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The purpose of this work is t unjerstand an of illumination intensity (white light), which
important degradation mechanism in Schottky barrier shows that the short-circuit phoeocurrent is not

~~~~ photodetectors and solar cells. The I-V character- suppressed by the (unavoidable) ~ 10 A oxide
istcs of Au-n$i devices under illumination show a grown before evaporation. On the other hand , for
pronounced photocurrent suppression at low voltages an 1415 diode with d 35 A (Pig.3), photocurr.nt
in the presence of an int erfacia l oxide layer of suppression is pronounced for ~~~l1 reverse
thickãiii~~~~~20 A (intentionally introduced) but voltages. We note that for sufficient reverse bias

-~~~ no .uppressL~~ in the case of a carefully prepared V1 the photocurrent suppression effects are

~
.—J near-inti.ate contact. The analysis of these removed, such that for the same illum ination level,

devices takes into accoun t the exchange of charge the collected photocurrent J~ , is the s~~ for all
carriers between interface states and the metal our oxide thicknesses and equal to that of the

(.) (by tunneling) and between these states and the near-ideal diode of Fig.2. The magnitude of the

~ conduction and valence bands in the semiconductor , threshold voltage V1 increases with illumination
1 As suggested by the exper iments, this shows that intensity, and is also observed to increase with

LJ.J recombination in the interface states can be oxide thickness. Moreover the value of the short-
a ..._..J important only in the presence of a significant circuit current density .7 decreases with oxide

interfacial layer. thickness. The ratio 
~SC’3~h 

is a usasure of the
photocurrent suppression, and the experimental

— data is shown in Fig.4 for different oxide
It(IRCLUCTION t hicknesses.

The transport properties of MIS-Schottky
barriers have received considerable attention in DISCUSSION
recent years (see, for example refs. 1-3) . Less
effort has been directed towards the effects of As noted previously (3) , for MIS-Schottky
optical illumination on these properties (4,5) and barriers with ultra-thin oxide layers (~ 20 A),
in this paper we consider one aspect of this interface states located at the silicon/oxide
transport: the collection of photogenerated carri- interface are in equilibrium with th. metal. This
era and the recosbinatton of these carriers in means that for )41$-Schottky barr ier photodetectors,
interface states. This description is found to when the interface states capture an opticelly
account in a qualitative manner for the mechanism generated hole, they release this hole to the metal
of photocurr.nt suppression in MIS-Schottky harrier before an electron can be captured from the conduc-
quantum detectors and solar cells. We distinguish tion band to complete the recc.binatton process.
between these applications by pointing out that Interface states do not in this case constitute a
unlike solar cells , quantum detectors are o?erated reconbination current end instead, this process
in reverse bias and at generally much lower illumi- contributes to the collected photocurrent.
nation intensities.

The short-circuit energy bend diagram for an
MIS-Schottky harrier under illumination is shown in

EXPUIMENTAL MZASUUHINTS ?ig.3(a). Photogenerated holes are supplied to the
semiconductor surface by drift-diffusion processes

Au Schottky barriers of area 0.03 cm2 were represented by
fabricated on n-type silicon ept-layers of resigti- dEvity 7 fl-ca by evaporation at a pressure of l0~~ ,..••j~ ‘Itorr. Oxidation in dry oxygen was carried out at p p p dx
720°C and the oxide thickness , d, ranged from 20 A
to 50 A. Schematic structure of the MI8-Schottky For a sufficiently thin oxide (d ~ 20 A) these
diode and its energy band diagram are shown in holes are readily removed by tunneling into the
Fig.l, The I-V characteristics in reverse bias metal. Under these conditions the photocurrent
(metal negative) for a near- ideal diode with no collected obtains its maximum value , determined by
intentional ox ide are shown in Fig.2 as a function the illumination level.
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L. As the oxide thickness increases, the tunnel- oxides ~ 20 A.

4 ing prpbability is diminished by the factor
exp (-X d) where x is the average potential If the NIS-Schottky barrier photodetector ii
barrier of the oxide for hole*, tunneling into the placed under a substantial reverse bias , part of
metal. For d ~ 20 A (in the Au-5i02-n$i system) the voltage will be developed across the oxide and
we have observed that the oxide begins to limit the this in turn reduces the effectiv, harrier x. A
collected photocurrent. The concentration of holes larger tunneling probability will allow an increas-
at the silicon surface increases and this reduces ed .7 and the hole concentration at the silicon
the net current supplied from the neutral region by surf~ce will be depleted. This increases the net
increasing the diffusion of holes in the opposite hole drift-diffusion current , Jp, towards the sur-
direction. The quasi-Fermi level for holes be— face and 1fp rises towards the metal Fermi level
comas relatively flat in the depletion region (yig.5(b)). For sufficient reverse bias, the
Cd !1~/dx is small in (I)) and moves closer to ly - short-circuit current is again limited by the

• at the surface. photogeneration rate , as in the oxide-free case .
ft is also clear qualitatively that for an MIS

At the a~~~ t ime the tunnel current of holes diode , the threshold reverse bias (V1) for clint-
into the metal, given by (3) nation of suppression increases with intensity

since note tunnel current must be passed and for a
4TT R th t (TJ)

2 
p(o).xp(_X*d) (2) 

fixed intensity, V1 should increase with the oxide
thickness . This is in accordance with experimental

h3N, data shown in Fig.6 for 3 different oxide
thicknesses.

increases due to the increase in p(o) , the hole Further investigation is under way regarding

j  

concentration at the surface. £ balance is struck the dependence of photocurrent suppression onfor which, in the absence of significant recombi- oxide thickness and interface state parameters.nat ion in interface states , 3~ — J~ and this We believe that the threshold V1 for the completeoccur s for a smaller current than was observed for collection of photocurrent and the shape of thethinner oxides , where the current was not tunnel- photocurrent voltage curves will help to a basiclimited. We see therefore that suppression of the understanding of interface state processes.photocurrent collected at zero bias occur s for
d 

~ 
20 A even in the absence of interface states. ACUONZ2D~~~NT

Let ua now consider further the case of The authors would like to acknowledge thed ~ 20 A and include the effects of interface state involvement and constructive co ents ofrecombinat ion. Under normal operating conditions, Professors 1.5. Yang and M.C. Teich, who havethe hole concentration p(o) at the sur face ii much contributed greatly to this work . The researchgreater them the electron concentration n(o). This is supported by the Joint Services Etectromic~means that reccmbtnation in interface states Program siv1~r Contract ISo. MAC 2~.77-C-00l~ , and
(cqture by thea. states of an hole followed by by the National Sc ience Foundation under Grant
capture of an electron) is limited by the capture 

~~ NSF ~~ 76-15063.rate of electrons, which for states below the
electron Fermi level 1~~, is described by (6)

REPU!IS~XS3rec • qNav~(l—f)n(o)l (3)
(1) L.1. Freeman and N.E. Dehlka , Solid State

where N, o are the density and electron capture Electronics. Vol.13, p.l463, 1970.
cross-section of interface states , v is the
thermal velocity of electrons, f is the occupancy (2) LA. Green and .7. Shewchun, Solid State
function of interface states eat n(o) is the sur- Electronics. Vol .17, p.34~, 1974.
face concentration of electrons. For ty~icel
values N~~ 1012 states cm o~~ lO~~~c.’ and (3) Il.C. Card and LI. Iboderick, 3. PIty. . P.:
n(o) l0~ cn’~ (determined by a Schottky barrier AppI. Phys. Vol.4, p.1389, 1971.
height O~~ of 0.~ eV for the Lu-aSi device), Solid State Electronic,. Vol.13, p.~93, 1972.

— 10-10 A ea 2. This may greatly under-
(4) N.A. Green, V.P. ling and .7. Shevchu*t,estimate J~~ for oxides with positive charges in Solid State Electronics. Vol.17, p.33l, 1974 .

which case will be reduced from 0.8 cv and n(o)
• will increase considerably. Large values of 0 (3) M A .  Green, V.A.1. Temple and 3. hsvchun,

have also been observed for interface states in Solid State Electronics. Vol.18, p.745, 1975.
these devices (7) under certain condttio~ts (choice
of metal, oxide thickness and sample annealing) . (6) V . Shockley end W.T. lead, Phys. Isv. Vol.87, ~~~~
Provided 3rec ~~ ~~~ interface state recombination p.835, 1952. i~~ Udoes not further suppress the photocurrent beyond LW. Hall, Phys. Rev. Vol.87, p. 387, 1952. 

~ Dthat suppression due to the oxide layer alone.
At low illuminat ion levels, and for lower Schottky (7) S. lar and N.E. Dahlke, Solid State glee D
barrier height 6~~, interface recombination will tronics. Vol.13, p.22l , 1972.
have a major effect on photocurrent suppression for •... .. 
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