High field induced tip growth experiment
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High field growth mechanism

> 2 Tips in 100 nm distance

C_® Acetone or polarized
oil molecule

H/ In the vacuum

High field gradients move dipoles and attract them to the top of the tip

Finally the wire closes the gap and acurent start to flow
The wire pyrrolyzes by heating and carbonizes.

An I/V curve can be measured.
Above 2.7 V the wire evaporates and forms a plama and the current stops
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Procedure for reproducible forming of a supertip

In high electric fields
(M. Bischoff Int. Journal of Electronics 1992, Vol. 73 No.5, 827-828)
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Filament generation and forming between 100 nm separated tps: (a) V characteristic ul'_th-:
initial generation of conductivity; and (&) I V characteristic showing the irreversible
increase of conductivity of an existing path between the carbon ups. When 2-7V is
reached the path s destroyed.

Accordingly to this growth in high electric field it is possible to grow a tip

with a current limited voltage supply.

Since all tips grow in the same way a large number of tips can be grown on
individual protrusions with a similar result: tip radius, length, emission current
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Fieldemitter tips for atom probe mass
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Dentrites growth on 10 pm Wwire @ 10kV

= __._1"""'0"'“ Field strength for growth : E= U/r =2 107 V/cm

/P @ 1pumtip 1 kV required
] @ 0.1 pm tip 100 V
! | | @ 3 atom tip ( 100) edge 2 V required !l
e | ] Y
N AR The mechanism ist:
N W ] : Due to the high dipole momentum of the
& ,.'3_ i Organic vapor: Benzonitril ( 4.8) or Acetone (2.9)
« X —e The Molecules get aftracted to the tip, and field
» lonized and are ejected from the tip as a
| & negative charged particle
| " In close vicinity of the tip W(CO)6 molecules
| ; Are ionized by the negative ion and are

) ) attracted to the tip by the induced dipole
| ;. momentum and hit the tip and deposit there
=g o as neutral.

Figure 1 Hr activation cell. R;, Ra, reservoirs for
benzonitrile and tungsten hexacarbonyl; Vi-Vy, valves, The
instrument for vapour pressure measurement is not shawn. ir
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High field growth mechanism with 2 sorts of molecules

D D
> 2 Tips in 100 nm distance
- +
Acetone or polarized
oil molecule
H/ in the vacuum

High field gradients move dipoles and attract them to the top of the tip
The molecule receives one electron fromth tip and becomes an ion and
shoots off the tip into the vacuum.

O W(CO)6

. @ + gets ionized and
attracted to the tip

: _ _ and neutralized
A W-wire grows and finally the wire closes the gap and a current starts to flow

An I/V curve can be measured- also before the closing of the gap
to render a short tip.
All tips will grow in the same way, pressure and field depending.
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Emitter with

HR-Dentrites growth
Dense carbon Single Many
dendrites dendritic tungsten
tungsien needles
bundies

Pressure Firstly 0-4 03 (W(CO)s) 0-3(W(COk)
(Pa) (BzCn), then

0-5-06+-W(CO)¥ — -
Emitter = 1200 = KOO = 300
lemperature
(K)
Emitter 30-60¢ 40-85 $0-85
heating 40-90
current (mA)
Potential 8-10 8-10 15-20
difference
(kV)
Protective 7-10 7-10 1-3
resistance
(M12)
Electron 1-2 1-2 58
emission
current
(mA)
Length of  50-60 40-50 ~40
dendrites
(jam)
Timeof 10 8-10 5-6 Covied TN et e o vt o4ty et of ) M MOK, W SR,
activation bt ot
(min) e

Hans W.P. Koops RIE Nanoscience Workshop Hamammatsu 7

HaWilKo GmbH Germany 23/24. January 2012



Hr Emitters with W dendrites

Figure 4 nr emitters with tungsten dendrites arranged in
(a) & single bundle (magnification 4800 x ), (&) many
bundles (magnification 230 x ),
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Figure 5 MR emitter with needles of a tungsten—iron alloy
(magnification 230 x ).
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