient antenna. Thus, a geometric model fails
to predict any of the noncontinuum and quantum effects.
However, it has correctly predicted the relative values of
the s-and p-polarized normal emittance for the widest re-
peat distance of 22 ym.?*?

The Wood’s singularities arise from a surface plasmon
coupling to a radiating wave through the grating effective
wave vector. This arises in the normal p-polarized emit-
tance of 60° < ¢ <90° and in the s-polarized emittance at
¢=0°. The peaks associated with the Wood’s singularity
are clearly observed in the radiant flux from shallow grat-
ings and become masked by the organ-pipe resonant
peaks in the deeper gratings. Theory predicts a single
maxima at a wavelength of 10 um. The double peak is
not understood. This appears to be the first time that
Wood’s singularities have been observed in emission.

The rectangular microcavities also exhibit many of the
features that appear with the gratings. The organ-pipe
resonances appear to be absent but the Wood’s singulari-
ty does occur.

In summary, the measurements presented here provide
additional substantive confirmation of the influence of
standing electromagnetic modes on the blackbody emis-
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sion from MC surfaces. The data clearly indicate the role
of geometry on the emission process. It also provides a
basis for obtaining a clearer understanding of emissive
(absorptive) processes on both random and irregular,
periodic rough surfaces.

Note added in proof. Neviere presents the results of a
calculation that demonstrates that the type of variation
illustrated in Fig. 8 is due to variations in the poles and
zeros of the emitted intensity [M. Neviere, in Electromag-
netic Theory of Gratings, edited by R. Petit (Springer-
Verlag, Berlin, 1980), p. 136].
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DIFFUSED REGIONS

FIG. 1. Schematic drawing of the integrated microconfigured
emittance sample.
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FIG. 2. Schematic drawings of three types
microconfigures surfaces. (a) “Hexagonal” cavities from square
apertures; (b) schematic drawing of a rectangular “wedge” aris-
ing from rectangular apertures; (c) schematic drawing of the
“deep” grating showing the orientation of the s- and p-
polarization vectors relative to A. Also shown are the various
characteristic geometric lengths defined in the text.
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