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Monte Carlo Simulations for Tilted-Channel Electron
Multipliers

Y. S. Choi and J. M. Kim

Abstract—Microchannel electron multipliers with tilted struc-  high voltages is restricted because high voltage may start ion
tures are simulated using the Monte Carlo method. Gains of sec- feedback that causes noise in output signal due to outgases in
ondary electrons are calculated for different structures of the elec- channels [3], [7]

tron multiplier. For a short tilted cylindrical channel of the electron H icallv i tigat thod to i th
multiplier, a maximum gain is achieved greater than 18 at a ilt ere, we numerically investigate a method to improve the

angle near 25. The maximum gain is about 16 times larger than ~ gain of an electron multiplier by changing the geometry of chan-
that of the nontilted channel. An explanation for the improvement nels. In a typical electron multiplier the electric field due to the

of gain in tilted channel is suggested. applied voltage is parallel with the axis of the channels. In our
Index Terms—Electric fields, electron multiplier, Monte Carlo  geometry, however, the channels are tilted to the electric field.
methods, secondary electron emission, simulation. In tilted channels, there is a small normal component of electric

field to the surface of the channel wall. This weak electric field

has an effect on electron trajectories and improves the gain of

electron multipliers.

M ICROCHANNEL electron multipliers [1]-{3] are |n Section Il we describe a computational model of electron
applied to various areas, such as detectors, scannigltipliers using the Monte Carlo (MC) method [8]. In Sec-

tunneling microscopes, image intensifiers, and displays. Elagn 11l we discuss numerical results through MC simulations.

tron multipliers amplify the input current of electrons througlFinally we finish writing with conclusions in Section IV.
complicated stochastic processes. When an electron enters a

channel of an electron multiplier to which different voltages II. DESCRIPTIONS OF THEMODEL

are applied at both ends, it strikes the inside wall of the channeIAt_It dmi h lelect ltiol| ists of
with some collision energy and a few secondary electron lited microchannet electron muftiplier consists ot an array

are emitted from the channel wall. These emitted second channels, shown in Fig. 1, where the channels are tilted with

electrons are accelerated along the voltage gradient. Each Ieel,. ‘T“ IS tTe appllzgyolt?]gd:j_ls the Ieng:(th be;]tweenl fe_xrces
ondary electron hits the wall with a collision energy obtained MY tiplier plate, andl) Is the |am¢ter of a channet. Typ-
while moving along the voltage gradient and produces n lly, a few thousand volts are applied between the faces of

secondary electrons. The process is repeated until all secondd jtiplier. The voltage difference supplies the necessary energy

electrons escape the channel. The repeated steps of the alkd éectrons for the release of secondary electrons. The voltage

process result in a cascade process and in multiplicationdé erence plays another role in electron multipliers. The power
secondary electrons supply maintaining this voltage difference provides electrons to

High gain of electron multipliers, which is defined as théhe electron multiplier_ tq replace thg emitted secondary elec-
multiple of output current for the input current, is required ifrons. In a typical multiplier the electric field due to the voltage

: ot . : : i i imately parallel to the axis of the channels.
practical applications. The high gain can be obtained by 1) us'ﬂgference IS approximate .
a material with high secondary electron yield, 2) increasing anH?rE.’ we Cof‘s'def the simulation .[6].’ [71, 9], [10] of elelctr-on
aspect ratio (=length/diameter of channels), or 3) applying ultlpl|cat|9n in a single channgl v_wthm an glectron muIt|pI|(_er.
high voltage. First, Mearirét al.[4], [5] suggested diamondlike e approxmate that t.he electric field is uniform by neglecting
carbon as a high-yield material. They reported that the yieflﬁnge fields near the input and output end of the channel. Al-

was greater than 50 while yields for typical materials are le ough the_: fringe fields _Wi” affect the electron t_raje_cto_r_ies, we
than ten. Second, electron multipliers with high aspect rati Qnot believe that the fields in our geometry will significantly

40 to 60, can produce high gains [3]. The multipliers wit hatlr)ge our_reslulss. we Wlt|r|1 ntotthcon5|der tfhe spatche charge ef-
long channels, however, require great efforts in manufacturi in our simulations, so that the cases of more thangtin

: ; ; ; beyond the simulation for our typical channel of diameter of
process [3]. Third, high applied voltages also improve the gai - L .
though simulation results [6] show that there is a particul 0 m and applied field of 2 Vim. According to Loty [11],

voltage at which the gain has a peak. Additionally, the use maximum gain may be est;mateo?]&mg the fofm“'a .Of
maximum charge@..x = weor=E, whereegy is the dielectric
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Fig. 1. Structure of a tilted microchannel electron multiplier. Here the tilt
angle,V, is the applied voltagel is the length between faces of multiplier
plate, andD is the diameter of a channel. 0

Generally the secondary electron yield depends on the ma- -200
terial, collision energy and incident angle at the surface. Ac-
cording to Itoet al.[9], [10], the yield has a Poisson distribution X(um)
and its average value obeys the emplrlcal formula Fig. 2. Electron trajectories in a nontilted cylindrical channel. Primary

Ax electrons start at = —100 pm with initial energy 100 eV. They enter the
Savg = Omax ——5 exp(a(l — cos(k))), channel with incident angles af = 0, £5, ---, £25° wherex is an angle
(x + 1)2 with respect to the-axis.

z = EE veos(k), @)

was 6 eV [14]. When we measured the gain of the channel, we
used 11 primary electrons injected with incident angles ef0,

where . .
. ) +5, .-+, £25°, wheres is an angle with respect to the channel
¢ material constant axisz. The use of primary electrons with various angles reduces
. . Z.
K incident angle; P y g

the possibility of a bias introduced by the angular dependence of
gain. Primary electrons enter the channel with an initial energy
of 100 eV, which is based upon the field emitted electrons [15],

[9]. Consequently, the actual yield in simulations is obtained t 100..m away from the channel aperture. Statistics were taken

a random sample from a Poisson distribution with the avera; "{é rlgé) 0 M;:g:;'?hn;nf?r::?c chj)?ga %ot;g'ltsa.l:]df_start;tlcal errors,
value given by (1). Y, W 1z y infigures.

When secondary electrons are emitted from the wall they a}reF'g' 2 sthl(t)wds traj_e ctgorles CIJ.f zrl_mellryr? nd S(Iacgn_dary elelctrf)ns
independent of the history of electron trajectories [12], [13]. Itig! @ hontite ¢ = 0°) cylindrical c lannel. Frimary elec
suggested that the emission angles of secondary electrons foll 'S Vere launched at = —100 Hm.W'Fh initial energy 100
a cosine distribution to the normal direction of the surface ar(%/' They entered the channel with incident angles; of: 0,

that the emission energies have the Maxwellian energy distribh2; * *» £25°. Fig. 3 shows plots of gains of the nontilted
tion [9], [10]. Thus, emission angles and energies will be sa ¥I|ndrlcal channgl versus different applied voltaggs in (a) and
pled randomly from the given distributions by the MC metho llffe_rent_ lengths n (b). The c_hannel length was fixed at 500
Electron trajectories can be simply calculated since electroffd " Fig. 3(a) vyh|le the applle_d _voltagg was fixed at 1000 V
are assumed to move in a uniform electric field. The collisio F'g'. 3(b). _In_Flg. 3(a) the gain is maximum nesdy :.3(.)0 .
position, collision energy, and incident angle at the channel w II.bUt its variations are small. The relatively small variation in

are determined as follows: The trajectories are calculated ur) |5 case 1S due to thg s.mgll aspect ratio of the cha}nnel, €.,
ive. In Fig. 3(b) the gain is increased one thousand times near

the electrons pass the boundary (wall) of channel. The collisignh . RS .
b y (wall ﬁ: 2000 pm. For this short multiplier, it is summarized that

time is determined to within an allowed error through a tuning . . .
process using bisections. All components of velocity at the ¢ 1€ Increase of_the aspect ratio IS more effective than the change
lision time give us the collision position, collision energy, an&nc vpltagers] for improving thefgal_n. d d |
incident angle. This tuning method for collision time is usefl+l F|g.. 4s ows trgjectones ofprimary and secondary € egtrons
for various-geometry channels, for a tilted cylindrical channel. The channel is tiltecbat- 10
in z-direction with respect to the original channel axidfNote

that the electric field has still only-component for the tilted
channel, like the nontilted channel. Since the geometry of the

In simulations, we used a cylindrical channel with diameteiltted channels is not axis-symmetric, the primary electrons are
D = 100 pm, length [the exact channel length L cos(6)] injected with the various incident anglesand an angle) =
L = 500 pm, applied voltagd’/, = 1000 V , and tilt angle 45°, where¢ is an azimuthal angle with respect to theaxis
6 = 0° in general. These values were used default values in air the transverse planey, of the channel. This anglgaffects
simulations. We assumed thatthe secondary emissive materiaftominitial interception on the wall for primary electrons. Usually
the channel wall was lead glass and the average emissive enéhgygain for a primary electron with = 45° incident azimuthal

FELax energy for the maximum yield,..) at the normal
incidence i.e.;x = 0.
For a lead glassy = 0.50, 6. = 4.0, and E . = 250 eV

I1l. SIMULATION RESULTS AND DISCUSSIONS
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Fig. 3. (a) Plot of the gain as a function of applied voltages for a nontilt
cylindrical channel at a fixed length = 500 pm. (b) A plot of the gain as a
function of channel lengths for a cylindrical channel at a fixed applied volta
V, = 1000 V.

elgﬁg. 5. (a) Plots of gains versus tilt angles for different applied voltages;
500, 1000 and1500 V, fixed the lengthL = 500 gm. (b) Plots of gains versus
9t angles for different lengthd, = 500, 1000 and1500 xm, fixed the applied
voltageV,, = 1000 V.

1200 4

For tilted channels the actual channel lengthlisos(6) but

the effect of the change of the channel length on the gain is
not significant foré < 30°. Foré > 35° no gain appears.
Gains of tilted channels for different lengths, = 500, 1000

and 1500 pm, in Fig. 5(b) are improved, too. As the applied
voltage increases, so do gains before the peak point, around
# = 25°. This is, however, not true after the peak. The tilt of
the channel with respect to the electric field improved the gain
significantly. This can be explained as follows.

For the nontilted channel the electric field has only the axial
component, provided that the fringe field is neglected near the
input and output aperture of the channel. Consequently, there
is a uniform field in the axial direction. When a primary elec-
tron enters the channel with some incident angle, it strikes a
point of the channel wall and induces the emission of secondary
electrons. Emitted secondary electrons generally hit the oppo-
Fig. 4. Electron trajectories for a tilted channél£ 10°). Primary electrons  Site side of the wall. Fig. 6(a) shows electron trajectories in a
start atz = —100 xm with initial energy 100 eV. They enter the channel withstraight channel when secondary electrons are assumed to emit
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400 4
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incident angle from: = 0, £5, - --, £25° and¢ = 45°. Here,x isthe angle )y, at the normal direction to the channel wall. The trajecto-
with respect to the-axis ande is an azimuthal angle on the transverse plane;, . .
wy-plane. ries are collectively on a zigzag mode. For a short channel the

number of hits of the wall is small and gains are not high. This

angle is between values fgr= 90° and¢ = 0°. The trajecto- is due to the fact that the gain usually depends on the channel
ries of most electrons for the tilted channel in Fig. 4 are biaséehgth and applied voltage.
to one side of the channel wall while symmetric for the nontilted When a channel is tilted, the only change is the angle be-
channel in Fig. 2. tween the channel axis and the electric field. The change in gain

Fig. 5(a) shows plots of gains versus various tilt anglés, however, outstanding. Fig. 6(b) illustrates trajectories of elec-
(6) for the tilted channel with different applied voltagedrons emitted atthe normal direction of a tilted channel wall. The
V., = 500, 1000 and 1500 V. Gains are improved as the tilt motion of electrons is collectively on a hopping mode along one
angle is increased until it reaches a characteristic angle. Tdide of the channel wall. The mode may be due to an effective
gain has a peak neélr= 25° and the maximum values are upfield on the channel wall. The electric fiel&) due to applied
to 10* times larger than those of the nontilted case ére 0°).  voltage can be separated into the tangential compoBEghatd
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2004 When channels are tilted to the channel axis, the collective

motion of electrons in a tilted channel is in a hopping mode
while usually in a zigzag mode for conventional straight chan-
nels. This different mode is effective on the product of high
gains in a short channel. This microchannel electron multiplier
with tilted structures will be useful for applying the electron
multiplier to various practical areas.
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