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Abstract

A radiofrequency gaseous detection device is proposed favitismstruments employing
charged particle beams, such as electron microscopésrabeam technologies, as well as for
detection of ionising radiations as in proportional cetsit An alternating (oscillating)
electromagnetic field in the radiofrequency range is appli@ gaseous environment of the
instrument. Both the frequency and amplitude of osalledire adjustable. The electron or
ion beam interacts with a specimen and releaseglfgegons in the gas. Similarly, an ionising
radiation source releases free electrons in the Dlas.free electrons are acted upon by the
alternating electromagnetic field and undergo an osajlatmtion resulting in multiple
collisions with the gas molecules, or atoms. At sigifitly low pressures, the oscillating
electrons also collide with surrounding walls. Theseg@sees result in an amplified electron
signal and an amplified photon signal in a controlled diggdr  The amplified signals, which
are proportional to the initial number of free elentrpare collected by suitable means for

further processing and analysis.

Introduction

The gaseous detection device (GDD) has become the slandans for detection and
imaging in the environmental scanning electron miapsd ESEM). The theory and practice
of this device has been extensively reported by Dasilél986; 1988; 1990a; 1990b; 1990c;
1992, 1993). It is based on the use of the environmentalf gasESEM to detect and amplify
various ionising signals via a controlled electron avethe in a manner similar to that used by
proportional amplifiers in nuclear physics which haverb#horoughly reviewed by Danilatos

(1990a).

The transfer of nuclear methods and instruments térefemicroscopy cannot be readily and

generally assumed to work, because microscopy has itsemuirements, such as an



extremely fine probe (e.g. 1.5 nm) scanned over a veajl saster (e.g. with 1000 lines) at
high scanning rates (e.g. 25 frames/s). The limitewaging are determined by the contrast
and resolution which are critically determined by thrtihg mechanisms of probe formation,
scanning and detection. The practical limits of thggs@ameters are continually improved by
new technologies towards their physical limits. Fgiven method of probe formation,
scanning and imaging, it is not clear from the outset &aletector change would affect the
other parameters of the instrument. Historicallyeguired considerable theoretical and
practical work and time to establish the GDD of an HIS#S a working equivalent to the

proportional amplifier of nuclear physics.

An analogy to the above analysis prevails for a n@ntyposed detector which is the subject of
this paper. It is proposed to replace the static (oredec}ric field of the GDD with a very

fast alternating (or a-c) electromagnetic field. Reddy little work has been previously
reported on related methods in nuclear field, which méleg&n more difficult to know, or
assume, in advance the chances of success of thetpragensal. An attempt is made to
gather all the necessary material and information wygoch the system is based. The
background theory for a practical design of a radiofrequgasgous detection device (RF-

GDD) is outlined below so that its feasibility candssured.

Theory

The idea of replacing the d-c electric field of a GDBhwéan a-c one may raise some serious
guestions to the expert in electron microscopy andeckllds: (a) Is it possible, in the first
place, to oscillate the electrons emanating fronsgeeimen in the conditions of gas pressure,
geometry and pixel dwell time required in the microscofi®?s the amplitude and frequency
of the field required practical to produce? (c) Is the ousmurtal from one pixel
distinguishable from the output of the next pixel? (dhésalternating field going to disturb

the stability of the probe by an amount that could retite probe useless, or have other



adverse effects on the instrument and specimen? f{l@ tesign and construction of the
detector economical and practical for an ESEM? (HatNare the over all advantages? These

guestions are dealt with and, by and large, overcom&belo

The best approach would be to actually construct an apgdaattesting the idea in the
conditions of an electron microscope. However,ighanticipated to be undertaken by the

manufacturer, while the present worker provides the pahaiformation requirements.

Some of the earliest papers to deal with gaseous disshargeh field frequencies are traced
back to the early decades of this century. Gutton €1@23) reported a series of
measurements with two wire electrodes 18 mm apart plasetdiand normal to the axis of a
cylindrical tube with 10 mm diameter. He found that theses of the breakdown potential
versus pressure at fixed frequencies in the range of 50HEZdve similar to the shapes of
Paschen curves for d-c discharges. The breakdown vdloesimum sparking potential
steadily increased with frequency, and varied between 375el85ivthe pressure range of
80-109 Pa. He also placed the electrodes outside the tRberah apart and found first an
increase and then a decrease of the potential veespgeficy. Later, (Gutton, 1928) extended
the measurements for frequencies close to 100 MHz usiigdrical tube with 10 cm length
and 3 cm diameter with plate electrodes placed outsideilbkee fThe pressures used were
below 60 Pa. The curves of the minimum breakdown voltagais pressure showed a

different variation revealing a more complex naturéhefdischarge than previously found.

Initially, one hopes to apply scaling factors such asuge of the pressure-distance equivalence
principle to deduce equivalent conditions for an electr@mnascope but, unless the complex
nature of the underlying discharge mechanisms is understwudalidity of this principle is
doubtful. It is unclear how various parameters ought tp mahe presence of radiofrequency
fields. Subsequent works by prominent researchers loeienced these difficulties and a

priori assumptions may not be acceptable.



Thomson (1930; 1934; 1936; 1937) undertook and reported extensivegatiess of the

same subject both theoretically and experimentally sgeeral years. He used plate electrodes
at distances between 2.58-20 cm, frequencies between 2-10@mdHxressures up to 1300

Pa with hydrogen gas. The early theoretical approxamativere shown to be inadequate in

explaining the full range of observations.

Based on the above works, the shape of curves of thidrgpaotential versus pressure at
various frequencies show the following general charaties: At low frequencies, the shape
is similar to the Paschen curves with d-c potentil tbey exhibit higher sparking values. At
higher frequencies, a second minimum sparking potential appedrat still higher frequencies
only the new minimum appears at progressively lower press The variation is somewhat

complex and the reader should consult those works for imorenation.

Townsend (1938) presented a generalised theory of elecliscabrges including d-c and a-c
electromagnetic fields and static magnetic fields. H@wueor the purposes of the present
paper, the works reported by Gill (1931) and Gill and Engel (123489) provide more direct
information, from which some selected experimentsliite are adapted and reproduced

below.

The variation of amplitude (peak value) of the electeid fversus frequency at breakdown
point is plotted in Fig. 1. These measurements werenebtdy use of two flat external
electrodes, 35.5 mm apart, attached to the flat endsedled cylindrical tube containing pure
hydrogen. Three curves have been re-drawn for the firessures indicated. There is a clear
and reproducible cut-off frequency at which a sharp chahtfeedield occurs. This
characteristic frequency is associated with the tiiangio a regime where the ionisation is
produced entirely in the bulk of the gas. Below the ctifrefjluency, the discharge is due to a
co-operative action of electrons and ions wherebyaihe release electrons from the
electrodes and the electrons create further ion®igalk. The magnitude of the field

amplitude change is maximum at low pressure, it passasgii@ minimum value and then it



increases again with pressure. This behaviour is geaidraugh not as pronounced with all

gases.

Fig. 2 shows a corresponding situation with nitrogen gaghas often employed in ESEM.
The cut-off point is still clearly seen but there snaoothing effect on the magnitude of field
change. This has been attributed to the less synsbhtbmovement of electrons in the gas (as
a group) at high frequency, because of the greater vettisitypution of electrons. The latter
phenomenon is very pronounced in neon gas where thdfqahats are not well defined.
However, for the present purposes, it is importantahaiases are governed by the same
mechanism at sufficiently high frequencies and pressoaasely, the ionisation is caused by
the oscillations of electrons in the bulk of the glss also important that the required field is
much lower at high frequency and pressure than at low inegjuend pressure. The latter
conditions are favoured by ESEM operation and are dasidne construction of the

associated hardware.

The use of low frequencies and very low pressures arenalsided in the present detector as
working conditions, although the underlying mechanism ahdigge is different. In this
regime, the electrons multiply via a production of secondictrons at the surface of
electrodes being struck repeatedly by electrons and W&n the rate of production exceeds
the rate of loss mainly due to diffusion to nearby sv@lectrodes, or other), a breakdown
occurs. This regime prevails at very low pressure wtierenean free path is much larger than
the size of the vessel, and not enough gas moleculesaared to produce ionisation to
sustain the discharge. A plasma situation is not géyneealched in the conditions of ESEM
operation where the gas can be considered as wealdgdbfsee e.g. survey by Danilatos,
1990a). Gill and Engel (1948) have reported the details fdsrdakdown discharge. They
used pressures around 0.1 Pa with inter-electrode distaB¢® @ind 17.6 cm. They found
that above a cut-off frequency a discharge could be s$tathl These conditions may be
converted to equivalent ones for an ESEM as folloitsa typical inter-electrode distance of

2 mm, both frequency and pressure must be inversely propalrto the distance. Thus, the



corresponding smallest pressure would be around 2 Pa, whalch lower than ESEM
pressures usually being greater than 50 Pa. The possibditipwing the ESEM to operate
also at such low and even lower pressures means ehRFHGDD could act as a universal

detector to bridge the gap between SEM and ESEM systaemdtanately unify them.

The understanding of operation of the detection at paatlgubw pressure is essential.
According to Gill and Engel (1948), the observed light emisiom the gas was generated
from excitation and ionisation of the gas which wassufficient to maintain the discharge.
The discharge was maintained predominantly by the segpald@trons produced at the
electrode by those charged particles which acquire ttessary energy. For a detailed
mathematical analysis, the original work should be glbed. However, for this approach to
be used as detector in a microscope, we have to pradaiteoaal controls: We must allow
the electron multiplication to take place but we musi aiswltaneously drain the produced
current away so that the discharge is extinguished wigga ts no initial supply of electrons in
the a-c field. The drainage of charge is controlledfpropriate collection electrodes. This
can be achieved by proper configuration of the a-creldes together with a set of d-c
electrodes, or generally by superimposing a d-c with#héedd so that the current is
collected while it is amplified, always prior to thesen of breakdown. The use of the
electrode surfaces as electron multipliers would be goalto continuous channel or dynode
electron multipliers where a d-c potential drives atminelectron to repeatedly strike the
surfaces and produce an avalanche multiplication. lpriégent system, the gas plays a
gradually increasing role in the multiplication processvasncrease the pressure, until

eventually the gas becomes the sole controlling méshéar the detector.

Now, we analyse closer the regime usually employed BSEM. For reference, let us
consider the typical case DE2 mm ando=1000 Pa. An electron released from the specimen
surface in the gas will undergo several collisions leeforeaches an anode in the presence of

an electric fieldE. A steady state velocity, the drift velocity, is proportional to the applied

field



U, = KE (1)

whereK is the electron mobility. When the applied fiélds alternating with amplitudg, and

frequencyf as

E = E,sin 274t (2)

the velocity remains in phase with the force @tesufficiently high pressure) so that the

equation of motion is

% = KE, sin2 7t (3)

A simple integration yields the peak amplitude ispthcement to be

_KE,
=52 @

so that the total displacement, being twice th& padue, cannot exceed the inter-electrode

distanceD. This determines the cut-off frequerigcyt which we get

27f 7t

C

c

From the latter equation, we can find the drifoegl if we know the cut-off frequency, or we
can find the cut-off frequency if we know the dxiélocity. The drift velocity can also be

derived from knowledge of the electron mobility,gagen by Healy and Reed (1941):
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whereL' is the mean free path at unit pressurthe thermal velocity of the electron amdnd
m the charge and mass of the electron. Combining Bjjanf¢l (6) we can derive the cut-off

frequency by

_ 2L’ E
¢ 37Dum p

(7)

From Fig. 2, we find that the frequency just after theaftipoint is 6.5 MHz and the field 5.8
kV/m for the case of 26.7 Pa. The pressure distance primiubis case ipD=0.95 Pam.

For an ESEM distand®@=2 mm, in order to maintain constgid, we find that the
corresponding pressure is 474 Pa (and the equivalence &8mbi2=17.75). The field
amplitude must be increased by the same proportion whathieved by keeping the same
potential of about 206 V. The electron acquires the samarggy over the shorter total
distance it travels, or over the shorter mean fréle, gand produces the same average number
of collisions. The drift velocity remains the saimé¢he two corresponding cases because this
guantity is assumed to depend only onEleratio, which remains constant in the two cases.
Therefore, the transit time should be inversely propoat to the distance. All these
parameters can be deduced from published data. Measurdéonentsider range of pressures
are first adapted and reproduced in Figs. 3 and 4 taken foaseBP=35.5 mm from Gill and
Engel (1949). They are then used to deduce the correspondieg farr the cut-off

frequency and sparking field with nitrogen for ESEM in Big.

For easy reference and discussion, some calculated @akiatso given in Table 1 in which
we include pressure, frequency, field amplitude, potentialiamep| drift velocity and transit
time. As transit time we have taken half the pefiiaaf the oscillation which is given for the

cut-off condition.



The transit time becomes shortest in vacuum, actwalyn the electron ceases to collide with
gas molecules below some very low pressure. In teis, @@ can find the transit tirhdrom

the simple equation

t=[“Ip (8)

As an example, foy =368 V, we findt=0.35 ns in vacuum as compared to 7.9 ns for nitrogen
at 3000 Pa according to Table 1. This indicates the signifeffect of the gas in slowing

down the electrons. However, the transit timebrstihain extremely short, much shorter than
the shortest typical pixel time used in ESEM. For gdaan image recorded with 1000 lines
over 1 s corresponds to 1 MHz. TV scanning rates caomeniently achieved at around 10
MHz. This implies that we can apply 5-20 oscillations myithe pixel dwell time to reach the
frequencies required for an electron to oscillate indidebulk of the gas. This is an excellent
finding which shows that the principle proposed herewittompatible with the time scales
used in ESEM. The slowing down of electrons by theiggpsogressively diminished as we
lower the pressure. Equations (5) and (6) lose thedityabelow some minimum pressure,

the level of which strongly depends on the nature of §as.nitrogen, these equations are safe
to use above, say 1000 Pa. For low pressures, the métianmaatment of this subject

becomes quite complex, but the basics of the preserdtdetemain in force.

Next we should consider possible effects on the imagioggss. The critical values of
frequency and potential quoted above are not to be use&sEMBbecause a breakdown would
saturate the image. The actual frequency must be gesatehe field less than the
corresponding critical values. In fact, we can redueetitential to any convenient value that
would still allow sufficient amplification without anydgerse discharge. Let's assume that we
reduce it to a point where only one electron is freeck&ch transit and there are ten transits
during the pixel dwell time. In this case, the multigica factor would be 2=1024. If we

assume that two electrons are released for eachogletdr each transit, then the amplification
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factor becomes?3=59049. Such factors are far superior than the best situata d-c
discharge as practised up to the present. However, ttierh@mtal consideration still remains
whether such high gains are actually achievable befreakdown takes place in the a-c field,

which would be the case if the mechanisms of breakdesve the same as in the d-c field.

Previously, a thorough survey was undertaken by Dan{a&80a) into the physical

limitations of the d-c discharge used as an amplifitha$ been shown that the maximum
practical gain is controlled primarily by the secondaryy-processes which are operating
singly, or simultaneously. These processes are regfai the injection of new electrons
from the cathode, over and above the electrons producsddlylin the gas by the transiting
electrons. It is thg/-processes which cause the breakdown and limit the ayadnf we could
somehow eliminate them, or reduce them, then we waoatdase the gain to very high values.
Eventually, even in the absencejoprocesses, a breakdown will eventually occur due to the
very high concentration of electron density at thedhef the avalanche, but the point remains
that an improvement should be expected if we reducg¢{mcesses. In this connection, we
re-visit the actual mechanisms for these processebate: (a) Positive ions strike the
cathode and release electrons. (b) The photons awvHienche eject photoelectrons from the
cathode. (c) Metastables release electrons fremdthode. The importance of these

mechanisms is in the same order.

It is suggested that ions produced under an a-c field shoultheratte additional ions from

the cathode because they initially remain in the btitk@ gas. We must, of course, extract
them as soon as possible, but this extraction canbeoeontrolled with an additional small d-c
bias. The intensity of this additional bias candye €nough not to impart sufficient energy to
the ions to enable them to eject electrons front#tkode. This is a significant advantage
which is expected to improve the performance of thectlete Based on the information
published in the literature, it is expected that the glaguld be very high. In the unlikely
worse case, the gain cannot be worse than the st@@HD operating under a d-c field, and

the RF-GDD still remains possible and compatible \ESEM.
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The presence of ions has an important effect on irgaghty via their own transit times,
concentration and distribution. The effects of ionsnaging have been discussed in detail
elsewhere (Danilatos, 1990a; 1990c), and it can be showadtract electrode configuration
can greatly improve the performance of the detectamilae® effects are expected to appear in
the new situation with a probably larger population agjahe drift energy of which can be
controlled by the ancillary d-c potential. The generaiciple is that any ions which cannot
respond and follow the fast variation of the elecsigmal contribute to the background
component of noise. The net result of increasingy#ie of both useful and background

signals is an improvement of the detector.

The time response of the system is improved, and soohéeprs that the ions may cause can
be overcome by collecting the photons produced in thergigteavalanche. The light emitted
is primarily produced during the initial transit of theatten, and its detection constitutes a
most appropriate manner of operation (for details,isature survey in Danilatos, 1990a).
Light is produced both by (a) molecules excited by thesttiag electrons and (b) by
recombination of ions. Generally, the former medra is predominant, very fast and
practically synchronous with the amplification of #lectron avalanche, while the latter
contributes to a weak background noise level. Light meady been used to produce
secondary electron imaging at true TV scanning ratésthé GDD by Danilatos (1992).
Further, use of light instead of charge has some additioigue advantages, especially if we
use spectroscopic means for differentiating its variomsponents corresponding to different
production mechanisms and hence to unique contrasts araticess. The intense production
of light in electrodeless discharges has been reportewpsty, especially for use by
spectroscopists (Nisewanger et al., 1946). It has fulbdem used in nuclear technology for
evaluation of a digital optical ionising radiation paditlack detector (Hunter, 1987) and for
digital characterisation of recoil charged particle ksafor neutron measurements (Turner et

al. 1989).
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Another remaining crucial question relates to the ktabf the scanned probe of an
instrument in the presence of an a-c field. In mod&cnoscopes, probes with 1.5 nm
diameter are common-place, which means that anyentgeice that could produce an effect
greater than the probe size is unacceptable. Indeeprebence of a radiofrequency field of
sufficient amplitude can, in principle, adversely afféet beam. This has been the greatest
unknown parameter for some time during the present devetaprRemedies for this problem
now are any, or a combination, of the following n®ata) The applied field is axially
symmetric, where it can be shown that the bearatiaffected to any appreciable extent. (b)
The field is applied at sufficiently long distance frora irobe so as to minimise any effects.

(c) The beam is shielded by an additional electroderarthe beam.

The RF-GDD is not limited to using an a-c electritdfidecause the application of an
alternating electromagnetic field as that produced byl@ahtough which an alternating
current passes, is also possible, and produces an equreslielhtas shown by Nisewanger et
al. (1946). In view of the radiofrequency range requiredwacbil turns can be sufficient to
achieve our objective. This implies that such awollld be possible to incorporate on a
number of instruments and the engineering considerdboiits integration are left to the

manufacturer.

Another variation and improvement of the RF-GDD istperimpose a static magnetic field
parallel, or normal to the a-c field. With such an addj Townsend (1948) has shown an
increased rate of ionisation, and this can be usedvangage in the present detector. It again
reduces to an engineering application at the manufactesmedjih order to incorporate this

advantage into a particular application.

Design, construction and operation of the RF-GDD

13



Based on the previous analysis, we outline the gengpabach for the construction and
design of a RF-GDD. Referring to Fig. 6, a charged parbebm focussed and scanned by
means of electron optics passes through an aperturegasdayer before it impinges on a
specimen. The distance travelled by the beam in thésgaich that sufficient number of
particles remain in the original focussed spot, whierdmainder of the beam is scattered by
gaseous collisions clearly away from the focussed spiptannular plate electrode (rf) is
placed some distance above the specimen and is biaseavatternating electric field of
variable frequency and amplitude. A second concentritrelge (collector) shown as a wire
ring is inserted for the purpose of superimposing a d-crieldéeid in the volume acted upon
by the a-c field and for collecting the amplified signalfurther concentric electrode
(collector/shield) is placed at the innermost positdoound the beam. The latter electrode
may be grounded or biased with a d-c potential and it cagither as shield for the beam, or
as signal collector, or both. The electrodes andatsd from each other with appropriate
insulating material. Light pipes (PMT) may also beritexstto collect the light generated in the
gaseous volume. Any or all of the electrodes (includwegrt electrode) are connected to the
input of electronics amplifiers and the light pipes anenected to the input of

photomultipliers, or other photo-detecting devices.

The operation of the above system takes place asvilld he focussed spot of the beam
interacting with the specimen releases various sigu&ls as secondary electrons,
backscattered electrons, x-rays and other photons.sgdtas usually scanned in a raster form
over distinguishable pixels having the size of the imtidgpot. Usually, more than a million
pixels are scanned during one second, but this variesdamga®o the operator's needs and
instrument specifications. During the very short dwwele over a pixel, the ionising radiations
generated by each pixel element of the specimen é@eamntvironmental gas and are acted
upon by various fields. The radiofrequency field oscdldate electrons and multiplies them
while the superimposed static bias collects the producgeh The potentials applied are
such that a breakdown is avoided and the process is régeats/ery pixel. The amount of

charge collected for every pixel is proportional to gbarce intensity, so that as the probe
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scans the specimen surface, the collected signal (tuoreight) corresponds to the variable
properties of the specimen from pixel to pixel. The outynrh the system is recorded by

appropriate means, usually in the form of an image (@.@. ghotograph, or screen monitor)
corresponding to the very small raster scanned and egpirgg a high magnification and high

resolution image of the specimen under examination.

Discussion

A new detection device has been proposed suitable toumnsnts employing charged,
focussed and scanned beams, such as SEM, ESEM, STEbhdmeam technologies. The
novel idea is to use an rf-field instead of a dc-fielg¢éoerate a controlled discharge in a
gaseous environment that is consistent with the apagdtrequirements of such instruments.
The same idea can also be used for a new proportionalg@detector in particle physics

involving ionising radiations.

The generation of an rf-field and other ancillary equipiniewell known and standard
technology. Reference to the cited literature woulditite these technological matters but
modern approaches may well supersede the older approddiest-generation, modulation-
demodulation and related techniques are well developed andtiitle the scope of this
paper. The rf-field at breakdown condition is extengiusked for generation of ion sources
used in various technologies. lon guns can be madesiwéy, and for detailed information
the reader may refer elsewhere (Wilson and Brewer, 1vdrt; 1983; Franks, 1978; Eubank
et al., 1954; Swann and Swingle, 1952; Williams, 1966).

The electrical energy requirements of the establisiH2D &e minimal on account of the very
low currents, in absolute terms, used in an ESEM. cbheesponding energy requirements of
a RF-GDD would only increase in proportion to an ap#ited gain improvement but the total

energy consumption should remain minimal in an eleatmicnoscope. The wavelengthsof
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the rf field derived from\f=c (velocity of light) for the frequencies considereatdwith are
much greater than the dimensions of the main instrumentelation to these conditions, its
construction entails no serious complications. Thécdesan be readily integrated with other
components of electron/ion microscopes and instrumsuts, as with pressure limiting
apertures and electron optics. Over all, the new dmtaghs at producing some distinct

advantages:

The gain is expected to be significantly higher thargthie of the d-c GDD. This will
generally improve contrast and resolution on accoumhfoved signal-to-noise ratio. The
noise propagation in detection systems of SEM and ES&Vbéen analysed in detall
elsewhere and the reader may find it helpful to refehad work (Danilatos, 1993).
Considerations of noise propagation and separation aflssgfhal from background noise
point to a better image contrast. This, in turmved the use of beams with less energy and
less current which reduce specimen irradiation effeddsdamage, facts which indirectly
improve resolution (on account of smaller beam-specinteraction volume and specimen
detail durability during observation). Accordingly, fastean rates can be used with better
signal-to-noise ratio. The faster rates, in turnamine possibility of observing new

phenomena and applications not previously accessible.

The RF-GDD allows the detection and amplificationighals in a gaseous environment of
relatively low pressure, much lower than the minimuqunesd for the d-c GDD. According
to the evidence produced, the detector would also operbhighgbressures with even greater
ease. Therefore, it is envisaged that, eventuatynéw detector will cover the complete

pressure range from vacuum to atmospheric pressure.

A further advantage is the elimination of polarisagdfiects that can manifest themselves on
insulators in the presence of strong d-c electric fiel@&cause the field is alternating at high
speed, and because the amplitude is generally smallgmldrésation cancels out and vanishes

(Thomson, 1937).
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Finally, the new detector expands the possibilitiesadi@inative technological developments
in related industries, which can lead to better and ingaranstruments for the scientist to

choose.

Conclusion

An attempt has been made to show that the RF-GDbBtisfbasible and useful. The main
considerations raised at the outset have bee addredbesipaper. Thus, it is possible to
oscillate the electron signal produced from the specimtre conditions of an ESEM. There
is enough time to distinguish the amplified current froneldi® pixel. The a-c field is unlikely
to perturb the incident probe by any appreciable amoliné. required frequency range and
amplitude of oscillation are feasible and compatibldr whe conditions of a microscope. The
hardware requirements are minimal and within the cafebibf established technologies. The
new detector is expected to produce an improved perfornosecedhe present practice in

ESEM.
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Fig. 2 Variation of peak values of sparking field versuguescy in nitrogen at fixed
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Fig. 6 Schematic of a general RF-GDD in an ESEM.
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ESEM parameters fdd=2 mm
p, Pa f, MHz E. kVim V., Volts T/2, ns
300 137.0 98.0 196.0 3.65
400 122.4 102.9 205.8 4.08
500 112.3 105.8 211.6 4.45
600 104.4 112.3 224.6 4.79
700 99.4 115.6 231.2 5.03
800 97.6 118.9 237.8 5.12
900 95.6 122.2 244.4 5.23
1000 93.7 125.5 251.0 5.33
1500 84.0 142.0 284.0 5.95
2000 74.5 157.2 314.4 6.71
2500 66.3 171.0 342.2 7.54
3000 63.0 184.0 368.0 7.94

Table 1. Pressumg frequencyf,, field amplitudeE,, potential amplitud®/,, and transit time

T/2 for inter-electrode distand® with nitrogen at cut-off condition in ESEM.
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