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A COMPARISON OF THE MEASUREMENT OF BEAM CURRENT DENSITIES IN AN
ELECTRON MICROSCOPE USING A FARADAY CUP AND SOLID STATE DETECTOR

" D. G. Howitt, G. Thomas and W. Toutolmin*
Department of Materials Science and Engineering,'Co11ege of Engineering

and *Materials and Molecular Research Division, Lawrence Berkeley
Laboratory, University of California, Berkeley, California 94720 -

Abstract -

A Faraday cup hés-been Cohstructed‘which is capable of éccurately
 measuring beam.currenf dehsities jh’the fmage plane of an electron
miéfoscdpe{ This device has beén employed to caiib}até a'so]id state
‘detéétor tybicai of those often used to measure such small electron
intensities. The ability of the solid $tate detector to distinguish
single'eleCtronS‘waS found to_be a seﬁsitive funétion of the incident
e]ecfron intehsify." Important applications of thié work include
inVestiéafiohs of radiation‘damage fn beam sensitive materials e.g.

biological specimens.
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.IntrodUCiion

In the study of radiation effects in materials the technique of
in-situ ﬁ}radiation'in_the electron.micfoscope iS"beCOMing increasingly
'impqrﬁant In general however, this téchhique has been limited in its
 quanfitatfve-applicatibn because of the 1na¢curétié$ associated with
‘the measurement of beam current densities. With the interest in the dose
rate dependence of beam éensitive materia1s to parameters such as electron
energy (HOWitt;'Thomas and G]aesér, l975)lwhere the dependence is not
necessarily large, highly reproducible measurements of beam current
densities must be made.

- To accurately measure the electron intensity incident upon a
confined regionvof the object plane 6f an e]ectron'micrdscope it is
vnecessary to’ sample the ‘electron intensity at an image plane. The most
convenient plane to introduce a measuring devicg {nto, is the final image
plane, since here its presence need not fnterfere with the normal opera-
tion of thé microscope and‘the area of interest cén be easily defined.

- The 1arge.magnffications,ofbthe finai image plane, and hence the
low.current'densities_td be measured, is the comen deterrent from
usingva.primary Faraday cup as_fhé measﬁring device. ' Instead either

_501id state deféctors, which operate most efficiént]y_at e]éctron
~intensitie$,1ess thanVIO"]2 amperes cm-z, or photogfaphic exposure
meters, whiCh‘héve large areas of capture but ranges Timited to somewhaf
higher electron intensities, are usually preferred; The accuracy of |
such detectors; in predicting an absolute measure of the current density,
is bf course Iimited by the accdracy of the standardizing Faraday cup.
In addition,thgterrors introduced from a magnification extrapolation,

where the devices are situated at significantly different positions in
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an electron m1croscope can be very ]arge

‘The detect1on of small collected currents 1tse1f represents no
'problem; however, at electron 1nc1dence levels such as 10 -14 amperes cm'z,
the effects of 1eakage and current generation from 1nsu1ators or external
fields surround1ng the collector w111 1ntroduce significant errors.

. The Faraday Cup |

A Faraday cup has been constructed to operate in the normal
camera position of an e1ectron m1croscope in conqunct1on with a Cary
e]ectrometer;"ln order to reduce the effects:from.externd fields the
" cup is surrounded by an annealed mu metal shie]d. The insulators are
COnstructed‘from-prefired and carefully machined alumina and to reduce;v
current leakage to a minimum the cup'is supported;on1y at its base by
these insu]ators where it connects direct]yvto the electrometer. As a
collector the cup is effectively infinitely deep being in the shape of
a tall cylinder of depth twenty times its width whﬁch, to further reduce
the co11ection losses due to backscattering, is constructed of graphite.
Thus only orimarily backscattered electrons should be 1ost introducing
an error of less than"one‘percent (Grubb ]970).' fhe cup is shown

schemat1ca11y in Flgure 1.

- Fo]]ow1ng 1nsta11at1on, the magn1tude of the background current

drift from the cup was less ‘than 10° -16

amperes, an order of magnitude
greater than the background current drift from the e]ectrometer itse]f
Thus using a def1n1ng aperture of 0.18 cm2 this corresponds to an error

of less than 5.6 x 10~ -16 amperes cm 2»1n the determination of the beam

current co11ected by the cup.
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Calibration

The cup was used in conjunction with a lithium dr1fted silicon
detector wh1ch was des1gned to record 650kV e1ectrons The two devices
had def1n1ng apertures in the same plane and were operated s1mu1tan-
eous]y The def1n1ng apertures were constructed such that the tota]
electron incidence was greater at the cup than at the silicon detector.
Thus the cup is used to measure a proportionally higher current while
the detector was capab]e.of operating in its most efficient range. The
current density readings from thercup and detector were compared using

650kV and 350kV e]ectrons over the range from 107 -10 amperes'c_m'_2 to

10° -13 amperes cm 2. L
| The characteristic pulse height spectra, or plots of the energy
distribution of-the counts from the silicon detector are shown in
Figure 2..fhese data are obtained by scanning the amplified signal
from the detector with a ‘narrow energy window. The amplification of
th1s signal 1s linear and hence the energyd1str1but1on of these counts
is related by :a mu]tiplicat1ve constant_to the actua] energy distribution
of theforigina1‘pu1ses from'the;detector. The Tow energy peak of the pulse |
.height spectrum is primari]y due to noise, containing a contribution
. from X-rays, uhilst the primary peak is due to eleCtrons. Coincidence
counting effects will introduce additional high eneréy peaks into the
pulse height spectrum sincetthfs type of detector will display an energy
pulse characteristic of thehtota1 sum of the energies'from these indfs—
tingufshable‘electrons. The effects from coincidence counting were
ISignificant at electron intensities greater tha'n'TO"]2 amperes cm_

| To distinguish'the electron counts from.the‘noise, an energy

window was introduced around the primary peak with its lower threshold

at the minimum between'the first tw0'peaks.
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"ASince the coincident counting of electrons introduces additiona]‘
high energy'peaks‘ihto the pulse height spectrum the positionfng of the
high eﬁérgy side of the window will directly éffect the absolute value
of the.electroﬁ counts and hence the measured e]eciron incidence. To
obtain.the reéh]ts given here the primary peak was isolated and the
cdincidénte'counts, when more than one é]ectron contributed to a pulse
from the deteétor, did not- contribute to the va1ue of the measured
electron incidence. The efficiency of the lithium-drifted silicon
detector as a function of dose was established fdr‘650kV'and 350kV
e]éctronsAat room temperature; the results are disb1ayed in Fig. 3.

The degree to which coincidence counting occurs-fbr a specific
‘electron_incidénce is clearly very reproducible (Fig. 3); It is only
‘at the low levels of é]éctron intensity, when the random variations (/)
in the’fota] number of e1ectron§ seen by the detector (N) become signifi-
cant, thétvthis reproducibility in the value of the measured electron |
inciden¢e<is'1ost. -It-is noteworthy that the effecté of coincidence
counting are apparent even at very low COunting'ratES; It is also
apparent from the resu]ts:at 650kVAthat the solid Sfate detector has,
over the lowest range of electron incidence, an efficiency greater than
unity. This additiona1 signé] from the silicon detector is thought
to arise from high energy background x-rays which the Faraday cup doeé
not detect;

o VDiscuséion

The collection efficiency of the]ifhium drifted silicon detector

is clearly'very_depéndeﬁt upon the abiTity of the detector and the

amplification system to resolve individual electrons. It has beén‘



bend;that‘at-the lTevels of illumination where this feso]utjon can

Bé aéhieved; fhe statisticé] variafiéh in the signal become significant.
fTherreproducible nature of theresufts-obtained at higher current densi-
tiés wﬁen this reso]ﬁtion is not.achie?ed, indicates thét it might be
édvanfagéOUS-to employ these détector§ at such highvcurrent‘densities
ahd employ é 1argebcorrecting.fact0r.

In addition to thé<contribution‘from the randomvnoise associated
with low e]ectfon,intensities any additional background signal will
become-proportiona11y.more significanf as the incidént intensity is
reduced. Inithe 650kV Hitachi microscope used in thisvstudy, a background
contributioh from both x-rays and stray e1ectrons was encountered in
the final imége plane. The stray electrons are thbhght’to arise from
the misalignment'bf 1ens‘apertures and/or from backscatter{ng’from
the walls of the microscppe:co1umn.v In the_silit&n.detectOr the x-
radiation'and low energy.electron backgrounds can be fi]tered.out to
some extent; However, the contribution from any high energy electrons
not initiated from the defined area of interest in the object plane will
contfibute to the}signal. “An estimation of themégnitude of this effect
Can_be made‘by.cbmparing, for a constant inténsity td the specimen, the
‘values'of the beam current measured at particulaf_magnifications.

Such méasureménts made with the Faraday cup in the 650kV Hitachi
indicate that.the level of electron backgrouhd, aTtthgh not constant,
maintains a value less than 10713 amperes cm? at the final screen when

a 50um second condenser aperture is used.
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| Figure Captions

a) The Faraday cup. The scale is indicated;

B)} The location of the Faraday cup in:the:Berkeley 650kV
e]ectron m1croscope (Schematic). |

The pulse height spectra or energy d1str1but1ons of signal
from the lithium drifted silicon detector at 350kV and 650kV.
The measurements were made-by scann1ng the total energy range
of the analyser window at 0.20 volt intervals.

The re1ation between the efficiency of the 1fthium drifted
silicon detector and the electron incidence'measured by it.
The.conversion from‘eleétrdn density at the detectbr_to the
detectors actual count rate is for the defining aperture

used (0.0368 cms diameter).
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