2137334 5, - -1 - LI GHT- ABSORBI NG MATERI ALS Thi s

i fiventionirélates to | i ght -absorbing materials, useful for absorbing solar
ener gy,~10 = . This application is.related to application number
8110%04 (publication nunber 2 081 876).. The collection of derived
fromsolar radiation is an alluring prospect One net hod co%ﬁ qf for
sol ar energy util:ization is the 15 production of heat through absorptlon
O solar energy by an absorbing, i.e. black, material, utilized in a solar
col i r. Collectors-are typically fabrlcated by dep03|t|ng an absor bi ng
naterial on a substrate that is an efficient heat conductor. Solar energy
s 20 directed onto the absorber by an optical system The heat
produced by absorption is conducted through the.substrate and is either
exchanged with a heat transfer nediumor used directly. A variety of

mat eri al s have been proposed as 25 - sol ar absorbers. _(See C M Lanbert,
Sal ar . Ener§gy Materials 1, 319 (1979). ) - EqnpLary of t hese absor bi ng

material s i's electroplated bl ack chrone(a conplicated m xture of chronme and
chrome oxi des), an evaporated platinum al uni num oxi de mixture, and a

déndritic 30 tungsten naldmﬂ&h ORBINGEHMATER DAL §F Energy 17, 119
(1975), ‘Sol ar Energy ! 9 lied Phy5|cs Letters,
26, 557 (1975), respe i b%&%ﬂ%ﬂary materi al s

has deS|ram«aH% Sasuseéuﬂ Jbsoabaerbﬁng bolar aénergy. 35 _ | he
use of solpy concentngﬁ@rgpﬁgﬁgagggﬁsiggrg§ated %o g%gi% g ation onto an

ﬁﬁii’rﬁiﬂgu?ﬂ Hruber 310706 (RRBAIFatinpcrumben2 op 876). )
. The collection. of energy derived from solar
radiation 1stan"allur;ng_pro§pect. One method
. contemplated for solar energy utilization is the:

15  production of heat through absorption of solar energy
by an absorbing, i.e. black, material' utilized in a -
aolar'collector. Collectors are typ;cally fabricated

by depos:t;ng an absorbing material on a substrate that
is: an efficient heat conductor. Solar energy is:

20 directed onto the absorber by an optical system. The-
heat: produced by absorptlon is conducted through the:
substrate and is: either exchanged with & heat transter
medium or used d;rectly-.-

. . A variety of materisls have been.prqposed as:

25 solar asbsorbers. (See C.M. Lambert, Solar Energy
Materials, 1, 319 (1979).) Exemplary of these absorbing -
materials is electroplated black chrome (a complicated
mixture of chrome and chrome oxidea) , &0 evaporated

- ‘platinum-aluminum oxide mixture, and a dendritic
30 tungsten materisl (described in Solar Enersz 17, 119

(1975), Solar Energy Materials 1, 105 (1979), and
. Applied Physics Letters, 26, 557 (1975), respectively).
Althoush each of these exemplary materials has delirable

propertzea, ‘each also has some limitations.
35 The use of solar concentrators (the focusing of
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y driving chem cal reactions. Bel ow 300 degrees 5-C, the chrone .
e and the dendritic tungsten typically are.useful. However, at '
sed tenperatures both materials degrade. The chrome/chrone oxide
ositions undergo deconposition induced by ‘tenperatures above 300 -
degrees C.. The- tungsten 10, nmaterials are stable in an inert atnosphere
above 300 degrees C,. but serlously degenerate at these tenperatures in t he
presence. of an oxidizing nmedi wn uchaas air. Thus, although nobst of the-

newer abs rbi ng nat erlals a pea seful for solar 15  absor ptlon_Of.
one- iﬂ’ H19 &bsq‘e‘?‘éf@ %&?g when sol ar

concent rﬁnﬁmphﬁmlmetherém cbite heff e ipndy Ot'mrhqxt)bl ens. The. N

Genor ol I Ate L ud e FEOE AR Mo d AR "L 50l e ne

d| ff| culdimmcdrmvﬁhmmhrrwmaat |3ﬂ1°ﬁ‘r§5%0 degraesibsor bi ng

| aI ﬂ{% %ﬁﬁ,ﬂ g mirseEs. t,h@q cept abl e absorption
eff|C|encﬂe ‘%ﬁ?e fadlale a su stantlal portion %E the absorbed .

ener gy. tymically rane Msehil es Honever yat ciickeasnd,
effici ew mérﬁméldegﬁﬁentme w&m&wmemﬂ&e such as the

evaporat e alinuni.al um num oxi de m xtu e _expensi ve and severely -
limt tf@%*?&ﬁ‘ﬁ)w %?%Pr*’e% ’d@d‘ﬁf&(% econoni cal . A
|'i ght - altremperatres ma@@ degréeslﬁh.verhe)rtﬂngsmxport i on containing a

opd® [o TAESTAHE UAE 0014 A8 BERnde ¢ ret"’fc‘ﬁ‘?ﬂ% d"“:‘{rﬁﬂtyu?é .

wher ei n 30Q degreer fk mtteerweb generake :from 20 to 80
per cent ﬁ?ﬁéﬁﬁ%éﬂﬁiﬁftﬁ@epﬁé’ééhé@féf qmraamaﬁhg édmean depth .
consi sts of vol ds or annel Sltho tnboesi\:mgithcﬁ); rEhe voi ds or channels is
| ess t hAPRGR 8§ & us, a ugh ew
dbaorbing mater1als appear useful for solar-energy~
15 absorption’ of one sun, at h:.gher sun dens1t1es—— .

' temperatures expenenced when solar concentration is
employed--they exh1b1t. significant problems. The -
platinum/aluminum oxide composite exhibits better
stability, but is generally not useful above-

20 approximately 500 degrees Ce.

Beside the difficulties associated with solar
‘concentratien, many of the absorbing materials, including
those previously discussed, have acceptable absorption
efficiencies. but re-radiate ‘a substantial portion of

25 the absorbed energy. This re-radiation results in
decreased solar conversion efficiency. Additzonally,
presently available materlals, such as the: evaporated
platinum/aluninum oxide mixture, are expensive and
severely limit the applications for which solar energy

30 is economical. .
A light-absorbing body according to the invention ’ *

has a portion conta1ning a_multiplicity_of voids_that
' intersect the surface of the body or channels open to the
surface of'theebody forming a reticulated structure,

35 wherein the'mean-depth of the voids is. at least 0.3um,
:from 20 to 80 percent of the volume of the said portion
‘measured to the mean depth consists of voids or channels,

38 ‘the width bf the voids or channels is less than 3um, and

. . -



- 2a* the wall direction over 75 percent of the wall-length within any
l,ocal i zed area defined by a square 10[err] on side is within 20 degrees of
the ‘mean directi'on for the.-walls within the localized area. 10 15 . 20 25
30 35" 7 - 3 - Materials enbodying the 5 invention may be nmade by

pl acing sanple materials on a sputterable substrate, i.e. a body containing
material such as al um niumthat undergogg sputtering, and introducing an
etchant gas that fornms | ow nelting conpounds with the material_sputtered:
from the subst r e Walladd neetdions 0yeTadds perspntarty thecwall henghhp e

mater™dl . For examlie adien ddad igedlas-ednideriakd ByShl s§@AreanogRPsRPr i ate

.gas is CC12F2 and an ,appr,Qpr,i at ubstrate_ig,al umnu Usi a

sem conduct or sﬁ%‘rﬂee jsﬁﬁgﬂtg’si”éis egrees; of; ﬁ‘?‘&oﬂ?ﬁﬂa&rﬁﬁf‘_@g{’hﬁ??hﬁ% -hi gh-
15 absorptivit walls i thdrarthealgealdizedearaout 0.2 [err] to 2.0 [err]
and high reflectivity in-the thermal infrared i.e. wavel engths |onger than
. about 2.0pm have been nmade. Since sem conductor grade material is not
nécessary, these materials are relatively inexpensive. 20 It is also
- possi ble to produce highly absorbing conpositions frommaterials such as
netal s. However, these materials do radiate significantly in the infrared
ahd t hus, al t hough quite useful, are generally not as efficient as the
correspondi ng sem conductor materials. 25 Some enbodi nents of the

i nvention 1v&ll now be described by way of exanple with reference to the

15-
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anyi ng drawi ngs of which:- FIGS. 1-3 schematically illustrate P
ter\ials according to the invention. 30 35 38. -4 - FIG 4 shows '

' graphs of a material according to the invention, and FIG -5 is a graph ~*
e reflectivity of the material 30k FIG 4. FIGS. 1-3 show a. channel ed
erial, i.e., a material containing 5 voids that intersect the surface

of the naterlal (FIGS 1 and 3) or channels open to the surface formng a
reticulated structure (FIG 2). In thi-s description such voids or channels
will be collectively referred to indiscrinnately as "voids" or "channel’s".

The walls of the voids in-a localized area, i.e., in any area defined byz@;)
10[err] on 10 a side-square, are either lﬂaﬁsrﬁeﬂSthm or no nore

t hag ZQndeﬁteeﬁ,mﬂ?eBerﬂbhd no nobg phaeiag éaﬂbQGSmatéemhlbe nmean wal |

di rection mheﬁg &a glrec |on IS detg ah %% an i magi nary tangent
‘drawn 9B &nSP éFﬁ@ﬁ St BUBE 8¢ £n&-v8i BORY FORLFIDEBEL, i ne t he :

i nt er nmdterdajosnch’ asrakuminiumithhitnundergokszspuatezringy 15 aver agi ng

' proceduélrSitgggﬁcin&TtheQEBQQQUg |§thn§?2ﬁgsur eh¥l§$ﬁgea0h | ocalized =

area.) drawn rsectin ace o he material in a
port.oqomneuedsh&1¢a| dbecmatgriad B nuttereé Ixpm theosnhstrateting the

regponaff &B&cﬂﬁhﬂkbahnE%bQWbbﬁéaQﬁ9nEebﬁ@spehblQHmpiQ mat8igafNt ersection
det er ni.nesa cur 1. | east [ ai ht line, .13, to this’

)
S v FOT: paatinie,, when, the” aBpIa, matAEIAL, 15! 63LE8PRd Mo on
|ntersapbrbprnhaﬁegaboislebd Fnanheanohpbcopbiaqaas&bderaved | i nes. The

ot YURIERRIN, Dol SobiRoRhpb e palihll fpblapocal 1 2ed arca 1

arger i nes used for this
. |l east 68é&neGe5 orpsedésgnbh@a&BQQQAStﬁbatuhavekbisher generally fromten

tOlSWEB,b&o&-PQQ%ﬁ?ehQ %ﬁeusa%r%hhge Béﬁﬁééﬂﬁﬂbahtebrﬁr iwh tdhe points at -
whi ch ane thus determn cuts of .a.void are the |nterned|ate

~ points fBﬁmp&PﬂogéghoFeFﬂécﬁﬁgﬁéYnéasﬁP@nﬁHFrmPg #rERRTBR noted t hat

i.e. wavelengths longer than about 2.0um, have been made.
Since semiconductor grade material is not necessary,

these materials are relatively inexpensive.

20 It is also possible to produce highly absorbing
compositions from materials such as metals. However,
these materiels:do radiate significantly in the infrared
and thus, although quite useful, are generally not as
efficient as the corresponding semieonductor materials.

25 Some embodiments of the invention will now be
described by way of example with reference to the
accompanying drawings of which:-

FIGS. 1~3 schematically 1llustrite' materials.
according to the invention.
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‘qunber sone. However, the subject invention al so enconpasses the presense

of rough surfaces and cur ved surfaces.such as spheres or tubes where the 35
- 5 - /Concepts of direction and di’stance are nore conplex and where this
praocedure is necessary to avoid anbiguities. Sone deviation fromthe angle
reqUIrenent In sanme of the walls of the vnlﬁs'ls obvi ousl y. acceptable 5 - :

wi t hout substanti al IFgcafaf eldwsngidriographt esfl al metestalphccordpugtor thees. -
Generdlly, it i §n§éﬁtflbﬁzl %p& for purposes of the invention if the desi red

waN_/d¥Trection requirement: within any given localized area is
substantially presefiG. 5i i&.a graph ofthedrafdeetiahty ofwbhenmatarial EcEaaty 20

10 degree requi renenrm QL3 asthoh%a%harﬁéw@mﬁ%mawf ftbe \aa{natdremtclantéihen
di stance al o oduce

poi nts al ongggt e %al at 18%'15%5 "ﬁgﬂ‘?ﬁ?c ctg'%f r?ﬂ gﬁﬁ% %ﬂed;ig?dl ate

preferred, synmehanneds apenftogmheitsuof&ceafarnﬁmg apreticutixtd) striictumel é8IGL52) of
tﬁegenera' aPPERHALRS. 3@5 Efp(gbﬁcsru‘égevo%.& » cishnefd 'vﬁﬂ %TeeE’oﬁ gﬁfewe and a

conbi nati on are shown , respectiyv '%S tanti al
factor affecti ng‘eﬁﬁf%f’pﬁ"i Mﬂ'ﬁsE’"{"Ff@at%?ﬂ’g@S Naiffe o "channgls |'veT'?91Uél<15ant he
absor bi ng 20 rr&hervoaué annesiobetized ndreaf aice., Thoany ar@nidefined byoustlym owe

to the refl éc %’dggéﬁﬁx!'éeckrg L@Fﬁtq,a'?ﬁﬂeeﬂ&; efe o o‘éﬁer1 %geﬁq]ﬁﬂﬁé“%ﬁan 20

channel s th refrac hdex Change ar e “Used.
Thi s decrease i degegesachreferabiyicne vorenghan-30 ndgsreesdvﬁmnagae)msm wall

acconpl i shed 25 di%éthoﬁ%@?@'tﬁetM‘l Jl%@t‘l‘bhoﬁss'déﬁﬁrﬁﬁ&ﬁ'b ddrmf 'iﬂH?y smal | er
t han t he vvavelenth he 1.nci d

t
i nci dent |ight i %p@?@’ﬂ ¥t aq ﬁ\tﬁ%dﬂg{} BP“%Ea\‘?E é‘ﬁ s ﬂol f! %a%?ﬁm’"e
i ntensities- Fortheumbermesiate poiretsi ow anwaldnwi thie a/valuealalzgd farkay anhi s

spectrum i 515-' averaging procedure: is used... (This procedure is done separately for
| ' each localized area.)  First a plane is drawn intersecting the surface
_ of the material in a- portion where the voids emerge, 8 in Flg. 2, and
also intersecting the region of the material below the channeled
portion, 10. . This 1ntersect10n determines. a- curve,. 11. A least
20 square fit stra1ght Tine, 13, to this curve is. then drawn. This
procedure is repeated.for_different intersecting planes to_yie1d a.
numbergof-1east-square-deriVed lines. The least square plane to-this_f'
series of lines within the 1oce1ized.area is then ascertained.
(0bvious1y,:the'larger-the.numbef"of'fines used for this least square
25 process the closer the fit. 'Hdwever;fgenera11y from ten-tp-twenty;_'

o lines yield accuracy within eXﬁerimentaT error.) The points at which
the plane thuS'determined cuts a wall of a void are the intermediate
points for purposes of the angle meaSurement.- It might be noted that
this procedure in the case of a relatively flat material seems

30 . cumbersome. However, the subject 1nvention also encompasses the:
presense of rough surfaces and curved surfaces. such as spheres or
N tubes where the

t hi s®procedure in the case of a rel ativeiy flat material seens 30 @
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sidered the light of shortest wavel ength that conposes at least 0.1,
t} of the total intensity of the incident |ight.) Larger

-gectional dinmensions up to. ten tinmes greater still significantly

se -absorption and are not precluded. For exanple for solar radiation
air mass 2) the nost advantageous channel size is less than 0.3 [err],

but channel sizes of |ess than 3[§r preferably less than |[err] increase
absorption and are contenplate® 32 wthin. the invention. If ‘t he channel

size Crd&x?z?éﬁ’i‘s'éf dueénoﬁahnaf dsetane apeomore cvlipld@mmncounters ap
average refractive index difference at th atrms her%{abW| ng materlalv
mterfz!&ﬂ?ﬁilmﬁspl;'ﬂﬁﬁgwet RS RRGEBEAZT &0 8YP, €%mnnel s had

not Ibeen gresensomcla(aéviatsmumohetw etglleatreguirexrent: tin/ e |ndexhof

metal s and ma al s S r T t he

opt i rrurﬂ%%mﬂ't %F‘ogg gﬁc?? ﬁﬁ§mc’!3§§§t 8§vﬁﬁg‘§§gwﬁgeeﬁyﬂbl$e somewhat

di f fer awi thoatesabstantiallyvafifiecting. g:heemarbm@ )y ialisprplidonent results

and a ed uged g#?&gr es for a given ,

nater|§$r§8$%§9%%énn HE?%%% e§?|8%§| nS|on--th anné? si ze--for

pur posesf othehinvensionoal §h9h§e§ﬂ-?éao &WMM‘H@#@& random

al ong t@fﬂ; ngﬁauaneéauh%a ida aet %ims'mﬁﬂﬁlj\tﬁ‘é@éhﬁf e points
wall's o

ance al ong

on the ds- in.a IQcall neasur e dis
this |ihetaertRE E&@ garection dg ¥y %gFFh %Fh 4ﬁﬁﬂé§%or t hese void
di ﬂ@nc&égriberdqmi.benbnth ovelraateleamtd 'Z‘jﬂ@ed\mmt o itherardXl channel s

fhoo, "t FEbgkREnthY, 81 sEabok 818K W, THed et p'f' Lffsﬁéﬁ{'ﬁebind'
appr oxi uonnéyteqal thbed'efwedr 1@§Gmedtlm Ma atldent .
radiall of thGBRA" @ rahs ggnek%ﬂagﬁﬁ‘a&'ﬁﬁoio%h%@]iszirﬁﬁ‘ﬂ gbly deeper

t han. 0.
an _ aygggbrlcal conf;guratlons are not precluded. ). Examples

1S5 of the general appearance for a discrete -array, &
reticulated structure, and a combznatlon are shown in
FIGS. ﬂ, 2, and 3 respectlvely,
A. substantlal factor affect:ng absorpt;on is the
large change of refractlve index at the absorbing
20 materlal/htmosphere interface. To m1t1gate the losses.
due to: the rerlect1V1ty produced.by this large refractive
index change, channels that decrease the size of this
refractive index change are used. This decrease: in
refractive index change is most advantageously accomplished
25 with channels: that have cross-sectional dimensions smaller
than the wavelength of the incident light. (It is
understood that 1nc1dent light is composed of a plurality
of wavelengths at different intensities.. For purposes
of this invention, the wavelength for this spectrum is
30 considered the light of shortest wavelength that composes |
at least 0.1 percent of the total intensity of the >
incident light.) Larger cross-sectional dimensions up to.
ten times greater still signiiieantly*iuereaSe:absorption
and ere not precluded. For example for solar radiation
35 (air mass 2) the most advantageous channel size is less
_ than O.3um, but channel sizes of less than 3um preferably
less than lum increase absorption and are contemplated
38 within the invention. If the channel size criterion is

<



channel s deeper than 5[err], although.not precluded, are generally not

advant ageous si nce structural Fnstability occurs. (The void depth.is the ,?j?

vertical distance between the void bottom and the void openi ng neasured 30

per pehdicular to the plane in a |bcalized area defining the internediate

points.) It is also advantageous: to have a | arge channel density so that

the effective refractive index difference is smaller and, thus, the anount

of reflect ed light is correspondingly smill’er. Generally, 35 channel

densué% . esatisfiéd acthenixcomingrersniatoias encounters an avierageof t he
ed reg

heah t to 80
‘p:)ercent 38 arlp&ﬁ@g@g%&%}%gﬁ@%l eloeés?’7 zfrﬂt} %&% ac?t%i%%%a ' ,O -
vol umes of t hemaberiel cintertage ikieh iks jsmalden Hhan wovdde b2 mat eri al
where only a pggpépiended NEL ”ﬁi@rdl?dnﬂ@.é?flf&&‘%ﬂﬂ Deen fpx‘e'%%rﬁham(ﬂ:'t density

becones too_l ar e_anount of rial 1n. are

‘yndesi rabl y2 0%39%‘1’1%‘? RenRted that h@l% agil ‘%atlé’:al 3v a8¢ absor b
l'ight is signinaterials dsmmmélmbmﬁmndlmmnaanm dzcﬂ:t‘amwt.demml,es '
greater than 8 B& 2 Hﬁﬂr?ﬁi ,_Qg:sj I v eous to
‘yse a seni conduc or§€ rra‘fherl a t%a%as an- ‘%gtglneﬁalde?bsor %%%%% ge in
‘the- range 1 thaperials mesrmw dHiffananton EawevieT . aJU@@&-Isength at
whi ch a sharp whgie tie APOPER ke QRRANE. éxd&nafwmdnw&%conductor

;rgtng;l fiﬂ Z JfQ,t 8«':%@ orjfigeé)onds io a s‘%ﬁ%ondu tor havi ng a)\b?%%d% nI ;hﬁave

relatively | ovsfonbscgﬁemrma:te]ssa.‘se):t i on for i nf rared, radiation. Thus, the

‘em ssion of infrared r o | i ght

e e
roug a e

absor bed ener PDot&inéd a&j&wmhﬂga Stoies v hindduh @ long chied deast-Tat eri al

that |ndu0f5rmxuua£%srbi rﬁﬁé%'&%termlnes ‘the intermediate points
on the walls of the voids in a localized area, -
measuring the distance along this. 11ne across. each vo;d,
and calculating the mean value for: these void distances..
 The depth of the channels and the density of the
20 channels also: significantly affect the average
refractlve.lpdex difference and,. thus, the extent of .
reflectivity. The mean channel depth should be
approximately equivalent to or deeper than the wavelength
. of incident. radiation. General channels deeper than O.4um
25 preferably deeper than 0.8um are desirable. However,.
channels:deeper than-Sum; althoughsnot precluded, are’
generally not advantageous since structural instability
occurs. (The void depth is the vertical distance. between
the void bottom and the void opening measured :
_ 30. perpendicular to the plane in a localized area defining
% - the intermediate points.) It is also advantageous to have
a large channel density so: that the effective refractive
index difference is smaller and, thus, the amount of
reflected light is correspondingly smaller. Generally,
35 chapnnel densities, i.e., the fractional volume of voids
| in the total volume of the channeled region measured to
the mean depth, in the range 20 percént to 80 percent
38 are utilized. (Channel densities are given as fractional
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e the absorption of infrared:radiation in these sem conductor

als is low, the emssion of light at 25 -these frequencies i's

rl'y low and thus heat is not dissipated by the enission of infrared
Thus,. the seniconductor material efficiently absorbs |ight,

ently changes..this. Iight heat energy, and. does.not dissipate
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These semiconductor materials advantageously have -

_relatively low absorption: cross-section for infrared

radiation. Thus, the emission of infrared radiation is
correspondingly low. However, light having an energy

‘greater than the bandgap-is efficiently absorbed. Through

various decay processes within the semiconductor material

.thqeabsorbed'energy is transferred to.states within the - -

25

semiconductor material that induce heating in the material.

Because the absorption of infrared radiation in these:
semiconductor materials is low, the emission of light at:
these frequencies. is similarly low and thus heat is not
digsipated by the: emission -of infrared light. - Thus, the
semiconductor material efficiently absorbs light, . -
efficiently changes this. light to heat energy, and does not
dissipate this: heat energy in the form of re—emitted
infrared light. . .

The - extent of absorption also depends on. tho :
thickneas of the absorbing material. Generally for a
semiconductor material with an appropriate bandgap,

- incident ultraviolet, visible and near-infrared radiation

35

is absorbed within 1pm of the surface. Thickneases
significantly greater than this thickness as a result do
not substantially increase: absorptlon of usable radiation,
but does increase the absorption {and thus emission) of -

L 4
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edges*| onger .than-[err], and netals, readily absorb in the infrared

[ rrespe_;:t|ve of their t hi ckness. Therefore, their emission in the infrared
is al sé substantial . As a result,” these materials do not have the

advant @ge- of readil y produci ng heat witho t 25 substantial re-em ssion of
infrared light. Nevertheless, netalli¢ - siall bandgap seni conduct or
materigls haVlr&hé&ﬁﬁﬁﬁﬂﬁiﬁﬁréﬁﬂrudﬂxﬂiomhovGMQXhubwb r datiisvelyahtgieous

a0 L T At el Sl o Sl aliaglan BRRERAAT 28 0 "
falling wthin lens dr.lmn eﬁmabﬁmptllaniys,ped‘t raJMC:klpesslﬂlSIeUlaihéoth&hﬁel S

produced in thege G ”1% I TS bhedimagussed. 35
The channel ed rr,at erl are advant geou rodyced. by _ani sotropi c etching,

i e., an etch p?’b@é%%e rﬂ’!lﬁ%‘rﬁﬂfes é"iaéﬁp i€ tife ther LACKIRBpBASeRdi cul ar
to; 38 the surfmetabiswrf@te, Espdciddy d Wigh pfoaﬂ.tsheﬂ etal surface,

hose 1 at s t o MEIREIAL HE Sidihe, HE %‘%ﬁ of SpLRIEA] 1pnEolEad! BN
0..8[err]. (The effiniently ceefkectas mﬁ remzaléyngfé‘ﬁcégysﬂv preyentat

control 5 Saﬁplfe-éhfmdl Ul‘ﬁ\ig At e YdMliny Hatieaq) Wal1lanedri ety of
nmaterials i found | % and R Wdner,. Jaqurnal. of "Vacuum
ibe, o o

Sci ence Te 085 yhnoueh @'&W@W&m c etching the
sanple is masked in a @ilmtm t:kmtpqrt:dndm]lyhaddwtag&omn doat thesi ons and

10 densities Wé&-fc:"@] 6104 MPSRIRIIdY LVl0GSS ThohalBEINIdaE", LN

et ching process e preferr procedur e

formed in situ akundaptae &@ﬁ#@q@ﬂdbeﬁmmq@oacw aateriad, is
exanple,. by etgd¢ r&q&hﬁ&% J GHEY¥dfore, it is possible to fabricate

15 a relatively inexpensive absorber. Typical of other
semiconductor materials exhibiting a high degree of.
absorption when having the prev1ously specified channel
are GaAs and Ge. : :

' Materials such as small bandgap semlconductor

20. materials with absorption edges longer than 2um, and.
metals, readlly absorb- in the infrared irrespective of
théirith;ckﬁess¢. Therefore, their emission in the infrared
is:also-éubstantial- As:a result, these materials do not
have the advantage of readily producing heat without

25 substantial re-emission of infrared light. Nevertheless,
métallic'or'small bandgap semiconductor materials having
channels as described above exhlblt relatively high
‘absorptivity. _

o With materials having a. discrete absorption spectrum

30 which fall outside the metallic or semiconductor class
the absorption of light falling within the discrete
.absorption spectrum is possible. The chamnels produced
in these materidls should be of the size previously
dlscussed. o :

35 The channeled materials are advantageously
produced by anisotropic etching, i.e., an etch process
that removes material in the direction perpendicular to

38 <the surface at a rate of at least twice as fast as the

Materi‘al s such as small bandgap sem conductor 20 materials with abs.orptio'n



15
a urable sputter wield, (see Handbook of Thin Film Technol ogy, L.
o~ el and R . G ang,. MGawHiIl, NY. (1970) pages 3-15 for a SU|tabIe

20 to be

pable of producing sputtering, i.e., an environnent which results ia

\nethod of determ ning sputter.yield) and ptacing the materi al

“etched, i.e. the sanple material, on or in close proximty to a.large area

of sputterable substrate so that at least a portion of the substrate is

exposed. (A sputterable subst r & e-denot es a conposition having. a
neas Uriy 142N} 48R0 SWirlrlck)®aBlORRAL 23 cBBABRL' OPI C et chizng
procedure.) a preferred i ment Peactive gas introduced in a ‘i

pl asmPfe W’ﬁ’r‘é’&emq §'3&I?@S(§R PodSPé‘H- phecatatBr8bnat eri al

ani sotg aint %iﬂdte%@blyﬂio tate 1sas Ol mam.fo(mheomﬁmdm with the substrate

mat eri_al

oo naes mre dnnerndihe SRS o, SACRAR BR R Ry, ReRbRE oo SOLTY

S sputtering
fr@n tdempliehst atcompendicsm oSomwbtrhplspsttchaBQSSﬁbrt aate is redeposited

edepdas ﬁpﬁmﬁuﬁﬁ@%%‘a tolady Ei@f’aﬁe %ﬁh@é@ﬁe&ggt *n’fa?o*‘? orm a
S Q- OfXH|st | geﬁs éﬁe sputtered

rraterlmirmgﬂuhd @mﬂsotrdphe mhﬁhsschendaﬁﬁlecmadmasneonmhs surface ﬁf
e inert to the

gﬂﬂéﬁ?ggdgﬂh 3@“%%‘%%%r.§t8%%%58§a?§38 ?ghgﬁga gg gﬁg desired results.

redeposit
conpos

the s
envir

THO exensiddes widh a mtegmatlamhoyse antawey pdcknpsssiarnote. g.

orderf@hdugﬁ'gawthéséﬁ@hﬁg@y prRdelsdl, the mask materi al thus formed to allow
sufficient qu | es of t he co sition to accung#ate 8£ he, sanple
surface.. -Th  PRELSTTE 1@ profegnres Fpg et 8sanpl e and

acts ds iozmd iire sdftuhidurimgskhe etehifigapgooessat | Thispisvent et chi ng of

port"HEEdﬂpﬂﬁHﬁéﬁ“nyéi example, by etching in an environment

15

25

35

38

capable of producing sputtering, i.e., an environment

which results in a measurable sputter yield, (see Handbook

of Thin Film Technology, L.I. Maissel and R.. Glang,

McGraw Hill, N.Y. (197’0) ‘pages 3-15 for a suitable method
of determining sputter yield), and placing the material

to be etched, i.e. the sample material, on or in close
proximity'to-a.large-areazof~sputtérable substrate so that
at least a portion of the substrate is exposed. (A
sputterable substrate denotes'ascompositipnfhaving.a' |
measurable: sputter yield when used with the' chosen
anisotropic etching procedure.) In a preferred embodiment
a reactive gas introduced in a plasma etchinsrprocednre"

is chosen to etch the sample material anisotropically and,
at the same time, form compounds with the substrate -
material. - : o
In practice, once the plasma is struck, etchlng
beglns on the sample and, at the same time, the plasma
produces sputtering from the substrate surface. Some of
the sputtered substrate is redeposited onto the sample.

The sputterable substrate is chosen 80 that the redeposited

material then reacts with the gases present to form a -
composition with low vapour pressure.. (Alternatively,
the sputtered material could react in the gas phase and
condense on the surface of the sample or the sputtered

e — o

/



‘and result in the formation of channels. Exenplary of contenplated mask 22/
material s* are conpounds produced by the interaction of substrates such s~ /

aIunlnlun1 magnesi um . and stainless steel with chlorine yielded by a

chl orifné- 15 contai ning gas such as [err]. The plasnma shoul d be- produced
under conditions which are conducive to the production of the desired nmask
on the sanple material--that is in an atnosphere having particles

Wi th. sufficient energy to-i:nduce sputterind@ 20 Cenperal ly plasmas®produced

?ﬁ Iéig‘% power fdmsextwu naldite rmt Ed Q:éfi;:@:% E:tha:ht teS/eQx%r%hﬂzeﬁl%p'tbﬁE“ ate.
ressure o C st be suf.ficien e .ani.sotropic
etching in the %%{Iﬁ) @pﬁ%’% § IRF GRS YRR &, PEO gpfﬁa%‘g? BP§§'§Efies in the
range 2 to 40] aregul¥s ar fhe idxandy sefprEnces ist mamlpomapdxsot i Anlpwoduces a
speci‘es which a@gﬁaﬁ -%ﬁﬁéetc? etdihl.b@l% ozﬁ I e°>fa bFe Br]&gep{ (r)]guces

chl orine and fl uori ne- I'i con. |s possi

et chant corrp&ﬁ'f?‘liﬁl%ﬁ eer Jhe Wm igd \Mhtulﬁi dormedcapsAdaws. For -
‘exanple, it is-syffddidres tquarnd tivgy tof3Ghel2v2Ppositich 85 acdamulathel i um

to stabilize a or to ad a naterlal to enhance production of the

actual etching-S o%a%ma "@é"rfersélr %he et chi ng conposition should be 5-to

100 percent of the t ot fhectasmpasi tien aggliomemra tesaoncithdi sanface efe

control | abl e SSndsatiild Hhd hRUY SEOW SelbrilVe S4EHIRE HARROSI mhgn, the
e

D etco o Gl AR Rk e ot B gl SVARIE. 03 PPRALPRA: RENSRE CRRBRSG, ven
“material is andl]resuien dmithed flormatiiop afcehbhaelsanpERembRargxappl e, .
bressure i n t noomdi Zﬂ%%k‘”‘ﬁ% pidls AT, EoBbhutnt L'gﬁ%@t:esad by othdr®
parts of [err] ;q$eractygk| esdsueh aschinminiumpt nagnesiem;ange
30 nanonetres (aH¥ a%g&nrdyﬁ)sﬂe@ﬁh%!ﬂ cANdrehes§1824ba by adbARERIAE~

' 15 containing gas such as CCl2F2.

The plasma should be produced under conditions
which are conducive to the productlon of the desired mask
on. the sample materlal--that is in an atmosphere.hav1ng.
particles with sufficient energy to induce sputtering.

20 Generally plasmas produced using a power dehsity in the
range: O, 2 to 2.5 watts/cma‘are approprlate. The pressure
of the: etchant must be sufficient to produce anisotropic
etching in the sample. Generally for isotropic etchants
pressures in the range 2 to 40um Hg are utilized. Each

25 etchant:composition;produces a species which actually

- induces the etching. For example, 0012F2 produces chlorine
and fluorine which etch silicon. It is posslble to use
the: ~etchant composztlon alone, or in combination with other-

' components. . For example, it is possible to add inert
30 gases, such as argon or hellum, to stabilize a plasma, or
LI ' to add a material to enhance productlon of the actual
etchlng specie.. Generally, the etching composition should
_'zbe 5 to 100 percent of the total etcnant.
The depth and channel dlmenslon are controllable
'35 by varying the pressure of the etchant composition, the
power density, and the etch time. The particular
_ combination necessary to produce a desired channel depth
38 and cross-sectional dimension in a given material is



'st ons). At these pressures a stable pl asma i s nai ntainabl e
rflng a power in the 10 range 2.2 [err] to 2.5 [err]. A'though

 adegliate etching is produced utilizing the etching conposition, e.g., f[err]
 alone,, faster etching and nore stable plasmas result when this etchant is
: conmbined with an |nert gas such 89 A- and with 02. 1In a preferred
embodi merﬁﬂfe 3 g aowr%ow tsamb%r] aroe éﬁ&hﬁlbn the range 1:10.to
1:1 ha een aﬂeng'to |n %as% t he .deg reﬁ anlsoir i C etching somewhat
and t h® SKOFLTRVe.ANG 8f SALLIFRD BARPIPNAFRe range 1:10 tOA_J

%Ol Prmﬂiﬂﬁ&e@i,mﬂ’ &otiadblgaspipressurkeedn| ¢he] rengfet ELObMOM Hgast 8 per]eent

o a r e e e its surface
Aso atpaR sl Shulioten BE"entHR pAMR of] 0h CaRTRRE T ] 5 0
nonit oICAlyRs paedmces s chaxmed: deptbsin the- raBBpeEQt nanometaepust abl e.

T oor 00 Arlatcbua Yol o5 orbisuegteidhaloilaBhBKole SEIDLS N0
[err] mitR Bhe Iangs: QP OEDORLT &Pné%gaoﬁggﬁEFEmﬁst59e588r0n1about 200 .
nanonematonetded 45000 angstiromsdhe Atr thessopressturdd) aanometres (4000
Angstr I L PLO n itions. The =
'effect%H?h% g%ﬁ€§5|¥§1ﬁ§ghefa#2gg h@?li?gﬁgaéu §§§g ter%1ned by a

cod omames&rqawcm nﬁch@ W] Mr.ed%#b@whenﬂeqmtneetqhm| on thin filns

on a sy Yrlgduis e RVN3 2 g Thiel e%baqngycbhgosmtibhu 85 t?rm&tlon of an

B L Gt T ST T e i
Addi t i avesdlit wmbnruhmsseﬂahanmoasrbbmbuneﬂrwﬂhhean snerhbgaanask by - 12
aoggromxa Qﬁ A WO th&neacisrergsﬁgw EmbSaifbhtaifle THiS 1S |

use of oxygen,w1th 0012F2 at a ratio in the range 1310 to
1371 has been found to increase the degree of anlsotroplc
etehlng somewhat and the: addltlon of argon at a ratio of
Ar to 001222 in the range 1:10 to 1:1 produces a more
stable plasma when 0012F2 constitutes at least 8 percent
20 of the total gas pressure. .
' i The temperature of the sample at its surface also
afrects:the.charnel dimensions. Generally, it is not .
poseible.to'ménitor this'temperature; Nevertheless, the
temperature is adjustable. . For example, it is possible to
. 26 insulate or heat sink the sample and affect the

- temperature. When heat s1nk1ng or insulation is utilized -
with a ccleajlr/Oz mixture, cross-gectional dimensions
were altered from about 200 nanometres (2000 Angstroms)
for the former to about 400 nanometres: (4000 Angstroms) -

30. for the latter under the same processing conditions. The
effect of a particular temperature-control—meaeure is .
determlned.by a controlled sample. : ' ' ¥

In the preferred embodiment of the invention thin
films on. a supportlng substrate are treated by the in situ

35. formation of an etchant mask. However, thlck.samples,
Cefey thicknesses greater than 2pm, are also suitable for
treatment to produce the de51red channels. Additlonally,

38 it is . also p0351ble to produce a sultable mask by

~
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to 150 nanometres (1500 5 Angst+oms) at tenperatures in the range 25
degrees.C ta 100 degrees C.- The following exanple is illustrative of
suitaldl e parameters used in the production of highly ‘absorbing- materials:
10 Ex#nple A silicon substrate neasuring Zq?cm x 1.27cm x 0.051cm (1 i nch
x 0.5:inch x 0.020 inch) having one polished -side with a | ocal snmpthness

finer-than 10 rdeRamktiag (the narkefiore Mo etelnpgospdnmrtedsSing it in 15
a hot vat ei /detﬁiﬁﬁﬁt&ﬂ Ut 1sTtarbmql foroRxa@plel,t basgaleabhybgyit at ed

foWapprom mat el nut The su te was_th removed.fromthe
det ergent sol ut§ ‘é’?%ﬂr}} %ﬁ’[ g@(fsis 1903:%\?@?3? Pospowed by
. dei oni zed mtem@mﬂﬂt&%@ﬂﬁmk&wbﬁ@dmhﬁr% (Npao-free foam

evaporat| ng lead to a thi ckness in the range 50 nanorretres (500 Angstroms)@

swab in deiogiz V%tfﬁ‘ haijﬁg t pegaied in
a vapour deg?eaﬁ% . | so op@leﬂr coh\c%at:%bbg&r% e ?ﬁﬁésv\gsi}%l aced
ign an ion- purrpe'lPQ/ +on. The substrate was p03|t|oned approxi matel y

12.7 em 25 (5 inches) Ei@\ﬁbndﬁi | Gxamipllec i3k Meugehagivecom sugpablei on

source. A Iay r_of bout 1 nanqnet res (1400 _Angst.r.or of tupngsten was
deposi ted on qt %ﬁ% ezPr?é’dt(“ﬁiug’PUS' b%‘&ggg%t ﬁi’ﬁf’ﬁ %ﬁ’

appr oxi mat el y mmglqﬁ ece of. tungsten The thickness during the 30 .

- deposi tion ms%d and m)nl tored by using a standard quartz crystal
filmthickness ng deJ;n ce. During the tungsten depositi on t he vacuum

pressure was maintainedi SUDstrate meaguTAPBeRpbEGEnE 1n228®i ¥ion to
the ion punps ao.tos'mnu(m Sifgh rmto.@n imetp x20d 020 iigeh) Ravingedbne3S cool ed

E\ﬁgiironl?epét‘ X ighe "fe"&t‘ﬁh%e%téﬁc%&g%éﬁ 88, ribet, MaBII0 o 4"
silicon about Mmeqrqml(dommm ewaisn cdeenedl by immersing it in
15 a hot water/detergent solutlon. The solution was
- ultrasonlcally agitated for approximately 10 minutes.. i
The substrate was then removed from the detergent solution
and: sequentlally'rlnsed in hot water followed by
deionized water. 'The substrate was then scrubbed with a
20. lint-free: foam swab in delonxzed water. To remove the:
water, the . substrate was. treated in. a vapour degreaser
with 1sopropyl alcohol vapour. )
The: substrate was placed in an ion pumped vacuum
- station.. The substrate was posztloned approxlmately 12.7 cm
25 (5 inches) above a. mult1cruc1b1e 3xW electron beam
evmporat;on source. A,layer of about 140. nanomstres
(1400 Angstroms) of tungsten was deposited on the substrate-
by~energlzing the cruclble contain;ng an approximately
1/30m3 plece of tungsten.. The thickness during the-

“ - 30 depositn.on was measured and monn.tored by using a standard
| | quartz: crystal film thickness measurins device. During the
@ ' _tungsten deposition, the vacuum pressure was maintained

in the 10'6 Torr range by employlng in addition to the ion
pumps a tltanium sublimation pump ‘and a liquld nitrogen-
35 cooled. panel._ The tungsten was depos1ted at a rate of
about 1.2 nanometres (12 Angstroms) per second.
Follow1ng the tungsten dep031t10n a layer of
38. slllcon about 2.2um thick was deposited in a similar manner

v
A



- 43. - at a rate of about 2 nanonetres (20 Angstrons) per second. In this %,

@) however,, the entire thickness of the filmwas deposited in three -
-ay®'s with a waiting period of at |east one-half hour between - :
evaporations. This was 5 done to_ prevent overheating of the substrate-and
e vacuum system fi xtures. The p?gssure in the vacuum.system varied from
‘ about [ atr & ratpeof] about Runangmetresi (2Qoingistrons) @er /decmd.ool i ng to

about 490gg858e8aGe! "o bbsoneﬁaggﬁﬁﬁé Qcfed8Sof CEHY iy OM 10 . the .

dep03|t|on Sy St &t se dent e reactive jon etching process-
was don!!assﬂﬁ?go&l&sﬁvéﬁt mae H@EGI\‘;SS% ot j el Eing peTiodk of Atem used aw_J

oi | di f }egais@noReXAaYiet Rodd aatweahldvdpoﬁ@cimgr comisl v fle.- The plasm -

enerated b era ect 0 two parallel,

ot o 5C L abRes o PrBrant. oTsThenting at (RS SSHrERRY SRS g 1O PRI ol

' networkvacmﬂlesypnemefmgusystenMSpreameoin%rﬂpeymmmﬂ the power to
the ele c e oﬁ&dr 13;&'? ectrode on.
whi ch t%gﬁ%gﬁ Igggw%gr grég aﬁaﬂﬁ gﬁﬁ?%@&%@ow t 1% (5 inch)
di anet e | W r o) t*'t he wat er- cool ed

the gilacenyAapesikion. wadL taB 4201 inE o¥h cahaut 40

el ectrodegreéBecsenengitlieenr edatvassabstrete wasrremovidd from- of the

rea ases thro h_the sp e ontroll ed using both
preiéurihﬁ 45pes TR gl paFsRotht coub e B B BB ance. mmnomet o v
used to nonitor !Ihberpaes'sueelorihetehgnalprtbms was rdoneraasknga® used to

#)

. adj ust e The
? I J()\l/vaof E:Bﬁvgh%ﬁ’oﬂgl[ aibgges Igrr Qfsﬁlgﬁlsg(r:%}f?% édlb é @ {rhlrg\?vls Z atio ©
~ cont r ol Pt d3fTusgop,pun whth tﬂ@ ieally | dense "f‘h%e y gases of

t he rat baf#flet.helhef bmwsma whs goneratedfbpvucwl%ldmtmd-ﬁ constant. The

f | : fl

ul 045, eBpdcalir. bARnYRREA ¢ *ﬁg?#é%ffe%s G Eos O
sensi t | elegtrodns 38.7gus€S mobe xtﬂ dhanetens orThe PR Matshingfore
‘enteri njeberk! 8h! ®he pAtEBPLAR!-Hy¥Bsm WaS CtuAEd PP APPLY- UL

of the power to the electrode on whlch the' samples were

_ to be etched. The electrode on which. the samples were

20 etched was covered.with a 12.7¢n (5 1nch) diameter

" aluminum plate which was. thermally connected to the water-
cooled. eleotrode., The second electrode was of fused. quartz..
The flow: of the reactive gases through the

aputter:ng systems was controlled using both pressure and

25 flow-ratio 86ervo systems. A,capaoltanoe manometer was used
to monitor the preséure. The signal from this manometer
was used to adjust the flow of cclzra. (This may be:
deszgnated as. the main gas). The flow of the other two
gases O2 and Ar was controlled by a tlow/ratio controller. .

30. By this means, elther the flow of the secondary gases or
the ratio of their flow to the main gas flow could be held
constant. The flow rate of all the gases was monitored
using a thermal mass flowmeter with a 100 standard cubic

. centimetre per minute (SCCM) full scale semsitivity. The

35 gases were mixed in an external manifold before entering
the station. The manifold was heated to approximately
48 degrees C.to:reduoe adsoiption;of gases on the walls.

38 The cleaned silicon sample was plaoed in the




48 degrees C to reduce adsorption of gases on the wal I's. 38 The (?{%

cd ean'ed si'licon sanple was placed in the - 14 - centre of the al umi num
pl ate mmth the deposited silicon upward and the system was punped down to a
pressure’ of less than [err]. Argon, [err] and oxygen were fed into the
_chanber -at equal rates of 3.7 SCCM using the f w 5 control system
described above. It should be noted that equal rates are not equival ent
to equal nole f r geOtEe Q5d theaelusisupyplatapyith sheeddepesited ssikieomi ne
the actual nole OB.nkinthBes L- 8fBhas iﬂiﬂ%é@t@éwﬁf@ésé” éé‘sﬁﬂ? ghanber

S Zul !
Cotal . giving a 96F %?15&1‘3” 585880 B Lo ami Aty SREBEA WatR AhoDtRs

applied for a totthle ohaﬁxbernatteequiheraue‘saoﬂ 307 80eMShsing nthastdwser ved
by use of a gcan e ac

attorn | (EPoct CoubrB1 ErsRan HELA2ERRE. aBB0R? COLLTBONEL W (bveq that

degrees i nd| cat e€qy@ aﬁ'etssmeogpapﬁqmvalen'éat@de@d@e pekenfzactiemngl e

of 70 degrees i ndhaattaatby-ei&lveT ﬁmﬁﬂ helSspBed BCoBi La 508 daw

di mensi ons of abou ge § ﬁm Lronsi he 20 vertical depth
was about 500 nafGM e§°?§0 Rty bg r dRs¥he SERLaratie B9tahiRresiimg ng
filmto the unaldadthpechamherkwhbacbntr&hke&pEcUbarzmmmledmhewnﬁlpmuer
measured ushpg a meerakdl ohekbe %
spect r ophot %Eet e'r”ggFr om tbﬁ shn%gs ?teldlcéga :P‘H:llggnrl&ce&i#2 %’éj%aéq h?mv

absor ptance. ovePnt kBeypInBLEUBREAFEM Th@ PoverR WasaRMbied rfarya dotal

[err] to 0.7 [erpf Osmighaksr than 99 5 percent. The sol ar absorptance

i.e.., the weighted ave e of sthe f bsgr t|V|ty over t sql ar
.spectrumis greater thaﬁﬁg ?EFﬁgﬁto ggﬁég 1im, observeg] by use of
a scanning electron mlcroscope, has a.columnar etch.

15 opattern. - (Electron micrographs are shown in FIG. 4, a
micrograph at 45 degrees indicated 30 and a micrograph
of a cleaved edge taken at an angle of 70 degrees

" indicated by 31). The voids on the silicon have channel

_ dimensions of about. 100 nanometres (1000 Angstroms). The

20 . vertical depth was about 500 nanometres (5000 Angstroms).

, 'The.appearance-of'this-absorbing'film'to the
‘unaided eye is dark black. The specular reflectivity was
measured using a commercial reflectivity attachment with
a: dual beam spectrophotometer. From this measured

_25 _reflectanceg FIG. 5, the absorptance over the visible
spectrum, i.e., the wavelength range of O.4um to 0.7um

is. greater than 99.5 percent. The solar absorptance,

i.e., the weighted average of the films' absorptivity
over the solar spectrum is greater than 85 percent.

-
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CLAIMS 1. A tight-absorbing body having a portion containing a "o
pliccity of voids that intersect the surface of the body or- channels
to the surface of the body formng a reticulated 5 strutture, wherein
mean depth of the voids is at least O.3[err], from20 to 80 percent of

vol une of the said portion neaSﬂ%ed to the mean depth consists of voids

or channels, the width of the voidds*or “channels is less than 3[err], and

t he wal | dlrectlon over 75 percenCLAMSthe wal | |ength within any | ocal i zed -

- area defineq, by 3GRLESQAHAY Bo@ ndPing 3! flt+idh toithifling gdear ees of the

mean direction | zed area A body as \4\,)
cl ai rned"'ﬂ"F"BF"aFr’ﬁ")’l°1= \Xﬂ@setW%f'"F%'égft (e LUFece8F (thenbe¥ PFie body is of a

mat er i akhaMnet$ openplo $S sarfacei cbrtﬂel(Hody fodming\abeshji caratetiai med in claim 2,

ar st agtrletubRyBbbd GRTRE Bepch®ar e VGRS 1,08 AL B3mOTrom 1L ¢ e
~ wal | d| 2@ ctoi 80 pescentt nf theovalume enisthﬁ s@m pats wnmmalsuuecmgttnen 5.. A body

as cl ai pigh i apaanxo%sw%fpo@%dw&heﬁmgs tﬂeemthrbft Bfe Wodldd) opf 't he voids
or channel's s clai,ned in any of

O o han SRS decTass Shan Juorahd e yald; CUREHI RARZE BeFeaersls " oY Ohy
absor bi tiye hally Tength afthial any decdideed ardesiefineddbyva bquarkelGumcento FI G 4

andyp 0%;4d'9s AAERTR DY bdfedl B ﬂﬂasmean aPrettiow for Wﬁ@s within
the localized area. _
| 2. A body as claimed in claim 1, wherein at least the said
portion of the body is. of a material which comprises a semiconductor.
3. A body as claimed: in claimlz wherein said material comprises
15 silicon, germanium or gallium arsenide.
4. A body as claimed:in any of the preceding claims: where1n the
wall direction is within 10 degrees of the mean wall direction.
~ 5. ‘A'body as claimed in- any of the preceding.claimsfwheﬁein the
width: of the voids or channels is less than lum. '
20 6. A body as claimed in any of the preceding c1a1ms in 1nt1mate
‘contact with a metal surface. - ;
7. A light absorbing body substantially as: here1n described with
reference to FIG. 4 and 5 of the accompanying drawings..
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