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GRAPHICS DISCLAIMER
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SUMMARY This article presents a formula for calculating the general
field emission system tip shape or form coefficient pg : /3 ~
0.2/[(ro+h)ln(2h/ro)]. Using this formula and numerical value
calculation methods as well as the corresponding formulae put forward
by such people as D. Selidovkin, W. Swanson, P. Dyke, and others, we

carried out, respectively, calculations and comparisons on values for
the four types of field emission systems--those with tips presenting
semispherical shapes, ellipsoid shapes, rotating parabolic shapes, and
hyperbolic shapes. The results clearly show that calculations using
the fg values obtained from this article's formula and the results of
calculations with the numerical values of electronic computers are

basically in line with each other.

.

BASIC TERMS Field Emission, System Emission Tip, Emission Shape
Coefficient

1. INTRODUCTION

At the present time, making use of the principles of field

radiation, Hn2 c-zates a field emission electron source (FES). This.
S53.23523 4 snall beam spot, high luminosity, low power consumption,
long life, and small diffusion of energy, as well as other similar
spacial characteristics. They have alceady be2n widely used 1in
SEM[IJ, STEH[ZJ, electron beam exposure as well as Exie (possibly
Gakatsu) electron spectral ianstrumants, and various other types of
large model electoptical instruments. However, in FES design,
nmanufacture, and applications, there are still a good number of
questions which are urgently awaiting improvements and to be put
forward. How to accurately and precisely determine tip shape
coefficient /ﬁ values is precisely one of these. 1In the area of
precisely determining /9 values, at the present time, besides being
able to carry out accurate calculations on several types of simple and
regular electrode systems, such as parallel plates, concentric

spheres, and so on, for electrode systems with general forms, it is
1




almost difficult to describe them using analytic forms. A good number
of scholars have put forward various types of models, obtaining

several approximate calculation relationships[3-5]. However, it is
still not possible to satisfy the requirements for actual FES
development. This article carries out a series of analyses,

experiments, and comprehensive attempts, obtaining several significant
results.

2. BASIC CONSIDERATIONS AND METHODS OF PROCEEDING

The facts clearly demonstrate that., on the one hand, from our
observations of the realization of the creation of practical field
emission tipsts], there is no question that, opting for the use of
that type of creation method[7], the tip shapes which are obtained,
although they approximate rotated parabolic surfaces or hyperbolic
surfaces, are very difficult, however, to make completely regular and
symmetrical. On the other hand, looking from the standpoint of the
general structure of FES source bodies, after all is said and done, it
is very simple. It is only composed of a cathode tip and an anode
tip. With regard to this type of system, it goes without saying that
tip forms are extremely irregular. Not considering the effects of
spacial electric charges, the tip surface electric field strengths
are, undoubtedly, in direct proportion to the anode

potential[s(llleglble), that is ,

S—ﬂcvo (l)

In this equation, /[ is the tip shape coefficient, U_, is the
0 P 0

anode potential.

Due to the fact that f3o is only related to the geometrical
shape of elegtrodes and their sizes, and that tine anode potential UO
is also capable of precise measurements, the result of this is that,
if it is possible, for a number of tip electrode systems which possess
~2pr2sentative natures, to go through precise measursments or
caleoulations of tip surface electric field sirengths and one finds the
special chacacteristics and rules or patterns for their changes, thzn,
thece is the possibility, from equation (1), of finding certain types
of relationsnips to precisely calculate /30. We selected four types
of field emission systems the shapes of which were, respectively,
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semisoph2rical, ellipsoid, rotated parabolic, and hyperbolic in form.
Their tip radii of curvature ry (rO is l.OleO-s(illegible))

were equal to each other. The distance from the tips to the anode d
(d is 0.7 cm) were the same. The anudes were all flat plates. Going
through electrolytic tank or cell simulation methodstg] and
electronic computers, with regard to the four types of field emission
systems described above, in terms of potential distributions between
electrodes and tip surface electric field strengths, use was made of
step by step amplification, approximation and simulation methods[lol
to carry out precision measurements and numerical value calculations.
The method was to first make use of simulation methods, taking the
various electrodes of the systems which were awaiting measurement (for
2xample, systems in which the tips present a semispherical shape).
Then, on the basis of an amplification_ratio of 100 fold, we
positioned the sliced shapes into the electrolytic tank or cell. With
the introduction of tap water, and, in conjunction with a potential of
UO being added between the electrodes, use was made of D-2 Model
automatic electron track or orbit instruments to work out the nine

equipotential curves O.IUO; 0.2qo...0.9UO. Following this,

one takes the eguipotential curve Ul=0.SUO to be the new anode.

On=> takx-- the zone b2iween the tip and the O.SUO equipotential curve
and reamplifies it 50 fold. 1In the same way, one works out the nine
2quipotential curves 0.1Ul, 0.2Ul...0.9U1. In their proper

order, working by analogy, one, step by step, approximates the four

types of cathode tip. All together, the amplification multiplier was
9x105. One takes the system boundary potential values obtained in

the final iteration of simulation and inputs them into an electronic
computer. Through iterative substitution, the accuracy is bttes than
73—:. As far ag the carrying out of calculationg on the potential
list-ibution within a raag= approximately 0.75pm in front of the tip
1nd on tip surface electric field strengths are concerned, the results
are as shown in Fig.l. The other three types also had similar
siminlations and calculations done on them. The results are as shown

in Fig.'s 2, 3, and 4.

Here, it is also necessary to explain. 1In carrying out the
simulation measurements associated with the first iteration electrode
3




amplification of 100 fold, we used an ordinary steel needle with a
tadius smiiler than 0.0lmm and a radius of curvatuza that was lam to
act as the emission tip. At this time, the 0.50, =2quipotenatial

curve was located at a place 1.6cm in front of the tip. Due to the
fact that this segment of distance was vastly farther and g-eater than
the steel needle's radius of curvature, the tip's radius of curvature
and shape were even smaller as a result. As far as the influences
from the location and shape of the O.SUQ equipotential cu-v= i3
concerned, in actuality, they are negligible. In the other three
iterations of simulation and amplification, the tip shape and
dimensions, by contrast, are manufactured strictly in conformance with

requirements.

Fig.l Electric Field Distribution for Tips That Are Hemispherical
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Fig.2 Electric Field Distribution for Tips That Are Ellipsoia




3. ANALYSIS AND COMPARISIONS

From the analyses for the above described four types of tip field
emission system electrical potential distributions as well as the
calculations for tip surface electric field strengths, it is possible
to see that: (1) Within the same type of tip system, the distribution
of equipotential lines is not uniform. The closer one approaches the
tip, the denser the distribution becomes, and the greater the changes
become. By contrast, when they are few and far between, they tend to
be uniform. It is clearly shown that surface fi2ld sirenjgiths are
principally determined by tip radii of curvature. Moreover, the tip

1/
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Fig.4 Electric Field Distributions for Tips That Ace Hyparbolic in
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Fig.3 Alectric Fi2ld Distributions for Tips That Arc2 Pacabolic in
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to anode distance and the anode shape have, relatively spzaking, small
influences. Surface field strengths are also related to the size of
electrode polar anﬁles. As far as polar angles which are between 0°
and 30° are concerned, changes in the strength of surface electrical
fields are relatively small. It is possible to see them as constant.
After polar angles become greater than 30°, surface electric field
strengths, then, follow increases in polar angles and rapidly
diminish. The results are as shown in Fig.5. (2) 1In systems with
different tips, despite the fact that the radii of curvature are equal
to each other and the distances from tips to anode as well as anode
shapes are the same, the state of the distribution of equipotential
curves among them and their degree of concentration are, by contrast,
not the same. Tips which present hemispherical or half spheroid
shapes are the most concentrated. Those that present hyperbolic
shapes are the most spread out. If one uses $ to represent

surface field strengths for systems with half spheroid tips and uses
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F§g.5 Relationships Between Electric Surface Fields With Different
Tips and Polar Angles) a is a half spheroid form, b is an ellipsoii
form, ¢ is a parabolic form, d is a hyperbolic form, e is a
spheroid form (the anode is infinitely distant)




& to represent the surface electric fields associated with other tip 663

form systems' surface field strengths, then, &/, follows ry/h

(h is the width of the tip neck section) displaying chanyes as shown
in Fig.6. From the Fig., it is possible to see that tip surfacz field
strengths not only depend in an extreme way on the magnitude of radii
of curvature. At the same time, they are also strongly dependent on
the thinness and symmetrical nature of tip neck sections.

In relationships to calculate /3. in order to be capable of
raflaeciing the reality of the experimental facts described above, on
t2 bHasis of the foundation in Referenca [3) and going through
miltiple iterations of =xperimentation, calculation, analysis, and
svnthesis, one obtains ithe semniempirical formula below for calculating

in a generalizad FES tip shape system:

P L 1N
S

[
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Fig.6 The R2lationship of Changes in £ /€ As It Follows r /h, Ko -
w is the surface electric field for semlsdher01d tips.
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Fig.7 Concentric Sphere Model of Tip Emissions (R, is the radius
of curvature after amplification. h, and h2 are the upper and
lower neck widths after amplification.)

In the equation, r. is the tip radius of curvature. h1 and h2

are, respectively,othe widths of the upp=r and lower tip neck
s=2ctions. d is the distance from tip to anode.

Equation (2) clearly shows that (1) the radius of curvaturzs of
the tip and the width of neck sections have considerable influence on
; (2) the upper and lower tip neck section widths are not the same.
valu2s are also different. It is clearly shown that,p?values are also
related to symmetry chardctevistics off tips. (3) Tﬁe distance from
tip to anode d, in the expression, is placed in a logrithmic quantity.
Speaking in terms relative to r. and h, it has relatively small
eff2cts on /3.

Let h1=h2=h0(illegible)' and (h1+h2) << d. Then,
equation (2) is capable of being simplified to be

ES h=h=h B (h+h)<d, MRTFEHEN

30 0.2/{(ry + A)a(2h/ry)])
(3)




.

In order to prove the reliability and accuracy of equation (3),
one makes use of the three types of methods below in order to compare
and explain.

(1) As far as using electronic computers on various tip systems
to carry out numerical value calculations is concerned, one precisely
and accurately determines tip surface field strength(gg values. One
then compares these with anode potentials UO (in our experiments, we
selected U, = 3kv), solving for the corresponding /%,values. One

0
uses the values in question to carry out comparisons with /5 values

calculated with equation (3). The results are as shown in'Fig.l.

(2) From an analysis of the special characteristics of the
distribution of equipotential curves in Fig.l, 2, 3, and 4, it is
possible to see that, despite the fact that various tip shapes differ
very greatly, in the cathode section with polar angles smallzr than
30° and the adjacent first equipotential surface, however, it is
possible, in all cases, to see them as two concentric spherical
surfaces as shown in Fig.7. If one makes the cathode potential be
zero, the first equipotential surface potential is Vi Going
through a solution of Laplace eqguations, it is possible to prove that

the cathode surface electric field strength is

- 1 V| R. Rl - RO)]
&, = RMV,/(R( (4)

In this equation, M is the electrode amplification multiplier number.
RO and R1 are, respectively, the tip radius of curvature after
amplification and the radius of curvature of the first equipotential

surface. The reason for this is that

V,=al, (5)
In this equation, n is the electrical potential ratio coefficient
(under the conditions in our experiments, n is 1.2x1071),
Taking equation (5) and substituting into equation (4), one then

obizains th- <shape coefficient to be

By = RI”MI[RO(RI — RJ)}




Because of the fact that R, and R, are capable of being directly
measured from the graphs of electrical potential

distributions, it is possible, as a result of this, to precisely
determine’/2 + In the same way, one takes,lst and carries out
ccmparisons with /3 . {(See Table 1.)

(3) Taking the values of rq and d discussed above as well as
the polar angle a to be 10°, these parameters and others like them
are respectively substituted into the formulae put forwerd by D.
Selidovkin[3], W. Swanson[4], and P. Dyke[sl, as well as other
similar people. In conjunction with that, one solves for the
corresponding values of/6 . (See Table 1).

From Table 1 it is possible to see that, under conditions which
are entirely the same, the /3 values which are obtained by the use of
this article's formula and the results obiained from the use of
electronic computers and equation (6) are basically in line with 2ach
other. This clearly shows that equation (3) is correct and accurate.
The reason for this is that it not only considers tip radii of
curvature but also considers thickness and symmetry characteristics of

)
the reck portions of tips in terms of their influence on //3.

ke @ #we@) a@ ng‘? n@
w @
(D xwaZER 7,(10-%cm) 1.0 1.05 1.08 1.08
&’ RRANHKE M107%cm) 1.08 1.23 1.49 1.81
AEETER €(10'V/cm) 3.412¢ 1.9459 2.4818 2.0675
A (10%m~*) 1.1378 0.9819 0.8273 0.6892
2.10%cm~") 1.153 0.9221 0.8012 0.63M
A(10%cm=") 1.3740 1.0303 0.7708 0.5662
D, Selidovkin 8,(10%m=") 6.3728 1.6141 1.52¢6
W. Swanson #,(10'cm-') 2.0103 2.0103 2.0103 2.0103
P.Dyke #,(10cm~") 1.1743 1.1743 1.1743 1.1743

1)

Table 1 A Comparison of Various Types of Calculation Results (1)
Tip Shape (2) Comparison (3) Semispheroid (4) Ellipsoid (5)
Paraboloid (6) Hyperboloid (7) Tip Curvature Radius (8) Width of
Tip Neck (9) Tip Surface Field Strength 1) 1In tt:ﬁi Table, A o is
the cesulis €ron 2lectronic computer calculations., . :

is the results from calculations using equation (%). /§(i§l%ﬂéb%%iults
from calcuations using equation (3).
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4. SUMMARY

As far as using the formula put forward in this article to do
calculations on tip shape systems is concarcned, it is not only
reliable. It is also simple and convanient. When doing calculations,
it is not necessary to give consideration to the actual shape of the
tip. It is only necessary, when making the tip, to make precise
measurements of the radii of curvature and upper and lower neck
widths, and that is all. Today, in this time of wide spread
applications of optical microscopes and SEM to this, it is extremely
easy to do. After calculating out values for /3 » it is then possible
to precisely determine tip surface field stredgths and current
densities. This aids in both the improvement and raising of FES

design and emission characteristics.
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