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ABSTRACT
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Dielectric studies are reported on two Schottky barriers on n-type silicon of 16 and

310° Qcm room temperature resistvity, and also on an p-n junction on 10° Qcm p-
type silicon. The response of all three in the frequency range 0.01 - 10% Hz shows
the presence of a loss peak which is slightly broader than Debye, and also a dc
process, with further complicating features in the case of the Schotky barrier on
high-resistivity silicon. These include the appearance of a low-frequency dispersion
Or a negative capacitance which are strongly dependent on relatively small forvard or
reverse bias. Several of these features resemble the behaviour of previously
investigated GaAs Schotky diodes and the important conclusion is resched that
these effects are not simply the consequences of the compound nature of the
semicorductor in question but are the results of electmchcmlcal processes at the
semiconductor - metal interfaces. - IR I

INTRODUCTION

The study of the Dielectric Spectroscopy of Semiconductors (DSS) has been supported by the
previous US Amy grant DAJA 37-81-C-0773 in the years 1982 - 1985 and there has then been
a gap of over two years before the finalising of the present second phase of the grant, starting in June
1987. The first phase has resulted in the publication of the following papers :

A K Jonscher and C Pickup, “Evidence from dielectric spectroscopy for ‘electronic
phase transitions’ in semi-insulating Gallium Arsenide", JPhysC:Solid StatePhysics
18, 343-349 (1985)

A K Jonscher, C Pickup and S $ H Zaidi, "Dielectric spectroscopy of semi-insulating

gallium arsenide, Semiconductor Sci & Techn., 1, 71-92 (1986)
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A K Jonscher and T J McCarthy, "Admittance spectroscopy of silicon Zener diodes”,
Semiconductor Sci & Techn, 1, 150-160 {1986)

JR Liand AK Jonscher, "Determination of trapping d ynamics of semi-insulating GaAs by
frequency-dependent photocond uctivity”, Semiconductor Sci & Techn, 2, 233-239
(1987,

JR Li, " Frequency-domain detection of deep levels in GaAs MESFETS", Semiconductor
Sci& Techn 2, 337-339 (1987),

S S H Zaidi and A K Jonscher, “Spectroscopy of delayed electronic transitions in GeAs
Schottky diodes”, Semcionductor Sci & Techn, 2, in the press.

J Between them, these papers cover the principal branches of DSS, as developed in our
Laboratory under the first USArmy Grant, 0 wit:

8) The frequency spectrum of the "horizontal” electronic transitions in the homogeneous bulk
material corresponding o hopping conduction near the Fermi level,

f b) The comesponding specttum of "vertical " transitions involving excitation of electrons
between deep levels and the conduction and valence bdands, resulting in the generation and
recombination of electron-hole pairs or in trapping of either species in deep levels. These transitions
normally take place in the space charge regions in p-n junctions and in Schottky barxiers.

¢) Vertical transitions may also occur through the intexfacial states at metal-semiconductor ox
{ semiconductor-insulator interfaces and these interfacial transitions have & very different spectrum
from those taking place in the volume, a3 under b) above. The ability to distinguish between
{ interfacial and bulk vertical transitions is one of the more promising features of the DS technigue,
especially in the context of the heterostructures and lovw-dimensional quantum well structures.

d) A distinctively different type of spectrum is obtained if the excitation of the semiconductor
does not occur by means of an applied periodic electric field but arises from periodically variable
optical excittion generating excess chage carriers in the presence of a steady electric field. This
gives rise 10 a frequency-dependent photocurrent which provides a Fourier transform of the familiax
time-dependent decay current after the removal of a steady illumination. The sdvantage lies in the
| fact that the frequency-domain method cen easily give a range of five 10 3ix powers of ®n of

© frequency, while the time-domain method can seldom go beyond three decades becavse of the
inevitable difficulties arising from the dark current and noise.

The common feature of many of our experimental results is their deviation, © a lesser of greater °".W/__
extent, from e classical Debye spectrum in the frequency domain, which corresponds © an A
exponental ime dependence of e response of taps and deep levels under step-functon excitation. i
The interest in this observaton lies in the fact that, © all intents and purposes, the exponential ' - — - —]
dependence is the only one seriously envisaged by most accepted theories of electonic tansiionsin . »~ |
semiconductors. The fumishing of finm experimental evidence on deviations from this umegl'{&é:“
dependence is therefore important in advancing our understand‘ng of these wansitions and forcing v Cofos
the revision of hithert accepted theories. The other feature is that we may be able 1 associate the ..y, or = ]

various spectral characteristics with specific impurities and imperfections in the crystalline lattice and 1ol
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this may furnish a potentially important disgnostic technique fos the study of semiconductors,
especially those like GaAs and silicon which have relatively wide band gaps and whose general
crystalline perfection is sufficiently high t make them sensitive t even very low levels of
imperfections. It is this diagnostic aspect of DSS which we intend to develop further in the coming
programme of study under the US Amy grant.

The main purpose of the present Report is t present 3ome hitherto unpublished data relating to
medium and high resistivity silicon , involving both interfacial processes at Schottky baniers and
volume processes st interface-free p-n junctons. These results throw an new light on the
understanding of the DSS dat and they will form the basis of further work in the coming months.
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Figure 1.

The forwerd current-voltage characteristic of the Schottky diode at 300K, disgram &), showing
the nesxr-ideal exponential rise with voltage, with an ideality factor » = 1.0. Disgram b) gives the
response of the same diode at 10K in forward and reverse directions , with a very stong
deviaton from ideshity in the forward direction, with » = 30.

log i/ A)

Figure 2. ke

The reverse current-voltage characteristc of the silicon /'
Schottky diode at 10K, showing a power law relation ’

with an exponent 3, at variance with normally expected

behaviour |, although not untypical of the response at T T s e
Very low temperatures.
RHBNC U 3 Army Grant DAJA, 45-87-C-0011 13 Progress Report 15 .7.87 3
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EXPERIMENTAL DETAILS
1 Silicon Schottky diode

We present the DSS response data for & Schottky diode on n-type silicon of doping density of
10"cm” , with & top aluminium metsllisation and an n* back contact, giving a barrier height of
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Figure 3 50
The dielectric response of the silicon Schottky diode
poloted logarithmically against frequency in the
empersture range 10-210K, showing a practically 30 e
frequency-independent real part (000000) and the loss
component {++++++) which has a dc - like slope of -1 at NN
the higher ®emperatures and a less seep siope followed by Je s
a loss peak &t the lower temperatures. The loss pesk is 10 e Q
definitely broader thsn the Debye shape. In this and the - D
following spectral plots the successive sets cormresponding ' e
0 individual temperatures are displaced vertically by two g :
decades for clarity and the positon of 1 nF is indicated on o
the individual plots. -7 0
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The dependence of the dislectric behaviour T
of the silicon Schotky diode on the
amplitude of the applied ac signal at 10K. b) |
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Figure 6

Diagram a) shows both branches of the
/- F charscterististic of the silicon
surface barrier diode , disgram b) the
forvani branch. The ideality factor »
is 1.2, suggesting an almost ideal
behaviour.

Figure 5 tog ( F/Hz)

The effect of forward and reverse bias on
the dielectric response of the Silicon
Schottky diode.
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0.8¢Y a1 77 K s determined from the ¢(¥- F" plot. The forward current-voltage characteristic of this
diode at 300K is shown in Figure 1a), where the semi-logarithmic plot gives an ideality factor in
the current voltage characweristic / o« exp(2F/2d7 ) of » =1.0, ie. apractically ideal response at
voltages in excess of some SO mV. The corresponding charscteristics at 10K are shown in Figure
1) with & swongly exponentially rising forward curment but with an ideality factor of over 30 - this
is not uncommonty found in semiconductor diodes at low temperatures and is evidence for the fact
that the conventional theory is not applicable under these exweme conditions. The reverse
characteristic gives a pover lav / o F5 The 10¢" % sv  F* depenaence at 77K is shown in
Figure 2 giving the carrier density of 1.3 x 10”° cm® and bamier height of 0.8 eV at that
temperature.

The general conclusion from these data is that the Schottky diode in question is & reasonably
well-behaved one which may be regarded as representative of its class. The dielectric response of
this diode at emperstures in the range 10-210Kare shown in Figure 3 with the capacitance being
practically *flat" in the entire frequency range and the loss showing a preveiling ™! wndency stlov
frequencies , with & well defined loss pesk appearing at the lower emperatures. A closer look at the
loss dat reveals that the -1 slope does notcontinue below the intersection with the real part, where
its slope deviaws markely from from that value and becomes as low as-0.6 at the lowest
emperatures, This behaviour is reminiscent of similar phenomena reported for Gealium Arsenide
Schottky diodes by Zaidi and Jonscher in the reference cited in the Introduction. The implication is
that at those temperatures the diode does not follow the dc response at low frequencies and instead
that some form of Low-Frequency Dispersion (LFD) sets in.In LFD the complex capacitance follwos
the “unjversal” law

P = O —iC ) « figh (1)
where the exponent 22 takes on values ciose o zero. This implies that

YW = cot fami2) W) o« fim 2 -1 .
ie. (“and (*"follow the same sweply falling power law in frequency.

Our measurements 4o not extend © sufficienty low frequencies 1 enable us w reach definite
conclusions about this region, since we cannot see the behaviour of the real part (v, which
should begin © follow a similar upwand tend. The loss peak which appears clearly at lower
emperatures and higher frequencies gives e impression of being definitely not of the Debye type,
since its low-frequency slope is smaller than 1 and its high-frequency part appears almost flat.

The general conclusion is that this Schotky diode gives distinct deviations from the simple
behaviour one would associa® vith & Schottky barier, i.e. a dc component at low frequencies and &
Debye- like loss peak at higher frequencies suggestng an exponentially time-dependent generation-
recombination or trapping process in the space charge region.

The emperature dependence of the loss peak and of the quasi-dc component shows distincty
non-Arthenius behaviow - a plot of the logarithm of the frequency shift against reciprocal
emperature 1/ 7is stongly non-linesr in both cases, while & linear plotin 7 is linear over at jeast
part of the available emperature range. This suggests that we are dealing with a significant element




T R S— -
3

(
RHBNC U S amny Grant DAJA 45-87-C-0011 15 Progress Repon 15.7.87. 7
325K 130 RED
Al '_10
g 110 N )
gl T
9
. 80 10
298, eniin
_9 nnnnnnnnnnnnnnnnnn ‘?O
70 \
9 28({;;-7?”“0” egoan }-
%0 DR )
9 -g‘:‘unﬂﬂﬂnuu;ﬂ.q? oooooooo 60 .-'.
20 ‘[ | Pigure 7
9] Ceeeeeenii S - 01 The dielectric response of the
220" i i silicon surface barrier diode
-9 sibsgsee,, ., ol over the temperature range 10 -
qo e eewest g9 325K, showing the progressive
91190, | evolution of the low- and high-
"favacecaaaacan | frequency loss processes and
rensatiiizi o Of B8 dc condution at e
160 =wvossmsuonensiiiiiah | 10 .. {10 higher emperatures. Note the
-10 - ‘ | onset of negative capacitance
0 ; | : { (AAAAA) a1 the highest
0 2 . _,’2 N : 2 : 1‘. emperatures.

of tunnelling in the electronic transitions involved, which is not surprising. What is more surprising
are the deviations from the ideal behaviour in the frequency domain.

A further distinct anomaly may be seen in the variation of the low-frequency loss with
emperature at the lower emperatures, where even a superficial examination of the data in Figure 3
shows that the position of the data and the consequent position of the minimum do not follow a
regular trend. A distinct minimum of the loss component is seen in this region at approximaely
50K, suggesting a transition between two different regime~ of dielectric behaviour.

An inweresting feature of the behaviour of this silicon diode is the dependence of the dielectric
response at 10K on the amplitude of the applied ac signal which was varied betwen 10 and 100 mV,
a3 shown in Figure 4. While there is some loss of resolution at 10 mY, there is no doubt that the
quasi-dc behaviour at the lowest frequencies is eliminated and only the loss peak at the higher
frequencies appears © remain. This result indicates the presence of some non-linearty of the
electrical response of the diode at 10K below 0.1V amplitude. Unfortunately, our dat for the /- f
charecteristcs in Figure 1b) do not extend below G.1 ¥ so that it is no possible © check on the
presence of such a non-linearity. However, it is clear that at 10K a signal amplitude of 0.1 V
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represents a “large” perturbation and it is therefore not surprising to find that the response is non--
linear. Further work is needed w elucidate this point in more detail.

One other aspect of the dislectric response of the Schotky diode is shown in Figure S where
the measurements are given at 0.1V amplitude and with a range of steady bisses in the forwvard and
reverse directions. The low-frequency quasi-dc component increases with forward bias and
decreases for —0.14V bias, only t rise again at 0.28 Y. This behaviour is as would be expected,

298K 130 80 10-
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Figure 8 girinz)

Normalisation of the data of Figure 7 with respect to temperature, with the exception of the three
highest wmperatures where the behaviour is complicated by the appearance of the negative
capscitance, showing the locus of the displacement of the characterisitic point along the frequency
axis. The mismatch at the tough between the loss pesk and the lower-frequency partis due to the
difference in the respective activation energies.
with a rather “soft" reverse chamscteristic , as seen in Figure 1b). Similar dielectric behaviour was
observed at 10, 50 and 70K.

The important point is that none of the cavses which change the quasi-dc behaviour appear ©
have any effect on the higher-frequency loss peak , confirming that these sre quit sepanate
processes, as might have been expected. In particular, the spectral shape and position of the loss
peak in frequency does not appear 1o move with the application of a steady bias.

Silicon surface barrier diode

Our next device is a surface barrier diode consisting of a silicon wafer of 1,000 Qcm n-type
material, with a gold Schotiky barrier contact and an aluminium back ohmic contact. This is similar in
nature © the Schotky diode discussed above except for a much higher resistivity of the base
material, the doping density from the plot of 1/C % vs ¥V being 1.5 102 cm™ which is three order
of magnitude lower than in the former. The contact barrier is0.45 V. The complet current-voltage
characeeristic is shown in Figure 6e) and the forward branch is shown in semi-logarithmic
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representation in disgram b), both at 260K. The latter gives an ideahty factor &2 = 1.2, which is not
far from the ideal behaviour. The reverse current is significantly lower than in the Schotky diode.

The dielectric response is shown in Figuare 7 over an extended temperature range 10 - 325K,
with an amplitude of 0.1Y. Starting at the lowest temperatures, we note e presence of a well-
defined loss peak with a distinctly brosder-than-Debye shape going over at the lowest wmperatures
and highest frequencies into an almost flat loss. The peak moves 1 higher frequencies with rising
temperature and its low-frequency side develops into a plateau from which a second loss pesk
emerges between 160 and 220K . Both peaks are clearly associate¢ with the corresponding
increments of <T@/, dbut the lower-frequency peak is rapidly overtaken by what appears 10 be a d¢
process - constant (™ apd O ! Anew tend sets in at 280K with a reduction of the
magnitude of the capacitance (*7l/ and its eventual change of sign into negative values, plotted as
AAAA  in the disgrom.This tend is well developed at 325 K and it is closely similar o the
behaviour reported on GaAs Schottky diodes by Zaidi and Jonscher in the reference quoted.

A complete normalisation of these data, with the exception of the two highest emperatures, is
shown in Figure 8 wgether with the locus of the displacement point along the frequency axis. Itis
noteworthy that the normalisation could be carried out with only horizontal translation, meaning that
only the time rates of the processes in question were changing with frequency, while no change
could be observed in the amplitude. Starting at the high-temperature, low-frequency end, the entire
response may be divided into the negative capacitance region which is notshown here, the dc region,
the dielectric loss region following on the dc regime and showing an associated clear dispersion of
(*yw) , the loss peak region and the high-frequency “wil”. Because of the different activation
energies of the various parts of the spectrumn, the normalisation is notalways very “neat” , especially
in e tough below the loss peak. The peak itself is deviating distincdly from the Debye shape and
the high-frequency tail reveals e presence of some processes which are of a very different type.
Activation energy plots obtained from the displacement locus, which we are not reproducing here,
show an energy of 0.05 eV for the low-tempersture high-frequency peak and 0.46 eV for the high-
temperature peak which is merging with the dc process with an activation enexrgy of 0.60 eV.

We note the intriguing and unexpected property of the loss process showing a transition from
dc wansport at the lowest frequencies 0 a slightly less mpidly changing dependence at just the
frequency where the loss intersects the real part <7’y . This type of behaviour was already observed
earlier by Zaidi and Jonscher on GeaAs Schottky diodes and was attributed by them o some
coupling mechanism between the “true” dc process and the distinctly separate low-frequency
dielectric process. We are not yetin a position 0 understand fully this behavicur but itis instructive
0 note that it can be observed both in the compound and the el:mental semiconductors.

An important result of this coupling is the fact that the emperature dependences of the dc and
dielectic processes, which are different at lower temperatures,become more nessly equal, so that the
respective responses move "in seep” with one another beyond a critical emperature.

The effect of forwand and reverse biss on the dielectric spectrum of the surface barrier diode at
298K is showm in Figure 9 , with the clear implication that the negative capacitance region is
enhanced and moved © i her frequencies with increasing forwand bias, while reverse bias causes
its displacement wwards lower frequencies and its eventual replacement with swong Low Frequency
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Figure 10

The dielectric response of the silicon n’-p junction
diode in the emperature range 10-260K

Dispersion (LFD). Yery similar behaviour has been described in the context of GaAs Schotky diodes
by Zeidi and Jonscher. It is nowworthy that the increment AC™ it/ increases strongly with forwand
bias, before being overtnken by the negative capacitance tend. This is compatible with the analysis

given by Zaidi and Jonscher.
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Figure 11

Nomnalisation of the data of Figure 10 for the silicon p-n junction diode, with two separate fittings
for the loss pesk and tie dc process, at low- and high temperatures , respectively. The
corresponding activation energies in the upper reaches of the respective ranges, are 0.12 e¥ for the
dc process and 0.22 e¥ for the lnss peak - a rather unusual behaviour. At lower emperatures there
is the usual reduction of the sctivation slopes, indicating an increasing importance of tunnelling
processes.

Silicon n* - p junction diode

This device is a large-srea nuclear particle detector diode constructed on 3,000 Qcm p-type
silicon with a diffused n’-type region and a gold back conwact . The current-voltage characteristics of
this diode show some anomalies &t low emperatures, in that the forwand dranch at 180K is
exponential vith a non-ideality factor » = 13, while at 76K the behaviour appesrs 1 be ohmic and

0 be dominatedby a high resistance of the order of 1 G(1, which might be compatible with the
resistance of the 3,000 (Jcm material at the low temperature in question. The 1/ (¥ ° vs " curves
give a doping density of 4 102 cm™> which is consistent with the nominal resistivity of the
material. The dielectric spectra of this diode are shown in Figure 10 for the temperature range 10 -
260K and their normalisation is shown in Figure 11.

The entire response is made up of only two features - a loss peak and a dc-like behaviour at low
frequencies and high emperatures. In contrast with the Schottky responses, there is no trac: of any
dielectric dispersion below the dc process, which manifests itself by the change of the slope of the
loss when crossing the (") characteristic. Likewise, there is no trace of negative capacitance or
LFD . The rise of loss at the highest frequencies and lowest emperatures may be consistent with the
presence of some series resistance in the sysem.
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We note that the /- F* characteristic at 76 K showed a series resistance of 1 GQ which, with
the junction capacitance of approximately 1 nF would give a loss peak frequency of 1 Hz, which is in
broad agreement with the data in Figure 10. This cannot be the mechanism of the observed loss
peak, however, since the capacitance at the higher frequencies should have fallen 0 a very low value
consistent with some sway capacitance of the system, which is manifestdly not the case. We must
conclude, therefore, that the loss peak is a genuine response of the junction diode and that there is no
apparent series resistance.

Discussion of Results
A summary of the principal experimental parameters is given in Table I.

Our experimental results reveal some important points about the contrasting spectroscopic
behaviour of Schotky diodes and p-n junctions and they constitute ar extension of the previous
findings relating © GaAs Schotky diodes. It showld be noted that our surface bamier and p-n
junction data refer ©0 high-resistivity silicon, 1,000 and 3,000 Qcm, respectively, while the silicon
Schotiky diode is on much lower resistivity material, approximately 10 Qcm.

The most important common features are the appearance in &ll three cases of a distinct loss peak
which 13 nearly symmetic and deviates only slightly from the Debye shape for the swface barrier
diode and the p-n junction dicde on high-resistivity materials, while the Schottky diode on the low
resisuvity material has a much less Debye-like shape. It would appear that the low resistivity of the
base material has something © do with increasing deviations from Debye shape. On the other hand,
tus pesk 13 very similar in Schotkky and p-n junction diodes, confirming that it must be connected
with the space charge region rather than with the interface. This is in agreement with the fact that the
loss peak 13 not affeced by steady bias and the capacitance increment associated with the 1oss peak is
of a magnitude consistent with the space charge region and not with that of the bulk base material,
which would be very much smaller.

A loss peak with its corresponding increment of YW,/ i3 evidence of “dipole-like" processes,
1.e. ones in which there i3 a strictly limited displacement of charge but withouta continuing transport
process which leads © dc conduction. In the context of the space charge region of & p-n junction ora
Schottky diode this implies an electronic transition from a deep level into the conduction band, or
betwen two localised levels, but in either case there is no follow-up by replenishment of the level just
vacated. The process of emission into the free band is likely 0 be thermally activated ,a transition
between two localised levels is more likely 0 involve a significant element of tunnelling. We must
conclude that the processes seen in the Schottky barrier on low-resistivity silicon are tunnelling
between localised levels within the space charge region, while those involved in the high-resistivity |
materials, both surfece barrier and p-n junction, axe more likely the emission from localised levels
inw the conduction - or valence - band. The 0.05 eV energy in the case of the surface barrier diode
might be attributed © donor activation energy, except for the fact that in & material of 10° Qcm room
emperature resistvity the Fermi level does not approach the donor levels until 20K, or so, hence
these levels are empty at the emperatures where the loss peak is most pronounced. We conclude,
therefore, that the electronic transition giving rise o the less peak is not emission into the conduction
band but it must be associated with neighbouring deeper levels at the position where the Fermi level
cuts these, so that some are full and some empty. Since, in the absence of an electric field the levels
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are at the same energy, the ransilons in queston must involve reighbounng levels whose energies
are split b the field 1o the space charge region.

One difficulty with this inerpretation is the inevitable distribution of possidle spacings which
may be expected 1 a real material with & random distribution of centres and with a distibuuon of
angles betweern the pairs of centres and the electric field in the spsce charge region This would
tmply that there should be a considerable broadening of the loss peak, compared with the Debye
shape and, while we do find s slight broadening, this seems 10 narrow for such a haphszand
process. At the moment we do not have any further explanations of this aspect of our results.

The second difficulty is that the magnitude of polarisation increment A¢™ which is possible ©
expect from s nearest-neighbour jump between deep levels is very small - certainly much smaller
then the polarisaton axising from the emission of an electron from a deep level into the conduction
band , which results in a much larger displacement, i.e. a much larzer dipole moment.

A fundsmental feature of the Schotiky barrier on the high-resistivity suface barner diode 13 the
clear appearance of the secondery swongly dispersive low-frequency loss pesk process which
merges into the dc conduction process. This is almost certainty intimately connected with the LFD
and negative (~(w) phenomena which were found by Zaidi and Jonscher to be charactenistc of the
behaviour of GaAs Schotky diodes and were atributed w interfacial processes. Their wotal absence
In p-n junctons has been commented on previously and it is now very interestng o note that they are
seen likewise in silicon Schotky diodes, although they could not be observed in the low-resistvity
diode described here on accountof it o high dc conductance which made 1t impossible t0 measure
tie dielectric behaviour at emperatures in which these processes beconie observable.

This means Tt the interfacial LFD and negative capacitance behaviour i8 mof confined ©
compound semiconductor mnterfaces and this establishes a better basis for the interpretation and
understanding of the mechsnisms mvolved. The fact that thege processes are strongly dependent on
even relanvely shoht forwerd and reverse bias suggest thet we are concemed here wath vansport of
1o1uc species wwards and awey from the mterface, with consequent formston or removal of oxide
This would then condition the electrochemical rezponse of the system in & manner which leads o the
appearance of one or other of the types of behaviowr

Conclusions

The experimental results reported here for Schotky diodes and p-n juncuonz on silicon provide
sgndficant rew information about the dynamic processes involiing electronic transiuons between
localized states in the 3pace charge regions and at the interfaces of the Schotky barriers. More work
12 required with carefully characterised devices t obtain a detailed understanding of the processes in
queztion, which could Jead 1o better diagnostic techniques for the assessment of device materials.

We require, in particular, a better understanding of the true nature of the LFD and negauve
capacitance proce3ses - which we believe 0 be related in their physical ongine. We need ©
understand any electrochemical implications of these, which appear o be very likely in the light of
ow past experience. The question of possible "coupling” between the true dc transport and the
stongly dispersive loss peak process that follows it in the high-resistivity surface barrier diode is
also very intiguirg. It is possible, of course, that the dc process arising from some form of
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excitations of charge carriers from deep levels in the space charge region of the diode contains an
wmevitable elementof dielectnc response which 13 closely linked with it, but this is only 8 qualitative
descripuon of a process that has © be understood more quantitatively.

A highly mportant element of the behaviour of all three devices descnbed n this Report is the
high-frequency 1033 peak the mechanism of which cannot at present be said t have been identfied.
Being a bulk process, albeit imited o the space charge region, This process is bound © have & high
diagnostic potendal.
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i Table I
!
f Summary of results :
‘ | S o -
- Device Schotiky E Surface barrer l P-1" junction
| | : !
o : | :
|

' base matenal (Qcm atroom emp.) | p %10 in 310° ;p 110°
| | | |
| nupuity deasity | =10 if« 104 l %310t
! i ! 1
 ideality factor (xoom temperature) | 1.0 112 }

i l

lo32 pesk shape " dewviates from 1 near-Debye | near-Debye
! ' Debye | i
i ‘ |
l B | i
| loss peak frequency st SOK (Hz) 1c° E 03
1 loss peak actuvation energy(eV) evidence of l0.05 10224
! | tunnelling | |
" ; ! |
! dc sctivation energy (eY) + evidence of 1046 ;012
| , i
; low-frequency high-emperature no evidence of  j-ve <*“and LFD |no-ve ¢ nor
LPFD or-ve (™ | 7 >300K with |LFD

|
| | up 0 210K, above | influence of biss

| | 00 conducting ' |
. i B N
" special features . loss dependenton secondary low- |
‘ signal amplitude, |irequency loss
decreasing below |peak coupled ©

10 mY. dc process







