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Secondary electron emission from negative electron affinity semiconductors
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Abstract: According to the characteristics of secondary electron emission ( SEE) from negative electron
affinity (NEA) semiconductors with 0.8keV <FE  <S5keV, R, existing universal formulas for § of
NEA semiconductors and experimental data, special formulas for § at 0.5 E | <FE <10E . of NEA
diamond and GaN with 2keV<E <5keV and § at 0. 8keV<E <3 keV of NEA diamond and GaN
with 0. 8keV < F < 2keV were deduced and experimentally proved, respectively; where R is a

pomax

primary range, & is secondary electron yield, E is the £ at which § reaches maximum §, E , is

pomax
incident energy of the primary electron. It can be concluded that the formula for B of NEA semiconductors
with 0. 8keV < k£ .. <5keV was deduced and could be used to calculate B, and that the method
presented in this study of calculating the 1/« of NEA semiconductors with 0.8keV<FE <5keV is
correct; where B is the probability that an internal secondary electron escapes into vacuum upon reaching
the surface of the emitter, and 1/a is mean escape depth of secondary electrons. The results are
analyzed, and it concludes that the theoretical of B and 1/« help to research quantitative influences of
different sample preparations on SEE from NEA semiconductors and produce desirable NEA emitters such
as NEA diamond.
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0 Introduction
A negative electron affinity (NEA) semiconductor
means that the vacuum level of the semiconductor
exists below conduction band minimum at the surface,
which is a very rare property. Under NEA, internal
secondary electrons in the conduction band can easily
emit from the surface as there is no barrier at the semi-
]

1
conductor surface''’.

(SEY) 6 of NEA semiconductors such as Si and GaAs

The secondary electron yield

in general far exceed those of positive electron affinity
emitters because NEA semiconductors have much lar-
ger mean escape depth of secondary electron 1/a'?.
Thus, NEA semiconductors are outstanding secondary
electron emitters and are applied in current amplifiers,
vacuum tube applications, electronic information tech-

[1,3-4]

nology , etc . Therefore, NEA semiconductor is a

very important topic[sfx].

Due to different bulk properties such as dopant
type and doping concentration and surface terminations
such as the type of adsorbate, the extent of the adsor-
bate coverage and the presence of coad-sorbed mole-
cules, some NEA semiconductors such as NEA dia-
mond'*’ and GaAs'®’ exhibit very high, but widely var-
ying, 8§ and maximum SEY §,,. Thus, bulk properties
and surface terminations of a given NEA semiconductor

decide § and &

5.7.“0_“1 and the fact that the § of given emitter and in-

According to the expressions of

m*

cident energy of primary electron k£ is proportional to
its &

of semiconductor almost decide the values of § at given

ws it is known that the B and 1/« of a given kind
E, and §,, B is the probability that an internal sec-
ondary electron escapes into vacuum upon reaching the
surface of emitter. Thus, from the fact that sample
preparations decide bulk properties and surface termina-

[4]

tions of a given NEA semiconductor ™ , it is known that

sample preparations of a given NEA semiconductor de-
5,,, Band 1/a. The B is inac-

cessible to measurement, and it is very difficult to

cide the § at given £,
measure 1/a. Therefore, from the fact that the B and
1/« of a given kind of semiconductor almost decide the

it concludes that the

po ?

value of §, and the § at given E

theoretical researches of B and 1/« are necessary and

help to research quantitative influences of different
sample preparations on parameters of SEE such as § at
given £, 6, , B and 1/a. Hence, from the relation-

po ?

ships among §,, 8, B and 1/a and quantitative influ-

ences of different sample preparations on parameters of
SEE obtained by the theoretical researches of B and 1/
a, we can change the sample preparations and produce
desirable NEA emitter such as NEA diamond. In other
words, the theoretical researches of B and 1/« help to
produce desirable NEA emitters such as NEA diamond
and GaAs those exhibit very high, but widely varying,
8 and §,, because of different sample preparations.
According to the characteristics of SEE from NEA

semiconductors with 0. 8keV<E  <5keV, R, ex-

isting universal formulas for § of NEA semiconduc-

tors[12) [4,13-14]

and experimental data , special formulas
forg at 0.5 k.. <E, <10 E . of NEA diamond
and GaN with 2keV<E  <5keV and § at 0. 8keV
<E,<3keV of NEA diamond and GaN with 0. 8 keV
< FE,.. <2keV were deduced and experimentally
proved, respectively; where R is primary range, E ..
is the £, at which § reaches §,,. The formula for B of
NEA semiconductors with 0. 8keV<E  <5keV de-
duced in this study could be used to calculate B, and
the method presented here of calculating the 1/« of
NEA semiconductors with 0.8keV<E  <5keV is
correct. Thus, according to the fact that the theoretical
researches of B and 1/« help to research quantitative
influences of different sample preparations on parame-
ters of SEE and produce the desirable NEA emitters, it
concludes that this study’s research on B and 1/« help
to research quantitative influences of different sample
preparations on SEE from NEA semiconductors and pro-
duce desirable NEA emitters such as NEA diamond.
High § NEA diamond is very valuable for electron
multiplication in devices such as crossed-field amplifiers
and electron multipliers™’. Thus, NEA diamond is an

8137181 Therefore, this study focuses

important topic
on NEA diamond. Of course, the method presented
here of researching §, B and 1/a of NEA diamond and
GaN can be used to research §, B and 1/« of NEA sem-

<5keV.

pomax

iconductor with 0. 8keV<FE
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1 Universal formulas for R and sec-
ondary electron yield

1.1 Primary range

According to the R-E, relationship deduced from

the power potential law, the relation among R, the

J . where

energy exponent () and E is expressed as'"
Q is a constant in the same F range' ', and A de-

pends on the atomic weight A, material density p and

atomic number Z in the same E range *'. When
primary electrons at 0.8keV < £, < 2keV enter a
secondary electron emitter, the R at 0.8keV <E <
2keV can be expressed as'"”’

3.06 x10 A E,*° (0
o2

When primary electrons at 2keV < E, < 10keV

Ryg 2o =

enter a secondary electron emitter, the R at 2keV<E

< 10keV can be expressed in terms of p, Z

[19]
A,,E,

’

1.03x10 A E **
pz5/6
When primary electrons at 10keV<E  <100keV

(2)

Ry iore =

enter a secondary electron emitter, the R at 10keV <

E,<100keV can be expressed in terms of p, Z,
o1

ALE,

3.02x10 A E, "
v (3)

1.2 Universal formula for §

Rig_ 100 kew =

The universal formula for § at 0.1keV < E_, <

10keV of NEA semiconductors can be expressed as'? .

E
[1+2r( )" 1K(E,, ,p,Z)BE,,

5 o 10 keV
0.1-10 keV SaR(),l—lO keV
(1 _e*lXR[],]—]Ukr\) (4)

where ¢ is the average energy required to produce
an internal secondary electron in a semiconductor, « is
the absorption coefficient, R, _y v is R at 0. 1 keV<
E,<10keV, the factor K(E,, p, Z) of given NEA
semiconductor and E, is approximately equal to a con-
stant and less than 1, r is the high energy back-scatter-
ing coefficient which is nearly independent of £, and

can be approximately expressed by

r=-0.0254+0.016Z -1.86 x10™*2* +8.3 x10 "2’

(5)
The universal formula for § at 10keV<E <100keV

of NEA semiconductors can be expressed as''? .

(1+2r)K(E,, ,p,Z)BE

gaR ;g0 v

— po - aRj9 - 100 kev
810100 kev = (1-e )

(6)

2 SEE from NEA GaN with E . =
3.0keV

The ratio of R, in the NEA semiconductors to

the corresponding 1/a can be expressed as'"*’

1 R,
1. (7)
« n

where n is « constant for o given NEA semicon-

ductor, Ry, . isRatk

pomax *

Seen from Fig. 1, it is known that the £ . of
NEA GaN with £, =3.0keV is 3. OkeV'"'. Ry .y
calculated with Eq. (2) and parameters of GaN'"?"
(p=6.1g/em’, A, =42, Z =19, E, =3.0keV) is
equal to 1001.972 A. Therefore, from Eq. (7), the
(1/a) of NEA GaN with £ =3.0keV can be ex-
pressed as;

_1001.972

1
(63 n

(8)

—¢— Calculated secondary electron yield of NEA GaN
with Epopax =3.0 keV

¢~ Experimental secondary electron yield of NEA GaN

with Epomay =3.0 kev "

Secondary electron yield

20t4—v 1+
2500 5000 7500 10000 12500 15000 17500 20000 22 500
Incident energy of primary electron/eV

Fig.1 Comparison between experimental § of NEA GaN"’
with E

pomax

The r of GaN calculated with Eq. (5) and Z =19

=3.0keV and corresponding calculated ones

is equal to 0.206. As seen from Fig. 1, it is known
that the £ of NEA GaN with £ =3.0keV is in

pomax pomax
the range of 2keV<E  <5keV. According to char-

pomax

acteristics of SEE, the course of deducing Eq. (10) of
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former studym] and the conclusion that K(E,,, p, Z)
decreases with increasing £,

eV we assumed that K(E,, p, Z) of the NEA

semiconductors with 2keV < E < 5keV decreases

pomax

in the range of E =100

slowly with increasing £, in the range of 0.5 £
EPO< 10 E,,.., and that K(E , p, Z) at0.5 E

<10 E__ of the NEA semiconductors with 2 keV

p(y pomax

pomax =
pomax =
<E,,..<5keV can be approximately looked on as a
constant K(E ., p, Z)¢ s “2) . Thus, from the as-
sumption that K(E ,, p, Z) at 0.5 E  <E <10
E .. of the NEA semiconductors with 2keV<FE <
5keV can be approximately looked on as a constant K
(E,,p, Z)u s we take the K(E, p, Z=19) at
0.5E,,.<E,<10E_ . of the NEA GaN with E
=3.0keV to be a constant K(E,,, p, Z=19) ; and
the ratio of B to & is independent of Em[zzfm‘ There-
fore, from parameters of NEA GaN'"?" (p=6.1g/
em’, A, =42, Z =19,r =0.206, E e =3.0keV),
the assumption that K(E ,, p, Z=19) at 0.5E <
E,<10E,,, of the NEA GaN with £ =3.0keV e-
quals K(E,,, p, Z=19) and Egs. (2), (4) and
(8), the 6 at 2keV<E  <10keV of the NEA GaN
with £

pomax

=3.0keV can be expressed as follows

" 1. 643 385 x 10°
5, oy = [140.412( 2 (e )

10 keV nk %’

BK(E Z=19). L
[ ( pO,P(; )(3](1 _6—6.()85><1() “On(kp,) 5) (9)
Eq. (9), the result that n of Eq. (9) approxi-

mately equals 2.2649 is obtained. Therefore, the
(I/a) of NEA GaN with E  =3.0keV calculated
with Eq. (8) and n =2.2649 is equal to 442.39 A.
Based on the relation between experimental 8, ., of
the NEA GaN with £, =3.0keV equaling 51 31 and
the 8, ¢ .y calculated with Eq. (9), E,, =3.0keV and
n=2.2649 equaling 1. 3024 x 10° [BK(EPO, p, Z=
19)s1/e, [BK(E,, p, Z
3.916 x10°°
tween the experimental &; . of the NEA GaN with
E e = 3. 0keV equaling 4901
lated with Eq. (9), E, =5.0keV and n =2.2649
equaling 1.2 x 10°[ BK(E,,, p, Z=19) /e, [ BK

=19) /& equaling

is obtained ; according to the relation be-

and the 8; 4.y calcu-

is ob-

(E,,p, Z=19)]/& equaling 4. 083 x 1072
tained ; on the basis of the relation between the experi-

mental §, .y of the NEA GaN with £ =3.0keV

pomax
equaling 45" and the calculated 8, o1y calculated
with Eq. (9), E,, =7.0keV and n =2.2649 equa-
ling 1. 097561 x 10° [ BK(E,,, p, Z =19) /e,
[BK(E,,, p, Z=19) /¢ equaling 4.1 x 10 * is
obtained. Thus, the average value of [BK(EPO, p, Z
=19) . /& equaling 4. 033 x 10 * is obtained.

From the assumption that K(E,, p, Z=19) at
0.5E,,..<E, <10 Eponmof NEA GaN equals K(E ,
p, Z=19), parameters'> "' (p =6. 1 g/em’, A,
42, 7=19, 1/a= 442.39 A, r=0.206, K(Epn, 0,
Z=19),(B/e) =4.033 x 107, E e =3.0keV)
and Eqs. (3) and (6), the § at 10keV<FE  <30keV
of NEA GaN with E = 3.0keV can be

pomax

expressed as

1. 66 x 10*
510730 keV =W(l -

po

o ~343084x10 -6k,,5/3 )

(10)

According to the parameters of NEA GaN with

E e =3.0keV'"™ (0 =2.2649, K(E,,, p, Z =
19) 5 (B/g) =4.033x107%) and Eq. (9), the § at
2keV < E,, < 10keV of NEA GaN with E = =

pomax
3.0keV can be expressed as;

1o = [1 40,4125 27

(2. 92;20>: 103)(1 _ LS 33><IO’5EPOI'5) (11)
po

From the assumption that K(E,,, p, Z=19) at

0.5E,,.<E, <I0FE of NEA GaN equals K(E

p, Z=19), parameters'™ "' (p =6. 1 g/em’, A,

42, 72=19, 1/a= 442.39 A, r=0.206, K(EPO, 0,

pomax po ?

Z=19)(B/e) =4.033 x107°, E,. =3.0keV)
and Eqs. (1) and (4), the § at 1. SkeV<E  <2keV
of NEA GaN with FE = 3.0keV can be

pomax

expressed as

015 2kev = [1 +0. 412(10 kOV)LZ] .

( 826.333) (1 -~ *822x10 —5EI,(,4/3)
po

(12)
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3 SEE from
E =2.75keV

pomax
Seen from Fig. 2, it is known that the E of

pOl“aX
NEA diamond with E,,, =2.75keV is 2. 75keV'*.

NEA diamond with

R, ;5 \.y calculated with Eq. (2) and parameters of dia-
mond**" (p =3.52g/em’, A, =12, Z=6, E, =
2.75keV) is equal to 1137.68 A. Therefore, from
Eq. (7), the (1/a) of NEA diamond with E =

pomax

2.75 keV can be expressed as:
_1137.68

1
(0% n

(13)

Secondary electron yield

12 — [~ Experimental secondary electron yield of NEA diamond v
{ |- Caleulated secondary electron yield of NEA diamond with E.
11~ [~ Experimental secondary electron yield of NEA diamond

10 -—
500 1000 1500 2000 2500 3000

Incident energy of primary electron/eV
Fig.2 Comparison between experimental § of NEA
diamond with E =2.75keV and diamond with

pomax

E =1.72keV™ and corresponding calculated ones

pomax
The 2r of diamond calculated with Eq. (5) and Z

=6 is equal to 0. 128. Seen from Fig. 2, it is known

that the E . of NEA diamond with £ = =
2.75keV'* is in the range of 2keV < E e <5 keV.
Thus, from the assumption that K(E,, p, Z) at 0.5
E <E,<10E
2keV<E,,..
as a constant K(E , p, Z)_5, we take the K(E
p,Z=6)at0.5E,  <E <I0OFE

diamond with £

pomax

of the NEA semiconductors with

pomax

<5keV can be approximately looked on

po 2

of the NEA

pomax

=2.75keV to be a constant K
(E,,p, Z=6),5; and the ratio of B to & is inde-

22
! Therefore, from parameters of

o =2.T5keVH 2 (p =3.52¢/
em’, A =12, Z=6, 2r=0.128, E,.=2.75keV),
the assumption that K(E , p, Z=6) at 0.5 E <
E,<10 E of the NEA diamond with E =

pomax pomax

2.75keV equals K(E,, p, Z=6) ;5 and Egs. (2),

pendent of EPU[
NEA diamond with £

pomax

(4) and (13), the § at 2. 0keV<E  <10keV of the
NEA diamond with £

pomax

=2.75keV can be expressed

as follows:

EO
02 10kev = [1 +0. 128(m>1,2]

[ 1.4421 x10°K(E,, ,p,Z =6) CNSB] .
X (Epo)o.sg
(1 = ~6oM3x10-0nky -5 (14)

The 6 at 2. SkeV<E A <10keV of the NEA dia-
mond with £ = 2.75keV reaches §, at K, =
2.75keV. Thus, from Eq. (14), the result that the n
of Eq. (14) approximately equals 2. 004 3 is obtained.
Therefore, the 1/a of NEA diamond with E . =2.75
keV calculated with Eq. (13) and n =2. 0043 is equal
to 567. 62 A. Based on the relation between the exper-
imental 8, ;5. of the NEA diamond with £ =
2.75keV equaling 18.5'*" and the 8, ,5,., calculated
with Eq. (14) ,E,, =2.75keV and n =2.0043 equa-
ling 1. 219357 x 10’ [BK(E,, p, Z=6)4]1/¢,
[BK(E,,, p, Z=6) 5]/ equaling 1. 517 x 10 % is
obtained; on the basis of the relation between the ex-

=2.75

m

perimental 8, .y of the NEA diamond with £
keV equaling 16" and the §,,., calculated with Eq.
(14), E, = 2keV and n = 2.0043 equaling
1. 16588268 x 103[BK(EPU, p, Z2=6)uq]/e, [ BK
(E,., p, Z=6) 45 ]/e equaling 1. 372 x 10 7% is ob-
tained ; according to the relation between the experi-
mental 8, g5y of the NEA diamond with £, =
2.75keV equaling 18.2'*" and the §, 4., calculated
with Eq. (14) ,E,, =2.85keV and n =2.0043 equa-
ling 1. 219 x 10° [BK(E,, p, Z=6)y /e, [BK
(E,, p, Z=6) 5 ]/e equaling 1.493 x 10~ is ob-
tained ; according to the relation between the experi-
mental §,,,.,, of the NEA diamond with E =
2.75keV equaling 17.1'*" and the §,,,., calculated
with Eq. (14) ,E , =2.2keV and n =2. 0043 equaling
1.1926579 x 10’ [BK(E,, p, Z=6)y4]1/e, [BK
(E,, p, Z=6) s ]/& equaling 1.434 x 10 " is ob-
tained. Thus, the average value of [ BK( E,,p, Z=
6) .15 1/& equaling 1. 45 x 10 ~* is obtained.
According to the parameters of NEA diamond with

Ep=2.75keV (n =2.0043, [BK(E,, p, Z =

pomax
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6)q51/e=1.45 x107%) and Eq. (14), the § at
2keV<E A <10keV of NEA diamond with £
2.75keV can be expressed as;:

pomax

B mau =[[1+0.128(1 )]

1. 043 x 10°
( Epoo.s

From the assumption that K(E,, p, Z =6) at
0.5E,,.<E, <I0E,,, of NEA diamond with £,
=2.75keV equals K(E,, p, Z =6) 5, parame-
ters“‘m(p =3.52¢g/em’, A, =12, Z =6, 1/a =
567.62 A, 2r=0.128), [BK(E,,, p, Z=6) /¢
=1.45%x107°, E,,.. =2.75keV and Egs. (1) and
(4), the § at 1.375keV<E  <2keV of NEA dia-
mond with £

pomax

)(1_e—lA3898><10—5E]m|v5) (15)

pomax

=2.75keV can be expressed as:

01 375 -2 kev [1 +0. 128(10 £0V>1.2] *

(317.9 (16)

T)([l‘e )
4 SEE from NEA diamond with E .
:2. 64 keV

Seen from Fig. 3, pomax

NEA diamond with E =2.64keV is 2. 64 keV'*"

pomax

it is known that the E of

R, 1.y calculated with Eq. (2) and parameters of dia-
mond™**" (p=3.52¢/em’, A, =12, Z =6, E, =2.
64keV) is equal to 1070. 1 A. Therefore, from Eq.
(7), the (1/a) of NEA diamond with £ =

2. 64 keV can be expressed as;

1 _1070.1 (17)
o n
Seen from Fig. 3, it is known that the £ of

NEA diamond with £ . =2.64keV is in the range of
2keV<E,,, <5keV. Thus, from the assumption that
K(E,,p, Z) aa0.5E,, <E, <I0E,, of the
NEA semiconductors with 2keV<FE <5keV can be
approximately looked on as a constant K (E,, p,
Z)LZ s, we take the K(E,, p, Z=6) at0.5 E

<10 E,,,, of the NEA diamond with E =

2.64keV to be a constant K(E , p, Z=6) 43 and

the ratio of B to & is independent of Ep0[22724]‘ There-

pomax =

fore, from parameters of NEA diamond with E =

pomax

2.64keV*H M (p=3.52g/em’, A, =12, Z =6, 2r =

0.128, K. =2. 64 keV),
(EPO, p, Z=6) at0.5E
NEA diamond with £

the assumption that K
o SE L, <10 E . of the

pomay =2 64 keV equals K(E, p,
Z=6)c qand Egs. (2), (4) and (17), the §at2.0
keV<FE <10keV of the NEA diamond with E

2.64 keV can be expressed as follows;

pomax

po 1.2 .
8210 kev [1 +0. 128<10k V) ]
[6. 7842 x 10*°K(E,, ,p, Z=6)cz.64B]
nxE “3g

( 1-e —1A474><10’511Ep(,1*5)

(18)

329

30 4

[ R
g8 8 R 2 2
1 1 1 1 1

Secondary electron yield
1

16 o

ectron yield of NEA dias
rimental secondary electron yield of NEA dia

= 5 =
1 1
Fog

T T T T
1000 1500 2000 2500 3000
Incident energy of primary electron/eV

Fig.3 Comparison between experimental § of NEA diamond
with E ... =2.64keV and diamond with E,,,,,, =2.3keV'*
and corresponding calculated ones

The 6 at 2keV <E, <10keV of the NEA dia-
mond with £ =2. 64keV reaches §, at E, =
2.64keV. Thus, from Eq. (18), the result that the n
of Eq. (18) approximately equals 1. 9994 is obtained.
Therefore, the (1/a) of NEA diamond with £ . =
2. 64 keV calculated with Eq. (17) and n =1.9994 is
equal to 535.21 A. Based on the relation between the
experimental 8, 4.y of the NEA diamond with £ =

2.64keV equaling 24.7'*" and the §, , ., calculated
with Eq. (18) ,E,, =2. 64 keV and n =1.9994 equa-
ling 1. 1711 x 103[BK(EP0, p, 2=6)uul/e, [BK
(E,, p, Z=6) e ]/e equaling 2. 109 x 10 >
tained ;on the basis of the relation between the experi-
mental 8, ¢, of the NEA diamond with £ . =
2.64keV equaling 23" and the §, , ., calculated with
Eq. (18) ,E,, =2.9keV and n =1.9994 equaling 1.
166656 x 10° [ BK (E,,, p, Z =6) e /e, [ BK

(E,, p, Z=6)q /e equaling 1.9716 x 10 * is

is ob-
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obtained ; according to the relation between the experi-
mental 8, 5., of the NEA diamond with E
2. 64keV equaling 24'*' and the 8, 5 1.y calculated with
Eq. (18),E, =2.5keV and n =1.9994 equaling
1.1695385 x10° [ BK(E,,, p, Z=6) ¢ /e, [ BK
(E,, p, Z=6)4 1/ equaling 2.052 1 x 10

obtained; according to the relation between the experi-
mental §,,,,, of the NEA diamond with E =
2.64keV equaling 22. 5'*" and the §,,,., calculated
with Eq. (18) ,E , =2.2keV and n =1. 9994 equaling
1.15383 x 10’ [BK(E,, p, Z=6)4,4]/e, [BK
(E,, p, Z=6) ]/ e equaling 1.495 x 10 -
tained ;on the basis of the relation between the experi-
mental &, ., of the NEA diamond with E =
2. 64keV equaling 21. 4" and the 8, ., calculated
with Eq. (18) ,E , =2.1keV and n =1. 9994 equaling
1. 144 x 103[BK(EP0, p, Z=6),al/e, [BK(E,,
Py Z=6)0 e /e equaling 1.87 x 1072
Thus, the average value of [ BK(E,,, p, Z=6) ¢ |/

pomax

is ob-

is obtained.
& equaling 1.991 x 10 7? is obtained.

According to the parameters of NEA diamond with
E e =2.64keV (n=1.9994, [BK(E,, p, Z =
6) e l/e=1.991 x107%) and Eq. (18), the § at
2keV<E <10keV of NEA diamond with £

2. 64 keV can be expressed as:

pomax

:m i =[1+0.128(; )2

(1. 35 x 10°
0.5
E,

From the assumption that K(E,, p, Z=6) at
0.5 Epomdx \EPO <10 Ep()max of NEA diamond with E pomax
=2.64keV equals K(E,, p, Z=6) 4, parame-
ters " (p=3.52g/em’, A, =12, Z =6, 1/a =
535.21 A, 2r=0.128), [BK(E,,,p, Z=6) ]/
=1.991 x1072, E e =2.64keV and Egs. (1) and
(4), the 5 at 1.32keV<E  <2keV of NEA diamond
with E

pomax

)(1 _e—1,474><10’5h‘p0]-5) (19)

=2.64keV can be expressed as:

O3 akey = [1 +0. 128<10 knv)l‘z] .

(421-129) (1 —e 457 34><10‘5E[,“4/3) (20)
po

5 SEE from NEA diamond with E .
=2.3keV

Seen from Fig. 3, pomax

NEA diamond with E =2.3keV is 2. 3keV'*'.

pomax

it is known that the E of

R, ;,.v calculated with Eq. (2) and parameters of dia-
mond™**" (p =3.52¢/em’, A, =12, Z=6, E, =
2.3keV) is equal to 870. 18 A. Therefore, from Eq.
(7), the (1/a) of NEA diamond with £ =2.3

keV can be expressed as;

1 _870.18

a n

(21)

it is known that the E of

pomax

=2.3keV is in the range of

Seen from Fig. 3,
NEA diamond with £

pomax
2keV<E <5keV. Thus, from the assumption that

pomax
K(E,,p, Z) aa0.5E,, <E <I10E_  of the
NEA semiconductors with 2keV<FE <5keV can be

pomax

approximately looked on as a constant K (E,, p,
Z)C2 5, we take the K(E,, p, Z=6) at0.5 E
E, <10 E . of the NEA diamond with £ =

2.3keV to be a constant K(E,, p, Z =6),,; and

(22-24] " There-

pomax =

the ratio of B to ¢ is independent of £

fore, from parameters of NEA diamond with E

pomax

2.3keV*" " (p=3.52g/em’, A, =12, Z =6, 2r =
0.128, E,,,.. =2.3keV), the assumption that K(E ,,
p,Z=6) at0.5E, <E <10E,, of the NEA

diamond with £ . =2.3keV equals K(E,,, p, Z =
6);and Egs. (2), (4) and (21), the § at 2. 0keV
<E, <10keV of the NEA diamond with E

pomax

2.3keV can be expressed as follows ;

82210 kev —[1 +0. 128¢( P" )”] .

10 keV
[1. 10304 x 10° K(Elm,p,Z:6)C2_3B] .
anpﬂ(ng
(1 _e—9.065844><10*6nl~7p01-5) (22)

10keV of the NEA dia-
at k=

the result that the n

The 6 at 2keV < E <
mond with £ = = 2. 3keV reaches §,
2.3keV. Thus, from Eq. (22),
of Eq. (22) approximately equals 1.9849 is obtained.
Therefore, the (1/a) of NEA diamond with E . =
2.3keV calculated with Eq. (21) and n =1.9849 is

equal to 438.4 A. Based on the relation between the
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experimental §, 5.y of the NEA diamond with £ . =
2.3keV equaling 30" and the §, 5., calculated with
Eq. (22),E, =2.3keV and n = 1.9849 equaling
1.02146 x 10° [ BK(E,,, p, Z =6) 51/, [ BK
(E,,p, Z=6)]/e equaling 2.937 x 10 is ob-
tained ; on the basis of relation between the experimen-
tal 8, , .y of the NEA diamond with £ =2.3keV e-
qualing 29. 9"/ and the §,,,., calculated with Eq.
(22) ,E, =2.2keV and n=1.9849 equaling 1.0205
x10°[ BK(E,,, p, Z=6) 31/, [BK(E, , p, Z=
6) s /e equaling 2.93 x 107 is obtained; on the
basis of the relation between the experimental §, | .y of

the NEA diamond with £
29. 8" and the §, , ., calculated with Eq. (22) JE,, =
2. 1keV and n =1.9849 equaling 1.017619 x 10°[ BK

(Epo’ P> Z=6>cz.3]/3a [BK(EPO’ |2 Z=6)cz.31/3

= 2. 3keV equaling

equaling 2. 928 x 10 ? is obtained. Thus, the average
value of [ BK(E,,, p, Z=6),,]/& equaling 2.93 x
10 7* is obtained.

According to the parameters of NEA diamond with
E e =2.3keV (n=1.9849, [ BK(E,, p, Z =
6)ws]/e =2.93 x107%) and Eq. (22), the § at
2keV<E A <10keV of NEA diamond with £ =2.3

keV can be expressed as:

EU
52710kev = [1 +0. 128(m>1z] .

(1. 628 x 10°
EPOO.S

From the assumption that K(Epn , p, Z=6) at
0.5E,,.<E,<I0E,,, of NEA diamond with E
=2.3keV equals K(E,, p, Z=6);, parame-
ters“‘m(p =3.52g/em’, A, =12, Z =6, 1/a =
438.4 A, 2r=0.128), [BK(E,,, p, Z=6)4]/¢
=2.93x1077, E e =2.3keV) and Egs. (1) and
(4), the sat 1.15keV<E  <2keV of NEA diamond
with £

pomax

)(1 _e—147995><10-51€ml.5) (23)

=2.3keV can be expressed as:

5 =[1+0 128 (< )] -
1.15 -2 keV . 10 keV
(496. 14 (24)

= (1 _ e—s. 9()56x1(r5ﬁ:p04/3)
E
po

6 SEE from NEA GaN with F pomax =
1.0keV

Seen from Fig. 4, it is known that the £ . of
NEA GaN with £, =1.0keV is 1.0 keV''"*/.
calculated with Eq. (1) and parameters of GaN''**"
(p=6.1g/cm’, A, =42, Z =19, E,=1.0keV) is
equal to 213.3343 A. Therefore, from Eq. (7), the
(1/a) of NEA GaN with £ =1.0keV can be ex-

pomax
pressed as;

Rl.() keV

1 213.3343

(25)

Secondary electron yield

{1 Calculated secondary electron yield of NEA diamond with £

2.0 {|->¢- Experimental secondary electron yield of NEA diamond w =0.85 kev ¥

O~ Calculated secondary electron yield of NEA GaN with E,,

o =10 keV
[—¥— Experimental secondary electron yield of NEA GaN with E,...=1.0keV )

500 1 0‘00 1 5‘00 2 OIOO 2 5‘00 3 0:)0
Incident energy of primary electron/eV
Fig. 4 Comparison between experimental 6 of NEA diamond

with E .., =0.85keV'*) and GaN with E,,,,,,, =1.0keV''"

pomax
and corresponding calculated ones
Seen from Fig. 4, it is known that the £ of
NEA GaN with £

pomax

= 1. 0keV is in the range of
0.8keV<E,,, <2keV. According to the conclusion
that K(E ,, p, Z)decreases with increasing £, in the
range of £ =100eV, we assumed that K(E , p, Z)
of the NEA semiconductors with 0. 8keV < FE . <
2keV decreases slowly with increasing £, in the range
of 0.8keV<FE <3keV, and that K(E,, p, Z) at
0.8keV<E  <3keV of the NEA semiconductors with
0.8keV<E,,, <2keV can be approximately looked
on as a constant K(E,, p, Z) g ,. Thus, from the
assumption that K(E,, p, Z) at 0. 8keV<E <

3keV of the NEA semiconductors with 0. 8 keV<FE

pomax
<2keV can be approximately looked on as a constant
K(E,,p, Z)cs o, we take the K(E,, p, Z=19)
at 0.8keV<E  <3keV of the NEA GaN with £ . =

1.0keV to be a constant K(E,, p, Z=19),; and the

ratio of B to & is independent of EPO[ZZ_M: . Therefore ,
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from parameters of NEA GaN''+ 2! (p=6.1g/cm’, A,
=42, 7 =19, r=0.2006, E,,, =1.0keV),
sumption that K(E,, p, Z=19) at 0.8keV<E <3
keV of the NEA GaN with £ . =1.0keV equals K
(E,,p, Z=19) and Egs. (1), (4) and (25), the
6 at 0.8keV<E  <2keV of the NEA GaN with £

=1.0keV can be expressed as follows

the as-

pomax

1.0 x10*
— po 1.2 P e
50.8721@\'—[1"'0 412(101{ V) ]( nEp0|/3 )

BK(E, .p,Z=19) ~1.0x10 ~4nF, 23
po 1- .0x nkp, 26
[ : |11 -e ) (26)

The 6 at 0. 8keV<E  <2keV of the NEA GaN
w =1.0keV. Thus, from Eq. (26),
the result that n of Eq. (26) approximately equals
2.4766 is obtained. Therefore, the (1/a) of NEA
GaN with £, =1.0keV calculated with Eq. (25)
and n =2.4766 is equal to 86. 14 A. Based on the re-
lation between experimental &, ;,., of the NEA GaN
with £ =1.0keV equaling 6. 1" and the 8, ;v

E, =1.0keV and n =

reaches its §, at £

calculated with Eq. (26),
2.4766 equaling 3. 7946 x 10° [BK(E,, p, Z =
19), /e, [ BK(E,, p, Z
1.6076 x 10 * is obtained;
between the experimental §, ¢ ,.y of the NEA GaN with
E e =1.0keV equaling 6. 0
lated with Eq. (26), E,, =0.8keV and n =2.4766
equaling 3. 731 x 10° [BK(E,, p, Z=19) ]/¢,
[BK(E,,, p, Z=19) /& equaling 1.6082 x 10 *
is obtained ; on the basis of the relation between the ex-

perimental §, 5,y of the NEA GaN with E = =
1.0keV equaling 5. 95" and the calculated 8, 5.,
calculated with Eq. (26), E, =1.5keV and n =
2.4766 equaling 3. 6242 x 10’ [BK(E,, p, Z =
19). /e, [BK(E,, p, Z
1.6417 x10~
tween the experimental &, ;5,.y of the NEA GaN with
E, e =1.0keV equaling 5. 69" and the §, ;5 ,., calcu-
lated with Eq. (26), £, =1.75keV and n =2.476 6 e-
qualing 3.502 56 x]OZ[BK(EPO, p, Z=19), /e, [BK
(E,, p, Z=19) /e equaling 1.6245 x 10~
tained. Thus, the average value of [BK(EPO, p, Z =

19), 1/& equaling 1.62 x 10~

=19) /& equaling

according to the relation

and the §; 4.y calcu-

=19) ]/& equaling

? is obtained ; according to the relation be-

is ob-

? is obtained.

According to the parameters of NEA GaN with

E e =1.0keV (n=2.4766, K(EPO, p, Z=19)
(B/e) =1.62 x107%) and Eq. (26), the § at
0.8keV < E, < < 2keV of NEA GaN with E

pomax

1. 0keV can be expressed as:

80.8 -2 kev [1+0 412 (—"=— )1‘2] .

10 k Vv
(615;- %}32) B e—2.4766><10‘4Elm4/3) (27)
po
From the assumption that K(E ,, p, Z=19) at

0.8keV<E <3keV of NEA GaN equals K(E,, p,
Z=19),, parameters >/ (p =6.1g/cm’, A, =42,
Z=19, l/a=86.14 A, r=0.206, K(E,,, p, Z =
19) (B/g) =1.62x107, E_ . =1.0keV) and
Egs. (2) and (4), the § at 2keV <FE_, <3keV of
NEA GaN with £ =1.0keV can be expressed as:

pomax

00,8 -2 kev [1 +0. 412( P" )Lz] .

10 keV
228. 868 i <10 -5E 1.5
( s )(l—e 7.078 310 -3y, (28)
po
7 SEE from NEA GaN with E . =
1.25 keV
Seen from Fig. 5, it is known that the E . of

= 1. 25keV is 1. 25keV'"™.
R, 351,y calculated with Eq. (1) and parameters of
GaN'"?(p =6.1g/em’, A, =42, Z=19, E,, =
1.25keV) is equal to 287.2614 A. Therefore, from

NEA GaN with £

pomax

Eq. (7), the (1/a) of NEA GaN with £ . =
1.25keV can be expressed as;
1 287.2614 (29)
a n
Seen from Fig. 5, it is known that the £ . of

NEA GaN with £ . =1.25keV is in the range of 0. 8
keV<FE . <2keV. Thus, from the assumption that K
(E,,p, Z) at 0. 8keV < E_ <3keV of the NEA
<2keV can be
approximately looked on as a constant K (E,, p,
Z) o2, we take the K(E,,, p, Z=19) at 0.8keV
<E,<3keV of the NEA GaN with £ =1.25keV

pomax
Z =19) ¢1.»5; and the ratio

semiconductors with 0. 8 keV < E

pomax

to be a constant K(E,, p,

of B to ¢ is independent of EPO:ZLM

parameters of NEA GaN'- 2! (p

. Therefore, from

=6.1g/cm’, A, =

a
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42, 72=19, r=0.206, E . =1.25keV), the as- 1.4294 x 10 7? is obtained; on the basis of the relation
sumption that K(E ,, p, Z=19) at 0.8keV<E <3 between the experimental §, ., of the NEA GaN with
keV of the NEA GaN with £, =1.25keV equals K g =1.25keV equaling 6.9 and the calculated

(E,,p, Z=19) 5 and Egs. (1), (4) and (29),
the § at 0. 8keV<E  <2keV of the NEA GaN with
E ...=1.25keV can be expressed as follows:

pomax
) _2][1. 3465 X104] .

1/3
nk o

Sus 2w = [ 140.412(35 1y ﬁov

[BK(EW p.7 =

19) ¢1.05 ] (1-e ~7.426 54 x 10 7511.@])04/3)
&

(30)

5 o [~} Calculated secondary electron yield of NEA diamond with E

Secondary electron yield

=1.1keV
L1keV ™
eV

1.25 keV

J [->%= Experimental secondary electron yield of NEA diamond with
—/\— Calculated secondary electron yield of NEA GaN with £
|—+— Experimental secondary electron yield of NEA GaN with £

500 ' 1 (;00 ' 1 ;00 ' 2 E)OO ' 2 I500 ' 3 (I)OO

Incident energy of primary electron/eV
Fig. 5 Comparison between experimental 6 of NEA diamond
with .. =1.1keV* and GaN with E .. =1.25keV!""]

pomax =1+ pomax
and corresponding calculated ones

The 6 at 0. 8keV<E  <2keV of the NEA GaN
at £, =1.25keV. Thus,
the result that n of Eq. (30) approximately e-

the (1/a) of
NEA GaN with E . =1.25keV calculated with Eq.
(29) and n =2.5205 is equal to 113.97 A. Based on
the relation between experimental §, ,5,., of the NEA
GaN with £ =1.25keV equaling 7. 0" and the
8 25 ey calculated with Eq. (30), E, =1.25keV and
n=2.5205 equaling 4.7154 x 10°[ BK(E,,, p, Z =
19)¢1251/e, [BK(E,,, p, Z
1.4845 x 107
between the experimental §; 4., of the NEA GaN with
E . =1.25keV equaling 6. 3" and the 8o 5 1oy cal-
culated with Eq. (30), E, =0.8keV and n =
2.5205 equaling 4. 40734 x 10°[ BK(E,,, p, Z =

]9)(11.25]/89 I:BK(Epn9 P’ Z

reaches its &,
(30),
quals 2. 5205 is obtained. Therefore,

from Eq.

=19), 25 ]/ & equaling

is obtained; according to the relation

=19) (125 ]/ & equaling

8 v calculated with Eq. (30), E, =1keV and n =
2.5205 equaling 4. 637765 x 10 [BK(E,, p, Z =
19) 051/, [BK(E,,, p, Z
1.487 8 x10~°
between the experimental 8, ;5,.y of the NEA GaN with
E e = 1. 25keV equaling 6. 65" and the 8, 45,y
calculated with Eq. (30), E,, =1.75keV and n =
2.5205 equaling 4. 5692 x 10° [BK(EPO, p, Z =
19) 51/, [BK(E,,, p, Z
1. 4554 x10°?
of [BK(E, . p.
10 ~? is obtained.
According to the parameters of NEA GaN with
E e = 1. 25keV (n =2.5205, K(E,, p, Z =
19) .5 (B/g) =1.4643 x107%) and Eq. (30),
6 at0.8keV<E <2keV of NEA GaN with £

1.25keV can be expressed as;

=19) (1,5 1/& equaling

is obtained; according to the relation

=19) ¢ »5 ]/ equaling
is obtained. Thus,
Z =19) ¢ ,5 ]/ equalingl. 4643 x

the average value

pomax

po 1.2 .
Bosrion =1 40,4120 )]
78.2258 - 1045 4/3
( T (LT ey (3

po

From the assumption that K( E,,p, Z=19) at
0.8keV<E <3keV of NEA GaN equals K(E,,, p,

Z=19) », parameters'**"' (p =6. 1g/em’, A, =
42,7=19, 1/a= 113.97 A, r=0.206, K(E,, p,
Z=19)s (B/g) =1.4643 x 107°, E, . =
1.25keV) and Eqs. (2) and (4),

the § at 2keV <
E,,<3keV of NEA GaN with £ =1.25keV can be
expressed as

pomax

8 i = [1+0.412( 510 k°V)”] :

)(1 B —5.35><10‘5EW1-5)

(273 701 (32)

EOS

8 SEE from NEA diamond with E£

pomax
=0. 85 keV

Seen from Fig. 4,
NEA diamond with £

pomax

it is known that the E of

pomax

=0.85keV is 0. 85keV'*.

R, ¢s 1.y calculated with Eq. (1) and parameters of dia-
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mond™**" (p =3.52¢/em’, A, =12, Z=6, E, =
0.85keV) is equal to 208. 4663 A. Therefore, from
Eq. (7), the (1/a) of NEA diamond with E

0. 85keV can be expressed as;

1 _208.4663 (33)

o n

pomax

it is known that the £ of
NEA diamond with £ .. =0.85keV is in the range of
0.8keV<E,,, <2keV. Thus,

that K(E,,, p, Z) at 0. 8keV < E , <3keV of the

NEA semiconductors with 0. 8 keV<FE <2keV can

Seen from Fig. 4,

from the assumption

pomax =
be approximately looked on as a constant K(E,, p,
Z) 525, we take the K(E, , p, Z=6) at 0.8keV
<FE, <3keV of the NEA diamond with £ =
0.85keV to be a constant K(E,, p, Z=6) ;3 and
the ratio of B to ¢ is independent of Ep0[22—24]. There-
fore, from parameters of NEA diamond ' *+ " (p =
3.52g/em*, A, =12, Z =6, r=0.064, E, . =
0.85keV), the assumption that K(E,, p, Z=6) at
0.8keV<E <3keV of the NEA diamond with E
=0.85keV equals K(E,, p, Z=6) and Egs.
(1), (4) and (33), the § at 0. 8keV<E  <2keV
of the NEA diamond with £ =0.85keV can be ex-
pressed as follows

),2](8.05178“03

1/3
nk o

00.8-2 kev —[1 +0. 128(10 liOV

(B 0.2 = O] (| -vommsn )
e

(34)

The 6 at 0. 8keV <E  <2keV of the NEA dia-
mond reaches its §, at £, =0.85keV. Thus, from
Eq. (34), the result that n of Eq. (34) approximately
equals 2. 3719 is obtained. Therefore, the (1/a) of
NEA diamond with E . =0.85keV calculated with
Eq. (33) and n =2.3719 is equal to 87.89 A. Based
on the relation between experimental &, g,y of the
NEA diamond with E = 0. 85keV equaling 4.

pomax

667" and the 8, y; .y calculated with Eq. (34) , E,, =
0.85keV and n =2.3719 equaling 3. 27081 x 10°[ BK
(E,,p, Z=6)qss]/e, [BK(E,, p, Z2=6)]/
£ equaling 1. 42686 x 10 ~°

is obtained; according to

the relation between the experimental &, 4,., of the
NEA diamond with E,,,,, =0.85keV equaling 4. 05"
and the §, ¢,y calculated with Eq. (34), E =
1.8keV and n =2.3719 equaling 2. 831786 4 x 10°
[BK(E,, p, Z=6)¢ /s, [BK(E,, p, Z =
6) 55 /€ equaling 1.43 x 1077

basis of the relation between the experimental §, ., of

the NEA diamond with E = 0. 85keV equaling

pomax

is obtained; on the

4.6 and the calculated §,,,, calculated with Eq.
(34), E, = 1keV and n = 2. 3719 equaling
3.2421825 % 102[BK(EPO, p, Z2=60)y4 /e, [BK
(E,, p, Z=6)ss /e equaling 1. 4188 x 1072 is
obtained ; according to the relation between the experi-
mental §, 5,y of the NEA diamond with E =
0.85keV equaling 4. 35'*" and the §, 5., calculated
with Eq. (34), £, =1.5keV and n =2.3719 equa-
ling 2. 9853632 x 102[BK(EPO, p, Z=6)gl/e,
[BK(E,,, p, Z=6)cs /e equaling 1. 457 x 10~
is obtained. Thus, the average value of [ BK( E,,p,
Z=6) g /€ equalingl. 43 x10 7 is obtained.
According to the parameters of NEA diamond with
E s =0.85keV (n=2.3719, K(E,,, p, Z=6) s
(B/g) =1. 43 x107*) and Eq. (34), the § at
0.8keV<E, <2keV of NEA diamond with £ . =

0. 85keV can be expressed as;

0.8 -2 kev —[1 +0. 128<10 kov)llz] *

(48ES?/§5)(1 B 72.946><10‘4EI,”4/3)

From the assumption that K(E,, p, Z=6) at 0.8
keV<E, A <3keV of NEA diamond equals K(E,,, p, Z
=6) 55, parameters > (p =3.52g/cm’ , A, =12, Z
=6, 1/a = 87.89 A, r=0. 064, K(E,,, p, Z =
6) o5 (B/e) =1.43x107°, E . =0.85keV) and
Eqgs. (2) and (4), the § at 2keV<E  <3keV of NEA
diamond with £

pomax

(35)

=0.85keV can be expressed as;

033 kev —[1 +0. 128(10 lzov)]'z] :

(159. 312

E °s )(1 —6_8'9761X|0’5k‘p01.5) (36)
po
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9 SEE from NEA diamond with E
=1.1keV

Seen from Fig. 5, it is known that the E_ of

NEA diamond with E =1.1keV is 1. 1keV'"

pomax
R, keV calculated with Eq. (1) and parameters of dia-
mond™* " (p =3.52¢/em’, A, =12, Z=6, E, =

1. 1keV) is equal to 293. 9866 A. Therefore, from

Eq. (7), the (1/a) of NEA diamond with £ . =
1. 1 keV can be expressed as:
1 _293.9866 (37)
o n
Seen from Fig. 5, it is known that the £ of

NEA diamond with £ .
0.8keV<E,,, <2keV. Thus,
that K(E,,, p, Z) at 0. 8keV <E  <3keV of the

NEA semiconductors with 0. 8 keV<FE <2keV can

=1.1keV is in the range of

from the assumption

pomax

be approximately looked on as a constant K(E, p,
Z)cog-2, we take the K(E, , p, Z=6) at 0.8keV<
E,,<3keV of the NEA diamond with £ =1.1keV

pomax
to be a constant K(E,,, p, Z=6), ,; and the ratio of

[22-24]

po
parameters of NEA diamond"*"*" (p=3.52g/cm’, A
=12,72=6,r=0.064, E_ .. =1 1keV),
sumption that K(E,,, p, Z=6) at 0. 8keV<E <3
keV of the NEA diamond with £ . =1.1keV equals
K(E,,p, Z=6)¢, and Egs. (1), (4) and (37),
the § at 0. 8keV < E  <2keV of the NEA diamond
with E

pomax

B to & is independent of E . Therefore, from

a

the as-

=1.1keV can be expressed as follows:

NE ( 1. 135508 ><104) )

00.8 -2 kev —[1 +0. 128 ("~ po nE V3
po

10 keV

[BK(Epo aP(;Z =6)(11,|](1 _e—8.8066><10’5nl‘3p04/3)

(38)
The 6 at 0. 8keV <E  <2keV of the NEA dia-
=1.1keV. Thus, from Eq.
(38), the result that n of Eq. (38) approximately e-
quals 2. 3849 is obtained. Therefore, the (1/a) of
NEA diamond with £ . = 1. 1keV calculated with
Eq. (37) and n =2.3849 is equal to 123. 27 A.
Based onthe relation between experimental §, | .y of the
NEA diamond with E =1.1keV equaling 10"* and

pomax
the §, | .y calculated with Eq. (38), E, =1. 1 keV

mond reaches its §,, at £,

and n =2. 3849 equaling 4. 225143 x 10° [ BK( E,,
p, Z=6).,1/e, [BK(E,,, p, Z=6),]/¢c equa-
ling 2.36678 x 10
tion between the experimental §, 4,y of the NEA dia-

pomax = 1. 1keV equaling 9'* and the
8, 9oy calculated with Eq. (38), £, =1.9keV and n
=2.3849 equaling 3. 8833 x 10°[BK(E,,, p, Z =
6)u,1/e, [BK(E,, p, Z
2.314 x 10 * is obtained;
between the experimental §, g,y of the NEA diamond
with £ =1.1 keV equaling 9. 8! and the 8, 4,y
calculated with Eq. (38), E, =0.8keV and n =
2.3849 equaling 4. 07572 x 10 [BK(E,, p, Z =
6)ny1/e, [BK(E,, p, Z
2.404 x10*
tween the experimental §, 5,y of the NEA diamond
with £ =1.1keV equaling 9. 8" and the 8, 5.
calculated with Eq. (38), E, =1.5keV and n =
2.3849 equaling 4. 0994766 x 102[BK(Epo ,p, 2=
6)01 /e, [BK(E,, p, Z
2.39 x 10 * is obtained. Thus,
[BK(E,,, p, Z=6),]/¢ equaling 2.3687 x 10 *

is obtained.

is obtained ; according to the rela-

mond with E

=6)¢., ]/ equaling

on the basis of the relation

=6)¢., ) /e equaling

is obtained ; according to the relation be-

=6)¢, ]/ equaling

the average value of

According to the parameters of NEA diamond with
E e =1.1keV (n=2.3849, K(E,,, p, Z=6),
(B/g) =2.3687 x107%) and Eq. (38), the § at
0.8keV<E, <2keV of NEA diamond with £

1. 1 keV can be expressed as:

pomax

ooz = [140.128(, 5 0) 7] -

(112.7795 (39)

Epnl/3

From the assumption that K(E, p, Z =6) at
0.8keV<E  <3keV of NEA diamond equals K(E
p, Z=6) ,, parameters > (p =3.52¢/cm’ | A,
2,76, /a=123.27 &, r=0. 064, K(Epo, 0,

)( 1 - e-z. 1 x10’4l~1p04/3)

po

Z=6)Cl_,(B/g) =2.3687 x107%, E,,.. =1.1keV)
and Egs. (2) and (4), the § at 2keV<E <3 keV of
NEA  diamond with K . = 1. l1keV can be

expressed as

8 i =140 128( 510 k"V>”] -
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(370.124 (40)

26,399 75 x 10 ~5E, 15
G )(1_6 ) )
pn

10 SEE from NEA diamond with

E,..=1.72keV
Seen from Fig. 2, it is known that the E  of
NEA diamond with E . =1.72keV is 1.72 keV'*.

R, 15 \.y calculated with Eq. (1) and parameters of dia-
mond™**" (p =3.52¢/em’, A, =12, Z=6, E, =
1.72keV) is equal to 533. 548 A. Therefore, from

Eq. (7), the (1/a) of NEA diamond with £ =
1. 72 keV can be expressed as;
1 _533.548 (41)
a n
Seen from Fig. 2, it is known that the E . of

NEA diamond with £ ..
of 0.8keV<E <

that K(E,,, p, Z) at 0. 8keV<E  <3keV of the
NEA semiconductors with 0. 8keV<E _ <2keV can

pomax

=1.72keV is in the e range
2keV. Thus, from the assumption

be approximately looked on as a constant K(E,,, p,
Z) -2, we take the K(E, , p, Z=6) at 0.8keV<
E <3 keV of the NEA diamond with £ =1.72keV

po pomax
to be a constant K(E,,, p, Z=6), 5,5 and the ratio

of B to & is independent of E[)U(22—241. Therefore , from
parameters of NEA diamond"*"*" (p=3.52g/cm’, A
=12, Z=6, r=0.064, E =1.72keV), the as-

pomax
sumption that K(E,,, p, Z=6) at 0.8keV<E <3
keV of the NEA diamond with F =1.72keV e-

pomax
quals K(E,,, p, Z=6) 5, and Egs. (1), (4) and

(41), the 6 at 0.8keV<E <2keV of the NEA dia-
mond with £ =1.72keV can be expressed as fol-
lows

Busaun = [ 140, 128( Ly ] [FO0BLXC)
.

( BK( Epo ’P;Z =6) 72) (1-e 4,852 46 10‘5uEp‘,4/3)

(42)

The 6 at 0. 8keV<E  <2keV of the NEA dia-
mond reaches its §, at £, =1.72keV. Thus, from
Eq. (42), the result that n of Eq. (42) approximately
equals 2.4195 is obtained. Therefore, the (1/a) of

NEA diamond with £ =1.72keV calculated with

pomax

Eq. (41) and n =2. 4195 is equal to 220. 52 A.
Based onthe relation between experimental &, ., of
the NEA diamond with £ = 1. 72keV equaling
20" and the §, 5, .y calculated with Eq. (42), E, =
1.72keV and n =2.4195 equaling 6. 57654 x 10°[ BK
(E,,p, Z=6)c /e, [BK(E,,p, Z=6) 1]/
& equaling 3. 04 x 10 % is obtained; according to the
relation between the experimental 8, 4.y of the NEA
diamond with £ . =1.72keV equaling 19. 9" and
the 8, ¢,y calculated with Eq. (42), E, =1.9keV
and n =2. 4195 equaling 6. 555147 x 10° [ BK( E,,
p, Z=6)yn,]/e, [BK(EPO, p, Z=6)unl/c e
qualing 3.036 x 10 * is obtained; on the basis of the
relation between the experimental §; 4,y of the NEA
diamond with Epomax =1.72keV equaling 16" and the
80.9 kev calculated with Eq. (42) , £, =0.9keV and n
=2.4195 equaling 5. 68106 x 102[BK(EPO, p, Z =
6)c /e, [ BK( E.,p, Z=6)un 1/& equaling
2.816 x10~*
tween the experimental §, 5,y of the NEA diamond
with £ =1.72keV equaling 18. 1" and the 81 3 tev
calculated with Eq. (42), E, =1.3keV and n =
2.4195 equaling 6. 3985 x 10° [BK(E,, p, Z =
6)anl/e, [BK(E,, p, Z =6) 5, ]/e equaling
2.829 x 10 * is obtained. Thus,
[BK(E,,, p, Z=6).7]/¢e equaling 2.93 x 107 is

obtained.

is obtained ; according to the relation be-

the average value of

According to the parameters of NEA diamond with
E e =1.72keV (n=2.4195, K(E,, p, Z=6) 1

pomax

(B/g) =2.93 x107*) and Eq. (42), the § at 0.
8keV<E <2keV of NEA diamond with £ =1.72
keV can be expressed as:
po 1.2 .
ooz = [140.128( )"
(229-126) (1-e -1 I74><10’4Ep04/3) (43)

po

From the assumption that K(E , p, Z =6) at
0.8keV<E  <3keV of NEA diamond equals K(E ,,
p, Z=6)¢ 4, parameters " *" (p =3.52g/cm’, A
=12, Z=6, 1/a= 220.52 A, r=0. 064, K(E
P, Z =6)un (B/e) =2.93 x 1072,

a

po ?

E =

pomax
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1.72keV) and Egs. (2) and (4), the § at 2keV <
E ,<3keV of NEA diamond with E . =1.72keV
can be expressed as:
E
— _ po L2
8 v =[1+0.128( 522 "]

(819. 024

=03 )(1 _673.5774x10-551,(,1-5) (44)
po

11 Formula for B
The & at 10keV of NEA semiconductors can be

expressed as!'?! .

R
dE

Oy =~ 51 + 2r)J' dpxcimdx (45)
& ) dx

where x is the distance from the position to the
surface of semiconductor, and E  is primary energy at
a given x.

Based on Eq. (3), the average energy loss of pri-
mary electron per unit path length dE_ /dx at 10keV

can be expressed as:

dE 8/9
o 0. 6p_Z3 _ (46)

dw 3.02x10 A E ™
For NEA semiconductors with 0.8 keV<E <2

keV, the R at 10keV is much larger than the maximum
escape depth of secondary electrons T, and T is ap-

»! For example, from Sec-

proximately equal to 5/
tion. 8, it is known that 1/a of NEA diamond with
E,...=0.85keV equals 87.89 A, and that T of NEA
diamond with £, =0.85keV is 439.45 A. The R at

p()max
10 keV in NEA diamond with E =0. 85 keV calcu-

pomax
lated with Eq. (3) and parameters of diamond*" (p=
3.52g/em’, A, =12, Z =6, E, =10keV) is equal
t0 9718.79 A. Thus, most of primary energy is dissi-
pated outside T', and the primary energy changes little
inside 7. Then, from Eq. (46), the dE /dx at
10keV inside T of NEA semiconductors with 0. 8 keV
<E,,..<2keV can be approximately written as:

dE, _ 0. 6p2""°

dv — 3.02x107"AE, 7

The R at 10keV is much larger than 5/« of NEA

semiconductors with 0. 8keV<E  <2keV, the in-

(47)

ternal secondary electrons excited outside 5/« can not

be emitted into vacuum'>’. Thus, the definite integral
[0, R] of Eq. (45) can be replaced with [0, 5/¢]
when primary electron at 10keV enter NEA semicon-
ductors with 0. 8keV<E  <2keV. So § at 10keV
of NEA semiconductors with 0. 8keV<F <2keV

can be obtained by combining Eqs. (45) and (47) .

5

s _BU +2r)} 0. 6p2"°
ke & 13.02x107°4,E >

. 0.6BpZ* (1 +2r)
3.02 x 107ad ¢E, "

. 0.6BpZ* (1 +2r)
3.02 x 107ad ¢E, "

Based on the fact that the R at 10keV is much
larger than corresponding 1/« and Eqgs. (3) and (6),
the § at 10 keV of NEA semiconductors with 0. 8 keV <

E  ..<2keV can be approximately written as:

pomax

e dx

(1 -e™)

(48)

_ (1 +2r)K(E,, =10 keV,p,Z)BE

610 keV T

po

eaR

_ K(E,, =10keV,p,Z)BpZ" (1 +2r)
- 3.02 x 107 A E,

From Sections 2 - 10, [BK(E,,, p, Z) ]/¢ at
0.5E,. <K, <10E

pomax

(49)

pomax Of NEA  semiconductors
with 2keV<E <5keV and that at 0.8keV<E <
3 keV of NEA semiconductors with 0. 8 keV<FE

keV can be expressed as follows:

<5

pomax

K(E, .p,Z))B
i . = CNr:A<Epnmax 9p9Z> (50)

From Sections 2 — 10, Cy,, (E Z) of a
given NEA semiconductor with 0. 8keV < FE

pomax ? p ’

<
pomax

5keV is a constant.
According to the assumption that K(E , p, Z) at
0.5E,,.<E,<10E

pomax

with 2keV < E

pomax

somax Of the NEA semiconductors
< 5keV can be approximately
looked on as a constant K(E,,, p, Z) 5, it can be
concluded that that K(E,, p, Z)of the NEA semicon-
ductors decreases extremely slowly with increasing £,
in the range of 2keV<E  <20keV. According to the
fact that Eq. (48) equals Eq. (49), it is known that

the [BK(E,,, p, Z)]/e at E,, =10keV of NEA sem-
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iconductors with 0. 8keV<E <2keV equals 0.6.

Thus, from assumption that K(E,,, p, Z) at 0.8keV
<FE <3keV of NEA semiconductors with 0. 8 keV <

po

E .. <2 keV approximately equals constant and con-
clusion that K(E , p, Z)at 2keV<E A <20keV de-

creases extremely slowly with increasing £, it can be

po

concluded that the [ BK(E ,, p, Z) ]/& at 0.8 keV <
E,<3keV of NEA semiconductors with 0. 8keV <
E < 2keV approximately equal 0. 6. Therefore,

pomax

from Eq. (50) and the conclusion that the [ BK(E ,,
p,Z)]/eat0.5E,  <E <I0E of the NEA

semiconductors with 2keV<FE  <5keV also equals

pomax

0.6"*, [BK(E,, p, Z)]/e at0.5E,, <E, <10

pomax — ~po

E ... of NEA semiconductors with 2keV < E

SkeV and that at 0. 8keV<E  <3keV of NEA semi-
conductors with 0. 8keV < E

pomax

<
pomax

< 5keV can be ex-

pomax

pressed as follows

Elx+E, + 30(1%)“]

E = 2
4 N0.2
X+30(E>

g

In

2 Lo
x+E, + 30(E—g)02

| (52)
Eg

where E, and y are the width of forbidden band
and the efficient electron affinity, respectively. The y
of NEA semiconductors can considered as 0, and the ¢
of NEA diamond calculated with y = 0, E, =
5.47 eV and Eq. (52) is shown in Table. 1, the &
of NEA GaN calculated with y =0, £, =3.2 eV and
Eq. (52) is also shown in Table. 1.

The formula for § of NEA semiconductors which is
used by some authors to analyze B of NEA semiconduc-

tors is written as -2 .

BE

8= —2(1-e") (53)
B =1.6667¢Cy\p\ (E psps Z) (51) saR
Where & can be expressed as' ™' ;
Tab.1 Parameters of NEA diamond and GaN with 0.8keV<E  <5keV
Cxpr (B py 2)/107° Calculated (1/a)/A _
NEA semiconductors/keV Caleutated ((;btain:d from Galeulated (Obtaine(d fror)n Expijlr:e?rl
e/eV 5, [
Sections 2 - 10) Sections 2 - 10)
NEA diamond with £ .. =0.85 11.386 1.43 0.2714 87.89 4.667
NEA diamond with £, =1.1 11.386 2.368 7 0.449 5 123.27 10
NEA diamond with £ =1.72 11.386 2.93 0.556 220.52 20
NEA diamond with E - =2.3 11.386 2.93 0.556 438.4 30
NEA diamond with £, =2.64 11.386 1.991 0.377 8 535.21 24.7
NEA diamond with £, =2.75 11.386 1.45 0.275 567.62 18.5
NEA GaN with £, =1 8.061 1.62 0.217 65 86.14 6.1
NEA GaN with £, =1.25 8.061 1.464 3 0. 1967 113.97 7.0
NEA GaN with £ =3 8.061 4.033 0.5415 442.39 51

pomax

12 Results and discussion

The & of NEA GaN and three diamond with 2 keV
<E ... <5keV calculated with corresponding £, and
Egs. (10), (11), (12), (15), (16), (19), (20),
(23) and (24) are shown in Figs. 1-3 "/ Seen from
Figs. 1 and 3 "™ it is known that the calculated &
of NEA GaN with £ . =3.0keV and diamond with
E . =2. 3keV agree very well with corresponding ex-

(4

perimental ones '***' Seen from Figs. 2 and 3'*' | as

a whole, it is known that the calculated § of NEA dia-
=2.75keV and diamond with E

pomax

mond with E

pomax
= 2. 64 keV agree with corresponding experimental
ones' "’

calculated § of NEA diamond with £

pomax
and diamond with £

pomax

. But there are some differences between some
=2.75keV
=2.64keV and corresponding
experimental ones. We assume that four factors may
lead to this result. First, primary electron impingement

modified the surface termination and thus altered the &
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during the course of measuring §. The larger primary

current was used during the measurement of the § of

NEA diamond with £ =2.75keV and diamond with
=2.64keV"

l’)Ode

. Second, there are larger experi-
mental errors in the experimental § of NEA diamond
with E . = 2. 75keV and diamond with E =
2. 64 keV. Third, from the course of deducing Egs.
(15), (26), (19), (20), (23) and (24), it is
known that the larger experimental errors in the £ and
8 of the NEA diamond which are used to calculate [ BK
(E,,p, Z=23).]/e can lead to some difference be-
tween real § and calculated ones. Fourth, there is an
approximation that K(E , p, Z=23) at0.5 E
E,<10E,,, of NEA diamond with 2keV<E <
SkeV =K(E,, p, Z
deducing the Egs. (15), (26), (19), (20), (23)
and (24). Thus, it can be concluded that Eqs. (10) ,
(11) and (12) can be used to calculate the § at
1.5keV<E, <30keV of NEA GaN with £ . =
3.0keV, and that (15), (16), (19), (20), (23)
and (24) can be approximately used to calculate the §
at0.5 F
mond. Therefore, the method of deducing the formulas
fordat 0.5 F <F <I10F of NEA semicon-

pomax po pomax

ductors with 2keV < FE < 5keV, which has been

pomax =

=23),_s made in the course of

o <3keV of corresponding NEA dia-

pomax \

pomax

proved to be correct in our former study' ', has been
further proved to be correct.

There is only one assumption that K(E,, p, Z)
at0.5E . .<E <I0E . of the NEA semiconduc-
tors with 2keV < E <5keV =K(E,, p, Z)x_s
made in the course of deducing Eqs. (10), (11),
(12), (15), (16), (19), (20), (23) and (24).

So the assumption that K(E,, p, Z) at 0.5 E

pomax

pomax =

<10 E__ of the NEA semiconductors with 2 keV <

po pomax

<5keV =K(E,, p, Z)_s, which has been

pOde =
proved to be correct in our former study' ', has been
further proved to be correct.

The 6 at 0. 8keV<FE  <3keV of two NEA GaN
and three NEA diamond with 0. 8 keV<F <2keV

pomax
calculated with corresponding E , and Egs. (27),
(28), (31), (32), (35), (36), (39), (40),
(43) and (44) are shown in Figs. 2, 4 and sl

Seen from Figs. 2, 4 and 51414 " as a whole, it is
known that the calculated § of the two NEA GaN and
three NEA diamond with 0. 8keV < FE <2keV a-

pomax
gree well with corresponding experimental ones'* '/
But there are some differences between the experimen-
tal § at 2. 45keV<FE  <2.9keV of the NEA diamond
with £, =1.72keV'"
ones. According to the shape of § and the fact that ex-
perimental § of the NEA diamond with £ =

1. 72 keV reaches §,, at 1.72keV, the § at 2. 45keV <
E,<29 keV of the NEA diamond with F

and corresponding calculated

pomax

1. 72 keV should decrease with increasing E . But the
experimental § at 2. 45 keV<E  <2.9keV of the NEA
diamond with E = =1.72keV increase with increas-

ing . So we assume two factors may mainly lead to

this result. First, there are larger experimental errors

in §at2.45keV<FE <2.9keV of the NEA diamond
with £

pomax

=1.72keV. Second, primary electron im-
pingement modified the surface termination and thus al-
tered the & at 2450eV < k£, <2. 9keV during the
course of measuring § of the NEA diamond with E
=1.72keV. Thus, it can be concluded that Egs.
(27), (28), (31), (32), (35), (36), (39),
(40), (43) and (44) can be used to calculate the §
at 0.8keV<FE <3keV of corresponding NEA semi-
conductors with 0.8keV<E <2keV, and that the

method of deducing the formulas for § at 0.8 keV<E
<3 keV of NEA semiconductors with 0. 8keV <FE

pomax

pomax

<2keV is correct.

There is only one assumption that K(E,,, p, Z)
at 0. 8keV <FE  <3keV of the NEA semiconductors
with 0. 8keV <FE . <2keV=K(E,, p, Z)s»
(28),
(31), (32), (35), (36), (39), (40), (43) and
(44). Thus, the assumption that K(E,, p, Z) at
0.8keV<E  <3keV of the NEA semiconductors with
0.8keV<E

onas K(E,, p, Z) g, is correct. Therefore, from

pomax

made in the course of deducing Eqs. (27),

somax < 2 keV can be approximately looked
the fact that the assumption that K(E,,, p, Z) at 0.5
Ep()mdx = E < 10 Ep()mdx

2 keV = EPOII’I’IX =
Z)_s, it can be concluded that Eq. (51) deduced

of the NEA semiconductors with

5keV approximately equal K(E,,, p,
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from some existed formulas and the two assumptions is

correct. The B of NEA diamond and GaN with 0. 8 keV
< E,,.. <5keV calculated with Eq. (51), corre-

sponding CNEA (E

1 are still shown in Table. 1.

., p, Z) and & shown in Table.

poma

Up to now, none have deduced formulas for B of
NEA emitters. Some authors obtained the B of NEA
semiconductorsby fitting Eq. (53) to the experimental
data'” ' and the B of NEA GaN with E e =
3.0keV and that of NEA GaP with £ . =5.0keV
obtained by the authors are 0. 36 and 0. 33, respective-
ly. The B of NEA GaN with £ . =3.0keV calculat-
ed with parameters shown in Table. 1 and Eq. (51) is
0.5418, and the B of NEA GaP with £ =5.0keV
calculated with parameters (& = 6. 3552eV, Cyg,
(E s » P Z) =6.44 x 10 “?) shown in Table. 1of
our former study'? and Eq. (51) is 0. 68226. Seen
from comparison between the B of NEA GaN with £
=3.0keV and NEA GaP with £ =5.0keV ob-

pomax

13:2) and corresponding B calcu-

tained by the authors'
lated by us, it is known that the B calculated by us are
about 1. 6667 times of corresponding B obtained by the
authors' ™' Seen from Eqs. (4), (6) and (51)
and the courses of deducing Eqs. (4), (6) and
(51), it is known that the important factor that dE  /
dx increases with increasing x"or parameter K(E,,
p, Z) was taken into account in the course of deducing
Eqgs. (4), (6) and (51), and that this important fac-
tor was not taken into account in the course of deducing
Eq. (53)!% 2%
nism of SEE, the parameter K(E,, p, Z) must be

According to the physical mecha-

taken into account in the course of deducing formula for
8123273 From the courses of deducing Eqs. (4),
(6) and (51) and calculating B with Eq. (51), it is
known that the B of NEA GaN with £ . =3.0keV
and NEA GaPwith £ =5.0keV calculated by us
approximately equal corresponding B obtained by the
authors if parameter K(E , p, Z) is not taken into
account or taken to be 1. Thus, from above analysis,
it concludes that the B of NEA semiconductors calcu-

lated with Eq. (51) deduced from Egs. (4), (6) and

some existed formulas are more reasonable than the B

obtained by the authors by fitting Eq. (53) to the ex-
perimental data, and that Eq. (51) can be used to cal-
culate the B of NEA semiconductors with 0. 8 keV <
E .. <5keV.

pomax

Up to now, none of formulas for 1/a of NEA sem-
iconductors was deduced, and the 1/« of NEA semi-
conductors were not measured experimentally. The ex-
pression of R is important for authors to obtain the 1/«
of NEA semiconductors by fitting Eq. (53) to the ex-

perimental data. For example, when some authors ob-

tained 1/« of NEA GaN with £ =3.0keV by using

pomax
the expression of R [R =0.01(E, ) (m), E, in
keV] and fitting Eq. (53) to the experimental data,
the obtained 1/a of NEA GaN with E =3keV is

pomax

300 A", when some authors obtained 1/a of NEA

9

GaN with £

p()n]ﬂx
[R=0. 027(Ep0)2(p,m) , E, in keV ] and fitting Eq.
(53) to the experimental data, the obtained 1/a of
NEA GaN with £, =3.0keV is 820 A ! Finally,

pomax

the authors assumed that the 1/a of NEA GaN with
E =3.0keV was estimated to be between 300 and

pomax

=3.0keV by using the expression of R

800 A, The expression of R is also important for us
to obtain the 1/a of NEA semiconductors with 0. 8 keV
<E ... <5keV. A problem arises, are Egs. (1),(2)
and (3) suitable to diamond and GaN According to the
total stopping powers calculated with ESTAR pro-
gram'™' and Egs. (1), (2) and (3), we found that
Egs. (1), (2) and (3) are suitable to diamond,
GaN, GaP, GaAs, etc.
(3), the dE /dx at 10keV <E, <100keV can be
expressed as Eq. (47), and the dE /dx in diamond at

For example, based on Eq.

20keV calculated with Eq. (47) and corresponding
parameters is equal to 0. 3915 eV/A; the total stop-
ping power (i.e. ,dE /dx) in diamond at 20 keV cal-
culated with ESTAR program is equal to 11. 69 MeV -
em’/g, p of diamond is equal to 3.52g/cm’. Thus,
the dE /dx in diamond at 20 keV calculated with ES-
TAR program is equal to (11. 69MeV - cm’/g)
(3.52g/cm’), that is, the dE, /dx in diamond at
20keV calculated with ESTAR program is equal to
0.4115eV/A. Therefore , the dE, /dx in diamond at 20
keV calculated with Eq. (47 ) approximately equals
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that calculated with ESTAR program. We found that
dE  /dx in diamond at 10keV <E  <100keV calcu-
lated with Eq. (47) approximately equal corresponding
those calculated with ESTAR program by similar meth-
od. Hence, it can be concluded that Eq. (3) is suit-
able to diamond. Therefore, from the fact that Egs.
(1),(2) and (3) are suitable to diamond, GaN,
GaP, GaAs, etc, it can be concluded that the method
presented here of calculating the 1/a of NEA semicon-
ductors with 0. 8keV<E <
that the 1/a of NEA semiconductors with 0. 8keV <

E <5keV are correct.

pomax

5keV is correct, and

Electron beam impingement can modify the sur-
face termination of NEA diamond and thus alter the §,
B and 1/a of NEA diamond'*'. The NEA diamond
with E . =1.1keV is boron (B)-doped and hydro-
gen (H) terminated NEA diamond™*’ ; the NEA dia-
=2.64keV is B-doped and H termi-

nated NEA diamond after 880s of electron beam im-
4]

mond with £

pomax

pingement at J =4.9 x 10 *A/cm’ In other words,
the NEA diamond with £ =2.64keV studied in
this study is the NEA diamond with E =1.1keV
studied in this study after 880s of electron beam im-

pingement at J =4.9 x 10 “A/cm’'*'. The NEA dia-
=2.75keV is the NEA diamond with

pomax

mond with £

pomax

E =2. 64 keV after further electron beam impinge-

pomax

ment'*. Considering the B and 1/« of NEA diamond
it is known that the 1/« of NEA di-

pomax = 2+ 75keV is larger than that of
NEA diamond with £ =2.64keV which is also lar-
ger than that of NEA diamond with £, . =1. 1keV,
and that the B of NEA diamond with £ =2.75keV

pomax

is less than that of NEA diamond with £ = =

pomax

2. 64 keV which is also less than that of NEA diamond
with £

pomax

shown in Table. 1,

amond with E

=1.1keV. Thus, according to the relation-
ships among the NEA diamond with £ =2.75keV,
NEA diamond with £ . =2.64keV and NEA dia-
=1.1keV,

the electron beam impingement can increases the 1/«

of B-doped and H terminated NEA diamond by modif-

mond with £ it can be concluded that

pomax

ying the surface termination, and that the electron

beam impingement can decreases the B of B-doped and

H terminated NEA diamond by modifying the surface

termination. If we have more experimental §, and

m

E ... and the information of sample preparations of

pomax
NEA emitters, we can obtain more quantitative influ-
ences of sample preparations on B and 1/a of NEA
semiconductors by above method. Thus, from the fact
that sample preparations of a given NEA semiconductor

decide the & at given E ,5,, B and 1/« and the fact

po s
that the B and 1/« of a given kind of semiconductor al-
most decide the value of §, and the & at given £, i

concludes that the theoretical research of B and 1/«
help to research quantitative influences of sample prep-
aration on SEE from NEA semiconductors with 0. 8 keV
<F . <5keV and produce desirable NEA emitters

pomax

such as NEA diamond.

13 Conclusions
According to the characteristics of SEE from NEA
<5keV, R,

pomax

semiconductors with 0. 8keV < F

isting universal formulas for § of NEA semiconduc-

tors' ") and experimental data'* """’ | special formulas
forgat0.5E,,., <E, <10E of NEA diamond

and GaN with 2keV<FE  <5keV and § at 0. 8keV
<E,<3keV of NEA diamond and GaN with 0. 8 keV
< E,... <2keV were deduced and experimentally
proved, respectively. There is only one assumption that
K(E,,p, Z) at0.8keV<E <3keV of NEA semi-
conductors with 0. 8keV<E  <2keV=K(E,, p,
7Z) .5, made in the course of deducing Eqs. (27),
(28), (31), (32), (35), (36), (39), (40),
(43) and (44). Thus, the assumption that K(E ,, p,
Z) at 0. 8keV <E, <3keV of NEA semiconductors
with 0. 8keV < F

looked on as K(E ,, p, Z) ¢ 5, is correct. Therefore,

pomx = 2 keV can be approximately
from the fact that the assumption that K(E,,, p, Z) at
0.5E,,..<E,<10E_
with 2keV < E .
(E,,p, Z)u_s, it can be concluded that Eq. (51)
for B of NEA semiconductors with 0. 8keV < F

5keV deduced from some existed formulas and the two

of the NEA semiconductors

< 5keV approximately equal K

pomax =

assumptions is correct.

According to the fact that Eqs. (1)-(3) are suit-
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able to diamond, GaN, GaP, GaAs, the courses of

calculating 1/« in Sections 2 — 10 and the comparison
between the 1/« calculated in Sections 2 — 10 and the
1/« determined by other authors'"®’ | it can be conclu-
ded that the method presented here of calculating the
1/a of NEA semiconductors with 0. 8keV <E <
5keV is correct, and that the obtained 1/ of NEA di-
amond and GaN with 0.8keV<E <5keV are cor-
rect. From the conclusion that the theoretical research
of B and 1/a in this study are correct, the relation-

ships among §,,, 8, B and 1/« and the fact that sample

preparations of a given NEA emitter decide the B and
1/, it concludes that the theoretical research of B and
1/ in this study help to research quantitative influ-
ences of different sample preparations on SEE from

NEA semiconductors and produce desirable NEA emit-
ters such as NEA diamond.
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