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Pitting On Irises from Breakdown

Severe (left) and Moderate (right) Damage: Estimate
10-100 Pits per Breakdown for Latter.
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Motivation

Commercial Copper material includes many defects even 7N
copper and single crystal copper by zone melting method.
Relation between work function and such defect is interest for
predicting breakdown phenomena.

Work function measurement has tried using Kelvin method.
But could not understand relation of material defects and it.
Because work function measuring area could not set with
narrow area of 10 micron revel of diameter due to measuring
sensitivity down.

So scanning field emission micrometer is developing for
microscopic measurement of field emission change due to
copper surface crystal defect. As anode shape, small radius tipi
was applied for increasing spacing resolution.
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Back Laue diffractions of three
copper samples

X-ray tube Mo, power 20kV, 20mA,
Exposure time 2 minutes

Attenuation length of 17keV photon in Cu 20
um
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Single crystal

Laue spots on B area are
diffused, on A and C areas, the
spots are sharp.



4-fold

Laue pictures of 3 grains
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3-fold

Without annealing, the
diffraction spots are not sharp.
Because there are plastic
deformation inside copper
grains.

Since the grade of plastic
deformation depends on the
grain orientation, the strain
on the copper surface is not
homogeneous, and the surface
resistivity will be grain
dependent.
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Laue pictures of two grains in a sample
with annealing
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The spots are sharp comFredith nghEaingﬁ Miersaheple without annealing. 8



Theory of Fowler-Nordheim
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Specifications

@W tip: < Imicron radius @Microscope
@Tip movement: stage+PIEZO actuator @Q-mass
0.01 micron positioning @B-A gauge
@Gap: 10micron @Vacuum level :10-8Pa
@XYZ stage stroke +/- 6mm (rough 50mm) @Chamber volume: ¢400X300
@High voltage ~1KV/DC @No of port: 7 ports(ICF70,114)

@Pico-ammeter: pA resolution
@In-situ gap sensor: 0.01micron resolution
@100K~1M Ohm

Laser
High-Vol t B-A gauge /
Gap sehsor Q-mass
P-ammeter
Microscope
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Stages movement and data acquisition

« XY stage: Pulse motor/ rotary encoder
0.1micron positioning

« Zstage: Manual + PIEZO
 Data acquisition step: 1 micron
« Scanning speed:5mm/sec

 Data acquisition timing: Rotary encoder
square pulse can be used as trigger signal for
data taking of XY position, field emission
current and gap
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Present status of system

X YZ stages: manual operation
HV: 100V battery (HV device is noisy)
Tip radius: ~10 micron

Tip approach: Appling moderation by PIEZO
(~20micron P-V)

Gap measurement: Microscope
XY scanning: Not yet (single point)
Data taking: Scope

Vacuum: 10° Pa
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Field Emission distribution

(Tip radius: point)
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Long Distance Microscope
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Field Emission Measurement Strategies
e Scanning measurement iIs not yet !1!

@ In stead of Scanning, Taking gap modulation by
PIEZO actuator at same point of surface.
@ Measure field Emission and gap separation change.

@ Can be calculate b from emission current and gap.

Emission current signal/\ /\ /\ /\

Gap modulation JW\/\/\
(5Hz)

Breakdown Phyisics Workshop 18
CERN



=
u

\1.

b

.'Jk e AT
ey

s
Sl

¥

—12.7ms

Emission curren¢ o e

A24.6ms

s00mv

50.0mv"

4.00ms 250KkS/s
+v0.00000s 10k points -98

500mV

# s.00mvh

100us 10.0MS/s [1)
+v4.32260ms 10k points — 98l

= s

Breakdown Phyisics Workshop
CERN




T
M :

#uﬁq.enﬂf-"’

0 500my . 50.0mv % 4.00ms 250k57s
+v4.32000ms 10k points

o o

& 10.0mvh 400us 2.50MS/s
W+v259.600us 10k points

I_IEEJ’(X ) fG’) SRED s

Breakdown Phyisics Workshop
CERN




Ml
m-“"“MM
-

o a#
Timpg

& 50.0mve 4.00ms 250kS/s A"
W+*260.000ps 10k points —-2.22 ¥

& 10.0mvey 400Ms 2.30M5/s 3
—2.22V

+¥259.600us 10k points

& soomv

Breakdown Phyisics Workshop
CERN




& 20.0mvy 4.00ms 250kS/s o
+v424.000us 10k points = A

2.22 -
| | 151 —
—_—

500mVy & 20.0mvh 200us 5.00MS/s b
+v716.2004s 10k points —-2.22V

R

Breakdown Phyisics Workshop
CERN




Summary

Scanning field emission microscope study Is
Just start.

Still under constriction stage.

Tentative and very pure field emission
measurement done but not understand
whether sophisticated data or not.

System will be finished by September of this
year.
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