Infrare d detectio n with a ReSi, thin film photoresistor
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Infrared detectiom was accomplishd with the narrov bandg@ semiconducto(~0.1 eV), ReSp.
Photoresistar were fabricatal from a polycrystallire ReSj, film grown on a silicon substrate A
light-induced decreas in resistane was observedwhich was due both to film photoconductivity
ard to alight-sensiti\e contad¢ resistanceThe relative spectrarespone (measurd at 10 K) in the
wavelengh range from 3000 to 6000 nm roughly follows the numbe of photors absorbd as
estimate from the opticd absorptio coefficiert of ReSp. Thus the sampek is a quantum rather
than thermal detecte. The mechanim of detectio is believal to be the intrinsic band-to-band
photogeneratio of exces free carriers leadirg to photoconductivig and to the reductian in contact
resistancelt is suggestd tha ReSj, offers the potentid for a new intrinsic semiconductoinfrared
detecto technolog, which may be integratel on asilicon chip, and whose absorptio edge is well

into the far-infrared range © 19% American Institute of Physics.

Rheniun disilicide is a semiconducto possessig a
bandga nea 0.1 eV.! Thin films of this materid can be
grown with excellent epitaxid alignmen on Si(001), exhib-
iting an MeV He" channeliny yield as low as 2%2 Thus the
materid may lend itseff to the fabrication of intrinsic semi-
conducte infrared detectos which could be integrated
monolithically on a silicon chip and function in the long

quenty, the presene of body-centere orthorhombié ReSj
was confirmed by the observatio of its 011, 110, 103 and
200 peals with conventional6-26 x-ray diffraction; all other
diffraction peals were attributabeé eithe to the single crystal
silicon substrag or to the polysilicon layer.

We shaw in Fig. 1 aschemat cross sectim of the pho-
toresisto sample The electricd contacs were mace by

wavelengh (8—14 um) range. Furthermore, there is the pos- evaporatig a continuows bilayer of first nickd and then

sibility of bandg@ engineerig with RgMo,_,Si, alloy
films, which hawe even smalle bandgaps,and which have
alo shown sone tendeny for epitaxy on Si(001) substrated.
An integratel rhenium silicide detecto offers the potentid to
addres the disadvantage of sone infrared detecto tech-
nologies in widespred currert use—tte lower than desired
guantum yield and cutdf wavelengh of platinum silicide
Schottly barrie detectorsand the lack of silicon integration
of HgCdTe devices>®

Yet, to our knowledge a ReSj photodetectohas never
before receivael seriols attentiom by a moden research
group The bast questios include ‘““What would be the long
wavelengh limit of a ReSj-basel detecto? Will ReSj, pro-
vide a quantum detecto (one whose respone is due to light-
inducad quantum-mechanitatransitiors within the elec-
tronic bard structue of ReSp) or a thermd detecto (one
whos respons is due simply to a heatirg effect of the ab-
sorbal light)? Wha would be the actua mechanim of de-
tection?

To begh to explore this opportuniy, we grew polycrys-
talline ReS} films on silicon substrats for the purpo® of
demonstratig photoconductivig in the infrared range Pure
rhenium metd was deposité by E-gun evaporation The
substrate were actualy thermally oxidized silicon wafers
(95 nm SiO, formed, coata with ~500 nm of undoped
(~10° Q cm) polycrystallire silicon (polysilicon) after oxi-
dation (The purpo of the oxide was to electricaly isolate
the ReSj, film from the conductiw silicon substratethe pur-
pos of the polysilicon was to provide silicon for silicide
formation) Becaus the substrag was held at 650 °C during
rhenium deposition formation of ReS} by reactio of the
rhenium with the polysilicon was instantaneous Subse-
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gold, and then patternirg the contacs photolithographicail.
The sampé was mountel in a plug-in packag ard wire-
bondel for the electricd measurementsvhich were made
after placing the sampe into aclosed-cyat helium cryostat,
whos temperatwe is controllabk betwea 10 K and room
temperatue (as measurd with a silicon diode senso posi-
tioned on the cold finger nex to the sample. At room tem-
peratue the totd resistane and contad resistane values are
typically 1300 and 750 (), respectivel. At 10 K they are
typically 12 000 and 7000 Q). All photorespors dat pre-
sentd in this article were obtainel at 10 K.
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FIG. 1. Schemat cros sectimm of the ReSj photoresisto sample not
drawn to scale The contacs are squaresof 0.015 cm sides The minimum
conta¢ spacing as shown in the figure are 0.09 cm. Photoresporesdata
were obtainel by measurig the voltage betwea both the oute pair of
contacs (currert carrying, and the inner pair of contacs (not curren ca-
rying).
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FIG. 2. Relative spectrh responsgnormalizel to photm flux, of a ReSp
photoresisto sample.

Using broadbad infrared illumination, the photore-
spong of the sampé was measurd by passig a constant
currert (typically 2 mA) throuch a pair of contacs ard ob-
serving with alock-in amplifier, the chang in potentid drop
(typically ters of uV) across the sample due to choppéd
Hz) infrared radiation The light for thes experimeng wasin
the continuows spectré range from ~2300 to 7500 nm, ob-
tainad by filtering the light from a SiC “glowbar” with a
bandpas interferene filter. The light intensiy was dete-
mined with athermopik detecte. Measuremerstwere made
in both the two-point, and the four-point configurations as
suggestd in Fig. 1. In the former arrangementthe voltage
drop acros the current-carryilg contacs was measuredin
the latter, the voltage drop betwea othe pairs of contacts
was measuredlt was thus possibé to ched for light modu-
lation of contad¢ resistancefor a conta¢ photovoltage and
for film photoconductivjg (which mears here a light-
inducal increag in the conductiviy of the ReSj film,
whethe a thermd or a quantum-mechanitaeffect, and
whethe a carrig densiy or mobility effect). The photore-
spong increasd sharpy as the temperatue was reduced
from 50 to 10 K; it was impossibé to obsene a photore-
spong abowe ~100 K.

It was found that (1) the two-poirt arrangemengawe a
larger photoresporesthan ary four-point arrangemein(after
trying numeros relative positiors of the voltage-sensing
contacts$, (2) tha there was some modulatian of the contact
resistane as well as the film conductiviy, and (3) tha for
both arrangemerstthe signd was proportiona to the value of
the currert ard to the photan flux. The film photoresponse
was roughly twice the value of the contat¢ photoresponse.
We concluck that the photoresporssis alinear photoconduc-
tivity effect within the ReS} film with additiona contribu-
tions from alight-sensitive contad¢ resistance.

The relative spectrarespons normalizel to photan flux
was obtainel using the silicon carbice glowba with agrating
monochromatn togethe with order-sorting filters. Figure 2
shows the resuls for a ReSp, film of 220 nm thicknessin the

wavelengh range from 3to 6 um. There is a steady decrease

in the respone with increasig wavelengthby abou a factor
of three over the wavelengh range consideredThe smallest
reading represen a fractiond chang in resistane on the
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orde of 10°°. Qualitatively similar spectra responsewere
obtain@l with both the two-point ard the four-point arrange-
ments While we hawe no explanatia at presenfor the slight

structue in the spectrum the gener& decreas with increas-
ing wavelengh may be explainel by considerirg the total

absorptane of the film.

Our beg estimats of the intrinsic absorptia coefficient
of ReSj at 3000 ard 6000 nm are ~1.4x10* cm ! and
5.0x10° cm™ %, respectivel.® Assumirg constan reflec-
tane and neglectig multiple interferene effects the ab-
sorptane may be calculatel from 1—e~ ', wherea is the
absorptiam coefficiert and t is the film thickness The calcu-
lated absorptane values are 0.35 and 0.13 at the two wave-
lengths in question This differene is in goad agreement
with the relative photoresponseat those two wavelengths,
suggestig tha the photoresporesis proportioné to the num-
ber of photors absorbd by the film. (By contrast acompari-
s of the spectra respone to the powea absorbd by the
film does nat resut in asimilar agreement.

For the purpo® of demonstratig reproducibility, similar
resuls hawe bea obtainel for othe sample made from the
sane film as describe above ard for samples mace from a
differert ReSp film.

The abowe resuls bea on all three questios posed.
First, ther is no sign of a cutdf as far out as 6000 nm (0.2
eV), the long wavelengh limit of our monochromato This
is consisten with our presen estimae of the bandgg of
ReS}, which would cau® an absolué cutdf in the vicinity
of ~12 400 nm (~0.1 eV). Secondbecaue the spectrare-
spong follows the numbe of photors absorbd by the film,
rathe than the powe absorbedit appeas tha ReSj, offers a
quantum rathe than athermal detecte. Regardig the third
question the fact tha the photoresporesfollows the calcu-
lated absorptane suggest tha one actua mechanim of de-
tection is photoconductivig due to the generatio of excess
carriers (Of course we hawe at presemno definitive data that
could distinguih photogeneratio of an exces carria den-
sity from aphotoenhancemeif carrier mobility.) The light
sensitiviyy of the contad resistane may also be due to the
presene of exces carriers Furthe researh is necessar to
establi® the long wavelengh limit, and the detaik of the
mechanisra of detection of this ReSp-basel infrared detec-
tor.
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