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MULTIPOINT $ij CESIATED PHOTOCATHUDES FOR LASERTRON DEVICES
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ABSIRACT

Sig,;{'sg'é? negat ive eleciroactivity photorathndes me used together with
field emission in the tase of an expnsure in the Ursay lasertron

I INTRODUCTION

The aim of this study is to calculate the production of the ﬁiggﬁsif} NEA in the case
of cylindiical tips {05 pm) prepared in the 100 swrface of silicon strongly doped with
boy on iia§9!zm3, g = 0,07 tem) in the Orsay laser.

fet us yemember some properties of this Nd-Yag laser Its frequency is tripled {hv =
354 eV}, In lock mode regime, the pulsing time is 35 ps each 350 ps {3 GHz). lhe hiuh
power line is about 0 22 G4 The beam diameter is about 5 mm;  its divergenge angle is
T moad the laserbion is supposed to have a difference of 100 000 ¥V bhetween anode and
cathode, an approximate distance of 1 um  Thal means an external Field of 10 Mi/m

S%;; has heen chosen for two reasons: the necessity of using inteyrated cirtuit
technology and the well defined styucture Formed with Cs at its surface, in opposition to
tesiated AsGa. 1t will be used at the temperature of the liguid nitrogen {1 = J7 9K} in
arder 1o suppress the thermoionic emission

2. NEBATLVE ELECTRU-AFFINITY OF SILICON
J levine and B, Goldstein [1,2] had theoretically and experimentally pmoved that with

one monolayer, the structures al the swface (100} are as follows: gelting fiom Si to
Sifts and Si/0s/0:
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The patential from the bulk Lo the vacuum varies in such a way thal the vacuum leve!

i5 lower than the conducting band,
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The elevtronegal ivity is defined as follows:
oy = = (Eg = Fp) ¢ £y
where
Eg is the forbidden hand
Eg is the difference of level due to the band curve nearing the surface

¢ is the extracting work, Ef the Fermi level.

In the case of Si/0s/0, the vacuum level is below a conduct inn leve! potential
makes it easier for the exiraction of an electyon  We have

; =451 031,15 3.7 eV

L5
xaigzcs =15 607 «1.1=1.1ev

Xﬁié/ﬁsfﬁ =09 10,7 -11=0.5eV

This

[f we neglect the curvature Eq = 07 eV, then XSi/ts/0 = 0 2 V which is at the
9

o igin of the expression "negative electro affinity*,



3 QUANIUM PRODUCTION OF THE PHOTQEMISSION

[ et

Spicer |31 defines the quantum yield, ratio between emitted eleciron pumber and
ingident pholon number, as:

%) ghy)A(h)Ps
E O ey ()

where ay is the total absorption toefficient (4]

'3}2
a = Uethy - Eg) / = Lle x 38

age = Clelhy - (X511 Eg) ]2 = Cte x 269 at by = 3.5 eV

app is the ex¢itation voeffivient for an atom lo emit an electron Map = Ménk
where k is the extinciion coefficient as measured For silicon

k=003 at » =1 um
ko= 0.1 at A =05 um
k = 3,18 at x = 0,28 um

As l/ayp < S0U0 A and | the eleciron escape length is ahoul 50 000 A in the case of
NEA photocathode, we have

We suppose that A(hv) = 1 far UV [3] and Pg the tiansmission coefficient at the
surface 1 for NEA; R the reflection coefficient = 0.625 at 0 35 um for silicon,

then Y; = 0,35

The number of incident photons is s per pulse {35 ps) which gives an intensity of
about 10% A,

For normal pholocathodes {tsyShil = 200 A, 1 3 J/ley » 1 Pg ¢ i flere, Py may
he not egual to 1, bul very (lose to it

The rvesult of the Yy calaulation is in agreement with experimental measurements 5]
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4. FIELD EMISSION WITHOUT PHOTON BY A NEIWORK OF CYLINDRICAL 11PS

In order o reinforce the photoemission, one can lake into account the elertric fField
between cathode and annde amplified by the existence of a network of tips. We consider
cylindrical tips (r = 0.5 wm, h = 30 pm) and that the temperature (I = 77 PK) is low ennugh
to use the Fowler -Norheim formula without thermoelectronic curvent; we have from [6]

£ g 3/2
4 6.83 107 v{z)e
. 2 & L I A

e TR >

with

re’f, v,
25 ey © 3,7910-°

We take ¢ = 0.9 eV as in NEA cathode Si/0s/0

v{z)} and t{z) take iuto account the image charge. Ey is the effective Field, E =
BEy where Ey is the field between anode and cathode; B = hfr = 60 is the reinfording
factor

With g = 10 MV/m, E| = 600 MV = 0,610° ¥
this value is less than the threshold emission which is [ 7]

{?me}ifﬁ$352
£, . = :

min ek if ¢=45g F

‘min gi
But if & = 0.9 eV, Epiy = 0 1410° Wm and E > Epip.
We have z = 1, v{z) = 0, t{z) = 1, § = 0.55 10% A/m?,

The current per tip is I = § x ¢ = (.86 A,

For a network of 56 {ips the total current is 17 A (see Ref [81) in a surface of
40 pm o x 35 pm OF course the wurrent will be higher with ihe help of a laser.

5 MICROLITHOGRAPHY OF THE SILICON TIPS, IMANKS 10 PHOIORESISI

We use a mask method on a positive photoresist displayed on the surface $%; {100} by
a wheel A low speed photographic microfilm is used (500 lines/mm) or an holog aphic
microfiln (5000 Tines/mn) which is the repelition of the rircles, basis of the cylindrical
Lips, and a 1LV, exposure is followed by the development of the pholoresisi,
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By dry seletlive engraving in a chlorinated medium at 7.5 Gz, ihe S?p is attacked
an the nonprotected spois. A selevtive attack of the remaining photoresist clears off the
cylindrical tips which can be in an unlimited number

The method is now in progress.
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